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Preface

It has been nearly 25 years since the first edition of the Textbook 
of Gastroenterology was published. The textbook, conceived by 
its first editor-in-chief Dr. Tadataka Yamada, set out to make 
available a reference which was comprehensive in its coverage 
of the clinical discipline of gastroenterology in the context of 
the scientific foundations of current practices. The approach 
was reflective of the premise that a thorough grounding in the 
scientific basis of disease is the most dependable foundation for 
an understanding that would enable the astute clinician to care 
for patients.

The first edition, edited by a team including Tadataka Yamada, 
David H. Alpers, Chung Owyang, Don W. Powell, and Fred E. 
Silverstein, established the textbook as authoritative. That 
benchmark has since been sustained through four subsequent 
editions even as the outstanding group of editors evolved.

With this sixth edition, the baton has been passed, and a new 
group of editors has taken on the responsibility of stewardship 
of that legacy. In assuming our responsibilities, my colleagues 
and I aimed to make the new edition even more useful to our 
intended readers: students, specialty and subspecialty trainees, 
practicing clinicians and academicians. We took as basic premise 
that the textbook would continue to be comprehensive, incor-
porating all of the significant advances made since the last 
edition. This new edition also continues to take a global view of 
gastroenterology – encompassing disorders of the gastrointesti-
nal tract which may be common and similar through most if 
not all regions of the world as well as those that are either spe-
cific to a given geography or population or in whom the mani-
festations and management differ by geography or population. 
In addition, the textbook provides an in depth consideration of 
ancillary fields and modalities that are a critical to the modern 
practice of gastroenterology including endoscopy, radiologic 
imaging, histology and pathology.

The editors judged that this edition would benefit from a 
number of changes beyond the overall refreshment of the 
content to reflect most current understanding and management 
approaches in clinical care. Readers will find a new section, 
“Approach to the patient with . . . ,” in which experts provide a 
framework for approaching the evaluation and management of 
patients presenting with the most common symptoms and signs 
that are the purview of the gastroenterologist, incorporating 
into the textbook material that had previously been found only 
in a separate volume. The editors judged it would be most useful 
to have these easily available to readers as it reflects a point of 

reference that is a common if not daily aspect of clinical 
practice.

Another change that readers familiar with past editions will 
note is the organization of chapters that collectively cover the 
common inflammatory bowel disorders into a separate section 
of their own. While the primary organization of this book 
beyond consideration of the basic biology and approach to the 
patient with symptoms of a gastrointestinal disorder is by ana-
tomic organ, the editors considered that this was not well suited 
to coverage of the inflammatory bowel diseases. The rapid 
progress in understanding of the underlying pathogenesis and 
pathophysiology of inflammatory bowel diseases from a funda-
mental basis as well as significant new developments in the 
therapy and management of these patients warranted this new 
approach to make it both comprehensive and in a format most 
useful to those looking for an understanding of inflammatory 
bowel diseases.

This new edition reflects some formatting changes that are 
intended to facilitate ease of use. Management recommenda-
tions whether diagnostic or therapeutic are now highlighted 
within tables and offset by the common color green. Perhaps 
more importantly, the textbook is now more than a book. With 
this edition, the textbook is also supplemented by web based 
links which give the reader access to podcasts prepared by 
authors of select chapters. In selecting those chapters to be 
accompanied by a podcast, the editors focused especially on 
those in which knowledge and practice are changing most 
rapidly so that readers can have the benefit of most current 
knowledge and to hear it, literally, directly from experts most 
authoritative on the topic.

Finally, readers will find each chapter is followed by a short 
list of especially key references suggested as further readings by 
chapter authors. At the same time, definitive and comprehensive 
reference lists are accessible through the web. By using this 
media for the very extensive references provided by the authors, 
the editors endeavored to maintain the high standards of schol-
arship that readers should expect of this authoritative text while 
helping reduce the overall cost to make that available.

In this day and age of ready access to knowledge on the 
Internet, one might well ask the value or importance of a refer-
ence like the Textbook of Gastroenterology. Even as the Internet 
is a powerful source of information for experts and lay persons 
alike, there is paradoxically increased importance, particularly 
for the clinician or aspiring gastroenterologist to have a reliable 
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source that has vetted and distilled information to define state-
of-the-art understanding. Textbooks, to achieve that standard, 
are by nature less agile than other media and without doubt  
the committed student or teacher should supplement the  
foundational knowledge in textbooks with other sources that 
may give access to interval advances. Nonetheless, it is the hope 
of the editors that readers of this sixth edition of the Textbook 
of Gastroenterology will find it as a dependable source of 
knowledge that is essential to the student and practitioner of  
the field.

We thank the legions of mentors, colleagues, and patients 
who have taught us over the years. We are grateful for the work 
done by our predecessors as stewards of this textbook and espe-
cially appreciative of the enormous efforts made by contributing 
authors to provide content that fulfilled the high standards 
expected. We thank several individuals who worked most 

closely with this project including Oliver Walter, Jon Peacock, 
Andrew Hallam and Cathryn Gates at Wiley, Aileen Castell of 
PM Bookpublishing, and Elizabeth Paul. Plus a special thanks 
to Ms. Julia Kanellos whose outstanding editorial support was 
truly invaluable.

It is our hope that readers whether approaching this book 
from a standpoint of a student fresh in their interest in gastro-
enterology to the highly experience and seasoned clinicians will 
find this a resource to truly enable their work.

Daniel K. Podolsky, MD
Michael Camilleri, MD

J. Gregory Fitz, MD
Anthony N. Kalloo, MD

Fergus Shanahan, MD
Timothy C. Wang, MD



Foreword by Tadataka Yamada

In the near quarter century since the publication of the First 
Edition of this Textbook much has happened in the science and 
practice of gastroenterology. Scientists in our field have been at 
the forefront of some of the most exciting advances in modern 
biomedical science including developmental biology, mucosal 
immunology, cancer genetics, predictive toxicology, and micro-
biomics. Moreover we have seen the advent of important new 
medicines for the treatment of vexing problems such as inflam-
matory bowel disease and even cures for chronic debilitating 
problems such as peptic ulcer disease and hepatitis C as well as 
prevention of cancers which are the sequelae of these disorders. 
There are now vaccines for rotavirus, one of the largest killers 
of children in the developing world and vaccines for the other 
lethal diarrheal disorder, Norovirus infection, are on the 
horizon. Widespread screening colonoscopy has had a remark-
able effect on lowering the mortality of colorectal cancer and 
endoscopic surgery has become the mainstay of abdominal pro-
cedures, transforming the training and practice of general 
surgery. The Editors predicted as much as indicated in the 
Preface to the First Edition where they noted that: ‘‘We have 
witnessed a logarithmic growth in volume of information con-
cerning the basic biology and biochemistry of the gut. This 
wealth of new knowledge not only has provided insight into the 
pathogenesis of gastrointestinal diseases but also has indentified 
the critical role of the gut in the physiology and pathology of 
other organ systems. There is every reason to expect that the 
pace of our scientific growth will continue in the years ahead.” 
Despite the emergence of on-line approaches to obtaining 
knowledge in medicine we hope that the Textbook has managed 
to keep up with the rapid developments in gastroenterology and 
live up to its expressed intent “to serve both as a guide for clini-

cians who need to understand the pathophysiology of their 
patients’ disorders and as a resource for serious students of 
gastroenterology.”

After five editions of the Textbook it seemed a good time for 
the editors to turnover much as we continually refreshed each 
edition with new authors. The new Editor, Dr. Daniel Podolsky, 
is amply qualified to take over the Textbook. He is a leading 
scientist and practitioner in the field of gastroenterology and 
was the chief of one of the finest gastroenterology divisions in 
the United States at the Massachusetts General Hospital for 
nearly 20 years. To take on the task he has assembled an expert 
group of associate editors who promise to uphold the quality 
that we strived to achieve with each new edition and to continue 
to “integrate the various demands of science, technology, 
expanding information, good judgment and common sense in 
the diagnosis and management of gastrointestinal patients” as 
we had hoped to do at the outset. To my former Associate 
Editors David Alpers, Don Powell and Chung Owyang who 
stayed with the Textbook for all of its first five editions and to 
Fred Silverstein, Loren Laine, Neil Kaplowitz and Tony Kalloo 
who served as Associated Editors for some of the editions, my 
deepest thanks for a job well done. It was my greatest honor to 
work with you all in the task of bringing the science and practice 
of gastroenterology to life for the reader of the Textbook. To 
Dan Podolsky and his new team of editors, my best wishes and 
fondest hopes that the tradition of the Textbook thrives under 
your stewardship. I will read each new edition with the eyes of 
a student trying to keep abreast of the developments in my 
chosen field of practice.

Tadataka Yamada, MD
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Developmental biology seeks to understand how organisms are 
formed. Central to the field are questions about differentiation, 
morphogenesis, and growth – the processes that give rise to our 
physical appearance, physiology, and (when perturbed) dis-
eases. Despite many years of intensive research, our understand-
ing of the molecular mechanisms that guide normal vertebrate 
development remains incomplete. Perturbations in these pro-
cesses, resulting in congenital malformations or functional dis-
eases, are difficult to study because developmental insults may 
occur weeks or months before a defect is detectable.

While an understanding of how the body is formed is  
intrinsically important, it is also clinically relevant. Exploiting 
developmental processes offers the promise of creating “cell 
therapies” – growing tissues ex vivo for use in tissue transplanta-
tion and augmentation, or coaxing cells in vivo to acquire char-
acteristics that restore function. Fulfilling this promise will 
undoubtedly require a more complete delineation of develop-
mental mechanisms.

The chapter has been divided into several sections to facilitate 
an appreciation for the complexity of the development of the 
gastrointestinal system. Early development outlines the basic 
mechanisms by which the embryo achieves a spatial “pattern,” 
setting the stage for further developmental steps. Organogenesis 
focuses on the known molecular mechanisms that guide devel-

opment of the liver, the pancreas, and the lumenal gastrointes-
tinal tract. Developmental physiology samples important events 
during the functional maturation of the gastrointestinal tract. 
Disorders of development, the fourth and final section, focuses 
on specific diseases that highlight the relationship between 
molecular events and clinical consequences. The embryology of 
the human gastrointestinal tract involves many temporally and 
spatially regulated tissue interactions and the creation of many 
varied structures. The ensuing discussion focuses on the mecha-
nisms of gastrointestinal development. What hurdles must be 
surmounted to create a gastrointestinal tract with normal form 
and function and how can these processes be controlled for 
therapeutic benefit?

Early development

The complex anatomy of adult mammals has its origins in a 
single fertilized egg. The transformation from egg to newborn 
occurs in many steps marked by discrete milestones (Figure 
1.1). The fertilized egg initially grows in cell number through 
cleavage divisions into a blastocyst – an asymmetrical collection 
of cells containing the precursors of both embryo and placenta 
– which implants in the uterine wall. After implantation, the 
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endoderm – the cell layer from which the epithelium of all gas-
trointestinal organs is derived – is formed through the process 
of gastrulation. Subsequently, the endoderm is segmented (pat-
terned) into domains that become committed to give rise to 
specific organs. Finally, solid organ buds emerge from the gut 
tube, and organogenesis proceeds with the processes of differ-
entiation and morphogenesis.

Many studies of gastrointestinal development have been per-
formed in model organisms, including fruit flies (Drosophila 
melanogaster), frogs (Xenopus laevis), zebrafish (Danio rerio), 
and mice (Mus musculus). Despite differences in anatomy and 
timing of development (Figure 1.1), most studies suggest that 
many developmental mechanisms in the mouse are comparable 
to those in the human. Information gained from model organ-
isms can therefore be reasonably extrapolated to humans 
because of evolutionary conservation of mechanism.

Gastrulation and tube formation
To understand gastrointestinal form and function, it is neces-
sary to recognize the steps that precede organogenesis. The most 
important of these is gastrulation, the process by which three 
distinct “germ layers” – ecotoderm, mesoderm, and endoderm 
– are formed. After implantation in the uterus, the embryo 
exists as a disc of cells called the epiblast. Two structures – the 
node and the primitive streak – appear in the posterior half of 
the epiblast layer, and cells migrate caudally toward, and down 
through, the primitive streak, giving rise to new layers of cells 
– the embryonic mesoderm and embryonic endoderm (Figure 
1.2). As a consequence of gastrulation, the three axes of the 
embryo are also established: the anterior–posterior (or rostral–
caudal) axis is defined by the location of the primitive streak 
(posterior); the dorsal–ventral axis is defined by the ectoderm 
(dorsal) and endoderm (ventral); and the left–right axis is 
defined by the other two axes.

How the cells that migrate through the primitive streak are 
instructed to become mesoderm or endoderm is incompletely 
understood. Phylogenetic analyses of organisms including fish, 
frogs, and mice point to a conserved pathway for endoderm 

Figure 1.1 Overview of gastrointestinal development. Timelines for milestones of mouse (18-day gestation) and human (40-week gestation) 
embryogenesis. See text for details of individual steps.

Mouse
Gestational

day:
0 3 7–8 9–10 11–18

Zygote Blastocyst Gastrulation/

patterning

Tube formation

Liver/pancreas budding Growth/differentiation

Birth

Birth5–403–424d0

Human
Gestational

week:

development that involves the transforming growth factor-β 
(TGF-β)-related nodal pathway and several classes of DNA-
binding transcription factors that belong to the homeobox, 
forkhead (winged helix), zinc finger, and high mobility group 
(HMG) families [1].

The tubular structure of the gut arises from two ventral 
invaginations that form at the anterior (proximal) and posterior 
(distal) ends of the embryo after gastrulation (see Figure 1.2). 
These will eventually form the structures of the foregut and 
hindgut, respectively. The anterior fold, or anterior intestinal 
portal, and the caudal fold, or caudal intestinal portal, move 
towards each other and meet in the midline of the embryo at 
the level of the yolk sac. As a result, ventral structures close to 
the midline (e.g., lung, liver, and ventral pancreas) derive from 
endoderm that is distinct and distant from the endoderm that 
gives rise to dorsal structures (e.g., dorsal pancreas). This 
arrangement means that the dorsal and ventral portions of the 
pancreas are independently induced, although these tissues 
eventually combine to form one functioning organ.

Several genes have been identified that are required for tube 
formation of the gut (Table 1.1). One of these genes encodes 
GATA4, a zinc finger-containing, DNA-binding protein. 
Although endoderm is able to develop in Gata4 mutant mice, 
formation of the anterior intestinal portal is faulty and results 
in failure to form a foregut [2–4]. Other genes that are required 
for tube formation or closure include those encoding the 
forkhead-winged helix DNA-binding transcription factor 
FOXA2 (previously HNF3B), which has additional roles in 
foregut and midgut development, and the FURIN protease, 
which may be necessary to process TGF-β signals [5–7]. A criti-
cal and conserved role for two other families – the HMG 
domain-containing SOX factors and the homeodomain-
containing MIX factors – has been demonstrated [8,9]. GATA4-
like and FOXA-like factors are involved in gut development in 
organisms as distantly related to mammals as the fruit fly 
Drosophila and the nematode Caenorhabditis elegans [10], 
whereas the involvement of SOX and MIX factors appears to 
become important only in “higher” vertebrates, including 
zebrafish, Xenopus, and mammals.
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Figure 1.2 Major events in early mammalian endoderm development. (a) Gastrulation. (left) The embryonic epiblast (blue) viewed from above. Epiblast 
cells (solid black) migrate down through the primitive streak, becoming mesoderm (dashed red) or endoderm (dashed yellow) cells. (right) Oblique 
view of migrating epiblast cells, in which formation of the new mesoderm and endoderm is visible. (b) Tube formation and patterning. (left) The 
mesoderm and ectoderm have been pulled back to reveal the endoderm below. At this stage, the anterior endoderm is adjacent to the cardiac 
mesoderm and septum transversum (which mediate liver induction) whereas more dorsal portions of the endoderm are in contact with the notochord 
(which mediates pancreas induction). The folds of the anterior intestinal portal (AIP) and caudal intestinal portal (CIP) form the gut tube as they 
migrate towards each other at the midline. Blue arrows indicate the process of turning, by which the embryo switches from a convex to a concave shape, 
with the endoderm on the “inside”. The roman numeral designations are derived from fate-mapping studies and indicate the prospective regions of 
endoderm that will give rise to later endoderm derivatives. (right) The relative position of endoderm domains changes with the completion of gut tube 
folding; the region that previously constituted the most anterior portion of endoderm (I) shifts to the ventral midline and gives rise to lung (Lu), liver 
(Li), and ventral pancreas (VP). (c) Budding and morphogenesis. Budding of endoderm derivatives begins shortly after the gut tube is formed and 
involves many transcription factors. DP, dorsal pancreas; E, embryonic day; St, stomach. Source: Adapted from Stanger and Melton 2003 [227]. 
Reproduced with permission of Oxford University Press.
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Table 1.1 Transcription factors in gastrointestinal development.

Gene class Region Function

HMG-box genes

 SOX17 Endoderm Formation of definitive endoderm

 SOX10 Enteric nervous system Development of neural crest derivatives

 SOX9 Intestine Formation of pyloric sphincter

GATA genes

 GATA4 Endoderm Anterior intestinal portal and foregut development

  GATA6 Liver Liver bud outgrowth, regulates HNF4

FOXA genes

  FOXA1 (HNF3A) Endoderm, liver FOXA1/A2 cooperate to specify the liver

  FOXA2 (HNF3B) Endoderm, liver FOXA2 required for foregut and midgut development

  FOXA3 (HNF3G) Endoderm, liver Liver gene transcription

Onecut factors

  HNF6 (OC1) Liver, pancreas Bile duct, pancreatic duct, and islet development

  OC2 Liver Bile duct development

bHLH genes

  HES1 Liver, pancreas, intestine Notch signaling; numerous roles in differentiation

  NGN3, NEUROD Pancreas, intestine Pancreatic, gut endocrine cell specification

  PTF1/p48 Pancreas Early development of pancreas; exocrine transcription

  MATH1 Intestine Secretory vs enterocyte cell fate specification

Homeobox genes

 HEX Liver Growth of early liver bud

 PROX1 Liver, pancreas Growth of early liver bud, endocrine differentiation

 HNF1B Liver Cholangiocyte formation

 PDX1 Pancreas Growth of pancreatic progenitor cells

 HLXB9 Pancreas Budding of dorsal pancreas, β-cell development

 ISL1 Pancreas Budding of dorsal pancreas, islet development

 NKX2.2 Pancreas β-cell development

 NKX6.1 Pancreas β-cell development

 PAX4 Pancreas β-cell development

 PAX6 Pancreas Islet development (α cells > β cells)

 ARX Pancreas α-cell development

 BARX1 Stomach Patterning of the stomach

 HLX Intestine, liver Early growth of liver and intestine

 NKX2.5 Intestine Formation of pyloric sphincter

 CDX2 Intestine Anterior–posterior patterning of intestine

 HOXA/HOXD clusters Intestine Anterior–posterior patterning

Other

 HNF4 Liver Terminal differentiation of hepatocyte

 SMAD2 Endoderm Endoderm development

HMG, high mobility group; bHLH, basic helix-loop-helix.
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stomach causes intestinal metaplasia [15,16], a more posterior 
phenotype. Thus, Cdx2 seems to pattern the endoderm by 
directing cells to adopt a more posterior fate. Nevertheless, 
Cdx2 seems to be the exception rather than the rule, and the 
rarity of homeotic transformations in the endoderm suggests 
that homeobox-containing genes are for the most part indirectly 
responsible for regulating endoderm pattern. Although many 
Hox mutations result in intestinal malformations [17–20], these 
phenotypes are not specific to the endoderm despite the fact 
that boundaries of Hox expression in the endoderm correlate 
with organ boundaries [21–23].

If this elegant system of Hox gene expression does not give 
the endoderm its pattern, what does? The answer involves one 
of the most important principles of development: the process of 
epithelial–mesenchymal crosstalk. After gastrulation, the devel-
oping gut tube is surrounded by mesoderm from the so-called 
lateral plate. It has long been appreciated that patterning is 
normally influenced by interactions between mesoderm deriva-
tives (mesenchyme) and endoderm derivatives (epithelia). 
Epithelial–mesenchymal interactions can be demonstrated by 
transplantation experiments in which pieces of endoderm and 
mesoderm from different regions are recombined [24–27]. 
When tissues from postgastrulation embryos are recombined in 
this way, the fate of the endoderm is largely dependent on the 
type of mesoderm with which it is cultured; thus, anterior endo-
derm becomes “posteriorized” when recombined with posterior 
mesoderm, and posterior endoderm becomes “anteriorized” 
when recombined with anterior mesoderm [28]. Importantly, 
the mesoderm may be capable of providing the endoderm with 
a pattern because it has already been patterned by Hox gene 
activity.

Finally, other factors may participate in endoderm pattern-
ing, among them the vitamin A derivative retinoic acid. Embryos 
exposed to excess doses of retinoic acid exhibit congenital mal-
formations resulting from the transformation of anterior 
embryonic structures to more posterior fates, a “posterioriza-
tion” phenotype that also involves the endoderm [29,30]. The 
mechanism by which retinoic acid influences patterning in such 
a global fashion remains unclear, but almost certainly involves 
the corruption of regulated retinoic acid-related signaling that 
occurs in normal development.

Fate and potential
The role of epithelial–mesenchymal crosstalk in endoderm pat-
terning makes it clear that the fate of endodermal epithelial cells 
is strongly influenced by adjacent mesoderm/mesenchyme. Yet 
even before gastrulation, cells in the epiblast contain informa-
tion about their future identity and position. This has been 
shown through the construction of fate maps, in which indi-
vidual cells are marked and their progress is traced during 
development. Fate maps of the epiblast illustrate a stereotyped 
pattern of development, in which the endoderm is largely 
derived from cells that surround the anterior primitive streak 
before gastrulation [31,32]. However, assignment of cell fate 

Pattern formation
The process of “pattern formation” ensures that the esophagus 
and lung are positioned in the anterior or rostral part of the 
gastrointestinal tract, while the colon is always positioned in  
the posterior or caudal region. Pattern formation also enables  
the embryo to “know” where along the newly formed gut tube 
each of these organs should sprout, ensuring that new tubes (e.g., 
the pancreatobiliary system) form at the appropriate location.

Patterning refers to the stereotypical commitment of cells to 
certain fates, constituting in its most overarching form the 
establishment of the “body plan” – the spatial arrangement of 
all tissue types in three-dimensional space. In the endoderm, 
patterning establishes the correct relationship of domains that 
will give rise to the respiratory tract and the gastrointestinal 
organs along the anterior–posterior axis. Our understanding of 
how embryos are patterned comes largely from classical studies 
in Drosophila, in which homeobox-containing transcription 
factors (Hox genes, in particular) were identified as the major 
determinants of the body pattern [11]. Subsequent studies have 
confirmed the critical role that HOX genes (and related 
homeobox-containing genes) also play in establishing the body 
plan of all higher organisms, including humans, a testament to 
the remarkable conservation of biological mechanisms across 
evolution.

HOX genes, of which there are 39 in humans, have a distinct 
organization in the genome. Specifically, HOX genes are 
arranged sequentially within each of four distinct “clusters” (A, 
B, C, and D). This chromosomal organization of the HOX genes 
within the DNA sequence mirrors their spatial expression in the 
embryo, so-called “colinearity” of expression. For example, the 
mouse Hoxa cluster consists of 12 genes; Hoxa1 is expressed 
more anteriorly in the embryo than Hoxa2, which in turn is 
expressed more anteriorly than Hoxa3, and so forth. Loss-of-
function analyses – also known as “gene knockout” studies – 
have shown that these carefully regulated expression boundaries 
dictate the pattern of the ectoderm and mesoderm. Mutations 
in Hoxa2 therefore cause more anterior malformations affecting 
the head, while mutations in Hoxa3 affect the neck and chest; 
this property holds true for all Hox clusters and genes. 
Conversely, ectopic expression of a Hox gene in a particular 
segment can cause it to turn into a more anterior (or posterior) 
segment. This respecification of fate is referred to as a homeotic 
transformation.

On the basis of the key role that Hox genes play in establish-
ing the anterior–posterior pattern of the ectoderm and meso-
derm, it would be logical to assume that these genes function 
similarly in the endoderm. Indeed, there are rare cases of  
homeotic transformations resulting from the misexpression of 
homeobox-containing proteins; for example, Cdx2 is expressed 
in the early preimplantation embryo and its expression is main-
tained in the endoderm throughout development [12]. Although 
Cdx2-deficient embryos die before implantation, animals het-
erozygous for Cdx2 develop colonic lesions that exhibit an ante-
rior histology [13,14]. Conversely, misexpression of Cdx2 in the 
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Developmental signals have traditionally been identified 
through transplantation studies, in which different embryonic 
structures (e.g., epithelium and mesenchyme) are cocultured. 
The resulting fate (or absence thereof) indicates whether signals 
are present or absent, and if present, whether the signals are 
permissive or instructive. Several features of development com-
plicate the study of the specific ligands that mediate this inter-
cellular communication. As development is a highly dynamic 
process, cells and cell layers are in constant movement relative 
to each other. Cell or tissue interactions may exist only tran-
siently – long enough for a signal to be received, but not long 
enough to be easily characterized experimentally. Furthermore, 
signaling often occurs in a reciprocal manner (Figure 1.3). For 
example, the epithelium may respond to signal “A” from the 
mesenchyme by supplying signal “B”, which in turn prompts  
the mesenchyme to secrete signal “C”, and so forth. The number 
of secreted factors encoded in the genome is vast, further pre-
cluding straightforward analysis of epithelial–mesenchymal 
signaling.

While additional layers of complexity will undoubtedly be 
discovered, it appears that a limited repertoire of signals con-
trols development. At least four signaling modules, each consist-
ing of a family of ligands, receptors, and signal-modifying 
factors, are used iteratively during development: the fibroblast 
growth factor (FGF), hedgehog (Hh), bone morphogenetic 
protein (BMP), and BMP-related tumor growth factor (TGF) 
families (Figure 1.4, Table 1.2). In addition, two other classes of 
signaling modules, Wnt and Notch, act predominantly in regu-
lating differentiation within established organs. Crosstalk 
between signaling modules active in specific tissue layers (in 
particular epithelium-derived Hh and mesenchyme-derived 
FGF and BMP) exemplifies the reciprocal nature of epithelial–
mesenchymal signaling.

Fibroblast growth factors
The FGFs comprise a large family of ligands that are capable of 
binding to one of four FGF receptors. As both ligands and 

may not be irreversible, and cells may remain capable of adopt-
ing identities other than their assigned fates. This capacity to 
change fate in response to environmental cues is referred to as 
potential, and it confers the cell with a certain amount of plastic-
ity. Fate and potential represent important and complementary 
properties of a cell during development, and they provide the 
embryo with the means to correct errors that may occur in the 
course of embryogenesis.

It is generally accepted that a loss in potential accompanies 
gastrulation. The ability of cells within the very early embryo to 
become any cell type (totipotency) is therefore reduced within 
each germ layer to a more limited set of possibilities after gas-
trulation. This progressive commitment means that the paren-
chymal cells of the gastrointestinal organs are derived exclusively 
from endoderm, and, at later stages, different organs are derived 
only from specific portions of the endoderm. This classical 
notion of progressive commitment has been challenged by 
studies in which cells appear to be capable of traversing  
germ layer boundaries, a process known as “transdifferentia-
tion.” As will be discussed later, it remains unclear whether such 
cellular behavior contributes significantly to normal tissue 
homeostasis.

Attention has focused on the importance of chromatin in the 
regulation of tissue competence. Chromatin defines the struc-
tural state of DNA–protein complexes, determining whether a 
given DNA sequence is “open,” or accessible, for transcription 
factors to bind. A model in which competence and commitment 
are achieved through sequential changes in chromatin has been 
suggested by studies of the regulatory region of the liver-specific 
albumin gene [33]. In these studies, the binding of the endoder-
mal transcription factors GATA and FOXA to the albumin gene 
was assessed in several different cell types. In neural tube cells, 
which lack GATA and FOXA, the albumin enhancer is empty. 
In dorsal endoderm, the albumin enhancer is bound by GATA 
and FOXA, even though albumin is not transcribed in these 
cells, whereas in embryonic liver cells, the albumin promoter is 
bound by these and other factors and is transcriptionally active. 
This suggests that it is the chromatin state of a cell that confers 
a given set of potential fates. Consistent with this model, FOXA 
factors are themselves capable of modifying chromatin [34], and 
the ability to form a liver is lost in Foxa1/Foxa2 mutant murine 
embryos [35].

Signaling in development
The assignment of cell fate in the endoderm is achieved through 
cell–cell signaling between neighboring cells or between adja-
cent cell layers. Such signals can be divided into two classes: 
permissive signals, which allow a tissue to progress to a fate that 
has already been assigned, and instructive or inductive signals, 
which divert a tissue to a new fate that would not otherwise have 
been followed. Instructive signals play an important role in 
regulating patterning by assigning cells that have not yet become 
committed (i.e., multipotent cells) to specific lineages.

Figure 1.3 Epithelial–mesenchymal signaling. The gut tube, derived from 
the endoderm and comprised of epithelial cells, produces soluble signals 
(e.g., Sonic hedgehog [Shh]) that diffuse outward to the surrounding 
mesoderm-derived mesenchyme. Receptors on mesenchymal cells receive 
this signal, causing them produce a reciprocal signal (e.g., bone 
morphogenetic proteins [BMPs]), which diffuse back to the epithelial 
cells. This kind of epithelial–mesenchymal crosstalk is important for 
patterning, tissue outgrowth, and morphogenesis (and is also critical in 
carcinogenesis where it takes the form of “tumor–stroma interactions”).
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a concentration gradient) and in organogenesis of the liver, 
pancreas, and intestine (see Section Organogenesis) [28,37,38].

Hedgehogs
The hedgehog genes were first identified through studies of 
Drosophila, and their names, like those of other developmental 
genes (e.g., Notch), arise from the hedgehog-like appearance of 
mutant flies. There are three mammalian hedgehogs – Indian, 
Sonic, and Desert – all of which bind to the membrane receptor 

receptors are subject to a significant degree of regulation of 
splicing, the combinatorial ligand–receptor repertoire is vast 
and subject to complex variability in binding specificity and 
tissue-specific expression. FGF receptor signaling is largely 
mediated by the tyrosine kinase activity of the receptor, acting 
through Ras and phospholipase C pathways [36]. FGFs are 
expressed in the primitive streak, mesodermal structures of the 
postgastrulation embryo, and in developing organs, and they 
have important roles in endoderm patterning (possibly through 

Figure 1.4 Ligand–receptor pairs in gastrointestinal development. (a) Fibroblast growth factor (FGF) signaling. Binding of an FGF ligand to one of four 
FGF receptors (FGFRs) leads to receptor dimerization and activation of FGFR tyrosine kinase activity. Phosphorylation of target proteins leads to the 
activation of multiple pathways, including Ras, phosphatidylinositol 3-kinase, phospholipase C, and STAT pathways. (b) Hedgehog signaling. All three 
hedgehog ligands – Sonic hedgehog (Shh), Indian hedgehog (Ihh), and Desert hedgehog (Dhh) – are capable of binding to the Patched receptor (Ptc). 
Ligand binding causes the membrane-bound signaling mediator Smoothened (Smo) to activate downstream transcription factors in the Gli family. 
These factors migrate to the nucleus and activate transcription. (c) Transforming growth factor (TGF)-β/bone morphogenetic protein (BMP) signaling. 
TGF-β family members bind to a heterodimeric membrane receptor complex consisting of a type I receptor and a type II receptor. The activated 
receptor complex phosphorylates SMAD transcription factors, which migrate to the nucleus where they mediate or repress transcriptional activation. 
(d) Wnt signaling. Binding of a soluble Wnt ligand to one of the seven transmembrane Frizzled (Frz) receptors results in the activation of the canonical 
Wnt pathway, in which adenomatous polyposis coli (APC) dissociates from β-catenin, allowing the latter to migrate to the nucleus where it becomes 
part of a transcriptionally active complex that includes T-cell factor/lymphoid enhancer factor (TCF/LEF) transcription factors. (e) Notch signaling. 
Cell–cell signaling is mediated by an interaction between one of the membrane-associated Notch ligands, Delta or Jagged, and one of the four Notch 
receptors on an adjacent cell. Ligand binding causes the intracellular portion of the Notch receptor (NotchIC) to migrate to the nucleus where it 
activates the retinol-binding protein (RBP) transcription factor.
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Wnts
Wnt ligands play a critical role in the formation of differentiated 
cell types in the embryo, a process called cell fate determination. 
Wnts are a family of secreted factors (there are at least 19 known 
mammalian Wnts) that bind to “frizzled” receptors on the mem-
brane. A complex series of events follow receptor binding. In 
the best characterized, or canonical, pathway, Wnt signaling 
leads to the release of β-catenin from the adenomatous polypo-
sis coli (APC) protein, and the former then moves to the nucleus 
where it activates T-cell factor/lymphoid enhancer factor (TCF/
LEF) transcription factors.

Despite the involvement of Wnt signaling in multiple devel-
opmental systems, including the intestine, developmental  
disorders with prominent gastrointestinal tract manifestations 
have not yet been associated with perturbed Wnt signaling. 
Rather, alterations in Wnt signaling are predominantly  
associated with carcinogenesis, particularly in the colon (colon 
adenocarcinoma), liver (hepatoblastoma), and pancreas (pan-
creatoblastoma) (Box 1.1).

Notch
Like Wnt, Notch signals regulate the differentiation of cells 
within established tissues (Figure 1.5). Of note, a role for Notch 
in the formation of endoderm itself has also been postulated 
[39,40]. There are four mammalian Notch receptors, which are 
activated by two classes of ligands, Delta and Serrate/Jagged. In 
contrast to ligands from the other important signaling modules, 
including Wnts, FGFs, BMPs, and hedgehogs, Delta and Serrate/
Jagged are transmembrane ligands. Hence, Notch mediates  

Patched (Ptc). In the absence of ligand, Ptc acts as a repressor 
of the signaling mediator Smoothened (Smo); after hedgehog 
ligand binding to Ptc, Smo is derepressed and activates Gli 
transcription factors. Importantly, cells are able to distinguish 
different concentrations of hedgehog ligand, allowing hedgehog 
to create patterns through a “gradient effect” in which cell fate 
depends on whether a high, intermediate, or low concentration 
of ligand is sensed. Sonic hedgehog (Shh) is particularly impor-
tant in gastrointestinal development. Shh is expressed in the 
endoderm at the time of formation of the gut tube (in the ante-
rior and caudal intestinal portals) and participates in the speci-
fication of the pancreas and regionalization/morphogenesis of 
the gut.

Bone morphogenetic proteins and the TGF-β 
superfamily
BMPs are members of the TGF-β superfamily of secreted pro-
teins, a family that also includes the activins. Receptors for 
TGF-β family members are serine–threonine kinases that mod-
ulate the activity of TGF-β-responsive transcription factors 
(termed SMADs) through phosphorylation. The relevance of 
BMPs to gut development was also first suggested by studies in 
Drosophila, which showed that the BMP orthologue decapenta-
plegic responds to hedgehog signaling and is necessary for 
midgut development. This specific example of reciprocal signal-
ing between TGF-β and hedgehog family members is conserved 
in mammals, where Shh is expressed in the epithelium of the 
developing gut, and induces expression of particular BMPs in 
the adjacent mesenchyme.

Table 1.2 Soluble signals in gastrointestinal development

Tissue Signal Source Function

Liver FGF Cardiac mesoderm FGF 1, 2, and/or 8 specify prehepatic endoderm, promote liver bud outgrowth

BMP Septum transversum 
mesenchyme

BMP4 (and other BMPs?) cooperates with FGFs in specification, outgrowth

HGF Septum transversum 
mesenchyme

Mediate hepatoblast growth and suppress apoptosis

Unknown Blood vessels Expansion of liver bud into septum transversum mesenchyme

Jagged 1 Portal mesenchyme Specification or survival of cholangiocyte precursors (ductal plate)

Pancreas Shh [Endoderm] Shh repression signals pancreatic specification

FGF/activin Notochord Candidate mediators of Shh repression

FGF10 Pancreatic mesenchyme Outgrowth of pancreatic bud, pancreatic epithelium

Delta/Jagged Unknown Notch-mediated inhibition of pancreatic progenitor cell differentiation

TGF-β family Unknown Regulation of endocrine vs exocrine fate decisions

Intestine Shh Epithelium Epithelial–mesenchymal crosstalk (Shh–BMP) regulates intestinal pattern

BMP Mesenchyme Shh mediates radial pattern of gut. BMP regulates intestinal stem cell niche

GDNF Mesenchyme Migration and/or survival of enteric neurons

Endothelins Mesenchyme Migration and/or survival of enteric neurons

Frizzled Mesenchyme and Paneth cells Ligands for Wnt regulation of intestinal stem/progenitor cells

Delta/Jagged Mesenchyme and Paneth cells Ligands for Notch regulation of intestinal stem/progenitor cells
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signaling exclusively between cells that are in direct contact with 
each other. Ligand engagement leads to the detachment of the 
intracellular portion of the Notch receptor from the membrane, 
where it travels to the nucleus and alters the transcriptional 
program of the cell. Like Wnt signals, Notch signals are subject 
to complex regulatory inputs at all stages of the signal transduc-
tion pathway, from ligand binding to cytoplasmic and nuclear 
activation of downstream mediators.

The role of these signaling modules in adult homeostasis 
remains to be fully defined. However, it is known that some 
signals are necessary for function throughout life. For example, 
Notch and Wnt signals maintain the proper balance of cell types 
in both the embryonic and the adult intestine. It is not clear how 
developmental specificity is achieved when signals from a single 
family are used repeatedly. It is likely that signals are interpreted 
in the context of cellular identity, thereby causing the same 
signal to have different effects on different tissues (i.e., pancreas 
vs liver vs intestine).

Transdifferentiation and dedifferentiation
Several studies have challenged the notion that commitment 
imposes a nearly absolute boundary between different lineages. 
Investigators have reported that certain somatic cells, particu-
larly the cells derived from bone marrow, have the capacity to 
give rise to many different tissues in vitro and in vivo, including 
the cells of skin, lung, kidney, muscle, and all of the gastrointes-
tinal organs [41]. A significant fraction of this apparent plastic-
ity may actually reflect the effect of cell fusion between the bone 
marrow-derived cells and other differentiated cells, giving rise 
to tetraploid cells with the characteristics of hepatocytes, cardio-
myocytes, and neurons [42–44]. Although it is possible that 
bone marrow-derived cells can transdifferentiate, albeit with 
low efficiency, into other somatic cells, the physiological signifi-
cance of such a rare event is unclear, and the paradigms of 
lineage commitment established early in the 20th century 
remain largely intact.

A major exception to this rule of irreversible commitment 
from a less-differentiated state to a more-differentiated is the 
finding that under experimental conditions, a terminally dif-
ferentiated cell can be induced into a pluripotent stem cell 
(iPSC) capable of giving rise to all differentiated cell types [45]. 
Known as “cellular reprogramming,” this process can be used to 
generate pluripotent cells from an individual patient, which 
have the potential to generate cell types that are lost from injury 
or degenerative disease. In the future, the ability to manipulate 
the identity of adult cells – either through fusion or exploitation 
of developmental plasticity – may constitute a method for cell 
replacement in such disease states through an approach that is 
now being called regenerative medicine.

Conclusions
Early development of the gastrointestinal tract is characterized 
by gastrulation and endoderm formation, followed by midline 
migration of anterior and posterior invaginations (i.e., the  

Box 1.1 Cancer and its relationship to development: cancer stem cell 
hypothesis.

The observation that developmental signaling pathways are often 
activated in adult tumors has forged a bridge between the fields of 
developmental biology and cancer biology. The notion that cancer 
recapitulates development dates to the 19th century (reviewed by Sell 
[229]) and is embodied in the hypothesis that tumors arise from stem 
cells in adult tissues that retain an embryonic phenotype. Strong 
evidence for such a model exists in hemopoiesis but it remains to be 
determined whether stem cells represent a target for malignant 
transformation in solid organs.

Further evidence for a link between development and cancer comes 
from the “reemergence” of signals normally prominent in 
development during the course of tumor initiation and progression. 
Wnt signaling, normally important during embryogenesis, is commonly 
activated in pediatric hepatoblastomas and pancreatoblastomas. 
Mutations in the type 1A BMP receptor (BMPR1A) or the downstream 
signaling element SMAD4 are common in juvenile polyposis syndrome.

Links between developmental signals and tumorigenesis are not 
limited to cancers that occur in children or inherited cancers. Like their 
heritable counterparts, most sporadic colorectal cancers exhibit 
activated Wnt signaling. Many adult pancreatic adenocarcinomas 
exhibit a reactivation of PDX1, Sonic hedgehog, and Notch signaling, 
which are either completely absent or only present in a subset of cells 
in the adult pancreas. Furthermore, several gastrointestinal 
malignancies (esophageal and gastric, in particular) are preceded by 
metaplasia. This replacement of one tissue type with another may 
reflect the emergence of more primitive cells with a greater capacity 
for growth.

Furthermore, tumors are composed of both mutant cancer cells and 
nonmutant “stromal cells” that comprise the so-called “tumor 
microenvironment.” The formation of the malignant stroma is 
reminiscent of the process of epithelial–mesenchymal crosstalk that 
occurs during normal organogenesis (Figure 1.3), as it arises through 
reciprocal signaling between cancer cells and mesenchyme-derived 
noncancer cells.

Similarly, the concept of “cancer stem cells” – special cells within a 
tumor that provide the tumor with an inexhaustible supply of new 
cancer cells – is based on this apparent link between development 
and cancer. The cancer stem cell hypothesis posits that most cells 
within a tumor have a limited capacity for division and are themselves 
generated from cells with an unlimited capacity for division. In several 
tumors (breast and brain, in particular), a small subset of tumor cells 
have been identified and shown to be uniquely capable of 
reconstituting the tumor [230,231].

The cancer stem cell hypothesis has significant implications for 
cancer therapy. Most cancer therapies are assessed by their effect on 
tumor mass, the easiest assay for antitumor activity. However, if the 
cancer stem cell hypothesis is true, these agents would primarily 
target a cell population with a limited self-renewal capacity – 
analogous to a “transient amplifying population” – but may only 
inefficiently kill the cancer stem cells that are actually fueling the 
growth of the tumor. Stem cells that normally reside in adult tissues 
seem to be more resistant to chemotherapy than other cells [232], 
giving additional plausibility to this model. If the cancer stem cell 
hypothesis is correct, then it would be highly desirable to have 
therapies that specifically target these cells, as they might provide 
more durable cures and simultaneously generate less toxicity.
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Organogenesis

After gastrulation, the endoderm undergoes more easily  
recognizable changes of organogenesis. Studies delineating the 
development of the gastrointestinal tract were performed  
over the 20th century and the timing of most key biochemical, 
physiological, and morphological events during human  
development was established at least 30 years ago [46]. 
Accordingly, this section will focus primarily on the mecha-
nisms that underlie these remarkably complex and integrated 
events.

anterior and caudal intestinal portals), resulting in a gut tube. 
The endoderm is patterned into organ domains along its antero-
posterior axis through the activity of homeobox-containing 
transcription factors and epithelial–mesenchymal signaling. 
Cell fate remains plastic during the initial stages of develop-
ment, with tissue identity depending on reciprocal signals that 
are refined until the commitment to a particular organ fate is 
made. Cells maintain their differentiated identity once commit-
ment has occurred, although a new paradigm of “cellular repro-
gramming” may make it possible to convert cells from one 
identity into another (e.g., liver into pancreas).

Figure 1.5 Control of gastrointestinal development by Notch. (a) The fate of a multipotent progenitor cell (dark blue) is influenced by whether it 
receives a signal from a Notch ligand (Delta or Jagged). In this example, active Notch signaling causes the cell to adopt fate 1 (white), whereas absence 
of signaling results in fate 2 (light blue). Evidence supports distinct roles for Notch in various gastrointestinal tissues. In the pancreas (b), a Notch signal 
prevents the differentiation of the progenitor cell into any of the mature pancreatic cell types – islet (1), acinar (2), or ductal (3). In intestinal progenitor 
cells (c), activation of Notch signaling promotes the formation of enterocytes (2). The formation of secretory cells (1), such as the goblet cells visualized 
here with Alcian blue staining, is inhibited by Notch signaling. In the liver (d), Notch signaling is required for the proper formation of bile ducts (2), 
visualized by staining for cytokeratin 19. 
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implies that the normal function of cardiac mesenchyme is per-
missive rather than inductive, in that it may allow the expression 
of a “default” liver program [47]. Such a default mechanism may 
also apply to the ventral pancreas, which forms from a lip of 
anterior endoderm that constitutes the “leading edge” of the 
anterior intestinal portal. This piece of endoderm exhibits 
“bipotential” pancreatic/hepatic properties; that is it expresses 
pancreatic genes if cultured on its own, but represses the pan-
creatic program and expresses albumin if cocultured with 
signals from the cardiac mesoderm [37]. Although it is enticing 
to interpret these experiments as an indication that intrinsic 
endoderm fates are reprogrammed by specific mesenchymal 
elements, it is more likely that the liver – like all parts of the 
endoderm – is specified through a combination of early signals 
that provide cells with an intrinsic bias as well as later permis-
sive and inductive signals.

While it is likely that a combination of FGF and BMP  
signals are among the specific signals involved in hepatic speci-
fication. FGFs are both sufficient and necessary for isolated 
anterior endoderm to activate albumin expression [48], and 
BMPs expressed by the septum transversum mesenchyme 
appear to act in concert with these FGFs [49]. The transcription 
factors Foxa1 and Foxa2 are critical mediators of these signals 
within the adjacent endoderm, as liver specification fails to 
occur in mice with a targeted inactivation of both of these genes 
[35].

Budding
After hepatic specification by the cardiac mesoderm, a bud that 
will grow into the liver begins to emerge. The first morphologi-
cal evidence of budding is a thickening of the adjacent endo-
derm into a “hepatic diverticulum,” which is followed by the 
outgrowth of liver cells into the septum transversum mesen-
chyme. FGFs are also necessary for this outgrowth, although 
their role in budding appears to be permissive and their actions 
alone are not sufficient for liver bud outgrowth [50]. BMPs 
(specifically BMP4) are independently required for liver budding 
into the septum transversum, as demonstrated with the use of 
Bmp4 mutant mice and the BMP antagonist noggin [49]. 
Furthermore, endothelial cells within the septum transversum 
mesenchyme are a source of growth-promoting signals, as Flk1 
mutant embryos (which are incapable of forming mature 
endothelial cells or blood vessels) undergo liver specification 
but fail to bud [50].

Many genes are required after endoderm specification for 
outgrowth into the septum transversum. These include three 
homeobox-containing transcription factors – Hex, Prox1, and 
Hlx – and the zinc-finger transcription factor GATA6. Hex is 
expressed during gastrulation in the first endoderm cells to pass 
through the primitive streak that ultimately give rise to the liver. 
Mice lacking Hex form a small hepatic diverticulum, but sub-
sequent outgrowth and budding fails to occur [51,52]. Hlx and 
Prox1 mutant mice also exhibit growth arrest at the bud stage, 
although the livers of Prox1 mutant mice ultimately reach nearly 

Importantly, the same signaling pathways described in the 
previous section on early development (e.g., BMPs, FGFs, etc.) 
are used iteratively in the specification of organ domains and 
the growth and differentiation of tissues. Sometimes, a single 
signal is involved in the development of two different organs, or 
one signal may mediate two different effects in the same tissue. 
In these instances, it is cellular context, the identity of the cell 
on which a given signal acts, that determines the signaling 
outcome.

GI organogenesis can be divided into several overlapping 
phases:
1. specification – a direct consequence of the patterning pro-

cesses previously described, results in the commitment of 
cells to restricted tissue fates

2. budding – of liver and pancreas
3. morphogenesis – the formation of a three-dimensional struc-

ture that facilitates the physiological function of the tissue 
(e.g., hepatic sinusoids and intestinal villi)

4. cell fate determination – the restriction of specific lineages 
within the tissue (e.g., hepatocytes and cholangiocytes).

These components of organogenesis do not occur sequentially 
or independently, but rather, occur in parallel, in a coordinated 
fashion. Finally, differentiation programs are implemented 
within those lineages, allowing the expression of physiologi-
cal function (discussed further in Section Developmental 
physiology).

Liver
Specification
The liver provides a good example of how a prepatterned mes-
enchyme can influence epithelial fate. The developing cardiac 
mesoderm, which gives rise to the heart, lies adjacent to the 
anterior endoderm fated to give rise to the liver (see Figure 
1.2b). Experiments performed decades ago showed that cardiac 
mesoderm plays a critical role in the formation of the liver. 
These studies consisted of transplantation assays in which pieces 
of endoderm and mesenchyme were independently assembled. 
Such experiments demonstrated that an interaction between 
endoderm and cardiac mesoderm, during a critical time 
window, is necessary for the endoderm to activate a liver 
program [24]. As the cardiac mesoderm moves anteriorly, the 
space adjacent to the prehepatic endoderm is replaced by the 
septum transversum, a mesoderm derivative that later gives rise 
to part of the diaphragm. Other signals mediate the outgrowth 
of the expanding liver bud into the septum transversum mes-
enchyme (see also Chapter 10).

Tissue transplantation studies using molecular markers have 
confirmed an important role for embryonic mesenchyme in 
liver development. For example, ventral endoderm expresses 
albumin (a marker of liver specification) when it is cocultured 
with cardiac mesoderm. However, other studies suggest that a 
more complex regulatory circuit underlies the process. For 
example, dorsal endoderm expresses albumin when it is simply 
removed from its adjacent endoderm. This surprising result 
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panied by dramatic growth of the liver through the action of 
mesenchymal factors. The most important of these is hepatocyte 
growth factor (HGF), which signals through the c-met receptor. 
Mutation of either Hgf or c-met leads to marked liver cell apop-
tosis in some but not all analyses [57,58]. This signaling pathway 
also seems to modulate the response to injury in adult liver 
[59,60]. Mutations in several other genes, including compo-
nents of the tumor necrosis factor (TNF)–nuclear factor-κB 
signaling pathway, lead to similar developmental apoptosis phe-
notypes [61–63]. Hepatocyte apoptosis in many adult liver dis-
eases is mediated by a TNF-like “death receptor” pathway [64], 
suggesting that these cell death signaling mechanisms are active 
throughout life.

The two major parenchymal cell types of the liver – hepato-
cytes and bile ducts – arise from multipotent embryonic “hepa-
toblasts.” Intrahepatic bile ducts (IHBDs) are derived from 
“ductal plates,” precursor structures that form around branches 
of the portal vein. Inductive signals from the portal vein mes-
enchyme induce surrounding hepatoblasts to form the ductal 
plate, which can be recognized by the expression of distinctive 
cytokeratin (CK) molecules, such as CK19 (Figure 1.6). Mature 
intrahepatic bile ducts emerge after remodeling of the ductal 
plate, in conjunction with selective apoptosis of duct precursors. 
The “extrahepatic” bile ducts (EHBDs) and the gallbladder have 

a third of the size of a normal liver [53,54]. Hex and Prox1 are 
expressed in the hepatic epithelium, whereas Hlx is normally 
expressed in the septum transversum mesenchyme.

As previously noted, the GATA4 zinc finger transcription 
factor binds to the albumin promoter before albumin expres-
sion, suggesting a role in liver specification [33]. Another GATA 
family member, GATA6, also plays an important role in liver 
development. GATA6 regulates HNF4, an important transcrip-
tional regulator of hepatocyte genes (described in Section 
Morphogenesis and cytodifferentiation), and liver bud out-
growth is retarded in mouse embryos lacking GATA6 [55]. 
Further studies are needed to determine whether a regulatory 
relationship exists between Hex, Hlx, Prox1, and GATA6, given 
the similar phenotypes that mutations of these genes exhibit. 
Further studies are also required to determine the signaling 
hierarchy between soluble FGFs and BMPs and the activity of 
these transcription factors; for example, Hex expression can be 
induced by BMP signaling [56].

Morphogenesis and differentiation
After this migration into the septum transversum, epithelial 
cells intercalate with mesenchymal cells, eventually leading to 
the formation of the hepatic sinusoids which support embry-
onic hematopoiesis. These morphogenetic changes are accom-

Figure 1.6 Biliary tract development. (a, b) Normal biliary development. (a) Branches of the portal vein (PV) induce embryonic hepatoblasts (red) to 
form the ductal plate, a ring of biliary epithelial precursor cells (green). These cells become arranged into a tube that undergoes remodeling late in 
embryogenesis or early in postnatal life to yield mature bile ducts. This process involves Notch and TGF-β signaling. (b) The ductal plate expresses 
cytokeratin 19, a marker of mature bile ducts. (c, d) Disorders of biliary development. (c) Normal mouse portal tract with bile duct ((bd) visualized by 
DBA lectin staining), hepatic artery, and portal vein branches. (d) Portal tract from a mouse lacking one copy of both Jagged1 and Notch2, a model of 
human Alagille syndrome. (e) Periportal expansion of bile ducts in a patient with the ductal plate abnormality characteristic of congenital hepatic 
fibrosis. (a) Source: Adapted from Zong and Stanger 2011 [69]. Reproduced with permission of Elsevier. (c, d) Source: Adapted from McCright et al. 
2002 [213]. Reproduced with permission of the Company of Biologists, Ltd.
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quent remodeling, a process that requires Notch and TGF-β 
signals and the activity of several onecut transcription factors. 
In hepatocytes, other transcription factors including HNF4A 
are required for the full manifestation of the differentiated hepa-
tocyte program.

Pancreas
With some important exceptions, development of the pancreas 
follows a paradigm that is similar to that of the liver. Specifically, 
signals from adjacent mesoderm specify the pancreatic endo-
derm, FGFs mediate pancreatic growth, and a variety of signal-
ing components (including Notch and homeobox-containing 
transcription factors) regulate the differentiation of the paren-
chymal cell types of the pancreas – its exocrine, endocrine, and 
duct cells.

Specification
Unlike the liver, the pancreas forms from two distinct pieces of 
foregut endoderm – a dorsal pancreatic domain and a ventral 
pancreatic domain (see Figure 1.2c) – that later fuse into a single 
gland. Patches of endoderm on opposite sides of the gut tube 
must therefore somehow be instructed to become pancreas. 
Transplantation studies similar to those previously described 
have shown that the dorsal pancreatic region of the endoderm 
is specified before the 13-somite stage, a period when this endo-
derm is in contact with the notochord [72]. At a slightly later 
stage, the “prepancreatic endoderm” (the patch of endoderm 
fated to become pancreas) is in contact with the aorta (dorsally) 
and the vitelline veins (ventrally). Thus, the notochord or blood 
vessels could be mesenchymal sources for inductive pancreatic 
signals, akin to the role played by the cardiac mesoderm in the 
developing liver.

Indeed, evidence suggests that both the notochord and the 
blood vessels are important for pancreatic specification and 
growth. Isolated dorsal endoderm fails to show evidence of 
pancreatic differentiation when cultured on its own, but a pan-
creatic program is induced on reassociation with the notochord 
[73]. Similarly, coculture of dorsal endoderm with aortic cells 
(or other endothelial cells) induces a pancreatic program, 
whereas removal of aortic precursor cells from the embryo 
causes a failure in pancreatic development [74].

The most important consequence of mesenchymal signaling 
appears to be the repression of Shh expression. Shh is expressed 
throughout the entire gut tube, with the notable exception of 
the prepancreatic regions (both dorsal and ventral). The noto-
chord is directly responsible for repressing Shh in the dorsal 
prepancreatic endoderm, possibly through the activity of FGF2 
or activin β-B [75]. Repression of Shh alone is able to reproduce 
the pancreatic inductive activity of notochord [75], and block-
ing Shh signaling with an inhibitor (cyclopamine) causes ectopic 
pancreas formation [76]. Furthermore, Shh repression must be 
maintained throughout pancreatic development, as ectopic 
expression of Shh after pancreatic budding inhibits further  
pancreas development [77]. Shh repression is therefore both 

a separate embryonic origin from the IHBDs, as these larger 
ductal structures arise through a process of branching from the 
gut tube into the liver well after budding has occurred. It remains 
unclear how the connection between IHBDs and EHBDs occurs.

Several signaling pathways are involved in biliary specifica-
tion and morphogenesis. Among those first identified were 
liver-enriched “hepatocyte nuclear factors” (HNFs). HNFs 
belong to several different transcription factor families and con-
tribute to the expression of liver-specific genes. Inactivation of 
either HNF6 (a member of the onecut transcription factor 
family) or HNF1B (a homeodomain factor) perturbs biliary 
development [65,66]. The reduced HNF1B expression in the 
livers of Hnf6 mutant mice suggests that HNF6 likely acts 
through HNF1B [65]. Alternatively, HNF6 and the onecut tran-
scription factor OC2 act through activin/TGF-β family 
member(s) to regulate biliary fate decisions. The liver normally 
exhibits a gradient of TGF-β signaling activity, with high activity 
near the ductal plates and low activity in the remaining paren-
chyma. In livers lacking both HNF6 and OC2, this gradient is 
disrupted, resulting in high levels of activin/TGF-β signaling 
throughout the liver and the appearance of cells exhibiting fea-
tures of both hepatocytes and cholangiocytes. Thus, onecut 
transcription factors may shape a gradient of activin/TGF-β 
signaling to allow localized induction of the bile ducts.

In addition, there is convincing evidence that Notch signaling 
is important for biliary development. Mutations in the Notch 
ligand Jagged 1 (JAG1) result in Alagille disease, a clinical syn-
drome that includes a paucity of intrahepatic bile ducts [67,68], 
and the mechanism appears to involve a failure of proper biliary 
differentiation [69]. The molecular pathogenesis of Alagille  
syndrome is discussed further in the Section Disorders of 
remodeling.

A cellular differentiation program is executed after the assign-
ment of biliary or hepatocyte fate. Evidence that this program 
is distinct from the assignment of hepatocyte cell fate comes 
from the targeted inactivation of HNF4. Remarkably, this tran-
scription factor has been reported to bind to nearly half of the 
actively expressed genes in the liver [70]. Among the genes 
whose expression “defines” the hepatocyte are albumin, apopli-
poproteins A and B, and transferrin. Despite exhibiting normal 
morphogenesis, HNF4-deficient embryos exhibit reduced 
expression of all of these genes, demonstrating a role for this 
transcription factor in hepatocyte differentiation but not liver 
specification and morphogenesis [71].

In summary, FGF and BMP signals from the cardiac and 
septum transversum mesoderm/mesenchyme induce a portion 
of the ventral foregut endoderm to become the liver. Budding 
and parenchymal growth involves homeobox-containing tran-
scription factors and mesenchyme-derived soluble factors, such 
as HGF, that mediate proliferation and suppress apoptosis. 
Poorly understood epithelial–mesenchymal interactions 
mediate the morphogenesis of the hepatic sinusoids, which 
support hemopoiesis during fetal life. Biliary development 
involves the formation of perivascular ductal plates and subse-
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necessary and sufficient for pancreas specification. It is unclear 
what structure serves the function analogous to that of the 
notochord to repress Shh expression in the ventral prepancre-
atic endoderm.

Budding
The pancreatic buds form at about 3–4 weeks of embryonic 
development (E9.5 in the mouse), with formation of the ventral 
bud lagging behind that of the dorsal bud. One of the earliest 
and most important genes to be expressed in these nascent buds 
is the homeobox transcription factor PDX1. All mature pancre-
atic cell types are derived from cells that expressed PDX1 [78], 
and ectopic PDX1 expression in the intestine is sufficient to 
promote the early steps of pancreas formation [79]. Although 
pancreatic buds form in Pdx1-deficient embryos, further pan-
creas development is arrested at this stage [80,81], a phenotype 
that has also been observed in humans (Box 1.2) [82]. In adults, 
PDX1 is a major transcription factor for insulin, and its loss in 
adult mice causes diabetes [83]. Several other transcription 
factors that play roles in mature differentiated pancreas cells are 
also expressed in the early progenitor cells of the pancreas, 
including p48/PTF1A, Hes1, and Nkx6.1.

As noted, specification of the dorsal and ventral pancreas 
occurs by different mechanisms (notochord for dorsal, unknown 
for ventral). This differential regulation repeats itself later, as 
several genes exhibit distinct activities in dorsal versus ventral 
pancreatic development. One of these is Hlxb9, which encodes 
a homeobox transcription factor that is required for dorsal,  
but not ventral, pancreatic budding in mice [62,85]. Similarly, 
the homeobox transcription factor Isl1 is required in the pan-
creatic mesenchyme to promote dorsal, but not ventral,  
pancreas development [86]. Mesenchymal Isl1 expression is 

maintained in Hlxb9 mutants, suggesting that Isl1 is not down-
stream of Hlxb9. As there are no profound functional or histo-
logical differences between the postnatal derivatives of the 
ventral (head and uncinate process) and dorsal (body and tail) 
pancreas, it is unclear why Isl1 and Hlxb9 mutations cause such 
selective phenotypes.

Once formed, the ventral pancreas rotates across the midline 
to meet the dorsal pancreas (Figure 1.8). The two pancreatic 
derivatives undergo complete functional and anatomic integra-
tion, and the ventral ductal system (duct of Wirsung) serves as 
the major conduit for pancreatic secretion through the major 
papilla. Failure of integration results in the common anatomic 
variant pancreatic divisum, which is marked by persistence of 
the dorsal duct of Santorini and drainage through the minor 
papilla.

Morphogenesis and cytodifferentiation
Mutant phenotypes demonstrate that early pancreas organogen-
esis occurs in two steps: an early phase of pancreatic budding 
(which requires ISL1), and a later phase of outgrowth and 
branching (which requires PDX1). Wessells and Cohen [72] 
suggested a two-step process after observing that the substitu-
tion of heterologous mesenchyme for pancreatic mesenchyme 
supported later stages of development but not early budding.

For many years, investigators looked for “mesenchymal 
factors” that control pancreatic growth, branching, and differ-
entiation [87]. FGF10 was discovered to be such a pancreatic 
mesenchymal factor. In the lung, FGF10 expression causes 
budding and branching of the pulmonary epithelium [88]. This 
growth is “stereotyped” – primary, secondary, and tertiary 
branch formation is spatially and temporally regulated to ensure 
a consistent branching pattern. Although branching in the pan-

Figure 1.7 (a, b) Modeling pancreatic agenesis in the mouse. Images of dissected mouse stomach (s), spleen (sp), duodenum (d) and pancreas (p) 
from wild-type (wt) and mutant mice lacking the Pdx1/IPF1 gene (–/–). In the absence of Pdx1/IPF1, the pancreas does not develop and is 
instead replaced with a cystic structure (c). Source: Offield et al. 1996 [80].
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Box 1.2 Pancreatic agenesis.

PDX1 homeodomain-containing transcription factor (also known as IDX1, 
STF1, and IPF1) is absolutely required for development of the pancreas, 
as both mice and humans lacking the gene have an arrest in pancreatic 
development [80,82] (Figure 1.7). Heterozygous mutations in PDX1 

caused maturity-onset diabetes of youth (MODY) in a subset of patients, 
reflecting the protein’s later role as the major transcriptional regulator of 
insulin gene expression [84].
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cells delaminate from the epithelium and reaggregate postna-
tally into the islets of Langerhans (which also include 
somatostatin-producing δ cells and pancreatic polypeptide-
producing PP cells). The development of these different endo-
crine lineages is complex and regulated by multiple factors.  
The bHLH transcription factor Neurogenin 3 (NGN3) is both 
necessary and sufficient for endocrine differentiation in the 
pancreas [79,100,101]. NGN3, and its target gene BETA2/
NEUROD, are regulated by Notch signals [102] and the onecut 
transcription factor HNF6 [103]. Additional transcription 
factors involved in the delineation of different endocrine line-
ages in appropriate numbers include NKX6.1, NKX2.2, PAX4, 
and PAX6 [104].

Islets are not derived from the monoclonal expansion of 
endocrine precursor cells, but rather from the polyclonal coa-
lescence of distinct endocrine cells or endocrine precursors 
[105]. The aggressive search for putative “adult stem cells” in the 
pancreas has yielded ambiguous results. One laboratory that 
used a genetic labeling method failed to show that adult stem/
progenitor cells give rise to β cells, suggesting that the adult β 
cell mass is maintained principally by replication [106].

In summary, the repression of Shh signaling induces the for-
mation of dorsal and ventral pancreatic buds from the endo-
derm. Signals provided by blood vessels, as well as mesenchymal 
FGF10, promote the outgrowth of multipotent pancreatic pro-
genitor cells into a branched epithelium. Complex signals, 
including members of the Notch and TGF-β families, as well as 
numerous bHLH and homeodomain proteins, regulate the  

creas does not appear to be stereotyped in the same way that it 
is in the lung, FGF10 has a strikingly similar function in the 
development of the pancreas. FGF10 is expressed in the mesen-
chyme and drives the proliferation of progenitor cells expressing 
PDX1 during branching by binding to the FGFR2b receptor on 
epithelial cells [89]. Consistent with this, Fgf10 mutant mice 
exhibit arrested pancreas development at the bud stage [90]. An 
additional activity of FGF10 during pancreas growth is to keep 
the expanding pancreatic epithelium in an undifferentiated 
state. This is achieved through the activation of Notch signaling, 
a potent regulator of pancreatic differentiation [91–95].

The mature pancreas contains exocrine cells that make diges-
tive enzymes, ducts that carry these enzymes to the gut, and 
hormone-producing endocrine cells. The exocrine pancreas is 
the largest compartment, comprising over 80% of the pancreatic 
mass. The transcription of exocrine-specific genes is dependent 
on the PTF1A transcriptional complex, which contains the 
pancreas-specific transcription factor p48. Like PDX1, p48 is 
expressed in the early stages of development in multipotent 
pancreatic progenitor cells [96], and it is the major transcription 
factor for the expression of exocrine-specific genes [97]. p48 is 
required for exocrine differentiation, as null mutant mice 
develop an endocrine pancreas but lack exocrine cells [98]. 
Another transcription factor, MIST1, is required for the assem-
bly of the exocrine secretory machinery [99].

During the growth of the pancreatic epithelium within the 
bud, endocrine cells arise in waves of differentiation (glucagon-
producing α cells preceding insulin-producing β cells); these 

Figure 1.8 Rotation during development of the gastrointestinal tract. (a) Rotation of the gut. (b) Rotation of the pancreas.
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[112,114,115]. This result is surprising, because BMP4 is 
expressed widely throughout the gut mesenchyme. The specifi-
city of BMP4 activity to induce sphincter development likely 
reflects specific spatial regulation of its own expression and 
spatial regulation of its receptor [115,116]. Moreover, the ability 
of the downstream factor Nkx2.5 to induce pyloric sphincter 
development is spatially regulated; Nkx2.5 can induce pyloric 
sphincter development when it is expressed anteriorly (in the 
gizzard), but not posteriorly (in the duodenum) [113]. These 
studies provide insight into the final steps regulating the devel-
opment of the pyloric sphincter but a deeper question remains: 
What regulates the regulators?

Complex signals that are both intrinsic and extrinsic to the 
developing epithelium control tissue identity. The extent to 
which these or similar inductive events contribute to common 
congenital anomalies, including intestinal stenoses and atresias, 
duplications, and anorectal malformations, is unknown. 
However, congenital anomalies of the gastrointestinal tract are 
commonly associated with malformations in other organ 
systems or chromosomal abnormalities, including trisomy 21 
(Down syndrome), suggesting that the regulatory signals 
involved in patterning are disrupted widely.

The clinical relevance of these regulatory networks may 
extend beyond putative relationships to congenital errors. For 
example, intestinal metaplasia, a premalignant lesion in which 
portions of the esophagus or stomach are replaced with intesti-
nal mucosa, may represent reactivation of developmental pro-
grams. Studies of BARX1, a homeobox-containing transcription 
factor that is expressed transiently in the gastric mesenchyme, 
provide support for this concept. BARX1 mediates gastric speci-
fication by inhibiting Wnt signaling, and mouse embryos with 
a targeted disruption of the gene exhibit a homeotic transforma-
tion of stomach to intestine [117]. One interpretation of this 
result is that intestinal differentiation represents a “default” state 
for gut endoderm that must be overcome (through inhibition 
of Wnt signaling) to allow stomach specification. Although 
unproved, this model may explain why intestinal metaplasia of 
the stomach and esophagus is common, whereas the converse, 
gastric metaplasia of the midgut or hindgut, is uncommon.

Morphogenesis
The lumenal gastrointestinal tract acquires it shape through 
rotational changes at a gross level, and through tissue remode-
ling at a microscopic level. Left–right (L–R) asymmetry of the 
intestine is generated through the same mechanisms that regu-
late the L–R axis of the body plan. This process involves the 
clockwise movement of cilia, which promotes the asymmetric 
distribution of inductive signals [118]. Dysregulation of cilium 
function leads to randomization of L–R asymmetry and clinical 
phenotypes including situs inversus.

The intestine undergoes tremendous growth during the 
initial embryonic period, and elongates about 1000-fold between 
the 5th and 40th weeks of human development [119]. To accom-
modate a large embryonic liver, the intestine exists outside the 

subsequent differentiation of pancreatic endocrine, exocrine, 
and ductal lineages.

Gastrointestinal tract
Specification
Although the gastrointestinal tract is composed of a single con-
tinuous tube, it is partitioned into discrete domains from ante-
rior to posterior (esophagus, stomach, small intestine, and 
colon) that are demarcated by sphincters (lower esophageal 
sphincter, pylorus, ileocecal valve, and anal sphincter). Each 
domain has a distinct function and a unique architecture. 
Similar to the liver and the pancreas, the different functional 
domains of the intestine are patterned after gastrulation through 
a repertoire of homeobox genes and epithelial–mesenchymal 
crosstalk.

Homeobox-containing genes are expressed in a regionalized 
manner in the gut epithelium and mesenchyme [13,22], and 
several examples of “homeotic transformations” have been 
observed after the dysregulated expression of homeobox genes. 
Hoxa13 and Hoxd13 are expressed in the hindgut, and ectopic 
expression of either of these Hox genes in the midgut leads to 
acquisition of hindgut characteristics [107,108]. Likewise, the 
Hox gene Hoxa5 is expressed in stomach mesenchyme, and is 
necessary for gastric fate specification [109]. Sphincters consti-
tute a special case of endoderm patterning, as they reside at 
boundaries between intestinal segments. Again, Hox genes are 
important for the process of sphincter formation. Hoxa13/
Hoxd13 mutant mice have defects in anal sphincter formation, 
and mice with a large deletion in the Hoxd cluster (Hoxd4–d13) 
lack an ileocecal valve [19,20].

In addition to the expression of homeobox genes, epithelial–
mesenchymal signaling is also essential for the establishment of 
an intestinal pattern. In some cases, such as the murine cecum, 
a clear hierarchy of epithelial–mesenchymal signaling (through 
FGFs in cecal development) mediates organ growth [110]. In 
other cases, it is less clear whether transcription factors (such 
as homeobox-containing proteins) establish an initial pattern 
that is refined by further epithelial–mesenchymal signaling, or 
whether epithelial–mesenchymal signaling is responsible for 
establishing the pattern of transcription factor gene expression. 
An alternative possibility is that the basement membrane, an 
aggregate of extracellular matrix strategically placed between 
epithelial and mesenchymal cells, regulates crosstalk between 
the two tissue layers [111].

Pyloric sphincter development is a particularly instructive 
example of this complex process of specification. In the chicken, 
the pyloric sphincter forms at the junction of the gizzard (caudal 
stomach) and the small intestine. Two transcription factors – 
the homeobox factor Nkx2.5 and the HMG-box factor Sox9 – 
are both markers of the mesenchyme of the pyloric sphincter, 
and ectopic expression of either gene is sufficient to convert the 
gizzard into pyloric sphincter-like epithelium [112–114]. 
Moreover, mesenchymal BMP4 is both necessary and sufficient 
to induce the expression of these transcription factors 
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to a columnar epithelium. As villi emerge from the stratified 
epithelium, they acquire a distinctive crypt–villus architecture, 
a process that is dependent on the cytoskeleton. One of these 
cytoskeletal elements is the “bridge” protein ezrin, which links 
membrane proteins to the actin cytoskeleton. Ezrin-deficient 
mice exhibit normal intestinal differentiation and polarity but 
abnormal villi, including nascent villus structures that are 
unable to break away from each other [122].

Cell proliferation and kinetics
The adult small intestinal epithelium has a rapid and regular 
turnover, with the average lifespan of intestinal enterocytes 
measured in days [123]. To support this constant need for new 
cells, the intestine recapitulates the embryonic processes of dif-
ferentiation from stem cells throughout life (Figure 1.9). Stem 
cells are specialized cells that can generate multiple differenti-
ated cell types (“multipotentiality”) and also produce more stem 
cells (“self-renewal”). Intestinal stem cells reside near or at the 
bottom of the crypts and are characterized by their relatively 
low rate of cell division and long life [124].

Progenitor cells with a more limited potential and shorter 
half-life coexist with stem cells in the crypts [125]. A subset of 
stem cell-derived progenitor cells, known as the transient ampli-
fying population, undergoes rapid cell division within a region 
of the crypt–villus axis known as the proliferative zone (see 
Figure 1.9). Mesenchymal factors, including the winged helix 
transcription factor Fkh6 [126], and several intercellular signal-
ing pathways regulate cell division in this zone. Stem cell regula-
tion in the GI tract is discussed in detail in Chapter 2.

Differentiation
The differentiated cells of the intestine (see also Chapter 5) can 
be divided into absorptive and secretory cells on the basis of 
cellular function. The precise identity and relative abundance of 
absorptive and secretory cells varies along the anterior–posterior 
axis. The major secretory cells of the stomach (and their secre-
tory products) are parietal cells (acid), chief cells (digestive 
enzymes), and endocrine G cells (gastrin). By contrast, the 
major secretory cells of the small intestine are goblet cells 
(mucous), Paneth cells (antimicrobial peptides), and enteroen-
docrine cells (myriad hormones). Nevertheless, the genetic 
mechanisms that regulate the development of these different 
cells are shared between different segments of the gastrointesti-
nal tract.

As in the pancreas, Notch signaling plays a critical role in the 
regulation of intestinal cell fate by mediating the expression of 
several downstream bHLH proteins – NGN3, BETA2/NEUROD, 
HES1, and MATH1. The general conclusion from studies of 
mice with mutations of these proteins is that differentiation of 
the secretory cell lineage is triggered by repression of Notch 
signaling and HES1, with the resulting derepression of  
MATH1 [127,128]. Additional signals control the selection of 
different intestinal secretory cell lineages (endocrine, goblet, 
and Paneth). One of these signals, NGN3, is absolutely required 

abdominal cavity for much of its early embryonic life (“physi-
ological herniation”). Early in development, the growing midgut 
and hindgut undergo a two-step rotation (Figure 1.8) totaling 
270° (counterclockwise orientation viewing the embryo en 
face). Both growth and looping of the intestine require the 
action of HLX, a homeobox transcription factor that is expressed 
in the midgut and hindgut mesenchyme and that is also required 
for liver development (see Section Budding of the liver). Hlx 
mutant mouse embryos have a shortened and single-looped gut 
that undergoes normal differentiation [53]. Although many 
congenital anomalies are related to errors in these gross move-
ments of the intestine, most notably midgut malrotation with 
risk of ensuing volvulus, the mechanisms underlying normal 
rotation are poorly understood.

Although our understanding of this dramatic intestinal 
growth and rotation remains mainly descriptive and phenom-
enological, the mechanisms controlling the cross-sectional 
makeup of the intestine are better understood. The stereotyped 
circumferential arrangement of cells according to each intesti-
nal segment has been referred to as the radial axis of the gas-
trointestinal tract. Starting from the lumen, the radial axis goes 
from innermost epithelium, lamina propria, muscularis 
mucosae, submucosa, outer muscular layers, out to the serosa. 
Each intestinal segment has a unique epithelial and mesenchy-
mal composition; for example, the stratified squamous epithe-
lium and thin submucosa and muscular layers of the esophagus 
versus the columnar epithelium and thickly muscled mesen-
chyme of the stomach.

Shh–BMP crosstalk appears to be important for determining 
the composition of the radial axis in each intestinal segment. 
This conclusion is based on several lines of evidence. First, Shh 
is expressed throughout the gut epithelium (except for the pan-
creas, as discussed in the Section Specification of the pancreas) 
and is a potent activator of mesenchymal BMP expression so 
that the two signaling pathways regulate each other. Second, 
ectopic BMP expression affects the degree of muscularity of the 
mesenchyme along the anterior–posterior axis [110], suggesting 
that it regulates mesenchymal morphology. Third, Shh signaling 
is necessary for normal crypt–villus structure [120], and Shh 
regulates mesenchymal fate according to the distance from the 
epithelium [121]. These results are consistent with a model in 
which a concentration gradient of Shh (expressed by the inner-
most epithelium) organizes the mesenchymal rings of the gut, 
possibly through the activity of BMPs. According to this model, 
mesenchymal cells closest to the epithelium are induced to 
adopt a lamina propria or submucosal fate, whereas only those 
cells furthest from the epithelium adopt a muscle fate [121].

The intestinal lumen forms after 7–8 weeks of gestation 
(human) and arises through the processes of canalization and 
morphogenesis. The failure of canalization is thought to account 
for some cases of duodenal atresia, a partial or complete obstruc-
tion of the duodenum that occurs with a frequency of 1 in 5000 
to 1 in 10 000 births, while morphogenesis involves polarization 
of the epithelium and transformation of a stratified epithelium 
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formation and gut tube patterning are incompletely understood 
but involve significant epithelial–mesenchymal crosstalk. 
Similar crosstalk is involved in the morphogenesis of the  
different intestinal segments. Subsequently, intestinal develop-
ment proceeds by differentiation from stem cells, a process  
that depends on Wnt and Notch signaling, among other  
pathways. Such signals control proliferation and differentia-
tion in the adult intestine and are dysregulated during 
carcinogenesis.

Conclusions
After gastrulation, the gut tube is exposed to regional signals 
from adjacent nonendodermal cells. In prespecified organ 
domains, the epithelium responds by growing into adjacent 
mesoderm-derived mesenchyme, resulting in the budding of 
lung, liver, and pancreas. In the remaining gut epithelium, recip-
rocal signaling with mesenchyme results in the formation of 
sphincters or regionally distinct submucosal layers. Complex 
morphogenetic changes and differentiation events occur in each 
of these developing organs, giving rise to organized functional 
tissues. Tissue-specific gene expression begins, setting the stage 
for further refinement of regulated expression and function. In 
the adult intestine, differentiated cell types are generated 
throughout life from stem cells that reside within the crypts, an 
ongoing process that recapitulates many developmental events. 
In the liver and the pancreas, by contrast, the replication of 

for endocrine cells to form in the intestine, but not in the 
stomach; by contrast, the formation of goblet and Paneth cells 
is normal in Ngn3-deficient mice [129,130]. Other complex 
signals and lineage relationships underlie the development of 
the 10 or so different types of enteroendocrine cells [131].

There is additional evidence that Notch signals are coordi-
nated with Wnt signals to regulate the balance between prolif-
eration and differentiation. Either embryonic activation of 
Notch or inhibition of Wnt results in the loss of secretory cell 
lineages [132–134]. Furthermore, Wnts have a special role in 
ensuring proper compartmentalization of the crypt–villus axis 
by regulating another family of cell–cell signaling molecules 
known as ephrins [135].

Several studies suggest that major regulators of embryonic 
differentiation – Notch and Wnt – are also involved in adult 
intestinal homeostasis. These are discussed in Chapter 2. Of 
note, activation of Wnt signaling through the loss of the APC 
gene and the subsequent activation of β-catenin is known to be 
a key step in colorectal carcinogenesis (see Chapters 31 and 78), 
suggesting that intestinal stem cells or transient amplifying cells 
are most sensitive to the inactivation of APC and represent a 
likely target for malignant transformation.

In summary, the formation of sphincters during midgestation 
divides the gut tube into segments – esophagus, stomach, small 
intestine, and large intestine – that prefigure their distinct mor-
phologies and functions. The mechanisms underlying sphincter 

Figure 1.9 Small intestinal maturation. (a) Maturation of the crypt–villus axis. Stem cells near the base of the crypt give rise to a transient amplifying 
multipotent population of cells that reside in the middle and upper portions of the crypt. These cells give rise to mature enterocytes, enteroendocrine 
cells, and goblet cells, which migrate up the villus and are eventually shed into the intestinal lumen. Paneth cells are also derived from the transient 
amplifying population, but these cells migrate down to the crypt base where they intermingle with stem cells. (b) Small intestinal crypt. Schematic 
showing the crypt is divided into compartments. At the base are stem cells (S), which are thought to reside slightly above the crypt base, and Paneth 
cells (P). Canonical Wnt signaling is active in these cells. Above this compartment is the transient amplifying population, containing actively dividing 
cells. Cells withdraw from the cell cycle as they reach the crypt–villus interface and adopt an absorptive or secretory fate. Source: Adapted from Sancho 
et al. 2003 [228]. Reproduced with permission of Elsevier.
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iology of the gastrointestinal tract changes over time. These 
include biochemical measurements of intestinal enzyme and 
hormone activities, morphological grading, mutant analysis, 
and measurements of permeability, motility, and immune per-
formance. It has been suggested that the human gastrointestinal 
tract is structurally and functionally mature at the time of par-
turition, whereas the rodent gastrointestinal tract is altricial, or 
immature, at birth. However, given the comprehensive nature 
of maturation, and the fact that the neonatal diet of all mammals 
is similar (i.e., milk), the implications of such a distinction are 
unclear.

Carbohydrate digestion and absorption
A focal point in the study of intestinal maturation has been the 
characterization of the major brush border enzymes that digest 
carbohydrates. Lactase–phlorizin hydrolase (LPH), cleaves 
lactose, the major dietary carbohydrate of breast milk. In rats, 
LPH is expressed at high levels early in embryogenesis, whereas 
peak expression in human embryos occurs during the third 
trimester. LPH expression declines with age in both species. The 
observation that LPH expression across species is highest after 
birth and subsequently lower likely reflects the critical require-
ment for lactase during nursing [140].

Sucrase–isomaltase (SI) is another well-studied brush border 
enzyme. In contrast to LPH, the expression of SI is discordant 
between humans and other mammals. In rats and pigs, SI 
expression is undetectable before a dramatic burst of expression 
in the postnatal period, corresponding to the time just before 
weaning when the major carbohydrate source shifts from milk 
to starch. By contrast, SI expression in humans begins in the 
first trimester and reaches its peak level just before birth [140]. 
The earlier expression of SI during human ontogeny is not 
understood, and it is unclear whether differences in enzyme 
expression levels reflect differences in overall functional matu-
ration between species.

Protein digestion and absorption
The embryo has a limited capacity to digest proteins, a result of 
the late expression of digestive zymogens, the low-level expres-
sion of the activating enzyme enterokinase, and the insensitivity 
of embryonic pancreatic exocrine cells to the action of secreta-
gogues (see the Section Hormonal control of gastrointestinal 
development). Furthermore, gastric pH is neutral until birth, 
dropping rapidly from 6.0 to 2.2 in the first day of life [141]. 
Instead, other systems handle the limited protein load delivered 
to the intestine pre- and perinatally. Brush border and microvil-
lar peptidases and dipeptidases, which complete peptide diges-
tion, are present in the fetal small intestine at levels of activity 
comparable to levels in the adult small intestine. High levels of 
amino acid transporters in the newborn permit the uptake of 
free amino acids.

Macromolecular transport also plays an important role in the 
digestion of proteins and lipids in the fetus and the neonate [142–
144]. In experimental animals, the small intestinal epithelium is 

existing cell types appears to be the major mechanism for tissue 
maintenance.

Developmental physiology

The development of complex anatomical structures with dis-
tinct differentiated cell lineages would be purposeless if it did 
not facilitate function. The functions of the gastrointestinal 
organs include assimilation of nutrients, detoxification and 
elimination of waste, maintenance of blood glucose, and syn-
thesis of plasma proteins. In addition, the gastrointestinal tract 
subserves secondary roles in water and electrolyte balance and 
immunological defense. The physiology of the intestine, pan-
creas, and liver is considered in Chapter 12.

The connection between form and function is reflected in an 
economy of mechanism. Many genes exhibit dual function and 
are involved in both development and physiological regulation. 
As previously described, FOXA2 and GATA4 bind to the 
albumin promoter as part of a program of endoderm commit-
ment, and are thus involved in both patterning as well as the 
functional expression of a liver-specific gene. There are several 
other instances of such developmental “parsimony”; for example, 
the Pdx1 and p48 genes play important roles in pancreatic devel-
opment and are also the major transcriptional regulators of 
insulin and of several exocrine genes, respectively [81,97]. 
Similarly, the CDX2 homeobox gene product plays an important 
role in endoderm patterning [13,15,16,136] and also functions 
as a major transcription factor for the expression of brush 
border enzymes and intestinal carbonic anhydrase [137–139]. 
Such economy is not surprising because the use of a limited set 
of genetic tools reduces the need for additional layers of com-
plexity during specification and differentiation. Fortuitously, 
this arrangement facilitates the study of developmental physiol-
ogy, as identification of the genes that regulate development 
provides a list of candidate regulators of function, and vice 
versa.

Maturation of the gastrointestinal tract
After parturition, the gastrointestinal tract faces two challenges. 
Immediately after birth, the individual must convert from a diet 
that is predominantly parenteral (provided by the maternal cir-
culation), to one that is completely enteral (consisting of colos-
trum and breast milk). Later, at weaning, the gastrointestinal 
tract must be able to assimilate nutrients from a vast array of 
solid foods. These adjustments occur in a hormonal milieu that 
is increasingly under the control of the infant. Therefore, unlike 
structural development, which follows a set of preprogrammed 
genetic events, functional development is likely to be consider-
ably more dependent on environmental forces [111].

Gastrointestinal “maturation” refers to the progressive attain-
ment of features of adult gastrointestinal physiology during 
development. Given the imprecise nature of such a definition, 
several surrogate markers are used to understand how the phys-
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Indeed, transplanted human fetal intestine is able to undergo 
normal cytodifferentiation in an immunodeficient “nude” 
mouse host [150]. However, other aspects of gastrointestinal 
development, particularly growth, are regulated by diet. 
Exposure of the gut lumen to nutrients begins in utero with the 
swallowing of amniotic fluid, which contains amino acids and 
carbohydrates, and which the embryo uses to meet some of its 
nutritional requirements.

The importance of the lumenal environment is supported by 
studies in which the timing, the composition, or the route of 
delivery of nutrition is varied. Ligation of the embryonic sheep 
esophagus causes reversible and specific inhibition of growth of 
the gastrointestinal tract [151]. Although normally absent in 
human amniotic fluid, galactose can nevertheless be absorbed 
by the embryonic jejunum. Intraamniotic infusion (and there-
fore increased enteral delivery) of galactose induces an increase 
in the mucosal transport of galactose by the rabbit intestine, as 
well as an overall increase in mucosal weight, suggesting that 
the fetal intestine is competent to respond to small changes in 
enteral carbohydrate composition [152]. Consistent with this, 
intestinal growth in the first day of life depends on the composi-
tion of milk [153]. Importantly, it is not simply the metabolic 
consequences of feeding that provide a signal; the intestinal 
mucosa itself must be exposed to these nutritional components 
[154]. A requirement for lumenal stimulation has long been 
appreciated in the “adaptation” observed after massive intestinal 
resection – a compensatory increase in intestinal surface area 
that depends on enteral feeding [155]. It is possible that this 
adaptation reflects a reemergence of a developmental program 
that regulates intestinal size and surface area. Indeed, microar-
ray analysis of gene transcription during development and 
adaptation supports this hypothesis [156].

Hormonal control of gastrointestinal 
development
A possible regulatory role for corticosteroids and thyroid 
hormone in intestinal development has been extensively 
explored because of the dramatic increase in the level of both 
hormones observed in rats immediately before the spike in SI 
activity and coinciding with a reduction in LPH activity. Direct 
effects on the activity of several disaccharidases have been docu-
mented after the administration of exogenous hormones. 
Notably, prenatal administration of cortisone reduces the inci-
dence of necrotizing enterocolitis in a rat model, presumably by 
accelerating the maturation of the mucosal barrier [157]. 
Conversely, intestinal maturation is slowed by treatments that 
reduce levels of circulating corticosteroids. Similar effects are 
seen with enhancement or inhibition of thyroid hormone 
expression, although some of these effects may be mediated 
through corticosteroids [140]. However, mice lacking 
corticotropin-releasing hormone or thyrotropin releasing 
hormone do not exhibit an overt gastrointestinal phenotype 
[158,159]. The regulation of gastrointestinal maturation by 
other hormones and circulating growth factors has also been 

most permeable to amino acids and peptides in the immediate 
postnatal period. Macromolecular tracers infused into the amni-
otic fluid or the intestinal lumen late in gestation are absorbed 
into the enterocytes of humans, monkeys, guinea pigs, and rats, 
reflecting a high rate of pinocytosis [144]. This process is extremely 
active in the first 2 weeks postnatally and decreases at weaning. 
This mechanism accounts for the absorption of intact maternal 
immunoglobulins and other proteins from milk.

In parallel with pinocytosis, enterocytes exhibit high levels of 
lysosomal proteases, such as cathepsins and other peptidases, 
during the first 2 weeks postnatally. These intracellular enzymes 
provide a mechanism for protein digestion before the appear-
ance of the pancreatic proteolytic enzymes. Intact proteins also 
are absorbed in premature and term human infants during the 
first few months of life. Macromolecules may continue to cross 
the healthy adult small intestine, but the quantity is low com-
pared to those in the newborn. The relative permeability of the 
intestine during the first months of life may play an important 
role in conferring tolerance or sensitivity to dietary proteins 
during the development of immune function.

Lipid digestion and absorption
Fats and unhydrolyzed triglycerides are present in the stools of 
human neonates at a rate that is higher than that of adults, a phe-
nomenon that correlates with the low activity of pancreatic lipase 
and the low intralumenal concentrations of bile acids. Although 
pancreatic lipase levels rise significantly during the third trimes-
ter, lipase activity at week 32 of gestation is only 50% of term 
levels, which are themselves only 10% of adult levels. Fat diges-
tion in human neonates is aided by “preduodenal” lipases (lingual 
and gastric lipases) and maternal milk lipase. Lingual lipase rises 
to adult levels by 2 years of age [145]. Gastric lipase appears as 
early as 10–13 weeks into gestation and reaches adult levels by 16 
weeks [146]. Gastric lipase appears to be a major determinant of 
lipolytic activity in gastric aspirates of premature infants. As with 
peptides, the newborn intestine exhibits increased permeability 
to both triglycerides and cholesterol [147].

The synthesis of bile acids from cholesterol and their conjuga-
tion with taurine and glycine can be demonstrated in organ 
culture in vitro with human liver tissue obtained from fetuses 
after 15 weeks of gestation. Biliary secretion is observed as early 
as the 22nd week of gestation. Bile acid reabsorption occurs in 
the neonate by passive diffusion throughout the small intestine, 
but active sodium-dependent ileal transport of bile acids does 
not occur until weaning [148]. As a result, the bile acid pool is 
reduced in neonates; this is of particular concern in premature 
infants, in whom 10%–20% of ingested fat may not be absorbed.

Dietary control of gastrointestinal development
The expression of SI, LPH, and other brush border enzymes 
appears to be under autonomous control, because their normal 
expression pattern does not change significantly with delayed 
or early weaning or early introduction of dietary sucrose [149]. 
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controversial, studies in mice have confirmed the general picture 
of neural crest migration mapped out by studies in the chick. 
The ENS is composed of two types of ganglionated plexuses: the 
Auerbach (myenteric) plexus, which is located in the outer mus-
cular layer and regulates gastrointestinal tract motility and 
function of extralumenal organs, and the Meissner (submu-
cosal) plexus, which regulates enteral secretory activity [166]. 
Enteric neurons can be further subclassified according to the 
neurotransmitters (e.g., vasoactive intestinal polypeptide and 
serotonin) and enzymes (e.g., tyrosine hydroxylase and choline 
acetyltransferase) they express. Although details regarding the 
migration and terminal differentiation of neural crest precur-
sors are still emerging, neuronal subtypes appear to arise in 
overlapping developmental waves [168]. The functional roles of 
these neuronal subtypes and specific neuropeptides in gastroin-
testinal physiology are described elsewhere in this textbook (see 
Chapters 13 and 15).

In contrast to the neural crest-derived cells of the enteric 
plexuses, interstitial cells of Cajal (ICCs), which serve as the 
“pacemakers” of the intestine, arise from intestinal mesenchyme 
[169,170]. The development of these cells requires the function 
of another receptor tyrosine kinase, c-Kit. Mice with reduced or 
absent c-Kit function exhibit abnormal slow-wave activity in the 
small intestine and develop paralytic ileus [171,172]. It has been 
discovered that those mesenchymal tumors known as gastroin-
testinal stromal tumors (GISTs) have activating mutations in 
KIT that confer constitutive kinase activity in the absence of 
ligand [173,174]. Ultrastructural similarities between ICCs and 
GISTS, and other shared features, have led investigators to 
propose that GISTs arise from ICCs [175] or from a common 
ICC–smooth muscle precursor cell [176].

A central role for the c-Ret tyrosine kinase pathway in the 
development of most enteric neurons has been demonstrated 
through targeted inactivation of pathway components (see the 
discussion of Hirschsprung disease). Furthermore, important 
neural crest subpopulations have been recognized from the 
more limited phenotypes that result from the targeted mutation 
of other genes. For example, the basic helix-loop-helix protein 
MASH1 is required for the development of a subset of enteric 
neuronal precursors with noradrenergic features, and endothe-
lin B signaling is required to prevent the differentiation of neu-
ronal precursors that will enervate the distal colon [177]. The 
significance of these different subtypes is unclear, and the mech-
anisms by which they achieve regulatory integration require 
further study.

The ENS begins to function early in embryonic development, 
but its maturation continues well into postnatal life. Fetal swal-
lowing is first detectable during the first trimester [178], and by 
term, the fetus swallows about 450 mL amniotic fluid (half  
of the total amniotic volume) per day [179]. A spectrum of 
neuropeptides is detectable between weeks 11 and 18 of  
human development [180]. Peak numbers of both neurons  
and ganglion cells are achieved during the second trimester  
and decrease during the third trimester [181]. Although the 

investigated through similar approaches. In particular, chole-
cystokinin, gastrin, insulin, and members of the insulin-like 
growth factor (IGF), epidermal growth factor (EGF), and TGF 
families have been the focus of numerous studies.

These analyses have yielded evidence for the involvement of 
hormones and systemic growth factors in gastrointestinal devel-
opment. However, distinguishing between primary and second-
ary effects is challenging, and for the most part, the precise 
functions of these molecules in development remain to be delin-
eated. It is worth noting mice with a targeted inactivation of the 
gastrin gene exhibit a deficiency of acid-producing parietal cells 
[160,161], suggesting a role in cellular differentiation rather 
than maturation per se.

Despite lingering uncertainty over the precise role of hor-
mones in intestinal maturation, it is clear that the responsive-
ness of some gastrointestinal tissues to hormones changes over 
the course of fetal and postnatal life. The responsiveness of the 
exocrine pancreas is an example of such regulation. Pancreatic 
digestive and lipolytic enzymes are detected in the early bud 
stage, and high levels of protein are detected in the acinar cells 
before term. Despite the abundance of these proteins, embry-
onic acini are insensitive to secretagogues until after birth [162]. 
Similarly, sensitivity to the acid-secretory action of gastrin 
develops during the first week of life; poor expression of the 
gastrin receptor in the immediate postnatal period renders 
newborns relatively insensitive to gastrin [163]. Finally, as a 
source of insulin, the pancreas is the major regulator of glucose 
homeostasis, and the intestine contains numerous peptides that 
regulate motility, ion transport, feeding, and satiety [164].

Development of the enteric nervous system
The enteric nervous system (ENS) regulates many aspects of 
gastrointestinal physiology, including peristalsis and smooth 
muscle activity, sphincter tone, glandular output, microcircula-
tion, and possibly, inflammation [165]. Through these activities, 
the ENS controls the response to feeding by coordinating intes-
tinal transit, secretion, and continence. The cells that give rise 
to the ENS migrate from the neural crest during the first trimes-
ter, induced by complex and poorly understood signals. Similar 
to other neural crest derivatives, the ENS is part of the periph-
eral nervous system, constituting its largest subdivision. 
Although the ENS receives input from the vagus nerve, it pos-
sesses marked independence from the central nervous system, 
exhibiting function even after complete dissociation from all 
brain and spinal inputs. On the basis of its size and autonomy, 
the ENS has been referred to as the “second brain” [166]. 
Although many disorders may be related to ENS dysfunction, 
only Hirschsprung disease is clearly attributable to developmen-
tal errors in ENS formation (see Section Disorders of specifica-
tion and formation).

Fate mapping in the chick has shown that enteric neurons are 
largely derived from rostral (vagal) and caudal (sacral) precur-
sors that migrate from the neural tube and intermingle to popu-
late the entire gut tube [167]. Although some details remain 
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noglobulin A (IgA) but has no effect on αβ T-cell development, 
which is thought to occur within the thymus. IgA- and IgM-
producing plasma cells are not found in the lamina propria until 
after birth and antigenic exposure. Intraepithelial lymphocytes 
appear at 11 and 12 weeks of gestation. Fetal lamina propria 
lymphocytes are mostly CD4+ as in the adult lamina propria, 
and fetal intraepithelial lymphocytes are often CD4− CD8−; 
CD8+ cells become more predominant after birth.

As noted, exposure to the lumenal flora is necessary for matura-
tion of the mucosal immune compartment. In rats, suckling and 
germ-free animals have fewer intestinal lymphocytes than adults, 
and weaning – associated with intestinal maturation and increas-
ing bacterial colonization – is also characterized by marked  
development of the mucosal immune system. Cyclosporine 
(cyclosporin), an inhibitor of T-lymphocyte activation, retards 
normal lymphocyte development in the small intestine. Natural 
killer activity of intraepithelial and lamina propria lymphocytes is 
absent before birth, rising dramatically after weaning.

Conclusions
The genes and signals that give rise to the primitive structures 
of the gastrointestinal tract become progressively invested with 
functionality during embryogenesis and postnatal life. Some 
features (e.g., synthesis of pancreatic hormones, neuropeptides, 
and certain digestive enzymes) are largely under autonomous 
control, whereas other features (e.g., intestinal growth and 
development of mucosal immunity) are highly dependent on 
interactions with the environment.

Disorders of development

The sections above have described the basic events and mecha-
nisms that allow the normal development of the gastrointestinal 
tract, the pancreas, and the liver. While dysgenesis may result 
from disturbances of any one of these steps, errors in gastrula-
tion or endoderm formation do not present clinically because 
the global importance of these early steps for further develop-
ment render them lethal during embryonic development. The 
range of observable clinical phenotypes is therefore confined to 
those that are compatible with advanced embryonic develop-
ment. It should be emphasized that developmental disorders 
involving the gastrointestinal tract are most commonly observed 
as part of multigenic disorders. Of these, the most common is 
Down syndrome (trisomy 21 syndrome), which is associated 
with duodenal atresia, tracheoesophageal fistula, Hirschsprung 
disease, and imperforate anus. In the following sections, disor-
ders have been selected to illustrate key events in organ forma-
tion and organogenesis along with their (known) molecular 
underpinnings.

Disorders of specification and formation
Congenital gastrointestinal malformations may occur in the 
setting of Down syndrome or other syndromes, or they may 

structural elements of the esophagus and stomach are largely 
developed by midgestation, gastroesophageal motility does not 
fully mature until after birth. Lower esophageal sphincter pres-
sure increases dramatically during the last trimester and again 
postnatally [182], achieving adult levels by 3–6 weeks of age. 
Despite this, free gastroesophageal reflux is common postna-
tally and persists in up to 10% of infants for the first year [183].

Mucosal immune system
The gastrointestinal tract, particularly the small intestine, con-
tains a highly complex mixture of immune cell populations. The 
gut-associated lymphoid tissue (GALT) encompasses organized 
aggregates dominated by lymphocytes (Peyer patches) and a 
diffuse heterogeneous population of lymphocytes, monocytes, 
or macrophages, and other cells, such as eosinophils and mast 
cells in the lamina propria. Intraepithelial lymphocytes are also 
scattered throughout the surface epithelium. Structures resem-
bling Peyer patches are evident as early as 11 weeks of human 
gestation; by 14 weeks, CD4+ and CD8+ lymphocytes can be 
detected. By the end of the second trimester, Peyer patches 
histologically resemble the adult structure, indicating that 
antigen exposure or bacterial colonization are not necessary for 
their development; however, germinal centers do not form until 
after birth. Mice carrying a null mutation for TNF-α do not 
develop Peyer patches or lymph nodes, and splenic organization 
is markedly abnormal; if the 55-kDa receptor for TNF-α is 
disrupted, lymph nodes and splenic tissue develop normally, but 
Peyer patches are still absent, suggesting that the 55-kDa recep-
tor provides specificity for Peyer patch development. Other tar-
geted mutations that result in the absence of Peyer patch 
development in mice include knockout of the inhibitory helix-
loop-helix transcription factor Id2, lympohotoxins, and the 
lymphotoxin-β receptor. Mice lacking Peyer patches do not 
develop oral tolerance. Targeted disruption of the homeodomain-
containing the transcription factor gene Nkx2.3 in mice results 
in significant defects in intestinal development and also smaller 
Peyer patches and loss of expression of the mucosal cell adhe-
sion molecule 1 (MadCam1), which is normally responsible for 
B-cell and T-cell homing to peripheral lymphoid organs. Full 
maturation of the immune system, and specifically Peyer patch 
formation, is dependent on postnatal bacterial colonization.

Lamina propria lymphocytes are first detected after 11 weeks 
of gestation. Macrophages are present at 12 weeks, but increase 
greatly in number after birth. Recruitment and maturation of 
mucosal lymphocytes depend on retinoic acid, presumably pro-
duced by intestinal epithelial populations. During fetal life, lym-
phocytes consist of increasing numbers of scattered T cells and 
B cells. In contrast to αβ T cells, γδ T cells, which make up 
5%–15% of small intestinal and 40% of colonic intraepithelial 
lymphocytes, can develop extrathymically as well as in the 
thymus. The γδ T cells undergo clonal expansion soon after 
birth but with further maturation they become clonally restricted 
and unique in each individual. Targeted deletion of γδ T cells 
in mice results in a lack of mucosal B cells that produce immu-
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occur as isolated findings. For example, anorectal malforma-
tions are common birth defects that may be found in isolation 
or as part of a syndrome, such as the VACTERL syndrome 
(vertebral, anal, cardiac, tracheal, esophageal, renal, and limb 
abnormalities). Clinical features of anorectal malformations are 
discussed in Chapters 6 and 81.

The etiology for most congenital malformations is unknown. 
Certain anomalies result from lesions in a single gene (e.g., see 
Box 1.2), whereas others may be associated with a disruption of 
a signaling pathway (e.g., see Box 1.3: Meckel syndrome and the 
discussion of heterotopias). Another class of congenital syn-
dromes may reflect a common final pathophysiological pathway 
that can be disrupted by any of a number of events. Hirschsprung 
disease is an instructive example of this last class.

Hirschsprung disease
As already noted, neural crest cells migrate from the neural tube 
during midgestation to give rise to the ganglion cells of the ENS. 
Absence of these cells (aganglionosis) in the colon results in 
Hirschsprung disease, a male-predominant disorder that most 
commonly presents in the perinatal period. Absent peristalsis 
in the affected segment of colon causes constipation (or failure 
to pass meconium), distal obstruction, and megacolon. 

Septum transversum

Vitelline duct
Liver

Stomach
(a) (b)

Heart

Figure 1.10 (a) Gross specimen showing a Meckel diverticulum in the embryo. Source: Courtesy of Beth Furth, University of Pennsylvania School 
of Medicine. (b) Embryonic vitelline duct.

Box 1.3 Meckel syndrome.

Meckel diverticulum is the most common congenital malformation of the 
gastrointestinal tract, occurring with a frequency of 2% of births [205]. 
The disorder reflects a persistence of the vitelline duct – the embryonic 
structure connecting the gut to the yolk sac (Figure 1.10). Meckel 
diverticula are generally located near the terminal ileum, and in about 
50% of patients the diverticulum contains ectopic tissue, most commonly 
gastric or pancreatic, but occasionally also colonic, duodenal, jejunal, 
hepatic, and endometrial [206]. Secretion of gastric acid (and in some 
cases pancreatic bicarbonate) causes ulceration of adjacent small 
intestinal mucosa; the disorder commonly presents as unexplained 
gastrointestinal hemorrhage in a child or young adult (see Chapters 5 and 
69). Note that heterotopia is distinct from metaplasia, which represents 
an acquired replacement of one tissue type with another over time.

What mechanism might account for the defective 
patterning leading to heterotopia?
Bossard and Zaret [207] observed that 3% of mouse embryos exhibit an 
albumin-expressing ectopic bud at the site of the vitelline duct, near the 
terminal ileum, which led them to propose that Meckel diverticula result 
from the loss of normal mesenchymal inhibitory signals at the site of the 
vitelline duct. According to this attractive model, heterotopic tissue forms 
not as a result of ectopic cells “left behind” by the nonregressed vitelline 
structure, but because a signal required for patterning and specification 
was disrupted by the error in regression (see Section Heterotopias in 
disorders of development).

Hirschsprung disease always affects the rectum; more proximal 
segments are affected in a few patients, and, rarely, the small 
bowel (see Chapters 6 and 81 for a detailed clinical discussion). 
Although Hirschsprung disease can be inherited in an auto-
somal or recessive fashion, most cases exhibit non-Mendelian 
inheritance with a genetic component. Hirschsprung disease is 
commonly associated with Down syndrome.

Receptor tyrosine kinase RET
Heterozygous mutations in RET, a transmembrane tyrosine 
kinase (chromosome 10q11.2), represent the most common 
genetic alteration resulting in Hirschsprung disease. The gene 
for RET is expressed in ENS precursors, whereas those for its 
ligands (which include GDNF and neurturin [NRTN]), are 
expressed in the mesenchyme of the developing gut. On binding 
to one of its cognate ligands, RET normally activates a mem-
brane complex that includes a glycosylphosphatidylinositol-
anchored signaling component (GFRA1–4) [177]. Mutations in 
the RET gene cause disease by reducing kinase function, which 
interferes with the proper differentiation, survival, or migration 
of these cells. Such mutations are present in up to 50% of 
patients with familial disease. A small percentage of patients 
with sporadic disease have inactivating RET mutations, and 
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changes that permit normal or nearly normal differentiation in 
a mutant background.

Instead, disorders that affect patterning leading to misplace-
ment of differentiated tissues occur with some frequency. These 
conditions may be the result of an acquired (metaplasia) or 
congenital (heterotopia) tissue placement. Metaplasia is often 
the harbinger of malignant transformation, as mentioned in the 
Section on Specification of the gastrointestinal tract and discussed 
in greater detail in Chapter 31. While the possible mechanism 
of heterotopia is discussed in the following section, note that 
the mechanism of metaplasia is entirely unknown. In particular, 
it is not clear whether the premalignant intestinal epithelium 
that replaces the normal squamous mucosa of the esophagus is 
a consequence of transdifferentiation between the two cell types 
or the growth and replacement of squamous cells by a quiescent 
stem/progenitor cell that exists within the esophagus.

Heterotopias
The presence of ectopic cell types (heterotopia) is observed in 
several tissue types, although in some cases the displacement is 
the result of faulty migration. Ectopic placement of gastric, pan-
creatic, and liver tissues have all been described and may occur 
in the setting of congenital gastrointestinal duplications. Of the 
simple heterotopias, two types occur with relative frequency: 
inlet patches and pancreatic heterotopias.

Inlet patches consist of a segment of gastric mucosa within 
the cervical esophagus and occur with a frequency of up to 4.5% 
in autopsy studies. Inlet patches contain true gastric mucosa and 
most exhibit oxyntic histology. Most cases are asymptomatic, 
although some may be complicated by infection with Helicobacter 
pylori, inflammation, bleeding, and malignant transformation 
[197]. Inlet patches are sometimes associated with intestinal 
metaplasia and pancreatic heterotopia.

Pancreatic heterotopias, also known as pancreatic rests, 
consist of ectopic pancreatic tissue, most often located within 
the proximal gastrointestinal tract. Autopsy studies estimate 
their frequency to range from 0.5% to 14%, although the  
true prevalence is probably on the lower end of the scale [198]. 
As with inlet patches, most pancreatic heterotopias are 
asymptomatic.

Both of these conditions are believed to be congenital, but the 
causes are unknown. One study shed light on a possible mecha-
nism: the segmental absence of a developmental signal. As dis-
cussed in the Section Organogenesis of the pancreas, a key signal 
during the specification of the pancreas is the repression of Shh 
expression in the endoderm. Consistent with hedgehog repres-
sion being sufficient to specify pancreatic development, the 
exposure of mouse embryos to the drug cyclopamine, an inhibi-
tor of Shh signaling, results in ectopic pancreas formation with 
an anatomic distribution that mimics that of human pancreatic 
heterotopia (stomach > duodenum > small intestine; Figure 
1.11; see also Box 1.4 for a discussion of the related subject of 
annular pancreas). Thus, the failure of a patch of endoderm to 
receive a hedgehog signal could result in the specification of an 

polymorphisms in the gene may also play a role [177,184,185]. 
Mutations in the RET ligand GDNF have also been found in 
patients with Hirschsprung disease [186,187], and mutations in 
the NRTN ligand may contribute to disease severity [188]. 
Polymorphisms in the homeobox transcription factor PHOX2B, 
a putative regulator of RET [189], are also associated with 
Hirschsprung disease [190]. Consistent with a specific role for 
RET in neural crest cell biology, a high frequency of activating 
mutations occur in patients with multiple endocrine neoplasia 
type 2, who develop a spectrum of neural crest-derived tumors 
[191].

Sox10
Mutations in genes with no apparent link to RET signaling are 
also associated with Hirschsprung disease. One of the first 
models of Hirschsprung disease was Dominant megacolon 
(Dom), a naturally occurring mouse mutant that exhibited pig-
mentary defects and aganglionosis [192]. Mutations in the SRY-
related transcription factor SOX10 are responsible for the Dom 
phenotype [193,194]. In contrast to most mouse models of 
Hirschsprung disease, haploinsufficiency of SOX10 is sufficient 
to cause colonic aganglionosis in Sox10+/− mice. SOX10 muta-
tions are also found in patients with Waardenburg–Shah syn-
drome, who exhibit Hirschsprung disease, pigmentary defects, 
and deafness. Thus, like RET, SOX10 also likely has a general 
role in the development of neural crest derivatives.

Endothelins
Mutations in endothelin 3 (EDN3) and its receptor (EDNRB) 
have also been found in patients with isolated Hirschsprung 
disease or the Waardenburg–Shah syndrome. Similar to RET, 
EDNRB is expressed in neural crest cells before and during 
migration, whereas its ligand is expressed by the gut mesen-
chyme; mutations in these genes account for about 10% of 
Hirschsprung disease cases [195]. In addition, a mutation in an 
endothelin-processing enzyme (ECE1) has been found in a 
patient with Hirschsprung disease [196].

The final common pathology in Hirschsprung disease is 
aganglionosis; hence, the disorder may reflect defects in the 
specification, migration, or survival of enteric neurons. Much 
work remains to be done to understand precisely how the iden-
tified genes function in normal ENS development and how 
mutations in these genes result in a Hirschprung disease phe-
notype. Given that most patients with Hirschsprung disease 
lack identifiable mutations, polygenic contributions are likely to 
be important. Alternatively, “errors” in migration, without a 
genetic contribution, may play a role in some cases.

Disorders of differentiation and patterning
Clinical phenotypes caused by the developmental failure to 
form a particular cell type are rarely observed. It is likely that 
many mutations affecting critical regulatory pathways (e.g., 
Notch signaling) are incompatible with life. Alternatively, 
redundancy or plasticity may lead to adaptive compensatory 
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Figure 1.11 Pancreatic heterotopias (rests) in human and mouse. (a, b) Pancreatic heterotopia in human. (a) Endoscopy reveals dimpling of gastric 
epithelium. (b) Histology reveals pancreatic acini (a) adjacent to gastric mucosa. (c, d) Mouse model of pancreatic heterotopia. (c) Normal mouse 
stomach (S). (d) Mouse treated with cyclopamine exhibits pancreatic differentiation within the stomach (arrow). Arrowheads show vascular structures. 
(a) Source: Courtesy of William R. Brugge, MD, Massachusetts General Hospital. (c, d) Source: Kim and Melton 1998 [76]. Reproduced with 
permission, Copyright (1998) National Academy of Sciences U.S.A.
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ectopic patch of pancreatic tissue. Similarly, the cervical esopha-
gus could be particularly susceptible to the absence of a normally 
inhibitory signal during development, giving rise to an inlet 
patch. This presumptive mechanism could account for the devel-
opment of ectopic tissues in other organs as well (see also the 
discussion of Meckel syndrome in Box 1.3).

Disorders of remodeling
Much is known about remodeling – the molding of patterned 
tissue through growth and development – in certain tissues, 
especially the developing central nervous system. By contrast, 

little is known about remodeling during gastrointestinal devel-
opment. How are the vascular supplies of the intestine, pan-
creas, and liver tailored to physiological need? What mediates 
the integration of the ventral and dorsal pancreatic ductal 
systems (the failure of which causes pancreatic divisum)? How 
are the different endocrine cells in the pancreas guided to  
coalesce into the islets of Langerhans? Because the pathophysi-
ology of some developmental disorders (e.g., Hirschsprung 
disease) may have a component of defective remodeling, the 
following discussion focuses on biliary tract remodeling as an 
example.
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Box 1.4 Annular pancreas.

The pancreas forms from two buds – a ventral bud and a dorsal bud – that 
only later fuse into a single integrated gland during the rotation of the 
abdominal viscera (at which time the ventral portion rotates behind the 
duodenum to meet the dorsal portion). Dysregulation of this process is 
thought to result in annular pancreas, a condition in which the duodenum 
is encircled by pancreatic tissue (Figure 1.12). Annular pancreas was first 
described in 1818 by Tiedemann [199] and is the most common 
congenital anomaly of the pancreas to present in childhood, although 
nearly half of cases are first recognized in adults [200], in whom the 
condition presents with early satiety, nausea, and vomiting [201,202]. In 
pediatric patients, the disorder is associated with other congenital 
anomalies, and it is more common in patients with Down syndrome.

The etiology of annular pancreas is not understood, although several 
theories have been proposed, including hypertrophy or failure of atrophy 

Figure 1.12 (a) Upper GI radiograph showing narrowing of the duodenum in the area of a pancreatic annulus. (b) Foregut structures from a 
wild-type (Wt) mouse have been dissected out, revealing strands of ventral pancreatic tissue (vp) within the duodenal loop. (c) In mutant animals 
lacking Indian hedgehog (Ihh−/−), a piece of pancreatic tissue encircles the proximal duodenum (arrowhead). Source: Hebrok et al. 2000 [203].
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of the left ventral pancreatic bud, fusion of heterotopic pancreatic rests, 
and malrotation [200]. Others have suggested that annular pancreas is 
not a primary malformation at all, but instead is a secondary 
consequence of duodenal obstruction from other causes. A mouse model 
of annular pancreas was serendipitously discovered while looking at the 
role of hedgehog signaling in pancreas development. Inactivation of 
Indian hedgehog (Ihh) and rarely Sonic hedgehog (Shh) results in a high 
frequency of an annular pancreas that encircles the duodenum [203]. 
This observation provides an experimental framework for determining 
whether rare cases of familial annular pancreas [204], or the more 
common annular pancreas associated with Down syndrome, are caused 
by disruptions in hedgehog signaling.

Abnormal biliary development
As discussed in the Section Morphogenesis and differentiation 
in the liver, the ductal plate – a ring of specialized cells sur-
rounding branches of the portal vein – gives rise to the intrahe-
patic bile ducts. Ductal plate remodeling appears to occur in 
two steps: formation of discrete tubules within the ductal plate 
followed by elimination of remaining cells through apoptosis, 
attrition, or differentiation.

Developmental or neonatal biliary disorders fall into two 
categories: ductal plate malformations and bile duct paucity. 
Ductal plate malformations refer to a collection of overlapping 
disorders that are characterized by faulty remodeling of the 
intrahepatic bile ducts, resulting in the persistence of the 
embryonic ductal plate configuration (see Figure 1.5; [208]). 

Congenital hepatic fibrosis is an autosomal recessive disease 
with variable histological and clinical features in which the 
portal tracts and bile ducts exhibit fibrosis and a ductal plate 
configuration. The histopathology of congenital hepatic fibrosis 
is seen in association with both autosomal recessive and auto-
somal dominant polycystic kidney disease. A related disorder, 
Caroli syndrome, is characterized by the ductal dilation of 
Caroli disease (type IVA/type V choledochal cysts; see Chapters 
9 and 91) with the superimposed fibrosis of congenital hepatic 
fibrosis, suggesting an overlapping pathophysiology [208]. 
While the shared histopathological characteristics observed in 
these and similar abnormalities (e.g., von Meyenburg com-
plexes) are intriguing, the etiology of these disorders remains 
completely unknown.
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from the paternally inherited chromosome both in terms of 
primary sequence (polymorphisms) and in additional epigenetic 
(noninherited) differences. Epigenetic differences are conferred 
by DNA methylation, a process that occurs early in embryonic 
development and results in the differential expression of genes 
from maternal and paternal alleles. Imprinting is enormously 
important in normal development, and improper allele-specific 
methylation is a major cause of defective embryos and newborns 
after nuclear transplantation (cloning). Several human disorders 
that exhibit growth abnormalities and an increased cancer sus-
ceptibility are linked to abnormalities in genomic imprinting, as 
exemplified by Beckwith–Wiedemann syndrome.

Beckwith–Wiedemann syndrome
This disorder is characterized by variable growth defects, includ-
ing generalized overgrowth (pre- and postnatal) as well as mac-
roglossia, visceromegaly, and hemihypertrophy (enlargement of 
one half of the body). Patients with Beckwith–Wiedemann syn-
drome have an increased frequency of several tumors, including 
Wilm tumor, hepatoblastoma, and pancreatoblastoma. In the 
last decade, it has become clear that Beckwith–Wiedemann syn-
drome is linked to chromosome 11p15, a region containing 
several imprinted genes.

Two genes in this imprinted region are thought to play a causa-
tive role in Beckwith–Wiedemann syndrome: CDKN1C (a nega-
tive regulator of cell proliferation that acts by inhibiting 
cyclin-dependent kinase) and IGF2 (a major regulator of fetal 
growth). Classical mutations of either of these genes affect 
growth. For example, mutations in CDKN1C have been described 
in patients with Beckwith–Wiedemann syndrome [221], and the 
overexpression of Igf2 in mice is sufficient to cause an overgrowth 
syndrome [222]. However, the more common mechanism of 
gene activation (IGF2) or inactivation (CDKN1C) is related to 
abnormalities in methylation-dependent imprinting.

Under conditions of normal imprinting, CDKN1C is 
expressed from the maternal allele and IGF2 is expressed from 
the paternal allele. Two different patterns of abnormal imprint-
ing are associated with the development of Beckwith–
Wiedemann syndrome. In most cases, abnormal methylation 
results in the loss of CDKN1C expression from both alleles, 
whereas in a few cases, abnormal methylation results in IGF2 
expression from both alleles [223]. Notably, the converse pattern 
of dysregulated methylation (resulting in loss of IGF2 expres-
sion from both alleles) is associated with Silver–Russell syn-
drome, a congenital disorder characterized by growth retardation 
and asymmetry [224–226]. Although the mechanism by which 
dysregulation of CDKN1C or IGF2 results in isolated growth 
phenotypes is not known, it is likely that alterations in cell pro-
liferation underlie both the abnormal growth and the tumor 
propensity in patients with Beckwith–Wiedemann syndrome.

Conclusions
Despite a detailed conceptual framework for understanding  
the events that govern normal patterning, organogenesis, and 

Insight into one potential mechanism for biliary malforma-
tion comes from studies of patients with a paucity of intrahe-
patic bile ducts, also known as Alagille syndrome. Although bile 
duct paucity is the sine qua non of Alagille syndrome, patients 
may also have several extrahepatic manifestations, including 
abnormalities of the great vessels, skeletal and ocular malforma-
tions, as well as characteristic facies (see Chapters 9 and 91). 
Two studies have shown mutations in the Notch ligand JAG1 
are responsible for Alagille syndrome and strengthened the link 
between this developmental signaling pathway and the disease 
[67,68]. Consistent with this notion, many Alagille syndrome 
patients lacking JAG1 mutations have mutations in the NOTCH2 
receptor instead [209].

An understanding of the molecular mechanisms underlying 
this disorder has come from mouse studies. JAG1 is expressed 
by portal veins and hepatic arteries [210–212], and mice with 
compound heterozygous Jagged/Notch mutations exhibit a 
paucity of intrahepatic bile ducts [213]. Furthermore, embryos 
deficient in the Notch target Hes1 develop ductal plates with 
normal appearance at the appropriate developmental time, but 
these ductal plates fail to form the tubular structures that 
precede normal duct development [214]. Finally, mutations in 
the Notch effector RBP-J lead to bile duct paucity, while activa-
tion of Notch signaling leads to bile duct excess [215]. Taken 
together, these studies suggest that Alagille syndrome results 
from the faulty specification of bile ducts in the absence of 
Notch signaling.

Biliary atresia, by contrast, is characterized principally by the 
loss of the extrahepatic rather than intrahepatic bile ducts. 
Biliary atresia is a heterogeneous disorder that presents with two 
major clinical patterns – a prenatal form that presents almost 
immediately after birth and is associated with other congenital 
anomalies, and a perinatal form that presents in the first few 
weeks of life. Although the etiology of both forms is poorly 
understood, defective morphogenesis of the bile ducts may play 
a role in the prenatal form of the disease [216]. Congenital 
anomalies affecting body symmetry, such as cardiac anomalies, 
intestinal malrotation, and abdominal situs inversus, often 
accompany the prenatal form of biliary atresia [217]. Mice with 
a mutation of the inversin gene exhibit abdominal situs inversus 
and a defective extrahepatic biliary tree [218,219]. Furthermore, 
missense mutations in JAG1 have been observed in patients 
with severe refractory biliary atresia, suggesting that this Notch 
ligand contributes to disease progression [220]. Consistent with 
a connection between intra- and extrahepatic ductal pathology, 
some patients with biliary atresia exhibit the histological char-
acteristics of ductal plate malformation observed with congeni-
tal hepatic fibrosis [208].

Disorders of growth control
Several rare disorders that affect the growth of specific parts  
of the body highlight another developmental phenomenon: 
genomic imprinting. In mammals, which contain sets of paired 
chromosomes, the maternally inherited chromosome differs 



30   PART 1 Anatomy and development

Johnson L.E. Physiology of the Gastrointestinal Tract. New York: Raven 
Press; 2006.

Larsen P., Kronenberg H., Melmed S., et al. Williams Textbook of 
Endocrinology, 10th edn. Philadelphia: Saunders; 2003.

Sadler T. Langman’s Medical Embryology, 10th edn. Philadelphia: 
Lippincott Williams & Wilkins; 2006.

Sato T., Clevers H. Growing self-organizing mini-guts from a single 
intestinal stem cell: mechanism and applications. Science 2013;340: 
1190.

Zorn A.M., Wells J.M. Vertebrate endoderm development and organ 
formation. Annu Rev Cell Dev Biol 2009;25:221.

physiological adaptation of the gastrointestinal tract, the patho-
genesis of congenital disorders of the gastrointestinal tract is 
poorly understood, reflecting the numerous questions about 
gastrointestinal development that remain unanswered. To date, 
most insights have come from human (reverse) genetics and 
serendipitous similarities between animal and human pheno-
types. Specific challenges to further advances include the asso-
ciation of many developmental disorders with complex genetic 
syndromes and the separation in time between a developmental 
lesion and its phenotypic manifestations.
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CHAPTER 2

In mammals, embryonic stem (ES) cells and adult stem cells 
comprise two broad categories of stem cells. ES cells, present in 
the inner cell mass of early embryos (blastocysts), are pluripo-
tent stem cells characterized by their ability to differentiate into 
derivatives of all three germ layers: ectoderm, endoderm, and 
mesoderm. These derivatives include each of the more than 200 
cell types in the adult body. As development proceeds, ES cells 
gradually lose their plasticity, ultimately giving rise to adult 
tissues each harboring a limited reservoir of tissue-specific adult 
stem cells. These adult stem cells have long-term self-renewal 
capacity and are multipotent, i.e., they maintain their own 
numbers while producing all differentiated cell types of the 
pertinent tissue. Thus, adult stem cells are key to tissue home-
ostasis and regeneration upon damage.

Architecture and function of the 
gastrointestinal tract

The intestinal tract, comprising the small intestine and colon, is 
established during mid- to late gestation [1]. It is a complex 
organ system in which a specialized epithelium performs its 
primary functions of digestion, absorption, protection, and 
excretion. The intestinal epithelium consists of different epithe-
lial cells that secrete digestive enzymes, mucus, and antibacterial 
agents, and absorb food particles or produce hormones (see 
Chapter 18).

The epithelium of the small intestine is organized into finger-
like villi and adjacent invaginations called crypts of Lieberkühn 
(Fig. 2.1). Within crypts, which project deep into the underlying 
mucosa, new cells are produced and key cell fate decisions are 
made. The crypt compartment of the small intestine contains 
the stem cells, the progenitors, and some differentiated cells, 

while the villus compartment consists entirely of differentiated 
cells. The colon lacks villi and has a flat surface epithelium.

Pluripotent stem cells located near the crypt base give rise to 
transit-amplifying cells (TA cells). The vigorously dividing TA 
cells migrate upwards in a conveyor belt fashion from the crypts 
onto the villi. Concomitantly, the TA cells exit the cell cycle and 
differentiate into the different functional epithelial cell types: 
enterocytes (colonocytes in the colon), goblet cells, enteroendo-
crine cells, or Tuft cells. The differential cells continue their 
upward migration until they reach the villus tip, where they 
undergo apoptosis and exfoliate into the lumen of the intestine. 
In contrast, the Paneth cells, also derived from intestinal stem 
cells, migrate to the bottom of the crypt as they differentiate and 
mature. M cells reside exclusively over the Peyer’s patches, the 
lymphoid follicles located in the wall of the intestine.

Enterocytes, the most abundant intestinal epithelial cells, are 
highly polarized with a basal nucleus and an apical brush border. 
These cells are responsible for absorption and transport of nutri-
ents across the epithelium towards capillaries in the underlying 
mesenchyme. Goblet cells contain mucin granules, which are 
discharged onto the surface. The secreted mucins are required 
for the movement of luminal contents and provide protection 
against shear stress and chemical damage [2]. Enteroendocrine 
cells are scattered in a dispersed fashion in the epithelium. At 
least 10 different enteroendocrine cell types can be distinguished 
on the basis of the hormones they produce [3]. The less well-
characterized Tuft cells, are also scattered along the crypt–villus 
axis, and characterized by pronounced actin bundles [4,5]. They 
express signaling components typical of chemosensory cell 
types. Paneth cells secrete antimicrobial agents including 
defensins/cryptdins and lysozyme to control the microbial 
content of the intestine [6–8]. Perhaps even more importantly, 
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Figure 2.1 Anatomy of the adult small intestinal epithelium. The epithelium of the adult small intestinal epithelium is shaped into crypts and villi. The 
crypt compartment contains Lgr5positive stem cells intercalated between Paneth cells, putative (quiescent) stem cells above the Paneth cells (the +4 
position), and the transit-amplifying (TA) cells, while the villus compartment is made up entirely of enterocytes, goblet cells, Tuft cells, and 
enteroendocrine cells. The stem cell niche controls stem cell activity and maintenance by providing short-range molecular signals. In the intestine, 
various signaling pathways (Wnt, Notch, and Bmp) act in concert at the crypt base to maintain stem cell-driven epithelial renewal. If the multipotent 
Lgr5positive stem cells leave the stem cell niche, they give rise to Dll1negative and Dll1positive cells which are the precursors of the absorptive (enterocytes) or 
secretory lineage (Paneth cells, goblet cells, Tuft cells, and enteroendocrine cells), respectively. CBC, crypt base columnar cells; Egf, epidermal growth 
factor; Lgr, leucine-rich repeat containing G protein-coupled receptor.
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Paneth cells act to maintain stem cells via the expression of 
important niche signals including epidermal growth factor 
(EGF), transforming growth factor (Tgf)-α, Wnt3, and delta 
like-4 (Dll4) [9]. Paneth cells reside at the base of the crypt for 
up to 6 weeks before they are cleared [10]. The developmental 
hierarchy of the colon essentially resembles that of the small 
intestine, with the notable exception of the absence of the 
Paneth cells. Instead, the colon contains differentiated deep 
crypt secretory (DCS) cells, a cKitpositive goblet cell population, 
which reside between colon stem cells [11]. Of interest, DCS 
and Paneth cells have some markers in common. M cells, found 
solely in the specialized epithelium of the Peyer’s patch, trans-
port antigenic particles from the gut lumen via endocytosis or 
phagocytosis and deliver it to immune cells (dendritic cells and 
T cells) across the epithelial barrier and thereby mediate mucosal 
immunity [12].

Homeostatic self-renewal of the intestine is achieved through 
complex interplay between processes involved in cell prolifera-
tion, differentiation, migration, adhesion, and cell death, coor-
dinated by a relatively small number of highly evolutionarily 
conserved signaling pathways. These pathways include the bone 
morphogenic protein (Bmp), Notch, and Wnt signaling pathway 
[13]. Disruption of these pathways can lead to pathological con-
ditions, including cancer [14,15].

Role of the Wnt signaling pathway in  
the intestine

The highly regulated Wnt signaling cascade plays an essential 
role during embryonic patterning, in cell proliferation, cell dif-
ferentiation, and cell fate determination [16]. It is also essential 

in stem cell maintenance in the mature intestine [17]. The 
canonical Wnt pathway regulates the stability of the multifunc-
tional protein β-catenin which can activate the transcription of 
specific Wnt target genes [18].

In the absence of Wnt signals, free cytoplasmic β-catenin is 
actively targeted for degradation (Fig. 2.2). This is accomplished 
by two scaffolding proteins [adenomatous polyposis coli (Apc) 
and Axin/Axin2] which are able to bind β-catenin. They reside 
in the so-called destruction complex. Two kinases [casein 
kinase I (Cki) and glycogen synthase kinase 3 beta (Gsk3β)] 
residing in the same destruction complex, sequentially phos-
phorylate a set of highly conserved Ser and Thr residues of 
β-catenin. Once phosphorylated, β-catenin is ubiquitinated and 
then targeted for degradation by the proteosome. As a result, 
free cytoplasmic β-catenin in the cells remains virtually unde-
tectable. In the absence of Wnt signaling, the nuclear DNA 
binding proteins of the T-cell factor (Tcf)/lymphoid enhancer-
binding factor (Lef) family act in the nucleus as transcriptional 
repressors via the recruitment of transcriptional corepressors 
[such as transducin-like enhancer (TLE)/Groucho (Grg)] to the 
target gene promoters and/or enhancers.

Secreted signaling Wnt proteins (19 family members) can 
induce signaling via interaction with Wnt receptors consisting 
of a member of the frizzled family (10 family members), and 
members of the low-density lipoprotein receptor related pro-
teins family 5/6 (Lrp5/6) and leucine-rich repeat containing G 
protein-coupled receptor-4 (Lgr4) and/or Lgr5 [16–18] (see Fig. 
2.2). Upon binding of a Wnt protein to this receptor complex, 
the activity of the destruction complex is inhibited. As a direct 
consequence, β-catenin accumulates in the cytoplasm, enters 
the nucleus and binds to a member of the Tcf/Lef family, con-
verting these Tcf/Lef transcription factors from a transcriptional 
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the Lgr4/5–Wnt receptor complex [28–30], results in a marked 
hyperproliferation of intestinal crypts [31].

The Wnt-driven crypt gene program as well as the roles of 
individual Wnt target genes (including Lgr4/5, EphB2/B3, 
Frizzled-5, cMyc, cyclin-D1, and Sox9) have been studied exten-
sively in genetically modified mouse models [29,32–37]. These 
studies have demonstrated that the Wnt signals near the bottom 
of crypts are not only crucial for the maintenance and prolifera-
tion of the undifferentiated progenitors, but unexpectedly, also 
for the maintenance of the postmitotic Paneth phenotype [32–
34]. Moreover, the Wnt signaling gradient controls expression 
of the EphB/EphrinB sorting receptors and ligands. These 
receptors facilitate the correct positioning of epithelial cells in 
conjunction with a Wnt gradient along the crypt–villus axis as 
well as the positioning of Paneth cells at the bottom of the crypt 
[35]. The intestinal Wnt target genes cyclin-D1 and cMyc are 
drivers of proliferation of undifferentiated cells. Indeed, gene 
knockout of cMyc gradually slows down crypt self-renewal [38]. 
The simultaneous deletion of the Wnt targets Lgr4 and Lgr5, the 
receptors for R-spondins, leads to the demise of the crypts [29].

Thus, the Wnt signaling pathway controls intestinal stem cell 
fate and maintenance, TA proliferation and differentiation, 
Paneth cell maturation, as well as sorting of crypt epithelial cells 
along the crypt axis.

repressor into a transcriptional activator. The Tcf/β-catenin 
complex, in association with other transcriptional coactivators, 
activates the transcription of a specific set of Wnt target genes. 
When the Wnt signal subsides, β-catenin is removed from the 
nucleus by Apc and degraded. As a result Tcf reverts into a 
transcriptional repressor.

The Wnt signaling pathway is the most important force con-
trolling epithelial physiology of the intestine [16,17,19–21]. A 
Wnt signaling gradient exists along the crypt–villus axis. When 
cells migrate from the Wnt source at the base of the crypt, they 
progressively lose their proliferative capacity and differentiate. 
Nuclear β-catenin, the hallmark of active Wnt signaling, is 
observed at the bottom of the crypts in the intestine. Moreover, 
several Wnts and Frizzleds are expressed in the crypt of the 
intestine, as is the Wnt effector Tcf4 [22]. In addition, genetic 
studies have shown that Wnt signaling plays an essential role in 
regulating intestinal epithelial cell proliferation. In neonatal 
mice lacking Tcf4, proliferative crypts do not develop, implying 
that Wnt signals are required for the establishment of the stem 
cell compartment [23]. In adult mice, the conditional deletion 
of β-catenin or Tcf4 or transgenic overexpression of the diffus-
ible Wnt inhibitor Dickkopf 1 (Dkk1) results in a complete 
block of cell proliferation [24–27]. By contrast, the transgenic 
overexpression of R-spondin-1, a Wnt agonist that acts through 

Figure 2.2 A simplified overview of the Wnt signaling pathway. In cells devoid of a Wnt signal (a), β-catenin (βcat) is held in a tight grip by the 
“destruction complex” composed of adenomatous polyposis coli (Apc), Axin, casein kinase I (Cki), and glycogen synthase kinase 3 beta (Gsk3β) 
ultimately resulting in the degradation of β-catenin. T-cell factor (Tcf)/lymphoid enhancer-binding factor (Lef)-transcription factors associate in the 
nucleus with transcriptional repressor Groucho. This association blocks Wnt target gene activation. Upon binding of Wnt to the Wnt receptor complex 
(Frizzled, Lgr4/5, Lrp5/6) (b), the destruction complex is inactivated, resulting in the accumulation of β-catenin which subsequently enters the nucleus. 
In the nucleus, a transcriptionally active Tcf/β-catenin complex is formed that leads to the activation of a specific set of Wnt target genes (for a detailed 
description see [16–18]). R-spondins (Rspo) binding to Lgr5 potentiates the Wnt signaling pathway. Grg, Groucho; Lgr, leucine-rich repeat containing 
G protein-coupled receptor.
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RbpJ associates with transcriptional corepressors which together 
block target gene activation. The Notch signaling pathway is 
critical for maintaining cells in the undifferentiated state [41–
43]. Indeed, genes of the Notch signaling pathway are also active 
in intestinal epithelial cells [44,45].

Different Notch genes have been implicated in intestinal 
homeostasis. Of note, the fetal intestine of mice lacking Hes1, a 
Notch target gene, exhibit an increase in goblet and enteroen-
docrine cells at the expense of enterocytes [46]. Moreover, the 
pharmacological inhibition of Notch signaling in the crypts 
activates the expression of Math1, driving the TA and stem cells 
into the secretory lineage [47,48]. Definitive proof of an essen-
tial role of Notch in regulating intestinal stem cell fate has been 
provided by studies deleting Rbp-J or the simultaneous deletion 
of Notch1 and Notch2 or the simultaneous deletion of Dll1 and 
Dll4 all of which resulted in the terminal differentiation of intes-
tinal stem cells in to the secretory lineage [47,49,50]. A comple-
mentary gain of function study has yielded the reciprocal 
phenotype. Transgenic expression of the Nicd in the epithelium 
of the murine intestine results in a block of differentiation of 
secretory cells and an expansion of immature progenitor cells 
[51].

Role of the Notch signaling pathway in  
the intestine

The Notch signaling pathway also plays a critical role in devel-
opmental processes, typically controlling binary cell fate deci-
sions [1,39,40]. Notch genes encode single-pass transmembrane 
receptors that interact with transmembrane ligands on adjacent 
cells. The mammalian genome encodes four receptors (Notch 
1–4) and five ligands (Dll1, -3, and -4, and Jagged-1 and -2) (Fig. 
2.3). Notch activation generates a rapid feedback amplification 
process that differentially regulates transcription in each cell, 
ensuring differences in identity. Upon ligand-receptor binding, 
a series of proteolytic cleavages modify the reception. This ulti-
mately results in cleavage of the Notch intracellular domain 
(Nicd) of the Notch receptor. The Nicd is subsequently translo-
cated into the nucleus where it binds to recombination signal-
binding protein 1 for J-kappa (Rbp-J), activating Notch target 
gene transcription. The best-characterized Notch target genes 
are members of the basic helix–loop–helix (bHLH) proteins 
hairy/enhancer of split (Hes) family. These proteins repress 
expression of downstream genes including neurogenin (ngn), 
Achaete-Scute, and Math-1. In the absence of a Notch signal, 

Figure 2.3 A simplified overview of the Notch signaling pathway. In the absence of a Notch signal, Rbp-j associate with transcriptional corepressors 
which together block target gene expression (a). Upon binding of the receptor (Notch) with its ligand (Delta or Jagged) a series of proteolytic cleavages 
and posttranslational modifications occur (b; for detailed description see [1]). This ultimately results in cleavage of the Notch intracellular domain 
(Nicd) of the Notch receptor. The Nicd subsequently translocate into the nucleus where it binds to the DNA binding protein Rbp-J and several 
coactivators, thereby activating a specific set of Notch target genes. As a result, the downstream target genes such as the repressor hairy and enhancer of 
split-1 (Hes-1) are upregulated. This results in the inhibition of various basic helix–loop–helix (bHLH) transcriptional activators, including Math-1.  
(a) Notch signalling can be blocked via the administration of the drug DBZ. DBZ, a γ secretase inhibitor; Rbp, recombination signal-binding protein.
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intestine, but also in many other organs including, e.g., stomach, 
hair follicles, liver, kidney, and mammary gland [60–63].

From isolated Lgr5GFP cells, a gene expression signature has 
been determined, revealing additional stem cell genes [64,65]. 
Thus, the secreted molecule olfactomedin-4 (Olfm4) was found 
to be a robust CBC stem cell marker [66], and achaete-scute 
complex homolog 2 (Ascl2), which encode bHLH transcription 
factors involved in determining the cell fate, was also found to 
be expressed in stem cells. Conditional Ascl2 gene ablation in 
the mouse small intestinal epithelium resulted in rapid ablation 
of the Lgr5 stem cells, while misexpression in nonstem cells 
resulted in de-novo crypt formation on the villi, suggesting it is 
a master regulator of CBC stem cells [67].

Intestinal stem cells: “the +4 cells”
While many studies have established the stem qualities of CBCs, 
other studies have suggested that the intestinal cells above the 
Paneth cells, also known as “+4” cells, have stem cell character-
istics. These radiosensitive cells were identified as cycling but 
still able to retain incorporated nucleoside analogs, which is 
widely used as a surrogate stem cell marker [68]. Presumably, 
the long-term label-retaining cell (LRC) trait of +4 cells does 
not reflect quiescence, but rather is the result of asymmetric 
segregation of old (labeled) and new (unlabeled) DNA strands 
into stem cells and their daughters, respectively [52]. This 
“immortal” strand hypothesis was originally postulated to 
protect the stem cell genome from mutation [69], but has 
remained controversial [70]. Genes that mark +4 cells have 
been identified (e.g., Bmi1, mTert, Hopx, Lrig1) and the same 
lineage tracing strategy as for Lgr5 has been employed to evalu-
ate the stemness of these cells in the intestinal crypts [71–74]. 
Bmi1, a member of the polycomb group family which has 
important roles during development and in regulating progeni-
tor self-renewal in many tissues, was the first +4 stem cell 
marker investigated by lineage tracing [71]. Bmi1 was reported 
to mark rare, slowly cycling, or quiescent cells at the +4 cell 
position, yet uniquely expressed in the proximal small intestine 
only. In-vivo lineage tracing yielded ribbons under noninjury 
conditions that resembled those obtained in the Lgr5 mouse 
model. Targeted ablation of the Bmi1positive intestinal cells with 
diphtheria toxin also impaired epithelial renewal, consistent 
with loss of stem cell function [71]. Bmi1-expressing cells are 
dramatically increased in number following Lgr5 cell ablation 
and thus may function as a reserve stem cell pool contributing 
to intestinal lineage development via an Lgr5-independent 
pathway [75].

Mouse telomerase reverse transcriptase (mTert)-expressing 
cells are distributed in a pattern along the crypt–villus axis 
similar to long-term LRCs and are resistant to tissue injury [72]. 
Expression of mTert was shown to be expressed in less than 1% 
of the crypts, while only a subfraction of these mTert-GFPpositive 
cells were LRCs. Lineage-tracing studies demonstrate that 
mTertpositive cells give rise to Lgr5positive cells and to all differenti-
ated intestinal cell types, persist long term, and contribute to the 

Collectively, these studies show that the Notch signaling 
pathway controls the decision of intestinal stem cells to self-
renew or differentiate into one of the secretory lineages.

Intestinal stem cells

The nature and location of the intestinal stem cell population 
was long uncertain [52–55]. Formal proof has been made pos-
sible by the discovery of specific marker stem cell populations.

Intestinal stem cells: “the stem cell zone”
Since the Wnt pathway was shown to be the driving force behind 
proliferation in the crypts, the elucidation of the transcriptional 
target gene program has made delineation of stem cell-specific 
genes possible [56]. In-situ hybridization analysis of the intestine 
showed that most Wnt target genes were expressed throughout 
the crypt, reflecting the role of Wnt signaling in cell proliferation 
of the TA compartment and in Paneth cell differentiation at the 
crypt base. However, a small group of genes, including Lgr5, were 
expressed in a more restricted fashion in the crypt based column 
cells (CBC) at the base of the crypt [57]. Every crypt contains 
approximately 10–14 Lgr5positive proliferating CBC cells interca-
lated between Paneth cells. The expression of the Lgr5 receptor 
in the CBC cell was confirmed in genetically modified mice 
containing a LacZ knockin allele (Lgr5LacZ) or an enhanced fluo-
rescent green fluorescent protein (GFP)-expressing allele 
(Lgr5EGFP-ires-CreERT2) in the Lgr5 locus [57] (see Fig. 2.3).

In order to determine if these Lgr5-expressing cells are actu-
ally intestinal stem cells, in-vivo lineage tracing was performed 
[57]. This involves the targeted introduction of a permanent 
genetic mark into the candidate population, allowing the visu-
alization of both the modified stem cell and its descendants over 
time. This is possible using the well-known Cre-LoxP recombi-
nation system, which allows the Cre-mediated excision of tar-
geted LoxP sites to delete or to activate gene expression in 
temporal or tissue-specific fashion upon induction with 
tamoxifen [58]. To facilitate this, the genetically modified mouse 
model (Lgr5EGFP-ires-CreERT2) was crossed with a Cre-activatable 
Rosa26LacZ reporter mouse strain [59] (schematic representation 
in Fig. 2.4). Activation of the Cre enzyme by administration of 
tamoxifen results in the removal of a roadblock from the Rosa 
locus resulting in the irreversible activation of the LacZ reporter 
in Lgr5-expressing cells. This trait is inherited by their cellular 
offspring. One day post Cre induction, LacZ reporter gene 
activity was restricted to Lgr5positive CBC cells at the crypt base 
of the small intestine (Fig. 2.4c) and the colon. At later time 
points, ribbons of LacZpositive cells extended from the crypt base 
to the villus tips in the small intestine and contained cells of all 
intestinal lineages (Fig. 2.4d,e). Importantly, these multilineage 
LacZpositive ribbons persisted for years.

The combined data unequivocally demonstrated that Lgr5 
marks cycling, multipotent, self-renewing intestinal stem cells. 
Interestingly, Lgr5 not only marks intestinal stem cells in the 
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regenerative response following injury. It appears that mTert 
expression may mark a radiation-resistant pool of stem cells, 
distinct from Lgr5positive cells [76].

Homeodomain-only protein X (Hopx) encodes an atypical 
homeobox protein which functions as a cofactor to modulate 
gene expression. A genetically modified mouse containing a 
LacZ knockin allele in the Hopx locus, showed predominant 
expression by cells located in the LRCs at the +4 position along 
the entire intestinal tract [73]. Lineage tracing from the Hopx 
locus suggested that Hopx-expressing cells can give rise to CBCs 
and all mature intestinal epithelial lineages. Conversely, CBCs 
can give rise to +4 Hopxpositive cells. These findings suggest a 
bidirectional lineage relationship between active and quiescent 

stem cells in their niches. Additional evidence indicates that the 
Hopxpositive and Lgr5positive populations represent slow-cycling 
and fast-cycling stem cell populations that are interrelated.

Lrig1 encodes a transmembrane protein that has been shown 
to interact with receptor tyrosine kinases of the Egfr family, Met 
and Retz [77]. It is highly expressed by most proliferative crypt 
cells and its removal leads to a rapid expansion of the prolifera-
tive compartment. Lineage tracing from an Lrig1CreERT2 allele 
initiated at crypt bottoms along the entire length of the intesti-
nal tract and yielded ribbons by 7 days [74]. Around 20% of the 
Lrig1positive cells were LRCs. Comparative microarray profiling 
revealed that sorted Lgr5positive cells display a proliferation signa-
ture, whereas the Lrig1positive population showed signs of down-

Figure 2.4  Leucine-rich repeat containing G protein-coupled receptor 5 (Lgr5) marks intestinal stem cells. Intestinal stem cells are defined as long-lived 
cells that exhibit self-renewal and have the ability to differentiate into all differentiated cell types. Stem cell activity can retrospectively be evaluated by 
the investigation of marked cellular descendants via in-vivo lineage tracing/gene fate mapping studies. To determine whether intestinal Lgr5positive cells 
faithfully assessed all characteristics of intestinal stem cells, the Lgr5EGFP-ires-CreERT2 mouse [57] , which expresses the green fluorescent protein (GFP) in 
conjunction with a tamoxifen-inducible Cre enzyme, was crossed with the Rosa26LacZ reporter mouse [59]. Activation of the Cre enzyme by 
administration of tamoxifen results in the removal of a roadblock from the Rosa locus resulting in the irreversible activation of the LacZ reporter in 
Lgr5-expressing cells. This trait is inherited by their cellular offspring (a: schematic representation). Genetically labelled GFP-CreERT2 Lgr5positive stem 
cells are located at the bottom of the crypt (b). One day post Cre induction, LacZ reporter gene activity (blue cells) was specifically restricted to the 
Lgr5positive–GFP positive CBC cells at the crypt base of the small intestine (c, d) and the colon (not shown). Telltale blue ribbons of LacZpositive cells, 
emanated from the marked Lgr5positive cells, reached the villus tips 5 days post tamoxifen induction (e) and persisted for at least a year (e). The blue 
ribbons contained cells of all intestinal lineages [57]. The results demonstrated that Lgr5postive cells fulfil the definition of intestinal stem cells. Figure 2.4b 
source: Snippert HJ et al. 2009 [133]. Reproduced by permission of Elsevier. Figure 2.4c source: Barker et al. 2007 [57] Reproduced from by permission 
of Nature Publishing Group.
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thelium. Maintenance of intestinal organoids is absolutely 
dependent on the presence of a defined cocktail of secreted 
growth factors including R-spondin1, Noggin, and Egf. 
R-spondin has been identified as a secreted activator of the 
canonical Wnt signaling pathway and as the ligand of the Lgr4/5 
receptors [29,82]. Egf signals exert strong mitogenic effects on 
stem and TA cells. Indeed, the Ras/Raf/Mek/Erk signaling axis 
is active in crypt epithelium, while inhibition of Mek ablates 
intestinal stem cells [78]. Finally, Bmp signals are active in the 
villus compartment [83]. When Bmp signaling in the villus is 
inhibited by transgenic Noggin, crypt-like structures appear 
along the flanks of the villi, implying that Bmp inhibition creates 
a “crypt-permissive” environment [84]. For colon crypt culture, 
a Wnt ligand has to be added to maintain Lgr5positive CBC cells, 
since the epithelium makes little if any Wnt.

The organoids recapitulate the epithelial stem cell differentia-
tion hierarchy and allow in-vitro study of cell fate determina-
tion. Inhibition of the Notch signaling pathway via the 
administration of pharmacological drugs [γ-secretase inhibitors 
(GSI)] in-vitro phenocopies the effects of the same manipula-
tion in vivo [47,81,85], with overproduction of goblet cells. 
Peyer’s patch M cells are normally absent in organoid culture. 
However, the addition of Rankl, a member of the tumor necrosis 
factor cytokine family which is essential for M cells in vivo, 
robustly induces M cell formation [86]. Malignant transforma-
tion, through the introduction of activating Wnt pathway muta-
tions, such as loss of Apc, generates organoids that are spheroid 
and no longer require R-spondin1 for their growth. Similarly, 
deletion of the Egf inhibitor Lrig1 allows the mutant organoids 
to grow without Egf [78].

The 3D culture system of intestinal stem cells may contribute 
to new tissue-replacement therapy [87]. Indeed, in-vitro 
expanded colon organoids derived from a single mouse 
Lgr5positive colon stem cell have been engrafted into the colon of 
a dextran sodium sulphate colitis mouse model [88] and were 
able to regenerate epithelial patches that were perfectly inte-
grated into the existing but damaged epithelium. Histological 
analysis demonstrated the formation of normal crypts contain-
ing all differentiated cell types which persisted for a long time 
without changing their histological appearance suggesting adult 
intestinal stem cell therapy may be possible.

Intestinal stem cell niche
The stem cell niche is defined as the microenvironment that is 
in close proximity to the stem cells and controls stem cell activ-
ity and maintenance by providing short-range molecular signals. 
In the intestine, various signaling pathways (e.g., Wnt, Notch, 
and Bmp) act in concert at the crypt base to maintain stem cell-
driven epithelial renewal [13]. The mesenchyme surrounding 
crypts consists of smooth muscle cells, fibroblasts cells, and the 
intestinal subepithelial myofibroblasts and has been considered 
to constitute the niche for the intestinal stem cells, providing 
the necessary repertoire of growth factors and physical interac-
tions [89].

regulation of the cell cycle. In a simultaneous study, it has been 
reported that approximately 30% of all crypt cells express Lrig1 
with the highest levels in the Lgr5positive stem cells [78].

The significance of the +4 cells remains uncertain. 
Comparison between the +4 populations delineated by the dif-
ferent markers reveals major differences between the different 
+4 populations and independent studies report that the +4 
markers Bmi1, mTert, Hopx, and Lrig1 are all expressed rather 
broadly, including in the Lgr5-expressing stem cells [64,79,80]. 
These findings complicate the interpretation of the lineage-
tracing experiments suggesting that non-Lgr5 cells actively 
function as stem cells.

Although lineage-tracing experiments confirm the pattern of 
stem cell fate, it does not resolve the underlying molecular 
mechanisms that control stem cell competence. Indeed, the 
local niche environment is considered to be instrumental in 
regulating adult stem cell function in vivo. Recently, further 
insight into the mechanism of stem cell regulation in the small 
intestine has been provided by a combination of in-vitro and 
in-vivo assays.

Three-dimensional in-vitro organogenesis
Current in-vitro studies of the intestinal epithelium are  
typically performed with epithelial cell lines derived from 
human colon cancer cells. Until recently, it was believed that  
it would be inherently impossible to establish long-term cul-
tures from primary adult tissues without inducing genetic 
transformation.

Extensive genetic studies in mice have provided insights into 
the growth factor dependency of Lgr5 intestinal stem cells. This 
knowledge was the basis of the establishment of a unique long-
term in-vitro culture model in which three-dimensional (3D) 
intestinal organoids can be grown from a single Lgr5positive stem 
cell in Matrigel, a 3D laminin/collagen-rich matrix that mimics 
the basal lamina (Fig. 2.5a) [81]. However, culturing from a 
single stem cell is inefficient (1–2% plating efficiency), while 
stem cell/Paneth cells doublets efficiently form organoids in 
vitro [9]. This suggests that Paneth cells express factors impor-
tant for the growth and maintenance of Lgr5positive intestinal stem 
cells. Upon mechanical dissociation of the in-vitro grown orga-
noids, crypt fragments or fluorescence-activated cell sorting 
(FACS) sorted Lgr5positive intestinal stem cells quickly grow out 
into new organoids. The architecture of these 3D organotypic 
structures is remarkably similar to that of the normal intestinal 
epithelium and consists of multiple crypts containing basal Lgr5 
cells and a proliferative TA population (Fig. 2.5b–d). Moreover, 
the central lumen-lining epithelium resembles the villus domain, 
harboring the same differentiated cell-type composition, i.e., 
enterocytes (colonocytes in the colon), goblet cells, enteroendo-
crine cells, Paneth cells, or Tuft cells as the in-vivo situation (Fig. 
2.5e–h). The culture system has been adapted to grow epithelia 
from human small intestine as well as colon.

Careful analysis of these organoids reveals the absence of 
nonepithelial/mesenchymal cells surrounding the organoid epi-
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Figure 2.5 The in-vivo growth of three-dimensional intestinal organoids. Intestinal Lgr5Positive cells are genetically labeled by the marker green 
fluorescent protein (GFP) (a). GFP expression allows the isolation by fluorescence-activated cell sorting (FACS) sorting of intestinal stem cells which 
can be grown in vitro. The culture medium consists of the following growth factors: Epidermal growth factor (Egf), Noggin, and R-spondin (b). A 
single isolated Lgr5Positive stem cell grows into organoids. The budding structure resembles that of the normal intestinal epithelium (c–e). It consists of 
basal Lgr5 cells intercalated between Paneth cells and a proliferative transit-amplifying (TA) cell population. Moreover, the central lumen-lining 
epithelium resembles the villus domain, harboring all differentiated cell-type composition, i.e., enterocytes (f), goblet cells (g), Paneth cells (h), and 
enteroendocrine cells (i). Lgr, leucine-rich repeat containing G protein-coupled receptor. Figure 2.5a source: Snippert et al. 2009 [133]. Reproduced by 
permission of Elsevier. Figure 2.5c–f source: Sato et al. 2009 [81] Reproduced by permission of Nature Publishing Group.
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The observation that crypts can be grown continuously for 
long periods of time and that even single stem cells can be 
grown into organoid suggested that these nonepithelial cells 
were dispensable for the creation of stem cell niches in vitro. 
This unexpected finding was explained by the identification of 
a role for the postmitotic Paneth cells as an essential epithelial 
component of the intestinal stem cell niche. The long-lived 
Paneth cells are in intimate connection with the Lgr5positive stem 

cells at the crypt base in the small intestine, suggestive of a 
functional interaction in vivo. Ablation of the Paneth cell com-
partment in vivo leads to rapid crypt death, consistent with loss 
of stem cell function [9,90]. Moreover, in vitro, CD24high Paneth 
cell/Lgr5positive stem cell doublets were found to be 10-fold more 
efficient at generating self-renewing epithelial organoids than 
single Lgr5positive cells [9]. Gene expression profiling of the 
CD24high Paneth cells revealed them to be the source of many 
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follicle, stomach, intestine, and skin [57,60,63,98]. In contrast, 
Lgr4 has a broader expression pattern [99]. Lgr4 and Lgr5 
knockout (KO) mice are both neonatal-lethal, indicating an 
essential role for Lgr4 and Lgr5 during embryogenesis [100,101]. 
The function of Lgr4 (present in the entire crypt including the 
stem cells) and Lgr5 (present only on intestinal stem cells) in 
the intestine have been elucidated in vivo and in vitro.

Intestine-specific conditional ablation of Lgr5 expression in 
the adult small intestine, using the Cre-LoxP system, surpris-
ingly yielded no obvious phenotype. In contrast, the conditional 
ablation of Lgr4 in the intestine caused a block in crypt prolif-
eration and widespread crypt loss within 5 days [29]. 
Simultaneous conditional deletion of Lgr5 and Lgr4 in adult 
mice markedly enhanced the small intestinal phenotype, result-
ing in almost complete crypt ablation within 3 days, thereby 
phenocopying Wnt pathway inhibition. This phenotype was 
confirmed with the analysis of in-vitro grown organoids upon 
deletion of Lgr4/5. The severity and accelerated onset of this 
phenotype showed that Lgr4 and Lgr5 have essential, yet par-
tially redundant roles, in maintaining intestinal stem cell func-
tion in vivo. This was further substantiated when gene expression 
of the Lgr5positive intestinal stem cells, derived from intestinal 
crypts isolated 1 day postdeletion of Lgr4 and Lgr5, were ana-
lysed. This analysis revealed the selective loss of many stem 
cell-enriched genes and the reduction of the typical intestinal 
Wnt target gene signature [29,56,64,65]. This is consistent with 
a role for Lgr4/5 receptors in mediating Wnt signaling at the 
crypt base. The link with the Wnt signaling pathway was further 
underscored when mass spectrometry analyses revealed a direct 
physical interaction of Lgr4 and Lgr5 with the Frizzled/Lrp Wnt 
receptor complex [29]. Other studies have demonstrated that 
members of the R-spondin family of secreted Wnt agonists are 
physiological ligands of Lgr4 and Lgr5 [28–30]. Lgr4 and Lgr5 
act thereby as an optional Wnt coreceptor that facilitate enhance-
ment of local canonical Wnt signals by circulating R-spondins.

Dynamics of intestinal stem cells
The specific dynamics of stem cell homeostasis in the intestine 
has been investigated using in-vivo lineage-tracing approach  
to map the division fates of individual adult stem cells in the 
small intestine [102]. Short-term fate mapping of individually 
marked stem cells 1 day postinduction demonstrate that sym-
metric division predominates within the intestinal stem cell 
compartment. Longer term tracing analysis of the Lgr5 stem cell 
population dynamics revealed a neutral drift towards clonality 
over time. A similar mechanism was indirectly observed by 
Winton and coworkers [103]. Collectively, these observations 
show that Lgr5 stem cells divide symmetrically every day, and 
stochastically acquire either stem cell or TA cell fate based on 
the availability of contact to Paneth cells. An optimal balance 
between stem cell self-renewal is likely to be achieved by com-
petition for Paneth cell surface between 10 and 14 symmetri-
cally dividing stem cells within the space-limited niche at the 
crypt base [102].

growth factors essential for maintaining Lgr5positive stem cell 
function, including Wnt3, Egf, and Tgf-α. The combined data 
showed an essential role for Paneth cells in the maintenance of 
Lgr5positive intestinal stem cells. The conditional deletion Math1/
Atoh1, a target gene of Hes1-mediated repression, resulted in 
the complete elimination of Paneth cells [91]. Unexpectedly, 
stem cells are present and do proliferate in the absence of Paneth 
cells. This apparent contradiction is explained by the fact that 
the removal of the pivotal differentiation factor Math1 also 
removed the dependence on Notch signals that are normally 
provided by Paneth cells [92]. Indeed, although Math1 deletion 
eliminates Paneth cells in vivo without obvious changes to stem 
cells, the Math1-mutant intestinal organoids did not grow in 
vitro. This finding implied a critical in-vitro dependence of the 
stem cells on one of the other signals provided by Paneth cells, 
likely Wnt3. The genetic deletion of Wnt3 has no effect in vivo 
but results in the same in-vitro growth inhibition of stem cells, 
which can be overcome by the addition of exogenous Wnt sug-
gesting it may be the other function provided by Paneth cells 
that is required by stem cells [93].

The Paneth–stem cell interaction also plays a central role in 
the response to the nutritional status of an organism [94]. 
Paneth cells serve as sensors for nutritional status and enhance 
stem cell function in response to calorie restriction. These find-
ings are among the first to assign a direct role to niche cells in 
controlling stem cell activity in the context of physiology in 
mammals.

As the key determinant of the stem cell niche, Paneth cell 
numbers must be tightly controlled under homeostatic condi-
tions. This is accomplished through the action of two Wnt target 
genes: Rnf34 and Znrf3 [95]. Rnf34 and Znrf3, both expressed 
in Lgr5positive stem cells, encode transmembrane E3 ligases that 
remove the Wnt-Frizzleds from the cell surface, constituting a 
negative-feedback loop in the Wnt pathway. Simultaneous con-
ditional deletion in crypt stem cells results in rapidly expanding 
stem cell/Paneth cell compartments and, ultimately, in large 
adenomas. Strong Wnt signals from Paneth cells are required 
for stem cell expansion. Paradoxically, strong Wnt signals are 
also required for Paneth cell differentiation [33]. Apparently, 
interruption of the Rnf43 negative-feedback loop results in the 
exclusive production of stem cells and Paneth cells.

Classical Paneth cells are absent from the majority of the 
colon, but a CD24/cKitpositive goblet cell population (the DCS 
cells) have been noted at the base of the colonic crypts inter-
mingled with Lgr5positive stem cells, raising the possibility that a 
similar epithelial niche may also regulate colon Lgr5positive stem 
cell function [11]. Together, findings indicate that Paneth/DCS 
cells constitute (part of) the niche for Lgr5 stem cells in intes-
tinal crypts.

Role of Lgr4/5 on intestinal stem cells
Lgr5 and its close relatives Lgr4 and Lgr6 belong to the family 
of Lgr receptors [96,97]. Lgr5 and Lgr6 are markers of cycling 
adult stem cell populations in various tissues, including the hair 
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Lgr5positive cancer stem cells
Colorectal cancer is one of the leading cancer-related deaths in 
the world. The high frequency with which gastrointestinal 
malignancies occur is likely in part related to the high rate of 
self-renewal in the intestine. Almost invariably, intestinal 
tumors carry activating mutations in the Wnt pathway leading 
to the formation of nuclear Tcf4/β-catenin complexes and the 
subsequent uncontrolled Tcf4 target gene transcription. Indeed, 
allelic loss and somatic mutations of the Apc tumor suppressor 
genes are the most frequent molecular alteration found in color-
ectal cancers. Apc was originally cloned as the gene that is 
mutated in the germline of familial adenomatous polyposis 
(FAP) patients [107–109]. Up to 80% of sporadic colorectal 
tumors as well as essentially all colorectal tumors in FAP carry 
inactivating Apc gene mutations. Apc mutations typically delete 
the central domain of Apc containing the binding sites for 
β-catenin. Consequently, nuclear β-catenin increases to induce 
transcriptional activation of target genes of Tcf4 [110]. About 
2%–3% of colorectal tumors carry activating mutations in the 
highly conserved serine/threonine residues of β-catenin that are 
phosphorylated by GSK-3ß and which are required for recogni-
tion and degradation of β-catenin [111]. As a result, mutant 
β-catenin becomes stabilized. Mutations in the scaffolding 
protein Axin2 have also been observed in some hepatocellular 
tumors as well as in colorectal cancers defective in DNA mis-
match repair [112]. Inactivating Axin2 mutations prevent 
normal functioning of the destruction complex and – like the 
other mutations – lead to constitutive, high levels of nuclear 
β-catenin. Recently, rare oncogenic point mutation in Rnf43 
[95], frame shift mutations or gene fusions involving Tcf4 [113], 
and the secreted R-spondin Wnt agonists [114] have also been 
observed in colon cancer.

The progression from benign adenoma to invasive and meta-
static adenocarcinoma involves multiple additional genetic 
alterations, many of which remain to be characterized [115]. 
The progression of adenomas into carcinomas in situ is thought 
to depend on a strict sequence of events, in which mutations in 
the Wnt pathway are followed by mutations in KRAS, SMAD4, 
and finally p53. Genomic instability is one of the important 
characteristics of late-stage colon cancer. Additional genetic 
alterations that are thought to be involved in the progression of 
colon cancer include the loss of positional cues. In the normal 
epithelium, the Wnt gradient establishes a border between the 
crypt and villus. This gradient also controls the expression of 
EphB/EphrinB receptors and ligands responsible for positional 
migration of intestinal cells [35]. Progression of colon carcino-
genesis is accompanied by EphB2 downregulation, a step 
required for adenomas to progress to carcinomas by freeing 
themselves of their positional constraints [116].

The cell of origin in cancer development remains an impor-
tant question. Deletion of Apc gene specifically in the Lgr5positive 
intestinal stem cell compartment results in efficient adenoma 
formation in the small intestine as well as in the colon of the 

Plasticity of intestinal cells
The intestine has the capacity to survive the acute loss of its 
active stem cell pool. This may be due to the existence of quies-
cent “reserve” stem cells, but could also be explained by the 
plasticity of (progenitor) epithelial cell present in the crypt of 
Lieberkühn.

Dll1 is a receptor of the Notch signaling pathway, which 
marks an early daughter of Lgr5positive stem cells residing around 
position +5 [104,105]. Lineage-tracing studies in genetically 
modified mice showed that these Dll1positive cells represent short-
lived progenitors that (under physiological conditions) produce 
small, mixed clones of exclusively secretory cells [104]. However, 
when Lgr5positive intestinal stem cells are killed by radiation, these 
Dll1positive secretory progenitors readily revert to Lgr5positive stem 
cells to enable regeneration. Moreover, the examination of the 
potential stemness of Dll1positive cells in vitro showed that, while 
cycling Lgr5 CBC cells grow under standard conditions, the 
addition of Wnt3A can force the Dll1positive secretory precursor 
to revert into Lgr5positive stem cells.

Intestinal plasticity is also seen in the analysis of mice in 
which Lgr5positive intestinal stem cells were inducibly killed 
via transgenic expression of the receptor for diphtheria toxin 
from the Lgr5 locus [75]. Upon injection of diphtheria toxin, 
the Lgr5positive cells died, yet crypts remained intact for at least 
a week, implying that the self-renewal process can be main-
tained in the absence of Lgr5positive cells. Following cessation of 
toxin injections, Lgr5positive cells reappeared. These data showed 
that non-Lgr5-expressing cells can take over the role of the 
Lgr5positive stem cells and/or are able to revert to Lgr5-expressing 
stem cells.

The nature of crypt long-term LRCs has been reassessed 
genetically. This was carried out by briefly expressing the  
stable chromatin marker histone 2B yellow fluorescent protein 
(H2B-YFP) throughout the crypt [106]. In addition to the 
expected label retention by Paneth cells, non-Paneth cell LRCs 
remained evident in the first 2–3 weeks after the pulse. 
Surprisingly, these quiescent cells coexpressed Lgr5, Paneth cell 
markers, and +4 cell markers. It was concluded that this Lgr5-
expressing LRC type represents a nondividing Paneth/
enteroendocrine precursor that persists for weeks before termi-
nal differentiation. To test the properties of these cells further, 
a sophisticated strategy that directly exploits the quiescent state 
to genetically mark the Lgr5positive LRCs, was developed. In 
healthy mice, the marked Lgr5positive LRCs failed to divide and 
disappeared over time, presumably because of their terminal 
differentiation. However, when crypts were damaged, the 
Lgr5positive LRCs generated the telltale stem cell ribbons. In addi-
tion, in-vitro studies, whereby organoids of the nondividing 
Paneth precursors were cultured, showed that they have the 
capacity to revert to stem cells.

Thus, intestinal cells contain a high degree of plasticity 
depending on their location and this plasticity allows the intes-
tine to survive the loss of its active stem cell pool.
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studies provide additional evidence that Lgr5 is, in addition to 
being a functional intestinal stem cell marker, a selective marker 
for human colorectal cancer stem cells. Importantly, the tumor-
initiating cells in human colorectal cancers have expression 
profiles similar to healthy human intestinal stem cells [56,64,132]. 
Collectively, these studies show that the Lgr5positive intestinal 
stem cell is, induced by uncontrolled active Wnt signaling, the 
cell of origin of adenomas and that a small subpopulation of 
Lgr5positive cells within an intestinal adenoma can both self-
renew and give rise to cells of multiple other lineages, fulfiling 
the characteristics proposed to define cancer stem cells.
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mouse [117]. In contrast, adenoma formation is greatly reduced 
when Apc is deleted in TA cells, with most Apc-deficient cells 
being quickly lost. Conditional expression of oncogenic 
β-catenin in Bmipositive or Prominin1positive intestinal stem cell 
pools was also found to promote intestinal neoplasia in mice 
[71,118]. Similar observations were made using CD133 as a 
marker of CBC cells [119]. These observations show that the 
normal intestinal stem cell serves as a very efficient initiator of 
tumorigenesis, but do not preclude the possibility that tumors 
can be formed from early descendants of the stem cell.

The possibility that established tumors are maintained by 
dedicated stem cells, the so-called cancer stem cell hypothesis, 
has attracted great interest but remains controversial. In-vivo 
evidence of cancer initiation by a potential cancer stem cell was 
shown via xenotransplantation studies in immunodeficient 
mice. Only a subset of cells derived from human acute myeloid 
leukaemia expressing the CD34 but lacking the CD38 cell 
surface antigen (CD34positive/CD38negative) were sufficient to initi-
ate leukemic transformation in immunodeficient mice [120]. 
The existence of intestinal cancer stem cells was demonstrated 
in studies using human colorectal primary tumors in which 
only certain minor subsets of tumor cells were able to initiate 
tumor formation upon transplantation into immunodeficient 
mice [121–123]. Other subsets of cells derived from the original 
human cancer were not able to initiate tumors in mice, support-
ing the notion that tumors are heterogeneous in cellular com-
position. Studies using other solid types of tumors have also 
yielded similar results [124–128]. However, the relevance of 
xenotransplantation as an experimental approach to detect 
cancer stem cells is uncertain [129].

Studies to identify specific markers for intestinal cancer stem 
cell are ongoing. The adenomas that develop after Apc deletion 
in Lgr5positive cells support the notion that these cells may act as 
cancer stem cells within the adenoma [117]. Indeed, lineage-
retracing studies demonstrate that Lgr5 marks a subpopulation 
of adenoma cells that fuel the growth of established mouse 
intestinal adenomas [130]. These Lgr5positive tumor cells, which 
represent about 5%–10% of the cells in the adenomas, generate 
additional Lgr5positive cells as well as all other adenoma cell types. 
Interestingly, the Lgr5positive cells are intermingled with Paneth 
cells near the adenoma base, a pattern reminiscent of the archi-
tecture of the normal crypt niche.

In addition, FACS cell sorting-based detection of human 
Lgr5positive cells in primary colorectal tumor cells revealed the 
presence of a distinct subpopulation of Epcampositive/Lgr5positive 
cells [131]. Similarly, primary colorectal cancer-derived orga-
noids contain high levels of Lgr5positive cells, which decrease upon 
in-vitro differentiation of these cancer stem cells. Selection of 
the Lgr5high colorectal cancer cells identified the clonogenic frac-
tion in vitro as well as the tumorigenic population in vivo. These 
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CHAPTER 3

The majority of developmental and structural anomalies covered 
in this chapter are important although infrequently encoun-
tered. In contrast, some specific entities, including esophageal 
heterotopic gastric mucosa (inlet patch) and Schatzki rings, are 
commonly identified but only occasionally produce clinical 
manifestations. With the widespread use of upper endoscopy, 
recognition and understanding of both common and uncom-
mon esophageal pathology is of relevance to clinical care. 
Embryology and normal gross anatomy and histology of the 
esophagus are reviewed as background pertinent to all esopha-
geal disorders.

Embryology (see Chapter 1)

During the first 2 weeks of gestation, the human embryo forms 
a bilaminar disk with adjacent layers comprised of ectoderm 
and endoderm [1–3]. In the fourth week, the tracheobronchial 
diverticulum forms on the ventral surface of the endodermally 
derived foregut adjacent to the pharyngeal gut. This diverticu-
lum gradually separates from the dorsal foregut with formation 
of the esophagotracheal septum that separates the trachea and 
esophagus. During the sixth week of gestation, the muscularis 
layers form, derived from the splanchnic mesoderm. The stri-
ated muscle of the upper esophagus is derived from branchial 
arches 4, 5, and 6 with innervation by corresponding branches 
of the vagus nerve. Vagal neural crest cells derived from the 
ectoderm populate the foregut, forming the enteric nervous 
system. Unlike the mid and hindgut, axial migration of the 
neural crest cells is not an important factor in the development 

of the foregut enteric nervous system [4,5]. Complex interac-
tions between the gut microenvironment regulated by control 
regulatory genes coordinate the development of the myenteric 
and submucosal plexi. Growth factors have a direct and indirect 
effect on neural crest cell migration [6].

The esophageal epithelium rapidly proliferates and almost 
completely occludes the lumen in the seventh and eighth weeks, 
leaving residual channels. A single esophageal lumen returns in 
the tenth week lined by a superficial layer of ciliated epithelial 
cells. In the fourth month, the ciliated cells are replaced by 
stratified squamous epithelium, a process that continues until 
birth. Residual islands of ciliated epithelium at the proximal and 
distal ends of the esophagus remain and give rise to esophageal 
glands.

Adult anatomy

Gross anatomy
The proximal origin of the esophagus is at the pharyngoesopha-
geal junction that anatomically corresponds with the anterior 
thyroid cartilage and physiologically with the upper esophageal 
sphincter (UES). The UES is identified manometrically as a 
2–3 cm focus of elevated resting pressure between the hypophar-
ynx and the esophagus. The UES is primarily comprised of the 
transversely oriented cricopharyngeus with contributions from 
the inferior pharyngeal constrictor and thyropharyngeus 
muscles [7–10]. The cricopharyngeus is a C-shaped muscle that 
has attachments to the lateral aspects of the cricoid cartilage at 
the level of the cervical 5–6 vertebral interspace. The inferior 
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The thoracic esophagus passes just posterior to the tracheal 
wall and courses to the right and posterior to the aortic arch 
that corresponds with the T4 vertebral level and posterior to the 
tracheal bifurcation and left main stem bronchus (Figure 3.1b). 
At the T8 vertebral level, the esophagus turns left and crosses 
anterior to the aorta at the level of the diaphragmatic hiatus. At 
the T10 vertebral level, the esophagus passes through the dia-
phragmatic hiatus and enters into the cardia of the stomach, at 
an acute angle referred to as the “angle of His,” which functions 
with the lower esophageal sphincter and diaphragmatic hiatus 
to retard reflux of gastric contents.

The abdominal portion of the esophagus varies in length 
from 0.5 to 2.5 cm [13]. At this level, the left lobe of the liver 
lies anteriorly, the caudate lobe of the liver lies to the right, the 
fundus of the stomach is to the left, and the right crus of the 
diaphragm and aorta lie posteriorly (Figure 3.1c). The intraab-
dominal segment of the esophagus is compressed by physiologi-
cal events that increase intraabdominal pressure, creating 
resistance to esophageal reflux during such events. The borders 
of the esophageal hiatus are formed by the diaphragmatic crura 
and median arcuate ligament, if present. The crura arise from 

fibers of the cricopharyngeus merge with the circular muscle of 
the esophageal body, which courses through the posterior medi-
astinum to end at the esophagogastric junction corresponding 
with the thoracic (T) 10 vertebral level.

The esophageal lumen can distend to approximately 2 cm in 
anteroposterior diameter and up to 3 cm in lateral diameter. 
Muscle tone and elastic properties of the mucosa, submucosa, 
and muscularis contribute to the distensibility of the esophageal 
lumen. Furthermore, variation of esophageal distensibility 
along the length of the esophagus has been demonstrated in 
vivo using impedance planimetry studies [11]. The resting 
length of the adult esophagus is variable but ranges from 18  
to 26 cm [12]. Significant shortening of the esophagus occurs 
during both deglutition and transient lower esophageal sphinc-
ter relaxation that can axially displace the esophagogastric junc-
tion by several centimeters. The cervical esophagus extends 
from the pharyngoesophageal junction to the suprasternal 
notch and is about 4–5 cm long. At this level, the esophagus  
is surrounded by the trachea anteriorly, the vertebral column 
posteriorly, and the carotid sheaths and thyroid laterally  
(Figure 3.1a).

Figure 3.1 Cross-sectional computed tomography images of the thorax demonstrating the relationships between the esophagus and adjacent structures. 
(a) Image at the level of the cervical esophagus with the trachea anteriorly and thoracic spine posteriorly. The carotid arteries and jugular veins are 
situated laterally. (b) Image at the level of the thoracic esophagus with the aortic arch visible anteriorly and left laterally and trachea right anterior. 
(c) Image at the level of the abdominal segment of the esophagus with the liver anteriorly and aorta posteriorly.

(a)

(a)

(b)

(c)

(b)

(c)
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esophagogastric junction corresponds with the squamocolum-
nar mucosal junction, or Z line, which is demarcated by the 
abrupt disappearance of the visible vascular pattern and the 
color change from white-tan to the reddish orange, slightly 
granular appearance of gastric mucosa [21]. Manometrically, 
the junction is defined by the lower esophageal sphincter 
(LES), which has both an intrinsic, smooth muscle and extrin-
sic, skeletal muscle components [23]. The smooth muscle of 
the LES generates myogenic tone that is modulated by neu-
rotransmitters from the enteric and autonomic nervous system. 
The extrinsic component of the LES represents contractions 
of the crural diaphragm.

Blood supply (see Chapter 11)
The arterial blood supply to the esophagus is segmental, with 
limited vascular overlap (Figure 3.2). The cervical esophagus is 
supplied mainly by branches of the inferior thyroid artery. 

the first four lumbar vertebrae, intervertebral discs, and anterior 
longitudinal ligament. The fibers of the left and right crura pass 
upward and anteriorly to form the muscle borders of the hiatal 
ring and then insert into the transverse ligament of the central 
tendon of the diaphragm [14–16]. At the level of the diaphragm, 
the phrenoesophageal membrane extends from the hiatal 
margin to insert into the circumference of the esophagus both 
above and below the diaphragm [17,18]. With age, the esopha-
gus is less firmly fixed to the hiatus and adipose tissue is incor-
porated into the membrane [19]. The membrane is absent in 
patients with hiatal hernia [20].

The esophagogastric junction is represented intralumenally 
by the cephalic margin of the longitudinal mucosal folds in 
the gastric cardia [21,22]. These folds are best appreciated 
when a hiatal hernia is present and used as an anatomic 
landmark for the esophagogastric junction in patients with 
Barrett esophagus. In patients without Barrett esophagus, the 

Figure 3.2 Arterial system of the esophagus.
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intercostal veins when the hemizygous vein is absent. At the 
gastroesophageal junction, the portal systemic circulation 
involves venous drainage of the esophagus, stomach, pancreas, 
spleen, diaphragm, and retroperitoneum. Anatomic studies 
have suggested a high-pressure watershed region between the 
portal and azygous systems at the region of the gastroesophageal 
junction that is prone to venous dilation in portal hypertension 
[25]. Esophageal varices may extend up to the level of the aortic 
arch, the upper limit of the venous drainage of the lower esopha-
gus by way of the azygous vein system into the superior vena 
cava. Varices in a location cephalic to this level have been 
termed “downhill” varices. The “downhill” description refers to 
the anatomic site of venous obstruction above the level of the 
varices, in either the cervical venous system or the superior vena 
cava. The varices then develop below the site of venous obstruc-
tion, whereas the more commonly encountered distal esopha-
geal varices develop in a location cephalic to or above the portal 
venous flow.

Branches of other arteries, such as the common carotid, subcla-
vian, vertebral, and ascending pharyngeal, may provide addi-
tional blood supply. The thoracic esophagus is supplied by 
branches of the aorta and the right intercostal and bronchial 
arteries. The abdominal esophagus is supplied by branches of 
the left gastric, short gastric, and left inferior phrenic arteries.

The venous anatomy of the esophagus is depicted in Figure 
3.3. Fine intraepithelial channels drain into a subepithelial 
superficial venous plexus that connect with intrinsic veins in the 
submucosa. At the level of the gastroesophageal junction, the 
superficial venous plexus and deep intrinsic veins communicate 
with their gastric counterparts [24]. Perforating veins connect 
the deep intrinsic veins to adventitial veins. At the level of the 
cervical esophagus, the adventitial veins drain into the inferior 
thyroid vein, deep cervical vein, vertebral vein, and peritracheal 
venous plexus.

At the thoracic level, adventitial veins drain into the azygous 
vein on the right, the hemizygous vein on the left, and the 

Figure 3.3 Venous drainage of the esophagus.
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(i.e., left) vagus trunk splits into anterior gastric branches and 
hepatic branch. The posterior (i.e., right) vagus trunk splits into 
posterior gastric branches and a branch to the celiac plexus.

Sympathetic innervation is supplied by the superior cervical 
ganglion, sympathetic chain, major splanchnic nerve, thoracic 
aortic plexus, and celiac ganglion. Cell bodies for spinal afferent 
nerves originate in the dorsal root ganglia and project to the 
spinal column and brainstem nucleus gracilis and cuneatus [28]. 
Spinal afferents mediate nociception from both mechanical sen-
sation and chemosensation [29]. The enteric nervous system is 
responsible for direct neural innervation of the smooth muscle 
of the esophagus and lower esophageal sphincter [5]. Interest-
ingly, the enteric nervous system is present within the striated 
portion of the esophagus but its function is unclear.

Lymphatics
Lymphatic vessels in the mucosa and submucosa of the  
esophageal wall extend through the muscularis propria before 

Innervation (see Chapter 15)
Motor innervation of the esophagus is dominated by the vagus 
nerve, which supplies parasympathetic innervation to the 
esophagus (Figure 3.4). Vagal fibers responsible for motor 
innervation of the upper esophageal sphincter and striated 
muscle esophagus originate from cell bodies in the nucleus 
ambiguus. The distal esophagus and lower esophageal sphincter 
derive vagal projections from the dorsal motor nucleus. Vagal 
afferent fibers responsive to chemical, thermal, and mechanical 
stimuli have cell bodies in the nodose ganglia with projections 
to the nucleus solitarius. The cervical esophagus is innervated 
by the recurrent laryngeal nerves, which arise from the vagus. 
Branches of the vagus nerves and the left recurrent laryngeal 
nerve innervate the upper thoracic esophagus. The left and right 
vagus nerves intertwine with sympathetic fibers to form the 
esophageal plexus [26,27]. Out of the esophageal plexus, the 
anterior and posterior vagus trunks form at a variable distance 
above the diaphragm [26]. Below the diaphragm, the anterior 

Figure 3.4 Innervation of the esophagus.
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but only a loose connective tissue that comprises the adventitia. 
The absence of a serosal layer allows esophageal perforations 
and malignancies to disseminate more readily and makes 
esophageal anastomosis and surgical repair more difficult.

The esophageal mucosa is composed of nonkeratinized, strat-
ified squamous epithelium, connective tissue of the lamina 
propria, and the muscularis mucosa. The squamous epithelium 
resembles that of the skin and oral cavity and is composed of a 
basal cell layer known as the stratum basale or germinativum, 
the stratum intermedium or spinosum, and a superficial layer 
known as the stratum superficiale or corneum. The inner aspect 
of the epithelium undulates owing to protrusions of the lamina 
propria, called dermal papillae or rete pegs. The papillae contain 
vasculature and normally extend less than two-thirds of the 
overall thickness of the mucosal layer. The basal cell layer is 
composed of basophilic, cylindrical cells that have the capacity 
to divide and repopulate the superficial layers [30]. The cell 
turnover rate for the squamous epithelium is 5–8 days. Cells of 

emptying into adventitial lymph nodes (Figure 3.5). Cervical 
lymph nodes drain the proximal esophagus while more inferi-
orly, the lymphatics drain into the paraesophageal lymph node 
chain. Internal jugular, tracheal, tracheobronchial, posterior 
mediastinal, and pericardial nodes drain adjacent esophageal 
segments. In contrast to the arterial supply, the lymphatic drain-
age of the esophagus is not segmental. Multiple interconnec-
tions exist between nodal chains. This arrangement accounts for 
the frequent wide intramural and mediastinal lymphatic spread 
of esophageal carcinoma (see Chapter 53).

Histology

Light microscopy (see Chapter 155)
Similar to other regions of the digestive tract, the esophageal 
wall is comprised of a mucosa, submucosa, and muscularis 
propria (Figure 3.6) [30]. The esophagus does not have a serosa 

Figure 3.5 Lymphatic system of the esophagus.
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the next 6–8 cm consists of interdigitated striated and smooth 
muscle. The remaining length is smooth muscle alone. In situ, 
longitudinal muscle fibers run in an elongated spiral. Circular 
muscle fibers run in an elliptical course, with some fibers leaving 
their bundle to join higher or lower bundles [3]. Below the 
diaphragm and proximal to the angle of His (i.e., the abdominal 
or submerged segment), an area has been described in fixed 
gastroesophageal specimens in which the inner circular muscle 
layer thickens and the fibers become semicircular and inter-
laced. Oblique fibers of gastric type, arising from the greater 
curve of the stomach, are also present at this level [39].

The myenteric plexus, or Auerbach plexus, is interspersed 
between the inner circular and outer longitudinal muscle coats. 
The ganglion cells can be identified on hematoxylin and eosin 
staining as lavender colored, larger cells clustered in small 
groupings. The adventitial layer consists of connective tissue 
with networks of nerve plexus, vascular structures, and elastic 
fibers. Other specialized elements can be seen in the esophageal 
wall. Islands of gastric mucosa, sebaceous glands, taste buds, 
and foci of hyperplastic epithelial cells with intranuclear glyco-
gen (i.e., glycogenic acanthosis) have been described [40–42]. 
The latter condition is commonly seen during esophagoscopy 
as scattered, focal, white, sessile lesions, a few to several mil-
limeters in diameter. Glycogenic acanthosis is of no clinical 
consequence. It stains more intensely with Lugol iodine than the 
surrounding typical mucosa.

Developmental anomalies

Congenital tracheoesophageal fistula and 
esophageal atresia
Owing to a shared embryological origin, congenital disorders 
affecting the esophagus often involve abnormalities of the res-
piratory tract. During embryogenesis, the process of elongation 
and separation of the trachea and esophagus can be disrupted. 
If fusion of the tracheoesophageal septum is incomplete, the 
result is a tracheoesophageal fistula (TEF). Five basic types of 
TEF and atresia have been described (Figure 3.7). Esophageal 
atresia with lower-pouch fistula is by far the most common 
[3,43,44]. Esophageal atresia and congenital TEF occur in 1 in 
2400 to 5500 individuals [45,46]. Hydramnios and prematurity 
are common in infants with atresia or TEF [47–49]. Up to 50% 
of infants may have other associated congenital anomalies that 
include cardiac, genitourinary, gastrointestinal, skeletal, and 
central nervous system anomalies [45]. VACTERL is a term 
describing the combined occurrence of the vertebral, anal, 
cardiac, tracheoesophageal, renal, and limb anomalies in the 
same patient. Genetic defects have been identified in a subset  
of patients with VACTERL. Some features may be absent in 
VATER syndrome. There may be an association with the 16q24.1 
FOX transcription factor gene cluster [50].

Symptoms vary with the type of tracheoesophageal anomaly. 
In infants with atresia alone, the diagnosis is often made after 
birth with signs of retention and regurgitation of saliva and 

the stratum spinosum contain glycogen and membrane-coating 
granules believed to play a role in cell cohesion [31,32]. The 
presence of glycogen in the superficial mucosal cells accounts 
for their brownish black staining by Lugol iodine applied for 
chromoendoscopy. In the stratum superficiale, the squamous 
epithelial cells are more flattened and oriented parallel to the 
surface. Tight junctions and intercellular mucin secretions form 
a protective seal between cells. Dilation of the intercellular 
spaces has been demonstrated to be significantly increased in 
patients with both erosive and nonerosive gastroesophageal 
reflux disease as well as eosinophilic esophagitis [33–35]. Acid 
and neutral mucosubstances are found on all layers of epithelial 
cells and may play a protective role [36].

The esophagus contains cells that are a part of the gut-
associated lymphoid tissue. Cytotoxic T cells (i.e., intraepithelial 
lymphocytes) and Langerhans cells are found in the squamous 
epithelium. The presence of mucosal neutrophils, lymphocytes, 
or eosinophils is indicative of inflammatory conditions such as 
reflux esophagitis, lymphocytic esophagitis, or eosinophilic 
esophagitis, respectively. T helper cells and B lymphocytes are 
seen primarily in the lamina propria [30,37,38].

The muscular components of the esophageal wall include the 
muscularis mucosa and muscularis propria. The muscularis 
mucosa is composed of longitudinally oriented smooth muscle 
cells that separate the lamina propria from the submucosa 
(Figure 3.6). The submucosa consists primarily of loose connec-
tive tissue. Within the submucosa, there are: a vascular network 
known as the Heller plexus, the submucosal or Meissner plexus 
of the enteric nervous system, mucin-secreting glands, lymph 
follicles, and lymphocytes. Esophageal submucosal glands are 
found in the proximal esophagus and near the esophagogastric 
junction. The muscularis propria is composed of an inner cir-
cular and an outer longitudinal layer, the inner circular layer 
being the thicker of the two (Figure 3.6). The first centimeter of 
the proximal esophagus is striated muscle alone, the muscle of 

Figure 3.6 Histological cross-section from the distal third of the 
esophagus demonstrating the stratified squamous epithelium, lamina 
propria, submucosa, and muscularis propria. Source: Courtesy of 
Guang-Yu Yang, MD, Chicago, IL.

100 µm
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fibromuscular wall hypertrophy, and membranous web forma-
tion have been described (Figure 3.8) [57–60]. Unlike atresia 
and TEF, congenital stenosis often is not diagnosed until later 
in childhood, and several cases have been reported in adults 
[3,61,62]. Symptoms include regurgitation, prolonged eating 
time, and dysphagia with recurrent food impaction. An esopha-
gram usually demonstrates a focal stenosis in the distal third  
of the esophagus. Endoscopic ultrasonography can visualize  
the presence of tracheobronchial remnants. Segmental resection 
has been advocated for most symptomatic patients [63].  
Esophageal dilation has been used in children and adults with 
limited success and reported esophageal perforations [56,64]. 

feedings. Infants with proximal fistula exhibit respiratory dis-
tress during feedings. In infants with atresia and distal fistula, 
excessive salivation and regurgitation occur along with cyanosis 
and pneumonia secondary to reflux of gastric contents. The fifth 
type, isolated TEF or H-type fistula, leads to cough and choking 
with feedings, recurrent pneumonia, and intermittent abdomi-
nal distention. In rare cases, this anomaly may present in adult-
hood given the absence of associated esophageal atresia. In such 
cases, secondary causes of TEF such as infection, chronic 
inflammation, and cancer need to be excluded. Adult patients 
present with a history of recurrent aspiration pneumonia and 
bronchiectasis [51–54].

In most infants with esophageal atresia and TEF, a surgical 
repair with division of the fistula and primary esophageal  
anastomosis can be accomplished. In cases of atresia with wide 
separation of the proximal and distal esophageal remnants, 
esophageal lengthening procedures or interposition using small 
or large intestine is necessary. Gastrointestinal complications 
can result from both the underlying congenital defect as well as 
surgical repair. Dysphagia is common and can result from anas-
tomotic stricture formation as well as esophageal dysmotility 
and rarely from concomitant congenital esophageal stenosis. 
Abnormalities of the myenteric plexus have been described and 
may account for the dysmotility [55]. Gastroesophageal reflux 
and delayed gastric emptying have also been reported in a high 
proportion of patients.

Congenital esophageal stenosis
Congenital esophageal stenosis is rare, estimated to occur in 1 
of 25 000 live births, and is thought to result from failure of the 
normal embryonic separation of trachea and esophagus that is 
frequently associated with esophageal atresia and TEF [56]. 
Stenoses caused by tracheobronchial cartilaginous remnants, 

Figure 3.7 The spectrum of esophageal atresia, tracheoesophageal fistula, and congenital stenosis. Atresia with lower pouch fistula (third from left) is 
the most common anomaly.
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Figure 3.8 Histological section from the esophageal wall of a resected 
segment of congenital esophageal stenosis with cartilaginous 
tracheobronchial remnant. Source: Maeda et al. 2004 [63]. Reproduced 
with permission of Elsevier.
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Tubular duplications are rare and may be associated with 
other congenital cardiac, spinal, pulmonary, and extremity 
abnormalities [68]. Tubular duplications may communicate at 
both ends with the esophageal lumen or be closed at one end, 
but more than 80% do not communicate with the lumen [3,81–
83]. Spontaneous, submucosal dissection of the esophagus has 
been reported and can radiographically present with a double-
barrel esophagus that mimics a tubular duplication [84]. Surgi-
cal resection is usually recommended for pathological diagnosis 
and definitive treatment [85–87]. Both laparoscopic and thora-
coscopic resection have been reported [88,89]. Surgical incision 
and suturing of the edges of the cyst to create a common cavity 
with the esophageal lumen (marsupialization) has been used for 
the treatment of large cysts where surgical excision of the cyst 
may be undesirable [90,91]. Although rare, both adenocarci-
noma and squamous cell carcinoma within tubular or cystic 
duplications have been reported [92–94].

Bronchopulmonary foregut malformation
The term bronchopulmonary foregut malformation was pro-
posed by Gerle in 1968 to include pulmonary developmental 
abnormalities both with and without communication to the 
gastrointestinal tract. Since then, confusion in the terminology 
has occurred owing to the inclusion and exclusion of a number 
of gastrointestinal, pulmonary, and vascular anomalies as well 
as attempts to histologically, pathogenetically, and anatomically 
classify the varying presentations described largely in case 
reports and small series. Bronchopulmonary foregut malforma-
tions include a focus of pulmonary parenchyma or sequestra-
tion with a patent congenital communication to the upper 
gastrointestinal tract [3,95–97]. They are considered distinct 
from TEF, which result from failure of initial foregut septation. 
Bronchopulmonary foregut malformations develop when cell 
rests with respiratory potential arise from the foregut caudal to 
the lung bud or when a portion of the lung bud arises from the 
dorsal esophagus rather than the ventral trachea [96]. The tract 
within the sequestered pulmonary lobe typically involutes 
because of outgrowth of its blood supply; incomplete involution 
of the tract leads to a gastrointestinal tract communication [97]. 
Bronchopulmonary foregut malformations are most commonly 
seen in the lower lobes [3]. Up to 40% of children with com-
municating bronchopulmonary foregut malformations have 
associated congenital anomalies. The clinical presentation in 
infants is respiratory distress that is exacerbated with feedings. 
In older children and adults, recurrent pneumonia, bronchiecta-
sis, hemoptysis, gastrointestinal bleeding, and dysphagia may 
develop. Contrast esophagram, CT scans, and angiography are 
used for diagnosis and surgical planning.

Aortic arch vessel abnormalities producing 
extrinsic compression of the esophagus 
(dysphagia lusoria)
It has been estimated that 3% of the population have a congeni-
tal abnormality of the aortic arch vessels, but only rarely does 

Eosinophilic esophagitis can present with focal esophageal 
strictures as well as concentric mucosal rings in both children 
and adults, and is an important consideration in the evaluation 
of a patient with possible congenital esophageal stenosis. While 
the ringed appearance of eosinophilic esophagitis is sometimes 
referred to as “trachealization” of the esophagus, these are 
neither congenital nor cartilaginous in origin. Several reported 
cases of congenital esophageal stenosis in adults were unrecog-
nized cases of eosinophilic esophagitis.

Congenital esophageal duplication
Congenital esophageal duplications, tubular or cystic, represent 
about 15% of digestive duplications [65]. They develop in the 
third week of embryonic development as the result of failure of 
vacuoles to coalesce properly, interfering with normal recanali-
zation of the esophageal lumen. As a result, a cyst or parallel 
tubular channel forms within the esophageal wall [66]. Duplica-
tions of the gastrointestinal tract have three common character-
istics: (1) They are contiguous with some segment of the 
gastrointestinal tract; (2) they are lined by alimentary epithe-
lium; and (3) smooth muscle is present in their walls. Most 
patients present before 1 year of age, but as many as 25% to 30% 
of cases are first diagnosed in adults [67]. The most common 
presenting symptom is dysphagia, but the diagnosis is often 
made as an incidental finding in patients studied for other indi-
cations [68].

Congenital duplication cysts constitute less than 3% of medi-
astinal masses. They are the second most common benign 
esophageal submucosal lesion, with gastrointestinal stromal 
tumors being the most common [69,70]. They are lined by squa-
mous columnar, cuboid, pseudostratified, or ciliated epithelium 
[71,72]. Sixty percent arise in the distal third of the esophagus, 
17% in the middle third, and 23% in the upper third [65,73]. 
Cysts located posterior to the heart have been associated with 
cardiac arrhythmias [74]. Intraspinal cystic extensions can 
cause neurological deficits that may be the initial sign of these 
disorders [75]. In one report, intraspinal anomalies coexisted 
with mediastinal masses in almost 25% of patients [76]. Gastric 
cysts, inclusion cysts without a smooth muscle wall, broncho-
genic cysts, and neuroenteric cysts also rarely are found in the 
esophageal wall [65].

Duplication cysts can be seen on chest radiographs as poste-
rior or middle mediastinal masses. On barium esophagram, a 
smooth, curved displacement of the esophagus is seen without 
the sharp, step-like proximal and distal margin seen with a leio-
myoma. Computed tomography (CT) can be helpful in deter-
mining the location, size, and anatomic relation to other organs 
[77,78]. At endoscopy, a soft, compressible submucosal indenta-
tion into the esophageal lumen is apparent [79]. Endoscopic 
ultrasonography can define the structure of a duplication cyst 
[80]. Preoperative esophageal biopsies have been discouraged 
by surgeons due to potential for adhesions between the esopha-
geal mucosa and cyst wall that may make surgical resection 
more difficult.



Esophagus: anatomy and structural anomalies CHAPTER 3   51

been variable and nonspecific [103]. This vascular anomaly 
most typically causes symptoms later in life [104]. The reason 
for this is unclear but may be attributed to age-related changes 
to the vasculature.

Barium esophagram demonstrates an oblique filling defect 
just above the level of the aortic arch (see Figure 3.9b). CT and 
magnetic resonance imaging have largely replaced the need for 
angiography in the diagnosis. Endoscopy may demonstrate a 
posterolateral pulsatile compression of the lumen of the proxi-
mal esophagus. Correction is performed in children by division 
and ligation of the aberrant artery. In adults, reanastomosis to 
the ascending aorta is performed to avoid the development of a 
subclavian steal syndrome, that is reversed flow of blood in the 
vertebral artery leading to brainstem ischemia [105]. Surgery is 
not always needed because many adult patients can easily toler-
ate minor degrees of dysphagia by simply modifying their diet.

Esophageal compression by an anomalous vertebral artery 
and right aortic arch with constricting left ligamentum arterio-
sum has been reported in adults and can be successfully repaired 
surgically [106,107]. Other vascular anomalies are causes of 
tracheoesophageal compression in infants, and these require 
early surgical intervention [108,109].

Heterotopic gastric mucosa (inlet patch)
Heterotopic gastric mucosa, also known as an inlet patch, is  
a focus of gastric epithelium most commonly located in the 

this result in symptomatic compression of the esophagus [98]. 
In the embryo, the foregut is surrounded by vascular structures 
of the branchial arches. Normally, portions of the branchial 
arches obliterate to form the great vessels and aortic arch. 
Abnormalities in developmental obliteration of the branchial 
arches may lead to vascular compression of the trachea and 
esophagus [99].

The term dysphagia lusoria, literally translated from the Latin 
lusus naturae (“trick or freak of nature”), is used to describe 
symptomatic esophageal compression resulting from any vascu-
lar anomaly of the aortic arch. Another term used is dysphagia 
arteritica. Most commonly, it results from an aberrant right 
subclavian artery [100]. The root of the aberrant artery often 
has a broad base, referred to as Kommerell diverticulum. Symp-
toms of this anomaly may occur at the onset of semisolid feed-
ings, later in childhood, or in adult life. With this anomaly, the 
right subclavian artery arises from the left side of the aortic arch 
and compresses the esophagus from the posterior aspect in an 
oblique manner (Figure 3.9a). Based on autopsy studies, an 
aberrant right subclavian artery occurs in 0.7% of the general 
population, with only 10% of these affected individuals having 
symptoms related to compression [3,101]. During esophageal 
endosonography performed in 3334 patients, an aberrant right 
subclavian artery was identified in 12 (0.36%). None of the 
patients had symptoms of this entity [102]. While esophageal 
motility abnormalities have been observed, the patterns have 

Figure 3.9 (a) Angiography reveals an aberrant right subclavian artery (arrow) arising from the aortic arch. (b) Barium esophagram in the same patient 
reveals oblique esophageal compression (arrow) by the aberrant right subclavian artery posterior to the esophagus.

(b)(a)
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asymptomatic and symptomatic patients should respond to acid 
inhibition or dilation, the role for ablation techniques is yet 
undefined.

Structural anomalies

Esophageal rings and webs
Lower esophageal mucosal ring (Schatzki ring)
The lower esophageal mucosal ring, or “B” ring, was initially 
described by Templeton in 1944 [3]. In 1953, Ingelfinger and 
Kramer, and Schatzki and Gary independently described the 
association of lower esophageal mucosal rings with dysphagia 
[3,133,134]. Schatzki and Gary attributed the symptoms to a 
fixed, mucosal stricture at the squamocolumnar junction. Ingel-
finger and Kramer, on the other hand, postulated that a contrac-
tile muscular ring at the gastroesophageal junction produced 
the symptoms. Ring-like narrowings at the esophagogastric 
junction are now differentiated into two types: lower esophageal 
muscular ring, or A-ring, and lower esophageal mucosal ring, 
or B-ring.

Lower esophageal mucosal rings are located at the level of the 
squamocolumnar junction. These rings consist of mucosa and 
submucosa and are covered by squamous mucosa on the proxi-
mal aspect and either columnar mucosa or several millimeters 
of squamous mucosa on the distal or gastric aspect [135,136]. 
The lower esophageal mucosal ring is circumferential and 3 mm 
or less in thickness (Figure 3.10). An autopsy study of 100  
subjects reported a 9% prevalence for the mucosal rings and 
they are detected in 4%–15% of radiographic studies [137]. The 
rings are likely acquired and may be a manifestation of reflux 
disease, although morphologically they are distinct from peptic 
strictures. The majority of patients with Schatzki rings have 
abnormal distal esophageal acid exposure on pH monitoring, 
although this does not prove causation [138]. A congenital 
origin and association with esophageal shortening have also 
been proposed [137].

Most patients with lower esophageal mucosal rings are 
asymptomatic; however, they are one of the most common 
causes of intermittent dysphagia and food impactions, typically 
presenting in patients older than 40 years of age [139,140]. The 
severity of symptoms depends on the inner diameter of the ring. 
Rings larger than 20 mm in diameter usually are asymptomatic, 
rings 13–20 mm in diameter cause variable degrees of dysphagia 
depending on type and size of bolus, and rings less than 13 mm 
in diameter frequently cause solid food dysphagia [141,142]. 
Serial esophagrams have demonstrated the development and 
progressive narrowing of lower esophageal mucosal rings, pro-
viding evidence that these are acquired and not congenital 
lesions [143–145]. Misunderstanding in the literature and in 
practice has resulted from confusing Schatzki rings with short, 
annular, peptic strictures and, more recently, eosinophilic 
esophagitis. Lower esophageal mucosal rings identified in the 
setting of eosinophilic esophagitis should be considered distinct 

cervical esophagus. An autopsy series of 1000 children demon-
strated the prevalence of 4.5% [110]. Endoscopic studies 
reported a prevalence of 0.1%−10% [111–114]. Most com-
monly, the inlet patch is situated immediately distal to the upper 
esophageal sphincter, making endoscopic detection difficult. 
Substantially higher prevalence frequencies are reported if 
microscopic foci of gastric tissue are included in the definition. 
Inlet patches have been reported to occur in 5.6% of patients 
with Barrett esophagus but in none with achalasia [115].

At endoscopy, these areas of gastric mucosa typically are well-
circumscribed patches of reddish orange or salmon-colored 
mucosa that range in size from 2 to 4 cm [116]. The lesions can 
be unifocal, multifocal, or circumferential. Inlet patches can be 
dramatically demonstrated by applying topical dilute iodine 
solution to stain the squamous mucosa around their margin. 
Histologically, the majority contain fundic type gastric mucosa 
that include parietal cells [111]. The inlet patch is generally 
considered to be a congenital abnormality that results from 
incomplete replacement of the early embryonic columnar epi-
thelium with squamous epithelium. On the other hand, some 
investigators have reported that inlet patches share features with 
Barrett esophagus, suggesting that the former is an acquired 
condition associated with acid reflux [117–119]. Helicobacter 
pylori has been detected in mucosal biopsies of inlet patches 
[120,121].

Complications of heterotopic gastric mucosa include those 
secondary to acid production and neoplastic transformation. 
Acid secretion has been demonstrated in several reports 
[111,122–124]. While the majority of inlet patches are asymp-
tomatic, symptoms of odynophagia, dysphagia, and globus have 
been reported [125]. Cervical esophageal strictures or webs and 
even esophagotracheal fistula have been demonstrated [126–
128]. Plummer–Vinson or Paterson–Kelly syndrome is charac-
terized by dysphagia due to a cervical esophageal web with 
concomitant iron deficiency anemia. The anemia and strictures 
may be secondary to esophageal erosions produced by acid 
secretion. In terms of cancer risk, 30 cases of progression of 
heterotopic gastric mucosa to adenocarcinoma have been 
reported [129,130]. Given the high prevalence of inlet patches 
and low prevalence of cervical esophageal adenocarcinoma, 
both the absolute and relative risk of malignant transformation 
is quite low. In light of this, biopsies of endoscopically detected 
inlet patches are generally not performed.

Symptomatic inlet patches should respond to proton pump 
inhibition through the same mechanism by which gastric acid 
suppression is achieved. Complications of strictures and webs 
are amenable to standard esophageal dilation techniques with 
the caveat that detection of such strictures can be more difficult 
given the location adjacent to the upper esophageal sphincter. 
Transendoscopic thermal ablation of the mucosa of the inlet 
patch by means of argon plasma coagulation combined with 
high-dose omeprazole therapy has been shown to allow replace-
ment of the inlet patch by normal squamous mucosa, with reso-
lution of related symptoms [131,132]. As most patients are 
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Figure 3.10 (a) Barium esophagram demonstrates a lower esophageal 
mucosal ring, also known as Schatzki or B ring, at the proximal end of a 
hiatal hernia pouch. Constriction of the distal end of the hernia is 
secondary to the diaphragmatic hiatus. The ring is appreciated with both 
an distended (left) and undistended (right) hiatus hernia. (b) Endoscopic 
view of a Schatzki ring with hiatal hernia immediately below. The ring 
margin is smooth, less than 3 mm thick, and without inflammation or 
evidence of fibrosis.

(a)

(b)

from the Schatzki ring as the former has characteristic histopa-
thology and occurs in the setting of diffuse, endoscopically 
identified esophageal abnormalities [146–148].

On esophagram, a lower esophageal mucosal ring appears as 
a thin (<3.0 mm) transverse circumferential ridge above the 
hiatus of the diaphragm. To visualize the ring either endoscopi-
cally or radiographically, the esophagogastric junction must be 

adequately distended (Figure 3.10). By definition, a hiatal hernia 
is invariably present, although this may be related to the limited 
ability to visualize the ring when it is collapsed by the constric-
tion of the diaphragmatic hiatus. Lower esophageal mucosal 
rings are absent in patients with long segment Barrett esopha-
gus. Barium esophagram with a prone full-column technique is 
more sensitive than double-contrast radiography or endoscopy 
in detecting lower esophageal mucosal rings [149]. Performing 
a Valsalva maneuver during the esophagram is helpful in dem-
onstrating a ring [150]. The use of a barium tablet or marshmal-
low bolus may further improve the sensitivity of the barium 
esophagram to correlate dysphagia with the ring. The standard 
barium tablet has a diameter of 12.8 mm and will therefore not 
usually detect rings in the 13–20 mm category, which may still 
be clinically significant.

The endoscopic characteristics of lower esophageal rings and 
the associated findings are readily recognized (Figure 3.10b) 
[151]. Symptomatic lower esophageal rings can be effectively 
treated with single passage of a 17- to 20-mm (51–60 French) 
Maloney or Savary dilator [152]. For very tight rings, some 
clinicians use the standard gradual sequential dilation tech-
nique rather than passage of a single large-diameter bougie. 
Hydrostatic balloon dilation is also effective. Disruption of the 
ring using four quadrant mucosal biopsies and needle knife 
incision have been described [153,154]. While most patients 
achieve immediate relief of dysphagia following dilation, a 
follow up study noted that 32% of patients had recurrent dys-
phagia at 1 year and 65% at 2 years [155]. Proton pump inhibitor 
therapy may reduce the occurrence of recurrent dysphagia, 
again pointing to a possible link with reflux disease. A rand-
omized controlled trial of omeprazole in patients with sympto-
matic Schatzki rings found that 7% of patients receiving the 
drug experienced recurrent dysphagia requiring dilation com-
pared with 47% of patients on placebo [156]. It should be kept 
in mind that Schatzki rings are common and when detected in 
a patient with dysphagia, may be an incidental finding. For 
patients demonstrating a poor or short-duration response to 
esophageal dilation of a presumed symptomatic lower esopha-
geal mucosal ring, other etiologies should be sought including 
motility disorders and eosinophilic esophagitis.

Lower esophageal muscular ring
In an autopsy series, lower esophageal muscular rings were 
found in 5% of an asymptomatic cohort of 100 patients [137]. 
The location proximal to the squamocolumnar junction makes 
it likely that the rings represent an exaggeration of the proximal 
aspect of the lower esophageal sphincter. Symptomatic muscu-
lar rings are unusual and typically present with dysphagia. 
Unlike the dysphagia that occurs with Schatzki rings, muscular 
rings present with intermittent dysphagia for both liquids and 
solids without food impactions. On barium esophagram, mus-
cular rings are smooth, symmetric narrowings that are several 
millimeters in axial extent with a luminal aperture that varies 
during the course of fluoroscopic examination (Figure 3.11). 
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local acid secretion [165]. Cervical webs should be distinguished 
from proximal, mucosal, web-like strictures secondary to a 
number of other conditions producing esophageal injury, 
including epidermolysis bullosa, cicatricial pemphigoid, pill 
esophagitis, chemotherapy-induced mucositis, graft-versus-
host disease, radiation, and eosinophilic esophagitis.

The association of postcricoid webs with iron deficiency 
anemia (i.e., Plummer–Vinson or Patterson–Kelly syndrome) is 
both infrequent and controversial [3,166,167]. The existence of 
the syndrome is debated although some indirect evidence 
points to the possibility that iron deficiency could predispose to 
web formation. On the other hand, as discussed in a preceding 
section of this chapter, acid secretion from heterotopic gastric 
mucosa could be a cause of blood loss from esophageal erosions 
as well as cervical webs.

Midesophageal webs are rare and typically present with dys-
phagia. They may be single or multiple and are believed to be 
of congenital origin [167–171]. In addition to midesophageal 
mucosal lesions resulting from the conditions causing esopha-
geal injury noted above, they may also be confused with con-
genital esophageal stenosis. If symptomatic, they are best treated 
with bougienage. Treatment with transendoscopic incision or 
surgical resection has been reported but is rarely necessary 
[168–170,172,173].

Cricopharyngeal bar
Cricopharyngeal (CP) bar is a common radiographic finding, 
reported in anywhere from 5% to 19% of patients undergoing 
dynamic pharyngeal radiography [174,175]. It appears as a 

Endoscopically, the appearance is that of a constriction with 
intact overlying squamous mucosa situated 2–3 cm above the 
squamocolumnar junction. Unlike achalasia, the constriction is 
very focal and does not encompass the distal aspect of the 
esophagogastric junction. Lower esophageal muscular rings 
have been associated with esophageal manometric abnormali-
ties that include high amplitude, long-duration esophageal body 
contractions and esophageal spasm [157]. Esophageal dilation 
is often attempted but provides incomplete and short lasting 
relief. Several case reports have noted significant improvement 
in dysphagia following injection of botulinum toxin [157–159]. 
Surgical myotomy has been described but is necessary only in 
rare instances [133,160–162].

Cervical and midesophageal webs
Esophageal webs are thin (1–2 mm), transverse membranes of 
squamous epithelium. They most commonly occur in the cervi-
cal esophagus and usually originate on the anterior wall. They 
are rarely circumferential but may be multiple. Due to the prox-
imity to the upper esophageal sphincter, cervical webs are easily 
missed on upper endoscopy. Radiographic studies detected 
esophageal webs in 6%–12% of patients with the higher preva-
lence reported in patients studied with symptoms of dysphagia 
[163,164]. Like Schatzki rings, most webs are asymptomatic. 
Intermittent solid food dysphagia is the usual complaint in 
symptomatic patients.

Cervical esophageal webs have been reported to occur in 
association with heterotopic gastric mucosa and in some 
instances may represent a form of peptic stricture related to 

Figure 3.11 Lower esophageal muscular ring (A-ring). Two views from the same patient show (a) marked, 3-cm long constriction in the distal 
esophagus proximal to a hiatal hernia. (b) Partial relaxation of the A-ring with distension of the phrenic ampulla proximal to a concomitant Schatzki 
ring. The distended hiatal hernia is visible distal to the Schatzki ring.

(a) (b)
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impaired sphincter opening and may be an indirect measure of 
sphincter compliance, all of which predict response to CP dis-
ruption. An earlier study by Dantas et al. demonstrated signifi-
cant impairment of cricopharyngeal opening in patients with a 
CP bar when compared to control subjects without a CP bar, 
which further supports the concept of sphincter dysfunction in 
the pathogenesis of CP bars [175].

Treatment options for symptomatic CP bars include esopha-
geal dilation and surgical myotomy. Several small case series 
have described significant relief of dysphagia with a 1–2 year 
follow up after dilation to 17–20 mm [179–182]. Esophageal 
dilation is an attractive alternative to surgery, especially in older 
patients with comorbidities.

Pharyngoesophageal and esophageal diverticula
Zenker diverticulum
Pharyngoesophageal diverticulum was first described by Ludlow 
in 1769 and critically reviewed a century later by the patholo-
gists Zenker and Ziemssen [3]. Pharyngoesophageal or Zenker 
diverticula represent an outpouching of the posterior hypopha-
ryngeal mucosa proximal to the esophageal inlet. The site of 
origin of the diverticulum between the oblique fibers of the 
inferior pharyngeal constrictor and the transverse fibers of the 
cricopharyngeus was described by Killian in 1907 and is referred 
to as Killian dehiscence or the triangle of Killian.

A number of theories have been put forth to explain the 
pathogenesis of Zenker diverticulum [183]. The observation 
that both symptomatic and asymptomatic Zenker diverticula 
occur in the elderly population supports an acquired defect that 
is a consequence of aging. Early studies suggested that the upper 
esophageal sphincter failed to relax in this condition leading to 
the term cricopharyngeal achalasia. Subsequent combined 
manometric–fluoroscopic studies demonstrated complete UES 
relaxation but diminished opening [184,185]. As a result, 
hypopharyngeal pressures are increased and thought to lead to 
progressive protrusion through an area of relative mural weak-
ness in the Killian triangle. The limitation in UES opening is 
most likely a myogenic rather than neurogenic phenomenon. 
Histological studies of muscle biopsies taken during the time of 
surgical treatment have demonstrated connective tissue replace-
ment of skeletal muscle fibers and muscle fiber degeneration 
[185–187]. The cause of the muscle changes is unclear. Evidence 
linking gastroesophageal reflux disease with Zenker diverticula 
is limited. Initial reports of UES hypertension and contraction 
in response to distal esophageal acid exposure have not been 
confirmed in subsequent studies [188,189]. Others have theo-
rized that esophageal shortening induces mural weakness, 
allowing for mucosal herniation in patients with Zenker diver-
ticula [190].

The prevalence of Zenker diverticula ranges from 0.01% to 
0.11%, with the majority of patients being asymptomatic [191]. 
The median age is approximately 70 years with a male predomi-
nance and presentation in a patient younger than 30 is unusual. 
The predominant symptoms are dysphagia and regurgitation. 

prominent and persistent posterior indentation at the level of 
the lower third of the cricoid cartilage (Figure 3.12). The major-
ity of patients with CP bar do not experience significant dys-
phagia. In one report, dysphagia was not statistically more 
prevalent in patients with CP bar than in controls (13% vs 8%) 
[176]. Symptomatic CP bars most commonly present in the 
elderly with dysphagia for solids and occasionally liquids as well 
[177]. Studies have also shown histological changes comparable 
with Zenker diverticulum that include muscle degeneration and 
fibrosis [178]. It is important to exclude other more common 
etiologies for dysphagia because a CP bar may be an incidental 
finding. Furthermore, CP bars may be secondary to neuromus-
cular causes including central and peripheral nervous system 
abnormalities (multiple sclerosis, amyotrophic lateral sclerosis, 
syringomyelia, cerebral vascular disease), inflammatory myopa-
thies, and myoneural junction disorders (myasthenia gravis, 
diphtheria, tetanus).

Early studies attributed the pathophysiology of CP bars to 
failed UES relaxation, UES spasm, and basal UES hypertension. 
It has subsequently been recognized that the radiographic 
appearance of a CP bar is neither associated with high basal UES 
pressure nor with incomplete sphincter relaxation. Moreover, 
one study found that neither peak pharyngeal pressure nor 
incoordination were predictors of outcome following cricopha-
ryngeal disruption in a heterogeneous group of patients with 
oropharyngeal dysphagia [179]. Using simultaneous pharyngeal 
videoradiography and manometry, these investigators demon-
strated that increased hypopharyngeal intrabolus pressure was 
a significant predictor of positive outcome following CP disrup-
tion. Similar to the studies in Zenker diverticula patients, these 
authors suggested that increased intrabolus pressure implies 

Figure 3.12 Barium swallow depicting a prominent cricopharyngeal bar 
in the cervical esophagus in a patient presenting with dysphagia.
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were associated with a very high recurrence rate leading to the 
current recommendation for upper esophageal sphincter 
myotomy in most cases. For the open surgical approach, 
myotomy alone may suffice for small diverticula while a 
myotomy with either diverticulectomy or diverticulopexy is 
performed for larger diverticula. Diverticula greater than 5 cm 
in size are typically resected. In spite of the elderly population 
that is afflicted with this condition, operative mortality is less 
than 2% [196]. Reported morbidity is highly variable but 
approximates 5%–10% and includes esophageal leak, bleeding, 
mediastinal emphysema, fistula, nerve palsy including injury to 
the recurrent laryngeal nerve, and mediastinitis.

The transoral, endoscopic approach to Zenker diverticula 
dates back to 1917 but has become increasingly popular with 
advances in the use of electrical or laser cautery or endoscopic 
stapling devices. The technique involves dividing the common 
septum between the diverticulum and esophagus that is largely 
comprised of the upper esophageal sphincter. Several hundred 
patients have been treated by this approach in the literature with 
outcomes, morbidity, and recurrence rates that are similar to the 
open surgical approach [197]. Advantages include shorter 
recovery and hospital stays. Disadvantages include a remnant 
anatomic defect as the diverticulum is divided but not resected 
but the clinical significance of this defect is unclear. The tran-
soral technique using rigid endoscopy is primarily performed 
by thoracic surgeons and otorhinolaryngologists. Recently, an 

Throat pain, cough, aspiration, halitosis, and neck gurgling or 
mass are also reported. The diagnosis is apparent on esopha-
gram but the fluoroscopic field needs to visualize the hypophar-
ynx, which is not routinely included by all radiologists (Figure 
3.13). For unclear reasons, the majority of diverticula deviate to 
the left. Complications include aspiration pneumonia, pill 
retention, ulceration, fistula, and bleeding. Squamous cell 
cancer was reported in 0.4% of 1249 patients with Zenker diver-
ticula over a 53-year period [192]. Spindle cell carcinoma and 
benign tumors also have been reported to arise in pharyn-
goesophageal diverticula [193,194]. Endoscopy is not essential 
to the management of symptomatic Zenker diverticula and 
carries a risk of perforation. With direct visualization and 
awareness of the posterior location of the diverticular orifice, 
endoscopy is not contraindicated and may demonstrate con-
comitant esophageal pathology or secondary complications. 
Blind esophageal intubation with nasogastric tubes, manomet-
ric catheters, and transesophageal echocardiographic devices 
can lead to inadvertent perforation. A fluoroscopically placed 
guidewire and use of smaller, pediatric or transnasal endo-
scopes can facilitate esophageal intubation in cases with signifi-
cant stenosis of the UES.

Patients with minimal or no symptoms can be followed clini-
cally for potential progression. Symptomatic pharyngoesopha-
geal diverticulum are managed by endoscopic or surgical 
approaches [195]. Early surgical reports of divertulectomy alone 

Figure 3.13 Barium swallow demonstrating a 25-mm Zenker diverticulum on anterior (a) and lateral (b) views. The opening to the pharyngeal 
diverticulum originates above the cricopharyngeus at the level of the sixth cervical vertebra. Unlike most Zenker diverticula, this example deviates 
slightly to the right of midline on the anterior view.

(a) (b)
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approach utilizing flexible endoscopes with methods derived 
from experience with endoscopic submucosal dissection has 
increased interest amongst gastroenterologists in the manage-
ment of Zenker diverticulum [183]. An open surgical approach 
is generally favored for younger patients who are good surgical 
candidates and for large diverticula.

Killian–Jamieson diverticula
Killian–Jamieson diverticula are outpouchings arising from the 
proximal cervical esophagus immediately below the upper 
esophageal sphincter [198]. They are less common and are less 
likely to present with dysphagia than Zenker diverticula [199]. 
While more commonly unilateral with a left-sided predilection, 
bilateral diverticula occur in 25% and may coexist with Zenker 
diverticula [199]. The occurrence of these anatomic lesions is 
important to recognize because they can be confused with 
Zenker diverticula (Figure 3.14). It is interesting to speculate on 
their pathogenesis given their location below the upper esopha-
geal sphincter. An underlying esophageal motility disorder of 
the striated muscle of the cervical esophagus has neither been 
described nor carefully excluded in these patients. Located at 
the transition zone between the striated and smooth muscle 
segments of the esophagus, incoordination of muscular con-
tractions might account for their origin.

Midesophageal and epiphrenic diverticula
Diverticula also may occur in the mid or distal esophagus 
(Figure 3.15). Prevalence estimates of less than 1% are based on 
retrospective reviews of radiographic studies but are affected by 

Figure 3.14 Barium swallow demonstrating a Killian–Jamieson 
diverticulum. In contrast to the Zenker diverticulum, the Killian–
Jamieson diverticula originate caudal to the cricopharyngeus muscle and 
are therefore true esophageal diverticula.

Figure 3.15 Barium radiograph depicting significant enlargement of epiphrenic diverticula in a patient on (a) initial presentation and (b) 10 years later.

(a) (b)
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noted the development or progression of symptoms in less than 
10% with a follow up of several years [200].

Surgery remains the primary treatment for symptomatic 
esophageal diverticula. Esophageal dilation over a guidewire 
under fluoroscopy provides partial and temporary symptom 
relief in some patients with diverticula. Botulinum toxin A 
injection of the lower esophageal sphincter has been effective in 
providing relief of dysphagia in a small series of patients with 
diverticula, although the moderate efficacy and durability of this 
approach limits its utility [211–213]. Recognizing the impor-
tance of underlying esophageal dysmotility, most surgical 
approaches combine a diverticulectomy with esophageal 
myotomy [200]. Several retrospective reports have noted a 
higher rate of postoperative esophageal leak and recurrent 
diverticula for diverticulectomy compared with diverticulec-
tomy with myotomy. Even when combined with myotomy, 
esophageal leak is a major source of surgical morbidity and 
significantly more common than reported with myotomy  
alone in the treatment of achalasia without diverticula. A thor-
ough presurgical evaluation, including barium esophagram, 
esophagoscopy, and esophageal manometry should be per-
formed. The proximal extension of the myotomy into the 
esophageal body is considered in cases of esophageal spasm and 
vigorous achalasia, and can be guided by the proximal extent  
of the diverticula or hypercontractile manometric abnormali-
ties. Divertulectomy, accompanied by lower esophageal sphinc-
ter myotomy plus some degree of fundoplication, has been 
successfully accomplished via the laparoscopic transhiatal 
approach [200].

Esophageal intramural pseudodiverticulosis
Esophageal intramural pseudodiverticulosis is a rare condition, 
detected in less than 1% of radiological studies of the esophagus 
[214] (Figure 3.16). First described by Mendl and colleagues in 
1960, multiple, small diverticula form in the wall of the esopha-
gus by dilation of the excretory ducts of the submucosal esopha-
geal glands [215–217]. The diagnosis is best appreciated on 
barium studies where intramural tracking of contrast can also 
be appreciated in 50% of studies [218]. Thickening of the 
esophageal wall due to chronic submucosal inflammation and 
fibrosis can be appreciated on CT scans as well as endoscopic 
ultrasonography [219,220]. Most cases present after the sixth 
decade with chronic dysphagia. Esophageal strictures, typically 
proximal, are seen in 70%–90% of patients, and esophageal 
manometric abnormalities have been found in two-thirds of 
those studied [216,221,222]. Unlike the association between 
achalasia and esophageal spasm with esophageal diverticula, the 
reported abnormalities are most commonly nonspecific and 
may not be involved in the pathogenesis of intramural pseudo-
diverticulosis. Only one case of pseudodiverticulosis has been 
reported in achalasia [223]. A relationship between corrosive 
injury of the esophagus and intramural pseudodiverticulosis 
has been reported [224]. A report of 14 cases of this entity in 
59 patients with corrosive esophageal injury noted that an 

the indications for the radiographic examination [3]. A century 
ago, midesophageal diverticula were described secondary to 
pulmonary tuberculosis. They were termed traction diverticula 
and felt to result from tethering on the outer aspect of the 
esophagus created by an inflammation of adjacent mediastinal 
lymph nodes. Midesophageal diverticula have also been reported 
in cases of anthracosis, sarcoidosis, histoplasmosis, and lym-
phoma, all with a presumed similar pathogenesis [200]. Over 
the past 50 years, it has become recognized that the majority of 
both midesophageal as well as epiphrenic diverticula are seen 
in conjunction with esophageal dysmotility [201–205]. They are 
typically referred to as pulsion-type diverticula, caused by 
increased intraluminal pressure induced by high-amplitude or 
simultaneous esophageal body contractions or failed lower 
esophageal sphincter relaxation. The predominant associated 
manometric disorders are achalasia and diffuse esophageal 
spasm. Diverticula, however, are uncommon sequelae of either 
disorder. Cases of hypertensive lower esophageal sphincter, nut-
cracker esophagus, and nonspecific motility disorders have also 
been reported, although the causative nature of these diagnoses 
in the pathogenesis of diverticula is uncertain. They are mano-
metrically defined conditions that, even in the absence of diver-
ticula, have shown poor correlation with symptoms or 
esophageal functional abnormalities. A study utilizing high-
frequency intraluminal ultrasonography reported temporal 
incoordination between circular and longitudinal muscle con-
tractions in patients with nutcracker esophagus [206]. The 
investigators postulated that the asynchrony resulted in 
increased esophageal wall stress that could be a mechanism for 
diverticulum formation. Esophageal diverticula also may be 
secondary to esophageal wall anatomic weakening as in cases 
following Heller myotomy for achalasia or scleroderma [207].

Symptom presentation for esophageal diverticula closely 
mirrors that of the underlying esophageal motility disorders, 
making it difficult to discern whether a particular symptom is 
a direct result of the diverticulum. Dysphagia and regurgitation 
are the dominant presenting complaints with additional symp-
toms including chest pain, heartburn, weight loss, and respira-
tory symptoms [200]. In general, symptoms tend to correlate 
more closely with the motility disorder rather than the size of 
the diverticulum [200,204]. An exception to this general prin-
ciple is giant diverticula that increase the retention of food and 
likely increase the risk of regurgitation and aspiration. Epi-
phrenic diverticula more commonly protrude from the right. 
Uncommon complications of esophageal diverticula include 
ulceration, hemorrhage, perforation, and fistulization. Rare 
cases of carcinoma arising from esophageal diverticula have 
been reported [208,209]. Many patients with esophageal diver-
ticula are asymptomatic at the time of presentation with the 
finding incidentally noted on a radiographic or endoscopic pro-
cedure performed for another indication [200]. Natural history 
studies of untreated esophageal diverticula are few. In one radi-
ological series, enlargement of the diverticula was noted in 16% 
over a mean 12-year period [210]. Clinical case series have 
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tion, and bleeding. An association between intramural pseudo-
diverticulosis and esophageal cancer has been reported but 
cause and effect has not been proven [225].

References are available at www.yamadagastro.com/textbook

Further reading

Dantas R.O., Cook I.J., Dodds W.J., et al. Biomechanics of cricopharyn-
geal bars. Gastroenterology 1990;99:1269.

Goyal R.K., Bauer J.L., Spiro H.M. The nature and location of lower 
esophageal ring. N Engl J Med 1971;284:1175.

Goyal R.K., Hirano I. Mechanisms of disease: the enteric nervous 
system. N Engl J Med 1996;334:1106.

Kahrilas P.J., Dodds W.J., Dent J., et al. Upper esophageal sphincter 
function during deglutition. Gastroenterology 1988;95:52.

Law R., Katzka D.A., Baron T.H. Zenker’s diverticulum. Clin Gastroen-
terol Hepatol 2014;12:1773.

Lin Z., Kahrilas P.J., Xiao Y., et al. Functional luminal imaging probe 
topography: an improved method for characterizing esophageal  
distensibility in eosinophilic esophagitis. Ther Adv Gastroenterol 
2013;6:97.

Mittal R.K., Balaban D.H. The esophagogastric junction. N Engl J Med 
1997;336:924.

Sfeir R., Bonnard A., Khen-Dunlop N., et al. Esophageal atresia: data 
from a national cohort. J Pediatr Surg 2013;48:1664.

Sgouros S.N., Vlachogiannakos J., Karamanolis G., et al. Long-term 
acid suppressive therapy may prevent the relapse of lower esophageal 
(Schatzki’s) rings: a prospective, randomized, placebo-controlled 
study. Am J Gastroenterol 2005;100:1929.

Smith V.V., Milla P.J. Developmental disorders. In: Spiller R., Grundy 
D. (eds). Pathophysiology of the Enteric Nervous System. Oxford: 
Blackwell; 2004: 47.

esophageal stricture was a constant association. No correlation 
was found between the length of the stricture and the number 
of diverticula, and the diverticula regressed in number or disap-
peared altogether after the stricture was dilated.

In contrast, the surgical management of other esophageal 
diverticula, esophageal intramural pseudodiverticulosis is 
managed medically. Dilation of strictures, antireflux therapy, 
antifungal therapy, and calcium channel blockers have been 
reported to relieve symptoms [219,224]. Esophageal candidiasis 
has been described in up to 50% of reported cases; however, its 
role in the development of esophageal intramural pseudodiver-
ticulosis is unknown and it is likely secondary to stasis. Rare 
complications include perforation, mediastinitis, fistula forma-

Figure 3.16 Endoscopic view of intramural pseudodiverticulosis with 
numerous small orifices in the esophageal mucosa. In other cases, the 
orifices can be punctuate and may be overlooked on endoscopy. Source: 
Courtesy of Prakash Gyawali, MD, Washington University School of 
Medicine, St Louis.
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Embryology of the stomach and duodenum

The primitive foregut gives rise to the stomach and proximal 
duodenum. The duodenum distal to the ampulla of Vater derives 
from the cephalic end of the midgut [1,2]. About the fourth 
week of intrauterine development, the primitive stomach rotates 
90° clockwise around its longitudinal axis, ending with the left 
side facing anteriorly and the right side posteriorly [3]. This 
accounts for the course of the left vagus along the anterior wall 
and the right vagus along the posterior wall. The left wall of the 
stomach grows faster than the right, resulting in the size differ-
ence between the curvatures. As the stomach grows and rotates, 
the cephalic end moves leftward and downward, forming the 
fundus and cardia. The caudal end moves upward and to the 
right, forming the antrum and pylorus. Hence, the long axis of 
the stomach runs from above left to below right.

The duodenum also grows rapidly, forms a C-loop projecting 
ventrally, rotates to the right and becomes retroperitoneal. 
Because of rapid epithelial proliferation during the fifth and 
sixth weeks, the duodenal lumen is temporarily obliterated; it 
recanalizes over ensuing weeks as some cells degenerate.

The epithelium and glands of the stomach and duodenum 
derive from the embryonic endoderm. The connective tissue, 
muscle, and serosa derive from the mesoderm.

Gross anatomy of the stomach  
and duodenum

The gross and microscopic anatomy of the stomach and duode-
num are intrinsically linked to their functions in mediating and 
regulating digestion and nutrition. Their structural organization 
facilitates sequential physiological events that promote the frag-
mentation, enzymatic digestion, and absorption of nutrients. 
Also, appropriately timed autocrine, paracrine, and hormonal 
secretions from gastric and duodenal endocrine cells recruit 
other cells and organs to aid in the digestive process.

Anatomical relationships and divisions
The stomach – a large distensible sac with the largest diameter 
of any part of the gastrointestinal tract – is located in the epi-
gastrium, just inferior to the diaphragm (Figure 4.1). The size 
and shape of the stomach vary greatly from person to person, 
depending on age, body habitus, posture, and interval since 
eating. The ability of the stomach to enlarge to accommodate 
meals is facilitated by its free mesentery, distensibility, and loca-
tion. Although fixed proximally to the esophagus and distally to 
the duodenum, and by the gastrocolic and gastrophrenic liga-
ments, the stomach has great latitude in distension and motion. 
When the stomach is nearly empty, gastric volume approximates 

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


Stomach and duodenum: anatomy and structural anomalies CHAPTER 4   61

to the left, and pancreas and transverse colon posteriorly (see 
Figure 4.1). The anterior surface of the stomach abuts the abdom-
inal wall. The stomach is separated from other abdominal organs 
by visceral peritoneal lining. The close proximity of the stomach 
to other abdominal organs, such as the pancreas, permits endo-
luminal imaging techniques such as endoscopic ultrasonography 
to evaluate intraabdominal viscera. Furthermore, because the 
anterior surface of the stomach is adjacent to the adominal wall, 
percutaneous feeding tubes can be placed directly into its lumen.

By convention, the somewhat J-shaped stomach is divided 
into the cardia, a 1–2-cm segment adjacent to the esophagogas-
tric junction; the fundus, the superior portion of the stomach 
lying above and slightly posterior to the rest of the stomach; the 
body or corpus, the voluminous portion of the stomach below 
the fundus; the antrum, the distal region of the stomach; and, 
most distally, the pylorus or pyloric channel, a narrow (1–2-cm 
diameter) channel connecting the stomach with the duodenum 
(Figure 4.2). The shorter, right side of the stomach is the lesser 
curvature; the opposite, longer left side is the greater curvature. 
An intrusion, about two thirds along the distal lesser curvature, 
near the junction of the body and antrum, is designated the 
angular notch or incisura angularis.

The tubular, C-shaped duodenum, surrounding the head of 
the pancreas, starts at the pylorus and extends to the ligament 
of Treitz, a landmark separating the fourth portion of the duo-
denum from the jejunum (Figure 4.3). The word duodenum 
derives from its length, approximately the same as the breadth 
of 12 fingers (about 25–30 cm). The duodenum has no mesen-
tery and, in contrast to the stomach, is largely retroperitoneal 
and fixed in position.

The first, or superior, part of the duodenum is about 5  cm 
long, starting at the pylorus and passing posteriorly, upward and 
to the right. The initial 2–3 cm of the first part of the duodenum 
is the duodenal bulb. In contrast to the rest of the duodenum 
which is lined by circular folds (plicae circulares), the lining of 
the bulb is relatively flat. The second, or descending, part of the 
duodenum takes a sharp curve and descends along the head of 
the pancreas for 7–10  cm. The close proximity of the second 
portion of the duodenum to the head of the pancreas allows 
endoscopic ultrasonography and transduodenal biopsy of 
lesions in the head of the pancreas. The common bile duct and 
ventral pancreatic duct (Wirsung) enter the second portion of 
the duodenum via the posteromedially located ampulla of Vater. 
The accessory pancreatic duct (Santorini) enters the duodenum 
approximately 2 cm proximal to the ampulla of Vater. The third, 
or horizontal, part of the duodenum passes from right to left 
across the spine, inclining upward about 5–8 cm. The fourth, or 
ascending, part of the duodenum starts left of the spine, ascends 
leftward and terminates at the ligament of Treitz, where the 
intestine angles anteriorly and downward as the jejunum.

Circulation
Gastric and duodenal blood supply is derived from the celiac 
artery and the superior mesenteric artery (SMA); both vessels 

a few hundred milliliters; when distended with food, the 
stomach can accommodate up to 2 L. With full distension, the 
stomach may extend from the diaphragm to the pelvic brim.

As a consequence of its size and central location in the 
abdomen, the stomach abuts many organs. These include the 
diaphragm superiorly, hepatobiliary organs to the right, spleen 

Figure 4.1 (a) Barium contrast radiograph of the stomach and duodenum 
(A, antrum; B, body; D, duodenal bulb; F, fundus). The pyloric channel 
can be seen connecting the antrum to the duodenal bulb. The second and 
third parts of the duodenum can be seen as well as the plicae circulares. 
(b) A computed tomogram of the abdomen shows the stomach in relation 
to adjacent organs. GB, gallbladder; L, liver; S, stomach; Sp, spleen. 
Source: Courtesy of Drs Timothy Carter and Hemendra R. Shah, 
University of Arkansas for Medical Sciences, Little Rock, AR, USA.
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Figure 4.2 Muscle layers and rugal folds of 
the stomach. Source: Thibodeau and Patton 
1996 [76]. Reproduced with permission of 
Elsevier.
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Figure 4.3 Anatomical relationships of the 
four parts of the duodenum to adjacent 
organs. The stomach is shown in outline. 
Source: Rosse and Gaddum-Rosse 1997 
[77]. Reproduced with permission of 
Wolters Kluwer Health.
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Figure 4.4 Illustration of the arterial supply of the stomach. Source: Hollinshead and Rosse C. 1985 [78]. Reproduced with permission of Wolters 
Kluwer Health.
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arise from the abdominal aorta. The short celiac artery branches 
to form the splenic, left gastric, and common hepatic arteries. 
A dense anastomotic network encircles the stomach, formed by 
vessels that branch from these major arteries. These vessels 
include the left gastric artery, which feeds the anterior and supe-
rior portions of the stomach; the right gastric, gastroduodenal, 
and right gastroepiploic arteries, which arise from the hepatic 
artery and feed the lower right portion of the stomach and the 
lower greater curvature; and the short gastric and left gastroepi-
ploic arteries, which arise from the splenic artery to feed the 
fundus and the upper greater curvature (Figure 4.4). Because of 
the extensive anastomotic network surrounding the stomach, 
gastric ischemia is uncommon and generally occurs only with 
systemic aberrations in blood flow, gastric volvulus, or previous 
gastric surgery.

The distal stomach, pylorus, and duodenum are supplied by 
the inferior pancreaticoduodenal branch of the SMA. The duo-
denum is also nourished by the right gastric and superior pan-
creaticoduodenal arteries that arise from the hepatic artery.

Venous drainage from the stomach and duodenum leads 
directly or indirectly to the portal vein. There is considerable 
variation in the manner that these veins drain into the portal 
circulation. From the stomach, the left and right gastric veins 
drain the lesser curvature, and the right and left gastroepiploic 
and short gastric veins drain the greater curvature. The short 
gastric veins and often the gastroepiploic veins drain into the 
portal circulation via the splenic vein. From the duodenum, the 
anterior inferior and superior pancreaticoduodenal veins drain 
into the superior mesenteric vein. The posterior superior pan-
creaticoduodenal vein drains directly into the portal vein. 

Venous drainage of the stomach becomes clinically relevant in 
the presence of portal hypertension or splenic vein thrombosis. 
With increased portal venous pressure or obstruction, venous 
drainage from the gastric vein is diverted to the systemic circu-
lation via the azygous vein, resulting in the development of 
gastroesophageal varices. Isolated gastric varices occur as a 
result of splenic vein thrombosis which impairs the drainage of 
the short gastric and gastroepiploic veins.

Lymphatics
The pattern of lymphatic drainage of the stomach is similar to 
that for its vasculature, with most lymph draining ultimately 
into celiac nodes. Submucosal, muscular, and serosal lymphatics 
join to drain into four major groups from the stomach and two 
from the duodenum. The first group of gastric lymphatics 
follows the left gastric artery, receives branches from the upper 
stomach, and ends in the superior gastric nodes surrounding 
the gastroesophageal junction. The second group drains the 
fundus and proximal stomach, follows the short gastric and left 
gastroepiploic arteries, and ends in the pancreaticolienal and 
splenic nodes, which drain into celiac nodes. The third group 
drains the distal greater curvature into inferior gastric nodes 
connected to subpyloric nodes. The final group of gastric lym-
phatics drains the pyloric area into superior gastric, hepatic, and 
subpyloric nodes. In the duodenum, anterior and posterior lym-
phatics drain into a series of small pancreaticoduodenal nodes 
near the boundary between the pancreas and duodenum. 
Efferents from these lymph nodes run superiorly and inferiorly 
to hepatic and pancreatic nodes, respectively, and to preaortic 
(superior mesenteric) nodes near the origin of the SMA.
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an outer longitudinal muscle layer. The thin serosa, the outer 
layer of the stomach that serves as the visceral peritoneum, is 
covered by a monolayer of squamous mesothelial cells.

Stomach
The gastric mucosa is divided into epithelium, lamina propria, 
and muscularis mucosae. When the stomach is empty, the 
mucosa and submucosa contract into thick folds called rugae 
(see Figure 4.2). As the stomach distends, the rugae flatten. At 
the gastroesophageal junction, the mucosal boundary between 
the stratified squamous epithelium of the esophagus and the 
glandular columnar epithelium of the stomach can be detected 
as an irregular line (Z-line) encircling the lumen. This area is 
also referred to as the squamocolumnar junction (SCJ). In 
recent years, the histology of the gastric cardia, the part of the 
stomach immediately below the SCJ, has become a focus of 
interest because cells from this region may play a role in the 
development of Barrett’s esophagus. Research utilizing a mouse 
model suggests that cell comprising the epithelium in Barrett’s 
esophagus may derive from gastric cardia progenitor cells at the 
SCJ [4]. The gastric cardia is predominantly comprised of 
mucous glands and to a lesser extent, mixed mucous/oxyntic 
mucosa. Pure oxyntic mucosa in the gastric cardia is rare, but 
is characteristic of fundic histology. At birth, cardia-type mucosa 
is found only within 1 mm of the SCJ and, in adults, expands 
as a result of chronic inflammation induced by injurious agents 
such as acid reflux or infection with Helicobacter pylori. This 
expansion creates a squamooxyntic gap; the length of this gap 
appears to correlate with the severity of gastroesophageal reflux 
disease [5,6].

Gastric pits (foveolae gastricae) which serve as exit channels 
for underlying gastric glands stud the gastric mucosal surface. 
This surface epithelium is lined by a single layer of columnar 
epithelial cells that extends into the gastric pits and glands. 
Differences in the cellular makeup of glands permits histologi-
cal division of the gastric mucosa into three types that differ in 
structure and function: cardiac (junctional), fundic, and antral 
(pyloric) (Figure 4.5). The lamina propria comprises loose con-
nective tissue containing strands of collagen and smooth muscle, 
lymphatics, blood vessels, nerves, and a variety of cells, includ-
ing plasma cells, mast cells, fibroblasts, macrophages, and eosi-
nophils. Very few lymphocytes are found in the normal lamina 
propria, but increased in association with inflammation or 
infection with H. pylori or other pathogens [7]. The muscularis 
mucosae, a smooth muscle layer, forms the inferior margin of 
the mucosa and separates it from the submucosa, which con-
tains dense connective tissue, arterioles, venules, lymphatics, 
and neural plexuses. Morphologically, fundic (oxyntic) mucosa 
is characterized by clusters of functionally distinct mucosal cells 
proceeding from the luminal surface epithelium towards the 
bases of the gastric pits: mucous cells line the luminal surface 
and mucous neck cells extend into the upper portions of pits; 
in the mid-portion of gastric pits, parietal cells secrete hydro-
chloric acid and intrinsic factor, and endocrine cells secrete 

Innervation
The stomach and duodenum are innervated by sympathetic  
and parasympathetic neurons of the autonomic nervous system. 
Sympathetic neuron cell bodies are located in the gray matter 
of the anterior columns of spinal thoracic segments T6–T12. 
Neural axons exit the spinal cord by the ventral roots and unite 
to form the greater and lesser splanchnic nerves that synapse in 
the celiac ganglia. Postganglionic fibers follow the hepatic, 
splenic, and left gastric arteries to the stomach, where they form 
perivascular intramural autonomic plexuses. Gastric afferent 
fibers follow the same course as efferent fibers; however, they 
pass through the celiac ganglia without synapsing, reaching  
cell bodies in dorsal root ganglia of the spinal cord. Afferent 
fibers transmit visceral pain sensation from the stomach and 
duodenum.

The vagus nerve, originating in the dorsal motor nucleus  
in the medulla, provides parasympathetic innervation to the 
stomach and duodenum. Vagal fibers course along the esopha-
gus and enter the abdomen as the posterior and anterior vagal 
trunks. These neural trunks contain preganglionic efferent and 
visceral afferent fibers. Efferent fibers synapse with gastric 
cholinergic and peptidergic neurons in the wall of the stomach 
and duodenum that innervate various cells directly. Although 
afferent vagal fibers predominate, little is known about their 
function.

After entering the abdomen at the esophageal hiatus of the 
diaphragm, the anterior vagal trunk divides almost immediately 
into anterior gastric and hepatic branches. The anterior branch 
innervates the cardia and provides a branch running to the right 
of the lesser curvature as the anterior nerve of Latarjet. The 
hepatic branch innervates the liver, gallbladder, pylorus, and 
proximal duodenum. The posterior vagal trunk divides into 
celiac and posterior gastric branches. The former innervates the 
pancreas and other abdominal viscera. The posterior gastric 
branch innervates both surfaces of the stomach and forms the 
posterior nerve of Latarjet. The anterior and posterior nerves of 
Latarjet course along the lesser curvature, give off branches to 
the fundus and body, and terminate in a crow’s foot neural 
distribution to the antrum and pylorus.

Preganglionic vagal fibers synapse with ganglia in the intrin-
sic plexuses of the gastric wall: the myenteric (Auerbach) plexus 
and the submucosal (Meissner) plexus. Postganglionic fibers 
from these plexuses innervate secretory and muscle cells.

Microscopic anatomy
The stomach and duodenum have four tissue layers: mucosa, 
submucosa, muscularis propria, and serosa. The submucosa 
represents a connective tissue layer beneath the mucosa that is 
composed of a loose framework containing vasculature, lym-
phatics, and nerves. The muscularis propria of the stomach 
consists of a series of three muscle layers between the submu-
cosa and the serosa (see Figure 4.2). The oblique muscle layer 
overlies the submucosa. The circular muscle layer, which thick-
ens at the pylorus to form the pyloric sphincter, is covered by 
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It is likely that surface mucous cells, also known as pit cells,  
arise from different progenitor cells than mucous neck cells. 
This determination is based upon studies showing that mucous 
neck cells, but not pit cells, express trefoil factor 2 peptide 
(TFF2) [11].

Parietal (oxyntic) cells
Parietal cells, situated in the lower two thirds of fundic-type 
glands, secrete hydrochloric acid and intrinsic factor (see Figure 
4.5). In glands of the fundus and body these cells have a con-
centric nucleus and appear pyramidal, with the tubular apical 
end abutting the glandular lumen. Numerous mitochondria and 
tubulovesicles occupy much of the cytoplasm (see Figure 4.6a). 
When parietal cells are stimulated tubulovesicles expand into 
microvillus-lined canaliculi that course through the cytoplasm 
and fuse with the apical membrane to connect with the lumen 
of the gastric gland (see Figure 4.6b) [12]. In unstimulated cells, 
H+,K+-adenosine triphosphatase (ATPase), the “proton pump” 
which mediates electroneutral exchange of cytoplasmic hydro-
nium ion for potassium in the canalicular lumen, is located in 

hormonal mediators; and, at the pit bases, chief cells secrete 
pepsinogen (Figure 4.6) [8–10]. Antral mucosa differs from that 
in the fundus; antral glands have a relative paucity of parietal, 
chief, and enterochromaffin-like (ECL) cells and increased 
numbers of G cells.

Mucous cells
The rectangular mucous cells are polarized (Figure 4.7); apically 
located mucous granules contain mucin, and the nucleus, Golgi 
complexes, and endoplasmic reticulum are located at the base 
of the cell. Mucous cells are attached at their apical margins by 
tight junction complexes and are connected by gap junctions 
and desmosomes at other cellular sites. Mucous neck cells are 
similar to the mucous cells just described but contain more 
rough endoplasmic reticulum and are located predominantly in 
the neck of glands and scattered deeper within glands. Because 
mucous neck cells contain acidic mucus (glycosaminoglycan), 
their granules are generally less dense than those in surface 
mucous cells. Mucus is released by stimulated exocytosis; hence 
the degree of granule filling depends on the stage of digestion. 

Figure 4.5 Drawing of gastric glands from fundus/body region of stomach showing approximate location within a representative gastric gland and 
typical histology of surface epithelial, mucous neck, parietal, chief, and enterochromaffin-like cells. APUD, amine precursor uptake and decarboxylation; 
DNES, diffuse neuroendocrine system. Source: Gartner and Hiatt 1997 [79]. Reproduced with permission of Elsevier.
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cells, found predominantly in the lower third of gastric glands 
(see Figure 4.5), secrete the proenzyme pepsinogen that is 
hydrolyzed to the acid protease pepsin at acidic pH. Chief cells 
maintain polarity with basally located nuclei, granular endo-
plasmic reticulum and prominent Golgi complexes, and apically 
located pepsinogen-containing secretory granules (Figure 4.8). 
When chief cells are stimulated zymogen granules migrate to 
the apical pole, fuse with the cell membrane, and release their 
contents into the lumen of the gastric gland by exocytosis.

tubulovesicle membranes – in stimulated cells this enzyme is 
relocated to canalicular membranes. Translocation of the proton 
pump and expansion of the canaliculi are required for the acid-
secreting function of parietal cells.

Chief cells
Chief cells, a type of digestive enzyme-secreting zymogenic cell 
(ZC), arise from differentiation of mucous neck cells [13]. Chief 

Figure 4.6 Electron micrographs of parietal cells. (a) Resting parietal cell showing concentric nucleus and abundant mitochondria and tubulovesicles. 
(b) Activated parietal cell with expanded canaliculus (approximate magnification ×4000). Source: Prinz C. et al. 1992 [80]. Reproduced with permission 
of Yale J Biol Med.

(a) (b)

Figure 4.7 Normal gastric tissue taken from the gastric fundus. Mucus 
granules can be seen in the apical cytoplasm of the mucosa with nuclei 
located near the base of the mucus cells. Bar is 100 microns. Source: 
Courtesy of William Twaddel, MD, University of Maryland School of 
Medicine, Baltimore, MD, USA.

Figure 4.8 Electron micrograph of a dispersed chief cell from a guinea pig 
stomach (original magnification ×21 000). Source: Raufman 1992 [81]. 
Reproduced with permission of Elsevier.
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Paneth, and endocrine cells covers the villi and lines the crypts. 
The lamina propria, composed of loose connective tissue, con-
tains lymphatics, blood vessels, nerves, and smooth muscle 
fibers, as well as varying numbers of plasma and mast cells, lym-
phocytes, fibroblasts, macrophages, and eosinophils. The mus-
cularis mucosa lies below and perpendicular to the crypts.

The submucosa of the duodenum provides a connective 
tissue framework for blood vessels, lymphatics, and nerves, and 
contains Brunner glands that secrete alkaline mucus. Brunner 
glands extend through the muscularis mucosae into the mucosa 
and empty into the crypts. The muscularis propria consists of a 
layer of inner circular fibers and outer longitudinal fibers. The 
myenteric plexus is located between these muscle layers.

Cellular interactions
The juxtaposition of secretory cells and neurons in the stomach 
and duodenum is crucial to their physiological interactions that 
regulate digestion. For example, in the fundus and body, ECL 
cells, D cells, and cholinergic neurons must be in sufficient 
proximity to parietal cells to allow paracrine secretory products, 
such as histamine, somatostatin, and acetylcholine, to diffuse 
through the intersitium and reach receptors on the acid-
secreting cells [12]. Likewise, in the antrum, interplay between 
neurons containing gastrin-releasing peptide and vasoactive 
intestinal polypeptide, histamine-containing mast cells, 
somatostatin-containing D cells, and gastrin-containing G cells 
requires physical proximity [15].

Cellular renewal
Gastric and duodenal mucosal epithelial cells undergo continu-
ous rapid renewal, a process involving proliferation, migration, 
differentiation, senescence, and loss of epithelial cells [23]. To 
replace surface mucous cells, nascent cells migrate upward from 
the base of gastric pits or duodenal crypts to the mucosal surface 
or villous tip. Migration of basal cells to the surface takes 2–6 
days [24,25]. In contrast, parietal and chief cells are replaced by 
cells in the upper proliferative zone of the gastric glands, a 
process that takes weeks to months. Senescent gastric or duo-
denal mucosal cells are sloughed into the lumen.

Aspirin, indomethacin, and ethanol stimulate epithelial pro-
liferation, perhaps by causing mild injury [26–31]. Epithelial 
proliferation is also stimulated by chronic inflammation, as in 
chronic superficial gastritis caused by H. pylori infection, gastric 
atrophy associated with pernicious anemia, and hypergastrine-
mic states, such as Zollinger–Ellison syndrome [32]. In these 
conditions, the zone of proliferating cells is expanded. In con-
trast, corticosteroids and physiological stress suppress epithelial 
proliferation [29]. Prostaglandins appear to delay senescence 
and loss of epithelial cells; the resulting mucosal thickening 
contributes to their cytoprotective effects [33].

Gastric and intestinal epithelial stem cells
Recent investigation has advanced our knowledge of stem cell 
biology in the stomach and small intestine. While stem cell 

Tuft cells
Epithelial tuft cells have long been recognized in the gastroin-
testinal tract but until recently little was known regarding their 
function. Morphologically, they contain a characteristic tubu-
lovesicular system and apical bundle of microfilaments attached 
to a tuft of long, dense microvilli protruding into the lumen of 
the gastrointestinal tract. Tuft cell structure and signaling com-
ponents suggest they play a chemosensory role. Increased 
numbers of gastric tuft cells may be observed with gastric 
inflammation [14].

Endocrine cells
Enterochromaffin-like cells are small, irregularly shaped cells 
scattered near parietal cells in fundic-type gastric glands. ECL 
cells, which do not connect with the lumen of the glands, are 
packed with histamine-containing granules. Histamine release 
from ECL cells regulates parietal cell function [15].

G cells, located in the mid-portions of antral glands and in 
duodenal crypts, have a broad base resting against the basement 
membrane that runs beneath the epithelium [16]. Dense secre-
tory granules containing gastrin cluster near the base. A narrow 
apex extends to the lumen of the gland. In response to stimuli 
associated with eating, such as vagal stimulation, antral disten-
sion and the lumenal presence of aromatic amino acids, G cells 
secrete the hormone gastrin into the systemic circulation.

D cells, located in fundic and antral glands, contain the inhib-
itory peptide somatostatin. These cells have neuron-like exten-
sions that terminate near other gastric mucosal cells, particularly 
G, ECL, parietal, and chief cells. Inhibitory actions of D cells are 
mediated by paracrine actions of somatostatin released from 
these extensions [17].

P/D1 cells are the second most abundant gastric endocrine cell 
accounting for 20%–30% of oxyntic gland endocrine cells 
[18,19]. Ghrelin and obestatin are peptide hormones secreted 
by P/D1 cells. Ghrelin enhances appetite and its levels are 
increased before meals and decreased after meals. Obestatin is 
a peptide that functions to decrease appetite. It is encoded by 
the same gene that produces ghrelin; cleavage of the prepropep-
tide gene product yields both peptides [20]. Ghrelin is produced 
in many organ systems including the stomach, small intestine, 
colon, lungs, pancreas, gonads, kidneys, and brain and its recep-
tors are found in many different tissues suggesting it has diverse 
biological functions. In the gastrointestinal tract, ghrelin has 
proinflammatory effects in response to oxidative stress includ-
ing promoting intestinal cell proliferation and inhibiting apop-
tosis [21].

Duodenum
In the pylorus, the mucosal pattern changes from pits and glands 
(typical of gastric mucosa) to villi and crypts (typical of intestinal 
mucosa) [22]. From the proximal to distal duodenum, the villi 
become progressively taller and thinner until they reach a villous-
to-crypt ratio of 4–5  :  1, characteristic of jejunal mucosa. A 
monolayer of epithelial cells consisting of absorptive, mucous, 
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Vomiting may occur in infancy, but symptoms usually develop 
in late childhood or adulthood.

Plain abdominal radiographs usually appear normal, but 
barium studies reveal a band-like defect in the prepyloric 
antrum. The antrum between the mucosal membrane and the 
pylorus may simulate a second duodenal bulb. Endoscopic lysis 
of membranes may be effective, thereby obviating the need for 
surgical repair [41].

Gastric duplication
Gastric duplications containing mucosa, submucosa, and muscle 
usually involve the greater curvature and share a common wall 
with the stomach. They may or may not communicate with the 
stomach. Gastric duplications vary widely in size, occur more 
commonly in girls, and may coexist with other duplications of 
the digestive tract.

Patients usually present in the first year of life. Symptoms 
depend on size, location, and the presence or absence of com-
munication with the gastrointestinal tract. Small children may 
present with vomiting, failure to thrive, and weight loss. In older 
children, epigastric pain, abdominal fullness or mass, gastroin-
testinal bleeding, or symptoms of gastric obstruction may occur. 
Rarely, complications occur, including peritonitis from cyst per-
foration, hemoptysis from fistulation to the lung, or cancer in 
the duplication [42]. Barium radiography, ultrasonography, 
computed tomography, or magnetic resonance imaging may 
demonstrate the anomaly. If a large part of the gastric wall is 
involved complete surgical excision may not be feasible. In that 
circumstance, partial excision, partial gastrectomy, and cystgas-
trostomy are options.

Microgastria
Microgastria is a rare congenital disorder where the stomach 
fails to enlarge during embryogenesis, resulting in a tubular 
stomach with small capacity. Infants usually present soon after 
birth with vomiting, diarrhea, aspiration pneumonia, malnutri-
tion, and anemia. Microgastria is associated with developmental 
cardiac abnormalities, upper limb and spinal deformities, 
micrognathia, and asplenia [43,44]. Many patients die within 
weeks to months. Supportive treatment requires frequent, small, 
high-caloric feedings and parenteral alimentation. If the child 
survives, surgical formation of a jejunal reservoir should be 
attempted, but anastomotic ulceration is common [45].

Gastric teratoma
These congenital tumors contain all three primary embryonic 
germ layers. They are rare in the stomach, and occur almost 
exclusively in male patients. Gastric teratomas may present with 
bleeding, obstruction, or an upper abdominal mass. Although 
usually diagnosed in children, gastric teratomas may not be 
discovered until adulthood.

Imaging studies, such as abdominal computed tomography, 
may demonstrate the mass which sometimes contains calcified 
teeth or bone. Endoscopy can confirm the diagnosis. Teratomas 

research in other organ systems focuses on regenerating tissue 
to replace damaged organs, there is little interest in growing 
gastric tissue for this purpose. Conversely, understanding the 
response of gastric epithelial stem cells to inflammation is likely 
to advance our understanding of patterns of gastric differentia-
tion and the development of gastric adenocarcinoma [34]. All 
gastric mucosal cells derive from stem cells [35,36]. Similar to 
intestinal epithelial stem cells, epithelial stem cells in the gastric 
antrum are located near the base of glands. However, epithelial 
stem cells in oxyntic mucosa of the stomach are located in the 
isthmus of the glands in close proximity to parietal cells. It is 
likely that parietal cells influence stem cell proliferation in 
response to specific types of injury [34]. For example, intestinal 
metaplasia, an intermediary step in the development of gastric 
adenocarcinoma, reflects activation of stem cells in response to 
H. pylori infection, pernicious anemia, or other chronic inflam-
matory states. Recent studies identified markers of pluripotent 
gastric epithelial stem cells including Sox2 in the pylorus and 
corpus of the stomach and Lgr5 in the pylorus and intestine 
[37,38]. In addition, a subset of chief cells that are marked by 
the stem cell marker Troy are able to serve as quiescent “reserve” 
stem cells [39].

Congenital abnormalities of the stomach

Atresia
Gastric atresia results in a blind end in the antrum or pylorus. 
Atresia may involve only the mucosa and submucosa or may 
involve the entire gastroduodenal wall. Atresia probably results 
from failure of the antrum and pylorus to recanalize after tran-
sient occlusion by epithelium during embryogenesis. Complete 
atresia is a familial disorder with autosomal recessive transmis-
sion [40].

Symptoms of gastric atresia in the newborn include persist-
ent, nonbilious vomiting, upper abdominal distension, dehydra-
tion, and hypochloremic hypokalemic metabolic alkalosis. 
Gastric rupture may occur. Abdominal radiographs demon-
strate gaseous gastric distension without intestinal gas.

Initial therapy includes nasogastric suction and fluid resusci-
tation. Surgical treatment of a short atretic segment, involving 
only the mucosa, requires resection of the membrane and 
pyloroplasty. Extensive atretic segments require resection and 
gastroduodenostomy. Gastrojejunostomy should be avoided 
because, in the absence of vagotomy, peptic stomal ulceration 
may occur. Careful exploration must exclude unsuspected distal 
atresias.

Mucosal membranes
Congenital mucosal membranes, probably related to atresias, 
occur in the antrum or pylorus and encircle but do not occlude 
the lumen. Membranes may contain squamous or columnar 
epithelium. Peptic ulceration can result in acquired membranes. 



Stomach and duodenum: anatomy and structural anomalies CHAPTER 4   69

wane. Decreased delivery of food and fluid to the intestines 
results in constipation, oliguria, and failure to thrive.

The baby generally appears thin, weak, and dehydrated. 
Abdominal examination often reveals gastric dilation, visible 
gastric peristalsis, and a palpable pyloric mass. Whereas gastric 
dilation and visible peristalsis are more evident during feeding, 
the olive-like pyloric mass is more likely palpable immediately 
after vomiting when the abdominal wall is more flaccid.

Typical upright radiographs demonstrate a large gastric air 
bubble with minimal intestinal air. In most cases, the detection 
of an “olive” on physical examination of babies with typical 
symptoms is sufficient for diagnosis [57]. If further testing is 
needed, barium studies appear to be most cost-effective [58]. 
These may reveal a long narrow pyloric channel, giving the 
appearance of a double channel, and a mass effect that indents 
the prepyloric antrum and duodenal bulb (Figure 4.9). 

Initial therapy includes replacement of fluid and electrolytes, 
as well as correction of alkalosis resulting from repeated vomit-
ing. Definitive therapy is surgical. The preferred operation is 
Ramstedt pyloromyotomy: longitudinal division of the anterior 
pyloric muscle from the serosa to the submucosa. Mild vomit-
ing may persist, but symptoms usually disappear within several 
days. After surgical correction of the defect, growth and devel-
opment are normal, and the prognosis is excellent.

tend to be large, and may require total gastrectomy and forma-
tion of a jejunal pouch [46]. Gastric teratomas are not associated 
with other congenital anomalies and the prognosis is good [47].

Gastric diverticula
Congenital gastric diverticula are rare, comprise all layers of the 
gastric wall, and arise primarily from the posterior gastric wall 
near the gastroesophageal junction. They may also occur in the 
antrum and pylorus, and may be associated with ectopic pan-
creatic tissue. Gastric diverticula may present with ulceration, 
bleeding, or mimic mucosal or submucosal tumors. Acquired 
gastric diverticula often result from scarring and dilation that 
accompany peptic ulceration, outlet obstruction, cancer, or 
surgery.

Gastric diverticula are commonly asymptomatic and discov-
ered incidentally on endoscopy or imaging studies [48]. They 
must be distinguished from acquired false diverticula, peptic 
ulcers, ulcerated neoplasms, and prominent folds [49]. Epigastric 
pain, chest pain, heartburn, and vomiting have been reported. 
Severe symptoms or complications, such as bleeding, obstruc-
tion, and perforation, require surgical excision.

Ectopic gastric mucosa
Rests of ectopic gastric mucosa can be found in any part of the 
gastrointestinal tract and may cause ulceration, obstruction, or 
bleeding. In the upper esophagus, a gastric inlet pouch has been 
observed in as many as 5% of people [50]. In the small intestine, 
colon, and rectum, ectopic gastric mucosa may form bleeding 
masses resembling polyps [51,52]. Meckel diverticula in the 
distal ileum may contain gastric mucosa with acid-secreting 
parietal cells that cause ulceration and bleeding in children and 
young adults [53].

Hypertrophic pyloric stenosis
Neonates
Neonatal hypertrophic pyloric stenosis is a congenital condition 
wherein muscular hypertrophy and mucosal edema of the 
pylorus results in gastric outlet obstruction. This disorder is 
more frequent in boys than in girls – 1/150 births versus 1/750 
births, respectively [54]. It has a genetic basis, clusters in fami-
lies, and is more common in Caucasians. Although the cause is 
unknown, lack of nitric oxide synthase in pyloric tissue may 
contribute to pylorospasm [55,56]. Cases cluster in families and 
can be associated with other disorders, including maternal 
myasthenia gravis, fetal rubella, phenylketonuria, Hirschsprung 
disease, Turner syndrome, Smith–Lemli–Opitz syndrome, 
Cornelia de Lange/Amsterdam dwarf syndrome, and esopha-
geal atresia [54].

Symptoms of pyloric stenosis, including regurgitation and 
nonbilious projectile vomiting, typically do not occur until 3–4 
weeks after birth. However, 20% of infants may develop symp-
toms sooner [54]. The vomitus is classically nonbilious, but may 
contain blood. Despite vomiting, the infant remains hungry 
until malnutrition and weakness cause interest in feeding to 

Figure 4.9 Barium contrast upper gastrointestinal series shows the long 
narrow double channel of the pylorus (arrows) in a patient with 
hypertrophic pyloric stenosis.
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to the ampulla and is clinically indistinguishable from pyloric 
stenosis. With partial obstruction, symptoms may be delayed 
and less severe. Rarely, duodenal membranes that persist or 
develop in adulthood cause upper abdominal distension, vomit-
ing and weight loss.

When obstruction is distal to the duodenal bulb, plain 
abdominal radiography or ultrasonography shows a “double 
bubble” caused by a distended stomach and duodenal bulb 
(Figure 4.10) [60]. The absence of distal intestinal gas suggests 
complete obstruction.

Initial treatment consists of nasogastric suction, with fluid 
and electrolyte repletion. Definitive treatment is surgical, with 
gastrojejunostomy or duodenojejunostomy, depending on the 
level of obstruction [61]. At surgery other correctable anomalies 
should be sought as the prognosis usually depends on the 
outcome of associated anomalies. In adults, endoscopic oblit-
eration of duodenal membranes may be successful [62,63].

Annular pancreas
Annular pancreas is a rare condition that may result in complete 
or partial obstruction of the second part of the duodenum [64]. 
The cause is unknown but probably involves incomplete migra-
tion of the ventral pancreatic bud during embryogenesis. This 
results in a pancreatic remnant within the duodenal wall or 
pancreatic encirclement of the duodenum. Annular pancreas is 
associated with intestinal malrotation, Down syndrome, facial 
cleft, imperforate anus, and cardiac and tracheoesophageal mal-
formations [65].

Neonates present with intractable vomiting whereas children 
and young adults have abdominal pain and distension with less 

Adults
Most cases of pyloric stenosis in adults are acquired and result 
from peptic ulcer disease or cancer. While extremely uncom-
mon, congenital pyloric stenosis can be diagnosed in adults.  
In these cases, there is usually a long-standing history of symp-
toms that began in infancy including early satiety, nausea, vom-
iting, epigastric pain, and anorexia. The classic finding of an 
olive-like mass is not usually present in patients who present 
past infancy, which may contribute to a delay in diagnosis. 
Contrast imaging may reveal gastric dilation, delayed emptying, 
and a long narrow pyloric channel. Endoscopic dilation or sur-
gical pyloromyotomy may be therapeutic, but to exclude a small 
focus of cancer, pyloric resection with gastroduodenostomy 
may be preferable [59].

Congenital abnormalities of the duodenum

Atresias, stenosis, and membranes
The duodenal lumen is obliterated by epithelium during the fifth 
to sixth weeks of development. Duodenal atresia, stenosis, and 
membranes result from subsequent failure of the lumen to reca-
nalize. This rare cause of duodenal obstruction occurs distal to 
the ampulla in 80% of cases and is frequently associated with 
other congenital anomalies, including Down syndrome, intesti-
nal malrotation, tracheoesophageal fistula, annular pancreas, 
cardiac and renal anomalies, and anorectal malformations.

In newborns with compete obstruction caused by a duodenal 
membrane or atresia, vomiting develops within hours to days 
after birth. The vomitus is nonbilious if obstruction is proximal 

Figure 4.10 Plain abdominal radiograph in an infant with duodenal atresia shows the double-bubble sign. The stomach and the proximal duodenum are 
distended with air. Source: Misiewicz et al. 1994 [82]. Reproduced with permission of Elsevier.

Gas in

stomach

Gas in

dilated

duodenum

proximal

to stenosis



Stomach and duodenum: anatomy and structural anomalies CHAPTER 4   71

relationship of the cyst with the biliary and pancreatic ducts, as 
well as the vasculature. If total resection is not possible cystenter-
ostomy may suffice.

Malrotation
In children, intestinal malrotation is the most common cause of 
duodenal obstruction [70]. It results when the embryological 
duodenojejunal loop does not rotate normally around the SMA 
and the duodenum fails to complete its rotation. Consequently, 
the ligament of Treitz is situated to the right of midline, thereby 
kinking the duodenum. If the cecum fails to rotate completely 
into the right lower abdomen, or when the hepatic flexure lies 
medial to the duodenum, mesenteric bands may also compress 
the duodenum. Other developmental anomalies, such as duo-
denal atresia, annular pancreas, or Hirschsprung disease, are 
present in 30%–60% of patients with intestinal malrotation.

Patients with malrotation present within the first few weeks 
of life with bilious vomiting and abdominal distension. Intestinal 
peristalsis may be visible on the abdominal wall. Occasionally, 
lax mesentery results in intestinal or cecal volvulus. If the vas-
culature becomes twisted, intestinal ischemia can ensue. Some 
patients with malrotation present later in life with weight loss, 
hypoproteinemia, chylous ascites, postprandial vomiting, and 
abdominal distension.

Plain films demonstrate a large gastric air bubble and dis-
tended duodenum proximal to the obstruction. An upper gas-
trointestinal series or computed tomography scans can confirm 
the obstruction and may identify the type and extent of malrota-
tion. Ultrasonography may reveal obstruction or volvulus 
caused by malrotation in utero.

Treatment is surgical: division of obstructing bands, resection 
of infarcted bowel, and fixation of the cecum to prevent further 
episodes of volvulus. When extensive bowel resection is 
required, mortality approaches 20% and survivors may develop 
short bowel syndrome.

Superior mesenteric artery syndrome
Rarely, the SMA obstructs the third portion of the duodenum 
by compressing it against fixed retroperitoneal structures. 
Although SMA syndrome has been attributed to an acute angle 
between this vessel and the aorta, thereby trapping the duode-
num, the exact cause is unknown. This syndrome has been 
associated with rapid childhood growth, profound weight loss, 
abdominal surgery, inflammatory diseases of the abdomen, and 
immobilization in a cast that increases lordosis and accentuates 
the angle of the SMA with the aorta [71,72]. Symptoms include 
episodic epigastric pain associated with vomiting, and may be 
acute or chronic.

In adults, plain abdominal radiographs are usually unremark-
able, but in children a double-bubble sign may be seen (see 
Figure 4.10). Upper gastrointestinal contrast studies may show 
dilation behind an abrupt cutoff in the third portion of the 
duodenum. On abdominal angiography, lateral views may show 
the narrowed angle of the SMA with the aorta. It is important 

dramatic vomiting. The clinical presentation and plain abdomi-
nal radiographs are similar to those for duodenal obstruction 
caused by duodenal atresia, including a double-bubble sign. 
Imaging and endoscopy confirm the level of duodenal obstruc-
tion and may establish the diagnosis (Figure 4.11). In adults, 
endoscopic retrograde cholangiopancreatography can establish 
the diagnosis if the duct from the annular pancreas joins the 
main pancreatic duct. Endoscopic ultrasonography can also be 
used to diagnose annular pancreas by identifying bands of pan-
creatic tissue encircling the duodenum [66]. Impaired pancre-
atic ductal flow may result in acute or chronic pancreatitis.

Resection or division of the annular pancreatic segment may 
cause pancreatitis or fistulas and should not be performed. 
Definitive therapy requires duodenostomy or duodenojejunos-
tomy. Laparoscopic gastrojejunostomy has also been used to 
treat annular pancreas in adults [67]. Surgical results are good; 
long-term prognosis depends on the outcome of associated 
anomalies.

Duplication
Duplications are cystic or tubular malformations that contain all 
layers of the normal duodenum and may communicate with the 
main lumen. Intestinal obstruction may be secondary to com-
pression by mass effect causing symptoms of upper abdominal 
distension, early satiety, and vomiting. Duodenal duplications 
may ulcerate, bleed, and, rarely, perforate into the head of the 
pancreas causing pancreatitis [68,69]. Diagnosis can be estab-
lished by ultrasonography, contrast radiography, or computed 
tomography. Treatment is surgical; the approach depends on the 

Figure 4.11 Magnetic resonance cholangiopancreatography image 
showing annular pancreas. The pancreatic duct is seen encircling the 
duodenum (arrow). Source: Courtesy of Barry Daly, MD, University of 
Maryland School of Medicine, Baltimore, MD, USA.
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atresia, annular pancreas, intestinal malrotation, and biliary 
tract abnormalities [74].

Duodenal diverticula
Congenital and acquired duodenal diverticula usually occur 
within a few centimeters of the ampulla of Vater (Figure 4.12) 
[75]. The ampulla may lie within the diverticulum or on its  
rim. These diverticula are usually asymptomatic and found  
incidentally on imaging or endoscopy. Rarely, duodenal diver-
ticula can bleed or perforate. Occasionally, they may obstruct 
the common bile duct. Most cases of biliary obstruction associ-
ated with a duodenal diverticulum result from another cause, 
such as choledocholithiasis or neoplasms. Symptomatic dive-
ticula are best treated by choledochoduodenostomy or Roux-
en-Y choledochojejunostomy rather than excision of the 
diverticulum.
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to exclude other causes of abdominal pain before making this 
diagnosis.

Medical therapy includes frequent small feedings and patients 
may benefit from lying prone or on their left side postprandially. 
In some cases, weight gain or removal of a body cast improves 
symptoms. Laparoscopic lysis of the ligament of Treitz was ben-
eficial in a few cases [73]. Duodenojejunostomy is required in 
refractory cases.

Preduodenal portal vein
A preduodenal portal vein is an extremely rare condition 
that can cause duodenal obstruction. In early embryonic life, 
the preduodenal vein helps to drain the primitive gut. A preduo-
denal vein occurs when this vein does not atrophy later in 
embryogenesis. A preduodenal vein is associated with other 
congenital malformations, including duodenal stenosis or 

Figure 4.12 Endoscopic image of duodenal diverticula adjacent to the 
duodenal papilla (arrow).
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Embryology and development

A brief synopsis of the major events in midgut morphogenesis 
is presented as a basis for understanding the congenital anoma-
lies discussed in subsequent sections (see also Chapter 1).

The primitive human gut forms when the dorsal part of the 
yolk sac is incorporated into the embryo at the fourth week of 
development, giving rise to the foregut, midgut, and hindgut 
[1]. The foregut is the progenitor of the esophagus, stomach, 
duodenum up to the biliary duct ampulla, pharynx, respiratory 
tract, liver, pancreas, and biliary tract. The midgut gives rise to 
the duodenum distal to the common bile duct, jejunum, ileum, 
cecum, appendix, ascending colon, and half to two-thirds of the 
transverse colon. The rest of the colon and the superior anal 
canal are derived from hindgut.

The gut endoderm is the precursor of the gastrointestinal tract 
epithelium. Its endothelium arises from the ectoderm of the 
stomodeum and proctodeum as well as the endoderm. The 
splanchnic mesenchyme supplies the muscular and connective 
tissue components of the gastrointestinal tract. The midgut first 
freely communicates with the yolk sac and then narrows to be 
connected by the omphalomesenteric or vitelline duct. The prim-
itive gut forms a U-shaped loop; this grows so rapidly in com-
parison with the embryo that it herniates into the umbilical cord 
at the sixth week of gestation. The proximal limb of the loop 

elongates into multiple intestinal loops, whereas the distal limb 
simply develops into the cecal diverticulum. The first stage of 
rotation is 90° counterclockwise around the superior mesenteric 
artery axis. At 10 weeks, the intestines return into the abdominal 
cavity and rotate a further 180° counterclockwise in the second 
stage. Finally, the cecum and appendix descend from the right 
upper quadrant to the right lower quadrant, and the proximal 
part of the colon elongates to form the hepatic flexure and 
ascending colon (third stage of rotation). Fixation occurs as the 
ascending colonic mesentery fuses with the parietal peritoneum 
and becomes fixed retroperitoneally. The small bowel mesentery 
attains a broad-based attachment to the posterior abdominal 
wall, extending from the duodenal–jejunal junction to the ile-
ocecal region. The end result of this process is the normal loca-
tion of the small and large intestine (Figure 5.1).

Gross anatomy

The small intestine begins at the pyloric sphincter of the stomach 
and extends to the cecum. Approximately 600 cm long, the small 
bowel is composed of three major segments: the duodenum, the 
jejunum, and the ileum. The junction between the duodenum 
and the jejunum is anatomically demarcated by the ligament of 
Treitz. No similar landmark distinguishes the jejunum from the 
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ileum, but the jejunum is usually defined as the proximal two-
fifths of the small bowel, and the ileum as the distal 
three-fifths.

After the appropriate rotation of the gut and its return to the 
abdominal cavity in fetal life, the normal position of the small 
bowel loops is attained. The jejunum is generally located in the 
mid upper and left upper quadrants, the proximal ileum in the 
middle abdominal region, and the distal ileum in the right lower 
quadrant [2].

The first part of the duodenum, the bulb, is invested with 
mesentery. The descending, transverse, and ascending parts of 
the duodenum are retroperitoneal and partially encircle the 
pancreatic head (Figure 5.1). The jejunum begins at the liga-
ment of Treitz as the small intestine reenters the peritoneal 
cavity. The jejunum and the ileum are invested with mesentery. 
The very distal ileum may occasionally be retroperitoneally 
located [3].

The gross appearance of the small intestine changes from the 
jejunum to the ileum. The wall of the jejunum generally is 

Figure 5.1 Anatomic relations of the stomach, small intestine, and large intestine. The duodenum encircles the head of the pancreas and is 
retroperitoneal. As the intestine reenters the peritoneal cavity at the ligament of Treitz, it becomes the jejunum. Generally, the jejunal bowel loops are 
located in the left and middle upper abdomen, the proximal ileum in the middle abdominal region, and the distal ileal loops in the right lower 
quadrant. Inset: Retroperitoneal duodenal loop and the ligament of Treitz, located behind the transverse colon.
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thicker than that of the ileum. Also, the plicae circulares, or 
circular folds of mucosa and submucosa that invaginate the 
lumen and increase the gut surface area, are prominent in the 
duodenum and jejunum and disappear in the middle ileum [1]. 
Peyer patches usually are found on the antimesenteric border of 
the small intestine. They are particularly prominent in child-
hood and atrophy with aging.

Extrinsic arterial, venous, and lymphatic supply
The arteries, veins, and lymphatics that supply the small bowel 
travel through the mesentery (see Chapter 11). The hepatic 
artery gives rise to the gastroduodenal artery, which branches 
into the anterior and posterior superior pancreaticoduodenal 
arteries. These anastomose around the duodenum and com-
municate with the inferior pancreaticoduodenal artery, which 
arises from the superior mesenteric artery. The superior 
mesenteric artery also supplies the jejunum and the ileum 
through a series of branches that form numerous arcades in the 
mesentery and then penetrate the intestine.
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Microscopic anatomy

The small intestine is composed of four concentric layers: the 
serosa, muscularis propria, submucosa, and mucosa.

Serosa and muscularis propria
The thin serosal lining of the small bowel consists of mesothelial 
cells overlying loose connective tissue. This outer layer becomes 
continuous with the mesentery as it joins the small bowel;  
many large blood vessels course through it. Those portions  
of the gut that are invested with mesentery are completely 
covered by serosa, whereas the retroperitoneal segments are 
invested only on the anterior surface. The muscularis propria 
consists of two muscle layers: an outer, longitudinally oriented 
layer and an inner, circumferential layer. Between the two layers 
lies the myenteric or Auerbach nerve plexus, composed of 
intrinsic ganglion cells and nerve fibers. The muscular layers of 
the gut are responsible for generating coordinated peristaltic 
movements.

The superior mesenteric vein serves as the major venous 
conduit and joins the splenic vein to empty into the portal vein. 
Small lymph channels or villus lacteals drain into mesenteric 
lymph nodes located near the intestine and along the superior 
mesenteric and celiac arteries. These drain into the cisterna 
chyli and the thoracic duct.

Neural supply
The intestine contains an abundant, complex intrinsic neural 
supply that coordinates motor activities and consists of mye-
nteric (Auerbach) and submucosal (Meissner) plexuses (see 
Chapter 15). The extrinsic autonomic innervation of the small 
intestine consists of components from the parasympathetic and 
sympathetic systems [4]. Postganglionic fibers arising from the 
superior mesenteric ganglion supply sympathetic motor inner-
vation. These synapse with preganglionic fibers from the spinal 
cord in the region of the 10th and 11th thoracic roots and travel 
in the lesser splanchnic nerve. Adrenergic neurons innervate 
both the Auerbach and the Meissner plexuses. Sensory nerves 
arise from the dorsal root ganglia. The parasympathetic motor 
innervation consists of preganglionic nerve fibers that arise 
from the vagus nerve. Vagal fibers originate from the dorsal 
motor nucleus and then divide into esophageal, anterior, and 
posterior vagal trunks. Both the anterior and posterior trunks 
give rise to celiac branches that directly innervate the small 
bowel by communicating with the intrinsic nervous system.

The axons of a small number of intrinsic nerves project from 
the intestine to travel with extrinsic nerves and synapse with 
sympathetic postganglionic neurons at the sympathetic prever-
tebral ganglia.

Maximization of small intestinal surface area: 
gross and microscopic features
The surface area of the small intestine is enhanced by three 
features that are peculiar to the gut: the plicae circulares, the 
villi, and the microvilli (Figure 5.2) [2]. The plicae circulares, or 
circular folds, consist of visible mucosal/submucosal invagina-
tions that are predominantly located in the duodenum and 
jejunum. The villi, fingerlike projections that protrude into the 
intestinal lumen, are approximately 0.5–1.5 mm long and cover 
the mucosal surface. They can be viewed by close inspection of 
the mucosa under low-power microscopy or as tiny mucosal 
protrusions at endoscopy. They consist of a layer of epithelial 
cells overlying the lamina propria. Their microscopic appear-
ance varies; duodenal villi are characteristically broad and leaf-
shaped, jejunal villi are tall and thin, and ileal villi are short and 
broad. At the base of the villi, the epithelium enters the lamina 
propria and forms the crypts of Lieberkühn (Figures 5.3 and 
5.4), which extend almost to the muscularis mucosae. The 
microvilli are sublight microscopic tubular projections that are 
extensions of the apical cell membrane and compose the brush 
border. This complex membranous network contains the 
enzymes, receptors, and carriers required for terminal digestion 
and absorption.

Figure 5.2 The surface area of the small intestine is enhanced by three 
mechanisms: the valvulae conniventes (a), the villi (b), and the microvilli 
(c). Source: Adapted from Weaver 1991 [1]. Copyright © 1991 Elsevier.

(a) (b) (c)
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Figure 5.4 High-power views of the crypt. (a) A crypt is observed 
extending to the base of a villus. Note the prominent brush border on the 
differentiated cells above the villus base and the inapparent brush border 
on the crypt cells below. The arrow shows a short and irregular brush 
border on an upper crypt cell. Large, dense Paneth cell granules are 
evident at the crypt base; the smaller apical granules higher in the crypt 
are in undifferentiated crypt cells. Original magnification ×300. (b) The 
large granules in Paneth cells at the base of another crypt are located 
mainly in the apical cytoplasm. The scantier, lighter apical granules in 
cells above (arrows) are in undifferentiated crypt cells. Original 
magnification ×700. (c) The large, dense apical granules in Paneth cells at 
another crypt base should be contrasted with the smaller, barely resolved 
basal infranuclear granules observed in two endocrine cells (arrows). 
Original magnification ×700. (d) Differentiated villus epithelial cells and 
a goblet cell. Note the tall, prominent brush border. The narrow, light 
zone below the brush border represents the terminal web. The numerous 
light structures within the cells are mitochondria. The occasional dense 
apical structures are lysosome derivatives (arrowheads). The apical 
densities between adjoining cells at the level of the terminal web (arrows) 
are the terminal bars. They represent the junctional complexes of electron 
microscopy – the tight junctions, intermediate junctions, and 
desmosomes; these are specialized structures that serve to bind adjoining 
epithelial cells at their apices. The accumulation of mucus granules within 
the apical cytoplasm of the goblet cell distends it into the shape of a 
brandy goblet. Original magnification ×1500. Source: Rubin 1971 [259].

(a) (b)

(c) (d)

Figure 5.3 This semithin 1-μm epon section of human jejunum, stained 
with toluidine blue and viewed by light microscopy, depicts the mucosa. 
The villi are formed by a continuous sheet of columnar epithelial cells and 
underlying connective tissue, the lamina propria. The epithelial sheets are 
composed primarily of enterocytes; mucus-secreting goblet cells are also 
present but are much less abundant, as are rare enteroendocrine cells. At 
the base of the villi, the epithelial cells descend into the lamina propria to 
form the crypts, one of which is denoted at the left (c). The crypts are 
lined mainly by undifferentiated crypt cells, which can be observed in 
mitosis (arrows). Differentiation proceeds as these cells migrate up the 
villus. Paneth cells at the bases of the crypts are recognized by their dark 
granules. The muscularis mucosae (m), a thin layer of smooth muscle, 
separates the mucosa from the submucosa below. Original magnification 
×150. Source: Rubin 1971 [259].

Submucosa
The submucosa is a dense connective tissue layer containing 
numerous arteries as well as venous and lymphatic plexuses. 
Typical connective tissue cells are also present, but vascular 
structures predominate, consistent with the role of this portion 
of the gut as a conduit for absorptive and digestive products. In 
the duodenal bulb and descending duodenum are specialized 
Brunner glands that secrete mucus and bicarbonate. These are 
branched epithelial glandular structures that fill the submucosa 
and are thought to be important in neutralizing stomach acid. 
The submucosa also contains ganglion cells and nerve fibers, 
termed the Meissner plexus, a collection of autonomic nerves 
that communicate with the Auerbach plexus. A variety of neu-
roendocrine substances are produced in the Meissner plexus 
(see Chapter 15). These plexuses interact to produce regulated, 
coordinated gut peristalsis.
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Figure 5.5 Upper villus region, with lamina propria, goblet cells, 
enterocytes, and intraepithelial lymphocytes (arrow). Hematoxylin and 
eosin stain; original magnification ×495. Source: Phillips 1989 [260]. 
Copyright © 1989 Elsevier.

Mucosa
The mucosal layer of the gut consists of epithelial cells overlying 
the lamina propria, or connective tissue core, and resting on a 
narrow layer of smooth muscle, the muscularis mucosae (see 
Figure 5.3).

Lamina propria
The connective tissue core of the villus (lamina propria) con-
tains a variety of cells and vascular structures (Figure 5.5). The 
immune cellular component of the lamina propria constitutes 
yet another line of defense between the lumen and the intestinal 
surface and includes lymphocytes, macrophages, granulocytes, 
plasma cells, and mast cells (see Chapter 17). Lying beneath the 
intestinal epithelium and comprised of a supportive connective 
tissue, the lamina propria contains distinct lymphoid structures 
that detect and respond to antigens and microbes. Most of the 
lamina propria lymphoid tissue is organized into aggregates of 
isolated lymphoid follicles or Peyer patches, clusters resembling 
lymph nodes [5]. Adaptive (T helper [Th], T regulatory [Tregs], 
and B regulatory cells [Bregs]) and innate (dendritic cells and 
macrophages) immune intestinal lamina propria cells play a role 
in maintaining gut homeostasis. The majority of lamina propria 
T lymphocytes are T helper/inducer cells that are surface antigen 
CD4+. There has also been identification of IL-17-producing 
helper T cells, Th17 cells [6]. Smaller numbers of T cytotoxic/
suppressor cells (CD8+) are also present [7]. Breg cells, present 
in the gut-associated lymphoid tissue, contribute to regulation 
of the adaptive immune system [6]. The lamina propria is now 
recognized to also contain subpopulations of innate lymphoid 
cells (ILCs) including natural killer (NK) cell subsets.

Dendritic cells initiate innate immune responses during 
microbial invasion and inflammation via Th1/Th17-polarization 
or stimulation of CD4+ and CD8+ T-cell proliferation. Tregs and 
Bregs suppress intestinal inflammation via IL-10 production. 
Depending on the subtype, macrophages produce anti- and 
proinflammatory cytokines. CD11b+CD11c− macrophages 
produce IL-10, which limits inflammation through modulation 
of Tregs and inhibits myeloid cell production of IL-12 and 
tumor necrosis factor (TNF-α). In patients with Crohn’s 
disease, an increase in CD14+ macrophages is responsible for 
increased production of inflammatory cytokines IL-6, IL-23, 
and TNF-α [6]. Finally, a subset of innate-immune myeloid cells 
(Mreg) cells that associate with CD4+ T cells has been identified 
in the intestinal lamina propria. Dysfunction of these cells has 
been implicated in the pathogenesis of inflammatory bowel 
disease [6].

Intraepithelial lymphocytes (IELs) represent a heterogeneous 
group of T cells that reside as single cells on the basolateral side 
of the villus epithelial cells. This specialized population of T cells 
is involved in barrier maintenance, reconstruction of injured 
gut, and host defense [6]. IELs are distinguished by an effector/
memory phenotype and expression of oligoclonal repertoire of 
T-cell antigen receptors (TCRs) [5]. Unlike conventional T cells, 
antigen receptors expressed by IELs have a limited diversity and 

do not require a priming step. In response to activation, IELs 
can immediately release cytokines that in turn activate and 
recruit innate immune cells and thereby contribute to the adap-
tive immune response [5]. IELs in the small intestine consist 
predominantly of CD8+ T cells. Classification of IELs into sub-
types is based on the mechanism of their activation and antigen 
recognition. “Natural” or nonconventional IELs (previously 
known as type b) are activated in the thymus in the presence of 
self antigens and are permanent residents of the gut epithelium 
[8]. “Natural” IELs predominate in the small intestine and 
express T-cell receptor subtypes TCRαβ and TCRγδ. “Induced” 
or conventional (previously known as type a) IELs are derived 
from postthymically activated T cells in response to peripheral 
antigens. They are acquired memory T cells, similar to periph-
eral spleen and lymph node T cells, which migrate into the gut 
epithelium as well as in the lamina propria and thoracic duct 
lymph after an encounter with antigens outside of the gut [8].

The intestinal lamina propria plasma cells produce immu-
noglobulin, especially dimeric immunoglobulin A (IgA), which 
is taken up into the intestinal epithelium and secreted intralu-
menally after joining with secretory component [9]. Although 
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Other cellular components of the lamina propria include 
fibroblasts and smooth muscle cells. Arterioles, venules, and a 
central lacteal function to deliver nutrients into the vascular 
system (see Figure 5.5).

Epithelium
The villi and crypts contain a complex, rapidly proliferating, and 
perpetually differentiating epithelium, a continuous sheet of 
simple columnar cells that rests on a filamentous basal lamina 
or basement membrane (see Figures 5.3 and 5.4). It constitutes 
the major barrier between the intestinal lumen and the lamina 
propria and regulates flux between these two compartments. 
The villus enterocytes vectorially transport the products of 
digestion into the lamina propria, where they enter the venous 
capillaries or lymphatic system and are transported to other 
areas of the body. Tight junctions (zonula occludens) bind adja-
cent epithelial cells tightly together near their apices to restrict 
flux between adjoining cells (the paracellular route) to small 
ions, small molecules, and water [16].

The crypt and villus form the basic structural and functional 
unit of the small bowel (see Figures 5.3, 5.4, and 5.6). Anchored 
stem cells located in the crypts of Lieberkühn are the source of 
the four major terminally differentiated cell types: absorptive 
enterocytes, mucus-secreting goblet cells, enteroendocrine cells, 
and Paneth cells [17,18]. The stem cells reside near the base of 
the crypts. Components of the stem cell niche are still being 
defined but include Paneth cells, pericryptal fibroblasts, and 
other mesenchymal cells [19,20]. Other epithelial cell types 
include the tuft or caveolated cell, a rare constituent of the villus 
[21], and the M or microfold cell, a specialized epithelial cell 
that overlies the Peyer patch [22]. Cellular differentiation pro-
ceeds during a bidirectional migration process (see Figure 5.6) 
[23]. The gut epithelial stem cells, many of which express the 
G-protein coupled receptor Lgr5 [24], are believed to reside in 
the lower crypt region, near the crypt base; label-retaining cells 
are also located approximately four cell positions above the 
crypt base [25–27]. They give rise to proliferating progenitor or 
transit amplifying cells, which differentiate as they migrate up 
the crypt onto the villus to become enterocytes, goblet cells, and 
enteroendocrine cells. In contrast, the Paneth cells arise as their 
progenitors journey to the crypt base [18]. Several crypts con-
tribute cells to a single villus. The number of crypts supplying 
each villus varies from the duodenum to the ileum. Epithelial 
cell migration and differentiation occur continuously, and the 
process of cellular renewal and migration to the villus tip takes 
approximately 5 days in humans. Apoptotic cell death occurs 
spontaneously near the stem cell region in the crypts, presum-
ably to regulate stem cell numbers. Effete cells are removed from 
the villus tip by a process known as anoikis, in which altered 
cellular adhesion results in apoptosis [28].

Cellular and topographic organization of the crypt
Knowledge of the organization of the crypt and its cellular 
kinetics (see Chapter 2) has increased dramatically over the past 

the overall mechanisms underlying IgA production have not yet 
been fully elucidated, with ongoing debate over the relative con-
tributions of different anatomical compartments as inductive 
sites, IgA plasma cells are generally thought to be derived from 
germinal-center responses in organized gut-associated lym-
phoid tissue (GALT) such as Peyer patches and isolated lym-
phoid follicles [9–11]. IgA is the major immunoglobulin isotype 
in humans and its production is greater than that of all the other 
immunoglobulins combined [10]. IgA isotypes IgA1 and IgA2 
are present in equal amounts in the small intestine [10]. A much 
smaller number of plasma cells produce IgM or IgG. The matu-
ration of the B cell to an IgA-secreting plasma cell occurs during 
the course of a migratory journey throughout the body’s vascu-
lar system. Cells exit the Peyer patches through lymph vessels, 
enter the mesenteric lymph nodes, thoracic duct, and peripheral 
blood, and then finally “home” to the lamina propria of the gut 
(as well as to other organs, such as the lung, genitourinary tract, 
and breast). T lymphocytes similarly migrate from one lym-
phoid organ to another and eventually home to mucosal sites, 
which are determined by their interactions with specific pro-
teins expressed on lymphoid cells as well as the high endothelial 
venules, specialized vessels of the lymph nodes, Peyer patches, 
and appendix [12]. These vascular structures can also proliferate 
in organs affected by chronic inflammation. Macrophages and 
eosinophils are present in the normal human intestinal lamina 
propria. However, neutrophils are primarily found in inflamed 
rather than normal gut [9].

Mucosal immune responses are coordinated by GALT, which 
include Peyer patches, the appendix, and isolated lymphoid fol-
licles [10,11]. Isolated lymph follicles (ILFs) are small collec-
tions of lymphocytes in the mucosa and submucosa, scattered 
throughout the gastrointestinal tract [13]. ILF development in 
humans is not completely understood. While the contribution 
of ILFs to IgA induction in healthy individuals is not clear, 
evidence suggests ILFs may serve as a mechanism for IgA pro-
duction once other pathways are impaired [10]. ILFs are most 
abundant in the distal small intestine [11].

Peyer patches are localized collections of lymphoid follicles 
that may be as large as 30 mm in diameter. They are most promi-
nent in the terminal ileum mucosa and submucosa [10]. Peyer 
patches develop prenatally and increase in number in the gut 
after birth. The Peyer patch contains specialized epithelial cells, 
known as microfold or M cells, that overlie the lymphoid cells 
and allow sampling and transport of luminal antigens across the 
epithelial barrier [10,11,14,15]. The dome area of the Peyer 
patch lies above the lymph follicles and just below the M cells, 
and contains lymphocytes, macrophages, and an extensive den-
dritic cell network. The follicular or central region contains 
large numbers of precursor B cells that undergo active cell divi-
sion. The interfollicular zone is populated predominantly by T 
cells. Peyer patches are also involved in the induction of mucosal 
immune responses [9], and are a major contributor to genera-
tion of IgA-secreting plasma cells that populate the gut lamina 
propria [10].
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cells, Paneth cells, myofibroblasts, and other mesenchymal cells 
[20,36].

Absorptive enterocytes
Cellular differentiation commences during migration to the 
upper crypt and villus base. The production of a differentiated 
epithelium is regulated by Notch signaling pathways. The tran-
scription factors Hes1 and Math1 are required for the normal 
production of the columnar (e.g., enterocytic) versus secretory 
(goblet, Paneth, and enteroendocrine) cell types, respectively 
[37–39]. As they reach the crypt–villus junction, the cells that 
are fated to become the absorptive enterocytes begin to express 
proteins that enable the cells to digest and absorb many different 
nutrients. These highly polarized cells have an apical microvillus 
membrane and a basolateral membrane. The microvillus mem-
brane contains: brush border enzymes (disaccharidases, pepti-
dases, and alkaline phosphatase); proteins involved in lipid 
absorption and trafficking (apolipoproteins and fatty acid-
binding proteins); and many receptors, carriers, and transport-
ers. Immunohistochemical and in situ hybridization analyses 
indicate that most major enterocyte genes and their products, 
such as disaccharidases, apolipoproteins, fatty acid-binding 
proteins, and the sodium-dependent glucose transporter, are 

5 years, derived primarily from studies in the mouse with recent 
translational studies in humans. Rapidly dividing stem cells are 
located near the base of the crypt [29,30], with a second, quies-
cent, label retaining population at the +4 position, which may 
function as an accessory source of stem cells in gut injury states 
[27,29]. The crypt base contains multiple stem cells. These give 
rise to proliferating progenitor cells, also known as transit 
amplifying cells located in the mid crypt region, above the pre-
sumptive stem cell region, which give rise to the major differ-
entiated cell types. Wnt and bone morphogenetic (Bmp) 
signaling pathways are implicated in crypt formation and main-
tenance [31,32]. The stem cell is regulated by Wnt and Wnt 
ligands. Wnt signal abrogation via deletion of TCF4, an end 
target of Wnt signaling or mutation of β-catenin, results in stem 
cell depletion, crypt loss, and contraction of the proliferative 
compartment [33,34]. Conversely, transgenic expression of the 
Wnt agonist R-spondin results in an increase in crypt prolifera-
tion. Mesenchymal derived Bmp signals in turn inhibit stem cell 
self-renewal through modulation of Wnt activity [19]. The Bmp 
inhibitor protein, noggin, crosstalks to the Wnt–β-catenin 
pathway via PTEN/PI 3 kinase and regulates the production of 
transit amplifying (proliferative) cells [35] (Figure 5.6). The 
sources of these signaling molecules include crypt epithelial 

Figure 5.6 Organization of the crypt–villus axis in the small intestine. The small intestinal crypt contains approximately 250 cells. Intestinal stem cells 
that undergo frequent cell division are located near the crypt base next to Paneth cells. A second, longer-lived label-retaining putative stem cell 
population is located at position +4 above the crypt base. The stem cells divide to give rise to proliferating progenitor cells that migrate up toward the 
villus and differentiate into enterocytes, goblet cells, and enteroendocrine cells, or migrate downward to the crypt base and differentiate into Paneth 
cells. Pericryptal myofibroblasts and other mesenchymal cells “condition” the crypt epithelium.
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probably also affects the uptake of certain nutrients and paracel-
lular permeability.

Short, thin, filamentous material extends from the outer 
leaflet of the cell membrane covering the microvilli into the 
intestinal lumen, producing a surface coat, the glycocalyx (or 
“fuzz”). The glycocalyx represents external extensions of pro-
teins and glycoproteins in the microvillus membrane [46]. The 
microvillus membrane of the differentiated villus cells contains 
many of the enzymes, receptors, and carriers necessary for ter-
minal digestion and absorption, such as the disaccharidases, 
alkaline phosphatase, peptidases, the ileal cobalamin–intrinsic 
factor receptor, the bile acid receptor, and the Na+-dependent 
glucose and amino acid transporters. The components of  
the microvillus membrane and glycocalyx turn over and are 

expressed as cells emerge above the crypt–villus junction but 
are not found in the crypts. This precise vertical differentiation 
continues as cells migrate up the villus. Microvilli become more 
prominent, and the capacity of the cell to absorb lipids, sugars, 
and amino acids increases. Tight junctions are found in the 
apical domain, and regulate permeability between epithelial 
cells.

Despite rapid cellular renewal, complex spatial differentiation 
in the gut is maintained from duodenum to colon. Many ente-
rocyte genes are abundantly expressed in the proximal small 
bowel, but mRNA and protein expression levels decrease mark-
edly in the distal gut, whereas other genes are specifically 
expressed in the ileum. Cloning, sequencing, and promoter 
analysis of these genes have provided insight into the molecular 
mechanisms underlying the regulation of regional differentia-
tion in the gut [40]. Transgenic mouse and cell culture transfec-
tion techniques have been used to map out regulatory promoter 
elements [41]. In addition, transgenic mice and mice in which 
embryonic stem cell mutations have been generated to delete 
specific gene products (“knock-out” or null mice) have been 
used to determine the function of these novel regulatory genes, 
including the homeobox-containing Cdx family [42].

Ultrastructural features As undifferentiated crypt cells travel up 
the villus, they acquire longer, more numerous microvilli, meas-
uring 0.1 μm in width and about 1 μm in height, which produce 
a prominent striated (brush) border by light microscopy. The 
development of these long microvilli, fingerlike extensions of 
the apical cell membrane, markedly increases the absorbing 
surface of the small intestine (Figure 5.7). The basolateral mem-
brane is relatively smooth in comparison. As cells migrate up 
the villus, they acquire more mitochondria and rough endoplas-
mic reticulum, lose their secretory granules, and acquire large 
apical dense bodies, which represent lysosomal derivatives (see 
Figures 5.4d and 5.7). Deep apical tubules visualized by ruthe-
nium red staining are situated between microvilli and represent 
areas of the apical cell surface that function in endocytic or 
exocytotic membrane trafficking [43]. The functional polarity 
of the enterocyte, with its specific apical and basolateral mem-
brane domains, is strictly maintained, thereby ensuring the vec-
torial transport of a variety of nutrients and ions from the apical 
to the basolateral surfaces of these cells.

Filaments composed of actin extend from a dense plaque just 
beneath the cell membrane at the tip of the microvillus down 
the core of the microvillus into the terminal web [44,45]. The 
terminal web is a dense meshwork of filaments that contain 
actin, myosin, and other cytoskeletal proteins. The meshwork is 
oriented parallel to the surface and perpendicular to the micro-
villus filaments, and it is attached to the lateral cell membrane 
at the intermediate junction (zonula adherens). The numerous 
filaments in the microvilli and terminal web, known as the 
cytoskeleton of the brush border, probably confer a structural 
rigidity to the apices of the differentiated villus cells and may 
provide for the movement of the microvilli. This cytoskeleton 

Figure 5.7 An electron microscopic picture of the apical halves of 
differentiated villus epithelial cells. Note the numerous tall microvilli 
covered with “fuzz” or glycocalyx and an organelle-free apical zone, the 
terminal web (T), just below the microvilli. There are abundant 
mitochondria and profiles of rough endoplasmic reticulum. The 
irregularly shaped dense bodies (arrows) are lysosome derivatives. 
Supranuclear Golgi profiles are denoted by G. The intercellular space is 
obliterated between the apices of adjoining cells just below the level of the 
microvilli by the tight junction (zonula occludens), an apparent fusion of 
adjoining cell membranes (best seen between the two cells on the left). 
Transport of substances from the lumen between cells (paracellular route) 
is restricted to water and small molecules and ions. Most products of 
digestion enter the cell by crossing the microvillar membrane. Original 
magnification ×15 000. Source: Rubin 1971 [259].
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sequence of mucosal inflammation, epithelial cell loss, and 
reduced Paneth cell number [51,54]. Nucleotide oligomeriza-
tion domain 2 (NOD2) is expressed in Paneth cells. NOD2 
activates NF-κB, which in turn regulates transcription and 
expression of various genes involved in both innate and adap-
tive immunity [54]. Defective NOD2 function has been impli-
cated in the pathogenesis of Crohn’s disease [55] and 
polymorphisms of CARD15 encoding NOD2 are associated 
with Crohn’s disease [55].

Enteroendocrine cells
The intestine contains a complex enteroendocrine cell popula-
tion composed of a variety of paracrine–endocrine cell types. 
These cells were first characterized as argentaffin or argyrophil 
cells, depending on their reaction to silver staining in the pres-
ence or absence of a reducing agent. These cells are classified 
based on their primary neuroendocrine product. For example, 
the D cell produces somatostatin, the L cell produces glucagon-
like immunoreactivity (including glicentin, glucagon-like 
peptide-1 [GLP-1], and GLP-2), and the enterochromaffin cell 
makes serotonin. A subset of enteroendocrine cells express more 
than one peptide and/or amine.

Enteroendocrine cells have two different secretory pathways, 
characterized by the presence of classic large, dense core vesi-
cles, as well as a second vesicle that is smaller and synaptic-like. 
At least 10 different enteroendocrine cell types producing over 
15 gut hormones have been identified in the small intestine [56]. 
These cellular subpopulations exhibit a very specific spatial dis-
tribution along the crypt-to-villus and duodenal-to-colonic 
axes of the gut. For example, serotonin cells are abundant 
throughout the gastrointestinal tract, whereas secretin and 
cholecystokinin cells are much more localized to the duodenum 
and proximal jejunum. In the mouse, secretin cells are predomi-
nantly located on the villi, whereas substance P-containing cells 
are found primarily in the crypts. Enteroendocrine cells may 
also simultaneously express more than one neuroendocrine 
product.

Enteroendocrine cells arise from common precursor cells 
located in the crypts [56]. The three secretory lineages (ente-
roendocrine, goblet, and Paneth cells) require Atoh1 for dif-
ferentiation [57]. Early cell fate decisions are regulated by Notch 
signaling [58,59]. Inactivation of Hes1, a downstream target  
of Notch, results in increased enteroendocrine cell numbers. 
Math1 expression determines a secretory cell fate, and neuro-
genin 3 specifies the enteroendocrine cell lineage. Neurogenin 
3 cells are multipotent, and contribute to goblet and Paneth cell 
lineages [56]. Neurogenin 3 cells are also found near the crypt 
base and express stem cell markers such as Lgr5 [60]. Loss of 
function mutations in the neurogenin-3 gene (NEUROG3) have 
been identified as a cause of congenital malabsorptive diarrhea 
and lack of enteroendocrine cells [61]. NeuroD expression is 
required for secretin and cholecystokinin cell differentiation 
[56]. The genes that regulate the appearance of other enteroen-
docrine cell types are still being elucidated.

replenished by continuous synthesis and are transported from 
the rough endoplasmic reticulum via the Golgi apparatus to the 
microvillus membrane.

The selective vesicular transport of microvillus constituents 
from the Golgi apparatus to the cell apex is dependent on  
microtubules. Some of the microvillus enzymes are finally  
processed in the glycocalyx by the proteolytic activity of pan-
creatic enzymes, especially elastase, that are adherent to the 
glycocalyx.

Paneth cells
Paneth cells are pyramid-shaped cells in the crypt base that 
contain large apical eosinophilic secretory granules. They are 
much longer-lived than enterocytes, with a half-life of approxi-
mately 6–8 weeks in the mouse, longer than the original 20 days 
originally suggested by nucleotide incorporation studies [47,48]. 
The half-life of human Paneth cells is not known. There are 
approximately five to 12 Paneth cells per crypt in the mouse. A 
role in innate immunity, host defense, and regulation of micro-
bial density is suggested by their abundant expression of lys-
ozyme, cryptdins, and other antibiotic proteins, and their ability 
to degranulate in response to live and heat-killed bacteria [49]. 
Wnt/β–catenin signaling and the Wnt transcriptional target 
SOX9 have been implicated in Paneth cell differentiation, and 
maturation [31]. The importance of this cell type for intestinal 
homeostasis is supported by evidence that Paneth cells consti-
tute part of the niche for Lgr5+ stem cells in the intestinal 
crypts [50] via production of Wnt, Notch, and EGF ligands. 
Paneth cells detect microbiota and regulate antimicrobial 
peptide production via MyD88-dependent activation of Toll-
like receptors. Paneth cell function is further regulated by the 
unfolded protein response (UPR) and autophagy. For example, 
disruption of the UPR gene Xbp1 or the autophagy gene Atg16l1 
in mice leads to decreased crypt lysozyme levels and defects in 
Paneth cell granule content and exocytosis, respectively [51]. 
Crohn’s disease patients homozygous for the ATG16L1 risk 
allele show similar Paneth cell abnormalities to those observed 
in Atg16l1-deficient mice [52].

Several of the defensins, a family of small peptides that are 
abundant in human neutrophils, are highly expressed in Paneth 
cells [49]. These 3- to 4-kDa peptides are also known as crypt-
dins, for crypt defensins, and exhibit microbicidal activity 
toward many different bacterial microorganisms in vitro. 
Paneth cells release defensins in response to bacteria, but not 
to fungi or protozoa, and the defensins have potent microbi-
cidal activity. Two enteric α-defensins have been identified in 
Paneth cells at the base of crypts of Lieberkühn in humans, 
human α-defensins (HD) 5 and 6 [53,54]. HD5 and 6 are 
present in a precursor form of the peptide and are processed to 
the mature form by the enzyme trypsin, which is colocalized in 
Paneth cell granules [54]. Decreased expression of HD5 and 6 
has been reported in patients with ileal Crohn’s disease. It is not 
entirely clear whether altered defensin levels are implicated in 
the pathogenesis of inflammatory bowel disease, or are a con-
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serve as antigen-sampling cells [66,67] and endocytose a variety 
of macromolecules, viruses, and bacteria from the lumen. These 
molecules are then rapidly transported across the epithelium 
and are delivered to dendritic cells and then to lymphoid tissue 
(Peyer patches or isolated lymphoid follicles), initiating protec-
tive mucosal immune responses associated with IgA production 
[67]. Mechanisms involved in transepithelial transport of 
antigen across the M cell include pinocytosis and receptor-
mediated endocytosis [68]. M cells can be formed by culturing 
Peyer patch lymphocytes together with the intestinal Caco-2 cell 
line, or with native enterocytes [69]. B cells are required for 
Peyer patch development and maintenance of M cells [70]. 
Intestinal epithelial cells can be induced to differentiate into M 
cells when cocultured with intestinal lymphocytes or with Peyer 
patch lymphocytes that are costimulated with anti-CD3/CD28 
monoclonal antibodies [71]. The TNF superfamily member 
receptor activator of NF-κB ligand (RANKL) is required for 
M-cell differentiation, presumably from intestinal epithelial 
precursor cells. These and other data suggest that M-cell dif-
ferentiation may be immunoregulated and that lymphoepithe-
lial crosstalk may induce M-cell formation from follicle-associated 
epithelial cells. Exposure of follicle-associated epithelium to 
Salmonella induces an epithelial to mesenchymal transition of 
follicle-associated enterocytes to M cells, via a Salmonella-
derived effector protein that induces Wnt signaling and induc-
tion of RANKL and RANK [72]. M cells have been proposed as 
a potential target for oral vaccines [14]. M cells are also be 
involved in uptake of prions from the intestinal lumen [73].

Tuft or caveolated/brush cells
Tuft or caveolated cells are found in the stomach, small and  
large bowel, pancreas, and gall bladder, as well as the respiratory 
tract [74]. These cells, which constitute 0.4% of the epithelium 
[75], can be distinguished by unique expression patterns of 
villin, fimbrin, DCLK1, cytokeratin 18, acetylated tubulin, and 
ankyrin. They have been postulated to facilitate chemoreception 
in the gut, and express proteins involved in taste transduction 
pathways including α-gustducin and TRPM5 [75]. In addition, 
tuft cells are the major epithelial source of intestinal opoids and 
the COX-1 and COX-2 enzymes [21]. Their precise role in intes-
tinal function, however, is still unclear.

Congenital anomalies

Meckel diverticulum
Description and pathophysiology
During early gestation, the omphalomesenteric or vitelline  
duct connects the fetal yolk sac to the primitive gut. By 7–8 
weeks of gestation, this duct is normally completely obliterated. 
A Meckel diverticulum, the most common congenital anomaly 
of the gastrointestinal tract, results when this structure fails  
to resorb completely. The duct remnant most commonly per-
sists as a diverticular sac; alternatively, the diverticulum may be 

Some of the secreted products of these cells act in a paracrine 
manner and function locally, whereas others are true endocrine 
products. The peptides and amines are released postprandially 
[62] and variably affect bowel motility, intestinal cellular secre-
tion, and epithelial cell proliferation (e.g., glucagon-like peptide 
2, a product of the intestinal L cell [63]. In contrast to exocrine 
cells, which secrete apically into the lumen of an organ or the 
duct of a gland, endocrine cells are morphologically oriented 
toward the basement membrane. They exhibit an appreciable 
basal surface, and they narrow superiorly so that only narrow 
bands of apical cytoplasm reach the lumen. Their secretory 
granules are located predominantly in the basal cytoplasm 
below the nucleus, ready to be secreted by exocytosis through 
the basal membrane into the lamina propria (see Figure 5.4c).

Goblet cells
The mucin-secreting goblet cells are present throughout the 
entire gastrointestinal tract but are more numerous in the ileum 
than the jejunum. These cells have the shape of a brandy goblet 
and have apically located granules filled with mucin. They are 
the most abundant epithelial cell of the secretory lineage, con-
stituting up to 15% of the small intestinal epithelium. There is 
evidence to suggest that goblet cells share a precursor lineage 
with Paneth cells. Loss of SOX9, for example, results in a 
decrease in both goblet and Paneth cell number [31]. Mucin is 
the primary secretory product of goblet cells and, as a key  
component of the mucosal barrier, presumably serves a cyto-
protective and lubricant function in the gastrointestinal tract 
[51]. In the small intestine, the epithelium is lined by a single 
layer of mucus that is loose, unattached, and composed of 
MUC2 [64]. One of the functions of the small intestinal mucus 
layer, therefore, is entrapment and distal transport of bacteria 
[64]. Biochemical differences among mucins expressed in  
the stomach, small intestine, and colon suggest heterogeneity 
among goblet cell populations. The expression of specific mucins 
is also developmentally regulated. Other important products 
include trefoil proteins, which serve both protective and repara-
tive functions. Goblet cells arise from the same committed stem 
cell as do the other principal cell types. Production of a secre-
tory cell type (including goblet, Paneth, and enteroendocrine 
cells) is dependent upon Math1 expression, a basic helix-loop-
helix transcription factor that is a downstream component of 
the Notch pathway. Studies using mice lacking down-stream 
components of Math1 have impaired maturation of Paneth and 
goblet cells [65].

M cells
The specialized epithelial microfold, or M, cells are found in the 
epithelium overlying the Peyer patch, known as the follicle-
associated epithelium, and may be occasionally found on the villi 
[15]. Unlike other absorptive cells, they lack a typical brush 
border, demonstrating fewer, shorter microvilli and numerous 
apical endocytic vesicles. Their cytoskeleton is less rigid and the 
cells can be deformed by migrating lymphocytes [13]. They 
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with a modestly increased risk for other complications, includ-
ing small bowel obstruction and diverticular inflammation.

The risk for complications dramatically decreases with age, 
and most adults with a Meckel diverticulum remain asympto-
matic [83,84]. Patients with Meckel diverticulum have a lifetime 
risk of complications of ∼6% [85]. Females are less likely than 
males to be symptomatic [83,84]. The complications of Meckel 
diverticulum include bleeding, intestinal obstruction, diverticu-
litis, perforation, and carcinoma. Obstruction is caused by: 
intussusception of the diverticulum into adjacent bowel; volvu-
lus around or herniation into a fibrous band; entrapment in 
inguinal, femoral, or umbilical hernia sacs (Littré hernia); or 
inflammation and scarring leading to blockage around the 
diverticular neck and adjacent ileum. Meckel diverticulum lithi-
asis can result in intestinal obstruction by movement of the 
stone out of the diverticulum into the distal ileum or by causing 
diverticular inflammation that then leads to intussusception 
[77]. The frequency of specific complications varies in adult and 
pediatric patients. The most common complications in children 
are gastrointestinal bleeding, occurring most often in infancy 
and early childhood (before 5 years of age) [86], followed by 
intestinal obstruction [77]. In adults, intestinal obstruction is 
the most frequent complication. Although earlier studies indi-
cate that gastrointestinal bleeding is relatively uncommon, more 
recent series indicate that bleeding from Meckel diverticulum 
is also an important complication in adults [83]. Whereas adults 
most often describe melena, children usually present with pain-
less, multiple, rapid, bright or dark red bowel movements. 
Meckel diverticulitis is more commonly seen in older adults and 
accounts for up to 20% of complications. It is frequently misdi-
agnosed as appendicitis [77].

More unusual complications in adults include the develop-
ment of carcinomas such as carcinoids, sarcomas, and rarely 
adenocarcinomas [87]. Carcinoid tumors are typically small, 
with biological characteristics resembling those of jejunoileal 
rather than appendiceal carcinoids (e.g., immunohistochemical 
staining and metastatic potential). Patients with carcinoid of a 
Meckel diverticulum are generally older (in their sixth decade) 
and frequently asymptomatic. Other complications include 
enteroliths, which may become lodged in the diverticulum and 
cause abdominal pain, vomiting, bleeding, and obstruction.

Diagnosis
The diagnosis of Meckel diverticulum remains a challenge. 
Sodium pertechnetate Tc 99m radionuclide scanning is particu-
larly useful in children, with a sensitivity of 80%–90% and spe-
cificity of 95% [77]. The 99mTc isotope is taken up by normal 
stomach tissue and by ectopic gastric mucosa in the Meckel 
diverticulum. Surface mucus cells from the intestine as well as 
the stomach accumulate and secrete this anion [88,89]. To 
enhance the sensitivity of this test, cimetidine may be adminis-
tered to decrease anion secretion from the gastric mucosa [90]. 
Pentagastrin may also be useful, enhancing anion uptake by a 
poorly understood mechanism [91]. The major drawback of this 

connected to the mesentery or umbilicus by a fibrous band. 
Occasionally, only a thick connective tissue band remains, 
attaching the gut to the umbilicus. These bands may lead to 
volvulus or the strangulation of bowel loops. Rarely, a fistula 
remains patent from the ileum to the umbilicus, leading to 
persistent external drainage of ileal contents. Other, more 
unusual duct remnants include umbilical polyps and vitelline 
cysts.

Ultimately, proper development of the gastrointestinal tract 
requires balanced expression of key transcription factors 
involved in specification of anterior/proximal and posterior/
distal domains. SOX2 is a highly conserved transcription factor 
important for vertebrate embryogenesis and differentiation of 
the gastric epithelium that is normally expressed in the proxi-
mal primitive gut. CDX2 is a homeobox transcription factor 
involved in establishment of anterior–posterior polarity nor-
mally expressed in the posterior gut. Aberrant expression of 
these transcription factors may lead to gut malformation. For 
example, analysis of expression pattern of these transcription 
factors in intestinal anomalies with gastric-type heteroplasia 
such as Meckel diverticulum has demonstrated SOX2 expres-
sion in gastric tissue with patches of CDX2 expression. These 
findings suggested that aberrant SOX2 expression rather than 
absence of CDX2 expression may be partially responsible for the 
presence of ectopic gastric tissue in the intestinal epithelium 
[76].

Classic presentation of Meckel diverticulum is exemplified by 
the “rule of twos” [77]. Large autopsy series indicate a 2%–3% 
prevalence of Meckel diverticulum in the general population 
[78]. This anomaly is two to three times more common in males 
and nearly 50% of symptomatic patients present before the age 
of 2 years [77]. Meckel diverticula are true diverticula, contain-
ing all layers of the bowel from serosa to mucosa. Located on 
the antimesenteric border of the gut, they are most commonly 
found within 100 cm of the ileocecal valve but may also be in 
other regions of the small bowel. Most diverticula are between 
1 and 10 cm in size; giant lesions may be as large as 100 cm in 
diameter. The two types of giant diverticula are the type I 
lesions, which are long but of the same caliber as the ileum, and 
the less common type II, or ovoid, lesions [79]. Heterotopic 
tissue is present in approximately 50% of all diverticula [80]. 
The most commonly found heterotopic tissue is gastric mucosa, 
pancreatic tissue, or a combination of the two. Diverticula con-
taining colonic mucosa, Brunner glands, or jejunal or hepato-
biliary tissue have also been rarely described [77]. The presence 
of heterotopic mucosa correlates with an increased risk for 
symptomatic, complicated Meckel diverticulum. Diverticular 
gastrointestinal bleeding occurs in adults and children when 
acidic secretion of heterotopic gastric tissues lead to ulceration 
of adjacent normal ileal mucosa; almost all bleeding diverticula 
contain gastric mucosa [81]. Although the data are conflicting, 
some studies have indicated that Helicobacter pylori may rarely 
colonize the diverticular gastric mucosa and is associated with 
gastritis in this site [82]. Heterotopic tissue is also associated 
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Duplications
Duplications of the gastrointestinal tract are rare, congenital 
cystic anomalies attached to the intestinal mesenteric border 
(Figure 5.8). They may be spherical or tubular in shape. They 
are usually lined by gut mucosa but, like Meckel diverticula, 
they may contain heterotopic gastric mucosa or less commonly 
pancreatic, squamous, thyroid, or bronchial epithelium as well 
as lymphoid aggregates. They share a blood supply with the 
associated native intestine and may also communicate lumen to 
lumen. Duplications may occur anywhere along the gastrointes-
tinal tract from mouth to anus. Those of small bowel origin are 
most commonly found in the ileum [109]. The embryonic 
origin of gut duplications is unknown. Postulated mechanisms 
include aberrant recanalization of the gut lumen during mor-
phogenesis creating two attached yet distinct gut structures 
[76,110], intrauterine ischemic events, and aborted (partial) 
twinning [111]. Intestinal atresia may be associated with dupli-
cations, supporting a possible vascular etiology. Duplications 
are also associated with genitourinary tract anomalies [112]. 
Human duplications express SOX2 in ectopic gastric mucosa; 
CDX2 is also expressed ectopically in gastric mucosa of duplica-
tions [76]. Approximately one-third of patients with duplica-
tions have associated anomalies elsewhere [113].

Signs, symptoms, and complications
In most patients, duplications are diagnosed in infancy or early 
childhood, but duplications are occasionally newly discovered 
in an adult. The frequency of symptoms varies inversely with 
age. Pediatric patients most commonly present with abdominal 
pain, obstructive symptoms (e.g., nausea, vomiting, pain), and 
hemorrhage. Obstruction may result from a mass effect, from 
volvulus produced by a large lesion, or more rarely from inflam-
mation of the duplication. Much less frequently, these lesions 

detection method is that heterotopic gastric mucosa must be 
present in the diverticulum if a true-positive result is to be 
obtained. In children with lower gastrointestinal bleeding from 
a Meckel diverticulum, this test is sensitive and specific because 
almost all bleeding diverticula contain gastric mucosa, but in 
adults, the false-positive and false-negative rates of the method 
are high, even in patients with bleeding [92,93]. Crohn’s disease 
and other inflammatory disorders lead to false-positive scans. 
In children, a scan for Meckel diverticulum is often followed by 
a technetium or stannous pyrophosphate red blood cell scan to 
localize the site of bleeding definitively.

A small bowel follow-through barium study is usually not 
useful because the diverticulum may not fill with barium and is 
also rapidly emptied. Enteroclysis examinations improve the 
sensitivity of barium studies because the contrast material 
under increased pressure better fills the diverticulum. When 
bleeding is present, angiography can localize the source of hem-
orrhage and may also demonstrate the vitelline artery and its 
embryonic branches. This vessel arises from a distal branch of 
the superior mesenteric artery and ends in a characteristic blush 
of tortuous small vessels. Frequently, the vitelline artery invo-
lutes, and the diverticulum is directly supplied by branches from 
the superior mesenteric artery. Small bowel capsule endoscopy 
has been used successfully to detect Meckel diverticulum [94]. 
Retrograde double-balloon enteroscopy may further aid in the 
detection of obscure GI bleeding due to Meckel diverticulum 
[95,96], although the diagnosis remains difficult when the lesion 
is far from the ileocecal valve. In these instances, MR enterog-
raphy can be considered in order to localize the lesion [97].

Management
The treatment of Meckel diverticulum complicated by bleeding, 
obstruction, or perforation is surgical. Diverticulectomy is per-
formed, sometimes with concurrent ileal resection if the adja-
cent small bowel is ulcerated, inflamed, or obstructed. These 
operations can be complicated, and postoperative morbidity 
occurs in up to 6% of all cases [85,98,99]. Laparoscopic removal 
has been reported [100–103]. Some published series recom-
mend a search for Meckel diverticulum in appendectomy and 
laparotomy cases performed for acute abdomen and suggest 
that a diverticulectomy/resection be performed to avoid future 
complications [104]. However, management of Meckel diver-
ticulum incidentally detected during an abdominal surgery 
remains controversial [105]. Similarly, the management of 
asymptomatic diverticula is controversial [106] and the data on 
the role of resection are sparse. Because of the low risk for 
complications of Meckel diverticulum in adults, some have not 
recommended prophylactic removal [84,98,107,108]. However, 
others prefer to resect asymptomatic diverticula that are highly 
likely to cause complications, such as: large (>2 cm) diverticula; 
lesions associated with an omphalomesenteric band, which are 
at risk for volvulus and obstruction; lesions containing a palpa-
ble mass, which may represent tumor or ectopic mucosa; or 
lesions in younger male patients [81,83].

Figure 5.8 Tubular duplication of the terminal ileum in a 7-month-old 
boy. The duplication, lying on the mesenteric border of the bowel, was 
29 cm long and communicated with the adjoining bowel near its distal 
end. The duplication, which is the smaller of the two cross sections, was 
lined largely by gastric mucosa, and an ulcer was within it, near its point 
of communication with the bowel. An island of aberrant pancreas was 
also in its wall. Source: Arey and Valdes-Dapena 1992 [261]. Copyright © 
1992 Elsevier.
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mately 1 in 3000 to 1 in 5000 live births [121,122]. Several types 
of small intestinal atresias have been described (Figure 5.9) 
[123]. In type I atresia, a membranous septum or diaphragm of 
mucosa and submucosa obstructs the lumen, but the bowel wall 
and mesentery are intact. In type II, two blind bowel ends are 
connected by a fibrous cord, with intact mesentery in between. 
In type IIIa lesions, two blind bowel ends are separated by a 
mesenteric gap, and type IIIb is the “apple peel” atresia, charac-
terized by proximal small bowel atresia and absence of the distal 
superior mesenteric artery (<5% of all atresias) [124]. In this 
case, the bowel distal to the atresia is foreshortened and coiled 
and receives a retrograde blood supply from the ileocolic, right 
colic, or inferior mesenteric artery. Finally, in type IV, multiple 
atresias are present throughout the small bowel, creating the 
appearance of a “string of sausages”; they may individually be 
of type I, II, or IIIa.

Pathophysiology
The pathogenesis of atresia and stenosis is unknown. Duodenal 
atresia is thought to be caused by a failure of recanalization of 
the intestinal lumen after the solid cord stage, which takes place 
at 4–8 weeks of gestation [125]. Mutations in the α6- and β4-
integrin genes have been reported in families affected by junc-
tional epidermolysis bullosa and duodenal or pyloric atresia 
[126,127]. Mutations were identified in the tetratricopeptide 

are asymptomatic and are discovered incidentally. In adults, the 
evaluation of relatively mild abdominal complaints by com-
puted tomography (CT) or ultrasonography may lead to detec-
tion [114], and ultrasonography has been used for prenatal 
detection [115]. Intussusception may be precipitated if a dupli-
cated gut acts as a lead point and invaginates into normal intes-
tine. Gastrointestinal hemorrhage may result from ulceration of 
the duplicated or surrounding mucosa; very frequently, these 
lesions contain ectopic gastric mucosa that secretes acid and 
causes ulceration. A rare complication in adults is the develop-
ment of carcinoma in the duplication [116]. Carcinoid tumors, 
adenocarcinoma arising in ectopic gastric mucosa, and squa-
mous cell carcinoma have been reported.

Diagnosis
Small bowel duplications can be difficult to detect. Plain films 
may show a partially calcified wall of the duplication. Small 
bowel follow-through or enteroclysis barium examinations may 
reveal the duplication if it communicates with the gut lumen. 
Cysts that contain gastric mucosa may be detected by 99mTc 
abdominal scintigraphy [117], which specifically delineates 
gastric surface mucus cells (see Section Meckel diverticulum). 
Ultrasonography (effective for prenatal diagnosis) or CT can 
provide clues to the diagnosis by revealing the presence of a 
cystic mass, and these tests are also valuable for detecting rare 
carcinomas [118], which appear as solid tissue within the cyst .

Management
Duplications are treated surgically. The use of minimally inva-
sive surgery has been reported although conversion rates are 
still high, particularly in infants [119]. Lesions detected antena-
tally can be electively resected, because the majority are asymp-
tomatic at least for a few months after birth [120]. Resection 
within 6 months has been recommended [113]. If small, the 
lesions are easily resected with the adjacent small bowel. If the 
duplicated bowel is quite extensive and resection would require 
the removal of too much normal bowel, the duplication is 
opened and the mucosa removed, with the serosa and muscular 
layers left intact. Alternatively, the common wall can be excised. 
It is important to remove all mucosa because residual ectopic 
gastric mucosa can lead to recurrent hemorrhage [111].

Intestinal atresia and stenosis
In intestinal atresia, the lumen of a segment of the gut is com-
pletely occluded. Stenosis is a narrowing of the gut lumen that 
leads to partial obstruction. Atresia is one of the most common 
causes of bowel obstruction in neonates. Duodenal atresia and 
stenosis are frequently associated with Down syndrome, midgut 
malrotation, esophageal atresia, annular pancreas, imperforate 
anus (see Chapter 6), and intrauterine growth retardation. 
Jejunoileal atresia is much less frequently associated with other 
congenital anomalies. Atresias are most often single but may be 
multiple and can be found from esophagus to rectum. The 
reported incidence of small bowel atresias varies but is approxi-

Figure 5.9 Classification of intestinal atresias. In type I, or membranous 
atresia, a membranous septum or diaphragm of mucosa and submucosa 
obstructs the lumen, but the bowel wall and mesentery are intact. In type 
II, two blind bowel ends are connected by a fibrous cord, with intact 
mesentery between them. In type IIIa, bowel lesions are separated by a 
mesenteric gap. Type IIIb is an “apple peel” atresia with features of 
proximal small bowel atresia, absence of the distal superior mesenteric 
artery, and coiled and foreshortened bowel. Type IV consists of multiple 
atresias of any type (I–IIIa). Source: Smith and Glasson 1989 [262]. 
Reproduced with permission of John Wiley & Sons.
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Clinical presentation
Polyhydramnios is frequently detected in proximal gastrointes-
tinal atresia, but the amniotic fluid may be normal in distal 
atresia [130]. Neonates most commonly present with signs and 
symptoms of obstruction within hours to 3 days after birth. 
Bilious vomiting early after birth is a characteristic symptom of 
proximal atresia, whereas abdominal distention occasionally 
associated with visible bowel loops, later vomiting, and a failure 
to pass meconium are frequent presenting complaints of distal 
lesions. High atresias of the jejunum and duodenum are also 
associated with jaundice. The course of infants who have intes-
tinal stenosis without atresia may be much more indolent 
because the obstruction is usually partial. The diagnosis may 
therefore be delayed.

Diagnosis
Polyhydramnios is an indication for ultrasonography, which 
may identify the obstructing defect [115]. Fetal echogenic 
bowel, enlarged stomach, and dilated loops of bowel are fre-
quently detected [146]; the presence of fetal ascites and extralu-
menal calcifications may indicate aseptic perforation of the 
bowel, with meconium peritonitis. The intralumenal calcifica-
tions found in type IV atresias may also be seen. Ileal atresias 
are generally not associated with an enlarged stomach or poly-
hydramnios [146]. The presence of polyhydramnios and fetal 
bowel dilation in gastroschisis patients is associated with atresia; 
absence of fetal bowel dilation seems to exclude atresia [147]. 
After birth, routine abdominal radiography may demonstrate 
multiple air–fluid levels throughout the small bowel or dilated 
bowel proximal to the obstruction with an absence of gas dis-
tally. A double-bubble sign on abdominal radiography or ultra-
sonography is classical for duodenal atresia. Barium enema 
shows an unused microcolon. The anatomic defect should 
always be definitively identified by plain films and cautious con-
trast radiography before surgical intervention is attempted. It is 
also important to identify all atretic sites, with the risk for mul-
tiple atresias kept in mind.

Important in the differential diagnosis of neonatal bowel 
obstruction are Hirschsprung disease, malrotation, meconium 
ileus associated with cystic fibrosis, duplications, Meckel diver-
ticulum, and mesenteric bands [148]. Barium enema is recom-
mended to rule out Hirschsprung disease and malrotation with 
volvulus and to identify other atresias in the bowel distal to the 
primary obstruction.

Treatment and prognosis
Initial therapy consists of intravenous hydration, correction of 
electrolytes, and nasogastric suction to remove accumulated 
fluid and decompress the bowel. Surgical resection of atretic 
small intestine is the primary treatment, which may be chal-
lenging because bowel preservation is critical and dilation of the 
small bowel proximal to the obstruction makes anastomosis 
difficult. Several different surgical procedures have been devel-
oped, including tapering enteroplasty and the creation of an 

repeat domain 7A gene (TTC7A) by whole-exome sequencing 
of four French-Canadian families affected by hereditary multi-
ple intestinal atresia [128]. The precise function of this gene is 
unknown.

In mice, deletion of the fibroblast growth factor (FGF) 10 
receptor, FGF2Rb, results in duodenal and colonic atresia, along 
with other defects such as pulmonary agenesis [129]. Ischemic 
intrauterine events such as midgut volvulus, arterial occlusion, 
intussusception, and localized volvulus secondary to meconium 
ileus or duplication have been implicated in the pathogenesis of 
small intestinal atresia, especially in single atresia and stenosis 
[130]. Atresia has been associated with intrauterine volvulus, 
gastroschisis, cardiac and other anomalies [131], and cystic 
fibrosis [131,132]. A retrospective review showed a more than 
200-fold increased risk for cystic fibrosis in Caucasian infants 
with jejunoileal atresia [133], leading to a recent recommenda-
tion that all infants with jejunoileal atresia be screened for cystic 
fibrosis [134]. In a population-based study in Hawaii, small 
bowel atresia was associated with low birth weight, low gesta-
tional age, maternal age, and multiple births [122]. Analysis of 
a large European congenital anomaly database suggests that 
maternal age <20 is a risk factor for small bowel atresia [135]. 
To further explore the vascular ischemic hypothesis, genomic 
DNA from 206 small bowel atresia patients was sequenced for 
32 single nucleotide polymorphisms (SNPs) in genes involved 
in vascular processes such as coagulation, inflammatory 
response, and blood pressure regulation, and compared to 573 
normal infants [136]. SNPs in SERPINE 1 (plasminogen activa-
tor inhibitor 1), MMP3 (matrix metalloproteinase 3), and 
ADRB2 (β2 adrenergic receptor) were associated with reduced 
risk, and SNPs in ITGA2 (glycoprotein 1a) and NPPA (atrial 
natriuretic peptide) were associated with higher risk. Meconium 
ileus is thought to predispose the bowel to ischemia or cause 
volvulus as a consequence of hyperperistalsis.

Pathological examination of atretic segments resected from 
neonates with multiple intestinal atresias suggests a role for 
either ischemia or a defect in recanalization of the gut lumen 
[137]. Rare familial cases of multiple intestinal atresias and 
apple peel (type IIIb) atresias have been reported [137–140]. An 
autosomal recessive inheritance pattern has been suggested 
[139], but variability in the types of atresia found within families 
and discordance in a set of monozygotic twins suggest a more 
complex genetic transmission [124]. Other factors implicated in 
the pathogenesis of atresia and stenosis are maternal ergotamine 
use, vasoconstrictive exposures such as pseudoephedrine and 
amphetamine, combined with cigarette smoking [141], fetal 
exposure to methylene blue, which was formerly used as a 
marker during amniocentesis of twin pregnancies to ensure that 
both sacs had been sampled [142], and toluidine blue [143]. 
Multiple intestinal atresias have also been reported to be associ-
ated with neonatal immunodeficiency states [144]. A new syn-
drome has been reported in which neonatal diabetes and 
hypoplastic pancreas were found in association with intestinal 
atresia and gallbladder hypoplasia [145].
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bowel mesentery does not develop, and the small bowel remains 
suspended by a narrow pedicle, at risk for volvulus [156]. In 
reversed rotation, clockwise instead of counterclockwise rota-
tion of the gut leads to reentry of the colon into the abdomen 
first. The position of the colon is then posterior to the superior 
mesenteric artery and the duodenum. The placement of the 
duodenum is anterior to the superior mesenteric artery. The 
small bowel mesentery passes in front of the transverse colon, 
so that a mesenteric tunnel forms that causes colonic compres-
sion and obstruction. Finally, failure of the cecum to descend 
into its normal position in the right lower quadrant may lead to 
mobile cecum; the cecum remains in the right upper quadrant 
and is unfixed posteriorly, predisposed to cecal volvulus. The 
ileum may similarly be unfixed and susceptible to volvulus.

The incidence of malrotation is unknown; estimates range 
from 1 in 200 to 1 in 6000 live births [157]. Mutations in the 
filamin A gene, L–R asymmetry genes, and the FOXF1 gene 
have been found in infants with intestinal malrotation in the 
context of multiorgan defects [158,159].

Clinical manifestations
In approximately 50%–80% of cases of midgut malrotation, 
symptoms develop in infancy. Related concurrent anomalies are 
biliary atresia and congenital heart disease. Intestinal atresia 
and stenosis may result from malrotation, and omphalocele and 
diaphragmatic hernia may lead to malrotation secondary to 
abnormal placement of the bowel during rotation. In adults, 
malrotation is sometimes associated with absence of the supe-
rior mesenteric vein and extrahepatic biliary anomalies [160]. 
The most severe complications of malrotation are small bowel 
obstruction and volvulus, which cause recurrent bilious vomit-
ing, passage of bloody stools or acute onset of constipation, and 
bowel loop distention. In patients with Ladd bands, symptoms 
of duodenal obstruction may develop. Patients from 1 month of 
age through adolescence may have symptoms that are more 
varied and indolent, including intermittent vomiting, failure to 
thrive, and recurrent abdominal pain [156]. Adults may be 
asymptomatic for many years [156,161] and then present with 
midgut volvulus causing abdominal pain, bloody stools, and 
distention [156,157]. Alternatively, in adult patients with a long 
history of recurrent abdominal pain with nausea and vomiting 
since childhood, the obstruction or volvulus may never have 
been diagnosed because it was transient and resolved before 
presentation [160].

Diagnosis
The diagnosis may be challenging in the older child and adult 
[162–164]. Plain films may reveal evidence of duodenal or small 
bowel obstruction. A classic double-bubble sign may be seen, 
indicating duodenal obstruction. However, early in the course 
of midgut volvulus, plain radiographs may be unrevealing, and 
children with bilious vomiting should undergo a contrast study 
to rule out volvulus [165]. Contrast radiographic studies may 
demonstrate anomalous small bowel, ligament of Treitz, and 

ileostomy [149,150]. Patients with type IIIb and type IV atresias 
often require extensive resective surgery, which results in short 
bowel syndrome and a poor prognosis. A study has suggested 
transluminal stent placement in lieu of surgical resection may 
be a viable approach although the outcomes of only nine patients 
were reported [151]. Patients with hereditary multiple intestinal 
atresias have particularly poor outcomes, because of the exten-
sive involvement with multiple atresias from antrum to rectum 
that cannot be surgically corrected [140]. Small bowel trans-
plantation in a patient with multiple intestinal atresias and 
immunodeficiency resulted in partial correction of immune 
defects, by recruitment of immune cells from the donor [152].

All patients after surgery are placed on total parenteral nutri-
tion and monitored for a return of normal bowel function as 
the diet is slowly advanced. A central venous catheter should be 
placed early in the course of the disease. Intestinal atresia is a 
common prenatal cause of short bowel syndrome in children 
[153]. Patients with short bowel syndrome frequently require 
prolonged parenteral nutrition. The morbidity and mortality 
rates in infants have dramatically decreased since the 1950s. 
Postoperative survival is approximately 90%–95% [125,130,154]. 
Enhanced survival is a result of improved management of the 
nutritional and pulmonary status. However, overall survival has 
remained at approximately 84%–88% [137]. Intestinal rehabili-
tation programs for patients with short bowel syndrome improve 
liver function and reduce TPN requirements [154]. Factors 
adversely affecting the prognosis include the presence of other 
congenital anomalies (especially cardiac), chronic pulmonary 
disease, or pulmonary aspiration [125,127]. Prolonged distur-
bance in motility is common postoperatively. The development 
and maturation of the enteric nervous system is impaired below 
the atretic segment [155].

Malrotation
Description and pathophysiology
Alterations in the normal rotation and fixation of the gut during 
embryogenesis result in a series of anomalies with various clini-
cal manifestations. Malrotation or incomplete rotation is the 
most common disorder of rotation and fixation; it occurs when 
the normal 270° bowel rotation is not completed. As a result, 
the cecum may lie in the subpyloric region or may be in a sub-
hepatic location. The small bowel is not attached by a broad 
mesentery but remains suspended from a narrow vascular 
pedicle. Peritoneal bands (Ladd bands) may pass from the 
cecum across the duodenum to the right upper quadrant or may 
attach to the duodenum. The two major complications of mal-
rotation are volvulus, caused by free rotation of the midgut 
around the vascular pedicle, and duodenal obstruction second-
ary to the Ladd bands. In nonrotation, the embryonic midgut 
loop does not rotate and the caudal limb of the loop reenters 
the abdominal cavity first. Subsequently, the small intestine 
(jejunum and ileum) lies on the right side of the abdomen and 
the colon is entirely on the left. The cecum is usually located in 
the left iliac fossa. Frequently, the broad attachment of the small 
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between the fifth and tenth weeks of gestation, but perinatal 
insults have also been suggested in patients in whom gastro-
schisis was not detected sonographically [176]. Potential tera-
togens include tobacco, alcohol, cocaine, and other drugs 
[169,177].

Other congenital anomalies that occur in association with 
omphalocele are chromosomal; about one-third of individuals 
with omphalocele and multiple anomalies have trisomy 13, 
trisomy 18, or the Beckwith–Wiedemann syndrome, which is 
characterized by macroglossia, large infant size, visceromegaly, 
early hypoglycemia, and increased risk of Wilm and other 
tumors. Gastroschisis is associated with intestinal anomalies, 
including atresia and malrotation, vascular disruptions, and 
renal and gall bladder agenesis [168]. Several mouse models of 
gastroschisis have been described [178–182]. In mice that are 
null for the bone morphogenetic protein 1 (BMP1) gene, the 
ALX4 gene, or the aortic carboxypeptidase-like protein gene, 
gastroschisis develops with early mortality. ALX4 is a homeo-
domain transcription factor. Both BMP1 and the aortic 
carboxypeptidase-like protein appear to have important func-
tions in the extracellular matrix. The relevance of these gene 
defects to human disease is unclear; a mutational analysis of the 
BMP1 gene in human patients with gastroschisis was unreveal-
ing [183]. Mouse models of omphalocoele have also been 
described [178] in knockout models of insulin-like growth 
factor 2 (IGF-2), calreticulin, and several transcription factors. 
The TGF-β signaling pathway has been implicated to be impor-
tant in ventral body wall closure [178].

Prenatal diagnosis
Elevated levels of maternal serum α-fetoprotein are associated 
with ventral abdominal wall defects. Gastroschisis is detected 
with greater sensitivity than omphalocele [174]. Improvements 
in the accuracy of prenatal ultrasonography have led to more 
frequent detection [168,169,184]. One of the major advantages 
of prenatal diagnosis is that the obstetrician is alerted, so that 
at the time of delivery the mother can be taken to a tertiary care 
center where appropriate surgical and neonatal intensive care 
support is available [174], and the surgeon and others can 
provide early counseling and information about this condition 
[173]. The role of preterm delivery to minimize intestinal 
damage and prevent intrauterine death is still unsettled, and the 
factors that should determine the need for this intervention are 
still being defined [184,185]. Intensive monitoring with ultra-
sonography has been utilized to determine when preterm  
delivery may be indicated and appears to improve survival 
[173,185–187]. Recommendations for the appropriate mode of 
delivery (e.g., trial of labor versus elective cesarean section) are 
still debated [187–191], although the rate of abdominal delivery 
is high because of peripartum complications [192].

Treatment and outcomes
Surgical closure of omphalocele and gastroschisis is attempted 
shortly after birth. Primary closure may be possible with the use 

cecal locations. In adults with midgut volvulus, upper gastroin-
testinal contrast series may reveal a dilated stomach and duo-
denum with a typical “corkscrew” appearance of the barium in 
the twisted duodenum and proximal jejunum [166]. Barium 
enema may reveal malposition of the right colon and cecum 
[157,163]. CT may show reversed positions of the superior 
mesenteric artery and vein.

Treatment
The surgical correction of malrotation (incomplete rotation) in 
symptomatic patients includes relieving the obstruction caused 
by Ladd peritoneal bands, freeing the duodenum, reducing 
midgut volvulus, and broadening the mesentery to prevent recur-
rent rotation of the bowel around a narrow mesentery [157]. In 
the Ladd procedure, the bowel is placed in the position of nonro-
tation (small bowel on the right side of the abdomen and colon 
on the left). Appendectomy is performed because the cecum is 
incorrectly located. Variations of this operation are used to 
correct nonrotation and the very rare reversed rotation. Elective 
repair in adults with incidentally discovered malrotation or with 
mild gastrointestinal symptoms results in improved outcomes 
compared to adults who undergo surgery emergently [167].

In most patients, bowel function returns to normal. However, 
some children with recurrent and prolonged symptoms of 
nausea, vomiting, and pain preoperatively do not fare as well 
postoperatively, possibly because of persistent dysmotility syn-
dromes associated with malrotation or damage to the small 
bowel resulting from long-standing, indolent obstruction [155].

Gastroschisis and omphalocele
Description and embryonic origin
Although gastroschisis and omphalocele both result from 
abdominal wall defects, these rare disorders are distinct entities 
(see Chapter 113). The incidence of gastroschisis is between 0.4 
and 4 per 10 000 live births, and omphalocele is 1.5–3 per 10 000 
births [168,169]. The incidence of gastroschisis appears to be 
increasing worldwide and is associated with young maternal age 
[170–173].

In omphalocele, the abdominal viscera herniate through the 
umbilical ring and persist outside the body, covered by a mem-
branous sac but not by skin. In gastroschisis, massive eviscera-
tion of the intestines occurs through a small defect in the 
abdominal wall, usually to the right of the closed umbilical ring. 
The bowel has no membranous covering, has been exposed to 
amniotic fluid in utero, and is often matted, thickened, fore-
shortened, and covered with adhesions. It has been hypothe-
sized that omphalocele is caused by a failure of embryonic 
folding at the level of the lateral folds or persistence of the body 
stalk [168,174]. Gastroschisis may be caused by rupture of the 
amnion at the umbilical ring, and vascular disruption in utero, 
leading to failure of differentiation of the somatopleural mesen-
chyme [170,175] or later between the time of herniation into 
the umbilical cord and fixation, or by disruption of the right 
omphalomesenteric artery. The defect is thought to occur 
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caused by a preexisting defect, such as an anomaly of rotation 
and fixation, postoperative adhesion, or congenital bands [213]. 
Other causes include jejunal diverticula [214], postsphincter-
otomy bleeding [215], stromal tumors, pregnancy, endometrio-
sis, internal hernias, and hematomas [216]. Small bowel volvulus 
is rare in adults [210].

Clinical presentation and diagnosis
Patients present with symptoms of small bowel obstruction and 
an acute abdomen. Abdominal pain, nausea, and vomiting are 
almost always present [207,208,210]; the severity of the pain 
may be out of proportion to the physical findings. Signs include 
abdominal distention, rebound, guarding and rigidity, and 
occasionally a palpable abdominal mass.

CT scan or multidetector CT angiography is the imaging 
modality of choice [208,210]. The “whirlpool” sign, which is a 
whirl-like rotation of the small bowel around the axis of the 
superior mesenteric artery, is a sensitive indicator of volvulus 
[208,210]. Plain abdominal radiographs taken in supine and 
upright positions may demonstrate distended bowel with air–
fluid levels, consistent with obstruction. Perforation may be 
indicated by the presence of free air. Barium studies can be 
useful. A typical corkscrew-like appearance of the barium in the 
distorted duodenum and jejunum is diagnostic. Angiography 
may reveal twisting of the branches of the superior mesenteric 
artery.

Therapy and outcome
The treatment of small bowel volvulus is surgical. Ischemic or 
gangrenous loops of bowel should be resected, although derota-
tion of the bowel may be sufficient therapy in itself. Vascular 
compromise of the small bowel with subsequent gangrene is 
common and leads to increased morbidity and mortality post-
operatively. Rapid recognition of volvulus and prompt surgical 
intervention are the keys to decreasing the fatality rate associ-
ated with this condition.

Intussusception
Description and pathophysiology
Intussusception occurs when a segment of bowel (the intus-
susceptum) invaginates, or telescopes, into adjacent distal 
bowel, leading to obstruction and possible ischemic injury. The 
incidence, causes, clinical presentation, and therapy of intestinal 
intussusception are different in adult and pediatric patients 
[217–219]. Intestinal intussusception is one of the most common 
causes of small bowel obstruction in children younger than 2 
years of age [220] but it is an unusual cause of bowel obstruction 
in adults. Most pediatric cases occur in children younger than 
5 years of age [221]. Pediatric intussusception is most often idi-
opathic but may be associated with: a pathological lead point in 
8%–12% of cases [222,223], including Meckel diverticulum; a 
variety of benign and malignant tumors, such as polyps, leio-
myomas, and lymphomas; duplications; and Henoch–Schönlein 
purpura, in which an intramural hematoma acts as a lead point. 

of retention sutures and stretching the abdominal wall. If this 
cannot be achieved, a silo or Silastic sac can be used with suc-
cessive compression to reduce the herniation further [193,194]. 
Sutureless ward reduction techniques have also been utilized 
successfully [195], but there is an increased risk of short-term 
morbidities [196,197]. The decision to use a silo and a staged 
procedure may be based on intraoperative bladder or intragas-
tric pressure measurements that reflect the intraabdominal 
pressure [198,199]. Careful regulation of the intraabdominal 
pressure is critical for successful repair; high pressures that lead 
to respiratory distress and intestinal and renal ischemia, the 
major causes of morbidity and mortality, must be avoided. The 
material is placed over the herniated bowel or sac and reduced 
manually and serially sutured to reintroduce the bowel into the 
abdominal cavity. A comparison of primary emergent closure 
versus closure following reduction with a spring-loaded silo (for 
gastroschisis) suggested that silos improve the overall outcome 
[200]. Because almost all children have bowel hypomotility, 
total parenteral nutrition is recommended early in the course of 
the illness. Advances in surgical correction have greatly 
improved the prognosis of patients with gastroschisis, despite 
the fact that the bowel is usually damaged and slow to return to 
normal function. Survival rates now range from 90% to 95% 
[173,201,202]. The presence of necrotizing enterocolitis and 
other anomalies affecting other organs or associated intestinal 
conditions (e.g., atresias [203], perforations, necrotic segments, 
volvulus) affects mortality rates [188,204]. In the absence of 
severe associated anomalies, the immediate survival and long-
term outcome of patients with omphalocele have also improved 
in the past several years [205,206]. Survival there too is also 
related to the severity of the associated anomalies and medical 
conditions [173].

Structural anomalies

Volvulus
A volvulus is an abnormal twisting of the intestine around the 
axis of its own mesentery, resulting in obstruction of the more 
proximal bowel. Twisting of the mesentery may involve the 
mesenteric vessels and so make the involved loop particularly 
susceptible to strangulation and gangrene, with resulting perfo-
ration, peritonitis, and sepsis. In contrast to colonic volvulus, 
particularly of the cecum and sigmoid colon that are the most 
common types, small bowel volvulus is relatively rare in the 
United States and most of Europe [207–212]. The estimated 
annual incidence in the United States is 1.7–5.7 cases per 
100 000 [207,208]. It occurs more frequently in parts of Africa, 
the Middle East, and the Indian subcontinent [207,208,210]. In 
these countries, volvulus occurs in the absence of anatomic 
abnormalities and is probably related to dietary factors. It has 
been postulated that ingesting large amounts of bulky foods 
after fasting may predispose to torsion of the small bowel loops 
[209]. In the United States, small bowel volvulus is usually 
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because the ileocecal region is so frequently involved. In many 
centers in the USA, ultrasound has become the initial diagnostic 
procedure of choice [220,237] with a sensitivity of 97.9% and 
specificity of 97.8%; in a Markov decision model that evaluated 
the use of ultrasound followed conditionally by contrast enema 
versus contrast enema alone, it was determined that the use of 
ultrasound decreases radiation-induced malignancy, and 
reduces the number of perforations and laparotomies, and thus 
is the more effective diagnostic algorithm [238]. Contrast 
enemas demonstrate the location of the intussusception and are 
often successful in reducing it. Air enemas are also safe and 
effective in reducing intussusceptions [165,239–241], and pneu-
matic reduction has a higher success rate [220]. The enema is 
usually administered with a surgeon in attendance in case of 
perforation or failure to reduce. In extremely ill patients with 
peritonitis, perforation, or shock, enema reduction is contrain-
dicated and operative intervention must be pursued [220]. If 
necessary, the patient is taken to laparotomy for manual reduc-
tion. Resection is performed if ischemia or gangrene of the 
bowel is present. A careful search is made for a possible patho-
logical lead point.

Plain films (two view or three view) may reveal a crescent of 
gas capping the intussusceptum, outlining its leading edge (rim 
sign), or a target sign, consisting of two concentric radiolucent 
curvilinear lines outlining the intussusception [220,242]. A 
gasless area may also be identified, corresponding with the soft 
tissue mass of the intussusception. Ultrasonography may show 
a classical target, bulls-eye, or doughnut sign, characterized by 
multiple concentric rings of sonolucency alternating with one 
or two echogenic foci. The edematous outer and inner walls of 
the intussusception create two hypoechoic areas ringing the 
hyperechoic lumenal mucosa [243]. CT may similarly be useful, 
but it is usually avoided in children. Upper gastrointestinal con-
trast series may show proximal dilation and a “bird’s beak” at 
the site of obstruction, but is contraindicated if perforation or 
peritonitis are suspected.

Adult patients
Intussusception is diagnosed and treated differently in adult 
patients because its location and causes are different from those 
in children [217–219,226]. Most intussusceptions in adults are 
in the small bowel, although they may also occur in the colon 
[244]. Therefore, a combination of plain film, upper gastrointes-
tinal series, barium enema, and CT or ultrasonography is used 
in adult patients.

Because of the often puzzling presentation of intussusception 
in this age group, CT is frequently performed [226,227]. A mass 
of alternating high and low attenuation may be seen as a target, 
sausage-shaped, or bilobed lesion [236]. Mesenteric fat appears 
as areas of low attenuation, whereas the bowel wall itself appears 
as an area of high attenuation. Thickened bowel loops and an 
intralumenal soft tissue mass may be seen. However, this tech-
nique is not sensitive enough to determine the nature of the 
pathological lead point.

An association between rotavirus vaccination and intussuscep-
tion has been described [224,225], perhaps secondary to a lead 
point of vaccine-induced lymphoid hyperplasia. In idiopathic 
intussusception, an association with prominent Peyer patches 
and enlarged mesenteric lymph nodes has been observed [217]. 
In children, ileocolic intussusceptions are most common, fol-
lowed by ileoileocolic, cecocolic, and, much less frequently, 
ileoileal involvement.

In adults in the Western world, small bowel intussusception 
occurs rarely, accounting for approximately 5% of all cases of 
intestinal obstruction [226,227]. A causative factor can be iden-
tified in more than 90% of adult patients [218], whereas it 
cannot in children [217–219]. Small intestinal intussusception 
may result from tumors, including leiomyomas, neurofibromas, 
lipomas, lymphomas, small bowel adenomatous polyps, and 
metastatic tumors with or without peritoneal carcinomatosis. 
Other causes include Meckel diverticulum or other diverticular 
disease and celiac disease with chronically dilated flaccid bowel. 
Intussusception has been reported in association with Yersinia 
enterocolitica enterocolitis [228]. Postoperative intussusception 
may result from adhesions, or intussusception may follow 
trauma [229]. Small bowel intussusception may occur as a com-
plication following Roux-en-Y gastric bypass, possibly due to 
altered motility of the divided small bowel [230]. Jejunogastric 
intussusception may occur after Bilroth II surgery, and bypassed 
bowel may become intussuscepted after jejunoileal bypass. 
Patients with acquired immunodeficiency syndrome and Kaposi 
sarcoma or diffuse enteritis are also at risk [231]. Pregnancy and 
the use of long intestinal or Cantor tubes are other predisposing 
factors.

Signs and symptoms
The typical pediatric patient is a well-nourished, previously 
healthy child between the ages of 5 months and 5 years. The 
peak presenting age is 3–11 months [232]. Classical signs and 
symptoms include the acute onset of intermittent abdominal 
pain, vomiting, and hematochezia. A palpable abdominal mass, 
diarrhea, and somnolence are other frequent findings [222,223]. 
In older children, these diagnostic signs and symptoms are often 
not present [221]. In adults, the clinical picture may be confus-
ing. Abdominal pain is almost always present [233,234] but is 
often low-grade and chronic; patients may present after several 
episodes have spontaneously resolved [235,236]. A partial or 
complete small bowel obstruction may be present, and an 
abdominal mass is often palpable. Nausea and vomiting are 
particularly associated with small bowel compared with large 
bowel intussusception. Weight loss may also occur in patients 
with chronic, indolent symptoms.

Diagnosis and therapy
Pediatric patients
In children, ultrasonography or an air or water-soluble contrast 
barium enema is performed as the initial diagnostic procedure 
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enteropathy. They often have edema and low serum protein 
levels, the reduction in serum albumin usually being the most 
pronounced and the only one of clinical significance. Patients 
with congenital disease present at any time from birth to adult-
hood, often with asymmetric edema of an extremity caused by 
peripheral lymphatic obstruction. They may also present, as do 
the secondary cases, with more diffuse, symmetric edema, 
usually the result of marked hypoproteinemia. Despite lym-
phocytopenia and impaired delayed hypersensitivity reactions, 
opportunistic infections are not common. Gastrointestinal 
symptoms are usually not prominent, but some patients may 
have diarrhea, abdominal pain, distention, nausea and vomit-
ing, and occasionally gastrointestinal bleeding.

Diagnosis
Protein-losing enteropathy should be suspected in any patient 
with unexplained hypoalbuminemia, and intestinal lym-
phangiectasia should be considered if lymphocytopenia and 
steatorrhea are also present. Asymmetric lymphedema, espe-
cially dating from infancy or childhood, should suggest con-
genital (Milroy) disease. A diagnosis of lymphangiectasia rests 
on peroral jejunal biopsy demonstrating dilated lymphatic lac-
teals. Several specimens may be required to demonstrate the 
diagnostic findings because the lesions are often patchy and 
localized [250]. Endoscopy may reveal dilated lacteals that 
appear as white opaque spots or white-tipped villi, and nodular 
lesions and xanthomatous plaques have also been noted 
[251,252]. These findings aid the endoscopist in selecting appro-
priate regions to sample. Other pathological findings include 
moderate villus blunting and mild to moderate inflammatory 
infiltration [250]. Other tests demonstrate protein-losing enter-
opathy by detecting excessive enteric loss of plasma proteins. 
The use of radiolabeled plasma proteins, such as 131I-albumin, 
51Cr-albumin, and 51Cr-chloride, has been generally replaced by 
the measurement of gastrointestinal clearance of α1-antitrypsin. 
The use of technetium-99m to detect the site of protein loss 
appears sensitive and specific [249]. Double-contrast radio-
graphs of the small bowel may reveal folds thickened by intes-
tinal edema, nodular protrusions, and an absence of mucosal 
ulceration [252]. If secondary lymphangiectasia is suspected, 
appropriate tests such as CT of the abdomen should be per-
formed to diagnose the underlying disease. The degree of mal-
absorption and nutritional deficiency may be assessed by 
quantifying stool fat and by measuring the prothrombin time, 
which is nonspecific, and the serum levels of calcium and caro-
tene. In congenital cases, if necessary, the malformed, hypoplas-
tic lymphatics can be demonstrated by lymphangiography. 
Pleural effusions and ascitic fluid may be tapped for conven-
tional diagnostic studies and examined for chylomicrons.

Therapy
The therapy for lymphangiectasia should be directed toward 
treating the pathophysiological consequences, and in the case 
of secondary lymphangiectasia, the underlying disease (e.g., 

Because a pathological lesion is found so frequently, treat-
ment in adults consists of surgical intervention with bowel 
resection. Manual reduction alone may be pursued only if it is 
certain that no other lesions are present [235]. With present 
diagnostic techniques, however, it is unlikely that a tumor or 
another anatomic cause can be ruled out preoperatively. 
Therefore, manual reduction of intussusception in adults is 
usually not recommended because manipulation can lead to 
intralumenal or intravenous tumor seeding [233]. Colonic 
intussusception is never treated with manual reduction because 
of the very high likelihood of malignancy [236].

Lymphangiectasia
Description and pathophysiology
Intestinal lymphangiectasia is characterized by the obstruction 
of lymph drainage from the small intestine and the dilation of 
lacteals and other intestinal lymphatics, such as those in the 
serosa and mesentery, depending on the level of obstruction. As 
a result of obstruction and increased pressure in the intestinal 
lymphatics, the absorption of chylomicrons and fat-soluble vita-
mins such as vitamin D is impaired, the reentry of intestinal 
lymphocytes into the peripheral circulation is impeded, and 
excessive amounts of intestinal lymph “leak” into the intestinal 
lumen. Lymphenteric fistulae may form, and intestinal lymph 
containing chylomicrons, protein, and lymphocytes drains 
directly into the intestinal lumen. Chylomicrons are sequestered 
in the lamina propria as well as in the distended lymphatics. 
Blockage of serosal and mesenteric lymphatics may lead to 
chylous ascites, and blockage of the thoracic duct to chylous 
pleural effusions.

Intestinal lymphangiectasia may occur as a primary congeni-
tal disorder or may be secondary to a disease that blocks the 
intestinal lymph drainage at some level [245]. Causes of second-
ary lymphangiectasia include extensive abdominal or retroperi-
toneal carcinoma or lymphoma, retroperitoneal fibrosis, chronic 
pancreatitis, mesenteric tuberculosis or sarcoidosis, Crohn’s 
disease, Whipple disease, scleroderma, celiac disease [246],  
constrictive pericarditis, systemic lupus erythematosus [247], 
chronic congestive heart failure, and after the Fontan operation 
(right atrium to pulmonary artery anastomosis) [248,249]. 
Lymphangiectasia occurs after the Fontan procedure in up to 
24% of patients [249] and is thought to be due to increased 
systemic venous pressure resulting in increased lymph produc-
tion and decreased drainage. However, focal involvement has 
been reported, detectible by radionuclide studies and amenable 
to surgical resection [249]. Congenital intestinal lymphangiecta-
sia (Milroy disease) results from a malformation of the lymphat-
ics that often affects many areas of the body.

Clinical presentation
Patients present with varying degrees of steatorrhea and  
malabsorption, lymphocytopenia (especially of T lymphocytes), 
marked hypogammaglobulinemia with impaired cell-mediated 
immunity, and prominent manifestations of protein-losing 
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lymphoma, tuberculosis, sarcoidosis, constrictive pericarditis) 
should be diagnosed and treated. A low-fat diet and substituting 
medium-chain triglycerides for the usual long-chain triglycer-
ides may reduce enteric protein loss, malabsorption, and 
diarrhea and may improve serum albumin levels [245,253–255]. 
Medium-chain fatty acids are more water-soluble and may be 
more readily absorbed through portal venous channels than 
through the lymphatics. The concomitant reduction in dietary 
long-chain fat presumably reduces chylomicrons in obstructed 
lymphatics and thereby decreases the lymphatic pressure and 
rate of lymph loss. Anecdotal reports have demonstrated the 
efficacy of octreotide [245,253,256–258]. Peripheral edema can 
be minimized by postural drainage and the use of elastic stock-
ings to reduce the risk for cellulitis and lymphangitis.

Celiac artery compression
The topic of celiac artery compression is covered in Chapter 64.

References are available at www.yamadagastro.com/textbook

Further reading

Clevers H. The intestinal crypt, a prototype stem cell compartment. Cell 
2013;154:274.
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Introduction

Our  current  understanding  of  colon  anatomy  began  with  the 
work of Andreas Vesalius in 16th century. While anatomy of the 
colon  is  considered  to  be  well  understood,  insight  into  the 
complex anatomy of rectum and particularly anal sphincter and 
pelvic floor complex continues to evolve. Our understanding of 
functional and anatomical relationships between the structures 
surrounding the rectum and anus within the confined space of 
the  pelvis  has  been  augmented  by  the  availability  of  high-
definition  magnetic  resonance  imaging  (MRI)  and  high-
resolution  ultrasound  (US).  Advances  in  imaging  modalities, 
particularly  computed  tomography  (CT)  and  MRI,  have  also 
enabled a more detailed understanding of  relationships of  the 
colon, rectum, and anus with surrounding structures and ana-
tomical pathways involved in tumor spread. Knowledge of the 
normal anatomy of the colon and rectum also provides a basis 
for recognition of the presence of congenital or acquired abnor-
malities.  Appreciation  of  embryological  development  is  espe-
cially important when approaching congenital conditions such 
as  imperforate anus,  intestinal malrotation,  and Hirschsprung 
disease. In addition to understanding the gross anatomy of the 
colon,  detailed  knowledge  of  its  histological  features  and  cel-
lular components are critical in the appreciation of physiologi-
cal and pathological processes of the colon.

Gross anatomical considerations

Even  though  the  colon  and  rectum  are  considered  as  a  single 
organ,  it  is  prudent  to  subdivide  these  structures  for  the  pur-
poses  of  anatomical  discussion  since  there  are  considerable  
differences  between  the  two  with  regard  to  their  anatomical 
features, structural relationships, and physiological aspects. The 
colon is a tubular structure of approximately 150 cm in length 
that courses through the abdomen beginning at the right lower 
quadrant  with  the  cecum  followed  by  ascending  colon  which 
becomes the transverse colon at the hepatic flexure (Figure 6.1). 
The  transverse  colon  crosses  the  upper  abdomen  towards  the 
spleen  where  it  becomes  the  descending  colon  at  the  splenic 
flexure  and  terminates  as  the  sigmoid  colon  in  the  left  lower 
quadrant.  The  sigmoid  colon  makes  a  sweeping  turn  in  the 
pelvis occasionally reaching to the right side,  then  joining the 
rectum at the sacral promontory. 

In  contrast  to  the  small  bowel,  the  colon  is  notable  for  its 
saccular or haustral appearance, resulting from the arrangement 
of external muscular layer into three thick longitudinal muscu-
lar bands  termed  the  tenia coli. The colon assumes  its macro-
scopic  saccular  appearance  because  the  length  of  the  tenia  is 
approximately  1/6  shorter  than  the  length  of  the  rest  of  the 
colonic wall [1]. The haustra are separated by the plicae semil-
unares,  crescentic  folds  that  give  the  colon  its  distinctive 
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ticula  wherein  colonic  mucosa  may  progressively  protrude 
through the muscularis propria [4].

The  primary  function  of  the  colon  is  the  absorption  of  
water  from  the  luminal  contents  as  they  advance  towards  the 
rectum to ultimately result in formed stool. The diameter of the 
colon at the level of the cecum is approximately 7.5–8.5 cm, but 
can  distend  significantly  further  during  certain  motility  or 
obstructive disorders. The diameter progressively diminishes to 
approximately  2.5  cm  at  the  level  of  the  distal  sigmoid  colon. 
Throughout its course, the colon has variable degrees of fixation 
to  the  retroperitoneum,  as  a  reflection  of  its  embryological 
development. The ascending and descending colon are second-
arily  retroperitoneal,  with  normally  no  mobility,  while  the 
cecum, transverse, and sigmoid colon are intraperitoneal, freely 
mobile often with a long well-developed mesentery.

The cecum,  the most proximal part of  the colon,  is  a blind 
saccular organ. The terminal ileum joins the cecum at its pos-
teromedial  aspect  forming  the  ileocecal  valve.  The  circular 
sphincter muscle  that  comprises  the  ileocecal  valve  is derived 
from hypertrophied muscular layers of the terminal ileum and 
contributes to its typical nipple-like appearance. The functional 
importance  of  the  ileocecal  valve  remains  speculative.  Some 
authors contend  that  its primary role  is  the regulation of  ileal 
emptying  [5],  while  others  view  its  principal  function  as  the 
prevention of reflux of colonic contents into the terminal ileum 
[6].  The  observation  that  the  presence  of  an  intact  ileocecal 
valve in patients at risk for short bowel syndrome is associated 
with improved absorption and decreased transit  time through 
the  small  intestine  supports  the  conclusion  that  the  ileocecal 
valve regulates ileal emptying [7]. Although, the ileocecal valve 
often appears incompetent on barium enema, it is known that 
a  competent  ileocecal  valve  can  prevent  decompression  of  a 
markedly  distended  cecum  as  seen  in  cases  of  high-grade 
colonic obstruction.

The vermiform appendix  is  located at  the base of  cecum at 
the site of convergence of the three colonic taenia. It is a rudi-
mentary appendage containing predominantly lymphoid tissue 
that serves no apparent digestive purpose; however, recent evi-
dence suggests it may serve an important role in maturation of 
mucosal immunity. The appendix usually measures 8–10 cm in 
length.  Its  location  is  quite  variable,  the  most  common  being 
posteromedial  and  directed  towards  the  terminal  ileum  [8]. 
Another  common  position  for  the  appendix  is  retrocecal. 
Because of  its variability  in  location,  the presentation of acute 
appendicitis  can  also  be  quite  variable.  An  appendix  located 
intraperitoneally is more likely to produce symptoms associated 
with  irritation  of  the  parietal  peritoneum  earlier  than  one 
located retrocecally. The ascending colon is usually quite short, 
approximately  15  cm  length.  It  is  secondarily  retroperitoneal 
with its mesocolon fused to the retroperitoneum. The transverse 
colon is the longest segment measuring approximately 45 cm as 
it  courses  across  the  upper  abdomen  from  hepatic  to  splenic 
flexure.  It  usually  has  a  well-developed  mesentery  that  allows 
significant  mobility  so  that  the  transverse  colon  can  drape  as 

appearance, which is more pronounced when the colon is filled 
with  air  or  barium  contrast.  Colonic  plicae semilunares  span 
only  a  portion  of  the  bowel  lumen  in  distinction  to  small  
intestinal plicae circulares which extend around the luminal cir-
cumference. This difference becomes particularly useful in dif-
ferentiating  small  and  large  intestine  on  abdominal  imaging 
when  small  bowel  is  distended  while  colon  is  relatively  col-
lapsed.  It  is  commonly  assumed  that  colon  lacks  a  complete 
circumferential longitudinal layer of the muscularis propria due 
to  its  consolidation  as  tenia.  However,  Fraser  and  colleagues 
demonstrated that the colon in fact has a complete longitudinal 
muscular layer over its entire circumference but that the exter-
nal muscular layer appears to be much thicker at the taeniae [2]. 
The  taenia  coli  located  at  the  anterior  aspect  of  the  colon  is 
called  taenia libera, with  the  taenia on  the posteromedial and 
posterolateral aspects termed the taenia mesocolica, and taenia 
omentalis,  respectively.  Taeniae  are  generally  absent  from  the 
surface of the rectum. The transition between the colon and the 
rectum at the level of sacral promontory is gradual, marked by 
splaying of the taenia coli into a confluence of the muscle fibers 
covering  the  surface  of  the  rectum  resulting  in  distinctive 
taenia-free appearance. Another feature that distinguishes colon 
from rectum and small  intestine  is  the presence of appendices 
epiploicae,  fatty  appendages  located  on  the  serosal  surfaces  of 
the colon which may serve a  fat storage reserve  function. The 
wall of the colon and rectum going from the luminal surface is 
made up of a mucosal  lining,  followed by  the submucosa,  the 
circular layer of muscularis propria and the longitudinal layer of 
the muscularis propria.  Intraperitoneal  segments of  colon and 
rectum are covered by visceral peritoneum forming its serosal 
surface. Blood is supplied to the colonic wall by the vasa recta 
which  traverse  the  muscularis  propria  layer  to  provide  blood 
supply to mucosa and submucosa [3]. The sites of entry of the 
vasa recta leave potential weak areas in the muscularis propria 
that are thought to predispose to the formation of pseudodiver-

Figure 6.1 Schematic depiction of the colon and rectum and its 
anatomical segments. 
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the increased intraluminal pressure in sigmoid colon and pre-
disposes to the development of sigmoid diverticulosis [10].

The  rectum  (from  the  Latin  rectum intestinum,  meaning 
straight intestine) is a tubular organ that is straight in its course 
towards  the anus and  is 12–15 cm  in  length  (Figure 6.2). The 
proximal extent of the rectum is somewhat arbitrary since there 
are  no  precise  anatomical  landmarks  to  differentiate  it  from 
sigmoid colon. Surgeons generally consider the proximal extent 
of  the  rectum  to  be  at  the  level  of  sacral  promontory  while 
anatomists  argue  that  the  rectum  begins  more  distally,  at  the 
level of third sacral vertebra. On its external surface, the rectum 
has  three  gentle  curves  that  correspond  intraluminally  to  the 
so-called valves of Houston. The rectum is distinguished from 
the colon by the absence of taenia, appendices epiploicae, and 
a well-defined mesentery. The proximal third to one half of the 
rectum is intraperitoneal and enveloped by visceral peritoneum. 
Distally,  the  rectum  is  supported  by  the  mesorectum,  located 
mostly posteriorly and occupying the entire posterior space of 
the  true  pelvis.  The  mesorectum  is  enveloped  by  the  fascia 
propria of the rectum. It is within this mesorectal envelope that 
lymph  node  metastases  and  direct  extension  of  rectal  cancer 
typically occur. It  is of paramount  importance during surgical 
removal  of  a  rectal  cancer  to  maintain  the  integrity  of  the  
mesorectal  envelope  in  order  to  minimize  the  risk  of  local 
recurrence [11].

low  as  the  pelvic  inlet.  The  greater  omentum  is  fused  to  the 
inferior surface of the transverse colon at the taenia mesocolica. 
The descending colon, similar to the ascending colon, is second-
arily retroperitoneal, but is somewhat longer measuring 25 cm. 
It courses caudally along the left side of the abdomen where it 
joins  the  sigmoid  colon.  The  sigmoid  colon  varies  greatly  in 
length  measuring  from  15  to  50  cm  with  a  mean  length  of 
38  cm.  The  sigmoid  colon  is  a  very  mobile  segment  of  large 
intestine as it is completely invested by peritoneum. Its anatomi-
cal  configuration  can  vary  from  a  gentle  sweeping  turn  to  an 
omega loop, or even a remarkably redundant coiled appearance. 
This  gross  feature  of  the  sigmoid  colon  should  be  taken  into 
account during colonoscopic navigation of a markedly redun-
dant  torturous  sigmoid  colon.  A  redundant,  floppy  sigmoid 
colon may undergo axial rotation about its mesentery, resulting 
in sigmoid volvulus. The rectosigmoid junction is considered by 
some  anatomists  and  clinicians  to  be  a  distinct  segment  con-
taining  what  is  described  in  essence  as  a  functional  sphincter 
mechanism [9]. Although no distinct muscle fibers have been 
identified, the narrowed diameter of the rectosigmoid together 
with its sharp angulation does appear to provide a sphincter-like 
function  that  retards  the  advance  of  fecal  material  into  the 
rectum,  therefore  keeping  the  rectum  relatively  empty.  This 
functional feature is believed to be responsible for the delayed 
transit  through  the  rectosigmoid  junction  that  contributes  to 

Figure 6.2 Anorectal anatomy.
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to use the anal margin instead because the dentate line cannot 
be reliably visualized during routine endoscopy.

Our understanding of anal sphincter musculature and com-
position  of  pelvic  floor  in  general  has  evolved  over  the  past 
several decades due to the anatomical and physiological insights 
made possible by modern MRI and ultrasonographic  imaging 
[13]. The muscle groups within the pelvis can be subdivided into 
three general categories:  the anal  sphincter complex  itself,  the 
muscles of  the pelvic floor, and  the muscles  located along  the 
pelvic sidewalls [14]. The major muscle that contributes fibers 
to  the  external  sphincter  is  the  levator ani  (Figure  6.3).  This 
muscle  derives  its  name  from  its  functional  characteristic  of 
elevating pelvic floor and anus during the act of defecation. It 
is a broad thin muscle composed of skeletal muscle fibers that 
originate from both sides of pelvic sidewall and meeting in the 
middle to form anococcygeal raphe. Levator ani  is a muscular 
aggregate  made  up  by  the  ileococcygeus,  pubococcygeus,  and 
puborectalis muscles supplied by the roots of the sacral nerves 
S2–S4  as  well  as  the  perineal  branch  of  the  pudendal  nerve 
[15,16].  The  midline  of  the  pelvic  floor  has  several  openings 
through which pass  the  lower  rectum, urethra,  and either  the 
dorsal vein of the penis in the male or the vagina in the female. 
The puborectalis muscle has an anatomical configuration similar 
to a U-shaped sling that is tonically contracted at rest. This tonic 
contraction “kinks”  the rectum resulting  in an  increase  in  the 
anorectal angle and limiting movement of stool into the distal 
rectum  [17,18].  During  defecation,  in  a  synchronized  motion 
with the rest of the pelvic floor, the puborectalis muscle relaxes, 
allowing return of the rectum into a straighter position allowing 
for passage of fecal material into distal rectum. On digital rectal 
examination,  this  muscle  can  easily  be  appreciated  by  gently 
curving the examining finger posteriorly as the finger advances 

The  distal  rectum  continues  inferiorly  to  become  the  anal 
canal. Despite being rather short (3.2–5.3 cm in men and 3–5 cm 
in women), the anal canal has a complex anatomy particularly 
due to its relationship to surrounding structures [12]. It opens 
externally  as  the  anus,  an  anterior-posterior  slit  that  remains 
virtually  closed  at  rest  as  a  result  of  tonic  contraction  of  the 
internal sphincter muscle. Approximately in the middle of the 
anal canal, the distal rectal mucosa of endodermal origin transi-
tions into lower (cutaneous) lining derived from ectoderm. This 
transition occurs at the dentate line, an area notable for tooth-
like  mucosal  protrusions  pointing  cephalad.  The  folds  of  the 
distal rectal mucosa form the columns of Morgagni that in turn 
form pits known as anal sinus crypts. The openings of the anal 
glands, which secrete mucus for lubrication of the anal canal to 
allow  easier  passage  of  stool  are  located  within  these  crypts. 
Anal glands are more numerous at  the posterior aspect of  the 
anal canal and extend through the submucosa, with half of them 
traversing the internal sphincter muscle and terminating in the 
intersphincteric  space.  Obstruction  of  the  glands  at  their 
opening within the anal crypts is thought to be responsible for 
the  development  of  cryptoglandular  abscesses  and  fistula-in-
ano. Cryptoglandular abscesses can expand through the planes 
of perianal and potential ischiorectal spaces resulting in ischio-
anal,  intersphinteric,  or  transsphincteric  abscess.  The  distal 
aspect  of  the  anal  canal  continues  towards  the  anal  opening 
where the epithelium of the anal canal meets with an ectoderm-
derived  epithelium  of  the  anal  margin.  The  anal  margin  is  a 
useful anatomical landmark used to measure and communicate 
the distance  to  the findings of  interest during colonoscopy or 
sigmoidoscopy.  Although  some  anatomists  recommend  using 
the dentate line as a reference because its location can be more 
accurately identified, it is more convenient for clinical purposes 

Figure 6.3 Pelvic floor (female) anatomy and anal sphincter innervation.
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classic presentation of pain, redness, and fluctuance in the per-
irectal  region.  There  is  also  a  small  potential  intersphincteric 
space  between  the  internal  and  external  sphincters.  Abscess 
formation  in  this  area  can  result  in  a  significant  pain  in  the 
absence of external signs of infection [24]. Digital rectal exami-
nation is usually extremely painful suggesting an abscess located 
between the sphincter complexes. Intersphincteric abscess can 
be easily identified on imaging by CT or MRI. Abscesses in the 
supralevator region can result  from intraabdominal pathology 
such  as  perforated  diverticular  abscess.  The  postanal  space  is 
also a common site of perirectal infection and can give rise to 
a horseshoe-shaped extension bilaterally around the ischioanal 
fossae.

Histology of the colon

The wall of the colon is composed of several layers each serving 
unique functions. Starting from the lumen, the colon is lined by 
mucosa which rests on the lamina propria (Figure 6.4). Beneath 
the mucosa are the muscle fibers of the muscularis mucosa and, 
below  this,  a  layer of  submucosa. The muscularis propria,  the 
next layer, consists of circumferential and longitudinal muscles 
and  neural  plexuses.  Finally,  the  outer  surface  is  covered  by 
serosa.

The colonic mucosa  is composed of a continuous polarized 
simple  columnar  epithelium  comprising  the  luminal  surface 
and  lining  the  crypts,  lamina  propria,  and  a  thin  muscularis 
mucosa layer [25]. The colonic mucosal layer is organized as an 
array  of  crypts  that  appear  as  a  row  of  test  tubes  under  light 
microscopy (Figure 6.5). Unlike the small intestine, the colonic 
mucosa does not have true villous projections. Regularly spaced 
crypts  located  in  parallel  alignment  are  a  hallmark  feature  of 
colonic mucosal architecture. It is present throughout the entire 
colon, except in proximity to mucosal lymphoid collections, in 
areas  of  transition  to  small  intestinal  mucosa  (i.e.,  ileocecal 
valve)  or  the  squamous  epithelium  at  the  anorectal  junction 
[26]. The colonic surface epithelium is a simple columnar cuboi-
dal epithelium that functions as a protective barrier between the 
host and the luminal environment and to absorb water from the 
colonic  lumen.  It  is  composed  of  absorptive  and  goblet  cells 
residing  on  a  basement  membrane  complex  [27].  Absorptive 
surface epithelial cells are responsible for colonic ion and water 
transport. These cells project microvilli and glycocalyx as seen 
by transmission electron microscopy. The nuclei of absorptive 
cells are oval and  located  towards  the basement membrane  in 
parallel  with  the  long  axis  of  the  cells,  while  the  cytoplasm  is 
highly eosinophilic [28,29]. 

Goblet cells (so named for their wine goblet-like appearance) 
synthesize,  store,  and  secrete  mucous  granules  by  exocytosis 
[30].  These  cells  also  contain  luminally  directed  microvilli 
which are small and irregular in shape and size as visualized by 
electron  microscopy.  Because  the  cytoplasm  of  goblet  cells  is 
almost  entirely  filled  with  mucin  which  does  not  stain  with 

above the anorectal ring. The anal canal is described differently 
by anatomists and clinicians. While anatomists define the anal 
canal as extending from anal verge to the dentate line, clinicians 
find  this  definition  of  limited  clinical  utility  and  instead  con-
sider the anal canal as extending to the top of the anorectal ring 
marked by the upper edge of the puborectalis muscle [12]. This 
definition is more useful for decisions regarding surgical inter-
vention that requires division of the anal sphincter or evaluation 
of  the  extent  of  pathological  conditions  such  as  anal  or  distal 
rectal cancers [19]. In addition to the external sphincter, which 
is composed of the levator muscles, the anorectal ring is com-
posed  of  the  internal  sphincter  muscle,  a  thickened  layer  of 
muscularis propria of  the rectum that extends  from the distal 
rectum  into  the  anal  canal.  The  internal  anal  sphincter  is  an 
involuntary muscle composed of smooth muscle that is respon-
sible for resting anal tone and that contributes to continence of 
gas and liquid stool [20]. It  is  tonically contracted at rest. The 
external sphincter, made up of striated muscle fibers, provides 
additional continence particularly with physical exertion asso-
ciated with a Valsalva maneuver such as coughing or sneezing 
[21,22]. External sphincter muscle is controlled voluntarily and 
can augment the resting pressure of the internal sphincter when 
a bowel movement needs to be deferred.

The  anal  canal  has  a  rich  blood  supply  with  six  arteries 
running longitudinally within the wall of the distal rectum and 
anus  [23]. They supply  three  internal hemorrhoids  located on 
the left lateral, right posterior, and right anterior aspect of the 
anal canal. Internal hemorrhoids serve a physiological purpose 
of  providing  complete  continence  particularly  to  liquid  stool 
and  gas  since  the  anal  canal,  being  shaped  as  an  anterior-
posterior  slit,  cannot  otherwise  close  completely  to  provide  a 
water-  and  airtight  seal.  Internal  hemorrhoids  are  the  venous 
cushions located submucosally and are covered by a rather thin 
layer of anoderm. They can become enlarged due to a variety of 
conditions such as constipation,  frequent Valsalva maneuvers, 
or  genetic  predisposition.  Internal  hemorrhoids  can  protrude 
through  the  anal  canal  and  could  be  confused  with  external 
hemorrhoids  which  are  small  venous  cushions  located  at  the 
anal  margin.  Internal  hemorrhoids  that  protrude  through  the 
anal canal can be differentiated from external hemorrhoids by 
the appearance of  the overlying  tissue. While  internal hemor-
rhoids are covered with mucosa of anal canal, external hemor-
rhoids are covered with skin of the anal margin.

Surrounding the rectum and anal canal are clinically signifi-
cant  potential  spaces  within  which  perirectal  or  perianal 
abscesses  can  fester.  These  spaces  are  defined  as  ischiorectal, 
ischioanal,  intersphincteric,  submucosal,  superficial,  and  deep 
postanal  [14].  Additionally,  there  are  supralevator  and  rec-
trorectal spaces. The ischiorectal  fossa  is a commonly affected 
potential  space  filled  with  a  loose  areolar  fatty  tissue  located 
between ischial bones of the pelvis and the rectum. This space 
is a frequent location of cryptoglandular abscess that originate 
in infected anal glands. Large abscesses in ischiorectal or ischio-
anal  fossa  can  extend  to  the  skin  of  the  buttock  resulting  in 
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Figure 6.6 Normal colonic basal crypt epithelium. Among the absorptive 
cells and goblet cells are endocrine cells with basally oriented secretory 
granules (arrows). Source: Courtesy of Dr Shu-Yuan Xiao, Department of 
Pathology, University of Chicago, Chicago, IL, USA.

guished  from  more  numerous  absorptive  and  goblet  cells  by 
their  eosinophilic  staining  granules  within  the  cytoplasm  ori-
ented towards the basement membrane with a nucleus residing 
somewhat  higher  towards  the  apex  of  the  cell.  These  cells  are 
readily  visualized  on  an  H&E  stained  section  (Figure  6.6). 
Endocrine cells can also be visualized by the special silver stain-
ing techniques since most of these cells are argyrophilic. They 
may further be identified immunohistochemically with varying 
immunoreactivity to chromogranin A, symaptopysin, neuron-
specific enolase, and specific antibodies [32]. Paneth cells, nor-
mally  found  at  the  base  of  the  crypts,  are  pyramidal  in  shape 
and contain large eosinophilic secretory granules. These gran-
ules contain lysozyme, epidermal growth factor, and arginine-
rich  basic  protein  as  well  as  glycoprotein.  Paneth  cells  are 
normally found only in the midgut-derived segments of colon 
(cecum and right colon); their presence in other regions of the 
colon  could  indicate  metaplasia  developing  in  the  context  of 
chronic inflammation. Paneth cell granules and cellular compo-
nents  contain  α-defensins,  β-defensins,  nucleotide-binding 
oligomerization domain-containing (NOD)-2, lysozyme, phos-
pholipase A2, secretory leucocyte inhibitor, immunoglobulin A 
(IgA), tumor necrosis factor (TNF)-α, trypsin and trypsinogen, 
Fas ligand (CD95L), CD44v6, CD15, and many others [33]. The 
contents of the Paneth cells reflect their role in innate immunity, 
apoptosis,  and  stem  cell  maintenance.  Membranous  (M)  cells 
are a variant of epithelial cells found in the dome of lymphoid 
follicles and cannot be reliably distinguished from the absorp-
tive  colonocytes  under  light  microscopy.  The  M  cells  provide 
docking sites for intraepithelial B and T lymphocytes as well as 
a small number of macrophages. These cells are able to sample 
luminal  contents  and  transfer  the  antigens  to  the  antigen-
presenting cells through the specialized process of transcytosis 

standard H&E stain, it appears to be vacant. Specialized mucin 
staining can be used to highlight their cytoplasm [31].

The cellular composition of the epithelium within the colonic 
crypts is different from that of the surface epithelium. In addi-
tion to absorptive and goblet cells, colonic crypts contain imma-
ture and undifferentiated precursor cells as well as specialized 
endocrine  and  Paneth  cells.  Endocrine  cells  can  be  distin-

Figure 6.4 Anatomy of the colonic wall. The histological section 
represents all layers of the colonic wall. At the top of the figure is the 
colonic mucosa (M) with one lymphoid aggregate (LA) extending into the 
submucosa (SM). Muscularis propria (MP) consists of circular smooth 
muscle layer (C), and longitudinal layer (L). Source: Courtesy of Dr 
Shu-Yuan Xiao, Department of Pathology, University of Chicago,  
Chicago, IL, USA.
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Figure 6.5 Normal colonic mucosa. Simple columnar surface epithelium 
at the top of the figure forms mucosal crypts arranged in parallel “row of 
test tubes.” The lamina propria (LP) consists of the stromal elements 
investing the crypts and extending from the surface epithelium to the 
smooth muscle cells of the muscularis mucosa (MM). Prominent vascular 
structures (arterioles, venules, and lymphatics) are noted within the 
submucosa. Source: Courtesy of Dr Shu-Yuan Xiao, Department of 
Pathology, University of Chicago, Chicago, IL, USA.
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ous than eosinophils. Their density appears to be increased in 
the  ileocecal  region compared with other  sites with  the  colon 
[43]. Mast cells are difficult to distinguish on routine H&E stain 
but  these cells  stain well by Giemsa or  toluidine blue, and  for 
tryptase  and  CD117  (c-kit)  [44].  Despite  the  abundance  of 
immune cells, neutrophils normally are not present within the 
lamina propria or colonic epithelium. Macrophages, represent-
ing  tissue-based  monocytes,  are  common  within  the  lamina 
propria and play an important role in processing and presenta-
tion of antigenic materials to other immune cells. Macrophages 
are  not  easily  identified  on  light  microscopy  unless  an  H&E 
stainable  apoptotic  debris  or  pigment  is  present  within  their 
cytoplasm,  for  example,  deposits  from  anthracene-type  laxa-
tives  as  seen  in  melanosis  coli  [45].  Neuroendocrine  (amine 
precursor uptake and decarboxylation, APUD) cells are present 
within the  lamina propria outside the basement membrane of 
the crypts. These cells may give rise to carcinoid and neuroen-
docrine  tumors  [46].  Lamina  propria  myofibroblasts  form  a 
reticular network called subepithelial myofibroblast syncytium. 
The myofibroblasts interact closely with the epithelium, lamina 
propria  inflammatory  cells,  and  the  muscularis  mucosa.  They 
play  a  role  in  water  absorption,  ion  and  mucin  secretion, 
immune regulation, and maintenance of stem cells [47]. Vascular 
structures within the lamina propria are limited to small capil-
laries which can be identified by the presence of erythrocytes, 
cells  and  sometimes  neutrophils  within  their  lumen.  A  thin 
layer of muscle fibers termed the muscularis mucosa is located 
deep  to  the  lamina propria and separates  the mucosa  (lamina 
propria and epithelium) from submucosa.

The submucosa forms an elastic interface between the mucosa 
and the muscularis propria allowing mucosa to slide over rela-
tively  rigid  muscularis  during  peristalsis.  It  is  composed  of 
loosely arranged smooth muscle fibers, fibroelastic and adipose 
tissue,  small  number  of  inflammatory  cells  (lymphocytes, 
plasma  cells,  fibroblasts,  and  macrophages),  and  neural  plex-
uses.  Submucosal  smooth  muscle  fibers  are  closely  associated 
with the interstitial cells of Cajal (ICC) which form neuroeffec-
tor  junctions  with  the  nerve  fibers  located  in  the  immediate 
proximity. These junctions are thought to transmit central, sym-
pathetic and parasympathetic nervous system signals. ICCs are 
modified myofibroblasts as evidenced by their H&E appearance 
of fusiform bodies with large oval nuclei. Mutation in the c-kit 
gene  of  ICCs  is  responsible  for  80%–90%  of  gastrointestinal 
stromal tumors (GIST) [45]. c-kit, a tyrosine kinase receptor, is 
activated by binding its ligand (known as c-kit ligand, stem cell 
factor, steel factor, or mast cell growth factor) which results in 
dimerization of c-kit molecules on the cell surface [48,49]. The 
resulting activation of c-kit’s tyrosine kinase moiety causes auto-
phosphorylation and phosphorylation of downstream signaling 
molecules. This leads to inhibition of apoptosis and in increased 
cell proliferation.  In GIST, c-kit mutations cause  transcription 
of  a  protein  that  is  constitutively  active  and  results  in  ligand-
independent  signaling  ultimately  leading  to  development  of 
cancer [48,50].

[34].  The  intraepithelial  inflammatory  cells  (IEL)  are  the  first 
members of immune system to encounter dietary and bacterial 
antigens and are  likely  to play a role  in oral  tolerance [35,36]. 
Within  the  paracellular  space,  the  predominant  cell  types  are 
CD3+, CD8+, T-cell receptor (TCR)-αβ+ suppressor T cells, 
and a relatively smaller number of TCR-γδ+ suppressor T cells 
[32]. T  lymphocytes  can be  recognized by nuclei  that densely 
stain by hematoxylin with usually only a thin rim of cytoplasm 
visible  under  light  microscopy.  CD3+/CD45RO+  activated 
memory  T  lymphocytes  with  smaller  numbers  of  CD45RA+ 
naïve T cells and IgM-secreting B cells reside within the M cell 
covered  lymphoid  aggregate.  Intraepithelial  eosinophils  can 
occasionally  be  seen  in  normal  colon,  but  they  are  present  in 
much smaller numbers than lymphocytes.

Colonic crypts serve an important function in renewing the 
surface epithelium. Mucosal  renewal  is  attributable  to  colonic 
epithelial stem cells residing within the so-called “mesenchymal 
niche”  (see  Chapters  1  and  2)  These  multipotent  cells  slowly 
divide,  contributing  new  epithelial  cells  that  migrate  towards 
surface  epithelium  replacing  those  lost  by  continuous  exfolia-
tion  into  the  lumen or as a  result of apoptosis  [37,38]. As  the 
cells migrate towards the surface, they differentiate into one of 
five  distinct  cell  types:  colonocyte,  goblet  cell,  endocrine  cell, 
Paneth  cell,  or  M  cell.  Even  though  most  epithelial  cells  lose 
their ability to divide, they continue to differentiate and become 
more functionally mature as they migrate until they eventually 
undergo  apoptosis  or  exfoliate  from  the  mucosal  surface.  The 
colonic epithelium rests on a thin basement membrane complex 
composed of collagen and other structural proteins [39,40]. The 
basement membrane is normally only a few microns thick and 
is readily permeable to absorbed or secreted substances includ-
ing water and proteins.  It allows movement of  lamina propria 
lymphocytes into the epithelial layer.

The lamina propria located beneath the basement membrane 
complex forms an investing stroma for the colonic mucosa and 
extends from the basement membrane complex to the muscu-
laris mucosa. It contains a variety of cell types residing within 
loosely organized collagen fibers  [41]. Most of  the cells  found 
in lamina propria are responsible for immunologically mediated 
host defense. The majority of the cells are organized in lymphoid 
aggregates  while  mature  B  lymphocytes,  plasma  cells  T  cells 
(helper,  suppressor,  and  lymphokine-activated  killer),  eosi-
nophils,  and  macrophages  comprise  the  pool  of  free  lamina 
propria  inflammatory  cells.  The  predominant  cell  type  within 
the  lamina  propria  is  the  IgA-secreting  plasma  cell  with  a 
smaller proportion of immunoglobulin M (IgM), immunoglob-
ulin G (IgG), and immunoglobulin E (IgE)-secreting cells [42]. 
The remaining lamina propria lymphocytes are predominantly 
CD3+ T cells with smaller numbers of CD8+ T and CD20+ B 
lymphocytes.

Eosinophils can be found in the lamina propria of a normal 
colon; their numbers are highly variable, but they are relatively 
rare compared with plasma cells and  lymphocytes. Mast cells, 
also referred to as tissue-based basophils, are even less numer-
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characteristic  finding  in  the  perianal  skin  is  the  presence  of 
apocrine glands within the subcutaneous tissue.

The histology of the appendix varies from that of the colon. 
In  contrast  to  the  colon  where  crypts  line  up  evenly  like  test 
tubes in a rack, appendiceal crypts are more irregular in shape, 
length, and distribution [59]. The appendix has abundant lym-
phoid  tissue,  most  of  it  organized  in  lymphoid  aggregates 
(Figure 6.8) [60]. Although a characteristic feature of the appen-

Meissner’s neural plexuses lie immediately below the muscu-
laris mucosa, and the deeper Henle’s neural submucosal plexus 
is located along the inner aspect of the muscularis propria and 
is analogous to the myenteric plexus of Auerbach [51,52]. Cell 
bodies  of  neurons  or  ganglion  cells  with  their  characteristic 
appearance of round or oval nuclei containing prominent nucle-
olus and surrounded by generous basophilic cytoplasm can be 
found within the submucosa. Nerve axons and plexuses have a 
fibrillar appearance and seem to traverse in and out of the plane 
of histological section when examined under light microscopy. 
Vascular  structures are more abundant  in  the  submucosa and 
include  arterioles,  venules,  and  lymphatics.  These  submucosal 
vessels  may  appear  large  and  tortuous  even  in  an  otherwise 
normal colon (see Figure 6.5). Tumors invading into submucosa 
can produce distant metastases through invasion of vascular or 
lymphatic submucosal networks [53].

The  muscularis  propria  of  the  colon  includes  a  circular  
inner  layer  and  a  longitudinal  outer  layer  [2,54].  Between  
the muscle layers lies the neural plexus of Auerbach. In addition 
to  the  complete  longitudinal  layer  of  muscularis  propria  as 
noted above, three longitudinal bands known as taenia coli run 
along the length of the colon. ICCs, located within the muscu-
laris  propria  are  thought  to  serve  as  pacemaker  cells  creating 
and  propagating  slow  waves  that  lead  to  smooth  muscle  
contraction  [55].  They  can  be  identified  by  immunostaining  
for CD117 and CD34 [56]. The segments of colon located intra-
peritoneally  are  covered  by  a  serosal  lining  derived  from  
mesothelial cells.

The  region  where  distal  rectal  mucosa  and  the  squamous 
mucosa  of  the  anoderm  gradually  intersect  is  called  the  anal 
transition  zone  and  is  located  approximately  1  cm  above  the 
dentate  line of  the anal canal. There  is no visible  line or  land-
mark  that  can  be  noted  on  gross  or  clinical  examination  that 
would indicate its location. The anal transition zone epithelium 
consists  of  4–9  cell  layers  with  the  surface  cells  arranged  as  a 
columnar, cuboidal, or polygonal layer while the basal cells are 
small with their nuclei arranged perpendicular to the basement 
membrane  (Figure  6.7)  [57].  Within  the  anal  transition  zone 
small  areas  of  mature  squamous  epithelium  may  be  present, 
especially  at  the  upper  border  of  the  anal  canal.  Anal  glands, 
responsible  for  secreting  lubricating  mucus,  arise  from  anal 
sinuses in the anal transition zone. The median number of anal 
glands is 6 with a range of 3–10. While some glands are located 
within the submucosa, others extend into the internal sphincter 
and a few reach into the intersphincteric space or penetrate the 
external anal sphincter terminating in the ischioanal space [58]. 
At the distal aspect of the transition zone, approximately at the 
level  of  dentate  line,  squamous  epithelium  becomes  more 
uniform  indicating  the  beginning  of  the  squamous  zone. 
Squamous epithelium in this zone  is unkeratinized with short 
or  no  papillae.  Glands  or  skin  appendages  are  never  present 
within  this  zone.  As  the  squamous  zone  transitions  into  the 
perianal  skin,  keratinization  becomes  apparent.  Perianal  skin 
contains  sweat  glands,  hair  follicles,  and  sebaceous  glands.  A 

Figure 6.7 Anal canal. Transition between the colonic epithelium (CE) on 
the left, anal transition zone (ATZ), and squamous epithelium (SE) of the 
anal canal on the right. Source: Courtesy of Dr Shu-Yuan Xiao, 
Department of Pathology, University of Chicago, Chicago, IL, USA.

CE ATZ SE

Figure 6.8 Low magnification view of a cross-section of vermiform 
appendix. The irregular (stellate) lumen is lined by a single layer of 
surface epithelium. Note the characteristic lymphoid follicles within the 
lamina propria that also extended to submucosa (arrows). Source: 
Courtesy of Dr Shu-Yuan Xiao, Department of Pathology, University of 
Chicago, Chicago, IL, USA.
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located  in  the  right  upper  abdomen  descends  caudally  and 
migrates  to  the  right  lower  quadrant  to  its  typical  anatomical 
position, as counterclockwise rotation completes the 360° turn. 
Once the intestine is in its proper anatomical position, fixation 
begins, starting with the duodenum, followed by ascending and 
descending colon. Anomalies during this stage are also common 
and include mobile cecum, subhepatic or undescended cecum, 
hyper descendent cecum and persistent colonic mesentery.

The portion of the intestine derived from the midgut includes 
the duodenum distal to the pancreatic papilla, the entire small 
intestine as well as the ascending and proximal two thirds of the 
transverse colon. The distal transverse colon, descending colon 
and rectum are derived from hindgut. At the level of the dentate 
line, the endodermal and ectodermal tubes fuse to form the anal 
transition zone. Prior to fifth week of intrauterine development, 
the  intestinal  and  urogenital  tracts  terminate  as  a  common 
opening termed the cloaca. Between the sixth and eighth weeks 
of  fetal  life,  the  urorectal  septum  forms  to  divide  the  cloaca  
into  an  anterior  urogenital  plate  and  a  posterior  anal  plate. 
During this stage of development, even a slight posterior shift 
in  the  position  of  the  septum  can  reduce  the  size  of  the  anal 
opening  and  potentially  give  rise  to  anorectal  defects.  The 
segment  within  the  newly  formed  anal  canal  that  is  derived 
from  cloaca  and  that  bears  both  endodermal  and  ectodermal 
elements  becomes  the  anal  transition  zone.  The  internal  anal 
sphincter  is  formed  between  the  sixth  and  twelfth  weeks  of 
development, deriving its muscle fibers from the circular layer 
of the rectum [15].

Colorectal malformations

Malrotation occurs when the cecum fails to complete a full 360° 
rotation around the root of the mesentery. Most commonly, the 
cecum will cease rotation and become fixed in the right upper 
quadrant  by  fibrotic  Ladd’s  bands  that  may  lead  to  extrinsic 
compression  of  the  duodenum  [64].  An  abnormal  location  of 
the  cecum  can  also  contribute  to  an  atypical  presentation  of 
acute appendicitis with symptoms localizing to the left or right 
upper quadrant [65]. Reverse rotation occurs when the midgut 
rotates  clockwise  instead  of  counterclockwise,  placing  the  
duodenum  anteriorly  and  the  transverse  colon  posteriorly. 
Omphalocele occurs when the midgut fails to completely return 
to  the abdominal cavity and remains covered by a  thin mem-
brane.  Incomplete  attachment  of  the  cecal  mesentery  is  rela-
tively  common.  In  the  majority  of  individuals,  the  cecum  is 
located intraperitoneally, fully invested by visceral peritoneum. 
It usually has a short mesentery that limits its mobility; however, 
in approximately 5% of the population, the peritoneal covering 
of the cecum is absent, resulting in a fully mobile cecum [66]. 
Such excessive mobility may predispose the individual to devel-
opment of cecal bascule or volvulus.

Among  other  congenital  malformations  is  atresia  of  the 
colon, a rare cause of intestinal obstruction that comprises only 

dix, the amount of lymphoid tissue varies in quantity with age. 
The  appendix  of  a  newborn  contains  scant  or  no  lymphoid 
tissue. With age, lymphoid nodules accumulate peaking in the 
first decade, then steadily diminishes in quantity throughout the 
remainder  of  life  [61].  Appendices  excised  incidentally  from 
middle-aged  adults  can  still  occasionally  demonstrate  promi-
nent organized lymphoid components. In areas containing lym-
phoid tissue, crypts are typically absent. Appendiceal lymphoid 
aggregates can extend beneath the muscularis mucosa into the 
underlying  submucosa.  These  aggregates  are  confluent  and 
appear similar  in composition and function to Peyer’s patches 
of the small bowel. As in Peyer’s patches the lymphoid frame-
work of the appendix is compartmentalized into follicles, dome, 
interfollicular  region,  and  follicle-associated  epithelium  [62]. 
The  follicle  in  most  cases  has  a  germinal  center  containing  a 
polymorphic cellular population consisting of  small  and  large 
lymphocytes in various stages of maturation, occasional CD4+ 
T-helper cells, and macrophages. Immediately surrounding the 
germinal  center  is  the  mantle  zone  containing  small  round  B 
lymphocytes.  Overlying  the  lymphoid  aggregate  and  beneath 
the epithelium is the dome region composed of a heterogeneous 
population  of  cells  including  B  and  T  lymphocytes,  macro-
phages, and occasional plasma cells. 

Embryology

The colon, rectum, and anus are derived from the distal segment 
of the midgut and the hindgut. During the third week of embry-
ological development, the human primitive intestine appears as 
a straight tube that is suspended along the sagittal plane by its 
mesentery. At this stage of development, the foregut is located 
in the head fold and the hindgut located in the smaller tail fold. 
The  midgut  begins  to  protrude  into  the  yolk  sac  where  the 
growth of the intestine takes place. During embryological devel-
opment, the intestine undergoes extensive elongation and rota-
tion within the yolk sac prior to returning into the abdominal 
cavity [63]. The initial stage of the rotation begins between the 
sixth and eighth week of development and by the eighth week 
counterclockwise 90°  rotation  from  the  sagittal plane  into  the 
horizontal plane occurs. A few rare anomalies originating from 
this stage  include  inverted duodenum and extroversion of  the 
cloaca. During  the  second stage of  the  rotation, which occurs 
around tenth week of  the  intrauterine  life,  the midgut returns 
into the abdomen from its umbilical herniation as it simultane-
ously  rotates  an  additional  180°  counterclockwise  around  the 
pedicle  of  the  mesentery.  The  duodenal  and  proximal  jejunal 
loops return to the abdomen first and as the rotation continues 
the  duodenum  becomes  situated  posterior  to  the  superior 
mesentery artery. Abnormalities that occur during this stage of 
development are more common and include intestinal nonrota-
tion, malrotation, reverse rotation, internal hernia, and ompha-
locele.  During  the  third  and  final  stage  of  the  rotation  the 
sequential fixation of the colon takes place. The cecum, initially 
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manner and can clinically resemble Hirschsprung disease. The 
patients with NID, however, lack the typical histological features 
of aganglionosis found in Hirschsprung disease [72].

Anorectal malformations

Anorectal  malformations  are  inborn  defects  characterized  by 
the absence of the anal orifice (imperforate anus). The majority 
of patients with anorectal malformations also have an abnormal 
communication between the rectum and other pelvic organs or 
structures  (e.g.,  vagina,  bladder,  or  urethra)  or  perineum.  In 
girls,  the  most  common  type  of  associated  defect  is  rectoves-
tibular fistula [73]. In some female patients there is a common 
channel between the anus and vagina called a cloacal abnormal-
ity (Figure 6.9) [74]. In males, the most common abnormality 
associated  with  imperforate  anus  is  rectourethral  fistula.  The 
incidence of anorectal malformations is 1/5000 with slight male 
predominance. Ninety-five percent of patients with anal malfor-
mation have some form of fistulization. Urogenital abnormali-
ties are quite common and occur  in about 50% of all patients 
[75].  As  a  result,  the  urological  problems  associated  with  the 
imperforate  anus  are  a  major  source  of  morbidity.  Sacral  and 
spinal abnormalities are also very common and range from an 
entirely normal well-developed sacrum to a completely absent 
sacrum. The degree of  sacral abnormality appears  to correlate 
with the outcome of the corrective surgery for imperforate anus: 
the more the sacrum is deformed, the less likely the patient will 
have  a  satisfactory  functional  outcome.  Twenty  percent  of 
patients with anorectal malformation will have a defect called 
tethered  cord  [76].  In  this  condition,  the  cord  is  abnormally 
attached to the spine. During the natural growth of the infant it 
is  thought  that  the spine growth rate  is  faster  than that of  the 
cord resulting  in  traction of  the nerve fibers. Tethered cord  is 
also associated with poor functional prognosis. Approximately 

5%  of  all  forms  of  intestinal  atresia.  It  can  present  as  partial 
occlusion of the colonic lumen by a membrane or web, complete 
occlusion  with  proximal  and  distal  colonic  segments  that  are 
joined  by  a  completely  obliterated  cord-like  remnant  of  the 
intestine,  and  a  variant  where  there  is  complete  separation  of 
the  proximal  and  distal  segments  appearing  as  blind  pouches 
without any communication between them. Colonic atresia can 
occur at any segment of the colon and can be of varied length.

Intestinal  duplication  is  a  rare  congenital  anomaly  that  can 
occur anywhere along the gastrointestinal tract. The colon and 
rectum account for 5%–10% of all intestinal duplications [67]. 
In the colon, there are three general groups of congenital mal-
formations:  mesenteric  cysts,  diverticula,  and  long  colonic 
duplication [68]. Mesenteric cysts are lined by intestinal epithe-
lium  with  variable  amounts  of  smooth  muscle  and  located 
within  the  mesentery  of  the  colon  or  behind  the  rectum. 
Diverticula  arise  either  from  the  mesentery  wall  or  the 
mesenteric  border  of  the  bowel.  They  may  have  heterotopic 
gastric mucosa or pancreatic tissue. Long colonic duplication is 
exceedingly rare. In this malformation the two parts lie in paral-
lel, sharing a common wall throughout most the length of colon 
and rectum.

Hirschsprung  disease  results  from  the  absence  of  ganglion 
cells  in  the  myenteric  plexus  of  the  colon  and  rectum.  This 
condition is caused by an interruption of migration of neuroen-
teric  cells  from  the  neural  crest  as  they  advance  towards  the 
distal colon and rectum. Hirschsprung disease occurs in 1/5000 
live births and has an overall 4 : 1 male predominance [69]. The 
internal anal sphincter is involved in all cases and in most cases 
colon and rectum are involved as well. The length of the agan-
glionic  colonic  segment  varies.  In  the  most  common  type, 
affecting 80%–85% of patients with Hirschsprung disease,  the 
aganglionic  segment  involves  the  rectum  and  most  of  the 
sigmoid  colon.  In  10%  of  patients  the  aganglionic  segment 
extends to the level of splenic flexure. Total colonic agangliono-
sis occurs in 3%–8% of patients sometimes affecting a segment 
of terminal ileum [70]. In the so-called ultra-short Hirschsprung 
disease, the aganglionic segment is very short extending just a 
few centimeters above the dentate line. Because this variant has 
such a short aganglionic zone, ganglion cells may be present in 
the  biopsy  [71].  Clinical  presentation  is  characterized  by  sus-
tained contraction of the aganglionic bowel segment, leading to 
intestinal  obstruction  and  distension  of  proximal  segments 
(megacolon). In most instances, the diagnosis of Hirschsprung 
disease  is  made  before  the  child  reaches  the  age  of  1  year. 
However, in those affected by very short or ultra-short segment 
of  distal  rectum,  diagnosis  may  not  be  made  until  they  are 
adults.

Neuronal  intestinal  dysplasia  (NID)  is  an  abnormality  that 
includes  hypertrophy  of  ganglion  cells,  presence  of  immature 
ganglia,  hypoganglionosis,  hyperplasia  of  the  submucosal  and 
myenteric plexus giant ganglion cells as well as a hyperplasia or 
aplasia of the sympathetic innervation of the myenteric plexus. 
This condition can occur either in a localized or a disseminated 

Figure 6.9 Cloaca. The rectum, vagina, and urinary tract are fused 
together forming a common channel. This single channel opens at a 
location where the urethra would be typically found in normal females.
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area between the territory supplied by the superior mesentery 
artery and the inferior mesenteric artery is located between the 
proximal  two  thirds  and  the  distal  segment  of  the  transverse 
colon which corresponds to the area were the midgut joins the 
hindgut.  The  superior  mesenteric  artery  originates  from  the 
aorta posterior to the pancreas at the level of L1 (Figure 6.10). 
It courses anteriorly to the third portion of the duodenum and 
continues  in caudal  fashion and slightly  to the right,  traveling 
within  the  mesentery  of  the  small  bowel  as  it  gives  off  12–20 
jejunal and ileal branches and continues as the ileocolic artery 
towards the cecum. On the right side, the superior mesenteric 
artery gives the middle and right colic arteries. While the ileo-
colic  artery  is  quite  constant,  the  right  colic  and  middle  colic 
arteries can have varying anatomy. The right colic artery origi-
nates directly from superior mesenteric artery in approximately 
20% of  the  individuals and  in  the remainder  it originates as a 
branch of  ileocolic artery or can be absent altogether. The ile-
ocolic artery bifurcates into an ascending branch coursing supe-
riorly and anastomosing with right colic artery and a posterior 
branch  which  supplies  the  cecum  and  appendix  [78].  The 
middle  colic  artery has  a  short  common  trunk and bifurcates 
early  in  its  course  into  left  and  right  branches.  Left  branch  

8%  of  patients  with  anorectal  malformations  will  also  have 
esophageal  atresia.  These  patients  are  likely  to  have  a  high 
imperforate  anus  and  high  likelihood  of  associated  urological 
abnormalities. Cardiovascular abnormalities are also commonly 
associated with imperforate anus, with the most frequent being 
patent ductus arteriosus, atrial septal defect, ventricular septal 
defect, and tetralogy of Fallot [76]. 

The main concern for the patient with anorectal malforma-
tion is whether they will have adequate bowel, urological, and 
sexual function. With higher levels of anorectal malformation, 
patients tend to have worse functional outcomes. Additionally, 
patients  with  higher  anorectal  defects  are  more  likely  to  have 
fecal  incontinence  after  repair  but  a  much  lesser  chance  of  
constipation.  Conversely,  patients  with  lower  malformations  
are  likely  to  suffer  from  constipation  following  reconstructive 
surgery.

Blood supply and lymphatic drainage

The blood supply to the colon and rectum is derived from the 
superior  and  inferior  mesenteric  arteries  [77].  The  watershed 

Figure 6.10 Arterial blood supply of the colon and rectum. Source: Kodner et al. 1993 [94]. Reproduced with permission of McGraw-Hill.
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rior mesenteric artery while retrograde flow indicates occlusion 
of the superior mesenteric artery.

The blood supply to the colonic lumen is provided by short 
straight arteries, vasa recta, arising from the marginal artery of 
Drummond.  These  vessels  divide  into  anterior  and  posterior 
branches and run submucosally within the colonic wall. At the 
level of the taenia epiploica and taenia libera they penetrate the 
muscularis propria and continue within the submucosa towards 
the  antimesenteric  border.  At  the  mesenteric  aspect  of  the 
colonic  wall,  short  straight  vessels  –  vasa recta brevia,  course 
towards the submucosa by penetrating the muscularis propria 
in multiple locations. These sites are thought to represent poten-
tial weak areas prone to formation of colonic pseudodiverticula 
[84].  Clinical  observation  supports  this  notion  since  colonic 
diverticula are rarely found on the serosal surface of the colon 
between  taenia  epiploica  and  taenia  libera  as  this  segment  of 
colon is not supplied by vasa recta brevia, but rather by continu-
ation of submucosal vessels coursing within the colonic wall.

The  colon  has  a  rich  and  well-developed  network  of  lym-
phatic  vessels  that  follow  the  vascular  supply.  The  lymphatic 
basins are typically divided into epiploic, paracolic, intermedi-
ate, and principal. The epiploic lymph nodes reside on the bowel 
wall  under  the  peritoneal  lining  as  well  as  in  the  appendices 
epiploicae. The paracolic nodes are located along the marginal 
artery of Drummond and along the vascular arcades. The inter-
mediate  lymph  nodes  are  situated  along  the  primary  named 
colic vessels. The principal nodes are located along the superior 
and  inferior  mesenteric  vessels.  The  lymph  from  the  colon 
drains into the cysterna chyli through a chain of lymph nodes. 
Pathological  evaluation  of  lymph  nodes  for  the  presence  or 
absence  of  metastases  is  critical  in  the  staging  of  colorectal 
cancers.  Therefore,  proximal  ligation  and  division  of  major 
blood  vessels  is  required  during  colon  resection  in  order  to 
achieve  removal  of  a  segment  of  mesocolon  with  sufficient 
numbers of lymph nodes.

Similar to the lymphatics, the innervation of the colon closely 
follows  its  blood  supply.  The  sympathetic  supply  of  the  right 
colon originates from the lower thoracic segments. These nerves 
synapse in the celiac, preaortic, and superior mesenteric ganglia. 
The postganglionic fibers course along the superior mesenteric 
artery supplying the small bowel and right colon. The parasym-
pathetic innervation is supplied by the right vagus nerve branch 
and the celiac plexus. The sympathetic nerves supplying the left 
colon  and  rectum  arise  from  L1–L3.  The  preganglionic  fibers 
synapse in the preaortic plexus while postganglionic fibers con-
tinue along the superior rectal artery into the pelvis, supplying 
the left colon and upper rectum.

There  is  a  dual  blood  supply  to  the  rectum  that  combines 
inflow  from  the  inferior  mesenteric  and  internal  iliac  arterial 
systems.  The  superior  hemorrhoidal  artery  coursing  caudally 
into the pelvis gives off multiple branches within the mesorec-
tum.  These  branches  form  multiple  anastomoses  with  the 
middle and inferior rectal arteries. The middle rectal arteries in 
most  instances  arise  from  the  internal  pudendal  arteries 

supplies  the  distal  half  of  the  transverse  colon  and  splenic 
flexure while the right branch supplies the hepatic flexure and 
provides  collateral  circulation  through  anastomosis  with 
branches of the ileocolic and right colic arteries.

The  inferior  mesenteric  artery  originates  from  the  aorta 
about 3–4 cm cephalad to its bifurcation at the level of L2–L3 
and courses caudally and to the left towards the pelvis. Just distal 
to its origin from the aorta, the inferior mesenteric artery gives 
off  the  left  colic  artery,  which  bifurcates  into  an  ascending 
branch,  contributing  to  the  arc  of  Riolan,  and  a  descending 
branch  that  runs  caudally  and  supplies  the  descending  colon. 
As the  inferior mesenteric artery continues  its course  into the 
pelvis  it  gives  off  2–6  sigmoidal  arteries  and  becomes  called  
the  superior  hemorrhoidal  artery,  also  commonly  referred  to  
as the superior rectal artery. Unlike most of the colonic blood 
supply,  which  is  segmental  in  its  architecture,  the  sigmoidal 
arteries form arcades that more closely resemble the small bowel 
vasculature with multiple anastomoses between them.

The venous drainage of the colon essentially follows arterial 
blood  supply.  The  vascular  distribution  of  the  superior 
mesenteric  artery  is  drained  by  the  superior  mesenteric  vein 
that  joins  with  the  splenic  vein  to  form  the  portal  vein.  The 
inferior mesenteric vein drains the distribution of  the  inferior 
mesenteric artery and usually joins the splenic vein posterior to 
the body of the pancreas.

Due to  its segmental blood supply that originates  from two 
major  arterial  systems,  the  collateral  circulation  within  the 
colon  plays  a  critical  role  when  blood  supply  through  one  of  
the  arteries  is  interrupted  surgically  or  through  disease  pro-
cesses.  The  central  anastomotic  artery  connecting  the  colonic 
mesenteric vascular beds is the marginal artery of Drummond 
[79]. It provides collateral circulation between the superior and 
inferior  mesenteric  arterial  systems  as  it  runs  along  the 
mesenteric  border  of  the  entire  colon.  A  potential  watershed 
area  between  the  inferior  and  superior  mesenteric  arterial 
systems is  located at the splenic flexure and is called Griffiths’ 
critical point [80]. Even though some authors postulate that this 
watershed area predisposes patients to ischemic colitis [81], this 
has not been supported by clinical evidence [82]. Another area 
of potentially diminished blood supply is Sudeck’s point located 
at the watershed area between the inferior mesenteric artery and 
the internal iliac artery. This point is located near the rectosig-
moid junction. Similar to Griffiths’ point, there is no convincing 
clinical evidence that Sudeck’s point is more prone to ischemia 
than any other segment of the left colon. Another communicat-
ing arc between inferior and superior mesenteric systems is the 
arc of Riolan, a thick torturous vessel  that often referred to as 
the  meandering  artery  [83].  It  tends  to  become  more  pro-
nounced as it plays critical role in establishing collateral circula-
tion between the middle colic artery and the ascending branch 
of  the  left  colic  artery  when  either  the  superior  or  inferior 
mesenteric  artery  is  occluded  in  advanced  atherosclerotic 
disease. Correspondingly, the presence of a meandering artery 
with antegrade flow indicates stenosis or occlusion of the infe-
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Cecal  volvulus  accounts  for  approximately  40%–60%  of 
colonic  volvuli.  The  worldwide  incidence  is  estimated  at  2.8–
7.1/1000 000 people per year. Most cases occur in younger indi-
viduals  with  a  slight  predilection  for  female  gender  with  a 
female  to male  ratio of 1.4  : 1  [88]. Cecal volvulus  is  an axial 
rotation of the cecum terminal ileum and the ascending colon 
about its mesentery (Figure 6.12). Cecal bascule, conversely, is 
a partial torsion of the cecum that does not involve a true axial 
twist. It  is considered to be a variant of volvulus as  it  involves 
folding  of  the  cecum  along  its  junction  with  ascending  colon 
and  may  result  in  transient  or  more  prolonged  symptoms  of 
colonic obstruction. Cecal bascule affects approximately 10% of 
patients who present with cecal volvulus or volvulus-type symp-
toms [86]. An anatomical abnormality responsible for the devel-
opment  all  forms  of  cecal  volvulus  is  thought  to  be  a  mobile 
cecum and descending colon. This is related to a lack of fixation 
of  the  right  colon  which  then  assumes  an  intraabdominal  

(approximately  two  thirds  of  the  time);  in  the  remaining 
instances,  they  arise  from  the  inferior  gluteal  or  internal  iliac 
artery. The middle rectal artery is often quite small in diameter 
measuring less than 1 mm; in fact, a middle rectal artery meas-
uring 1–2 mm in diameter is present in less than 5% of popula-
tion.  The  inferior  rectal  arteries  originate  from  the  pudendal 
arteries and supply  the anal canal and external anal  sphincter 
muscles. The anastomoses between the inferior rectal artery and 
the other rectal arterial systems occur primarily within the walls 
of the rectum and anal canal. Rectal venous outflow follows the 
course of the rectal arteries. The hemorrhoidal cushions located 
within  the  anal  canal  at  left  lateral,  right  anterior,  and  right 
posterior positions lack muscular wall and are considered to be 
sinusoids rather than veins. The subepithelial vessels and sinuses 
above the dentate line which constitute the internal hemorrhoid 
plexus  are  drained  by  way  of  the  middle  rectal  veins  to  the 
internal  iliac  veins.  The  venous  plexus  and  sinuses  below  the 
dentate line which constitute the external hemorrhoidal plexus 
drain primarily via  the  inferior rectal veins  into  the pudendal 
veins and into internal iliac veins.

Lymphatic  drainage  from  upper  and  middle  parts  of  the 
rectum  proceeds  along  the  superior  hemorrhoidal  artery 
through the inferior mesenteric lymph nodes (Figure 6.11). The 
caudal  part  of  the  rectum  drains  cephalad  through  superior 
rectal  lymphatics  into  inferior  mesenteric  nodes  and  laterally 
into  middle  rectal  lymphatics  to  the  internal  iliac  nodes. 
Lymphatic drainage from the anal canal above the dentate line 
proceeds cephalad via superior rectal lymphatics through infe-
rior mesenteric nodes and laterally along both the middle rectal 
vessels and  inferior  rectal vessels  through  the  ischioanal  fossa 
towards  the  internal  iliac  lymph  nodes  [85].  Lymph  from  the 
anal canal below the dentate line usually drains to the inguinal 
nodes. It can also drain to the superior rectal  lymph nodes or 
along  inferior  rectal  lymphatics  to  the  ischioanal  nodes  if 
obstruction to the lymph flow occurs along the primary drain-
age  pathway.  It  is  therefore  very  important  to  consider  meta-
static spread of distal cancers to the inguinal lymph nodes which 
should always be meticulously examined as a part of a detailed 
physical examination of the patient with rectal cancer.

Colonic volvulus

Volvulus of the bowel refers to a twisting or torsion of the intes-
tine about its mesentery. Volvulus of the colon most commonly 
affects its most mobile segments, the cecum and sigmoid colon 
but can occur in any other segment of the colon if it becomes 
sufficiently mobile (transverse colon, splenic flexure). Rarely, a 
synchronous volvulus of both the sigmoid colon the cecum can 
occur. In the USA, volvulus is a relatively uncommon condition, 
comprising only 10%–15% of all causes of colonic obstruction 
[86,87].  This  condition  is  much  more  prevalent  worldwide, 
comprising  up  to  50%  of  cases  of  bowel  obstruction  in  some 
Asian, African, and Latin American countries [86].

Figure 6.11 Lymphatic drainage of the rectum and anus. (a) Nodes at the 
origin of the inferior mesenteric artery; (b) nodes at the origin of the 
sigmoid branches; (c) sacral nodes; (d) internal iliac nodes; (e) inguinal 
nodes. Source: Kodner et al. 1989 [95]. Reproduced with permission of 
McGraw-Hill.
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located at close proximity [91]. This allows markedly elongated 
and redundant sigmoid to form an omega or alpha loop.

In the Western world, the typical patient with sigmoid volvu-
lus  is  an  elderly  institutionalized  man  with  history  of  chronic 
constipation.  The  factors  that  are  thought  to  contribute  to 
sigmoid volvulus are laxative abuse, previous abdominal surgery, 
and diabetes mellitus. In other parts of the world, patients tend 
to be significantly younger and do not necessarily suffer  from 
constipation.  Megacolon  from  any  etiology,  particularly 
Hirschsprung  disease  or  Chagas  disease,  also  predisposes  to 
volvulus  [92].  The  gross  anatomical  features  of  the  sigmoid 
colon as it becomes prone to volvulus include progressive wid-
ening and loss of taenia coli, disappearance of appendices epi-
ploicae,  and  the  development  of  a  thickened  narrow  fibrosed 
mesentery. In many instances, patients can experience repeated 
undiagnosed episodes of sigmoid volvulus that reduce sponta-
neously.  These  episodes  are  thought  to  result  in  scarring  and 
fibrotic  changes  within  the  sigmoid  mesocolon.  The  sigmoid 
colon  can  undergo  volvulus  in  either  direction,  clockwise  or 
counterclockwise,  and  upon  completion  of  the  360°  turn,  a 
closed  loop  obstruction  occurs  within  the  affected  segment 
(Figure  6.13).  The  hyperperistalsis  and  fluid  secretion  that 
follows  further contribute  to colonic distension and  increased 
tension within the colonic wall which in turn results in hypop-
erfusion,  ischemia,  and,  eventually,  colonic  wall  necrosis. 
Colonic perforation can occur either at the neck of the volvulus, 
within  the  closed  loop,  in  the  proximal  descending  colon  or 
distal rectum as a result of the retrograde mesenteric thrombo-
sis.  Upstream  perforation  of  the  cecum  as  a  consequence  of 
sigmoid volvulus has also been described.

position.  In  cadaver  studies,  37%  of  individuals  have  a  suffi-
ciently mobile cecum that it is able to fold or axially rotate [86]. 
Despite the relatively high prevalence of individuals with mobile 
cecum,  cecal  volvulus  is  uncommon.  Therefore,  other  factors 
besides  lack  of  fixation  may  account  for  the  development  of 
cecal  volvulus  in  predisposed  individuals.  Such  factors  might 
include a history of prior abdominal surgery with colonic mobi-
lization, intraabdominal adhesions, and distal colonic obstruc-
tion [88]. Pregnancy and pelvic masses are thought to contribute 
to  cecal  volvulus  by  displacing  the  mobile  cecum  cephalad. 
Prior  abdominal  surgery  appears  to  have  a  strong  correlation 
with  cecal  volvulus  as  30%–70%  of  patients  presenting  with 
cecal volvulus have previously undergone abdominal surgery. 

Sigmoid volvulus  is  the most common form of colonic vol-
vulus  but  is  still  overall  quite  uncommon  in  the  USA  and 
Western  Europe,  accounting  for  less  than  10%  of  all  cases  of 
large  bowel  obstruction.  There  is  a  substantial  male  predomi-
nance especially in developing nations [89]. However, sigmoid 
volvulus is the most common cause of intestinal obstruction in 
pregnancy accounting for up to 45% of intestinal obstructions 
in this group of women [90]. The primary reason for observed 
geographical differences in the incidence of sigmoid volvulus is 
thought to be the consumption of high-fiber diet that results in 
elongation of the colon and that may lead to the development 
of sigmoid volvulus  in relatively younger patients.  In addition 
to a redundant elongated sigmoid colon, the anatomical feature 
that  predisposes  it  to  volvulus  is  a  narrow  elongated  sigmoid 
mesocolon  with  two  relatively  fixed  points  of  attachment 
between  the  descending  sigmoid  junction  and  rectosigmoid 

Figure 6.12 Radiograph of the cecal volvulus. Massively dilated cecum 
occupies most of the abdomen. Gas-filled intestinal loops result in a 
“coffee bean” sign.

Cecum

Figure 6.13 Computed tomogram of the abdomen (scout image) of a 
patient with sigmoid volvulus. Markedly dilated gas-filled sigmoid colon 
with a “bent inner tube” sign.
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CHAPTER 7

The pancreas is an endocrine and exocrine organ located deep 
in the upper retroperitoneum posterior to the stomach, with the 
pancreatic head nestled in the duodenal concavity and the pan-
creatic tail near the splenic hilum. Current cross-sectional 
imaging techniques, such as thin-cut pancreatic protocol com-
puted tomography (CT) scans or magnetic resonance imaging/
magnetic resonance cholangiopancreatography (MRI/MRCP), 
have greatly increased the understanding of pancreatic anatomy, 
and the ability to manipulate the pancreas surgically, endoscopi-
cally, and percutaneously has made it necessary for a wide 
variety of physicians to become familiar with pancreatic ana-
tomical variations. The anatomy of the pancreas has been 
described in many standard texts, but the functional and  
therapeutic implications of its anatomical relations often are 
underemphasized.

Diseases of the pancreas are often more difficult to manage 
medically or surgically than those of other abdominal viscera. 
The pancreas is largely protected by the lower rib cage anteriorly, 
and is almost completely covered by the stomach, transverse 
colon, and transverse mesocolon. At laparotomy, the pancreas 
cannot be properly visualized or palpated without extensive 
dissection, mobilization, and retraction of surrounding organs 
and viscera.

The central position of the pancreas provides for lymphatic 
drainage along several major routes, namely, the splenic, hepatic, 
and superior mesenteric nodal systems as well as the aortocaval 

and other posterior abdominal wall lymphatics. Moreover, the 
intimate anatomical association of the pancreas with vital major 
vessels of the epigastrium, such as the celiac axis, common 
hepatic artery, portal vein, superior mesenteric vein, and supe-
rior mesenteric artery, at once limits the extent of any surgical 
procedure and also dictates what must be removed. Thus, when 
a tumor spreads a short distance to involve the superior 
mesenteric vein, the portal vein, or the celiac axis, which is very 
common at initial diagnosis, it usually becomes incurable. Simi-
larly, if the gland is removed in radical fashion, the need to 
excise the vessels and lymph nodes associated with it frequently 
makes necessary the removal of the duodenum, gallbladder, 
distal bile duct, spleen, upper jejunum, and part of the stomach. 
Finally, the vascular nature of the pancreas and the adjacent 
organs make hemorrhage the most common intraoperative and 
postoperative complication of pancreatic surgery.

Embryological development

The pancreas develops from two primordial outpouchings, one 
in the ventral foregut and the second in the dorsal midgut and 
is first apparent at 4 weeks of gestation. Cells in both regions 
express the Pdx1 transcription factor, but only cells in the 
ventral foregut express the Sox17 transcription factor. Eventu-
ally, the Pdx1+/Sox17+ cells differentiate into Pdx1−/Sox17+ 
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abdominal wall and is obliquely rather than transversely ori-
ented (Figure 7.2; see also Figure 7.1). The pancreas has a 
lobular structure and, although completely invested in fine con-
nective tissue, does not have a true fibrous capsule. The adult 
gland weighs 85–95 g. Because of its oblique orientation, a 
transverse section or CT scan normally does not pass through 
the entire length of the gland. The head of the pancreas is on 
the right side and lies within the C-shaped concavity of the 
duodenum at the level of the body of L2. The tail of the gland 
is to the left, lies between the two layers of peritoneum that form 
the lienorenal ligament, and is located at the level of the body 
of L1. The first portion of the duodenum is suspended in front of 
the head of the gland. The lesser curvature of the second part 
of the duodenum and the upper aspect of the third part of the 
duodenum intimately invest the head of the pancreas. Superi-
orly, the head is related to the gastroepiploic foramen and the 
structures that form the contents of the free border of the lesser 
omentum. Anteriorly, the first portion of the duodenum covers 
the superior part of the pancreatic head, and below this the right 
side of the transverse mesocolon is attached transversely. Pos-
teriorly, the head of the pancreas contacts the right renal hilum, 
both renal veins, the inferior vena cava, and the termination of 
the right gonadal vein as well as the right side of the aorta [3].

The distal end of the common bile duct passes behind the 
upper border of the head of the pancreas. The bile duct grooves 
the posterior aspect of the head of the gland before passing 
through the substance of the head to reach the duodenal papilla 
of Vater. From the posterior aspect of the head, a tongue of 
pancreatic tissue of variable size, the uncinate process, extends 
to the left to occupy the concavity formed by the third and 
fourth parts of the duodenum. The uncinate process lies ante-
rior to the inferior vena cava and aorta and is covered superiorly 
and anteriorly by the superior mesenteric vessels as they emerge 
below the neck of the pancreas.

From the head of the pancreas, a constricted part of the gland, 
the neck of the gland, extends toward the left. It is 3–4 cm wide 
and joins the head of the gland to the body of the gland on the 
left. The pancreatic neck lies behind the posterior peritoneum 
of the lesser sac, and its inferior border is covered by the attach-
ments of the transverse mesocolon and the root of the small 
bowel mesentery. The neck of the pancreas lies anterior to and 
is closely related to the confluence of the superior mesenteric 
and splenic veins, which form the lowest part of the portal vein.

In front of the aorta in the midline, the body of the pancreas 
continues its retroperitoneal course toward the left side, held 
securely against the aorta and the posterior parietes by the pos-
terior peritoneum of the lesser sac. The antrum and the body of 
the stomach contact the body of the pancreas anteriorly. Poste-
riorly, the left renal vein, passing between the aorta and the 
pancreas, is separated by the latter from the first part of the 
superior mesenteric artery. At a slightly higher level, elements 
of the celiac and superior mesenteric plexus ramify between the 
pancreas and the aorta. The midline part of the body of the 
pancreas is pushed anteriorly by the bodies of L1 and L2 and, 

cells, which give rise to the extrahepatic biliary tree, and Pdx+/
Sox17− cells, which give rise to the ventral pancreas. The cells 
within the dorsal midgut eventually give rise to the dorsal pan-
creas. The dorsal pancreatic bud grows more rapidly than the 
ventral pancreas and by the sixth week extends into the dorsal 
mesentery. The ventral pancreas remains smaller and is carried 
away from the duodenum by the development of the hepatic 
rudiment into the biliary system. Investigations have shown that 
sonic hedgehog (SHH) expression in the embryonic foregut 
suppresses pancreatic differentiation of the stomach and duo-
denum. In the dorsal bud, signals from overlying notochord and 
dorsal aorta result in downregulation of SHH expression and 
development of pancreatic tissue. The ventral endoderm closer 
to the developing major papilla differentiates into pancreatic 
tissue whereas signals from the septum transversum lead to 
upregulation of SHH in the nascent hepatic bud [1]. Differential 
growth of the duodenum and axial rotation of the gut result in 
the dorsal pancreas being carried to the left and the ventral 
pancreas being carried to the right of the duodenum (Figure 
7.1). Migration of the distal common bile duct behind and to 
the left of the duodenum causes the ventral pancreas to lie below 
the dorsal pancreas, forming the uncinate process of the pan-
creas. The common bile duct lies posterior to the dorsal pancre-
atic duct. Fusion of the two parts of the pancreas occurs during 
the seventh week of gestation. Fusion of the ventral duct with 
the dorsal duct results in the formation of the main pancreatic 
duct. The proximal end of the dorsal pancreatic duct usually 
does not communicate with the main duct and forms the acces-
sory pancreatic duct.

The pancreatic acini and the first zymogen granules appear 
at 12 weeks of gestation. Groups of endocrine cells develop from 
multipotential stem cells in the ductular epithelium (nesidiob-
lasts) at 9 weeks of gestation. Discrete islets of Langerhans cells 
can be identified at 12 weeks. Most of the islet cells develop 
within the tail of the pancreas and the dorsal pancreas. The first 
cells to produce granules are the alpha cells, soon followed by 
the beta and delta cells. Complete maturation of the pancreatic 
gland does not occur until sometime after the end of gestation. 
The smooth muscle of the sphincter of Oddi develops inde-
pendently of the duodenal musculature, and only later does it 
become incorporated into the duodenal wall.

Most evidence indicates that islet cells arise from stem cells 
that appear in pancreatic ducts during the third month of gesta-
tion. Insulin-containing granules may be demonstrated immu-
nocytochemically by the end of the third month. Islet cells 
migrate away from the ducts in which they arise and move into 
the interlobular connective tissue. Mature islet morphology is 
established before birth.

Gross anatomy

The pancreas is a soft, flattened, elongated gland, 12–20 cm long 
in the adult, that lies behind the peritoneum of the posterior 
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Figure 7.1 Embryological development of the pancreas. The various stages of intrauterine pancreatic growth are shown at 4 weeks (a), 6 weeks (b), 
7 weeks (c), and birth (d). Source: Adapted from Arey 1974 [2]. Reproduced with permission of Elsevier.
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therefore, lies closest to the anterior abdominal wall. Because of 
its prominence and fixity in this region, this area of the pancreas 
is most vulnerable to blunt abdominal injuries. In addition, a 
tumor in this region may be palpated as a mass that does not 
move with respiration and that strongly transmits the aortic 

pulsation. The celiac axis, surrounded by the celiac plexus, 
divides into its major branches between the superior border of 
the body of the pancreas and the crura of the diaphragm.

The body of the pancreas passes laterally, posteriorly, and 
slightly cephalad behind the posterior peritoneum of the lesser 
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The head of the pancreas may be inspected and palpated 
more closely by performing two maneuvers [4]. First, the 
hepatic flexure of the colon is mobilized downward and medi-
ally, dividing the attachments of the transverse colon to the front 
of the duodenum and pancreatic head as far as the origin of the 
middle colic vessels. In addition, the attachments of the right 
side of the greater omentum to the transverse colon are divided. 
Thus, the lesser sac can be widely exposed on the right side of 
the middle colic vessels. Second, the peritoneum lateral to the 
second part of the duodenum is incised, and the duodenum and 
pancreatic head may be elevated and swept to the left by blunt 
dissection, exposing the right renal vein, the inferior vena cava, 
the right gonadal vein, the origin of the left renal vein, and the 
retroduodenal and retropancreatic portions of the distal 
common bile duct. After this mobilization (Kocher maneuver), 
the head of the pancreas may be palpated anteroposteriorly 
between the thumb and fingers. The mesenteric vessels are 
obscured from view by the uncinate process.

Limited sight of the superior part of the body of the pancreas 
may be obtained by opening an avascular part of the lesser 
(gastrohepatic) omentum and retracting the lesser curvature of 
the stomach inferiorly. This maneuver also brings the celiac axis 
into view. A much better view of the body of the pancreas may 
be obtained by widely opening the lesser sac, which can be 
achieved by dividing the gastrocolic omentum at its attachment 
to the transverse colon. Extending this opening to the right into 
the subpyloric region allows visualization of the anterior aspect 
of the head and neck of the pancreas, especially if the right 
gastroepiploic vessels are ligated and divided. Extending the 
opening to the left and dividing the short gastric (gastrosplenic) 
vessels in the gastrosplenic ligament superiorly and the rela-
tively vascular splenocolic ligament inferiorly will give complete 
visualization of the anterior surface of the body and tail of the 
pancreas. The spleen, splenic vessels, and tail of the pancreas 
may be mobilized medially and anteriorly en bloc, allowing 
inspection of the posterior aspect of the tail and body of the 
gland. All these surgical maneuvers may be carried out quickly 
and safely with little risk of damage to vital structures or 

sac and merges imperceptibly with the tail of the gland. The 
exact junction of the body and tail is not discernible anatomi-
cally. The posterior relationships of the body and tail of the 
pancreas include the posterior attachment of the left crus of the 
diaphragm, the left suprarenal gland, the upper pole of the left 
kidney, and hilum of the spleen. The splenic vein above and the 
left renal vein below lie close to one another behind the body 
and tail of the gland.

At the upper border of the body and tail of the pancreas, the 
splenic artery courses to the left from its origin at the celiac axis. 
The transverse mesocolon is attached to the anterior part of the 
lower border of the gland. The splenocolic ligament attaches the 
splenic flexure of the colon to the hilum of the spleen and brings 
it adjacent to the tail of the pancreas.

The shape and disposition of the pancreas varies, as demon-
strated by pancreatography. In 57% of people, the bulk of the 
head of the gland is to the right of the spinal column. In about 
38% of cases, it lies directly over the spine, but only rarely (5%) 
does the head of the pancreas lie to the left of the spine. There 
is a tendency in elderly people for the pancreas to be ptotic, or 
to show abnormal drooping. The duodenal opening of the main 
pancreatic duct lies at the level of L2–L4 in 92% of cases, but 
rarely it has been described at a lower level.

Surgical exposure

Although the pancreas is located retroperitoneally, it must be 
approached by way of an anterior laparotomy incision. The 
gland is usually not seen or palpated at laparotomy without dis-
section. In a thin patient, small areas of the head may be seen 
directly behind the peritoneum of the supracolic and right 
infracolic compartments, and the inferior border of the body 
and tail may be seen from the left infracolic compartment at the 
root of the transverse mesocolon. However, these limited views 
usually are obscured by omental, mesocolic, and retroperitoneal 
fat. The neck of the pancreas may be felt from above by a finger 
passed through the gastroepiploic foramen of Winslow.

Figure 7.2 Computed tomographic scan of the abdomen demonstrates the relation of the head (a) and the body and tail (b) of the pancreas to 
surrounding structures. a, aorta; I, inferior vena cava; k, kidney; s, spleen.
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superior mesenteric vein, which courses underneath the neck 
of the pancreas. The splenic vein can be dissected free under the 
pancreas. The splenic artery can be dissected along the superior 
border of the pancreas.

Arterial blood supply

The pancreas derives its blood supply from the celiac axis and 
the superior mesenteric artery (Figure 7.3). These major vessels 
and their branches also provide the blood supply to other vital 
organs adjacent to the pancreas.

Typically (in 90% of people), the celiac axis divides into the 
common hepatic, the splenic, and the left gastric arteries. The 
common hepatic artery passes to the right, anterior to the portal 
vein, to reach the free border of the lesser omentum and usually 
lies to the left of the common bile duct. After giving off the 
gastroduodenal artery, the hepatic artery turns upward toward 
the porta hepatis and divides into the left and right hepatic 
arteries. The middle hepatic artery, supplying the caudate lobe 
of the liver, is usually a branch of one of these two vessels. This 
arrangement of the hepatic arterial blood supply, however, 
occurs in only 55% of people. Replaced or accessory hepatic 
arteries are frequent, occurring in as many as 30% of people. 
The most frequent variation from normal is the right hepatic 
artery branching off from the superior mesenteric artery and 

troublesome bleeding. By this means, all except the region of 
the neck and uncinate process of the pancreas may be evaluated 
fully.

The pancreas can also be exposed through a minimally  
invasive approach also, whether for a laparoscopic/robotic 
Whipple or, more frequently, for a laparoscopic/robotic  
distal pancreatectomy/splenectomy. Five ports can be used:  
a periumbilical camer port, a right flank/subcostal port, a  
right abdominal/midclavicular line port, a left abdominal/
midclavicular port, and a left flank/subcostal port. A long, 
laparoscopic energy device (e.g., Ligasure, Harmonic scalpel, 
Enseal, or Thunderbeat) can be used. For exposure of the pan-
creatic head, the proximal transverse colon, hepatic flexure, and 
even the entire right colon all the way down towards the termi-
nal ileum is mobilized in order to expose the duodenum and 
reflecting the right colon away from the operative field. The 
duodenum is Kocherized as described above. For exposure of 
the pancreatic body/tail, the greater curve of the stomach is 
mobilized, up to and including the short gastric vessels. The 
splenic flexure of the colon is then mobilized and reflected 
inferiorly. The distal stomach and proximal duodenum is lifted 
anteriorly and detached from the anterior surface of the pan-
creas. This dissection can be carried all the way towards the 
gastroduodenal artery. The inferior border of the pancreas is 
then dissected free from the tail towards the neck of the pan-
creas until the middle colic vein is seen emptying into the 

Figure 7.3 Blood supply of the pancreas. The pancreas, duodenum, stomach, and spleen are viewed from their posterior aspects. a, artery.
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Venous drainage

The general pattern of veins draining the pancreas is the same 
as that of the arterial blood supply (Figure 7.4). Blood from the 
pancreas drains ultimately into the portal vein, which is formed 
by the junction of the superior mesenteric vein and splenic vein 
behind the neck of the gland. The close relationship of the portal 
and superior mesenteric veins to the head, neck, and uncinate 
process of the pancreas is of vital surgical importance; in deter-
mining the resectability of a pancreatic lesion, a key step is 
assessment of involvement of these veins. The portal vein origi-
nates from behind the neck of the pancreas as a continuation of 
the superior mesenteric vein after it becomes confluent with the 
splenic vein. The portal vein passes upward to the right to gain 
access to the free border of the lesser omentum, where it lies 
posterior to the hepatic artery and the common bile duct. At 
the porta hepatis, it divides into a short, broad right branch and 
a longer, narrower left branch. In adults, the portal vein is about 
8–10 cm long and 8–14 mm wide. Its average length is about 
8.4 cm [7].

The splenic vein originates at the hilum of the spleen by the 
confluence of five or six tributaries draining the spleen. It 
receives the basal brevia (short gastric veins) and left gastroepi-
ploic veins at the hilum. It passes through the lienorenal liga-
ment behind the tail of the pancreas and below the splenic 
artery and is the large, straight vein that courses to the right in 
contact with the posterior surface of the pancreas. It receives 
many tributaries from the tail, body, and neck of the gland.

Below the pancreas, the ileocolic vein passes directly, and 
usually without tributaries, from the ileocecal region to join the 
right side of the superior mesenteric vein in the midline just 
above the inferior border of the third part of the duodenum. At 
about the same level on the left side, the superior mesenteric 
vein is joined by the jejunointermediate vein. The confluence of 
these three veins forms the lower limit of what has been termed 
the surgical trunk of the superior mesenteric vein. Above this 
point, about two-thirds of the superior mesenteric vein lies 
below the inferior border of the neck of the pancreas, with the 
remaining one-third retropancreatic. The superior jejunal vein 
joins the left side of the superior mesenteric vein. The middle 
colic vein usually joins the superior mesenteric vein immedi-
ately below the inferior border of the pancreatic neck.

The inferior mesenteric vein typically joins the splenic vein 
vertically behind the body of the pancreas. The latter passes 
horizontally and combines with the superior mesenteric vein at 
a right angle to form the portal vein, which turns obliquely to 
the right to pass into the free edge of the lesser omentum. Small 
veins draining the head of the pancreas pass directly into the 
portal vein. Similarly, small veins draining the uncinate process 
terminate in the right and posterior aspects of the retropancre-
atic superior mesenteric vein. The anterior aspects of the major 
veins are usually free from tributaries. From the left side, the 
coronary vein joins the retropancreatic portal vein, and the 
pyloric vein joins the suprapancreatic portal vein. The superior 

coursing behind the uncinate process and the head of the pan-
creas to reach the free border of the lesser omentum [5].

The gastroduodenal artery usually originates from the 
hepatic artery. The gastroduodenal artery courses from its 
origin behind the first part of the duodenum and, after giving 
off the posterior superior pancreaticoduodenal artery, lies on 
the anterior surface of the head of the pancreas. At the lower 
border of the first part of the duodenum, it branches into the 
right gastroepiploic artery and the anterior superior pancreati-
coduodenal artery.

For the most part, the head of the pancreas and the duode-
num have a common blood supply: the anterior and posterior 
pancreaticoduodenal arcades. The anterior arcade gives off the 
only arteries that enter the head of the gland from its anterior 
aspect. This arcade is formed by the anastomosis of the anterior 
superior pancreaticoduodenal artery, which is a terminal branch 
of the gastroduodenal artery, and the anterior inferior pancrea-
ticoduodenal artery, which is usually a branch of a common 
inferior pancreaticoduodenal artery, arising from the superior 
mesenteric artery.

The posterior pancreaticoduodenal arcade is formed by the 
anastomosis of the posterior superior pancreaticoduodenal 
artery, usually a branch of the gastroduodenal artery, and the 
posterior inferior pancreaticoduodenal artery, which arises in a 
way analogous to the anterior pancreaticoduodenal artery. Of 
surgical importance is the relation of the posterior superior 
pancreaticoduodenal artery to the common bile duct. Typically, 
this vessel arises from the gastroduodenal artery and passes to 
the right, anterior to the common bile duct, contributing the 
major source of the structure’s blood supply. The supraduodenal 
portion of the common bile duct also may be crossed anteriorly 
by the right hepatic artery, the right gastric artery, and the 
supraduodenal artery, making mobilization of the lower end of 
the common bile duct more difficult.

Because of the shared blood supply of the duodenum and 
pancreatic head, extensive interference with the pancreaticodu-
odenal arcades in the course of a 95% pancreatectomy may 
compromise the blood supply of the duodenum [6]. In addition, 
because the duodenojejunal flexure and the first part of the 
jejunum may derive their blood supply from branches of the 
inferior pancreaticoduodenal artery or the pancreaticoduode-
nal arcades, ligation of these vessels in the course of a resection 
may render the proximal jejunum ischemic.

The body and tail of the gland derive their blood supply 
chiefly from branches of the splenic artery. This vessel, the 
largest branch of the celiac axis (5–11 mm in diameter), courses 
laterally at the upper border of the pancreas; its characteristic 
marked tortuosity appears to be related to age. Tortuosity is 
often absent in infants and is most marked in the elderly. The 
splenic artery gives multiple side branches to supply the neck, 
body, and tail of the pancreas. The termination of the splenic 
artery passes between the layers of the lienorenal ligament and, 
at the hilum of the spleen, four or five branches enter the splenic 
hilum separately.
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Figure 7.4 Venous drainage of the pancreas. The pancreas and duodenum are viewed from their anterior aspects. Insets: normal variations in the 
termination of the inferior mesenteric vein. v, vein.
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and posterior pancreaticoduodenal veins drain into the portal 
vein from the right side, deep to the first part of the duodenum 
and opposite the pyloric vein. The coronary, or left gastric, vein 
usually (in 60% of cases) drains into the left side of the retro-
pancreatic portal vein, but it may have a high termination well 
above the neck of the pancreas.

The close anatomical relationship of the splenic vein with the 
pancreas often leads to splenic vein occlusion in inflammatory 
or neoplastic diseases involving the body and tail of the gland. 
Retrograde venous drainage toward the splenic hilum and then 
by way of the short gastric veins and the left gastroepiploic vein 
creates the syndrome of left-sided portal hypertension and 
gastric varices.

Lymphatic drainage

The lymphatic vessels of the pancreas conform to the general 
pattern of deep lymphatic drainage and accompany the arterial 
supply (Figure 7.5). The duodenum and head of the pancreas 
have a common lymphatic drainage; lymph from the foregut 
and midgut structures, including the pancreas, liver, stomach, 
spleen, small bowel, and proximal large bowel, flows eventually 
into the celiac and superior mesenteric groups of paraaortic 
nodes and into the cisterna chyli [8]. The lymphatics of the tail 
of the pancreas pass to the splenic nodes at the hilum of the 
spleen, and those of the body of the pancreas pass upward to 

the pancreaticosplenic nodes lying along the superior border of 
the gland. These nodes, along with the retropancreatic nodes, 
drain into the celiac nodes. Lymphatics of the upper anterior 
part of the head of the pancreas pass through the subpyloric 
nodes lying behind the first part of the duodenum. Obstruction 
of these pancreatic lymphatic drainage pathways by tumor may 
result in the shunting of lymph through local collateral chan-
nels, resulting in the involvement of nodes primarily concerned 
with hepatic or gastric drainage. Inferiorly, the retropancreatic 
and antepancreatic group of nodes drain into the superior 
mesenteric nodes, and lymph from the latter also may pass into 
nodes in the root of the transverse mesocolon. The absence  
of fascial or retroperitoneal coverings on the posterior aspect of 
the pancreas allows easy communication between lymphatics of 
the pancreas and those of neighboring retroperitoneal tissues 
and organs. The lymphatic network is so rich that a thorough 
lymphadenectomy en bloc with a pancreatic resection fre-
quently produces a profuse postoperative chylous leakage [9].

Nerve supply

The sympathetic efferent innervation of the pancreas is derived 
from the greater, lesser, and least splanchnic nerves (Figure 7.6). 
The bodies of the preganglionic sympathetic neurons originate 
in the lateral gray matter of thoracic spinal segments 5 through 
10. After traversing the sympathetic trunks, presynaptic nerve 
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Intrapancreatic ganglion cells are seen within the interlobular 
tissues, with nonmyelinated fibers passing to both exocrine and 
endocrine portions of the gland. The sites of nerve termination 
may be generally grouped as blood vessels, pancreatic acinar 
cells, ductal cells, and pancreatic islets. Functional correlates 
suggest that pancreatic nerves may modulate the function of 
each of these pancreatic elements. In addition to the classic 
cholinergic and adrenergic neurons, evidence suggests that a 
large number of peptide-containing neurons also exist within 
the pancreas. Immunocytochemical methods have demon-
strated the presence of fibers or cell bodies containing vasoac-
tive intestinal polypeptide, substance P, cholecystokinin-8, 
gastrin-releasing peptide, enkephalin, galanin, neuropeptide Y, 
and calcitonin gene-related peptide [12]. Anatomical studies 
suggest that modulation of release of acetylcholine and catecho-
lamines from autonomic nerve terminals within the pancreas 
may be important in pancreatic function.

Pain fibers from the pancreas travel through the celiac ganglia 
and by way of the sympathetic splanchnic nerves and the tho-
racic sympathetic chain to reach the spinal root ganglia. Pain 
from the head of the pancreas tends to be broadly localized in 
the midepigastrium, and pain from the body and tail tends to 
be localized in the left upper quadrant. Visceral pain from the 
pancreas usually is sensed as a severe, constant discomfort in 

fibers synapse with postganglionic sympathetic neurons within 
the celiac plexus, although there is some minor distribution to 
the pancreas through the hepatic and superior mesenteric plex-
uses. The celiac ganglion consists of two masses that lie on either 
side of the aorta, anterior to the crura of the diaphragm and 
close to the adrenal glands. The right celiac ganglion is partly 
covered by the inferior vena cava, and the left celiac ganglion is 
covered by the peritoneum of the lesser sac close to the upper 
border of the pancreas. The cell bodies of afferent sympathetic 
neurons are located in dorsal root ganglia. Afferent fibers often 
cross the midline in celiac ganglia before projecting centrally so 
that sympathetic afferent innervation is bilateral.

The parasympathetic innervation of the pancreas is derived 
from the vagal nerves. The cell bodies for efferent vagal fibers 
are located in the medulla in the dorsal motor nucleus. Efferent 
fibers pass to the pancreas by way of the celiac division of the 
posterior vagal trunk. No synaptic connections are made within 
the celiac ganglia; postsynaptic neurons are located within the 
pancreatic parenchyma. Afferent vagal fibers also pass through 
the celiac ganglia; afferent cell bodies are located within the 
nucleus ambiguus [11].

The ultrastructure of pancreatic innervation has been studied 
extensively in several animal species in addition to humans. 
Myelinated fibers usually are not found within the parenchyma. 

Figure 7.5 Lymphatic drainage of the pancreas. The pancreas is viewed from its anterior aspect. The gastrocolic ligament has been divided along the 
greater curvature of the stomach, which has been retracted anterosuperiorly. The transverse mesocolon has been detached from the peritoneum of the 
posterior abdominal wall. Labels indicate representative lymph nodes in the major regional nodal groups.
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the pain syndrome associated with chronic pancreatitis. Altera-
tions in peptidergic pancreatic innervation also have been 
reported in animal models of chronic pancreatitis [16]. The 
hypertrophy of pancreatic nerves seen in chronic pancreatitis 
has been associated with increased expression of nerve growth 
factor (NGF) by acinar and islet cells. Expression of NGF results 
in increased expression of its receptor in neural tissue, and an 
increase in receptor expression has been shown to correlate with 
pain intensity [17,18]. Interactions of nerves with pancreatic 
inflammatory cells and glia have been proposed as a cause [19].

Perineural tumor invasion of intrapancreatic nerves, neuro-
genic inflammation, and tumor metastasis along extrapancre-
atic nerves are a key feature of pancreatic adenocarcinoma. It 
has traditionally been thought that neuroplastic changes are a 
consequence of pancreatic cancer due to release of substances 
from the tumor. However, recent studies suggest that the periph-
eral nervous system may play a more active, early role in tumor 
development. Using a genetically engineered mouse model 
system to study the early events in pancreatic cancer develop-
ment, it has been observed that changes in innervation and 
sensory neuronal properties change parallel disease progression 
and begin before the occurrence of cancer, suggestion a more 
active participation of the nervous system in pancreatic cancer 
biology [20].

Ductal system

The main pancreatic duct of Wirsung extends from the tail  
of the pancreas to the major duodenal papilla or ampulla of 
Vater (Figures 7.7 and 7.8). The average diameter of the duct in 
the adult tapers from 4 to 2 mm, and it is widest in the head of 
the gland [21]. The main duct is close and almost parallel to the 
distal common bile duct for 2–3 mm, then combines to form a 
common duct channel before opening into the duodenum. The 
accessory pancreatic duct of Santorini, which is present in 
40%–70% of people, usually communicates with the main duct 
and passes transversely to the right in the upper part of the head 
of the pancreas. The duct of Santorini lies anterior to the intra-
pancreatic common bile duct and usually opens into the proxi-
mal portion of the second part of the duodenum at the minor 
papilla, proximal to the ampulla of Vater.

This “typical” ductal anatomy actually may be present in as 
few as 33% of people. Important variations include nonpatency 
of the accessory duct (8%), independent openings of the 
common bile duct and the main pancreatic duct (6%), an absent 
main duct (5%), and patent double accessory ducts (1%). Non-
communication between the main duct and the accessory duct, 
with the body and tail of the gland draining exclusively by way 
of the duct of Santorini, results in the anatomical variant known 
as pancreas divisum, which occurs in 2%–6% of otherwise 
healthy people.

The sphincter of Oddi consists of circular smooth muscle that 
surrounds the common channel of the common bile duct and 

the epigastrium. Because the pancreas does not contact the 
somatically innervated parietal peritoneum, sharply localized 
pain usually does not occur. Radiation of pancreatic pain to the 
back in the area of the lower thoracic vertebrae is common.

Studies suggest that pancreatic innervation may be altered in 
chronic pancreatitis. In patients with chronic pancreatitis, the 
number and diameter of intralobular and interlobular nerve 
bundles have been reported to be increased relative to normal. 
Evidence of neuronal sprouting and neuritis are also evident. 
These changes have been strongly associated with clinical pain 
scores, and thus suggests they represent an important factor in 
the pathogenesis of pain in chronic pancreatitis [13,14]. Pancre-
atic nerves in these patients demonstrated increased immunos-
taining for substance P and calcitonin gene-related peptide [15]. 
Because these peptides are known to be expressed in afferent 
neurons, the changes in their expression levels have linked to 

Figure 7.6 Innervation of the pancreas. (a) Cross-sectional diagram of 
pancreatic nerve plexuses. (b) Standard anatomical depiction of 
extrapancreatic nerve plexuses. PL ce, celiac plexus; PL cha, common 
heptic artery plexus; PL hdl, plexus within the hepatoduodenal ligament; 
PL ph I, pancreatic head plexus I; PL ph II, pancreatic head plexus II; PL 
sma, superior mesenteric plexus; PL sp, spelenic plexus; PV, portal vein; 
SMA, superior mesenteric artery. Source: Japan Pancreas Society 2003 
[10]. Reproduced with permission of Japan Pancreas Society and 
Kanehara & Co. Publishers, Ltd.

Duodenum

PV

PL ph I

Celiac ganglionRight  kidney

Aorta

Inferior vena cava(a)

(b)

Left  kidney

SMA

PL ph II

Pancreas

Right celiac ganglion

Duodenum

PL ph II

PL ph I

Left celiac
ganglion

Uncinate process

SMA

PL ce

PL sma



Pancreas: anatomy and structural anomalies CHAPTER 7   117

Ultrastructure

The pancreas is a mixed endocrine and exocrine gland. Its glan-
dular constituents by weight are 80% exocrine tissue, 18% duc-
tular system, and 2% endocrine tissue. Also, the pancreas is a 
lobulated organ with lobular subunits composed of acini; the 
latter are rounded or have a short tubular form and consist of 
single rows of epithelial cells lying on a basal lamina. Lining the 
lumen of the acinus are pyramidal acinar cells and pale-staining 
centroacinar cells, which are unique to the pancreas. The acinar 
lumen connects with the intralobular ducts to form the inter-
lobular ducts, which, in turn, coalesce to form the main pan-
creatic duct. Lining the ductules are columnar cells, goblet cells, 
and occasional argentaffin cells. The large ducts are surrounded 
by thick layers of connective tissue and elastic fibers.

In the resting state, the basal portion of the acinar cell con-
tains a centrally located spherical nucleus lying within a highly 
basophilic cytoplasm secondary to the large number of ribos-
omes in the rough endoplasmic reticulum. The abundant ribos-
omes attest to the high protein-synthesizing capacity of the 
acinar cells. A clear region containing the Golgi complex sepa-
rates the nucleus from numerous eosinophilic zymogen gran-
ules, each about 1 μm in diameter, lying at the apex. The acinar 
cell has short microvilli, averaging 0.2 μm in length, which pro-
trude into the acinar lumen. At the apical portion, the cells are 
held together by tight junctions, which prevent reflux of lumenal 
contents. Laterally, the cells are connected by gap junctions, 
which permit intercellular communication.

The thin basal lamina on which the acini rest is supported by 
collagen fibers. A rich capillary plexus surrounds the acinus in 
this connective tissue, and this plexus is penetrated by numer-
ous nerve fibers, which reach the acinar cells.

The endocrine portion of the pancreas consists of about one 
million islets of Langerhans, which are distributed throughout 
the gland but are relatively concentrated in the tail of the pan-
creas. The islets are about 200 μm in diameter, and each is asso-
ciated with a prominent capillary plexus. The islets contain 
several cell types. About 75%–80% of islet cells are beta cells (or 
B cells), which secrete insulin, and 10%–20% are alpha cells  
(or A cells), which contain glucagon. Delta cells (or D cells) 

the main pancreatic duct at the ampulla of Vater. The muscle 
fibers of the sphincter of Oddi extend around the common bile 
duct just distal to the latter’s oblique entry into the wall of the 
duodenum to form the choledochal sphincter. A short region of 
circular smooth muscle also surrounds the pancreatic duct just 
before its termination to form the pancreatic duct sphincter.

Figure 7.7 Terminology variously applied to describe the pancreatic duct system. One system indicates an understanding of ductal embryology, 
particularly with regard to the development of the more unusual variations (left). For clarity and practicality, however, the terms given on the right are 
preferred.
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Figure 7.8 Variations of main and accessory pancreatic ducts, and their 
relation to the common bile duct (CBD) from a series of 143 postmortem 
preparations. Accessory duct variations and usual short common channel 
for CBD and main pancreatic duct (top); variations of CBD and main 
pancreatic duct terminations (middle); miscellaneous variations (bottom). 
Source: Adapted from Berman et al. 1996 [22]. Reproduced with 
permission of the Journal of the American College of Surgeons.
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Annular pancreas has been described in association with pan-
creas divisum (see Section Pancreas divisum below) [38]. Men 
appear to be affected more commonly than women. The occur-
rence of annular pancreas is usually sporadic, although several 
reports describe a familial association and apparent autosomal 
dominant transmission [39–42].

Typically, the annulus is a band of pancreatic tissue com-
pletely encircling the second portion of the duodenum. The ring 
usually lies proximal to the major papilla, and in a few cases the 
annulus involves the first or third portion of the duodenum. 
Histologically, pancreatic tissue frequently invades the muscu-
laris layer of the duodenum [43].

The most popular etiological theory suggests that the ventral 
pancreatic bud becomes fixed; as the pancreas and duodenum 
rotate, a band of pancreatic tissue is left encircling the duode-
num [44]. Supporting this theory is the report that a high con-
centration of pancreatic polypeptide cells, which is characteristic 
of the ventral pancreas, was found in annular tissue [45]. Other 
theories propose that hypertrophy of the dorsal and ventral 
ducts or ectopic pancreatic tissue causes the annulus [46].

More than half of all cases are diagnosed in the first year of 
life. Severe duodenal stenosis is usually apparent within the first 
few days of birth. Because pancreatic tissue encircles the duo-
denum, causing obstruction, newborns and infants are intoler-
ant of oral feedings and have vomiting, often of bilious material. 
Upper abdominal distention and visible peristalsis are often 
present on physical examination [47]. Although vomiting is the 
usual presenting symptom in children, adults often complain of 
postprandial colicky abdominal pain, bloating, and fullness that 
also may be associated with nausea and vomiting [48–51]. 
Upper gastrointestinal bleeding and duodenal ulcer disease 
occur in one-third of adults, and acute pancreatitis is a common 
associated finding in this disorder.

The radiographic signs of annular pancreas are those of duo-
denal obstruction. Plain radiographs of the abdomen often 
show a “double-bubble” sign resulting from dilation of the duo-
denum and stomach. With high degrees of obstruction, a duo-
denal cutoff sign also may be seen. In infants, these findings are 
the only necessary radiographic tests. Radiographic findings are 
not specific in older children and adults, and it is usually neces-
sary to document duodenal obstruction by upper gastrointesti-
nal contrast studies. Constricting bands, 0.8–5 cm long, around 
the duodenum have been detected radiographically [52]. Other 
signs include dilation and reverse peristalsis of the proximal 
duodenum. Endoscopic evaluation of annular pancreas usually 
is not helpful, although endoscopic ultrasound will occasionally 
reveal a circumferential band-like structure with the same echo 
pattern as the pancreas surrounding the duodenum [53]. The 
mucosa usually is normal, and it is difficult to appreciate mild 
narrowing of the duodenum. In severe cases, concentric nar-
rowing of the duodenum or stenosis and associated peptic ulcer 
disease are suggestive of the diagnosis. Endoscopic retrograde 
cholangiopancreatography (ERCP) has been used to visualize 
the ductal system in annular pancreas and is diagnostic of the 

constitute about 5% of the islets and contain somatostatin [23]. 
The beta cells occupy the center of the islets, whereas the perim-
eter is lined by alpha cells. Delta cells are dispersed between 
these groups. Other peptide-secreting cells that may be associ-
ated with the islets include enterochromaffin cells, containing 
5-hydroxytryptamine, and pancreatic polypeptide cells, con-
taining pancreatic polypeptide.

Congenital anomalies

Agenesis or hypoplasia of the pancreas
Agenesis of the pancreas is a rare and, in the past, universally 
fatal condition [24]. Failure of the pancreas to develop may 
occur as an isolated anomaly, or it may be associated with other 
congenital defects, such as absence of the gallbladder [25]. 
Although the cause is not known, pancreatic agenesis has been 
associated with retarded intrauterine growth, presumably 
resulting from failure of the endocrine pancreas to produce 
insulin [26]. Partial agenesis of the pancreas results from incom-
plete formation of either the dorsal or ventral pancreas and has 
a more favorable outcome than complete agenesis. Involvement 
of the dorsal segment appears to be more common than involve-
ment of the ventral pancreas. These glands possess normal exo-
crine and endocrine function.

Hypoplasia of the pancreas is a congenital disease involving 
exclusively the exocrine pancreas and has been referred to as 
lipomatous pseudohypertrophy of the pancreas [27]. Pathologi-
cally, the gland appears enlarged and of normal shape but of a 
fatty consistency. The major pancreatic ducts are developed, and 
islets of Langerhans are present; however, secondary pancreatic 
ducts and acinar lobules are absent or underdeveloped, and fatty 
tissue replaces normal acinar cells [28]. The finding that the 
gland is of normal shape, but missing differentiated cellular 
components, led investigators to postulate that embryological 
development is normal in this condition. It is proposed that an 
intrauterine insult occurs, such as infection, causing hypoplasia 
of the exocrine gland [29]. Although this disease usually is 
diagnosed in infants, it has been reported to occur in adults 
sometimes in association with malignancy [27,28,30]. It is also 
seen in two autosomally recessive diseases, Shwachman–
Diamond syndrome and Bannayan–Riley–Ruvalcaba syndrome 
[31,32]. Manifestations result from severe pancreatic exocrine 
insufficiency.

Annular pancreas
Annular pancreas is an unusual complication of disturbed 
embryological development in which the head of the pancreas 
surrounds the duodenum, often resulting in duodenal obstruc-
tion. Annular pancreas frequently is associated with other con-
genital defects, including Down syndrome, Meckel diverticulum, 
malrotation of the intestine, duodenal atresia and bands, intes-
tinal webs, tracheoesophageal fistulas, imperforate anus, absence 
of the gallbladder, and certain types of cardiac defects [33–37]. 
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malignant degeneration, cyst formation, and islet cell tumors 
also may be found in pancreatic rests [80–86].

Pancreatic rests involving the upper gastrointestinal tract 
often are detected initially by contrast radiography or endos-
copy as a submucosal bulge with central umbilication [87,88]. 
These lesions are covered by normal mucosa, making routine 
endoscopic biopsy not useful. Heterotopic pancreas may be dif-
ficult to differentiate from leiomyomas, fibromas, carcinoid 
tumors, or other malignant tumors. Endoscopic ultrasound 
(EUS) has become an increasingly useful modality in the evalu-
ation of these submucosal gastrointestinal masses. It not only 
can distinguish between an intramural lesion and compression 
from an extralumenal mass, but also allows identification of the 
wall layer from which the mass originates. For example, pancre-
atic rests, located in the submucosal layer, can be differentiated 
from leiomyomas, the most commonly encountered submu-
cosal masses, which are located in the layer of the muscularis 
propria [89]. In other patients in whom a definitive diagnosis 
cannot be made based on EUS appearance, EUS-guided fine-
needle aspiration may be used to obtain a histological diagnosis 
[90,91].

Treatment of ectopic pancreatic tissue is indicated only for 
those who have significant symptoms or complications, such as 
recurrent upper gastrointestinal bleeding, biliary or intestinal 
obstruction, or malignant degeneration. Definitive treatment is 
surgical removal of the ectopic tissue. Asymptomatic people 
with incidental discovery of heterotopic pancreas do not require 
further evaluation or treatment [92]. If unsuspected pancreatic 
rests are found at surgery, excision prevents the possible com-
plication of malignant degeneration and eliminates confusion if 
subsequent symptoms develop [92].

Pancreas divisum
Pancreas divisum, the most common congenital anomaly of the 
pancreas, is caused by failure of the ducts of the dorsal and 
ventral anlagen to fuse during the fifth and sixth weeks of gesta-
tion. Normally, the proximal one-third of the dorsal pancreatic 
duct regresses as it fuses with the ventral duct, forming the main 
pancreatic duct. In pancreas divisum, the ventral duct of 
Wirsung empties into the duodenum through the major papilla 
but drains only a small portion of the pancreas. Secretions from 
the tail, body, neck, and remainder of the head of the pancreas 
drain into the duodenum through the minor papilla by way of 
a persistent duct of Santorini. In 2%–3% of cases in which the 
ducts do not fuse, the ventral duct may not be demonstrable. 
Normally, drainage of the pancreas can occur by either duct, 
depending on fusion of the two ductal systems and the degree 
of patency of each. Most pancreatic drainage is through the duct 
of Wirsung, and although some drainage occurs through the 
duct of Santorini, this volume is relatively small. Occasionally, 
the duct of Santorini ends blindly in the duodenal wall.

Although pancreas divisum is a long-recognized entity, only 
with the advent of ERCP has its clinical significance become 
apparent. In autopsy series, pancreas divisum has an incidence 

disorder [54–57]. Magnetic resonance (MR) pancreatography is 
being used with increasing frequency as a noninvasive alterna-
tive to diagnostic ERCP in the evaluation of pathological condi-
tions of the pancreas such as annular pancreas and pancreas 
divisum [58]. Characteristic features can also be determined by 
CT [59]. In symptomatic patients, treatment of annular pan-
creas is surgical alleviation of the obstruction. Division of the 
annulus is not recommended because of the high incidence  
of pancreatitis and pancreatic fistulae complicating that proce-
dure, and bypass of the obstructed intestinal segment is pre-
ferred [60].

Heterotopic pancreas
Aberrant localization of pancreatic tissue, also known as hetero-
topic pancreas or pancreatic rests, refers to segments of pancre-
atic tissue not in continuity with the main body of the pancreas. 
The condition is usually asymptomatic, and therefore its true 
incidence is difficult to determine. Heterotopic pancreas has 
been identified in 1 of every 500 laparotomies, and autopsy 
studies have reported frequencies ranging from 0.6% to 15% 
[61,62]. Seventy percent of such rests are found along the upper 
gastrointestinal tract, with the stomach (25.5%), duodenum 
(27.7%), and jejunum (15.9%) representing the most frequent 
locations. Other intraabdominal locations include the gallblad-
der, liver, small intestine, colon, appendix, omentum, and 
Meckel diverticulum [63–65]. In the stomach, pancreatic rests 
are found primarily in the prepyloric region along the greater 
curvature. Extraabdominal sites include the lung and umbilicus 
[66–68]. Histologically, heterotopic pancreas can contain acinar 
tissue, islets, ducts, or any combination thereof. Seventy-five 
percent of rests are located in the submucosa of the stomach or 
intestine and appear as firm, yellow nodules, 2–4 cm in diam-
eter, underlying the mucosa. These often have a central mucosal 
depression, thought to represent the presence of a vestigial duct 
that may be recognized endoscopically or by radiographic con-
trast studies. The origin of heterotopic pancreas is not known, 
and it is likely that several abnormalities of embryological devel-
opment account for the locations in various sites. As pluripo-
tential cells, pancreatic rests may represent abnormal 
differentiation of endodermal stem cells. Conversely, distur-
bances in migration of the pancreas as it rotates around the gut 
may account for some heterotopic locations [69].

Heterotopic pancreas is usually an asymptomatic condition 
that is an incidental finding at surgery or autopsy. Symptoms 
attributed to this disorder include abdominal pain, nausea, 
vomiting, and gastric outlet obstruction [70,71]. Peptic ulcer 
disease and upper gastrointestinal bleeding also have been 
described. Because of the varied locations of pancreatic rests, 
involvement of other organs can occur. Pancreatitis, biliary 
obstruction with jaundice, intestinal obstruction, and intussus-
ception all have been associated with heterotopic pancreas 
[72–78]. As a result of the combined exocrine and endocrine 
function of the pancreas, any pathological change in the normal 
pancreas also can occur in ectopic tissue [79]. Therefore, 
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If stenosis of the papilla is not demonstrated radiographically, 
pancreatic manometry and secretin ultrasound scanning may 
be useful in identifying patients who may benefit from endo-
scopic or surgical intervention [97,98].

Patients with mild symptoms can be managed conservatively. 
Patients with recurrent episodes of acute pancreatitis or chronic 
pain require intervention to alleviate accessory ductal stenosis. 
Surgical accessory duct sphincteroplasty has been successful in 
treating patients, with the best results observed in patients with 
recurrent episodes of acute pancreatitis [99–101]. Endoscopic 
therapy with a combination of minor duct sphincterotomy and 
stenting has achieved similar rates of success; however, the 
follow-up period in these patients has been less than in the 
surgical groups [102–104], and long-term stenting of the pan-
creatic duct has been reported to result in chronic ductal 
changes [105]. Determination of which patients with acute 
recurrent pancreatitis would be served best by surgical or endo-
scopic treatment awaits further study. Patients with chronic 
pancreatitis have a poor response to both surgical and endo-
scopic treatment modalities. In cases in which sphincterotomy 
has failed or the ductal involvement is more extensive, direct 
ductal drainage or resection of the involved pancreas is neces-
sary [106,107].

Cystic lesions of the pancreas
Cysts of the pancreas are distinguished from more common 
pseudocysts by the presence of an epithelial lining. Pseudocysts 
often follow bouts of acute pancreatitis, with trauma being a 
major precipitant. Identification of true columnar or cuboidal 
epithelium in cystic lesion may be difficult, and it is not always 
possible to distinguish a congenital or neoplastic cyst from a 
pancreatic pseudocyst. In cysts located in the peripancreatic 
space, identification of pancreatic enzymes in the cyst fluid is 
helpful in determining that it is of pancreatic origin; however, 
not all pancreatic cysts contain fluid rich in pancreatic enzymes. 
Solitary congenital cysts are rare [108]. They are more com-
monly diagnosed in early childhood but may remain asympto-
matic and undetected into adulthood. Although other congenital 
anomalies have been reported with pancreatic cysts, these are 
more often isolated defects [109].

The most common presentation of a solitary pancreatic cyst 
is as an abdominal mass, which may be associated with abdomi-
nal pain or complications resulting from expanding size, such 
as gastroduodenal obstruction. Encroachment on the intrapan-
creatic or extrapancreatic common bile duct may cause biliary 
obstruction [110]. Subcutaneous fat necrosis and osteolytic 
lesions secondary to pancreatic enzymes leaking into the  
circulation from a developmental pancreatic cyst have been 
described [111].

The presence of a pancreatic cyst may be suggested by a plain 
radiograph of the abdomen or an upper gastrointestinal radio-
graphic series demonstrating a mass displacing a portion of the 
stomach, duodenum, or colon. The best diagnostic test is CT, 
which demonstrates a fluid-filled cystic lesion in the pancreas 

of 5%–10% [93]; as an ERCP finding, its incidence is 4% [94–
96]. In a series of patients with pancreatitis, however, there was 
a 16% incidence of pancreas divisum, and the incidence of the 
abnormality increased to 25% in idiopathic pancreatitis [94]. 
Therefore, it appears that pancreas divisum is associated with 
pancreatitis. It has been postulated that pancreatitis may result 
from a combination of pancreas divisum and stenosis at the 
level of the accessory papilla, with impediment of pancreatic 
secretory flow. As a congenital defect, clinical manifestations of 
pancreas divisum may occur at any age but are uncommon in 
childhood. Symptoms may be mild with only occasional epigas-
tric pain occurring postprandially, but more often episodes of 
severe acute pancreatitis occur. Chronic pancreatitis also may 
develop, with all of its associated sequelae. Changes in the pan-
creatic ducts characteristic of chronic pancreatitis may be 
detected on ERCP.

Pancreas divisum is diagnosed by pancreatography (Figure 
7.9). On ERCP, the major papilla is often difficult to cannulate, 
but on injection with contrast fluid, the duct of Wirsung appears 
shortened and of small diameter. There is rapid filling of small 
accessory ducts, and too much contrast can be injected before 
it is realized that the duct of Wirsung is not in communication 
with the main pancreatic duct. As a result, the patient may 
experience sudden pain, and pancreatitis of the ventral pancreas 
can develop. What appears as an abrupt cutoff of the duct of 
Wirsung must not be confused with a mass lesion such as a 
malignancy or pancreatic pseudocyst. The delicate nature of the 
accessory ducts on the pancreatogram is a helpful indicator of 
pancreas divisum. If possible, the accessory papilla should be 
cannulated, which should reveal a duct of Santorini running the 
entire length of the pancreas that is not in communication with 
the duct of Wirsung. Although ERCP remains the gold standard 
for diagnosis of pancreas divisum, MR pancreatography is an 
emerging, noninvasive radiographic technique that is being 
used to define ductal anatomy (see Section Annular pancreas). 

Figure 7.9 Pancreas divisum. An endoscopic retrograde pancreatogram 
performed through the accessory papilla shows the dorsal duct in 
pancreas divisum. Source: Courtesy of Peter B. Cotton, Durham, NC.
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and its relationship to surrounding structures. In considering 
the differential diagnosis, it is important to consider the differ-
ent possible cystic lesions of the pancreas, including congenital 
cysts (rare), pseudocysts, and cystic neoplasms. Cystic neo-
plasms of the pancreas include mucinous cystic neoplasms, 
serous cystadenomas, solid pseudopapillary neoplasms, cystic 
pancreatic endocrine neoplasms, and intraductal papillary 
mucinous neoplasms (IPMNs) [112]. They are discussed in 
detail in Chapter 86.

Multiple cysts
Multiple congenital pancreatic cysts are rare and usually associ-
ated with other congenital anomalies, most frequently poly-
cystic kidney disease and cystic fibrosis. Other clinical 
syndromes involving multiple pancreatic cysts include von 
Hippel–Lindau syndrome, Ivemark syndrome, and Gruber syn-
drome, in which cysts of the lung, liver, and central nervous 
system also are found [113,114]. Many of the associated anoma-
lies are lethal, although patients may have no symptoms refer-
able to the pancreatic cysts. Because of the numerous cysts and 
the involvement of several organ systems, no treatment is neces-
sary unless specific symptoms or a particular complication, such 
as infection of a cyst, dictates surgical excision or drainage. 
Multiple pancreatic cystic lesions can present as a manifestation 
of IPMN of the pancreas.

The reader is directed to Chapter 86 for a detailed discussion 
of cystic neoplasms of the pancreas.

References are available at www.yamadagastro.com/textbook
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CHAPTER 8

Introduction

An understanding of the embryological development and 
anatomy of the abdominal cavity is key to understanding the 
basis for many of the anomalies and acquired defects that can 
occur whether in infancy or later in life, as well as the patterns 
of disease spread that may be observed in the abdominal cavity. 
This chapter details the salient points regarding abdominal 
cavity development and anatomy, developmental and childhood 
structural anomalies of the abdominal cavity, and adult abdomi-
nal hernias.

Abdominal cavity development  
and anatomy

Key components of the abdominal cavity include the perito-
neum and its reflections that envelop, suspend, or form bounda-
ries around many intraabdominal organs. The abdominal cavity 
is divided into intraperitoneal and retroperitoneal components 
by the peritoneum, which is a thin serous membrane that covers 
the abdominal viscera. The peritoneum has a parietal layer, 
which lines the walls of the abdominal cavity, and a visceral 
layer, which envelops the organs. The intraperitoneal and retro-
peritoneal spaces have a potential bridge for communication via 
the subperitoneal space, a subserous fatty layer of mesenchyme 
that lies deep to the peritoneum [1].

Peritoneal embryology
The embryonic abdominal cavity within the fetus, known as the 
coelomic cavity, has formed by the fourth week of gestation. By 
the fifth week, the cavity has been partitioned into right and left 
parts via the ventral and dorsal mesenteries, which envelop the 
developing solid abdominal viscera, anchoring them to the pos-
terior abdominal wall and from which the primitive gut is sus-
pended. The primitive gut consists of the foregut, midgut, and 
hindgut; each has its own arterial supply, which subsequently 
become the celiac, superior mesenteric, and inferior mesenteric 
arteries, respectively. Distal to the major papilla, the second part 
of the duodenum forms the junction between foregut and 
midgut in the adult. The junction of the middle and distal thirds 
of the transverse colon marks the site of transition between the 
midgut and hindgut. The foregut undergoes a 90° clockwise 
rotation by the 10th week of gestation such that the left side of 
the stomach faces anteriorly as per normal adult configuration. 
The spleen moves to the left upper quadrant, the liver predomi-
nantly occupies the right upper quadrant, and the stomach 
bridges the gap between. The pancreas also becomes a retroperi-
toneal structure during the same period. Midgut development 
is characterized by rapid elongation, physiological herniation 
into the umbilical cord, and 270° of counterclockwise rotation 
during return to the abdominal cavity between the fifth and 
11th weeks of development. This results in the adult orientation 
of the jejunum in the left upper quadrant and the cecum in the 
right lower quadrant (Figure 8.1).
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composed of four peritoneal layers, which drape downwards to 
connect the greater curve of the stomach with the anterior 
transverse colon. The gastrocolic, gastrosplenic, and duodeno-
colic ligaments are components of the greater omentum. The 
lesser omentum or gastrohepatic ligament connects the lesser 
gastric curve with the fissure for the ligamentum venosum and 
contains the left gastric artery, coronary vein, and lymph nodes. 
This ligament is a potential route of disease spread between the 
two organs because the ligament is contiguous with the hepatic 
capsule between the caudate lobe and left lobe of liver. The 
hepatoduodenal ligament is the inferior portion of the lesser 
omentum and is a conduit for the portal vein, and common bile 
and hepatic ducts.

Mesenteries are composed of two layers of peritoneum that 
connects bowel to the posterior abdominal wall and contain 
mesenteric arteries, veins, and lymphatics. Three mesenteries 
exist: the small bowel mesentery, transverse mesocolon, and 
sigmoid mesocolon. The small bowel mesentery attaches to 

Peritoneal reflections
The peritoneal cavity is subdivided into several spaces and 
recesses via peritoneal reflections. These reflections are double-
layered folds of peritoneum, which are composed of remnants 
of the primitive ventral and dorsal mesenteries that result from 
the visceral rotation (Figure 8.2). They interconnect and suspend 
the organs, and are subdivided into ligaments, omenta, and 
mesenteries. A peritoneal ligament consists of two folds of peri-
toneum that enclose a structure. Peritoneal ligaments are named 
based on the structures that they connect. Examples include the 
phrenicocolic, hepaticoduodenal, gastrosplenic, gastrocolic, 
gastrophrenic, splenorenal, and duodenocolic ligaments. The 
liver is connected via the triangular ligament plus the superior 
and inferior coronary ligaments to the diaphragmatic undersur-
face. The falciform ligament, which contains the obliterated 
umbilical vein, connects the liver to the anterior abdominal wall 
at the umbilicus. An omentum is a subtype of ligament that 
joins the stomach to another organ. The greater omentum is 

Figure 8.1 Embryonic development of the midgut. (a) Schematic drawing of the primary intestinal loop before rotation (lateral view). The superior 
mesenteric artery forms the axis of the loop, and the arrow indicates the counterclockwise rotation around this axis. (b) Similar views as in (a) showing 
the primary intestinal loop after 180° counterclockwise rotation. The transverse colon is shown as passing in front of the duodenum. (c) Anterior view 
of the intestinal loop after the 270° counterclockwise rotation. Note the cecal bud in the right upper quadrant. (d) Similar views as in (a) with the 
intestinal loops in the final position. Cecum and appendix are now in the right lower quadrant. Source: Adapted from Sadler 1985 [2]. Reproduced with 
permission of Wolter Kluwer Health.
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friction-free movement. The various mesenteries, ligaments, 
and omenta of the peritoneum play an important role in pattern 
of disease spread because they direct an orderly pattern of fluid 
circulation. Peritoneal fluid follows a caudocranial clockwise 
direction towards the right into the subphrenic submesothelial 
lymphatics that absorb peritoneal fluid. The left subdiaphrag-
matic space is discontinuous with the left paracolic gutter due 
to the phrenicocolic ligament. Fluid spread between the right 
and left subdiaphragmatic spaces is limited by the falciform 
ligament [3]. Peritoneal metastases tend to occur in regions of 
relative stasis or dependency, such as the subdiaphragmatic 
space, the paracolic gutters, pouch of Douglas, porta hepatis, 
and falciform ligament.

Boundaries of the abdominal cavity
The abdominopelvic cavity is bounded superiorly by the dia-
phragm, inferiorly by the pelvic floor, and by the abdominal wall 
in other directions. The layers of the anterior and lateral abdom-
inal walls from superficial to deep are: skin, subcutaneous 
fascia, external oblique muscle, internal oblique muscle, trans-
versus abdominis muscles, fascia transversalis, fat, and perito-
neum. The paired rectus abdominis muscles are the dominant 
muscles medially with the linea alba between them. The 

15 cm of the posterior abdominal wall from the level of the 
duodenojejunal junction to the ileocecal junction, enveloping 
between 6 and 8 m of small bowel. The transverse mesocolon 
has a horizontal pedicle anterior to the inferior border of the 
pancreas and extends to the transverse colon. In contrast, the 
sigmoid mesocolon has a small pedicle anterior to common iliac 
artery bifurcation, which fans outwards to suspend the sigmoid 
colon.

The transverse mesocolon divides the peritoneal cavity into 
supra and infra mesocolic compartments. The supra mesocolic 
space is bounded by the transverse mesocolon and diaphragm. 
It contains the pancreas, liver, spleen, duodenum, and lesser sac. 
The infra mesocolic section lies inferior to the mesocolon and 
is divided into the larger left infra mesocolic space and smaller 
right space by the small bowel mesentery. The left infra meso-
colic space communicates freely with the pelvic peritoneal 
space. It contains the small intestine, left colon, and spleen. The 
contents of the equivalent right-sided space include part of the 
small intestine, a fraction of the liver, and the right colon.

Peritoneal reflections are not normally visible on cross-
sectional imaging unless there is thickening of the peritoneum. 
There is normally a small volume of fluid in the peritoneal 
cavity. This measures less than 100 mL in volume and allows 

Figure 8.2 Embryological mesenteric folding. The organs of the upper gastrointestinal tract rotate 90° clockwise (when viewed from above) in a 
transverse plane. Originally, ventral structures like the liver and ventral pancreas are situated to the right, and posterior organs such as the spleen and 
dorsal pancreas and the dorsal aspect of the future stomach are positioned to the left side of the abdominal cavity. The dorsal mesogastrium elongates 
and folds to the left to form the greater omentum.
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ment of bowel structure. Any disorder of the physiological 270° 
rotation of the small bowel is termed malrotation. Nonrotation 
is a specific subtype where the duodenojejunal flexure and small 
bowel lie to the right of midline and the colon lies to the left of 
midline. This configuration results in a short small bowel 
mesentery. The key concern in patients with malrotation is the 
propensity for midgut volvulus around the axis of this short 
mesentery with development of obstruction and subsequent 
bowel ischaemia [4–9]. The estimated incidence of symptomatic 
malrotation is 1 in 500 [5]. Approximately 50% of patients with 
malrotation present in the first month of life, with symptoms of 
partial or complete obstruction [4,5,9]. The investigation of 
choice in this setting is an upper gastrointestinal fluoroscopic 
contrast study [8]. It has a high sensitivity and specificity but is 
equivocal in approximately 15% of cases. The key finding in 
cases of nonrotation is that the third part of the duodenum does 
not cross the midline and the duodenojejunal flexure lies to the 
right of midline. The duodenum may have a corkscrew appear-
ance if a volvulus is present at the time of contrast medium 
ingestion (Figure 8.3) or an abrupt cut-off if obstruction exists 
[8]. Reversal of the normal superior mesenteric artery–vein 
relationship is frequently seen on cross-sectional or ultrasound 
imaging but this sign is not pathognomonic [10]. The surgical 
management of neonatal volvulus involves release of the abnor-
mal adhesions, known as Ladd bands, which hinder the duode-
num, de-rotation of the volvulus, fixation of the cecum in the 
left lower quadrant, fixation of the duodenum along the right 
paraspinal gutter, and appendectomy [5]. Bowel resection is 
sometimes required.

Of the remaining 50% of patients with malrotation who do 
not present in the first month of life, some have chronic 

posterior abdominal wall muscles include psoas major, iliacus, 
quadratus lumborum, and transversus abdominis. The osseous 
contributions to the posterior, lateral, and anterior abdominal 
walls are ribs, xiphisternum, vertebral bodies, and pelvis.

There are a number of regions in which the peritoneum must 
accommodate structures entering or leaving the abdominal 
cavity. These sites are potential sources of weakness in the 
abdominal wall structure. The inguinal region is of particular 
interest. The inguinal canal is an oblique channel through the 
inferomedial anterior abdominal wall, which measures approxi-
mately 4 cm long in an adult and extends downwards from the 
deep to the superficial inguinal rings. The boundaries of the 
inguinal canal are the external oblique aponeurosis anteriorly, 
the fascia transversalis posteriorly, the inguinal and lacunar 
ligaments inferiorly, plus the arching fibers of internal oblique 
and transverses abdominis superiorly. Hesselbach triangle is the 
term given to that part of the posterior wall of the canal bounded 
by the inguinal ligament inferiorly, epigastric vessels laterally, 
and the lateral border of the rectus muscle medially. The deep 
opening of the canal is the deep inguinal ring, which is an 
opening in the fascia transversalis. The superficial inguinal ring 
is a defect in the external oblique aponeurosis. The canal trans-
mits the spermatic cord in males (vas deferens, spermatic 
vessels, and cremasteric muscle), the round ligament of the 
uterus in females, and the ilioinguinal ligament in both sexes. 
The canal forms from a diverticulum of the peritoneum called 
the processus vaginalis, which extends through the abdominal 
wall layers. The processus’ connection with the peritoneal cavity 
is normally obliterated in the neonate. Deep to the inguinal liga-
ment, the arrangement of the normal femoral neurovascular 
structures from lateral to medial is the femoral nerve, femoral 
artery, femoral vein, and femoral canal. The femoral canal is 
approximately 13 mm in length and represents the medial com-
partment of the femoral sheath. The femoral ring is the superior 
opening into the canal. Its boundaries are the inguinal ligament 
anteriorly, superior pubic ramus posteriorly, femoral vein later-
ally, and lacunar ligament medially. The femoral canal normally 
contains fat, lymphatics, and a deep inguinal node (Cloquet 
node).

Developmental and childhood structural 
anomalies of the abdominal cavity

The normal anatomy, described in section Abdominal cavity 
development and anatomy, has a number of variations, some of 
which result in pathological conditions. These include disorders 
of bowel rotation, consequences of physiological umbilical her-
niation, as well as failure of membrane formation leading to 
development of hernias.

Disorders of bowel rotation
The peritoneum and its reflections, including the mesentery, 
omentum, and ligaments, are intimately related to the develop-

Figure 8.3 Upper gastrointestinal fluoroscopic contrast study in a neonate 
with vomiting due to malrotation. Lateral view shows a “corkscrew” 
appearance of the duodenum (arrow) that has torted around itself.
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majority of cases [14,16] and repaired in the antenatal period in 
an emergent fashion.

Pediatric umbilical hernias are common but most regress 
spontaneously and are asymptomatic. The frequency may be as 
high as 19% but accurate statistics are difficult to ascertain given 
the natural history [17]. Those that persist beyond the age of 2 
years or those that cause complications are repaired [17].

Disorders involving persistence of the urachus are an uncom-
mon congenital anomaly [18,19]. During bladder development 
a patent connection exists between the cloaca and allantois. This 
lumen usually fibroses by birth. The connection can persist 
completely as a patent connection between the anterosuperior 
bladder and the umbilicus or partially anywhere along the 
length of the connection. Four variations of urachal persistence 
exist: completely patent urachus, urachal cyst, urachal–umbilical 
sinus, and vesicourachal diverticulum. If a complete urachus 
persists then urine drains onto the anterior abdominal wall via 
the umbilicus. Urachal remnants can cause pain, a palpable 
mass, sinus discharge, or recurrent infection. An increased risk 
of adenocarcinoma is also seen [18,19]. Disorders of the vitel-
lointestinal duct are discussed elsewhere (see Chapter 5).

Pediatric groin hernias
Congenital groin hernias are seen in 3%–5% of births and up to 
30% of premature infants. The vast majority are indirect inguinal 
hernias as a result of incomplete closure of the processus vagi-
nalis (canal of Nuck in females). A number of other anomalies 
associated with the processus vaginalis occur, including con-
genital hydrocele, communicating hydrocele, and hydrocele of 
the cord. Congenital groin hernias occur in males predomi-
nantly (80%–90%), and they are bilateral in 5% of patients 
[20,21]. The hernial sac most frequently contains fat or small 
bowel. It is usually obvious clinically but ultrasound is the 
modality of choice if further assessment is needed [22,23]. Typi-
cally a lump is noticed by a parent when the child cries, this is 
usually reducible but sometimes an irreducible swelling is seen 
medially in the groin. The defect itself can often be palpated 
with a fingertip. Obstruction or incarceration is rare. Hernia 
repair can be done via an open or laparoscopic route with com-
parable results [24–26]. Laparoscopic repair has the advantage 
of bilateral access but space is often limited due to small patient 
size. Sac resection (herniotomy) as opposed to inlay of a patch 
or mesh (herniorrhaphy) is undertaken regardless of the tech-
nique utilized.

Pediatric diaphragmatic hernias
Pediatric diaphragmatic hernias comprise three subtypes; hiatus, 
Bochdalek, and Morgagni hernias [27]. Hiatal hernias are dis-
cussed in Chapter 3. Congenital diaphragmatic herniation has 
an incidence of 1 per 2000–4000 births and generally results 
from failure of the pleuroperitoneal membrane to adequately 
separate the abdominal and chest cavities [28]. A Bochdalek 
hernia is a left-side predominant (80%) congenital defect in the 
posterolateral diaphragm [29]. It is thought to arise from 

intermittent abdominal symptoms, but many are asymptomatic 
and the finding is incidentally made during adulthood [4,6,7].

Congenital intraabdominal cystic lesions
These include lymphangiomata, mesenteric cysts, enteric cysts, 
and enteric duplication cysts [11,12]. All of these lesions are 
associated with the mesentery, omentum, and small bowel. 
Lymphangiomata are congenital vascular malformations and 
appear as multiloculated thin-walled lesions on imaging (Figure 
8.4). Mesenteric and enteric cysts are predominantly unilocular 
with imperceptible walls. Enteric duplication cysts are chiefly 
unilocular with walls that mirror the small bowel wall [11,12]. 
Many of these lesions are detected antenatally and are frequently 
asymptomatic. Small asymptomatic intraabdominal congenital 
cystic abnormalities do not need any intervention and are gen-
erally monitored to ensure regression or stability [13].

Pediatric anterior abdominal wall hernias
When there is failure of reduction of physiological small bowel 
herniation in the first trimester, exomphalos or gastroschisis can 
occur. Exomphalos, which is also known as omphalocele, is a 
persistence of small bowel herniation into the base of the umbil-
ical cord. It most commonly contains small bowel and has cov-
erings of amnion and peritoneum. The frequency is 1 in 4000 
[14,15]. It is associated with other congenital anomalies in 54% 
of infants [15] and it is these anomalies that generally dictate 
patient prognosis. Associated anomalies include chromosomal 
aberrations, which result in other gastrointestinal, genitouri-
nary, cardiac, and central nervous system defects [14–16]. Gas-
troschisis involves an anterior abdominal wall hernia that lies 
lateral to the umbilicus and lacks any coverings. Its frequency 
is approximately 1 in 10 000 [15] but has a much lower incidence 
of associated anomalies compared with exomphalos. Both  
gastroschisis and exomphalos are detected antenatally in the 

Figure 8.4 T2 weighted magnetic resonance image in a newborn with 
congenital abdominal lymphangioma. There is a loculated, high-signal, 
thin-walled malformation anterior to the kidneys (arrows).
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repair is feasible and has shown results comparable to open 
postnatal repair in carefully selected cases [33]. Despite advances 
in treatment, mortality remains high and is up to 40% [34]. 
Recurrence occurs in up to a fifth of patients following attempted 
repair [35]. This is more common with larger defects, following 
patch repair, and when a laparoscopic approach is used.

Adult abdominal hernias

The key elements of a hernia are the hernia sac, neck, and con-
tents [36]. The contents of an abdominal hernia most com-
monly consist of fat and bowel, but any solid or hollow 
abdominopelvic viscus can be partly or completely contained 
within a hernial sac. Symptoms and complications related to 
hernia are determined by alterations in one of the three con-
stituent elements. Adult hernias can be classified based on their 
site of origin: abdominal wall (groin or nongroin varieties), 
internal, pelvic, and diaphragmatic varieties.

Epidemiology
The estimated lifetime risk of a spontaneous abdominal hernia 
is 5%. Secondary hernias occur as a result of prior surgery or 
trauma. In the United States, hernia repair is the most common 
abdominopelvic surgery after cesarean section, with over one 
million repairs performed per year [37–39]. Complications 
related to repair, such as recurrence, infection, and postopera-
tive collections, occur in up to 20% of patients [38,39]. Inguinal 
hernias are far more common in men than women and are 
bilateral in up to 10% of cases. Inguinal hernias account for over 
70% of abdominal wall hernias, with femoral, umbilical, 

malformation of the pleuroperitoneal fold or failed fusion of the 
pleuroperitoneal fold and the septum transversum [27]. Approx-
imately 11% have a delayed presentation. A Morgagni hernia is 
an anteromedial parasternal diaphragmatic defect, which is fre-
quently right sided (90%) [29]. It accounts for 10% of infant 
diaphragmatic hernias. They occur where the internal mammary 
traverses the diaphragm and are probably due to failure of fusion 
of the transverse septum and body wall. Bochdalek-type dia-
phragmatic hernias are more common, more likely to be detected 
antenatally, and have higher morbidity and mortality compared 
with Morgagni hernias, which are frequently incidentally diag-
nosed in older children or adults [30].

Compromise of the herniated viscera is not common in con-
genital diaphragmatic hernias. Pulmonary hypoplasia and pul-
monary hypertension as a result of compression are key concerns 
in the antenatal and neonatal period. Associated multisystem 
congenital anomalies are present in 25%–50% of cases [31]. The 
majority of clinically significant hernias are detected antenatally. 
Antenatal ultrasound is the standard of care for screening, with 
fetal magnetic resonance imaging (MRI) reserved for charac-
terization once an anomaly is suspected or detected on ultra-
sound (Figure 8.5). Postnatally, a chest radiograph is usually 
sufficient [29] (Figure 8.6). Antenatal detection helps ensure 
that provisions are made for adequate perinatal planning in a 
center where the neonate can be managed appropriately.

The initial priority following birth of an infant with a dia-
phragmatic hernia is to adequately oxygenate and stabilize the 
newborn. This may require extracorporeal membrane oxygena-
tion. Surgical repair can be done through an approach from 
either side of the diaphragm. Larger defects require a muscle 
flap or synthetic graft to prevent recurrence [32]. In utero fetal 

Figure 8.5 Fetal magnetic resonance image of a Morgagni hernia showing 
protrusion of part of the liver (arrows) through a right-sided Morgagni 
hernia.

Figure 8.6 Neonatal chest radiograph with Bochdalek hernia. There is a 
right-sided posterior diaphragmatic defect (Bochdalek hernia) with 
associated bowel and abdominal content (arrow) herniation into the chest 
cavity.
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Adult groin hernia
Variants of adult groin hernia
Inguinal hernias account for over 70% of abdominal wall 
hernias, with femoral hernias responsible for 5%–15% of cases 
[40]. Direct inguinal hernia occurs due to protrusion of contents 
through the posterior wall of the canal at the Hesselbach triangle 
medial to the epigastric vessels. The indirect type leads to exten-
sion of contents through the deep ring into the canal. A panta-
loon hernia occurs when direct and indirect inguinal hernias 
simultaneously exist on the same side. Littré hernia contains a 
Meckel diverticulum and is most commonly inguinal. Amyand 
hernia contains an incarcerated appendix. A Richter hernia con-
tains a single wall of bowel, usually the antimesenteric border; 
hence, this type can strangulate without bowel obstruction. A 
Maydl hernia on the other hand contains more than one loop 
of bowel, meaning that this variety can result in closed loop 
obstruction. A sliding inguinal hernia is when part of the sac 
wall is formed by a retroperitoneal (or partly retroperitoneal) 
viscus, usually colon or bladder. A femoral hernia leads to her-
niation of contents into the femoral canal through the femoral 
ring. A femoral hernia can be palpated below and lateral to the 
pubic tubercle whereas an inguinal hernia can be felt above and 
medial to the tubercle. A “sportsman’s hernia” is a common 
cause of chronic groin pain in athletes. This is not a true hernia 
but is in fact a chronic injury of the rectus muscles and inferior 
insertion with bulging of the posterior inguinal wall [43,44].

Other pathologies that can also present with groin swelling 
include inguinal adenopathy, saphena varix, femoral artery 
aneurysm, psoas abscess, hydrocele, varicocele, epididymal cyst, 
spermatic cord cyst, lipoma, and soft tissue tumor.

Radiological investigation of a suspected groin hernia can be 
performed with CT, MRI, ultrasound, or fluoroscopic-guided 
herniography [39,42]. Ultrasound is the first-line investigation 
in children, and also has an excellent positive predictive value 
for hernia detection in adults [45], although it lacks sensitivity 
in the latter. CT and MRI both offer the clinician the advantage 
of good regional evaluation, which can identify alternative 
causes of groin pain. CT is optimal in the acute setting (Figure 
8.7) and MRI is superior when the main clinical differential 
diagnosis is a musculoskeletal cause, as when sportsman’s hernia 
is a consideration. CT and MRI are also excellent modalities for 
the assessment of the extent of a hernial defect in the nonacute 
setting. Fluoroscopic herniography, also known as peritoneog-
raphy, is a safe radiological investigation for assessment of 
patients with groin pain who clinically lack a palpable hernia. 
The technique involves percutaneous introduction of iodinated 
contrast medium into the peritoneal cavity. The hernial orifices 
are then fluoroscopically examined with the patient in the prone 
oblique or erect position at rest and while the patient performs 
Valsalva maneuvers. Herniography is sensitive and has a high 
negative predictive value [46–48] (Figure 8.8).

Treatment of adult groin hernia
Surgical repair is the only definitive therapy for management of 
groin hernias. In the past, a truss entailing application of an 

epigastric, and incisional hernias accounting for most other 
types [40]. Femoral hernias are far more common in females 
but inguinal hernias are still twice as common as femoral hernia 
in females.

Pathogenesis
Any cause of increased intraabdominal pressure predisposes to 
abdominal wall hernia. These causes include chronic cough, 
obesity, ascites, bladder outlet obstruction, constipation, and 
heavy lifting. In addition, conditions that precipitate localized 
or generalized weakening of the anterior abdominal wall can 
contribute to hernia formation. Prior surgery, congenital defects, 
trauma, ageing, connective tissue disorders, and pregnancy are 
well-documented premorbid conditions. In the case of inci-
sional hernias from prior surgery, problems with wound healing, 
collagen formation and extracellular matrix formation are 
factors that lead to defects [41].

Clinical findings
Clinical evaluation is sufficient to diagnose an abdominal wall 
hernia in most patients. Typically, patients describe a lump that 
appears or increases in size with coughing, standing, or strain-
ing, and that reduces spontaneously on relaxation or with 
manual pressure. Localized pain or tenderness is more com-
monly present if the hernia is irreducible (incarcerated). Exqui-
site local tenderness and pain should raise concern for ischemia/
strangulation. The risk of strangulation is inversely proportional 
to the size of the neck. If bowel is contained within the hernia, 
then symptoms associated with acute or recurrent bowel 
obstruction may occur. Clinical examination should include a 
complete abdominal assessment. Asking the patient to stand, 
cough, or perform a Valsalva maneuver should cause increased 
protrusion of abdominal wall hernias. The hernia should be 
evaluated for size, contents, and location as well as for neck size 
and ease of reducibility. The latter two features are better 
appraised with the patient recumbent. A cough impulse is 
present when the swelling enlarges as the patient coughs. In the 
case of groin hernias, it is important to ascertain if the hernia 
is femoral or inguinal. A femoral hernia can be palpated below 
and lateral to the pubic tubercle whereas an inguinal hernia can 
be felt above and medial to the tubercle. Differentiating between 
a direct and indirect inguinal hernia is not of key importance 
as the repair is the same. Passing a gloved finger through the 
superficial ring into the canal by invaginating the skin can help 
differentiate. A direct hernia causes an impulse on the side of 
the examining finger, as the defect is in the posterior wall medial 
to the inferior epigastric vessels, whereas an indirect hernia 
leads to an impact on the tip of the finger on coughing, as the 
sac comes through the deep ring lateral to the vessels. Prior 
surgical history should be ascertained during the consultation 
and any relevant surgical scar noted on physical examination. 
The clinician should also take note of any potential underlying 
or predisposing factors. Imaging of adult hernias using ultra-
sound, computed tomography (CT), and MRI is sometimes 
required based on clinical findings [39,42].
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hernias in almost all patients. This is particularly true for 
patients with femoral hernias, which have a 30% incidence of 
strangulation. The European Hernia Society recommends that 
inguinal hernia repair be performed via the Lichtenstein open 
approach or total extraperitoneal laparoscopic approach [51]. 
The open approach involves incision of the overlying skin, 
opening of the external oblique aponeurosis, dissection of the 
sac, and re-enforcement of the posterior wall with a tension-free 
mesh. The laparoscopic approach involves dissecting the sper-
matic cord free and then attaching a mesh to the posterior wall 
of the inguinal canal via an extraperitoneal approach. A laparo-
scopic approach is particularly useful in the setting of bilateral 
inguinal hernias. The results are comparable for both types of 
repair, but the latter is associated with less postoperative pain 
and an earlier return to work [52]. Repair of femoral hernias 
involves emptying and excising the sac before closing the  
canal by suturing the pectineus fascia to the inguinal liga-
ment. This can also be performed via open (femoral/low inci-
sion or Lotheissen/high incision) or extraperitoneal laparoscopic 
methods. The laparoscopic route is advantageous when it is 
unclear if the groin hernia is femoral or inguinal preoperatively, 
or if the patient has more than one hernia. A mesh plug repair 
is a less-commonly performed alternative. This technique is an 
open repair that employs a mesh plug to close the defect. Pro-
ponents of this method claim that it is easier to perform, and 
requires a smaller incision, fewer sutures, and less tissue dissec-
tion. Recurrence rates are relatively high following mesh plug 
closure of an inguinal hernia but overall results are acceptable 
in management of a femoral hernia. No consensus exists on the 
best method of repair for sportsman’s groin hernias. The major-
ity of authors recommend repair of the posterior wall of the 
inguinal or reattachment of the rectus muscle [43,44,52]. All 
groin hernia repairs can be done under local, spinal, epidural, 
or general anesthetic, with a single night stay or as a day case. 
Laparoscopic procedures are best performed under general 
anesthetic. Complications related to repair, such as recurrence, 
infection, and postoperative collections, occur in up to 20% of 
patients [39,53] (Figure 8.9).

Adult nongroin abdominal wall hernias
Among the most common nongroin hernias are epigastric, 
umbilical, paraumbilical, hypogastric, incisional, parastomal, 
spigelian, and lumbar hernias. Epigastric, hypogastric, and 
umbilical/paraumbilical hernias occur in the midline below the 
xiphisternum and above or adjacent to the umbilicus. Umbilical 
hernias are the most common nongroin abdominal wall hernia 
[40]. They have a higher association with pregnancy, obesity, 
and ascites than groin hernias [54]. Omental fat and small bowel 
typically enter the sac at the umbilicus, which presents as a 
protuberant mass. Umbilical rupture and bacterial peritonitis 
are infrequent complications in patients with umbilical hernia 
and ascites. The risk of strangulation from an umbilical hernia 
approaches 30%. Spigelian hernia passes through the anterior 
abdominal wall lateral to the rectus abdominus muscles along 
the semilunar line. Fat usually fills the sac of epigastric and 

external belt and pad to the abdominal wall that maintained 
hernial reduction was an alternative to surgical repair, while 
nonoperative management of asymptomatic or minimally 
symptomatic inguinal hernias in elderly males is a reasonable 
alternative given the low frequency of worsening symptoms or 
strangulation [49,50]. Surgical repair is recommended for 

Figure 8.7 Computed tomography (CT) image of an obstructed femoral 
hernia. There is a right-sided femoral hernia (arrow) with bowel 
obstruction from an incarcerated loop demonstrated on coronal 
reformatted CT scan.

Figure 8.8 Inguinal hernia on herniogram. An indirect right inguinal 
hernia (arrow) is demonstrated on this frontal image from a herniogram 
examination.
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Surgical repair is recommended for all of these nonincisional 
hernias. Small defects do not require mesh insertion but mesh 
is almost inevitably required to close larger defects [59]. These 
repairs can be performed open or laparoscopically, with 
improved outcomes in terms of postoperative pain, length of 
stay, and wound infection in favor of laparoscopy [60–62]. As 
with nongroin hernia repairs, wound infection, seroma forma-
tion, and recurrence are the main complications encountered. 
The risk of recurrence following epigastric or umbilical hernia 
repair is approximately 10% whereas recurrence rates in excess 
of 20% are observed following incisional hernia repair [63,64].

Adult internal, pelvic, and diaphragmatic hernias
Internal hernias are formed by protrusion of a viscus through a 
peritoneal or mesenteric opening. Paraduodenal hernias repre-
sent approximately 53% of internal hernias; left-sided hernias 
are more common. Other types of internal hernia in order of 
decreasing frequency are pericecal, transmesenteric, foramen of 
Winslow, supravesical, pelvic, and transomental hernias [65,66]. 
Internal hernias are difficult to diagnose clinically and imaging 
is key to diagnosis. Patients present in a variety of ways ranging 
from asymptomatic incidentally detected lesions on imaging 
performed for another reason, intermittent abdominal pain, or 
acute bowel obstruction. Intestinal obstruction, when it occurs, 
is frequently of the closed-loop variety and strangulated. Small 
bowel is the most frequently herniated viscus, and internal 
hernias account for 0.5%–5.8% of small bowel obstructions 
[67]. Congenital, postoperative, or posttraumatic defects are the 
most common underlying etiologies. The incidence of internal 
hernia formation is increasing because of the increasing number 
of minimally invasive abdominal surgeries. CT assessment plays 
an important role in the investigation of internal hernias. Key 
CT findings include clusters of dilated small bowel loops in an 
abnormal location in the setting of bowel obstruction with a 
twist in the mesenteric root. In this setting, adhesions remain 
the most common differential consideration.

Noninternal pelvic hernias are frequently seen in elderly 
females with acquired pelvic floor weakness. As for many other 
hernias, causes of raised intraabdominal pressure are usually 
present. Contents can protrude through the obturator foramen, 
greater or lesser sciatic foramina, or through the perineum [39]. 
The former is most common. As with other types of internal 
hernia, these are a challenging clinical diagnosis. The patient 
may be asymptomatic, present with nonspecific pain, or with 
bowel obstruction. In the case of obturator hernias, patients can 
present with symptoms of obturator neuropathy, which is mani-
fest as paresthesia and pain along the medial thigh. This finding 
is termed the Howship–Romberg sign and is present in one-
third to half of patients with an obturator hernia [67,68]. This 
sign is more common in patients with an anterior obturator 
hernia than among patients with a posterior obturator variety 
[67]. Internal and external rotation of the flexed hip may also 
exacerbate symptoms in these patients. CT again plays a key role 
in diagnosis (Figure 8.10). Anatomically, the obturator fascia, 

hypogastric hernias. Epigastric hernias occur between the 
umbilicus and the xiphoid process.

Lumbar hernias consist of two types: superior and inferior 
varieties. The superior (Grynfeltt–Lesshaft) lumbar triangle 
transmits superior lumbar hernias. The 12th rib and the internal 
oblique and erector spinae muscles form the borders of the 
superior lumbar triangle. Inferior lumbar hernias pass through 
a defect in the inferior (Petit) lumbar triangle bounded by the 
iliac crest, the latissimus dorsi, and the external oblique muscles. 
Most lumbar hernias occur are as a result of trauma or surgery 
[39]. The contents frequently include fat, bowel, or renal tissue.

Incisional or parastomal hernias occur following 9.9% of 
laparotomies and 0.7% of laparoscopies [55]. Risk factors for 
hernia occurrence include a transverse laparotomy incision, use 
of absorbable sutures for fascial closure [55], large incisions, 
wound infection, and obesity [56–58]. Deficient collagen and 
extracellular matrix formation also contribute to defect occur-
rence [41]. The formation of a colostomy is more likely to result 
in a hernia than the fashioning of an ileostomy [55].

Clinical assessment of these types of anterior abdominal wall 
hernias is the same as for other types. The appraisal is difficult 
in obese patients, and those with small irreducible epigastric or 
umbilical forms. Differential considerations include intraperi-
toneal mass, lipoma, soft tissue lesion, divarication (diastasis) 
of the recti, or, in the case of a periumbilical lesion, a metastatic 
Sister Joseph nodule. CT is the modality of choice for assess-
ing the extent of ventral abdominal defects and confirming 
diagnoses. Ultrasound is a reasonable alternative for smaller 
deficiencies and may confirm the constituent contents of the 
hernia sac.

Figure 8.9 Coronal computed tomography image with recurrent left 
inguinal hernia (arrow) 2 days after attempted repair. An associated 
postoperative hematoma is seen superiorly.
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phragmatic varieties. Internal hernia repair often requires 
laparotomy but can be safely performed laparoscopically by 
experienced surgeons. Bowel resection is sometimes necessary. 
Despite treatment, mortality remains in excess of 50% in some 
series, particularly when strangulation is present [65,69]. Obtu-
rator and other pelvic hernias can be repaired via open or lapar-
oscopic routes, with the minimally invasive method possibly 
having a decreased complication rate [70,71]. Defects may be 
closed with sutures or a mesh based on the morphology of the 
hernia neck. Morbidity and mortality remain high (30% and 
10%, respectively) [68,72]. Diaphragmatic hernia repair can be 
performed through transabdominal or transthoracic routes 
using open or minimally invasive approaches. An open abdomi-
nal technique is most commonly used (74% in a large series) 
with a mortality of approximately 1.1% [73]. Surgical repair 
using graft material has traditionally been performed using syn-
thetic graft materials such as polypropylene or polytetrafluor-
oethylene. These have a propensity to incite a local fibrotic 
reaction and are to be avoided when possible for complex 
repairs due to infection risk. There is growing interest in the use 
of bioprosthetic meshes made from an extracellular collagen 
matrix derived from porcine or human cadaveric sources, with 
potentially lower infection rates, better salvage rates if infection 
occurs, and improved biocompatibility. Prosthetic and biologi-
cal grafts have not been examined in a randomized manner to 
date, but findings suggest at least comparable results [74].

Conclusion

Knowledge of the normal embryology and anatomy of the 
abdominal cavity related to the peritoneum (ligamental, 
omental, and mesenteric), and abdominal margins is key to 
understanding the pathological processes of the abdominal wall. 
These include disorders of bowel rotation, pediatric or adult 
hernia formation, and intraabdominal disease spread. Acquired 
adult abdominal hernias are common. Each hernia is composed 
of a hernia sac, neck, and contents. Symptoms and complications 
are determined by hernia morphology and location, which in 
turn determine their natural history and treatment.
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which has a small opening for the obturator neurovascular 
bundle anterosuperiorly, covers the obturator foramen. A pro-
trusion of pelvic elements can be easily seen to pass through  
the obturator internus muscle and obturator fascia on CT 
evaluation.

Adult diaphragmatic hernias are most commonly posttrau-
matic in origin, with the left hemidiaphragm being more fre-
quently affected. Congenital hernias, particularly Morgagni 
hernias, present during adulthood in up to 11% of cases [27], 
while Bockdalek hernias less frequently present in a delayed 
manner. Adult diaphragmatic hernias may be asymptomatic, 
cause obstruction or strangulation, or lead to respiratory com-
promise. Air entry at the involved lung base is decreased or 
absent on clinical exam and typically the lower chest region is 
dull to percussion. The diagnosis is often suggested on chest 
radiograph when the hemidiaphragm appears elevated, bowel 
loops are seen in the hemithorax, or a nasogastric tube is seen 
to curl back into the hemithorax. CT and MRI play an impor-
tant role in both confirming the diagnosis and analyzing the 
defect size. Coronal and sagittal CT reformats are particularly 
useful for hernial assessment. A collar sign, which is a waist-like 
visceral constriction at the neck of a diaphragmatic hernia, is 
often seen when a right-sided defect leads to partial protrusion 
of the liver. The main diagnostic differentials are diaphragmatic 
eventration or paralysis, pleural mass, or pleural effusion. Hiatus 
hernia is a subtype of diaphragmatic hernia and is discussed in 
Chapter 3, Esophagus: anatomy and structural anomalies.

Surgical repair is recommended for all internal, pelvic, and 
diaphragmatic hernias apart from small asymptomatic dia-

Figure 8.10 Right-sided obturator hernia demonstrated on computed 
tomography (CT) scan. This contains a loop of small bowel (arrows) on 
axial contrast medium-enhanced CT.
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The extrahepatic biliary tract has a great number of varia-
tions, with a wide range of these variations also seen in the 
vasculature surrounding the extrahepatic biliary tree. Increasing 
use of diagnostic and interventional radiology as well as thera-
peutic endoscopy has made it essential for a wide variety of 
physicians to become familiar with the anatomy of the extrahe-
patic biliary tract.

Embryological development

The biliary tract develops from the distal foregut of the primitive 
gastrointestinal tract, as a ventral sacculation; it is first apparent 
at week 5 of gestation when the embryo is 3 mm long (Figure 
9.1a). This sacculation grows and extends into the ventral 
mesentery, dividing into two buds: the cranial bud develops into 
the liver and intrahepatic bile ducts and the caudal bud develops 
into the gallbladder and cystic duct (Figure 9.1b). The base of 
the diverticulum ultimately becomes the common bile duct. 
Another small bud develops from the proximal aspect of the 
caudal bud and grows inferiorly, ultimately developing into the 
ventral pancreas (Figure 9.1a,b).

The cranial bud divides into two smaller buds that grow 
upward toward the septum transversum (future diaphragm). 
These eventually become the right and left lobes of the liver. The 
caudal bud is carried superiorly by the growth of the cranial bud 
and stops at the undersurface of the cranial bud to become the 

gallbladder and cystic duct (Figure 9.1c). Rarely, continued 
advancement of the caudal bud too far superiorly will result in 
an intrahepatic gallbladder, which is almost always embedded 
within the right lobe of the liver.

As the cranial and caudal buds are advancing, the ventral 
pancreatic bud rotates 180° from right to left, allowing it to fuse 
with the dorsal pancreatic bud to form the complete pancreas. 
Fusion of the two parts of the pancreas occurs during week 7 of 
gestation. Because the lower end of the common bile duct is 
attached to the ventral pancreatic bud, the rotation results in 
fusion of the junction of the common bile duct and the duode-
num on the posteromedial duodenal wall, posterior to the 
dorsal pancreatic duct (Figure 9.1d).

The ventral sacculation from which the biliary tract arises is 
originally composed of a solid cord of endodermal cells without 
a lumen. Beginning at week 7 of gestation, vacuolization begins 
to occur and a completely open lumen is formed in the gallblad-
der, cystic duct, hepatic ducts, and common bile duct within 1 
week. By the third month of gestation, bile flow is demonstrable 
through the canalized biliary tract into the duodenum [1].

Anatomy of the gallbladder

Gross anatomy
The gallbladder is a pear-shaped sac that is located along  
the inferior surface of the liver in the line of division of the 
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Figure 9.1 Embryology of the developing biliary tract. (a) At the 3-mm stage of the embryo, the ventral bud enters the mesogastrium and soon divides 
into a cranial and a caudal bud. A smaller caudad bud represents the origin of the ventral pancreas. (b) As the embryo reaches 5 mm, the cranial bud, 
which will form the liver and intrahepatic biliary tract, moves toward the septum transversum, pulling the caudal bud, which will form the gallbladder 
and extrahepatic bile ducts. (c) When the embryo reaches 7 mm, the right and left lobe of the liver occupy the position under the septum transversum. 
The ventral pancreas and the extrahepatic biliary tract are visible. As the ventral pancreas rotates to reach the dorsal pancreas, it pulls the lower end of 
the common bile duct with it. (d) At the 12-mm embryonic stage, the ventral pancreas has rotated, and the anatomical relations between the bile ducts 
and the gastrointestinal tract have assumed their mature forms.
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anatomical left and right lobes; it lies in a depression known as 
the gallbladder fossa (Figure 9.2). The adult gland is typically 
7–10 cm in length and has an average capacity of 30 mL. The 
gallbladder is intimately attached to the liver by loose connec-
tive tissue, which contains small veins and lymphatics that 
connect between the gallbladder and liver. Occasionally, one or 
more small accessory ducts from the liver traverse this connec-
tive tissue to enter the gallbladder directly. Inadequate ligation 
of an accessory duct may account for the occasional bile leak 
that occurs after cholecystectomy.

The remainder of the gallbladder not in direct contact with 
the liver is covered by peritoneum reflected from the liver. The 
gallbladder is divided into four anatomical areas: the fundus, 
body, infundibulum, and neck. The fundus is the rounded end 
of the gallbladder that normally extends 0.5–1 cm beyond the 
liver margin and is covered with peritoneum. The fundus rests 
on the duodenum and hepatic flexure of the colon (Figure 9.2) 
and is in direct contact with the anterior abdominal wall, usually 
near the lateral border of the right rectus abdominus muscle at 
approximately the level of the ninth costal cartilage; however, 
its position may vary. The fundus may occasionally possess a 
kink, known as a phrygian cap deformity, which has no patho-
logical significance.

The fundus merges imperceptibly into the body, the largest 
part of the gallbladder, and is the segment that is closely attached 
to the liver on one side. This intimate contact is responsible for 
early direct spread of gallbladder carcinoma into the liver. The 
infundibulum represents a transitional region between the body 
and neck. It is notable because occasionally a shallow diverticu-
lum may be present on the inferior surface of the infundibulum, 
referred to as a Hartmann pouch. Gallstones may become 
impacted within the Hartmann pouch, causing cystic duct 
obstruction and thus acute cholecystitis.

The neck is a short (usually 5–7 mm) region that tapers into 
the cystic duct. The neck occupies the deepest part of the gall-
bladder fossa and lies in the free border of the hepatoduodenal 
ligament.

Arterial blood supply
The blood supply to the gallbladder is usually from a single 
cystic artery that arises from the right hepatic artery, traverses 
the triangle of Calot, and divides into two branches close to the 
gallbladder wall [2] (Figure 9.3a). One branch runs along  
the peritoneal surface of the gallbladder and the other branch 
in the gallbladder fossa between the gallbladder and liver. When 
the cystic artery arises from the right hepatic artery, its course 
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common bile duct before ultimately draining into the  
portal vein.

The lymphatic drainage of the gallbladder parallels the venous 
drainage pattern. Lymph flows directly from the gallbladder to 
the liver or may drain toward the cystic duct into a single node 
or group of nodes. From these lymph nodes, lymph may ulti-
mately drain into several nodes along the surface of the portal 
vein and common bile duct.

Nerve supply
The gallbladder is innervated by branches of both the sympa-
thetic and parasympathetic nervous systems, which pass 
through the celiac plexus. Preganglionic sympathetic nerves 
arise from the T8 and T9 levels. Postganglionic sympathetic 
nerves originate at the celiac plexus and travel along the hepatic 
artery and portal vein to the gallbladder. Parasympathetic 
nerves arise from branches of the vagal trunks. Unlike the 
branches of the posterior vagal trunk that pass through  
the celiac plexus, branches of the anterior vagal trunk reach the 
gallbladder by way of the gastrohepatic ligament (Figure 9.4). 
Visceral pain caused by gallbladder wall distension or inflam-
mation is conducted through afferent sympathetic fibers and is 
referred to the epigastric, right subcostal, or right scapular 
regions. The nerve supply to the common bile duct is the same 
as for the gallbladder.

is often parallel and medial to the cystic duct. Double or acces-
sory cystic arteries have been reported in up to 20% of people. 
Variations in the site of origin and course of the cystic artery 
are common. The cystic artery typically arises from the right 
hepatic artery (95%), but also may arise from the left hepatic 
artery, the common hepatic artery, an aberrant right hepatic 
artery that arises from the superior mesenteric artery, the gas-
troduodenal artery, the superior mesenteric artery, or celiac axis 
directly (Figure 9.3). The cystic artery may be short or long, and 
may pass either behind the hepatic duct (84%) or may cross the 
hepatic duct anteriorly.

The cystic artery, when it originates from the right hepatic 
artery, may closely parallel the right hepatic artery for a distance 
before reaching the gallbladder. In 5%–10% of cases, the cystic 
artery does not arise from the right hepatic artery until just 
before it enters the right lobe of the liver, thus creating a very 
short (only a few millimeters) cystic artery. Failure to recognize 
this may lead to inadvertent ligation of the right hepatic artery 
during cholecystectomy.

Venous and lymphatic drainage
The gallbladder lacks a major cystic vein but rather drains 
through a network of small veins. These veins run either from 
the hepatic surface of the gallbladder directly to the liver or run 
toward the cystic duct and join venous collaterals from the 

Figure 9.2 Relation of the gallbladder and the extrahepatic biliary tract to the liver, duodenum, colon, and pancreas.
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Figure 9.3 Common variations in the origin of the cystic artery. (a) It originates most commonly from the right hepatic artery; it traverses the triangle 
of Calot, and, upon reaching the gallbladder, it divides into two main branches. (b) Occasionally the two branches come off the right hepatic artery 
independently. The cystic artery may cross the hepatic duct anteriorly (c), come off the left hepatic artery (d), or, more rarely, come directly from the 
celiac axis (e). Source: Linder 1987 [40]. Reproduced with permission of Elsevier.

(a)

(c)
(d)

(e)
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Although gallbladder contractility is primarily mediated by 
cholecystokinin (CCK), innervation of the gallbladder also 
modulates gallbladder contractility. Vagal activity contributes to 
normal gallbladder tone and enhances the ability of subthresh-
old doses of CCK to promote gallbladder mobility [3]. 
Sympathetic fibers enhance gallbladder relaxation. In addition 
to the classic parasympathetic and sympathetic nervous systems, 
a large number of peptide-containing neurons exist within the 
gallbladder. The peptides identified thus far by immunocyto-
chemical techniques include CCK [4], vasoactive intestinal 
polypeptide [4], gastrin-releasing peptide [5], neuropeptide Y 
[6], pituitary adenylate cyclase-activating polypeptide (PACAP) 
[7], calcitonin gene-related peptide (CGRP) [7], and substance 
P [7]. The physiologcial functions of these peptidergic nerves 
within the gallbladder remain to be elucidated.

Histology and ultrastructure
The gallbladder has five layers: the epithelium, lamina propria, 
muscularis, perimuscular connective tissue layer, and serosa. 
The mucosa, lined with a simple columnar epithelium, consists 
of many folds that increase the efficiency of the gallbladder in 

concentrating bile. The apical surface of the epithelium is 
covered with abundant microvilli. The basal surface of the epi-
thelium is in contact with the lamina propria, which is rich in 
loose connective tissue, elastic fibers, blood vessels, and lym-
phatics. The muscularis is an arrangement of circular, longitu-
dinal, and oblique fibers without any well-developed layers. 
Ganglia may be found between the muscle fibers of the muscu-
laris. The subserosa contains loosely arranged collagen and 
elastic fibers, as well as larger blood vessels and lymphatics. This 
thick subserosal layer attaches the gallbladder to the liver. 
Dissection during cholecystectomy usually takes place between 
the subserosa and serosa, which in normal circumstances is an 
avascular plane. The serosa is absent on the surface of the gall-
bladder that is in direct contact with the liver. Mucus is secreted 
into the gallbladder from tubular alveolar glands found in the 
mucosa lining the infundibulum and neck of the gallbladder.

At the ultrastructural level, the gallbladder epithelium is  
well suited for its physiological role of concentrating bile. The 
columnar epithelial cells have basally located nuclei and apices 
covered with numerous microvilli that protrude into the gall-
bladder lumen. Numerous mitochondria are present within the 
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vein. An accessory right hepatic duct is present in 10% of 
people.

Anatomical variations of the hepatic duct confluence most 
commonly involve the right hepatic duct with the right anterior 
and right posterior branches often taking a variable course. The 
right anterior and posterior branches join to form a common 
right hepatic duct 60%–65% of the time whereas the right ante-
rior and posterior duct branches join at the confluence approxi-
mately 12% of the time. About 20% of the time, the right anterior 
duct will join separately onto the common hepatic duct with the 
right posterior and left hepatic duct joining first to form the 
common hepatic duct. The common hepatic duct passes down-
ward in the superior portion of the hepatoduodenal ligament 
and lies anterior to the portal vein and to the right of the hepatic 
artery (Figure 9.5). When the cystic duct inserts on the right 
hepatic duct or at the junction of the union of the right and left 
hepatic ducts, there is no common hepatic duct. The length of 
the common hepatic duct varies from 2 to 6.5 cm. It joins the 
cystic duct to form the common bile duct.

The course of the right hepatic artery is variable in relation 
to the right hepatic duct and common hepatic duct. Usually the 
right hepatic artery passes posterior to the common hepatic 
duct near the junction of the right and left hepatic ducts (64%). 
In 24% of people, the right hepatic artery or the cystic artery 

epithelial cells, which facilitate the active process of bile concen-
tration. Epithelial cells are tightly joined together along their 
lateral membranes by tight junctions, which separate the gall-
bladder lumen from the intercellular spaces. During active bile 
concentration, the intercellular spaces become distended with 
water and electrolytes. Water extracted during this process 
passes into a rich capillary network in the lamina propria.

Anatomy of the extrahepatic biliary ducts

Hepatic ducts
The common hepatic duct is formed by the union of the right 
and left hepatic ducts. In 95% of individuals, this union takes 
place outside the liver, just below the level of the porta hepatis. 
In 5% of patients, the left and right hepatic ducts join within the 
substance of the liver. The lengths of the right and left hepatic 
ducts vary from 0.5 to 2.5 cm in length, with the left hepatic duct 
usually longer than the right. The ducts may join at a wide or 
acute angle, depending on their extrahepatic length; however, 
they usually join about 1 cm below the porta hepatis to form the 
common hepatic duct. The confluence of the right and left 
hepatic ducts lies anterior to the portal venous bifurcation, 
usually overlying the origin of the right branch of the portal 

Figure 9.4 Schematic representation of the innervation of the gallbladder and extrahepatic biliary tract. The nerves originate from both vagi and from 
the celiac axis. They reach the biliary tract, traveling along the walls of the hepatic artery, except for the direct vagal branches of the anterior vagus, 
which cross through the gastrohepatic ligament.
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but it may occasionally be as large as 10 mm, allowing larger 
gallstones to enter the common bile duct. While the cystic duct 
typically joins the common hepatic duct directly (70%), the site 
of the cystic duct junction with the extrahepatic biliary tree may 
vary from the right hepatic duct down to the level of the ampulla 
(Figures 9.6 and 9.7). Thus the cystic duct may vary from 0.5 to 
8 cm in length. The cystic duct may join the right hepatic duct, 
may run parallel to the common hepatic duct for a distance with 
connective tissue ensheathing both ducts, and, in some 
instances, may not enter the common hepatic duct until passing 
behind the duodenum. Additionally, the cystic duct may spiral 
around the common hepatic duct, passing either dorsal or 
ventral to the common hepatic duct before joining it. These 
anatomical variations may lead to bile duct injury during chole-
cystectomy, especially if dissection is not carried out to clearly 
define the union of the cystic duct.

Within the cystic duct, the mucosa forms a series of 5–10 
crescent-shaped folds, known as the spiral valves of Heister. 
They span the length of the cystic duct and project into the 
cystic duct lumen. These valves serve to prevent excessive dis-
tension or collapse of the gallbladder with changes in cystic duct 
pressure and may function to block passage of gallstones into 

may pass anterior to the common hepatic duct. In the remaining 
patients (12%), the right hepatic artery arises from the superior 
mesenteric artery and runs parallel and to the right of the 
common bile duct and posterior to the cystic duct. Because of 
the inconstant location of the right hepatic artery and its close 
proximity to the cystic artery, the right hepatic artery may be 
mistaken for the cystic artery and is particularly vulnerable to 
injury during biliary tract surgery.

The triangle of Calot, originally described in 1891, is bounded 
superiorly by the hilum of the liver, on the right by the cystic 
duct, and on the left by the common hepatic duct [8] (Figure 
9.5). Dissection of the triangle of Calot during cholecystectomy 
must be carried out with care because many important struc-
tures run through this triangle: the right hepatic artery, the 
cystic artery, and potentially accessory hepatic ducts, as well as 
aberrant right hepatic arteries. When there is a replaced right 
hepatic artery originating from the superior mesenteric artery, 
the vessel travels toward the liver in a position posterolateral to 
the common bile duct and just behind the cystic duct, where it 
is vulnerable to injury. Complete dissection of the triangle of 
Calot, with separation of the neck of the gallbladder from the 
liver bed, allowing identification of the only two structures that 
should be emanating from the gallbladder, the cystic duct and 
cystic artery, is critical to avoid injury during cholecystectomy.

Cystic duct
The cystic duct arises from the neck of the gallbladder and joins 
the common hepatic duct. Its lumen usually measures 1–3 mm, 

Figure 9.5 Schematic representation of the hilum of the liver. The right 
anterior and posterior hepatic ducts join to form the right hepatic duct. 
This duct and the left duct join outside the liver capsule to form the 
common hepatic duct. The left duct is usually longer and more superficial 
than the right. The triangle of Calot, with the right hepatic artery and the 
cystic artery, is also clearly displayed. Source: Linder 1987 [40]. 
Reproduced with permission of Elsevier.

Figure 9.6 Endoscopic retrograde cholangiopancreatogram demonstrating 
an anomalous junction of the cystic duct with an accessory right hepatic 
duct.
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from posterior penetrating duodenal ulcer and may be inad-
vertently injured during antrectomy.

The pancreatic segment of the common bile duct extends 
from the lower border of the first part of the duodenum to the 
posteromedial wall of the second portion of the duodenum 
where the duct penetrates the duodenal wall. It may be entirely 
retropancreatic, or it may lie within the substance of the head 
of the pancreas. Obstruction of this segment of the common 
bile duct is common with cancers of the pancreatic head, which 
often initially present with painless jaundice.

The common bile duct then turns 90° to the right to enter the 
posteromedial wall of the descending duodenum. The final, or 
intraduodenal, segment of the common bile duct is about 2 cm 
long and travels obliquely through the duodenal wall with the 
main pancreatic duct. The common bile duct may join the main 
pancreatic duct outside the duodenum, or the ducts may form 
a common channel as they traverse through the duodenal wall, 
in both of these cases opening through a single ostium on the 
major ampulla of Vater. This site is typically 7–10 cm from the 
pylorus. From the inside of the duodenal lumen, the termina-
tion of the ampulla appears as a small protruding nipple-like 
structure marked by a longitudinal duodenal fold. In 29% of 
individuals, a septum persists between the two ducts, and the 
ducts empty on the papilla as separate ostia.

Ampulla of Vater
Union of the common bile duct and the main pancreatic duct 
forms the ampulla of Vater. The length of the ampulla is variable, 
and if there is no junction of the common bile duct and main 

the common bile duct. They may make catheterization during 
intraoperative cholangiogram difficult.

Common bile duct
Union of the cystic duct and common hepatic duct forms the 
common bile duct. Its length is approximately 7.5 cm, but can 
vary depending on the relative lengths of the cystic and common 
hepatic ducts. The mean diameter of the common bile duct is 
about 6 mm, but it may dilate significantly in the face of distal 
obstruction. The common bile duct is divided into four ana-
tomical segments: the supraduodenal, retroduodenal, pancre-
atic, and intraduodenal. The supraduodenal segment is usually 
2.5 cm in length and is located in the right border of the hepa-
toduodenal ligament. It lies anterior to the portal vein and to 
the right of the ascending common hepatic artery. This ana-
tomical relationship allows the surgeon to compress these three 
structures between an index finger inserted through the foramen 
of Winslow into the lesser sac and a thumb placed anteriorly 
across the hepatoduodenal ligament. This so-called Pringle 
maneuver allows rapid occlusion of the blood supply to the liver, 
which is useful for controlling major liver hemorrhage.

The retroduodenal segment lies posterior to the first part of 
the duodenum and is about 2.5–4 cm long. As it runs to the 
inferior surface of the duodenum, it moves right to left, lying 
just to the right of the gastroduodenal artery. The retroduodenal 
common bile duct is loosely attached to the duodenum by a thin 
layer of areolar tissue. Because of the close relationship of this 
portion of the common bile duct and the duodenal bulb, it may 
occasionally be involved in the inflammatory process resulting 

Figure 9.7 Variations in cystic duct anatomy. (a) The cystic duct joins the common hepatic duct directly (most common). (b) The cystic duct joins the 
right hepatic duct. (c) Low junction of cystic duct with common hepatic duct. (d) The anterior spiral of the cystic duct before joining common hepatic 
duct. (e) The posterior spiral of cystic duct before joining the common hepatic duct.
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sphincter acts independently of the duodenal musculature. The 
resting pressure of the sphincter of Oddi is approximately 
13 mmHg above duodenal pressure [10]. Regulation of bile flow 
is primarily controlled by the sphincter of Oddi. Relaxation of 
the sphincter occurs with CCK stimulation and is facilitated by 
parasympathetic stimulation. Sympathetic stimulation causes 
increased sphincter tone.

The preampullary portion of the common bile duct is invested 
in a sheath of circular muscle referred to as the sphincter 
choledochus (sphincter of Boyden) (Figure 9.8). The distal main 
pancreatic duct may have a short sphincter called the sphincter 
pancreaticus. If present, the sphincter pancreaticus and sphinc-
ter choledochus may intertwine in a figure-of-eight manner. The 
smooth muscle sheath surrounding the ampulla is called the 
sphincter of the ampulla; if there is no ampulla, the distal 
sphincter is simply called the sphincter of the papilla. During 
endoscopic sphincterotomy, the sphincter of Oddi is divided 
using electrocautery to relieve common bile duct obstruction 
from a common duct stone.

pancreatic duct, there is no true ampulla of Vater. Rienhoff and 
Pickrell [9] studied the pancreatic duct system in 250 autopsy 
specimens. They found an ampulla longer than 2 mm in 46% of 
cases (range from 3 to 14 mm), an ampulla less than 2 mm in 
32% of cases, and no junction of the pancreatic and bile ducts 
in 29% of cases.

The common bile duct narrows significantly as it passes 
through the wall of the duodenum, and the ampulla narrows 
before it enters the duodenal lumen. These narrowings are fre-
quent sites for stones to lodge and cause either biliary or pancre-
atic obstruction. Additionally, these are potential sites of injury 
when instrumented during common bile duct exploration.

Sphincter of Oddi
The intraduodenal segment of the common bile duct and the 
ampulla is surrounded by a sheath of smooth muscle fibers 
referred to collectively as the sphincter of Oddi. The sphincter 
of Oddi is a unique group of muscle fibers that arise from the 
bile duct wall and manometric studies have verified that the 

Figure 9.8 The muscular apparatus at the terminal end of the common bile duct. The bile duct is closely associated with the pancreatic duct, and they 
both enter the medial wall of the duodenum tangentially. Each duct has its own sphincter, which is poorly developed in the pancreatic duct.
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pancreatic nodes near the origin of the superior mesenteric 
artery. All lymphatic drainage ultimately reaches the celiac 
lymph nodes.

Histology and ultrastructure
The mucosa of the extrahepatic bile ducts contains columnar 
epithelium surrounded by a layer of connective tissue. The epi-
thelium contains many mucous glands. Muscle fibers in the 
hepatic ducts and proximal common bile duct are relatively few 
and discontinuous, and may be arranged in either a longitudinal 
or circular direction. As the common bile duct approaches the 
duodenum, it develops a more substantial muscle layer, which 
merges into the sphincter of Oddi complex, where distinct 
bundles of muscle fibers are evident.

Congenital variations and malformations

Gallbladder and cystic duct
Congenital anomalies of the gallbladder may be classified into 
three different categories: anomalies of number, anomalies of 
form, and anomalies of position. Duplication of the gallbladder 
is thought to occur in approximately 1/4000 people [12]. With 
complete duplication, the gallbladders are separate, and the 
cystic ducts may join one another before entering the common 
duct or each cystic duct may enter separately. Partial duplica-
tions can result in bilobed gallbladders (Figure 9.10a), in which 
the two gallbladder cavities are separate at the fundus but joined 
at the neck and drain via a common cystic duct. Gallbladders 
may also be septate (divided by a partial or complete septum) 
with septa present in either a longitudinal or transverse direc-
tion, the latter referred to as an hourglass gallbladder (Figure 
9.10b). Likewise a diverticulum can form as well (Figure 9.10c). 
Septate gallbladders are thought to be a result of incomplete 
vacuolization of the solid endodermal cord during development 
(Figure 9.10d). None of these abnormalities of the gallbladder 
by themselves have clinical significance unless they are involved 
in a pathological process.

Lack of development of the gallbladder bud results in agen-
esis of the gallbladder, which is usually associated with extrahe-
patic biliary atresia [13]. In the absence of associated biliary 
atresia, an intrahepatic gallbladder or left-sided gallbladder 
must be ruled out before the diagnosis is made.

Abnormal migration of the caudal bud (future gallbladder 
and cystic duct) of the ventral diverticulum during development 
may cause an anomalous gallbladder position. If the caudal bud 
advances beyond the cranial bud (future liver), it may become 
buried in the liver substance resulting in an intrahepatic gall-
bladder. These are usually identified by ultrasonography prior 
to cholecystectomy and may make cholecystectomy slightly 
more difficult. If the caudal bud lags behind the cranial bud, a 
floating gallbladder is created. A floating gallbladder is com-
pletely covered with peritoneum and is usually suspended from 
the liver by a mesentery. A floating gallbladder is at a higher risk 

Arterial blood supply
The arterial blood supply to the extrahepatic bile ducts is seg-
mental. Because of the segmental nature of the blood supply, 
extensive mobilization of the extrahepatic bile ducts may lead 
to ischemic injury and development of postoperative biliary 
stricture and thus should be avoided [11]. The hepatic ducts and 
the supraduodenal portion of the common bile duct are nour-
ished by small arterial branches from the cystic artery (Figure 
9.9). The retroduodenal portion of the common bile duct is 
supplied by branches of the retroduodenal and posterior supe-
rior pancreaticoduodenal arteries. The pancreatic and intraduo-
denal segments of the common bile duct are supplied by  
both the anterior and posterior superior pancreaticoduodenal 
arteries.

Venous and lymphatic drainage
The veins of the hepatic ducts and proximal common bile duct, 
like those from the gallbladder and cystic duct, enter the liver 
directly. Veins from the lower portion of the common bile duct 
drain into the portal vein. The lymphatic drainage from the 
hepatic ducts and upper common bile duct flows superiorly 
along the course of the common bile duct to lymph nodes in 
the porta hepatis. Some lymphatic drainage arising from the 
inferior portion of the common bile duct may reach the deep 

Figure 9.9 The extrahepatic biliary tract is supplied by a rich vascular net 
of vessels from the hepatic and gastroduodenal arteries. The relationship 
between the hepatic arteries and the extrahepatic biliary tree is evident.

Retroduodenal

Marginal anastomotic

Superficial

cystic

Right hepatic

Left

hepatic

Supraduodenal

Gastroduodenal

Rt. gastric

Hepatic

Ant. sup.

pancreato-

duodenal



142   PART 1 Anatomy and development

of the cystic duct with the neck of the gallbladder draining 
directly into the common bile duct. Failure to recognize this 
anomaly has resulted in excision of a segment of the common 
bile duct during cholecystectomy in which the common  
bile duct has been mistakenly identified as the cystic duct. 
Intraoperative cholangiography should be performed whenever 
intraoperative anatomy is confusing or anomalies are present 
during cholangiography.

Hepatic ducts and common bile duct
True accessory hepatic ducts result from the development of an 
extra bud from the biliary anlage during development. Accessory 
ducts are much more common on the right than the left. They 
may drain directly into the gallbladder, the right or left hepatic 
ducts, the cystic duct, or the common bile duct. Accessory 
hepatic ducts are present in about 10% of individuals. 
Cystohepatic ducts that drain bile directly from the liver to the 
gallbladder are rare. Aberrant hepatic ducts, unlike true acces-
sory ducts, result from an extrahepatic course of a duct that is 
normally contained within the liver parenchyma. Accessory 
ducts provide a second drainage route from a region of the liver, 
in contrast to an aberrant duct, which represents the only drain-
age to a particular region of the liver, but lies in an unusual 
location. Almost all aberrant hepatic ducts represent the right 
anterior segmental duct, which joins the right posterior seg-
mental duct outside the liver. This extrahepatic union occurs in 
about 10% of cases and may result in mistaken identification of 
the right anterior segment duct as the cystic duct during chole-
cystectomy, with inadvertent ligation [17]. Both aberrant and 
true accessory hepatic ducts are at equal risk for injury during 
cholecystectomy.

Anomalies in the common bile duct do exist but are quite 
uncommon. The common bile duct may contain two lumens 
but appears to be single externally. The common bile duct may 
be completely duplicated, with one duct draining the right lobe 
of the liver and one duct draining the left lobe. Duplicated ducts 
usually empty separately into the duodenum [18,19]. Rarely, the 
common bile duct may open into the gastrointestinal tract at an 
ectopic site. Instances in which the common bile duct drains 
into the stomach [20] and the duodenal bulb [21], as well as the 
distal duodenum have been reported [22,23].

Biliary atresia
Biliary atresia is defined as the obliteration of the extrahepatic 
and/or intrahepatic bile ducts, with many different variations 
described (Figure 9.11). Biliary atresia occurs once in every 
15 000 births. Ten to 15 percent of newborns with biliary atresia 
have associated anomalies of the inferior vena cava (absence), 
portal vein (preduodenal portal vein), intestine (intestinal mal-
rotation), and spleen (polysplenia) [24]. Most patients have a 
form of biliary atresia with complete obstruction of the gallblad-
der and extrahepatic bile ducts, whereas 10%–15% of patients 
have obstruction of the proximal hepatic ducts with patency of 

for torsion. Left-sided gallbladders are rare, but can occur in the 
setting of situs inversus (all abdominal viscera are reversed right 
for left) or in the setting in which the gallbladder alone is trans-
posed [12]. The gallbladder has also been found in other unusual 
locations such as the falciform ligament [14], the abdominal 
wall [15], and the retroperitoneum [16]. Regardless of the 
anomalous position of the gallbladder, in almost all cases the 
cystic duct will inevitably join the common bile duct in a rela-
tively normal position.

Abnormal development of the gallbladder bud may also cause 
anomalies in the cystic duct. Double cystic ducts may drain a 
single, nonseptated gallbladder and join the biliary system at the 
common bile duct or right hepatic duct. There may be absence 

Figure 9.10 Two gallbladders (a), a bilobed gallbladder (b), a 
diverticulum at the neck (c), and a septated gallbladder (d) are all 
anatomical variations that relate to the embryological development of the 
biliary tract. Source: Linder 1987 [40]. Reproduced with permission of 
Elsevier.
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been demonstrated in autopsy studies of fetuses [28]. These 
observations suggest that biliary atresia is a dynamic process 
targeting the extrahepatic bile ducts, with progressive destruc-
tion rather than a static process. The best available data suggest 
that 80% of cases are secondary to infection with a cholangio-
tropic virus such as cytomegalovirus (CMV), reovirus, or rota-
virus followed by an exhuberant immune response destructive 
to the ductal epithelium that may persist even after eradication 
of the offending agent [29–31].

Clinically, biliary atresia presents with progressive neonatal 
jaundice that becomes manifest in the first few weeks of life. 
Jaundice is usually evident in the first 2–4 weeks of life. Biliary 
atresia must be differentiated from neonatal physiological j 
aundice, as well as congenital infectious causes, such as CMV 
and rubella, and genetic diseases, including α1-antitrypsin 
deficiency.

Technetium 99m–iminoacetic acid (99mTc-IDA) hepatobiliary 
scanning is the imaging test of choice for biliary atresia, espe-
cially when preceded by a 5–7-day course of phenobarbital to 
increase bilirubin conjugation and excretion. The sensitivity of 
the test for biliary atresia is essentially 100%, with a specificity 
of 94% [32]. Abdominal ultrasound should also be performed 
to evaluate the possibility of other sources of biliary obstruction 

the gallbladder and distal common bile duct. Only 1%–2% of 
infants with biliary atresia have proximal hepatic duct patency.

In biliary atresia, the bile ducts are replaced by dense fibrotic 
tissue manifesting both an acute and chronic inflammatory 
process [25]. Typically, there is obliteration of the entire extra-
hepatic biliary tract, including the gallbladder. Extrahepatic 
biliary atresia frequently extends into the intrahepatic bile 
ducts, probably as an end result of a destructive process leading 
to fibrosis and obliteration of the biliary tree, with development 
of secondary biliary cirrhosis [26]. If left untreated, the typical 
course is one of progressive hepatic insufficiency, with an 
average survival of 12–19 months [27].

The pathogenesis of biliary atresia is not known. Existing data 
seem to contradict the theory that failure of recanalization of 
the bile ducts during development is the cause. Data accumu-
lated from the surgical experience using portoenterostomy have 
provided some insight into the disease process. Early bile drain-
age, typically before 60 days, can reverse the liver injury and is 
associated with long-term survival, while delay in establishing 
bile drainage until after 120 days is often associated with pro-
gression of cirrhosis and a poor outcome. In addition, infants 
who develop biliary atresia are rarely jaundiced at birth and 
frequently have bile-stained meconium; biliary atresia has rarely 

Figure 9.11 The different forms of biliary atresia. Biliary atresia may be partial (a–c, e–g), affecting the intra- or extrahepatic portions of the biliary 
tract, or it may be a complete process (d). Source: Linder 1987 [40]. Reproduced with permission of Elsevier.
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shortage of transplantable organs, has prompted centers to use 
the Kasai procedure as first-line therapy for biliary atresia 
[37–39].

Choledochal cyst
See Chapter 91 for detailed discussion.
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in the jaundiced infant. Liver biopsy is often unnecessary to 
make a diagnosis and is nondiagnostic in up to 25% of patients.

Because of the near 100% mortality associated with medical 
management of biliary atresia, surgical therapy has become the 
treatment of choice. The standard operation, hepatic portoen-
terostomy (“Kasai procedure”) was first described by Kasai in 
1959 [33] following his original observation of residual micro-
scopic bile channels in the fibrous tissue of the porta hepatis in 
patients with biliary atresia. The Kasai procedure consists of 
exploratory laparotomy with excision of the occluded extrahe-
patic biliary system and a Roux-en-Y enteric anastomosis to the 
transected fibrotic cord at that level of the porta hepatis where 
microscopic bile ducts have been documented by frozen section. 
Primary hepatic transplantation is reserved for patients with a 
delayed diagnosis and advanced cirrhosis at presentation or 
patients with failed Kasai procedures [34].

Most series report a 40%–60% 5-year survival rate following 
portoenterostomy [35,36]. In general, one third have good long-
term results with minimal or no liver dysfunction and normal 
growth and development, one third do poorly and require 
immediate liver transplantation for survival, and one third have 
slow progressive liver dysfunction over a period of months to 
years and eventually need liver transplantation. Although the 
failure rate is relatively high, the fact that one third of patients 
will do well and never require transplantation and another 
subset will experience normal growth for a period of years 
before potentially requiring transplantation, in addition to the 
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The liver is a unique organ with a wide range of both struc-
tural and physiological functions. Understanding the arrange-
ments of all the individual components of the liver on both  
gross and light microscopic examination assisted by electron 
microscopic and immunoenzymatic features allows a better 
understanding of liver histopathology and pathophysiological 
processes. Study of the embryological evolution of the hepatic 
and hepatobiliary elements also assists in understanding many 
of the key concepts in developmental abnormalities seen in a 
wide variety of pediatric and adult liver diseases. This chapter 
outlines the embryological development as well as the gross, 
light and electron microscopic characteristics of the liver, with 
a brief discussion of liver function and the role of stem and 
progenitor cells in liver cell regeneration.

Embryology

The hepatic primordium anlage first appears toward the end of 
the third week of gestation and is seen as a hollow midline 
outgrowth stalk (hepatic diverticulum) of the endodermal epi-
thelium at the distal aspect of the foregut (future duodenal loop) 
[1–9]. By the fourth week, the diverticulum enlarges through 
proliferation of the endodermal cell strands (hepatoblasts) and 
projects cranially into the mesoderm of the septum transversum 
(the mesodermal plate between the pericardial cavity and the 

yolk sac stalk), eventually giving rise to the hepatic parenchyma 
and intrahepatic duct structures (Figure 10.1). The cephalic end 
ultimately develops into the right and left hepatic lobes. The 
stalk between the diverticulum and foregut narrows, forming 
the extrahepatic biliary system and gallbladder. The proliferat-
ing endodermal cells initially form solid cords, which then anas-
tomose and form isolated vesicles and cribriform tubules with 
centrally located lumenal structures (biliary canaliculi). The 
cords eventually become confluent and form channels that sub-
divide the cords by small capillaries, which co-mingle with the 
developing vitelline and umbilical veins. These channels ulti-
mately form the hepatic sinusoids. The individual hepatoblasts 
are progenitor cells that develop into the mature hepatocyte, 
with those cells immediately adjacent to the portal mesenchyme 
becoming the ductal plates [10]. The rapid growth rate of the 
hepatic cords allows sheets several cells thick (muralium multi-
plex) to develop; these persist until birth, after which the cell 
sheets narrow to two cells (muralium duplex) and eventually 
evolve into a one cell thick trabecular cord (muralium simplex) 
by 5 years of age [8,11,12].

The mesoderm of the septum transversum initially surrounds 
the liver and is in continuity with the lesser curvature of the 
stomach, duodenum, and ventral body wall. The mesoderm 
becomes stretched between the liver and lesser curvature, 
forming the lesser omentum, and between the diaphragm and 
ventral abdominal wall, forming the falciform, coronary, and 
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drains into the sinus venosus, but by the fifth week the right and 
left umbilical veins also supply blood to the sinusoidal plexus. 
By the fifth week, most of the major vessels are identifiable and 
include the right and left umbilical veins, the transverse portal 
sinus, and the ductus venosus, which shunts blood directly from 
the umbilical vein into the inferior vena cava. At this time, the 
left umbilical vein becomes the main source of blood flow, with 
the right umbilical vein becoming atrophic by the fifth week. 
The portal vein develops from the vitelline vein and then sub-
divides into the right and left branches. The hepatic and portal 
vein branches divide the parenchyma into lobules and acini. The 
left umbilical vein blood flow has three major branching routes 
that distribute blood via (1) the sinusoidal plexus of the left 
hepatic segment; (2) the sinusoidal plexus of the right liver 
segment by way of retrograde flow from communications with 
the left portal vein branch; and (3) the ductus venosus. At birth, 
a sphincter mechanism closes the ductus venosus, causing ces-
sation of blood flow through the umbilical vein, with the liver 
now receiving blood from the left branch of the portal vein. The 
resultant closed segment of the umbilical vein then becomes the 
umbilicus, and the fibrotic ductus venosus becomes the liga-
mentum venosum.

The biliary apparatus develops from membranous infolding 
occurring between the junctional complexes between individ-
ual hepatoblasts and appears initially as intercellular spaces with 
no distinct wall. The biliary canaliculi are first seen at week 6, 
with bile synthesis occurring by week 9 and bile secretion by 
week 12. The hepatoblasts immediately adjacent to the mesen-

triangular ligaments. A portion also develops into the hepatic 
(Glisson) capsule. The developing hepatic artery and vagus 
nerve branches follow the mesoderm along and adjacent to the 
portal vein. The mesoderm on the liver surface is also in conti-
nuity with the peritoneum, whereas that portion in contact with 
the future diaphragm remains uncovered (bare area). The meso-
derm is the main focus for the development of hematopoiesis, 
which begins at about 6 weeks and becomes most active during 
the fifth month of gestation, after which the process rapidly 
regresses owing to developing bone marrow activity. During 
fetal development, the red blood cell precursors abound in the 
parenchyma, while myeloid and megakaryocytic precursors are 
more evident within the portal tracts. Hematopoiesis is respon-
sible for the prominent liver size in the fetus (up to 10% body 
weight by week 10, with the liver occupying most of the abdomi-
nal cavity), but the size regresses at birth so that only a few 
islands of hematopoietic cells are noted. The liver then weighs 
about 5% of body weight. Hematopoiesis is usually absent by 
3–4 weeks of age. Initially, the enlarged fetal liver has symmetric 
right and left lobes; with time, however, the growth rate dimin-
ishes but affects the left lobe more than the right, causing the 
size difference seen at birth. The caudate and quadrate lobes 
develop as subdivisions of the right lobe.

The vascular network is originally derived from the develop-
ment of both the vitelline and umbilical veins and occurs at the 
same time as proliferation of the hepatoblasts. The cords and 
vessels anastomose, forming the hepatic sinusoids. The sinusoi-
dal plexus initially receives blood through the vitelline vein and 

Figure 10.1 Developing embryo. (a) The drawing represents a 9-mm embryo, estimated at about 36 days of gestation. The liver is derived from the 
hepatic diverticulum (midline outgrowth stalk of the distal foregut) and projects cranially into the septum transversum and caudally into the abdominal 
wall. (b) The drawing represents an embryo that is slightly older, with the falciform ligament noted between the hepatic parenchyma and the anterior 
abdominal wall. Source: Langman 1969 [5]. Reproduced with permission of Wolter Kluwer Health.
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duct structures. The transverse fissure separates anteriorly the 
right lobe from the caudate lobe, while the umbilical fissure is 
located to the left of the quadrate lobe, which itself is bordered 
on the right by the gallbladder. The peritoneal layers forming 
the falciform ligament, which extends between the liver and the 
anterior abdominal wall, separate to form the superior layer of 
the coronary ligament and the left triangular ligament. The liga-
mentum teres is located along the lower edge of the falciform 
ligament and contains the obliterated umbilical vein remnant. 
The total surface area of the liver is in direct contrast with the 
surrounding abdominal organs, ligaments, and fascia.

The portal vein is the main route of vascular drainage of the 
gastrointestinal tract and is formed by merger of the superior 
mesenteric and splenic veins. It also receives blood from the 
coronary and cystic veins. The portal vein is located along the 
hepatoduodenal ligament posterior to the hepatic artery and 
common bile duct and ends at the porta hepatis at the main 
lobar fissure, dividing into the right and left main branches. The 
right branch divides early into anterior and posterior segments, 
whereas the left branch divides into two segments: the pars 
transversus, which extends to the left in the porta hepatis, and 
the pars umbilicus, which descends into the umbilical fossa  
in line with the left segmental fissure. The caudate lobe veins 
arise from both the right and left main portal vein branches 
(Figure 10.3).

The hepatic vein is composed of three major tributaries 
(right, middle, left), each having intrahepatic branches. The 
middle and left hepatic veins often converge to form a single 
outflow vessel before draining into the inferior vena cava, 
whereas the right hepatic vein opens through a separate ostium. 
The caudate lobe drains directly into the inferior vena cava.

The hepatic artery is a branch of the celiac artery and ascends 
along the hepatoduodenal ligament and eventually divides into 
the right and left main branches. The right hepatic artery is 
usually located behind the common hepatic duct after giving 
rise to the cystic artery, and eventually divides into the anterior 
and posterior segmental branches. The left hepatic artery passes 
obliquely upward and to the left in the porta hepatis, eventually 
dividing into the medial and lateral segmental branches. The 
quadrate lobe is fed by a middle hepatic artery branch, whereas 
the caudate lobe is fed by both right and left hepatic artery 
branches.

The biliary system originally arises from the bile canaliculi 
and can be grossly demonstrated in the larger interlobular 
branches. The biliary drainage of the right lobe is derived from 
anterior and posterior segmental branches that merge to form 
the right hepatic duct. Lateral and medial segmental branches 
merge to form the left hepatic duct that drains the left lobe. The 
caudate lobe is drained from three duct branches directly into 
the right and left hepatic ducts (Figure 10.4). The smaller ducts 
do not have a distinct wall, but the larger septal branches dem-
onstrate a thin wall secondary to periductal collagen fibers and 
can easily be demonstrated on gross inspection. The intra- and 
extrahepatic bile duct structures are directly fed by the hepatic 

chyme of the portal tracts form the ductal plate, which is two-
layered; by 3 months a lumen is seen within the ductal plate, 
with formation of double-layered tubular structures. Invasion 
of these cells into the portal mesenchyme occurs, forming an 
anastomosing network of portal duct structures. These ducts are 
not fully developed at term [13], after which remodeling forms 
the true interlobular bile ducts that assume their major role as 
a link between the canalicular biliary apparatus and the extra-
hepatic biliary system. This biliary network is fed by a hyper-
vascular complex of arterioles and capillaries formed from the 
peribiliary plexus. The immature structures at birth may persist 
for up to 1 month. The extrahepatic biliary tree develops from 
the stalk of the original hepatic outgrowth.

Individual cell functions become apparent at different  
times but all early in embryological development [11,14,15]. 
α-Fetoprotein, which is found in high amounts at birth, initially 
is present by 1 month gestation, and continues throughout fetal 
development. Glycogen may be seen by 2 months, with glycogen 
synthesis becoming most apparent by 3 months; at birth, the 
amount of glycogen rapidly diminishes owing to rapid and 
active glycogenolysis. Fatty change within the hepatocyte paral-
lels that of glycogenesis. Hemosiderin is usually visible in early 
stages and becomes most marked as intrahepatic hematopoiesis 
decreases. It then gradually decreases but may still be seen at 
birth in the periportal hepatocytes. The perisinusoidal cells and 
Kupffer cells appear by 3 months of gestation.

Gross anatomy

The liver takes up the majority of the right upper abdominal 
cavity beneath the rib cage and extends from the right lateral 
aspect of the abdomen 15–20 cm transversely toward the 
xiphoid [1,2,16–18]. The weight of the adult liver varies from 
1200 to 1800 g, dependent on overall body size, and constitutes 
about 1.8%–3.1% of the total body weight; however, at birth,  
the liver is larger compared with adjacent thoracic and abdomi-
nal viscera and constitutes about 5%–6% of body weight 
[1,19,20]. Anatomically, the liver has four lobes: right, left, 
caudate, and quadrate. The right lobe accounts for one-half to 
two-thirds of the total liver volume and in gross inspection is 
divided from the left lobe by the falciform ligament; however, 
functionally, the right and left lobes are of about equal size and 
are divided by a line extending from the inferior vena cava 
superiorly to the middle of the gallbladder fossa inferiorly. A 
total of eight functional segments are present, each demarcated 
by the vascular and biliary drainage [1,2,8,16,21–23] (Figure 
10.2): the lateral (segments VI and VII) and medial (segments 
V and VIII) divisions of the right lobe, the medial (segment IV) 
and lateral (segments II and III) divisions of the left lobe, and 
the caudate lobe (segment I), the latter a watershed area of the 
right and left lobe vasculature.

The hepatoduodenal ligament connects the liver to the supe-
rior aspect of the duodenum and supports the hilar vessels and 
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Figure 10.2 Anatomical and functional subdivisions. The liver is divided into eight functional anatomical segments, each having its own vascular flow 
and biliary drainage. These include the right lateral (segments VI and VII) and medial (segments V and VIII) divisions, the left medial (segment IV) 
and lateral (segments II and III) divisions, and the caudate lobe (segment I). Source: Moore and Dalley 1999 [117]. Reproduced with permission of 
Wolter Kluwer Health.
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[26,27]. Although the portal inflammatory and cellular compo-
nents and the size of the liver cell plates vary, dependent on the 
developmental stage of the liver, the architectural framework can 
be seen in the fetal liver as well. Although the architecture may  
at times be difficult to assess when acute liver injury is present,  
on recovery the arrangements universally return to normal. 
Conversely, the distortion of the architecture seen in advanced 
chronic liver disease and cirrhosis is for the most part irreversible.

Portal tracts
The portal tracts (Figure 10.6) are often referred to as portal 
triads. This term is misleading, in that five rather than three 
components comprise portal structures. The interlobular bile 
ducts number from one to two per portal structure, although in 
infants the ducts appear early on to be slightly less frequent. The 
ducts are usually seen immediately adjacent to the hepatic arte-
rioles, which are responsible for their blood supply. The hepatic 
arterioles are usually present singly. The portal venules similarly 
are a single structure, although transverse cuts of the portal 
tracts in biopsy material can mistakenly appear as if two or more 
ducts and vessels are present. True increase in portal venules 
and lymphatics are characteristic of portal hypertension and are 
usually seen in conjunction with portal fibrosis or cirrhosis. The 
normal fibroconnective tissue that supports the major portal 
components varies in degree, depending on the distance of the 
portal tract from the hepatic hilum, and can mistakenly be 
described as pathological fibrosis when the biopsy specimen is 
taken toward the hepatic hilum. The infiltrating cellular inflam-
matory components within the fibrous tissue consist of scattered 
lymphocytes, which are scanty but often present to some degree 
even in normal liver.

artery and its anastomosing branches, which parallel the ducts 
as they course through the various hepatic segments.

The lymphatic channels are divided into deep and superficial 
branches. The deep lymphatic branch parallels the portal and 
hepatic vein branches, whereas the superficial lymphatic struc-
tures arise from Glisson capsule and drain through the adjacent 
falciform ligament, diaphragm, esophagus, and hilar lymph 
nodes [1,2,24].

The nerve supply parallels the main hepatic artery and portal 
vein and is divided into parasympathetic and sympathetic 
fibers. The former are preganglionic and are derived from the 
vagus nerve, whereas the latter are postganglionic and receive 
their nerve supply from T7–T10. The nerve supply enters the 
hepatic hilum through both anterior and posterior routes and 
feeds the arteries and bile ducts through sympathetic innerva-
tion. The nerve fibers branch through the main portal tracts, 
with smaller unmyelinated branches feeding the periportal 
hepatocytes. In addition, many of the nerve fibers terminate on 
endothelial cells lining the smallest arterioles and along Kupffer 
cells, stellate (fat-storing) cells, and hepatocytes [25].

Microanatomy

Normal histology 
Architecture
The basic microanatomical structure of the liver can best be appre-
ciated on a three-dimensional drawing of the portal tracts, paren-
chyma, and vascular flow (Figure 10.5). This architectural 
arrangement is evenly spaced throughout all lobes of the liver and 
is best assessed under low- and medium-power microscopy 

Figure 10.4 Branching segments of the intrahepatic bile ducts. br., branch; Med seg., medial segment; L., left; R., right. Source: Skandalakis et al. 1992 
[118]. Reproduced with permission of Wolter Kluwer Health.
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Parenchyma
In adults, the hepatic lobules constitute about 80% of the total 
hepatic volume and are composed predominantly of liver cell 
cords one cell thick made up of polyhedral hepatocytes. The 
adjacent sinusoids are lined by both endothelial and Kupffer 
cells. The perisinusoidal space is located between the endothe-
lial cells and hepatocytes. Stellate cells and collagen fibers  
are also present along the perisinusoidal space, but on routine 
H&E staining of normal liver tissue these structures are usually 
inconspicuous. The sinusoids drain from the portal venule  
and hepatic arterioles into the terminal hepatic venules  
(Figure 10.7).

Parenchymal cellular components
Hepatocyte
The hepatocyte comprises about two-thirds of the total number 
of cells within the liver and about four-fifths of total liver volume 

Figure 10.5 Structure of the normal liver. Source: Sherlock and Dooley 2002 [2]. Reproduced with permission from John Wiley & Sons, Ltd.
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Nucleus
The liver cell nucleus is centrally located within the hepatocyte, 
measures about 10 µm in diameter, is round to oval and contains 
clumped chromatin and small nucleoli [28,32]. The nuclear 
membrane is composed of two envelopes separated by a narrow 
zone. These membranes have numerous apertures or pores that 
provide cytoplasmic nuclear communications. The outer mem-
brane is often lined by ribosomes, which are in direct commu-
nication with adjacent rough endoplasmic reticulum fibers. The 
intranuclear chromatin fibers are composed of heterochroma-
tin, which is round to irregular dense metabolically inactive 
granules, and euchromatin, which actively transcribes RNA 
[28]. Anywhere from one to six nucleoli can be seen, their 
number and size in direct proportion to their degree of activity 
(ribosomal RNA function). The hepatocyte usually contains one 
nucleus, although bilobed forms may also be seen that are more 
often identified in the elderly patient population and are usually 
seen in hepatocytes in the perivenular zone (zone 3 of 
Rappaport). Mitotic figures are infrequent but may be promi-
nent in instances of active liver cell regeneration (e.g., resolving 
acute viral hepatitis). Various nuclear inclusions may be identi-
fied [28,33,34] and include glycogen (frequently seen in diabetic 
patients), lipid, and cytoplasmic invaginations (pseudoinclu-
sions, or nuclear membrane irregularities).

Cytoplasm
The cytoplasm constitutes about 90% of the volume of the hepa-
tocyte and contains numerous functionally important organelles 
(Figure 10.10). The cytoplasm and intracellular components 
vary in size, ultrastructure, and function depending on the 
zonal location of the hepatocytes (see Functional components 
and Tables 10.1 and 10.2). The superstructure of the cell is 
maintained by the cytoskeleton of the hepatocyte and includes 
three major subdivisions: microfilaments, microtubules, and 
intermediate filaments [8,11,28,35–37]. These three elements 
are responsible for the overall three-dimensional framework of 
the hepatocytes as well as organization of the various intracel-
lular functions.

The cytoplasm contains several components:
1. Mitochondria. The mitochondria responsible for many met-

abolic functions are one of the most prominent intracellular 
organelles [8,11,28], averaging up to 2200/hepatocyte. They 
are larger in the perivenular zone but more numerous in the 
periportal zone and generally maintain a constant volume 
within each hepatocyte. They are oval to oblong in shape and 
measure 0.4–3.5 µm in diameter

2. Endoplasmic reticulum (ER). Comprising both rough and 
smooth components, ER [28,38] is distributed throughout 
the liver cell cytoplasm and constitute about 15% of the 
cytoplasmic volume. The ER is responsible for various 
important functions to occur, such as protein synthesis and 
fatty acid metabolism. The cytochrome p450 oxidative 
system is also located in the ER and plays a large part in drug 
metabolism and toxin degradation. Anywhere from 40 to 60

[1–3,28–30]. Hepatocytes generally measure 25–40 µm in diam-
eter, depending on their zonal location and patient age, and are 
polyhedral and multifaceted. The cells in the adult are arranged 
in cords that are one cell thick and have three distinct cell 
boundaries [8,11,28]:
1. The sinusoidal (basolateral) surface area constitutes about 

60%–70% of the total surface area. Microvilli, measuring 
about 0.5 µm in length that increase the cell surface area, are 
present along the surface extending into the perisinusoidal 
spaces. The plasma membranes immediately beneath these 
microvilli exhibit various membrane pits and infoldings 
involved in both secretory and absorptive functions.

2. The lateral (intercellular) membranes lie between adjacent 
hepatocytes and constitute about 15% of the surface area. 
They are divided into a number of junctional subunits [1,28]. 
Gap junctions represent two adjacent membranes with a dis-
tinct 2–4-µm gap, whereby communication between cells for 
transport of metabolites occurs by way of projected particles 
(bobbins) directed from each cellular membrane. No micro-
villi are seen. Desmosomes are attached to the intermediate 
filaments and play a role in the resilience of the cell mem-
brane. Intermediate junctions are attached to various cyto-
keratin filaments that also aid in cellular resilience. Tight 
junctions are zones of contacted membranes and represent a 
permeability barrier to macromolecules [31].

3. The canalicular membranes constitute about 15% of the 
membrane surface area, lie toward the center of the intercel-
lular confluence of hepatocytes and immediately adjacent to 
the tight junctions, and represent the origin of biliary drain-
age (Figures 10.8 and 10.9). They are lined by microvilli and 
measure in diameter from 0.5 µm in the perivenular zone 
(zone 3 of Rappaport) to 2.5 µm in the periportal zone (zone 
1). Various contractile microfilaments are present surround-
ing the canaliculi and allow liver cells to move the bile secre-
tions forward along these canaliculi.

Figure 10.7 Parenchyma. The liver cell plates are one cell thick and are 
composed of polyhedral hepatocytes with centrally placed nuclei. These 
cells are bordered by sinusoids lined by both Kupffer and endothelial cells. 
The sinusoids drain directly into the terminal hepatic (central) venules.
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lipases, are most frequently identified adjacent to the canal-
icular membrane and are divided into primary and secondary 
lysosomes. The primary lysosomes digest intracellular deg-
radation products (autophagocytosis), forming secondary 
lysosomes that secrete these vacuoles into the biliary system. 
Various pigments such as lipochrome, hemosiderin and 
copper also may accumulate within lysosomes with time and 
form residual bodies.

3. Golgi apparatus. Golgi apparatus [8,11,28,38,39] can be seen 
within the cytoplasm. Vesicles arranged at the periphery of the 
sacs detach and transfer secretory material such as lipopro-
teins into the sinusoids or biliary canaliculi. Golgi function 
also includes bile secretion, incorporation of carbohydrates 
into proteins, and membrane synthesis and repair.

4. Lysosomes. Lysosomes [8,11,28,40,41] containing and storing 
enzymes such as acid phosphatase, esterases, proteases, and 

Figure 10.8 Biliary canaliculi. Using scanning electron microscopy, the liver cell plates and adjacent sinusoids (S) are seen with the bile canalicular (bc) 
network located between the adjacent hepatocytes (H). Microvilli (mv) are also present. Source: Phillips et al. 1987 [28]. Reproduced with permission of 
Wolter Kluwer Health.
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Figure 10.9 Biliary pole. Using electron microscopy, the bile canaliculi (bc) can be seen to the left of the field, surrounded by microvilli (mv) and 
pericanalicular ectoplasm (ect). Golgi complexes (G), vesicles (ves), mitochondria (m), peroxisomes (p), and lysosomes (lys) can also be seen in the 
adjacent liver cell cytoplasm. cm, liver cell membrane. Source: Phillips et al. 1987 [28]. Reproduced with permission of Wolter Kluwer Health.
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Figure 10.10 Liver cell cytoplasm. Using electron microscopy, the cytoplasm is composed of rough endoplasmic reticulum (rer), mitochondria (m), 
glycogen (gly), lipid droplets (L), peroxisomes (p), and secondary lysosomes (*). Source: Phillips et al. 1987 [28]. Reproduced with permission of Wolter 
Kluwer Health.
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frequently seen adjacent to the smooth endoplasmic reticulum. 
Glycogen is easily demonstrated by periodic acid–Schiff (PAS) 
stain on frozen-section material. Nuclear glycogen, when  
abundant, gives the nucleus a clear appearance and may be seen 
in a number of liver diseases, including diabetes and Wilson 
disease.

Sinusoidal lining cells
Kupffer cells
Kupffer cells are sinusoid lining cells that function as tissue 
macrophages. They represent more than 75% of fixed macro-
phages throughout the body and take up about one-third of the 
hepatic sinusoidal cell volume [8,11,28,45–50]. Although origi-
nally derived from the circulation, they eventually rest along the 
sinusoidal borders but maintain the ability to divide and migrate 
along the sinusoidal spaces, especially into regions of liver cell 
damage where it is not uncommon to find hyperplastic and 
hypertrophic Kupffer cell clusters and aggregates. Kupffer cells 
have oval to elongated nuclei, abundant pyramidal stellate cyto-
plasm, and measure up to 9 µm in length (Figure 10.11). They 
overlie but do not form junctional complexes with the smaller 
endothelial cells; however, Kupffer cells may be seen in gaps 
between adjacent endothelial cells, with cytoplasmic processes 
extending through endothelial fenestrations. Kupffer cells 
contain various lysosomes, with their primary functions related 
to: (1) phagocytosis and eventual clearance of particulate mate-
rial; (2) clearance of bacteria, endotoxins, and degenerating cel-
lular components; (3) synthesis and catabolism of lipids; (4) 
clearance of senescent erythrocytes; (5) sequestration of anti-
gens; and (6) clearance of immune complexes.

5. Peroxisomes. These single-membrane intracellular organelles, 
also termed microbodies, vary in size from 0.2 to 1.3 µm 
[8,11,28,42,43]. They are round to oval, exhibit a finely granu-
lar homogeneous matrix, contain various oxidases and cata-
lases, and primarily function in the oxidation and degradation 
of numerous substrates with formation of hydrogen peroxides. 
They are also involved in oxidation of long-chain fatty acids. 

There are various other intracellular components readily seen by 
light microscopy that contribute to the function and appearance 
of the liver cell [26,27]. Lipochrome pigment appears as fine to 
coarse brown granules and is derived from increase in lyso-
somal activity and intracellular condensation of various cellular 
remnants. Two other intracellular pigments that can resemble 
lipochrome include bile and hemosiderin. Bile is present as 
clumped green to green-yellow globules that stain positively 
with the Hall stain for bilirubin. Usually the presence of intra-
cellular bile is also accompanied by intracanalicular bile. 
Hemosiderin pigment is coarsely granular and golden brown, is 
best highlighted by the Perl iron stain, and represents red blood 
cell degradation remnants. Intracellular lipids appear as clear, 
distinct, rounded vacuoles and are composed predominantly of 
neutral triglycerides. The size of the fat droplets varies, with the 
extremely small variants (termed microvesicular or foamy) often 
difficult to assess on routine light microscopy unless thin 1-µm 
sections are prepared or fat stains (Oil red O) on frozen sections 
are performed. The small lipid droplets can also be demon-
strated by immunoperoxidase staining using perilipin and  
adipophilin, two proteins that play a role in lipid metabolism 
and appear at the rim of the lipid droplets [44]. Intracellular 
glycogen is distributed throughout the cytoplasm but is more 
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about one-fifth of the sinusoidal cell volume. These cells range 
in diameter from 2 to 10 µm and contain small star-shaped 
nuclei without prominent nucleoli. The cytoplasm often con-
tains variably sized lipid droplets having a high concentration 
of vitamin A (retinoyl palmitate) that can easily be demon-
strated on frozen sections by intensely green, rapidly fading 
fluorescence when excited at a wavelength of 328 nm [55]. 
Besides being the major source of vitamin A storage, the cells 
synthesize extracellular matrix by way of cytokine activation 
and resultant transformation to myofibroblasts in response to 
liver injury, with enhancement of protein and collagen synthesis 
[63,64]. Additionally these cells produce hepatocyte growth 
factor and play a role in the expression of the vascular contour 
of sinusoids.

Pit cells
Also termed liver-associated lymphocytes and large granular 
lymphocytes, these cells are nonparenchymal T cells distributed 
within the sinusoidal lumen in loose contact with the endothe-
lial and Kupffer cells. They can occasionally be seen within 
portal tracts [54,55,65–68]. These cells function as natural 
lymphocyte-activated killer (NK) cells, and contain multive-
sicular body-related dense granules and rod-cored vesicles [69]. 
They are called pit cells because of the resemblance of these 
cytoplasmic granules to grape seeds [1,70]. These cells are often 
seen in direct contact with the endothelium in response to 
various immunological mechanisms, produce cytokines, and 
can be targeted in viral hepatitis, acute posttransplantation cel-
lular rejection, and various primary and metastatic neoplastic 
processes [8,11,55] where they are felt to play a role in the host 
immunological response.

Endothelial cells
The endothelial cells are flattened elongated sinusoidal cells that 
range in size from 50 to 80 nm and represent almost half of the 
sinusoidal cell volume [28,45,48,51–54] (Figure 10.12). 
Numerous cytoplasmic projections and clustered fenestrae or 
gaps that range in size from 0.1 to 0.2 µm are present (Figure 
10.13). These fenestrae function as a filtration barrier. The indi-
vidual cells are loosely attached. These cells have slightly differ-
ent functions from more typical endothelial cells seen in other 
organ systems: they do not bind lectin or factor VIII-related 
antigen, and they normally express little CD31 or C34 [8], 
although activation and expression of these latter markers is 
common in endothelial cells lining trabecular cords in chronic 
liver diseases and in many benign and most malignant hepato-
cellular neoplasms. Although endothelial cells synthesize 
various substances such as prostaglandins and cytokines, their 
main function involves filtering of various macromolecules 
from the sinusoidal blood by receptor-mediated endocytosis, 
enabling substances such as glycoproteins and polysaccharides 
direct contact with the hepatocyte but excluding and protecting 
the liver cell from numerous larger cellular components and 
various soluble compounds by receptor-mediated endocytosis 
(ligand binding to coated pits on the cell surface), pinocytosis 
(trapping of extracellular fluid droplets), and phagocytosis 
(plasma membranes encircling and internalizing particles)  
[55].

Stellate (perisinusoidal) cells
Also termed fat-storing cells and Ito cells, the stellate cells are 
located within the perisinusoidal liver cell recesses along the 
space of Disse [28,45,48,56–62] (Figure 10.14) and constitute 

Figure 10.11 Kupffer cell. Using electron microscopy, the Kupffer cell exhibits a cleft nucleus (N), pseudopodia (*), and numerous lysosomes (lys). 
Source: Phillips et al. 1987 [28]. Reproduced with permission of Wolter Kluwer Health.
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Figure 10.12 Endothelial cell. Electron microscopy of a sinusoid (S) shows an endothelial cell with an elongated nucleus (N) and scanty cytoplasm (*). 
The space of Disse (D) and adjacent cytoplasm of two hepatocytes (H) are noted. Source: Phillips et al. 1987 [28]. Reproduced with permission of 
Wolter Kluwer Health.
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Figure 10.13 Scanning electron micrograph of the hepatic sinusoid. Numerous fenestrae (F) grouped into sieve plates (S) are demonstrated. D, 
space of Disse; E, endothelial cell; M, microvilli; P, parenchymal cell. Source: Sherlock and Dooley 2002 [2]. Reproduced with permission of  
John Wiley & Sons, Ltd.
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Figure 10.14 Stellate (perisinusoidal) cell. These cells, also termed Ito cells (IC), are seen by electron microscopy along the perisinusoidal recesses and 
characteristically demonstrate cytoplasmic lipid droplets (L) containing vitamin A. Adjacent hepatocytes (H) are noted. Source: Phillips et al. 1987 [28]. 
Reproduced with permission of Wolter Kluwer Health.
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ductules may extend to and involve the periportal zones; and 
(2) biliary tract obstruction and other cholestatic processes due 
to the accumulation of bile acids which trigger bile duct 
reduplication.

The interlobular bile ducts range in diameter from 15 to 
20 µm, are located within the smaller portal structures, and 
are lined by a single layer of cuboidal cells with discrete round 
nuclei, usually inconspicuous nucleoli, and scanty eosinophilic 
cytoplasm. The duct cytoplasm contains sparse as well as rela-
tively small mitochondria, free ribosomes, scanty endoplasmic 
reticulum, and abundant intermediate cytokeratin filaments 
(cytokeratins 7, 19) [3]. The lumenal surface contains numerous 
pinocytotic vacuoles. Complex interdigitations are present in 
adjoining duct epithelium. The lumenal surface also contains 
microvilli. A basement membrane is apparent and easily  
demonstrated on PAS stain. Although the smaller ducts have  
no apparent wall, the larger interlobular ducts, which measure 
up to 100 µm in diameter, develop a small periductal fibrous 
sheath. Anastomoses of the smaller interlobular ducts is fre-
quent. The main blood supply is the smaller branches of the 
hepatic artery and the peribiliary plexus, which run in parallel 
with the duct structures. These ducts express class I major  
histocompatibility antigens, with cytokine-mediated class II 
expression in instances of liver allograft rejection and certain 
chronic biliary tract diseases that attack ducts, such as primary 
biliary cirrhosis.

The larger interlobar and septal ducts measure more than 
100 µm in diameter, have a fibrous wall, and are lined by a single 
layer of cuboidal to columnar epithelium with nuclei located 
toward the basement membrane. Some degree of periductal 
fibrous tissue is common but should not be confused with  
the distinct periductal concentric collagenosis seen in instances 
of long-term bile duct obstruction and primary sclerosing 
cholangitis.

The interlobar and septal ducts lead into the segmental ducts 
that measure up to 800 µm in diameter, which eventually form 
the major hilar ducts that measure up to 1.5 mm in diameter. 
The hilar ducts ultimately branch into the main right and left 
hepatic ducts. The hilar ducts are lined by columnar mucus-
secreting epithelium, have a distinct fibromuscular wall, and are 
associated with both intramural and extramural seromucinous 
peribiliary glands, which communicate with the bile duct 
lumen. The same type of peribiliary glands are also demon-
strated around the intrahepatic large bile ducts [74].

Vascular and lymphatic network
The major blood vessels that supply the liver are the portal vein 
and hepatic artery, the former supplying approximately two-
thirds of the total blood flow. The portal vein sequentially devel-
ops interlobar, segmental, interlobular veins and preterminal 
branches, with the terminal portal venules measuring about 
20–30 µm in diameter and seen in the smaller triangular portal 
tracts. The vascular inflow from the portal veins is controlled 

Stroma (extracellular matrix)
The stroma constitutes about 10% of liver volume and overall 
supports the basic hepatic architectural arrangement, produces 
intercellular cohesion and communication, and effects cellular 
differentiation. The capsule of Glisson, composed of dense 
hypocellular collagen, encapsulates the liver and extends at the 
hilum into the hepatic parenchyma, forming the tensile struc-
ture of the portal tracts. Extension within the sinusoids into the 
space of Disse as reticulin fibers maintains the intralobular 
framework. Five basic types of collagen are seen, with types I 
and III representing more than 95% of total collagen [8]. Type 
I represents mature collagen fibers and is seen predominantly 
within the portal tracts but also around the terminal hepatic, 
sublobular and hepatic veins, whereas type III represents new 
collagen fibers which, along with the type IV collagen, comprise 
the sinusoidal reticulin framework. Type IV collagen is also 
present in the basal lamina (membrane) around small vascular 
structures and ducts and represents about 1% of the total hepatic 
collagen. The noncollagenous proteins are numerous matrix 
glycoproteins and include the following: (1) laminin, the major 
glycoprotein component within the basement membranes 
responsible in part for cell adhesion and formation of capillaries 
within the sinusoids; (2) fibronectin, synthesized by perisinusoi-
dal cells responsible for collagen adhesion; and (3) elastin, 
which stabilizes blood vessel walls [8]. Collagen deposition is 
often triggered by activation of stellate cells in certain instances 
of liver cell necrosis and impaired or delayed regeneration of 
hepatocytes.

Biliary network
The main function of the biliary tract is to transport bile syn-
thesized in the hepatocyte into the gastrointestinal tract by way 
of the intra- and extrahepatic biliary network. In addition, the 
transport proteins synthesized by biliary epithelium and located 
within the microvilli aid in both the secretion of bicarbonate-
rich fluid and the reabsorption of various fluids and solutes that 
generally enhance bile flow [71].

The biliary tract can be divided into its structural compo-
nents [72], the smallest of which are the biliary canaliculi. These 
are located along the intercellular spaces between hepatocytes, 
range in diameter from 0.5 to 1 µm, and are lined by microvilli. 
The canaliculi have numerous anastomotic connections and 
may undergo contractions secondary to actin, myosin, and tro-
pomyosin [73], enabling and enhancing forward bile flow.

The canaliculi that enter the portal tracts are called the ter-
minal bile ductules, periportal cholangioles, or canals of Hering. 
These duct structures are derived from hepatocytes located at 
the limiting plate and provide communication with the inter-
lobular bile ducts. The ducts at this point develop a basement 
membrane and have both liver cell and ductal ultrastructural 
and histochemical features. Although in the normal liver these 
ductules are usually inconspicuous on routine light microscopy, 
their proliferation (duct transformation, duct metaplasia) is 
most apparent in instances of (1) liver cell damage where these 
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(zone 2); and perivenular (zone 3), with the terminal hepatic 
venule at its outer lateral margin. There is no discrete demarca-
tion separating these zones from one another. The watershed 
areas occur at the periphery of the acini where blood can be 
derived from the smallest arteriolar branches and portal venules 
from adjacent acini. Biliary drainage runs parallel to the vascu-
lar sinusoidal circulation. The complex acinus is derived from 
three adjacent simple acini fed by a preterminal portal vein and 
arterial branches. A small aggregate or sleeve of liver cells 
(acinuli) directly surrounds the preterminal branch. The acinar 
agglomerate is composed of about four complex acini and is fed 
by a portal venous branch measuring 300–1200 µm in diameter. 
Microarchitectural definition of the hepatic parenchyma based 
on detailed vascular studies has also been described, with the 
central (terminal hepatic) venule representing the longitudinal 
axis of the secondary lobule while the terminal branches of the 
portal vein forms the periphery [8,79].

The space of Disse lies between the hepatocyte and the 
endothelial cells, and measures 0.2–1.0 µm in width; this space 
is not appreciated on routine light microscopy of biopsy mate-
rial but can sometimes be seen in autopsy livers secondary to 
liver cell shrinkage from autolysis. Numerous microvilli can be 
seen projecting from the liver cell membrane into the space of 
Disse. The discontinuity of the adjacent endothelial cells enables 

by various sphincters. The hepatic artery branches accompany 
the portal vein and divide within the smaller portal tracts into 
two segments: the periportal plexus, which branches around the 
portal vein and drains into the sinusoids; and the peribiliary 
plexus, which provides blood supply to the accompanying inter-
lobular bile ducts by way of small capillaries that are layered 
around the ducts. Various connections are seen between the 
small arterioles and the sinusoids that are most prominent in 
the periportal zone (zone 1 of Rappaport, see Figure 10.15 
below). The arterial flow depends on both sphincters and con-
tractile mechanisms that define the degree of arterial versus 
portal venous blood flow, with the arterial flow varying inversely 
with the portal venous circulation.

There are a number of approaches to the assessment of the 
structure as well as function of the liver lobule [75–77]. On the 
basis of vascular injection studies, Rappaport and colleagues 
[78] described the concept of the liver acinus, with a stratified 
order of simple acini, complex acini, and acinar agglomerates. 
This approach is a most useful tool in assessing lobular micro-
structure. The simple acinus is the smallest functional paren-
chymal unit and centers around the preterminal portal venules, 
hepatic arteriole, and terminal bile ductules (Figure 10.15). The 
acinus is divided into three zones (zones of Rappaport): peri-
portal (zone 1), which includes the limiting plate; midzone 

Figure 10.15 Hepatic acinus. The simple liver acinus demonstrates the three hepatic zones and their relationship to the microcirculatory blood supply. 
PS, portal structures; THV, terminal hepatic venule. Source: Sherlock and Dooley 2002 [2]. Reproduced with permission of John Wiley & Sons.
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easy access of plasma to the liver cell membranes. The space of 
Disse contains reticulin fibers, which can best be demonstrated 
by special reticulin stains and which are easily seen on electron 
microscopy. The stellate or perisinusoidal cells (Ito cells) also 
protrude into this space. The sinusoids eventually drain into the 
terminal hepatic venules, which have no fibrous wall. These 
vessels drain into the terminal hepatic and sublobular interca-
lated veins, and then exit the liver from the three main hepatic 
vein branches into the inferior vena cava.

Most hepatic lymph is derived from the space of Disse, whereas 
about 10% comes from capillary leakage from the peribiliary 
plexus. Its main function is to drain excess proteinaceous fluid 
from the interstitial hepatic spaces [1,80]. The hepatic lymph 
drainage within the space of Disse travels into the smallest lym-
phatic vessels within the portal tracts by way of endothelial mas-
saging by circulating erythrocytes and leukocytes within the 
sinusoids. The terminal branches form plexuses lined by endothe-
lial cells and are accentuated around the hepatic arterioles in the 
smaller portal structures, although lymphatics are also seen adja-
cent to portal veins and bile duct tributaries in larger portal 
tracts. Small branches can also be seen along the hepatic venous 
outflow vessels. A lymphatic plexus is also identified within the 
capsule of Glisson and communicates with the intrahepatic lym-
phatics through anastomotic channels. Most lymphatics leave 
the liver at the porta hepatis, although lymphatic drainage is 
prominent through the capsule of Glisson in instances when the 
hepatic venous drainage is impaired (e.g., acute and chronic 
hepatic venous outflow obstruction, cirrhosis). The larger lym-
phatic channels have an identifiable wall and are valved.

Neural network
The nerve fibers [8,81,82] are composed of both parasympa-
thetic and sympathetic branches and release neurotransmitters 
from intrasinusoidal fibers that contribute to modulation of 
liver cell function including regulation of carbohydrate metabo-
lism and sinusoidal blood flow. Small nerve segments can be 
seen within the larger portal tracts, but smaller unmyelinated 
fibers can be discerned by way of electron microscopy and 
immunohistochemical studies within the space of Disse.

Functional components

The hepatocytes within the various parenchymal zones have 
many specialized physiological functions that often parallel the 
light microscopy, ultrastructural features, and enzyme distribu-
tion patterns [1–3,25,83–90] (Tables 10.1 and 10.2). This func-
tional heterogeneity applies not only to liver cells but also to the 
sinusoidal and perisinusoidal spaces, Kupffer and endothelial 
cells, the extracellular matrix, and even bile duct epithelial cells 
[91–93]. These functions are manifestations of nutrient and 
hormonal gradients delivered to the various zones, sinusoidal 
vascular perfusion and oxygen concentration gradients, availa-
bility of innumerable substrates and cofactors, and expression 

Table 10.1 Liver cell structural zonal variations.

Zone 3 (perivenular) Zone 1 (periportal)

Mitochondria: round; less 
numerous and smaller; fewer 
inner membranes

Peroxisomes prominent
Lysosomes numerous
Bile canaliculi with fewer 

microvilli, smaller in diameter
Surface area of smooth 

endoplasmic reticulum larger
Sinusoids form parallel vessels 

that open into terminal hepatic 
venules, are wider (30 µm), 
fewer in number

Endothelial cells more numerous 
but smaller; increase in 
number of fenestrations and 
porosity

Larger nuclear volumes
Increase in number of 

microbodies
Slight increase in stellate (Ito) 

cellsa

Predominant collagen types I,  
III, VI

Mitochondria: oval and oblong; 
larger diameter, volume and 
number; greater cristae area

Rough endoplasmic reticulum 
more abundant

Bile canaliculi with numerous 
microvilli, larger in diameter

Kupffer cells more numerous
Sinusoids form interconnecting 

polygonal network, are smaller 
(6 µm), more tortuous, more 
numerous in number

Abundant Golgi-rich volume
Endothelial cells larger; endothelial 

fenestrations larger but less 
numerous

Numerous large granular 
lymphocytes (pit cells)

Predominant collagen types IV, V

a Zone distribution varies considerably depending on the nutritional 
state.

Table 10.2 Liver cell functional zonal variations.

Zone 3 (perivenular) Zone 1 (periportal)

Glycolysis
Glycogen synthesis from glucose
Lipogenesis
Removal of ammonia from blood 

by glutamine
Detoxification, biotransformation 

of the majority of drugs and 
toxins (p450 enzymes)a

Ketogenesis
Bile acid synthesis
Bile salt independent fraction of 

bile formation; bile acid uptake 
(sodium independent)

Glucuronidation
Mixed function oxidase
Increase in Kupffer cell 

phagocytic activity

Gluconeogenesis
Glycogen synthesis from lactate
β-Oxidation of fatty acids
Amino acid catabolism
Urea synthesis
Cholesterol synthesis
Bile acid secretion
Bile salt dependent fraction of 

bile formation; bile acid uptake 
(sodium dependent)

a Note that certain drugs and toxins (e.g., allyl formate, phosphorus) 
are metabolized and may cause liver cell injury in zone 1 because of 
different pathophysiological mechanisms.

of various enzyme activities through gene expression and local 
(zonal) genetic variations. As a consequence, functional and 
morphological zonal liver cell changes and injury are end-stage 
manifestations of modifications, alterations, and impairment of 
many of these critical and complex parameters.
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shown to have the ability to mobilize and migrate into the liver 
with differentiation into hepatocytes and duct epithelial cells. 
These bone marrow cells can generate into hepatocytes in trans-
planted livers as well, although the frequency is quite low and 
such cells are not always detectable. Although experimentally it 
has been shown by some that oval cells in the liver can be gener-
ated from hematopoietic stem cells, the numbers are extremely 
small (∼0.15% of hepatocytes) [85], with other experimental 
studies showing no evidence of oval cells generated from hemat-
opoietic stem cells. Additionally, injected bone marrow stem 

Progenitor and stem cells (see Chapter 2)

Progenitor and stem cells play a significant role in liver cell 
development and regeneration [94–108]. The pluripotential 
embryonic stem cells are derived from blastocysts and first give 
rise to somatic stem cells followed by multipotent tissue-specific 
stem cells. Oval cells are a heterogeneous population of cells that 
under certain circumstances are activated and proliferate. These 
cells express various histological markers of both hepatocytes 
(α-fetoprotein, albumin) and bile duct epithelium (cytokeratins 
7 and 19) and are also known as facultative stem cells [109]. Oval 
cells also express various isozymes of aldolase, pyruvate kinase, 
lactic dehydrogenase, and glucose-6-phosphatase, the latter a 
typical hepatocyte marker [100]. Oval cells possess markers of 
hematopoietic stem cells (e.g., Thy-1, CD45, Sca-1) [100,110], 
although it is not felt that oval cells have a bone marrow origin. 
These cells are seen along the canals of Hering, behave like 
progenitor and stem cells, and have the ability to replicate and 
differentiate into hepatocytes under certain conditions. In fact, 
these cells appear in conjunction with bile ductular proliferation 
that is seen after significant confluent (massive or submassive) 
hepatic necrosis (Figure 10.16). These ductular cells have the 
capacity to develop into mature bile ducts and hepatocytes. This 
is also seen in the context of regeneration after partial hepatec-
tomy and in partial livers after living-related transplantation. In 
contrast, the replicative ability of these cells is quite diminished 
in chronic hepatitis with cirrhosis.

The maturational lineages of cells begins extrahepatically in 
the hepatopancreatic common duct (the peribiliary glands) 
near the duodenum and intrahepatically in zone 1 by the portal 
triads (ducts of Hering). Eight maturational lineage stages from 
these stem cells have been proposed [111]. These stages give rise 
to daughter cells maturing into lineages of parenchymal and 
mesenchymal cells with corresponding variations in cell  
size, morphology, and other factors, with the first two stages 
representing the stem cells (stage 1) and hepatoblasts (stage 2) 
(Table 10.3) [111–113].
• Stage 1 Hepatic stem cells are multipotent cells located 

at the ductal plates within the liver stem cell compartment, 
and represent the link between the intralobular canalicular 
system of hepatocytes and the biliary tree. They constitute 
approximately 0.5%–2% of the parenchyma of livers of all age 
donors.

• Stage 2 Hepatoblasts are bipotent cells that give rise to hepa-
tocyte and bile duct lineage. They also are precursors to the 
endothelial and stellate cells. These cells are present through-
out the liver parenchyma in fetal livers and as small aggregates 
along the canals of Hering in the adult. In the adult these cells 
decrease to <0.01% of the parenchymal cells, but have the 
ability to proliferate during liver cell regeneration.
A very small number of hematopoietic stem cells are also 

present in fetal livers and may remain in adult livers as well. 
They are induced to proliferate by similar conditions to those 
that cause oval cell proliferation. These stem cells have been 

Figure 10.16 Stem cells. Prominent proliferation of bile ductules derived 
from facultative stem (oval) cells is seen in this example of fulminant 
hepatitis with submassive necrosis.

Table 10.3 Multipotential cell populations in human livers. Source: 
Modified from Turner et al. [111]. Reproduced with permission of John 
Wiley & Sons, Ltd.

Property Hepatic stem cells Hepatoblasts

Average diameter 7–9 µm 10–12 µm

Nuclear: 
cytoplasmic ratio

Highest observed of all 
parenchymal progenitor 
subpopulations

Intermediate between 
that in hepatic stem 
cells and mature 
parenchymal cells

Percentage of 
parenchymal cells

0.5–2.0% in livers of 
all donor ages

>80% (fetal livers)
∼50% (neonatal 
livers) (percentages 
change rapidly day by 
day postnatal)
<0.01% (adult livers)

Morphology of 
colonies in vitro

Uniform, densely 
packed

Cord-like colonies 
interspersed with clear 
channels that are 
presumptive canaliculi

Pluripotency Multipotent Bipotent

CK8 and 18, CK19, 
E-adherin, EpCAM

+ +

Albumin +/− +

α-Fetoprotein − +
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The ultimate function of the gastrointestinal (GI) tract is to 
assimilate nutrients and water  from  the external  environment 
and make them available to cells throughout the body;  in this 
context, the blood and lymph circulations provide the conduits 
for transferring absorbed nutrients and water to the entire body. 
The vascular supply to the GI mucosa is particularly well suited 
for the absorptive and secretory functions of this tissue in that 
it  can  accommodate  a  high  rate  of  blood  flow,  has  a  large 
exchange surface area, and permits easy permeation of nutrients 
and water, yet  largely retains proteins within the plasma com-
partment. This chapter summarizes current concepts regarding 
circulatory control and function in the GI tract during normal 
physiological conditions; the chapter also reviews mechanisms 
by which the GI and hepatic circulations interact, summarizes 
the  responses  of  GI  circulation  to  physical  exercise,  discusses 
the  responses  and  role  of  the  intestinal  circulation  to  chronic 
inflammation,  and  summarizes  information  relevant  to  the 
pathophysiology of intestinal ischemia.

Anatomy of the gastrointestinal circulation

Extramural vessels
Arteries
In humans, the major arteries supplying the stomach and intes-
tines are the celiac, superior mesenteric, and inferior mesenteric 

arteries. The celiac artery supplies the stomach, the first portion 
of the duodenum, a portion of the pancreas, and the liver. The 
superior mesenteric artery supplies  the remainder of  the pan-
creas  and  duodenum,  the  jejunum,  the  ileum,  and  the  colon 
through  two  thirds  of  the  transverse  segment.  The  inferior 
mesenteric  artery  supplies  the  remainder  of  the  colon  and 
rectum,  except  the  distal  rectum,  which  is  supplied  by  rectal 
arteries  arising  from  the  internal  iliac  arteries.  Along  the 
mesenteric border of the intestine, arterial and venous branches 
form  multiple  arcades,  anastomose  with  one  another,  and 
provide a pathway for collateral blood flow. The arcades give rise 
to  vasa  recta,  which  branch  to  encircle  the  intestine  and  ulti-
mately pierce the circular muscle [1–3].

Veins
Blood  from  the  stomach,  pancreas,  and  intestines  drains  into 
the portal vein, except for that of the distal rectum, which drains 
into the internal iliac veins. The vessels that drain the intestines 
course within the mesentery, except those vessels supplying ret-
roperitoneal portions [1–3].

Intramural vessels and microcirculation
Stomach
In the human stomach, submucosal arterioles branch into capil-
laries  at  the  base  of  the  gastric  glands,  pass  perpendicularly 
through  the  mucosa,  form  a  lumenal  capillary  network,  and 
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Figure 11.1 The vascular organization in gastric mucosa (right). The proposed mechanism for the vascular transport of HCO3
− is toward the surface 

mucous cells from deeper within the mucosa (inset left). Source: Gannon et al. 1984 [4]. Reproduced with permission of Elsevier.
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drain into mucosal venules only at the most lumenal level of the 
lamina propria (Figure 11.1). These venular branches converge 
on  infrequent  mucosal  collecting  venules,  which  then  pass 
directly to the submucous venous plexus without receiving any 
direct capillary tributaries within the mucosa [4].

Small intestine
Small arteries pierce the muscularis  layers and give rise  to 1A 
submucosal arterioles that in turn generate an extensive, anas-
tomosed series of 2A arterioles. These arterioles  function as a 
pressure manifold for 3A arterioles that descend into the mucosa 
to form the villus microcirculation; as well, 4A arterioles branch 
from  the  3A  vessels  and  ascend  into  the  muscularis  layers.  A 
tufted pattern of capillaries, derived from the tubular capillary 
plexus  underlying  the  epithelium  of  the  crypts,  supplies  the 
basal 70%–80% of the villus and also drains into the venule high 
in the villus (Figure 11.2) [2,5]. 

Colon
The  colonic  mucosa  is  devoid  of  villi;  therefore,  the  arterioles 
and their capillary branches pass to the basal epithelial surface 
between  the  crypts  to  form  a  network  of  capillary  plexuses 
around the crypts. The colonic capillaries are much closer to the 
epithelial cells than are the villus capillaries in the small intes-
tine [6].

Mechanisms of blood flow regulation

Intrinsic systems
Blood flow in the GI tract is maintained within narrow limits. 
This reflects, in part, the existence of intrinsic vascular regula-
tory systems, i.e., mechanisms that originate and remain within 
the intestinal parenchyma and its attendant circulation and that 
can  be  identified  under  isolated  or  in-vitro  conditions.  Three 
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present to a greater extent in the newborn than adult intestine 
[14–16]. Intrinsic myogenicity of the intestinal vasculature has 
at least two physiological roles. First, it contributes to the basal 
vascular tone and thus participates in setting vascular resistance 
across  the  intestine;  in  this context,  the myogenic mechanism 
generates vascular tone that is independent of extrinsic neural 
stimuli [7,17]. Second, it serves to regulate vascular wall tension 
and in this capacity participates in pressure–flow autoregulation 
[8,11,18,19] and helps preserve homeostasis of capillary filtra-
tion [9,20–23].

Metabolic vascular regulation
A  consistent  experimental  observation  is  that  the  intensity  of 
vasoregulation  within  the  intestine  is  contingent  upon  its 
momentary rate of O2 utilization (O2 demand), a finding which 
strongly suggests that the gut parenchyma produces a factor that 

well-identified systems merit review: the myogenic mechanism 
and metabolic mechanism, and nitric oxide (NO) derived from 
the endothelial isoform of NO synthase (eNOS). Integration of 
these  systems  occurs  at  a  molecular  level  and  their  relative 
activities are most certainly modified by other vasoactive stimuli 
(e.g., peptides, hormones, neural input) that arise from intrinsic 
or extrinsic sites.

Myogenic vascular response
Vascular smooth muscle cells contract when stretched, a phe-
nomenon termed the myogenic response. The molecular basis 
for  the  myogenic  response  is  incompletely  understood  (but 
reviewed  in  [7]).  The  myogenic  response  has  been  repeatedly 
demonstrated within the intestinal circulation, most commonly 
by  documenting  vasoconstriction  in  response  to  increased 
intravascular  pressure  [8–13].  Myogenic  vasoconstriction  is 

Figure 11.2 Mucosal microcirculatory patterns typical of human and rabbit small intestine. VA, villus arteriole; VV, villus venule. Source: Adapted from 
Frasher and Wayland 1972 [5]. Reproduced with permission of Elsevier.
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autacoids – biological factors that act like local hormones near 
the  site  of  synthesis.  Microvascular  studies  demonstrate  an 
inverse correlation between villus PO2, measured directly with 
O2  sensitive  electrodes,  and  the  rate  of  blood  flow  within  the 
submucosal and villus microvasculature  [37,38]. Reduction of 
PO2 within vascular smooth muscle generally causes its relaxa-
tion, possibly due to the effects of PO2 on ion channels, such as 
the ATP-dependent K+  channels  [39,40]. Alternatively,  a  con-
siderable  body  of  evidence  supports  a  role  for  the  vascular 
endothelium  as  an  oxygen-sensing  organ;  thus,  release  of 
vasorelaxing autacoids such as prostacyclin (PGI2) and NO can 
occur in response to endothelial hypoxia that ultimately lead to 
a reduction in vascular resistance that, in turn, increases the rate 
of blood and hence O2 delivery [41,42].  In  this context,  tissue 
PO2 functions as the controlled variable (in accordance with the 
metabolic theory), while secondary agents such as NO and PGI2 
are the effector mechanisms (the feedback signal).

Nitric oxide
eNOS-derived  NO  has  emerged  as  a  pivotal  “final  common 
pathway” in vasodilation and its role in intestinal vascular regu-
lation has been established by anatomical  [43,44] and physio-
logical  studies  [45–48].  eNOS  generates  NO  during  the 
reduction  of  L-arginine  to  L-citrulline,  in  the  presence  of  
Ca2+,  calmodulin,  O2,  tetrahydrobiopterin,  and  nicotinamide-
adenine-dinucleotide  phosphate  (NADPH).  The  principal 
mechanism  of  NO-based  vasodilation  is  activation  of  soluble 
guanylate cyclase in adjacent vascular smooth muscle, an action 
that initiates the following cascade: increased cyclic guanosine 
monophosphate (cGMP) production, reduced [Ca2+], cell relax-
ation, and net increase in vessel diameter (Figure 11.3) (see [49] 
and  [50]  for  reviews  of  eNOS  biochemistry  and  molecular 
biology).

The  most  convincing  evidence  for  NO-based  intestinal 
vasoregulation  comes  from  microvascular  studies  using 
NO-sensitive  microelectrodes  placed  immediately  adjacent 
(∼10 µm)  to  submucosal  vessels.  Periarteriolar  [NO]  exceeds 
the dissociation constant for soluble guanylate cyclase; as well, 
this variable exists in direct correlation with arteriolar diameter 
and  increases  in  response  to  shear  stress,  hypoxemia,  and  
nutrient  absorption, perturbations  that  lead  to arteriolar dila-
tion  [47,51,52].  Moreover,  attenuation  of  eNOS  activity  with 
L-arginine analogs causes relative vasoconstriction of the intes-
tine, indicating that constitutive eNOS activity (and hence NO 
production)  participates  in  gut  vasoregulation  [48].  eNOS-
derived NO also participates in flow-induced dilation within the 
intestine,  i.e.,  the vascular phenomenon by which an  increase 
in flow rate increases vessel diameter [45]. eNOS-derived NO is 
the principal vasodilator stimulus in the postnatal intestine and 
its effect is age dependent, being more potent in newborn than 
weanling  intestine. The age specificity of  this action  is due,  in 
part, to the postnatal change in eNOS expression, which peaks 
on postnatal day 1 [14,48].

is indexed to tissue metabolic activity and that this factor regu-
lates the gut circulation. This concept is the basis of the meta-
bolic  theory  of  local  blood  flow  regulation,  which  states  that 
tissue  oxygenation,  not  blood  flow,  is  the  principal  variable 
regulated by intrinsic vascular control mechanisms. The theory 
partitions microvascular control into two sites: resistance vessels 
and  precapillary  sphincters.  The  former  regulate  the  flow  of 
blood, and hence oxygen delivery to the capillary level, wherein 
O2 delivery is defined as the product of blood flow rate and O2 
concentration. Precapillary sphincters govern perfusion of indi-
vidual  capillaries,  and  hence  the  surface  area  available  for  O2 
diffusion from capillary  to cell. The metabolic  feedback signal 
serves  to  vasodilate  resistance  vessels  and  open  precapillary 
sphincters.  Anything  that  reduces  the  O2  delivery-to-demand 
ratio  (e.g.,  hypotension,  hypoxemia,  or  increased  tissue  O2 
demand  during  digestion)  increases  production  of  the  meta-
bolic feedback signal, an action that increases net O2 transport 
to the gut parenchyma and restores O2 homeostasis [24]. As the 
newborn intestine transitions to the adult state, the progressive 
decline in gut O2 consumption is accompanied by a concomi-
tant reduction in blood flow [25].

An important aspect of the metabolic theory is that precapil-
lary  sphincters  are  more  sensitive  to  the  metabolic  feedback 
signal than resistance vessels [24]. Hence, the first response to 
a reduction in the O2 delivery-to-demand ratio is the opening 
of closed precapillary sphincters, an effect that has been experi-
mentally confirmed by noting  increases  in  the capillary filtra-
tion coefficient (Kf,c) and the arteriovenous O2 content difference 
across the intestine in response to a reduction in the O2 delivery-
to-demand ratio [12,26–28]. Dilation of resistance vessels and 
hence augmentation of flow only occurs when capillary PO2 is 
no  longer  sufficient  to  drive  the  capillary  cell  O2  diffusion 
process. This phenomenon may explain why the intrinsic regu-
lation of intestinal blood flow is enhanced when the intestinal 
metabolic  rate,  and  hence  tissue  O2  demand  is  increased 
[10,29,30].

The  identity  of  the  mediator  metabolite  of  the  metabolic 
theory is unknown, although several reports suggest adenosine 
as  a  viable  candidate  for  this  role.  Adenosine  is  a  powerful 
intestinal vasodilator [31]. Adenosine is generated during meta-
bolic utilization of adenosine triphosphate (ATP) and its accu-
mulation  in  venous  blood  has  been  demonstrated  under 
conditions where tissue oxygenation might be reduced, such as 
following arterial hypoxemia or occlusion, or during the active 
transport of nutrients. The role of adenosine in local vasoregula-
tion has been assessed using substances such as theophylline, a 
competitive  antagonist,  by  the  enzyme  adenosine  deaminase, 
which converts adenosine to inosine, and by dipyridamole, an 
inhibitor of adenosine reuptake. These agents have been shown 
to  attenuate  or  completely  abolish  the  vasodilation  associated 
with reductions in arterial pressure, release of an arterial occlu-
sion, hypoxemia, and absorption of nutrients [32–36].

Other studies suggest that molecular O2 itself dictates vascu-
lar tone, either directly or via generation of endothelium-derived 
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Figure 11.3 Mechanism of nitric oxide (NO) mediated relaxation of vascular smooth muscle. NO generation by the endothelial cell enzyme NO 
synthase is induced by certain stimuli, such as acetylcholine, substance P, and shear stress. The endothelial cell-derived NO produced by these stimuli 
readily diffuses into the underlying smooth muscle cells, where it binds to and consequently activates soluble guanylate cyclase (sGC). The cyclic 
guanosine monophosphate (cGMP) produced by sGC promotes smooth muscle relaxation by lowering intracellular calcium. Conditions (such as 
inflammation) associated with an increased production of superoxide (O2

–) can impair NO-mediated vasodilation because NO reacts with O2
− to form 

peroxynitrate (·OONO), a less potent dilator and toxic radical species. GTP, guanosine triphosphate; NADPH, nicotinamide adenine dinucleotide 
phosphate; VIP, vasoactive intestinal polypeptide.
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Figure 11.4 Autoregulatory escape from adrenergic stimulation in autoperfused piglet small intestine. Adenosine deaminase pretreatment reduced the 
steady-state escape response to norepinephrine infusion, whereas pretreatment with chlorpheniramine, a histamine H1 blocker, had no effect. Data from 
Crissinger et al. 1988 [59].
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These fibers provide the sole neurogenic vasoconstrictor stimuli 
to submucosal arterioles [54].

Direct  stimulation  of  the  postganglionic  mesenteric  nerve 
fibers causes brisk vasoconstriction; however,  this effect  is not 
sustained, even in the face of continued nerve stimulation. This 
response is termed autoregulatory escape (Figure 11.4) [56–59]. 
A  similar  phenomenon  occurs  during  intraarterial  infusion  
of  the  neurotransmitter  norepinephrine  [59].  Autoregulatory 
escape occurs only in arteriolar smooth muscle, not in venous 
smooth  muscle  [56].  It  is  unaltered  by  β-receptor  blockade 
[57] or by administration of atropine [58]. Three mechanisms  

Extrinsic systems
Central nervous system
The  GI  tract  is  innervated  by  postganglionic  (sympathetic) 
fibers emanating from celiac, superior mesenteric, and inferior 
mesenteric  ganglia  [53].  Both  anatomical  and  physiological 
studies demonstrate innervation of this type in virtually all por-
tions of the gut circulation, from conduit vessels (e.g., the supe-
rior  mesenteric  artery)  to  microvessels  (e.g.,  submucosal 
arterioles)  to  the  mesenteric  venous  vasculature  (e.g.,  the 
splanchnic  capacitance  vessels).  Identified  neurotransmitters 
include  norepinephrine,  ATP,  and  neuropeptide  Y  [54,55]. 
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Circulating vasoactive substances
Circulating  vasoactive  substances  that  affect  GI  blood  
flow  include  catecholamines,  vasopressin,  and  angiotensin. 
Norepinephrine, a predominantly α-adrenergic receptor stimu-
lant,  causes  intestinal vasoconstriction, a decrease  in capillary 
density, and a reduction in oxygen uptake [63,80,81]. With con-
tinuous  intraarterial  infusion,  the  intense  initial  vasoconstric-
tion is followed by the return of blood flow toward control levels 
despite  continued  norepinephrine  infusion.  Epinephrine  can 
cause either α-receptor mediated vasoconstriction at high doses 
or β-receptor mediated vasodilation at  low doses,  as well  as  a 
variable response in oxygen uptake [63,82,83].

Both vasopressin and angiotensin II are potent physiological 
vasoconstrictors  that  reduce  blood  flow  and  increase  vascular 
resistance in all GI organs. These agents cause generalized vaso-
constriction,  with  a  disproportionate  selective  reduction  in 
mesenteric  blood  flow  at  doses  that  have  been  measured  in 
pathophysiological  states  of  hypotension  [84].  Vasopressin 
causes a decrease in capillary density and a reduction in intes-
tinal oxygen uptake, whereas angiotensin II reduces or does not 
affect  splanchnic  oxygen  uptake  [85].  In  normal  rat  intestine, 
α-adrenergic and vasopressin activity account for most extrin-
sic  vasoconstrictor  tone,  whereas  vasopressin  and  angiotensin 
II  account  for  most  extrinsic  vasoconstrictor  tone  in  portal 
hypertensive  rat  intestine  [86].  Renin-angiotensin  and  vaso-
pressin systems are also involved in the intestinal vasoconstric-
tor  response  to hemorrhage and hypovolemia,  and  significant 
attenuation  of  this  increase  in  vascular  resistance  occurs  only 
when both systems are blocked simultaneously [87,88], even in 
the presence of an intact sympathetic system.

Response of the intestinal circulation to systemic 
circulatory perturbations
Pressure–flow autoregulation
Pressure–flow autoregulation, or more simply autoregulation is 
a physiological response designed to maintain blood flow at a 
relatively level in the face of fluctuation in the pressure gradient 
across an organ or tissue. The relationship among flow, pressure, 
and  resistance  is  given  by  the  equation  flow  =  (PA  −  PV)/R, 
where  PA  and  Pv  are  arterial  and  venous  pressures,  and  R  is 
resistance.  Assuming  that  PV  remains  constant,  evidence  of 
autoregulation  would  include  an  increase  in  R  (vasoconstric-
tion) in the face of increased PA (hypertension), or a reduced R 
(vasodilation)  in  response  to  a  lowered  PA  (hypotension). 
Autoregulation  is  also  elicited  in  the  stomach  [89,90],  small 
intestine  [29,83–99],  and  colon  [11,12,100,101],  although  it  is 
not as intense as that observed in the renal and cerebral circula-
tions (Figure 11.5). 

Autoregulation  is  generally  ascribed  to  intrinsic  control 
mechanisms  and  both  myogenic  [95,96]  and  metabolic 
[10,29,90,102]  mechanisms  have  been  evoked  to  explain  the 
process.  The  myogenic  response,  i.e.,  vasoconstriction  in 
response to an increase in pressure and vice versa, would reflect 
the  inherent  tendency  of  the  circumferential  arterial  vascular 

commonly invoked to explain autoregulatory escape are redis-
tribution  of  blood  flow  from  the  mucosa  to  the  submucosa, 
adaptation of adrenergic receptors to continued nerve stimula-
tion, and accumulation of vasodilator metabolites during tissue 
hypoxia resulting from nerve-induced ischemia. The last expla-
nation is the most widely accepted [60–63]. Consistent with this 
theory  is experimental evidence  that  the propensity  for blood 
flow  to  escape  from  sympathetic  vasoconstriction  is  signifi-
cantly  greater  in  the  metabolically  active  mucosa  than  in  the 
muscularis [64]. Adenosine appears to play at least a partial role 
in autoregulatory escape [59], while roles for histamine [58,59] 
and prostaglandins [58] have not been substantiated. Evidence 
also  implicates  a  role  for  vasodilator  peptidergic  neurons  in 
effecting autoregulatory escape after sympathetic nerve stimula-
tion  but  not  during  infusion  of  norepinephrine  [65,66]. 
Vasoactive intestinal polypeptide (VIP) is one neurotransmitter 
substance produced by these fibers [67].

Extrinsic,  preganglionic,  afferent  (sensory)  fibers  that  arise 
from dorsal root ganglia also innervate the GI vasculature [54]. 
Substance P  (SP) and calcitonin-gene  related peptide  (CGRP) 
serve  as  neurotransmitters  for  these  fibers.  Stimulation  of 
extrinsic afferents with capsaicin causes vasodilation of submu-
cosal arterioles [68–70].

The GI  tract  receives extensive cholinergic parasympathetic 
innervation via the vagus nerve (stomach, small intestine) and 
pelvic nerve (colon), although the role of these fibers in regula-
tion of gut perfusion is unclear. Early studies failed to demon-
strate  significant  change  in  gut  vascular  tone  following  direct 
stimulation of the vagus or after vagotomy [71,72]; subsequent 
work, however, has  revealed vasodilation of  intestinal  submu-
cosal arterioles in response to vagal stimulation [73].

Enteric nervous system
The  GI  tract  is  endowed  with  a  complex  nervous  system  that 
contains sensory and motor neurons capable of function in the 
absence of extrinsic neural input [74]. Submucosal arterioles are 
innervated  by  afferent  and  efferent  fibers  that  emanate  from 
both myenteric and submucosal neurons; currently, it is believed 
that  myenteric  long  fibers  synapse  with  submucosal  neurons 
that  in  turn  innervate  submucosal  arterioles  [54].  Direct  
stimulation  of  myenteric  ganglia  induces  vasodilation  of  the 
submucosal  arterioles  [75]  that  is  mediated  by  a  variety  of  
neurotransmitters, including acetylcholine [76], SP [76], CGRP 
[77],  and  neuropeptide  Y  [78].  Additionally,  a  reflex  arc  con-
necting afferent fibers arising from the villi to submucosal and 
myenteric ganglia, and thence to submucosal arterioles has been 
identified. Chemical and mechanical stimulation of the mucosa 
activates  this  reflex  arc  and  induces  submucosal  arteriolar 
vasodilation [77,79]. This phenomenon suggests that the enteric 
nervous system may elicit vasodilation in response to mucosal 
events  such  as  nutrient  absorption,  as  well  as  the  mucosal 
inflammation present  in ulcerative colitis  [54]. Reviews of  the 
role of the enteric nervous system in gut vascular regulation are 
available [54,77].
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density and causes vasodilation, and hence increased perfusion 
in  denervated  intestinal  preparations  [103,108].  The  vasodila-
tion and increased perfused capillary density tend to minimize 
the reduction in oxygen uptake induced by the limited oxygen 
delivery. When blood flow is held constant, the intestine main-
tains oxygen consumption within 48% of control during arterial 
hypoxemia. When both blood flow and capillary density are free 
to  increase,  however,  oxygen  uptake  remains  within  26%  of 
control  despite  the  hypoxia.  Similar  to  hypoxia,  hypercapnia 
induces a marked relaxation of resistance vessels [108]. In con-
trast to hypoxia, hypercapnia causes the precapillary sphincters 
to constrict and the capillary density to decrease.

Alterations  in  arterial  hematocrit  also  influence  GI  blood 
flow and oxygenation [109–112]. An inverse linear correlation 
exists between the intestinal blood flow and hematocrit, and a 
direct linear correlation between the arteriovenous oxygen dif-
ference and hematocrit in both the intestine and stomach. The 
relation  between  intestinal  oxygen  uptake  and  hematocrit  is 
parabolic  (Figure  11.6)  [109],  showing  a  maximal  uptake  at  a 
hematocrit  of  48.7%  –  that  is,  the  optimal  hematocrit. 
Intraluminal  placement  of  nutrients  increases  the  optimal 
hematocrit to 57.1%. In the stomach, the optimal hematocrit is 
38.2%  during  resting  conditions,  and  it  increases  to  45.7% 
during pentagastrin-stimulated acid secretion.

Venous pressure elevation
Studies  of  the  stomach,  small  intestine,  and  colon  in  adult 
animals  indicate  that  vascular  resistance  rises  in  response  to 
venous pressure elevation, findings consistent with a myogenic 
mechanism  (Figure  11.7)  [8–13,18,20–22,100,101,113].  Acute 
venous hypertension in the adult intestine elicits vasoconstric-
tion as a result of rising precapillary (arteriolar) resistance while 
postcapillary resistance falls [114]. Capillary exchange capacity 
decreases  in  the  small  intestine  during  venous  hypertension 
[115]. Despite  the  intense capillary derecruitment  initiated by 
venous  hypertension  in  the  small  intestine,  oxygen  extraction 
increases disproportionately to the reduced blood flow and con-
sequently oxygen consumption rises [22]. The elevated intesti-
nal  oxygen  utilization  during  venous  hypertension  has  been 
attributed to increased villus motility [116]. There are conflict-
ing  reports  regarding  the  influence  of  enhanced  oxidative 
metabolism on  the vascular  responses  to elevations  in venous 
pressure.  Some  investigators  have  observed  that  increased 
oxygen  demand  significantly  reduces  or  abolishes  the  rise  in 
vascular resistance [30,101], whereas others have noted an exag-
gerated resistance response to venous pressure elevation [109].

Acute  venous  hypertension  also  alters  the  distribution  of 
blood flow within the bowel wall [20,117,118]. As venous pres-
sure  is elevated,  the percentage of  total blood flow directed to 
the mucosa and submucosa is reduced, whereas the muscularis 
receives a larger fraction of the total blood flow. These observa-
tions indicate that the constriction of arteriolar and precapillary 
sphincter smooth muscles elicited by venous hypertension takes 
place  in  the  mucosal  and  submucosal  layers,  and  that  the  

smooth muscle to contract or relax as a function of the prevail-
ing  intravascular  pressure,  insofar  as  that  pressure  affects  the 
stretch stimulus applied to the muscle cells [7]. The metabolic 
response  is  less  straightforward.  For  example,  hypotension 
would initially compromise gut perfusion and reduce O2 deliv-
ery. This circumstance reduces the O2 delivery-to-demand ratio 
and  elicits  production  of  the  vasodilator  metabolic  feedback 
signal described above. However, active regulation of precapil-
lary sphincters designed to enhance capillary surface area and 
hence the diffusive flux of O2  from capillary  to cell  is  the first 
response to hypotension. This response is evidenced by a rise in 
the capillary filtration coefficient, a marker of the perfused cap-
illary density, as pressure falls [26,28,30]. Evidence of autoregu-
lation (vasodilation) only occurs when capillary PO2 falls below 
the  level needed  to drive O2 diffusion  to maintain  tissue oxy-
genation,  the variable controlled by  the metabolic mechanism 
[103]. This circumstance explains why the efficacy of autoregu-
lation  is  significantly  enhanced  when  the  oxidative  require-
ments of the intestine are increased by feeding [10,29,30].

Autoregulation in response to manipulation of arterial pres-
sure  is  fully  absent  in  the  newborn  [10,104,105].  Also,  the 
newborn intestine cannot increase perfused capillary density in 
response  to  reduced  perfusion  pressure  [25].  These  circum-
stances render the newborn intestine profoundly susceptible to 
tissue hypoxia. Systemic hypotension also compromises intesti-
nal perfusion in an age-specific manner, having a greater impact 
in the newborn [106,107].

Alterations in arterial blood gas tensions (hypoxemia)  
and hematocrit
Alterations in arterial blood gases and hematocrit also affect GI 
blood flow. Arterial hypoxemia increases the perfused capillary 

Figure 11.5 Responses of intestinal blood flow to step reductions in 
perfusion pressure in fed (solid line) versus fasted (dashed line) dogs 
demonstrate an increased intensity of autoregulation during enhanced 
functional activity. Source: Granger and Norris 1980 [30]. Reproduced 
with permission of the American Physiological Society.
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[26].  Oxygen  uptake  remains  virtually  constant  over  a  wide 
range of blood flows (i.e., it is independent of blood flow), and 
it is compromised only when blood flow reaches a critically low 
level.  Below  this  level,  oxygen  uptake  is  dependent  on  blood 
flow.  Resting  blood  flow  in  the  small  intestine,  stomach,  and 
colon  is  usually  greater  than  the  critical  blood  flow  at  which 
oxygen uptake is blood flow dependent [13,119–121].

The reduction in oxygen uptake that occurs when blood flow 
falls  below  a  critical  level  can  be  explained  in  terms  of  the 
normal  relation  between  mitochondrial  oxygen  consumption 
and cell PO2. This relation predicts that oxygen uptake remains 
constant  over  a  wide  range  of  cell  PO2  levels,  and  uptake  is 
reduced only when cell PO2 falls to a low level, the critical PO2. 
The  resting  cell  PO2  is  normally  well  above  the  critical  PO2. 
Evidence indicates that graded reductions in blood flow produce 
concomitant  reductions  in  cell  PO2  without  altering  oxygen 
uptake  in  the  stomach  [85].  At  very  low  rates  of  blood  flow, 
however,  the  rate  of  oxygen  diffusion  to  the  cells  is  so  low  
that the intracellular PO2 falls below the level required to main-
tain  normal  oxidative  metabolism.  The  reduction  in  oxygen 
uptake observed at low blood flow may simply reflect a depres-
sion  in  oxidative  metabolism  caused  by  the  limited  oxygen 
availability.

Many  conditions  alter  the  relation  between  oxygen  uptake 
and blood flow such that oxygen uptake is dependent on blood 
flow  even  when  it  is  increased  above  normal.  These  include 

vasculature  of  the  muscularis  dilates  in  response  to  venous 
hypertension (see Figure 11.7).

Oxygen uptake–blood flow relation: functional implications
Considerable  attention  has  been  devoted  to  the  interaction 
between GI blood flow and oxygen uptake, and the relevance of 
this interaction to mucosal function and integrity (Figure 11.8) 
depicts the observed relation between intestinal blood flow and 
oxygen uptake when blood flow is altered in a graded manner 

Figure 11.8 Relation between intestinal blood flow and oxygen uptake in 
feline jejunoileum when blood flow is altered with a pump or by graded 
reductions in perfusion pressure. Source: Granger et al. 1982 [26]. 
Reproduced with permission of the American Physiological Society.
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oxygen  uptake.  In  this  situation,  an  increase  or  decrease  in 
blood  flow  is  associated  with  a  corresponding  change  in  acid 
secretion.  In  normally  perfused  preparations,  however,  acid 
secretion  and  blood  flow  exhibit  a  relation  similar  to  that 
observed  between  oxygen  consumption  and  blood  flow;  acid 
secretion  is  dependent  on  blood  flow  at  low  blood  flow  rates 
and is independent at higher flow rates. This explains why vaso-
constrictors  tend  to  reduce gastric acid output and why some 
vasodilators (i.e., acid secretagogs) increase acid output whereas 
others (i.e., nonsecretagogs) do not.

Postprandial hyperemia

The term postprandial hyperemia is used to describe the increase 
in blood flow that occurs in response to a meal. The anticipatory-
ingestion  phase  of  digestion  is  characterized  by  transient 
increases  in  heart  rate,  cardiac  output,  and  aortic  pressure; 
however, GI blood flow is either unchanged or slightly increased 
[127–131]. These  transient hemodynamic responses appear  to 
be mediated by activation of  the sympathetic nervous system, 
because  they  can  be  attenuated  by  adrenergic  blocking  
agents [131].

In conscious animals, blood flow to the stomach and proxi-
mal  bowel  increases  30–90 min  after  ingestion  of  a  meal  
[127–130]. Blood flow to the ileum increases 45–120 min post-
prandially,  whereas  colonic  blood  flow  generally  does  not 
increase  [132–134].  Transient  decreases  in  distal  colon  blood 
flow have been observed 30 min after a meal, a response attrib-
uted  to  tonic  contractions  produced  by  the  gastrocolic  reflex 
[134]. Blood flow in the superior mesenteric artery of conscious 
animals  typically  increases  by  25%–130%  after  ingestion  of  a 
meal  [127–129,135].  The  splanchnic  vasodilation  may  last  for 
4–7 h,  depending  on  the  nature  and  quantity  of  the  meal 
[136,137].  A  smaller  increase  (10%–60%)  in  blood  flow  is 
observed  in  isolated  bowel  segments  in  adult  animals  after 
intralumenal placement of digested food or nutrient solutions. 
This  is  consistent  with  findings  in  human  subjects  wherein 
intraduodenal  perfusion  with  a  test  meal  elicits  a  35%–45% 
increase in superior mesenteric artery flow, with no differences 
in postprandial  splanchnic flow noted between genders  [138]. 
While  the  performance  of  a  mental  task  (color-word  conflict 
test)  tends  to  exert  a  vasoconstrictor  influence  on  superior 
mesenteric  blood  flow  in  fasting  subjects,  it  does  not  counter 
the  vasodilatory  effect  of  meal  ingestion  [138].  Postprandial 
hyperemia occurs to a similar extent in newborn and weanling 
intestine [139,140].

Constituents of chyme responsible for 
postprandial hyperemia
Considerable  effort  has  been  devoted  to  defining  the  lumenal 
stimuli responsible for postprandial hyperemia. Lumenal place-
ment  of  undigested  food  does  not  elicit  hyperemia,  whereas 
digested food significantly increases blood flow [141]. The latter 

lumenal distension [122], alterations in hematocrit [123] , and 
devascularization  [96].  All  these  conditions  are  thought  to 
reduce  tissue  oxygenation  severely  in  discrete  or  generalized 
regions of the stomach or gut. Lumenal distension and devas-
cularization reduce tissue oxygenation by compromising blood 
flow or redistributing it to the muscularis layer, whereas a low 
hematocrit  limits  oxygen  delivery,  even  at  high  blood  flows. 
Normal physiological conditions can also influence the relation 
between oxygen uptake and blood flow. Stimulation or inhibi-
tion of oxidative metabolism will shift the plateau of the blood 
flow–oxygen  uptake  curve  upward  or  downward,  respectively 
(Figure 11.9) [85]. Stimulation of intestinal motility or enhance-
ment  of  active  transport  raises  the  plateau  of  the  blood  
flow–oxygen  uptake  curve  [28].  Conversely,  decreasing  the  
temperature  of  isolated  bowel  segments  lowers  the  plateau. 
Another  important  aspect  of  the  blood  flow–oxygen  uptake 
relation in the small bowel is that it can predict the influence of 
blood flow reductions on oxygen-requiring processes,  such as 
absorption and secretion. For example, it has been shown that 
the reductions in glucose absorption produced by graded decre-
ments in blood flow parallel the decline in oxygen uptake [124], 
suggesting that oxygen availability limits solute transport when 
cell PO2 falls.

The relation between blood flow and oxygen uptake has also 
been  useful  in  explaining  some  of  the  reported  observations 
regarding the influence of blood flow on gastric acid secretion 
[125]. The production of gastric  acid  is  an energy-consuming 
process that results in an increase in gastric oxygen uptake. The 
consistent finding that acid secretion and oxygen consumption 
are highly correlated raises the question of whether acid secre-
tion in the stomach is dependent on blood flow. The answer to 
this question largely depends on the experimental preparation 
employed. In some preparations, a number of vessels supplying 
the stomach are occluded, and the end result is flow-dependent 

Figure 11.9 Relation between blood flow and oxygen uptake during 
stimulation or inhibition of oxidative metabolism. Source: Kvietys and 
Granger 1982 [85]. Reproduced with permission of the American 
Physiological Society.

O
xy

ge
n 

up
ta

ke

Blood flow

Enhanced

oxidative

metabolism

Normal

Depressed

oxidative

metabolism



170      PART 1 Anatomy and development

Evidence  suggests  that  this  increase  in  blood  flow  may  be  a 
response to epithelial cell injury [147]. Relatively little is known 
about the vascular response of the gut to the lumenal placement 
or ingestion of other dietary lipids. Short-chain fatty acids (e.g., 
caproic  acid)  do  not  alter  blood  flow,  even  in  the  presence  of 
10% gallbladder bile. Although lipids produce the largest intes-
tinal hyperemia, the vascular responses elicited by protein and 
carbohydrate are significant in that the three major dietary com-
ponents  of  food  –  that  is,  fats,  proteins,  and  carbohydrates  – 
appear to act synergistically on blood flow when placed in the 
bowel lumen (Figure 11.10) [148]. 

Mechanisms
Numerous mechanisms of postprandial hyperemia relevant  to 
the gut vasodilation that occur during the digestive/absorptive 
phase have been investigated. The current consensus is that the 
final vascular effect  reflects  integration of multiple  inputs and 
that  this  orchestration  is  region  specific,  i.e.,  that  the  inputs 
relevant to the stomach, jejunum, and ileum are unique [149].

Tissue metabolic rate
Nutrient  absorption  is  an  energy-dependent  process  that 
increases  intestinal  metabolic  rate;  hence,  tissue  O2  demand 
increases  after  feeding  under  in-vivo  conditions,  as  well  as  in 
in-vitro gut loops. This effect reduces the O2 delivery-to-demand 
ratio and activates  the metabolic mechanism described previ-
ously.  Mathematical  modeling  of  the  intestinal  circulation  
predicts  expansion  of  capillary  surface  area  and  intestinal 

observation indicates that hydrolytic products of food digestion 
initiate the hyperemia.

Bile appears to play an important role in postprandial intes-
tinal  hyperemia.  Ten  percent  gallbladder  bile,  the  steady  state 
concentration  in  proximal  bowel  in  the  early  postprandial 
period,  does  not  increase  jejunal  blood  flow,  yet  it  appears  to 
render  glucose  and  long-chain  fatty  acids  vasoactive  [142]. 
Thirty-three percent gallbladder bile renders both short-chain 
fatty acids  (e.g., caproic acid) and amino acids vasoactive and 
further enhances glucose-induced hyperemia. Although intra-
lumenal  placement  of  endogenous  or  synthetic  bile  does  not 
have  a  direct  vasoactive  effect  in  the  jejunum,  bile  more  than 
doubles blood flow in the ileum [142,143]. Bile acids are largely 
responsible for bile-induced hyperemia, an assertion supported 
by the observation that cholestyramine abolishes the vasodilator 
effects of endogenous bile on ileal blood flow [143].

Ingestion of protein-rich meals in humans and gastric place-
ment of protein in conscious rats produces marked increases in 
splanchnic  blood  flow.  In  isolated  loops  of  proximal  small 
bowel,  a  protein-rich  diet  (64%)  increases  blood  flow  by  the 
same extent as a carbohydrate-rich diet (68%) [144]. Although 
hydrolyzed  proteins  are  well  known  to  induce  postprandial 
hyperemia, the specific hydrolytic products of protein digestion 
that mediate the response remain unknown.

Solubilized  long-chain  fatty  acids  appear  to  be  the  most 
potent  lumenal  stimulus of postprandial  intestinal hyperemia. 
Oleic acid (10–20 mM) solubilized in 10% gallbladder bile pro-
duces a 20%–60% increase in intestinal blood flow [144–147]. 

Figure 11.10 Effects of intralumenal placement of various constituents of chyme on intestinal blood flow. Source: Granger et al. 1983 [148]. Reproduced 
with permission of S. Karger AG.
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eNOS-derived  NO  may  also  participate  in  dilation  of  the 
small arteries that lie upstream from the submucosal arteriolar 
plexus [158]. These vessels, the vasa recta, represent the termi-
nal  portion  of  the  mesenteric  arterial  arcade  and  are  a  vital 
portion  of  the  intestinal  resistance  vasculature  [160].  The 
perivascular concentration of NO  increases at  this  site during 
glucose infusion; moreover, downstream blockade of the imme-
diately  adjacent  venule  reduced  both  the  postglucose  rise  in 
periarteriolar NO and  its  subsequent vasodilation. The subse-
quent rise in flow rate through the arteriole would generate an 
additional  mechanostimulus  for  eNOS  activation,  i.e.,  shear 
stress [45].

Gastrointestinal hormones
Feeding induces the production of vasoactive peptides and hor-
mones by the gut. This effect was initially believed to contribute 
to  postprandial  hyperemia;  however,  subsequent  work  deter-
mined that postprandial concentration of these agents is below 
that necessary to induce a vascular effect [161]. A good example 
of  this  circumstance  is  cholecystokinin  (CCK).  Intraarterial 
infusion of CCK induces vasodilation, but only when it is given 
at concentrations well above those noted after feeding [162,163]. 
However, the peptide neurotensin, produced by gut neuroendo-
crine  cells  in  response  to  feeding  [163,164]  does  induce  
vasodilation  at  physiologically  relevant  concentrations  [163]. 
Interestingly, the vascular effect of neurotensin appears region-
specific: neurotensin-induced vasodilation occurs in the ileum 
[164], but not in the jejunum [162].

Enteric nervous system
While it is well accepted that extrinsic nerves play no role in the 
digestive/absorptive  phase  of  postprandial  hyperemia,  some 
evidence supports a role for the enteric nervous system in this 
process [165]. Afferent fibers from neurons of the submucosal 
ganglia innervate the villi and synapse with efferent fibers that 
reach  submucosal  arterioles  [79].  VIP,  an  effective  intestinal 
vasodilator,  is  one  of  several  neurotransmitters  localized  to 
these neurons [165]. VIP release and jejunal vasodilation occur 
in  response  to  luminal  instillation  of  bile  oleate  [166],  while 
mechanical stimulation of the mucosal surface also causes both 
VIP release and vasodilation [77].

Interactions between gastrointestinal and 
liver circulations

Blood draining the GI tract, pancreas, and spleen accounts for 
approximately 80% of the resting blood supply to the liver, with 
the remaining 20% of liver blood flow derived from the hepatic 
artery. This dual supply of blood to the liver reflects a combina-
tion of well-oxygenated blood  from  the high-pressure hepatic 
artery that mixes with poorly oxygenated blood from the low-
pressure portal  vein. Because of  the higher oxygen content of 

vasodilation  in  response  to  this  perturbation  [150]  and  these 
predictions have been experimentally confirmed [30]. However, 
a metabolic mechanism alone does not account for all facets of 
postprandial hyperemia. For example,  intraluminal placement 
of solubilized oleic acid induces a brisk hyperemia in the absence 
of any change in tissue O2 uptake, and hence demand [151].

The putative role of tissue PO2 as a stimulus for postprandial 
hyperemia  has  also  been  assessed  on  a  microvascular  level. 
Mucosal suffusion with isotonic glucose reduces villus PO2 from 
∼17  to ∼8 mmHg  and  simultaneously  increases  flow  through 
the villus arteriole [103]. If the PO2 of the mucosal suffusate is 
increased  so  that  the  glucose  suffusion  does  not  reduce  villus 
PO2,  the villus arteriolar vasodilation  is attenuated [37]. Once 
again, however, a metabolic mechanism cannot entirely account 
for  the  villus  blood  flow  response  to  glucose;  vasodilation  of 
upstream  submucosal  arterioles  also  occurs  in  response  to 
glucose, despite the fact that periarteriolar PO2 is unchanged at 
the submucosal level.

Adenosine
As  previously  discussed,  adenosine  has  been  proposed  as  an 
integral component of the metabolic mechanism, possibly func-
tioning  as  a  metabolic  feedback  signal.  Adenosine  is  released 
into the venous effluent of isolated jejunal gut loops in response 
to intraluminal placement of a predigested meal [149]. Moreover, 
treatment with either theophylline (adenosine receptor antago-
nist), dipyridamole (blocks adenosine reuptake), or adenosine 
deaminase  attenuates  food-induced  vasodilation  [35,152]. 
Other work, however, failed to demonstrate an effect of adeno-
sine antagonism on postprandial hyperemia [29].

Sodium-induced hyperosmolarity/nitric oxide
Sodium is cotransported during the active uptake of glucose or 
amino acids across the villus membrane [153]. Ultimately, this 
process can lead to activation of eNOS and resultant NO-induced 
vasodilation  insofar as  intracellular Na+ homeostasis  is main-
tained by exchange of Na+ for Ca2+, and intracellular Ca2+ is a 
potent stimulus for eNOS [154]. The perivascular concentration 
of Na+ increases both within the villus and submucosal arteri-
oles during glucose absorption [155]. Furthermore, the tempo-
ral  sequence of  increased perivascular Na+ noted at  the villus 
arterioles and thereafter at the submucosal arterioles is consist-
ent with the timing of the vasodilation of these vessels during 
glucose absorption [38]. Movement of cotransported Na+ to the 
submucosal space during villus glucose absorption may occur 
via lymphatics, as evidenced by an increase in lymph osmolarity 
following mucosal glucose suffusion [156]. The anatomical jux-
taposition  of  the  extensive  submucosal  lymphatic  plexus  and 
submucosal  arterioles  is  ideally  suited  for  the  flux  of  lymph-
borne Na+ to adjacent arterioles [156]. It also appears that Na+- 
induced  eNOS  activation  occurs  within  the  lymphatic  with 
subsequent  diffusion  of  NO  to  the  immediately  adjacent  sub-
mucosal arteriole, leading to vasodilation [158,159].
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sumption  than  tissues  in  the  GI  tract  because  the  extraction  
of oxygen from hepatic blood is very efficient. This highly effi-
cient  oxygen  extraction  results  from  the  small  diffusion  
distances for oxygen transport between blood and hepatocytes. 
The  combined  effects  of  a  large  capacity  for  efficient  oxygen 
extraction and the HABR ensures that liver can tolerate substan-
tial reductions in GI blood flow without impairment of hepato-
cellular function [167,171].

Portal venous hypertension
Whereas  exposure  of  the  splanchnic  circulation  to  an  acute 
elevation in portal venous pressure is likely to elicit a myogeni-
cally  mediated  constriction  of  splanchnic  arterioles,  chronic 
portal hypertension tends to dilate the splanchnic vasculature. 
Furthermore,  chronic  portal  hypertension  has  a  significant 
impact on other regional vascular beds and on systemic hemo-
dynamics.  Blood  flow  to  the  GI  tract,  kidneys,  and  skeletal 
muscle is significantly elevated. This presumably results from an 
increase  in  circulating  vasodilators  (e.g.,  glucagon)  and  a 
decrease  in vascular sensitivity  to vasoconstrictors  (e.g., nore-
pinephrine).  The  widespread  dilation  of  arterioles  results  in  a 
reduction of peripheral vascular resistance and a corresponding 
reduction of arterial blood pressure. In addition, cardiac output 
is  elevated  as  a  consequence  of  the  increased  venous  return 
associated with the splanchnic and peripheral vasodilation. The 
elevated portal pressure results in the opening of portosystemic 
shunts to divert portal blood from the liver and reduce portal 
pressure. These shunts generally run along the esophagus (i.e., 
esophageal  varices).  The  increase  in  portal  pressure  impairs 
venous drainage from the spleen into the portal vein, resulting 
in  the  accumulation  of  blood  within,  and  distension  of,  the 
spleen (i.e., splenomegaly) [172–174].

Organ blood flow is determined by the arterial venous pres-
sure gradient and vascular resistance. It follows then that portal 
pressure  is  determined  by  portal  venous  inflow  and  portal 
venous resistance. The relationship between portal venous flow 
and  portal  pressure  at  a  normal  portal  vascular  resistance  is 
depicted  in  Figure  11.11  as  a  solid  line.  In  this  instance,  an 
increase  in  portal  venous  flow  will  produce  a  proportional 
increase in portal pressure (point A to point B on Figure 11.11; 
flow-induced portal hypertension). When portal vascular resist-
ance is increased, the relationship between portal pressure and 
portal venous flow is shifted upward and to the left, as depicted 
by  the  dashed  line.  At  any  given  portal  venous  inflow,  an 
increased portal vascular resistance will result in an increase in 
portal pressure (point A to point C on Figure 11.11; resistance-
induced  portal  hypertension).  Portal  pressure  can  be  further 
increased by a concomitant increase in portal venous flow and 
portal vascular resistance (point A to point D on Figure 11.11; 
flow- and resistance-induced portal hypertension). Indeed, the 
latter  situation  appears  to  reflect  the  vascular  changes  that 
account  for  the  elevated  portal  pressure  observed  in  some 
experimental models of chronic portal hypertension, and  it  is 
likely  to  account  for  the  portal  hypertension  associated  with 

arterial  blood,  the  hepatic  artery  and  portal  vein  contribute 
roughly equal amounts of oxygen to the liver in the fasting state.

A unique feature of the liver circulation is the role of capillary 
(sinusoidal) constriction  in  the regulation of  intrahepatic vas-
cular resistance and blood flow. This ability of sinusoids to con-
strict has been attributed to stellate cells that reside in the space 
of  Disse  in  close  contact  with  sinusoidal  endothelial  cells. 
Stellate  cells  exhibit  anatomical  features  that  are  remarkably 
similar  to  smooth muscle-like pericytes  that have been  impli-
cated  in  the  sprouting  and  remodeling  of  capillaries  and  may 
represent the anatomical equivalent of the precapillary sphinc-
ter  that  controls  perfused  capillary  density  in  other  vascular 
beds.  A  variety  of  vasoconstrictors,  including  endothelin-1, 
angiotensin II, and vasopressin, are known to elicit stellate cell 
contraction  that  colocalizes  with  sinusoidal  constriction.  The 
gaseous  monoxides,  NO  and  carbon  monoxide  (CO),  also 
appear  to  play  an  important  role  in  modulating  stellate  
cell  contraction,  possibly  through  the  activation  of  soluble  
guanylyl cyclase. The interplay of NO with vasoconstrictors like 
endothelin-1 may be a major determinant of  liver blood flow, 
especially following liver injury, which is often associated with 
stellate cell activation and an enhanced contractility. It has been 
proposed that exaggerated stellate cell contractility may contrib-
ute to the increased intrahepatic resistance and portal hyperten-
sion  that  can  accompany  liver  injury.  Through  this  effect  on 
portal vein pressure,  the stellate cell-mediated sinusoidal con-
striction may exert a significant influence on blood flow in those 
tissues,  including  the  GI  tract,  that  are  drained  by  the  portal 
vein [137,167–170].

Although the  liver receives the majority of  its resting blood 
flow from venous drainage of the GI tract, it appears to be rela-
tively well protected against the deleterious consequences of GI 
hypoperfusion. This protection largely results from the unique 
hydrodynamic  interaction  between  portal  venous  and  hepatic 
arterial  blood  flows  that  has  been  termed  the  hepatic  arterial 
buffer response (HABR). With the HABR, an  increased blood 
flow  in  the  portal  vein  leads  to  an  increased  hepatic  arterial 
resistance,  while  a  reduction  in  portal  vein  flow  produces 
hepatic arterial dilation. Adenosine washout from the space of 
Mall has been proposed as a major determinant of the altered 
hepatic  arteriolar  tone  that  accompanies  changes  in  portal 
venous blood flow. The adenosine washout hypothesis predicts 
that adenosine levels are inversely related to portal venous blood 
flow and that adenosine exerts a potent dilatory effect on hepatic 
arterioles. Although the reciprocal relationship between hepatic 
arterial  and  portal  vein  blood  flows  tends  to  prevent  large 
changes  in  total  blood  flow  through  the  liver,  hepatic  arterial 
flow can only compensate for about 30% of the change in portal 
venous inflow. However, compensation relative to oxygen deliv-
ery  is  much  greater  because  of  the  higher  oxygen  content  of 
hepatic arterial blood, compared to the portal vein. For example, 
it  has  been  shown  that  liver  oxygen  supply  remains  relatively 
normal  during  hemorrhage  until  the  blood  loss  exceeds  30%. 
The liver is more effective in maintaining constant oxygen con-
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of  this  vascular  response.  The  net  result  of  the  vasodilation 
induced by all of these mechanisms is perpetuation of the portal 
hypertensive state [172–179].

Pathophysiology of ischemia

Ischemic damage to the intestine occurs when splanchnic blood 
flow falls to a level at which delivery of oxygen and other nutri-
ents  are  insufficient  to  maintain  oxidative  metabolism  and 
hence cell integrity. Blood flow to the GI tract may be reduced 
during  generalized  nonocclusive  ischemia  (e.g.,  circulatory 
shock,  congestive  heart  failure,  treatment  with  cardiac  glyco-
sides) and in occlusive disorders (e.g., embolism, atherothrom-
bosis) that primarily involve the mesenteric circulation. Surgical 
intervention (e.g., embolectomy, intestinal resection) [180] and 
local  intraarterial  infusion  of  vasodilators  (e.g.,  papaverine) 
[181] are used to treat acute mesenteric ischemia, but the mor-
tality of  this disease continues  to be significant. The mortality 
of  acute  mesenteric  ischemia  in  adults  has  been  reported  at 
60%–80% [182], primarily because of  the difficulty of making 
an early diagnosis before bowel infarction occurs. Experimental 
nonocclusive mesenteric ischemia in dogs has been treated suc-
cessfully with  intravenously administered  selective mesenteric 
vasodilators  (e.g.,  urotensin  I,  sauvagine,  and  corticotropin-
releasing factor) [183], thereby potentially obviating the risk of 
an indwelling angiographic catheter, but the use of these drugs 
in humans remains to be investigated.

Alterations of intestinal morphology  
with ischemia
The response of the intestine to decreased blood flow can range 
from no damage to transmural necrosis [184], and a gradient of 
sensitivity to ischemic injury has been demonstrated from the 
villus tips to the muscularis [184–186]. Mesenteric ischemia is 
associated  with  characteristic  mucosal  lesions  that  progress 
from  subepithelial  edema  within  30 min  after  total  vascular 
occlusion, to loss of epithelial cells along the villus after 1 h of 
total  occlusion,  to  total  loss  of  villi  after  2 h  of  occlusion 
[184,185]. Within 30–60 min after total mesenteric artery occlu-
sion, changes indicative of cellular failure appear, such as mito-
chondrial  vacuolization  and  decreased  oxygen  uptake,  loss  of 
ATP, and release of lysosomal enzymes [186].

Changes in vascular and mucosal permeability 
with ischemia
The  permeability  of  intestinal  capillaries  to  water  and  solutes 
(including  albumin)  is  increased  after  ischemia  [187].  The 
increase in permeability  is  largely derived from an increase in 
the number of large (200 Å) pores; the small-pore (50 Å) popu-
lation is unaffected. Transcapillary water exchange is enhanced 
as  a  result  of  both  the  increased  pore  size  and  an  increased 
capillary  surface  area.  Increases  in  mucosal  permeability 
induced by ischemia and reperfusion have been estimated based 
on  the  clearance  of  solutes  ranging  from  700  to  70 000 Da 

some  forms  of  liver  disease.  With  a  portal  vascular  resistance 
that is 40% higher in the portal hypertensive than in the control 
state, it is predicted that increased portal inflow and increased 
portal  vascular  resistance  account  for  40%  and  60%  of  the 
increase in portal pressure, respectively [175].

The  portal  hypertensive  state  leads  to  the  development  of 
collaterals (mostly along the esophagus; esophageal varices) to 
shunt blood from the congested portal vein, around the liver, to 
the systemic circulation (i.e., portosystemic shunting). Because 
a large proportion of portal venous blood bypasses the liver as 
a result portosystemic shunting, the hepatic degradation of dif-
ferent  compounds,  including  circulating  vasodilators,  such  as 
glucagon, is reduced. The diminished catabolism of circulating 
vasodilators increases their concentration in the plasma, allow-
ing  these  agents  to  relax  arteriolar  vascular  smooth  muscle  
and reduce splanchnic vascular resistance. Another  important 
action of  some of  the vasodilators  that accumulate  in chronic 
portal hypertension (e.g., glucagon) is to reduce the sensitivity 
of  the  splanchnic  arterioles  to  vasoconstrictors  such  as  nore-
pinephrine, vasopressin, and angiotensin. Consequences of the 
direct  and  indirect  actions  of  the  accumulated  circulating 
vasodilators include increased splanchnic blood flow and higher 
shear rates in splanchnic arterioles. The mechanical and humoral 
factors also exert an influence on NO generation by eNOS. The 
increased NO production that accompanies portal hypertension 
appears  to  result  from  endothelial  cell  responses  that  include 
increased intracellular calcium, protein kinase B (AKT) activa-
tion, and the production/mobilization of molecular chaperones. 
However, some studies have revealed that eNOS-deficient mice 
exhibit a hyperdynamic state during portal hypertension, sug-
gesting that eNOS-derived NO is not required for the induction 

Figure 11.11 Hypothetical relationship between portal pressure and 
portal venous flow in the presence of a normal (solid line) or elevated 
(broken line) portal vascular resistance. Even when portal vascular 
resistance is normal, an increase in portal blood flow (from point A to 
point B) can result in an increase in portal pressure – that is, portal 
hypertension. An elevation in portal vascular resistance in the absence of 
increased portal blood flow (point A to point C) can also lead to portal 
hypertension. When both portal blood flow and vascular resistance are 
increased (point A to point D), the increase in portal pressure is more 
substantial. Source: Premen et al. 1985 [163]. Reproduced with 
permission of the American Physiological Society.

Resistance-

induced pH

D

B

C

A

Flow- and

resistance-induced pH

Flow-induced pH

Portal venous flow (mL/min)

Normal resistance

Increased resistance

Po
rt

al
 p

re
ss

ur
e 

(m
m

H
g)



174      PART 1 Anatomy and development

Figure 11.13 Relation between blood flow during control (closed circles) and ischemia (open circles) and mucosal albumin clearance during 
reperfusion of canine jejunum (left). Relation between intestinal oxygen consumption during control and ischemia and mucosal albumin clearance 
during reperfusion of canine jejunum (right). Substantial increases in albumin clearance were not seen unless blood flow was reduced to below 20 mL/
min × 100 g or oxygen consumption was reduced to approximately one-half that of the control values. Source: Bulkley et al. 1985 [191]. Reproduced 
with permission of Elsevier.
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been  investigated,  it  has  been  demonstrated  that  reduction  
of  blood  flow  to  levels  that  do  not  affect  oxygen  uptake  are  
not  associated  with  any  evidence  of  mucosal  damage  in  
adult  animals  [191].  Furthermore,  substantial  increases  in 
mucosal  albumin  clearance  are  not  seen  until  blood  flow  is 
reduced  to  produce  ≥50%  reduction  in  oxygen  consumption 
(Figure 11.13) [191]. 

The importance of collateral blood flow in the prevention of 
intestinal ischemia is well recognized in humans [192–194] and 
adult  animals  [192–194].  Intestinal  collateral  blood  flow  may 
occur  through  anastomotic  connections  at  several  levels  of 

[188,189].  The  ischemia/reperfusion-induced  increases  in 
mucosal permeability are dependent on both the duration and 
severity  of  the  ischemic  insult  (Figure  11.12)  [190].  Mucosal 
permeability  increases  significantly  after  1–2 h  of  mesenteric 
artery occlusion in adult animals.

Blood flow, oxygenation, and ischemic injury
Ischemic  injury  to  the  intestine  occurs  when  blood  flow  is 
reduced to a level at which delivery of oxygen and other nutri-
ents to the tissue is compromised. Although the correlations of 
tissue  PO2,  mucosal  blood  flow,  and  mucosal  injury  have  not 

Figure 11.12 Comparison of quantitative morphological data (dotted and broken lines) and mucosal albumin clearance results (solid lines). Source: 
Parks et al. 1982 [190]. Reproduced with permission of Elsevier.

0 60 120

Duration of ischemia (min)

Total occlusion

Partial occlusion

180 240

.006

.005

.004

.003

.002

.001

4

3

2

1

Tr
an

sm
uc

os
al

 a
lb

um
in

 c
le

ar
an

ce

(m
L/

m
in

 ×
 c

m
)

H
is

to
lo

gi
ca

l g
ra

da
tio

n 
of

m
uc

os
al

 in
ju

ry



Gastrointestinal blood flow CHAPTER 11      175

of which contribute to the loss of protective brush border glyco-
proteins [208,209], decreases mucosal injury. It has been dem-
onstrated that mesenteric ischemia leads to protease-independent 
mucin degradation that renders the gut mucosa more vulnera-
ble  to  the  digestive  action  of  pancreatic  enzymes  [200].  Self 
digestion by pancreatic enzymes has been proposed as a major 
mechanism for the gut injury and multiorgan failure associated 
with hemorrhagic shock [210].

A role for reactive oxygen species (ROS) in the pathogenesis 
of injury associated with reperfusion of the ischemic bowel has 
received  considerable  attention  during  the  past  30  years.  The 
digestive  system  is  particularly  well  endowed  with  the  enzy-
matic machinery capable of generating significant quantities of 
ROS. For example, the intestine and liver are the richest sources 
of  xanthine  oxidase  (XO)  [211],  an  enzyme  that  catalyzes  the 
production  of  both  superoxide  and  hydrogen  peroxide.  XO 
activity  in  the  small  intestine  is  located  primarily  within  the 
mucosa, with a gradient of activity from villus tip to base [212]. 
In addition,  the  intestine contains a  large, resident population 
of phagocytic cells (i.e., neutrophils, eosinophils, macrophages), 
which,  when  activated,  produce  considerable  quantities  of 
superoxide,  hydrogen  peroxide,  and  hypochlorous  acid  [213]. 
Oxidants  generated  by  either  XO  or  activated  phagocytes  can 
injure cells by a variety of mechanisms, including lipid peroxi-
dation, degradation of the extracellular matrix, protein and car-
bohydrate  decomposition,  and  DNA  strand  breakage  [214]. 
Cellular  enzymatic  defense  mechanisms  against  ROS  include 
superoxide dismutase, which converts the superoxide anion to 
hydrogen peroxide and oxygen, as well as catalase and glutath-
ione  peroxidase,  which  detoxify  hydrogen  peroxide  [215]. 
Another important oxidant defense is glutathione, which serves 
both as a cosubstrate  for  the glutathione peroxidase-catalyzed 
decomposition of hydrogen peroxide and as a free radical scav-
enger [214].

A  large  body  of  experimental  data  supports  the  hypothesis 
that ROS mediate the microvascular and mucosal permeability 
changes after reperfusion of the ischemic intestine and stomach 
in adult animals  [204,216–220]. Superoxide dismutase  (which 
scavenges superoxide anions), catalase (which detoxifies hydro-
gen peroxide), and dimethylsulfoxide (which scavenges hydroxyl 
radicals and decomposes hypochlorous acid) attenuate the vas-
cular  permeability  changes  observed  after  reperfusion  of  the 
ischemic intestine [214].

A role for XO in the microvascular and mucosal dysfunction 
induced  by  ischemia–reperfusion  (I/R)  has  been  proposed 
based on the following observations: attenuated injury responses 
following treatment with allopurinol or pterin aldehyde, which 
are XO inhibitors [217,221,222]; increased vascular and mucosal 
permeability during intraarterial infusion of hypoxanthine–XO, 
a  superoxide  anion-generating  system  [223];  attenuation  of 
injury by agents that prevent the conversion of xanthine dehy-
drogenase  to  XO  [218];  and  a  blunted  I/R  injury  response  in 
animals  placed  on  a  tungsten-supplemented,  molybdenum-
deficient diet, which inactivates XO [224].

vessel branching, including the main arterial trunks (i.e., celiac, 
superior, and inferior mesenteric arteries) [192,195], extramural 
vessels  (i.e.,  arterial  arcades, marginal  arteries)  [197,198],  and 
intramural vascular plexuses  located within the intestinal wall 
itself [192,198]. Quantitative studies in adult animals have dem-
onstrated  that  collateral  channels  among  the  major  arterial 
trunks and between adjacent bowel segments both play a role 
in  the prevention of  intestinal  ischemia.  In  the adult  cat, per-
fusion through collateral vessels after occlusion of the superior 
mesenteric  artery  maintained  flow  to  the  small  intestine  and 
proximal colon to within 30%–65% of preocclusion flow [195]. 
However,  the  efficiency  of  collateral  perfusion  by  way  of  the 
celiac and inferior mesenteric arteries is substantially lower in 
dogs after superior mesenteric artery occlusion [196]. In adja-
cent segments of canine small bowel, collateral vessels maintain 
blood flow in one segment at approximately 55% of its control 
level when  the artery  to  that  segment  is  totally occluded. The 
percentage of collateral flow attributed to extramural vessels is 
67%, whereas that attributed to intramural vessels is 33% [197].

Possible mechanisms of injury or villous necrosis
Ischemic  injury  in  the  intestine  appears  to  be  related,  either 
primarily or secondarily, to the effects of tissue hypoxia. In some 
species,  the hypoxic stress  induced by ischemia is exacerbated 
by the presence of a countercurrent exchange mechanism [153]. 
A role for hypoxia is supported by the observation that intralu-
menal  perfusion  with  oxygenated  saline  solution  markedly 
attenuates mucosal injury during ischemia induced by hypoten-
sion [199], whereas perfusion with nitrogenated saline solution 
does  not  attenuate  injury.  Possible  mechanisms  of  mucosal 
injury  induced  by  tissue  hypoxia  include  depletion  of  high-
energy phosphates necessary to produce protective substances, 
such as mucus, leading to increased susceptibility to the action 
of  intralumenal  proteases  [200];  accumulation  of  histamine, 
leading to increased microvascular permeability [201]; produc-
tion  of  metabolic  acidosis,  leading  to  release  of  lysosomal 
enzymes  and  cellular  digestion  [202];  conversion  of  xanthine 
dehydrogenase to xanthine oxidase, an enzyme that can produce 
cytotoxic  oxygen-derived  free  radicals  during  reoxygenation 
[203];  and  attraction  of  circulating  granulocytes  into  the 
mucosa, or activation of resident leukocytes within the mucosa, 
with release of neutrophilic proteases and oxidants to initiate or 
propagate mucosal injury [204].

It  has  been  demonstrated  that  changes  in  the  intestinal 
mucosa induced by circulatory shock lead to an increased vul-
nerability to the digestive action of trypsin and chymotrypsin. 
Inhibition of pancreatic proteases by aprotinin [205] or previous 
ligation  of  the  pancreatic  ducts  [206]  significantly  attenuates 
ischemic mucosal injury. In addition, an intralumenal injection 
of  trypsin  exacerbates  mucosal  injury  [205].  The  digestive 
action is caused by enzymes already present along the intestinal 
wall before shock, because removal of the pancreas has no effect 
if the animal is subjected to shock immediately after pancreate-
ctomy [194]. Inhibition of pancreatic elastase and bile salts, both 
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venules exposed to I/R [232,233]. Superoxide dismutase is also 
effective in attenuating the adherence of neutrophils to endothe-
lial cell monolayers exposed to anoxia and reoxygenation [237]. 
A similar antiadhesive action has been reported to be mediated 
by  allopurinol  [228,236–238],  suggesting  that  XO  is  a  likely 
source of the superoxide produced after reperfusion. Xanthine 
oxidase, rather than neutrophils, also appears to be responsible 
for  generating  the  oxidants  that  mediate  reperfusion-induced 
lipid peroxidation in intestinal mucosa. This contention is based 
on  reports  demonstrating  that  although  both  allopurinol  and 
CD18-specific monoclonal antibodies prevent the reperfusion-
induced  increase  in  mucosal  MPO  activity,  only  allopurinol 
prevents the rise in tissue conjugated dienes, an index of mem-
brane lipid peroxidation [239,240].

A likely explanation for the proadhesive action of superoxide 
is that it inactivates an antiadhesion molecule that is normally 
produced  by  endothelial  cells.  NO,  a  product  of  L-arginine 
metabolism  in  endothelium  that  is  rapidly  inactivated  by  
superoxide, may be such an endogenous antiadhesion molecule. 
NO  donors  are  very  effective  in  preventing  the  recruitment  
of leukocytes, platelet–leukocyte aggregation, and tissue injury 
associated  with  I/R  [241].  Inhibitors  of  NO  production  lead  
to a dramatic increase in the number of leukocytes adhering to 
and  emigrating  from  mesenteric  venules  [242].  This  adhesion 
response  can  be  prevented  or  reversed  by  simultaneous  
exposure  of  venules  to  an  NO  synthase  inhibitor  and  either 
L-arginine (but not D-arginine) or nitroprusside, which spon-
taneously  generates  NO.  The  observations  that  NO  synthase 
inhibitors  promote  leukocyte  adherence  while  superoxide  
dismutase reduces reperfusion-induced adherence are consist-
ent  with  the  view  that  the  enhanced  formation  of  superoxide  
by  postischemic  endothelial  cells  leads  to  NO  inactivation  
and consequently results in enhanced leukocyte adhesion. Such 
a mechanism would explain why  superoxide dismutase exerts 
an  antiadhesive  effect  in  postischemic  tissues,  because  
the  enzyme  would  prevent  inactivation  of  NO.  NO  also  
stabilizes  mast  cells  through  a  mechanism  that  involves  
superoxide [244].

Catalase  has  also  been  shown  to  attenuate  reperfusion-
induced leukocyte adherence in mesenteric venules [238]. This 
observation  is  consistent  with  reports  that  demonstrate  that 
hydrogen peroxide is produced by endothelial cell monolayers 
exposed to anoxia and reoxygenation [244], and hydrogen per-
oxide  promotes  neutrophil  adherence  to  cultured  endothelial 
cells and in mesenteric venules [245,246]. The levels of hydro-
gen peroxide required to promote adherence are well within the 
range of the hydrogen peroxide concentration produced by acti-
vated  neutrophils.  Both  in-vivo  and  in-vitro  studies  indicate 
that hydrogen peroxide-induced neutrophil adherence is medi-
ated by platelet-activating factor (PAF) [245,246]. PAF receptor 
antagonists  effectively  attenuate  the  neutrophil  adherence 
induced  by  hydrogen  peroxide  in  feline  mesenteric  venules 
[227] and isolated canine carotid arteries [247]. The hydrogen 
peroxide-induced,  PAF-mediated  leukocyte  adherence  is  pre-

There  is also evidence  that  supports a  role  for granulocyte-
mediated  injury  after  I/R.  Ischemia  may  lead  to  neutrophil  
activation,  release  or  production  of  neutrophilic  oxidants  
(e.g.,  superoxide,  hydrogen  peroxide,  hypochlorous  acid, 
N-chloramines)  and  proteases,  and  subsequent  tissue  injury 
[213,225–227].  A  five-  to  sevenfold  increase  in  mucosal  mye-
loperoxidase (MPO) activity, which is an index of granulocyte 
number, occurs during ischemia, whereas reperfusion induces 
an  18-fold  increase  in  MPO  activity  in  feline  intestine  [219]. 
Both neutrophil depletion and prevention of neutrophil adher-
ence significantly attenuate the increased intestinal microvascu-
lar  permeability  induced  by  ischemia  and  reperfusion  in  cat 
intestine [204], suggesting that neutrophils, which migrate into 
the mucosa, mediate the injury produced by I/R.

It has also been proposed that xanthine oxidase-derived oxi-
dants  may  serve  as  chemoattractants  for  granulocytes  in  pos-
tischemic adult intestine. Allopurinol (an XO inhibitor) [219], 
superoxide dismutase (a superoxide scavenger and inhibitor of 
neutrophil adherence) [219], catalase (a scavenger of hydrogen 
peroxide) [228], deferoxamine (an iron chelator) [228], dimeth-
ylthiourea  (a  hydroxyl  radical  scavenger)  [228],  and  IB4  (a 
CD18-specific  monoclonal  antibody  that  inhibits  neutrophil 
adherence) [229] all inhibit I/R-induced granulocyte accumula-
tion in the small intestine.

The  view  that  leukocyte–endothelial  cell  adhesion  plays  an 
important  role  in  the pathogenesis of  I/R  injury,  as well  as  in 
other inflammatory conditions of the GI tract [230,231], has led 
to  an  increased  interest  in  defining  the  factors  that  modulate 
leukocyte  adherence  and  emigration  in  postcapillary  venules. 
Intravital  microscopic  techniques  have  been  used  to  monitor 
and  quantify  leukocyte–endothelial  cell  adhesion  in  venules 
exposed  to  I/R  [35,223–235].  During  the  final  10 min  of  a 
60-min 80% reduction in mesenteric blood flow, the numbers 
of adherent and emigrated leukocytes increase by fourfold and 
threefold,  respectively.  At  60 min  after  reperfusion,  sevenfold 
and eightfold increases in adherence and emigration are noted. 
Electron  microscopic  analyses  of  postischemic  mesenteric 
venules reveal that more than 85% of the leukocytes that emi-
grate into the adjacent interstitial compartment are neutrophils 
[236]. The recruitment of adherent leukocytes after reperfusion 
is  associated  with  a  corresponding  accumulation  of  adherent 
platelets,  with  each  blood  cell  exerting  an  influence  on  the 
recruitment  of  the  other.  There  is  mounting  evidence  that  
platetet  attachment  to  leukocytes  and  the  products  of  platelet 
activation  greatly  enhance  the  inflammatory  response  to  I/R 
[233–235].

Several chemical mediators produced by endothelial and/or 
parenchymal  cells  have  been  implicated  in  the  leukocyte–
endothelial cell adhesion elicited by mesenteric I/R. Some evi-
dence implicates XO-derived superoxide as a major mediator in 
this  process.  A  role  for  superoxide  is  supported  by  reports 
describing  an  attenuating  influence  of  superoxide  dismutase, 
whether administered before ischemia or after reperfusion, on 
the number of adherent and emigrated leukocytes in mesenteric 
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triene  B4,  and  PAF  with  their  receptors  on  rolling  leukocytes. 
Sustained  rolling  and  adhesion  of  leukocytes  on  endothelial 
cells is ensured by an oxidant-dependent synthesis of endothe-
lial cell adhesion molecules, such as E-selectin and intracellular 
adhesion molecule-1 (ICAM-1). Oxidants, derived from either 
endothelial cells or leukocytes, elicit this biosynthetic response 
by activating specific nuclear transcription factors (e.g., nuclear 
factor-κB) that bind to the genes for these adhesion molecules. 
Platelets  coursing  through  the  postischemic  microvasculature 
are  activated  by  endothelial  cell-derived  mediators  such  as 
thrombin  and  adenosine  diphosphate  (ADP).  The  activated 
platelets  express  adhesion  molecules  such  as  P-selectin  and 
glycoprotein IIb/IIIa (GPIIb/IIIa), which bind to counterrecep-
tors  expressed  on  the  surface  of  endothelial  cells  (P-selectin 
glycoprotein  ligand-1  or  PSGL-1,  ICAM-1  bound  fibrinogen) 
and adherent leukocytes (PSGL-1). The adherent and activated 
platelets  release  a  variety  of  chemicals  that  can  amplify  the 

vented  mostly  by  monoclonal  antibodies  directed  against  the 
common β-subunit of CD11/CD18.

The  proposed  role  of  reactive  oxygen  (hydrogen  peroxide, 
superoxide)  and  nitrogen  (NO)  species  in  mediating  the 
endothelium-dependent  inflammatory  responses  observed  in 
the GI microcirculation after  ischemia/reperfusion  is  summa-
rized  in Figure 11.14.  I/R  leads  to an  increased production of 
superoxide  and  hydrogen  peroxide  by  the  enzyme  xanthine 
oxidase,  with  a  corresponding  reduced  production  of  NO  by 
endothelial  NO  synthase.  The  enhanced  generation  of  ROS 
results  in  the  activation  and  deposition  of  complement,  and 
phospholipase  A2-mediated  production  of  leukotriene  B4  and 
PAF. Oxidants also mediate the initial expression of P-selectin 
by mobilizing the leukocyte rolling receptor from its preformed 
pool (Weibel–Palade bodies) in endothelial cells. Firm adhesion 
of leukocytes, which is mediated by β2-integrins (CD11/CD18), 
is induced by the engagement of activated complement, leuko-

Figure 11.14 Mechanism proposed to explain the endothelium-dependent inflammatory responses observed in the postischemic microvasculature. C5a, 
complement 5a; CD11/CD18, leukocyte adhesion glycoprotein; eNOS, endothelial nitric oxide (NO) synthase; H2O2, hydrogen peroxide; I/R, ischemia–
reperfusion; ICAM, intracellular adhesion molecule; LTB4, leukotriene B4; NF-κB, nuclear factor-κB; O–

2, superoxide; PAF, platelet-activating factor; 
TNF-α, tumor necrosis factor-α; VCAM, vascular cell adhesion molecule. Source: Carden and Granger 2000 [248]. Reproduced with permission of 
John Wiley & Sons, Ltd.
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on  pre-existing  effector  molecules  (Figure  11.15).  A  late  or 
delayed  phase  of  IPC  is  also  evident,  emerging  24 h  later  and 
persists for 2–4 days. The late phase (also known as the “second 
window  of  protection”)  requires  gene  expression  and  is  less 
powerful than the acute phase response. IPC in the intestine has 
been demonstrated following temporary occlusion of the supe-
rior  mesenteric  artery  (direct)  as  well  as  after  an  artery  not 
responsible  for  direct  blood  supply  (remote)  of  the  intestine 
(e.g., renal artery) is temporarily occluded. The protective effects 
of direct and remote IPC against intestinal I/R include decreases 
in  epithelial  cell  apoptosis,  inflammatory  cell  infiltration, 
mucosal injury, capillary permeability, and bacterial transloca-
tion, as well as an improvement in microvascular perfusion and 
tissue oxygenation. Local IPC has also been shown to improve 
the stability of intestinal anastomoses [249–253].

inflammatory response to I/R. Further amplification occurs as 
a  result of  the activation of  (and mediator  release  from) mast 
cells and macrophages  that normally reside near postcapillary 
venules [248,249].

Ischemic preconditioning
Ischemic preconditioning (IPC) is one of the most effective and 
reproducible  forms of protection against  the  tissue  injury and 
organ dysfunction caused by intestinal ischemia. The phenom-
enon of IPC is observed in the intestine and other tissues that 
are  exposed  to  a  brief  period  of  ischemia  and  subsequently 
exhibit resistance to the deleterious effects of prolonged ischemia 
followed by reperfusion. There  is an early, acute phase of  IPC 
that is manifested within minutes following the preconditioning 
insult. The acute phase is powerful, persists for 1–4 h, and relies 

Figure 11.15 Mechanisms proposed to explain the phenomenon of ischemic preconditioning, wherein a brief period of ischemia followed by 
reperfusion (I/R) renders the intestine resistant to the tissue damaging effect of a subsequent ischemic insult of longer duration (which would otherwise 
cause severe damage). AMP, adenosine monophosphate; AP-1, activator protein-1; eNOS/iNOS, endothelial and inducible nitric oxide synthases; HIF, 
hypoxia inducible factor; Nrf-ARE, nuclear respiratory factor-antioxidant response element; STAT, signal transducer and activators of transcription. 
Source: Adapted from Krenz et al. 2013 [249]. Reproduced by permission of Morgan & Claypool Life Sciences.
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is  often  acknowledged  as  the  major  underlying  event  that 
accounts  for  such distress. With prolonged  strenuous exercise 
(60%–70% of maximum VO2), splanchnic blood flow is reduced 
by  as  much  as  80%  of  the  resting  value.  Animal  studies  have 
revealed that (see Figure 11.13) an ischemic insult of this mag-
nitude should result in a profound increase in mucosal perme-
ability  to  macromolecules  and  bacterial  translocation.  Such  a 
loss of mucosal integrity and barrier function is likely reflected 
in  the  increased  levels  of  intestinal  fatty  acid  binding  protein 
(I-FABP) and endotoxin detected in the plasma of young healthy 
atheletes during strenuous exercise. Mucosal barrier dysruption 
has been confirmed in young atheletes based on urinary clear-
ance of orally ingested permeability probes as early as 1 h after 
strenuous  exercise.  Profound  damage  manifested  as  mucosal 
erosions with GI bleeding has been observed during endoscopy 
of  athletes  after  strenuous  endurance  training.  As  predicted 
from animal studies, the severe ischemic insult and subsequent 
increase  in  mucosal  permeability  and  bacterial  translocation 
results in intestinal inflammation, which is occasionally mani-
fested after exercise as ischemic colitis [257–261].

Vascular responses to chronic inflammation

Advances  in vascular biology have  led  to  the  recognition  that 
the microcirculation and its endothelial lining play a critical role 
in both the initiation and perpetuation of inflammation. During 
inflammation,  the  microvasculature  undergoes  a  broad  spec-
trum of  functional and structural changes that are manifested 
in all segments of the vascular tree, including arterioles, capil-
laries, and venules (Figure 11.16). The phenotypic changes that 
occur in an inflamed vascular bed include an altered (and often 
impaired) capillary perfusion, an increased adhesion of leuko-
cytes  and  platelets  (predominantly  in  postcapillary  venules), 
enhanced  coagulation  and  thrombus  formation,  diminished 
endothelial barrier function (increased vascular permeability), 
and angiogenesis. Virtually every cell that either resides within 
or surrounding the vasculature as well as cells that flow through 
the  vessels  are  activated  during  inflammation,  including 
endothelial  cells,  leukocytes,  platelets,  macrophages,  or  mast 
cells.  The  involvement  of  multiple  cell  types  likely  serves  to 
amplify the inflammatory response with a redundancy of mech-
anisms  that  facilitates  the  delivery  of  immune  cells  and  the 
subsequent  eradication  of  infectious  agents.  Endothelial  cells 
likely play a dominant  role  in coordinating  the microvascular 
responses  to  inflammation [262–264]. This role of endothelial 
cells is site specific. For example, in arterioles endothelial cells 
regulate vessel tone (and consequently blood flow) via chemical 
(e.g.,  NO)  communication  with  the  adjacent  vascular  smooth 
muscle  coat.  During  chronic  inflammation,  vasoregulatory 
mechanisms are dysfunctional with vasoconstriction  resulting 
from  a  diminished  bioavailability  of  NO  cause  by  decreased 
endothelial  cell  production  of  NO  as  well  as  superoxide-
mediated  NO  inactivation  [265].  In  postcapillary  venules, 

While  not  fully  elucidated,  the  cellular  signaling  pathways 
and genetic responses to IPC in the intestine have been exten-
sively  characterized  (Figure  11.14).  Adenosine,  NO,  ROS, 
bradykinin,  opioids,  and  sarcolemmal  K-ATP  channels  have 
been implicated as key initiators that are released in response to 
the brief  IPC episode and serve as  triggers  for both  the acute 
and late phases of IPC. These initiator molecules then activate 
downstream signaling cascades, some of which contribute to the 
acute phase IPC response (e.g., phosphatidylinositol-3-kinase/
AKT/eNOS),  while  others  (e.g.,  large  conductance,  calcium-
activated potassium channels) mediate the late phase response. 
Transcription factor activation and the expression of genes for 
new protein mediators are responses critical for the late phase 
response,  while  posttranslational  modification  of  end-effector 
molecules  (e.g.,  mitochondrial  permeability  transition  pore) 
contribute  to  both  the  acute  and  late  IPC  responses.  The  net 
effect of these signaling mechanisms is the appearance of pro-
tective phenotype that resists the deleterious consequences of a 
prolonged  ischemic  insult,  followed  by  reperfusion.  A  similar 
protective  phenotype  can  be  initiated  using  low  to  moderate 
alcohol  ingestion,  endotoxin,  and  cytokines  as  the  precondi-
tioning stimulus [249–251,254,255].

Gastrointestinal blood flow and  
physical exercise

A major consequence of the cardiovascular response to moder-
ate  to  severe  physical  exercise  is  a  redistribution  of  cardiac 
output away from the GI vasculature to enhance blood flow to 
exercising  muscle  and  the  heart.  GI  blood  flow  is  reduced 
during exercise in proportion to relative exercise intensity, the 
increase  in  total  body  oxygen  consumption  (VO2),  heart  rate, 
and  plasma  norepinephrine  concentration.  The  increased 
splanchnic vascular resistance that accompanies exercise is also 
associated with  intensity-dependent  increases  in plasma vaso-
pressin  and  angiotensin  II  levels.  Antagonists  to  vasopressin, 
angiotensin  II  and  norepinephrine  have  been  shown  to  blunt 
the  reductions  in  splanchnic  blood  flow  during  exercise.  In 
humans  and  experimental  animals  with  exercise  training, 
splanchnic blood flow is higher in the trained state for the same 
exercise  stimulus  and  intensity.  The  blunted  exercise-induced 
vasoconstriction in trained subjects has been attributed to cor-
respondingly blunted increases in plasma norepinephrine, vaso-
pressin,  and  angiotensin  II  after  exercise  training.  A  reduced 
sensitivity  of  splanchnic  arterioles  to  vasoconstrictor  stimuli 
(e.g., norepinephrine, endothelin-1) has also been implicated in 
the reduced vasoconstriction after training [256–258].

During  vigorous  sports  such  as  long-distance  running  and 
triathlons,  GI  symptoms,  such  as  nausea,  diarrhea,  and  GI 
bleeding,  are  common  (occuring  in  20%–50%  of  endurance 
atheletes). While the etiology of exercise-induced GI distress is 
considered  multifactorial  (including  depressed  motility,  dehy-
dration, and repeated mechanical trauma), splanchnic ischemia 
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are recruited to inflamed tissue directly interact with endothe-
lial  cells.  Platelets  predominantly  bind  to  leukocytes  that  are 
rolling or that are already bound to endothelial cells [268]. The 
intense interaction of various cell types during inflammation is 
reflected not only by the homotypic and heterotypic binding of 
platelets and leukocytes, but also by an altered hemostasis and 
accelerated  rate  of  thrombus  development  [269].  Endothelial 
cells  lose  their  anticoagulant  properties  during  inflammation 
because of increased expression of tissue factor, downregulation 
of the anticoagulant protein C pathway, and the inactivation of 
NO by superoxide [264,269]. These changes and the consequent 
increase  in  thrombin generation promotes  thrombus develop-
ment  both  in  the  inflamed  gut  and  in  extraintestinal  tissues. 
Powerful prothombotic cytokines, such as interleukin-6 (IL-6), 
appear  to  play  a  major  role  in  mediating  the  extraintestinal 
thrombosis  which  occurs  in  animal  models  of  inflammatory 
bowel disease [269,270].

endothelial cells are fundamentally responsible for the expres-
sion  and  secretion  of  proteins  (e.g.,  adhesion  molecules  and 
chemokines) that recruit leukocytes and platelets to the inflamed 
tissue  [266].  Furthermore,  these  cells  serve  as  gatekeepers  for 
the migration of inflammatory cells into the affected tissue. The 
endothelial lining is therefore centrally involved in the multistep 
mechanism  of  leukocyte  and  platelet  recruitment,  that  begins 
with blood cell tethering and rolling, followed by cell activation 
and firm adhesion, with subsequent transendothelial migration 
[266]. Endogeneous regulators of endothelial and cellular adhe-
sion  include  NO,  adenosine,  and  prostacyclin,  which  prevent 
cell–cell  interactions,  and  superoxide  or  hydrogen  peroxide, 
which promote these interaction [264,266,267]. During inflam-
mation,  a  variety  of  proteins  contribute  to  the  initiation  and 
perpetuation  of  cellular  interactions:  rolling  is  mediated  by 
selectins while firm adhesion and transmigration are mediated 
by integrins. Only a relatively minor proportion of platelets that 

Figure 11.16 Diverse responses of different segments of the microcirculation to inflammation. (a) demonstrates how an inflammatory cytokine can 
enhance superoxide (O2

–) formation, inactivate nitric oxide (NO), and diminish vascular smooth muscle relaxation in arterioles. (b) shows how an 
activated leukocyte can obstruct the capillary lumen and reduce capillary perfusion. (c) illustrates how activated venular endothelial cells promote the 
adhesion of leukocytes and platelets to the vessel wall. CAM, cell adhesion molecules; NADPH oxidase, nicotinamide adenine dinucleotide phosphate; 
NF, nuclear factor; PMN, polymorphonuclear neutrophil; RBC, red blood cell; ROS, reactive oxygen species; TNF, tumor necrosis factor. Source: 
Adapted from Granger and Senchenkova 2010 [264]. Reproduced by permission of Morgan & Claypool Life Sciences.
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the interendothelial junctions and cell–cell contacts are strength-
ened  and  stabilized,  a  new  basement  membrane  is  deposited, 
and a nonleaky tube is formed [271–273].

Angiogenesis  has  been  implicated  in  the  pathogenesis  of 
inflammatory bowel diseases. A variety of proangiogenic factors 
(e.g.,  cytokines,  VEGF,  ROS)  are  produced  in  the  inflamed 
bowel and there is evidence for vessel proliferation and increased 
capillary density in the chronically inflamed bowel. An increased 
angiogenic  capacity  of  the  inflamed  bowel  is  supported  by 
reports  describing  a  dose-dependent  enhancement  of  the 
migration  rate  of  human  microvascular  endothelial  cells 
exposed  to mucosal extracts  from patients with  inflammatory 
bowel disease. In both human and animal models of inflamma-
tory bowel disease there is a direct correlation between disease 
activity  (e.g.,  tissue  injury,  inflammatory  cell  infiltrate),  local 
expression of VEGF, and vascular density. It has been proposed 
that angiogenesis is both a consequence and cause of the inflam-
matory  response  associated  with  inflammatory  bowel  disease. 
This  contention  is  supported  by  reports  describing  increased 
disease  severity  following  VEGF  treatment  in  experimental 
models  of  inflammatory  bowel  disease  while  antiangiogenic 
agents or VEGF neutralization (e.g., with soluble VEGF recep-
tor) have the opposite effect. Based on these observations it has 
been proposed that angiogenesis may be an effective therapeutic 
target for the treatment of inflammatory bowel disease. However, 
the clinical utility of such a therapeutic strategy may be limited 

Angiogenesis

While capillary growth and proliferation are rarely observed in 
normal GI  tissues  in adults except during wound healing,  the 
process  of  angiogenesis  (the  formation  of  new  blood  vessels 
from existing microvessels) is detected under certain pathologi-
cal  conditions,  such  as  inflammation  and  tumorigenesis. 
Angiogenesis is a tightly controlled process that involves regula-
tory  inputs  from  a  variety  of  activators  (proangiogenic)  and 
inhibitors  (antiangiogenic). Conditions  that  tip  the balance  in 
favor of proangiogenic factors result in rapid formation of new 
blood vessels. The process of angiogenesis consists of two phases 
(Figure 11.17): (1) an initial destabilization of the vasculature to 
facilitate sprouting of new vessels, followed by (2) a restabiliza-
tion or maturation of the newly formed microvessels. The desta-
bilization  phase  involves  the  activation  of  cells  that  generate 
proangiogenic molecules,  such as vascular endothelial growth 
factor (VEGF) and tumor necrosis factor (TNF)-α. For example, 
when  macrophages  sense  hypoxia,  VEGF  is  produced  in 
response  to  the  generation  of  hypoxia  inducible  factor  (HIF). 
The  destabilization  process  includes  endothelial  cell  junction 
dissociation, basement membrane degradation, and the migra-
tion and proliferation of endothelial cells. A consequence of the 
events associated with the destabilization phase is the formation 
of  hyperpermeable  vascular  sprouts,  which  is  a  characteristic 
feature of tumor microvessels. During the restabilization phase, 

Figure 11.17 Events associated with angiogenesis. Following tissue injury or during inflammation, angiogenesis is initiated by the activation of different 
populations of cells that release proangiogenic factors. This leads to vessel destabilization resulting in endothelial cell (EC) junction dissociation, 
degradation of the basement membrane, and the proliferation and migration of endothelial cells. The final stage (restabilization) includes tube 
formation and the restoration of a normal vessel wall. The rate of angiogenesis is determined by the balance of pro- and antiangiogenic factors. Source: 
Adapted from Granger and Senchenkova 2010 [264]. Reproduced by permission of Morgan & Claypool Life Sciences.
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This chapter provides an overview of the mechanisms involved 
in  the  regulation  of  food  intake  and  the  various  responses  in  
the  gastrointestinal  (GI)  tract,  pancreas,  and  liver  to  the  
ingestion  of  a  meal.  The  coordination  of  these  processes  is 
essential  for  the  regulation  of  food  intake;  the  digestion  and 
absorption  of  nutrients  in  the  food;  the  distribution,  storage, 
and release of nutrients  to meet demand; and  the elimination 
of wastes. Each of the processes described in this introductory 
chapter  is  explored  in  greater  depth  and  with  extensive  refer-
ences to the literature in several chapters of the textbook.

In general,  the GI  tract  adds water,  ions,  and enzymes  to a 
meal  to  convert  it  into  an  aqueous  solution  of  molecules  that 
can  be  transported  within  the  body.  Importantly,  most  of  the 
added substances are absorbed for reuse. The assimilation of a 
meal  involves  major  physiological  processes  that  occur  in  the 
GI tract: motility, secretion, digestion, absorption, and elimina-
tion. Food is taken into the mouth as large particles containing 
macromolecules that are not absorbable. The breaking down of 
food  into  absorbable  material  occurs  by  grinding  and  mixing 
the food (motility) with various secretions containing enzymes, 

bile acids, ions, and water that enter the GI tract. The enzymes 
convert  the  macromolecules  into  absorbable  molecules  in  
a process  termed digestion. The products of digestion, as well 
as  the  secretions  from  the  upper  parts  of  the  GI  tract,  are  
then  transported  across  the  epithelium  to  enter  the  blood  or 
lymph by a process  termed absorption. Secretions  into the GI 
tract  and  luminal  contents  are  moved  from  the  mouth  to  the 
anus  by  GI  motility.  Further,  unabsorbed  material  as  well  as 
material  metabolites  needing  removal  from  the  body  are  
eliminated  by  GI  motility.  The  coordination  of  GI  function  
is regulated in a synchronized way to maximize digestion and 
absorption and eliminate wastes by means of multiple control 
mechanisms.

The  liver  and  pancreas  are  anatomically  coupled  to  the  GI 
tract through the biliary and pancreatic ductal systems, respec-
tively. Further, the liver receives blood circulation directly from 
the  GI  tract  and  the  pancreas  through  the  portal  circulation. 
The liver has numerous vital functions, including bile formation 
and secretion; uptake, storage, and release of nutrients; synthe-
sis of plasma proteins; detoxification; and immune surveillance. 
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structures associated with the GI tract, such as the pancreas and 
the liver.

The  secretory  products  of  the  enteroendocrine  cells  are 
released  in  response  to  chemical  (nutrients,  acid,  osmolarity) 
and mechanical  (distension, stretch) stimuli  to  the wall of  the 
GI tract, although the exact mechanisms by which this occurs 
are not well understood. Most enteroendocrine cells in the gut 
wall are of the “open” type; these cells have an apical membrane 
that  is  in  contact  with  the  lumen  of  the  GI  tract  (generally 
regarded as the site where the sensing occurs) and a basolateral 
membrane through which secretion of their products occurs.

Examples  of  hormones  secreted  by  the  GI  tract  abound. 
Gastrin,  one  of  the  best  characterized  GI  hormones,  plays  a 
central role in the stimulation of gastric acid secretion. Gastrin 
is released from endocrine G cells located in the antral mucosa 
of the stomach in response to activation of the parasympathetic 
(vagal)  outflow  to  the  GI  tract.  Other  hormones  include  glu-
coinsulinotropic  peptide  (GIP)  in  K  cells  and  glucagon-like 
peptide-1 (GLP-1) and pancreatic polypeptide (PYY) in L cells. 
These hormones are released by glucose and fatty acids  in the 
intestine  and  play  multiple  roles  such  as  enhancing  insulin 
secretion  from  the  pancreatic  β  cell,  inhibiting  emptying  of 
gastric  contents,  and  decreasing  food  intake  through  central 
nervous system mechanisms. Cholecystokinin (CCK) is present 
in I cells and plays a major role in the intestinal feedback regula-
tion of proximal GI function, food intake, and the secretion of 
pancreatic and biliary constituents into the intestine. Secretin is 
present  in S cells and stimulates pancreatic bicarbonate secre-
tion to neutralize gastric acid emptied into the intestine; this is 
essential to increase the intraluminal pH, enhancing the action 
of pancreatic enzymes whose pH optimum is generally >5 and 

The  exocrine  pancreas  provides  the  major  digestive  enzymes, 
whereas  the  endocrine  pancreas  plays  a  central  role  in  the 
uptake, storage, and release of nutrients in the liver, as well as 
in other tissues such as skeletal muscle and adipose tissue.

Control systems

Because the macronutrient content of a meal can vary consider-
ably, the GI tract is endowed with mechanisms that can detect 
the  presence  of  food  and  mount  appropriate  physiological 
responses. In addition, the GI tract communicates with associ-
ated organs (e.g., pancreas,  liver) such that when events occur 
in the more proximal GI tract, signals are sent to the more distal 
parts,  and  vice  versa.  For  example,  the  arrival  of  food  in  the 
stomach stimulates a colonic contractile response that is medi-
ated  through  the  vagus  nerve;  and  arrival  of  nutrients  in  the 
ileum activates neurohormonal mechanisms that inhibit several 
upper  GI  functions  such  as  gastric  emptying  and  pancreatic 
exocrine secretion, collectively  termed  the “ileal brake.” Three 
principal control mechanisms regulate GI function: endocrine, 
paracrine, and neural (Figure 12.1).

Endocrine regulation
Endocrine regulation describes the process whereby the sensing 
cells  in  the  GI  tract,  the  enteroendocrine  cells,  respond  to  a 
stimulus  and  secrete  regulatory  peptides  or  hormones  that 
travel  by  way  of  the  bloodstream  to  target  cells.  Effector  cells 
respond to the hormones via their expression of specific recep-
tors. Hormones released from the GI tract have effects on cells 
located in other regions of the GI tract and also on the glandular 

Figure 12.1 Three principal types of control mechanism regulate the function of the gastrointestinal tract: paracrine, endocrine, and neurocrine 
(neural). Examples of paracrine mechanisms are numerous. The target cell is shown as being adjacent to the sensor cell. However, paracrine 
mechanisms may be mediated over tens or hundreds of micrometers and may involve many different cell types, including epithelial cells, endocrine 
cells, nerve terminals, and smooth muscle. Source: Undergraduate Teaching Program of the American Gastroenterological Association, 1996.
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central nervous system (CNS), which drives reflexes to change 
secretory and motor function in the GI tract. The afferent inner-
vation is also responsible for transmitting painful stimuli to the 
CNS.

Enteric nervous system
The enteric nervous system comprises two major plexuses con-
sisting of cell bodies (ganglia) and interconnecting strands that 
contain  nerve  fibers.  The  myenteric  plexus  lies  between  the 
longitudinal  and  circular  muscle  layers  and  the  submucosal 
plexus lies in the submucosa.

Neurons in the enteric nervous system are characterized by 
their function and also by the neurotransmitters they contain. 
The enteric nervous system contains the components of a reflex 
pathway (afferent neurons, interneurons, efferent neurons) and 
thus is capable of functioning in the absence of input from the 
CNS. However, enteric nervous system function is often modu-
lated by the CNS through the extrinsic nervous system.

Many  peptides  and  amines  have  been  identified  in  the 
neurons of  the enteric nervous system, where they may act as 
neurotransmitters, and in regions of the brain, where they may 
be involved in the regulation of autonomic outflow. These medi-
ators and regulatory peptides are thus referred to as brain–gut 
peptides and the extrinsic and intrinsic components innervat-
ing the gut are sometimes referred to as the brain–gut axis.

Regulation of food intake by the 
gastrointestinal tract

Multiple complex signals from metabolically active tissues and 
the CNS contribute to the long-term regulation of body weight 
(Figure 12.2). In addition, signals derived from the presence of 
food  in  the  GI  tract  regulate  food  intake,  particularly  in  the 
short  term.  Perfusion  of  the  intestine  with  single  or  multiple 
macronutrients, or mixtures thereof, results in the inhibition of 
food  intake and  intestinal  feedback regulation of GI  function. 
These observations have led to the referred presence of nutrient 
sensors in the GI tract. Vagal afferents innervating the proximal 
GI  tract  are  activated  by  the  presence  of  luminal  nutrients, 
leading to the activation of CNS pathways involved in the regu-
lation of food intake, including the nucleus of the solitary tract 
(the  region  in  the  brainstem  where  vagal  afferents  terminate) 
and the arcuate nucleus of hypothalamus.

Humoral  factors are also  involved  in  the regulation of  food 
intake.  Many  GI  hormones  are  termed  satiety  signals.  These 
signals are characterized by their release from enteroendocrine 
cells when nutrients are in the GI tract, and by observations that 
exogenous  injection  in  experimental  animals  and  humans  of 
these hormones,  including CCK, GLP-1, and PYY, produces a 
decrease  in  food  intake.  Conversely,  ghrelin  which  is  released 
from the  fundus of  the stomach during a meal  is an appetite-
stimulating hormone.

which may be  inactivated at pH <  4. Motilin  is present  in M 
cells and regulates gastrointestinal motility.

Paracrine regulation
Paracrine regulation describes the process whereby a chemical 
messenger or  regulatory peptide  is  released  from enteroendo-
crine  cells  and  diffuses  through  the  interstitial  space  to  reach 
target cells. Paracrine agents exert their actions on several dif-
ferent  cell  types  in  the wall of  the GI  tract,  including  smooth 
muscle  cells,  absorptive  enterocytes,  secretory  cells  in  glands, 
and  other  enteroendocrine  cells.  Histamine  is  an  important 
paracrine mediator  in  the gut wall.  In  the stomach, histamine 
is stored and released by enterochromaffin-like cells located in 
the gastric glands, and acts by diffusing through the interstitial 
space  of  the  lamina  propria  to  neighboring  parietal  cells  to 
stimulate the production of hydrochloric acid. Somatostatin is 
also an important paracrine mediator. Released from the antral 
mucosa in response to acid, somatostatin inhibits the release of 
gastrin  from  neighboring  gastrin-containing  endocrine  cells, 
which results  in the  inhibition of meal-stimulated gastric acid 
secretion.

Neural regulation (see Chapters 14 and 15)
The  functions  of  the  GI  tract  are  controlled  by  activity  in  the 
extrinsic and  intrinsic nervous systems. The extrinsic nervous 
system, defined as those nerves that innervate the gut with cell 
bodies located outside of the gut wall, is part of the autonomic 
nervous  system.  The  GI  tract  is  innervated  by  both  the  para-
sympathetic  and  sympathetic  subdivisions  of  the  autonomic 
nervous system. The parasympathetic innervation to the gut is 
through  the  vagus  and  the  pelvic  nerves.  The  vagus  nerve 
(cranial nerve X) innervates the esophagus, stomach, gallblad-
der, pancreas, small intestine, cecum, and proximal colon. The 
pelvic  nerves  innervate  the  distal  colon  and  anorectal  region. 
The  sympathetic  innervation  is  supplied  by  cell  bodies  in  the 
spinal  cord  (thoracic  segments  5–12)  and  by  preganglionic 
fibers  that  terminate  in  the  prevertebral  ganglia  (i.e.,  celiac, 
superior,  and  inferior mesenteric ganglia). The postganglionic 
neurons innervate all parts of the GI tract.

The intrinsic nervous system, also referred to as the enteric 
nervous  system,  has  cell  bodies  that  are  contained  within  the 
wall of the gut in the submucosal plexus and myenteric plexus. 
The  intrinsic  nervous  system  mediates  both  the  afferent  and 
efferent functions of the extrinsic nervous system through syn-
apses located at these plexuses in the gut wall.

Regarding the afferent (sensory) innervation of the GI tract, 
the cell bodies of the vagal afferents are in the nodose ganglion 
with their central projection terminating in the brainstem and 
their distal projection going to the gut wall. The cell bodies of 
the afferent neurons that run with the sympathetic pathway are 
in the dorsal root ganglia. The peripheral terminals of the spinal 
and vagal afferents are located in all layers of the gut wall, where 
they  detect  chemical  and  mechanical  stimuli  via  the  intrinsic 
nervous  system.  The  afferent  nerves  send  information  to  the 
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GLP-1 receptor  in humans and experimental animals  leads  to 
decreased food intake. The site of action is thought to be directly 
on the arcuate nucleus of the hypothalamus, an area of the brain 
involved in the integration of short- and long-term (metabolic) 
satiety signals (see Chapters 28 and 29).

Peptide YY plays a role in the physiological regulation of food 
intake and body weight. Plasma  levels of PYY increase after a 
meal, and the hormone is converted rapidly from PYY1-36 to 
PYY3-36 by the enzyme dipeptidyl peptidase IV. PYY3-36 acts 
as  specific  agonist  for  the  PYY  Y2  receptor  and  is  the  most 
potent form of the peptide to inhibit food intake. It is likely that 
PYY acts on vagal afferent pathways and by direct effect on the 
hypothalamus.

Ghrelin is secreted by endocrine cells in the stomach and is 
an unusual GI regulatory peptide because, in contrast to those 
already  discussed,  it  increases  food  intake  rapidly  and  tran-
siently  after  exogenous  administration.  Circulating  levels  of 
ghrelin  decrease  with  feeding  and  increase  during  the  fasting 
period, suggesting that it acts to increase appetite. Interestingly, 
circulating levels of ghrelin are low after gastric bypass surgery, 
an effect that has been associated with the effectiveness of this 
procedure in reducing body weight.

After vagal stimulation has initiated gastric enzyme and pan-
creatic exocrine secretion, nutrients undergo digestion; protein 
hydrolysates and free fatty acids in the intestinal lumen stimu-
late CCK release from the enteroendocrine cells and this acti-
vates  further  pancreatic  exocrine  secretion  to  enhance  the 
digestion of macronutrients in food. In addition, CCK induces 
satiation.  Exogenous  administration  of  CCK  to  humans  and 
experimental animals has determined  that CCK  inhibits meal 
size  by  activating  CCK1  receptors.  These  receptors  are  most 
likely  localized  to  the  peripheral  terminals  of  vagal  afferent 
fibers  innervating  the  submucosal  plexus  of  the  duodenum. 
However, although  it  is  clear  that CCK can  inhibit  the  size of 
subsequent meals (and therefore it influences satiety), the role 
of CCK in the long-term regulation of food intake is uncertain. 
CCK1  receptor  null  mice  maintain  normal  body  weight  when 
fed ad libitum suggesting that longer term satiety signals domi-
nate weight control.

GLP-1 is a product of the proglucagon gene that is secreted 
from L cells in the distal small intestine in response to glucose 
and fatty acids and is proposed to partially regulate appetite and 
energy intake. Plasma levels of GLP-1 in humans increase after 
a meal. Exogenous administration of GLP-1 or agonists of the 

Figure 12.2 Many signaling systems regulate food intake. This graphic presents an overview of inputs from the central nervous system and from 
peripheral tissues such as adipose tissue (leptin) and metabolic tissue (endocrine pancreas with signals insulin and pancreatic polypeptide [PP]).  
CCK, cholecystokinin; DVC, dorsal vagal complex; GIP, gastric inhibitory polypeptide; GLP-1, glucagon-like peptide-1; OXM, oxyntomodulin;  
PYY, peptide YY.

Meal timing

Meal size

Energy expenditure

Reproductive

 competence

Hedonic inputs

Visfatin
Adiponectin

Resistin

Incretin
action

CCK
Leptin

Insulin

PP
Amylin

Ghrelin

Hypothalamus

DVC

Adipose tissue

Pancreas

Nutrient
receptors
Stretch

receptors

Vagal
afferents

Chemosensors
PYY3-36

OXM

GLP-1

GIP



Integrative responses of the gastrointestinal tract, pancreas, and liver to a meal CHAPTER 12      189

of  nutrients  and  NaCl.  This  is  the  basis  of  oral  rehydration 
therapies in acute infectious diarrhea (see Chapter 41).

This  discussion  shows  that  absorption  can  be  regulated  by 
luminal factors, including nutrients. Luminal contents can also 
regulate secretion. An example is salivary secretion stimulated 
by food in the mouth. In addition, the meal and nutrients in the 
meal can activate gastric, biliary, and pancreatic water secretion. 
The mechanisms that regulate each are specific to the organ and 
involve both neural and humoral pathways as briefly described 
in  the present chapter and  in more detail  in other chapters  in 
this textbook.

Cephalic and oral phases of a meal
The main feature of the cephalic and oral phases is the activation 
of  the  GI  tract  in  readiness  for  the  delivery  of  the  meal.  The 
cephalic  phase  consists  of  responses  to  auditory,  cognitive, 
visual, and olfactory stimuli induced by the meal. The oral phase 

Role of water
Water is necessary for the digestion and absorption of nutrients 
and for the elimination of wastes. Water provides a fluid envi-
ronment  for  the  movement  of  luminal  contents,  a  solvent  for 
digestive  enzyme  action,  and  a  medium  to  deliver  solute  to 
absorptive surfaces.

The daily input of water into the GI tract is about 9.0 L/day, 
which  comprises  2 L  oral  intake,  1.5 L  salivary  secretion,  2.5 L 
gastric  juice,  0.5 L  bile,  1.5 L  pancreatic  juice,  and  1.0 L  small 
intestinal secretion. The daily intestinal content of water enter-
ing the colon is 1.5–2.0 L, whereas fecal output consists of only 
0.1–0.2 L water. Thus, the distal small intestine and colon reab-
sorb almost all the water delivered to them.

Electrolytes play a central  role  in  the mechanisms of  secre-
tion  and  absorption  of  water.  For  example,  electrolytes  are 
secreted  or  absorbed  across  the  epithelium  of  the  GI  tract  
by  ion  transport  systems.  The  actively  transported  ions  then 
cause  water  to  move  so  that  iso-osmolality  is  maintained 
between the intestinal lumen and blood. Another result of the 
transport of a particular ion across the epithelium is that other 
ions with the opposite charge flow passively and paracellularly 
along with water through the paracellular spaces between epi-
thelial cells.

In each organ, specific combinations of ion transport systems 
mediate  the  secretion  or  absorption  of  ions  and  water,  thus 
providing the overall effect of  that organ on water flow in  the 
GI tract. Although these systems are described in detail in chap-
ters dedicated to specific organs, Figure 12.3 shows the proto-
types of a secretory epithelium (Figure 12.3a) and an absorptive 
epithelium (Figure 12.3b). In the secretory epithelium, activa-
tion of a Cl− channel on the lumenal surface along with activa-
tion of a K+ channel on the basolateral surface of the cell drives 
Cl− across the epithelial cell into the lumen. This effect is pro-
moted by the high intracellular K+ concentration produced by 
the basolateral Na+,K+-adenosine triphosphatase (ATPase) and 
the increased intracellular Cl− concentration resulting from the 
effect  of  the  Na+,K+-ATPase  on  facilitating  the  movement  of 
Cl− into the cell using the Na+/K+/Cl− cotransport system. The 
end result is that Cl− is transported into the lumen. The electri-
cal  and  osmotic  effects  of  this  transport  are  the  subsequent 
movement of Na+ and water through the paracellular space into 
the lumen. The net result is water and NaCl secretion.

An  example  of  absorptive  transport  is  provided  in  Figure 
12.3b.  The  Na+/glucose  cotransport  on  the  luminal  surface 
results  in absorption of  the  ion Na+  and  the nutrient glucose. 
This transport is also facilitated by the Na+,K+-ATPase, which 
pumps out sodium ions  through the basolateral membrane of 
the enterocyte. The resulting electrical and osmotic effects of the 
transport of both Na+ and glucose cause the additional absorp-
tion of Cl− and water across the epithelium. Of note, much of 
the water-absorptive process in the small intestine is coupled to 
nutrient transport. That is, sugars, amino acids, and fatty acids 
are absorbed using Na+-coupled transport systems, accounting 
for more  rapid absorption of  liquids containing combinations 

Figure 12.3 Transports of intestinal secretory (a) and absorptive (b) cells. 
ATP, adenosine triphosphate.
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Neural pathways regulate salivary secretions during both the 
cephalic and oral phases. For example, sensory input from sight, 
smell, and taste are passed to the CNS and the salivary secretion 
is  mediated  by  parasympathetic  effector  neurons  carried  by 
cranial nerve VII (facial nerve).

Neural sensory input during the cephalic and oral phases to 
the  CNS  also  result  in  many  other  gastrointestinal  responses. 
The  pathways  for  these  responses  are  carried  by  parasympa-
thetic  effector  neurons  in  cranial  nerve  X  (vagus  nerve).  For 
example,  in  the  stomach,  vagal  efferent  activity  results  in  the 
stimulation  of  chief  cells,  enterochromaffin-like  cells,  parietal 
cells, and G cells in the stomach; these responses are mediated 
through  vagal  efferents  interacting  with  the  gastric  enteric 
neurons (Figure 12.4). The result is secretion of fluid, acid, and 
the  protease  pepsin  before  the  meal  actually  arrives  in  the 
stomach.  These  mechanisms  ensure  the  rapid  initiation  of 
protein digestion by gastric pepsin as food enters the stomach. 
Concomitant  acid  secretion  drives  the  pH  in  the  stomach 
toward the pH optimum of pepsin which is <2.

Gastric phase of a meal
The presence of food in the stomach initiates several responses 
within the stomach itself and in other parts of the GI tract. The 
main  functions  of  the  stomach,  among  many,  are  to  act  as  a 
temporary reservoir for the meal and to initiate protein diges-
tion through the secretion of fluid, acid, and the enzyme precur-
sor pepsinogen. As food enters the stomach from the esophagus 
it presents two principal stimuli:  (1) a mechanical stimulation 
of  the  gastric  wall  caused  by  distension  and  stretch  of  the 
smooth muscle wall; and (2) a chemical stimulation caused by 
oligopeptides  and  amino  acids  (products  of  peptic  digestion 
initiated by the vagal stimulation in the cephalic phase) in the 
gastric lumen.

includes stimuli initiated in the mouth, which are both chemical 
and  mechanical.  The  effector  responses  are  mediated  through 
various higher brain centers (many involved in cognition) and 
ultimately  converge  on  the  brainstem  to  increase  parasympa-
thetic outflow  to  the gut. This outflow activates  secretory and 
motor  responses  including  salivary,  gastric,  and  pancreatic 
secretion; gallbladder contraction and relaxation of the sphinc-
ter  of  Oddi;  and  relaxation  of  smooth  muscle  activity  in  the 
proximal stomach. These responses supply the gut with water, 
ions, digestive enzymes, and bile necessary to initiate digestion 
as the reservoir function of the stomach prepares for acceptance 
of the meal.

During  the  cephalic  and  oral  phases  there  is  secretion  of 
saliva which has several functions which are listed in Box 12.1. 
Chewing,  an  important  component  of  the  oral  phase  of  the 
processing of  the meal,  subdivides  the  food and mixes  it with 
salivary  secretions.  Digestion  starts  in  the  mouth  with  the 
action of salivary amylase and lingual lipase. Mucus in the saliva 
lubricates the food promoting both chewing and swallowing.

Box 12.1 Functions of chewing and salivary secretion.

Disruption of food resulting in smaller particles
Formation of a lubricated bolus for swallowing
Initiation of starch and lipid digestion
Facilitation of taste
Cleansing of mouth and provision of antibacterial action
Clearance and neutralization of refluxed gastric material  

in the esophagus
Regulation of gastric and duodenal phases
Regulation of food intake and eating behavior

Figure 12.4 Stimulation of gastric acid secretion by increased parasympathetic outflow is effectively amplified by intrinsic neuronal circuitry in the 
gastric wall. Vagal efferents synapse with intrinsic cholinergic neurons and with neurons containing gastrin-releasing peptide (GRP). Activation of these 
intrinisic neurons stimulates a number of cell types in the gastric mucosa. Neurocrine (GRP and acetylcholine [Ach]), paracrine (histamine), and 
endocrine (gastrin) pathways all contribute to this response. ECL, enterochromaffin-like cell; G cell, gastrin cell. Source: Undergraduate Teaching 
Program of the American Gastroenterological Association, 1996.
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The  gastric  phase  also  includes  the  activation  of  functions 
that  are  critical  for  the  integrated  response  to  meal  ingestion, 
including  pancreatic  secretion,  gallbladder  contraction,  and 
relaxation of the sphincter of Oddi. These effects are mediated 
by  the  same  vagal  reflex  afferent  and  efferent  pathway  system 
that regulates gastric responses. Stretch of the stomach not only 
leads to gastric responses but other digestive organ responses as 
well. These effects prepare the intestinal lumen for the digestive 
actions  needed  after  the  emptying  of  food  from  the  stomach 
into the intestine.

Duodenal signals regulating gastric, pancreatic, 
and hepatic functions
The  duodenum  and  proximal  small  intestine  initiate  several 
regulatory  systems  that  mediate  the  controlled  delivery  of 
chyme from the stomach and the secretion of pancreatic  juice 
and  bile  into  the  duodenum  to  accomplish  the  digestive  and 
absorptive of nutrients in the intestine (Box 12.3). The combina-
tion of organs regulated during this phase has been termed the 
duodenal cluster unit: stomach, duodenum, liver, biliary tract, 
gallbladder, and pancreas. Luminal stimuli activate neural and 
endocrine pathways  to mediate  the responses of  these organs. 
The different organ systems in the duodenal cluster unit have a 
common  embryological  origin  and  are  regulated  by  similar 
sensory mechanisms and effector pathways. The gastric phase 
of the response to a meal provides some of the stimuli for the 
duodenal phase. For example, the products of gastric lipid and 
protein digestion are potent stimulants of regulation in the duo-
denum.  The  important  duodenal  stimuli  are  distension,  acid, 
osmotic  load,  and  different  nutrients.  The  sensory  pathways 
consist  of  spinal  and  vagal  afferents  and  intrinsic  sensory 
neurons that initiate reflex pathways. Hormonal pathways, espe-
cially those mediated by CCK and secretin, are of central impor-
tance  (Figure  12.5).  Of  note,  the  effector  systems  regulated 
include  inhibition  of  gastric  emptying  and  secretion,  stimula-
tion  of  pancreatic  exocrine  secretion,  gallbladder  contraction, 
relaxation of the sphincter of Oddi, pancreatic and biliary water 
and bicarbonate secretion, intestinal secretion, and the conver-
sion of small bowel motility from the fasted to fed pattern.

Gastric emptying depends on the chemical and physical com-
position of the gastric contents (i.e., chyme) entering the duo-
denum.  Sensory  neurons,  both  vagal  and  spinal,  respond  to 

The  reservoir  function  of  the  stomach  is  mediated  by  both 
the  intrinsic  neuronal  network  in  the  muscular  wall  of  the 
stomach and extrinsic  innervation by  the vagus.  Inhibition of 
proximal stomach motility, that is, receptive relaxation (which 
is  stimulated by deglutition even before  the arrival of  food  in 
the stomach) and the accommodation response (to the presence 
of food in the stomach), allow for this reservoir function. As the 
meal progresses, gastric peristalsis mixes  the meal with secre-
tions and regulates the flow of contents to the distal stomach for 
trituration and further chemical digestion, and ultimately, flow 
out of the stomach.

The  regulation  of  gastric  acid  secretion  during  the  gastric 
phase  is  dependent  on  the  integrated  effects  of  neural,  endo-
crine,  and  paracrine  pathways.  The  neural  input  during  the 
gastric phase is similar to those discussed during the cephalic/
oral phase (Figure 12.4) because stretch of the stomach activates 
both the intrinsic and extrinsic neural pathways. The extrinsic 
input  results  from  vagal  neural  afferent–efferent  reflex  that  is 
activated  by  gastric  stretch.  Neurotransmitters  include  acetyl-
choline  and  gastrin-releasing  peptide  (GRP).  The  endocrine 
pathways include the release of gastrin, which stimulates gastric 
acid secretion from the parietal cell in addition to acetylcholine. 
An important paracrine pathway includes the release of hista-
mine  from  enterochromaffin-like  cells,  which  also  stimulates 
gastric acid secretion from the parietal cell. Another paracrine 
pathway  involves  the  release of  somatostatin  from cells  in  the 
antral  mucosa  which  inhibits  gastric  acid  secretion.  Secretory 
responses  into  the  gastric  lumen  in  addition  to  gastric  acid 
include  pepsinogen  secretion,  and  the  production  of  mucus, 
intrinsic factor, lipase, and bicarbonate (Box 12.2). These secre-
tions initiate protein digestion and protect the gastric mucosa.

Box 12.2 Major functions of the gastric phase of digestion.

Gastric responses

Storage of the meal
Secretion of pepsinogen and lipase to initiate digestion
Secretion of H+ to kill microorganisms and convert pepsinogen 

to active form
Secretion of intrinsic factor to bind vitamin B12 (cobalamin)  

for absorption
Secretion of mucus and bicarbonate for gastric mucosal barrier  

and lubrication
Secretion of water for aqueous suspension of nutrients and  

to make hyposmotic
Mixing secretions with food and reduction of particle size  

(grinding) of the meal
Regulation of emptying of contents into the duodenum

Distal gastrointestinal tract responses

Stimulation of pancreatic secretion
Contraction of the gallbladder
Increased colonic motor activity
Relaxation of the sphincter of Oddi

Box 12.3 Duodenal signal-mediated responses.

Inhibition of gastric acid secretion
Inhibition of gastric emptying
Stimulation of pancreatic enzyme secretion
Stimulation of pancreatic and biliary ductal ion and water secretion
Stimulation of gallbladder contraction
Relaxation of the sphincter of Oddi
Alteration of intestinal motility from the fasted to the fed pattern
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The  physiological  release  of  CCK  in  response  to  a  meal  is 
modulated  by  at  least  two  peptides.  One  is  monitor  peptide, 
secreted by pancreatic acinar cells. In addition, there is at least 
one  intestinal  luminal  CCK-releasing  factor.  The  proposed 
mechanism of action for both of these releasing factors is that 
they are constitutively secreted into the intestinal lumen. In the 
absence of protein or protein products in the intestinal lumen, 
both  factors are efficiently broken down by digestive enzymes 
and thus are not available to stimulate CCK release. However, 
on ingestion of a meal, dietary proteins compete with the releas-
ing factors as substrates for the digestive enzymes. The net effect 
is that the releasing factors escape digestion and become avail-
able  to  stimulate  CCK  secretion  from  endocrine  cells  in  the 
mucosa.

The  most  important  function  of  the  pancreas  in  the  inte-
grated response to a meal is the production, storage, and secre-
tion of digestive enzymes along with fluid and bicarbonate. The 
major control of pancreatic secretion is exerted by efferent fibers 
from the parasympathetic nervous system and by the hormones 
CCK and secretin. As indicated in the previous sections, para-
sympathetic activation of pancreatic secretion occurs during the 
cephalic,  oral,  gastric,  and  duodenal  phases  of  the  meal. 
Secretion during the duodenal phase accounts for about 70% of 
the total response to a meal. In this phase, secretion is activated 
by  the presence of chyme  in  the duodenum through extrinsic 
neural pathways, enteropancreatic neural pathways (i.e., through 
intrinsic  neurons  that  terminate  in  both  the  duodenum  and 
pancreas),  and  endocrine  pathways  (i.e.,  through  CCK  and 
secretin).

nutrients,  H+,  distension,  and  the  hyperosmolality  of  chyme. 
The effector responses that result in the inhibition or slowing of 
gastric  emptying  are  not  completely  understood  but  involve 
activation of vagal efferent outflow, which produces a decrease 
in antral contractions, contraction of the pylorus, and a decrease 
in proximal gastric tone. These feedback effects resulting from 
duodenal signals, together with the gastric motor functions to 
triturate and emptying the meal result in a rate of gastric nutri-
ent delivery to the small intestine matched to the digestive and 
absorptive functions of the pancreatobiliary and intestinal epi-
thelium for efficient digestive and absorption.

The  availability  of  CCK  antagonists  has  contributed  to  the 
appreciation that CCK is physiologically important in regulat-
ing the function of the duodenal cluster unit. The administra-
tion  of  CCK1  receptor  antagonists  reverses  the  inhibition  of 
gastric  emptying,  gallbladder  contraction,  relaxation  of  the 
sphincter of Oddi, and stimulation of pancreatic enzyme secre-
tion  in  response  to  either  a  meal  or  the  infusion  of  nutrients 
into the duodenum. CCK is released from endocrine cells in the 
proximal intestine in response to luminal lipid and protein. The 
action of CCK to inhibit gastric acid secretion and gastric emp-
tying,  and  to  increase  pancreatic  secretion,  is  dependent  on 
neural  pathways  (Figure  12.6).  CCK  stimulates  specific  CCK1 
receptors  on  vagal  afferent  nerve  terminals  in  the  intestinal 
mucosa,  which  results  in  the  activation  of  vagal  reflexes  to 
modify gastric, biliary, and pancreatic function. Thus CCK, long 
thought of as a classic hormone, functions locally as a paracrine 
effector  to  stimulate  afferent  neurons,  leading  to  activation  of 
reflex neural responses.

Figure 12.5 Diagrammatic representation of the duodenal cluster unit illustrates the control mechanisms and pathways involved in intestinal feedback 
regulation during the duodenal phase. The nutrient content and osmolality of the meal are sensed (represented as a meter) and activate predominantly 
neural pathways involving cholecystokinin (CCK) to open or close various stopcocks to increase pancreatic secretion or delay gastric emptying, for 
example. The acidity of the meal is sensed and activates the release of secretin and neural pathways to increase bicarbonate secretion from the pancreas, 
biliary tract, and probably also from the duodenal wall. The contents of the duodenum are mixed with the secretions by the segmenting contractions of 
the smooth muscle wall, represented as a stirring bar and magnetic stirrer. Source: Undergraduate Teaching Program of the American 
Gastroenterological Association, 1996.
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culation and then are secreted back into the biliary system and 
stored in the gallbladder, ready for secretion into the intestine 
during  the  next  meal.  This  cycling  of  bile  acids  is  termed  the 
enterohepatic  circulation.  Bile  acids  have  multiple  important 
functions  in  the  process  of  digestion  and  absorption  of  lipids 
and  fat-soluble  vitamins.  They  accomplish  these  functions  in 
part by possessing polar (hydrophilic) and nonpolar (hydropho-
bic) regions that allow them to interface between aqueous and 
lipid environments. Thus, bile acids are involved in the forma-
tion  of  emulsions  and  micelles  to  enhance  the  digestion  and 
absorption of fat in the meal.

The  highly  regulated  duodenal  phase  is  responsible  for  the 
addition of water, ions, enzymes, bile acids, and other secretions 
to the meal in proportions that result in an optimal environment 
for  the  digestion  of  nutrients.  The  process  of  digestion  in  the 
intestinal  lumen  is  facilitated  further by  the  induction of pat-
terns of motility in the duodenum that promote the mixing of 
intestinal contents with digestive enzymes.

During  the  intervals  between  meals  (interdigestive  period), 
motility  of  the  GI  tract  is  characterized  by  periods  of  intense 
contractions  and  periods  of  quiescence.  In  humans,  these 
periods  cycle  at  about  once  per  1.5 h.  The  sequential  contrac-
tions  migrate  aborally  (i.e.,  toward  the  anus)  and  have  been 
termed the migrating motor complex (MMC). This complex of 
migrating contractions starts in the stomach and moves through 
the intestine and into the colon, sweeping undigested material 
and contents through the GI tract in the interdigestive period. 
Initiation of the MMC is dependent on the integrity of the vagal 
innervation,  which  serves  to  release  the  hormone  motilin, 
which  in  turn activates  the MMC. Food  in  the  intestine abol-
ishes the MMC and changes intestinal motility from this inter-
digestive pattern to a fed pattern of motility.

As the meal enters the duodenum, it  is acidic and hyperos-
motic; however, by the time it leaves the duodenum, it has a pH 
that is close to neutral and is isosmotic. These changes, which 
are necessary for optimal digestive enzyme activity, are achieved 
by the secretion of large volumes of water and bicarbonate ions 
by the pancreatic and biliary systems and the intestinal mucosa, 
as well as by the regulation of gastric motility and secretion, as 
previously  described.  The  alkaline  secretions  are  regulated 
mainly by the release of secretin from the S cells in the duodenal 
mucosa. Acting as a hormone, secretin increases water secretion 
with high concentrations of sodium bicarbonate from the pan-
creatic and biliary ductal systems.

Contraction of the gallbladder and relaxation of the sphincter 
of Oddi result  in the addition of biliary secretion to the meal. 
During the cephalic, oral, and gastric phases, parasympathetic 
efferent nerves mediate  these  responses. During  the duodenal 
phase, CCK acting either alone or through a vagal reflex pathway 
has a pronounced effect on the delivery of bile to the duodenum. 
Bile is composed of both inorganic and organic constituents. As 
previously  indicated,  the  inorganic  constituents  (e.g.,  water, 
bicarbonate  ions,  and  other  electrolytes)  assist  in  converting 
gastric  chyme  into  a  neutral  isosmotic  solution.  The  major 
organic constituents of bile are conjugated bile acids, phospholi-
pids, cholesterol, and bilirubin. Both bile acids and phospholi-
pids  are  essential  in  maintaining  cholesterol  in  a  soluble  state 
and thereby preventing the formation of gallstones. Conjugated 
bile acids remain in the lumen during transit through the entire 
small intestine and are taken up by a receptor-mediated trans-
port  system  (ileal  bile  acid  transporter  or  apical,  sodium-
dependent  bile  acid  transporter)  in  the  terminal  ileum  that 
reabsorbs  95%  of  the  bile  acids  in  the  lumen  in  health.  The 
conjugated bile acids return to the liver through the portal cir-

Figure 12.6 Cholecystokinin (CCK) acts predominantly by way of a vagal afferent pathway to integrate intestinal feedback regulation of the duodenal 
phase of the meal. Source: Undergraduate Teaching Program of the American Gastroenterological Association, 1996.
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secretions) and on the brush border of the surface of the intes-
tinal mucosa. Examples of luminal and surface digestive systems 
are listed in Box 12.4.

Absorption  is  the process by which molecules produced by 
luminal  surface  digestion  are  transported  into  epithelial  cells 
and then carried into the blood or lymph. The duodenum and 
jejunum have the highest absorptive capacities; most absorption 
occurs in the upper small intestine, although some occurs in the 
ileum.  Molecules  are  absorbed  by  two  principal  mechanisms: 
transcellular (i.e., passing through enterocytes) and paracellular 
(i.e.,  passing  between  enterocytes).  Monosaccharides,  amino 
acids,  electrolytes,  minerals,  and  water-soluble  vitamins  enter 
the portal  circulation and pass  through  the  liver  into  the  sys-
temic  circulation.  Lipids  and  fat-soluble  vitamins  and  choles-
terol  esters  (together  with  lipophilic  drugs)  enter  the  lymph, 
which drains into the systemic circulation. Examples of mucosal 
absorptive systems are listed in Box 12.5.

Colonic phase of a meal

The colonic phase is important for the further reabsorption of 
water  and  ions  and  for  the  storage  and  elimination  of  waste 
products. The cecum and ascending colon receive about 1.5 to 
2 L  of  ileal  effluent  daily.  Absorptive  transport  mechanisms 

Nutrient digestion and absorption systems 
in the small intestine

The  small  intestine  is  divided  into  three  functional  regions: 
duodenum, jejunum, and ileum. The jejunum is the major organ 
for intraluminal and surface digestion and absorption of nutri-
ents.  In  addition,  a  significant  amount  of  water  and  ions  are 
secreted and absorbed in the jejunum to facilitate digestion and 
absorption. The ileum provides another site for absorption and 
has two unique absorptive roles. One is the absorption of con-
jugated bile acids for reuse after they have traversed the length 
of the small intestine and have participated in fat digestion and 
absorption (enterohepatic circulation). The other is the absorp-
tion  of  cobalamin  (vitamin  B12)  bound  to  intrinsic  factor, 
which  is  secreted  by  the  gastric  parietal  cells.  The  ileum  also 
releases hormones that have important functions in the gut. For 
example,  GLP-1  and  PYY  secretion  from  L  cells  in  the  ileum 
regulate metabolism, upper GI tract activity and food intake as 
discussed above. The ileocecal valve prevents the large reservoir 
of colonic bacteria from entering the small intestine.

Three characteristics of the small intestine make it especially 
well adapted  for  its critical  role  in nutrient assimilation. First, 
the small intestine has an enormous surface area as a result of 
folds in the mucosa, villi on the mucosa, and microvilli on the 
epithelial cells. Second, the blood flow to the intestine markedly 
increases with a meal to facilitate the transport of nutrients; it 
can  account  for  up  to  25%  of  cardiac  output  during  a  meal. 
Third,  the  enteric  nervous  system  is  highly  developed  in  the 
small intestine, enabling this region of the GI tract to function 
independently of the extrinsic innervation.

The main responses initiated in the small intestinal phase are 
alterations  in  intestinal  motility  patterns,  intestinal  secretion, 
and blood flow, as well as regulation of tight junction permeabil-
ity. The small  intestine exhibits two motor patterns: peristalsis 
and segmentation. Both of these motility patterns are generated 
by  the  enteric  nervous  system  and  are  independent  of  the 
extrinsic nervous system. Peristalsis is characterized by a wave 
of relaxation followed by a ring of contraction that develops at 
a point and moves aborally over variable distances. Peristalsis is 
the primary mechanism by which contents are moved along the 
intestine  in  the  interdigestive  period.  Segmentation  is  charac-
teristic  of  the  fed  state  and  is  the  process  by  which  rings  of 
contraction  develop  at  uniform  intervals,  dividing  the  lumen 
into  segments.  Segmentation  is  the  primary  mechanism  by 
which  the  contents  of  the  intestine  are  mixed  with  secretions 
and moved across the mucosa to enhance absorption. Another 
major effect of segmentation is  to slow the transit of  the meal 
in the small intestine to further enhance absorption.

The major changes in the chemical and physical characteris-
tics  of  food,  as  well  as  the  absorption  of  nutrients,  trace  ele-
ments, vitamins, water, and ions, occur in the intestinal phase 
of digestion. Hydrolysis of proteins and carbohydrates and the 
solubilization and hydrolysis of fats are catalyzed by enzymes in 
the  intestinal  lumen  (from  salivary,  gastric,  and  pancreatic 

Box 12.4 Digestive enzymes of the lumen and mucosal surface.

Intralumenal

Salivary amylase
Gastric pepsin and lipase
Pancreatic amylase, lipase, phospholipase, cholesterol esterase, trypsin, 

chymotrypsin, elastase, carboxypeptidase A, carboxypeptidase B, 
DNase, RNase

Mucosal surface

Lactase, sucrase, isomaltase
Amino-oligopeptidase, aminopeptidase A, dipeptidase, dipeptidyl 

aminopeptidase, carboxypeptidase P, γ-glutamyltransferase, folate 
conjugase

Box 12.5 Mucosal absorptive transporters.

Na+-glucose/galactose cotransporter (SGLT1), fructose transporter 
(GLUT5)

Neutral amino acid transporter (NBB system); PHE system for 
phenylalanine and methionine; IMINO system for imino amino acids, 
proline and hydroxyproline; basic amino acid transporter, acidic 
amino acid transporter

Na+-dependent transporters for folate, thiamine, riboflavin, 
pantothenic acid, biotin

Na+-dependent conjugated bile acid transporter (ASBT) in the ileum
Cobalamin–intrinsic factor receptor in the ileum

ASBT, apical sodium-dependent bile acid transporter; GLUT, glucose 
transporter; IMINO, IMINO acids; NBB, neutral brush border; PHE, 
phenylalanine; SGLT, sodium–glucose linked transporter.
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bolic  state,  such  that  the  transition  from  the  fed  to  the  fasted 
state can be explained by a reduction in the ratio of insulin to 
glucagon in the blood.

Fed state
Extrinsic nutrients enter the bloodstream from the gut while a 
meal is digested and absorbed. Nutrients not needed for imme-
diate  energy  needs  are  stored  in  liver,  adipose,  and  skeletal 
muscle. Insulin secretion during the meal promotes conversion 
of a significant portion of nutrient absorbed as glucose to gly-
cogen in the liver; and to fatty acids and glycerol for synthesis 
of and storage as triglyceride in liver and adipose tissue. Glucose 
that  reaches  the  skeletal  muscle  is  converted  to  glycogen  to 
replete muscle energy stores. Ingested amino acids are taken up 
by all of  the body’s  tissues and organs,  including  the  liver,  for 
use  in protein synthesis. However, excess amino acids are not 
stored as protein but are converted by the liver to α-keto acids, 
which are converted to  fatty acids  for storage as  fat. Thus,  the 
net synthesis of protein during the fed state simply replenishes 
the protein degraded during the fasted state, except in growing 
children and vigorously exercising adults. The lipid contents of 
a meal are transported to the circulation through the lymphatics 
in the form of triglyceride. Lipoprotein lipases in the endothe-
lium  hydrolyze  the  ingested  triglyceride  into  fatty  acids  and 
glycerol, which are a source of energy for tissues, and the adi-
pocytes store the excess as fat.

reduce  the  volume  to  about  200 mL/day.  The  transverse, 
descending, and sigmoid portions of the colon store fecal mate-
rial and transport the material to the rectum. The rectum signals 
the defecation reflex.  In addition,  fermentation of meal nutri-
ents  by  colonic  bacterial  flora  of  the  colon  leads  to  multiple 
metabolites such as short-chain fatty acids, and dehydroxylated 
or  secondary  bile  acids  that  are  increasingly  associated  with 
physiological  functions  in  the  colon  such  as  stimulation  of 
colonic water secretion and contractility.

The stimuli  induced in the colon are both mechanical (e.g., 
rectal distension) and chemical (e.g., free fatty acids). Extrinsic 
and intrinsic neural pathways mediate the motility responses of 
the  colon  and  the  defecation  response.  Hormonal  pathways 
affecting other parts of the GI tract may also be activated in the 
colon.  For  example,  PYY  may  be  released  from  the  colonic 
mucosa  if  the  fat  content  of  the  meal  is  high  and  not  all  is 
absorbed  by  passage  through  the  small  intestine  or  through 
bacterial metabolic products. PYY, in turn, slows gastric empty-
ing and transit of the meal through the small intestine, resulting 
in  increased  fat  digestion  and  absorption.  Further,  PYY 
decreases food intake through its regulatory effect on satiety.

The effectors in the colonic phase of the integrated response 
to  the  meal  are  both  motor  and  secretory.  The  colon  exhibits 
both storage motor patterns (i.e., changes in tone) and propul-
sive motor patterns (i.e., phasic contractions). Rectal distension 
initiates  the  defecation  reflex.  This  response  consists  of  both 
involuntary and voluntary components. Propulsive motility  in 
the descending colon and rectum is increased to move the feces 
to  the  anus,  where  relaxation  of  internal  and  external  anal 
sphincters facilitates elimination.

Regulation of nutrient storage and release: 
roles of the endocrine pancreas and liver

An essential function of the endocrine pancreas and liver is to 
coordinate the distribution of vital metabolic substrates to the 
tissues of the body. These organs must perform this task during 
both the fed state, when nutrients ingested during a meal enter 
the circulatory system from the gut, and the fasted state, when 
the gut contains no nutrients (Box 12.6). During the fed state, 
the  body’s  energy  requirements  are  met  by  a  portion  of  the 
ingested nutrients, and any remaining nutrients must be stored 
for  later  use.  Conversely,  during  the  fasted  state,  the  energy 
needs  of  the  tissues  must  be  satisfied  by  metabolic  substrates 
generated from the body’s stores, chiefly the  liver,  the adipose 
tissue and the skeletal muscle. The integrated responses of the 
endocrine pancreas and liver to a meal direct the crucial meta-
bolic transition from the fed to the fasted state and back. These 
responses  are  controlled  by  a  complex  network  of  endocrine, 
paracrine, and neural signals, as well as by the concentration of 
metabolic substrates in the portal blood that feeds the liver and 
pancreas. Insulin and glucagon, hormones produced in the islet 
cells of  the pancreas, are  the principal  regulators of  the meta-

Box 12.6 Major characteristics of the fed and fasted states.

Fed state

Nutrients absorbed from the gut
Energy needs met by using ingested nutrients
Insulin released by the pancreas
Net hepatic glucose uptake
Hepatic glycogen synthesis and storage
Hepatic protein and triglyceride synthesis
Muscle glycogen synthesis and storage
Muscle protein synthesis
Adipose triglyceride storage
Glucose is predominant fuel source

Fasted state

No nutrients in the gut
Energy needs met by using stored fuel
Glucagon released by the pancreas
Net hepatic glucose release
Hepatic glycogenolysis and gluconeogenesis
Hepatic protein and fat catabolism
Muscle glycogenolysis
Muscle protein catabolism
Adipocyte fat catabolism
Enhanced fatty acid utilization by most tissues

Long-term fast

Hepatic ketogenesis
Enhanced ketone utilization by the brain and other tissues
Proportional increase in renal gluconeogenesis
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from  a  variety  of  precursors  (i.e.,  gluconeogenesis),  including 
lactate, pyruvate, amino acids, and glycerol. These glucose pre-
cursors are produced from several extrahepatic metabolic pro-
cesses that are stimulated, e.g., during a prolonged fast or when 
a  muscle  is  exercised,  stored  glycogen  in  skeletal  muscle  is 
hydrolyzed to form lactate and pyruvate. Lipid hydrolysis (i.e., 
lipolysis) in adipocytes is stimulated in the fasted state, resulting 
in the formation of glycerol, as well as fatty acids. As the fasted 
state proceeds, protein mainly located in skeletal muscle is cat-
abolized  to  amino  acids.  These  precursors  are  transported 
through  the  circulation  to  the  liver  where  they  are  converted 
into glucose to help preserve the concentration of glucose in the 

Fasted state
During  the  fasted state  (and  therefore  the absence of nutrient 
absorption from the gut), the liver maintains the concentration 
of  glucose  in  the  blood  by  glycogenolysis.  This  is  imperative 
because, under ordinary circumstances, glucose is the exclusive 
energy  source  for  the  brain  and  erythrocytes.  Blood  glucose 
concentration  is  sustained  by  hepatic  glucose  production  and 
by a  reduction  in glucose use by most  tissues and organs. An 
early event in the fasted state is the hydrolysis of glycogen (i.e., 
glycogenolysis) in the liver into glucose, which is released into 
the circulation. However, hepatic stores of glycogen are limited, 
so that, during prolonged fasts, the liver must synthesize glucose 

Table 12.1 Regulation and function of key hormonal and paracrine regulators of nutrient storage and release.

Peptide Source Stimuli and facilitators Inhibitors Functions

Insulin Pancreatic β cells Glucose α-Adrenergic signals Liver

Other sugars (e.g., mannose) Somatostatin 
(paracrine)

↑ Glycogen synthesis and storage

Amino acids (e.g., leucine, arginine) ↓ Glycogenolysis

Gastrointestinal hormones (e.g., 
glucagon-like peptides, 
cholecystokinin, secretin)
Vagal input
β-Adrenergic signals

↑ Protein and triglyceride synthesis
↑ Very low-density lipoprotein 
production
↓ Gluconeogenesis
↓ Ketogenesis

Muscle

↑ Protein synthesis

↑ Glycogen synthesis and storage

Adipose tissue

↑ Triglyceride storage

↓ Lipolysis

Glucagon Pancreatic α cells ↓ Glucose Glucose Hepatic

Amino acids (e.g., arginine, alanine) Insulin ↑ Glycogenolysis

Somatostatin ↑ Gluconeogenesis

Fatty acids ↑ Ketogenesis

Somatostatin Pancreatic δ cells Glucose Pancreatic

Amino acids (e.g., arginine) ↓ Glucagon release

Gastrointestinal hormones (e.g., 
glucagon-like peptides, 
cholecystokinin, secretin)

Glucose

Lipids

↓ Insulin release

↓ Secretion by the exocrine pancreas

Gastrointestinal

↓ Gastric emptying

↓ Gastric acid and gastrin production

↓ Splanchnic blood flow

Glucagon-like 
peptide-1

Intestinal L cells Pancreatic

↑ Insulin release

Gastrointestinal

↓ Gastric emptying
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blood. Consequently, during the  fasted state,  the  liver  is a site 
of net glucose release.

Gluconeogenesis is capable of supplying less than half of the 
energy necessary for survival. Therefore, the fasted state is also 
characterized  by  a  substantial  reduction  in  glucose  utilization 
by most  tissues and organs of  the body. Glucose generated by 
the liver is spared for use by the CNS. Glucose use is reduced 
by an increase in fat utilization by other tissues. As previously 
discussed, the enhanced lipolysis associated with the fasted state 
produces fatty acids in addition to the glucose precursor, glyc-
erol.  These  fatty  acids  are  released  to  the  systemic  circulation 
where  they  are  used  as  an  energy  source  by  nearly  all  tissues 
except, most notably, the CNS.

During  long-term  fasts  (i.e.,  longer  than  24–48 h),  further 
metabolic  changes  occur  that  facilitate  survival.  The  kidneys, 
which also are capable of performing gluconeogenesis, take on 
an increasingly prominent role in glucose production. In addi-
tion,  the  liver converts acetyl-conenzyme A (CoA), a product 
of  fatty  acid  catabolism,  into  ketones.  These  ketones  are  used  
as  an  energy  source  by  many  tissues,  including  the  brain.  A 
distinct  advantage  of  shifting  the  fuel  source  from  glucose  to 
ketones is that muscle is spared as a source of amino acids for 
gluconeogenesis.

Regulation of the metabolic state

During the fed state, glucose in particular, but also amino acids 
and other sugars in the blood, absorbed from a meal stimulate 
the secretion of insulin from the β cells of the pancreatic islets 
(Table 12.1).  In addition  to  the metabolic  substrates absorbed 
during a meal, gastrointestinal hormones released from intesti-
nal endocrine cells (i.e., GIP and GLP-1), as described earlier, 
facilitate  insulin  secretion.  In  addition,  vagal  neural  pathways 
and  β-adrenergic  stimuli  regulate  insulin  release.  In  contrast, 
somatostatin  and  α-adrenergic  stimuli  inhibit  insulin  release. 
Insulin affects mainly the metabolism of the liver, adipose tissue, 
and  muscle,  which  are  the  primary  sites  of  fuel  storage  and 
release. The hepatic response to insulin is to promote net glucose 
uptake, glycogen synthesis and storage, and protein and triglyc-
eride synthesis. In adipocytes, insulin stimulates the uptake of 

glucose, triglyceride synthesis from glucose, and net triglyceride 
storage.  The  effect  of  insulin  on  muscle  is  to  stimulate  net 
glucose and amino acid uptake and use, glycogen synthesis and 
storage, and protein synthesis.

During  the  fasted  state,  when  there  are  no  nutrients  being 
absorbed from the gut, glucagon secretion is highest. Thus, glu-
cagon release  is mainly stimulated by hypoglycemia, although 
certain amino acids, epinephrine (adrenaline), and sympathetic 
neural activity also stimulate its secretion. Conversely, glucose, 
insulin, somatostatin, and certain fatty acids inhibit secretion of 
glucagon. Glucagon, which acts primarily on the liver, counters 
the  effects  of  insulin  by  stimulating  glycogenolysis,  gluconeo-
genesis, and ketogenesis.

Aside from regulating the secretion of insulin and glucagon, 
catecholamines  and  the  autonomic  nervous  system  directly 
stimulate glycogenolysis by the liver and muscle, gluconeogen-
esis by the liver, and lipolysis by adipocytes. Hypoglycemia leads 
to reflex epinephrine secretion and sympathetic neural activity. 
Although other hormones, such as cortisol and growth hormone, 
modulate  hepatic  metabolism,  they  do  not  play  an  important 
role in the liver’s response to a meal.

Together,  the  regulation  of  storage  and  release  of  nutrients 
allow  for  the continuous provision of metabolic  fuel  for all of 
the tissues of the body despite the fact the intake of meals are 
discontinuous.

References are available at www.yamadagastro.com/textbook

Further reading

Camilleri M. Integrated upper gastrointestinal response to food intake. 
Gastroenterology 2006;131:640.

Hardie  D.G.  Organismal  carbohydrate  and  lipid  homeostasis.  Cold 
Spring Harb Perspect Biol 2012;4:1.

Pandol  S.J.  Integrated  response  to  a  meal.  J  Parenter  Enteral  Nutr 
2008;32:564.

Pandol  S.J.  The  Exocrine  Pancreas.  Colloquium  Series  on  Integrated 
Systems  Physiology:  From  Molecule  to  Function  to  Disease.  San 
Rafael, CA: Morgan & Claypool Life Sciences; 2010.

Raybould H.E. Gut chemosensing: interactions between gut endocrine 
cells and visceral afferents. Auton Neurosci 2010;153:41.

http://www.yamadagastro.com/textbook


Gastrointestinal hormones and receptors

Laurence J. Miller
Mayo Clinic, Scottsdale, AZ, USA

198

CHAPTER 13

Chapter menu

Organization of the gut endocrine system, 199

History of gastrointestinal endocrinology, 201

Hormone secretory cells, 202

Endocrine cell localization and characterization, 202

Biosynthesis and processing of gastrointestinal hormones, 203

Hormone and transmitter molecules, 205

Measurement of hormones, 206

Receptors, 207

Hormone-specific insights, 211

Hormones in gastrointestinal disease, 224

Acknowledgments, 225

Further reading, 225

The gastrointestinal endocrine system represents the largest  
and most complex endocrine organ in the body. Whereas  
traditional endocrine organs are composed of a solid mass of 
hormone-secreting cells that are homogeneous, or at least 
organized with a defined spatial orientation relative to one 
another, the sources of the gastrointestinal regulatory molecules 
are single endocrine cells and peptidergic neurons that are  
scattered along the length of the digestive tract. They all share 
the property of producing and secreting polypeptides. Because 
these hydrophilic molecules cannot cross a lipid bilayer, they 
must interact with other molecules that span the plasma  
membrane of target cells, which can activate the intracellular 
machinery of those cells. These membrane protein targets of 
gastrointestinal hormone action are called receptors. They have 
specialized domains for ligand recognition that are accessible to 
the extracellular space, as well as effector domains for molecular 
interactions or enzymatic activity that are located intracellu-
larly. The diversity and design of the gastrointestinal endocrine 
system also necessitate broadening the basic concept of classical 
endocrinology, which requires that a hormone be delivered to 
its targets by way of the bloodstream. Although the bloodstream 
delivers some gastrointestinal hormones, the gastrointestinal 
endocrine system may also use more direct and focused means 
of transmitter delivery.

The endocrine cells are scattered among the epithelial cells of 
the mucosal lining of the gut and the ductular elements that 
enter the gut. They have an open or closed morphology. 
Endocrine cells with an open morphology are able to sense the 
composition of chyme and intraluminal secretions through pro-
cesses that extend into the lumen. A closed morphology facili-
tates sensing of the interstitial environment [1,2]. Peptidergic 
neurons also exist and are organized into syncytia, which extend 
between and along layers of the mucosa and into the solid diges-
tive organs. These neurons are classified as extrinsic or intrinsic 
depending on the location of their cell bodies. Extrinsic para-
sympathetic innervation comes from the vagus and pelvic 
nerves, whereas sympathetic innervation comes from various 
sympathetic ganglia. The major source of peptidergic nerves is 
intrinsic to the gut and is affected little by sympathectomy or 
vagotomy. Numerous varieties of both endocrine cells and pep-
tidergic neurons exist in the gastrointestinal tract. Each type of 
cell has its own distinct distribution and is able to sense and 
respond to a unique set of stimuli, resulting in the synthesis and 
secretion of a single predominant peptide.

Each hormone or neurotransmitter affects only those target 
cells possessing the appropriate receptors on their surface. This 
area of research has become even more complex and interesting 
in recent years with the realization that receptors can interact 
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crine system must be capable of highly varied programs of 
responses, not only to ensure proper assimilation of the nutri-
ents but also to make eating the pleasurable experience it rep-
resents for most people.

The gastrointestinal endocrine system must be responsive 
both to intraluminal digestive events and to systemic status. The 
combination of open and closed endocrine cells and nerves 
provides sensitivity toward both worlds, recognizing that the 
general health, nutritional status, and metabolic needs of  
the organism can modify the optimal nutritional impact of  
a meal. With each hormone-secreting cell sensitive to its  
local environment, and with each cell strategically located, 
endocrine cells of the same type in two different locations likely 
secrete their peptides at different times, reflecting the dynamic 
changes occurring along the length of the gut after a meal.  
An additional level of control is made possible by the route of 
delivery and the mode of action of the secreted regulatory 
peptide. This can be endocrine, autocrine, neurocrine, or para-
crine (Figure 13.1).

The term endocrine specifically refers to hormonal delivery 
by way of the bloodstream, providing a mechanism to transport 
the hormone to distant sites. If this circulation traverses a spe-
cialized organ, such as the portal circulation through the liver, 
the opportunity exists to extract a particular hormone efficiently 
from the blood, thereby preventing broad systemic distribution. 
This can differentially affect certain molecular forms of the same 
hormone; for example, short molecular forms of cholecystoki-
nin (CCK) are extracted in a single pass through the liver, 
whereas long forms pass through to the systemic circulation [6]. 
Specialized circulatory delivery systems are also relevant to gas-
trointestinal peptides, such as the islet–acinar portal circulation 
that provides high concentrations of peptides to the surround-
ing pancreatic acinar cells [7].

with each other and with additional allosteric modulators to 
change their selectivity and biological responsiveness [3–5]. 
Cells that can be regulated include the vast spectrum of epithe-
lia, smooth muscle cells, and neurons residing at all levels of the 
digestive tract. Responses span the temporal spectrum, from 
rapid and transient to delayed and prolonged. The former 
includes effects on behavior or sensation, secretory or absorp-
tive phenomena, motor events, and metabolic events. The more 
prolonged effects typically involve cellular growth, differentia-
tion, or morphogenesis.

The combination of unique stimuli, limited distribution of 
distinct types of hormone-secreting cells, and exquisite selectiv-
ity of target cells and their responses provides almost unlimited 
opportunities for regulation. This elegant system integrates 
digestive functions at all levels of the gastrointestinal tract, 
thereby optimizing the digestion and absorption of nutrients. 
For all these reasons, the gastrointestinal endocrine system has 
been referred to as the brain of the gut.

Organization of the gut endocrine system

The organization of the gastrointestinal endocrine system is the 
key to its power and flexibility. Acutely regulated gastrointesti-
nal events are dynamic, complex, and interrelated; the ingestion 
of a meal initiates changes in secretion, absorption, and transit 
along the gut and in its associated digestive organs, and the net 
composition of chyme and its rate of delivery vary markedly 
over time and space. More delayed and prolonged effects on the 
differentiation and growth of enteric cells are equally important 
for the optimal digestive responses to an individual’s dietary 
habits and nutritional requirements. Given the diversity in size 
and composition of ingested meals, the gastrointestinal endo-

Figure 13.1 Modes of delivery of gastrointestinal regulatory peptides from endocrine cells and nerves, illustrating endocrine, autocrine, neurocrine, and 
paracrine mechanisms.
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sic to each signaling pathway, and by cross-talk between the 
molecules involved in signaling pathways. Each cell can also 
regulate the receptors it expresses, a phenomenon highly rele-
vant to any understanding of the gastrointestinal endocrine 
system. This regulation can take the form of modification of the 
number of receptors on the cell surface, modification of the 
ability of those receptors to bind ligands or to initiate signaling, 
movement of receptors into different cellular compartments, 
and modification of the total cellular complement of receptors 
by effects on receptor synthesis and degradation [11–13].

A given type of receptor may be present on a wide variety of 
cells of the body, but the secretion of its hormonal agonist may 
affect only a small subset of those cells. This may reflect the 
different limited delivery systems previously discussed. It may 
also reflect a gradient in delivery by diffusion from a point 
source, with potential target cells also expressing different 
numbers of receptors on their surfaces. Receptors on distinct 
cells may be in different states of sensitization or desensitization. 
A certain type of cell may express a receptor differently at each 
stage of its life, depending on cell growth, the stage in the cell 
cycle, and other active metabolic and biochemical processes 
within the cell.

Receptor molecules can also be allosterically modulated by 
interactions with other receptors or with nonreceptor mem-
brane or cytoplasmic proteins (Figure 13.2) [3,5,14,15]. This 
type of interaction has been shown to modify specificity or 
binding affinity, as well as biological responses to agonist 
ligands. It also can modify the duration of action and regulation 
of the receptor. The cellular environment of a receptor is thus 
particularly important.

The gastrointestinal endocrine system represents a system of 
substantial complexity, which is dynamic and responsive to 

Autocrine loops are postulated to exist whereby the peptide 
synthesized by a cell affects that same cell. This may occur after 
secretion into the interstitial space, such that back-diffusion 
allows high local concentrations of peptide to interact with 
receptors on the plasmalemmal surface of the hormone-
secreting cell. Such regulatory loops may even exist within cells. 
Guanine nucleotide-binding proteins (G proteins), which are 
proximal effectors of hormonally stimulated events at the level 
of the plasmalemma, may also reside on secretory granule 
membranes [8].

Neurocrine delivery of peptides usually involves their local 
release adjacent to a target cell bearing relevant receptors [9]. 
Neurons are particularly well suited for this mode of delivery 
because they can have highly specialized long processes that 
terminate adjacent to potential target cells. This mode of deliv-
ery also provides a steep gradient of transmitter concentrations 
from the point of release, thereby limiting the action to receptor-
bearing cells in the region of release.

Paracrine delivery reflects the identical process originating 
within an endocrine cell rather than a peptidergic neuron. These 
cells are also capable of developing specialized processes that 
allow the secretion of a key transmitter in approximation with 
its target cell. The first identified example of this was the rela-
tionship between somatostatin-secreting cells and gastrin-
secreting cells in the gastric antrum [10].

Once a regulatory peptide is delivered to its target cell, a high 
level of regulatory diversity is still provided by the specificity of 
receptors expressed on each cell and by an array of potential 
signaling and regulatory molecules. A given endocrine cell can 
further regulate hormone-stimulated events in several different 
ways: by altering coupling events between receptor and proxi-
mal effector, by modifying the complement of molecules intrin-

Figure 13.2 Allosteric binding sites on receptors as possible drug targets. Illustrated models show a ligand-gated ion channel (a) and the muscarinic 
acetylcholine G protein-coupled receptor (b). The proposed orthosteric sites for ligands are shown in purple, and the allosteric sites for ligands are 
shown in turquoise. Source: Christopoulos 2002 [236]. Reproduced with permission of Macmillan Publishers Ltd.
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Since the 1970s, gastrointestinal endocrinology has become 
increasingly biochemical and molecular. Gastrin led the way 
into the new era of the molecular biology of peptides [24]. A 
more biochemical understanding of hormones excited interest 
in the biochemistry of receptors. During this era of molecular 
receptorology [24], receptors increased in status from repre-
senting simple sites of hormone binding to being the focus of 
intense interest. Indeed, with these molecules representing the 
dominant target of existing drugs, the more we can know about 
them, the greater likelihood of gaining new therapeutic tools. It 
was critical to understand the structure of receptor molecules 
before the details of binding, activation, and regulation became 
meaningful.

The first insights into the structure of receptors came from 
affinity labeling approaches [25,26], which represented a logical 
extension of receptor-binding assays. These approaches involved 
the use of a radiolabeled form of the hormone, as rich a source 
of receptor as possible, and a chemical method to link the two 
molecules together covalently. The siting of a photolabile group 
within the pharmacophoric domain of a hormone has been 
particularly successful in the covalent labeling of hormone 
receptors and their domains, with this approach also ultimately 
being applied to understand spatial approximation between 
single residues in ligand and receptor [27].

The most powerful insights have come from cloning the com-
plementary DNA (cDNA) encoding the receptors. Hybridization 
screening based on partial sequence information quickly moved 
to expression cloning, bypassing the need for receptor purifica-
tion and sequencing. Ultimately, the most powerful approach 
became in silico cloning, which is based on the identification of 
recognized signatures in sequence databases.

Once identified, a receptor cDNA offers remarkable possibili-
ties. The deduced amino acid sequence provides insights into 
the receptor class represented. By finding its position in a phylo-
genetic tree, additional insights can come from analogy with 
studies of the closest known members of the family [28]. This 
can take the form of mutagenesis studies that provide insights 
into structure–function relationships. Chimeric receptors that 
combine specific regions of two or more receptors can be useful 
in identifying which domain is important for a given function. 
Also, truncations and site mutants can help localize such 
regions. Such receptor constructs can be constructed rapidly 
and expressed transiently to gain new insights. It is also possible 
to produce stable cell lines that express such constructs, and to 
modify the expression of natural or modified hormones and 
receptors in laboratory animals. A variety of transgenic and null 
(i.e., knockout) animals are available to explore the impact of 
such structural changes in an intact animal.

The era of molecular conformation and molecular interaction 
is ongoing [24]. Now that the primary structures of receptors 
have been collected and categorized, investigators are studying 
molecular conformations, both resting and active. Also generat-
ing substantial interest are the sites and molecular determinants 
of binding and activation, as well as the use of such insights  

feedback and cross-regulation at the levels of both the hor-
mones and the receptors. It is precisely because of this complex-
ity that the system is so sensitive and has such extraordinary 
capabilities to keep us well nourished and pleased with our 
dining experiences.

History of gastrointestinal endocrinology

Classical endocrinology and gastrointestinal endocrinology 
were born together in 1902 with the discovery of the first 
hormone, secretin, by Bayliss and Starling [16] and the recogni-
tion that chemical messengers can be carried in the blood-
stream. This earliest period in gastrointestinal endocrinology 
has been termed the “juice-physiology era” [17]. The discovery 
of gastrin by Edkins followed quickly in 1905 [18]. This flourish 
of activity in the gastrointestinal hormone field was followed by 
many quiescent years, while the field of classical endocrinology 
achieved steady and substantial growth. The solid and homoge-
neous endocrine organs could be studied with relative  
ease, whereas methods had not yet been developed to gain 
analogous insights into the scattered diverse gastrointestinal 
endocrine cells.

Gastrointestinal endocrinology finally achieved its status as a 
distinct discipline in the chemical era, when a long series of 
candidate hormones was discovered by means of the develop-
ment of powerful techniques for purification and peptide 
sequencing. An initial application of this was the characteriza-
tion of gastrin, with its structure determined in 1964 by Gregory 
and Tracy in Liverpool after extraction from a tumor [19]. 
Subsequently, the number of recognized potential regulators of 
digestive function expanded logarithmically. The Gastrointestinal 
Hormone Laboratory, founded by Mutt and Jorpes at the 
Karolinska Institutet [20], was the site of the initial chemical 
characterization of secretin, CCK, glucose-dependent insulino-
tropic peptide (GIP), vasoactive intestinal polypeptide (VIP), 
motilin, gastrin-releasing peptide (GRP), and many other can-
didate biologically active peptides.

The next key advance was also methodological – the develop-
ment of radioimmunoassay to detect or quantify minute quanti-
ties of molecules. Application of this methodology to the 
quantification of a hormone by Yalow and Berson [21,22] and 
its application to CCK [23] initiated the immunological era of 
gastrointestinal endocrinology. The usefulness of antibodies 
was appreciated quickly; these were applied to the localization 
of hormone-secreting cells by immunohistochemistry and to 
the quantification of peptide hormones by radioimmunoassay. 
The usefulness of radiolabeled peptide hormones was also rec-
ognized quickly. The radiolabeling of gastrointestinal hormones 
to high specific radioactivity made it possible to directly dem-
onstrate the binding of hormones to receptors. The competition-
binding technique made it possible to identify receptor subtypes, 
to define the cellular localization of receptors, and to quantify 
receptor density on a cell.
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Despite this apparent difference in their developmental 
origins, the gastrointestinal endocrine cells and the enteric pep-
tidergic neurons share many biological and biochemical spe-
cializations that are necessary for polypeptide synthesis, 
processing, and secretion. Key in this sequence of events is the 
packaging of the peptide product for export into a secretory 
granule. The details of this process were clearly defined by 
Jamieson and Palade [36], who studied the pancreatic acinar cell 
(Figure 13.3). Similar subcellular events appear to exist in the 
gastrointestinal endocrine cell.

Endocrine cell localization and 
characterization

Some gastrointestinal endocrine cells can be recognized by the 
relatively distinct ultrastructural appearance of the presence of 
secretory granules [1,2] (Figure 13.4). Distinct gastrointestinal 
endocrine cells can be tentatively identified based on the appear-
ance of their secretory granules and according to their position 
along the digestive tract. However, more specific techniques are 
required to identify most endocrine cells and any of the pepti-
dergic nerves. These techniques are directed toward the polypep-
tides themselves or to the genes and messenger RNA (mRNA) 
molecules encoding them. Peptide antisera have been most 
useful in the immunohistochemical localization of peptides, 
while in-situ hybridization has been successfully used to localize 
relevant hormone mRNA.

Immunohistochemistry has become a standard technique to 
localize any antigen in a tissue section to which specific antisera 

for the rational design of useful pharmaceuticals. We are wit-
nessing dramatic advances in drug development resulting from 
novel strategies of synthesizing and screening vast libraries of 
potential receptor ligands [29]. These have led to the successful 
development of numerous small-molecule nonpeptide antago-
nists, and even nonpeptide agonists, for peptide hormone 
receptors [30].

Hormone secretory cells

Several cellular sources exist for the synthesis and secretion of 
gut hormones. As previously noted, these are the numerous 
types of endocrine cells that are isolated and scattered through-
out the gut mucosa, as well as the neurons contained within the 
enteric nervous system. Both cell types share many features: (1) 
the machinery for peptide biosynthesis and processing; (2) the 
packaging of products for export into secretory granules and 
the exocytic secretion of these products; and (3) the specialized 
processes that may facilitate focused delivery of secretory prod-
ucts. Based on these shared characteristics, a similar embryo-
genesis has also been postulated. This section focuses on each 
of these features as they relate to the sources of gastrointestinal 
hormones and neurotransmitters.

All types of intestinal epithelial cells appear to be derived 
from a single type of pluripotent stem cell precursor, as deter-
mined by a series of molecular switches [31,32]. Key roles are 
played by two basic helix–loop–helix transcription factors 
defined in null mice, mouse atonal homolog-1 encoded by 
Math1 and neurogenin-3 encoded by Neurog3. Math1 null mice 
lack enteroendocrine cells, but also lack Neurog3 expression, 
suggesting it may be a downstream target of Math1. Neurog3 
null mice lack pancreatic islet cells and enteroendocrine cells. 
Of note, an autosomal recessive disorder presenting as congeni-
tal diarrhea with marked reduction in enteroendocrine cells has 
been associated with mutations in the Neurog3 gene [33]. 
Gastrointestinal endocrine cells continuously differentiate and 
follow the highly organized vertical paths of migration along the 
crypt to villous axis. These cells resemble the endocrine cells of 
the pancreatic islets, with similar embryological associations 
and evolutionary relationships reflecting common endodermal 
cell origins.

In contrast, the enteric neurons are derived from the neural 
crest and the neuroectoderm [9,34]. Of note, the phenotype of 
cells derived from the neural crest is most dependent on the 
environmental influences in the regions to which they migrate, 
rather than on the level of the neural axis from which they 
originate [34,35]. The complexities of cell types and interactions 
typical of the enteric nervous system result largely from the 
mesenchymal substrate that these cells contact. The factors 
responsible for the development and differentiation of each of 
the gastrointestinal mucosal endocrine cells are even less well 
understood.

Figure 13.3 The synthesis of proteins or peptides for export (i.e., 
secretion) from polarized epithelial cells follows a highly conserved 
biosynthetic route. Synthesis begins at the level of the rough endoplasmic 
reticulum (ER) and proceeds through the Golgi apparatus (G), 
condensing vacuoles (CV), and secretory granules (SG) before exocytosis 
at the apical pole of the cell. N, nucleus.
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Biosynthesis and processing of 
gastrointestinal hormones

Most gastrointestinal hormones and neurotransmitters dis-
cussed in this chapter are single-chain polypeptides. All are 
encoded by single-copy genes containing one or more exons 
that determine the primary amino acid sequence by a series of 
nucleotide triplets known as codons (Figure 13.5). For the 
multiple-exon genes, these coding regions are separated by non-
coding introns. While still in the nucleus, the DNA sequences 
are transcribed by RNA polymerase II to produce pre-mRNA. 
The noncoding regions of the gene, particularly those upstream 
of the site of the initiation of transcription (i.e., the 5′ flanking 
sequence), often contain cis-active regulatory sequences that 
influence the rate of transcription. Regulation of gene expres-
sion typically occurs slowly, over a number of hours, whereas 
hormone secretion of prepackaged product can occur rapidly, 
being initiated within seconds of stimulation. The pre-mRNA 
sequences complementary to the exons are normally spliced 
together, while those complementary to the introns are elimi-
nated to form the mature mRNA.

Alternative processing of a single gene may occur and there 
may be more than one distinct product within a single gene. 
Examples of this include the proopiomelanocortin gene, which 
contains sequences for β-endorphin, corticotropin, and 
melanocyte-stimulating hormone [39], and the proenkephalin 
gene, which contains five copies of the [Met]enkephalin 
sequence and one copy of the [Leu]enkephalin sequence [40]. 
The VIP, neuromedin A, and peptide histidine isoleucine (PHI) 
sequences all exist within a single gene [41]. Another phenom-
enon is the production of distinct gene products by alternative 
splicing of a single gene, such as occurs in the production of 
calcitonin and calcitonin gene-related peptide (CGRP) [42]. 
Similarly, alternative splicing of a single gene product may also 
occur [43]. Alternative splicing of several hormone receptors 
can yield products of different lengths with short deletions or 
insertions compared with the predominant species [44,45].

The fully spliced mRNA is translocated to the cell cytoplasm 
where translation occurs (Figure 13.6). Translation is the process 
of producing the preprohormone polypeptide chain that is 
encoded by the mRNA. Peptide synthesis begins on the ribos-
ome bound to the rough endoplasmic reticulum. Peptides  
destined for export have a characteristic amino terminal signal 
sequence that leads to their segregation within the lumen of  
the endoplasmic reticulum [46]. As the nascent chain crosses 
into the lumen of the endoplasmic reticulum, the signal 
sequence is bound to a signal-recognition particle and cleaved 
by a signal peptidase to yield the prohormone. Also, posttrans-
lational modifications may begin cotranslationally. For example, 
sulfation, phosphorylation, glycosylation, and amidation may 
continue as the peptide moves through the Golgi apparatus  
and into secretory granules that are at various stages of maturity. 
The ultrastructural appearance of these secretory granules  
can be characteristic of a particular type of gastrointestinal 

Figure 13.4 Electron micrograph of a gastrointestinal endocrine cell (D 
cell) in the human antral mucosa. This cell senses the lumen (open type) 
and possesses typical basal electron-dense secretory granules. Source: 
Bordi et al. 2000 [237]. Reproduced with permission of John Wiley & 
Sons.

have been raised. With the current understanding of the primary 
structure of the molecular forms of a given hormone, and of the 
unique and shared domains within that structure, a potentially 
useful antigenic epitope can be chosen. By conjugating that 
peptide to a hapten, a strongly immunogenic antigen can be 
produced. Most endocrine cells and peptidergic nerves concen-
trate their peptides in secretory granules in preparation for 
secretion, providing an ideal target having multiple copies for 
immunolocalization. A potential problem relates to the ability 
to fix these soluble compounds without interfering with anti-
body recognition. Trials of different fixatives and conditions of 
fixation may be necessary to achieve an optimal signal.

In-situ hybridization is an analogous localization technique 
based on the specific interaction of an oligonucleotide probe 
with its complementary sequence within the cell [37]. A com-
plementary, single-stranded, antisense riboprobe to recognize 
an mRNA molecule can provide optimal sensitivity and specifi-
city. Here, too, multiple choices exist: fluorescence, colorimetric, 
or radioactive detection [38]. Limited copy number for a spe-
cific mRNA may represent a problem when applying this tech-
nique to some hormone genes.
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endocrine cell. Large secretory granules are most typical of 
regulated pathways of exocytosis, while constitutive secretory 
pathways most commonly utilize much smaller vesicular struc-
tures. Glycosylation is a multistep process that occurs as the 
peptide moves through each of these compartments. Tyrosine 
sulfation seems to occur early in biosynthesis, within the Golgi 
apparatus [47].

A unique posttranslational processing event that is particu-
larly relevant for peptide hormones is the selective cleavage of 
the prohormone into fragments of different lengths, with each 
form possessing biological activity [48]. Examples of multiple, 
biologically active forms of a hormone include gastrin and 
CCK; the multiple forms of these hormones share the carboxyl-
terminal sequence that is critical for activity. This endoproteo-
lytic processing occurs during biosynthesis while the product 
traverses the late Golgi cisternae and early secretory granule 
compartments. Dibasic amino acid residues are a common loca-
tion for such processing. Trypsin-like endopeptidases, such as 
prohormone convertases PC1 and PC2, which are uniquely 
expressed in endocrine and neuroendocrine cells, have been 
described to be important in the endoproteolytic processing of 
gastrointestinal hormones [49,50].

Carboxyl-terminal amidation is a very common posttransla-
tional modification of gastrointestinal hormones [51,52]. It 
occurs in about half of the recognized hormones and peptide 
neurotransmitters and was the basis of a novel peptide discovery 
strategy used early in the chemical era by Tatemoto and Mutt 
[53]. A series of enzymatic reactions is necessary to yield an 

Figure 13.5 The gene structure and the molecular biological events leading to protein synthesis. Posttranscriptional processing events that occur in the 
nucleus include splicing, capping, and polyadenylation of the RNA to produce mature mRNA. Mature mRNA is transported into the cell cytoplasm, 
where it directs translation at the surface of the rough endoplasmic reticulum (ER).
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the relevant conformation of these molecules as they bind to 
their targets. Some insights have come from observing the con-
formationally constrained analogs of some hormones, but such 
insights are limited [64].

Advances in peptide chemistry have facilitated the synthesis 
of small peptides. Peptide synthesis can be achieved in solution 
or by solid phase techniques in which one amino acid residue 
is added at a time to a growing chain of residues [65]. This 
technique can be used to produce the natural peptides them-
selves, or analogs that can provide important primary structure 
and activity information.

Gastrointestinal hormones can be categorized according to: 
(1) their predominant localization in endocrine cells or pepti-
dergic neurons; (2) their localization to different levels of the 
gastrointestinal tract; (3) their time course of biological effects 
(rapid or prolonged); or (4) the presence of structural similari-
ties between the hormones themselves (Table 13.1). A single 
peptide hormone can be found in endocrine cells and nerves, 
can be present at several levels of the gastrointestinal tract, and 
can have both acute and chronic growth-regulatory effects. This 
is also true for families of structurally related hormones. A 
single peptide can interact with and activate more than one type 
of receptor. The complexity and the power of the gastrointesti-
nal endocrine system can only be understood by appreciating 
the broad scope of options for these peptides and receptors.

amidated product: (1) cleavage at a site of dibasic residues; (2) 
trimming of the remaining basic residues by carboxypeptidase 
H; and (3) conversion of the glycine-extended intermediate to 
the corresponding carboxyl-terminal amide with an α-amidating 
monooxygenase. These processes occur within the secretory 
granules.

The processing of gastrin in the antral G cell is an excellent 
example of these processes [54]. The biologically active region 
of this peptide that is key for binding to its classical receptor (a 
class A G protein-coupled receptor) has been carefully isolated 
to the carboxyl-terminal tetrapeptide amide of the mature 
forms of gastrin [55,56]. The gastrin gene is composed of three 
exons, with exons 2 and 3 possessing the coding sequences 
[57–59]. The primary mRNA transcript is processed to elimi-
nate about three kilobases of intron sequence between the first 
two exons and 130 bases of intron sequence between exons 2 
and 3. This is translated to yield preprogastrins of 101-amino 
acid residues in man and 104-amino acid residues in rat and 
pig. The signal peptide is then cleaved to yield progastrin, which 
rapidly undergoes further proteolysis at Arg57,58, Lys74,75, and 
Arg94,95 to yield four fragments. The Arg94,95 cleavage is fol-
lowed by carboxypeptidase H trimming of carboxyl-terminal 
basic residues and conversion of the glycine-extended interme-
diate to the carboxyl-terminal amide. G34 and G17 are the 
major products of these cleavages. Serine phosphorylation and 
tyrosine sulfation may also occur [60,61]. One of the sites of 
serine phosphorylation is Ser96, immediately adjacent to the 
site of cleavage at the dibasic residues, which ultimately results 
in carboxyl-terminal amidation. Tyrosine sulfation can occur at 
Tyr87 and Tyr103. It remains unclear whether these modifica-
tions affect physiological processing [62].

Posttranslational modifications of gastrointestinal hormones 
may affect their activity. Most of the amidated hormones require 
this modification for recognizable activity. A critical modifica-
tion in CCK peptides is the sulfation of the tyrosine that is seven 
residues from the carboxyl terminus, with desulfated CCK more 
than 1000-fold less potent than the sulfated form [63]. Although 
the structurally related gastrin peptides can also exhibit tyrosine 
sulfation six residues from the carboxyl terminus, this modifica-
tion has little or no impact on gastrin receptor binding or 
hormone activity.

Hormone and transmitter molecules

The hydrophilicity and the solubility of hormones and neuro-
transmitters prevent them from traversing the lipid bilayer in 
their target cells and necessitate the presence of a receptor mol-
ecule in those target cells with which they can interact. By first 
principles, peptides are also flexible. The peptide bonds linking 
the amino acid residues are stable and strong, broken only by 
peptidase enzymes under normal biological conditions. This 
flexibility enables peptides to sample a large range of potential 
conformational space, but makes it somewhat difficult to predict 

Table 13.1 Organization schemes for gastrointestinal hormones, 
neuropeptides, and locally secreted growth factors according to their cell of 
origin, anatomical location, and structural similarities.

Location Hormone Cell type

Endocrine cells

Stomach Gastrin G

Somatostatin D

Ghrelin A-like

Duodenum/jejunum Secretin S

CCK I

GIP K

Somatostatin D

Motilin M

Ileum/colon GLP-1 L

GLP-2 L

Oxyntomodulin L

Glicentin L

PYY L

Neurotensin N

Somatostatin D

Continued
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Measurement of hormones

Hormone concentrations can be quantified by bioassay or by a 
type of competitive binding assay, such as radioimmunoassay 
or receptor-binding assay [21,66]. Before the chemical charac-
terization of hormones, concentrations could be determined 
only in an activity assay. However, the specificity of an activity 
assay is unreliable because more than one hormone can produce 
the same response and because antagonistic agents can influ-
ence the net activity observed. The determination of the chemi-
cal identity of many hormones has facilitated the assay of 
unpurified samples.

Competition-binding assays are based on the competitive 
inhibition of the specific, saturable binding of a radiolabeled 
form of the hormone to an antibody or receptor. In such assays, 
the radiolabeled and natural hormones compete for binding to 
the antibody or receptor. Radioimmunoassay benefits from the 
availability of specific antibodies that are easy to handle and 
store. In contrast, radioreceptor assays depend on the prepara-
tion of a receptor, which may be difficult to produce and store 
in an active form.

For all hormone assays, sample collection and handling are 
critical, and sampling conditions should be reproducible. 
Samples are usually collected during fasting because hormone 
concentrations may increase in the postprandial period. Gastrin, 
CCK, secretin, GIP, and pancreatic polypeptide (PP) all increase 
transiently after a meal, whereas concentrations of most neuro-
transmitters (e.g., VIP) change minimally [61]. After sample 
collection, low temperature and protease inhibitors are utilized 
to minimize hormone degradation.

Knowledge of hormone concentrations in the circulation can 
provide important insights. Elevated basal levels may reflect 
excess secretion or reduced clearance. Excess secretion may 
develop if hormone-secreting cells proliferate, as occurs in 
gastrin cell hyperplasia, or if cells have lost their feedback inhib-
itory mechanisms and secrete constitutively, as occurs in various 
types of endocrine cell neoplasia. Because polypeptide hor-
mones are cleared by the kidneys, high levels of hormones may 
be measured in patients with renal failure [67]. In some settings 
it may be useful to measure hormone concentrations serially 
after some type of stimulus, such as the ingestion of a meal or 
the perfusion of a region of the intestine, to define the timing 
and characteristics of a normal stimulated response. There are 
provocative tests for some endocrine tumors, such as secretin 
stimulation of gastrin as a provocative test for the diagnosis of 
gastrinoma [68].

The confirmation of the role of a hormone in a particular 
physiological process is not simple. Determination of the physi-
ological activity of a particular gut peptide is based on the fol-
lowing criteria: (1) there is a relationship between the appearance 
of the hormone in the circulation and the physiological event; 
(2) the physiological effect can be reproduced by infusion of 
pure or synthetic hormone to achieve the same serum concen-
tration observed under physiological conditions; and (3) the 

Location Hormone Cell type

Pancreas Insulin B

Glucagon A

PP D1

Somatostatin D

Neuropeptides

CGRP

CCK

Dynorphin

Enkephalins (Leu and Met)

Galanin

GRP

Motilin

NPY

PHM

PYY

Somatostatin

Substance K (neurokinin A)

Substance P

VIP

Locally secreted growth factors (fibroblasts, endothelial cells, 
epithelial cells, hematopoietic cells)

EGF

FGF

IGF

PDGF

TGF-α, TGF-β

Structurally similar families

Gastrin–CCK family: gastrin, CCK

Pancreatic polypeptide family: PP, PYY, NPY

Tachykinin family: substance P, GRP

Somatostatin family: somatostatin

Motilin family: motilin, ghrelin

Secretin family: secretin, VIP, PACAP, GIP, glucagon, GLP-1, GLP-2, 
oxyntomodulin

Tyrosine kinase receptor family: EGF, FGF, IGF, PDGF

CCK, cholecystokinin; CGRP, calcitonin gene-related peptide; EGF, 
epidermal growth factor; FGF, fibroblast growth factor; GIP, glucose-
dependent insulinotropic peptide; GLP, glucagon-like peptide; GRP, 
gastrin-releasing peptide; IGF, insulin-like growth factor; NPY, 
neuropeptide Y; PACAP, pituitary adenylate cyclase-activating peptide; 
PDGF, platelet-derived growth factor; PHM, peptide HM; PP, pancreatic 
polypeptide; PYY, peptide YY; TGF, transforming growth factor; VIP, 
vasoactive intestinal polypeptide.

Table 13.1 (Continued )
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extracellular milieu that cannot cross the plasma membrane to 
activate intracellular machinery. The receptor molecule has two 
spatially distinct domains: one domain to bind ligands that 
approach the molecule from the extracellular side of the mem-
brane, and a second to initiate activity cascades within the cell. 
The cellular response can be triggered by a ligand-induced con-
formational change that activates an enzymatic activity intrinsic 
to the receptor. Alternatively, the ligand-induced change in the 
conformation of the receptor can expose a receptor domain that 
interacts with an important intracellular molecule, with the 
interaction initiating the cascade of signaling events typical of 
that receptor and ligand pair.

With the primary structures of most receptors now known, 
insights into the structural basis of cell activation are being 
advanced rapidly. Gastrointestinal hormone receptors are 
grouped into three broad classes according to their membrane 
topology: (1) the single membrane-spanning receptors; (2) 
receptors with subunits that traverse the membrane multiple 
times; and (3) the G protein-coupled receptors that traverse the 
membrane seven times (Figure 13.7).

The largest group of single-transmembrane receptors possess 
intrinsic ligand-triggered enzyme activity. This group includes 
ligand-triggered protein tyrosine kinases, such as the epidermal 
growth factor (EGF) receptor, insulin-like growth factor  

physiological activity can be inhibited by infusion of a specific 
antibody or receptor antagonist, when available [69]. The circu-
lating concentrations of the hormone that produce the biologi-
cal effect should be similar for the natural peptide released 
physiologically and the synthetic peptide infused into the exper-
imental subject. When multiple molecular forms of a hormone 
exist, it is important for the infusion to reproduce the forms 
naturally observed as closely as possible.

Unfortunately, it is more difficult to determine the relevant 
concentration of gastrointestinal hormones at the level of their 
receptors. Interstitial concentrations can vary significantly over 
short distances. There is no good reproducible method to collect 
the relevant fluid to measure hormone concentrations at their 
site of action. This is a particular problem for hormones and 
neurotransmitters released through paracrine or neurocrine 
mechanisms.

Receptors

Receptor molecules also have a special place in gastrointestinal 
endocrinology. A molecule that spans the lipid bilayer in the 
target cell, such as a receptor, is required for mediating the 
effects of the hydrophilic hormones and transmitters in the 

Figure 13.7 Peptide hormone receptors can be divided into three groups according to their membrane topology. The basal conformations are shown on 
the left and activated states on the right. (a) The single-transmembrane (TM) receptors dimerize; some also possess intrinsic tyrosine kinase activity 
that contributes to the autophosphorylation of the complex. Tyrosine phosphates at the interface are labeled Y-P and P-Y. (b) The ligand-gated 
complexes undergo a conformational change that opens the channel. (c) The G protein-coupled receptors become associated with their heterotrimeric G 
proteins, G α, β, and γ (Ga, b, and g on the figure), which then initiate the signaling cascade.

(a) Single transmembrane (TM)

(b) Ligand-gated channels – multi-TM subunits

(c) G protein-coupled receptors – 7TM

Y-P P-Y

Agonist ligand

Tyrosine kinase
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individual G proteins can regulate a variety of effectors, such as 
phospholipase C and adenylate cyclase. It has recently been 
recognized that some members of this receptor family can also 
associate with arrestin-like proteins and other receptor-
associated proteins that can initiate signaling cascades inde-
pendent of G proteins [81]. This has been the basis for a new 
concept of biased agonism, in which some receptor ligands can 
stimulate different relative responses than the natural agonist 
ligand or only a subset of those responses. An arrestin-biased 
agonist might stimulate more downstream events mediated by 
arrestin than a G protein-biased agonist [81]. This is becoming 
a popular pharmacological strategy to engineer biological 
responses that are most useful, while eliminating unwanted side 
effects of a full natural agonist.

G protein-coupled receptors have seven segments of about 
20–25 hydrophobic residues representing the putative trans-
membrane helices (Figure 13.8). The most highly conserved 
residues in each family of G protein-coupled receptors are 
located in these domains. Typically, there are sites of potential 
N-linked glycosylation in predicted ectodomains. This 

receptors, platelet-derived growth factor receptor, fibroblast 
growth factor receptor, and transforming growth factor recep-
tors [70–72]. These molecules have extracellular ligand-binding 
domains and intrinsic intracellular kinase domains. On activa-
tion, these molecules associate into dimeric complexes and  
are autophosphorylated. In addition to the phosphorylation of 
the receptors themselves, various members of this group phos-
phorylate and activate phospholipase C, guanosine triphos-
phatase (GTPase)-activator proteins, and various components 
of intracellular tyrosine and serine/threonine kinase cascades. 
These events are closely associated with cell growth, differentia-
tion, and oncogenesis. Ligand-triggered membrane guanylate 
cyclases also exist, such as the receptor for atrial natriuretic 
peptide [73]. There is also a group of single-transmembrane 
receptors that does not appear to have any intrinsic enzymatic 
activity, but rather function by dimerization and initiation of 
cascades of modular interactions. These include receptors  
for growth hormone, erythropoietin, prolactin, and several 
cytokines [74,75].

The second group of receptors (ligand-gated channels) have 
subunits that span the membrane multiple times and associate 
to form pores or channels [76]. Proteins with four transmem-
brane domains are the most common subunit structure, with 
ligand binding resulting in a conformational change that regu-
lates the size and permeability of the channel. Examples include 
the nicotinic acetylcholine, γ-aminobutyric acid (GABA)-A, 
5-hydroxytryptamine (HT)3 (serotonin), glycine, and glutamate 
receptors. The best characterized is the nicotinic acetylcholine 
receptor. This complex is composed of five membrane-spanning 
units (α, α, β, γ, and δ), each having four transmembrane 
domains, which associate to form a central cation-conducting 
channel.

The last group – the heptahelical G protein-coupled receptors 
(7TM proteins) – is by far the largest group of gastrointestinal 
hormone receptors and the largest group of receptors in the 
body [77,78]. More than 2000 of these have been identified, if 
receptors for taste and odorants are included, representing 
1%–5% of the genome of different species. The Nobel prize in 
chemistry in 2012 was awarded to Robert J. Lefkowitz and Brian 
K. Kobilka for their pioneering work in discovering and char-
acterizing this physiologically critical group of receptors and 
providing key structural insights useful in the rational develop-
ment of receptor-active drugs. G protein-coupled receptors are 
activated by extraordinarily diverse ligands, ranging from 
photons to larger peptides and even to very large glycoproteins 
and viral particles. There is a somewhat parallel organization of 
groups of these receptors with structurally similar groups of 
ligands [28]. The heptahelical receptor proteins typically have 
no intrinsic enzymatic activity, but rather signal by associating 
on their cytosolic face with effector molecules. Most typical and 
consistent for this family is association with heterotrimeric G 
proteins [79,80], with all members of this superfamily able to 
form a complex with at least one G protein. Some G protein-
coupled receptors are able to couple with several G proteins. The 

Figure 13.8 A prototypical G protein-coupled receptor depicted from the 
side (a) and looking down on the transmembrane helices (b). Each 
receptor is predicted to have seven hydrophobic segments traversing the 
lipid bilayer, with most having sites of N-linked glycosylation in the 
ectodomain and sites of phosphorylation in cytosolic domains. Also 
shown is the position of a highly conserved disulfide bond linking the 
second and third extracellular loops, and a position of fatty acid acylation 
that is present in the carboxyl-terminal tail of some of these receptors.
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clearly also plays this role for many effector proteins [84,85]. In 
mammals, genes for 16 α-subunits, four β-subunits, and seven 
γ-subunits have been isolated. The variety of possible combina-
tion of these subunits into heterotrimers contributes to the vast 
diversity of effects and regulatory properties of peptide 
hormones.

Arrestins were first appreciated as adapter proteins that 
bound activated G protein-coupled receptors, particularly after 
they were phosphorylated by G protein-coupled receptor 
kinases. That association event resulted in blocking subsequent 
G protein coupling, as well as directing the receptor into 
clathrin-coated pits in preparation for endocytosis, with both of 
these events resulting in desensitization. More recently, it has 
been appreciated that arrestins can also function as multifunc-
tional adapters that can stimulate types of intracellular signaling 
events that are distinct from those mediated by G protein cou-
pling [81].

The G protein-coupled receptors relevant to the gastrointes-
tinal hormones fall into two families. Most of the small and 
carboxyl terminal-amidated peptides, which have focused 
domains for receptor binding at the carboxyl terminus, are 
members of the rhodopsin/β-adrenergic receptor family (class 
A G protein-coupled receptors). The larger peptides with diffuse 
pharmacophoric domains with amino-terminal determinants of 
specificity tend to be members of the secretin receptor family 
(class B G protein-coupled receptors) [86]. A notable exception 
is the amino-terminal-specific receptor for motilin, which has 
been cloned and identified as a member of the rhodopsin/β-
adrenergic receptor family [87]. The binding of most agonists 
acting through this superfamily of receptors is influenced by 
hydrolysis-resistant analogs of GTP. This property provides an 
important clue that an action is mediated by this class of 
receptors.

Like the hormones, the gastrointestinal hormone receptors 
are all the products of single genes. Most do not have signal 
sequences and they do not undergo extensive proteolytic 
processing. Alternative splicing is particularly common in the 
secretin family of G protein-coupled receptors, in which multi-
ple exons are the rule [88]. The alternatively spliced products 
can differ substantially in ligand-binding specificity and activa-
tion characteristics. The genes encoding the gastrointestinal 
hormone receptors have been known for less time than those 
encoding the hormones themselves. As a result, less is known 
about regulation of the receptor genes. Many receptors undergo 
substantial posttranslational modifications. Most of the G 
protein-coupled receptors are glycosylated. This feature helps to 
establish the appropriate folding and solubilities for biosyn-
thetic transport to the cell surface, and likely helps to protect 
the receptors from proteolysis [89,90]. Palmitoylation of  
Cys residues within the carboxyl-terminal tail is common in 
many G protein-coupled receptors [91]. This modification may 
bring another helix or loop up to the plasma membrane, and 
may have a role in regulating access for G protein coupling. 
Receptor phosphorylation is another common posttranslational 

posttranslational modification likely plays an important role in 
helping the receptors fold and maintain their solubilities during 
biosynthesis. There are often serine- and threonine-rich areas 
in predicted cytosolic domains of these receptors that may be 
sites for phosphorylation and, thereby, receptor regulation.

The heterotrimeric G proteins consist of three subunits – α, 
β, and γ [82,83]. The α-subunit has intrinsic GTPase activity 
and is the site of guanine nucleotide binding. The β- and 
γ-subunits remain bound together, binding to the guanosine 
diphosphate (GDP)-bound α-subunit as a paired unit. There is 
a cycle of agonist binding to the receptor, association of the 
GDP-bound G protein heterotrimer, GTP displacement of GDP, 
dissociation of the GTP-bound α-subunit from the βγ-dimer, 
hydrolysis of the GTP, and reassociation of the GDP-bound 
α-subunit with βγ (Figure 13.9). Crystal structures have been 
solved for these G protein complexes, providing insights into 
the molecular interactions between receptor and G protein and 
between G protein and effectors. Although early attention 
focused on the GTP-bound α-subunit as the molecule that 
interacts with effector proteins to activate them, the βγ-dimer 

Figure 13.9 Cycles of G protein-coupled receptor (R) activation and 
proximal signaling events at the level of the plasma membrane, which 
occur in response to agonist (hormone, H) occupation. The earliest step is 
an induced conformational change in the receptor (asterisk) that 
facilitates its association with a G protein [heterotrimeric G protein, with 
α (a), β (b), and γ (g) subunits]. At that point, the G protein is in its 
guanosine diphosphate (GDP)-bound trimeric state. The receptor 
association facilitates guanosine triphosphate (GTP) exchange for the 
GDP, which in turn results in the dissociation of the ternary complex and 
dissociation of the GTP-bound α-subunit from the βγ-dimer. Both of 
these can move on to interact with effectors in other compartments 
within the cell. The α-subunit of the G protein has intrinsic GTPase 
activity that results in the elimination of one of the phosphates (Pi) and 
reassociation of the trimeric form of the G protein.
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the receptor class, family, and even the particular ligand being 
bound or the cell in which the receptor is expressed. Within 
many signaling cascades are protein kinases and phosphatases 
that feed back and act on the receptor itself. For G protein-
coupled receptors, this can uncouple the receptor from its proxi-
mal G protein effector [13]. G protein-coupled receptors are 
phosphorylated by a variety of kinases involved in activated 
signaling pathways, such as protein kinase A and C, as well as 
a unique group of kinases that act almost exclusively on acti-
vated conformations of these receptors, the G protein-coupled 
receptor kinases [93]. The phosphorylated serine and threonine 
residues in cytosolic domains that are sites of action of the G 
protein-coupled receptor kinases often mediate arrestin protein 
association and desensitization of receptors. For receptor tyro-
sine kinases, autophosphorylation is a critical step in their acti-
vation. Many receptors undergo internalization processes that 
remove them from the surface, thus removing the potential for 
further stimulation by circulating hormones or neurotransmit-
ters [11,12]. This mechanism protects the cell from damage 
caused by overstimulation. Some internalized receptors travel 
to the lysosome and are degraded, whereas others are recycled 
to the cell surface. For many ligand-occupied receptors, both 
molecules internalize together and move through the proximal 
endocytic cascade, in which the endosome becomes acidified 

modification, but it occurs predominantly after the mature 
receptor has been inserted into the plasma membrane [92].

Most of the gastrointestinal hormone receptors are present 
on the cell surface in small to moderate numbers; there are 
typically fewer than several thousand molecules per cell. In such 
low numbers and given the very low concentrations of most of 
the circulating natural ligands, high-affinity and specific-
binding interactions between hormone and receptor are critical. 
The receptor is an ideal target for regulating the sensitivity of 
the system. The pharmaceutical industry recognizes this and 
targets numerous drugs to act at cell surface receptors. Receptors 
are also a site of substantial endogenous regulation. A shift in 
the accessibility of the receptor-binding domain to the ligand or 
a reduction in the number of receptors on the cell surface affects 
the sensitivity of the signaling system.

Receptors are dynamic molecules that have a lifecycle in the 
cell (Figure 13.10). Most receptors are synthesized at a slow rate, 
relying on reversible regulatory processes that conserve receptor 
molecules. The resting cell has a fixed complement of mature 
receptors on its surface and a small number of molecules in the 
biosynthetic pathway within the cell. Agonist occupation often 
initiates many events that can influence the receptor. By defini-
tion, agonist occupation of every receptor initiates signaling 
processes within the cell. The details of these events vary with 

Figure 13.10 Events in the lifecycle of a receptor in a cell. In the basal state, most of the receptor is usually at the level of the plasma membrane (PM). 
Agonist occupation results in changes in receptor conformation, biochemical modifications, and trafficking through the cell, which impact on 
accessibility for ligand binding, proximal effector coupling, and signaling events. The cycle is completed by reversal of the biochemical changes and the 
return of the receptor to the original cellular compartment. Because some receptor is lost to degradation, new synthesis can also replenish the cellular 
complement of receptor. The details of these cycles differ depending on the ligand, receptor, and cell type.
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such as reverse transcriptase-polymerase chain reaction, to 
amplify the specific product, and thereby identify cells produc-
ing that relevant receptor.

Biochemical characterization of receptors can be performed 
by affinity labeling [27,95]. This represents a variant of a 
receptor-binding study in which the specifically bound radioli-
gand is covalently bound to the receptor molecule and subse-
quently purified. This method, which has provided many 
important insights into the nature of the receptor molecules, is 
the only way to study posttranslational modifications of the 
receptor. By far the most valuable insight into biochemical char-
acterization of receptors has come from cDNA cloning and 
sequence analysis.

In recent years, our understanding of these receptors has 
been dramatically advanced by the ability to determine high-
resolution crystal structures. More than 20 such structures have 
now been solved for members of class A G protein-coupled 
receptor family [96]. This has included antagonist-occupied 
inactive conformations as well as agonist-occupied active con-
formations. These structurally related receptors have substantial 
conservation of the structure of their helical bundles, although 
the loop regions have been highly diverse. Unfortunately, this 
structural insight cannot be extrapolated to the class B G 
protein-coupled receptor, which do not share the signature 
sequences with the class A receptors and that are predicted to 
have substantial differences even in their helical bundles. There 
are now high-resolution structures of the extracellular amino-
terminal regions of the class B G protein-coupled receptors, but 
there is even little agreement in how that domain is oriented 
relative to the helical bundle region of those receptors [97].

Hormone-specific insights

Gastrin–cholecystokinin family
The gastrin–CCK family of peptides is composed of the multiple 
molecular forms of the gastrin and CCK peptides, all sharing the 
same carboxyl-terminal pentapeptide amide (Figure 13.11). 
Evolutionary studies of gastrin and CCK suggest a common 
precursor peptide, with these hormones diverging late in evolu-
tion [98–100]. Because the biological information in both is 
highly localized to relatively small pharmacophoric domains at 
the carboxyl terminus, various molecular forms of each of differ-
ent lengths share these domains. These forms provide an oppor-
tunity for differential regulation, clearance, and activity. Both 
gastrin and CCK have well-established physiological actions.

Gastrin
The major biologically active forms of gastrin are 17- and 
34-amino acid peptides that have a tyrosine residue six residues 
from the carboxyl terminus, which may (gastrin-17-II, gastrin-
34-II) or may not (gastrin-17-I, gastrin-34-I) be sulfated. This 
posttranslational modification of gastrin appears to have no 
functional significance, as all forms are equally potent and  

and releases the ligand. The ligand can then move independ-
ently from its receptor. To be certain of the details of these 
processes, both ligand and receptor must be studied.

Receptor characterization and quantification
Receptors can be characterized on the basis of their biological 
activities or their receptor-binding properties, although they are 
often present in very low numbers on cells representing physi-
ological targets of hormones. This sparsity of receptors on target 
cells has provided challenges in determining the precise locali-
zation of the target cells of some hormones and neurotransmit-
ters in an organ or tissue. The availability of analogs of a given 
hormone that have a spectrum of activities from full agonist to 
partial agonist to antagonist simplify the characterization of 
biological activity. If an activity is mediated by a particular 
receptor, the receptor antagonist should inhibit it in a competi-
tive manner. Such an activity assay can be used to screen for 
compounds that are active at a particular receptor. This type of 
assay is necessary to determine if a new receptor ligand is an 
agonist or an antagonist.

The binding characteristics of receptors have been the subject 
of intensive investigation [94]. The availability of radiolabeled 
forms of hormones with high specific radioactivities that bind 
normally to their receptors provides a tool to analyze binding. 
The law of mass action should apply to the binding. Numerous 
software programs are capable of analyzing the binding data 
generated from this type of experiment. For such data and anal-
ysis to be valid, binding must be performed under conditions 
in which the concentration of radioligand is below the dissocia-
tion constant (Kd) and in which binding is permitted to reach 
steady state or equilibrium. The method of separating bound 
and free ligand should be rapid and efficient. The saturability of 
the binding is a critical feature that focuses on biologically rel-
evant binding of appropriate affinity.

When the number of receptors on target cells is particularly 
low and the tissue containing those cells is complex, it can be 
quite challenging to definitively identify the sites of action of the 
hormone or neurotransmitter. This might be a useful applica-
tion for immunolocalization, but high quality sensitive and spe-
cific antibodies have been challenging to prepare for many 
membrane receptors. This might relate to their heavily glyco-
sylated state, often serving the role of protecting the ectodomain 
of the receptors. Tissue slice autoradiography has also been 
accomplished with a radiolabeled ligand, but this, too, is chal-
lenging when only a small number of receptors is present. 
In-situ hybridization with labeled oligonucleotide probes can be 
utilized to localize the mRNA for receptors, but this target is 
also often present in very low copy number and can be meth-
odologically challenging as well. In situations in which other 
approaches to receptor localization are not successful, trans-
genic technology introducing genes that are engineered to 
express a tag, such as a fluorescent protein, has been used. It is 
also possible to separate the cells in a tissue using sorting tech-
nology, with subsequent use of a highly sensitive technique, 
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tumors (gastrinomas) in the Zollinger–Ellison syndrome (see 
Chapter 57) [106]. Unprocessed forms of gastrin have been 
found in some colon, lung, and ovarian cancers. Sensitive radio-
immunoassays for mature and biologically active gastrin are 
widely available, and specialized assays have been developed to 
detect unprocessed forms of this hormone.

Gastrin secretion from antral G cells is regulated by luminal, 
paracrine, endocrine, and neural stimuli [107]. Ingestion of a 
meal is a strong stimulant of the secretion of this hormone. 
Small peptides, aromatic amino acids (e.g., phenylalanine and 
tryptophan), and calcium in a meal are key contributors to its 
stimulatory effect. Coffee, wine, and beer have also been 
reported to be stimulants, but the ethanol and caffeine compo-
nents are not major contributors. Of interest, the carbohydrate 
and fat components of a meal contribute little to the gastrin 
response. There is an important feedback loop whereby the 
major result of gastrin stimulation, acid secretion, results in a 
lowered intragastric pH and reduced G cell secretion of gastrin 
(Figure 13.12). This is mediated by the paracrine effect of soma-
tostatin. The neurocrine mediator GRP stimulates G cell secre-
tion. Sympathetic innervation and parasympathetic innervation 
have complex effects. Sham feeding and gastric distension both 
stimulate gastrin release, and atropine can enhance this effect.

efficacious at the gastrin (type B or type 2 CCK) receptor. The 
critical information in gastrin peptides is in the carboxyl-
terminal tetrapeptide amide, with most extensions and modifi-
cations of that domain well tolerated. Gastrin-17 is cleared from 
the circulation faster (half-life of 7 min) than gastrin-34 (half-
life of 30 min) [59], meaning that most gastrin in the circulation 
during fasting is gastrin-34, whereas the major form released 
after a meal is gastrin-17. The greatest proportion (>95%) of 
gastrin in the normal circulation is fully processed and contains 
a carboxyl-terminal phenylalanine amide [101]. Within some 
tissues, gastrin can be produced but not fully processed, result-
ing in the presence of nonamidated and carboxyl-extended 
forms of this peptide. Also, in gastrin-producing neoplasms, 
incomplete processing may result in the release of large quanti-
ties of nonamidated forms into the peripheral circulation. This 
has even been proposed as a useful assay for such neoplasms.

The major site of gastrin expression in the adult is open 
endocrine cells (G cells) in the gastric antrum. Low levels of 
gastrin are present in the vagus nerve and in pituitary cortico-
trophs, and transient expression is observed in fetal pancreatic 
islets and colon [102,103]. This hormone is found in a number 
of neoplasms [104,105]. The highest levels of processed and 
autonomously secreted gastrin come from neuroendocrine 

Figure 13.11 The variable molecular forms of gastrin and cholecystokinin (CCK). All share the same carboxyl-terminal pentapeptide amide. Shown are 
the critical domains for recognition by type A CCK receptors and type B CCK/gastrin receptors.
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at various levels along the gastrointestinal tract, and on diffuse 
domains of the brain. Antagonists acting at this receptor (such 
as L-365,260) have been reported to inhibit gastric acid secre-
tion [110]. However, this result can also be accomplished by a 
number of other pharmacological routes, such as the use of 
histamine H2 receptor antagonists or hydrogen–potassium ade-
nosine triphosphatase (ATPase) inhibitors, which are already in 
wide clinical use. The most useful application for gastrin recep-
tor antagonists may be for their neuronal effects, which reduce 
anxiety and panic attacks [111].

As noted, a major physiological effect of gastrin is the stimu-
lation of gastric acid secretion. Of interest, isolated parietal cells 
respond weakly to gastrin alone [112,113]. This response is aug-
mented in the presence of histamine or acetylcholine, both of 
which provide potentiating interactions via their own receptors 
and converging signaling pathways. Thus, the action of gastrin 
in vivo to stimulate its receptor on the ECL cell and thereby 
stimulate histamine release helps provide the optimal back-
ground for a brisk acid secretory response. Gastrin has also been 
shown to stimulate histidine decarboxylase, a key enzyme in 
histamine synthesis.

In addition to its acute roles in stimulating acid and hista-
mine secretion, gastrin also appears to function as a growth 
factor to stimulate mucosal proliferation [114,115]. Its role as a 
growth factor may be unique, with different tissue-specific 
expression during development and in adult life. During the 
fetal period, gastrin is expressed in pancreatic islets and in 
colonic epithelium. Islet expression ends at birth as these cells 

The classical target for gastrin is the gastric parietal cell, 
which secretes hydrochloric acid. This effect is mediated by a G 
protein-coupled receptor, which is identical to the most abun-
dant CCK receptor present in the central nervous system (i.e., 
type B CCK receptor). This receptor is in the rhodopsin/β-
adrenergic receptor family and closely resembles the type A 
(type 1) CCK receptor. This is particularly interesting given the 
likely shared evolutionary relationship between gastrin and 
CCK. The receptors also probably evolved from a common pre-
cursor, with divergence at some point. It is not yet clear whether 
the hormones or receptors diverged first, or how the relation-
ship between the molecular basis of binding and activation 
might compare at these two receptors. Both receptors are prom-
inently coupled with Gq/11.

The structural specificity of ligand binding to these two 
receptors is quite distinct [108,109]. The type B CCK/gastrin 
receptor requires only the carboxyl-terminal tetrapeptide amide 
for high-affinity binding and activation. It recognizes all forms 
of gastrin and CCK almost equally (CCK-8 ≥ gastrin = CCK-
8-desulfate = CCK-4). In contrast, the type A CCK receptor has 
more stringent requirements. At this target, the carboxyl-
terminal heptapeptide amide of CCK is required, with the sul-
fated tyrosine being critical for high-affinity interaction 
(CCK-8 >> gastrin = CCK-8-desulfate > CCK-4). Gastrin is 
recognized poorly, being more than 1000-fold less potent and 
binding with similarly low affinity.

The type B CCK receptor is also expressed on enterochromaffin-
like (ECL) cells of the gastric mucosa, on smooth muscle cells 

Figure 13.12 The regulation of gastric acid secretion by gastrin represents a complex series of interactions and feedback mechanisms. Some of the key 
components of this cycle are stimulatory events (+) and inhibitory events (−). Acetylcholine (ACh) stimulates the ECL (enterochromaffin-like) cell, the 
parietal cell, and the gastrin-producing G cell. Gastrin-releasing peptide (GRP) stimulates both the G cell and the D cell. Gastrin stimulates the D cell, 
the parietal cell, and also the ECL cell, which then secretes histamine (Hist) to also stimulate the parietal cell. Somatostatin (SS14) secreted by the D cell 
inhibits both the G cell and the parietal cell. Acid (H+) secreted by the parietal cell has regulatory effects as well. VIP, vasoactive intestinal polypeptide.
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forms are not cleared by the liver but seem to be metabolized 
by various capillary beds and by the kidney.

Cholecystokinin is predominantly produced in endocrine I 
cells scattered throughout the proximal two-thirds of the small 
intestine [126]. It is also found in less abundance in various 
enteric neurons and in pancreatic islets. CCK-secreting endo-
crine neoplasms have not been well documented in the litera-
ture. The brain contains a large amount of CCK, but the 
regulation of peptide synthesis and release in the brain is poorly 
understood.

Both protein and fat components of meals stimulate secretion 
of CCK from I cells; carbohydrates are ineffective [127]. Long-
chain triglycerides and fatty acids, both aromatic and aliphatic 
amino acids (e.g., phenylalanine, tryptophan, valine, and 
methionine), and small peptides can all stimulate CCK secre-
tion. Unlike the tests used to measure gastrin levels, the meas-
urement of CCK is not straightforward. CCK appears to be 
present in the circulation in much lower concentrations (basal 
values: <1 pM CCK vs 100 pM gastrin). Also, because the most 
common carboxyl terminal-directed antibodies can cross-react 
with both hormones, a selective radioimmunoassay is difficult 
to establish. A few radioimmunoassays are used in research that 
incorporate antisera directed against the amino-terminal region 
of CCK-8 that includes the tyrosine sulfate [128]. A bioassay 
that can distinguish CCK from gastrin is commonly used for 
research applications [129].

Feedback regulation is also involved in CCK secretion (Figure 
13.13) [130–132]. The major targets of this hormone are the 
rodent pancreatic acinar cells and human pancreatic neurons. 
When pancreatic exocrine cells are stimulated to release diges-
tive enzymes that make their way into the lumen of the intestine, 
CCK secretion is reduced. Luminal administration of a trypsin 
inhibitor results in increased levels of CCK and increased pan-
creatic enzyme secretion. Bile acids in the lumen also appear to 
have a regulatory effect on this feedback phenomenon [133]. 
Two candidates for endogenous CCK-releasing factors have 
been described [134,135]. Both have their activities inhibited by 
trypsin and fulfill the initial expectations of such a mediator, but 
additional studies are still necessary to define their potential 
roles in normal physiology.

A decapeptide found in the skin of the green tree frog, Hyla 
caerulea, which has been named caerulein, has sequence homol-
ogy to the carboxyl-terminal end of CCK and has full potency 
and efficacy at CCK targets. This peptide has been used in sup-
raphysiological concentrations to elicit over-stimulation of pan-
creatic acinar cells in the rodent, with resulting basolateral 
release and interstitial activation of zymogens, and production 
of acute pancreatitis [136]. Chronic administration, particularly 
in the presence of alcohol, can also produce an animal model 
of chronic pancreatitis and has be utilized to explore the devel-
opment of pancreatic cancer in that setting [136].

The type A CCK receptor is structurally similar to the type  
B CCK/gastrin receptor (50% identical, 66% homologous) 
[108,137]. It is a member of the rhodopsin/β-adrenergic 

undergo terminal differentiation. The trophic effect on the 
gastric oxyntic epithelium has been suggested by the hyperpla-
sia associated with the hypergastrinemia of Zollinger–Ellison 
syndrome and by the atrophy associated with low levels of 
gastrin after antrectomy. Chronic high-level gastrin stimulation, 
such as can occur in achlorhydria from pernicious anemia  
or prolonged inhibition of acid secretion with proton pump 
inhibitors, has also been correlated with enterochromaffin cell 
hyperplasia and even type 1 carcinoid tumors [116]. It is note-
worthy, that type B CCK/gastrin receptor antagonists, such  
as YF476, have resulted in the normalization of serum chrom-
ogranin A and regression of these tumors [117]. Other antago-
nists of this receptor have also been developed and are being 
studied in therapeutic trials for various tumors that have been 
found to overexpress the type B CCK receptor, such as selected 
pancreatic cancers and colon cancers [118]. Further, in gastrin 
receptor-deficient mice generated by gene targeting (i.e., recep-
tor knockout animals), the gastric mucosa has been found to  
be remarkably atrophic, even in the presence of hypergastrine-
mia [119].

In humans, more than 95% of gastrin peptides normally 
secreted are fully processed and amidated; the percentage of 
Gly-extended forms is small. Levels of Gly-extended gastrin 
may be higher in achlorhydria and in neoplasms such as gastri-
nomas and colon carcinoma [120]. Although the Gly-extended 
gastrins are several orders of magnitude less potent than pro-
cessed gastrin in stimulating acid secretion through the classical 
type B CCK receptor, they may be equipotent or even more 
potent than processed gastrin in some growth activities that 
may be observed in these pathological states [121,122].

Cholecystokinin
Like gastrin, CCK is found as diverse molecular forms sharing 
a carboxyl-terminal heptapeptide amide. Unlike gastrin, which 
has sulfated and unsulfated forms, only unsulfated forms of 
CCK are found in the normal circulation. This is consistent with 
the structure–activity relationship previously described. 
Although CCK-8 and possibly CCK-33/39 were thought to be 
the major forms of this hormone in the circulation, CCK-58 and 
possibly CCK-83 may be more prominent (numbers correspond 
to the length of the CCK peptides, all sharing the same carboxyl 
terminus) [123]. It is difficult to measure these very large forms 
because they are readily cleaved to smaller forms and because 
little standardized peptide has been available for characteriza-
tion and validation of assays. No substantial differential biologi-
cal effects of the molecular forms of CCK have been described. 
Much less is understood about the proteolytic processing of 
CCK than of gastrin. Although the processing enzymes are 
likely to be analogous, the order of cleavages and the mecha-
nisms for tissue-specific processing are not understood. Like 
gastrin, the various molecular forms are cleared from the circu-
lation at different rates. The small form, CCK-8, has a half-life 
of only about 1 min and is cleared almost quantitatively in a 
single pass through the portal circulation [124,125]. Larger 
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and its subsequent signaling. In contrast, the function of the 
type B CCK receptor has been shown to be unaffected by similar 
modifications in membrane cholesterol. This becomes impor-
tant when considering the elevation of membrane cholesterol 
observed in obesity and metabolic syndrome, thereby reducing 
the effectiveness of CCK as a satiety agent.

Cholecystokinin is interesting for the diversity of its estab-
lished physiological and biological effects [141]. Almost all of 
its actions relate to nutrient homeostasis. Its major digestive 
effects are to stimulate pancreatic acinar cell secretion of 
zymogens and to stimulate gallbladder muscularis smooth 
muscle cell contraction. Both of these events result in the deliv-
ery of key ingredients for digestion to the intestinal lumen. It 
also causes contraction of the pylorus to slow gastric emptying, 
providing optimal nutrient delivery for digestion. A key neuro-
nal effect of this hormone is to satiate appetite. Indeed, it is this 
effect of this hormone that has stimulated extensive efforts by 
the pharmaceutical industry to develop a safe and effective type 
A CCK receptor agonist that might be useful as a noncaloric 
stimulant of satiety [142]. Several candidate drugs have been 
developed, however none have yet been introduced into clinical 
use. While trials have found these active to induce weight reduc-
tion, the levels of reduction attained to date have not been 
greater than acutely motivated dieting patients who are used as 
controls. Less well-established effects include modification of 
enteric and colonic transit, reduction in acid secretion by its role 
as a somatostatin secretagog, stimulation of secretion of PP, and 
an insulinotropic effect.

Pancreatic polypeptide family
The PP family includes PP, peptide YY (PYY), and neuropeptide 
Y (NPY). These peptides have extensive homology within their 
carboxyl-terminal domains, with absolute conservation of an 
arginine–tyrosine amide. PYY and NPY have extensive overall 
homology with each other. These three peptides also show 
cross-recognition of a group of three receptors. Each peptide 
has a unique distribution and unique functions. Their role in 
appetite regulation has become a subject of considerable interest 
[143,144].

Pancreatic polypeptide
Pancreatic polypeptide was originally identified as a contami-
nant in preparations of insulin extracted from pancreatic islets. 
It is a 36-amino acid peptide that is predicted to have a globular 
shape, resulting from interactions between a polyproline helix 
and an α-helix [145,146]. Its biological activity resides in its 
carboxyl-terminal hexapeptide amide, with the carboxyl-
terminal tyrosine amide being the critical residue for this activ-
ity. It has a short half-life in the circulation (about 7 min), with 
renal clearance apparently most important.

Pancreatic polypeptide cells are found in the periphery of 
pancreatic islets and scattered within the parenchyma of the 
pancreatic head and uncinate lobe, in contrast to the distribu-
tion of glucagon in the pancreatic body and tail. There is a clear 

receptor family. This receptor has substantial structural specifi-
city, recognizing the carboxyl-terminal heptapeptide amide of 
CCK, with a clear requirement for the tyrosine sulfate, the 
carboxyl-terminal phenylalanine amide, the nonoxidized state 
of the methionine residues, and the residues in almost every 
position of this peptide. Only the amino terminus is freely avail-
able for extension or modification without interference with the 
binding and biological activity of CCK. The understanding of 
the molecular basis of the binding of the natural agonist peptide 
to this receptor has improved substantially as direct evidence of 
contacts in the extracellular loop and tail domains have been 
defined for almost every residue within the CCK pharmacoph-
ore [138]. Nonpeptidyl antagonists (e.g., L-364718, lorglumide, 
PD140548) and even nonpeptidyl agonists are available for 
selective action on this receptor [30,139]. None of these reagents 
has reached clinical use. The antagonists induce gallbladder 
stasis; their use, therefore, is complicated by gallstone forma-
tion. The agonists theoretically could provide a new mechanism 
to achieve satiety, but their trophic effects may carry unaccept-
able risks.

A recently recognized difference between the types A and B 
CCK receptors is their sensitivity to the cholesterol content of 
the membrane [140]. The type A CCK receptor is quite sensitive 
to this lipid, reducing its effective coupling with its G protein 

Figure 13.13 One of the regulatory cycles for cholecystokinin (CCK) 
action on the pancreatic acinar cell. Nutrient ingestion results in the 
release of CCK-releasing factors (CCK-RF) into the intestinal lumen. 
These act on the I cells to secrete CCK, which stimulates pancreatic 
exocrine secretion. The proteolytic enzymes (particularly trypsin) then 
degrade the CCK-releasing factors, thereby terminating the cycle.
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trophic effects, but the physiological significance of this action 
is not yet clear.

Neuropeptide Y
Neuropeptide Y is a 36-amino acid peptide that is structurally 
homologous to PYY [154,155]. It appears to be the neurotrans-
mitter equivalent of PYY, found in the central and peripheral 
nervous systems. It is one of the most abundant peptides in the 
brain, along with CCK. It is found in enteric neurons, alone or 
colocalized with other neuropeptides [156,157]. It is especially 
prominent in sympathetic neurons that innervate blood vessels.

Postulated effects of NPY include the stimulation of appetite, 
alteration of circadian rhythms, vasoconstriction, ethanol con-
sumption, and neuronal development [144,158,159]. It has 
many of the same effects as PYY because they both recognize 
the same receptors, but its physiological role relates mainly to 
its anatomical distribution.

Tachykinin family
The tachykinins are a group of biologically active peptides 
sharing the carboxyl-terminal consensus sequence -Phe-X-Gly-
Leu-Met-NH2 [160–163]. Included in this group are substance 
P, GRP, the neuromedins, and many mollusk and amphibian 
peptides (bombesin, physalaemin, eledoisin, kassinin, and phyl-
lomedusin). These peptides are neurotransmitters in both the 
central and peripheral nervous systems. The pharmacophoric 
domain of the tachykinins is predominantly within the carboxyl 
terminus and well circumscribed. Consistent with this feature, 
the receptors for this family are in the rhodopsin/β-adrenergic 
receptor family of the G protein-coupled superfamily of recep-
tors. Tachykinins are present in a wide variety of cells, including 
glial, smooth muscle, epithelial, endothelial, glandular, and 
immune cells.

Substance P (neurokinin A)
Substance P is an 11-amino acid peptide amide that is widely 
distributed in the brain, spinal cord, and peripheral and enteric 
nervous systems [163,164]. Its highest concentrations along the 
digestive tract are in neurons of the esophagus, proximal small 
intestine, and colon. Substance P stimulates esophageal and 
intestinal peristalsis and pancreatic secretion, and it inhibits 
biliary secretion and somatostatin secretion. It likely plays a 
sensory role along the digestive tract, participating in the affer-
ent limb of various reflexes and possibly mediating pain 
impulses. In the central nervous system it probably acts as a 
neuromodulator.

Gastrin-releasing peptide
Gastrin-releasing peptide was originally isolated during a search 
for an analog to the amphibian peptide bombesin [165]. Like 
bombesin, GRP stimulates gastrin secretion. It is present in 
neurons of the stomach, intestine, and colon, as well as in the 
brain and spinal cord. It also stimulates the release of CCK, 
motilin, neurotensin, enteroglucagon, insulin, somatostatin, 

PP response to the ingestion of a meal. The response is biphasic; 
the early increase is neurally mediated and inclusive of cephalic 
and vagal phases. In many ways, secretion of PP correlates with 
vagal tone. The nutrients that stimulate gastrin and CCK secre-
tion also stimulate PP secretion. Secretion of this hormone also 
appears to be stimulated by CCK, gastrin, GRP, neuromedins B 
and C, and secretin.

Although several biological effects of PP have been proposed, 
debate continues. This hormone has been thought to inhibit 
pancreatic exocrine secretion, but antibody neutralization 
studies have failed to show any effect on pancreatic secretion. A 
metabolic role as an inhibitor of hepatic glucose production has 
also been proposed.

A series of receptor subtypes that recognize the PP family of 
peptides has been proposed, which are identified as Y1–Y6; only 
the Y1, Y2, Y4, and Y5 receptors have been found in humans 
[144]. All are structurally related members of the rhodopsin/β-
adrenergic receptor family of the G protein-coupled super-
family of receptors. The PP1-preferring receptor is able to 
recognize PP better than either of the other family members 
(PP >> NPY = PYY) [147]. Both of the Y1 and Y2 receptors 
recognize PYY and NPY similarly, and much better than PP 
(PYY ≥ NPY >> PP). There are selective agonists that distin-
guish between these receptors, with [Leu31,Pro34]PYY and 
[Leu31,Pro34]NPY selective for the Y1 receptor, and carboxyl-
terminal fragments (PYY[3–36], PYY[13–36], and NPY[13–
36]) selective for the Y2 receptor [148].

Perhaps the best current use of PP is as a marker for islet cell 
tumors. Plasma levels of PP are also elevated in diabetes mellitus 
and in a high percentage of islet cell carcinomas and multiple 
endocrine neoplasia. The percentage of positive values varies 
with the type of endocrine tumor; VIP-secreting tumors have 
very high levels and gastrin-secreting tumors have substantially 
lower levels.

Peptide YY
Peptide YY is also a 36-amino acid peptide. It is found in highest 
concentrations in enteroendocrine cells in the distal small intes-
tine and colon, mainly in the basal crypts of L cells [149–151]. 
It can act through endocrine mechanisms after release into the 
bloodstream, or through paracrine mechanisms with special-
ized basal processes surrounding columnar cells in the vicinity 
of the endocrine cells. It is released in response to meals. Fat is 
the major stimulant but other nutrients (e.g., carbohydrate) and 
bile acids also stimulate secretion. Neuronal release mecha-
nisms have also been postulated, and in some malabsorptive 
states, high circulating levels have been observed. GRP can also 
stimulate its release. Like PP, PYY has a short half-life in the 
circulation.

The actions of PYY are largely inhibitory [152,153]. It inhibits 
gastrointestinal motility, pancreatic and gastric secretion, and 
chloride secretion. It has been given the name ileal brake 
because it helps to establish longer contact times when nutrients 
reach the distal gut and colon. PYY has also been shown to have 
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somatostatin contain a critical disulfide bond giving them a 
cyclic structure (Figure 13.14). Amino acid residues 7–10 within 
the short cyclic structure of somatostatin-14 are also critical for 
activity. Although this hormone was originally identified for its 
ability to inhibit growth hormone, it is now recognized as 
having a much broader significance.

Somatostatin is synthesized and secreted from both neurons 
and enteroendocrine cells, with the latter (D cells) present as 
either open or closed [173,174]. In the stomach, there are highly 
specialized D cells with characteristic long processes that extend 
to G cells, parietal cells, and chief cells. These configurations 
make somatostatin one of the most flexible regulators of the 
gastrointestinal tract. Its multiple roles as hormone, paracrine 
transmitter, neurotransmitter, and neuromodulator reflect this 
flexibility. Along the digestive tract, 90% of somatostatin is 
present in the mucosa and 10% in the neuromuscular layers. In 
the stomach, pancreas, and neuromuscular layers of the intes-
tine, somatostatin-14 is the predominant form, whereas both 
somatostatin-14 and somatostatin-28 are found in the mucosa 
of the bowel. Somatostatin-14 has a very short half-life of 
1–3 min, whereas somatostatin-28 has a half-life of about 
15 min. The degradation sites of this hormone are not well 
defined, but they likely involve capillary beds.

Most of the biological effects of somatostatin are inhibitory. 
It inhibits gastric, pancreatic, biliary, and even salivary secre-
tion, in addition to inhibiting the release of a broad variety of 
gastrointestinal hormones. These include gastrin, CCK, secre-
tin, PP, GIP, motilin, glucagon, and insulin. It also inhibits gut 
motility, but this effect results from its ability to inhibit cholin-
ergic neurons. Somatostatin decreases splanchnic and portal 
blood flow.

and substance P, and it can stimulate pancreatic acinar cell 
secretion and gut motility. The release of secretin from S cells is 
not stimulated by GRP. It may also play a role as an excitatory 
neurotransmitter, acting on enteric interneurons. Like several 
of the peptides discussed, GRP appears to have trophic activity. 
Receptors for this peptide have been described on small cell 
carcinomas of the lung, where a trophic response may have 
clinical significance [166].

Several of the neuromedins were isolated during a search for 
mammalian homologs of the amphibian peptides. Neuromedin 
C shares its carboxyl-terminal decapeptide amide with GRP. 
Neuromedin B is related to ranatensin.
Four receptor subtypes, BB1, BB2, BB3, and BB4, are recognized 
for this class of ligands [167]. The BB1 receptor recognizes neu-
romedin B with highest affinity (neuromedin B  ≥  bombe-
sin  >  GRP). The BB2 receptor recognizes GRP best 
(GRP ≥ bombesin >> neuromedin B). The BB3 receptor has a 
high degree of homology with the BB1 and BB2 receptors but 
binds both GRP and neuromedin B with low affinities. Its 
natural ligand has not yet been identified. Its presence has been 
reported in reproductive organs and lung carcinoma; it may not 
have a relationship with the gastrointestinal tract. The BB4 
receptor was isolated from frog brain and has a unique pharma-
cological profile – it is highly dependent on the penultimate 
phenylalanine residue for agonist activity, and it has a unique 
capability for antagonist recognition [168].

Somatostatin family
The two molecular forms of somatostatin are 28 and 14 amino 
acids in length, with somatostatin-14 representing the carboxyl-
terminal domain of somatostatin-28 [169–172]. Both forms of 

Figure 13.14 Structures of somatostatin-14 and somatostatin-28, as well as two prominent synthetic agonist analogs, octreotide and lanreotide, which 
incorporate unnatural amino acids and terminal blocking groups, prolonging biological action.
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One extremely interesting aspect of studying the growth 
hormone secretagog receptor was the discovery of ghrelin, an 
endogenous agonist ligand representing a 28-amino acid peptide 
that has a high degree of homology with motilin, and a unique 
posttranslational modification of O-n-octanoylation of the Ser 
residue in position 3 (Figure 13.15) [183]. The growth hormone 
secretagog receptor is present in hypothalamus, heart, lung, 
pancreas, intestine, and adipose cells. The highest concentra-
tions of the ghrelin ligand are found in A-like cells in the oxyntic 
gastric mucosa, with substantial amounts also in small intestine, 
pituitary, breast, kidney, and ovary. It is particularly interesting 
that the highest levels of ghrelin exist prior to a meal, with a 
prompt reduction in this hormone after eating. Based on this, 
ghrelin has been used as an appetite stimulant in anorectic 
patients and in those with various forms of cachexia. NPY levels 
have been shown to be increased by ghrelin administration and 
hold promise in the management of appetite. Ghrelin has also 
been used as a stimulant of gastric emptying in patients with 
gastroparesis. The neuroendocrine effects of ghrelin, including 
effects on prolactin and adrenocorticotrophic hormone (ACTH) 
release, are also being actively investigated. All of the potential 
therapeutic uses of this hormone are in early phases of explora-
tion, and unclear how this might be clinically useful.

Only a single motilin receptor cDNA has been identified, 
even though there is pharmacological evidence for more than 
one pattern of response to this hormone [184]. Examination of 
the molecular basis of these varied responses will likely become 
an area of active exploration.

Protease-activated receptor family
Proteases, such as trypsin, have traditionally not been thought 
of as signaling molecules. There is evidence, however, of distinct 
G protein-coupled receptors in the rhodopsin/β-adrenergic 
receptor family of G protein-coupled receptors that are acti-
vated by proteolytic cleavage of an amino-terminal peptide 
sequence [185,186]. This makes an endogenous peptide ligand 
at the new amino-terminal end of the receptor accessible for 
binding to the remainder of the receptor, thus providing a novel 

Somatostatin receptors are in the rhodopsin/β-adrenergic 
receptor family of the G protein-coupled superfamily of recep-
tors. There are five recognized receptor subtypes: SSTR1, SSTR2, 
SSTR3, SSTR4, and SSTR5 [175–177]. These receptors are struc-
turally homologous but each couples to distinct G proteins and 
has a distinct tissue distribution. They are most closely related 
to the opioid receptors, with which they share about 40% 
homology. Based on structural similarity, there are two groups 
of somatostatin receptors: SSTR1 is related to SSTR4, and 
SSTR2, SSTR3, and SSTR5 are related to each other. SSTR5 is 
unique among the somatostatin receptors because it has a 
higher affinity for somatostatin-28 than for somatostatin-14. 
SSTR1 is found in the stomach and intestine. These receptors 
most prominently couple to adenylate cyclase; some receptors 
also activate potassium channels and voltage- and potassium-
dependent calcium channels. The somatostatin receptor may 
also activate a protein tyrosine phosphatase, although the 
precise molecular mechanism for this is unclear.

An analog of somatostatin that is a long-acting cyclic agonist 
peptide has become a highly useful clinical reagent. It represents 
an 8-amino acid cyclic peptide with unnatural residues that 
make it resistant to proteolysis. It has been used in the imaging 
and treatment of gastrointestinal hormone-secreting tumors, 
diarrheal disorders, and carcinoid syndrome [174,178].

Motilin family
Motilin is a 22-amino acid linear peptide that was originally 
recognized as being secreted into the circulation in a cyclic 
manner that correlated with increased motor activity along the 
bowel. It has become one of the most important endogenous 
prokinetic peptides, and its receptor is recognized as a useful 
pharmacological target, activated by erythromycin [179,180]. 
The cDNA encoding the motilin receptor was cloned in 1999. 
Sequence analysis showed that it was a member of the 
rhodopsin/β-adrenergic receptor family of the G protein-
coupled superfamily of receptors, having closest homology to a 
group of growth hormone secretagog receptors. The molecular 
basis of its binding has received more recent attention [181,182].

Figure 13.15 Alignment of sequences of motilin and ghrelin, members of the motilin family. Ghrelin has a unique posttranslational modification of the 
serine residue in position 3, representing O-n-octanoylation.
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family. The receptor nomenclature is based on the ligand spe-
cificity, starting with CC or CXC, and followed by R and a 
number. Of this group, 18 chemokine receptors have been 
cloned, and these express 25%–80% sequence identity among 
themselves.

Another interesting feature of the chemokines and their 
receptors is the substantial diversity of structure across species, 
with up to 55% sequence divergence reported. The pressure for 
the rapidity of evolution of these structures has not been estab-
lished. Also of note are the nonchemokine ligands for these 
receptors, which include human immunodeficiency virus 
(HIV); the chemokine receptor seems to play an important role 
as a coreceptor for the virus, permitting its entry into the target 
cell. On tumor cells, these receptors may determine the meta-
static pattern.

Secretin family
The secretin family of hormones is characterized by homology 
that is most evident in the amino-terminal half of these mod-
erately large polypeptides (Figure 13.16). Members of this 
family with known hormone and receptor sequences include 
secretin [194], VIP [195], pituitary adenylate cyclase-activating 
peptide (PACAP), GIP [196], glucagon, glucagon-like peptide-1 
(GLP-1), calcitonin, CGRP, parathyroid hormone [197], 
corticotropin-releasing factor (CRF), and growth hormone-
releasing factor (GHRF) [198,199]. Some of these are not rele-
vant to the gastrointestinal tract and are not discussed further. 
It must be recognized, however, that insights from any members 
of this family may provide important clues relevant to the entire 
family. Based on the structural homology of hormones, it is 
expected that the PHI receptor also belongs to this family, 
although a distinct receptor for this peptide has not yet been 
cloned.

molecular mechanism of action. To date, two such receptors 
have been identified – the thrombin receptor (or protease-
activated receptor 1) and the protease-activated receptor 2 
[187,188]. A receptor activation mechanism that requires pro-
teolytic cleavage has substantial implications for receptor regu-
lation, particularly for ensuring the inability to resensitize [189].

These receptors are believed to play roles in the linkage of 
tissue injury and vascular leakage to cellular responses, such as 
occurs in hemostasis, inflammation, and angiogenesis. Roles 
have also been postulated for these receptors in the intestine and 
pancreas.

Chemokine family
The chemokines constitute an extremely large family of ligands 
and receptors, with biological activities best described for leu-
kocytes [190–192]. Although not specific to the gastrointestinal 
tract, this system has great relevance to it. More than 40 distinct 
human chemokines have been described and assigned extremely 
varied original names based on the tissue or cell of origin, the 
target cell type, the size of the molecule, or the action. A more 
coherent nomenclature that correlates with the organization of 
the receptors for these ligands was proposed in 2000 [193]. This 
system classifies chemokines by their structure into four groups, 
based on the number and the spacing of conserved cysteine 
residues: C, CC, CXC, and CX3C. The CC, CXC, and CX3C 
cytokines have four conserved cysteine residues, with the first 
two such residues being adjacent to one another or having one 
or three other residues between them, respectively. The C 
cytokines have only two conserved cysteine residues, represent-
ing the second and fourth cysteine residues that are present in 
the other groups of chemokines.

The chemokine receptors are in the G protein-coupled recep-
tor superfamily. They typically recognize more than one chem-
okine, but these are usually members of a single chemokine 

Figure 13.16 Alignment of sequences of members of the secretin family. The amino-terminal domain is most critical for agonist action, whereas the 
pharmacophore extends throughout the entire peptide sequence. GIP, glucose-dependent insulinotropic peptide; PACAP, pituitary adenylate cyclase-
activating peptide; VIP, vasoactive intestinal polypeptide.
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The major effect of secretin is the secretion of bicarbonate 
from biliary and pancreatic ductular epithelium and Brunner 
glands. This nicely completes the regulatory cycle, with the acid 
stimulant of secretin release neutralized by the bicarbonate 
secreted in response to this hormone. It has been estimated that 
secretin is responsible for 80% of the bicarbonate response to a 
meal. In nonhuman species, secretin has also been shown to 
inhibit gastric secretion and gastric motility, to lower esopha-
geal sphincter tone, to stimulate insulin release and colonic 
mucus secretion, and to stimulate cardiac contractility, but these 
actions have not yet been demonstrated to be physiologically 
important in humans. There was much excitement about a pos-
sible therapeutic role for secretin in autism in recent years based 
on clinical observatons, however multiple prospective clinical 
trials have been negative and have not been able to demonstrate 
any objective clinical effect [201].

Consistent with these observations, the most prominent 
targets for secretin include ductular epithelial cells in the biliary 
tree and pancreas, and Brunner gland cells [199]. Receptors are 
also believed to be expressed on pancreatic acinar cells of some 
species, vascular smooth muscle in selected organs, some enteric 
smooth muscle (particularly in the region of the lower esopha-
geal sphincter), some enteric mucosal cells, and cardiac muscle. 
These targets were initially characterized as having a potent 
biological response to secretin, and a lesser response to VIP. 
However, such studies are difficult to interpret because of the 
cross-recognition of many peptides in the family by receptors 
in the family. Now that the structure of the receptors is better 
understood, the expression of receptors on distinct cells has 
become easier to identify.

The secretin receptor cDNA was initially cloned in 1991 by 
Ishihara and colleagues [194]. Its structure appeared to have the 
seven hydrophobic helical transmembrane domains typical of 
the G protein-coupled receptor superfamily, but other features 
of the receptor were unique. In fact, the level of homology with 
previously cloned receptors in the rhodopsin/β-adrenergic 
family was only 12%. Subsequent cloning of cDNAs encoding 
receptors for calcitonin and parathyroid hormone, which are 
more similar to secretin receptors, defined a new class of G 
protein-coupled receptors. The most highly conserved areas are 
in the transmembrane domains, and a particularly long amino-
terminal tail contains six highly conserved cysteine residues that 
are highly sensitive to reducing and cysteine-reactive reagents. 
The pattern of these disulfide bonds has been experimentally 
defined, and is conserved throughout the secretin receptor 
family [202]. Another such bond that is likely to be present is 
the connection between cysteine residues in the first and second 
extracellular loops, in positions that are conserved throughout 
the entire superfamily of G protein-coupled receptors. This 
bond has been characterized for other receptors in the 
rhodopsin/β-adrenergic family [203]. Most members of this 
family have recently had their amino-terminal tails domain 
structurally characterized, either by nuclear magnetic resonance 
(NMR) or crystallography [204]. This has revealed a character-

The pharmacophoric domains of these hormones are rather 
diffuse and spread throughout their primary sequences, usually 
requiring peptide analogs to span essentially the entire length 
of the natural hormones for maintenance of biological activity. 
In some of these hormones, the amino-terminal residue and a 
free amino terminus are particularly important. This observa-
tion implies the interesting notion that amino terminal-extended 
precursor forms may not be biologically active. In fact, few of 
the hormones in the secretin family have more than one molec-
ular form, as is so common for peptide hormones belonging to 
the rhodopsin/β-adrenergic receptor family. Some truncated 
forms of the secretin family hormones have been synthesized 
and found to continue to bind with high affinity, but these 
possess markedly reduced biological activity. Another interest-
ing feature of this family is that its members stimulate dual 
signaling cascades; low concentrations typically stimulate ade-
nylate cyclase, and higher concentrations stimulate intracellular 
calcium responses. This may also occur in the rhodopsin/β-
adrenergic receptor family, but it is less common.

Secretin
Secretin holds a special place in gastrointestinal endocrinology 
and in endocrinology generally. Its discovery in 1902 by Bayliss 
and Starling [16] established the concept of hormones as chemi-
cal messengers that travel through the bloodstream to control 
the function of a target organ. As such, the discovery of secretin 
gave birth to the whole field of endocrinology. It was therefore 
the first gastrointestinal hormone, although not the first one to 
be characterized chemically. Like many gastrointestinal pep-
tides, it is also prominently present in the brain. Secretin clearly 
has important physiological functions. Because of its relatively 
large size and the chemical difficulties encountered in working 
with this peptide and with its receptor, a detailed molecular 
understanding of this hormone has been delayed substantially. 
The cloning of cDNAs for members of this receptor family 
charged this field with new life and excitement, and it continues 
to be a fertile area for investigation.

Secretin is a 27-amino acid linear peptide with important 
residues scattered throughout the length of the hormone [200]. 
It is synthesized in endocrine cells (S cells) that are most abun-
dant in the duodenum and proximal jejunum and present in 
reduced numbers throughout the distal small intestine. The 
major stimulus for secretin secretion is unbuffered hydrogen 
ions as they traverse the duodenum. This stimulus becomes 
apparent when the duodenal pH decreases to 4 or lower. Secretin 
secretion can also be stimulated by nutritional acids, such as 
fatty acids, and by ethanol and components of spicy foods (e.g., 
1-phenylpentanol). Bile acids appear to enhance stimulated 
secretin release. Of interest, the S cell is one of the few enteroen-
docrine cells that is not responsive to GRP. However, the exist-
ence of a secretin-releasing peptide has been postulated. Like 
most of the peptide hormones, secretin has a short half-life of 
less than 3 min in the circulation. Renal clearance appears to be 
the predominant mode of elimination.
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agonists of the GLP-1 receptor are also in development, but it 
has been challenging to develop such drugs for receptors in the 
class B family of G protein-coupled receptors [209]. The 
American Food and Drug Administration (FDA) has recently 
added a warning about possible association with acute pancrea-
titis for GLP-1 agonists, based on epidemiological data identify-
ing a high rate of hospitalization for this problem in type II 
diabetics on GLP-1-based therapies [210]. However, it has been 
debated whether this represents an unrelated association or 
whether GLP-1 is directly involved in pathogenesis [211,212]. 
There has also been debate about a possible predilection for 
pancreatic carcinoma, but those data are even more sparse and 
the pathogenesis is totally unclear at this time [211,212]. While 
the GLP-1 receptor is present on pancreatic islet cells, it is not 
well established whether it is also present on duct cells or on 
pancreatic ductal adenocarcinoma cells.

Glucagon-like peptide-1 is a moderate length peptide (up to 
37 residues in length, with forms 1-37, 1-36-amide, 7-37, and 
7-36-amide) having a diffuse pharmacophoric domain, as is 
typical for natural ligands of class B G protein-coupled receptors 
[213]. Like the other natural ligands, it has a tendency to form 
helical conformation in its mid-region and carboxyl terminus. 
This region occupies a peptide-binding cleft within the receptor 
amino terminus. Consistent with the two-domain theme for this 
family, the peptide carboxyl terminus occupies the receptor 
amino terminus, thereby directing the biologically active amino-
terminal end of the peptide toward its site of action in the 
junctional region at the top of the helical bundle. This theme 
has been supported by peptide and receptor structure–activity 
series, photoaffinity labeling studies, and more recently, 
co-crystal structures of peptide and receptor amino terminus.

Glucagon-like peptide-1 is secreted from neuroendocrine L 
cells present in the distal small intestine and proximal colon in 
response to nutrients (predominantly carbohydrate and protein) 
reaching that level of the gut [214]. It represents one of the 
products of the glucagon gene, yielding glucagon, various forms 
of GLP-1, GLP-2, glicentin, and oxyntomodulin. All of the 
forms of GLP-1 and oxyntomodulin act via binding to the 
GLP-1 receptor.

The GLP-1 receptor is a typical member of the class B family 
of G protein-coupled receptors. This group of receptors has 
seven transmembrane segments and is coupled to both Gs and 
Gq, but does not possess any of the signature sequences typical 
of the class A G protein-coupled receptors. High-resolution 
structural insights are limited to the amino-terminal domain 
that is typical of this family [215]. This receptor is expressed on 
β-, α-, and δ-cells of the pancreatic islets, heart, lung, kidney, 
stomach, small intestine, skin, and neurons, with physiological 
effects on each. Additionally, GLP-1 elicits responses in liver, fat, 
and muscle that may be mediated indirectly. The spectrum of 
actions includes increase in insulin secretion and biosynthesis, 
β-cell proliferation and reduced apoptosis, reduced glucagon 
secretion, inhibited gastric emptying, reduced appetite, reduced 
glucose production in the liver, and increased glucose uptake 

istic structural motif with two antiparallel β-sheet regions, three 
disulfide bonds, connecting loops, and a variable amino-
terminal helical segment. This structure possesses a conserved 
hydrophobic peptide-binding groove that can accommodate the 
mid-region and carboxyl terminus of most of the natural 
peptide ligands for these receptors. This is believed to represent 
the initial binding interaction for these ligands, thereby direct-
ing their biologically important amino terminus toward its 
binding site in the junctional complex with the top of the helical 
bundle domain of each receptor. The details of that part of the 
docking and activation are much less well understood.

Various studies including mutagenesis and photoaffinity 
labeling have shown the importance of the amino-terminal tail 
and extracellular loop domains of this receptor for secretin 
binding and activation [205]. This finding is consistent with the 
general theme for this superfamily, in which increasingly larger 
ligands bind to domains moving from the confluence of intram-
embranous helices to the cellular surface, and ultimately to the 
extracellular loop and tail domains.

Despite having new signature sequences unique to the secre-
tin receptor family, the secretin receptor seems to signal and to 
be regulated much like the receptors in the rhodopsin/β-
adrenergic family [206]. The secretin receptor is coupled to both 
Gs and Gq/11. The most potent response to hormonal stimula-
tion is an increase in adenylate cyclase, and less potent is the 
stimulation of intracellular calcium. The secretin receptor is 
phosphorylated in response to agonist stimulation, and this 
phosphorylation interferes with G protein coupling. Like most 
G protein-coupled receptors, this receptor is internalized after 
agonist occupation. The details of the molecular basis of these 
events are being explored.

Glucagon-like peptide-1
Glucagon-like peptide-1 is a gastrointestinal peptide hormone 
secreted from L cells in the distal small bowel and colon after a 
meal that acts as an incretin to augment the insulin response. It 
also inhibits glucagon secretion and slows gastric emptying, 
adding actions very helpful for the management of type II dia-
betes mellitus, with the safety factor of having its insulin secre-
tion dependent on elevated serum glucose. The GLP-1 receptor 
has become a very important target for the treatment of type II 
diabetes mellitus, with a few drugs already approved and several 
in the development pipeline [207]. The earliest GLP-1 receptor 
agonists to be approved are peptide analogs of the natural 
hormone, including the natural peptide from Gila monster 
venom [208]. These have the disadvantage of requiring 
parenteral administration and having a short duration of action, 
but it has been possible to modify the peptides to extend their 
duration of action, reducing their metabolism by dipeptidyl 
peptidase-4 and by reducing renal clearance. Direct dipeptidyl 
peptidase-4 antagonists have also been used for the manage-
ment of type II diabetes mellitus and have been effective in 
clinical use, although they clearly also modify the metabolism 
of biologically active peptides other than GLP-1. Small molecule 



222   PART 2 Mechanisms of normal and abnormal gastrointestinal function

signal transduction pathways. The specific tissue and cellular 
distribution of these receptors is being characterized.

Studies with chimeric constructs incorporating domains of 
the VIP and secretin receptors have also supported the impor-
tance of the amino-terminal domain of these receptors in their 
selectivity for binding and initiation of active conformations 
[221]. Such observations indicate the need to understand more 
about the conformation of the ectodomain of these receptors in 
an effort to contribute to the rational design of drugs that might 
act on this important family of receptors.

Pituitary adenylate cyclase-activating peptide
This is a 27-amino acid linear peptide that was initially isolated 
from ovine brain [222]. Unusual for this family of hormones, 
there is also a second molecular form, PACAP-38, which con-
sists of PACAP with a carboxyl-terminal extension of 11 amino 
acids. Like many other brain peptides, PACAP is also present in 
the gastrointestinal tract, in nerve fibers, and in myenteric and 
submucous ganglia. PACAP-38 is the predominant peptide in 
nonenteric locations (e.g., brain, lung, and testes), whereas 
PACAP-27 is predominant in the intestine. Like VIP, the low 
circulating levels of PACAP are unresponsive to the ingestion 
of a meal.

Because of the high degree of homology between PACAP and 
VIP and the relationship of their receptors, interest has been 
focused on this neurotransmitter, even though it does not yet 
have proven physiological functions. Candidate functions 
include relaxation effects on colonic smooth muscle, stimula-
tion of pancreatic exocrine secretion, and vasodilation.

Glucose-dependent insulinotropic peptide
This was originally called gastric inhibitory peptide, until it 
became clear that inhibition of acid secretion is not a physio-
logical action of this hormone. Instead, its most prominent 
effect is to stimulate insulin production in a glucose-dependent 
manner, hence the name glucose-dependent insulinotropic 
peptide. Like GLP-1, GIP is an important incretin. A 42-amino 
acid linear peptide homologous to secretin and glucagon 
[223,224], GIP is produced in K cells in the proximal intestinal 
crypts. This peptide hormone is secreted predominantly in 
response to the ingestion of a meal, with fat the major nutrient 
stimulant. Both the secretion of GIP and the response of target 
organs to GIP are affected by cholinergic tone. GIP has a half-
life of 18 min, which is longer than that of most gastrointestinal 
peptides.

The GIP receptor, like the peptide, is homologous to other 
members of the secretin receptor family [196]. This is also true 
for the description of its coupling, signaling, and regulatory 
events.

The main established biological function for GIP is its role as 
a stimulant of insulin secretion (incretin) [225]. Incretins pro-
vided the explanation for the greater insulin responses to nutri-
ents administered orally as opposed to parenterally. There have 
been many proposed candidates to mediate this action, but GIP 

and storage in muscle and fat. Many of these actions are useful 
in the management of type II diabetes mellitus, and, indeed, 
GLP-1 agonists are already being used clinically for this purpose. 
Of note, the effect to reduce blood glucose is dependent on 
having an elevated level of glucose, therefore having substantial 
safety advantage over insulin.

Vasoactive intestinal polypeptide
Vasoactive intestinal polypeptide is a 28-amino acid linear 
peptide with close structural homology to secretin [216]. 
Conformational studies have supported similar structures as 
well. Unlike the hormone secretin, VIP is not secreted by ente-
roendocrine cells, but rather by neurons, as well as certain 
immune cells. In addition to being present in enteric neurons, 
VIP is also present in neurons of the brain, spinal cord, lung, 
urogenital system, and other endocrine organs. It has also been 
described to possess immunomodulatory antiinflammatory 
effects, including inhibition of release of tumor necrosis factor 
(TNF)-α and interferon-γ and modulation of T-cell function 
[217]. VIP has a very short half-life of less than 1 min in the 
circulation. Accordingly, plasma levels are quite low and unre-
sponsive to the ingestion of a meal. High plasma levels have 
been reported in the setting of watery diarrhea–hypokalemia–
achlorhydria syndrome associated with a VIP-producing endo-
crine tumor (VIPoma) [218].

The VIPoma syndrome provides insight into potential targets 
and actions of VIP. The normal physiological role of VIP is dif-
ficult to determine because of the local actions and absence of 
reagents with which to dissect its role from those of other 
related transmitters. Among the potential actions are stimula-
tion of enteric smooth muscle, stimulation of pancreatic exo-
crine and intestinal secretion, inhibition of gastric acid secretion, 
and modification of immune function and gastrointestinal 
blood flow. The list of tissues and cells containing VIP receptors 
includes pancreatic acinar cells, pancreatic and biliary ductular 
epithelial cells, gastric and intestinal epithelial cells, vascular 
smooth muscle cells, lymphocytes, and a number of epithelial 
tumors. Direct effects on enteric smooth muscle cells and mod-
ulatory effects on interneurons have been demonstrated. VIP is 
a key candidate for mediating descending relaxation of the peri-
staltic reflex and relaxation at the lower esophageal sphincter, 
the internal anal sphincter, and the teniae coli.

Two VIP receptors have been cloned: VPAC1 and VPAC2 
receptors [219]. Both are typical members of the secretin family 
of G protein-coupled receptors. VIP is also well recognized by 
the PACAP (or PAC1) receptor [220]. Both the VPAC1 and 
VPAC2 receptors have similar structural specificities for VIP, 
PACAP, and PHI (VIP = PACAP > PHI). Secretin is recognized 
weakly by the VPAC1 receptor, and not at all by the VPAC2 
receptor. The selectivity of the PAC1 receptor is quite distinct 
(PACAP  >  VIP  >  PHI). Another interesting feature of the 
PAC1 receptor is prominent alternative splicing, yielding vari-
ants that differ in both ligand recognition and intracellular 
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betacellulin, heparin-binding EGF, and the neuregulins. All 
share the sequence motif CX7 CX2–3 GXCX10–13 CXCX5 
GXRC. All are produced as single-transmembrane proteins with 
an amino-terminal proregion, a mature growth factor region 
ranging in length from 50 to 87 residues, and a relatively short 
cytosolic domain. Members of the EGF family are active both 
while anchored to the membrane and after proteolytic process-
ing to release the mature growth factor domain [70].

There are four members of the EGF receptor subfamily, 
including the EGF receptor encoded by erbB and proteins 
encoded by erbB-2, erbB-3, and erbB-4. All are single-
transmembrane glycoproteins that incorporate two distinct 
cysteine-rich regions in the ectodomain and a tyrosine kinase 
catalytic domain and typical sites of potential phosphorylation 
in cytoplasmic regions. Receptor dimerization or oligomeriza-
tion is a typical initial step in signaling that is induced by agonist 
binding. This is followed by cross-phosphorylation on tyrosine 
residues of the receptor and the recruitment of kinase substrates 
and other signaling proteins. Many of these substrates have Src-
homology-2 (SH2) domains. A large number of potential sign-
aling cascades have been described, including the Ras, Raf, and 
mitogen-activated protein (MAP) kinase pathways and the 
Janus kinase (JAK)/signal transducer and activator of transcrip-
tion (STAT) pathways [227,228]. EGF signaling also includes 
activation of phosphatidylinositol pathways, with activation of 
protein kinase C isoenzymes and increases in intracellular Ca2+.

Many gastrointestinal functions can be affected by this family 
of hormones and receptors. Included among the most promi-
nent effects are inhibition of gastric acid secretion, protection 
against injury, and stimulation of intestinal cell growth. There 
are also putative growth-stimulatory and growth-inhibitory 
effects on a number of gastrointestinal tumors. This provides 
many interesting possibilities for therapeutic uses of agonists 
and antagonists acting at these receptors [229]. A large number 
of drugs inhibiting tyrosine kinase receptors, such as EGFR and 
Her2/Neu, are now in clinical trials and clinical use, particularly 
for the treatment of over-expressing cancers. Many of these 
agents have taken advantage of the inhibitory effect of interfer-
ing with dimerization of these receptors. These have included 
monoclonal antibodies, as well as microRNAs and small mol-
ecule inhibitors.

Fibroblast growth factors
Fibroblast growth factors (FGFs) are a group of polypeptides 
with angiogenic and mitogenic activities that are active in tissue 
repair and in modulating tissue differentiation. FGFs induce 
chemotactic activities in fibroblasts and endothelial cells [72]. 
Nine members of the FGF family have been identified, each with 
a conserved core sequence of about 120 residues and with high 
affinity for heparin and glycosaminoglycans. FGF1, also known 
as acidic fibroblast growth factor, and FGF2, also known as basic 
fibroblast growth factor, are not efficiently secreted, whereas all 
other forms possess signal peptides and are secreted. FGF7 is 
also known as keratinocyte growth factor (KGF).

and GLP-1 are considered to be physiologically important. Like 
GLP-1, for GIP to exert this effect on the cells of the pancreatic 
islet, the serum glucose level must be above 110 mg/dL, thus 
providing protection against hypoglycemia. Of note, the incre-
tin effect of GIP is reduced in the presence of diabetes mellitus, 
whereas this effect of GLP-1 is maintained. Other metabolic 
effects of GIP have been described, such as inhibition of hepatic 
glucose output, inhibition of fat absorption, and inhibition of 
lipoprotein lipase. The physiological role of GIP in mediating 
these effects is not clear.

Tyrosine kinase receptor family
The receptors in this family are quite distinct from the G 
protein-coupled receptors. All are single-transmembrane recep-
tors and all have prominent effects on cell growth (Figure 13.17). 
Some also affect cell survival, differentiation, and movement. 
Perturbations of several tyrosine kinase receptors have been 
associated with tumorigenesis. Many G protein-coupled recep-
tors also appear to mediate effects on cell growth, but they do 
so through a distinct mechanism. Activation of G protein-
coupled receptors can also stimulate tyrosine phosphorylation 
events; however, most of the substrates are distinct from those 
phosphorylated in response to activation of the tyrosine kinase 
receptor family [226].

Epidermal growth factor
This is a 53-amino acid single-chain polypeptide that contains 
three intramolecular disulfide bonds. Additional ligands in this 
family include transforming growth factor-α, amphiregulin, 

Figure 13.17 The three classes of tyrosine kinase receptor. All possess 
cysteine-rich regions in the ectodomain and tyrosine kinase catalytic 
domains in the cytoplasm. The classification of tyrosine kinase receptors 
into the three classes is dependent on the continuity and spacing of these 
regions, as well as the subunit structure necessary to achieve a functional 
unit for the class II receptors. EGF, epidermal growth factor; IGF, 
insulin-like growth factor; PDGF, platelet-derived growth factor.
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tion, as well as association with and phosphorylation of other 
substrates.

In addition to the receptor, there are soluble circulating and 
interstitial IGF-binding proteins (IGFBP-1 to -6). They may 
affect the volumes of distribution and half-lives of IGF and 
thereby modify its biological activities. IGFs affect the growth 
and differentiation of a variety of tissues.

Toll-like receptor family
All multicellular organisms have innate immunity as a form of 
host defense against microbes. Infection or infestation leads to 
early defenses at the levels of phagocytic leukocytes, endothelial 
cells, and mucosal epithelial cells, with responses mediated by 
receptors that recognize pathogen-associated molecular pat-
terns, such as the lipopolysaccharide in bacterial cell walls. 
Activation of such receptors leads to biological responses that 
are designed to clear the offending stimulus and to protect the 
organism. The toll-like receptors are a particularly interesting 
group of this type of receptor that can recognize and distinguish 
between various classes of pathogens [230]. They are located on 
monocytes, macrophages, neutrophils, dendritic cells, intestinal 
epithelial cells, and endothelial cells. A major signaling target of 
these receptors is the activation of nuclear factor-kappa B (NF-
κB) transcription factors, which can affect the expression of 
various cytokines, adhesion molecules, acute phase proteins, 
and inducible enzymes.

The toll-like receptors represent a family of single transmem-
brane molecules having multiple copies of leucine-rich repeats 
in their unique extracellular domain and a cytoplasmic toll/1R 
(TIR) motif that is related to that found in the interleukin-1 
(IL-1) receptor. Because of the latter motif, these receptors 
signal like the IL-1 receptor. They are thought to dimerize and 
bind to adapter proteins that initiate signaling. These receptors 
may represent interesting and possibly productive targets for the 
treatment of inflammatory and immune-mediated diseases. It 
is exciting that toll-like receptor antagonists are being devel-
oped. The toll-like receptor 4 antagonist, eritoran, has recently 
been described to protect mice from lethal influenza infection, 
improving the clinical symptoms, the lung pathology, and the 
expression of cytokines and oxidized phospholipid, as well as 
reducing viral titers [231].

Hormones in gastrointestinal disease

As critical as gastrointestinal hormones and their receptors are 
for the integration and regulation of digestive function in health, 
their major interest for the clinician has been largely related to 
hormone-secreting tumor syndromes. These syndromes can be 
dramatic expressions of unregulated over-activity of one par-
ticular hormone, without the advantage of the normally active 
mechanisms for feedback inhibition. Such tumors are typically 
of neuroendocrine lineage, sometimes taking the form of islet 
cell tumors, most commonly arising in the pancreas, but also 

Receptors for the FGFs are monomeric and, like other growth 
factor receptors, they possess a tyrosine kinase domain. Unlike 
that of most such receptors, the tyrosine kinase domain of these 
receptors is discontinuous, with a 14-residue interruption. Also, 
the FGF receptors have two or three immunoglobulin-like 
domains within an extracellular domain. At least four distinct 
genes encode FGFR-1 through FGFR-4. FGFR-1 and FGFR-2 
also have multiple alternatively spliced forms. All four types of 
FGFR can be activated by either the acidic or basic forms of FGF 
(FGF1 or FGF2). FGF7 (KGF) binds only to the KGFR, which 
is a distinct splice variant of the FGFR-2. Heparin sulfate pro-
teoglycans on the cell surface can also bind these growth factors, 
but with low affinity. It has been postulated that this is a site for 
the collection of the ligand in preparation for binding to its 
high-affinity receptor.

Autophosphorylation of the FGF receptors occurs and is a 
mechanism for regulation. Tyrosine phosphorylation occurs in 
response to FGF binding, thereby opening and exposing the 
kinase domain. Phospholipase C-γ can associate with the 
tyrosine-phosphorylated receptor. Activation also stimulates 
Shc association with a kinase domain of the receptor, which 
leads to activation of Grb2/SOS. This in turn leads to the typical 
series of events activated by other growth factors, such as activa-
tion of Raf-1, MAP kinase kinase, and MAP kinase.

FGF receptors can form homodimers or heterodimers. The 
composition of the dimer can determine the details of the sig-
naling initiated. Signaling cascades appear to be quite similar to 
those described for the EGF receptors.

Biological actions for this group of hormones include promi-
nent effects on angiogenesis through effects on endothelial cells. 
Also described are effects on fibroblasts, smooth muscle cells, 
and various neuronal cells. Like other growth factors, FGFs also 
have been implicated in tumorigenesis.

Insulin-like growth factors
Insulin-like growth factors (IGF-1 and IGF-2) are single-chain 
polypeptides that are homologous to proinsulin [71]. These hor-
mones were first recognized by the demonstration that the addi-
tion of insulin antiserum to neutralize insulin activity failed to 
inhibit all activities attributed to that hormone. The IGFs are 
structurally related to insulin, but they bind poorly to tradi-
tional insulin receptors. Like insulin, the IGFs have both A and 
B domains. Unlike insulin, they lack the C domain, which is 
cleaved in the processing of insulin to achieve its mature 2-chain 
form. IGFs remain a single chain, although they fold to achieve 
a conformation similar to that of insulin.

Like the insulin receptor, the type 1 IGF receptor consists of 
a hetero-tetrameric structure with two α-subunits and two 
β-subunits, both of which come from a single gene product. 
Disulfide bonds link the complex, with the α-subunits residing 
entirely outside the cell and possessing the binding determi-
nants, and the β-subunits spanning the plasma membrane and 
containing the tyrosine kinase domain intracellularly. As in the 
insulin receptor, signaling involves tyrosine autophosphoryla-
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of metastatic carcinoid syndrome, the secretory diarrhea of the 
VIPoma syndrome, the skin lesions of the glucagonoma syn-
drome, and other refractory diarrheal syndromes and fistulae 
[235]. Although these agents effectively inhibit acid hypersecre-
tion in gastrinoma, there are better methods for controlling acid 
secretion, such as hydrogen–potassium ATPase inhibitors and 
histamine H2 receptor antagonists. Somatostatin agonists have 
helped to relieve symptoms of islet cell tumors, and in rare cases 
they have induced islet cell tumor regression. They are also 
being tested for action against other epithelial carcinomas. More 
selective somatostatin receptor antagonists are being developed. 
The GLP-1 agonists discussed above are already becoming key 
drugs in the management of type II diabetes mellitus. While 
there is some current caution related to the uncertainties  
of possible associations with acute pancreatitis and even pan-
creatic cancer, it is likely that this class of drugs will continue to 
be an important component of the management of severe 
diabetes.

Gastrointestinal hormones, such as gastrin-releasing 
hormone and gastrin, have been implicated as autocrine growth 
factors in various epithelial malignancies. As noted above, ele-
vated levels of gastrin occurring in the setting of achlorhydria 
or the use of potent and prolonged inhibition of gastric acid 
secretion, such as with proton pump inhibitors, can result in 
enterochromaffin cell hyperplasia and even type 1 carcinoid 
tumors [116]. While most type 1 carcinoid tumors are not clini-
cally aggressive and do not metastasize, a small number of these 
complications have been reported. Antagonists directed toward 
blocking the action of gastrin are being used experimentally in 
this setting [116,117], and may reach clinical use, particularly 
as we gain insights into the behavior of various tumors. The 
targeting of chemokines or toll-like receptors is a potentially 
fruitful area for the management of various inflammatory and 
immune-mediated disorders. Inhibitors of other gastrointesti-
nal hormone receptors will also likely find clinical utility.
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described in the duodenum and even the lung. The two most 
common and dramatic presentations of such tumors, excluding 
the insulinomas and glucagonomas typically seen by the endo-
crinologist, are gastrin-secreting and VIP-secreting islet cell 
tumors [172,218]. Gastrin is produced in the fetal pancreas but 
is not normally produced at all in the adult pancreas. VIP is a 
normal pancreatic neurotransmitter that is present in very low 
concentrations under normal circumstances. The syndromes of 
gastrin overproduction in the Zollinger–Ellison syndrome (gas-
trinoma) and VIP overproduction in the Verner–Morrison syn-
drome or watery diarrhea–hypokalemia–achlorhydria syndrome 
(VIPoma) are discussed in detail elsewhere in this book (see 
Chapters 57 and 58). Knowledge of the biological actions of 
these peptides based on the previous discussion should provide 
good insight into these clinical syndromes.

The clinical contributions of the gastrointestinal endocrine 
system to other gastrointestinal diseases is less clear because of 
the redundancy of the control mechanisms, with more than one 
hormone and neurotransmitter serving similar functions. 
Common disturbances of gastrointestinal function, such as irri-
table bowel syndrome, peptic ulcer disease, gallstone disease, 
dysmotility states, and even pancreatitis, may be influenced by 
a diverse menu of hormones and neurotransmitters. Only when 
the choice of selective pharmacological agonists and antagonists 
is similarly broad will the roles of these agents be unraveled. The 
reduced clearance of several of these hormones from the circu-
lation in renal insufficiency can be associated with a broad spec-
trum of results because of the antagonistic effects of elevated 
levels of peptides [67]. Because nutrient absorption is needed to 
stimulate the secretion of many gastrointestinal hormones, cir-
culating levels can be influenced markedly by syndromes of 
maldigestion, such as occurs in pancreatic insufficiency or celiac 
disease.

Some gastrointestinal peptides and analogs have reached 
clinical practice. They have numerous diagnostic applications. 
Pentagastrin is the agent of choice for gastric acid secretory 
testing [232]. CCK is used for pancreatic exocrine function 
testing, as well as in radiographic studies of gallbladder empty-
ing and pancreatic duct size [233]. Secretin is administered in 
a provocative test for gastrinoma, as well as for radiographic 
evaluation of duct dilatation as a manifestation of biliary dyski-
nesia [68]. Glucagon is used to relax the gastrointestinal smooth 
muscle activity to facilitate endoscopic, radiological, and intu-
bation procedures [234].

In addition to having diagnostic applications, potent agonist 
analogs of somatostatin (see structures of octreotide and lanre-
otide in Figure 13.14) and GLP-1 (exendin-4) are now com-
monly used as therapeutic agents. A long-acting depot form of 
lanreotide that can be injected intramuscularly is now available. 
These ligands have highest affinities for receptor subtypes 2 and 
5, with moderate affinity for subtype 3 and very low affinity for 
subtypes 1 and 4. Somatostatin and its analogs suppress hormone 
release and hormone action of a number of gastrointestinal 
peptides. They are being used to treat the diarrhea and flushing 
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Introduction

It is common human experience that stress or anxiety may 
modulate gastrointestinal (GI) tract function culminating in 
symptoms such as diarrhea, nausea, and discomfort. Indeed, the 
influence that anxiety may exert on the GI tract is often reflected 
in common phrases such as “butterflies in my stomach” and “gut 
wrenching.” It was not until the beginning of the 19th century 
that such observations began to be objectively examined. An 
early pioneer of GI physiology was the American physician 
William Beaumont (1785–1853) who linked emotion to GI tract 
function. In 1833, he published a classic monograph concerning 
his patient Alexis St Martin, a man who had sustained an 
abdominal gunshot wound leaving him with a permanent gas-
trocutaneous fistula. Beaumont recorded in excess of 200 obser-
vations of Alexis St Martin over an 8-year period. Beaumont 
commented that:

 . . . In febrile diathesis, or predisposition from whatever cause . . . fear, 
anger or whatever disturbs the nervous system . . . the villous coat 
becomes sometimes red and dry, and at other times pale and moist, 
and looses its smooth and healthy appearance. [1]

These initial observations were expanded and subsequently 
developed by other luminaries such as Ivan Pavlov (1849–1936) 
[2], Walter B. Cannon (1871–1945) [3], and Harold G. Wolff 
(1898–1962) [4]. While the techniques, methodologies, and 

technologies utilized to evaluate GI function have advanced 
since these early days, the relationship between emotional state 
and GI function, both in health and disease, remain prominent 
in current research.

Arguably, the most unequivocal evidence of the brain’s influ-
ence on human GI function derives from reports of alterations 
of this function caused by lesions within the central nervous 
system (CNS). The most frequently encountered clinical 
example is dysphagia following a cerebrovascular accident [5]. 
A further example is gastric emptying delay occurring as a 
sequelae of spinal cord transection or constipation related to 
Parkinson disease [6,7]. Despite these insights, it was not until 
the late 1980s/early 1990s and the advent of the mainstream use 
of a number of noninvasive neurophysiological techniques, that 
these interactions have been studied noninvasively in vivo in 
health and disease. These technological developments have led 
to advances in our understanding of the sensorimotor pathways 
between the brain, the periphery, and the CNS. This increased 
understanding has led to the development of the concept of the 
brain–gut axis, a bidirectional communication between the gut 
and the brain, which has gained widespread acceptance as the 
construct providing an explanation of normal function, and 
acute and chronic perturbations, of GI function. Moreover, this 
model of bidirectional communication has provided a biologi-
cal framework to underpin the biopsychosocial concept of GI 
disorders by facilitating the integration of many contributing 
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ments. For instance, the distal colon is represented in thoraco-
lumbar and lumbosacral spinal segments by both splanchnic 
and pelvic nerve inputs. These pathways are summarized in 
Figure 14.2.

Vagal afferents
Approximately 50 000 vagal afferents, of which 98% are unmy-
elinated, supply the GI tract. In humans, these vagal afferents 
innervate the entirety of the GI tract except the distal third of 
the colon [13]. Vagal afferent endings are located within the 
mucosa of the GI tract in close association with the lamina 
propria [12]. Vagal afferents have a low threshold of response to 
mechanical stimuli and become saturated (i.e., maximally acti-
vated) within the physiological range of distension, i.e., in 
response to a bolus of food or feces [14]. Thus they are consid-
ered to mediate nonnoxious physiological sensation such as 
satiety [15]. However, an accumulating body of preclinical evi-
dence has suggested a key role of vagal afferents in the modula-
tion of nociception via influences on spinal transmission [16]. 
From these endings, vagal afferent pathways have their cell 
bodies in the nodose ganglia, located in close proximity to the 
jugular foramen. Within the nodose ganglia, fibers subsequently 
project centrally to the nucleus tractus solitarius. Within the 
nucleus tractus solitarius, these fibers terminate in its medial 
portion where there is a defined viscerotopic rostrocaudal dis-
tribution (Table 14.1) [17].

Pelvic afferents
The distal third of the colon is innervated by pelvic nerve affer-
ents arising in the sacral dorsal root ganglia, which project 
centrally to the intermediate gray matter of sacral spinal cord in 
segments S1–5.

Spinal afferents
In addition to vagal and pelvic afferents, the entire GI tract is 
also innervated by spinal afferent fibers originating in splanch-
nic nerves projecting to the T5–L3/5 segments of the spinal 

factors whether they are biological, psychological, or social in 
nature.

This chapter first reviews the salient functional anatomy  
and physiology of the brain–gut axis, and then examines the 
interactions of the brain–gut axis with the GI microbiome, 
appetite/satiety regulation, autonomic nervous system, and the 
hypothalamic–pituitary–adrenal (HPA) axis. Finally, alterations 
in the brain–gut axis and their clinical implications are 
considered.

Gut to brain communication

Intrinsic innervation – the enteric  
nervous system
The GI tract has substantial sensory innervation [8]. These 
sensory afferents convey information to the CNS, facilitating 
coordination and integration of reflex function with behavioral 
responses in addition to mediating sensation [9]. The intrinsic 
innervation of the GI tract, known as the enteric nervous system 
(ENS), can direct and sustain GI function even after connec-
tions to the CNS have been severed. As depicted in Figure 14.1, 
the ENS comprises of the myenteric and submucosal plexi and 
controls gut motility, secretory and endocrine functions that are 
required for normal digestive processes (see Chapter 15). It has 
a structural complexity and functional heterogeneity similar to 
that of the CNS [10]. These circuits comprise neurones organ-
ized into networks of enteric ganglia connected by intergangli-
onic fibers. Most enteric neurones involved in motor functions 
are located in the myenteric plexus with some primary afferent 
neurones located in the submucosal plexus. As in other nervous 
systems involved in sensory motor control, the ENS comprises 
primary afferent neurones, sensitive to chemical and mechani-
cal stimuli, interneurones, and motor neurones. Motor neu-
rones act on a diverse array of effector cells including smooth 
muscle, pacemaker cells, blood vessels, mucosal glands, and 
epithelia, as well as cells involved in immune responses and 
endocrine and paracrine functions. These sensory afferents 
connect to the CNS via vagal and spinal sensory nerves, col-
lectively known as extrinsic innervation.

Exstrinsic innervation – vagal and  
spinal pathways
In contrast to somatic sensation, the viscera are innervated by 
a dual set of primary afferent fibers that project to distinct 
termini within the CNS. The terminal fibers of these visceral 
afferents interface with the GI tract in a complex manner via 
longitudinal and circular muscle, the mucosal epithelial surface, 
and ganglia of the ENS. Innervation of the GI tract from the 
esophagus to the mid-transverse colon is provided by the vagus 
nerve whereas the remaining portion, i.e., the distal third of the 
colon, is innervated by pelvic afferents. There is also a second 
set of innervation to the GI tract through spinal afferents. Spinal 
afferents join the spinal cord over multiple distinct spinal seg-

Figure 14.1 Components of the enteric nervous system. The myenteric 
plexus is often referred to as Auerbach’s plexus and the submucosal plexus 
as Meissner’s plexus [11]. 
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becomes sufficient to be perceived as noxious stimulus. The 
second are high-threshold afferents that respond to noxious 
distension [19]. High-threshold receptors exclusively innervate 
organs from which pain is the only conscious sensation, such as 
the heart and kidneys. Noxious stimuli may cause the peripheral 
release of ions such as potassium or hydrogen ions that can 
activate sensory receptors, and several inflammatory mediators 
such as, adenosine triphosphate, 5-hydroxytryptamine (5-HT), 
bradykinins, and prostaglandins [20,21]. These mediators may 
elicit a number of effects including the activation and peripheral 
sensitization of nociceptive afferent nerves by reducing their 
transduction thresholds and by inducing the expression and 
recruitment of previously silent nociceptors. The main conse-
quence of these inflammatory mediators is an increase in  
pain sensitivity at the site of injury, known as primary hyperal-
gesia [22].

Visceral spinal afferents have multiple receptive fields with 
significant overlap in the spinal cord, probably explaining the 
relative poor sensory discriminatory and localizing aspects of 
visceral sensation. Moreover, the convergence of visceral and 
spinal afferents within the spinal cord is considered to be the 
basis of the referral of visceral sensation to somatic structures 
[23]. The detailed central neuroanatomy of visceral afferents has 
been most extensively studied in rodents where these fibers 
represent approximately 10% of all afferent inflow into the 
spinal cord. As shown in Figure 14.3, these fibers have a wide-
spread distribution into laminae I, II, V, and X of the dorsal horn 
and second-order neurons project to the brain through the 

cord, constituting 5%–10% of all afferent fibers [18]. They are 
further subdivided into pelvic and splanchnic afferents largely 
following the paths of sympathetic and parasympathetic effer-
ents to the wall of the GI tract. The majority of visceral afferents 
pass through prevertebral or paravertebral ganglia en route to 
the spinal cord. Collateral fibers from spinal afferents to the 
prevertebral ganglia mediate local autonomic reflexes. Axons of 
spinal afferents comprise a combination of thinly myelinated Aδ 
and unmyelinated C fibers, displaying sensitivity to mechanical, 
heat and chemical stimuli [13]. In terms of physiological respon-
siveness, there are primary classes of receptors that encode vis-
ceral nociception. The first of these are low-threshold afferents, 
which initially respond to low-intensity physiological distension 
but continue, on a broadly linear basis, to respond as distension 

Figure 14.2 A schematic representation of the extrinsic sensory innervation of the gastrointestinal (GI) tract. (Left) Spinal afferent pathways through to 
the spinal cord; cell bodies are located in the dorsal root ganglia. (Right) Vagal and pelvic nerve afferent input through the nodose and dorsal root 
ganglia, respectively. NTS, nucleus tractus solitarius. Source: Blackshaw and Gebhart 2002 [12]. Reproduced by permission of Elsevier.
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Table 14.1 The rostrocaudal organization of the afferent input to the 
nucleus tractus solitarius.

Rostrocaudal viscerotopic organization 
of the nucleus of the solitary tract

Afferents

Rostral third Oral and pharyngeal 
visceral afferents

Middle third Esophageal, gastric, and 
intestinal afferents

Caudal third Baroreceptors, cardiac 
and respiratory afferents
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measured and imaged using two broad classes of techniques. 
First, those that localize the underlying electrical activity of the 
brain either at rest or in response to a physiological or environ-
mental stimulus (including electromagnetic techniques such as 
cortical evoked potentials and magnetoencephalography); and 
second, those that detect the metabolic or physiological seque-
lae of altered brain activity [including functional magnetic reso-
nance imaging (fMRI) and positron emission tomography 
(PET)] (see [28,29] for excellent detailed recent reviews).

A number of brain areas are critical to the central processing 
of GI sensation. Afferent ascending information from the 
viscera in the various tracts is routed via the thalamus to the 
ACC and insula. In tandem, these areas play a critical role in 
the conscious affective-motivational aspects of GI sensation. 
The amygdala is also a critical substrate within the brain–gut 
axis as regional neuronal activity is increased when associated 
with an aversive stimulus or one with a negative emotional con-
notation [30]. The amygdala coordinates motor, visceral, and 
emotional responses to such negative stimuli through its exten-
sive connections with the hippocampus. The posterior insula 
cortex is the primary region for the projection of visceral affer-
ent information while the anterior insula is fundamental in 
generating conscious awareness of the internal state. In contrast, 

spinoreticular, spinomesencephalic, spinohypothalamic, and 
spinothalamic tracts, all of which lie in the anterolateral quad-
rant of the spinal cord. In addition, ascending visceral pain 
pathways have been demonstrated within the dorsal columns 
[24]. The spinoreticular, spinomesencephalic, and spinohypoth-
alamic tracts mainly activate unconscious responses to visceral 
sensory input including alterations in emotion and/or behavior 
[25]. In contrast, the spinothalamic tract confers conscious sen-
sation through its projections, via sensory nuclei of the thala-
mus, to the primary and secondary somatosensory cortices (SI/
II lateral pain system), anterior cingulate cortex (ACC) (medial 
pain system), and the insula [26].

Central processing

The CNS modulation of gut sensations occurs at a number of 
different levels with the CNS acting as a “filter” such that the 
majority of visceral afferent information reaches the brainstem 
and thalamus but only a minority of stimuli are perceived in the 
cortex. Understanding of central pathways has advanced con-
siderably over the last two decades, fueled in part by advances 
in noninvasive neuroimaging. Human brain activity can be 

Figure 14.3 Schematic representation of the main central connections for gastrointestinal (GI) pain pathways from (a) the GI tract to (b) the spinal 
dorsal horn and (c) central structures. For the sake of clarity the spinomesencephalic and spinohypothalamic pathways have been omitted. MCC, 
mid-cingulate cortex; pACC, perigenual anterior cingulate cortex; SII, secondary somatosensory cortex. Source: Matthews and Aziz 2005 [27]. 
Reproduced with permission of BMJ Publishing Group.
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Emotional motor system
Stress, which can be defined as an acute threat to an organism’s 
homeostasis, may be interoceptive or exteroceptive. For example, 
interoceptive stress may be caused by infection or inflammation 
whereas exteroceptive stress usually refers to a real or perceived 
external threat. Both types of stressor activate a complex and 
elaborate neurobiological response that serves to ensure allos-
tasis, the process of achieving homeostasis either through physi-
ological or behavioral change, and ultimately ensure the 
organism’s survival. This neurobiological response is rapidly 
engaged and similarly rapidly disengaged, thereby limiting the 
organism’s exposure to the stressor. However, when the stressor 
is prolonged, it can lead to a maladaptive response culminating 
in chronic over- or underactivity of downstream physiological 
systems, which can result in, or indeed exacerbate pre-existing, 
pathological states. Furthermore, the duration and type of stres-
sor in combination with genetic factors, early life events, con-
comitant pathology, and social support influence an individual’s 
outcome [37]. The neurobiological response to stress is coordi-
nated centrally from areas such as the hypothalamus, amygdala, 
and periaqueductal gray. These areas receive inputs from vis-
ceral afferents and from regions such as the insular and anterior 
cingulate cortices. Output from these coordinating centers form 
an integrated network projecting to pontomedullary nuclei and 
the pituitary gland, which mediate autonomic and neuroendo-
crine response, respectively [38]. This feedback loop is com-
pleted by noradrenergic projections from the locus coerulus and 
serotoninergic neurones from the raphe nucleus [39].

Corticotrophin-releasing hormone
Corticotrophin-releasing hormone (CRH) is a peptide contain-
ing 41 amino acids, which is distributed throughout the brain 
and is a major mediator of the stress response in the emotional 
motor system [40]. Stress causes release of CRH from the par-
aventricular nucleus of the hypothalamus and stimulates the 
pituitary gland to secrete adrenocorticotrophic hormone 
(ACTH) in addition to activating the sympathetic nervous 
system. It also plays a key role in the pathophysiology of anxiety 
and depression [41]. CRH1 receptors are widely distributed in 
the amygdala and are also present in the colon. Fukudo et al. 
confirmed that exogenous CRH can alter phasic contractions in 
the colon and small intestine in humans [40]. Accumulating 
evidence from animal studies has also indicated that endog-
enous CRH plays a role in mediating stress-induced alteration 
of GI motor function [42]. For example, in rodents the intrac-
erebroventricular administration of CRH mimics the effects of 
various stressors in inhibiting small bowel transit and stimulat-
ing colonic motor activity [43]. Moreover, experimentally 
induced stress alterations in GI motility are abolished by central 
administration of a CRH antagonist [43]. In a study using 
expectation of abdominal pain, Hubbard et al. examined the 
effect of a selective oral CRH receptor 1 antagonist within stress-
related central emotional arousal circuits [44]. During pain 
expectation, significant reductions in neuronal activity were 

the ACC has a diverse array of functions and is highly intercon-
nected with surrounding structures such as the prefrontal, ante-
rior insula, limbic, and other subcortical regions. In humans, 
the predominant area for autonomic regulation is the subgenual 
cingulate cortex via its communication with the vagal dorsal 
motor nucleus complex in the brainstem. The ACC has exten-
sive bidirectional exchange of information with the periaque-
ductal gray matter, the nucleus accumbens, prefrontal cortex, 
the hypothalamus, and the anterior insula. It is activated in 
response to a variety of emotional states, is concerned with 
cognition and reflection on feelings, stimuli, and situations. In 
a manner not dissimilar to the ACC, the mid-cingulate cortex 
is also a multifunctional region concerned with the motiva-
tional aspects of emotion, receiving inputs from the thalamus, 
prefrontal, and parietal cortices. The mid-cingulate cortex is 
also concerned with motor aspects of emotion, receiving inputs 
from supplementary motor areas. The dorsal cingulate cortex 
acts as an interface for cognition and interoceptive (the sensitiv-
ity to sensations originating within the body) thereby facilitat-
ing physiological adjustments in response to affective aspects of 
GI sensation. The dorsolateral prefrontal cortex is involved in 
modulating the attention given to a stimulus and mediates the 
processes needed for the generation and storage of memory 
thereby integrating behavior with the external and internal 
environments.

While functional neuroimaging has provided the technolo-
gies for these interactions to be studied, and to an extent delin-
eated, results across studies have often been disappointingly 
inconsistent both in healthy subjects and patients [31]. Many of 
these inconsistencies could be removed in future studies through 
scrupulous attention to detail in controlling for factors such  
as age, gender, stimulus type, and other psychophysiological 
factors [32].

Brain to gut communication

The brain signals to the viscera through a number of neural, 
hormonal, and immunological pathways, including the HPA 
axis, the autonomic nervous system, and the monoaminergic 
pathway. The hypothalamus and amygdala are the two main 
subcortical structures that contribute to these pathways and 
receive afferents from a number of cortical areas, including the 
ACC, the orbitofrontal cortex, and the medial and lateral pre-
frontal cortex [33,34]. These areas transmit homeostatic infor-
mation relating the internal milieu to the medial prefrontal 
cortex, which acts as an “integrating centre.” The output of this 
complex network is subsequently orchestrated into motor pat-
terns that are projected to the periaqueductal gray [35]. From 
here, information is relayed to the raphe nuclei, the locus coeru-
lus complex, and the dorsal vagal complex in the pons and 
medulla. These projections, through corticolimbic–pontine net-
works, are often referred to as the emotional motor system 
(Figure 14.4) [36].
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system integrates afferent bodily inputs with central motor 
outputs for homeostatic-emotional processes [46]. This is of 
particular importance in the viscera where, in addition to 
extrinsic nerves, the ENS has been considered to serve as a 
further effector arm of the autonomic nervous system [9]. The 
autonomic nervous system may be activated in a number of 
ways including by interoceptive feedback from the gut, descend-
ing emotional, cognitive, or in response to stress [47]. The 
impairment of autonomic function plays an important role in 
the GI manifestations of systemic disorders such as diabetes 
mellitus and Parkinson disease.

Central communication to the GI tract occurs via the  
parasympathetic and sympathetic nervous system pathways of 
the efferent autonomic nervous system. The gut receives  
sympathetic innervation from subclasses of postganglionic 

observed in the amygdala, hippocampus, insula, ACC, and orbi-
tomedial prefrontal cortex suggesting the importance of this 
pathway in mediating stress-sensitive disorders. Indeed, Sagemi 
et al. have carried out a preliminary study of this potential 
therapeutic use in a group of patients with irritable bowel syn-
drome (IBS) [45]. They demonstrated improvements in visceral 
pain thresholds and a reduction in the negative mood response 
to experimental lower GI electrical stimulation following the 
peripheral administration of a nonselective CRH receptor 
antagonist, warranting further investigation.

Autonomic nervous system and cholingeric 
antiinflammatory pathway
The autonomic nervous system is a hierarchically controlled, 
bidirectional, body–brain interface. The autonomic nervous 

Figure 14.4 The emotional motor system and its interactions in the context of the brain–gut axis. CRH, corticotrophin-releasing hormone.
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efferents, dose dependently inhibited the production of proin-
flammatory cytokines, such as tumor necrosis factor-α, in mac-
rophages [55]. This pathway is schematically summarized in 
Figure 14.5.

Brain hypothalamic–pituitary–adrenal gut axis
The HPA axis and its attendant stimulatory hormones, namely 
CRH and ACTH, and its final effector hormones, the glucocor-
ticoids, are critical components for mediating physiological 
adaption in response to stress. Neuronal structures within the 
paraventricular nucleus of the hypothalamus secrete ACTH and 
vasopressin, which enhance the activity of the HPA axis and the 
sympathomedullary system [56]. Glucocorticoids maintain a 
basal level of activity in order to “calibrate” the individual’s 
response to stress and promote coordination of the circadian 
rhythm. In response to stress, cortisol is released from the zona 
fasciculata of the adrenal gland in response to ACTH, whose 
action is mediated by two types of intracellular receptors: the 
glucocorticoid receptors and mineralocorticoid receptors. The 
latter is most concentrated in the hippocampus where it displays 
high-affinity binding of cortisol during the basal state when 
cortisol levels are at relatively low concentrations. In contrast, 
the hippocampus and other areas such as the amygdala have a 
relative paucity of glucocorticoid receptors, which bind with 
low affinity, and are activated during stress. In general terms, 
during basal conditions the mineralocorticoid receptor activa-
tion results in γ-amino-butyric acid mediated inhibition of the 
HPA axis while glucocorticoid activation during acute stress 

vasoconstrictor fibers whose overall effect is to retard GI transit, 
motility, and secretion [48]. These inhibitory effects are largely 
fulfilled by modification of cholinergic transmission and by 
enhancing smooth muscle sphincteric tone [46]. Furthermore, 
sympathetic innervation may be involved in modifying mucosa–
microbiota interactions as seen in the spleen, as this interaction 
has also been observed in extrasplenic lymphoid tissue in the 
ileum [49].

The effects of the parasympathetic nervous system on GI 
function have also been extensively studied [50]. The primary 
neural substrate of the parasympathetic nervous system is the 
vagus nerve [51]. Stress inhibits the parasympathetic nervous 
system to slow gastric emptying, increase distal colonic motility 
with an overall acceleration of intestinal transit. Moreover, the 
efferent vagus nerve is increasingly considered integral in the 
neuroendocrine–immune axis within the gut through what is 
termed the cholinergic antiinflammatory pathway. Centrally, 
this pathway has an antiinflammatory effect through distal vagal 
release of acetylcholine acting within the spleen on lymphocytes, 
and subsequently macrophages, and ultimately producing  
an anticytokine effect [52]. In the peripheral systemic circula-
tion macrophages and other cytokine-producing cells express 
acetylcholine receptors that initiate an intracellular signalling 
cascade that culminates in inhibition of cytokine production. 
Amongst these receptors, the α7 subunit of the nicotinic 
acetylcholine receptor is the most extensively characterized 
[53,54]. In a key study, Pavlov et al. demonstrated that, in man, 
acetylcholine, released from the distal portion of vagal nerve 

Figure 14.5 A schematic representation of the cholinergic antiinflammatory pathway demonstrating the antiinflammatory effect of the vagus nerve at 
the level of the spleen, macrophages, and other cytokine-producing cells. a7nAChR, the α7 subunit of the nicotinic acetylcholine receptor; Ach, 
acetylcholine; JAK-STAT, Janus kinase signal transducer; NA, nucleus ambiguus; NFKB, nuclear factor κ light chain enhancer of activated B cell; TLR 4, 
toll-like receptor 4; TNF-alpha, tumor necrosis factor α; TNF R, tumor necrosis factor receptor. Source: Adapted from Bonaz et al. 2013 [52]. 
Reproduced with permission of John Wiley & Sons, Ltd.
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stimulated by the GI microbiota. Enterochromaffin cells are also 
in close proximity to the afferent and efferent vagal nerve ter-
minals in the lamina propria and are therefore well positioned 
to act as a bidirectional communication pathway influencing 
nociceptive and immune signaling [63].

There is accumulating evidence that the microbiota can influ-
ence behavior via the CNS; the mechanisms by which commu-
nication occurs is incompletely understood. For example, 
emotional factors, such as stress or depression, influence the 
course of a number of GI disease states such as inflammatory 
bowel disease. Furthermore, stress can alter the integrity of the 
GI epithelium, modulates GI motility and can also induce the 
release of catecholamines and cortisol which impacts on intes-
tinal immunity and cytokine production (Figure 14.6) [65,66].

Study of germ-free animals has facilitated the evaluation of 
the role of the microbiota in GI physiology. Germ-free animals 
maintained in a sterile environment permit comparison with 
conventionally reared animals to assess the influence of the 
microbiome at both neuronal and behavioral levels [68]. Sudo 
et al. demonstrated that at the neuronal level, germ-free animals 
had a relative paucity of brain-derived neurotrophic factor 
(BDNF), a critical neurotrophic protein involved in neuronal 
survival and growth and survival, and reduced expression of the 
N-methyl-D-aspartate receptor subunit 2A in the cortex and 
hippocampus compared with controls [69]. Interestingly, altera-
tions of BDNF have been implicated in anxiety states although 
further work is needed to clarify the absolute contribution to 
behavioral change [70]. At the behavioral level, transfer of the 
microbiome from a murine strain with aversive behavioral traits 
to those with a germ-free mouse from a strain with high explor-
atory drive caused a change in behavior such that they became 
increasingly cautious and less exploratory [71]. Such evidence 
offers the enticing translational prospect that modulation of the 
GI microbiota may present a potential therapeutic strategy for 
stress-related disorders and for modulating the comorbid affec-
tive disorders that often accompany GI disorders.

Brain–gut axis in the regulation of appetite and 
satiety (see Chapter 28)
Eating habits are not solely governed by metabolic needs but 
also by psychosocial environment and epicurean factors. 
Particularly within Western societies, obesity and anorexia 
nervosa, the sequelae of excessive and pathologically limited 
eating behaviors respectively, are increasingly prevalent, the 
former is amongst the great public health burdens of the 21st 
century [72,73]. While preclinical models have enhanced our 
basic understanding of the homoeostatic mechanisms of energy 
balance, translation into humans has been limited by the inabil-
ity to investigate the influence of psychological influences on 
eating behavior. However, functional neuroimaging techniques 
are beginning to identify the brain areas that are activated in 
response to the ingestion of nutrient, and define the effects of 
anorexigenic and orexigenic gut peptides and factors that regu-
late satiety [74].

reduces hippocampal output and increases the activity of the 
HPA axis. Stress-induced activation of the HPA axis culminates 
in two opposing steroid actions at the level of the paraventricu-
lar nucleus. Negative feedback reduces activation of the HPA 
axis yet removes the inhibition of secretion of CRH and vaso-
pressin. The consequence of this release is adrenal hypertrophy 
and elevation of basal cortisol levels which, if chronic, can lead 
to a sluggish response of the HPA axis to stress. For example, 
patients with disorders of negative affect show feedback resist-
ance at the level of the paraventricular nucleus and pituitary 
[57]. Furthermore, approximately half of patients with Cushing 
disease suffer from depression which often improves after 
appropriate treatment of their hypercortisolemic state [58]. 
Why some individuals suffer from stress-related brain pathol-
ogy and others do not, is incompletely understood. However, it 
is likely that genetic factors and adverse early life events exert a 
pronounced influence on excess adrenocortical reactivity in 
adulthood [58].

Brain–gut microbiota axis
The human microbiota is a diverse and dynamic ecosystem, 
which has evolved to form a symbiotic relationship with the 
host. The host is vertically inoculated from the mother during 
birth and the ecosystem becomes established during the  
first year of life and evolves over the course of the host’s life [59]. 
The microbiota helps safeguard the host from external patho-
gens, aids in the metabolism of polysaccharides and lipids, 
modulates intestinal motility, in addition to modulating visceral 
perception [60]. The human GI microbiota in the oral cavity 
contains approximately 102–3 colony-forming units of bacteria 
per gram of saliva. The density of the microbiota rises to  
1010–12 colony-forming units per gram of feces in the colon 
comprising of between 400 and 1000 different species [61]. 
Bacteroides and Firmicutes are the two predominant bacterial 
phylotypes, with Proteobacteria, Actinobacteria, Fusobacteria, 
and Verrucomicrobia phyla present in relatively low concentra-
tions [62].

A number of direct and indirect pathways maintain com-
munication between the GI microbiota and the CNS [63]. For 
instance, the CNS can alter the GI microbiota composition 
directly or indirectly. Direct alterations are exerted by the intra-
luminal action of neurotransmitters, such as 5-HT (released by 
enterochromaffin cells), neurones, and immune cells located in 
the lamina propria. Changes in the composition of the micro-
biota may be indirectly effected through fluctuations in GI 
motility and secretion [64]. Modification of GI motility can be 
accompanied by marked changes in blood flow and therefore 
nutrient deliver and availability to the microbiota [63]. 
Communication from microbiota to the CNS host occurs 
through an assortment of mechanisms including, but not 
limited to, epithelial surface cell signaling and direct stimulation 
of enterochromaffin cells. Enterochromaffin cells are particu-
larly important in these interactions given their location on the 
luminal aspect of the mucosa; they can be readily accessed and 
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hypothalamus but was reduced in these regions in the postpran-
dial state. Following lipid infusion, there was activation of the 
brainstem, limbic system, and hypothalamus which was attenu-
ated with ghrelin infusion. These results suggest that ghrelin is 
important in suppressing satiety signaling from the GI tract 
providing a central neurophysiological mechanism potentially 
centered around the hypothalamus that alternates between 
hunger and satiety.

Although a relationship between emotional state and feeding 
behavior exists, the interactions between signaling initiated by 
stimuli in the gut and exteroceptively generated emotions 
remain incompletely understood. Van Oudenhove et al. inves-
tigated the interaction between nutrient-induced gut–brain sig-
naling and sad emotion, using musical and visual cues, using 
fMRI [78]. Interaction between fatty acid infusion and emotion 
induction both in hunger and mood ratings was observed at the 

Ghrelin is a 28 amino acid orexigenic peptide with several 
functions including regulation of food intake, GI motility, and 
acid secretion. It is released from the fundus of the stomach  
and is central to the neurohormonal regulation of appetite. Its 
concentration increases before a meal and decreases abruptly 
afterwards; it stimulates appetite promoting a positive energy 
balance leading to weight gain [75]. fMRI has been utilized to 
identify the cerebral areas that are activated in response to 
images of food and nonfood after intravenous ghrelin infusions 
in healthy subjects. Ghrelin increased the response to food 
images in areas such as the amygdala, orbitofrontal cortex, and 
insula – areas concerned with encoding the hedonic and incen-
tive values of visual cues [76]. Jones et al. examined CNS 
responses to ghrelin infusion at baseline, postprandially and 
after a lipid infusion [77]. In the fasting baseline state, ghrelin 
activated the brainstem, motor cortex, insula, thalamus, and 

Figure 14.6 Bidirectional brain–gut microbiota pathways. Multiple pathways, including but not limited to neural, endocrine, and immune, exist in 
which the gastrointestinal (GI) microbiota may modulate the brain–gut axis [67]. ACTH, adrenocorticotrophic hormone; CRF, corticotrophin- 
releasing factor.
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terological practice [84]. FGIDs are characterized by chronic GI 
symptoms including discomfort and pain emanating from the 
viscera without any demonstrable physical, biological or ana-
tomical abnormalities (see Chapter 75). The most prevalent 
form of FGID is IBS with a reported prevalence of between 5 
and 10% in the adult population, peaking in the second, third, 
and fourth decades of life [85]. Abdominal pain and discomfort 
in IBS patients is frequently triggered by eating. A number of 
mechanisms have been posited to contribute to IBS including 
luminal and mucosal irritants that alter mucosal permeability, 
and overactivation of the immune systems, which subsequently 
induces sensorimotor changes within the GI tract.

Autonomic nervous system dysfunction has been demon-
strated in IBS [86]. However, specific types of dysautonomia 
have not been consistently demonstrated due to the heterogene-
ity of these disorders, lack of control for psychological factors, 
and the multiple differences in methodologies employed for 
recording and analysing autonomic data. In a recent systematic 
review, Mazurak et al. reported that most studies found no dif-
ference in autonomic measures when comparing IBS patients to 
healthy controls [87]. However, when IBS sufferers were sub-
classified according to their predominant bowel habit, those 
with constipation had decreased parasympathetic and increased 
sympathetic tone in comparison to those with diarrhea pre-
dominant IBS.

Psychological comorbidity such as depression, anxiety, and 
hypochondriasis is common in FGIDs and it has been estimated 
that over half of patients with IBS suffer from these disorders to 
one degree or another [88,89]. In animal models, studies have 
shown that adverse early life events, such as maternal separa-
tion, are risk factors for the development of enhanced sensitivity 
of the viscera in adulthood [90]. In humans, there is evidence 
that a history of sexual abuse, especially in childhood, can alter 
visceral pain sensitivity [91–93]. Furthermore, the psychologi-
cal context in which GI symptoms are interpreted by an indi-
vidual may predict the development of IBS following an episode 
of gastroenteritis [94]. A recent metaanalysis has suggested that 
psychological treatments, as a class of interventions per se, are 
effective in symptom reduction in FGIDs [95].

Twin and family studies in IBS suggest that there may be a 
small genetic influence in the development of this disorder [96]. 
Mizuno et al. have previously reported that differential geno-
types of the 5-HT transporter gene-linked polymorphic region 
(5-HTTLPR) are associated with heightened anxiety levels and 
amygdala activation during negative emotion in IBS patients 
[97]. In a subsequent study in healthy controls, the same group 
demonstrated that central responses to colorectal distension 
were different across genotypes such that subjects with the long 
allele of the 5-HTTLPR had a significantly lower increase in 
regional cerebral blood flow to left ACC and right parahippoc-
ampal gyrus compared to those homozygous for the short  
allele. These data suggest that the 5-HTTLPR genotype exerts 
an effect on gut signaling and modulates the emotion-regulating 
areas of the brain.

level of neural activity in multiple prehypothesized regions of 
interest such as the cingulate cortex, thalamus, hypothalamus, 
brainstem, and cerebellum. Increasingly, specific agonists or 
antagonists of gut peptide hormones can be used to block or 
augment the effect of nutrients in order to understand the brain 
networks involved in these responses, e.g., lipid infusion 
increases serum cholecystokinin (CCK) concentrations and 
activity in the hypothalamus, an association that is suppressed 
using the CCK antagonist dexloxiglumide [79].

Brain–gut axis dysfunction

A considerable body of accumulating evidence has shown that 
the bidirectional brain–gut interaction can be disturbed on an 
acute or chronic basis.

Acute disturbances in brain–gut axis function
Disturbances in signaling within the brain–gut axis may have 
many acute physiological effects. For example, noxious stimuli 
such as chemotherapeutic drugs or bacterial toxins, may acti-
vate enterochromaffin cells which may increase their produc-
tion of 5-HT, culminating in activation of 5-HT3 receptors on 
extrinsic and intrinsic afferents [80]. This results in hyperactiva-
tion of GI secretory and motor reflexes, in addition to the acti-
vation of brain regions that receive input from ascending 
afferent pathways. Such activation is associated with nausea and 
vomiting in order to expel the harmful contents from the body 
[81]. A further example is provided by vagal-mediated activa-
tion of the hypothalamus and limbic brain regions following 
hepatic release of proinflammatory cytokines which may culmi-
nate in “sickness behavior” that includes, fever, depression, and 
withdrawal from usual activity [82]. A diverse array of inflam-
matory mediators may be released by mucosal immune and glial 
cells within the brain–gut axis, resulting in the recruitment of 
hitherto silent nociceptors. These nociceptors sensitize ascend-
ing spinal pathways resulting in a reduction of thresholds to 
visceral pain [83].

Chronic disturbances in brain–gut axis function
Chronic disturbances within the brain–gut axis can induce sig-
naling changes at any level and in any of the multiple signaling 
pathways of the brain–gut axis, making it challenging to disen-
tangle contributions to specific chronic diseases states. While 
chronic dysfunction within the brain–gut axis has been pro-
posed in a number of chronic disease states characterized by 
abnormal GI function, this has been particularly relevant for the 
functional GI disorders (FGID).

Functional gastrointestinal disorders
The FGIDs are a group of heterogeneous disorders that repre-
sent one of the great unmet needs in contemporary gastroen-
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Conclusion

In summary, as depicted in Figure 14.7, accumulating knowl-
edge gathered through a variety of approaches is making it 
increasingly clear that there is dynamic interaction between 
physiological and psychological factors that influence GI func-
tion and health. Alteration or disruption in these interactions 
appears to contribute to the pathogenesis and clinical manifes-
tation of a multitude of disorders of the GI tract.

The application of the construct of the brain–gut axis, par-
ticularly when considering FGID, has led to great strides in our 
understanding of these complex disorders. GI symptoms can be 
conceptualized as a variable combination dysregulation of intes-
tinal motor, sensory, peripheral, and CNS activity within the 
brain–gut axis.
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surface of colonic mucosal biopsy specimens in healthy indi-
viduals, there was an increased mast cell mediated uptake of 
horseradish peroxidase, used as a surrogate marker of intestinal 
permeability [99]. Increased permeability was also seen when 
individuals were subjected to a cold stimulus [100]. The con-
nection between increased intestinal permeability and IBS has 
been supported by observations that increased permeability 
leads to inflammation and the activation of local reflex path-
ways, which leads to increased visceral sensitivity [101]. 
Intestinal permeability is increasingly thought to be an impor-
tant pathological factor in IBS. Zhou et al. demonstrated that 
patients with diarrhea predominant IBS had increased intestinal 
permeability in association with increased sensitivity to visceral 
and thermal stimuli [102]. Further evidence suggests that in 
patients with diarrhea predominant IBS, whose onset was not 
associated with an enteric infectious episode, that the increase 
in permeability is predominantly in the small bowel [103]. It is 
entirely plausible that an increase in permeability may alter 
visceral afferent signaling to cortical areas through changes in 
spinal and vagal afferents.

Several extra-GI comorbidities have been associated with 
IBS, such as fibromyalgia and temporomandibular disorder, 
which are known to be exacerbated by stress; and the fact that 
these conditions and IBS may be treated with psychopharma-
cological agents such as tricyclic antidepressants and serotonin/
noradrenaline reuptake inhibitors substantiates the brain’s 
involvement in IBS [104]. Overall, there appears to be bidirec-
tional interaction in the development of IBS, with both intero-
ceptive signals from the gut and peripheral and central 
sensitization mechanisms associated with modified cognition 
and altered signals to the gut.

Despite the use of new neurophysiological techniques in the 
study of IBS, results have been inconsistent because of signifi-
cant heterogeneity in experimental paradigms, analytical tech-
niques, and reporting practices. Therefore, there is a paucity of 
consensus on central responses to visceral stimulation in IBS 
patients. However, recent quantitative metaanalysis of published 
studies found consistent activation in regions associated with 
visceral afferent processing, such as the thalamus, insula, and 
anterior mid-cingulate, among IBS patients and controls [31]. 
However, there were considerable differences in the extent and 
specific location of foci of activity with IBS patients consistently 
activating regions associated with emotional arousal, such as the 
ACC and amygdala. There was also activation of a midbrain 
cluster, a region playing a role in endogenous pain modulation. 
Controls showed more consistent activation of the medial and 
lateral prefrontal cortex. Taken together, these findings strongly 
suggest that abnormalities in the brain–gut axis play a key role 
in FGID. Additional neuroimaging studies are needed to clarify 
altered brain–gut interactions in IBS.

Figure 14.7 A highly abbreviated schematic summary of the bidirectional 
brain–gut axis. PNS, parasympathetic nervous system; SNS, sympathetic 
nervous system.
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Overview

The central nervous system (CNS), the enteric nervous system 
(ENS), and their interconnections through sympathetic ganglia 
(Figure 15.1) provide integrated neural control of the digestive 
system.  Although  the  ENS  is  capable  of  regulating  aspects  of 
intestinal function by itself, as demonstrated by the persistence 
of  functionally relevant motility, vasomotor, and secretomotor 
reflexes  in the isolated intestine [1–4],  in the intact  individual 
or animal it does not actually act independently of the CNS.

Central  nervous  system  control  of  gastrointestinal  function 
is exerted through the vagus nerves, sympathetic pathways, and 
pelvic nerve connections. The vagus receives substantial sensory 
information  from  the  gastrointestinal  tract  and  vagal  signals 
from the CNS play a major role in the control of esophageal and 
gastric movements, gastric acid secretion, secretion by the exo-
crine  pancreas,  and  gallbladder  emptying.  ENS  circuits  have 
essential roles in the control of motility, blood flow, and water 
and electrolyte transport in the small and large intestine [5]. The 
sympathetic  pathways  have  roles  in  regulating  motility,  fluid 
movement (particularly in relation to fluid balance in the whole 
body), and in controlling vascular resistance. Sensory pathways 

that are primarily concerned with perception of pain follow the 
sympathetic and pelvic nerves and enter the spinal cord through 
the dorsal roots. Major roles of the pelvic nerve connections are 
to  receive  sensory  input  from  the  distal  bowel  and  to  control 
defecation.

Many CNS actions are exerted via the ENS. For example, the 
vagus nerves innervate enteric ganglia of the stomach, pancreas, 
and gallbladder; sympathetic pathways innervate myenteric and 
submucosal ganglia; and pelvic nerves innervate the ganglia of 
the distal colon and rectum. However, some CNS connections 
are direct, notably the vagal innervation of esophageal striated 
muscle,  sympathetic  innervation  of  gastrointestinal  sphincter 
muscle, and sympathetic  innervation of gastrointestinal blood 
vessels.

It is notable that ENS, but not CNS, control of the gastrointes-
tinal tract is essential to life. If the ENS is missing or depleted, 
then  humans  and  other  mammals  die  or  suffer  deficiencies  
in  digestive  function,  depending  on  the  extent  of  the  loss  of 
enteric neurons. An extreme outcome occurs with Hirschsprung 
disease, in which there is a congenital absence of enteric neurons 
(aganglionosis)  in  variable  lengths  of  the  large  intestine  [6]. 
Hirschsprung disease patients die if the aganglionic segment is 
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Figure 15.1 The extrinsic and intrinsic innervation of the gastrointestinal tract. The neural connections between the enteric nervous system (ENS) and 
central nervous system (CNS), and neural connections between gastrointestinal organs, are illustrated. The digestive system contains full reflex circuits 
of the ENS (motor neurons and interneurons in blue, sensory neurons in purple). Pathways from the gastrointestinal tract project outwards, via 
intestinofugal neurons (red), to the CNS, sympathetic ganglia, gallbladder, pancreas, and airways. Neurons in sympathetic prevertebral ganglia (green) 
receive both CNS and ENS inputs. Sensory information goes both to the ENS, via intrinsic primary afferent (sensory) neurons (purple) and to the CNS 
via extrinsic primary afferent neurons (also purple) that follow spinal and vagal afferent routes. Pathways from the CNS reach the ENS and 
gastrointestinal effector tissues through vagal, sympathetic and pelvic pathways. Source: Furness et al. 2013 [153]. Reproduced with permission of 
Macmillan Publishers Ltd.
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not  removed;  conversely,  when  the  aganglionic  segment  is 
removed,  and  the  patient  has  an  intact  ENS  throughout  the 
remaining bowel, the patient returns to good health [7]. Severe 
dysmotility  occurs  when  there  is  a  degeneration  of  the  ENS, 
such as occurs when the ENS is targeted by the infective organ-
ism of Chagas’ disease, Trypanosoma cruzi [8]. By contrast, there 
is survival, with minimal pathology, after removal of CNS con-
nections, by vagotomy [9,10], or by  total  sympathectomy [11] 

because  of  alternative  or  compensatory  mechanisms.  If  the 
pelvic nerves are  severed,  there  is  loss of voluntary control of 
defecation, but the animal or patient is otherwise healthy [12,13].

Although there is a structurally well-developed ganglionated 
myenteric plexus in the walls of the esophagus and stomach, the 
neural control of these organs is almost completely dependent 
on  centers  in  the  caudal  brainstem  and  on  vagovagal  reflexes 
[14]. Propulsive activity of the esophagus and the activity of the 
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Structural organization of the enteric 
nervous system

Nerve cell bodies, their processes and enteric glial cells that are 
embedded in the wall of the gut form the ENS (Figures 15.2 and 
15.3). The number of enteric neurons in a human is estimated 
to be 200–600 million, which is about the same as the number 
of nerve cells  in  the spinal cord [5]. The nerve cell bodies are 
grouped in small aggregates called the enteric ganglia, which are 
connected by bundles of nerve cell processes to form two major 

lower esophageal sphincter (LES) are controlled through motor 
pattern generators in the brainstem and reflexes that depend on 
centers in the CNS [15]. Vagovagal reflexes control gastric relax-
ation that accommodates ingested food, contractile activity that 
mixes  the  food,  gastric  acid  secretion  and  other  gastric  func-
tions  [14].  The  small  intestine  and  most  of  the  large  intestine 
are primarily dependent on the ENS for their reflex control [5]. 
However, the distal part of the gut (the distal colon and rectum) 
depend on the CNS for voluntary control of defecation via the 
pelvic nerves.

Figure 15.2 The enteric plexuses as they are seen (a) in wholemounts and (b) in transverse section of the small intestine. There are two ganglionated 
plexuses, the myenteric and the submucosal, in addition to plexuses of nerve fibers in the muscle and the mucosa and around the arterioles. Source: 
Adapted from Furness and Costa 1980 [245]. Reproduced with permission of Elsevier.
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larly in the stomach and rectum; these are referred to as subse-
rosal ganglia. Enteric ganglia are also present in the gallbladder, 
biliary ducts, and pancreas.

Nonganglionated plexuses innervating  
target tissues
The  axons  of  enteric  neurons  mix  with  axons  of  extrinsic 
neurons  to  form  a  series  of  nonganglionated  plexuses  that 
supply effector tissues of the tubular digestive tract:  the longi-
tudinal muscle plexus, the circular muscle plexus (and its sub-
divisions),  the  plexus  of  the  muscularis mucosae,  the  mucosal 
plexuses, and the perivascular plexuses.

The pattern of innervation of the longitudinal muscle differs 
according  to  its  thickness.  In humans, and  in other species  in 
which  the  longitudinal muscle  is  a  thick  layer  throughout  the 
intestine, the nerve fiber bundles run parallel to and within the 
muscle and comprise  the  longitudinal muscle plexus.  In some 
species, such as the rabbit, guinea pig, and mouse, the longitu-
dinal muscle of the small intestine is less than about 10 muscle 
cells thick. In these species, the nerve fiber bundles do not form 
a plexus within the longitudinal muscle, but they form the terti-
ary  plexus,  a  component  of  the  myenteric  plexus,  that  lies 
against the inner surface of the longitudinal muscle [16,17]. The 
processes  of  individual  tertiary  plexus  neurons  ramify  exten-
sively on the inner surface of the longitudinal muscle [18].

The circular muscle plexus  is  formed by parallel bundles of 
nerve  fibers  throughout  the  thickness  of  this  muscle  layer.  In 
some regions of the gastrointestinal tract, a dense layer of nerve 
fiber bundles provides additional innervation of the inner part 
of  the  circular  muscle.  The  presence  of  this  dense  layer  and  
its  position  in  relation  to  the  circular  muscle  differs  among 
regions. In the mammalian small intestine, the circular muscle 
consists of a thick outer layer and a thin inner layer of muscle 
cells [19,20]. The dense plexus of nerve fibers located between 
these two muscle layers in the small intestine is called the deep 
muscular plexus [21]. The colon of most species lacks an inner 
specialized  layer  of  circular  muscle;  instead,  a  dense  layer  of 
nerve fibers,  the submuscular plexus, similar to the deep mus-
cular plexus, lies close against the inner surface of the circular 
muscle, adjacent to connective tissue of the submucosa [21–23]. 
The  circular  muscle  plexus  continues  into  the  smooth  muscle 
sphincters  of  the  digestive  tract  without  any  apparent  change  
in form. The myenteric plexus also continues into the sphincter 
regions.

The muscularis mucosae  throughout the digestive tube con-
sists of outer  longitudinal and  inner circular  layers of  smooth 
muscle innervated by nerve fibers running parallel to the muscle 
bundles. In the small intestine, muscle bundles extend into the 
cores  of  the  villi,  and  similar  strands  of  muscle  are  found 
between the gastric glands [24]. In the small intestine of small 
animals, such as mice and rats, the muscularis mucosae is thin 
and barely discernible in histological sections.

The mucosal plexus is a network of fine nerve fiber bundles 
that  lies  beneath  the  mucosal  epithelium.  It  is  sparse  in  the 

ganglionated  plexuses  in  the  tubular  digestive  tract:  the  mye-
nteric plexus and the submucosal plexus (Figure 15.2).

Locations of the enteric ganglia
The myenteric plexus of ganglia and connecting nerve strands 
lies between the longitudinal and circular layers of the muscu-
laris externa  and  forms a continuous network around  the cir-
cumference  of  the  digestive  tract  from  the  most  proximal 
esophagus to the internal anal sphincter. In the parts of the large 
intestine where the longitudinal muscle is gathered into taeniae, 
the myenteric plexus is prominent underneath the taeniae and 
is sparser over the rest of the colonic surface.

Ganglia are numerous in the submucosal plexus in the small 
and large intestines. In contrast, networks of linked ganglia are 
absent  from  the  submucosa  of  the  esophagus  and  stomach, 
although  isolated  ganglia  are  sometimes  encountered  in  the 
stomach.

Small numbers of ganglia occur in the mucosa, specifically in 
the  connective  tissue  close  to  the  muscularis mucosae  of  the 
small and large intestine [5]. Small ganglia are also found along 
the extrinsic nerves (i.e., vagus, pelvic, and mesenteric nerves) 
as  they enter  the gut. Some of  the ganglia associated with  the 
extrinsic nerves are  located on the surface of the gut, particu-

Figure 15.3 Drawing of a wholemount of the myenteric plexus of the 
human small intestine, prepared by Auerbach and published in Henle’s 
Textbook of Histology in 1871. Myenteric ganglia, internodal strands, and 
small nerve trunks of the secondary component of the myenteric plexus 
(arrows) can be seen.

1 mm
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the two plexuses also differ in their electrophysiological proper-
ties  [32].  It  is  assumed  that  the  inner  plexus  (closer  to  the 
mucosa) is mainly concerned with control of fluid movement, 
and  the outer plexus also contributes  to control of motility of 
the  external  muscle.  Submucosal  ganglia  are  smaller  and  less 
regularly arranged than myenteric ganglia.

The submucosal plexus harbors the cell bodies of secretomo-
tor neurons. Some neurons, notably submucosal IPANs, project 
from the submucosa to the myenteric plexus. Other submucosal 
neurons  innervate  the  muscularis  mucosae.  Submucosal 
neurons supply a part of  the  innervation of  the  inner circular 
muscle  in  some  species,  including  human  [23,33,34].  In  the 
stomach,  which  almost  entirely  lacks  submucosal  ganglia,  the 
intrinsic  innervation  of  the  mucosa  and  muscularis  mucosae 
comes from the myenteric ganglia.

Ganglia of the gallbladder, biliary ducts,  
and pancreas
The biliary system and the pancreas develop from diverticula of 
the small intestine and the ganglia in their walls are part of the 
ENS. Plexuses of ganglia, similar to the enteric plexuses of the 
small  intestine,  are  found  in  the  gallbladder,  cystic  duct,  and 
common bile duct [5]; however,  there are differences between 
species in the relationships between plexuses and tissue layers. 
Numerous  nerve  fibers  occur  in  the  muscle,  around  blood 
vessels, and in the mucosa of the extrahepatic biliary tract. The 
intrinsic neurons of the gallbladder control motility and the flux 
of water and electrolytes (see Chapters 22 and 26).

Ganglia, connected to each other by small nerve trunks, are 
scattered  through  the  pancreas,  forming  a  three-dimensional 
plexus  in  this  solid  organ.  Nerve  fibers  are  found  around  the 
acini  and  the  blood  vessels  and  in  the  islets.  In  the  pancreas, 
intrinsic neurons appear to be  involved in the control of both 
the  endocrine  and  exocrine  components,  although  the  most 
complete  data  exists  for  exocrine  control  [35].  Nerve  fibers 
connect the plexuses of the biliary system and pancreas with the 
ganglionated  plexuses  of  the  upper  small  intestine  [36–38]. 
These connections are presumed to contribute to coordination 
between these organs and the tubular gastrointestinal tract.

Shapes of neurons
The nerve cells of the enteric ganglia can be classified into sub-
groups  according  to  their  morphology  [39].  The  first  broadly 
accepted classification was by Dogiel  [40], who proposed  that 
the shapes of nerve cells are related  to  their  functions. Dogiel 
defined three cell  shapes:  types I,  II, and III. The first  two are 
readily recognized in different species and with various staining 
techniques; the third type is less well defined, but it bears some 
resemblance to a group later referred to as filamentous neurons. 
Type I neurons are generally flattened in the plane of the ganglia; 
they have oval cell bodies, prominent flattened (lamellar) den-
drites, and a single long axon often characterized by spiny pro-
tuberances  close  to  the  cell  body.  Muscle  motor  neurons  and 
many interneurons are type I neurons. Type II neurons have a 

esophagus but prominent in the stomach, small intestine, colon, 
and  gallbladder.  The  mucosal  plexus  in  the  small  intestine  is 
sometimes described as having periglandular and villous com-
ponents.  These  components  are  continuous  with  one  another, 
although some nerve fiber populations selectively innervate the 
glands or villi [25,26].

Perivascular plexuses are found around the arterioles within 
the  gut  wall.  The  plexuses  have  mixed  origins,  from  enteric 
neurons,  extrinsic  sympathetic  neurons  and  spinal  afferent 
neurons.  Innervation of veins within  the gut wall  is  sparse or 
nonexistent.

The  lymphatic  tissue  within  the  gut  wall,  notably  Peyer’s 
patches,  is  innervated  from  intrinsic  and  extrinsic  sources. 
There  is  also  innervation  of  enteroendocrine  cells  (EEC). 
Lymphatic vessels in the gut wall appear to lack innervation.

Myenteric plexus
The myenteric plexus consists of small aggregations of neurons, 
the  myenteric  ganglia,  nerve  fiber  bundles  that  connect  the 
ganglia, and nerve bundles that connect the plexus with other 
structures (see Figs 15.2 and 15.3). The ganglia, which are flat-
tened in the plane of the plexus, are usually one to four nerve 
cells thick, depending on the state of contraction and the thick-
ness  of  the  intestine  [27].  Ganglion  size  varies  widely  in  the 
different  regions  of  the  gastrointestinal  tract.  For  example,  in 
the guinea pig ileum, ganglia range in size from a single cell to 
about 200 nerve cell bodies.

The pattern of ganglia, determined by shape and orientation, 
differs among regions and species but is often readily identifi-
able  as  belonging  to  a  particular  part  of  the  intestine  [28,29]. 
Small  bands  of  nerve  fibers,  known  as  internodal strands  or 
interganglionic connectives join the ganglia (see Figures 15.2 and 
15.3).

The major targets for nerve cells of the myenteric plexus are 
the muscularis externa (for nonsphincter smooth muscle most 
of its innervation is from this source), the submucosal ganglia, 
and  other  myenteric  nerve  cells.  Intrinsic  primary  afferent 
neurons (IPANs) with cell bodies in the myenteric plexus, and 
a  small  number  of  secretomotor  neurons  in  the  myenteric 
ganglia, also innervate the mucosa in the small and large intes-
tine.  A  subgroup  of  myenteric  neurons  are  intestinofugal 
neurons that project to sympathetic prevertebral ganglia, other 
organs, notably  the gallbladder and pancreas, and  to  the CNS 
(see  Figures  15.1  and  15.10);  they  constitute  a  numerically 
minor population of myenteric neurons.

Submucosal plexus
A  continuous  network  of  numerous  small  ganglia  is  found  in 
the  submucosa  throughout  the  small  and  large  intestines.  In 
many species, plexuses of ganglia are located in inner and outer 
layers, but for some regions in small animals there is only one 
layer  [5,30].  The  inner  and  outer  plexuses  contain  different 
populations  of  neurons,  defined  by  their  morphological  and 
histochemical characteristics [31]. The nerve cell populations in 
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can be separated into two groups, AH and S [48], according to 
their electrophysiological properties. S neurons have properties 
that are similar to neurons in sympathetic and parasympathetic 
ganglia,  whereas  the  properties  of  AH  neurons  are  more  like 
those of sensory neurons of dorsal root ganglia (Table 15.2).

These  comparisons  were  made  in  detail  for  the  guinea  pig 
small intestine. The S and AH nomenclature does not apply, or 
is  less useful,  for  some other gut  regions. For  example,  in  the 
guinea pig rectum, some neurons that exhibit a prolonged afte-
rhyperpolarizing  potential  (AHP),  have  a  single  axon  and 
receive  fast excitatory postsynaptic potentials  (EPSPs) [49].  In 
the gastric corpus, all myenteric neurons have S characteristics 
and  do  not  exhibit  a  prolonged  hyperpolarization  after  the 
action potential [50,51]. The slow AHP is less prominent in AH 
neurons of the mouse intestine [52].

Synaptic transmission in the enteric  
nervous system
Enteric  neurons  receive  fast  and  slow  EPSPs  and  inhibitory 
postsynaptic potentials (IPSPs). In addition, transmitter release 
from  terminal  axons  may  be  reduced  by  presynaptic 
inhibition.

Fast EPSPs are graded in amplitude in relation to the strength 
of electrical stimulation, and when they are reflexly evoked, indi-
vidual EPSPs of different amplitudes are observed. Thus, enteric 
neurons receive multiple fast synaptic inputs. Several transmitters 
contribute to fast EPSPs in S neurons (see Figure 15.4). However, 
use of nicotinic receptor blockers, and other experimental data, 
show that ACh is the most prominent transmitter of fast EPSPs 
[53]. Some fast EPSPs are in fact completely blocked by nicotinic 
receptor antagonists, whereas others are only reduced in ampli-
tude (see Figure 15.4), some by as little as 20% [54–56]. In about 
60%–80%  of  neurons  with  a  nicotinic  antagonist-resistant  fast 
EPSP, the residual EPSP is reduced in amplitude or abolished by 
pyridoxalphosphate-6-azophenyl-2′,4′-disulfonic acid (PPADS), 
an antagonist of P2X (purine) receptors [55,56]. In about 10% of 
neurons,  a  5-hydroxytryptamine  (5-HT)3  receptor  antagonist 
blocks or reduces hexamethonium-resistant fast EPSPs [56,57]. 
Antagonists of receptors for these three transmitters, in combina-
tion,  do  not  fully  block  fast  EPSPs  in  some  S  neurons,  which 
implies the existence of one or more additional transmitters of 
fast EPSPs.

In  the  guinea  pig  small  intestine,  slow  EPSPs  usually  last 
between 15 and 120 s and occur in at least 75% of S-type neurons 
and  in  probably  all  AH  neurons  [58,59].  The  slow  EPSPs  are 
evoked by short trains of stimuli, usually applied at 5–20 Hz for 
1–2 s. Slow EPSPs evoked by electrical stimulation are likely to 
be  the  result  of  the  superimposed  actions  of  several  different 
transmitters, each producing seemingly similar synaptic poten-
tials [58,60].

Analysis of the pharmacology of transmission and the neu-
rochemistry  of  connections  in  the  ENS  indicate  that  ACh  (at 
muscarinic receptors), tachykinins, 5-HT, and purines contrib-
ute to slow EPSPs [58,60–62].

spheroidal shape and give rise to several axons, usually three to 
10, although some type II neurons have one axon that divides 
very close to the cell body [39,41]. A few type II neurons have 
tapering  dendrites  in  addition  to  several  long  axon-like  pro-
cesses and are referred to as dendritic type II cells [42]. Type II 
neurons are intrinsic primary afferent neurons (IPANs).

A variety of other shapes have been described, notably in the 
pig  and  human  intestines  [39].  Stach  [42]  extended  Dogiel’s 
classification to include types IV, V, and VI and mini-neurons, 
based primarily on work in the pig [39]. Type IV neurons are 
secretomotor neurons in the guinea pig and probably in the pig. 
In the guinea pig small intestine, filamentous and small simple 
neurons (the latter being similar to the mini-neurons in the pig) 
have been described [41].

Histochemical profiles and transmitter 
multiplicity of enteric neurons

The  ENS  contains  more  than  30  potential  neurotransmitters 
that  affect  the  activity  of  neurons,  muscle,  and  epithelial  cells 
[5,43].  Individual neurons can contain  several neurotransmit-
ters in addition to other neuron-specific proteins (Table 15.1). 
The immunohistochemical localization of specific combinations 
of compounds in neurons provides a valuable investigative tool 
that  allows  the  projections  and  connections  of  individual 
neurons  to be determined and  their  functions  to be deduced, 
even when the roles of the detected chemicals are not known. 
A broad range of experiments suggest  that  the primary trans-
mitters  are  constant  between  species;  whereas  differences 
between  species  occur  in  other  transmitters  or  neuromodula-
tors. In general, more than one substance contributes to neural 
signal  transmission.  For  example,  acetylcholine  (ACh)  is  the 
primary  transmitter  of  excitatory  muscle  motor  neurons,  but 
these neurons also release tachykinins (the main one being sub-
stance  P)  that  contribute  to  postsynaptic  excitation  [44]. 
Inhibitory motor neurons to intestinal muscle also have multi-
ple  transmitters  as  discussed  below.  The  major  transmitter  of 
fast  excitatory  transmission  between  neurons  is  ACh  (Figure 
15.4), that acts on postsynaptic nicotinic receptors.

Physiological characteristics of  
enteric neurons

Electrophysiological properties of  
enteric neurons
Electrophysiological  properties  of  enteric  neurons  have  been 
predominantly  studied  in  the  guinea  pig  small  intestine. 
Although the types identified in this region can be recognized 
in  other  regions  and  species,  properties  of  the  neurons  differ 
between  regions  of  the  digestive  tract,  and,  even  in  a  specific 
region, properties can vary depending on experimental circum-
stances [45–47]. In the guinea pig small intestine, most neurons 
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Table 15.1 Major types of neurons in the enteric nervous system (ENS) – neuron types that are found in the ENS and some of their defining characteristics. 
The numbers in brackets are the identifying numbers for the anatomical depictions of the neurons in Figure 15.5.

Functional definition Primary transmitters Comments

Excitatory circular muscle motor 
neurons (6)

ACh, cotransmitter TK. ACh receptors: 
muscarinic. TK receptors, NK1, NK2

Excitatory neurons supply all smooth muscle regions, 
including sphincters. Majority innervate muscle close to cell 
bodies, some run short distance orally to supply muscle

Inhibitory circular muscle motor 
neurons (7)

NO plus several cotransmitters with 
varying prominence: ATP-like, VIP, PACAP

Inhibitory neurons supply all smooth muscle regions, 
including sphincters. Majority innervate muscle close to cell 
bodies, some run anally to supply muscle

Excitatory longitudinal muscle motor 
neurons (4)

ACh, cotransmitter TK Supply muscle adjacent to cell bodies

Inhibitory longitudinal muscle motor 
neurons (5)

NO plus several cotransmitters with 
varying prominence: ATP-like, VIP, PACAP

Supply muscle adjacent to cell bodies

Excitatory neurons to the muscularis 
mucosae (16)

ACh, cotransmitter TK Similar properties to other excitatory muscle motor neurons

Inhibitory neurons to the muscularis 
mucosae

NO plus several cotransmitters: ATP-like, 
VIP, PACAP

Similar properties to other inhibitory muscle motor neurons

Myenteric ascending interneurons (1) ACh. Nicotinic receptors postsynaptic In the small intestine only one type. Involved in local 
peristaltic reflex

Myenteric descending interneurons 
(local reflex) (8)

ACh. ATP may be a cotransmitter These neurons also contain NOS

Myenteric descending interneurons 
(secretomotor and motility reflex) (9)

ACh, 5-HT (at 5-HT3 receptors) This type of descending interneuron has been documented 
in several species. In guinea pig it is in a pathway of 
descending excitation

Myenteric descending interneurons 
(MMC) (10)

ACh Neurons contain somatostatin. It is speculated that these 
neurons are involved in conducting MMC along intestine

Myenteric IPANs (2) TK, CGRP, and ACh These neurons detect distortion of their processes and 
intraluminal chemistry

Submucosal IPANs (11) TK, CGRP, and ACh Respond to intraluminal chemistry and mucosal distortion

Intestinofugal neurons (3) ACh, cotransmitter VIP These neurons directly or indirectly detect conditions in the 
gut wall and are in afferent pathways of enteroenteric 
reflexes (see Figure 15.10)

Motor neurons to gut endocrine cells Various. Neurons innervating G cells 
utilize GRP

A range of endocrine cell types is innervated

Noncholinergic secretomotor/
vasodilator neurons (12)

VIP. Other peptides of the VIP family may 
contribute

Neurons project both to the mucosa and to arterioles. The 
majority of these neurons in submucosal ganglia

Cholinergic secretomotor/vasodilator 
neuron (13)

ACh Dual projection, to the mucosa and to arterioles. Innervate 
bases of glands. The majority of these neurons in 
submucosal ganglia

Cholinergic secretomotor 
(nonvasodilator) neurons (14)

ACh Innervate mucosal epithelium only. The majority of these 
neurons in submucosal ganglia

Submucosal uni-axonal neurons 
projecting to the myenteric plexus (15)

ACh (deduced). Contain VIP (NOS?) Possibly displaced myenteric interneurons

Neurons to lymphoid tissue ACh (deduced) Physiology has not been directly determined

ACh, acetylcholine; ATP, adenosine triphosphate; CGRP, calcitonin gene-related peptide; GRP, gastrin-releasing peptide; 5-HT, 5-hydroxytryptamine; 
MMC, migrating myoelectric complex; NK, neurokinin (receptor); NO, nitric oxide; NOS, nitric oxide synthase; NPY, neuropeptide Y; PACAP, pituitary 
adenylyl cyclase-activating peptide; SOM, somatostatin; TK, tachykinin; VIP, vasoactive intestinal peptide.
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proportion  of  these  also  exhibit  slow  EPSPs,  similar  to  those 
observed in myenteric neurons. The fast EPSPs are blocked by 
hexamethonium and are presumably mediated by ACh acting 
through  nicotinic  receptors.  Pharmacological  data  indicates 
that  slow  excitatory  transmission  to  secretomotor  neurons  in 
the submucosa is mediated through purine P2Y receptors [71,72].

Although  slow  IPSPs  are  rarely  observed  in  myenteric 
neurons, they are common in submucosal neurons. Substantial 
IPSP occur in about 50% of submucosal neurons in the guinea 
pig small intestine and in as many as 90% of the neurons in the 
cecum [65–68]. In the small intestine, neurons with slow IPSPs 
contain vasoactive intestinal peptide (VIP) and are noncholin-
ergic secretomotor/vasodilator neurons [73]. Two separate con-
tributions to IPSPs have been identified, adrenergic transmission 
from  sympathetic  neurons  and  nonadrenergic  transmission 
from  intrinsic  neurons.  5-HT  and  somatostatin  contribute  to 
the nonadrenergic transmission [74].

Presynaptic  inhibition  may  also  have  a  role  in  the  ENS. 
Sympathetic  nerve  stimulation  reduces  the  amplitudes  of  fast 
EPSPs in both myenteric and submucosal neurons, probably by 
decreasing  the  amount  of  ACh  released  from  the  synapses 
[75,76].  It appears  that  the presynaptic  inhibitory effect of  the 
sympathetic  transmitters  is  the  primary  mechanism  by  which 
sympathetic neurons diminish contractile activity of the gut [5]. 
This  inhibition  is  mediated  through  α-adrenoreceptors.  ACh 
released from enteric nerve terminals can act presynaptically to 
regulate the subsequent release of ACh and possibly to modify 
the release of the transmitters mediating slow EPSPs [77].

Functionally defined enteric neurons

Motor neurons
Muscle motor neurons of the stomach and intestines
Excitatory  neurons  innervate  the  longitudinal  and  circular 
smooth  muscle  and  the  muscularis  mucosae  throughout  
the digestive tract (Figure 15.5). They are involved in contract-
ing  the  muscle  during  propulsive  reflexes  and  in  mixing  

In the guinea pig small intestine, IPSPs in myenteric neurons 
are rare, and then only in a low proportion of neurons [63,64]. 
It is possible that excitatory responses may obscure IPSPs that 
are  evoked  by  electrical  stimulation.  However,  activation  of 
enteric reflex pathways by physiological stimuli, such as disten-
sion, also fails to evoke IPSPs in myenteric neurons. This sug-
gests that any physiological role for this type of synaptic potential 
may be confined to a small group of myenteric neurons.

Electrophysiological  studies  of  submucosal  neurons  have 
been  performed  in  preparations  from  the  small  intestine,  the 
cecum, and  the distal  colon of  the guinea pig  [65–70]. About 
90% of all submucosal neurons exhibit fast EPSPs, and a large 

Table 15.2 Comparison of properties of S and AH neurons.

S neurons AH neurons

Soma action 
potentials

Monophasic, 
tetrodotoxin sensitive

Hump on falling 
phase, tetrodotoxin 
insensitive

AHP following soma 
action potential

Brief (20–100 ms) Brief AHP, followed by 
prolonged (1–2 s) AHP

Process action 
potentials

Tetrodotoxin sensitive Tetrodotoxin sensitive

Fast EPSPs Prominent, trigger 
action potentials

Rare, subthreshold for 
triggering action 
potentials

Slow EPSPs Observed in most Major mode of 
synaptic excitation of 
AH neurons

Shapes Single axon, multiple 
short dendrites, small 
and medium sized

Multiple axons, 
commonly without 
dendrites, large ovoid 
cell body

AHP, afterhyperpolarizing potential; EPSP, excitatory postsynaptic 
potentials.

Figure 15.4 Pharmacological dissection of fast excitatory postsynaptic potentials (EPSPs) in S neurons of the myenteric plexus of the guinea pig ileum. 
(a) A fully cholinergic EPSP is blocked by the nicotinic receptor blocker hexamethonium. (b) A fast EPSP is partly reduced by hexamethonium. The 
remaining component is largely blocked by the purinergic P2X receptor antagonist pyridoxalphosphate-6-azophenyl-2′,4′-disulfonic acid (PPADS). (c) A 
fast EPSP in which the response remaining after the administration of hexamethonium is blocked by the 5-HT3 receptor blocker ondansetron. ACh, 
acetylcholine; ATP, adenosine triphosphate; 5-HT, 5-hydroxytryptamine. Source: Galligan et al. 2000 [53]. Reproduced with permission of Elsevier.
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high proportion of individual endplates in the esophagus receive 
dual  innervation,  one  axon  being  from  a  vagal  motor  neuron 
with its cell body in the medulla oblongata and the other axon 
originating from a cell body in the myenteric plexus [84–87]. In 
the  rat,  the  vagal  endings  are  immunoreactive  for  calcitonin 
gene  related  peptide  (CGRP),  and  the  endings  of  myenteric 
origin exhibit NOS immunoreactivity. Double staining for these 
markers indicates that both fibers make close appositions with 
the muscle, and that the two fiber types are often closely apposed, 
facilitating  presynaptic  interaction  [86].  The  vagal  motor 
neurons are essential to esophageal function and, if their axons 
are severed, there is esophageal paralysis [88]. The enteric inner-
vation  of  motor  endplates  is  presynaptic  to  the  vagal  motor 
innervation and causes  an  inhibitory modulation of  the vagal 
input  [89].  Thus  the  ENS  seems  to  have  a  role  in  modulating 
peristalsis in the upper esophagus. The enteric innervation may 
have  a  greater  role  in  young  animals,  because  all  motor  end-
plates  receive  an  enteric  innervation  at  days  4–10  postnatal, 
after which there is partial withdrawal of innervation [90].

Secretomotor and secretomotor/vasodilator neurons 
controlling fluid exchange
Secretomotor  neurons  with  cell  bodies  in  submucosal  ganglia 
in the small and large intestines and in the gallbladder enhance 

movements. The primary transmitter of these neurons is ACh, 
which  acts  on  the  muscle  through  muscarinic  receptors  [5]. 
Tachykinins, released from the same neurons, contribute to the 
excitatory  transmission  but  have  a  lesser  role  than  ACh.  The 
tachykinin component of excitatory transmission appears to be 
more prominent at high rates of neuron firing. These neurons 
are S neurons by electrophysiological classification.

Inhibitory motor neurons are involved in descending reflexes 
that facilitate the passage of contents along the bowel and relax 
regions, such as the stomach, that expand to accommodate and 
retain  their  contents.  The  neurotransmitters  are  nitric  oxide 
(NO), adenosine triphosphate (ATP) (or a related compound), 
pituitary  adenylate  cyclase-activating  peptide  (PACAP),  and 
VIP [78–81]. VIP and the NO synthesizing enzyme, nitric oxide 
synthase  (NOS),  are  coexpressed  by  the  inhibitory  motor 
neurons, and are useful immunohistochemical markers of these 
neurons. The primary transmitter of the neurons appears to be 
NO, and deficits in transmission are observed if NO synthase is 
knocked out [82,83]. Inhibitory neurons are also S neurons.

Muscle motor neurons of the striated muscle part  
of the esophagus
The striated muscle of the esophagus is innervated by axons that 
form motor endplates, but unlike motor endplates elsewhere, a 

Figure 15.5 Neuron types in the enteric nervous system (ENS). The types of neurons in the small intestine have been defined by their functions, cell 
body morphologies, chemistries, key transmitters, and projections to targets. Neuron types: ascending interneurons (1); myenteric intrinsic primary 
afferent neurons (IPANs) (2); intestinofugal neurons (3); excitatory longitudinal muscle motor neurons (4); inhibitory longitudinal muscle motor 
neurons (5); excitatory circular muscle motor neurons (6); inhibitory circular muscle motor neurons (7); descending interneurons (local reflex) (8); 
descending interneurons (secretomotor and motility reflex) (9); descending interneurons (migrating myoelectric complex) (10); submucosal IPANs (11); 
noncholinergic secretomotor/vasodilator neurons (12); cholinergic secretomotor/vasodilator neuron (13); cholinergic secretomotor (nonvasodilator) 
neurons (14); uniaxonal neurons projecting to the myenteric plexus (15); motor neuron to the muscularis mucosae (16); innervation of Peyer’s patches 
(17). CM, circular muscle; LM, longitudinal muscle; MM, muscularis mucosae; MP, myenteric plexus; Muc, mucosa; SM, submucosal plexus. Not 
illustrated, motor neurons to enteroendocrine cells. Source: Adapted from Furness et al. 2004 [246]. Reproduced with permission of Elsevier.
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agonists; these findings suggest that motilin (M) cells receive an 
excitatory  cholinergic  input  [103].  Stimulation  of  the  vagus 
causes an atropine-sensitive release of peptide YY from L-type 
EEC  cells  of  the  distal  small  intestine  [104].  Activation  of  a 
vagovagal  reflex,  and  local  nerve  stimulation,  both  enhance 
glucagon-like hormone secretion from the L cells [105,106].

Innervation of lymphoid tissue (Peyer’s patches)
Lymphoid  aggregations  of  the  gastrointestinal  tract  (Peyer’s 
patches)  have  surrounding  nerve  fibers,  some  of  which  pene-
trate  the  capsule  of  the  follicle  to  provide  innervation  of  the 
suprafollicular  dome  region  but  not  of  the  germinal  centers 
[107–110].  Retrograde  tracing  from  follicles  reveals  that  they 
are  innervated  from  submucosal  ganglia  [110].  Receptors  for 
transmitters  of  enteric  neurons  occur  on  lymphocytes  within 
the Peyer’s follicles and on lymphocytes that are scattered in the 
connective tissue of the mucosa [111,112]. Moreover, scattered 
lymphocytes  are  close  to  axons;  this  proximity  suggests  that 
there may be a functional innervation of isolated lymphocytes 
within the mucosa [108,113]. Close appositions between axons 
and mast cells also occur in the mucosa [114].

Neurons that influence glucose absorption
Glucose  in  the  lumen  causes  the  release  of  several  gut  hor-
mones,  including  glucagon-like  peptide  2  (GLP-2)  [115–117]. 
In  turn,  there  is  induction  and  functional  activation  of  the 
sodium–glucose transporter, SGLT1 [115]. Although the induc-
tion of SGLT1 is mediated through GLP-2, the GLP-2 receptor 
is on submucosal neurons, not on the epithelium [118], which 
implies that the increased glucose transport is a neural-mediated 
effect  [119].  Consistent  with  this,  GLP-2  excites  submucosal 
neurons  [120].  There  is  also  evidence  that  vagovagal  reflexes 
contribute to  induction of SGLT1 in the small  intestine [121]. 
The afferent component of the vagovagal reflex was blocked by 
capsaicin application to the abdominal vagus, 10 days prior to 
infusing sugars into the duodenum [121]. The authors demon-
strated  that  capsaicin  treatment  caused  loss  of  vagal  afferent 
nerve fibers. The efferent pathway probably involves vagal pre-
enteric neurons and enteric final motor neurons.

Enteric interneurons
Interneurons have been  identified  in all  gut  regions,  although 
their characteristics appear to vary between regions more than 
those of other neuron types. For example, the ileum and colon 
contain the same, or very similar, motor neurons and intrinsic 
primary  afferent  neurons,  but  their  interneurons  are  quite 
different.

Within the myenteric plexus, each type of interneuron forms 
chains that run both orally and anally [122,123]. In the guinea 
pig small intestine, at least three classes of descending interneu-
rons  and  one  class  of  ascending  interneurons  exist.  Detailed 
studies of synaptic connections indicate that the chains formed 
by  two  of  the  types  of  descending  interneurons  interconnect 
[124]. The ascending interneurons appear to be involved in local 

water and electrolyte secretion. There are two types of neuron, 
secretomotor/vasodilator neurons which send axons both to the 
mucosal epithelium and to the submucosal arterioles, and secre-
tomotor (only) neurons that supply the epithelium but not arte-
rioles.  Secretomotor  transmission  to  the  mucosa  has  both 
cholinergic  and  noncholinergic  components  [91,92].  ACh 
released from the cholinergic neurons acts on muscarinic recep-
tors on the mucosal epithelium. The primary transmitter of the 
noncholinergic secretomotor effect is VIP. VIP both causes fluid 
secretion  and  increases  blood  flow  [93,94].  Experiments  in 
which single neurons were stimulated, and the resulting changes 
in the diameter of submucosal blood vessels measured, provide 
direct evidence  for  the presence of both cholinergic and non-
cholinergic vasodilator neurons [95–97]. Immunohistochemical 
studies, combined with surgical denervation, confirm that both 
intrinsic cholinergic and noncholinergic neurons innervate sub-
mucosal arterioles [98].

Gastric vasodilator neurons
Gastric acid  secretion and blood flow are enhanced when  the 
vagus  nerve  is  stimulated;  these  effects  are  reduced  by  mus-
carinic  antagonists.  In  most  experiments,  it  is  not  possible  to 
determine whether vasodilation is the result of a direct vascular 
action of cholinergic neurons, in addition to a functional hyper-
emia consequent to the increased secretion [99]. However, cen-
trally administered thyrotropin-releasing hormone stimulated a 
vagal  pathway  in  the  rat  that  caused  gastric  vasodilation  after 
acid secretion was blocked by the proton pump inhibitor, ome-
prazole [100]. The increased blood flow in the absence of secre-
tory change was antagonized by atropine. There is also evidence 
that there is noncholinergic transmission from gastric vasodila-
tor neurons that utilize VIP [101].

Gastric secretomotor neurons that stimulate acid output
Some  secretomotor  neurons  promote  gastric  acid  secretion. 
These  neurons  are  cholinergic  and  act  on  the  parietal  cells 
through muscarinic receptors. They act synergistically with his-
tamine and gastrin to increase acid output [102].

Motor neurons innervating enteric endocrine cells
About 12 types of EECs reside in the mucosa of the gastrointes-
tinal tract, and because the mucosa is densely innervated, most 
of these cells have nerve fibers in close proximity. It is likely that 
most  are  influenced  by  neurotransmitters,  but  there  has  not 
been a thorough investigation of neural control of gastrointes-
tinal  hormone  release.  The  best-documented  motor  neurons 
that  provide  functional  innervation  of  enteric  endocrine  cells 
are  those  controlling  the  release  of  gastrin  from  G-type  EEC 
cells. This release  is under  the  influence of vagal and  intrinsic 
nerve pathways. The final neurons in both pathways are enteric 
neurons  in  the  stomach  wall.  Transmission  from  the  motor 
neurons  to  the  G  cells  is  mediated  at  least  in  part  by  gastrin-
releasing peptide [102]. The basal release of motilin is reduced 
by atropine and by tetrodotoxin and stimulated by muscarinic 
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are  indeed  intrinsic  [5].  The  intrinsic  sensory  neurons,  com-
monly called IPANs, have now been identified (Figure 15.6).

Intrinsic primary afferent neurons were directly identified to 
be neurons with AH electrophysiological properties and Dogiel 
type II morphology by experiments in which activity-dependent 
changes were used to reveal the neurons [130,131], and by intra-
cellular recording [132,133] in the small intestine of the guinea 
pig.  Neurons  with  similar  morphology,  histochemical  proper-
ties,  and  projections  have  been  found  in  the  small  and  large 
intestines  of  guinea  pig,  mouse,  rat,  human,  pig,  and  sheep. 
Various experiments indicate that the cell bodies of the mucosal 
mechanoreceptor  primary  afferent  neurons  are  present  in  the 
submucosal ganglia, whereas the cell bodies of chemoreceptor 
afferent neurons and those of stretch-responsive primary affer-
ent neurons are found in myenteric ganglia.

Intrinsic primary afferent neurons are one of several types of 
afferent neuron associated with the gut (Figure 15.7). Others are 
vagal afferent neurons, spinal afferent neurons, and intestinofu-
gal  neurons.  The  intestinofugal  neurons  are  probably  second-
order  neurons  in  afferent  pathways  leading  from  the  gut  to 
prevertebral  ganglia  [134].  The  extrinsic  primary  afferent 
neurons are subdivided into two groups: those with cell bodies 
in the vagal (nodose) ganglia, and those with cell bodies in the 
dorsal root ganglia. The vagal afferent pathways carry informa-
tion  about  the  physiological  state  of  the  digestive  organs. 
Impulses conveying pain or discomfort are conducted through 
the dorsal root ganglion (spinal afferent) pathways.

motility reflexes, as are the descending cholinergic neurons that 
contain NOS [5]. Another type of descending interneuron, the 
ACh/somatostatin  interneurons, may be  linked  to  the passage 
of  the  migrating  myoelectric  complexes  (MMCs),  which  are 
described below. These neurons have a distinctive appearance 
(filamentous neurons) with numerous branching, tapering, fila-
mentous dendrites [122]. They have very rare connections from 
IPANs [125,126]. The third type of descending interneuron, the 
ACh/5-HT  interneuron,  is  involved  in  descending  excitatory 
reflexes, and perhaps in secretomotor reflexes [127]. Interneurons 
also make connections between the myenteric and submucosal 
plexuses.

Intrinsic primary afferent neurons
About 100 years ago, several  investigators showed that enteric 
motility reflexes could be elicited in segments of intestine that 
had  no  neural  connections  with  the  CNS  [1,128,129].  It  was 
therefore  assumed  that  primary  afferent  neurons  were  con-
tained in the gut wall. However, at about the same time it was 
discovered that reflexes, notably cutaneous vasodilator reflexes, 
could  be  initiated  via  axon  collaterals  even  when  the  axons 
bearing the collaterals were disconnected from their cell bodies. 
Thus, to demonstrate that reflexes are truly intrinsic, it was nec-
essary to leave sufficient time between lesioning nerves (so that 
endings  and  their  collaterals  die)  and  testing  the  integrity  of 
reflexes. Such experiments applied to the small and large intes-
tine in guinea pig, cat, and dog indicate that the motility reflexes 

Figure 15.6 Diagram of a myenteric intrinsic primary afferent neuron (IPAN). The IPANs are multipolar type II neurons. Action potentials initiated by 
physiologically appropriate stimuli and by noxious stimuli can traverse the cell bodies (transcellular conduction) or can be conducted to output 
synapses via an axon reflex (axon reflex conduction). Conduction across the cell body is modified by the synaptic inputs that it receives. The myenteric 
IPANs make synaptic connections with other neurons in the myenteric and submucosal ganglia. CM, circular muscle; EPSPs, excitatory postsynaptic 
potentials; LM, longitudinal muscle; MP, myenteric plexus; Muc, mucosa; SM, submucosal plexus. Source: Adapted from Furness 2006 [5]. Reproduced 
with permission of John Wiley & Sons, Ltd.
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may represent sensory elements, and their presence is consistent 
with  the  requirement  for  connectivity  between  the  circular 
muscle layer and myenteric ganglia for stretch-induced firing of 
these neurons. Moreover, these neurons exhibited spontaneous 
fast EPSPs that occurred in time with reflexly evoked excitatory 
and  inhibitory  junction  potentials  in  the  muscle.  Smith  et  al. 
[136]  proposed  that  these  neurons  may  be  analogous  to  the 
stretch-sensitive muscle spindles found in skeletal muscle, and 
that  they  are  responsible  for  initiating  stretch-sensitive,  tone-
independent  peristaltic  reflexes.  Distension-evoked  propaga-
tion of peristaltic contractions may be blocked by application of 
muscle relaxants at the site of distension, indicating that these 
most  likely  require  tension-detecting  IPANs  [137].  Thus,  it  is 
likely that the mechanically stimulated coordinated reflex activ-
ity  of  the  intestine  is  sensed  and  initiated  by  both  AH  and  S 
neurons that detect muscle tension and length, respectively.

Other enteric neurons that respond to  
mechanical stimuli
It has been assumed that the AH/Dogiel type II neuronal sub-
class are the only intrinsic sensory neurons in the gut. It is likely 
that  these  IPANs  are  the  sole  mediators  of  mucosally  derived 
reflexes,  as  they  are  the  only  multipolar  neurons  with  projec-
tions to villi, and are directly activated by mechanical stimula-
tion  of  the  mucosa  and  by  chemicals  applied  to  the  mucosal 
surface.  However,  recent  studies  provide  compelling  evidence 
indicating  that S/Dogiel  type  I neurons play a  role  in  stretch-
mediated mechanotransduction.

Spencer and Smith  [135] characterized a  subclass of S-type 
interneuron  that  was  mechanosensitive  to  circumferential 
stretch  and  remained  active  for  the  duration  of  the  stimulus 
period.  These  filamentous  interneurons  had  dendrites  located 
within, and parallel to, circular muscle fibers. These structures 

Figure 15.7 The sensory (afferent) neurons of the digestive tract. Two classes of intrinsic primary afferent neuron (IPAN) have been identified: 
myenteric IPANs that respond to distortion of their processes in the external muscle layers and, via processes in the mucosa, to changes in luminal 
chemistry, and submucosal IPANs that detect mechanical distortion of the mucosa and luminal chemistry. Extrinsic primary afferent neurons have cell 
bodies in dorsal root ganglia (spinal primary afferent neurons) and vagal (nodose and jugular) ganglia. Spinal primary afferent neurons supply collateral 
branches in prevertebral (sympathetic) ganglia and in the gut wall. Intestinofugal neurons are parts of the afferent limbs of enteroenteric reflex 
pathways. Nerve endings in the mucosa are activated by hormones, most prominently 5-hydroxytryptamine (5-HT), released from enteroendocrine 
cells (arrows). CM, circular muscle; LM, longitudinal muscle; MP, myenteric plexus; Muc, mucosa; SM, submucosa. Source: Adapted from Furness 2006 
[5]. Reproduced with permission of John Wiley & Sons, Ltd.
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parasympathetic pathways. Vagal input neurons are neurons in 
complex  circuits  in  which  enteric  reflexes  of  several  types  are 
integrated with signals  from the CNS and from other parts of 
the gastrointestinal tract. It is preferable to refer to them as vagal 
pre-enteric neurons.  Transmission  from  vagal  pre-enteric 
neurons  to  enteric  neurons  is  mediated  principally  by  ACh 
acting  on  nicotinic  receptors.  Thus  the  effects  of  stimulating 
vagal motor pathways are blocked or substantially attenuated by 
drugs that block nicotinic receptors.

Sensory pathways
The greatest proportion of vagal sensory (afferent) fibers inner-
vate the esophagus, stomach, proximal small intestine, liver, and 
pancreas. There  is  a  less prominent vagal  sensory  innervation 
of the distal small intestine and proximal colon. The vagal affer-
ents  convey  information  about  the  physiological  states  of  the 
digestive organs and their contents. The functions that are regu-
lated  by  the  vagal  sensory  innervation  include  appetite  and 
satiety, esophageal propulsion, gastric volume, contractile activ-
ity and acid secretion, contraction of the gallbladder, and secre-
tion of pancreatic enzymes.

Based on motor and interneurons having sensory functions, 
the  concept  of  a  “multifunctional  mechanosensitive  neuron” 
with  individual  neurons  possessing  sensory,  integrative,  and 
motor functions has been proposed [138]. Experiments meas-
uring action potential discharge in response to deformation of 
ganglia  using  fast  voltage-sensitive  dye  imaging  indicate  that 
approximately 25% of all myenteric neurons are directly mech-
anosensitive [138,139]. Neurons that were morphologically and 
neurochemically  identified as  interneurons and motorneurons 
responded  to  deformation  in  a  stimulus  strength-dependent 
manner  [138].  The  authors  have  described  these  as  “rapidly 
adapting  mechanosensitive  enteric  neurons”  (RAMEN).  A 
small subset of neurons in the mouse colon has been identified 
as  “slowly  adapting  mechanosensitive  neurons”  (SAMEN). 
These  neurons  are  capable  of  generating  action  potentials 
throughout a sustained stimulus period [140].

Collectively,  these  studies  indicate  that  the  detection  and 
response  to  sensory  information within  the  intestine  is medi-
ated by a combination of neuron types, rather than exclusively 
by  IPANs.  There  is  emerging  evidence  that  the  original  IPAN 
model may be too simplistic with respect to mechanosensation. 
However, these reports do not discount the key roles that IPANs 
play in sensing mucosal deformation, chemical changes in the 
lumen, and smooth muscle tension.

Vagal innervation of the  
gastrointestinal tract

The  vagus  nerves  contain  motor  and  sensory  pathways  that 
innervate the gastrointestinal tract. The neurons of motor path-
ways have cell bodies  in the  lower brainstem, and the sensory 
neurons have their cell bodies in the nodose and jugular ganglia.

Motor (efferent) pathways
A variety of effects, primarily on the upper gastrointestinal tract, 
are  mediated  through  these  pathways  (Table  15.3),  including 
control  of  esophageal  peristalsis,  relaxation  of  the  proximal 
stomach,  enhancement  of  gastric  peristalsis,  stimulation  of 
gastric  acid, promotion of gastrin  release,  stimulation of pan-
creatic secretion, and contraction of the gallbladder [141,142]. 
Except  for  neurons  that  innervate  the  striated  muscle  of  the 
esophagus,  the  vagal  neurons  do  not  act  directly;  they  are  
pre-enteric neurons that form synaptic connections with enteric 
neurons. Small numbers of vagal efferent neurons also project 
to  the  small  intestine  and  proximal  colon.  It  is  interesting  
that Brunner’s glands in the small intestine appear to be inner-
vated  directly  by  vagal  pathways,  but  not  by  local  intrinsic 
neurons [143].

According  to  the  convention  used  for  other  cranial  auto-
nomic  pathways,  the  vagal  neurons  of  these  motor  pathways 
have been called parasympathetic preganglionic or vagal pregan-
glionic neurons. Reference to vagal input neurons as pregangli-
onic wrongly implies that enteric neurons are relay neurons in 

Table 15.3 Motor functions of vagal pathways.

Function or tissue 
controlled

Comment on pathway

Striated muscle 
esophagus,

Cell bodies in nucleus ambiguus. Respond to 
central pattern generators

Smooth muscle 
esophagus

Vagal neurons pre-enteric, impinging on 
myenteric neurons

Lower esophageal 
sphincter

Control through vagovagal reflexes. Vagal 
pre-enteric neurons to esophageal and gastric 
motor neurons

Gastric relaxation Vagal neurons involved in vagovagal receptive 
relaxation and accommodation reflexes

Gastric mixing and 
propulsion

The rhythms are generated in the gastric 
muscle. Vagal input augments or inhibits 
contractile activity

Gastric acid secretion Vagal neurons are pre-enteric. Pathways 
stimulate secretion from parietal cells

Gastrin secretion from 
EECs

Vagal pathways stimulate secretion

Gastric vasodilation Pathways have been demonstrated, but 
physiological roles not clarified

Pyloric sphincter Following vagal denervation, there is a deficit 
in gastric emptying that is relieved by 
pyloromyotomy

Gallbladder Vagal pathways stimulate gallbladder 
contraction and emptying

Pancreas Stimulation of enzyme secretion

Brunner’s glands Stimulation of vagus causes mucus secretion

EEC, enteroendocrine cell.
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toward the villus tip, where they branch extensively. Each villus 
afferent fiber typically innervates a cluster of two or more neigh-
boring villi. The villus afferents are ideally positioned to detect 
substances  released  from  the  epithelium,  including  intestinal 
EEC cell hormones such as cholecystokinin (CCK), 5-HT, and 
GLP-1 that are known to activate vagal nerve endings [152,153]. 
Fats in the proximal small intestine are detected by I-type EEC 
cells, that release CCK that causes release of enzymes from the 
pancreas,  stimulates  gallbladder  contraction,  inhibits  gastric 
motility and secretion, and increases satiety [162].

Pelvic nerves

The  major  gastrointestinal  effects  of  the  pelvic  nerves  are  on 
movement,  secretion,  and  blood  flow  in  the  distal  colon  and 
rectum. The pathways are analogous to those of the vagus; pelvic 
efferent neurons with cell bodies in the sacral spinal cord form 
synapses  on  enteric  neurons  at  which  ACh  exerts  excitatory 
effects  through  nicotinic  receptors.  The  pelvic  nerves  initiate 
defecatory  reflexes.  Sensory  axons  in  the  pelvic  nerves  detect 
mechanical  changes  in  the  colorectum  [163].  Pain  signals  are 
also conveyed through the pelvic nerves [164].

Neural control of gastrointestinal 
movements

Overview
The muscle layers of the gastrointestinal tract are responsible for 
propulsion and mixing of contents, reservoir capacity (notably 
in  the  stomach),  restriction  of  movement  between  regions 
which are separated by sphincters, and expulsion of pathogens 
and noxious chemicals. The relative roles of extrinsic and intrin-
sic neurons in directing these activities vary along the digestive 
tract.  In broad terms,  the body of  the esophagus  is controlled 
by  the  vagus  from  brainstem  circuits  located  in  the  medulla 
oblongata and the stomach is controlled by the brainstem and 
vagovagal reflexes. Small intestine motility is largely controlled 
by  the ENS, as  is  large bowel motility, except  for  the essential 
role of the CNS in regulating defecation via the pelvic nerves. 
Sympathetic  pathways  modify  the  control  exerted  through 
vagal, enteric, and pelvic nerves.

Esophagus
The nerve circuits for motor programs coordinating propulsive 
activity in the upper, striated muscle, part of the esophagus are 
in the medulla oblongata of the CNS. These relay through the 
nucleus ambiguus, which contains the cell bodies of the motor 
neurons that  innervate the striated muscle [15,165]. Although 
there are numerous ganglia that form an ENS of conventional 
appearance in the striated muscle esophagus, the ENS has little 
influence on the pattern of propulsive activity, and esophageal 
propulsion  fails  and  never  recovers  its  function  if  the  vagal 

Three distinct types of vagal afferent endings are found in the 
gastrointestinal tract: intraganglionic laminar endings (IGLEs), 
intramuscular  arrays  (IMAs),  and  mucosal  varicose  nerve 
endings [144]. IGLEs and IMAs are mechanoreceptors, whereas 
the mucosal endings indirectly detect luminal chemistry. IGLEs 
have  complex  branching  nerve  endings  that  give  rise  to  flat 
(laminar) expansions within myenteric ganglia. In general, their 
frequencies of occurrence are greatest proximally in the gut and 
numbers  decrease  distally  [145].  Along  this  gradient,  greater 
densities are found in the upper esophagus, gastric corpus, and 
distal  ileum.  IGLEs  in  the  rectum,  and  some  of  those  in  the 
distal  colon,  arise  from  pelvic  nerves  [146].  IGLEs  respond 
rapidly to direct mechanical probing [147]. Firing rates dimin-
ish within the first 2–3 s, but the neurons continue to fire at a 
reduced  rate  throughout  the  stimulus;  thus  these  are  partially 
adapting  mechanoreceptors.  IGLEs  that  responded  to  direct 
probing also responded to stretching of the stomach wall, which 
provides direct proof that IGLEs are stretch receptors [146,147]. 
They almost certainly correspond to the low-threshold tension 
receptors that were identified in the 1950s [148,149].

IMAs are formed by single afferent axons that branch within 
the circular muscle  layer to form arrays of varicose fibers that 
run  parallel  to  muscle  bundles  [150].  They  form  synapse-like 
complexes with interstitial cells of Cajal (ICCs) and it has been 
suggested that IMAs, ICCs, and smooth muscle work coopera-
tively or synergistically to respond to stretch or muscle  length 
information [151].

Vagal mucosal sensory nerve endings branch within the con-
nective  tissue  beneath  the  mucosal  epithelium  [26].  They  can 
therefore  only  react  to  the  chemistry  of  the  lumen  indirectly. 
The intermediaries are chemoreceptive EECs that sense nutri-
ents and also potentially noxious agents in the gut contents, and 
release  hormones,  such  as  CCK,  5-HT,  and  GLP1  that  act  on 
vagal afferent nerve endings [152,153] (see Chapters 12 and 13). 
Bitter  material  in  the  lumen  causes  the  release  of  the  gastric 
orexigenic hormone, ghrelin, from A-type EEC cells and acidic 
conditions  in  the  antrum  causes  somatostatin  release  from 
D-type EEC cells. In humans, ghrelin signaling to hypothalamic 
feeding centers occurs via the vagus [154].

Gastric  mucosal  receptors  are  responsive  to  low  intensity 
stroking of the mucosa, but not to muscle stretch or contraction 
[155–157]. Solid food is triturated in the stomach into smaller 
particles  that  are  able  to  pass  through  the  pylorus  [158]. 
Experiments in which the antral mucosa was separated from the 
underlying  muscle,  a  procedure  that  abolishes  vagovagal 
reflexes, suggest that mucosal mechanoreceptors may discrimi-
nate particles by size and regulate their passage into the duode-
num [159]. The mechanosensitivity of gastric mucosal afferents 
is enhanced by the satiety hormone, leptin, and reduced by the 
feeding  hormone,  ghrelin,  both  of  which  are  released  from 
gastric EECs that are in close proximity to the gastric mucosal 
afferent endings [160,161].

Separate  villus  and  crypt  afferents  innervate  the  mucosa  of 
the small intestine [26]. Villus afferents have axons that project 
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antrum [175]. In addition, there appears to be a small residual 
component of accommodation that is due to an intrinsic reflex 
[176]. The final neurons of the pathways that cause gastric relax-
ation are nitrergic. As the volume in the stomach reduces with 
emptying of  the meal,  the  fundus contracts. This also appears 
to be a vagally mediated effect [174]. Thus the stomach adjusts 
its  volume  both  by  relaxation  and  contraction,  via  vagovagal 
reflexes.

Gastric peristalsis and mixing
Gastric peristalsis, which occurs  in  the corpus and antrum,  is 
not  prevented  when  the  myenteric  plexus  is  cut  through  or 
nicotine is given in a dose that blocks peristalsis in the intestine 
[177,178]. Moreover, the frequency of peristalsis corresponds to 
the  frequency  of  gastric  slow  waves  in  the  muscle,  indicating 
that gastric peristalsis is generated by the slow waves and, unlike 
peristalsis in the small intestine and colon, it does not require 
augmentation  by  the  actions  of  excitatory  neurons  to  be 
observed.  However,  there  is  augmentation  of  the  gastric  con-
tractions,  that  is  dependent  on  vagovagal  reflexes,  when  the 
stomach is artificially distended [179]. When the antrum, or the 
whole  stomach,  is  extrinsically  denervated,  antral  peristaltic 
contractions are smaller or less frequent and emptying times are 
prolonged  [179–181].  Thus  gastric  peristalsis  appears  to  be  a 
consequence of contractions that are induced in the muscle by 
slow  waves  that  are  themselves  generated  by  the  pacemaker 
activity of ICC. The amplitudes of these contractions are modu-
lated by nervous activity.

There  is  little evidence  for an  intrinsic gastric reflex similar 
to that in the small intestine. After vagotomy, gastric distension 
results  in  much  weaker  phasic  contractions  than  seen  in  the 
vagally  innervated  stomach  [179].  Nevertheless,  a  number  of 
studies  indicate  that  there  is  intrinsic  activity  of  excitatory 
cholinergic neurons,  even  in  the completely  isolated  stomach. 
The isolated stomach exhibits an excitatory tone that is reduced 
by tetrodotoxin, and by antagonists of muscarinic or nicotinic 
receptors.  The  amplitudes,  but  not  the  frequencies  of  occur-
rence, of contractile waves are reduced when transmission from 
excitatory neurons  to  the muscle  is prevented by  tetrodotoxin 
[182–184].  IPANs,  neurons  through  which  reflexes  in  the  
intestine  are  initiated,  appear  to  be  absent  or  very  rare  in  
the stomach [5].

Small intestine and colon
Intrinsic reflexes of  the ENS are essential  to  the generation of 
normal  movements  of  the  small  and  large  intestines.  In  the 
small  intestine,  these are  rapid orthograde propulsion of con-
tents  (peristalsis),  mixing  movements  (segmentation),  slow 
orthograde  propulsion  (the  migrating  myoelectric  complex, 
MMC), and retropulsion (expulsion of noxious substances asso-
ciated  with  vomiting).  In  the  large  intestine,  there  are  mixing 
and propulsive movements, including the colonic MMC [163]. 
To orchestrate these movement patterns, the state of the intes-
tine is sensed and appropriate motor patterns are generated. The 

innervation  is  severed  [88].  Nevertheless,  myenteric  neurons 
supply a modulating innervation to about a third of the motor 
end-plates in the striated muscle.

The  nerve  fibers  that  innervate  the  smooth  muscle  of  the 
lower  esophagus  have  their  cell  bodies  in  enteric  ganglia. 
Peristalsis  in  this  region  is  also  coordinated  by  the  CNS.  The 
enteric  ganglia  of  the  smooth  muscle  esophagus  are  directly 
innervated by pre-enteric neurons of the dorsal motor nucleus 
of the vagus, and lesion of this nucleus impairs the motility pat-
terns  of  the  smooth  muscle  esophagus  [15].  The  vagus  is 
involved in relaxing the LES, to allow passage of food, through 
a descending inhibitory reflex that relaxes the sphincter when a 
bolus of food enters the last part of the esophageal body and its 
intraluminal pressure is raised. This reflex relaxation is inhibited 
by cooling the vagus nerve, which reversibly inhibits vagal nerve 
function  [166].  However,  sphincter  relaxation  still  occurs  in 
response to distension following vagal block,  indicating that a 
local reflex can be elicited [166].

Peak  pressures  during  gastric  mixing  contractions  exceed 
resting pressures in the body of the esophagus and the LES has 
an important role in limiting reflux of the corrosive contents of 
the  stomach  into  the  esophageal  body.  This  role  is  apparent 
when pressure in the stomach is increased and a reflex constric-
tion of the LES is initiated [167,168]. The contraction is medi-
ated  by  a  vagovagal  reflex  pathway  that  passes  through  the 
brainstem. Failure of this guarding results in reflux esophagitis 
and esophageal mucosal damage.

Stomach
Nerve-mediated  control  of  gastric  movements  is  primarily 
exerted  through  vagovagal  reflexes  and  control  centers  in  the 
brainstem (see Chapter 20). The stomach has a reservoir func-
tion;  it  increases  volume  as  it  fills,  and  relaxes  prior  to  food 
arriving. It also has a function to mix the food with gastric juices 
and to push the liquefied products of gastric digestion into the 
duodenum. The fundus (proximal stomach) is primarily associ-
ated with the gastric reservoir function and the corpus–antrum 
(distal  stomach)  is  associated  with  gastric  mixing  and  antral 
propulsion  [169].  Each  antral  contraction  propels  a  small 
amount  of  liquid  into  the  duodenum,  while  solid  material  is 
retained in the stomach [158].

Gastric reservoir function
The proximal stomach relaxes to accommodate meals and as a 
result  the  pressure  in  the  stomach  does  not  increase  as  it  fills 
[170]. In fact, relaxation occurs even before the food arrives, a 
phenomenon  called  receptive  relaxation  [171].  The  vagovagal 
reflex relaxation that occurs when the pharynx or esophagus is 
distended  occurs  even  when  the  esophagus  is  severed  and  no 
food  reaches  the  stomach  [172].  Distension,  for  example  by 
inflation  of  an  intragastric  balloon,  relaxes  the  proximal 
stomach. This accommodation reflex is substantially reduced by 
vagotomy  [173,174].  A  vagally  mediated  gastrogastric  reflex 
relaxation  can  also  be  elicited  if  distension  is  confined  to  the 
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play a major role in forming the pattern of mixing and propul-
sive  movements  by  contracting  (or  relaxing)  to  decrease  or 
increase the diameter of the lumen during both propulsive and 
mixing movements.

To study enteric muscle motor reflexes,  investigators  isolate 
segments of intestine to eliminate the influences of the CNS and 
circulating  hormones.  In  these  preparations,  luminal  disten-
sion,  or  chemical  or  mechanical  stimulation  of  the  mucosa, 
elicits  reflexes  whose  effects  on  the  circular  muscle  can  be 
recorded  with  intracellular  microelectrodes  [191–197].  The 
major responses of the muscle are depolarizing potentials (i.e., 
excitation) in the circular  layer oral to the site of the stimulus 
and anal hyperpolarizing potentials (i.e., inhibition). This polar-
ization  of  electrical  responses  is  analogous  to  that  of  the 
mechanical  events  seen  when  the  intestine  is  distended. 
Longitudinal muscle motor neurons are also activated by reflex 
stimuli  [198].  The  longitudinal  muscle  contracts  at  the  same 
time as the circular muscle, although there may be delay between 
the commencement of contraction in the two layers. The longi-
tudinal muscle appears to restrict the lengthening of the intes-
tine when the circular muscle contracts [5]. If the longitudinal 
muscle does lengthen, it can initiate a reflex that inhibits propul-
sion [199].

Neither the reflex responses to stimulation of the mucosa nor 
those to distension pass along the gut if the myenteric plexus is 
cut, but they are unaffected by interruption of the submucosal 
plexus [178,196,200]. Therefore, the reflex pathways excited by 
mucosal stimulation must pass locally from the sensory recep-
tors in the mucosa to the myenteric plexus. Responses evoked 
by distension persist if the mucosa is removed [196,201–204], a 
finding that  is consistent with  the mechanosensitive processes 
of  IPANs  being  in  the  external  muscle.  Mucosal  distortion 

structural organization of the circuits that detect the state of the 
small intestine, integrate the information and direct the activi-
ties of motor neurons  is known (Figure 15.8) and  the colonic 
circuits  appear  to  be  similar  [136,185].  Although  the  mecha-
nisms within the integrative circuitry through which one pattern 
of  activity  is  converted  to  another  are  not  known,  computer 
modeling provides some insight into the neuronal activities that 
underlie  these  different  patterns  [186,187].  For  example,  fatty 
acids added to the luminal surface convert propulsive contrac-
tile activity to mixing movements, through a neural mechanism 
[188].  Conversion  from  one  pattern  to  another  can  also  be 
achieved  with  drugs  that  target  enteric  neurons  [189];  for 
example,  the  somatostatin  analog  octreotide  stimulates  an 
MMC-like activity front  in the small  intestine within 5 min of 
subcutaneous administration in humans [190].

Circuits in the small intestine
The  circuits  involved  in  local  peristaltic  reflexes  in  the  small 
intestine, and the projections of the component neurons, have 
been  deduced  from  studies  of  guinea  pig  small  intestine. 
Experiments  in  other  species,  including  cats,  dogs,  and  rats, 
suggest  that  the  pathways  are  similarly  organized  in  other 
mammals  [5].  In  all  species,  excitatory  and  inhibitory  motor 
neurons supply the muscle; the general patterns of small intes-
tine motility are similar, and intrinsic reflexes are evoked by the 
bulk and chemical nature of the luminal contents.

Movements  of  the  intestine  are  a  result  of  the  contractions 
and relaxations of the external longitudinal and circular muscles 
and of the muscularis mucosae. The neural control is superim-
posed  on  an  underlying  rhythm  of  muscle  activity  (i.e.,  slow 
waves),  which  occurs  at  frequencies  of  about  8–12/min  in 
humans.  The  circular  layer  of  the  external  muscle  appears  to 

Figure 15.8 Nerve circuits for control of motility in the small intestine. This diagram is based on studies in the guinea pig small intestine. Similar 
component neurons have been identified in the small intestine of other species, including human, and in the large intestine. This is a simplified circuit 
diagram showing the major circuit features that have been identified. Networks of interconnected intrinsic sensory neurons (IPANs) (red) detect 
mechanical distortion and luminal chemistry. These synapse with descending and ascending (both yellow) interneurons, and connect with excitatory 
muscle motor neurons and inhibitory muscle motor neurons (both blue) directly and via interneurons.
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Water moves from the lumen in company with the absorption 
of  nutrient  molecules  [213,214].  The  major  process  for  the 
absorption  of  nutrients,  such  as  glucose,  is  cotransport  with 
Na+, in this case through the Na+/glucose cotransporter, SGLT1 
(see  Chapter  29).  The  entry  of  these  solute  molecules  draws 
water across the epithelium, which is one reason to add glucose 
to  oral  rehydrating  fluids.  Direct  measurements  indicate  that 
there is cotransport of 210–260 water molecules per one glucose 
molecule  [214].  It has been estimated  that glucose absorption 
through SGLT1 is accompanied by absorption of 8–9 L of water 
each day from the small intestine [214], and 100 g of carbohy-
drate, if broken down to monosaccharides, would require about 
1.8 L  of  water  to  be  absorbed  and  be  isotonic  with  blood  and 
tissue fluids. Amino acid transport is also ion-coupled and in a 
similar way involves water movement  in concert with absorp-
tion.  The  large  fluxes  of  water  from  the  lumen  to  the  fluid 
compartments  of  the  body  are  partly  balanced  by  intestinal 
secretion that is mediated by enteric secretomotor reflexes.

Enteric secretomotor and vasomotor reflexes
Distension, mechanical stimulation of the mucosa, intraluminal 
nutrients,  and  the  application  of  chemicals  to  the  mucosa, 
including noxious substances, evoke secretomotor and vasodi-
lator reflexes [3,215–219]. Histochemical studies in the guinea 
pig small  intestine  indicate  that  two of  the motor neurons  for 
secretion are also motor neurons for vasodilation; that is, these 
secretomotor  neurons  cause  a  physiologically  appropriate 
vasodilation,  concomitant  with  secretion,  through  collaterals  
to  submucosal  arterioles  [5].  A  third  type  of  secretomotor 
neuron  does  not  project  to  the  vasculature.  As  indicated  
above,  control  of  secretion  in  the  small  intestine  contributes  
to  the  regulation  of  whole-body  water  and  electrolyte  status. 
Some of the fluid absorbed with nutrients or across the gastric 
mucosa can be passed back under the control of secretomotor 
reflexes. The source of secreted fluid in the small intestine is a 
mixture of serum electrolytes and locally absorbed electrolytes 
(Figure 15.9).

Glucose  or  its  uptake  stimulates  the  enteric  secretomotor 
reflex  [215]  Enteric  reflexes  also  cause  HCO3

−  secretion  in 
response to duodenal acidification, although other acid-sensitive 
mechanisms, including a neutrally independent stimulation of 
prostaglandin production, also cause secretion of HCO3

− [220]. 
It is likely that the same ion channels are permeable to Cl− and 
HCO3

−,  the  relative  amounts  of  Cl−  and  HCO3
−  transported 

being dependent on the luminal pH [221]. Secretomotor reflexes 
can  also  be  initiated  pathologically  by  toxins,  such  as  cholera 
toxin or enterotoxins, in the lumen (see section below Responses 
to noxious stimuli).

The  enteric  secretomotor/vasodilator  circuits  consist  of 
IPANs  with  their  endings  in  the  mucosa  and  an  integrating 
circuitry  that  feeds back to motor neurons with cell bodies  in 
the submucosal ganglia [5]. In some cases, the reflex pathways 
involve the myenteric ganglia (e.g., cholera toxin-induced secre-
tion) [222], whereas reflexes initiated by mechanical stimulation 

releases  5-HT  from  enterochromaffin  cells  in  the  epithelial 
lining [205], which, in turn, activates the endings of the IPANs 
to initiate or potentiate peristaltic reflexes [206]. However, the 
experiments just referred to in which the mucosa was removed 
or when 5-HT is absent due to genetic ablation of its synthesiz-
ing enzyme [207] indicate that mucosal 5-HT is not essential.

Enteric reflexes often extend for several centimeters along the 
intestine  from a single point of  stimulus, unlike  the processes 
of  the  majority  of  IPANs  and  of  motor  neurons.  This  implies 
that most enteric reflex pathways  include  interneurons, which 
form interconnecting chains that run along the intestine.

Most excitatory and inhibitory motor neurons supplying the 
circular muscle extend only 1–2 mm along the guinea pig intes-
tine, but run 6–8 mm around the circumference (about half the 
circumference)  [208,209].  Thus,  the  response  to  reflex  activa-
tion  is  spread  around  the  intestine.  This  finding  is  consistent 
with  the  common  observation  that  the  intestine  undergoes 
annular contractions or relaxations. The reflex response prob-
ably  involves  a  summed  response  to  transmission  from  many 
motor  neurons;  each  smooth  muscle  cell  is  influenced  by 
approximately 25 inhibitory motor neurons, and a similar con-
vergence  of  excitatory  influence  can  be  expected  [208]. 
Furthermore,  the  electrical  communication  between  smooth 
muscle cells ensures a summation of the effects of the popula-
tion of motor neurons.

The intestine exhibits cyclic propagating changes of contrac-
tile activity, that are evoked by MMCs. The MMCs pass along 
the intestine from the stomach to the terminal ileum. In humans, 
these  cycles  last  about  90 min  and  are  seen  between  digestive 
periods. MMCs are mediated through the intrinsic neural path-
ways of the small intestine [210]. Interruption of the continuity 
of  the  ENS  blocks  conduction  of  the  MMC  along  the  small 
intestine [211].

Neural control of secretion and  
mucosal blood flow

Overview
Approximately  5–10 L  of  water,  derived  from  food  and  drink, 
salivary secretions, gastric secretion, secretions of the pancreas 
and  biliary  system,  and  from  the  intestine  itself,  enters  the 
lumen of the human intestine each day. To maintain the equi-
librium of fluids in the body, electrolyte absorption in the gas-
trointestinal  tract  matches  the  losses  through  perspiration, 
respiration, urination, and defecation. Secretion and absorption 
are  balanced  so  that  the  osmolarity  of  the  fluid  in  the  small 
intestine  is  closely  matched  to  that  in  the  interstitial  fluid, 
although  there  are  local  variations  from  isosmolarity,  for 
example  in  the  lamina  propria  of  the  villi.  The  critical  role 
played by regulation within the intestine itself is exemplified by 
the  life-threatening  effects  of  bacterial  toxins,  such  as  cholera 
toxin, which act on enteric neurons to cause copious secretion 
of fluid across the intestinal epithelium [212].
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diarrhea, when there are excessive levels of bacteria and bacte-
rial  toxins  in  the  gut  lumen  [212,226].  Powerful  propulsive 
reflexes  are  also  triggered  by  pathogens  and  their  products, 
including  parasitic  nematodes,  the  bacterial  pathogen,  Vibrio 
cholera,  and  bacterial  toxins,  as  well  as  by  irritants,  such  as 
ricinoleic  acid,  the  active  component  of  castor  oil  [227–229]. 
Vomiting,  which  involves  retropulsive  reflexes  in  the  small 
intestine, is also used to eliminate undesirable contents from the 
gut. Vomiting is initiated by toxins or irritants in the gastroin-
testinal tract, by toxins that cross into the circulation and reach 
the vomiting centers  in  the area postrema, by nausea  induced 
by smell, and by vestibular disturbance (motion sickness). The 
gastrointestinal component is dependent on the release of 5-HT 
from EEC cells, which acts on vagal nerve endings  in  the gut 
wall to carry the signal to vomiting centers in the brain [176]. 
Antagonists of 5-HT3 receptors are effective antiemetics.

Thus enteric and vagovagal reflexes are initiated by noxious 
conditions in the gut, as well as being initiated by benign stimuli 
in normal physiological conditions.

Sympathetic innervation

Sympathetic  pathways  impinge  on  the  vagal  and  ENS  control 
described above. The cell bodies of sympathetic postganglionic 
neurons that innervate the digestive tract are found in prever-
tebral  and  paravertebral  ganglia,  and  in  the  abdomen  their 
axons run to the gut with the mesenteric nerves (Figures 15.1 
and  15.10).  These  neurons  function  primarily  to  regulate  
blood  flow  to  the  gastrointestinal  tract,  to  regulate  intestinal 
fluid and electrolyte secretion to keep it in balance with whole 
body  requirements,  and  to  inhibit  gastrointestinal  motility. 
Norepinephrine  is  the primary  transmitter of  the sympathetic 
postganglionic neurons that supply the gastrointestinal tract.

Sympathetic effects on secretion
The  sympathetic  innervation  of  secretomotor  neurons  influ-
ences the net movement of water and electrolytes between the 
gut  lumen  and  body  fluid  compartments  to  maintain  overall 
fluid homeostasis. The sympathetic pathways can override the 
enteric  secretomotor  reflexes.  Axons  arising  from  the  sympa-
thetic  neurons  in  prevertebral  ganglia  innervate  secretomotor 
neurons (see Figure 15.9), in which they elicit inhibitory synap-
tic potentials. Persuasive evidence indicates that, in day-to-day 
circumstances,  the  intrinsic  secretomotor  reflex  activity  is 
inhibited  by  tonic  activity  of  the  sympathetic  secretomotor 
inhibitory pathways. Cutting the sympathetic pathways releases 
the brake on the enteric secretomotor reflex and results in what 
Claude  Bernard,  in  1859,  called  paralytic secretion  [230]. 
Sympathetic  activity  is  increased  and  water  and  electrolyte 
secretion  is  reduced  in  response  to hemorrhagic hypotension, 
unloading of the baroreceptors, or reduction in right atrial pres-
sure  [231–234].  Bicarbonate  ion  secretion  is  also  inhibited  by 
sympathetic nerves [235].

of the mucosa can be mediated entirely through the submucosal 
plexus  [92,217,223].  Pathways  from  the  myenteric  plexus  also 
cause vasodilation [224,225].

Responses to noxious stimuli

In the small intestine and colon, protective secretory and motil-
ity  responses  are  initiated  by  irritants  included  in  enemas,  by 
noxious products of bacteria, and by parasitic infestations. The 
intestine  exhibits  exaggerated  secretomotor  reflexes,  causing 

Figure 15.9 Schematic representation of the integration of enteric and 
sympathetic neuronal control of secretomotor and vasomotor activity in 
the small intestine. The circuitry provides for adjustment of the secretion 
of fluid and electrolyte into the intestinal lumen, according to the sources 
of the fluid and the needs of the whole body to maintain fluid 
homeostasis. The sources of fluid to supply the secretory flux are the fluid 
that is absorbed across the epithelium in company with nutrients and 
ions, and fluid from the circulation. The existence of both secretomotor 
only (neuron 14) and secretomotor/vasodilator neurons (neurons 12, 13) 
allow the relative supply from these two sources to be regulated. The 
enteric secretomotor reflexes are under tonic inhibitory control from the 
sympathetic neurons that innervate secretomotor neurons and the 
availability of fluid from the circulation is limited by activity of 
sympathetic vasoconstrictor neurons. If systemic blood pressure or blood 
volume decreases (e.g., in hemorrhage) secretion and blood flow to the 
mucosa are both inhibited. The numbering of neurons corresponds to the 
lists in Figure 15.5 and Table 15.1. ACh, acetylcholine; PACAP, pituitary 
adenylyl cyclase activating peptide; VIP, vasoactive intestinal peptide.
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neurons,  including  the  presynaptic  inhibition  of  excitatory 
transmitter  release.  Sympathetic  nerve  fibers  also  have  direct 
inhibitory actions on the nonsphincter muscle. In the sphincter 
regions, the sympathetic neurons contract the muscle.

There are two types of reflex pathways through which motil-
ity is inhibited. For the first, reflexes pass via the CNS and then 
back  to  the  intestine.  In  the other,  reflexes are also conducted 
from one part of  the gastrointestinal  tract  to another  through 
sympathetic prevertebral ganglia [5,237,238].

Peripheral  sympathetic  enteroenteric  reflex  pathways  are 
illustrated  in  Figure  15.10  and  reviewed  elsewhere  [239]. 
Intestinofugal neurons that synapse in the prevertebral ganglia 
were demonstrated by intracellular recordings from the ganglia 
in preparations consisting only of a  segment of  intestine con-
nected  to  a  ganglion  that  had  been  completely  removed  from 
the body [240]. Activation of intestinal tension receptors evoked 
fast EPSPs in many nerve cells [240–242]. EPSPs were blocked 
by the application of nicotinic antagonists  to the ganglia, sug-
gesting that they are cholinergic. This conclusion is supported 
by the observation that all intestinofugal neurons are immuno-
reactive for choline acetyltransferase [243]. There is also a com-
ponent of slow excitatory transmission from the intestinofugal 
neurons, which is a result of the release of a cotransmitter, prob-
ably VIP [238]. Most  intestinofugal neurons are  second-order 
neurons  that  nevertheless  may  also  be  directly  activated  by 
stretch [134].

Sympathetic motility-inhibiting neurons normally have little 
or  no  activity  in  humans  or  animals  [29].  The  enteroenteric 
inhibitory reflexes appear to have a protective role for the gas-
trointestinal tract [5]. For example, in the case of enterogastric 
reflexes,  slowing  of  gastric  emptying  protects  the  duodenal 
mucosa from acid and osmotic stress; these reflexes are initiated 
by  acidity  or  hypertonicity  in  the  lumen  of  the  upper  small 
intestine. Enteroenteric inhibitory reflexes affecting other parts 
of the intestine can be initiated by distension of any region. Most 
studies have dealt with reflexes affecting the stomach and intes-
tine, but similar reflex pathways affect the biliary system [244]. 
The reflexes that pass through the CNS are commonly evoked 
by noxious  stimuli or by pain of visceral origin. For example, 
biliary colic, abdominal injury, and irritation within the abdom-
inal cavity caused by chemicals or infection activate sympathetic 
reflexes that inhibit gut motility.

Summary

Neural  control  of  digestive  function  is  exerted  by  extrinsic 
control  through  vagal,  sympathetic,  and  pelvic  pathways  and 
intrinsic control is through the ENS. The vagal control is medi-
ated through integrative circuitry in the brainstem. Vagal affer-
ent neurons convey information about the state of the esophagus 
and  upper  abdominal  organs  to  the  brainstem  centers  and 
motor  pathways  from  these  centers  control  functions  that 
include movements of the esophagus and stomach, gastric acid 

Sympathetic effects on the gastrointestinal 
blood supply
The sympathetic nerves to gastrointestinal supply vessels and to 
intrinsic  arterioles  exert  a  tonic  vasoconstriction  that  can  be 
reduced  or  increased  to  modify  the  proportion  of  the  cardiac 
output  going  to  the  gastrointestinal  tract  according  to  the 
balance of vascular need of different vascular beds. This parti-
tioning of blood supply is centrally regulated.

Sympathetic effects on motility
The  progress  of  the  contents  in  an  oral  to  anal  direction  is 
restricted  when  sympathetic  nerve  activity  increases.  Under 
resting conditions,  the sympathetic pathways exert  little  influ-
ence on motility. They come into action when protective reflexes 
are activated.

Sympathetic neurons slow transit by constricting the sphinc-
ters and by inhibiting the contractile activity of the nonsphinc-
ter regions [236]. Sympathetic inhibition of muscle movement 
in the nonsphincter parts of the gastrointestinal tract is prima-
rily  through  actions  of  the  noradrenergic  axons  on  enteric 

Figure 15.10 Connections of sympathetic pathways that affect intestinal 
motility, fluid exchange, and blood flow. The three main types of 
sympathetic neurons that supply nonsphincter parts of the intestine are: 
(1) vasocontrictor neurons; (2) secretion-inhibiting neurons; and (3) 
motility-inhibiting neurons. These neurons all receive synaptic inputs 
from the spinal cord. In addition, the secretion-inhibiting and motility-
inhibiting neurons receive inputs from intestinofugal neurons. 
Intestinofugal neurons do not connect with vasoconstrictor neurons. For 
further detail, see text.
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secretion,  gallbladder  contraction,  and  release  of  pancreatic 
enzymes.  The  ENS  is  the  largest  grouping  of  neurons  outside 
the  CNS.  It  contains  primary  afferent  (sensory)  neurons, 
interneurons,  and  several  classes  of  motor  neuron.  Together 
these form complete reflex circuits  that  influence many diges-
tive  tract  functions,  including  motility,  secretion,  and  blood 
flow in the small and large intestines. Enteric reflexes are essen-
tial  to generate  the patterns of motility of  the  small  and  large 
intestines,  whereas  motility  in  the  esophagus  and  stomach  is 
under  dominant  vagal  control.  Intramural  secretomotor  and 
vasodilator reflexes control the return to the lumen of fluid that 
is absorbed with nutrients. Sympathetic pathways inhibit motil-
ity in nonsphincter regions and contract the sphincters. These 
are protective reflexes. Sympathetic pathways regulate the secre-
tomotor  reflexes  to  maintain  secretion  appropriate  to  whole 
body  fluid  balance.  The  pelvic  pathways  are  important  in  the 
voluntary control of defecation. Overall,  the neural  control of 
the gastrointestinal tract relies on integration of vagal, enteric, 
sympathetic, and pelvic influences, moderated by sensory infor-
mation from digestive organs and other sources.

References are available at www.yamadagastro.com/textbook
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The main function of the smooth muscle of the gut is to mix 
and propel intralumenal contents, enabling efficient digestion 
of food, progressive absorption of nutrients, and eventual evac-
uation of residues. This function is regulated by the intrinsic 
electrical and mechanical properties of smooth muscle, such as 
the ability to maintain tone or undergo phasic contraction, and 
by alterations in these properties in response to hormonal and 
neural signals, particularly signals emanating from the enteric 
nervous system. A distinctive feature of physiological regulation 
in the gut is that stimuli that release hormones and activate 
neural mechanisms arise within the lumen from the mechanical 
and chemical properties of food and digestive secretions.

Structure of smooth muscle

Muscle layers
Smooth muscle of the gut consists of a thin outer longitudinal 
layer and a thick densely innervated circular layer; the layers 
derive their names from the orientation of the long axis of 
muscle cells in them. The layers are separated by laminar septa 
into ∼1 mm long bundles that probably act as contractile units. 
The muscle cells are embedded in a connective tissue matrix, a 

product of their synthetic and secretory activity consisting 
mainly of elastic and collagen fibrils. The layers include glial 
cells, fibroblasts, and a distinctive population of muscle-like 
cells, the interstitial cells of Cajal (ICCs).

Muscle cells: membranes and organelles
Single smooth muscle cells are about 400 µm long and 5 µm 
wide when fully relaxed. They are spindle shaped and have a 
high ratio of surface area–volume (1.5 µm2 : 1 µm3). Their plasma 
membranes consist of two specialized structures known as cave-
olae and dense bands [1–3].

The caveolae, 70 nm wide and 120 nm deep, are basket-shaped 
invaginations of the membrane that are arranged in clusters 
(Figure 16.1). There are about 150 000 caveolae per cell; they 
occupy about one-third of the outer surface of the cell but con-
stitute a much larger fraction of the surface of the plasma mem-
brane. The bases of caveolae are surrounded by an abundant 
endoplasmic reticulum, the site of Ca2+ storage and release in 
smooth muscle cells. The arrangement suggests that caveolae 
may be functional equivalents of the transverse tubules in stri-
ated muscle. Caveolin-1, caveolin-2, and caveolin-3 are the 
main structural proteins in smooth muscle caveolae [4,5]. They 
bind a variety of signaling molecules and are thought to act as 
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and parallel to the plasma membrane, occupies 2% of the  
cell volume and is the site of Ca2+ uptake and release [10–13]. 
It consists of several functional compartments, only one of 
which is sensitive to IP3, a membrane-derived messenger 
responsible for the release of intracellular Ca2+ in circular 
smooth muscle (see Figure 16.1) [14]. The mitochondria, con-
sidered a low-affinity, high-capacity storage site for Ca2+, can 
take up large amounts of Ca2+ but only after cell injury, when 
cytosolic Ca2+ increases to more than maximal physiological 
levels (>1–5 µM) [15].

scaffolds to facilitate signaling. In smooth muscle, caveolins also 
bind transiently to agonist-activated α- and βγ-subunits of G 
proteins, prevent their reassociation, and induce desensitization 
of responses mediated by these G proteins [6].

Clusters of caveolae are separated from each other by electron-
dense structures, 1–2 µm long and 0.2–0.4 µm wide, called 
dense bands (plaques), which occupy about one-half of the 
surface of the cell (Figure 16.2). At these sites, thin actin fila-
ments are attached to transmembrane integrins via a series of 
proteins consisting mainly of α-actinin and various kinases and 
signaling proteins [7]. Intermediate 10-nm thick filaments, con-
sisting mainly of desmin in visceral smooth muscle, link dense 
bands in the membrane to dense bodies in the cytoplasm and 
transmit the force generated by the contractile apparatus within 
the cell to the entire surface of the cell [8]. Intermediate junc-
tions consisting of the juxtaposed dense bands of adjacent cells, 
together with collagen fibrils, transmit force from one cell to the 
next and couple the contractile apparatus of adjacent cells to the 
rest of the muscle syncytium (see Figure 16.2).

In some regions, patches of the plasma membrane of  
adjacent cells are closely apposed and the space between them 
is bridged by intercellular channels. These patches, known as 
gap junctions or nexuses, are the most likely sites of electrical 
coupling between muscle cells; they permit movement of intra-
cellular regulatory molecules, such as cyclic AMP (cAMP), 
inositol 1,4,5-triphosphate (IP3), or calcium ions (Ca2+), and 
help to propagate the signal from cell to cell [1–3,9].

Dense bodies and contractile filaments occupy about 80% of 
the interior of the smooth muscle cell; the remainder is occu-
pied by various organelles, including the nucleus, mitochondria, 
Golgi apparatus, lysosomes, and rough and smooth endoplasmic/
sarcoplasmic reticulum. The last, located immediately beneath 

Figure 16.1 Surface organization of three adjacent muscle cells from the 
circular muscle layer of guinea pig ileum. Clusters of basket-shaped 
caveolae (c) surrounded by endoplasmic reticulum (er) are separated 
from each other by dense bands (db) (original magnification × 67 000). 
Source: Gabella 1987 [1]. Reproduced with permission of Elsevier.
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Figure 16.2 Organization of the contractile and cytoskeletal apparatus in 
smooth muscle cells. Thin actin filaments (c) emerge from the poles of 
cytoplasmic dense bodies (e) and interdigitate with thick myosin 
filaments (b). Dense bodies in the plasma membrane (d) are connected to 
dense bodies in the cytoplasm (e) by intermediate filaments (a). When 
juxtaposed, dense bodies from adjacent cells can form close intermediate 
junctions (f). Source: Adapted from Murphy 1988 [8]. Reproduced with 
permission of Elsevier.
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Thick filaments are aggregates of myosin molecules, a complex 
480-kDa protein formed by the association of six different pro-
teins [16–18]. These proteins are not covalently linked and can 
be dissociated from each other into one pair of myosin heavy 
chains and two pairs of myosin light chains (MLCs) (Figure 
16.3). The heavy chains are coiled around each other to form a 
rigid insoluble helical core or tail. Each strand of the core ter-
minates in a globular head surrounded by two MLCs: a 20-kDa 
regulatory chain and a 17-kDa essential chain. Each globular 
head contains a binding site for actin and an actin-activated 
Mg2+–adenosine triphosphatase (ATPase).

A hinge located at the junction of the globular head and the 
core enables the head to rotate about the core. Another hinge 
in the core enables the globular heads to project laterally. The 
globular heads and the segments of the core between the two 
hinges are called cross-bridges because they constitute a link or 
bridge between thick myosin and thin actin filaments.

Only three to five thick filaments are surrounded by and 
interdigitate with a much larger number of actin filaments. The 
ratio of thin to thick filaments is reflected in the relative content 
of actin and myosin. Visceral smooth muscle contains the same 
amount of actin as striated muscle (22 vs 28 mg/g of cell) but a 
lower amount of myosin (20 vs 62 mg/g of cell) [16]. Despite the 

Contractile apparatus: thin and thick filaments
Three types of filaments can be differentiated in smooth  
muscle cells: thin actin filaments (5–7 nm), thick myosin fila-
ments (15 nm), and intermediate desmin filaments (10 nm). 
Intermediate filaments link dense bodies in the cytoplasm to 
dense bands on the plasma membrane. Although the arrange-
ment of thin, thick, and intermediate filaments and their attach-
ments to cytoplasmic dense bodies lack the order found in 
striated muscle, assemblies reminiscent of primitive sarcomeres 
can be seen.

Thin filaments consist of actin, a ubiquitous 42-kDa globular 
protein (G actin) that polymerizes to form two-stranded helical 
filaments (F actin) of indeterminate length [16]. Inserted into the 
grooves of the actin helix is another protein, tropomyosin. Thin 
filaments have a distinct polarity, and they appear to be inserted 
into or emerge from the poles of dense bodies and are arranged 
in bundles that run parallel to the long axis of the cells, with their 
free ends surrounding and interdigitating with thick myosin fila-
ments (see Figure 16.2) [1–3,17]. The insertion of thin filaments 
in dense bodies is analogous to that found in Z discs of striated 
muscle cells; in effect, dense bodies may be viewed as dispersed 
fragments of Z discs held together and anchored to dense bands 
of the cell membrane by intermediate filaments.

Figure 16.3 Component proteins of the myosin molecule. A cross-bridge projects laterally from the main segment of the myosin core (i.e., tail). Each 
cross-bridge consists of a pair of myosin heads, each surrounded by a 17-kDa and a 20-kDa myosin light chain and a laterally projecting segment of the 
myosin core between the two hinge regions. The cores of many myosin molecules form thick filaments with several projecting cross-bridges. Source: 
Adapted from Murphy 1988 [8]. Reproduced with permission of Elsevier.
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low content of myosin, smooth muscle generates as much force 
as striated muscle (up to 6 kg/cm2 of cross-sectional area) [7,19].

Interaction of contractile proteins

The interaction of myosin and actin with hydrolysis of ATP is 
the fundamental reaction whereby chemical energy is converted 
into mechanical energy in smooth muscle, generating force and 
inducing shortening as a result of the sliding of overlapping, 
interdigitating thin and thick filaments [16,20]. The interaction 
occurs in a cycle, the cross-bridge cycle, the essential feature of 
which is a shift in the affinity of myosin for actin. ATP, bound 
weakly to myosin, is hydrolyzed to ADP and inorganic phos-
phate (Pi). The products of hydrolysis remain bound to the 
myosin head, and the energy released is stored in the myosin 
molecule, which has a high affinity for actin in this state. On 
release of adenosine diphosphate (ADP) and Pi, ATP binds 
again to myosin, which then reverts to a state of low affinity for 
actin. Cross-bridge cycling ceases after the stimulus is with-
drawn; the dephosphorylated myosin cross-bridges are arrested 
in a detached state, which is characteristic of relaxed muscle.

Phosphorylation of myosin light chain
An essential step in smooth muscle contraction is phosphoryla-
tion of the 20-kDa regulatory myosin light chain (MLC20) by a 
Ca2+/calmodulin-dependent or -independent MLC kinase 
[16,20–22]. When smooth muscle is stimulated, cytosolic free 
Ca2+ ([Ca2+]i) increases as a result of the influx of Ca2+ into the 
cytosol through voltage-gated Ca2+ channels and/or the release 
of Ca2+ into the cytosol from intracellular Ca2+ stores. Ca2+ 
sequentially binds to the four binding sites on the regulatory 
protein calmodulin; Ca2+-activated calmodulin binds to MLC 
kinase to form an active Ca2+/calmodulin–MLC kinase complex 
[23]. Phosphorylation of MLC20 induces a conformational 
change in the myosin head that greatly enhances the ability of 
actin to activate myosin–Mg2+-ATPase and stimulate the 
hydrolysis of ATP bound to the myosin head.

The initial increase in [Ca2+]i is transient and is rapidly dis-
sipated by reuptake into Ca2+ stores or extrusion from the cell. 
Ca2+/calmodulin-dependent MLC kinase activity decreases 
coincidentally with the decrease in [Ca2+]i, and its decrease is 
accelerated via phosphorylation by Ca2+/calmodulin-dependent 
protein kinase II and p21-activated kinase (PAK) (Figure 16.4) 
[22,23]. MLC20 phosphorylation and contraction, however, are 
sustained by a Ca2+-independent MLC kinase and a regulated 
decrease in MLC phosphatase activity [22,24–27]. The signaling 
pathways that mediate the initial and sustained phases of con-
traction are discussed in greater detail in the next section.

Unlike the biphasic pattern of agonist-stimulated tonic con-
traction just described, rhythmic contraction increases and 
decreases rapidly in phase with the influx and efflux of Ca2+ 
driven by rhythmic changes in membrane potential and the 

Figure 16.4 (a) Time course of activation of protein kinase C (PKC) and 
myosin light chain kinase (MLCK). MLCK activity occurs mainly during 
the initial phase of contraction. PKC activity is derived from 
phosphoinositide hydrolysis by phospholipase C (PLC)-β during the 
initial phase and from phosphatidylcholine hydrolysis by phospholipase D 
during the sustained phase. (b) Initial contraction is mediated by Ca2+/
calmodulin-dependent activation of MLCK and is inhibited by the MLCK 
inhibitor KT-5926; sustained contraction is mediated by PKC and is 
inhibited by the PKC inhibitor calphostin C. See details of the pathways 
in the text and in Figure 16.6.
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opening and closure of voltage-gated Ca2+ channels. A close 
correlation prevails during phasic activity among Ca2+ levels, 
MLC kinase activity, MLC20 phosphorylation, cross-bridge 
cycling rate, and contraction. Consequently, more energy is 
required to sustain phasic contraction. Energy is saved, however, 
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stimulate the dissociation of GDP; this opens up a site that is 
rapidly filled with abundant cytoplasmic GTP. The binding of 
GTP to the ligand–receptor–G protein complex causes: (1) a 
decrease in the affinity of the ligand for the receptor and of the 
receptor for the G protein, thus freeing the receptor for a new 
cycle of ligand and G protein binding; and (2) a decrease in the 
affinity of the α-subunit for the βγ-subunit, resulting in the dis-
sociation of a Gα–GTP complex and a βγ-dimer that activate 
different effector enzymes.

G proteins act as transducers that conduct and amplify the 
external signal and as adapters that allow the same receptor to 
be coupled to different effector enzymes. Both α- and βγ-
subunits activate or inhibit effector enzymes. The involvement 
of α- or βγ-subunits depends on the specific receptor 
activated.

The hydrolysis of GTP by the intrinsic GTPase activity of the 
Gα–GTP complex terminates the activity of the complex; the 
inactive Gα–GDP complex binds to and inactivates βγ by fos-
tering the re-association of the α-, β-, and γ-subunits. The slow 
hydrolysis of GTP by Gα is accelerated by two classes of GTPase-
activating proteins (GAPs): one class includes effector enzymes 
such as PLC-β; the other consists of a family of Gα GAPs, 

Figure 16.5 Dual signal transduction pathways mediating sustained 
contraction of smooth muscle. Both pathways involve sequential 
activation of the α-subunit of G13 and RhoA. RhoA activates Rho kinase 
and phospholipase D (PLD). Hydrolysis of phosphatidylcholine (PC) by 
PLD generates phosphatidic acid (PA), which is dephosphorylated to 
diacylglycerol (DAG) resulting in activation of protein kinase C (PKC). 
PKC potently activates CPI-17, an endogenous inhibitor of the catalytic 
subunit of myosin light chain phosphatase (MLCP). A parallel pathway 
links Rho kinase to inhibition of MLCP via phosphorylation of MYPT1 
(myosin phosphatase targeting subunit). The combined effect of decrease 
in MLCP activity and stimulation by a Ca2+-independent MLCK [e.g., 
zipper-interacting protein kinase (ZIP) kinase] results in sustained MLC20 
phosphorylation (MLC20-p) and muscle contraction (see [22]). CPI-17, 
PKC-potentiated inhibitor 17-kDa protein; GTP, guanosine triphosphate.
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because rhythmic contractile activity usually is suppressed by a 
dominant inhibitory neural input.

Signal transduction in visceral  
smooth muscle

Source of activator calcium
The concentration of Ca2+ in the cytosol ([Ca2+]i) is the essential 
determinant of the initial, transient phase of tonic smooth 
muscle contraction. Two agonist-driven mechanisms lead to an 
increase in [Ca2+]i. In the first, interaction of a contractile 
agonist with its receptor on the plasma membrane generates a 
messenger that causes the release of Ca2+ from intracellular 
stores (see Figure 16.4). In the second, interaction of the con-
tractile agonist with its receptor generates a messenger that 
induces depolarization of the plasma membrane, which opens 
voltage-gated Ca2+ channels and causes Ca2+ influx followed by 
Ca2+-induced Ca2+ release from intracellular stores. The first 
mechanism occurs in circular muscle, the second in longitudi-
nal muscle.

During rhythmic contraction, spontaneous depolarization of 
the plasma membrane by slow waves or spike potentials can 
open voltage-gated Ca2+ channels in muscle from both layers. 
By increasing the frequency or amplitude of these depolarizing 
events, agonists can cause a further increase in Ca2+ influx 
through voltage-gated Ca2+ channels. In addition, agonists stim-
ulate Ca2+ release causing a further increase in [Ca2+]i.

Components of the transduction pathway
The transduction of an external signal, such as a neurotransmit-
ter or a hormone, into an internal signal involves the sequential 
activation of three membrane proteins: a receptor and a guano-
sine triphosphate (GTP)-binding protein (G protein) that 
couples the receptor to a specific effector enzyme. The effector 
enzyme acts on membrane-bound or cytoplasmic precursors to 
generate one or more regulatory signals or second messengers 
(Figures 16.5, 16.6, 16.7, and 16.8).

Receptors consist of external, membrane-spanning, and cyto-
plasmic domains with features that determine which specific 
ligand they bind or agonist they recognize and which G protein 
or membrane enzyme they activate [28,29].

G proteins are a large family of closely related proteins that 
act as signal transducers [30]. Among these are G proteins that 
stimulate (Gs) or inhibit (Gi and Go) adenylate cyclase activity 
and G proteins that stimulate phospholipase C (PLC) activity 
(Gq). G proteins are heterotrimeric with subunits designated α, 
β, and γ in order of decreasing mass. The α-subunit (Gα), which 
serves to differentiate G proteins, contains a single, high-affinity 
binding site for GTP and possesses GTPase activity; the latter 
is crucial for terminating the action of G proteins. In the basal 
state, guanosine diphosphate (GDP) is tightly bound to the 
α-subunit. The binding of a ligand to its receptor enables the 
ligand–receptor complex to interact with the G protein and 
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enzyme activated by agonists capable of mobilizing intracellular 
Ca2+ is one of several isoforms of PLC-β (i.e., PLC-β1, PLC-β2, 
PLC-β3, and PLC-β4); the isozymes hydrolyze inositol phos-
pholipids located on the inner leaflet of the plasma membrane 
[14,32–36]. These phospholipids are products of the sequential 
phosphorylation of phosphatidylinositol (PI) to phosphatidyli-
nositol monophosphate (PIP) and phosphatidylinositol 
4,5-bisphosphate (PIP2). The last is the immediate substrate 
hydrolyzed by PLC-β.

The hydrolysis of PIP2 generates two messengers: a water-
soluble inositol phosphate, IP3, which diffuses into the cytosol 
to activate IP3 receptor–Ca2+ channels located in a compartment 
of the endoplasmic reticulum, and diacylglycerol, which acti-
vates various Ca2+-dependent (e.g., α, β, γ) and Ca2+-
independent (e.g., ε) isoforms of protein kinase C (PKC) and 
initiates their translocation from the cytosol to the plasma 
membrane (see Figure 16.6) [34]. IP3 can be inactivated by 
sequential phosphorylation to IP4, IP5, or IP6, or dephosphor-
ylation to IP2, IP, and inositol. The metabolic products of the 
two messengers eventually merge to reconstitute PI.

Partial depletion of Ca2+ stores by IP3 triggers Ca2+ influx into 
the cell – a process known as capacitative Ca2+ influx – and leads 

known as regulators of G protein signaling (RGS) [31]. All 
members (∼25) of the RGS family contain a conserved GTPase-
activating RGS domain that binds exclusively to Gα–GTP. In 
some RGS proteins, additional structures outside the RGS 
domain determine receptor and G protein selectivity. At least 
seven RGS proteins are expressed in smooth muscle of the gut, 
including RGS4 and RGS12, associated with Gαq and Gαi 
respectively.

Effector enzymes and second messengers
Several effector enzymes capable of yielding different messen-
gers are involved in the regulation of smooth muscle contrac-
tion. They include PLC-β isoforms, which are activated by the 
α-subunit of Gq or the βγ-subunits of Gi and Go (see Figure 
16.6); cytosolic phospholipase A2 (cPLA2), which is activated 
by Gi (see Figure 16.7); and phospholipase D (PLD), which is 
activated during the sustained phase of contraction by the 
α-subunit of G13 and RhoA (see Figure 16.5). All can hydrolyze 
membrane-bound phospholipids. In most cell types, the effector 

Figure 16.6 Signal transduction pathway for Ca2+ mobilization in smooth 
muscle cells of the circular muscle layer during the initial phase of 
contraction. The sequence involves binding of an agonist to a specific 
receptor, activation of a transducing G protein and binding of guanosine 
triphosphate (GTP) to its α-subunit, and dissociation of the βγ-subunits. 
For receptors that couple to Gq (e.g., CCK1, muscarinic M3, 5-HT2), Gαq 
activates phospholipase C-β1 (PLC-β1); for receptors that couple to Gi 
(e.g., muscarinic M2, adenosine A1, opioid µ, k, and δ), Gβγ activates 
PLC-β3. In circular muscle cells, the immediate substrate hydrolyzed by 
PLC-β1 or PLC-β3 is phosphatidylinositol 4,5-bisphosphate (PIP2), 
yielding inositol 1,4,5-triphosphate (IP3) and diacylglycerol (DAG) as 
second messengers. IP3 diffuses through the cytosol to interact with 
IP3R-1 receptors–Ca2+ channels on the membrane of the 
sarcoendoplasmic reticulum (SER), causing release of Ca2+ into the 
cytosol. Ca2+ binds to calmodulin (CaM) and the complex activates 
myosin light chain kinase (MLCK), which stimulates MLC20 
phosphorylation (MLC20-p). A sarcoendoplasmic reticulum Ca2+ATPase 
pump (SERCA2) replenishes Ca2+ stores (see [35] and [48]). ATPase, 
adenosine triphosphatase; CCK, cholecystokinin; 5-HT, 
5-hydroxytryptamine.
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Figure 16.7 Signal transduction pathway for Ca2+ mobilization in smooth 
muscle cells of the longitudinal muscle layer during the initial phase of 
contraction. The sequence involves activation of cytosolic phospholipase 
A2 (cPLA2) by Gβγ and hydrolysis of membrane-bound 
phosphatidylcholine (PC) to yield arachidonic acid (AA) and 
lysophosphatidylcholine. AA activates chloride (Cl−) channels causing 
Cl− efflux from the cell, resulting in depolarization of the plasma 
membrane, opening of voltage-gated Ca2+ channels, and Ca2+ influx into 
the cell. The resultant increase in cytosolic Ca2+ stimulates Ca2+ release 
(i.e., Ca2+-induced Ca2+ release) from sarcoendoplasmic Ca2+ stores 
through ryanodine-sensitive receptor (RYR-2–Ca2+ channels). In addition, 
Ca2+ activates a membrane-bound adenosine diphosphate (ADP)-ribosyl 
cyclase (ADPR cyclase) that synthesizes cyclic ADP ribose (cADPR) from 
β-nicotinamide adenine dinucleotide (β-NAD+). cADPR acts as a 
Ca2+-mobilizing messenger, stimulating Ca2+ release by directly activating 
ryanodine receptor–Ca2+ channels and by potentiating Ca2+-induced Ca2+ 
release (see [50–53]). CaM, calmodulin; MLCK, myosin light chain 
kinase; SER, sarcoendoplasmic reticulum.
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40]. Both receptor types consist of four subunits surrounding a 
Ca2+ channel; each subunit contains a large N terminal cyto-
plasmic domain that includes binding sites for IP3 and Ca2+ and 
the site for regulatory phosphorylation (i.e., inactivation) by 
cGMP-dependent protein kinase (PKG). The cytoplasmic 
domain appears to bridge the space between the endoplasmic 
reticulum and plasma membranes and is postulated to partici-
pate in mediating capacitative Ca2+ influx [41].

The involvement of IP3 in Ca2+ mobilization is confined to 
circular smooth muscle. In longitudinal smooth muscle, Ca2+ 
mobilization involves cPLA2, which hydrolyzes the membrane 
phospholipid phosphatidylcholine to yield arachidonic acid and 
lysophosphatidylcholine (see Figure 16.7).

IP3-dependent calcium mobilization in cells of 
the circular muscle layer
The transduction pathway initiated by the hydrolysis of PIP2 is 
present in cells from the circular muscle layer of the stomach, 
intestine, gallbladder, and various sphincters. The various steps 
in this pathway have been examined in detail in dispersed 
muscle cells devoid of neural elements. The cellular homogene-
ity of the suspension makes it possible to characterize receptors 
and intracellular messengers, such as IP3, diacylglycerol, 
cytosolic Ca2+, and cyclic nucleotides, and to determine their 
coupling to the mechanical response (i.e., contraction or relaxa-
tion [12,13,41–48]).

The exposure of cells derived from the circular muscle layer 
to a contractile agonist induces rapid contraction (i.e., cell 
shortening) accompanied by a transient increase in IP3, Ca2+ 
release, and [Ca2+]i (see Figure 16.8a) [12,13,45,46]. These 
events are closely correlated, and their magnitudes depend on 
agonist concentration (see Figure 16.8b). The initial increase in 
IP3 and Ca2+ is followed by the slow reuptake of Ca2+ into the 
cell (capacitative Ca2+ influx). The withdrawal of Ca2+ from the 
medium or the addition of Ca2+ channel blockers has no effect 
on the initial increase in [Ca2+]i but it blocks Ca2+ influx. The 
pattern of response in muscle cells from the circular muscle 
layer implies that contractile agonists elicit an initial contraction 
by means of G protein-dependent activation of PLC-β, hydroly-
sis of membrane-bound PIP2, and generation of IP3; the last 
diffuses through the cytosol to interact with sarcoplasmic IP3 
receptor–Ca2+ channels to induce Ca2+ release and a transient 
increase in [Ca2+]i. Depletion of Ca2+ stores triggers capacitative 
Ca2+ influx.

The coupling of receptors to G proteins and effector enzymes 
in smooth muscle is summarized in a review by Makhlouf and 
Murthy [49]. Most receptors mediating contraction in circular 
muscle are coupled via Gαq to PLC-β1 and PIP2 hydrolysis; 
some are coupled via Gβγi/o to PLC-β3. Acetylcholine acting 
through muscarinic M3 receptors, cholecystokinin (CCK) 
through CCK1 receptors, the tachykinins (substance P and neu-
rokinin A) through neurokinin NK1 and NK2 receptors, 
endothelin through endothelin ETA and ETB receptors, neu-
ropeptide Y (NPY) through Y2 receptors, and pancreatic 

to Ca2+ release from adjacent Ca2+ stores (i.e., Ca2+-induced 
Ca2+ release). The process is manifested by localized changes in 
Ca2+ concentration (Ca2+ oscillations) that sweep through the 
cell at intervals of 5–60 s, and it is most effective in the presence 
of IP3 [14,37]. IP3 and Ca2+ are thought to flow rapidly (about 
10 µm/s) through gap junctions to neighboring cells, propagat-
ing the intracellular signal and providing a means for a sus-
tained or oscillatory response of the tissue as a whole.

The IP3 receptor–Ca2+ channel is homologous to the ryano-
dine receptor–Ca2+ channel of skeletal and cardiac muscle [38–

Figure 16.8 Time course (a) and stoichiometry (b) of contraction, 
cytosolic Ca2+ ([Ca2+]i), and Ca2+ release from endoplasmic stores in 
smooth muscle cells isolated from guinea pig stomach in response to 
cholecystokinin octapeptide (CCK-OP). Similar results are obtained for 
muscle cells from human stomach and intestine using other agonists (i.e., 
acetylcholine, methionine-enkephalin). Source: Bitar et al. 1986 [45]. 
Reproduced with permission of the AAAS.
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affinity to the sarcoplasmic membranes of longitudinal muscle 
cells and induces Ca2+ release (EC50 2 nM) and contraction 
(EC50 1 nM) [50]. The characteristics of ryanodine binding and 
Ca2+ release in longitudinal muscle cells are similar to those in 
cardiac muscle cells [38].

The messenger responsible for initiating Ca2+ mobilization in 
longitudinal muscle cells is arachidonic acid, a product of the 
hydrolysis of phosphatidylcholine by cPLA2 (see Figure 16.7). 
An initial agonist-induced, G protein-mediated activation of 
cPLA2 occurs in longitudinal, but not circular, muscle cells [51]. 
Suppression of cPLA2 activity by selective inhibitors abolishes 
contraction and the increase in [Ca2+]i induced by agonists in 
longitudinal muscle cells. Arachidonic acid in nanomolar con-
centrations mimics the effect of contractile agonists and causes 
an increase in [Ca2+]i that is abolished by Ca2+ channel blockers. 
The increase in [Ca2+]i reflects arachidonic acid-dependent Ca2+ 
influx followed by Ca2+-induced Ca2+ release from intracellular 
stores. Depletion of Ca2+ stores attenuates the increase in [Ca2+]i 
by eliminating the component resulting from Ca2+-induced 
Ca2+ release; the residual increase in [Ca2+]i reflects the initial 
step, that is arachidonic acid-dependent Ca2+ influx. Ca2+ influx 
results from activation of Cl− channels by arachidonic acid, 
which leads to depolarization of the plasma membrane and 
opening of voltage-gated Ca2+ channels (see Figure 16.7) [52].

The ryanodine receptor–Ca2+ channels in longitudinal muscle 
cells are highly sensitive to cyclic ADP-ribose (cADPR), a 
product of the hydrolysis of β-nicotinamide adenine dinucle-
otide (β-NAD+) by ADP-ribosyl cyclase, a membrane-bound 
enzyme present in longitudinal, but not circular, muscle cells 
(see Figure 16.7) [53]. cADPR formation is stimulated in a 
concentration-dependent fashion by contractile agonists in lon-
gitudinal, but not circular, muscle cells. It binds with high affin-
ity to microsomes (IC50 2 nM), stimulates Ca2+ release (EC50 
4 nM) by itself, and potentiates Ca2+-induced Ca2+ release.

In summary, Ca2+ mobilization in longitudinal muscle is 
mediated by an IP3-independent mechanism that is initiated by 
Gi-dependent activation of cPLA2 and generation of arachi-
donic acid; the latter activates Cl− channels and thus causes 
depolarization of the plasma membrane and opening of voltage-
gated Ca2+ channels. Ca2+ influx through these channels induces 
Ca2+ release by activating sarcoplasmic reticulum ryanodine 
receptor–Ca2+ channels. Concomitant activation of membrane-
bound ADP-ribosyl cyclase generates cADPR, which potenti-
ates Ca2+-induced Ca2+ release.

Regulation of cytosolic calcium at rest and 
during contraction
Resting and agonist-stimulated [Ca2+]i in cells from the longi-
tudinal or circular muscle layers are remarkably similar in 
various species (e.g., human, guinea pig, rabbit) [13,50–53]. 
Resting levels (70–100 nM) increase two- to threefold during 
half-maximal contraction and six- to eightfold during maximal 
contraction. Exposure of permeabilized muscle cells to these 

polypeptide (PP) through Y4 receptors are preferentially coupled 
via Gαq to PLC-β1. Somatostatin acting through somatostatin 
SST3 receptors, opioid peptides through µ, δ, and κ receptors, 
and adenosine through A1 receptors are preferentially coupled 
via the βγ-subunits of Gi1, Gi2, and Gi3, respectively, to PLC-β3. 
Adenosine and uridine triphosphate (ATP and UTP) acting 
through P2Y2 receptors, and sphingosine-1-phosphate through 
S1P2 receptors are coupled via Gαq to PLC-β1 as well as via Gβγi 
to PLC-β3. Some Gi-coupled receptors, such as Y1 receptors, 
S1P1 receptors, and endocannabinoid CB1 receptors, do not 
activate PLC-β: CB1 and Y1 receptors are coupled to an aberrant 
G protein consisting of Gαi2, Gβ5, and RGS6; the last contains 
a Gγ-like domain that substitutes for Gγ and renders the Gβ5–
RGS6 complex incapable of activating PLC-β. Muscarinic M2 
receptors, activated concurrently with M3 receptors by acetyl-
choline, are coupled via Gβγi3 to PLC-β3 and Ca2+ mobilization, 
but are incapable by themselves of inducing contraction; this is 
because M2 receptors are coupled to another pathway that leads 
to inactivation of Ca2+-dependent MLC kinase [22]. The ligands 
for these receptors are variously derived from excitatory enteric 
neurons (acetylcholine, tachykinins), from the circulation (PP), 
from muscle cells (S1P, endocannabinoids), or other cell types 
(histamine).

IP3-independent calcium mobilization in cells of 
the longitudinal muscle layer
All of the receptors listed in the previous section are expressed 
in longitudinal smooth muscle except for somatostatin, opioid, 
and Y1 receptors [49]. The receptors initiate contraction by 
mobilizing Ca2+ via a distinct mechanism that is evident in all 
mammalian species examined so far, including human, dog, 
rabbit, guinea pig, rat, and mouse.

The pattern of inositol phospholipid metabolism in longitu-
dinal muscle differs markedly from that in circular muscle. Only 
a small amount of IP3 is generated in longitudinal muscle, less 
than 10% of that generated in circular muscle. The preferred 
substrate is PIP, which yields the inactive IP2 and diacylglycerol 
[35,47–51]. IP3 does not bind to the endoplasmic and sarcoplas-
mic membranes of longitudinal muscle cells or cause Ca2+ 
release at maximal concentrations (1 µM); partial Ca2+ release 
is elicited at supramaximal concentrations (10–50 µM).

Contraction and the increase in [Ca2+]i induced by agonists 
in muscle cells from the longitudinal muscle layer are IP3 inde-
pendent and are abolished in Ca2+-free medium or in the pres-
ence of Ca2+ channel blockers, implying that an initial step 
involving Ca2+ influx is a prerequisite for Ca2+ mobilization in 
these cells [38,41–43]. The initial influx of Ca2+ acts as a trigger 
for Ca2+ release from intracellular stores (i.e., Ca2+-induced 
Ca2+ release) (Figure 16.7). These stores are highly sensitive to 
Ca2+ alone; increments of [Ca2+]i in the physiological range 
(100–500 nM) trigger Ca2+ release. In contrast, Ca2+ stores in 
circular muscle develop high sensitivity to Ca2+ only in the pres-
ence of IP3. Ryanodine, a specific ligand of ryanodine receptor–
Ca2+ channels in skeletal and cardiac muscle, binds with high 
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PKC-ε and PKC-δ, phosphorylates CPI-17, a 17-kDa endog-
enous inhibitor of MLC phosphatase, greatly increasing its 
ability to inhibit MLC phosphatase (see Figure 16.5) [22,24,27]. 
Thus, a dual Rho-dependent mechanism causes sustained inhi-
bition of MLC phosphatase and enables a Ca2+-independent 
MLC kinase (probably zipper-interacting protein kinase; ZIP 
kinase) to phosphorylate MLC20.

The initial phase of contraction mediated by a Ca2+/
calmodulin-dependent MLC kinase and the sustained phase 
mediated by a Ca2+-independent MLC kinase, whose potency 
is enhanced by concurrent inhibition of MLC phosphatase, are 
distinct and can be blocked separately. The initial phase is 
blocked by inhibitors of Ca2+ mobilization (inhibitors of PLC-β 
activity in circular muscle and cPLA2 activity in longitudinal 
muscle), by calmodulin antagonists, and by Ca2+/calmodulin-
dependent MLC kinase inhibitors. The sustained phase is 
blocked by RhoA, Rho kinase, and PKC inhibitors.

Gi-coupled receptors activated by somatostatin, adenosine, 
and opioid peptides are not coupled to G13, RhoA, or down-
stream effectors yet they can induce an initial Ca2+-dependent 
and a sustained Ca2+-independent contraction via Gβγi. This 
Gβγi activates PLC-β3, which elicits a Ca2+-dependent contrac-
tion, and cytoskeletal integrin-linked kinase (ILK) [22], which 
inhibits MLC phosphatase by phosphorylating CPI-17 and also 
acts directly as a Ca2+-independent MLC kinase.

Regional differences in smooth muscle signaling
The mechanisms of Ca2+-dependent and Ca2+-independent 
contraction operate in smooth muscle of the stomach, small 
intestine, colon, and various sphincters, including the lower 
esophageal sphincter. Signaling for contraction in smooth 
muscle of the esophageal body is different and is dependent on 
Ca2+ influx but not on activation of MLC kinase; contraction 
appears to be mediated by PKC-ε and a Ca2+-independent MLC 
kinase [56]. Although guinea pig taeniae coli are a condensation 
of longitudinal muscle, signaling in this tissue resembles that 
observed in circular muscle [57].

Mechanisms of relaxation by protein  
kinase A and G
Regulation of cAMP and cGMP levels by cyclases, 
phosphodiesterases, and protein kinases
Inhibition of initial contraction (i.e., relaxation) results from 
inhibition of the initial increase in [Ca2+]i. Most agents cause 
relaxation by stimulating the production of cAMP (e.g., 
β-adrenergic agonists), cGMP (e.g., nitric oxide [NO]), or both 
cAMP and cGMP (e.g., vasoactive intestinal polypeptide [VIP] 
and its homologue pituitary adenylate cyclase-activating peptide 
[PACAP]), leading to the activation of PKA, PKG, or both [58–
63]. The levels of cAMP and cGMP in gastrointestinal smooth 
muscle are regulated by the combined activities of cyclases (i.e., 
membrane-bound adenylate cyclase types V and VI and soluble 
guanylate cyclase) and phosphodiesterases (PDEs) [64–67]. 
cAMP, which is produced in amounts 10–15 times greater than 

concentrations of Ca2+ elicits degrees of contraction similar to 
those elicited by agonists in intact muscle cells.

Smooth muscle cells, like other cells, possess efficient mecha-
nisms to dispose of the Ca2+ transients that occur during con-
traction. In the resting state, the cells maintain low concentrations 
of Ca2+ in the cytosol despite large chemical (e.g., 2 mM Ca2+ 
outside vs 100 nM Ca2+ inside the cell) and electrical (e.g., mem-
brane potential of −40 to −80 mV) gradients favoring the 
movement of Ca2+ into the cell. The gradient for Ca2+ is main-
tained because of low permeability of the plasma membrane to 
Ca2+, the presence of efficient Ca2+ extrusion mechanisms in the 
plasma membrane, and a Ca2+ uptake mechanism in the sarco-
plasmic reticulum. The Ca2+ extrusion mechanisms in the 
plasma membrane include a calmodulin-dependent Ca2+,Mg2+-
ATPase, which acts as a high-affinity Ca2+ pump sustained by 
ATP hydrolysis that responds to Ca2+ concentrations, similar to 
those that occur during contraction, and a low-affinity, high-
capacity Na+/Ca2+ exchanger sustained by the Na+ gradient 
across the plasma membrane, which responds to more drastic 
changes in cytosolic Ca2+ concentrations.

The Ca2+ uptake mechanism is a high-affinity sarcoendoplas-
mic reticulum Ca2+-ATPase pump (SERCA2) that participates 
in dissipating the cytosolic Ca2+ transients during contraction. 
Most of the Ca2+ required to replenish sarcoendoplasmic 
Ca2+ stores after agonist stimulation of smooth muscle cells 
in the gut enters from the outside through capacitative Ca2+ 
channels and to a small extent (∼20%) through voltage-gated 
Ca2+ channels.

Calcium-independent sustained contraction
The initial transient contraction mediated by Ca2+ is followed 
by a sustained contraction. The same receptors that initiate Ca2+ 
mobilization and MLC20 phosphorylation and contraction also 
engage a distinct G protein-dependent pathway that mediates 
sustained MLC20 phosphorylation and contraction. Thus, recep-
tors coupled to Gq are also coupled to G13 and they trigger a 
cascade involving sequential activation of Gα13 and RhoA 
guanine nucleotide exchange factor (Rho-GEF), which results 
in activation of RhoA (see Figure 16.5) [21–27]. Activated RhoA 
(Rho–GTP) is translocated to the plasma membrane where it 
activates both Rho kinase and PLD [27,54]. Hydrolysis of phos-
phatidylcholine by PLD yields phosphatidic acid, which is 
dephosphorylated to diacylglycerol, resulting in sustained acti-
vation of Ca2+-dependent and -independent PKC isozymes 
(e.g., PKC-ε) (see Figures 16.5 and 16.6) [25,55]. Rho kinase and 
PKC act cooperatively to inhibit MLC phosphatase activity.

MLC phosphatase consists of three subunits including a 
37-kDa catalytic subunit of type 1 phosphatase (PP1cδ) and a 
110- to 130-kDa regulatory subunit, known as myosin phos-
phatase target subunit 1 or MYPT1; the latter is present in high 
concentrations in smooth muscle and its binding to the catalytic 
subunit enhances catalytic activity [21,22,24]. Phosphorylation 
of MYPT1 by Rho kinase fosters dissociation of the catalytic and 
regulatory subunits and inhibits catalytic activity. PKC, mainly 
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Figure 16.10 Distinct and shared cellular targets of cyclic AMP 
(cAMP)- and cyclic GMP (cGMP)-dependent protein kinases (PKA and 
PKG). Only PKA activates cAMP-specific phosphodiesterases 3 and 4 
(PDE3 and PDE4) and inhibits adenylate cyclase type V/VI (ACV/VI), 
thus attenuating cAMP levels. Only PKG inhibits soluble guanylate 
cyclase (sGC) activity, stimulates SERCA activity and Ca2+ uptake into the 
sarcoendoplasmic reticulum stores, and inhibits Ca2+ release via 
IP3R-1-Ca2+ channels. Other targets are shared by both protein kinases. 
As shown, either one or both kinases decrease cytosolic Ca2+ levels by: (1) 
inhibiting the activity of phospholipase C-β (PLC-β) in circular muscle 
and cytosolic phospholipase A2 (cPLA2) in longitudinal muscle, thereby 
diminishing the synthesis of Ca2+-mobilizing messengers; (2) inhibiting 
Ca2+ release from sarcoendoplasmic Ca2+ stores (SER) by phosphorylating 
IP3R-1 or RYR-2 receptors/Ca2+ channels; (3) stimulating Ca2+ uptake 
into stores by activating SERCA2; (4) inhibiting the activity of 
plasmalemmal Ca2+ channels; and (5) stimulating the activity of 
plasmalemmal K+ channels. The resultant hyperpolarization causes 
further inactivation of plasmalemmal Ca2+ channels and suppresses Ca2+ 
influx into the cell. Both PKA and PKG inhibit RhoA activity via 
phosphorylation of RhoA at Ser188, thereby interrupting the pathway that 
mediates sustained contraction. Further downstream, both PKA and PKG 
stimulate myosin light chain phosphatase (MLCP) activity via 
phosphorylation of telokin, an endogenous activator of MLCP, and 
phosphorylation of myosin phosphatase target subunit 1(MYPT1), the 
targeting subunit of MLCP, thereby inhibiting sustained MLC20 
phosphorylation of muscle contraction. IP3R, inositol trisphosphate 
receptor; PKA/PKG, protein kinase A and G; SERCA, sarcoendoplasmic 
reticulum Ca2+-ATPase.
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tinctive cellular targets of PKA and PKG in smooth muscle are 
depicted in Figure 16.10.
• Both protein kinases can inhibit Ca2+ mobilization by inhibit-

ing IP3 formation in circular muscle and arachidonic acid 
formation in longitudinal muscle. The mechanism of inhibi-
tion of IP3 formation involves phosphorylation of RGS4 by 
either kinase, leading to more rapid degradation of Gαq–GTP 
and inhibition of PLC-β1 activity [22].

• Only PKG can phosphorylate SERCA2 and thus accelerate 
Ca2+ reuptake into the stores [66].

• Both PKA and PKG can phosphorylate the IP3 receptor in 
vitro or in permeabilized smooth muscle cells, but only PKG 
can phosphorylate the IP3 receptor in vivo and thus inhibit 
IP3-induced Ca2+ release, implying that PKA does not gain 
access to the IP3 receptor under physiological conditions.

• Finally, both kinases inhibit the activity of membrane Ca2+ 
channels and stimulate the activity of membrane K+ channels, 

cGMP, is rapidly degraded by cAMP-specific PDE3A and 
PDE4D5 [64,65]. Both enzymes are activated by PKA. In con-
trast, cGMP is rapidly degraded by cGMP-specific PDE5 [65,66]. 
Each protein kinase selectively inhibits the activity of the cor-
responding synthetic enzyme: PKA inhibits adenylate cyclase 
and PKG inhibits soluble guanylate cyclase [64,66]. Thus, regu-
latory feedback from the protein kinases inhibits synthesis and 
accelerates degradation, thereby maintaining the levels of cyclic 
nucleotides within narrow ranges. The interplay of protein 
kinases, cyclases, and PDEs in the regulation of cyclic nucle-
otide levels in smooth muscle is depicted in Figure 16.9.

Although cAMP preferentially activates PKA, it can, at higher 
concentrations (e.g., with high concentrations of relaxant ago-
nists), also cross-activate PKG (see Figure 16.9) [62]. An increase 
in both cAMP and cGMP, such as that brought about by corelease 
of NO, VIP, and PACAP from the same or adjacent nerve termi-
nals, is the physiological norm during nerve-induced relaxation 
in the gut. Autophosphorylation of PKG by cGMP greatly 
increases its affinity for the more abundant cAMP. Under these 
conditions, PKG is activated by both cGMP and cAMP [67,68].

Relaxation of Ca2+-dependent contraction by protein 
kinase A and G
Although both protein kinase A (PKA) and G (PKG) decrease 
[Ca2+]i, they do so by different mechanisms. Common and dis-

Figure 16.9 Interplay of adenylate and guanylate cyclases with cyclic 
nucleotide-dependent phosphodiesterases and protein kinases. 
Concurrent release of nitric oxide, vasoactive intestinal polypeptide, and 
pituitary adenylate cyclase-activating peptide is the physiological norm in 
gastrointestinal smooth muscle, leading to activation of adenylate cyclase 
type V/VI (ACV/VI) and soluble guanylate cyclase (sGC). This leads to 
concurrent generation of cyclic AMP (cAMP) and cyclic GMP (cGMP) 
and activation of both cAMP-dependent and cGMP-dependent protein 
kinases (PKA and PKG). PKA activates cAMP-specific phosphodiesterase 
3 and 4 (PDE3 and PDE4) and inhibits adenylate cyclase activity, thus 
stimulating degradation and inhibiting further synthesis of cAMP. PKG 
activates cGMP-specific PDE5 and inhibits soluble guanylate cyclase 
activity, thus stimulating degradation and inhibiting further synthesis of 
cGMP. Furthermore, the affinity of cAMP for, and its ability to activate, 
PKG is greatly enhanced in the presence of cGMP. Because cAMP is 
present at 10–15 times higher levels than cGMP, it becomes the main 
activator of PKG (dotted line). ATP, adenosine triphosphate; GTP, 
guanosine triphosphate; PKA/PKG, protein kinase A and G. Based on 
Murthy et al. [64] (see also [66]).
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plasma membrane is zero, varies from about –40 to –80 mV  
in muscle cells of the gut [73–77]. Graded differences in resting 
membrane potential exist between muscle cells in different 
regions, such as the fundus, corpus, and antrum of the stomach, 
and between muscle cells located at different depths in the  
same region, such as cells near the myenteric border and  
cells near the submucosal border of circular muscle in the 
antrum or colon.

The membrane potential is largely determined by the activity 
of the Na+, K+ pump (i.e., Na+,K+-ATPase), which sets up dif-
fusion gradients for K+ (162 mM inside vs 5 mM outside) and 
Na+ (136 mM outside vs 14 mM inside) across the membrane. 
The permeability of the membrane to K+ is much greater than 
the permeability to Na+, and the flow of K+ ions down their 
electrochemical gradient creates a diffusion potential that is  
the major contributor to the resting membrane potential. K+ 
ions flow through passive K+-selective channels that remain 
open at rest [78].

In addition to setting up ionic gradients, the Na+, K+ pump 
is electrogenic, moving three Na+ ions out of the cell for every 
two K+ ions into the cell; the net outward flow of positive charge 
can contribute up to 30 mV to the resting membrane potential. 
Variability in the direct contribution of this pump may account 
for regional differences in resting membrane potential. A Cl− 
pump, which maintains low Cl− concentrations (55 mM) in the 
cell, can contribute up to 10 mV to the resting membrane poten-
tial; its effect is partly offset by the tendency of Cl− ions to 
diffuse out of the cell.

Gated ion-selective channels
In addition to passive ion-selective channels, the plasma mem-
brane contains ion-selective channels that can be regulated by 
membrane potential (i.e., voltage-gated channels) and by various 
humoral, hormonal, or neural agents (i.e., agonist- or ligand-
gated channels). Ligands can activate channels directly and 
through G proteins in the membrane. Ligands can also activate, 
inhibit, or modulate voltage-gated channels through second 
messengers.

Channels in the plasma membrane usually are selective for 
one ion, such as K+ or Ca2+, although some allow the passage 
of more than one ion. The two main types of ion channels 
involved in the regulation of rhythmic activity of smooth muscle 
of the gut are selective for K+ or Ca2+. The properties of Ca2+ 
and K+ channels were first characterized in amphibian gastric 
muscle cells [79–81] and subsequently in muscle cells from 
various regions of the mammalian gut [82–86]. The flow of ions 
in single channels can be measured in small patches of plasma 
membrane [74,75,82,84]. The patches can be electrically isolated 
by suction into the tip of a micropipette, where they form a tight 
seal that makes it possible to record current flow in one or only 
a few channels in the patch. The patches can remain attached  
to the rest of the plasma membrane or can become fully  
detached such that the inner (i.e., inside-out patch) or outer 

leading to hyperpolarization of the plasma membrane and 
interruption of Ca2+ influx into the cell. This mechanism is 
important in the relaxation of rhythmic contractions.
In summary, both PKA and PKG can inhibit the formation 

of Ca2+-mobilizing messengers, but only PKG can directly 
inhibit IP3-induced Ca2+ release in circular muscle by phospho-
rylating the IP3 receptor–Ca2+ channel. PKG probably inhibits 
Ca2+-induced Ca2+ release in longitudinal muscle by phospho-
rylating the ryanodine receptor–Ca2+ channel.

Relaxation of Ca2+-independent contraction
Inhibition of sustained contraction is chiefly mediated by phos-
phorylation of activated RhoA at Ser188 causing its inactivation 
and translocation back to the cytosol [69]. The importance of 
this mechanism is in its location at the beginning of the signal-
ing pathway that mediates sustained contraction. Further 
downstream, PKA and PKG can phosphorylate MYPT1 at 
Ser695, which prevents phosphorylation of MYPT1 at an adja-
cent site by Rho kinase [70]. In addition, both kinases are able 
to phospshorylate and enhance the activity of telokin, an endog-
enous activator of MLC phosphatase [71] (see Figure 16.10).

Desensitization of receptor function
Signaling by G protein-coupled receptors is rapidly attenuated 
or terminated by mechanisms that target receptors or G pro-
teins. Agonist-occupied receptors are phosphorylated by spe-
cific G protein-coupled receptor kinases (GRKs, usually GRK2 
in smooth muscle), whose effect may be enhanced via feedback 
phosphorylation of GRK2 by second messenger-activated 
kinases such as PKA. Binding of the phosphorylated receptor to 
β-arrestin initiates internalization (endocytosis). β-arrestin 
targets the phosphorylated receptors to clathrin-coated pits and 
acts as a scaffold for various mitogen-activated protein (MAP) 
kinases. The cytosolic tyrosine kinase, c-Src, which also binds 
to β-arrestin, phosphorylates a large GTPase, dynamin, and 
promotes its ability to cleave clathrin-coated vesicles from the 
membrane. Vesicles fuse with endosomes where receptors are 
either degraded or recycled to the cell surface.

Two mechanisms that target G proteins participate in desen-
sitization of response; they involve RGS proteins and caveolin-3 
[6,31,72]. Spontaneous deactivation of Gα-subunits via their 
intrinsic GTPase activity is accelerated by RGS proteins  
(see Components of the transduction pathway). The activated 
G proteins can also bind to caveolin, which hinders the  
reassociation of Gα- and Gβγ-subunits and impedes the subse-
quent response mediated by a different receptor that couples to 
the same G protein.

Electrical properties of smooth muscle

Resting membrane potential
The resting membrane potential, defined as the steady state 
potential at which the net flow of current (i.e., ions) across the 
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Rhythmic electrical activity of  
smooth muscle

Control of rhythmic electrical activity by Ca2+ 
and K+ ion channels
Ca2+ channels and Ca2+-activated K+ channels constitute the 
electrical apparatus that sustains rhythmicity in smooth muscle. 
The Ca2+ sensitivity of K+ channels links their activity to that of 
Ca2+ channels and creates the dynamic framework for rhythmic 
electrical activity. Activation of Ca2+ channels induces an inward 
flow of Ca2+ ions that depolarizes the membrane and increases 
[Ca2+]i. Depolarization and an increase in [Ca2+]i inactivate the 
Ca2+ channels and activate the K+ channels by inducing an 
outward flow of K+ ions. Suppression of the inward flow of Ca2+ 
ions and enhancement of the outward flow of K+ ions restore 
the resting membrane potential. The speed, amplitude, and 
duration of these cycles of depolarization and repolarization 
depend on the relative proportions of Ca2+ and K+ channels, 
modulation by neural and humoral agents, participation of 
other voltage-gated channels, and coupling of muscle cells to 
each other and to pacemaker cells.

Fast action potentials
Only fast action potentials (i.e., spike potentials) occur in iso-
lated muscle cells, either spontaneously or after application  
of small depolarizing currents; slow waves are not seen 
[74,79,84,87]. Cell dispersion uncouples muscle cells from pace-
maker regions responsible for slow wave activity and from other 
muscle cells in the syncytium. Small inward currents can cause 
rapid and complete depolarization of isolated muscle cells, with 
resulting maximal activation of Ca2+ channels and rapid influx 
of Ca2+. The depolarization and substantial increase in [Ca2+]i 
inactivate the Ca2+ channels and induce massive activation of 
the K+ channels. The rapid depolarization and repolarization 
are characteristic of fast action potentials.

Fast action potentials lasting 0.1–0.2 s can occur in intact 
muscle [74–77]. They occur spontaneously in regions of the gut 
where the resting membrane potential is more positive than a 
threshold of −30 mV or where it can be raised above that 
threshold by neural stimulation. In other regions spike poten-
tials occur only after the membrane has been depolarized by 
slow waves. Whether they occur spontaneously or are superim-
posed on slow waves, spike potentials are accompanied by 
muscle contraction. However, they are not essential for contrac-
tion, which can also be generated by changes in the amplitude 
and duration of the plateau potential of slow waves.

Interstitial cells of Cajal: electrical pacemakers 
and mediators of enteric neurotransmission
Interstitial cells of Cajal are a distinctive population of enteric 
cells that, depending on their location, are either spindle-shaped 
muscle-like cells or stellate cells [96,97]. Both cell types express 
c-kit, the protooncogene that encodes the receptor tyrosine 
kinase c-kit; the latter is activated by its natural ligand, stem cell 

(i.e., outside-out patch) surface of the membrane faces the 
external medium. Each configuration has its advantages: inside-
out patches are useful for examining the role of intracellular 
messengers; outside-out patches are useful for examining the 
influence of extracellular ions; and patches in the whole cell 
configuration are useful for examining the effect of ligands and 
second messengers.

The use of patches has made it possible to characterize ion 
channels in terms of their ion selectivity, membrane density, 
activation and inactivation kinetics, voltage or ligand depend-
ence, and dependence on changes in intracellular Ca2+. The 
channels are electrically defined by their conductance (i.e., 
reciprocal of resistance), which is expressed in picosiemens (pS) 
as the amount of current flowing through the channel in 
response to an electrical gradient (i.e., current/voltage).

Voltage-gated calcium ion channels
Voltage-gated Ca2+ channels have been identified in muscle 
cells from the stomach and intestine of several mammals 
[84,86]. The channels carry the inward Ca2+ current responsible 
for the upstroke of the fast action potential. The channels are 
activated rapidly by depolarization of the plasma membrane  
to about −40 mV but are inactivated more slowly. Inactivation 
occurs as a result of Ca2+ influx and membrane depolarization. 
The voltage range of activation (−40 to −10 mV) overlaps 
with that of inactivation (−60 to 0 mV); at −40 to −50 mV, 
some channels remain open and can carry a steady inward  
Ca2+ current [87,88]. The potential at which such a current may 
flow is close to resting membrane potential in some muscle  
cells and usually is attained during the plateau phase of a  
slow wave.

Voltage-gated potassium ion channels
Several channels have been identified in gastric and intestinal 
smooth muscle [83–95]. The channels differ in their conduct-
ance, ranges of voltage activation, and Ca2+ sensitivities. The 
most widely distributed is a high-conductance (100 pS), Ca2+-
activated, voltage-sensitive K+ channel [83,85,89–91]. During 
resting conditions, when [Ca2+]i is low (<10−7 M), relatively few 
channels are open. On stimulation, the increase in [Ca2+]i 
induces activation of large numbers of K+ channels, which carry 
an outward current that drives the membrane potential to its 
resting state (i.e., the K+ equilibrium potential). A stimulus that 
acts by inducing membrane depolarization and Ca2+ influx is 
thus terminated. A second voltage-sensitive K+ channel with 
lower conductance (50 pS) has been identified; it opens up on 
prolonged depolarization, as occurs during the plateau phase of 
slow waves [84]. Other K+ channels detected in gastrointestinal 
smooth muscle include delayed-rectifier, apamin-sensitive, and 
ATP-sensitive K+ channels. An apamin-sensitive K+ channel 
expressed in some human and guinea pig smooth muscles 
(chiefly taeniae coli) mediates the relaxant effect of PACAP in 
these tissues [92].
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transmission in the form of excitatory and inhibitory junction 
potentials is retained, providing clear evidence that IC-MY in 
the intestine are responsible for pacemaker activity (generation 
of slow waves) whereas IC-DMP are responsible for enteric 
neurotransmission. In the stomach of the W/Wv mouse, which 
is devoid of IC-IM (functionally similar to intestinal IC-DMP), 
enteric neurotransmission (identified by junction potentials) is 
greatly inhibited [97]. Detailed analysis of rhythmic electrical 
activity suggests that pacemaker waves initiated in IC-MY are 
conducted passively to IC-IM and from there to smooth muscle; 
when recorded in smooth muscle, slow wave activity reflects 
these sequential, combined processes. Viewed in this light, 
IC-IM facilitate the transmission of rhythmic activity initiated 
in pacemaker IC-MY and mediate neural activity initiated by 
enteric nerves. The regulation of muscle tone, however, is not 
mediated by changes in smooth muscle membrane potential 
(except in depolarized muscle) but by signaling cascades initi-
ated by enteric neurotransmitters acting directly on smooth 
muscle receptors.

Slow waves
Profile
A typical slow wave consists of the following sequence: rapid 
depolarization (i.e., upstroke), partial repolarization, a sus-
tained plateau lasting several seconds, and complete repolariza-
tion to the resting membrane potential (Figure 16.11) [76,77].

The amplitudes, durations, and frequencies of slow waves 
vary with the location of the muscle [81]. Frequency decreases 
aborally in human and canine stomach (i.e., 3–5 cycles/min in 
the corpus to 1.5 cycles/min in the antrum) and intestine (i.e., 

factor or steel factor, and its activation is required for normal 
development of the cells. The availability of c-kit antibody has 
enabled immunohistochemical analysis of ICC distribution and 
morphology and functional analysis using neutralizing concen-
trations of antibody. Double immunohistochemical labeling for 
enteric neurotransmitters and c-kit has shown ICC to be closely 
associated with enteric nerve fibers (∼25 nm), compared with 
greater distances between nerve fibers and smooth muscle cells 
(50–100 nm) [98]. The closeness of nerve fibers to ICC, and ICC 
to smooth muscle cells led Cajal to propose that ICC were 
functionally interposed between nerve terminals and smooth 
muscle cells.

Stellate ICC located near the myenteric plexus at the interface 
of circular and longitudinal muscle (designated IC-MY) and 
similar cells located at the interface of circular muscle and sub-
mucosa in the colon are pacemaker cells responsible for generat-
ing rhythmic activity [99–101]. Intramuscular, spindle-shaped 
ICC (designated IC-IM) located within the musculature of the 
esophagus, stomach, colon, and various sphincters, and morpho-
logically similar ICC located in the deep muscular plexus of the 
small intestine (designated IC-DMP) have been implicated in 
enteric neurotransmission [97,99]. These distinct classes of ICC, 
first identified in the mouse, are also present in other species.

Evidence for pacemaker function of ICC was first obtained 
in dispersed ICC from the pacemaker region of the canine colon 
[102]. The cells were spontaneously active, generating slow wave 
depolarizations similar to those observed in situ (see section on 
slow waves). In the intestine of the mutant W/Wv mouse, which 
is devoid of intestinal IC-MY but retains IC-DMP, intestinal 
rhythmic activity is absent [103,104] whereas enteric neuro-

Figure 16.11 Profile of a typical slow wave. A slight depolarization (i.e., prepotential) of the resting membrane potential (RMP) precedes and may 
trigger slow waves in some regions. A rapid upstroke is followed by partial repolarization, a plateau potential of variable duration on which may be 
superimposed small oscillations or spike potentials, and complete repolarization.
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cationic channels in ICC [101]. The decrease in [Ca2+]i is pre-
ceded by release of Ca2+ from sarcoplasmic stores via IP3 type I 
receptors followed by Ca2+ uptake into mitochondria to create 
a zone of low [Ca2+]i below the plasma membrane. The involve-
ment of IP3 receptors is based on the fact that mice lacking these 
receptors do not exhibit rhythmic activity. The precise trigger 
for Ca2+ release via IP3 receptors in the absence of agonist is 
unknown. Ca2+ influx via the nonselective cationic channels 
appears to be involved, because the upstroke potential is reduced 
in the absence of extracellular Ca2+. The plateau potential cor-
responds to the level at which Ca2+ channels are activated, and 
its amplitude in smooth muscle reflects the combined activity 
of voltage-gated Ca2+ and K+ channels. Ca2+-activated K+ chan-
nels appear to be the main type of K+ channel involved in 
repolarization of the membrane.

Role in phasic contraction
The amplitude and duration of the plateau potential determine 
the magnitude of Ca2+ influx through voltage-gated Ca2+ chan-
nels and can be modulated by excitatory and inhibitory neuro-
transmitters acting either directly on muscle cells or via 
intramuscular ICC (IC-IM) coupled electrically to muscle cells 
(Figure 16.12). Excitatory neurotransmitters, such as acetylcho-
line or tachykinins, increase the amplitude and duration of the 
plateau potential and cause a concentration-dependent increase 
in [Ca2+]i and contraction [106,115,116]. The increase in Ca2+ 
is accentuated by Ca2+ release from Ca2+ stores. Spike potentials 
can be superimposed on plateau potentials and can further 
augment [Ca2+]i and contraction. In some regions, such as the 
distal antrum and inner lamella of circular muscle in the small 
intestine, spike potentials appear to be necessary for contraction 
[75,77,111,117]. Inhibitory neurotransmitters (e.g., NO, VIP, 
PACAP) decrease the amplitude and duration of the plateau 
potential or reduce the frequency of spike potentials and prevent 
the development of contraction associated with a slow wave. 
These neurotransmitters act predominantly by activating PKA 
and PKG, which inhibit Ca2+ channel activity and stimulate K+ 
channel activity (see Figure 16.10).

Regional patterns of contractile activity
The magnitude of the resting membrane potential, the form, 
frequency, and site of origin of slow waves, the occurrence and 
frequency of spike potentials, and the extent of excitatory or 
inhibitory neural input can be correlated with the neuromuscu-
lar function of various regions of the gut. The pattern in humans 
parallels the pattern observed in dogs.

Stomach
The proximal-to-distal gradient in the resting membrane poten-
tial of circular smooth muscle in the stomach is depicted in 
Figure 16.13. The membrane potential in the orad segment or 
fundus is low, about −50 mV, and lies near or above the thresh-
old for the opening of Ca2+ channels and contraction [75,118]. 
The segment normally is tonically contracted and is devoid of 

12 cycles/min in the duodenum, 7 cycles/min in the ileum, and 
5–6 cycles/min in the proximal colon). The frequency gradient 
is continuous and intrinsic to each region; segments of intestine 
obtained sequentially along the main axis oscillate at progres-
sively decreasing frequencies. In the canine stomach, the 
decreasing gradient in frequency is accompanied by an increas-
ing gradient both in the resting membrane potential (i.e., 
−51 mV in the corpus to −71 mV in the antrum) and in the 
duration of the plateau potential (i.e., 5 s in the corpus to 20 s in 
the antrum).

Gradients in resting membrane potential and in the ampli-
tude of plateau potential also occur in the transverse direction 
within the thickness of circular muscle [76]. The decrease in the 
amplitude of the plateau potential in the transverse direction 
reflects the decay of slow waves with increasing distance from 
the main pacemaker regions at the boundaries of circular 
muscle.

Site of origin
As noted above, slow waves originate in pacemaker regions 
located at the myenteric and submucosal borders of circular 
muscle [75–77]. The ICC network in these regions initiates 
rhythmic electrical activity [96–110].

Propagation
Slow waves originating in pacemaker regions propagate rapidly 
around circular muscle and throughout its thickness in the 
transverse and long axes of the gut. Propagation is rapid and is 
facilitated by the network of intramuscular ICC (IC-IM) and 
the abundance of gap junctions between muscle cells. Slow 
waves originating in the myenteric pacemaker region of circular 
muscle (IC-MY) also spread to the longitudinal muscle 
[105,106,110–114].

After spreading circumferentially, slow waves propagate in 
oral and aboral directions as discrete rings of excitation capable 
of eliciting segmental contractions. Propagation in only one 
direction (i.e., oral or aboral) can occur if the frequency gradi-
ent is steep and if the conduction velocity is fast enough to allow 
slow waves originating in one segment to set the pace of slow 
waves in another segment [83] or if inhibitory neural input to 
one segment limits propagation to that segment [112]. Inhibitory 
neural input reaching muscle cells directly or via intramuscular 
ICC (IC-IM) hyperpolarizes the resting membrane potential 
and prevents the occurrence of a slow wave, or it decreases the 
plateau potential and prevents the development of a contrac-
tion. Inhibitory neural input reflecting the corelease of NO, VIP, 
and related neuropeptides appears to predominate normally, 
masking rhythmic electrical and contractile activity [112].

Ionic mechanisms
Pacemaker ICC possess distinct channels responsible for initia-
tion of slow waves and their propagation to electrically coupled 
smooth muscle cells. The mechanism appears to involve a local-
ized decrease in [Ca2+]i that causes the opening of nonselective 
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the pyloric sphincter, where they pace longitudinal muscle and 
the outer layer of circular muscle. The slow waves decay before 
reaching muscle cells in the inner layer of circular muscle; 
muscle cells in this region are electrically quiescent and may be 
responsible for the intrinsic tone of the sphincter. Opening of 
the sphincter is mediated by an inhibitory (i.e., relaxant) neural 
reflex triggered by distension of the distal antrum; distension 
occurs when the gastric contents are propelled aborally by 
phasic or peristaltic contractions originating in the pacemaker 
region in the corpus of the stomach.

Small intestine
In most mammals, including humans, there is a decreasing  
gradient in slow wave frequency from the duodenum to the 
ileum. Slow waves originate in pacemaker ICC (IC-MY) located 
at the myenteric border of circular muscle from where they 
propagate to the bulk of circular muscle and to longitudinal 
muscle [110]. Removal of a thin layer at the myenteric border 
of circular muscle abolishes slow waves in longitudinal muscle 
and in the bulk of circular muscle. Propagation around and in 
the long axis of the intestine occurs preferentially through cir-
cular muscle.

The configuration of slow waves in the small intestine is 
similar to that in the corpus of the stomach and consists of a 
rapid upstroke followed by a sustained plateau potential. 
Excitatory and inhibitory neural inputs influence the amplitude 
of the plateau potential and the frequency of spike potentials, 
and determine the occurrence and magnitude of phasic con-
traction in the intestine [111].

rhythmic electrical activity. Small changes in stimulatory (i.e., 
depolarizing) or inhibitory (i.e., hyperpolarizing) neural input 
can cause further contraction or can induce relaxation of the 
fundus, features that render this tonic segment suitable for 
receiving (i.e., receptive relaxation) and discharging (i.e., tonic 
contraction) a meal into the middle segment or corpus of the 
stomach [118].

The corpus is the site of spontaneous pacemaker activity in 
the stomach and has a higher resting membrane potential. The 
corpus can undergo both tonic and phasic (i.e., rhythmic) con-
traction. The initial phase of tonic contraction induced by excita-
tory neurotransmitters is mediated by the release of intracellular 
Ca2+; the concomitant decrease in the resting membrane poten-
tial is not sufficient to activate Ca2+ channels and cause Ca2+ 
influx (Figure 16.14). Phasic contraction of the corpus is deter-
mined by the amplitude and duration of the plateau potential. 
Small changes in amplitude or duration of the plateau potential 
caused by excitatory neurotransmitters result in substantial 
changes in the magnitude of phasic contraction.

Intrinsic pacemaker rhythm is highest in the orad corpus (5 
cycles/min) and decreases progressively throughout the rest of 
the corpus, antrum, and pylorus. Slow waves originating in the 
corpus propagate to and pace antral muscle. Slow waves origi-
nating in the distal antrum and pyloric sphincter have pro-
longed plateau potentials on which spike potentials are usually 
superimposed.

As a whole, the antrum has little tone and is best suited for 
propagation of slow waves and contractions originating in the 
corpus [75,116,117]. Antral slow waves propagate aborally to 

Figure 16.12 Relation between the amplitude and duration of the plateau potential (lower panel) and the corresponding contraction (upper panel) of 
the longitudinal muscle of canine antrum in response to acetylcholine. mgf, mg force. Source: Szurszewski 1975 [106]. Reproduced with permission of 
John Wiley & Sons, Ltd.
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Colon
There is a decreasing gradient in resting membrane potential 
across circular muscle of the canine colon from −80 mV in 
muscle cells at the submucosal border to −45 mV in muscle 
cells at the myenteric border (Figure 16.15). Rhythmic electrical 
activity is mediated by two pacemaker regions, one at the mye-
nteric border (IC-MY) and the other at the submucosal border 
(IC-SM). Each pacemaker region generates slow waves with 
distinctive forms and frequencies that spread passively and 
summate in the bulk of circular muscle to yield waves of mixed 
form [76,106,119,120].

Slow waves originating at the submucosal border have a fre-
quency of 5–6 cycles/min, a configuration similar to that found 
in the small intestine and corpus of the stomach, and a plateau 
potential lasting 3–15 s (see Figure 16.15) [76]. The amplitude 
of the plateau potential decreases as the waves spread toward 
the myenteric border; the decrease is matched and offset by the 
decrease in resting membrane potential such that the plateau 
potential is maintained at about −45 mV, which is close to the 
threshold for mechanical activity (i.e., threshold for Ca2+ influx).

Slow waves originating at the myenteric border of circular 
muscle have a frequency of 17 cycles/min and a sinusoidal con-
figuration [76,106,119,120]. These oscillatory waves spread to 
and pace muscle cells in the longitudinal muscle layer. They also 
spread in circular muscle toward the submucosal border, their 
amplitude decreasing as a function of distance from the mye-

Figure 16.13 Gradients in resting membrane potential and profile of slow 
waves in various regions of the canine stomach recorded with intracellular 
electrodes. From the proximal to the distal part of the stomach, the 
resting membrane potential becomes increasingly negative and the 
duration of slow waves becomes increasingly longer; potential oscillations 
and spike potentials are evident in the distal stomach and pylorus. Source: 
Szurszewski 1987 [75]. Reproduced with permission of Elsevier.
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Figure 16.14 Comparative effects of acetylcholine (Ach) and extracellular 
K+ on membrane potential and contraction in circular muscle from the 
corpus of the canine stomach. Acetylcholine caused an increase in tonic 
contraction; the depolarization induced by acetylcholine does not exceed 
the threshold for opening of Ca2+ channels, implying that the source of 
Ca2+ for agonist-induced tonic contraction is intracellular. During slow 
wave activity, the magnitude of phasic contraction in response to 
acetylcholine correlates with the amplitude of the plateau potential. 
Contraction induced by extracellular K+ results from depolarization and 
an influx of Ca2+ and coincides with the pattern of phasic contraction 
induced by acetylcholine. Source: Szurszewski 1987 [75]. Reproduced 
with permission of Elsevier.
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traction. The contraction is phasic, coinciding with and deter-
mined by the amplitude of the plateau potential; mobilization 
of intracellular Ca2+ by the excitatory neurotransmitter ampli-
fies the phasic contraction.

As previously noted, inhibitory (i.e., relaxant) neurotransmit-
ters act through PKA or PKG to decrease [Ca2+]i (see Figure 
16.10). They do so by inhibiting Ca2+ release and enhancing 
sequestration of Ca2+ in intracellular stores [60,62], mecha-
nisms that are well suited to the relaxation of tonic contraction, 
or by hyperpolarizing the plasma membrane during slow wave 
activity and reducing Ca2+ influx, a mechanism well suited to 
the relaxation of phasic contraction (see Figure 16.10). The 
hyperpolarization is mediated by inhibitory phosphorylation of 
voltage-gated Ca2+ channels and stimulatory phosphorylation 
of voltage-gated, Ca2+-dependent K+ channels. The hyperpo-
larization determines the profile or occurrence of slow waves 
and thus determines the occurrence of phasic contractions. It 
has traditionally been labeled the inhibitory junction potential 
because it leads to inhibition of phasic electrical and contractile 
activity.

Neural regulation of smooth muscle by the 
myenteric plexus

The intrinsic electrical and mechanical properties of smooth 
muscle are modulated by neurotransmitters released from 
neurons of the enteric nervous system, especially neurons of the 
myenteric plexus. These neurons constitute the final neural 
pathway regulating smooth muscle activity. Neurons of the  

nteric border. The waves summate with waves originating at the 
submucosal border; the encounter boosts the plateau potential 
of waves that originate at the submucosal border and elicits 
contractions at the rate of 6/min. In longitudinal muscle, mye-
nteric potential oscillations generate fast action potentials. The 
frequency of these fast transients and of longitudinal muscle 
contractions is regulated by neural input from the enteric 
nervous system. Fast action potentials are not generated in cir-
cular muscle and only rarely propagate from longitudinal to 
adjacent circular muscle cells.

Stimulus–contraction coupling in syncytia: tonic 
and phasic contraction
The signal transduction pathways present in isolated circular 
and longitudinal muscle cells (described above) regulate tonic 
contraction and relaxation of intact, syncytial muscle. Small 
depolarizations caused by excitatory neurotransmitters are not 
sufficient to cause tonic contraction, except in some regions of 
the gut, such as the fundus of the stomach; there the resting 
membrane potential is close to the mechanical threshold, which 
is the membrane potential at which Ca2+ channels are presumed 
to open. In circular muscle of the intestine and corpus of the 
stomach, tonic contraction induced by excitatory neurotrans-
mitters occurs at membrane potentials more negative than the 
mechanical threshold, implying that the source of Ca2+ respon-
sible for initial tonic contraction in these regions is intracellular 
(see Figure 16.14) [110]. However, when circular or longitudinal 
muscle is depolarized by a slow wave, relatively small changes 
in the plateau potential imposed by the effect of an excitatory 
neurotransmitter are sufficient to induce Ca2+ influx and con-

Figure 16.15 Records of slow waves obtained at various depths from the submucosal border of circular muscle in canine colon. Two gradients are 
evident: a decline in the amplitude of the plateau potential from the submucosal (SCM) to myenteric (MCM) border is matched and offset by a decrease 
in the resting membrane potential. The plateau potential during slow wave activity attains or exceeds the threshold potential throughout the thickness of 
circular muscle. Slow waves of a different configuration originate at the myenteric border; as they propagate in circular muscle, they summate with slow 
waves originating in the submucosal border. LM, longitudinal muscle. Source: Smith et al. 1987 [191]. Reproduced with permission of the American 
Physiological Society.
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neurotransmitters inhibit Ca2+ release and decrease (i.e., relax) 
muscle tone, and hyperpolarize the plasma membrane directly 
or via IC-IM (i.e., trigger inhibitory junction potentials or IJPs). 
IJPs lower the plateau potential of slow waves and inhibit Ca2+ 
influx and phasic contraction.

Subpopulations of neurons in the two main categories contain 
one or more of the following: bombesin, also known as gastrin-
releasing peptide; NPY; the opioid peptides, dynorphin, [Met]
enkephalin, and their derivatives; and galanin. A few neurons 
contain γ-aminobutyric acid (GABA), serotonin (<3%), or 
somatostatin (<5%). Neurons that contain serotonin or soma-
tostatin act mainly as interneurons and influence smooth 
muscle cells indirectly by means of other neurons.

Peptide and other neurotransmitters
Pharmacological profile
Peptide and nonpeptide neurotransmitters are released from 
axonal varicosities near muscle cells. They diffuse across dis-
tances ranging from 50 to 100 nm to interact with receptors 
located on muscle cells and on the same (autoreceptors) or 
adjacent nerve terminals. The presence of receptors on muscle 
cells and the possibility of direct action can be determined in 
isolated muscle cells by measuring the binding of specific radio-
ligands, the release of intracellular messengers (e.g., [Ca2+]i, IP3, 
or cyclic nucleotides), or the mechanical response of the cell 
(i.e., contraction or relaxation) [128,129]. Determining the 
presence of receptors on neurons or their terminals and the 
possibility of indirect, neurally mediated action of neurotrans-
mitters on muscle cells requires the use of innervated muscle 
strips; the neutrally mediated component of a mechanical 
response is identified by its sensitivity to blockade by neurotox-
ins [128–134].

Direct and neutrally mediated response
When given exogenously, peptide and nonpeptide neurotrans-
mitters can cause contraction or relaxation of smooth muscle 
cells directly or indirectly by stimulating or inhibiting the 
release of other excitatory or inhibitory neurotransmitters. 
Bombesin and CCK, for example, cause contraction in isolated 
muscle cells and innervated muscle strips; in the latter, they also 
elicit release of acetylcholine and substance P [131–134]. Their 
effect in strips is in part neutrally mediated and can be partially 
blocked by the axonal blocker tetrodotoxin or by a combination 
of muscarinic and tachykinin antagonists.

Linkage between the inhibitory neurotransmitters  
VIP/PACAP and NO
VIP, PACAP, PHI, and PHM cause relaxation of isolated muscle 
cells and muscle strips [54–58,62,135,136]. The effects of PHI 
and its human counterpart PHM are mediated by cAMP, 
whereas the effects of VIP and PACAP are mediated by both 
cAMP and cGMP [48,49,52]. The increase in cGMP is the result 
of stimulation of NO production in smooth muscle cells by VIP 
and PACAP [57,61,62]. A unique interplay exists between VIP 

submucosal plexus innervate the innermost layers of circular 
muscle in large species, such as humans and dogs.

Two populations of sensory neurons have been identified. 
The first, activated by mucosal stimuli, is wholly intrinsic, and 
the second, activated by muscle stretch and painful stimuli, has 
neuronal cell bodies in the dorsal root ganglia. Extrinsic neurons 
of the sympathetic and parasympathetic systems influence 
smooth muscle indirectly by acting on neurons of the myenteric 
plexus. Adrenergic and peptidergic neurons in prevertebral and 
paravertebral ganglia synapse with and inhibit the activity of 
cholinergic and noncholinergic neurons of the myenteric and 
submucosal plexuses.

Neuronal topography
The neural organization of the enteric nervous system is well 
conserved in mammals and has been extensively studied in 
guinea pigs, rats, dogs, and humans [121–125]. Neurons in the 
myenteric plexus synapse with neurons in the myenteric and 
submucosal plexuses and paravertebral ganglia and innervate 
cells in the circular and longitudinal muscle layers. The fibers 
that make up the deep plexus close to the submucosal border of 
circular muscle are derived from neurons of the myenteric and 
submucosal plexuses in large species.

Advances in immunocytochemical and imaging techniques 
have made it possible to map these neurons and to correlate 
their morphological, electrophysiological, and neurochemical 
properties, specifically their content of neurotransmitters. 
Neurons of the myenteric plexus fall into two broad categories: 
about 25% contain VIP or PACAP together with NO synthase 
(NOS), the enzyme responsible for synthesis of NO in nerve 
terminals; about 60% contain acetylcholine, usually together 
with the tachykinins, substance P and neurokinin A (NKA). 
There is virtually no overlap between these categories of neurons 
[121–127]. VIP neurons also contain a homologous peptide, 
designated PHM (i.e., peptide with N-terminal histidine and 
C-terminal methionine) in humans and PHI (i.e., peptide with 
N-terminal histidine and C-terminal isoleucine) in animals, 
which is derived from the same precursor, pro-VIP. Substance 
P neurons contain NKA, also known as substance K, which  
is derived from the same precursor, β-protachykinin. The 
two main categories of neurons correspond to major roles 
 for acetylcholine and the tachykinins as excitatory neurotrans-
mitters, and for VIP, its homologs, and NO as inhibitory 
neurotransmitters.

Excitatory neurotransmitters stimulate Ca2+ release and 
increase muscle tone, and depolarize the plasma membrane 
(i.e., trigger excitatory junction potentials or EJPs). The depolari-
zation can result from a direct action on muscle cells or may be 
relayed via intramuscular ICC (IC-IM) coupled electrically to 
muscle cells. EJPs can induce Ca2+ influx and contraction if the 
depolarization attains a level at which voltage-gated Ca2+ chan-
nels are open; this is likely to happen in tonic smooth muscle 
when the membrane potential is close to the Ca2+ threshold, or 
in phasic smooth muscle during slow wave activity. Inhibitory 
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NO production [145]. In isolated muscle cells devoid of neural 
elements, VIP and PACAP, but not the homologous peptides 
PHI, PHM, or secretin, stimulate NO production [57,61,138,139].

The processes that occur in neurons and muscle cells are 
evident during nerve stimulation of muscle strips [57,61,138,140]. 
NOS inhibitors abolish NO production induced by all neural 
stimuli, and they also abolish VIP release induced by low stimuli 
and partially inhibit VIP release induced by intense stimuli, 
indicating that VIP and PACAP release is mediated by NO but 
can occur independently of it during intense nerve stimulation 
[138]. The VIP antagonist, VIP10–28, which blocks the postjunc-
tional effects of VIP on muscle cells, inhibits NO production  
by over 60%, indicating that VIP- and PACAP-induced NO 
production in muscle cells is a major source of NO [138,141]. 
The effectiveness of NOS inhibitors in blocking muscle relaxa-
tion induced by nerve stimulation has led some investigators  

or PACAP and NO in smooth muscle of the gut. NO produced 
in nerve terminals regulates VIP and PACAP release from  
the same or adjacent nerve terminals (Figure 16.16). The release 
of VIP and PACAP from these terminals regenerates NO  
in target muscle cells (Figure 16.17; see Figure 16.16) 
[58,61,62,137–144]. 

The interplay between VIP or PACAP and NO is present in 
various regions of the mammalian gut. In isolated myenteric 
ganglia devoid of muscle cells, the nicotinic agonist, dimethyl-
phenylpiperazinium, stimulates NO production and VIP 
release; NOS inhibitors abolish both NO production and VIP 
release, implying a dependence of VIP release on NO produc-
tion [137,138]. Exogenous NO causes VIP release from these 
ganglia, but exogenous VIP has no effect on NO production 
[137]. Studies in synaptosomal membranes confirm that NO 
donors stimulate VIP release, whereas VIP does not stimulate 

Figure 16.16 Interplay of vasoactive intestinal polypeptide (VIP) and 
nitric oxide (NO) in the regulation of smooth muscle relaxation. VIP and 
neuronal NO synthase are often located in the same enteric neurons. NO 
produced in nerve terminals regulates VIP release (5) and diffuses to 
muscle cells (1). VIP released from nerve terminals interacts with one 
class of natriuretic peptide receptors (NPR-C) coupled to an endothelial-
type NO synthase in muscle cells, leading to the production of NO and 
cyclic GMP (cGMP) (3). NO produced in muscle cells diffuses to nerve 
terminals where it facilitates VIP release (2). VIP also interacts with VIP/
PACAP (VPAC2) receptors (previously known as VIP2 or PACAP3 
receptors) coupled to adenylate cyclase to generate cyclic AMP (cAMP) 
(4). The amount of NO produced in muscle cells (60%–80%) is much 
larger than that produced in nerve terminals (20%–40%). The linkage 
between NO production and VIP release and the dual sources of NO 
explain why NO synthase inhibitors are potent inhibitors of NO 
production, VIP release, and relaxation, and why the VIP antagonist 
VIP10–28 is a potent inhibitor of NO production and relaxation. 
Oxyhemoglobin neutralizes extracellular NO and blocks only pathways 1 
and 2. Identical pathways link the release of pituitary adenylate cyclase-
activating peptide (PACAP) and NO; PACAP interacts with the same two 
classes of receptors as VIP.
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Figure 16.17 Dual signaling cascades initiated by the interaction of 
vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase-
activating peptide (PACAP) with two classes of receptors. VIP and 
PACAP interact with VIP/PACAP (VPAC2) receptors coupled by G 
protein Gs to activation of adenylate cyclase (AC), formation of cyclic 
AMP (cAMP), and activation of cAMP-dependent protein kinase A 
(PKA). VIP and PACAP interact with one class of natriuretic peptide 
receptors (NPR-C) coupled by G proteins Gi1 and Gi2 to stimulation of 
Ca2+ influx into the cell and activation of a constitutive Ca2+/calmodulin 
(CaM)-dependent isoform of nitric oxide (NO) synthase (endothelial type 
NOS [eNOS or NOS III]). The resultant increase in NO activates soluble 
guanylate cyclase (sGC), stimulates cGMP formation, and leads to 
activation of protein kinase G (PKG). In the presence of cyclic GMP 
(cGMP), cAMP can also cross-activate PKG (see Figure 16.10). Both 
kinases act concurrently to cause relaxation and hyperpolarization of 
smooth muscle cells. Inset: the 17-amino acid sequence in the middle 
region of NPR-C identified as a specific Gαi1 and Gαi2 activating 
sequence. Based upon Murthy et al. 1993 [61] and Murthy and Makhlouf 
1999 [146].
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GABA, somatostatin, and opioid peptides
GABA, acting through GABA-A receptors, causes relaxation in 
muscle strips but not in isolated muscle cells. The relaxation 
induced by GABA in muscle strips is accompanied by the 
release of VIP and NO and can be blocked by VIP antagonists 
and NOS inhibitors (Figures 6.17 and 6.18).

Opioid peptides cause a transient tonic contraction followed 
by phasic contractions in previously quiescent muscle strips. 
The transient tonic contraction is a direct effect of opioid pep-
tides on smooth muscle and is demonstrable in isolated muscle 
cells [150]. The phasic contractions result from inhibition of the 
background release of inhibitory neurotransmitters (e.g., VIP, 
PACAP, and NO) that normally mask phasic contractile activity 
[136]. Elimination of this background release with VIP anti-
body, VIP antagonists, or NOS inhibitors induces phasic con-
tractions in quiescent muscle strips.

Somatostatin stimulates VIP (and probably PACAP) release 
and NO production indirectly through pathways that inhibit 
opioid peptide release. The inhibition of opioid peptide release 

to conclude incorrectly that relaxation of muscle tone is exclu-
sively mediated by NO released from nerve terminals. NOS 
inhibitors elicit their potent effects by suppressing NO produc-
tion in nerve terminals and muscle cells, and suppressing 
NO-mediated VIP and PACAP release from nerve terminals, 
thereby eliminating the postjunctional effects of peptide 
neurotransmitters.

VIP or PACAP induce relaxation by interacting with two 
distinct receptor types (see Figure 16.17): VPAC2 receptors, 
which possess equal affinity for VIP and PACAP (previously 
known as VIP2 or PACAP3 receptors) and which are coupled 
through Gs to the activation of adenylate cyclase; and type C 
natriuretic peptide receptors (NPR-C), which are coupled 
through Gi1 and Gi2 to activation of NOS in smooth muscle cells. 
VPAC2 receptors are also recognized by PHI and PHM but with 
lesser affinity, whereas NPR-C receptors are recognized by VIP 
and PACAP, as well as by natriuretic peptides [61,142]. The 
distinctive feature of NPR-C is the presence of a truncated 
37-amino acid intracellular domain devoid of kinase or guan-
ylate cyclase activity. Site-directed mutagenesis and studies 
using peptide fragments derived from the intracellular sequence 
of NPR-C have identified a 17-amino acid intracellular segment 
that determines the ability of NPR-C to activate Gi1 and Gi2 
[146–148]. The interaction of VIP and PACAP with NPR-C 
initiates a signaling cascade involving Ca2+ influx that leads to 
Ca2+/calmodulin-dependent activation of a membrane-bound 
constitutive NOS, identified by in situ polymerase chain reac-
tion on single muscle cells as endothelial NOS (eNOS or NOS 
III) (see Figure 16.17) [143,144]. The resultant increase in intra-
cellular NO activates soluble guanylate cyclase, and this leads to 
the generation of cGMP and the activation of PKG. Together, 
PKA and PKG are responsible for the relaxation of muscle tone 
[57,61,62]. As previously discussed, the two kinases also cause 
hyperpolarization of muscle cells, which can prevent the devel-
opment of phasic contractions in innervated muscle strips. 
Although the amount of eNOS in muscle cells is small and 
immunocytochemical detection is difficult, eNOS coupling to 
G proteins greatly amplifies its effect. In smooth muscle cells of 
the gut, eNOS is susceptible to inactivation by PKC [149]. A 
common experimental flaw, whereby the tone of muscle strips 
is increased using contractile agonists that stimulate PI hydroly-
sis and activate PKC, leads to the suppression of NOS activity 
in muscle cells and precludes detection of the VIP–NOS linkage 
in these cells.

VIP differs from PACAP in its action in taeniae coli, and the 
receptors for the two peptides are distinct. VIP interacts with a 
specific receptor that has been cloned and which does not rec-
ognize PACAP; the VIP-specific receptor differs from the 
VPAC2 receptor by a pair of adjacent phenylalanine residues in 
the ligand-binding extracellular domain. PACAP interacts with 
a specific receptor that does not recognize VIP or couple to 
adenylate cyclase, but which activates apamin-sensitive K+ 
channels [92]. Muscle cells in taeniae coli are the only muscle 
cells found so far in the gut that are devoid of NOS III.

Figure 16.18 Regulation of the peristaltic reflex by neurons of the 
myenteric plexus. The reflex has ascending and descending phases: the 
descending relaxation and the ascending contraction in circular muscle 
shown here are accompanied by reciprocal descending contraction and 
ascending relaxation of longitudinal muscle (not shown). The reflex can 
be triggered by mucosal stimuli and circular muscle stretch. Mucosal 
stimuli (but not muscle stretch) release serotonin (5-hydroxytryptamine; 
5-HT) from intestinal enterochromaffin (EC) cells that acts on 5-HT4 
receptors located on the nerve terminals of intrinsic sensory calcitonin 
gene-related peptide (CGRP)-containing neurons with cell bodies in the 
wall of the intestine. CGRP acts on modulatory interneurons coupled to 
(a) inhibitory motor neurons that release the relaxant neurotransmitters 
vasoactive intestinal polypeptide (VIP), pituitary adenylate cyclase-
activating peptide (PACAP), and nitric oxide (NO), and (b) excitatory 
motor neurons that release the contractile neurotransmitters acetylcholine 
(ACh), substance P (SP), and neurokinin A (NKA). The interneurons 
consist of somatostatin (SS) and opioid neurons (enkephalin; ENK) 
connected in series. The increase in somatostatin inhibits the release of 
opioid peptides, thereby suppressing the inhibitory restraint of opioid 
neurotransmitters on release of VIP, PACAP, and NO. The reflex triggered 
by muscle stretch does not involve release of 5-HT; muscle stretch 
activates extrinsic CGRP-containing sensory neurons with cell bodies in 
the dorsal root ganglion. These sensory neurons couple to the same 
modulatory interneurons and motor neurons. The pathways mediating 
the reflex are identical in rats and humans.
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rum, blockade of its effect with selective VIP antagonists, inhibi-
tion of VIP release from nerve terminals, and inhibition of its 
relaxant effect in muscle cells by NOS inhibitors all inhibit neu-
trally induced relaxation in all regions of the gut [58,138,141, 
152–154].

Reflex activation of myenteric neurons by physiological 
stimuli (e.g., stretch or mucosal stimulation) causes VIP and 
PACAP release, NO production, relaxation of muscle tone, and 
inhibition of phasic contraction. VIP or PACAP antiserum and 
VIP or PACAP antagonists inhibit relaxation and NO produc-
tion by suppressing the effects of VIP and PACAP on muscle 
relaxation and NO production. NOS inhibitors block NO pro-
duction in nerve terminals and muscle cells and inhibit 
NO-dependent VIP and PACAP release, effectively blocking 
nerve-induced relaxation (see Figure 16.18) [138,140].

Peristaltic reflex
The peristaltic reflex exemplifies the role of enteric neurons in 
regulating a physiological motor function (see Figure 16.18) 
[141,154–168]. The reflex can be evoked by stroking, which 
stimulates sensory nerve terminals in the mucosa, or by radial 
stretch, which stimulates sensory nerve terminals in circular 
muscle. The reflex consists of an orad (or ascending) and a 
caudad (or descending) component or phase. During the 
caudad phase, circular muscle relaxes while longitudinal muscle 
contracts; during the orad phase, circular muscle contracts 
while longitudinal muscle relaxes. Reciprocal contraction and 
relaxation of the two muscle layers maintain the dimensions of 
the segment (see Figure 16.18) [161]. In-vitro stimulation of 
hollow or flat segments of intestine at the orad end to elicit only 
the caudad (i.e., descending) phase, or at the caudad end to elicit 
the orad (i.e., ascending) phase, makes it possible to identify the 
types of neurotransmitter released and their functional coupling 
to each component of the peristaltic reflex. Compartmented 
flat-sheet colonic preparations are particularly useful for exam-
ining the reflex in humans, which is identical to that observed 
in rat and guinea pig. Sensory neurotransmitters are released 
into the central compartment, where stimuli are applied, but not 
into the peripheral compartments, where orad and caudad 
mechanical responses are measured [162–164].

Excitatory and inhibitory motor neurons mediating  
the peristaltic reflex
VIP, PACAP, and NO are released during and are responsible 
for the descending relaxation of circular muscle; VIP or PACAP 
antiserum, VIP or PACAP antagonists, and NOS inhibitors 
inhibit the descending relaxation (see Figure 16.18) [141,154, 
155]. Acetylcholine, substance P, and NKA are released during 
and are responsible for the ascending contraction of circular 
muscle; contraction is partially inhibited by muscarinic antago-
nists and is abolished by a combination of muscarinic antago-
nists and tachykinin antagonists or antibodies (see Figure 16.18) 
[155,156]. The pattern illustrates the involvement of the main 
excitatory and inhibitory motor neurotransmitters of the  

eliminates the restraint exerted by opioid neurons on VIP and 
PACAP neurons, resulting in stimulation of VIP and PACAP 
release and NO production. The interplay of somatostatin and 
opioid neurons is evident in the regulation of VIP and PACAP 
release and NO production during the descending phase of 
peristalsis (see Figure 16.18).

Physiological profile
The pharmacological actions described in the previous sections 
provides a framework for understanding the regulatory role of 
neurotransmitters released from neurons of the myenteric 
plexus. Excitatory motor neurons release one or both types of 
the contractile neurotransmitters: acetylcholine and the tachy-
kinins, substance P and NKA [151]. Inhibitory motor neurons 
release the relaxant neurotransmitters, VIP (together with PHI 
or PHM), PACAP, and NO. Other neurotransmitters modulate 
the release of excitatory and inhibitory neurotransmitters from 
motor neurons, as previously noted.

Peptides expressed in neurons of the myenteric plexus may 
be identified as neurotransmitters if they meet the following 
criteria [129]:
• Demonstration of peptide synthesis in neurons and presence 

of the peptide in nerve terminals close to target cells, such as 
muscle cells; or ICC.

• Release of the peptide by physiological stimuli, such as chemi-
cally or mechanically induced reflexes.

• Coupling of peptide release to a putative function, as evident 
from blockade of a physiological response by a specific antise-
rum or antagonist.

• Mimicry of the response by exogenous application of the 
peptide, provided that the substance does not evoke unrelated 
pharmacological effects that mask the physiological response.
Several excitatory and inhibitory peptide motor neurotrans-

mitters, such as VIP, PACAP, substance P, and NKA, fulfill these 
criteria.

The example of VIP demonstrates its role as an inhibitory 
(relaxant) motor neurotransmitter (see Figure 16.18). VIP and 
neuronal NOS (nNOS) are colocalized in neurons of the  
myenteric plexus that innervate circular muscle cells and ICC 
[121–127]. VIP (together with PACAP) and NO are released 
concurrently in response to neural stimulation, and their release 
is accompanied by a proportional increase in relaxation of 
muscle tone and/or inhibition of phasic contraction [135,136, 
138]. VIP and its homologs cause direct relaxation in smooth 
muscle from all regions of the gut, including the stomach, intes-
tine, gallbladder, and sphincters [57,61,138,139,152,153]. The 
relaxant effect of VIP on muscle tone is partially the result of its 
ability to stimulate NO production in muscle cells (see Figure 
16.17). NO is released from nerve terminals by activation of 
nNOS and from smooth muscle cells by activation of a VIP/
PACAP-dependent eNOS [138]. The effect of VIP/PACAP/NO 
on phasic contraction probably reflects their ability to generate 
IJPs that inhibit slow wave activity in ICC coupled electrically 
to smooth muscle cells. Neutralization of VIP with VIP antise-
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CGRP release and the mechanical components of the reflex 
induced by mucosal stimulation. CGRP antagonists block the 
ascending and descending phases of the reflex. The release of 
5-HT and CGRP and the effects of 5-HT4 agonists, 5-HT4 antag-
onists, and CGRP antagonists are elicited only in the compart-
ment where stimuli are applied, clearly identifying 5-HT and 
CGRP as components of the sensory limb of the reflex. Exposure 
of the intestinal lumen to 5-HT4 agonists initiates peristaltic 
activity and stimulates propulsion of intraluminal contents 
[166–168]. Addition of opioid δ-receptor antagonists suppresses 
the inhibitory restraint exerted by opioid interneurons on exci-
tatory and inhibitory motor neurons and greatly enhances the 
propulsive effect of 5-HT4 agonists [167]. The potent synergism 
between opioid antagonists and 5-HT4 agonists at near-threshold 
concentrations endows the combination with therapeutic 
potential.

Events corresponding to the two phases of the peristaltic 
reflex underlie propulsion and the opening and closure of 
various sphincters, including the lower esophageal, pyloric, 
choledochal, ileocecal, and internal anal sphincters [152,153,169]. 
In these regions, VIP (and likely PACAP) acting directly and by 
means of NO appears to be the main neurotransmitter respon-
sible for sphincter relaxation; acetylcholine and probably tachy-
kinins participate in sphincter contraction.

Hormonal regulation of smooth  
muscle function

Hormonal influences on smooth muscle activity are evident 
during and between meals. The example of CCK illustrates the 
interplay of hormonal and neural influences. After ingestion of 
a meal, CCK is released into the circulation from the upper 
small intestine; it causes both direct and cholinergically medi-
ated contraction of muscle cells in the gallbladder and neurally 
mediated relaxation of muscle cells in the sphincter of Oddi. 
Relaxation of the sphincter is accompanied by the release of VIP 
and is blocked by VIP antiserum, VIP antagonists, and NOS 
inhibitors, implying that CCK causes relaxation by stimulating 
the release of VIP and NO from intramural neurons [153].

Motilin exemplifies the participation of a hormone in the 
regulation of smooth muscle activity between meals. In humans 
and other mammals, cycles of electrical and contractile activity, 
described in greater detail in Chapter 21, recur at 1.5–2-h inter-
vals between meals. The cycles consist of four distinct phases, 
collectively known as the interdigestive myoelectric complex or 
migrating motor complex (MMC). The cycles culminate in phase 
III, a 5–10-min period of intense phasic contractile activity. 
Cycles typically begin in the stomach and migrate aborally 
throughout the small intestine; some cycles appear to begin in 
the small intestine. Motilin, a peptide released from endocrine 
cells of the upper small intestine, appears to be responsible for 
initiating cycles that begin in the stomach. Peaks of motilin 
coincide with the onset of phase III in the stomach. Neutralization 

myenteric plexus in regulating the motor limb of the peristaltic 
reflex.

Modulatory interneurons
Interneurons of the myenteric plexus participate in the peristal-
tic reflex by modulating the release of excitatory and inhibitory 
neurotransmitters from motor neurons [157–160]. The release 
of somatostatin increases during the descending phase, whereas 
the release of opioid peptides decreases [158,159]. In the resting 
state, opioid interneurons exert a continuous restraint on VIP/
PACAP/NOS motor neurons. This restraint is eliminated during 
the descending phase when opioid peptide release is decreased, 
leading to an increase in VIP, PACAP, and NO release [157–
160]. Opioid inhibitors applied during the descending phase 
enhance the release of VIP, PACAP, and NO and increase muscle 
relaxation; the application of opioid peptides has the reverse 
effect.

The decrease in opioid peptide release, which eliminates 
opioid restraint on VIP/PACAP/NOS motor neurons, is medi-
ated by the increase in somatostatin during the descending 
phase. Neutralization of somatostatin with somatostatin anti-
bodies increases opioid peptide release and decreases VIP, 
PACAP, and NO release and muscle relaxation. Exogenous 
somatostatin has the opposite effect, enhancing VIP, PACAP, 
and NO release, as well as circular muscle relaxation [157,159].

The interplay of somatostatin and opioid interneurons that 
regulates the activity of VIP/PACAP/NOS motor neurons also 
regulates the activity of VIP/PACAP/NOS interneurons. These 
interneurons synapse with cholinergic/tachykinin motor 
neurons that innervate longitudinal muscle [161]. The activa-
tion of these interneurons results in contraction of longitudinal 
muscle during the descending phase concurrently with relaxa-
tion of circular muscle. A switch in the activity of somatostatin 
interneurons during the ascending phase presumably leads to a 
reverse pattern of circular muscle contraction and longitudinal 
muscle relaxation, which is characteristic of the ascending phase 
of the peristaltic reflex.

Sensory neurons mediating the peristaltic reflex
Two distinct populations of sensory neurons that can be dif-
ferentially activated and desensitized mediate the peristaltic 
reflex, which is elicited by muscle stretch and mucosal stimula-
tion [162–164]. Muscle stretch activates the intramuscular 
nerve terminals of extrinsic sensory neurons, which have cell 
bodies in the dorsal root ganglion and axonal projections to 
myenteric neurons. Mucosal stimulation activates intrinsic (i.e., 
enteric) sensory neurons with nerve endings in the mucosa. 
Activation is initiated by the release of 5-hydroxytriptamine 
(5-HT) from mucosal enterochromaffin cells, which acts on 
5-HT4 receptors located on sensory nerve terminals and causes 
the release of the sensory neurotransmitter, calcitonin gene-
related peptide (CGRP) [163–168]. The addition of luminal 
5-HT or selective 5-HT4 agonists induces CGRP release and 
triggers the peristaltic reflex. Selective 5-HT4 antagonists block 
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dependent Ca2+ release, while in longitudinal muscle it is medi-
ated by means of cPLA2 and Ca2+-induced Ca2+ release. The net 
effect of 5-HT or histamine is contraction, reflecting the domi-
nant influence of 5-HT2 and H1 receptors. The blockade of 
5-HT4 or H2 receptors augments the contraction, whereas 
blockade of 5-HT2 or H1 receptors unmasks relaxation.

Recent studies have identified a bile acid-sensitive, Gs-coupled 
receptor (TGR5) on smooth muscles. Activation of TGR5 causes 
relaxation through inhibition of the RhoA/Rho kinase pathway 
via PKA-dependent phosphorylation of RhoA and a PKA-
independent mechanism involving Epac, a nucleotide exchange 
protein directly activated by cAMP, which acts via the Ras-like 
protein, Rap1, to inhibit Rho kinase [176].

Inflammation and smooth muscle

Smooth muscle cells: targets and source of 
inflammatory mediators
Smooth muscle cells respond to inflammatory mediators by 
synthesizing and secreting various pro- and antiinflammatory 
mediators that, in turn, act in an autocrine and paracrine 
fashion to stimulate a time-dependent expression of other 
cytokines, chemokines, growth factors, and cell adhesion mol-
ecules [177–179]. Thus, smooth muscle cells act as both source 
and target of these mediators setting up a dynamic balance that 
maintains the inflammatory response but eventually facilitates 
its resolution. Different stimuli elicit different patterns of media-
tors in smooth muscle cells that either increase or decrease 
smooth muscle cell contractility. Helminth infections stimulate 
transient synthesis of the Th2 (T-helper cell type 2) cytokines, 
interleukin (IL)-4 and IL-13, which cause a sustained expression 
of transforming growth factor (TGF)-β1, cyclooxygenase 
(COX)-2, and protease-activated receptor (PAR)-1 in smooth 
muscle cells, resulting in persistent hypercontractility [180,181]. 
Other infections elicit a time-dependent expression of IL-1β, 
IL-6, IL-8, and tumor necrosis factor (TNF)-α, accompanied 
by a decrease in muscle contractility [178,182]. A delayed 
expression of IL-11 fosters resolution of the inflammatory 
response [178].

Role of nuclear factor-kappa B in inhibition of 
circular smooth muscle contractility
The decrease in contractility upon exposure of circular smooth 
muscle to IL-1β or TNF-α appears to be mediated mainly by 
nuclear factor-kappa B (NF-κB) [182,183]. NF-κB is activated 
via a canonical pathway in which the NF-κB inhibitor, IκBα, is 
first phosphorylated by IK kinase-β (IKKβ) and then degraded 
via a proteasomal pathway [183]. Elimination of the inhibitor 
exposes the nuclear localization signal on the p65/p50 het-
erodimer, enabling phosphorylation of p65, nuclear transloca-
tion of the heterodimer, and binding to a specific DNA sequence 
resulting in gene transcription. For some constitutively 
expressed genes (e.g., the α1c-subunit of the voltage-gated Ca2+ 

of circulating motilin with motilin antiserum disrupts phase III 
activity, and infusion of motilin in concentrations that mimic 
circulating levels induces premature phase III activity [170,171]. 
Cycles that begin in the intestine are not controlled by motilin 
and may be regulated by input from enteric and extrinsic 
neurons. The neural and hormonal mechanisms that cause sup-
pression of the cycles on ingestion of a meal are unknown.

Humoral regulation of smooth  
muscle function

In addition to neurotransmitters and circulating hormones, 
humoral agents produced by various nonneural cells, including 
smooth muscle cells, influence smooth muscle activity. These 
include ATP, histamine, serotonin, adenosine, sphingosine-1-
phosphate, lysophosphatidic acid, eicosanoids, such as prostag-
landins, thromboxanes, and leukotrienes, proteases, cytokines 
(e.g., interleukin-1β), and bile acids. Receptors for these agents 
have been identified on smooth muscle cells of the gut [49]. The 
following illustrate the diversity of signaling pathways.

Adenosine triphosphate, whether released as a neurotrans-
mitter or as a metabolic product, interacts with two different P2 
receptors on muscle cells [172]. The term P2 is preferable to 
purinergic because it recognizes that purine and pyrimidine 
nucleotides can act as preferential ligands of receptor subtypes. 
At low concentrations, ATP interacts with P2Y2 receptors 
coupled via Gαq to PLC-β1 and via Gβγ to PLC-β3 and elicits 
IP3-dependent Ca2+ release and muscle contraction. At higher 
concentrations, ATP also interacts with ligand-gated P2X1 
receptors, which act as cationic channels and cause depolariza-
tion of the plasma membrane and Ca2+ influx through voltage-
gated Ca2+ channels. At high concentrations, ATP also activates 
K+ channels; the notion that activation of these channels on 
release of ATP from inhibitory nerves is responsible for the 
initial phase of the IJP has some proponents.

ATP is rapidly degraded to adenosine, which also interacts 
with two types of receptor, A1 and A2, on smooth muscle cells 
of the intestine [173]. These receptors are coupled to three sig-
naling pathways. A2 receptors are coupled via Gαs to activation 
of adenylate cyclase, whereas A1 receptors are coupled via Gαi3 
to inhibition of adenylate cyclase and via Gβγ to activation of 
PLC-β3 and IP3-dependent Ca2+ release in circular muscle and 
to activation of cPLA2 and Ca2+-induced Ca2+ release in longi-
tudinal muscle [173]. The net effect of adenosine is contraction, 
which is augmented after blockade of A2 receptors; blockade of 
A1 receptors unmasks relaxation.

Two types of receptors for serotonin (5-HT2 and 5-HT4) and 
histamine (H1 and H2) coexist on smooth muscle cells of the 
stomach and intestine. 5-HT2 and H1 receptors mediate initial 
contraction through an increase in [Ca2+]i, and 5-HT4 and H2 
receptors mediate relaxation through an increase in cAMP 
[174,175]. For both 5-HT2 and H1 receptors, Ca2+ mobilization 
in circular muscle is mediated by means of PLC-β1 and IP3-
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is generated by degradation of the PKA/IκB/NF-κB complex 
[190]. Two distinct mechanisms have been identified that lead 
to sustained longitudinal muscle contraction: the first involves 
increased expression of the RhoGEF, LARG (a structural 
domain of guanine nucleotide exchange factors for Rho/Rac/
Cdc42-like GTPases), that results in increased activity of Rho 
kinase; the second involves decreased expression of telokin, the 
endogenous activator of MLCP, by NF-κB. The increase in Rho 
kinase activity and decrease in telokin expression lead to 
decrease in MLCP activity and increase in sustained MLC20 
phosphorylation and longitudinal muscle contraction [190].

The disparate changes in signaling triggered by inflammatory 
cytokines and induced by NF-κB in circular and longitudinal 
muscle disrupt the activity and functional coordination of the 
two muscle layers.

Summary

Smooth muscle of the gut exhibits variable tone on which are 
superimposed rhythmic contractions, driven by cycles of depo-
larization and repolarization (slow waves) that originate in ICC 
(pacemaker type) located mainly at the periphery of circular 
muscle. Ca2+ influx occurs when the depolarization attains a 
level at which voltage-gated Ca2+ channels are activated, trig-
gering a transient contraction superimposed on muscle tone. 
Release of excitatory neurotransmitters (mainly acetylcholine 
and tachykinins) from enteric motor neurons accentuates depo-
larization and Ca2+ influx and initiates Ca2+ release, causing an 
increase in both tone and rhythmic contraction. Release of 
inhibitory/relaxant neurotransmitters (mainly VIP, PACAP, and 
NO), enhanced by VIP/PACAP-dependent generation of NO 
from smooth muscle cells, induces hyperpolarization of the 
plasma membrane and suppresses rhythmic contractile activity 
(hence the term inhibitory). Evidence suggests that, during 
phasic activity, the effect of neurotransmitters is preferentially 
relayed to muscle cells by spindle-shaped ICC (IC-IM) located 
within the muscle mass. The ICC-mediated neural input gener-
ates excitatory and inhibitory junction potentials that regulate 
the phasic activity of smooth muscle cells. These potentials have 
little or no effect on muscle tone, except in regions where the 
muscle cells are depolarized.

The effects of excitatory and inhibitory neurotransmitters on 
muscle tone (and, to a lesser extent, on rhythmic contractions) 
are mediated by G protein-coupled receptors. Muscle contrac-
tion occurs in two phases. The initial phase consists of a tran-
sient contraction mediated by phosphorylation of MLC20 via a 
Ca2+/calmodulin-dependent MLC kinase. Ca2+ mobilization 
during the initial phase involves G protein-dependent activa-
tion of PLC-β and stimulation of IP3-dependent Ca2+ release in 
circular muscle; Ca2+ mobilization in longitudinal muscle 
involves G protein-dependent activation of cPLA2 and arachi-
donic acid-stimulated Ca2+ influx, followed by Ca2+- and cyclic 
ADP ribose-induced Ca2+ release. The second phase consists of 

channel), transcription can be repressed on phosphorylation 
and binding of both p50 and p65 [184]. Various kinases (e.g., 
ERK1/2, p38 MAP kinase, PI 3-kinase) are also activated by the 
cytokines and can modulate gene transcription either directly 
or via transcription factors [185,186].

The decrease in contractility caused by IL-1β or TNF-α has 
been attributed to inhibition of Ca2+ mobilization resulting 
from production of H2O2 or inhibition of voltage-gated Ca2+ 
channel expression [182,187,188]. Inhibition of Ca2+ channel 
expression suppresses phasic muscle activity, which is depend-
ent on Ca2+ influx, but has no effect on muscle tone. Studies 
have identified various targets in the signaling pathways mediat-
ing initial and sustained tonic contraction whose expression or 
activity are affected by cytokines such as IL-1β [183,185].

Effect of cytokines on targets in the signaling 
cascade mediating circular muscle contraction
Expression of RGS4, the sarcoplasmic Ca2+ uptake pump 
SERCA2, and the nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidases, NOX-1 and NOX-4, is increased on expo-
sure of cultured muscle cells to IL-1β; the increase in expression 
of RGS4, NOX-1, and NOX-4 is mediated by NF-κB [189]. The 
expression of targets upstream of RGS4, such as receptors and 
G proteins, is not affected. Upregulation of RGS4 accelerates 
deactivation of Gαq, leading to a decrease in PI hydrolysis and 
IP3-dependent Ca2+ release, and inhibition of initial contraction 
and MLC20 phosphorylation [183,185]. The increase in SERCA2 
expression, which is not mediated by NF-κB, induces Ca2+ 
sequestration into sarcoplasmic Ca2+ stores, an effect that could 
be enhanced by formation of H2O2 [187–189]. The increase in 
NOX-1 and NOX-4 leads to sustained formation of superoxide, 
which can be readily dismuted to H2O2.

The expression of various targets involved in mediating sus-
tained contraction, including G13, RhoA, Rho kinase, and 
MYPT1, is not affected by IL-1β. The expression of the endog-
enous MLC phosphatase inhibitor, CPI-17, however, is 
decreased, resulting in a decrease in sustained MLC20 phospho-
rylation and contraction [183]. The decrease in CPI-17 expres-
sion appears to be mediated by NF-κB. Upregulation of RGS4 
and downregulation of CPI-17 expression have been demon-
strated in experimental colitis.

Effect of cytokines on targets in the 
signaling cascade mediating longitudinal 
muscle contraction

In contrast to circular muscle, activation of NF-κB in longitu-
dinal muscle results in hypercontractility. Two mechanisms 
have been identified that lead to increase in initial longitudinal 
muscle contraction: the first involves increase in Ca2+ release by 
ryanodine receptor (RYR-2) upon nitrosylation by iNOS (NOS 
II); the second involves activation of Ca2+/calmodulin-
dependent MLCK upon inhibition of AMP kinase by PKA. PKA 
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motor neurons, accentuated by VIP/PACAP-mediated NO pro-
duction in muscle cells. A distinct set of VIP/PACAP/NOS 
interneurons that synapse with tonic cholinergic/tachykinin 
motor neurons innervating longitudinal muscle mediates recip-
rocal caudad contraction and orad relaxation of longitudinal 
muscle. The ability of 5-HT4 agonists to initiate peristalsis 
underlies their therapeutic potential.
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a sustained Ca2+-independent contraction during which MLC20 
phosphorylation is maintained by a Ca2+-independent MLC 
kinase while MLC phosphatase is inhibited via dual PKC- and 
Rho kinase-dependent pathways. The pathways are triggered by 
sequential activation of G13 and RhoA.

Relaxation is mediated by NO- and VIP/PACAP-dependent 
stimulation of cAMP and cGMP and activation of both PKA 
and PKG. cAMP and cGMP levels are maintained within narrow 
limits by PKA/PKG-dependent feedback mechanisms that acti-
vate PDEs and inhibit cyclases. PKA inhibits adenylate cyclase 
and activates cAMP-specific PDE3A and PDE4D5, whereas 
PKG inhibits soluble guanylate cyclase and activates PDE5. The 
concurrent stimulation of cGMP greatly increases the affinity of 
cAMP for PKG. Thus, during physiological neural activity when 
both cyclic nucleotides are present, the more abundant cAMP 
preferentially activates PKG. Both protein kinases inhibit PLC-β 
and cPLA2, but only PKG directly inhibits IP3-induced Ca2+ 
release. These properties are mainly responsible for the ability 
of PKA and PKG to inhibit initial contraction. The inhibition 
of sustained contraction is mediated by the ability of both 
protein kinases to inhibit RhoA activity and to stimulate MLC 
phosphatase activity.

The interplay of smooth muscle cells, interstitial cells, and 
enteric neurons (interneurons, sensory neurons, and excitatory 
and inhibitory motor neurons) is particularly evident in the 
regulation of the peristaltic reflex. The reflex is triggered by 
mucosal stimuli produced by the passage of digesta through the 
intestine and only exceptionally by distension, which uses an 
extrinsic sensory pathway. Mucosal stimulation releases 5-HT 
from enterochromaffin cells; 5-HT acts on 5-HT4 receptors 
located on the nerve terminals of intrinsic, sensory CGRP-
containing neurons; the information is relayed sequentially 
through somatostatin and opioid interneurons to ascending and 
descending excitatory and inhibitory motor neurons. The 
ascending limb of the reflex involves the release of acetylcholine 
and tachykinins from excitatory motor neurons and mediates 
orad contraction of circular muscle; the descending limb, which 
mediates caudad relaxation of circular muscle, involves the 
combined release of VIP, PACAP, and NO from inhibitory 
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The mucosal immune system

The intestinal mucosal immune system is one of the largest 
immunological compartments in the body. This system of epi-
thelial cells, lymphoid cells (i.e., B and T cells), and myeloid cells 
(i.e., macrophages, neutrophils, dendritic cells, eosinophils, and 
mast cells) is charged with the daunting task of maintaining a 
delicate homeostatic balance – defending against the many 
pathogenic organisms and toxic antigens that can penetrate the 
epithelial barrier and cause intestinal injury, and ignoring the 
multitude of commensal organisms and dietary antigens present 
in the gut that are of no threat to the host. Of all the organ 
systems, only the gastrointestinal tract and a few other epithelial 
surfaces are challenged to distinguish between foreign or 
nonself-antigens and self-antigens in such a dramatic fashion.

To meet this challenge, the intestinal mucosal immune system 
has evolved several important gut-specific modifications: the 
intestinal epithelium as an immunologically active barrier; flat-
tened epithelial microfold (M) cells within the follicle-associated 
epithelium that transport antigen and are found overlying lym-
phoid aggregates associated with Peyer patches; dendritic cells 
that selectively sample lumenal antigens; the immunoglobulin 
A (IgA) system that helps to exclude and remove foreign anti-
gens; and unique mechanisms that generate local, specific secre-
tory immunity in the context of systemic tolerance among other 

attributes [1–6]. The functional segregation of intestinal from 
systemic compartments emphasizes the specialized role of the 
intestine as a unique lymphoid organ that shares features with 
mucosa-associated lymphoid tissues (MALT) contained within 
other organs such as the lung and genitourinary tract [7]. 
Functional linkage of the MALT can be observed by the regu-
lated traffic of lymphocytes between some of these affiliated 
tissues [8].

Advances in cellular and molecular biology, human genetics, 
and microbiology have greatly facilitated the understanding of 
the intestinal immune system, which protects the organism 
against the invasion and systemic dissemination of pathogens 
while limiting the infiltration of commensal microorganisms. 
When symbiotic, these commensal bacteria confer benefit to the 
host by promoting the digestion of nutrients and the develop-
ment of gut immunity, as well as by preventing colonization by 
pathogens – so-called colonization resistance. In this context, 
Toll-like receptors (TLR), nucleotide oligomerization domain 
(NOD)-like receptors (NLR), and retinoic acid-inducible gene-I 
(RIG-I)-like receptors (RLR), which are expressed by intestinal 
epithelial cells and other mucosal cells, play a critical role in 
controlling mucosal immunity upon sensing the presence of 
microbes as part of innate immune processes. Foreign antigens 
are sampled, processed, presented, and recognized through  
the major histocompatibility complex (MHC), T-cell receptors, 
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specific immune response, which produces a more rapid mobi-
lization of directed, specific immunity in subsequent antigen 
encounters.

Innate immune system
Innate intestinal immunity has two components: nonimmuno-
logical and immunological. The mucosal surface of the intestine 
expresses a variety of nonimmunological physiochemical barri-
ers to exclude, inactivate, or clear pathogenic substances and 
organisms. These barriers include gastric acid, digestive 
enzymes, and other potentially antipathogenic factors, such as 
bile acids, lysozymes, intestinal mucus, normal peristalsis, 
indigenous microbial flora, and the epithelial cell itself, whose 
tight junctions are usually relatively impenetrable when intact 
to molecules other than water and solutes. In diseases such as 
acquired immunodeficiency syndrome, defects in one or more 
of these factors may increase susceptibility to invasive 
pathogens.

Immunological factors comprise the second component of 
innate immunity. These include cellular and soluble elements. 
Many classes of intestinal cells participate in innate immunity, 
including dendritic cells, innate-like lymphoid cells (ILC) such 
as classical natural killer (NK) cells (ILC1), a subclass of T cells 
called NK-T cells which recognize self and microbial lipids pre-
sented by CD1 molecules on the surface of APCs early in an 
immune response, phagocytes such as polymorphonuclear leu-
kocytes and macrophages, mast cells, and epithelial cells, among 
others. In response to specific cell surface signals delivered by a 
variety of receptors, these cells either engulf microorganisms 
(e.g., phagocytes) or secrete soluble substances that serve to 
remove pathogens (e.g., α-defensins and β-defensins from 
intestinal epithelial cells), recruit other cell types (e.g., IL-8 from 
intestinal epithelial cells), arm other cell types against microbial 
invasion (e.g., IFN-γ from NK-T cells), remove cells altered by 
infection or malignancy (e.g., granzymes and perforins from 
NK cells), or modify specific immune responses (i.e., IL-4 from 
NK-T cells). Many of these responses are initiated by interac-
tions between components of microbes and either soluble or cell 
surface receptors on host cells that recognize characteristic 
microbial structures, such as the recognition of bacterial 
lipopolysaccharide by TLR.

In contrast to the adaptive immune system, there are rela-
tively few (several hundred) receptors in the innate immune 
system, which recognize a few highly conserved molecules that 
exist in large groups of microorganisms and are termed 
pathogen-associated molecular patterns (PAMPs). These micro-
bial molecules, which include lipopolysaccharides, peptidogly-
cans, and lipoteichoic acids, share certain attributes: (1) they are 
not expressed by the host, (2) they are required for microbial 
survival, and (3) they are shared by a broad group of pathogens. 
The receptors of the innate immune system are expressed on 
antigen-presenting cells, which include monocytes, macro-
phages, dendritic cells, and B cells; some are also expressed on 
intestinal epithelial cells. The receptors of the innate immune 

and immunoglobulins as components of adaptive immunity. 
Responsive cellular elements are stimulated after antigen contact 
through accessory molecules, adhesion molecules, and signal 
transduction pathways. Activated immune cells then perform 
their functional role through the production of cytokines and 
other humoral factors, as well as through cytolysis. In addition, 
a variety of nonimmune parenchymal cells, such as the endothe-
lium and nervous system elements, participate by controlling 
the ingress and egress as well as functional activity of all of these 
aforementioned factors. The immune response generated by 
these events is self-limited after the foreign antigen is cleared. 
However, under pathological conditions, such as inflammatory 
bowel disease (IBD), the persistence of an aberrant immune 
response can result in chronic intestinal inflammation and 
tissue injury. Discoveries from the study of IBD, in particular, 
have provided critical insights into the central role played by the 
commensal microbiota in instructing the mucosal immune 
system. The immune response is determined in part by the 
genetic composition of the host and environmental factors that 
ultimately have a major role in determining the maintenance of 
health or the development of disease. This chapter summarizes 
basic concepts of general and mucosal immunology and how 
these are involved in various diseases of the gastrointestinal 
tract.

General concepts of immunology
Two types of immunity normally function along the mucosal 
surfaces: innate (natural) immunity and adaptive (acquired) 
immunity. Natural immunity is nonspecific and rapidly mobi-
lized, whereas acquired immunity is specific for antigens on 
foreign substances and is mobilized slowly over several days and 
weeks after an initial or primary exposure. In general, specific 
immunity amplifies the initial protection provided by innate 
immunity in a focused, antigen-specific manner, in part through 
the further mobilization of the natural immune components. 
Immune and nonimmune cells participate in innate immunity. 
This is mediated by the recognition of repeating molecular pat-
terns associated with microbes through specific receptors that 
are expressed on the cell surface or within specific intracellular 
compartments. In the adaptive immune system, lymphocytes 
interact with antigens through receptors on their cell surface 
(the T-cell receptor and the B-cell receptor) that are specific for 
that antigen. The innate and adaptive immune systems are 
tightly linked. For example, cells within the innate immune 
system such as a dendritic cell internalize, process and present 
nominal (small) peptides to T lymphocytes. When a specific 
antigen is presented to a T lymphocyte which possesses a recep-
tor capable of recognizing it, that lymphocyte undergoes clonal 
expression to produce progeny cells that express the identical 
T-cell receptor (TCR), which confers specificity for specific  
antigens that are presented by MHC molecules on the cell 
surface of an antigen presenting cell (APC) such as a dendritic 
cell. Unlike innate immunity, adaptive immunity is character-
ized by the acquisition of memory during the course of a  
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self-pathogenic clones. These peripheral mechanisms include 
the presence and/or induction of T cells and B cells that are 
actively involved in the suppression of other innate and adaptive 
immune cells. Such cells are called regulatory T or regulatory B 
cells.

The adaptive immune system generates memory during the 
course of the immune response that results in the expansion of 
long-lived cells, which are the progeny of the original responsive 
antigen-specific B-cell or T-cell clones. Upon reexposure to  
the specific offending antigen, the adaptive immune system 
responds on a larger scale, for example B-cell immunoglobulins 
are generated that bind more avidly to their antigens.

Cellular components of the immune system
T lymphocytes
T lymphocytes are a critical component of the gut mucosal 
immune system, which must maintain tight regulation of innate 
and adaptive immune responses against infectious agents and 
tumors in an environment that is rich with benign nonself-
antigens. As important regulators of effector function, T lym-
phocytes recognize and eliminate infectious agents and tumors, 
and orchestrate a coordinated immune defense through their 
regulatory effects on other cell populations.

T cells are derived from bone marrow stem cells and  
migrate to the thymus, where they mature and are educated  
to self-antigen. In the thymus, self-antigens that may be 
expressed elsewhere in the body (e.g., proteins expressed in 
parietal cells of the stomach) are expressed where they serve as 
a means to properly “educate” the nascent, developing T cells. 
A genetic loss of the ability to express these extrathymic anti-
gens present in other organs, such as the stomach, can lead to 
improper selection and autoimmunity, for example autoim-
mune polyendocrinopathy–candidiasis–ectodermal dystrophy 
(APECED) due to a defect in the AIRE gene, which regulates 
self-antigen expression in the thymus. Self-tolerant T cells then 
migrate to secondary lymphoid tissues throughout the body, 
including the Peyer patches of the gut. Such T cells are naïve in 
that they have not been exposed to an antigen outside of the 
thymus. Naïve T cells populate the Peyer patches and await 
sensitization by lumenal antigens, which are transported to the 
Peyer patch follicles by specialized follicle-associated epithelial 
cells (M cells). A specific mucosal immune response is initiated 
by this interaction and directs the naïve T cell to a functional, 
activated phenotype. The activated T cells migrate out of the 
intestinal tract to the afferent lymphatics that drain into  
the mesenteric lymph nodes, enter the efferent lymphatics of the 
mesenteric lymph nodes, and pass through the thoracic duct 
into the peripheral blood. Circulating activated T lymphocytes 
home to the original sites of antigenic stimulation and reenter 
the gut mucosa through flat endothelial cells expressed on post-
capillary venules, where they provide protective immunity 
within the lamina propria.

During antigen presentation, most T cells recognize pro-
cessed nominal antigens or peptide fragments from the whole 

system – the pattern recognition receptors – include TLRs, that 
collectively recognize a wide variety of bacterial, viral, and para-
sitic PAMPs, and macrophage mannose receptors, which recog-
nize carbohydrates with large numbers of mannose units, 
characteristic of microorganisms. Pattern recognition receptors 
are expressed uniformly on large numbers of cells of a given 
class. For example, all macrophages express the same mannose 
receptor, in contrast to the acquired immune system, in which 
different T cells express thousands of different TCRs. Exposure 
to bacterial products by pattern recognition receptors results in 
prompt intracellular signaling events and a biological response, 
for example recognition of lipopolysaccharide by TLR-4 results 
in the activation of nuclear factor-kappa B (NF-κB) and, as a 
consequence, the induction of a wide variety of inflammatory- 
and immune-response genes. The biological response by the 
innate immune system occurs over a few hours, in contrast to 
the much slower response by the adaptive immune system, 
which involves clonal expression of relevant lymphocytes over 
several days. The innate immune system is therefore much more 
capable than the adaptive immune system of dealing with acute 
infections caused by pathogens new to the host.

Adaptive immune system
Adaptive immunity also has two components: humoral and cel-
lular immunity. Humoral immunity is mediated by antibodies 
derived from B lymphocytes, and defends against extracellular 
events. Cellular immunity is derived from T lymphocytes and 
provides protection from deleterious intracellular events that 
are not amenable to the effects of antibodies. Both types of 
adaptive immunity possess several properties that differentiate 
them from innate immunity. A large number of clonally distinct 
lymphocytes specific for particular determinants or epitopes on 
a molecule are maintained in order to respond to the wide 
variety of potential antigens to which humans may be exposed 
during a lifetime. The molecular basis for this clonotypic spe-
cificity is determined by a cell surface receptor (i.e., immu-
noglobulin expressed on the cell surface of the B cell or so-called 
B cell receptor for B cells and TCRs for T cells) that is unique 
to each cell or clone. Second, each cell or clone expressing its 
unique or clonotypic receptor is selected to differentiate a self-
antigen from a nonself or foreign antigen. This process, prima-
rily the result of positive selection (i.e., selection of receptors 
that are weakly active against self) and negative selection (i.e., 
deletion of receptors that strongly recognize self) of B cells in 
the bone marrow and T cells in the thymus during lymphocyte 
development, results in the production of an army of lym-
phocytes that are tolerant or unresponsive to self [9–14].

In the absence of tolerance, inappropriate recognition of self 
may occur, resulting in autoimmunity. The intestine, liver, and 
peritoneum may participate in the extrathymic pathways of 
T-cell and B-cell development, and self-reactive lymphocytes 
that escape from the normal selection processes may reside 
within these organs [9,12,15,16]. In most individuals, peripheral 
mechanisms in the intestine prevent the activation of potentially 
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on the NK or T cell called NKG2D, which stimulate cytolytic 
function.

The TCR is composed of a leader peptide, a long extracellular 
domain, a transmembrane region, and a short cytoplasmic tail 
[21]. These protein segments are organized into variable (V), 
joining (J), constant (C), and, for the β- and γ-chains, diversity 
(D) regions, which are each encoded by distant gene segments 
on chromosomes 7 (β- and γ-chains) and 14 (α- and δ-chains), 
which recombine during T-cell development in the thymus 
(Figure 17.1a). Several mechanisms contribute to the antigen-
recognizing capacity of the TCR: (1) multiple V-, J-, and D-region 
genes; (2) recombination of the D region in multiple reading 
frames; (3) addition of nucleotides not included in the germline 
configuration at the V–D and D–J junctions (nongermline or 
N-region additions); and (4) different combinations of either the 
α- and β- or the γ- and δ-chains [21]. As a result, most of the 
variability of the TCR is concentrated in the V–D–J region, oth-
erwise known as the complementarity-determining region 3 
(CDR3). This hypervariable region represents the clonotypic 
determinant of the receptor, whereas sequences closer to the 
amino terminal region (CDR1 and CDR2) are more involved in 
interactions with MHC molecules. Simultaneous crystallization 
of the TCR αβ heterodimer and the MHC class I molecule has 
shown that the CDR3 region of the TCR is a major contact site 
for antigenic peptide [18]. Through these mechanisms, the T cell 
is able to generate enormous diversity, which allows for the rec-
ognition of a myriad of antigens.

antigen in association with components of the MHC on the 
surface of an antigen-presenting cell [17]. The antigen-specific 
or clonotypic TCR on the surface of the lymphocyte is respon-
sible for antigen recognition, and is composed of 
immunoglobulin-like heterodimeric glycoproteins formed pri-
marily as αβ and γδ heterodimers. Most circulating mature T 
cells express the TCR-αβ heterodimer on their receptor; only 
5% express the γδ heterodimer and, rarely, the TCR exists on 
the cell surface as a ββ homodimer. However, among intraepi-
thelial lymphocytes throughout the gastrointestinal mucosa, γδ 
T cells are highly enriched. Indeed, their proximity to the epi-
thelium means that γδ T cells are ideally positioned to contrib-
ute to the initial stages of mucosal immunity as well as assist in 
healing of the intestinal epithelial cell barrier.

Overexpression experiments and X-ray crystallography have 
proved that the αβ heterodimer recognizes antigen in associa-
tion with an MHC molecule on an apposing APC [18]. The 
mechanisms by which γδ T cells recognize antigen are not as 
clearly defined; however, most γδ T cells recognize ligands that 
are fundamentally different from the short peptides that αβ T 
cells see in the context of MHC molecules on an APC [19]. 
Subsets of γδ T cells can recognize small bacterial phosphoan-
tigens, alkylamines, synthetic aminobisphosphonates, and 
stress-inducible MHC-related molecules (MHC class I chain-
related A or B [MICA/B]), which are expressed on infected 
parenchymal cells, as well as several other ligands [20]. MICA/B 
are not recognized by the TCR but rather by other molecules 

Figure 17.1 Structure of the T-cell receptor (TCR). (a) The TCR comprises αβ and γδ heterodimers and is responsible for antigen recognition. Its 
structure consists of a leader peptide, a long extracellular domain, a transmembrane region, and a short cytoplasmic tail, and it is organized into 
variable (V), joining (J), constant (C), and, for the β and γ chains, diversity (D) regions. (b) The cluster of differentiation-3 (CD3) complex, which 
forms noncovalent associations with the αβ and γδ chains of the TCR, is composed of at least four proteins: γ, δ, ε, and ζ chains. The TCR and 
associated CD3 complex together are responsible for antigen-specific interactions with antigen-presenting cells.
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(IFN-γ), IL-2, and lymphotoxin, which mediate inflammatory 
immune responses within the gastrointestinal mucosa. Th2 cells 
provide help for B cells and are involved in antibody-mediated 
immunity (humoral immunity). Th2 differentiation is mediated 
by IL-4 and the transcription factors STAT6 and GATA3. 
Cytokines secreted by Th2 cells include IL-4, IL-5, and IL-13 
[24].

Although the Th1 and Th2 paradigm was the focus of earlier 
studies, Th17 T-cells are now understood to be a critically 
important component of the effector response. The participa-
tion of the Th17 lineage in immune regulation in health and 
disease has furthered the understanding of CD4 T-cell biology 
in many organ systems, including the gastrointestinal tract [25]. 
The development of the Th17 lineage depends on the pleiotropic 
cytokine, transforming growth factor (TGF)-β, which is also 
required for the development of regulatory T cells, IL-6, and 
IL-23, establishing an important link between Th17 and regula-
tory T-cell development. Th17 may also inhibit IFN-γ release 
from Th1 cells and produce IL-22, which is known to have 
antiinflammatory properties and promote the secretion of anti-
microbial peptides by the intestinal epithelium. Finally, Th17 
may produce proinflammatory IL-17 cytokine molecules. 
Collectively, the subsets derived from this lineage of CD4+ T 
cells function to regulate the mucosal immune response as 
instructed by the local inflammatory environment.

Regulatory T cells (Tregs), also known as suppressor cells, 
suppress the activation of other T cells at sites of inflammation 
and minimize collateral tissue damage. Tregs include two dis-
tinct subsets of CD4+ T cells: (1) natural Tregs, which mature 
in the thymus, are self-antigen-specific, and express CD25, 
glucose inducible T-cell receptor (GITR), CTLA4, and the 
lineage-specific transcription factor FOXP3 on their cell surface 
[26,27]; and (2) adaptive Tregs (inducible FOXP3-expressing 
cells, T regulatory1 [Tr1], and Th3 cells), which develop when 
mature T cells are activated under particular conditions of sub-
optimal antigen exposure or costimulation (e.g., when the TCR 
of a naïve T cell is stimulated in the absence of CD28 activation). 
Adaptive Tregs produce immunosuppressive cytokines such as 
TGF-β, IL-10, and IL-35 [28]. Tregs may be particularly impor-
tant in the prevention of autoimmune gastritis and IBD [29,30]. 
Tregs suppress the activation of T cells (primarily Th1 cells) 
using a contact-dependent mechanism through surface expres-
sion of the T-cell inhibitory receptor CTLA4, which like CD28 
binds CD80 and CD86 but inhibits the T cell, in the presence 
of TGF-β. Adoptive transfer experiments have shown that 
natural Tregs maintain homeostasis in the healthy gastrointes-
tinal tract by acting as primary regulators of the immune 
response to commensal bacteria.

Consistent with these phenotypes, T cells are often consid-
ered to be either effector cells (i.e., Th1, Th2, or Th17) or regula-
tory cells (i.e., Treg, Th3, and Tr1) [31]. The balance between 
effector and regulatory T cells is vital, as demonstrated by intes-
tinal inflammation observed in cancer patients treated with an 
antibody that blocks an important CLTA4 inhibitory molecule 

At least four proteins (γ, δ, ε, and ζ) of the cluster of 
differentiation-3 (CD3) complex form noncovalent associations 
with the αβ and γδ chains of the TCRs on the surface of T cells 
(Figure 17.1b). The CD3 complex is invariant and therefore does 
not contribute to the antigen specificity of the TCR, but the CD3 
proteins are involved in the assembly and transport of the TCR 
to the cell surface and in signal transduction after the TCR binds 
antigen in the context of the MHC. Together, the TCR and the 
associated CD3 complex are responsible for cognate, or antigen-
specific, interactions with the antigen-presenting cell.

Several molecules play important roles in noncognate, or 
antigen-nonspecific, interactions between a T cell and an APC. 
T cells are classified into distinct functional subtypes according 
to the combinations of these molecules displayed on their cell 
surfaces and the transcription factors that they express. T cells 
that express the 60-kDa glycoprotein CD4 help coordinate 
immune responses and recognize antigenic peptides in the 
context of class II MHC molecules, whereas T cells that express 
the 32-kDa glycoprotein CD8 recognize antigenic peptides in 
the context of class I MHC molecules and are either cytotoxic 
or they secrete cytokines that influence immune response net-
works [22]. The interactions between CD4 and class II MHC 
molecules and between CD8 and class I MHC molecules provide 
a stabilizing environment for the cognate interactions between 
TCRs and antigenic peptides. CD4 and CD8 also play important 
roles in signal transduction through intracellular interactions 
with nonreceptor ligands. CD4 and CD8 cells can also express 
TCRs that recognize CD1 molecules, which allow the adaptive 
immune system to recognize lipids. In addition, the host con-
tains T cells that lack CD4 or CD8 (so-called double-negative 
cells) which often possess TCRs that recognize CD1.

Before activation, T cells must adhere to the local connective 
tissue matrix and antigen-presenting cells. Two intracellular 
signals activate the T cell: an antigen-specific signal through the 
TCR and the CD3 complex (i.e., a cognate signal), and an 
antigen-independent signal through accessory molecules on the 
T cell, such as CD28, and their ligand counterparts on the 
antigen-presenting cell such as CD80 or CD86 (i.e., a noncog-
nate or co-stimulatory signal). An intracellular signaling cascade 
is then initiated that leads to the expression of new cell surface 
antigens, cell growth, and the functional expression of the T cell.

T cells subsequently develop along several different lineages 
that are associated with the secretion of distinct arrays of 
cytokines. This differentiation depends on the cognate and non-
cognate signals previously described, as well as cytokines from 
APCs that are induced by innate immune signals. By this mech-
anism, the innate immune system helps shape the adaptive 
immune system (Figure 17.2). T helper 1 (Th1) cells participate 
in the early events of T-cell and B-cell development (IgG1 pro-
duction) and cell-mediated immunity (delayed hypersensitiv-
ity). Differentiation of Th1 cells is regulated by polarizing 
cytokines such as IL-12, IL-18, and IL-27, and transcription 
factors such as T-bet, STAT1, and STAT4 [23]. Th1 cells express 
a characteristic profile of Th1 cytokines, including interferon-γ 
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Major histocompatibility complex and  
antigen presentation
The strict dichotomy between CD4+ and CD8+ T cells in terms 
of their recognition of antigens in the context of class II and 
class I MHC, respectively, has important functional implica-
tions. An understanding of the molecular basis of antigen 
processing is essential to appreciate these effects.

The human equivalent of the mouse MHC is known as the 
human leukocyte antigen (HLA) complex. The MHC or HLA 
products and the genes that encode them are subdivided into 
three classes. The MHC class I and class II glycoproteins are 
involved in antigen presentation to T cells. The three main 
MHC class I equivalent genes in humans are designated HLA-A, 
HLA-B, and HLA-C; and the three main MHC class II equiva-
lent genes are designated HLA-DP, HLA-DQ, and HLA-DR. The 
class III MHC genes encode for a variety of functionally distinct 
proteins (e.g., complement components, heat shock proteins, 

normally expressed on the cell surface of activated T cells [12] 
and by the autoimmune enteropathy that results from a muta-
tion of FOXP3 as one component of the immune dysregulation, 
polyendocrinopathy autoimmune enteropathy X-linked (IPEX) 
syndrome [32].

Natural killer T (NK-T) cells are specialized T cells that carry 
out both classical innate and adaptive immune functions [33]. 
They use an adaptive-like TCR to recognize foreign and self-
lipid-antigen in the context of CD1d. The function of NK-T cells 
is innate-like in that they are poised in the tissues and react to 
various danger signals or inflammatory cytokines to carry out 
immediate effector responses as well as stimulatory self-lipids 
(e.g., certain types of lysolipids) or lipid antigens from microbes. 
There is compelling evidence that the pathogenesis of experi-
mental and human ulcerative colitis may be due to aberrant 
responses of NK-T cells through the production of IL-13 and 
resulting deleterious effect on the epithelial barrier [34].

Figure 17.2 Differentiation of T lymphocytes into distinct functional phenotypes. Type 1 helper T (Th1) cells are regulated by polarizing cytokines, such 
as IL-12, IL-18, IL-23, and IL-27, and transcription factors, including STAT1, STAT4, and TBET. Th1 cells produce specific cytokines, such as IL-2, 
TNF-α, and IFN-γ. Th2 cells are regulated by IL-4 and the transcription factors STAT6 and GATA3. Cytokines produced by these Th2 cells include 
IL-4, IL-5, IL-13, and IL-25. IL-4 and IFN-γ serve as negative regulators of Th1 and Th2 polarization, respectively. Th17 cells are generated by TGF-β 
and are also dependent on other cytokines, including IL-6 and IL-23. Th17 cells produce a distinct profile of cytokines, including IL-6, IL-22, IL-17A, 
and IL-17F. Regulatory T cells (Tregs) include two distinct subsets of CD4+ T cells: natural Tregs, which are regulated by IL-6, TGF-β, and retinoic 
acid, express the specific transcription factor FOXP3, and suppress effector T cells by contact; and the adaptive Tregs, Tr1 and Th3 cells, which are 
FOXP3-negative and produce immunosuppressive cytokines such as TGF-β and IL-10, respectively. APC, antigen-presenting cell; MHC, major 
histocompatibility complex; TCR, T-cell receptor.
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the TCR. Class II molecules are nondisulfide-linked het-
erodimeric glycoproteins consisting of a 32- to 34-kDa α-chain 
and a 29- to 32-kDa β-chain (Figure 17.3b). The extracellular 
portion of a class II molecule consists of two domains called 
α1-α2 and β1-β2. X-ray crystallography shows that, similar to the 
class I MHC molecule, the α1 and β1 domains of a class II MHC 
molecule form a peptide-binding pocket with somewhat less 
stringency in peptide length (13–18 amino acids).

Despite the structural similarities between these two classes 
of MHC molecules, distinct cellular compartments and traffick-
ing pathways determine the source of antigenic peptides for 
each class. MHC class I molecules primarily bind cytoplasmic 
proteins, whereas class II molecules bind peptides derived from 
exogenous proteins that have been internalized by antigen-
presenting cells. At any given time, cells display a summary of 
their internal antigenic exposure through class I MHC mole-
cules and their external antigenic exposure through class II 
MHC molecules. Under normal circumstances, self-proteins are 
displayed, leading to a state of tolerant inactivity. Under abnor-
mal circumstances, deleterious intracellular events lead to the 
display of MHC class I molecules bound with foreign peptides, 

and tumor necrosis factors). In addition, there are nonclassical 
MHC class I like proteins that are typically nonpolymorphic, 
such as CD1, HLA-E, HLA-G, Hfe, and the neonatal Fc receptor 
(FcRn). Many of these are involved in antigen presentation (e.g., 
CD1, HLA-E, and HLA-G). However, others are involved in 
unique functions such as iron homeostasis (Hfe) or IgG and 
albumin catabolism (FcRn) [35].

Each MHC class I protein is expressed on the cell surface as 
a dimer composed of two noncovalently linked polypeptide 
chains: a 43-kDa integral membrane glycoprotein called the 
heavy or α-chain, and an associated non-MHC-encoded, non-
glycosylated 12-kDa protein called β2-microglobulin (Figure 
17.3a). The α- or heavy chain consists of three extracellular 
folded domains, α1, α2, and α3, that are encoded by separate 
exons and which share structural homology with immunoglob-
ulins. The α1 and α2 domains form a groove consisting of a 
series of β-pleated sheets bound by two α-helices that bind 
peptide of relatively strict length (nine amino acids) [36,37]. The 
degree of observed variability within the α1 and α2 domains 
suggests that antigenic peptides reside in the groove and that 
exposed surfaces of the α-helices interact with the V region of 

Figure 17.3 Structure of the major histocompatibility complex (MHC). (a) Each MHC class I protein consists of a dimer composed of two 
noncovalently linked polypeptide chains: the heavy (or α-) chain and an associated non-MHC-encoded nonglycosylated protein called β2-
microglobulin. The MHC class I molecule interacts with a CD8+ T cell during the presentation of peptide antigen. (b) Class II molecules are 
nondisulfide-linked heterodimeric glycoproteins consisting of an α-chain and a β-chain and interact with CD4+ T cells. (c) CD1d is a nonclassical 
MHC, related to MHC class I, involved in the presentation of lipid antigen to natural killer T cells (NK-T).
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B lymphocytes
B cells mediate humoral immunity – the production of antibodies 
in response to an antigen – which is part of the adaptive immune 
system. B cells are produced in and, unlike T cells, mature in the 
bone marrow (Figure 17.4). Mature B cells express a B-cell 
antigen receptor (BCR) that is composed of surface immu-
noglobulin noncovalently associated with a disulfide-linked Ig-α 
and Ig-β heterodimer. The membrane-bound immunoglobulin 
forms the antigen-recognition component of the BCR, and the 
Ig-α/Ig-β heterodimer is the BCR signaling component [38]. 
Similar to the CD3 complex associated with the TCR, Ig-α and 
Ig-β link the surface immunoglobulin with cytoplasmic protein 
kinases, which become functionally active after antigen binding. 
The functional response depends on the specific signaling 
cascade that is activated, as well as on signal strength and dura-
tion, and modulation of the signal by coreceptor molecules (i.e., 
the CD19/CD21 complex, CD22, and CD72) [39,40].

Antigenic stimulation of mature B cells causes clonal expan-
sion of the responding B cell and the generation of a secreted 
form of membrane-bound, antigen-specific immunoglobulin. 
Some of the clonally expanded B cells differentiate into memory 
B cells. After further modulation by antigen-specific T cells, B 
cells switch to the isotype form associated with the antigen-
specific V region (usually to isotypes of IgG in the periphery 
and IgA in the gastrointestinal-associated lymphoid tissues) and 
differentiate into plasma cells, which secrete extremely high 
levels of immunoglobulin. In fact, all immunoglobulin isotypes 
can be displayed in the gastrointestinal tract, and all are secreted 
by specific transporting systems such as the polymeric immu-
noglobulin receptor (pIgR) for IgM and IgA, FcRn for IgG, and 
potentially CD23 for IgE.

the activation of CD8+ T cells, and the generation of cytolytic 
T cells. Similarly, extracellular exposure to foreign agents results 
in the cell-surface display of class II molecules bound with 
foreign peptides, leading to the activation of CD4+ T cells, the 
induction of B cells through Th cell activity, and the production 
of antibodies.

The CD8–MHC class I pathway is propelled by internal cel-
lular events. Because virtually all nucleated cells express MHC 
class I molecules, essentially all cells can act as antigen-
presenting cells for CD8+ T cells, providing important protec-
tion against harmful intracellular processes such as viral 
infection or neoplasia. The CD4–MHC class II pathway responds 
to external cellular events, but the restriction of constitutive 
MHC class II expression and antigen-presenting capacity to B 
cells, macrophages, dendritic cells, venular endothelial cells, and 
intestinal epithelial cells during inflammation limits the possi-
bilities and consequences of activating CD4+ T cells. Moreover, 
the restricted expression of accessory molecules essential to 
T-cell activation also imposes strict limits on antigen-initiated 
T-cell activation.

In a similar fashion, the human CD1 molecules (CD1a, b, c, 
and d) survey different intracellular compartments from the 
endoplasmic reticulum to the endolysomal system for lipids and 
display them on the cell surface. Whereas CD1a surveys early 
endosomal systems, the CD1b, c, and d molecules survey much 
deeper components of the endolysosomal system. The lipids 
that are presented could be self or microbial and stimulate 
NK-T cells (CD1d; so-called type 2 CD1) or more conventional 
T cells (CD1a, b, and c; so-called type 1 CD1). Such responses 
are important in regulating commensal microbiota and patho-
genic exposures at mucosal surfaces and may contribute to IBD.

Figure 17.4 Production and differentiation of B cells. B cells mediate humoral immunity and the production of antibodies after interaction 
between specific antigens and the B-cell antigen receptor (BCR). B cells are produced and mature in the bone marrow. After further modulation  
by antigen-specific T cells, the responding B cells undergo clonal expansion and differentiate into plasma cells, which are responsible for the secretion of 
antigen-specific immunoglobulins. The figure represents the secretion of IgG by plasma cells but similar processes are involved in secretion of the other 
immunoglobulin isotypes (IgA, IgM, IgD, and IgE). Some of the clonally expanded B cells differentiate into memory B cells.
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further divided into subsets based on surface markers, mainly 
CD56 and CD16. These subsets have different functional roles, 
such as production of IFN-γ or primarily cytotoxic capabilities. 
During innate immune responses, the NK cell recognizes target 
cells that lack surface expression of class I MHC molecules. 
Because many viruses and tumors, including intestinal cancers, 
downregulate class I MHC molecules to evade adaptive immune 
responses, this mechanism of recognition is extremely impor-
tant. On contact with a target cell, NK cells release pore-forming 
proteins called perforins, proteolytic enzymes called granzymes, 
and chemokines into the target cell, which lead to destruction 
of the cytoskeletal proteins, chromosomal degradation, and 
apoptosis. NK cells may also function in adaptive immunity 
through interactions with antigen-presenting dendritic cells.

In general, ILCs comprise three distinct groups: group 1 that 
are T-bet+ and include NK cells and ILC1 cells, group 2 (ILC2) 
that are GATA3+, and group 3 (ILC3) that express the tran-
scription factor RORγt which is also expressed by Th17 cells. 
ILC1 cells secrete IFN-γ in response to IL-15, IL-12, and IL-18. 
ILC2 cells respond to IL-25, IL-33, and thymic stromal lym-
phopoietin (TSLP), which are typically secreted by epithelial 
cells, and secrete IL-5 and IL-13. Arylhydrocarbon receptor 
(AhR) ligands IL1-β and IL-23 stimulate ILC3 cells to secrete 
IL-17 and IL-22. Lymphoid tissue inducer (LTi) cells are a subset 

Like T cells, subsets of B cells can be identified on the basis 
of phenotypic markers other than membrane immunoglobu-
lins. CD5, a T-cell marker, is expressed on 5%–10% of the B-cell 
lineage. CD5+ cells, or B1 cells, are capable of producing 
autoantibody in autoimmune disease. They are generated most 
often from fetal and neonatal splenic B-cell populations and 
transferred fetal precursors, and rarely from adult bone marrow 
[9,41]. Most B cells do not express CD5 and are known as B2 
or common B cells. CD40, which is expressed on all B cells, binds 
to CD40 ligand on activated T cells and participates in the 
isotype switch. CD40 is also an important costimulatory 
molecule.

Immunoglobulins
Immunoglobulins are antibodies expressed on the surface of B 
cells, serving as their clonotypic antigen receptors, similar to the 
TCR on T cells [42]. After binding their cognate antigens, the 
surface immunoglobulins initiate a cascade of signaling events 
that activate the B cell, prompt clonal proliferation, and generate 
plasma cells. This results in the production of antibodies that 
travel throughout tissue fluids and are secreted into the lumen 
of the intestine or bile where they detect and bind to the anti-
genic molecules that first triggered their production.

Each B cell expresses a unique immunoglobulin molecule 
that contains variable regions conferring its antigen specificity. 
The secreted antibodies consist of two identical light chains 
linked by disulfide bridges to two identical heavy chains, which 
are cross-linked by disulfide bridges to each other. Each of the 
five classes of immunoglobulins are defined by differences in 
effector function and a unique heavy chain isotype, designated 
α (IgA), δ (IgD), ε (IgE), γ (IgG), and μ (IgM). These five heavy 
chain isotypes associate with light chains of two isotypes, κ and 
λ. In humans, there are four different IgG subclasses (IgG1, 
IgG2, IgG3, and IgG4) and two different IgA subclasses (IgA1 
and IgA2). Although some of the immunoglobulin heterogene-
ity can be attributed to the different classes and subclasses, most 
derives from the variable regions located on the amino termi-
nals of the heavy and light chains and encoded by the V-, D-, 
and J-region gene segments.

Innate lymphoid cells
A novel family of immune cells, morphologically similar to 
lymphocytes but without the characteristic cognate receptors 
that carry out acquired immunity (such as TCR), has been rec-
ognized. These immune cells, collectively called innate lym-
phoid cells (ILCs), arise from common hematopoietic precursors 
[43] (Figure 17.5). Through the transcriptional repressor inhibi-
tor of DNA binding 2 (Id2) and cytokine signals, ILCs differen-
tiate into distinct populations, of which NK cells are the best 
studied. NK cells have the ability to recognize pathogen-induced 
ligands through TLR surface receptors and to use an array of 
effector functions that are cytotoxic, suggesting that NK cells 
provide a nonspecific first line of defense through their ability 
to kill pathogen-infected and transformed cells. NK cells can be 

Figure 17.5 Development and phenotypes of innate-like lymphoid cells 
(ILC). Under the influence of various transcription factors, ILCs develop 
from an innate lymphoid precursor into three distinct groups. The 
individual types of ILCs within each group and the representative 
functions are shown. Id2, inhibitor of DNA binding 2; ILC, innate 
lymphoid cell; LTi, lymphoid tissue inducer cell, NK, natural killer.
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Monocytes, mononuclear phagocytes that mature into mac-
rophages when residing within tissues, and dendritic cells play 
central roles in both innate and adaptive immunity. In innate 
immunity, their phagocytic function and inflammatory cytokine 
secretion are important for the accumulation of inflammatory 
cells and the destruction of invading pathogens, whereas in 
adaptive immunity they mainly exert their effects through their 
ability to endocytose, process, and present foreign antigens to 
T cells [45]. Peripheral blood monocytes almost uniformly 
express the CD14 marker, which they shed on entering tissues 
during inflammatory responses, such as infiltration into the 
lamina propria during IBD. These recruited monocytes evolve 
into tissue macrophages that have active phagocytic functions, 
which is important not only for the eradication of invading 
microorganisms but also as the essential first step in initiating 
antigen processing and presentation for MHC class II pathways, 
a prerequisite for activating CD4+ T cells that orchestrate 
further immune responses. Macrophages promote inflamma-
tion by secreting IL-12 and IL-23, which drive CD4+ T cells to 
the Th1 phenotype. This leads to the secretion of IFN-γ and 
subsequent activation of the phagocytic and antigen-presentation 
functions of the macrophage. Dendritic cells are the most potent 
antigen-presenting cells and are found in the Peyer patches, 
lamina propria, and epithelium of the gastrointestinal mucosa 
[46]. Within tertiary lymphoid tissues such as the lamina 
propria, dendritic cells are considered to be immature, exhibit-
ing active phagocytic functions but poor antigen-presentation 
functions. When exposed to microbial products – specifically, 
phylogenetically conserved PAMPs – dendritic cells mature and 
migrate to secondary lymphoid organs, including the mesenteric 
lymph nodes. Here they mature further, upregulate their 
antigen-presentation functions through the expression of cos-
timulatory molecules, such as CD80 and CD86, and activate 
naïve T lymphocytes [47]. It is now clear that multiple dendritic 
cell lineages exist, and that each contributes in a specific way to 
innate and adaptive immune responses within the gastrointes-
tinal tract. A network of dendritic cells in the lamina propria of 
the ileum, colon, and the dome region of the Peyer patches 
express membrane-bound CX3CR1 (fractalkine) and appear to 
play a unique role in lumenal antigen sampling. These CX3CR1+ 
cells extend their dendrites through the epithelium to directly 
sample microbial products, in addition to the more conven-
tional phagocytotic mechanism for recognizing bacteria deliv-
ered via M cells and intestinal epithelial cells [6,48]. 
CX3CR1+CD11c+CD11b+ cells are the predominant den-
dritic cell subset observed in the terminal ilea of mice, and the 
expression of the integrin α-chain CD103 (αE) is characteristic 
of dendritic cells in the colonic lamina propria [49,50]. Such 
CD103+ dendritic cells possess regulatory functions that are 
important in maintaining tolerance against luminal antigens. 
The regulatory functions of such dendritic cells are determined 
by factors secreted by the intestinal epithelium such as TSLP 
and vitamin A which is metabolized by the dendritic cell to 
retinoic acid.

of group 3 ILC that are involved in the process of lymph node 
and Peyer patch development. LTi cells are thought to play a 
role in inflammation by producing IL-17A and IL-22, which are 
important in the innate immune response to microbial infec-
tion. The production of IL-22 by group 3 ILC cells may be criti-
cal in the response to infection as observed in experimental 
Citrobacter rodentium infection, a model of enteropathogenic 
Escherichia coli. The development and effector function of ILC 
that secrete IL-22 is largely shaped by interactions with the 
microbial flora [44].

Myelomonocytic cells
Cells of the myelomonocytic lineage include monocytes and 
their progeny (macrophages and dendritic cells) and polymor-
phonuclear leukocytes (neutrophils, eosinophils, and basophils) 
(Figure 17.6). They evolve from a common myeloid progenitor 
cell in the bone marrow in response to cytokines, including 
several interleukins (e.g., IL-1, IL-3, and IL-6), and macrophage 
and granulocyte colony-stimulating factors (e.g., G-CSF, 
GM-CSF, and M-CSF).

Figure 17.6 Differentiation of myelomonocytic cells. Myelomonocytic 
cells include monocytes and their progeny (macrophages and dendritic 
cells), and polymorphonuclear leukocytes (neutrophils, eosinophils, and 
basophils). Myelomonocytic cells are derived from a common 
hematopoietic stem cell (HSC), which differentiates into a common 
myeloid progenitor (CMP) cell in the bone marrow in response to 
cytokines and colony-stimulating factors. Thus, basophils and eosinophils 
on the one hand and neutrophils and macrophages on the other are 
derived from a common granulocyte–macrophage progenitor (GMP) cell. 
CLP, common lymphoid progenitor cell; ILC, innate lymphoid cell.
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Nonimmune parenchymal cells
A variety of parenchymal cells, which are nonclassical immune 
cells, exhibit important immunological functions within the 
gastrointestinal tract. These cell types likely do not initiate spe-
cific immune responses through the education of naïve lym-
phocytes but rather integrate and enhance ongoing immune 
responses and contribute to immunopathology in disease states. 
These cell types include intestinal epithelial cells, mesenchymal 
cells (e.g., fibroblasts), smooth muscle cells, and endothelial 
cells. Intestinal epithelial cells form a barrier between the intes-
tine and the lumen and perform several immune-related func-
tions, such as the expression of cytokines and chemokines. 
Fibroblasts, through the expression of cell surface molecules, 
connective tissue components, and cytokines, regulate local 
lymphocyte survival and function and contribute to TGF-β-
mediated fibrosis associated with chronic inflammation. Smooth 
muscle cells can present antigens in an MHC class II-restricted 
fashion in the context of inflammation and respond to inflam-
matory cytokines such as IL-4. IL-4 alters intestinal motility, 
which may play a role in peristalsis and the elimination of 
lumenal pathogens. Endothelial cells play a key role in regulat-
ing tissue inflammation by both directing the recruitment of 
leukocytes and myeloid cells and secreting a variety of soluble 
mediators that enhance inflammation.

The intestinal mucosal immune system
The intestinal mucosal immune system, also known as the gut-
associated lymphoid tissue (GALT), can be divided into several 
functionally and anatomically contained compartments: (1) the 
loosely organized effector sites (lamina propria and intestinal 
epithelium), (2) the macroscopic intestinal lymphoid structures 
(Peyer patches and mesenteric lymph nodes), and (3) the micro-
scopic intestinal lymphoid structures (cryptopatches and iso-
lated lymphoid follicles). Peyer patches, which are rounded 
lymphoid follicles found in the mucosa and submucosa of the 
ileum, constitute an afferent limb of the GALT that recognizes 
antigens through specialized sampling mechanisms involving 
M cells contained within the follicle-associated epithelium adja-
cent to the Peyer patches and dendritic cells that extend their 
dendrites through open tight junctions in the epithelial barrier 
(Figure 17.7). Detection of lumenal antigens that cross the epi-
thelial barrier by way of M cells results in the education and 
dissemination of B and T lymphoblasts to other tissues linked 
to the MALT, such as the lungs, breasts, and genitourinary tract, 
and the loosely affiliated compartments of the lamina propria. 
The lamina propria represents an efferent or effector limb of the 
intestinal mucosal immune system; it is populated with lym-
phoid effector cells, such as B cells, plasma cells, T cells, NK-T 
cells, and NK and other ILC cells, and with mononuclear and 
polymorphonuclear phagocytes and mast cells (see Figure 17.7). 
Plasma cells in the lamina propria secrete IgA immunoglobulin, 
which provides protection against bacteria, viruses, and lumenal 
antigens. The immune compartment within the epithelium con-
sists of a unique resident population of T cells, known as the 

Neutrophilic polymorphonuclear leukocytes (neutrophils) 
are an essential component of innate immunity and function as 
the first responders to infection [51]. They are continuously 
produced in the bone marrow and circulate through the periph-
eral blood, where they remain acutely posed for activation and 
response to invading pathogens. When infection occurs, acti-
vated neutrophils rapidly extravasate across the endothelium 
and into the affected mucosa with the help of adhesion mole-
cules expressed on their surface. They infiltrate infected tissues 
within hours of the initial insult and phagocytose and kill the 
invading pathogen. Neutrophil granules contain antimicrobial 
cationic peptides, proteases, and reactive oxygen species that 
can be secreted directly into the phagosome or into the extracel-
lular spaces to form neutrophil extracellular traps (NETs), 
which degrade virulence factors and microbes that have not yet 
been ingested [52]. Neutrophil secretion of reactive oxygen 
species can also regulate intracellular signaling mechanisms, 
allowing neutrophils to mediate the nature of subsequent 
inflammatory responses through the production of specific 
cytokines and chemokines that polarize the resulting adaptive 
immune response toward a unique phenotype. To mediate their 
proinflammatory effects and contain collateral tissue damage, 
neutrophils constitutively undergo apoptosis and are phagocy-
tosed by macrophages or induced to leave the tissues by lipid 
mediators such as resolvins.

Evidence that the initiating factor in Crohn’s disease may be 
caused by a defect in innate immunity, as opposed to an abnor-
mality in adaptive cell-mediated immunity, has cast new light on 
the role of neutrophils in the pathogenesis of this disease [53]. In 
support of this theory, genetic diseases that have a known effect 
on neutrophil function, such as chronic granulomatous disease, 
glycogen storage disease type IB, and Turner syndrome, manifest 
abnormalities similar to those seen in Crohn’s disease. Impaired 
migration, decreased bactericidal and phagocytic functions, and 
lower superoxide production characterize neutrophils in patients 
with Crohn’s disease. Moreover, mice that express a cell-specific 
disrupted Stat3 gene in their neutrophils and macrophages 
develop enterocolitis, suggesting that these cell types are indeed 
involved in Crohn’s disease pathogenesis.

Neutrophils also contribute to acute liver damage associated 
with hepatic ischemia/reperfusion injury and alcoholic hepatitis 
[54]. In response to signals from proinflammatory cytokines, 
CXC chemokines, and complement factors, neutrophils are 
primed and accumulate in the sinusoids, postsinusoidal venules, 
and portal venules of the hepatic vasculature. When a chemo-
tactic signal is received, the neutrophils extravasate across the 
endothelium into the parenchyma, where they adhere to hepa-
tocytes and are activated to produce reactive oxygen species and 
proteases, similar to their function in the intestine. Protease 
secretion is associated with the promotion of subsequent inflam-
matory responses through the production of proinflammatory 
cytokines and chemokines; secretion of reactive oxygen species 
leads to oxidative stress and neutrophil-mediated cellular 
necrosis.
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extending their dendrites into the lumen [48]. Although M cell 
transport is necessary for induction of mucosal immune 
responses, this portal system also provides a means for patho-
genic bacteria and viruses to enter the intestinal mucosa [56]. 
Among the many infectious agents known to undergo endocy-
tosis and transport by way of M cells are the human immuno-
deficiency virus, reoviruses, Vibrio cholerae, and species of 
mycobacteria. M cells also transport commensal bacteria into 
the Peyer patches, thereby initiating IgA antibody immune 
responses and tolerance.

Intestinal cryptopatches and isolated lymphoid follicles are 
two other organized lymphoid structures within the mucosal 
immune system. It is hypothesized that they combine with the 
Peyer patches to form a primary lymphoid organ. Cryptopatches 
are aggregates of immature T-cell precursors found adjacent to 
the crypts in mouse small intestine, are under the control of 
group 3 ILCs, and may be a site of extrathymic development of 
T lymphocytes [57]. The T-cell precursors residing in crypto-
patches can differentiate into mature intraepithelial lymphocytes 
expressing either the αβ TCR or the γδ TCR [58]. Isolated lym-
phoid follicles are organized lymphoid structures that are found 

intraepithelial lymphocytes, which, unlike peripheral T cells, are 
enriched in cells that express the γδ TCR. The intestinal epithe-
lial lymphocytes help maintain barrier function through their 
cytotoxic effects on abnormal epithelial cells.

Organized lymphoid structures and lymphoblast homing
Peyer patches are the most clearly defined of the organized 
lymphoid structures in the gastrointestinal mucosal immune 
system (see Figure 17.7). They are surrounded by the follicle-
associated epithelium, which contains specialized M cells. M 
cells play an important role in mucosal immune surveillance by 
delivering selected samples of intralumenal antigens to the 
organized mucosal lymphoid tissues. M cells are derived directly 
from undifferentiated, immature epithelial stem cells in the 
crypts. Their differentiation to mature follicle-associated epithe-
lial M cells may be influenced by subjacent B cells within the 
lamina propria [55]. M cells have fewer, shorter, and wider 
microvilli than absorptive epithelial cells. Similar to the M cell 
antigen-sampling mechanism, dendritic cells found adjacent to 
intestinal epithelial cells can also directly sample lumenal anti-
gens across the epithelium by opening tight junctions and 

Figure 17.7 The distinct compartments of the intestinal mucosal immune system or gut-associated lymphoid tissue (GALT). (a) Peyer patches and 
mesenteric lymph nodes. Peyer patches take part in antigen recognition through specialized sampling mechanisms involving microfold (M) cells 
contained within the follicle-associated epithelium adjacent to the Peyer patches and dendritic cells (DC) that extend their dendrites through open tight 
junctions in the epithelial barrier. (b) Lamina propria and intestinal epithelium. The lamina propria is populated with lymphoid effector cells, including 
B cells, plasma cells, T cells, and natural killer cells, and by mononuclear and polymorphonuclear phagocytes and mast cells. Intraepithelial lymphocytes 
(IELs) are a unique resident population of T cells. B, B cell; IEC, intestinal epithelial cell; mφ, macrophage; MC, mast cell; NK, natural killer cell; N, 
neutrophil; T, T cell.
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antigenic stimulation in the gastrointestinal tract, IgA lymphob-
lasts circulate to the mucosal secretory sites of the breast, lung, 
and eye, where antigen-specific antibodies are secreted [65,67]. 
For example, a breast-feeding mother can passively transfer 
secretory IgA in her breast milk to her nursing child. The secre-
tory IgA in the transferred breast milk protects the infant against 
bacteria or viruses in the mother’s gastrointestinal tract, sup-
porting the importance of the common mucosal immune 
system. The intestinal immune system thus has the capacity to 
selectively sample antigens from the gut and subsequently 
induce immune responses that provide protection for the gas-
trointestinal tract and other mucosal surfaces.

Nonorganized lamina propria
The lamina propria lies beneath the intestinal epithelium and 
serves as a loosely affiliated effector compartment of T and B 
lymphocytes, plasma cells, NK cells, macrophages, dendritic 
cells, and mast cells. Virtually all T cells within the lamina 
propria express the αβ TCR, as well as the CD45 surface marker, 
which indicates that these are memory cells that have had previ-
ous encounters with antigens, presumably in the Peyer patches 
[68]. The CD4+ T cells in the lamina propria exert an important 
helper–inducer function for immunoglobulin production, and 
respond to antigen by producing cytokines rather than by pro-
liferating [69]. Most CD8+ lamina propria lymphocytes, in 
addition to a significant proportion of CD4+ cells, express a 
unique β7-integrin associated with a novel α-chain, αE, which 
plays a role in intestinal epithelial cell binding [70]. Cytotoxic 
effector precursor cells in the intestine participate in host 
mucosal defense mechanisms when necessary, but do not 
damage the surrounding tissue when they are not needed. 
Lamina propria lymphocytes can be induced to mediate cell-
mediated cytotoxicity by incubation with IL-2, interferons, 
lectins, and monoclonal antibodies directed against the TCR. 
This is typical of antigen-primed effector cells and is consistent 
with the CD45RO memory phenotype [71–77]. Although cyto-
toxic effector cells are present, the lymphocytes in the intestinal 
lamina propria are poor mediators of cell-mediated cytotoxicity, 
antibody-dependent cellular cytotoxicity, and cell-mediated 
cytolysis [71,72]. Activated cytotoxic CD4+ and CD8+ lym-
phocytes are more abundant in the lamina propria of patients 
with IBD [78].

Most mucosal T lymphocytes are also CD95L+ and CD69+ 
and exhibit elevated levels of cytoplasmic Ca2+, consistent with 
an activated phenotype [79]. Controlled activation of the intes-
tinal immune system may be important in regulating effector 
cell function. This includes cytotoxic function, which may  
be directed at the lymphocytes themselves to downregulate 
immune responses and regulate the level of cytotoxic function 
within the various compartments of the bowel wall [80,81]. For 
example, administration of anti-TNF-α therapeutics, which is 
used to treat human IBD, can attenuate murine ileitis through 
a mechanism that involves downregulation of intestinal epithe-
lial cell apoptosis and simultaneous upregulation of apoptosis 

in the small and large intestine. Similar to Peyer patches, they 
are covered by a follicle-associated epithelium containing M 
cells and are composed primarily of mature B2 B cells and 
CD4+ T cells [59]. Isolated lymphoid follicles can develop de 
novo in response to lumenal stimulation and in the presence of 
lymphotoxin-sufficient B cells and a functioning tumor necrosis 
factor (TNF-α) receptor 1 as well as microbial signals that are 
delivered by NLRs including NOD1 [60].

Antigens and microorganisms transported out of the lumen 
by M cells come into contact with lymphocytes, macrophages, 
and dendritic cells that have migrated into the lymphoid aggre-
gates or Peyer patches below the M cells. Some of these cells 
enter the intraepithelial pocket, a large invaginated subdomain 
on the basolateral surface of the M cell that forms a docking site 
for specific populations of lymphocytes and occasionally den-
dritic cells and which effectively shortens the distance that 
antigen-containing transcytotic vesicles must travel to cross the 
epithelial barrier [61]. Naïve B and T lymphocytes that have 
never encountered their cognate antigen express a combination 
of cell surface receptors that directs them to emigrate into lym-
phoid aggregates such as Peyer patches associated with the 
follicle-associated epithelium [62]. A vast network of immature 
dendritic cells exists in the subepithelial dome or apical portion 
of the lymphoid follicle immediately below the follicle-associated 
epithelium. These immature dendritic cells likely capture most 
of the antigens from the intestinal lumen and present them to 
the naïve lymphocytes in the intestinal lymphoid follicles. A 
specific mucosal immune response is initiated by these interac-
tions, which may preferentially direct naïve T cells to a Th2, Th3, 
or Tr1 phenotype over a Th1 phenotype [63]. Such an outcome 
is likely a consequence of the properties of the dendritic cells 
within the Peyer patches and plays an important role in generat-
ing mucosal tolerance as opposed to an immune response.

Activated lymphocytes from intestinal lymphoid follicles 
begin a maturational journey during which they leave the intes-
tinal tract and migrate into the afferent lymphatics that drain 
into the mesenteric lymph nodes [64,65]. During this process, 
the lymphocytes mature into T and B lymphoblasts enriched in 
IgA-bearing B cells. The B lymphocytes become surface IgA-
bearing lymphoblasts after being promoted to switch their 
immunoglobulin isotype by regulatory (i.e., “switch”) T cells 
within the Peyer patches [4,5,66]. Lymphocytes then enter the 
efferent lymphatics of the mesenteric lymph nodes and pass 
through the thoracic duct into the peripheral blood. These lym-
phocytes subsequently reenter the loosely affiliated lamina 
propria through interactions with flat endothelial cells of the 
postcapillary venules and home to mucosal sites. B lymphob-
lasts mature into IgA-secreting plasma cells under the control 
of antigen-activated T lymphocytes that have completed a 
similar maturational journey. Lymphoblasts that have homed to 
the gastrointestinal mucosa and matured into effector cells 
provide protective immunity within the lamina propria.

Lymphoblasts recirculate or home to the sites of the original 
antigenic stimulation and to other mucosal secretory sites. After 
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IgA is also translocated across hepatocytes or bile duct epi-
thelium into the bile and carried to the duodenum [95,96]. The 
presence of secretory IgA in bile provides passive immunity and 
protects the biliary tract and the proximal parts of the small 
intestine. A second implication of the hepatobiliary secretion of 
IgA is that complexes of IgA and antigen can be transported 
into the bile from the circulation. Hepatic removal of IgA–
antigen complexes may protect against harmful absorbed sub-
stances, including dietary antigens and bacterial products.

The major function of secretory IgA in host defense is protec-
tion against bacteria, viruses, and lumenal antigens [2,65,91]. 
Secretory IgA provides passive immunity by inhibiting the 
adherence of bacteria to epithelial cells and preventing their 
effective colonization and proliferation. Secretory IgA neutral-
izes bacterial toxins and viruses, thereby preventing their action 
on intestinal epithelial cells. Secretory IgA also blocks the 
absorption of antigens from the gut and may be particularly 
important in disease states in which the mucosal barrier is 
broken. Intracellularly, IgA can neutralize pathogens that 
possess a transcytotic pathway for IgA [97]. Unlike other immu-
noglobulins, such as IgG, which can be secreted by intestinal B 
cells, IgA does not activate complement.

Transcellular pathways for the transport of IgE and IgG also 
exist in intestinal epithelial cells. IgE transport is mediated by 
the expression of CD23 (FcεR1 or IgE receptor) on epithelial 
cells and may be important in intestinal allergic responses and 
parasitic infestations [98]. IgG transport is mediated by the 
MHC class I-related molecule FcRn (neonatal Fc receptor for 
IgG). Unlike the transport of IgA and IgE, IgG transport is 
bidirectional (apical to basal and basal to apical) and involved 
in the retrieval of antigens from the lumen that when trans-

among lamina propria lymphocytes [81]. In this way, the gut 
may be said to be in a state of physiological inflammation, 
poised for intervention when necessary but generally held in 
abeyance.

About 40% of the lymphoid cells in the lamina propria are B 
cells derived primarily from precursors in Peyer patches [82]. 
These B cells and their progeny plasma cells are predominantly 
focused on the synthesis of IgA, rather than of IgM, IgG, or IgE. 
Lamina propria B cells are induced to differentiate terminally 
into IgA-secreting cells. This ultimately leads to cytokines 
derived from Th1 cells (IFN-γ) and Th2 cells (IL-4, IL-5, and 
IL-10), indicating the importance of this antibody to mucosal 
protection [2,4,67,83–89]. In IBD, the numbers of lamina 
propria B cells and plasma cells that produce IgG are markedly 
increased [90], and in allergy and parasitic infestations those 
that produce IgE are increased.

Immunoglobulin secretion
The synthesis and secretion of dimeric IgA is a major protective 
mechanism of the intestinal tract, which contains more than 
70% of the immunoglobulin-producing cells in the body [91]. 
Plasma cells produce dimeric IgA – two IgA monomers joined 
by a polypeptide J-chain. The J-chain participates in the trans-
port of IgA and IgM molecules across the intestinal epithelium 
through interaction with the polymeric immunoglobulin recep-
tor (pIgR) on the basal surface of epithelial cells (Figure 17.8) 
[92–94]. IgA bound to a portion of the pIgR that is known as 
the secretory component is then secreted into the intestinal 
lumen. This secretory component may protect secretory IgA 
from proteolytic degradation in the hostile lumenal environ-
ment and stabilize the structure of the polymeric IgA complex.

Figure 17.8 Immunoglobulin (Ig) secretion 
in the gut. The synthesis and secretion of 
IgA is a major protective mechanism for the 
intestinal mucosa. Dimeric IgA (dIgA) 
produced by plasma cells (PC) is 
transported across the intestinal epithelium 
through interaction with the polymeric IgR 
(PIgR). IgA bound to a portion of the PIgR, 
known as secretory component, is then 
secreted into the intestinal lumen. IgG 
transport is mediated by the major 
histocompatibility complex class I-related 
molecule FcRn (neonatal Fc receptor for 
IgG). IgG transport is bidirectional, unlike 
that for IgA. M, microfold cell; mφ, 
macrophage.
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is that, unlike TCRαβ+ IELs, they can develop independently 
of the thymus, most likely within the intestinal cryptopatches 
[16,105].

Despite their contiguity to the gut lumen, potential exposure 
to a variety of antigens, and the expectation that these cells 
express a diverse, polyclonal array of αβ and γδ TCRs, IELs 
within the small and large intestines are oligoclonal and express 
a small number of αβ and γδ TCRs, based on an analysis of 
CDR3 regions [106–108]. A limited variety of T-cell clones is 
widely disseminated throughout the intestinal epithelium [109]. 
The expression of CD8 by IELs suggests that they function 
biologically as cytolytic effectors as a consequence of antigen 
recognition. IELs exhibit a high level of cytolytic activity in a 
variety of in vitro systems, especially after activation, and it is 
likely that they also do so in disease states in vivo [110]. A major 
biological function of IELs in health is the secretion of cytokines 
(e.g., IFN-γ and keratinocyte growth factor), which regulate 
epithelial cell function and possibly responses to lumenal anti-
gens [111]. On activation, IELs may acquire cytolytic machinery 
that can contribute to epithelial cell death through apoptosis. 
Their cytolytic capabilities, large number, and extremely limited 
TCR repertoire indicate that IELs are a regionally specific popu-
lation of cells involved in immunosurveillance against abnormal 
epithelial cells. IELs may be the first line of defense against 
deleterious epithelial events [112]. Their numbers are markedly 
increased in intestinal graft-versus-host disease, gluten-sensitive 
enteropathy, and protozoal infections of the epithelium, such as 
those caused by Cryptosporidium and Isospora species.

Autoimmunity and oral tolerance
Despite the processes of negative and positive selection, healthy 
persons maintain low numbers of autoreactive T-cell and B-cell 
clones. Rather than a failure of immunological selection within 
the central immunological compartments, the existence of these 
autoreactive clones may indicate the presence of B-cell and 
T-cell clones that recognize dominant microbe-derived peptides 
to which a person may be exposed and which also resemble or 
mimic peptides derived from normal self-antigens. The healthy 
host must therefore maintain active peripheral mechanisms to 
prevent potential autoreactive clones from becoming autoim-
mune clones that participate in immune-mediated diseases. 
This is likely accomplished through suppressor T-cell networks, 
the effects of immunoregulatory cytokines (e.g., TGF-β, IL-10, 
and IL-35), the negative feedback effects of antibodies on B cells, 
the presentation of antigenic peptides to the TCR in the absence 
of an appropriate costimulatory signal, and the existence of 
antiidiotype networks (i.e., antibodies that bind to the antigen-
binding site of an antibody and block its function) [113]. The 
end result of these mechanisms is active suppression, clonal 
anergy, or clonal deletion through apoptosis.

The gastrointestinal tract must continuously mount immune 
responses against bacteria, viruses, and other antigens. 
Individuals with a genetic predisposition that results in the dys-
regulation of self-reactive T cells are vulnerable to autoimmune 

ported into the lamina propria as immune complexes can be 
taken up, processed, and presented by dendritic cells. FcRn 
expression in the intestinal epithelium is important in protect-
ing the host from mucosal infections through its ability to trans-
port IgG.

Intraepithelial lymphocytes
The human intestinal epithelium contains a unique population 
of lymphoid cells, the intraepithelial lymphocytes (IELs), which 
reside between intestinal epithelial cells along their basolateral 
surfaces [99]. About 10–20 IELs exist per 100 villi within the 
small intestine. Given the vast surface area of the intestinal 
epithelium, IELs represent a significant proportion of all the T 
cells in the human body [100]. The composition of the IEL 
subsets differs substantially from that of the circulating T-cell 
subsets. IEL populations are dominated by CD8+ T cells (>70% 
in the small intestine) and largely express the CD8αα 
homodimer, which is uncommon among circulating T cells 
[101]. T cells lacking both CD8 and CD4 (CD8–CD4–), or 
double-negative cells, comprise more than 10% of murine small 
intestinal IELs, as well as the majority of IELs found in other 
compartments, but they are rarely found among circulating 
lymphocytes [102–104]. CD4+ αβ T cells, which are common 
in the systemic circulation, are underrepresented among IELs 
and mostly exist as double-positive cells that also express CD8αα. 
These double-positive CD8αα+ CD4+ αβ T cells are not found 
among circulating lymphocytes. Lastly, IELs contain an 
increased proportion of cells expressing the γδ TCR compared 
with systemic T cells.

The αβ TCR is expressed on all of the IELs in the large intes-
tine and on about half of the IELs in the small intestine, indicat-
ing that these cells respond to MHC class I or class I-like 
molecules. IELs that express the αβ TCR are mostly CD8αβ+ 
and are cytolytic in function, and they secrete Th1 cytokines 
[99]. It has been hypothesized that these cells are primed to 
antigen in the Peyer patches and enter the circulation through 
the mesenteric lymph nodes and the thoracic duct [61]. They 
home to the lamina propria and intestinal epithelium of the 
small and large intestines through their expression of integrins 
such as α4β7, which binds to MadCAM1 on the endothelium, 
and αEβ7, which binds to E-cadherin on the intestinal epithe-
lium [13,70].

IELs that express the γδ TCR, as well as those that express the 
αβ TCR in conjunction with the CD8αα homodimer, comprise 
the remaining half of the small intestinal IEL population [99]. 
Unlike the TCRαβ+ CD8αβ+ IELs in the large intestine, these 
IEL subsets do not circulate through the lymphatics and the 
blood and do not appear to be memory driven. As they do not 
recognize antigen presented by MHC class I and class I-like 
molecules, it has been proposed that γδ IEL subsets may be 
primed in situ by the epithelial cells, possibly through an 
autoantigen that is induced in response to infection or transfor-
mation events [14]. However, the identity and nature of this 
autoantigen remains unclear. A unique feature of TCRγδ+ IELs 
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lamina propria immune cells by the enormous antigen load in 
the intestinal lumen. Indeed, no other organ is faced with 
foreign antigens in such abundance. This basal inflammatory 
state is clearly demonstrated by comparing the gastrointestinal 
histology of rodents raised in germ-free conditions with those 
raised in conventional conditions. Germ-free rodents have 
fewer lymphocytes and macrophages, smaller Peyer patches 
with fewer germinal centers, and no plasma cells. The villi in 
germ-free rodents are thinner and the crypts are shallower. 
Epithelial proliferation is diminished, and the time required for 
epithelial cells to migrate from the crypt to the villus tip is 
doubled.

The development of clinically apparent inflammation sug-
gests that the immune system has been overwhelmed by an 
abnormally large or invasive antigen load, by an antigen in a 
location inaccessible to the immune response (e.g., osteomyeli-
tis), or by an antigen that is resistant to the immune response 
(e.g., tuberculosis). The inflammatory response likely evolved 
when our ancestors were confronted with unsanitary environ-
ments and infectious agents in contaminated food and water. 
Ingestion of viral, bacterial, and parasitic agents led to gastroin-
testinal tract infections, and the inflammatory response evolved 
to deal with them. Many of the inflammatory diseases of the 
gastrointestinal tract today reflect the activation of defense 
mechanisms that evolved in response to infectious agents but 
which have been adapted (or maladapted) to defend against 
noninfectious insults. Some chronic inflammatory diseases, 
such as IBD, may result from dysregulation of the immune 
response, resulting in an inappropriately prolonged and inap-
propriately amplified immune activation.

The epithelium is essential to the control and regulation of 
the inflammatory response in the gastrointestinal tract. The 
intact epithelium acts as a barrier, preventing the immune cells 
in the lamina propria from being overwhelmed by lumenal 
antigens. Breaks in the epithelial monolayer expose lamina 
propria immune cells to the several hundred species of bacteria 
that flourish in the human colon, resulting in a clinically appar-
ent inflammatory response. The diversity of antigenic stimuli 
triggers nonspecific inflammatory responses. In diseases marked 
by breaks in the epithelial barrier, the immune or inflammatory 
response to the initiating agent may be difficult to distinguish 
in the midst of the response to the normal intestinal microbiota 
that invades through the epithelial breaks.

Gastrointestinal inflammation is remarkable in that diverse 
initiating events, such as infections, ischemia, radiation, and 
chemical toxins, all induce inflammatory responses that are 
clinically, endoscopically, and histologically similar. For 
example, the colonoscopic and histological appearances of 
ulcerative colitis, radiation proctitis, shigellosis, and ischemic 
colitis are similar. The commonality of the inflammatory 
responses is explained partly by the similarity between the 
proinflammatory cytokines, the patterns of leukocyte migra-
tion, and the inflammatory mediators induced by these initiat-
ing events. Moreover, in each of these diseases, the inflammatory 

disorders. Autoimmunity appears to play a role in the develop-
ment of several chronic inflammatory disorders of the gastroin-
testinal tract, including celiac sprue, autoimmune gastritis, and 
potentially IBD [114–119].

The gastrointestinal tract exhibits a fascinating example of 
specific tolerance to orally ingested antigens, called oral toler-
ance [120,121]. The oral administration of antigens can lead to 
systemic antigen-specific unresponsiveness, which results in the 
lack of specific T-cell and B-cell responsiveness to those anti-
gens. Concurrently, local specific secretory immunity can 
develop, resulting in lymphoblasts capable of IgA production 
[122]. This dichotomy between systemic and mucosal compart-
ments appears to reflect a solution to the need for excluding the 
specific antigen during future encounters and avoiding inap-
propriate systemic responsiveness. Not surprisingly, the gas-
trointestinal tract possesses mechanisms to protect against 
mounting adverse immunological reactions. If this were not the 
case, numerous bacterial and viral antigens and food compo-
nents could lead to frequent cross-reactive immunological 
stimulatory events and result in a high frequency of intestinal 
autoimmune disorders, and many foods would give rise to 
diverse and uncontrollable food-induced allergic reactions.

Gastrointestinal inflammation

Inflammation is a prominent component of several important 
gastrointestinal diseases, including gastroesophageal reflux 
disease, Helicobacter pylori gastritis, eosinophilic gastritis, 
peptic ulcer disease, IBD, celiac disease, pancreatitis, primary 
sclerosing cholangitis, autoimmune hepatitis, and various other 
enteric infections. The inflammatory response can be viewed as 
an effector mechanism for the immune response. For example, 
when a bacterial infection activates the immune system, anti-
bodies that are specific to the invading bacteria are produced 
and bind to the bacteria, and neutrophils that express antibody 
receptors on their surface efficiently phagocytose the antibody-
coated bacteria. In this example, a portion of the inflammatory 
response – phagocytosis by neutrophils – acts as an effector 
mechanism for the humoral component of the immune 
response. The inflammatory response can also be viewed as a 
damage control mechanism that is invoked only if the immune 
response breaks down or is overwhelmed. Lastly, inflammation 
can be viewed as a component of the larger process of wound 
healing. After injury, blood clotting and fibrinolysis are followed 
by the infiltration of inflammatory cells. Repair of the epithe-
lium and the migration of inflammatory cells are regulated by 
the same cytokines and mediators. Events that affect inflamma-
tion also affect epithelial healing, and events that affect epithelial 
healing also affect inflammation.

The immune processes largely eliminate foreign antigens 
without the development of clinically apparent inflammation. 
In fact, a limited state of immune activation is present in the 
healthy small intestine and colon due to the stimulation of 
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neutrophils at sites of inflammation reflects increased traffick-
ing out of the bloodstream and into the gastrointestinal tissues.

Gastrointestinal macrophages are derived from circulating 
monocytes produced in the bone marrow [127,128]. Monocytes 
enter the circulation and, like neutrophils, bind to adhesion 
molecules expressed on endothelial cells in the postcapillary 
venules of the intestine. Bound monocytes pass between 
endothelial cells and enter the gastrointestinal tissue, where they 
begin to differentiate into mature macrophages. As a monocyte 
differentiates, it can acquire capacities for phagocytosis, prolif-
eration, and bacterial killing. Macrophage differentiation is con-
trolled by cytokines and other soluble factors present in the 
lamina propria, and different combinations of cytokines and 
mediators result in macrophages with different phenotypes. As 
with neutrophils, the large increase in the number of macro-
phages during clinically apparent inflammation reflects 
increased migration of monocytes out of the bloodstream, 
rather than the proliferation of macrophages already in the 
lamina propria. Receptors on the surface of macrophages deter-
mine the stimuli to which the macrophage can respond, as well 
as the macrophage phenotype.

For the most part, neutrophil and monocyte trafficking in 
the gastrointestinal tract is similar to that in other organ 
systems; however, the number of leukocytes passing through 
the gastrointestinal tract greatly exceeds that in other organs. 
Because the surface area of the gastrointestinal tract is large, 
even the modest degree of inflammation seen in the healthy 
small intestine and colon involves the trafficking of a substan-
tial number of monocytes and neutrophils. In diffuse inflam-
matory diseases of the gastrointestinal tract, such as ulcerative 
colitis, the trafficking of leukocytes through the inflamed 
mucosa expands to the point that most leukocytes produced in 
the bone marrow travel through the gastrointestinal mucosa 
into the lumen [129].

Adhesion molecules on leukocytes and on the vascular 
surface of endothelial cells mediate the migration of neutrophils 
and monocytes from the peripheral circulation into the lamina 
propria of the gastrointestinal tract (Figure 17.9) [130,131]. The 
adhesion molecules that participate in the binding of inflamma-
tory cells to the vascular endothelium fall into three subgroups: 
selectins, β2-integrins, and the immunoglobulin superfamily of 
adhesion molecules. The initial adherence of leukocytes to the 
endothelium is mediated by selectins expressed on the surface 
of both the circulating leukocytes and the endothelial cells. The 
three members of the selectin family are L-selectin (leukocyte 
adhesion molecule-1 [LAM-1]), E-selectin (endothelial leuko-
cyte adhesion molecule-1 [ELAM-1]), and P-selectin [132]. The 
natural ligands for all three selectins are sialylated Lewis X oli-
gosaccharides, which are found on almost all cell types. Among 
the molecules with sialylated Lewis X moieties are the selectins 
themselves, so that L-selectin on neutrophils can bind to 
E-selectin or P-selectin on endothelial cells.

Selectin bonds are responsible for leukocyte rolling. Because 
only weak selectin bonds form between circulating leukocytes 

response is largely directed against normal colonic microbiota 
that has activated the immune cells of the lamina propria as a 
result of the loss of epithelial integrity.

Gastrointestinal inflammation is also distinguished by the 
organ-level physiological response, primarily increased motility 
and secretion [123,124]. The gastrointestinal tract responds  
to enteric infections by attempting to wash out the offending 
microbes with increased electrolyte and water secretion and 
increased motility, resulting in cramps and diarrhea. The 
increases in secretion and motility are mediated by the  
inflammatory response. Regardless of the initiating event,  
the gastrointestinal tract mounts a stereotypical inflammatory 
response. Therefore, the same increases in secretion and motil-
ity (and resultant diarrhea and cramping) are the responses  
to noninfectious inflammatory events (e.g., radiation entero-
colitis and IBD) for which there are no pathogenic organisms 
to wash out. Consequently, both infectious and noninfectious 
gastrointestinal inflammatory disorders manifest similar clini-
cal symptoms.

Immune cell trafficking and adhesion molecules
Neutrophil and monocyte trafficking
The gastrointestinal inflammatory response requires an influx 
of circulating immune cells into the intestinal mucosa. 
Neutrophils, macrophages, and lymphocytes home to the post-
capillary venules located near the affected regions of the intes-
tine, and migrate into the lamina propria through the spaces 
between adjacent endothelial cells. This process is mediated  
by the activation of distinct families of adhesion molecules 
expressed on the surfaces of leukocytes and endothelial cells.

Neutrophils represent the first wave of the intestinal innate 
immune response and migrate within minutes to affected areas 
of the intestine in response to macrophage-derived chemoat-
tractants. Th-17 cells also influence neutrophil recruitment, 
both directly through production of CXCL-8 and indirectly 
through IL-17-induced production of chemokines from macro-
phages, fibroblasts, and epithelial cells [125]. Migrating neu-
trophils extravasate into the gastrointestinal mucosa by binding 
to adhesion molecules on the endothelium of postcapillary 
venules. Once inside the lamina propria, the neutrophils mediate 
recruitment of monocytes via production of monocyte chem-
oattractant proteins, thereby initiating a macrophage phase of 
the innate immune response, which can last several days. After 
1 or 2 days in the gastrointestinal mucosa, they pass between 
epithelial cells into the intestinal lumen, where they die and are 
expelled in the stool.

Although neutrophils differentiate in the bone marrow, they 
are primed and activated in the lamina propria [126]. Priming 
enhances the ability of neutrophils to produce reactive oxygen 
species. Neutrophil priming and activation are mediated by 
interaction with particulate stimuli (e.g., bacteria) or by stimu-
lation with soluble factors, such as cytokines, inflammatory 
mediators, and bacterial products (e.g., endotoxins). Because 
neutrophils are incapable of proliferation, elevated numbers of 



The mucosal immune system and gastrointestinal inflammation CHAPTER 17   301

IFN-γ. Thus, the relative importance of ICAM-1 increases in 
conditions of inflammation.

The final step in leukocyte trafficking in intestinal inflamma-
tion is the passage of leukocytes between epithelial cells and out 
into the lumen [134,135]. Leukocytes that have passed into the 
lumen can be found in the stool, which is a clinical sign of 
inflammation of the gastrointestinal tract. Adhesion molecules, 
including ICAM-1, and neutrophil chemotactic factors are 
expressed on epithelial cells in the presence of inflammation. 
Chemotactic factors have also been identified in the colonic 
lumen.

Lymphocyte trafficking
Lymphocyte trafficking shares many similarities with neutrophil 
and monocyte migration into the gastrointestinal tract. 
Lymphocyte trafficking is mediated by the expression of recep-
tors and counterreceptors on lymphocytes and endothelial cells. 
As with leukocyte migration, the interaction of lymphocytes 
with endothelial cells involves three families of cell surface pro-
teins: integrins, selectins, and immunoglobulin-like adhesion 
receptors. Although lymphocytes destined for the intestine 
display some integrins that are commonly expressed on leuko-
cytes (e.g., CD11a/CD18), they also express α4 integrins, which 
are predominantly expressed on lymphocytes (e.g., α4β7, an 
integrin expressed in CD4 and CD8 gut trophic lymphocytes), 
and αEβ7, which is expressed on almost all intraepithelial lym-
phocytes and 40% of lamina propria lymphocytes. The α4β7 
integrin binds to MAdCAM-1, a member of the immunoglobu-
lin superfamily that is selectively expressed on the high endothe-
lial venules of mucosal lymphoid organs. Thus, the migration of 
selected lymphocyte populations to the intestine is directed by 
the selective expression of α4β7 on these lymphocytes and the 

and endothelial cells, leukocytes can roll along the surface of the 
endothelium by making and breaking selectin-mediated bonds. 
Rolling reduces leukocyte velocity before the formation of 
stronger adhesion bonds that fully immobilize leukocytes on the 
surface of the endothelium. These stronger bonds are formed 
between the remaining two families of adhesion molecules, β2-
integrins, which are expressed on the surface of the leukocytes, 
and members of the immunoglobulin superfamily of adhesion 
molecules (e.g., intracellular adhesion molecule-1 [ICAM-1], 
vascular cell adhesion molecule-1 [VCAM-1], and mucosal 
addressin cell adhesion molecule-1 [MAdCAM-1]), which are 
expressed on endothelial cells.

The integrins form a large group of adhesion molecules [133], 
each of which is a heterodimer that consists of noncovalently 
associated α and β subunits. Integrins are divided into sub-
families based on common β subunits, with the β1 and β2 subu-
nits being the most important for inflammation. Neutrophils 
predominantly express β2-integrins, while monocytes express 
both β1 and β2-integrins and lymphocytes express β1, β2, and 
β7-integrins (the α4β7 heterodimer mediates lymphocyte homing 
specifically to the intestinal endothelium). The β2-integrins 
CD11a/CD18 (leukocyte function-associated antigen-1 [LFA-1] 
or αLβ2) and CD11b/CD18 (macrophage-1 antigen [Mac-1] or 
αMβ2) bind to ICAM-1 on endothelial cells. CD11a/CD18 also 
binds to ICAM-2 and is expressed on neutrophils in their basal 
state. ICAM-1 and ICAM-2 are the most prominent members 
of the immunoglobulin superfamily of adhesion molecules and 
are expressed on endothelial cells in the basal state. They bind 
to β2-integrins expressed on the surface of adhering leukocytes 
[130]. ICAM-2 is expressed at higher levels than ICAM-1. 
ICAM-2 expression is not increased by cytokine stimulation, 
whereas ICAM-1 expression is enhanced by IL-1, TNF-α, and 

Figure 17.9 Adhesion and transmigration of 
leukocytes during intestinal inflammation. 
Leukocytes adhere to the vascular 
endothelium through cellular adhesion 
molecules. The processes of rolling and 
activation are dependent on selectins, 
whereas adhesion, aggregation, and 
transmigration are dependent on integrins. 
In the gut, the endothelial adhesion 
molecules that mediate these processes 
include mucosal addressin cell adhesion 
molecule-1 (MAdCAM-1), with its natural 
ligand on leukocytes being integrin α4β7, 
and vascular cell adhesion molecule 1 
(VCAM-1) that binds α4β1.
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cell trafficking to inflamed tissues of the intestine. Similar 
approaches may prove efficacious for other immune-mediated 
diseases of the gastrointestinal and hepatobiliary systems.

Leukocyte chemotaxis and activation
The migration of neutrophils across a polarized epithelium and 
into the lumen is a characteristic event of the active phase of 
several inflammatory diseases that affect the gastrointestinal 
and hepatobiliary tracts, including H. pylori gastritis, ulcerative 
colitis, Crohn’s disease, bacterial enterocolitis, cholangitis, and 
acute cholecystitis. After the neutrophil has adhered to the 
endothelium and passed between the endothelial cells, it must 
migrate to the site of bacterial invasion or other injury by a 
process called chemotaxis. Upon entering the affected tissue, the 
neutrophil must acquire the ability to produce reactive oxygen 
species in maximal amounts [143]. The process of enhancing 
the capacity of the neutrophil for producing reactive oxygen 
species is called priming, and the stimulation of their produc-
tion is called activation.

Chemoattractants are molecules that stimulate the migration 
of neutrophils, monocytes, eosinophils, and other cells. 
Chemotaxis is the migration of a cell in the direction of the 
higher concentration of chemoattractant. Chemotactic agents 
act by binding to specific receptors on the leukocyte plasma 
membrane, which triggers signaling, reorganization of the 
cytoskeleton, and movement of the leukocyte. Among the 
agents that induce neutrophil chemotaxis are chemokines such 
as IL-8 (CXCL8), components of the bacterial infiltrate such as 
formylmethionylleucylphenylalanine (fMLP), the complement 
component C5a, platelet-activating factor, and leukotriene B4 
(LTB4). Each chemotactic agent has a separate receptor on the 
neutrophil plasma membrane. The direction of neutrophil 
migration after the binding of a chemoattractant to its receptor 
is determined by the location of the receptor on the neutrophil 
membrane. Receptors are distributed over the surface of the 
cells, and migration occurs in the direction of the receptor 
where ligand binding has occurred. Monocytes and eosinophils 
also are capable of chemotaxis, but they respond to a different 
range of agents.

The adhesion of neutrophils and monocytes to endothelial 
cells and their migration to the site of inflammation are two 
highly integrated components of the inflammatory response. 
The regulation of these events is coordinated by cytokines, 
chemokines, and inflammatory mediators. A single biological 
event, such as the phagocytosis of bacteria by a macrophage, 
results in the production of agents (e.g., IL-1) that induce the 
expression of adhesion molecules but not neutrophil chemo-
taxis, and other agents (e.g., IL-8 and LTB4) that induce the 
expression of adhesion molecules and neutrophil chemotaxis. 
Some soluble mediators, such as eosinophil chemotactic factor, 
are chemotactic for only one cell type, whereas others act on 
multiple cell types. Thus, the mediators that induce the expres-
sion of adhesion molecules and leukocyte chemotaxis constitute 
a complex and highly redundant network (Figure 17.10). In 

selective expression of MAdCAM-1 on certain endothelial pop-
ulations. Regulated expression of selectins, integrins, and adhe-
sion molecules controls the migration of naïve lymphocytes into 
Peyer patches through high endothelial venules and the subse-
quent homing of activated memory lymphocytes into the effec-
tor compartments of the loosely affiliated lamina propria. In 
addition, a highly specific chemokine receptor, CCR9, is 
expressed on T cells that selectively migrate to the intestine 
[136]. CCR9+ lymphocytes bind to a single chemokine ligand 
called CCL25, or TECK, which is specifically expressed in the 
gastrointestinal tract.

Antiadhesion molecule therapy in  
gastrointestinal disease
Adhesion molecules are gatekeepers to circulating immune cells 
programmed to home to areas of intestinal inflammation. 
Interactions between integrins and adhesion molecules permit 
neutrophils, monocytes, and lymphocytes to cross the endothe-
lial barrier and enter the inflamed lamina propria. Therapeutic 
strategies that block the ability of immune cells to migrate into 
the inflamed intestine could therefore be very effective for the 
treatment of acute and chronic inflammatory disorders of the 
gastrointestinal tract. This concept has been demonstrated in 
animal models of IBD in which blockade of ICAM-1 attenuates 
acute ileitis in the SAMP1/Yit mouse model of human Crohn’s 
disease; similar results are seen in rats with chemically induced 
colitis [137,138]. As a result, drug development strategies target-
ing adhesion molecules in humans first focused on the β2-
integrin/ICAM-1 interaction. Although blockade of ICAM-1 
using antisense oligonucleotide therapy (alicaforsen, ISIS-2302) 
was inconclusive for the treatment of Crohn’s disease, it may be 
effective for ulcerative colitis [139,140].

Subsequent experimental therapies for Crohn’s disease have 
focused on monoclonal antibodies against the α4 integrin, spe-
cifically blocking the interaction between α4β7 and MAdCAM-
1, which is expressed in the gastrointestinal tract and significantly 
upregulated during intestinal inflammation. Natalizumab, an 
anti-α4 monoclonal antibody therapy was the first of these 
drugs to be approved by the FDA for the treatment of Crohn’s 
disease, but its use was subsequently associated with of the rare 
occurrence of progressive multifocal leukoencephalopathy 
(PML). This may be due to the fact that natalizumab is an anti-
α4 monoclonal antibody and thus neutralizes both α4β7 and 
α4β1. However, based on its demonstrated clinical efficacy 
natalizumab continues to be available to patients under highly 
regulated and heavily monitored conditions [141]. Vedolizumab 
(MLN02), a second humanized antibody that more specifically 
targets the entire α4β7 integrin heterodimer (as opposed to α4 
alone), is currently under development, and early clinical studies 
indicate it to be safe and efficacious in patients with ulcerative 
colitis [142]. Finally, the intestinal-specific CCR9/CCL25 lym-
phocyte homing pathway has also been targeted for therapeutic 
manipulation in IBD. These novel therapeutic approaches rep-
resent an evolving new class of drugs for IBD that target immune 
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factor (GM-CSF), or lipopolysaccharide, which enhances their 
ability to make reactive oxygen species. Neutrophils can also be 
primed by exposure to the extracellular matrix. Exposure to 
C5a, LTB4, or fMLP can activate the neutrophil respiratory burst 
with the production of superoxide, singlet oxygen, and hydroxyl 
radical. More typically, activation of the respiratory burst in 
neutrophils is the result of the phagocytosis of bacteria, which 
neutrophils kill with reactive oxygen species generated intracel-
lularly within the phagosome. Although the generation of reac-
tive oxygen species serves the useful purpose of killing bacteria, 
considerable evidence indicates that reactive oxygen species 
produced by neutrophils contribute to the tissue destruction 
seen in acute and chronic inflammatory diseases of the gastroin-
testinal tract, including IBD [144].

Neutrophil response to bacterial infection
Study of the chemotactic agents that affect neutrophils reveals 
connections between neutrophil chemotaxis and bacterial 
infection. The nature of the agents that induce neutrophil chem-
otaxis suggests that the inflammatory response evolved to deal 
with bacterial infections. fMLP is a synthetic peptide that 
mimics the activity of bacterially derived peptides with 
formylated N-terminal methionine groups. The binding of 
fMLP to its receptor results in the migration of neutrophils 

chronic inflammatory diseases, multiple agents that induce leu-
kocyte adhesion and chemotaxis act in parallel. The redundancy 
suggests that therapeutic agents aimed at one specific element 
in this complex network may not successfully block the inflam-
matory response.

The complexity of the network of chemotactic agents raises 
the question of whether all of these factors operate in every 
gastrointestinal inflammatory event, or whether some factors 
are prominent in certain inflammatory events but not in others. 
The composition of the inflammatory infiltrate may yield some 
insight. For example, a large number of eosinophils suggest the 
presence of eosinophil chemotactic factors. In most inflamma-
tory states, it is likely that more than one chemotactic factor is 
operative and that different factors are more or less prominent 
as the inflammatory response develops. In response to infec-
tious agents, neutrophil infiltration typically occurs within a few 
hours and monocyte infiltration occurs later, suggesting that 
factors promoting neutrophil chemotaxis appear earlier in the 
development of inflammation than those promoting monocyte 
chemotaxis.

Circulating neutrophils do not produce the maximum 
amount of reactive oxygen species that they are capable of pro-
ducing. After entering the tissue, neutrophils are primed by 
IL-1, TNF-α, granulocyte macrophage colony-stimulating 

Figure 17.10 Network of chemotactic factors during intestinal inflammation. In the intestine, multiple cell types in the epithelium and lamina propria 
are capable of producing chemotactic factors including eosinophil chemotactic factor (ECF), transforming growth factor-β (TGF-β), leukotriene B4 
(LTB4), interleukin (IL)-1, IL-8, platelet-activating factor (PAF), and interferon (IFN)-γ. Some inflammatory cells, especially macrophages and 
neutrophils, produce several of these factors, which can be specific for one cell type or multiple cell types.
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infection but also for achieving and maintaining a high level of 
infection, as well as achieving colonization of all regions of the 
stomach [149]. The neutrophil-activating protein of H. pylori, 
HP-NAP, is a virulence factor that stimulates the transmigration 
of neutrophils across the endothelium and into the inflamed 
gastric mucosa. HP-NAP is also capable of inducing activated 
neutrophils of the innate immune response to express IL-12 and 
IL-23, which in turn promote an adaptive Th1 polarizing 
immune response within the H. pylori-infected mucosa [150].

Neutrophil migration has been studied more extensively in 
ulcerative colitis than in other gastrointestinal diseases. 
Ulcerative colitis is characterized by a massive influx of neu-
trophils into colonic sites of active inflammation. In contrast, 
defective neutrophil recruitment to inflamed lesions of the gas-
trointestinal tract is a primary pathological abnormality associ-
ated with Crohn’s disease, the other IBD [151]. Chemokines are 
chemotactic cytokines that both promote leukocyte migration 
to areas of inflammation and initiate leukocyte activation. They 
are divided into four subfamilies (C, CC, CXC, and CCXC) 
based upon their structure. Mucosa affected by ulcerative colitis 
has high levels of several important chemokines and neutrophil 
chemotactic factors, including CXCL8, growth-related onco-
gene (GRO)-α (CXCL1), and LTB4 [152,153]. In ulcerative 
colitis, production of CXCL8 by both macrophages and epithe-
lial cells is induced by IL-1 and TNF-α, proinflammatory 
cytokines that are produced at increased levels. LTB4 is pro-
duced primarily by activated neutrophils, and the mucosa 
affected by ulcerative colitis is heavily infiltrated with activated 
neutrophils. Inhibitors of 5-lipoxygenase, the key enzyme in the 
synthesis of LTB4, are effective in the treatment of chemically 
induced animal models of colitis. Based on these animal studies, 
clinical trials of an inhibitor of 5-lipoxygenase and an inhibitor 
of 5-lipoxygenase-activating protein (FLAP) were performed in 
patients with acute ulcerative colitis. However, no differences  
in clinical response rates were observed between treated and 
untreated patients [154]. The failure of leukotriene synthesis 
inhibitors in human trials, despite success in animal models, 
may reflect the fact that inflammation had been present for 
weeks to months in the patients with ulcerative colitis, allowing 
time for the development of a more complex and redundant 
network of chemotactic agents.

Cytokines
Cytokines are an ever-expanding group of small protein hor-
mones secreted by a variety of cell types, including immune cells 
(e.g., lymphocytes and macrophages) and nonimmune cells 
(e.g., endothelium, epithelium, fibroblasts, and smooth muscle 
cells). These regulatory proteins have autocrine, paracrine, and 
endocrine functions, and mediate immunity, inflammation, and 
hematopoiesis. Cytokines are produced de novo in response to 
immune stimulation. They generally act in a temporally and 
spatially limited manner, at very low concentrations. Cytokines 
have a high level of redundancy in their effector functions, 
which include regulating the expression of membrane-bound 

towards the bacteria [145]. The chemokine CXCL8 (IL-8) is 
produced by a variety of cell types, including intestinal epithelial 
cells and activated monocytes. Intestinal epithelial cells produce 
CXCL8 when infected with invasive bacterial species such as 
Salmonella [146]. CXCL8 serves as an early warning system for 
host events by triggering the influx of neutrophils to sites of 
bacterial invasion in the intestine. C5a production is also part 
of the immune response to bacterial invasion [147]. The binding 
of immunoglobulins to invading bacteria results in complement 
activation and the production of C5a, which attracts neutrophils 
to the site of the antibody-coated bacteria. Platelet-activating 
factor and LTB4 are secondary amplification agents for the 
inflammatory response. Phagocytosis of invading bacteria acti-
vates neutrophils and macrophages, resulting in the production 
of platelet-activating factor and LTB4, which in turn induce the 
migration of other neutrophils and macrophages to the site of 
bacterial invasion [148]. Thus, each of the neutrophil chemoat-
tractant receptors can be related, directly or indirectly, to neu-
trophil migration to sites of bacterial infection. The multiplicity 
of mechanisms stimulating neutrophil migration towards sites 
of bacterial infection suggests the evolutionary importance of 
this response.

fMLP is a molecule of particular interest in neutrophil chem-
otaxis and activation in the gut [145]. Escherichia coli and other 
bacteria found in the normal colon produce a series of 
formylated oligopeptides, of which fMLP is the prototype. These 
formylated oligopeptides bind to fMLP receptors on neutrophils 
and macrophages. The intact epithelial monolayer acts as a 
barrier to the passage of fMLP, preventing the activation of 
lamina propria neutrophils by fMLP. Diseases marked by defects 
in the epithelial monolayer result in the exposure of lamina 
propria neutrophils to fMLP and the recruitment of additional 
neutrophils to the area of epithelial damage. Neutrophils have 
two classes of fMLP receptors: high-affinity receptors and low-
affinity receptors. Binding of fMLP to the high-affinity receptor 
results in chemotaxis; binding to the low-affinity receptor acti-
vates the respiratory burst and other neutrophil functions 
involved in bacterial killing, suggesting a mechanism mediated 
by high-affinity fMLP receptors, by which neutrophil migration 
is induced by low concentrations of a bacterial product at a 
considerable distance from the bacteria. As the neutrophils 
migrate toward the bacteria, the concentration of fMLP increases 
and low-affinity receptors are activated. Binding of fMLP to 
low-affinity receptors initiates a series of events, particularly 
activation of the enzymes required for producing reactive 
oxygen species that prepare the neutrophils for bacterial killing.

Leukocyte chemotaxis in gastrointestinal disease
The activities of leukocyte chemotactic agents can be disease 
specific. Infection with the ulcer-causing pathogen H. pylori is 
characterized by the continuous recruitment of neutrophils to 
the inflamed gastric tissues. The H. pylori bacterium contains 
several chemotactic signaling proteins (cheW, cheA, and cheY) 
that are essential not only for the establishment of H. pylori 



The mucosal immune system and gastrointestinal inflammation CHAPTER 17   305

The relationship between chronic active inflammatory states 
and the development of malignancies is well established. 
Hepatitis B and hepatitis C can lead to hepatocellular carci-
noma, and infection with certain strains of human papilloma 
virus can cause cervical cancer. Within the gastrointestinal tract, 
ulcerative colitis is associated with an elevated risk of develop-
ing colorectal cancer, and infection with H. pylori is a risk factor 
for gastric carcinoma. Although the mechanisms by which a 
chronic inflammatory response leads to carcinoma are still 
unclear, cytokine production may be an integral part of the 
process. Genetic polymorphisms for the proinflammatory 
cytokine IL-1β are associated with an elevated relative risk of 
developing gastric cancer [157]. In addition to its proinflamma-
tory properties, IL-1 is also a potent inhibitor of acid secretion. 
Whether or not these polymorphisms are causative for gastric 
cancer remains unknown. However, the associations emphasize 
the importance of cytokines as mediators of inflammatory 
responses and tumorigenicity. Cytokine polymorphism profiles 
may also prove to be useful screening tools for identifying 
patients at risk of developing gastric carcinomas.

In chronic inflammatory diseases that result from a dysregu-
lated immune response to pathogens, neutralizing monoclonal 
antibodies targeting key proinflammatory cytokines can miti-
gate inflammation and restore gut homeostasis. A classic 
example of such cytokine-targeted therapies is the use of anti-
TNF monoclonal antibodies to treat IBD. In clinical trials, the 
chimeric anti-TNF monoclonal antibody infliximab induced a 
clinical response in more than 60% of patients with steroid-
refractory and fistulizing Crohn’s disease and nearly 70% of 
patients with steroid-refractory ulcerative colitis [158–160]. 
Similar results were seen with other anti-TNF monoclonal anti-
bodies (adalimumab, golimumab, and certolizumab pegol) 
[161–163]. Anti-TNF drugs have become valuable additions to 
the cache of available treatments for IBD. The therapeutic 
success of these agents underscores the importance of cytokines 
as mediators of gastrointestinal inflammation.

Lipid mediators of inflammation
Prostaglandins, leukotrienes, and platelet-activating factor are 
referred to collectively as lipid mediators of inflammation. They 
are produced under many circumstances by the same cell types 
in response to similar stimuli. Phagocytosis in macrophages 
results in the production of prostaglandin E2 (PGE2), LTB4, and 
platelet-activating factor. Although the lipid mediators are 
structurally distinct, they have many overlapping biological 
effects: PGE2, LTB4, and platelet-activating factor enhance vas-
cular permeability; LTB4 and platelet activating factor activate 
neutrophils.

Prostaglandins and leukotrienes are the products of arachi-
donic acid metabolism and are referred to as eicosanoids 
[153,164,165]. Prostaglandins are produced through the 
cyclooxygenase (COX) pathway, whereas leukotrienes are pro-
duced through the 5-lipoxygenase pathway. Two distinct 
cyclooxygenases are involved in prostaglandin synthesis. COX-1 

proteins (including cytokine receptors) and regulating the pro-
liferation, differentiation, and secretion of effector molecules. 
This redundancy, along with the pleiotropism of cytokine 
action, creates a complex network of cytokines that are difficult 
to classify.

Classification schemes for cytokines have focused on their 
functional roles (e.g., effector molecules vs regulatory mole-
cules) and on the cells that produce them (e.g., Th1, Th2, Th17, 
Treg). For example, Th1 cells predominantly secrete IL-2 and 
IFN-γ and are associated with cell-mediated immunity; Th2 
cells predominantly secrete IL-4, IL-5, IL-10, and IL-13 and are 
associated with humoral immunity; Th17 cells predominantly 
secrete IL-17and IL-22 and are associated with autoimmunity 
and extracellular bacterial responses; and Treg cells predomi-
nantly secrete IL-10 and TGF-β and are associated with suppres-
sion [155]. Despite the appeal of defining cytokines and T-cell 
clones in this manner, the pleiotropism and redundancy of 
cytokine action makes such classification difficult. For example, 
Th17 cells can switch from predominant IL-17 production to 
production of IFN-γ, a prototypic Th1 cytokine. These issues 
are important considering the increased evidence that certain 
idiopathic diseases, such as IBD, and inappropriate immune 
responses to certain infectious pathogens may be associated 
with distinct cytokine profiles.

The redundancy in cytokine effects is likely related to redun-
dancy in their receptors, many of which are composed of 
common subunits shared between receptors. Cytokine recep-
tors are grouped into families and exert their effects by activat-
ing intracellular signaling pathways within a target cell. The 
hematopoietic cytokine receptor (R) family includes many of 
the interleukin receptors. A common feature of these receptors 
is that they function as multimers with each other and other 
nonhematopoietic cytokine receptor family members, such as 
IL-2αR or IL-15αR. The interferon receptor family includes the 
receptors for type I interferons (IFN-α and IFN-β) and type II 
interferon (IFN-γ); they share extracellular fibronectin-like 
domains with the hematopoietic cytokine receptors. There are 
two receptors for TNF-α, p55 (TNFR1) and p75 (TNFR2), 
which are homologous to CD95 (Fas antigen), CD40, CD27, 
and nerve growth factor receptor, and which are involved in 
proliferation and programmed cell death (apoptosis) [156]. 
Chemokine receptors are seven membrane-spanning G protein-
linked receptors that are coupled to cell activation through 
calcium mobilization.

Cytokine expression in the gastrointestinal tract is tightly 
regulated to maintain homeostasis between proinflammatory 
and antiinflammatory cytokines. Some of the mechanisms used 
to regulate this balance include soluble cytokine receptors, such 
as the IL-18 binding protein (IL-18BP), which competitively 
binds secreted IL-18 and neutralizes its activity, and naturally 
occurring receptor antagonists, such as the IL-1 receptor antag-
onist (IL-1ra) [156]. IL-1ra specifically inhibits the proinflam-
matory actions of IL-1 by competitively binding to IL-1 receptors 
located on target cells with no known agonistic effects.
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than the original inhibitors, which block both COX-1 and 
COX-2; however, large clinical trials of both drugs have shown 
that long-term use is associated with an increased risk of cardio-
vascular events [167–169].

Production of leukotrienes is dependent on the 5-lipoxygenase 
pathway. The cellular distribution of 5-lipoxygenase is much 
more limited than that of COX-1 and COX-2. LTB4, a potent 
neutrophil chemoattractant, is produced by neutrophils, mac-
rophages, and mast cells. The peptidylleukotrienes (LTC4, LTD4, 
and LTE4) are made in macrophages, mast cells, and eosinophils. 
They increase vascular permeability and induce vasoconstric-
tion and smooth muscle contraction, and they may induce epi-
thelial Cl− secretion.

Inflamed mucosa from patients with Crohn’s disease and 
ulcerative colitis contains markedly elevated levels of PGE2 and 
LTB4 [170]. Analysis of neutrophil chemotaxis in ulcerative 
colitis showed that LTB4 is a major neutrophil chemoattractant; 
however, randomized controlled trials in which 5-lipoxygenase 
inhibitors are used as single therapeutic agents have not shown 
effective results in treating ulcerative colitis [154,171].

In many inflammatory diseases, NSAIDs, which block COX-1 
and COX-2 production, diminish inflammation and relieve 
clinical symptoms; however, in ulcerative colitis, NSAIDs may 
exacerbate clinical activity. Elevated PGE2 levels in ulcerative 
colitis are associated with enhanced COX-2 expression. 
Immunohistochemical studies demonstrated COX-2 expression 
in epithelial cells from inflamed tissue affected by ulcerative 
colitis [172].

Platelet-activating factor is a phosphatidylcholine with an 
ether-linked alcohol fatty acid on the first carbon and an acyl-
linked acetyl group on the second carbon. There are no intracel-
lular stores of platelet-activating factor and its synthesis is 
initiated by the remodeling of phosphatidylcholine through  
the activation of phospholipase A2. Platelet-activating factor is 
made by neutrophils, macrophages, mast cells, and eosinophils, 
and it is often produced in parallel with prostaglandins and 
leukotrienes. The biological effects of platelet-activating factor 
include enhanced vascular permeability, vasoconstriction, 
platelet aggregation, neutrophil chemotaxis, smooth muscle 
contraction, and epithelial Cl− secretion. Many of these biologi-
cal effects overlap with those of prostaglandins and leukotrienes. 
Platelet-activating factor is rapidly degraded to the inactive 
metabolite lyso-platelet-activating factor by the enzyme acetyl-
hydrolase. Acetylhydrolase has both intracellular and secreted 
forms. Intestinal epithelial cells secrete acetylhydrolase, which 
may be an important mechanism for the defense of the gastroin-
testinal tract against platelet-activating factor [173,174].

A novel class of lipid mediators called resolvins may play an 
important role in resolution of inflammatory processes. Failure 
to restore homeostasis after an inflammatory insult may result 
in fibrosis and scarring and persistence of inflammation. In the 
context of experimental colitis, omega-3 polyunsaturated fatty 
acids, including eicosapentanoic acid (EPA) and docosahexae-
noic acid (DHA), lead to the production of the lipid mediator 

is a constitutive enzyme found in most mammalian cell types. 
In the gastrointestinal tract, COX-1 is expressed in lamina 
propria mononuclear cells, fibroblasts, muscle cells, epithelial 
cells, and vascular endothelial cells. COX-2 is expressed in 
response to inducing stimuli, including IL-1, TNF-α, and other 
proinflammatory cytokines. COX-2 expression can be induced 
in macrophages, fibroblasts, epithelial cells, and other cell types.

Under most circumstances, the rate-limiting step in the syn-
thesis of prostaglandins is the availability of arachidonic acid. 
Under basal conditions, cells have almost no free arachidonic 
acid. The activation of phospholipases (particularly phospholi-
pase A2) makes arachidonate available by releasing it from 
membrane phospholipids. A wide variety of stimuli can activate 
phospholipase A2, resulting in the release of arachidonate. 
Phagocytosis in macrophages activates phospholipase A2, as do 
receptor-mediated events such as the binding of bradykinin to 
its receptor. Activation of phospholipase typically results in the 
rapid release of arachidonate and the production of prostaglan-
dins within a few seconds up to 1 or 2 min. Synthesis of pros-
taglandins can also be regulated by the infiltration of 
prostaglandin-producing cells into the gastrointestinal tract. 
The large increase in prostaglandin levels in IBD may reflect the 
trafficking of prostaglandin-producing monocytes and macro-
phages into the lamina propria. A third mechanism for the 
regulation of prostaglandin production is the promotion of the 
synthesis of COX-1 and COX-2. Synthesis of COX-2 can be 
induced by proinflammatory cytokines (e.g., IL-1, TNF-α) and 
phorbol esters, and occurs over a few hours. Thus, the regulation 
of prostaglandin production by the induction of COX-2 occurs 
over a longer time frame than the regulation of prostaglandin 
production by phospholipase activation.

Among the products of arachidonic acid metabolism through 
the COX pathway are PGE2, thromboxane A2, and prostacyclin. 
PGE2 is made by macrophages, epithelial cells, and fibroblasts, 
and has several biological functions that suggest a role in inflam-
mation and tumor growth. The binding of PGE2 to its receptor 
initiates a signaling cascade that controls cell proliferation and 
migration, apoptosis, and angiogenesis. PGE2 is also capable of 
stimulating tumor metastasis and inhibiting tumor surveillance 
through the downregulation of cytokine production and NK 
cell activity. Finally, PGE2 can cause DNA oxidation, which can 
lead to carcinogenic mutations. Epidemiological studies of 
colorectal cancer have demonstrated that the use of nonsteroi-
dal antiinflammatory drugs (NSAIDs), which block cyclooxy-
genase activity and inhibit PGE2 production, are associated with 
a lower incidence of colorectal cancer [166]. These studies 
further point to the link between chronic inflammation and the 
subsequent development of malignancy, and have resulted in a 
renewed interest in NSAIDs as chemopreventive agents for 
patients who are at high risk for developing colorectal cancer, 
including patients with ulcerative colitis, familial adenomatous 
polyposis, or hereditary nonpolyposis colon cancer. Newer 
NSAIDs (e.g., celecoxib, rofecoxib) selectively block COX-2 
production and were hypothesized to have better safety profiles 
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IL-1, TNF-α, IFN-γ, and lipopolysaccharide induce iNOS in 
epithelial cells in vitro. However, a critical question is whether 
or not nitric oxide plays a pathogenic or protective role during 
intestinal inflammation [185]. Many studies have demonstrated 
that the biological effects of nitric oxide are organ specific and 
vary depending on the amount, the timing of production, and 
the particular inflammatory state. Administration of nitric 
oxide is protective to the intestinal mucosa, and results in main-
tenance of blood flow, inhibition of platelets and leukocyte 
adhesion, downregulation of mast cell reactivity, and reduction 
of superoxide-induced damage. However, increased production 
of iNOS-induced nitric oxide by intestinal epithelial cells is 
associated with prolonged colonic inflammation. Studies using 
animal models of colitis have generated interesting hypotheses 
regarding the complex role of nitric oxide in intestinal inflam-
mation. Animal models of chemically induced colitis that used 
NOS inhibitors to block nitric oxide production produced con-
flicting results – nitric oxide either improved or exacerbated  
the colitis [186–191]. Time-dependent studies of endotoxin-
induced vascular damage have shown that early administration 
of NOS inhibitors results in increased tissue damage, whereas 
late administration results in a dose-dependent reduction in 
damage [192]. The specific NOS isoform has also been proposed 
to be a factor influencing the beneficial or pathogenic effects  
of nitric oxide in intestinal inflammation. However, studies 
using mice that lack specific NOS isoforms (e.g., nNOS−/−, 
eNOS−/−, iNOS−/−) have also produced conflicting results 
[193,194]. A possible explanation may be that iNOS-induced 
nitric oxide is protective during the early phases of acute inflam-
mation but that continuous overproduction during chronic 
inflammation contributes to inflammation.

Intestinal epithelial cells
Intestinal epithelial cells interact with the inflammatory response 
at several levels. The secretion of electrolytes and water by epi-
thelial cells is an important part of the gastrointestinal response 
to inflammation. The interaction of inflammation and epithelial 
cell electrolyte and water secretion has been studied by assessing 
the effects of individual inflammatory mediators on electrolyte 
and water secretion, or by identifying the mediators that regu-
late electrolyte and water secretion in specific inflammatory 
states. Histamine, PGE2, serotonin (5-hydroxytryptamine, 
5-HT), and LTB4 are just a few of the inflammatory mediators 
that induce epithelial cell Cl− secretion (Figure 17.11). Neural 
mechanisms also affect epithelial cell Cl− secretion directly or 
indirectly through inflammatory cells. The neurotransmitter 
acetylcholine induces Cl− secretion in epithelial cells directly 
[195]. Neuropeptides such as substance P, VIP, and neuropep-
tide Y induce mast cell activation, resulting in the release of 
histamine and 5-HT and thus the activation of epithelial cell 
Cl− secretion [196]. Cl− secretion is accompanied by Na+ secre-
tion and, consequently, by the passage of water across the epi-
thelium into the intestinal lumen. Diarrhea is the clinical 
manifestation of the enhanced enterocyte Cl− secretion induced 

resolvins. The resolvins have been shown to halt the influx of 
neutrophils [175] and macrophages [176] and to downregulate 
inflammatory pathways and the production of proinflammatory 
cytokines and chemokines [177]. Resolvin-E1 is derived from 
EPA and has been shown to decrease inflammation in 
2,4,6-trinitrobenzene sulfonic acid-induced colitis.

Nitric oxide
Nitric oxide is a small, biologically active compound formed 
when nitric oxide synthase (NOS) oxidizes the guanidine nitro-
gen of arginine. The biological effects of nitric oxide include 
actions as a vasodilator, a neurotransmitter, and an important 
component of the inflammatory response [178,179].

The three distinct isoforms of NOS differ in their cofactor 
requirements, tissue distribution, transcriptional regulation, 
and posttranscriptional modification. Neuronal NOS (nNOS) is 
constitutively expressed and is found in neuronal tissue. The 
nitric oxide produced by nNOS is the principal nonadrenergic 
noncholinergic (NANC) neurotransmitter in the gastrointesti-
nal tract. nNOS is found in enteric nerves in the myenteric 
plexus and circular muscle and is present in neurons containing 
vasoactive intestinal polypeptide (VIP) [180]. Nitric oxide pro-
duced by nNOS participates in the control of peristalsis and 
sphincter function in the gut. Impaired nitric oxide production 
through nNOS may contribute to several disorders of bowel 
motility, including achalasia, functional dyspepsia, diabetic gas-
troparesis, infantile hypertrophic pyloric stenosis, intestinal 
pseudoobstruction, and colitis [181].

Endothelial NOS (eNOS) is also constitutively expressed and 
was originally found in endothelial cells, although it is also 
present in epithelial cells, smooth muscle cells, platelets, and T 
cells. Nitric oxide produced by endothelial cells relaxes vascular 
smooth muscle cells and dilates the vasculature. Inhibition of 
eNOS in vivo causes an increase in blood pressure and hyper-
tension is the major side effect of nonspecific NOS inhibitors. 
nNOS and eNOS synthesize nitric oxide in relatively small 
quantities.

Unlike nNOS and eNOS, which are constitutively expressed, 
the third NOS isoform, inducible NOS (iNOS), can be induced 
by proinflammatory cytokines (e.g., IL-1, TNF-α, IFN-γ) and 
by bacterial lipopolysaccharide. iNOS is produced in nanomo-
lar concentrations compared with nNOS and eNOS, which are 
produced in picomolar concentrations. Therefore, iNOS pro-
duces nitric oxide in quantities that greatly exceed those required 
for its physiological function as a vasodilator or neurotransmit-
ter. In addition, nitric oxide production by iNOS is delayed for 
several hours after stimulation but remains active for up to 5 
days. In macrophages, the large quantity of nitric oxide pro-
duced by iNOS is used for killing bacteria and tumor cells [182]. 
Nitric oxide works in conjunction with reactive oxygen species 
(i.e., hydroxyl radical, superoxide, and hydrogen peroxide) gen-
erated within phagosomes to kill phagocytosed bacteria.

iNOS is induced in intestinal epithelial cells in inflammatory 
states, such as IBD, infectious colitis, and diverticulitis [183,184]. 
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These data suggest that, even in this simple model, more than 
one inflammatory mediator contributes to the increase in Cl− 
secretion, and the mediators involved indicate that more than 
one cell type produces mediators. Histamine and 5-HT are 
products of mast cell activation. PGE2, the prostaglandin most 
likely to be involved in Cl− secretion, is produced by fibroblasts 
or epithelial cells themselves. In a similar study, challenge of 
Trichinella-immunized rats with Trichinella larvae resulted in 
increased intestinal fluid secretion [198]. Treatment of the rats 
with the combination of indomethacin (indometacin), a COX 
inhibitor, and diphenhydramine ablated the increase in the fluid 
secretion induced by exposure to Trichinella. In the Trichinella 
model, increased fluid secretion is caused by a combination of 
prostaglandins and histamine, whereas in the egg albumin 
model, increased secretion results from a combination of pros-
taglandins, histamine, and 5-HT. Stimulation of intestinal epi-
thelial cells with proinflammatory cytokines such as TNF-α and 
IFN-γ inhibits Cl− secretion. Interestingly, pretreatment with 
probiotics or commensal bacteria, which are essential to the 
normal development of the mucosal immune system, restores 
normal levels of Cl− secretion, suggesting a possible role for 
these agents in gastrointestinal inflammatory disorders [199].

Epithelial barrier function
The epithelium serves as a barrier that physically separates 
lumenal antigens from the lamina propria inflammatory cells, 

by these mediators. These same inflammatory mediators induce 
the secretion of mucus by goblet cells in the gastrointestinal 
tract. Diarrhea protects the host from infectious agents and 
their toxins by speeding their passage through the gastrointes-
tinal tract and out of the organism. Mucus secretion protects 
the host from infectious agents in the gastrointestinal tract by 
preventing the binding of the infectious agents and their toxins 
to intestinal epithelial cells.

The interaction of inflammation and epithelial electrolyte and 
water secretion has also been studied by identifying the inflam-
matory mediators that regulate electrolyte and water secretion 
in specific inflammatory conditions. One relatively simple 
animal model of intestinal inflammation is the sensitization of 
rats to egg albumin followed by antigenic challenge. In this 
model, antigenic challenge results in increased Cl− secretion 
and increased paracellular permeability [197]. The increase in 
paracellular permeability was demonstrated by the increase in 
the uptake of chromium 51-EDTA from the intestinal lumen 
after antigen challenge of previously sensitized rats. The relative 
contribution of various inflammatory mediators to the increase 
in Cl− secretion seen in this model was tested with a series of 
blocking agents. Ketanserin (a 5-HT antagonist), diphenhy-
dramine (a histamine H1 antagonist), and piroxicam (a COX 
inhibitor) inhibited egg albumin-induced Cl− secretion by 30%, 
42%, and 52% respectively. The combination of piroxicam and 
diphenhydramine inhibited the secretory response by 82%. 

Figure 17.11 Epithelial barrier structure and function. The epithelium serves as a barrier that separates lumenal antigens from the inflammatory cells of 
the lamina propria. The epithelial barrier is regulated by paracellular pathways that are controlled by tight junctions between adjacent epithelial cells. 
Tight junctions are composed of several tight junctional proteins, including occludins, members of the claudin family, the junctional adhesion molecule 
(JAM)-1, ZO-1, ZO-2, ZO-3, f-actin, and E-cadherin. The tight junctional proteins function together as a complex with actin, myosin, and myosin light 
chain kinase (MLCK) to regulate selective intestinal permeability through the epithelial barrier (inset). The secretion of electrolytes and water by epithelial 
cells is an important component of the gastrointestinal response to inflammation. Histamine, prostaglandin E2 (PGE2), serotonin (5-HT), and leukotriene 
C4 (LTC4) are inflammatory mediators that induce epithelial cell Cl− secretion within the intestine. Neuropeptides, such as vasoactive intestinal 
polypeptide (VIP), induce mast cell activation with release of histamine and 5-HT, resulting in epithelial cell Cl− secretion. Cl− secretion is accompanied 
by Na+ secretion and, consequently, by the passage of water across the epithelium into the intestinal lumen, with resulting diarrhea. IFN-γ, interferon-γ; 
IgAR, receptor for immunoglobulin A; MHC II, major histocompatibility complex class II molecules; TNF, tumor necrosis factor.
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sor activity, an activity that may contribute to the suppressor 
tone of the intestine [211,212].

Epithelial cell gene expression
In the presence of inflammation, epithelial cells express a series 
of genes that are not expressed in the absence of inflammation, 
including genes coding for COX-2 [172,213], iNOS [183,214], 
and IL-8 [146]. An immunohistochemical study of the human 
colon revealed expression of iNOS in epithelial cells from areas 
of inflammation in ulcerative colitis, Crohn’s disease, and diver-
ticulitis, but not in epithelial cells from uninflamed areas of the 
same surgical resections [183]. In parallel studies of the cellular 
distribution of iNOS and COX-2 in ulcerative colitis resections, 
both of these proteins were expressed in exactly the same popu-
lations of epithelial cells in areas of inflammation [172]. This 
colocalization suggests a common regulatory mechanism for 
the expression of these genes. The genes for IL-8, iNOS, and 
COX-2 each have an NF-κB site in their promoters. NF-κB is 
an important transcription factor in the regulation of the syn-
thesis of numerous inflammation-related proteins (e.g., TNF-α, 
IL-1, TLR-2, ICAM-1, E-selectin, IL-8, iNOS, and COX-2) 
[215].

NF-κB is a heterodimer that consists of p50 and p65 subunits. 
In unstimulated cells, NF-κB is bound to IκB-α, which is found 
in the cytoplasm. When cells are stimulated, IκB-α is phospho-
rylated and degraded, and NF-κB is released. The release of 
NF-κB from IκB-α allows NF-κB to enter the nucleus, where it 
binds to the promoter regions of target genes. NF-κB is acti-
vated by proinflammatory cytokines (e.g., TNF-α and IL-1), 
oxidants, phorbol esters, platelet activating factor, and lipopoly-
saccharide. The importance of NF-κB in the response to infec-
tion is demonstrated by the finding that mice lacking the p50 
subunit of NF-κB are unable to clear Listeria species and other 
organisms effectively [216]. However, given its many functions 
in regulating the immune response, cell cycle, and cell death, it 
is unclear whether NF-κB has potential as a therapeutic target 
for inflammatory disease [217]. Drug-induced inhibition of 
NF-κB could lead to serious detrimental effects on normal cel-
lular function and response.

Activation of NF-κB results in the parallel stimulation of a 
number of important genes involved in the innate and adaptive 
inflammatory responses. It is this parallel stimulation that prob-
ably accounts for the coexpression of iNOS and COX-2 in the 
same population of epithelial cells in ulcerative colitis. Activation 
of NF-κB results in the expression of genes including E-selectin, 
ICAM-1, IL-8, and TNF-α that allow for the coordinated 
expression of a series of proteins involved in the adhesion of 
neutrophils to the endothelium, the migration of neutrophils 
from the vascular space into gastrointestinal tissue, and the 
activation of those neutrophils. IL-1, TNF-α, and NF-κB are 
involved in a cycle of activation that results in amplification  
of the inflammatory response. IL-1 and TNF-α both 
activate NF-κB; in turn, the synthesis of IL-1 and TNF-α is 
promoted by the binding of NF-κB to response elements in their 

thus preventing activation of the inflammatory cells by antigen 
[200]. However, the epithelial barrier is not impenetrable and it 
has sophisticated mechanisms to regulate the trafficking of mac-
romolecules between the environment and the host, primarily 
through paracellular pathways that are controlled by tight junc-
tions (see Figure 17.11) [201,202]. Tight junctions were origi-
nally believed to be impermeable, but are now recognized to be 
composed of several tight junctional proteins (e.g., occludin, 
members of the claudin family, the junctional adhesion mole-
cule [JAM], ZO-1, ZO-2, and ZO-3) that function together as a 
complex to regulate selective intestinal permeability through 
the epithelial barrier. Tight junctions are dynamic structures 
that are capable of rapidly altering permeability in response to 
extracellular stimuli. Barrier disruption is seen in several gas-
trointestinal disorders, for example atrophic gastritis spontane-
ously occurs in transgenic mice deficient in claudin-18 due to 
inappropriate permeation of H+ ions across the stomach epithe-
lial barrier [203–205]. During inflammation, increased produc-
tion of proinflammatory cytokines, including TNF-α and 
IFN-γ, causes reorganization of several tight junctional pro-
teins, including ZO-1, JAM-1, occludin, claudin-1, and claudin 
4, and results in increased permeability, or a “leaky gut.” 
Intestinal barrier dysfunction has been proposed to be a major 
mechanism of disease pathogenesis in IBD, and may possibly 
even represent the primary defect [206]. Indeed, disruption of 
an intestinal epithelial cell’s ability to manage the stress associ-
ated with the intestinal environment through genetic disruption 
of X box binding protein-1 (XBP1), involved in the unfolded 
protein response associated with endoplasmic reticulum stress, 
leads to spontaneous ileitis [207].

Epithelial cells and antigen presentation
Absorptive intestinal epithelial cells can also function as antigen-
presenting cells. Epithelial cells of the small intestine constitu-
tively express MHC class II molecules, possibly as a consequence 
of the intraepithelial lymphocyte secretion of IFN-γ [208]. 
Colonic epithelial cells do not normally express measurable 
levels of MHC class II molecules, except in the setting of inflam-
mation, presumably in response to local cytokine production 
such as IFN-γ [209]. In vitro studies of intestinal epithelial cell 
function show that they take up, process, and present soluble 
antigens to CD4+ T cells in the context of MHC class II mol-
ecules [210]. Although soluble antigens can be taken up apically 
and basolaterally, MHC class II molecules primarily segregate 
in the basolateral region, where antigen presentation to antigen-
specific, MHC class II-restricted T cells occurs. There is evi-
dence that, under normal conditions, intestinal epithelial cells 
take up, process, and present soluble antigens from the lumen 
in vivo. Thus, intestinal epithelial cells may augment or modify 
afferent pathways that normally result from antigenic events 
within Peyer patches. Despite in vivo evidence for functional 
class II MHC expression, intestinal epithelial cells seem to pref-
erentially engage and stimulate CD8+ cells that exhibit suppres-



310   PART 2 Mechanisms of normal and abnormal gastrointestinal function

and ulcerative colitis [226,227]. Patients with Crohn’s disease and 
ulcerative colitis express elevated levels of TLR4 in their colons 
[228], and polymorphisms in the TLR4 gene have been associ-
ated with the development of both diseases [229,230]. In addi-
tion, PPAR-γ expression by intestinal epithelial cells is decreased 
in patients with ulcerative colitis [231]. IL-2-deficient mice, 
which develop colitis similar to human ulcerative colitis, show 
increased TLR2 responsiveness to colonic bacteria [232]. These 
observations suggest that abnormalities in the expression of 
TLRs or their antagonists may be central to the development of 
IBD. TLRs may also play a role in H. pylori-induced gastritis, as 
well as gastrointestinal bacterial, viral, and parasitic infections. 
At the same time, TLR-related signaling in the intestinal epithe-
lial cell barrier is essential in maintaining homeostasis and avoid-
ing inappropriate and excessive inflammatory responses.

Host–microbial interactions shape mucosal 
immune responses
Human mucosal surfaces teem with microbes. The commensal 
microbiota carries out beneficial nutritional and metabolic 
functions as well as protection from invading pathogens. Recent 
research has shown that microbes are also integral to the devel-
opment and maintenance of the mucosal immune system.

In health, a symbiosis between host and microbes exists. 
Components of the mucosal immune response are able to 
monitor and protect against pathogens while effectively ignor-
ing commensal microbes that sit at the lumen–mucosal inter-
face. Goblet cells produce a protective mucus layer, which 
contains antimicrobial peptides and IgA secreted by other cell 
types. Products of microbe metabolism, such as short-chain 
fatty acids (SCFA) and polysaccharide antigen A (PSA), dampen 
inflammatory immune responses. SCFA engage the G protein-
coupled receptor 43 (GPCR43), which limits infiltration of 
destructive polymorphonuclear leukocytes into tissues [233].

In disease, this relationship between host and commensal 
microbiota is perturbed. Whether so-called dysbiosis directly 
leads to inflammation or is a consequence of an inflammatory 
environment is yet to be determined. Interestingly, recent dis-
coveries in the genes that confer risk to individuals with IBD 
provide evidence that host defects in microbial sensing and 
processing may cause disease (see Chapter 70). The develop-
ment of the intestinal mucosal immune system depends on 
interactions with the commensal microbiota. Mice that have 
been raised under germ-free conditions display less secretory 
IgA and fewer Peyer patches. Insufficient inoculation of microbes 
at the beginning of life (e.g., Caesarean section, lack of breast 
feeding), or reduction in microbes early in life (e.g., antibiotic 
exposure) may have profound effects on populations of immune 
cells in the intestinal mucosa. Germ-free mice have increased 
NK-T cells in the mucosal intestinal lamina propria that may 
interfere with the presentation of lipid mediators and results in 
an increased susceptibility to oxazolone-induced colitis. This 
defect in acquired immunity can be negated when the micro-
flora is reestablished early in life [234].

promoters. This positive regulatory cycle amplifies and perpetu-
ates the inflammatory response.

Epithelial cells and toll-like receptors
Toll-like receptors (TLRs) are members of the pattern-
recognition receptor family and are important components of 
the innate immune system of the gastrointestinal tract [218,219]. 
TLRs recognize PAMPs, which are highly conserved and found 
on a broad spectrum of microorganisms, but not expressed by 
host cells. On activation, TLRs initiate a signaling cascade that 
results in the induction of several genes involved in the innate 
immune response to infection, including cytokines and chem-
okines, as well as molecules involved in antigen presentation 
and costimulatory molecules. TLRs are therefore a frontline 
mechanism of host defense and can result in rapid detection of 
a wide variety of microorganisms.

TLRs are sometimes expressed on the surface of intestinal 
epithelial cells. However, as the lumen is full of commensal bac-
teria, TLRs must possess a mechanism for tolerance to the 
PAMPs expressed by the nonpathogenic resident bacteria in the 
lumen, while also maintaining the capacity to mount an effective 
immune response against any invasive microorganisms. As a 
result, intestinal epithelial cells downregulate surface expression 
of TLR2 and TLR4, which recognize bacterial lipoproteins (e.g., 
peptidoglycan and lipopolysaccharide). TLR2 and TLR4 are 
most commonly found intracellularly or on the basolateral 
surface of the intestinal epithelial cell, thereby effectively limiting 
their exposure to PAMP-expressing commensal bacteria that 
reside in the lumen [220–223]. Crypt epithelial cells express 
TLR2 and TLR4, while mature intestinal epithelial cells express 
TLR3 [224]. Because crypt epithelial cells are protected by their 
location from exposure to lumenal bacteria and their PAMPs, 
surface expression of TLR2 and TLR4 poses a minimal risk to 
the host defense. Similarly, expression of TLR3 on exposed intes-
tinal epithelial cells does not lead to overstimulation of the innate 
immune system because TLR3 binds double-stranded RNA from 
viruses, which are not found in the lumen under normal condi-
tions. A second mechanism for regulating TLR activation is the 
expression of high levels of TLR antagonists. These TLR-
attenuating factors (TOLLIP, PPAR-γ, SIGIRR) block TLR sign-
aling by interacting with components of the signaling cascade 
[225]. Through these regulatory mechanisms, TLRs maintain a 
careful balance between achieving tolerance for the resident 
microflora of the gut and rapidly detecting invasive pathogens 
and mounting immune responses against their presence in the 
epithelium and lamina propria of the gastrointestinal tract.

Because of their pivotal role in maintaining gut homeostasis, 
TLRs have been implicated in several gastrointestinal diseases. 
The cause of IBD is unknown; however, it is believed to result 
from a dysregulated immune response to lumenal antigens in a 
genetically susceptible host. Loss of tolerance to the commensal 
microflora in genetically susceptible hosts, possibly as a result of 
abnormalities in the TLR/TLR antagonist system, may be the 
primary defect that leads to the development of Crohn’s disease 
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underlie a broad range of gastrointestinal diseases. This section 
provides a survey of the gastrointestinal, liver, and pancreatic 
diseases in which immunological abnormalities are known to 
contribute to disease pathogenesis. (For a discussion of inflam-
matory bowel disease, see Chapter 70.)

Eosinophilic esophagitis
Eosinophilic esophagitis is an emerging disease first described 
in the early 1990s and characterized by the abnormal presence 
of eosinophils in the esophagus in the absence of other known 
causes of gastrointestinal inflammation or injury that may cause 
eosinophil infiltration (i.e., GERD, inflammatory bowel disease, 
etc.) [241]. Symptoms include difficulty eating, failure to thrive, 
vomiting, epigastric or chest pain, dysphagia, and food impac-
tion. Patients with eosinophilic esophagitis have normal pH 
studies but show an increased number of eosinophils in the 
mucosa of the esophagus, accompanied by epithelial hyperpla-
sia and an increased incidence of atopic disease [242]. The 
underlying cause involves an abnormal allergic Th2-mediated 
immune response, most likely in response to food allergens 
because elimination diets show some efficacy [243], and mani-
fest by accumulation of mast cells and T lymphocytes in the 
esophageal mucosa [244–246]. This accumulation is accompa-
nied by elevated production of several Th2 mediators of inflam-
mation, including IL-5, IL-13, and IL-15, eotaxin, TGF-β, and 
fibroblast growth factor [244,247–251]. The important role of 
eotaxin-3 in disease pathogenesis was discovered in genome-
wide microarray studies that identified a remarkably conserved 
eosinophilic esophagitis transciptome that involved 1% of the 
human genome and was common to eosinophilic esophagitis 
patients across gender, age, and allergic or nonallergic pheno-
types [252]. Eotaxin-3 is a chemokine for cells that express the 
eotaxin receptor CCR3+, and is overexpressed by hyperplastic 
epithelial cells in the esophagus of patients with eosinophilic 
esophagitis, most likely in response to IL-13 (see Chapter 50).

Both human and animal studies have definitively established 
the association of eosinophilic esophagitis with a predisposition 
toward allergic-type reactions (allergies, atopic dermatitis, 
asthma, etc.) [253–255]. A study in 146 patients demonstrated 
that 77% showed resolution of symptoms upon elimination of 
suspected food antigens, and 35% of these responders had clear 
proof of food allergy as evidenced by reoccurrence of disease 
upon reexposure to the food antigen [243]. The most common 
sources of food allergy were egg, milk, and soy for skin prick 
tested patients, and corn, soy, and wheat for atopy patch tested 
patients. Aeroallergens have also been implicated in disease 
pathogenesis. Mice exposed to inhalation of Aspergillus fumiga-
tus dust mite mixture develop experimental eosinophic 
esophagitis evidenced by elevated numbers of eosinophils in the 
esophagus, epithelial cell hyperplasia, and free eosinophil gran-
ules [256]. Mice exposed to Aspergillus fumigatus via oral intra-
gastric administration did not develop the disease, suggesting 
that allergic hypersensitivity in the esophagus may be related to 
inflammation in the respiratory tract in aeroallergen-susceptible 

Mast cells
Mast cells are granulated immune cells strategically positioned 
at the interfaces between the internal and external environment 
to carry out their numerous immunoprotective functions. In the 
healthy gastrointestinal tract, mast cells are located in the lamina 
propria, submucosa, and muscle layers, as well as on the serosal 
surface [235]. Increased numbers of activated mast cells have 
been observed in the gastrointestinal mucosa of patients with 
helminth infections, ulcerative colitis, Crohn’s disease, gastritis, 
and celiac sprue.

Mast cells may be induced to degranulate through FcγRIIa 
and FcγRIIIa interaction with IgG complexes and complement-
induced degranulation through C3a and C5a receptors. The 
expression of numerous other cell surface receptors allow for 
selective, nonanaphylactic activation of mast cells. Once acti-
vated, mast cells release mediators of inflammation stored in the 
granules (e.g., histamine, 5-HT, and proteases) as well as newly 
formed nongranule-associated mediators (e.g., NO, PGD2, 
platelet-activating factor, and leukotrienes) as well as numerous 
chemokines and cytokines. There is significant plasticity in the 
development of each mast cell and depending on the tissue 
location, phenotype (protease expression in the granules), and 
external stimulus, mast cells may play diverse roles in intestinal 
mucosal immunology. Mast cells may play an important role in 
maintaining homeostasis at the epithelial barrier [236], immune 
defense against helminth [237] and bacterial infection [238], 
and exacerbating inflammation in experimental colitis [239].

Mast cell activation caused by crosslinking of IgE and binding 
to the high affinity IgE receptor is central in the pathogenesis of 
allergic disorders such as food allergy. However, mast cells are 
thought to have been conserved through evolution because of 
their immunoprotective function and their role in food allergy 
likely represents an inappropriate inflammatory response that 
was initially designed to combat intestinal parasites.

The complex of symptoms that leads to irritable bowel syn-
drome (IBS) likely involves interactions between the mucosal 
immune system and enteric nerves (see Chapter 75). Mediators 
that are released upon mast cell activation are thought to be 
central in the genesis of visceral pain in this disorder [240]. 
There are bidirectional interactions between nerves and mast 
cells. Neurotransmitters, particularly substance P, cause mast 
cell degranulation, and mast cells in turn release VIP, which can 
act as a neurotransmitter. The release of various mediators upon 
mast cell activation may link the sequence of events that have 
been observed in experimental IBS: changes in membrane per-
meability lead to low-grade mucosal inflammation and finally 
to activation of enteric nerves.

Immune-mediated gastrointestinal and  
liver diseases

A well-functioning immune system is essential to gastrointesti-
nal health. Abnormalities in the mucosal immune system 
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Treg cells inhibit the activation of naïve T cells to the Th1  
phenotype, thereby suppressing the resulting inflammatory 
response. Based on findings from adoptive transfer experi-
ments, Th17-type CD4+ effector cells mediate the most destruc-
tive forms of autoimmune gastritis, which is susceptible to Treg 
suppression only during early time points; Th1 and Th2-type 
cells induce less severe disease in recipient mice and the pathol-
ogy is effectively suppressed by Tregs [270]. However, studies 
indicate treatment of murine autoimmune gastritis with in 
vitro-induced Treg cells has only transient effects and that auto-
reactive T cells rapidly repopulate the tissues once the Tregs are 
removed [271].

Autoimmune gastritis commonly occurs in association with 
other autoimmune or infectious diseases. Type I diabetes, 
autoimmune thyroid disease, and autoimmune gastritis often 
occur concomitantly in patients and are together known as 
autoimmune polyendocrine syndrome (APS) type 3. Genetic 
studies in mice have identified the two independent main sus-
ceptibility loci for autoimmune gastritis (Gasa1 and Gasa2) 
[272]. Interestingly, both Gasa loci are located in close proxim-
ity to a susceptibility loci for autoimmune diabetes (Idd11 and 
Idd9), underscoring the close association between these two 
conditions. One-third of patients with autoimmune gastritis 
also have thyroid disease. In genetically susceptible individuals, 
H. pylori infection can either cause or aggravate autoimmune 
gastritis through a mechanism involving molecular mimicry. 
Activated CD4+ T cells from patients infected with H. pylori 
may cross-recognize the epitopes of H. pylori proteins and the 
autoantigenic H+,K+-ATPase, resulting in the generation of 
autoantibodies against gastric H+,K+-ATPase. This H. pylori-
associated autoimmune gastritis occurs in 20%–30% of patients 
infected with the bacteria (see Chapter 58).

Peptic ulcer disease and Helicobacter pylori
About 50% of the world’s population is infected with the 
stomach bacterium H. pylori (see Chapter 58). Most of these 
cases are asymptomatic; however, infection can lead to chronic 
gastritis, gastric and duodenal ulcers, and an elevated risk of 
developing gastric cancer. H. pylori is a unique bacterium that 
achieves its pathogenic effects by eliciting an inefficient immune 
response in the host that fails to eradicate the bacteria from the 
gut and which causes inflammation and gastric tissue damage, 
providing a hostile environment for other competing bacteria 
[273]. This orchestrated equilibrium of the host immune 
response is achieved through a sophisticated combination of 
both immunostimulative and immunosuppressive mechanisms: 
inhibition of nitric oxide production and phagocytosis by mac-
rophages; multiple DNA repair pathways and DNA recombina-
tion events that create a diversity of bacterial subpopulations; 
production of the VacA virulence factor that promotes epithelial 
cell apoptosis, interferes with pattern recognition receptors and 
antigen presentation, and inhibits T-cell activation and prolif-
eration; activation of Tregs that partially inhibit Th1 immune 
responses against the bacteria; and translocation of CagA, the 

patients. In support of this concept, patients with eosinophilic 
esophagitis report seasonal variations in their symptoms, and 
preliminary studies have documented an association between 
seasonal changes and the number of eosinophils in the esopha-
gus [257–260].

Although there is no consensus on standard therapy for eosi-
nophilic esophagitis, therapeutic benefits have been shown with 
dietary restrictions or elemental diets, corticosteroids, and bio-
logical agents such as anti-IL-5 [261]. Dietary restriction often 
is based on the results of food allergy testing or elimination of 
the six most common US food allergens (milk, wheat, soy, eggs, 
seafood, and tree nuts). Oral steroids are highly effective in most 
patients, possibly even more effective than dietary restrictions, 
but carry risks of steroid dependency and the development of 
oral fungal infections [262,263]. The Th2 cytokine IL-5 is an 
important mediator of eosinophil recruitment, and biological 
therapy aimed at inhibiting IL-5 function have demonstrated 
clinical benefit in patients with eosinophilic esophagitis. In 
clinical trials, patients treated with anti-IL-5 mAb therapy 
(mepolizumab) showed fewer circulating eosinophils, reduced 
eosinophil activation, improved clinical symptoms and quality 
of life, and few reported side effects, suggesting that this biologi-
cal approach may hold significant therapeutic potential for 
patients with severe eosinophilic esophagitis [264–267].

Autoimmune gastritis
Autoimmune gastritis (see Chapter 58) is a chronic inflamma-
tory disorder of the gastric corpus in which the heterodimeric 
H+,K+-ATPase proton pump found on gastric parietal cells acts 
as an autoantigen [268]. Although T cells specific for both the 
α subunit and the β subunit of the H+,K+-ATPase are found 
within the gastric mucosa during autoimmune gastritis, autore-
activity to the β subunit is essential to the initiation of disease. 
Mouse models have demonstrated that deletion of the β subunit 
prevents gastritis, whereas deletion of the α subunit has little 
effect on the onset of disease [269]. Autoimmune gastritis rep-
resents one of the few autoimmune diseases in which the spe-
cific autoantigen has been clearly defined.

Autoimmune gastritis is a Th1-mediated disease that involves 
a massive infiltration of pathogenic CD4+ T cells into the 
gastric mucosa, with an early increase in IFN-γ production, loss 
of parietal cells, and a subsequent loss of zymogenic cells due 
to disruptions in normal parietal cell development. Lymphocyte 
homing to the corpus mucosa is dependent on the specific inter-
action between α4β7 and MAdCAM-1. The subset of CD4+ T 
cells that is responsible for disease pathogenesis appears to be 
effector cells, as adoptive transfer experiments have shown that 
CD4+CD25− T cells can cause autoimmune gastritis whereas 
CD4+CD25+ T cells (a regulatory phenotype) suppress the 
pathogenic effects, possibly by inhibiting IL-2 production or 
CTLA-4 expression. During autoimmune gastritis, natural Treg 
cells (CD4+CD25+FOXP3+) are activated in a nonspecific 
manner by MHC class II molecules and by cytokines secreted 
from other activated effector cells. On activation, these natural 
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innate immune defense responses against bacteria [279,280]. 
The second strongest association is with IL-23R, which along 
with ten other identified susceptibility loci plays a critical role 
in Th17 cell differentiation [281]. In addition to T-cell recruit-
ment, activation, and differentiation, other pathogenic mecha-
nisms implicated through susceptibility loci identification 
include autophagy dysfunction (ATG16L1, IRGM), cytokine 
dysregulation (IFN-γ, IL-12, TNF, and IL-10), and for ulcerative 
colitis, HLA autoimmune dysfunction. Although genome-wide 
association studies have greatly enhanced our understanding of 
the complex genetic factors that contribute to IBD pathogenesis, 
the identified loci still only account for up to 14% of disease 
variance, indicating that environmental factors are perhaps even 
more important for the development of disease.

The exact nature of the environmental triggers responsible for 
inducing IBD pathogenesis are not clear, but they are believed 
to create a shift in the normal symbiotic relationship between 
the gut commensal flora and the genetically susceptible host. 
Under normal conditions, the host mucosal immune system 
coexists with the gut microflora in a state of homeostatic 
immune tolerance [282]; in IBD, these conditions are replaced 
by a state of sustained immunoreactivity against the gut micro-
flora. Intestinal inflammation does not develop in murine lines 
otherwise susceptible to colitis when raised under germ-free 
conditions, and probiotic bacteria taken as dietary supplements 
are effective therapy for patients with ulcerative colitis [283–
288]. The intestinal epithelium plays an active role in maintain-
ing innate immunity. It serves as a protective barrier between 
intestinal pathogens, the benign commensal flora, and the 
mucosal compartments. The epithelium also plays a role in 
antigen presentation and secretes cytokines and chemokines in 
response to bacterial interaction. Epithelial barrier dysfunction 
could represent a primary defect that leads to loss of tolerance 
in patients with IBD.

Host immune defenses that have lost tolerance for the gut 
microflora respond by mounting overly aggressive innate and 
adaptive immune responses, which result in epithelial barrier 
dysfunction, production of Th17 and Th1 proinflammatory 
cytokines, accumulation of large numbers of activated neu-
trophils and effector T cells within the intestinal mucosa, acute 
and chronic inflammation, tissue damage and fibrosis, and 
clinical symptoms of IBD (see Chapter 70). The important role 
of cytokine mediators in promoting IBD pathogenesis is most 
clearly demonstrated by the therapeutic success of monoclonal 
antibodies targeting the proinflammatory cytokine TNF-α (see 
above) [158–160]. Other mechanisms that may contribute to 
the chronic inflammation seen in IBD include a failure of regu-
latory T cells to suppress the initiated immune responses and 
the resistance of effector T cells to undergo apoptosis.

Celiac disease
Celiac disease (see Chapter 64) is a small intestinal inflamma-
tory disorder that occurs in genetically susceptible individuals 
in response to dietary intake of gluten, found in wheat, rye, and 

second major H. pylori toxin, into host cells. The presence of 
CagA in gastric cells from H. pylori-positive patients is associ-
ated with the development of gastric carcinoma and has led to 
the designation of CagA as a “bacterial oncoprotein” [274]. One 
interesting example of the unique mechanism H. pylori employs 
is the reduced biological activity of H. pylori lipopolysaccharide 
(LPS). Evolutionarily conserved bacterial LPS is normally 
detected by host pattern recognition receptors (TLRs) and 
elicits an innate immune response against the invading bacteria. 
H. pylori LPS was recently discovered to be structurally remod-
eled in a way that results in a less negative charge and provides 
a less attractive ligand for TLR binding [275]. Similar evasive 
adaptations have been described for other H. pylori TLR ligands.

H. pylori infection involves a multipronged approach to both 
stimulate and suppress the local gastric immune response [273]. 
Binding of H. pylori peptidoglycan to Nod-like receptor 1 
(NOD1) on epithelial and dendritic cells within the gastric 
mucosa initiates activation of NF-κB and subsequent production 
of Th-1 and Th-17 proinflammatory cytokines, including and 
β-defensins. In addition, phagocytosis of the bacterium results 
in secretion of mature IL-18 and IL-1β. IL-18 binds to its cognate 
receptor on naïve T cells and induces differentiation into a 
CD4+CD25+FoxP3+ regulatory phenotype that suppresses 
immune responses and favors conditions for H. pylori coloniza-
tion. Meanwhile, secreted IL-1β simultaneously induces differ-
entiation of naïve T cells into Th1 and Th17 effector phenotypes 
that produce proinflammatory IFN-γ and IL-17, respectively, 
and foster inhospitable conditions for competing bacteria.

Individuals who are positive for H. pylori infection develop 
specific antibodies against the bacterium, primarily in the form 
of IgG and IgA. Antibodies against membrane proteins, flagel-
lin, urease, lipopolysaccharide, and H. pylori adhesion A are 
increased in infected patients, regardless of whether or not they 
display symptoms [276,277]. In addition, 20%–30% of patients 
infected with H. pylori also develop autoantibodies against the 
H+,K+-ATPase proton pump on the surface of gastric parietal 
cells, resulting in chronic autoimmune gastritis.

Inflammatory bowel disease
Inflammatory bowel disease (IBD; see Chapter 70) is a collective 
term for two separate but related chronic relapsing and remit-
ting inflammatory disorders of the gastrointestinal tract, Crohn’s 
disease and ulcerative colitis. Both diseases are believed to 
develop due to a combination of complex genetic and environ-
mental influences that result in an overly aggressive mucosal 
immune response to intralumenal bacteria. To date, genome-
wide association studies have identified 163 IBD susceptibility 
loci, which is more than any other complex disease [278]. Most 
of these loci (67%) are shared between Crohn’s disease and 
ulcerative colitis, and many are implicated in other immune-
mediated diseases, most notably alkylosing spondylitis and pso-
riasis, mycobacterial infection, and Celiac disease. The most 
predominant Crohn’s disease association remains NOD2, which 
encodes the NOD2 pattern recognition receptor involved in 
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[297]. The presentation of autoimmune pancreatitis is very 
similar to that of pancreatic cancer, but, unlike pancreatic 
cancer, autoimmune pancreatitis responds well to steroid 
therapy. Autoimmune pancreatitis is classified into two separate 
types: type 1 is characterized by the presence of infiltrating IgG4 
expressing plasma cells in the pancreas and increased IgG4 
serum levels, multiorgan involvement, and frequent relapses; 
type 2 disease is not associated with IgG4 involvement and is 
limited to the pancreas, which contains neutrophils and 
granulocyte-epithelial lesions in the duct epithelium. Up to a 
third of type 2 patients also have IBD, which may be explained 
by the recently discovered high level of overlap between suscep-
tibility loci identified for IBD and other autoimmune diseases 
[278]. The disease often occurs in association with other autoim-
mune diseases, such as Sjögren syndrome, variants of primary 
sclerosing cholangitis, IBD, Hashimoto thyroiditis, and lupus 
erythematosus, suggesting that this unique form of chronic pan-
creatitis is also an autoimmune disease. The location of the 
inflammatory infiltrate suggests that the target antigen is likely 
contained within the duct epithelium.

The association of autoimmune pancreatitis with other 
autoimmune diseases suggests the potential for a common 
antigen. Several autoantibodies present in other autoimmune 
diseases have been detected in patients with autoimmune pan-
creatitis, including antibodies targeting lactoferrin, carbonic 
anhydrase type II, rheumatoid factors, and antinuclear antibod-
ies. The inflammatory response is mediated by T cells including 
both CD4+ and CD8+ lymphocytes; the CD4+ lymphocytes 
are skewed towards a Th1 phenotype [298,299]. As with other 
autoimmune diseases, HLA haplotypes have been reported  
in association with autoimmune pancreatitis, most notably 
DRB1*0405-DQB1*0401 [300]. Relatively little information is 
known regarding the environmental and immunological condi-
tions that trigger disease.

Autoimmune liver diseases
The autoimmune liver diseases (see Chapter 99) include  
three separate disease processes: autoimmune hepatitis,  
primary biliary cholangitis, and primary sclerosing cholangitis. 
These diseases often occur in association with one another  
and share common immunopathogenic features related to 
autoimmunity.

Autoimmune hepatitis
Autoimmune hepatitis is an autoimmune disease that mainly 
affects females and is characterized by an accumulation of oli-
goclonal autoreactive T cells in the liver, and hepatitis in the 
periportal and periseptal interface [301]. The two types of 
autoimmune hepatitis are distinguished by their autoantibody 
profile. Type 1 is associated with the presence of smooth muscle 
autoantibodies (SMA) and antinuclear antibodies (ANA), while 
type 2 is defined by seropositivity for antibodies against liver 
kidney microsomal type-1 (LKM-1), which is expressed on the 
surface of hepatocytes, or liver cytosol type-1 (LCM-1). 

barley [289,290]. It is one of the few autoimmune disorders in 
which the dietary antigen has been identified. Gluten found in 
wheat contains two types of disease-activating proteins – glia-
dins and glutenins. Similarly, hordeins found in barley and seca-
lins found in rye can also activate celiac disease. Gluten-related 
peptides are insufficiently digested by gastric, pancreatic, and 
brush border enzymes, resulting in the presence of large gluten-
related peptides rich in proline and glutamine within the lumen 
of the small intestine. Histologically, manifestations of celiac 
disease are villous atrophy and crypt hyperplasia within the 
small intestine. The presentation of gluten-related antigens to 
CD4+ lamina propria lymphocytes initiates a Th1-mediated 
immune response and the formation of gluten-reactive acti-
vated T cells within the mucosa. Notably, the immune response 
is characterized by the expression of IFN-γ and the transcrip-
tion factor TBET, which polarizes immune responses towards a 
Th1 phenotype but no subsequent increase in expression of 
IL-12 or STAT4, as occurs in other intestinal inflammatory dis-
eases [291]. Patients with celiac disease characteristically display 
an elevated number of intraepithelial lymphocytes, which func-
tion more like natural killer cells than typical antigen-specific T 
cells. This functional change is mediated through an upregula-
tion of IL-15 expression by intestinal epithelial cells.

Genetic susceptibility plays an important role in the immun-
opathogenesis of celiac disease (see Chapter 64). Celiac disease 
represents a complex polygenic trait that involves multiple sus-
ceptibility genes. A strong association has been described with 
specific MHC class II alleles that are found at the HLA-DQ locus. 
In fact, almost all patients with celiac disease have one of two 
HLA-DQ alleles that encode specific HLA-DQ2 or HLA-DQ8 
heterodimers, both of which are common in Caucasians. The 
HLA-DQ2 heterodimer that confers susceptibility occurs in 
90%–95% of patients with celiac disease and is composed of the 
β-chain of the MHC class II molecule encoded by either HLA-
DQB1*0201 or 0202, in association with the α-chain encoded by 
HLA-DQA1*05. The remaining 5%–10% of patients have the 
HLA-DQ8 heterodimer, which is composed of the β-chain 
encoded by HLA-DQB1*0302 in association with the α-chain 
encoded by HLA-DQA1*03 [292,293]. The HLA-DQ2 and -DQ8 
heterodimers of the MHC class II complex have unique proper-
ties that augment their ability to bind and process gluten-related 
proteins. The architecture of their peptide-binding groove con-
tains pockets that have an affinity for binding negatively charged 
molecules [294]. In celiac patients, neutrally charged gluten is 
deamidated and converted into glutamic acid by the intestinal 
mucosal enzyme TGase [295,296]. The negatively charged 
proline-rich deamidated gluten peptides then bind with high 
affinity to the HLA-DQ2 and -DQ8 heterodimers within the 
MHC class II complex, leading to the generation of gluten-
reactive CD4+ T cells within the lamina propria.

Autoimmune pancreatitis
Autoimmune pancreatitis (see Chapter 83) is an extremely rare 
autoimmune disorder of unknown incidence and prevalence 
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ceptibility for ulcerative colitis (i.e., BCL2L11, CARD9, REL, 
IL2), underscoring the level of overlap between these two 
immune-mediated diseases [311,313,314].

Because of the strong association between PSC and ulcerative 
colitis, it has been proposed that the self-antigen responsible for 
PSC may be a component of the gut microflora. Increased per-
meability of the gut due to ulcerative colitis could allow com-
mensal bacteria to translocate across the intestinal epithelial 
barrier, enter the portal circulation, and migrate to the biliary 
ducts. In support of this theory, a study of liver explants from 
patients with PSC and primary biliary cholangitis found that 
bacteria could be cultured from 21 of 36 explants from patients 
with PSC, but 0 of 14 explants from patients with primary 
biliary cholangitis [315]. The primary autoantibody in PSC  
is the IgG class of p-antineutrophil cytoplasmic antibodies 
(ANCA). Potential epitopes for this autoantibody include cata-
lase, which is an antioxidant enzyme found in hepatocytes and 
biliary epithelial cells [316], the neutrophil protein bactericidal/ 
permeability-increasing (BPI) protein [310], or biliary epithelial 
cells themselves [317].

Similar to autoimmune hepatitis, the hepatic T-cell repertoire 
in PSC is mostly composed of αβ+ cells that express the Vβ3-
chain; levels of γδ+ T cells are also increased. CD4+ T cells 
predominate in the portal tract, whereas CD8+ cells are prima-
rily found at sites of necrosis. Macrophages also accumulate in 
the sinusoidal and perisinusoidal spaces. It has been postulated 
that the memory T cells found in the liver are originally acti-
vated in the gut as part of the immune response generated by 
IBD [318]. Autoreactive T cells are polarized towards the Th1 
phenotype and predominantly produce the proinflammatory 
cytokine TNF-α.

A model for PSC immunopathogenesis proposes that the 
disease is triggered by the presence of foreign antigen, possibly 
bacteria secondary to intestinal inflammation, within the biliary 
tract. Memory T cells from the gut bind to biliary epithelial cells 
and proliferate, leading to the increased expression of TNF-α 
and other proinflammatory cytokines. The cytokines stimulate 
B cells to secrete immunoglobulins, including autoantibodies 
against biliary epithelial cells. The resulting inflammation leads 
to fibrosis formation in concentric rings around the biliary 
ducts, ischemia, atrophy, cholestasis, and eventually biliary 
cirrhosis.

Primary biliary cirrhosis
Primary biliary cirrhosis (see Chapter 100) is a female-
predominant autoimmune disease characterized by a loss of 
immune tolerance to mitochondrial autoantigens that results in 
damage to the biliary epithelial cells that line the intrahepatic 
duct, chronic cholestasis, and fibrosis that leads to cirrhosis 
[319]. As with other autoimmune and immune-mediated  
diseases of the gastrointestinal tract, it develops in response to 
both genetic and environmental influences. Genome-wide asso-
ciation studies have identified the HLA loci as a significant 

Presentation of self-antigens within the context of HLA class II 
molecules on antigen presenting cells either in the regional 
lymph nodes or liver activate naïve T cells to become autoreac-
tive CD4+ and CD8+ lymphocytes. The majority of the T cells 
are αβ+, but the number of γδ+ T cells in the peripheral blood 
is increased compared with other autoimmune liver diseases 
[302]. Activated T cells differentiate into Th1, Th2, and Th17 
phenotypes based on their exposure to IL-12, IL-4, and IL-17, 
respectively. Th1 differentiation leads to IL-2-mediated cyto-
toxic degradation of hepatocytes expressing HLA class I mole-
cules and IFN-γ-mediated activation of macrophages that 
induce hepatocyte expression of HLA class II molecules and 
produce TNF and IL-1. In contrast, Th2 differentiation pro-
motes the generation of autoantibodies by B cells. The simulta-
neous presence of Th17 cells in autoimmune hepatitis is a 
relatively recent discovery, and results in MAPK-induced IL-6 
production [303]. These competing effector-type immune 
responses continue unchecked due to defects in Treg produc-
tion and apoptotic pathways. The result of this inflammatory 
process is hepatocyte cytolysis, the formation of fibrosis, and 
eventually end-stage liver disease. The prevailing model of 
autoimmune hepatitis immunopathogenesis proposes that 
alterations in immune tolerance occur within the liver in the 
context of environmental triggers and genetic susceptibility. 
Genetic risk for autoimmune hepatitis is concentrated within 
the DRB1 variants of the HLA region of chromosome 6. 
Autoimmune hepatitis type 1 is associated with the several 
DRB1 allelic variants depending on different populations 
studied, but susceptibility for type 2 disease is closely associated 
with DRB1*0701 and DRB1*0301, with carriage of DRB1*0701 
conferring risk of more severe disease [304–307]. The environ-
mental disease triggers remain unknown, but may include viral 
infections or the use of certain medications, such as herbal 
therapies, antibiotics, or anti-TNF [308]. Finally, molecular 
mimicry may also be involved through cross-reactivity between 
specific viral proteins, such as hepatitis C virus core 178–187, 
and the self-antigens CYP2D6 (the ligand for LKM-1) or 
CYP2A7, resulting in hepatitis C virus-induced autoreactive 
CD8+ T cells [309].

Primary sclerosing cholangitis
Primary sclerosing cholangitis (PSC; see Chapter 90) is a chronic 
cholestatic liver disease of the intrahepatic and extrahepatic 
biliary duct [310]. About 75% of patients with PSC also have 
IBD, primarily in the form of ulcerative colitis. Similar to IBD, 
PSC develops as the result of complex genetic, environmental, 
and immunological influences. Genome-wide association 
studies have identified the strongest association for PSC with 
single nucleotide polymorphisms within the HLA genes of the 
major histocompatibility complex [311]. Several additional 
non-HLA-related susceptibility loci have also been identified 
that encode proteins involved in inflammation, fibrosis, cholan-
giocyte activity, and cancer [312]. Interestingly, several of these 
identified susceptibility loci are also associated with genetic sus-
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duction of proinflammatory cytokines, and subsequent secre-
tion of autoantibodies.
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contributor to genetic susceptibility for PBC, but non-HLA loci 
also contribute to risk, most notably IL12A and IL12RB2 [320]. 
The IL-12 pathway is a key regulator of Th1 immune responses 
and is likely involved in the generation of autoreactive T cells 
in PBC. It is clear that the environment also plays a role in trig-
gering the onset of disease. More than 95% of patients with 
primary biliary cirrhosis possess antimitochondrial antibodies 
(AMA) that target the E2 component of the pyruvate dehydro-
genase complex (PDC-E2). Biliary epithelial cells and salivary 
epithelial cells express PDC, or PDC-like epitopes that cross-
react with PDC, on their apical surface and are the main target 
cells of the disease. PDC-E2-reactive T-cell subsets can be found 
in the liver and peripheral blood of patients with primary biliary 
cirrhosis.

Under normal conditions, PDC is located on the inner 
surface of the inner mitochondrial membrane, and is therefore 
separated from the extracellular immune system by three sepa-
rate membranes. It is unclear how the antigen is capable of 
generating immune responses within this context. One theory 
suggests that mitochondria undergo apoptosis and release PDC 
into the cytoplasm, making PDC freely available in the cyto-
plasm until the cell completes its apoptotic cycle and it is 
released into the tissue. It is interesting to note that primary 
biliary cirrhosis is limited to the biliary tissues even though 
PDC is widely distributed throughout the body. Although 
several questions regarding the immunopathogenesis of primary 
biliary cirrhosis still remain, it does appear that the hallmark of 
the disease is a loss of tolerance to PDC-E2 by T cells, which 
results in proliferation of reactive T-cell and B-cell clones, pro-
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All cavities within the alimentary tract, from the small ducts 
and acini of the pancreas to the gastric lumen, are lined by 
sheets of polarized epithelial cells. Common to all of these epi-
thelia is the ability to create selective barriers that separate 
luminal and tissue spaces. Most epithelia are also able to direct 
vectorial transport of solutes and solvents. These essential func-
tions are based on the structural polarity of individual cells, the 
complex organization of membranes, cell–cell and cell–substrate 
interactions, and interactions with other cell types. This chapter 
reviews intestinal wall structure and examines how mucosal 
functions are supported by the organization of the gut and the 
biological properties of the epithelial barrier and transepithelial 
transport.

Organization of the gut wall

As exemplified by the small intestine and depicted in Figure 
18.1, there are four principal layers in the wall of the gastroin-
testinal tract: mucosa, submucosa, muscularis propria, and 
serosa or adventitia. The mucosa consists of the epithelium, an 
underlying layer of loose connective tissue carrying nerves and 
vessels (i.e., lamina propria), and a thin layer of smooth muscle 
(i.e., muscularis mucosae). The mucosa also contains an array 
of lymphocytes, mast cells, macrophages, and, in disease states, 
polymorphonuclear leukocytes, all of which are capable of mod-
ulating epithelial function.

An underlying layer of fibroconnective tissue called the sub-
mucosa, which contains nerves, vessels, and lymphatics, sup-
ports the mucosa. The submucosa rests on the muscularis 
propria, which is composed of two or three layers of smooth 
muscle and is home to the myenteric plexus (see Chapters 1, 15, 
and 16). In most instances, gastrointestinal organs are encased 
by an outermost delicate layer of fibrofatty tissue, the serosa, 
encircled by a continuous layer of mesothelial cells. In areas 
where no serosa exists, as in portions of the esophagus and the 
distal colorectum, fibrofatty tissues interface with the external 
portion of the muscularis propria. These organs are said to have 
an adventitial, rather than a serosal, encasement. Microscopic 
anatomy varies along the length of the gastrointestinal tract. A 
simple columnar epithelium lines the stomach, small intestine, 
colon, pancreatobiliary ducts, and exocrine pancreas. In con-
trast, the oral cavity, esophagus, and anus are lined by a nonk-
eratinized, stratified squamous epithelium that is capable of 
withstanding the mechanical stresses of swallowing and defeca-
tion but plays no role in transepithelial transport. The three-
dimensional structure of epithelia also exhibits significant 
variation within the gastrointestinal tract, such as the promi-
nent mucosal folds and villi in the small intestine (see Figure 
18.1), the lobular organization of the exocrine pancreatic acini 
(Chapter 7), and the deep epithelial extensions into salivary  
and Brunner glands in the esophagus and duodenum, respec-
tively. The liver, which lacks a single large lumen, is composed 
primarily of hepatocytes. These possess only a small apical 
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that GLUT2 may also be inserted apically to allow for diffusive 
glucose absorption [4]. The high extracellular and low intracel-
lular Na+ concentrations that provide the driving force for 
apical Na+-dependent transporters for this system are main-
tained by the basolateral localization of Na+,K+-adenosine tri-
phosphatase (ATPase) that pumps Na+ out of the cell in 
exchange for K+. Thus, the net result of apical Na+-coupled 
transport is vectorial transport of both the specific solute and 
Na+ from the lumen to the interstitium. The polarized distribu-
tion of these three classes of transport proteins – apical Na+-
coupled transporters, basolateral Na+-independent diffusive 
transporters, and the basolateral Na+,K+-ATPase – is critical for 
active transepithelial transport. Sufficient luminal Na+ to drive 
these processes is also critical for absorption, but dietary Na+ 
alone is insufficient to meet the demands of apical transporters. 
Thus, Na+ recycling across the tight junction, which, as dis-
cussed below, seals the paracellular space, is essential for nutri-
ent absorption [5].

One result of active transcellular  solute transport is the depo-
sition of osmotically active molecules (e.g., nutrients and ions) 
in the subepithelial interstitial space. This provides the driving 
force for passive paracellular water absorption. Such integration 
of active transcellular and passive, primarily paracellular, trans-
port partially explains the improved efficacy of oral rehydration 
solutions supplemented with Na+ and carbohydrates [6,7]. 
Although details of these transport processes will be addressed 
below in further detail, it should be clear that polarized distribu-
tion of surface membrane components within individual cells is 
essential to epithelial function. It is also evident that the entire 
epithelial sheet must be uniformly polarized, i.e., with all cells 
polarized in the same orientation, as adjacent cells could other-
wise negate one another’s contributions and make net transport 
impossible.

(canalicular) surface and lack complex deeper cell layers; capil-
laries and hepatocytes are separated by a thin basement mem-
brane in the space of Disse (see Chapter 10). Despite these 
complexities of regional specialization, common structural fea-
tures critical to epithelial functions are present throughout the 
gastrointestinal tract.

Organization of epithelial cells and sheets

To function properly as a barrier, epithelial cells must assemble 
into a multicellular sheet. This is a complex task that requires 
individual cells to establish polarity uniformly; to form intercel-
lular junctions; and to develop stable interactions with the base-
ment membrane (Figure 18.2).

A central function of many gastrointestinal epithelia is the 
vectorial transport of solutes and solvents. For example, parietal 
cells are polarized to effect secretion of acid into the lumen (see 
Chapter 23). Defective polarization of these cells could result in 
acid secretion into the interstitium and severe tissue damage. 
Absorptive villous enterocytes of the small intestine are special-
ized to accomplish vectorial transport of ions, nutrients, and 
water from the lumen to the interstitium (Figure 18.3) by 
expressing specific transporters within the apical (luminal), but 
not basolateral, membrane domain [1–3]. These transporters 
often rely on a luminal Na+ concentration that is much higher 
than the intracellular Na+ required for cotransport of sugars, 
amino acids, ions, and bile salts. In general, the absorbed solutes 
exit the cytosol by way of Na+-independent facilitated (diffu-
sive) transporters present in basolateral, but not apical, mem-
branes. These include GLUT2, which carries glucose across the 
basolateral membrane [4]. There are, however, examples of 
nutrients that are absorbed from the lumen by diffusive trans-
porters, e.g., fructose by GLUT5, and some authors have argued 

Figure 18.1 Organization of the intestinal wall. This transmural section of normal human duodenum exemplifies many of the structural features that 
are common throughout the gastrointestinal tract. The corresponding line diagram delineates specific structures. 
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Initiation of epithelial polarization
The spatial cues that induce and maintain polarization have 
generally been thought to require contact with the extracellular 
matrix and adjacent epithelial cells. For example, the interaction 
between the epithelial Ca2+-dependent adherens junction 
protein, E-cadherin on adjacent cells is a critical trigger for 
polarization. E-cadherin is concentrated at the adherens junc-
tion, the basal-most aspect of the apical junction complex (see 
Figure 18.2), where it is coupled to a perijunctional ring of actin 
and myosin filaments through cytoplasmic linker proteins  
(e.g., α-actinin and α- and β-catenins) [6,7]. In addition to 
E-cadherin-mediated and other forms of intercellular adhesion, 
cellular interactions with matrix components through integrins, 
heparan sulfate proteoglycans, and other membrane proteins 
are also important in inducing polarization and maintaining 
differentiation [8–10].

The discovery of polarity genes encoding Par proteins in 
Caenorhabditis elegans and Drosophila facilitated the identifica-
tion of mammalian homologs which functionally define epithe-
lial apical and basolateral plasma membrane domains [11,12]. 
Not surprisingly, Par protein mutations have been linked to 
disease. For example, mutation of LKB1, the mammalian 
homolog of the C. elegans protein Par-4 is associated with 
Peutz–Jeghers syndrome [13]. LKB1 is a serine/threonine  
kinase that is activated by the STRAD adapter protein, which 
may also be mutated in Peutz–Jeghers syndrome [14]. In model 
systems, STRAD-mediated LKB1 activation can initiate epithe-
lial polarization [15]. While the mechanisms responsible for  

Figure 18.2 Organization of a typical gastrointestinal columnar epithelial cell. The precisely orchestrated architecture of polarized epithelia includes 
numerous specialized structures, such as cytoskeletal elements, transport vesicles, and intercellular junctions.
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abut (Figure 18.4). Series of punctate fusions or “kisses” between 
these plasma membranes form a seal between adjacent cells. 
These fusion sites are arrayed in a linear fashion around the cell 
and correspond to the net-like series of anastomosing grooves 
and strands seen in freeze-fracture replicas (Figure 18.4).

Directly below the tight junction lies the adherens (or inter-
mediate) junction, in which the lateral membranes of adjacent 
cells lie parallel to each other and are joined via E-cadherin 
binding [19]. At this site, the perijunctional ring of actin and 
myosin interacts with E-cadherin through α-actinin, vinculin, 
and α- and β-catenin [20,21]. This perijunctional actomyosin 
ring is also essential to the maintenance of the tight junction 
[22–24]. Directly below the adherens junctions are desmosomes 
(see Figure 18.2). Distant relatives of the cadherin family, 
desmogelins and desmocollins, form cell contacts at desmo-
somes [25]. Desmosomal proteins associate with intermediate 
filaments and anchor the cytokeratin-based cytoskeleton 
between neighboring cells, thereby providing resistance to 
mechanical stress. The spontaneous chronic colitis that develops 
in mice lacking the principal intestinal epithelial keratin, 
keratin-8, emphasizes the importance of keratin proteins in epi-
thelial function [26], although human inflammatory bowel 
disease has not yet been associated with altered keratin expres-
sion [27].

To varying degrees, all epithelial cells of the gastrointestinal 
tract express gap junctions. At the site of the gap junction, the 
cytoplasm of adjacent cells is in physical continuity through 
transmembrane channels formed by members of the connexin 
protein family [28]. Six connexin molecules assemble on each 
membrane to form a channel and, by adhering across the para-
cellular space, they create a small conduit that joins the cyto-
plasm of adjacent cells without allowing exposure to the 
extracellular space. Signaling molecules up to about 1500 Da 
(e.g., Ca2+, inositol triphosphate) and small nucleotides can 

this incomplete polarization have not yet been defined,  
one potential mediator may be adenosine monophosphate 
(AMP)-activated protein kinase, which is activated by LKB1 
and plays an important role in maintaining cellular energy 
balance [16]. Alternatively, LKB1 loss has also been shown to 
facilitate inappropriate activation of Wnt pathway signaling 
[8,9] (see Chapter 2), which may explain Wnt5a upregulation  
in both Lkb1+/− mice and polyps from Peutz–Jeghers patients 
[10]. These data together with the recent discovery that  
Wnt5a promotes crypt fission during wound healing [11],  
may explain the complex, arborizing architecture of Peutz–
Jeghers polyps.

Consistent with the idea that aberrant epithelial polarization 
may contribute to neoplasia, mutations of the E-cadherin and 
adenomatous polyposis coli (APC) binding partner β-catenin 
that result in Wnt pathway activation and are common in 
human colorectal cancers [12–15]. The transcriptional repres-
sion of E-cadherin during the epithelial–mesenchymal transi-
tion that is typical of invasive cancer [17], strong correlation 
between the loss of E-cadherin expression and the invasive  
phenotype of many human gastrointestinal neoplasms [18,19], 
and germline E-cadherin mutations associated with familial 
gastric cancer [16] provide further support for the conclusion 
that polarity defects are linked to neoplasia. The underlying 
mechanisms by which E-cadherin, APC, and β-catenin muta-
tions contribute to carcinogenesis are discussed further in 
Chapters 2 and 31.

Structure of intercellular junctions
All polarized epithelia share a common set of intercellular junc-
tions. These include, from the luminal aspect, the tight and 
adherens junctions, which form continuous circumferential 
contacts, and, below these, desmosomes and gap junctions, 
which form macular or spot contacts. Together these junctions 
maintain polarity, seal the paracellular space, provide intercel-
lular communication, and stabilize the monolayer to preserve 
overall epithelial integrity.

As noted above, homotypic interactions between E-cadherin 
proteins on adjacent cells are an initial cue for the generation 
cell polarity. These are followed by assembly of the apical junc-
tional complex, which is composed of the adherens junction 
and the tight junction. The latter defines the boundary between 
apical and basolateral membrane domains. As a result, the tight 
junction has been suggested to have a “fence” function, whereby 
it prevents mixing of transmembrane proteins and outer leaflet 
membrane lipids between apical and basolateral domains  
[17]. However, it appears that polarized distribution of mem-
brane proteins can still be established and maintained when 
tight junction assembly is blocked [18]. Thus, at least for  
proteins, tight junction fence function may have been over-
stated; a role in the maintenance of polarized lipid distributions 
remains possible.

When examined by electron microscopy, tight junctions 
appear as 100–300-nm-deep zones where adjacent cells closely 

Figure 18.4 Tight junction ultrastructure. Electron microscopic 
appearance of the tight junction (arrows) of a small intestinal absorptive 
epithelial cell. The transmission electron micrograph (a) shows that the 
tight junction is a zone of closely apposed cell membranes. Freeze-
fracture electron microscopy (b) reveals the dense interconnecting 
network of strands that define the tight junction.

(a) (b)
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protein domains, including those that allow association with 
glycolipid- and cholesterol-rich membranes, have been impli-
cated in apical targeting [38].

Direct trafficking to the apical membrane is not used by all 
proteins or cell types. In hepatocytes, for example, all membrane 
proteins are first delivered to the basolateral surface. The api-
cally destined proteins are then transcytosed to the apical, or 
canalicular, surface. A simple example of this type of sorting in 
hepatocytes as well as intestinal epithelia is provided by the 
polyimmunoglobulin (IgA) receptor, which binds IgA on the 
basal surface and is then transcytosed and released as secretory 
component into bile or the intestinal lumen [39,40]. In addition 
to specific targeting sequences that direct basolateral and then 
apical delivery, transcytosis also requires microtubules, which 
serve as tracks for the movement of transport vesicles from 
basolateral to apical surfaces. Why apical proteins without spe-
cific basolateral functions take this indirect pathway remains 
unclear. However, this mechanism is useful for the redistribu-
tion of apical proteins mistakenly targeted to the basolateral 
membrane, as well as for the sorting of membrane proteins 
during the initial stages of epithelial polarization.

Maintenance of membrane domains
Once delivered to the correct plasma membrane domain, pro-
teins can be retained through interactions with actin-based 
cytoskeletal proteins. For example, the Na+,K+-ATPase is stabi-
lized on the basolateral membrane domain by attachment to the 
cytoskeleton through the linker proteins ankyrin and spectrin. 
The complex functions of the apical membrane require intricate 
structures, such as parietal cell secretory canaliculi (see Chapters 
23, 24, and 25) and enterocyte microvilli. Assembly and main-
tenance of these membrane domains depends, in part, on ezrin–
radixin–moesin (ERM) proteins, which play a critical role in the 
organization of membrane domains diverse organisms and cell 
types [41]. These highly conserved cytoskeletal proteins link 
membrane proteins to the actin cytoskeleton by way of separate 
cargo-binding and actin-binding domains. The cargo-binding 
domain can interact with transmembrane proteins either 
directly or through accessory proteins, such as NHERF-1, 
NHERF-2, and PDZK1 [42–45]. These accessory proteins can 
also anchor protein kinases (e.g., protein kinase A), thus serving 
as a scaffold for the organization of signaling complexes [46–
48]. For example, the cystic fibrosis transmembrane regulator 
(CFTR) is bound to PDZ domains in NHERF-2. These interac-
tions stabilize CFTR at the apical membrane and tether CFTR 
to protein kinase A, thereby enhancing the ability of protein 
kinase A to activate CFTR [46,49]. Ezrin-dependent mecha-
nisms have also been implicated in trafficking of the apical Na+/
H+ exchanger NHE3 to the brush border following initiation of 
Na+/glucose cotransport as well as the rapid delivery of the 
H+,K+-ATPase to the surface of histamine-stimulated parietal 
cells [45,50,51]. Studies in mice lacking ezrin, the only ERM 
protein expressed in enterocytes, confirm the central role of this 
protein in organizing the apical membrane [52]. Enterocytes in 

diffuse freely through gap junctions and are important vehicles 
for the integration of physiological responses among cells. There 
are numerous connexin genes in humans and the pattern of 
expression varies among cell types in order to allow tissue-
specific regulation of communication. Gap junctions coordinate 
epithelial function by allowing sheets of cells to behave as syn-
cytia, for example coordinating exocytosis of zymogen granules 
from the pancreas (see Chapter 25). Gap junction communica-
tion in the liver, working through intracellular Ca2+ waves, 
modifies bile secretion in response to glucagon and vasopressin. 
Gap junctions are often mutated or their expression altered in 
gastrointestinal cancers [29,30], which likely contributed to 
aberrant intercellular communication.

Polarized protein delivery
Plasma membrane proteins and secreted proteins pass through 
a series of distinct vesicular compartments as they are sorted to 
the apical or basolateral surface. These proteins share a common 
site of synthesis on ribosomes bound to the rough endoplasmic 
reticulum and undergo posttranslational modification (e.g., gly-
cosylation) in the Golgi apparatus. Membrane proteins and 
secreted proteins are then sorted into distinct vesicles in the 
trans-Golgi network (see Figure 18.2). In most cells, proteins 
destined for the basolateral surface are delivered directly to that 
domain; studies using live cell imaging have suggested that 
basolateral delivery may even be targeted to specific sites along 
the lateral membrane [31]. Detailed analysis of basolaterally 
targeted proteins has shown that specific amino acid sequences 
located within the cytoplasmic tail are sufficient to direct baso-
lateral delivery [32]. Several of these sequences, including those 
with conserved tyrosine residues, are sorted by the epithelial 
adapter protein AP-1B [33,34]. This protein selects cargo des-
tined for the basolateral membrane and coordinates the assem-
bly of the exocytic machinery necessary for fusion of transport 
vesicles with the plasma membrane. The exocytic machinery, 
which is also involved in endocytic recycling of apical and baso-
lateral membrane proteins, includes members of the Rab family 
of small guanosine triphosphate (GTP)-binding proteins and 
SNARE proteins that target delivery of transport vesicles to 
specific membrane domains [35].

In contrast to basolateral proteins, apically targeted proteins 
are transported by both direct and indirect pathways [36,37]. 
Proteins that traffic directly to the apical membrane include 
those that associate with glycolipid- and cholesterol-rich mem-
brane domains, such as the brush border hydrolase sucrose-
isomaltase, as well as proteins that are targeted independently 
of these membrane domains, such as lactase–phlorizin hydro-
lase. Dependence on actin also differentiates these two direct 
transport pathways, as transport of sucrose–isomaltase occurs 
along actin tracks and is inhibited by actin depolymerization, 
whereas lactase–phlorizin hydrolase transport is actin inde-
pendent. The targeting motifs that direct apical delivery have 
been more difficult to identify than their basolateral counter-
parts. Ectodomain glycosylation sites and transmembrane 
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of laminin, heparan sulfate proteoglycans, and type IV collagen. 
Minor constituents that may be functionally important include 
thrombospondin and entactin/nidogen-1.

Laminin exhibits specific binding sites for type IV collagen, 
heparan sulfate proteoglycans, cell surface laminin receptors, 
and entactin. Other matrix components also possess binding 
sites for additional components, adding to the complexity of 
interactions between the epithelial cell and its surrounding 
environment. Heparan sulfate proteoglycans, which are the  
major proteoglycans of the basement membrane, consist of long 
chains of glycosaminoglycans linked to a protein core. The 
structure of these massive molecules is often likened to a test-
tube brush with the glycosaminoglycan extensions comprising 
the bristles. Proteoglycans probably organize water within the 
basement membrane, hydrating this environment through their 
capacity to bind water, and possibly imparting solute-sieving 
characteristics under conditions of bulk water flow. Although a 
controversial concept, the thickened basement membrane 
present in patients with collagenous colitis may effect impaired 
water and electrolyte absorption and the resulting watery 
diarrhea that is the symptomatic hallmark of this condition 
[53,54].

Type IV collagen is a triple-stranded helical molecule, which, 
unlike other collagens, does not have its propeptides removed 
after deposition in the extracellular space and does not cross-
link into dense fibrils; instead it assumes a loose, net-like struc-
ture by associating with other collagen IV molecules. This 
mesh-like organization establishes the fundamental structure of 
the basement membrane.

Basement membrane components can exert significant effects 
on epithelia, including modulation of proliferation, adhesion, 
migration, differentiation, and even barrier function. In the 
intestine, type IV collagen is produced primarily by mesenchy-
mal cells, heparan sulfate proteoglycans by epithelial cells, and 
laminin by both mesenchymal and epithelial cells. Many base-
ment membrane components bind to integrins, a family of epi-
thelial cell surface molecules that are connected to the actin 
cytoskeleton through linker proteins. Through such associa-
tions, structural elements within the cell are able to connect 
with, and potentially be modulated by, events occurring within 
the basement membrane and even more deeply within the 
extracellular matrix.

Mucosal barriers

Various sites in the alimentary tract must cope with the pres-
ence of acid, bile, undigested potentially antigenic proteins, 
bacterial proteins, and live bacteria. It is not surprising, there-
fore, that the epithelial barrier consists of numerous compo-
nents that prevent injury from these varying potential insults. 
Some of these components are site specific and others are 
common throughout the gastrointestinal tract. These barriers 
may be conceptually divided into two major categories: those 

these mice develop only primitive microvilli and fail to correctly 
target some proteins to the apical membrane. Moreover, the villi 
are irregularly shaped, with intravillous lumens and fused pro-
files. Not surprisingly, these mice die in the early postnatal 
period as a result of intestinal failure.

Organization of the cytoskeleton
The cytoskeleton is considered here in the context of the villous 
absorptive enterocyte, a cell type that has been a useful model 
for studies of cytoskeletal structure and function in polarized 
epithelia. The cytoskeletal organization of columnar epithelia 
exhibits only relatively minor differences among sites within the 
gastrointestinal tract. The stabilization of epithelial cell struc-
ture first requires support for the tall columnar shape; in the 
absence of the cytoskeleton, a sphere would have the most ther-
modynamically favorable properties. Maintenance of cell shape 
is primarily a function of the actin microfilaments that form a 
network beneath the entire plasma membrane (see Figure 18.2). 
Bundles of 20–30 actin filaments also form the submembranous 
cores responsible for microvillous architecture. Within these 
cores, individual microfilaments are cross-linked to each other 
by actin-bundling proteins and to the microvillous membrane 
by a member of the myosin family, myosin IA. The microvillous 
actin bundles jut into the apical pole of the cell and associate 
with a terminal web composed of actin and type II myosin that 
interfaces with the apical junctional complex. The contractile 
status of this perijunctional actomyosin ring can be adjusted in 
response to physiological and pathophysiological stimuli, allow-
ing modulation of epithelial barrier function.

Cables composed of intermediate filaments course through 
the cells and function as support structural cables. By associat-
ing with plasma membranes and desmosomes, these tonofila-
ments form a network that allows intestinal epithelia to survive 
despite exposure to the turbulent environment of the gut lumen.

Microtubules also form a unique array in polarized epithelial 
cells. In contrast to nonpolarized cells in which microtubules 
radiate from a single microtubule organizing center adjacent to 
the nucleus, microtubules in polarized epithelia are aligned api-
cobasally. With the assistance of microtubule-dependent motor 
proteins, such as kinesins and dyneins, which can transport 
vesicles along microtubule arrays, membrane-bound structures 
are trafficked throughout the cell. This network is particularly 
important in transcytosis, and microtubule disruption mark-
edly slows IgA secretion.

Basement membrane
In addition to its important structural and supportive roles, the 
basement membrane serves as a source of signals that promote 
epithelial polarity. All alimentary epithelia reside on a basement 
membrane that is 20–40 nm deep, consists of a fibrillar network, 
and rests on an underlying extracellular matrix (see Figure 
18.1). The basement membrane in the alimentary tract, similar 
to basement membranes in other tissues, is composed primarily 
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carbohydrate groups of mucin molecules that can bind to cell 
walls and thereby inhibit bacterial adhesion to and colonization 
of epithelial surfaces [57]. This is critical, as the distal gastroin-
testinal tract is densely colonized by bacteria and viruses. 
Interactions between the mucosa and luminal microbiome have 
become the focus of intense study and may contribute to both 
homeostasis and disease (see Chapter 32).

Exposure of epithelial surfaces to threats such as bacterial 
toxins and noxious chemicals often results in mucin secretion, 
further augmenting their protective effects [58]. Mucin release 
and synthesis can also be regulated in response to pathogens, 
such as Helicobacter pylori, and host-derived inflammatory 
mediators [59]. As a result, mucin depletion from the goblet cell 
compartment which produces it may be prominent in many 
pathologies. Thus, although mucin depletion is often noted in 
biopsy specimens, it is not specific to any etiology and should 
be interpreted as a nonspecific indicator of mucosal injury. The 
essential protective role of mucus is demonstrated by the spon-
taneous colitis that develops in in MUC2 null mice [60,61]. 
Notably, Muc2 expression is also downregulated in human 
inflammatory bowel disease [62–64].

Unstirred layer
Peristalsis creates a turbulent environment in the gastrointesti-
nal lumen. This turbulence or convective force does not extend 
to the epithelial surface. The best estimate is that an aqueous 
layer with a thickness of 300–800 μm lies above the epithelia. 
This apical microenvironment is still, i.e., unstirred. Convective 
forces then grow rapidly along with distance from the mucosal 
surface. Although not fully determined, the physiological 
impact of the unstirred layer on the immediate environment to 
which epithelial cells are exposed must be profound.

that are extrinsic to the epithelium (although in some instances 
produced by the epithelium) and those provided by the physical 
presence of the epithelium, which we describe as intrinsic 
barriers.

Extrinsic barriers
Mucus
Nearly all alimentary epithelia are coated with a layer of mucus 
that protects against bacteria as well as shear forces (Figure 
18.5). Most surfaces, including those of the stomach, the intes-
tine, the pancreatobiliary ducts, and the gallbladder, contain 
specialized cell types that synthesize, package, and secrete 
mucin. In the esophagus, mucin is derived from saliva as well 
as small glands that lie under the epithelium and connect to the 
lumen by way of small ducts. In contrast, foveolar mucus cells 
and goblet cells release mucin directly onto the luminal surface 
of the stomach and intestines, respectively.

Despite variations in the composition of mucus throughout 
the alimentary tract, all mucin molecules are polydispersed 
glycoproteins (250–20 000 kDa) of which about 80% of the mass 
is carbohydrate. There are at least eight human mucin-producing 
genes (MUC) genes. MUC2 is the predominant mucin expressed 
in the small intestine and colon. Although MUC2 is not nor-
mally present in the esophagus, it can be expressed by metaplas-
tic specialized columnar epithelium, such as that found in 
Barrett esophagus, and can be used as a tool to diagnose this 
condition.

Mucins act as a barrier by forming a viscous hydrated gel, i.e., 
mucus. In the intestine, mucus is organized into a dense inner 
layer that is firmly attached to the epithelial surface and an 
overlying loose layer that is much thicker [55]. Luminal bacteria 
are trapped within the loose mucus layer and are rarely present 
in the dense inner layer [56]. This may be facilitated by the 

Figure 18.5 Epithelial barriers. The intestinal epithelium is the focal point around which the interaction of luminal material and subepithelial cells, 
including those of the immune system, is organized. In addition to conducting vectorial transport and maintaining a cellular barrier, epithelia also 
contribute to host defense by elaborating mucus and transporting immunoglubulins (IgA and IgG).
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[76]. Thus, the observations that the Crohn’s disease-associated 
gene NOD2 for is required for expression of some defensins, 
that patients carrying mutations in the Crohn’s disease-
associated gene ATG16L1 have abnormal Paneth cell granules 
[77], and that defensin expression is altered [78,79] suggest that 
dysbiosis, i.e., imbalances of microbiome composition (see 
Chapter 32), may contribute to Crohn’s disease pathogenesis 
[80].

Intrinsic barriers
The intrinsic barrier is formed by the continuous sheet of epi-
thelial cells that lines the entire gastrointestinal tract. This unin-
terrupted epithelial layer separates luminal material from the 
subepithelial space.

Epithelial permeability depends on two routes by which 
material may traverse the barrier: the transcellular and paracel-
lular pathways (see Figure 18.3). The exact physical site where 
solutes cross the epithelium was a topic of considerable contro-
versy until it was recognized that transport proteins insert into 
and form channels across lipid bilayers. Similarly, the paracel-
lular pathway was thought to be impermeable and unregulated, 
a misconception perpetuated well into the 20th century because 
of the static appearance of intercellular contacts seen in early 
electron micrographs. Indeed, even the term “tight” junction is 
a misnomer, as tight junctions form a transcellular barrier that 
selectively allows paracellular flux of ions, nutrients, and some 
larger molecules. Present understanding of transcellular and 
paracellular transport emerged along with the recognition that 
both are physiologically regulated and vary widely in different 
tissues. Transepithelial transport of hydrophilic solutes along 
these two pathways is discussed below. Hydrophobic com-
pounds can cross epithelial cells directly by virtue of their solu-
bility in the lipid bilayer. For example, saturated fatty acids cross 
jejunal epithelial cell microvillous membranes at rates more 
than 1011-fold faster than they diffuse in aqueous solution.

Transcellular pathway
The transcellular pathway is highly restrictive to the passive flow 
of hydrophilic solutes. To traverse an epithelial cell, an ion or 
other hydrophilic solute must interact with three barriers in 
series: the apical membrane, the cytosol, and the basolateral 
membrane (see Figure 18.3). Although the cytosol has the 
potential to limit transcellular molecular flux, the two plasma 
membranes are the key barriers that restrict the passive move-
ment of hydrophilic solutes.

The lipid bilayers of the apical and basolateral membranes 
prevent massive flux of hydrophilic solutes and preserve trans-
membrane electrochemical gradients; the high resistance to 
passive ion flow across model lipid bilayers approaches imper-
meability. Biological membranes, which are composed of lipid 
bilayers and membrane proteins, are slightly more permeable, 
but still demonstrate resistances to passive ion flow that are 
several orders of magnitude greater than those of gastrointesti-
nal epithelial plasma membranes. Integral membrane proteins 

The presence and volume of the unstirred layer may signifi-
cantly affect nutrient absorption. For example, if the epithelial 
transport system can transport a given nutrient more rapidly 
than the nutrient can diffuse into the unstirred layer, diffusion 
becomes the rate-limiting step in absorption. In contrast, poly-
meric nutrients that are broken down into monomers at the 
brush border (e.g., carbohydrates) may be formed at very high 
rates within the unstirred layer. As discussed below, these local 
nutrient concentrations may exceed the capacity of transcellular 
transport pathways. While it is difficult to measure solute con-
centrations within the unstirred layer precisely, this is an impor-
tant consideration when analyzing the biophysics and kinetics 
of gastrointestinal transport.

Secreted immunoglobulins
Intestinal epithelial surfaces are bathed by secretory IgA and 
IgG (see Figure 18.5). Secretory IgA is produced as a dimer by 
lamina propria plasma cells, transcytosed by the polyimmu-
noglublin receptor, and released into the lumen as a conse-
quence of proteolytic receptor cleavage [40,65,66]. IgG is 
transcytosed by the neonatal Fc receptor (FcRN), which can 
function in both basolateral to apical as well as apical to baso-
lateral directions [67]. The latter allows FcRN, which is expressed 
well beyond the neonatal period, to mediate absorption of anti-
bodies by nursing infants. With the intestinal lumen, secretory 
IgA and IgG act as immune barriers by binding to luminal 
threats, including pathogenic bacteria and toxins [68,69]. This 
adaptive immune barrier is highly specific and dependent on 
prior antigenic sensitization (see Chapter 17).

Secreted bicarbonate
In contrast to the extrinsic barriers discussed above, some 
extrinsic barriers have regional variation. One well-described 
example is the net bicarbonate (HCO3

−) secretion by epithelia 
that interface with the acidic luminal environment of the 
stomach. The proximal duodenum also must protect itself from 
gastric acid, as pancreatic bicarbonate secretions do not enter 
the gut lumen until the ampulla of Vater. Epithelial bicarbonate 
secretion and neutralization is the first line of defense against 
acid-induced damage (see Chapters 24 and 29). As a result of 
this secretion, the unstirred layer overlying the gastric epithe-
lium has a pH much closer to neutral than the majority of 
luminal fluid [70,71]. Intracellular HCO3

− may also contribute 
to duodenal epithelial cytoprotection [71,72].

Antimicrobial peptides
Gut epithelial cells produce and secrete peptides with antimi-
crobial functions. Paneth cells at the base of the crypts in the 
small intestine and ascending colon are important in this 
process and release proteins and enzymes with antimicrobial 
activity, including defensins, lysozyme, and type II phospholi-
pase A2 [73–75]. The bactericidal activity of most defensins may 
actually shape the composition of the intestinal microbiome 
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and solutes varies between tissues, between sites within tissues 
(e.g., crypt vs. villus), and in response to physiological and 
pathophysiological stimuli [24,82–86].

The ion-selective permeability of tight junctions is largely 
defined by the ensemble of claudin protein family members 
expressed [86–90]. Some proteins within the 27 member claudin 
family form charge-selective paracellular pores that allow mol-
ecules with radii <∼4 Å to traverse the tight junction. For 
example, familial hypomagnesemia, a disease of deficient renal 
tubular Mg+2 reabsorption, is the result of mutations in either 
claudin-16 or claudin-19, which form a complex that facilitates 
paracellular Mg+2 flux [91–95].

Genetic mutations in specific claudin family members have 
not yet been described in gastrointestinal disease. However, the 
patterns of claudin protein expression along the length of the 
gastrointestinal tract, as well as along the crypt–villus axis, 
explain, at least in part, variations in paracellular permeability 
at different sites [96]. Moreover, changes in the specific pattern 
of claudins expressed by intestinal epithelia may be critical to 
disease pathogenesis. For example, inflammatory bowel disease 
is associated with loss of claudin-5 and claudin-8 as well as 
claudin-2 expression [97–100]. Claudin-2 forms small pores 
that allow paracellular flux of monovalent cations [86,90,101], 
primarily Na+ and water [102], and may therefore be responsi-
ble for some of the barrier loss and diarrhea that occurs in 
patients with inflammatory bowel disease.

Like claudin-2, claudin-15 forms a pore that mediates para-
cellular Na+ flux. Both of these claudins are critical to nutrient 
absorption and homeostasis. In mice, intestinal claudin-2 
expression is highest shortly after birth and marked downregu-
lated before weaning [96]. Conversely, there is little expression 
of claudin-15 until weaning, at which time it increases markedly 
[96]. Consistent with the low levels of claudin-2 expression 
throughout most of life, adult mice lacking claudin-2 are healthy 
and do not have apparent intestinal defects [103,104]. In con-
trast, mice lacking claudin-15 display marked intestinal hyper-
trophy [104,105]. A potential explanation for this aberrant 
intestinal growth becomes clear when one considers that mice 
lacking both claudin-2 and claudin-15 die in the perinatal 
period due to malnutrition [104]. This malnutrition can be 
understood when one recognizes that the many Na+-dependent 
intestinal absorptive processes require quantities of luminal Na+ 
that exceed those provided by the diet. Trans–tight junction flux 
of Na+ into the lumen, which likely occurs in the proximal small 
intestine, may therefore allow recycling of absorbed Na+. Failure 
to recycle Na+ explains defects in glucose, amino acid, and fat 
absorption in mice lacking both claudin-2 and claudin-15, as 
transport of each of these depends on apical Na+ cotransporters 
[5,104]. Thus, the intestinal hypertrophy of claudin-15-deficient 
mice may simply represent an adaptive response to inadequate 
absorptive function. Claudin-2 and claudin-15 upregulation, 
which occurs in inflammatory bowel disease, may therefore 
reflect an effort to compensate for loss of functional absorptive 
surface area.

such as transporters, pumps, and channels contribute to the 
relative permeability of alimentary epithelia. These proteins 
serve a critical need as the transmembrane movement of ions is 
essential for cellular homeostasis as well as nutrition.

As discussed above, vectorial transport relies on the polarized 
delivery of transporters, pumps, and channels to the apical and 
basolateral membranes. The specific example of glucose absorp-
tion in the small intestine will be considered here (see Figure 
18.3). For detailed discussions of absorption and secretion,  
see Chapters 23–26. Glucose is actively transported across the 
apical plasma membrane by the Na+/glucose cotransporter 
SGLT1 [1]. The absence of this critical transporter results  
in glucose–galactose malabsorption, an autosomal recessive 
disease characterized by the failure to absorb these carbohy-
drates from the diet [81]. Affected children present with severe 
diarrhea, dehydration, and failure to thrive. The disease is gen-
erally fatal unless glucose and galactose are eliminated from the 
diet.

The energy source that allows efficient uptake of luminal 
glucose by SGLT1 is the high extracellular, and low intracellular, 
Na+ concentration; two Na+ ions are absorbed along with each 
glucose molecule. The apical positioning of SGLT1 ensures that 
glucose is never secreted into the lumen, as the Na+ gradient 
makes this thermodynamically unfavorable. Once within the 
cytosol, Na+ and glucose diffuse to the basolateral membrane. 
Here, Na+ ions are pumped out of the cell and into the subepi-
thelial and basolateral interstitium by the Na+,K+-ATPase, and 
glucose molecules diffuse across the membrane in a 
concentration-dependent manner facilitated by the glucose 
transporter GLUT2. In the absence of luminal nutrients, the 
basolateral positioning of GLUT2 allows it to also operate in the 
reverse direction, bringing glucose into the epithelial cell from 
the subepithelial interstitium. SGLT1 and GLUT2 are specific 
transporters for sugars; other transporters with similar proper-
ties manage the transport of amino acids and other nutrients. It 
should be apparent that the subepithelial deposition of Na+ and 
glucose results in an osmotic gradient that drives water absorp-
tion (see Figure 18.3).

Paracellular pathway
The paracellular pathway is a major route of passive solute per-
meation. Although plasma membranes tend toward high resist-
ance, alimentary epithelia, with the exception of the esophagus, 
have low net resistances, meaning that they are relatively perme-
able. Detailed molecular, biophysical, and morphological analy-
ses have shown that the paracellular pathway is responsible for 
the marked permeability of gastrointestinal epithelia, relative to 
those in the bladder or skin.

The paracellular pathway consists of the apical intercellular 
tight junction and the underlying paracellular space. Under 
most conditions, the tight junction is the rate-limiting step that 
limits passive movement of hydrophilic solutes through the 
paracellular space. The permeability of tight junctions to ions 



326   PART 2 Mechanisms of normal and abnormal gastrointestinal function

Regulation of barrier function by  
physiological stimuli
Intestinal permeability can be regulated by physiological pro-
cesses. For example, it is well documented that Na+/nutrient 
cotransport results in enhanced permeability of tight junctions 
to molecules the size of amino acids and glucose [82,83,119, 
128,129]. These increases in permeability may represent an 
increase in the number or open probability of small pores in the 
upper villus [119], i.e., the site of nutrient transport. In contrast, 
flux across lower villus and crypt paracellular pathways that 
allow larger molecules to cross the tight junction is not affected 
by Na+/nutrient cotransport [119]. Thus, the localized and size-
selective tight junction permeability increases that follow Na+/
nutrient cotransport do not result in greater paracellular flux of 
larger molecules, such as bacterial products [130]. Na+/glucose 
cotransport also activates trafficking of cytoplasmic Na+H+ 
exchanger 3 (NHE3) to the apical, brush border membrane 
[45,51], which results in further increases in transcellular Na+ 
absorption (see Figure 18.3). Together, this transcellular nutri-
ent, e.g., glucose, and Na+ absorption creates a transepithelial 
osmotic gradient that drives water absorption from the unstirred 
layer. As noted above, the unstirred layer lies just above the 
brush border membranes, which contain digestive enzymes, 
and is enriched in small nutrients after eating. This fluid there-
fore acts as a solvent that carries small nutrients through tight 
junction pores. This mechanism, termed “solvent drag,” is most 
active at high luminal nutrient concentrations, where paracel-
lular absorption may even exceed transcellular absorption 
[131]. Thus, transcellular absorption activates processes that 
enhance paracellular absorption [118]. In this manner, paracel-
lular absorption amplifies transcellular absorption. This tight 
junction regulation can also facilitate paracellular absorption of 
undegradable compounds, such as short d-amino acid-
substituted peptides and creatinine [132,133], and may be of use 
in oral drug delivery. Finally, it is important to recognize that 
the combination of events described likely explains the efficacy 
of of Na+- and glucose-containing oral rehydration solutions, 
including those containing starches that are broken down by 
colonic bacteria [134,135].

Physiological tight junction regulation initiated by Na+/
glucose cotransport requires activation of MLCK [82,85]. 
Epithelial MLCK is transcribed from the same gene as the 
smooth muscle MLCK, and these two enzymes have identical 
catalytic domains [136,137]. However, the epithelial isoform is 
much larger, as it is transcribed from an upstream promoter that 
is distinct from the smooth muscle MLCK promoter [138,139]. 
The signal transduction mechanisms that link Na+/glucose 
cotransport to MLCK activation are incompletely defined, but 
the result is phosphorylation of myosin II regulatory light chain. 
This initiates contraction of the perijunctional actomyosin ring 
and induces subtle morphological changes, such as perijunc-
tional actomyosin condensation [83] and undulation of tight 
junction profiles [140] that increase tight junction permeability 
[85,140,141]. At a molecular level, MLCK activation enhances 

Water movement across the epithelial barrier
Despite the obvious importance of fluid transport across gas-
trointestinal epithelia, controversy remains about the relative 
importance of the transcellular vs paracellular routes. Potential 
mechanisms of transcellular water movement include passage 
through transmembrane channels created by members of the 
aquaporin protein family [106]. These small integral membrane 
proteins are well studied in tissues specialized for regulated 
water and salt transport, such as the collecting duct of the 
kidney, the parotid gland, and osmoregulatory organs of saltwa-
ter animals [107–110]. Although aquaporins are expressed in 
gastrointestinal epithelia and their expression may be altered  
in disease [111–113], it appears that they play a limited role  
in gastrointestinal water transport [114]. Although others have 
suggested that the apical Na+/glucose cotransporter SGLT1 
may serve as a molecular water pump, carrying a large number 
of water molecules with each glucose molecule transported 
[115], it is more likely that the osmotic gradient generated by 
transcellular transport, along with increases in tight junction 
permeability that follow SGLT1 activation, explain the water 
absorption associated with Na+/glucose cotransport [83,85,116–
119]. Together with the observation that increased flux across 
the paracellular pathway is necessary to support the massive 
water secretion that accompanies acute immune-mediated 
diarrhea [84], these data suggest that the paracellular pathway 
is the major route of water flow across intestinal epithelia 
[120–122].

Epithelial barrier and disease

Epithelial renewal
Epithelial injury is most readily apparent when gaps within the 
epithelium such as erosions or ulcerations are present. However, 
because the gut has a remarkable capacity for repair, many 
forms of focal acute injury do not result in functionally signifi-
cant defects. One example is the rapid sealing of defects that 
occurs routinely during the physiological turnover of gastroin-
testinal epithelia.(see Chapter 2). These cells are replaced, on 
average, once or twice each week through coordinated prolifera-
tion, migration, apoptosis, and shedding. For example, small 
intestinal enterocytes arise from the stem cell compartment, i.e., 
the crypt, migrate upward through the proliferative zone, and 
undergo an ordered process of differentiation as their pheno-
type is modified from undifferentiated secretory cell to fully 
differentiated villous absorptive cell. They are then shed from 
the villous surface. Membrane proteins, most of which have 
half-lives considerably shorter than that of the epithelial cells, 
also turn over. This facilitates the evolution in protein expres-
sion that occurs during differentiation. Lipid turnover undoubt-
edly occurs as well but technical challenges hinder its 
documentation. Perhaps most remarkable in this continual 
process of renewal is that the barrier remains intact at sites of 
epithelial cell detachment [123–127].
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pathway that allows charge nonselective flux of large macromol-
ecules (Figure 18.6). This route, termed the leak pathway 
[24,171], is a low capacity conductance path that can be regu-
lated by a variety of pathophysiological stimuli including tumor 
necrosis factor, IL-1β, and LIGHT, i.e. lymphotoxin-like induc-
ible protein that competes with glycoprotein D for herpes virus 
entry on T cells [172,173].

In contrast to tumor necrosis factor, the cytokine IL-13 only 
increases paracellular flux of small cations and uncharged mol-
ecules. This size-selective route is referred to as the pore pathway 
[86]. The increased pore pathway conductance that follows 
IL-13 exposure is due to increased expression of claudin-2 
which, as noted above, creates cation- and size-selective paracel-
lular pores [86]. Claudin-2 expression can also be enhanced by 
IL-6 and IL-17 [86,98,174,175]. Both of these mechanisms 
appear to be activated in inflammatory bowel disease, where 
MLCK expression and activity [176] as well as claudin-2 expres-
sion [98,101] are increased while occludin expression is 
decreased [98].

The divergent effects of IL-13 and tumor necrosis factor on 
barrier function demonstrate that the immune system can dif-
ferentially regulate conductance across either the high-capacity, 
charge- and size-selective pore pathway or the low capacity, 
relatively nonselective leak pathway [177]. In turn, barrier regu-
lation can regulate mucosal immunity, as even small in vivo 
increases in intestinal paracellular permeability induce complex 
immune responses [86,178,179]. When considered as a single 
system, these observations are consistent with a model where 
impaired mucosal barrier function can lead to immune activa-
tion, cytokine release, and further loss of barrier function that 
result is a self-amplifying cycle of barrier dysfunction and inap-
propriate immune activation [23,24]. Thus, compromised 
barrier function may be a critical event in disease pathogenesis. 
Alternatively, mucosal immune activation and cytokine release 
can initiate this vicious cycle.

Contributions of barrier loss to  
immune-mediated disease
To address the specific impact of MLCK-dependent tight junc-
tion barrier regulation on intestinal physiology, transgenic mice 
expressing an intestinal epithelial-specific constitutively active-
MLCK (CA-MLCK) were generated [178]. Augmented intesti-
nal epithelial myosin II regulatory light chain phosphorylation 
caused modest increases in intestinal epithelial tight junction 
permeability [140,178]. Notably, the permeability increases 
observed were quantitatively similar to the defects seen in 
healthy first-degree relatives of Crohn’s disease patients 
[155,157]. It is, therefore, not surprising that CA-MLCK trans-
genic mice failed to develop spontaneous disease. Nevertheless, 
mucosal immune activation, including increased expression of 
tumor necrosis factor, IL-13, interferon-γ, IL-10, and claudin-2, 
was observed [86,178]. Further, CA-MLCK transgenic mice 
developed a more severe colitis with reduced survival, relative 

ATP- and actin-dependent exchange of the tight junction scaf-
folding protein ZO-1 [141]. Thus, Na+/nutrient cotransport-
induced increases in paracellular permeability may be mediated 
by modulation of the continuous, molecular remodeling of  
the tight junction protein complex that occurs at steady state 
[141,142].

Dysregulation of epithelial barrier function
Despite an intact epithelium, tight junction permeability is 
enhanced in many inflammatory, infectious, ischemic, and 
immune-mediated intestinal diseases [23,143]. For example, 
permeability defects that occur in both graft-versus-host disease 
and human immunodeficiency virus infection are associated 
with increases in serum lipopolysaccharide absorption from the 
gut lumen [144–150]. These changes can be reversible, as a 
gluten-free diet can restore barrier function in celiac disease and 
diarrhea predominant irritable bowel syndrome [151,152].

Barrier defects are also seen in Crohn’s disease. During clini-
cal remission, increased intestinal permeability can be a marker 
of impending disease reactivation [153,154]. In addition, per-
meability defects are present in a subset of healthy first-degree 
relatives of patients with Crohn’s disease [155–157]. This has led 
to speculation that a primary defect in tight junction barrier 
function may contribute to the pathogenesis of Crohn’s disease 
[156,158,159]. Conversely, inflammation, including that in 
Crohn’s disease, can also cause increased permeability. As an 
example, treatment of Crohn’s disease patients with antibodies 
that neutralize tumor necrosis factor reduces inflammatory 
activity and restores barrier function [160].

Tumor necrosis factor acutely reduces barrier function in 
cultured intestinal epithelial monolayers in vitro and mouse 
jejunal epithelia in vivo [120,161–164]. This is accomplished by 
exploitation of the normal physiological regulatory mechanism 
of myosin II regulatory light chain phosphorylation-induced 
tight junction regulation [138,161,165,166]. However, unlike 
the MLCK-dependent, size-selective increase in tight junction 
permeability that follows Na+/glucose cotransport, tumor 
necrosis factor-mediated MLCK activation results in increased 
paracellular flux of both large and small molecules [84,86,120]. 
Moreover, tumor necrosis factor triggers endocytosis of the 
tight junction protein occludin [84,164,167]. This occludin 
removal is required for tumor necrosis factor-induced barrier 
loss, as either inhibition of occludin endocytosis or occludin 
overexpression, both of which preserve the tight junction-
associated occludin pools, limit tumor necrosis factor-induced 
barrier loss [164]. This suggests that tumor necrosis factor acti-
vates both MLCK and a second signal that promotes occludin 
endocytosis and that this explains the differences between size 
selectivity of Na+/glucose cotransport- and tumor necrosis 
factor-induced tight junction regulation. Consistent with this, 
occludin knockdown enhances paracellular flux of large and 
small molecules, both in vitro and in vivo [167,168]. Thus, 
despite being unnecessary for the assembly of intestinal epithe-
lial tight junctions [169,170], occludin is a key regulator of a 
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tion, and early disease activation in a model of immune-
mediated colitis [186]. However, disease ultimately developed 
in association with epithelial apoptosis that resulted in tight 
junction-independent barrier loss (see Figure 18.6). Thus, while 
immune-mediated colitis can be limited by epithelial MLCK 
inhibition, this can be overcome by epithelial injury. These data 
suggest that epithelial MLCK inhibition could be helpful as 
maintenance therapy, if a targeted therapeutic agent were avail-
able, but that this approach might be less useful in active disease 
with ongoing mucosal damage.

Interactions of epithelial and immune cells
Despite the correlation of increased intestinal permeability with 
disease and the therapeutic potential of barrier restoration, the 
failure of barrier loss by itself to cause disease remains puzzling. 
This point has been demonstrated repeatedly by human studies, 
such as those showing increased intestinal permeability in a 
subset of healthy first-degree relatives of Crohn’s disease patients 
[155,156,188], as well as a plethora of experimental models, 
including the transgenic mice described above [178,189] despite 
nonscientifically based assertions to the contrary [143]. Several 
groups of investigators therefore asked why intestinal barrier 
loss is unable to cause disease [24,178,179,190]. The question is 

to their nontransgenic littermates, in an immune-mediated 
model of inflammatory bowel disease. Thus, intestinal epithelial 
tight junction barrier loss can accelerate disease pathogenesis in 
a susceptible individual. However, barrier loss alone is insuffi-
cient to cause disease in otherwise normal subjects. The poten-
tial of barrier loss and mucosal immune activation to initiate 
disease in a susceptible individual may also explain the increased 
incidence of inflammatory bowel disease and irritable bowel 
syndrome following acute infectious enterocolitis [180–183].

The model presented above could prompt a therapeutic trial 
of MLCK inhibitors in inflammatory bowel disease. However, 
given the identity of epithelial and smooth muscle MLCK cata-
lytic domains, an enzymatic inhibitor is likely to have unaccept-
able toxicities, including visceral paralysis, e.g., aperistalsis, 
hypotension, and cardiac arrest [184,185]. In contrast, knockout 
mice lacking only the epithelial long MLCK isoform have 
normal smooth muscle MLCK function and are healthy in the 
absence of exogenous stressors [84,186,187]. These mice were 
used to investigate the potential of targeted epithelial MLCK 
inhibition in colitis [186]. Long myosin light chain knockout 
mice were protected from acute tumor necrosis factor-driven, 
MLCK-dependent leak pathway barrier loss [84] and were also 
protected from leak pathway barrier loss, claudin-2 upregula-

Figure 18.6 Mechanisms of intestinal barrier loss. The intestinal epithelial barrier is established by the monolayer of columnar epithelial cells. Tight 
junctions form a selectively permeable seal between adjacent cells to restrict paracellular flux. In the context of disease, this epithelial barrier can be 
modified by three separate processes that differentially impact paracellular flux of solutes, water, and larger materials, e.g., bacterial. Claudin-2 
expression (a) can be induced experimentally by a variety of cytokines, including interleukin-13 (IL-13; shown), IL-6, and IL-17, and is also upregulated 
in experimental colitis and human inflammatory bowel disease. Claudin-2 forms a tight junction channel that allows paracellular flux of small 
monovalent cations, primarily Na+, small nutrients, e.g., glucose and amino acids, and water. This high-capacity route, termed the pore pathway, is both 
size and charge selective. Other cytokines, including tumor necrosis factor (TNF), IL-1β, and LIGHT increase trans–tight junction conductance across 
the leak pathway (b). Myosin light chain kinase (MLCK) can be acutely activated by these cytokines in model systems and is also activated in 
experimental colitis and human inflammatory bowel disease. Although the carrying capacity is more limited than the pore pathway, the leak pathway 
allows paracellular flux of much larger molecules. The size selectivity of the leak pathway has not been defined, but some estimates suggest that it can 
accommodate molecules with radii up to ∼60 Å. Finally, damage, including that caused by apoptosis (shown), necroptosis, necrosis, and direct injury, 
can result in complete elimination of the epithelial barrier (c). This mechanism of barrier loss reflects the absence of tight junctions locally, i.e., at sites 
of erosions or ulcers. The residual barrier formed by mucus and the basement membrane, if these are present, allows free exchange in a size- and 
charge-nonselective manner, although bacteria may be trapped within the mucus layer (see text). IFNγ, interferon γ.
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Integration of mucosal function

Gut epithelial function may be modulated by a host of influ-
ences from nonepithelial sources, including growth factors, 
cytokines and chemokines, and neural mediators. Together, 
these signaling and regulatory networks interact to maintain 
gastrointestinal mucosal homeostasis. This includes balancing 
barrier function with the need for transepithelial movement of 
ions, nutrients, and antigens; rapid repair of mucosal defects; 
and management of interactions between mucosal immune cells 
and the microbiome. The precise integration of these properties 
centers on the epithelium. Maintenance of the epithelial barrier 
is critical to these functions and requires integrity of cellular 
plasma membranes and intercellular tight junctions. The 
mucosal barrier also benefits from epithelial secretions, includ-
ing mucus and HCO3

–. Based on the examples provided in this 
chapter, as well as other chapters in this textbook, it is evident 
that dysregulation of any of these functions can result in dis-
eases with overlapping clinical presentations.
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addressed most directly by a study that assessed disease suscep-
tibility in mice following transient epithelial cell damage and 
barrier loss [179]. This resulted in increased numbers of mucosal 
regulatory T cells, including populations producing IL-10 or 
expressing surface latency-associated peptide (LAP), a trans-
forming growth factor-β precursor. Following recovery from 
the transient insult, these mice were resistant to chemically 
induced colitis by a mechanism that required, and could be 
adoptively transferred by, the mucosal LAP-expressing T cells 
[179]. Similarly, barrier defects induced by CA-MLCK resulted 
in increased mucosal IL-10 and IgA production. Further, mice 
lacking junctional adhesion molecule A (JAM-A), which results 
in supraphysiological barrier defects, possibly as a result of 
mucosal damage and increased epithelial turnover [191], also 
displayed increased production of IgA and transforming growth 
factor-β [190]. As a whole, these data suggest that a healthy 
immune system is able to regulate inflammatory reactions  
in order to limit immune activation in response to barrier  
loss and prevent initiation of the vicious cycle that leads to 
chronic disease.

IL-10 deficient mice provide a clear example of the interac-
tion between mucosal immune dysregulation and barrier loss. 
These mice develop barrier defects in a manner that depends 
on microbial colonization [192]. Either reductions in microbial 
load or a more direct pharmacological approach to barrier res-
toration limit severity of the spontaneous colitis that develops 
in these mice [192–194]. Although the pathogenic mechanisms 
active in these mice may not be identical to those in patients, 
they are likely related, as polymorphisms flanking the IL-10 
gene [195] as well as IL-10 receptor mutations are associated 
with susceptibility to ulcerative colitis [196]. Thus the epithelial 
barrier is likely to be a critical regulator of interactions between 
the gut microbiome and the mucosal immune system in both 
experimental and human disease.

Overall, it is clear that the epithelial barrier and mucosal 
immune function are interrelated and that, if one is to under-
stand disease, they must be considered as a whole. The data 
indicate that, in an immunocompetent host, limited barrier 
defects induce a robust immunoregulatory response that pre-
vents disease. The difference between Crohn’s disease patients 
and their healthy relatives with increased permeability may 
therefore be in the quality of this immunoregulation and the 
ability to manage inflammatory responses to barrier loss.

http://www.yamadagastro.com/textbook
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The esophagus is the simplest of organs, a hollow muscular tube 
with a sphincter at each end, designed to keep  itself empty  in 
the face of frequent  intrusions from above and below. Despite 
such  simplicity  of  function,  the  structure  and  control  mecha-
nisms of  the esophagus are  far  from simple. One of  the many 
complexities  of  the  esophagus  is  that  it  encompasses  the  ana-
tomical  and  physiological  transition  between  two  distinct 
regions,  the oropharynx and the gut. The oropharynx  is com-
posed of striated muscle, controlled by the cerebral cortex and 
the  brainstem,  and  is  capable  of  precise  tactile  sensation;  the 
distal esophagus is composed of smooth muscle, controlled by 
the  vagus  nerve  and  the  enteric  nervous  system,  and  only 
capable of imprecise sensation. Although there is a gradual tran-
sition between the smooth and striated muscle, motor function 
in the oropharynx and esophageal body are quite distinct. The 
ensuing  discussion  exemplifies  this  distinction,  describing 
selected aspects of pharyngeal, gastric, and diaphragmatic func-
tions that are inextricably entwined with esophageal functions. 
Similarly,  swallowing  is  a  complex,  highly  integrated  motor 
response encompassing the oropharyngeal swallow, and central 
nervous system control mechanisms, as well as strictly esopha-
geal components.

Pharynx and upper esophageal sphincter

Anatomy and function
Pharynx
The oral cavity, pharynx, and larynx are all involved in the task 
of transferring food from the area of the palate to the esophagus. 
Within  the  oral  cavity,  the  lips,  teeth,  hard  palate,  soft  palate, 
mandible,  floor  of  the  mouth,  and  tongue  serve  functions  in 
masticating, containing, and forming food into a bolus suitable 
for  transfer  to  the  pharynx.  The  pharynx  is  a  hollow  cylinder 
extending from the base of the skull to the lower border of the 
cricoid  cartilage.  Anatomically  it  is  separated  into  three  seg-
ments: the nasopharynx, oropharynx, and hypopharynx (Figure 
19.1).
•  The  nasopharynx  extends  from  the  base  of  the  skull  to  the 

distal edge of the soft palate. Although the nasopharynx is not 
part of the alimentary tract, muscles located in the nasophar-
ynx  contribute  to  elevating  the  soft  palate  and  sealing  the 
nasopharynx during swallowing  to prevent bolus entry  into 
the nasopharynx.

•  The oropharynx extends from the soft palate to the base of the 
tongue. The inferior margin of the oropharynx is demarcated 
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hyoid  bone  and  stylohyoid  ligament,  passes  posteromedially, 
and inserts into the posterior median raphe. The inferior con-
strictor comprises the thyropharyngeus (superior part) and the 
cricopharyngeus  (inferior  part).  The  thyropharyngeus  arises 
from the thyroid cartilage, passes posteromedially, and inserts 
into the median raphe. The cricopharyngeus has superior and 
inferior  components,  each  of  which  arise  bilaterally  from  the 
sides of the cricoid lamina; the superior fibers course postero-
medially to the median raphe, whereas the inferior fibers loop 
around the esophageal inlet without a median raphe. The Killian 
triangle, a triangular area of thin muscular wall, is formed pos-
teriorly  between  these  components  of  the  cricopharyngeus; 
dehiscence at Killian triangle results in Zenker diverticulum.

The pharyngeal walls contain or are supported by five carti-
lages:  the  epiglottic,  arytenoid,  cuneiform,  corniculate,  and 
cricoid (see Figure 19.1). The spaces formed between the lateral 
insertion of the inferior constrictor and the lateral walls of the 
thyroid cartilage are the pyriform sinuses, which end inferiorly 
at the cricopharyngeus muscle, separating the pharynx from the 
esophagus. The  larynx and  trachea are  suspended  in  the neck 
between the hyoid bone superiorly and the sternum inferiorly. 
A number of muscles, categorized as the laryngeal strap muscles, 
contribute  to  this  suspension  and,  together  with  the  intrinsic 
elasticity  of  the  trachea,  permit  the  larynx  to  be  elevated  and 
lowered. The tongue rests on the hyoid bone, which also serves 
as  its  base.  Laryngeal  movement  is  crucial  to  the  successful 
accomplishment of the swallow response as the laryngeal inlet 

by the valleculae anteriorly and the mobile tip of the epiglottis 
posteriorly.

•  The hypopharynx extends from the valleculae to the inferior 
margin of the cricoid cartilage and includes the upper esopha-
geal sphincter (UES).
Muscle  groups  participating  in  deglutition  include  those  of 

the soft palate, tongue, and pharynx. In addition, muscles that 
elevate and pull the pharynx forward, sometimes referred to as 
extrinsic  muscles,  alter  the  shape  of  the  pharynx  and  seal  the 
airway  during  deglutition.  Intrinsic  muscles,  conversely,  are 
responsible for collapsing the lumen of the pharynx and propel-
ling the bolus into the esophagus. Within the nasopharynx, the 
levator veli palatini,  tensor veli palatini,  and palatoglossus act 
to raise and tense the soft palate and uvula, sealing the nasophar-
ynx  and  preventing  escape  of  pressure  through  the  nose. 
Posteriorly, the stylohyoid, styloglossus, palatopharyngeus, sty-
lopharyngeus,  and  posterior  digastric  muscles  elevate  the 
larynx, while the geniohyoid, mylohyoid, anterior digastric, and 
thyrohyoid muscles pull  the  larynx  forward and contribute  to 
the opening of the UES.

The intrinsic muscles of the pharynx are the superior, middle, 
and inferior pharyngeal constrictors (see Figure 19.1). The con-
strictors  overlap  and  insert  into  a  collagenous  sheet,  the  buc-
copharyngeal aponeurosis. The superior pharyngeal constrictor 
arises  from  the  pterygoid  hamulus,  pterygomandibular  raphe, 
mandible, and tongue, passes posteromedially, and inserts into 
the  posterior  raphe.  The  middle  constrictor  arises  from  the 

Figure 19.1 Anatomy of the pharynx. (a) Sagittal view of the pharynx showing the musculoskeletal structures involved in swallowing. At rest, the 
esophagus is collapsed and empty. In the course of a swallow, the laryngeal inlet is sealed and the mouth of the esophagus is opened by highly 
coordinated muscular activity. (b) Cutaway view of the musculature of the pharynx. Note that the hyoid bone is positioned as a fulcrum and is 
instrumental in directing anteriorly and superiorly acting forces toward the larynx, opening the esophageal inlet.
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transection abolishes contractile activity in the cricopharyngeus 
and inferior pharyngeal constrictor muscles [8].

Manometric evaluation of UES function  is difficult because 
the UES is a short, complex anatomical zone that moves briskly 
during swallowing. Furthermore, UES pressure measurement is 
heavily  influenced by recording methodology because of both 
the marked asymmetry of the UES and the fact that the meas-
urement per se stimulates sphincter contraction. The less move-
ment  applied  to  the  recording  catheter  and  the  smaller  the 
measuring device,  the  lower  the  recorded pressures  [9]. Thus, 
considerable  variability  in  reported  “normal”  UES  pressure 
ranges makes it impossible to define a meaningful normal range 
[9].  Measurement  of  UES  relaxation  during  swallowing  also 
poses  substantial  recording challenges and potential  for error. 
Relaxation  occurs  during  swallow-associated  laryngeal  eleva-
tion [10]. However, movements of the sphincter and the tran-
snasally positioned catheter are asynchronous which may lead 
to error in determining the extent of relaxation and tonic pres-
sure. High-resolution manometry  is capable of a resolution of 
1 cm and can accurately measure UES pressure changes during 
swallowing, the degree of UES relaxation, and intrabolus pres-
sure (Figure 19.2).

The main function of the UES is  to maintain closure of  the 
proximal end of  the esophagus unless opening  is  required  for 
either swallowing or belching [11]. It constitutes an additional 
barrier to refluxed materials entering the pharynx and also pre-
vents  air  from  entering  the  esophagus  during  inspiration.  A 
common observation during intraluminal UES manometry or 
cricopharyngeal electromyography is that the UES contracts in 
synchrony with inspiration, a response that probably serves to 
prevent the inhaling of air into the esophagus. Inspiratory aug-
mentation of UES  tone  is most evident during periods of  low 
UES pressure and is often undetectable during periods of higher 
sphincter pressures, presumably because it is obscured by more 
vigorous  responses.  Phonation  also  leads  reflexively  to  an 
increase  in UES pressure,  thereby further protecting the vocal 
cords from reflux [12].

Balloon distension of the esophagus stimulates UES contrac-
tion  with  the  effect  being  more  pronounced  with  proximal 
balloon positions [13]. However, when the distension pattern of 
gas reflux is imitated by using a long cylindrical balloon or by 
rapid air  injection  into  the esophagus, UES relaxation occurs, 
rather  than  contraction  [5].  Belch-induced  relaxation  is  also 
associated  with  glottic  closure  [14].  Figure  19.2  details  the 
unique  aspects  of  belch-associated  UES  relaxation  compared 
with swallow-associated relaxation. Note especially the absence 
of a pharyngeal contraction and the more prolonged UES relax-
ation during belching. The larger the volume of air injected into 
the esophageal body, the longer the duration of the ensuing UES 
relaxation  [5].  Stress  augments  UES  pressure  in  humans  [15], 
whereas  anesthesia  [16]  or  sleep  [17]  virtually  eliminates  it. 
Esophageal acidification was once thought to induce UES con-
traction [18,19] but this response has not been confirmed, even 
in  studies  involving 30 min of esophageal acid perfusion  [20]. 

is both closed and physically  removed  from the bolus path  in 
the course of a swallow. Failure to achieve this complex laryn-
geal movement can result in aspiration.

The  motor  neurons  that  innervate  the  pharyngeal  muscles 
have their cell bodies in the nuclei of the trigeminal, facial, glos-
sopharyngeal, and hypoglossal nerves, as well as in the nucleus 
ambiguus (a component of the vagal motor complex of nuclei) 
and spinal segments C1–C3. The pharynx is densely innervated, 
with a ratio of motor fibers to muscle fibers of between 1 : 2 and 
1 : 6 [1], which is comparable to ratios in the extraocular muscles 
and suggests the capacity for exquisite motor control. The inner-
vation  of  the  major  pharyngeal  muscles  is  as  follows:  the  
mylohyoid,  tensor veli palatini, and anterior digastric muscles 
–  trigeminal  nerve;  the  stylohyoid  and  posterior  part  of  the 
digastric – facial nerve; the stylopharyngeus – glossopharyngeal 
nerve; the levator veli palatini, palatopharyngeus, salpingopha-
ryngeus,  thyroarytenoid,  arytenoid,  pharyngeal  constrictors, 
and cricopharyngeus – vagus nerve; and the thyrohyoid, genio-
hyoid, and tongue – hypoglossal nerve [2]. The nucleus ambig-
uus is the vagal nucleus responsible for the innervation of the 
striated  muscle  of  the  pharynx,  larynx,  and  esophagus  [3]. 
Within the nucleus ambiguus, all motor neurons seem to par-
ticipate  in  swallowing,  with  those  innervating  the  esophagus 
situated rostrally and those innervating the larynx situated more 
caudally  [4].  The  significance  of  this  internal  organization  is 
highlighted by the observation that polio victims with damage 
to the rostral portion of the nucleus ambiguus experience dys-
phagia, whereas those with damage to the caudal portion expe-
rience primarily dysarthria.

Upper esophageal sphincter
The  muscular  elements  of  the  UES  are  the  cricopharyngeus, 
adjacent esophagus, and adjacent inferior pharyngeal constric-
tor.  The  cricopharyngeus  inserts  bilaterally  into  the  inferior–
lateral margins of the cricoid lamina and the zone of maximal 
UES pressure is about 1 cm in length at precisely this  location 
[5]. The closed sphincter has a slit-like configuration with the 
cricoid  lamina anteriorly and  the cricopharyngeus making up 
the lateral and posterior walls. Thus, it is not surprising that the 
resting UES pressure is markedly asymmetric with the greatest 
values anteriorly and posteriorly [6]. The asymmetry disappears 
in patients who have undergone laryngectomy, supporting the 
concept that the asymmetry is attributable to the cross-sectional 
shape imposed by the laryngeal cartilage that forms the anterior 
wall of the sphincter. The maintenance of high resting pressure 
in the sphincter, and the precise coordination of relaxation with 
swallowing  requires  neural  input.  In  the  opossum,  sphincter 
tone is mediated through neural fibers in the vagal trunks that 
originate  in  the  nucleus  ambiguus  [7].  Electrophysiologically, 
the muscles of the UES exhibit continuous spike activity, indi-
cating that motor neuron activity is responsible for the mainte-
nance  of  tone.  Cessation  of  firing,  or  administration  of  the 
nicotinic acetyl choline receptor inhibitor, curare, causes relaxa-
tion,  whereas  increased  spike  activity  increases  tone.  Vagal 
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in the swallowing center of the medulla. The location and archi-
tecture of the swallowing center have been extensively investi-
gated  [25].  The  evolving  model  is  summarized  in  Figure  19.3 
[26].The clinical significance of this neuronal architecture is that 
swallowing  is  relatively  resistant  to  disturbance  by  diseases 
affecting brain centers higher than the medulla. However, med-
ullary  motor  neuron  diseases  such  as  bulbar  polio  or  amyo-
trophic lateral sclerosis can lead to severe dysfunction.

Although understood physiologically as the patterned activa-
tion  of  motor  neurons  and  their  corresponding  motor  units, 
swallowing is clinically evaluated in mechanical terms, specifi-
cally, the effect of this motor activity on the configuration of the 
oropharyngeal cavity. The anatomical complexity of the orophar-
ynx is best evaluated by videofluoroscopic or cineradiographic 
analysis. The major events comprising the pharyngeal swallow 
are  illustrated  by  the  representative  radiographs  and  three-
dimensional  reconstructions  in  Figure  19.4.  As  the  images 
reveal, swallowing results in the transient geometric rearrange-
ment of pharyngeal structures from a respiratory to an alimen-
tary  pathway,  which  is  normally  accomplished  and  reversed 
within 1 s. The overall swallow response can be subdivided into 
a series of closely coordinated actions:
•  Nasopharyngeal closure by elevation and retraction of the soft 

palate.
•  UES opening.
•  Laryngeal closure.

Probably the most relevant observation is that spontaneous gas-
troesophageal acid reflux has no effect on continuously recorded 
UES pressure in either healthy volunteers [17] or in individuals 
with peptic esophagitis [20].

Mechanics of oropharyngeal swallowing

Oropharyngeal swallowing begins with an oral phase, which is 
followed  by  a  pharyngeal  phase.  The  largely  voluntary  and 
highly variable oral phase of swallowing is  influenced by such 
factors  as  taste,  environment,  hunger,  and  motivation. 
Conditions  characterized  by  global  neurological  dysfunction, 
such as head trauma, cerebral tumors, or chorea, often manifest 
disorders of the oral phase of swallowing. Detailed discussions 
of these conditions may be found in texts on swallow evaluation 
and therapy [21,22]. The pharyngeal phase of swallowing is the 
complex  oropharyngeal  contractile  event  referred  to  as  the 
swallow  response.  A  typical  individual  swallows  about  600 
times a day (350 times while awake and not eating, 200 times 
while eating and 50 times while asleep) without giving signifi-
cant  thought  or  effort  to  this  activity  [23].  Afferent  sensory 
fibers capable of triggering the pharyngeal swallow travel cen-
trally  in  the  internal  branch  of  the  superior  laryngeal  nerve 
(from  the  larynx)  and  the  glossopharyngeal  nerve  (from  the 
pharynx) [24]. These sensory fibers converge before terminating 

Figure 19.2 High-resolution manometric analysis of upper esophageal sphincter (UES) function. High-resolution manometry can quantify the 
completeness of lower esophageal sphincter (LES) relaxation, intrabolus pressure, and the duration of UES opening without movement artifact. (a) UES 
opening during swallowing. Typical UES relaxation pressures during swallowing are less than 10 mmHg. UES closure coincides with the arrival of the 
propagated pharyngeal contraction. The contractile wavefront propagates through the striated portion of the proximal esophagus. (b) UES opening 
during belching. During a transient LES relaxation (tLESR) a common cavity develops that leads to UES relaxation and gas venting. Note the lack of 
pharyngeal activity and the esophageal shortening during the tLESR.
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of  larger  volumes  [10].  Upper  sphincter  relaxation  occurs  at 
roughly  the  same  degree  of  elevation  regardless  of  swallow 
volume,  and  precedes  sphincter opening  by  about  0.1 s.  What 
changes  with  swallow  volume  is  the  persistence  of  laryngeal 
elevation above  this  critical  value,  consistent with  the  scheme 
depicted in Figure 19.5. The distinction between UES relaxation 
and UES opening must be recognized. UES relaxation occurs as 
a result of cessation of excitatory neural input while the larynx 
is  elevating.  Once  the  larynx  is  elevated,  opening  of  the  UES 
results  from traction on  the anterior  sphincter wall caused by 
contraction  of  the  supra-  and  infrahyoid  musculature,  which 
also  results  in  a  characteristic  pattern  of  hyoid  displacement 
[28,29].  Both  the  diameter  and  the  duration  of  sphincter 
opening increase with increased bolus volume.

The  two  main  determinants  of  bolus  transport  out  of  the 
oropharynx  are  the  actions  of  the  tongue  and  the  pharyngeal 
constrictors.  The  propagated  pharyngeal  contraction  exhibits 
similar  propagative  abilities  and  vigor  regardless  of  bolus 
volume [30]. However, the propagated pharyngeal contraction 
is more involved with bolus clearance than with bolus propul-
sion; it strips the last residue from the pharyngeal walls. Tongue 
motion, in contrast, varies substantially with bolus volume sug-
gesting that it has a cardinal role in determining differences in 
bolus propulsion among swallow volumes [31].

The closure of the UES coincides with the arrival of the prop-
agated pharyngeal contraction, as evidenced by the fixed time 
relationship between these events [29]. However, the contractile 
activity of the sphincter has an added dimension in that it exhib-
its  increased  electromyographic  activity  during  laryngeal 
descent [32]. The magnitude of this deglutitive UES contractile 

•  Tongue loading (ramping).
•  Tongue pulsion.
•  Pharyngeal clearance.

Early  attempts  to  define  this  coordination  focused  on  the 
timing of the individual elements of the swallow response rela-
tive  to  each  other.  However,  the  effects  of  volition  and  the 
volume  of  the  swallowed  bolus  make  it  difficult  to  establish  a 
universal temporal reference among elements. A detailed analy-
sis  of  the  coordination  among  swallow  events  has  concluded 
that there is, in fact, constant coordination at the beginning and 
end of  the swallow but variability  in how  long  the alimentary 
pharyngeal configuration persists before reverting to the respi-
ratory  configuration  as  shown  in  Figure  19.5  [27].  The  most 
fundamental anatomical reconfiguration required to transform 
the oropharynx from a respiratory to an alimentary pathway is 
to  open  the  inlet  to  the  esophagus  and  seal  the  inlet  to  the 
larynx. The images in Figures 19.4 and 19.5 suggest that these 
events  are  synchronized.  Examination  of  Figure  19.4  reveals 
that  the  larynx exhibits substantial axial mobility and that  the 
UES is obligated to move with the larynx because the cricopha-
ryngeus  attaches  to  the  lateral  aspects  of  the  cricoid  cartilage 
and the lamina of the cricoid underlies the anterior wall of the 
sphincter.  The  mechanical  determinants  of  UES  opening  are 
laryngeal elevation and anterior traction on the hyoid [28,29]. 
The mechanical determinants of closure of the laryngeal vesti-
bule, which is almost exactly synchronized with UES opening, 
are laryngeal elevation and anterior tilting of the arytenoid car-
tilages against  the base of  the epiglottis  [21]. Thus, analysis of 
the efficacy of either of these events inevitably focuses on laryn-
geal elevation, which is greater and persists longer for swallows 

Figure 19.3 Neural organization of the pharyngeal swallow response. Sensory input enters the medulla at and below the nucleus of solitary tract and 
motor output exits by way of five cranial nerves. The presumed function of each group of neurons is itemized beneath each anatomical grouping. The 
“master” interneurons establish the timing of sequential excitation of specific cranial motor nuclei. These neurons are believed to be among the dorsal 
group, located in and around the nucleus of the solitary tract. Once activated, the master neurons can establish the entire motor sequence of the 
swallow without further sensory input. Also among the dorsal group are interneurons that are activated at specific times within the swallow pattern, 
corresponding to the activity of specific groups of pharyngeal and esophageal muscles. Depending on the temporal relationship of neuronal activity 
with the onset of deglutition, these medullary neurons are classified as “early,” “late,” or “very late.” The ventral group of interneurons, which are located 
in and around the nucleus ambiguus, probably function as switching neurons, relaying the swallowing orders from the dorsal pattern generators to the 
various motor neuron pools involved in enacting the muscular response. Source: Kahrilas 1995 [175]. Reproduced with permission of Wolter Kluwer 
Health.
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Intraluminal manometry can quantify the strength of pharyn-
geal contraction,  the completeness of UES relaxation, and  the 
relative timing of these events. When coupled with concurrent 
videofluoroscopy, manometry may provide useful complemen-
tary  information  regarding  UES  dysfunction.  High  intrabolus 
pressures may distinguish impaired UES opening from impaired 
UES relaxation and weak pharyngeal contractions as a cause of 
oropharyngeal dysphagia [34] (see Figure 19.2).

activity is further augmented by either sphincteric or proximal 
esophageal  distension.  The  net  result  is  a  grabbing  effect  in 
which  reflexive  contraction  of  the  sphincter  and  laryngeal 
(UES) descent complement each other to clear residue from the 
hypopharynx [33]. This clearing function probably acts to mini-
mize the risk of postswallow aspiration by preventing residual 
material from adhering to the laryngeal inlet when respiration 
resumes.

Figure 19.4 The oropharyngeal swallow as imaged by videofluoroscopy and reconstructed in three dimensions with computer graphics. From left to 
right, each horizontal band of images contains the three-dimensional reconstruction of the pharyngeal cavity and surrounding structures, the lateral 
radiographic appearance of the pharynx during a 10-mL barium swallow, the corresponding posteroanterior radiographic appearance, and a magnified 
view of the hypopharynx reconstructed at the instant in time indicated at the far left. Time 0.00 s is the instant of upper esophageal sphincter (UES) 
opening; the entire sequence transpires within 1.00 s. The metal sphere under the chin is used to compare images. In the magnified hypopharyngeal 
reconstructions, 1 is the epiglottis, 2 is the laryngeal vestibule, 3 is the arytenoid cartilage, 4 is the esophagus, and 4* is the pyriform sinus after closure 
of the UES. Note the laryngeal elevation during the pharyngeal reconfiguration and the synchrony of UES opening with laryngeal vestibule closure.
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are  controlled  by  somatic  motor  fibers  from  lower  motor 
neurons in the nucleus retrofacialis and the nucleus ambiguus. 
Axons of these lower motor neurons course through the vagus 
nerve  by  way  of  the  recurrent  laryngeal  nerve.  The  thoracic 
esophagus is composed mainly of smooth muscle that receives 
innervation  from  preganglionic  neurons  in  the  dorsal  motor 
nucleus  of  the  vagus.  Vagal  fibers  synapse  in  the  myenteric 
plexus  ganglia  and  are  generally  considered  to  be  the  relay 
neurons between the vagus and the smooth muscle. A second 
nerve network, the submucosal or Meissner plexus, is situated 
between the muscularis mucosae and the circular muscle layer. 
The ganglia of the myenteric plexus are more numerous in the 
smooth  muscle  region  than  in  the  striated  muscle  region  of  
the  esophagus  but,  throughout,  they  are  far  less  dense  and 
smaller than in other regions of the gut [38,39]. The submucosal 
plexus of the esophagus is exceedingly sparse; only a few gan-
glion cells are present in the submucosal plexus of the human 
esophagus [39].

The  vagus  nerve  provides  the  extrinsic  innervation  of  the 
esophagus. Fibers innervating the striated muscle are axons of 
lower  motor  neurons  with  cell  bodies  situated  in  the  nucleus 
ambiguus, whereas innervation of the smooth muscle esopha-
gus is provided by the dorsal motor nucleus of the vagus [40,41]. 
Efferent  nerve  fibers  reach  the  cervical  esophagus  by  way  of  
the  pharyngoesophageal  nerve  [42],  and  histological  studies 
show  that  vagal  efferents  synapse  directly  on  striated  muscle  

Esophagus

Anatomy and function
Esophageal body
The esophagus  is  a 20–22-cm  long muscular  tube with a wall 
composed of skeletal muscle and smooth muscle. The propor-
tion  of  each  muscle  type  is  species  dependent.  In  the  human 
esophagus, the proximal 5% including the UES is striated, the 
middle  35%–40%  is  mixed  with  an  increasing  proportion  of 
smooth  muscle  moving  distally,  and  the  distal  50%–60%  is 
entirely smooth muscle [35]. The bundles of the outer longitu-
dinal muscle arise from the cricoid cartilage, receive slips from 
the cricopharyngeus, and pass dorsolaterally to fuse posteriorly 
about 3 cm below the cricoid cartilage. This arrangement results 
in  a  posterior  triangular  area  devoid  of  longitudinal  muscle 
known as the Laimer triangle. Distal to the Laimer triangle, the 
longitudinal  muscles  form  a  continuous  sheath  of  uniform 
thickness about the esophagus [36]. The adjacent, inner circular 
muscle layer also forms a sheath of uniform thickness through-
out the length of the esophageal body. Unlike the distal gastroin-
testinal tract, the esophagus lacks a serosal layer.

Both the striated and smooth muscle portions of the esopha-
gus contain a nerve network, known as  the myenteric plexus, 
situated  between  the  longitudinal  and  circular  muscle  layers 
[37]. The inner circular and outer longitudinal muscle layers of 
the  proximal  esophagus  are  composed  of  striated  muscle  and 

Figure 19.5 Time line showing the coordinated events and volume-induced modifications that comprise the pharyngeal swallow. Each horizontal bar 
depicts the period during which one of the oropharyngeal valves is in its swallow configuration as opposed to its respiratory configuration. Note that 
events at the onset and offset of pharyngeal reconfiguration bear a fixed time relationship to each other regardless of swallow bolus volume. The 
stereotypy of these phases is demonstrated by referencing onset events from time 0 counting forward, and offset events from time 0’ counting forward 
or backward. This timing scheme defines the volume-dependent middle portion of the time line (shaded), which has a value of 0.0 s for 1-mL swallows 
and 0.2 s for 20-mL swallows. Thus, the alteration in the timing of the swallow response with larger volume swallows occurs by prolonging the 
persistence of pharyngeal reconfiguration without changing the synchrony of events at onset or offset. Source: Kahrilas et al. 1996 [176]. Reproduced 
with permission of Elsevier.
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mental troughs” are seen in over 90% of patients but only about 
75% of  individual swallows and tends to be  longer  in patients 
with  gastroesophageal  reflux  disease  (GERD)  particularly 
Barrett’s  esophagus  [47].  This  transition  zone  becomes  quite 
evident when peristaltic amplitude and progression are plotted 
topographically  (Figure  19.6).  The  topographic  analysis  also 
reveals  the  segmental  characteristic  of  peristaltic  progression 
through the smooth muscle esophagus. Two distinct contractile 
segments are followed by the lower esophageal sphincter (LES), 
which contracts with vigor and persistence quite dissimilar  to 
the adjacent smooth muscle esophagus [48].

Mechanics of esophageal peristalsis
Esophageal  peristalsis  commences  as  the  pharyngeal  contrac-
tion  traverses  the  UES  and  progresses  along  the  esophagus  at 
2–4 cm/s. Whereas primary peristalsis is initiated by a swallow, 
secondary peristalsis can be elicited in response to focal esopha-
geal  distension  with  air,  fluid,  or  a  balloon  [49].  Esophageal 
transit and clearance appears to be greater in primary peristalsis 
[50].  The  mechanical  correlate  of  peristalsis  is  of  a  stripping 
wave that milks the esophagus clean from its proximal to distal 
end  (Figure  19.7).  The  velocity  of  the  stripping  wave  corre-

neuromuscular junctions [43,44]. The vagus nerve also provides 
sensory  innervation;  in  the cervical esophagus  this  is  through 
the  superior  laryngeal  nerve  with  cell  bodies  in  the  nodose 
ganglion,  whereas  in  the  remainder  of  the  esophagus  sensory 
fibers  travel  by  the  recurrent  laryngeal  nerve  or,  in  the  most 
distal  esophagus,  by  way  of  the  esophageal  branches  of  the 
vagus.  Histological  studies  show  many  free  nerve  endings  in  
the  mucosa,  submucosa,  and  muscular  layers  [3,45].  A  few 
encapsulated  structures  with  a  myogenic  appearance  but  
with  neuronal  afferent  function  have  also  been  described  
in  humans.  These  vagal  afferents  are  strongly  stimulated  by 
esophageal distension.

Esophageal  manometry  shows  that  the  normal  esophagus 
does not exhibit spontaneous contractions and its resting pres-
sure is an approximate reflection of pleural pressure, becoming 
negative during inspiration. Analyses of the vigor and propaga-
tion of esophageal peristalsis have concluded  that progression 
along the length of the tubular esophagus is not uniform. Rather, 
there  is  a  distinct  transition  zone  between  the  striated  and 
smooth muscle segments that is characterized by low peristaltic 
amplitude, a slight delay in progression, and an increased likeli-
hood  of  failed  peristaltic  transmission  [46].  These  “interseg-

Figure 19.6 Topographic analysis of esophageal peristalsis using high-resolution manometry. The isocontour plot clearly shows that peristaltic 
progression through the esophagus is not seamless. A transition zone separates the proximal striated and distal smooth muscle esophageal contractile 
segments. The smooth muscle esophagus is also divided into two distinct contractile segments. The region of the esophagogastric junction is 
distinguishable as a separate contractile segment that contracts with vigor and persistence dissimilar to the adjacent smooth muscle segment. LES, lower 
esophageal sphincter.
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Figure 19.7 The relationship between manometric, impedance, and fluoroscopic recordings of esophageal peristalsis during concurrent manometric and 
video recordings of a 5-mL liquid barium swallow. (a) The tracings from the video images of the fluoroscopic sequence (right) show the distribution of 
the barium column at the time specified above each tracing and also indicated by arrows on the manometric record (middle). In this example, a single 
peristaltic sequence completely cleared the barium bolus from the esophagus. Pharyngeal injection of barium into the esophagus occurred at the 1.0-s 
mark. The entry of barium causes distension and a slightly increased intraluminal pressure, indicated by the downward pointing arrows marked “1.0 s.” 
Shortly thereafter, esophageal peristalsis is initiated. During esophageal peristalsis, luminal closure and hence the passage of the tail of the barium bolus 
at each recording site is concurrent with the onset of the manometric pressure wave. At 1.5 s, the peristaltic contraction had just reached the proximal 
recording site and barium had been stripped from the esophagus proximal to that point. Similarly, at 4.2 s, the peristaltic contraction was beginning at 
the third recording site and, correspondingly, the tail of the barium bolus was passing the third recording site. Finally, after completion of the peristaltic 
contraction (at 13.8 s), all of the barium was cleared into the stomach. (b) Topographic plot of esophageal peristalsis combined with esophageal 
impedance (purple). Impedance represents transport of a 10-cc liquid bolus as measured with combined esophageal impedance and pressure catheter. 
Impedance sensors measure conductive ability of substance (in this case, water) over distributed impedance sensors. As water is a good conductor of 
electricity, a robust impedance signal is generated parallel to pressure measurements. Note, as in barium study, most of the impedance signal precedes 
esophageal pressure changes including entry into the stomach. UES, upper esophageal sphincter. Source: Kahrilas et al. 1988 [51]. Reproduced with 
permission of Elsevier.
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Control of esophageal peristalsis
Esophageal striated muscle
Distinct physiological control mechanisms govern the esopha-
geal  striated  and  smooth  musculature.  The  striated  muscle  of 
the esophagus has contractile properties similar to cardiac and 
skeletal  muscle  [58].  It  receives  exclusively  excitatory  vagal 
innervation  and  its  peristaltic  contraction  results  from  the 
sequential activation of motor units in a craniocaudal sequence. 
These fibers release acetylcholine and stimulate nicotinic cholin-
ergic  receptors  on  the  motor  endplates  of  the  striated  muscle 
cells. An ingenious series of experiments using the nerve suture 
technique provided physiological evidence of this arrangement 
[3].  Nerve  suture  experiments  allowed  for  the  description  of 
several properties of vagal control of esophageal striated muscle:
•  Vagal efferent fibers do not discharge spontaneously but fire 

in spike bursts (15–30 spikes/s) during primary or secondary 
peristalsis.

•  Vagal fibers innervating different levels of the esophagus fire 
sequentially  during  peristaltic  contractions  demonstrating 
programming  of  peristalsis  by  the  medullary  swallowing 
center.

•  Vagal motor discharges during primary peristalsis are poten-
tiated  by  stimulation  of  afferent  fibers  from  the  esophagus 
(designed to mimic the effect of a bolus being pushed ahead 
of a peristaltic contraction).

•  Vagal motor fibers exhibit stronger discharges during primary 
peristalsis than during secondary peristalsis.

•  Vagal motor fibers are inhibited during the pharyngeal stage 
of  deglutition  or  after  distension  of  a  proximal  esophageal 
segment, supporting the notion that deglutitive inhibition has 
a central origin.
These  properties  provide  convincing  evidence  that  the  

organization  of  peristalsis  in  the  striated  muscle  esophagus  is 
controlled  by  the  swallowing  center  of  the  medulla  in  much  
the same way as is the swallow response of the oropharyngeal 
musculature.

The  contractile  strength  of  the  esophageal  striated  muscle 
may  be  modulated  by  a  variety  of  sensory  inputs  [59,60].  An 
increase in bolus volume will augment the amplitude and dura-
tion of the peristaltic contraction. In addition, as the contractile 
front  moves  distally,  there  is  deceleration  to  extend  the  time 
available for bolus clearance. Temperature has a moderate effect 
on contractile strength, as warm boluses will increase the ampli-
tude of the peristaltic contraction and cold boluses will decrease 
the amplitude [61].

Esophageal smooth muscle
Evidence supporting vagal control of primary peristalsis in the 
smooth  muscle  esophagus  comes  from  experiments  involving 
bolus deviation and effects of the nicotinic cholinergic blocker 
curare. Deviation of a swallowed bolus at the level of the cervical 
esophagus (thereby eliminating the potential for bolus-initiated 
afferent  feedback)  does  not  eliminate  the  primary  peristaltic 
contraction  in  the  distal  esophagus  [62].  Furthermore,  in 

sponds closely with  that of  the manometrically  recorded con-
traction.  More  specifically,  the  upstroke  of  the  pressure  wave 
corresponds to the point of the inverted “V” (the leading edge 
of  the  column  of  barium  as  seen  fluoroscopically)  [51].  The 
efficacy  of  distal  esophageal  emptying  is  inversely  related  to 
peristaltic amplitude, such that emptying becomes progressively 
impaired with peristaltic amplitudes of 30 mmHg [51] or  less. 
This threshold amplitude was initially determined from simul-
taneous videofluoroscopic and manometric recordings of a rela-
tively  small  number  of  subjects.  Multichannel  intraluminal 
impedance uses a much greater number of swallows and sub-
jects to assess the efficacy of esophageal emptying as a function 
of peristaltic amplitude  [52]. Receiver operating characteristic 
(ROC) analysis of combined manometric and impedance data 
revealed that a 30-mmHg cutoff for distal esophageal peristaltic 
amplitude had a sensitivity of 85% and a specificity of 66% for 
identifying incomplete bolus transit. With diminishing peristal-
tic  amplitudes,  the  sensitivity  progressively  decreased  and  the 
specificity progressively increased.

The  nature  of  the  bolus  also  influences  peristaltic  function. 
Specifically,  more  viscous  solutions  will  increase  contraction 
duration  but  not  amplitude  when  compared  to  water  [53].  It  
is  also  important  to  note  that,  even  in  normal  volunteers,  
not  all  swallows  lead  to  complete  bolus  transit  through  the 
esophagus. For example,  in one study performed using simul-
taneous  high-resolution  manometry  with  fluroscopy,  stasis  
of  liquid and solid barium boluses occurred in healthy volun-
teers in 41% and in 82% of the swallows, respectively. This stasis 
in  turn  triggers  a  peristaltic  contraction  in  approximately  
70% of events [54]. Similarly, incomplete transit on impedance 
measurement  is  common  in  normal  studies.  Thus,  stasis  
and  incomplete  bolus  clearance  to  some  degree  are  common 
normally  but  seen  in  a  minority  of  swallows  and  tend  to  be 
asymptomatic.

Deglutitive  inhibition  is another crucial  feature of  the peri-
staltic mechanism. A second swallow, initiated while an earlier 
peristaltic contraction is still progressing in the striated muscle 
esophagus, causes rapid and complete inhibition of the contrac-
tion  induced by  the first  swallow [55].  If  the first  swallow has 
reached the smooth muscle esophagus, it may proceed distally 
for  a  few  seconds  after  the  second  swallow  but  its  peristaltic 
amplitude  diminishes  progressively  until  it  disappears  [56]. 
Deglutitive inhibition is secondary to hyperpolarization of the 
circular  smooth  muscle  and  is  mediated  via  nonadrenergic, 
noncholinergic  neurons  in  the  myenteric  plexus.  Sifrim  and 
colleagues  [57] developed an experimental model  to  illustrate 
deglutitive  inhibition  in  the  tubular  esophagus  (Figure  19.8). 
They created an artificial high-pressure zone by distending the 
esophageal  lumen  with  a  balloon  and  recorded  intraluminal 
pressure between the balloon and the esophageal wall. Once a 
high-pressure zone is established in the normally flaccid tubular 
esophagus, deglutitive inhibition can be demonstrated through-
out the length of the esophagus, commencing concurrently with 
the pharyngeal swallow [57].
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ulation, the response characteristics of 188 single fibers partici-
pating in smooth muscle peristalsis could be divided into two 
groups [66]. Type I fibers exhibited short  latencies  (<1 s)  that 
correlated  temporally  with  the  onset  of  deglutitive  inhibition 
along the esophagus, and type II fibers exhibited long latencies 
that correlated temporally with the onset of contraction at each 
esophageal segment. Thus, the activity of neurons in the dorsal 
motor nucleus of the vagus reflects several properties of primary 
peristalsis in the smooth muscle esophagus, including degluti-
tive  inhibition  and  both  the  speed  and  vigor  of  peristaltic 
contraction.

Control of peristalsis may also arise in the myenteric plexus. 
Stimulation of the distal end of transected vagal efferents evokes 
peristalsis similar to that seen with swallowing. Transection of 
the esophageal smooth muscle obliterates this response, which 
suggests  that  an  intact  intramural  neural  myenteric  plexus  is 

baboons, primary peristalsis of the smooth muscle persists even 
after  curare  which  paralyzes  the  oropharynx  and  cervical 
esophagus.  This  suggests  that  the  entire  motor  sequence  of 
primary peristalsis in the smooth muscle esophagus is triggered 
by the medullary swallowing center, without afferent feedback 
inhibition from the oropharynx.

Vagal  control  of  the  esophageal  smooth  muscle  is  more 
complex than that of  the striated muscle. Vagal fibers synapse 
on  myenteric  plexus  neurons  rather  than  directly  on  muscle 
cells, and vagal stimulation either excites or inhibits esophageal 
musculature depending on the stimulation parameters [63,64]. 
In  response  to  vagal  or  swallow-induced  stimulation  in  the 
opossum,  longitudinal  muscle  showed  depolarization  with 
superimposed spikes, and circular muscle showed initial hyper-
polarization followed by depolarization and spike burst [65]. In 
studying swallowing initiated by superior laryngeal nerve stim-

Figure 19.8 Demonstration of deglutitive inhibition in the tubular esophagus by the creation of an artificial high-pressure zone. The top tracing is a 
swallow marker, and the position from which each of the other tracings was obtained is referenced to the lower esophageal sphincter (LES). The 
artificial high-pressure zone was created 13 cm above the LES in the upper panel and 8 cm above the LES in the lower panel by inflating a balloon 
within the esophagus. Pressure was measured by the manometric sensor interposed between the wall of the esophagus and the balloon. The tracings on 
the left were recorded before balloon inflation and the tracings on the right were recorded when the balloon was inflated and the high-pressure zone 
had developed. Note that the contraction within the artificial high-pressure zone is inhibited concurrently with the pharyngeal swallow. Source: Sifrim 
et al. 1992 [177]. Reproduced with permission of Elsevier.
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NO-containing  neurons,  vasoactive  intestinal  polypeptide 
(VIP)-containing  neurons  may  also  have  a  role  in  the  initial 
inhibition [82,83].

Sympathectomy  has  no  apparent  effect  on  esophageal  peri-
stalsis [84,85]. In contrast, bilateral vagotomy results in paralysis 
of  the  striated  muscle  esophagus.  Severing  only  the  afferent 
nerve  supply  to  the  striated  muscle  abolishes  secondary  peri-
stalsis while leaving primary peristalsis intact, highlighting the 
role  of  central  programming  in  primary  peristalsis  and  the 
necessity of afferent sensory signals in secondary peristalsis [3]. 
Recordings  from  the  cervical  esophageal  vagal  afferents  show 
these  fibers  to  be  highly  sensitive  to  intraluminal  distension, 
implicating them as the sensory basis for secondary peristalsis. 
In the smooth muscle segment of the esophagus, vagal cooling 
or  vagotomy  reduces  the  amplitude  of  primary  peristalsis 
[86,87] but does not affect secondary peristalsis [88].

Esophageal longitudinal muscle
The longitudinal muscle of the esophagus also contracts during 
peristalsis with the net effect of transiently shortening the struc-
ture by 2–2.5 cm [89]. Similar to the pattern of circular muscle 
contraction, longitudinal muscle contraction is propagated dis-
tally as an active  segment of contraction at a  rate of 2–4 cm/s 
[33]. The segment of contracting longitudinal muscle precedes 
but  overlaps  with  the  contracting  segment  of  circular  muscle. 
Thus,  within  a  given  esophageal  segment,  the  contractions  of 
the  longitudinal  and  circular  muscle  are  slightly  out  of  phase 
with each other. Propulsive force occurs in the zone of overlap 
as the delayed circular muscle contraction “catches up” with the 
distal  longitudinal  muscle  contraction  [33].  Recent  evidence 
also suggests that the orientation of circular muscle relative to 
longitudinal  muscle  may  not  be  perpendicular  but  may  vary 
along the length of the esophagus [90]. Furthermore, this study 
and  other  works  suggest  that  circular  muscle  is  more  spirally 
than circularly oriented and  this  angulation may  further con-
tribute to esophageal shortening by longitudinal muscle.

Central mechanisms also control the contraction of esopha-
geal  longitudinal  muscle.  Swallowing  induces  peristaltic 
sequences with gradual orad–caudad activation of longitudinal 
muscle.  This  progression  is  associated  with  a  progressive 
increase in latency, which is similar to the increase that occurs 
in esophageal circular smooth muscle [91]. However, unlike the 
responses observed in circular muscle, stimulation of decentral-
ized  vagal  efferent  fibers  causes  simultaneous  contractions  in 
the longitudinal muscle layer, suggesting that this muscle is free 
of inhibitory neuron control [74].

Esophagogastric junction

Anatomy and function
The  anatomy  of  the  esophagogastric  junction  is  complex.  The 
distal end of the esophagus is anchored to the diaphragm by the 
phrenoesophageal  membrane,  which  inserts  circumferentially 

necessary for peristaltic propagation within the smooth muscle 
segment.  In contrast,  transection of  the striated muscle  in  the 
proximal  esophagus  does  not  inhibit  peristaltic  progression 
across  the  transection  site  or  down  the  entire  length  of  the 
esophagus  [62].  Further  evidence  supporting  the  potential 
autonomy  of  peripheral  mechanisms  is  that  distension  any-
where  within  the  smooth  muscle  esophagus  elicits  secondary 
peristalsis despite extrinsic denervation [67].

Smooth  muscle  contraction  is  ultimately  elicited  by  gangli-
onic  cholinergic  neurons  during  peristalsis.  Swallow-induced 
peristalsis  is  highly  sensitive  to  atropine,  and  it  can  be  aug-
mented  by  cholinergic  agonists  and  inhibited  by  acetylcho-
linesterase  [68–70].  Atenolol,  a  β-adrenergic  blocker,  has  also 
been  reported  to  augment  esophageal  contractions  [71].  The 
control mechanisms for the direction and velocity of the peri-
staltic wavefront are  less clear. Nerve conduction studies  indi-
cate that neural stimuli initiated by swallowing propagate with 
a speed of 5–6 m/s and therefore reach the ganglionic neurons 
along  the  length  of  the  esophagus  essentially  simultaneously 
[66]. However, the latency between the arrival of the vagal stim-
ulus and muscle contraction progressively increases aborally. In 
humans, the latent period is 2 s in the proximal smooth muscle 
esophagus and 5–7 s just proximal to the LES. In-vitro electrical 
stimulation evokes contraction in distal esophageal muscle with 
longer  latencies  compared  with  proximal  esophageal  muscle 
strips [72,73]. The genesis of the latency gradient is controver-
sial,  but  it  may  result  from  varying  interaction  between  the 
initial  inhibition  and  subsequent  excitation  of  esophageal 
smooth muscle dependent on esophageal location [74]. It is this 
function of variable latency that may also mediate the direction-
ality of peristalsis. A strong modulator of this latency is thought 
to  be  an  intramural  neural  gradient  that  progressively  delays 
contraction  distally.  Originally,  Dodds  and  colleagues  [75,76] 
characterized two intramural neural mechanisms that control-
led  peristalsis:  an  “on”  contraction  that  was  atropine  sensitive 
and propagated similarly to swallow-induced peristalsis and an 
“off ” contraction that was atropine resistant and rapidly propa-
gated.  The  “on”  contraction  was  associated  with  activation  of 
excitatory  cholinergic  neurons,  whereas  the  “off ”  contraction 
was associated with the initial muscle hyperpolarization caused 
by  activation  of  nonadrenergic  noncholinergic  inhibitory 
neurons, followed by rebound contraction after cessation of the 
stimulus.  It  is now known  that  the primary  inhibitory neuro-
transmitter  is  nitric  oxide  (NO),  which  is  produced  from 
l-arginine  by  the  enzyme  NO  synthase  in  myenteric  neurons 
[77,78]. NO synthase can be reversibly inhibited by N-nitro-l-
arginine  methyl  ester  and  N-nitro-l-arginine.  NO  synthase 
inhibitors decrease the latency and amplitude of “off ” contrac-
tions  in muscle  strip experiments  [79] and reduce  the  latency 
to  contraction  in  vivo  in  response  to  swallowing  [80,81].  
Thus, the current hypothesis is that peristaltic direction results 
from a myenteric neural gradient along the esophagus in which 
excitatory ganglionic neurons dominate proximally and inhibi-
tory  ganglionic  neurons  dominate  distally.  In  addition  to 
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the gastric lumen, appearing as a large fold that has been referred 
to as a flap valve because increased intragastric pressure forces 
it  to  close,  sealing  off  the  entry  to  the  esophagus  [95,96]. 
Physiologically, both  the LES and  the surrounding crural dia-
phragm  contribute  to  the  esophagogastric  junction  high-
pressure zone. Concurrent fluoroscopy and manometry, aided 
by the placement of an endoclip at the squamocolumnar junc-
tion, demonstrated the esophagogastric junction high-pressure 
zone extends for a total length of 3–3.5 cm: 1–1.5 cm proximal 
to  the  squamocolumnar  junction  and  about  2 cm  distal  to  it 
(Figure  19.10)  [97].  Manometric  and  intraluminal  ultrasound 
studies suggest that the axial asymmetry of the pressure profile 

into the esophageal musculature close to the squamocolumnar 
junction. The esophagus then traverses the diaphragmatic hiatus 
and  joins  the  stomach  in  almost  a  tangential  fashion  creating 
acute angulation. Thus, there are several potential contributors 
to the esophagogastric junction high-pressure zone: the intrin-
sic LES, the influence of the diaphragmatic crura and the mus-
cular  architecture  of  the  gastric  cardia,  which  constitutes  the 
distal aspect of this zone.

The  LES  is  a  3–4-cm  long  segment  of  tonically  contracted 
smooth muscle at the distal extreme of the tubular esophagus. 
Surrounding the LES at the level of the squamocolumnar junc-
tion is the crural diaphragm – most prominently the right dia-
phragmatic crus. The right crus of the diaphragm arises as two 
flattened  muscle  bundles  from  the  upper  lumbar  vertebra, 
inclines  forward  to  arch  around  the  esophagus,  diverges  in  a 
scissor-like  fashion  approaching  the  hiatus,  surrounds  the 
esophagus,  and  then  merges  anteriorly  with  about  1 cm  of 
muscle separating the anterior rim of the hiatus from the central 
tendon of  the diaphragm [92,93]  (Figure 19.9). Thus,  the dia-
phragmatic hiatus  is a  teardrop-shaped canal about 2 cm  long 
on its vertical axis. The component of the esophagogastric junc-
tion high-pressure zone distal to the squamocolumnar junction 
is largely a function of the opposing sling and clasp fibers of the 
middle  layer  of  gastric  cardia  musculature  [92,94].  In  this 
region, the lateral wall of the esophagus meets the medial aspect 
of  the  dome  of  the  stomach  at  an  acute  angle,  defined  as  the 
angle of His. Viewed intraluminally, this region extends within 

Figure 19.9 The most common anatomy of the diaphragmatic hiatus, in 
which the muscular elements of the crural diaphragm derive from the 
right diaphragmatic crus. The right crus arises from the anterior 
longitudinal ligament overlying the lumbar vertebrae. Once muscular 
elements emerge from the tendon, two flat muscular bands form that 
cross each other in a scissor-like fashion, form the walls of the hiatus, and 
decussate with each other anterior to the esophagus. Source: Modified 
from Marchand 1959 [178].
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Figure 19.10 Pressure topography of the normal esophagogastric junction 
illustrating axial and radial asymmetry. Position zero on the axial scale is 
the midpoint of the diaphragmatic hiatus. The proximal clip indicates the 
position of the squamocolumnar junction and the distal clip marks the 
median position of the intragastric aspect to the esophagogastric junction 
as imaged endoscopically. All values of length and pressure are the 
medians of seven subjects. The bottom tracings represent maximal radial 
pressure for normal subjects. Source: Kahrilas et al. 1999 [97]. 
Reproduced with permission of BMJ Publishing Group.
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myenteric neurons [41,109]. Fibers from the stellate and proxi-
mal  thoracic ganglia  follow  the  splanchnic nerve,  traverse  the 
celiac  ganglion,  and  then  synapse  on  both  the  excitatory  and 
inhibitory myenteric neurons. These fibers  cause excitation of 
the excitatory neurons and inhibition of the inhibitory neurons 
via α-adrenergic receptors, resulting  in a net augmentation of 
LES pressure. The adrenergic effect on the esophageal body  is 
the  opposite  to  that  on  the  sphincter;  direct  inhibition  of  the 
muscle and inhibition of the excitatory myenteric neurons.

At any given moment, LES pressure may be affected by myo-
genic factors, intraabdominal pressure, gastric distension, pep-
tides,  hormones,  various  foods,  and  many  medications  (Table 
19.1). Large fluctuations of LES pressure occur with the migrat-
ing motor complex (MMC); during phase III of the MMC, LES 
pressure  may  exceed  80 mmHg.  Lesser  fluctuations  occur 
throughout  the  day  with  pressure  decreasing  in  the  postcibal 
state and increasing during sleep [110].

Another  important  anatomical  consideration  of  the  esoph-
agogastric junction high-pressure zone is its relationship to the 
crural diaphragm. Even after esophagogastrectomy, with conse-
quent removal of the smooth muscle LES, a high-pressure zone 
of about 6 mmHg persists at the esophagogastric junction [111]. 
Furthermore, manometric recordings of esophagogastric junc-
tion pressure are often characterized by inspiratory augmenta-
tion.  Although  this  has  been  partly  attributed  to  catheter 
movement along an asymmetric axial pressure profile, evidence 
in both cats and humans suggests that the inspiratory increase 
mainly results from contraction of the crural diaphragm encir-
cling  the  LES  (Figure  19.11)  [112,113].  Experimentally,  the 
inspiratory augmentation of esophagogastric junction pressure 
persists despite pinning the manometric catheter in place, and 
the amplitude of respiratory oscillations can be increased with 
increased respiratory effort or eliminated by manual ventilation. 
The  augmentation  of  LES  pressure  observed  during  sustained 
inspiration  corresponds  both  temporally  and  quantitatively 
with the augmentation of crural electromyographic activity, and 
this augmented esophagogastric junction pressure can obscure 
intrinsic LES relaxation induced by esophageal distension [114]. 
Crural  diaphragm  contraction  is  also  augmented  during 
abdominal compression, sniffing, straining, or coughing [115]. 
In contrast, during esophageal distension, vomiting, and belch-
ing,  electrical  activity  in  the  crural  diaphragm  is  selectively 
inhibited despite continued respiration, demonstrating a control 
mechanism  independent  of  the  costal  diaphragm  [116,117]. 
This  reflex  inhibition  of  crural  activity  is  eliminated  with 
vagotomy.

Esophagogastric junction opening
Although  the  terms  are  often  used  synonymously,  there  is  an 
important distinction between LES relaxation and esophagogas-
tric junction opening. LES relaxation is a permissive event for 
esophagogastric  junction  opening,  evident  in  manometric 
studies by the elimination, or near elimination, of intraluminal 
pressure  within  the  sphincter.  However,  LES  relaxation  is  not 

is attributable to the varying thickness of the muscularis propria, 
whereas the radial pressure asymmetry results from asymmetric 
compression by the surrounding crural diaphragm [97,98,99].

Resting LES tone normally varies from 10 to 30 mmHg rela-
tive  to  the  intragastric  pressure,  with  considerable  temporal 
fluctuation. Although not fully understood, the mechanism of 
LES  tonic contraction seems  to display properties of both  the 
muscle itself and the nerves controlling the sphincter. This con-
clusion is supported by the observation that pressure within the 
sphincter  is minimally affected after  the elimination of neural 
activity  by  close  intraarterial  injection  of  tetrodotoxin  [100]. 
Myogenic LES  tone  is  associated with a depolarized  state and 
electrical spike activity, which leads to an influx of Ca2+ during 
rest.  Asoh  and  Goyal  [101]  studied  this  phenomenon  in  the 
opossum  LES  and  observed  continuous  spike  activity  and  a 
direct relationship between the level of spike activity and muscle 
tone.  Experimental  evidence  has  also  shown  that  LES  tone  is 
maintained in the absence of spike activity and that its magni-
tude varies directly with membrane potential [102]. In addition, 
direct intracellular recordings demonstrate a direct relationship 
between  membrane  potential  and  basal  LES  tone.  Zelcer  and 
Weisbrodt [103] reported that the resting membrane potential 
of  the  smooth  muscle  LES  was  slightly  higher  (–40 mV)  than 
the  resting  membrane  potential  (–50 mV)  of  the  esophageal 
body. Modulation of spike activity and membrane potential are 
not  completely  understood;  however,  it  is  believed  that  spike 
activity may be regulated by K+- and Ca2+-activated Cl− chan-
nels  [104].  Sphincter  tone  may  be  maintained  by  inositol 
phosphate-mediated  continuous  release  of  intracellular  Ca2+ 
[105,106].  Inositol phosphates are  found  in higher concentra-
tions in the LES than in the adjacent circular smooth muscle.

Although  the  cellular  mechanism  involved  in  maintaining 
the tonic LES contraction is unclear, input generated by vagal, 
adrenergic, hormonal, and mechanical influences can alter basal 
LES pressure. Vagal influence is similar to that observed in the 
esophageal body, with vagal stimulation activating both excita-
tory  and  inhibitory  myenteric  neurons  [64].  The  excitatory 
intramural neurons are sensitive to acetylcholine and they have 
both nicotinic and muscarinic receptors [107]. Presumably, the 
excitatory component is selectively activated under resting con-
ditions and the inhibitory component mediates LES relaxation 
[108]. There are two types of vagal fibers innervating the LES: 
(1) spontaneously active fibers (1.5–4.5 spikes/s) that exhibit a 
sudden increase in firing with swallowing, abruptly cease firing 
when  the  peristaltic  contraction  arrives,  and  then  resume  a 
spontaneous  rate;  and  (2)  spontaneously  active  fibers  (1–3 
spikes/s) that cease activity with swallowing and resume normal 
activity  when  the  bolus  reaches  the  stomach.  Thus,  the  LES 
pressure at any  instant reflects  the balance between excitatory 
and  inhibitory neural  input. Altering  the pattern of vagal dis-
charge  can  result  in  swallow-mediated  LES  relaxation.  Data 
from  human  studies  suggest  that  basal  LES  tone  is  partially 
generated by cholinergic  input  [68]. Adrenergic  influences on 
LES  pressure  are  complex  and  mostly  mediated  through  the 



344      PART 2 Mechanisms of normal and abnormal gastrointestinal function

inhibitory neurons of  the myenteric plexus. Ganglionic  trans-
mission  is  through  nicotinic  and  muscarinic  acetylcholine 
receptors and can be blocked by a combination of hexametho-
nium  (i.e.,  nicotinic  blocker)  and  atropine  (i.e.,  muscarinic 
blocker).

Evidence implicates NO as the main neurotransmitter in the 
postganglionic  neurons  responsible  for  LES  relaxation.  NO  is 
produced by neuronal NO synthase, a soluble cytosolic enzyme 
that  has  been  identified  in  neurons  of  the  myenteric  plexus, 
colocalizing with VIP, which may be a second inhibitory neu-
rotransmitter  in  the  LES  as  well  as  in  the  esophageal  body 
[122–124]. Neural  stimulation  in  the esophagus,  the LES, and 
the stomach induces NO release [77,125–127]. In the LES, NO 
has a marked inhibitory effect and multiple in-vitro and in-vivo 
studies have shown that NO synthase inhibitors block neutrally 
mediated LES relaxation. Other evidence that neuronal NO syn-
thase plays a role in LES relaxation has been obtained by com-
paring  wild-type  and  genetically  engineered  mice  that  are 
deficient in neuronal NO synthase. In wild-type mice, electrical 
field  stimulation  produces  frequency-dependent  relaxation, 
which  can  be  abolished  by  the  NO  synthase  inhibitor  N(ω)-
nitro-l-arginine  methyl  ester.  In  neuronal  NO  synthase-
deficient  mice,  electrical  field  stimulation  does  not  produce 
relaxation [128].

Although the evidence implicating NO as the main inhibitory 
transmitter  facilitating  LES  relaxation  is  convincing,  NO  may 
not act alone. VIP-containing neurons have been demonstrated 
in  the  submucosal  plexus  and  VIP  relaxes  the  LES  by  direct 
muscle action [129–133]. Electrical stimulation of LES muscle 

necessarily synchronous with esophagogastric junction opening 
and, in fact, not always associated with opening. Whether or not 
esophagogastric  junction  opening  follows  LES  relaxation 
depends  on  complex  mechanical  relationships  involving  peri-
staltic forces, the gastroesophageal pressure gradient, and, most 
importantly,  the  transmural  pressure  gradient  between  the 
luminal pressure within the sphincter and the extrinsic pressure 
surrounding  the  structure.  Thus,  esophagogastric  junction 
opening is relevant in: LES relaxation, esophagogastric junction 
opening in the setting of swallowing, and esophagogastric junc-
tion opening in the setting of reflux (retrograde flow).

Lower esophageal sphincter relaxation
The neural mediation of LES relaxation has been studied exten-
sively [34,107,118]. LES relaxation can be triggered by disten-
sion  on  either  side  of  the  esophagogastric  junction  or  by 
swallowing [119]. Relaxation induced by esophageal distension 
can be modulated by bolus volume and is unaffected by vagot-
omy, which shows  that  it  is an  intramural process. Relaxation 
is,  however,  antagonized  by  tetrodotoxin  (which  denervates 
smooth  muscle  without  affecting  its  contractile  function), 
proving that it is mediated by postganglionic nerves [120,121]. 
Electrical  stimulation  of  decentralized  efferent  vagal  fibers  or 
field  stimulation of LES muscle  strips causes complete  relaxa-
tion,  which  is  associated  with  concomitant  circular  muscle 
hyperpolarization [101,103]. Deglutition induces an initial inhi-
bition of the entire smooth muscle of the esophagus, and LES 
relaxation  is  part  of  this  inhibitory  response.  Deglutitive  LES 
relaxation is mediated by the vagus nerve, which synapses with 

Table 19.1 Factors that influence lower esophageal sphincter (LES) pressure and transient LES relaxation (tLESR) frequency.

Increase LES pressure Decrease LES pressure Increase tLESR frequency Decrease tLESR frequency

Food(s) Protein Fat, chocolate, ethanol 
peppermint

Fat

Hormone(s) Gastrin, motilin, 
substance P

Secretin, cholecystokinin, 
glucagon, gastric inhibitory 
polypeptide, vasoactive 
intestinal polypeptide, 
progesterone

Cholecystokinin

Neural 
agent(s)

α-Adrenergic agonists, 
β-adrenergic 
antagonists, cholinergic 
agonists

α-Adrenergic antagonists, 
β-adrenergic agonists, 
cholinergic antagonists, 
serotonin

l-Arginine Baclofen, metabotropic 
glutamate receptor 
antagonists, cannabinoid 
receptor agonists, l-NAME, 
serotonin

Medication(s) Metoclopramide, 
domperidone, 
prostaglandin F2α, 
cisapride

Nitrates, calcium channel 
blockers, theophylline, 
morphine, meperidine, 
diazepam, barbituates

Sumatriptan Atropine, morphine, 
loxiglumide

l-NAME, N(G)-nitro-l-arginine methyl ester.
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participate  as  inhibitory  neurotransmitters  [133,139].  In  a 
similar way  to VIP, PHI, and CGRP relax  the LES by a direct 
action on the muscle [133,139,140]. PHI is of interest because 
it is derived from the same precursor as VIP and coexists with 
VIP in the same neurons [141].

The  notion  that  multiple  neurotransmitters  may  interact  to 
produce  LES  relaxation  may  resolve  inconsistencies  and  dis-
crepancies that  follow from the assumption that any one neu-
rotransmitter is uniquely responsible for LES relaxation. Reports 
of  the  colocalization  of  NO  synthase,  VIP,  pituitary  adenylate 

strips also causes a LES relaxation-stimulated release of VIP in 
the muscle bath. Furthermore, VIP antiserum partially reduces 
LES relaxation evoked by vagal or field stimulation [83,133]. It 
is thought that VIP has two functions: it acts on NO synthase-
containing neural  terminals as a prejunctional neurotransmit-
ter, facilitating the release of NO; and it acts on gastric muscle 
cells  to  stimulate  the  production  of  NO  by  the  muscle  [134–
138].  In  addition  to  VIP,  there  is  some  evidence  that  peptide 
histidine  isoleucine  (PHI)  in  the  cat  and,  to  a  lesser  extent, 
calcitonin  gene-related  peptide  (CGRP)  in  the  opossum  may 

Figure 19.11 Contribution of the intrinsic lower esophageal sphincter and the extrinsic crural diaphragm to the esophagogastric junction high-pressure 
zone. (a) An isobaric contour plot of a swallow highlights the interval of potential esophagogastric junction relaxation extending from upper esophageal 
sphincter relaxation to the arrival of the peristaltic contraction (black dashed box). The inset magnifies the esophagogastric junction relaxation in time, 
spatial resolution, and pressure resolution; note the clear definition of the two contractions of the crural diaphragm (labeled 1 and 2 in the lower panel). 
(b–e) Each focus on the same data set as in the inset in (a) but illustrate the calculation of the period of time in which flow is permissive at various 
pressure settings. In each of these panels, the heavy black isobaric contour line indicates the flow-permissive pressure. Note the dramatic effect of crural 
contraction (1 and 2) on instantaneous esophagogastric junction relaxation pressure during swallowing. This suggests that flow through the 
esophagogastric junction would not be permissive during crural contraction.

0

5

10

15

20

25

30

35
0

= 2.45 s

1,2: crural
diaphragm
contraction(b)

(a)

(c)

(d) (e)

1
2

1
2

2
1

2
1

5

Esophagogastric
junction

Esophagogastric
junction

10

Time (s)

4 (s) 80

15 20

Le
ng

th
 a

lo
ng

 e
so

ph
ag

us
 (c

m
)

25

27

29

31

27

29

31
0 2 4 6 0

Time (s)

2 4 6 8

Le
ng

th
 a

lo
ng

 e
so

ph
ag

us
 (c

m
)

25

27

29

31

40 mmHg

30

20

10

0

35
30
25
20
15
10
0

(c
m

)

Cumulative �ow permissive time =
2.15 + 2.75 = 4.9 s

Cumulative �ow permissive time = ==
0.15 + 0.20 + 0.65 + 2.70 = 3.7 s 2.15 + 2.75 = 4.9 s0.15 + 0.20 + 0.65 + 2.70 = 3.7 s

Cumulative �ow permissive time
= 2.0 s

Cumulative �ow permissive time

Cumulative �ow permissive time Cumulative �ow permissive time 

Cumulative �ow permissive time Cumulative �ow permissive time

Flow permissive pressure: 26 mmHgFlow permissive pressure: 24 mmHg

Flow permissive pressure: 20 mmHg Flow permissive pressure: 22 mmHg

Flow permissive pressure: 26 mmHgFlow permissive pressure: 24 mmHg

Flow permissive pressure: 20 mmHg Flow permissive pressure: 22 mmHg

= 2.45 s= 2.0 s



346      PART 2 Mechanisms of normal and abnormal gastrointestinal function

trols [149]; however, the proportion of tLESRs associated with 
acid  reflux  (as  opposed  to  gas  reflux)  has  consistently  been 
observed to be greater among patients with GERD [149]. tLESRs 
occur most often in the postprandial state during gastric accom-
modation, which is attributable to the vagally mediated relaxa-
tion  of  the  fundus.  In  the  setting  of  the  completely  relaxed 
esophagogastric junction during tLESRs, even the minimal gas-
troesophageal pressure gradients observed with gastric disten-
sion  (3–4 mmHg) are  sufficient  to  facilitate gas venting of  the 
stomach  (i.e.,  belching).  Thus,  tLESRs  are  the  physiological 
mechanism of belching [150].

Proximal gastric distension is the major stimulus for tLESRs. 
Distension  stimulates  mechanoreceptors  (intraganglionic 
lamellar  endings)  in  the  proximal  stomach,  activating  vagal 
afferent  fibers  that  project  to  the  nucleus  of  solitary  tract 
[148,151,152]. The afferent and efferent neural pathways respon-
sible for swallow-induced and nonswallow-induced LES relaxa-
tions have been compared in the mouse [151,152]. The efferent 
limb  of  both  types  of  LES  relaxation  lies  in  the  preganglionic 
vagal inhibitory pathway to the LES [151,152]. Both relaxations 
can  be  blocked  by  bilateral  cervical  vagotomy,  cervical  vagal 
cooling, or NO synthase inhibitors [148,153]. The afferent arms 
of  these  two  types  of  relaxation,  however,  differ  from  one 
another. The afferent arm of the swallow-induced relaxation lies 
in  the  pharyngeal  and  superior  laryngeal  nerves,  with  the 
central  neural  circuit  in  the  medullary  subnuclei  [154–158]. 
Nonswallow-induced  relaxations,  in  contrast,  are  initiated 
through  gastric  afferents  in  the  subdiaphragmatic  vagus  and 
activate neurons in the medial, dorsomedial, and commissural 
solitary subnuclei and motor neurons in the caudal part of the 
dorsal  motor  nucleus  of  the  vagus  [159].  Vagal  outflow  from  
the  dorsal  motor  nucleus  completely  inhibits  both  the  LES  
and  the  crural  diaphragm,  an  important  distinction  from  the 
swallow-induced  LES  relaxation,  which  is  not  associated  with 
concomitant inhibition of the crural diaphragm.

Transient  LESRs  triggered  by  gastric  distension  likely  are 
mediated by NO and cholecystokinin (CCK) as neurotransmit-
ters, as evidenced by their increased frequency after intravenous 
administration  of  CCK  and  blockade  by  either  NO  synthase 
inhibitors  or  CCK1  antagonists  [160–163].  The  increased  fre-
quency of tLESRs during intravenous infusions of CCK or after 
fatty meals  is mediated through CCK1 receptors, as evidenced 
by inhibition of CCK1 [164,165]. Muscarinic receptor involve-
ment in the tLESR pathway is suggested by atropine inhibition 
[166–169].  Finally,  γ-aminobutyric  acid  (GABA)-B  agonists, 
such as baclofen, inhibit tLESRs, possibly by acting on receptors 
located in the dorsal motor nucleus of the vagus [170–174].

References are available at www.yamadagastro.com/textbook
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Bogte A., Bredenoord A.J., Oors J., et al. Relationship between esopha-
geal contraction patterns and clearance of swallowed liquid and solid 

cyclase-activating  peptide  (PACAP),  CGRP,  and  galanin  in 
myenteric neurons of the distal esophagus support this concept 
[142–144].

Antegrade opening
The  passage  of  an  ingested  bolus  across  the  esophagogastric 
junction is facilitated by LES relaxation and by the force of the 
peristaltic  contraction.  LES  relaxation  occurs  within  2 s  of 
deglutition at a  time when  the peristaltic wave appears  in  the 
middle  esophagus,  at  the  beginning  of  the  smooth  muscle 
segment. Although accurate measurements are difficult because 
of motion artifacts associated with esophageal shortening, it is 
estimated that the LES relaxes to pressures equal to those of the 
stomach or the esophagus within 1 s of swallowing [145]. When 
the ingested boluses reach the LES, the LES is relaxed but closed. 
Subsequently,  intrabolus pressure, generated either by  its own 
weight  (hydrostatic) or with  the aid of  the peristaltic contrac-
tion,  forces the LES open and flow across  the esophagogastric 
junction  ensues  [146].  After  5–7 s,  the  LES  recovers  its  initial 
pressure and then undergoes an after-contraction, which prob-
ably represents the termination of the peristaltic sequence as it 
reaches the distal end of the esophagus. Circular muscle strips 
obtained from the LES proper exhibit only relaxation, but more 
proximal  strips  exhibit  relaxation  followed  by  an  after-
contraction, perhaps because of the presence of mixed LES and 
adjacent esophageal muscle fibers [147]. If esophageal emptying 
is not completed  in  the 5–7-s window set by  the  time-limited 
nature of the peristaltic sequence, residual bolus escapes retro-
gradely through the contractile front and remains in the esopha-
gus at the termination of the sequence.

Retrograde opening
Physiologically,  the  esophagogastric  junction  must  perform 
seemingly contradictory functions. During swallowing it must 
facilitate the esophagogastric flow of swallowed material. At the 
same time it prevents reflux of gastric content into the esopha-
gus,  which  might  be  an  effect  of  the  positive  abdomen-to- 
thoracic  pressure  gradient.  During  rest,  the  esophagogastric 
junction  must,  again,  contain  caustic  gastric  juice  but  also  be 
able to transiently relax and permit gas venting of the stomach. 
These  functions  are  accomplished  by  the  delicate  interplay  of 
anatomical elements and physiological responses of the esoph-
agogastric  junction.  LES  relaxation  may  occur  transiently 
without swallowing or esophageal contraction. These transient 
LES relaxations (tLESRs) are thought to be an important mecha-
nism in the pathogenesis of GERD and a multitude of evidence 
suggests  that  tLESRs  are  the  most  frequent  mechanism  for 
reflux  during  periods  of  normal  LES  pressure  (>10 mmHg). 
tLESRs  occur  independently  of  swallowing,  are  not  accompa-
nied by peristalsis, are accompanied by crural diaphragm inhi-
bition, and persist for longer periods than swallow-induced LES 
relaxations  (>10 s)  [145,148].  Prolonged  manometric  record-
ings have not consistently demonstrated an increased frequency 
of tLESRs in patients with GERD compared with healthy con-
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There are distinct motor activities of the stomach under fasting 
and fed conditions. Interdigestive patterns clear the stomach of 
nondigestible food residue. After eating, the entire stomach 
accommodates to the ingested food, which is then triturated  
or ground to a small particle size, so that digestible solids  
of ≤2 mm diameter are delivered to the duodenum at a control
led rate.

The stomach can be divided into two functional motor 
regions: the proximal stomach (fundus and proximal body) and 
the distal stomach (distal body and antrum). Sphincters at the 
entry (lower esophageal) and outflow (pylorus) exhibit tone  
that regulates entry and exit of food and gastric secretions. 
Coordinated actions of these regions involves myogenic and 
neurohormonal mechanisms; also feedback from the small 
intestine participates in regulating the emptying of gastric 
contents.

Orientation of gastric smooth muscle fibers

The anatomic orientation of the gastric smooth muscle layers 
(longitudinal, circular, and oblique) serves the need to regulate 
accommodation, dispersion, trituration, and emptying of food. 
Inside the serosa, the longitudinal muscle layer is prominent in 
the distal stomach and is mostly continuous with the longitudi
nal layer of the duodenum, although some fibers terminate in 
the pylorus. The circular muscle layer, located internal to the 

longitudinal layer, is prominent in all gastric regions. The gastric 
circular layer is electrically isolated from its duodenal counter
part by a connective tissue septum at the pylorus. The innermost 
oblique muscle layer is present on the lesser curvature near the 
gastric cardia and is continuous with the gastroesophageal junc
tion. The specialized pyloric smooth muscle is composed of two 
circumferential loops of muscle that coalesce over the lesser 
curvature, and is mainly circular smooth muscle reinforced by 
antral longitudinal muscle fibers and connective tissue.

Innervation of the gastric smooth muscle

Gastric smooth muscle is innervated by extrinsic nerves that 
relay information to and from extrinsic ganglia, spinal cord, and 
central nervous system, and by intrinsic nerves in the gastric 
wall. The extrinsic supply is provided by the vagus and splanch
nic nerves, which contain both efferent and afferent fibers. The 
major intrinsic innervation projects from the myenteric plexus 
at the interface between the longitudinal and circular layers. The 
submucous plexus along the luminal aspect of the circular layer 
may play a minor role in some reflex activities.

Efferent extrinsic innervation
The vagus nerve is predominantly composed of afferent fibers 
at the level of the diaphragm. Thus, a relatively small number of 
vagal “command” fibers provide extrinsic innervation to the 
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some efferent fibers inhibit motor activity through the release 
of nitric oxide (NO) and vasoactive intestinal polypeptide  
(VIP) [5,6].

Preganglionic cholinergic neurons project from the interme
diolateral spinal cord to the prevertebral ganglia, where they 
synapse through nicotinic receptors with the sympathetic post
ganglionic adrenergic nerves whose cell bodies are in the pre
vertebral celiac ganglia. These noradrenergic neurons project to 
the enteric ganglia through splanchnic nerves and generally 
inhibit excitatory myenteric transmission to nonsphincteric 
muscle [7]. Figure 20.1 shows the wiring of the gut’s nervous 
system (see Chapter 15).

vast enteric or intrinsic nervous system which consists of about 
100 million neurons in the entire digestive tract, including the 
gastric myenteric plexus [1]. This results in extensive functional 
efferent vagal innervation of the enteric nervous system [2].

The vagus nerve contains three groups of efferent fibers:  
preganglionic parasympathetic cholinergic supply to excitatory 
enteric neurons; preganglionic cholinergic supply to inhibitory 
enteric neurons; and sympathetic fibers from the superior cervi
cal and stellate ganglia [3]. The cell bodies of most efferent vagal 
fibers reside in the dorsal motor nucleus of the vagus [4]. 
Efferent vagal cholinergic neurons activate nicotinic receptors 
within enteric ganglia and increase gastric motor activity [5]; 

Figure 20.1 The innervation of the 
gastrointestinal tract. Source: Furness 2012 [8]. 
Reproduced by permission of of Macmillan 
Publishers Ltd.
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Afferent extrinsic innervation
There are 10 times more afferent than efferent fibers in the 
vagus, and threefold afferents over efferents in the splanchnic 
nerves. Vagal afferents terminate in the nucleus tractus soli
tarius and area postrema [9]. Nucleus tractus solitarius 
neurons project to the dorsal motor nucleus of the vagus and 
nucleus ambiguous (thereby mediating vagovagal reflexes in 
response to distension) [10] and to higher cerebral centers 
[11]. Sensory information from the stomach is also trans
mitted to the dorsal horn of the spinal cord through the 
splanchnic nerves, from where secondorder neurons project 
centrally.

The stomach is richly supplied with sensory fibers. Free 
mucosal nerve endings respond to stroking or to chemical 
stimuli such as hydrochloric acid [12]. Smooth muscle stretch 
receptors or mechanoreceptors are activated during passive dis
tention or active contractions [13,14]. Two types of mechanore
ceptors are evident: intramuscular arrays serve as stretch 
receptors to sense tone, whereas intraganglionic laminar endings 
integrate tension and neuronal activity to activate peristalsis and 
emptying [15]. Mesenteric and serosal receptors respond to 
tension on the viscera and forceful contractions and may 
mediate perception of visceral pain or viscera–visceral reflexes 
through vagal or splanchnic pathways that are further modified 
by central nervous system input.

Intrinsic innervation of the stomach
The enteric nervous system possesses the components needed 
for complete reflex activities, including afferent neurons, 
interneurons, and motor neurons, and it can initiate many  
physiological motor patterns in the absence of extrinsic neural 
input. Myenteric neurons contain numerous neurotransmitters. 
Excitatory neurons containing acetylcholine and tachykinins 
(i.e., substance P and neurokinin A) project to circular muscle. 
Inhibitory motor neurons containing NO and VIP project abo
rally and mediate the relaxation phase of peristalsis [16,17]. The 
actions of NO are mediated by stimulation of cyclic guanosine 
monophosphatedependent kinase, whereas VIP acts through 
cyclic adenosine monophosphate generation [18]. Serotonin 
serves a modulatory role in enteric neurotransmission, for 
example excitatory ascending pathways in the neural control of 
peristalsis are activated by serotonin (5hydroxytryptomine, 
5HT) type 3 (5HT3 receptors), whereas 5HT1P receptors 
mediate descending inhibition [19]. Other modulators of  
intrinsic neural control of motility include norepinephrine, 
endogenous opioids, adenosine triphosphate, peptide histi 
dine isoleucine, γaminobutyric acid, neuropeptide Y, gastrin
releasing peptide (GRP), and histamine [17,20–23].

The stimulatory and inhibitory neurons in the myenteric 
plexus interact with the interstitial cells of Cajal in the circular 
muscle [24]. Interstitial cells of Cajal are histologically distinct 
from neurons and smooth muscle cells, and they play an impor
tant physiological role in gastric neurotransmission [24]. Table 

20.1 summarizes neurons that control digestive functions, their 
predominant transmitters and stimulatory or inhibitory actions 
(see Chapter 15).

Regional motor activity in the stomach and 
coordination with the duodenum

Proximal stomach
The proximal stomach accommodates to store ingested food, to 
regulate intragastric pressure, and to propel chyme into the 
distal stomach. The proximal stomach possesses distinct myo
genic and neural characteristics.

Electrical activity
The resting membrane potential of gastric smooth muscle is 
−48 mV in the fundus compared to −71 mV in the antrum. The 
electrical threshold for gastric contraction is −50 mV. Thus, 
under basal conditions, the fundus is in a state of continual 
partial contraction or tone, which is modulated by neural or 
hormonal input. Minor depolarizations or hyperpolarizations 
in the membrane potential significantly increase or decrease 
proximal gastric tone. In contrast to the distal stomach, the 
proximal stomach does not exhibit rhythmic fluctuations in 
membrane potential.

Contractile activity
The proximal stomach exhibits two distinct contractile pat  
terns. Slow, sustained contractions (80% of proximal gastric 
motor activity) determine basal intragastric pressure [25],  
and superimposed on the phasic contractions, each up to 30 s 
in duration.

Relaxation of gastric tone allows the maintenance of a  
stable intragastric pressure in response to ingested volumes in 
excess of 1 liter [26]. In humans, intragastric pressure decreases 
from 12.9 to 9.8 mmHg in the first 30 min after eating; the relax
ation of tone starts with deglutition and receptive relaxation, 
reaches maximal relaxation usually within 5 min of food enter
ing the stomach, is maintained at a maximal level for about 
45 min, and does not return to basal levels until all solids have 
emptied from the stomach [27–29]. Receptive relaxation is the 
reduction in proximal gastric tone that occurs with the act of 
swallowing, a dry swallow, or mechanical stimulation of the 
pharynx or esophagus [30]. Gastric accommodation, the relaxa
tion of the proximal stomach in response to gastric distention, 
is mediated by stimulation of gastric mechanoreceptors and 
does not require pharyngeal or esophageal stimulation [30,31]. 
Because of the accommodation reflex, 80% of fluid and virtually 
all the solid food placed in the stomach is retained in the fundus 
and proximal body during the early postprandial period. 
Receptive relaxation and accommodation are mediated by 
vagovagal reflex arcs through the nucleus tractus solitarius and 
dorsal vagal nucleus [32].
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Table 20.1 Types of gastrointestinal neurons and their transmitters or neurochemical contents. Source: Furness 2012 [8]. Reproduced with permission of 
Macmillan Publishers Ltd.

Type of neuron Primary transmitter Secondary transmitters, 
modulators

Other neurochemical markers

Enteric excitatory muscle motor neuron ACh Tachykinin, enkephalin (presynaptic 
inhibition)

Calretinin, γ-aminobutyric acid

Enteric inhibitory muscle motor neuron Nitric oxide VIP, ATP or ATP-like compound, 
carbon monoxide

PACAP, opioids

Ascending interneuron ACh Tachykinin, ATP Calretinin, enkephalin

ChAT, NOS descending interneuron ATP, ACh ND Nitric oxide, VIP

ChAT, 5-HT descending interneuron ACh 5-HT, ATP ND

ChAT, somatostatin descending interneuron ACh ND Somatostatin

Intrinsic sensory neuron ACh, CGRP, tachykinin ND Calbindin, calretinin,

IB4 binding

Interneurons supplying secretomotor neurons ACh ATP, 5-HT ND

Noncholinergic secretomotor neuron VIP PACAP NPY (in most species)

Cholinergic secretomotor neuron ACh ND Calretinin

Motor neuron to gastrin cells GRP, ACh ND NPY

Motor neurons to parietal cells ACh Potentially VIP ND

Sympathetic neurons, motility inhibiting Noradrenaline ND NPY in some species

Sympathetic neurons, secretion inhibiting Noradrenaline Somatostatin (In guinea pig) ND

Sympathetic neurons, vasoconstrictor Noradrenaline, ATP Potentially NPY NPY

Intestinofugal neurons to sympathetic ganglia ACh VIP Opioid peptides, CCK, GRP

ACh, acetylcholine; ATP, adenosine triphosphate; CCK, cholecystokinin; CGRP, calcitonin gene-related peptide; ChAT, choline acetyltransferase; GRP, 
gastrin-releasing peptide; 5-HT, 5-hydroxytryptamine; ND, not determined; NPY, neuropeptide Y; NOS, nitric oxide synthase; PACAP, pituitary adenylyl 
cyclase-activating peptide; VIP, vasoactive intestinal polypeptide.

Neurohumoral control of motility
In addition to the vagal parasympathetic and splanchnic (sym
pathetic) innervation, and the neurotransmitters mentioned 
above, other neurohormonal mediators relax the proximal 
stomach or enhance fundic compliance including cholecystoki
nin (CCK), secretin, VIP, gastrin, somatostatin, dopamine, GRP, 
glucagon, glucagonlike peptide 1, bombesin, and the α2
adrenergic receptor stimulation. In contrast, motilin, ghrelin, 
and thyrotropinreleasing hormone (TRH) increase fundic 
pressure [33–35]. Secretin relaxes the stomach by activating 
vagal afferent pathways originating in the gastroduodenal 
mucosa [36]. Pentagastrinevoked gastric relaxation is mim
icked by histamine and is abolished by acidsuppressing agents, 
suggesting mediation by a mechanism involving gastric secre
tion. Gastric accommodation and gastric motor function to 
induce emptying occur concurrently (Figure 20.2).

Reflex modulation of gastric motility
Neurohumoral mechanisms originating in other regions of the 
gut modulate gastric functions through welldefined reflexes. 
Four examples are relevant to physiological function and mani

festations in disease states. First, balloon inflation in the du 
odenum reduces fundic tone through vagal and splanchnic 
nonadrenergic, noncholinergic pathways [38]. Vagal pathways 
and the celiac and superior mesenteric ganglia are activated 
respectively by low levels of distention and more intense stimuli 
[39]. Second, in addition to the mechanically stimulated reflexes, 
inhibition of proximal gastric activity results from duodenal 
protein or lipid perfusion, mediated by vagal nonadrenergic, 
noncholinergic pathways possibly involving NO and CCK 
[38,40]. CCK is postulated to inhibit proximal gastric tone 
during duodenal perfusion of lipids or certain amino acids such 
as ltryptophan, and these effects are mediated by the vagus 
nerve [41]. Fundic relaxations in response to duodenal acid 
exposure are mediated by multiple pathways. At low hydrochlo
ric acid perfusion rates, relaxation is mediated by endogenous 
secretin, which acts on vagal afferent pathways [42]. Acid loads 
induce CCK release and have direct action on afferent nerve 
pathways. Third, rectal or colonic distention inhibits gastric 
accommodation [43] and emptying [44], and this contributes to 
the delayed gastric emptying observed in patients with chronic 
constipation. Fourth, as part of the ileal brake mechanism, as 
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an initial rapid depolarization followed by a more prolonged 
plateau potential, is superimposed on the resting membrane 
potential (Figure 20.3). A site along the greater curvature in  
the proximal gastric body exhibits the highest oscillatory fre
quency (3 cycles/min [cpm] in humans) and acts as the domi
nant pacemaker to entrain the rest of the stomach [50]. The cells 
of origin of pacemaker activity, called the interstitial cells of 
Cajal, are believed to reside in the interface between the longi
tudinal and circular muscle layers. They exhibit rhythmic depo
larizations throughout the stomach, small intestine, and colon 
and are thought to generate slow wave activity in these organs. 
Interstitial cells of Cajal are prominent in the myenteric region 
of the gastric antrum and corpus and may serve a similar pace
maker role in the stomach [51]. Although the slow wave is a 
myogenic characteristic, altered neural input can destabilize 
slow wave rhythmicity, for example early after vagotomy there 
is slow wave disorganization with generation of ectopic antral 
pacemakers [52].

Slow waves are propagated distally through the smooth 
muscle within the stomach wall. Unlike the heart, the stomach 
has no specialized electrical conduction pathways. Conduction 

well as complex carbohydrates, fats and proteins in the distal 
small bowel reduce fundic tone and gastric emptying [45].  
The mechanisms involved in the ileal brake include the  
incretin hormones (GLP1, peptide YY, neurotensin) and neural 
reflexes [46].

Distal stomach
The distal stomach exhibits electrical and contractile properties 
distinct from those of the proximal stomach. Contractions of 
the distal stomach serve to grind and triturate solid food and to 
regulate gastric emptying of solid and, to a lesser extent, liquid 
meals. In addition to these contractile functions, there is evi
dence that the distal stomach increases its volume in the post
prandial period, but not to the same degree as the proximal 
stomach [47]. As a result, symptoms of dyspepsia may arise 
from mechanical distension of the distal stomach [48].

Rhythmic electrical activity
The distal stomach muscle exhibits a more negative resting 
membrane potential than the proximal stomach muscle. A 
rhythmic depolarization, known as the slow wave, consisting of 

Figure 20.2 (a) The gastric accommodation 
response to the ingestion of a meal. In the top 
tracing, gastric volume response is measured with 
an intragastric balloon, in which the air has been 
clamped at constant pressure by means of a 
barostat. At the lower left, the gastric transaxial 
images acquired by single photon emission 
computed tomography are reconstructed in the 
fasting and postprandial (PP) periods. At the lower 
right, the average fasting and postprandial volumes 
of the entire, proximal, and distal stomach in a 
group of 73 healthy volunteers are plotted. (b) Time 
course of gastric emptying of solids and volume 
response to feeding in healthy humans. The volume 
response is demonstrable almost immediately after 
the meal and there is a gradual reduction in volume 
3 h after meal ingestion. The calculated volume of 
meal in the stomach approximates the measured 
gastric volume. Source: Camilleri 2006 [37]. 
Reproduced with permission of Elsevier.
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contractions may exceed 100 mmHg, migrate with the propa
gating slow wave as a ring, and increase in amplitude and veloc
ity as the slow wave approaches the distal antrum. Because of 
neurohormonal modulation, not all ring contractions traverse 
the entire distal stomach and therefore some contractions 
subside before reaching the pylorus. Thus, while the gastric 
body or proximal antrum often exhibit three contractions per 
minute, the frequency of distal antral contractions measured by 
manometry in healthy subjects is typically lower that three per 
minute even with maximal stimulation by a meal. In one study, 
there were 224 ± 15 distal antral contractions per 2 h [58].

The distal stomach exhibits distinct phasic motor patterns 
under fasting and postprandial conditions. The fasting migrat-
ing motor complex (MMC) is a stereotypical pattern (see Section 
Migrating motor complex) that clears the stomach of undi
gested debris. Loss of the MMC in certain disease states (e.g., 
diabetic neuropathy) may promote gastric bezoar formation. 
Postprandially, the MMC is immediately replaced by a fed con-
tractile pattern of variable intensity and duration that grinds and 
triturates the ingested nutrients.

Migrating motor complex
The MMC clears the stomach and intestine of undigested food 
particles, mucus, and sloughed epithelial cells during fasting 
and has been termed the gastrointestinal housekeeper. The 
MMC consists of three phases with a combined duration of 
84–112 min (Figure 20.4) [59]. Phase I is a period of relative 
motor quiescence, representing 40%–60% of the cycle. High
amplitude contractions are not observed during phase I, but 
diminutive pressure waves of +9 mmHg in amplitude can occur 
in phase with the slow wave [60]. Phase II, comprising 20%–30% 
of the cycle, exhibits increasing but irregular contractions. 
Phase III is a 5 to 10min period of intense, rhythmic, lume
nally occlusive contractions that begin in the gastric body and 

is faster circumferentially than along the longitudinal axis; 
therefore, the slow wave propagates rings of depolarization [53]. 
Slow wave propagation is slightly faster along the greater cur
vature, so that myoelectric activity from the greater and lesser 
curves reach the pylorus simultaneously. The propagation veloc
ity increases from 0.5 cm/s in the gastric body to 4 cm/s in the 
distal antrum. Slow waves do not propagate proximally into the 
fundus because of its less negative resting membrane potential 
and other properties that limit its excitability.

Gastric myoelectric rhythmicity matures late in fetal and 
postnatal development. The percentage of time that normal 
3 cpm slow wave activity is demonstrable increases from 37% in 
preterm infants to 66% 6 months after birth [54]. This func
tional maturation process correlates with anatomic immaturity 
of neuronal networks within the enteric nervous system at birth, 
and the poorly coupled connections between the interstitial 
cells of Cajal and smooth muscle cells at birth [55].

Contractile activity
Under quiescent conditions, the gastric slow wave is of insuffi
cient amplitude to evoke significant contractions. Although the 
initial rapid depolarization of the slow wave may induce trivial 
pressure waves, the plateau potential of the slow wave does not 
reach the contractile threshold. Contractile agonists increase 
the duration and amplitude of the plateau potential (see Figure 
20.3) and, in some cases, induce action potentials (+100 ms) 
that are intense depolarizations superimposed on the plateau 
potential [56]. These events provide the depolarization needed 
to exceed the contractile threshold. In contrast, relaxing agents 
generally reduce the plateau potential amplitude or duration, or 
prevent the stimulatory effects of contractile agonists [57]. 
Because the contractile threshold is exceeded only during each 
plateau potential, the slow wave determines the maximal distal 
gastric contractile frequency (3 cpm in humans). Phasic antral 

Figure 20.3 The intracellular electrical activity of distal gastric smooth muscle and the resultant contractile response displayed under quiescent 
conditions and after stimulation with a contractile agonist. In the unstimulated state, distal gastric smooth muscle exhibits rhythmic electrical activity 
with an initial upstroke (1), followed by a plateau potential (2). Because the amplitude of this electrical depolarization does not reach a critical 
threshold, no contraction occurs. With stimulation, the plateau is prolonged and enhanced, so a threshold depolarization is achieved, resulting in phasic 
contractions in the distal stomach. Source: Kim and Malageleda 1986 [49]. Reproduced with permission of Elsevier.
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Fed motor pattern
The fed motor pattern is induced 5–10 min after eating and 
persists as long as food remains in the stomach. Intermittent 
phasic contractions of irregular amplitude and frequency, 
similar to those of phase II of the MMC, comprise the fed 
pattern (Figure 20.4). As with phase II, not all the slow wave 
cycles are associated with contractions. Fluoroscopic studies of 
postprandial motor activity demonstrate antral contractions 
that propel the ingested material distally towards the closed 
pylorus, only to be retropulsed back into the proximal stomach, 
thus serving to mix and grind the food [67]. Ultrasonographic 
investigations indicate that this distal gastric motor function 
shortens the gastric length and alters the configuration of the 
stomach [68]. Furthermore, the repeated propulsion by antral 
contractions of digestible solids towards the partially closed 
pylorus results in the breaking up of solid gastric contents, a 
process called trituration.

Postprandial contractile amplitudes depend on the consist
ency and composition of the ingested material. Antral contrac
tions evoked by eating particulate nutrients are more intense 
than those induced by an equivalent homogenized meal [69]. 
The process continues until the particulate size of homogenized 
solids has been reduced to 2 mm or less, at which point, the 
homogenized solids and accompanying liquid can empty from 
the stomach through the pylorus [70].

The duration of the fed period is proportional to the number 
of calories consumed, with fats inducing a more prolonged 
response than proteins or carbohydrates [71]. As little as 17 g of 
fat may induce a prolonged fed pattern. Nutrients are not strictly 
necessary to evoke antral contractions because sham feeding 
evokes transient increases in antral contractility and delays the 
onset of the next phase III. This phenomenon is blocked by the 

propagate unimpeded to the pylorus. The frequency of contrac
tions during phase III approaches that of the slow wave [59]. Of 
the phase III complexes, 71% begin in the stomach, whereas 
18% originate in the proximal duodenum, and 10% and 1% start 
in the distal duodenum and proximal jejunum, respectively 
[61]. Phase IV, a brief period of transitional motor activity from 
phase III to phase I, has been described. Thus, the regular, 
rhythmic contractions during phase III usually occur at the 
maximum frequency in the stomach (3/min) and small bowel 
(9–11/min) and last 1–5 min in the stomach and 7–15 min in 
the small bowel [62].

MMC cycling exhibits diurnal variation, with fewer MMC 
complexes occurring during wakefulness (0.25/h) than sleep 
(0.64/h) [63]. Phase I is prolonged during sleep, whereas phase 
II is shortened. The reason for the diurnal variation with more 
phase III MMCs observed at night time may be related to food 
ingestion awake.

The MMC is established early in life, although some infants 
exhibit an immature pattern of isolated pressure waves alternat
ing with clustered phasic contractions [64]. MMC activity is  
not impaired in the elderly [65]. In one study of 12 healthy 
males and eight healthy females, MMC cycles were more fre
quent and phase III complexes of shorter duration in women 
than in men [63].

The propulsive characteristics of interdigestive gastric motor 
activity vary depending on the MMC phase. Phase III contrac
tions are highly propulsive [59]. In contrast, phase II motor 
activity exhibits little coordination from one gastric recording 
site to the next and is believed to represent a period in which 
fasting gastric contents are mixed. Emptying of inert liquids and 
endogenous secretions is more rapid during phase III than in 
phases I and II [66].

Figure 20.4 The migrating motor complex in a human (phases II and III shown, left panel) consists of three phases: phase I, a period of motor 
quiescence; phase II, a period of irregular contractile activity; phase III, a brief complex of intense rhythmic contractions that propagate from the distal 
stomach into the small intestine. Figure shows contrast of the fasting interdigestive migrating motor complex and the irregular frequency, but normal 
amplitude contractions associated with the fed pattern. Source: Camilleri 2006 [37]. Reproduced with permission of Elsevier.
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that intact extrinsic innervation to the stomach is not needed 
for phase III initiation [84,85]. Indeed, gastric surgery associ
ated with vagotomy and vagal neuropathy (as in diabetes) are 
associated with increased frequency of phase III MMCs during 
fasting and early return of the phase III MMC in the postpran
dial period [86,87].

Conversely, vagal recordings show increased efferent firing 
during antral phase III, and vagal cooling abolishes antral phase 
III, suggesting that fasting gastric motor function can be modu
lated by the vagus [88]. The inhibition of phase III by vagal 
cooling is not reversed by the α and βadrenergic receptor 
antagonists, phentolamine and propranolol, showing that unop
posed adrenergic activity is not responsible for the phenome
non [89]. In contrast to its effects on phase III activity, bilateral 
vagotomy decreases or abolishes gastric phase II, suggesting  
that the different MMC phases are regulated by distinct path
ways [90].

There are hormonal mediators of gastric phase III activity. 
Thus, antral phase III coincides temporally with elevations in 
motilin, a hormone localized in duodenal mucosal enteroendo
crine cells [91,92]. Premature antral phase III is inducible by 
motilin infusion in dogs and humans, whereas infused motilin 
antibodies abolish gastric phase III in dogs for several hours 
[94]. Resection of the duodenum (and presumably most 
motilinsecreting tissue) eliminates antral phase III in dogs 
[95,96]. Motilin stimulation of antral phase III is mediated 
through cholinergic [97] and noncholinergic mechanisms, such 
as serotonergic [98] and nitrergic pathways [99–101]. The phys
iological stimulus for motilin release is unknown, although 
motilin levels increase after vagal stimulation. There is plasticity 
in the neural regulation of the gastric MMC involving vagal 
cholinergic and adrenergic efferent pathways [102]. Motilin 
receptors are present on antral smooth muscle and on nerves 
within the stomach wall. Receptor subtypes in these regions 
may be distinct, suggesting possible differential roles in regulat
ing upper gut motor function [103].

Pharmacological studies suggest other neurohormonal fac
tors modulate gastric MMC activity. These include opioid 
mechanisms (possibly by regulating motilin release) [104], his
tamine through H2 receptors [105], and somatostatin [106]. 
Pancreatic polypeptide cycles in phase with gastric phase III 
[107]; this appears to be an effect of motilin through vagal 
cholinergic pathways [108], coinciding with the gastric phase 
III of MMC.

Endogenous secretions of the upper gut may also influence 
or coincide with gastric MMC activity. During fasting, pancrea
ticobiliary secretions and secretory immunoglobulin A output 
cycle in phase with the MMC, and correlate with motilin release 
[109,110], although other peaks of pancreatic secretion during 
fasting occur independently of antral phase III and motilin 
cycling [111]. Duodenal bile acid perfusion, duodenal pH less 
than 7.0, or gastric pH of 1.0 suppresses antral contractions 
[112] through a vagovagal reflex [113]. Patients with chronic 
pancreatic insufficiency exhibit MMC cycles of shorter duration, 

CCK antagonist loxiglumide, suggesting mediation by endog
enous CCK [72]. Physical factors modify the characteristics of 
the fed pattern, including solid food which induces stronger 
antral contractions than a liquid meal, whereas increasing the 
viscosity (e.g., with polycarbophil, a gelforming compound) 
reduces antral contractile amplitudes but prolongs the fed 
pattern for several hours [73].

In the small bowel, the fed pattern lasts for about 1 h for each 
200 kcal ingested [74], and the presence of nutrients in the 
upper small bowel will generally prevent the return of the 
MMC. More than 50% of individuals fed continuously through 
an intragastric catheter revert to a fasting pattern, indicating 
that nutrient inhibition of interdigestive motor activity is self 
limited [75]. Intravenous nutrient administration disrupts 
normal fasting gastric motor activity, suggesting that the  
systemic effects of a meal may contribute to selected compo
nents of the fed motor response. Intravenous amino acid solu
tions reduce phase II duration and suppress antral phase III 
activity [76].

Neurohumoral control of gastric motility
The main driver of distal gastric motor activity is efferent vagal 
stimulation of lowthreshold fibers, evoking antral contractions 
that are sensitive to atropine, indicating cholinergic mediation. 
In contrast, stimulation of highthreshold fibers decreases antral 
motor activity, most likely through release of VIP, and this 
reduces the sensitivity of gastric smooth muscle to calcium 
[6,77]. In dogs, NO synthase inhibitors increase antral contrac
tions, whereas NO precursors decrease motor activity, indicat
ing a physiological relaxant role for NO [78]. Administration of 
the phosphodiesterase inhibitor sildenafil, which results in 
increased intracellular cGMP, inhibits antral motor activity by 
enhancing the action of endogenous NO [79]. Pharmacological 
studies in some animal models using NO synthase inhibitors or 
NO donors suggest a role of NO in controlling fasting and 
postprandial motility [80].

Other hormones and neurotransmitters can pharmacologi
cally modify distal gastric electromechanical function. Thus, 
CCK, bombesin, substance P, and some opiates increase antral 
contractions, but the physiological relevance of these effects is 
unknown [81]. Conversely, secretin, somatostatin, glucagon, 
GRP, TRH, neurotensin, calcitonin, peptide YY, prostaglandin 
E2, the α1adrenergic receptor agonist phenylephrine, and the 
α2adrenergic receptor agonist clonidine inhibit antral motor 
activity [82]. Some compounds have dual effects; for example, 
the 5HT3 receptor agonist mchlorophenyl biguanide increases 
antral motility under fasting conditions but reduces the ampli
tude of postprandial antral contractions [83].

Neurohumoral regulation of the gastric MMC
Neurohumoral control of the gastric MMC is complex and 
incompletely understood. Phase III persists after sectioning of 
the vagus and splanchnic nerves, and with autotransplantation 
of the stomach or the entire gut with denervation suggesting 
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the efferent arms of vagal reflexes in the cephalic phase. 
Descending projections from the senses, such as olfaction  
and vision, and from forebrain areas also modulate the reflex 
response [116]. Cephalically stimulated activities are estimated 
to contribute 50% of the overall secretory postprandial responses 
and to a significant component of the motor responses to the 
meal. GLP1 and peptide YY provide physiological inhibition 
of the cephalic phase responses as they are released during the 
intestinal phase of digestion.

In the gastric and intestinal phases, neurohumoral factors are 
activated by mechanical and chemical stimuli that control post
prandial gastric motor function, although the specific mediators 
are unknown. Distention of the proximal stomach produces 
irregular phasic contractions, indicating a possible role for 
gastric mechanoreceptoractivated pathways [117]. Vagal den
ervation or reversible cooling interrupt antral component of 
MMC, though the small intestinal MMCs persist, and vagotomy 
increases the calorie threshold for inducing the fed pattern and 
shortens its duration [90,118], converting the fed pattern to 
intermittent phase III activity [119]. These effects are thought 
to be the result of an unknown circulating mediators [120], 
possibly including gastrin [121].

Reflex modulation of distal stomach motility
As with the proximal stomach, distal gastric motor activity is 
subject to reflex modulation (involving vagal cholinergic func
tion) [122] from other gut regions including the proximal 
stomach [52,123,124], as occurs after an ingested bolus [125]. 
 It also requires intrinsic connections within the gastric wall 
[126]. The distal stomach also responds to feedback from extra
gastric sites, such as the larynx and epiglottis [127], rectal dis
tention [128], and duodenal distention via vagal and splanchnic 
nerves. Intraduodenal perfusion of lipids (including longchain 
triglycerides), proteins, glucose, or hydrochloric acid inhibit 
spontaneous antral contractions – effects that are reduced but 
not abolished by vagotomy [129–133], and these effects are 
mediated at least in part by CCK through action on CCKA 
receptors [131].

Pylorus
The pylorus serves as a sieve to regulate outflow of intralumenal 
contents from the stomach. To fulfill this role, the pylorus pos
sesses unique smooth muscle and neural properties that distin
guish it from the surrounding structures. Because of its thickness 
and the density of its connective tissue, the pylorus acts as a 
mechanical stricture to the passage of large particles. The 
sphincteric properties of the pylorus are aided by a redundant, 
highly folded mucosa that narrows the luminal diameter. The 
nerve density in pyloric circular muscle is three to five times 
greater than that in the adjacent antral circular layer; regulation 
of pyloric motor activity is different from the surrounding 
regions [134]. The sensory nerve supply projecting from the 
pylorus to brainstem vagal nuclei is greater than from the duo
denum [135]. Increased numbers of neurons containing VIP, 

indicating an interrelation between antroduodenal and pancre
atic function [114].

Neurohormonal control of fed motility  
of the distal stomach
The responses to ingestion of food are complex and have been 
traditionally considered in three phases: cephalic, gastric, and 
intestinal. This is an integrated process with overlap between  
the different phases. Variations in function result in part from  
the physical properties of meals, the different proportions of 
macronutrients, and the rate of emptying from the stomach. 
This level of specification of the gastric responses contrasts with 
the enormous functional reserve of the pancreas, which exhibits 
a fairly standard response, influenced mainly by the rate of 
delivery of nutrients to the duodenum and the nature of nutri
ents that stimulate the release of enteropancreatic hormones 
(Figure 20.5).

In the cephalic phase, neural input is the dominant mediator; 
CCK and gastrin are additional stimulatory modulators. 
Gustatory and other visceral afferent inputs project into differ
ent subnuclei of the nucleus of the solitary tract. Central cholin
ergic circuits, neuropeptide Y, and thyrotropinreleasing 
hormone are candidate central stimulators of the cephalic 
phase, which is mediated, at least in part, through efferent vagal 
fibers [115]. Preganglionic motor neurons from vagal subnuclei 
originate from the topographically organized vertical column in 
the dorsal motor nucleus of the vagus in the medulla. These are 

Figure 20.5 Gastric emptying profiles of different nutrient liquids. 
Glucose (filled circles) emptied the fastest, whereas liquids with higher 
caloric density such as milk protein (open triangles), pea peptide 
hydrolysate (open circles), and whey peptide hydrolysate (filled triangles) 
emptied much more slowly. Source: Calbet and MacLean 1997 [93]. 
Reproduced with permission of John Wiley & Sons.
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by an intense contractile ring that obliterates the lumen. The 
minor ring contraction induces pyloric closure as a larger con
traction approaches the midantrum. The intense contractile 
ring further propagates into the distal antrum, propelling 
trapped food against the occluded pylorus and producing 
grinding and mixing. This is followed by retropulsion of the 
mixed bolus into the proximal stomach as the major contractile 
wave reaches the pylorus. Because the pylorus is closed by the 
initial minor ring contraction, all gastric emptying occurs early 
in the cycle before the major contraction reaches the midant
rum. Because this is a myogenic phenomenon, the timing of the 
two contractile rings is not dependent on neural, hormonal, or 
mealrelated factors [144].

Ultrasonographic studies show that most transpyloric flow 
occurs during periods of prolonged pyloric opening not associ
ated with occlusive antral or duodenal contractions with the 
formation of a common antropyloroduodenal chamber [145]. 
Furthermore, bursts of duodenogastric reflux are demonstrable 
before pyloric closure, suggesting that duodenal mixing and 
retropulsion occur [145,146].

Resection of the pylorus does not prevent postprandial 
sieving and trituration, suggesting that other gastroduodenal 
regions also possess these capabilities [147]. Resection of both 
the antrum and pylorus results in loss of this function, with 
passage of larger, undispersed particles.

Neurohumoral control of pyloric motility
Neurohumoral regulation of pylorus motor function is distinct 
from that of the duodenum and distal stomach. There are both 
excitatory and inhibitory vagal pathways to the pylorus [137,148], 
and vagally induced pyloric contractions are mediated by opioid 
pathways. There are large numbers of enkephalincontaining 
fibers in pyloric smooth muscle and branches of the vagus to the 
pylorus [149]. Electrical stimulation of the splanchnic (sympa
thetic) nerves also evokes pyloric contraction. Pyloric motor 
activity is influenced by ascending and descending intrinsic 
neural pathways with pyloric contraction or relaxation observed 
with electrical stimulation of duodenal and antral muscle respec
tively. NO donors relax basal or induced pyloric pressure waves, 
and enhance transpyloric flow after eating [150,151]. NO syn
thase inhibitors block the inhibition of pyloric motility evoked 
by different techniques and reduce transpyloric flow, suggesting 
that NO is a common mediator of pyloric relaxation [152,153] 
alone or in concert with purinergic nerves [154]. Pharmacological 
doses of several agents have potent effects on pyloric motor 
activity: VIP, peptide histidine–isoleucine, galanin, prostaglan
din E1, and serotonin relax the pylorus, whereas CCK, secretin, 
and histamine induce pyloric contraction [149,155,156]. The 
effect of CCK may be physiological, as a CCK antagonist reduces 
pyloric motility after a meal [157].

Reflex modulation of pyloric motility
Pyloric motor activity is modified by reflexes arising in the 
small intestine. Duodenal perfusion of lipids, amino acids, 

substance P, enkephalins, neuropeptide Y, and galanin are 
present in the pylorus as compared with the antrum and duo
denum [134,136].

Electrical activity
The pylorus exhibits histological characteristics suggesting that 
its electrical characteristics are different from those of the distal 
stomach. The density of gap junctions interconnecting pyloric 
smooth muscle cells is less than in the antrum [134]. Prominent 
interstitial cells of Cajal interact with pyloric myocytes and may 
act as pacemaker cells in the pylorus [137]. The pyloric slow 
wave is entrained to the same frequency as in the distal stomach 
(3 cpm), but most antropyloric slow waves are not propagated 
into the duodenum, because of the thick, fibrous septum in the 
pylorus. In contrast, some spike potentials can cross the pyloric 
region in patches and may form the basis for gastroduodenal 
coordination [138].

Contractile activity
The pyloric barrier to gastric emptying is modulated by intrinsic 
and extrinsic factors. In dogs, the pylorus has a resting pressure 
of 10 mmHg and exhibits spontaneous contractions [137]. In 
humans, resistance to flow also is provided by tonic and phasic 
pyloric motor activity, although the basal pressure manifesting 
as tone is only demonstrable for about 5% of the postprandial 
period in health [139]. Human pyloric smooth muscle relaxes 
during electrical stimulation in vitro, indicating a predomi
nance of inhibitory neural input, whereas canine pyloric muscle 
contracts on electrical stimulation [140]. Because tetrodotoxin 
(which blocks nerve conduction, e.g., in inhibitory neurons) 
enhances phasic pyloric contractions, motor activity of the 
pylorus is an inherent property of the smooth muscle [140].

The pylorus exhibits characteristic motor patterns under 
fasting and fed conditions. During phase III of the MMC,  
the pylorus is open, and fasting gastric contents exit into the 
duodenum. After eating, the pylorus exhibits a complex  
motor response of prolonged periods of closure interrupted by 
brief intervals during which gastric contents pass into the duo
denum [141]. In general, pyloric contractions are synchronized 
with antral contractions during the postprandial period. 
However, experimental studies with intraduodenal lipid infu
sion suggest that some liquid foods, such as highfat milk, may 
empty from the stomach and then evoke isolated pyloric con
tractions with concomitant antral inhibition before ingested 
solids start to induce the contractile response in the antrum. 
Large particles do not traverse the pylorus during the fed state, 
as the pylorus contracts inducing retropulsion of food to the 
body of the stomach for further chemical digestion and antral 
trituration; thus the pylorus acts as a sieve after meal ingestion 
[142], permitting exit of particles 2 mm or smaller from the 
stomach [143].

The role of the pylorus as a sieve is illustrated by imaging the 
antropyloroduodenal region after a meal. On cinefluoroscopy, a 
minor ring contraction in the gastric body is followed 2–3 s later 
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response to nutrient ingestion [178]. The combination of gas
troileal reflex stimulation and ileocecal valve relaxation may 
contribute to the bolus movement of chyme from ileum to 
colon [179].

Gastric emptying

The coordinated actions of the distinct regions of the stomach 
with feedback from the small intestine regulate emptying of 
gastric contents into the duodenum. Intragastric contents are 
categorized as liquids, digestible solids, fats, and indigestible 
solids because of the differential handling of each by the 
stomach.

Gastric emptying of liquids
Gastric emptying of inert liquids such as water, 5% glucose, or 
isotonic saline follows a single exponential curve, termed first-
order kinetics, with a time to 50% emptying of 8–18 min. The 
volume of liquid emptied into the duodenum in a given time is 
a constant fraction of the volume that remains in the stomach 
[180]. Thus, a 300mL saline bolus will empty at a rate twice as 
fast as a 150mL load. Studies in preterm infants indicate that 
mature patterns of liquid emptying develop by the 32nd gesta
tional week; before then, liquid emptying is variably delayed 
[181,182]. Liquid emptying may be slower in women than in 
men [183].

Nutrientcontaining liquids are emptied more slowly in 
elderly than in young controls [184].

Factors that modify liquid emptying
The caloric content, osmolality, and nutrient nature of an 
ingested liquid modify the speed at which it exits the stomach. 
Consequently, carbohydrate, protein, or fatcontaining liquids 
can be digested and absorbed completely before they reach the 
distal small intestine [185]. Feedback from the small intestine 
delays gastric emptying of liquid nutrients. Gastric emptying of 
nutrient liquids exhibits an initial rapid phase lasting 5–30 min, 
followed by a slower phase in which the nutrient is emptied at 
a constant rate for up to 120 min [186].

Liquids with high caloric density empty more slowly than 
foods with fewer calories per unit volume (Figure 20.5) 
[93,187,188]. Liquid nutrient emptying is controlled to a  
rate that delivers about 200 kcal/h into the duodenum by 
modulating the duration of the rapid emptying phase, regard
less of whether calories are in the form of fats, proteins, or 
carbohydrates [189]. Caloric control of liquid emptying is 
operative within a limited range of concentrations. A 1M 
glucose solution maximally inhibits liquid emptying; concen
trations greater than 1 M empty from the stomach faster than 
200 kcal/h [188]. Similarly, duodenal caloric delivery of milk 
protein solutions of high caloric density is greater during the 
early phase of liquid emptying than for less concentrated 
protein hydrolysates [93].

glucose, hypertonic saline, or hydrochloric acid produces 
pyloric closure and decreases transpyloric flow [26]. Ileal trig
lyceride perfusion evokes isolated pyloric contractions [158]. 
Ileal delivery of shortchain fatty acids increases pyloric tone 
and reduces transpyloric flow [159]. Induction of isolated 
pyloric contractions is associated with inhibition of liquid 
gastric emptying [158,160]. Combined cinefluoroscopy and 
manometry recordings demonstrate that the pylorus is closed 
98.5% of the time that pyloric tone exceeds 4 mmHg [161]. 
Pathways that mediate reflex stimulation of pyloric motor 
activity are dependent on the stimulus. Duodenal acid or 
glucoseinduced pyloric contractions are antagonized by atro
pine and the ganglionic blocker hexamethonium, but not by 
vagotomy, indicating mediation by nonvagal cholinergic path
ways [162]. Other mechanisms in duodenalinduced pyloric 
contractility are mucosal receptors [162], 5HT3 receptors, 
CCK, and opioid pathways stimulated by duodenal amino 
acids, but not by duodenal fat [163,164].

Duodenum and small intestine control  
of gastric emptying
The small intestine modulates gastric emptying and plays a 
pivotal role in regulating gastric and pyloric motor activity. 
There is intermittent antroduodenal coordination with one 
gastric slow wave cycling in phase with every three to four 
duodenal slow waves. This promotes propagation of some antral 
pressure waves into the duodenum, most commonly during 
phase II during fasting [165,166]. Antroduodenal coordination 
depends on electrical propagation through pyloric longitudinal 
muscle fibers, not by neural pathways [167].

After eating, duodenal contractions mix food particles with 
pancreaticobiliary secretions. Duodenal contractions or lumen 
occlusion (e.g., induced by intraduodenal lipid, bile, acid, or 
hyperosmolar solutions) decrease intestinal flow; in contrast, 
increases in duodenal diameter with fewer contractions or duo
denal myotomy enhance intestinal flow [168–170]. Under some 
conditions, strong retroperistaltic contractions induce duode
nogastric reflux, for example during late phase III of the MMC 
[171]. After eating, 40%–50% of the pressure waves in the initial 
5–6 cm of the duodenum are retrograde and may contribute to 
controlling gastric emptying [172]. Excessive or uncoordinated 
contractions in the proximal small bowel in neuropathic intes
tinal pseudoobstruction result in impaired gastric emptying of 
solids, even in the absence of antral hypomotility [173].

Just as stimulation of the small intestine modulates gastric 
contractile function, gastric perturbations can alter intestinal 
motor patterns. Gastric distention delays intestinal transit (the 
gastroenteric reflex) [26] mediated by the celiac sympathetic 
plexus [26,174] and involving NO [175]. In contrast, the gas-
troileal and gastrocolonic reflexes increase ileal and colonic pro
pulsion after eating and are mediated in part by vagal pathways 
[176], although the ileal response is abolished by intestinal 
transection, indicating mediation by intrinsic nerves [177]. 
Decreases in pressure at the ileocecal junction are reported in 
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gastric emptying of a meal. However, a highfat diet may not 
alter the gastric emptying rate of carbohydrate test meals, and 
repeated administration with adaptation after a highfat diet 
paradoxically led to acceleration, rather than slowing, of the 
emptying of a highfat test meal [203]. These results suggest 
there is adaptation to repeated administration of highfat meals. 
Similarly, feeding a highfat diet to rats diminishes the entero
gastric inhibition of gastric emptying by intestinal oleate and 
diminishes the ability of CCK to inhibit gastric emptying [204].

Noncaloric physicochemical factors modulate rates of liquid 
gastric emptying, including acid (which depends on an intact 
pylorus) [205], gravity (which has minimal effects) [206], body 
position [207], and meal viscosity (slower emptying with 
increased viscosity) [73,208]. Thus, when a nutrient liquid such 
as soup is ingested as part of a mixed meal, assuming a supine 
position may prolong emptying by 50% [207]. Maintaining an 
upright posture after drinking a nonnutritive liquid produces 
more long antroduodenal pressure waves and isolated pyloric 
contractions than does maintaining a left lateral decubitus  
position [209].

Liquid emptying is modified by postabsorptive factors. In 
healthy humans, liquid emptying is slowed by 38% during intra
venous hyperalimentation [210]. When half of the amino acids 
are replaced with branchedchain amino acids, this delay in 
emptying is attenuated, suggesting that different parenteral 
nutrients may have distinct effects. Similarly, patients receiving 
intravenous fat emulsions exhibit delays in gastric emptying 
(Figure 20.7).

Roles of different gastric regions liquid emptying
Liquid gastric emptying is controlled by tonic motor activity in 
the proximal stomach; it is postulated that the fundus generates 

Osmolarity impacts liquid emptying independent of calorie 
content. Carbohydrates and most amino acids modulate deliv
ery of a liquid meal to the duodenum, in part by action on 
intestinal osmoreceptors [190], through vagal and sympathetic 
pathways [191]. Isocaloric starch, disaccharide, and monosac
charide solutions are equipotent at delaying liquid emptying, 
as are isocaloric protein and amino acid solutions, suggesting 
that the digestive products of carbohydrate and protein hydrol
ysis are the major regulators of duodenal delivery of nutrients 
[192]. This theory is supported by the report that liquid empty
ing is not inhibited by a nonhydrolyzable sucrose polyester 
compound [193].

Fatty acids, rather than triglycerides, influence the rate of 
gastric emptying of liquid lipid solutions; thus, triglycerides do 
not inhibit emptying in exocrine pancreatic insufficiency or in 
the absence of bile [194]. Mediumchain fatty acids of 12 to 14 
carbons are more potent than shorterchain fatty acids [195]. 
A CCKmediated reflex is activated by chylomicrons or fatty 
acids with at least 12carbon chains [196–199] and inhibits 
antral motility [200]. The inhibition of gastric function in 
response to dietary lipid is partly dependent upon apolipopro
tein AIV [201].

The composition of meals ingested previously can modify 
liquid nutrient emptying. In rats fed a highprotein diet for 3 
weeks, gastric emptying of liquid peptones is faster than in 
animals fed diets lower in protein content (Figure 20.6) [202]. 
There is some adaptation of human gastric function to the 
effects of diet; typically, it is expected that high fat content delays 

Figure 20.6 Gastric emptying of a peptone meal in rats fed a high or 
lowprotein diet for 7, 14, 21, and 30 days. Longterm ingestion of 
highprotein meals leads to accelerated emptying of peptone meals. 
Source: Shi et al. 1997 [202]. Reproduced with permission of BMJ 
Publishing Group.

High protein diet

Low protein diet

7 Days 14 Days

* * **

21 Days 30 Days

G
as

tr
ic

 e
m

pt
yi

ng
 (%

)

60

50

40

30

20

10

0

Figure 20.7 Summary of patterns of gastric emptying in humans in health 
and the impact of gastroparesis.

Low fat
solids

High fat
solid meal
in health

High
calorie
Liquid or
Homogenized
solids

Water or
5% glucoseLi

qu
id

s 
or

 s
ol

id
s 

re
m

ai
ni

ng
 in

 s
to

m
ac

h 
(%

)

0

100

50

0
1 2 3

hours
4

High fat
solid meal in
gastroparesis



360   PART 2 Mechanisms of normal and abnormal gastrointestinal function

matched men regardless of the phase of the menstrual cycle 
(Figure 20.8) [183,225]. This delay in women stems from a 
slower linear emptying rate, without differences in the lag 
period [225–227]. In rats, oophorectomy accelerates emptying, 
indicating a physiological inhibitory role for hormonal factors 
[228]. Finally, studies show that the rate of solid emptying cor
relates positively with body mass index (BMI) [229]. Gender 

a pressure gradient from the stomach to the duodenum that 
serves to propel liquids from the stomach. However, patients 
with normal fundus tone commonly exhibit delayed liquid 
emptying [211], and a pressure gradient between the fundus 
and duodenum has never been demonstrated. When the pres
sure in the proximal stomach is maintained 2 cm H2O lower 
than that of the duodenum, liquid emptying is unimpaired [26]. 
If the proximal stomach is extrinsically denervated or after fun
doplication, impaired receptive relaxation and accommodation 
result in raised intragastric pressure rises after eating and liquid 
emptying occurs [69,212]. Receptive relaxation is an important 
modulator of liquid emptying. Liquid meals delivered to the 
stomach through orogastric tubes empty faster than swallowed 
boluses of the same liquid [213]. These findings suggest that 
regions other than the proximal stomach play important roles 
in the emptying of liquids.

The distal stomach acts as a pump to facilitate liquid empty
ing [40,214]. Although antral contractions are not required for 
liquid emptying, the degree of antral pressure wave activity cor
relates with expulsion of liquids into the duodenum [73,215,216]. 
Lumenocclusive contractions in the distal antrum and pylorus 
produce discrete flow pulses into the duodenum [217]. If the 
proximal stomach is surgically excluded, coordinated antropy
loric pressure waves generate fluid flow pulses that preserve 
normal liquid emptying [218].

The pylorus plays a crucial role in the emptying of certain 
liquids: pyloroplasty or pyloric myotomy enhance early liquid 
emptying even after highly selective vagotomy [26,147,219,220]. 
Pyloroplasty abolishes the resistance to transpyloric flow evoked 
by intragastric or intraduodenal infusion of hydrochloric acid 
or lipids [26,221].

Duodenal motor activity also regulates liquid emptying. The 
presence of continuous duodenal contractile activity correlates 
with delayed liquid gastric emptying [144]. Enhanced liquid 
emptying is also noted after circular myotomy of the duodenal 
wall [170].

Gastric emptying of digestible solids
The delivery of digestible solid residue to the duodenum is 
slower than for liquids, with a time to 50% emptying of about 
2 h [213]. The emptying of solids exhibits an initial lag phase, 
which persists up to 1 h, during which time little or none of the 
ingested food leaves the stomach [222,223]. Cinefluoroscopy 
demonstrates extensive mixing, retropulsion, and trituration  
of food into fine particles in the distal stomach during the lag 
phase. The lag phase is followed by a linear emptying phase, 
during which time the dispersed particles are slowly delivered 
to the duodenum [222,223]. In this linear phase, which lasts 2 
or more hours until the stomach is nearly empty, lumenal con
tents leave the stomach at a constant rate that is independent of 
the volume remaining in the stomach [224]. Solid phase empty
ing terminates in a third phase of very slow transit of the last 
remaining particulate gastric contents [222,223]. In general, 
solid emptying is slower in premenopausal women than in age

Figure 20.8 Effects of gender on solid phase gastric emptying in humans. 
Women (open squares) have delayed emptying compared with men (filled 
squares) as a consequence of a slower linear emptying phase (a). In 
contrast, there is little effect on the initial lag phase of solid emptying. In 
this study, there were no differences in proximal gastric retention of a 
solid meal (b); however, women exhibited prolonged distal gastric 
retention compared with men (c). Source: Knight et al. 1997 [225]. 
Reproduced with permission of Nature Publishing Group.
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Increasing the viscosity of a solid meal impairs the ability of  
the stomach to discriminate between large and small particles 
and leads to duodenal delivery of larger particles. The effects  
of posture on solid emptying are controversial – some studies 
show no effect and others show delay, primarily by inhibiting 
the linear emptying phase [207,233].

The caloric content and character of the solid food regulate 
the rate of solid emptying. Addition of fats, triglycerides, or 
carbohydrates such as glucose, fructose, or xylose, to a solid 
meal delays its emptying by prolonging the lag phase [234,235]. 
In contrast, if a lowcalorie substance is added to a solid meal 
to enhance its volume but not its nutritive value, solid emptying 
is accelerated [236].

The quantity of liquid consumed with the solid meal alters 
the rate of duodenal delivery of solid nutrients. In a mixed 
solid–liquid meal, the liquids are emptied more rapidly than the 
solids, suggesting that the stomach is capable of distinguishing 
the two phases when solids and liquids are presented simultane
ously [237]. Furthermore, the presence of caloric liquid in the 
stomach prolongs the lag phase of solid emptying [238]. In fact, 
caloric liquid consumption 90–180 min after a solid meal can 
blunt antral contractions and can induce a second lag phase of 
solid phase gastric emptying, for example by activating CCK
stimulated delay in emptying [238,239].

Roles of different gastric regions in solid emptying
Solid emptying results from the combined action of the pylorus 
and distal stomach. In humans who have undergone vagotomy 
and pyloroplasty, there is no increase in particle sizes delivered 
to the duodenum [240]. Similarly, pyloric resection in dogs does 
not change particle sizes, indicating that the pylorus is not solely 
responsible for the controlled delivery of fine suspensions to the 
intestine [147,232]. The rate of solid emptying is dependent on 
the magnitude of antral motor activity [69]. Humans who have 
undergone vagotomy and antrectomy deliver 30% of the solid 
meal residue to the duodenum as particles larger than 1 mm in 

differences are relevant in the interpretation of gastric emptying 
results; a recent study in 105 males and 214 females showed that 
gender (but not age or BMI) was significantly associated with 
gastric halfemptying time (Table 20.2); there is also a definite 
intraindividual variation in gastric emptying time estimated as 
23.8% and 12.6% for gastric halfemptying time and gastric 
emptying at 4 h respectively [230].

Differential handling of solids and liquids by the stomach 
may result from the J shape of the stomach, which may promote 
selective retention of solids, and basic fluid mechanics that 
ensure smaller particles are carried in the center of the fluid 
stream to be expelled with the liquid phase, whereas larger 
particles are propelled in the periphery of the fluid column, 
reaching the distal antrum until, after pyloric closure, they are 
retropulsed and triturated by high shearing forces.

Factors that modify emptying of digestible solids
Solid meals exhibit nutritional and physical properties that 
modify the rate at which they are delivered to the intestine. 
Radiolabeled eggs or noodles are passed into the duodenum 
faster than an equicaloric meal of 10mm cubes of radiolabeled 
liver [222,223]. Similarly, when eggs are fed as homogenized 
preparations, or as 2.5 or 5mm cubes, the homogenized eggs 
empty most rapidly, whereas the 5mm cubes are emptied most 
slowly [231]. These differences are caused by modulation of the 
initial lag phase. Larger particles prolong the lag phase, whereas 
evenly dispersed suspensions have relatively short lag phases. 
After completion of the initial lag period, a homogenized meal 
empties at the same linear rate as an equicaloric meal that did 
not require trituration . In humans and dogs, solids are deliv
ered to the duodenum as finely dispersed suspensions of parti
cles less than 1 mm in diameter [232]. After the ingestion of 
solid chicken pieces, the mean diameter of recovered solid par
ticles is 0.05 mm, and 95% are less than 0.5 mm in diameter. If 
homogenized food with a mean particle size less than 0.25 mm 
is consumed, the initial lag phase is nearly abolished [222]. 

Table 20.2 Normal values for gastric emptying in healthy males and females. Adapted from Camilleri et al. 2012 [230]. Reproduced with permission of John 
Wiley & Sons.

Sample Gastric emptying (minutes or %)

T1/2 (min) 1 h (%) 2 h (%) 3 h (%) 4 h (%)

All participants, n = 319

Mean ± SD 121.7 ± 29.8 18.1 ± 9.5 51.4 ± 15.7 78.1 ± 14.5 93.2 ± 8.9

Median (5th, 95th percentile) 120 (78.4, 174.0) 17 (4.4, 35.0) 50 (25.0, 78.5) 80 (52.0, 98.0) 96 (76.2, 100.0)

Females, n = 214

Mean ± SD 127.7 ± 28.7 16.5 ± 8.3 47.8 ± 14.3 75.3 ± 14.2 92.1 ± 9.4

Median (5th, 95th percentile) 125 (89, 180.0) 16 (4.3, 31.4) 47.2 (25.0, 71.0) 76 (50.0, 95.9) 94.8 (76.2, 100)

Males, n = 105

Mean ± SD 109.9 ± 28.6 21.3 ± 10.9 58.6 ± 15.1 83.8 ± 13.6 92.1 ± 9.4

Median (5th, 95th percentile) 105 (73.2, 165) 19 (4.7, 40.0) 60.0 (28.4, 82.0) 88 (55.0, 100) 98.3 (77.0, 100)
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with the caloriecontaining solid meal components [250,251]. 
Particles as large as 7 mm are retained until the fed motor 
pattern terminates and gastric phase III activity resumes with 
an open pylorus during fasting permitting intestinal delivery of 
large particles. In some reports, undigested materials as large as 
2 cm in diameter can pass into the intestine during fasting. From 
a clinical perspective, particle size is relevant to the design of 
encapsulated medications [252]. Distal antrectomy accelerates 
emptying of indigestible spheres, although excision of the 
fundus has no effect [253]. Interruption of vagal innervation of 
the proximal stomach does not modify emptying of indigestible 
spheres, whereas distal gastric vagotomy delays their passage 
into the duodenum.

Physical factors including density, viscosity, and compressi
bility may influence the emptying of indigestible solids. Thus, 
spheres denser than 2.0 g/cm3 or less dense than 0.5 g/cm3 
empty more slowly than spheres with a density of 1.0 g/cm3 
[249,254]. Addition of guar gum to increase viscosity accelerates 
emptying of 3.2mm spheres [255], and soft indigestibles empty 
faster than hard ones [256].

Intragastric distribution of solids and liquids
The stomach sequesters certain meal components, whereas 
others are processed for duodenal delivery. Large pieces of 
ingested food are retained in the fundus, although fine particles 
are mixed in the antrum. Quantitative scintigraphy after a solid 
meal shows constant content in the antrum with progressive 
decrease in fundic activity, indicating that solids are stored 
proximally and are delivered to the distal stomach at constant 
rates for trituration. Distribution of different radiolabeled solids 
show that the initial lag phase of solid emptying is characterized 
by antral filling to a maximal level of radioactivity that remains 
constant during the linear emptying phase while more proximal 
radioactivity decreases [231,257].

Ingested lowcalorie liquids are distributed throughout the 
stomach after ingestion, distending the distal stomach with rela
tively less in the fundus. Liquids with higher calorie content, 
especially highfat liquids or solid fat that is rapidly liquefied at 
body temperature, also are retained in the proximal stomach to 
maintain a constant volume in the distal stomach [237,258,259].

When liquids and solids are consumed together, the solid 
fraction is retained in the proximal stomach, whereas the liquid 
portion is delivered to the antrum [260]. If liquids are replaced 
by carbonated water, the proximal stomach initially retains a 
greater proportion of the solid meal, suggesting that gaseous 
distention of the stomach also modifies intragastric distribution 
[261]. The size and fat content of the solid meal influence the 
rate of liquid emptying, retarding the transfer of liquid from the 
proximal stomach to the antrum and delaying delivery of liquid 
to the duodenum [262].

Indigestible solids are distributed separately from digesti 
ble solids, especially if they have higher density, as they are 
transported to the distal stomach, where they remain until the 
late postprandial period.

diameter [240]. In these persons, solid phase emptying exhibits 
an early acceleration with loss of the lag phase. Similarly, in 
dogs, when the distal 3 cm of antrum and the pylorus are 
resected, 30% of the particles emptied by the stomach are larger 
than 1 mm in diameter [147,232]. Control of particle size is 
regulated by coordinated antropyloric motor activity. These 
findings have important nutritional consequences. In dogs 
ingesting carbon 14 (14C)labeled fat within a chicken liver meal, 
85% of the radiolabel is absorbed before reaching the midintes
tine [241]. If vagotomy and antrectomy are performed, only 
43% of the radiolabel is absorbed after reaching the same site, 
suggesting that excision of the distal stomach can induce nutri
ent malabsorption.

The roles of the proximal stomach and small intestine in 
controlling emptying of solids from the stomach are less well 
understood. After antrectomy with or without pylorectomy, 
70% of food material is expelled as fine particles, suggesting that 
the proximal stomach has some capacity to disperse solid nutri
ents [147,232,240]. The ability of fats to slow solid emptying 
after antrectomy indicates that intestinal feedback persists in the 
absence of the distal stomach [235].

Gastric emptying of fats
Highfat food emptying patterns are distinct from those of other 
liquids and solids. At body temperature, fats are converted to  
a liquid phase, which is emptied more slowly than nonlipid 
liquids. Emptying of fats exhibits an initial lag period [242]. 
Solid fats empty at a rate similar to that of liquid lipids in the 
first hour but are evacuated more slowly thereafter [243]. During 
the initial lag period, magnetic resonance imaging demonstrates 
marked increases in toandfro movements in the antrum that 
most likely enhance fat emulsification [244].

The reasons for delayed emptying of fats are multifactorial. 
Fats have specific gravities less than 1 g/cm3 and float on top of 
aqueous liquids in the stomach [245]. In contrast, nonlipid 
solids have specific gravities greater than 1.2 g/cm3 and settle 
into the liquid phase. Fats are delivered to the duodenum at the 
same rate as lowdensity spheres. Because of poor aqueous  
solubility, fats coalesce into large globules, adhere to solid food 
particles and fail to disperse into fine particles, and thus are 
retained in the stomach until solid emptying proceeds [242].

Fats potently activate inhibitory enterogastric reflex pathways 
that further delay emptying. The products of lipid digestion 
appear to be more important for regulating emptying of fats, 
because patients with pancreatic exocrine insufficiency or those 
ingesting orlistat (inhibitor of lipolysis) exhibit faster emptying 
of lipids than do healthy persons [246–248].

Gastric emptying of indigestible solids
Indigestible solids are evacuated from the stomach in a fashion 
most dependent on particle size. Indigestible spheres smaller 
than 1 mm in diameter pass into the intestine during the fed 
period [249]. Larger spheres pass more slowly, usually after an 
initial lag period, with spheres up to 3 mm in diameter passing 
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[253,278]. The addition of pyloroplasty enhances the rapid 
liquid emptying after vagotomy, particularly in the erect posi
tion [220,279]. In contrast, truncal vagotomy retards overall 
emptying of digestible and indigestible solids and can lead to 
bezoar formation in some patients, although the earliest phase 
of solid emptying may be accelerated [279,280]. Proximal vagot
omy has little effect on solid phase emptying [278].

The intrinsic innervation of the distal stomach also regulates 
liquid emptying. If the antrum is transected 2 cm proximal to 
the pylorus and is then reanastomosed, transpyloric flow pulse 
volumes are reduced and gastric emptying is retarded [281]. 
Intrinsic duodenal, but not gastric pathways are not involved in 
enterogastric reflex delay of gastric emptying [221].

Roles of specific neurohumoral transmitters in  
control of gastric emptying
The effects of many hormones and neurotransmitters on gastric 
emptying reflect their effects on gastric motility. Thus, NO may 
facilitate gastric emptying by inhibiting obstructing pylorodu
odenal motor activity [282]. Opiates of different receptor  
subclasses have inhibitory and excitatory effects on gastric 
emptying through naloxonesensitive and naloxoneinsensitive 
pathways [283], including mediation by adrenergic pathways 
[284]. Modulation of emptying by serotonergic pathways also 
depends on the receptor subtype activated. 5HT3 receptor 
antagonists and 5HT1 agonists, such as sumatriptan, delay 
gastric emptying [285,286], whereas the H2 antagonist nizati
dine accelerates gastric emptying [287]. Secretin retards gastric 
emptying [288], whereas gastrinreleasing peptide (GRP or 
bombesin) accelerates gastric emptying [289]. Calcitonin gene
related peptide (CGRP) blocks enterogastric reflex inhibition 
of gastric emptying [290]. Agents that delay gastric emptying 
include gastrin, secretin, somatostatin, neurotensin, peptide 
YY, enteroglucagon, oxyntomodulin, prostaglandin E1 and E2, 
neuromedin B, amylin, glucagonlike peptide I, epidermal 
growth factor, transforming growth factorα, and interleukin
1β [33,121,291–295].

Role of cholecystokinin in gastric emptying
CCK, released by duodenal lipids or proteins, has been exten
sively investigated as a physiological regulator of gastric emp
tying; however, its specific role remains incompletely defined. 
Physiological CCK infusions inhibit liquid emptying and stim
ulate antral motor activity, whereas higher doses increase 
pyloric contractions [81,296]. CCK infusions that mimic the 
postprandial state produce fundic relaxation and increase proxi
mal gastric compliance [34]. Antrectomy, in combination with 
pyloroplasty, inhibits the effects of physiological CCK infusions 
on gastric emptying. Surgical resection of the fundus prevents 
CCK inhibition of emptying in some studies but has no effect 
in others [297]. However, serosal application of the myenteric 
denervating agent benzalkonium chloride does not prevent the 
inhibition of gastric emptying by CCK, suggesting mediation by 
extrinsic neural control, unrelated to antral neurons [298].

Extrinsic regulation of gastric emptying
There is extensive modulation of gastric emptying by external 
factors. Feedback inhibition of emptying by intestinal factors  
is crucial to regulating duodenal caloric delivery. Additional 
control is provided by extrinsic and intrinsic nerves and  
from hormones and neurotransmitters. Finally, gastric motor 
function is subject to modulation by central nervous system 
factors.

Feedback inhibition from distant sites
Feedback from the small intestine is a major regulator of gastric 
emptying through the influence of pH, osmolarity, hydrolyzable 
lipid, and amino acid content [263–266], which activate feed
back mechanisms such as CCK and glucagon in the duodenum, 
and the incretin hormones that activate the “ileal brake” from 
the distal small intestine [267]. Gastric emptying of solids is 
potently inhibited by glucose or oleic acid perfusion of the 
ileum [267]. The involvement of opiate pathways is suggested 
by studies showing blockade of the ileal brake by naloxone 
[268]. Certain lipids are capable of activating the ileal brake (i.e., 
petroselinic, oleic, myristoleic, erucic, linoleic, and linolenic 
acids, corn oil, lecithin, and deoxycholic acid), whereas others 
cannot (e.g., taurocholic acid) [269]. These hormonal mecha
nisms alter the functions of the gastric fundus (relaxation), 
antrum (inhibition of contraction), and pylorus (stimulation of 
tone or isolated pyloric contractions) [266].

The degree of inhibition of gastric emptying by intestinal 
feedback depends on the length of intestine exposed to the 
stimulus. Osmoreceptors mediating hypertonic salineevoked 
inhibition of emptying are located only in the duodenum, 
whereas acids, lipids, and glucose have inhibitory effects on 
longer segments of small intestine [205,270]. Maximal inhibi
tion of liquid emptying is seen with exposure of the proximal 
150 cm of small intestine to acid, glucose, or oleic acid [187,271]. 
However, perfusion of only the proximal 15 cm of duodenum 
with hydrochloric acid or oleic acid, but not glucose or lactic 
acid, delays delivery of liquids into the intestine [272].

In addition to these hormonal regulators, capsaicinsensitive 
afferent (including vagal) nerves mediate enterogastric feedback 
regulation of gastric emptying in response to acid, lipid, and 
mechanical stimuli [273–275].

Regions other than the proximal small intestine regulate 
gastric emptying. Nonpainful rectal balloon inflation slows 
emptying of solids. Highfat soups delay gastric emptying more 
when ingested orally than when given by intragastric infusion, 
indicating modulation by orosensory stimulation [276].

Neurohumoral modulation
Role of extrinsic and intrinsic innervation  
in control of gastric emptying
Intact extrinsic innervation is essential for normal gastric emp
tying of solids and liquids. Thoracic spinal cord transection 
acutely delays emptying of nutrient liquids [277]. Truncal or 
proximal vagotomy produces rapid duodenal delivery of liquids 
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by the associated release of norepinephrine and βendorphin 
and by their blockade after truncal vagotomy or with antago
nism of adrenergic or opioid receptors [321,322].

Hormones and transmitters
Corticotropin-releasing factor (CRF) has been extensively inves
tigated as a prominent mediator of stress effects on gastric 
motor function in animals, and through pharmacological agents 
in humans. Infusion of CRF into the brain or spinal cord delays 
gastric emptying through a vagal cholinergic pathway [323,324]. 
Some stressors evoke intracerebral CRF release. The peripheral 
effects of many stressors are inhibited by prior administration 
of CRF receptor antagonists, suggesting a physiological role for 
this peptide [324–326]. The ability of the selective CRF2 ligand 
urocortin to disrupt gastric motility when given into the cere
bral ventricles and the failure of CRF1 receptor antagonists to 
block the effects of CRF or urocortin suggest that the CRF2 
receptor mediates the central responses to CRF [327,328]. 
Centrally administered CRF antagonists reverse intracisternal 
interleukin1βevoked delays in gastric emptying, indicating a 
possible physiological interaction of inflammatory mediators 
with central CRF pathways [329]. The ability of a somatostatin 
analog infused into the fourth ventricle to block the effects of 
CRF on gastric emptying suggests that endogenous somatosta
tin pathways play a role [330].

Central neural nitrergic pathways can modulate physiological 
fasting gastric motor activity. Inhibition of central NO synthase 
suppresses gastric and duodenal phase III but has no effect on 
jejunal cycling or on solid emptying; these findings indicate 
differential central regulation of proximal and distal motor 
function and on fasting and fed contractile patterns [331]. 
Central administration of NO synthase inhibitors increases 
tonic and phasic pyloric motor activity [332]. The ability of 
truncal vagotomy to block this effect indicates mediation by 
vagal pathways. The inability of the ganglionic blocker hexam
ethonium to prevent the gastric relaxation evoked by NO syn
thase inhibition implies that nonnicotinic pathways participate 
in this response [333]. The presence of NO synthase activity in 
the dorsal vagal complex of the brainstem implies a role for NO 
in the afferent regulation of gastric motor function [334].

Thyrotropin-releasing hormone: central TRH administration 
increases gastric motor activity via vagal pathways [335,336]. 
The excitatory effects of TRH are abolished by intracisternal 
injection of TRH mRNA antisense oligonucleotides, which 
block the function of TRH [337]. TRH antibodies also block 
stimulation of gastric contractions, and TRH receptor 1 anti
sense oligonucleotides block the delay in gastric emptying 
evoked by cold stress, suggesting that TRH may represent a 
physiological activator of gastric motility in response to varied 
central nervous system stimuli [338,339].

Oxytocin infusion into the dorsal motor nucleus of the vagus 
reduces gastric motor activity, whereas central administration 
of an oxytocin antagonist increases fasting gastric activity [340]. 
Oxytocin receptor antagonists also prevent the inhibition of 

The inhibitory response of the stomach to CCK exhibits  
plasticity depending on prior dietary exposure. Oleateinduced 
inhibition of gastric emptying is attenuated in rats fed a highfat 
diet [204]. In the same model, exogenous CCK administration 
less potently inhibits gastric emptying, indicating a loss of sen
sitivity to the peptide. The intrinsic role of CCK in the inhibition 
of gastric emptying is supported by the effects of selective CCK 
receptor antagonists. The CCK antagonist, loxiglumide, usually 
accelerates emptying of mixed meals, glucose, lipids, and radio
paque markers [299–302] and increased distal gastric contrac
tions [303]. Similarly, the CCK antagonists L364,718, devazepide, 
and linitript generally accelerate gastric emptying [157,304–
308] or block the enterogastric inhibition of gastric emptying 
by duodenal maltose perfusion [309], though this effect is 
decreased with greater nutrient loads [310].

CCK effects on gastric emptying likely are mediated by action 
on vagal afferents, because perivagal capsaicin abolishes the 
delay in emptying evoked by CCK [41]. In rats, intraarterial or 
intraperitoneal CCK increases firing in gastric vagal mech
anoreceptor afferents [311]. The ability of devazepide to block 
the increase in firing rates of gastric vagal afferents evoked by 
CCK implicates CCKA receptors [312]. In another study, CCK 
amplified vagal afferent discharges induced by duodenal nutri
ents, indicating an integrative response [313]. Some investiga
tions suggest that splanchnic pathways are also involved [296].

The actions of CCK on gastric emptying are mediated by the 
release of secondary transmitters that act on selected gastric 
sites. Studies in cats show that CCKevoked catecholamine 
released from splanchnic efferent nerves produce excitatory and 
inhibitory effects on gastric muscle through action on α2 and 
βadrenergic receptors, respectively [314]. In rats, serotonin 
(i.e., 5HT2A/2C) receptors are postulated to mediate the inhibi
tory effects on gastric emptying of endogenous CCK released 
by intestinal lipid perfusion [315].

Central nervous system modulation of  
gastric motility and emptying
Central nervous system input is an essential regulator of gastric 
motor function.

Physical factors including stress
Noxious noise modifies fasting gastric contractions in dogs, and 
mental stress prolongs MMC cycling in humans [316]. Physical 
restraint of rats replaces the MMC with irregular, continuous 
phasic contractions. The fed motor pattern is affected by acous
tic stress and by immersion of the hand in cold water in humans 
[317]. Cold stress induces isolated pyloric contractions, inhibits 
antral contractions, stimulates duodenal phase III, and prolongs 
liquid emptying [318,319]. Experimentally induced vertigo, 
noise stress, restraint stress, cold pain, and ischemic pain all 
delay gastric emptying or inhibit antral contractility [317,320]. 
In humans, gastric motor activity is increased during anger and 
is decreased during fear and depression. Multiple neurohumoral 
pathways participate in these stress responses, as demonstrated 
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Figure 20.9 Effects of cholecystokinin (CCK) and leptin on firing of 
nucleus tractus solitarius neurons receiving gastric vagal afferent input. 
Both CCK and leptin produce increases in afferent vagal firing; when 
given together, their effects are subadditive. Source: Yuan et al. 2000 
[348]. Reproduced with permission of Nature Publishing Group.
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gastric motor activity evoked by electrical stimulation of the 
paraventricular nucleus of the hypothalamus, suggesting a  
possible physiological role for oxytocin as a central inhibitor of 
gastric motor activity.

Central adrenomedullin infusion inhibits gastric emptying 
through action on adrenaldependent, CRF independent, 
βadrenergic pathways [341].

Central administration of CCK, opiates, bombesin, tachyki
nins, atrial natriuretic factor, γaminobutyric acid, calcitonin, 
CGRP, substance P, or peptide YY inhibits gastric emptying or 
motility, in many instances through vagal pathways [323,335, 
342,343]. Conversely, pituitary adenylate cyclaseactivating 
polypeptide38, pancreatic polypeptide, serotonin, and gluta
mate increase gastric motor activity when they are administered 
into selected brainstem nuclei [344,345].

Role of the brain–stomach axis in regulation  
of energy (food) intake
The effects of centrally acting agents on gastric motor function 
may play pivotal roles in controlling appetite. CCK acting on 
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CCKA receptors in the gut suppresses food intake through 
activation of vagal pathways projecting to the nucleus tractus 
solitarius, lateral parabrachial nucleus, amygdala, and higher 
sites [346]. Rats lacking CCKA receptors develop obesity, indi
cating the importance of CCK as a satiety hormone [346]. When 
given peripherally, urocortin decreases food intake in lean and 
obese mice in association with delays in gastric emptying [347]. 
Leptin is a hormone secreted by adipose tissue and gastric 
mucosa that plays a prominent role in the control of food  
intake [348]. When injected into the cerebral ventricles, leptin 
inhibits gastric emptying through leptin receptors on choliner
gic neurons in the dorsal motor nucleus of the vagus [349,350]. 
Leptin applied to the stomach activates a subpopulation of vagal 
afferent neurons that also respond to CCK [348]. When given 
together, leptin and CCK have an additive effect on vagal dis
charges (Figure 20.9). These findings suggest that leptin may 
modulate the effects of CCK to regulate food intake. Conversely, 
ghrelin, a peptide secreted by the stomach, decreases gastric 
vagal afferent activity and increases gastric motor activity in rats 
[351]. Ghrelin may act through Y1 receptors for neuropeptide 
Y expressed in the arcuate nucleus to increase food intake and 
to decrease energy use [351]. Ghrelin levels are suppressed by 
leptin, suggesting that this gastric peptide may act downstream 
from leptin to control appetite.

Interactions among hormonal and neural pathways that  
regulate food intake and body fat mass are illustrated in Figure 
20.10 [37].

Role of macronutrient preloads on gastric emptying
A highfat diet also attenuates the inhibition of gastric emptying 
and food intake in response to the intraduodenal administra
tion of fat [204,352,353]. In humans, a highfat diet for 2 week 
or a highglucose diet for 7 days resulted in faster gastric empty

ing of a highfat test meal [354] or of a glucose drink, respec
tively [355]. These changes appear to be nutrient specific 
[355,356].

In contrast, food intake from a test meal was unchanged after 
a highfat diet in humans [354,357,358]. Thus, there appear to 
be different adaptations in gastric function or nutrient intake 
with macronutrient preloading. Supplementation with 500 kcal 
fat in excess of required calories for 2 weeks increased food 
tolerance in healthy normal weight and obese subjects without 
significantly changing gastric motor functions such as gastric 
emptying and accommodation [359].
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CHAPTER 21

Contractile patterns in the small  intestine and colon serve the 
functions of each organ. During fasting, undigested solids and 
sloughed  enterocytes  are  cleared  from  the  small  intestine  by 
mixing and propulsion. After eating, triturated chyme from the 
stomach  is  mixed  with  bile  and  pancreatic  juice  for  digestion 
and  is propelled aborally over variable distances. Thus, motor 
function  of  the  small  intestine  regulates  nutrient  absorption 
rates. The small intestine terminates at the ileocolonic junction 
(ICJ), a sphincteric structure that prevents reflux of cecal con-
tents  into  the  ileum.  In  the colon, prominent mixing patterns 
with less uniform aboral propagating waves provide time for the 
slow process of fecal desiccation. The internal and external anal 
sphincters in concert with pelvic floor muscles permit volitional 
control of solid waste evacuation.

Anatomic and functional considerations

The small intestinal wall has two regions of smooth muscle, the 
muscularis mucosae and the muscularis externa. The muscula-
ris  externa,  comprises  of  an  outer  longitudinal  layer  and  an 
inner  circular  layer,  is  responsible  for  mixing  and  propulsion. 
The  role  of  the  muscularis  mucosa  is  poorly  defined.  Most 
mixing  and  propulsion  is  mediated  by  circular  muscle,  as 
lumenal  occlusion  and  displacement  of  gut  contents  require 
contraction of this layer. Segmentation is produced by recipro-

cal  inhibition  and  disinhibition  of  adjacent  circular  muscle. 
Longitudinal contraction shortens the gut and increases lumenal 
diameter to facilitate bolus transit.

The colonic anatomy  is  strikingly different  from that of  the 
small  intestine. The cecum is a sac-like structure that serves a 
storage function. The circular and longitudinal muscle layers are 
circumferential throughout the colon. However, the longitudi-
nal muscle layer from the cecum to the rectosigmoid junction 
is much thicker in three muscle strips, the taeniae coli, that are 
120 degrees apart [1]. Around the rectum, the fibers spread out 
to  encircle  the  gut  with  thicker  anterior  and  posterior  bands. 
The  circular  musculature  forms  arches  spanning  the  taeniae, 
rather  than  circular  rings,  resulting  in  a  somewhat  triangular 
outline, with the taeniae at the corners. Because the taenia coli 
are shorter than the other layers of the colonic wall and because 
the  longitudinal  smooth  muscle  is  much  thinner  between 
taeniae,  the  intervening  colonic  wall  is  puckered  and  thrown 
into  sacculations,  also  known  as  haustrations.  The  taenia  coli 
act  as  suspension  cables  and  facilitate  efficient  contraction  of 
circular  muscle.  Thus,  a  17%  contraction  of  circular  muscle 
reduces  the  luminal  diameter  of  the  colon  by  59%.  If  the  
longitudinal muscles were of uniform thickness around the cir-
cumference, an identical contraction of circular muscle would 
only reduce  luminal diameter by 31%. The haustral septae are 
not fixed structures; they are caused by sustained contractions 
of circular muscle  that move slowly. Haustra move, disappear, 
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bacteria. In the fasted state, cecal filling is slow and erratic, and 
ileal chyme is retained in the distal ileum for prolonged periods 
[9]. Most ileal chyme, driven by ileal propagating contractions 
in synchrony with inhibition of the ileocecal junction, enters the 
cecum in a pulsatile fashion within 90 minutes of a meal.

The right colon serves primarily as a reservoir; nonpropagat-
ing motor activity is responsible for mixing contents, facilitates 
digestion of complex carbohydrates that escape digestion in the 
small intestine, and absorbing water and electrolytes. Facilitated 
by  propagated  motor  contractions,  that  occur  infrequently, 
lumenal contents advance slowly from the cecum to the rectum, 
with average and maximum normal transit times of 36 and 100 
hours respectively by radioopaque marker studies. Transit time 
is  slightly  faster  in  men  with  consequent  increases  in  fecal 
weight;  more  rapid  transit  in  the  proximal  colon  results  in 
increased stool weight in patients with irritable bowel syndrome 
(IBS) [10,11]. Transit is slower during the follicular phase of the 
menstrual cycle than in the earlier luteal phase but differences 
are  not  clinically  significant  [12].  Solid  residue  is  initially 
retained  in  the  ascending  colon,  while  liquids  are  propelled 
aborally.  In contrast, solids and  liquids are propelled similarly 
in the transverse colon and the rest of the colon [13].

Lumenal  gas  is  handled  in  a  distinct  manner  by  the  small 
intestine  and  colon.  In  healthy  humans,  jejunal  perfusion  of 
physiological gas mixtures produces steady state flow with little 
distention and few symptoms. Gas collected from the rectum in 
such  studies  is  expelled  in  a  pulsatile  fashion,  indicating  that 
flow  is  regulated  by  intrinsic  motor  patterns  in  the  distal  gut 
(Figure 21.1) [14]. Gas transit is accelerated by caloric liquid or 
solid  meals,  whereas  noncaloric  liquids  have  no  stimulatory 
effects, findings that correlate with the observation of increased 
postprandial gas passage [15]. Conversely,  intestinal  lipid per-
fusion retards gas propulsion, demonstrating nutrient-induced 
reflex modulation of gas  transit  [16]. Consuming a high-fiber 

and reform during the propulsion of colonic contents. It is con-
ceivable  that  colonic  out-pouchings,  in  that  there  is  less  flow 
than  the  central  lumen,  facilitate  colonic  fermentation  and 
absorption  of  water  and  electrolytes,  while  variations  in  the 
diameter  of  the  septal  orifice  regulate  flow  between  segments 
[2–4].  Transverse  folds  in  the  rectum  extending  beyond  the 
midline and containing mucosa and smooth muscle provide a 
shelving  function  to  retard  fecal passage and promote  storage 
in the rectosigmoid region.

Small intestinal and colonic transit

Normal values for small intestinal transit are technique depend-
ent [5]. Moreover, inter and intra subject variability are consid-
erable  [6].  Hence,  only  extreme  values  by  scintigraphy  (e.g., 
>70% colonic filling at 6 hours or cecal arrival time of <90 min 
is rapid and colonic filling of <4% at 6 hours is delayed) can be 
characterized  as  abnormal.  Small  intestinal  transit  cannot  be 
measured with barium. Neither age nor gender influence small 
intestinal transit.

Most  small  intestinal  flow  events,  measured  by  impedance, 
propagate  aborally  for  only  short  distances  (≤10 cm)  [7].  In 
contrast  to  the  stomach,  in  that  solids  and  liquids  are  
handled  differently,  iodine  131-labeled  solids  and  technetium 
99m-DTPA-labeled water are propelled at similar speeds in the 
small  intestine  [8].  The  ileum  selectively  retains  indigestible 
solids  while  permitting  the  passage  of  liquids  into  the  colon. 
Small intestinal nutrient transit depends on caloric density and 
nutrient class. Transit of protein and lipid solutions is slowed in 
proportion to the number of calories, that promotes more effi-
cient digestion and absorption. In humans, the ileocecal  junc-
tion  regulates  colonic  filling  and  prevents  coloileal  reflux, 
thereby avoiding contamination of the small bowel by colonic 

Figure 21.1 A rectal gas evacuation profile from a healthy volunteer during jejunal perfusion of a physiological gas mixture. Before gas perfusion, the 
barostat cylinder used to collect the expelled gas was emptied (starting volume = 1170 mL). After initiation of gas perfusion, there was a lag of about 
1900 s when no gas was evacuated at the level of the rectum. Thereafter, gas evacuation into the barostat cylinder was pulsatile, with passage of discrete 
boluses (arrows) totaling about 900 mL over 2 h. Source:  From Gonlachanvit et al. [14]. Reproduced by permission of BMJ Publishing Group.
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Ca2+ entry and less forceful contractions. In contrast, excitatory 
agonists activate inward currents, depolarize membrane poten-
tial, and increase peak depolarization during slow waves. At the 
depolarized potentials of some gastrointestinal smooth muscle 
cells,  continuous,  low  probability  opening  of  Ca2+  channels 
(window currents) occur, producing continuous modest influx 
of Ca2+. This Ca2+ influx via voltage-dependent calcium chan-
nels contributes to tone and possibly other Ca2+ – sensitive cell 
signaling  pathways.  While  CaV1.2  channels  are  important  in 
excitation-contraction coupling, gastrointestinal smooth muscle 
cells  express  additional  types  of  voltage-dependent  calcium 
channels.

Three basic types of myogenic smooth muscle electrical activ-
ity  primarily  contribute  to  the  patterning  of  motility  in  the 
human colon: (i) slow wave activity with a mean frequency of 
2–4 contractions per minute, but with intermittent longer dura-
tion myogenic potentials; (ii) prepotential oscillations similar to 
membrane  potential  oscillations  (MPO)  in  canine  colonic 
muscles;  and  (iii)  action  potentials  superimposed  upon  slow 
waves [20].

In the human colon, electrical slow waves, that average 12 mV 
in amplitude, cause Ca2+ entry by activating voltage-dependent 
dihydropyridine-  sensitive  (L-type)  Ca2+  channels;  Ca2+  entry 
induces electromechanical coupling and segmental contractions 
[20–22]. When action potentials are superimposed upon slow 
waves,  Ca2+  entry  is  greatly  augmented.  Between  slow  waves, 
the open probability for Ca2+ channels is low, so action poten-
tials and powerful muscle contractions do not occur.  In older 
studies it was suggested that contractions were never evoked by 
slow  waves  alone;  action  potentials  were  always  required. 
However, it is now clear that slow waves in the colon may trigger 
sufficient influx of Ca2+ to start to activate the contractile appa-
ratus and that the strain gauge transducers used in older studies 
were too insensitive to detect small contractile events [23].

Calcium entering smooth muscle cells via voltage-dependent 
calcium channels leads to phosphorylation of the myosin light 
chains  in  the  contractile  apparatus  that  triggers  cross  bridge 
cycling and contraction.

Nervous tissues
Small intestinal and colonic smooth muscle is innervated by the 
enteric nervous system, which is composed of many thousands 
of  small ganglia within  the gut wall  that are organized  in  two 
plexuses:  the  myenteric  and  submucosal  plexuses,  and  by 
extrinsic  nerves  that  connect  the  gut  to  the  extraintestinal 
ganglia, the spinal cord, and the central nervous system (CNS). 
Small mammals (e.g., mice and guinea pigs) have one submu-
cosal  plexus  while  medium-sized  to  large  mammals  (e.g., 
humans and dogs) have outer and inner submucosal plexuses. 
Ganglia  of  the  outer  plexus,  which  is  adjacent  to  and  sends 
projections to circular muscle, are similar to myenteric ganglia 
and  have  a  major  role  in  regulating  motility.  In  contrast,  the 
inner submucosal plexus is almost exclusively involved in con-
trolling secretion and blood flow [24].

diet  retards  evacuation  of  jejunally  perfused  gas  mixtures, 
reflecting  regulation  by  lumenal  contents  [14].  Assuming  an 
upright posture expedites gas flow [17]. Likewise, physical activ-
ity accelerates gas  transit and reduces gas retention  in healthy 
individuals [18].

Specialized small intestinal and  
colonic cell types

Motor function in the small intestine and colon is controlled by 
smooth muscle cells, neurons, interstitial cells of Cajal (ICCs), 
and supporting tissues.

Smooth muscle
While gastrointestinal motor patterns and the force of contrac-
tions are largely determined by motor neuron firing, myogenic 
mechanisms  also  regulate  the  excitability  and  contractility  of 
smooth  muscle  cells.  The  resting  membrane  potential,  which 
averages approximately −50  to −60 mV in  the small  intestine 
and colon, is critical for controlling excitability [1]. This mem-
brane potential  is not uniform across  the  thickness of  the cir-
cular  muscle  layer,  but  rather  is  characterized  by  a  gradient, 
being  more  hyperpolarized,  by  approximately  10 mV,  in  the 
inner circular smooth muscle region than longitudinal muscle. 
A similar, but reversed gradient exists in the stomach (exclud-
ing  the  fundus)  and  small  intestine.  This  gradient,  which  is 
generated  by  carbon  monoxide  released  by  interstitial  cells  of 
Cajal  (ICC)  or  enteric  neurons,  is  critical  to  the  ability  of  the 
circular muscle to regulate the strength of phasic contractions. 
Studies in heme oxygenase-2 knockout (HO-2-KO) mice, that 
lack the constitutive form of heme oxygenase, suggest that the 
gradient is maintained by carbon monoxide derived from sub-
mucosal neurons.

This  voltage  gradient  probably  explains  variations  in  the 
strength of circular smooth muscle contraction that vary from 
weak  contractions  that  barely  indent  the  lumen  to  propulsive 
contractions that can occlude the lumen. Thus, weak excitatory 
stimuli  are  likely  to  activate  only  more  depolarized  smooth 
muscle  cells  that  are  closer  to  the  threshold  for  activation  of 
L-type  calcium  channels.  However,  muscle  cells  in  the  more 
hyperpolarized  layer  may  not  respond.  In  contrast,  when  the 
entire circular smooth muscle layer is depolarized, an excitatory 
stimulus is more likely to elicit contraction of the entire wall.

Resting  membrane  potential  is  determined  by  permeability 
to K+  ions, nonselective cation conductances,  the electrogenic 
sodium  pump,  and  possibly  by  sodium  channels  that  shift 
resting membrane potential away from the equilibrium poten-
tial of K+ ions [19]. Variations in the resting membrane poten-
tial  influence  the  smooth  muscle  response  to  slow  waves. 
Activation of outward currents, or suppression of tonic inward 
currents, stabilize membrane potential or cause hyperpolariza-
tion.  Slow  waves  during  periods  of  hyperpolarization  achieve 
lower levels of depolarization, fewer Ca2+ action potentials, less 
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as  submucosal  ICC).  ICC  are  also  found  within  the  muscle 
layers (ICCIM) and a few can be found along the serosa (serosal 
ICC).  In  large and medium sized animals such as human and 
dog, a subclass of ICCIM are also found in the septa (septal ICC) 
that separate bundles of circular muscle cells. ICCMY and ICCSM 
form extensive networks along the colon, are electrically coupled 
to one another and to the smooth muscle cells by gap junctions, 
and  to  enteric  motor  neurons  by  close  appositions  and  more 
synapse-like contacts with axonal varicosities.

Enteric  motor  neurons  innervate  ICC,  can  influence  slow 
wave  frequency  [34],  and  influence  ICC  excitability  [35,36]. 
Slow wave pacemaker activity in human colon originates at the 
submucosal  border  [37].  At  the  myenteric  border,  associated 
with  ICCMY are  the pacemakers  for  the  small,  rapid  (12  to 20 
per minute) oscillations in membrane potential (MPOs) of lon-
gitudinal  and  circular  smooth  muscle  layers  in  humans  [37]. 
Slow waves and MPOs summate in the central region of circular 
muscle  producing  a  complex  pattern  of  activity  that  regulates 
contractile  amplitude  and  frequency.  These  cyclic  depolariza-
tions  produce  action  potentials  in  smooth  muscle  cells  espe-
cially when excitatory motor neurons are active.

ICC-generated  slow waves are  triggered by pacemaker  cur-
rents  that  evolve  into  a  rapid  upstroke  when  they  exceed  a 
depolarization threshold [26,27]. This rapid upstroke is insensi-
tive to dihydropyridines, which block L-type calcium channels, 
thereby distinguishing them from smooth muscle action poten-
tials, that are predominantly mediated by L-type calcium chan-
nels. The upstroke potential  is  followed by a plateau potential 
that is also generated by ICC [28]. While smooth muscle cells 
can modify the shape of slow waves propagated from ICCs, they 
do not generate de novo slow waves because they do not have 
a pacemaker channel. Slow waves from ICCs spread into smooth 
muscle via gap junctions and activate a variety of smooth muscle 
ion channels,  including L-type calcium channels, contributing 
powerfully to the contractile response [38]. Recent studies have 
shown that a Ca2+-activated chloride conductance, attributable 
to the ANO1 channel, plays a key role as a pacemaker current 
in ICCs [39].

Structural  and  functional  evidence  suggests  that  effective 
cholinergic and nitrergic neurotransmission requires ICCIM  in 
the stomach and ICCDMP in the small intestine [40–42]. In the 
colon, close appositions between motor neuron axons and inter-
stitial cells have been reported, suggesting a similar functional 
arrangement [43–45]. However, recently analysis of these prep-
arations has questioned the essential role of ICCs in neurotrans-
mission [32]; this matter is yet to be settled [33]. Nevertheless, 
it  appears  that  at  least  some  of  the  electrical  effects  of  motor 
neuron  input  to  smooth  muscle  are  mediated  via  pacemaker 
ICCs or intramuscular ICCs (Figure 21.2). In addition to this, 
recent  reports  have  suggested  that  another  type  of  cell,  the 
“fibroblast-like  cells”  located  within  the  smooth  muscle  layer, 
may  mediate  electrical  components  of  purinergic  inhibitory 
neurotransmission  to  gastrointestinal  smooth  muscle  [46]. 

Intrinsic neurons greatly exceed vagal or splanchnic fibers in 
number;  thus,  most  motor  activities  are  directed  by  intrinsic 
neural programs, with extrinsic innervation providing a modu-
latory function. The sympathetic nervous system provides exci-
tatory  input  to  the  sphincters  and  a  tonic  inhibitory  input  to 
nonsphincteric muscle. Sacral parasympathetic pathways to the 
colon  have  excitatory  and  inhibitory  components.  Excitatory 
pathways play an important role in colonic propulsive activity, 
especially during defecation. Inhibitory pathways allow colonic 
volume  to  adapt  to  its  contents,  and  also  mediate  descending 
inhibition,  that  initiates  colonic  relaxation  ahead  of  a  fecal 
bolus.

Intrinsic innervation
The enteric nervous system possesses afferent neurons, interneu-
rons,  and  motor  neurons,  and  thus  can  initiate  physiological 
motor activity in the absence of extrinsic input. As in the CNS, 
myenteric ganglia consist only of neurons and glial cells. Blood 
vessels and connective tissue are absent, thus neuronal nourish-
ment  is  received  by  diffusion  in  the  interstitial  fluid.  Axonal 
varicosities release neurotransmitters that diffuse 20–100 nm to 
specific receptors on muscle cells or neurons. In the small intes-
tine,  most  motor  neurons  project  1–2 mm  longitudinally 
although some fibers extend more than 30 mm. Excitatory fibers 
run  cephalad,  whereas  inhibitory  fibers  project  in  a  caudad 
direction.  Extensive  interneuronal  connections  mediate 
extended reflexes, that in some cases project 100 cm or more.

Interstitial cells of Cajal
Two seminal findings highlighted the contribution of interstitial 
cells of Cajal  (ICC), originally described by Ramon y Cajal  in 
1911, to normal gastrointestinal motility. First, neonatal BALB/c 
mice injected peritoneally with a neutralizing antibody to Kit, a 
type 3 receptor tyrosine kinase that is expressed on ICC, devel-
oped lethal intestinal dilatation and hypomotility [25]. Second, 
mice with  spontaneous mutations  in  the Kit  gene  resulting  in 
the loss of function in one allele and decreased function in the 
other (W/Wv mice), lacked intestinal electrical slow waves and 
myenteric  small  intestinal  ICC,  supporting  the  concept  that 
ICC’s were responsible for generating slow waves [26,27].

ICC regulate gut motility via several mechanisms. They gen-
erate  electrical  slow  waves  which  then  propagate  through 
smooth  muscle  cells  via  gap  junctions  (reviewed  [28]);  they 
influence  the  smooth  muscle  membrane  potential  and  mem-
brane potential gradient [29,30] and they partly mediate mech-
anosensitivity  in  smooth  muscle  [31].  They  may  also  mediate 
neurotransmission from axons of enteric motor neurons to the 
smooth muscle [28] although this has recently been questioned 
[32,33]. In large animals, several types of ICC in the colon are 
located between the layers of longitudinal and circular muscle 
layers, in the plane of the myenteric plexus (ICCMY, also referred 
to  as  ICCAP)  and  in  the  submucosa  adjacent  to  the  circular 
muscle (submuscular ICC, ICCSM, that may also be referred to 
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Interaction between extrinsic and enteric 
nervous system
Efferent extrinsic fibers are carried in parasympathetic and sym-
pathetic tracts. Most efferent fibers terminate in the myenteric 
plexus  and  form  connections  with  enteric  ganglia,  although 
some  sympathetic  axons  terminate  directly  on  sphincteric 
smooth muscle. The vagus nerves contain preganglionic para-
sympathetic  excitatory  cholinergic  nerves  projecting  to  the 
enteric  plexuses,  preganglionic  inhibitory  cholinergic  nerves 
projecting to the myenteric plexus, and sympathetic fibers from 
the  cervical  ganglia.  As  discussed  in  Chapter  15,  reference  to 
vagal  input  neurons  as  preganglionic  wrongly  implies  that 
enteric neurons are relay neurons in parasympathetic pathways. 
Vagal input neurons are neurons in complex circuits in which 
enteric reflexes of several types are integrated with signals from 
the central nervous system and from other parts of the gastroin-
testinal tract. It is preferable to refer to them as “vagal preenteric 
neurons”. Transmission from vagal preenteric neurons to enteric 

These cells are closely associated with both ICCs and with inhib-
itory motor axons [47].

ICC in disease
ICC  are  reduced  in  several  motility  disorders,  including  slow 
transit constipation and chronic megacolon [48,49]. However, 
the contribution of ICC loss to colonic sensorimotor dysfunc-
tions  is  uncertain  since  enteric  neurons  are  also  depleted  in 
these conditions. It is not known how much damage ICC net-
works  can  withstand  before  functional  abnormalities  develop. 
The  published  literature  is  conflicting,  perhaps  because  ICC 
cannot  be  reliably  visualized  in  formalin-fixed,  paraffin-
embedded tissue [50]. Human gut tissue requires careful han-
dling because ICC are particularly susceptible to ischemia [49]. 
In addition,  there  is  limited quantitative data on ICC popula-
tions  in  normal  human  colon.  Antibodies  to  Ano-1  may  be 
particularly useful in future studies to identify ICC abnormali-
ties since unlike Kit, Ano-1 is not expressed on mast cells [51].

Figure 21.2 High-magnification view of ICC in the circular muscle layer. (a) Single slice obtained from normal human sigmoid colon. 
(b) Reconstruction of 20 consecutive slices at 0.5-μm depth increments (z-axis). Note the fine processes of the individual ICC (arrow). (c and d) Similar 
data from human sigmoid colon of a patient with slow-transit constipation. Note the irregular surface markings and the loss of fine processes (arrow). 
Bar 5 10 μm. Extrinsic innervation. Source:  He et al. 2000 [48]. Reproduced with permission from Elsevier.

(a) (b)

(c) (d)
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arterial arcades of the superior and inferior mesenteric vessels. 
Innervation to the small intestine and colon is derived from T6 
to T10 and from T12 to L4 levels of the spinal cord respectively. 
Neuronal  cell  bodies  providing  the  sympathetic  splanchnic 
innervation  reside  outside  the  gut  in  the  prevertebral  ganglia 
(celiac, superior and inferior mesenteric ganglia). Preganglionic 
cholinergic neurons project from the spinal cord to the prever-
tebral  ganglia.  Noradrenergic  postganglionic  neurons  then 
project  to  the  enteric  ganglia.  This  sympathetic  innervation 
inhibits excitatory myenteric cholinergic transmission.

Afferent fibers greatly outnumber efferent fibers in the vagus 
and  splanchnic  nerves.  Vagal  afferent  fibers  terminate  in  the 
brainstem  nucleus  tractus  solitarius.  Neurons  in  the  nucleus 
tractus  solitarius  project  to  the  dorsal  motor  nucleus  of  the 
vagus and the nucleus ambiguus. Sensory information is trans-
mitted  to  the  dorsal  horn  of  the  spinal  cord  by  way  of  the 
splanchnic nerves. From there, second-order neurons project to 
the brainstem and cerebral cortex. The anus is served by sensory 
fibers that project by way of the pudendal nerve. Free mucosal 
nerve endings respond to stroking or to chemical stimuli such 

neurons is mediated principally by acetylcholine (ACh) acting 
on nicotinic receptors. The efferent vagus supplies the upper gut 
from  the  esophagus  to  the  right  colon.  The  parasympathetic 
nerve supply to the left colon and internal anal sphincter (IAS) 
is  derived  from  pelvic  nerves  that  originate  from  sacral  (S2-4) 
segments of the spinal cord. They enter the rectosigmoid colon, 
and form the ascending colonic nerves, that travel orad in the 
plane of the myenteric plexus to supply a variable portion of the 
left  colon.  Pelvic  nerve  stimulation  evokes  colorectal  contrac-
tions, accelerates colonic transit, and elicits anal relaxation [52]. 
Stimulation  of  the  hypogastric  nerve  increases  anal  pressure 
through action on the IAS.

The  external  anal  sphincter  (EAS)  and  pelvic  floor  muscles 
receive sacral spinal input. This input, which orginates in Onuf ’s 
nucleus in the sacral spinal cord, is excitatory and is conveyed 
to  the EAS by  the pudendal nerves. There  is bilateral cerebral 
motor cortex representation in the innervation of the anus and 
rectum (Figure 21.3) [53].

The sympathetic fibers originate in the paravertebral “chain” 
ganglion and are conveyed to the small intestine and colon via 

Figure 21.3 Magnetic resonance images from a healthy volunteer after stimulation of the left and right legs, the anus, and the rectum. Responses from 
all four muscle groups localize to the superomedial motor cortex; however, each stimulus produces responses of differing morphology and extent. In 
this individual, cortical representations of anal and rectal stimulation are bilateral, whereas leg responses localize to the contralateral hemisphere. 
Source:  From Turnbull et al. [53]. Reproduced with permission from Elsevier.
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Control of small intestinal and  
colonic peristalsis

When pellets are inserted into the proximal end of the isolated 
guinea pig distal colon in vitro, these pellets are spontaneously 
propelled aborally [58]. Localized distension of the same prepa-
ration  leads to an ascending contractile reflex and descending 
inhibition,  similar  to  that described by Bayliss and Starling as 
the “law of the intestine” [59,60]. Both polarized reflexes require 
myenteric  plexus  continuity  and  are  blocked  by  tetrodotoxin 
[58]. Intuitively, it would seem that propulsive peristalsis equates 
to the sequential activation of polarized reflexes by the moving 
pellet. However, similar aborally-directed waves of contraction 
and relaxation also occur in the absence of contents. Moreover, 
with a cluster of pellets, typically the most aboral pellet moves 
first,  followed,  one  at  a  time  by  the  remaining  pellets.  More 
recently,  an  additional  “occult”  reflex  has  been  described 
wherein  colonic  elongation,  comparable  to  that  evoked  by  a 
group  of  pellets,  inhibits  propulsive  activity,  particularly  abo-
rally [61,62]. Thus,  it  is now clear  that propulsion of pellets  is 
mediated by an intrinsic motor pattern, rather than just sequen-
tial activation of the reflexes that underlie the “law of the intes-
tine”. This motor pattern must be closely related to the “colonic 
migrating motor complex” which has been extensively studied, 
especially in the mouse colon [63] and requires complex phar-
macological modulation.

Radial stretch is the most potent stimulus for inducing peri-
stalsis, although the reflex is also activated by mucosal stimula-
tion.  The  threshold  for  peristalsis  is  lowered  by  more  rapid 
stretching and by using longer intestinal preparations. Ascend-
ing  contractions  result  from  simultaneous  circular  muscle 
shortening  and  longitudinal  muscle  relaxation,  whereas 
descending relaxations are consequences of simultaneous  lon-
gitudinal  muscle  contraction  and  circular  muscle  relaxation. 
The neural substrate responsible for this activity is described in 
Chapter 15.

The peristaltic reflex is mediated by the activation of several 
neurotransmitter pathways. Acetylcholine  (ACh),  substance P, 
and neurokinin A are released by radial stretch [64]. Atropine 
partly  inhibits  ascending  contractions  induced  by  low-level 
stimulation,  whereas  tachykinin  antagonists  or  antisera  block 
contractions  induced  by  intense  radial  stretching.  Muscarinic 
M1 receptors are involved in neuronal transmission, whereas M3 
receptor activation elicits smooth muscle contraction [65]. NK1, 
NK2, and NK3 receptors all participate in peristalsis in concert 
with  cholinergic  pathways  [66].  NK1  receptor  activation 
increases action potentials in circular muscle, superimposed on 
the intestinal slow wave frequency [67]. Nitric oxide (NO) and 
vasoactive intestinal peptide (VIP) are released during peristal-
sis and likely mediate descending relaxations [68]. NO synthase 
inhibitors  inhibit  descending  relaxations  elicited  by  colonic 
distention.

Serotonin is an important mediator of peristaltic reflex activ-
ity.  Serotonin  is  released  with  gut  distention  and  lowers  the 

as hydrochloric acid. Small intestinal thermoreceptor activation 
elicits reflex motor responses in the stomach. Mechanoreceptors 
are  stimulated  by  passive  distention  or  active  contractions. 
Pelvic nerve afferent fibers respond to distention, heat, and bile 
salts, reflecting their polymodal nature. Excision of the mucosa, 
submucosa, and inner circular muscle does not abolish responses 
to  stretch,  localizing  mechanoreceptors  to  the  outer  muscle 
layers  or  the  myenteric  plexus  [54].  Mesenteric  and  serosal 
receptors respond to tension or to forceful contraction and may 
mediate visceral pain perception. Intrinsic afferent neurons that 
mediate  local  reflexes  project  within  the  enteric  plexuses, 
whereas vagal and splanchnic afferents participate in extended 
reflexes. Mechanosensory afferent nerves project to the superior 
mesenteric ganglion and monitor intracolonic pressures in mice 
[55]. Perception of nonnoxious stimulation is mediated by affer-
ent vagal, pelvic, or splanchnic pathways, whereas nociceptive 
input  is  carried  mainly  by  the  splanchnic  nerves.  Plasticity  of 
sensory  nerve  activity  is  indicated  by  experiments  that  show 
reductions  in  ileal vagal afferent sensitivity  following previous 
exposure of the distal ileum to short-chain fatty acids [56].

Coupling of small intestinal and  
colonic contractions

Propagation of small  intestinal myoelectric and motor activity 
is regulated by intrinsic coupling in both smooth muscle layers.

Electrically  active  regions  with  the  highest  slow  wave  fre-
quency in the small intestine entrain adjacent regions in a phe-
nomenon  termed  phase  lock.  In  humans,  the  dominant 
pacemaker extends from the pylorus to the ligament of Treitz. 
Circumferential slow wave propagation is more rapid than axial 
propagation.  Conversely,  spike  potential  migration  is  faster 
axially  than circumferentially. Retrograde  slow wave propaga-
tion into the stomach is rare because of an electrically insulating 
septum in the pylorus. In the small intestine, slow wave uncou-
pling over long distances occurs and is more pronounced in the 
ileum than in the duodenum [57]. As a consequence, slow wave 
frequencies  decrease  from  11–12  cycles  per  minute  (cpm)  in 
human duodenum to 7–8 cpm in the distal ileum. This tighter 
coupling  in  the  proximal  intestine  promotes  propagation  of 
contractions  over  long  distances  in  this  region,  whereas  poor 
ileal coupling  limits contractile propagation and slows  transit. 
In addition, slow wave propagation velocities decrease by 50% 
from  the  duodenum  to  the  distal  ileum.  These  phenomena 
promote efficient digestion by distributing nutrients over a large 
mucosal surface area in the proximal intestine where they can 
be rapidly digested and absorbed, and by retarding propulsion 
in the distal intestine to permit the more deliberate assimilation 
of slowly digested and absorbed substances such as fats and bile.

In the colon, there is less intercellular electrical coupling and 
slow  waves  are  less  well  entrained  across  different  regions. 
Colonic  slow  wave  frequencies  and  propagation  velocities  are 
variable.
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[93]. Endothelin ETA receptor activation stimulates peristalsis 
in guinea pig small intestine, whereas ETB receptor activation 
inhibits, and ETB antagonists enhance, peristaltic activity [94]. 
The ability of ETB antagonists to enhance peristalsis suggests a 
physiological modulatory role for ETB receptors. Estradiol and 
progesterone increase the threshold for eliciting the peristaltic 
reflex  in guinea pig small  intestine [95]. Different prostanoids 
have receptor-selective effects on peristaltic activity. Interleukin 
(IL)-1β increases substance P release and circular muscle con-
traction  during  the  ascending  contraction  [96].  Bradykinin 
acting on bradykinin B2 receptors inhibits peristalsis [97].

Extrinsic  neural  pathways  may  also  modulate  peristaltic 
activity.  In  guinea  pig  colon,  sympathetic  nerve  stimulation 
inhibits cholinergic components of the reflex. In isolated tissue, 
extrinsic denervation decreases basal CGRP levels and abolishes 
peristaltic reflexes activated by muscle stretch but not mucosal 
stimulation  [98].  CGRP  antagonists  abolish  peristalsis  with 
both stimuli, indicating CGRP involvement in reflexes activated 
by both extrinsic and intrinsic pathways.

Stereotypical motor patterns

Several stereotypical motor patterns that control propulsion in 
the  small  intestine  and  colon  under  physiological  and  patho-
physiological conditions have been characterized.

Small intestine
Migrating motor complex
Physiological characteristics
The migrating motor complex (MMC) lasts for 84–112 min on 
average and consists of three phases [99]. Phase I is character-
ized by motor quiescence, phase II by irregular phasic contrac-
tions, and phase III by lumen occluding contractions which lasts 
2–15 min and propagates aborally, serving to clear the intestine 
of bacteria and debris (Figure 21.4). Under fasting conditions, 
phase I occupies 40%–60% and phase II occupies 20%–30% of 
the cycle. The MMC is controlled by the migrating myoelectric 
complex  [101].  The  development  of  small  intestinal  bacterial 
overgrowth  in  rats  given  morphine  disrupts  MMC  cycling 
shows the importance of the complex. One-third to one-half of 
MMC  activity  fronts  commence  distal  to  the  stomach;  hence, 
the absence of the antral component of the MMC is not abnor-
mal.  Healthy  subjects  have  at  least  one  phase  III  daily.  These 
contractions have a frequency of up to three per minute in the 
antrum,  11–12 cpm  in  the  duodenum,  and  7–8 cpm  in  the 
ileum. In total, 50% of the MMCs in humans propagate beyond 
the midjejunum and only 10% reach the distal ileum. There are 
few  differences  in  MMC  properties  between  young  and  older 
individuals,  although  phase  III  propagation  velocity  may 
decrease after age 80 [102]. Phase III propagation velocities are 
slower and contractile amplitudes are increased during both the 
follicular and luteal phases of the menstrual cycle [103]. While 
propagation  is  most  effective  during  phase  3  of  the  MMC, 

threshold  for  eliciting  peristalsis  [69].  5-HT4  receptors  are 
present  on  intrinsic  primary  afferent  neurons  [70].  Mucosal 
stimulation  initiates  peristalsis  by  activating  5-HT4/5-HT1P 
receptors on sensory neurons in human intestine and 5-HT4/5-
HT1P  and  5-HT3  receptors  in  other  species  [71].  5-HT3  and 
5-HT4 agonists elicit colonic propagation [72–74]; however, in 
human colon, the 5-HT3 antagonist granisetron has no effect on 
the  ascending  contraction  or  descending  relaxation  [75].  In 
guinea  pig  colon,  5-HT3  and  5-HT4  receptor  antagonists  are 
additive in their inhibition of colonic peristalsis, indicating dual 
mediation  in  this  species  [76].  In  marmoset  small  intestine, 
5-HT4  receptors  are  activated  by  low  concentrations  of  serot-
onin,  whereas  higher  concentrations  activate  5-HT3  receptors 
[77].  In  isolated  colonic  tissue,  5-HT4  agonists  activate  calci-
tonin gene related peptide (CGRP) pathways, which then evoke 
ascending substance P release and descending VIP release [78]. 
Prolonged exposure of colonic tissues to a 5-HT4 agonist desen-
sitizes the peristaltic reflex response to mucosal stroking, which 
is  accompanied  by  a  decrease  in  CGRP  release  [79].  5-HT7 
receptor immunoreactivity is also detected in myenteric neurons 
[80].  Investigations  have  characterized  an  inhibitory  effect  of 
serotonin  on  peristalsis  that  is  blocked  by  a  5-HT7  antagonist 
[81].  Research  suggests  that  serotonin  modulates  circular 
muscle accommodation during the preparatory phase of peri-
stalsis by action on 5-HT7 receptors [80].

Peristalsis  is  also  modulated  by  other  neurohumoral  sub-
stances. Brain-derived neurotrophic factor enhances both limbs 
of  the  reflex  by  increasing  serotonin  and  CGRP  release  [82]. 
Opioids acting on μ and κ receptors blunt peristalsis in guinea 
pig small intestine, whereas somatostatin inhibits peristalsis in 
rat  and  mouse  jejunum  through  somatostatin  type  2  receptor 
(SSR2)  activation  [83].  Stretch  activates  aborally  projecting 
somatostatin  neurons,  which  inhibit  the  activity  of  opioid 
neurons and reduce [Met]enkephalin release [84]. This decrease 
in  [Met]enkephalin  then  elicits  relaxation  through  the  release 
of VIP and NO. Thresholds for eliciting peristalsis are increased 
by  clonidine,  indicating  inhibitory  effects  of  α2-adrenergic 
receptor pathways [85]. Endogenous purinergic pathways sup-
press peristalsis through the activation of P2 receptors [86]. In 
rats,  ascending  responses  are  augmented  by  the  activation  of 
adenosine A1 receptors and are inhibited by A2 receptor stimula-
tion, whereas A1 receptor activation inhibits descending relaxa-
tions [87]. Inhibition of the tonic influence of neuropeptide Y 
(NPY) neurons by graded stretch contributes to the ascending 
contraction [88]. Gene related peptide (GRP) acts on bombesin 
type 2 receptors to enhance the descending response [89]. Stim-
ulation of cannabinoid CB1 receptor pathways inhibits peristal-
sis in guinea pig ileum and mouse colon [90]. The demonstration 
that a CB1 antagonist increases activity in mouse colon suggests 
that  endogenous  cannabinoids  may  physiologically  modulate 
peristalsis [91]. In rat duodenum and ileum, ascending contrac-
tions are blocked by cholecystokinin (CCK) by action on CCK1 
and CCK2 receptors [92]. In mouse jejunum, orexin A enhances 
both the ascending and descending limbs of the peristaltic reflex 
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are essential for phase III contractions originating in the antrum, 
while somatostatin and serotonin are involved in the regulation 
of phase III contractions with a duodenal origin. Cyclic release 
of  bile  into  the  duodenum  also  modulates  MMC  periodicity. 
Plasma motilin is released after exposing the duodenal mucosa 
to  bile  [106].  Furthermore,  biliary  diversion  from  the  duode-
num  disrupts  motilin  cycling  with  loss  of  duodenal  phase  III 
and induction of ectopic jejunoileal complexes – effects that are 
reversed with bile flow restoration or exogenous bile acid per-
fusion [107]. In addition, ileal mixed micelle perfusion evokes 
premature phase III [108]. Despite these observations, the role 
of bile in MMC generation remains in dispute.

Enteric  neural  function  coordinates  small  intestinal  MMC 
propagation.  Isolated  denervated  intestinal  segments  exhibit 
spontaneous  phase  III  complexes  that  propagate  aborally; 
however, cycling in the excluded segment is out of phase with 
the  main  segment,  showing  that  continuity  of  enteric  neural 
connections  is  needed  for  synchronized  propagation  [109]. 
Enteric nerve connections regenerate 28 days after transection 
and  coordinated  MMC  cycling  resumes  after  45  days  [109]. 
Interposition of a colonic segment between two small intestinal 
segments or construction of end-to-side or side-to-side anasto-
moses prevents resumption of normal MMC propagation [110]. 

propagation, albeit less rapid, also occurs during phase II of the 
MMC [104].

This cyclical gastrointestinal motor activity is associated with 
cycling  of  motor  activity  in  the  gall  bladder  and  sphincter  of 
Oddi,  as  are  several  secretory  functions.  For  example,  before 
and during antral phase III (late phase II), gastric acid secretion 
increases and reflux of bile-containing fluid from the duodenum 
frequently occurs. During duodenal phase III, duodenal chlo-
ride  and  bicarbonate  secretion  increase  and  secretory  IgA  is 
released. This fluid refluxes into the stomach during the second 
half of phase III causing gastric alkalinization [105].

Neurohumoral regulation
MMC result from a periodic excitatory stimulus that is driven 
by  enteric  neurons,  which  have  been  hypothesized  to  express 
and/or  respond  to  an  internal  clock  mechanism  and  whose 
actions are inhibited by the presence of food in the upper gas-
trointestinal  tract  [105].  The  precise  nature  of  this  excitatory 
stimulus is unclear. In addition, motilin, 5-hydroxytryptamine 
(HT)  released  from  mucosal  enterochromaffin  cells,  and  the 
vagus nerve are important in generating phase III of the MMC. 
Different mechanisms regulate MMC in the stomach and small 
intestine.  The  peptide  hormones  motilin  and  the  vagus  nerve 

Figure 21.4 (a) An antroduodenal phase III complex (A, antrum; D, duodenum). (b) High-resolution manometry of phase III contractions shows 
retrograde propagation in the proximal duodenum and antegrade propagation more distally. Source:  From Castedal and Abrahamsson 2001. [100]. 
Reproduced with permission from John Wiley & Sons.
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only phase III activity originating in the stomach is associated 
with  plasma  motilin  peaks,  that  suggests  that  motilin  is  only 
involved in the regulation of gastric MMCs [105]. After a duo-
denectomy  in dogs, phase  III  contractions  in  the antrum, but 
not  in  the  upper  jejunum  were  inhibited.  Exogenous  motilin 
restored  plasma  motilin  concentrations  and  antral  phase  III 
contractions after a duodenectomy

Ectopic  MMC  cycles  originating  distal  to  the  ligament  of 
Treitz  are  not  usually  associated  with  motilin  release  [123]. 
Motilin antisera have minimal effects on distal jejunal and ileal 
phase III complexes [122]. Initiation of ectopic phase III activity 
in  the  jejunum  and  ileum  are  unaffected  by  duodenectomy 
[124]. These findings suggest that “programming” of phase III 
activity in the mid and distal intestine is a motilin-independent 
phenomenon that is entrained by the actions of motilin on the 
antrum and duodenum.

Other peptides that cycle in phase with the MMC are soma-
tostatin, pancreatic polypeptide, and xenin. Exogenous somato-
statin  evokes  intestinal  phase  III  complexes  every  20–30 min 
[125]. However, somatostatin is not a regulator of physiological 
proximal  gut  motor  activity,  as  gastric  contractions  are  sup-
pressed, duodenal phase II  is abolished, and transit  is delayed 
rather than accelerated. Somatostatin has been proposed to par-
ticipate  in  motilin-independent  cycling  in  the  distal  intestine. 
Plasma concentrations of pancreatic polypeptide, a peptide pro-
duced by the pancreas, peak just before phase III. Motilin infu-
sion stimulates pancreatic polypeptide release by way of vagal 
cholinergic pathways involving 5-HT3 receptors [126]. However, 
pancreatic polypeptide infusion has no effect on fasting intesti-
nal  motor  activity  and  pancreatic  autotransplantation  has  no 
effect on intestinal phase III, despite disrupting the cyclic secre-
tion  of  pancreatic  polypeptide  [127].  Peak  levels  of  xenin  in 
plasma are associated with phase III and xenin infusion evokes 
premature phase III  in healthy humans, suggesting a modula-
tory role for xenin in regulating fasting motor activity [128].

Fed motor pattern
Physiological characteristics
After eating, the MMC is replaced by a fed pattern of intermit-
tent phasic contractions of varying amplitude at all levels of the 
small  intestine  [129].  Myoelectric  recordings  show  random 
bursts of spike potentials in phase with the slow wave. The fed 
pattern both mixes and propels intestinal contents. Postprandial 
transit  is  more  rapid  and  fluctuates  less  than  transit  during 
fasting [104]. In total, 44% of fed contractions do not propagate. 
Of those that propagate, 90% migrate less than 30 cm and 66% 
migrate  less  than 9 cm. In the proximal duodenum, 40%–50% 
of fed contractions are retrograde [130]. Occasionally, a transi-
tional motor pattern occurs immediately after eating, character-
ized  by  highly  propagative  contractile  clusters  that  rapidly 
distribute  nutrients  over  an  extended  mucosal  surface  area 
[131].  Delayed  tonic  relaxations  of  the  ileum  are  induced  by 
local  exposure  to  bile  acids  and  triglycerides  that  are  not 
absorbed in the proximal intestine [132].

The  small  intestinal  MMC  is  modulated  by  extrinsic  neural 
input. Bilateral truncal vagotomy, removal of the superior and 
inferior mesenteric ganglia, total sympathectomy, and complete 
extrinsic  denervation  of  the  small  intestine  do  not  prevent 
MMC  cycling  [111].  However,  bilateral  vagotomy  increases 
cycle  periodicity,  whereas  sectioning  extrinsic  nerves  to  the 
jejunum and ileum decreases MMC cycle length, reduces phase 
III propagation to the ileum, and disrupts duodenojejunal phase 
III. Vagal cooling  in dogs has no effect on  intestinal phase III 
but it shortens phase II activity, suggesting that vagal depend-
ence varies between the different MMC phases [105].

Agents which disrupt enteric neurotransmission in the mye-
nteric plexus (e.g.,  the ganglionic blocker hexamethonium) or 
the  neuromuscular  junction  (e.g.,  atropine)  eliminate  MMC 
cycling [105] while adrenergic receptor antagonists disrupt but 
do not abolish MMC cycling. NO synthase inhibitors elicit pre-
mature MMC activity in humans [105]. In contrast, the phos-
phodiesterase  inhibitor sildenafil, which enhances NO actions 
by preventing cyclic guanosine monophosphate (GMP) degra-
dation,  disrupts  MMC  cycling  [105].  Intravenous  but  not 
intraduodenal serotonin and selective serotonin reuptake inhib-
itors  (e.g.,  citalopram,  paroxetine)  shorten  the  MMC  cycle 
length  and  accelerate  propagation  velocity  [105].  Conversely, 
the 5-HT3 antagonist ondansetron abolishes the gastric compo-
nent  of  phase  III  by  suppressing  plasma  motilin  peaks  [105] 
while the 5-HT1 agonist sumatriptan prolongs MMC duration 
by increasing phase II activity [112]. Morphine induces prema-
ture intestinal phase III activity, whereas the μ-opioid antagonist 
naloxone prolongs MMC duration [113]. δ-Opioid antagonists 
do not inhibit MMC cycling, but they decrease motility indices 
during  fasting  [114].  Glucagon-like  peptide  1  (GLP-1)  and 
GLP-2 prolong MMC cycle duration and slow transit by way of 
NO-dependent pathways [115]. Ileal resections reduce phase I 
duration,  shorten MMC cycles,  and  induce  intestinal  clusters, 
suggesting the presence of modulator peptides released by the 
distal small intestine [116].

Neurohumoral mediators that cycle with the MMC
Phase III complexes  in  the antrum and proximal  intestine are 
elicited  by  motilin  release  from  the  duodenal  mucosa  [117]. 
Motilin receptors are expressed in human antroduodenal enteric 
neurons and smooth muscle [118]. Motilin release is evoked by 
vagal stimulation, cholinergic agonists, opioid agents, and duo-
denal pH changes; however, the importance of these stimuli in 
the  physiological  regulation  of  motilin  release  is  undefined 
[119]. Cyclic motilin fluctuations are blocked by atropine and 
hexamethonium,  suggesting  regulation  by  cholinergic  path-
ways.  Antral  phase  III  complexes  correlate  temporally  with 
plasma  motilin  elevations  in  healthy  humans,  and  premature 
antral phase III in dogs is inducible by motilin infusion [120]. 
Motilin-evoked  phase  III  is  identical  in  duration,  amplitude, 
and  propagation  velocity  to  spontaneous  complexes  [121].  In 
dogs,  antroduodenal  phase  III  is  abolished  for  several  hours 
after  the administration of motilin antisera  [122].  In humans, 
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fed  pattern.  Gastrin  increases  proximal  intestinal  motility; 
however, stimuli that produce a fed pattern, such as peanut oil, 
do  not  evoke  gastrin  release  [144].  Glucose  promotes  insulin 
release but does not induce a fed pattern. Neurotensin converts 
fasting motility to a fed pattern along the entire small intestine 
in rats and humans [146], and, in rats, the fed pattern duration 
is  reduced  by  neurotensin  antagonists  [147].  The  decrease  in 
plasma motilin  levels may contribute  to postprandial motility, 
as  suggested  by  the  observation  that  the  administration  of 
motilin antisera generates motor patterns that are similar to the 
fed state [122].

Normally, the fed pattern is maintained for approximately 1 
hour  for  each  200 kcal  of  food  intake  during  the  meal.  Vagal 
dysfunction or vagotomy is associated with premature return of 
MMC like activity  in  the first postprandial hour despite pres-
ence of 500 kcal of food ingested [148,149].

Giant migrating contractions
Intense  pressure  waves  that  propagate  aborally  for  long  dis-
tances in the small intestine, termed “giant migrating contrac-
tions”  (GMCs),  are  observed  experimentally  during  hypoxia, 
anemia, gangrene, after laparotomy, and after death. GMCs are 
two to three times greater  in amplitude and four to five times 
longer in duration than individual phasic contractions and they 
propagate  at  1 cm/s  [150,151].  GMCs  typically  are  more  pro-
longed than a single slow wave cycle, indicating slow wave inde-
pendence. GMCs commonly originate in the jejunum or ileum 
during fasting, propagate to the ICJ, and are intensely propulsive 
of ileal contents. Nearly half of ileal GMCs are associated with 
propagating sequences in the cecum [152]. Consequently, intes-
tinal  GMCs  are  proposed  to  clear  ileal  debris  and  prevent 
coloileal  reflux.  Intestinal  GMCs,  rare  (0.03/h)  in  health,  may 
be induced by intravenous morphine, intragastric vinegar, ileal 
perfusion of feces or short-chain fatty acids, ionizing radiation, 
and  infection  with  Vibrio cholerae,  Clostridium perfringens, 
Clostridium difficile, noninvasive Escherichia coli, Shigella,  and 
Trichinella spiralis  [151]. The  initiation of GMCs  is associated 
with decreased ileal pH, suggesting that coloileal reflux may be 
a physiological stimulant of this motor pattern [153]. Intestinal 
GMC  propagation  is  controlled  by  enteric  neural  pathways, 
whereas  extrinsic  nerves  regulate  inhibition  of  motor  activity 
orad to the complex [154].

Other aborally migrating patterns
Other aborally migrating patterns occur at  irregular  intervals. 
Discrete clustered contractions (DCCs) are intensely propulsive 
contractions that occur during fasting and after eating, compris-
ing  3–10  contractions  followed  by  1 min  of  motor  quiescence 
[150,155].  DCCs  migrate  at  5–10 cm/min  over  distances  of 
2–40 cm and are proposed, along with GMCs,  to be a physio-
logical  means  of  emptying  the  ileum.  Unlike  GMCs,  DCCs 
rarely extend into the proximal colon [152]. An extremely prop-
agative  pattern,  called  the  rapidly  migrating  contraction, 
migrates for 200 cm at more than 30 cm/s [156]. In contrast to 

The duration of the fed motor pattern depends on the caloric 
content and other properties of the meal. In humans, a 400 kcal 
meal  with  9%  fat  disrupts  MMC  activity  for  294  ±  21 min, 
whereas  a  meal  with  50%  fat  prolongs  the  fed  period  to 
410 ± 42 min [133]. Long-chain triglycerides elicit a postpran-
dial  pattern,  whereas  equicaloric  medium-chain  triglycerides 
have no effect [134]. Peanut oil, consisting of 18-carbon triglyc-
erides, induces fed contractions for longer periods than equica-
loric sucrose or milk protein meals [135]. The addition of guar 
to a glucose drink prolongs the duration of the fed pattern [136]. 
Intravenous administration of amino acids shortens the MMC 
cycle length but does not induce a fed motor pattern, confirm-
ing that participation of the gut lumen is requisite [137].

Neurohumoral regulation
Extrinsic and intrinsic small intestinal nerves are important for 
modulation of the fed pattern. In dogs, the presence of a cephalic 
phase is suggested by the observation that the sight or smell of 
food disrupts MMC cycling [138]. Bilateral vagotomy, splanch-
nicectomy, mesenteric ganglionectomy, and total extrinsic den-
ervation  do  not  prevent  induction  of  the  fed  state.  However, 
bilateral  vagotomy  shortens  the  duration  of  the  fed  state  and 
increases the latency from the time of eating to the onset of fed 
contractions,  whereas  complete  denervation  reduces  the 
number  of  fed  contractions,  shortens  the  mean  propagation 
distance,  slows  intestinal  transit,  and  increases  the  threshold 
number of  calories needed  to  initiate  the pattern  [111]. Vagal 
cooling converts the fed pattern to one of intermittent phase III 
activity  [139].  If  nutrients  are  perfused  into  an  isolated,  but 
extrinsically innervated, intestinal loop, the MMC is disrupted 
in the unconnected main portion of the intestine, showing that 
extrinsic  nerves  alone  are  sufficient  for  suppression  of  fasting 
motility  [140].  Intestinal  transection  with  reanastomosis 
decreases  the  frequency  and  amplitude  of  fed  contractions  in 
dogs and impairs propagation [141]. Atropine and hexametho-
nium  abolish  fed  motor  and  spike  potential  activity,  demon-
strating  cholinergic  dependence  of  the  fed  pattern  [142].  NO 
synthase inhibition in healthy humans delays fed duodenocecal 
transit in association with increases in frequency and amplitude 
of duodenal pressure waves, indicating modulation by nitrergic 
pathways [143].

The specific neurohumoral mediators responsible for induc-
ing  the  fed state are undefined. CCK has an uncertain role  in 
the initiation of the postprandial motor pattern. CCK concen-
trations  increase  five-  to  tenfold  after  eating.  CCK  increases 
intestinal  contractile  activity  that  exhibits  characteristics  dis-
similar to the fed state, such as prominent retrograde propaga-
tion  and  a  preferential  stimulation  of  the  proximal  intestine 
[144]. CCK inhibits MMC activity but does not prevent motilin 
cycling.  CCK  antagonists  reduce  but  do  not  prevent  the  fed 
response  or  the  interruption  of  MMC  cycling  after  eating  in 
dogs  [145]. Other compounds,  including gastrin,  insulin, glu-
cagon, neurotensin, neuromedin N, enkephalins, and prostag-
landin E2, inhibit the MMC and induce complexes similar to the 
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content moving ahead of the contractile front. With more non-
propagating  (segmenting)  pressure  waves  and  more  rectal 
motor complexes, much of the motor activity in the distal colon 
probably  functions  to  retard  forward  flow,  thereby  facilitating 
continence.  Some  [166,167]  but  not  all  [168]  studies  suggest 
that propagating sequences occur more frequently after meals, 
although high amplitude propagating  sequences are  increased 
[163].  Retrograde  propagating  sequences  were  almost  exclu-
sively confined to the ascending colon, were less frequent, and 
propagated over  shorter distances  than antegrade propagating 
sequences [163,169].

Preliminary studies with high resolution colonic manometry 
suggest  that  adjacent  propagating  sequences  are  “regionally 
linked”, such that the tail end of the preceding sequence overlaps 
in space and time with the front end of the following antegrade 
propagating sequence [170]. Thus, a series of linked propagating 
sequences can span the length the colon. Perhaps such linkage 
is important for transporting contents over long distances in the 
colon. The mechanisms underlying regional  linkage are yet  to 
be determined.

Propagated  contractions  are  subclassified  as  low  or  high 
amplitude.  The  definition  of  high  amplitude  propagated  con-
tractions (HAPCs) is variable between laboratories, with cutoffs 
ranging from 50 mmHg to 116 mmHg [171] (Figures 21.5 and 
21.6). HAPCs occur an average of six times per day but seldom 
occur at night and rarely propagate in a retrograde fashion. The 
specific neurophysiological mechanisms that are responsible for 
HAPCs  are  poorly  understood;  gut  integrity  is  required  but 
hormones  and  extrinsic  neural  connections  are  not  essential. 
Indeed,  in  a  dog  model,  HAPCs  occur  more  frequently  after 
extrinsic  denervation.  More  frequent  HAPCs  have  also  been 
implicated  to  cause  diarrhea  in  humans  with  idiopathic  auto-
nomic  neuropathy  [172].  In  addition  to  occurring  spontane-
ously,  HAPCs  can  be  induced  by  luminal  distention,  by  the 
parenteral  administration  of  cholinesterase  inhibitor  neostig-
mine  or  by  intraluminal  stimuli  (i.e.  glycerol,  bisacodyl  and 
oleic acid) [171].

Low  amplitude  propagating  sequences  share  many  features 
with HAPCs, being more predominant during the day, increas-
ing on wakening, and increasing in frequency following inges-
tion of food.

Colonic response to feeding
As in the small intestine, eating elicits increased motor activity 
throughout  the  colon.  This  “gastrocolonic  response”,  which 
includes  increased  tone  and  phasic  activity,  is  greater  in  the 
transverse  than  in  the  sigmoid  colon  (Figure  21.7)  [175].  In 
some instances, mass fecal movements occur during the gastro-
colonic  response  with  subsequent  defecation.  Differences  in 
meal composition likely influence the magnitude of the gastro-
colonic response, although responses to low- and high-fat meals 
are reportedly similar [176].

It  is  conceivable  that  different  mechanisms  regulate  the  
early  and  late  components  [178].  The  early,  particularly  the 

intestinal GMCs, rapidly migrating contractions occur predom-
inantly in the proximal small intestine and are associated with 
disruption of slow wave activity.

Retrograde peristaltic contractions
After  administration  of  emetic  agents,  retrograde  peristaltic 
contractions  (RPCs)  migrate  orally  from  the  mid-small  intes-
tine,  moving  lumenal  contents  into  the  stomach  so  that  they 
may be expelled during vomiting. RPCs exhibit motor  inhibi-
tion immediately before and after the complex and are followed 
by several phasic contractions and a second  inhibitory period 
[157]. They exhibit contractile amplitudes that are 1.3–1.8 times 
greater than those of normal intestinal contractions, with dura-
tions  that  are  2–4  times  longer,  and  they  migrate  rapidly 
(8–10 cm/s) over distances of more than 100 cm [104]. RPCs are 
preceded  by  slow  wave  obliteration  prior  to  the  generation  of 
electrical bursts that migrate orally [158]. The entire phenom-
enon is abolished by vagotomy, but only the RPC itself  is pre-
vented by atropine, hexamethonium, and tetrodotoxin [157,159]. 
Although  commonly  associated  with  retching  or  vomiting, 
RPCs occur in their absence. Retching and vomiting also occur 
without  RPCs.  Investigations  involving  autotransplantation  of 
small intestinal segments in dogs indicate that retrograde motor 
activity is controlled by extrinsic neural pathways [160].

Colon
Nonpropagating and propagating colonic motor activity
Current  concepts,  which  are  largely  based  on  manometry, 
suggest  that  most  colonic  contractions  are  nonpropagated. 
However,  small  studies  with  new  catheters  that  have  more 
closely spaced sensors (i.e., at 1 cm instead of 7.5 cm intervals) 
suggests that some seemingly nonpropagating contractions are 
actually  propagated  [161].  Nonpropagating  contractions  are 
postulated to mix intraluminal contents and perhaps limit pro-
pulsion.  The  frequency  of  repetitive  nonpropagating,  colonic 
pressure  activity  in vivo  is  generally  close  to  3  cpm,  which  is 
similar  to  the  frequency  of  the  spontaneous  myogenic  slow 
waves generated by ICCSM at the submucosal border of the cir-
cular muscle [20], although higher frequencies (6–8 per minute) 
have  also  been  reported  [162].  A  higher  proportion  of  motor 
activity in the distal colon is nonpropagated [163,164].

When excitatory motor neurons are active, contractions can 
summate, giving rise to powerful, lumen-occlusive contractions 
that  may  last  longer  than  slow  waves  and  that  may  propagate 
mostly in an antegrade but sometimes in a retrograde direction. 
Antegrade  propagating  sequences  originate  predominantly  in 
the  cecum/ascending  colon.  Those  that  originate  proximally 
travel  over  longer  distances  [165].  However,  pressure  waves 
arising in the proximal colon generally do not propagate beyond 
the midcolon and fewer than 5% reach the rectum [165]. Slower 
propagation  rates  favor  effective  propulsion  of  contents.  The 
propagation velocity of pressure waves tends to increase as the 
waves move caudally. Indeed, such events frequently accelerate 
to  the  point  of  synchronicity,  which  arrests  the  progress  of 



Motility of the small intestine and colon CHAPTER 21      379

Rectal motor complexes
“Rectal motor complex” or periodic rectal motor activity com-
prises  rectal  phasic  pressure  activity  with  a  mean  amplitude 
ranging  from  15–60 mmHg,  which  occurs  in  bursts  lasting 
3–30 min [164]. In contrast to all other colonic contractile pat-
terns, these complexes are more prevalent during sleep. Rectal 
motor complexes are postulated to serve as a brake, to keep the 
rectum  empty  [186]  and  preserves  fecal  continence.  Indeed, 
rectal motor complexes can be triggered by anterograde propa-
gating pressure waves more proximally or by the arrival of stool 
or gas from the sigmoid colon [187]. However the link between 
rectal motor complexes and proximal propulsion is inconsistent 
[163].  Nocturnal  predominance  would  seem  logical  for  a 
braking  mechanism  that  could  operate  when  sleep  compro-
mises awareness of rectoanal filling.

Sphincteric motor function

Ileocolonic junction
The ileocolonic junction (ICJ) is a barrier that is maintained by 
a specialized band of muscle at the ileocecal junction and angu-
lation of  the  ileum on  the cecum that  regulates  ileocecal flow 
and prevents coloileal reflux. The human ileocolonic sphincter 
generates  pressure  predominantly  during  phasic  events 
[188,189]; when phasic waves are absent, resting pressure is less 
than  20 mmHg.  Nonetheless,  this  low  tone  is  sufficient  to 
prevent coloileal reflux when the cecum is quiescent. Generally 
reflux  is  relatively  infrequent,  preceded  by  ascending  colonic 

immediate,  component  is  likely  to  be  neurally  mediated.  The 
early phase was abolished by extrinsic denervation in dogs [179] 
and mediated by efferent vagal fibers in primates [180]. The later 
component temporally coincides with arrival of chyme into the 
ileum and may be influenced by humoral factors such as peptide 
YY,  neuropeptide  Y,  and  neurotensin  released  from  the  ileal 
mucosa. While serum concentrations of gastrin and cholecysto-
kinin  increased  after  a  meal,  intravenous  cholecystokinin 
reduced colonic  tone  in humans [181]. Moreover,  the CCK-A 
antagonist loxiglumide blocked the colonic effects of CCK but 
did not abolish the colonic response to eating in humans [182]. 
Atropine,  naloxone  and  the  5-HT3  antagonist  ondansetron 
inhibited  the  response,  indicating  that  cholinergic,  opiate  and 
serotoninergic 5-HT3 receptors may be involved [183–185].

Figure 21.5 A cluster of high-amplitude propagating contractions (H) prior to defecation. The complex is most prominent in recording leads two to six. 
Source:  Hagger et al. 2002 [173]. Reproduced with permission from John Wiley & Sons.
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Figure 21.6 Multi-channel manometric recording using high-resolution, 
fiber-optic manometry showing high-amplitude propagating sequence or 
contraction. Source:  Dinning et al. 2014 [174]. Reproduced with 
permission from John Wiley & Sons.
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cecum were temporally associated with episodes of cecal filling; 
suggesting  that  episodic  cecal  filling  is  one  of  the  triggers  for 
proximal colonic propagating contractions. The rate of delivery 
of liquids into the proximal colon can influence colonic transit. 
Thus a liquid marker injected directly into the proximal colon 
is  emptied  more  rapidly  than  after  oral  ingestion  of  the  same 
marker [192].

In the  fasted state, cecal filling  is slow and erratic, and  ileal 
chyme is retained in the distal ileum for prolonged periods [9]. 
Most  ileal  chyme,  driven  by  ileal  propagating  contractions  in 
synchrony  with  inhibition  of  phasic  contractions  of  the  ICJ, 
enters the cecum in a pulsatile fashion within 90 minutes of a 
meal. Within 6 months of a right hemicolectomy, isotope move-
ment from the small to the large bowel normalizes in response 
to the augmented storage capacity in the residual transverse and 
descending colon [193].

Anus and pelvic floor
The  levator  ani  or  pelvic  diaphragm  is  subdivided  into  four 
muscles,  (1)  pubococcygeus,  (2)  ileococcygeus,  (3)  coccygeus 
and (4) puborectalis [194]. These muscles are attached peripher-
ally to the pubic body, the ischial spine, and to the arcus tendi-
nus,  a  condensation  of  the  obturator  fascia  in  between  these 
areas (Figure 21.8). Based on developmental evidence, innerva-
tion, and histological studies, the puborectalis appears distinct 
from  the  majority  of  the  levator  ani.  On  the  other  hand,  the 
puborectalis and external sphincter complex are innervated by 
separate nerves originating from S2-4 (see further on), suggest-
ing phylogenetic differences between these two muscles [195].

motor  activity  or  flow,  and  is  often  followed  by  ileal  clearing 
mechanisms [190]. At least part of the junction’s barrier func-
tion  is  attributable  to  an  augmentation  of  tone  during  cecal 
distension [189,191].

Phase III of the interdigestive motor cycle (MMC), does not 
contribute to ileocecal transit, because in contrast to dogs and 
other  species,  it  rarely  reaches  the  terminal  ileum  in  humans 
and pigs  [188,189]. Rather, distal  ileal motor activity  includes 
prolonged propagated contractions, which are single, prolonged 
(i.e.,  longer  than  ileal  slow  wave,  sometimes  exceeding  30 
seconds  in duration), propagated, and sometimes high ampli-
tude  (often  in  excess  of  100 mmHg).  “Discrete  clustered  con-
tractions” are rhythmic (i.e., multiphasic and repetitive) bursts 
of phasic contractions of shorter duration (less than 3 minutes) 
that may propagate. Significantly more prolonged propagating 
contractions  (46%)  than discrete clustered contractions  (15%) 
are associated with cecal propagating sequences [189,191]. It is 
unclear  if  this  functional  coupling  between  distal  ileum  and 
cecum  is due  to  continuity of neuronal pathways or  is due  to 
cecal  filling  induced  by  a  ileal  propulsion  of  content  [190]. 
Ninety-three  percent  of  propagating  pressure  waves  in  the 

Figure 21.7 Manometric recordings of colonic motor activity in a healthy 
human. (a) On awakening, motor activity increases and a propagating 
sequence is initiated. (b) Ingestion of a 1000 kcal meal elicits a 
pronounced increase in motor activity at all recording sites. 
Source:  Bampton et al. 2001 [177]. Reproduced with permission from 
John Wiley & Sons.
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Figure 21.8 Pelvic view of the levator ani demonstrating its four main 
components: puborectalis, pubococcygeus, iliococcygeus, and coccygeus. 
Source:  Dyck and Thomas 2005 [196]. Copyright © 2005, Elsevier.
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is  bowel  distention  resulting  from  mechanical  obstruction  or 
with adynamic ileus. In humans, the inhibitory effects of disten-
tion are more pronounced in the proximal intestine than in the 
ileum  [200].  The  reflex  produces  slow  wave  disruption  and 
uncoupling  on  both  sides  of  the  distended  segment  [201]. 
Removal of  the  longitudinal muscle prevents activation of  the 
reflex, whereas excision of the mucosa and submucosa has no 
effect. In dogs, abrupt distention of an excluded but extrinsically 
innervated  intestinal  segment  abolishes  spike  activity  in  the 
excluded loop and in the intact intestine through the splanchnic 
pathways [202]. The reflex is abolished by spinal cord transec-
tion below T7, indicating a need for intact thoracolumbar spinal 
pathways.

Nutrient-evoked small intestinal reflexes
The ileal and jejunal brakes are the inhibitors of proximal motor 
activity  in  response  to  nutrient  stimulation  of  the  ileum  and 
jejunum  that  protect  the  distal  intestine  from  being  over-
whelmed by massive caloric  loads  [203].  Ileal glucose or  lipid 
perfusion more potently inhibits gastric and proximal intestinal 
motor  activity  than  duodenal  perfusion  [204].  Similarly,  ileal 
short-chain fatty acid perfusion reduces antral contractions and 
reduces transpyloric flow [205]. Lipids are most effective at acti-
vating  the  ileal  brake;  ileal  oleate  is  20-fold  more  potent  than 
glucose at  inhibiting gastric emptying [206]. Lipase  inhibition 
with tetrahydrolipstatin attenuates the inhibitory effects of trig-
lyceride  on  proximal  function,  indicating  that  products  of  fat 
hydrolysis mediate lipid-induced intestinal braking [207]. More 
proximal  intestinal  stimulation  also  has  inhibitory  effects  on 
gastric  emptying.  Duodenal  peptone  administration  is  more 
potent than equicaloric glucose perfusion [208].

Several neurohumoral factors participate in nutrient inhibi-
tion of proximal gut activity. Extrinsic innervation is necessary 
for  the  inhibition  of  duodenal  and  jejunal  motility  evoked  by 
ileal  triglycerides but not oleic acid [209]. Capsaicin abolishes 
the inhibitory effects of ileal lipids on gastric emptying, indicat-
ing participation of extrinsic sensory neurons [210]. Similarly, 
delays  in  gastric  emptying  evoked  by  duodenal  carbohydrate 
and protein perfusion are associated with increased vagal affer-
ent  activity  and  are  inhibited  by  capsaicin  administration 
through the vagus nerve and the spinal cord [211]. Antagonists 
of  α1-  and  β1-adrenergic,  opioid,  and  5-HT3  receptors  blunt 
intestinal  nutrient-induced  proximal  motor  inhibition  [212]. 
Inhibition of the ileal brake by the 5-HT3 antagonist ondanset-
ron or the μ-opioid antagonist naloxone is observed only when 
the agent is given in the proximal intestine, suggesting that the 
action occurs on  the efferent  limb of  the reflex [213]. Entero-
gastric reflexes are blocked by CCK antagonists in some models 
[211]. In dogs, the lipid-induced jejunal brake is slowed initially 
by  the  CCK1  antagonist  devazepide  with  later  acceleration  by 
naloxone, indicating dual mediation by CCK and opioid path-
ways  [214].  Knockout  mice  without  CCK1  receptors  exhibit  a 
blunted ileal brake, suggesting that ileal lipids act through CCK1 
receptor-dependent  mechanisms  [215].  Apolipoprotein  A-IV, 

Rectum and anal canal
The  rectum  is  15–20 cm  long,  and  extends  from  the  rectosig-
moid junction at the level of the third sacral vertebra, to the anal 
orifice. The upper and lower rectum are separated by a horizon-
tal  fold.  The  upper  rectum  is  derived  from  the  embryological 
hindgut,  generally  contains  feces,  and  can  distend  toward  the 
peritoneal  cavity.  The  lower  part,  derived  from  the  cloaca,  is 
surrounded  by  condensed  extra-peritoneal  connective  tissue, 
and is usually empty in normal subjects, except during defeca-
tion. In humans, there are fewer enteric ganglia in the rectum 
compared to the colon and very few ganglia in the anal sphinc-
ter [197,198].

The  anal  canal  is  an  anterioposterior  slit.  The  “surgical”  or 
“clinical” anal canal, which is approximately 4.0–4.5 cm long, is 
longer  than  the  “anatomical”  or  “embryological”  anal  canal 
which  is  approximately  2.0 cm  long.  The  anal  valves  and  the 
distal end of the ampullary part of the rectum mark the proxi-
mal margin of the “short” and “long” anal canal respectively. The 
proximal 10 mm of the anal canal is lined by columnar, rectal-
type  mucosa.  The  next  15 mm  (which  includes  the  valves)  is 
lined by stratified, or a modified columnar epithelium. Distal to 
that is about 10 mm of thick, nonhairy, stratified epithelium (the 
pecten). The most distal 5–10 mm is lined by hairy skin.

The anal canal is surrounded by the IAS and EAS. While the 
IAS  is  continuous  with  colonic  circular  smooth  muscle,  this 
sphincter  is  not  merely  a  thickened  extension  of  that  layer. 
Indeed, in dogs, the rectal circular muscle layer is tightly packed 
with poorly defined septa while the IAS contains discrete muscle 
bundles that are separated by large septa and contain nerves and 
unique  stellate-shaped  interstitial  cells  of  Cajal  [199].  Nerves 
and  ICC  are  not  closely  associated  with  one  another.  These 
morphological  features  suggest  that  intramuscular  ICC  in  the 
IASs may serve as pacemaker cells rather than as mediators of 
neuromuscular transmission.

The  EAS  has  superficial,  subcutaneous,  and  deep  portions; 
the  deep  portion  blends  with  the  puborectalis.  In  men,  this 
trilaminar pattern is preserved around the sphincter circumfer-
ence. In contrast, among women, the external sphincter appears 
as a  single muscle bundle anteriorly. The external  sphincter  is 
enveloped by conjoined longitudinal fibers in men and women.

Extended reflexes involving the small 
intestine and colon

The  small  intestine  and  colon  participate  in  several  nerve-
mediated reflex responses locally, within the organs themselves, 
as well as in more distant regions of the gastrointestinal tract.

Intestinointestinal reflex
The inhibitory intestinointestinal reflex is the profound motor 
inhibition of up to several hundred centimeters of intestine in 
response to abrupt stretching or dilation of a localized intestinal 
segment. It is proposed to serve aa a protective role when there 
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Hirschprung’s disease. The reflex is abolished by rectal transec-
tion  at  the  anal  verge,  but  it  can  regenerate  within  2  years  of 
surgery in humans [234].

Other small intestinal and colonic reflexes
Stimulation  of  the  small  intestine  and  colon  elicits  additional 
reflex  responses  in  other  regions  of  the  gastrointestinal  tract. 
Fluid distention of the duodenum increases sphincter of Oddi 
motor  activity,  a  reflex  that  may  prevent  duodenobiliary  and 
duodenopancreatic reflux [235].  Ileal distention elicits colonic 
relaxation  by  way  of  the  splanchnic  nerves  and  prevertebral 
ganglia  [236].  Colonic  distention  retards  intestinal  transit, 
reduces ileal motility, and disrupts intestinal slow wave cycling 
by  way  of  the  extrinsic  sympathetic  pathways  within  the 
splanchnic nerves. Colonic perfusion of mixed nutrients inhib-
its  duodenal  fasting  activity,  whereas  colonic  distention  pro-
longs MMC cycling by activating nicotinic ganglionic receptors 
[237]. Topical anesthesia of the rectum prevents the inhibition 
of small  intestinal contractions by rectal distention,  indicating 
the participation of mucosal receptors [238]. Colonic perfusion 
of lactose and short-chain fatty acids reduces gastric tone, indic-
ative of a colonic brake [239]. Colonic perfusion of short-chain 
fatty acids releases PYY; however, the role of this peptide in the 
colonic brake is unproven [240].

Small  intestinal  and colonic motor  functions are  reflexively 
modulated by stimulation of other  structures.  In dogs, gastric 
distention abolishes fasting duodenojejunal motor activity and 
delays  intestinal  transit – a  reflex unaffected by vagotomy but 
reduced by celiac plexus sectioning or small intestinal denerva-
tion [241]. Other investigations report mediation of this reflex 
by  NO  release  in  the  celiac  plexus  [242].  Distention  of  the 
vagina  promotes  rectal  relaxation  and  increased  IAS  tone,  a 
reflex  purported  to  prevent  fecal  leakage  during  coitus  [243]. 
Urine passage through the urethra increases EAS activity, pre-
venting inadvertent defecation while urinating [244].

External influences on motor activity

Motor function during sleep
Small  intestinal and colonic motor patterns exhibit  subtle dif-
ferences  during  wakefulness  and  sleep.  MMCs  migrate  faster 
during  the  day  but  exhibit  higher  contractile  amplitudes  at 
night.  MMC  periodicity  and  phase  II  duration  are  shorter 
during  sleep,  whereas  phase  I  duration  is  prolonged  [245].  
Prolonged  manometric  recordings  show  no  correlation  of  the 
sleep stage with MMC cycling nor any synchrony of rapid eye 
movement sleep with  intestinal phase III  [246].  In contrast  to 
fasting activity, fed small intestinal patterns in humans who fall 
asleep  soon  after  eating  are  not  different  from  complexes 
recorded  while  awake  [247].  Propagating  contractions  in  the 
colon are infrequent during sleep but increase after awakening. 
Awakening  evokes  a  three-fold  increase  in  colonic  motility, 
including high-amplitude events in isolated segments as well as 

released by enterocytes  in response  to  triglyceride absorption, 
stimulates  duodenal  vagal  afferents  through  CCK-dependent 
mechanisms [216]. Similarly, chylous lymph increases discharge 
of  CCK-responsive  duodenal  fibers,  which  elicits  vagovagal 
inhibition of gastric motility [217]. Ileal lipids and short-chain 
fatty acids release peptide YY (PYY), GLP-1, and neurotensin 
[218]. Conversely, PYY release is not stimulated by ileal triglyc-
erides  [209]. PYY2 receptor mRNA localizes  to  the  ileum and 
colon in humans [219]. Intravenous PYY prolongs the duodenal 
MMC cycle length and delays intestinal transit, mimicking the 
effects  of  ileal  nutrients  [220].  PYY  immunoneutralization 
accelerates  intestinal  transit  inhibited  by  ileal  lipids,  showing 
dependence  of  the  ileal  brake  on  endogenous  PYY  [221]. 
Slowing of intestinal transit by PYY is blocked by propranolol, 
indicating mediation of β-adrenoceptor pathways [222]. Simi-
larly,  slowing  of  intestinal  transit  by  PYY  is  abolished  when 
ondansetron or naloxone is administered to the proximal intes-
tine, mimicking the response to ileal lipids [223]. Inhibition of 
duodenal motility by ileal protein is reversed by a GLP-1 antag-
onist [224]. Endogenous melatonin exerts a modulatory influ-
ence  to  decrease  the  action  of  the  ileal  brake  [225].  Finally, 
nutrient-evoked  intestinal  brakes  may  be  modulated  by  non-
nutrient stimuli. Slowing of intestinal transit by jejunal oleate is 
reversed  by  distending  the  ileum  with  a  perfusion  of  buffer 
solution [226].

Colocolonic reflexes
Colonic  stimulation  evokes  reflex  responses  within  the  colon. 
Inflation  of  a  distal  colonic  balloon  inhibits  contractions  in  a 
proximal  colonic  loop  by  α2-adrenergic  receptor-mediated 
pathways [227]. In humans, rectal distention reduces proximal 
colonic tone and propagating contractions, whereas rectal per-
fusion  of  chenodeoxycholic  acid  promotes  such  propagating 
sequences  [228,229].  Rectal  distention  elicits  IAS  relaxation. 
Conversely, distention of the sigmoid colon increases pressure 
in  the rectosigmoid  junction by activating  the mucosal recep-
tors, which may promote fecal continence and retention [230]. 
Colonic perfusion of short-chain fatty acids accelerates colonic 
transit by stimulating serotonin release from enterochromaffin 
cells [231]. Increases in colonic smooth muscle contraction with 
short-chain fatty acid exposure are mediated by the activation 
of calcium influx [232].

Rectoanal inhibitory reflex
Rectal distention or electrical  stimulation produces a volume-
dependent decrease in IAS pressure, a response termed the rec-
toanal inhibitory reflex. In contrast, EAS pressure increases on 
rectal  distention.  The  rectoanal  inhibitory  reflex  permits  effi-
cient defecation on rectal filling, whereas reflex EAS contraction 
prevents  accidental  leakage  of  rectal  contents.  The  rectoanal 
inhibitory reflex also allows the anal canal to sample and thereby 
discriminate  between  solids,  liquids,  and  gas.  This  reflex  is 
mediated by intrinsic neural pathways between the rectum and 
the  IAS,  entails  VIP  and  NO  release  [233],  and  is  absent  in 
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activation of parasympathetic cholinergic efferent pathways to 
the large bowel via both vagal and sacral pathways [276].

The mechanism by which stress modulates colonic sensori-
motor functions in humans is unclear. Exogenous CRF exagger-
ated colonic motility and abdominal pain in IBS patients [277]. 
Two  studies  have  evaluated  the  effects  of  CRF  antagonists  in 
humans.  In  the  first,  a  nonselective  CRF  receptor  antagonist 
(i.e.,  [alpha]-helical  CRH)  administered  intravenously  pre-
vented the increase in sigmoid motility induced by rectal elec-
trical stimulation in IBS but did not influence sensory thresholds 
during electrical stimulation [278]. Because α-helical CRH is a 
nonspecific antagonist, albeit with higher affinity for CRF2 than 
CRF1 receptors, it is unclear whether increased sigmoid motil-
ity  was  mediated  by  CRF1  or  CRF2  receptors.  In  the  second 
study, a therapeutic dose of pexacerfont, a CRF1 antagonist, did 
not  significantly  affect  gastrointestinal  or  colonic  transit  or 
bowel  symptoms  in  diarrhea-predominant  IBS  [279].  These 
findings  suggest  that  in  contrast  to  a  rat  model  of  stress-
stimulated colonic motility [270], this CRF1 antagonist does not 
affect colonic motility, as measured by colonic transit, in patients 
with IBS. However, it is conceivable that the stress levels in these 
patients,  while  representative  of  IBS  patients  in  general,  were 
not  sufficient  to  activate  stress-induced  alterations  in  colonic 
motility. Pexacerfont crosses the blood brain barrier in animals, 
but it is unclear whether this is the case in humans. Similarly, it 
is unclear  if α-helical CRH crosses  the blood brain barrier  in 
humans.  Hence,  further  studies  will  be  necessary  to  elucidate 
the  mechanisms  by  which  stress  affects  colonic  sensorimotor 
functions in health and IBS.

CNS  transmitters  other  than  CRF  may  function  independ-
ently to regulate small intestinal and colonic motility. The inhi-
bition of NO synthase in the brain suppresses duodenal phase 
III in dogs through vagal pathways [280]. NO synthase inhibi-
tors suppress colonic activity when given centrally, but increase 
colonic  contractions  when  given  peripherally.  Destruction  of 
hypothalamic  and  locus  caeruleus  adrenergic  pathways  with 
6-hydroxydopamine  prolongs  the  MMC  cycle  [281].  CCK 
intracerebroventricular  (ICV)  increases  whereas  ICV  somato-
statin  decreases  MMC  cycle  duration.  CCK  infusion  into  the 
paraventricular nucleus slows colonic transit by acting on CCK2 
receptors [282]. ICV calcitonin, CGRP, neurotensin, and opioids 
evoke intestinal phase III activity. ICV neurotensin delays MMC 
disruption  by  a  meal,  whereas  ICV  atropine  or  substance  P 
shortens the duration of the fed state [283]. ICV galanin restores 
MMC cycling during  the  fed  state by way of opioid pathways 
[284].  Injection  of  a  GABA  antagonist  into  the  dorsomedial 
hypothalamic  nucleus  increases  jejunal  contractions  in  rats 
[285].  ICV  GLP-1  increases  fecal  output,  whereas  orphanin  
FQ  retards  colonic  transit  [286].  ICV  thyrotropin-releasing 
hormone accelerates intestinal transit and evokes colonic con-
tractions  in  rats  by  way  of  cholinergic  and  serotonergic  path-
ways [287]. ICV ghrelin induces fasting duodenal motor activity 
in fed rats, an effect blocked by ICV injection of growth hormone 
secretagogue  receptor  and  by  NPY  immunoneutralization  in 

propagated complexes over extended distances in the colon (see 
Figure 21.7) [173,248]. Nocturnal suppression of colonic motil-
ity correlates with the depth of sleep. Propagated contractions 
are absent during slow wave sleep, but contraction frequencies 
increase during rapid eye movement sleep [249].

Central nervous system modulation
Acute  stress  alters  gastrointestinal  sensorimotor  functions  in 
healthy people and in individuals with irritable bowel syndrome 
(IBS). Stress has different effects on upper and lower gastroin-
testinal motility. Thus, stress paradigms (e.g. cold pain, labyrin-
thine simulation, psychological stress) inhibit gastric emptying 
and  postprandial  upper  gastrointestinal  motor  activity  [250–
253]  while  acute  physical  stress  (e.g.  hand  immersion  in  cold 
water) and psychological stress (e.g. dichotomous listening and 
mental arithmetic) stimulate contractile activity and propulsive 
colonic motor function in healthy people [254–257].

Phases II and III of the MMC and the DCCs are suppressed 
by acoustic and mental  stress, whereas  the  fed pattern  is pro-
longed by acoustic stress [258]. Stress-induced effects on small 
intestinal motility are usually associated with delayed transit. In 
contrast, abrupt noxious night-time awakening has no effect on 
MMC cycling, suggesting possible diurnal variability in gut sen-
sitivity to stress.

The  colonic  motor  response  to  various  psychological  and 
physical  stressors  is  exaggerated  in  IBS  compared  to  healthy 
subjects [254–256,259]. In addition, manipulation of attention 
and changes in arousal level produced by stress, distraction and 
relaxation also alter visceral perception [260–266]. For example, 
acute mental stress increased anxiety and perception of disten-
sion  of  the  transverse  and  sigmoid  colon  [262].  In  contrast, 
mental  relaxation  reduced  perception  during  sigmoid  colonic 
distension.  The  effects  of  mental  stress  on  sensation  vary 
between  studies,  likely  in  part  because  of  differences  in  stress 
provoking techniques and the degree of distraction associated 
with stress. For example, stress reduced rectal sensory thresh-
olds in healthy subjects but not in IBS perhaps because healthy 
subjects  but  not  IBS  patients  were  distracted  by  the  stressful 
stimulus [267]. However, these studies only evaluated the effects 
of acute stress and the effects of chronic stress on colonic sensa-
tion are unknown.

Corticotrophin-releasing factor (CRF) mediates the effects of 
stress on gastrointestinal motility  in animals. These effects are 
mimicked by centrally applied CRF [268],  its related peptides, 
urocortin 1 or agonists at CRF1 receptors (but not CRF2 recep-
tors) [269]. Central CRF1 receptor antagonists reduce CRF and 
stress-induced  increased  colonic  motility  [270].  While  CRF1 
receptors are predominantly expressed  in the brain and CRF2 
receptors are mainly expressed in the periphery, CRF1 receptors 
are also located on myenteric neurons [271–274]. Many effects 
of  stress  in  the  body  are  mediated  by  CRF  activating  the 
hypothalamic-pituitary-adrenal  axis,  but  this  may  not  be  the 
case  for  changes  in  distal  bowel  motility  [275].  There  is  also 
evidence  that  central  activation  of  CRF1  receptors  leads  to 
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increases MMC duration [293]. In vitro, E. coli endotoxin modi-
fies  peristalsis  and  blunts  the  inhibitory  effects  of  adrenergic 
receptors on motor  function  in  the guinea pig  small  intestine 
[294].  Similarly,  lipopolysaccharide  reduces  spontaneous  and 
acetylcholine-evoked contractions in isolated rabbit small intes-
tine. In pigs, endotoxin accelerates jejunal MMC migration and 
shortens MMC duration [295].

Significant insight into immune modulation of gut function 
has been provided by study of the nematode Trichinella spiralis 
[297].  Infection  with  Trichinella spiralis  produces  mucosal 
inflammation and activates a Th2 type  immune response. The 
latter  upregulates  intestinal  mucin  production  and  increases 
intestinal muscle contractility. Th2 cytokines activate mucosal 
enterochromaffin  cells,  which  release  5-HT  that  stimulates 
motility. In addition to T cells, activation of mast cells and dis-
ruption  ICC also contributes  to  increased motility  that  serves 
to expel organisms from the body. However, these effects persist 
even  after  resolution  of  acute  infection  [298].  Taken  together, 
some  features  (i.e.,  immune-inflammatory  mediated  enteric 
neuromuscular  dysfunction  that  persists  after  resolution  of 
acute infection) resemble inflammatory and immune activation 
with sensorimotor dysfunctions in patients with gastrointestinal 
inflammation  and  sensorimotor  dysfunctions  [299,300].  The 
latter, which is nicely summarized elsewhere [301], is character-
ized by increased innate immune activity, particularly mast cells 
and monocytes  in the  intestinal mucosa and in blood, and an 
activated adaptive immune response (e.g.,more rectal mucosal 
T  lymphocytes)  in  IBS.  Many  of  the  motor  effects  of  experi-
mental  inflammation  are  postulated  to  result  from  release  
of proinflammatory cytokines and other mediators. Models of 

the  brain  [288].  ICV  injections  of  α2-adrenoceptor  agonists, 
morphine, and [Leu]enkephalin blunt the increase in EAS activ-
ity elicited by pudendal nerve stimulation [289].

Immune and inflammatory modulation
Gastrointestinal mucosal inflammation and immune activation 
can  alter  physiology,  effecting  goblet  cell  hyperplasia  and 
increased  mucin  secretion,  increased  fluid  secretion,  and 
enhanced  intestinal  propulsive  activity.  These  defense  mecha-
nisms  act  to  remove  noxious  agents  from  the  body.  However, 
and  as  detailed  elsewhere  in  this  title,  they  may  also  at  least 
partly  explain  gastrointestinal  sensorimotor  dysfunctions  in 
acute  infectious  diarrhea,  postinfectious  inflammatory  bowel 
syndrome, inflammatory bowel disease, and paralytic ileus.

In  animal  models,  activation  of  the  immune  system  elicits 
profound  changes  in  the  motor  activity  of  the  small  intestine 
and colon. For example, oral albumin  in  rats  that were previ-
ously sensitized by intraperitoneal egg albumin injection evokes 
powerful  intestinal contractions and diarrhea  [290].  Intestinal 
manipulation  disrupts  ICC  networks,  alters  slow  wave  rhyth-
micity,  suppresses  jejunal  contractions,  and  delays  transit  in 
animal models of postoperative ileus. (Figure 21.9) [291]. Peri-
tonitis  and  sepsis  induced  by  cecal  puncture  in  rats  reduces 
jejunal muscle contractility and intestinal transit  in rats [292]. 
Responses to specific organisms, which are beyond the scope of 
this chapter, have been characterized. For example, Clostridium 
tabificum vp 4 promotes intestinal spike burst activity in germ-
free rats [293]. C. tabificum vp 4, Lactobacillus acidophilus A10, 
and Bifidobacterium bifidum B11 reduce MMC periodicity and 
accelerate  small  intestinal  transit,  whereas  Micrococcus luteus 

Figure 21.9 Transit histograms for control animals (light bars) and animals undergoing colonic manipulation (CM) to induce postoperative ileus (dark 
bars). Colonic manipulation led to marker accumulation in the stomach and proximal small intestine, whereas markers passed to the distal small 
intestine and cecum in the control animals. Source:  Turler et al. 2002 [296]. Reproduced by permission from Wolter Kluwer Health.
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Carbon  monoxide,  a  purported  gaseous  transmitter,  prevents 
postoperative  ileus  by  modulating  cytokine  levels  within  the 
inflammatory cascade [317,318].

There is considerable evidence that the intestinal microbiota 
shape a wide variety of host functions, both within and outside 
the  gastrointestinal  tract  [319].  Gut  colonization  of  germ-free 
mice with the human and mouse commensal Bacteroides thetai-
otaomicron  affects  the  expression  of  messenger  RNAs  that 
encode for immune and smooth muscle function, epithelial cell 
permeability,  and enteric neurotransmission  [320].  Inflamma-
tory bowel disease and irritable bowel syndrome (IBS) are asso-
ciated with alterations in gut microbiota [321], and it is thought 
that  abnormal  microbiota  activate  mucosal  innate  immune 
responses that increase epithelial permeability, activate nocicep-
tive  sensory  pathways  and  affect  the  enteric  nervous  system. 
Moreover,  chronic  gastrointestinal  inflammation  induces 
anxiety-like  behavior  and  alters  CNS  biochemistry  in  mice 
[322].  This  association  is  similar  to  the  association  between 
gastrointestinal  and  psychiatric  disorders  (e.g.,  anxiety  and 
depression) in humans.
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postoperative  ileus  are  associated  with  up-regulation  of  IL-6 
mRNA, tumor necrosis factor-α (TNF-α), COX-2, and NO syn-
thase, as well as activation of signal  transducer and activation 
of  transcription (STAT) proteins  in  the smooth muscle  layers, 
responses  that  are  blunted  by  dexamethasone  or  by  a  protein 
tyrosine  kinase  inhibitor  [296,302,303].  Human  gut  smooth 
muscle tissues harvested at various times after laparotomy dem-
onstrate  time-dependent  increases  in IL-6,  IL-1β, TNF-α, NO 
synthase,  and  COX-2,  which  are  localized  to  macrophages 
[304].  Experimental  peritonitis  is  associated  with  increases  in 
IL-6, IL-1β, monocyte chemoattractant protein 1, and inducible 
NO synthase. Mononuclear cells may be recruited by monocyte 
chemoattractant  protein  1,  a  chemokine  secreted  by  macro-
phages  [305].  In  a  model  of  hemorrhagic  shock,  increases  in 
intercellular adhesion molecule 1 (ICAM-1),  IL-6, and granu-
locyte  colony-stimulating  factor  contribute  to  neutrophil 
recruitment with subsequent tissue injury [306]. COX-2, TNF-
α, and oxidative stress are other putative mediators of reduced 
gastrointestinal  neuromuscular  function  [307–309].  Interac-
tions between cytokines and neurohumoral pathways underlie 
many of the modulatory effects of the immune system on motor 
function  in  the  small  intestine  and  colon.  Capsaicin  prevents 
egg albumin antigen effects in the small intestine, reflecting the 
participation  of  afferent  pathways  [310].  Antigen-induced 
motor  responses  in  the  colon  are  prevented  by  the  serotonin 
antagonists methysergide and cinanserin and the prostaglandin 
synthesis inhibitor indomethacin (indometacin) [311].

Alterations in neurotransmitters may also contribute to ileus. 
α2-Adrenergic  receptor  activation  aggravates  postoperative 
ileus  in  rats  by  enhancing  NO  synthase  induction,  thereby 
increasing  NO  release  [312].  Mice  deficient  in  inducible  NO 
synthase  have  nearly  normal  intestinal  transit  and  in  vitro 
smooth muscle contractility after intestinal manipulation, sup-
porting  a  role  for  NO  pathways  in  ileus  [313].  Similarly,  in 
hemorrhagic  shock  and  with  bacterial  infection  or  infection 
with  T. spiralis,  inhibition  of  inducible  NO  synthase  reduces 
cytokine production, limits inflammatory cell infiltration, nor-
malizes  intestinal  transit,  and  restores  muscle  contractility 
[306,314,315].  In  a  model  of  ileus  induced  by  intraperitoneal 
acetic acid, endocannabinoid CB1 receptors are overexpressed; 
acetic acid-induced ileus  is reversed by CB1 antagonists [316]. 
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Understanding  biliary  tract  function  is  a  clinically  significant 
goal.  In  the  United  States  alone,  over  20  million  people  have 
gallstones or have had a cholecystectomy. Furthermore, the total 
direct costs associated with biliary tract disease, which amount 
to billions of dollars annually, are second only to gastroesopha-
geal reflux disease among gastrointestinal-related illnesses [1]. 
Abnormal  motility  is  a  hallmark  of  biliary  tract  disorders, 
including both calculous and acalculous etiologies; therefore it 
is important to understand how motility of the gallbladder and 
sphincter  of  Oddi  (SO)  are  normally  regulated,  and  what 
changes in the physiology of these structures lead to dysmotility 
under pathophysiological conditions.

This chapter provides an overview of the current knowledge 
of  biliary  tract  motor  activity  and  its  regulation.  As  motility 
primarily involves the activities of two cell types, neurons and 
smooth muscle, the chapter is organized to provide a summary 
of the basic physiology of the nerves and smooth muscle in the 
gallbladder  and  SO  with  clinical  correlations  provided  when-
ever possible. These sections also describe how the nerves and 
smooth muscle of these organs function during the bile reten-
tion and bile flow phases of the feeding cycle. Finally, a section 
at  the  end  of  the  chapter  describes  what  is  currently  known 
about the roles of nerves and smooth muscle in the biliary tract 
under pathophysiological conditions. A more detailed account 
of the neurochemistry, neurophysiology, and ionic properties of 
biliary motility is provided in Mawe et al. [2]

Gallbladder

Determination of the cellular mechanisms that are responsible 
for  gallbladder  motility  in  health  and  disease  is  difficult  in 
humans; therefore, much of what is known about the structure 
and  function  of  gallbladder  neurons  and  smooth  muscle  is 
derived from animal studies.

Neurobiology
The wall of the gallbladder consists of a mucosal layer with an 
underlying  lamina  propria,  a  muscularis  layer,  and  a  serosal 
layer. Neural networks can be found in each of these layers, and 
these neural networks are interconnected by nerve bundles. The 
morphology of nerves in the gallbladder has been investigated 
in many species including human, rhesus monkey, pig, dog, cat, 
marmoset,  guinea  pig,  North  American  opossum,  Australian 
brush-tailed possum, and mouse [3–9]. The serosal plexus is the 
most  prominent  neuronal  network  in  the  gallbladder.  It  con-
tains  small,  irregularly  shaped  ganglia  that  are  connected  by 
bundles of unmyelinated axons. The serosal plexus is connected 
to nerve bundles that follow the extensive vascular distribution 
in  this  layer. The neural plexus of  the muscularis, which does 
not contain ganglia,  is prominent  in humans and other  larger 
species. The mucosal plexus consists of nerve bundles that travel 
in  the  lamina  propria,  with  branches  that  pass  through  the 
mucosa  and  often  terminate  near  the  epithelial  cells.  In  some 
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Sensory nerve fibers
It is not yet possible to distinguish spinal vs vagal afferent fibers 
in the gallbladder wall; however, the ganglionated plexus of the 
gallbladder  is  rich  in  primary  afferent  nerve  fibers  that  are 
immunoreactive  for  both  substance  P  and  calcitonin  gene-
related peptide  (CGRP)  [5,6,10,11,16]. These nerves are  likely 
to be extrinsic primary afferent fibers since gallbladder neurons 
are  not  immunoreactive  for  CGRP  [6,9].  The  substance  P/
CGRP-immunoreactive  nerve  fibers  are  abundant  in  ganglia, 
interganglionic  fiber  bundles,  and  in  the  paravascular  plexus. 
Within  the  ganglia,  the  substance  P/CGRP  fibers  appear  to 
ramify and give rise to processes that terminate on gallbladder 
neurons.  Substance  P/CGRP-positive  nerve  fibers  also  are 
immunoreactive  for  PACAP  [13],  suggesting  that  activated 
afferent  nerves  can  release  tachykinins,  CGRP,  and  PACAP. 
Physiological  or  pathophysiological  modifications  of  the  
peptidergic  content  of  the  afferent  innervation  could  result  
in  changes  in  the  modulation  of  efferent  nerves  or  smooth 
muscle  contractility,  as  demonstrated  in  inflamed  and  aged  
gallbladder [17,18].

Electrical and synaptic properties of gallbladder neurons
The  electrical  properties  of  gallbladder  neurons  have  been 
studied in three species: the guinea pig, opossum, and human 
[7,19,20].  Unlike  enteric  neurons,  gallbladder  neurons  can  be 
classified  into  a  single  group  on  the  basis  of  their  electrical 
properties.  Gallbladder  neurons  are  normally  quiescent  and 
must be driven by excitatory inputs that cause them to release 
their  neurotransmitters  onto  gallbladder  smooth  muscle 
through  a  dual  parasympathetic-sympathetic  innervation,  as 
seen in organs such as the heart and the urinary bladder. This 
contrasts with the autonomous intrinsic reflex circuitry that is 
characteristic of enteric nervous system in the intestines.

Extrinsic vagal cholinergic input drives gallbladder neurons 
to  induce  contraction  through  excitatory  synaptic  input  (fast 
excitatory  postsynaptic  potentials,  EPSP).  Slow  EPSPs  are 
detected in about 25% of gallbladder neurons, and are activated 
by an influx of Na+ via nonselective cation channels [7,19,21]. 
They  are  mediated  by  the  release  of  peptides  from  extrinsic 
afferent fibers that may be associated with the subjective experi-
ence of biliary pain. Within  the gallbladder, pain afferents are 
likely  to  be  immunoreactive  for  both  substance  P  and  CGRP 
[5,6,22].  Sensory  fibers  that  pass  through  gallbladder  ganglia 
can act locally to modulate ganglionic output by synapsing on 
gallbladder neurons and increasing their excitability. This local 
axon  reflex  circuit  may  contribute  to  a  cycle  that  induces  the 
subjective  experience  of  biliary  pain  in  gallbladder  disease. 
Increased ganglionic output caused by slow EPSPs likely  leads 
to  increased  gallbladder  contractility.  If  bile  outflow  from  the 
gallbladder  is  inhibited  or  obstructed,  pressure  may  then 
increase  to  higher  levels  leading  to  a  feed-forward  cycle  of 
sensory fiber activation, resulting in further increases in intra-
luminal pressure, and enhanced perception of pain.

species,  including humans,  the mucosal plexus contains occa-
sional  small  ganglia  consisting  of  one  to  three  neurons,  and 
these neurons appear to project to the mucosal epithelium [10].

Neuroactive compounds in gallbladder nerves
Gallbladder neurons
Evaluating  the  influence  of  neurons  on  gallbladder  function 
requires knowledge of the neurotransmitters used by these cells. 
The complexity of the enteric nervous system is reflected by the 
large number of neuroactive compounds that are found in the 
neural  plexuses  of  the  gut.  Studies  of  the  neurotransmitter 
content of gallbladder neurons have revealed that many putative 
neurotransmitters also exist in this system. However, unlike the 
intestinal  tract,  where  distinct  populations  of  cholinergic  and 
noncholinergic neurons exist, all gallbladder neurons are appar-
ently  cholinergic  since  they  are  all  immunoreactive  for  the 
essential biosynthetic enzyme for acetylcholine, choline acetyl-
transferase (ChAT) [6,10,11].

In  the  guinea  pig,  the  most  extensively  studied  species,  the 
overall population of  cholinergic neurons can be divided  into 
two distinct subpopulations based on chemical coding patterns 
[12,13].  The  larger  population,  representing  over  80%  of  the 
neurons,  is  immunoreactive  for  substance  P,  neuropeptide  Y 
(NPY),  somatostatin,  and  orphanin  FQ  (OFQ,  also  known  as 
nociceptin), as well as ChAT. The remaining neurons are immu-
noreactive  for  ChAT,  plus  vasoactive  intestinal  peptide  (VIP), 
pituitary adenylate cyclase-activating polypeptide (PACAP) and 
nitric oxide synthase (NOS).

Chemical  coding  of  gallbladder  neurons  has  also  been 
described  in  other  species,  including  human  [6,8–10,14, 
15]. Most human gallbladder neurons express VIP, NPY, soma-
tostatin, and PACAP, and most of these neurons are also tachy-
kinin  immunoreactive  [6,8,9,14].  NOS  immunoreactivity  and 
nicotinamide  adenine  dinucleotide  phosphate  (NADPH)-
dehydrogenase staining have been reported in a small subset of 
human gallbladder neurons, but unlike the pattern seen in the 
guinea pig, the NOS-positive neurons are not VIP immunoreac-
tive [14].

Sympathetic nerve fibers
Catecholamine  histofluorescence  and  antibodies  directed 
against  the  biosynthetic  enzymes,  tyrosine  hydroxylase  (TH) 
and  dopamine  β-hydroxylase,  have  been  used  to  identify  the 
sympathetic postganglionic nerves in the wall of the gallbladder 
[3,5,10]. Injection of retrograde axonal tracers into the gallblad-
der wall demonstrates that sympathetic postganglionic projec-
tions to the gallbladder arise in the celiac ganglia [5]. Sympathetic 
postganglionic nerves pass along serosal blood vessels, and they 
are  abundant  in  the  ganglionated  plexus  of  the  gallbladder  as 
well, with numerous axonal varicosities  surrounding gallblad-
der neurons [5]. In the perivascular plexus of the guinea pig and 
the  human  gallbladders,  the  sympathetic  nerve  fibers  are  also 
immunoreactive for NPY.
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(KATP) channels (see Figure 22.1). BK channel currents are acti-
vated  by  local  Ca2+  release  (i.e.,  sparks)  through  ryanodine 
receptor channels  (RyR)  in  the endoplasmic  reticulum. While 
the  functional  relevance  of  sparks  and  transient  outward  cur-
rents  in  gallbladder  smooth  muscle  is  not  completely  under-
stood, they are likely to play a role in the regulation of gallbladder 
smooth  muscle  excitability  since  they  are  inhibited  by  chole-
cystokinin (CCK) [27]. 

Calcium handling in gallbladder smooth muscle
Calcium signaling events, including Ca2+ influx and Ca2+ release 
from  intracellular  stores,  are  critical  for  gallbladder  smooth 
muscle function since gallbladder contractility depends mainly 
on [Ca2+]i increases. Rhythmic Ca2+ transients spread within a 
given  smooth  muscle  cell,  and  appear  to  correspond  to  sub-
threshold  depolarization  of  gallbladder  smooth  muscle  cells 
[28],  leading  to  spontaneous  excitability  and  pacemaking  in 
gallbladder  smooth  muscle,  that  is  synchronized  amongst 
smooth muscle bundles in the presence of CCK or muscarinic 
agonists.

Ca2+ entry through L-type Ca2+ channels is required for gall-
bladder smooth muscle to respond to excitatory neurohormo-
nal  inputs.  However,  CCK-induced  contraction  involves  Ca2+ 
release  from  intracellular  stores,  which  have  both  inositol 
1,4,5-triphosphate (IP3) receptors and RyR, and are dependent 
on  sarcoplasmic/endoplasmic  reticulum  calcium  ATPase 
(SERCA)  pumps  for  refilling  and  maintenance  of  their  Ca2+ 
levels  [29].  Ca2+  release  from  intracellular  stores  not  only 

Gallbladder smooth muscle cells
Gallbladder  smooth  muscle  cells  are  arranged  in  interposed 
bundles that are oriented in various directions within the mus-
cularis  of  the  gallbladder  [23].  Within  each  bundle,  these 
smooth muscle cells appear to be coupled since intact cells have 
a very low input resistance [24], and rapid Ca2+ transients occur 
simultaneously  in  all  of  the  smooth  muscle  cells  of  a  given 
bundle [25].

Electrical properties of gallbladder smooth muscle
Intact  gallbladder  smooth  muscle  cells  generate  spontaneous 
action  potentials  that  consist  of  a  rapid  spike  followed  by  a 
plateau  phase  [24].  Spontaneous  action  potentials  typically 
occur at a frequency of 0.3–0.4 Hz, which is significantly faster 
than  the  frequency  of  slow  wave  potentials  in  gastrointestinal 
smooth muscle. Two of the principal channels that are involved 
in the gallbladder smooth muscle action potential are the L-type 
Ca2+  channel  and  the  delayed  rectifier  K+  channel.  ERG  K+ 
channels are expressed in the gallbladder smooth muscle, and 
ERG channel blockers prolong the plateau phase of the action 
potential, resulting in prolonged action potentials with multiple 
spikes  and  depolarization  of  the  membrane  potential  [26]. 
Another current that contributes to the background activity of 
gallbladder  smooth  muscle  cells  is  a  steady  state  nonselective 
cation current.

Other  channels  that  have  been  identified  in  gallbladder 
smooth  muscle  include  large  conductance,  Ca2+-activated  K 
(BK) channels and adenosine triphosphate (ATP)-sensitive K+ 

Figure 22.1 Excitatory transmitters, hormones, inflammatory mediators, receptors, and ion channels in the neuromuscular axis of the gallbladder. 
Nerve terminals are represented by triangles, receptors are represented by framed boxes, and ion channels are represented by boxes with arrows 
indicating the direction of ion flow. α, α-Adrenergic receptor; CCE, capacitative Ca2+ entry channel; ACh, acetylcholine; CCK, cholecystokinin; CGRP, 
calcitonin gene-related peptide; EP, prostaglandin E; H, histamine; IP3, inositol 1,4 5-triphosphate ; M, muscarinic; NK, neurokinin; PKC, protein kinase 
C; SP, substance P; SR sarcoplasmic reticulum; TK, tachykinins.
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including electron dense cytoplasm, and an abundance of mito-
chondria and calveoli, are observed in muscle bundles. They are 
found in direct contact with one another, and with gallbladder 
smooth muscle cells. Reduced density of ICC cells in the mus-
cularis  layer  of  the  gallbladder  of  patients  with  cholelithiasis 
may contribute to gallbladder dysmotility in the disease [37].

Gallbladder emptying
Neuroendocrine control of gallbladder contraction
Numerous  neurotransmitters  and  hormones  are  capable  of 
causing gallbladder contraction, as demonstrated by functional 
studies  involving  measurement  of  gallbladder  pressure  or 
muscle  strip  tension  (see  Figure  22.1).  The  three  compounds 
that participate physiologically in gallbladder contractile events 
are CCK, acetylcholine, and tachykinins.

Cholecystokinin
The mechanisms of CCK action in the gallbladder are described 
in  greater  detail  below  in  the  section  devoted  to  postprandial 
gallbladder contraction.

Acetylcholine
All gallbladder neurons are cholinergic, and stimulus-induced 
release of acetylcholine from these neurons results in the con-
traction of gallbladder smooth muscle. Although M1 to M4 mus-
carinic receptors have been reported in the gallbladder [38–41], 
the  main  muscarinic  receptor  subtype  in  the  smooth  muscle 

induces contraction, but also relaxation (Figures 22.1 and 22.2). 
Reorganization of  the actin cytoskeleton  is necessary  for Ca2+ 
depletion-induced Ca2+ entry, which supports a conformational 
coupling  model  in  this  type  of  smooth  muscle  cell  [30]. 
Alterations  in  Ca2+  handling  (related  to  both  Ca2+  influx  and 
release mechanisms) can be responsible for gallbladder stasis in 
inflammation [31].

Although  Ca2+-induced  contraction  is  the  most  important 
mechanism driving gallbladder contraction, calcium sensitiza-
tion is a pathway that leads to smooth muscle contraction inde-
pendently of changes in [Ca2+]i by mean of inhibition of myosin 
light  chain  phosphatase  [32].  This  sensitization  pathway  is 
reduced in both neonatal [33] and aged [34] gallbladder smooth 
muscle. Aging has negative  impacts on gallbladder contractile 
response  due  to  partial  impairment  in  calcium  signaling  and 
alterations.

Gallbladder interstitial cell of Cajal-like cells
A  striking  feature  of  gallbladder  smooth  muscle  cells  is  their 
spontaneous,  rhythmic  activity.  Specialized  pacemakers  cells 
(interstitial cells of Cajal; ICC) generate spontaneous rhythmic 
activity  in  the  gallbladder  muscularis,  and  also  play  a  role  in 
mediating neuromuscular signaling [35].

At  the  light  microscopic  level,  fusiform,  Kit  protein-
immunoreactive  cells  that  are  oriented  parallel  to  adjacent 
muscle fibers can be observed in the muscularis  layer [35,36]. 
At  the  electron  microscopic  level,  cells  with  features  of  ICC, 

Figure 22.2 Inhibitory transmitters, hormones, inflammatory mediators, receptors, and ion channels in the neuromuscular axis of the gallbladder. 
Nerve terminals are represented by triangles, receptors are represented by framed boxes, and ion channels are represented by boxes with arrows 
indicating the direction of ion flow. α2 and β are adrenergic receptors; δ, κ, and μ are opioid receptors; Ach, acetylcholine; BK, large-conductance 
Ca2+-activated K+ channel; cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; CGRP, calcitonin gene-related peptide; 
EP, prostaglandin; FGF, fibroblast growth factor; FXR, farsenoid X receptor; GPBAR1, G-protein bile acid receptor; H histamine; KATP, ATP-sensitive K+ 
channel; KV, voltage-activated K+ channel; M, muscarinic; NO, nitric oxide; PACAP, pituitary adenylate cyclase-activating peptide; PKA, protein kinase 
A; PP, pancreatic polypeptide; RyR, ryanodine receptor; SOM, somatostatin; SR, sarcoplasmic reticulum; SST, somatostatin receptor; VIP, vasoactive 
intestinal polypeptide; Y, neuropeptide Y/PP receptor.
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presynaptic excitatory effect on nerve terminals  in gallbladder 
ganglia,  thereby  increasing  the  release  of  acetylcholine  onto 
gallbladder neurons [7,61,62]. CCK enhances vagally mediated 
fast EPSPs  in gallbladder ganglia via a presynaptic  facilitatory 
action  on  vagal  postganglionic  nerve  terminals  [7,61]. 
Importantly,  the  action  of  CCK  in  gallbladder  ganglia  occurs 
within the physiological concentration range for CCK, with an 
EC50 of 33 pM.

Vagal afferent nerve fibers in the duodenum are another likely 
site  of  action  for  CCK  released  from  enterochromaffin  cells. 
Subdiaphragmatic vagal afferent fibers are sensitive to CCK, and 
postprandial physiological responses, such as increased gastric 
motility and pancreatic secretion, have been attributed to CCK-
mediated  increases  in  vagal  afferent  activity  [63,64].  After  a 
meal, CCK stimulates vagal afferent nerve fibers, which act  in 
the vagal motor complex to increase the rate of firing of vagal 

cells is M3, whose activation induces smooth muscle contraction 
[38,39]. Activation of M3 receptors leads to phosphatidylinositol 
hydrolysis by phospholipase C as well as an inhibition of cyclic 
adenosine monophosphate (cAMP) formation [42,43].

Tachykinins
Tachykinins  are  prevalent  in  the  nerves  of  the  gallbladder, 
including extrinsic afferent nerves as well as gallbladder neurons 
and their axons. Tachykinins produce a direct, concentration-
dependent contraction of  the  isolated gallbladder, with a rank 
order  potency  of  neurokinin  (NK)  A  >  NKB  >  substance  P 
[22,44,45], which is characteristic of NK2 receptors. In the gall-
bladder, the binding of tachykinins to NK receptors is linked to 
protein  kinase  C  activation  [44].  Coexpression  of  tachykinins 
with  acetylcholine  in  gallbladder  neurons  indicates  that  these 
compounds may act together to promote gallbladder emptying 
upon vagal stimulation.

Postprandial gallbladder contractions
Postprandial  gallbladder  contraction  is  triggered  by  gastric 
emptying of food leading to the activation of vagovagal reflexes 
that activate gallbladder ganglia and consequently the release of 
Acetylcholine  in  the  smooth  muscle  layer.  This  is  the  main 
mechanism of gallbladder contraction under physiological con-
ditions and, as discussed below, it is reinforced by the release of 
CCK from enterochromaffin cells in the epithelial lining of the 
duodenum in response to the presence of fat and protein in the 
chyme. Although  the concept  that CCK acts as a hormone  to 
cause  gallbladder  emptying  is  well  established,  it  is  also  likely 
that CCK acts at several sites to promote functional gallbladder 
motility  (Figure  22.3).  The  most  direct  means  of  gallbladder 
contraction is for hormonal CCK to act on receptors located on 
gallbladder smooth muscle, which expresses the CCK1 but not 
the CCK2 receptor [46]. It is likely that low-affinity CCK1 recep-
tors are present on gallbladder smooth muscle,  since  the EC50 
for the CCK-induced gallbladder contraction is in the 10–50 nM 
range [47–49]. However, it is unclear whether the CCK recep-
tors on gallbladder smooth muscle are a normal physiological 
site of action for CCK, because postprandial serum concentra-
tions of CCK are  in  the 10–20 pM range  [50,51], which  is  far 
below  the  threshold  necessary  for  a  direct  action  of  CCK  on 
gallbladder muscle strips. Therefore, a neural mechanism must 
be  involved  in  the  prokinetic  effects  of  postprandial  CCK 
release. 

Meal-induced  gallbladder  contractions  and  contractions 
induced by physiological concentrations of CCK in vivo are sig-
nificantly  attenuated  by  neural  blockade  in  several  species, 
including  human  [51–60].  Furthermore,  hexamethonium, 
which  blocks  the  vagal  preganglionic  input  to  gallbladder 
neurons, inhibits CCK- and meal-induced gallbladder contrac-
tions [51,57,58]. These data indicate that CCK can act on nerves 
to promote gallbladder motility.

Results of electrophysiological studies suggest that CCK does 
not have a direct effect on gallbladder neurons, but has a potent 

Figure 22.3 Sequence of events leading to postprandial gallbladder 
contraction. (1) Cholecystokinin (CCK) released from the duodenal 
mucosa activates vagal afferent fibers and enters the bloodstream. (2) 
Increased vagal afferent activity leads to increased vagal preganglionic 
output. (3) Within the gallbladder, hormonal CCK acts at physiological 
concentrations on receptors located on vagal preganglionic nerve 
terminals in gallbladder ganglia. Activation of these presynaptic receptors 
leads to an increase in acetylcholine release and enhanced activation of 
gallbladder motor neurons. CCK may also act directly on gallbladder 
smooth muscle, but the receptors at this location appear to be low-affinity 
CCKA receptors, which normally would not be activated by physiological 
concentrations of CCK.
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of  the  smooth  muscle  resulting  in  increased  gallbladder  basal 
tension, or channels that elicit hyperpolarization and decreased 
tension.

Active filling of the gallbladder
There are several potential mediators of active gallbladder relax-
ation  and  resultant  gallbladder  filling  (see  Figure  22.2). 
Neurotransmitters that have an inhibitory effect on gallbladder 
smooth  muscle  include  CGRP,  norepinephrine,  VIP,  PACAP, 
and  NO.  Humoral  factors  that  relax  the  gallbladder  include 
pancreatic peptide and somatostatin, and most recently, fibrob-
last  growth  factor  (FGF).  The  relative  contribution  of  each  of 
these  compounds  to  normal  physiological  gallbladder  expan-
sion is unclear.

Release of inhibitory neuroactive compounds from 
gallbladder neurons
In  the  bowel,  distinct  subpopulations  of  enteric  neurons  (i.e., 
inhibitory  motor  neurons)  act  to  decrease  muscle  tone. 
Compounds that have been proposed to contribute to the relax-
ation of intestinal smooth muscle include NO, VIP, PACAP, and 
ATP. As mentioned previously,  subsets of gallbladder neurons 
are VIP or PACAP immunoreactive [9,12–14], and immunore-
active for NOS [9–11,13,14,70]. The neuroactive peptides VIP 
and  PACAP  cause  relaxation  of  resting  or  precontracted  gall-
bladder  muscle  strips  from  several  species  including  human 
[71–74], probably  through  the activation of adenylate cyclase. 
VIP is released by nerves in the gallbladder in response to elec-
trical  stimulation  of  the  vagus  nerves,  further  evidence  of  its 
neurotransmitter  capability  [75,76].  Moreover,  relaxant 
responses  to  VIP  administration  or  vagal  stimulation  can  be 
antagonized by VIP antisera [73].

Evidence  indicating  that  NO  relaxes  gallbladder  smooth 
muscle  includes  the  finding  that  inhibition  of  NOS  results  in 
increased  gallbladder  tone,  and  an  enhancement  of  agonist-
induced  contractions  [77,78].  NOS  inhibition  also  reduces 
stimulation-induced  neurogenic  relaxations,  and  NO  donors 
have an inhibitory effect on gallbladder tone [77–80].

CGRP,  which  is  present  in  extrinsic  sensory  fibers,  can 
decrease tension in gallbladder muscle strips and cause a hyper-
polarization  of  gallbladder  smooth  muscle  cells.  It  is  unlikely, 
however,  that  CGRP  released  from  gallbladder  afferent  fibers 
contributes to relaxation because tachykinins are costored with 
CGRP  in  these  nerve  fibers  [5,6,11],  and  tachykinins  have  an 
excitatory effect on gallbladder smooth muscle [16,22,44,45,81].

Increased sympathetic neural activity in the gallbladder
Alternatively,  it  is possible  that gallbladder relaxation  involves 
the  release  of  norepinephrine  from  sympathetic  nerves. 
Stimulation of the splanchnic nerves leads to a decrease in gall-
bladder tone [82–84], indicating that sympathetic activity con-
tributes  to  interprandial  gallbladder  filling.  It  is  likely  that 
activation  of  sympathetic  neural  inputs  can  lead  to  decreased 
gallbladder  tone  through  the  direct  effects  on  gallbladder 

preganglionic  neurons.  Furthermore,  CCK  acts  in  gallbladder 
ganglia, as previously discussed, to increase the amount of ace-
tylcholine  released  from  the  vagal  motor  terminals  each  time 
they are activated.

Gallbladder emptying involves increased gallbladder tone in 
concert  with  a  decrease  in  resistance  at  the  SO.  The  circuitry 
responsible  for  the  CCK-induced  decrease  in  SO  resistance 
remains  intact  following vagotomy or  liver  transplantation.  In 
patients who have had a truncal vagotomy, the gallbladder con-
traction  in  response  to  CCK  is  significantly  enhanced  [65]. 
Gallbladder  emptying  after  vagotomy  could  also  be  mediated 
through an enterobiliary neural reflex.

In  summary,  postprandial  emptying  of  the  gallbladder 
involves several mechanisms: the main factor is vagal choliner-
gic  excitation.  Also,  CCK  may  induce  contraction  either  by 
activating vagal reflex pathways or as a hormone by enhancing 
myogenic tone. In denervation states such as vagotomy or liver 
transplantation,  other  local  enterobiliary  neural  reflexes  con-
tribute to emptying.

Interprandial gallbladder contractions
During duodenal phase II of the migrating myoelectric complex 
(MMC) there is an increase in gallbladder pressure, accompa-
nied  by  a  transient  flow  of  bile  from  the  gallbladder  to  the 
duodenal lumen. This interprandial gallbladder motor response, 
which occurs in association with elevated antral and duodenal 
motor activity, has been demonstrated in several species includ-
ing human, and is thought to help maintain the enterohepatic 
circulation of bile salts [66,67].

The mechanisms responsible for the phase II gallbladder con-
traction have not been clearly resolved, but it is relatively normal 
after  chronic  vagotomy  [60,68,69],  and  it  may  involve  direct 
neural  interactions  between  the  gut  and  the  biliary  tree,  or 
humoral factors such as motilin.

Gallbladder filling
Between meals, gallbladder filling is related to the rate of secre-
tion  from  the  liver,  due  to  the  ability  of  the  gallbladder  to 
accommodate newly synthesized bile [66]. The accommodation 
of the gallbladder during fasting relies on the ability of the epi-
thelium to concentrate bile and on  the receptive expansion of 
the  gallbladder.  The  gallbladder,  therefore,  contributes  to  the 
modulation of pressure within the biliary system through both 
passive and active mechanisms.

Passive filling of the gallbladder
The fibroelastic properties of the gallbladder wall likely facilitate 
filling, allowing the organ to expand as bile is routed from the 
biliary tree to the gallbladder. The size of this organ, relative to 
other  structures  in  the biliary  tree,  could  favor  the passage of 
bile into the gallbladder. As the gallbladder fills and its diameter 
increases  further,  the propensity  for bile  to flow  into  the gall-
bladder increases. Several stretch-activated channels have been 
identified. These could be channels that induce a depolarization 
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Neurobiology
Most studies of SO ganglia have involved the guinea pig and the 
Australian possum. Therefore, most of  the  following  informa-
tion relates to ganglia in the SO region of these two species; it 
is important to note considering the aforementioned interspe-
cies  variation  [95],  and  there  are  potential  differences  with 
human species that still require elucidation.

Morphology of the sphincter of Oddi ganglia
Ganglia  in the guinea pig SO are similar  in shape and density 
to the ganglia of the myenteric plexus of the duodenum [96,97]. 
In fact, interganglionic nerve bundles can be traced between the 
myenteric plexus of the duodenum and that of the SO [96]. The 
processes of SO neurons typically leave the ganglionated plexus 
to innervate the smooth muscle of the SO, and therefore, most 
SO neurons are thought to be motor neurons.

Neurotransmitters
Immunohistochemical  studies  have  revealed  the  presence  of 
numerous  neuroactive  compounds  in  SO  nerves  (113–130). 
Among the species investigated, there is evidence of acetylcho-
line,  NO,  VIP,  tachykinins,  CGRP,  NPY,  OFQ,  somatostatin, 
enkephalin,  galanin,  serotonin  (5-hydroxytryptamine,  5-HT), 
peptide  histidine  isoleucine,  gastrin-releasing  peptide,  and 
bombesin.

Sphincter of Oddi smooth muscle
Human and animal studies of the SO have established that the 
sphincter is not a simple and passive smooth muscle portion of 
the biliary system. Rather, it exhibits basal tonicity, spontaneous 
phasic contractions, and peristaltic activity  that modulate bile 
flow into the duodenum [98–102]. The human SO normally is 
characterized by prominent phasic contractions that are super-
imposed on a modest basal pressure [103]. In a 1980 landmark 
study,  pressures  were  recorded  from  the  human  SO  to  deter-
mine  the  effect  of  neurohumoral  mediators  on  SO  function 
[104].  The  basal  SO  pressure  was  4 mmHg  higher  than  the 
common  bile  duct  or  pancreatic  duct  pressures.  Pronounced 
phasic  contractions  superimposed  on  the  basal  SO  pressure 
occurred at a frequency of 4.1/min. The phasic SO contractions 
were about 100 mmHg in amplitude and 4.3 s in duration. These 
contractions  were  unique  to  the  SO  and  did  not  exist  in  the 
duodenum, the common bile duct, or the pancreatic duct. The 
phasic  contractions  were  altered  by  intravenous  infusions  of 
CCK, glucagon, and secretin, suggesting a neurohumoral com-
ponent to the modulation of SO motility in the human.

Animal  studies  have  revealed  that  the  proximal  and  distal 
segments of the SO can respond differently to a variety of bioac-
tive compounds adding to the complexity of the regulation and 
function of  this neuromuscular structure. Recent studies have 
used exogenous CCK, secretin, adenosine, and ATP to explore 
the  concept  that  the  SO  is  not  a  single  functional  entity,  but 
under  defined  conditions  can  function  as  up  to  four  separate 
sphincters  [105–107]. This complexity may reflect  the various 

smooth muscle [74], and by inhibiting vagal input to gallbladder 
neurons [62,85].

Humoral factors that relax gallbladder smooth muscle
Pancreatic  polypeptide  probably  does  not  contribute  to  inter-
prandial gallbladder filling. Pancreatic polypeptide may play an 
indirect role in the control of gallbladder motility by modifying 
pancreatic secretion or intestinal motility, but this has not been 
resolved.

Somatostatin  may  contribute  to  gallbladder  filling,  as  it 
decreases gallbladder contractility. Gallbladder hypomotility in 
celiac  disease  has  been  associated  with  elevated  somatostatin 
levels, increased gallbladder fasting volume, and decreased CCK 
release [86]. In addition to its well-known inhibitory effect on 
the  release  of  mucosal  CCK,  somatostatin  can  act  locally  to 
decrease  gallbladder  motility.  Effects  of  somatostatin  are  best 
demonstrated  through  its  pharmacological  effects.  Long-term 
therapy  with  the  somatostatin  analog  octreotide  for  diseases 
such  as  acromegaly  [87,88],  or  the  existence  of  somatostatin-
secreting tumors [89], both interfere with gallbladder contrac-
tility.  Somatostatin  decreases  CCK-  and  carbachol-induced 
gallbladder  contractions,  gallbladder  pressure,  and  the  release 
of  acetylcholine  from  gallbladder  muscle  strips  [90,91]. 
Somatostatin  also  inhibits  CCK-induced  gallbladder  contrac-
tions  in  isolated  cells  [92].  In  healthy  subjects, somatostatin 
enhances gallbladder relaxation and reduces CCK secretion in 
the late postprandial phase [93]. Although these results infer an 
association  between  somatostatin  and  gallbladder  volume 
under pharmacological or pathological conditions,  there  is no 
direct evidence to indicate that somatostatin plays a physiologi-
cal role in gallbladder filling.

There is also strong evidence that FGF plays a role in gallblad-
der relaxation and filling [94]. FGF relaxes precontracted gall-
bladder  muscle  strips,  probably  through  a  cAMP-dependent 
mechanism. FGF15/19 released from the ileum, in response to 
bile salts, causes gallbladder relaxation and filling.

Sphincter of Oddi

The  SO  mediates  the  flow  of  about  3 L  of  bile  and  pancreatic 
secretions per day, and is thus the busiest nonvascular intersec-
tion in the body. Due to vast interspecies variation in morphol-
ogy and function,  it has been the subject of more controversy 
than  any  other  structure  in  the  gastrointestinal  tract.  The  SO 
functions to regulate the flow of bile and pancreatic secretions 
into  the  duodenum,  to  facilitate  gallbladder  filling,  and  to 
prevent the reflux of luminal contents from the duodenum into 
the pancreatic ducts and biliary tree. While the precise mecha-
nisms of SO function are not yet fully understood, research has 
demonstrated that changes in SO motility involve neurohormo-
nal regulation of nontraditional neural circuits that orchestrate 
coordinated signals from SO ganglia to the surrounding circular 
smooth muscle.
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may provide a means of increasing SO tone when luminal pres-
sure  in  the  duodenum  is  elevated,  thus  inhibiting  the  flow  of 
duodenal contents into the biliary tract. 

Interprandial sphincter of Oddi activity
Between meals, SO resistance is maintained by phasic contrac-
tions of the smooth muscle that are superimposed upon a basal 
level  of  tonic  pressure  that  is  adequate  to  route  most  of  the 
hepatic  bile  to  the  gallbladder.  During  the  fasting  state,  bile 
flowing toward the small bowel is diverted into the gallbladder 
by SO resistance maintained by basal and phasic contractions. 
Thus,  intraductal  pressures  are  increased  and  bile  flow  is 
diverted to the regions of lowest resistance, the cystic duct and 
gallbladder.  High  pressures  in  the  biliary  system  also  trigger 
relaxation and compliance of the gallbladder. Resistance at the 
SO and increased compliance of the gallbladder allows for the 
diversion of the vast majority of bile away from the gut and into 
the gallbladder. There are, however, interprandial changes in SO 
activity that correspond to phase II of the MMC.

The  interprandial  SO  activity  associated  with  the  MMC 
involves a decrease in SO resistance that accompanies increased 
gallbladder  motor  activity  and  bile  flow.  However,  the  MMC-
related  flow  of  bile  does  not  depend  on  increased  gallbladder 
motility, since dogs that have undergone cholecystectomy also 
exhibit  cyclic  bile  flow  that  corresponds  to  the  MMC  [117]. 
Changes  in  SO  activity  that  accompany  the  MMC  have  been 
documented in many species, including human [117–120].

As for the gallbladder, the mechanisms underlying the MMC-
related changes in SO activity are not entirely clear. It appears 

inputs that the SO received from the autonomic nervous system 
including those from local reflex circuits.

Most  compounds  mediate  their  effects  through  both  direct 
actions  on  the  smooth  muscle  and  indirect  neural  responses. 
For example, exogenously administered CCK has a direct con-
tractile effect on SO smooth muscle as well as contractile and 
relaxant effects  that are mediated by neurotransmitter  release. 
The neurally mediated effects of CCK are species specific; both 
contraction and relaxation are detected in species whose sphinc-
ter acts  as  a pump [108],  and  simple  relaxation  is detected  in 
species such as human and cats where the sphincter acts prima-
rily as a resistor [109–111]. Electrical field stimulation of the SO 
evokes  a  twitch-like  contraction  followed  by  relaxation  [112–
115]. A summary of  the neurotransmitters  involved  in excita-
tion and inhibition of SO is provided in Figure 22.4.

The  neural  mechanism  by  which  CCK  decreases  SO  resist-
ance probably does not involve a direct action of hormonal CCK 
on SO neurons. CCK, when released locally at high concentra-
tions from enterochromaffin cells, could have a paracrine effect 
on SO neurons, or it could act on duodenal neurons that provide 
regulatory input to SO ganglia (Figures 22.3 and 22.5). The latter 
initiates  postprandial  changes  in  SO  function  (Figure  22.5) 
[116].  CCK  released  from  duodenal  enterochromaffin  cells 
could initiate changes in SO resistance by way of a local neural 
circuit  (Figure 22.5). However,  the  involvement of  this neural 
circuit in postprandial changes in SO tone is not certain. Other 
potential  functions  for  this  circuit  include  the  mediation  of 
changes  in  SO  tone  that  accompany  interprandial  bile  flow 
during phase II of the MMC (see next section). Alternatively, it 

Figure 22.4 Key inputs, transmitters, and receptors in the neuromuscular axis of the sphincter of Oddi. The upper pathway illustrates an excitatory 
motor neuron, and the lower pathway depicts an inhibitory motor neuron in sphincter of Oddi ganglia. Nerve terminals are represented by triangles, 
receptors are represented by framed boxes. ACh, acetylcholine; CCK, cholecystokinin; CGRP, calcitonin gene-related peptide; ENK, enkephalin; NK, 
neurokinin; NO, nitric oxide; NPY, neuropeptide Y; SP, substance P; TK, tachykinins; VIP, vasoactive intestinal polypeptide.
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Cholesterol and biliary stasis
Decreased gallbladder smooth muscle contractility is a critical 
link  in  the  chain  of  events  that  leads  to  cholesterol  gallstone 
formation  and  resultant  cholecystitis.  Ground  squirrels  and 
prairie dogs, as well as CCK1 receptor knockout mice, that are 
fed  a  high-cholesterol  diet  undergo  a  progressive  increase  in 
cholesterol saturation in the bile, a decrease in gallbladder con-
tractility, and ultimately, cholesterol stone formation and chole-
cystitis  [128–131].  If  the  decrease  in  gallbladder  motility  is 
offset by the administration of the prokinetic agents, cisapride 
or  erythromycin,  the  formation  of  cholesterol  crystals  is  pre-
vented [132,133]. Conversely, if gallbladder stasis is pharmaco-
logically  induced by  the administration of a CCK1 antagonist, 
or knockout of the CCK1 receptor, a cholesterol-rich diet results 
in gallstone formation [130,131,134].

These clinical and basic scientific data indicate that gallstone 
formation  results  from  an  elevation  in  cholesterol  concentra-
tions within the bile, and an associated decrease in gallbladder 
contractility. The decrease  in contractility  is directly  linked  to 
cholesterol  enrichment.  Gallbladder  smooth  muscle  that  is 
exposed to cholesterol-rich liposomes exhibits diminished con-
tractility  similar  to  that  observed  in  human  gallbladders  with 
cholesterol  stones  and  in  animals  fed  a  cholesterol-rich  diet 
[135]. These results support the hypothesis that cholesterol itself 
can have a direct effect on gallbladder smooth muscle.

Gallbladder  stasis  likely  involves  changes  in  the  cytosolic 
membranes of gallbladder smooth muscle. Elevated membrane 
cholesterol results in a disruption of spontaneous action poten-
tials, and a suppression of voltage-activated Ca2+ currents [136]. 
The  effect  of  cholesterol  appears  to  be  somewhat  selective 
because voltage- and ATP-dependent potassium (KV and KATP) 
currents are not affected by cholesterol enrichment. In addition 
to altering Ca2+ channel activity, cholesterol enrichment affects 
cytosolic membrane receptors. For example, hyperpolarization 
to  CGRP  is  suppressed  after  cholesterol  enrichment,  even 
though  the  channel  that  mediates  this  response,  the  KATP 
channel, is not altered by cholesterol. Furthermore, gallbladders 
from patients with cholesterol stones exhibit diminished CCK 
receptor  binding  and  function  [137,138].  These  data  indicate 
that  cholesterol  enrichment  results  in  selective  deficits  rather 
than indiscriminate disruption of membrane protein function, 
and that the biliary stasis associated with cholesterol stone for-
mation  is  likely  to  involve  altered  Ca2+  channel  and  receptor 
function, possibly due to changes  in membrane fluidity [127]. 
It is interesting to note that cholesterol-induced gallbladder dys-
motility  can  be  reversed  to  normal  levels,  in  vitro,  after  the 
defective muscle cells (either from cholesterol enrichment pro-
tocols  or  from  patients  with  cholesterol  stones)  are  incubated 
with cholesterol-free liposomes [127,135,138].

Bile salts and biliary stasis
Modifications  in  bile  acid  metabolism,  associated  with  pro-
longed intestinal  transit, may also contribute to the formation 
of  cholesterol  stones  [139].  Reduced  gallbladder  refilling  in  

likely that the duodenum-SO neural circuitry is involved. After 
truncal  vagotomy,  MMC-related  SO  activity  is  normal  in  the 
opossum.  Furthermore,  relocation  of  the  duodenal  papilla  in 
the  opossum,  which  leaves  the  blood  supply  and  extrinsic 
nerves intact, but eliminates myoneural continuity between the 
duodenum and the SO, leads to a marked reduction in electrical 
activity of the SO during phases II and III of the MMC [121]. 
Surgical  relocation  of  the  duodenal  papilla  also  reduces  the 
responsiveness of the SO to motilin [122]. Together, these data 
support the concept that an intrinsic neural circuit mediates the 
interprandial SO motor response, but since some cyclic activity 
remains after translocation of the SO, it is likely that vagal reflex 
activity or humoral factors also are involved.

Pathophysiology of biliary tract motility

Mechanisms of biliary stasis in  
cholesterol disease
Motility is typically abnormal in the gallbladders of individuals 
with  cholesterol  gallstones.  These  individuals  have  increased 
residual gallbladder volume interprandially, as well as decreased 
gallbladder emptying after a meal [123,124], or in response to 
exogenous  CCK  administration  [124,125].  Furthermore,  gall-
bladder muscle strips from patients with cholesterol gallstones 
demonstrate  impaired  contractile  response  to  a  variety  of 
stimuli [126,127].

Figure 22.5 Mechanisms of postprandial relaxation of the sphincter of 
Oddi. Cholecystokinin (CCK) released from the duodenal mucosa 
activates inhibitory motor neurons in sphincter of Oddi (SO) ganglia, 
which in turn decrease the basal tone of SO. CCK probably causes a 
relaxation of the sphincter by activating duodenal neurons that provide 
synaptic input to SO ganglia. Hormonal CCK may activate SO neurons, 
but these neurons are not sensitive to the concentrations of CCK that are 
found in the serum. Locally released CCK may also act directly on SO 
neurons through a paracrine mechanism.
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lethality  of  this  clinical  entity  and  severity  for  all  patients  in 
which it develops.

The development of acalculous biliary colic, like cholesterol-
related  gallbladder  disease,  involves  decreased  gallbladder 
motility  leading  to  an  increase  in  the  resting  volume  of  the 
gallbladder and cholecystitis [153–155]. The clinical complexity 
of a critically  ill patient makes it difficult to sort among inter-
related factors and to determine the etiology of a complication 
such as acute acalculous cholecystitis. Factors implicated in the 
pathophysiology  of  acalculous  cholecystitis  include  parenteral 
feeding, altered bile composition, ischemia, infection, and func-
tional obstruction of gallbladder outflow [153–155]. Decreased 
gallbladder motility may also be caused by  therapeutic agents 
that  surgical  patients  and  trauma  victims  receive  to  alleviate 
pain. A summary of the major findings in these areas follows.

Parenteral feeding
During total parenteral nutrition (TPN) biliary stasis and hypo-
motility have been well documented, contributing to the devel-
opment  of  biliary  dilation,  sludge  accumulation,  and  acute 
cholecystitis.  In most patients, TPN  induces gallbladder  stasis 
but  does  not  increase  the  biliary  lithogenic  index  [156]. 
Interruption  of  the  enterohepatic  circulation  and  gallbladder 
stasis are part of the pathogenesis as a consequence of the lack 
of  a  physiological  stimulus  for  CCK  release.  However,  during 
prolonged enteral nutrition, plasma CCK levels are significantly 
increased and gallbladder contractility is preserved, thus mini-
mizing  the  risk  of  acute  acalculous  cholecystitis  [157]. 
Furthermore,  intravascular  infusion  of  CCK  in  human  or 
animal models ameliorates the hepatobiliary dysfunction caused 
by TPN [156,158]. Increased circulating levels of CCK also can 
be induced by intermittent rapid intravenous infusion of amino 
acids [159,160]. However, continuous administration of amino 
acids for longer than 2 h (as occurs in TPN) is accompanied by 
a decline in CCK release [161]. Taken together,  these findings 
indicate that intravenous administration of amino acids or CCK 
may  circumvent  the  biliary  dysmotility  associated  with  TPN, 
but  therapy  of  this  kind  would  probably  be  most  beneficial  if 
administered periodically, rather than continuously.

Opiate analgesic administration
Another  likely  factor  leading  to gallbladder  stasis  in  the criti-
cally ill patient is opiate analgesic administration. Opiate com-
pounds  are  known  to  alter  gastrointestinal  motility  [162]. 
Opioid agonists do not act directly on gallbladder neurons or 
smooth muscle cells; rather, they cause a decrease in the synap-
tic  activity  between  neurons  and  between  neurons  and  the 
smooth muscle. Thus, opioid agonists have a potent inhibitory 
effect on gallbladder motility by decreasing the release of ace-
tylcholine  and  other  excitatory  neurotransmitters  from  vagal 
terminals in gallbladder ganglia and the neuromuscular termi-
nals of gallbladder neurons. This is supported by a recent study 
demonstrating that the mu opioid receptor agonist, loperamide, 
decreases  bethanechol-induced  gallbladder  contraction  even 

gallbladder  stasis  leads  to  altered  enterohepatic  circulation 
[124]. In these patients, bowel transit is slowed, thus contribut-
ing to the alterations in the metabolism of bile salts [140], result-
ing  in  an  enrichment  of  the  bile  acid  pool  with  hydrophobic 
secondary  acids  such  as  deoxycholic  acid.  This  enrichment 
induces hypersecretion of cholesterol into the bile, an increase 
in the cholesterol saturation index, and acceleration of choles-
terol  crystallization  [141],  thus  elevating  the  risk  of  gallstone 
formation.  In  addition,  elevated  hydrophobic  acids  in  bile 
decrease  gallbladder  motility  and  emptying  [142–144]. 
Hydrophobic bile salts likely disrupt gallbladder smooth muscle 
function  by  hyperpolarizing  gallbladder  smooth  muscle  cells 
[145].  Gallbladder  smooth  muscle  cells  express  a  G  protein-
coupled bile acid receptor (GPBAR1; also called TGR5, M-Bar, 
or GPR131) that, when stimulated, activates the cAMP–protein 
kinase A (PKA) pathway. In gallbladder smooth muscle, activa-
tion of this pathway leads to the opening of KATP channels [145]. 
Hydrophobic bile salts inhibit spontaneous activity in gallblad-
der  muscle,  and  these  actions  are  inhibited  by  blockers  of  
the  cAMP–PKA  pathway  and  by  KATP  channel  inhibitors. 
Furthermore, these inhibitory actions are not detected in gall-
bladder muscle from mice lacking GPBAR1, demonstrating that 
this receptor mediates the inhibitory effect of hydrophobic bile 
salts. The dysmotility caused by hydrophobic bile acids may also 
involve  H2O2  production  via  activation  of  NADPH  and  xan-
thine oxidases [144]. H2O2 causes  lipid peroxidation and acti-
vates C-phospholipase A2 to increase prostaglandin E2 (PGE2) 
production [144].

Conversely,  the  hydrophilic  bile  salt  ursodeoxycholic  acid 
does not impair gallbladder contractility, and can attenuate the 
deleterious effects of hydrophobic salts [143,144]. Furthermore, 
ursodeoxycholic acid treatment can prevent gallbladder smooth 
muscle dysfunction in acute cholecystitis [146]. These findings 
could  account  for  the  reduced  colicky  biliary  pain  and  acute 
cholecystitis, as well as increased bile turnover, in patients with 
symptomatic  gallstones  when  given  ursodeoxycholic  acid 
[147,148].

Inflammation and gallbladder dysmotility
Acalculous cholecystitis
Conditions other  than elevated biliary cholesterol also  lead  to 
decreased  gallbladder  contractility  and  cholecystitis.  For 
example, biliary colic in the absence of gallstones is an increas-
ingly prevalent complication among individuals in the intensive 
care unit and in patients without predisposing illness [149–151]. 
This condition, commonly referred to as acute acalculous chole-
cystitis, is often associated with trauma or extensive surgery. In 
a  retrospective chart  review over 53 months  in a  tertiary care 
center,  27  cases  of  acalculous  cholecystitis  were  observed.  Of 
these  cases,  52%  occurred  in  the  intensive  care  unit,  63% 
occurred  in  patients  recovering  from  unrelated  surgery,  and 
acalculous cholecystitis accounted for 14% of all cases of acute 
cholecystitis [152]. The mortality rate for all patients with acal-
culous  cholecystitis  was  41%,  reflecting  both  the  potential 
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ute to the pain reported by patients suffering acute cholecystitis, 
since  these  contractions  would  not  be  accompanied  by  SO 
relaxation. Furthermore, the neural effects of PG in the gallblad-
der would lead to a decrease in postprandial contractions since, 
as previously described, excitatory neural activity is involved in 
normal postprandial gallbladder emptying. Therefore, in acute 
cholecystitis, PGs may contribute to gallbladder dysmotility by 
causing the gallbladder to contract when it normally would not, 
and  by  preventing  the  gallbladder  from  contracting  when  it 
normally would.

Reactive oxygen species
The  generation  of  ROS  is  a  common  feature  of  inflammatory 
states, including ischemia and reperfusion injury. Under normal 
conditions,  ROS  produced  during  oxidative  metabolism  are 
cleared by antioxidant mechanisms that include the antioxidant 
enzymes superoxide dismutase  (SOD) and catalase, and other 
antioxidant systems such as glutathione (GSH). SOD and cata-
lase  are  present  in  the  ganglionated  plexus  of  the  gallbladder 
[180].  During  inflammation,  oxygen-derived  free  radical  pro-
duction may exceed the scavenger capability, resulting in ROS 
accumulation  and  deleterious  effects.  Consistent  with  this, 
experimental gallbladder inflammation results in an increase in 
the H2O2 content associated with an increase in SOD and cata-
lase activities [178]. In these experimental models, impairment 
on  gallbladder  contractility  was  associated  with  alterations  in 
Ca2+  homeostasis  that  were  concomitant  to  increased  lipidic 
peroxidation,  decreased  levels  of  reduced  GSH  and  increased 
NF-κB,  COX-2,  and  inducible  NOS  (iNOS)  expressions. 
Interestingly,  treatment of animals with either  the antioxidant 
melatonin or a free radical scavenger improved gallbladder con-
tractility  and normalized  the  expression pattern of  inflamma-
tion markers and the levels of antioxidant defenses [181–183]. 
Exogenous H2O2 causes smooth muscle contraction and impair-
ment in the gallbladder response to agonists that are membrane 
dependent  [184]  and  related  to  membrane  desensitization 
[185].  Similarly,  other  ROS  such  as  monochloramine  or  O2

.– 
induce  gallbladder  contraction  [180,186]  and  smooth  muscle 
impairment [186],  indicating that  this  is a common feature of 
ROS. ROS-induced contractions are blocked by indomethacin 
[184,186] and associated with an increase in PGE2 production, 
which  in  turn,  induces  increased  SOD  and  catalase  activities, 
reduction in lipid peroxidation and contraction [178] possibly 
as part of  the protective mechanism against  the ROS-induced 
gallbladder stasis. In inflammation, excessive production of NO, 
often  through  iNOS  [187]  with  concurrent  ROS  production 
[178]  would  increase  peroxynitrite  formation.  Although  NO 
causes gallbladder relaxation, peroxynitrite induces contraction 
[188], consistent with the contractile effects reported for other 
oxidants,  suggesting  that peroxynitrite can also be a mediator 
for the dysmotility induced by cholecystitis.

Histamine
Histamine is a well-recognized inflammatory mediator that can 
be  released  from  mast  cells  to  cause  vasodilation,  increased 

though  CCK  levels  in  the  plasma  are  increased  [163].  Since 
opioid agonists also increase SO resistance, bile flow is likely to 
be  severely  inhibited  by  opioid  compounds,  and  continued 
administration of these substances may contribute to the onset 
of acalculous cholecystitis.

Inflammatory mediators and their effects on  
biliary motility
The  cause  and  effect  relationship  between  biliary  stasis  and 
cholecystitis  is  not  well  understood.  However,  the  actions  of 
several proinflammatory agents that are likely to be involved in 
acute cholecystitis have been investigated. These include pros-
taglandins (PG), reactive oxygen species (ROS), histamine, and 
endothelins.

Prostaglandins
Prostaglandins, particularly PGE2, have been shown to be inti-
mately associated with cholecystitis [164]. Early studies of dis-
eased human gallbladders demonstrated that both the mucosa 
and  the  muscularis  of  the  organ  produce  high  levels  of  PGE2 
[165]. Furthermore, a correlation between severity of inflamma-
tion  and  PGE2  concentrations  has  been  described  [166].  PG 
release may be prolonged or augmented by bradykinin, as gall-
bladder  distension  and  progressive  inflammation  stimulates 
local bradykinin formation, thereby stimulating PGI2 and PGE2 
release [167] via activation of cyclooxygenase (COX) and pros-
tacyclin synthase [168]. Other stimulants of PG synthesis  that 
participate in experimental and human gallbladder disease, are 
interleukin 1 and tumor necrosis factor [169]. These cytokines 
activate PG synthesis via phospholipase A2 stimulation [170]. In 
addition,  protease-activated  receptors  induce  gallbladder  con-
traction through PG synthesis [171], a finding that is correlated 
to the presence of high levels of trypsin in the bile of patients 
with gallbladder disease [172].

The concept that PGs play a role in cholecystitis is supported 
by human and animal model studies showing that symptoms of 
acute cholecystitis are significantly reduced by the COX inhibi-
tor, indomethacin [173]. For example, in an experimental chole-
cystitis  model,  inflammation  and  defects  in  contraction  were 
partially reversed during the first 24 h by indomethacin [174], 
which is in contrast with the protective role suggested for PGE2 
by other studies. PGE2 causes a concentration-dependent con-
traction  of  the  gallbladder  [175],  and  a  significant  reversal  in 
net fluid movement from absorption to secretion, including an 
increase in mucin secretion [176,177]. Furthermore, PGE2 stim-
ulates the synthesis of free radical scavengers that attenuate the 
noxious effects of ROS [178]. These actions are consistent with 
a cytoprotective role for PGE2 in the gallbladder, at least in acute 
inflammation, acting by expelling gallbladder contents and pre-
serving mucosal integrity.

Conversely, PGE2 also has been shown to decrease gallbladder 
ganglionic  output  by  hyperpolarizing  gallbladder  neurons 
[179],  thereby  inhibiting  neurogenic  contractions  of  the  gall-
bladder. Thus, the direct contractile effects of PG may contrib-
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Sphincter of Oddi and postcholecystectomy syndrome
During the fasting state, bile flow into the small bowel is diverted 
into the gallbladder by the resistance at the SO because of the 
basal and phasic contractions previously described. After chole-
cystectomy, the pressure reservoir represented by the gallblad-
der  is  lost,  and  the  ability  of  the  biliary  tree  to  accommodate 
hepatic  bile  production  is  compromised.  In  most  individuals, 
bile  manages  to  flow  through  the  SO  interprandially,  without 
dramatic increases in pressure within the biliary tree. In some 
individuals, however, bile does not flow as readily through the 
SO, leading to increased intrabiliary pressure and postoperative 
pain [198,199]. In some patients with postoperative biliary pain, 
biliary  manometry  has  demonstrated  abnormal  pressure  pro-
files in the SO with changes in amplitude, frequency, and direc-
tion  of  contractions  [199–201].  In  an  attempt  to  alleviate  the 
pain  experienced  by  these  individuals,  endoscopic  sphincter-
otomy, stent placement, and surgical  sphincteroplasty have all 
been used with variable results [202].

Overview

While  the  neuromuscular  reflexes  of  the  gallbladder  and  SO 
appear to be less complicated than those of the bowel, bile reten-
tion  and  bile  flow  require  coordinated  neuromuscular  reflex 
interactions. Normal gallbladder filling requires relatively high 
basal pressure  in  the SO,  in concert with an expansion of  the 
gallbladder. This  increase  in gallbladder diameter  requires  the 
passive  fibroelastic  features  of  the  gallbladder  wall  as  well  as 
myogenic and neurohormonal relaxation of gallbladder smooth 
muscle. Postprandial bile flow occurs in response to the release 
of CCK from the duodenal mucosa. To contract the gallbladder, 
CCK acts locally to activate vagal afferent nerves, and also acts 
within the gallbladder ganglia to increase acetylcholine release 
from  vagal  preganglionic  nerve  terminals.  CCK  release  also 
leads  to  a  decrease  in  the  resistance  of  the  SO  by  activating 
inhibitory motor neurons in SO ganglia, by way of a duodenal-SO 
neural circuit.

A common feature of biliary tract disease is abnormal motor 
activity.  In  cholesterol  gallstone  disease,  decreased  motility 
likely  involves  a  disruption  of  Ca2+  channels  in  gallbladder 
smooth muscle and a decrement in the ability of agonists to bind 
to membrane receptors. Dysmotility also likely involves the acti-
vation of KATP channels by hydrophobic bile  salts, which con-
tributes  to  decreased  smooth  muscle  excitability.  Acalculous 
cholecystitis  is also associated with biliary stasis, but  the con-
tributing factors have not been clearly resolved. Likely pathoge-
netic  factors  include decreased CCK release due  to parenteral 
feeding,  opioid  inhibition  of  excitatory  neurotransmission  in 
the gallbladder when opiate analgesics are administered, and the 
effects of  inflammatory mediators. As detailed  in  this chapter, 
much  has  been  learned  about  how  gallbladder  nerves  and 
smooth  muscle  operate.  However,  a  clearer  understanding  of 
the  precise  subcellular  mechanisms  of  gallbladder  smooth 

vascular  permeability,  gastric  secretion,  and  contraction  of 
bronchiolar and gastrointestinal smooth muscle. The gallblad-
der wall is rich in histamine-containing mast cells that are dis-
tributed in the mucosa, muscularis, and serosa layers [189]. In 
gallbladder  smooth  muscle,  both  H1  and  H2  receptors  are 
present, with H1 receptors causing contraction and H2 receptors 
mediating relaxation [189]. However, the net effect of histamine 
in gallbladder muscle strips is contraction [189,190]. Consistent 
with  this,  activation  of  H1  receptors  depolarizes  gallbladder 
smooth  muscle,  whereas  activation  of  H2  receptors  causes 
hyperpolarization  that  is  mediated  by  KATP  channels  [191]. 
While  there  is  no  direct  evidence  for  a  role  of  histamine  in 
gallbladder inflammation, it is possible that acute cholecystitis 
is associated with increased mast cell infiltration and degranula-
tion. Thus, endogenously released histamine may exert an exci-
tatory  effect  on  gallbladder  smooth  muscle,  resulting  in  a 
prokinetic protective effect.

Endothelins
Endothelins  are  another  class  of  inflammatory  mediators. 
Studies in the Australian brush-tailed possum have shown that 
endothelins increase gallbladder activity [192–194]. In a model 
of acalculous cholecystitis in this same species, induction of the 
disease was associated with significant production of endothe-
lins by the gallbladder epithelial cells and increase in gallbladder 
tone.  Pretreatment  with  a  nonselective  endothelin  antagonist 
prevented the induction of the inflammation. This study showed 
that gallbladder endothelin production is an early event in the 
process  of  acute  cholecystitis,  increases  gallbladder  tone,  and 
plays a crucial role in the inflammatory process [195].

Interrelationship between inflammation and 
gallbladder muscle dysfunction in the 
development of gallstone disease
As  described  above,  inflammation  and  decreased  gallbladder 
smooth muscle contractility are characteristic  features of gall-
stone disease, and recently, the interrelationship between these 
properties of gallstone disease have been directly  investigated. 
Mice fed a diet that contains 15% dairy butter, and enriched in 
cholesterol  and  cholic  acid  are  known  to  develop  gallstones 
[196].  The  manifestation  of  gallstone  disease  in  these  mice  is 
associated with the development of a T-cell-dependent inflam-
matory  reaction  [196],  and  with  a  decrease  in  spontaneous 
activity and agonist-induced contractility of gallbladder smooth 
muscle [197]. Lithogenicity of the bile is detectable as early as 
1  week  after  initiation  of  the  diet,  and  interestingly,  whereas 
disruptions in smooth muscle function were detectable at the 1 
week time point, inflammation was not observed histologically 
until  the  mice  had  been  on  the  diet  for  4  weeks  [197]. 
Furthermore, neither elevated cholic acid nor cholesterol alone 
lead to lithogenesis, cholecystitis, or disrupted muscle function, 
indicating that an interaction between cholesterol and bile salts 
is involved in the manifestation of cholesterol gallstone disease.
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Functional anatomy of the stomach

The human stomach is a specialized organ within the digestive 
system, situated between the esophagus and small intestine. 
Among its functions, the stomach serves to store and process 
food for absorption within the small intestine. A hallmark 
feature of the stomach is its ability to secrete hydrochloric acid 
(HCl), the zymogen pepsinogen, and other important proteins 
and chemical messengers that play a major role in food diges-
tion and vitamin B-12 absorption. Absorption itself does not 
constitute a major function of the stomach, although some fat- 
and water-soluble substances are absorbed quickly and effi-
ciently through the gastric mucosa [1].

The stomach is primarily considered a secretory organ; 
however, nonglandular gastric epithelium serves other impor-
tant functions, such as storage mentioned above. The human 
stomach is a single-chambered organ that is composed of two 
functional areas, the pyloric and oxyntic gland areas (Figure 
23.1) [2]. The pyloric region comprises 20%–25% of the stomach 
and consists of the pylorus and antrum. The latter region 
includes the “antral pump,” which consists of smooth muscle in 
the gastric wall that serves to mix ingested food and control 
gastric emptying, thereby regulating the release of food prod-
ucts from the stomach into the small intestine for enzymatic 
digestion and subsequent absorption. In addition to this motor 

function, the pyloric region also plays an important secretory 
role. The oxyntic gland area of the stomach comprises 75%–80% 
of the organ and consists of the cardia, fundus, and corpus (see 
Figure 23.1) [2]. As its name implies, this area contains oxyntic 
(parietal) glands, the principal secretory unit of the gastric 
mucosa (Figure 23.2).

The gastric glandular epithelium contains distinct and spe-
cialized cells, and the entire surface of the glandular stomach is 
lined by columnar epithelium, which includes surface mucous 
cells [3]. The surface epithelium is also lined with numerous 
gastric pits or crypts. These are tubular invaginations (see Figure 
23.2), each of which opens into four or five gastric glands. The 
human gastric mucosa contains three distinct types of gastric 
glands: cardiac, oxyntic or parietal, and pyloric. The cardiac 
glands are located in the zone adjacent to the esophagogastric 
junction and consist of simple columnar cells, which is distinct 
from the stratified squamous epithelium of the lower esophagus. 
Similar to oxyntic glands, cardiac glands contain mucous, endo-
crine, and undifferentiated cells. However, cardiac glands can 
be distinguished from oxyntic glands by the absence of parietal 
and chief cells [1].

As noted above, the oxyntic portion of the stomach occupies 
the fundus and corpus, as well as the cardia, and is often con-
sidered the distinguishing feature of the human stomach. In 
addition to the presence of abundant mucus-secreting cells, the 

CHAPTER 23

Gastric secretions

M. Michael Wolfe1 and Robert C. Lowe2

1 MetroHealth Medical Center and Case Western Reserve University School of Medicine, Cleveland, OH, USA
2 Boston University School of Medicine, Boston, MA, USA

C Secretion and absorption

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


400   PART 2 Mechanisms of normal and abnormal gastrointestinal function

gastric secretion is discussed in detail below. The vagus nerve 
also mediates sensory inputs from the stomach, and nearly 
three-quarters of the gastric vagal nerve endings emanate from 
afferent neurons, with cell bodies in the nodose ganglion, which 
transmit signals to the nucleus tractus solitarius in the brain-
stem. The nucleus tractus solitarius is adjacent to, and connects 
extensively with, the dorsal motor nucleus of the vagus, which 
generates efferent signals to the GI tract [7]. Acetylcholine is the 
major parasympathetic neurotransmitter at the junction of the 
vagal neurons and gastric cells. However, afferent signaling also 
involves several other neurotransmitters, including glutamate, 
serotonin, and pituitary adenylate cyclase activating polypep-
tide (PACAP) [8,9].

Sympathetic innervation of the stomach is derived from the 
T5–T9 spinal nerves, which contribute to the greater splanchnic 
nerve and the celiac ganglion. These fibers primarily innervate 
the vasculature and nerve plexi of the stomach, and generally 
act to inhibit motility, decrease secretion, and constrict the vas-
culature of the stomach. Norepinephrine is the primary neuro-
transmitter released at sympathetic nerve endings. Approximately 
80% of the innervation of the stomach is derived from parasym-
pathetic nerves, and only 20% is carried via the sympathetic 
system [10,11].

Blood supply to the stomach

The stomach possesses a rich vascular supply derived from 
branches of the celiac artery (see also Chapter 11). The left 
gastric artery arises directly from the celiac trunk and anasto-
moses with the right gastric artery (a branch of the hepatic 

characteristic features of this region of the stomach are parietal 
cells, which secrete hydrochloric acid as well as intrinsic factor, 
and chief cells, which secrete pepsinogen. These two cell types 
account for approximately 50% of the cells found within the 
corpus mucosa. Finally, endocrine cells that secrete various 
regulatory peptides and other chemical messengers are found 
in abundance in the oxyntic portion of the stomach [1].

The pyloric gland region comprises 15%–20% of the gastric 
mucosal surface area. The pyloric glands contain mucous-
secreting cells similar to those found throughout the remainder 
of the stomach. Unlike other species, the human pyloric gland 
area does not include pepsinogen-secreting chief cells [4]. 
However, this region includes cells that secrete many hormones 
and other gastrointestinal regulatory peptides, the principal one 
being gastrin, which is secreted by gastrin cells (G cells) located 
in the epithelium [5].

Innervation of the stomach

The stomach is innervated by both parasympathetic and sym-
pathetic neurons of the autonomic nervous system (see also 
Chapter 15). Parasympathetic innervation is provided via the 
vagus nerve [6]; branches of the vagi descend from the dorsal 
motor nucleus of the vagus in the brainstem, near the fourth 
ventricle, and branch extensively in the mediastinum to form 
an esophageal nerve plexus, which then reforms into left (ante-
rior) and right (posterior) vagal trunks that cross the diaphragm 
and innervate the stomach. Parasympathetic efferents from the 
vagus nerve synapse on intramural nerves in both the Meissner 
submucosal and Auerbach myenteric plexi of the stomach. 
Vagal stimulation, broadly, increases the secretory and motor 
function of the stomach; the effect of vagal stimulation on 

Figure 23.1 Functional, and corresponding anatomical, areas of the 
human stomach.
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Figure 23.2 Schematic diagram of a gastric pit in the gastric corpus with 
an oxyntic gland at the base. D cell, somatostatin-producing cell, ECL cell, 
enterochromaffin-like cell.
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below, CGRP may also mediate the release of antral somatosta-
tin and thus suppression of gastrin, in response to a decrease in 
intragastric pH [15,16]. Finally, similar to CGRP, prostaglandins 
can induce vasodilation as an important part of their function 
in mucosal protection.

Gastric cells (see Chapter 4)

Because of the cellular heterogeneity of the gastrointestinal 
mucosa, a thorough definition of the cellular aspects of the 
complex gastric physiology was not feasible until the develop-
ment of in vitro methodology that permitted the direct assess-
ment of the cellular mechanisms involved in regulating gastric 
acid secretion. These methods include the isolation and disper-
sion of parietal and other cells and oxyntic glands from the 
fundic and corpus mucosa using collagenase digestion and elu-
triation centrifugation to separate isolated cells according to 
their size or density [17]. Use of these techniques has yielded 
extensive information on the parietal cells receptors, as well as 
receptors on other cells in the fundic mucosa. Because parietal 
cells lose their polar orientation after dispersion, hydrogen ion 
(H+ ion) secretion could not be measured directly, but rather 
indirect measurement was made possible by the use of methods 
that measure the intracellular accumulation of the weak base 
aminopyrine into the acidic tubulovesicular structures described 
below, or by the measurement of oxygen or glucose consump-
tion [17,18].

Mucous cells
Mucous neck cells are located immediately below the isthmus, 
in the neck region of oxyntic glands (see Figure 23.2). A transi-
tion zone from mucous neck cells to surface mucous cells 
appears near the junction of gastric glands and gastric pits; this 
region, designated the “isthmus,” represents the gastric stem cell 
zone. The mucous neck cells, located just below the isthmus, are 
progenitors for the zymogenic or chief lineage [19,20]. Mucous 
neck cells differ in appearance from surface mucous cells. All 
mucous cells synthesize large amounts of mucin in prominent 
Golgi stacks, and these glycoproteins are transported by vesicles 
to large apical mucous granules. Mucous neck cells contain 
acidic glycoproteins, indicating sulfated forms, and express 
MUC6 and trefoil factor 2 (TFF2), whereas surface mucous cells 
contain a neutral mucosubstance and express MUC5AC and 
TFF1 [21,22]. Mucous granules are larger and often paranuclear 
in mucous neck cells compared to surface mucous cells. Mucous 
neck cells possess abundant ribosomes and moderate amounts 
of rough endoplasmic reticulum. Their function as secretory 
cells and mucosal progenitor cells is different from the pre-
sumed function of surface mucous cells involved in mucosal 
defense. They migrate upward from the gastric pits and are 
replaced every 1–3 days [23]. They are thought to protect the 
stomach from injury by acid, pepsin, ingested materials, and 
pathogens by secreting mucus and HCO3 to form a protective 

artery) to form an arcade along the lesser curvature of the 
stomach. The left gastroepiploic artery arises from the splenic 
artery and joins the right gastroepiploic artery, which derives 
from the gastroduodenal artery, along the greater curvature. 
Additional vascular supply is provided by the short gastric arter-
ies, which are branches of the splenic artery that supply the 
fundus and proximal stomach [12]. The presence of numerous 
feeding vessels to the stomach renders it less susceptible to 
ischemic injury than the small bowel and colon. The venous 
drainage of the stomach is of clinical importance, as the left 
gastric vein (also called the coronary vein) and right gastric vein 
drain into the portal vein. In patients with portal hypertension, 
it is the retrograde flow through these veins that lead to the 
formation of gastric and esophageal varices. The right gastroepi-
ploic vein drains into the superior mesenteric vein, and the left 
gastroepiploic vein drains into the splenic vein. In cases of 
splenic vein thrombosis (often due to pancreatic inflammation 
or neoplasm), isolated gastric varices may form as a result of 
pressure transmitted through the gastroepiploic vessels.

At the microvascular level, these large arteries branch to form 
submucosal arterioles, some of which ascend to form capillary 
beds surrounding the gastric glands of the mucosa (70%–80% 
of gastric blood flow), while others anastomose with venules in 
the muscle layers of the stomach (20%–30% of gastric blood 
flow) [13]. The mucosal capillaries then anastomose with 
venules at the surface and drain into submucosal venous plexi 
[14]. The microvascular arrangement has important functional 
ramifications. As discussed below, when acid is secreted from 
parietal cells in the middle region of the gastric pits, the result-
ing intracellular bicarbonate is secreted into the surrounding 
capillaries and is carried to the surface of the stomach, where it 
can be utilized to buffer any acid that diffuses back to the 
mucosa through the protective mucus layer. The resulting “alka-
line tide” that occurs after acid secretion is thereby recycled in 
order to protect the mucosal surface from the harmful effects 
of the secreted acid [14].

In addition, the presence of separate mucosal and submu-
cosal arteriolar beds allows for the tight regulation of mucosal 
blood flow while flow to the muscle layers remains relatively 
constant. Sympathetic efferent neurons synapse on arterioles 
and induce varying degrees of vasoconstriction via the release 
of norepinephrine to regulate blood flow to the gastric mucosa 
and submucosa. In times of high sympathetic tone, blood flow 
to the stomach and other gastrointestinal organs is significantly 
decreased, shunting the energy for secretion and gastric motility 
to somatic muscles that can affect a “fight or flight response.” In 
addition to vasoconstriction, active vasodilation of gastric 
vessels occurs in response to the presence of acid or other dam-
aging factors that penetrate the mucus layer and reach the 
mucosal surface. In response to stimulation by the secretion of 
gastric acid, sensory afferents present in the mucosa can release 
calcitonin gene-related peptide (CGRP) locally to induce 
vasodilation (via nitric oxide production) and provide increased 
blood flow to buffer and remove excess acidity. As discussed 
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producing cells. Termination of ganciclovir treatment led to the 
reemergence of all major gastric epithelial cell types and restora-
tion of glandular architecture, indicating the existence of a 
multipotent stem cell for the gastric mucosa [29].

To further examine this notion, Li et al. created a transgenic 
mouse model to specifically define the functional interrelation-
ships among the proliferation, differentiation, and death pro-
grams of lineages of gastric cells, including parietal cells, mucus- 
producing pit cells, and pepsinogen-producing zymogenic cells 
[31]. Portions of the noncatalytic β-subunit gene of mouse 
H+,K+-ATPase were used to direct expression of an attenuated 
diphtheria toxin A subunit in the parietal cell lineage. Complete 
ablation of differentiated parietal cells was detected, and accom-
panied a fivefold increase in the number of undifferentiated 
granule-free cells located in the proliferative compartment of 
gastric units. This amplified population of granule-free cells 
included the multipotent stem cell, as well as committed precur-
sors of the pit and zymogenic lineages. These studies indicate that 
epithelial homeostasis within the stomach is maintained by 
interactions among different cell lineages. Unlike pit and 
zymogenic cells, parietal cells complete their differentiation in 
the proliferative compartment of the gastric epithelium before 
undergoing bipolar migration along gastric pits. Finally, the 
mature parietal cell appears to play an important role in influenc-
ing decision-making among gastric epithelial cell precursors and 
in modulating migration-associated terminal differentiation 
programs of the pit and zymogenic lineages [31]. These studies 
[29,31] provide strong evidence that parietal cells, possibly 
through their ability to produce and secrete TGF-α and Shh, are 
necessary for the normal differentiation and development of 
multiple cell lineages throughout the stomach.

Histamine-producing cells
Histamine is a primary gastric chemical messenger, which  
binds to H2-specific basolateral receptors on parietal cells to 
stimulate the generation of H+ ions. The primary cell containing 
mucosal histamine in the dog stomach is the mast cell [32],  
and histamine-containing mast cells also occur in the human 
stomach. Mast cells from canine fundic mucosa have been 
enriched by elutriation centrifugation and shown to contain 
characteristic dense granules that stain metachromatically [32]. 
In some species, including the rat and human, histamine is also 
present in endocrine cells that contain large granules and have 
the characteristic appearance of enterochromaffin-like (ECL) 
cells [33]. The relative proportion of these two histamine cell 
types in humans is unknown. Although in situ morphological 
studies have not been definitive, ECL cells are likely the princi-
pal source of histamine in humans, and it appears that these 
cells exist in the lamina propria in close proximity to the glan-
dular cells.

Chief cells
The chief cell is a pepsinogen-secreting exocrine cell found in 
the base or fundus of oxyntic glands [17,34](see Figure 23.2). 

gel. The apical portion of the surface mucous cell is packed with 
secretory granules. Short microvilli extend from the apical 
membrane and are covered by a glycocalyx. The secretion of 
granular mucus appears to occur by exocytosis, apical expul-
sion, and cell exfoliation [24].

Parietal cells
As already noted, the distinguishing feature of the mammalian 
stomach is its ability to secrete large quantities of concentrated 
(160 mmol, pH ∼0.8) HCl [17]. The normal human stomach 
contains approximately one billion parietal cells, which secrete 
H+ ions into the gastric lumen in response to various physio-
logical stimuli. Acid secretion involves an active transport 
process that requires significant amounts of energy, and parietal 
cells are distinguished by abundant mitochondria necessary for 
the generation of energy required for H+ ion secretion, and by 
tubulovesicular and canalicular structures [1]. The latter struc-
tures are derived from the smooth endoplasmic reticulum and 
contain the gastric enzyme H+/K+ adenosine triphosphatase 
(H+,K+-ATPase), which exchanges H+ for K+ ions across the 
apical membrane.

In the nonsecretory state, the parietal cell cytoplasm is filled 
with the tubulovesicular structures [25]. After stimulation, the 
tubulovesicles coalesce into expanded canaliculi, which become 
filled with elongated microvilli. With this dramatic transforma-
tion, the membrane area of the canaliculi draining to the apical 
surface of the parietal cell is greatly expanded, allowing access of 
H+,K+-ATPase to the gastric lumen, thereby preparing the cell 
for the ensuing high rates of gastric acid secretion [25]. These 
changes in parietal cell architecture occur within minutes of 
stimulation and persist throughout the duration of the stimulus. 
As the stimulation is withdrawn, the canaliculi collapse, the 
microvilli recede, and cytoplasmic tubulovesicular structures 
again become prominent as the cell returns to a resting state [17].

In addition to their well-established role in the production of 
gastric acid, parietal cells exert important biological actions in 
the regulation of gastric mucosal homeostasis. Parietal cells are 
the major site for the production of growth factors and morpho-
gens in the gastric epithelium. These growth factors include 
transforming growth factor-α (TGF-α) [26] and morphogens 
such as sonic hedgehog (Shh), a peptide that contributes to the 
regulation of complex programs of cellular growth and differ-
entiation in the stomach [27,28]. Interestingly, loss of mature 
parietal cells, achieved by genetic, pharmacological, or immu-
nological methods, appears to be associated with an increase in 
the number of pit cells and abrogation of the differentiation 
program of the zymogenic and endocrine lineages, leading to 
the accumulation of preneck cells and the depletion of their 
mature zymogenic and endocrine cell progenies [29,30]. Thus, 
Canfield et al. targeted herpes simplex virus 1 thymidine kinase 
to parietal cells within the gastric mucosa of transgenic mice, 
and parietal cells were ablated by treatment of animals with 
ganciclovir. The drug produced the ablation of parietal cells, the 
dissolution of gastric glands, and the loss of chief and mucus-
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London in 1823, which was published the following year in a 
manuscript entitled “On the nature of acid and saline matters 
usually existing in the stomach of animals” [43,44].

Although it is generally assumed that gastric acid and the 
proteolytic enzyme pepsin are required to initiate digestion, 
achlorhydric individuals generally do not develop malabsorp-
tion unless small bowel bacterial overgrowth is present [17]. It is 
likely that ability of the stomach to secrete acid evolved primarily 
from a need to sustain a relatively sterile intragastric milieu. 
Animals that possessed the capacity to kill ingested pathogenic 
bacteria and other harmful microbes were able to avoid the 
development of enteric colonization and thereby ensure both the 
efficient absorption of nutrients and the prevention of systemic 
infections [35]. The discovery that Helicobacter pylori was 
adapted to survive in the acidic gastric environment overturned 
the dogma that the stomach is sterile. In fact, all mammals appear 
to possess a “normal,” albeit restricted, gastric microbiome [45]. 
In H. pylori-negative individuals, gastric microbiota diversity is 
high, and most of the prominent gastric phylotypes (Streptococcus, 
Actinomyces, Prevotella, Gemella) are also abundant in the 
oropharynx of these individuals. These observations indicate 
that either many constituents are swallowed from more proximal 
sites, including the saliva, or that close relatives of the oral micro-
biota colonize more distally [45].

When present, gastric acid plays a significant role in protein 
hydrolysis and other aspects of the digestive process, and, under 
various conditions, acid may play an etiological role in produc-
ing various forms of discomfort and inciting esophageal and 
gastroduodenal mucosal injury. Rates of gastric acid secretion 
generally reach adult levels during the late teens and are main-
tained at this rate throughout adulthood. Although a decline in 
the rates of acid secretion had been noted in the past near age 
60, this decrease likely occurred as a result of a higher preva-
lence of chronic atrophic gastritis associated with long-standing 
H. pylori infection. As the prevalence of infection with H. pylori 
has diminished significantly over the past few decades, atrophic 
gastritis is less frequently encountered.

Pathways involved in acid secretion
The generation of H+ ions by gastric parietal cells is mediated 
by three pathways: neurocrine, paracrine, and endocrine 
[17](Figure 23.3). The principal neurocrine transmitter is ace-
tylcholine, which is released by vagal postganglionic neurons 
and appears to stimulate H+ ion generation directly via a pari-
etal cell muscarinic M3 receptor. Histamine is the primary para-
crine transmitter that binds to H2-specific receptors on parietal 
cells. Adenylate cyclase is then activated, leading to an increase 
in intracellular cyclic adenosine monophosphate (cAMP) levels 
and the subsequent generation of H+ ions [46,47]. The secretion 
of gastrin from antral G cells comprises the endocrine pathway 
and stimulates H+ ion generation both directly and indirectly, 
the latter by stimulating histamine secretion from ECL cells of 
the corpus and fundus. Interactions among neurocrine, para-
crine, and endocrine pathways are coordinated to promote or 

Zymogen granules containing proenzymes are located in the 
apical cytoplasm and release their contents by exocytosis. The 
apical membrane has a few short microvilli covered by a thin 
coating of glycoprotein or glycocalyx. An abundant rough endo-
plasmic reticulum extends upward from the basal cytoplasm 
toward the apical granules. As H+ ions are secreted and the 
intragastric pH decreases to less than 3.5, the conversion of the 
zymogen pepsinogen to the active proteolytic pepsin enzymes 
is facilitated [35]. Chief cells are relatively long-lived (∼60–90 
days) compared to other fundic cell types [19], and recent 
studies have also shown that a subpopulation of chief cells may 
also serve as quiescent “reserve” stem cells [36].

Endocrine cells
Many different types of endocrine cells are scattered throughout 
the gastric mucosa. Immunohistochemical techniques have 
enabled a thorough characterization of these cells based on their 
secretory granule contents [37,38]. Their secretory products 
have important endocrine and paracrine effects on acid secre-
tion. Gastric endocrine cells secrete gastrin and somatostatin, 
as well as ghrelin. Other morphologically distinct gastric endo-
crine cells may contain additional candidate hormones, but they 
await further characterization.

Gastric endocrine cells can be classified as open cells that 
have apical membranes in contact with the glandular lumen, or 
closed cells, which are located near the epithelial basement 
membrane and do not border on the lumen of the gland. The 
prototypical open endocrine cell is the G cell. The basilar 
portion of the cell is packed with secretory granules [37] from 
which gastrin is released, consistent with the rapid postprandial 
appearance of the hormone in the bloodstream. The apical 
portion of the cell narrows until only a small microvillous 
border opens on the glandular lumen. The apical membrane 
may contain luminal receptors that detect amino acids or their 
amine derivatives, which are thought to stimulate G cells during 
feeding [39,40]. The model of a closed gastric endocrine cell is 
the fundic somatostatin cell (D cell), and immunohistochemical 
staining of these cells reveals long, slender processes that termi-
nate on or near parietal and chief cells [41,42]. These processes 
presumably help facilitate the paracrine effect of somatostatin.

Gastric acid secretion

From early recorded antiquity, acid has been considered to be 
present in the human stomach [43]. More than 2300 years ago, 
Greek scholars commented on epigastric pain, heartburn, and 
“sour eruptions” as maladies potentially caused by problems 
with the stomach. Celsus, a second century Greek philosopher, 
concluded that some foods were acidic, and he recommended 
that “if the stomach is infested with an ulcer.  . . .  acid is to be 
avoided.” Scientific evidence that HCl accounted for the acidic 
milieu within the stomach awaited documentation by William 
Prout in his elegant presentation before the Royal Society in 
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Figure 23.3 Schematic representation of the parietal cell, depicting the various pathways (solid arrows) involved in the generation and secretion of 
gastric acid. Also shown (dashed arrows) are the sites of action of inhibitors of acid secretion and (italicized) antisecretory agents. A, acetylcholine; ATP, 
adenosine triphosphate; cAMP, cyclic adenosine monophosphate; CCK-2RA, CCK-2 (or gastrin) receptor antagonists; ECL, enterochrommafin-like; G, 
gastrin; Gi and Gs, inhibitory and stimulatory catalytic subunits, respectively; H, histamine; H2RA, histamine-2 receptor antagonists; M-antag, 
antimuscarinics; PGE, E series prostaglandins; STS, somatostatin.
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Figure 23.4 Schematic representation of the various chemical pathways involved in the generation and secretion of gastric acid. H+,K+-ATPase 
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inhibit H+ ion generation. Histamine appears to represent the 
dominant route as gastrin stimulates acid secretion principally 
by promoting histamine release from ECL cells [48,49]. Thus, 
ECL cells are often referred to as “controller” cells in the process 
of gastric acid secretion [35].

Parietal cell transport of hydronium ions
H+ or hydronium (H3O+) ions are generated within the parietal 
cell from water (Figure 23.4) and are transported out of parietal 

cells into the gastric lumen against a substantial ionic gradient 
[35]. Carbonic anhydrase catalyzes the reaction that combines 
OH− ions with cytoplasmic CO2 to create bicarbonate (HCO3

−) 
ions [50]. HCO3

− ions are exchanged for Cl− ions at the parietal 
cell basolateral membrane, and Cl− ions are then transported 
into the secretory canaliculus along with K+ ions via con-
ductance pathways closely associated with H+,K+-ATPase 
and are thereby secreted. H3O+ ions are simultaneously 
exchanged at the parietal cell apical membrane for K+ ions via 
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reflects only the concentration of secreted acid, generally pro-
vides insufficient information. Because H+ ions are secreted at 
a concentration of 160 mmol (pH of ∼0.8), intragastric pH will 
be nearly identical in diverse conditions, including normal  
individuals, as well as in patients with duodenal ulcer due to  
H. pylori infection and those with ulcers associated with gastrin-
secreting tumors (Zollinger–Ellison syndrome).

Gastric acid output is most reliably measured by placing a 
tube (most commonly nasogastric) into the stomach and posi-
tioning the distal tip containing the aspiration ports in the most 
dependent portion of the stomach. With the person in the 
supine position, successful localization of the radiopaque tube 
in the distal stomach is generally achieved as the tube tip 
approaches the vertebral bodies confirmed by fluoroscopy. 
Initial gastric contents that are aspirated should be discarded 
prior to beginning measurements of acid output. Optimal aspi-
ration can be achieved by placing the subject in an infusion 
chair, with the patient reclining to approximately 45°. Despite 
careful placement of the tube and positioning the subject opti-
mally, gastric acid output can be underestimated because of 
three factors: back diffusion of H+ ions across the gastric 
mucosa, neutralization of H+ ions by duodenal HCO3

− ions, 
and emptying of gastric contents into the duodenum. 
Nevertheless, the measurement of gastric acid output using this 
fundamental aspiration method has proven reliable over the 
years.

After gastric contents are aspirated, the H+ ion concentration 
can be determined by first measuring the volume over a period 
of time and then titrating aliquots with NaOH. A reference pH, 
usually 7.0, is used, and the number of millimoles (mmol) of 
NaOH needed to titrate to the reference pH will be equal to the 
acidity present in the sample. After factoring the volume, acid 
output is calculated and then generally expressed as either mEq 
or mmol per hour. Acid secretion is usually measured either 
under basal conditions or following stimulation by collecting 
acid for four to six 15-min periods and then measuring the 
amount of acid generated in each aliquot [67].

Basal or interdigestive acid output (BAO) is the secretion of 
acid that occurs in the absence of intraluminal stimuli. Maximal 
acid output (MAO) or peak acid output (PAO) refers to the 
assessment of secretion following the administration of a secre-
tagogue such as pentagastrin or a histamine analogue. The latter 
is rarely used at present because of the significant incidence and 
severity of adverse reactions associated with its use. Following 
the determination of BAO, subjects are administered pentagas-
trin by subcutaneous injection at a dose of 6 μg/kg body weight, 
after which gastric contents are once again aspirated for four to 
six 15-min periods. The MAO represents the sum of four col-
lections, while the PAO is the sum of the two greatest consecu-
tive 15-min collections, which are then multiplied by two and 
expressed as mEq or mmol of H+ secreted per hour.

The measurement of meal-stimulated acid secretion involves 
a far more cumbersome method that is generally reserved for 
the research setting [67,68]. A high-protein meal (e.g., steak and 

an electroneutral process which is catalyzed by H+,K+-ATPase 
(see Figure 23.4) [51]. Whereas K+ ions are primarily recycled, 
H3O+ ions are secreted at a concentration of 160 mmol (pH of 
∼0.8). For each H3O+ ion secreted into the gastric lumen, a 
HCO3

− ion is released from the basal side of the epithelium into 
the circulation, a process that has been named the “alkaline 
tide.” The alkaline tide appears to play a pivotal role in the regu-
lation of acid–base balance [52].

Central nervous involvement in gastric  
acid secretion
The important role of the nervous system in regulating gastric 
acid secretion has long been recognized, with prior studies dem-
onstrating that the vagus was the sole responsible gastrocephalic 
neural link [53,54]. The components of the central nervous 
system (CNS) involved in modulating gastric secretion include 
the dorsal motor nucleus of the vagus, the nucleus tractus soli-
tarius, and the hypothalamus. The dorsal motor nucleus sup-
plies stimulatory efferent fibers to the stomach through the 
vagus nerve [55,56]. Stimulation of the dorsal motor nucleus 
thereby increases gastric secretion [6,57], whereas ablation of 
this nucleus abolishes the secretory process [58]. The dorsal 
motor nucleus does not appear to initiate secretion [59], but 
rather integrates CNS input from the hypothalamus and visceral 
input from the nucleus tractus solitarius. Regions of the hypoth-
alamus that are important for regulating gastric secretion 
include the ventromedial hypothalamus, which appears to 
provide tonic inhibition [60,61], the lateral hypothalamus, and 
the adjacent medial forebrain bundle; these mediate secretion 
in response to hypoglycemia [62]. Visceral afferents and taste 
fibers provide input into the nucleus tractus solitarius, demon-
strating its potential involvement in stimulating gastric secre-
tion in response to taste.

Vagal stimulation of the parietal cell appears to involve 
several mechanisms [17]. In addition to direct stimulation of 
H+ ion generation and secretion via an M3-muscarinic receptor, 
vagal stimulation also enhances the release of antral gastrin in 
part by the inhibition of antral somatostatin expression. The 
increase in circulating gastrin, in turn, contributes to stimula-
tion of the parietal cell. Somatostatin appears to exert a continu-
ous restraint on the antral gastrin cell [63], an effect that occurs 
at both the pre- and posttranslational levels [64,65]. As vagal 
stimulation inhibits somatostatin, this restraint is diminished, 
and the expression of gastrin is enhanced. The vagal stimulation 
of gastrin release may also involve gastrin-releasing peptide 
(GRP), the mammalian homolog of bombesin, and it has been 
suggested that this mechanism may utilize noncholinergic path-
ways [66]. Finally, the vagal stimulation of corpus and fundic 
gastric mucosa lowers the threshold for gastrin stimulation [17].

Measurement of gastric acid secretion
While no longer performed routinely, measurement of gastric 
acid output can provide useful information. It must be stressed 
that the mere determination of intragastric luminal pH, which 
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[78]. This observation suggests the presence of a local interneu-
ronal reflex arc innervated by the vagus, which is independent of 
circulating gastrin and transmits acid stimulatory signals from 
the antrum to the gastric corpus and fundus. It appears that these 
pathways are also present in humans because the small amount 
of basal acid secretion found in some patients who have under-
gone vagotomy can be abolished by antrectomy [79].

Meal-stimulated acid secretion
The ingestion of a meal stimulates gastric acid secretion rapidly, 
and the quantitative response varies according to the nutrient 
consumed [80]. Proteins, including polypeptides and amino 
acids derived during the initial phases of digestion, are generally 
considered the most potent nutrient stimuli for acid secretion 
[81]. In contrast to proteins, carbohydrates and lipids appear to 
inhibit acid secretion, which may occur as a result of the stimu-
lation and release of intestinal regulatory peptides, such as 
cholecystokinin (CCK), secretin, and gastric inhibitory polypep-
tide (GIP), into the circulation [82]. These peptides may func-
tion as “enterogastrones,” which are intestinal hormones that 
were postulated to function in a negative feedback capacity to 
inhibit acid secretion following a meal [67,82,83]. Other food 
substances have been shown to stimulate gastric acid secretion. 
Both caffeinated and, to a lesser extent, decaffeinated, coffee 
stimulate acid secretion, whereas tea and other caffeinated bev-
erages stimulate acid output to a lesser degree [84]. Some alco-
holic beverages, such as wine and beer, stimulate acid secretion, 
and milk, by virtue of its alkaline pH and protein and calcium 
content, is a very potent stimulus for the secretion of acid [85].

Cephalic phase of acid secretion
Gastric acid secretion in response to food ingestion consists of 
three phases – cephalic, gastric, and intestinal – which often 
occur simultaneously (Figure 23.5) [17]. The cephalic phase is 

milkshake) is pureed and infused through a nasogastric tube. 
Gastric contents are then aspirated periodically, typically every 
30 s to every 2–3 min, across a pH electrode. A reference pH, 
usually 4.0, is selected, and NaHCO3 is infused into the stomach 
to keep the pH constant at the preselected value. After the meal 
has emptied, the total volume of NaHCO3 needed to titrate the 
intragastric meal is measured and is then regarded as the 
amount of acid secreted in response to the infused meal. Similar 
to BAO, MAO, and PAO, meal-stimulated acid output is 
expressed as mEq or mmol of H+ secreted per hour.

Basal acid secretion
BAO varies widely among animal species; dogs have low BAO 
that is generally <1% of stimulated rates of acid secretion [69]. 
In contrast, in the rat and human, BAO is approximately 30% 
and 10%, respectively, of maximal capacity [70,71]. In addition 
to interspecies variations, BAO not only varies significantly 
among individuals, but is also variable during different times of 
the day. The upper limit of normal BAO is less than 10 mmol/h, 
and BAO is generally higher in men than women, likely reflect-
ing a larger parietal cell mass in men. BAO in humans has a 
circadian rhythm characterized by high rates of acid secretion 
in the evening, with low rates in the morning [72]. The etiology 
of this circadian rhythm is unknown, but the rhythmic cycle 
does not appear to be related to circulating gastrin concentra-
tions [72]. Because it is abolished by atropine or vagotomy, it is 
likely that neurocrine pathways play a dominant role during the 
interdigestive phase of acid secretion [17]. BAO can be affected 
by external factors such as smoking and the emotional state of 
an individual [73–77].

Cholinergic innervation appears to play a major role in BAO 
because denervation of the antral pouch in dogs markedly 
reduces BAO from the main innervated stomach and from the 
denervated fundic pouch without changing plasma gastrin levels 

Figure 23.5 The three phases of gastric acid secretion in response to food ingestion. These phases, cephalic, gastric, and intestinal, generally occur 
simultaneously. More than 90% of the gastric phase occurs as a result of increases in circulating gastrin.
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Amino acids derived from dietary proteins undergo luminal 
decarboxylation to amines, which directly stimulate G cells to 
release gastrin into the circulation, enhancing acid secretion 
[39,104,105]. The aromatic amino acids phenylalanine and tryp-
tophan are the most potent stimuli of gastrin release and gastric 
acid secretion in vivo [105]. Amino acids also appear to stimu-
late acid secretion after systemic absorption.

Intestinal phase of acid secretion
The intestinal phase accounts for <10% of meal-stimulated acid 
secretion and consists primarily of digested peptides that enter 
into the circulation and, to a lesser extent, from gastrin released 
from the small intestinal mucosa. In general, agents that effec-
tively stimulate acid secretion during the gastric phase are also 
stimulatory during the intestinal phase. In addition, a hypo-
thetical regulatory peptide, which has been designated 
“enterooxyntin” [106,107], and appears to be distinct from 
gastrin, has been isolated from the small intestinal mucosa and 
may possess acid-stimulatory properties.

Feedback inhibition of acid secretion
A negative feedback loop governs both gastrin release and  
the return of acid secretion to basal levels (Figure 23.6) 
[17,63,108,109]. This autoregulatory mechanism prevents post-
prandial acid hypersecretion. Following the ingestion of a meal, 
gastrin release stimulates the secretion of gastric acid. Initially, 
the buffering capacity of ingested meals maintains the intragas-
tric pH above 4.0. With time, however, the intraluminal pH 
begins to decrease, and when it reaches <3.5–3.0, somatostatin 
release from antral D cells is stimulated, possibly through the 
activation of CGRP neurons [15,17,35]. Somatostatin then 
appears to act via a paracrine mechanism to inhibit the further 
release of gastrin from G cells [41,63]. In addition to its effects 
on gastrin secretion from antral G cells, studies in dogs have 
shown that somatostatin inhibits gastrin expression at the pre-
translational level [64]. Despite inhibiting gastrin gene tran-
scription, its predominant effect on gene expression appears to 

initiated by the release of acetylcholine from the postganglionic 
neurons of the vagus nerve upon the sight, smell, taste, and most 
importantly thoughts of food. This phase accounts for approxi-
mately 30%–40% of the total acid output in response to a meal 
and also accounts for basal and nocturnal acid secretion [17]. 
The existence of the cephalic phase of acid secretion was initially 
emphasized by Pavlov in the early 1900s, when he demonstrated 
that the anticipation of feeding, as well as visualization or smell 
of food, were powerful stimulants for acid secretion [86]. 
Despite differences observed in studies involving various 
species, considerable experimental and clinical evidence sup-
ports the importance of the CNS and the hypothalamus, in 
particular, during the cephalic phase of gastric acid secretion 
[87–89]. In addition to the lateral hypothalamus, electrical 
stimulation of the amygdala increases acid output [87,90].

Animal studies indicate that the stimulation of acid secretion 
during the cephalic phase is unrelated to changes in circulating 
gastrin [72]. Nevertheless, the mechanisms by which the initia-
tors of the cephalic phase activate the vagal centers have not 
been clearly elucidated. It is widely recognized that vagotomy 
abolishes the response to cephalic phase stimuli [79]. In con-
trast, the muscarinic antagonist atropine markedly attenuates, 
but does not abolish, sham feeding in humans, which may indi-
cate that mediators other than acetylcholine are involved in the 
cephalic phase of gastric acid secretion [91]. Studies by Goto  
et al. have suggested that GABAergic (γ-aminobutyric acid) 
neural pathways are involved in vagal efferent stimulation 
[92,93]. Other neuropeptides, such as enkephalins, thyrotropin-
releasing hormone (TRH), corticotropin-releasing factor (CRF), 
GRP, neurotensin, interleukin-1 (IL-1), and CGRP may also 
affect acid secretion via vagal stimulation [9,94–100].

Gastric phase of acid secretion
Gastric acid secretion in response to a meal increases rapidly, 
although, the intragastric pH actually increases initially because 
of the buffered capacity of most meals. With time the quantity 
of acid secreted by parietal cells overwhelms the buffering 
capacity of the meal, and the intragastric pH begins to decrease. 
The gastric phase accounts for approximately 50%–60% of 
meal-stimulated acid secretion, with antral distention stimulat-
ing the initial release of the polypeptide hormone gastrin 
[101,102]. As small amounts of food or liquid enter the stomach, 
the secretion of acid is increased. Studies in dogs have shown 
that as little as 50 mL of 0.9% NaCl stimulated acid secretion 
[81]. However, physiological stimulation by gastric distention 
postprandially is transient and involves not only gastrin release, 
but also vagovagal and intragastric reflexes, such as those 
involving GRP.

Eysselein et al. demonstrated that approximately 92% of the 
gastric phase of acid secretion in humans could be attributed to 
increases in circulating gastrin [103]. The principal stimuli for 
the release of gastrin during the gastric phase are the pH and 
protein content of the ingested meal [17]. Proteins are generally 
considered the most potent nutrient stimuli for acid secretion. 

Figure 23.6 Negative feedback inhibition of gastrin release and gastric 
acid secretion involving both local intragastric inhibitory pathways and 
intestinal hormones (enterogastrones). The former appears to occur 
primarily as a result somatostatin inhibition of the gastrin cell. 
Somatostatin may also directly inhibit the enterochrommafin-like (ECL) 
and parietal cells (not shown). CGRP, calcitonin gene-related peptide; 
GIP, gastric inhibitory polypeptide; PYY, peptide YY.
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tidine in 1977, and, within the next 10 years, three additional 
H2-receptor antagonists – ranitidine, famotidine, and nizati-
dine. All four drugs suppress basal and meal-stimulated acid 
secretion, albeit to a lesser degree than proton pump inhibitors 
(PPIs).

In 1991, Gantz et al. [112] successfully cloned the gene 
encoding the histamine H2 receptor, which enabled the identi-
fication of the structural components of the receptor that con-
ferred H2 selectivity, including key areas of homology in the 
structures of the histamine H2- and β2-adrenergic receptors, 
which suggested specific transmembrane amino acids that 
could be important for histamine binding. Using site-directed 
mutations, Gantz et al. [115] determined that an aspartic acid 
residue (Asp98) in the third transmembrane domain is essential 
for histamine binding and action, while an aspartic acid 
(Asp186) in the fifth transmembrane domain defines H2 selec-
tivity. A third amino acid residue, threonine (Thr190) located 
in the fifth transmembrane domain, appears to be important in 
establishing the kinetics of histamine binding but was not 
deemed essential for H2 selectivity.

Although H3 receptors are expressed on ECL cells, where they 
play a role in the autocrine regulation of histamine release, their 
presence on parietal cells is less well established. The H3 receptor 
agonist methylhistamine is a potent stimulant of aminopyrine 
uptake in isolated cultured rabbit parietal cells [116]. However, 
this stimulatory effect can be abrogated by the H2 receptor 
antagonist ranitidine, which leaves uncertainty about the selec-
tivity of methylhistamine, as well as the physiological signifi-
cance of the H3 receptor in the regulation of H+ ion secretion 
from parietal cells.

Muscarinic receptor and its antagonists
As discussed above, the CNS, particularly via the vagus nerve, 
plays a dominant role in regulating basal acid secretion, as well 
as the cephalic phase of meal-stimulated acid secretion [35]. 
Cell bodies located primarily within the Meissner plexus in the 
submucosa are innervated by preganglionic vagal fibers, as well 
as by other enteric neurons that participate in local intragastric 
reflexes. Acetylcholine is the principal neurotransmitter released 
from both short, postsynaptic cholinergic neurons and postgan-
glionic nerves emanating from the above submucosal cell 
bodies. Extracts of belladonna have been used to treat dyspepsia 
since the time of the Roman Empire, and, in the recent past, 
nonspecific antimuscarinic agents, such as atropine and propan-
theline bromide, were used as inhibitors of gastric acid secretion 
[35]. These drugs were associated with many adverse effects, 
including drowsiness, dry mouth, blurry vision, and urinary 
retention, and as a result are rarely used today.,

Five muscarinic receptors have been subtyped and cloned, 
and although all are G-protein coupled, they signal different 
intracellular pathways. In vitro characterization of gastric acid 
secretion indicates that parietal cells normally expresses the  
M3 subtype [117]. Clinically, the M1 antagonists pirenzepine 
and telenzepine are effective inhibitors of acid secretion and 

occur at the posttranscriptional level by increasing the turnover 
of gastrin mRNA [65].

Somatostatin produced by D cells in the gastric corpus and 
fundus may also directly inhibit acid secretion from parietal cells 
and suppress histamine release from ECL cells (see Figure 23.3) 
[109,110]. Other observations indicate that several other neu-
rotransmitters, including vasoactive intestinal peptide (VIP), 
galanin, and PACAP, may play important roles in regulating 
gastric acid secretion, both directly and indirectly, under physi-
ological conditions [35].

In addition to the local feedback inhibition of gastric acid 
secretion, it has long been recognized that various regulatory 
peptides emanating from the small intestinal mucosa play a 
pivotal role in inhibiting postprandial acid secretion. As already 
noted, peptides such as CCK, secretin, GIP, peptide YY, and 
others have been designated as “enterogastrones,” and some of 
these peptides function physiologically in such a negative feed-
back capacity [82]. Secretin and GIP function in this capacity 
by stimulating the release of antral somatostatin, which, in turn, 
inhibits gastrin release into the circulation [82,111]. These 
enterogastrones thereby appear to indirectly inhibit acid secre-
tion. Whether these peptides function independently or act 
synergistically remains to be determined.

Pharmacology of parietal cell receptors

The parietal cell possesses a unique morphology that differs 
markedly between the resting and stimulated states [17,35]. 
Mitochondria occupy 34% of its cell volume, indicative of the 
importance of ATP synthesis as an energy source required for 
the active transport of H3O+ ions out of the cell against a 
3 000 000 : 1 ionic gradient [35]. A large percentage of resting cell 
volume is also occupied by tubulovesicles, which are elongated 
tubes with smooth surface membranes, and by the secretory 
canaliculus, a small invaginated area of the apical membrane. 
Upon stimulation, which generally occurs in response to meal 
ingestion, the tubulovesicles decrease in number and become 
transformed into microvilli around the secretory canaliculus. 
This morphological transformation serves to greatly expand the 
surface area of the parietal cell in preparation for the secretion 
of large quantities of HCl. The parietal cell also possesses several 
different receptors for stimulatory and inhibitory ligands on its 
basolateral membrane (see Figure 23.3).

Histamine receptors
The histamine H2 receptor belongs to a large family of G-protein-
linked receptors possessing seven transmembrane domains 
[112]. Despite the recognition that histamine stimulates gastric 
acid secretion, it was not until 1966, when Ash and Schild [113] 
described H1 and H2 histamine receptors, that the possibility of 
inhibiting acid secretion with histamine antagonists was pro-
posed. Beginning in 1968, Black et al. [114] described selective 
histamine H2-receptor inhibition, leading to the release of cime-
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well as in rats and dogs [131–133]. Prinz et al. [134] reported 
that SSTR2 is the predominant receptor subtype mediating inhi-
bition of histamine release from rat ECL cells.

Specific binding sites for prostaglandin E2 (PGE2) have been 
identified in the subcellular membrane fractions of porcine 
fundic mucosa, suggesting localization to the plasma membrane 
[135–137]. Prostaglandins can displace bound [3H]PGE2 and 
inhibit histamine-stimulated aminopyrine uptake in isolated 
rabbit parietal cells [136], providing conclusive evidence for the 
presence of prostaglandin receptors on parietal cells. Although 
PGE2 and prostaglandin I2 (PGI2) have no effect on parietal cell 
aminopyrine uptake induced by gastrin, carbachol, or dibutyryl 
cAMP, both prostaglandins inhibit histamine-stimulated ami-
nopyrine accumulation and cAMP generation in enriched 
canine parietal cells [138]. Ding et al. [137] documented expres-
sion of the prostaglandin receptor subtypes EP3 and EP4 genes 
on rat gastric parietal cells.

Previous studies [96,139] have suggested that parietal cells 
express receptors for cytokines, such as tumor necrosis factor-α 
(TNF-α) and interleukin-1β (IL-1β). In isolated rabbit and 
canine gastric parietal cells, these two cytokines were shown to 
inhibit the accumulation of the aminopyrine in the basal state 
and after stimulation with histamine, gastrin, and carbachol 
[96,139]. More recently, Howlett et al. [140] reported that that 
IL-11 expression, which occurs in both mice and human fundic 
mucosa, is enhanced in parietal cells following H. pylori infec-
tion. They reported that this cytokine inhibits gastric acid  
secretion, likely by reducing the expression of the CCK-2 and 
histamine H2 receptors [140]. In contrast, Yakabi et al. [141] 
reported that IL-8 enhanced gastrin-stimulated gastric acid 
secretion in rats. Thus, cytokines appear to have complex regu-
latory effects on gastric acid secretion, which may be mediated, 
at least in part, by a direct action of these agents on gastric 
parietal cells.

A calcium-sensing receptor (CaSR) has been identified on rat 
and human parietal cells, as well as antral G cells. The activation 
of this receptor by Ca2+ and l-amino acids appears to increase 
intracellular Ca2+ concentrations and stimulate H+,K+-ATPase 
activity and gastrin release [142–144]. Parietal cells also express 
the receptor for epidermal growth factor (EGF), which binds 
both EGF and TGF-α [26,145]. TGF-α is secreted by parietal 
cells and may thus function as an autocrine regulatory factor. 
Both growth factors inhibit parietal cell function in a similar 
fashion [146–150]. The presence of secretin, glucagon, or opioid 
receptors on parietal cells remains to be established.

Signaling pathways involved in gastric  
acid secretion

Calcium-, cyclic AMP-, and protein kinase 
C-mediated stimulation of gastric acid secretion
Regardless of the initiating stimulus, after binding of an agonist 
to a specific receptor, a series of intracellular events are initiated 

probably exert their effect by interaction with a postsynaptic 
neuronal M1 receptor [17]. While these two agents are available 
in other countries for the treatment of duodenal ulcer, they have 
not been approved for use in the United States.

Gastrin receptor and its antagonists
As stated above, gastrin stimulates acid secretion via an endo-
crine pathway and induces H+ ion generation both directly and 
indirectly. The precise location and density of the gastrin recep-
tor has been the subject of debate and may be somewhat species 
dependent. Several studies in rats and other rodents have sug-
gested that gastrin stimulates acid secretion by enhancing the 
release of histamine from ECL cells [118,119]. Conversely, 
receptors for gastrin receptors have been demonstrated on 
canine parietal cells [120,121]. Single-cell video imaging has 
provided direct evidence for a functional gastrin receptor on the 
parietal cells of rats and rabbits [122].

The gastrin receptor belongs to the seven-transmembrane 
G-protein-linked receptor family [121]. It is closely related to 
the receptor for cholecystokinin (CCK-A or CCK-1) and is 
often referred to as the CCK-B or CCK-2 receptor. Gastrin-
specific receptor antagonists have been developed, which 
include L365,260, YM022, and YF476 (netazepide) [123–127]. 
The former is a benzodiazepine derivative obtained from the 
fungus Aspergillus alliaceus and has been demonstrated to effec-
tively antagonize gastrin-stimulated gastric acid secretion. 
Netazepide is currently in clinical trials and has shown benefi-
cial effects in antagonizing the trophic properties of gastrin in 
patients with gastric neuroendocrine tumors [127]. Despite 
their potential benefit, these antagonists have not been used 
clinically as pure inhibitors of acid secretion. In addition to their 
benefit in neuroendocrine tumors, they may ultimately prove 
useful in the treatment of panic and anxiety disorders by virtue 
of binding to gastrin receptors in the brain [128].

Miscellaneous receptors on the parietal cell
Other receptors on the parietal cell basolateral membrane have 
been suggested by the ability of various agents to inhibit gastric 
acid secretion (see Figure 23.3). Both somatostatin and prostag-
landins inhibit H+ ion generation by binding to their respective 
G-protein-linked receptors on the parietal cell, leading to inhi-
bition of adenylate cyclase and a decrease in intracellular cAMP 
generation [129].

Five subtypes of somatostatin receptors have been cloned and 
characterized, each possessing distinct pharmacological proper-
ties and tissue distribution [130]. The five somatostatin receptor 
subtypes are expressed in all layers of the gastric mucosa [130]. 
Development of highly specific and selective agonists [131] has 
led to more precise functional characterization of these different 
somatostatin receptors. Although all five somatostatin receptors 
are expressed in the stomach, somatostatin receptor subtype 2 
(SSTR2) appears to be the receptor subtype most involved in 
regulating the gastric secretory process. It directly mediates the 
inhibition of gastric acid secretion in human parietal cells, as 
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Sonic hedgehog signal transduction pathway
Sonic hedgehog (Shh) is a morphogen expressed in gastric 
glands. It appears to play an important role in the regulation of 
gastric epithelial cell maturation and in differentiation in the 
mammalian stomach [27,161–164]. The gastric epithelium of 
Shh-deficient mice exhibits intestinal transformation [165,166], 
and the mucosa of patients with gastric atrophy and intestinal 
metaplasia is characterized by the loss of Shh expression [162]. 
Inhibition of Shh signaling in the gastric mucosa leads to 
enhanced cellular proliferation [27]. The functional significance 
of the Shh signal transduction pathway in the stomach was 
initially characterized in isolated canine parietal cells [27]. 
These studies demonstrated that these cells express Shh and its 
receptor “patched” (Ptc). Incubation of the cells with EGF 
induces both the release and the expression of Shh.

H+ ion secretion is required for the expression and processing 
of Shh [167](Figure 23.7). Autocrine or paracrine signaling by 
Shh is required for full functional differentiation of the parietal 
cell, as well as gastric acid secretion [28]. The loss of Shh results 
in loss of acidity, diminished expression of somatostatin, and a 
resulting increase in serum gastrin levels. IL-1β has known 
inhibitory effects on acid secretion and stimulatory effects on 
gastrin secretion. However, it has also been shown to downregu-
late Shh, which may contribute to the loss of the parietal cells’ 
capacity to secrete gastric acid [167]. The use of PPIs decreases 
Shh expression, which may explain why these agents enhance 
the development of gastric atrophy in patients infected with  
H. pylori [28].

Parietal cell H+,K+-adenosine triphosphatase

Various ATPase molecules regulate the transport of cations 
across biological membranes. Ion-motive ATPases can be clas-
sified into single or double subunit and multisubunit types, with 
P ATPases representing the former, and F1F0 and V ATPases the 
latter [35,168,169]. All ATPases possess cytoplasmic domains 
that bind ATP and transduce energy from the hydrolysis of ATP 
into conformational changes that enable binding of the ion from 
the cytoplasmic membrane and release of the ion from extracy-
toplasmic portion of the membrane. In general, F1F0 ATPases 
are found in mitochondria and bacteria, while V-type ATPases 
are found in the brain and kidney [35,169].

H+,K+-ATPase is a member of the family of ion-motive P 
ATPases, which is further divided conveniently into P1 or P2 
types, either based on the number of transmembrane segments 
(eight in the case of the P1 and 10 in the case of the P2 catalytic 
subunits) or based on transport of transition metals (P1) or 
small cations (P2) [35,170]. Within the P2 family, the gastric H+/
K+ and Na+,K+-ATPase isoforms are coexpressed tightly bound 
to a β subunit that is smaller than the catalytic or α subunit, has 
most of its sequence presented outside, and is glycosylated to 
different extents depending on the isoform [171,172]. These 
latter two enzymes are unique as a class in that they both serve 

that ultimately lead to H+ ion generation. As seen in Figure 23.3, 
histamine, but not acetylcholine or gastrin, stimulates parietal 
cells by increasing the generation of cyclic AMP, which activates 
specific cyclic AMP-dependent kinases [17]. In contrast to his-
tamine, cholinergic agonists and gastrin stimulate parietal cells 
through specific receptors by increasing cytosolic calcium [151]. 
Parietal cell stimulation by these two stimuli is abrogated by the 
removal of extracellular calcium with a chelating agent or by the 
addition of lanthanum, a trivalent cation that antagonizes 
calcium fluxes across the plasma membrane [17]. Some contro-
versy remains concerning the precise source of calcium, 
although it is likely that it is derived from extracellular sources, 
as well as from the mobilization of intracellular stores 
[142,152–154].

Histamine stimulates a subunit of adenylate cyclase, which 
catalyzes the generation of cyclic AMP from adenosine  
triphosphate [17] (see Figure 23.3). This catalytic subunit is 
linked to the receptor by Gs, a protein that binds guanosine 
triphosphate (GTP). Gs is the target of histamine, which induces 
the transfer of an adenosine diphosphate-ribose moiety to Gs, 
locking it into the “on” position. A mirror image of the stimula-
tory limb of adenylate cyclase mediates the inhibitory effects on 
cell function by several agents, including somatostatin and pros-
taglandins. This inhibitory limb contains a second GTP-binding 
protein, Gi, which inhibits the catalytic subunit of adenylate 
cyclase.

Although activation of cyclic AMP-dependent kinases by his-
tamine and calcium-dependent signaling pathways by choliner-
gic agonists is a generally recognized mechanism for increasing 
parietal cell HCl secretion, the role of protein kinase C (PKC) 
in this process is less clear. Most studies have found that direct 
activation of parietal cells by (PKC) using phorbol esters 
enhances gastric acid secretion [155] and that inhibition of 
PKC, using specific inhibitors, inhibits carbachol-stimulated 
[14C]aminopyrine accumulation [156]. However, Chiba et al. 
reported that the pretreatment of canine parietal cells with the 
phorbol ester 12-O-tetradecanoylphorbol-13-acetate and the 
synthetic diacylglycerol 1-oleoyl-2-acetyl-sn-glycerol inhibited 
both [14C]aminopyrine uptake and membrane inositol phos-
pholipid turnover in parietal cells induced by carbachol and 
gastrin [155]. Moreover, Chew et al. demonstrated that the PKC 
inhibitor Ro 31-8220 potentiated [14C]aminopyrine uptake 
from isolated rabbit gastric glands stimulated by both carbachol 
and histamine [157]. These disparate observations are likely a 
result of the heterogeneity among PKC isoforms, which com-
prise a large family of proteins with different biochemical and 
functional properties [158], as well as species-specific differ-
ences in both the function and the cellular localization of PKC 
isoforms [157]. In addition, protein kinase D (PKD) is also 
induced by phorbol esters [159,160]. Although the presence of 
PKD or other related protein kinases in gastric cells has not 
been determined, it is possible that protein kinases other than 
PKC mediate the effects of phorbol esters on gastric acid 
secretion.
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Figure 23.7 Sonic hedgehog (Shh) involvement and 
cytokine regulation of gastrin release and gastric acid 
secretion. H+ secretion is required for expression and 
processing of Shh, a morphogen shown to be expressed in 
gastric glands. Autocrine or paracrine signaling by Shh is, 
in turn, required for full functional differentiation and acid 
secretion by the parietal cell. The loss of Shh results in loss 
of acidity, diminished production of somatostatin, and a 
resulting increase in serum gastrin levels. The cytokine 
interleukin-1β (IL-1β) released from inflammatory cells has 
demonstrable negative effects on acid secretion and 
positive effects on gastrin secretion. The former appears to 
be mediated through the downregulation of Shh, which 
may also contribute to the loss of the parietal cells’ capacity 
to secrete gastric acid. The use of proton pump inhibitors 
(PPIs) also decreases Shh expression, which may explain 
why these agents may enhance the development of gastric 
atrophy in patients infected with H. pylori. Solid arrows 
indicate stimulatory pathways, while dashed lines represent 
inhibitory effects. D cell, somatostatin cell;  
ECL, enterochrommafin-like; G, gastrin; His, histamine;  
S, somatostatin.
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Figure 23.8 Schematic two-dimensional model of 
H+,K+-ATPase, including its α- and β-subunits. The 
enzyme consists of eight transmembrane segments for 
the catalytic α-subunit and one transmembrane segment 
for the β-subunit. The latter heavily glycosylated subunit 
protects the enzyme from degradation and is necessary 
for trafficking to and from the plasma membrane. The 
α-subunit carries out the catalytic and transport 
functions of the enzyme, and it also contains sequences 
responsible for apical membrane localization. As 
indicated, the active transport of H+ ions in exchange for 
K+ ions occurs between the fifth (M5) and sixth (M6) 
transmembrane domain.
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as drug targets, digoxin for congestive heart failure in the case 
of the Na+,K+-ATPase and substituted pyridylmethylsulfinyl 
benzimidazoles (PPIs) for acid-related disorders in the case of 
the H+,K+-ATPase [33]. H+,K+-ATPase is a heterodimeric 
member of the eukaryotic alkali-cation P-type ion-motive 
ATPase family that consists of eight transmembrane segments 
for the catalytic α subunit and one transmembrane segment for 
the β subunit (Figure 23.8) [173,174]. The α subunit is com-
posed of 1033 amino acids and the β subunit of 291 amino acids, 
with six or seven potential N-linked glycosylation sites [175]. 
The heavily glycosylated β subunit protects the enzyme from 
degradation and is necessary for trafficking to and from the 
plasma membrane [176]. The α subunit carries out the catalytic 

and transport functions of the enzyme, and it also contains 
sequences responsible for apical membrane localization [177]. 
Finally, the α subunit of H+,K+-ATPase constitutes the target 
of PPIs.

The H+,K+-ATPase enzyme of the gastric parietal cell is 
generally regarded as the most critical component of the ion 
transport system mediating acid secretion. Although mice 
lacking the H+,K+-ATPase α subunit appear healthy and exhibit 
normal systemic electrolyte and acid–base status, they are, as 
would be expected, achlorhydric and hypergastrinemic [177]. 
Immunocytochemical, histological, and ultrastructural analyses 
of these α subunit-deficient stomachs demonstrate the presence 
of chief cells, indicating that the absence of acid secretion does 
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appears to occur as a result of both H+,K+-ATPase synthesis and 
loss of covalently bound drug [178].

In the resting nonsecretory state, H+,K+-ATPase activity is 
contained predominantly within cytoplasmic tubulovesicles 
(Figure 23.9a). Upon stimulation of the parietal cell, these tubu-
lovesicles fuse with the apical plasma membrane, resulting in 
the development of a richly interdigitating intracellular canal-
icular system with an extensive network of microvilli and with 
a concomitant loss of cytoplasmic tubulovesicles (see Figure 
23.9b) [179,180]. The microvilli have a central cytoskeletal core 
of actin filaments stabilized by other proteins [181], and these 
filaments appear to mediate the fusion of tubulovesicles with the 
canalicular system. Actin is often regarded as a “housekeeping” 
gene because its expression tends to remain constant. However, 
in the case of the parietal cell, actin plays a crucial role in  
the acid secretory process. With this dramatic transformation, 
the apical cell membrane area of the canaliculi draining to the 
apical surface of the parietal cell increases five- to tenfold, ena-
bling the ensuing high rates of gastric acid secretion [35]. Upon 
cessation of secretion, the H+,K+-ATPase is retrieved from the 
apical membrane, and the tubulovesicular compartment is 
reestablished.

The precise mechanisms responsible for regulating these dra-
matic alterations in parietal cell morphology have not been 
elucidated, but, in addition to actin-based microfilaments, they 
appear to involve small GTPases, docking/fusion proteins, 
cytoskeletal linkers, ezrin [182], and clathrin [183–185]. In par-
ticular, ezrin, an 80-kDa membrane protein found in several cell 

not interfere with cellular differentiation. Parietal cells are also 
present in normal numbers, and, despite the absence of H+,K+-
ATPase α subunit mRNA and protein, the β subunit is expressed. 
However, the parietal cells possess dilated canaliculi and lack 
typical canalicular microvilli and tubulovesicles, and subsets of 
the cells contain abnormal mitochondria, massive glycogen 
stores, or both. The stomachs of adult α subunit-deficient mice 
exhibit metaplasia, including the presence of ciliated cells [177]. 
The presence of achlorhydria and other abnormalities in these 
mice provide conclusive evidence regarding the vital role played 
by the H+,K+-ATPase enzyme in the process of gastric acid 
secretion.

The turnover of H+,K+-ATPase represents an important 
determinant of the rate of gastric acid secretion during both 
basal and stimulated states and in response to pharmacological 
inhibition. Using measurements of the loss of incorporated 
[35S]-methionine, Gedda et al. determined the turnover of the 
α subunit of H+,K+-ATPase in rats under control conditions 
and in response to the inhibition of K+-stimulated ATPase 
activity in omeprazole- and ranitidine-treated animals [178]. 
The T2 of the α subunit under control conditions was 54 h. 
Although omeprazole had no significant effect on the turnover 
of the gastric ATPase α subunit (15 h), turnover was prolonged 
by ranitidine, with the T2 increasing to 125 h. The effect of rani-
tidine suggests that the resting H+,K+-ATPase enzyme in the 
parietal cell tubulovesicle turns over more slowly than the  
stimulated enzyme in secretory canaliculi. The rapid recovery 
of ATPase activity compared with turnover after omeprazole 

Figure 23.9 (a) Electron photomicrograph of the parietal cell in the resting (unstimulated) state, demonstrating abundant cytoplasmic tubovesicular 
membranes to which the H+,K+

,-ATPase enzyme is inserted. (b) Electron photomicrograph of a stimulated parietal cell, demonstrating translocation of 
the tubovesicular membranes containing acid activated H+,K+-ATPase to the intracellular secretory canalicular membranes, thereby facilitating proton 
pump exposure to the highly acidic secretory canalicular lumen. Source: Adapted from Ito 1987 [1]. Reproduced with permission of the author.

Golgi
complex

Golgi
complex

Basal
folds

Basal
folds

Basement
lamina

Basement
lamina

Mitochondria

Mitochondria

Intracellular
canaliculus

Intracellular
canaliculus

Intracellular
canaliculus

Tubulovesicular
membrane

Tubulovesicular
membrane

(a) (b)



Gastric secretions CHAPTER 23   413

structural motif (Figure 23.10), a substituted pyridylmethyl-
sulfinyl benzimidazole, but vary in terms of their substitutions. 
They also share common inhibitory mechanisms and are weak 
protonatable pyridines, with a pKa of ∼4.0 for omeprazole/
esomeprazole, lansoprazole/dexlansoprazole, and pantoprazole, 
and ∼5.0 for rabeprazole. As a result, they thus accumulate 
selectively in the acid space of the secreting parietal cell. Within 
that space or on the surface of the enzyme, they undergo an 
acid-catalyzed conversion to a reactive species, thiophilic 
sulfenamide or sulfenic acid, which are permanent cations (see 
Figure 23.10). The rate of conversion varies among the com-
pounds and is a function of their pKa and other structural fea-
tures: rabeprazole > omeprazole = lansoprazole > pantoprazole 
[35,194,195]. The reactive species (thiophilic sulfenamide) 
reacts with cysteine residues available from the external surface 
of the H+,K+-ATPase enzyme that faces the lumen of the secre-
tory space of the parietal cell, resulting in covalent inhibition of 
the enzyme by disulfide bond formation. The cysteine residue 
that is critical for inhibition is Cys813 in the α subunit of the 
H+,K+-ATPase, strategically located in the M5/M6 sector of the 
enzyme, which is intimately involved in the transport process 
(Figure 23.11) [35]. Pantoprazole also forms a disulfide bond 
with Cys822 [195], located on transmembrane segment 6 deep 
in the α subunit, approximately 2.5 alpha helical turns from the 
luminal surface. Pantroprazole reversal of acid inhibition may 
be due exclusively to enzyme synthesis because of binding to 
Cys822, at a location within the ion transport pathway deep 
within the membrane domain of H+,K+-ATPase (see Figure 
23.11), rendering it less accessible to reducing agents [195,196]. 
These differences in the reversal of acid inhibition have not been 
shown to be clinically relevant.

Other secretory products

Mucus
The gastric mucosal surface is covered by a layer of mucus that 
is approximately 0.2–0.6 mm thick [197] [198]. This layer serves 
to protect the gastric mucosa from the actions of acid and 

types, is associated with the actin filaments in the microvilli of 
stimulated parietal cells and is phosphorylated during cAMP-
mediated stimulation. In addition, other cytoskeletal proteins, 
such as spectrin, and ankyrin, copurify with the H+,K+-ATPase 
from parietal cell microsomal membranes and cosegregate with 
H+,K+-ATPase in resting and secreting parietal cells [186]. 
Ankyrin may mediate the interaction of H+,K+-ATPase with 
both actin and spectrin and may thereby function to maintain 
the polarized distribution of the enzyme to the apical portion 
of the parietal cell [186]. Festy et al. [187] demonstrated that 
rabbit H+,K+-ATPase binds through its N terminal end to the 
spectrin-binding domain of ankyrin III. The two proteins bind 
directly to one another, constituting an important anchoring 
system for the H+,K+-ATPase to the plasma membrane [187].

Muraoka et al. [188] have demonstrated that basal transcrip-
tional activity of the H+,K+-ATPase gene is mediated through 
binding of the nuclear transcriptional factor SP1 to the 
5′-GCTCCGCCTC-3′ nucleotide sequence residing between 
bases −47 and −38 relative to the putative cap site [188]. 
Tamura et al. [189] identified regions within the promoters of 
both the α and β subunits of the H+,K+-ATPase gene that are 
recognized by gastric-specific nuclear proteins. Maeda further 
reported that GATA transcription factors 1 and 2 play an impor-
tant role in H+,K+-ATPase expression [190]. As discussed 
above, >90% of the gastric phase of acid secretion in humans 
occurs as a result of increases in circulating gastrin [103]. The 
expression levels of the H+,K+-ATPase α and β subunits, as well 
as other genes involved in the regulation of gastric acid secre-
tion, such as the aquaporin-4 water channel, creatinine kinase 
B, and KCNE2, are diminished in the parietal cells of the gastrin-
deficient mice [191]. Both the KCNE2 gene, which encodes 
single transmembrane domain subunits that regulate the func-
tion of voltage gated K+ channels [192], and the cystic fibrosis 
transmembrane conductance regulator, a cAMP-regulated Cl− 
channel present in parietal cells [193], are coupled with H+,K+-
ATPase in promoting H+ ion secretion.

The recognition that the ATPase was the final step of acid 
secretion has resulted in the development of the PPIs, which  
are targeted toward this enzyme. All PPIs share a common 

Figure 23.10 The chemical reaction involved in 
proton pump inhibitor (PPI) activation via 
protonation of the prodrug to form the activated 
moiety, the thiophilic sulfenamide. PPIs are 
concentrated in the secretory canaliculus of the 
parietal cell, undergo acid-catalyzed conversion to 
the active sulfenamide, and then form covalent 
disulfide bonds with cysteine residues accessible in 
the luminal domain of H+,K+-ATPase.
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Mucus secretion is stimulated by acetylcholine released by 
vagal efferents [200,201]. The mucosal protective effect of pros-
taglandins is due in a large part to their stimulation of gastric 
mucus production, and the decrease in mucin production seen 
with the use of cyclooxygenase inhibitors is an important con-
tributor to NSAID-induced mucosal damage. Histamine and 
gastrin also stimulate mucus secretion [202, 203], helping to 
balance the damaging effects of increased acid and pepsin 
release with an increased production of mucosal defensive 
factors.

Within the mucus layer, the surface mucins interact with 
luminal pepsin and N-acetylcysteine (NAC), breaking the 
sulfide bonds that hold the tetramers together. The resulting 
mucin monomers form a soluble surface layer that lubricates 
the mucosal surface, and monomeric mucins may be washed off 
into the gastric juice. The deeper, tetrameric mucins form an 
adherent and viscous layer that binds to the mucosal surface. In 
addition to lubricating the mucosal surface, mucins protect the 
gastric cells by preventing contact between acid, pepsin, and the 
mucosal surface. Parietal cells secrete acid through the mucus 
layer in the form of fingerlike projections, or “jets” of acid [204]; 
once the acid reaches the surface and enters the lumen, the 
mucus layer (along with secreted bicarbonate) prevents back-
diffusion of acid [205]. This permits the luminal pH to reach 
1.5–2, while the gastric surface maintains a pH near 7 [206]. In 
addition, the phospholipid content of gastric mucus creates a 
hydrophobic barrier to other water-soluble molecules.

Gastric mucins also play a role in the pathogenesis of  
H. pylori infection. The bacterium appears to decrease mucin 
synthesis, which assists the organism in penetrating the mucus 
layer and reaching the gastric mucosal surface [207]. H. pylori 
also binds to Lewis blood group antigens present on mucins to 
facilitate surface colonization [208]. However, MUC6 mucin 
has an antibacterial property that is active against H. pylori, and 
may inhibit bacterial proliferation [209].

Bicarbonate
Bicarbonate is secreted from the surface cells of the gastric 
mucosa and, in combination with gastric mucus, protects the 
mucosal surface from the damaging effects of gastric acid and 
pepsin. The surface cells are rich in carbonic anhydrase and are 
poised to produce large amounts of bicarbonate ion, which is 
secreted through a neutral HCO3/Cl− transporter on the apical 
surface of these cells [210]. Studies in animals have identified 
the anion transporter DRA (downregulated in adenoma) that, 
coupled with a membrane Na+/H+ transporter, may have a role 
in mediating gastric bicarbonate secretion [211]. Bicarbonate 
secretion is stimulated by the presence of luminal acid and by 
vagal acetylcholine release during the cephalic phase of gastric 
secretion. Gastric prostaglandins have also been shown to 
induce bicarbonate secretion.

Bicarbonate secretion may be coupled with acid secretion by 
parietal cells; when acid is secreted, bicarbonate is released into 
the gastric capillaries from the basolateral surface of parietal 

pepsin, as well as to lubricate the mucosal surface. The mucus 
layer is composed primarily of water (95%) and mucins (5%). 
Mucins are tetrameric glycoproteins with a molecular weight of 
approximately 2000 kDa; their protein cores are rich in serine, 
threonine, and proline residues, and they are heavily glyco-
sylated. The major sugar residues in mucins include galactose, 
fucose, N-acetylgalactosamine, N-acetylglucosamine, and sialic 
acids. These carbohydrate chains attach to serine and threonine 
residues and are approximately 15 sugars in length. The high 
carbohydrate concentration is responsible for the viscoelastic 
properties of mucin when it is hydrated within the mucus  
layer [199].

Mucins are secreted by the mucous cells of the gastric pits: 
cells secreting both acidic and neutral mucins, while neck cells 
secrete primarily neutral mucin proteins. The primary gastric 
mucin, MUC6, is a neutral mucin synthesized in the rough 
endoplasmic reticulum of mucous neck cells, transported to the 
Golgi apparatus for final glycosylation and for intraprotein 
bonding via cysteine bridges, forming the mucin tetramer. The 
glycoproteins are then packaged in granules that rest at the 
apical surface of the mucous cells until they are released. In 
addition to these mucin glycoproteins, gastric mucus contains 
small amounts of fatty acids, phospholipids, trefoil factors 
(TFF1 and TFF2), and growth factors, including EGF and 
TGF-α.

Figure 23.11 Schematic depicting the site of the active transport of H+ 
(H3O+) ions in exchange for K+ ions between the fifth (M5) and sixth 
(M6) transmembrane domain of H+,K+-ATPase. After stimulation of the 
parietal cell via receptors located on the parietal cell basolateral 
membrane, resulting in the generation of protein kinases (see Figure 
23.3), H+,K+-ATPase is phosphorylated (P), resulting in the opening of 
the M5/M6 channel, and H+ ions are transported from the parietal 
cytoplasmic compartment to the gastric lumen. After dephosphorylation 
of the enzyme, K+ ions are actively exchanged and transported into the 
parietal cell cytoplasm. As depicted, upon acid-catalyzed conversion to 
their respective active sulfonamide, all proton pump inhibitors (PPIs) 
form a covalent disulfide bond with cysteine residue 813. Pantoprazole 
(Panto) also forms a disulfide bond with cysteine 822, an additional 
reaction that has not been demonstrated to be clinically relevant.
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PGII ratio have been used as a noninvasive predictor of gastric 
atrophy in areas of high prevalence [219].

Histamine
Histamine, 2-(4-imidazolyl)ethylamine, is a hydrophilic mole-
cule comprised of an imidazole ring and an amino group con-
nected by two methylene groups [220]. The precise relationship 
of histamine to acid secretion was firmly established by Kay 
during development of the augmented histamine test [221]. 
Despite the central role of histamine as a potent stimulant of the 
generation and secretion of H+ ions, the precise identity of the 
fundic cells that store histamine and regulate its release were 
largely unknown until recently. It appears that histamine is 
derived from both mast and ECL cells [222]. Although mast 
cells appear to account fully for the histamine content of dis-
persed gastric cells in the dog, in other species, including 
humans, it is appears that the ECL cell, while comprising <1% 
of cells of the oxyntic mucosa, is the principal source of hista-
mine [35,223,224]. The extent to which the stimulation of acid 
secretion by gastrin and acetylcholine reflects their effect on 
histamine release appears to vary among species. In humans, it 
is likely that gastrin and acetylcholine, as well as CCK, stimu-
lates histamine release by increasing the concentration of 
cytosolic Ca2+, whereas somatostatin appears to directly inhibit 
histamine release the adenylate cyclase after binding to its SSTR2 
receptor subtype [17].

Histamine production in ECL cells occurs as a result of  
the decarboxylation of l-histidine by histidine decarboxylase 
(HDC) [224], which is transcriptionally regulated by both 
gastrin and acetylcholine. Gastrin stimulates histidine decar-
boxylase transcription through PKC- and mitogen-activated 
protein (MAP) kinase-dependent pathways [225–227]. Both in 
vivo and in vitro studies have demonstrated that gastrin pos-
sesses direct proliferative effects on these cells, supporting the 
concept that hypergastrinemia resulting from potent acid sup-
pression, principally by the use of PPIs, represents the mecha-
nism responsible for ECL cell proliferation [228–230].

Histamine stimulates the parietal cell directly by binding to 
H2 receptors coupled to the activation of adenylate cyclase and 
generation of cAMP (see Figure 23.3) [46]. In addition to direct 
stimulation, histamine augments acid secretion indirectly by 
binding to H3 receptors coupled to inhibition of somatostatin 
and thereby stimulation of histamine and acid secretion 
[231,232]. Histamine appears to regulate its own release through 
other H3 receptors located on ECL cells, thus creating an auto-
crine feedback loop [119]. Peptide YY has also been observed 
to inhibit histamine release through a Y1 receptor subtype [233].

Intrinsic factor
Intrinsic factor (IF) is a 50-kDa glycoprotein secreted by gastric 
parietal cells, with a minor component of secretion from chief 
and endocrine cells; it has an integral role in the metabolism of 
cobalamin (CBL), first described by William Castle in 1929. 
Intrinsic factor is secreted in the gastric fundus and corpus, but 

cells, the so-called “alkaline tide.” The bicarbonate-rich blood 
then travels to the mucosal surface, where sodium bicarbonate 
cotransporters (NBC) on the surface cells take up bicarbonate 
for later secretion [212].

Pepsinogen
Pepsinogens are a group of proteins produced by the chief cells 
of the oxyntic mucosa; gastric mucous cells also secrete small 
quantities of these proenzymes. The protein is stored in cyto-
plasmic granules within the chief cell and secreted via exocyto-
sis in response to stimulatory signals. Pepsinogen is present is 
two forms; pepsinogen I (PGI), which is actually a group of five 
isoenzymes, is secreted nearly exclusively by the chief cells and 
accounts for 80% of gastric pepsin production. The remaining 
20% of pepsin is derived from pepsinogen II (PGII, also called 
pepsinogen C or progastricsin), which is secreted by cells of the 
gastric antrum and pylorus, as well as by the duodenal Brunner 
glands [213]. The various pepsinogen molecules are biochemi-
cally similar, sharing 50% of their amino acid sequence [214].

In the presence of acid, pepsinogen undergoes a conforma-
tional change that exposes its enzymatic active site. This allows 
pepsinogen to autocatalyze its conversion to pepsin, an aspar-
tate protease which is enzymatically active in the digestion of 
animal proteins, including collagens. Pepsin is well-suited to the 
acidic milieu of the gastric lumen, being most active at pH 
1.8–3.5, and inactivated at pH >5. When gastric pH is greater 
than 7, the pepsin molecule is irreversibly denatured. Pepsin 
cleaves peptides at sites containing the aromatic amino acids 
tyrosine, phenylalanine, and tryptophan; these amino acids and 
their amine metabolites stimulate gastrin secretion from antral 
G cells [40]. The action of acid on ingested protein assists pepsin 
by denaturing peptides, making cleavage sites more accessible 
to pepsin activity.

Pepsinogen secretion is stimulated by acetylcholine from 
vagal efferents [214] acting at muscarinic receptors present on 
gastric mucosal cells. GRP also stimulates pepsinogen secretion 
via a vagal mechanism [215], with intracellular calcium and 
inositol 1,4,5-triphosphate (IP3) acting as second messengers. 
Gastrin itself weakly stimulates pepsinogen secretion, but CCK 
[216] is a much more potent pepsinogen secretagogue. Secretin 
has also been shown to induce pepsinogen release through 
interaction with surface receptors on chief cells, leading to an 
increase in intracellular cAMP levels [217]; prostaglandins and 
VIP stimulate pepsinogen release via a similar second messen-
ger system. Several peptides have been shown to inhibit pep-
sinogen release, including somatostatin, peptide YY, and 
neuropeptide Y [217].

Pepsinogen is detectable in serum and urine [218], and it has 
been studied as a biomarker to predict risk of atrophic gastritis 
and gastric cancer in parts of the world with a high incidence 
of these conditions. As PGI is produced in the oxyntic mucosa, 
it is markedly reduced in atrophic gastritis, while PG II is rela-
tively preserved due to production in the antrum, pylorus, and 
duodenum. Thus, a low serum PGI level and a low serum PGI/
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vitamin B-12. During the performance of this test, tissue recep-
tors for CBL are first saturated by the administration of a dose 
of parenteral vitamin B-12, ensuring that any oral vitamin B-12 
that is subsequently absorbed will not bind to tissues, but rather 
will be excreted into the urine. Oral CBL, radiolabeled with 
57Co, is then administered, and urine is collected. The absence 
of labeled vitamin B-12 in the urine confirms that CBL is not 
being absorbed. The second phase of the test is then performed 
to assess the role of IF deficiency in CBL malabsorption. In this 
phase, oral radiolabeled CBL and intrinsic factor are adminis-
tered together; if the urine then contains radiolabeled CBL, it 
indicates that IF deficiency is the cause of the vitamin B-12 
malabsorption. If CBL absorption is still deficient despite IF 
coadministration, then another cause of CBL malabsorption 
must be sought. The latter include small intestinal bacterial 
overgrowth (in which bacteria ingest dietary CBL), pancreatic 
insufficiency (in which trypsin deficiency prevents cleavage of 
the R-CBL complex), ileal diseases that prevent IF-CBL absorp-
tion, and, rarely, receptor defects in the ileum, for example 
Imerslund–Graesbeck syndrome, in which a mutation in the 
cubilin gene renders the receptor inactive [238].

Prostaglandins
Prostaglandins are 20-carbon fatty acid derivatives of arachi-
donic acid, which originate from cell-membrane phospholi-
pids through the action of phospholipase A2 [239]. The 
metabolism of arachidonic acid to prostaglandins and leuko-
trienes is catalyzed by the cyclooxygenase (COX) pathway and 
the 5-lipoxygenase (LOX) pathway, respectively (Figure 23.13) 
[35,240,241]. Cyclooxygenase rapidly metabolizes free arachi-
donic acid to cyclic endoperoxides, which are then converted to 
various prostaglandin subtypes by tissue-specific processing 
enzymes. PGE2 and PGI2 appear to be the predominant sub-
types that are synthesized and secreted by the gastric mucosa in 
various animal species.

exerts its major action in the intestine. As depicted in Figure 
23.12, ingested CBL is released from dietary protein by the 
action of gastric pepsin, and then binds to R-factor, a protein 
present in saliva, gastric juice, and bile [234]. Though IF is 
present in gastric juice, at acidic pH CBL binds with greater 
affinity to R-factor. In the higher pH of the small bowel, the 
R-CBL complex is cleaved by trypsin, allowing IF to bind the 
free CBL. The IF-CBL complex is resistant to proteolysis and is 
transported to the terminal ileum, where the CBL receptor, 
cubulin, promotes endocytosis of the IF-CBL complex into the 
ileal enterocytes, where CBL is released from IF and bound to 
transcobalamin II for transport in the bloodstream [235]. IF 
production is stimulated and inhibited by the same factors that 
regulate acid secretion; however, IF secretion is not dependent 
upon the presence of gastric acid, and proton pump inhibitors 
have not been shown to significantly inhibit IF secretion [236]. 
Hypochlorhydria may decrease vitamin B-12 absorption, not by 
affecting IF, but by inactivating pepsin and preventing release 
of CBL from dietary protein.

Pernicious anemia is an autoimmune disorder characterized 
by the presence of antibodies to both intrinsic factor and pari-
etal cells that leads to hypochlorhydria and IF deficiency, result-
ing in CBL malabsorption [237]. In the modern era, this disease 
is diagnosed via the detection of circulating anti-IF and  
antiparietal cell antibodies. However, the Schilling test is a  
well-established method of diagnosing pernicious anemia that 
closely reflects the physiology of digestion and absorption of 

Figure 23.12 Schematic depiction of the various mechanisms involved in 
cobalamin (CBL) absorption. CBL (vitamin B-12) bound to ingested food 
is released in the stomach via the action of pepsin, where it binds salivary 
R-factor and is then transferred to the duodenum. Intrinsic factor (IF), 
while expressed and released into the gastric lumen, does not bind CBL 
until it reaches the duodenum, where pancreatic trypsin cleaves R-factor, 
thereby enabling IF-CBL binding. The IF-CBL complex is transported to 
the terminal ileum, where the surface molecule cubulin mediates the 
endocytosis of the IF-CBL complex. Within the ileal enterocyte, CBL is 
cleaved from IF and binds transcobalamin II (TC II) for transport into 
the bloodstream.
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Nitric oxide
Nitric oxide (NO) is signaling molecule that controls a variety 
of biological processes, including blood flow, leukocyte and 
platelet adhesion, and neurotransmission [239]. NO plays a 
critical role in maintaining gastroduodenal mucosal integrity, 
exerting many of the same effects of endogenous prostaglandins 
[248–250]. It has been suggested that NO and prostaglandins 
act synergistically to mediate mucosal protective effects, includ-
ing maintenance of gastric mucosal blood flow and prevention 
of neutrophil adherence to the vascular endothelium [239,240]. 
Salvemini et al. [251] demonstrated that NO stimulates expres-
sion of COX enzymes. Such redundancy in preserving normal 
physiological function is not unique, and it constitutes the 
rationale for the development of NO-NSAIDs in which NO 
released from such compounds compensates for the suppres-
sion of mucosal prostaglandins. The intracellular actions of NO 
are mediated by soluble guanylyl cyclase [252]. NO binds to 
guanylyl cyclase leading to its conformational modification and 
activation. Active guanylyl cyclase is responsible for the conver-
sion of GTP into cGMP, the main transducer of the biological 
actions of nitric oxide. The ability of NO to stimulate cGMP 
generation appears to mediate NO inhibition of gastric acid 
secretion in isolated parietal cells [252].

Regulatory peptide secretion in the stomach

The entire stomach, and the pyloric gland area in particular, 
includes many different types of endocrine cells that secrete 
gastrointestinal regulatory peptides, the principal one being 
gastrin, which are secreted from G cells located in the epithelium. 
These endocrine cells are scattered throughout the gastric 
mucosa, and their secretory products possess important physi-
ological properties. Gastrointestinal regulatory peptides are dis-
cussed in detail in Chapter 13, and only those that play a role in 
the regulation of acid secretion will be discussed briefly below.

Gastrin
The existence of a humoral substance involved in the simulation 
of gastric acid secretion was first postulated in 1905 by Edkins 
[253], who characterized an antral mucosal extract that he 
termed “gastrin.” For many years, the activity of this substance 
was confused with histamine, casting doubt on the existence of 
an antral hormone. The studies of Komarov [254] in 1938 veri-
fied gastrin as a hormone distinct from histamine. However, it 
was not until 1964 that Gregory and Tracy successfully isolated 
two gastrin peptides from porcine antral mucosa and identified 
their amino acid composition in sequence [255]. These gastrins 
were each 17 amino acids in length (G-17) and differed only in 
the absence or presence of a sulfated ester on the tyrosine 
residue at position 12. With the introduction of gastrin radioim-
munoassay by McGuigan [256,257], a larger and more basic 
form of the peptide was discovered by Yalow and Berson in 1970 
[258]. This peptide was subsequently shown to contain 34 

Mammalian cells express two related but unique isoforms of 
COX, designated COX-1 and COX-2 [242,243]. Despite their 
structural similarities, they are encoded by distinct genes that 
differ in their distribution and expression in tissues (Figure 
23.14); the COX1 gene is primarily expressed constitutively, 
while the COX2 gene is inducible [239]. COX-1 appears to func-
tion as a “housekeeping” enzyme in most tissues, including the 
gastric mucosa, as well as the kidneys and platelets, whereas the 
expression of COX2 can be induced by inflammatory stimuli 
and mitogens in many different cell types, including macro-
phages and synovial cells [244]. The important role of COX-1 
in protecting the gastric mucosa is supported by studies showing 
that the greatest degree of gastric mucosal injury is generally 
caused by nonsteroidal antiinflammatory drugs (NSAIDs) that 
preferentially inhibit COX-1, such as naproxen, piroxicam, 
sulindac, and indomethacin [245].

Endogenously expressed prostaglandins exert mucosal pro-
tective effects by several mechanisms, including stimulating 
epithelial mucus and bicarbonate secretion, increasing phos-
pholipid secretion, reducing mucosal H+ ion back-diffusion, 
enhancing mucosal blood flow, and promoting epithelial cell 
proliferation, which all increase resistance to the development 
of mucosal injury [239,246]. In addition to these important 
physiological protective properties, as already noted, prostag-
landins (primarily EP3) inhibit H+ ion generation by binding to 
its G-protein-linked receptors on the parietal cell, leading to the 
inhibition of adenylate cyclase and thereby a decrease in intra-
cellular cAMP generation (see Figure 23.3) [129,247].

Figure 23.14 Pathways depicting the biosynthesis of prostaglandins via 
the cyclooxygenase (COX) pathways (also referred to as prostaglandin-H 
synthase or PGHS). The immediate precursor, arachidonic acid, is derived 
from membrane phospholipids and is catalyzed by the two COX 
isoenzymes, COX-1 and COX-2. The COX1 gene is expressed 
constitutively and maintains normal organ homeostasis, including gastric 
mucosal integrity, as well as effects on gastric secretion (see Figure 23.3). 
In contrast, the COX2 or “inflammatory” gene, is inducible. While both 
pathways can be inhibited to various degrees by different nonsteroidal 
antiinflammatory drugs (NSAIDs), only the COX2 gene contains a 
corticosteroid-responsive repressor element in its promoter.
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65]. Because of its universal distribution, the effects of somato-
statin are likely vital to the biology of most organ systems. In 
addition to its location in the stomach and other digestive 
organs, somatostatin-containing cells have been demonstrated 
in many organs, including the endocrine pancreas, retina, 
cardiac vagus, and glomerulus of the kidney [277].

Antral somatostatin exerts inhibitory effects on gastrin cells 
via paracrine pathways, through release of the peptide from D 
cells into the immediate interstitial environment of antral G 
cells [41,63]. In addition to indirectly inhibiting secretion by its 
effect on gastrin expression, somatostatin released from D cells 
in the fundus and corpus directly inhibits H+ ion generation 
[110] by binding to its SSTR2 receptor subtype on the parietal 
cell membrane [132,133]. Antral D cells can be stimulated  
by intraluminal acid (pH <3.5–3.0), possibly through the 
activation of calcitonin gene-related peptide (CGRP) neurons 
[15,108], and by gastrin released from nearby G cells. D cells 
can be inhibited by cholinergic neurons, thereby leading to  
the indirect stimulation of gastrin release and acid secretion, 
and by histamine through its H3 receptor. Finally, somatostatin 
appears to exert in autocrine inhibitory effect on D cells [63].

In addition to its inhibitory effects on the release of several 
peptides, such as gastrin, growth hormone adrenocorticotropin, 
thyroid-stimulating hormone, insulin, and glucagon, somato-
statin inhibits antral G cells by pretranslational mechanisms, 
including a decrease in gastrin gene transcription and by 
increasing the turnover of gastrin mRNA [64,65]. In fact, the 
latter mechanism, which includes the augmentation of mRNA 
degradation, appears to play a dominant role in the regulation 
of antral gastrin biosynthesis by somatostatin.

Gastrin-releasing peptide (GRP)
In addition to its role in a number of physiological and patho-
physiological processes, including malignancies of the lung, 
colon, stomach, pancreas, breast, and prostate [278,279], GRP 
is a widely distributed 27-amino acid neuropeptide that stimu-
lates gastric acid secretion both directly and through the release 
of gastrin from antral G cells [280]. The peptide is the mam-
malian homolog of bombesin, a 14-amino acid peptide origi-
nally isolated from the European fire-bellied toad, Bombina 
bombina [281]. The GRP gene encodes a 148-amino acid pre-
propeptide [282,283]; following cleavage of a signal peptide, the 
propeptide is further processed to produce either GRP or the 
10-amino acid neuromedin C, also referred to GRP-10 [284]. 
GRP is released from peptidergic postganglionic parasympa-
thetic fibers and neurons of the gastric mucosa [285]. 
Immunoneutralization of gastrin in dogs blocks bombesin-
stimulated gastric acid secretion, indicating that gastrin  
release is stimulated by GRP, and bombesin receptor antagonists 
attenuate gastric acid secretion in response to sham feeding, 
indicating that GRP released from postganglionic vagal fibers 
plays a major role during the cephalic phase of acid secretion 
[286].

amino acids, including the heptadecapeptide covalently linked 
to a structurally distinct 17-amino acid sequence. Both the 
larger (G-34) and smaller (G-17) forms of gastrin share the 
same carboxyl-terminal pentapeptide contained in CCK [42]. 
Similar to the smaller form, the 34-amino acid form exists natu-
rally in both sulfated and nonsulfated forms, each of equal 
potency with regard to their acid stimulatory effects [259]. In 
the human gastric antral mucosa, G-17 is the predominant 
molecular species, with G-34 accounting for only approximately 
5% of the gastrin found [260]. However, likely as a result of its 
far longer half-life, G-34 comprises approximately two-thirds of 
circulating gastrin [261]. Other circulating forms of gastrin have 
been described; these occur only in very low concentrations, or 
do not increase postprandially, or both [259,262]. Rehfeld has 
demonstrated at least 20 different other immunoreactive gastrin 
forms circulating in very small quantities in normal human 
serum [262].

The human gastrin gene (GAS) contains two introns, is 
located on the long arm of chromosome 17, and covers approxi-
mately 4100 base pairs of DNA [263,264]. Similar to other gas-
trointestinal regulatory peptides, gastrin mRNA encodes a 
preprogastrin peptide, which is directed to the endoplasmic 
reticulum by its hydrophobic signal sequence. The signal peptide 
is then cleaved and degraded, and progastrin is transported to 
the Golgi apparatus for further posttranslational processing  
by various tissue-specific enzymes, including endoproteases, 
tyrosyl-protein sulfonyl transferase, and carboxypeptidase 
[265–268]. Some progastrin remains unprocessed and secreted 
into the circulation, where it acts as a growth factor, particularly 
for the colon [269]. Gly-extended gastrin precursors, including 
principally G-34-Gly and G-17-Gly, both of which possess 
trophic properties in colorectal cancer and other gastrointesti-
nal malignancies [270], are processed within immature cyto-
plasmic granules. They subsequently undergo dibasic cleavage 
of the glycine-extended molecule within immature granules to 
yield biologically active α-amidated gastrins [271]. As men-
tioned above, G-34 and G-17 are equipotent with regard to their 
acid stimulatory properties, which they exert by binding to their 
CCK-B (or CCK-2) receptor located on ECL cells and possibly 
on parietal cells (see Figure 23.3).

Somatostatin
The somatostatin gene encodes a preprosomatostatin peptide, 
which is initially cleaved to prosomatostatin [272], is subse-
quently processed to a 28-amino acid peptide (S-28), and finally 
to its 14-amino acid form (S-14) [273]. The latter form com-
prises the majority of somatostatin expressed in D cells in the 
stomach, while S-28 is the predominant form in the small intes-
tine [274]. Although originally isolated in the ovine hypothala-
mus as an inhibitor of growth hormone release [275,276], 
somatostatin is a ubiquitous peptide that appears to play an 
important physiological role in modulating the expression of a 
number of regulatory peptides in several different tissues [63–
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Ghrelin
Ghrelin is a 28-amino acid peptide that is expressed mainly by 
P/D1 cells lining the gastric fundus, as well as in pancreatic islet 
α-cells [287]. Along with obestatin, ghrelin is the product of the 
GHRL gene, whose mRNA encodes the 117-amino acid ghrelin/
obestatin preproghrelin, containing four exons [288]. The sign-
aling peptide molecule of this larger precursor is cleaved to 
produce proghrelin, which is further processed to produce the 
28-amino acid peptide ghrelin (unacylated) and C-ghrelin, 
from which obestatin is presumed to be a cleaved form [289]. 
Ghrelin is expressed in a wide variety of tissues, including the 
pituitary, stomach, intestine, pancreas, thymus, gonads, thyroid, 
and heart [290]. It binds to its G protein-coupled GHSR1 splice-
variant receptor, which is present in high density in afferent cell 
bodies and vagal afferents throughout the GI tract, as well as in 
the hypothalamus [289,291].

Ghrelin has been linked to inducing appetite and feeding 
behaviors [292,293]. Circulating ghrelin levels are highest right 
before a meal and the lowest right after [294,295]. Ghrelin 
administered intravenously to both humans and rats have been 
shown to increase food intake in a dose-dependent manner 
[296]. Masuda et al. [297] also demonstrated that ghrelin 
administered to rats increased both gastric acid secretion and 
gastric motility in a dose-dependent manner. The maximum 
response in gastric acid secretion was almost equipotent to his-
tamine, and the stimulatory effects were abolished by pretreat-
ment with either atropine or bilateral cervical vagotomy [297]. 
These observations suggest that ghrelin may play a physiological 
role in the vagal control of gastric function in rats.
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CHAPTER 24

Introduction

The gastrointestinal tract deals with large volumes of fluid on a 
daily basis in fulfilling its physiological imperative to digest and 
absorb nutrients. The aqueous environment of the lumen rep-
resents a milieu where the meal is mixed with digestive secre-
tions and within which the largely hydrophilic chemical 
processes of digesting the components of a meal can take place. 
Conversely, the end products of digestion require a predomi-
nantly aqueous environment through which they can diffuse to 
the intestinal epithelium, across which they are taken up into 
the body. On average, the small intestine receives about 8–9 
liters of fluid per day, comprised of oral intake (around 1 l, 
depending on the types of food and beverages ingested), various 
digestive juices arising from the stomach as well as organs that 
drain into the intestine, and from the intestine itself (Figure 
24.1). Of this total, the vast majority is re-absorbed, leaving only 
100–200 mL to be lost in stool in health. The balance between 
absorption and secretion must therefore be closely regulated. 
Both the small intestine and colon have a reserve capacity for 
absorption, but if this is exceeded, or if absorption is inhibited 
and/or secretion is stimulated excessively, diarrhea results.

Fluid movement into and out of the intestinal lumen depends 
on the active secretion and absorption of electrolytes. In the 
small intestine, where the products of digestion are prevalent 
postprandially, water is reclaimed by the osmotic forces gener-
ated by active nutrient uptake, often in combination with elec-
trolytes such as sodium ions or protons. In the colon, absorptive 
processes center on the active absorption of sodium and chlo-
ride ions, although uptake of products formed when intestinal 
bacteria ferment otherwise indigestible food substances, such as 
dietary fiber, to form short chain fatty acids, may also contribute 
appreciably. Conversely, fluid accumulation in the lumen is 
driven predominantly by the active secretion of chloride ions, 
although secretion of bicarbonate and potassium ions may also 
contribute. Furthermore, even though absorption predominates 
overall, secretion is ongoing throughout the small intestine and 
colon as local conditions dictate to maintain appropriate levels 
of fluidity such that the meal or its residues can be propelled 
along the length of the intestine, and perhaps also as a contribu-
tor to host defense, particularly to protect the vulnerable stem 
cell niche at the base of the crypts.

Progress in the last 20 years has yielded a detailed under-
standing of the specific membrane transport proteins that 
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intestinal contents, and to transport fluids, nutrients, and elec-
trolytes into and out of the gut. Along the length of the intestine, 
epithelial cells must have the capacity to perform these func-
tions under dramatically different circumstances. Moreover, 
they must also be able to respond rapidly to changes in the 
luminal environment, whether due to physiological or patho-
physiological stimuli. To cope with this, the epithelium has 
developed a dynamic phenotype through the evolution of a 
complex and rapidly differentiating multicellular system that is 
responsive to changes in the luminal environment and media-
tors released from regulatory cells in the mucosa. However, 
despite differences in their function along the intestinal length, 
as discussed below epithelial cells have common properties that 
enable them to perform their basic functions.

Functional polarity
In order to transport substances vectorially across the intestinal 
wall, epithelial cells form a selectively permeable barrier that 
expresses different transport proteins on its apical and basola-
teral sides. This feature, referred to as functional polarity, is 
achieved primarily through the development of intercellular 
tight junctions. These complex structures encircle epithelial 
cells towards their apical pole and perform two important func-
tions; they act as a physical fence that prevents planar diffusion 
of membrane proteins between the apical and basolateral com-
partments, and their components interact with partner proteins 
on neighboring cells to form porous seals. Functional polarity 
is important not only for the appropriate distribution of trans-
port proteins but also for the differential localization of recep-
tors for hormones, neurotransmitters and other mediators that 
are important in regulating epithelial transport.

The processes underlying development of epithelial polarity 
have been studied extensively. Firstly, E-cadherin is rapidly 
recruited to points of cell-cell contact, creating a focal point in 
the cell membrane around which the machinery for the devel-
opment of cell polarity is assembled [2]. The clustering of cad-
herin in the membrane leads to recruitment of catenins which, 
in turn, leads to changes in the actin cytoskeleton at the site of 
cell adhesion. The membrane cytoskeleton is formed, into 
which is recruited a scaffold of proteins, including fodrin, 
ankyrin, the atypical protein kinase C (aPKC)–PAR-6 complex, 
and SNAREs, that function to direct proteins to the appropriate 
domain of the cell. At the same time, tight junction proteins are 
recruited and assembled to form a physical fence that maintains 
separation between the nascent apical and basolateral domains.

The signals that direct the sorting of newly synthesized pro-
teins to the appropriate domain of the cell are complex. Most 
proteins are sorted within the trans-Golgi network into vesicles 
destined for the apical or basolateral domain. Signals directing 
proteins to the basolateral side of the cell are typically contained 
in their cytoplasmic domains and often contain a critical tyro-
sine residue within highly conserved amino acid sequences. 
Such signals induce a certain conformation within the proteins 
that targets them to vesicles bound for the basolateral pole [3]. 

Figure 24.1 Daily water balance in the healthy human gastrointestinal 
tract. The amount of oral intake will vary depending on the types of 
meals taken. Note that even in health there is a significant secretory flux 
of fluid from the intestine (1000 mL). The small intestine is responsible for 
absorbing almost 80% of the daily fluid load, largely in association with 
nutrient uptake. The colon absorbs the majority of the remaining fluid, 
with an efficiency of approximately 95% leaving only about 1% of  
the daily fluid load to be lost to the stool. Source: Barrett and 
Dharmsathaphorn 1994 [1]. Reproduced with permission from  
McGraw Hill.
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mediate transepithelial transfer of ions and other solutes into 
and out of the lumen, the distribution of these proteins along 
the length of the intestine and the crypt-villus axis, the signaling 
mechanisms that regulate these transporters and their interac-
tions, and the interplay of neural, endocrine, and immune effec-
tors that establish fluid homeostasis in the healthy gut. This 
information is beginning to be applied in designing therapies 
for disease states where homeostasis breaks down, such as the 
aforementioned diarrheal diseases as well as their opposites, 
such as constipation and cystic fibrosis.

The intestinal epithelium

The intestinal epithelium is a single layer of cells that lines the 
surface of the gut lumen. Its primary functions are to act as a 
barrier that prevents the uptake of harmful substances from the 
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[14] (see also Chapter 18). These proteins interact with their 
counterparts on neighboring cells to form the paracellular pore 
through which substances can pass passively from the lumen 
into the body. While the role of occludin in tight junctions is 
still not clear, JAM and claudins are apparently most important 
in the regulation of tight junction permeability [15–17]. JAM 
expression is relatively constant, but claudins are differentially 
expressed along both the jejunocolonic and crypt/villus axes. 
Claudins have two extracellular loops that project into the 
lateral space and interact with partners on neighboring cells. To 
date, 27 claudins have been identified and the differential 
expression of these proteins within tight junctions dictates the 
size and ionic selectivity of the paracellular pore.

Just as the membrane expression of transport proteins is 
coordinated with fluid homeostasis and nutritional require-
ments, tight junctions are also dynamic and their permeability 
is regulated by a wide range of stimuli [18]. The transduction of 
regulatory signals occurs through a network of signaling pro-
teins that ultimately regulate tight junction permeability either 
by altering the phosphorylation and/or membrane expression 
of their structural proteins, or by altering the perijunctional 
actin cytoskeleton [19]. Signals that induce actin polymeriza-
tion physically dissociate tight junctions, while those that cause 
actin depolymerization, or severing, allow tight junctions to 
close. Of the tight junction signaling proteins, perhaps the most 
studied are the zonula occludens (ZO) proteins, which belong 
to a class of proteins called membrane-associated guanylate 
kinase homologues (MAGUKs). These proteins contain several 
protein-protein interaction motifs and serve as important scaf-
folds that link structural proteins of tight junctions with intra-
cellular signaling molecules and the cytoskeleton [20]. 
Interestingly, ZO proteins also contain nuclear sorting signals, 
implying a role for these proteins in coordinating epithelial 
barrier function with cell growth and differentiation [21]. 
Another critical regulator of tight junction permeability is 
myosin light chain kinase (MLCK). When activated by diverse 
stimuli, MLCK phosphorylates myosin light chain (MLC) and 
alters ZO-1 association with tight junction proteins [22].

Regulation of tight junction permeability is closely coordi-
nated with transport function, allowing optimal synchroniza-
tion of water and solute transport. Thus, increases in Na+-nutrient 
coupled transport leads to an MLCK-mediated opening of tight 
junctions and a concomitant increase in fluid absorption 
[23,24]. Indeed, several transport proteins have been shown to 
regulate tight junction permeability, including sodium-hydrogen 
exchangers and Na+/K+ ATPase pumps [23,25–27]. Of particu-
lar interest is ClC-2, a Cl− channel that is expressed within tight 
junctions and is closely associated with tight junction signaling 
proteins. ClC-2 has been shown to regulate occludin trafficking 
to the membrane and it appears to play a role in maintaining 
barrier function in animal models of intestinal injury [28–30].

Many extracellular factors, including cytokines, growth 
factors, bile acids, and neurotransmitters, can influence intesti-
nal fluid and electrolyte transport by altering tight junction 

Signals directing proteins to the apical side of the cell are gener-
ally found within their transmembrane or extracellular domains. 
One such signal is the glycosylphosphatidylinositol (GPI) 
anchor, which serves to cluster proteins into glycolipid- and 
cholesterol-rich rafts [4]. These rafts eventually fuse and bud off 
from the Golgi network, from where they travel to the cell 
surface [5]. N- and O-linked glycans have also been identified 
as important apical sorting signals [6]. Posttranslational modi-
fication of proteins by the addition of glycan side chains is 
determined by the relative expression and specificities of the 
glycosyltransferases and glycosidases within each cell which are, 
in turn, dependent on cell type and differentiation state. Thus, 
glycosylation offers great potential for diversification of protein 
sorting signals in cells from different organs and at different 
stages of differentiation.

Once proteins have been sorted into vesicles, they are  
trafficked to the membrane cytoskeleton at the site of cell- 
cell adhesion. Specific targets, such as SNAREs (soluble 
N-ethylmaleimide-sensitive factor attachment protein recep-
tors) direct the vesicles to fuse with either the apical or basola-
teral side of the structure. Transport vesicles express v-SNAREs 
on their surface, which recognize t-SNAREs in the target mem-
brane. Different t-SNAREs, namely syntaxin 3 and syntaxin 4, 
direct vesicles to apical and basolateral membranes, respectively 
[7–9]. The Sec6/8 or exocyst complex is another target involved 
in directing transport vesicles [2]. This protein complex is 
recruited to sites of cell-cell adhesion during polarization and 
is involved in targeting vesicles to the basolateral domain. Once 
present in the appropriate membrane, the movement of proteins 
between the apical and basolateral domains is restricted by 
anchoring to the cytoskeleton and by the fence function of tight 
junctions. However, even once polarity is developed, the com-
plement of ion transport proteins expressed on the apical and 
basolateral cell surfaces is not static. Their trafficking to and 
from the membrane is closely regulated by many factors, includ-
ing luminal constituents, hormones, mediators, and neurotrans-
mitters. This plasticity in membrane transport protein expression 
contributes to the ability of the epithelium to alter its capacity 
for fluid and electrolyte transport in response to changing phys-
iological or pathophysiological requirements.

Tight junctions
Tight junctions, formed during the generation of cell polarity, 
are found towards the luminal pole of the cell and, along with 
adherens junctions, comprise the apical junction complex 
(AJC), a hallmark feature of all epithelial cells. At the ultrastruc-
tural level, tight junctions appear as a dense network of protein 
strands, the number of which is directly related to the junction’s 
barrier properties [10–13]. Tight junction permeability is not 
constant along the length of the intestinal tract and tends to 
decrease aborally.

The structural components of tight junctions are transmem-
brane proteins, including occludin, junctional adhesion mole-
cule (JAM), and a large family of proteins known as claudins 
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each pathway contributes to the overall process of fluid and 
electrolyte absorption [49]. Furthermore, the epithelium not 
only displays regional heterogeneity in terms of electrolyte 
transport, but also in the transport of nutrients, vitamins, min-
erals, bile acids, and drugs. Accordingly, epithelial cells in dif-
ferent intestinal segments express distinct repertoires of 
transport proteins on their surface [46,50–52]. The establish-
ment and maintenance of an epithelial phenotype is thought to 
be due to both location-specific intrinsic programming of stem 
cells and the influence of several transcription factors, notably 
the GATA family, which are themselves differentially expressed 
along the jejunocolonic axis [53,54]. Interestingly, regional dif-
ferences in the expression of structural components of tight 
junctions also occur along the length of the intestine and this 
likely underlies differences in transepithelial permeability that 
are observed in different regions [55–57].

Crypt-villus axis
The mucosa of the small intestine is organized into villi, which 
are finger-like projections that extend into the lumen, and 
which surround deep invaginations into the mucosa, termed the 
crypts of Lieberkuhn. There are four major types of epithelial 
cell found along the crypt-villus axis; transporting enterocytes, 
goblet cells, enteroendocrine cells, and Paneth cells. Each of 
these major cell types is derived from common LGR5-expressing 
stem cells, which are found towards the base of the crypts in the 
stem cell niche. Stem cells are continuously dividing to produce 
a population of transit-amplifying cells that migrate upwards 
and differentiate into the various epithelial cell types [58]. 
Enterocytes, goblet cells, and enteroendocrine cells continue to 
migrate upwards towards the villus, while Paneth cells migrate 
downwards to the crypt base. Enterocytes are the most numer-
ous of the epithelial cells along the crypt-villus axis and it is 
across these cells that electrolytes are either absorbed or secreted. 
However, the other cells of the epithelium play important roles 
in augmenting and regulating enterocyte transport and barrier 
function. For example, Paneth cells contribute to host defense 
by secreting antimicrobial peptides, such as lysozyme and 
defensins [59]. Furthermore, certain antimicrobial peptides 
produced by Paneth cells, known as cryptdins, can also directly 
modulate epithelial transport by forming ion channels in the 
apical membrane of enterocytes [60]. Goblet cells secrete mucus, 
which serves to lubricate and protect the epithelial surface  
[61]. Goblet cells express a similar complement of cell surface  
receptors as enterocytes, which ensures that mucus and  
fluid secretion is coordinated [62]. Enteroendocrine cells are  
found interspersed between enterocytes of the small intestine  
and colon. Many different populations of enteroendocrine  
cells exist, distinguished by their chemical content, with  
the 5-hydroxytryptamine (5-HT)-containing enterochromaffin 
cells being the most prominent [63]. The primary function of 
enteroendocrine cells is to sense or “taste” the luminal environ-
ment to detect changes in intraluminal nutrient contents, pH 

permeability [18,31,32]. Importantly, luminal bacteria and their 
toxins also have the capacity to regulate epithelial permeability. 
This can be achieved either through direct alterations in the 
expression and function of tight junction structural proteins, 
alterations in the cellular cytoskeleton, the induction of signal-
ing cascades, or the production of inflammatory cytokines 
[33–39]. Whatever the mechanism, tight junction opening in 
response to colonization of the gut by specific pathogenic bac-
teria leads to an increase in paracellular permeability with con-
comitant fluid loss and the onset of diarrhea [36,40,41]. 
Conversely, probiotics, which are commensal bacteria normally 
found in the intestine and which have therapeutic actions in 
intestinal disease (see Chapter 32), have been shown to promote 
epithelial barrier function and to restore normal transport func-
tion [42–44].

In summary, tight junctions are essential for maintaining cell 
polarity, intestinal epithelial barrier function, and the osmotic 
gradients necessary for water transport to occur. Consequently, 
the opening of tight junctions, whether in response to physio-
logical or pathophysiological stimuli, can have significant con-
sequences, since as the paracellular pathway becomes more 
permeable, the barrier to nutrient, electrolyte, and water move-
ment is diminished.

Epithelial organization and diversity
Although all epithelial cells display common characteristics of 
functional polarity and the ability to generate tight junctions, 
they are required to function under dramatically different con-
ditions along the length of the intestine. Thus, there is a great 
diversity in epithelial cell type and function not only along the 
jejunocolonic axis, but also among the cells that constitute indi-
vidual crypt and villus units (the crypt/villus axis).

Jejunocolonic axis
Since the contents of the lumen change along the length of the 
intestine, epithelial cells in different segments have differences 
in their capacity for absorption and secretion of fluid and elec-
trolytes [45,46]. For example, although anion secretion occurs 
along the entire intestinal tract, there is an aboral gradient of 
the ratio between HCO3

− to Cl− secretion, with HCO3
− secre-

tion being highest in the proximal small intestine in order to 
neutralize gastric acid entering from the stomach. Similarly, 
mechanisms of Na+ absorption differ along the intestine. In the 
proximal small intestine, where digestion primarily occurs,  
Na+ absorption is mediated mainly by nutrient-coupled path-
ways, whereas in the distal colon electrogenic Na+ absorption 
through the epithelial sodium channel (ENaC) predominates. 
Electroneutral Na+ absorption occurs throughout the intestine 
and is the predominant pathway mediating fluid absorption 
between meals [47,48]. Interestingly, there appears to be recip-
rocal regulation between different absorptive pathways in the 
small intestine, which likely determines the extent to which 
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lial chemical and electrical gradients established by active tran-
scellular transport.

Types of transmembrane transport
Charged species, such as ions, cannot traverse the lipid core of 
the plasma membrane to any appreciable degree. This is vital to 
life, because cellular biochemistry depends on the tight control 
of intracellular ionic composition. Therefore, specialized pro-
teins are inserted into the plasma membrane to mediate and 
regulate ion movement. Ions can cross the membrane via these 
proteins with either the consumption of cellular energy (active 
transport) or by flowing down existing electrical and/or chemi-
cal gradients (passive transport). Transepithelial transport 
involves a combination of both active and passive transport 
pathways. Ultimately, all of the net transepithelial transport 
mechanisms discussed in this chapter require at least one active 
transport step to drive vectorial transport. An additional dis-
tinction concerns transporters referred to as secondary active 
transport proteins. These are transporters that are passive, in 
and of themselves, in that their activity and direction of trans-
port are dependent on existing gradients. However, they are 
referred to as secondary active transporters if they specifically 
take advantage of a gradient set up by an active transporter  
to move at least one of their substrates “uphill”. An example  
would be the ability of the Na+-glucose cotransporter, SGLT1, 
to move glucose into the cytosol from the intestinal lumen 
against its concentration gradient by coupling transport of the 
sugar to that of Na+, which responds to the low intracellular 
Na+ concentration established by the active transporter, 
Na+,K+-ATPase.

In addition to the distinction of active versus passive  
transport across a membrane, all transport reactions can be 
grouped into one of two classes; electrogenic or electroneutral. 
Electrogenic transport moves net charge across the membrane 
either via the flux of single ions (e.g., ion channels) or combina-
tions of transport substrates whose charge is unequal (e.g. Na+/
glucose cotransporter). Since no aqueous solution can have 
unequal numbers of cations and anions, transepithelial electro-
genic transport requires compensatory flux by another electro-
genic transport process to maintain electrical neutrality. 
Electrical neutrality is usually maintained by paracellular trans-
port of an oppositely charged ion through the tight junctions. 
Electroneutral transporters also mediate a net flux of ions, but 
do so without moving net charge across the membrane during 
a transport cycle. Electroneutral transporters may mediate an 
exchange of equal charges across the membrane (e.g., Na+/H+ 
exchanger), or a cotransport of equal and opposite charges  
(e.g., Na+/K+/2Cl− cotransporter). Importantly, the electrical 
gradient across the membrane is not a driving force affecting 
electroneutral carriers, and so their rate and direction of trans-
port is determined solely by the transmembrane chemical gra-
dients of the transported ions. As discussed later (see 
Transepithelial electrolyte transport), combinations of different 

and/or distension and to transduce these cues to sensory affer-
ents of the enteric nervous system as well as enterocytes, thereby 
eliciting appropriate changes in transport function [64].

As they migrate upwards towards the villus, enterocytes dif-
ferentiate from a secretory to an absorptive phenotype. For 
many years it was thought that there was a strict spatial segrega-
tion of transport functions along the crypt-villus axis, with 
secretion occurring only in the crypts and absorption occurring 
only across villus cells (or surface cells of the colon). However, 
it is now known that the separation of absorptive and secretory 
function along the crypt-villus axis is not so spatially segregated 
and can vary under different conditions [65,66]. Nevertheless, 
as enterocytes migrate they develop a more absorptive phe-
notype. When they reach the villus tip, they are shed into  
the lumen by a tightly regulated form of apoptosis, known as 
anoikis [67].

Factors that regulate the morphogenesis of the crypt-villus 
axis and the differentiation of cells along its length are increas-
ingly understood. Wnt, a protein secreted by Paneth cells at the 
crypt base, is a critical signal controlling proliferation [68–70]. 
Wnt activates members of the Frizzled family of surface recep-
tors to bring about cytosolic accumulation and nuclear translo-
cation of β-catenin. In turn, β-catenin regulates the expression 
of several downstream Wnt effectors, including members of the 
T-cell factor family, which are essential for crypt development 
[71]. One important downstream action of Wnt signaling is 
increased expression of LGR5 on stem cells. LGR5 is activated 
by ligands known as R-spondins and this, in turn, leads to 
increased abundance of Wnt receptors by preventing their deg-
radation. Thus, regulation of this Wnt/β-catenin/LGR5-induced 
feedback loop is a critical factor in determining self-renewal and 
morphogenesis. Another important signaling pathway is that 
mediated by Notch receptors [69,72]. These are expressed on 
stem cells and cells within the transit-amplifying compartment 
and are activated in response to ligands, notably Dll1 and Dll4, 
produced by Paneth and transit-amplifying cells. Notch signal-
ing determines cell fate and whether cells will differentiate into 
enterocytes or cells of the secretory lineage, including goblet, 
neuroendocrine, and Paneth cells [70,73].

Principles of epithelial transport

Transepithelial transport
Substances may traverse the intestinal epithelium by multiple 
routes. Transcellular processes require entry of electrolytes 
across one membrane barrier, transit through the cell cytosol, 
and exit across the opposite membrane. As discussed earlier, the 
functional polarity of epithelial cells is the basis for this net 
(vectorial) movement of electrolytes. Paracellular transport 
refers to the passive flux of electrolytes and water across tight 
junctions. Paracellular flux occurs entirely extracellularly, and 
can only produce vectorial transport in dissipating transepithe-
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clear whether it is present predominantly in cells of the crypt or 
surface/villus [77,78]. AQP7 and 8 have been found in surface/
villus cells of the jejunum and colon of rats, although AQP8 may 
be absent from the small intestine in humans [75,78]. At present, 
only limited functional evidence links specific aquaporin 
isoform(s) to intestinal water transport. AQP4 knockout mice 
had a modest (30%–40%) decrease in water absorption by the 
proximal colon [78], whereas AQP8 knockout mice did not 
[79]. On the other hand, the trichohepatoenteric syndrome, 
which is associated with severe childhood diarrhea, is associated 
with downregulation of AQP7 as well as other apical transport 
proteins in the gut [80]. The variable results likely highlight 
redundant pathways for intestinal water flux [75]. Nevertheless, 
alterations in aquaporin activity and/or localization may con-
tribute to some forms of infectious diarrhea [81]. Moreover, 
there is interesting recent evidence that expression of a number 
of aquaporins is down-regulated in celiac disease (and restored 
when gluten is removed from the diet), which could contribute 
to the diarrhea exhibited by some patients [75,82].

Another potential route for transcellular water flux is via 
Na+-dependent solute transporters. Some authors have argued 
that SGLT1 can move water molecules across the membrane 
each time it transports two Na+ ions and a single glucose mol-
ecule into the cell, possibly in the form of molecules that hydrate 
the cotransporter glucose-binding site, or that SGLT1 may act 
as a water channel [83,84]. Water may be a transport substrate 
of SGLT1 even under isotonic conditions [85]. Results suggest 
that other cotransporters also enhance water fluxes [86]. Others 
have argued that the relationship between the expression of 
SGLT1 or other cotransporters and fluid permeability is largely, 
if not entirely, accounted for by the ability of the transporters to 
establish microscopic osmotic gradients driving conventional 
passive water diffusion rather than water cotransport per se 
[87,88]. Independent of the precise model, it has been estimated 
that the absorption of up to 5 l of water per day could be medi-
ated by SGLT1 alone [84].

Intestinal water transport is clearly regulated indirectly by the 
regulation of electrolyte transport. When electrolytes and osmo-
lytes remain in the intestinal lumen (e.g., luminal lactose in 
lactase-deficient subjects), luminal hyperosmolarity decreases 
water absorption. The opposite is also true: when molecules are 
absorbed and leave the lumen, they increase water absorption. 
Use of this osmotic driving force constitutes the basis for oral 
rehydration solutions, in which a low osmolarity substrate (e.g., 
starch) in the lumen is digested (e.g., to glucose) and the prod-
ucts avidly absorbed (e.g., by SGLT1), stimulating water 
absorption.

Electrolyte transport proteins

Different combinations of transport molecules are expressed in 
individual cells to perform specific electrolyte transport events. 
Electrolyte transport proteins known to exist in the epithelia of 

transport proteins can also result in overall transepithelial trans-
port that is either electrogenic or electroneutral.

Fluid transport
Physiology of water flux
Water is crucial for physiologic processes and the amount of 
water in the intestinal lumen is closely regulated. In healthy 
humans, 65%–-80% of the secreted or ingested water is absorbed 
in association with nutrient and electrolyte absorption in the 
small intestine, so that only 1500 mL to 2000 mL enters the 
colon (Figure 24.1). The colon absorbs most of this remaining 
fluid with high efficiency, so that normally only about 100 mL 
is excreted in the stool.

Molecular mechanisms of water transport
Researchers are still developing a full understanding of how 
water crosses the intestinal epithelium. One general principle is 
that water always flows across membranes in response to elec-
trolyte and/or osmolyte fluxes. The net movement of electrolytes 
causes local accumulation of osmolytes that drives compensa-
tory water diffusion. In most cases, water molecules are moved 
into and out of the lumen by passive processes requiring no 
further input of cellular energy beyond that required to cause 
electrolyte transport.

There are multiple routes for passive water diffusion across 
epithelia. If the actively transported electrolyte accumulates in 
the small extracellular spaces between adjacent epithelial cells 
(during absorption) or in the gut lumen (during secretion), 
there is an osmotic driving force for water to equilibrate via the 
tight junctions. This is believed to be the mechanism for fluid 
absorption in the proximal small intestine. Conversely, if the 
electrolyte accumulates intracellularly, there is a driving force 
for water to equilibrate across the cell membrane, which pro-
vides a transcellular route for water transport. The transcellular 
route is predicted to be more important in tight epithelia (e.g., 
the distal colon), because flow through the tight junctions is 
restricted in this setting.

Like ions, water has difficulty crossing lipid membranes; 
therefore, membrane proteins must enhance water transport 
across these barriers. Attention has focused on two classes of 
proteins that increase water permeability across intestinal mem-
branes: aquaporins and Na+-dependent solute transporters. 
Aquaporins are members of a gene family that function as water 
channels in the plasma membrane. Eight aquaporin (AQP) iso-
forms have been reported in the intestine (AQP1,3,4,7,8,9,10, 
and 11) [74,75]. However, there may be significant variations 
between species, and certain aquaporins are apparently 
expressed in subepithelial cell types such as capillary endothelial 
cells, lymphatics, nerves and enteric glia. These latter sites pre-
sumably rule out a role in transepithelial fluid movement. AQP3 
has been shown to be abundant in the surface/villus cells of the 
colon, jejunum and ileum, although there is controversy whether 
AQP3 is apical [76] or basolateral [77]. In contrast, AQP4 is a 
basolateral protein in the small intestine and colon, but it is not 
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uptake, with hydrolysis of ATP providing energy [95]. Activity 
of this pump is variably inhibited by the Na+,K+-ATPase inhibi-
tor, ouabain, suggesting that a ouabain-insensitive K+-ATPase, 
may exist in different species. It is believed that the colonic 
enzyme is largely insensitive to omeprazole and related inhibi-
tors of the gastric H+, K+ ATPase [96–99]. Antibodies detect 
H+,K+-ATPase protein(s) in both surface and crypt cells, where 
they may have different functions [99].

Unlike the Na+,K+-ATPase, the colonic H+,K+-ATPase does 
not play a dominant role in regulating intracellular levels of its 
transported ions. Although cytosolic pH can be measurably 
affected by the activity of H+,K+-ATPase, other transporters 
(e.g., Na+/H+ exchangers) are likely to have greater impact on 
control of resting cytosolic pH [100]. In distal colon of the 
guinea pig, protons secreted by the colonic H+,K+-ATPase are 
important for stimulating uptake of luminal short-chain fatty 
acids (SCFAs), facilitating absorption of SCFAs in their nonion-
ized (i.e., protonated) form [101]. The colonic H+,K+-ATPase is 
also important for K+ absorption, especially in infant animals 
who need to retain more K+ than adults to avoid growth retar-
dation [102].

The colonic H+,K+-ATPase consists of α and β subunits 
[103,104]. Co-expression of the α subunit with either HKβ or a 
heterologous β subunit (either from gastric H+,K+-ATPase or 
Na+,K+-ATPase) is sufficient to reconstitute observable H+,K+-
ATPase activity in the plasma membrane [105]. Evidence sug-
gests that the β subunit of the Na+,K+-ATPase may serve this 
role physiologically, as it associates with the HKα subunit in the 
apical membrane of colonocytes [106].

Exchangers and cotransporters
Despite the limited number of ATPase pumps, an abundant 
assortment of electrolytes and solutes are actively transported 
across the intestinal epithelium. This is possible because a large 
number of different carrier proteins convert the energy of 
sodium or proton gradients into net transport of other electro-
lytes and solutes.

Na+-solute cotransporters
Many food-derived products including glucose, amino acids, 
and vitamins, as well as endogenous luminal solutes, such as bile 
acids, are taken up by specific Na+-coupled cotransport proteins 
in the apical membrane of enterocytes. These cotransporters are 
the predominant route by which these diverse substances enter 
the body, and are also responsible for driving the majority of 
sodium and water absorption following a meal. Most of these 
cotransporters are found in the small intestine where organic 
nutrients are predominantly absorbed.

The intestinal Na+/glucose cotransporter (SGLT1) has been 
most extensively studied [83,107,108]. Each transport cycle 
results in uptake of two sodium ions and one glucose molecule, 
and this stoichiometry contributes to the ability to drive absorp-
tion of glucose against its concentration gradient [83]. Its  

the small intestine and colon and their participation in transepi-
thelial electrolyte transport are summarized in Table 24.1. The 
following sections emphasize transport proteins for which 
molecular information is available, rather than transport pro-
cesses that have been defined only at the functional level. Since 
many transport proteins are members of gene families of related 
protein isoforms, it is sometimes unknown which isoform(s) 
participate in particular transepithelial intestinal electrolyte 
transport mechanisms.

ATPase pumps
A transport ATPase provides the necessary driving force for net 
transepithelial ion transport to occur in mammalian cells. 
Na+,K+-ATPase and H+,K+-ATPase are the best understood 
and have well-established roles in intestinal electrolyte trans-
port. These proteins have related sequences (60%–70% homol-
ogy), and are both members of the P-type ATPase multigene 
family, so named because all members of this family become 
phosphorylated during part of the transport cycle.

Na+,K+-ATPase
In the presence of Mg++, Na+,K+-ATPase (the sodium pump) 
catalyzes efflux of three Na+ ions from the cell and uptake of 
two K+ ions while hydrolyzing one ATP molecule per cycle [89]. 
Because more cation is pumped out than is replaced, the sodium 
pump is electrogenic and generates a negative intracellular elec-
trical potential. Na+,K+-ATPase is localized basolaterally in all 
intestinal epithelial cells. It acts to maintain low and high intra-
cellular concentrations of Na+ and K+, respectively. The sodium 
electrochemical gradient is then used as a driving force for Na+ 
influx via Na+ channels or through the many secondary active 
cotransporters and exchangers for which Na+ is required 
(Figures 24.2–24.7). Inactivation of Na+,K+-ATPase with 
cardiac glycosides, such as ouabain, inhibits all of these trans-
port mechanisms in the intestine.

The sodium pump exists in the membrane as a heterodimer 
of α and β subunits; the α1/β1 isoforms of these subunits pre-
dominate in the intestine [90]. The α subunit is an integral 
membrane protein with at least eight transmembrane segments, 
and contains the ouabain binding site and all ion binding and 
catalytic sites. The β subunit has no known role in mediating 
ion transport, but is an integral membrane protein essential for 
chaperoning the heterodimer through correct assembly and 
membrane targeting [91]. Conversely, a variety of FXYD pro-
teins interact tightly with the sodium pump in a tissue-specific 
manner to increase its activity by increasing affinity for Na+ 
[92]. FXYD -3 and -4 appear to be the most important members 
enhancing pump activity in the colon [93,94].

H+,K+-ATPase
In several species, the apical membrane of cells in the distal 
colon contain H+,K+-ATPase activity. Similar to the gastric 
H+,K+-ATPase, to which it is related, the colonic form mediates 
cellular efflux of H+ into the gut lumen in exchange for K+ 
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Table 24.1 Key transport proteins and their participation in transepithelial electrolyte transport in the intestines.

Transport protein Polarity Genes Transepithelial function Notes

ATPase pumps

Na+,K+-ATPase Basolateral α1 subunit:ATP1A1
β1 subunit:ATP1B1

All active transport α1β1 dimer is the only 
intestinal epithelial 
isoform

H+,K+-ATPase Apical α subunit:
ATP12A

Colonic K+ and SCFA 
absorption

β subunit needed for 
function.

Exchangers and cotransporters

Na+/glucose cotransporter Apical SLC5A1 (SGLT1) Solute-coupled Na+ 
uptake

Example of Na+-
coupled cotransporter

Na+/bile acid 
cotransporter

Apical SLC10A2 (ASBT) Bile acid reabsorption Restricted to terminal 
ileum

H+/peptide cotransporter Apical SLC15A1 (PEPT1) Proton-coupled osmolyte 
absorption

Example of proton-
coupled cotransporter

H+/monocarboxylate 
cotransporter

Apical and 
basolateral

SLC16A1 (MCT1) SCFA absorption? SCFA transporter

Na+/K+/2Cl− cotransporter Basolateral SLC12A2 (NKCC1) Cl− and K+ secretion

Na+/bicarbonate 
cotransporter

Basolateral SLC4A4 (NBC1) Bicarbonate secretion

Na+/H+ exchangers Apical SLC9A3 (NHE3) Small intestinal and 
proximal colonic 
electroneutral Na+ 
absorption

Apical SLC9A2 (NHE2) (Electroneutral Na+ 
absorption?); 
HCO3

− secretion

Basolateral SLC9A1 (NHE1) HCO3
− secretion Ubiquitously expressed, 

cellular pH regulator

Cl−/HCO3
− exchangers Apical SLC26A3(DRA)

SLC26A6 (PAT1)
Electroneutral Cl− and K+ 
absorption, 
HCO3

− secretion

Na+/Cl− cotransporter Apical SLC12A3 (NCC) (Calcium absorption?) Interacts with 
voltage-sensitive Ca++ 
channel

K+/Cl− cotransporter Unproven SLC12A4 (KCC1) Electroneutral K+ or 
Cl− absorption

Presumed basolateral 
route for KCl exit

Channels

Na+ channel (ENaC) Apical α subunit:SCNN1A
β subunit:SCNN1B
γ subunit:SCNN1G

Electrogenic Na+ 
absorption

Amiloride-sensitive 
channel

Cl− channels Apical CFTR Cl− secretion cAMP-activated; also 
conducts bicarbonate

Apical TMEM16A Cl− secretion Calcium-activated

Basolateral CLCN2 (ClC-2) Cl− secretion? Outwardly rectifying: 
volume sensitive

K+ channels Apical KCNMA1 K+ secretion

Basolateral KCNN4
KCNQ1 (with its regulatory 
subunit, KCNE3)

Cl− secretion, electrogenic 
and solute-coupled Na+ 
absorption
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strates, but the molecular basis of this promiscuity is not fully 
understood [121].

A proton-coupled monocarboxylate cotransporter (MCT1) 
has been identified in the membranes of both small and large 
intestinal epithelial cells [124]. MCT1 reproduces nonionic dif-
fusion, through coupling flux of monocarboxylate anions and 
protons [125]. The transporter is inhibited by α-cyano-
hydoxycinnamates, and lactate is a favored substrate [125]. 
Evidence suggests a physiologic role for colonic MCT1 as a 
route for basolateral SCFA flux from cells as part of transcellular 
SCFA absorption [126]. MCT1 may be most important physi-
ologically in mediating transport of monocarboxylates that are 
too hydrophilic for efficient flux by nonionic diffusion through 
the lipid bilayer.

Na+/K+/2Cl− cotransporters
Na+/K+/2Cl− cotransport is present in the basolateral mem-
brane of certain intestinal epithelial cells, and participates in 
electrolyte secretion. This cotransport is electroneutral because 
each transport cycle moves equal numbers of cations (1 Na+ 
plus 1 K+) and anions (2 Cl−) into the cell. The Na+/K+/2Cl− 
cotransporter plays a key role in Cl− secretion as the predomi-
nant route for basolateral Cl− uptake [127], and also participates 
in K+ secretion by providing a second route of basolateral K+ 
uptake in addition to the activity of Na+,K+-ATPase [128].

The NKCC1 (Slc12a2) cotransporter isoform is expressed in 
the basolateral membrane of human intestinal epithelial cells 
[129]. NKCC1 functions as a single polypeptide chain, and has 
12 putative transmembrane segments. The cotransporter is 
inhibited by bumetanide and furosemide, which affect anion 
binding to the transporter [130]. Its activity is conversely pro-
moted by phosphorylation by a kinase cascade comprised of 
WNK4 and SPAK/OSR, which is activated upstream by a fall in 
intracellular chloride [131]. A related yet distinct thiazide-
sensitive Na+/Cl− cotransporter (NCC/Slc12a3) has been pro-
posed to exist in the apical membrane of enterocytes [132,133], 
and implicated in the control of calcium absorption secondary 
to interaction with a voltage-dependent Ca2+ channel [134]. 
NCC is also found in the distal convoluted tubule of the kidney, 
where it participates in sodium reabsorption and is regulated by 
phosphorylation and trafficking. In this site, it plays a pivotal 
role in fine-tuning sodium homeostasis and is inhibited by an 
increase in dietary sodium intake [133]. It is not yet known 
whether similar factors regulate this transporter in the 
intestine.

Na+/H+ exchangers
Na+/H+ exchange activity is present in all segments of the small 
intestine and colon. It is defined as the tightly coupled uptake 
of one Na+ ion in exchange for efflux of a proton [135]. This 
electroneutral exchange reaction is important for intracellular 
pH regulation, as well as transepithelial sodium absorption. 
Na+/H+ exchange is observed in both apical and basolateral 

electrogenic nature also renders the cotransporter sensitive to 
changes in membrane potential. SGLT1 (Slc5a1) is a member of 
the SLC5 family of solute carriers, which also includes the renal 
Na+-glucose cotransporter (SGLT2/Slc5a2), the thyroid Na+/
iodide cotransporter (NIS/Slc5a5) and the Na+/multivitamin 
transporter (SMVT/Slc5a6), amongst others [109]. SGLT1 
functions as a single polypeptide chain with 14 transmembrane 
segments. Studies of chimeras between SGLT1 and SGLT2 
revealed that the SGLT1 C-terminal contains the sugar binding 
site [110]. Further, a C-terminal mutation (Q457R) in SGLT1 
resulted in glucose-galactose malabsorption by altering sugar 
affinity without an effect on sodium affinity, whereas mutations 
in other regions interrupt trafficking to the plasma membrane 
[83,111].

Similar approaches are being used to evaluate the mecha-
nisms of a number of intestinal Na+/amino acid, Na+/bile acid, 
and Na+/vitamin cotransporters [112]. These Na+-coupled 
solute cotransporters are predicted to contribute to water and 
sodium absorption in the intestine, but they are discussed in 
more detail in the chapters on nutrient absorption, bile secre-
tion and vitamins, respectively (see Chapters 29, 26, and 30).

Na+-bicarbonate cotransporters
A family of basolateral cotransporters that couple uptake of 
bicarbonate with that of Na+, known as NBC’s, are found 
throughout the intestine, but particularly in those segments 
highly concerned with bicarbonate secretion (namely the duo-
denum and colon) [113]. They are members of the SLC4 gene 
family that also includes the AE subtypes of chloride/bicarbonate 
exchangers [114]. Both electrogenic and electroneutral isoforms 
have been described [114,115]. In the intestine, various splice 
variants of NBCe1 (Slc4a4) and NBCn1 (Slc4a7) appear to pre-
dominate. Mice lacking NBCe1 exhibit a variety of defects 
including intestinal obstruction and metabolic acidosis; this 
gene has also been proposed as a protective modifier for the 
meconium ileus phenotype observed in cystic fibrosis [116,117]. 
NBCn1 is expressed in the duodenum and proximal colon and 
appears to play an important role in bicarbonate secretion, pH 
homeostasis, and the integrity of the colonic mucus layer [118–
120]. However, no overt intestinal phenotype related to absence 
or mutation of this protein has yet been reported [114].

H+-solute cotransporters
The intestinal proton-coupled peptide cotransporter (PEPT1/
Slc15a1) is expressed in the apical membrane of small intestinal 
cells and can transport a wide variety of dipeptides and tripep-
tides [121]. The transporter is electrogenic, but the stoichiom-
etry of proton:dipeptide transport depends on the net charge of 
the peptide substrate [121,122]. From the standpoint of fluid 
and electrolyte absorption, the major contribution of PEPT1 is 
to stimulate water transport, in cooperation with the sodium-
hydrogen exchanger, NHE3, which supplies protons [123]. 
PEPT1 can accommodate a very broad range of peptide sub-
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tinal disorder [153,154], and NHE3/NHE2 double knockouts 
have an intestinal phenotype that is indistinguishable from that 
produced by knockout of NHE3 alone [139].

Cl−/HCO3
− exchangers

Cl−/HCO3
− exchange in the apical membrane acts in concert 

with Na+/H+ exchange to mediate electroneutral NaCl uptake 
in colonocytes and small intestinal cells [155]. Unlike the apical 
membrane Na+/H+ exchanger, which is expressed predomi-
nantly in villus cells of the small intestine, Cl−/HCO3

− exchange 
appears to be equally prevalent in the apical membranes of both 
crypt and villus cells, suggesting it contributes to other transport 
mechanisms in addition to NaCl absorption. In the colon, apical 
Cl−/HCO3

− exchange is observed predominantly in the surface 
cells, although Cl−/OH− exchange remains relatively active in 
crypt membranes [156]. This and other kinetic evidence sug-
gests that apical Cl−/HCO3

− and Cl−/OH− exchange may not be 
mediated by the same protein in either the small intestine or 
colon [156,157].

Clear roles in intestinal chloride absorption and/or bicarbo-
nate secretion have been assigned to members of the SLC26 
family of anion exchangers. One such transporter, DRA (for 
Down-Regulated in Adenoma, Slc26a3), plays a key role since 
mutations in this transporter are responsible for congenital 
chloride diarrhea [158], a disease characterized by a chloride-
rich, acidic stool (see “Disorders of Electrolyte Transport” at the 
end of this chapter). The protein is expressed in the apical mem-
brane of epithelial cells in the small intestine and colon [159,160]. 
DRA is a chloride, bicarbonate and divalent anion transporter 
[161,162]. Mutations found in patients with congenital chloride 
diarrhea lead to defective anion transport function [162]. In 
addition, PAT1 (for Putative Anion Transporter 1, Slc26a6) is a 
major contributor to anion exchange in the apical membranes 
of intestinal epithelial cells [163]. Current thinking suggests that 
both DRA and PAT1 play distinct yet complementary roles in 
intestinal Cl−, HCO3

− and fluid absorption as well as enterocyte 
acid/base balance, since each is activated differentially by spe-
cific ionic gradients as well as extracellular pH [160]. However, 
DRA is linked to the activity of NHE3 because both bind to 
NHERF1 – this implicates DRA specifically as a major contribu-
tor to electroneutral NaCl absorption.

Multiple isoforms of the anion exchanger (AE) gene family 
(also known as SLC4) are expressed in the small and large 
intestine. Among three known AE2 (Slc4a2) transcripts (AE2a, 
AE2b, AE2c1), the AE2a and AE2b transcripts are most abun-
dant in the intestine, with a basolateral localization [164,165]. 
In keeping with this, and rather than contributing to NaCl 
absorption, studies in AE2 knockout mice indicate that this 
exchanger may contribute to the basolateral chloride uptake 
that supports stimulated anion secretion, by working in concert 
with either NBC or NHE1 [166]. Results have also suggested 
the presence of an apical AE1 isoform and a basolateral  
AE3 isoform in the intestines, but the presence of both of  
these has been controversial [165,167]. Finally, AE4 has been 

membranes of epithelial cells from small intestine and colon 
[136,137].

Na+/H+ exchange is mediated by members of the SLC9 gene 
family, of which six members (NHE1-5 and NHE8 (in some 
tissues)) have been identified as plasma membrane transporters 
[138]. Several of these have been detected in gastrointestinal 
epithelia. NHE1 (Slc9a1) is present in virtually all cells of the 
body and is believed to be responsible for cellular pH regulation 
[139]. It is present in the basolateral membrane of intestinal 
epithelial cells [140]. NHE2 (Slc9a2) and NHE3 (Slc9a3) are 
predominantly epithelial isoforms of the exchanger that are 
expressed apically [141]. Each epithelial NHE isoform has a 
distinct distribution of mRNA abundance along the small and 
large intestines, which varies among species [142]. There are 
also gradients of NHE isoforms and Na+/H+ exchange function 
along the crypt-to-villus and crypt-to-surface axes. Based on 
immunoreactivity, NHE1 is expressed at all sites along these 
axes [140], but NHE2 and -3 are expressed preferentially on the 
villus in the small intestine and on the surface and in the upper 
third of the crypts in the colon [139,143]. Apical NHE activity 
is also regulated by so-called NHERF proteins (for NHE regula-
tory factors) that scaffold the transporters together with kinases 
that regulate their function and trafficking into the plasma 
membrane. Multiple NHERF isoforms provide for differing 
NHE regulation in intestinal segments [144].

All NHE isoforms have 10–12 predicted transmembrane  
segments with cytoplasmic C- and N-termini [141]. Overall, 
NHE isoforms are 50%–60% homologous within a species,  
with the C-terminal cytoplasmic tail having the most sequence 
divergence. The C-terminal portion is important for second 
messenger regulation of NHE isoforms, and several portions of 
this domain have been identified as crucial for mediating effects 
of calcium, calmodulin, cAMP, activation by intracellular 
protons, and growth factors [141,145,146]. All isoforms have 
different affinities for Na+ and inhibition constants for amilo-
ride and other inhibitors, reflecting their different primary 
structures [141].

The relative roles of NHE2 and NHE3 in electroneutral Na+ 
absorption in the intestine are still debated [147]. NHE3, but 
not NHE2, is regulated in response to changes in extracellular 
sodium by insertion and removal from the plasma membrane 
[148]. Mineralocorticoids increase the rate of ileal brush border 
Na+/H+ exchange, correlated with an increase in the abundance 
of NHE3 mRNA without an effect on mRNA for NHE1 or 
NHE2 [149]. The dose-dependency for inhibition of sodium 
and water absorption in dogs by dimethylamiloride is most 
consistent with NHE3 inhibition [150]. Finally, the patterns of 
second messenger regulation of sodium absorption and NHE3 
are closely matched (i.e., inhibition by calcium and stimulation 
by phorbol esters), but differ from responses of NHE2 [141]. 
The relative importance of NHE2 may be species-dependent 
[139], particularly under basal conditions [151,152]. 
Nevertheless, NHE3 knockout mice have obvious diarrheal 
disease whereas NHE2 knockout mice have no identified intes-
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membrane twice, and the subunits share 35% homology [178]. 
Expression of the β and γ subunits is required to efficiently 
target the channel to the plasma membrane [178]. This is con-
sistent with the observation that certain activating mutations in 
the β or γ subunits (see “Disorders of Electrolyte Transport”, 
Liddle’s syndrome, below) cause increased numbers of sodium 
channels in the membrane as well as an increased activity of the 
expressed channels [179,180]. In contrast, a glycine near the 
N-terminal of the α subunit is involved in channel gating [181]. 
Although the predicted minimum configuration of the epithe-
lial Na+ channel is a heterotrimeric protein, it is likely that the 
native channel is more complex.

In the kidney and lung, ENaC is down-regulated in response 
to a rise in intracellular sodium concentrations. This is thought 
to result from the stimulated association of the ubiquitin ligase, 
Nedd4-2, with the β and γ subunits of the channel, resulting in 
ubiquitination of the channel and its resulting internalization 
and degradation [182,183]. Conversely, phosphorylation of 
Nedd4-2 by the serum and glucocorticoid-regulated kinase, 
sgk1, or by protein kinase A, disrupts its association with ENaC 
and prolongs its residence on the cell surface; sgk1 also increases 
channel open probability by phosphorylating the α subunit 
[184–186]. Thus, various growth factors, insulin, or agents that 
elevate cAMP can increase ENaC activity, although the extent 
to which this paradigm also applies to the distal colon has not 
yet been fully assessed [183,187]. One report suggests that sgk1 
is not required for baseline or upregulated ENaC activity in the 
colon [188]. However, ENaC in this segment is chronically 
induced by aldosterone, providing a mechanism to coordinate 
sodium conservation by colon and kidneys in subjects consum-
ing a low-salt diet [189,190].

Cl− channels
Apical chloride channels are essential components of chloride 
secretion. Chloride secretion in all parts of the intestine and 
colon is controlled predominantly by the ability of specific 
second messengers to regulate channel gating and localization. 
However, multiple chloride channel types are observed in intes-
tinal epithelial cells, making it difficult in some cases to assign 
a functional role to individual proteins.

A cAMP-activated channel in the apical membrane is known 
to participate in hormone-stimulated Cl− secretion, and is 
encoded by the gene (CFTR) that is responsible for cystic fibro-
sis (see below) [191]. The normal CFTR channel is selective for 
Cl >Br >I, has an 8–10 pS unitary conductance, and is non-
rectifying or linear (i.e., it conducts ions with equal efficiency 
in either an inward or outward direction. CFTR also mediates 
the conductance of other ions (notably HCO3) [192], partici-
pates in a subset of cAMP-regulated apical membrane endocy-
tosis and exocytosis events [193], and regulates the activity of 
other chloride and sodium channels [194,195]. The CFTR 
channel is a single polypeptide with 12 membrane spanning 
domains, two cytoplasmic nucleotide-binding domains (NBDs), 
and a regulatory (R) domain that contains the majority of  

characterized for its involvement in bicarbonate secretion in 
both the stomach and duodenum, although more recent studies 
revealed no significant functional defects in AE4 knockout mice 
[168,169].

Other cotransporters
In addition to those described above, other intestinal electrolyte 
cotransporters include Na+/PO4

− (NaPi-IIb/Slc34a2) and Na+/
SO4

− (NaS1/Slc13a1) cotransporters [163,170–172]. For phos-
phate, NaPi-IIb participates in a homeostatic axis linking bone, 
kidney and intestinal transport processes to ensure appropriate 
levels of the circulating cation [173]. Mice lacking NaS1 have a 
90% reduction in uptake of sulfate from the intestine and this, 
coupled with reduced reabsorption from the renal tubule, 
results in marked hyposulfatemia, which may have additional 
physiological consequences [172]. However, neither the absorp-
tion of phosphate nor sulfate from the intestinal lumen is likely 
to be quantitatively significant for fluid absorption, which is also 
true for uptake driven by other cotransporters, such as those for 
vitamins and bile acids as discussed above. The intestinal K+/
Cl− cotransporter [174] is a logical mechanism for electroneu-
tral basolateral exit of K+ and Cl− from intestinal epithelial cells 
that absorb K+ and/or Cl− in an electroneutral fashion. Its 
expression increases during dietary potassium depletion [175].

Ion channels
An ion channel acts as a gated pore that is selective for certain 
ions. Open channels are passive pathways for electrolyte move-
ment. Gating controls the amount of time that the pore spends 
in an open versus closed configuration. A single open channel 
permits rapid flux of ions across the membrane with a charac-
teristic unitary conductance (one pS ≈ 500 univalent ions/
msec). The conductance of a given channel is an intrinsic bio-
physical signature, whereas gating of epithelial channels is most 
frequently regulated by second messengers and resulting post-
translational modifications, such as phosphorylation. Compared 
to ion channels in excitable cells, membrane voltage has only 
modest effects on gating of epithelial channels, although this 
should be distinguished from the large effect of membrane 
voltage on the magnitude of ionic currents across the open 
channel.

Na+ channels
Apical Na+ channels contribute to electrogenic sodium absorp-
tion in many distal colonic epithelia. Epithelial Na+ channels 
(ENaC) are selective for sodium (>10:1 versus K+), have 5 pS 
unitary conductance and are inwardly rectifying (i.e., they 
mediate cation influx more efficiently than cation efflux) [176]. 
Epithelial Na+ channels are inhibited by nanomolar concentra-
tions of phenamil and amiloride analogs, but the profile of 
inhibitor sensitivity is distinct from that of Na+/H+ exchangers 
[177].

ENaC is composed of three subunits: α, β, and γ. Each 
subunit is an integral membrane protein predicted to span the 
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these processes is less certain. The colon also participates in 
active absorption of K+ from the lumen if whole body potas-
sium is depleted, but this appears to be underpinned by the 
apical H+,K+-ATPase discussed earlier rather than by a potas-
sium channel [215].

The presence of apical K+ channels was originally inferred 
indirectly by adding luminal K+ channel blockers (e.g., barium 
and tetraethylammonium [TEA]) and monitoring effects on 
global electrical properties of the rat colonic mucosa [216]. 
Treatment with aldosterone increases the apical K+ conduct-
ance, suggesting an increase in K+ channel activity or number 
[217]. Subsequent studies have implicated BK (KCa1.1) channels 
as mediating apical K+ secretion, and mice lacking this channel 
had reduced concentrations of K+ in their feces [215,218,219].

Basolateral K+ channels have been studied more extensively. 
Patch clamping identified a basolateral channel in human and 
rat colonic crypts that was selective for K+ (49:1 versus Na+), 
and had a 23 pS unitary conductance [220]. The open probabil-
ity of this channel was increased 4–10 fold by cAMP or micro-
molar calcium, and the channel was blocked by quinidine and 
diphenylamine carboxylate (DPC), but not TEA [220,221]. The 
second messenger-sensitivity of the 23 pS channel suggests that 
it contributes predominantly to cAMP-stimulated Cl− secretion. 
A second K+ channel with 138 pS unitary conductance has also 
been observed in human colonic crypts. The 138 pS channel has 
a distinct inhibitor profile; it is inhibited by TEA and quinidine, 
but not DPC, and is highly K+ selective (190:1 K:Na) [221]. 
Recently, KCNN4 and KCNQ1 (with its regulatory subunit, 
KCNE3) have emerged as candidates for these basolateral K+ 
channels in the colon that respond to Ca++ and cAMP, respec-
tively, to underpin active chloride secretion [222–227].

Transepithelial electrolyte transport

In general, net transepithelial transport requires the participa-
tion of at least two transport proteins to mediate (1) ion uptake 
across one plasma membrane domain, and (2) exit of ions across 
the plasma membrane domain at the opposite pole of the cell. 
By definition, active transepithelial transport also requires 
involvement of a primary active transporter to provide the 
energy for net absorption or secretion of the ion. When the 
pump also serves as an uptake or exit step for the ion in question, 
only two transport proteins are required. Net transepithelial 
electrolyte transport across the epithelium can be either electro-
genic or electroneutral. Transepithelial transport mechanisms 
can only be electrogenic when both the apical and basolateral 
membranes mediate electrogenic ion fluxes as part of the mecha-
nism, or when transcellular fluxes drive electrogenic paracellular 
fluxes. For instance, the electrogenic Na+,K+-ATPase is involved 
in both electroneutral and electrogenic sodium absorption 
depending on the accessory sodium transport events.

The voltage clamp and Ussing chamber are used in combina-
tion to define the presence of active electrolyte transport 

phosphorylation sites. CFTR chloride channel gating is complex, 
involving coordinated phosphorylation of multiple R-domain 
serine residues and ATP hydrolysis at, and interaction between, 
the two NBDs [196].

In normal intestine, agonists acting via cAMP or calcium 
stimulate Cl− secretion. However in cystic fibrosis patients, 
neither cAMP nor calcium is able to elicit Cl− secretion [197]. 
This is in contrast to airway epithelia of cystic fibrosis patients, 
where a Ca++-activated Cl− channel (CaCC) functions to par-
tially restore secretory function in the absence of normal CFTR 
[198]. The reasons underlying the failure to detect CaCC activ-
ity in the intestine of cystic fibrosis patients is not yet under-
stood at a molecular level, but could involve a defect in the 
ability of CFTR to regulate another anion channel and/or the 
existence of negative regulatory mechanisms in the intestinal 
epithelium (see Regulation of fluid and electrolyte transport 
below). CaCCs are thought to be a key target whereby NSP4 of 
rotavirus causes diarrheal symptoms [199,200], and both 
murine ileum and cultured T84 colonic epithelial cells function-
ally express CaCCs [199]. A recent candidate for this CaCC is 
the protein TMEM16A, also known as anoctamin 1, which 
encodes a calcium-activated chloride conductance in a variety 
of tissues. Mice lacking TMEM16A display defects in intestinal 
calcium-activated chloride secretion [201–203].

There are other candidate Cl− channels in the gut. ClC2 and 
ClC5 are Cl− channels expressed in the intestine [204–206]. 
ClC5 is particularly intriguing because it is expressed only in 
kidney and colon, has a permselectivity of I>Cl, is outwardly 
rectifying, but is not activated by cAMP [204]. However, many 
consider ClC5 to be a chloride/proton exchanger rather than a 
channel per se [207]. Nevertheless, since ClC5 is located in 
endosomes of intestinal epithelial cells [205] it may possibly be 
inserted into the plasma membrane upon appropriate regula-
tory signals. It has also been shown to be required for trafficking 
of NHE3, at least in the kidney [208]. ClC2 is also expressed in 
intestinal epithelial cells, and was originally thought to contrib-
ute to chloride secretion [209]. ClC channels are activated by 
cell swelling and, at a minimum, probably participate in the ion 
efflux necessary for cell volume regulation. Most recently, ClC2 
has been identified as a basolateral protein in distal colonic 
epithelial cells that is required for electroneutral NaCl and KCl 
absorption [210]. The ClC2 channel also attracted considerable 
attention as the presumed target of a channel-opening drug 
known as lubiprostone, which is approved for the treatment of 
constipation [211–213]. However, is is possible that lubipros-
tone actually acts via prostanoid receptors to stimulate CFTR 
rather than ClC2 [214].

K+ channels
Potassium channels in the apical membrane of epithelial cells 
are involved in K+ secretion, and K+ channels in the basolateral 
membrane are involved in Cl− secretion [215]. K+ channels are 
also involved in electrogenic Na+ absorption and Na+-coupled 
solute absorption, but the polarity of K+ channels involved in 
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Figure 24.2 Electroneutral NaCl absorption in the small intestine and 
colon. As described in the text, apical NaCl entry via Na+/H+ and Cl−/
HCO3

− exchange is the most strongly supported model in mammalian 
intestine, although directly coupled NaCl cotransport remains a 
possibility. In both models, Na+ exits the cell via the basolateral 
Na+,K+-ATPase, but the route of Cl− efflux is more speculative.
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relative importance of electroneutral versus electrogenic sodium 
absorption in the colon also varies as a function of mineraloco-
rticoid status. To explain its coupled fluxes, the combined action 
of Na+/H+ (NHE3 and perhaps NHE2) and Cl−/HCO3

− 
exchangers (DRA and PAT1) is the most widely accepted model 
for human NaCl absorption, with Na+,K+-ATPase in the baso-
lateral membrane serving as the exit step for sodium (Figure 
24.2) [230]. The intestine expresses the thiazide-sensitive Na+-
Cl− cotransporter, NCC (Slc12a3), which theoretically could 
substitute for the paired exchangers. However, this protein is 
present at low levels and, as discussed above, may have a more 
important physiological role in regulating intestinal calcium 
absorption [133,134].

In the paired exchanger model, coupling of the exchangers 
occurs via changes in intracellular pH. For example, the Na+ 
gradient drives Na+ uptake and H+ efflux via Na+/H+ exchange, 
which alkalinizes the cytoplasm and increases activity of the 
Cl−/HCO3

− exchanger. The action of carbonic anhydrase pro-
duces HCO3

− which then leaves the cell in exchange for uptake 
of luminal Cl−. The net reaction is Na+ and Cl− uptake in 
exchange for H+ and HCO3

− efflux. Once in the cell, Na+ is 
pumped out by Na+,K+-ATPase, and Cl− follows by way of 
either an electroneutral transport protein, likely to be a K+/
Cl− cotransporter [174], or perhaps via ClC2 chloride channels 
[210].

Electrogenic Na+ absorption
In humans, electrogenic amiloride-sensitive Na+ absorption 
accounts for approximately 50% of the Na+ reabsorbed in the 

between the luminal and serosal surfaces of a tissue. The Ussing 
chamber permits mounting of intestinal tissue (or a cultured cell 
monolayer) between two compartments to measure transport 
between the luminal and serosal reservoirs. If tissue in an Ussing 
chamber is voltage clamped, where the driving force for tran-
sepithelial ion movement has been eliminated (i.e. transepithe-
lial voltage is clamped to zero), the magnitude of the current 
required to offset the potential difference (termed short circuit 
current, or Isc) will reflect active, net electrogenic ion transport. 
In the same configuration, measurement of net transepithelial 
ion fluxes with isotopes can be used to detect transport of spe-
cific ions that is either electrogenic or electroneutral.

Classically, absorptive and secretory functions of the intestine 
are considered to be independent and absorptive function may 
remain intact during periods when secretory function is exces-
sively stimulated. This is clinically important because some anti-
diarrheal strategies (e.g., oral rehydration solutions) rely on 
stimulating absorption in the presence of abundant secretion. 
However, more recent evidence suggests that there are func-
tional, and potentially molecular, linkages between absorptive 
and secretory mechanisms. The long-held dogma that villus 
cells are purely absorptive and crypt cells are purely secretory 
has broken down somewhat, and there are at least a subset of 
cells that likely mediate both absorption and secretion (at least 
in the colon). Further, it has been demonstrated that expression 
of the CFTR chloride channel affects activity of the epithelial 
Na+ channel, providing an explanation for the observation that 
cystic fibrosis patients have increased electrogenic sodium 
absorption [228]. Thus, regulation of chloride secretion and 
sodium absorption can be intertwined.

Electrolyte absorptive mechanisms
The small intestine performs electroneutral NaCl absorption 
and Na+-coupled nutrient absorption. It is responsible for most 
of the absorption of nutrients and water by the gastrointestinal 
tract as a whole. Sodium absorptive mechanisms in the colon 
vary strongly as a function of both species and segment. In most 
species including man, the large intestine absorbs Na+ avidly 
through both an electrogenic mechanism involving apical Na+ 
channels and an electroneutral NaCl absorptive mechanism 
similar to that the small intestine. The colon is also responsible 
for SCFA absorption and some K+ absorption, and is essential 
for conservation of fluid and electrolytes.

Electroneutral NaCl absorption
A significant fraction of the sodium and chloride absorbed by 
the intestine is electroneutral and mutually dependent on the 
alternate ion (i.e., electroneutral Na+ absorption requires the 
presence of Cl− and vice versa) [229]. Postprandially, after 
absorption of nutrients has been completed, or in the fasting 
state, electroneutral NaCl absorption is the major route for Na+ 
absorption in the small intestine [150]. This NaCl absorptive 
mechanism is also the principal route for Na+ absorption in the 
proximal colon, with less prominence in the distal colon. The 
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Solute-coupled Na+ absorption
The absorption of many nutrients, and also of bile acids (in the 
terminal ileum), is mediated by Na+-coupled cotransporters in 
the small intestine. The combined action of these transporters 
contributes significantly to sodium and water absorption [235]. 
A common cellular mechanism (shown in Figure 24.4) is 
believed to mediate all solute-coupled Na+ absorption, predom-
inantly in villus cells. Luminal Na+ enters via apical Na+-coupled 
cotransporters and exits via the basolateral Na+,K+-ATPase. The 
Na+-solute cotransporter utilizes the energy of the electrochem-
ical gradient for Na+ to drive intracellular accumulation of the 
cotransported solute above its equilibrium value. When two 
Na+ ions are coupled to uptake of a single solute molecule (e.g., 
in SGLT1), the intracellular accumulation of solute can be 
nearly 100-fold [236]. Efflux of solute down its steep concentra-
tion gradient across the basolateral membrane is then efficiently 
mediated by facilitated diffusive carriers, which are passive in 
nature. For example, the GLUT2 passive glucose transporter 
performs this function for glucose absorption [108]. Electrogenic 
Na+ absorption stimulates absorption of a compensatory Cl− 
anion via the paracellular route, and recycling of K+ via basola-
teral K+ channels assures cellular electroneutrality.

SCFA absorption and SCFA-stimulated Na+ absorption
Short-chain fatty acids (SCFAs) are produced in the colon by 
bacterial catabolism of unabsorbed carbohydrate and protein. 
The combined concentration of the predominant luminal SCFAs 
(acetate, propionate, and butyrate) is 100mM–150mM, so they 

distal colon. There is a decreasing gradient of activity through 
the transverse colon and only minimal activity in the proximal 
colon [231,232]. Aldosterone, a mineralocorticoid well known 
for its Na+-retaining and K+-wasting effects on the distal 
nephron, also exerts profound effects on the distal colon. 
Induction of secondary hyperaldosteronism by the feeding of a 
low-Na+ diet or administration of exogenous aldosterone con-
verts the rat distal colon from electroneutral NaCl absorption 
to amiloride-sensitive, electrogenic Na+ absorption [233]. 
Conversely, reduced electrogenic absorption of sodium has 
been described in inflammatory bowel disease patients and in 
animal models of colitis [187,234]. This may contribute to 
diarrheal symptoms, underscoring the importance of sodium 
and water salvage in the distal colon.

Figure 24.3 shows the proposed mechanism of electrogenic 
Na+ absorption by the surface epithelium of the distal colon. 
Luminal Na+ enters colonocytes via ENaC in the apical mem-
brane and exits via the basolateral Na+,K+-ATPase. In the 
process of driving transepithelial Na+ absorption, Na+,K+-
ATPase also catalyzes K+ uptake creating a charge imbalance, 
and both effects must be compensated to sustain Na+ absorp-
tion. The compensatory ion flux is probably achieved by elec-
trogenic efflux of K+ via K+ channels. There is controversy about 
whether apical or basolateral K+ channels perform this func-
tion. It is likely that the apical K+ conductance is predominantly 
involved in K+ secretion, a crypt cell function that is not linked 
to Na+ absorption [128]. The simplest model suggests that baso-
lateral K+ channels provide the compensatory flux and recycle 
K+ across the basolateral membrane. Finally, paracellular flux 
of Cl− is driven by sodium movement to restore electroneutral-
ity between luminal and serosal compartments.

Figure 24.3 Electrogenic Na+ absorption in the distal colon. Na+ enters 
cells at the apical membrane through ENaC Na+ channels and leaves cells 
at the basolateral membrane through the Na+,K+-ATPase.
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Figure 24.4 Solute-coupled Na+ absorption in the small intestine. The 
model presents the mechanism for glucose as a generic solute, and is 
representative of Na+-coupled absorption of glucose, many amino acids, 
certain B vitamins, and bile acids. Details will vary among solutes due to 
differences in the charge of the different solute and the stoichiometry with 
transported Na+ ions.
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Figure 24.5 Cl− secretion in small intestine and colon. Cl− enters cells at 
the basolateral membrane through Na+/K+/2Cl− cotransport and leaves 
cells at the apical membrane through Cl− channels.
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of the stomach. In other intestinal segments, the predominant 
secreted ion is either Cl− or HCO3

− [252,253]. However HCO3
− 

secretion may be related to, or require, active Cl− secretion.

Electrogenic Cl− secretion
Electrogenic Cl− secretion (Figure 24.5) is found in all segments 
of the GI tract from the duodenum to the distal colon. 
Presumably this reflects the common need for a mechanism to 
maintain hydration of the luminal contents. Uptake of Cl− 
across the basolateral membrane is via the electroneutral Na+/
K+/2Cl− cotransporter, NKCC1 [127]. A key function of this 
cotransporter is to use the energy of the Na+ gradient to accu-
mulate Cl− intracellularly above its electrochemical equilib-
rium. Under these conditions, Cl− will exit the cell across the 
apical membrane when Cl− channels are opened. Na+,K+-
ATPase provides energy for this overall mechanism and recycles 
Na+ across the basolateral membrane. Potassium channels in 
the basolateral membrane allow for K+ recycling, maintain cel-
lular electroneutrality by compensating for Cl− efflux, and keep 
the cell hyperpolarized (i.e., negative intracellular voltage com-
pared to outside the cell) so that Cl− efflux across the apical 
membrane can be sustained [254]. It is believed that Na+ follows 
passively by paracellular flux through tight junctions to main-
tain electroneutrality between luminal and serosal compart-
ments. The predominant Cl− channel in the apical membrane 
involved in this mechanism is CFTR, but the TMEM16a channel 
may also be important, as well as others (see above).

HCO3
− secretion

Bicarbonate secreted by the duodenal epithelium contributes to 
the mucus-bicarbonate layer that overlies duodenal epithelial 

are the major anions and osmolytes in the colonic lumen [237]. 
Absorbed SCFAs account for 7%–10% of ingested calories, and 
serve as an important energy source for colonic epithelial cells 
[238]. SCFAs also stimulate electroneutral Na+ absorption, up 
to 5-fold in humans [239].

SCFAs stimulate Na+ absorption via activation of apical Na+/
H+ exchange, which leads to subsequent exit of Na+ via the 
basolateral Na+,K+-ATPase. Evidence suggests that luminal 
SCFA uptake causes intracellular acidification and luminal alka-
linization, which are both known activators of Na+/H+ exchang-
ers [240]. The mechanisms of SCFA uptake that lead to pH 
change are controversial, but it appears that both nonionic dif-
fusion (uptake of the protonated form of these weak acids 
without intervention of a transport protein) and carrier-
mediated transport (via either a SCFA/HCO3

− exchanger, 
Slc9a3, or the proton-coupled monocarboxylate transporter, 
MCT1) play a role [46,241–246]. An apical SCFA/Cl− exchanger 
likely also contributes to amplifying the effect of SCFA absorp-
tion on overall Na+ uptake [245]. The ability of SCFA-induced 
acidification to stimulate apical, but not basolateral Na+/H+ 
exchangers of colonocytes has been perplexing. The regulation 
of extracellular pH in microenvironments directly adjacent to 
colonocyte membranes may partially explain this [247]. 
Physiologic SCFA gradients cause alkalinization of the luminal 
surface and acidification of the basolateral surface [240] which 
preferentially activates apical but not basolateral Na+/H+ 
exchange. Finally, there are several candidate mechanisms for 
SCFA efflux across the basolateral membrane including noni-
onic diffusion, SCFA/HCO3

− exchange, or SCFA/H+ cotrans-
port via MCT1 [125,248].

K+ absorption
In human metabolic balance studies, ∼85% of ingested K+ is 
absorbed in the small intestine, with passive absorption driven 
by prevailing electrochemical gradients being sufficient to 
explain this uptake [249]. In contrast, active electroneutral K+ 
absorption occurs in the distal colon [95], and is believed to 
mediate absorption of 5%–7% of K+ ingested daily [249], leaving 
3%–5% to be lost in fecal water. The absolute magnitude of 
colonic K+ fluxes is underestimated by these values because 
colonic K+ secretion also occurs.

An apical H+,K+-ATPase promotes uptake of K+ from the 
lumen [250], and K+ likely leaves the cell via the K+/Cl− cotrans-
porter KCC1 [251]. The Cl− dependent portion of K+ absorp-
tion probably utilizes apical Cl−/HCO3

− exchange to neutralize 
protons extruded by the H+,K+-ATPase, providing a source of 
intracellular Cl− to drive the basolateral K+/Cl− cotransporter. 
However, since not all K+ absorption is Cl− dependent, there is 
likely to be a second (or alternative) route for basolateral K+ 
efflux.

Electrolyte secretory mechanisms
Secretory mechanisms throughout the gastrointestinal tract 
center around the Cl− anion. HCl is the major secretory product 
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secretion through apical channels such as CFTR [192]. Evidence 
from cystic fibrosis patients and CFTR knockout mice suggests 
that CFTR plays an essential role in bicarbonate secretion, both 
by conducting HCO3

− and by regulating Cl−/HCO3
− exchange 

[258,259].
In the proximal colon, bicarbonate secretion is stimulated by 

SCFAs [113,260], and may occur by a distinct mechanism. 
SCFA uptake causes alkalinization of the colonic lumen, either 
following nonionic uptake of protonated SCFA, or via the SCFA/
bicarbonate exchanger, either of which removes acid equivalents 
from the lumen [113,241]. The resulting transepithelial pH gra-
dient will cause a vectorial titration of other weak acids (e.g. 
CO2) across the epithelium and result in luminal accumulation 
of the basic form (i.e., HCO3

−). In support of this model, tran-
sepithelial CO2/HCO3

− gradients drive luminal pH changes 
consistent with transepithelial nonionic diffusion of CO2 [241]. 
More distally, on the other hand, bicarbonate secretion appears 
to utilize predominantly apical Cl−/HCO3

− exchange (via DRA) 
as described above [113]. In the mid colon, this is coupled with 
NHE3 activity, whereas in the distal colon, NHE3 is absent and 
ENaC provides for Na+ uptake [113,261,262].

K+ secretion
All portions of the mammalian colon perform active K+ secre-
tion. K+ secretion is enhanced by a low-sodium diet, which 
leads to increased plasma levels of aldosterone, and by acute K+ 
loading [128,263,264]. K+ secretion can also be stimulated by 
cAMP-dependent secretagogues and occurs concurrently with 
Cl− secretion, albeit from distinct cell populations [265,266]. 
Unlike Cl− secretion, which is diminished in colitis, K+ secre-
tion is increased [267]. In health, colonic K+ secretion may be 
dispensable, but may be more important for homeostasis in the 
setting of renal failure. Of interest, a patient undergoing hemo-
dialysis who also required a temporary ileostomy following a 
bout of ischemic colitis developed severe hyperkalemia, which 
was reversed when bowel continuity was restored [268]. This 
has led some to advocate the exploitation of colonic K+ secre-
tion as an adjunctive therapy for patients with kidney failure 
[269].

The model of active K+ secretion (Figure 24.7) closely paral-
lels that of Cl− secretion. Since NKCC1 inhibitors block K+ 
secretion, at least in some tissues (e.g. rat and guinea pig colon), 
the cotransporter may be an important route for basolateral K+ 
uptake [270]. Potassium secretion is also ultimately dependent 
on the Na+,K+-ATPase pump to establish driving gradients, and 
in some tissues (e.g. rabbit proximal colon) the ATPase may 
supply the secreted K+ instead of the Na+/K+/2Cl− cotrans-
porter. In contrast to Cl− secretion, active K+ secretion is sensi-
tive to inhibition by K+ channel blockers applied luminally (e.g., 
iberiotoxin, paxilline, barium and TEA) consistent with involve-
ment of BK (Kcnma1) channels [266,271,272]. The entire 
process is electrogenic, producing a current opposite to that 
produced by Cl− secretion or Na+ absorption.

Figure 24.6 HCO3
− secretion in duodenum. CFTR provides apical 

chloride to drive the activity of an apical anion exchanger, or itself serves 
as the pathway for HCO3

− exit at the apical membrane. As described in 
the text, both mechanisms may be important in mammalian duodenum. 
In both models, HCO3

− is produced by carbonic anhydrase (CA), which 
requires compensatory efflux of a proton by Na+/H+ exchange, or is taken 
up across the basolateral membrane by a sodium-coupled cotransporter, 
NBC1.
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cells, and thus may be an important protective factor that 
defends against duodenal ulceration [253]. Although the duo-
denum secretes large amounts of HCO3

−, luminal HCO3
− con-

centrations in the upper small intestine are relatively low 
because of neutralization by gastric acid. Bicarbonate secretion 
also takes place in the ileum and colon, where it appears to play 
a critical role in determining the rheological properties of 
secreted mucus, establishing the surface microclimate pH, 
shaping the microbiota, and host defense [46,252,255]. Apical 
Cl−/HCO3

− exchange in the colon mediated by DRA also 
acts to conserve Cl− at the expense of HCO3

−. Conversely, 
since congenital chloride diarrhea causes systemic alkalosis,  
the lower GI tract may play a significant role in acid/base 
homeostasis.

More than one mechanism likely exists for duodenal HCO3
− 

secretion. In the two mechanisms depicted in Figure 24.6, a 
common source of secreted HCO3

− anion is carbonic anhy-
drase, which hydrates CO2 to produce intracellular HCO3

− and 
a proton. The proton is eliminated by basolateral Na+/H+ 
exchange (NHE1), and Na+ is recycled basolaterally by Na+,K+-
ATPase. Bicarbonate can additionally be derived from the 
bloodstream via a basolateral sodium-bicarbonate cotrans-
porter, predominantly NBCe1 [256]. The models diverge in 
describing how HCO3

− exits across the apical membrane. In an 
electroneutral mechanism, HCO3

− is exchanged for intralumi-
nal Cl− [257]. The electrogenic mechanism involves HCO3

− 
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Figure 24.7 K+ secretion in colon. K+ uptake at the basolateral membrane 
is mediated by either Na+,K+-ATPase or Na+/K+/2Cl− cotransport, 
depending on species and segment. K+ efflux at the apical membrane is 
via K+ channels. Details of the model are described in the text.
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Figure 24.8 Regulation of epithelial transport. Hormones, 
neurotransmitters and immune cell mediators typically exert their effects 
by binding to cell surface or nuclear receptors. Receptor activation, in 
turn, evokes acute (dashed lines) or long-term (solid lines) changes in 
transport function. Receptor-induced elevations in intracellular second 
messengers activate various proteins kinases. These signaling cascades and 
others as shown regulate epithelial transport in several ways: (1) via 
covalent modification of the transport proteins, e.g., by phosphorylation, 
which can activate or deactivate the transport protein; (2) trafficking of 
transport proteins stored in vesicles and their fusion with the cell 
membrane, thereby increasing the number of transport proteins expressed 
at the cell surface (or conversely, vesicular retrieval of transporters from 
the cell membrane); (3) de novo transcription either in response to 
kinase-induced activation of transcription factors, or mediated by nuclear 
hormone receptors (NHR); (4) post-transcriptional fine-tuning of levels 
of transcribed mRNA, such as via microRNAs. Newly synthesized 
transport proteins can also undergo multiple post-translational 
modifications (PTMs) and are then packaged into vesicles for transfer to 
the cell surface.
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Under normal circumstances, the absorptive and secretory pro-
cesses described above act in a concerted and finely-tuned 
manner to control the fluidity of the intestinal contents and to 
conserve the large amounts of fluid that enter the intestine each 
day. However, the extent of fluid absorption and secretion is not 
constant, and epithelial cells must adapt to both physiological 
and pathophysiological cues with appropriate responses. Such 
dynamic regulation of epithelial transport occurs through a 
complex interplay of cell-cell interactions, intercellular media-
tors, and intracellular signal transduction cascades that ulti-
mately target transport proteins to modulate their function 
either in the short- or long-term.

Intracellular regulatory mechanisms
In general, epithelial cells “sense” changes in their extracellular 
environment through receptors expressed on their surface in a 
cell-specific manner (Figure 24.8). Activation of these receptors, 
whether in response to physiological or pathophysiological 
stimuli, recruits complex signaling pathways. Acute regulation 
of transport is usually brought about by rapid events that alter 
the chemical nature or subcellular location of transport pro-
teins. Second messenger-induced phosphorylation of the trans-
port proteins or their associated regulatory molecules, and/or 
membrane insertion/retrieval of transporters, often mediate 
these rapid effects. In the longer term, changes in whole body 
electrolyte status are balanced by chronic alterations in intesti-
nal transport.

Receptor activation
Since they are exposed to a wide range of endogenous and 
exogenous extracellular stimuli, intestinal epithelial cells must 
express many different types of receptors to evoke appropriate 
responses. Receptors at the cell surface, including G protein 
coupled receptors (GPCRs), receptor tyrosine kinases (RTKs), 
and tyrosine kinase-linked receptors, bind to soluble ligands, 
such as those released from nerves and immune cells. In  
contrast, nuclear receptors are found in the cytosol and are 
activated by lipid-soluble agonists that can traverse the cell 
membrane, such as steroid hormones. Most cell surface recep-
tors are preferentially localized to the basolateral membrane, in 
close proximity to the regulatory cells that produce their ligands. 
However, some receptors are expressed apically, where they are 
activated by luminal stimuli, such as bacterial toxins [273]. 
There are well-recognized exceptions to this polarization e.g., 
receptors for endogenous purinergic agonists are found on both 
sides of the epithelium [274]. This may reflect, in part, the fact 
that these agonists (or precursors thereof) are products of 
inflammatory cells that can traverse the epithelium and release 
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and promoting secretion. This reciprocity in regulation of Cl− 
secretion vs. NaCl absorption ensures that the transport func-
tions of different epithelial cells do not work at cross-purposes. 
A third subclass of GPCR expressed in intestinal epithelial cells, 
of which the somatostatin receptor, SSTR1, is the most studied 
member, is coupled to inhibitory Gi proteins. Activation of 
SSTR1 inhibits accumulation of cAMP in response to agonists 
of GsPCRs, thereby dampening fluid secretion [277]. This likely 
underlies the clinical efficacy of somatostatin analogues in cases 
of severe secretory diarrhea.

In addition to GPCRs, epithelial cells express RTKs and tyro-
sine kinase-associated receptors. These receptors are typically 
activated by peptide hormones and growth factors, such as EGF 
and insulin. As their names suggest, these receptors induce cel-
lular responses through activation of tyrosine kinase-dependent 
signaling pathways and similar to agonists of GiPCRs, they can 
exert antisecretory and proabsorptive actions, albeit by distinct 
mechanisms of action [278–282].

Finally, several nuclear receptors play important roles in 
regulation of intestinal transport. Many bind steroid hormones 

mediators into the luminal compartment [275]. Similarly, 
receptors for guanylin, the endogenous ligand for the receptor 
that binds the heat stable enterotoxin of E. coli (STa) are located 
in the apical membrane. This implies that this endogenous 
peptide is secreted into the lumen to produce its biological 
effects. Conversely, epidermal growth factor (EGF), normally 
present in the lumen, has basolaterally-localized receptors. It 
has been suggested that EGF therefore functions as a luminal 
surveillance peptide, in that it may regulate epithelial function 
only in the setting of mucosal damage, where the epithelial 
barrier is breeched and the growth factor can access the baso-
lateral side [276].

The most abundant cell surface receptors are GPCRs, which 
are activated by a wide array of hormones, immune-derived 
mediators, and neurotransmitters (Table 24.2). In general, acti-
vation of the Gs- or Gq-linked subclasses of GPCR promote 
luminal fluid accumulation, through signaling pathways involv-
ing increases in intracellular cyclic adenosine monophosphate 
(cAMP) or Ca2+, respectively. Many agonists of these receptors 
are capable of simultaneously inhibiting absorptive processes 

Table 24.2 Endogenous and exogenous regulators of intestinal chloride secretion.

Substance Second messenger Notes

Endogenous stimuli (hormones, neurotransmitters, and immune/inflammatory mediators)

Acetylcholine Calcium Acts through m3 muscarinic receptor on epithelial cells

Histamine Calcium H1 histamine receptor on epithelium; indirect effects 
also possible*

5-hydroxytryptamine Calcium, cAMP Indirect effects also possible*

Prostaglandins cAMP E-series prostaglandins particularly potent

Bradykinin Calcium Bilateral BK2 receptors; indirect effects also possible*

Reactive oxygen species, H2O2 Calcium, cAMP Effects likely to be largely indirect*

Platelet activating factor cAMP Indirect effects*

Vasoactive intestinal polypeptide cAMP Direct effect via basolateral receptors

Guanylin, uroguanylin cGMP Apical receptor

Adenosine, 5′AMP cAMP Bilateral adenosine A2b receptors on epithelium

Lipoxygenase metabolites of arachidonic acid Unknown Effects largely indirect

Exogenous stimuli (bacterial products and luminally active agents)

Cholera toxin cAMP

E. coli heat labile toxin cAMP

E. coli heat stable toxin (STa) cGMP Binds to apical guanylin receptor

C. difficile toxins A and B Calcium, other effectors? Indirect effects and effects on paracellular pathway 
likely important

Bile acids Calcium, cAMP? Indirect effects likely also contribute

Pharmaceutical agents (e.g. laxatives) cAMP, cGMP e.g., lubiprostone, linaclotide

* Indicates agonists that may mediate at least a portion of their effects via stimulation of mucosal prostaglandin production, or activation of enteric 
nerves, which in turn can alter epithelial cAMP or calcium levels
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and upon activation, translocate from the cytosol into the 
nucleus where they exert their actions by regulating gene tran-
scription. Transcriptional regulation of epithelial transport can 
involve either direct effects on the genes that encode transport 
proteins themselves, or indirect effects involving alterations in 
expression of regulatory proteins. Since they involve genomic 
actions, the effects of nuclear receptor agonists are typically slow 
in onset, occurring over hours to days. Perhaps the best studied 
of the steroid hormones with respect to regulation of intestinal 
transport is aldosterone, a mineralocorticoid that regulates 
whole body Na+ homeostasis and blood pressure. In response 
to increased levels of serum K+, aldosterone is released from the 
adrenal cortex and targets both the kidney and the colon to 
promote Na+ absorption, largely via upregulation of ENaC and 
Na+,K+ ATPase expression [283,284]. Other nuclear receptors, 
including those for glucocorticoids, estrogen, progesterone, and 
bile acids, exert antisecretory actions on colonic epithelial cells 
[233,285–289]. The effects of nuclear receptors on intestinal 
transport are not always mediated by genomic actions, since 
some of these receptors can also activate non-genomic signaling 
pathways that rapidly downregulate epithelial Cl− secretory 
function [290].

Epithelial signal transduction pathways
The classical second messengers recognized for their involve-
ment in intestinal transport regulation are cAMP, cGMP, and 
free cytosolic calcium. Additional signals that can amplify, 
antagonize, or modify the effects of these messengers have also 
been identified.

Cyclic nucleotides
cAMP and cGMP have long been recognized to play important 
roles in the control of intestinal transport. Increases in the con-
centrations of either of these cyclic nucleotides stimulate Cl− 
secretion and inhibit electroneutral NaCl absorption, via 
activation of PKA or PKG, respectively [291–294]. Cyclic nucle-
otides also regulate sodium-glucose cotransport, duodenal 
HCO3

− secretion, and electrogenic sodium absorption 
[295–298].

Several key endogenous regulators of ion transport, including 
prostaglandins and vasoactive intestinal polypeptide (VIP), act 
via GsPCRs and increases in cAMP production. Other agonists 
of intestinal ion transport may act not by directly stimulating 
increases in cAMP, but by relocating protein kinase A that is 
already active [299]. Exogenous substances may also activate the 
cAMP pathway. The classical example is cholera toxin, which 
causes irreversible activation of the GS protein by ADP–
ribosylation, leading to prolonged adenylyl cyclase activation 
and elevation of cAMP [300]. Similarly, the apical receptor for 
E. coli heat–stable enterotoxin (STa) is a membrane–bound gua-
nylyl cyclase. Binding of toxin to this receptor thereby increases 
intracellular cGMP and produces a chloride secretory response 
as well as inhibition of NaCl absorption [293]. The existence of 
a receptor for STa implied an endogenous ligand for this system, 

subsequently identified and named guanylin [301], a peptide 
that has been proposed to play an important role in normal 
intestinal water and electrolyte homeostasis [302].

The effects of cAMP and cGMP on epithelial transport are 
primarily mediated by PKA and PKG, respectively, but that 
there is also significant overlap in the mechanisms involved 
[303,304]. While most of the actions of cyclic nucleotides on 
epithelial transport are mediated through kinase-dependent 
signaling pathways, there are reports of cation channels that are 
directly gated by cAMP and cGMP, which may contribute to 
Na+ absorption [305].

Intracellular Ca2+

Similar to the effects of cyclic nucleotides described above, 
increases in intracellular Ca2+ stimulate both Cl− and HCO3

− 
secretion, while inhibiting electroneutral and electrogenic Na+ 
absorption. Also similar to cyclic nucleotides, many of the 
effects of intracellular Ca2+ on epithelial transport are mediated 
by downstream protein kinases. In some cases, such as regula-
tion of KCNN4 K+ channels or TMEM16A Cl− channels, direct 
interactions between Ca2+, or the Ca2+ binding protein, cal-
modulin, and the transport protein are involved [306–308].

The effects of agents that exert their actions through Ca2+ 
appear to be more complex than those described for cyclic 
nucleotides. Thus, there is a relatively poor correlation between 
the magnitude and duration of agonist-induced increases in 
intracellular Ca2+ and the consequent ion transport responses 
[309]. In general, whereas ion transport responses mediated by 
cyclic nucleotides are prolonged, those evoked by Ca2+ are tran-
sient, and terminate even if the Ca2+ signal persists [310]. While 
Ca2+ alone appears to be sufficient to induce epithelial Cl− secre-
tion, the overall effects of this messenger can be modified by 
other signals. For example, products of phospholipid turnover, 
including diacylglycerol, inositol (3,4,5,6) tetrakisphosphate 
(InsP4), or 3-phosphorylated inositol phospholipids produced 
by the enzyme phosphatidylinositol 3-kinase, may downregu-
late Ca2+–dependent responses [311,312]. In some cases, these 
auxiliary messengrs have been shown to have reciprocal effects 
on secretory and absorptive processes; e.g., inhibiting calcium-
dependent Cl− secretion while stimulating electroneutral NaCl 
absorption [311,313].

Downstream targets of epithelial signaling pathways
The signaling pathways activated downstream of intracellular 
second messengers (Figure 24.8) can be broadly divided into 
two classes; (1) those mediated by post-translational modifica-
tions (PTMs) of transport and/or regulatory proteins and (2) 
those that are transcriptionally-mediated.

Post-translational modifications
The rapid downstream effects of cyclic nucleotides and calcium 
in regulating epithelial transport are largely mediated by  
PTMs of transport proteins. PTMs are very important in the 
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In addition to mechanisms activated by cAMP and Ca2+, 
many other intracellular effectors are involved in regulating the 
activity of NHE3. For example, although it is the predominant 
mechanism for intestinal fluid uptake in the interdigestive 
period, electroneutral NaCl absorption may also be upregulated 
by signals generated coincident with meal intake. When sodium 
and glucose are absorbed via SGLT-1, there is concomitant 
upregulation of NHE3 activity that is mediated by translocation 
of the transporter to the apical membrane. This process involves 
sequential activation of p38 mitogen-activated protein kinase, 
MAP-KAPK-2, Akt-2, NHERF2, and ezrin [324–326]. Similarly, 
growth factors such as EGF and basic fibroblast growth factor 
activate NHE3 activity and membrane insertion via mecha-
nisms that involve sequential activation of PI 3-kinase and Akt 
[281,327].

The effects of second messengers on intestinal secretory 
responses are also mediated by a variety of PTMs, e.g. phospho-
rylation of the regulatory domain of CFTR by PKA, resulting in 
channel opening and trafficking to the apical membrane [328]. 
The efficiency of this process is enhanced by clustering of PKA 
and CFTR into a signaling complex, with the participation of 
scaffolding proteins, such as AKAPs [329], and adaptor pro-
teins, including NHERF2 [144], that assemble the signaling 
complex via interactions with PDZ domains. Similarly, guanylin 
and STa activate Cl− secretion by a pathway involving type II 
cGMP-dependent protein kinase (PKG) [294,330]. However, it 
appears that this kinase does not directly phosphorylate or acti-
vate CFTR, and at least in some segments of the intestine, its 
effects are mediated by cross-activation of PKA [330].

Other transport proteins that constitute the Cl− secretory 
pathway can also be modified by phosphorylation. For example, 
NKCC1 is phosphorylated and activated by PKA, with activa-
tion balanced by phosphatase activity [331]. In native colonic 
crypts, elevations in cAMP result in prolonged retention of 
NKCC1 in the basolateral membrane, an effect that likely con-
tributes to prolonged secretory responses observed in response 
to cAMP-dependent agonists [332]. Furthermore, elevated 
intracellular concentrations of Cl− regulate cotransporter activ-
ity by impeding its PKA-dependent phosphorylation [331]. In 
this way, intracellular Cl− levels can self-govern the rate of anion 
entry into epithelial cells.

While the prosecretory effects of agonists that elevate intrac-
ellular Ca2+ are thought to be mediated predominantly through 
calmodulin binding to KCNN4 K+ channels [306–308], protein 
kinases, including Ca2+–calmodulin-dependent (CaM) kinase 
and various isoforms of PKC, are also involved. The roles of 
PKC in regulating electrolyte transport are isoform-dependent. 
In some systems, PKC isoforms stimulate active Cl− secretion, 
an effect that may be mediated, at least in part, by phosphoryla-
tion of one, or more, of the nine PKC consensus sites within the 
regulatory domain of CFTR [333]. Whether PKC exerts stimu-
latory or inhibitory effects on CFTR activity depends on the 
particular sites that are phosphorylated [334,335]. Although 
PKC is capable of inducing modest secretory responses, it 

fine-tuning of epithelial fluid and electrolyte transport, and 
most often involve alterations in phosphorylation, brought 
about by kinases and phosphatases. However, other mecha-
nisms are also involved, including the recruitment of regulatory 
proteins that bind to the transporters and form complex signal-
ing scaffolds, or through the actions of enzymes that conjugate 
other molecules, such as ubiquitin, to the transporters. 
Ultimately, signals generated by hormones and neuroimmune 
mediators can up- or down-regulate intestinal fluid movement 
via coordinated regulation of multiple transporters.

NHE3 provides a good example of how different PTMs can 
alter transport protein function. The contribution of electroneu-
tral Na+ absorption to intestinal fluid absorption varies consid-
erably with feeding. Upon ingestion of a meal, the presence of 
luminal nutrients drives the activity of nutrient-coupled trans-
porters, such as SGLT1, and the electroneutral pathway is less 
relevant. However, between meals, the activity of nutrient-
coupled transporters decreases, with electroneutral Na+ absorp-
tion becoming more important. A number of PTMs enable 
plasticity of NHE3 function, which in turn allows for rapid 
alterations in absorptive function [48,147,314]. Firstly, various 
kinases alter NHE3 activity by phosphorylating specific residues 
within the protein. Perhaps the best studied is PKA, which 
phosphorylates the protein to inhibit its activity [315,316]. 
Phosphorylation of NHE3 by PKA requires the concomitant 
binding of other regulatory factors, including members of the 
NHERF (for NHE regulatory factor) family. Further, complex 
scaffolding interactions are critical in ensuring proper NHE3 
regulation by PKA [317]. The C terminus of NHE3 is responsi-
ble for binding NHERF family members and ezrin, and in turn, 
the catalytic subunit of PKA. This multi-protein complex estab-
lishes a spatial relationship between PKA and the transporter 
residues that it phosphorylates and also regulates trafficking of 
NHE3 into and out of the apical membrane [147,318].

NHE3 activity can also be downregulated by agonists that 
cause elevations in cytoplasmic calcium [50,319]. In this case, 
protein kinase C (PKC) rather than PKA appears to be the 
predominant kinase effector, with the PKC-α isoform being 
identified as mediating inhibitory effects of effectors such as 
5-hydroxytryptamine or acetylcholine [320,321]. NHERF-
dependent binding of calmodulin to the transporter is also an 
important regulatory mechanism [322]. The effects of agonists 
on NHE3 function depend on the particular isoform of NHERF 
that is recruited to the transporter, with NHERF2 mediating 
inhibition and NHERF4 (also known as IKEPP) having stimula-
tory effects. In turn, the particular NHERF isoform recruited is 
determined by the location of the transporter in membrane 
microdomains [323]. Clearly, the relative expression of different 
NHERF isoforms under varying conditions has important 
implications for intestinal absorptive function. In addition to 
NHERF isoforms, many other proteins are known to be involved 
in the formation of the multiprotein scaffold complex that regu-
lates NHE3 phosphorylation and trafficking, including synap-
totagmin 1, AP2, α-actinin-4, and clathrin [48,147,314].
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pathway but also their regulatory proteins, such as WNK [353]. 
Finally, an added level of complexity derives from the ability of 
regulatory proteins, such as NHERF, to compete with the ubiq-
uitin ligase, Nedd-4, for binding to its target proteins [354]. In 
this way one PTM (i.e., the recruitment of an adapter protein) 
can prevent another type of PTM (i.e., ubiquitination) from 
occurring, ultimately stabilizing particular transport proteins 
within the cell.

Transcriptional regulation
In addition to rapidly-acting PTMs, signaling cascades regulate 
epithelial fluid and electrolyte transport over more prolonged 
periods of time via alterations in transport protein expression. 
As discussed above, such chronic regulation of transport func-
tion classically occurs in response to steroid hormones. For 
example, aldosterone upregulates ENaC expression in intestinal 
epithelia to promote Na+ absorption [355], and activation of the 
nuclear bile acid receptor, FXR, can downregulate CFTR expres-
sion [285]. Hormones can also act by modulating the expression 
of regulatory proteins. An example is CHIF, a protein that is 
upregulated in response to aldosterone and which increases 
Na+/K+ ATPase activity by increasing its affinity for Na+ [94]. 
Further, not only can nuclear receptor agonists regulate the 
expression of transport proteins, but so too can agonists that act 
at GPCRs or RTKs. For example, IL-1β can upregulate CFTR 
expression in cultured colonic epithelial cells [356], while EGF 
can promote expression of NKCC1 and TMEM16A [357,358]. 
In many cases, the signaling cascades activated by such agonists 
lead to the phosphorylation and translocation of transcription 
factors, including NFκB, AP-1, Egr, SP-1, HNF1α, and HIF1-α, 
among others [356,359–361] to the nucleus, where they up- or 
downregulate transport protein gene expression. .

Finally, it should be noted that extracellular factors other than 
receptor ligands have roles to play in transcriptional regulation 
of epithelial transport. Alterations in blood flow to the intestine 
can result in reduced O2 supply to the mucosa, leading to tissue 
hypoxia. Under these conditions, the ability of the epithelium 
to generate ATP is compromised and cellular energy becomes 
depleted [362]. However, when hypoxia occurs, the epithelium 
displays an adaptive response dependent on the transcription 
factor, hypoxia-inducible factor (HIF). HIF induces a program 
of gene expression that enables epithelial cells to adapt to 
changes in O2 availability, including repressing expression of 
CFTR and NKCC1 [359,363]. Such responses may have devel-
oped as part of a process that redirects cellular energy from 
costly epithelial transport processes to those that are more 
essential for cell survival.

Epigenetic factors that alter DNA methylation and histone 
modifications are also crucial in regulating gene transcription. 
While studies from a variety of systems have shown that expres-
sion of various epithelial transport proteins is under the control 
of epigenetic factors [364–368], there is still little known of their 
roles in regulating intestinal fluid and electrolyte transport.

appears more prominently to play an antisecretory role in regu-
lating responses to both cAMP and Ca2+–mobilizing agonists 
[336]. This appears to reflect not only effects of PKC on CFTR 
phosphorylation, but also the ability of specific PKC isoforms 
to regulate vesicular trafficking of basolateral transport proteins, 
including KCNN4 and NKCC1 [332,337–339].

Tyrosine kinase-dependent signaling pathways also play 
important roles in regulating intestinal transport. For example, 
receptor tyrosine kinases (RTK), such as the EGF receptor 
(EGFr), stimulate electroneutral NaCl absorption in the small 
intestine and colon [280]. Furthermore, this proabsorptive 
action appears to be coupled to inhibition of Ca2+-dependent 
Cl− secretion [278]. Such effects of RTK activation are typically 
mediated by signaling cascades that lead to the activation of 
serine/threonine kinases, including mitogen-activated protein 
kinases or Akt, which ultimately alter the activity and/or surface 
expression of the transport protein [311,312,327,340]. Direct 
phosphorylation of tyrosine residues in transport proteins by 
cytosolic tyrosine kinases is also important in regulating their 
activity. For example, Src family kinases phosphorylate a spe-
cific tyrosine residue in CFTR that, in turn, facilitates phospho-
rylation of a serine residue necessary for CFTR activation 
[341,342].

Ubiquitination is another type of PTM that is important in 
regulation of intestinal transport. The mechanism has been best 
studied in the regulation of electrogenic sodium absorption via 
ENaC. Although most findings reflect studies in renal cells 
[343], they are likely representative of regulation of this channel 
in the distal colon. ENaC dynamically associates with a ubiqui-
tin ligase, Nedd4-2, in response to increases in intracellular 
sodium [344]. Modification of ENaC subunits by covalent asso-
ciation of ubiquitin targets the channel for internalization and 
degradation in the proteasome [345]. This provides a mecha-
nism whereby sodium absorption is reduced if cytoplasmic 
sodium levels rise. This regulatory machinery also provides for 
upregulation of electrogenic sodium absorption in response to 
agonists that increase levels of cAMP. cAMP activates PKA, 
which in turn phosphorylates Nedd4-2, reducing its association 
with ENaC. Thus, by relieving an inhibitory influence on ENaC 
membrane abundance, cAMP can increase overall sodium 
absorption [186,346]. Similarly, acute effects of aldosterone on 
sodium absorption may at least in part reflect the insertion of 
additional sodium channels and/or active Na+,K+-ATPase 
pumps into the appropriate membrane of the epithelial cell 
[347]. These effects of aldosterone, and similar effects of gluco-
corticoids, are mediated by acute activation of the serum and 
glucocorticoid-regulated kinase, sgk1. This kinase, like PKA, 
increases phosphorylation of Nedd4-2, thereby reducing its 
ability to ubiquitinate ENaC [348].

Studies from various systems suggest that ubiquitination is 
not only important in regulating ENaC levels, but also those of 
other transporters, including CFTR [349,350], K+ channels 
[338,351], and Na+/K+ ATPase pumps [352]. Not only are trans-
porters themselves regulated by the ubiquitination/proteasome 
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responses to such agonists [377–379]. GsPCR agonists can also 
transactivate EGFr. However, in this case, the EGFr-dependent 
signaling pathway leads to stimulation of PI3-K, which appears 
to be involved in mediating the full expression of secretory 
responses to agonists of this receptor type [380]. Studies in 
native colonic crypts have shown that longer-term effects of 
cholinergic stimulation on epithelial transport can also be 
mediated by recruitment of EGFr-dependent signaling path-
ways. In this case, EGFr-dependent internalization of NKCC1 
chronically inhibits fluid loss in response to Ca2+-dependent 
secretagogues, unless offset by the simultaneous presence of an 
agonist that elevates cAMP [332].

In summary, a complex network of intracellular signals and 
targets underlies both acute and chronic regulation of intestinal 
fluid and electrolyte transport in the intestine. At any given 
time, the extent of absorption and secretion across the epithe-
lium depends on intracellular levels of second messengers, rates 
of transport protein transcription in the nucleus, and the extent 
of transporter trafficking to and from the cell surface. Activation 
of these signaling pathways depends on the pattern of receptor 
expression on the epithelial cells and the extracellular factors to 
which they are exposed.

Intercellular regulatory mechanisms
The basal tone of fluid and electrolyte transport in the intes-
tinal tract is set by a number of factors, such as the availability 
of O2 or circadian rhythms [381,382]. However, transport func-
tion is also upregulated or downregulated by a wide array of 
extracellular stimuli, which include luminal factors and blood-
borne, neuronal and immunologic mediators. Histologic exam-
ination of the lamina propria reveals various immune cell types 
(the mucosal immune system), an extensive neuronal network 
(the enteric nervous system), and enteroendocrine cells that 
are interspersed among the cells of the epithelial layer. The 
epithelium is also closely associated with an underlying  
layer of specialized mesenchymal cells, called myofibroblasts. 
Mediators released from each of these cell types act in an inte-
grated fashion to dynamically regulate epithelial transport 
function.

Luminal factors
The intestinal lumen is an ever-changing environment to which 
epithelial cells must rapidly adapt. For example, the intermittent 
presence of nutrients in the lumen induces upregulation of the 
surface expression of nutrient-coupled cotransporters, thereby 
coupling fluid to nutrient absorption. As digestion proceeds, the 
movement of a food bolus through the intestine also exerts 
physical forces on the epithelium to induce fluid secretion, 
thereby lubricating the epithelium and protecting it from abra-
sion. Such responses are mediated by enteroendocrine cells, 
which release mediators that act in a paracrine fashion to acti-
vate neuronal secretomotor reflexes [383]. In addition to food 
and digested nutrients, many other factors present in the lumen 
can alter transport function. For example, bile acids are required 

Another area of epithelial biology that is poorly understood, 
but which is sure to be a major focus of research in coming 
years, is how post-transcriptional regulatory mechanisms con-
tribute to intestinal transport function. Post-transcriptional 
mechanisms are those that act on mRNAs to regulate their 
translation into protein. The best-characterized post-
transcriptional regulatory mechanisms are those mediated by 
microRNAs (miRNAs). miRNAs are short (∼22 nucleotides) 
endogenously-produced sequences of RNA that bind to the 
3′UTR of mRNAs to either induce their degradation or repress 
their translation into protein [369]. Although our knowledge of 
the roles that miRNAs play in regulating intestinal fluid trans-
port is still in its infancy, studies suggest that CFTR, K+ chan-
nels, DRA and Na+/K+ ATPase can all be regulated in this 
manner [370–373].

Interactions among second messengers
The signaling pathways induced by receptor activation in intes-
tinal epithelia rarely act independently of one another, but 
rather significant crosstalk exists. Interactions between second 
messengers can have either positive or negative effects on  
transport function. For example, while elevations in either 
intracellular Ca2+ or cAMP stimulate intestinal Cl− secretion, 
simultaneous increases in these second messengers lead to 
greater than additive responses [374]. The underlying basis of 
such synergistic interactions appears to depend, at least in part, 
on the distinct set of transport proteins activated by each mes-
senger. Thus, Cl− secretion induced by cAMP is regulated pri-
marily by the opening of CFTR Cl− channels, whereas Ca2+ acts 
predominantly by opening basolateral K+ channels. When both 
second messengers are elevated simultaneously, the rate–
limiting step for each type of secretion is removed and syner-
gistic responses occur [374]. The physiological implication of 
this phenomenon is that greater effects on ion transport can be 
achieved for a given level of agonist, while the pathophysiologic 
implication is that the simultaneous release of numerous neu-
roimmune mediators can result in profound secretory diarrhea. 
Crosstalk between signaling pathways can also occur at the level 
of second messenger generation, since both Ca2+ and cAMP 
influence one another’s concentrations within epithelial cells. 
For example, cAMP activates a protein known as exchange 
protein directly activated by cAMP (Epac) that elevates intracel-
lular Ca2+, thereby activating Ca2+-dependent Cl− conductance 
[375]. Conversely, a Ca2+-dependent adenylyl cyclase has been 
identified that can associate with CFTR [376]. Past assumptions 
that Ca2+ and cAMP-dependent transport responses in the 
intestine occur by distinct mechanisms can no longer be con-
sidered valid.

Agonists that act at GPCRs can also recruit signaling path-
ways normally associated with RTKs to regulate intestinal trans-
port responses. For example, elevation of intracellular Ca2+ by 
GqPCR agonists brings about transactivation of EGFr and sub-
sequent activation of MAPKs. This constitutes an antisecretory 
signaling mechanism that serves to downregulate secretory 
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and can alter electrolyte and fluid absorption and secretion. 
These hormones are dealt with in more detail in Chapter 13. 
However, there are also many hormones delivered via the blood 
to the intestine from distant organs. Inter-organ signaling in this 
way enables intestinal electrolyte transport to be integrated and 
synchronized with the requirements of other systems, thereby 
contributing to whole body fluid homeostasis. As discussed 
above, aldosterone is probably the best studied of hormones 
with respect to its chronic effects on intestinal transport. Other 
hormones that can induce chronic alterations in intestinal 
transport function include glucocorticoids, estrogen, natriuretic 
peptides, IGF-1, and thyroid hormone [233,287,399]. Recent 
years have also seen bile acids emerging as a new family of 
“enterocrine hormones”. In addition to their classical roles in 
facilitating digestion and absorption of lipids, bile acids regulate 
many aspects of intestinal epithelial physiology, including fluid 
and electrolyte transport. Hormonal effects of bile acids are 
primarily mediated by 2 receptors; TGR5, expressed at the cell 
surface, and FXR, which is a nuclear receptor for bile acids 
[285,400,401].

While hormones have long been known to alter epithelial 
function through activation of nuclear receptors and induction 
of transport protein gene transcription, it is now clear that a 
number of hormones also exert rapid, non-genomic, effects 
through activation of various signaling pathways. For example, 
in addition to promoting ENaC expression in the colon, aldos-
terone rapidly activates Na+/H+ exchange and inhibits K+ 
channel activity [402,403]. Sex steroids, such as estrogen, also 
exert rapid antisecretory effects in the colon, which might con-
tribute to retention of body fluid during states of high circulat-
ing estrogen [287,338]. Other hormones that have been 
demonstrated to exert rapid, non-genomic effects on intestinal 
transport include corticosteroids, prolactin, and growth 
hormone [404–406].

Immune regulation
Not surprisingly, considering its continuous exposure to bacte-
rial, viral, and dietary antigens, the gastrointestinal tract is 
extremely rich in immune effector cells. Intestinal immune cells 
are contained primarily within the lamina propria and consist 
of lymphocytes, plasma cells, mast cells, and phagocytes. 
Classically, the mucosal immune system is broadly divided on 
a functional basis into afferent and efferent components. The 
afferent component consists of lymphocyte-mediated antigen 
recognition and presentation as well as cytokine production 
which, in turn, recruits the efferent component consisting of 
mast cells, phagocytes, and their mediators. However, as our 
understanding of intestinal mucosal immunology increases, the 
division between the afferent and efferent arms of the MIS has 
become blurred as it becomes apparent that practically all cells 
within the intestinal mucosa are involved in both initiation and 
propagation of mucosal immune responses. Much has been 
learned of how cells and mediators of the mucosal immune 
system regulate ion transport, and this knowledge is increasing 

for the efficient digestion and absorption of fats in the small 
intestine. Normally, most bile acids are re-absorbed in the ileum 
through Na+-dependent apical bile salt transporters (ASBT), 
but small quantities enter the colon where they exert antisecre-
tory actions, thereby promoting absorptive function [384]. In 
certain pathological conditions, malabsorption in the small 
intestine results in increased delivery of bile acids to the colon 
where they exert prosecretory effects and the onset of diarrhea 
[385,386]. Bile acids can also be metabolized by the colonic 
flora, which alters their secretory activities [387,388]. Colonic 
bacteria also metabolize dietary fiber to produce short chain 
fatty acids (SCFAs), such as butyrate. SCFAs induce differentia-
tion of epithelial cells and upregulate both electroneutral and 
electrogenic Na+ absorption while downregulating secretory 
capacity [389,390].

The ingestion of pathogens can also have profound effects on 
epithelial transport. Bacterial toxins, such as cholera toxin and 
heat stable enterotoxin of E. coli (STa), promote the generation 
of cyclic nucleotides in epithelial cells, thereby upregulating 
secretion and causing diarrhea [391]. Other pathogenic bacte-
ria, for example Salmonellae, do not produce enterotoxins but 
can induce gastroenteritis and diarrhea through direct manipu-
lation of host cell signaling pathways that regulate transport 
proteins and tight junctions [392,393]. In addition to their 
direct actions on epithelial cells, many bacteria exert prosecre-
tory actions in the intestine by indirect means through activa-
tion of the enteric nervous or mucosal immune systems 
[394–396]. In addition to bacteria, many other pathogens, 
including viruses and protozoans [397,398], can enter the intes-
tinal lumen and induce diarrhea through alterations in epithe-
lial transport.

Endocrine and paracrine regulation
Both endocrine (i.e., regulation by blood–borne hormones from 
distant sites) and paracrine (i.e., local) factors are of critical 
importance in the regulation of epithelial transport. 
Enteroendocrine cells located within the epithelium sense the 
nature and composition of luminal contents and also mediate 
responses to extraintestinal signals, such as those from neural 
inputs. The hormones released by these cells can then act upon 
epithelial receptors to alter ion transport. Table 24.2 presents a 
partial listing of some of the neurohumoral agents identified as 
potential physiologic regulators of intestinal ion transport, and 
their presumed mechanism of action. The topic of gastrointes-
tinal hormones is covered in detail in Chapter 13.

Hormonal regulation
The intestine is a highly vascularized organ receiving a rich 
blood supply through the splanchnic circulation. In addition to 
oxygen and nutrients, the blood supply carries hormones that 
can have profound effects on epithelial transport function. 
Several gastrointestinal peptide hormones, such as gastrin, 
cholecystokinin, and secretin, are released in response to a meal 
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stimulus of intestinal Cl− secretion following migration of neu-
trophils into the intestinal lumen, as occurs in a crypt abscess 
[428].

Other inflammatory cells have not been examined as exten-
sively as the mast cell or neutrophil for their ability to regulate 
epithelial ion transport functions. It seems likely that such cells, 
including eosinophils, lymphocytes, dendritic cells, and 
monocyte/macrophages also participate in the control of elec-
trolyte transport, because they can all synthesize potent media-
tors that have either direct or indirect effects on the epithelium 
[409,429]. Such cells may also cooperate to influence the trans-
port and barrier properties of the epithelium. For example, acti-
vation of T cells with consequent synthesis of interferon-γ and 
TNF-α leads to downregulation of Na+/K+ ATPase activity, a 
loss of epithelial barrier function, and a decrease in intestinal 
absorptive function [430,431]. Lymphocyte products can also 
induce other mucosal immune cell populations to produce 
mediators that downregulate epithelial transport and barrier 
function [432]. In fact, it is now widely accepted that the overall 
effect of mucosal inflammation is generally to down-regulate 
epithelial transport function, including NaCl absorption, and to 
render the epithelium more permeable [187,431,433–435]. 
Further, an important population of lymphocytes present in the 
intestine are the intraepithelial lymphocytes (IELs). These spe-
cialized cells are found within the epithelial layer where they 
play an important role in surveillance and presentation of intes-
tinal antigens. Although activation of IELs has been demon-
strated to elicit production of mediators that increase epithelial 
permeability, they are also important in maintaining barrier 
function during microbial infection. This protective role of IELs 
may be due to their ability to express tight junction proteins and 
thereby physically contribute to barrier function in times of 
inflammatory stress [436,437].

Another important component of the innate mucosal immune 
system are Paneth cells, which are localized at the base of intes-
tinal crypts in the small intestine [438]. As discussed previously, 
these cells synthesize a variety of antimicrobial products, includ-
ing a family of peptides known as cryptdins. In addition to their 
bactericidal effects, these secreted peptides interact with epithe-
lial cells to form anion channels and therefore represent another 
mode of immune-epithelial interactions that modulate fluid and 
electrolyte transport [439].

Epithelial cells themselves are now also widely considered to 
be important components of the mucosal immune system [440]. 
Enterocytes can express MHC class I and II molecules and 
directly participate in antigen presentation to immune cells, 
thereby playing an important role in induction of tolerance to 
food antigens or in propagation of inflammatory responses 
[441,442]. IELs and dendritic cells cooperate with this immune 
accessory function of epithelial cells [443,444]. Activated epi-
thelial cells can also promote mucosal inflammatory responses 
by producing cytokines, other chemotactic substances, and 
defensins, which recruit inflammatory cells to the mucosa 
[445,446].

our understanding of how intestinal transport becomes dys-
functional in disease states [407–409].

Mast cells are the primary effector cells involved in gut aller-
gic reactions and have also been implicated in the pathogenesis 
of inflammatory bowel disease and irritable bowel syndrome 
[410–412]. In animal models, immunologic (IgE-dependent) 
activation of resident mast cells stimulates Cl− secretion [413]. 
Treatment of human small and large intestinal tissue segments 
with anti–IgE antibodies also induces Cl− secretory responses 
that involve many different mediators, including histamine, 5–
hydroxytryptamine, adenosine, platelet–activating factor, leu-
kotrienes, and prostaglandins. These mediators exert their 
prosecretory effects either by direct actions on epithelial cells, 
or by indirect actions, mediated by recruitment of the enteric 
nervous system or other cells of the mucosal immune system 
[414,415].

In addition to promoting secretion in the setting of inflam-
mation, mast cells may also play a broader role in control of 
intestinal fluid and electrolyte homeostasis under noninflam-
matory conditions. For example, mice that are genetically defi-
cient in tissue mast cells not only display defective ion transport 
responses to antigen challenge, but also have reduced respon-
siveness to the Cl− secretory effects of electrical field stimulation 
and bile acids [416,417]. In cooperation with the enteric nervous 
system, mast cells may mediate chloride secretory responses to 
certain bacterial enterotoxins, notably those produced by 
Clostridium difficile [418]. A functional association of mast cells 
and nerves in controlling ion transport is mirrored by their 
morphologic association. Intimate contact between these cell 
types appears to play a role in the manifestation of intestinal 
disturbances in conditions of acute psychological stress 
[419,420]. Mast cells may also recruit other mucosal cell types 
to regulate epithelial transport, as they produce various chemo-
tactic factors that attract additional inflammatory cells, such as 
neutrophils and monocytes, to the mucosa. Furthermore, medi-
ators released from these cell types can induce prosecretory 
prostaglandins from the myofibroblastic sheath that underlies 
the epithelium [421,422]. Such actions result in rapid amplifica-
tion of epithelial responses to mast cell activation, leading to the 
onset of diarrhea [423].

Neutrophils accumulate at inflammatory foci in response to 
peptide and lipid chemotactic factors. The bacterial chemotactic 
peptide, fMet–Leu–Phe, has been used experimentally to acti-
vate resident mucosal neutrophils. In colonic and ileal tissues 
from rats, rabbits, and humans, fMet–Leu–Phe induces Cl− 
secretory responses that, similar to mast cell activation, are due 
to both direct actions on the epithelium and indirect actions 
mediated by enteric nerves and eicosanoids [424–426]. Several 
mediators released from activated neutrophils are thought to 
contribute to secretory responses, including neutrophil–derived 
oxidants and 5′AMP [275,427]. This latter mediator is only 
active apically, reflecting a requirement for an apically-localized 
5′ ectonucleotidase that cleaves 5′AMP to its final active media-
tor, adenosine. This particular mediator may be an important 
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Sensory enteroendocrine cells interspersed among the  
transporting enterocytes play a critical role in sensing, or 
“tasting”, the luminal environment. When activated, for 
example, by nutrients, bile acids, or the passage of a food bolus, 
they release messengers, most notably 5-hydroxytryptamine, 
that activate reflex arcs within the intestinal wall to appropri-
ately modify epithelial secretory and absorptive processes  
[459–461]. Such intrinsic reflex arcs also coordinate epithelial 
transport function with intestinal motility through nerve fibers 
that run between the submucosal and myenteric plexuses. This 
neuronally-mediated connection between epithelial and muscle 
cells enables integrated responses to luminal stimuli. For 
example, the presence of a food bolus in the lumen activates a 
neural reflux that increases both peristalsis and fluid secretion, 
thereby effectively moving the bolus along the intestinal tract 
[462,463]. Such reflexes can also be activated by luminal irri-
tants, such as bile acids or bacterial toxins. It is thought that 
integrated increases in peristalsis and fluid secretion lead to 
diarrhea and serve to flush the lumen of the causative agent 
[418,464,465].

Finally, while the ENS can function in a fashion that is largely 
independent of the CNS, intestinal fluid and electrolyte trans-
port can be influenced by the brain in both physiological and 
pathophysiological settings. The mere anticipation of a meal can 
activate transport processes necessary for digestion to occur. 
Bidirectional communication between the brain and the enteric 
nervous system regulates fluid and electrolyte transport in the 
lower intestine [466]. Psychological factors also affect intestinal 
transport function, as demonstrated by experiments in which 
rats subjected to a period of acute systemic stress had signifi-
cantly increased baseline intestinal secretion and permeability 
[467]. Indeed, stress is widely thought to play an important role 
in the pathogenesis of some diarrheal diseases, most notably IBS 
and IBD [420,468].

Interactions between intercellular  
regulatory mechanisms
As discussed above, the epithelium can respond to signals from 
a variety of regulatory systems, including those supplied by the 
endocrine, neurocrine, and immune systems, and there is sub-
stantial interplay between the mediators produced. As noted 
previously, mediators that exert their effects on ion transport 
through different intracellular signaling mechanisms display 
synergistic interactions when released at the epithelium in com-
bination. Further, because neural input provides a basal tone to 
epithelial cells, they can respond more readily to increased levels 
of other hormones or inflammatory mediators. Evidence of the 
importance of this neurally-defined tone is provided by the 
observation that the secretory responses of intestinal tissues to 
a wide variety of substances are reduced by blockers of neuro-
transmission, such as tetrodotoxin or atropine [469]. Thus, even 
for hormones and immune mediators that are known to have 
direct effects on the epithelium, the degree of neural input 

Mesenchymal cells
Immune cells also interact with structural elements of the 
mucosa to control the function of the epithelium. The myofi-
broblastic sheath underlying the epithelium is thought to act as 
a regulatory site, whereby signals from lamina propria elements, 
including immune cells, can be amplified, suppressed, trans-
lated and/or spatially restricted [447]. Co-culture of epithelial 
cells with myofibroblasts upregulates the secretory responses of 
the epithelial cells to both mast cell and neutrophil products. 
This effect may be attributable, at least in part, to the ability of 
the myofibroblasts to synthesize prostaglandin E2. In turn, the 
capacity of the myofibroblast layer to synthesize this mediator 
may be selectively enhanced in the setting of local inflamma-
tion, via the induction of cyclooxygenase-2 [422]. Endothelial 
cells, which line the blood vessels within the mucosal layer, may 
act in a fashion similar to myofibroblasts in that they produce 
prostaglandins in response to inflammatory stimuli [448].

Neural regulation
Another key regulatory mechanism for intestinal ion and fluid 
transport is provided by the enteric nervous system [449]. Many 
studies on isolated intestinal tissues have shown that electrolyte 
transport can be induced through direct activation of resident 
nerves by electrical field stimulation, or inhibited by pharma-
cological or functional denervation of the tissue. Histological 
studies show that effector nerve fibers from the submucosal 
plexus form synapses with the epithelium at the neuroepithelial 
junction. Neurotransmitters released by enteric nerve endings 
directly bind to basolateral receptors on enterocytes and affect 
their function in much the same way as described above for 
immune mediators. Enteric neurotransmitters known to alter 
intestinal ion transport are included in Table 24.2. Many of these 
neurotransmitters not only act directly on epithelial cells, but 
also have indirect actions through their ability to recruit other 
lamina propria cells, such as mast cells and myofibroblasts 
[450,451]. Neural regulation, particularly through cholinergic 
pathways, appears to play an important role in maintaining the 
basal tone of fluid and electrolyte absorption and secretion in 
the intestine. Moreover, the enteric nervous system mediates 
changes in epithelial transport function in response to many 
diverse stimuli, including endogenous hormones and immune-
derived mediators or luminal factors, such as nutrients, bile 
acids and bacterial toxins [449,452].

Activation of the ENS has variable consequences depending 
on the segment of the intestine involved and can be stimulatory 
or inhibitory depending on the neurotransmitters released 
[453,454]. Most effector neurons release several neurotransmit-
ters simultaneously, with the net effect on transport represent-
ing the sum of their actions [455]. In the duodenum, nerve 
stimulation evokes HCO3

− secretory responses [456], while in 
the jejunum, ileum, and distal colon, the most prominent effects 
are stimulation of electrogenic Cl− secretion and inhibition of 
electroneutral NaCl absorption [457,458].
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cific commensal and probiotic strains on ion transport and 
barrier function [484,487,494]. Our understanding of the role 
of microbial-epithelial interactions in health and disease is 
rapidly developing as it becomes clear that such interactions not 
only have important implications for intestinal diseases, such as 
inflammation, diarrhea, and cancer [495], but also for extrain-
testinal disorders, including cardiovascular diseases [496], 
obesity [497], diabetes [498], and even, through interactions 
with the brain-gut axis, psychological disorders [499,500].

Disorders of electrolyte transport

The foregoing discussion should allow the reader to predict that 
significant morbidity should be associated with defects in the 
various transport pathways described and/or their regulatory 
mechanisms. A number of naturally-occurring genetic muta-
tions in various transporters and channels have been instructive 
in providing insights into the physiological roles of these pro-
teins. Increasingly, the molecular causes of unexplained familial 
diarrheal syndromes are being identified through high-
throughput approaches to identify the responsible gene(s). At 
the same time, molecular information about transporters and 
their regulation has provided insights into the diarrheal  
symptoms that accompany more complex, not strictly genetic, 
disorders, such as inflammatory bowel diseases and enteric 
infections.

Genetic defects in electrolyte  
absorptive processes
Defects in NaCl absorption
Congenital chloride diarrhea produces profound Cl−-rich, 
acidic diarrhea commencing at birth, resulting in systemic 
hypochloremic and hypokalemic alkalosis with volume deple-
tion. First described in 1945, the disease has since been identi-
fied in more than 140 children [501]. The histology of the 
intestinal mucosa is normal on routine examination. Intubation 
studies have revealed that the transport defect is limited to the 
ileum and colon [502]. Na+ absorption against a chemical gradi-
ent remains intact and is accompanied by H+ secretion [503,504].

Mutations in DRA are now known to cause congenital chlo-
ride diarrhea, and DRA knockout in mice causes similar symp-
toms [158,262]. Although the disease can be accounted for by 
a defective Cl−/HCO3

− exchanger, the defect may be more 
subtle than a total lack of anion exchange. Indeed, increases in 
luminal HCO3

− concentrations increase Cl− secretion in these 
patients, suggesting that residual Cl−/HCO3

− exchange may still 
occur [502,503]. It is unclear if this is due to an alternative anion 
exchange protein in the apical membrane (such as PAT1), or 
residual DRA function. A large number of DRA mutations have 
been described in patients, and some may result in a partially 
active protein and/or one that can be rescued, at least in part, 
by treatment with butyrate [505].

appears to be of paramount importance in setting the sensitivity 
of the system [470].

Interest in the concept of “neuroimmunophysiological” regu-
lation of epithelial transport arose in part as a consequence of 
morphological studies demonstrating intimate spatial relation-
ships between nerves, immunocytes, and the epithelium 
[471,472]. These spatial relationships appear to have functional 
correlates in that epithelial transport responses stimulated by 
electrical field stimulation can be reduced by antagonists of 
inflammatory mediators, while stimulation of immune cells, 
such as mast cells, induces neurotransmitter release at the neu-
roepithelial junction [409]. The importance of neuroimmune 
communication in disease is supported by observations that 
interactions between these systems are highly plastic and can 
undergo extensive remodeling in pathological states [468,473–
475]. Furthermore, recent studies have shown that, just as the 
epithelium can be considered an active component of the 
mucosal immune system through its ability to produce 
cytokines, it also appears to play a functional role in the enteric 
nervous system. Intestinal epithelial cells are now known to 
express enzymes involved in the synthesis and transport of ace-
tylcholine, the predominant intestinal neurotransmitter [476–
478]. These findings suggest that the epithelium, nerves, and 
immunocytes all function together as a highly integrated, but 
adaptable, unit to control intestinal physiology.

Finally, the microbiota also provides extracellular signals to 
regulate intestinal transport function. Whether it is via direct 
bacterial-epithelial interactions or through the production of 
soluble mediators, the bacterial flora within the colonic lumen 
regulates practically all aspects of epithelial physiology, includ-
ing transporter activity and expression, tight junction permea-
bility, synthesis and release of inflammatory mediators, and cell 
survival and differentiation [479–482]. A variety of commensal 
and/or probiotic strains have been shown to increase expression 
of the absorptive transporter DRA, whereas pathogens suppress 
it [360,393,483]. An early effect of colonization of germ-free rats 
with E. coli, but not Enterococcus faecalis, Lactobacillus intesti-
nalis or Clostridium innocuum, was to increase epithelial prolif-
eration and suppress DRA expression [484]. Probiotics may also 
reverse the adverse effects of pathogens or inflammation on ion 
transport and barrier function [44,485–487]. Enteric bacteria 
can indirectly regulate epithelial function through activation of 
nerves and immune cells within the lamina propria, or by 
metabolizing dietary fiber to short chain fatty acids, which regu-
late the function and/or expression of several transporters 
[360,488,489]. Conversely, changes in ion transport can shape 
the microbiota. Thus, mice lacking NHE3 have a reduction in 
microbial diversity associated with colitis [490]. Changes in the 
balance between commensal and pathogenic bacterial popula-
tions within the intestinal lumen have implications for the 
pathogenesis of disease, and there is growing evidence to 
support the use of probiotics and prebiotics to induce beneficial 
changes in the microbiota as disease treatments [491–493]. 
However, more information is needed about the effects of spe-
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cally associates with ENaC to limit its function, but this is con-
troversial and may not apply in the colon where ENaC and 
CFTR are believed predominantly to localize to surface and 
crypt cells, respectively [517–520]. Nevertheless, hyperabsorp-
tion of sodium could conceivably contribute to the intestinal 
obstruction that is common in cystic fibrosis [228].

Defects in nutrient-coupled Na+ absorption
Glucose-galactose malabsorption is a rare, autosomal recessive 
disorder in which Na+-coupled uptake of glucose and galactose 
is defective [112]. Food ingestion leads to osmotic diarrhea, 
which can be treated by eliminating glucose and galactose from 
the diet. Children with this disorder can maintain normal Na+ 
balance without glucose or galactose in their diets, illustrating 
the reserve capacity of the distal small intestine and colon for 
water and sodium absorption. Multiple mutations in SGLT1 
that lead to glucose-galactose malabsorption have been 
described; these result in transport defects due to impaired traf-
ficking of SGLT1 to the plasma membrane and/or defects in 
glucose transport kinetics [83,111].

Genetic defects in electrolyte  
secretory mechanisms
Defects in Cl− and HCO3

− secretion
Cystic fibrosis is an autosomal recessive disease causing defec-
tive epithelial transport in numerous organs. It is the most 
common genetic disease of ion transport, with one of every 20 
Caucasian individuals being a heterozygous carrier and harbor-
ing a mutant CFTR allele. Almost 2000 naturally occurring 
missense, frameshift and truncation mutations in CFTR have 
been described. They cause defective Cl− secretion by either 
diminishing the amount of CFTR protein in the membrane 
(defective trafficking or synthesis) or decreasing appropriate 
Cl− channel opening (defective ATP gating, cAMP activation, 
or ion conductance) [521,522]. Mutations occur in all parts of 
the CFTR molecule, but with highest frequency in the first 
nucleotide binding domain, which controls channel gating. The 
most common mutation, found in 70% of all mutant CFTR 
alleles, is a triplet deletion that removes a phenylalanine (ΔF508) 
and results predominantly in defective trafficking of CFTR to 
the plasma membrane.

Cystic fibrosis is associated with intestinal obstruction and 
meconium ileus in newborns, which appear to result from the 
inability to maintain appropriate fluidity of luminal contents. 
Intestine from cystic fibrotic patients also fails to exhibit normal 
secretory responses in vitro [197,523]. While pathology in the 
disease has largely been attributed to defective Cl− secretion, 
more recently it has been appreciated that the accompanying 
failure to secrete HCO3

− may play a more important role [524]. 
It has also been speculated that one reason for the prevalence 
of the disease is a heterozygote advantage of partial protection 
from the severe, life-threatening consequences of infectious 
secretory diarrheas such as cholera. While this is an attractive 
hypothesis, others have disputed this possibility [525–527]. 

Congenital sodium diarrhea is an even rarer disorder. In its 
nonsyndromic form, this disease produces a Na+-rich, alkaline 
stool and results in systemic acidosis, but without intestinal 
structural abnormalities. Intubation studies have revealed that 
the usual inverse relation between Na+ and H+ fluxes does not 
hold, suggesting a defect in Na+/H+ exchange [506]. This defect 
has been confirmed in studies demonstrating a clear lack of 
proton-driven Na+ uptake in jejunal vesicles, and implicating 
an NHE isoform as a possible cause of the disease [507]. 
However, a genetic study failed to find an association with 
mutations in NHE1, -2, -3 or -5 [508]. Others have reasoned 
that a normal developmental shift from expression of NHE8 to 
NHE3 in early life, along with the knowledge that some cases 
of congenital sodium diarrhea remit when patients reach one 
year, suggests that mutations in NHE8 might be causative 
[509,510]. However, this was not borne out in a small series of 
five patients [511]. Thus, the cause of classical congenital sodium 
diarrhea remains elusive, although mutations in genes encoding 
for any of the many NHE regulatory factors are attractive 
targets.

Defects in electrogenic Na+ absorption
Liddle’s syndrome is an autosomal dominant disorder leading 
to salt-sensitive hypertension. It has been shown to be caused 
by mutations in ENaC [512]. The disorder leads to increased 
expression and activity of Na+ channels because the normal 
mechanisms that internalize and degrade the channel are 
impaired [179,180]. No disorders of intestinal electrolyte 
absorption have been reported in Liddle’s syndrome despite 
severe defects in renal function. This might be predicted if 
ENaC, expressed only distally, plays predominantly a salvage 
role in colonic fluid absorption. In an animal model of the 
disease, aldosterone further enhanced the already amplified 
expression of electrogenic sodium absorption in the distal 
colon. This implies that colonic sodium salvage might be patho-
physiologically significant if patients with Liddle’s syndrome 
ingest a high salt diet [513].

A subset of Type 1 pseudohypoaldosteronism (the autosomal 
recessive version) is also caused by mutations in ENaC. In con-
trast to the gain-of-function mutants seen in Liddle’s syndrome, 
the mutations in Type 1 pseudohypoaldosteronism diminish 
channel function and cause salt wasting. Intestinal malfunction 
has been noted in this disease, including elevated Na+ in the 
stool [514], and a lack of colonic responsiveness to mineraloco-
rticoids [515]. The disorder has been caused by frame-shift, 
premature termination, and missense mutations in the α, β, or 
γ subunits of the channel [516].

Cystic fibrosis is associated with an increase in electrogenic 
Na+ absorption, although the disease primarily reflects defects 
in Cl− and HCO3

− secretory function caused by CFTR malfunc-
tion (see below). However, CFTR is normally thought to limit 
ENaC activity, and lack of CFTR (or presence of mutant CFTR) 
therefore removes an inhibitory influence on this channel 
[195,228]. There is evidence in some tissues that CFTR physi-
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underlying molecular physiology of electrolyte transport, the 
most common diseases of fluid and electrolyte absorption are 
not related to transporter or regulatory protein mutations. This 
section serves to briefly introduce other disorders of intestinal 
fluid and electrolyte transport, most of which are far more 
common than the diseases discussed above. The reader is 
referred to later chapters in this text that provide more detailed 
descriptions of the pathogenesis of these disorders.

Infectious diarrhea
Diarrhea caused by infectious agents is usually only an incon-
venience in the developed world but is a major killer in non-
industrialized nations. It is responsible for approximately 1.4 
million deaths per year worldwide [542]. Many infectious 
diarrheas result from microorganisms capable of producing 
classical enterotoxins. Cholera is the prototype, where a mul-
timer toxin binds to receptors on the apical surface of intestinal 
epithelial cells and thereby simulates a sustained increase in 
intracellular cAMP [543]. In turn, this inhibits electroneutral 
NaCl absorption and evokes profound chloride secretion. 
Cholera toxin may also disrupt trafficking of tight junctional 
components [544]. Other bacterial toxins subvert different cel-
lular signaling mechanisms, such as the ability of the heat stable 
toxin of E. coli to evoke large increases in cGMP by binding to 
a cell surface receptor with intrinsic guanylyl cyclase activity 
[545–547]. Both cholera and other enterotoxins may also acti-
vate subepithelial cell types to evoke secretion.

The mechanisms by which non-toxigenic pathogens, such as 
invasive bacteria, evoke diarrhea are also becoming clearer. 
Such organisms, including Salmonella enterica and enteropath-
ogenic E. coli, may evoke a program of gene expression in intes-
tinal epithelial cells that predisposes them to diminished 
absorptive function, as well as compromised barrier function. 
In particular, these pathogens have been shown to reduce 
expression and/or function of DRA, NHE3, subunits of ENaC, 
and NHERF, as well as triggering the production of chemokines 
that may amplify epithelial transport and barrier dysfunction 
secondary to the recruitment of inflammatory cell types to the 
mucosa [393,548–551]. More complete information on these 
topics is discussed in Chapters 62, 63, and 65.

Disaccharide intolerance
Disaccharide intolerance encompasses a variety of conditions 
characterized by genetic variability in brush border digestion of 
carbohydrates, such as reduced levels of lactase in adulthood, 
or sucrase-isomaltase deficiency. Such conditions cause osmotic 
diarrhea due to a reduced rate of brush border hydrolysis of 
specific disaccharides. Diarrhea results because only mono- and 
not disaccharides can be absorbed by villus enterocytes. The 
undigested disaccharides thus remain in the lumen [552]. This 
should be contrasted with specific peptidase deficiencies, which 
do not usually result in fluid and electrolyte transport abnor-
malities because the intestinal epithelium has the ability to 
absorb both free amino acids and small oligopeptides.

Another relevant finding is that the ability of Salmonella typhi 
to invade intestinal epithelial cells is significantly impaired in 
cells carrying one mutant allele of CFTR, which might confer 
some resistance to typhoid fever [528,529].

Other relevant genetic disorders
Microvillous inclusion disease is a rare, hereditary disease that 
manifests in the first few days of life with the appearance of 
severe diarrhea that can be fatal if left untreated. The histological 
appearance of the intestinal epithelium is abnormal and is char-
acterized by inclusions of brush border membranes as vesicular 
structures within the cytoplasm of villus cells, and a corre-
sponding absence of apical microvilli. Cytoplasmic transport of 
Golgi-derived vesicles destined to fuse with the apical mem-
brane is defective in microvillous inclusion disease due to muta-
tions in the motor protein, myosin 5B [530–533]. Endoscopic 
biopsies from patients with this disorder show markedly reduced 
levels of several apical transport proteins, with those transport-
ers instead residing diffusely in the apical cytoplasm. Basolateral 
transporters, in contrast, were normal.

Congenital tufting enteropathy, or intestinal epithelial dyspla-
sia, is a second neonatal enteropathy that causes severe diarrhea, 
usually arising in the context of consanguineous unions [534]. 
In this condition, the enterocytes on the villus pile up to gener-
ate characteristic “tufts” and patients are typically dependent on 
parenteral nutrition. The disease has recently been attributed to 
loss-of-function or deletion mutations in the cellular adhesion 
molecule, EpCAM [535]. Diarrhea is likely attributable to an 
epithelial barrier defect, and localization of the tight junction 
protein, claudin 7, is disrupted in models of the disease, although 
the precise mechanisms remain under investigation [536]. 
There is also a syndromic form of tufting enteropathy, associ-
ated with keratitis, in which mutations in the serine protease 
inhibitor, SPINT2, appear to be causal albeit by unknown mech-
anisms. [537,538].

Finally, trichohepatoenteric syndrome, which presents with 
intractable diarrhea, facial dysmorphisms, immune system 
defects and wooly hair, has been attributed to mutations in 
TTC37 (thespin) or SKIV2L. Both proteins are involved in for-
mation of the exosome complex, which appears to be required 
to traffic absorptive transporters such as NHE3 to the entero-
cyte apical membrane [80,539]. Thus, diarrhea in this condition 
likely arises from electrolyte malabsorption. Conversely, con-
genital bile acid diarrhea, which is caused by a defect in Slc10A2 
that normally reclaims conjugated bile acids in the terminal 
ileum, is likely attributable to the direct pro-secretory effect of 
high concentrations of bile acids when present in the colonic 
lumen [540,541].

Mechanisms underlying other conditions 
associated with defective fluid and  
electrolyte transport
While genetic diseases associated with specific alterations in 
transport proteins have provided unique insights into the 
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relative crypt sterility to protect the stem cell niche, and thus 
the integrity of the epithelium.

Constipation
Even more common than diarrheal disorders, constipation is 
associated with decreased fluidity of the colonic luminal con-
tents, and thus challenges to their transit. Constipation is also 
becoming a growing clinical problem as the population ages 
and/or more individuals are prescribed opiates for chronic pain, 
and can be quite resistant to standard laxatives. For a long time, 
constipation has predominantly been attributed to defects in 
intestinal motility and/or a relative paucity of bulk-forming 
fiber in the diet, resulting in increased residence times for the 
colonic contents and thus a greater opportunity for their 
ongoing dehydration. However, the efficacy of some recently 
introduced therapies for chronic constipation and/or 
constipation-predominant irritable bowel syndrome imply, at a 
minimum, that the capacity of the colonic epithelium for active 
secretion can be exploited to ameliorate the condition. Thus, 
lubiprostone and linaclotide, both drugs that induce active chlo-
ride secretion (via the EP1 prostaglandin receptor or guanylyl 
cyclase-C dependent activation of CFTR, respectively) have 
been shown to be effective in increasing spontaneous bowel 
movements in clinical trials with little evidence of adverse 
effects other than mild diarrheal symptoms [214,566–569]. In a 
similar vein, others have shown efficacy in chronic constipation 
with a minimally-absorbed, luminally-active drug that inhibits 
the ileal reabsorption of bile acids [570]. Collectively, these 
clinical observations imply that constipation may, in part, result 
from absence of an appropriate balance between intestinal 
absorption and secretion of fluid and electrolytes.

Conclusions

The ability of the intestine to control the fluidity of intestinal 
contents is key for many digestive functions. Both absorption 
and secretion of electrolytes, as well as other solutes, regulate 
this fluidity. Over the last few years, rapid expansion of molecu-
lar information regarding the precise structure and function of 
the transport proteins involved in these transport mechanisms, 
as well as their regulatory factors, has provided insights into the 
basis of transport and its regulation. Moreover, the identifica-
tion of various genetic disorders where epithelial transport 
function is compromised has provided a deeper understanding 
of molecular physiology and pathophysiology. The classical 
disease of intestinal transport is secretory diarrhea. However, it 
is also apparent that many other disease states can result when 
transport function is either compromised or over-expressed, 
and insight into these processes should lead to new therapeutic 
interventions.
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Celiac disease
Celiac disease is a systemic immune-mediated disorder in 
genetically susceptible individuals triggered by dietary gluten, a 
water-insoluble protein found in certain cereal grains, notably 
wheat. The disease results in diarrhea and non-specific nutrient 
malabsorption that can be rapidly reversed by elimination of 
offending substances from the diet. Celiac disease causes char-
acteristic and striking morphological changes in the small intes-
tine that include loss of villi, damage to remaining epithelial 
cells, and crypt hyperplasia. While not all the details of disease 
pathogenesis are understood, they may include defective diges-
tion of gluten, and/or an inappropriate immune response to 
normal or improperly processed gluten molecules or peptides 
from these molecules that have been crosslinked to host pro-
teins via the activity of tissue transglutaminase [553]. The 
accompanying diarrhea may have both osmotic and secretory 
components, with the latter likely being mediated, at least in 
part, by inflammatory mediators released by activated immune 
cells in the lamina propria. There is also emerging evidence that 
the active constituent of gluten in the disease, gliadin, may 
trigger the inappropriate release of an endogenous factor known 
as zonulin (now identified as prehaptoglobin-2) that impairs 
epithelial barrier properties [554–556]. Celiac disease is dis-
cussed in more detail in Chapter 64.

Inflammatory bowel diseases
Patients with inflammatory bowel diseases frequently experi-
ence diarrhea, although constipation is also observed. It is 
widely believed that the observed alterations in fluid and elec-
trolyte absorption in inflammatory bowel disease patients are 
due to elevated levels of cytokines and other mediators in the 
inflamed bowel, although disruption of genes involved in main-
taining the epithelial barrier and/or over-expression of pore-
forming claudins, such as claudin-2, may also play a role 
[557–559]. There is evidence for altered barrier function as a 
predisposing factor in inflammatory bowel disease, as experi-
enced by mice lacking the multidrug resistance protein 1a [560]. 
This protein, expressed in the epithelium, may be responsible 
for effluxing toxic substances inappropriately absorbed from the 
gut lumen, and may also regulate the expression and function 
of other transport proteins, such as CFTR [561]. Likewise, there 
is disruption of electrolyte absorption, including Na+-nutrient 
cotransport, electrogenic sodium absorption, and electroneu-
tral NaCl absorption, as well as associated regulatory molecules, 
in both animal models of intestinal inflammation and patients 
with inflammatory bowel disease [187,562–564]. Paradoxically, 
chloride secretion may also be inhibited in the setting of colitis, 
which is due in part to the ability of specific inflammatory 
mediators to down-regulate expression of key components of 
the chloride secretory mechanism [187,565]. This suggests that 
reduced absorption, rather than increased secretion, may be the 
predominant contributor to inflammatory diarrhea, and perhaps 
that normal secretion from the crypts is needed to maintain 
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CHAPTER 25

The pancreas is an organ with exocrine and endocrine func-
tions. The secretions of the exocrine pancreas, including diges-
tive enzymes and bicarbonate, affect the digestion and absorption 
of nutrients. The endocrine pancreas releases hormones that 
regulate metabolism and the disposition of the breakdown 
products of food within the body. The combined exocrine and 
endocrine functions make the pancreas one of the most impor-
tant and complex organs involved in the assimilation of food.

In humans and other mammals, the exocrine pancreas con-
sists of clusters of acini that form lobules separated by loose 
connective tissue. Eighty percent or more of the pancreas  
consists of acini. Each acinus is a sphere composed of 20–50 
pyramidal cells arranged with their broad bases around the 
circumference and their apices pointed toward a central lumen. 
Each acinus is drained by a ductule; the most proximal cells of 
the ductules, which extend into the lumen of the acinus, are 
called centroacinar cells. The ductules drain through a series of 
ducts of increasing caliber until the main ducts are reached.

The islets of Langerhans, containing the cells of the endocrine 
pancreas, are distributed within the pancreas. Morphological 
studies have revealed cell-to-cell contact between the exocrine 
and endocrine tissue and direct connections between the capil-
laries of the islets and the acini [1,2]. These morphological 
arrangements may reflect the regulatory influences of the islet 
hormones on the function of the exocrine pancreas and vice 
versa. Of the pancreatic hormones, glucagon, somatostatin, and 
pancreatic polypeptide inhibit pancreatic exocrine secretion 

[3–6]. Insulin potentiates the stimulatory effect of cholecystoki-
nin (CCK) on pancreatic exocrine secretion [7]. In addition, 
exocrine pancreatic secretion can influence pancreatic hormone 
release.

The control of pancreatic exocrine function is complex and 
highly regulated by neural and hormonal factors. The recogni-
tion that the CCK1 receptor was virtually absent from the 
human pancreas, which followed from the cloning of the CCK 
receptor [8,9], emphasized the importance of regulation at 
extrapancreatic sites. The discovery that CCK acts on CCK1 
receptors on vagal afferent fibers to mediate pancreatic secretion 
[10–12], together with the observations that the most inhibitory 
mediators of pancreatic exocrine secretion target the dorsal 
vagal complex [9,13–16], led to a paradigm shift in the under-
standing of the control of pancreatic secretion, with recognition 
that pancreatic secretion is under neurohormonal control rather 
than direct hormonal control.

Formation and composition of  
pancreatic juice

The human pancreas secretes about 1 L of juice daily, consisting 
mostly of water, electrolytes, and digestive enzymes. The mor-
phological appearance of the different cells of the exocrine pan-
creas and the results of micropuncture experiments, as well as 
studies from isolated acini and duct cells, suggest that the acinar 
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electrolyte secretion. Comprehensive reviews of this topic have 
been published [20,21]. Micropuncture studies in rats, cats, and 
rabbits show that secreted HCO3

− originates from the intralobu-
lar ducts and small interlobular ducts. In the large ducts, some 
of the HCO3

− may be exchanged with Cl− (Figure 25.2). Evidence 
supporting a ductal origin of HCO3

− in humans comes from 
studies demonstrating that the biochemical lesion of cystic 
fibrosis is a defect in cyclic adenosine monophosphate (cAMP)-
regulated membrane anion conductance in epithelial cells 
[22,23]. In the pancreas, this is associated with defective secre-
tion of HCO3

− [24]. Immunofluorescence studies show that the 
cystic fibrosis transmembrane conductance regulator (CFTR) is 
localized to the apical domain of centroacinar cells and intral-
obular duct cells [25]. CFTR is identical to the small conduct-
ance Cl− channels in the apical plasma membrane of rat 
pancreatic duct cells, which are regulated by cAMP [26].

Electrophysiological studies have shown that by increasing 
Cl− exit into the lumen, the CFTR Cl− channels facilitate the 
function of a Cl /HCO− −

3  exchange protein in the apical mem-
brane. The molecular nature of this exchange has been charac-
terized and the protein is known as SLC26A6 (solute carrier 
family 26 member 6). It normally transports two HCO3

− ions 
into the lumen for each Cl− ion absorbed [28]. The net result 
is recycling of Cl− and secretion of HCO3

− [21,29]. CFTR and 
SLC26A6 exhibit intracellular protein–protein interactions, 
explaining why the exchanger fails to function in the absence of 
CFTR. The CFTR channel has a limited permeability to HCO3

− 
under basal conditions, but when luminal Cl− is depleted, the 
channel switches its selectivity and becomes a major pathway 
for HCO3

− exit into the lumen [20]. An additional function 
of CFTR is to depolarize the duct cell, thereby “affecting” or 
“increasing” basolateral membrane transport (see discussion at 
the end of this section).

The mechanism operating at the basolateral membrane of the 
duct cell is becoming better understood. Originally, HCO3

− was 
thought to be derived in duct cells from CO2 under the influ-
ence of carbonic anhydrase, which is present in the duct epithe-
lium [30]. Although H+ extrusion is often shown to be mediated 
by a Na+/H+ exchanger in the basolateral membrane, this 
protein is known to play a role in basal cell pH regulation and 
to account for no more than 1%–2% of stimulated H+ extrusion 
(i.e., equivalent to HCO3

− uptake) [31]. Moreover, experimental 
evidence and mathematical models indicate that some form  
of energy input is necessary to obtain the secretion of 150 mm 
HCO3

−. Based on study primarily of pig pancreas, Raeder and 
colleagues presented evidence for a primary active proton efflux 
mediated by a vacuolar H+-ATPase [27]. The ATPase at rest is 
located in a tubulovesicular compartment and inserted into the 
basolateral plasma membrane by exocytosis in response to stim-
ulation by secretion [32]. The action of the ATPase to extrude 
H+ allows HCO3

− to accumulate in the cell and to exit by the 
apical mechanism just described.

Details of another mechanism emerged from work on iso-
lated pancreatic ducts from guinea pigs, which are capable  

cells secrete digestive enzymes and the ductal cells are mainly 
responsible for an electrolyte secretion that is rich in bicarbo-
nate [17].

Water and electrolytes
Pancreatic electrolytes are secreted in a clear, alkaline fluid that 
is isosmotic with extracellular fluid. Evidence suggests that 
water enters the juice passively along osmotic gradients estab-
lished by active secretion of electrolytes or other solutes. This 
water flow involves paracellular movement through junctional 
complexes but also transcellular flow mediated by aquaporin 
(AQP) water channels, with both AQP1 and AQP5 having been 
localized in pancreatic duct cells [18,19]. The major cations in 
the pancreatic juice are Na+ and K+; both are secreted at con-
centrations similar to their plasma concentrations. The concen-
trations of both cations are constant and independent of 
secretory rates (Figure 25.1). The major anions in the pancreatic 
juice are HCO3

− and Cl−, the concentrations of which depend 
on flow rates. As the flow rate increases, the HCO3

− concentra-
tion rises asymptotically, approaching a plateau value in humans 
of ∼150 mEq/L at 30%–50% of the maximal secretory rate. 
Because the Cl− concentration falls reciprocally with increasing 
secretory rate, the sum of the two anions remains constant and 
about equal to the sum of Na+ and K+ at all secretory rates. In 
humans and other animal species, the pancreatic juices also 
contain Ca2+ (1–2 mEq/L) and traces of Mg2+, Zn2+, HPO4

2−, and 
SO4

2−.
The application of micropuncture and electrophysiological 

measurements and the use of fluorescent probes and ultrastruc-
tural analysis in the study of pancreatic duct cell function have 
provided important information on the mechanism of ductal 

Figure 25.1 Relation of the secretory rate to the electrolyte composition 
of pancreatic juice.
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Figure 25.2 Ductal origin of secretin-dependent pancreatic HCO3
− secretion. Open arrows indicate secretion of NaHCO3 and H2O from the proximal 

duct cells. Some of the secreted HCO3
− is exchanged with Cl− in the distal ducts (curved, solid arrows). Source: Raeder 1992 [27]. Reproduced with 

permission of Elsevier.

of secreting 150 mm HCO3
−. Secretion was blocked by omitting 

Na+ from the bath but not by inhibitors of Na+/H+ exchange 
or of the vacuolar H+-ATPase [21]. After analyzing intracel-
lular pH and Na+ influx, Ishiguro and colleagues concluded 
that Na HCO+ −− 3  cotransport accounts for 75% of secretin-
stimulated HCO3

− secretion [33,34]. Their model established 
that the energy of the Na+ gradient maintained by Na+, K+-
ATPase on the basolateral plasma membrane [35] serves to 
drive HCO3

− into the cell.
Some details of the nature of the protein mediating 

Na HCO+ −− 3  transport have been described. A Na HCO+ −− 3  
cotransporter (NBC) was originally cloned from amphibian 
kidney, and subsequently, at least four NBCs have been charac-
terized molecularly. The NBC1 form has two variants, termed 
p and k for pancreas and kidney, which differ at the amino 
terminus as a result of alternate messenger RNA (mRNA) splic-
ing [36,37]. pNBC1 has been localized to the basolateral mem-
brane of pancreatic duct cells by immunohistochemistry [37]. 
The human pNBC1 analogue codes for a 1079-amino acid 
protein, and when expressed in Xenopus oocytes it induces 
NaHCO3 uptake [36]. The stoichiometry of Na+ and HCO3

− 
varies in different cells; in pancreatic duct cells it appears to be 
one Na+ to two HCO3

− [38]. Because the transporter is electro-
genic, it is influenced by the Na+ gradient, the HCO3

− gradient, 
and the membrane potential. In normal duct cells, the trans-

porter mediates HCO3
− uptake, and this process is enhanced by 

depolarization induced by Cl− exit through CFTR [39]. In addi-
tion to mechanisms for moving HCO3

− in and H+ out across the 
basal membrane, this membrane also contains the Na+-K+ 
ATPase, which maintains intracellular Na+ low, and a K+ 
channel, which maintains the intracellular negative electrical 
potential during secretion [21]. In addition, a Cl HCO− −− 3  
anion exchanger, probably AE2, is present, although its function 
is not clear.

In this schema, secretin activates CFTR and thus increases 
HCO3

− uptake by way of the pNBC exchanger. The transcellular 
secretion of anions sets up a luminal electronegative potential, 
enabling cations such as Na+ and K+ to reach the pancreatic 
juice by moving passively through the paracellular pathway 
driven by the electrical gradient that increases in response to 
stimulation [40]. A cellular model depicting these events in a 
pancreatic duct cell is shown in Figure 25.3. Further work is 
needed to establish the relative importance of these mechanisms 
in the human pancreas.

Enzymes
Depending on the species, the enzyme component of pancreatic 
juice is mixed in various proportions with the aqueous compo-
nent. Human pancreatic juice contains a concentration of 0.7%–
10% protein. Most proteins are enzymes and proenzymes; the 
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active forms. Pancreatic juice also contains a 10-kDa peptide 
called colipase, which is essential for optimal lipolysis [41]. It 
facilitates lipase action by binding with bile salt–lipid surfaces 
to increase the interaction of lipase with triglyceride [42]. In the 
presence of bile salts, colipase lowers the optimal pH of lipase 
from 8.5 to 6.5, which is the approximate average pH in the 
proximal intestine.

Pancreatic enzymes are synthesized within acinar cells and 
packaged into zymogen granules [17,43]. The entire process, 
from synthesis to the point at which the enzymes are ready to 
be secreted into the lumen, takes about 50 min. Total enzyme 
synthesis is estimated at 20 mg/g dry tissue per hour or 10 
million enzyme molecules per acinar cell per minute [44]. 
Studies in rats showed that CCK plays an important role in the 
regulation of gene expression of pancreatic enzymes [45]. 
Intraduodenal infusion of soybean trypsin inhibitor to stimu-
late endogenous CCK release increases trypsinogen I and chy-
motrypsinogen β mRNA fivefold after 48 h. In contrast, soybean 
trypsin inhibitor infusion has no effect on amylase mRNA. 
Similar effects on pancreatic enzyme mRNA are observed  
after intravenous infusion of CCK to plasma concentrations 

remaining proteins are plasma proteins, trypsin inhibitors, and 
mucoproteins. The four major enzyme groups are amylolytic, 
lipolytic, proteolytic, and nucleolytic. The proteolytic enzymes, 
which include trypsinogen, chymotrypsinogen, procarbox-
ypeptidase, and proelastase, account for most of the enzymes in 
the juice and are secreted as inactive proenzymes. After entering 
the intestinal lumen, trypsinogen is converted by enterokinase, 
a brush border enzyme present on the duodenal mucosa, to the 
biologically active trypsin. Trypsin then autocatalytically acti-
vates trypsinogen and converts chymotrypsinogen and other 
proteolytic enzymes into their active forms.

Pancreatic juice also contains a low concentration of trypsin 
inhibitor, a polypeptide that, at pH of 3–7, combines with and 
inactivates trypsin in a 1 : 1 ratio. Trypsin inhibitor also partially 
inhibits chymotrypsin. Trypsin inhibitor in the pancreas is 
thought to protect the organ against autodigestion by the small 
amounts of active trypsin within the pancreas. Because trypsin 
inhibitor is present in minute quantities, the proteolytic activity 
of fully activated pancreatic juice in the intestinal lumen is not 
inhibited. Unlike the proteolytic enzymes, the enzymes amylase, 
lipase, and ribonuclease are secreted by the acinar cells in their 
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Figure 25.3 Cellular model of ion transport events in the pancreatic duct cells that cause the primary secretion of pancreatic juice. HCO3
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by means of the Na HCO+ −− 3  cotransporter on the basolateral membrane or by the diffusion of CO2, which becomes hydrated to carbonic acid under 
the influence of carbonic anhydrase. Transport of H+ out of the cell by the Na+/H+ exchanger or the vascular H+-ATPase contributes to the provision 
of intracellular HCO3

− Other important components at the basolateral membrane are the secretin receptor, which activates the production of cAMP; a 
Na+,K+-ATPase, which maintains the low level of intracellular Na+; and a K+ channel (not shown), which facilitates K+ exit from the cell. The apical 
membrane contains the cystic fibrosis transmembrane conductance regulator (CFTR) anion channel and a Cl /HCO− −

3  exchanger (SLC26A6), which 
together bring about secretion of HCO3

− and a net lumenal negative potential. At low lumenal Cl− concentration, the CFTR channel switches from 
conducting Cl− to conducting HCO3

−. The transcellular electrical gradient between blood and lumenal fluid drives the secretion of Na+ and K+. The 
activation of the CFTR Cl− channel also depolarizes the duct cells and thereby links the events at the apical membrane to the activation of Na HCO+ −− 3  
cotransport at the basolateral membrane.
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teinases, cannot gain access to the cytosolic compartment. It 
also provides a mechanism for sorting the proteins not destined 
for export from those that must be processed by the endoplas-
mic reticulum–Golgi pathway and packaged for later secretion 
[52]. Inside the cisternae of the endoplasmic reticulum, pancre-
atic secretory proteins interact with chaperones and undergo 
conformational changes, assuming tertiary and, in some cases, 
quaternary structures. Abnormalities in this process result in 
the endoplasmic reticulum stress response [53].

The transfer of pancreatic enzyme proteins from the endo-
plasmic reticulum to the Golgi complex occurs within 20–30 min 
of synthesis [54]. Their transfer is mediated by vesicles arising 
from pinched-off transitional elements of the rough endoplas-
mic reticulum, which act as transport containers for the secre-
tory proteins [54]. Further modification and concentration 
occur in the Golgi complex and may result partially from the 
interaction of the predominantly basic secretory proteins with 
polyanionic substances formed in the Golgi complex [55]. It is 
also facilitated by the relatively acidic pH within the Golgi 
complex. After their formation in the Golgi complex, secretory 
granules move to the apical portions of the acinar cell by a 
mechanism involving microtubules, where they remain until an 
appropriate neurohormonal stimulus triggers exocytosis.

Pancreatic enzymes from a single cell probably are secreted 
in a fixed ratio that is independent of the nature of the stimulus 
and of the rate of secretion but is determined at the time of 
synthesis. This phenomenon may be explained by the model 
proposed by Scheele and Palade [56], which states that secretory 
proteins are mixed together in the zymogen granule and  
discharged in parallel. Under certain experimental conditions, 
nonparallel secretion of different pancreatic enzymes may 
occur. In humans, increasing the doses of CCK infusion results 
in pancreatic secretion characterized by a greater concentration 
of lipase than chymotrypsin, both of which are greater than the 
amylase concentration [57]. Similar nonparallel enzyme secre-
tion was reported by Dagorn and colleagues in both rats and 
humans [58,59].

Morphological studies show considerable differences in cell 
sizes in peninsular or teleinsular acinar cells [60]. This, coupled 
with the observation that the enzyme content and the ratio of 
amylase to chymotrypsin vary widely among granules taken 
from the same animal, supports the hypothesis that populations 
of acinar cells have differing mixtures of enzyme content and 
that nonparallel secretion is the result of exocytosis from these 
heterogeneous cell populations within the pancreas [61,62].

Although much controversy exists regarding short-term 
deviations from parallel secretion, there is little doubt that long-
term adaptation of enzymes to diet occurs in animals. Adaptation 
occurs in rats fed diets containing a preponderance of carbohy-
drate, protein, or fat, as indicated by increases in the pancreatic 
content, mRNA levels, and rates of synthesis and secretion of 
the appropriate class of hydrolytic enzymes by the pancreas 
[63]. Moreover, the dietary effects are thought to be mediated 
by specific hormones. Insulin mediates the increased amylase 

comparable to those obtained with soybean trypsin inhibitor. In 
addition to their effects on gene regulation, CCK and other 
hormones may exert translational control to regulate the syn-
thesis of specific digestive enzymes [46].

Research has begun to reveal the mechanisms by which hor-
mones, especially CCK and insulin, regulate protein synthesis 
at a translational level and account for the stimulation of pan-
creatic digestive enzyme synthesis with each meal. CCK and 
insulin can stimulate acinar protein synthesis in vitro without 
changes in mRNA [46]. These actions appear primarily at the 
initiation step in translation and involve the rate-limiting initia-
tion factor eIF4E. Acinar secretagogues and insulin, through  
a series of steps most likely involving phosphatidylinositol 
3-kinase (PI3K) and the mammalian target of rapamycin 
(mTOR), lead to the phosphorylation of the binding protein for 
eIF4E, and thereby the release of eIF4E, which becomes incor-
porated into a complex that binds the mRNA 5′ cap [47,48]. 
Through a separate pathway, CCK also activates the phosphor-
ylation of eIF4E, which increases its affinity for the mRNA cap, 
the modified guanine nucleotide added to the 5′ end of mes-
senger RNA shortly after the start of transcription. In addition, 
mTOR activates ribosomal S6 kinase (p70S6K), thereby phospho-
rylating S6, which increases the translation of messages with 
terminal polypyrimidine tracts [49]. The importance of the 
mTOR pathway is shown by the fact that rapamycin can block 
the stimulation of acinar protein synthesis in vitro [47].

According to the classical model of Palade [43], amino acids 
are actively transported into the acinar cells, and protein syn-
thesis occurs in the ribosomes. Pancreatic enzymes and a variety 
of other exportable proteins are synthesized with an amino acid 
terminal peptide extension called the signal peptide, which rec-
ognizes a receptor in the rough endoplasmic membrane and 
allows the attachment of the ribosome to this membrane [50,51]. 
Translation is temporarily halted when the signal peptide 
emerges from the ribosomal subunit and interacts with the 
signal recognition particle, which is associated with the large 
ribosomal subunit. The protein–RNA complexes then interact 
with another protein on the endoplasmic reticulum membrane 
known as the docking protein [50]. Interaction between the 
signal recognition particle and the docking protein permits  
the completion of translocation of the nascent polypeptide  
into the rough endoplasmic reticulum lumen, after which the 
ribosomal subunits, signal recognition particle, and RNA dis-
sociate from the endoplasmic reticulum, while the protein 
crosses the endoplasmic reticulum membrane into the cister-
nae. In fact, most protein synthesis occurs on polysomes that 
consist of multiple ribosomes simultaneously reading down a 
single mRNA. When translation is stimulated, the number of 
ribosomes per polysome increases.

The need for the signal recognition particle and docking 
protein complex to form on the endoplasmic reticulum before 
the translation of RNAs containing a signal peptide codon can 
be completed has important physiological implications. This 
process ensures that potentially noxious proteins, such as pro-
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acid entering the duodenum by pancreaticobiliary secretion 
[70]. The pH of gastric chyme in the first portion of the duode-
num is in the range of 4–5.0 [71]. However, dilute HCl infused 
into duodenum at a rate of 2–4 mmol/h can increase plasma 
secretin significantly in humans and dogs [70–72]. H+ bound 
to solid food particles may be a potent stimulus of pancreatic 
HCO3

− secretion [68]. The slow diffusion of H+ from the parti-
cles stimulates pancreatic HCO3

− secretion by triggering H+ 
receptors further down the proximal small intestine. The  
mechanism by which HCl stimulates the release of secretin is 
unclear. Studies of rats indicate that H+ may release a secretin-
releasing factor into the upper intestinal lumen to stimulate  
the release of secretin [73]. Secretin-producing cells appear to 
have acid-sensing ion channels (ASIC) belonging to the TRP 
(transient receptor potential channel) family. Hence, luminal 
acid likely stimulates the release of secretin by more than one 
mechanism.

Nonacid factors may play a role in the postprandial release of 
secretin. Among the major components of a mixed meal, fatty 
acids such as oleic acid and other digestive products of fat can 
increase plasma secretin levels and pancreatic HCO3

− secretion 
[74,75]. Bile in the upper small intestine can also stimulate the 
release of secretin [76]. However, the physiological importance 
of these nonacid factors in the release of secretin is questionable, 
because postprandial plasma secretin does not increase in sub-
jects with achlorhydria or in healthy subjects in whom meal-
induced acid secretion is neutralized with NaHCO3.

The pancreas appears to be sensitive to the small amounts of 
secretin released into the circulation after a meal. Secretin given 
in a dose that mimics postprandial plasma secretin levels can 
stimulate pancreatic secretion of water and HCO3

− [77,78]. 
Administration of secretin antiserum to conscious dogs greatly 
reduces the pancreatic HCO3

− response to a meal [79]. The 
sites where secretin acts to stimulate pancreatic secretion have 
not been fully identified. In vitro animal models clearly show 
that secretin stimulates HCO3

− secretion by isolated ducts or 
duct fragments [33,34]. With the use of radiolabeled ligand 
125I-labeled secretin and autoradiography, a secretin-binding 
site was demonstrated on pancreatic acini and duct cells [80]. 
Binding was not evident on pancreatic islets or vascular struc-
tures. This supports, but does not necessarily prove, the possibil-
ity that secretin acts directly on the pancreas to stimulate 
pancreatic secretion. Studies have shown that the effect of physi-
ological doses of secretin on exocrine pancreatic secretion is 
highly sensitive to atropine. In fact, vagal afferent pathways 
mediate the effect of secretin on pancreatic exocrine secretion, 
gastric acid secretion, and motility [81,82]. Receptor autoradi-
ography, immunocytochemical studies, and electrophysiologi-
cal recordings strongly support the presence of secretin receptors 
on vagal afferent fibers [83–85]. Close intraarterial injection of 
secretin (2.5 and 5 pmol) elicits dose-dependent increases in 
neuronal firing in a subgroup of vagal nodose ganglia neurons. 
This same group of neurons also contains high-affinity CCK1 
receptors [85]. Injection of a subthreshold dose of CCK-8 

synthesis, and CCK released by protein increases the synthesis 
of proteases. Although such adaptive changes have not been 
reported in humans, preferential secretion of lipase occurs in 
the chronic renal failure associated with increased plasma CCK 
levels, which is consistent with the adaptive change found in 
animals given CCK chronically [64].

Other biological substances
In addition to producing many digestive enzymes and secretory 
products that are necessary for nutrient digestion, the acinar 
cells also secrete a high-density lipoprotein-like substance con-
taining caveolin-1, a membrane protein implicated in choles-
terol trafficking and endocytosis [65]. In addition to the 
significant amount of caveolin-1 in pancreatic juice, caveolin-1 
is also present in zymogen granules from isolated pancreatic 
acinar cells. Stimulation of the pancreas with CCK also resulted 
in a large increase in menaquinone-4 (a form of vitamin K-2) 
secretion, which was accompanied by a marked increase in 
protein and fluid secretion [66]. These results suggest that 
menaquinone-4 and caveolin-1 participate in the secretory 
pathway of acinar cells and have a role in digestive enzyme 
synthesis or processing.

Stimulation of pancreatic secretion

Mediation of postprandial pancreatic secretion has been 
ascribed mainly to the hormones secretin and CCK and to 
vagovagal reflexes that activate cholinergic postganglionic 
neurons in the pancreas. Considerable knowledge has been 
gained about these classical regulatory mechanisms, but evi-
dence now suggests that other regulatory peptide hormones and 
neurotransmitters are also involved.

Hormonal mechanisms
Secretin
Secretin is synthesized by S-type enteroendocrine cells of the 
small intestine and is released during a meal. Mutoh and col-
leagues identified in mice the expression of transcription factor 
BETA2/NeuroD in the intestinal mucosa cells that also express 
secretin [67]. This may be the first transcription factor identified 
that specifically activates cell type-specific expression of an 
intestinal hormone gene. Secretin is the most potent and effica-
cious stimulant of pancreatic fluid and HCO3

− secretion in 
humans and all other species tested. Duodenal pH is the major 
regulator of secretin release. A pH of 4.5 is the threshold for 
secretin release and stimulation of pancreatic HCO3

− secretion 
occurs at pH 4.5 [68,69]. Below this pH, pancreatic HCO3

− 
output is related to the total amount of titratable acid presented 
to the duodenum. The increase in postprandial secretin levels 
in humans amounts to only a few picomolar increments because 
of the buffering of an appreciable amount of acid produced in 
the stomach by food and the neutralization of the remaining 
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decline to basal levels during the ensuing 3 h [100,101]. Several 
molecular forms of CCK appear to be released into the circula-
tion postprandially, including CCK-58, CCK-33, CCK-22, 
CCK-12, and CCK-8 [102]. Their relative contributions to  
the CCK activity of plasma in basal and stimulated states are 
dependent on species and may vary. CCK-58 is the predomi-
nant form in dogs and humans and is the only form detected in 
the rat [103–105].

CCK plays an important role in the stimulation of pancreatic 
enzyme secretion during the postprandial state. The infusion  
of physiological doses of CCK produces the same levels of  
pancreatic enzyme secretion as during the postprandial state 
[106]. Furthermore, the administration of the potent CCK 
antagonist lorglumide or MK-329 produces a 50%–60% inhibi-
tion of meal-stimulated pancreatic secretion in dogs [107] and 
in humans [108].

CCK can also stimulate fluid and HCO3
− secretion [109]. The 

effect on HCO3
− secretion is weak but physiologically relevant 

because CCK potentiates the action of secretin on the pancreas 
[110]. In intact dogs and humans, CCK-stimulated pancreatic 
enzyme secretion is not potentiated by secretin [106,111,112].

The mechanisms by which CCK acts to stimulate pancreatic 
enzyme secretion remain controversial. In vitro studies using 
dispersed pancreatic acini demonstrate that CCK-stimulated 
amylase release is insensitive to atropine or tetrodotoxin, indi-
cating a direct action on pancreatic acini [113]. The effects of 
cholinergic agonists and CCK on isolated preparations of pan-
creatic acini are additive, suggesting that CCK may stimulate 
enzyme secretion by a cholinergically independent mechanism 
[114]. However, in vivo studies of humans and dogs have shown 
that pancreatic secretion stimulated by CCK can be blocked by 
atropine, implying the involvement of cholinergic pathways 
[115–117]. Furthermore, enzyme output in response to low 
doses of CCK is reduced in patients after vagotomy compared 
with normal controls [118]. It appears that CCK can act through 
atropine-sensitive and atropine-insensitive pathways to stimu-
late pancreatic exocrine secretion. Human studies have shown 
that infusions of CCK-8 that produce plasma CCK concentra-
tions similar to those observed after ingestion of a standard 
mixed meal stimulate pancreatic enzyme output predominantly 
in an atropine-sensitive fashion [115]. Furthermore, studies in 
rats indicate that physiological doses of CCK act through stimu-
lation of vagal afferent pathways originating from the duodenal 
mucosa [119] (Figure 25.4). It has been demonstrated that intes-
tinal CCK-containing I cells have pseudopod-like processes that 
extend from the basal surface and penetrate the basal lamina to 
reach the subepithelial enteric neuron [120]. This provides an 
enteroendocrine–neuronal connection, which may explain the 
CCK’s action on vagal stimulation. CCK receptors in the rat 
vagus nerve have been detected using in vitro receptor autora-
diography [121]. As in pancreatic acini, vagal CCK receptors 
exist in both high-affinity and low-affinity states [11,12,122]. 
Under physiological conditions, CCK appears to act through 
high-affinity vagal CCK1 receptors (formerly known as CCK-A 

(5 pmol) greatly enhances the neural responses to 5 pmol secre-
tin. This synergistic interaction helps to explain the robust post-
prandial secretion of pancreatic HCO3

− and enzyme despite 
an only modest postprandial increase in levels of CCK and 
secretin.

Cholecystokinin
CCK is the other gut hormone that plays an important role in 
pancreatic secretion. It is synthesized in the I cell, a specific type 
of enteroendocrine cell, and released by hydrolytic products of 
digestion such as amino acids and fatty acids [86]. Undigested 
fat is ineffective, but products of lipolysis such as fatty acids are 
the most potent stimulants of CCK release [87]. Factors that 
influence the CCK response to fatty acids include their chain 
length, degree of saturation, concentration, and total load [88].

Several mechanisms are involved in nutrient stimulation of 
CCK secretion. In species such as the rat, in which feedback 
inhibition of pancreatic enzyme secretion occurs, CCK release 
may be mediated by a trypsin-sensitive CCK-releasing peptide 
[89]. Peptone (a mixture of large peptides produced by peptic 
digestion of protein) in the duodenum stimulates serotonin 
(5-hydroxytryptamine, 5-HT) release from the intestinal ente-
rochromaffin cells. The 5-HT released into the submucosa  
activates the sensory substance P neurons. Signals would then 
be transmitted to cholinergic interneurons and to epithelial 
CCK-releasing peptide-containing cells by way of cholinergic 
secretomotor neurons [89]. In this manner, CCK release may be 
controlled by the level of active intraluminal proteases [90–92]. 
Proteins, the major food stimulants of CCK secretion in rats, 
may bind or inhibit intraluminal endopeptidases, which would 
otherwise inactivate the CCK-releasing peptide [93]. The mech-
anisms responsible for the action of CCK-releasing peptide in 
man are not clear but may be similar to rats because feedback 
regulation of CCK release by proteases also occurs in man. 
Studies suggest that protein hydrolysates do not stimulate CCK 
release directly although intestinal oligopeptide transporter 
PepT1 is expressed in CCK cells [94]. Research indicates that 
ethanol-stimulated CCK release is also mediated by a CCK-
releasing peptide [95]. CCK release in response to sodium 
oleate, but not tryptophan or HCl, is atropine sensitive [96]. It 
is conceivable that the release of CCK by sodium oleate may be 
mediated by a CCK-releasing peptide, the release of which is 
mediated by cholinergic input [93]. Recent work has focused on 
CCK secretion from purified CCK producing cells. These mouse 
cells have been labeled with green fluorescent protein (GFP) 
driven by the CCK promotor and sorted by fluorescence-
activated cell sorting (FACS). Amino acids have been shown to 
stimulate CCK release by binding to the Ca2+-sensing receptor 
[97] while fatty acids bind to specific G protein-coupled fatty 
acid receptors [98].

Under fasting conditions, the plasma CCK levels are low, 
averaging about 1 pmol/L in humans [99–101]. After the inges-
tion of a meal rich in protein and fat, the CCK concentration 
increases to 6–8 pmol/L within 10–30 min, followed by a gradual 
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concentration-dependent excitation in 60% of pancreas-
projecting DMV neurons [129]. This action is mediated by the 
closure of a K+ conductance. Under physiological conditions, 
CCK seems to stimulate postprandial pancreatic enzyme secre-
tion through cholinergic pathways rather than through direct 
action on the pancreatic acinar cell. Both M1 and M3 muscarinic 
receptors on the pancreatic acini appear to mediate these 
responses [131,132].

The molecular cloning of the CCK receptor gene and the 
subsequent recognition that its expression is virtually absent  
in the human pancreas [8,133] further supported the possi-
bility that CCK acts at an extrapancreatic site. One study indi-
cated that human acini did not respond to CCK agonists, 
although they responded to a muscarinic agonist [8]. In con-
trast, the cells responded to CCK agonists after adenovirus-
mediated gene transfer of CCK1 receptors [8]. Quantitative 
reverse transcriptase–polymerase chain reaction showed that 
the mRNA for CCK1 receptors was ∼30-fold lower than that for 
CCK2 receptors, which was ∼10-fold lower than those for M3 
muscarinic receptors. In situ hybridization did not detect CCK1 
receptor mRNAs in adult human pancreas. By contrast, a study 
of isolated human pancreatic acini showed that physiological 
levels of CCK induced Ca2+ signaling, activated mitochondrial 
function, and stimulated enzyme secretion [134]. Thus, the 
presence of a direct action of CCK on human acinar cells is 
unclear. It has been demonstrated that CCK1 receptors are 
expressed in human pancreatic stellate cells, which lie in close 
proximity to acinar cells [135]. Low concentrations of CCK 
(20 pM) stimulated acetylcholine release, which evoked enzyme 
secretion from pancreatic acini. Thus it appears that CCK may 
regulate cholinergic stimulation of the pancreas through both 
neural and nonneural pathways.

Serotonin
Intestinal 5-HT appears to play an important role in mediating 
postprandial pancreatic secretion [136–139]. Serotonergic 
neurons in the intestinal myenteric plexus may mediate local 
reflexes. However, the major source of 5-HT in the intestine 
appears to be gastrointestinal mucosal enterochromaffin cells 
[140]. Many 5-HT-containing enterochromaffin cells exist in 
the proximal duodenum and have a morphology consistent with 
a “sensory” paracrine role [141]. 5-HT is released in response 
to a wide variety of stimuli [140], including acidification of  
the duodenum [140], instillation of hypertonic glucose, sucrose, 
or maltose solutions [136,142], vagal stimulation [143], and 
mechanical stimulation [144]. Morphological studies have 
shown that vagal terminal branches come in close contact with 
the basal lamina, but do not appear to penetrate it [145]. Other 
studies have shown that 5-HT may increase the discharge of 
vagal afferent fibers from the stomach and proximal intestine in 
ferrets [146,147] and may stimulate vagal nodose ganglia activ-
ity in rats [137]. This in turn stimulates pancreatic secretion by 
way of the vagovagal reflex mediated by a cholinergic efferent 
pathway [136]. 5-HT appears to activate two different groups of 

Figure 25.4 Sites and mechanisms of action of cholecystokinin (CCK) to 
stimulate pancreatic enzyme secretion. Dosages of CCK-8 that produce 
physiological plasma CCK levels act through stimulation of the vagal 
afferent pathway, which originates from the gastroduodenal mucosa. In 
contrast, dosages that produce supraphysiological plasma CCK levels act 
on intrapancreatic neurons and, to a lesser extent, on pancreatic acini. 
ACh, acetylcholine. Source: Li and Owyang 1993 [119]. Reproduced with 
permission of the American Society for Clinical Investigation.
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receptors denoting their predominance in the alimentary tract) 
to mediate pancreatic enzyme secretion [12]. In contrast, the 
effect of CCK on satiety is mediated by vagal low-affinity CCK1 
receptors [10]. These findings suggest that different affinity 
states of the vagal CCK receptors mediate different digestive 
functions. The vagal neurotransmitter used by the CCK1 recep-
tor to activate the brainstem is likely to be glutamate [123,124], 
as it has been demonstrated that CCK-8 increases glutamate 
release from nerve terminals onto neurons of the nucleus tractus 
solitarius (NTS). This suggests that the central terminals of 
vagal afferent terminals may not be the sole sites for the action 
of CCK-8 in the brainstem. Although CCK does not cross  
the blood–brain barrier, the NTS is a circumventricular organ 
with a leaky blood–brain barrier, fenestrated capillaries, and  
an enlarged perivascular space that allow the passage of large 
molecules [125–127]. It is therefore conceivable that CCK  
may act on other sites of the brainstem, such as the NTS and 
the dorsal motor nucleus of the vagus (DMV) [128–130]. 
Electrophysiological studies show that CCK-8 induces a 
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Pancreatic HCO3
− secretion and secretin release in response 

to duodenal acidification in rats are inhibited by the 5-HT3 
antagonist ondansetron and the 5-HT2 antagonist ketanserin 
[150]. In addition, pancreatic fluid and HCO3

− secretion stimu-
lated by exogenous secretin are also inhibited by these 5-HT 
antagonists. Thus, 5-HT appears to regulate acid-stimulated 
exocrine pancreatic secretion by modulating both the release 
and action of secretin through two 5-HT receptor subtypes.

Under certain experimental conditions, activation of the 
5-HT pathway may inhibit pancreatic exocrine secretion. It has 
been reported that in isolated guinea pig pancreatic ducts, 5-HT 
inhibits basal and secretin- or acetylcholine-stimulated fluid 
secretion. This effect is antagonized by a 5-HT3 agonist, indicat-
ing the involvement of a direct 5-HT3 inhibitory pathway [151]. 
Consistent with a direct inhibitory 5-HT3 pathway, administra-
tion of the 5-HT3 antagonist azasetron in rats stimulates pan-
creatic secretion of fluid and protein [152]. Atropine but not 
vagotomy abolishes this effect, suggesting the involvement of a 
vagus-independent cholinergic pathway. Researchers have con-
firmed that guinea pig pancreatic ducts have 5-HT containing 
cells and identified 5-HT3 receptors on their basolateral cell 
membranes [150].

Other hormones and stimulatory factors
Insulin plays a significant role in modulating exocrine pancre-
atic secretion [7]. Studies have demonstrated that insulin poten-
tiates the secretory response to secretin plus CCK [153],  
and that ouabain, an inhibitor of Na+, K+-ATPase activity, 
abolishes this stimulatory action of insulin. Insulin potentiates 
the stimulatory effect of secretin on Na+, K+-ATPase activity, 
without affecting the binding of secretin to pancreatic acini. 
Physiologically, this action of insulin is important because 
immunoneutralization experiments in conscious rats show that 
pancreatic secretion of water, HCO3

− and protein stimulated by 
a meal or by a combined intravenous administration of physi-
ological doses of secretin and CCK-8 is markedly reduced when 
the circulating insulin is neutralized with a rabbit antiinsulin 
antibody [154]. Similar observations have been made studying 
an isolated perfused rat pancreas preparation. These studies 
indicate that insulin is needed locally for the action of secretin 
and CCK on the exocrine pancreas. Pancreatic enzyme secre-
tion is often reduced in human diabetics who have no overt 
pancreatic disease [155]. The mechanism responsible for this 
abnormality is not clear. Severe diabetes often demonstrates 
impaired cholinergic transmission. This may result in dimin-
ished pancreatic secretion in diabetes. Alternatively, insulin has 
a trophic action on the pancreatic acinar cells and plays an 
important role in protein synthesis. This may also account for 
the reduced pancreatic enzyme secretion in diabetes. Because 
physiological doses of CCK act through vagal afferent pathways, 
it is conceivable that the potentiation between CCK and insulin 
occurred at the level of the nodose ganglia.

Bombesin (i.e., gastrin-releasing peptide in mammals),  
a polypeptide isolated from the skin of frogs and the human 

afferent fibers innervating the rat jejunum [148]. One group of 
mucosal nerve fibers is directly activated by stimulation of 
5-HT3 receptors and another group responds to contractile 
activities induced by stimulating 5-HT2A receptors on smooth 
muscle cells (i.e., mechanosensitive afferents). Direct physiolog-
ical recordings of the rat nodose ganglia have shown that 
luminal factors such as intestinal osmotic stimuli and perfusion 
of carbohydrates elicit powerful vagal nodose responses that  
are antagonized by the 5-HT3/4 antagonist tropisetron or the 
5-HT3 antagonist granisetron [137]. Parallel studies in rats 
show that luminal factors such as osmolarity and disaccharides 
stimulate pancreatic secretion by activating 5-HT3 receptors 
whereas mechanical stimulation activates both 5-HT3 and 
5-HT2 receptors on mucosal afferent fibers in the intestine to 
induce pancreatic secretion [136]. Pharmacological depletion  
of 5-HT stores using p-chlorophenylalanine, an inhibitor of 
5-HT synthesis, abolishes nodose neuronal responses stimu-
lated by luminal factors [137]. In contrast, pretreatment with 
5,7-dihydroxytryptamine, a specific neurotoxin that destroys 
neurons containing 5-HT without affecting mucosal cells that 
contain 5-HT, does not affect these responses [137]. These 
observations suggest that the vagal responses to luminal osmo-
larity and the digestion products of carbohydrates depend on 
the release of endogenous 5-HT from the mucosal enterochro-
maffin cells, which acts on 5-HT3 receptors on vagal afferent 
fibers. In this manner, 5-HT acts as a paracrine substance to 
stimulate pancreatic secretion by way of a vagal cholinergic 
pathway. It appears that both 5-HT and CCK evoke pancreatic 
enzyme secretion by stimulating vagal afferent pathways that 
originate in the duodenal mucosa. These primary vagal afferent 
neurons contain mainly glutamate and substance P [83], which, 
on release, stimulate the NTS and subsequently the DMV in the 
brainstem to mediate postprandial enzyme secretion.

Both 5-HT and CCK are the principal stimulators of  
postprandial pancreatic secretion. A CCK1 receptor antagonist 
inhibited 54% of postprandial pancreatic protein secretion in 
rats. The combination of the CCK1 receptor antagonist and 
a 5-HT3 antagonist almost completely abolish exocrine pancre-
atic secretion [136], suggesting that 5-HT-dependent pancreatic 
stimulants account for about 50% of postprandial pancreatic 
secretion.

There is synergistic interaction between vagal CCK and 5-HT 
receptors in mediating pancreatic secretion [139]. Infusion of a 
subthreshold dose of CCK potentiates vagovagal reflex-mediated 
pancreatic secretion stimulated by luminal 5-HT-dependent 
factors. Discharge recordings of single vagal primary afferent 
neurons innervating the duodenum reveal distinct groups of 
nodose ganglia neurons that possess only high- or low-affinity 
CCK receptors or 5-HT3 receptors [149]. In one group of nodose 
neurons, previous exposure to luminal 5-HT enhanced the  
subsequent response to a subthreshold dose of CCK. This syn-
ergistic interaction provides an explanation of how a small 
increase in the plasma CCK level is sufficient to produce a 
robust postprandial pancreatic secretion.
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pancreatic response to ghrelin. These observations suggest  
the hypothesis (still to be proven) that circulating ghrelin gains 
access to the brainstem vagal circuitry by way of the area pos-
trema, which represents the primary target on which peripheral 
ghrelin may act as an endocrine substance to stimulate pancre-
atic secretion.

Nitric oxide (NO), a ubiquitous substance that is present in 
neurons and vascular endothelium [173], also appears to play a 
significant role in regulating pancreatic secretion. In rats, inhi-
bition of NO production with NG-nitro-l-arginine methyl ester 
(l-NAME) reduces basal amylase secretion by 60% [174,175]. 
A NO synthase (NOS) inhibitor also inhibits pancreatic enzyme 
secretion in response to a meal, duodenal infusion of acid, or 
intravenous infusion of physiological doses of secretin or CCK 
in rats [174]. In humans, l-NAME dose-dependently reduced 
pancreatic enzyme secretion stimulated by secretin and cerulein 
[176]. Because NOS inhibition has no effect on amylase release 
nor on the changes in intracellular Ca2+ concentration in rat 
pancreatic acini stimulated by carbachol and CCK-8 [177], the 
effect of NO on exocrine pancreatic secretion is likely to be 
indirect. NOS is abundant in intrapancreatic nerves [178] and 
ducts, the enteric nervous system, and the vagus nerve [179]. 
The source of NO that modulates the action of CCK and secre-
tin on pancreatic secretion is not clear.

Administration of l-NAME reduces CCK-stimulated pancre-
atic microvascular blood flow and at the same time decreases 
pancreatic fluid and protein output in cats [180]. This observa-
tion may have clinical importance, because inadequate blood 
flow has been associated with clinical pancreatitis. It has been 
reported that administration of a NOS inhibitor in rats with 
edematous pancreatitis causes a decrease in pancreatic blood 
flow and exacerbates cerulein-induced pancreatitis [181]. 
Conversely, treatment with the NO donor l-arginine before and 
after cerulein injection increases pancreatic blood flow and 
reduces the severity of cerulein or water-immersion-induced 
hemorrhagic pancreatitis. These observations suggest that NO 
may protect the pancreas from the development of pancreatitis, 
possibly because it increases pancreatic blood perfusion.

Neural mechanisms
Parasympathetic nervous system
The pancreas is innervated by parasympathetic and sympathetic 
nerve fibers. The parasympathetic fibers pass to the pancreas 
directly through the vagus nerves and indirectly through the 
celiac ganglion, the splanchnic nerves, and perhaps through the 
intramural plexus of the duodenum.

Vagal stimulation of pancreatic secretion is mediated by  
neuronal projections from the DMV, located in the brain  
stem. Studies have indicated that separate populations of vagal 
neurons regulate exocrine and endocrine secretion. Group  
II and III metabotropic glutamate receptors were located on 
excitatory and inhibitory presynaptic terminals of pancreas-
projecting DMV neurons [182]. Neurons responsive to group II 
metabotropic glutamate receptor agonists were activated by 

alimentary tract, stimulates pancreatic secretions that contain 
small amounts of HCO3

− and high concentrations of enzymes in 
humans [156,157]. Bombesin can act directly on the pancreas 
through specific receptors identified on pancreatic acinar cells 
[158]. It has been suggested that bombesin exerts its stimulating 
effect on the exocrine pancreas indirectly by promoting the 
release of CCK from the mucosa of the small intestine [159].  
In other systems, bombesin has been reported to exert its effect 
by way of a cholinergic pathway [160]. Bombesin stimulates 
amylase release from rat pancreatic lobules through the release 
of acetylcholine from intralobular nerves [161]. In contrast, in 
vivo studies indicate that the action of bombesin in rats is prob-
ably direct, because the combined administration of atropine 
and the CCK antagonist proglumide does not affect pancreatic 
protein output stimulated by bombesin [162]. Similarly, the 
stimulatory action of bombesin on pancreatic secretion in 
humans is not affected by the CCK receptor antagonist loxiglu-
mide [163]. However, the physiological importance of bombe-
sin in pancreatic secretion is uncertain as bombesin receptor 
antagonists do not influence postprandial enzyme secretion in 
intact rats [164].

The tridecapeptide neurotensin has been shown to stimulate 
pancreatic secretion in humans and dogs [165,166]. In rats, the 
mechanism of stimulation appears to be neurally mediated, 
involving capsaicin-sensitive sensory fibers and cholinergic 
vagal efferent pathways [167]. Neurotensin is released by intes-
tinal fatty acids, raising the interesting possibility that neuro-
tensin may play a significant role in mediating pancreatic 
secretion stimulated by fat [166]. However, exogenous infusion 
of neurotensin in doses that stimulate pancreatic secretion 
results in a plasma level much higher than that measured after 
a normal meal [165,166]. Neurotensin stimulates HCO3

− secre-
tion but decreases enzyme secretion stimulated by secretin and 
cerulein, a CCK analogue, in humans [165]. These observations 
do not support a role for neurotensin as a regulator of meal-
stimulated pancreatic secretion.

Ghrelin, a novel acylated peptide localized in endocrine cells 
of the stomach and neurons of the hypothalamic arcuate nucleus 
[168–170], has been shown to stimulate pancreatic secretion 
[171]. It acts as an endogenous ligand for the growth hormone 
secretagogue receptor [168–170], which is found throughout 
the body, in the pituitary, hypothalamus, stomach, heart, lung, 
intestine, adrenal cortex, adipose tissue, immune system, human 
breast carcinoma, and pancreatic islet cells. Growth hormone 
secretagogue receptor mRNA is expressed in rat pancreas  
and in the exocrine pancreatic-derived cell line, AR42J [172]. 
Administration of ghrelin causes a dose-dependent increase  
in intracellular calcium. However, in vivo rat studies indicate 
that ghrelin stimulates pancreatic secretion by acting centrally 
through the vagal cholinergic pathways [171]. Pretreatment 
with atropine or hexamethonium or acute vagotomy, but not 
perivagal application of capsaicin, abolishes pancreatic secre-
tion in response to intravenous administration of ghrelin. 
Furthermore, selective ablation of the area postrema blocks the 
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and moderate amounts of norepinephrine and dopamine.  
The physiological significance of these findings remains to be 
determined.

Activation of the splanchnic nerves usually inhibits exocrine 
and endocrine pancreatic secretion; stimulation of the splanch-
nic nerves decreases and splanchnicectomy increases pancreatic 
secretion in response to pancreatic stimulants [110,196]. The 
pancreatic inhibitory effect of splanchnic nerve stimulation 
appears to be synchronous with, and dependent on, the intense 
vasoconstriction that is caused by stimulation of the α-adrenergic 
receptors on blood vessels. In isolated guinea pig pancreatic 
acini, norepinephrine alone has no effect on the response to 
submaximal concentrations of CCK-8 [197]. Epinephrine  
produces a modest stimulation of enzyme output in mouse and 
rat pancreas in vitro, and the stimulatory effect is inhibited by 
α-adrenergic receptor antagonists [198]. No clear pattern 
emerges from the many studies of regulation of exocrine pan-
creatic secretion by the sympathetic nervous system. The major 
role for the adrenergic mechanism appears to be the inhibition 
of fluid and HCO3

− secretion, which is mediated partially by 
vasoconstriction.

Hypothalamic regulation
Although pancreatic secretion is mediated mainly by vagovagal 
reflexes located within the brainstem, these reflexes are modu-
lated by input from higher centers [199,200]. Animal studies 
have shown that after chronic decerebration, which interrupts 
the entire descending neural input to the brainstem, there is a 
35% reduction in basal pancreatic protein output and a 40% 
decrease in pancreatic protein secretion stimulated by luminal 
perfusion of peptone [201], suggesting that the forebrain plays 
a significant role in modulating the vagovagal reflex in the 
brainstem.

The hypothalamus receives a wide variety of convergent  
afferent inputs from the viscera and regulates autonomic activi-
ties by modulating neuronal input to the autonomic pregangli-
onic neurons. Cholinergic pathways in the hypothalamus  
play a major role in the stimulation of pancreatic secretion. 
Microinjection of methscopolamine, a blood–brain barrier-
impermeant, cholinergic muscarinic receptor antagonist, into 
the lateral hypothalamic nucleus or paraventricular nucleus 
produces inhibitory effects similar to those observed after surgi-
cal decerebration [201]. Intracerebroventricular injection of 
hemicholinium-3 at doses known to deplete the endogenous 
acetylcholine store produces inhibitory results similar to those 
produced by methscopolamine. In contrast, microinjection of 
acetylcholine into the lateral hypothalamic nucleus and the par-
aventricular nucleus evokes 46% and 40% increases in pancre-
atic secretion over basal, respectively [201]. Selective lesions  
of the lateral septal cholinergic neurons or lateral parabrachial 
nucleus produce significant inhibition of peptone-induced  
pancreatic secretion [201]. Hence, cholinergic inputs from the 
lateral septal cholinergic neurons and the parabrachial nucleus 
to the hypothalamus play a major role in modulating vagal 

CCK and pancreatic polypeptide and these in turn regulate 
pancreatic exocrine secretion. On the other hand, other group 
II and III metabotropic glutamate receptor-responsive neurons 
were stimulated by a glucagon-like peptide-1 (GLP-1) analog 
and regulate insulin secretion.

The functional effect of vagal stimulation of the pancreas 
varies greatly with the species and with the experimental condi-
tions [139,183,184]. In humans, the vagus nerve appears to play 
an important role in the mediation of pancreatic secretion. 
Insulin-induced hypoglycemia, which is presumed to stimulate 
the vagus centrally, augments secretin-stimulated pancreatic 
protein output [185]. Vagotomy reduces the HCO3

− secretory 
response to exogenous hormones. Maximal enzyme secretion is 
not significantly affected by vagotomy, but the sensitivity of the 
pancreas to submaximal doses of CCK is decreased [118]. 
Vagotomy reduces pancreatic enzyme responses to intestinal 
stimulants and food [118,186]. It seems that the cholinergic 
stimulation primarily modulates the action of gut peptides on 
pancreatic secretion but has no physiologically relevant effect 
on the release of CCK or secretin [187].

There are volume receptors and osmoreceptors in the human 
duodenum. Stimulation of these receptors by distention or 
administration of a hyperosmolar solution elicits a pancreatic 
enzyme response mediated by cholinergic neurons [188,189]. 
Increased firing rates in peripheral afferent vagal neurons and 
in central sites have been recorded after gastric distention and 
intestinal perfusion with amino acids and HCl [190–192].

In addition to glutamate, other neurotransmitters in the 
central nervous system are likely involved in the regulation of 
pancreatic secretion. Microinjection of the thyrotropin-releasing 
hormone analogue in the dorsal vagal complex of rats stimulates 
pancreatic juice flow and enzyme output in a dose-dependent 
manner [193]. Vagotomy and atropine eliminate this stimula-
tory effect, indicating that thyrotropin-releasing hormone mod-
ulates pancreatic exocrine secretion through the dorsal vagal 
complex.

Intrapancreatic postganglionic cholinergic neurons regulate 
enzyme and HCO3

− secretion. These neurons are activated 
by central input during the cephalic phase and by vagovagal 
reflexes initiated by gastric- and intestinal-phase stimulation. 
Acetylcholine released by the intrapancreatic neurons may act 
directly on acinar cells or potentiate the action of secretin on 
HCO3

− secretion from duct cells in vitro. The interaction of 
acetylcholine and CCK is additive. The enteropancreatic reflex 
may also play a role in mediating postprandial enzyme secretion 
[189]. This is especially important after chronic vagotomy [194].

Sympathetic nervous system
Adrenergic innervation of the pancreas occurs mainly through 
the splanchnic nerves. In the pancreas, most of the fibers are 
distributed to the blood vessels, and a few pass to the acini  
or ducts [110]. Rabbit pancreatic ganglia contain high concen-
trations of norepinephrine and dopamine [195]. Further, the 
pancreatic ducts also contain very high amounts of epinephrine 
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veratridine (an alkaloid that opens Na+ channels)-stimulated 
release of acetylcholine in rat pancreatic lobules [208]. Thus, in 
intact animals, galanin appears to inhibit pancreatic secretion 
by inhibiting cholinergic transmission.

Other peptidergic neurotransmitters identified in the pan-
creas include the carboxyl-terminal tetrapeptide of gastrin/
CCK [196,209], gastrin-releasing peptide [210], substance P 
[196,209], peptide histidine isoleucine [211], neurotensin [212], 
neuropeptide Y [211], enkephalin [196,209], and calcitonin 
gene-related peptide (CGRP) [213]. Pharmacological studies 
have found that CCK, gastrin, substance P, gastrin-releasing 
peptide, peptide histidine isoleucine, neurotensin, and CGRP 
stimulate, whereas enkephalin and neuropeptide Y inhibit exo-
crine pancreatic secretion. The physiological relevance of their 
mediation of pancreatic secretion is unknown.

Intrapancreatic nerves
Pancreatic ganglia share many of the characteristics of the 
enteric neurons and receive input from the parasympathetic, 
sympathetic, and enteric nervous systems. Most pancreatic 
neurons (86%) are choline acetyltransferase positive [178]. 
Rabbit pancreatic ganglia contain high levels of norepine-
phrine and dopamine but 5-HT is absent [195]. All choline 
acetyltransferase-positive pancreatic neurons possess neu-
ropeptide Y immunoreactivity, and most express NOS [178]. 
Most pancreatic neurons innervate the acini. Intrapancreatic 
neurons receive fast and slow excitatory postsynaptic potentials 
from preganglionic neurons; 5-HT appears to inhibit the slow 
excitatory postsynaptic potentials through a 5-HT1P receptor in 
some neurons. 5-HT and 5-HT1P agonists are known to inhibit 
amylase secretion. Furthermore, intravenous injections of 
5-HT3 receptor antagonists, such as azasetron and granisetron, 
increase pancreatic protein output in conscious rats [152]. 
Blockade of this effect by atropine, but not truncal vagotomy 
[152], is consistent with intrapancreatic ganglia and nerves as a 
site of action.

Intracellular control of pancreatic secretion

Receptors
Most of the hormones and neurotransmitters that stimulate 
pancreatic secretion do so by directly regulating acinar and duct 
cells, but some may regulate indirectly by their actions on 
nerves or blood vessels. To determine the regulatory pathway, 
it is important to identify the physiological effects on isolated 
acinar and duct cells and to localize the high-affinity receptors 
for each regulator to its target cell. Because of the preponder-
ance of acinar cells in the pancreas, methods to prepare isolated 
cells or pancreatic acini have been developed and used exten-
sively. By using amylase secretion as the criterion for functional 
response, studies of the effects of agonists and antagonists on 
secretion have identified the presence of specific receptors  
on acinar cells. The receptors have been confirmed by binding 

pancreatic efferent nerve activities and pancreatic secretion 
evoked by the vagovagal reflex.

Enteropancreatic neural reflex
Functional and anatomic enteropancreatic neural connections 
have been demonstrated by antegrade and retrograde tracer 
studies; neurons in the ganglia of the myenteric plexuses of the 
stomach and the duodenum project directly to the pancreas 
[202]. Activation of the myenteric neurons in the duodenum 
can influence the exocrine and endocrine pancreatic functions 
in the rat. These enteropancreatic neural pathways have cholin-
ergic and serotonergic components [202,203]. The cholinergic 
nerves from the duodenum stimulate intrapancreatic neurons 
through nicotinic synapses. Abundant enteropancreatic sero-
tonergic axons may inhibit pancreatic secretion through presy-
naptic 5-HT1P receptors on cholinergic nerves [202]. Further 
studies are needed to define the physiological role of the sero-
tonergic enteropancreatic neural pathways.

Peptidergic nervous system
Immunocytochemical studies have revealed several peptides in 
the nerve cell bodies and fibers of the pancreas. Among these, 
nerve fibers and cell bodies containing vasoactive intestinal 
polypeptide (VIP) are the most abundant [204]. The fibers  
containing VIP appear to surround the cell bodies of intrapan-
creatic ganglia and innervate duct cells.

In pigs, VIP is the neurotransmitter that mediates much of 
the HCO3

− secretory response to electrical stimulation of the 
vagus nerve [205]. However, the importance of intrapancreatic 
neuronal VIP as a regulator of pancreatic secretion may be 
species specific. VIP is a weak partial agonist in humans [205]. 
In some species, VIP may also induce pancreatic vasodilation 
and increase blood flow in response to the activation of the 
exocrine pancreas.

The neuropeptide galanin, which has been found in intrapan-
creatic nerve endings surrounding the endocrine pancreas and 
within the exocrine pancreas, appears to have a modulatory 
effect on exocrine pancreatic secretion. Depending on the 
experimental models used, galanin may stimulate or inhibit 
pancreatic secretion. With the use of an isolated perfused rat 
pancreas, it has been shown that porcine galanin in concentra-
tions of 0.001 and 0.01 pmol/L significantly enhances CCK-
stimulated amylase secretion and stimulates insulin release 
[206]. However, higher concentrations of galanin (10 and 
100 pmol/L) inhibit insulin secretion and have no effect on 
CCK-stimulated amylase secretion. Because insulin potentiates 
CCK-stimulated enzyme secretion, low concentrations of 
galanin probably act through the release of insulin to stimulate 
pancreatic secretion. In contrast, galanin appears to be a potent 
inhibitor of the pancreatic exocrine secretion stimulated by 
either bombesin, secretin, or CCK in intact animals [207]. 
Galanin completely inhibits 2-deoxy-d-glucose-stimulated 
amylase secretion in anesthetized rats and significantly inhibits 
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information by interacting with G proteins. These G proteins 
are heterotrimeric proteins with unique α subunits and a smaller 
number of shared βγ subunits [222]. Acinar cells possess αs and 
αi subunits, which respectively stimulate and inhibit adenylate 
cyclase. These subunits can be ADP-ribosylated by cholera toxin 
and pertussis toxin, which respectively activate and inhibit ade-
nylate cyclase, permanently. Acinar cells also possess αq and α11 
subunits that activate phospholipase C [223] and α12/13 subunits 
that activate Rho [224]. The full complement of α and βγ subu-
nits expressed in acinar and duct cells and their functions are 
still being determined.

The α subunit possesses the guanine nucleotide-binding site, 
which, in the resting state, is occupied by GDP. After the recep-
tor binds its ligand, it interacts with the G protein to catalyze 
the exchange of GDP for GTP. The GTP–α subunit complex 
dissociates from the βγ complex and activates its effector (i.e., 
phospholipase C, adenylyl cyclase). The system is amplified 
because the lifetime of the GTP-α subunit complex is much 
longer than that of the hormone–receptor complex. Eventually, 
GTP is cleaved to GDP by an intrinsic GTPase activity, and  
the α subunit reassociates with the βγ subunit. It is because 
of this cycle that secretagogues stimulate GTPase activity in 
pancreatic membranes and that nonhydrolyzable analogues  
of GTP, such as GTP γS, activate adenylyl cyclase or phos-
pholipase C in pancreatic membranes or permeabilized acinar 
cells [225].

The final component in transmembrane signaling is the 
membrane effector that generates the intracellular messenger. 
There are two major effector enzymes in acinar cell mem-
branes: polyphosphoinositide-specific phospholipase C, which 
cleaves phosphatidylinositol 4,5-bisphosphate (PIP2), produc-
ing inositol-1,4,5-trisphosphate (IP3) and 1,2-diacylglycerol 
(DAG); and adenylyl cyclase, which converts ATP to cAMP 
[226]. These enzymes are presumed to be similar in structure 
and function to those expressed in a variety of cells. There are 
multiple forms of phospholipase C; the β1 and β3 forms are dif-
ferentially activated in rat acini by CCK, carbachol, and bombe-
sin [227,228]. The primary structure of adenylyl cyclase is 
consistent with its role as an integral membrane protein with 
multiple membrane-spanning domains, although its catalytic 
site is clearly intracellular [229]. Multiple isoforms of adenylyl 
cyclase exist, some of which are also regulated by G protein βγ 
subunits, Ca2+, and protein kinases. A study has shown the 
importance of the AC6 isoform in both acini and ducts [230]. 
Adenylyl cyclase is clearly the major effector enzyme in duct 
cells, but there is some evidence for the participation of a phos-
pholipase C. Other membrane effectors in the pancreas may 
include CD38, the mammalian ADP-ribosyl cyclase that syn-
thesizes cyclic ADP ribose and NAADP (nicotinic acid adenine 
dinucleotide phosphate) [231], phosphatidylcholine-specific 
phospholipase C [232] and phospholipase D [233], Na+/H+ ion 
exchanger, and various ion channels. However, these may be 
regulated by intracellular messengers rather than directly by G 
proteins.

studies with radiolabeled analogues and antagonists [214,215] 
and more recently by mRNA expression. Electron microscopic 
autoradiography and confocal fluorescence microscopy have 
localized binding to the basolateral membrane domain, although 
bound ligand may be internalized subsequently by an energy-
dependent process [216,217].

Techniques of preparing isolated duct segments or cultured 
monolayers of duct cells also have been developed [33,218].
Through such studies, acinar cells from a variety of species, 
including humans, have been shown to bear receptors for CCK, 
bombesin, acetylcholine, VIP, and secretin. CCK interacts with 
both CCK1 receptors, which are highly specific for CCK, and 
CCK2 (or gastrin) receptors, which respond to both CCK and 
gastrin. Much is known about CCK1 and M3 muscarinic recep-
tors and their signaling because of their presence on rodent 
acinar cells; however, the adult human pancreas contains few 
CCK1 or CCK2 receptors, and little is known about their func-
tion on acinar cells. CCK receptors on afferent nerves appear  
to have properties similar to CCK receptors on acinar cells.  
Less is known about duct cell receptors because of the relatively 
small number of these cells in the pancreas and the challenges 
encountered in studying their physiological functions (e.g., ion 
transport). Duct cells bear receptors for secretin, VIP, ATP, 
CCK, and acetylcholine and substance P.

Receptors for major pancreatic secretagogues belong to the 
receptor family characterized structurally by seven hydrophobic 
transmembrane domains and functionally by their interaction 
with guanine nucleotide-binding proteins (i.e., G proteins) 
[219]. M3 muscarinic receptor, the bombesin receptor, and the 
CCK1, and CCK2 receptors possess similar structures. The secre-
tin receptor also possesses seven transmembrane regions but 
has a somewhat different amino acid sequence [80,220].

Structure–function studies with site-directed mutagenesis 
and chimeric receptors have established some general principles 
of function for the G protein-coupled receptor family [219–
221]. The transmembrane segments may form a pocket for  
the binding of small molecules, such as acetylcholine, and the 
extracellular amino-terminal end and loops may be important 
in the interactions with peptide molecules. The third cytoplas-
mic loop, projecting between the fifth and sixth transmembrane 
domains, is thought to interact with the appropriate G protein, 
and the serine and threonine residues in the cytoplasmic 
carboxyl-terminal end may be involved with regulatory mecha-
nisms, such as desensitization and downregulation by way of 
phosphorylation. The function of glycosylation on externally 
directed sites at the aminoterminal is not yet well established, 
but these sites may play a role in ligand binding or in the intra-
cellular processing of new receptors and their insertion into the 
plasma membrane. Numerous techniques are available to eluci-
date ligand–receptor interactions.

Transmembrane signaling
Although all membrane receptors are integral proteins spanning 
the lipid bilayer, the pancreatic secretagogue receptors convey 
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odine receptors. Although the activation of cADPR production 
is not fully understood, investigators have identified a mem-
brane enzyme CD38 with ADP-ribosyl cyclase activity that can 
be stimulated by CCK and acetylcholine [231,237].

The location of the Ca2+-sequestering and the releasing 
organelle in the pancreas is not clear. Probably multiple 
membrane-bound compartments, all related to the endoplasmic 
reticulum, have the ability to take up and release Ca2+. Some 
investigators have suggested the existence of multiple popula-
tions of vesicles with different Ca2+ transport or release charac-
teristics [238]. CCK receptors, but not muscarinic receptors, 
release Ca2+ from a lysosome-related (acidic) organelle through 
the action of NAADP [239]. The mechanism of NAADP pro-
duction and the receptor on which NAADP acts remain poorly 
understood. All three IP3 receptor types are present primarily 
in the apical pole of the cell just under the luminal membrane 
and partially overlapping the submembranous network of actin 
filaments [240,241]. All three types exist in the nuclear mem-
brane but in fewer numbers. Ryanodine receptors have a more 
diffuse distribution and are found throughout the acinar cells.

Much of the knowledge about secretagogue-induced changes 
in the intracellular Ca2+ concentration ([Ca2+]i) in acinar cells 
has been obtained by using fluorescent Ca2+ probes such as 
fura-2. These studies have been performed on suspensions of 
cells or acini and on individual cells with the use of microspec-
trofluorometry [242] and digital imaging [232,243]. Such 
studies have shown that high concentrations of CCK, bombesin, 
and cholinergic analogues cause a rapid fivefold to 10-fold 
increase of [Ca2+]i, which declines over 2–5 min to a level 
slightly above the basal level (Figure 25.5). This initial large 
increase is essentially independent of extracellular Ca2+, but the 
small, sustained plateau increase in [Ca2+]i absolutely depends 
on extracellular Ca2+. The initial increase shows a similar time 
course and dependence on secretagogue concentrations, as does 
the rapid increase in IP3, and is presumed to depend on IP3-
stimulated or NAADP-stimulated release of intracellular Ca2+. 
Much of this released Ca2+ is extruded from the cell, as shown 
by studies documenting an increased efflux of prelabeled 45Ca2+ 
and a decline in total acinar Ca2+ [234,244]. All three of 
the major phospholipase C-activating secretagogues (i.e., CCK, 
acetylcholine, and bombesin) access the same intracellular pool 
of Ca2+, and after maximal stimulation by one agonist, the addi-
tion of another has no augmenting effect. After removal of the 
agonist, the IP3-releasable intracellular pool refills over 2–10 min 
as Ca2+ is taken up from the medium and resequestered.

The sustained increase in [Ca2+]i and the refilling of the intra-
cellular Ca2+ pool involve activation of a Ca2+ entry mechanism. 
Studies measuring 45Ca2+ uptake and the influx of Mn2+, which 
quenches the intracellular fluorescence of fura-2, indicate that 
the phospholipase C-coupled secretagogues increase Ca2+ influx 
twofold to fourfold [244]. The mechanisms controlling Ca2+ 
influx are sensitive to the state of the intracellular Ca2+ stores, 
as most directly shown using inhibitors of the microsomal Ca2+-
ATPase, such as thapsigargin, which release intracellular Ca2+ 

Intracellular messengers
The major intracellular messengers involved in the regulation 
of pancreatic secretion are IP3, Ca2+, DAG, and cAMP [226,234]. 
The first three are predominant in the acinar cell and increase 
after the activation of phosphoinositide-specific phospholipase 
C by CCK and acetylcholine, whereas cAMP is the predominant 
messenger in duct cells, where it is produced in response to 
secretin and VIP.

Phosphatidylinositol and its polyphosphate derivatives – 
phosphatidylinositol 4-phosphate (PIP) and PIP2 – constitute 
about 10% of membrane phospholipids. As mentioned, PIP2 
serves as a precursor for IP3. When acinar cells are stimulated 
with acetylcholine or CCK, prelabeled PIP2 and PIP levels fall 
rapidly, DAG increases, and there is a delayed rise in the level 
of phosphatidic acid, through the action of this DAG kinase. 
When the production of the water-soluble inositol phosphatases 
is assessed after labeling with 3H-labeled inositol, the levels of 
IP3, IP2, IP1, and the inositol products are all increased. Because 
IP3 can only be produced by the hydrolysis of PIP2, this is pre-
sumed to be the primary event, with the activation of a phos-
phatidylinositol kinase leading to further synthesis of PIP and 
PIP2 from phosphatidylinositol.

Measurements show a rapid increase in IP3 levels within 5 s 
in rat acini stimulated with CCK, carbachol, or bombesin [232]. 
This 10-fold to 30-fold increase declines quickly after 30–60 s to 
a smaller, sustained plateau. Coincident with this rapid peak of 
IP3 is a rapid increase in DAG of similar magnitude, which is 
thought to arise simultaneously from the hydrolysis of PIP2. 
A later, larger increase may result from the hydrolysis of  
phosphatidylinositol or phosphatidylcholine by distinct phos-
pholipases [232,233]. These results mean that IP3 and DAG can 
act as separate signals and are not necessarily in lockstep. 
Phosphorylation of IP3 produces inositol 1,3,4,5-tetraphosphate 
(IP4), which can be dephosphorylated to yield inositol 
1,3,4-triphosphate. Whether a biological role exists for these 
other inositol phosphates and for additional degradation prod-
ucts, such as IP2 and IP1, has not been verified.

The established function of IP3 is to bind to a receptor on an 
intracellular Ca2+ storage site and trigger the release of Ca2+ into 
the cytoplasm. The IP3 receptors are large 260-kDa molecules 
that form tetramers, which function as ligand-gated ion chan-
nels. Three forms of IP3 receptors (type I, II, and III) are known, 
and all exist in acinar cells [235]. The sensitivity of these recep-
tors to IP3 can also be regulated by phosphorylation of the IP3 
receptor channel [236], and by G protein βγ subunits, Ca2+, 
and thiol-reactive reagents. Modulation of IP3 sensitivity may 
explain how certain agonists can release Ca2+ without a measur-
able increase in IP3 levels. IP3 receptors undergo downregula-
tion in response to prolonged stimulation. Another homologous 
gated intracellular Ca2+ channel, the ryanodine receptor RyR, 
well known as the Ca2+ release channel in muscle, is also present 
in acinar cells. Ryanodine receptors open in response to Ca2+ 
and mediate Ca2+-induced Ca2+ release. Another intracellular 
messenger, cyclic ADP-ribose (cADPR), can also activate ryan-
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Figure 25.5 Secretagogue-induced rise in intracellular Ca2+ in a pancreatic acinar cell. The cell is loaded with Fluo3, a fluorescent Ca2+ probe, and the 
intensity of fluorescence is color coded so that low resting Ca2+ is blue and as Ca2+ increases the increased fluorescence shifts to warmer color, with red 
being the highest. (a) The cell was stimulated with a low dose of acetylcholine and the Ca2+ increase was localized to the apical pole. (b) A higher 
concentration of acetylcholine led to a global increase but still was initiated in the apical pole. Source: Ashby and Tepikin 2002 [245]. Reproduced with 
permission of the American Physiological Society.
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protein kinase A can modulate the pattern of Ca2+ increase 
[255]. Besides the apical-to-basal spread of Ca2+ in intact acini, 
Ca2+ waves appear to spread from cell to cell around an acinus. 
Gap junction coupling remains open as these Ca2+ waves spread 
but closes in response to supramaximal stimulation [256]. This 
cell-to-cell spread [256] increases the cellular sensitivity, allow-
ing acinar activation to be triggered by the most sensitive cell.

Intracellular messenger-induced secretion
The evidence to support the importance of Ca2+, DAG, and 
cAMP as intracellular mediators of pancreatic secretion is based 
on the ability of artificial changes in the concentration of each 
messenger to influence secretion [214,234]. The discovery that 
certain antibiotics, such as A23187 and ionomycin, function as 
Ca2+ ionophores and can be used to increase Ca2+ influx and 
trigger secretion provided evidence for the importance of Ca2+ 
in the regulation of pancreatic secretion. The Ca2+-ATPase 
inhibitor thapsigargin also increases [Ca2+]i and can be used to 
define the contribution of Ca2+ in stimulating secretion [257]. 
The discovery that certain phorbol esters can activate protein 
kinase C in a manner similar to DAG led to extensive studies of 
the activation of this pathway [258]. Ca2+ ionophores and 
phorbol esters stimulate acinar cell secretion, and their effects 
are additive or potentiate the effects of other secretagogues.  
In the case of cAMP, derivatives such as dibutyryl cAMP or 
Br-cAMP, which are lipophilic or phosphodiesterase-resistant, 
have been used to activate the pathway normally initiated by 
secretin or VIP. In most species, cAMP derivatives used alone 
have minimal effects on acinar cell secretion but they potentiate 
the effects of agents working by way of Ca2+ and DAG.

Mechanism of action of intracellular messengers
The intracellular messengers active in pancreatic acinar cells 
have been identified and characterized but much less is known 

and activate the Ca2+ influx mechanism, bypassing the receptor 
and the generation of inositol phosphates. Studies have identi-
fied stromal interaction molecule 1 (STIM-1) as the ER Ca2+ 
sensor responsible for regulating the Ca2+ influx mechanism. 
STIM-1 is an ER membrane protein that contains a Ca2+ binding 
domain localized to the ER lumen. Following depletion of ER 
Ca2+ stores, STIM-1 moves to the plasma membrane and inter-
acts with members of the Orai family and TRPC, both of which 
function as gated Ca2+ channels [234,246]. Recordings of the 
[Ca2+]i of individual cells of rat and mouse acini have revealed 
that low physiological concentrations of CCK, acetylcholine, 
and bombesin induce a different pattern of Ca2+ increase char-
acterized by oscillations in [Ca2+]i increases [242,243,247]. 
Superimposed on any steady increase are phasic increases in 
[Ca2+] of up to 250 nmol/L (see Figure 25.5). These oscillations, 
which occur between one and four times per minute, are rela-
tively independent of extracellular Ca2+ and involve the release 
and reuptake from the intracellular Ca2+ stores. That [Ca2+] 
oscillations can drive secretion is shown by the fact that the 
CCK analogue JMV-180 induces Ca2+ oscillations and can stim-
ulate maximal amylase release [248].

Confocal digital imaging of Ca2+ in acinar cells has shown 
that the [Ca2+]i increase is initiated in the apical pole of the cell 
and then spreads basally (Figure 25.5b) [249,250]. The response 
to lower agonist concentrations is a series of local increases in 
Ca2+ in the apical pole of the cell [251]. Improved imaging 
techniques have shown that local Ca2+ spikes are the result 
of pacemaker hot spots of Ca2+ release that entrain the sur-
rounding region [252]. Interestingly, in the same cell, different 
agonists (i.e., carbachol, CCK, and bombesin) initiate [Ca2+] 
increases in distinct apical areas, indicating compartmentaliza-
tion of signaling [253,254]. The intracellular application of IP3, 
NAADP, or cADPR can all induce Ca2+ spiking [250]. Further 
complicating the process, phosphorylation of IP3 receptors by 
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tion of a connection to the lumen [266]. This fusion event shares 
basic mechanisms with other membrane fusion events from 
yeast to neurons. Two types of proteins, SNARE proteins and 
small G proteins of the Rab family, appear to play prominent 
roles (Figure 25.7). The term SNARE was derived from work 
with the soluble N-ethylmaleimide-sensitive factor attachment 
protein receptors. There are more than 35 mammalian SNARE 
proteins that share a homologous sequence, the SNARE motif. 
In the SNARE paradigm, transport vesicles destined to fuse  
with another membrane possess a set of proteins, termed 
v-SNARE, that interact with proteins on the target membrane, 
termed t-SNARE, and with soluble attachment factors [267,268]. 
SNARE proteins associate into a complex of four helical bundles 
with SNAP25 providing two bundles and the other two proteins 
each providing one. Assembly is by a zipper-like mechanism 
that may provide the energy for membrane fusion [269]. 
Modulatory proteins, such as Munc18 and Munc13, regulate the 

about the mechanisms by which they act to induce granule 
exocytosis, fluid secretion, protein synthesis, and gene expres-
sion. Although other mechanisms may exist, all of the intracel-
lular messengers activate protein kinases and phosphatases  
and thereby regulate the state of protein phosphorylation. 
Considerable data suggest that changes in the phosphorylation 
of regulatory proteins mediate the action of hormones and neu-
rotransmitters in a variety of tissues.

In support of this postulate, more than 25 phosphoproteins 
(not all identified) that are regulated by pancreatic secretago-
gues have been visualized by two-dimensional electrophoresis 
in pancreatic acini [259,260]. Some are uniquely regulated by 
Ca2+, phorbol esters, or cAMP, and others are regulated by mul-
tiple second messengers. When Ca2+ ionophore and phorbol 
ester are combined, they reproduce all of the phosphorylation 
changes induced by secretagogues.

Several Ca2+-activated kinases have been identified in pan-
creatic acinar cells including Ca2+/calmodulin-activated type 
II and type III kinases and myosin light chain kinase [234]. 
Although some kinases are highly substrate specific, calmodulin-
activated type II kinase is a multifunctional kinase that acts on 
several proteins. Its activation by CCK is supported by its tem-
porary conversion to a Ca2+-independent form [261]. Protein 
kinase C, originally described as a Ca2+-, phospholipid-, and 
DAG-dependent kinase [258], is also present in acinar cells. 
Multiple isoforms of protein kinase C – both classical and atypi-
cal forms – are present, including α, δ, ε, and ζ [262]. In addition 
to Ca2+ and cAMP-activated kinases, acinar cells contain the 
major classes of serine/threonine protein phosphatases (i.e., 
PP1, PP2A, and PP2B) [263,264]. Whereas some of these are 
constitutively active and are involved in reversing phosphoryla-
tion induced by kinases, PP2B, or calcineurin, is specifically 
activated by Ca2+ through calmodulin. This phosphatase, which 
is activated by pancreatic secretagogues, is blocked by the 
immunosuppressants cyclosporine and FK506.

The role of intracellular messengers and effectors in pancre-
atic enzyme secretion is summarized in Figure 25.6. Stimulation 
of secretion normally involves synergistic interactions among 
intracellular messengers. In the case of acetylcholine and CCK, 
this includes interactions between Ca2+-activated and DAG-
activated pathways. Agents such as VIP and secretin, which 
increase cAMP, interact at the postintracellular messenger level. 
Proteins localized on the granule and luminal plasma mem-
brane and several soluble and cytoskeletal proteins may be 
involved in exocytosis. In pancreatic duct cells, the same intra-
cellular messengers and kinases may regulate ion pumps, carri-
ers, and channels involved in fluid and electrolyte secretion.

Zymogen granules and exocytosis
The terminal steps in secretion involve fusion of the zymogen 
granules with the luminal membrane of the acinar cell. These 
granule dynamics were observed by real-time video imaging 
[265]. A more dramatic view emerged using confocal micros-
copy to image a luminal tracer that enters the granule on forma-

Figure 25.6 Stimulus–secretion coupling of pancreatic acinar cell protein 
secretion. In one intracellular pathway, receptors for vasoactive intestinal 
polypeptide (VIP) and secretin couple through a G protein (Gs) to 
activate adenylate cyclase (AC), and the cAMP produced activates protein 
kinase A (PK-A). In the other and quantitatively more important pathway, 
receptors for bombesin, cholecystokinin (CCK), and acetylcholine (ACh) 
couple through G proteins of the Gq family to activate phospholipase C 
(PLC). This enzyme hydrolyzes phosphatidylinositol 4,5-bisphophate 
(PI-P2) to produce inositol 1,4,5-trisphosphate (IP3) and diacylglycerol 
(DAG). IP3 releases Ca2+ from intracellular stores in the endoplasmic 
reticulum, activating Ca2+ influx across the plasma membrane. Ca2+, by 
binding to calmodulin (CAM), activates several protein kinases (PK) and 
one protein phosphatase (PP). DAG with Ca2+ activates several species 
of protein kinase C (PK-C). This battery of protein kinases and 
phosphatases, by altering the phosphorylation of diverse proteins, brings 
about the secretion of digestive enzymes and other cellular effects on 
growth and metabolism.
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The additional importance of cytosolic proteins was shown 
by the observation that permeabilizing acini with α-toxin, 
which produces small pores that stop protein leakage, prevented 
the rundown of secretion seen with streptolysin-O-permeabili-
zation, which generates large pores [280]. Moreover, cytosol 
from brain or lacrimal glands restores secretion in streptolysin-
O-permeabilized acini. CRHSP-28, a Ca2+-regulated phospho-
protein, associates with zymogen granules through a 70-kDa 
protein [281]. Another protein is complexin 2, which colocal-
izes with VAMP2 along the apical membrane after stimulation 
by CCK [282].Work on species of Rab proteins in pancreas 
originally focused on Rab3, because Rab3A is present on  
synaptic vesicles and an immunoreactive Rab3 species was  
identified on zymogen granules in pancreas among other sites 
[234,283,284]. Overexpression of Rab3D in acinar cells of trans-
genic mice enhances a component of amylase secretion [285], 
indicating that Rab3D may be rate limiting for secretion. Other 
Rab proteins have been identified on zymogen granules by 
immunocytochemistry and mass spectrometry [286]. Of the 
Rab proteins identified, Rab27B has been related to secretion in 
acini and in other cells [287]. RAP1 is another small G protein 
present on the zymogen granules and involved in secretion. It 
belongs to the RAS family and is activated by secretagogues 
[288]. A current area of investigation is the identity of the effec-
tor proteins activated by small G proteins on zymogen granules. 
These include synaptotagmin-like proteins (Slps) and Noc2 
[234]. The actin cytoskeleton is also believed to be involved  
in exocytosis [234]. It may serve as a barrier, preventing prema-
ture secretion, and it may be involved in the movement of 
zymogen granules to the cell surface. The former role may be 
mediated by an actin network under the plasma membrane 

assembly of SNARE complexes while synaptotagmin 1 provides 
the Ca2+ sensitivity [270].

Synaptobrevins/VAMPS, which act as v-SNARES on synaptic 
vesicles, are present on zymogen granules; VAMP2, VAMP3 
(cellubrevin), and VAMP8 (endobrevin) have been identified 
[271–273]. The t-SNAREs on the plasma membrane of neurons 
include SNAP25 and syntaxin. Multiple isoforms of syntaxin in 
acini have been identified. Syntaxin 2 is present on the apical 
plasma membrane [274], and other syntaxins are present on the 
basolateral membranes and zymogen granules. The interaction 
of VAMPS and syntaxins in acini is becoming understood. 
VAMP8 and syntaxin 4 have been reported to exist in a complex 
[271]. SNAP29 has been shown to be associated with VAMP8, 
and SNAP23 with VAMP2 [275]. Truncated cytosolic peptides 
of both VAMP2 and VAMP8 inhibited amylase release from 
permeabilized cells. When syntaxin peptides were tested, only 
syntaxin 2 inhibited Ca2+-stimulated secretion. A study has 
shown a complex of VAMP2 and syntaxin 2 was involved in 
primary granule fusion while a complex of VAMP8 and syn-
taxin3 was involved in compound exocytosis where a zymogen 
granule in the cell fuses with the membrane that has undergone 
primary fusion with the plasma membrane [276]. The role of 
regulatory proteins such as Munc18 also appears compartmen-
talized in acinar cells. Munc18b is present on the apical mem-
brane and participates in primary and compound exocytosis 
[276]. Munc18c is present on the basolateral membrane and 
forms a complex with syntaxin 4 that is involved with basola-
teral exocytosis, which is increased in experimental pancreatitis 
in response to high concentrations of CCK and is enhanced by 
ethanol [277,278]. Synaptotagmin 1has also been identified on 
zymogen granules [279].

Figure 25.7 Model of the steps in the exocytosis of zymogen granules, including movement to the lumenal membrane, passage through the terminal 
web of actin filaments, tethering, docking, and fusion. Note, for simplicity, not all of the SNARE complex proteins are shown. Source: Williams and Yule 
2012 [234]. Reproduced with permission of Elsevier.
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IRS-1 has not been identified in normal acinar cells, although 
it is overexpressed in some pancreatic cancer cells.

Two other MAPK cascades, stress-activated protein kinase 
(SAPK) and p38 MAPK, lead to activation of Jun kinase. Both 
of these pathways exist in acinar cells and can be activated by 
CCK as well as other extracellular signals [301,302]. Activation 
of SAPK is an early event in secretagogue-induced pancreatitis, 
although it is not clear whether it is a cause or an effect [303]. 
A known effect of p38 MAPK is to activate MAPKAP kinase-2, 
which phosphorylates the heat-shock protein Hsp27, thereby 
regulating actin polymerization [302,304]. Both SAPK and p38 
MAPK are activated by dual phosphorylation on tyrosine and 
threonine residues by upstream dual function kinases related to 
MEKs [305]. These are activated by a serine threonine kinase 
analogous to Raf that is farther upstream. However, the three 
MAPK cascades can be activated independently.

Evidence exists for two other important signaling pathways 
in pancreatic acini [226]. CCK, muscarinic ACh, insulin, and 
growth factor receptors all activate the PI3K–AKT–mTOR 
(target of rapamycin) pathway, although the isoforms of PI3K 
may differ [46,47]. While PI3K and AKT may have independent 
actions, the central pathway consists of two complexes formed 
around mTOR, namely TORC1 and TORC2. The TORC1 
complex integrates signals from receptors, energy supply, and 
nutrient sufficiency. Amino acids, especially branched chain 
amino acids such as leucine, can independently activate TORC1. 
TORC1 kinase activity promotes the synthesis of new digestive 
enzymes on a meal-to-meal basis through activating the trans-
lational machinery and in the longer term by promoting ribos-
ome and membrane lipid biosynthesis, cellular hypertrophy, 
and inhibition of autophagy. Specific molecular targets of 
TORC1 include p70S6K, which phosphorylates ribosomal 
protein S6, initiation factor 4E binding protein (eIF4EBP), and 
elongation factor 2 kinase to activate elongation factor 2 (eEF2). 
This pathway can be inhibited by PI3K inhibitors such as wort-
mannin and TORC1 inhibitors such as rapamycin. The second 
pathway is the activation of focal adhesion kinase, or p125FAK, 
and its downstream target, paxillin. Both of these molecules are 
associated with the cytoskeleton and, in other cells, are activated 
by growth factors and integrins. CCK has been shown to 
increase the tyrosine phosphorylation of p125FAK and paxillin 
in rat acini [306]. This effect is probably mediated by the small 
G protein Rho. Adaptive growth of the pancreas can occur in 
response to nutrients and hormones to synthesize more diges-
tive enzymes and prevent malabsorption [46]. Both a high-
protein diet and hyperphagia induced by pregnancy, lactation, 
or cold exposure can induce pancreatic growth. Much of this 
growth is mediated by CCK and can be modeled by feeding 
trypsin inhibitor to increase endogenous CCK release.

Information has emerged on the intracellular signaling  
pathways responsible for this growth (Figure 25.8). CCK, in 
addition to increasing intracellular Ca2+, activates three MAPK 
pathways and the PI3K–AKT–mTOR pathway, and most of 
these can be activated in vivo by feeding trypsin inhibitor [226]. 

[289]. Filamentous actin has been shown to form a coating on 
fused granules, and may serve to promote the exit of granule 
contents after fusion occurs [290]. The small G proteins RhoA 
and Rac1 have been shown to be activated by secretagogues  
and to regulate secretion, presumably through effects on actin 
polymerization [291].

Intracellular pathways leading to growth and  
gene regulation
Pancreatic secretagogues, particularly CCK, have long been 
known to induce pancreatic hypertrophy, hyperplasia, and gene 
expression. Initially, it was assumed that the same intracellular 
mediators that regulate secretion might be responsible for these 
effects. It is clear, however, that nonsecretagogues, such as 
insulin and epidermal growth factor, can also regulate nonsecre-
tory pancreatic functions and that classical secretagogues, such 
as CCK, activate novel signaling pathways, many of which 
involve tyrosine phosphorylation. Furthermore, nonsecreta-
gogue input, such as the extracellular ligation of integrins, can 
lead to both tyrosyl phosphorylation and an increase in intracel-
lular Ca2+ [292]. Increasing evidence that cytokines can affect 
the pancreas, at least in the context of pancreatitis, suggests that 
cytokine receptors also activate intracellular signaling.

G protein-coupled receptors can activate tyrosine kinase sig-
naling pathways in a variety of cells [293]. Most growth factor 
receptors include an intracellular tyrosine kinase domain, and 
autophosphorylation of the receptor on tyrosines leads to 
docking of signaling molecules, such as phosphoinositol 
3-kinase, phospholipase C-γ, and adapter molecules, such as 
Grb2 and Shc. G protein-coupled receptors do not possess tyro-
sine kinase activity nor are they phosphorylated by tyrosyl. 
However, CCK is known to increase the tyrosyl phosphoryla-
tion of multiple acinar proteins [294] and to activate the 
mitogen-activated protein kinase (MAPK) cascade involving 
Ras–Raf–MAP/ERK kinase (MEK)–extracellular signal regu-
lated kinase (ERK) [295,296]. The kinase p90rsk, which is down-
stream of ERKs and acts to phosphorylate nuclear transcription 
factors and cytoplasmic targets, is also activated by CCK [297].

The early events by which secretagogues activate Ras and the 
MAPK cascade leading to ERKs have been studied. In rat acini, 
CCK, carbachol, and bombesin, as well as epidermal growth 
factor, increase the tyrosyl phosphorylation of Shc [298], leading 
to the binding of Grb2 and SOS. Because SOS is a guanine 
nucleotide exchange factor for Ras, this could mediate an activa-
tion of Ras in response to CCK. Shc phosphorylation induced 
by CCK has been shown to be largely dependent on protein 
kinase C, whereas that induced by epidermal growth factor was 
fully protein kinase C independent [298]. In the pancreatic 
acinar cell line AR42J, which possesses primarily CCK2 recep-
tors, gastrin has also been shown to increase tyrosyl phosphor-
ylation of Shc [299]. In AR42J cells, gastrin also induces the 
tyrosyl phosphorylation of the docking protein, insulin receptor 
substrate 1 (IRS-1) [300]. Because Grb2 binds to IRS-1, this is 
a potential alternative means of activating the MAPK cascade. 
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Figure 25.8 Intracellular pathways through which cholecystokinin 
(CCK) stimulates pancreatic growth. At least three pathways, involving 
calcineurin, mammalian target of rapamycin (mTOR), and mitogen-
activated protein kinases (MAPKs; extracellular signal-regulated kinases 
[ERKs] and Jun N-terminal kinases [JNKs]), have been shown to be 
necessary for the growth of rodent pancreas, either in vivo or in vitro. 
eIF4E, eukaryotic initiation factor 4E; 4E-BP1, initiation factor 4E binding 
protein 1; 56K1, ribosomal protein 56 kinase 1; NFATs, nuclear factor of 
activated T cells. Source: Sans et al. 2008 [46]. Reproduced with 
permission of John Wiley & Sons.
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nervous system. Although much has been written about pan-
creatic stimulation, less is known about the inhibitory influ-
ences on the pancreas. The next sections address inhibitory 
phases and feedback regulation of pancreatic secretion.

Inhibitory phase of pancreatic secretion
In humans, hyperglycemia induced by intravenous infusion of 
glucose inhibits the pancreatic secretory response to a test meal 
[312]. Similarly, intravenous infusion of amino acids inhibits 
the human pancreatic enzyme response to intestinal amino acid 
perfusion [313]. Although the mechanisms responsible for 
these observations are unknown, the secondary release of inhib-
itory hormones is postulated.

Glucagon  Pancreatic glucagon exhibits characteristics consist-
ent with such an inhibitory hormone. In most studies, glucagon 
inhibits pancreatic secretion stimulated by secretin and CCK, 
alone or in combination, or by ingestion of a test meal in dogs, 
cats, rats, and humans [3,314–316]. The inhibitory effect is char-
acterized by reduction of the volume of flow and of HCO3

− and 
enzyme secretion.

Somatostatin  Somatostatin, present in the pancreas as well as 
the upper gastrointestinal tract and the central nervous system, 
may also play a role in the inhibition of pancreatic secretion. 
Somatostatin is processed to multiple molecular sizes and inter-
acts with a variety of receptors on acinar cells, dorsal root 
ganglia, and islets of Langerhans, and on the nerves of the 
peripheral and central nervous systems. One mechanism to 
provide a degree of specificity could be the release of different 
forms of somatostatin. For example, glucagon-like peptide 1, 
oleic acid, and bombesin (gastrin-releasing peptide) stimulate 
the secretion of both somatostatin-28 and somatostatin-14, and 
secretin induces a preferential release of somatostatin-14 [317]. 
In humans, pharmacological doses of somatostatin cause 
marked inhibition of CCK-stimulated pancreatic enzyme secre-
tion and modest inhibition of secretin-stimulated HCO3

− secre-
tion [5,318]. Studies in rats show that somatostatin inhibits 
2-deoxy-d-glucose- and CCK-evoked pancreatic enzyme secre-
tion through a vagal pathway [14]. Somatostatin does not act 
on peripheral vagal afferent or efferent pathways or directly on 
pancreatic acini; it exerts its inhibitory action at a central vagal 
site [14]. Somatostatin injected into the dorsal vagal complex 
significantly inhibits pancreatic secretion evoked by intravenous 
administration of CCK-8 or 2-deoxy-d-glucose. This suggests 
that somatostatin probably acts through the dorsal vagal 
complex in the brainstem to inhibit pancreatic secretion. Studies 
in the perfused canine pancreas have demonstrated that soma-
tostatin is released from the pancreas during perfusion with 
high concentrations of amino acids or glucose [319]. This 
peptide may exert a paracrine inhibitory effect on the exocrine 
pancreas.

Six somatostatin receptor (SSTR) subtypes are expressed 
from five genes; SSTR2 is expressed in an A and a B form by 

Ca2+-activated phosphatase, calcineurin, is key for growth. Two 
inhibitors of calcineurin, FK506 and cyclosporine, block trypsin 
inhibitor-stimulated growth [307]. Overexpression of Rcan1, an 
inhibitor of calcineurin, also blocks growth driven by CCK 
[308].The mTOR pathway has also been shown to be essential 
for pancreatic growth, as this growth is blocked by rapamycin 
[309]. These pathways are important regulators of mRNA tran-
scription and translation. Calcineurin-mediated dephosphor-
ylation of the transcription factor NFAT (nuclear factor of 
activated T cells) is associated with adaptive growth in cardiac 
and skeletal muscle. CCK leads to NFAT activation in pan-
creatic acini. The role of the mTOR pathway in translational 
regulation was discussed earlier (see Section Formation and 
composition of pancreatic juice, Enzymes), although whether 
global or specific protein synthesis affect growth is not fully 
understood. High levels of protein can also stimulate pancreatic 
growth, and can do so without CCK [310]. This effect of high 
protein levels is mediated by a direct activation of the mTOR 
pathway by amino acids. Conversely, the absence of dietary 
protein shuts down TORC1 in acinar cells and leads to acinar 
cell atrophy [311].

Inhibition of pancreatic secretion

The regulation of pancreatic secretion depends on a balance 
between inhibitory and stimulatory influences on the gland, 
which are exerted through hormones and the autonomic 
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perfusion of carbohydrate inhibits exocrine pancreatic secre-
tion. Glucagon-like peptide 1 (GLP-1), another ileal hormone, 
is elevated in the circulation during ileal infusion of carbohy-
drate. GLP-1 does not appear to act directly on the pancreas to 
inhibit exocrine secretion. In anesthetized pigs [333] with cut 
splanchnic nerves, intravenous infusion of GLP-1 inhibited 
hypoglycemia-induced pancreatic HCO3

− and protein secretion. 
These effects were not observed in vagally stimulated isolated 
and perfused porcine pancreas [333], suggesting that GLP-1 
acts through a central mechanism. Subsequent studies in rats 
indicated that the inhibitory action of GLP-1 depends on intact 
vagus nerves [16]. GLP-1 acts on the dorsal vagal complex to 
inhibit pancreatic enzyme secretion [16]. Similarly, oxyntomod-
ulin, which is released after ileal administration of nutrients, 
also inhibits pancreatic secretion by a vagal-dependent central 
mechanism [334]. Because oxyntomodulin does not interact 
with the receptor for glucagon or truncated GLP-1, its effects 
appear to involve an oxyntomodulin-specific receptor. Although 
the mediators of ileal carbohydrate-induced inhibition of exo-
crine pancreatic secretion have not been firmly identified, it 
appears that the action of these potential mediators is depend-
ent on central neural pathways.

Pancreatic  polypeptide  Pancreatic polypeptide (PP), a peptide 
closely related to peptide YY, is another hormone that may play 
an important role in regulating pancreatic exocrine secretion. 
PP is localized in the islets of Langerhans and between the 
acinar cells of the exocrine pancreas [335]. Secretion of PP is 
governed mainly by a cholinergic mechanism [336]. Postprandial 
release of PP is mediated by a long vagovagal reflex and short 
local cholinergic pathways [336]. Vagal cholinergic activity is 
the most powerful stimulant of PP release, and it is also key to 
most other stimulation of the PP cell [336].

In humans and dogs, infusion of physiological concentrations 
of PP inhibits basal and stimulated pancreatic secretion [6,337]. 
In vivo, PP appears to act preferentially by inhibiting vagal 
stimulation [338]. In vitro, PP inhibits pancreatic enzyme secre-
tion by way of the presynaptic modulation of acetylcholine 
release [339]. Because its secretion is under cholinergic control 
and it acts by interfering with cholinergic transmission, PP is 
an ideal candidate to modulate pancreatic secretion stimulated 
by the cholinergic enteropancreatic reflex. After ingestion of a 
meal, the enteropancreatic reflex is activated to stimulate pan-
creatic enzyme secretion and PP release. PP inhibits cholinergic 
transmission and reduces pancreatic enzyme secretion. PP may 
play an important role in the feedback regulation of pancreatic 
enzyme secretion activated by the enteropancreatic reflex. The 
primary target of PP appears to be the central nervous system 
[15]. PP receptors have been identified in discrete locations in 
the hypothalamus, limbic system, brainstem, and other central 
locations with the use of receptor autoradiography [340]. In 
contrast, mRNA for PP is almost undetectable [341], suggesting 
that peripheral PP is modulating central neural function at sites 
that have an incomplete blood–brain barrier. Microinjection of 

variant mRNA splicing. SSTR2 receptor agonists (e.g., octre-
otide) mediate inhibition of pancreatic secretion, whereas 
SSTR5 inhibits insulin release. Injection of the SSRT2 agonist 
seglitide into the dorsal vagal complex inhibits CCK-8/2-deoxy-
d-glucose-induced pancreatic protein secretion, indicating that 
the central action of somatostatin is mediated by SSTR2 in the 
dorsal vagal complex [320]. In addition, SSTR2A has been local-
ized to acinar cells, and to glucagon and pancreatic polypeptide 
immunoreactive islet cells [321]. Although somatostatin is one 
of the few peptides to inhibit pancreatic secretion in an isolated 
pancreas, the role of the acinar cell SSTR may be to modulate 
the nonparallel secretion of digestive enzymes [322] rather than 
to inhibit secretion. It is believed that somatostatin inhibits 
pancreatic exocrine secretion mainly through a central cholin-
ergic mechanism [14].

Enteroglucagon  Intrajejunal perfusion of hypertonic glucose 
(50%) produces dose-related inhibition of secretin-stimulated 
pancreatic fluid and HCO3

− secretion in humans [323,324]. 
This may be mediated by the release of enteroglucagon  
[325]. Infusion of oxyntomodulin, a 37-amino acid, glucagon-
containing peptide isolated from porcine lower intestine, inhib-
its basal and cerulein-stimulated pancreatic secretion of HCO3

− 
and enzymes [325]. This intestinal glucagon is 10 times more 
potent than pancreatic glucagon. It has been reported that sub-
stance P inhibits pancreatic bicarbonate secretion evoked by 
secretin. This is mediated byneurokinin 2 and 3 receptors, 
which are expressed in pancreatic duct cells [326].

Ileocolonic  hormones  In humans, nutrients (e.g., lipid) in the 
colon inhibit CCK-stimulated pancreatic enzyme and HCO3

− 
output [327]. These late postprandial events may serve as physi-
ological signals to reduce exocrine pancreatic secretion after the 
digestion and the absorption of nutrients are complete. The 
inhibitory effect of nutrients in the distal gut on pancreatic 
secretion appears to be independent of the vagus and splanchnic 
nerves [328]. Cross-circulation studies in the rat have shown 
that a humoral factor mediates the inhibition of pancreatic 
enzyme secretion induced by colonic perfusion of oleic acid.

Harper and colleagues used the term pancreotone to describe 
an inhibitory substance extracted from the colonic mucosa 
[329]. The function of pancreotone is abolished when the 
extract is preincubated with trypsin, demonstrating it is a 
peptide. Peptide YY, a 36-amino acid peptide named for its 
amino- and carboxyl-terminal tyrosines, is ubiquitous in the 
distal small intestine, colon, and rectum [330]. This peptide is 
released by fat and, to a lesser degree, protein in the distal small 
intestine or colon. The infusion of this peptide in dogs signifi-
cantly inhibits basal and meal-stimulated pancreatic HCO3

− and 
enzyme secretion [331]. Physiological experiments demonstrate 
that intraileal, but not colonic, carbohydrate increases plasma 
peptide YY levels and decreases amylase secretion in dogs [332]. 
These observations support the hypothesis that peptide YY is  
at least a component of pancreotone in dogs. In humans, ileal 
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would otherwise inactivate CCK-RF [92]. The resulting increase 
of CCK-RF in the intestinal lumen enhances CCK release, stim-
ulating pancreatic enzyme secretion. Although this appears to 
be the principal mechanism regulating CCK release in rats, it is 
not known whether the same mechanism operates in other 
species.

Many CCK-releasing peptides have been identified, including 
one from porcine mucosa [352] and another from rat upper 
intestinal fluid [353]. Herzig and colleagues [352] isolated and 
purified a CCK-releasing peptide from porcine small bowel 
mucosal extracts. This trypsin-sensitive peptide, which is 
secreted intraduodenally, releases CCK and stimulates pancre-
atic secretion in rats (Figure 25.9); it is secreted into the lumen 
under neural regulation [89,354]. Peptone in the duodenum 
stimulates 5-HT release, which activates the sensory substance 
P neurons in the submucous plexus. Spannagel and colleagues 
[353] successfully purified another luminal CCK-releasing 
peptide from the jejunal secretion of rats. Partially purified frac-
tions increased the release of CCK and stimulated pancreatic 
secretion of fluid and protein. Monitor peptide [355], found in 
rat pancreatic juice and secreted into the duodenal lumen, is 
another CCK-releasing peptide. The relative physiological sig-
nificance of these releasing peptides vis-à-vis each other and 
their responses to direct nutrient stimulation is still not fully 
understood.

Despite several attempts to demonstrate a protease-sensitive 
feedback mechanism in humans, the issue remained controver-
sial because of the technical limitations in removing or blocking 

PP into the DMV inhibits pancreatic secretion stimulated by 
CCK, suggesting that the DMV is a site for neural feedback 
inhibition of pancreatic exocrine secretion [342]. Hence, PP and 
its structurally related analogues likely act at multiple sites in 
the brainstem to modulate vagal cholinergic efferent output to 
the pancreas [343].

Other peptides  Although the list of peptides known to inhibit 
exocrine pancreatic secretion has expanded, little is known 
about the mechanisms through which these other hormones  
or neurotransmitters inhibit pancreatic enzyme secretion. These 
agents all lack direct inhibition of the pancreatic acinar cells. 
Many substances suppress pancreatic enzyme secretion in vivo 
but do not act directly on the acinar cell to suppress enzyme 
release. Animal studies suggest that peptides such as PP,  
somatostatin, CGRP, enkephalin, and pancreastatin inhibit  
pancreatic enzyme secretion by modulating cholinergic trans-
mission, and most, if not all, act through a central vagal  
site [320,338,339,344–347]. Intraventricular administration of 
CGRP inhibitors stimulates (basal) pancreatic secretion in  
conscious rats and this appears to be mediated by sympathetic 
noradrenergic efferents through the α-adrenergic receptor 
[348]. In contrast, CGRP in the central nervous system inhibits 
pancreatic enzyme secretion stimulated by 2-deoxy-d-glucose 
and CCK by modulating vagal parasympathetic outflow [349].

Feedback regulation of pancreatic secretion
A series of observations suggest that the intraluminal action of 
pancreatic proteases plays an important role in regulating pan-
creatic enzyme secretion [90,350]. The concept of feedback 
regulation of the pancreas is based primarily on studies in rats 
that show that diversion of pancreatic juice from the duodenum 
stimulates CCK release and pancreatic enzyme secretion [91]. 
Conversely, intraduodenal administration of trypsin or chymo-
trypsin inhibits the release of CCK and pancreatic enzymes 
[91]. This phenomenon is specific for activated proteases and  
is not observed with inactivated trypsin, amylase, lipase, or 
NaHCO3. Subsequent studies demonstrated that intravenous 
infusion of proglumide or L364,718, a specific CCK1 receptor 
antagonist, abolishes the increase in pancreatic exocrine secre-
tion evoked by diversion of bile–pancreatic juice [91,351]. The 
importance of trypsin is also shown by the ability of trypsin 
inhibitors given orally to enhance CCK release, plasma CCK 
levels, and pancreatic secretion. These observations indicate 
that feedback inhibition of pancreatic secretion by trypsin is 
mediated by inhibiting the release or action of CCK.

Elevated plasma CCK and the increase in pancreatic secre-
tion after diversion of pancreatic juice appear to be the result of 
a trypsin-sensitive substance secreted by the proximal small 
intestine, originally designated CCK-releasing factor (CCK-RF) 
[91,93]. When trypsin is present, this peptide is cleaved and 
inactivated. CCK-RF may act as a mediator of pancreatic 
enzyme secretion in response to dietary protein intake in rats. 
Dietary protein in the intestine competes for the trypsin that 

Figure 25.9 The postulated mechanism by which cholecystokinin-
releasing peptide (CCK-RP) stimulates the postprandial secretion of CCK. 
CCK-RP is secreted into the proximal small intestine and inactivated by 
trypsin. When food enters the duodenum postprandially, protein binds to 
trypsin and prevents the inactivation of CCK-RP. CCK-RP stimulates 
CCK cells in the duodenum to release CCK into the bloodstream. CCK, 
in turn, stimulates pancreatic enzyme secretion. Source: Herzig et al. 1996 
[352]. Reproduced with permission. Copyright 1996 National Academy of 
Sciences, U.S.A.
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appears to be driven by cholinergic tone as it is blocked by 
atropine but unaffected by CCK receptor antagonist. A pattern 
of cyclic change in basal pancreatic secretion has been demon-
strated in dogs [364] and humans [358], and this is character-
ized by brief increases in HCO3

− and enzyme secretion, which 
recur every 60–120 min during the interdigestive period. These 
bursts of pancreatic secretory activity are temporarily associated 
with periods of increased motor activity in the stomach and 
proximal intestine known as the interdigestive migrating motor 
complexes (IMMCs) [358,364].

Brief increases in gastric acid and biliary secretions are asso-
ciated with the bursts of pancreatic secretion [358]. Plasma 
motilin and PP levels also fluctuate in phase with the IMMC 
[358,359]. The concentrations of pancreatic enzymes and bile 
acids during the transient surge of pancreaticobiliary secretion 
are similar to maximal postprandial outputs, although the con-
centrations diminish rapidly with the onset of type III duodenal 
motor activity [358,359]. It has been postulated that the cyclic 
secretion of pancreatic and biliary juice may be important in 
the digestion of residual food particles or cellular debris in the 
gastrointestinal tract during the interdigestive period.

The mechanism of control of the cyclic patterns of pancreatic 
secretion is unclear. Bursts of increased acid secretion are 
unlikely to be the principal mediators for the cyclic changes in 
pancreatic secretion, because removal of gastric acid by aspira-
tion or through a fistula does not affect the pattern of interdi-
gestive pancreatic secretion [358,359]. Infusion of motilin 
prematurely initiates cyclic pancreatic secretion and shortens 
the periodicity between peaks [365]. Administration of motilin 
antiserum abolishes the cyclic pattern of pancreatic secretion 
[366]. Cholinergic blockade with atropine also markedly 
decreases trypsin output and abolishes interdigestive motor 
activity or administration of ganglionic blockers. These obser-
vations suggest that motilin and the autonomic nervous system 
are important in the initiation of the cyclic pancreatic secretion 
that occurs during fasting.

Prandial and postprandial secretion
After the ingestion of a meal, the exocrine pancreas is stimu-
lated to secrete enzymes and HCO3

− Total postprandial pancre-
atic output is about 60%–70% of the output attained in response 
to maximal stimulation with intravenous infusion of CCK 
[106]. The stimulatory effect of a meal can be described by sepa-
rating its components into cephalic, gastric, and intestinal 
phases (Table 25.1).

Cephalic phase
In humans and experimental animals, pancreatic secretions rich 
in enzymes are stimulated by the sight, smell, and taste of appe-
tizing food [367]. This cephalic effect in dogs amounts to 25% 
of the enzyme response to an ordinary meal. In humans, the 
contribution of the cephalic phase to the postprandial pancre-
atic enzyme secretion appears to be larger, amounting to 50% 
of the maximal responses induced by exogenous secretin and 

intraluminal protease activity. Using a different approach, 
researchers reported that intestinal administration of trypsin or 
chymotrypsin in humans suppresses CCK release and partially 
blocks the pancreatic response to intestinal administration of 
amino acids or oral ingestion of a test meal [101,356]. These 
results support the existence of feedback regulation of pancre-
atic enzyme secretion in humans.

However, results of duodenal infusion of aprotinin, or 
FOY-305 trypsin inhibitors, had an effect on basal pancreatic 
enzyme secretion [357–359]. Neither compound, however, 
strongly inhibits human chymotrypsin. Liener and colleagues 
demonstrated that Bowman–Birk soybean trypsin inhibitor, an 
inhibitor of chymotrypsin and elastase, markedly stimulates 
pancreatic enzyme secretion in humans [360]. These observa-
tions suggest that trypsin and other proteases such as chymot-
rypsin and elastase should be removed to evoke pancreatic 
enzyme secretion in humans.

Studies of rats show that biliary secretion may also participate 
in feedback regulation of CCK release. Secretion of bile into the 
proximal intestine inhibits CCK release and pancreatic secre-
tion by protecting pancreatic proteases from autodigestion in 
the lumen [361].

Postprandial pancreatic enzyme secretion is under hormonal 
and neural control. Distention of the duodenum and adminis-
tration of hyperosmolar solutions into the duodenum each 
elicits pancreatic enzyme secretion without raising plasma CCK 
levels [189]. This stimulatory effect is inhibited by atropine, 
suggesting that it is cholinergically mediated. In contrast to 
amino acid-stimulated pancreatic enzyme secretion, pancre-
atic responses to stimulation by volume or osmolality in the 
duodenum are not suppressed by trypsin [189]. This indicates 
that feedback regulation of pancreatic secretion by trypsin is 
stimulus specific and is mediated by inhibiting CCK release.  
The enteropancreatic reflex is unaffected by intralumenal 
proteases.

The existence of a feedback regulation of pancreatic enzyme 
secretion in humans may have important clinical implications. 
In patients with chronic pancreatitis, decreased pancreatic 
enzyme secretion may result in elevated plasma CCK levels, 
reflecting a failure in the feedback modulation of CCK release. 
This may cause hyperstimulation of the pancreas and produce 
pain. Effective enzyme replacement therapy may reduce pancre-
atic stimulation, decrease intraductal pressure, and diminish 
pain. Large doses of pancreatic extract have reduced pain  
in some patients with chronic pancreatitis (see Chapter 84) 
[362,363].

Patterns of secretion

Basal secretion
Basal secretion rates of enzymes and HCO3

− are about 10% and 
2% of maximal levels, respectively, in humans, although there 
is considerable species variation. Basal pancreatic secretion 
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Table 25.1 Three phases of postprandial pancreatic secretion.

Phases Pancreatic response (%) Stimulants Mediators

Cephalic 25 Sight, smell, taste, eating Vagal innervation

Gastric 10 Distention Vagal–cholinergic pathways

Intestinal 50–75 Amino acids
Fatty acids
Ca2+, H+

Distention

Cholecystokinin, secretin
Enteropancreatic reflexes
Other hormones (?)

proteins and lipids by pepsin and gastric lipase, respectively 
[376,377]. Gastric emptying is important in determining the 
rate of delivery of acid and nutrients into the duodenum, 
thereby determining the pattern and magnitude of the intestinal 
phase of pancreatic secretion. Postprandial pancreatic enzyme 
secretion is often reduced in patients after gastric surgery  
[186].

Intestinal phase
The intestinal phase is the most important phase of postprandial 
pancreatic secretion. In humans and animals, the delivery of 
food into the small intestine stimulates pancreatic enzyme 
secretion to about 70% of the maximal level [186]. The major 
hormonal mediators of the intestinal phase of pancreatic secre-
tion are secretin and CCK. Intestinal 5-HT also appears to play 
an important role in the mediation of postprandial pancreatic 
secretion through the vagal cholinergic pathway [136]. The 
intestinal mucosa has receptors for important vagal cholinergic 
reflexes that regulate pancreatic HCO3

− and enzyme secretion.
The proximal intestine plays an important role in the stimula-

tion of pancreatic HCO3
− secretion, primarily by the release of 

secretin. Although duodenal pH is the major regulator for the 
release of secretin, nonacid factors such as fatty acids and bile 
may also participate. (The physiology of secretin was discussed 
in Section Stimulation of pancreatic secretion, Hormonal mech-
anisms, Secretin).

Among the hydrolytic products of digestion, amino acids and 
fatty acids are potent stimulants of enzyme secretion but have 
only a weak effect on water and HCO3

− secretion. Amino acid 
mixtures are more potent than fatty acids, and among the amino 
acids, only phenylalanine, valine, and methionine stimulate 
enzyme secretion in humans, whereas in dogs, phenylalanine, 
leucine, tryptophan, oligopeptides, and casein are effective 
[378]. The pancreatic response to intestinal perfusion with 
amino acids above a concentration of 8 mmol/L depends on the 
total load administered [87]. In humans, the mechanisms 
responsible for the pancreatic response to amino acids are con-
fined to the duodenum and jejunum; amino acid perfusion into 
the ileum elicits no response. Peptides containing phenylalanine 
and tryptophan are effective stimulants of pancreatic secretion. 
Overall, these peptides generated by pepsin digestion of pro-
teins may be more physiologically relevant because they are 

CCK [368]. The pancreatic response to sham feeding lasts only 
for the duration of sham feeding [368].

The vagus nerve appears to be important in mediating the 
cephalic phase, because this phase can be completely abolished 
by vagotomy in rats [369]. Administration of an anticholinergic 
drug decreases or abolishes the pancreatic response to sham 
feeding in humans [368]. Efferent cholinergic fibers probably 
act directly on the pancreas, because vagal stimulation causes 
pancreatic secretion in dogs even when the pancreas is perfused 
extracorporally to eliminate any humoral effects of nerve stimu-
lation [370]. Sham feeding increases gastric acid secretion, 
which stimulates secretin release, but because sham feeding 
induces a pancreatic response in patients who are achlorhydric, 
it is unlikely that gastric acid secretion contributes significantly 
to the cephalic phase of pancreatic enzyme secretion.

The CNS pathways mediating the cephalic phase of pan-
creatic secretion is not well defined, but likely involves  
the dorsal and ventral anterior hypothalamus, including the 
medial hypothalamus, dorsomedial and ventromedial nuclei, 
and mammillary bodies [371]. Central administration of 
β-endorphin and CGRP inhibit pancreatic secretion [348,372], 
but thyrotropin-releasing hormone has an opposite effect, stim-
ulating pancreatic secretion through the vagus nerve mediated 
by cholinergic and VIP neurotransmission [348].

Gastric phase
In dogs and humans, gastric distention increases the rate of 
pancreatic enzyme secretion [373–375]. Although the actual 
contribution of the gastric phase to the total postprandial pan-
creatic secretion has not been determined in humans, the mag-
nitude of the distention-induced pancreatic response in dogs is 
about 10%–20% of the maximal CCK response [373]. Vagotomy 
and atropine reduce or abolish the pancreatic response to gastric 
distention, suggesting that it is mainly mediated by vagal cholin-
ergic pathways [374,375]. The mechanoreceptors appear to be 
located in the body of the stomach because distention of antral 
pouches does not stimulate pancreatic secretion, whereas dis-
tention of the remaining stomach does [375]. These observa-
tions suggest that the gastric phase is mediated mainly by 
gastropancreatic reflexes.

The stomach facilitates digestion by fractionating solid  
food into small particles and by initiating digestion of dietary 
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induce pancreatic enzyme responses similar to the maximal 
enzyme output evoked by intravenous infusion of CCK [384]. 
Intestinal perfusion with MgSO4, MgCl2, and ZnSO4 also stimu-
lates pancreatic enzyme secretion by undetermined mecha-
nisms [385].

The human duodenum contains receptors for volume and 
osmolality that mediate pancreatic enzyme secretion. Volume 
distention or hyperosmolar solutions in the duodenum elicit 
pancreatic enzyme secretion by way of intestinal 5-HT without 
raising the plasma CCK levels [136,189]. This enzyme secretion 
is inhibited by atropine, suggesting mediation by cholinergic 
pathways [189]. The volumes of saline required to induce pan-
creatic secretion are as low as 1–5 mL/min, within the range 
observed postprandially in the duodenum. The degree of stimu-
lation by volume receptor or osmoreceptor activation is 15%– 
20% of the maximal enzyme response to CCK [188]. Therefore, 
both CCK- and non-CCK-dependent stimuli act in concert to 
mediate the intestinal phase of pancreatic secretion.
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more abundant than amino acids in the lumen of the intestine 
after a meal.

Undigested fats are ineffective in stimulating pancreatic 
secretion, but fatty acids are potent pancreatic stimulants when 
present in micellar form [75]. Monoglycerols, the other product 
of lipolysis, also stimulate pancreatic secretion [75,87]. The 
chain length of fatty acids (indicated by the number of carbon 
[C] atoms in the chain) influences their potency in stimulating 
pancreatic secretion. In humans, the order of potency is C18 > 
C12 > C8 [88]. Other factors that influence the pancreatic 
response to fatty acids include the degree of saturation (that is 
the number of double bonds between the individual carbon 
atoms of the fatty acid chain), the concentration, and the total 
load, as well as the concentration of bile salts relative to fatty 
acids [377]. In humans, intestinal perfusion of monoolein 
(10 mm) produces a pancreatic enzyme output greater than that 
stimulated by intestinal amino acids and almost equal to the 
maximal response to exogenous CCK [379].

The release of CCK and intestinal 5-HT by nutrients and 
mechanical factors (as discussed in earlier parts of this chapter) 
appears to play a major role in mediating the intestinal phase of 
pancreatic enzyme secretion. Plasma CCK levels increase after 
oral or intraduodenal administration of fat and protein or 
amino acids [99–101,380,381]. Administration of proglumide, 
a CCK receptor antagonist, partially inhibits pancreatic secre-
tory responses to intestinally perfused amino acids and fat 
emulsions. In contrast, a wide variety of non-CCK-dependent 
stimuli, such as acid, carbohydrates, and mechanical factors, 
stimulate pancreatic secretion through intestinal 5-HT [136, 
139]. 5-HT, in turn, stimulates submucosal vagal afferent fibers 
to evoke pancreatic exocrine secretion through a vagal cholin-
ergic pathway. Increased firing rates in peripheral afferent 
neurons and in central sites have been recorded during intesti-
nal perfusion with amino acids [191,382]. This finding, coupled 
with the observation that truncal vagotomy or administration 
of atropine markedly increases the latency of the pancreatic 
secretory response to intestinal nutrients but not to CCK, indi-
cates the participation of vagovagal cholinergic reflexes [383].

Calcium, which is intimately involved in the action of CCK 
on pancreatic acinar cells, stimulates the pancreas. In humans, 
intraduodenal perfusion of Ca2+ solutions in concentrations 
similar to those measured in the duodenum after ingestion of a 
meal stimulates pancreatic enzyme secretion and gallbladder 
contraction. Intraduodenal Ca2+ concentrations of 12–25 mmol/L 
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Introduction

The importance of bile to human life has long been recognized. 
In fact, over 2000 years ago the Greek physician Hippocrates 
(460–370 bc) developed a medical theory based on four funda-
mental body fluids he termed “humors”, consisting of phlegm, 
blood, “black bile,” and “yellow bile” [1]. Eventually, modern 
science replaced this “humoral” understanding, and the belief 
that bile had a profound effect on human behavior was aban-
doned. However, anyone who has experienced a bout of 
cholestasis, for example in relation to cholelithiasis, cannot 
escape the link between biliary colic and unpleasant effects on 
behavior. Over the last decade, utilizing complementary and 
sophisticated approaches in molecular biology, biochemistry, 
and electrophysiology, scientists have made profound insights 
into the basic mechanisms of hepatobiliary transport and bile 
formation. Furthermore, the recent identification of the genes 
and proteins involved has provided a molecular basis for our 
understanding of bile formation and, simultaneously, has 
afforded insight into the pathogenesis of many cholestatic liver 
diseases in which these proteins are defective or absent. Through 
this work, most of the major membrane transport proteins and 
channels responsible for the transport of organic solutes, such 
as bile acids, phospholipids, bilirubin, and the inorganic solutes, 
into bile have been identified. Importantly, these liver transport-
ers and channels may serve as targets for the development of 
new therapies to augment and modify bile formation for the 

treatment of cholestatic liver disease. This chapter will outline 
the cellular and molecular basis for bile production by the liver 
and highlight several specific disease entities due to defects in 
hepatobiliary transport, which lead directly to impaired bile 
formation.

Bile composition

Made continuously by the liver, bile is a complex biochemical 
mixture with a broad range of functions, including lipid diges-
tion and absorption, excretion of endobiotics (bilirubin, ster-
oids, heavy metals) and xenobiotics (drugs, environmental 
toxins, carcinogens), cholesterol elimination, regulation of gene 
transcription, and mucosal immunity [2]. Approximately 
700–800 mL/day of bile flows through the bile ducts of the liver 
and empties into the small intestine [3]. Bile is mostly water, 
though it contains a complex composition of inorganic and 
organic solutes [4] (Figure 26.1). Organic solutes include bile 
acids, phospholipids, cholesterol, proteins, and bilirubin, while 
inorganic solutes are comprised mostly of electrolytes [2,5].

Bile acids
Bile acids are the most abundant organic solute in bile and are 
synthesized from cholesterol through a series of complex chem-
ical reactions catalyzed by specific hepatic enzymes [6]. The first 
enzymatic reaction introduces a hydroxyl group at position C-7 
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of the cholesterol ring, catalyzed by the enzyme cholesterol 
7α-hydroxylase, which represents the rate-limiting step in bile 
acid synthesis [7,8]. This initial step characterizes the classical 
or neutral pathway, while an initial 27-hydroxylation of choles-
terol results in an alternate pathway known as the acidic pathway 
[9]. Following a coordinated series of steps involving side chain 
modification and hydroxylation, two primary bile acids are 
formed: cholic acid, a trihydroxy bile acid, and chenodeoxy-
cholic acid, a dihydroxy bile acid. In humans, cholic acid deriva-
tives make up ∼70% of bile acids, while chenodeoxycholic acid 
derivatives comprise ∼30% of the bile acid pool [10]. These 
primary bile acids are subsequently conjugated to the amino 
acids glycine and taurine by a two-step reaction involving spe-
cific ligase and transferase enzymes found predominantly in the 
hepatocyte peroxisome [11]. In adult humans, glycine conju-
gates predominate, with a ratio of glycine to taurine of 3 : 1 [12]. 
During fetal development and infancy the opposite is true, with 
taurine conjugates comprising 80% of the biliary bile acids [13]. 
Conjugation alters the properties of the bile acids by making 
them more polar, limits their passive reabsorption, and mini-
mizes the potential membrane-damaging effect of the unconju-
gated, more hydrophobic, bile acid species. The two primary bile 
acids are transported into bile by the action of specific canalicu-
lar membrane transporters, which represents the rate-limiting 
step for transport of bile acids into bile. In bile, the majority of 
conjugated bile acids exist as mixed micelles (in combination 

Figure 26.1 Bile composition. Composition of human bile 
during basal conditions. Top, electrolyte composition; 
bottom, organic solutes. Data from [4,51].
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with phospholipids and cholesterol). The formation of micelles 
helps maintain cholesterol in solution and also lowers the free 
bile acid concentration, which decreases the bile acid detergent 
activity and thereby prevents potential toxicity to the lipid 
membrane of “downstream” cholangiocytes. In the intestine, 
bacteria produce the secondary bile acids by converting cholic 
acid to deoxycholic acid and chenodeoxycholic acid to litho-
cholic acid. These reactions have the potential to produce 12 
major conjugated primary and secondary bile acid species, 
though the primary bile acids are the predominant species in 
humans [14].

Phospholipids and cholesterol
By volume, phospholipids and cholesterol are the next most 
plentiful solutes in bile. Several phospholipids exist in the hepa-
tocyte canalicular membrane, including phosphatidylcholine, 
phosphatidylserine, phosphatidyletholamine, and sphingomy-
elin, though phosphatidylcholine is the predominant species in 
bile under physiological conditions [15]. While phosphatidyl-
choline is the predominant phospholipid in bile, cholesterol is 
the predominant sterol with concentrations reaching ∼300 mg/
dL. It should be noted that cholesterol excretion into bile is the 
most important route for cholesterol elimination from the body. 
Approximately 1 g of cholesterol is eliminated in the feces per 
day, approximately one-third in the form of bile acids and 
approximately two-thirds in the form of steroids and steroid 
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alkalinization and is consistent with a model in which Cl−/
HCO3

− exchange plays a prominent role at the cellular level.

Nucleotides
Bile contains nucleotides including ATP, ADP, AMP, and adeno-
sine. These nucleotides have emerged as important autocrine 
and paracrine signaling molecules within the liver and exert 
cellular effects by binding to purinergic (P2) and adenosine (P1) 
receptors on the plasma membrane of target cells [28]. Released 
by both hepatocytes and cholangiocytes into bile, ATP can bind 
purinergic (P2) receptors on the plasma membrane resulting in 
increases in intracellular Ca2+ concentration and modulating a 
broad range of liver functions [29,30]. Thus, purinergic signal-
ing is a means of: (1) coordinating the separate functions of 
hepatocytes and cholangiocytes; (2) signaling between hepato-
cytes and other cell types of the liver (portal fibroblasts, Kupffer 
cells, endothelial cells); (3) propagating Ca2+ waves within the 
liver; and (4) regulating Ca2+-dependent processes [31–33]. 
Furthermore, ATP and other purinergic analogues, by binding 
apical membrane receptors on cholangiocytes, have emerged as 
potent agonists for ductular secretion [34–37].

Heavy metals
Copper is the main heavy metal in bile, though Mn2+, Fe2+, and 
Zn2+ are also present. Biliary excretion of copper is the main 
excretion pathway for this metal in humans. Abnormalities in 
the biliary excretion of copper result in Wilson disease associ-
ated with very high levels of hepatic copper [38].

Other
Bile also contains vitamins, porphyrins, exogenous drugs, xeno-
biotics, and environmental toxins. Vitamin D, for example, is 
25-hydroxylated in the liver, excreted into bile, absorbed in the 
intestine, and then hydroxylated again in the kidney forming 
1,25-dihydroxy vitamin D. Approximately 25% of 1,25-vitamin 
D undergoes enterohepatic circulation daily [39]. This entero-
hepatic pathway is important as vitamin D exerts important 
roles in the intestine, including promoting intestinal growth and 
development, and modulating Ca2+ homeostasis.

Anatomy and physiology of the bile 
secretory unit

Bile production requires the regulated function of both hepato-
cytes and the intrahepatic biliary epithelial cells known as 
cholangiocytes. While bile formation is initiated at the canalicu-
lar membrane of the hepatocyte, bile is subsequently modified 
by the regulated secretion and absorption of electrolytes and 
water by cholangiocytes as it traverses the intrahepatic ducts. 
Thus, these two cell types (hepatocytes and cholangiocytes) 
comprise a functional unit responsible for bile formation. The 
contributions and regulation of each will be described in the 
following sections.

hormones. Importantly, the canalicular secretion of phospholi-
pids is tightly linked with the transport of bile acids. This insures 
the proper ratio of phospholipids, cholesterol, and bile acids  
to promote micelle formation and optimum bile solubility. 
Disruptions in this process may alter the balance of biliary phos-
pholipid and cholesterol concentrations and may promote gall-
stone formation. The biliary excretion of cholesterol and 
phospholipids therefore play an important role in systemic lipid 
homeostasis [16].

Proteins
Bile also contains many enzymes, amino acids, and proteins 
[17]; in fact, proteomic studies have revealed over 2000 specific 
proteins in human bile [18]. Most of these are yet to be charac-
terized, though the most abundant proteins include albumin 
and immunoglobulins which play an important role in promot-
ing epithelial cell integrity and preventing infection. For 
example, secretory IgA plays an important role in mucosal 
immunity of the biliary tract as well as the intestine. By binding 
and aggregating bacteria, secretory IgA prevents bacterial 
motility, adherence to epithelial cells, and translocation [19]. 
Thus, the secretion of IgA into bile represents a mechanism to 
prevent colonization, overgrowth, and bacterial infection of 
both the small intestine and the biliary tract. Bile also contains 
cytokines, which stimulates the innate immune system in the 
intestine [20].

Bilirubin
The major bile pigment in bile is bilirubin, which is responsible 
for the distinctive color of bile, for example “yellow bile” as 
noted by Hippocrates over 2000 years ago [1]. Bilirubin, the 
product of hemoglobin breakdown, is taken up at the hepato-
cyte sinusoidal membrane, conjugated via uridine 5′-diphos-
phate (UDP)-glucuronyl transferase in the microsome, and 
then secreted across the canalicular membrane into bile as glu-
curonide conjugates [21]. The conjugation of bilirubin is impor-
tant for its excretion in bile as unconjugated bilirubin is water 
insoluble.

Electrolytes
The inorganic solute composition of bile is mostly comprised  
of electrolytes, the concentration of which resembles that  
of plasma. The primary cation is Na+ (150–158 nM), while the 
primary anions include Cl− (100–118 nM) and HCO3

− 
(20–25 mM) (basal, unstimulated values) [22–24]. Bile also con-
tains the divalent cations Ca2+ and Mg2+ in concentrations at or 
above those observed in plasma [25]. An important and consist-
ent finding is the reciprocal relationship between biliary Cl− and 
HCO3

− concentrations. Stimuli that increase net bile flow are 
accompanied by increases in HCO3

− [26]. For example, after 
exposure to the hormone secretin, biliary HCO3

− concentration 
increases from basal values of 25 mM to values as high as 
60 mM, accompanied by a corresponding decrease in ductal 
Cl− concentration [26,27]. The net result is an increase in bile 
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and physiological separation of these spaces. Importantly, 
during cholestasis, these tight junctions may be disrupted, 
resulting in “back” diffusion of canalicular contents (i.e., bile 
acids) into the sinusoidal space. This disruption of the tight 
junction complexes also abolishes the normal sinusoidal-to-
canalicular gradients for solutes upon which bile formation 
depends.

As nutrient-rich blood from the portal vein returns to the 
liver, it joins the oxygen-rich blood from the hepatic artery and 
flows into the sinusoidal space. The sinusoid is lined by endothe-
lial cells, which contain fenestrations between adjacent cells. 
The fenestrations are large enough to facilitate the diffusion of 
nutrients and macromolecules, including albumin. The space 
between the endothelial cells and the basal hepatocyte mem-
brane is known as the space of Disse and is a zone approximately 
10 μm wide. Transport of substances from the sinusoidal space 
to the canalicular space involves movement either through 
(transcellular) or around (paracellular) hepatocytes [47,48]. 
Most solutes are transported via a transcellular route and in a 
regulated, precise manner due to a specific array of transporters 
on the plasma membrane and intracellular carrier proteins. 
Interestingly, hepatocytes exhibit functional differences based 
on their location within the lobule. The cells in the periportal 
region are exposed to portal blood first entering the sinusoid, 
which has the highest concentration of nutrients and solutes 
[49]. As blood moves toward the pericentral zone, nutrients and 
solutes are removed by the hepatocytes, so that the pericentral 
hepatocytes are exposed to significantly lower concentration  
of solutes. Thus, a portal-to-pericentral gradient for solutes, 
including bile acids, exists [50]. Furthermore, the rate of both 
bile acid uptake and canalicular bile acid excretion is highest in 
the periportal hepatocytes (zone 1). As bile acids are removed 
by the hepatocyte, there is a progressive decrease in the concen-
trations of bile acids as blood moves toward the pericentral zone 
(zone 3). Thus, periportal hepatocytes appear to contribute to 
bile acid-dependent bile flow to a greater extent than do the 

Hepatocyte
In the human liver, hepatocytes are arranged in parallel plates, 
the thickness of a single cell, extending approximately 20 cell 
lengths from the periportal to the pericentral zone [40]. These 
rows of single cells are exposed to sinusoidal blood on both 
sides (Figure 26.2). Each hepatocyte is a specialized epithelial 
cell with a polygonal shape and distinct basal, lateral, and canal-
icular membranes. The basal, or sinusoidal, membrane, which 
is in contact with the sinusoidal space, comprises 70% of the cell 
surface area; the lateral membrane, which involves the intracel-
lular portion where adjoining hepatocytes abut, comprise 15%; 
and, lastly, the apical or canalicular membrane constitutes 
approximately 15% of the cell surface area [41]. The small canal-
icular space formed by the opposing canalicular membrane 
domains of two hepatocytes is approximately 1 μm in diameter 
[3]. The canalicular membrane contains numerous microvilli, 
increasing the surface area. Associated with, and surrounding, 
the canalicular membrane is a dense ring of actin and myosin 
filaments, which allow contraction of the canalicular membrane 
and promote canalicular peristalsis [42]. The movement of 
canalicular contents is enhanced by phasic contractions of this 
network, most prominent in the zone 1 hepatocytes [43]. The 
canalicular space is separated from the sinusoidal space by 
intercellular junctions forming a permeability barrier. These 
complex cell-to-cell complexes are comprised of tight junctions 
known as the zonula occludens [44]. The zonula occludens is 
comprised of globular proteins known as occludens and clau-
dins, which are connected to cytoskeletal proteins such as ZO-1 
and ZO-2 [45]. These tight junctions are negatively charged, 
facilitating the paracellular movement of cations but preventing 
the movement of anions. This barrier function is critical for bile 
formation because it permits the concentration of organic 
solutes within the canalicular space and prevents the back dif-
fusion of solutes to the sinusoidal space [44,46]. It should be 
highlighted that this is the only physical barrier between the 
blood and the canalicular lumen, representing an anatomical 

Figure 26.2 Anatomical and structural 
domains of the hepatocyte. Hepatocytes are 
polarized epithelial cells, with a basal, or 
sinusoidal, membrane facing the blood-
filled sinusoidal space, a lateral membrane 
between adjacent cells, and an apical, or 
canalicular, membrane. Secretion of organic 
and inorganic solutes involves both active 
transport across cells (transcellular) and 
passive diffusion through cation-selective 
junctional complexes (paracellular) into the 
canalicular space. Source: Modified from 
Fitz 1996 [51]. Reproduced with permission 
of Elsevier.
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secretory capacity that per cell is 50-fold greater than that exhib-
ited by hepatocytes [51]. The predominant ion responsible for 
cholangiocyte secretion is Cl− for which a gradient exists across 
the apical membrane. This gradient is made possible by distinct 
transporters and channels on the apical and basolateral mem-
branes. Furthermore, similar to the functional differences 
between periportal and pericentral hepatocytes, cholangiocytes 
also exhibit functional differences based on their anatomical 
location. Notably, the larger ducts exhibit secretin-stimulated 
fluid and HCO3

− secretion [59,60], whereas the smaller ducts 
do not [61]. Conversely, small ducts respond to histamine with 
increases in [Ca2+]i [62] and exhibit robust Ca2+-dependent 
secretion [61]. In mice, both small and large cholangiocytes, 
forming the small and large bile ducts respectively, express 
purinergic P2 receptors on the plasma membrane and exhibit 
Ca2+-activated Cl− secretion in response to extracellular nucle-
otides [63].

Gallbladder
Bile flows through the intrahepatic ducts, right and left hepatic 
ducts, into common duct. During fasting the gallbladder relaxes 
and bile flows into the gallbladder through the cystic duct. Most 
of the bile acid pool in humans is stored in the gallbladder 
during the fasting state. The gallbladder epithelium absorbs 
water and electrolytes through the action of membrane chan-
nels and transporters. In this way, the bile acid concentration in 
the gallbladder can rise to values as high as 300 mM. Following 
a meal, the hormones secretin and cholecystokinin are released 
by the duodenum in response to vagal stimulation and/or 
contact of the duodenal mucosa to the acidic contents leaving 
the stomach. In response to cholecystokinin the gallbladder 
contracts and the sphincter of Oddi relaxes, facilitating the  
flow of bile into the small intestine. Postprandially, the gallblad-
der remains contracted and bile flows through the common  
bile duct, bypassing the gallbladder, into the intestine. The 
bicarbonate-rich bile optimizes the pH of the intestinal lumen 
for the functioning of the pancreatic enzymes. Bile acids are 
necessary for fat emulsification, allowing the pancreatic enzymes 
lipase and colipase to break down triglycerides into monoglyc-
erides and free fatty acids. In the intestine, bile acids again form 
micelles, which are taken up by the apical (luminal) membrane 
of enterocytes.

Enterohepatic circulation
Enterohepatic circulation describes the process by which com-
pounds and solutes excreted into bile are reabsorbed in the 
intestine, travel back to the liver, and are resecreted into bile. 
Many solutes in bile undergo enterohepatic circulation, includ-
ing bile acids, bilirubin, hormones, and drugs. This process 
serves to conserve the solute and is an efficient process to main-
tain the bile composition. Bile acids, for example, undergo 6–10 
cycles/day of enterohepatic circulation. The intestinal reabsorp-
tion of bile acids is very efficient. For example, from the total 
bile acid pool excreted into the intestine (approximately 20–40 g) 

pericentral hepatocytes. Bile acids are secreted at the canalicular 
membrane by the action of specific transporters in a process 
that requires energy in the form of ATP hydrolysis. Canalicular 
concentrations of bile acids reach concentrations of 2–45 mM, 
representing a >100-fold concentration above that in the portal 
vein [23]. Bile entering the canalicular space flows in a direction 
toward the portal region and enters the canals of Hering, which 
are small, terminal bile ductules lined by both cholangiocytes 
and hepatocytes, comprising a “transition” zone. Finally, bile 
flows into the proximal small intrahepatic bile ducts, which are 
formed entirely by biliary epithelial cells, or cholangiocytes.

Cholangiocyte
Cholangiocytes, the epithelial cells that line the bile ducts, rep-
resent an important component of the bile secretory unit. While 
bile formation is initiated at the hepatocyte canalicular mem-
brane, cholangiocytes subsequently modify the volume and 
composition of bile through regulated ion and water secretion 
throughout the network of intrahepatic bile ducts [51]. 
Cholangiocytes are a polarized epithelium with distinct apical 
and basolateral membranes [52]. Tight junctional complexes 
exist between cholangiocytes of extremely high resistance 
(greater than 1000 ohms/cm2) creating distinct apical and baso-
lateral regions, which are functionally isolated. The apical mem-
brane contains numerous microvilli, increasing the surface area. 
Additionally, cholangiocytes express a primary (nonmotile) 
cilium from the apical membrane, which may represent an 
important signaling structure [53].

In humans, bile flows from the canalicular space, via the 
canals of Hering, into the small bile ducts (bile ductules, inter-
lobular ducts, and septal ducts), which then converge into the 
larger bile ducts (area ducts, segmental ducts) and finally into 
the hepatic ducts. Cholangiocytes are heterogeneous in terms 
of structure and function. The initial bile ducts that are exposed 
to the canalicular bile as it flows from the canals of Hering into 
the bile ducts are composed of small, cuboidal cholangiocytes 
(∼6 μm in diameter) with four to five cells per bile duct. As bile 
ducts become larger, cholangiocytes become progressively 
larger and more columnar in shape [52]. Small-sized ducts 
(<15 μm) and interlobular ducts (diameter 15–100 μm) are 
comprised of small cholangiocytes (6–10 μm), while larger 
septal ducts (diameter 100–300 μm), area ducts (diameter 
300–400 μm), and segmental ducts (diameter 400–800 μm) are 
comprised of large, columnar cholangiocytes (12–16 μm) 
[54,55]. As it traverses the extensive network of intrahepatic 
ducts, bile becomes progressively alkaline and dilute as a result 
of Cl−, HCO3

−, and water secretion [51]. Although duct cells 
only comprise 3%–5% of the nuclear mass of the liver, it is 
estimated that the combined ductular length is approximately 
1 km in humans [56,57]. Thus, bile is exposed to a large surface 
area comprised of the apical membrane of cholangiocytes before 
reaching the common bile duct. It is estimated that ductular 
secretion contributes approximately 40% of the total bile volume 
in humans [58]. Thus, cholangiocytes exhibit a prodigious 
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bile stasis, cholehepatic shunting may serve as a mechanism  
for the removal of bile acids from the bile duct lumen, thus 
preventing membrane damage due to the accumulation of  
toxic bile acids in the intrahepatic ducts. Lastly, the cholehepatic 
shunt may also represent a hepatobiliary coupling mechanism 
by which hepatocytes signal to downstream cholangiocytes  
to coordinate a broad range of liver functions, including secre-
tion, proliferation, and changes in the expression and/or regula-
tion of membrane transporters and channels, as described 
below [74].

Mechanisms of bile formation

Bile, unlike urine, is not formed by hydrostatic filtration;  
rather, bile secretion is an osmotic process driven by the active 
secretion of organic solutes coupled to passive, or paracellular, 
movement of water and inorganic solutes [76,77]. Thus, the 
active secretion of organic and inorganic anions into the hepa-
tocyte canalicular space is the principal driving force for bile 
formation. The final osmolality of bile, however, is nearly isot-
onic with that of plasma, suggesting that the secretory products 
of hepatocytes are modified by movement of water and electro-
lytes before it reaches the common bile duct. Thus complemen-
tary processes exist including: (1) osmotic movement of water 
into the canalicular space due to concentrative bile acid trans-
port; and (2) channel-mediated electrolyte and water transport. 
These complementary processes permit classification of bile for-
mation at the canalicular membrane into two categories: bile 
acid-dependent and bile acid-independent bile formation [78] 
(Figure 26.3).

Bile acid-dependent bile formation is driven by the osmotic 
effects of bile acids and occurs through the transport of bile 

only 0.2–0.6 g/day of bile acids are lost in the feces [6,64]. This 
amount is replaced by de novo synthesis by the liver [6,65]. In 
the intestine, a small amount of unconjugated bile acids are 
absorbed in the proximal small bowel, but the majority of bile 
acids, including all conjugated bile acids, are absorbed in the 
terminal ileum. This absorption is due to the function of the 
apical ASBT/SLC10A2 protein, which transports bile acids into 
the enterocyte. After uptake by the enterocyte, bile acids bind 
to the carrier protein ileal bile acid-binding protein (ILBAP) 
[66], which transports the bile acid through the cytosol to the 
basolateral membrane where a heterodimer protein complex 
comprised of Ostα and Ostβ transport the bile acids into the 
portal circulation [67,68]. The bile acids are then returned to 
the liver via the portal vein. In dogs, portal vein concentrations 
of bile acids range from 3 μM in the fasted state to >200 μM 
following gallbladder contraction [69]. Upon return to the liver, 
the bile acids are efficiently extracted (approximately 98% via 
the first pass) [69,70]. The bile acids that escape the first pass 
clearance by the liver are filtered by the kidney glomerulus and 
are reabsorbed by transporters in the proximal convoluted 
tubule and only a very small amount of bile acids are lost in the 
urine. However, during cholestasis associated with elevated 
serum levels of bile acids, urinary excretion of bile acids may 
increase dramatically.

Cholehepatic shunt
Bile acids in bile may also undergo recirculation before they 
enter the intestine This process, in which cholangiocytes  
take up bile acids across the apical membrane, is known as 
cholehepatic shunting [70]. Unconjugated bile acids are taken 
up passively after protonation, while conjugated bile acids are 
transported across the apical cholangiocyte membrane by 
ASBT/SLC10A2, the same protein found on the apical mem-
brane of intestinal enterocytes [71]. Interestingly, ASBT/
SLC10A2 is present on large cholangiocytes, forming the large 
intrahepatic ducts, but is not found on small cholangiocytes 
[72]. Once transported across the apical cholangiocyte mem-
brane, bile acids are transported through the cytosol by intracel-
lular binding proteins and transported across the basal 
membrane by the Ostα and OSTβ protein complex [68], as well 
as a truncated form of ASBT (t-ASBT) [73]. Bile acids then enter 
the peribiliary plexus and return to the sinusoidal space where 
they are again taken up by the hepatocyte. Thus, this pathway 
represents a structural arrangement that provides cholehepatic 
recirculation. The cholehepatic shunt pathway hypothetically 
may serve several functions. First, the uptake of bile acids at the 
apical cholangiocyte membrane has been associated with 
increases in Ca2+-activated Cl− secretion, HCO3

− secretion, and 
fluid secretion [74]. Thus, the cholehepatic shunt pathway 
serves to increase biliary electrolyte and fluid secretion [70]. For 
example, the bile acid Nor-ursodeoxycholic acid undergoes sig-
nificant cholehepatic circulation, which is thought to contribute 
to the hypercholeresis observed with this bile acid [75]. Second, 
during cholestasis or bile duct obstruction, both associated with 

Figure 26.3 Determinants of bile flow. Canalicular bile flow and ductular 
bile flow both contribute to bile formation. Canalicular bile flow is 
comprised of bile acid-dependent and bile acid-independent components. 
While canalicular bile flow is mediated by hepatocytes, cholangiocytes 
mediate ductular secretion. Source: Modified from Boyer 2002 [78]. 
Reproduced with permission of Wolter Kluwer Health.
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are 10-fold lower [84]. At the basolateral membrane the large 
out-to-in concentration gradient for Na+ is due to the action of 
the Na+/K+ ATPase [22,85]. The protein is a pump that is 
powered by ATP hydrolysis and transports three molecules of 
Na+ out and two molecules of K+ into the cell each cycle, thus 
generating low Na+ and high K+ intracellular concentrations 
[86]. The Na+/K+ ATPase, in conjunction with membrane ion 
channels, also forms the basis for the electrical potential differ-
ences across the basolateral membrane, which provides the 
driving force for electrogenic transport systems [87]. The poten-
tial difference of the hepatocyte membrane is approximately 
−35 millivolts (interior negative) but is regulated over a broad 
range in response to changing physiological conditions [88–90]. 
The interior negative potential difference is due in part to the 
high density of K+ channels in the basolateral membrane, 
resulting in a high permeability to K+ as compared to Na+ or 
Cl− [84]. Thus, the pump establishes two driving forces critical 
for hepatic uptake mechanism: (1) an inwardly directed chemi-
cal gradient for Na+ ions; and (2) an intracellular electrical 
gradient of −35 to −40 mV. The electrogenic Na+-coupled 
solute transport allows for solutes to be concentrated to values 
approximately 40-fold or greater than concentrations in the 
extracellular space [84,90]. Na+-coupled transport plays a criti-
cal role in bile formation and highlights the underlying impor-
tance of the Na+/K+ ATPase. Na+/K+ ATPase activity must be 
finely regulated, able to undergo minute-to-minute changes in 
activity, in order to establish proper Na+ gradients to meet 
physiological needs [91]. For example, increases in either the 
number or activity of Na+/K+ ATP pumps must accompany 
changes between fed and fast states in order to efficiently trans-
port the increased load of bile acids into the hepatocyte [91].

Transepithelial Cl− secretion
Biliary duct cells, or cholangiocytes, also express a host of trans-
porters and channels that create gradients necessary for fluid 
secretion. Net fluid secretion or absorption across epithelial 
cells requires active transport of ions and other solutes to create 
osmotic gradients necessary for water movement. Cholangiocyte 
secretion is associated with a net flux of Cl− and HCO3

− into 
the lumen and generation of a lumen negative potential [92]. 
This model is consistent with a role for electrogenic Cl− secre-
tion. Unlike hepatocytes, which generate a gradient for cations 
such as Na+ to drive cotransport of solutes, ductular secretion 
is driven by a gradient for Cl− across the apical membrane [93]. 
Underlying this Cl− gradient is the Na+/K+/2 Cl− transporter 
located on the basolateral membrane, which transports two Cl− 
ions into the cell along with one Na+ and one K+ ion. This 
transporter works in concert with the Na+/K+ ATPase, as well 
as membrane K+ channels, to load Cl− into the cell [93,94]. 
Under basal conditions the apical cholangiocyte membrane is 
relatively impermeable to Cl−, allowing for intracellular Cl− 
concentrations to increase to values above the electrochemical 
equilibrium, thus creating a large gradient for Cl− across the 
membrane. In response to prosecretory stimuli, Cl− channels 

acids across the canalicular membrane [79,80]. Bile acid-
independent bile formation occurs through the secretion of 
glutathione, inorganic solutes, and electrolytes [22,81]. Bile for-
mation can also be categorized as “canalicular” and “ductular”, 
describing the anatomic sites and cell types (hepatocyte versus 
cholangiocyte) contributing to the volume and composition of 
bile [23]. These classification systems, “bile acid-dependent” 
versus “bile acid-independent” and “canalicular” versus “ductu-
lar,” are useful descriptive terms, but these mechanisms do not 
operate independently and there is substantial overlap between 
them. For example, bile acid-dependent bile flow, initiated by 
hepatocyte transport of bile acids at the canalicular membrane, 
is accompanied by significant increases in glutathione, electro-
lyte, and water transport, thus increasing bile acid-independent 
bile flow. Furthermore, increased canalicular transport of bile 
acids, resulting in an increase in the ductular concentration of 
bile acids, is accompanied by cholangiocyte electrolyte and 
water transport, thus increasing ductular secretion significantly. 
For example, for each 1 μmole of taurocholate secretion, there 
is an increase in biliary Cl− secretion and HCO3

− secretion 
resulting in an increase in bile flow of approximately 8 μL [79]. 
These results indicate that bile acids have intrinsic choleretic 
activity, though this activity is not equal among different bile 
acid species, as discussed further below [82]. The general cel-
lular principles of membrane transport, which underlie bile 
formation, are described below.

Principles of membrane solute and ion transport
Hepatocytes possess a variety of membrane channel proteins, 
which are not randomly distributed but rather restricted to spe-
cific membrane domains (canalicular versus sinusoidal). These 
membrane channels and transporters work in concert to estab-
lish gradients across the plasma membrane to promote the vec-
torial passage of ions, solutes, and water. Two primary cellular 
mechanisms responsible for bile formation at the hepatocyte 
level and ductular level include Na+-coupled transport and 
transepithelial Cl− secretion, respectively.

Coupled transport
Most organic solutes are present in the portal blood in very low 
concentrations. For example, while the concentration of bile 
acids in the portal blood is ∼150 μM and amino acids is 1–2 mM, 
these solutes are concentrated intracellularly by >50-fold [83]. 
Passive diffusion alone cannot account for these high intracel-
lular concentrations. In order to achieve this high intracellular 
concentration, the basolateral membrane of hepatocytes con-
tains transport proteins that facilitate solute uptake. These pro-
teins couple the transport of the solute to movement of other 
ions down their thermodynamic gradient. For the uptake and 
intracellular concentration of bile acids, for example, hepato-
cytes utilize a mechanism known as Na+-coupled transport, 
which uses energy derived from the Na+ electrochemical gradi-
ent [84]. Uptake of solutes is driven by the influx of Na+ from 
an extracellular to intracellular location where concentrations 
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for bile formation. Bile acids are concentrated in bile 1000-fold 
compared to the sinusoidal space. Classic experiments in dogs 
with a duodenal fistula demonstrated that bile flow decreased 
as the bile acid pool was depleted and was restored when the 
bile acid pool was repleted [26]. Furthermore, a linear relation-
ship between bile acid secretion and bile flow was observed [26] 
(Figure 26.3). Further experiments in dogs, revealed that infu-
sion of taurocholate led to an increase in bile flow of 8 μL for 
each 1 μmol of taurocholate infused [79]. Interestingly, infusion 
with unconjugated bile acids increases bile flow greater than 
conjugated bile acids, increasing bile flow by 20–25 μL for each 
μmol of conjugated bile acid infused [80]. Thus, not all bile acids 
have the same choleretic ability; for example, norchenodeoxy-
cholate increases bile flow 10-fold greater than taurocholate 
[110,111] and norursodeoxycholic acid has the highest choler-
etic ability for any bile acid measured to date [75]. Bile acid 
secretion is also associated with simultaneous release of phos-
pholipids, of up to 3.31 meq/L [23,80,112], and unconjugated 
bile acids induce a greater increase in phospholipid secretion 
compared to their conjugated counterparts [80]. Moreover, 
once in bile, bile acids that do not form micelles exhibit increased 
choleretic activity. Definition of the cellular mechanisms 
involved in bile acid-induced choleresis is of great interest 
because several bile acids have been introduced as therapeutic 
agents for cholestatic liver disease [82].

Together these studies demonstrate the importance of bile 
acid transport for overall bile formation. Vectorial movement of 
bile acids from the sinusoidal space into the canalicular space 
is mediated by the coordinated activity of specific membrane 
transport proteins, including uptake at the sinusoidal mem-
brane, intracellular transport, and excretion across the canalicu-
lar membrane. In general, transport across the canalicular 
membrane is rate limiting and represents the anatomic site for 
many causes of intrahepatic cholestasis. A detailed description 
of the transport activities at each of these membrane sites is 
described below.

Sinusoidal membrane uptake
The major bile acids are carried in the portal circulation bound 
to albumin. As portal blood enters the sinusoidal space, the bile 
acid–albumin complex disassociates and free bile acids are 
taken up into hepatocytes at the sinusoidal membrane. The  
rate of bile acid uptake is highest in the periportal hepatocytes 
of zone 1 [49,50], and close to 98% of bile acids are extracted 
from the portal blood on a single passage through the liver [69]. 
This efficient process occurs via a high-affinity mechanism 
involving several polypeptide transport proteins. Different 
transport systems on the sinusoidal membrane exist for uptake 
of conjugated and unconjugated bile acids. The majority of  
bile acids that return to the hepatocyte at the sinusoidal mem-
brane are in conjugated form and are taken up by the sodium-
taurocholate cotransporting polypeptide, NTCP/SLC10A1 
[113] (Figure 26.4). NTCP/SLC10A1 was the first hepatocyte 
transporter identified and is exclusively expressed on the  

open in the apical membrane with efflux of Cl− into the duct 
lumen [95–97]. The increase in the ductal concentration of Cl− 
is thought to drive Cl−/HCO3

− exchange and water efflux, thus 
leading to alkalinization and dilution of bile [51,98].

Overall, these membrane channels and transporters in both 
hepatocytes and cholangiocytes underlie the basic mechanism 
of secretion and bile formation and highlight two important and 
complimentary mechanisms: (1) hepatocyte membrane trans-
porters, which create a gradient for Na+ and use Na+-coupled 
transport to move solutes from sinusoid to canaliculus; and (2) 
cholangiocyte membrane channels, which create a gradient for 
Cl− and use channel-mediated Cl− efflux to drive Cl−/HCO3

− 
exchange and water movement into the duct lumen.

Ion transport and cell volume regulation
While membrane ion channels underlie the electrochemical 
gradient necessary for coupled transport and ion and fluid 
movement, they also provide a critical function maintaining the 
volume of individual hepatocytes. Hepatocytes are exposed to 
large changes in the concentrations of bile acids, amino acids, 
and other organic solutes between fed and fasted states. 
Concentration of these solutes intracellularly creates large 
osmolar gradients sufficient to induce significant transmem-
brane water movement and increases in cell volume of up to 
5%–10% [99]. However, compensatory mechanisms are in place 
and activation of membrane ion channels results in rapid efflux 
of Cl−, K+, and water with restoration of hepatocyte cell volume 
toward basal levels [100]. This process is finely regulated by a 
mechanism involving ATP release and purinergic signaling 
[101,102]. In this process, increases in cell volume stimulate 
ATP release from hepatocytes, autocrine or paracrine stimula-
tion of purinergic receptors on the cell membrane, activation of 
membrane Cl− and K+ channels, and water efflux, culminating 
in the restoration of cell volume toward basal levels [102–104]. 
The increase in membrane ion permeability and water efflux  
in response to hepatocyte volume changes contributes to the 
volume and dilution of bile [105]. Furthermore, volume-
dependent release of ATP into the lumen allows access to purin-
ergic receptors on downstream cholangiocytes and thereby 
serves as a stimulus for biliary secretion. Thus, volume-
dependent changes in membrane ion permeability and water 
efflux represent a potent stimulus for bile formation and has led 
to the important concept that changes in cell volume per se are 
a mechanism for regulating bile formation and liver functions 
[106,107]. In general, increases in cell volume represent an ana-
bolic signal, stimulate protein and glycogen synthesis, exocyto-
sis, and bile flow, while decreases in cell volume have opposite 
effects [106,108,109].

Bile acid-dependent bile formation
It has long been recognized that a linear relationship exists 
between bile acid secretion and bile flow. As the canalicular 
excretion of bile acids increase, bile volume also increases pro-
portionally [26]. Thus, bile acids represent a major driving force 



482   PART 2 Mechanisms of normal and abnormal gastrointestinal function

responsible for most unconjugated bile acid uptake and account 
for less than 20% of total bile acid transport. A family of non-
specific anion transporters, known as OATPs/SLC21A, medi-
ates most of this Na+-independent bile acid uptake. OATPs are 
predicted to have 12 transmembrane spanning domains and, 
unlike NTCP/SLC10A1, are found in other tissues including 
kidney, intestine, and neuronal tissues [118,119]. In contrast to 
the specific, high-affinity Na+-coupled bile acid transport by 
NTCP/SLC10A1, OATPs transport both conjugated and uncon-
jugated bile acids as well as bilirubin, steroids, and xenobiotics 
(Figure 26.4). This occurs through a process involving exchange 
of anions, primarily GSH and HCO3

− and is nonspecific 
[120,121]. The sinusoidal membrane also contains transport 
systems for organic anions (OATs) and organic cations (OCTs), 
each predicted to have 12 transmembrane spanning domains, 

sinusoidal membrane of hepatocytes and is not found in other 
tissues or organs [65,114,115]. It is a 349 amino acid, 50-kD 
protein that transports bile acids into the hepatocyte coupled to 
Na+ transport [115], deriving energy for the process from the 
Na+ gradient maintained by the Na+/K+ ATPase. While the 
stoichiometry has been controversial, the best evidence suggests 
that transport is electrogenic, with 2 Na+ ions transported with 
each bile acid [51,116]. As described above, this net increase in 
positive charge with each transport cycle greatly increases the 
ability to concentrate bile acids intracellularly [84,117]. Thus, 
the Na+ concentration gradient and the membrane potential 
difference both work in concert to modulate the uptake of bile 
acids by NTCP/SLC10A1. Na+-coupled bile acid transport 
accounts for greater than 80% of bile acid transport at the sinu-
soidal membrane. In contrast, Na+-independent pathways are 

Figure 26.4 Hepatocyte transporters. Uptake of bile acids and organic solutes at the sinusoidal membrane is mediated by NTCP/SLC10A1 and three 
families of organic ion exchangers: OATP-A, -B, and –C, the organic anion transporter protein family; OCT, the organic cation transporter family; and 
OAT, the organic anion transporter family. The Na+/H+ exchanger, NHE1, and the Na+/HCO3

− cotransporter, NBC4, are located on the basolateral 
membrane and contribute to cellular pH regulation. Export from the hepatocyte into the canalicular space is due to the ATP-dependent transport 
proteins BSEP, FIC-1, MDR3, ABCG5/G8, MRP2, MDR1, and BCRP. ATP-dependent transport out of the hepatocyte into the sinusoidal space is 
mediated by MRP1, MRP3, MRP4, and MRP5. Inorganic secretion across the canalicular membrane is mediated by HCO3− exchange through AE2, 
GSH excretion, and water efflux through AQP8. ATP release into the canaliculus may contribute to hepatocyte, and downstream cholangiocyte, 
secretion through interaction with membrane purinergic (P2) receptors. See text for details.

NTCP

OST α/β

Bile acids

Bile acids

Bile acidsBSEP

FIC-1

MDR3

MBCG5/8

MRP2

MRP1,3 MRP4,5

OAT

OCT

Organic cations

Organic anions

Conjugated organic
anions

Purine analogues
Glutathione
Cyclic nucleosides

Phospholipid

Phospholipid

Cholesterol

Bilirubin
Conjugated
organic anions

ATP

GSH

H2O

AQP8

Transpeptidase

Organic cations

Xenobiotics BCRP

MDR1

AE2

Na+

Na+

H+

NHE1
NBC4OATP-COATP-BOATP-A

Bile acids
Xenobiotics
Organic anions

Estrogens
Organic anions

Bile acids
Unconjugated bilirubin
Organic anions

Na+

Na+

K+HCO3
–

HCO3
–

CI–



Bile secretion and cholestasis CHAPTER 26   483

proteins bind specific receptors in the sinusoidal membrane, 
undergo endocytosis, transcellular trafficking, and then exocy-
tosis at the canalicular membrane. Hepatocytes have a high rate 
of both constitutive and stimulated exo- and endocytosis. In 
fact, in in vitro models, hepatocytes have been shown to undergo 
endocytosis at rates capable of replacing the entire plasma mem-
brane surface area five or more times every hour [135]. This 
high rate of membrane turnover suggests that vesicular traffick-
ing is functionally important for transport activity, but moreo-
ver, highlights a potential mechanism by which hepatocytes can 
rapidly alter the membrane composition to meet changing 
transport needs.

Canalicular membrane transport
Excretion of bile acids and other organic solutes from the canal-
icular membrane is the major determinant of bile composition 
and represents the rate-limiting step in bile formation. As 
described above, bile is a complex mixture of solutes including 
bile acids, phospholipids, cholesterol, bilirubin, and other 
organic solutes and specific canalicular transporters exist for 
each of these solutes. The majority of these transporters are 
members of the ATP-binding cassette (ABC) protein family and 
use the energy of ATP hydrolysis to transport the solute into the 
canalicular space against large concentration gradients. Specific 
proteins exist for the transport of each solute, which will be 
described below (Table 26.1).

Bile acids
The canalicular protein responsible for transporting the major-
ity of bile acids across the canalicular membrane into bile is the 
bile salt export pump, BSEP/ABCB11 [137,138]. This protein, 
located in the hepatocyte canalicular membrane, is a 1321 
amino acid, 140–170-kD protein with four potential glycosyla-
tion sites [137,139]. It is predicted to have two transmembrane 
spanning domains, each composed of six transmembrane span-
ning regions, and utilizes ATP hydrolysis to transport bile acids 
from the hepatocyte into the canalicular space [138,140]. Both 
uptake of bile acids at the sinusoidal membrane and transport 
across the canalicular membrane, therefore, require energy in 
the form of ATP hydrolysis [141]. The majority of monovalent 
bile acids are transported by this mechanism. As BSEP/ABCB11 
is the predominant pathway for bile acid excretion across the 
canalicular membrane, and is the rate-limiting step in this 
process, it therefore is a critical step for bile acid-dependent bile 
flow. Interestingly, BSEP/ABCB11 is expressed in the fetal liver, 
but is markedly below adult expression levels at birth, which 
may contribute to the transient elevation of serum bile acids 
observed in neonates [142].

Phospholipids
Phospholipid excretion across the canalicular membrane is 
directly related to bile acid output. As the output of bile acids 
increase, so does phospholipid excretion. This serves to main-
tain the solubility ratios between bile acids and phospholipids 

are widely expressed, and function as electroneutral exchangers 
[122,123]. In general, these function as bidirectional passive 
facilitated diffusion of endogenous organic cations or anions, 
respectively.

In addition to uptake systems, the sinusoidal membrane also 
contains efflux systems. The OATPs, for example, have been 
shown to operate as bidirectional exchangers and may “back” 
transport solutes from the hepatocyte into the sinusoidal space 
(Figure 26.4). The heterodimer protein complex comprised of 
OSTα and OSTβ is also located in the sinusoidal membrane and 
may export bile acids from the hepatocyte [124]. Other sinusoi-
dal membrane “back” transporters include MRP3/ABCC3, 
MRP4/ABCC4, and MRP1/ABCC1, all of which may transport 
solutes, including bile acids, from the hepatocyte into the sinu-
soid [125–127]. While the expression of these transporters is 
low under normal conditions, expression increases significantly 
during cholestasis [128,129]. Thus, when canalicular transport 
of bile acids is impaired these pathways represent an alternative 
way to export bile acids from the hepatocyte.

Intracellular transport
Once taken up at the sinusoidal membrane, bile acids and other 
organic solutes move rapidly through the hepatocyte cytosol 
prior to excretion from the canalicular membrane. Three general 
processes for this translocation have been identified: (1) binding 
to cytosolic carrier proteins, (2) diffusion within intracellular 
membranes, and (3) microtubule-dependent vesicular transport 
[130]. Which pathway a solute may take depends on its hydro-
phobicity, with more hydrophobic solutes taking the pathway 
associated with intracellular membranes and vesicular trans-
port. For bile acids, the predominant translocation pathway 
occurs via binding to specific intracellular bile acid-binding 
proteins, followed by rapid diffusion to the canalicular mem-
brane along the sinusoidal-to-canalicular concentration gradi-
ent [131]. The binding of bile acids to bile acid-binding proteins 
is therefore important for two main reasons. Firstly, it reduces 
the effective diffusion constant and therefore prevents bile  
acids from back diffusing into the sinusoidal space or partition-
ing into hepatocyte membranes and organelles. Secondly,  
it potentially prevents cellular toxicity, which could result  
from the detergent activity of free bile acids in the cytosol. 
Several bile acid binding proteins have been identified, includ-
ing 3α-hydroxysterol dehydrogenase and GSH s-transferase 
[132,133]. While the majority of bile acids appear to undergo 
this transcellular route by binding to intracellular binding pro-
teins, it has been suggested that increased loads of hydrophobic 
bile acids, as occurs during cholestasis, may be transported 
intracellularly via microtubule-dependent vesicular transport 
[134,135]. Transport proteins also exist for other organic solutes 
and lipids. For example, free fatty acids are bound to the liver 
fatty acid-binding protein (L-FABP) [136] and bilirubin is 
bound to glutathione-S-transferase [133]. In contrast, proteins 
such as secretory IgA and transferin undergo microtubule-
dependent transcytotic vesicular transport. In this process  
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ABCG8, also known as sterolin-1 and -2 [152]. These ABC 
proteins function together as a heterodimer, each containing 
only one functional domain individually and, hence, each is 
individually termed a “half transporter” [153]. ABCG5 and 
ABCG8 are found in intestine and liver epithelium, and func-
tion in the elimination of not only cholesterol but also plant 
sterols [152,154]. Defects in either of these proteins results in a 
disease known as β-sitosterolemia associated with a decreased 
transport of sterols into bile with accumulation in the liver 
[152].

Organic cations and drugs
Organic cations and drugs are transported across the canalicular 
membrane by MDR1/ABCB1. MDR1/ABCB1 is a 1280 amino 
acid, 170-kD, protein and is responsible for efflux of drugs and 
chemotherapeutic agents, across the canalicular membrane 
[155,156]. MDR1/ABCB1, originally called p-glycoprotein, was 
the first ABC transporter to be localized to the hepatocyte canal-
icular membrane [157]. While it is overexpressed in some forms 
of cancer and is responsible for chemotherapy resistance in some 
neoplasms [155], the endogenous substrates for this transporter 
are still unknown. Additionally, no human disease has been 
identified due to mutations in the gene encoding this protein. 
However, MDR1/ABCB1 appears capable of transporting bile 
acids, but at a fivefold lower affinity compared to BSEP/ABCB11 
[158]. In mouse models of cholestasis MDR1/ABCB1 is upregu-
lated. Together these findings suggest that MDR1/ABCB1 may 
be important as an alternate bile acid transporter during 
cholestasis.

Sulfated conjugates and hormones
Conjugates of sulfate and hormones are transported across the 
canalicular membrane by the actions of BCRP/ABCG2 [159]. 
BCRP is found on the apical membrane of numerous types of 
cells and serves to protect the cell from toxic compounds. The 

in bile. This transport is mediated by several pathways. 
Phosphatidylcholine, the phospholipid with the highest concen-
tration in bile, is transported through the action of the canalicu-
lar protein, MDR3/ABCB4 [143,144]. MDR3/ABCB4 is a 
170-kD protein that works as a “floppase”, to move phosphatidyl 
choline from the inner to the outer leaflet of the plasma mem-
brane in an ATP-dependent manner [112,145]. Once in the 
outer leaflet, phosphatidyl choline is removed and appears in 
the canaliculus in the form of small vesicles or incorporated into 
micelles. MDR3/ABCB4 activity is the rate-limiting step in this 
process.

Additionally, aminophospholipids may also be transported 
across the canalicular membrane through the actions of FIC-1/
ATP8B1. The FIC-1/ATP8B1 protein is an ATPase, rather than 
an ABC transporter, and is found in the hepatocyte canalicular 
membrane as well as the apical membrane of cholangiocytes, 
intestinal epithelial cells, pancreas, lung, and cochlear hair cells 
of the ear [146]. The function of FIC-1/ATP8B1 is not entirely 
clear. It has been postulated to function as a flippase for amino-
phospholipids and thus balances the lipid asymmetry estab-
lished by MDR3/ABCB4 [147–149]. Other mechanisms have 
also been proposed including: (1) regulation of the canalicular 
lipid membrane fluidity through alterations in the membrane 
composition of specific phospholipids and cholesterol [147–
149]; (2) indirect effects on the expression or function of other 
canalicular transporters through a mechanism involving nuclear 
transcription factors such as FXR [150]; or (3) regulating the 
formation of microvilli in polarized epithelial cells [151]. Its 
location in many epithelial cells suggests an important and more 
general role in epithelial function beyond its role in bile 
formation.

Cholesterol
Cholesterol is excreted from the hepatocyte canalicular mem-
brane through the activity of two half-transporters, ABCG5 and 

Table 26.1 Hepatocyte canalicular transporters.

Functional 
protein name

Gene symbol Human 
gene locus

Predominant substrates Tissue expression Disease association

BSEP ABCB11 2q24 Bile acids Liver PFIC-2, BRIC-2, ICP

FIC-1 ATP8B1 18q21 Aminophospholipids Liver, intestine PFIC-1, BRIC-1

MDR3 ABCB4 7q21.1 Phosphatidylcholine Liver PFIC-2, ICP, gallstone disease

Cholesterol 1/2 
transporters

ABCG5, ABCG8 2p21 Cholesterol, plant sterols Liver, intestine β-sitosterolemia

MRP2 ABCC2 10q24 Conjugated bilirubin, organic 
anions, glutathione conjugates

Liver, kidney, 
intestine

Dubin–Johnson syndrome

MDR1 ABCB11 7q21 Xenobiotics, organic cations Liver, kidney

BCRP ABCG2 4q22 Xenobiotics, drugs Liver, placenta

BRIC, benign recurrent intrahepatic cholestasis; ICP intrahepatic cholestasis of pregnancy; PFIC, progressive familial intrahepatic cholestasis.
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hepatocytes by the combined activity of the Na+/H+ exchanger 
[167,168] and Na+/HCO3

− cotransport [169,170] across the 
basolateral membrane. Intracellular HCO3

− concentrations may 
reach levels of 15 mM, a value greater than predicted for passive 
distribution alone. This high intracellular concentration pro-
vides a large electrochemical gradient favoring movement of 
HCO3

− out of the cell. In response to hormones and stimuli that 
increase cGMP, efflux of HCO3

− across the canalicular mem-
brane occurs predominantly through Cl−/HCO3

− exchange 
[171,172]. The Cl−/HCO3

− exchanger works in concert with 
canalicular Cl− channels, and outwardly rectifying Cl− channels 
have been identified, including CLC-2 [173] and CLC-3 [174]. 
Both Cl− efflux and Cl−/HCO3

− exchange are functionally 
linked to water efflux across the canalicular membrane, and the 
water channel, aquaporin 8 (AQP8), is localized to the canalicu-
lar membrane as well as to submembrane vesicles [175,176]. In 
response to secretory agonists (e.g., cAMP) AQP8 is rapidly 
inserted into the membrane; thus providing a means to coordi-
nate secretion of solutes to water efflux and bile formation 
[176–178]. While this process may be important for the local or 
canalicular alkalization of bile, ductular HCO3

− secretion, 
through the Cl−/HCO3

− exchange activity of cholangiocyte 
AE2/SLC4A2, is the predominant pathway for bile alkalosis. The 
overall contribution of canalicular bicarbonate secretion to bile 
formation is unknown. In addition to the Cl−/HCO3

− exchanger, 
the hepatocyte membrane also contains several other anion 
exchangers [171,179]. These anion exchangers are transport 
proteins that couple movement of solutes to the movement of 
anions such as Cl−, SO4

−, or HCO3
− and which contribute 

importantly to bile acid-dependent and independent bile for-
mation [171,172,179,180].

Ductular bile formation
Once bile is formed at the canalicular membrane it travels 
through an extensive network of intrahepatic bile ducts formed 
by cholangiocytes, increasing in volume and becoming progres-
sively more dilute and alkaline. Cholangiocytes are a polarized 
epithelium and specific apical and basolateral membrane chan-
nels and transporters are responsible (Figure 26.5). Under basal 
conditions, the bumetadine-sensitive Na+/K+/2Cl− cotrans-
porter loads Cl− into the cell above its electrochemical equilib-
rium because the apical membrane is relatively impermeable to 
Cl−. Upon stimulation, Cl− channels in the apical membrane 
open and increase Cl− flux into the lumen [95,96] and drive the 
Cl−/HCO3

− exchanger, AE2/SLC4A2, thus increasing alkalini-
zation [181,182]. Moreover, the efflux of Cl− generates a lumen-
negative potential, which favors movement of Na+ into the bile 
duct lumen through a paracellular pathway and water via 
aquaporin water channels [183,184]. AQP1 and 4 are the pre-
dominant aquaporins in cholangiocytes [183,185]. AQP1 is 
present on the apical membrane [183,185], while AQP4 is 
present on the basolateral membrane [184], and together 
account for the high transcellular movement of water, which is 
10-fold greater in cholangiocytes than hepatocytes [175,186]. 

protein derived its name from a finding that it was overex-
pressed in breast cancer [159,160].

Bilirubin and organic anions
Bilirubin is taken up into the hepatocyte at the sinusoidal mem-
brane, conjugated by glucuronyl transferase, and transported 
across the canalicular membrane by the action of MRP2/ABCC2 
[21,161]. MRP2/ABCC2 is a 1545 amino acid protein with three 
transmembrane spanning domains and utilizes the energy of 
ATP hydrolysis to transport conjugated bilirubin as well as glu-
tathione and other conjugated organic anions across the canal-
icular membrane [161]. The protein, which was also called the 
canalicular multiorganic anion transporter (cMOAT), is also 
located on the apical membrane of other polarized epithelial 
cells, including the proximal tubule cells of the kidney, small 
intestine, colon, gallbladder, bronchi, and placenta.

Bile acid-independent bile flow
It has been shown in the isolated perfused rat liver that even in 
the complete absence of bile acids there is still significant bile 
flow, of ∼0.8–1.25 μL/min/g of liver, accounting for close to one 
half of total bile output [24]. Moreover, hormones that increase 
cAMP are associated with increases in canalicular bile flow even 
without changes in bile acid output [162]. These findings 
support the concept that a portion of bile formation is inde-
pendent of bile acids. Since movement of water into the canal-
icular space requires the generation of a concentration gradient 
for solutes as described above, the driving force for bile acid-
independent bile formation must come from the transport of 
inorganic ions. Furthermore, while ductular secretion relies on 
transepithelial secretion of Cl− to provide the driving force for 
secretion, there is no net driving force for Cl− secretion across 
the hepatocyte canalicular membrane. However, two solutes 
that have been shown to contribute to bile acid independent bile 
formation include glutathione (GSH) and bicarbonate (HCO3

−) 
[137].

Glutathione
A direct correlation exists between GSH secretion and bile acid-
independent bile formation. GSH secretion is ∼4–9 mM/min/g 
of liver, which correlates with the rate of bile acid-independent 
bile formation as demonstrated in the isolated perfused rat liver 
model [121]. GSH is transported across the canalicular mem-
brane by the action of MRP2/ABCC2 and is found in bile in 
concentrations of 1–4 μM [163–165]. Once in bile, each mole-
cule of GSH can be broken down by biliary transpeptidases into 
individual amino acids, resulting in the generation of 3 mOsm 
for each molecule of GSH, thus increasing its choleretic potency.

Bicarbonate
HCO3− is the other important solute for bile acid-independent 
bile flow at the hepatocyte canalicular membrane. Removal of 
HCO3

− decreases bile formation by the perfused liver by 
approximately 50% [24,166]. Bicarbonate is loaded into the 
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Figure 26.5 Cholangiocyte channels and transporters. Stimulation of basolateral receptors by the hormone secretin results in increases in cAMP and 
PKA-dependent stimulation of Cl− efflux through cystic fibrosis transmembrane regulator (CFTR). The transmembrane Cl− gradient drives Cl−/
HCO3

− exchange through AE2. Transepithelial water flux occurs through aquaporin 4 (AQP4) on the basolateral membrane and AQP1 on the apical 
membrane. The increase in HCO3

− and water secretion leads to alkalinization and dilution of bile. Other Cl− channels, including a G-protein regulated 
Cl− channel, a volume-stimulated (or osmo-sensitive) Cl− channel, and TMEM16A, a Ca2+-activated Cl− channel, have been identified. Note that 
cAMP- and Ca2+- activated pathways represent two distinct but complimentary pathways. Lumenal ATP and bile acids may also stimulate Cl− efflux 
through interaction with apical membrane receptors. An apical transporter for bile acids, ASBT, has been identified. Bile acids are transported across 
the basolateral membrane by Ostα, Ostβ, and tASBT. On the basolateral membrane, Na+/H+ exchange, Na+-dependent Cl−/HCO3

− exchange, and Na+/
HCO3

− symport help to maintain intracellular pH and HCO3
− concentrations. Cl− uptake is mediated by a Na+/K+/2Cl− cotransporter. Ca2+-activated 

K+ channels have been identified, including SK2 and IK1, and work in parallel with apical Cl− channels to hyperpolarize the membrane and provide the 
driving force for continued secretion. Note that channels and transporters are shown in two different cells for convenience only. This model represents 
receptors and channels in medium to large-sized cholangiocytes. Small cholangiocytes do not express secretin receptor, CFTR, AE2, or ASBT. P2R, 
purinergic receptor; SR, secretin receptor. See text for details.
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with eight transmembrane spanning domains, is found in both 
small and large mouse cholangiocytes [196], is activated by 
increases in intracellular Ca2+, not cAMP, and appears to be the 
predominant mechanism responsible for the increase in Cl− 
secretion in response to ATP and purinergic receptor stimula-
tion [196,197]. Thus, these two Cl− channels, CFTR and 
TMEM16A, are activated by different secondary messengers, 
cAMP and PKA for CFTR versus Ca2+ and PKC for TMEM16A, 
and by agonists acting at different membrane domains, secretin 
acting at the basolateral membrane for CFTR versus ATP (and 
other purine analogues) acting at the apical membrane for 
TMEM16A.

The relative contributions of these two specific Cl− channels 
to overall ductular secretion under physiological conditions are 
unknown. While CFTR has been shown to mediate the classical 
secretory pathway mediated by secretin, several observations 
challenge the conventional model in which CFTR represents the 
predominant Cl− channel driving secretion in bile duct epithe-
lium. First, only 15%–20% of patients with cystic fibrosis, and 
hence absent or nonfunctional CFTR channels in biliary epithe-
lium, develop clinically significant liver disease [203–205]. This 
is true even in patients with identical gene mutations [204,206]. 
This observation suggests that in the bile ducts other Cl− chan-
nels unrelated to CFTR are able to compensate for the Cl− secre-
tory defect associated with cystic fibrosis. In fact, in animal 
models of cystic fibrosis, expression of alternate Cl− channels is 
a determinant of organ-level disease [207]. Second, the finding 
that in mouse and rat cholangiocyte models pharmacological 
inhibition of CFTR or knockdown of CFTR expression does not 
affect Ca2+-activated secretion supports the notion that these 
alternate secretory pathways are functionally important. 
Furthermore, in polarized cholangiocyte preparations and iso-
lated rat and mouse cholangiocytes the short-circuit current 
response (a measure of transepithelial secretion) and the density 
of whole-cell Cl− currents are two- to fourfold greater than 
cAMP-stimulated Cl− secretion, respectively [35,37,196]. Lastly, 

Additionally, K+ channels have been identified in cholangi-
ocytes and play a role in maintaining the membrane potential 
difference necessary for continued transepithelial Cl− secretion 
[187,188]. Overall, this model is similar to other secretory epi-
thelium that use transepithelial Cl− movement to drive Cl−/
HCO3

− exchange and water movement into the lumen [189]. 
The transepithelial transport of Cl− therefore represents the 
primary driving force for cholangiocyte secretion and Cl− chan-
nels in the apical membrane represent a key site for regulation 
of bile formation [95,96,190].

Chloride channels
Several membrane Cl− channels have been identified in cholan-
giocytes based on biophysical and pharmacological properties, 
including a cAMP-activated Cl− channel, a Ca2+-activated Cl− 
channel [37,63,191], a volume-activated (or osmo-sensitive) 
Cl− channel [192,193], and a G-protein regulated Cl− channel 
[194] (Table 26.2). To date, only two Cl− channels have been 
identified definitively on a molecular basis: (1) the cystic fibrosis 
transmembrane conductance regulator (CFTR/ABCC7), a 
cAMP-activated Cl− channel [195]; and (2) TMEM16A (also 
known as anoctamin), a Ca2+-activated Cl− channel [196,197]. 
The best studied of these is CFTR/ABCC7, a member of the 
ABC family of proteins, which is activated by increases in 
cAMP- and PKA-dependent phosphorylation [95,195,198]. In 
this model, stimulation of cholangiocyte basolateral receptors 
by the hormone secretin results in increased intracellular con-
centration of cAMP [199], PKA-dependent phosphorylation 
and opening of CFTR Cl− channel [59], and stimulation of Cl−/
HCO3

− exchange [98,200]. Thus, secretin-mediated choleresis 
is thought to be primarily due to the action of CFTR on the 
apical cholangiocyte membrane. The CFTR is only found on the 
apical membrane of medium- and large-sized cholangiocytes 
(forming the medium to large-sized intrahepatic ducts), not on 
the small cholangiocytes, hepatocytes, or other cell types of the 
liver [60,201,202]. In contrast, TMEM16A, a 114-kD protein 

Table 26.2 Cholangiocyte chloride channels. Source: Modified from Fitz 2002 [93].

Molecular 
origin

Stimulus Kinase 
regulation

Unitary 
conductance

Properties Proposed 
location

Function

CFTR cAMP PKA ∼8 pS Linear IV
Cl− > I
DIDS-resistant

Apical Secretion
bile formation

TMEM16A Ca2+ PKCα
CAMKII

∼15 pS Outwardly rectifying IV
I− > Cl−

DIDS-sensitive

Apical Secretion
bile formation

? Cell volume PKCα ? Outwardly rectifying IV
I− > Cl−

DIDS-resistant

Apical and 
basolateral

Cell volume recovery 
from swelling

? Gαi ? ∼350 pS Voltage-dependent closure Basolateral ?

CFTR, cystic fibrosis transmembrane regulator; DIDS, 4,4′-diisothiocyanostilbene-2,2′-disulfonic acid; PKA, protein kinase A; PKCα, protein kinase Cα.
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membrane, and (2) a prolonged dwell time or persistence in the 
basal membrane [214]. The short-term regulation of BSEP/
ABCB11 is another example of how rapid modulation of both 
protein activity and location can regulate transport function. 
While BSEP/ABCB11 is regulated at the transcriptional level, it 
can also be regulated posttranscriptionally through rapid 
changes in location. BSEP/ABCB11 is found in submembrane 
vesicles, representing a recycling pool from which proteins can 
be rapidly recruited for insertion into the canalicular mem-
brane. Normally, the half-life of BSEP in the membrane is 4–6 
days, but this can change rapidly in response to cAMP or other 
secretory agonists [215]. Thus, rapid movement between sub-
membrane vesicular pools and the plasma membrane repre-
sents an important point of regulation [216]. Hepatocytes 
undergo high rates of constitutive exo- and endocytosis, which 
increase dramatically with stimuli such as bile acid uptake or 
changes in cell volume. In fact, these high rates of exo- and 
endocytosis are capable of replacing the entire hepatocyte 
plasma membrane five or more times every hour [135]. Thus, 
the number, type, and location of transporters may change 
rapidly to meet changing physiological conditions.

Over the long term, bile formation is regulated by changes in 
the expression of specific transporters on the sinusoidal and 
canalicular membranes through transcriptional regulation 
[217]. The transcription of these transporters is regulated by 
ligand-activated nuclear receptors [218]. Nuclear receptors are 
cytosolic receptors which bind ligands, translocate to the nucleus, 
and regulate transcription of target genes. Nuclear receptors have 
been identified for most of the solute constituents of bile, includ-
ing bile acids, lipids, oxysterols, bilirubin, and xenobiotics [219–
221] (Table 26.3). Binding of the ligand to the receptor results in 
the regulation of specific genes, and these genes are involved in 
the reciprocal regulation of the metabolism or transport of the 
ligand itself. In some cases this may entail positive regulation, 
and, in others, negative regulation, thus representing a feedfor-
ward and feedback regulatory network.

One of the initial nuclear receptors for bile acids identified 
was FXR/NR1H4 [222] (Table 26.3). FXR is a cytosolic tran-
scription factor that preferentially binds chenodeoxycholic acid 
and cholic acid [223]. Upon binding by bile acids, it dimerizes 
with RXR and activates a number of genes involved in both the 
synthesis and transport of bile acids, including the genes coding 
for BSEP, MRP2, and FIC-1 [224]. Additionally, FXR/NR1H4 
regulates expression of SHP, a transcriptional repressor, which 
decreases the expression of the sinusoidal NTCP/SLC10A1 
[225] and 7α-hydroxylase (CYP7A1), the first step in synthesis 
of bile acids from cholesterol. Overall, the effect is to regulate 
the intracellular concentration of bile acids. In this way, increases 
in the intracellular concentration of bile acids decrease their 
own synthesis and uptake while enhancing their canalicular 
excretion [226]. Other important nuclear receptors include 
PXR, the pregnane X receptor, which binds lithocholic acid and 
ursodeoxycholic acid [227], VDR the vitamin D receptor 
(NR1I1), which binds lithocholic acid and other hydrophobic 

studies in isolated cells and bile duct segments reveal that 
cAMP-stimulated secretion requires luminal ATP and intact 
Ca2+-mediated pathways [208,209]. Together, these studies 
challenge the premise that cAMP-dependent activation of 
CFTR is the driving force for ductular secretion. Rather, alter-
nate Ca2+-activated Cl− channels may represent the predomi-
nant or final common pathway, contributing to ductular bile 
formation [31]. However, the majority of these studies have 
been performed in cell and epithelial models and corroborating 
studies in human models are lacking.

Regulation of bile formation

Bile formation requires a complex series of regulatory pathways 
and several levels of regulation have been identified, which 
serve to coordinate the separate contributions of both hepato-
cytes and cholangiocytes to bile formation. Overall, these path-
ways control bile formation with specificity and fidelity at both 
the systemic level (i.e., coordinating the physiological events 
following a meal) and locally (i.e., minute-to-minute control of 
membrane ion channel activity) for integrated responses. These 
signals that coordinate canalicular and ductular bile formation 
are described below.

Regulation of canalicular bile formation
Different regulatory mechanisms exist for the short-term 
(minute-to-minute) regulation of bile formation or the longer-
term (hours-to-days) regulation of canalicular bile formation. 
In the short term, changes in the activity of the membrane 
transporters themselves or changes in the cellular location of 
transporters, that is from subcellular pools to insertion in the 
membrane, account for the main regulatory mechanisms. On a 
longer-term basis, changes in the number and/or expression of 
transporters account for the main regulatory mechanism.

Short-term regulation of transporters occurs through direct 
changes in transporter activity via changes in the electrochemi-
cal gradients or through phosphorylation and dephosphoryla-
tion by the action of kinases and phosphatases. For example, an 
overall key regulatory step in the production of bile is the uptake 
of bile acids by NTCP/SLC10A1 on the hepatocyte sinusoidal 
membrane. As mentioned, the activity of NTCP/SLC10A1 is 
dependent on generation of an electrochemical gradient for 
Na+. Thus, the activity of NTCP/SLC10A1 is regulated minute-
to-minute by changes in the intracellular concentration of Na+ 
or in the potential difference. This dependence on the potential 
difference is important physiologically, but also during patho-
logical conditions. For example, during cholestasis the potential 
difference may change, leading to alterations in transport activ-
ity [210–212]. Additionally, NTCP/SLC10A1 is a serine/
threonine phosphatide and both its activity and location are 
regulated by the cAMP-dependent phosphorylation state 
[213,214]. Dephosphorylation of the protein leads to several 
effects, including (1) preferential translocation to the sinusoidal 
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Table 26.3 Nuclear receptors/transcription factors regulating hepatic transport protein expression.

Nuclear 
receptor

Alternative 
name

Ligands Genes activated Genes 
inactivated

Major functions

FXR NR1H4 Bile acids, especially 
CDCA, DCA, CA, LCA

BSEP, SHP, MRP2, 
OATP1B3, ABCB4, 
PXR, OSTα/β, 
CYP3A4, UCT2B4, 
UGT2B7

NTCP, CYP7A1 Major bile acid sensor

Increases detoxification and excretion

Decreases bile acid synthesis and 
uptake

SHP NR0B2 CYP7A1, 
CYP8B1, NTCP, 
ASBT, HNF4α

Induced by FXR

Inhibits bile acid synthesis and uptake 
via effects on HNF4α and HNF1α

PXR SXR, NR1I2 Numerous xenobiotics, 
rifampicin, statins, LCA, 
dexamethasone, UDCA

CVP3A4, CYP2B6, 
MDR1, MRP2, 
GSTA2, UGT1A1

CYP7A1 Induction of drug metabolism and 
excretion pathways

Considerable overlap with CAR

CAR NR1I3 Bilirubin, 
phenobarbital, 
xenobiotics

CYP3A, CYP2B6, 
CYP2A6, OATP1B1, 
MRP2, UGT1A1

Induction of drug metabolism and 
excretion pathways

Considerable overlap with PXR

Activated by bilirubin

Phenobarbital promotes nuclear 
translocation

LXRα NR1H3 Oxysterols, 6α-hydroxy 
bile acids

ABCG5/8, ABCA1, 
CYP7A, CYP8B, 
CYP3A4, SHP

Regulator of cholesterol metabolism 
and elimination

RXR NR2B1 9-cis-retinoic acid Required for 
function of FXR, 
PXR, LXR, and CAR

Heterodimerization partner for FXR, 
PXR, CAR , LXR, RAR

Activity inhibited by cytokines

RARα NR1B4 All-trans-retinoic acid NTCP, MRP2, ASBT

VDR NR1I1 1α,25-dihydroxyvitamin 
D3, LCA

CYP3A, SULTs Induction of bile acid hydroxylation, 
sulfation, and export

HNF4α NR2A1 CYP7A1, CYP8B1, 
NTCP, HNF1α

Activity reduced by bile acids, which 
reduces HNF1α expression and 
downregulates bile acid synthesis

HNF1α MODY3, 
TCF1

OATP1B1, NTCP, 
CYP7A

Major regulator of glucose 
homeostasis

Reduced activity contributes to decreased 
bile acid uptake and synthesis

PPARα NR1C1 Fatty acids, fibrates, 
statins, NSAIDs

ASBT, ABCB4, 
UGT2B4

CYP7A1 Increases β-oxidation, biliary 
phospholipid secretion

Downregulates bile acid synthesis

CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; LCA, lithocholic acid; NSAID, nonsteroidal antiinflammatory drug; UDCA, 
ursodeoxycholic acid.

bile acids [228], and the constitutive androstane receptor (CAR/
NR1I3), which binds bilirubin [227]. All of these receptors are 
class II nuclear receptors that heterodimerize with the retinoid 
X receptor α (RXRα/NR2B1) and then bind to the target region 
of specific gene promoters [218]. Lipids also interact with spe-
cific nuclear receptors. LXR and PPARα regulate lipid and cho-
lesterol metabolism by binding specific ligands, including 
oxysterol cholesterol derivatives and fatty acids, respectively 
[229]. LXR regulates the expression of ABCG5 and ABCG8, the 

canalicular cholesterol half-transporters [229], while PPARα 
regulates the expression of MDR3/ABCB4, the canalicular 
phospholipid transporter [230]. Thus, both LXR and PPARα 
coordinate phospholipid and cholesterol excretion across the 
canalicular membrane. Together, regulation of bile formation by 
ligand nuclear receptors represents a powerful mechanism for 
regulating bile formation by coordinating the number and type 
of transporters on the membrane in order to match precisely 
the intracellular concentrations of solutes.
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of secretin and decrease cAMP levels and inhibit secretin-
stimulated secretion [233–235]. Bombesin and VIP, two neu-
ropeptides, activate Cl−/HCO3

− exchange activity and increase 
biliary fluid secretion directly [236,237]. Cholangiocytes also 
express M3 acetylcholine receptors which, when bound by ace-
tylcholine, increase biliary fluid and HCO3

− secretion through 
Ca2+-dependent pathways [238]. Endothelin-1 appears to have 
opposite effects by decreasing Ca2+-dependent secretion through 
effects on IP3 receptors [235]. The basolateral cholangiocyte 
membrane also contains multiple purinergic receptors (P2 
receptors), including both P2Y and P2X receptors as well as P1 
receptors for adenosine [30,239,240].

Regulation at the apical membrane
Interestingly, constituents of bile, including bile acids and nucle-
otides such as ATP, have been shown to modulate cholangiocyte 
secretion in isolated cells and intrahepatic bile duct segments in 
culture through interaction with specific membrane receptors 
[34,96,241]. This mechanism, termed hepatobiliary coupling, 
represents a unique form of regulation where factors released by 
hepatocytes into bile can modulate downstream cholangiocyte 
functions and thereby serve as signals coordinating the separate 
hepatic and biliary components of secretion. Two solutes that 
have been shown to exert direct effects on duct cells when acting 
at the apical membrane include bile acids and the nucleotide, ATP.

Bile acids
Cholangiocytes express transporters for bile acids on the apical 
membrane [242] (Figure 26.5), including Na+-dependent bile 

Regulation of ductular secretion
Biliary secretion is regulated by a variety of hormones, peptides, 
and small molecules acting at both the apical and basolateral 
membranes (Table 26.4). While the classical secretory pathway 
highlights the importance of the hormone secretin acting on 
basolateral cholangiocyte receptors, studies have demonstrated 
an important role for substances in bile regulating secretion 
directly through interaction with receptors on the apical mem-
brane [93]. Through this mechanism, molecules secreted across 
the hepatocyte canalicular membrane, that is bile acids, ATP, 
etc., can act on downstream cholangiocytes to regulate secretion 
in a process known as hepatobiliary coupling.

Regulation at the basolateral membrane
The basolateral membrane of cholangiocytes contains many 
receptors for hormones, nucleotides, and small molecules. The 
best studied of these is the secretin receptor, which is found on 
medium and large, but not small, cholangiocytes [60]. Secretin 
receptors are coupled to G-proteins and, upon binding, activates 
adenyl cyclase to generate cAMP. The increase in cAMP results 
in several steps including: (1) an increase in the rate of exocytosis 
with recruitment of specific vesicular pools containing CFTR, 
AE2/SLC4A2, and AQP1 to the apical membrane [183,231]; (2) 
direct PKA-dependent phosphorylation of CFTR with subse-
quent channel opening and Cl− efflux [95,195,198]; (3) increases 
in AE2/SLC4A2 activity resulting in an increase in biliary 
HCO3

− concentration [98,200]; and (4) increases in water flux 
through AQP1 [183,232]. In contrast, other hormones, includ-
ing somatostatin, gastrin, and endothelin-1, counter the effects 

Table 26.4 Regulation of cholangiocyte secretion and ductular bile formation.

Hormone/mediator Second messenger Effect

Ligands acting at apical receptors

 Bile acids ↑Ca2+, ↑PKCα Activation of membrane Cl− channels

Stimulation of Cl− excretion and Cl−/HCO3
− exchange

 ATP/purinergic 
analogues

↑Ca2+ Activation of CaCC Cl− channels

Ligands acting at basolateral receptors

 Secretin ↑cAMP, ↑PKA Stimulation of bicarbonate-rich flow

 Somatostatin ↓ cAMP Inhibition of basal and secretin-induced bile flow

 Gastrin ↓cAMP, ↑IP3, ↑Ca2+, ↑PKC No effect on basal bile flow and bicarbonate excretion, but 
inhibition of secretin-induced choleresis

 Bombesin Unknown (independent of cAMP, cGMP and Ca2+) Induction of a bicarbonate-rich bile flow

 VIP Unknown (cAMP independent) Induction of a bicarbonate-rich bile flow

 Acetylcholine ↑IP3, ↑Ca2+ Induction of a bicarbonate-rich bile flow

 Endothelin-1 ↓Secretin-induced cAMP
↑IP3, ↑Ca2+

Inhibition of secretin-induced choleresis

ATP, adenosine triphosphate; CaCC, Ca2+-activated Cl− channel; PKC, protein kinase C; PKA, protein kinase A; IP3, inositol triphosphate; VIP, 
vasoactive intestinal polypeptide.
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and regulation of biliary secretion. First, ATP is released by 
primary human hepatocytes [102], and model liver and biliary 
cell lines [96,193,246], and is present in mammalian bile in con-
centrations (>100 nM) sufficient to activate purinergic receptors 
[247]. Second, cholangiocytes express a repertoire of purinergic 
(P2) receptors, including both P2Y and P2X receptors on the 
apical membrane [35,239,240]. Third, receptor binding increases 
Cl− efflux rates of isolated cholangiocytes [35,96,193]. Fourth, 
studies in isolated cells and bile duct segments reveal that even 
cAMP-stimulated secretion requires luminal ATP [208,209]. 
These studies challenge the premise that cAMP-dependent acti-
vation of CFTR is the driving force for ductular secretion. Rather, 
in the lumen of intrahepatic ducts, release of ATP and stimu-
lation of purinergic P2 receptors may represent the final  
common pathway contributing to local control of ductular bile 
formation as well as a means of coupling hepatocyte transport to 
cholangiocyte electrolyte and water secretion [31]. The cellular 
mechanism(s) regulating ATP release into bile has not been fully 
elucidated. Potentially, ATP release could be mediated by two 
pathways: a channel-mediated pathway versus a pathway medi-
ated by exocytosis of ATP-enriched vesicles. Studies of CFTR 
and other ABC proteins in cholangiocytes and hepatocytes, 
respectively, suggest that, while they may regulate ATP release, 
they are not ATP permeable channels themselves and no other 
ATP channel has been identified mediating physiological ATP 
release in these cells [100,248,249]. Conversely, studies suggest 
that exocytosis of ATP-enriched vesicles may be a predominant 
pathway for ATP release into bile. First, stimuli that increase 

acid transporter (ASBT), which are capable of transporting con-
jugated bile acids [242]. Once taken up at the apical membrane, 
bile acids are shuttled through the cytosol and excreted from 
the basolateral cholangiocyte membrane by the proteins Ostα 
and Ostβ [68] and a truncated form of ASBT, t-ASBT [73]. 
Additionally, bile acid uptake stimulates ATP release [36,209], 
increases intracellular [Ca2+], and Cl− secretion in isolated cells 
[241], suggesting a mechanism by which lumenal bile acids may 
modulate ductular secretion. This provides further evidence for 
the cholehepatic shunt hypothesis [6,75], and may help to 
explain the hypercholeresis, out of proportion to bile acid pool 
enrichment alone, observed with bile acid therapy [110]. 
Additionally, bile acids may interact with receptors on the 
cholangiocyte membrane such as TGR5 [243], a G-protein-
linked receptor for bile acids found on the apical membrane and 
primary cilium [244,245]. Binding of bile acids to TGR5 leads 
to an increase in intracellular cAMP concentration and cholan-
giocyte Cl− secretion [243]. Therefore, TGR5 signaling repre-
sents another mechanism by which the luminal concentration 
of bile acids is coupled to ductal biliary secretion.

Nucleotides
Extracellular ATP is an important autocrine/paracrine signal 
that regulates diverse cellular processes by binding to one or 
more purinergic receptors in the plasma membrane of target 
cells (Figure 26.6). Several lines of evidence provide support for 
ATP as a signaling molecule involved in hepatobiliary coupling 

Figure 26.6 Purinergic signaling in bile 
formation. Proposed model for regulation of 
biliary secretion via extracellular ATP. Bile 
formation begins via transport of bile acids, 
phospholipids, and ATP from the 
hepatocyte canalicular membrane. 
Hepatocyte ATP release is positively 
regulated by PI3-kinase and PKC. Secretin 
stimulates increases in cholangiocyte cAMP 
levels via stimulation of basolateral 
receptors resulting in Cl− efflux through 
cystic fibrosis transmembrane conductance 
regulator (CFTR) and an increase in Cl−/
HCO3− exchange. Increases in cAMP, as 
well as exposure to the bile acid 
ursodeoxycholic acid (UDCA), may also 
increase ATP release through a CFTR-
dependent mechanism. BA, bile acids; PL, 
phospholipids; SK2, Ca2+-activated K+ 
channel;. Source: Feranchak and Fitz 2007 
[31]. Reproduced with permission of 
Elsevier.
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Mechanisms of cholestasis

Cholestatic liver disease
Cholestasis is defined as absent or reduced bile flow associated 
with a pathological condition. The decrease in bile flow may be 
secondary to abnormal production, transport, or metabolism of 
a key constituent of bile such as bile acids or phospholipids. 
Cholestatic disorders may be broadly classified as genetic or 
acquired. In many diseases both components exist, that is a 
genetic predisposition to disease development which is then 
initiated or propagated by acquired or environmental factors. 
Diseases can also be classified by the site or target of injury, that 
is hepatopathies, affecting primarily hepatocytes, or cholangio-
pathies, affecting cholangiocytes. While disorders targeting 
hepatocytes may lead to hepatitis and cholestasis, those target-
ing cholangiocytes are almost always cholestatic in nature. This 
section outlines several of the genetic causes of cholestasis that 
are associated with alterations in the activity of the transporters 
and channels described in the earlier sections. Mutations in the 
genes for the transporters or channels at both the canalicular 
and ductular membranes are associated with absent or decreased 
function of these proteins and subsequent liver injury. For 
example, mutations in the genes for the canalicular proteins 
responsible for the transport of bile acids and phospholipids are 
broadly known as the progressive familial intrahepatic choles-
tatic (PFIC) syndromes, while mutations in the gene for the 
ductular Cl− channel, CFTR, result in liver disease in some 
patients with cystic fibrosis. Disorders associated with abnormal 
production of bile acids, known as bile acid synthesis defects, 
are also associated with cholestasis. Lastly, defects in the devel-
opment of the bile ducts are associated with disorders such as 
biliary atresia or Alagille syndrome. All of these disorders will 
be discussed in more detail below, while other disorders that 
result in cholestasis, such as immune-mediated injury to cholan-
giocytes, primary biliary cirrhosis (PBC), or primary sclerosing 
cholangitis (PSC), are discussed in Chapters 100 and 90, 
respectively.

General cellular mechanism of cholestasis
Insights into the cellular mechanism(s) by which cholestasis 
leads to liver injury are expanding. It is clear that the process is 
complex with multiple steps converging on a final common 
pathway leading to cirrhosis [264]. As described earlier, bile 
acids are the major driving force for bile formation, thus when 
bile flow decreases bile acids accumulate in the canaliculus and 
in the intrahepatic bile ducts. These bile acids may be trans-
ported into hepatocytes and cholangiocytes, leading to high 
intracellular concentrations. The high intracellular and extracel-
lular concentrations of bile acids may lead to direct cellular 
injury as bile acids are detergents capable of cellular membrane 
injury [265,266]. The cellular injury initiates an inflammatory 
response with elaboration of cytokines, interleukins, and  
activation of Kupffer cells. This in turn leads to a cascade of 
signaling events converging on the activation of stellate cells and 

exocytosis in hepatocytes and cholangiocytes (e.g., cAMP, cell 
volume) are associated with parallel increases in ATP release and 
both processes require intact PKC and PI3-kinase signaling 
[192,193,246,250], key regulatory signals in vesicular trafficking. 
Second, both hepatocytes and cholangiocytes contain a popula-
tion of ATP-enriched vesicles, which undergo regulated exocy-
tosis and release of ATP into the extracellular space upon 
stimulation [251,252]. Lastly, the vesicular nucleotide trans-
porter, SLC17A9, responsible for loading ATP into synaptic vesi-
cles, has been identified in cholangiocytes and contributes to the 
formation of ATP-enriched vesicles [252].

Exosomes
The discovery that bile contains exosomes provides another 
potential regulatory pathway, which may coordinate the sepa-
rate hepatocyte and cholangiocyte functions [253]. Exosomes 
are small (30–100 nm in diameter) extracellular membrane-
enclosed vesicles, which contain proteins, nucleotides, and 
mRNAs [254] and can deliver biological information between 
cells and thereby regulate a host of cellular functions in target 
cells [255]. Exosomes can be released by both hepatocytes and 
cholangiocytes into bile and target downstream cholangiocytes, 
where they have been shown to interact with the cholangiocyte 
primary cilium on the apical membrane [253,256]. The uptake 
of specific cargo proteins and mRNAs may affect cholangiocyte 
functions, though the role of exosomes in the control of bile 
formation is not known [256].

Mechanosensitive regulation
Fluid flow or sheer stress at the cholangiocyte apical membrane 
has been shown to be a potent stimulus for the regulation of 
biliary secretion in mouse and rat models [53,257]. Increases in 
sheer force or increases in flow rate at the apical membrane have 
been shown to directly stimulate increases in ATP release, intra-
cellular Ca2+ concentration, and Cl− channel activity in polar-
ized rat and mouse cholangiocyte preparations [53,197,257]. In 
this way, a rise in the shear force at the apical cholangiocyte 
membrane, through increases in flow rate or bile viscosity, may 
stimulate ATP release and, hence, result in changes in bile com-
position. If this model is relevant to in vivo conditions, it may 
represent an attractive mechanism to increase biliary secretion 
and, hence, dilute bile in response to bile acid-dependent 
increases in bile flow or viscosity. Therefore this would represent 
a “feed forward" pathway and may help to explain the hyperc-
holeresis, out of proportion to bile acid-induced bile flow alone, 
observed with bile acid replacement therapy [258]. The mecha-
nisms by which the mechanical effects of flow is translated into 
intracellular signals is unknown. However, cholangiocytes 
express an apical monocilium, which mediate intracellular Ca2+ 
signals when deflected [53,259,260]. Additionally, the primary 
cilia may respond to changes in bile tonicity and express a 
number of receptors and proteins, such as TRPV4, PC1, and 
PC2, which may be mechanosensitive proteins [261–263].
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tions have been described in the gene including nonsense, dele-
tions, and missense mutations [273]. Milder mutations, such as 
missense, are associated with some residual FIC-1 activity char-
acterized by the clinical phenotype known as benign recurrent 
intrahepatic cholestasis (BRIC) [275]. The function of the FIC-1 
protein is not entirely clear. The protein is a P-type ATPase that 
is involved in phospholipid transport [147–149]. In addition to 
being expressed on the hepatocyte canalicular membrane, 
FIC-1 is expressed on the apical membrane of cholangiocytes, 
intestinal enterocytes, pancreatic duct cells, airway epithelium, 
and cochlear hair cells [147,276]. These sites of expression may 
explain the extrahepatic manifestations of the disease. The 
mechanism by which absent or decreased FIC-1 activity leads 
to disease expression is unknown [147–149]. Interestingly, a loss 
of normal FIC-1 activity has been associated with reduction in 
activity of the nuclear receptor FXR, with a subsequent decrease 
in BSEP expression [150]. Thus, FIC-1 may indirectly modulate 
the transport of bile acids through effects on BSEP expression, 
resulting in intracellular retention of hepatocyte bile acids. 
However, the expression of FIC-1 in multiple epithelial cells, 
and the extrahepatic manifestations associated with the loss of 
its function, suggest a more universal role of FIC-1 in epithelial 
function than bile acid transport alone [151]. Treatment of 
PFIC-1 usually involves liver transplantation. While liver trans-
plantation cures the liver phenotype, it does not improve the 
extrahepatic manifestations of the disease. In fact, the diarrhea 
may become significantly worse after transplantation [277]. This 
is thought to be due to abnormalities in the enterohepatic cir-
culation of bile acids, as the intestine is now exposed to an 
increased load of bile acids resulting in bile acid-driven diarrhea 
[278]. An alternate treatment has been external biliary diver-
sion, which decreases the bile acid pool and has been shown to 
improve the clinical symptoms [279–281].

Benign recurrent intrahepatic cholestasis
Benign recurrent intrahepatic cholestasis (BRIC) is a clinically 
milder form of PFIC. It is also caused by a mutation in the FIC-1 
gene, but usually these are milder missense mutations and are 
associated with residual FIC-1 activity [282]. Patients experi-
ence recurrent episodes of cholestasis associated with jaundice 
and pruritus and occasionally diarrhea. The liver disease is non-
progressive and overall the disease is thought to be benign. 
However, some patients have developed pancreatitis, renal 
stones, and diabetes. Laboratory evaluation reveals a low or 
normal GGT, similar to PFIC-1. Thus, PFIC-1 and BRIC may 
be thought of as a continuum (BRIC being a mild clinical phe-
notype with residual FIC-1 activity and PFIC-1 a severe clinical 
phenotype with absent FIC-1 activity). Treatment of BRIC is 
directed at symptomatic management. Rifampin has been used 
to decrease pruritus and may also decrease the frequency of 
episodes [283]. Similar to PFIC-1, biliary drainage has been 
effective in relieving symptoms and this usually involves a tem-
porary endoscopic placement of a nasal biliary drain during 
episodes.

ultimately resulting in collagen deposition, fibrosis, and cirrho-
sis [267].

It should be noted that marked changes in the transcriptional 
regulation of canalicular and sinusoidal transporters occur 
during cholestasis in response to the increase concentration of 
intracellular bile acids [268,269]. Compensatory mechanisms 
occur involving an increased expression of sinusoidal transport-
ers for the back transport of bile acids from the hepatocyte into 
the sinusoid. This may contribute to the increase in circulating 
bile acids associated with most forms of cholestasis. For example, 
elevated levels of bile acids exert effects on the nuclear receptors 
FXR, PXR, and CAR [217]. Overall, this results in significant 
changes to the transport properties of hepatocytes with a 
decrease in uptake at the sinusoidal membrane, a decrease in 
canalicular excretion, and an increase in excretion from the 
hepatocyte to the sinusoid. These changes may be an attempt to 
limit high concentrations of canalicular and intracellular bile 
acids where they may contribute to cellular injury. These effects 
again highlight the important regulatory role of these nuclear 
receptors on overall bile formation during both health and 
disease.

Hereditary cholestasis syndromes
The progressive familial intrahepatic cholestasis (PFIC) disor-
ders describe a group of rare inherited forms of cholestasis. 
Previously, these disorders have been grouped together as they 
have had overlapping phenotypes and clinical descriptions in 
the literature. Now, as the genetic basis for each has been identi-
fied, they can be more appropriately characterized based on the 
specific gene and defects. Three diseases have been described, 
each with a specific defect in the canalicular transport protein. 
They are known as PFIC-1, -2, and -3.

Progressive familial intrahepatic cholestasis-1
PFIC-1 was one of the first hereditary forms of PFIC described. 
It is an autosomal recessive disorder initially described in an 
Amish family cohort in Pennsylvania. The disease was also 
called Byler disease as the patients who were initially described 
were descendants of Jacob and Nancy Byler, Amish immigrants 
who in the late 18th century emigrated from Germany to the 
United States [270]. Patients present in infancy with jaundice, 
pruritus, and failure to thrive. Additionally, patients may have 
diarrhea, episodes of pancreatitis, respiratory symptoms, and 
hearing loss. The cholestatic liver injury is progressive and typi-
cally leads to cirrhosis and liver failure. Liver histology reveals 
a bland cholestasis without significant bile duct proliferation or 
inflammation. Electron microscopy reveals distinctive coarse, 
granular bile in the canaliculus, which is been termed “Byler 
bile" [271,272]. Laboratory studies reveal a serum γ-glutamyl 
transpeptidase (GGT) that is normal or low, which is unusual 
for the degree of cholestasis. Serum levels of bile acids are ele-
vated with marked increases in chenodeoxycholic acid levels. 
The disease is caused by a mutation in the ATP8B1 gene on 
chromosome 18q21-22 [273,274]. A number of different muta-
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the majority of which result in a truncated protein [287,290]. 
The loss of phosphatidylcholine in bile results in an increase in 
the biliary concentration of free bile acids due to inability to 
form normal micelles. The increase in free bile acids is thought 
to result in cholangiocyte membrane damage with subsequent 
injury and proliferation of bile ducts. It is the injury to the  
bile ducts that results in the characteristic elevation of GGT.  
The loss of phospholipids in bile also alters the normal ratios  
of bile acids, lipids, and cholesterol and may result in cholesterol 
precipitation with bile duct obstruction. Defects in MDR3 
expression or function are also associated with cholelithiasis, 
intrahepatic cholestasis of pregnancy, neonatal cholestasis,  
and adult idiopathic cirrhosis. The treatment for patients  
with MDR3 deficiency is based on the severity of the disease. 
Patients with milder disease may benefit from treatment with 
ursodeoxycholic acid; however, most patients require liver 
transplantation.

Dubin–Johnson
Dubin–Johnson syndrome results from mutations in the MRP2/
ABCC2 gene [161]. MRP2/ABCC2 is an ABC protein located 
on the hepatocyte canalicular membrane and is responsible for 
transport of conjugated bilirubin and other organic anions into 
bile. MRP2/ABCC2 is also responsible for elimination of drugs 
and endogenous compounds. Patients with Dubin–Johnson 
syndrome have a persistently elevated direct (conjugated) 
bilirubin, but normal serum bile acids and GGT. It is considered 
to be a benign disorder; however, case reports of an increased 
risk of hepatocellular carcinoma exist. The absence of canalicu-
lar MRP2 function may be partly offset by increased expression 
of MRP3/ABCC3 at the sinusoidal membrane.

Bile acid synthesis defects
As bile acids are the driving force for bile formation, it is not 
surprising that genetic disorders associated with a decrease in 
bile acid production are accompanied by cholestasis. These rare 
disorders result from defects in the genes for the enzymes 
involved in the synthesis of bile acids from cholesterol [291,292]. 
Clinical manifestations are quite variable depending on the spe-
cific enzyme defect, and defects have been reported in many of 
the enzymes in the bile acid synthesis pathway [292]. Cholestasis 
may occur due to the lack of primary bile acids that are essential 
for bile formation. Additionally, these defects may result in 
overproduction of potentially hepatotoxic, atypical bile acids 
proximal to the enzyme defect. Some defects are severe with 
accumulation of toxic hydrophobic bile acids with resultant pro-
gressive liver injury. Liver histology often reveals cholestasis 
with giant cell transformation. Laboratory evaluation reveals 
normal or low GGT, probably reflecting the lack of bile acids in 
bile and therefore an absence of direct biliary epithelial toxicity. 
Serum total bile acids may be abnormally low for the degree of 
cholestasis and this is a helpful clue to the diagnosis. The diag-
nosis can be confirmed by analysis of blood, urine, and bile (if 
available) for bile acid metabolites by GC mass spectrometry. 

Progressive familial intrahepatic cholestasis-2
PFIC-2 is due to a mutation in the gene BSEP/ABCB11 resulting 
in an absence of this transporter on the hepatocyte canalicular 
membrane [138,140]. Patients present during childhood with 
severe cholestatic liver disease and progress to cirrhosis in the 
first decade of life. Unlike patients with PFIC-1, patients with 
PFIC-2 do not have extrahepatic manifestations. Laboratory 
evaluation reveals a low or normal GGT, similar to PFIC-1. 
Serum bile acids are markedly elevated. Liver histology reveals 
progressive liver injury, starting as giant cell hepatitis and pro-
gressing to lobular and portal fibrosis, inflammation, and cir-
rhosis [274]. On electron microscopy the coarse granular bile 
associated with PFIC-1 is not seen; rather, the bile is amorphous 
and filamentous. This disease highlights the overall importance 
of BSEP as a canalicular bile acid transporter and critical for 
liver function. These patients have almost total absence of bile 
acids in bile. Meanwhile, bile acids accumulate intracellularly 
and lead to cellular injury. Treatment of PFIC-2 is liver trans-
plantation. Interestingly, this disease has been reported to recur 
after liver transplantation [284,285]. This is thought to be due 
to immune-mediated injury to the new (immune naïve) BSEP 
protein now expressed on the liver canaliculus for the first time 
[284].

Benign recurrent intrahepatic cholestasis-2
Interestingly, a subgroup of patients has been described with 
mutations in the ABCB11 gene but with residual BSEP activity 
[286]. These patients are similar to patients with BRIC-1 in that 
they have recurrent episodes of cholestasis. This clinical pheno-
type has been termed BRIC-2. BRIC-2, unlike BRIC-1, is not 
associated with pancreatitis. Additionally, BRIC-2 has been 
associated with gallstones, which are not associated with 
BRIC-1.

Progressive familial intrahepatic cholestasis-3
PFIC-3 is due to a mutation in the MDR3/ABCB4 gene [112]. 
While patients usually present during childhood with severe 
cholestasis and progressive liver injury, the clinical phenotype 
is quite variable. A spectrum of disease exists, ranging from 
cholestasis in neonates to cirrhosis in young adults [287]. A 
subset of patients has a very aggressive disease phenotype, 
developing cirrhosis in early childhood accompanied by portal 
hypertension, varices, and gastrointestinal bleeding [287]. Liver 
histology in PFIC-3 reveals fibrosis or cirrhosis with portal 
inflammation and bile duct proliferation [287,288]. Unlike 
PFIC-1 and -2, laboratory evaluation reveals an elevated GGT. 
Patients have normal serum bile acids. MDR3 is a P-glycoprotein 
responsible for phosphatidylcholine transport across the canal-
icular membrane and is found exclusively on the hepatocyte 
canalicular membrane [289]. Mutations in the MDR3/ABCB4 
gene (located on chromosome 7) result in abnormal or absent 
MDR3 protein on the hepatocyte canalicular membrane and  
are associated with a loss of phosphatidylcholine secretion into 
bile. Over 30 different mutations in the gene have been described, 
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and serum elevations of substances usually excreted in bile, 
including bile acids, bilirubin, and cholesterol. Cardiac, vascu-
lar, and hepatic disease account for most of the mortality associ-
ated with the disease, which is quite variable [298]. The disease 
is caused by abnormalities in the Jagged-1/Notch-2 signaling 
pathway, which is a cell fate pathway in early development. Most 
patients with Alagille syndrome have a mutation in the gene for 
Jagged-1 [299,300], though a small percentage of patients have 
been identified with mutations in Notch-2 [301]. In liver devel-
opment, Notch-2 signaling is involved in the ability of hepato-
blasts to differentiate into cholangiocytes. Jagged-1 is expressed 
on periportal mesenchymal cells and interacts with Notch-2 
expressed by hepatoblasts determining their differentiation  
into ductal plate cells [302]. Abnormalities in this Jagged-1–
Notch-2 interaction leads to defective peripheral branching of 
the biliary tree and ductopenia. As noted, the expression of 
disease severity is highly variable, and it is not possible to 
predict outcome based on specific genetic mutations. Treatment 
focuses on the affected organs. Of note, a hepatoportoenteros-
tomy, or Kasai procedure, is not indicated and may result in 
worse liver injury [303].

Biliary atresia
Biliary atresia is the most common cause of neonatal cholestasis 
that causes progressive liver injury and end-stage liver disease 
[304]. It is also the most common indication for liver transplan-
tation in children. Biliary atresia causes a progressive fibrotic 
obliteration of the intra- and extrahepatic ducts. Clinically, 
infants present with jaundice within weeks of birth. Stools are 
often pale or acholic. Laboratory evaluation reveals a direct 
(conjugated) hyperbilirubinemia and elevated GGT. Ultrasound 
may reveal absence of the extrahepatic biliary ducts or gallblad-
der. Liver histology reveals proliferation and plugging of bile 
ducts, canalicular bile stasis, and portal or perilobular fibrosis 
[304]. The etiology and pathogenesis of biliary atresia is not 
completely understood, though two forms have been described: 
(1) an embryonic form and (2) the more common acquired 
form [305]. The embryonic form is associated with other devel-
opmental anomalies including polysplenia, asplenia, malrota-
tion, situs inversus, portal vein abnormalities, or cardiovascular 
defects. This embryonic or fetal form of the disease occurs in 
10%–30% of patients with biliary atresia [304]. While the asso-
ciated anomalies suggest a genetic cause, no specific gene muta-
tions have been identified in the etiology of biliary atresia. 
Interestingly, deletion of the inversin gene in the inv mouse 
model is associated with severe jaundice, abnormalities of the 
extrahepatic ducts, and laterality defects [306], suggesting a role 
for this gene in the development of bile ducts and in the estab-
lishment of visceral symmetry. However, no mutations in this 
gene have been identified in humans with biliary atresia. In 
contrast, the acquired form of the disease occurs in 70%–90% 
of patients with biliary atresia and is characterized by a progres-
sive obliteration of the bile ducts, suggesting an ongoing immune 
or inflammatory injury to the bile ducts [307]. This has led to a 

Many of these disorders can be treated by administration of the 
primary bile acid cholic acid.

Defects of ductular transport
Genetic defects have been associated with absence or abnormal 
ductular transport or with developmental abnormalities of the 
ducts themselves. These include absence of Cl− secretion, asso-
ciated with cystic fibrosis, or developmental abnormalities of 
the bile ducts associated with Alagille syndrome (see below) or 
biliary atresia.

Cystic fibrosis
Cystic fibrosis is an autosomal recessive disease characterized 
by abnormal electrolyte transport in the epithelial cells of many 
organs. The disease is due to a mutation in the CFTR/ABCC7 
gene encoding a membrane protein that functions as a Cl− 
channel in the apical membrane of many epithelial cells. In the 
liver, CFTR/ABCC7 is found on the apical membrane of 
medium and large cholangiocytes [195]. It is not found in small 
cholangiocytes, hepatocytes, or other cells of the liver [61]. Loss 
of cholangiocyte CFTR function results in cholestatic liver 
disease and may progress to cirrhosis in some patients [206,293]. 
The mechanism of liver disease in cystic fibrosis is not under-
stood, but may involve loss of biliary Cl− and HCO3

− secretion, 
bile duct plugging, and toxic injury to cholangiocytes and hepa-
tocytes [205,294]. Interestingly, most patients with cystic fibro-
sis (even with the most common mutation, e.g., ΔF508) do not 
develop clinically significant liver disease [203,295]. Thus, it is 
likely that other secretory pathways are functional and can over-
come the Cl− secretory defect associated with cystic fibrosis 
[207]. As described in the previous section, cholangiocytes 
express several non-CFTR Cl− channels, including the Ca2+-
activated Cl− channel TMEM16A, which may serve as thera-
peutic targets for future treatments [196]. Currently, the 
treatment for cystic fibrosis liver disease is ursodeoxycholic acid 
(UDCA), which is associated with improvements in liver 
enzymes, but long-term outcome studies demonstrating 
improvement in morbidity and mortality are lacking [294].

Disorders of bile duct development
Alagille syndrome
Alagille syndrome is a complex, autosomal dominant, multisys-
tem disorder characterized by abnormal development of intra-
hepatic bile ducts. The liver phenotype is characterized by 
ductopenia, though the disorder is also associated with devel-
opmental abnormalities of the heart, kidney, face, eyes, and 
vertebra [296,297]. Therefore, the disease is often termed “syn-
dromic bile duct paucity.” Clinical presentation is quite variable 
though the typical liver manifestations include cholestasis 
during infancy or early childhood marked by jaundice, pruritus, 
and xanthoma formation [298]. Liver histology reveals bile duct 
paucity defined as a bile duct : portal region ratio of <0.9 
(normal bile duct : portal region ratio is 0.9–1.8) in full-term 
infants or young children. Laboratory evaluation reveals blood 
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proposed “two-hit” hypothesis in which an initial trigger, 
perhaps a viral infection [308], is followed by an aggressive 
autoimmune and inflammatory response resulting in progres-
sive duct injury [309,310]. Treatment involves a hepatoportoen-
terostomy, or Kasai procedure, though ultimately a majority of 
patients require liver transplantation.

Summary

Advances in electrophysiology, molecular biology, and genetics 
have provided sophisticated tools to elucidate the pathways 
responsible for bile formation. These cellular pathways are criti-
cal for human life as evidenced by the serious diseases outlined 
above. We have progressed from the original ideas of Hypocrites 
and Galen, and moved from a “humoral” understanding in 
which an excess of “yellow bile” leads to a disease-causing 
imbalance in the “humors,” to a sophisticated understanding of 
the genes and proteins that regulate each step of bile formation. 
The ongoing challenge now, and for the future, is to translate 
these basic mechanistic observations into new and effective 
treatments for cholestatic liver diseases.

References are available at www.yamadagastro.com/textbook
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CHAPTER 27

Basic nutritional principles

Body composition
The human body consists of 35 components that are organized 
into five levels of increasing complexity: atomic (e.g., nitrogen, 
potassium), molecular (e.g., water, protein), cellular (e.g., body 
cell  mass,  intra-  and  extracellular  fluid),  tissue  (e.g.,  skeletal 
muscle, adipose tissue), and whole body (e.g., weight, height). 
A healthy, lean man is composed of 55%–60% water, 15%–20% 
fat, 15%–20% protein (one-half in skeletal muscle), 1% glycogen 
(four-fifths in muscle, one-fifth in liver), and 4% minerals [1]. 
Although  sophisticated  techniques  are  available  to  measure 
each body component, the definitions of some commonly used 
terms can be confusing. Fat mass represents all body triglycer-
ides,  which  are  present  in  adipose  tissue,  muscle,  and  liver. 
Adipose tissue  is  about  83%  fat  (e.g.,  triglyceride),  15%  water, 
and 2% protein. Fat-free mass refers to total body mass minus 
total  fat  mass.  Lean body mass  is  defined  as  total  body  mass 
minus adipose tissue. The body also can be divided into cellular 
and extracellular mass. Body cell mass is defined as the cellular 
components  of  all  tissues  (35%–45%  of  the  body  weight  in 
healthy  men,  30%–40%  in  women)  and  can  be  measured  by 
total exchangeable potassium [2]. Extracellular mass is defined 
as the heterogeneous group of tissues and fluids supporting the 
body cell mass.

Diet for healthy people
Many guidelines have been developed over the years for general 
use by  the US population  for health maintenance and disease 
prevention.  Although  these  have  been  published  at  different 
times and represent the input of a large number of experts with 
diverse  interests,  all  expert  panels  have  reported  remarkably 
simple and consistent recommendations for healthy adults. Two 
of these sets of guidelines are widely disseminated.

The  Dietary  Guidelines  for  Americans,  2010,  developed  by 
the US Department of Agriculture (USDA) and the US Depart-
ment  of  Health  and  Human  Services,  provides  guidelines  for 
a  healthy  diet  and  body  weight  [3]  (Table  27.1).  The  report 
and its recommendations contained in thematic chapters exem-
plifies key strategies, such as consuming fewer calories, making 
informed  food  choices,  and  being  physically  active,  and  can 
help  people  maintain  a  healthy  weight,  reduce  their  risk  of 
chronic  disease,  and  promote  overall  health.  The  report  aims 
to  summarize  and  synthesize  knowledge  about  individual 
nutrients  and  food  components  into  an  interrelated  set  of  
recommendations  for  healthy  eating  that  can  be  adopted  
by  the  public  (see  Table  27.1).  Taken  together  the  Dietary 
Guidelines  recommendations  encompass  two  over-arching 
concepts: (1) maintain calorie balance over time to achieve and 
sustain a healthy weight, and (2) focus on consuming nutrient-
dense  foods  and  beverages.  These  align  closely  with  those 
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Table 27.1 Dietary guidelines for Americans, 2010. Source: Adapted from U.S. Department of Agriculture and U.S. Department of Health and Human 
Services 2010 [3].

Theme (Chapter) Key recommendations

Balancing calories to 
manage weight

Prevent and/or reduce overweight and obesity through improved eating and physical activity behaviors.
Control total calorie intake to manage body weight. For people who are overweight or obese, this will mean 

consuming fewer calories from foods and beverages.
Increase physical activity and reduce time spent in sedentary behaviors.
Maintain appropriate calorie balance during each stage of life – childhood, adolescence, adulthood, pregnancy and 

breastfeeding, and older age.

Foods and food 
components to reduce

Reduce daily sodium intake to less than 2300 mg and further reduce intake to 1500 mg among persons who are 51 
and older and those of any age who are African American or have hypertension, diabetes, or chronic kidney 
disease. The 1500 mg recommendation applies to about half of the U.S. population, including children, and the 
majority of adults.

Consume less than 10 percent of calories from saturated fatty acids by replacing them with monounsaturated and 
polyunsaturated fatty acids.

Consume less than 300 mg per day of dietary cholesterol.
Keep trans fatty acid consumption as low as possible by limiting foods that contain synthetic sources of trans fats, 

such as partially hydrogenated oils, and by limiting other solid fats.
Reduce the intake of calories from solid fats and added sugars.
Limit the consumption of foods that contain refined grains, especially refined grain foods that contain solid fats, 

added sugars, and sodium.
If alcohol is consumed, it should be consumed in moderation – up to one drink per day for women and two drinks 

per day for men – and only by adults of legal drinking age.

Foods and nutrients 
to increase

Individuals should meet the following recommendations as part of a healthy eating pattern while staying within their 
calorie needs.

Increase vegetable and fruit intake.
Eat a variety of vegetables, especially dark-green and red and orange vegetables and beans and peas.
Consume at least half of all grains as whole grains. Increase whole-grain intake by replacing refined grains with 

whole grains.
Increase intake of fat-free or low-fat milk and milk products, such as milk, yogurt, cheese, or fortified soy beverages.6
Choose a variety of protein foods, which include seafood, lean meat and poultry, eggs, beans and peas, soy 

products, and unsalted nuts and seeds.
Increase the amount and variety of seafood consumed by choosing seafood in place of some meat and poultry.
Replace protein foods that are higher in solid fats with choices that are lower in solid fats and calories and/or are 

sources of oils.
Use oils to replace solid fats where possible.
Choose foods that provide more potassium, dietary fiber, calcium, and vitamin D, which are nutrients of concern in 

American diets. These foods include vegetables, fruits, whole grains, and milk and milk products.
Recommendations for specific population groups

Women capable of becoming pregnant
Choose foods that supply heme iron, which is more readily absorbed by the body, additional iron sources, and 

enhancers of iron absorption such as vitamin C-rich foods.
Consume 400 μg per day of synthetic folic acid (from fortified foods and/or supplements) in addition to food forms 

of folate from a varied diet.
Women who are pregnant or breastfeeding
Consume 8 to 12 ounces of seafood per week from a variety of seafood types.
Due to their high methyl mercury content, limit white (albacore) tuna to 6 ounces per week and do not eat the 

following four types of fish: tilefish, shark, swordfish, and king mackerel.
If pregnant, take an iron supplement, as recommended by an obstetrician or other health care provider.
Individuals ages 50 years and older
Consume foods fortified with vitamin B-12, such as fortified cereals, or dietary supplements.

Building healthy 
eating patterns

Select an eating pattern that meets nutrient needs over time at an appropriate calorie level.
Account for all foods and beverages consumed and assess how they fit within a total healthy eating pattern.
Follow food safety recommendations when preparing and eating foods to reduce the risk of food-borne illnesses.

recommended  by  the  American  Heart  Association  in  relation 
to diet  and  lifestyle  [4].

Although the recommendations listed in Table 27.1 are gen-
eralized for all Americans, special considerations may be needed 
for African Americans and other minority groups.

An updated version of  the 2010 guidelines has been  issued 
(http://www.health.gov/dietaryguidelines/2015-scientific 
-report/PDFs/Scientif ic-Report-of-the-2015-Dietar y 
-Guidelines-Advisory-Committee.pdf).  The  major  factors 
driving  this  new  scientific  review  and  recommendations  were 
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(1) recognition that over half of the adult population in the USA 
is overweight or obese, and (2)  individual  intake and physical 
activity  behaviors  are  influenced  by  many  personal,  societal, 
interactive,  and  environmental  contexts.  The  report’s  chapters 
deal with food and nutrient intakes, dietary patterns, individual 
diets  and  physical  activity,  behavioral  changes,  food  environ-
ment and settings, food sustainability and safety, topics of public 
health importance, and physical activity. Iron was included as a 
nutrient of public health concern, added to  the  four nutrients 
of  concern  (calcium,  vitamin  D,  fiber,  and  potassium)  high-
lighted in the 2010 Guidelines. At the time of this publication, 
the  committee  has  not  issued  any  tabular  summary  of  differ-
ences from the 2010 Guidelines. The 2015 Guidelines are offered 
as a current detailed discussion of multiple factors, with many 
practical  recommendations  to  achieve  the  goals  of  the  2010 
Guidelines. Thus, the Guidelines from 2010 have not been sup-
planted, but rather extended.

In the  last 25 years,  the prevalence of obesity has  increased 
markedly  throughout  the world. The World Health Organiza-
tion [5] and the National Institutes of Health (NIH) [6,7] have 
proposed guidelines for classifying weight status by body mass 
index (BMI) (Table 27.2).

It is often helpful to estimate a patient’s energy requirement 
when making recommendations of calorie intake. The Harris–
Benedict equation is a useful tool for estimating resting energy 
requirements (Table 27.3). For estimates of overall energy use, 
the recommended daily allowance (RDA) figures are simple and 
useful (Table 27.4).

The recommendations (dietary reference intakes [DRI]) by the 
US National Academy of Sciences’ Institute of Medicine (IOM) 
in  relation  to  dietary  calcium  (and  vitamin  D)  considered  
multiple health outcomes skeletal and nonskeletal as potential 
indicators  upon  which  to  base  the  new  recommendations  
(Box 27.1)  [12]. After considering  the evidence base,  the DRI 
committee  were  of  the  view  that  the  evidence  was  strongest  
for  skeletal  outcomes  and  accordingly  set  the  new  dietary 
requirement estimates for both nutrients using these indicators 

Table 27.2 Disease risk associated with body mass index (BMI). Source: 
Adapted from National Institutes of Health, National Heart, Lung, and Blood 
Institute [7].

Obesity class BMI (kg/m2) Disease risk

Underweight <18.5 Increased

Normal 18.5–24.9 Normal

Overweight 25.0–29.9 Increased

Obesity I 30.0–34.9 High

II 35.0–39.9 Very high

Extreme obesity III ≥40.0 Extremely high

Additional risks: (1) waist circumference >100 cm (40 in) in men and 
>90 cm (35 in) in women; and (2) poor aerobic fitness.

Table 27.3 Formulas for estimating resting energy expenditure.

Harris–Benedict equation [8]

Men = 66 + (13.7 × W) + (5 × H) − (6.8 × A)

Women = 665 + (9.6 × W) + (1.8 × H) − (4.7 × A)

Owen et al. [9]

Men = 879 + (10.2 × W)

Women = 795 + (7.18 × W)

World Health Organization [10]

Age (years) Male Female

0–3 (60.9 × W) − 54 (61.0 × W) − 51

3–10 (22.7 × W) − 495 (22.5 × W) + 499

10–18 (17.5 × W) + 651 (12.2 × W) + 746

18–30 (15.3 × W) + 679 (14.7 × W) + 996

30–60 (11.2 × W) + 879 (8.7 × W) + 829

>60 (13.5 × W) + 987 (10.5 × W) + 596

A, age (years); H, height (cm); W, weight (kg).

Table 27.4 Calculation of energy requirement. Source: Adapted from 
Standing Committee on the Scientific Evaluation of Dietary Reference 
Intakes, Food and Nutrition Board, Institute of Medicine [11].

Level of 
activity

Activity factor 
(×REE)

Average energy expenditurea 
(kcal/kg per day)

Very light

 Men 1.3 31

 Women 1.3 30

Light

 Men 1.6 38

 Women 1.5 35

Moderate

 Men 1.7 41

 Women 1.6 37

Heavy

 Men 2.1 50

 Women 1.9 44

a Estimated from World Health Organization equations for median 
weights of persons aged 19–74 years; activity factor 1.0 = 100.4 kJ/kg 
(24.0 kcal/kg) for males, 97 kJ/kg (23.2 kcal/kg) for females.
REE, resting energy expenditure.

(Table 27.5)  [12]. A analysis of  the NHANES 2003–2006 data 
allowed  for  a  comparison  of  usual  intakes  of  calcium  and 
vitamin  D  to  these  new  DRI  for  US  residents  aged  ≥2  years 
(n = 16 110). The percentage of the population with intakes of 
calcium and vitamin D from all sources (food and supplements) 
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the  adequate intake  (AI),  and  the  tolerable upper intake level 
(UL) (Table 27.5) [11,12,14–18].

The  EAR  is  the  average  daily  nutrient  intake  level  that  is 
estimated to meet the requirements of half of all healthy indi-
viduals in a particular life-stage and gender-specific group [12]. 
By convention, the percentage of the population (or population 
subgroup) that are consuming less that the EAR value is a reflec-
tion of the degree of inadequate nutrient intake for that particu-
lar nutrient. In that way, it serves as a tool in assessing nutritional 
inadequacy at a population level. The EAR is also used in setting 
the RDA, the average daily nutrient intake level that is sufficient 
to  meet  the  nutrient  requirements  of  nearly  all  (i.e.,  97.5%) 
healthy individuals in a particular life-stage and gender-specific 
group [12]. The RDA is generally two standard deviations above 
the EAR. When information on the variance around the EAR 
is limited, the coefficient of variation is assumed, commonly as 
10%. If  insufficient data are available  to calculate an EAR and 
thus RDA, the AI is used. The AI is the recommended average 
daily intake level of a nutrient based on observed or experimen-
tally determined approximations or estimates of intakes that are 
assumed to be adequate  for a group (or groups) of apparently 
healthy people [12]. The UL is not a recommended intake, but 
rather  is  the highest  average daily nutrient  intake  level  that  is 
likely to pose risk to adverse effects to almost all individuals in 
the general population [12]. As intake increases above the UL, 
the potential risk of adverse effects may increase. The UL was 
included  in  the  DRI  suite  of  nutrient-based  reference  values 
because so many nutrients are  ingested at  levels  far exceeding 
those possible from the diet (i.e., via fortification and/or dietary 
supplements).

These guidelines account for group, and in some cases indi-
vidual, variability, but they are not meant for use in patients with 
either acute or chronic diseases. Rather, they should be used as 
baseline estimates for planning individual nutrient intake. Such 
adjustments are particularly important in diseases characterized 
by  malabsorption  or  catabolism,  in  contrast  to  simple  lack  of 
intake.  Confirmation  of  sufficient  nutrient  provision  can  then 
be monitored by tests specific for each macro- or micronutrient 
(see Chapter 30).

In addition, the DRI values should not be confused with daily 
reference values  (DRVs)  and  reference daily intakes  (RDIs), 
standards set by the US Food and Drug Administration (FDA) 
for  the  purposes  of  food  labeling  for  the  entire  population. 
These values assist consumers in interpreting information about 
the amount of a nutrient that is present in a food and in compar-
ing  nutritional  values  of  food  products.  DRVs  are  established 
for adults and children 4 or more years of age, as are RDIs, with 
the exception of protein. DRVs are provided for total fat, satu-
rated fat, cholesterol, total carbohydrate, dietary fiber, sodium, 
potassium,  and  protein.  RDIs  are  provided  for  vitamins  and 
minerals  and  for  protein  for  children  less  than  4  years  of  age 
and for pregnant and lactating women. The RDI and DRV are 
the basis for the daily values (DVs) that appear on all food labels 
in the United States, and are based on a caloric intake of 2000 

below the estimated average requirement (EAR) values for both 
nutrients, an indicator of inadequate intake in the population, 
was 38% and 70% [13]. In this regard, it is not surprising that 
The  Dietary  Guidelines  for  Americans,  2010  identified  these 
two nutrients, together with dietary fiber and potassium, as the 
four nutrients of public concern [3]. For certain subgroups  in 
the  population,  several  additional  under-consumed  nutrients 
were  also  identified:  vitamin  A,  vitamin  C,  folate,  vitamin  K, 
and magnesium [3]. Salt (NaCl) should be limited to 6 g/day or 
less, and alcohol  to 28 g (1 oz) of pure alcohol per day (28 g  is 
the equivalent of two cans of beer, two small glasses of wine, or 
two average cocktails).

The  implementation  of  the  published  recommendations 
depends on two other federally supported guidelines. The IOM 
sets DRIs for energy, macro-, and micronutrients. The DRI are 
a collection of dietary reference values for the population and 
include  the  EAR,  the  recommended dietary allowance  (RDA), 

Box 27.1 List of potential indicators of health outcomes for nutrient 
adequacy for calcium and vitamin D as considered by the Dietary 
Reference Intakes committee [12], arranged alphabetically and 
grouped by general outcome.

Cancer/neoplasms
• All cancers
• Breast cancer
• Colorectal cancer/colon polyps
• Prostate cancer

Cardiovascular diseases and hypertension
Diabetes (type 2) and metabolic syndrome (obesity)
Falls
Immune responses

• Asthma
• Autoimmune disease
○ Diabetes (type 1)
○ Inflammatory bowel and Crohn’s disease
○ Multiple sclerosis
○ Rheumatoid arthritis
○ Systemic lupus erythematosus

• Infectious diseases
○ Tuberculosis
○ Influenza/upper respiratory infections

Neuropsychological functioning
• Autism
• Cognitive function
• Depression

Physical performance (which was together with falls)
Preeclampsia of pregnancy and other non-skeletal reproductive 

outcomes
Skeletal health (commonly bone health)

• Serum 25-hydroxyvitamin D, as intermediate
• Parathyroid hormone, as intermediate
• Calcium absorption
• Calcium balance
• Bone mineral content/bone mineral density
• Fracture risk
• Rickets/osteomalacia
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calories, for adults and children 4 or more years of age (a list of 
DVs are available from the FDA website: http://www.fda.gov/).

MyPlate is a food guide that incorporates recommendations 
from the Dietary Guidelines for Americans, 2010 and is avail-
able on the USDA website (www.choosemyplate.gov). MyPlate 
is part of an overall food guidance system designed to serve as 
a reminder to help consumers make healthier food choices. Five 
basic  food  groups  are  emphasized:  fruits,  vegetables,  grains, 
protein  foods,  and  dairy.  The  concept  assumes  that  meals  are 
built  on  a  basis  of  grains,  fruits,  and  vegetables,  and  supple-
mented  with  low-fat  milk  products  and  other  protein  sources 
from  meat,  fish,  poultry,  eggs,  and  plant  foods  such  as  nuts, 
seeds,  beans,  and  peas.  MyPlate  comes  with  a  warning  about 
foods with empty calories (calories from solid fats and/or added 
sugars)  and  advocates  a  sensible  balance  between  food  and 
physical activity.

Glycemic index
The glycemic index has been recommended as an alternate way 
to define carbohydrate-containing foods. By definition, the gly-
cemic index of a food represents the relative increase in blood 
glucose  that  occurs  over  2 h  after  consuming  that  food  com-
pared with either glucose or white bread [19]. Glycemic load is 
defined as the product of the glycemic index of a food and the 
amount of carbohydrate in a serving. In general, the factors that 
affect  the  glycemic  response  (index  and/or  load)  include  the 
amount of carbohydrate, the structure of the starch (e.g., amly-
lose, amylopectin), the monosaccharides involved, the method 
of  food  processing,  and  the  nondigestible/fiber  content.  Most 
grains  and  potatoes  have  a  high  glycemic  index,  as  they  are 
rapidly hydrolyzed, and nonstarchy vegetables, fruits, and nuts, 
as well as poorly hydrolyzed starchy legumes have a low index. 
Diets of foods with a low glycemic index and low glycemic load 
have been proposed to improve glycemic control in diabetes and 
to enhance weight loss in obesity. Glycemic control is better in 
subjects who have type 2 diabetes if a portion of carbohydrate 

intake is replaced by fat [20]. A study of overweight adolescents 
showed  that  altering  dietary  glycemic  load  by  reducing  both 
total  carbohydrate  content  (45%–50%  of  energy  intake)  and 
consuming foods with a low glycemic index resulted in greater 
weight  loss compared with a conventional  low-fat  (25%–30%) 
diet [21]. The glycemic index concept fits well with the Dietary 
Guidelines for Americans 2010, but the clinical usefulness is still 
controversial,  and  the  index  has  not  been  accepted  as  part  of 
standard treatment for prevention of chronic illness. The Dietary 
Guidelines  for  Americans  2010  states  that  “strong  convincing 
evidence  shows  little  association  between  glycemic  load  and 
type 2 diabetes. Due to limited evidence no conclusion can be 
drawn to assess the relationship between either glycemic index 
or load and cardiovascular disease” [3].

Chemoprevention of gastrointestinal cancers
One of the special applications of dietary recommendations for 
healthy people is to prevent gastrointestinal cancers. The general 
recommendations for such diets are similar to those that support 
health in the entire population. However, it has been estimated 
that about one-third of all cancers are related to diet, and that 
most colorectal cancer in the United States might be prevented 
by dietary alterations [22]. Although epidemiological data have 
suggested  associations  between  overall  diets  or  environment 
and  the  risk  for  cancer  incidence  or  mortality,  it  has  proved 
difficult to identify the dietary components that might influence 
such  risks,  and  to  demonstrate  their  benefit  in  a  prospective 
fashion [23–25]. Table 27.6 summarizes many of the data asso-
ciating  risks  for  gastrointestinal  cancer  with  dietary  compo-
nents. Few of the reported associations have been convincing. 
When dietary components have been identified and tested pro-
spectively, the data, in general, are negative [26]. Although epi-
demiological studies suggest an association between high intake 
of  fruits  and  vegetables  on  colorectal  cancer  incidence,  large 
prospective studies (e.g. Nurses’ Healthy Study, Health Profes-
sionals’ Study) have not confirmed this finding. The use of these 

Table 27.6 Epidemiological evidence for associations between diet, lifestyle, and gastrointestinal cancer prevention. Source: Data from Williams and Hord 
2005 [29].

Level of evidence Decreases risk Increases risk

Convincing Physical activity (colorectal) Obesity (esophagus, colorectal)
Alcohol (oral cavity, esophagus, liver
Aflatoxin (liver)
Tobacco (oropharynx, esophagus)
Sedentary life style (colorectal)

Possible Fruits and vegetables (oral cavity, esophagus, 
stomach, colorectal)

Selenium (colorectum)
Folate-containing multivitamins (colorectal)

Preserved meat and red meat (colorectal)
Salt preserved foods (stomach)
Very thermally hot foods (oral cavity, esophagus)

Insufficient Soy components, n-3 fatty acids, carotenoids, 
vitamins B-2, B-6, folate, C, D, E, calcium, zinc

Animal fats, heterocyclic amines, polycyclic aromatic hydrocarbons, 
nitrosamines

Sugar
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The data regarding the effect of other dietary components on 
the incidence of colorectal cancer or adenomas are too fragmen-
tary  or  incomplete  to  permit  strong  recommendations  [22]. 
Some evidence suggests an effect of folate, and its role is being 
tested  in  interventional  studies.  Alcohol  (>30 g/day)  may 
increase  the  incidence  of  adenomas  in  the  distal  colon  and 
rectum.  Although  many  case–control  and  cohort  studies  sug-
gested that calcium protected against the development of color-
ectal cancer, other studies with larger cohorts showed no effect. 
The role of vitamin C has not been confirmed [40]. The results 
of interventional studies are conflicting, and the end point used 
has been colonic cell proliferation, not adenoma or carcinoma 
incidence.

Because the data supporting dietary intervention for cancer 
prevention  are  either  negative  or  inconclusive,  the  American 
Cancer Society 2012 guidelines focus on general recommenda-
tions for healthy populations [41], and are similar to the Dietary 
Guidelines  for  Americans  2010  [3].  The  major  recommenda-
tions are to achieve and maintain a healthy weight throughout 
life, to adopt a physically active lifestyle, to consume a healthy 
diet, with an emphasis on plant food, and to limit consumption 
of alcoholic beverages.

Energy metabolism
The human body continuously consumes energy for the main-
tenance  of  ionic  and  osmotic  gradients,  cell  transport,  nerve 
conduction,  intermediary  metabolism,  biosynthesis,  heat  gen-
eration,  and  the  performance  of  involuntary  and  voluntary 
mechanical work. Energy is provided largely by the mitochon-
drial production of high-energy phosphate bonds generated by 
the oxidation of fat, carbohydrate, and protein. After the hydrol-
ysis  of  carbohydrates  to  simple  sugars,  fats  to  fatty  acids  and 
glycerol, and proteins to amino acids, most of these small mol-
ecules  are  converted  to  the  acetyl  unit  of  acetyl  coenzyme  A 
(CoA), generating a small amount of ATP in the process. Acetyl-
CoA is a common breakdown product of the three macronutri-
ents. Acetyl-CoA, carrying most of the chemical energy of the 
original macronutrients, enters the citric acid cycle and under-
goes oxidative phosphorylation, the final common pathways in 
the  oxidation  of  food  molecules  (Figure  27.1).  Many  amino 
acids enter the citric acid cycle as α-ketoglutarate or oxaloace-
tate rather than as acetyl-CoA.

A portion of the energy released during substrate oxidation 
is not used to perform work and is dissipated as heat. Therefore, 
energy  production  is  traditionally  measured  in  terms  of  heat 
production.  One  kilocalorie  (kcal),  equal  to  4.184  kilojoules 
(kJ), is the amount of heat required to raise the temperature of 
1 kg  of  water  by  1°C.  Normally,  body  temperature  is  carefully 
maintained within narrow limits so that heat production equals 
heat loss. Energy production can be determined directly (direct 
calorimetry) by measuring  the  transfer of heat  from the body 
to  water  circulating  in  specially  designed  chambers  or  suits. 
Energy  production  also  can  be  measured  indirectly  (indirect 
calorimetry)  by  measuring  carbon  dioxide  (CO2)  production 

large prospective databases has also not confirmed suggestions 
of  benefit  from  folate  or  vitamin  D  supplements.  Three  rand-
omized trials of calcium supplementation have shown a signifi-
cant decrease in the recurrence of colorectal adenomas, but any 
effect on the risk of colorectal cancer is unproven [27]. Despite 
the relationship between physical activity and protection from 
colorectal cancer in large observational studies, designing pro-
spective clinical studies to confirm that finding has been diffi-
cult [26]. However, excess body weight and obesity continue to 
be  an  independent  risk  factor  for  gastrointestinal  (and  other) 
cancers [28].

Epidemiological evidence (case–control and cohort studies) 
has  suggested  that  people  with  cancer  have  a  lower  intake  of 
raw, fresh, leafy green, or cruciferous vegetables, as well as raw 
or fresh fruits, especially citrus fruits, but a prospective analysis 
of 285 526 women showed no association between total or spe-
cific vegetable consumption and the risk of breast cancer [30]. 
Similar  findings  were  noted  in  a  prospective  study  of  risk  for 
colorectal  cancer  [31].  Although  the  ingestion  of  such  foods 
has  increased  in  the  United  States,  the  average  intake  is  less 
than  0.7  servings  of  vegetables  or  fruits  per  day.  Moreover,  a 
large cohort  study  (Iowa Women’s Health Study of more  than 
40 000  women)  showed  no  protective  effect  of  vegetables  or 
fruits on colorectal carcinoma incidence, except for garlic [26]. 
The  antioxidant  vitamins  A,  C,  and  E  are  among  those  com-
pounds  thought  to  be  responsible  for  the  possible  effects  of 
vegetables  and  fruits  on  carcinogenesis.  A  metaanalysis  of  14 
randomized  trials  of  antioxidant  supplements  found  no  evi-
dence that these could prevent gastrointestinal cancer [32]. In 
fact,  the supplements  seemed  to  increase overall mortality, an 
effect that may be related to high-dose vitamin E supplementa-
tion [33]. Other studies have  tested the addition of  individual 
or  combinations  of  vitamins  (or β-carotene)  on  the  incidence 
of colorectal adenoma formation, but have found little prophy-
lactic  efficacy  [22,34].  Epidemiological  studies  have  provided 
positive associations between current vitamin use and decreased 
cancer  risk.  However,  the  past  use  of  supplements  (including 
multivitamins)  may  modestly  reduce  the  risk  of  colorectal 
cancer, and blunt the effects of added supplements in controlled 
trials  [35].

The other dietary component that has been most extensively 
studied  is  fiber.  Two  extensive  reviews  have  examined  the 
descriptive and case–control studies of the association of dietary 
fiber with colorectal cancer [36,37]. Most studies showed some 
inverse correlation, suggesting a protective effect of fiber. Nine 
large  epidemiological  studies  have  examined  the  relationship 
between fiber intake and risk of colorectal cancer. Four of these 
showed a statistically  significant preventive effect, but five did 
not [38]. Prospective studies suggest that an effect of fiber may 
occur  only  in  men.  When  other  dietary  risk  factors  (e.g., 
smoking, alcohol, red meat, total energy) are accounted for in 
these  studies,  the  significance  of  the  association  is  lost  [39]. 
Interventional  studies  using  fiber  supplements  often  yield 
inconclusive results [22,36,37].
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it  is stored in liver and muscle tissue as a gel containing 2–4 g 
of water  for every gram of glycogen [45]. The mobilization of 
adipose tissue yields 25–33 kJ/g (6–8 kcal/g), whereas the mobi-
lization of glycogen yields only 4–8 kJ/g (1–2 kcal/g). The energy 
stored in the adipose tissue of a lean man can provide enough 
fuel for him to survive 2 months of total energy restriction [46], 
whereas the energy present as liver glycogen is consumed within 
24 h of fasting. Certain cells and tissues, such as the brain, prefer 
glucose as a fuel, and others, such as bone marrow, erythrocytes, 
leukocytes,  renal  medulla,  eye  tissues,  and  peripheral  nerve 
tissue, require glucose because they cannot oxidize fatty acids. 
None of  the macronutrients  is  completely absorbed;  some are 
excreted  in  the  feces.  Based  on  the  average  digestibility  of  fat 
(95%)  and  carbohydrate  (97%),  the  digestible  energy  derived 
from fat is 37.6 kJ/g (9.0 kcal/g), and that from carbohydrate is 
16.7 kJ/g (4.0 kcal/g).

Components of energy expenditure
Total  energy  requirements  include  the  sum  of  resting energy 
expenditure  (REE),  the  thermic  effect  of  physical  activity 
(TEPA), the thermic effect of feeding (TEF), and adaptive ther-
mogenesis  (AT). The resting energy expenditure  is  the energy 
consumed while lying quietly awake in the postabsorptive state. 
Normally,  REE  accounts  for  about  70%  of  total  daily  energy 
expenditure. However, energy requirements of different tissues 
and  organs  are  heterogeneous.  Energy  consumption  by  the 
body’s  most  metabolically  active  organs  –  the  brain,  liver, 
kidney, and heart – accounts for 60% of REE; these constitute 
only 5% of  total body mass  (Table 27.8). By contrast,  adipose 
tissue, which accounts for about 20% and 30% of body weight 
in lean men and women, respectively, consumes less than 5% of 
REE.

Across  mammalian  species,  REE  is  related  to  body  weight; 
REE is proportional to the three-fourths power of body weight 
(weight0.75) [47]. Several equations have been used to estimate 
resting energy requirements in humans based on measurements 
of  REE  in  healthy  subjects  (see  Table  27.3)  [8,9,48,49].  These 

Figure 27.1 Stages in the extraction of energy from foodstuffs. CoA, 
coenzyme A. Source: Stryer 1988 [42]. Copyright © 1988, WH Freeman/
Macmillan Publishers.
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Table 27.7 Body energy stores.

Tissue Fuel Energy

Adipose tissue Triglyceride 585 000 kJ (140 000 kcal)

Muscle Glycogen 8400 kJ (2000 kcal)

Triglyceride 12 500 kJ (3000 kcal)

Liver Glycogen 1250 kJ (300 kcal)

Triglyceride 2100 kJ (500 kcal)

Table 27.8 Postabsorptive energy requirements.

Tissue Mass Energy expenditure

G % Total kJ/day  
(kcal/day)

% Total

Gut 2000 3 1250 (300) 13

Brain 1400 2 1675 (400) 18

Liver 1600 2.2 1840 (440) 19

Heart 300 0.4 985 (235) 10

Kidneys 300 0.5 835 (200) 10

Adipose tissue 14 000 20 290 (70) 4

Skeletal muscle 28 000 40 1675 (400) 18

and oxygen (O2) consumption, because the amount of heat pro-
duced during substrate oxidation is proportional to the amount 
of  CO2  produced  and  O2  consumed  [43].  The  relationship 
between CO2 production and O2 consumption can be used to 
estimate the relative oxidation of different substrates [44].

Dietary carbohydrates, fats, and proteins can be used as fuel 
soon after their ingestion, or they can be stored by the body for 
subsequent oxidation. Endogenous energy  stores  (Table 27.7), 
which are continuously being mobilized and oxidized, become 
a  critical  source  of  fuel  during  postabsorptive  conditions  and 
when energy intake is inadequate to meet energy demands. The 
largest  source of endogenous energy  is  triglyceride  in adipose 
tissue,  which  is  uniquely  designed  to  store  fuel.  Triglycerides 
have  a  high  energy  density  and  release  39.3 kJ/g  (9.4 kcal/g) 
when oxidized. Adipose  tissue  is  composed almost entirely of 
triglycerides in an oil form, which constitute 85% of adipocyte 
weight.  In  comparison,  glycogen,  the  other  major  source  of 
endogenous fuel, generates only 17.2 kJ/g (4.1 kcal/g) on oxida-
tion. Glycogen takes up a considerable amount of space because 
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Fahrenheit). This change is due to increased thermogenesis. The 
fall in REE during fasting or very low caloric intake varies due 
to differences in body weight, with the change in muscle mass 
being the most significant factor. Weight loss during starvation 
is not the same as on a low-calorie diet for treatment of obesity; 
in the latter, weight loss of fat is larger relative to fat-free mass. 
To calculate the estimated weight loss on a controlled diet, one 
must  allow  for  the  slowing  of  weight  loss  with  time,  due  to 
gradually decreasing body mass with a fixed caloric  intake. A 
new “rule of thumb” has been proposed to replace the previous 
estimate of 3500 kcal/450 g  (1 lb) of weight  lost;  that  is  for  the 
average overweight person every permanent 10 kcal decrease in 
energy intake per day will lead to an eventual loss of 450 g (1 lb), 
when a new steady state is reached [56]. It would take ∼1 year 
to reach 50% of the proposed weight loss, and 3 years to reach 
95%. For example, a 40 kcal/day permanent deficit will  lead to 
a  loss  of  ∼9 kg  (∼20 lb)  in  5  years  according  to  the  old 
3500 kcal/450 g rule, but only 1.8 kg (4 lb) with the new rule. This 
new rule utilizes dynamic energy balance models for weight loss 
that require complex calculations involving baseline weight and 
caloric intake, physical activity level (PAL) calculation, and the 
goal weight loss over a set time period [57]. These calculations 
are available on line at http://bwsimulator.niddk.nih.gov.

Increased energy needs are often  thought  to be  responsible 
for some of the weight loss in chronic disease, but daily energy 
expenditure is decreased in elderly patients with cachexia [58], 
suggesting that inadequate intake is the major factor in decreased 
energy  expenditure  in  chronic  disease.  Malabsorption  is  a 
special  case  of  decreased  intake.  One  can  estimate  the  caloric 
loss by considering that fat accounts for ∼40% of caloric intake. 
Thus,  one  can  approximate  lost  caloric  intake  by  multiplying 
fecal fat calories (grams × 9) by a factor of 2.5.

Proteins
Proteins  are  composed  of  amino  acids  joined  together  by 
peptide  bonds.  Twenty  different  amino  acids  are  commonly 
found in human proteins. Differences in the sequences of amino 
acids in proteins permit diverse structures and functions; pro-
teins serve as enzymes, carriers, receptors, hormones, and struc-
tural elements. The amino acid sequence determines the location 
of sites for covalent attachment of carbohydrate and ultimately 
determines  the  protein’s  three-dimensional  configuration  and 
specific  function.  Nitrogen  is  also  present  in  the  body  in  the 
form  of  free  amino  acids.  Free  amino  acids  are  in  a  dynamic 
state, whether they are being incorporated into tissue proteins, 
undergoing catabolic reactions, or being used for the synthesis 
of other nitrogen-containing compounds [59].

Protein quality
Protein quality is related to the ability of the protein to support 
metabolic  homeostasis  and  growth,  which  is  determined  by 
amino acid content and bioavailability. Some amino acids (his-
tidine,  isoleucine,  leucine,  lysine,  methionine,  phenylalanine, 
threonine,  tryptophan,  valine,  and  possibly  arginine)  are 

equations generate values that are usually within 10% of meas-
ured values in healthy volunteers but are less accurate in persons 
who are at the extremes of weight (i.e., extremely lean or obese) 
or  who  are  ill.  Starvation  and  severe  hypocaloric  feeding 
decrease  the  resting  metabolic  rate  to  values  some  15%–20% 
below  that  expected  for  actual  body  size,  whereas  illness  and 
injury can increase energy requirements.

Physical  activity  usually  accounts  for  15%–20%  of  total 
energy  expenditure.  The  precise  contribution  of  the  TEPA  to 
total energy expenditure depends on the intensity and duration 
of activities. At  rest,  skeletal muscle accounts  for 20% of  total 
energy  requirements.  However,  during  moderate-  to  high-
intensity aerobic exercise, energy consumed by working muscles 
can  increase  more  than  50-fold,  causing  a  15-fold  increase  in 
total energy expenditure.

The TEF represents the energy costs of digestion, absorption, 
transport, metabolism, and storage of nutrients, and it also may 
involve AT. Eating or infusing nutrients increases the metabolic 
rate by about 5%–10% of  the  ingested or  infused calories and 
depends on the specific foods consumed. Normally, 12%–20% 
of  the  energy  in  ingested  protein,  6%–12%  of  carbohydrate 
energy, and 2%–3% of fat energy is expended.

Adaptive thermogenesis is a proposed mechanism for wasting 
excess energy to maintain a constant body weight despite fluc-
tuating amounts of energy intake, or for maintaining body heat 
during exposure to different environmental temperatures [50]. 
The concept of a “dual control” system for AT has been intro-
duced  [51].  In  addition  to  a  “rapid  reaction”  control  system 
function as the attenuator of energy balance, under conditions 
of positive energy balance AT may be regarded as a “slow reac-
tion” control system,  functioning specifically as an accelerator 
for fat deposition [50]. It has been proposed that energy expend-
iture  and  heat  production  for  AT  and  TEF  involve  brown 
adipose tissue, a specialized, highly vascularized,  thermogenic 
tissue  innervated  by  sympathetic  nerves  [52].  Brown  adipose 
tissue is packed with large mitochondria possessing an uncou-
pling  protein  that  uncouples  ATP  synthesis  from  respiration 
[53,54]. In this situation, the rate of substrate oxidization does 
not depend on the availability of ADP precursor, and the reac-
tion can continue at high rates, permitting even small quantities 
of brown adipose tissue to increase heat production markedly. 
Radioimmunoassays  for  the  uncoupling  protein  have  demon-
strated  the presence of brown adipose  tissue  in humans of all 
ages [54]; other studies suggest that uncoupling protein expres-
sion also can be induced in white adipose tissue [55]. The physi-
ological importance of AT in energy metabolism in humans is 
not  clear.  In  societies  where  food  is  plentiful  and  the  level  of 
daily physical activity is low, the variations in AT among indi-
viduals  may  be  important  in  determining  their  trend  toward 
weight maintenance or weight gain.

Special energy requirements in illness
Infection increases basal energy expenditure (BEE) by a factor 
of  0.3  for  every  degree  of  elevation  in  Centigrade  (0.07  for 
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considered essential because  their  carbon skeletons cannot be 
synthesized by the body. These amino acids must be consumed 
in the diet for normal function and survival. Other amino acids 
(glycine, alanine, serine, cysteine, cystine,  tyrosine, glutamine, 
glutamic  acid,  asparagine,  and  aspartic  acid)  are  nonessential 
because their carbon skeletons can be produced endogenously. 
In  general,  the  greater  the  ratio  of  essential  to  nonessential 
amino acids, the better the quality of protein.

The ability to digest protein and absorb its component amino 
acids also affects protein quality. True absorption ranges  from 
97%–99% for proteins in meat, milk, and eggs, to 75% for pro-
teins in potatoes and navy beans [60,61]. Protein bioavailability 
also  can  be  affected  by  food  preparation.  For  example,  some 
lysine is lost by heating in the presence of reducing sugars. By 
contrast, heating increases the bioavailability of soy protein by 
inactivating  the  trypsin  inhibitor  present  in  soybeans  [62].  In 
general, the proteins of eggs, milk, fish, red meat, and poultry 
are high in biological value, and the protein in wheat gluten is 
low [60,61,63].

Nitrogen balance
Nitrogen balance  is  the difference between  intake and output. 
Nitrogen is excreted primarily in the urine as urea, creatinine, 
porphyrins,  ammonia,  and  uric  acid.  The  relative  proportions 
of  these  compounds  can  vary,  but  urea  usually  accounts  for 
about  80%  of  urinary  nitrogen.  During  fasting  conditions, 
urinary nitrogen reaches a low level of about 2 mg/kcal of REE, 
or about 40 mg/kg of body weight. About 1–3 g of nitrogen  is 
normally lost per day from fecal and other sources [11]. Fecal 
nitrogen  losses  reflect  unabsorbed  protein  in  the  diet  and  in 
intestinal secretions and sloughed epithelial cells. The amount 
of endogenous protein that normally enters the intestinal lumen 
is  about  50 g/day.  Absorption  of  exogenous  and  endogenous 
protein is so efficient that fecal nitrogen is normally only 1–2 g/
day.  Minor  amounts  of  nitrogen  are  lost  through  intact  skin, 
nasal secretions, semen, menstrual fluid, and hair cuttings.

Nitrogen  balance  can  be  used  to  estimate  protein  balance 
because  about  16%  of  protein  consists  of  nitrogen,  and  it  is 
assumed  that  almost  all  body  nitrogen  is  incorporated  into 
protein or amino acids. A positive balance (i.e.,  intake greater 
than  losses)  represents  a  net  increase  in  total  body  protein, 
whereas a negative balance (i.e., losses greater than intake) dem-
onstrates net protein catabolism. One gram of nitrogen repre-
sents  about  6.25 g  of  protein,  which  is  equivalent  to  30 g  of 
hydrated lean body mass.

Nitrogen  balance  is  affected  by  protein  intake  and  quality, 
energy intake, and nutritional status. Inadequate energy intake 
increases protein requirements. When protein intake is subop-
timal, nitrogen balance can be  improved by  increasing energy 
intake. Therefore, nitrogen balance reflects both protein intake 
and energy balance. Most normal adults can maintain nitrogen 
equilibrium by ingesting 0.5 g of high-quality protein per kilo-
gram of body weight per day. The range of recommended intake 
for  adults  is  0.5–0.8 g/kg/day  [10,11,59,64],  which  provides  a 

margin  of  safety  to  allow  for  decreased  biological  availability 
and  increased  requirements  in  subsets  of  the  population.  The 
average protein in a Western diet has only 75% of the biological 
value of egg protein [59,65]. Intravenously administered amino 
acids  are  as  effective  in  promoting  nitrogen  balance  as  oral 
protein [66].

Infancy is a time of intense growth, and the protein require-
ments per unit of body weight for infants are higher than those 
for adults. The healthy infant also requires a higher proportion 
of essential to nonessential amino acids [67]. The growth spurt 
of  adolescence,  the  only  extrauterine  period  during  which 
growth  velocity  increases,  occurs  between  10  and  13  years  of 
age for US girls and between 12 and 15 years of age for US boys, 
and contributes about 15% of final adult height and 50% of adult 
weight  [68].  The  guidelines  for  protein  and  calorie  needs  in 
infancy,  childhood,  and  adolescence  are  summarized  in  Table 
27.9. The nutritional demands of a normal pregnancy average 
about  335 000 kJ  (80 000 kcal)  –  that  is,  roughly  1250 kJ/day 
(300 kcal/day) – and 950 g of protein (i.e., 3.5 g/day). The Food 
and Nutrition Board of  the  IOM has  set  the RDA  for protein 
during pregnancy at 1.1 g/kg/day, an  increase of 25 g/day over 
the RDA for nonpregnant women aged 25 years or older [11]. 
For  lactating women over 25 years of age whose average daily 
output  of  milk  is  850 mL,  a  protein  intake  of  1.3 g/kg/day,  or 
25 g/day of additional protein, is recommended by the Food and 
Nutrition Board [11].

Protein metabolism
Body proteins are in a state of constant flux, with protein syn-
thesis and breakdown occurring simultaneously. Normal daily 
protein  turnover  is  1%–2%  of  total  body  protein  and  results 
largely  from  the  degradation  of  muscle  and  hepatic  proteins. 
Protein degradation involves the enzymatic hydrolysis of protein 
to  its  constituent  amino  acids.  More  than  75%  of  the  amino 
acids released by protein breakdown are reused for the synthesis 
of new proteins; the remaining amino acids are oxidized. Pro-
teases  within  cell  lysosomes  are  responsible  for  most  protein 
degradation  [69–73].  However,  proteases  are  also  found  in 
plasma membranes and in the cytosol. The carbon skeletons of 
amino acids can be oxidized for energy or used for the synthesis 
of glucose, ketone bodies, and fatty acids [2]. Nitrogen can be 
released as ammonia into the bloodstream and delivered to the 
liver, where it is converted to urea.

The metabolism of amino acids involves the transfer of nitro-
gen  between  organs  from  the  periphery  to  the  liver  (Figure 
27.2). The liver is a workhorse for amino acid metabolism and 
is  the  site  of  synthesis  for  urea  and  plasma  proteins.  It  is  the 
main site of catabolism for the essential amino acids, with the 
exception  of  the  branched-chain  amino  acids  leucine,  isoleu-
cine, and valine, which are degraded in muscle and kidney.

Skeletal  muscle  preferentially  takes  up  the  branched  chain 
amino acids after each meal and is the primary site of metabo-
lism  for  these  amino  acids.  Although  leucine,  isoleucine,  and 
valine constitute only 8% of dietary amino acids, they make up 
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Table 27.9 Dietary reference intake values for energy and protein in individuals by life-stage group. Source: Adapted from Standing Committee on the 
Scientific Evaluation of Dietary Reference Intakes, Food and Nutrition Board, Institute of Medicine 2005 [11].

Life-stage 
group

Energy EERa, kJ/day (kcal/day) AI or RDA (g/day)

Proteinb

EAR (g/kg/day) RDA (g/kg/day)

M F M F M F M F

0–6 months 2385 (570)c 2218 (530) 9.1k 9.1

7–12 months 3109 (743)d 2828 (676) 11 11 1.0 1.0 1.2 1.2

1–2 years 4376 (1046)e 4150 (992)

1–3 years 13 13 0.87 0.87 1.05 1.05

3–8 years 7289 (1742)f 6870 (1642)

4–8 years 19 19 0.76 0.76 0.95 0.95

9–13 years 9535 (2279)g 8665 (2071) 34 34 0.76 0.76 0.95 0.95

14–18 years 13 188 (3152)h 9908 (2368) 52 46 0.73 0.71 0.85 0.85

>18 years 12 832 (3067)i 10 054 (2403)j 56 46 0.66 0.66 0.80 0.80

a Based on energy expenditure plus energy deposition for moderately active Americans and Canadians up to age 18, but only for energy expenditure 
<18 years.
b Based on nitrogen equilibrium plus protein deposition, except for 0–6 years (average consumption of protein from human milk) and <18 years 
(nitrogen equilibrium only).
c Total for a 3-month-old.
d Total for a 9-month-old.
e Total for a 24-month-old.
f Total for a 6-year-old.
g Total for an 11-year-old.
h Total for a 16-year-old.
i Total for a 19-year-old.
j For subjects older than 19 years subtract 42 kJ/day (10 kcal/day) for males and 29 kJ/day (7 kcal/day) for females.
k Based on AI only.
EER, estimated energy requirement; AI, adequate intake, the observed average or experimentally determined intake by a defined population or 
subgroup that appears to sustain a defined nutritional status. The AI is not equivalent to an RDA; EAR, estimated average requirement, the intake that 
meets the estimated nutrient need of half of the individuals in a group; RDA, recommended dietary allowance, the intake that meets the nutrient 
needs of almost all (97%–98%) individuals in a group. The EAR and RDA for protein for the first half of pregnancy are the same as those of a 
nonpregnant woman.

60%  of  the  amino  acids  in  the  systemic  circulation  [75,76]. 
When  muscle  proteins  are  catabolized,  the  branched-chain 
amino  acids  undergo  transamination,  yielding  alanine, 
glutamine,  and  branched-chain  keto  acids.  The  keto  acids  are 
used  by  the  muscle  as  fuel,  and  alanine  and  glutamine  are 
exported and taken up predominantly by the liver and intestine, 
respectively [75]. These two amino acids account for more than 
50%  of  the  total  amino  acid  nitrogen  released  from  muscle 
[76–78]. The kidneys also take up glutamine, which is the major 
substrate for renal ammonia production [79].

Lipids
Lipids are a heterogeneous group of compounds that are soluble 
in  organic  solvents.  Lipids  include  triglycerides  (fat),  sterols, 
glycolipids, phospholipids, and fat-soluble vitamins. These com-
pounds  serve as  a  source of  energy,  structural  components of 
cell membranes, carriers of essential nutrients, and precursors 
for  the  synthesis  of  steroid  hormones,  prostaglandins,  throm-

boxanes, and leukotrienes. Dietary lipids are composed mainly 
of triglycerides, which contain mostly saturated and unsaturated 
long-chain fatty acids with a 16- to 18-carbon chain length.

Lipid metabolism
The use of fat as a fuel requires the hydrolysis of triglyceride to 
free  fatty  acid  and  glycerol  and  the  tissue  uptake  of  free  fatty 
acids for subsequent oxidation. Hormone-sensitive lipase within 
adipocytes hydrolyzes adipose tissue triglycerides and releases 
free fatty acids into the bloodstream, where they are bound to 
plasma  proteins  and  delivered  to  other  tissues.  Lipoprotein 
lipase  at  the  lumenal  surface  of  the  capillary  endothelium 
hydrolyzes plasma triglycerides and releases free fatty acids for 
local  tissue  uptake.  Fatty  acids  are  transported  across  the  cell 
membrane by passive diffusion, facilitated diffusion, and active 
transport. Membrane and cytosolic fatty acid-binding proteins 
are  important  in transporting fatty acids across  the cell mem-
brane  and  in  directing  fatty  acids  from  the  cell  membrane  to 
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16-carbon  fatty  acid.  The  formation  of  malonyl-CoA  from 
acetyl-CoA is the committed step in fatty acid biosynthesis and 
the  most  important  step  of  regulation.  The  enzyme  that  cata-
lyzes this step, acetyl-CoA carboxylase, is stimulated by citrate. 
Citrate is abundant when ATP and acetyl-CoA are abundant, a 
condition appropriate for fat synthesis. Palmitoyl-CoA, the end 
product  of  fatty  acid  synthesis,  antagonizes  the  activation  of 
acetyl-CoA carboxylase by citrate.

Essential fatty acids
Most fatty acids can be synthesized by the liver, but humans lack 
the desaturase enzyme needed to produce the n-3 double bond 
(between carbons 3 and 4, counted from the methyl end) and 
the n-6 double bond (between carbons 6 and 7) in the fatty acid 
series.  Essential  fatty  acids  are  important  constituents  of  cell 
membranes and precursors of the eicosanoids [81]. Arachidonic 
acid  (C20:4,  n-6),  a  precursor  of  eicosanoids,  prostaglandins, 
leukotrienes,  prostacyclins,  and  thromboxanes,  is  synthesized 
from linoleic acid [81,82]. Vegetable oils, such as corn, soybean, 
sunflower, peanut, and cottonseed oils, are rich sources of lino-
leic acid [81,82]. Linoleic acid (C18:2, n-6) should constitute at 
least 2%, and linolenic acid (C18:3, n-6, -9, -12) at  least 0.5%, 
of the daily energy intake to prevent the occurrence of essential 
fatty acid deficiency, usually manifested as a specific alteration 

different metabolic sites. This  intracellular  fatty acid  transport 
system enhances  fatty acid uptake by maintaining a  fatty acid 
concentration  gradient  and  prevents  potentially  toxic  interac-
tions  between  fatty  acids  and  intracellular  organelles.  Long-
chain  fatty  acids  are  delivered  across  the  outer  and  inner 
mitochondrial membranes by a carnitine-dependent transport 
system.  Inside  the  mitochondria,  fatty  acids  are  degraded  by 
β-oxidation to acetyl-CoA, which enters the tricarboxylic acid 
cycle (see Figure 27.2).

Ketone bodies are produced solely by the liver and are gener-
ated by the partial oxidation of fatty acids. Ketone body produc-
tion  increases  when  the  rate  of  fatty  acid  production  is  much 
greater  than  the  rate  of  fatty  acid  oxidation,  such  as  during 
starvation  or  uncontrolled  diabetes  mellitus.  In  these  condi-
tions, ketone bodies become an important fuel and are released 
into the bloodstream for delivery to extrahepatic tissues. Ketone 
bodies  represent  a  water-soluble  fuel  derived  from  water-
insoluble fatty acids. Ketone bodies can cross the blood–brain 
barrier to replace glucose as the major fuel for the brain, sparing 
plasma glucose for consumption by other tissues [80].

The biosynthesis of fatty acids is mediated by fatty acid syn-
thase, a multienzyme complex embodied in a single polypeptide 
chain. It elongates the molecule by sequential addition of two-
carbon  units  and  stops  with  the  formation  of  palmitic  acid,  a 

Figure 27.2 Interactions of organs in the metabolism of some major amino acids. Source: Adapted from Munro HN. Interactions of the liver and 
muscle in the regulation of metabolism in response to nutritional and other factors. Source: Adapted from Munro 1982 [74]. Copyright © 1982, 
Elsevier.
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The  Agency  for  Healthcare  Research  and  Quality  report  also 
examined  the  role  of  saturated  fatty  acids  (SFA),  and  did  not 
support current guidelines that recommend reduction of  total 
SFA [109].

The  evidence  supporting  the  reduction  of  SFA  rests  on  a 
strong  body  of  evidence  that  high  SFA  intake  leads  to  higher 
levels  of  total  blood  cholesterol  and  LDL-C,  and  further  that 
these elevated cholesterol levels are risk factors for cardiovascu-
lar disease. There is reasonable evidence that diets high in SFAs 
could raise serum cholesterol, but  it  is not clear  that  the SFAs 
were an independent risk factor for lowering cholesterol and/or 
the  risk  for  cardiovascular disease, nor  that  replacing SFAs  in 
the diet prevented  such chronic disease  [110]. For  example,  a 
complex diet with multiple “preventive” features (plant sterols, 
fiber, and PUFAs as soy oil and nuts) lowered LDL-C better than 
a  diet  low  in  SFAs  alone  [111].  In  recent  decades  the  use  of 
statins,  antithrombotic  agents,  and  antihypertensive  combina-
tions  has  increased  greatly,  and  perhaps  explains  the  lack  of 
effect of recent large trials of PUFA supplements for cardiovas-
cular disease prevention [112]. Despite the lack of clear effects 
for limiting SFAs or adding PUFA supplements alone, the 2002 
AHA recommendations have not been modified.

Structured triglycerides
Structured triglycerides are lipids that have been chemically or 
enzymatically altered. They are used in nutritional admixtures 
and generally are prepared with re-esterification of a long-chain 
fatty acid in the sn-2 position and medium-chain fatty acids in 
the  sn-1  or  -3  position  of  the  glycerol  molecule.  Studies  con-
ducted  in  different  animal  models  of  burn  injury,  endotoxic 
shock,  trauma,  and  ischemia/reperfusion  injury  have  shown 
that  the  use  of  structured  triglycerides  improves  protein  and 
energy  metabolism  and  increases  intestinal  absorption,  com-
pared with physical mixtures of long-chain and medium-chain 
fatty  acids  [113–119].  A  study  of  patients  with  cancer  of  the 
upper gastrointestinal tract found that structured triglycerides 
reduce gastrointestinal complications and improve hepatic and 
renal function [120].

Carbohydrates
Carbohydrates,  which  constitute  most  of  the  earth’s  organic 
matter, are  important sources of metabolic  fuel.  In the United 
States,  carbohydrates  normally  account  for  about  50%  of 
ingested calories; about 60% is complex carbohydrate, primarily 
starch, and most of the remainder is sucrose and lactose [121]. 
About  10–20 g  of  indigestible  carbohydrate  (i.e.,  soluble  and 
insoluble fibers) are consumed daily. They all undergo hydroly-
sis in the colon to yield glucose, other simple sugars, and short-
chain fatty acids. Some cells and tissues, such as erythrocytes, 
leukocytes,  renal  medulla,  eye  tissues,  and  peripheral  nerve 
tissue, do not have the capacity for citric acid cycle activity and 
require  glucose  as  a  fuel  for  anaerobic  glycolysis.  The  brain 
prefers  glucose  as  a  fuel.  Daily  glucose  requirements  include 
40 g/day for anaerobic tissues and 140 g/day for the brain [122].

in the plasma fatty acid profile and a skin rash. An elevated ratio 
of  triene  to  tetraene  (>0.4)  is  characteristic  of  essential  fatty 
acid  deficiency  as  a  result  of  increased  production  of  eicosa-
trienoic  acid,  a  fatty  acid  containing  three  double  bonds  (i.e., 
triene) derived  from oleic acid  (C18:1), and of decreased ara-
chidonic acid production, a tetraene derived from linoleic acid 
elongation [83,84]. Essential fatty acid deficiency is rare in adult 
humans  because  of  sufficient  essential  fatty  acids  stored  in 
adipose tissue. However, continuous infusion of lipid-free total 
parenteral  nutrition  (TPN)  can  cause  abnormalities  of  the 
triene-to-tetraene  ratio  within  10  days  because  of  increased 
plasma  insulin concentrations, which  inhibit  lipolysis  and  the 
release of essential fatty acids [84].

Fish oils
Fish oils are ω-3 polyunsaturated fatty acids (PUFAs) found in 
marine animals, particularly fatty fish, such as herring, salmon, 
bluefish,  and  tuna  [85,86].  Epidemiological  studies  suggest  a 
possible protective effect of fish oils, especially eicosapentaenoic 
acid  (EPA)  and  docosahexaenoic  acid  (DHA),  against  cardio-
vascular disease and breast cancer [87–90]. In sufficient doses, 
fish oil prolongs the bleeding time and decreases the production 
of  the  proaggregating  substance  thromboxane  A2  [91–94]. 
Animal  models  suggest  that  fish  oils  have  an  inhibitory  effect 
on coronary atherosclerosis and intimal hyperplasia [85,91,92]. 
The significant hypotriglyceridemic effects of fish oils have been 
confirmed  repeatedly  in  healthy  persons  and  in  persons  with 
various degrees of hyperlipidemia [93–100]. In a study involv-
ing 11 323 patients with a recent myocardial  infarction, a 45% 
reduction in sudden death was noted at 42 months (86). Inter-
estingly,  the  reduction  of  sudden  cardiac  death  started  to  be 
significant at 4 months. This suggests that the benefit of PUFAs 
may not be mediated only by antiatherosclerotic and antithrom-
botic effects. The effects on serum cholesterol and low-density 
lipoprotein (LDL) levels have varied [85,100,101]. The ω-3 fatty 
acids  generally  suppress  cellular  inflammatory  responses  by 
changing the end products of eicosanoid synthesis [85,98,102–
104]. Dietary supplementation with fish oil suppresses the pro-
duction by monocytes of the polypeptide cytokines interleukin-1 
(IL-1)  and  tumor  necrosis  factor  (TNF),  suggesting  an  addi-
tional mechanism by which fish oils may exert an antiinflam-
matory  effect  [102,105].  Successful  outcomes  of  numerous 
randomized trials  led the American Heart Association (AHA) 
to release the following guidelines in 2002:
•  all adults should eat fish, especially fatty fish, at least two times 

per week
•  patients  with  documented  coronary  heart  disease  should 

consume about 1 g of EPA and DHA (combined) per day
•  an EPA and DHA supplement may be beneficial for patients 

with hypertriglyceridemia [106].
Despite these recommendations there is no agreement about 

the interpretation of the data. Several metaanalyses have selected 
randomized controlled trials that differ in their effect by >40%, 
and  as  a  result  different  conclusions  were  reached  [107–109]. 
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the electron transport chain is coupled to the generation of ATP, 
a  process  known  as  oxidative phosphorylation.  Glycolysis  (i.e., 
anaerobic respiration) yields a net of only two ATPs per mole-
cule  of  glucose,  whereas  aerobic  metabolism  (i.e.,  citric  acid 
cycle  and  oxidative  phosphorylation)  yields  36  ATPs  for  each 
molecule of glucose oxidized.

Glucose production
Hepatic  glycogenolysis  is  responsible  for  most  of  the  glucose 
produced  endogenously  in  the  fed  and  postabsorptive  states. 
Other  mechanisms  for  glucose  production  are  active  and 
become critically important when hepatic glycogen is depleted, 
such  as  during  prolonged  starvation  and  endurance  exercise. 
Gluconeogenesis is the process by which glucose is synthesized 
from  noncarbohydrate  precursors,  lactate,  glycerol,  and  most 
amino acids (principally alanine). Gluconeogenesis occurs pri-
marily in the liver, but the kidneys also produce glucose, espe-
cially during prolonged fasting.

The Cori and glucose–alanine cycles provide mechanisms for 
generating plasma glucose for glucose-dependent tissues from 
3-carbon intermediates released from peripheral tissues [123]. 
The Cori cycle  (or  lactic  acid cycle)  resynthesizes glucose  that 
has been partially metabolized to lactate by peripheral tissues. 
Lactate  produced  principally  by  muscle,  erythrocytes,  and 
adipose tissue is transported to the liver and kidneys, where it 
is converted to glucose (gluconeogenesis) and released into the 
bloodstream.  The  glucose–alanine cycle  shuttles  glucose  from 
the  liver  to  muscle  and  alanine  from  muscle  to  liver.  In  this 
cycle, pyruvate is transaminated to alanine, which is transported 
to the liver and converted to glucose, which is then returned to 
muscle through the bloodstream.

Fiber
The accepted definition of dietary fiber is plant cell-wall com-
ponents,  both  polysaccharides  and  noncarbodydrate  compo-
nents,  that  resist  digestion  by  enzymes  of  the  small  intestine. 
The polysaccharide compounds in dietary fiber, which are the 
structural  and  matrix  components  of  plant  cell  walls,  consist 
primarily of cellulose, hemicelluloses, and pectins [124], as well 
as  fructooligosaccharides  and  resistant  starches.  Examples  of 
foods with high cellulose content include wheat bran, apple and 
pear  skin,  and  strawberries;  foods  with  notable  hemicellulose 
content  include  whole  grains;  and  foods  with  high  levels  of 
pectins include bananas, apples, and oranges. Cellulose is a β1-
4-linked polymer of glucose and the main structural component 
of plant cell walls. Hemicellulose consists of branched polymers 
of pentose and hexose sugars. Other noncellulose polysaccha-
rides include pectins, which are complex mixtures of colloidal 
polysaccharides,  and  several  polysaccharides  not  associated 
with  the cell wall,  including mucilages and gums. These com-
pounds  are  branched  polymers  containing  many  uronic  acids 
that  hold  water  and  form  gels.  They  are  highly  branched  in 
growing plants and become less branched as the support struc-
ture  develops.  They  act  as  adhesives  and  are  insoluble  in  the 

Absorbed glucose that is not directly oxidized can be stored 
as energy in the form of glycogen or fat, which requires about 
5%  and  25%,  respectively,  of  the  original  substrate  oxidative 
energy potential. Glycogen is a branching, long-chain polymer 
of glucose molecules that has water and electrolytes between the 
chains.  It  is  found  in most  tissues but significant amounts are 
stored only in the liver and skeletal muscle. The primary func-
tion of hepatic glycogen, amounting to about 100 g in a healthy 
adult, is to maintain blood glucose levels. Plasma glucose is an 
essential  fuel  for glucose-dependent  tissues. Glycogen  in skel-
etal muscle serves to supply glucose to the muscle itself during 
physical activity.

Glycolysis
The conversion of glucose to pyruvate in the cytosol of cells is 
known as glycolysis, a process that results in the generation of 
ATP but does not require oxygen. Pyruvate represents a major 
metabolic junction; it can be reduced to lactate, transaminated 
to  form  alanine,  or  enter  the  mitochondria  and  undergo  car-
boxylation  to  oxaloacetate  or  oxidative  decarboxylation  to 
acetyl-CoA (Figure 27.3).

Citric acid cycle and oxidative phosphorylation
The citric acid cycle (i.e., tricarboxylic acid cycle, or Krebs cycle) 
represents a series of reactions that occur in mitochondria. Car-
bohydrates,  lipids, and amino acids enter the cycle after being 
metabolized to acetyl-CoA, and are completely oxidized to CO2 
and water. Vital biosynthetic intermediates are produced by the 
cycle, which plays a major role in gluconeogenesis, lipogenesis, 
and  amino  acid  transamination  and  deamination.  As  acetyl-
CoA  is  oxidized,  reduced  nicotinamide  adenine  dinucleotide 
(NADH) and reduced flavin adenine dinucleotide (FADH2) are 
formed, which transfer the electrons to the respiratory chain in 
the  inner  mitochondrial  membrane.  In  the  mitochondria,  the 
transfer of high-energy electrons from NADH or FADH2 down 

Figure 27.3 Major metabolic end products of pyruvate and acetyl-
coenzyme A in mammals. Source: Stryer 1988 [42]. Copyright © 1988, 
WH Freeman/Macmillan Publishers.
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flavonoids accounting for about 4% of the total. Like other fiber 
components,  polyphenols  are  degraded  and  their  metabolites 
are absorbed in the colon, but the effect of these compounds on 
short-chain  fatty  acid  production  and  microflora  depends  on 
the  type  of  compound  and  the  microorganisms  present. 
Polyphenols bind proteins and precipitate them in the intestinal 
lumen,  and  they  can  decrease  the  absorption  of  nitrogen,  fat, 
and some minerals, including iron.

Interest  in polyphenols generally has  focused on  their anti-
oxidant properties, particularly  in  relation  to carcinogens and 
LDL  oxidation.  Some  evidence  suggests  that  moderate  con-
sumption of tea, a rich source of flavonoids, may protect against 
several  forms  of  cancer,  cardiovascular  diseases,  and  kidney 
stone  formation  [129].  The  blacker  the  tea,  the  more  the 
polyphenols have been oxidized, lowering the possible effective 
role of these compounds. Herbal teas are not true teas (which 
derive from the shrub Camellia sinensis) and have a much lower 
flavonoid  content.  Tea  contributes  more  than  60%  of  dietary 
flavonoids, onions about 13%, and grapes, apples, red wine, and 
dairy products most of the rest. The consumption of one or two 
cups  of  tea  a  day  has  been  associated  with  health  benefits  in 
epidemiological studies [130], including 50% decreased mortal-
ity from stroke in men and 20%–40% decreased from cancer of 
the mouth, pancreas, colon, esophagus, skin, lung, prostate, and 
bladder. These data show only associations, not causation, and 
the  results  must  be  confirmed  by  prospective  intervention 
studies. However, phenolics can, under some conditions, act as 
prooxidants [130], so the consumption of large amounts of phe-
nolics as  foods or supplements cannot be recommended until 
more data are available.

The  heterogeneity  of  dietary  fiber  has  inspired  numerous 
classification schemes, including those based on source, chem-
istry,  structure,  water  solubility,  detergent  solubility,  physico-
chemical properties, and physiological actions. Crude fiber was 
a  term  commonly  used  until  the  early  1970s.  It  refers  to  the 
residue of plant material that remains when food is extracted by 
dilute  acids  and  alkalis.  Although  crude  fiber  is  the  measure-
ment still referred to in most food tables, it underestimates by 
80%–90% the amount of material in foods that is undigestible 
by human digestive enzymes [11,131].

The physiological  effects of dietary fiber on gastrointestinal 
function  are  complex  because  of  their  heterogeneity  and  the 
changes in the lumenal environment along the gastrointestinal 
tract. Combinations of fibers may have effects that differ from 
those of individual purified preparations, and the same purified 
fiber  can  have  different  effects  depending  on  how  finely  or 
coarsely it is ground. The quantitative measurements of the fiber 
content of foods alone do not always allow prediction of their 
biological action.

Many physical properties of dietary fiber are physiologically 
important,  including  hydratability,  viscosity,  ion-exchange 
properties, and adsorptive capacity. Hydratability relates to the 
ability  of  a  fiber  to  form  viscous  gels.  It  is  a  function  of  the 
physical  and  chemical  composition  of  the  fiber,  including 

unripe fruit, becoming soluble only as the fruit matures. Undi-
gested  oligosaccharides,  such  as  those  associated  with  flatus 
(e.g., stachyose and raffinose), are soluble and not  included in 
the definition of fiber.

Fructooligosaccharides  are  mixtures  of  β2-1-linked  β-d-
fructose  monomers.  These  molecules  include  inulin-type 
fructans (linear polymers) and levans (branched fructans) and 
are  present  in  many  edible  plants,  such  as  wheat  grains  and 
members of the onion family. The daily consumption of oligof-
ructoses by North American populations is estimated at 1–12 g, 
slightly more in Western Europe [125]. The β-C2 linkage makes 
these  polymers  resistant  to  hydrolysis  by  human  digestive 
enzymes, and they are fermented and metabolized in the colon 
to short-chain fatty acids. This colonic fermentation produces a 
change in the microflora, enhancing bifidobacteria and decreas-
ing  Bacteroides  organisms,  clostridia,  and  other  anaerobes. 
Fructooligosaccharides  are  the  best  studied  of  the  prebiotics, 
defined  as  “a  nondigestible  food  ingredient  that  beneficially 
affects  the  host  by  selectively  stimulating  the  growth  or  the 
activity of one or a limited number of bacteria in the colon and 
thus improves host health” [126].

Resistant starches (RSs) are defined as starches that enter the 
colon: RS1 is physically inaccessible starch because of the par-
ticle  size or entrapment  in  food; RS2 and RS3 are  resistant  to 
amylase  action  because  of  their  compact  (unbranched)  struc-
ture,  by  being  either  unbranched  (RS2)  or  made  retrograde 
(RS3)  –  that  is,  altered  during  food  processing  [127].  Most 
resistant starches are produced during food preparation. Intake 
of such starches with a typical Western diet  is estimated to be 
5–10 g/day.

Other  components  of  dietary  fiber  include  polyphenols 
(especially  flavonoids)  and  other  cell  wall-associated  non-
polysaccharide  substances.  Polyphenols  are  products  of  plant 
metabolism  and  range  from  single-ring  phenols  to  highly 
polymerized  compounds,  such  as  tannins  and  lignins.  Only 
lignins  are  included  in  the  determination  of  dietary  fiber, 
although  they  constitute  about  12%  of  plant  organic  com-
pounds. Lignins include a group of phenylpropane polymers of 
varying sizes, because they are continually polymerized as the 
plant  ages.  They  reinforce  the  cellulose  support  structure  and 
inhibit microbial cell wall digestion. Lignins are  thus resistant 
to all anaerobic digestion systems and are not partially metabo-
lized  in  the  colon,  as  are  the  cell  wall  polysaccharides.  They 
represent only a small part of the human diet (∼ 0.2%).

Phenolic acids and aldehydes, such as vanillin, are common, 
but  the  most  common  of  the  plant  phenolics  are  flavonoids, 
consisting of two aromatic rings linked through three carbons 
that form an oxygenated heterocyclic ring [128]. Flavonoids and 
other polyphenols are ubiquitous in plants and beverages. They 
contribute  to  the  bitterness  of  tea  and  other  beverages  [15]. 
Polyphenols usually account for less than 1% of the dry matter 
of plants, but they can reach concentrations of 4000–7000 mg/
mL in red wines and fruit juices [128]. The typical adult dietary 
intake of polyphenols  in  the United States  is 1–1.1 g/day, with 
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syndrome with a high-fiber diet (especially a diet that includes 
wheat  bran  and  commercial  fiber  supplements)  has  produced 
conflicting results, but overall no benefit has yet been demon-
strated  [139]. Several  studies have  shown  that bran and other 
fiber supplements are effective  in preventing constipation, but 
the  side-effects  include  flatulence,  distention,  and  bloating, 
perhaps related  to a  long colonic residence  time and bacterial 
fermentation [140].

The Dietary Guidelines for Americans 2010 highlight fiber as 
a food component to be increased, and means of achieving this 
[3].  Fiber  may  prevent  and  treat  hemorrhoids  by  decreasing 
straining  during  defecation.  Straining  causes  engorgement  of 
the  vascular  cushion  lining  the  distal  rectum  and  anal  canal, 
making  it  more  vulnerable  to  shearing  stress.  The  passage  of 
hard  fecal  masses  through  the  anal  canal  exacerbates  these 
shearing  forces  and  displaces  the  vascular  cushion  caudally, 
where it may be trapped temporarily by contraction of the anal 
sphincter [141]. A trial of fiber is a reasonable initial therapeutic 
approach for many patients who have hemorrhoids.

Micronutrients: minerals and vitamins
As  outlined  previously,  the  RDAs  and  AIs  are  based  on  the 
amount  of  a  nutrient  needed  for  an  individual  to  avoid  defi-
ciency, or on  the average daily amount  that populations must 
consume to prevent deficiency (see Table 27.5). Statistically, the 
RDA is set as two standard deviations above the mean require-
ment,  so  that  97%  of  healthy  persons  are  covered.  The  RDAs 
thus exceed the needs of many healthy persons. The EAR is the 
intake  of  a  nutrient  that  covers  the  needs  of  50%  of  healthy 
persons.  As  the  percentage  of  the  population  with  intakes  of 
micronutrients below the EAR for each is an indicator of inad-
equate intakes of that particular nutrient, such estimates will be 
included in the following sections.

They are established only for healthy persons and were never 
intended  as  guidelines  for  therapy.  For  some  nutrients  (e.g., 
sodium, chloride, potassium),  the evidence suggests  that daily 
requirements  are  much  lower  than  the  content  of  the  average 
diet  in  the  United  States.  The  Food  and  Nutrition  Board  has 
provided an estimated minimal requirement for these nutrients 
(Table 27.10). The RDIs and DRVs were established in 1993 for 
the  purposes  of  food  labeling  and  are  derived  from  the  1989 
RDAs for micronutrients [142]. What appears on food labels are 
neither DRVs nor RDIs but daily values, reflecting the recom-
mendations for a 2000-calorie reference diet.

Minerals
Sodium [18]
Sodium, the principal cation in extracellular fluid, is necessary 
for maintenance of  intravascular fluid volume and membrane 
potentials  [142–144].  Total  body  sodium  ranges  from  48  to 
60 mEq/g and is dependent on body size. The range for intake 
is 0.2–10.3 g/day. A 70-kg man has about 83–97 g of sodium in 
his  body,  about  one-fourth  of  which  is  in  the  skeleton  and 
cannot be exchanged. The kidney regulates sodium excretion by 

particle size,  the age of  the plant, and the chemical properties 
of the surrounding solvent. Some dietary fibers, such as lignins 
and  pectins,  have  a  significant  capacity  to  bind  and  exchange 
ions, particularly calcium, iron, magnesium, zinc, and phospho-
rus,  and  to  adsorb  materials  such  as  bile  salts,  proteins,  and 
bacterial cells [11].

Fermentation  of  fiber  by  colonic  bacteria  generates  volatile 
short-chain fatty acids, acetate, propionate, and butyrate, which 
serve as a systemic fuel and as the preferred energy substrate of 
colonocytes [132]. In general, water-insoluble fibers (e.g., wheat 
bran, bagasse) are  less  subject  to  fermentation and hold more 
water  than  do  the  water-soluble  fibers  (e.g.,  vegetable  fiber, 
pectins, gums). Therefore, water-insoluble fibers have a greater 
effect  on  stool  mass  than  water-soluble  fibers.  However,  the 
ingestion  of  degradable  fiber  stimulates  bacterial  growth  and 
generates  a  fecal  mass  composed  largely  of  bacteria.  Using 
metagenomic  methods  more  than  40 000  bacterial  species  are 
thought  to  populate  the  gastrointestinal  microbiome,  and  the 
number increases each year [133]. Most of these organisms are 
in  the  colonic  flora,  at  concentrations  of  1011  to  1012  cells  per 
gram  of  luminal  content.  These  organisms  are  responsible  for 
producing the short-chain fatty acids that regulate proliferation 
and  differentiation  in  the  colonic  mucosa,  but  also  produce 
toxins  that  can  be  detrimental  to  cells.  Nutrient  loads  can 
modify  the  overall  microbiome  in  the  short  term  [134].  Evi-
dence suggests that the diet can directly influence the composi-
tion of the microbiota, and might provide a  link between diet 
and colonic disease, including cancer [135]. Even in the absence 
of major shifts in bacterial groups, subtle changes in individual 
species  can  lead  to  altered  fecal  short  chain  fatty  acids,  for 
example  in  overweight  and  obese  subjects  [136].  The  unique 
role that fiber content plays in these changes is still uncertain.

The  rate  of  gastric  emptying  and  the  rate  of  digestion  and 
absorption are influenced by fiber components. Guar gum and 
pectins  increase  the  viscosity  of  the  chyme  and  slow  gastric 
emptying,  but  particulate  fibers  (e.g.,  wheat  bran)  appear  to 
promote more rapid gastric emptying [131]. Fiber can decrease 
or increase mouth-to-anus transit time depending on fiber type, 
particle size, and bulk-forming capacity [137]. Intestinal transit 
time  and  stool  bulk  are  inversely  related.  A  large  particle  size 
(e.g.,  coarse  wheat  bran)  produces  a  greater  increase  in  stool 
bulk  and  a  greater  decrease  in  transit  time  than  does  a  small 
particle size (e.g., finely ground bran). The mechanism by which 
fiber  decreases  colonic  transit  time  is  unknown  but  may  be 
related  to  an  increase  in  colonic  peristalsis  secondary  to 
increased fecal mass [137].

If dietary fiber prevents colon carcinoma (see Section Che-
moprevention  of  gastrointestinal  cancers),  it  might  do  so  by 
several mechanisms: a decrease in colonic transit time, so that 
the time that colonic mucosa is exposed to carcinogens is short-
ened; adsorption of carcinogenic  sterols or other carcinogens; 
dilution  of  potential  carcinogens  by  increasing  stool  volume; 
and alteration of the relative number of anaerobic and aerobic 
bacteria  in  the  colon  [138].  The  treatment  of  irritable  bowel 
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Deficiency  from  inadequate  intake  alone  is  rarely  encoun-
tered. Increased losses from the gut (e.g., vomiting, diarrhea, or 
drainage)  or  kidney  (e.g.,  diuresis,  salt-wasting  renal  disease, 
adrenal  insufficiency)  or  excessive  perspiration  are  the  usual 
causes. Approximate mean concentrations of sodium in various 
fluids (in mmol/L) are sweat, 30–70; saliva, 10–20; gastric juice, 
70; bile, 145; pancreatic  juice, 130;  jejunal  secretion, 115;  ileal 
secretion, 100; and normal stool, 5.

Potassium [18]
Potassium is identified by the 2010 and 2015 Dietary Guidelines 
Advisory Committee as being a nutrient of public health concern 
[3].  Analysis  of  NHANES  2003–2006  data  for  those  aged  >2 
years showed that less than 3% of the population had total usual 
intakes  that exceeded  the AI  for potassium [13]. Potassium  is 
the primary cation in intracellular fluid, in which its concentra-
tion is 140–160 mEq/L [18,143,144,148]. The 2% of total body 
potassium present in the extracellular fluid is important in influ-
encing resting membrane  function, particularly  in  the cardiac 
muscle.  The  kidney  is  the  major  site  of  potassium  excretion, 
which is normally regulated not by filtered load but by the action 
of aldosterone and systemic pH in the distal tubule. It is absorbed 
efficiently  in  the  upper  intestine  but  secreted  in  the  colon, 
another  aldosterone-sensitive  tissue.  Colonic  secretion  is  
aided  by  the  electronegativity  of  the  lumen.  As  with  sodium,  
the  amount  lost  in  the  stool  is  volume  dependent.  Over  85  
potassium  channels  have  been  identified  in  all  tissue  cells 
(www.genenames.org/genefamily/KCN.php),  but  the  types 
present in the small intestine and important to absorption and 
secretion  are  incompletely  understood.  It  seems  likely  that  a 
large-conductance  channel,  voltage-gated  channels,  calcium-
activated small conductance channels, and inwardly rectifying 
KATP-like channels are all involved [149]. Most adults consume 
between 2 and 3.5 g daily. Abundant food sources (i.e., >200 mg 
per portion) include meats and fish, vegetables (especially pota-
toes),  nuts,  fruits,  and  milk.  In  unprocessed  foods,  the  usual 
anions  are  organic  (e.g.,  citrate),  whereas  in  processed  foods 
with added potassium, the anion usually is chloride. Most salt 
substitutes use potassium chloride to replace sodium chloride, 
and contain about 2000 mg potassium per teaspoon. Moderate 
potassium deficiency occurs usually without hypokalemia, and 
is characterized by increased blood pressure in response to salt 
intake,  increased  risk  of  kidney  stones,  and  increases  in  bone 
turnover.  Hyperkalemia  causes  cardiac  arrhythmias,  muscle 
weakness, and glucose intolerance.

Calcium [12]
Calcium is  the most abundant cation  in  the body. About 99% 
resides  in bone;  the other 1%  is  a  crucial mediator  for neural 
transmission,  myocardial  function,  excitation  and  contraction 
of  muscle,  coagulation,  cell  division,  maintenance  of  intercel-
lular tight junctions, and enzyme function [12,150–153]. Many 
factors affect the intestinal absorption of calcium: lumenal pH, 
lumenal binders, transit time, the presence in the diet of the few 

aldosterone action in the distal tubule in response to intravas-
cular  volume.  Obligatory  sodium  losses  are  small  compared 
with body stores. The minimum requirement to replace sweat, 
fecal,  and  urinary  losses  per  day  is  about  0.18 g  (8 mmol). 
Because  almost  all  sodium  is  absorbed  in  the  intestine,  renal 
regulation of excessive sodium absorption is crucial.

Sodium is abundant in foods, not only as the chloride salt but 
as  the  bicarbonate,  glutamate,  phosphate,  caseinate,  benzoate, 
nitrate, propionate, sulfate, and citrate salts, among others. It is 
also present in many condiments, such as catsup, meat tender-
izer,  prepared  mustards,  olives,  pickles,  sauces,  butter,  marga-
rine,  and  salad  dressings.  Water  softeners  can  increase  the 
content of sodium in water. Medications may contain sodium, 
although only a few contain enough to cause a problem.

The Dietary Guidelines for Americans 2010 highlight sodium 
as  a  nutrient  to  be  decreased  [3].  Analyses  of  the  NHANES 
2003–2008  data  show  that  processed  foods  provide  57%  of 
sodium [145]. The main food groups that contribute majorly to 
average sodium intakes in a westernized diet are breads, cured 
and processed meats, meats and meat dishes, soups and sauces, 
and milk and milk products [146].

The  small  intestine  normally  reabsorbs  most  sodium  (and 
other electrolytes) and water. Most of  the  sodium  is absorbed 
by  solute-dependent  cotransport  along  with  sugars  (glucose–
galactose  transporter  SGLT1)  and  amino  acids  (B0AT/SLC6 
family  of  transporters).  Much  of  the  small  intestinal  sodium 
absorption  not  linked  to  cotransporters  occurs  through  the 
amiloride-sensitive sodium channel EnaC which is coupled to 
Na/K  ATPase.  The  remainder  of  the  electroneutral  sodium 
absorption is mediated by the sodium–hydrogen exchange gene 
family (NHE) in the distal ileum and colon [147].

Table 27.10 Adequate intakes for healthy persons for sodium, chloride, and 
potassium. Source: Adapted from Standing Committee on the Scientific 
Evaluation of Dietary Reference Intakes, Food and Nutrition Board, Institute 
of Medicine 2004 [18].

Age Sodium 
(g/day)

Chloride 
(g/day)

Potassium 
(g/day)

0–6 months 0.12 0.18 0.4

7–12 months 0.37 0.57 0.7

1–3 years 1.0 1.5 3.0

4–8 years 1.2 1.9 3.8

9–12 years 1.5 2.3 4.5

19–50 years 1.5 2.3 4.7

50–70 years 1.3 2.0 4.7

>70 years 1.2 1.8 4.7

The adequate intake (AI) does not allow for prolonged losses by 
vomiting, diarrhea, or excessive dieting. The AI is not equivalent to the 
recommended dietary allowance (RDA).
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calcium  deficiency,  but  it  is  a  measure  of  body  stores,  and  its 
determination  can  detect  decreases  in  bone  mass  exceeding 
1%–2% [157]. Ionized serum calcium is a measure of the hor-
monally regulated calcium concentration. Half of serum calcium 
is  protein  bound,  10%  is  complexed  with  anions,  and  40%  is 
ionized and physiologically active. Under most circumstances, 
ionized  serum  calcium  reflects  body  stores,  but  when  acutely 
altered, its concentration may be low in the presence of normal 
total body calcium [158].

Magnesium [14]
Magnesium  is  the  second  most  abundant  intracellular  cation. 
About 70% of the total is in bone, and the rest is in soft tissues. 
Less than 1% is in extracellular fluids, where 20%–30% is bound 
to protein. Serum magnesium levels do not closely mimic body 
stores. The magnesium concentration in cells  is high,  like that 
of potassium, but magnesium leaves the cells less readily. Mag-
nesium is important for neuromuscular transmission, and it is 
an essential cofactor in many enzyme reactions, including oxi-
dative phosphorylation and nucleic acid synthesis. It also plays 
a  role  in  wound  healing,  myocardial  contractility,  membrane 
stability, and coagulation [159–162].

The  RDA  averages  about  350 mg  (29 mEq)  for  adults: 
400–420 mg  for men and 310–320 mg  for women. The  typical 
adult  diet  in  the  United  States  provides  20–40 mEq/day.  Food 
sources  are  varied,  but  nuts,  cereals,  seafood,  meats,  legumes, 
and green vegetables are rich food sources [159,160]. Analysis 
of NHANES 2003–2006 data  for  those aged >2 years  showed 
that 54.5% of the population had intakes of magnesium below 
the  EAR,  and  this  was  only  marginally  lower  (44.8%)  when 
magnesium-containing supplement use was accounted for [13]. 
Like that of calcium, the intestinal absorption of magnesium is 
relatively  inefficient  (i.e.,  30%–40%),  and  most  absorption 
occurs in the ileum. Absorption in the intestine and renal tubule 
occurs mostly (90%) via passive paracellular diffusion, interact-
ing with the tight  junction protein paracellin 1 (PCLN1), also 
known as claudin 16. This protein is defective in the rare auto-
somal recessive disorder, primary hypomagnesemia [163]. The 
active transport of magnesium is mediated by a member of the 
cation channel family, TRPM6, mutated in the inherited disor-
der  of  hypomagnesemia  with  secondary  hypocalcemia  [164]. 
However, magnesium differs from calcium in that there is little 
obligatory intestinal loss, so magnesium balance is maintained 
even with a low dietary intake if no abnormal losses occur. Loss 
from the body occurs in regulated function, mostly through the 
kidney (2%–3% of the filtered load) [159–162]. Serum magne-
sium is  the standard  for assessing body stores, but  it  is  falsely 
elevated by hemolysis and does not always reflect either intracel-
lular stores or active extracellular ionized magnesium [142,158].

Phosphorus [14]
Phosphorus  is  the  major  intracellular  anion  (100 mmol/L) 
[162,165,166].  It  is  essential  for  normal  membrane  function, 
regulation  of  enzyme  systems,  and  generation  and  storage  of 

foods  that are  rich  in calcium, and vitamin D status  [12,152]. 
The  process  is  inefficient  in  that  only  about  33%  of  the  daily 
calcium requirement is absorbed by the intestine, in part due to 
an obligatory  loss of  calcium each day  from  the  intestine and 
kidney. When calcium  intake  is high, most absorption occurs 
via  paracellular  flux  [154].  This  passive  absorption  occurs 
largely in the distal half of the small intestine, and is influenced 
by  luminal  solubility,  luminal  residence  time,  and  the  rate  of 
passive diffusion. Vitamin D helps to regulate the transcellular 
component  of  calcium  absorption  by  its  effect  on  one  of  two 
members  of  the  superfamily  of  TRPV6  transporters  and  on 
cytosolic  calbindin  concentration.  Extrusion  from  the  cell  is 
mediated  by  the  Ca-ATPase  on  the  basolateral  membrane. 
During periods of growth or new bone formation, the calcium 
requirement increases. The risk for a negative calcium balance 
is great, especially during childhood, adolescence, pregnancy, or 
lactation. The RDA for adults (19–70 years) is 1000 or 1200 mg/
day, depending on gender and age group (see Table 27.5), while 
the EAR is 800 or 1000 mg/day, depending on gender and age 
group  [12].  Even  though  typical  diets  (including  supplement 
use) in the United States provide about 1100 mg/day, on average, 
when  the age- and gender-specific EAR  is considered, 38% of 
the population have intakes below this bench-mark [13]. In this 
regard it is not surprising that The Dietary Guidelines for Amer-
icans,  2010  identified  calcium  as  one  of  the  four  nutrients  of 
public  concern  [3].  The  EAR  and  RDA  for  adolescents  are 
higher at 1100 and 1300 mg/day, respectively, based on increased 
bone growth during this life stage [12]. The increased EAR and 
RDA values for older persons (>70 years) at 1000 and 1200 mg/
day, respectively, are based on decreased calcium absorption in 
that group [12]. Milk and dairy products are the richest source 
of calcium (providing about 60% of dietary calcium), and it is 
most bioavailable in those sources in the form of calcium citrate, 
but there is little evidence for its superiority in promoting bone 
mineralization  [155].  Each  225-g  (8-oz)  cup  of  milk  contains 
about 280–300 mg of calcium. Green leafy vegetables are a good 
source, but the bioavailability is more irregular than that in milk 
products because the calcium is present as the phytate, oxalate, 
or other organic anion salt. These salts are poorly ionized and 
absorbed. The single universal requirement for calcium intake 
at each life stage without reference to intake of protein, sodium, 
or phytate has been challenged, based on the observation that 
calcium  intakes  are  low  in  parts  of  the  world  where  fracture 
rates  are  low,  but  protein  intake  also  is  low,  whereas  phytate 
intake  is  high  [156].  Other  rich  dietary  sources  are  fish  with 
edible bones, such as sardines and salmon.

Lumenal calcium is most actively transported in the duode-
num,  but  in  humans  most  calcium  is  absorbed  in  the  ileum 
[150]. About 150–300 mg is secreted  into the  lumen each day. 
After glomerular filtration, about 98% of calcium is reabsorbed 
by the renal tubules [153]. Normal levels of serum calcium are 
tightly  regulated  by  the  action  of  parathyroid  hormone  and 
vitamin D and are not related to total body stores, except when 
deficiency is severe. Bone density is not a sensitive indicator of 
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mended  intake during pregnancy  is 27 mg/day. At birth,  even 
the child of an iron-deficient mother has normal stores because 
the fetus has priority for available  iron. Milk  is a poor dietary 
source of iron, but the AI for infants aged 0–6 months has been 
set at 0.27 mg/day, based on the daily amount of iron in ingested 
milk (∼0.35 mg/L). It is assumed that milk intake and require-
ments correlate with body size. Therefore,  this AI may not be 
sufficient  for  infants  with  a  lower  milk  intake.  Three  months 
after birth, the requirement for iron increases because of growth, 
and  the  RDA  of  11 mg/day  for  infants  aged  7–12  months 
assumes that feedings complementary to milk are in place. It is 
during this period that the infant is most at risk for iron defi-
ciency.  During  adolescence,  the  hemoglobin  level  rises 
0.5–1.0 mg/dL per year,  requiring 50–100 mg of  iron per year, 
and  300 mg  during  adolescence.  Iron  is  included  in  the  2015 
Dietary  Guidelines  for  Americans  as  a  shortfall  nutrient  of 
public health concern for adolescent females and adult females 
who are premenopausal due to increased risk of iron deficiency 
in these groups.

Food iron is available  in a variety of red meats, nuts, seeds, 
and egg yolks. Milk products, potatoes, and fresh fruit are poor 
sources. Iron availability can vary by as much as 10-fold between 
meals with similar iron content [168]. Iron in vegetables varies 
according to growth conditions of the plant. Heme iron in veg-
etables is not so readily available for absorption as that in meat. 
Heme iron requires reduction to the ferrous state (by ascorbic 
acid) for maximal absorption. Heme iron accounts for less than 
40%  of  dietary  iron  in  the  United  States.  The  iron  content  of 
some foods (e.g., bread flour) is increased by fortification. Iron 
supplements can decrease absorption efficiency of dietary iron. 
Analysis of NHANES 2003–2006 data for those aged >2 years 
showed that 21.8% of the population had intakes of iron from 
naturally occurring food sources below the EAR, and this was 
significantly reduced by accounting for enriched/fortified food 
contribution (6.5%) and even further when supplement use was 
accounted  for  (5.0%)  [13].  Vegetarians  are  at  risk  for  dietary 
iron  deficiency  because  of  the  more  limited  absorption  of 
nonheme iron. Iron is involved in many reactions as a cofactor 
for enzymes (heme or otherwise) and as a major constituent of 
heme as an oxygen-carrying cofactor.

Heme  iron  (iron-protoporphyrin  IX)  is  released  from 
myoglobin and transported into the enterocyte by PCFT/HCP1 
(SLC46A1), a member of the solute carrier family of membrane 
proteins  [169].  Two  heme  exporter  proteins  mediate  passage 
across  the  basolateral  membrane  (breast  cancer  resistance 
protein, BCRP and feline leukemia virus subgroup C receptor, 
FLVCR).  At  some  point  heme  oxygenase  releases  iron  from 
heme, but the exact site and mechanism by which this occurs is 
not known [170].

The absorption of inorganic iron primarily occurs in the duo-
denum and upper jejunum. The absorption of inorganic iron is 
enhanced by gastric acid, ascorbic acid, and other organic acids, 
including the amino acids histidine, lysine, and cysteine, which 
form iron chelates [17,171]. Absorption is decreased when iron 

energy. It affects the delivery of oxygen to tissue by regulating 
the concentration of 2,3-diphosphoglycerate in red blood cells. 
However, 80%–85% of total body phosphorus resides in bone.

The requirements  for phosphorus parallel  those of calcium. 
The  RDA  is  only  700 mg/day  for  adults,  somewhat  below  the 
DRI  for  calcium  (Table  27.5),  although  daily  intakes  in  the 
United  States  range  from  1000  to  1500 mg.  Like  magnesium, 
urinary  phosphorus  excretion  does  not  reflect  a  low  dietary 
intake,  so  balance  studies  are  misleading.  Moreover,  the  effi-
ciency  of  phosphorus  absorption  varies  with  the  food  source 
and  the  dietary  calcium-to-phosphorus  ratio.  In  general,  if 
protein intake is adequate, so is phosphorus intake [14]. Analy-
sis of NHANES 2003–2006 data for those aged >2 years showed 
that only 5.3% of the population had total intakes of phosphorus 
from all sources below the EAR [13].

Phosphorus  is  a  constituent  of  all  cells  and  is  abundant  in 
most  foods,  especially  meats,  dairy  products,  and  carbonated 
beverages.  The  amount  of  phosphorus  in  food  additives  is 
increasing, a change that can lead to decreased bone mass [167]. 
Phosphorus  is  a  component  of  some  gut  lavage  preparations 
(e.g.,  Fleet,  Accu-Prep,  Visicol,  Fleet  Phospho-soda).  The 
absorption  of  phosphorus  requires  hydrolysis  of  the  organic 
phosphates in food by intestinal alkaline phosphatase. Absorp-
tion  is  predominantly  by  passive  diffusion,  although  because 
both  the  phosphate  and  paracellular  channels  are  negatively 
charged, it is unlikely that simple diffusion between cells is the 
transepithelial  route.  At  low  levels  of  phosphate  intake,  active 
sodium-dependent  transport  becomes  more  important,  regu-
lated  to  some  extent  by  1,25-dihydroxyvitamin  D-3.  Five 
sodium-dependent phosphate cotransporters (NPT) have been 
identified  [166].  It  is  the NPT2b  form, expressed  in  the  small 
intestine, that mediates active phosphate absorption. Net absorp-
tion  is  60%–80%  of  ingested  phosphorus.  The  kidney  adjusts 
phosphate excretion over a wide range, mostly using NPT2a but 
also NPT2c and NPT3, so deficiency from low intake or mal-
absorption is rare. In fact, reabsorption can increase to 99.8% if 
the dietary intake of phosphorus is low [162].

Iron [17]
The  body  stores  of  iron  are  not  regulated  by  increased  or 
decreased excretion, but rather by control of the rate of intesti-
nal  absorption,  which  is  increased  during  deficiency.  Daily 
losses normally occur from the gastrointestinal tract, skin, and 
urine. Fecal  losses predominate,  ranging  from 6  to 16 mg/day, 
most of which is unabsorbed dietary iron. About 1 mg of endog-
enous iron is  lost in the stool per day. Additional  losses occur 
from the uterus in women, amounting to 0.5–1.0 mg/day aver-
aged over a whole month. The requirements for iron per kilo-
gram of body weight are highest during infancy (because of low 
body  stores),  periods  of  rapid  growth  (adolescence  and  preg-
nancy), and periods of excessive loss (menstruation).

The  RDA  assigned  by  the  2001  DRI  Committee  for  all  age 
groups  of  men  and  postmenopausal  women  is  8 mg/day;  the 
RDA for premenopausal women is 18 mg/day [17]. The recom-
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that other members of the family, perhaps ZIP1 take over after 
the intestine is mature [176].

Zinc absorption is decreased by lumenal binders (phosphate 
and  others),  as  is  the  absorption  of  calcium  and  magnesium 
[177]. Inorganic iron, especially when ingested as a supplement, 
impairs  inorganic  zinc  absorption  [178].  Absorption  can  be 
enhanced  by  animal  proteins  and  sulfur-containing  amino 
acids,  and  by  hydroxy  acids  [179].  Zinc  absorption  may  be 
increased  during  states  that  increase  demand  for  the  mineral, 
including infancy, pregnancy, and lactation.

Zinc plays a critical role in the growth and function of cells. 
It is a cofactor for many enzymes that participate in the metabo-
lism  of  carbohydrate,  fat,  and  protein  [17].  It  is  necessary  for 
cell growth and proliferation, sexual maturation, reproduction, 
and dark adaptation and night vision, and it may play a role in 
wound healing and immune defenses. Finally, it may activate or 
inhibit enzymes, modify membrane functions, or bind to DNA 
transcription factors.

Copper [17]
Copper  is an essential  trace mineral  for humans. Estimates of 
copper  requirements  are  based  on  balance  studies,  fecal  and 
other losses, and absorption at each life stage [17]. Obligatory 
losses for adults are about 580 μg/day, and absorption averages 
about  25%  of  dietary  copper  intake.  Most  absorbed  copper  is 
excreted in bile, although some biliary copper is reabsorbed by 
way of an enterohepatic circulation [180]. When intestinal and 
biliary  losses occur,  the copper requirement  increases. The AI 
for  infants  is  based  on  intake  of  milk  (120 μg/L)  and  is  set  at 
200 μg/day  for  infants  aged  0–6  months  and  220 μg/day  for 
infants aged 7–12 months. The RDA is 900 μg/day for men and 
women aged 19 years or older [17].

The body contains about 100 mg of copper, 30 mg of which is 
bound to proteins and enzymes. The liver contains about one-
third of the body stores of copper, mostly in enzymes, including 
ceruloplasmin,  cytochrome  oxidase,  superoxide  dismutase, 
tyrosinase,  lysyl  oxidase,  and  histaminase  [181].  Copper  is 
important for normal skeletal and nervous system development, 
erythropoiesis,  leukopoiesis,  and  iron  absorption,  and  as  an 
antioxidant.

Copper absorption is efficient (35%–70%) compared with the 
absorption of other trace elements, but the efficiency is reduced 
in the elderly. Copper absorption and intracellular metabolism 
are complex processes [182]. The mechanism of absorption of 
dietary copper is not established with certainty. A high-affinity 
transporter,  hCtr1  (SLC31A1)  may  be  responsible,  but  it  is 
expressed  in a wide variety of other  tissues. Another member 
of  the  family,  Ctr2,  may  mediate  low-affinity  absorption.  The 
apically  located  divalent  metal  transporter,  DMT1,  interacts 
with copper as well as iron and manganese, and might also be 
involved in absorption into the enterocyte [183].

There  is  no  free  copper  in  the  cell  because  it  is  bound  to 
chaperones  (e.g.,  to  CCS,  the  chaperone  for  copper  and  zinc, 
and  to  metallothioneins  1  and  2)  [182].  The  Menkes  disease 

forms an insoluble complex in the lumen with dietary phytates 
or  phosphates,  or  with  antacids  or  other  medications.  In  the 
duodenal lumen, dietary iron is reduced to the ferrous state by 
ferric  reductase  (Dcytb, duodenal  cytochrome b),  transported 
into  the  cell  by  the  divalent  metal  transporter,  DMT1,  and 
released by way of ferroportin into the circulation [172]. Hep-
haestin is another protein that facilitates iron release from the 
enterocyte.  Hepatocytes  take  up  iron,  either  free  or  bound  to 
transferrin (Tf), by Tf receptor 1 or 2. The TfR2 receptor is the 
major  sensor  of  circulating  Tf–iron  complexes  and  influences 
the  expression  of  hepcidin,  the  protein  that  downregulates 
ferroportin-mediated  iron  release  from  enterocytes,  macro-
phages, and hepatocytes [173].

Hepcidin levels are inappropriately low in hereditary hemo-
chromatosis,  and  are  increased  in  patients  with  inflammatory 
conditions (see Chapter 30). Hepcidin appears to be the major 
gatekeeper for iron absorption. Normally about 10% of iron is 
absorbed, but in iron deficiency states this can increase to 30%. 
After  absorption,  iron  is  stored  as  ferritin  in  the  liver,  spleen, 
and bone marrow. The functional compartment of iron (hemo-
globin,  myoglobin)  accounts  for  most  of  the  total  body  iron, 
ranging from about 2180 to 2750 mg for the average woman and 
man, respectively.

Zinc [17]
The body contains 1.5–2.5 g of zinc, so that it is the second most 
abundant  trace  mineral  after  iron.  Although  the  turnover  of 
isotopic  zinc  in  adults  is  6 mg/day,  balance  studies  show  that 
12.5 mg of dietary zinc is needed to maintain positive balance 
[17]. The daily loss of 2.5 mg/day is mostly in feces, and absorp-
tion ranges from 20% to 40% of dietary zinc, depending on the 
fiber content of the diet (inversely related). Zinc bioavailability 
from a vegetarian diet is moderate (30%–35% is absorbed) with 
phytate : zinc ratios of 5 : 15. More zinc may be needed in diets 
that are high in legumes, whole grains, seeds, and nuts, because 
in those diets the phytate : zinc ratio may approach 15. The 2001 
DRI Committee report set the RDA at 9 and 8 mg/day for girls 
and boys aged 9 to 13 years, respectively, and at 8 and 11 mg/day 
for adult women and men, respectively [17]. The RDA for preg-
nancy is 13 mg for adolescents and 11 mg for women older than 
18 years. During lactation, the RDA is increased by 1 mg/day.

Like  other  divalent  cations,  zinc  is  absorbed  inefficiently 
along  the entire  length of  the  small  intestine. A  series of  zinc 
transporters have been identified in humans. Zinc transporters 
have a binding domain that is rich in histidine residues. These 
transporters  are  thought  to  be  important  in  absorption,  and 
include: ZnT1, which is expressed in duodenal and jejunal villi; 
DCT1, which directs the influx of iron, zinc, copper, cadmium, 
and manganese; and ZnT1 and ZnT2, which mediate the efflux 
of  the  same  minerals  [174].  During  development  the  major 
apical transporter for zinc appears to be hZIP4, the product of 
the gene SLC39A4, as this protein is defective in patients with 
acrodermatitis enteropathica, a rare disorder of zinc malabsorp-
tion [175]. However, the disease affects only infants, suggesting 
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phosphate  is  a  coenzyme  in  the  oxidative  decarboxylation  of 
α-ketoacids to aldehydes, and it catalyzes transketolase activity 
in  the  pentose  phosphate  cycle.  It  is  important  for  nucleotide 
synthesis and provides cofactors for fatty acid synthesis. Blood 
pyruvate  levels  increase  with  thiamin  deficiency.  The  require-
ment  usually  is  related  to  the  intake  of  energy,  especially 
carbohydrate. The RDA for adults  is 0.5 mg  thiamin  for every 
4184 kJ  (1000 kcal)  in  the  diet  [15].  Allowances  are  based  on 
the  effects  of  varying  dietary  thiamin  and  the  relationship 
with  signs  of  clinical  deficiency  or  with  urinary  excretion  of 
thiamin or serum transketolase activity. Thiamin is synthesized 
by  many  plants.  It  is  abundant  in  all  foods  and  is  added  to 
many  commercial  baked  products  and  cereals.  Analysis  of 
NHANES  2003–2006  data  for  those  aged  >2  years  showed 
that  50.9%  of  the  population  had  intakes  of  thiamin  from 
naturally  occurring  food  sources  below  the  EAR,  and  this 
was  significantly  reduced  by  accounting  for  enriched/fortified 
food  contribution  (5.9%)  and  even  further  when  supplement 
use  was  accounted  for  (4.3%)  [13].  Because  thiamin  is  lost 
easily  in  the  cooking  and  processing  of  food,  its  content  in 
food  varies  according  to  preparation.  Thiamin  is  transported 
into  cells  by  the  SLC19  folate/thiamin  transporter  family; 
specifically,  the  A2  and  A3  types  [190].  In  polarized  cells, 
such  as  enterocytes,  thiamin  is  found  at  the  apical  and  baso-
lateral membranes (Table 27.11). Thiamin deficiency is usually 
the  result  of  poor  nutritional  intake  and  is  commonly  seen 
in  chronic  alcoholics.

Riboflavin (vitamin B-2) [15]
Riboflavin  is  a  major  component  of  two  essential  coenzymes: 
flavin adenine dinucleotide  (FAD) and flavin mononucleotide 
(FMN). It forms the active portion of these coenzymes, which 
are  involved  in  biological  oxidations.  Riboflavin  requirements 
are  linked  with  metabolic  function,  like  those  for  thiamin. 
However, unlike the requirements for thiamin, those for ribo-
flavin  are  unrelated  to  food  energy  intake.  The  RDA  is  set  at 
1.1 mg/day and 1.3 mg/day for adult women and men, respec-
tively  [15].  Requirements  have  been  assessed  by  measuring 
urinary excretion and by observing signs of deficiency. Ribofla-
vin is available in all leafy vegetables, in meats and fish, and in 
milk and eggs. The average US diet contains 2.3 mg/day of ribo-
flavin  from  food  sources  (including  enriched/fortified),  and 
4.9 mg/day  when  supplement  use  is  accounted  for  [13].  The 
vitamin can be lost during food processing and by the action of 
ultraviolet light. Dietary riboflavin occurs as the free form and 
as FMN and FAD, the latter two requiring conversion to the free 
form  before  absorption.  Two  transporters,  FGT-1  and  FRT-2, 
are  present  in  small  intestine  and  colon,  but  RFT-2  is  much 
more efficient [191].

Riboflavin enters the plasma as free FMN or riboflavin and, 
after  dephosphorylation  of  FAD  and  FMN,  is  reformed  into 
FAD and FMN inside the enterocyte. The vitamin is rephospho-
rylated  to  permit  transport  across  the  basolateral  membrane, 
and is excreted from the kidney unmetabolized [192].

protein, ATP7A, is a membrane-associated P-type ATPase that 
is required for copper secretion into the portal vein. Hephaestin 
is a multicopper oxidase that is a membrane-bound analogue of 
ceruloplasmin required for iron (but not copper) secretion from 
the intestine [184]. Absorbed copper is transferred in plasma to 
ceruloplasmin and albumin, and  it  is  taken up by  the  liver by 
hCtr1-mediated  transport.  It  is  distributed  to  various  cellular 
compartments by a series of small cytoplasmic copper chaper-
ones [182]. In all tissues apart from the liver, ATP7A mediates 
copper  efflux  in  the  Golgi  apparatus  and  subsequently  in  the 
plasma membrane,  as  the protein moves  to  the plasma mem-
brane.  In  the  liver,  copper  is  guided  to  ATP7B,  a  copper-
transporting ATPase, by the Wilson disease protein, ATOX1, a 
metal  chaperone  [185].  Copper  is  then  bound  to  glutathione 
and metallothionein. The multicanalicular organic anion trans-
porter,  cMOAT,  transports  the  copper–glutathione  complexes 
into bile. When intracellular  levels of copper  increase, ATP7B 
is redistributed to exocytic vesicles for delivery to bile, similar 
to  the process  for  the Menkes gene protein ATP7A in nonhe-
patic cells.

Other trace minerals
Selenium is essential to the antioxidant system, being a compo-
nent of more than 20 selenoproteins, including six glutathione 
peroxidases  [16,186].  Thus,  its  function  is  linked  with  that  of 
vitamin  E.  Chromium  potentiates  the  action  of  insulin  at  the 
cell receptor level and plays a role as a cofactor for insulin [187]. 
Manganese is a cofactor for many enzymes with widely varying 
functions, from superoxide dismutase to hydrolases and kinases, 
but a deficiency state  in humans has not been  identified  [17]. 
Iodine is an essential component of the thyroid hormones and 
is thus integral to their function [17,142]. Iodine is transported 
by  the  sodium/glucose cotransport  family  solute carrier SLC5 
[188]. Although the consequences of  iodine deficiency can be 
severe,  enrichment  of  table  salt  has  made  it  very  uncommon. 
Fluoride is concentrated in bones and teeth and is required for 
normal  growth.  The  major  source  of  fluoride  is  fluoridated 
water. Although deficiency of most of these minerals occurs in 
humans, the occurrence of such deficiency is unusual in devel-
oped countries. For this reason, they are used in clinical practice 
primarily as TPN supplements.

Vanadium,  nickel,  cobalt,  tin,  and  silicon  are  considered 
essential in mammals because deficiencies have been produced 
experimentally, but human deficiencies have not been reported 
[17]. Other elements,  including cadmium, lead, boron, alumi-
num,  arsenic,  mercury,  strontium,  and  lithium,  have  not  yet 
been proved essential. Most of these elements, with the excep-
tion  of  boron,  are  probably  present  in  sufficient  quantities  as 
contaminants in TPN solutions [189].

Vitamins
Thiamin (vitamin B-1) [15]
Thiamin is essential for the function of many enzyme systems 
and  plays  a  major  role  in  energy  production.  Thiamin  pyro-
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Table 27.11 Mechanisms of absorption of water-soluble vitamins.

Vitamin Source of ingested 
vitamin

Transporter Extent documented Intracellular regulation

Thiamin (B-1) Diet, bacteria Human thiamin transporters 1 and 2
SLC19A2 and SLC19A3 genes

Small bowel? colon, apical 
<basolateral

Ca2+/calmodulin

Riboflavin (B-2) Diet Sodium-dependent carrier-mediated, 
RFT-1 and RFT-2

Small bowel, colonocytes PKA, Ca2+/calmodulin

Niacin (B-3) Diet, metabolism 
(from tryptophan)

Na-independent, acid-dependent Small bowel Tyrosine kinase

Pyridoxine (B-6) Diet Na-independent, pH-dependent PKA-mediated

Biotin Diet, bacteria Na-dependent multivitamin 
transporter

Small bowel>>colon PKC, Ca2+/calmodulin, 
biotin (extracellular)

Pantothenic acid Diet, bacteria Na-dependent multivitamin 
transporter

Small bowel, colonocytes

Folate Diet, bacteria Reduced folate carrier, SLC19A1, 
and proton coupled folate 
transporter, SLC46A1

Small bowel, pancreas, 
apical >basolateral

Tyrosine kinase, cAMP, 
pH-dependent

Cobalamin (B-12) Diet Cubilin–amnionless complex Small bowel, proximal renal 
tubule, choroid plexus, apical

Development

Ascorbate (C) Diet Na-dependent vitamin C transporter 
SVCT1 (SLC23A1 gene), facilitated 
glucose transporters GLUT1, GLUT3, 
and GLUT4 for dehydro-L-ascorbate

Small bowel, apical SVCT2 
basolateral

PKC-mediated
Ascorbic acid (extracellular)

cAMP, cyclic adenosine monophosphate; PKA, protein kinase A; PKC, protein kinase C.

aminotransferases and amino acid decarboxylases. It is involved 
in  the  metabolism  of  all  amino  acids  and  in  the  synthesis  of 
acetylcholine,  porphyrin,  arachidonic  acid,  dopamine,  serot-
onin, and bile acids. Requirements are increased with a higher 
protein intake. The RDA for adults aged 19–50 years is 1.3 mg/
day for average protein intake. Low levels of all three forms are 
present  in  all  foods,  with  meats,  fish,  and  grains  being  good 
sources. The vitamin B-6 allowance has been estimated by using 
a  ratio  of  0.016 mg  of  vitamin  per  gram  of  protein  ingested. 
Because energy and protein intakes are lower in the older popu-
lation, RDAs are increased for persons older than 50 years, and 
the estimates for women (i.e., 1.5 mg/day) are lower than those 
for  men  (i.e.,  1.7 mg/day)  [15].  Vitamin  B-6  is  synthesized  by 
microorganisms in the intestine, primarily in the colon, where 
the vitamin is not absorbed. Vitamin B-6 is rapidly absorbed in 
the small intestine by a sodium-independent transporter, and is 
excreted  in  the urine as  the metabolized product, 4-pyridoxic 
acid, by a pH-dependent and sodium-independent transporter 
[191]. Certain drugs are pyridoxine antagonists (e.g., isoniazid, 
hydralazine,  penicillamine).  A  deficiency  of  vitamin  B-6  and 
other B vitamins can occur in chronic alcoholics.

Folate (folacin, folic acid) [15]
“Folacin” is a generic term for compounds that have a structure 
and function similar to that of folic acid, that is pteroylglutamic 

Niacin (vitamin B-3) [15]
The  term  “niacin”  encompasses  nicotinic  acid  and  its  amide 
form, nicotinamide. It is a component of two coenzymes, nico-
tinamide  adenine  dinucleotide  (NAD)  and  nicotinamide 
adenine dinucleotide phosphate (NADP), which participate in 
more  than  50  metabolic  reactions.  Humans  can  synthesize 
about 1 mg of niacin from 60 mg of the amino acid tryptophan. 
Deficiency  depends  on  the  limited  availability  of  niacin  and 
tryptophan  [193].  The  RDA  is  reported  in  niacin  equivalents 
(NEs) (1 NE = 1 mg of niacin = 60 mg of tryptophan). The RDA 
has been estimated at 14 mg and 16 mg NE daily for women and 
men aged 14 years or older, respectively [15]. Nicotinic acid is 
present in most foods, except fats and oils. Meat, fish, and grain 
products  are  good  dietary  sources.  Much  is  lost  during  grain 
processing, but it is added as fortification to the finished prod-
ucts. The average US diet contains 24.3 mg/day of niacin from 
food  sources  (including  enriched/fortified),  and  34.4 mg/day 
when  supplement  use  is  accounted  for  [13].  Niacin  is  well 
absorbed in the small intestine by a sodium-independent, acid-
sensitive process.

Pyridoxine (vitamin B-6) [15]
The term “vitamin B-6” refers to three naturally occurring pyri-
dines: pyridoxine, pyridoxal, and pyridoxamine. All forms func-
tion similarly. Vitamin B-6 is essential for the function of many 
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[199]. Total body stores are relatively small and can be depleted 
in a few months if dietary intake is negligible. Folate can enter 
the serum or the bile and be reabsorbed, undergoing an entero-
hepatic circulation amounting to about 100 μg/day. In diseases 
that  cause  malabsorption,  body  stores  of  folate  are  lost  more 
rapidly than in simple dietary deficiency.

Cobalamin (vitamin B-12) [15]
Cobalamin  contains  a  cobalt  atom  to  which  are  bound  active 
groups,  including  hydroxy-,  methyl,  and  nitro-  moieties.  The 
vitamin functions as a carrier for methyl and hydrogen groups. 
It  is required for reactions catalyzed by two enzymes, methio-
nine synthase and methylmalonic acid mutase, and thus partici-
pates in methionine and succinyl-CoA synthesis. The total body 
content of cobalamin is 2–2.5 mg, most of which is in the liver, 
and the half-life is 1.5–3.5 years. Thus, daily losses average about 
1.3 μg/day. The RDA was set at 2 μg/day for adults, based on 70% 
absorption efficiency [15]. However, because 10%–30% of adults 
older than 51 years may have protein-bound cobalamin malab-
sorption, the new RDA has been set at 2.4 μg/day [15]. Although 
this  malabsorption  probably  is  caused  by  reduced  pepsin  and 
gastric acid secretion, most elderly persons have some intrinsic 
factor.  Thus,  it  is  recommended  by  some  experts  that  most 
intake in older persons be in the form of a dietary supplement, 
to ensure its adequacy [200]. The vitamin is synthesized only by 
bacteria  and  enters  animal  tissues  after  the  ingestion  of  con-
taminated foods or production in the gut lumen. It is found only 
in  animal  products,  including  meat,  fish,  eggs,  and  milk.  The 
average  US  diet  contains  5.3 μg/day  from  food  (including 
enriched/fortified)  and  24.4 μg/day  when  supplement  use  is 
accounted for [13]. Cobalamin is relatively stable during cooking 
and processing.

The absorption of cobalamin is complex [201]. In food, it is 
bound to enzymes from which it is released by gastric proteases. 
It  is bound to haptocorrin in the stomach, released from hap-
tocorrin by the action of pancreatic enzymes, and then bound 
to intrinsic factor, with which it is absorbed in the ileum by the 
process of receptor-mediated endocytosis. The receptor for the 
intrinsic  factor–cobalamin  complex,  cubilin,  is  a  large,  multi-
functional protein that also binds apolipoproteins [202]. Studies 
of the mutations in Imerslund–Grasbeck syndrome (congenital 
vitamin  B-12  malabsorption)  have  uncovered  a  45–50-kDa 
transmembrane  protein  that  colocalizes  with  cubilin,  called 
amnionless (AMN) [203]. The amino-terminal portion of AMN 
directs endocytosis, and is essential for cobalamin absorption, 
whereas the carboxy terminal is necessary for embryonic devel-
opment. In the enterocyte, the vitamin is released from intrinsic 
factor, bound to transcobalamin II, and delivered to the tissues 
complexed  to  that  protein.  It  is  released  into  the  bile  bound 
again to haptocorrin, and 5–10 μg/day undergoes an enterohe-
patic  circulation.  As  with  folate,  body  stores  are  lost  more 
rapidly if malabsorption is present because endogenous as well 
as dietary cobalamin is lost.

acid (PGA). The many forms differ in the degree of reduction 
of the double bonds in the ring structure (e.g., tetrahydrofolate), 
the presence of 1-carbon groups (e.g., methyltetrahydrofolate), 
and the number of glutamyl residues in the peptide chain (e.g., 
folate pentaglutamate). Folate functions as a carrier of 1-carbon 
groups from donor to recipient molecules and is necessary for 
the synthesis of nucleic acids, the initiation of protein synthesis, 
and the synthesis of acetylcholine and methionine. Three other 
vitamins – cobalamin, ascorbic acid, and niacin – are involved 
in converting folate to its active coenzyme forms [15,194]. PGA 
is the form of folate used commercially, and it is a relatively poor 
substrate for dihydrofolate reductase. As a result, tissue utiliza-
tion  is  poorer  than  for  natural  methylated  or  reduced  folates 
found  in  food. However,  folate  requirements have been based 
on replacement with PGA.

The RDA for folate has been modified dramatically from the 
1989  estimate  of  200 μg/day  for  adults  to  400 μg  [15].  This 
change  was  the  result  of  recognition  of  the  role  of  folate  in 
reducing the incidence of neural defects [195], and the role of 
elevated serum homocysteine concentrations as a cardiovascu-
lar risk factor [196]. Dietary folate is reported in folate equiva-
lents,  in  recognition  of  the  greater  bioavailability  of  synthetic 
folic  acid  compared  with  natural  folate.  The  RDA  for  women 
aged 14–50 years is 400 μg/day, and should comprise synthetic 
folic acid plus dietary folate. During pregnancy, the amount of 
synthetic folic acid is specified at 400 μg/day [15].

The vitamin is abundant in citrus juices, enriched cereals and 
breads,  legumes,  liver,  nuts,  and  green  leafy  vegetables.  To 
prevent neural defects, the FDA has, since 1998, required that 
all cereal grains are fortified with 140 μg of folate/100 g of grain 
[197].  It  is  estimated  that  this  supplements  the  average  daily 
dietary intake (50–500 μg) by 215–240 μg, and the incidence of 
neural defects has decreased by about 25%. Analysis of NHANES 
2003–2006 data for those aged >2 years showed that 88.0% of 
the  population  had  intakes  of  folate  from  naturally  occurring 
food sources below the EAR, and this was significantly reduced 
by accounting for enriched/fortified food contribution (10.7%) 
and  even  further  when  supplement  use  was  accounted  for 
(7.6%) [13]. Folate occurs in food largely in the polyglutamate 
form, and its bioavailability is generally high. However, boiling, 
steaming, or frying can lead to significant losses. Folate conju-
gase is present in the brush border and lysosomes of the ente-
rocyte, but the brush border form is considered more important 
in  hydrolyzing  polyglutamate  forms  of  dietary  folate.  The 
reduced folate carrier (SLC19A1), is expressed in the enterocyte 
and in plasma membranes of all human cells, and is the major 
uptake pathway at neutral pH. The proton-coupled folate trans-
porter (PCFT, SLC46A1) is also widely expressed, but is active 
only at low pH, as in the microenvironment of the brush border 
membrane, and is considered the major transporter of dietary 
folate [198]. This is also the protein mutated in hereditary folate 
malabsorption.

It  is  converted  in  the  liver  and  other  tissues  to  the 
5-methyltetrahydrofolate  form  and  is  stored  as  polyglutamate 
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intestine by means of SMVT, and is excreted unchanged in the 
urine.

Vitamin A [17]
Vitamin A is the collective term for vitamin A alcohol (retinol) 
and  its  related  biologically  active  forms.  It  is  essential  for 
growth  and  development,  the  maintenance  of  epithelial  cells, 
the  stability  of  cell  membranes,  reproduction,  and  vision  in 
dim  light  [17,210].  The  β-carotenes  are  precursors  of  vitamin 
A and appear to have additional beneficial functions, probably 
as antioxidants [211]. The DRI allowance for vitamin A is based 
on  many  nutritional  studies  and  amounts  to  900 μg  of  retinol 
per  day  for  men  and  700 μg/day  for  women  [17].  The  recom-
mendations for β-carotene are even more complex because no 
reproducible biological activities are available to establish ade-
quate  intake.  Some  epidemiological  studies  show  correlations 
between low serum levels (still  in the normal range) and pro-
tection  from  cancer,  but  intervention  studies  have  not  been 
positive  [212].  Moreover,  some  carotenoids  (e.g.,  lutein)  are 
accumulated  in  the  retina  preferentially,  whereas  others  (e.g., 
lycopene) lack provitamin A function but exhibit other biologi-
cal  activity.  The  data  were  judged  by  the  DRI  Committee  to 
be  insufficient  to  make  a  recommendation  on  the  required 
percentage  of  dietary  vitamin  A  that  must  be  derived  from 
provitamin A carotenoids  [17].

Vitamin A synthesis is limited to plants and microorganisms. 
Its activity  in  foods usually  is expressed  in  international units 
(IUs) and an equivalent value established with retinol activity, 
accounting for both vitamin A and provitamin compounds in 
the diet. The previously accepted 6 : 1 equivalence of β-carotene 
to  vitamin  A  has  been  questioned  because  of  the  inefficient 
bioconversion of plant carotenoids. Thus, the new conversions 
are 1 retinol equivalent (RE) = 1 μg of all-trans-retinal, or 12 μg 
of β-carotene, or 24 μg of mixed carotenes. One RE is also equiv-
alent to 3.3 IU of retinol activity or 10 IU of β-carotene activity. 
This  means  that  older  food  tables  have  overestimated  the 
vitamin  A  activity  in  foods.  This  change  may  be  of  special 
importance in less-developed countries that rely mostly on veg-
etable products  for  their vitamin A. Animal products are rich 
sources, including liver, kidney, dairy products, and eggs. Caro-
tenoids,  especially  β-carotene,  are  found  in  green  and  yellow 
vegetables. There are more than 400 carotenoids in foods, only 
about  60  of  which  have  provitamin  A  activity.  In  the  United 
States,  dairy  products  and  margarines  are  supplemented  with 
retinyl esters, and these products are the major dietary source 
of the vitamin. Analysis of NHANES 2003–2006 data for those 
aged >2 years showed that 74.4% of the population had intakes 
of vitamin A from naturally occurring food sources below the 
EAR, and this was reduced by accounting for enriched/fortified 
food contribution (45.1%) and even further when supplement 
use was accounted for (34.0%) [13].

Vitamin A, ingested in the form of long-chain retinyl esters, 
is  hydrolyzed  to  retinol  by  lipases  and  esterases  in  bile  and 
pancreatic secretions or in milk. More than 80% of the vitamin 

Ascorbic acid (vitamin C) [16]
Ascorbic acid is an essential cofactor for several hydroxylation 
reactions and plays a key role in the synthesis of collagen. It may 
also  function  as  an  antioxidant  for  vitamins  A  and  E,  and  is 
involved  in  the  formation  of  norepinephrine  (noradrenaline) 
and  serotonin.  This  role  in  neurotransmitter  synthesis  may 
explain the fatigue and weakness seen in scurvy [204]. A daily 
intake  of  10 mg  of  ascorbic  acid  cures  clinical  signs  of  scurvy 
but does not maintain body stores. The previous RDA of 60 mg/
day produced wide fluctuations  in plasma  levels. The ascorbic 
acid requirement is also compounded by its possible chemopro-
tective  value  in  some  disorders  (e.g.,  colon  cancer,  heart  dis-
eases, cataracts), at doses far in excess of those needed to prevent 
scurvy. Intake of 200 mg of ascorbic acid per day is needed to 
begin to saturate tissues, an intake that approximates the vitamin 
C content of diets (∼225 mg/day) that allow maximal protective 
effects of the vitamin [205]. The DRI values are set at 75 mg/day 
and  90 mg/day  for  adult  women  and  men,  respectively  [16]. 
During pregnancy and lactation, the RDA should be increased 
by 10 mg/day and 45 mg/day, respectively. The vitamin is espe-
cially concentrated in green vegetables and citrus fruits, although 
it is widespread in foods. The vitamin C content of food depends 
on  the  state  of  ripeness  and  on  the  method  of  preparation 
because  ascorbic  acid  is  sensitive  to  heating  and  oxidation. 
Analysis of NHANES 2003–2006 data for those aged >2 years 
showed  that  45.9%  of  the  population  had  intakes  of  ascorbic 
acid from naturally occurring food sources below the EAR, and 
this was reduced by accounting for enriched/fortified food con-
tribution  (37.0%) and even  further when supplement use was 
accounted  for  (25.3%)  [13].  It  is  well  absorbed  in  the  small 
intestine by two sodium-dependent cotransporters (SVCT1 and 
SVCT2) at intakes of up to 180 mg/day [206]. Over that amount, 
the  proportion  appearing  in  the  stool  increases,  and  at  high 
doses (>3–4 g/day), diarrhea can result.

Biotin [15]
Biotin is a coenzyme for various carboxylases and is important 
in the metabolism of carbohydrate, protein, and fat [207]. It is 
produced by colonic bacteria and absorbed in the small bowel 
and colon by facilitated diffusion. Because of  this endogenous 
production, an RDA has not been determined, but  the AI  for 
adults has been estimated at a DRI of 30 μg/day [15]. Absorption 
of the vitamin is mediated by a sodium-dependent multivitamin 
transporter (SMVT) [208].

Pantothenic acid [15]
Pantothenic acid  is a precursor of CoA, which  is essential  for 
the metabolism of fats, carbohydrates, and proteins and for the 
synthesis of steroids and porphyrins [15,209].  It  is widely dis-
tributed in foods, especially animal tissues, whole-grain cereals, 
and legumes. Microflora may produce some pantothenic acid, 
but the data in humans are not clear. Although an RDA has not 
been established, the estimated AI for older adolescents and for 
adults  is  5 mg/day.  Pantothenic  acid  is  well  absorbed  in  the 
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regulation of cell differentiation and proliferation, and in these 
ways vitamin D may play an important role  in the prevention 
of chronic diseases other than osteoporosis, such as cancer and 
diabetes  [214].  In  this  regard,  the  IOM,  considered  multiple 
health outcomes (skeletal and nonskeletal) as potential indica-
tors  for  setting  new  vitamin  D  dietary  requirement  estimates 
(Box 27.1).

Taking indicators of bone health, including rickets and osteo-
malacia,  bone  mineral  density  and  calcium  absorption,  for 
which there was sufficient evidence to provide a reasonable and 
supportable  basis  for  DRI  development,  the  committee  pro-
posed  a  serum  25(OH)D  concentration  of  40 nmol/L  as  the 
median  value  above  which  approximately  half  the  population 
might meet  its vitamin D requirement  (and below which half 
might  not;  which  the  committee  called  the  estimated  average 
requirement  (EAR)-like  concentration)  and  50 nmol/L  as  its 
estimate of the serum 25(OH)D concentration that would meet 
the  requirement  of  nearly  all  (i.e.,  97.5%)  “normal  healthy 
persons” (which the committee called the RDA-like concentra-
tion) [12]. Of note,  the IOM expert committee suggested  that 
evidence for health benefits beyond bone were from studies that 
provided often mixed and inconclusive results and could not be 
considered reliable at that time to establish safe dietary recom-
mendations for the population. The IOM committee translated 
the proposed serum 25(OH)D targets into dietary requirement 
estimates (i.e., DRI values), using metaregression of data from 
randomized placebo-controlled studies that reported the dose-
response of serum 25(OH)D to vitamin D intake from food and 
supplements. They focused on studies in northern latitudes in 
Europe  and  one  in  Antarctica  during  their  respective  winter 
seasons and in conditions of minimal UVB radiation to specify 
the DRI for vitamin D. The EAR for all persons above 12 months 
is 10 μg/day (400 IU) and the RDA is 15 μg/day (600 IU) up to 
the  age  of  70  years,  and  20 μg/day  (800 IU)  thereafter.  In  the 
absence of sufficient data to define either an EAR or RDA, an 
AI value for infants up to 12 months of 10 μg/day was indicated. 
The UL was revised upwards to 100 μg/day (4000 IU) in persons 
over the age of 9 years, with lower levels for younger children, 
down to 25 μg/day (1000 IU) in infants to 6 months of age [12].

There are very  few food sources  that are rich  in vitamin D, 
predominantly  those  of  animal  origin  such  as  eggs,  certain 
organ meats, and oily fish. Supplementation with vitamin D has 
been shown to significantly improve vitamin D intake across a 
variety of age, race, ethnic and gender groups as well as improv-
ing  vitamin  D  status  per  se  (whose  efficacy  is  dependent  on 
dose). However, evidence seems to suggest that the population 
intake of vitamin D from supplements is quite low. For example, 
even  when  vitamin  D  supplement  use  is  accounted  for  in  the 
NHANES 2003–2006 data, 70% of US residents  (aged 2 years 
and above) had intakes below the EAR [13]. This is a function 
mainly of the relatively low vitamin D content of most supple-
ments in some countries relative to the requirement discussed 
earlier.  Fortification  of  foods  with  vitamin  D  in  the  USA  and 
Canada  has  an  important  effect  on  the  mean  daily  intake  of 

is absorbed passively by an as yet unknown mechanism, rein-
corporated  into  retinyl  esters,  packaged  into  chylomicrons, 
transported in the lymphatic circulation, and stored in the liver, 
which  controls  release  of  the  vitamin  [17,213].  Carotene  is 
absorbed  passively,  but  less  well  than  vitamin  A  (40%–60%). 
Most is hydrolyzed to retinol inside the enterocyte, and a small 
amount is absorbed intact. After vitamin A is released from the 
liver, it is transported in the plasma as a trimolecular complex 
with  retinol-binding  protein  and  transthyretin  [213].  If  stores 
are adequate, any excess vitamin A is excreted in bile. A small 
amount is excreted in urine along with other metabolites. About 
10%  of  hepatic  retinol  is  converted  to  retinoic  acid,  which  in 
turn  is  conjugated with glucuronide and undergoes  enterohe-
patic  circulation.  As  in  the  case  of  folate,  cobalamin,  and 
1,25-dihydroxyvitamin  D,  this  enterohepatic  circulation  leads 
to the loss of endogenous as well as dietary vitamin A if malab-
sorption occurs.

Vitamin D [12]
Vitamin  D  is  the  designation  for  a  group  of  sterols  and  their 
metabolites that have antirachitic activity [12]. Cholecalciferol 
(vitamin D-3) is formed in the skin from 7-dehydrocholesterol 
by  the  action  of  ultraviolet  B  sunlight,  and  about  100 IU/day 
(10 μg = 400 IU) is produced in persons living in the temperate 
zone  [214].  Ergocalciferol  (vitamin  D-2)  is  present  in  a  select 
number of plants and fungi. Vitamin D-2 and D-3 once in the 
liver undergo an enzymatic  (25-hydroxylase) hydroxylation at 
carbon 25 within their structure, forming 25-hydroxyvitamin D 
(25(OH)D). This form of vitamin D is the main storage form in 
the circulation but does not possess much biological activity. In 
the kidney,  the 25(OH)D is  further hydroxylated (at carbon 1 
by  1-hydroxylase)  to  1,25-dihydroxyvitamin  D,  which  is  the 
active metabolite of vitamin D. The 1,25-dihydroxyvitamin D, 
once released  from the binding protein  in  the circulation and 
internalized  into  cells,  interacts  with  the  vitamin  D  receptor, 
which  seems  to  be  distributed  widely  throughout  the  body’s 
tissues and cells. This ligand receptor complex translocates from 
the cytosol to the nucleus where it is joined by the retinoic acid 
receptor,  and  the  tripartite  complex  is  phosphorylated.  This 
complex then interacts with vitamin D response elements in the 
genomic  DNA  and  influences  the  transcription  of  a  number  
of  key  genes  involved  in  both  calcemic  and  noncalcemic 
processes.

Serum 1,25-dihydroxyvitamin D,  together with parathyroid 
hormone  and  calcitonin,  has  a  key  role  in  the  regulation  of 
serum calcium concentrations [12]. The three calcitrophic hor-
mones work in a synergistic manner by exerting control on the 
efficiency of calcium absorption across the GI, reabsorption of 
calcium at the kidney and calcium metabolism at the skeleton. 
In this way the influx and efflux of calcium from the extracel-
lular fluid is tightly regulated and serum calcium maintained in 
a narrow concentration window.

1,25-dihydroxyvitamin D also appears  to have a  role  in  the 
regulation  of  glucose  metabolism,  immunomodulation  and 
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teins  (TAPs)  may  be  important  in  lipoprotein  transfer. 
α-Tocopherol transfer protein (TTP) activity is mediated by the 
ABCA1 transporter. Both TTP and TAP belong to a family of 
hydrophobic ligand-binding proteins with a cis-retinal-binding 
motif  sequence  (CPAR-TRIO)  shared  with  cellular  retinol-
binding  protein,  but  the  mechanism  of  hepatic  secretion  of 
vitamin E is unclear [219]. Excess vitamin E is excreted in bile 
or  metabolized  by  β-  or  ω-oxidation  by  cytochrome  P450-
dependent hydroxylases [220]. Vitamin E destroys tissue perox-
ides  that  promote  the  oxidation  of  LDL  [220]  and  prevents 
platelet  adhesion  by  an  antioxidant-independent  mechanism 
[221]. These effects are the basis  for the potential effect of  the 
vitamin in preventing ischemic damage.

Vitamin K [17]
The term “vitamin K” designates naphthoquinone compounds 
with antihemorrhagic activity. They are crucial for the produc-
tion of plasma clotting factors II (prothrombin), VII, IX, and X. 
Two  forms  occur  naturally:  vitamin  K-1  (phylloquinones)  in 
green  plants  and  vitamin  K-2  (menaquinones)  in  bacteria. 
Colonic  bacterial  synthesis  provides  an  estimated  2 μg/kg  of 
body weight, and absorption of that source presumably occurs 
by backwash into the terminal  ileum. The RDAs of 1989 were 
based on the function of the vitamin for clotting proteins, but 
the  requirement  may  be  greater  for  the  nonhepatic  vitamin 
K-dependent proteins, especially those in bone [222]. Because 
of the lack of data on which to estimate an average requirement, 
the DRIs are based on AIs, set at 90 μg/day and 120 μg/day for 
adult women and men, respectively [17]. Therapeutic sources of 
vitamin K are synthetic compounds. Vitamin K (150 μg/day) is 
included  in  the  new  FDA  recommended  guidelines  for  adult 
parenteral multivitamins [223]. The best food sources are green 
leafy vegetables, and they are considered to be the major source 
of  the  vitamin  despite  some  endogenous  production.  The 
average US diet contains about 80 μg/day of vitamin K and only 
about a third of the population have intakes that exceed the AI 
[13].

Vitamin  K  is  passively  absorbed  in  the  small  intestine,  a 
process that requires bile salt micelles and pancreatic enzymes. 
Unlike the other fat-soluble vitamins, vitamin K is not stored in 
large amounts in adipose tissue. The plasma form is carried on 
lipoproteins,  but  the  storage  form  is  primarily  long-chain 
menaquinones. The vitamin is concentrated in the liver and is 
excreted  in  bile,  stool,  and  urine  [17,224].  Vitamin  K  acts  by 
carboxylating  selected  glutamic  acid  residues  of  proteins  to 
form α-carboxyglutamic acid (Gla), which binds calcium [224]. 
The coagulation  function of  the vitamin K-dependent hepatic 
proteins (e.g., prothrombin and factors VII, IX, and X) and the 
function  of  the  bone  proteins  (e.g.,  osteocalcin,  matrix  Gla 
protein) are proportional to the degree of carboxylation. Dietary 
intake  of  200–500 μg/day  of  vitamin  K  has  been  suggested  as 
necessary  for  optimal  γ-carboxylation  of  osteocalcin  [225]. 
Other vitamin K-dependent proteins of unknown function are 
present in other tissues.

vitamin  D  by  the  average  adult;  however,  Calvo  and  Whiting 
[215] suggest that the current level of fortification in the USA 
and  Canada  is  not  effective  in  reaching  the  required  levels  of 
vitamin  D  intake.  This  may  relate  to  the  level  of  fortification, 
types and choice of  food vehicles, and the  issue of mandatory 
or optional/voluntary fortification.

Vitamin E [16]
The  term  “vitamin  E”  refers  to  two  groups  of  lipid-soluble 
compounds,  tocopherols  and  tocotrienols,  that  are  found  in 
plants. α-Tocopherol is the most active and abundant of these 
compounds. These compounds function as fat-soluble antioxi-
dants  and  free-radical  scavengers,  in  conjunction  with  the 
selenium–glutathione  peroxidase  system.  The  natural  form  is 
complex, covering eight different structures produced by plants 
(tocopherols  α,  β,  γ,  and  δ,  plus  corresponding  tocotrienols) 
[216]. Tocopherols contain a phytyl  tail with  three places  that 
could be  in either L- or R-configuration. Commercial vitamin 
E  is  a  mixture  of  tocopherols  and  tocotrienols.  α-Tocopherol 
is  all  RRR-α-tocopherol.  The  bioavailability  of  these  forms 
varies, but the capsule form of vitamin E may be relatively less 
readily available  [217]. The RDA previously was based on  the 
assumptions  that  the  diet  had  no  more  than  0.1 ppm  of  sele-
nium, average amounts of sulfur amino acids, a ratio of vitamin 
E  to  PUFAs  of  0.4,  and  less  than  1.5%  linoleic  acid  in  a  diet 
containing 7500–12 500 kJ  (1800–3000 kcal). Later  recommen-
dations also consider the possible role of vitamin E as an anti-
oxidant  in  preventing  disease,  the  increased  intake  of  PUFAs 
in  the  United  States,  and  the  serum  vitamin  E  values  from 
NHANES  III  (Third National Health and Nutrition Examina-
tion Survey, 1998–1994) [16]. Thus, the DRIs are set at 15 mg/
day  for  adults.  The  vitamin  is  abundant  in  the  lipids  of  green 
leafy  plants,  in  vegetable  oils,  and  in  seeds.  Foods  high  in 
PUFAs also are excellent sources of vitamin E [16,216]. Analy-
sis  of  NHANES  2003–2006  data  for  those  aged  >2  years 
showed that 93.3% of the population had intakes of vitamin E 
from naturally occurring food sources below the EAR, and this 
was  not  reduced  much  by  accounting  for  enriched/fortified 
food contribution  (90.7%) but was  reduced when  supplement 
use was accounted  for  (60.3%)  [13].

Vitamin E is absorbed passively from the small intestine with 
other  lipids,  and  its  absorption,  like  that  of  other  fat-soluble 
vitamins, requires bile salt micelles. Only about 40% of an oral 
dose is absorbed. The natural form is an acetate ester; bile salt-
dependent  pancreatic  esterase  also  is  required  for  absorption. 
Absorption  is  slow,  inefficient, and quite variable, although as 
much as 70% can be absorbed in 6–7 h [218]. Cmax in plasma is 
not  reached  until  12 h,  and  peak  tissue  concentrations  are 
further delayed, up  to 27 h. There  is no specific  serum carrier 
for vitamin E. Because  it  is bound  to LDL and other  lipopro-
teins, serum levels are proportional to total lipids.

The vitamin is delivered to the liver after the action of lipo-
protein lipase, and from the liver it is delivered in lipoproteins 
to adipose tissue, where it is stored. Tocopherol-associated pro-
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contain n-3 fatty acids, branched-chain fatty acids, and nucle-
otides.  There  is  no  reason  to  recommend  arginine  or  other 
immunoactive substances to critically ill patients [232].

Glutamine
Glutamine, along with aspartate, is an important energy source 
for the small intestine, but it has not been classified as an essen-
tial amino acid [11]. A special role for glutamine has been sug-
gested for the treatment of critically ill patients, because it is the 
most abundant extracellular amino acid – it is used at high rates 
by  many  tissues,  including  the  central  nervous  system  and 
immune  cells,  and  its  levels  fall  during  critical  illness  [233]. 
Supplemental  glutamine  has  been  reported  to  improve  some 
immunological markers and reduce rates of infectious compli-
cations in some studies [234]. Glutamine has also been used in 
the  treatment  of  mucositis  caused  by  chemotherapy  or  radio-
therapy  [235].  The  problems  with  assessing  the  considerable 
literature on glutamine are many, and include the greatly differ-
ent  patient  populations,  the  variety  of  end  points  tested,  the 
relatively  short  follow-up,  the  lack  of  adequately  powered 
studies, and the lack of reproducible improvement of significant 
clinical  end  points  [236].  Further  studies  are  needed  before 
glutamine  supplementation  can  be  recommended  for  use  in 
critically ill patients.

Altered nutritional states

Starvation
The  metabolic  response  to  starvation  enhances  survival  by 
increasing the use of adipose tissue triglycerides as a source of 
fuel,  preventing  severe  hypoglycemia,  conserving  lean  tissue, 
and  decreasing  the  metabolic  rate.  The  duration  of  survival 
during starvation depends on the amount of body fat and lean 
body  mass.  In  lean  men,  death  occurs  after  about  60  days  of 
starvation  [46],  whereas  obese  persons  can  survive  complete 
energy  deprivation  for  more  than  1  year  without  obvious 
adverse consequences [237].

Marked metabolic adaptations occur within the first 24 h of 
fasting. The mobilization of adipose tissue triglycerides, ketone 
body  production,  and  the  oxidation  of  plasma  fatty  acids 
increase,  whereas  hepatic  glucose  production  and  plasma 
glucose oxidation decrease [238].

The rate of  lipolysis of adipose tissue triglycerides  increases 
because  of  a  decrease  in  circulating  insulin,  an  increase  in 
plasma epinephrine (adrenaline) concentration, and an increase 
in  the  lipolytic response  to catecholamines  [239–241]. After 3 
days of fasting, lipolysis of adipose tissue triglycerides increases 
to more than double the values observed after an overnight (i.e., 
12-h) fast. The increases in lipolysis and plasma fatty acid con-
centrations promote rates of fatty acid oxidation. The increased 
delivery  of  free  fatty  acids  to  the  liver  in  conjunction  with  a 
decrease  in  the plasma ratio of  insulin  to glucagon stimulates 
hepatic ketone body production [242]. The rate of ketogenesis 

Conditionally essential nutrients
Choline
Choline  can  be  synthesized  in  sufficient  amounts  to  support 
normal metabolism of healthy animals and humans, and so was 
not considered an essential nutrient. However, in some patho-
logical  conditions  this  nutrient  is  conditionally  essential;  it  is 
also essential for normal neonatal metabolism [226]. Choline is 
a  precursor  for  acetylcholine,  phospholipids,  and  the  methyl 
donor betaine. It is absorbed from the intestine by transporter 
proteins, but it is not clear whether this process is mediated by 
the same high-affinity choline transporter, CHT1, that mediates 
endocytosis  in neural  tissue. Foods with high choline content 
include liver, eggs, peanut butter, and milk, and lower amounts 
occur in all raw foods. Human intake is estimated to be about 
0.6–1.0 g/day.  Gut  flora  degrade  choline  to  many  products, 
including betaine and methylamines. A choline deficiency syn-
drome has never been described in humans, but the Food and 
Drug Nutrition Board of the IOM classifies choline as an essen-
tial nutrient  [15], based on a study  that  showed  lower plasma 
choline and phosphatidylcholine levels in subjects fed a choline-
free diet  for 3 weeks.  In addition,  some data  suggest a partial 
reversal in hepatic abnormalities in patients receiving parenteral 
nutrition following choline supplementation [227]. The AI for 
infants  is set at 17–18 mg/kg, and for adults at 550 mg/day for 
men, and 425 mg/day for women. A 20% lipid emulsion for TPN 
provides 11.6–132 mmol/L of phosphatidylcholine. The tolera-
ble  upper  intake  level  (UL)  for  choline  is  3.5 g/day,  as  higher 
amounts may cause hypotension and a fishy body odor from a 
metabolite, trimethylamine.

Carnitine
Carnitine is not an essential nutrient for adults, although it may 
be  conditionally  essential  for  neonates  [226].  It  functions  to 
transfer  long-chain  fatty  acids  into  mitochondria,  improves 
glucose disposal, and may reduce insulin resistance [228]. Car-
nitine  is made in the  liver and kidney, and ingested mostly  in 
milk and meats. Various disease states can alter carnitine status, 
including  renal  tubular  dysfunction  (Fanconi  syndrome), 
chronic renal failure and hemodialysis, and certain medications 
including zidovudine and valproic acid [228,229].

Levocarnitine  (Carnitor)  is  approved  for  such  deficiencies, 
and produces modest effects at 2 g/day when given to patients 
with  anemia  caused  by  renal  failure,  pain  in  chronic  diabetic 
neuropathy, and cardiac ischemia.

Arginine
Arginine is not considered an essential amino acid by the Food 
and  Drug  Nutrition  Board  of  the  IOM  [11].  However,  sepsis 
appears to produce a conditional deficiency [230]. Arginine is 
a precursor for nitric oxide, and its potential benefits are related 
to replacing nitric oxide (NO) in severe illness. It can be given 
safely, and although laboratory end points can improve, its clini-
cal efficacy is still uncertain [231]. Most studies use arginine in 
therapy  as  a  component  of  commercial  products  that  also 
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Metabolic response to illness and injury
The metabolic response to illness and injury is characterized by 
hypermetabolism, negative nitrogen balance, insulin resistance 
and hyperglycemia,  and  increased mobilization and oxidation 
of adipose tissue triglycerides. These events are produced by a 
complex cascade of endogenous mediators that cause a predict-
able physiological response. Increased production and secretion 
of the counterregulatory hormones (e.g., catecholamines, gluca-
gon, and glucocorticoids) and cytokines are probably responsi-
ble for most of the observed responses to illness and injury.

In the 1930s, the classic work of Cuthbertson [255] on long-
bone fractures provided the basis of our understanding of  the 
metabolic  response  to  injury.  Cuthbertson  demonstrated  that 
the  response  to  injury  could  be  divided  into  two  phases:  the 
early ebb phase (12–24 h after trauma) and the subsequent flow 
phase.  The  ebb  phase  is  characterized  by  decreases  in  blood 
pressure, oxygen consumption, cardiac output, and body tem-
perature. The flow phase  is characterized by hypermetabolism 
and  increases  in  oxygen  consumption,  cardiac  output,  body 
temperature, and the urinary excretion of nitrogen, potassium, 
and  phosphorus.  Subsequently,  Moore  [256]  divided  the  flow 
phase into the catabolic and anabolic phases. The restoration of 
tissue perfusion marks the beginning of the catabolic phase and 
lasts  for  days  to  weeks,  depending  on  the  severity  of  injury, 
medical intervention, and the premorbid health of the patient. 
This  phase  is  characterized  by  catabolism,  heat  production, 
negative nitrogen balance, and hyperglycemia [255,256]. It ends 
after volume deficits are corrected, infection is controlled, pain 
is  eliminated,  and  oxygenation  is  restored.  At  this  point,  net 
anabolism  may  occur,  resulting  in  a  slow  reaccumulation  of 
protein and body fat.

Hormone and cytokine mediators
During  the  flow  phase,  the  secretion  of  several  hormones  is 
increased, and they act synergistically to generate alterations in 
intermediary  metabolism.  Catecholamines  increase  lipolysis 
and  hepatic  glucose  production.  Glucagon  increases  hepatic 
gluconeogenesis and glycogenolysis. Cortisol enhances protein 
breakdown and increases hepatic gluconeogenesis.

Cytokines, produced by macrophages, lymphocytes, Kupffer 
cells,  and  endothelial  cells,  are  also  critical  mediators  of  the 
metabolic response. Tumor necrosis factor is believed to be the 
primary cytokine mediating many of the responses to infection 
and trauma, including fever, increased acute-phase protein syn-
thesis,  protein  catabolism,  hypotension,  decreased  lipoprotein 
lipase activity, and metabolic acidosis [257–261]. Interleukin-1 
and  TNF  act  synergistically  in  promoting  tissue  injury  and 
stimulating  the  release  of  counterregulatory  hormones  [262]; 
IL-1 causes fever, hypotension, and increased insulin and glu-
cagon  secretion,  and  it  affects  the  concentrations  of  plasma 
divalent  cations.  The  liver  is  stimulated  by  IL-1  to  synthesize 
metallothioneins, which sequester zinc, and IL-1 mediates the 
sequestration  of  iron  in  hemosiderin  and  ferritin,  depriving 
invading  organisms  of  these  trace  elements  [259–266].  Other 

is maximal by 3 days of starvation; plasma ketone body concen-
tration  increases  75-fold  by  7  days  [243].  Ketone  bodies  are 
water  soluble  and  able  to  cross  the  blood–brain  barrier.  As 
plasma ketone body concentrations increase, ketone body oxi-
dation  by  the  brain  increases;  by  7  days  of  starvation,  ketone 
bodies provide 70% of the brain’s energy needs [244]. The shift 
in fuel use by the brain helps spare the limited supply of plasma 
glucose for glucose-requiring tissues.

Whole-body glucose production decreases by more than half 
during the first few days of fasting because of a marked reduc-
tion in hepatic glucose output [245]. Only 15% of hepatic gly-
cogen  stores  remain  after  24 h  of  fasting  [246].  Therefore,  the 
contribution  of  gluconeogenesis  from  plasma  precursors  to 
total  hepatic  glucose  output  increases  as  the  rate  of  hepatic 
glycogenolysis declines. As fasting continues, the conversion of 
glutamine  to  glucose  in  the  kidney  represents  almost  50%  of 
total glucose production.

Normally, about 70 g of amino acids is mobilized from protein 
stores and about 10 g of nitrogen is excreted in the urine [247]. 
During starvation, it is critical to slow down the rate of protein 
breakdown  to  prevent  clinically  significant  protein  losses.  If 
protein breakdown proceeded at a normal rate throughout star-
vation, a potentially lethal amount of muscle protein would be 
catabolized in less than 3 weeks. The increase in ketone bodies 
[248] and starvation-induced inactivation of thyroid hormone 
–  conversion  of  triiodothyronine  (T3)  to  reverse  T3  [249]  – 
directly inhibit muscle protein breakdown.

Energy expenditure is conserved during fasting because of a 
decrease in physical activity caused by fatigue and a decrease in 
the  resting  metabolic  rate,  which  decreases  by  10%–15%  at  7 
days because of the diminished size and function of metaboli-
cally active tissues [250], increased conversion of active thyroid 
hormone to its inactive form [251], and suppressed sympathetic 
nervous system activity [252].

Maximum  adaptation  occurs  as  starvation  continues.  After 
14 days of fasting, the rates of lipid, carbohydrate, and protein 
metabolism reach a plateau. Adipose tissue provides more than 
90% of daily energy requirements. Muscle protein breakdown 
decreases  to  less  than  30 g/day,  causing  a  marked  decrease  in 
urea  nitrogen  production  and  excretion.  Fluid  requirements 
decrease because the diminished osmotic load from urea causes 
a decline in urine volume to 200 mL/day. Total glucose produc-
tion  decreases  to  about  75 g/day,  providing  fuel  for  glycolytic 
tissues (40 g/day) and the brain (35 g/day) while maintaining a 
constant  plasma  glucose  concentration.  Energy  expenditure 
decreases by 20%–25% after 30 days of fasting [253] and remains 
relatively constant thereafter despite continued starvation.

During  the  terminal  phase  of  starvation,  body  fat  mass, 
muscle  protein,  and  the  size  of  most  organs  are  markedly 
decreased. The weight and protein content of the brain remain 
relatively stable throughout starvation. In rodent models, when 
fat  stores  are  depleted,  the  energy  derived  from  body  fat 
decreases  and  muscle  protein  catabolism  increases.  Death 
occurs when 30% of muscle protein is lost [254].
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groups  from  the  periphery  to  the  liver  and  kidney,  glutamine 
serves as a major energy source for the lymphocytes, fibroblasts, 
and the gastrointestinal tract [274]. Alanine is captured by the 
liver  for  gluconeogenesis,  and  its  nitrogen  contributes  to  the 
increase in ureagenesis [275].

During severe illness, nitrogen losses may reach 20–40 g/day. 
This represents catabolism of 600–1200 g of lean body mass per 
day.  Providing  exogenous  nitrogen  and  energy  may  [276]  or 
may not [277] decrease the rate of catabolism, but it enhances 
protein  synthesis  and  thereby  decreases  negative  nitrogen 
balance [274,278].

Carbohydrate metabolism
The stress  response  is marked by hyperglycemia,  in  large part 
related  to  hepatic  gluconeogenesis  fueled  by  lactate,  pyruvate, 
glycerol,  alanine,  and  other  glucogenic  amino  acids.  Hepatic 
glucose  production  may  exceed  500 g/day  and  is  resistant  to 
suppression  by  insulin  [279].  Peripheral  insulin  resistance 
decreases skeletal muscle glucose uptake, which also contributes 
to hyperglycemia [257]. Glucose consumption by wounds and 
injured extremities is increased to provide fuel for inflammatory 
cells,  such  as  fibroblasts,  macrophages,  and  leukocytes.  These 
cells  metabolize  glucose  anaerobically  and  can  release  large 
quantities of lactate into the bloodstream, which is subsequently 
recycled to glucose by the liver.

Lipid metabolism
Fat is a major oxidative fuel in critically ill patients, even when 
exogenous carbohydrates are administered. The rate of lipolysis 
correlates directly with the severity of illness [280]. The increased 
delivery  of  fatty  acids  to  the  liver  stimulates  very-low-density 
lipoprotein  (VLDL)  production.  However,  the  rate  of  VLDL 
secretion is not adequate to remove the excessive supply of fatty 
acids and thus contributes to hepatic fat accumulation. Hyper-
triglyceridemia can occur because of both increased VLDL pro-
duction and decreased peripheral lipoprotein lipase activity and 
VLDL clearance.
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aspects of the acute-phase response stimulated by IL-1 include 
fibrinogen  and  C-reactive  protein  production  by  hepatocytes 
and  the  release  of  lactoferrin  by  neutrophils  [263,264]. 
Interleukin-1 enhances immunoglobulin production by B lym-
phocytes and is a potent stimulus for the synthesis and release 
of  IL-2  by  T  lymphocytes  [264,265,267].  Interleukin-6  is  also 
inducible by TNF and functions primarily as a stimulator of the 
hepatic acute-phase protein response and lymphocyte prolifera-
tion [262,267]. Interleukin-8 is inducible by TNF and IL-1 and 
is a potent neutrophil chemoattractant [267].

Energy metabolism
Increases  in metabolic  rate correlate directly with  the  severity 
of illness and injury [268]. For example, the REE increases after 
uncomplicated surgery by about 10%, after long-bone fractures 
by  20%,  and  after  multiple  trauma  by  50%.  The  REE  rarely 
exceeds twice the normal rate regardless of the extent of injury 
[254].  In  fact,  even  patients  with  severe  burns  usually  do  not 
experience an increase in REE by more than 50% for any pro-
longed  period  [269].  In  certain  types  of  injury,  a  temporary 
resetting  of  the  hypothalamic  thermoregulatory  set  point  is 
responsible  for a 1–2°C elevation of body temperature known 
as posttraumatic fever [257,270]. The REE increases about 12% 
for  each  1°C  increase  in  core  body  temperature.  Because  the 
central temperature set point is higher, the comfort temperature 
for  an  injured  patient  is  elevated,  and  elevating  the  ambient 
temperature decreases the energy requirement [254].

Protein metabolism
Illness or injury increases protein synthesis and protein break-
down.  The  increase  in  protein  breakdown  is  greater  than  the 
increase  in  protein  synthesis,  resulting  in  negative  nitrogen 
balance. Skeletal muscle is the major site of protein catabolism, 
but  increased  catabolism  of  extracellular  proteins,  including 
acute-phase  reactants,  coagulation  system  proteins,  and  com-
plement system proteins, also occurs [263,271–273]. Consider-
able protein synthesis is directed toward host defense, including 
phagocyte activity, hormones, cytokines, intracellular proteins, 
immunoglobulins,  complement,  coagulation  system  proteins, 
and acute-phase reactant glycoproteins [263].

The composition of amino acids released by muscle does not 
reflect the composition of muscle proteins. The branched-chain 
amino  acids  of  skeletal  muscle  are  metabolized  within  the 
muscle cell for energy, and transamination generates glutamine 
and alanine. As a result, alanine and glutamine, which constitute 
only 12% of muscle protein, make up 50%–60% of  the amino 
acids released into the plasma by muscle. Conversely, branched-
chain amino acids make up 15% of the muscle protein but only 
6% of  the amino acids  released  [263,268]. Glutamine  is  taken 
up and metabolized by the kidneys at an accelerated rate, pro-
viding  additional  ammonium  for  excretion  to  help  maintain 
acid–base  balance  in  the  face  of  the  acidosis  that  frequently 
accompanies critical illness [268]. In addition to carrying amino 
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Maintaining energy homeostasis and storing calories when food 
is available is fundamental for survival. In the modern world, a 
disruption in energy balance from an increase in calories con-
sumed compared to energy expended is more common than a 
food scarcity. Unfortunately, over nutrition can lead to obesity, 
diabetes, nonalcoholic fatty liver disease, colon cancer and 
many other significant chronic diseases. Clearly, obesity is an 
increasing public health problem, as now more than two-thirds 
of the US population is now overweight or obese and parallel 
occurrences are being seen virtually worldwide [1].

All species have faced the challenge of adapting to scarcity of 
food and thus strategies to deal with major discrepancies in food 
availability have evolved to allow propagation of the species. It 
is clear that the nervous system is the ultimate regulator of these 
adaptive mechanisms. The central nervous system’s role in regu-
lating energy balance in a coordinated fashion with the con-
stantly adjusting energy intake, expenditure and storage was 
first demonstrated by early studies in which selective surgical 
lesions of certain hypothalamic areas was found to result in 
extreme obesity in rats [2,3]. Numerous recent discoveries have 
substantially extended our understanding of the importance of 
central control of energy balance and metabolism. Delineation 
of the underlying central and hormonal mechanisms that coor-
dinate food intake, body weight, and glucose homeostasis has 
accelerated in the last two decades. The discovery of leptin by 

Friedman and colleagues in 1994 was a key breakthrough that 
linked peripheral hormones and the central nervous system 
(CNS) [4]. In addition, the cloning of the melanocortin recep-
tors and subsequent elucidation of this system in regulating 
energy balance by Cone and colleagues was a key discovery 
[5–10]. Definition of the effects of additional critical metabolic 
hormones such as leptin, ghrelin, and insulin as well as the role 
of neurotransmitters such as serotonin on coordinated control 
of energy balance responses has underscored the importance of 
the CNS in maintaining homeostasis.

The hypothalamus is the key region of the brain that is 
required to maintain homeostasis. The hypothalamus is made 
up of clusters of neurons (referred to as nuclei) that act in con-
junction to regulate nearly all of the basic functions of the body. 
These include coordinated control of energy balance and blood 
glucose levels (Figure 28.1). As outlined later in this chapter, 
several hypothalamic nuclei have been demonstrated to play 
essential roles in regulating food intake and body weight. In 
addition, key groups of neurons in the brainstem are important 
in regulating energy balance. These neurons include vagal 
sensory neurons, the neurons that are primary targets of the 
sensory neurons, as well as the parasympathetic motor neurons 
of the vagus nerve. As will be discussed, the vagal innervation 
of key metabolic visceral organs including the liver, portal vein, 
and the small intestine is important in regulating energy balance. 
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Moreover, it is now appreciated that the vagus nerve serves as a 
critical link between changing energy availability and coordi-
nated control of glucose homeostasis [11,12]. Put simplistically, 
the nervous system senses peripheral metabolic cues, resulting 
in coordinated energy homeostasis. This chapter discusses 
several mechanisms illustrating how the CNS responds to mul-
tiple hormonal and metabolic cues to regulate food intake, body 
weight, and glucose homeostasis. Recent studies primarily done 
in animal models, especially mice, are highlighted since they 
provide an avenue to genetically dissect and define the neuronal 
circuits and important hormonal cues that regulate energy 
homeostasis. As discussed below, the importance of these genes 
has been confirmed in human subjects.

Key hormones that regulate energy balance

Leptin
The cloning of the ob gene that encodes the hormone leptin was 
the catalyst that led to our current understanding of the molecu-
lar and neural mechanisms controlling energy balance [4]. 
Leptin deficiency in mice (ob/ob) causes myriad disturbances 
including a ravenous appetite, morbid obesity, diabetes, reduced 
energy expenditure, cold intolerance, immune defects, delayed 
onset of puberty, and various neuroendocrine abnormalities 
[14–16]. Leptin is produced and secreted primarily by white 
adipose tissue. The circulating levels of leptin plasma levels are 
positively correlated with total body fat mass [17–22]. Notably, 
several cohorts of leptin-deficient patients have also been iden-

Figure 28.1 Neurons in the hypothalamus 
including those in the arcuate nucleus are 
targets of a number of key hormones and 
metabolic cues. These neurons target several 
downstream sites to influence complex 
circuits in the central nervous system 
(CNS). The downstream effector circuits 
mediate the coordinated autonomic, 
behavioral, and endocrine responses to 
changing levels of metabolic signals. 
Diminished responses of first order neurons 
such as those in the arcuate nucleus may 
contribute to the pathogenesis of obesity 
and type II diabetes. This includes increased 
body weight, uncontrolled glycemia, and 
altered insulin secretion and insulin 
sensitivity in target tissues such as liver, 
adipose tissue, pancreas, and skeletal 
muscle. Thus, the CNS not only regulates 
food intake and body weight, but also plays 
a key role in regulating glucose homeostasis 
in peripheral tissues. Source: Adapted from 
Elmquist and Marcus 2003 [287]. 
Reproduced by permission of Macmillan 
Publishers Ltd.
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tified [23–28]. Importantly, the phenotypic abnormalities found 
in the ob/ob mice are also present in humans who lack leptin 
(Figure 28.2). While these mutations are extremely rare, they 
are nonetheless very important as they demonstrate that leptin 
is required for appropriate control of energy balance and glucose 
homeostasis in humans. Moreover, as outlined further on the 
similarities of the physiological responses of human subjects to 
leptin administration suggests that leptin may act on similar 
pathways in the brain to mediate its effects. This is an important 
concept as a number of recent studies have utilized the power 
of mouse genetics to identify key circuits in the brain that regu-
late energy balance and glucose homeostasis.

A key to understanding the biological importance of any 
hormone is to assess the response of hormone replacement in 
individuals who are deficient or lacking the hormone. 
Importantly, replacement of leptin in ob/ob mice, and in 
humans with leptin deficiency, essentially normalized all of the 
reported phenotypic abnormalities (Figure 28.2). This included 
decreased food intake, which resulted in greatly reduced body 
weight in both mice and leptin-deficient subjects. In the ob/ob 
mice, leptin administration also increased baseline energy 
expenditure and greatly improved cold intolerance [23–27,29–
36]. The dramatic results of replacing leptin in leptin-deficient 
patients and mice led to the hope that the administration of 
leptin to obese individuals would result in weight loss by reduc-
ing food intake and increasing energy expenditure. Unfortunately, 
obese individuals actually have higher levels of circulating leptin 
compared to normal weight individuals, so it appears that 
“leptin resistance” develops in obesity in a manner similar to 
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and liver. In contrast, one splice variant encodes for the “long 
form” of the leptin receptor, which is a protein with a longer 
cytoplasmic domain that is highly expressed within discrete 
regions of the brain [31,54–56]. The long form of the receptor 
is in the cytokine receptor (type I) family, and it is required for 
the long-term regulation of food intake and body weight [31,56]. 
When engaged by leptin the receptor stimulates the janus-
kinase (JAK)/signal transducer and activator of transcription-3 
(STAT-3) pathway [43,54,57–59], and the phosphoinositide 
3-kinase pathway (PI3K) [44,60–62]. Predictably, leptin alters 
the transcription of several genes via the JAK-STAT signaling 
[63–66]. In addition, leptin alters the firing rate of neurons 

insulin resistance [37–44]. Consistent with this model, admin-
istration of leptin to obese subjects showed varied effects and 
did not result in significant weight loss [45].

Leptin exerts a myriad of effects by binding to receptors on 
the surface of cells. Mutations in the receptor for leptin have 
been identified and characterized in mice (db/db) and humans 
[34,46–49]. Not surprisingly, both the mice and human subjects 
have an obesity phenotype similar to those that lack the hormone 
leptin [31,50–56]. The leptin receptor protein is encoded by a 
single gene, but several splice variants of the leptin receptor have 
been identified [31,54–56]. The multiple “short forms” are 
widely expressed in multiple tissues including the brain, kidney, 

Figure 28.2 Congenital leptin deficiency [25,29]. Three children are illustrated. (a) Weights of child A compared with normal centiles for girls, and of 
child B and child C, compared with normal centiles for boys. Arrows indicate the start of leptin therapy. (b) Clinical photographs of child B before 
(height = 107 cm) and 24 months after leptin therapy (height = 124 cm). Source: Adapted from Farooqi et al. 2002 [29]. Reproduced with permission 
from the American Society for Clinical Investigation.
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absence of leptin in rodents and humans [25] clearly demon-
strated that leptin is a fundamental hormone regulating energy 
homeostasis. However, over the past few years it has become 
increasingly clear that additional hormonal and metabolic cues 
such as ghrelin and glucose also act directly in the CNS (see 
[59,81,102,103]).

Ghrelin
Ghrelin is a hormone made by enteroendocrine cells in the 
oxyntic mucosa of the stomach [104]. Ghrelin cells in the 
stomach are relatively scarce but are readily observed using 
immunohistochemistry. At the ultrastructure level, ghrelin cells 
contain electron-dense granules (P/D(1)-type in humans) [105–
107]. Ghrelin is unique in that the hormone requires the addi-
tion of octanoate group (an eight carbon fatty acid) for ghrelin 
to have agonist activity at the ghrelin receptor [108–110]. The 
enzyme that catalyzes the addition of the octanoyl group is 
Ghrelin O-Acyltransferase (GOAT), which is also expressed in 
the gastric ghrelin producing cells of the stomach [110].

The identification of the hormone ghrelin was accomplished 
using a “reverse” pharmacology approach as the receptor was 
identified using synthetic ligands long before the endogenous 
hormone was found [111–113]. Ghrelin was ultimately identi-
fied as the endogenous ligand for the growth hormone secreta-
gouge receptor (GHSR; ghrelin receptor [104]. Over the 
intervening years, ghrelin has emerged as a potential regulator 
of energy balance and glucose homeostasis [81,114–118]. 
Plasma ghrelin levels vary throughout the day, with a character-
istic premeal spike, and a subsequent postprandial decline in 
plasma levels. These patterns have led to predictions that ghrelin 
plays a physiological role in hunger and meal initiation in 
humans [115,116,119]. Consistent with a role of ghrelin in regu-
lating energy balance, ghrelin levels rise following fasting, and 
after chronic food deprivation [115,117]. Notably, ghrelin levels 
rise during periods of negative energy balance. Ghrelin levels 
are elevated following weight loss, chronic and intense exercise, 
cancer cachexia, and in eating disorders such as anorexia 
nervosa [115,120–123].

The rise in ghrelin levels that occurs following diet-induced 
weight loss has been suggested to be a response to chronic 
periods of negative energy balance. It has also been hypothesized 
that this weight loss-induced rise in ghrelin provides a potential 
mechanism for the rebound weight gain that is often observed 
in subjects following dieting and exercise induced weight loss 
[115,116,119,124]. Moreover, following bariatric surgery plasma 
ghrelin levels are lowered, which may contribute to the ability 
of this procedure in maintaining long-term weight loss [116], 
although other studies have not found this reduction in ghrelin 
[125]. An elevation of ghrelin has also been found in patients 
with Prader-Willi syndrome. This condition results from defects 
of imprinting of several genes located on chromosome 15 and 
is associated with several disorders including a voracious appe-
tite and morbid obesity [48]. Thus, high ghrelin levels may 
contribute to the pathophysiology of this disorder [124,126,127].

(both cellular activity and membrane potential in neurons) 
expressing leptin receptors, which may underlie the acute 
actions of leptin [60,62,67–74]. Interestingly, some neurons are 
activated (depolarized) by leptin and some neurons are inhib-
ited (hyperpolarized) by leptin. The fact that the same receptor 
has opposite effects on different classes of neurons illustrates the 
complexity of the neural circuits through which leptin acts.

Actions of leptin in peripheral tissues have been identified 
that may play important roles in regulating diverse processes 
such as immune function [29]. However, as it relates to energy 
balance and glucose homeostasis, the brain is thought to be the 
primary and most important site of action of leptin. For example, 
injection of leptin into the brains of leptin-deficient mice is suf-
ficient to normalize body weight, feeding, energy expenditure, 
and glucose metabolism [32,75–80].

As noted previously, the hypothalamus is a critical brain site 
for controlling food intake and body weight. Not surprisingly, 
key hormones regulating energy balance act on distinct groups 
of neurons in the hypothalamus to regulate food intake and 
body weight [3,12,81–83]. The proof that the hypothalamus 
regulates energy balance was established by in the seminal 
studies of Hetherington and Ranson in 1940 [2]. They made 
large hypothalamic lesions in the medial basal hypothalamus 
that resulted in marked hyperphagia and massive obesity in rats. 
Over time, additional directed lesion studies led to the “dual-
center” model in which the lateral hypothalamus was identified 
as a “feeding” center, and the ventromedial hypothalamic 
nucleus as a “satiety” center. However, this model remained 
somewhat controversial as scientists in the field lacked key 
molecular tools to unravel the inherently complex and intercon-
nected hypothalamic circuits.

The discovery of leptin and the melanocortin system within 
the brain led to more complex models that stress the distributed 
nature of the neuronal networks controlling food intake. It is 
now established that leptin acts on multiple hypothalamic and 
extra-hypothalamic sites to regulate several different aspects of 
feeding behavior [12]. For example leptin regulates long-term 
food intake [25,29,30,32–34,46,84,85]. In addition, leptin acts 
in areas of the brain known to regulate reward, suggesting that 
this key signal may regulate food reward, especially high fat 
diets [85–90]. Leptin’s action in the brain can also affect food 
preference [35,36], and gastric emptying [91–94]. Thus, the 
neural circuits underlying leptin actions on food intake and 
energy balance are highly complex and are only now beginning 
to be identified [12]. For example, direct injections of leptin into 
different brain sites in animal models including the hypothala-
mus, midbrain, and brainstem can all reduce food intake 
[89,95–101]. Initially, the exact role of leptin signaling in each 
of these sites has been extrapolated based on their known 
involvement in specific aspects of feeding behavior. More 
recently, the development of elegant and specific genetic 
approaches in mouse models have been used to identify the key 
neuronal populations that mediate the effects of leptin in regu-
lating energy balance [12]. The severe obesity resulting from the 
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One of the products cleaved from POMC is the anterior pitui-
tary gland hormone, adrenocorticotropic hormone (ACTH) 
which is a key regulator of the stress axis. In the CNS, POMC 
neurons are located only in the ARH, and the nucleus of the 
solitary tract in rodents and humans. Considerable attention 
has focused on α-MSH. α-MSH and other MC4R agonists regu-
late food intake, body weight, and glucose homeostasis 
[59,83,130]. Conversely, AgRP neurons secrete AgRP, the 
endogenous MC4R antagonist (Figure 28.4). These neurons also 
express and secrete the orexigenic neuropeptide Y (NPY) 
[3,59,82,83,131–133]. Notably, complete ablation of AgRP 
neurons results in anorexia [134–137]. In addition, acute activa-
tion of AgRP neuron increases food intake and body weight 
[138–141].

The arcuate nucleus of the hypothalamus 
and the central melanocortin system

The arcuate nucleus of the hypothalamus (ARH; infundibular 
nucleus in humans [128,129]) plays a fundamental role in regu-
lating feeding and glucose homeostasis. This is due in large part 
to the role of melanocortin neurons whose cell bodies reside in 
the arcuate nucleus. The central melanocortin system is com-
prised of pro-opiomelanocortin (POMC) neurons and agouti 
related protein (AgRP) neurons [130]. POMC neurons produce 
α-melanocyte-stimulating hormone (α-MSH), an endogenous 
agonist of melanocortin 4 receptors (MC4Rs) [3,4,59,76–
79,82,83,131]. The term “melanocortin” is a collective term for 
a series of peptides that are cleaved from POMC (Figure 28.3). 

Figure 28.3 Organization and processing of 
pro-opiomelanocortin (POMC). In different 
tissues POMC is processed to distinct 
peptides. In the anterior pituitary gland  
the precursor is processed to 
adrenocorticotropic hormone (ACTH). In 
the arcuate nucleus of the hypothalamus the 
precursor is processed to α-melanoctye 
stimulating hormone (α-MSH) which is an 
agonist for the melanocortin 4 receptor 
(MC4R). β-LPH, β-lipotropin; α-MSH, 
α-melanocyte-stimulating hormone; 
γ-MSH, γ-melanocyte-stimulating 
hormone; β-END, β-endorphin. Modified 
with permission from a figure produced  
Dr. Roger D. Cone.
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Figure 28.4 Arcuate nucleus regulation of 
energy balance. Pro-opiomelanocortin 
(POMC) neurons in the arcuate nucleus 
produce the melanocortin-receptor 4 
agonist (MC4R), whereas Agouti-related 
protein (AgRP)-producing neurons 
antagonize melanocortin action. MC4Rs 
regulates food intake via neurons in the 
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neurons mediate metabolic effects. This 
includes the control of insulin secretion 
through the dorsal motor nucleus of the 
vagus, and energy expenditure through the 
sympathetic preganglionic neurons in  
the spinal cord. MC4Rs also contributs to 
lipid handling in the body, but the 
MC4R-expressing site or sites that mediate 
these effects remain undefined. 
Source: Adapted from Myers and Olson 
2012 [59]. Reproduced by permission of 
Macmillan Publishers Ltd.

Satiety Insulin
secretion

Energy
expenditure

Lipid
handling

MC4R MC4RMC4R MC4R

Sim1 cells in 
Hypothalamus Vagus Sympa-

thetic
Unknown

POMC
AgRP ARC



Control of appetite/satiety and energy balance CHAPTER 28   533

and MC4R knockout mice display hepatic insulin resistance 
[169,172,173]. Specifically, MC4R knockout mice display hyper-
insulinemia, severe glucose intolerance, and reduced insulin 
signaling in the liver [170,174] before they are obese. Moreover, 
central MC4R neurons affect the regulation of lipid metabolism 
and regulate plasma triglycerides and cholesterol [175,176]. 
Importantly, patients with mutations in the MC4R gene are also 
hyperinsulinemic and insulin resistant [177–180]. Thus, the 
CNS melanocortin pathway regulates peripheral insulin action, 
and coordinated glucose homeostasis and these pathways are 
very important in both human subjects and animal models.

Although the melanocortin system may not mediate the 
effects of leptin to regulate food intake, the melanocortin 
neurons might also mediate the anti-diabetic actions of leptin. 
Some of the leptin effects to regulate glucose homeostasis 
including gluconeogenesis may be MC4R-dependent [181]. In 
recent years, mice that lack leptin receptors only in POMC and 
AgRP neurons have been studied in detail [59]. The deletion of 
leptin receptors only in POMC neurons resulted in mild obesity 
and no major effect on glucose homeostasis in male mice, 
although female mice showed impaired glucose tolerance 
[145,147,182]. Notably, mice lacking leptin receptors in both 
POMC and AgRP neurons show hyperinsulinemia [143]. In 
addition, re-expression of the leptin receptor only in the arcuate 
nucleus including POMC neurons mice normalizes plasma 
glucose and insulin levels and improves their hepatic insulin 
sensitivity while reducing gluconeogenesis [80,149,183,184]. 
Collectively, these studies clearly underscore the key role of 
melanocortin neurons including POMC neurons in the arcuate 
nucleus in mediating the action of leptin to regulate glucose 
homeostasis and insulin levels. At least in mice, these effects can 
be largely independent of modifications in feeding and body 
weight.

The mechanisms by which the nervous system regulates the 
liver including its glucose production remain to be established. 
Alterations in the parasympathetic (vagal) outflow to the liver 
have been shown to affect hepatic glucose production in several 
animal models [153,185–188]. For example, the ability of central 
leptin to regulate hepatic glucose production is blunted by 
cutting the hepatic branch of the vagus nerve [184]. The leptin-
responsive cell group mediating these responses remains to be 
identified. This effect could be mediated by leptin-sensitive 
POMC neurons innervating the brainstem [142], the brain 
region where neurons of the dorsal motor nucleus of the vagus 
nerve (DMV) reside. Many DMV neurons express MC4R and 
innervate the hepatic artery [189]. Thus, there is potentially a 
linkage of leptin-sensitive pathways to the liver. However, it 
should be noted that the “vagal hypothesis” of the control of 
hepatic glucose production is unlikely to involve vagal release 
of acetylcholine acting directly on hepatocytes as selective dele-
tion of acetylcholine muscarinic receptors from hepatocytes 
does not affect hepatic glucose production [190]. Furthermore, 
the vagal innervation to the liver in rodents is restricted to its 
vasculature and bile ducts [189,191–194].

Leptin pharmacologically reduces feeding when directly 
administered into the ARH [101,142]. However, numerous 
studies have demonstrated that leptin signaling in arcuate 
nucleus neurons does not significantly regulate food intake and 
body weight. For example, deletion of leptin receptors or the 
downstream effector STAT3 specifically from POMC, and AgRP 
neurons in genetically modified mice produces no significant 
alteration of long-term food intake [143–147]. Additionally, 
mice lacking other key molecules downstream of leptin recep-
tors (e.g. PI3K signaling components) in AgRP, or POMC 
neurons similarly show attenuated responses leptin injections 
but do not have increased food intake or obesity [60,148]. 
Finally, restoring leptin receptor expression only in the arcuate 
nucleus in rodents lacking leptin receptors everywhere else only 
modestly reduces body weight [76–80,149]. Collectively, these 
studies suggest that neurons making up the melanocortin 
system are not the primary neurons through which leptin 
directly targets to reduce food intake. Thus, other physiologi-
cally important signals directly act on the melanocortin neurons 
to control energy balance and feeding behavior [150,151].

Hypothalamic control of glucose 
homeostasis

Early studies suggested that the diabetes characteristically seen 
in obese leptin-deficient mice was not due only to hyperphagia 
and obesity [152]. Over the past few years emerging evidence 
suggests that leptin action in the brain can potently regulate 
glucose uptake and insulin sensitivity in peripheral tissues 
[12,82]. For example, insulin-clamp studies in rodent models 
have demonstrated that leptin’s action on neurons in hypotha-
lamus regulates hepatic glucose production including effects on 
gluconeogenesis and glycogenolysis [76,78,80,149,153–156]. 
Although not discussed in detail in this chapter, several studies 
have also demonstrated that neurons in the hypothalamus  
are targeted by insulin to regulate glucose homeostasis 
[62,72,146,157–161].

Anti-diabetic actions of leptin have recently been demon-
strated in rodent models of type I diabetes (streptozotocin-
induced β cells depletion). Notably, leptin administration 
peripherally to these rodent models has dramatic effects to 
improve glycemic control [162–165]. Interestingly, the benefi-
cial effects of leptin are also observed after central intracerebral 
ventricular (ICV) administration of low doses of leptin 
[162,164]. This is consistent with the notion that the anti-
diabetic action of leptin, is in part, centrally mediated as mice 
with leptin receptor expression restricted to the brain are 
capable of maintaining normal glucose levels mice with type I 
diabetes [75,76,79,80,166–168].

The central melanocortin system can also influence insulin 
sensitivity and glucose balance in the peripheral tissues [59]. 
MC4R agonists enhance the actions of insulin on glucose uptake 
and glucose production, [169–171] while MC4R antagonists 
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In addition to the wealth of data in rodent models, the physi-
ological role of the central melanocortin system in humans has 
been established. This is due in large part to the results of human 
genetic studies, which have identified mutations in several com-
ponents of the melanocortin system [23,177,180,198–202]. 
Gruters and colleagues found two patients with mutations in 
the POMC gene and both patients displayed adrenal insuffi-
ciency and morbid obesity (Figure 28.5) [203]. In addition, 
several laboratories have found loss-of-function mutations in 
the MC4R gene in patients [177,178,201,202,204]. Importantly, 
the metabolic phenotypes of these affected subjects are very 
similar to those observed in mice lacking the MC4R gene 
[177,178]. However, unlike mutations in leptin or leptin receptors, 

It is also possible that the vagus nerve indirectly regulates 
hepatic glucose production via a yet to be identified mechanism. 
The sympathetic nervous system is also potentially important 
in the anti-diabetic action of leptin as the insulin-lowering 
effects of central leptin are blocked by the concomitant  
administration of an α-adrenergic receptor antagonist [170]. 
This model is consistent with the report that leptin-activated 
POMC neurons project to sympathetic preganglionic neurons 
located in the intermediolateral column of the thoracic spinal 
cord (IML) [195]. Moreover, these sympathetic preganglionic 
neurons express MC4Rs [196], are activated by MC4R agonists 
[197], and MC4Rs expressed in these neurons regulate hepatic 
insulin sensitivity [172].

Figure 28.5 Mutations in the POMC gene 
produce obesity. Shown are weight curves of 
two patients. (a) Patient A at 3 years of age 
demonstrating obesity. (b) Patient B at 5 
years of age. Weight curves (c and d) 
demonstrating obesity in both subjects. 
Source: Adapted from Krude et al. 1998 
[203]. Reproduced by permission of 
Macmillan Publishers Ltd.
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[215]. Thus, the VMH is a critical site in the brain regulating 
body weight.

VMH neurons can also regulate insulin sensitivity in periph-
eral tissues including skeletal muscle, white adipose tissue, and 
brown adipose tissue. Leptin action in the VMH significantly 
increases glucose uptake in the skeletal muscle and brown 
adipose tissue without affecting blood insulin levels, which sug-
gests that leptin acts on VMH neurons to enhance peripheral 
insulin sensitivity [221–223]. As noted above, leptin also regu-
lates glycogenolysis in a MC4R-independent manner [181]. This 
and other findings suggest that nonmelanocortinergic neurons 
outside the arcuate nucleus are important in the anti-diabetic 
actions of leptin. In addition, mice lacking leptin receptors in 
SF-1 neurons in the VMH show insulin resistance that precedes 
the development of obesity [214]. In contrast, selective deletion 
of suppressor of cytokine signaling 3 (Socs3, a negative regula-
tor of leptin signaling) in SF-1 neurons prevents insulin resist-
ance induced by high fat feeding [224].

The role of the vagus nerve in regulating 
food intake and energy balance

A key concept is that the control of energy balance results from 
the coordinated actions of long-term and short-term metabolic 
cues. Simplistically, one can consider the actions of hormones 
such as leptin as long-term regulators of food intake and body 
weight with relatively little in the way of meal to meal changes 
in leptin levels. In contrast, short-term (meal to meal) regula-
tion of food intake is thought to be importantly regulated by 
peripheral sensing mechanisms, prominent among them 
sensory neurons of the vagus nerve. The vagus nerve, the 10th 
cranial nerve, has both sensory and motor fibers and innervates 
the viscera. The vagus nerve is thought to be important in regu-
lating energy balance, appetite and liver gluconeogenesis [225] 
that are altered in obese patients.

As noted, the vagus nerve innervates organs in the thoracic 
and the abdominal cavities [191,226]. It is a mixed nerve and 
importantly, more than half of the fibers are sensory and thus 
serve as a key relay from the periphery to convey information 
from the viscera to the brain. The vagus also provides the 
cholinergic (parasympathetic) motor innervation to the tho-
racic and abdominal viscera [227]. The cell bodies of the sensory 
neurons reside in the nodose ganglion located in the jugular 
foramen at the base of the skull. The sensory neurons terminate 
in the nucleus of the solitary tract (NTS) in the medulla 
oblongata.

The vagal sensory neurons innervate the length of the gas-
trointestinal tract and thus are ideally positioned to convey 
information from the gastrointestinal (GI) tract back to the 
brain [225,227–232]. For example, vagal afferents regulate mul-
tiple postprandial functions. One excellent example is the role 
of vagal afferents in regulating food intake following a meal. 

mutations in the MC4R gene are relatively common. It has been 
estimated that in morbidly obese patients, MC4R mutations are 
present in up to 5% of these cases [23].

Single-minded 1 (SIM1)
Recent work has also identified another gene in neurons express-
ing the MC4R as key regulator of energy balance. This gene 
encodes for Single-minded 1 (SIM1) a hypothalamic transcrip-
tion factor in the bHLH-PAS (basic helix loop helix-Per Arnt 
Sim) family [205]. SIM1 is strongly expressed throughout the 
hypothalamus in neurons expressing MC4Rs including the par-
aventricular nucleus [206,207]. Importantly, SIM1 is a gene 
associated with human monogenic obesity [208,209].

SIM1 knockout mice die shortly after birth. This is presumed 
to be secondary to the key developmental role of SIM1. For 
example, the hypothalamic nuclei where SIM1 is expressed do 
not develop properly [210,211]. SIM1 heterozygote knockouts 
show hyperphagic obesity, increased linear growth and enhanced 
susceptibility to diet-induced obesity [212], associated with 
defective MCR4 signaling [213]. Thus, it is thought that SIM1 
regulates the function of MC4R expressing neurons.

Consistent with this model, mice lacking MC4Rs everywhere 
except SIM1 neurons have a greatly reduced food intake and 
body weight when compared to MC4R null mice [207]. 
Restoration of MC4R expression in SIM1 neurons in the par-
aventricular nucleus of the hypothalamus using transgenic 
mice, prevented 60% of the obesity characteristic of MC4R defi-
ciency. Of note, the hyperphagia was completely rescued while 
decreased energy expenditure was unaffected. These findings 
demonstrate that MC4Rs in SIM1 neurons control food intake 
and body weight.

Ventromedial hypothalamic neurons (VMH)

VMH neurons control of glucose and  
energy homeostasis
Recently, physiologically important targets of leptin action in 
regions outside of the ARH have been identified. These include 
neurons in the VMH [82,214,215]. The VMH has historically 
been linked to the regulation of body weight. This was largely 
based on the lesion studies that led to the view that the VMH 
was a satiety center. Over the years this model fell out of favor, 
in part, because of uncertainty regarding the exact nature of the 
obesity-inducing lesions. However, several recent studies have 
re-established that the VMH is a physiologically important site 
regulating body weight homeostasis. Steroidogenic Factor 1 
(SF-1) is an orphan nuclear receptor transcription factor that is 
expressed exclusively in the VMH [216]. Mice lacking SF-1 
develop late-onset obesity [217–219]. Notably, leptin receptors 
are abundantly expressed in the VMH [220] and selective dele-
tion of leptin receptors from SF-1 neurons produces obesity 
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pathways to suppress feeding thus reducing body weight 
[264,268–272]. The recent approval of the 5-HT2CR agonist 
Belviq (lorcaserin) as the first FDA-approved drug to treat 
obesity in the US in the last 13 years highlights the persistent 
interest in central 5-HT2CRs as a target to treat obesity [273]. 
Recently, widely used atypical antipsychotic drugs (AAPDs) 
have been reported to cause serious weight gain, insulin resist-
ance and dyslipidemia [274]. Although the mechanism(s) by 
which this class of drugs causes metabolic disturbance remains 
to be determined, they may be related to their 5-HT2CR antago-
nist properties and polymorphisms in 5-HT2CR gene [275,276]. 
Furthermore, a splicing variant of 5-HT2CR with impaired func-
tion may contribute to hyperphagia and obesity in patients with 
Prader-Willi Syndrome [277,278].

The 5-HT2CR is also involved in the control of glucose home-
ostasis. Several studies have reported that the effects on glucose 
balance are independent of their effects on food intake and body 
weight [272,279,280]. Deletion of 5-HT2CRs in ob/ob (leptin 
deficient) mice leads to synergistic impairment of glucose 
balance, while the double deletion does not lead to further 
obesity compared to ob/ob mice [279]. In addition, the 5-HT2CR 
agonists administration at a sub-threshold doses that do not 
affect food intake and body weight, ameliorates insulin resist-
ance and glucose intolerance in mice with diet-induced obesity 
[272]. These data complement findings that 5-HT2CR antago-
nists or genetic loss of 5-HT2CRs impairs glucose homeostasis 
[279]. Collectively, these findings indicate that both endogenous 
5-HT2CRs and exogenous drugs that activate 5-HT2CRs exert 
anti-obesity and anti-diabetic effects. Notably, these effects can 
be disassociated from effects on body weight. Thus, central 
5-HT2CRs may represent a potential therapeutic target for treat-
ing type II diabetes [281,282]. It will be interesting to determine 
whether the newly approved obesity drug which is a 5-HT2CR 
agonist [283] may be an effective drug to improve glucose 
homeostasis in patients with type II diabetes.

The mechanisms and neural pathways underlying the ability 
of serotonin to regulate energy balance glucose homeostasis  
are beginning to emerge. Evidence from several groups has 
established hypothalamic POMC neurons as one of physio-
logically important targets of 5-HT2CR signals to regulate 
energy homeostasis. POMC neurons coexpress 5-HT2CRs [269]. 
Electrophysiological studies have demonstrated that 5-HT com-
pounds activate POMC neurons via 5-HT2CR-mediated mecha-
nisms [13,269,280]. In addition, 5-HT2CR agonists stimulate 
POMC mRNA expression in the arcuate nucleus [284,285]. 
Additionally, the anorexic action of d-Fen is suppressed in 
MC4R knockout mice [270]. Recently, mice in which expression 
of the 5-HT2CR is disrupted globally but the receptor is 
re-expressed only in POMC neurons do not develop hyper-
phagia and obesity, which is characteristic of total 5-HT2CR 
deficiency [271,280]. Thus, it is likely that serotonin and the new 
anti-obesity drug Lorcaserin exert their effects in part by acti-
vating 5-HT2CRs expressed by POMC neurons in the arcuate 
nucleus of the hypothalamus.

Cholecystokinin (CCK), an endogenous peptide released by 
duodenal enteroendocrine cells during meals, is the prototypi-
cal gut-derived satiety peptide [233]. CCK acts (at least in part) 
via action in vagal afferents in the gut through the CCK-A–
receptor. This reduces meals size and initiates meal termination 
[234–238].

Several studies have suggested that there is a role of the afore-
mentioned melanocortin system in regulating the effects of 
signals arising from the GI tract. For example, injections of 
leptin and MC4R agonists potentiate the feeding effects of CCK 
and gastric distension [77,239–242]. Interestingly, CCKA 
receptor-expressing neurons coexpressed MC4R [12,189]. This 
observation is consistent with the fact that MC4R expressing 
neuronal fibers innervate the duodenal mucosa where CCK is 
released during meal ingestion [189,243,244]. Hence, it is  
possible that MC4R signaling in vagal afferents could directly 
modulate sensitivity to CCK, resulting in increased activation 
of the brainstem neurons responsible for satiety. However,  
other reports have shown that rats still show an anorectic 
response to MC4R agonists following vagotomy [245], which 
suggests that the vagus nerve is not required for the feeding 
actions of MC4R.

Serotonin regulates food intake and  
body weight

In addition to circulating metabolic signals, classic neurotrans-
mitters in the brain are critical regulators of energy balance and 
food intake [246]. One excellent example is the central serot-
onin system, which is an important regulator of feeding, energy 
balance and glucose homeostasis. Pharmacological compounds 
that target central serotonin [5-hydroxytryptamine (5-HT)] sig-
naling potently regulate energy homeostasis and have been used 
effectively as anti-obesity drugs in humans [247–250]. 
Dexfenfluramine (d-Fen) increases serotonin content by stimu-
lating synaptic release of serotonin and blocking its reuptake 
into presynaptic terminals [251,252]. This class of drugs showed 
a potent anorexigenic activity in rodents and humans [253–
257]. Conversely, treatments that suppress central serotoniner-
gic signaling produce hyperphagia and weight gain in humans 
and rodents [258–261].

D-Fen was widely used in combination with phenteramine 
(Fen-Phen) to successfully induce weight-loss. Unfortunately, 
d-Fen and other nonspecific serotonergic agonists were linked 
to cardiac valve lesions as well as adverse cardiovascular events 
and were withdrawn from clinical use [262]. Subsequent work 
has focused on dissecting how serotonin and d-Fen modulate a 
complex central 5-hydroxytryptamine (5-HT) system, com-
prised of 14 different 5-HT receptor (5-HTR) isoforms in mul-
tiple cell types, to stimulate weight-loss [263,264]. These efforts 
have pinpointed that serotonin and d-Fen act predominantly via 
central 5-HT2CRs [265–267] and downstream melanocortin 
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Perspectives

Over the past two decades, there has been remarkable progress 
in adding to our understanding of how the nervous system 
controls energy balance and glucose homeostasis. Unfortunately, 
this progress has, as yet, resulted in few new anti-obesity thera-
pies that can be used by clinicians in obese and diabetic patients. 
Currently, weight-loss surgery remains the most efficacious 
anti-obesity treatment. However for a number of reasons, many 
obese patients are not good surgical candidates. Thus, it is cur-
rently necessary to treat the comorbidities and complications of 
obesity with available pharmacological tools in conjunction 
with surgical approaches. These clinical realities are inherently 
superimposed with the current environment of sedentary life-
style and readily available, highly palatable and hypercaloric 
foods [286]. However, it needs to be stressed that the molecular 
genetic control of energy balance metabolism is a relatively new 
field of investigation. Thus, it is hoped that in the near future 
new therapies will emerge to manage obesity and its associated 
metabolic and cardiovascular complications.

References are available at www.yamadagastro.com/textbook
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CHAPTER 29

Digestion of carbohydrates, proteins,  
and lipids

Digestion of carbohydrates
Structure
Carbohydrates represent the major contributor to total caloric 
intake in the average human diet and are molecules composed 
of  carbon,  hydrogen,  and  oxygen  in  the  empiric  formula 
Cm(H20)n. The most basic carbohydrate units are polyhydroxyl 
ketones  and  aldehydes.  Carbohydrates  can  be  either  linearly 
arranged, or  form pentose or hexose  rings. The  least  complex 
units  are  monosaccharides.  Disaccharides  contain  two  mon-
osaccharide units, oligosaccharides contain three to nine units, 
and polysaccharides contain greater than nine units. Monosac-
charides may be linked by α(1,4), α(1,6), or β(1,4) bonds where 
α  and β  refer  to bonds above or below the plane of  the sugar 
ring,  respectively.  Human  enzymes  readily  hydrolyze  α(1,4) 
bonds but have greater difficulty with β linkages.

The  most  important  dietary  disaccharides  are  sucrose, 
maltose,  and  lactose  (Figure  29.1).  Sucrose  (“table  sugar”) 
accounts for ∼30% of dietary carbohydrate intake and is com-
posed of  the monosaccharides glucose and  fructose  linked by 
an α(1,4) bond. Sucrose is the natural sugar of fruits and vegeta-
bles. Maltose  is composed to  two α(1,4)  linked glucose mole-
cules, and lactose is composed of glucose and galactose linked 
by a β(1,4) glycosidic bond.

Polysaccharides may adopt  either  linear or branched  struc-
tures and can be either absorbable or nonabsorbable. Starches 

are  the  most  important  dietary  polysaccharides  and  are  com-
posed of amylose and amylopectin (∼20 : 80 ratio). Amylose is 
a linear polymer of glucose bound by α(1,4) bonds. Amylopec-
tin  is  a  branched  chain  polymer  composed  of  linearly  bound 
glucose  molecules  attached  by  α(1,4)  bonds  with  branching 
provided by α(1,6) bonds every 25–30 glucose molecules.

Luminal digestion of carbohydrates
The  primary  function  of  the  luminal  phase  of  carbohydrate 
digestion  is  to  fragment  large  branched  starches  into  smaller 
polysaccharides  and  disaccharides  that  are  then  degraded 
further during the mucosal phase of digestion into absorbable 
disaccharides and monosaccharides. These stages are necessary 
as  large  linear  or  branched  polysaccharides,  such  as  starches, 
cannot  be  transported  across  the  enterocyte  brush  border. 
Luminal  digestion  is  primarily  achieved  by  the  action  of  the 
enzyme α-amylase.

Digestion  of  carbohydrates  begins  with  the  action  of 
α-amylase,  which  hydrolyzes  α(1,4)  glycosidic  bonds  [1]. 
α-Amylase exists in two isoforms, salivary and pancreatic, that 
are produced by the parotid glands and pancreatic acinar cells, 
respectively. Although salivary amylase is enzymatically active, 
it has a narrow pH range with optimal activity between 6.6 and 
6.8.  Salivary  amylase,  therefore,  contributes  little  to  carbohy-
drate  digestion  because  it  is  rapidly  inactivated  in  the  acidic 
environment of the stomach. In contrast, pancreatic amylase is 
secreted with pancreatic juices at a basic pH and is the primary 
enzyme mediating the initial digestion of carbohydrates.
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α(1,4) bonds of disaccharides and short oligosaccharides such 
as  sucrose,  maltose,  and  maltotriose  and  is  the  only  enzyme 
capable of hydrolyzing sucrose. The isomaltase site is unique in 
that it can hydrolyze α(1,6) in addition to α(1,4) bonds, which 
gives it the capacity to degrade the branching points in α-limit 
dextrans [4,5].

Although  sucrase-isomaltase  contains  two  active  sites,  it  is 
synthesized  as  a  single  glycoprotein  [6].  Sucrase-isomaltase  is 
glycosylated  after  synthesis  and  is  transported  to  the  apical 
brush  border  membrane  of  enterocytes.  The  membrane-
expressed  enzyme  complex  is  then  cleaved  by  trypsin  in  the 
intestinal lumen resulting in the exposure of the two active sites 
and  their  expression  on  the  apical  brush  border  enterocyte 
membrane  as  heterodimers  [6].  Anatomically,  sucrase-
isomaltase  is  primarily  expressed  in  the  jejunum  and  has 
maximal activity in the lower and mid-villus cells [7]. Activity 
is  lower  at  the  villus  tip  and  there  is  almost  no  expression  
or  enzymatic  activity  in  the  crypt.  Sucrase-isomaltase  is 
expressed at birth; thereby facilitating digestion of sugars prior 
to weaning.

Sucrase-isomaltase  deficiency  is  inherited  as  an  autosomal 
recessive  disorder  with  variable  incidence  across  populations 
(approximately  3%–10%  in  Inuits  in  Alaska  and  Greenland  
to  0.2%–05%  in  North  American  and  European  populations) 
[8].  Sucrase-isomaltase  deficiency  presents  clinically  as  a  

Amylase  is  a  calcium-dependent  enzyme  that  acts  on  the 
amylose and amylopectin moieties in starches to generate con-
stituent molecules. Amylase degrades amylose into maltose and 
maltotriose [2]. Maltotriose is a glucose trisaccharide linked by 
α(1,4)  glycosidic  bonds.  Amylase  degrades  amylopectin  into 
glucose,  maltose,  amylose,  and  α  limit  dextrans,  which  are 
glucose oligosaccharides with retained α(1,6) linkages [2].

Mucosal digestion of carbohydrates
Luminal digestion of starches results  in di-,  tri-, and oligosac-
charides such as α limit dextrans. The mucosal phase of diges-
tion  further  degrades  the  products  of  luminal  digestion  into 
constituent  monosaccharides  that  are  capable  of  being  trans-
ported across the enterocyte brush border membrane. Saccha-
ridases are hydrolytic enzymes expressed on the mucosal brush 
border of  the enterocyte and are primarily responsible  for  the 
mucosal phase of digestion. Saccharidases include the enzymes 
sucrose-isomaltase,  lactase-phlorizin  hydrolase,  maltase-
glucoamylase, and trehalase (Figure 29.2).

Sucrase-isomaltase
Sucrase-isomaltase is so named because it contains both sucrase 
and isomaltase active sites. Sucrase-isomaltase is also termed α 
limit dextrinase because the isomaltase component is capable of 
hydrolyzing α  limit dextrans [3,4]. The sucrase site hydrolyzes 

Figure 29.1 Structure of the three major nutritional disaccharides: lactose, maltose, and sucrose.
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Lactase  deficiency  can  be  either  primary  or  secondary  and 
should be regarded as a distinct entity from the aforementioned 
age-related decline in intestinal activity. Primary deficiency is a 
rare autosomal recessive condition described in specific popula-
tions (e.g., affects up to 60% of the Saami population of Finland 
and  Russia).  Congenital  lactase  deficiency  is  most  commonly 
the result of missense mutations in the coding region of the gene 
LCT, which encodes lactase [15].

Secondary  lactase  deficiency  is  the  most  common  clinical 
condition associated with lactose malabsorption and occurs as 
a result of processes  that damage  the enterocyte brush border 
and  reduce  membrane  enzyme  expression;  thereby,  reflecting 
the  vulnerability  of  the  enzyme  conferred  by  its  anatomical 
positioning  on  the  villus  tip.  Secondary  lactase  deficiency  is 
commonly associated with inflammatory, infectious, ischemic, 
toxic (e.g., cancer chemotherapy), and radiation-induced intes-
tinal  insults.  As  noted,  in  contrast  to  primary  and  secondary 
lactase  deficiency,  an  age-related  decline  in  lactase  activity  is 
present  in  most  human  populations  and  is  a  consequence  of 
reduced  lactase  mRNA  expression  in  enterocytes  [16].  It  is, 
therefore,  not  considered  a  deficiency  in  the  same  sense  as 
primary  or  secondary  lactase  deficiency.  Some  populations, 
such as those of northern European descent, do not exhibit the 
age related decline in a lactase expression [17]. The persistence 
of lactase in a given population is due to an autosomal dominant 
inheritance  of  a  C  to  T  single  nucleotide  polymorphism 
upstream of the lactase gene on chromosome 2 [18].

malabsorptive  condition  in  infancy,  which  becomes  sympto-
matic  upon  introduction  of  sucrose-containing  foods  [9]. 
Avoidance  of  sucrose  is  the  primary  treatment  modality. 
However, dietary supplementation with the enzyme sacrosidase, 
a β-d-fructofuranoside  fructohydrolase produced by  the yeast 
Saccharomyces cerevisiae, is reportedly safe and effective [10].

Lactase-phlorizin hydrolase
Lactose  is  the primary carbohydrate  in milk and  is composed 
of  glucose  and  galactose  linked  by  a  β(1,4)  bond.  Lactase-
phlorizin  hydrolase,  which  is  also  known  as  lactase,  is  the  
only brush border enzyme with activity for the β(1,4) bond of 
lactose. Lactase-phlorizin is, therefore, necessary for the diges-
tion  of  milk  during  early  life.  Lactase-phlorizin  also  exhibits 
phlorizin  hydrolase,  glycosyl-ceramidase,  and  β-galactosidase 
activities [3,11].

Lactase-phlorizin is synthesized as a precursor peptide and is 
glycosylated and cleaved prior to enterocyte membrane expres-
sion as a mature peptide [12]. Lactase is primarily expressed at 
the villus tips of the distal duodenum and proximal small intes-
tine with lower expression in the remaining intestine. Lactase is 
not expressed in the crypts [11,13]. Humans express the highest 
levels  of  lactase  prior  to  weaning  with  expression  declining 
thereafter.  The  age  of  onset  of  this  decline  is  highly  variable 
amongst  human  populations  and  can  range  from  the  toddler 
years  to  young  adulthood.  Most  adult  human  populations 
worldwide demonstrate 5%–10% of maximal activity [14].

Figure 29.2 Overall process of digestion to monosaccharides. The hydrolysis of a-limit dextrins is a collaborative effort between multiple brush border 
enzymes.
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Digestion of proteins
In  contrast  to  carbohydrates,  which  are  ingested  as  a  mix  of 
components (monosaccharides, disaccharides, and polysaccha-
rides), proteins are only ingested in protein form (rather than a 
mix of small polypeptides or single amino acids). The process 
of absorption also differs between carbohydrates and proteins. 
The final products of carbohydrate digestion are monosaccha-
rides, the only form that can be transported across the entero-
cyte  brush  border.  In  contrast,  enterocytes  are  capable  of 
transporting both amino acids and short polypeptides. Protein 
digestion often results in a mixture of free amino acids in addi-
tion to polypeptides (Figure 29.3). Finally, it is important to note 
that bile salts and lipids indirectly promote protein digestion by 
modulating  secretion  of  pancreatic  juices,  which  contain  the 
proteolytic endo- and exopeptidases that are responsible for the 
degradation of dietary protein.

Luminal digestion of proteins
The  digestion  of  dietary  proteins  is  initiated  in  the  gastric 
lumen by the action of pepsins produced by gastric chief cells. 
Pepsins  belong  to  a  family  of  proteases  that  are  active  in  an 
acidic pH. They are secreted as proenzymes (pepsinogens) that 
undergo autocatalytic cleavage in the acidic environment of the 
stomach,  thus  exposing  the  active  site.  Pepsins  are  endopro-
teases  and,  therefore,  hydrolyze  internal  peptide  bonds  with 
preferential  activity on bonds between other amino acids and 
phenylalanine,  tyrosine,  and  leucine.  The  activity  of  pepsin 
results  in  a  mixture  of  large  polypeptide  fragments  and  small 
oligopeptides.

Pepsinogens  possess  positively  charged  cationic  residues  in 
the amino-terminal region and negatively charged acidic resi-
dues at the catalytic site. The negatively charged amino terminal 
residues are folded into the catalytic site and are stabilized there 
by electrostatic interactions with the cationic acidic residues at 
neutral or alkaline pH. The folded structure masks the catalytic 
site  of  pepsins  and  prevents  their  autoactivation.  However,  in 
the acidic pH of the stomach, the acidic residues are protonated 
thus  destabilizing  the  electrostatic  interactions  and  exposing 
the  active  site.  The  catalytic  site  then  autocleaves  a  40  amino 
acid  residue  in  the  amino  terminal  thus  generating  the  active 
form  of  pepsin.  Pepsins  also  contain  the  anionic  amino  acid 
aspartate  at  the  catalytic  site  that  is  necessary  for  enzymatic 
activity. Pepsin is inactive at pH >4 and is, therefore, neutral-
ized rapidly in the small  intestine by pancreatic and duodenal 
secretions.

In addition to generating pepsin, the acidic pH of the stomach 
facilitates  the  later  stages  of  digestion  by  denaturing  proteins 
which  renders  them  susceptible  to  enzymatic  digestion. 
Although pepsins and the acidic gastric pH make major contri-
butions to protein digestion, they are the not the major factors 
determining protein malnutrition as patients who have under-
gone either a subtotal or total gastrectomy do not have impaired 
protein digestion. This is because the major enzymes responsi-
ble for protein digestion are pancreatic proteases.

Primary  and  secondary  lactase  deficiency  present  clinically 
with lactose intolerance. Undigested lactose in the gastrointes-
tinal  tract  is  fermented by bacteria  in  the  terminal  ileum and 
colon  to  produce  short-chain  fatty  acids,  hydrogen,  carbon 
dioxide,  and  methane.  Resultant  symptoms  include  bloating, 
flatulence, diarrhea and abdominal pain. Those with age-related 
maturational decline in lactase expression typically present with 
symptoms of lactose intolerance upon ingestion of a volume of 
lactose-containing  foods  that  overwhelms  their  enzymatic 
capacity. Given the inherent variability in expression, what con-
stitutes  excess  will  vary  from  person  to  person  and  between 
populations.  The  prevalence  of  lactose  malabsorption  in  the 
United States is highly variable and is generally lower in those 
of  northern  European  ancestry  (∼25%)  compared  to  other 
genetic backgrounds (∼80%–95% in those of African and Asian 
ancestry)  [14,17].  Lactose  intolerance  is  generally  diagnosed 
clinically  and  is  often  assessed  in  practice  by  the  response  to 
empiric dietary lactose withdrawal. Objective confirmation can 
be provided by a lactose hydrogen breath test or direct assays of 
lactase activity on duodenal biopsy specimens. Treatment con-
sists of avoidance of lactose-containing foods or supplementa-
tion with exogenous lactase.

Maltase-glucoamylase
Maltase-glucoamylase is a glycoside hydrolase that catalyzes the 
hydrolysis of starches (hydrolyzes short glucose chains at α(1,4) 
bonds  to  release glucose)  [19]. Maltase-glucoamylase also has 
low  activity  for  the  hydrolysis  of  α(1,6)  bonds.  Maltase-
glucoamylase  is  synthesized  as  a  single  precursor  polypeptide 
that undergoes posttranslational modification by glycosylation 
[20]. It is then expressed on the enterocyte brush border mem-
brane  as  a  mature  protein.  There  is  a  considerable  amount  of 
homology  between  the  maltase-glucoamylase  and  sucrose-
isomaltase  genes,  suggesting  a  common  precursor  for  both 
enzymes. Maltase-glucoamylase is expressed prenatally, reaches 
stable levels after birth which are maintained throughout adult-
hood.  Maltase-glucoamylase  deficiency  has  been  described  in 
children  with  chronic  diarrhea  with  a  reported  prevalence  of 
1.8% [21].

Trehalase
Trehalase  hydrolyzes  the  disaccharide  trehalose  into  its  con-
stituent glucose molecules. The disaccharide trehalose is found 
in mushrooms, yeast, algae, and insect hemolymph and is com-
posed of two glucose molecules linked by a unique α(1,1) bond 
that makes it resistant to hydrolysis. In mice, trehalase is maxi-
mally expressed in the proximal small intestine with lower levels 
of expression in other parts of the intestine. Levels of trehalase 
expression  appear  to  be  similar  in  fetal  and  adult  intestine 
[22,23]. Isolated trehalase deficiency is largely limited to Green-
land where it is reported to occur in 8% of the population [24]. 
Trehalase deficiency can result in severe diarrhea after ingestion 
of mushrooms.
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tyrosine,  tryptophan),  and  elastase  hydrolyzes  bonds  formed 
by  the  carboxyl  group  of  aliphatic  residues  (glycine,  alanine, 
valine,  leucine,  and  isoleucine).  The  exopeptidases,  carbox-
ypeptidase A and B, hydrolyze terminal bonds on the carboxyl 
terminus  of  polypeptides.  Carboxypeptidase  A  cleaves  bonds 
adjacent to neutral amino acids (aromatic or aliphatic residues) 
and  carboxypeptidase  B  cleaves  bonds  adjacent  to  cationic 
amino acids (lysine or arginine). Pancreatic endoproteases and 

Food  in  the  duodenal  lumen  stimulates  the  release  of  pan-
creatic juice, which contains pancreatic proteases. The exocrine 
pancreas produces three endoproteases and two exopeptidases, 
all  of  which  are  released  as  inactive  proenzymes  (zymogens). 
They require cleavage for activation, which prevents autodiges-
tion of pancreatic tissue. The three endoproteases are trypsino-
gen,  chymotrypsinogen,  and  proelastase.  The  exopeptidases 
are  procarboxypeptidase  A  and  B.  In  general,  endoproteases 
and  exopeptidases  are  so  named  because  they  cleave  internal 
and  terminal  amino  acid  bonds  in  proteins,  respectively 
(Figure  29.4).

The enzyme enteropeptidase (also called enterokinase) initi-
ates  the  conversion  of  pancreatic  zymogens  by  activating 
trypsin.  Trypsin  then  activates  the  remaining  pancreatic 
zymogens. Enteropeptidase is expressed on the duodenal brush 
border  as  a  heterodimer  of  a  light  and  heavy  chain  linked  by 
disulfide bonds [25]. The light chain contains the catalytic site 
while the heavy chain anchors the protein to the cell membrane. 
Trypsinogen is a substrate for enteropeptidase. Enteropeptidase 
cleaves a hexapeptide from the amino terminus of trypsinogen 
generating the active form, trypsin. Trypsin can then autocata-
lytically activate trypsinogen, as well as the remaining pancre-
atic  proenzymes,  thereby  converting  the  zymogens  into  their 
active protease forms.

The  endoproteases  trypsin,  chymotrypsin,  and  elastase 
hydrolyze internal peptide bonds in proteins and polypeptides. 
Trypsin hydrolyzes bonds flanked by  the cationic  (basic)  resi-
dues  lysine  and  arginine,  chymotrypsin  targets  bonds  formed 
by the carboxyl groups of aromatic amino acids (phenylalanine, 

Figure 29.3 Digestion of dietary proteins and absorption of digestion products in the gastrointestinal tract. 1, Transport system for dipeptides and 
tripeptides; 2, transport systems for free amino acids.
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Tri-  and  dipeptides,  which  are  absorbed  by  enterocytes, 
undergo  further  intracellular  digestion  by  intracellular  pepti-
dases. Intracellular peptidase activity is closely linked to that of 
the dipeptide and tripeptide transport systems.

The intracellular peptidase aminotripeptidase liberates amino 
acid  residues  at  the  amino  terminus  of  tripeptides.  Imin-
odipeptidase, another intracellular peptidase, is also called pro-
lidase because of its specificity for moieties of the X-proline or 
X-hydroxyproline type. These moieties are typically resistant to 
hydrolysis  by  proteases  in  the  intestinal  lumen;  thus,  because 
the  remaining  types  of  bonds  are  efficiently  cleaved  by  pro-
teases, the majority of short peptide fragments and amino acids 
in the  intestine are of  the X-proline or X-hydroxyproline type 
when  transported  across  the  enterocyte  membrane.  Imin-
odipeptidase efficiently hydrolyzes these bonds.

Deficiencies  in  intracellular  peptidases  have  been  reported. 
The intracellular dipeptidase prolidase is expressed in a variety 
of tissues including the intestine and has pleiotrophic functions 
including collagen turnover [30]. Because of its varied expres-
sion  and  function,  a  deficiency  of  prolidase  results  in  varied 
manifestations, but does not appear to include protein malab-
sorption under normal dietary conditions [30].

Digestion of lipids
The primary  issue  in  the digestion and absorption of  lipids  is 
their hydrophobicity. The majority of body surfaces, such as the 
enterocyte brush border, and aqueous media, such as the intes-
tinal  lumen,  are  hydrophilic.  Thus,  the  major  challenge  that 
must  be  overcome  in  order  for  physiological  digestion  and 
absorption  of  fats  and  lipids  to  proceed  is  that  lipids  must 
traverse and  interact with media,  interfaces,  and  surfaces  that 
will  only  poorly  dissolve  them.  Bile  salts  and  micelles  greatly 
facilitate  these  processes  by  allowing  lipids  to  interact  with 
hydrophilic interfaces.

Luminal digestion of lipids
The  majority  of  dietary  lipids  are  in  the  form  of  triglycerides 
(TG), (also called triacylglycerols), esters composed of glycerol 
and three fatty acids (FA). Other forms of dietary lipids include 
phospholipids,  free  fatty acids  (fatty acids not bound  to other 
molecules), cholesterol, and fat-soluble vitamins. The hydroly-
sis  of  TG  releases  monoacylglycerols  (MG)  or  diacylglycerols 
(DG) and fatty acids. The  length of TGs  is determined by  the 
length(s) of their constituent fatty acid chains. Triglycerides are 
considered  “short  chain”  if  their  constituent  fatty  acid  tails 
contain  less  than  six  carbon  atoms,  medium  chain  if  they 
contain  six  to  12  carbons,  long  chain  if  they  contain  greater 
than  13,  and  very  long  chain  if  they  contain  greater  than  21 
carbons. Similarly, TG saturation is determined by the status of 
their  constituent  fatty  acids  and  how  many  double  (unsatu-
rated) bonds they contain.

Digestion of lipids begins in the stomach with the action of 
lingual and gastric lipase [31]. The lingual serous glands secrete 
lingual lipase, while the gastric chief cells produce gastric lipase. 

exopeptidases  function  in  unison  in  protein  digestion.  The 
endoproteases chymotrypsin and elastase liberate oligopeptides 
containing neutral amino acids at the carboxyl terminal while 
trypsin  generates  oligopeptides  with  cationic  residues.  The 
exopeptidases then act on oligopeptides generated by the action 
of chymotrypsin and elastase (carboxypeptidase A) and trypsin 
(carboxypeptidase B)  to  liberate  amino acid  residues.

Defects in the expression or activity of proteases and pepti-
dases  can  result  in  impaired  protein  digestion.  In  this  regard, 
heritable deficiencies of trypsinogen and enteropeptidase have 
been  reported. Because  trypsinogen  is  the critical  activator of 
pancreatic zymogens, trypsinogen deficiency results in marked 
defects in protein digestion. Congenital trypsinogen deficiency 
presents in infancy with failure to thrive, hypoproteinemia, and 
edema,  the  latter  a  consequence  of  decreased  intravascular 
oncotic pressure [26]. The administration of a diet containing 
protein hydrolysates, rather than intact protein, results in dra-
matic clinical improvement.

Enteropeptidase  is  required  for  physiological  activation  of 
trypsin.  Enteropeptidase  deficiency  results,  therefore,  in 
impaired activation of pancreatic zymogens with severe malab-
sorption  of  protein  and  a  clinical  picture  similar  to  that  of 
trypsinogen deficiency [27]. Treatment with activated pancre-
atic enzymes results in improved protein digestion. Deficiencies 
of trypsinogen and enteropeptidase also affect fat and vitamin 
B-12 absorption. Trypsin is necessary for the activation of pro-
colipase to colipase; the latter required for physiological activity 
of pancreatic lipase on dietary triglycerides.

Mucosal digestion of proteins
Luminal digestion generates a mix of oligopeptides (∼70%) in 
addition to dipeptides, tripeptides, protein-bound amino acids 
and free amino acids. Oligopeptides require further hydrolysis 
by  brush  border  peptidases  in  order  to  generate  the  tri-  and 
dipeptides and amino acids that can be transported across the 
enterocyte.  Thus,  the  role  of  mucosal  digestion  is  to  degrade 
longer oligopeptides into peptides and amino acids.

The  intestinal  brush  border  contains  high  levels  of 
exopeptidases,  endopeptidases,  and  dipeptidases.  The  major 
exopeptidases  are  aminopeptidase  N  aminopeptidase  A,  
dipeptidylcarboxypeptidase, and dipeptidylaminopeptidase  IV 
[28,29]. Aminopeptidases hydrolyze terminal peptide bonds on 
the amino terminus of short peptides. Aminopeptidase N and 
A hydrolyze peptide bonds at  the amino terminus adjacent  to 
neutral  and anionic amino acids,  respectively. As  their names 
suggest,  the  exopeptidases  dipeptidylcarboxypeptidase  and 
dipeptidylaminopeptidase IV hydrolyze bonds adjacent to car-
boxyl-  and  amino-terminal  peptide  bonds,  respectively.  Thus, 
while the aminopeptidases liberate free amino acids, dipeptidyl-
carboxypeptidase  and  dipeptidylaminopeptidase  IV  generate 
dipeptides, typically of the X-proline type, from oligopeptides. 
Dipeptidylcarboxypeptidase  is  also  known  as  angiotensin-
converting enzyme because of its ability to convert angiotensin 
I to angiotensin II.
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These lipase are collectively termed “acid lipases” because they 
exhibit optimal activity in acidic pH (3–6), which is in contrast 
to pancreatic lipase [32,33]. Both lingual and gastric lipase can 
be detected in duodenum and are thought to contribute signifi-
cantly to digestion of lipids in both healthy humans and patients 
with pancreatic insufficiency states such as cystic fibrosis [33–
35]. Gastric lipase has higher enzymatic activity for hydrolyzing 
medium-chain TG compared to long-chain TG. Gastric  lipase 
hydrolyzes TG to  liberate DG and nonionized  long-chain FAs 
[31]. Gastric  lipase  is  inactive against phospholipids and cho-
lesterol  esters.  Gastric  lipase  is  particularly  important  in 
neonates  whose  primary  nutritional  source  is  milk  fat,  com-
posed of medium-chain TGs. Because pancreatic  lipase  is not 
fully developed in neonates, gastric lipases are critical for neo-
natal  digestion  and  absorption  of  milk  fat.  Gastric  lipase  also 
has an important role in patients with cystic fibrosis who have 
impaired  pancreatic  lipase  activity  as  it  preserves  (to  some 
degree)  their  ability  to  digest  and,  ultimately,  absorb  dietary 
lipids [36].

In  addition  to  the  enzymatic  activity  of  gastric  lipase,  the 
mechanical  forces generated by gastric motor activity are also 
important in lipid digestion and absorption. Gastric peristaltic 
waves  liquefy  and  emulsify  dietary  TGs,  thus  creating  a  lipid 
emulsion  contains  particles  that  are  approximately  0.5 μm  in 
diameter and can exit through the pylorus [37].

Pancreatic  lipase  is  the  major  enzyme  responsible  for  the 
digestion of dietary TG in the proximal small intestine. Pancre-
atic lipase is abundant in pancreatic juice, accounting for 2%–3% 
of its total protein content and is catalytically efficient, allowing 
humans  to  absorb  greater  than  90%  of  ingested  dietary  fat. 
Pancreatic  lipase  requires  a  cofactor,  known  as  colipase,  for 
efficient  in vivo hydrolysis of TG [38]. Triglyceride emulsions 
covered  with  bile  salts  are  not  accessible  to  pancreatic  lipase, 
making hydrolysis by pancreatic lipase inefficient. Colipase cir-
cumvents this problem by binding to the TG–aqueous interface 
thus  allowing  pancreatic  lipase  to  access  the  lipid–aqueous 
interface  [38].  Pancreatic  lipase  acts  on  TGs  to  release  2-MG 
and free FAs [39]. In general, MGs can exist as 2-MG or 1-MG, 
the  latter  formed from 2-MG by isomerization. In addition to 
acting  on  TGs,  pancreatic  lipase  can  act  on  both  1-MG  and 
2-MG to  liberate glycerol  and FAs. Pancreatic  insufficiency of 
any  etiology  can  result  in  severe  malabsorption  of  fat  and  fat 
soluble vitamins thus demonstrating the importance of pancre-
atic lipase in humans in vivo.

Phospholipid digestion is primarily accomplished by pancre-
atic phospholipase A2 (PLA2). Pancreatic PLA2 is secreted as a 
zymogen  and  becomes  active  when  cleaved  by  trypsin. 
Maximum activity occurs at a pH of 8–9 and bile salts are neces-
sary for activity [40,41]. In the small intestine, phospholipids in 
the  form  of  phosphatidylcholine  (PC)  are  mixed  in  micelles 
with cholesterol and bile salts. Pancreatic phospholipase func-
tions  to  release  lysophosphatidylcholine  (LPC)  and  FAs  from 
intestinal PC [40]. Pancreatic phospholipase A2 acts on PC to 
release FA and lysophosphatidylcholine (LPC).

Most dietary cholesterol is  in the form of free sterol, with a 
minority in ester form. Cholesterol is absorbed in the free form. 
Therefore, cholesteryl ester must be hydrolyzed prior to absorp-
tion.  Cholesterol  esterase,  which  is  also  known  as  carboxylic 
ester hydrolase or sterol ester hydrolase, is the primary enzyme 
responsible for the hydrolysis of cholesterol ester, producing a 
free sterol and free fatty acid [41]. Human cholesterol esterase 
is  a  100-kDa  protein  produced  by  the  pancreas.  The  catalytic 
activity of cholesterol esterase depends on a serine at position 
194, aspartic acid at position 320, and a histidine at position 452 
[42–44]. Cholesterol esterase had broad activity and is capable 
of  hydrolyzing  TG,  cholesterol  esterases,  and  phosphoglycer-
ides. Bile salts, particularly trihydroxy bile salts, greatly enhance 
the enzymatic activity of cholesterol esterase. Cholesterol este-
rase is also unique in its ability to polymerize in the presence of 
trihydroxy bile salts, which ultimately protects cholesterol este-
rase from proteolytic inactivation.

Absorption of carbohydrates, proteins,  
and lipids

Absorption of carbohydrates
Carbohydrate  digestion  primarily  produces  the  monosaccha-
rides glucose, galactose,  and  fructose. They are actively  trans-
ported across the brush border into the enterocyte and, finally, 
into  the  portal  circulation.  Glucose  and  galactose  are  trans-
ported across the brush border of the enterocyte by the sodium-
dependent  cotransporter  SGLT1  (Figure  29.5).  Basolateral 
transport across the enterocyte and into the portal circulation 
is mediated by a facilitative diffusion mechanism involving the 
transporter GLUT2.

Glucose  and  galactose  are  transported  across  the  apical 
surface of the enterocyte by the SGLT1 sodium/glucose cotrans-
porter,  which  utilizes  the  electrochemical  sodium  gradient  
that  is  maintained  by  the  Na+,K+ATPase  pump  [45].  The 
Na+,K+ATPase  pump  maintains  a  sodium  gradient  across  the 
enterocyte  by  actively  transporting  sodium  across  the  basola-
teral surface [45]. The SGLT1 cotransporter is expressed on the 
apical  surface  of  the  enterocyte  as  a  homotetramer  with  14 
transmembrane domains. It couples the electrochemical sodium 
gradient across the enterocyte to cotransport glucose and galac-
tose  with  sodium  across  the  apical  membrane.  Current  data 
suggest  that  two  sodium  molecules  are  transported  per  mon-
osaccharide  molecule  [46].  In  addition  to  glucose–galactose 
transport, SGLT1 has a major role in the absorption of luminal 
water. Approximately 264 molecules of water are transported for 
each monosaccharide molecule; the net effect is the absorption 
of  5–6 L  of  water  per  day  [47].  This  SGLT1-mediated  water 
transport provides the rationale behind the addition of glucose 
to rehydration solutions.

The  physiological  importance  of  SGLT1  in  vivo  has  been 
demonstrated  in  families  with  disorders  of  glucose  transport. 
These autosomal recessive disorders are due to mutations in the 
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be recruited to the apical membrane under conditions of high 
luminal glucose and fructose to aid in glucose absorption [50]. 
However,  the  physiological  relevance  of  GLUT2-mediated 
luminal  glucose  absorption  is  uncertain  as  patients  with  defi-
ciency of SGLT1 do not appear to have a significant degree of 
glucose malabsorption [51].

Fructose is primarily transported across the apical membrane 
of the enterocyte by the GLUT5 transporter (Figure 29.5). The 
GLUT5 transporter is a transmembrane protein that preferen-
tially transports fructose. GLUT5 is primarily expressed in the 
small intestine, kidney, testis, adipose tissue, and skeletal muscle 
[52].  Luminal  fructose  both  induces  expression  of  GLUT5, 
owing to the presence of a sugar response element in the GLUT5 
promoter, and stabilizes GLUT5 mRNA [53]. While GLUT5 is 
the predominant  fructose  transporter,  excess  luminal  fructose 

SGLT1 gene that result in a nonfunctional protein. Patients with 
SGLT1  deficiency  present  as  neonates  with  severe  glucose–
galactose  malabsorption.  Clinical  features  include  life-
threatening  acidic  diarrhea  leading  to  dehydration  upon 
ingestion of breast milk or standard infant formula. Treatment 
involves the avoidance of glucose and galactose and their sub-
stitution by fructose [48,49].

Glucose  and  galactose  transport  across  the  enterocyte  into 
the  portal  circulation  is  accomplished  by  the  activity  of  the 
GLUT2  transporter.  GLUT2  is  expressed  on  the  basolateral 
membrane of the enterocyte as a transmembrane protein with 
12 membrane-spanning domains [50]. It transports glucose and 
galactose in a sodium-independent manner via facilitative dif-
fusion. GLUT2 has an especially high affinity for glucose trans-
port. In addition to regulating basolateral transport, GLUT2 can 

Figure 29.5 Transport processes in the enterocyte responsible for the movement of monosaccharides across the intestinal epithelium. Studies in some 
animals suggest that GLUT2 may also exist in the apical membrane when lumenal glucose levels are high.

Tight

junction

Glucose

Fructose

Glucose

Galactose

Fructose

Paracellular
Transcellular

Fructose

GLUT5

ADP

ATP

2K+ 3Na+

Na+Na+

GLUT2

GLUT5

Enterocyte

Tight

junction



546      PART 2 Mechanisms of normal and abnormal gastrointestinal function

Free  amino  acids  are  transported  by  amino  acid  transport 
systems. In broad terms, amino acid transport systems exhibit 
variable substrate specificity and typically utilize a sodium gra-
dient.  Neutral  amino  acids  are  transported  primarily  via  the 
Na+-dependent system B0 [60]. The transport protein for system 
B0 is termed B0AT1 and is expressed on the apical membrane of 
enterocytes [61].

Hartnup  disease,  which  is  a  heritable  disorder  of  neutral 
amino acid transport, is caused by defects in B0AT1. The neutral 
amino acids affected in Hartnup disease include alanine, serine, 
cysteine,  threonine,  glutamine,  asparagine,  valine,  isoleucine, 
leucine,  methionine,  phenylalanine,  tyrosine,  and  tryptophan. 
The  transport  system  B0  is  expressed  in  intestinal  and  renal 
epithelial  cells  [61].  Defects  in  the  system  B0  are  the  result  of 
loss-of-function mutations in the gene encoding the transport 
protein B0 AT1 [60]. The defective protein results  in  impaired 
renal reabsorption and urinary hyperexcretion of neutral amino 
acids. The primary disease manifestations are a photosensitive 
skin  rash  and  neurological  complications,  including  ataxia. 
Although these are similar to the manifestation of niacin defi-
ciency (pellagra), they occur despite normal niacin intake [62]. 
However, the symptoms still abate with niacin administration. 
Endogenous niacin is an important source of niacin in humans. 
The symptoms of Hartnup disease are niacin dependent because 
endogenous  niacin  is  synthesized  from  tryptophan  that  is 
absorbed  from  the  intestinal  lumen  or  reabsorbed  from  the 
renal tubules; both are impaired in these patients. The manifes-
tations of Hartnup disease are much more marked in developing 
nations, where dietary protein intake is relatively poor, and can 
include mental retardation.

Another transporter, known as ATB0,+, transports both cati-
onic  and  neutral  amino  acids.  The  protein  ATB0,+,  which  is 
encoded on the X chromosome, couples amino acid transport 
with Na+ and Cl− transport. This system is termed system B0,+, 
and  the  protein  (ATB0,+)  is  primarily  expressed  in  the  ileum 
and  colon  [63,64].  A  third  system,  termed  X−

AG,  transports 
the  anionic  amino  acids  aspartate  and  glutamate  in  a  Na+-
dependent manner [65]. Consistent with the role of glutamate 
as an excitatory neurotransmitter, this system is expressed in the 
brain where it functions in the neural reuptake of glutamate at 
synapses. System X−

AG is therefore classified as a member of the 
excitatory  amino  acid  transporter  (EAAT)  family.  The  form 
expressed  in  the  intestinal  brush  border  is  termed  EAAT3. 
Defects in EAAT3 lead to impaired absorption of anionic amino 
acids in the intestine and kidney resulting in dicarboxylic aci-
duria [66].

Other  transporters  include  ASCT2  and  system  b0,+.  The 
transporter ASCT2 mediates Na+-coupled transport of alanine, 
serine, cysteine, glutamine, and asparagine. The ASCT2 protein 
is  primarily  expressed  in  the  small  intestine.  System  b0,+  is  a 
Na+-independent high-affinity transporter of neutral and cati-
onic  amino  acids,  as  well  as  the  disulfide-linked  amino  acid 
cysteine [64]. This transporter is a heterodimer composed of a 
light chain (b0,+AT) and a heavy chain (rBAT). The light chain 

can be transported by GLUT2. In addition to mediating apical 
membrane  transport,  GLUT5  is  expressed  on  the  basolateral 
membrane, suggesting it also mediates fructose transport from 
the enterocyte into the portal circulation [54].

Fructose  is  less well absorbed than glucose. Excess  fructose 
ingestion  can  result  in  carbohydrate  intolerance,  resulting  in 
diarrhea, intestinal gas, and abdominal pain. These features can 
be seen in children who drink excessive amounts of juices [55].

Absorption of proteins
Carbohydrates  must  be  degraded  into  constituent  monosac-
charides before they can be transported into enterocytes. More-
over,  individual  monosaccharides  utilize  specific  transporters. 
In contrast, proteins may be transported as di- and tripeptides 
as well as free amino acids. In addition, amino acid transporters 
are capable of transporting entire classes of amino acids.

The  peptide  transporter  PEPT1  (PepT1)  transports  di-  and 
tripeptides across the brush border membrane of the enterocyte. 
PepT1 is expressed in the duodenum, jejunum, and ileum [56]. 
PepT1 has broad activity and can transport di- and tripeptides 
of neutral, anionic, and cationic amino acids but does not rec-
ognize free amino acids [57,58]. PepT1 is a 79-kDa protein with 
12 transmembrane domains. The expression of PepT1 is high in 
the small intestine, low in the colon, and absent in the esopha-
gus  and  stomach  [59].  PepT1  couples  peptide  transport  to  a 
transmembrane  hydrogen  ion  gradient.  The  intestinal  brush 
border has an acidic microclimate that is maintained by a Na+/
H+ exchanger on the brush border membrane and a Na+, K+-
ATPase in the basolateral membrane of the enterocyte (Figure 
29.6). The PepT1 transporter couples transport of peptides with 
the hydrogen ion gradient across the apical brush border mem-
brane of enterocytes [57,58]. There is a net transfer of one posi-
tive charge into the cell from the hydrogen ion regardless of the 
net charge on the transported peptide.

Figure 29.6 Generation of an electrochemical proton gradient across the 
intestinal brush border membrane. 1, Na+,K+-ATPase; 2, Na+/H+ 
exchanger; 3, H+/peptide cotransporter.
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diseases  and  epithelial  injury)  can  result  in  reduced  protein 
absorption as a secondary consequence of a primary insult and 
are  discussed  further  in  Section  Secondary  defects  in  protein 
absorption.

Targeted  regulatory  mechanisms  include  alterations  in  the 
number and activity of the transporters themselves. Hormones 
may  positively  and  negatively  regulate  the  activity  of  peptide 
transporters.  Somatostatin  and  vasoactive  intestinal  polypep-
tide are negative regulators of transporter activity while epider-
mal  growth  factor,  neurotensin,  cholecystokinin,  and  secretin 
all enhance transporter activity. Furthermore, in vitro data dem-
onstrate  that  peptide  transporters  are  stimulated  by  insulin, 
leptin, and growth hormone and are inhibited by thyroid hor-
mones, protein kinase C, and cyclic adenosine monophosphate 
[73–75].

In  addition  to  activity,  peptide  transporter  expression  can 
also  be  altered,  thus  serving  as  another  mode  of  regulation. 
Animal  studies  have  demonstrated  that  changes  in  dietary 
protein content as well as in the intraluminal concentration of 
the  products  of  protein  digestion  impact  peptide  transporter 
expression  [76].  While  peptide  transporters  are  constitutively 
expressed along the length of the small intestine, there may be 
regional  changes  in  the  expression  pattern  that  are  subject  to 
regulation.  A  high-protein  diet  not  only  increases  transporter 
transcripts  (mRNA)  but  also  enhances  the  activity  of  small 
intestinal peptidases (dipeptidylcarboxypeptidase and dipepti-
dylaminopeptidase IV) [76].

Peptide transporter expression may be altered in a number of 
clinical  scenarios.  While  in  health  the  expression  of  peptide 
transporters is low in the colon, this can be upregulated in dis-
orders that alter the absorptive surface area of the small intes-
tine. Thus, enhanced colonic peptide transporter expression has 
been  documented  in  the  short  gut  syndrome  and  Crohn’s 
disease [77]. In these circumstances, the upregulation of peptide 
transporters in the colon can be seen as adaptive responses that 
aim to preserve protein absorption. Enhanced colonic expres-
sion of peptide transporters has also been described in ulcera-
tive colitis.

Secondary defects in protein absorption
A variety of disease, including celiac disease, dermatitis herpe-
tiformis,  tropical  sprue,  and  cystic  fibrosis,  can  all  result  in 
secondary  impairments  of  protein  digestion  and  absorption. 
Cystic fibrosis  is caused by defects  in  the cystic fibrosis  trans-
membrane  conductance  regulator  (CFTR)  protein,  which  is  a 
c-AMP-regulated Cl− channel. Defects in the Cl− channel result 
in impaired secretion of salt and water into the pancreatic ducts, 
leading to retention of digestive enzymes in the pancreas. This 
ultimately  results  in  destruction  of  pancreatic  tissue  and  exo-
crine pancreatic insufficiency, with impaired digestion of protein 
and fat.

In  celiac  disease,  immune-mediated  inflammation  leads  to 
the  characteristic  histological  findings,  which  include  villous 
blunting, increased epithelial lymphocytes, and villous flattening. 

contains a transmembrane domain typical of transport proteins 
while  the  heavy  chain  recruits  the  light  chain  to  the  apical 
border  of  the  enterocyte.  Defects  in  this  transporter  result  in 
impaired  transport  of  cationic  amino  acids  and  the  disorder 
cystinuria.

Cystinuria results from defects in system b0.+ and is charac-
terized by increased excretion of the cationic amino acids lysine 
and  arginine  and  cysteine  [67].  Patients  with  cystinuria  have 
defects  in  intestinal  and  renal  tubular  absorption  of  cationic 
amino acids  [68]. The primary disease manifestation  is neph-
ropathy  from  cysteine  renal  stones.  Cysteine  is  poorly  water 
soluble and must be reabsorbed by the renal epithelial cells to 
prevent precipitation in the renal tubules. Patients with cystinu-
ria have impaired renal tubular reabsorption of cysteine, result-
ing  in  the  formation  of  cysteine  stones  when  urinary 
concentrations  of  cysteine  are  high  (>300 mg/L)  [68].  System 
b0.+ is composed of a light (b0,+AT) and heavy chain (rBAT) and 
cystinuria may result from mutations in either chain. The light 
and  heavy  chains  are  encoded  on  chromosomes  19  and  2, 
respectively. Cystinuria is transmitted in an autosomal recessive 
manner  and  can  result  from  mutations  in  two  genes  (light  or 
heavy chain) [69]. Treatment is directed at enhancing cysteine 
excretion by increasing urine volume, or by enhancing cysteine 
solubility by alkalinizing the urine or using penicillamine.

Lysinuric protein intolerance is an autosomal recessive disor-
der caused by impaired absorption of the cationic amino acids 
lysine, arginine and ornithine, in the intestine and kidney [70]. 
Patients  with  lysinuric  protein  intolerance  exhibit  increased 
urinary  excretion  and  lowered  serum  levels  of  these  amino 
acids.  Arginine  and  lysine  are  essential  amino  acids  and  are 
necessary  for  protein  synthesis.  Arginine  and  ornithine  are 
involved  in  the  urea  cycle  and  elimination  of  ammonia.  The 
primary clinical manifestations are, therefore, due to impaired 
protein  synthesis  and  ammonia  excretion.  Patients  typically 
present  with  growth  retardation,  neurological  complications, 
and  hyperammonemia  [70].  Dietary  protein  induces  diarrhea 
and vomiting,  and can  result  in  coma. Treatment  is primarily 
directed at the prevention of hyperammonemia through dietary 
protein restriction and ornithine supplementation. This disease 
is distinct  from cystinuria, which also  involves a defect  in  the 
absorption  of  cationic  amino  acids.  The  transport  defect  in 
lysinuric  protein  intolerance  is  restricted  to  the  basolateral 
membrane in intestinal and renal epithelial cells, whereas trans-
port  across  the  brush  border  is  not  affected  [70].  Lysinuric 
protein intolerance is caused by defects in isoforms of the amino 
acid  transport system y+L, which  is composed of a heavy and 
light  chain.  Loss-of-function  mutations  in  the  light  chain 
y+LAT1  are  thought  to  be  causative,  as  mutations  have  been 
identified in affected patients [71,72].

Regulation of peptide absorption
Protein transport and absorption can be affected and regulated 
by  both  nonspecific  and  targeted  mechanisms.  Nonspecific 
changes in intestinal epithelial surface area (such as infiltrative 
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A  number  of  lipid  binding  proteins  have  been  identified, 
including  GP330,  CD36,  and  caveolin  [79,81].  However, 
whether they facilitate gastrointestinal uptake of fats, lipids, and 
cholesterols in vivo in humans has not been definitively proven. 
GP330,  also  called  megalin,  is  a  member  of  the  low-density 
lipoprotein receptor gene family. It encodes an endocytic recep-
tor that is primarily expressed in epithelia, including the proxi-
mal  tubules  of  the  kidneys,  type  II  pneumocytes,  mammary 
epithelium, and thyroid follicular cells [82]. Whether GP330 is 
expressed  in  the  intestine,  or  is  involved  in  small  intestinal 
cholesterol uptake, remains unknown. GP330-deficient animal 
models  exhibit  impaired  forebrain  development,  which  is 
thought to be due to impaired cholesterol supply [83].

Other  well-characterized  fatty  acid  transporters  include 
CD36, plasma membrane-associated fatty acid-binding protein 
(FABPpm),  and  fatty  acid-binding  transport  protein  family 
(FATP1-6).  CD36  is  an  88-kDa  transmembrane  protein  that 
binds to multiple ligands, including fatty acids and lipoproteins 
[84]. CD36 expression is upregulated by dietary fat, obesity, and 
diabetes mellitus. It is widely expressed in muscle, the vascular 
endothelium,  and  adipose  tissue  in  addition  to  the  intestine 
[85]. CD36  is  expressed at  the highest  levels  in duodenal and 
jejunal  villi  with  very  low  expression  in  the  ileum  and  colon 
[86]. Polymorphisms in CD36 in humans have been associated 
with obesity, metabolic syndrome, and elevated LDL cholesterol 
levels. These patients have  impaired peripheral uptake of  fatty 
acids that is thought to partially contribute to the abnormal lipid 
levels [87]. They also have impaired intestinal fatty acid uptake.

Collectively, these structural defects result in a reduction in the 
absorptive  surface  of  the  intestine,  which  ultimately  affects 
protein absorption. Dermatitis herpetiformis is related to celiac 
disease in being induced by gluten and is distinguished by the 
presence  of  pruritic  bullous  rashes.  Intestinal  involvement  is 
generally more mild compared to celiac disease, but can result 
in protein malabsorption. Treatment for both celiac disease and 
dermatitis herpetiformis consists of dietary gluten avoidance.

Tropical  sprue  is  a  gastrointestinal  disease  characterized  by 
broad impairments of digestive and absorptive intestinal func-
tion. The disease has an unknown etiology, but is thought to be 
infectious.  It  primarily  occurs  among  residents  of  tropical 
regions.

Absorption of lipids
Lipids are generally hydrophobic and long-chain FAs and MG, 
which have long hydrophobic tails, are particularly insoluble in 
water, which poses a major problem as they will need to traverse 
an aqueous medium. This problem must be overcome in order 
for FAs and MG to be absorbed across the apical membrane of 
the brush border. Micellar solubilization enhances the concen-
tration of FAs and MG in an aqueous medium, thereby greatly 
increasing  the  number  of  molecules  available  for  enterocyte 
uptake [78] (Figure 29.7). Solubilized FAs and MG are thought 
to  be  transported  across  the  brush  border  as  monomers  by 
simple diffusion [79]. However, accumulating evidence suggests 
that carrier-mediated transport systems also play an important 
role [80].

Figure 29.7 The effect of bile salt micelles (or vesicles) in overcoming the diffusion barrier resistance presented by the unstirred water layer. In the 
absence of bile acids, individual lipid molecules must diffuse across the barriers overlying the microvillus border of the intestinal epithelial cells (arrow 
1). Hence, uptake of these molecules is largely diffusion limited. In the presence of bile acids (arrow 2), large amounts of these lipid molecules are 
delivered directly to the aqueous–membrane interface so that the rate of uptake is greatly enhanced. Source:  Westergaard H, Dietschy JM. The 
mechanism whereby bile acid micelles increase the rate of fatty acid and cholesterol uptake into the intestinal mucosal cell. J Clin Invest 1976;58(1):99, 
Fig. 1. [141]. Reproduced with permission of the American Society of Clinical Investigation.

Bulk solution in

intestinal lumen

1

2

Diffusion barrier

overlying microvilli

Cytosolic compartment of

intestinal epithelial cell



Nutrient digestion, absorption, and sensing CHAPTER 29      549

anabolic and catabolic processes with availability of nutrients. 
Components of this process include sensing of cellular energy, 
glucose,  and  amino  acids.  Cellular  energy  is  sensed  by  the 
serine/threonine kinase, 5′ adenosine monophosphate-activated 
protein kinase (AMPK). The general amino acid control non-
derepressible 2 (GCN2) pathway is critical in cellular sensing of 
amino  acids.  Finally,  the  transcription  factor  mechanistic  (or 
mammalian) target of rapamycin (mTOR) is the master regula-
tor of cellular energy utilization, growth, and differentiation.

5′ adenosine monophosphate-activated 
protein kinase
5′ adenosine monophosphate-activated protein kinase (AMPK) 
is a highly conserved serine/threonine kinase that functions as 
an intracellular energy sensor. AMPK is activated when energy 
levels are  low and globally  functions to conserve and produce 
ATP  by  initiating  ATP-generating  catabolic  processes  while 
inhibiting anabolic ATP-requiring processes [93]. Structurally, 
AMPK  is  a  heterotrimeric  protein  composed  of  a  catalytic  α 
subunit  and  regulatory  β  and  γ  subunits,  constructed  in  a 
manner  that  facilitates  its activation  in  low-energy states  (low 
ATP)  and  inhibition  in  high-energy  states  (low  adenosine 
monophosphate [AMP] or low adenosine diphosphate [ADP]) 
[94]. The α subunit contains the kinase domain in the N termi-
nal and is responsible for the phosphorylation of target proteins. 
The  β  subunit  contains  a  carbohydrate-binding  module  that 
mediates association with glycogen particles. The γ subunit con-
tains four cystathionine β-synthase (CBS) motifs, each of which 
is capable of binding adenosine nucleotides [95]. While all four 
CBS motifs  in  the γ  subunit are capable of binding adenosine 
nucleotides, one site remains empty (site 2) and another consti-
tutively binds AMP (site 4). The remaining two sites (sites 1 and 
3)  provide  the  energy-sensing  component  of  the  protein  by 
competitively binding AMP, ADP, or ATP.

Binding of adenosine monophosphate to sites 1 and 3 in the 
γ subunit results in AMPK activation (Figure 29.8). In states of 
high energy and ATP abundance, ATP is bound to sites 1 and 
3;  however,  as  cellular  stress  increases,  ATP  levels  fall  with  a 
concomitant rise in AMP/ADP. Rising AMP/ADP levels result 
in the sequential binding of AMP or ADP to site 3 (moderate 
stress) and site 1 (severe stress) [94]. Binding of ADP (or AMP) 
to  site  3  results  in  phosphorylation  of  a  conserved  threonine 
residue  (Thr172)  in  the  α  subunit,  resulting  in  a  100-fold 
increase in AMPK activity. Finally, AMP binding also induces 
a  further  10–13  fold  allosteric  activation  of  AMPK  [96].  Col-
lectively, therefore, AMP (or ADP) results in a trifold activation 
of  AMPK  through  (1)  facilitating  phosphorylation  of  Thr172, 
(2) preventing dephosphorylation of Thr172, and (3) the direct 
effect of AMP binding in causing allosteric activation of AMPK.

In  mammals,  threonine  172  can  be  phosphorylated  by  the 
upstream  kinases  LKB1-STRAD-MO25  or  Ca2+/calmodulin-
activated protein kinases (CaMKKβ)  [97,98] (Figure 29.8). Of 
these  two  mechanisms  of  activation,  the  primary  pathway 
appears to be via LKB1 whereas CaMKKβ-mediated activation 

Fatty acid-binding transport protein 4 (FATP4) may also be 
an  intestinal  fatty acid  transporter. FATP4  is highly expressed 
in the villi of enterocytes, and possesses endogenous acyl CoA 
synthetase (ACS) activity [88]. It is predominantly expressed in 
the jejunum compared with the rest of the intestine. Acyl-CoA 
synthetase activity allows it to convert trapped long-chain fatty 
acids  to  fatty acyl-CoA, which  is  rapidly converted  into other 
intracellular lipids [89]. Acyl-CoA synthetase activity enhances 
the diffusion gradient for luminal fatty acids across the entero-
cyte brush border; thereby, further promoting fatty acid influx 
into the enterocyte. Fatty acid-binding protein 4 appears to be 
partially inducible as animals fed a high-fat diet have increased 
expression compared to those fed a low-fat diet.

Carrier-mediated  transport  serves  as  an  important  mecha-
nism for uptake of cholesterol across the enterocyte membrane. 
Mutations  in  the  transporters  ABCG5  and  ABCG8  result  in 
sitosterolemia  in  humans  [90].  Sitosterolemia  is  characterized 
by enhanced intestinal absorption and decreased biliary clear-
ance  of  plant  sterols  with  resulting  deposition  in  peripheral 
tissues.  These  transporters  comprise  heterodimers  that  are 
expressed on the apical membrane of enterocytes and hepato-
cytes  and  function  as  efflux  pumps  for  cholesterol  and  plant 
sterols. There is an inverse relationship between the expression 
of ABCG5 and ABCG8 and cholesterol transport in the jejunum 
and  ileum but not  in  the duodenum. Neimann–Pick C1like 1 
(NPC1L1) protein, encoded by the gene Npc1l1, is another cho-
lesterol  transporter  [91,92].  In  mice,  npc1l1  is  primarily 
expressed in the small intestine with maximal expression in the 
jejunum. The NPC1L1 transporter mediates cholesterol  trans-
port via vesicular endocytosis [91,92].

Bile acids are critical to the digestion and absorption of lipids 
because they form micelles, which facilitate the solubilization of 
lipids  [78].  Conjugated  bile  salts  form  small-diameter  (3 nm), 
simple micelles. Fatty acids, monoacylglycerols, and phospholi-
pids  are  readily  soluble  in  simple  micelles  to  form  mixed 
micelles.  Mixed  micelles  are  larger  than  simple  micelles  and 
have  a  variable  size  depending  on  the  mix  of  bile  acids  and 
phospholipids.  In  contrast  to  simple  micelles,  mixed  micelles 
can solubilize cholesterol. Mixed micelles also form when bile 
acids  combine  with  fat-soluble  vitamins,  diacylglycerols,  and 
triacylglycerols. Mixed micelles enhance lipid digestion by facil-
itating the interaction of pancreatic lipase with fatty acids [78]. 
Mixed  micelles  are  critical  in  lipid  absorption  because  they 
transport  lipids, which are relatively  insoluble  in water, across 
the  unstirred  water  layer  of  the  brush  border  into  the  apical 
surface of the enterocyte.

Nutrient sensing

Control  of  metabolism  at  a  molecular  level  is  fundamental  to 
cellular  homeostasis.  This  process,  termed  nutrient  sensing, 
regulates  cellular  energy  expenditure  in  a  nutrient-dependent 
manner.  Nutrient  sensing  balances  and  coordinates  cellular 
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Figure 29.8 The 5′ adenosine monophosphate-activated protein kinase 
(AMPK) pathway. The heterotrimeric kinase AMPK senses low energy 
states and the proteins LKB1 and CAMKK2 to activate adaptive processes 
resulting in regeneration of intracellular ATP. Source:  Mihaylova and 
Shaw 2011 [142]. Reproduced with permission of Macmillan  
Publishers Ltd.
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residues  at  the  −4  and  −3  positions,  with  the  best  substrates 
also possessing an additional basic  residue at  the −6 position 
[102]. Broadly speaking, AMPK regulates catabolic processes to 
generate ATP, anabolic processes to conserve ATP, and glucose 
uptake and whole body energy by regulating glucose transport 
and appetite. In addition, it also signals to the mTOR complex, 
which  itself  is a master  regulator of cellular energy utilization 
and state.

Regulation of catabolic and anabolic processes by AMPK
Two important ATP-generating catabolic pathways regulated by 
AMPK are glycolysis and fatty acid oxidation activation. AMPK 
promotes intracellular glucose uptake by enhancing the trans-
porter  function  of  the  glucose  transporter  type  1  (GLUT1), 
which is expressed on most cells with the exception of those in 
adipose  tissue,  liver,  and  muscle.  AMPK  then  activates  glyco-
lytic pathways by phosphorylating the enzyme 6-phosphofructo-
2-kinase/fructose-2,6-bisphosphatase  (PFKFB),  leading  to  the 
generation  of  fructose-2,6-bisphosphate.  AMPK  phosphor-
ylates the PFKFB2 and PFKFB3 isoforms of PFKFB and, there-
fore, only activates these pathways in those tissues that express 
these isoforms [103]. Fructose-2,6-bisphosphate is an important 
allosteric activator of the glycolytic enzyme 6-phosphofructo-1-
kinase (PFK1). AMPK promotes fatty acid uptake, particularly 
in cardiac myocytes, by enhancing translocation of the fatty acid 
transporter CD36 from the cytoplasm into the cell membrane 
[104]. AMPK then promotes fatty acid β-oxidation by enhanc-
ing  fatty  acid  transport  into  mitochondria,  which  is  the  rate-
limiting step of β-oxidation. AMPK phosphorylates the enzyme 
acetyl-CoA  carboxylase  (ACC)β,  resulting  in  inactivation  of 
ACCβ  with  a  concomitant  decrease  in  levels  of  malonyl-CoA 
[93]. Malonyl-CoA is,  in turn, an inhibitor of fatty acid trans-
port into mitochondria.

AMPK  conserves  ATP  by  inhibiting  anabolic  processes, 
including synthesis of lipids, carbohydrates, proteins, and ribos-
omal RNA (rRNA). Similar to the role of the regulatory motif 
of AMPK in controlling catabolic processes, regulation of ana-
bolic process occurs via AMPK-dependent phosphorylation of 
key enzymes. AMPK acts to phosphorylate or regulate enzymes 
involved in fatty acid synthesis (ACC1), triglyceride and phos-
pholipid synthesis (glycerol phosphate acyltransferase), choles-
terol  synthesis  (3-hydroxy-3-methylglutaryl  CoA  reductase), 
glycogen  synthesis  (glycogen  synthase),  and  rRNA  synthesis 
(transcription  initiation  factor  IA).  In  addition,  AMPK  also 
signals  to  the mTOR complex via  the  intermediary molecules 
tuberous  sclerosis  2  (TSC2)  and  regulatory-associated  protein 
of mTOR (RAPTOR) [93].

Regulation of glucose uptake and appetite by AMPK
Glucose is taken up by muscle tissues via the glucose transporter 
type  4  (GLUT4)  during  contraction  and  is  subsequently  
converted  into  ATP,  therefore  making  this  process  catabolic. 
AMPK  promotes  this  conversion  of  glucose  to  ATP  in  active 
muscle  cells  by  enhancing  the  translocation  of  GLUT4  from 

is dependent on increases in intracellular Ca2+, without requir-
ing changes in ATP/AMP/ADP levels. Interestingly, LKB1, also 
called  STK11,  is  a  tumor  suppressor  gene  and  is  mutated  in 
Peutz–Jeghers syndrome and in many lung and cervical cancers. 
In addition  to  facilitating phosphorylation of Thr172, binding 
of  AMP/ADP  to  site  3  also  prevents  dephospohrylation  of 
Thr172 [99].

Classically, AMPK is activated under conditions of metabolic 
stress with subsequent alterations in intracellular ATP/ADP or 
Ca2+. However, AMPK may also be activated by “nonclassical” 
compounds,  such  as  drugs  and  xenobiotics  including:  met-
formin, resveratrol (contained in grapes and red wine), epigal-
locatechin galate (found in green tea), capsaicin, curcumin, and 
garlic  [93].  In  addition  to  activation  by  “nonclassical”  com-
pounds, there is evidence that AMPK may be activated by “non-
classical” pathways that do not involve alterations in ATP/ADP/
AMP or intracellular Ca2+. AMPK can be activated by reactive 
oxygen  species  and  hydrogen  peroxide  in  in  vitro  systems  by 
mechanisms that are not completely characterized [100]. DNA 
damage by chemotherapeutic agents, including etoposide, dox-
orubicin, and ionizing radiation, appear to activate AMPK via 
the cytoplasmic form of phosphoinositide 3-kinase-like kinase 
(PIKK) ataxia  telangiectasia mutated (ATM) protein, which  is 
the  product  of  the  gene  mutated  in  ataxia  telangiectasia.  The 
DNA damage-dependent activation of AMPK appears to require 
ATM but not the upstream kinase LBK1 (which is the classical 
pathway for activation) [101].

Once  activated,  AMPK  phosphorylates  target  substrates  at 
characteristic  serine/threonine  residues  that  are  flanked  by 
hydrophobic  residues  at  the  −5  and  +4  positions  and  basic 
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Protein synthesis is initiated when messenger RNA (mRNA) 
transcripts are translated into proteins in ribosomes, a process 
that  requires  conjugation  of  mRNA  with  amino  acid-bound 
transfer  RNA  (tRNA).  Transfer  RNA,  therefore,  provides  the 
physical link between the genetic message and individual amino 
acids.  Protein  and  amino  acid  deprivation  manifests  as  tRNA 
that is not bound to amino acids, which is termed “uncharged 
tRNA”. The first step in translation involves binding of the small 
ribosomal  subunit  (40S)  with  the  methionine  tRNA  (met-
tRNA) that serves as the initiator tRNA. Importantly, all eukary-
otic  translation  is  initiated  by  the  met-tRNA.  The  complex 
composed of the 40S ribosomal subunit, met-tRNA, and associ-
ated binding proteins is termed the 43S ribosomal preinitiation 
complex (PIC). The PIC then scans mRNA transcripts, begin-
ning from the 5′ cap to  the 3′  tail,  screening for  the  initiation 
codon (AUG), which begins protein synthesis. The eukaryotic 
initiation factor (eIF) family of proteins performs critical func-
tions along  the various stages of protein  translation as well as 
ribosomal, tRNA, and mRNA interactions [107]. Of these, the 
eIF2 protein  functions  to bring  the  initiator met-tRNA to  the 
peptidyl  binding  (p  site)  on  the  40S  ribosomal  subunit.  An 
important regulatory component of this complex is the protein 
eIF2B,  a  guanine  nucleotide  exchange  factor  (GEF),  which  is 
necessary  for  continued  activity  of  eIF2  (discussed  in  detail 
below in this section) [107].

GCN2  is  a  kinase  that  senses  amino  acid  deprivation  by 
detecting uncharged tRNA and subsequently activates proteins 
that  suppress  transcription  and  translation  [108].  The  kinase 
activity of GCN2 is initiated upon binding of the GCN2 protein 
with  uncharged  tRNA  and  functions  to  phosphorylate  the  α 
subunit of eIF2 (eIF2α) [109]. As noted earlier, eIF2 brings the 
initiator met-tRNA into  the 40S complex and  is necessary  for 
assembly of the PIC. The protein eIF2 is a guanine triphosphate 

cytoplasmic vesicles into the plasma membrane, thereby facili-
tating increased glucose uptake. AMPK mediates this transloca-
tion  by  phosphorylating  the  protein  TBC1  domain  family 
member  1  (TBC1D1)  [105].  TBC1D1,  in  turn,  inhibits  the 
fusion of GLUT4-containing vesicles with the cell membrane by 
negatively regulating the RAB family of G-proteins. Phosphor-
ylation  of  TBC1D1  by  AMPK  results  in  the  association  of 
TBC1D1  with  the  14-3-3  family  of  regulatory  proteins  [105]. 
Binding of TBC1D1 with 14-3-3 proteins results in the degrada-
tion  of  TBC1D1,  thus  releasing  the  negative  inhibition  on 
vesicle  and  plasma  membrane  fusion.  In  addition  to  these 
effects,  AMPK  may  enhance  total  body  glucose  uptake.  The 
ventromedial  hypothalamus  reportedly  senses  low  blood 
glucose  levels  with  resultant  AMPK-dependent  release  of 
adrenaline and glucagon [106]. These hormones then stimulate 
gluconeogenesis  in  the  liver  thus  increasing  serum  glucose 
levels.

The primary appetite control center lies in the arcuate nucleus 
of  the  hypothalamus  (see  Chapter  12).  Increased  activity  in 
neurons  expressing  neuropeptide  Y  (NPY)  and  agouti-related 
protein (AgRP) in the arcuate nucleus stimulates feeding [93]. 
Conversely,  increased  activity  in  neurons  expressing  proopi-
omelanocortin  (POMC)  inhibits  feeding  [93].  Data  from  in 
vitro experiments indicate that hormones that promote feeding 
such as ghrelin and adiponectin, as well as cannabinoids, acti-
vate  AMPK,  while  those  that  inhibit  feeding,  such  as  leptin, 
inhibit AMPK (α2  isoform). There  is also evidence  that  these 
effects are mediated in presynaptic neurons through release of 
intracellular  calcium  with  subsequent  AMPK  activation  via 
CaMKKβ [93].

Sensing of amino acids and the  
GCN2/ATF4 pathway
Amino  acids  are  biologically  critical  molecules  composed  of 
nitrogen, carbon, oxygen, and hydrogen. They serve pleotrophic 
roles  in  organisms  in  vivo,  including  acting  as  the  building 
blocks  of  proteins,  functioning  as  neurotransmitters  and  hor-
mones,  and  as  sources  of  cellular  energy.  The  detection  and 
regulation  of  amino  acids  and  proteins  at  both  cellular  and 
organismal levels is essential for life. Nine amino acids are con-
sidered essential in humans, meaning that our cellular synthetic 
machinery cannot endogenously generate them. All organisms, 
from  bacteria  to  humans,  have  developed  signal  transduction 
cascades that recognize protein and amino acid deprivation and 
function as global  transcriptional and translational regulators. 
Molecular  sensors  of  nitrogen  in  bacteria  and  plants  are  the 
most basic forms of amino acid sensing. In mammals, including 
humans,  sensing  of  amino  acid  and  protein  deprivation  is 
termed the “amino acid response” (AAR). The AAR includes a 
vast  array  of  signal  transduction  pathways,  some  which  are 
likely to be cell and tissue specific. The most well-characterized 
pathways  are  the  general  control  nonderepressible  2  (GCN2) 
and  the  activating  transcription  factor  4  (ATF4)  cascades 
(Figure 29.9).

Figure 29.9 General amino acid control nonderepressible 2 (GCN2) and 
the amino acid response. GCN2 is an eIF2α kinase that is activated upon 
binding to uncharged tRNA, which accrue in states of amino acid 
starvation. Phosphorylation of eIF2α by activated GCN2 inhibits global 
protein translation while selectively increasing translation of ATF4 and 
GADD34 to mediate adaptive responses to amino acid starvation. 
Source:  Towle 2007 [143]. Reproduced with permission of Elsevier.
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as  a  molecule  with  potent  antifungal  and  immunosuppressive 
properties.

In humans, the mTOR kinase, encoded by the gene MTOR, 
exists in two distinct complexes: mTOR complex 1 (mTORC1) 
and complex 2 (mTORC2) [117]. Complex 1 (mTORC1) con-
trols many nutrient-sensing properties, including the regulation 
of  anabolic  and catabolic processes as well  as  the  synthesis of 
proteins,  lipids,  nucleotides,  and  ribosomes  [118].  Complex  2 
(mTORC2)  primarily  regulates  cell  survival  and  cytoskeleton 
activation; the regulation and function of mTORC2 is relatively 
poorly  understood  compared  to  mTORC1  [117].  This  section 
focuses on mTORC1 because it is the primary mTOR complex 
involved  in  nutrient  sensing.  Complex  1  is  composed  of  the 
mTOR  protein,  along  with  the  proteins  regulatory-associated 
protein of mTOR (raptor), target of rapamycin complex subunit 
LST8  (mLST8),  proline-rich  AKT1  substrate  of  40  kDA 
(PRAS40),  and  DEP  domain-containing  mTOR-interaction 
protein  (deptor)  [119,120].  The  mTORC2  complex  shares  the 
proteins  mLST8  and  deptor,  but  has  the  specific  proteins 
rapamycin-insensitive companion of mTOR (rictor), mamma-
lian stress-activated map kinase-interaction protein 2 (mSin1) 
and protein observed with rictor 1 and 2 (protor1/2) [118,121].

The  complexity  of  the  mechanisms  that  control  mTORC1 
activation  is  commensurate  with  the  biological  importance  of 

(GTP)-binding protein that hydrolyzes GTP to guanine diphos-
phate (GDP) upon deposition of the initiator met-tRNA at the 
P-site of  the 40S ribosomal subunit. The hydrolysis of GTP to 
GDP  also  activates  additional  eIFs  and  provides  the  signal  to 
begin  the  elongation  phase  of  translation.  While  GTP-GDP 
hydrolysis by eIF2 is necessary, eIF2-GDP does not bind met-
tRNA and translation is repressed unless eIF2-GTP is (re)gener-
ated by  the GEP eIF2B [110]. eIF2  is a heterotrimeric protein 
composed of α, β, and γ subunits [107]. When the α subunit is 
phosphorylated  by  GCN2,  eIF2α  functions  as  an  inhibitor  of 
eIF2B and translation is repressed.

Activated GCN2 functions as a negative regulator of transla-
tion  by  phosphorylating  eIF2α,  thus  conserving  amino  acids 
and  proteins  in  times  of  deprivation.  However,  while  GCN2 
globally  suppresses  translation,  it,  paradoxically,  increases 
translation  of  selected  mRNAs.  In  particular,  translation  of 
mRNAs for the activating transcription factor 4 (ATF4) and 5 
(ATF5)  transcription  factors  is  increased.  In  addition,  the 
protein growth arrest and DNA damage-inducible 34 (GADD34) 
is  also  induced  (PP1R15A,  the  gene  encoding  GADD34,  is  a 
target  of  ATF4)  [111].  ATF4  mRNA  contains  two  upstream 
open reading frames (uORFs; uORF1 and 2). In the basal state, 
both  uORFs  are  translated,  which  suppresses  synthesis  of  the 
ATF4 protein because uORF2 is  frame shifted. In the stressed 
state,  however,  GCN2-mediated  suppression  of  translation 
results in the bypassing of uORF2 by the ribosome, resulting in 
synthesis  of  ATF4  [112].  ATF4  is  a  basic  leucine  zipper  tran-
scription factor that globally functions to increase transcription 
and  responds  to  the  stressed  state;  a  response  that  includes 
reactivation of translation (via GADD34) [113]. ATF4 enhances 
transcription  by  binding  to  the  CCAAT-enhancer  binding 
protein-activating transcription factor (C/EBP-ATF4) response 
elements  (CARE)  [113–116]. The gene products of  the CARE 
elements mediate a wide variety of cellular processes and stress 
responses, including upregulating select amino acid transport-
ers.  Thus,  amino  acid-induced  GCN2-mediated  activation  of 
ATF4 results  in activation of processes  that should counteract 
the  deprived  state  (upregulation  of  amino  acid  transporters, 
reinitiation of translation via GADD34). Should these responses 
fail, cellular apoptosis will occur.

Global regulation of cellular state and mTOR
The  protein  mechanistic  target  of  rapamycin  (mTOR)  is  a 
serine/threonine kinase  that  responds  to a variety of environ-
mental inputs, including nutrient deprivation and cellular stress, 
to regulate a broad array of activities that control anabolic and 
catabolic processes and the cell cycle (Figure 29.10). The impor-
tance  of  the  mTOR  pathways  arises  from  the  central  position 
that mTOR occupies in regulating these processes; indeed, the 
AMPK and GCN2 pathways that respond to energy and amino 
acid deprivation both signal to mTOR. The mTOR protein was 
so named because it was identified as mediating the biological 
effects of the macrolide antibiotic rapamycin. Rapamycin was, 
itself, originally isolated from the soil of Rap Nui (Easter Island) 

Figure 29.10 Activators of mTORC1. The mTORC1, composed of the 
serine/threonine kinase mTOR, and the proteins raptor, deptor, GβL (also 
known as mLST8), is activated by varied inputs including DNA damage, 
low energy via AMPK, amino acids and growth factors. mTORC1 
activation results in enhanced lipid synthesis, translation and ribosomal 
biogenesis. Source:  Efeyan et al. 2012 [144]. Reproduced with permission 
of Elsevier.
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motes the release of GDP to allow GTP binding [124,125]. Rag 
GTPase  function  is  also  regulated  by  two  GTPase-activating 
protein  (GAP)  complexes,  GATOR1  (acts  on  Rag  A/B)  and 
Folliculin-FNIP2  (Rag  C/D),  which  hydrolyze  Rag  GTPase-
bound GTP to GDP. Additional layers of complexity are added 
by the protein complexes GATOR2, which is a negative regulator 
of GATOR1, and the recently identified proteins, sestrins, which 
function  as  guanine  nucleotide  dissociation  inhibitors  that 
inhibit  amino  acid-induced  Rag  guanine  nucleotide  exchange 
[117].  Collectively,  GATOR1  and  sestrins  negatively  regulate 
mTORC1  activation  by  maintaining  the  RagA/B  complex  in 
GDP bound states (GATOR1 and sestrins) and preventing Rag-
mTORC1 docking to the lysozyme membrane (sestrins). Simi-
larly,  ragulator  (a  GEF  inhibitor)  and  GATOR2  (a  GATOR1 
inhibitor) positively regulate mTORC1 activation by effectively 
promoting the formation of RagA/B GTP bound states.

The second step in the induction of mTORC1 is the activation 
of  the  kinase  function.  The  ras  homolog  enriched  in  brain 
(Rheb) GTP binding protein is a lipid membrane-bound GTPase 
that is active in the GTP-bound and inactive in the GDP-bound 
state [118]. Rheb is anchored to the lysozyme membrane, and 
the GTP-bound form of Rheb (RhebGTP) potently activates the 
kinase  function  of  mTORC1  [126].  Rheb  is  regulated  by  the 
tuberous  sclerosis  complex  (TSC)  composed  of  the  proteins 
TSC1  (hamartin),  TSC2  (tuberin),  and  TBC1D7  (TSC-TBC 
complex).  The  TSC-TBC  complex  collectively  functions  as  a 
GTPase-activating protein for Rheb, thus maintaining Rheb in 
the inactive GDP-bound state (RhebGDP) [127]. Growth factors 

this  complex  in  controlling  cellular  states.  Broadly,  mTORC1 
activation  is a  two-step process  involving (1) cellular  localiza-
tion of mTORC1, and  (2) activation of  its kinase  function.  In 
the nutrient and growth factor starved state, mTORC1 is inac-
tive  in  the  cytoplasm.  However,  in  the  nutrient  and  growth 
factor  replete  state,  mTORC1  translocates  to  the  lysozyme 
membrane where its kinase activity is activated.

Activation of mTORC1 by amino acids
Amino acid deprivation is a potent inhibitor of mTORC1 activa-
tion and results in the induction of autophagy whose aim is to 
replenish  diminished  intracellular  amino  acid  stores  in  the 
starved  state.  Amino  acids  activate  mTORC1  by  inducing 
mTORC1  translocation  to  the  lysozyme  membrane,  a  process 
mediated  by  the  Rag  family  of  guanine  triphosphatases  (Rag 
GTPases). The Rag GTPases consist of the molecules Rag A-D 
which, upon sensing amino acids, bind to cytoplasmic mTORC1 
and recruit it to the lysozyme membrane (Figure 29.11).

The Rag GTPases exist as heterodimers (Rag A or B bound 
to Rag C or D) that bind GTP or GDP [122]. Of the combina-
tions,  the  Rag  A/BGTP-RagC/DGDP  states  provide  the  greatest 
degree of activation for mTORC1 while RagA/BGDP-RagC/DGTP 
are the most suppressive. Amino acids, and in particular leucine, 
promote formation of the active Rag A/BGTP state. The RagA/B-
RagC/D-mTORC1  complex  is  bound  to  the  lysozyme  mem-
brane  by  the  action  of  the  proteins,  ragulator,  and  vacuolar 
ATPase (v-ATPase) [123,124]. Ragulator is a guanine nucleotide 
exchange  factor  (GEF)  for Rag A and B, meaning  that  it pro-

Figure 29.11 Activation and regulation of mTORC1. Inactive mTORC1 is recruited from the membrane to the lysosome by the Rag GTPase proteins 
when activated by growth factors and amino acids. The mTORC1-Rag complex associates with proteins Rheb, regulator, vATPase and the amino acid 
transporter, SLC38A9 on the lysosome membrane. GTP bound Rheb potentiates the kinase function of mTORC1, while SLC38A9 is thought to mediate 
amino acid sensing to mTORC1. Source:  Chantranupong et al. 2015 [117]. Reproduced with permission of Elsevier.
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teins eukaryotic translation initiation factor 4E (eIF4E)-binding 
protein (4E-BP1) and S6 kinase 1 (S6K1) both function to stim-
ulate  protein  synthesis  when  activated  by  mTORC1.  The  eIF 
proteins are deeply  involved  in  the  initiation phase of protein 
synthesis  and  eIF4E  specifically  functions  to  direct  the  ribos-
ome to the 5′ cap of mRNA in the initiation complex [107]. The 
4E-BP1 protein binds to eIF4E, thereby inhibiting eIF4E and, in 
this manner, negatively regulating protein synthesis. Activated 
mTORC1 phosphorylates 4E-BP1, which prevents its binding to 
eIF4E. Thus, activated mTORC1 enhances protein synthesis by 
inhibiting the inhibitor (4E-BP-1) of eIF4E [118].

The S6K1 protein is a serine/threonine kinase that has pleio-
tropic functions in protein synthesis, including interacting with 
ribosomes  and  eIFs.  S6K1  phosphorylation  by  activated 
mTORC1 results in increased translation of the 5′ TOP mRNA 
subclass (so named because they contain a 5′ oligopyrimidine 
tract) and enhanced protein  translation mediated by a variety 
of proteins, including phosphorylation of the ribosomal protein 
S6 and of eIF4B [135].

Lipid synthesis downstream of mTORC1 is primarily via the 
sterol regulatory element-binding protein 1/2 (SREBP1/1) and 
perixosome  proliferator-activated  receptor-γ  (PPAR-γ)  [117] 
(Figure  29.12).  Inactive  SREBP  resides  on  the  endoplasmic 

and  amino  acids  inhibit  the  TSC-TBC  complex  allowing  
Rheb  to  bind  GTP  and,  thereby,  activate  the  kinase  function  
of mTORC1 [128]. Importantly, Rheb is required for all forms 
of  mTORC1  activation  and,  to  date,  no  Rheb-independent 
mTORC1 activator has been identified.

The mechanisms by which amino acids activate mTORC1 are 
not  completely  characterized.  However,  recent  evidence  sug-
gests that amino acids are sensed via the lysosome (“the inside-
out” theory), and that select amino acids differentially activate 
mTORC1  via  Rag-dependent  and  Rag-independent  pathways. 
The protein member 9 of the solute carrier family 38 (SLC38A9) 
has recently been recognized to have amino acid transport capa-
bilities and to be bound to the ragulator protein on the lysozyme 
membrane [129,130]. Loss of SLC38A9 has been shown to result 
in  selective  impairment  of  amino  acid-dependent  mTORC1 
activation,  in  particularly  for  arginine  [129,130].  In  contrast, 
gain-of-function mutations in SLC38A9 confer cells with resist-
ance  to  amino  acid  withdrawal.  In  addition,  glutamate  was 
recently discovered to activate mTORC1 in a RagA/B independ-
ent, but adenosine diphosphate ribosylation factor-1 GTPase-, 
v-ATPase- and regulator-dependent, manner suggesting differ-
ential regulation of mTORC1 by amino acids [131].

AMPK, tuberous sclerosis complex,  
and other activators of mTORC1
The mTORC1 complex integrates an extremely diverse array of 
inputs.  Growth  factors  (e.g.,  insulin  and  other  hormones), 
hypoxia,  inflammation  (e.g.,  inflammatory  cytokines),  DNA 
damage, and energy stores (AMPK) are among the signals inte-
grated  by  the  mTORC1  pathway.  An  important  mediator  of 
mTORC1 activation downstream of many of these signals is the 
tuberous sclerosis complex (TSC1-TSC2-TBC). Growth factor 
tyrosine  kinase  receptor  signaling  and  energy  sensing  (via 
AMPK) can activate or inactivate the TSC-TBC with resultant 
mTORC1  inhibition,  or  activation,  respectively  [127].  As 
described  above,  amino  acid  interactions  with  mTORC1  are 
TSC-TBC  independent.  Thus,  the  TSC-TBC  may  be  a  poten-
tially  powerful  target  for  therapeutic  manipulation  of  the 
mTORC1 pathway.

As  previously  discussed,  AMPK  is  an  important  energy 
sensor  that  functions  by  sensing  low  energy  states  (via  ATP/
ADP/AMP)  to  increase energy stores. The proteins TSC2 and 
raptor (a component of the mTORC1 complex) are phosphor-
ylated  by  activated  AMPK  [132].  Phosphorylation  likely  aug-
ments the GTPase-activating protein activity of TSC2 resulting 
in  inactivation  of  Rheb  (i.e.,  maintaining  the  RhebGDP  state), 
thereby inhibiting mTORC1 activation. Similarly, phosphoryla-
tion of raptor results in its association with the 14-3-3 proteins 
with resulting allosteric inhibition of mTORC1 [133].

Downstream effects of mTORC1
Regulation of protein and lipid synthesis by mTORC1
The  control  of  protein  synthesis  is  a  critical  and  well-
characterized process downstream of mTORC1 [134]. The pro-

Figure 29.12 mTORC1 regulation of PPARγ, SREBP and adipogenesis.
Inhibition of mTORC1 results in inhibited translation of PPARγ via 4EBP 
mediated inhibition of the C/EBP transcription factors. mTORC1 
positively regulates cleavage and activation of the SREBP proteins via an 
unknown mechanism. Source:  Laplante and Sabatini 2009 [145]. 
Reproduced with permission of Elsevier.
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can be utilized by the organism for energy, growth, and develop-
ment.  While  many  of  the  elegant  processes  that  lead  to  the 
digestion  and  ultimate  absorption  of  the  end-products  of  the 
carbohydrates, proteins, and lipids that we ingest were described 
in  detail  decades  ago  and  the  clinical  consequences  of  their 
disruption  recognized,  more  recent  research  has  revealed  the 
cellular and molecular mechanisms that regulate the utilization 
of these molecules and appropriately adapt to nutrient depriva-
tion and excess. These new findings, related to what has come 
to  be  referred  to  as  nutrient  sensing,  complete  the  circle  and 
place the processes of nutrient digestion and absorption in the 
much broader context of nutrient supply and demand.

References are available at www.yamadagastro.com/textbook

Further reading

Carey  M.C.,  Small  D.M.,  Bliss  C.M.  Lipid  digestion  and  absorption. 
Annu Rev Physiol 1983;45:651.

Chantranupong  L.,  Wolfson  R.L.,  Sabatini  D.M.  Nutrient-sensing 
mechanisms across evolution. Cell 2015;161:67.

Elsas L.J., Longo N. Glucose transporters. Annu Rev Med 1992;43:377.
Gudmand-Hoyer E, Skovbjerg H. Disaccharide digestion and maldiges-

tion. Scand J Gastroenterol Suppl 1996;216:111.
Ganapathy V., Leibach F.H. Peptide  transporters. Curr Opin Nephrol 

Hypertens 1996;5:395.
Hardie  D.G.,  Ross  F.A.,  Hawley  S.A.  AMPK:  a  nutrient  and  energy 

sensor  that  maintains  energy  homeostasis.  Nat  Rev  Mol  Cell  Biol 
2012;13:251.

Kilberg M.S., Balasubramanian M., Fu L., et al. The transcription factor 
network  associated  with  the  amino  acid  response  in  mammalian 
cells. Adv Nutr 2012;3:295.

Laplante  M.,  Sabatini  D.M.  mTOR  signaling  in  growth  control  and 
disease. Cell 2012;149:274.

Wang T.Y., Liu M., Portincasa P., et al. New insights into the molecular 
mechanism  of  intestinal  fatty  acid  absorption.  Eur  J  Clin  Invest 
2013;43:1203.

Wright E.M., Loo D.D. Coupling between Na+, sugar, and water trans-
port across the intestine. Ann N Y Acad Sci 2000;915:54.

reticulum. However, when activated (via insulin or low levels of 
intracellular cholesterol) these transcription factors are freed by 
proteolytic cleavage. In this instance, proteolysis is mediated by 
site-1 protease  (S1P) and site-2 protease  (S2P) [136]. The free 
transcription factors then translocate to the nucleus and bind to 
sterol regulator elements on DNA and, thereby, direct the syn-
thesis of cholesterol and lipid generating enzymes [136]. Inhibi-
tion of mTORC1, via unknown mechanisms, results in reduced 
SREBP1/2 expression and processing, resulting in inhibition of 
induction of lipogenic genes [137]. While the complete mecha-
nism behind mTORC1 regulation of SERBPs is unknown, S6K1 
is thought to play a role.

The PPAR-γ belongs to a family of nuclear receptors that also 
function as transcription factors. PPAR-γ is induced during the 
process of adipogenesis (differentiation of cells toward mature 
adipocytes)  by  the  CCAAT/enhancer  binding  protein  (CEBP) 
family of transcription factors (CEBP/β, CEBP/δ, and CEBP/α) 
[138,139]. PPAR-γ activates adipogenic and lipogenic genes and 
promotes  uptake  and  synthesis  of  fatty  acids.  Inhibition  of 
mTORC1 results in reduced PPAR-γ translation and expression 
with  subsequent  impairments  of  adipogenesis  [140].  These 
mTORC1-dependent effects on PPAR-γ are thought to be medi-
ated by the protein 4E-BP1.

Although our understanding of the mechanisms that under-
lie  mTORC1  regulation  of  SREBP1/2  and  PPAR-γ  remain 
incomplete, the physiological  importance of mTORC1 in lipid 
metabolism is evidenced by the marked abnormalities in serum 
triglycerides that can occur in patients treated with rapamycin 
(sirolimus) or its analogues (tacrolimus).

Conclusions

The gastrointestinal tract plays its most fundamental role in the 
homeostasis of the complete organism through its many contri-
butions  to  the  digestion  and  absorption  of  nutrients  derived 
from our dietary  intake. Complex adaptations of  the anatomy 
and  physiology  of  the  gastrointestinal  tract  have  evolved  to 
facilitate and promote absorption of molecules  in a  form  that 
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CHAPTER 30

Introduction

Vitamins and minerals are necessary cofactors for hundreds of 
biochemical reactions that are essential for proper bodily func-
tion. Patients with gastrointestinal and liver diseases have dis-
ruptions in their physiology that place them at risk for numerous 
vitamin  and  mineral  deficiencies.  The  clinician  caring  for 
patients with alimentary and hepatic disorders should know the 
risk  of  vitamin  and  mineral  deficiency  (or  deficiencies),  their 
potential ramifications, how to recognize their signs and symp-
toms,  utilize  confirmatory  diagnostic  testing,  and  become 
familiar  with  corrective  supplementation  and  monitoring 
guidelines. Many individuals with digestive disorders consume 
vitamins and minerals  above  the dietary  reference  intake  rec-
ommendation  and  are  at  risk  for  toxicity.  Thus,  we  provide  a 
comprehensive  review  of  the  vitamins  and  minerals,  their 
actions,  dietary  sources,  risk  factors  for  deficiency,  signs  and 
symptoms of deficiency, and toxicity and treatment.

Water-soluble vitamins

Thiamin (B-1)
Function, structure, sources, and requirements
Thiamin plays a key role in carbohydrate metabolism and neural 
function. Thiamin is phosphorylated to its active form thiamin 
pyrophosphate, which acts as a coenzyme for pyruvate dehydro-
genase  and  for  the  decarboxylation  of  α-ketoacids.  Because 

thiamin is needed for pyruvate to enter the Kreb’s cycle, a lack 
of the nutrient leads to build up of pyruvate, which is converted 
to  lactate.  Hence,  d-lactic  acidosis  can  be  seen  with  severe 
thiamin deficiency. Thiamin is present in significant amounts in 
pork, as well as being a fortificant in cereal products. The daily 
reference  intakes  (DRI)  for  thiamin  are  1.2 mg  for  men  and 
1.1 mg for women, and 1.4 mg during pregnancy and lactation 
(Table 30.1) [1].

Thiamin is absorbed by a dual process in the jejunum. At low 
concentrations (0.2–2.0 mm), thiamin is absorbed by an active 
Na+-dependent transport that involves phosphorylation, and at 
higher concentrations, it is absorbed by passive diffusion [2].

Deficiency
Thiamin deficiency is common in chronic alcoholics because of 
a combination of poor intake and reduced absorption – alcohol 
interferes with active transport absorption across the basal ente-
rocyte  membrane  [3].  Other  causes  of  thiamin  deficiency 
include extensive diuretic use and extreme malnutrition of any 
cause, such as chronic recurrent vomiting, anorexia, and mal-
absorption syndromes. With the increased popularity of gastric 
bypass surgery, thiamin deficiency in this context has become a 
problem [4]. The clinical manifestations of  thiamin deficiency 
are  anorexia,  weight  loss,  and  cardiac  and  neurological  signs. 
Deficiency can result in beriberi, which can take two distinctly 
different forms. Classical wet beriberi, which often accompanies 
starvation,  is  characterized  by  cardiomyopathy  with  high-
output cardiac failure. In contrast, dry beriberi is characterized 
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demand  for  residual endogenous  thiamin with resultant overt 
thiamin  deficiency  manifest  by  cardiac  failure  and  confusion. 
Patients  with  Alzheimer  disease  have  decreased  levels  of  
brain thiamin pyrophosphate, but do not respond to thiamine 
therapy [8].

Assessment of status
Thiamin status is most accurately assessed by a functional assay 
of  erythrocyte  transketolase  before  and  after  the  addition  of 
thiamin pyrophosphate [9].

Riboflavin (B-2)
Function, structure, sources, and requirements
Riboflavin,  or  vitamin  B-2,  supports  the  metabolism  of  all 
macronutrients and antioxidant protective mechanisms. Ribo-
flavin  exists  in  coenzyme  forms  as  flavin  mononucleotide 
(FMN) and flavin adenine dinucleotide (FAD), each of which is 

by  progressive  stocking–glove  polyneuropathy  of  the  lower 
extremities.  The  extensive  use  of  diuretics  promotes  thiamine 
deficiency in patients with congestive heart failure, whereas the 
left  ventricular  ejection  fraction  improves  with  thiamine 
replacement  [5].  Additional  neurological  features  of  thiamin 
deficiency occur in chronic alcoholics and are classified as the 
Wernicke–Korsakoff syndrome, where manifestations range in 
relation to the severity and duration of the deficiency, for nys-
tagmus  and  ocular  paresis,  to  cerebellar  dysfunction  with  a 
wide-based  gait,  to  global  confusion,  and,  ultimately,  perma-
nently  impaired  mentation  [6].  Acute  Wernicke–Korsakoff  
syndrome with delirium has been recognized as a severe com-
plication of prolonged postoperative vomiting  that may occur 
with  insufficient  size  of  the  gastric  outlet  in  gastric  bypass 
surgery  [7].  Because  body  stores  of  thiamin  are  regulated  by 
carbohydrate  metabolism,  the  administration  of  intravenous 
glucose  to  a  malnourished  patient  may  precipitate  an  acute 

Table 30.1 Water-soluble vitamins.

Thiamin (B-1) Riboflavin (B-2) Niacin (B-3) Pantothenic acid 
(B-5)

Pyridoxine (B-6) Biotin (B-7)

Dietary 
source

Whole grain, fortified 
cereals, pork, organ 
meats

Milk, eggs, fortified 
cereals

Tryptophan , fish, 
liver, meat, 
legumes, fortified 
cereals

Wide variety of 
foods: meat, 
vegetables, 
unprocessed grains

Meat, fish, poultry, 
noncitrus fruit, 
fortified cereals

Peanuts, almonds, 
soy, eggs, yogurt

Daily 
requirement

Men 1.2 mg; women 
1.1 mg; pregnancy 
and lactation 1.4 mg

Men 1.3 mg; 
women 1.1 mg; 
pregnancy 1.4 mg, 
lactation 1.6 mg

Niacin equivalents 
(NE is 60 mg 
tryptophan): men 
16 NE; women 14 
NE; pregnancy 18 
NE, lactation 17 NE

Men and women 
5 mg; pregnancy 
6 mg; lactation 7 mg

Men and women 
1.3–1.7 mg; 
pregnancy 1.9 mg, 
lactation 2.0 mg

Men and women 
30 μg; pregnancy 
30 μg; lactation 
35 μg

Absorption Active Na+-dependent 
transport, passive 
diffusion higher dose

Active Na+-
dependent transport

Active tryptophan; 
passive niacin

Passive diffusion; 
and active transport 
in jejunum

Hydrolysis and 
passive transport

Carrier-mediated 
diffusion

Function Carbohydrate and 
energy metabolism

Redox, especially 
glutathione 
reductase; cofactor 
for MTHFR

NAD and NADP 
redox reactions, 
DNA repair

Carbohydrate and 
energy metabolism, 
manufacture of red 
blood cells and 
adrenal hormones

Heme synthesis, 
cofactor for alanine 
transaminase, 
cystathione 
β-synthase

Carboxyl carrier for 
enzymatic reactions 
related to 
gluconeogenesis 
and fatty acid 
formation

Clinical signs 
of deficiency

High-output heart 
failure, peripheral 
neuropathy, 
Wernicke–Korsakoff 
syndrome

Glossitis, peripheral 
neuropathy, elevated 
homocysteine in TT 
homozygous MTHFR 
677C→T

Pellagra in 
malnutrition, AIDS, 
Hartnup disease, 
carcinoid syndrome

Fatigue, insomnia, 
depression, 
irritability

Elevated 
homocysteine, 
altered cognition, 
glossitis, peripheral 
neuropathy

Rare, but can be 
induced by avidin 
(raw egg whites)
Also in setting of 
incomplete 
parenteral nutrition: 
dermatitis, glossitis

Toxicity None known None known Flushing, 
exacerbation of 
peptic ulcer

Diarrhea at intakes 
of 10–20 g

Sensory neuropathy 
in gram amounts

None known

Method of 
assessment

Erythrocyte 
transketolase

Erythrocyte 
glutathione 
reductase

Urine metabolites Urinary excretion, 
and blood levels

HPLC HPLC

HPLC, high-pressure liquid chromatography; MTHFR, methylenetetrahydrofolate reductase; NAD, nicotinamide adenine dinucleotide; NADP, 
nicotinamide adenine dinucleotide phosphate.
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plays a role as a cofactor for methylenetetrahydrofolate reduct-
ase (MTHFR) in reducing homocysteine (Figure 30.1), particu-
larly  in  individuals  who  are  homozygous  for  the  677C→T 
polymorphism [17].

Deficiency
Riboflavin  deficiency  is  often  associated  with  deficiencies  of 
other water-soluble vitamins in the setting of malnutrition asso-
ciated with chronic alcoholism, celiac disease, and anorexia of 
any cause. The clinical manifestations  include  intense glossitis 
(magenta tongue), cheilosis, angular stomatitis, seborrheic der-
matitis, and peripheral neuropathy [12].

Toxicity
There  are  no  known  toxicities,  but  elevated  levels  have  not 
shown benefit.

Assessment
Riboflavin  status  is  assessed  by  determining  the  level  in  the 
urine using high-pressure liquid chromatography (HPLC) or by 

involved  in  redox  reactions.  The  food  sources  of  riboflavin 
include milk, eggs, and fortified cereals. The DRIs for riboflavin 
are 1.3 mg for men, 1.1 mg for women, 1.4 mg during pregnancy, 
and 1.6 mg during lactation (see Table 30.1) [10].

Absorption and homeostasis
During the process of assimilation, dietary FAD and FMN are 
released from food protein by gastric acid and then hydrolyzed 
by intestinal phosphatases. Riboflavin is absorbed in the proxi-
mal  small  intestine  by  a  Na+-independent,  carrier-mediated 
system  [11].  Riboflavin  circulates  in  the  plasma  bound  to 
albumin  and  enters  cells  by  carrier-mediated  transport;  it  is 
excreted in the urine [12]. Riboflavin metabolism appears to be 
unaffected by liver disease [13]. A major function of flavin coen-
zymes is the regulation of redox reactions. For example, FAD is 
essential as a cofactor for glutathione reductase, which regener-
ates glutathione, the principal antioxidant substrate for the pro-
tection  of  cellular  functions  [14,15].  In  addition,  FMN  is 
required  for  the  generation  and  activation  of  pyridoxal  phos-
phate from nonphosphorylated forms of pyridoxine [16]. FAD 

Figure 30.1 Interactions of folate and methionine metabolism. BHMT, betaine homocysteine methyltransferase; CBS, cystathionine β-synthase; 
CDP-choline, cytidine diphosphorylcholine; choline-P, phosphoryl choline; DHF, dihydrofolate; DNMTs, DNA methyltransferases; dTMP, 
deoxythymidine monophosphate; dUMP, deoxyuridine monophosphate; GSH, glutathione; MAT, methionine adenosyltransferase; MS, methionine 
synthase; 5-MTHF, 5-methyltetrahydrofolate; 5,10-MTHF, 5,10-methylenetetrahydrofolate; MTHFR, methylenetetrahydrofolate reductase; PC, 
phosphatidylcholine; PE, phosphatidylethanolamine; PEMT, phosphatidylethanolamine methyltransferase; SAH, S-adenosylhomocysteine; SAM, 
S-adenosylmethionine; SAHh, SAH hydrolase; THF, tetrahydrofolate; TS, thymidylate synthase.
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ventions to help ameliorate the side-effects include: (i) the use 
of lower doses of niacin together with a statin medication [24]; 
(ii)  use  of  concomitantly  administered  low-dose  nonsteroidal 
antiinflammatory agents (NSAIDs) [25–27]; (iii) niacin is avail-
able in three formulations (immediate, sustained, and extended 
release) and a good alternative is the extended-release formula-
tion,  which  has  the  efficacy  of  immediate  release  without  the 
side-effects [28].

Assessment
Niacin  status  is  assessed by measurement of  the urinary  ratio  
of  its  metabolites,  N-methyl-2-pyridone-5-carboxamide  and 
N-methylnicotinamide [9].

Pyridoxine (vitamin B-6)
Structure, sources, and requirements
Vitamin B-6 is widely distributed in foods, occurring in greatest 
concentrations  in  meats,  whole-grain  products  (especially 
wheat), vegetables, and nuts. Vitamin B-6 has a variety of func-
tions in enzymatic reactions involving metabolism of glycogen, 
lipid metabolism, erythrocyte metabolism and function, metab-
olism  of  tyrosine  and  tryptophan-derived  neurotransmitters 
(dopamine,  serotonin,  epinephrine,  norepinephrine),  and 
hormone modulation.

Absorption and homeostasis
Vitamin B-6 in its dephosphorylated forms is readily absorbed 
in  the  jejunum  [29].  It  has  been  thought  to  be  absorbed  by 
passive diffusion [30]. A related compound, pyridoxine-5′-β-d 
glucoside was found to be taken up by Caco-2 cells in a pattern 
that is consistent with passive diffusion across a wide range of 
pyridoxine-5′-β-d  glucoside  extracellular  concentration  [31]. 
The exchange of sodium for other monovalent cations did not 
change pyridoxine-5′-β-d glucoside uptake by Caco-2 cells. The 
results  suggest  that  pyridoxine-5′-β-d  glucoside  is  taken  by  a 
Na+-independent process by passive diffusion. The concept of 
absorption  by  passive  diffusion  has  recently  been  challenged 
[32]. Said and colleagues provided evidence for the existence of 
a  specialized,  carrier-mediated  system  for  pyridoxine  uptake. 
This system is Na+-independent but highly dependent on acid 
buffered pH and is amiloride sensitive [33].

Deficiency
Isolated deficiency of vitamin B-6 is uncommon. However, the 
tuberculosis drug isoniazid and penicillamine bind it, and may 
induce iatrogenic deficiency.

Toxicity
Peripheral neuropathy can be a symptom of megadoses.

Cobalamin (vitamin B-12)
Function, structure, sources, and requirements
The  name  vitamin  B-12  refers  to  a  family  of  cobalamin  com-
pounds. In its active coenzyme forms, the cobalt atom is bound 

colorimetric measurement of erythrocyte glutathione reductase 
before and after the addition of FAD [9].

Niacin (B-3)
Structure, sources, and requirements
Niacin  –  essential  in  all  cells  for  metabolism  –  is  expressed 
biologically by its two coenzymes, nicotinamide adenine dinu-
cleotide  (NAD) and nicotinamide adenine dinucleotide phos-
phate  (NADP).  Both  forms  are  involved  in  a  vast  number  of 
redox reactions in the generation of energy from carbohydrates, 
fats, proteins, and ethanol. NADP is also involved in fatty acid 
and cholesterol biosynthesis, and NAD is the substrate for poly 
(ADP-ribose) polymerase, which is involved in DNA replication 
and repair [18]. Dietary niacin is derived from animal protein 
as  tryptophan,  and  as  nicotinic  acid  and  nicotinamide  from 
enriched or whole-grain cereals, leafy vegetables, and legumes. 
The DRI  for niacin  is measured  in units called niacin equiva-
lents. Because niacin  is derived  from  tryptophan, 1 mg niacin 
equivalent  is  equal  to  60 mg  tryptophan.  The  DRI  of  niacin  
is 16 mg of niacin equivalents  for men and 14 mg  for women, 
with 18 mg during pregnancy and 17 mg during lactation (Table 
30.1) [19].

Absorption and homeostasis
The two coenzyme forms of niacin – NAD and NADP – need 
to be digested to release nicotinic acid (NA) and nicotinamide 
(Nam), which are absorbed in the stomach and the small intes-
tine via carrier-mediated diffusion.

Deficiency
Pellagra is the classical disease of niacin deficiency and occurs 
in populations whose diets contain insufficient animal protein 
as a source of tryptophan, in particular if corn is used as a grain 
staple.  Once  prevalent  as  a  cause  of  mental  illness  among  the 
very poor in the southern United States, pellagra was eliminated 
after Goldberger’s classic finding that the missing vitamin was 
present in grains other than corn [20]. It still occurs in persons 
living  in  areas  of  Africa  and  other  less-developed  countries 
where there is a scarcity of animal protein, and in malnourished 
chronic alcoholics [21], and sometimes in patients with acquired 
immunodeficiency  syndrome  [22].  Pellagra  is  clinically  mani-
fest by  the “three Ds” of diarrhea, dementia, and dermatitis – 
and  in  the  most  severe  cases,  the  “fourth  D”  death.  The 
dermatological manifestation is a scaly red rash of sun-exposed 
areas. Characteristic signs of pellagra may also occur in Hartnup 
disease  of  congenital  impaired  tryptophan  absorption  and  in 
the  carcinoid  syndrome,  in  which  endogenous  tryptophan  is 
diverted into serotonin synthesis [23].

Toxicity
Niacin in doses ranging from 1 to 3 g/day is often used in the 
treatment of combined hyperlipidemia. The common toxic side-
effects include flushing (which is related to the absorption rate), 
and exacerbation of peptic ulcer disease. Some suggested inter-
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Deficiency
The daily requirement of cobalamin of 2.4 μg [40] is very small 
compared  to  its  body  pool  size  (1–2 mg);  therefore,  it  takes 
several years to become deficient from dietary inadequacy alone 
and only true vegans are at risk for dietary inadequacy. World-
wide  incidence of  this vitamin deficiency  is substantial due to 
dietary  insufficiency. However,  in  the United States deficiency 
is  prevalent  in  older  adults  who  have  a  higher  prevalence  of 
achlorhydria and in those with digestive diseases causing mal-
absorption of the vitamin [41].

The clinical expression of cobalamin deficiency as megalob-
lastic  anemia  and  hyperhomocysteinemia  is  indistinguishable 
from  that  of  severe  folate  deficiency  (Box  30.1).  However, 
because cobalamin also participates in the methylmalonyl-CoA 
mutase  reaction,  its  deficiency  may  also  be  expressed  in  the 
nervous system as subacute combined degeneration of the pos-
terior columns of the spinal cord, which is characterized by the 

to specific moieties,  resulting  in methylcobalamin and adeno-
sylcobalamin,  whereas  cyanocobalamin  is  the  pharmaceutical 
and  interchangeable  form  of  the  vitamin.  Cobalamin  serves  a 
role  in  two  major  enzymatic  reactions:  methylcobalamin  par-
ticipates  in the transfer of the methyl group from 5-MTHF to 
total homocysteine (tHcy), producing methionine and tetrahy-
drofolate  (THF)  (Figure  30.1);  and  adenosylcobalamin  is  a 
cofactor for methylmalonyl-coenzyme A (CoA) mutase  in the 
conversion  of  methylmalonyl-CoA  to  succinyl-CoA.  In  this 
section, the term cobalamin is used to describe dietary sources, 
metabolic  pathways,  and  clinical  manifestations  of  deficiency. 
The term vitamin B-12 is used to describe the pharmacological 
and supplemental forms of the vitamin.

The most abundant source is from food sources of cobalamin: 
animal  products,  including  meat,  fish,  shellfish,  poultry,  eggs, 
milk, and other dairy products. The adult DRI for cobalamin is 
2.4 μg/day  (2.6 μg  during  pregnancy  and  2.8 μg  during  lacta-
tion), which accounts  for an average 50% absorption  from all 
dietary sources.

Absorption and homeostasis
In the presence of gastric acid and pepsin, cobalamin is sepa-
rated from its protein bond and then is transferred to R protein 
(also  called  haptocorrin),  which  is  secreted  by  salivary  and 
parietal cells [34] (Figure 30.2). Intrinsic factor (IF) from acid-
secreting parietal cells, ineffective as a cobalamin binder at the 
acid  pH  of  the  healthy  stomach,  moves  to  the  duodenum 
where, at the neutral pH of the duodenum, it binds cobalamin 
and  traverses  the  small  intestine  to  the  ileum  [34,35].  The 
absorption  of  cobalamin  by  ileal  enterocytes  requires  several 
binding proteins. First, the cobalamin–IF complex is bound to 
a  specific  membrane  receptor  on  the  ileal  enterocyte  called 
cubulin, which arranges itself next to another enterocyte recep-
tor  called  amnionless  (AML).  Subsequent  transfer  across  the 
ileal  enterocyte  involves  the  intracellular  cleavage  of  the 
cobalamin–IF/cubulin/amnionless  complex  [36].  Cobalamin 
then binds  to  transcobalamin II, which carries cobalamin out 
of  the  ileal  mucosa  to  the  portal  circulation  [37,38].  The 
transcobalamin II–cobalamin complex, known as holotransco-
balamin,  accounts  for  10%–20%  of  all  circulating  cobalamin 
and  is  essential  for  its  transport  to  all  cells  of  the  body.  Hol-
otranscobalamin  is  taken  into  cells  by  endocytosis,  which  is 
followed  by  liberation  of  the  two  coenzyme  forms  methylco-
balamin  and  adenosylcobalamin  [34].  In  an  enterohepatic 
cycle,  about  1.4 μg/day  of  endogenous  cobalamin  is  secreted 
into  the  bile  as  a  complex  with  R  protein  [39].  Circulating 
cobalamin is then released from biliary R protein by pancreatic 
trypsin  and  then  rapidly  bound  to  IF  for  subsequent  passage 
to  the  ileal  receptor  site,  where  about  half,  or  0.7 μg/day,  is 
reabsorbed and the other half is excreted in the stool [40]. The 
dissociation  of  B-12  from  the  R  protein  is  pH  dependent, 
requiring the high pH of bicarbonate to dissociate and as such 
pancreatic insufficiency is a known risk factor for low vitamin 
B-12  levels.

Figure 30.2 Sequential steps in the gastrointestinal absorption of dietary 
protein-bound cobalamin (Cbl). Gastric acid is required to liberate both 
methylcobalamin and adenosylcobalamin from dietary protein. In the 
acidic gastric environment, cobalamin is then bound to salivary R 
proteins, and gastric parietal cells secrete intrinsic factor (IF). After 
neutralization of the gastric contents in the upper duodenum and 
pancreatic protease digestion of the R protein–cobalamin complex, free 
cobalamin then binds to IF. After transit to the terminal 50 cm of ileum, 
the IF–cobalamin complex interacts at the microvillus surface with the 
specific ileal receptors cubulin and amnionless, and is then internalized 
and binds to megalin and transcobalamin II. Source: Sitrin 1996 [424]. 
Reproduced with permission of Dr. Eugene B Chang.
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Many  other  clinical  conditions  involving  the  stomach  or 
small intestine cause cobalamin malabsorption. For example, a 
case–control study of patients older than 65 years reported that 
chronic use of proton pump inhibitors is associated with a four-
fold greater risk of cobalamin deficiency [47]. Surgical causes of 
cobalamin  deficiency  include  total  gastrectomy  and  gastric 
bypass  surgery  for  obesity,  each  of  which  is  associated  with 
food-bound cobalamin malabsorption secondary  to achlorhy-
dria.  A  survey  performed  early  in  the  era  of  gastric  bypass 
surgery found that two-thirds of patients developed cobalamin 
deficiency within 12 months of surgery, though this is thought 
to  be  a  result  of  blind  loop  syndrome  and  resulting  bacterial 
overgrowth [48]. However, a more recent survey found a 12% 
incidence  of  postoperative  cobalamin  deficiency  among  rou-
tinely screened patients [49]. Persistent duodenal hyperacidity 
may  inactivate  pancreatic  trypsin  and  prevent  the  transfer  of 
cobalamin  from gastric R protein  to  IF;  thus,  cobalamin defi-
ciency  is  a  recognized  component  of  Zollinger–Ellison  syn-
drome [50].

Abnormal pancreatic and upper intestinal events
Although  cobalamin  malabsorption  was  described  in  50%  of 
patients  with  pancreatic  insufficiency,  including  patients  with 
cystic fibrosis, actual deficiency is uncommon in these patients 
[51].  Pancreatic  insufficiency  leads  to  decreased  bicarbonate 
and hence acidification, which accompanied by decreased pan-
creatic  trypsin  contributed  to  an  alkaline  environment  where 
B-12 and R-protein cannot be cleaved. During passage through 
the jejunum, the cobalamin–IF complex is susceptible to bacte-
rial cleavage or uptake; cobalamin deficiency with megaloblastic 
anemia is an increasingly recognized clinical expression of bac-
terial  overgrowth  syndromes  in  the  elderly  [52,53].  Intestinal 
infestation with the fish tapeworm Diphyllobothrium latum also 
causes  cobalamin  deficiency  through  competition  for  the 
cobalamin–IF complex [54].

Abnormal ileal events
According to retrospective studies of patients with  ileal resec-
tions of various lengths, at least 50–80 cm of the terminal ileum 
participates in the ileal uptake and transfer of cobalamin, so that 
patients with  inflammatory disease affecting  longer  lengths of 
intestine or those who have had surgical resection of the termi-
nal  ileum  are  at  increased  risk  for  cobalamin  deficiency  [55]. 
Diseases  that  interrupt  enterohepatic  cycling,  such  as  Crohn’s 
disease affecting the terminal ileum, radiation enteritis [56], and 
ileal bypass surgery or resection [57], promote increased loss of 
endogenous  cobalamin  in  the  feces.  Surgical  resection  of  the 
ileocecal  valve  increases  the  risk  for  cobalamin  deficiency  by 
permitting  the  migration  of  colonic  bacteria  and  subsequent 
small  intestinal  bacterial  overgrowth.  Because  the  terminal 
ileum is the site for both dietary cobalamin absorption and the 
reabsorption of endogenous cobalamin  from its enterohepatic 
circulation,  cobalamin  deficiency  may  become  evident  within 

loss  of  position  and  vibratory  sensation  and  other  features  of 
peripheral neuropathy of the lower extremities. Cobalamin defi-
ciency also has more subtle and frequent effects on the central 
nervous system that include neuropsychiatric disorders such as 
ataxia,  paresthesias,  memory  loss,  cognitive  dysfunction,  and 
more severe dementia, even in the absence of anemia [42].

Gastric acid is required for the release of food-bound cobala-
min from dietary protein so achlorhydric individuals are at risk 
for  cobalamin  deficiency.  Achlorhydria  of  aging  is  the  most 
common  cause  of  cobalamin  deficiency  in  the  United  States. 
According  to  the  criteria  of  elevated  levels  of  methylmalonic 
acid  and  tHcy  and  a  serum  cobalamin  level  of  less  than 
222 pmol/L (300 pg/mL), at least 15% of ambulatory individuals 
older than 65 years are B-12 deficient in the United States, with 
greater prevalence  in Hispanic Americans and  less  in African 
Americans  [41,44].  A  similar  incidence  of  age-related  cobala-
min deficiency has been reported  in European countries [34]. 
The increasing prevalence of age-related cobalamin deficiency, 
which  is  40%  in  persons  older  than  80  years  [34],  could  be  a 
greater  prevalence  in  that  age  cohort  of  Helicobacter pylori, 
which  predisposes  to  more  severe  gastric  atrophy  and  malab-
sorption of food-bound cobalamin [45].

Pernicious anemia was first described by Thomas Addison in 
the  early  19th  century,  and  is  recognized  as  an  autoimmune 
disorder characterized by the absence of IF in the gastric juice 
in association with achlorhydria. Almost all patients have gastric 
and serum antibodies to either parietal cells or IF, and most have 
elevated  serum  gastrin  levels  [34].  Pernicious  anemia  may  be 
associated  with  other  autoimmune  diseases,  including  Hashi-
moto  thyroiditis, adrenal atrophy, and Sjögren syndrome, and 
carries increased potential for the development of gastric aden-
ocarcinoma,  lymphoma,  and  carcinoid  tumors.  While  the 
overall  incidence of pernicious anemia  in  the United States  is 
about  two  cases  per  1000  per  year  [41],  it  increases  with  age 
[46]. Because  IF  is also required  for  the absorption of endog-
enous  cobalamin  in  the  enterohepatic  circulation,  cobalamin 
deficiency develops more rapidly in patients with untreated per-
nicious  anemia  than  in  strict  vegans  or  the  aforementioned 
elderly  persons  with  achlorhydria.  There  is  an  associated 
increased risk of gastric neoplasms so persons with proven per-
nicious  anemia  should  have  endoscopic  surveillance  every  3 
years [34].

Box 30.1 Relationship between vitamin B-12, folate, and 
homocysteine.

Because folate and vitamin B-12 work in conjunction, a deficiency in 
either vitamin can result in high serum homocysteine levels. However, 
vitamin B-12 deficiency can result in a secondary folate deficiency due 
to trapping the folate as 5-methyl-FH4 (so called the methyl-folate 
trap) [43]. Giving folate to a person with vitamin B-12 deficiency can 
therefore actually precipitate the vitamin B-12 deficiency, which can 
result in neurological damage.
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treated with intramuscular injections of vitamin B-12, starting  
at 1000 μg/day for a week,  then weekly  for a month, and then 
in monthly 1000-μg doses, ideally after training in self-injection. 
A  study  of  33  patients  with  cobalamin  deficiency  caused  by 
atrophic  gastritis  with  or  without  pernicious  anemia  reported 
that an oral dose of 2000 μg/day was as effective in correcting the 
deficiency  as  a  intramuscular  dose  of  1000 μg/month  [61]. 
Patients who develop cobalamin deficiency  in  the presence of 
bacterial overgrowth, ileal disease, or surgical resection, each of 
which  limits  the  absorption  of  the  cobalamin–IF  complex, 
should  be  similarly  treated  with  regular  parenteral  cobalamin 
injections.

Folate
Structure, sources, and requirements
Folate  is  a  coenzyme  in  the  single-carbon  transfers  necessary 
for  the  synthesis  of  nucleic  acids  and  amino  acids.  Folate  is 
found  naturally  in  a  wide  variety  of  foods.  Dark  green  leafy 
vegetables (spinach, Brussels sprouts) liver, yeast, and asparagus 
are  among  the  foods  with  the  highest  folate  content,  though 
folate is also a component of fruits and fruit juices, nuts, beans, 
peas,  dairy  products,  poultry  and  meat,  eggs,  seafood,  and 
grains.

The  DRI  for  folate  from  all  sources  is  expressed  in  dietary 
folate equivalents (DFEs). This term accounts for the fact  that 
folic acid (the form in supplements and additives) is 1.7 times 
more  bioavailable  than  the  folates  that  naturally  occur  in  
foods [62].

The DRI for folate is set at 400 μg of DFE per day for adults, 
600 μg/day during pregnancy, and 500 μg/day during lactation. 
Since  1998,  all  grain  products  in  the  United  States  have  been 
fortified with folic acid at 140 μg/g to ensure a daily intake equal 
to or more than the DRI for folate.

Folate absorption and homeostasis
Folates  are  absorbed  in  the  duodenum  and  upper  jejunum. 
During  the  process  of  intestinal  absorption,  dietary  folylpoly-
glutamates  are  hydrolyzed  at  the  epithelial  cell  (enterocyte) 
brush  border  membrane,  followed  by  active  transport  of  the 
folylmonoglutamate  derivative  into  the  absorbing  enterocyte. 
The  absorption  of  monoglutamyl  folic  acid  was  about  85%, 
compared  to  about  50%  absorption  of  complex  dietary  poly-
glutamyl folates, in adult human volunteers [63].

Two  intestinal  brush  border  proteins  –  glutamate  carbox-
ypeptidase II (GCP2, or folate hydrolase) and the reduced folate 
carrier – are required, respectively, for the sequential hydrolysis 
of  dietary  folylpolyglutamates  and  the  transport  of  folyl-
monoglutamate derivatives across the enterocyte brush border 
and  basolateral  membranes  [64,65].  Folate  in  its  reduced  and 
methylated forms is more easily absorbed [66–68].

The  uptake  of  5-MTHF  by  hepatocytes  involves  binding  to 
the liver plasma membrane and carrier-mediated transport into 
the cell. The binding step is regulated in part by the high-affinity 
folate  receptor,  folate-binding  protein.  Within  hepatocytes, 

several  months  of  surgical  resection  of  more  than  50 cm  of 
terminal ileum [57].

Small intestine bacterial overgrowth
In small intestine bacterial overgrowth (SIBO), a side-effect can 
be decreased absorptive function of the small  intestine, where 
vitamin  deficiency  is  secondary  to  the  intestinal  damage. 
Vitamin B-12 deficiency  is one of  the most common nutrient 
deficiencies that occurs as a result of SIBO. This occurs because 
the bacteria are able to utilize the nutrient instead of allowing 
for ileal absorption.

Diagnosis of cobalamin deficiency
Cobalamin is conventionally measured in the serum by a radio-
assay with high specificity and sensitivity, with values less than 
250 pmol/L considered subnormal [44,58]. The measurement of 
holotranscobalamin  is  potentially  a  more  accurate  assessment 
of the amount of cobalamin that is available for cellular uptake, 
but  its  utility  relative  to  the  cobalamin  assay  is  still  uncertain 
[59]. Measurements of the metabolites tHcy and methylmalonic 
acid (MMA) are both useful  to confirm cobalamin deficiency. 
An  elevated  tHcy  is  nonspecific  and  does  not  distinguish 
between cobalamin deficiency and folate deficiency, whereas the 
measurement of MMA is costly and often not easily available. 
MMA measurement has been recommended to confirm cobala-
min deficiency when the serum cobalamin level is in the inter-
mediate range between 125 and 250 pmol/L. However, there is 
also a gray area of uncertain MMA normality; a value greater 
than 0.75 μmol/L is confirmatory of cobalamin deficiency [58].

The Schilling test of cobalamin deficiency, which was widely 
available  until  recently,  involved  measuring  the  24-h  urine 
excretion of labeled cobalamin with and without the inclusion 
of exogenous IF. This test was used to differentiate among dietary 
causes (normal absorption), pernicious anemia (low absorption 
corrected with exogenous IF), ileal malabsorption (low in either 
case),  and  intestinal  bacterial  overgrowth  (low  then  corrected 
with  oral  antibiotics).  However,  this  “gold  standard”  test  is 
seldom available because of limited availability of exogenous IF, 
the  need  for  the  use  of  radioactive  dosages,  and  cumbersome 
urine collections. The clinician must rely on a careful history to 
distinguish  potential  causes  before  determining  the  best 
approach to the treatment of cobalamin deficiency.

Treatment of cobalamin deficiency
The treatment of cobalamin deficiency is based on both its detec-
tion and the identification of its cause. Because cobalamin defi-
ciency secondary to the achlorhydria of aging or gastric surgery 
is  caused  by  malabsorption  of  food-bound  dietary  cobalamin 
but  not  of  unbound  crystalline  pharmaceutical  vitamin  B-12,  
it can usually be treated by supplemental oral vitamin B-12 at 
over-the-counter  doses  of  350 μg/day  crystalline  vitamin  B-12 
supplement [60]. Because patients with pernicious anemia lack 
both  IF  and  gastric  acid,  they  can  absorb  neither  crystalline 
cobalamin  nor  dietary  food-bound  cobalamin  and  must  be 
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Malabsorption
Intestinal  folate  malabsorption  and  deficiency  are  associated 
with diseases and surgical procedures that affect absorption by 
enterocytes  in  the  duodenum  and  jejunum,  such  as  celiac 
disease, severe Crohn’s disease, extensive gastric bypass surgery 
for severe obesity, and extensive small bowel surgery. A Finnish 
study  found  that  about  one-third  of  adolescents  with  celiac 
disease had low serum folate concentrations, which was double 
the incidence in control subjects [73], but concentrations have 
been shown to normalize after treatment with a gluten-free diet 
[63]. Multivitamin supplementation after gastric bypass surgery 
has  lowered  the  potential  for  folate  deficiency  [49].  Whereas 
folate  deficiency  is  not  considered  a  risk  for  patients  with 
inflammatory  bowel  disease  who  use  mesalamine  drugs,  sul-
fasalazine  inhibits  the  absorption  of  both  monoglutamyl  and 
polyglutamyl dietary folates [74]. Studies in the prefortification 
era  identified  a  high  incidence  of  folate  deficiency  in  chronic 
alcoholics,  which  was  mainly  ascribed  to  poor  diet  [75],  and 
also demonstrated a  significant component of  intestinal  folate 
malabsorption in a population of active alcohol consumers [76].

Genetic abnormalities of methionine metabolism
Clinically significant MTHFR polymorphisms can affect folate 
metabolism.  A  thermolabile  form  of  MTHFR  occurs  in  TT 
homozygotes of the 677C→T variant, who represent 10%–15% 
of  the  general  population  and  express  moderate  hyperhomo-
cysteinemia,  especially  when  the  polymorphism  is  combined 
with  low  folate  concentrations  [77].  A  second  MTHFR  poly-
morphism  at  1298A→C  was  thought  to  cause  neural  tube 
defects [78], but does not appear to interact with 677C→T nor 
to  cause  elevated  homocysteine  concentrations  [79].  While 
functional  polymorphisms  have  been  described  in  the  folate 
metabolizing genes, GCP2 and RFC1 (reduced folate carrier 1), 
their single or combined effects on folate absorption and status 
appear to be insignificant [79].

Clinical effects of folate deficiency and aberrant 
methionine metabolism
Because  folate  ultimately  is  required  to  maintain  nucleotide 
balance  during  DNA  synthesis,  its  deficiency  is  expressed  by 
increased apoptosis with compensatory increased proliferation 
of  cells,  including  rapid  turnover  in  the  blood-forming  bone 
marrow and in the intestinal mucosa. As indicated in Figure 30.1, 
folate  deficiency  also  affects  the  methionine  metabolic  cycle, 
resulting in elevated circulating tHcy. Several common clinical 
conditions have been linked to folate deficiency with abnormal 
DNA metabolism and aberrant methionine metabolism.

Anemia and diarrhea
The main clinical expression of overt folate deficiency is mega-
loblastic  anemia,  with  findings  of  macrocytic  red  blood  cells 
with increased mean corpuscular volume and hypersegmented 
neutrophils  in  the  peripheral  blood,  which  are  expressions  of 
reduced levels of DNA and delayed erythropoiesis. Macrocytic 

uptake  of  5-MTHF  is  followed  by  conversion  to  folylpoly-
glutamates  for  storage  and  metabolism.  After  reconversion  to 
monoglutamyl forms for membrane transport, about 10% of the 
liver  folate pool undergoes biliary secretion as 5-MTHF to an 
enterohepatic  folate  circulation,  while  the  remaining  nonhe-
patic  folate  pool  circulates  in  the  blood  to  other  tissues  [69]. 
About 1% of the total body folate pool is excreted daily in the 
urine and 0.1% in the feces of nonhuman primates [70].

Folate functions and methionine metabolism
The  metabolism  of  folate  is  intrinsically  tied  to  methionine 
metabolism  and  to  the  synthesis,  nucleotide  balance,  and  
methylation  of  DNA.  Figure  30.1  depicts  these  interactions  
in  the  liver.  There  are  two  key  functions  of  folate:  one  is  the 
conversion of homocysteine to methionine  in  the synthesis of 
S-adenosylmethionine  (SAM),  the other  is  the methylation of 
deoxyuridylate to thymidylate in the formation of DNA.

Causes of folate deficiency and  
aberrant folate metabolism
Assessment of folate deficiency
Folate deficiency should be confirmed by a measurement of a 
low concentration of serum or red blood cell folate. Each of the 
latter  tests  can  be  performed  by  a  radioisotope-binding  assay. 
The serum folate  level  is more labile and dependent on recent 
dietary intake, whereas the red blood cell folate level is a more 
accurate measure of tissue stores. Depending on the laboratory, 
folate deficiency is defined by a serum folate concentration less 
than 7 nmol/L (3 ng/mL), while a concentration of red blood cell 
folate  level  less  than  305 nmol/L  (140 ng/mL)  is  predictive  of 
tissue  folate deficiency [62]. Measurement of  the plasma tHcy 
concentration  is  a  more  sensitive  functional  assay  for  folate 
deficiency.  A  low  folate  concentration  is  represented  by  an 
increased  tHcy  concentration.  However,  cobalamin  deficiency 
is also reflected by an elevated tHcy concentration, as well as by 
the  same  tissue  expressions  found  in  folate  deficiency.  There-
fore, folate deficiency can be defined metabolically by high tHcy 
and normal cobalamin status, as described in the vitamin B-12 
section.

Dietary deficiency
Isolated folate deficiency is uncommon; it usually coexists with 
other nutrient deficiencies because of its strong association with 
poor  diet,  alcoholism,  intestinal  malabsorptive  disorders,  and 
altered metabolism as a result of genetic aberrations and toxins 
such as alcohol. Since mandatory fortification of the US diet in 
1998, the incidence of folate deficiency in the United States has 
decreased from 22% to 1.7% of the population [71]. However, 
folate deficiency as the result of inadequate diet is common in 
impoverished  populations,  in  developed  countries  where  the 
diet does not contain fortified grains, and in susceptible popula-
tions  including  infants,  elderly  people,  and  chronic  alcoholics 
whose diets are  inadequate  [72]. The body stores of  folate are 
sufficient for about 4 months.
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folate deficiency in alcoholism is caused by decreased uptake of 
folate  by  the  liver  and  enhanced  excretion  in  the  urine  [70]. 
Because liver folate stores are reduced in alcoholic liver disease 
[89],  the  combination  of  these  factors  accelerates  the  risk  for 
folate deficiency in these patients.

Neural function
Recently,  there  has  been  renewed  interest  in  the  ability  of 
vitamin B-12 and folate supplementation to improve neurologi-
cal function. The results of an analysis of a randomized, control-
led  trial  found  that  supplementation  with  folic  acid  at  400 μg 
daily plus 100 μg of vitamin B-12 over a 2-year period of time 
improved  immediate  and  delayed  memory  in  older  men  and 
women [90]. While orientation, attention, verbal memory, and 
processing  speed  remained  unchanged,  greater  improvements 
from  baseline  in  immediate  and  delayed  recall  scores  were 
observed among those who received vitamin B-12 and folic acid 
compared with the placebo group. Having a high homocysteine 
level at the beginning of the study was associated with reduced 
cognitive performance at 24 months, as were higher depression 
scores.

Folate toxicity
Evidence from many research groups suggests that a consider-
able portion of supplemental folic acid is absorbed unchanged, 
and  that  high  circulating  concentrations  of  folate  may  alter 
immune function, increase cancer risk, and promote worsening 
of  cognitive  function  in  elderly  subjects  [91].  At  least  40%  of 
aging Americans take supplemental folic acid at 400 μg/day and 
consequently  their  serum  folate  concentrations  often  exceed 
40 nmol/L,  which  is  at  least  double  the  highest  serum  folate 
concentrations in those who do not use supplements [92], and 
their  concentration  of  unmetabolized  folic  acid  constitutes 
more than 15% of serum folate that exceeds 50 nmol/L [93]. A 
study of postmenopausal women showed that immune function 
as measured by natural killer cell toxicity was improved by folic 
acid  supplementation  at  400 mg/day,  but  worsened  in  linear 
fashion  with  the  increasing  concentrations  of  unmetabolized 
serum folic acid in those who took larger doses of supplemental 
folic acid [94]. Furthermore, the risks for prostate cancer in men 
and breast cancer in postmenopausal women increased signifi-
cantly in relationship to increasing plasma folate concentrations 
[95,96],  especially  when  associated  with  the  use  of  folic  acid 
supplements  [96]. A study of 1300 elderly people  reported an 
increased risk for megaloblastic anemia and reduced cognitive 
function  in  those  persons  with  low  vitamin  B-12  status  who 
took supplemental  folic acid [97]. Supplemental  folic acid can 
correct megaloblastic anemia, but not the neurological damage, 
that can result from vitamin B-12 deficiency.

Vitamin C
Vitamin C exists in two forms, ascorbic acid (the reduced form) 
and dehydroascorbic acid (the oxidized form). The vitamin was 
discovered  in  the  middle  ages,  when  it  was  realized  that  the 

enterocytes  are  evident  in  small  intestinal  biopsy  specimens 
from  alcoholic  patients  with  folate-deficient  megaloblastic 
anemia  [80],  and  are  associated  with  the  diarrhea  of  chronic 
alcoholism  caused  in  part  by  abnormal  fluid  and  electrolyte 
transport in the intestine [81].

Folate deficiency and neural tube defects
Neural tube defects (NTD) are errors of fetal spinal cord devel-
opment  that  occur  within  the  first  2  weeks  of  pregnancy  and 
result in anencephaly and spina bifida. The association of neural 
tube defects with folate deficiency is based on findings that red 
blood cell folate levels in early pregnancy correlate with the risk 
for delivery of a child with a neural tube defect [82], and on the 
results of trials in which neural tube defects were prevented by 
periconceptional supplementation with folic acid [83]. In spite 
of early high expectations, the public-health policy of folic acid 
fortification of the US food supply has reduced the incidence of 
neural tube defects by only about 50% [84].

Cardiovascular disease
Hyperhomocysteinemia increases the risk for stroke and coro-
nary heart disease [85]. The prevention of cardiovascular disease 
by  lowering homocysteine concentrations with  folic  acid  sup-
plements has been  the  focus of many clinical  trials. A metaa-
nalysis of 12 randomized clinical trials involving 17 000 patients 
with preexisting vascular disease concluded that folic acid sup-
plementation  had  no  effect  on  the  risk  of  recurrent  stroke  or 
coronary  heart  disease  or  on  mortality.  The  authors  do  not 
exclude the possibility  that  lowering homocysteine concentra-
tions by folic acid supplementation may reduce the incidence of 
primary cardiovascular events in susceptible populations [86].

Colon cancer
Data  from  epidemiological  studies  shows  that  higher  folate 
status  correlated  with  decreased  risk  of  colorectal  cancers. 
Though the mechanism is not fully elucidated, it is thought that 
folate influences the development of cancer through its role in 
one-carbon metabolism and subsequent effects on DNA repli-
cation and cell division [87]. Additional research  is needed to 
understand the role of dietary folate and supplemental folic acid 
in the prevention of various cancers.

Although adequate folate status has been shown to be protec-
tive, there are subsets in which supplementation is not recom-
mended.  In  individuals  with  colorectal  adenomas,  folic  acid 
supplementation is not advised because there is some evidence 
that  it  does  not  prevent,  and  may  even  increase,  the  risk  of 
recurrence.

Alcoholic liver disease
The  contributory  role  for  folate  deficiency  with  consequent 
elevated  liver  homocysteine  and  S-adenosylhomocysteine 
(SAH)  in  the  pathogenesis  of  alcoholic  liver  disease  has  been 
well established and is summarized in a 2007 symposium report 
[88].  In  addition  to  poor  diet  and  intestinal  malabsorption, 
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Some of the products of oxidation of vitamin C beyond dehy-
droascorbic  acid  are  oxalic  acid,  threonic  acid,  l-xylose,  and 
ascorbate 2-sulfate, and excretion of these products have been 
shown to increase with increased intakes of vitamin C [106].

Functions
Vitamin C is important in a host of biochemical reactions in the 
body, where it functions as either a cofactor for reactions requir-
ing a reduced iron or copper metalloenzyme or as a protective 
antioxidant. It has been identified as an electron donor for eight 
human  enzymes  –  three  of  which  participate  in  collagen 
hydroxylation, three in hormone and amino acid biosynthesis, 
and two in carnitine biosynthesis [107]. The vitamin plays a role 
in  expression  of  the  collagen  gene,  cellular  procollagen  secre-
tion,  and  the  biosynthesis  of  other  connective  tissue  compo-
nents besides collagen (e.g., elastin, fibronectin, among others) 
[108]. It is involved in the biosynthesis of some of the hormonal 
components of the nervous system, including the formation of 
norepinephrine,  and  α-amidating  monooxygenase  enzymes, 
while also modulating neurotransmitter receptors, functions of 
dopaminergic and glutaminergic neurons, and synthesis of glial 
cells and myelin [109]. Vitamin C functions as an antioxidant 
because of its inherent ability to donate electrons. It scavenges 
reactive oxygen and nitrogen species [110], and also functions 
as a reducing agent for some mixed function oxidases found in 
the  microsomal  drug  metabolizing  system  that  inactivates  a 
variety  of  substrates  [111].  Biosynthesis  of  corticosteroids, 
aldosterone, and carnitine requires vitamin C [99]. The vitamin 
has also been shown to modulate prostaglandin synthesis and, 
as such, purported to exert bronchodilatory, vasodilatory, and 
anticlotting  effects  [112].  Ascorbic  acid  is  involved  in  the 
absorption of dietary nonheme iron, via two mechanisms, pre-
venting  formation  of  insoluble  and  unabsorbable  iron  com-
pounds,  and  reduction  of  ferric  to  ferrous  iron  a  necessary 
requirement for uptake of iron into the mucosal cells [113].

Deficiency
An adequate intake of vitamin C is necessary for normal devel-
opment, with symptoms of deficiency developing with too little 
intake.  Scurvy  is  the  pathognomonic  disease  associated  with 
vitamin C deficiency, with  signs and symptoms  including  fol-
licular  hyperkeratosis,  petechial  hemorrhages,  ecchymosis, 
coiled hairs, inflamed and bleeding gums, perifollicular hemor-
rhages, joint effusions, arthralgia, and impaired wound healing 
[114,115]. Other signs and symptoms associated with vitamin 
C deficiency include anemia, impaired ability to fight infections, 
epistaxis, possible weight gain due to slowed metabolism, rough, 
dry scaly skin, and weakened tooth enamel.

Toxicity
Toxicity of vitamin C  is rare. Symptoms that have been noted 
in  individuals  taking high doses  include nausea and vomiting 
but  more  noteworthy  is  a  dose-dependent  osmotic  diarrhea. 
Certain  populations  should  take  caution  when  considering 

disease scurvy occurred in populations deficient in fresh fruits 
and  vegetables.  It  is  thought  that  the  inability  of  the  body  to 
synthesize ascorbic acid occurred during the process of evolu-
tion with loss of the enzyme l-gulono-1,4-γ-lactone oxidase in 
the liver [98].

Sources
Vitamin C is present in some amount in all fruits and vegetables. 
Fruits  with  high  amounts  of  the  vitamin  include  citrus  fruits 
and  juices (orange,  tangerine, grapefruit), kiwi, mango, canta-
loupe,  papaya,  pineapple,  berries  (strawberries,  raspberries, 
blueberries, cranberries), and watermelon. Vegetables with high 
concentrations of vitamin C include broccoli, Brussels sprouts, 
cauliflower, green/red peppers,  leafy greens (spinach, cabbage, 
turnip  greens,  others),  potatoes  (sweet  and  white),  tomatoes, 
and winter squash. Vitamin C fortified foods and beverages are 
also available, as are supplements. Cooking vitamin C rich foods 
can  reduce  the  amount  of  the  vitamin  available,  and  the  best 
sources of the vitamin are raw fruits.

The recommended dietary allowance for vitamin C is set at 
90 mg/day  for  adult  men  and  75 mg/day  for  adult  women,  to 
maintain near-maximal neutrophil concentration with minimal 
urinary excretion [99].

Homeostasis and regulation
Humans and some other animals do not synthesize vitamin C, 
as  mentioned  above,  making  us  dependent  on  an  adequate 
dietary intake. Its uptake and distribution in the body is under 
close homeostatic control, by tissue-specific sodium-dependent 
vitamin C cotransporters (SVCT) 1 and 2 [100–102]. The close 
homeostatic regulation of vitamin C is controlled by four regu-
latory systems:  intestinal uptake;  tissue accumulation and dis-
tribution;  rate  of  utilization  and  recycling;  and,  finally,  renal 
mediated excretion and reabsorption [101]. Vitamin C has been 
shown to display nonlinear pharmacokinetics as well as differ-
ential tissue distribution [101] (the brain, which depends on the 
SVCT2 receptor, can retain the vitamin at the expense of other 
tissues in states of chronic deficiency) [103].

Absorption and transport
Absorption  of  the  vitamin  occurs  mainly  in  the  ileum,  with 
some absorption in the jejunum via passive diffusion, facilitated 
diffusion,  and  the  SVCT  1  and  2  active  cotransport  systems 
[101]. The active transport system has been shown to be both 
saturable and dose dependent, meaning that as intake increases 
the absorption decreases. Serum levels rise with dietary intake, 
with saturation levels of about 70 μmol/L suggested in humans 
[104]. Transport of vitamin C occurs mainly via facilitated dif-
fusion  through  four  of  the  glucose  transporters  (GLUT  1–4), 
and is competitively inhibited by glucose [105].

Excretion
Once  the  serum saturation  levels  are  reached and exceeded  it 
has been shown that renal excretion increases proportionately. 
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Symptoms of mild deficiencies of the fat-soluble vitamins may 
develop  as  a  consequence  of  decreased  absorption  of  dietary 
lipid or abnormal systemic metabolism of lipids [128].

Vitamin A
Function, structure, sources, and requirements
Vitamin A includes dietary retinol in its esterified form and the 
provitamin  carotenoid  precursors  of  retinal.  The  most  impor-
tant of the vitamin A precursors are β-carotene and the essential 
retinoids that include retinal, retinol (vitamin A), and retinoic 
acid.

Vitamin A is essential for normal vision, for dark adaptation, 
and for epithelial cell differentiation [129,130]. Retinal is a nec-
essary  structural  component  of  rhodopsin,  the  light-sensitive 
pigment within the rod and cone cells of the retina.

Carotenoids comprise a group of more than 700 compounds 
that  most  often  contain  red,  yellow,  and  orange  pigments  in 
their isolated states and are found in many fruits and vegetables 
[131].  In  plants  and  many  single-cell  organisms,  carotenoids 
serve as mediators of photoenergy-related processes. β-Carotene 
is abundant and therefore is an excellent biomarker of the intake 
of fruits and vegetables. Lycopene is another carotenoid found 
in  fruits and vegetables, especially  tomatoes. Lutein and zeax-
anthin are carotenoids found in green leafy vegetables that are 
associated with a decrease in the risk of cataracts. Other sources 
of  vitamin  A  in  animal  products  include  retinol  in  its  retinyl 
ester  form,  which  is  found  in  liver,  eggs,  and  milk  products 
[127,131]. The DRIs  for vitamin A as retinol equivalents (RE) 
are  300–900 μg  for  children  and  adolescents,  900 μg  for  adult 
men, and 700 μg for adult women [129].

Absorption and homeostasis
Carotenoids  and  retinoids  that  are  released  from  food  during 
digestion are first partitioned into micelles within the intestinal 
lumen. The retinoids in the micelles are hydrolyzed by specific 
pancreatic  esterases  to  retinol,  whereas  the  carotenoids  are 
cleaved  to  form  retinal.  The  movement  of  retinyl  esters  and 
carotenoids into the enterocytes involves both active and facili-
tated  transport  mechanisms.  Within  the  enterocyte,  retinol  is 
transported to the smooth endoplasmic reticulum for reesteri-
fication and eventual incorporation into chylomicrons in prepa-
ration  for  subsequent  transport  as  retinyl  esters  via  the 
lymphatics to the liver. In contrast, retinoic acid, which consti-
tutes less than 5% of the total vitamin-related products, can be 
transported  through  the  portal  circulation  by  mechanisms 
similar to those for free fatty acids [127].

Retinyl  esters  are  stored  in  the  liver  as  fat  droplets  in  the 
hepatic stellate cells. Carotenoids that reach the liver intact are 
transported together to the circulation in association with very-
low-density  lipoprotein and are eventually converted  to  retin-
oids by tissue oxygenases. In the liver, active exchange of retinyl 
esters and other retinoids occurs between hepatic stellate cells 
and parenchymal hepatocytes [127]. Excess vitamin A is rapidly 
converted  to  retinyl  ester  and  is  sequestered  in  lipid  vacuoles 

supplemental vitamin C. Most notably are those with a history 
of  renal  failure,  nephrolithiasis  (increased  oxalate  formation), 
iron  overload  disease  (increases  the  absorption  of  iron),  and 
those on heparin/coumadin therapy; all should avoid ingestion 
of high doses of supplemental vitamin C [116].

Vitamin C and chemoprevention
Two-time  Nobel  Laureate  Linus  Pauling  first  proposed  that 
vitamin C had chemopreventive properties in the 1970s. Subse-
quently,  a  number  of  investigations  have  been  conducted 
regarding  a  possible  chemoprotective  effect  of  vitamin  C  on 
gastrointestinal  cancers,  but  the  findings  to  date  have  been 
discordant.

Colorectal cancer A  case–control  study  looking  at  vitamin  C 
intake  from  both  food  and  supplements  found  that  increased 
intake from these sources was associated with a decreased risk 
of rectal cancer [117]. Another study, the Iowa Women’s Cohort 
Study,  also  looked  at  the  risk  of  colorectal  cancer  when  com-
pared  to  vitamin  C  intake  from  food  and  supplements  and 
found no association, but when they compared women taking 
supplements  (more  than  60 mg/day)  versus  no  supplements 
alone they found a 30% risk reduction [118].

Gastric cancer Increased vitamin C status has been associated 
epidemiologically  and  experimentally  with  decreased  reactive 
oxygen  species/reactive  nitrogen  species  activity  and  oxidant 
damage in the gastric mucosa, suggesting a possible protective 
effect against development of gastric cancer [119–121]. Despite 
the  association  some  studies  that  looked  at  the  incidence  of 
gastric cancer with vitamin C supplementation failed to show a 
decrease in the incidence of gastric cancers in the populations 
studied [119,122].

Pancreatic cancer Some studies have shown that an  increased 
intake  of  vitamin  C  was  associated  with  a  decreased  risk  of 
pancreatic cancer [123–125]. One study that pooled together all 
these  studies  concluded  that  there  was  enough  evidence  to 
suggest an inverse relationship between vitamin C and pancre-
atic cancer [126].

Fat-soluble vitamins

Vitamins A, D, E, and K are unlike the water-soluble vitamins 
by virtue of their solubility in lipid solvents, their predominant 
roles  as  cell-signaling  molecules,  and  their  sequestration  or 
storage in cellular organelles. Because of their nonpolar proper-
ties, the fat-soluble vitamins are usually found in the lipophilic 
core  or  domain  of  proteins,  cellular  membranes,  or  micellar 
structures. As a consequence, the essential features of digestion 
and assimilation of the fat-soluble vitamins involve the interac-
tion of receptors and transporters for fat-soluble vitamins with 
intestinal  mixed  micelles  and  lipoprotein  particles  [127]. 
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dence of breast cancer was found to be  inversely proportional 
to  total  daily  vitamin  A  intake  in  one  study  of  premenstrual 
women  [137],  another  study  showed  no  relationship  between 
serum retinol concentrations and breast cancer risk [138]. The 
increased consumption of dietary lycopene from tomatoes may 
be associated with a reduced risk of prostate cancer [139].

Toxicity
Vitamin A toxicity can occur with long-term daily ingestion of 
25 000–50 000 IU, amounts  that are easily obtained  from over-
the-counter supplements. Because vitamin A can be teratogenic 
in high doses, women who are pregnant should not exceed the 
recommended intake of 600 μg/day.

Acute toxicity
Symptoms of acute toxicity include nausea, headache, abdomi-
nal  pain,  fatigue,  loss  of  appetite,  dizziness,  loss  of  skin,  and 
cerebral edema.

Chronic toxicity
Chronic toxicity (chronic hypervitaminosis A) typically occurs 
after  long-term  ingestion of vitamin A  in excess of 50 000 IU/
day for more than 3 months. Doses of vitamin A in this range 
can lead to bone and muscle pain because of  increased perio-
steal resorption. Other less specific symptoms include dry itchy 
and  cracking  skin,  desquamation,  dry  lips,  scaling  anorexia, 
headache,  psychiatric  changes,  cerebral  edema  (excess  fluid), 
bone and joint pain, osteoporosis (bone loss), and hip fracture 
[129]  (Box  30.2).  Carotenoids,  in  contrast,  are  generally  non-
toxic,  and  may  be  ingested  in  gram  amounts  on  a  daily  basis 
with no deleterious effects [127].

Method of assessing status
Vitamin  A  is  measured  by  HPLC  of  plasma  or  serum.  Radial 
immunodiffusion assays are also available. A liver biopsy pro-
vides  the  most  accurate  assessment  but  this  is  not  done  on  a 
routine  clinical  basis.  Levels  of  plasma  RBP  are  decreased  in 

within the hepatic stellate cells. As vitamin A is needed, retinyl 
ester  is  hydrolyzed  and  released  as  retinol  bound  to  retinol-
binding protein (RBP). When released into the circulation, RBP 
exists  as  a  complex  not  only  with  vitamin  A,  but  also  with 
another  protein,  transthyretin,  which  binds  thyroxine.  The 
primary targets for the RBP–transthyretin complex are the epi-
thelial  cells of  the  fetus, gastrointestinal mucosa,  reproductive 
tract, pulmonary secretory cells, and salivary gland. Within tar-
geted  cells,  vitamin  A  interacts  with  cellular-binding  proteins 
that control  its  subsequent cellular  translocation and metabo-
lism; for example, oxidation to retinal or to retinoic acid [127].

Deficiency
If  inadequate  quantities  of  vitamin  A  are  present,  vision  is 
impaired. The identification of two families of nuclear receptors, 
retinoic acid receptors (RAR) and retinoid receptors (RAX), has 
helped to delineate the role of vitamin A in cell differentiation. 
RAX and RAR are essential for the regulation of several hundred 
genes, particularly those involved in epithelial and immune cell 
differentiation.  Skin  lesions  and  increased  susceptibility  to 
infection are common signs of vitamin A deficiency [127,132]. 
Further, the epithelial layers of cells become hyperkeratotic and 
may undergo metaplasia. Defects in the corneal epithelium can 
result in xerophthalmia, which may progress to the appearance 
of conjunctival white deposits known as Bitot spots, and eventu-
ally  corneal  ulceration,  scarring,  and  permanent  blindness. 
Vitamin  A  deficiency  also  results  in  decreased  fluid  secretion 
and  phagocytic  activity  of  natural  killer  cells.  International 
vitamin  A  supplementation  programs  yield  improvements  in 
innate  immune  function  and  have  significantly  reduced  life-
threatening infections, especially pathogen-induced diarrhea in 
children  worldwide  [127].  Nevertheless,  much  of  the  world’s 
preventable  blindness  continues  to  be  the  result  of  vitamin  A 
deficiency [133].

Individuals with gastrointestinal diseases that result in poor 
absorption  of  lipids,  including  impaired  pancreatic  or  biliary 
secretions,  Crohn’s  disease,  celiac  disease,  radiation  enteritis, 
and short bowel syndrome, are at risk of deficiency of vitamin 
A. Vitamin A status may also be influenced and augmented by 
other dietary factors. Protein deficiency contributes to decreased 
RBP production [127]. Vitamin A deficiency is also common in 
patients with alcoholic liver disease [128]. Conversely, the signs 
of  supplemental  vitamin  A  hepatotoxicity  are  enhanced  by 
chronic alcoholism [134].

Excessive  alcohol  consumption  can  also  interfere  with  the 
metabolism of supplemental carotenoids and result in the pro-
duction  of  carcinogens,  particularly  in  alcoholics  who  smoke 
[127]. In the setting of chronic alcoholism, vitamin A deficiency 
may also induce the development of esophageal squamous cell 
cancer  [135].  In  spite  of  evidence  that  retinoids  may  prevent 
carcinogenesis in vitro, the use of vitamin A and carotenoids in 
cancer  prevention  is  unproven.  The  incidence  of  lung  cancer 
was increased by 28% among smokers participating in the Caro-
tene and Retinol Efficacy Trial (CARET) [136]. While the inci-

Box 30.2 Vitamin A toxicity and pseudotumor cerebri.

Pseudotumor cerebri is a condition of increased intercranial pressure in 
the absence of a mass lesion. It can occur as a manifestation of acute 
hypervitaminosis A [140,141]. The condition is seen in only 1–2 per 
100 000 but is more frequent in the obese and in females. Many 
diseases have been associated with pseudotumor cerebri, including 
sleep apnea syndrome, anemia, Beçhet syndrome, Addison disease, 
polycystic ovarian syndrome, and systemic lupus erythematosus. Use 
of tetracycline and growth hormone have also been linked to an 
increased risk of pseudotumor cerebri. Clinical suspicion should be 
raised in an individual with a history of excessive vitamin A intake 
presenting with severe headache, diplopia, dizziness, and brief 
episodes of blindness or flashing lights. Blurring of the optic disc can 
be seen on fundoscopic examination and although not pathognomic 
supports the diagnosis [142,143].
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ence calcium homeostasis, with stimulating factors including a 
decrease in serum calcitriol, low serum calcium, and low PTH 
levels;  inhibiting  factors  include an accumulation of calcitriol, 
high  serum  calcium,  high  dietary  intake  of  phosphorus,  and 
fibroblast growth factor 23 (FGF23) [147].

Absorption and transport
Most vitamin D absorption occurs in the distal small intestine, 
with a slightly more rapid uptake occurring in the duodenum 
[145]. About 80% of dietary vitamin D is absorbed after incor-
poration  into  micelles;  it  then  undergoes  passive  (facilitated) 
diffusion into the enterocytes with fat and bile salts. Once in the 
enterocyte,  vitamin  D  is  incorporated  into  chylomicrons,  and 
moves  to  the  lymphatics,  from  where  it  is  transported  to  the 
blood and finally to the liver. Some of the vitamin D in chylomi-
crons  is  transferred to a vitamin D-binding protein (DBP) for 
transport to extrahepatic (muscle and adipose) tissue. DBP (also 
known  as  group-specific  component  (Gc)  and  vitamin 
D-binding α-globulin) is a member of the albumin, α-fetoprotein, 
and albumin/afamin gene  family  [148]. After binding  to DBP, 
endogenously produced vitamin D is primarily transported to 
the  liver,  with  some  being  transported  to  muscle  and  adipose 
tissue along the way.

Excretion
A  major  proportion  of  vitamin  D  excretion  occurs  via  the 
biliary system and the GI tract, with minimal amounts lost via 
the renal system in urine.

Functions
Vitamin D has multiple functions, as listed in Box 30.4, but its 
principal  function  is  to  maintain  calcium  and  phosphorus  in 
serum at normal physiological levels.

Deficiency
In the past, vitamin D deficiency was common and resulted in 
rickets, but with fortification of infant formula and supplemen-
tation, this has greatly reduced in most industrialized nations. 
Certain populations and disease states have been firmly associ-
ated  with  vitamin  D  deficiency,  while  some  have  been  postu-
lated as associated with vitamin D deficiency without definitive 
proof of a causal relationship. These are listed in Box 30.5.

Clinical  signs  of  vitamin  D  deficiency  include  rickets  in  
children,  osteomalacia  in  adults,  hypocalcemia  (which  can 
cause  tetany,  and  seizures),  low  bone  mineral  density,  and 
osteoporosis.

Toxicity
Vitamin  D  toxicity  has  been  described  in  the  literature,  and 
tends  to  occur  for  the  most  part  with  inappropriate  intake  of 
supplements, and has been reported in adults taking >60 000 IU/
day [186]. The DRI was updated in 2010 by the Food and Nutri-
tion Board (FNB), Institute of Medicine of the National Acad-
emies, and the recommended “tolerable upper intake levels” for 

severe  protein–calorie  malnutrition,  acute  and  chronic  infec-
tion, and trauma.

Vitamin D
Vitamin  D  represents  a  group  of  sterol  compounds  that  are 
necessary for the homeostasis of calcium. They include ergocal-
ciferol  (vitamin D-2, mainly derived  from plant  sources), and 
cholecalciferol  (vitamin  D-3,  mainly  endogenously  produced, 
and also found in animal products). According to the National 
Health and Nutrition Examination Survey (NHANES) of 2005–
2006, approximately 41.6% of participants aged >20 years had 
25-hydroxyvitamin D concentrations below 20 ng/mL [144].

Sources
There are currently three main sources of vitamin D and these 
are  shown  in  Box  30.3.  The  body  can  synthesize  adequate 
amounts of D-3 with adequate exposure to sunlight that occurs 
in  people  living  in  the  tropical  and  temperate  regions  of  the 
world. There is a relative concern that over-exposure of the skin 
to  UV  radiation  can  lead  to  an  increased  incidence  of  skin 
cancer.

Homeostasis and regulation
Vitamin  D  homeostasis  is  closely  tied  to  that  of  calcium  and 
phosphorus, and is mediated via parathyroid hormone (PTH). 
Vitamin  D  undergoes  two  hydroxylation  reactions  –  at  the 
carbon 25 (occurs in the endoplasmic reticulum of hepatocytes 
in the liver), and the carbon 1 (occurs in the proximal convo-
luted  tubule  of  nephrons  in  the  kidney)  positions  –  before  it 
becomes biologically active [145]. The first hydroxylation reac-
tion  occurs  in  the  endoplasmic  reticulum  of  the  hepatocyte 
when vitamin D is delivered to the liver, catalyzed by the enzyme 
25-hydroxylase,  to  form  25-hydroxy  D3  [145]  (also  known  as 
calcidiol). This enzyme is regulated by overall vitamin D status, 
and has been observed to be upregulated in states of vitamin D 
deprivation [146]. The second and final hydroxylation reaction 
occurs  in  the  kidneys,  catalyzed  by  25-hydroxy-D3-1-α-
hydroxylase, to form 1,25-dihydroxyvitamin D3 (also known as 
calcitriol)  the  physiologically  active  form  of  the  vitamin.  This 
enzyme is tightly regulated and is affected by factors that influ-

Box 30.3 Sources of vitamin D.

Endogenous production: occurs when the skin is exposed to solar or 
artificial ultraviolet light. 7-dehydrocholesterol (usually found in 
epidermal keratinocytes and dermal fibroblasts) on exposure to 
ultraviolet light is converted to previtamin D, and subsequently is 
isomerized to cholecalciferol (D3)

Dietary intake:
Sea food: swordfish, salmon, tuna, sardines
Dairy: milk (fortified), yogurt, margarine, cheese
Orange juice (fortified)
Beef liver

Supplements
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Box 30.4 Functions of vitamin D.

1. Maintenance of calcium and phosphorus serum levels
Increases intestinal absorption of calcium and phosphorus [145]
Direct suppression of PTH
Regulation of osteoblast function [145]
Permissively allowing PTH-induced osteoclast activation/maturation 

[145]
Increasing bone resorption of calcium and phosphorus

2. Cell differentiation
Promotes enterocyte differentiation
Growth and maturation of hematopoietic and immune cells [149]

3. Immune functions [150]
T lymphocytes

Antigen or lecithin stimulated human and murine T-lymphocyte 
proliferation, cytokine secretion and cell cycle progression from 
G1a to G1b are inhibited by vitamin D-3 [151]

Inhibition of IL-12, IFN-γ, and IL-2 release [152]
Inhibition of antigen-specific T-cell activation [153,154]
IL-4, IL-5, IL-10 production increased [155]

B cells
VDR expression in B cells [156]
Suppression of IgE secretion [156]

NK cells
IFN-γ downregulation [157,158]

APCs: monocytes, macrophages, dendritic cells
Downregulation of the surface expression of costimulatory 

receptors (CD40, CD80, and D86) and other maturation-
induced proteins (CD1a, CD83) [159]

Downregulation of MHC class II molecule expression on APC 
[160–162]

Inhibition of the dendritic cell maturation [160,163,164]
Increase the chemotactic and phagocytic capacity of monocytes, 

and the tumor cell cytotoxicity and microbial activity of 
monocytes [159,165,166]

Induction of tolerogenic dendritic cells that are able to induce T 
regulatory cells [167]

4. Antiinflammatory function
Increasing its possible utility in prevention and management of 

disease conditions including cancer, autoimmune diseases, and 
heart disease [168–171]

APC, antigen-presenting cell; IFN, interferon; IL, interleukin; NK, 
natural killer; PTH, parathyroid hormone; VDR, vitamin D receptor.

Box 30.5 Conditions associated with vitamin D deficiency.

Populations/disease states associated with vitamin D deficiency
Elderly
Exclusively breastfed infants
Gastric surgery, e.g., resection, bypass
Hepatic disease
High altitude dwellers
Malabsorptive states, e.g., celiac disease, primary biliary cirrhosis, 

short gut syndrome
Malnourished children, children with chronic illnesses
Medications: antiepileptic medications phenobarbital, phenytoin
Nursing home residents
Parenteral nutrition long term
Renal disease
Sunlight: populations with minimal exposure to sunlight, including 

total covering of skin, indoors sedentary, daily sunscreen use
Postulated conditions associated with vitamin D deficiency

Multiple sclerosis [172]
Type I diabetes mellitus [173]
Rheumatoid arthritis [174]
Inflammatory bowel disease [175]
Mood disorders [176]
Cancer: breast [177,178], colon [179,180], prostate [181]
Hypertension [182]
Hyperglycemia [182]
Metabolic syndrome [182]
Upper respiratory tract infections [183]
Asthma [184,185]

vitamin D are 100 μg/day (4000 IU/day) for any person >9 years 
old [187]. For ethical reasons, there have been no studies per-
formed on humans evaluating the effects of vitamin D toxicity, 
but  there  have  been  published  reports  of  vitamin  D  toxicity, 
usually as a result of accidental ingestion [188–199]. Most of the 
reports  had  measured  25(OH)D,  which  were  reported  as  ele-
vated,  ranging  from  710  to  1587 nmol/L.  Two  reviews  of  the 
reports on vitamin D toxicity concluded that hypercalcemia will 
only result when the 25(OH)D3 concentrations have been con-
sistently above 375–500 nmol/L [200,201]. Clinical symptoms of 
acute intoxication of vitamin D, summarized in Table 30.2, are 
for the most part related to hypercalcemia and include polyuria, 
polydipsia, anorexia, nausea, emesis, muscle weakness, confu-
sion, nephrocalcinosis, bone demineralization, and pain.

Vitamin  D  may  have  a  chemopreventative  effect  on  of  a 
variety of cancers through regulation of its involvement in cell 
differentiation, proliferation, and apoptosis. In view of these and 
other regulatory effects, several studies suggest that vitamin D 
supplementation may be beneficial in the prevention of certain 
malignancies and may also influence the course of autoimmu-
nity [168,169,202]. A small study showed preventive benefits in 
recurrence  of  prostate  cancer  [203],  and  a  case–control  study 
found an inverse association of plasma levels of 25(OH)D3 with 
the risk of precancerous colonic adenomas [204]. The Women’s 
Health Initiative (WHI) trial examined the role of calcium and 
vitamin D supplementation in the primary prevention of color-
ectal  cancer.  The  study,  the  largest  randomized,  placebo-
controlled  trial  to  date,  encompassed  36 282  postmenopausal 
women; the treatment group received 1000 mg of calcium and 
400 IU of vitamin D-3 per day, whereas control subjects received 
a  placebo.  The  researchers  identified  no  association  between 
calcium/vitamin D supplementation and reduced incidence of 
colorectal cancer (168 vs 154 cases; hazard ratio 1.08; 95% con-
fidence  interval  [CI] 0.86–1.34; P = 0.51) over a 7-year  study 
period [205]. Basic investigations have revealed that vitamin D 
may  aid  in  chemoprevention  of  colon  cancer  by  promoting 
apoptosis, especially in upper regions of mucosal crypts [206].

A quantitative metaanalysis found that a higher dose of 1000–
2000 IU/day of vitamin D-3 reduces the incidence of colorectal 
cancer  with  minimal  risk  [207].  A  metaanalysis  by  Lee  et  al. 
reported  that  serum  25(OH)D  levels  are  inversely  associated 
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in a manner that promotes barrier integrity, facilitates the clear-
ance of translocated flora, and diverts CD4 T cell development 
away  from  inflammatory  phenotypes.  Patients  with  Crohn’s 
disease are at clear risk  for vitamin D deficiency  from malab-
sorption, while  illness may  limit  sun exposure  for both  forms 
of  IBD.  Utilization/consumption  of  vitamin  D  increases  in 
inflamed  tissues  of  IBD  [211].  Several  polymorphisms  have 
been identified in the VDR gene. A recent metaanalysis revealed 
a significant increase in Crohn’s disease risk for Europeans car-
rying the TaqI tt genotype and a significant decrease in Crohn’s 
disease risk for all carriers of the Apal "a" allele [212].

Vitamin  D  deficiency  aggravates  IBD  in  mouse  models,  
while  administration  of  vitamin  D  has  a  therapeutic  benefit 
[175,213,214]. Results of the Nurse’s Health Study revealed that 
higher  concentrations  of  25(OH)D  predicted  a  lower  risk  of 
developing  Crohn’s  disease  and  higher  use  of  vitamin  D  sup-
plementation  was  associated  with  a  lower  risk  of  ulcerative 

with  colon  and  rectal  cancer,  with  a  stronger  association  for 
rectal cancer [208]. Gandini et al. demonstrated an inverse asso-
ciation between serum levels of 25(OH)D and risk of colorectal 
cancer [209]. In a metaanalysis of dietary vitamin D status and 
colorectal cancer  incidence, Ma et al. concluded that a 10-ng/
mL increment in serum 25(OH)D reduced the risk of colorectal 
cancer by approximately 25% (relative risk 0.74; 95% CI 0.63–
0.89) [210]. In summary, available data assessing the association 
of vitamin D and the risk of colorectal cancer are inconsistent, 
but the evidence thus far seems to suggest that vitamin D and 
the vitamin D receptor (VDR) genotype affect colorectal cancer 
risk differently in various gender, racial, and ethnic groups.

The potential role of vitamin D in the pathogenesis, preven-
tion,  and  treatment  of  inflammatory  bowel  disease  (IBD)  has 
been  a  matter  of  increasing  attention  (see  Chapter  72).  Local 
activation  of  vitamin  D  coordinates  the  activity  of  the  innate 
and adaptive arms of immunity, and of the intestinal epithelium, 

Table 30.2 Fat-soluble vitamins.

Vitamin A Vitamin D Vitamin E Vitamin K

Dietary source Carotenoids: green, yellow 
vegetables
Vitamin A: liver, kidney, milk, 
butter, egg yolk

Fish oils, liver, fortified 
milk and cereals, egg yolk

Soy, corn, sunflower, 
safflower oils, almonds, 
avocado

Dark green leafy 
vegetables, liver, intestinal 
bacteria

Daily requirement 900 μg RE men
700 μg RE women
750 μg pregnancy
1200 μg lactation

600 IU, age 70 or younger
800 IU, older than age 70

15 mg adults
19 mg lactation

120 μg men, 90 μg 
women, 90 μg pregnancy 
and lactation

Absorption Pancreatic esterase, micelle 
incorporation, facilitated 
transport, carotenoids cleaved 
by intestinal monooxygenase

Micelle incorporation, 
facilitated diffusion

Micelle incorporation, 
passive and facilitated 
diffusion

Phylloquinone: micelle 
incorporation, passive and 
facilitated diffusion
Menaquinone: uncertain

Function Vision, cell differentiation, 
immune (particularly T- and 
B-cell) function

Calcium absorption and 
homeostasis

Antioxidant Blood clotting: 
γ-carboxylation of clotting 
factors II, VII, IX, X; bone 
mineralization through 
osteocalcin

Clinical signs of 
deficiency

Night blindness, xerophthalmia, 
corneal ulceration, 
hyperkeratosis, infection risk

Rickets (children), 
osteoporosis, potential for 
immune compromise

Abnormal peripheral vision, 
peripheral neuropathy, 
hemolysis (newborns)

Decreased blood clotting, 
osteoporosis

Risks for deficiency Protein malnourishment in 
infants, chronic alcoholism, 
intestinal malabsorption (e.g., 
short bowel syndrome, celiac 
disease)

Lack of sunshine, 
intestinal malabsorption 
(e.g., short bowel 
syndrome, celiac disease)

Intestinal malabsorption, 
especially short bowel 
syndrome, cholestasis

Intestinal malabsorption, 
prolonged use of 
antibiotics

Over consumption Nausea and irritability, blurred 
vision, growth retardation, 
enlargement of liver and 
spleen, hair loss, bone pain, 
increased spinal fluid pressure, 
skin changes

Nausea and weight loss, 
irritability, soft tissue 
calcification, kidney 
damage

Possible increase in 
coagulation/prothrombin 
time

Few signs

Diagnosis HPLC Competitive protein 
binding of 25(OH)D

HPLC Prothrombin response to 
vitamin K

HPLC, high-pressure liquid chromatography; RE, retinol equivalent: 1 μg retinol or 24 μg mixed carotenes.
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the  lower  efficacy  of  ergocalciferol,  a  dose  three  times  that  of 
cholecalciferol  can be considered. However,  studies have  shed 
some light on this issue [219–223]. One study recommended a 
dose of 50 000 IU of vitamin D-2weekly  for 8 weeks,  followed 
by 50 000 IU of D-2 every 2–4 weeks [224]; another study sug-
gested a dosing of 50 000–100 000 IU of D-2 taken weekly [220]; 
and a third study proposed a dose of at least 600 000 IU of D-2 
given over a period of 60 ± 40 days [219]. Pepper et al. retro-
spectively looked at three repletion regimens: 50 000 IU of D-2 
once  weekly  for  4  weeks  followed  by  50 000 IU  monthly  for  5 
months;  50 000 IU  of  D-2  once  monthly  for  6  months;  and 
50 000 IU  of  D-2  three  times  weekly  for  6  weeks.  They  found 
that  each  of  the  three  regimens  significantly  increased  serum 
vitamin  D  levels,  but  this  occurred  in  38%,  42%,  and  82%, 
respectively, of the populations reviewed [219]. More studies are 
needed  to determine reliable  repletion regimens and duration 
of  treatment  using  vitamin  D-2,  as  these  are  currently  being 
guided  by  laboratory  results,  which  can  be  both  inconvenient 
and expensive.

Vitamin E
Function, structure, sources, and requirements
Vitamin  E  comprises  eight  tocopherols,  of  which  two, 
α-tocopherol  and  γ-tocopherol,  are  the  most  important  in 
human nutrition. The predominant natural  form of vitamin E 
is  the  RRR  isomer  of  α-tocopherol  [225].  The  major  food 
sources  of  vitamin  E  include  polyunsaturated  vegetable  and 
seed  oils,  whole  grains,  nuts,  and  green  leafy  vegetables.  
The  DRIs  of  vitamin  E  are  6–11 mg  for  children,  15 mg  for  
adults  of  all  ages,  15 mg  during  pregnancy,  and  19 mg  during 
lactation [226].

Absorption and homeostasis
The intestinal absorption of dietary vitamin E includes deesteri-
fication  by  pancreatic  esterases,  followed  by  bile-dependent 
incorporation into intralumenal micelles, diffusion, or facilita-
tive transport into enterocytes, and incorporation into chylomi-
crons for transfer in lymphatics. After peripheral hydrolysis of 
chylomicrons,  vitamin  E  as  RRR-α-tocopherol  returns  to  the 
liver  with  chylomicron  remnants  and  is  then  transferred  by 
hepatic  α-tocopherol  transfer  protein  to  high-density  or  low-
density lipoprotein. The subsequent transfer to tissues occurs by 
receptor-mediated endocytosis of low-density lipoprotein. As a 
consequence, plasma  levels of α-tocopherol vary according  to 
the  total  plasma  lipid  concentration  and  often  correlate  with 
values for total cholesterol. Once within cells, vitamin E is incor-
porated  into  lipid  membranes,  about  40%  into  nuclear  mem-
branes, and the remaining 60% into lysosomal, mitochondrial, 
and  outer  cell  wall  membranes.  The  efflux  of  vitamin  E  from 
cells is less well understood, but it appears to be dependent on 
the ATP-requiring transporters associated with the cholesterol 
transporter family [227].

Tocopherols are unique because they act as chemical antioxi-
dants,  although possible  roles  in  cell  signaling have  also been 

colitis [215]. Clinical trials have evaluated the effects of vitamin 
D  in  patients  with  Crohn’s  disease.  A  double-blind  placebo-
controlled  trial  in  which  94  remitted  patients  with  Crohn’s 
disease were randomized to receive either 1200 IU vitamin D or 
placebo  once  daily  for  1  year,  together  with  1200 mg  calcium 
daily,  found  that  treatment  insignificantly  reduced  (P =  0.06) 
the rate of clinical relapse [216]. In an open-labeled pilot study, 
Vitamin D-3 oral therapy was initiated at 1000 IU/day and after 
2 weeks, and the dose was escalated incrementally until patients′ 
serum  concentrations  reached  40 ng/mL  25(OH)D3  or  they 
were  taking  5000 IU/day.  Patients  (n  =  18)  continued  on  the 
vitamin D supplements for 24 weeks [217]. Vitamin D oral sup-
plementation  significantly  increased  serum  25(OH)D3  levels 
from 16 ± 10 ng/mL to 45 ± 19 ng/mL (P < 0.0001) and reduced 
the  unadjusted  mean  Crohn’s  disease  activity  index  (CDAI) 
scores  by  112  ±  81  points  from  230  ±  74  to  118  ±  66 
(P  <  0.0001).  Quality-of-life  scores  also  improved  following 
vitamin D supplementation (P = 0.0004). Twenty-four weeks’ 
supplementation with up to 5000 IU/day vitamin D-3 effectively 
raised serum 25(OH)D3 and reduced CDAI scores  in Crohn’s 
disease patients, suggesting that restoration of normal vitamin 
D  serum  levels  may  be  useful  in  the  management  of  patients 
with mild–moderate Crohn’s disease.

The FNB of  the  Institute of Medicine recommends  that  the 
most reliable biochemical marker of vitamin D status is serum 
25(OH)D [187]. The half-life of serum 25(OH)D is 15 days and 
encompasses  endogenously  produced  vitamin  D  as  well  as 
dietary  and  supplemental  vitamin  D.  It  does  not  indicate  the 
amounts of vitamin D stored in body tissues. Serum 1,25(OH)2D 
is not recommended as an indicator of vitamin D status, because 
amounts present  in serum are  tightly regulated by osteometa-
bolic pathways and may not adequately reflect overall vitamin 
D  status  [187].  According  to  the  FNB,  levels  of  25(OH)D  in 
excess of 50 nmol/L (>20 ng/mL) are sufficient to promote bone 
and overall health in most people. Concentrations of 25(OH)D 
below  30 nmol/L  (<20 ng/mL)  are  associated  with  rickets  in 
children and osteomalacia in adults, whereas evidence suggests 
an increased risk of adverse effects when serum 25(OH)D con-
centrations exceed 125 nmol/L [187].

When adequate serum concentrations of 25(OH)D cannot be 
maintained by sun exposure and/or dietary sources alone,  the 
use of vitamin D supplements is necessary [187]. Vitamin D is 
available  as  vitamin  D-2  (ergocalciferol)  and  vitamin  D-3 
(cholecalciferol); either may be used to achieve  improvements 
in vitamin D nurture. The DRI for vitamin D-3 were updated 
in  2010  by  the  FNB,  and  are  established  as  follows,  assuming 
the absence of sun exposure: 1 to 70 years of age, pregnant and 
lactating females, 600 IU/day; older than 70 years, 800 IU/day; 
birth  to  6  months  tolerable  upper  intake  level  (UL),  1000 IU; 
and  6–12  months  UL,  1500 IU  [187].  Vitamin  D-2  has  been 
shown to be 30% as effective as vitamin D-3 (cholecalciferol) in 
its ability to maintain 25(OH)D levels [218]. To date, there are 
no consensus guidelines on the appropriate dose of ergocalcif-
erol that is required to maintain vitamin D serum levels. Given 
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contain  both  α  and  γ  forms  of  tocopherol,  the  functional 
potency of supplemental γ-tocopherol is only about 10% that of 
α-tocopherol [227].

Vitamin K
Function, structure, sources, and requirements
The  major  function  of  vitamin  K  is  to  activate  blood  clotting  
by  serving  as  a  cofactor  for  microsomal  synthesis  of 
γ-carboxyglutamic acid (Gla) residues, which permit the forma-
tion of specific calcium-binding sites in prothrombin (factor II) 
and factors VII, IX, and X. Gla residues are also found in pro-
teins C and S, which are anticoagulants by virtue of their ability 
to  inhibit  factor  V  [231].  Vitamin  K  is  also  essential  for  the 
γ-carboxylation  of  osteocalcin,  an  osteoblast  protein  that  is 
upregulated by 1α,25(OH)2D3. Therefore, deficiency of vitamin 
K  may  contribute  to  osteoporosis,  whereas  vitamin  K  supple-
mentation  has  been  shown  to  prevent  bone  fractures  [232]. 
Vitamin K activity  is  associated with phylloquinone  (K1) and 
menaquinone (K2–5) derivatives of 1,4-naphthoquinone [231]. 
The main dietary sources of phylloquinone are dark green leafy 
vegetables and some vegetable oils.

There  is  no  precise  DRI  for  vitamin  K.  The  recommended 
adequate  intake  for  dietary  phylloquinone  is  120 μg/day  in 
men  and  90 μg/day  in  women,  while  uncertain  amounts  are 
derived  from  intestinal  bacterial  synthesis  of  menaquinone 
(Table 30.2) [233].

Absorption and homeostasis
As a fat-soluble vitamin, phylloquinone requires micellar solu-
bilization  before  diffusion  into  enterocytes  and  uptake  with 
chylomicrons.  Phylloquinone  circulates  with  chylomicrons  
with a high triglyceride level and very-low-density lipoproteins, 
and blood concentrations are dependent on plasma lipid con-
centrations.  In  contrast,  menaquinones  are  synthesized  by 
anaerobic  intestinal  bacteria  and  their  route  of  absorption 
remains unclear [231].

Deficiency
Vitamin K deficiency may occur in neonates as a result of imma-
ture metabolic pathways, insufficient intestinal bacterial synthe-
sis,  and  low  levels  in breast milk. Hemorrhagic disease of  the 
newborn is prevented by a single injection of phylloquinone to 
all  neonates,  as  recommended  by  the  American  Academy  of 
Pediatrics  [234].  Phylloquinone  deficiency  in  adults  occurs  in 
biliary  diseases,  malabsorption  disorders  such  as  the  short 
bowel syndrome, and celiac disease. Ineffective use of vitamin 
K occurs in individuals adhering to long-term regimens of the 
antagonist  coumadin  and  in  patients  with  severe  liver  disease 
that leads to impaired synthesis of coagulation factors irrespec-
tive  of  vitamin  K  adequacy.  Also,  long-term  oral  regimens  of 
antibiotics may suppress menoquinone-synthesizing anaerobic 
bacteria and lead to vitamin K deficiency [231]. A large study 
of  elderly  people  found  that  those  in  the  highest  quartile  of 
dietary  vitamin  K  intake  had  a  reduced  risk  of  hip  fracture 

described [227,228]. Vitamin E protects unsaturated fatty acids 
found in the phospholipids of cell membranes. Cell membranes 
contain vitamin E at a concentration of about 1 mg per 5–10 g 
of  membrane  lipid;  a  concentration  sufficient  to  retard  mem-
brane lipid oxidation. Membrane lipids are constantly engaged 
in the process of  turnover and repair, and vitamin E in mem-
branes  is  consumed  while  inhibiting  the  formation  of  lipid-
derived  oxidation  products.  By  prolonging  the  initiation  time 
before a free-radical chain reaction occurs, vitamin E gives cells 
time to replace damaged membrane lipids through the process 
of normal cell turnover [228].

Deficiency
Vitamin E deficiency occurs mainly in patients with malabsorp-
tive  disorders  involving  the  biliary  circulation,  pancreas,  and 
intestinal mucosa. Some infants can also be at risk because their 
body stores of vitamin E are lower. Children with biliary atresia 
or  other  causes  of  cholestasis  become  depleted  more  rapidly 
than  older  children  and  adults  with  malabsorption  diseases 
[229].  Vitamin  E  deficiency  is  manifested  by  neurological 
damage involving the posterior columns, cranial nerves, brain-
stem, and peripheral nerves, with loss of balance and peripheral 
neuropathy,  and  by  retinal  damage  with  visual  field  defects 
[227].  A  water-soluble  form  of  vitamin  E,  RRR-α-tocopherol 
glycol  (Aquasol  E),  is  better  absorbed  than  the  dietary,  fat-
soluble natural vitamin and hence is more effective in the treat-
ment  or  prevention  of  vitamin  E  deficiency  in  malabsorption 
diseases such as short bowel syndrome [229].

Toxicity
The upper limit of vitamin E is 1000 mg (1500 IU) but some data 
show  that  long-term  supplementation  of  400 IU  may  lead  to 
increased risk of mortality and hemorrhagic stroke.

Method of assessing status
Vitamin E status is assessed by HPLC measurement of plasma 
concentrations.  Normal  concentrations  of  α-tocopherol  are 
greater than 12 μmol/L (5 μg/mL). However, because the plasma 
level of vitamin E is regulated in part by plasma lipid concentra-
tions, more correct values include α-tocopherol at greater than 
8 mg per the sum of triglycerides and total cholesterol concen-
trations, or 2.8 mg per g total cholesterol [227].

Supplementation studies
Vitamin E  supplementation  in  the  form of RRR-α-tocopherol 
at daily doses up to 800 IU has been used in several trials for the 
prevention of cardiovascular disease, with conflicting and non-
conclusive  results;  furthermore,  vitamin  E  carries  the  risk  of 
increasing bleeding when combined with aspirin [227]. Other 
diseases  associated  with  an  inconclusive  preventive  effect  of 
vitamin E supplementation include Alzheimer disease, several 
cancers,  and  cataracts  [227].  One  study  suggested  a  positive 
effect of vitamin E over placebo in improvement of nonalcoholic 
steatohepatitis [230]. Although many food sources of vitamin E 
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minerals. It is important to note that the minerals can influence 
the absorption and biological  activities of  each other and  this 
should  be  taken  into  account  when  evaluating  patients  with 
potential mineral deficiencies.

Table 30.3 shows some dietary sources, recommended daily 
requirement,  mechanism  of  absorption,  primary  functions, 
deficiency signs, and etiology of key minerals discussed in this 
section.  Table  30.4  lists  clinical  signs  and  symptoms  of  defi-
ciency and toxicity of the minerals discussed.

Calcium
Calcium  is  considered a macromineral;  it has been character-
ized as one of the most abundant ions in the body and is thought 
to constitute 1–2% of the total adult human body weight [237]. 
A large proportion (99%) of the calcium in the body is stored 
in  teeth  and  bones,  with  the  remaining  1%  in  the  serum  and 
distributed  throughout  the rest of  the body. Only  the calcium 
in bone is available for resorption when needed.

Dietary sources, homeostasis, and regulation
The dietary sources of calcium are vast, with the main sources 
listed in Box 30.7.

The homeostasis and regulation of calcium for the most part 
involves  the  1%  of  calcium  in  the  serum  and  body  tissues. 
Serum calcium exists in three forms, which include complexed 
calcium (calcium that is bound to nonprotein anions – includ-
ing phosphate, citrate, and carbonate); protein-bound calcium 
(a high percentage of serum calcium is bound to some protein, 
with  albumin  being  the  major  protein);  and  ionized  calcium 
(the  most  physiologically  important  part  of  the  calcium  in 
serum,  and  is  considered  the  metabolically  active  form  of 
calcium).

Serum calcium is influenced by a variety of metabolic condi-
tions, most notably hypoalbuminemia. Serum calcium parallels 
serum albumin concentrations as calcium is extensively bound 
to albumin. Hypoalbuminemia is associated with a decrease in 
serum calcium, due to a decrease in the available protein-bound 
calcium. It is important to note that although hypoalbuminemia 
will affect the total serum calcium it does not cause changes to 
the ionized calcium levels. Factors that affect concentrations of 
the  ionized  calcium  include  changes  in  body  pH  (metabolic 
alkalosis will lead to a decrease in the ionized calcium as calcium 
binds more easily to proteins and vice versa in states of meta-
bolic  acidosis),  and  phosphorus  (has  a  negative  relationship 
with  serum  calcium  with  hyperphosphatemia  leading  to  a 
decrease in the percentage of  ionized calcium and an increase 
in ionized calcium with hypophosphatemia).

Calcium  is  regulated  via  a  complex  mechanism  involving 
vitamin  D,  PTH,  calcitonin,  and  phosphorus.  Serum  calcium 
levels are primarily under hormonal control mediated by PTH, 
calcitonin, and vitamin D [238]. PTH acts by  increasing bone 
resorption  of  calcium,  augmenting  renal  conservation  of 
calcium, and activation of vitamin D, which enhances the intes-
tinal absorption of calcium. Conversely, calcitonin released by 

compared  to  those  in  the  lowest quartile of vitamin K  intake, 
although  there  was  no  relationship  of  these  findings  to  bone 
mineral density measurements [235]. There is some evidence to 
suggest that high intake of menoquinone can inhibit coronary 
calcification, though optimal  levels are not known, and intake 
has not been correlated with stroke risk [236].

Method of assessing status
Vitamin  K  deficiency  can  be  assessed  by  a  prolonged  pro-
thrombin time that responds to parenteral vitamin K adminis-
tration  [231],  and  by  direct  measurement  of  plasma 
concentrations of phylloquinone by HPLC.

Minerals

Minerals constitute about 5% of our diet and some are essential 
for  normal  health  and  bodily  functions.  Classification  of  the 
minerals  is  somewhat  controversial  but  one  scheme  that  has 
been  utilized  by  nutritionists  is  prioritization  based  upon  the 
DRI  for  the  mineral  required  with  macrominerals  (>100 mg/
day  required),  microminerals  (1–100 mg/day  required),  and 
trace minerals (<1 mg/day required) (Box 30.6).

A comprehensive discussion of each of these minerals could 
in  itself  constitute  a  textbook;  this  discussion  will  focus  on  a 
select group especially relevant to gastrointestinal tract disease. 
The  healthcare  provider  caring  for  the  patient  with  digestive 
disease should be familiar with calcium, magnesium, iron, zinc, 
copper,  chromium,  and  selenium.  The  source,  homeostasis/
regulation,  absorption/transport  mechanism,  excretion,  func-
tions,  deficiency,  and  toxicity  are  discussed  for  each  of  these 

Box 30.6 Classification of minerals.

Macrominerals
Calcium
Chloride
Magnesium
Potassium
Phosphate
Sodium

Microminerals
Copper
Fluoride
Iron
Manganese
Zinc

Trace minerals
Arsenic
Boron
Chromium
Iodine
Nickel
Selenium
Silicon
Vanadium
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The body maintains a delicate balance between excretion and 
absorption. The excretion of calcium is usually via renal mecha-
nisms. Other vehicles of excretion of calcium include sweat and 
feces. A few mechanisms are responsible for increased calcium 
excretion.  Phytic  acid  (combines  with  calcium  to  form  unab-
sorbed calcium phytate excreted through the feces), presence of 
excess  dietary  protein  (has  been  implicated  in  leading  to 
increased urinary calcium excretion) [244], high caffeine intake 
[245],  high  sodium  intake  [245],  and  chronic  alcohol  intake 
[246] have all been implicated.

Functions, deficiency, and toxicity
Calcium has been found to be essential for many physiological 
functions,  including  preservation  of  cell  membrane  integrity, 
neuromuscular activity, regulation of endocrine secretory activ-
ities, blood coagulation cascade, activation of the complement 
system, and invariably bone metabolism [247]. Normal serum 
calcium ranges from 8.5 to 10.5 mg/dL (2.12–2.62 mmol/L) with 
hypocalcemia defined as  serum calcium concentrations below 
8.5 mg/dL. Serum calcium is strictly maintained within a narrow 
range  optimal  for  the  many  extra-  and  intracellular  functions 
regulated by calcium.

Because  of  the  ubiquitous  binding  of  calcium  to  proteins 
(especially  albumin)  fluctuations  in  protein  concentrations 
usually causes a decrease in the total calcium concentration, but 
usually not the ionized calcium level. The calculation for adjust-
ing total calcium in states of hypoalbuminemia is given below. 
The corrected total calcium is usually higher than the measured 
level  as  the  formula  adjusts  for  the  missing  calcium–albumin 

the  thyroid  gland  acts  by  inhibiting  the  bone  resorption  of 
calcium and also augments renal excretion of calcium. PTH is 
released in response to low serum calcium levels and calcitonin 
is released in response to high serum calcium levels.

Absorption, transport, and excretion
Acquisition  of  serum  calcium  is  for  the  most  part  via  bone 
resorption and dietary  intake. Active absorption dominates  in 
times of low calcium intake, while passive absorption dominates 
in high-intake states. Absorption of calcium is possible once it 
is  in the  ionized form, which occurs  in the stomach,  followed 
by active absorption in the duodenum [239]; passive diffusion 
takes place in the ileum [239], and both active and passive pro-
cesses  in  the  colon  [240].  Active  transepithelial  transport  of 
calcium in the upper part of the duodenum is highly vitamin D 
(D-3) dependent, and is thought to involve three mechanisms, 
including: a group of nonvoltage-gated calcium channels [239]; 
a  carrier-mediated  facilitated  diffusion  via  calcium-binding 
proteins (calbindin 3 [CALB3 or D9K] [241,242] and calbindin 
1 [CALB1 or D28K], which is induced by vitamin D) [243]; and 
finally calcium ATPase and the Na/Ca exchanger [243]. Passive 
calcium  absorption  is  thought  to  occur  via  paracellular  diffu-
sion down a chemical gradient, in all areas of the small intestine 
[239]. Several factors affect calcium absorption, including pres-
ence  of  oxalates,  insufficient  amounts  of  vitamin  D,  renal 
disease, alkalinity of the blood, and some medications (gluco-
corticoids  and  phenytoin  have  been  implicated  in  decreasing 
the absorption of calcium, while thiazide diuretics increase the 
renal absorption of calcium).

Table 30.3 Dietary sources, recommended daily requirement, mechanism of absorption, primary functions, deficiency signs, and etiology of selected 
minerals.

Calcium Magnesium Iron Zinc Copper

Dietary source Milk, dairy products, 
fortified juices, green 
vegetables, beans

Vegetables, fruits, 
dairy, animal products

Meat, fish, poultry, 
fortified cereals

Animal protein, seafood, 
especially oysters

Meat, grain, nuts

Daily 
requirement

1000 mg men and women 
19–50 years
1200 mg females 51+ years 
and all adults >51 years

400–420 mg men
310–320 mg women

8 mg men
18 mg women
8 mg postmenopause

11 mg men
8 mg women

0.9 mg men and 
women

Absorption Active transport by way of 
vitamin D; passive diffusion

Active transport, 
passive diffusion

Active transport, passive 
diffusion

Active transport, passive 
diffusion

Active transport, 
passive diffusion

Function Bone formation; muscle 
and nerve function

Bone metabolism; 
nerve, muscle, 
cardiac functions

Oxygen transport as 
heme, energy 
metabolism, 
neurotransmitter synthesis

Cofactor for many 
enzymes involved in 
nucleic acid, protein, lipid, 
carbohydrate metabolism

Connective tissue 
synthesis, bone 
growth, ferroxidase 
activity

Causes of 
deficiency

Malabsorption, dietary 
inadequacy

Malabsorption, 
alcoholism, surgery, 
renal disease

Blood loss, 
malabsorption, 
achlorhydria, hookworm

Diarrhea, surgery, 
malabsorption, alcoholism

Diagnosis Bone density scan Serum magnesium Hemoglobin, iron-binding 
capacity, ferritin, 
transferrin receptor

Serum zinc Serum copper, red 
cell superoxide 
dysmutase
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Table 30.4 Clinical signs and symptoms of mineral deficiencies and toxicity.

Deficiency Toxicity

Calcium (Ca2+) Cardiovascular: hypotension, decreased myocardial contractility, 
prolonged QT interval
Neuromuscular: tetany, distal extremity paresthesias, Chvostek sign, 
Trousseau sign, muscle cramps, seizures

Gastrointestinal: anorexia, nausea, emesis, bowel 
dysmotility, constipation, pancreatitis, peptic ulcer 
disease
Cardiovascular: hypertension, bradycardia, 
shortening of the QT interval
Musculoskeletal: generalized weakness, bone 
pain, osteopenia, osteoporosis
Renal: polyuria, polydipsia, nephrolithiasis, 
nephrocalcinosis, distal renal tubular acidosis, 
nephrogenic diabetes insipidus, renal insufficiency
Neurological: confusion, poor concentration, 
fatigue, stupor, coma

Magnesium (Mg2+) Neuromuscular: hyperexcitablity (e.g., tetany: Trousseau and Chvostek 
signs, spontaneous carpal–pedal spasms, tremors, convulsions), 
weakness, fatigue, delirium, apathy, involuntary movements (athetoid/
choreiform movements), coma
Cardiovascular: QRS widening, peaked T waves, PR interval widening, 
diminution of T waves, atrial and ventricular arrhythmias, 
hypomagnesemia also potentiates the development of digoxin toxicity
Electrolyte abnormalities: hypocalcemia, hypokalemia
Gastrointestinal: loss of appetite, nausea, emesis

Gastrointestinal: nausea, emesis,
Cardiovascular: bradycardia, hypotension
Neuromuscular: drowsiness, muscle weakness, 
alteration in mental status
Miscellaneous: diaphoresis, flushing, heat 
intolerance

Iron (Fe) Hematological: anemia, poor capillary refill, pallor,
Neuromuscular: weakness, fatigue, lightheadedness, headache, 
irritability, impaired intellectual and behavioral performance, restless 
leg syndrome
Cardiovascular: exercise intolerance, shortness of breath, dyspnea on 
exertion, tachycardia, reduced work performance, Immunological: 
decreased resistance to infections
Miscellaneous: increased lead absorption, pica, pagophagia, beeturia

Gastrointestinal: nausea, emesis, hemorrhagic 
gastroenteritis
Endocrine: hyperglycemia with metabolic acidosis

Zinc (Zn) Dermatological: skin lesions (mostly located at the eyes, nose, mouth, 
gluteal region, and perianal skin)
Ophthalmic: night vision dysfunction,
Endocrine: hypogonadism, dysguesia, anosmia, alopecia,
Gastrointestinal: anorexia, diarrhea
Immunological: immune dysfunction (especially T-cell dysfunction), 
impaired wound healing
Neuropsychiatric: personality changes

Gastrointestinal: gastric distress, nausea, emesis
Neurological: dizziness
Immunological: decreased immune function,
Miscellaneous: copper deficiency

Copper (Cu) Dermatological: skin depigmentation
Neuromuscular: muscle weakness (myeloneuropathy), ataxia, 
neuropathy, and cognitive deficits
Hematological: hepatosplenomegaly, anemia (usually microcytic and 
hypochromic), leukopenia, neutropenia, thrombocytopenia
Endocrine: hypercholesterolemia
Miscellaneous: fragile, brittle hair, peripheral edema

Gastrointestinal: abdominal pain, diarrhea, 
nausea, emesis, hepatic necrosis, cirrhosis
Neurological: encephalopathy,
Cardiovascular: cardiac failure
Renal: renal failure
Miscellaneous: death

Chromium (Cr) Endocrine: impaired glucose tolerance, unfavorable lipid profiles Dermatological: contact dermatitis, skin ulcers
Pulmonary: bronchogenic cancers

Selenium (S) Endocrine: thyroid hormone dysfunction
Metabolism: metabolic effects of oxidative injury, alteration in 
biotransformation enzymes
Musculoskeletal: skeletal muscle dysfunction
Cardiovascular: cardiomyopathy
Neuropsychiatric: mood dysfunction
Hematological: macrocytosis
Miscellaneous: whitening of the nail beds

Gastrointestinal: nausea, emesis, diarrhea
Neurological: alteration in mental status, 
irritability, fatigue, peripheral neuropathy
Miscellaneous: tooth decay, hair loss, nail 
deformity and loss
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binding complex, and  tries  to estimate what  the calcium con-
centration will be if the albumin concentration were normal.

Corrected total calcium mg dL
measured total calcium mg

( / )
(= // ) . [ ( / )]dL albumin g dL+ −0 8 4

Also ,when the body pH fluctuates it affects the calcium con-
centrations by primarily affecting the calcium–albumin binding 
complex. Acidosis  reduces  the binding of  calcium  to albumin 
and alkalosis has  the opposite effect. Hypocalcemia can occur 
when PTH is low (primary hypoparathyroidism), high (second-
ary  hyperparathyroidism),  or  ineffective  (either  low  or  high). 
The possible etiologies of hypocalcemia are listed in Box 30.8.

The  clinical  manifestations  of  hypocalcemia  are  usually 
limited  to  the  cardiovascular  [248]  (hypotension,  decreased 
myocardial  contractility,  prolonged  QT  interval),  and  neu-
romuscular systems [248] (tetany, distal extremity paresthesias, 
Chovstek  sign,  Trousseau  sign,  muscle  cramps,  seizures),  and 
symptoms related to the disease-specific condition.

The management of hypocalcemia initially takes into account 
whether the patient is symptomatic or not. In cases where the 
patient  is  asymptomatic,  daily  oral  calcium  repletion  can  be 
suggested.  If  the  patient  is  symptomatic,  treatment  is  usually 
required and the magnitude of the deficiency will determine the 
appropriate  modality  of  repletion  of  calcium.  Severe  hypocal-
cemia  (defined  as  serum  calcium  below  7.5 mg/dL)  or  acute 
symptomatic  hypocalcemia  usually  requires  quick  correction 
with  intravenous  (i.v.)  calcium  gluconate  or  calcium  chloride 
[249].  Continuous  i.v.  infusion  of  calcium  may  be  required  if 
intermittent boluses are not effective in correcting the hypocal-
cemia, as bolus doses have been shown to be effective for only 
2 h or less [249]. Hypomagnesemia can also lead to calcium loss 
as it is necessary for PTH secretion and function. Indeed, as in 
some patients with hypocalcemia due to low magnesium, mag-
nesium repletion alone may lead to correction of calcium con-
centration [250,251]. When the etiology of the hypocalcemia is 
due  to  hyperphosphatemia,  use  of  phosphate  binders  before 
calcium supplementation has been advocated to prevent forma-
tion  of  soft  tissue  calcification.  Oral  supplementation  with 
calcium  and  vitamin  D  can  be  used  to  manage  patients  with 
chronic and asymptomatic hypocalcemia [252].

Box 30.7 Dietary sources of calcium.

Dairy products: milk, yogurt, ice cream, pudding, cheese (cream 
cheese, mozzarella, cheddar, cottage)

Sea food: sardines, pink salmon
Leafy vegetables: spinach, rhubarb, turnip greens, kale, Chinese 

cabbage
Nuts: almonds
Orange juice (fortified)
Corn tortilla, bread (white, whole wheat fortified)

The dietary reference intake for calcium is shown in Table 30.3.

Box 30.8 Etiology of hypocalcemia.

Hypocalcemia with low PTH
Parathyroid gland destruction: postsurgical, autoimmune, irradiation, 

infiltration of gland (granulomatous, hemochromatosis, 
metastases)

Hungry bone syndrome (postparathyroidectomy)
HIV

Hypocalcemia with elevated PTH
Renal disease (acute)
Hyperphosphatemia
Tumor lysis syndrome
Acute pancreatitis
Osteoblastic metastases
Sepsis
Respiratory alkalosis

Hypocalcemia with ineffective PTH
Vitamin D deficiency
PTH resistance: pseudohypoparathyroidism, hypomagnesemia
Chronic renal disease
Intestinal malabsorptive states (celiac, Crohn’s disease, short bowel, 

etc.)
Drugs

Bisphosphonates
Calcitonin
Cinacalcet
Citrate
Denosumab
EDTA
Foscarnet
Furosemide
Phenytoin
Phenobarbital

PTH, parathyroid hormone; EDTA, ethylenediaminetetraacetate.

Hypercalcemia is defined as a total serum calcium concentra-
tion of >10.2 mg/dL. The two most common causes are hyper-
parathyroidism and malignancy. The clinical manifestations of 
hypercalcemia in the early stages are mostly nonspecific, and, if 
not  recognized and  treated, persisting or worsening hypercal-
cemia can lead to more serious consequences. The addition of 
serum calcium concentrations to the standard basic metabolic 
panel  in  most  emergency  rooms  has  generally  resulted  in  a 
much quicker diagnosis and treatment. Clinical manifestations 
associated  with  hypercalcemia  are  myriad  and  include  gas-
trointestinal (anorexia, nausea, emesis, bowel dysmotility, con-
stipation,  pancreatitis,  peptic  ulcer  disease),  cardiovascular 
(hypertension,  bradycardia,  shortening  of  the  QT  interval), 
musculoskeletal (generalized weakness, bone pain, osteopenia, 
osteoporosis),  renal  (polyuria,  polydipsia,  nephrolithiasis, 
nephrocalcinosis, distal renal tubular acidosis, nephrogenic dia-
betes  insipidus,  renal  insufficiency),  and  neurological  (confu-
sion, poor concentration, fatigue, stupor, coma).

Hypercalcemia  can  be  mediated  by  PTH  or  non-PTH  
mechanisms.  The  etiologies  under  each  mechanism  are  listed  
in Box 30.9.
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and the risk of CVD [266,268,273,274,276], while seven studies 
were randomized trials looking at calcium supplementation and 
CVD events [259,277–282]. The authors concluded that calcium 
intake either via diet or supplementation had little to no effect 
on CVD risk. A subsequent study suggested a possible associa-
tion between high calcium intake and increased CVD mortality 
in  men  but  not  women  [283].  However,  Michaelsson  et  al. 
reported that high intakes of calcium in women are associated 
with  higher  death  rates  from  all  causes  and  cardiovascular 
disease excluding stroke [284]. These data are concerning given 
the recommendation of the Institute of Medicine to supplement 
all postmenopausal women with oral calcium to prevent oste-
oporosis [285]. In contrast, a study from China suggested that 
higher  intake  of  dietary  calcium  was  associated  with  reduced 
risk of all-cause mortality and possibly CVD mortality in older 
people with low habitual calcium intake (defined as daily dietary 
calcium intake of <700 mg/day) [286].

Obesity An association between obesity and calcium intake has 
been postulated and studied, but there is still no concrete evi-
dence  to  suggest  calcium  supplementation  has  a  long-term 
effect on obesity. A systematic review of eight studies [287–295] 
evaluated  the  relationship  between  calcium  and  weight  [296]. 
The  authors  recommended  that  primary  care  providers  target 
postmenopausal women and overweight/obese adults and chil-
dren  for  extra  counseling  about  calcium  intake  (Strength  of 
Recommendation  level  C:  expert  opinion)  [297].  Most  of  the 
more  recent  studies  have  focused  on  dietary  calcium  intake 
from  dairy  sources,  as  this  has  shown  the  most  promising 
results to date [298–301]. A 2009 metaanalysis of randomized 
controlled studies,  looking at  the effect of calcium from dairy 
and dietary supplements on fecal fat excretion, concluded that 
dietary calcium has the potential to increase fecal fat excretion, 
which could be relevant in the prevention of weight gain [299].

Magnesium
Magnesium is considered one of the macrominerals, and is dis-
tributed mostly in the intracellular fluid (ICF). It has been esti-
mated that it is needed in close to 300 biochemical reactions in 
the body across all major organ systems [302]. The body mag-
nesium  content  has  been  estimated  at  approximately  25 g 
(2000 mEq),  with  50%–60%  of  this  being  found  in  the  bones 
[302,303];  the  remaining  40%–50%  is  distributed  between 
cardiac muscle, skeletal muscle, liver, and the extracellular fluid 
(ECF).  Only  about  2%  of  the  latter  half  of  the  magnesium  is 
found in the ECF.

Dietary sources, homeostasis, and regulation
The dietary sources for magnesium are listed in Box 30.10. The 
magnesium content of food varies considerably.

Serum-based magnesium exists in three forms almost similar 
to  calcium,  including  protein  bound  magnesium  (mostly  to 
albumin 33%), complexed magnesium (where it exists bound to 
other compounds including phosphate and citrate 5%), and free 

Calcium and disease outcomes
Calcium concentrations have been associated with a variety of 
disorders  including  colorectal  cancer  (CRC),  cardiovascular 
disease (CVD), and obesity.

Colorectal cancer The relationship between calcium intake and 
CRC risk remains unsettled. Most studies suggest an approxi-
mately  20%–30%  reduction  in  CRC  and  adenoma  risk  when 
comparing  high  to  low  intake  categories  of  both  calcium  and 
vitamin D. The independent effects of calcium and vitamin D 
have not been well documented [253–263]. It appears that most 
of the protective effect noted in some of the studies was related 
to  supplemental  intake  and  not  dietary  intake  only  [253,254, 
258–260]. In contrast, a trial that was conducted as part of the 
Women’s  Health  Initiative  study  did  not  reveal  any  protective 
effect  of  calcium  supplementation  for  CRC  risk  [205].  One 
review that looked at the relationship between calcium, vitamin 
D, and CRC chemoprevention found that, on average, an intake 
(both dietary and supplemental) of  calcium of not more  than 
1000 mg/day  and  intake  of  vitamin  D  of  1000–2000 IU/day 
(serum  levels  of  30 ng/mL)  appear  important  for  CRC  risk 
reduction [263].

Cardiovascular disease Calcium  intake  and  its  relationship  to 
CVD risk has become a topic of increased debate. A review on 
the  association  between  CVD  risk  and  calcium  intake  [264] 
evaluated 19 studies: 12 were prospective observational studies 
looking at the association between dietary calcium and risk of 
CVD [265–275], five studies looked at calcium supplementation 

Box 30.9 Etiology of hypercalcemia.

PTH mediated
Primary hyperparathyroidism
Multiple endocrine neoplasia I and II-a
Familial hypocalciuric hypercalcemia
Familial isolated hyperparathyroidism
Tertiary hyperparathyroidism – renal failure

PTH independent
Malignancy related: PTH related protein (PTHrp), osteolytic bone 

metastases
Multiple myeloma
Vitamin D intoxication
Chronic granulomatous disorders: activation of extrarenal 1 

α-hydroxylase (leads to increased calcitriol)
Medications: thiazides, lithium, teriparatide, excess vitamin A, 

theophylline toxicity
Hyperthyroidism
Acromegaly
Pheochromocytoma
Adrenal insufficiency
Immobilization for prolonged periods
Parenteral nutrition
Milk alkali syndrome

PTH, parathyroid hormone.
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tioning of some physiological processes and biochemical reac-
tions  [308].  Physiological  functions  of  magnesium  include 
glucose metabolism, fatty acid synthesis and breakdown, DNA 
and  protein  metabolism,  inflammation  control  (suppresses 
interleukin-1  [IL-1]),  CNS  function  (plays  a  key  role  in  N-
methyl-d-aspartate  receptor  transmission),  energy  production 
(magnesium is a cofactor in a host of enzymatic reactions in the 
body  leading  to  production  of  energy),  and  bone  metabolism 
[308].

Hypomagnesemia is defined as serum magnesium concentra-
tions less than 1.8 mg/dL (0.75 mmol/L); it has been reported in 
(7%–47%) of hospitalized patients [309–313] and in as high as 
65% of intensive care unit patients [314]. Symptoms associated 
with low magnesium include neuromuscular (hyperexcitablity, 
e.g.,  tetany  –  Trousseau  and  Chovstek  signs,  spontaneous 
carpal–pedal  spasms,  tremors,  convulsions,  weakness,  fatigue, 
delirium,  apathy,  involuntary  movements  athetoid/choreiform 
movements,  coma),  cardiovascular  (QRS  widening,  peaked  T 
waves, PR interval widening, diminution of T waves, atrial and 
ventricular arrhythmias; hypomagnesemia also potentiates the 
development of digoxin  toxicity)  [315], electrolyte abnormali-
ties (concomitant electrolyte abnormalities can be seen with low 
magnesium and include hypocalcemia [22%–28%], and hypoka-
lemia [38%–61%]), and gastrointestinal (loss of appetite, nausea, 
emesis).

Etiology of hypomagnesemia can be due to either, or a com-
bination, of two major mechanisms – gastrointestinal or renal 
losses. Other possible mechanisms include decreased intake or 
redistribution into the ICF. A list of possible causes of hypomag-
nesemia  is  shown  in  Box  30.11.  Hypomagnesemia  due  to 
decreased or ineffective PTH hormone has been reported; it is 
usually  associated  with  hypocalcemia  as  PTH  is  one  of  the  
hormonal  regulators  of  calcium.  One  study  that  prospectively 
followed  patients  undergoing  total  thyroidectomy  found  that 
the  hypomagnesemia  and  hypocalcemia  were  transient,  also 
that most patients were more likely to be symptomatic if both 
cations were low, and repletion of both cations usually resulted 
in better outcomes [316]. An entity associated with neurological 
damage and failure to thrive due to a loss of function mutation 
in  the  transient  receptor  potential  channel  melastatin  6  gene 
(TRPM6),  leads  to hypomagnesemia with  secondary hypocal-
cemia [317].

With  only  1%–2%  of  total  body  magnesium  present  in  the 
ECF, there is difficulty correlating the total body and intracel-
lular  magnesium  concentrations;  due  to  this  there  is  no  real 
evidence-based treatment algorithm for magnesium deficiency. 
Magnesium supplementation in cases of deficiency can be done 
intravenously,  intramuscularly,  or  orally,  with  the  preferred 
route being intravenously due to the associated issues with the 
other routes, including gastrointestinal intolerance, compliance, 
absorption, and skin reactions. Some suggested repletion regi-
mens  based  on  the  concentration  of  serum  magnesium  have 
been  proposed:  8–32 mEq  [1–4]  magnesium  sulfate,  up  to 
1 mEq/kg, for mild to moderate deficiency (serum magnesium 

magnesium  (the  ionized  form  or  physiologically  active  form 
>60%).

Unlike most other ions, magnesium does not have a specific 
hormone that regulates its serum levels. Intracellular fluid and 
extracellular fluid magnesium levels are closely maintained by 
the combination of the gastrointestinal tract, kidney, and bone. 
Magnesium in bone  is  rarely available  for use, but  the  impor-
tance of bone in magnesium homeostasis becomes more appar-
ent  in  cases  of  progressive  magnesium  depletion.  Following 
progressive decline in the serum concentrations of magnesium 
the exchangeable magnesium in bone becomes available for use 
(only  after  several  weeks)  [304],  and  helps  restore  the  ECF 
levels; overall, both bone and ECF magnesium are usually sac-
rificed to maintain ICF magnesium levels [305].

Absorption, transport, and excretion
Approximately  21%–27%  of  dietary  magnesium  (which  has 
been  estimated  at  240–360 mg/day)  is  usually  absorbed  [146, 
306]. This occurs primarily in the distal jejunum and ileum and 
varies inversely with intake. The colon has also been shown to 
absorb  some  of  the  ingested  magnesium,  with  only  a  small 
portion  being  absorbed  in  the  duodenum  [307].  Both  active 
transport  and  passive  diffusion  have  been  proposed  to  play  a 
role in magnesium absorption [306].

Approximately one-third of absorbed magnesium is normally 
excreted via the kidney, which is also the main route of excre-
tion of excessive dietary magnesium [237]. Magnesium is also 
lost from the feces but only 1%–2% is thought to be lost via this 
means.  Due  to  this  renal-dependent  excretion  of  magnesium, 
with  loss of  renal  function,  there  is no protection against  ele-
vated magnesium concentrations, and continued intake of mag-
nesium  in  patients  with  end-stage  renal  disease  leads  to 
hypermagnesemia, mostly of the ECF.

Functions, deficiency, and toxicity
Magnesium  is  necessary  for  many  biochemical  reactions  in  
the body, and has been shown to be important for proper func-

Box 30.10 Dietary sources of magnesium.

Legumes: navy beans, tempeh (fermented soybeans), pinto beans, 
lima beans, kidney beans

Nuts: cashews, almonds
Seeds: sunflower seeds, sesame seeds, pumpkin seeds
Grains: barley, buckwheat, brown rice, quinoa, millet
Drinking water
Green leafy vegetables: spinach, turnip greens, green peas, kale, 

green beans, mustard greens, leeks, parsley
Fruits: papaya, watermelon, cantaloupe, strawberries
Sea food: scallops

The dietary reference intake for magnesium is shown in Table 30.3.
In certain given situations the dietary reference intake for  
magnesium can vary, including pregnancy (400 mg/day) and lactation 
(360 mg/day).
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deficiency, <1%–3% of anemia),  and women of  child bearing 
age (16–49 years 9%–11% of iron deficiency, 2%–5% of anemia), 
when  compared  to  men  (>12  years  old  1%–4%  of  iron  defi-
ciency, and 1%–2% of anemia) [321].

Dietary sources, homeostasis, and regulation
Dietary  sources  of  iron  contain  both  heme  and  nonheme 
sources of iron and, as will be discussed in further detail below, 
absorption and metabolism of the two forms vary. Heme iron 
is found in animal sources while nonheme iron is found in plant 
sources, and these are listed in Box 30.12.

Iron in the human body exists in four forms, including hemo-
globin  (found  in  circulating  red  blood  cells  and  erythroblasts 
and  accounting  for  2.5 g  of  the  total  body  stores);  bound  to 
serum  transferrin  (accounting  for  3–7 mg  of  body  stores); 
bound  to  other  iron-containing  proteins  (such  as  myoglobin, 
catalase, and cytochrome complexes, which account for 400 mg 
of  stores);  and  finally  the  storage  forms  of  iron  (ferritin  and 
hemosiderin).

Iron  homeostasis  is  regulated  through  a  complex  interplay 
between  alterations  in  absorption,  recycling,  and  loss  of  iron, 
and also interactions between a host of specific proteins, listed 
in Box 30.13. When iron stores are high, absorption is decreased 
and vice versa.

Absorption, transport, and excretion
Absorption of most of the dietary iron occurs in the duodenum 
and jejunum. Dietary iron, as mentioned above, comes in two 
forms (heme and nonheme); the absorption mechanism and the 
amounts absorbed differ for each form depending on additional 
factors. Heme iron constitutes about 18.5% of iron in the typical 
diet,  and about 30%–40% of  this  is  absorbed, while nonheme 
constitutes  slightly  more  than  80%  of  iron  in  the  typical  diet, 
with  a  wide  range  from  <10%  to  50%  being  absorbed 

concentration 1–1.5 mg/dL); and 32–64 mEq [4–8] magnesium 
sulfate, up to 1.5 mEq/kg, for severe deficiency [318–320].

Hypermagnesemia  is  defined  as  a  serum  magnesium  level 
>2.3 mg/dL (0.95 mmol/L), and has been associated with either 
of  two mechanisms:  renal  insufficiency or administration of a 
large  magnesium  load  (e.g.,  preeclampsia/eclampsia,  laxative 
abusers, Epsom salt overuse, enemas). Clinical symptoms asso-
ciated with hypermagnesemia generally begin to appear when 
the serum magnesium concentration reaches or exceed 4.8 mg/
dL  (2 mmol/L)  [310,311].  Symptoms  that  have  been  reported 
include nausea, emesis, diaphoresis, flushing, heat intolerance, 
alteration in mental status, drowsiness, muscle weakness, brady-
cardia, and hypotension.

Iron
Iron  is  essential  in  the  maintenance  of  health  and  has  been 
identified as a component of all living cells. Amounts have been 
shown  to  vary  based  on  the  age,  sex,  weight,  and  nutritional 
status of the person, but the normal total body content of iron 
is approximately 3000–4000 mg. Iron is one of the better under-
stood trace minerals due to its ubiquitous availability, and has 
been  studied  extensively  due  to  its  relationship  to  one  of  the 
most common causes of anemia (iron deficiency anemia). Anal-
ysis of the data from the NHANES III (1988–1994) showed that 
iron  deficiency  anemia  is  present  in  at  least  1%–2%  of  all  US 
adults [321]. When evaluated based on age and sex, iron defi-
ciency  and  iron  deficiency  anemia  was  more  prevalent  in 
younger  individuals of both  sexes  (1–11 years 2%–9% of  iron 

Box 30.11 Etiology of hypomagnesemia.

Gastrointestinal loss
Diarrhea or emesis (but the former is a greater risk than the latter 

due to higher magnesium concentrations of stool)
Malabsorptive disorders
Steatorrhea
Small bowel bypass surgery
Primary intestinal hypomagnesemia
Acute pancreatitis
Proton pump inhibitor use
Protein–calorie malnutrition
Parenteral feeding

Renal loss
Volume expansion, prolonged administration of i.v. fluids (low in 

magnesium)
Alcohol
Uncontrolled diabetes mellitus
Hypercalcemia
Familial magnesium renal wasting
Gitelman syndrome
Medications: loop diuretics, thiazide diuretics, aminoglycosides, 

amphotericin B, cisplatin, pentamidine, cyclosporine, cetuximab, 
panitumumab,

Gitelman syndrome is an autosomal recessive renal tubular disorder 
characterized by hypokalemia, hypomagnesemia, hypocalciuria, 
metabolic alkalosis, and hyperreninemic hyperaldosteronism

Box 30.12 Dietary sources of iron.

Heme sources
Beef: chuck, corned, liver, ground, etc.
Chicken: liver, ground
Turkey
Pork
Seafood: clams, cod, flounder, salmon, shrimp, oysters, tuna

Nonheme sources
Vegetables: broccoli, lentils, spinach
Grains: rice
Legumes: soybeans, pinto beans, peas, navy beans, lima beans, 

kidney beans, black eyed peas
Tofu
Fruits: raisins, prunes, apricots, dates
Nuts: almonds
Oatmeal
Bagels, bread

The dietary reference intake for iron is shown in Table 30.3.
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depending on other associated factors. Heme iron is absorbed 
directly,  probably  via  a  heme  iron  transporter  named  heme 
carrier protein 1 [342]. Nonheme iron absorption occurs after 
it has been converted to the ferrous (Fe2+) form by gastric acid, 
from  the  usually  released  ferric  (Fe3+)  form,  which  is  poorly 
soluble above a pH of 3. The mechanism of absorption of ferrous 
iron is thought to be via the divalent metal transporter 1 (DMT1, 
Nramp2, DCT1,  solute carrier  family 11), discussed briefly  in 
Box 30.13.

Certain  factors  have  been  found  to  affect  absorption  of 
nonheme iron. Increased acidity (vitamin C, hydrochloric acid, 
lactic acid, acidic amino acids like aspartate and glutamate), and 
presence of heme iron all enhance absorption of nonheme iron. 
Factors  that  inhibit  the  absorption  of  nonheme  iron  include 
presence of tannates (found in teas), phytate (found in grains, 
e.g., bran, oats, rye fiber), oxalate (found in spinach, chard, tea, 
and chocolate), polyphenols (found in coffee, tea, cocoa, cereals), 
reduced acidity (antacids, H2 antagonists, proton pump inhibi-
tors,  achlorhydria),  and  malabsorptive  states  (celiac  disease, 
Crohn’s disease).

Following  absorption,  iron  is  transported  to  where  it  is 
needed, depending on the iron requirements at  the time. Two 
paths  are  usually  dictated  physiologically  depending  on  high 
iron  need/depleted  stores  versus  low  iron  need/full  stores.  In 
states of low iron need/full iron stores, the absorbed iron is not 
released immediately into the bloodstream, but is stored in the 
cell bound to apoferritin, leading to the formation of the afore-
mentioned ferritin – a short-term storage form for iron. When 
the amount of iron in the body exceeds the storage capacity of 
ferritin,  some  ferritin  is  then  switched  to  the  iron–protein 
complex, hemosiderin, another  storage  form of  iron.  In  states 
of high iron need/low iron stores the opposite happens and the 
iron  is  absorbed  into  the  blood  stream  with  the  help  of  the 
protein ferroportin, and then bound to transferrin. The number 
of transferrin receptors to which iron can bind depends on the 
state of iron need in the body; with high iron need more recep-
tor  sites  are  expressed  and  more  iron  is  bound,  and  with  low 
iron  needs  fewer  receptor  sites  are  expressed.  As  such,  iron 
storage levels will determine, to a great extent, how much iron 
is  absorbed.  The  interplay  between  some  of  the  proteins 
described  above  and  the  regulation  of  iron  is  shown  in  
Figure 30.3.

There is no mechanism that has been identified as regulating 
the loss of iron. It has been shown to be lost via sweat, shed skin 
cells,  gastrointestinal  losses  (defecation,  urine),  and  bleeding 
(menstrual).

Functions, deficiency, and toxicity
Iron is required for a host of highly complex processes that are 
indispensable  to  the  normal  physiological  functioning  of  the 
body. Some of these functions include hematopoiesis, transport 
of oxygen, carbon dioxide, conversion of glucose to energy (as 
a  component  of  cytochromes),  enzyme  production,  immune 
system  functioning,  reducing  free  radical  production  and 

Box 30.13 Proteins involved in iron metabolism, regulation, and 
homeostasis.

Transferrin: binds tightly to 1–2 ferric (Fe3+) molecules and is the main 
transporter protein for serum iron. It is synthesized in the liver, and 
is upregulated in states of iron deficiency [322,323]. In the steady 
state about one-third of serum transferrin is usually saturated with 
iron – known as the transferrin saturation, expressed mathematically 
as Iron/TIBC (total iron binding capacity) = 1/3. See text for 
conditions that affect the transferrin saturation.

Transferrin receptor: transmembrane protein that is capable of binding 
to 2 molecules of transferrin, hence can carry 4 Fe3+ molecules of 
iron. Following endocytosis of the receptor the iron is released into 
acidified vacuoles, and it is then recycled back onto the cell surface 
with repetition of the process [324].

Ferritin: an acute phase reactant and the storage protein for 
cellular-based iron. Each ferritin complex can store as much as 4500 
atoms of iron [325]. As an acute phase reactant it works in 
conjunction with transferrin and transferrin receptor, to institute  
the cellular defense against oxidative stress and inflammation 
[326,327].

Iron regulatory protein 1 and 2 (IRP1, IRP2): cellular iron-sensing 
proteins that works in conjunction with iron-responsive elements 
(IRE). Binding of the IRPs to IRE target sequences usually occurs in 
states of cellular iron deficiency [328].

Divalent metal transporter 1 (DMT1, Nramp2, DCT1, solute carrier 
family 11) duodenal iron transporter: located on the brush border 
membrane, and is involved in the transport of ferrous iron across 
the brush border and glycocalyx of the enterocytes [329,330].

Ferroportin (Ireg1, SLC11A3, Mtp1): cellular iron exporter responsible 
for exporting absorbed iron from the basolateral membrane of the 
cell and also recycled iron from red blood cells located in the 
macrophages into the blood stream. It has also been shown to help 
transport iron from mother to fetus during pregnancy [331–333].

Hephaestin: a ferroxidase that is thought to be necessary for the 
recycling of iron in the liver, reticuloendothelial system, and blood. 
After iron is transported by ferroportin across the basolateral 
membrane, it is oxidized from the ferrous form back into the ferric 
form for binding to transferrin. Hephaestin is thought to be 
involved in this oxidative process [334].

Ceruloplasmin: a known ferroxidase involved more importantly in 
copper metabolism, but also plays a role in iron metabolism as it 
helps in the oxidizing of ferrous iron (released from ferroportin) into 
the ferric form, which is subsequently loaded on transferrin.

HFE protein: role in iron regulation is not clearly understood, but it 
has been shown to be involved in a complex with the transferrin 
receptor (but its role in this complex is poorly understood). 
Mutations associated with this protein are responsible for most of 
the patients with hereditary hemochromatosis.

Transferrin receptor 2 (TFR2): similar to transferrin 1, but does not 
have an IRE element. Mutations in this protein are responsible for a 
rare hereditary form of hemochromatosis [335].

Hemojuvelin (HJV): regulates hepcidin production. Mutations in this 
protein have been implicated in development of the common form 
of juvenile hemochromatosis [59-utd] [336].

Hepcidin: liver-expressed antimicrobial peptide (LEAP-1) is another 
acute phase reactant the liver expresses. It is in two forms, 
hepcidin-25 and hepcidin-20, of which hepcidin 25 is involved in 
iron metabolism [337–340].

Bone morphogenic protein 6 (BMP6): this is a cytokine, which is 
produced in states of iron overload and has been shown to be 
involved in the main pathway for activation of hepcidin [341].
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predispose  individuals  to  iron  deficiency  anemia  including 
women of childbearing age, menstrual disorders (menorrhagia, 
metromenorrhagia,  etc.),  hospitalized  individuals  with  excess 
blood  draws,  and  malabsorptive  states  (celiac,  IBD,  gastric  or 
intestinal surgery).

Iron toxicity usually is due to either short-term or long-term 
exposure of the body to iron that exceeds the body’s physiologi-
cal protective mechanisms for handling iron (including antioxi-
dants, iron binding proteins), and ranges from acute toxicity to 
chronic  iron  overload.  Acute  iron  toxicity/poisoning  is  still  a 
common  problem  in  the  pediatric  population,  with  almost 
16 000  events  reported  yearly  in  children  less  than  6  years  
old in the USA [348]. The most common chronic iron overload 
state  is  hereditary  hemochromatosis,  and  in  the  homozygous 
hereditary variant of the disease it is thought that the absorption 
of iron is not regulated by iron stores as occurs physiologically 
(see  Chapter  101).  Other  situations  in  which  iron  overload  
occurs include transfusion-dependent conditions such as beta-
thalassemia  major,  sickle  cell  anemia,  and  myelodysplastic 
syndromes.

Zinc
Zinc was identified as an essential mineral in the 1990s, and is 
hydrolyzed  from amino acids and nucleic acids via  the action 
of stomach acid, and enzymes, before absorption. In 1961, a link 
was  shown  between  the  presence  of  zinc  deficiency,  endemic 
hypogonadism, and dwarfism in rural areas  in Iran [349,350]. 
Zinc has been implicated as a catalyst for close to 100 enzymatic 
reactions and is bound to cellular proteins in virtually all cells 
in the body [351,352].

Dietary sources, homeostasis, and regulation
The dietary sources for zinc are listed in Box 30.15.

Total body zinc content has been estimated at about 1.5–2.5 g 
in adults [353]. About 60% of this amount is found in the bones 
and muscles, and has a relatively slow turnover. Approximately 
95% of total body zinc content is intracellular. Zinc homeostasis 
is  closely  regulated by  the protein metallothionein, a metallo-
protein that binds both copper and other divalent cations, but 
has been shown to be more avid for copper than zinc. Plasma 
zinc levels have been shown to vary in certain conditions includ-
ing:  variations  with  dietary  zinc  intake;  during  states  of  acute 

oxidative damage to DNA [343,344], and it is also a component 
of myoglobin.

Iron  deficiency  usually  manifests  as  a  microcytic  and 
hypochromic anemia, due to the intricate relationship between 
iron, hemoglobin, and hematopoiesis. This develops  in stages, 
starting  with  iron  deficiency  and,  following  depletion  of  the 
body  stores,  anemia becomes evident.  It  is  the most  common 
nutrient deficiency worldwide, estimated to affect up to 1 billion 
people;  iron  deficiency  anemia  is  estimated  to  affect  close  to 
500–600 million people worldwide.

Clinical  symptoms  associated  with  iron  deficiency  anemia 
include weakness, fatigue, exercise intolerance, lightheadedness, 
shortness of breath, dyspnea on exertion, headache, irritability, 
tachycardia, poor capillary refill, pallor, reduced work perform-
ance,  impaired  intellectual  and  behavioral  performance, 
decreased  resistance  to  infections,  increased  lead  absorption, 
pica, pagophagia (form of pica involving compulsive consump-
tion of ice or iced drinks), beeturia (Box 30.14), and restless leg 
syndrome.

For diagnosis, blood tests including serum ferritin, iron, total 
iron  binding  capacity,  and  transferrin  are  usually  ordered.  A 
peripheral  blood  smear  showing  the  classic  microcytic  red 
blood  cells  can  help  make  the  diagnosis.  Certain  conditions 

Figure 30.3 Interaction of potential mechanisms for the regulation of iron 
absorption by the mucosal cell. Dcytb, duodenal cytochrome b; DMT1, 
divalent metal transporter 1; FPN1, ferroportin 1; HFE, hemochromatosis 
gene product; Hp, hephaestin; Tf, transferrin; TfR, transferrin receptor.
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Box 30.14 Beeturia.

Beeturia is defined as pink or red urine (or sometimes feces) after the 
ingestion of beets and is due to excretion of betalain (betacyanin) 
pigments, estimated to affect about 10%–14% of the population 
[345,346]. It has also been found to be more common in people with 
enhanced iron absorption, and has been reported at a rate of 
66%–80% in patients with untreated iron-deficiency anemia, and 
close to 45% in patients undergoing treatment for pernicious anemia 
[345,347].
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dysfunction,  hypogonadism,  dysguesia,  anosmia,  anorexia, 
diarrhea,  immune dysfunction  (especially T-cell dysfunction), 
alopecia,  personality  changes,  and  impaired  wound  healing 
[356,358,359].

Zinc  deficiency  can  contribute  to  vitamin  A  deficiency 
because  zinc  aids  the  absorption  of  vitamin  A  from  the  diet 
[360] (via its regulatory role in vitamin A transport, and in the 
oxidative  conversion of  retinol  to  retinal  leading  to decreased 
mobilization of retinol from the liver). A deficiency of zinc also 
decreases work capacity of the muscles, which can cause respira-
tory  impairments  [361].  Hepatic  dysfunction  has  also  been 
associated with zinc deficiency [362]; as has glucose intolerance 
through an as yet unidentified mechanism [363]. Certain condi-
tions and populations have been associated with zinc deficiency, 
such as the elderly, alcoholics, postoperative patients (especially 
intestinal  bypass  or  resection),  burn  patients,  other  wound 
drainage  (gastrointestinal  fistulae,  draining  decubitus  ulcers), 
pregnant and lactating women, pancreatic insufficiency, chronic 
corticosteroid use, and traumatic brain injury.

Zinc  toxicity  has  been  linked  to  excessive  use  of  denture 
adhesives and fixatives, as they contained high amounts of zinc, 
which were readily bioavailable. These have been shown to raise 
zinc levels when used in excess [364,365]. Currently, most acute 
incidences of zinc toxicity are the result of supplemental intake, 
with  instances of death  reported after  large  intravenous doses 
of  zinc  [356].  Clinical  manifestations  of  zinc  toxicity  include 
gastric  distress,  nausea,  emesis,  dizziness,  decreased  immune 
function, and copper deficiency.

Acrodermatitis  enteropathica  is an autosomal  recessive dis-
order of zinc metabolism. It usually presents in the first year of 
life,  although  can  also  present  in  adolescents  and  adults.  It  is 
thought to result from mutations in the SLC39A4 gene located 
on  chromosome  8q24.3,  which  encodes  the  ZIP14  protein 
involved  in  zinc  transportation  [366,367].  Clinical  symptoms 

infections;  in fasting states; and following injuries to the body 
(concentrations have been shown to drop by as much as 10%–
69%, and are dependent of the extent and form of injury) [354].

Absorption, transport, and excretion
About 15%–35% of ingested zinc is absorbed by the body [355], 
via a carrier-mediated process and also a noncarrier-mediated 
diffusion process utilizing metallothionein  [356]. Most zinc  is 
absorbed  in  the  small  intestine,  mainly  at  the  duodenum  and 
jejunum, and to a lesser extent the ileum. The absorptive process 
of zinc involves transport from the enterocyte to the liver, which 
involves binding of zinc to albumin; the liver then releases the 
zinc  into  the  bloodstream  as  needed.  Zinc  absorption  can  be 
affected by other factors, including the presence of other miner-
als (calcium, iron, copper), vitamins, proteins (certain milk pro-
teins),  phytic  acid,  physiological  factors,  disease  processes 
(inflammatory conditions), and alcohol.

The ZIP (Zrt-like, Irt-like protein) family has been implicated 
in  the  transport  of  zinc  from  the  ECF  space  or  organelles  
into  the  cytoplasm  [357].  ZIP4  transporter  was  discovered  
when  it  was  shown  that  mutations  in  its  gene  were  linked  to  
the  recessive  genetic  disorder  acrodermatitis  enteropathica. 
Zinc  is  transported  in  the  blood  both  bound  to  albumin  (at  
least  70%  of  plasma  zinc)  and  bound  to  α-macroglobulins 
(20%–40%) [356].

Zinc  excretion  occurs  via  the  following  organ  systems:  the 
gastrointestinal  tract  (feces),  the  kidney  (urine),  and  the  skin 
(integument and sweat).

Functions, deficiency, and toxicity
Zinc functions in many biochemical reactions, as noted above, 
and these functions are shown in Box 30.16.

Zinc deficiency occurs but  is difficult  to diagnose  for a  few 
reasons.  These  include  lack  of  validated  biomarkers  for  zinc 
status  in the body, effect of changes  in albumin on zinc status 
as serum zinc depends on albumin for transport, and the diverse 
clinical symptoms associated with zinc deficiency. Assessment 
of zinc status in the context of systemic inflammatory response 
syndrome (SIRS) – which can occur in a wide variety of situa-
tions – is complicated because it is depressed by nearly half until 
the insult resolves. Clinical signs associated with zinc deficiency 
include growth delay,  skin  lesions  (mostly  located at  the eyes, 
nose,  mouth,  gluteal  region,  and  perianal  skin),  night  vision 

Box 30.15 Dietary sources for zinc.

Seafood: oysters (tops the list), crab, lobster, flounder
Meat: beef, poultry, pork
Legumes: beans (baked, plain), kidney beans, peas, lentils
Nuts: almonds,
Fortified cereals, oatmeal
Dairy: milk, cheese

The dietary reference intake for Zinc is given in Table 30.3.

Box 30.16 Key functions of zinc [356].

Catalytic functions:
Zinc has been shown to be an important catalyst for enzymes 

including
Alkaline phosphatase
Carbonic anhydrase
Alcohol dehydrogenase
RNA polymerases I, II, III

Structural functions:
Metalloenzymes
Zinc finger motif in proteins – the zinc finger proteins

Regulatory functions:
It has also been shown to have a regulatory function in expression 

of some genes, including metallothionein expression
Other functions:

Peroxidation of lipids
Cellular apoptosis
Cellular proliferation and differentiation
Immune function
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Copper  interacts with two proteins  in the  liver. Ceruloplas-
min transports copper  from the  liver  to  the peripheral  tissues 
and  60%–95%  of  postprandial  circulating  copper  exists  as  a 
component of ceruloplasmin [374]. The other protein is metal-
lothionein,  which  is  thought  to  act  as  a  storage  protein  for 
copper. Approximately 50% of copper excretion occurs through 
the biliary system and the other half is secreted through other 
gastrointestinal secretions [372,373].

Functions, deficiency, and toxicity
Copper  has  multiple  biological  functions  [375,376],  some  of 
which are listed in Box 30.18.

Copper deficiency has been known to occur, although clini-
cally evident deficiency is fairly uncommon [376,378]. Some of 
the  mechanisms  that  can  lead  to  this  include  poor  intake, 
decreased  absorption,  and  increased  losses  from  the  GI  tract 
[379]. Clinical  symptoms of copper deficiency  include  fragile, 
brittle hair, skin depigmentation, muscle weakness (myeloneu-
ropathy),  neurological  abnormalities  (ataxia,  neuropathy,  and 
cognitive  deficits),  peripheral  edema,  hepatosplenomegaly, 
anemia  (usually  microcytic  and  hypochromic),  leukopenia, 
neutropenia,  thrombocytopenia,  and  hypercholesterolemia 
(Box  30.19).  Laboratory  findings  include  low  serum  copper 
level, low ceruloplasmin, low erythrocyte copper–zinc superox-
ide level, and decreased 24-h urine copper excretion [374,380].

include  eczema,  dermatitis,  anorexia,  immunocompromised 
state,  dysguesia,  poor  growth,  delayed  sexual  maturation, 
delayed  wound  healing,  photophobia,  and  night  blindness 
[349]. Zinc repletion is usually the treatment, with higher levels 
required during periods of rapid growth (e.g., puberty).

Copper
Copper is a trace mineral and necessary for physiological func-
tions of different body systems.

Dietary sources, homeostasis, and regulation
Copper can be found in a wide variety of dietary sources shown 
in Box 30.17.

The  homeostasis  and  regulation  of  copper  stores  and  levels  
is  thought  to  be  mainly  by  excretion  and  not  absorption,  
and occurs via a biliary-mediated process. Homeostasis at  the 
cellular  level  involves  a  delicate  balance  of  uptake  and  efflux 
mediated  by  membrane  proteins  [368],  including  the  copper-
transporting  P-type  ATPases  [369].  The  copper  transporting 
ATPase, ATP7A has been implicated in exporting copper from 
the  enterocyte  [370],  while  ATPase7B,  transports  copper  into 
the secretory pathway for incorporation into apoceruloplasmin 
[371].  Most  dietary  copper  is  present  in  the  ionic  Cu2+  form 
bound to organic compounds, hence the need for gastric acid 
and pepsin to cleave the copper from these compound before it 
can be absorbed.

Copper is mostly absorbed in the stomach, duodenum, and 
to  a  lesser  extent  the  jejunum  and  ileum  [372,373].  Copper 
absorption  [372]  occurs  by  both  an  active  transport  system 
(saturable),  which  operates  during  low  copper  intake,  and  a 
passive system (nonsaturable) that operates during high copper 
intake.  Certain  conditions  have  been  shown  to  affect  copper 
absorption, including phytates, dietary fiber, zinc, calcium glu-
conate in large doses, molybdenum, iron, and vitamin C in large 
doses  (have  all  been  shown  to  negatively  impact  copper 
absorption).

Box 30.17 Dietary sources of copper.

Legumes: lentils, Lima beans, garbanzo beans, soybeans, tempeh, 
black beans, pinto beans, dried peas, green beans, navy beans, 
green peas, kidney beans

Nuts: cashews, sesame seeds, sunflower seeds, walnuts, peanuts, 
almonds

Mushrooms: shitake, crimini
Meats: liver
Sea food: shrimp, sardines
Greens: turnip greens, spinach, asparagus, kale, mustard greens, 

Brussels sprouts, broccoli, parsley, romaine lettuce, leeks, collard 
greens, bok choy, cucumber

Fruits: orange, apricot, grapefruit, watermelon, strawberries, 
cantaloupe, banana, papaya, grapes, raisins, pear, avocado, kiwi 
fruit, tomatoes, egg plant, raspberries, plum, pineapple

The dietary reference intake of copper is shown in Table 30.3.

Box 30.18 Functions of copper.

Oxidation–reduction and electron transfer reactions involving oxygen 
via cytochrome-c oxidase [374]

Antioxidant defense via zinc–copper superoxide dismutase
Neurotransmitter synthesis via dopamine monooxygenase
Collagen cross linking and bone formation via lysyl oxidase
Manganese and iron oxidation via ceruloplasmin
Activation/deactivation of peptide hormones via peptidylglycine 

α-amidating monooxygenase
Clot formation/thrombosis via Factor V
Melatonin production via tyrosinase
Important for cholesterol and glucose metabolism [374,377]

Box 30.19 Interplay between copper and zinc.

Copper deficiency and elevated zinc levels associated with 
degeneration of the neurological network of the central and 
peripheral nervous systems resulting in myelopolyneuropathy with 
associated hematological dysfunction (pancytopenia), has been 
increasingly recognized and reported in the literature [381–387]. High 
zinc levels have been associated with copper deficiency thought to be 
due to expression of metallothionein that binds copper [348–351], as 
initially reported in 1994 [352] and confirmed by subsequent reports 
[344,353–355]. It appears that zinc-containing denture adhesive 
overuse is associated with zinc excess. The etiological role of excessive 
zinc supplementations as the cause of the zinc overload has now 
been confirmed [383].
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Absorption, transport, and excretion
Chromium  is  absorbed  throughout  the  intestine,  but  occurs 
predominantly  in  the  small  intestine  (jejunum).  The  main 
underlying mechanism of chromium absorption is still unclear, 
but one postulated adjunct mechanism is a nonmediated passive 
diffusion  process  [146,392].  The  absorption  of  chromium  has  
a dose-dependent relationship, and as intake increases absorp-
tion decreases and vice versa. Absorption of dietary chromium 
is  in general quite poor and with only an estimated 0.4%–3% 
being absorbed into the blood stream [393–395]. Some minerals 
have been shown to affect the absorption and uptake of chro-
mium,  including  zinc  and  iron,  where  states  of  deficiency  are 
associated  with  an  increased  absorption  and  uptake  of  chro-
mium  [392].  Other  factors  that  affect  chromium  absorption 
include  gastric  acid  [396]  (which  can  form  insoluble  salts 
leading to decreased absorption), vitamin C [397] (appears  to 
enhance  the  uptake),  drugs  (indomethacin  enhances  uptake 
while  prostaglandin  E2  decreases  uptake  of  chromium  in 
murine models) [398]; antacids containing magnesium, calcium, 
or  aluminum  salt  and  NSAIDs  decrease  absorption  of  chro-
mium). Chromium is transported via the iron transport system, 
where  trivalent  chromium  binds  competitively  to  transferrin 
and is transported from the blood into cells and is then trans-
ferred from the transferrin to chromodulin, which can bind four 
molecules  of  trivalent  chromium,  and  was  what  was  formerly 
referred to as “glucose tolerance factor” [393–395]. It is thought 
that a majority of ingested chromium is excreted via feces [399], 
while  urinary  and  biliary  excretion  are  other  routes.  Certain 
conditions  that  are  associated  with  increased  secretion  of  
chromium in the urine are diabetes mellitus type II and preg-
nancy [400].

Functions, deficiency, and toxicity
Chromium is thought to potentiate the action of insulin as its 
biologically active  form, chromodulin,  serves a  role  in  insulin 
signaling,  amplifying  the  tyrosine  kinase  activity  of  the  in-
sulin  receptor  [393–395].  With  this  it  has  a  role  in  glucose, 
protein,  and  lipid  metabolism,  and  is  therefore  also  required  
for growth. There is very little evidence of chromium deficiency 
in  humans,  and  the  only  documented  cases  have  been  seen  
in  patients  receiving  parenteral  nutrition  without  adequate  
supplementation  [401].  Other  patient  populations  at  risk  for 

Certain  conditions  have  been  associated  with  an  increased 
risk of development of copper deficiency, including abdominal 
surgery (e.g., gastrectomy, gastric bypass, small intestine resec-
tion), administration of formula without adequate copper sup-
plementation  to  premature  infants,  undernutrition,  chronic 
diarrhea,  malabsorptive  conditions  (e.g.,  steatorrhea,  celiac 
disease),  dialysis  (peritoneal  or  hemodialysis),  excessive  zinc 
ingestion,  treatment of Wilson disease,  treatment with copper 
chelator (clioquinol), and treatment with tetrathiomolybdate.

Copper  toxicity  is  not  very  common  because  the  mode  of 
regulation of copper is via excretion from the bile. Mechanisms 
that lead to impaired biliary excretion or cholestasis can lead to 
accumulation  of  copper  in  the  hepatocytes  and  toxicity  [374, 
379].  While  uncommon,  clinical  features  of  copper  toxicity 
include  abdominal  pain,  diarrhea,  nausea,  emesis,  hepatic 
necrosis, cirrhosis, encephalopathy, end organ damage – cardiac 
failure, renal failure, and death. Sources of copper toxicity, apart 
from the mechanisms described above, can be accidental inges-
tion,  contaminated  food/beverage  sources,  suicide  attempts, 
and use of topical burn creams that contain copper salts [374].

Menke  disease  is  a  congenital  X-linked  genetic  disorder 
caused by a mutation in the transport protein mediating copper 
uptake in the intestine (encoded by the ATP7A gene). Clinical 
features are similar to copper deficiency but occur in early child-
hood.  If  untreated,  the  condition  leads  to  death  during  early 
childhood. Characteristic features include “kinky” hair, growth 
retardation,  skin  hypopigmentation,  osteoporosis,  and  spur 
formation.

Wilsons disease is an autosomal recessive disorder caused by 
a mutation in the copper ATPase enzyme closely related to the 
Menkes  disease  gene  (ATP7B  or  the  WD  protein)  [388,389]. 
Here,  excessive  amounts  of  copper  accumulate  in  the  body 
(especially the liver and brain). Clinical symptoms include cir-
rhosis, eye problems (with the pathognomonic Kayser–Fleisher 
rings),  kidney  dysfunction,  and  neurological  manifestations 
[390] (see Chapter 102).

Chromium
Chromium  is  an  essential  trace  mineral,  which  was  initially 
identified  in  1957  following  extraction  from  pork  kidney  and 
was called “glucose tolerance factor” because it corrected hyper-
glycemia  in  rats  [391].  It  exists  in  several  ionic  states  ranging 
from Cr2+ to Cr6+, but trivalent Cr3+ is the biologically relevant 
state found in dietary sources, and Cr4+ to Cr6+ are strong oxi-
dizing and  toxic agents  that are easily  reducible  to Cr3+  in an 
acidic environment.

Dietary sources, homeostasis, and regulation
Dietary sources of chromium are varied and are  listed  in Box 
30.20.

The homeostasis and regulation of chromium are still unclear 
and are undergoing further investigation, but it is thought that 
the total body stores of chromium is one of the main regulatory 
controls regarding further absorption by the GI tract.

Box 30.20 Dietary sources of chromium.

Grains: whole wheat (bread, English muffins)
Fruits: grape (juice), orange (juice), apple, banana
Vegetables: broccoli, green beans
Meats: processed meats, beef, turkey
Potatoes
Basil, garlic
Red wine

The dietary reference intake for chromium is 20–35 μg/day
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unclear. Selenomethionine appears to serve as the storage pool 
for  selenium,  and  in  vivo  both  selenomethionine  and  seleno-
cysteine are catabolized to release selenium. Following absorp-
tion, selenium is bound to the plasma protein, selenoprotein P, 
whose  role  in  the  transport  of  selenium  in  the  body  is  still 
unclear [146]. The main route of excretion of selenium is via the 
urine but, as already noted, some excretion does occur via the 
gastrointestinal tract (via feces).

Functions, deficiency, and toxicity
Selenium has been found to be a necessary cofactor for certain 
enzymatic reactions, including [414–416] glutathione metabo-
lism  (glutathionine  peroxidase  which  catalyzes  reactions  to 
remove  hydrogen  peroxide),  iodine  and  thyroid  metabolism 
(iodothyronine deiodinase which catalyzes the deiodination of 
iodine,  triiodothyrorine,  and  reverse  triiodothyrorine),  oxida-
tive  defense  (selenoprotein  P),  the  other  selenoproteins.  Defi-
ciency of selenium has been described in the literature, and has 
been  associated  with  metabolic  effects  of  oxidative  injury, 
thyroid hormone dysfunction,  alteration  in biotransformation 
enzymes  [414],  skeletal  muscle  dysfunction,  cardiomyopathy 
[417,418], mood and immune dysfunction [419,420], macrocy-
tosis, and whitening of the nail beds [421]. Keshan disease is a 
described endemic cardiomyopathy that affects women of child-
bearing age and children in geographic areas of China with local 
diets nearly devoid of selenium [414,422].

Selenium  toxicity,  otherwise  known  as  selenosis,  usually 
occurs following excess dietary intake or high-dose supplemen-
tation.  Clinical  symptoms  associated  with  selenosis  include 
nausea, emesis, diarrhea, tooth decay, hair loss, nail deformity 
and  loss,  alteration  in  mental  status,  irritability,  fatigue,  and 
peripheral neuropathy [414]. In China, chronic increased con-
sumption of selenium in Enshi County has been associated with 
most of the symptoms listed above [423].

References are available at www.yamadagastro.com/textbook

chromium  deficiency  include  hospitalized  patients  (with  in-
creased  catabolism  and  metabolism),  short  bowel  syndrome, 
burns, and traumatic injuries. Some authors have postulated an 
association between chromium deficiency and impaired glucose 
tolerance and unfavorable lipid profiles [402], and studies seem 
to suggest that chromium supplementation improved glycemia 
among patients with diabetes but not among those with normal 
glucose tolerance [403]. Clinical signs observed in patients with 
chromium deficiency include weight loss, peripheral neuropa-
thy,  hyperglycemia  refractory  to  insulin,  glucosuria,  impaired 
amino  acid  utilization,  and  dyslipidemia  (increased  plasma 
LDL-cholesterol  levels).  A  large  proportion  of  the  evidence 
presently  available  does  not  support  chromium  supplementa-
tion in patients without a proven deficiency. It is also important 
to note that iron levels can be affected with chronic chromium 
supplementation  because  iron  and  chromium  compete  for 
transferrin.  Serum  ferritin  levels  decrease  when  chromium 
intake is be more than or equal to 200 μg/day [404].

Chromium  toxicity  is  not  common,  and  to  date  there  have 
not  been  any  reports  of  toxicity  of  dietary  or  trivalent  chro-
mium. Although animal studies suggest that high doses of tri-
valent chromium are nontoxic because of the poor bioavailability 
[405],  others  think  that  poor  absorption  of  chromium,  espe-
cially  if  taken  as  a  supplement,  can  lead  to  accumulation  of 
chromium in body tissues leading to adverse effects [406]. Some 
of  the  possible  side-effects  include  rhabdomyolysis,  and  liver 
and  renal  dysfunction  [406–410].  The  higher  forms  of  chro-
mium,  including  the  pentavalent  and  hexavalent  forms,  are 
known  toxic  agents  and  industrial  pollutants,  and  are  not 
usually found in the diet. Exposure to these toxic agents can lead 
to lung (bronchogenic) cancer [394,411,412], contact and aller-
gic dermatitis, and skin and nasal septal lesions/ulcers.

Selenium
Selenium  is  a  trace  mineral  and  exists  in  several  ionic  states 
(Se2+, Se4+, and Se6+). It is a constituent of more than 30 seleno-
proteins, which play essential roles in various bodily functions 
[413]. Selenium found in foods is usually complexed with deriv-
atives of two main amino acids, methionine and cysteine, with 
selenomethionine being predominantly from plant sources and 
selenocysteine from animal sources.

Dietary sources, homeostasis, and regulation
Dietary  sources  of  selenium  are  shown  in  Box  30.21.  Mecha-
nisms underlying the regulation or homeostasis of selenium are 
still unclear, but it is thought that this is maintained through a 
balance between fecal and urinary excretion.

Absorption, transport, and excretion
Once  ingested,  the  bioavailability  of  dietary  selenium  is  high 
and  ranges  from  50%  to  100%,  dependent  on  luminal  factors 
[414].  Selenium  absorption  occurs  mainly  in  the  duodenum, 
and to a lesser extent the rest of the small intestine. Selenome-
thionine absorption occurs via an active methionine absorptive 
pathway, while the pathway of selenocysteine absorption is still 

Box 30.21 Dietary sources of selenium.

Nuts: brazil nuts,a cashews
Seafood: halibut, sardines, shrimp, tuna
Meats: ham, beef steak/ground/liver, turkey, chicken
Dairy: milk, yogurt, cottage cheese
Fruits: peaches, bananas
Eggs
Bread, spaghetti, macaroni, corn flakes, potato, oatmeal
Baked beans, lentils, green peas

The dietary reference intake for selenium for adults (>14 years old) is 
55 μg/day
a Selenium from one Brazil nut/day is suggested to be close to the DRI. 
However, the selenium content has been found to vary considerably 
based on the region: the mean, standard deviation, and range of 
selenium concentrations in ppm, for Brazil nuts from Acre-Rondonia 
and Manaus-Belem regions were, respectively, 3.06 ± 4.01 (0.03–
31.7) and 36.0 ± 50.0 (1.25–512.0).
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Introduction

Cancer comprises an uncontrolled growth of cells in a part of 
the body, often spreading to other vital organs disrupting their 
function, and, ultimately, leading to death. It is widely accepted 
that cancer is a result of genetic alterations, which in most  
cases are acquired at some point during the course of life, but 
can also be inherited. Factors that increase the rate of acquired 
genetic alterations in gastrointestinal (GI) malignancies are 
either extrinsic, including exposure to chemicals (e.g., tobacco), 
viruses, or bacteria, or intrinsic, such as dietary habits. These 
genetic alterations include point mutations, small deletions and 
insertions, inversions, copy number alterations, and chromo-
somal rearrangements [1–4]. In addition to alterations in the 
DNA sequence, epigenetic alterations, including mainly DNA 
methylation, histone modifications, chromatin remodeling, and 
microRNA (miRNA) regulation, all promote cancer [5,6]. 
Recently, it was proposed that RNA methylation also plays a role 
in gene regulation [7,8]. Both genetic and epigenetic alterations 
ultimately lead to abnormal gene expression of at least three 
distinct types of genes, namely oncogenes, DNA repair genes, 
and tumor suppressor genes (TSGs), which cooperatively drive 
carcinogenesis. By definition, oncogenes accelerate carcinogen-
esis and are therefore excessively active in cancer, whereas TSGs 
inhibit carcinogenesis and are therefore usually lost in cancer. 

Oncogenes are usually activated by: point mutations at specific 
hotspots in one allele, rendering them constitutively active or 
resistant to inactivation/degradation; chromosomal rearrange-
ments placing them under the control of an overactivated pro-
moter; or gene amplifications. On the other hand, TSGs are 
usually inactivated in both alleles through truncating mutations 
somewhere throughout the gene, deletions, and epigenetic 
silencing of their promoters.

The cancer genome
Cancer research is mainly focused at identifying epi/genetic 
alterations in oncogenes/TSGs in order to improve and refine 
cancer prevention and treatment. Our ability to do so was 
greatly facilitated by the complete deciphering of the human 
genome coupled with the advent of high-throughput technolo-
gies, such as DNA microarrays and next generation sequencing 
(NGS), which have heralded a new era for cancer research. It is 
now feasible to analyze the whole genome, transcriptome and 
known exomes of cancer samples, and costs are being reduced 
by several orders of magnitude every few years [4,9]. Because 
most of these alterations are somatic, comparing tumor to 
normal tissue identifies cancer-specific alterations. Compared 
to previous methods, which analyzed a single gene or a group 
of genes, NGS provides a complete and high-resolution view of 
the genetic alterations in a cancer sample, including those 
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whole-genome analyses have demonstrated that different areas 
within a specific tumor do indeed display subclonal genetic 
variations. This intratumor heterogeneity was demonstrated in 
colorectal carcinoma (CRC) [26] and pancreatic ductal adeno-
carcinoma (PDAC) [27], as well as in other types of non-GI 
malignancies [28–32]. A single biopsy does not necessarily 
display the full spectrum of genetic alterations found in a tumor. 
Therefore, in the individual patient, matching drugs to the spe-
cific genetic landscape of the patient should probably not be 
based on a single biopsy.

The fallacy of the “magic bullet” concept in 
solid cancers
More than 100 years ago, the German Nobel laureate Paul 
Ehrlich coined the term “magic bullet,” referring to a drug that 
would selectively kill the disease-causing organism while 
sparing normal cells. The remarkable success of imatinib, a 
selective inhibitor of the BCR-ABL tyrosine kinase, and the 
second-generation tyrosine kinase inhibitors (TKIs) [33], in 
treating and curing chronic myelogenous leukemia (CML) 
patients, raised hopes for a similar “magic bullet” in solid 
tumors. However, so far, all clinically approved drugs that target 
altered genes in GI malignancies have shown benefit only for 
metastatic patients, with the improvement in overall survival so 
far limited to weeks or months. This transient effect is due to 
acquired resistance to therapy and to redundancy in cancer-
promoting pathways. For example, the novel small-molecule 
multikinase inhibitor regorafenib and the novel antiangiogenic 
agent aflibercept, which have been approved by the FDA for 
treatment of metastatic CRC, prolong survival only by approxi-
mately 6 weeks [34,35]. Drugs that do not have activity in the 
adjuvant setting, and therefore do not increase cure rate, are 
only of minimal value, for example lack of benefit of the mono-
clonal antibody (mAb) bevacizumab, which targets VEGF, and 

present in a minority of the cells [9]. The first studies exploiting 
these high-throughput technologies used the term “landscape” 
[10,11], and referred to genes mutated in a large or small pro-
portion of the tumors as “mountains” and “hills,” respectively. 
Identifying the mountains and hills for each cancer type will 
hopefully lead to the identification of new therapeutic targets, 
and, when applied to the individual patient, will help tailor 
personalized therapy. Cancer genomics studies have already led 
to the discovery of novel genes participating in carcinogenesis, 
which are also from unexpected functional categories such as 
metabolism and RNA splicing [12].

Drivers versus passengers
Analysis of the output data from these genomic studies requires 
distinguishing between mutations that actively promote car-
cinogenesis and those that do not. Most mutations found in 
human tumors, termed “passenger” mutations, are not causally 
related to the development of cancer and simply accumulate 
over tumor progression. Mutations that cause aberrant expres-
sion of oncogenes/TSGs and therefore promote carcinogenesis 
are termed “driver” mutations. Mathematical algorithms were 
developed to distinguish between drivers and passengers, based 
on intratumor and interpatient variations in mutations fre-
quency, patient- and gene-specific differences in background 
mutation rates, and also on prediction of the functional impact 
of mutations on proteins [13–19].

Targeting oncogenes and tumor  
suppressor genes
The ultimate goal is to find a druggable target. Even though 
TSGs were identified in many types of cancers, their proper 
function cannot be restored with current technologies/drugs. 
However, oncogenes are potentially druggable targets, especially 
if they are kinases, against which efficient drugs can be devel-
oped. However, there are several instances in which a lost TSG 
can be targeted indirectly. Thus, when loss-of-function of a TSG 
results in upregulation of a downstream oncogene, the pathway 
might be targetable, depending on the traits of the specific onco-
gene, for example APC-β-catenin, PTEN-AKT, FBXW7-cyclin 
E, and CDKN2A-cyclin D1. Rescuing a TSG is also possible if 
the TSG is targeted for degradation by an aberrantly overex-
pressed oncogene, for example p53 degradation by mouse 
double minute 2 (MDM2). In this case, targeting the interaction 
between MDM2 and p53 would return p53 levels to normal. A 
third option exists when a TSG renders cancer cells susceptible 
to therapies targeting another specific gene/pathway, creating a 
“synthetic lethality” [20], in which two genes are lethal if a 
mutation in one gene coupled with inhibition of the other leads 
to cell death [20] (Figure 31.1).

Intratumor heterogeneity
It has been recognized for many years that individual tumors 
are composed of cancer cells that differ in their histology, karyo-
type, and genetic and epigenetic perturbations [21–25]. Recent 

Figure 31.1 Synthetic lethality. Genes A and B are considered as synthetic 
lethal if a combination of a mutation in gene B with inhibition of gene A 
results in cell death. This trait enables selective targeting of cancer cells 
harboring mutations in gene B by using an inhibitor of gene A, while 
sparing normal cells that harbor wild-type copies of A and B. Upper case, 
wild-type; lower case, mutant.
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phorylation, and induction of intracellular signaling cascades 
[43]. Several EGFR-ligands have been identified hitherto, 
including EGF, transforming growth factor-α (TGF-α), 
amphiregulin, betacellulin, epiregulin, and heparin-binding 
EGF-like growth factor (HB-EGF) [44]. TGF-α is overexpressed 
in EC [45] and GC [46]. Similarly, amphiregulin is overex-
pressed in CRC [47], and is correlated with response to anti-
EGFR therapy in metastatic CRC [48].

EGFR has long been a target for drug development. Since the 
1980s, two classes of drugs targeting EGFR have been devel-
oped: mAbs and TKIs. mAbs bind to the extracellular domain 
of EGFR, thereby preventing other ligands from binding to the 
receptor. In contrast, TKIs bind to the intracellular ATP-binding 
domain of EGFR, thereby competing with ATP and inhibiting 
EGFR autophosphorylation. Two anti-EGFR mAbs (cetuximab 
and panitumumab) are FDA-approved for treating metastatic 
CRC patients. As already noted, cetuximab was also tested as an 
addition to adjuvant treatment of CRC and EC, but results 
showed no added benefit and an increase in serious adverse 
events [36,37]. The EGFR TKI erlotinib is FDA-approved for 
use in combination with gemcitabine as first-line treatment for 
locally advanced unresectable or metastatic PDAC [49].

Given the options for targeting EGFR, there is a need for 
markers that predict response to anti-EGFR therapy in GI 
malignancies. Therefore, attempts were made to correlate 
between the different aberrations of EGFR and response to anti-
EGFR therapy. The first and most simple option tested was 
increased protein expression of EGFR, determined by immuno-
histochemistry. This approach is successfully used to determine 
the benefit of treating breast cancer patients with anti-HER2 
drugs, based on HER2 protein expression levels. Indeed, over-
expression of EGFR was detected in 49%–82% of CRCs [50–53], 
32%–71% of ECs [54–56], 13%–34% of GCs [57–60], and 
53%–66% of HCCs [61–63]. However, no correlation was found 
between intensity of EGFR immunohistochemical staining and 
response to drugs targeting EGFR [64,65]. Indeed, cetuximab 
was shown to have benefit in metastatic CRC patients that are 
negative for EGFR as measured by immunohistochemistry [66]. 
Quantifying EGFR copy number using fluorescent in situ 
hybridization [67] is an alternative potential predictive marker 
[67]. Several retrospective studies showed a correlation between 
EGFR copy numbers and response to anti-EGFR therapy [68–
70]. However, because EGFR copy numbers determined by 
FISH vary greatly between laboratories, this test in not yet 
suited to clinical practice [71].

The KRAS-BRAF-MEK-ERK pathway
Following activation of EGFR, downstream signaling cascades 
include the KRAS-BRAF-MEK-ERK and the PI3K-AKT-mTOR 
pathways (Figure 31.2). The protooncogene KRAS is a member 
of the small GTPase superfamily. The KRAS protein exists as  
an equilibrium between an inactive GDP-bound state and an 
active GTP-bound state. Upon activation of EGFR, the down-
stream effector KRAS protein exchanges GDP for GTP, thereby 

the mAb cetuximab, which targets the epidermal growth factor 
receptor (EGFR), in the adjuvant setting of CRC (and for the 
latter, also esophageal cancer) [36–39]. Perhaps targeting several 
pathways simultaneously by a combination of drugs, for example 
MEK and PI3K inhibitors, as discussed in detail below, hypo-
thetically blocking all the active pathways that promote cancer 
at once, will be effective [40].

Sustaining proliferative signaling

The most basic hallmark of malignancies is the ability of some 
of their cells to maintain constant proliferation [41]. The deli-
cate balance between apoptosis and proliferation, present in 
normal tissues and allowing their proper function, is disrupted 
in cancer cells. To acquire this trait, cancer cells usually dysregu-
late pathways originating from cell-surface growth factor recep-
tors (GFRs). Chronic proliferation is achieved mainly by one or 
more of the following four mechanisms: (1) overexpression of 
GFRs; (2) acquiring gain-of-function mutations in one of the 
intracellular components downstream of the GFRs, thereby 
allowing constitutive and autonomous activation of the prolif-
erative pathway; (3) overproduction of growth factors, which 
bind to and activate their corresponding receptors; and (4) 
induction of neighboring normal cells to produce growth 
factors, which will bind to GFRs present on the cancer cells. Of 
these, the most studied alterations in GI malignancies are the 
first two, that is overexpression of GFRs and gain-of-function 
mutations in one of their downstream targets. Overexpression 
of GFRs can be due either to increased transcription of the gene, 
decreased turnover of the protein following ligand binding to 
the receptor, or increased copy number of the gene.

The main pathway by which GI malignancies sustain prolif-
erative signaling is the EGFR pathway, and its two downstream 
pathways, namely the KRAS-BRAF-MEK-ERK and the PI3K-
AKT-mTOR pathways.

Dysregulation of the EGFR pathway and its various down-
stream components is present in CRC, esophageal carcinoma 
(EC), PDAC, gastric carcinoma (GC), and hepatocellular carci-
noma (HCC), as well as in other types of non-GI cancers [42], 
as detailed below. The main outcomes of activation of this 
pathway are sustained proliferation, as well as increased cell 
survival, cell cycle progression, angiogenesis, and invasion. In 
addition, the Wnt-β-catenin pathway plays a major role in pro-
moting GI malignancies, particularly CRC and HCC.

The epidermal growth factor receptor pathway
EGFR (epidermal growth factor receptor), also known as HER1 
or ErbB1, is a member of the ErbB family of transmembrane 
receptor tyrosine kinases (RTKs), which includes three other 
members, that is HER2-ErbB2, HER3-ErbB3, and HER4-ErbB4. 
Ligands binding to EGFR lead either to EGFR homodimeriza-
tion or heterodimerization of EGFR with other ErbB family 
members, resulting in activation of a kinase domain, transphos-
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with either codon 12 or 13 mutations from receiving anti-EGFR 
therapy.

Attempts have been made to develop drugs that inhibit KRAS 
activity. Because functional activity of KRAS is dependent upon 
proper attachment to the plasma membrane, via addition of a 
farnesyl or geranylgeranyl group [86], farnesyltranferase inhibi-
tors were tested for their efficacy in treating GI malignancies. 
Although some preclinical studies in cell lines and mice showed 
a positive effect, clinical trials in GI malignancies failed to show 
any benefit, probably due to compensation by geranylgeranyl-
tranferase. Deltarasin, a novel small molecule, interferes with 
the interaction between KRAS and PDEδ, which binds to far-
nesylated KRAS thereby mediating its trafficking to and accu-
mulation at the plasma membrane [87,88]. Indeed, deltarasin 
impaired the growth of KRAS-mutated PDAC cell lines in vitro 
and in an animal model [88].

converting KRAS to its active state. Inactivation of KRAS is 
mediated by an intrinsic GTPase activity, stimulated by GTPase- 
activating proteins (GAPs). Activating mutations in the KRAS 
gene, found in approximately 40% of CRCs [72,73] and >95% 
of PDACs [74,75], are mainly located in codons 12 and 13 of 
the coding region of the KRAS gene. These mutations result in 
constitutive activation of KRAS by hindering access to GAPs, 
thereby inhibiting GTPase activity [76].

Activating mutations in KRAS predict the ineffectiveness of 
drugs targeting EGFR [77–81]. These mutations are either 
present in a rare population of cancer cells which overgrows 
during exposure to anti-EGFR therapy, or acquired de novo 
following treatment initiation [82,83]. However, two retrospec-
tive studies suggest that patients harboring G13D mutation in 
codon 13 of the KRAS gene may still benefit from anti-EGFR 
therapy [84,85], although current guidelines preclude patients 

Figure 31.2 EGFR-mediated signaling pathways, KRAS-BRAF-MEK-ERK and PI3K-AKT-mTOR. Binding of a receptor-specific ligand activates 
epidermal growth factor receptor (EGFR), which in turn activates KRAS, and its following downstream targets BRAF, MEK, and ERK, resulting in 
increased proliferation, cell survival, angiogenesis, and invasion. EGFR also activates phospahatidylinositol 3-kinase (PI3K) by binding to the p85α 
regulatory unit and removing its inhibitory effect on the p110α catalytic unit. Binding of EGFR to p85α can either be direct or through the adaptor 
molecule insulin receptor substrate 1 (IRS1). p110α then generates phosphatidylinositol-3,4,5-triphosphate (PIP3) from phosphatidylinositol-4,5-
biphosphate (PIP2), while the reverse process is regulated by the phosphatase and tensin homologue (PTEN) tumor suppressor gene. The oncofetal 
protein SALL4 inhibits PTEN. PIP3, along with its downstream target 3-phosphoinositide dependent protein kinase 1 (PDK1) and mammalian target of 
rapamycin (mTOR) complex 2 (mTORC2), all activate AKT. Following AKT activation, the mTOR complex 1 (mTORC1) is activated through inhibition 
of two of its inhibitors, tuberous sclerosis complex 2 (TSC2) and PRAS40. mTORC1 activation eventually results in increased proliferation, cell growth, 
and angiogenesis. mTORC1 also activates a negative feedback loop through inhibition of IRS1. Components of the KRAS pathway also activate the 
PI3K pathway, that is KRAS activates the p110α catalytic unit of PI3K and ERK activates mTORC1 through inhibition of TSC2.
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(Raptor, mLST8), through inhibition of two inhibitors of 
mTORC1, namely tuberous sclerosis complex 2 (TSC2) and 
PRAS40. Therefore, mTOR lies both upstream and downstream 
of AKT (Figure 31.2). The end result of activation of the PI3K-
AKT-mTOR pathway is increased cell survival, cell growth, and 
angiogenesis.

PI3K is a heterodimer composed of two subunits, the p110α 
catalytic subunit and the p85α regulatory unit. Mutations in the 
PIK3CA gene, encoding the p110α catalytic subunit, were found 
in 14%–32% of CRCs [101–104], 4%–11% of GCs [104–106], 
and 36% of HCCs [105]. In addition, PIK3CA amplifications 
were found in 36% of GCs [107].

The PTEN TSG is not frequently mutated in GI malignancies, 
as opposed to other types of cancers. Nevertheless, some reports 
showed loss of PTEN expression in 40%–50% of CRCs, which 
were not explained by PTEN mutations [108,109]. In GC, PTEN 
can be inactivated through loss-of-heterozygosity (LOH), which 
was found in 47% of cases [107]. Although in this study none 
of the LOH GCs carried either mutational disruption of PTEN 
or PTEN promoter hypermethylation of the remaining allele, 
this can be explained by haploinsufficiency of PTEN [107,110, 
111]. Similarly, deletion of at least one copy of the PTEN gene 
was found in 15% of PDACs and low to absent expression of 
PTEN was found in 70% of PDACs, around 80% of which were 
associated with overactivation of AKT [112]. Notably, there is 
another mechanism by which cancer cells acquire alterations 
leading to PTEN inactivation and amplification of PI3K signal-
ing, which might explain part of the aforementioned low to 
absent PTEN expression cases. PTEN was shown to be repressed 
by miR-21 [113–115], which is overexpressed in CRC, GC, 
HCC, pancreatic neuroendocrine cancer, and cholangiocarci-
noma [114–116]. Finally, it has been shown that the oncofetal 
protein SALL4 represses PTEN through an epigenetic repressor 
complex, and that SALL4 is overexpressed at various levels in 
around 56% of hepatitis B virus (HBV)-related HCCs [117,118].

Germline PTEN mutations cause Cowden syndrome, charac-
terized by hamartomatous polyps throughout the GI tract, and 
characteristic dermatological manifestations such as trichilem-
momas, oral fibromas, and punctate palmoplantar keratosis 
[119]. It has been shown that Cowden syndrome patients have 
a 10-fold higher risk of CRC than the general population, with 
an estimated lifetime risk of 9% [120].

The first attempts at inhibiting the PI3K-AKT-mTOR pathway 
were made by using the then readily available mTORC1 inhibi-
tor rapamycin, followed by second-generation agents everolimus 
and temsirolimus. However, although extensively tested in 
various cancers, these agents have met only modest success in 
the clinic, and are now used mainly for advanced renal cell 
carcinoma. Their failure is likely due to their inability to inhibit 
mTORC2, which mediates phosphorylation and activation of 
AKT, coupled with releasing the negative feedback on PI3K, 
mediated by mTORC1 through insulin receptor substrate 1 
(IRS1) (Figure 31.2). Nevertheless, in the rare type of pancreatic 
neuroendocrine cancer, everolimus improved survival of 

Employing synthetic lethality provides an alternate approach 
to target KRAS-mutated cancers [20]. Inhibiting the IκB kinase 
TBK1, which is synthetic lethal to KRAS-mutated cancer cells, 
should selectively kill them, while sparing normal cells [89]. 
Further studies are needed to test the effect of inhibiting TBK1 
in KRAS-mutated GI malignancies.

Because KRAS was considered until recently an intractable 
target, attention was directed at inhibiting its downstream effec-
tors, such as BRAF and MEK (Figure 31.2). BRAF is a member 
of the Raf serine/threonine kinases family. BRAF is an immediate 
downstream target of KRAS. The most prevalent BRAF activat-
ing mutation, V600E, is found in around 8% of CRCs [67,90,91] 
and is less prevalent in HCCs and PDACs (4% and 2%, respec-
tively [92]). Interestingly, V600E BRAF mutation and KRAS 
mutations are mutually exclusive in CRC [67,90,91,93], suggest-
ing that these events are genetically redundant, and that altera-
tions in both genes do not confer a further advantage in CRC.

However, even though BRAF inhibitors are highly effective 
in treating BRAF-mutated melanoma, with a response rate 
around 70%–80% [94], they are ineffective in BRAF-mutated 
CRCs, with a response rate around 5% [95].

Sorafenib is an anti-BRAF drug that is FDA-approved for 
treatment of advanced HCC [96,97]. Sorafenib is an oral mul-
tikinase inhibitor that targets BRAF and mutant BRAF, among 
many other targets including VEGF2-3, PDGFR, KIT, and Flt3. 
The use of sorafenib improved overall survival of advanced 
HCC patients by 2–3 months [96,97]. Because patients were not 
selected based on BRAF status, nor was it reported [96,97], it is 
hard to evaluate the contribution of BRAF inhibition to the 
observed clinical response.

Activated BRAF in turn phosphorylates MEK (Figure 31.2), 
also known as mitogen-activated protein kinase kinase 
(MAPKK), a dual-specificity tyrosine and serine/threonine 
kinase. Unfortunately, clinical trials using MEK inhibitors as 
single agents to treat CRC and PC have so far been disappoint-
ing, too [98–100].

The PI3K-AKT-mTOR pathway
The PI3K-AKT-mTOR pathway is the second most commonly 
abrogated pathway in cancer, and as such is the target of many 
investigational drugs, most of which are small inhibitors target-
ing kinases in this pathway.

Phospahatidylinositol 3-kinase (PI3K) phosphorylates 
phosphatidylinositol-4,5-biphosphate (PIP2), thereby catalyz-
ing the production of phosphatidylinositol-3,4,5-triphosphate 
(PIP3) (Figure 31.2). This reaction is reversed by the phos-
phatase and tensin homologue (PTEN) TSG. PIP3, along with 
3-phosphoinositide dependent protein kinase 1 (PDK1) and 
mammalian target of rapamycin (mTOR) complex 2 (mTORC2), 
a complex composed of mTOR and other factors (Rictor, 
mSIN1, mLST8), participate in activation of AKT through its 
phosphorylation. AKT then activates mTOR complex 1 
(mTORC1), which is composed of mTOR and other factors 
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tions in one or more members of this pathway in over 94% of 
cases, predominantly in the adenomatous polyposis coli (APC) 
TSG [140] (Figure 31.3). The signaling cascade begins with Wnt 
ligands binding to a receptor complex composed of LRP5/6 and 
Frizzled; the latter is overexpressed in 18% of CRC cases [140]. 
Activation of the receptor complex results in inhibition of the 
kinase activity of a “destruction complex,” composed of APC, 
AXIN, glycogen synthase kinase 3 (GSK3), and casein kinase 
(CK1) [141]. This “destruction complex” targets β-catenin for 
serine/threonine phosphorylation and recognition by an E3 
ubiquitin-ligase, leading to its proteasomal degradation. 
Another less studied “destruction complex” comprises APC, 
AXIN, and FAM123B (also known as WTX), with the latter 
being inactivated in 12% of CRCs [140,142]. Therefore, in the 
presence of activated Wnt signaling, β-catenin accumulates and 
translocates to the nucleus, where it forms a complex with a 
transcription factor from the T-cell factor/lymphoid enhancer 
factor (TCF/LEF) family [141,143], thereby converting TCF/
LEF into transcriptional activators. In the absence of Wnt sign-
aling, TCF/LEF factors repress target genes through a direct 
association with corepressors, such as Groucho (Figure 31.3). 
Among the various targets activated by TCF/LEF, MYC [144] 
and cyclin D1 [145] play a major role in carcinogenesis. Another 
complex formed by β-catenin, in which β-catenin interacts with 
the proproliferative Yes-associated protein 1 (YAP1) transcrip-
tion factor, was shown to drive CRC initiation and progression 
[146]. In addition, the TCF7L2 gene, encoding the TCF4 
protein, was reported to be inactivated in 15% of CRCs [140]. 
These data raise the possibility that inactivation of TCF4 leads 
to increased β-catenin signaling through its interaction with 
YAP1, thereby promoting CRC progression. However, it was 
also shown that YAP1 unexpectedly functions as a TSG in CRC 
by inhibiting Wnt signaling [147]. The intricate relationship 
between β-catenin, TCF4, and YAP1, and its effect on CRC, has 
yet to be defined.

Activation of the Wnt-β-catenin pathway in the colon plays 
a role in three different mechanisms: (1) increasing proliferation 
and cell survival in cancer cells; (2) activating telomerase in 
cancer cells, enabling replicative immortality (discussed in 
detail in Section Telomeres and telomerase); and (3) regulating 
cell renewal and maintenance of normal crypt stem cells and 
cancer stem cells (discussed in detail in Section Cancer stem 
cells).

Hyperactivation of the Wnt-β-catenin pathway in CRC is 
usually the result of inactivation of the APC TSG, which is 
found in 77% of CRCs [140]. APC was originally discovered by 
virtue of its responsibility for the inheritance of familial adeno-
matous polyposis (FAP) autosomal dominant syndrome 
[148,149]. FAP patients inherit one defective APC allele, usually 
harboring a truncating mutation, and then acquire a similar 
inactivating mutation in the other allele or lose the other allele 
(LOH) [150]. This is in accordance with the “two-hit” hypoth-
esis introduced by Knudson [151], suggesting that cancers 
develop once a TSG is hit in both alleles. In autosomal dominant 

advanced patients compared to placebo, and is FDA-approved 
for this indication [121].

Failures of single agents aimed at inhibiting one protein from 
either the KRAS or the PI3K-AKT pathways is consistent with the 
premise that combinations are necessary to achieve a cytotoxic 
effect. One reason for this need is the fact that some pathways are 
intimately intertwined, that is inhibition of one pathway results in 
activation of the other. For example, resistance of BRAF-mutated 
CRCs to BRAF inhibitors as single agents was attributed, at least in 
part, to positive feedback activation of EGFR seen upon BRAF 
inhibition, also overactivating AKT [122]. Indeed, combining 
EGFR and BRAF inhibitors showed promising results in a CRC 
animal model [122]. This concept has been reinforced in studies 
of non-GI malignancies [123–127]. Moreover, tumors sometimes 
carry mutations in parallel pathways. Mutations in both KRAS 
and PIK3CA are found in 7%–9% of CRCs [101,102]. In these 
circumstances, the tumors are not addicted to one single pathway. 
Accordingly, it was shown in CRC cells and animal models with 
activating mutations in both the KRAS and PI3K-AKT pathways 
that targeting both MEK and AKT [128] or both MEK and PI3K 
[129] is an effective approach. Furthermore, gene products from 
either the KRAS or PI3K-AKT pathways can directly activate 
components of the other pathway. Activated KRAS can directly 
bind to and activate the p110α catalytic unit of PI3K [130,131], 
and ERK can promote activation of mTORC1, through inhibition 
of the mTORC1 inhibitor TSC2 [132,133] (Figure 31.2). There are 
currently many ongoing phase I/II clinical trials using a combina-
tion of MEK and PI3K inhibitors for treating various cancers, 
including CRC, EC, and PC [134]. In addition, several PI3K 
inhibitors have been tested in clinical trials as single agents or in 
combination with chemotherapy, with one agent, rigosertib, 
tested in a phase III trial comparing gemcitabine alone or in com-
bination with rigosertib for treatment of advanced PDACs 
(NCT01360853) [134,135]. Lastly, using a short peptide to block 
the inhibitory effect of SALL4 on PTEN resulted in inhibition of 
tumorigenesis in SALL4-high HCC cell lines and an animal 
model, offering a novel and promising approach for treating the 
SALL4-high subtype of HCCs [118,136]

HER2
HER2 is a member of the aforementioned ErbB family of RTKs. 
Similar to EGFR, HER2 can also activate the KRAS and PI3K-
AKT pathways [44] (Figure 31.2). HER2 overexpression and 
gene amplification are found in around 15%–20% of GCs and 
esophageal adenocarcinomas (EACs), and are correlated with 
poor prognosis [137,138]. In a phase III randomized controlled 
trial (RCT) the addition of trastuzumab, an anti-HER2 mAb, to 
chemotherapy improved overall survival by almost 3 months in 
HER2-positive advanced GCs [139], and it is now FDA-
approved for this indication.

The Wnt-β-catenin pathway
The Wnt-β-catenin pathway is one of the most frequently dys-
regulated pathways in CRC, with a report documenting muta-
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showed mutations in the AXIN2 gene leading to β-catenin sta-
bilization [160]. Lastly, mutations in the novel TSG FAT1, a 
cadherin-like protein that negatively regulates β-catenin tran-
scriptional activity by binding to it and antagonizing its nuclear 
translocation, were found in 8% of CRCs [161].

The Wnt-β-catenin pathway has also been known to be 
involved in HCC pathogenesis for over a decade [162,163]. 
However, only recently have published studies using NGS given 
a detailed picture of this involvement, and these showed a sur-
prisingly high prevalence of aberrations in this pathway. Indeed, 
the Wnt-β-catenin pathway is the most frequently altered 
pathway in HCC, with activating mutation in CTNNB1 and 
inactivating mutations in AXIN1 and APC found in 16%–33%, 
5%–15%, and around 2% of HCCs, respectively, in a mutually 
exclusive pattern [164,165]. In addition, a combined analysis of 
mutations and copy number alterations showed that this 
pathway was dysregulated in around 60% of HCCs [165]. 
Similar results were reported analyzing copy number alterations 
only, showing that the Wnt-β-catenin pathway is altered in 38% 
of HCCs, making it a potential target in this malignancy 
[166,167]. Many drugs, including those that target β-catenin 
and its interaction with TFC4, are under development for treat-
ment of a variety of cancers [168].

For chemoprevention of CRC in FAP patients, a novel 
approach taking advantage of synthetic lethality has been  

diseases, patients harbor a germline mutation in one allele, 
therefore another second hit is required for loss-of-function of 
a TSG. This process will take longer in sporadic cases, in which 
cells need to acquire both hits over time. As a result of complete 
loss of APC, classic FAP patients often develop innumerable 
colorectal adenomatous polyps by their early 20s. This burden 
of adenomas inevitably progresses to colon cancer by the age of 
50, through accumulation of mutations in other TSGs or onco-
genes, such as TP53, SMAD4, and KRAS.

The APC gene also plays a major role in early development 
of sporadic CRC, as somatic mutations are found in around 60% 
of sporadic colorectal adenomas, including those <5 mm in 
diameter [152–155], and, as in FAP, are mostly truncating muta-
tions. Hypermethylation of the APC promoter has also been 
reported as a mechanism of APC inactivation, noted in 18% of 
sporadic CRCs [156]. In the minority of CRC patients with 
wild-type APC, activating mutations in the CTNNB1 gene, 
encoding the β-catenin protein, were found in 48% of cases 
[143,157,158]. Similarly, recurrent gene fusions involving 
R-spondin (RSPO) family members, capable of potentiating 
Wnt signaling (Figure 31.3), were mutually exclusive with APC 
mutations and were found in 10% of colon cancer cases [159]. 
In addition, in a subgroup of CRCs defined by the presence of 
microsatellite instability (MSI; discussed in detail in Section 
Microsatellite instability), 24% of cases with an intact APC 

Figure 31.3 Wnt-β-catenin signaling. Wnt signaling is activated mainly by Wnt ligands binding to the Frizzled (Fzd) receptor, but also by R-spondins 
(RSPOs) binding to the Lgr receptor. In the absence of Wnt signaling, a “destruction complex” composed of AXIN, casein kinase (CK1), glycogen 
synthase kinase 3 (GSK3), and adenomatous polyposis coli (APC), targets β-catenin for proteasomal degradation. This is achieved through β-catenin 
phosphorylation by CK1 and GSK3, leading to its recognition and ubiquitination by an E3 ubiquitin-ligase. In this scenario, the T-cell factor (TCF) 
transcription factor is bound by the corepressor Groucho, leading to transcriptional repression of Wnt target genes. In the presence of Wnt signaling, 
the destruction complex is inhibited, allowing β-catenin to translocate to the nucleus. Following entry into the nucleus, β-catenin displaces Groucho, 
and together with TCF, or possibly with Yes-associated protein 1 (YAP1), activate transcription of Wnt target genes, such as MYC and cyclin D1.
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are low to transient and the damage is repairable, p53 will acti-
vate programs that temporarily halt the cell cycle and promote 
repair of the damage. However, if there is sustained stress and 
irreparable damage, p53 will promote either senescence or 
apoptosis [177].

The TP53 gene, encoding the p53 protein, is one of the most 
frequently mutated genes in human cancer, and is mutated or 
lost in approximately 50% of all human cancer cases worldwide 
[178,179]. In addition, downstream targets or upstream regula-
tors of p53, such as MDM2, are altered in many tumors with an 
intact TP53, leading to its inactivation. p53 exerts its functions 
mainly by regulating transcription of numerous targets, most of 
which are activated by p53 [180,181], through a consensus 
DNA-binding site [182]. Most of TP53 mutations are found in 
the DNA-binding domain [183]. While wide-type p53 is short-
lived, more than 75% of mutations stabilize p53, leading to 
overexpression of a mutant p53 protein. Mutated p53 not only 
lacks its tumor-suppressive traits, but can also exert oncogenic 
functions [184]. Under normal conditions, p53 is functionally 
inactive due to its rapid degradation by the ubiquitin ligase 
MDM2. However, upon exposure to cellular stress, p53 is stabi-
lized by several posttranslational modifications, mainly phos-
phorylation and acetylation, preventing its degradation by 
MDM2 [185]. One of the upstream activators of p53 is the 
ataxia–telangiectasia mutated (ATM) gene product, a tumor 
suppressor serine/threonine kinase, which is activated in 
response to DNA damage [186] (Figure 31.4).

TP53 inactivating mutations are found in around 30%–50% 
of ECs [187–190], with a higher incidence reported in a small 
cohort of ECs [191], and in 70%–75% of PDACs [75,192]. In 
CRC, the mechanism for p53 inactivation is a combination of 
17p LOH, which includes the TP53 gene, found in around 75% 
of CRCs [193,194], coupled with somatic p53 mutations in 

proposed. Selective induction of apoptosis in APC-deficient 
murine and human polyps was achieved by treatment with the 
proapoptotic factors tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) and all-trans-retinyl acetate, while 
sparing normal tissue [169].

Finally, there is accumulating evidence that there is a cross-
talk between the three main pathways involved in CRC patho-
genesis, namely KRAS, PI3K-AKT, and Wnt-β-catenin pathways, 
which demonstrates the complexity of CRC, and suggests that 
simultaneously targeting these pathways might improve clinical 
response [170–175].

Evading growth suppressors

In order to sustain proliferation, apart from gaining constitutive 
proproliferative signaling, cancer cells must also disable the 
counteracting programs that are aimed at inhibiting prolifera-
tion. By definition, these programs exert their function through 
the action of TSGs. The three main TSG pathways involved in 
GI malignancies are the p53, retinoblastoma (RB), and trans-
forming growth factor-β (TGF-β) pathways.

The p53 pathway
The p53 pathway is the main pathway by which the cell, in 
response to stress and DNA damage, decides whether to con-
tinue proliferating, or halt proliferation and enter cell cycle 
arrest, senescence, or induce apoptosis [176].

The various stress conditions monitored by p53 include geno-
toxic DNA damage, oncogenic stress, telomere dysfunction, and 
suboptimal availability of cellular resources, that is nutrients 
and oxygen levels. The ultimate decision on the cell’s fate 
depends on the extent of stress or damage. If the stress levels 

Figure 31.4 The p53 and RB pathways control cell cycle arrest. The p53 pathway is triggered by DNA damage-induced activation of ataxia-telangiectasia 
mutated (ATM) and oncogenic stress-induced activation of p14ARF, with the latter resulting in inhibition of the p53 inhibitor mouse double minute 2 
(MDM2). Activated p53 induces p21 expression, which mediates cell cycle arrest through inhibition of phosphorylation of retinoblastoma (RB) by 
cyclin-dependent kinases (CDKs). Genotoxic stress also leads to CDK inhibition, mediated by p16INK4A activation. In addition, the FBXW7 TSG targets 
cyclin E for degradation, thereby inhibiting RB phosphorylation. Hypophospohrylated RB protein mediates cell cycle arrest by preventing the E2F 
transcription factors from transcribing genes that promote cell cycle progression. Upon phosphorylation of RB by CDKs, E2F is released and is free to 
promote cell cycle progression.
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exon, p16INK4A and p14ARF. The p16INK4A protein is a CDK inhibi-
tor, which targets the cyclin D1/CDK4/6 complex [211–213]. 
The p14ARF protein binds to MDM2 and inhibits the MDM2-
mediated degradation of p53 [214,215] (Figure 31.4).

The CDKN1A gene, also known as p21, is a major target of 
p53-mediated cell cycle arrest [216], and is also a CDK inhibitor, 
targeting both the cyclin D1/CDK4 and the cyclin E/CDK2 
complexes [211,217]. In addition, the cyclin E protein is tar-
geted for degradation through ubiquitination by the F-box 
protein encoded by the FBXW7 gene [218–220] (Figure 31.4). 
Therefore, loss of either CDKN2A, CDKN1A, or FBXW7, or 
overexpression of either cyclin D1 or cyclin E, leads to increased 
RB phosphorylation and therefore increased proliferation.

In PDAC, there is evidence of loss of p16INK4A in virtually all 
cases, as a result of either somatic mutations accompanied by 
LOH, homozygous deletions, or promoter hypermethylation, 
collectively leading to lack of protein expression [75,221,222]. 
Further substantiating the pivotal role of CDKN2A in PDAC is 
the fact that germline mutations in this gene cause a syndrome 
termed familial atypical multiple mole melanoma, which confers 
an increased risk of PDAC [223,224]. Interestingly, cyclin D1 
overexpression and RB loss are either absent or very rare in 
PDAC [222,225].

In CRC, one of the most common alterations in the RB 
pathway is inactivation of FBXW7, found in 10%–15% of cases 
[11,140,226]. Overexpression of an FBXW7 target, cyclin E, was 
found in 12% of CRC cases [227]. Cyclin E overexpression was 
also found in around 40% of GCs [228]. In addition, FBXW7 
mutations were found in 35% of cholangiocarcinomas and 6% 
of GCs [226].

Loss of the CKDN2A locus at chromosome 9p21 was one of 
the significant copy number alterations in a set of 73 EACs 
[229], and was the most frequent loss in the complete set of 
cancers, composed of around 3000 samples from 26 types of 
cancers [229]. In another study using NGS to analyze the muta-
tion spectra from whole-exome sequencing of around 150 
EACs, 12% of cases harbored a mutation in CKDN2A [230].

Other small-scale studies reported LOH of RB in around 
35%–55% of ECs [231,232], RB promoter hypermethylation in 
15%–50% of esophageal squamous cell carcinomas (ESCCs) 
[233,234], and loss of the RB protein expression in 43% of 
ESCCs [235]. In addition, overexpression of cyclin D1 was 
found in 35%–80% of ESCCs [236,237] and overexpression of 
cyclin E in 14% of ESCCs [238].

Inhibition of transcription of CDKN2A can also be mediated 
by a novel mechanism that was discovered due to the advent of 
NGS technologies. It became apparent that only a minor frac-
tion of the DNA, estimated at around 2%, is transcribed to 
messenger RNA (mRNA) that serves as template for proteins 
[239]. However, around 75% of the DNA is transcribed to total 
RNA [240], meaning that the vast majority of RNA is a noncod-
ing RNA (ncRNA). Two main classes of ncRNA have been 
defined: small ncRNA (<200 bp), of which miRNA were shown 
to play a major role in cancer, and long ncRNA (>200 bp, 

>85% of the remaining TP53 alleles [195]. In a more recent 
report, p53 inactivation rates in CRC were estimated to be 
lower, at around 53%, and ATM inactivation was found in 12% 
of CRCs [140].

Despite the vast knowledge of the p53 pathway and its critical 
and frequent role in tumor pathogenesis, efforts for translating 
this knowledge to clinical practice have so far been disappoint-
ing. One approach is aimed at reactivating p53 in those cases 
harboring an intact TP53, but in which the p53 protein in 
degraded by an aberrantly overexpressed MDM2. This approach 
is supported by studies in mice, showing that reactivation of p53 
leads to tumor regression, also of HCC [196,197]. Reactivation 
of p53 is achieved by introducing a drug that competes with 
MDM2 for binding to p53, thereby preventing p53 degradation. 
One such drug, RG7112, a derivative of nutlin 3a, is currently 
being tested in phase I clinical trials (www.clinicaltrials.gov), 
after a successful proof-of-mechanism study [198]. Another 
possible future approach derives from the emergence of miRNAs 
as important players in both p53 regulation and mediating p53 
functions [199]. For example, miR-125b represses p53 [200,201], 
and therefore functions as an oncomiR (i.e., oncogenic miRNA). 
Targeting oncomiRs is now possible with breakthroughs using 
anti-miRNA agents to inhibit metastasis in a breast cancer 
animal model [202] and, more importantly, to treat human 
patients with chronic hepatitis C virus (HCV) infection [203]. 
Lastly, a report using a breast cancer mouse model suggested 
that a member of the family of phosphatidylinositol-phosphate 
kinases (PIPKs), namely PI5P4Kβ, either alone or in combina-
tion with another member of the same family, namely PI5P4Kα, 
is synthetic lethal to p53 [204]. The hypothesized mechanism 
for this synthetic lethality is that loss of p53 raises reactive 
oxygen species (ROS) levels, and renders cancer cells more 
dependent on these PIPKs to reduce ROS stress in order to 
allow cells to continue growing [205]. As kinases are ostensibly 
druggable targets, this discovery prompts development of 
PI5P4Kα and β inhibitors for further evaluation in preclinical 
and clinical studies [204].

The retinoblastoma pathway
The RB pathway is complementary to the p53 pathway in medi-
ating cell cycle arrest, senescence, and apoptosis [206–209]. 
However, in addition to receiving intracellular signals, RB also 
receives growth-inhibitory signaling originating from outside 
the cell. The best studied function of RB is control of the G1–S 
transition during cell cycle progression. This is achieved, in part, 
by interacting with and inhibiting members of the E2F family 
of transcription factors, which promote cell cycle progression, 
thereby resulting in cell cycle arrest [206,210]. Upon mitogenic 
signaling, cyclin/cyclin dependent kinase (CDK) complexes 
phosphorylate RB, resulting in release of E2F transcription 
factors, allowing cell cycle progression (Figure 31.4). These 
cyclin/CDK complexes are formed by cyclin D1 interacting with 
CDK4 or CDK6, and by cyclin E interacting with CDK2. The 
CDKN2A gene encodes two proteins, which differ in their first 
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Inactivation of NF2 or overexpression of YAP1 in human cell 
lines and transgenic mouse models promotes HCC [262–265] 
and cholangiocarcinoma [263]. YAP1 protein overexpression 
was evident in 62% of cases in a large series of HCCs and was 
associated with short overall survival [266]. In addition, over-
expression of YAP1 was found in around 50% of CRCs [267,268]. 
Mutations are probably not responsible for the aberrant expres-
sion of YAP1 as they are very rare [269].

The transforming growth factor-β pathway
The TGF-β pathway is one of the most intriguing, complex, and 
multifunctional pathways in molecular biology. Cellular 
response to TGF-β signaling depends on cellular context, and 
can range from inhibiting cell proliferation to promoting cell 
growth, or from suppressing premalignant cells to promoting 
metastatic ones [270,271]. In the premalignant state, TGF-β 
triggers the apoptotic program [270,272,273]. However, after 
the TGF-β pathway is inactivated during tumor progression, 
cancer cells secrete TGF-β, which changes the tumor microen-
vironment to one that favors tumor progression [270,274].

TGF-β’s growth inhibitory functions are activated primarily 
by either the TGF-β or activin ligands binding to cell surface 
serine/threonine kinase receptors (Figure 31.5). TGF-β binds to 
and activates the TGF-β type I and type II receptors (TGFBR1 
and TGFBR2). Activin binds to and activates four receptors, 
among which are activin receptor type IIA and IB (ACVR2A 
and ACVR1B). Upon binding of TGF-β or activin, these recep-
tors phosphorylate either the SMAD2 or SMAD3 receptor-
regulated proteins (R-SMAD proteins), which heterodimerize 
with the nonreceptor interactive SMAD4 (Co-SMAD protein) 
and translocate to the nucleus. The activated R-SMAD-SMAD4 
complex binds DNA-binding transcription factors and coopera-
tively regulates transcription of target genes. R-SMAD-SMAD4 
activates CDKN1A [275–278] and CDKN2B [277,279–283], also 
known as p15INK4B, thereby inhibiting CDK2 and CDK4. The 
inhibition of CDK4 also releases CDKN1B (p27), which inhibits 
CDK2 [277,283,284] (Figure 31.5). In addition, the R-SMAD-
SMAD4 complex inhibits transcription of the oncogene MYC 
[285]. Therefore, TGF-β induces CDKN2B expression at three 
levels: activation of transcription by the SMAD proteins, silenc-
ing MYC which is a CDKN2B repressor, and active demethyla-
tion of the CDKN2B promoter enabling transcriptional 
activation [286]. The collective result of TGF-β-induced CDKs 
and MYC inhibition is cell cycle arrest and growth inhibition.

The aforementioned PI3K-AKT pathway exerts its proprolif-
erative functions in part through inhibition of the TGF-β 
pathway. The SMAD proteins form a complex with members of 
the FOXO family of transcription factors in order to induce 
CDKN1A and CDKN2B expression [278,280,281]. These FOXO 
family members are regulated by AKT. When AKT is inactive, 
FOXO proteins are dephosphorylated, localize in the nucleus, 
and can activate transcription. However, upon activation, AKT 
phosphorylates FOXO proteins, promoting their exit from the 
nucleus and thereby promoting cell survival [170,287,288].

lncRNA) [241,242]. lncRNA can regulate gene expression at 
various distinct levels: interacting with chromatin remodeling 
complexes thereby controlling the balance between transcrip-
tionally active euchromatin and transcriptionally silent hetero-
chromatin, acting as coactivators or inhibitors of transcription 
factors, binding to and inhibiting mRNA or miRNA, and  
regulating alternative splicing of pre-mRNAs [242–244]. Their 
pivotal role in regulating gene expression is closely linked to 
their extensive involvement in cancer [243]. ANRIL is a lncRNA 
that inhibits CDKN2A and CDKN2B by recruiting the poly-
comb repressive complex 1 (PRC1) and 2 (PRC2), respectively, 
thereby mediating chromatin modification and gene silencing 
[245–247]. Although not yet demonstrated to play a role in 
promoting GI malignancies, future studies will probably shed 
light on ANRIL’s role in this context.

Contact inhibition
Inhibition of proliferation can also be the result of physical and 
mechanical cues received from cell–cell contact. This interac-
tion leads to a well-known phenomenon termed contact inhibi-
tion of proliferation (CIP) [248]. Although this phenomenon 
has been known for more than 45 years, only recently research-
ers began to unveil the underlying mechanistic basis. In this 
regard, two mechanisms have been shown to link CIP and GI 
malignancies, involving the LKB1 protein and the Hippo 
pathway.

The LKB1 protein, encoded by the STK11 gene, is a serine/
threonine kinase, which controls diverse cellular processes, 
among which are regulating cell polarity and helping maintain 
tissue integrity [249,250]. In the absence of LKB1, cells become 
susceptible to malignant transformation induced by the onco-
gene MYC [249,250]. Germline mutations in the STK11 gene 
are responsible for the rare Peutz–Jeghers syndrome [251,252], 
which is characterized by multiple hamartomatous polyps 
present in the GI tract and is associated with increased risk for 
small intestine, stomach, pancreatic, colon, and esophageal car-
cinomas, of 520, 213, 132, 84, and 57-fold, respectively [253]. 
Inactivation of STK11 by homozygous deletion, or by somatic 
mutation coupled with LOH, was also demonstrated in 4% of 
sporadic PDACs [254]. LKB1 is presumed to exert its tumor-
suppressor function by also inhibiting the mTOR pathway 
through activation of TSC2 [255,256] and activating p53 [257].

The Hippo pathway, which controls organ size [258], is 
another possible link between CIP and GI malignancies. This 
pathway is activated by the neurofibromin 2 (NF2) TSG. This is 
responsible for the neurofibromatosis type 2 (NF2) syndrome, 
which predisposes individuals to multiple tumors of the nervous 
system and skin [259]. The NF2 gene, which encodes the merlin 
protein, is activated upon cell–cell contact, and then coordinates 
stabilization of adherens junctions, down-regulation of EGFR 
[260,261], and inhibition of the downstream proproliferative 
target YAP1 by proteasomal degradation and cytosolic retention 
[258,262], collectively leading to inhibition of cell growth and 
proliferation.
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in SMAD4 on the other allele, found in around 30% and 20% 
of cases, respectively [305–307]. SMAD4 mutations were also 
found in 16% of cholangiocarcinomas [308].

In a highly context-dependent manner, TGF-β can also 
promote tumor progression by enhancing tumor cell growth, 
migration, invasion, and metastasis, in part by modulating the 
tumor microenvironment and by suppressing immune surveil-
lance [270,271,309,310]. Therefore, multiple drugs aimed at 
inhibiting various members of the TGF-β pathway are under 
preclinical development or testing in phase I/II clinical trials, 
most of them for non-GI malignancies. However, an antisense 
oligonucleotide targeting the TGF-β ligand, a small-molecule 
kinase inhibitor targeting TGFBR1, and a mAb targeting 
TGFBR2, are currently being developed for treatment of CRC, 
PC, and HCC [310].

Genetic and epigenetic instability

As mentioned in the Introduction, cancer is considered a genetic 
disease, caused by accumulation of epi/genetic alterations in 

Juvenile polyposis syndrome is an autosomal dominant syn-
drome characterized by the occurrence of multiple juvenile 
polyps in the GI tract, predisposing to CRC and GC [289]. 
Juvenile polyposis syndrome is caused also by loss of either 
SMAD4 or BMPR1A, which is a member of the TGF-β sub-
family of BMPs, upstream to the SMADs [270]. These genes are 
lost by either germline mutations or large genomic deletions 
[290,291], which are found in around 20%–50% of juvenile 
polyposis syndrome patients [292–297].

Several members of the TGF-β pathway have been shown to 
be involved is sporadic GI malignancies. Many of the main 
members of the TGF-β pathway, including TGFBR1 and 2, 
ACVR2A and 1B, and SMAD2, 3, and 4, are inactivated in CRC 
in a frequency ranging from 3% to 16% [140]. TGFBR1 silenc-
ing through promoter hypermethylation and also inactivating 
mutations in the TGFBR2 gene are frequent in GC cells and 
patient samples [298–300]. LOH of chromosome 18q, fre-
quently found in CRC, contains the SMAD2 and SMAD4 genes 
[194,301–304]. In PDAC, LOH of chromosome 18q is found in 
around 90% of cases, which results in inactivation of SMAD4 
when combined with either deletion or an inactivating mutation 

Figure 31.5  The role of transforming growth factor-β (TGF-β) in promoting cell cycle arrest. Binding of the TGF-β or activin ligands to their 
corresponding heterodimers composed of the TGF-β type I and type II receptors (TGFBR1/2) or activin receptor type IIA and IB receptors 
(ACVR2A/1B), respectively, results in phosphorylation and activation of either SMAD2 or SMAD3. Activated SMAD2/3 interacts with SMAD4, then 
both translocate into the nucleus to form a complex with DNA-binding transcription factors (TFs) to activate specific genes. These activated genes 
include CDKN1A and CDKN2B, both mediating cyclin-dependent kinases (CDKs) inhibition and cell cycle arrest.
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stress has been shown to account for both numerical and struc-
tural CIN in CRC [336].

The third hypothesis states that mutations in genes directly 
involved in the mitotic process are responsible for CIN. The 
more than 100 genes involved in maintaining chromosomal 
stability were first identified in yeast, and many of them have 
human homologues. However, members of this group of genes 
are not frequently inactivated in GI malignancies [318,337–
339]. In addition, most of the segregation errors in CIN-positive 
CRCs are premitotic, suggesting that mitotic dysfunction is not 
responsible for the CIN phenotype in the majority of these cases 
[336].

The fourth hypothesis states that inactivation of the RB 
pathway promotes CIN. The effect of RB loss on CIN promotion 
is mediated by several pathways. Loss of RB results in activation 
of E2F-targets, which are known to regulate mitotic protein 
expression and induce replication stress, leading to a reduction 
in the fidelity of chromosome segregation and accumulation of 
double-strand breaks, respectively. Inhibition of the interaction 
between RB and chromatin regulators also leads to changes in 
chromosome structure and promotes segregation errors. 
Collectively, these RB-mediated pathways promote CIN [340–
343]. However, a study of retinoblastoma tumors, in which both 
alleles of the RB gene were inactivated, surprisingly showed that 
their genome is relatively stable, with the number of structural 
variations per case and mutational rate being among the lowest 
reported in human cancers [344]. Some researchers have pro-
posed that this is due to the absence of a TP53 inactivation in 
retinoblastoma tumors, which does not allow the cells to toler-
ate aneuploidy [342]. Still, it is clear that RB loss alone is not 
sufficient to induce CIN, and that other factors are needed for 
CIN formation. Activation of E2F-targets is also the result of the 
aforementioned inactivation of the FBXW7 TSG. Indeed, 
FBXW7 inactivation promotes CIN in CRC, and is mediated by 
cyclin E overexpression [328,345]. Another study also showed 
that combined ablation of FBXW7 and TP53 promotes CIN in 
CRC, although they failed to show a correlation with cyclin E 
overexpression [346].

The fifth hypothesis suggests that telomere shortening is 
responsible for CIN (see Section Telomeres and telomerase – 
enabling replicative immortality).

Regardless of the mechanism underlying formation of CIN, 
cancer cells carrying alterations that abrogate the checkpoints 
monitoring genomic integrity and mitotic segregation, such as 
those governed by p53, are expected to better tolerate the con-
sequences of CIN, allowing them to continue proliferating. 
Ultimately, CIN leads to gains and losses of oncogenes and 
TSGs, respectively, propagating tumorigenesis.

Microsatellite instability
The second type of genetic instability is microsatellite instability 
(MSI) (see Chapter 47), which was first discovered in Lynch 
syndrome patients. Lynch syndrome, also known as hereditary 
nonpolyposis colon cancer (HNPCC), is an autosomal  

TSGs and oncogenes. Indeed, genetic instability is found in 
almost all human cancers. However, the exact timing of epi/
genetic instability during tumorigenesis, and whether it is a 
consequence or a cause of the malignant process, are questions 
open to debate.

Chromosomal instability
The most common form of genetic instability is chromosomal 
instability (CIN), present in around 80%–85% of CRCs [311], 
which is manifested by an imbalance in chromosome number 
(aneuploidy) and/or chromosome structure, for example 
subchromosomal genomic amplifications and LOH [312]. CIN 
is one of the factors contributing to intratumor heterogeneity 
[28,312]. Studies of CRCs starting from the 1980s using karyo-
typing analyses [313,314], followed by DNA-based allelotyping 
[303,315], comparative genomic hybridization [316,317], and 
finally single nucleotide polymorphism arrays and NGS [140], 
have found multiple gains and losses of chromosomes arms and 
full chromosomes. Areas of losses encompass known TSGs, 
such as SMAD4, TP53, APC, and PTEN, while areas of amplifi-
cation include known oncogenes, such as MYC and HER2 [140]. 
Although it is unclear whether CIN causes malignant transfor-
mation or vice versa [318], reports show than CIN occurs very 
early in the progression of CRC, and is already present in 2-mm 
colorectal adenomas [319–321]. The definition of a “CIN-
positive” tumor can vary, with some making distinctions 
between subcategories of CIN-high and CIN-low [322–325].

There are five proposed mechanisms that lead to the CIN 
phenotype in cancers, which will be discussed below.

The first, termed the mutator hypothesis, proposes that the 
first event is loss of function of one of the caretaker genes, a 
term coined by Kinzler and Vogelstein in 1997 for genes that 
are responsible for maintaining genetic integrity [326]. Loss of 
a caretaker gene leads to genetic instability, which in turn drives 
tumor development by acquiring more selective advantageous 
genetic alterations, such as activation of oncogenes. Loss of 
caretaker genes, which is found in hereditary cancers, leads to 
another type of genetic instability termed microsatellite instabil-
ity (MSI), which is distinct from CIN, as discussed in detail in 
Section Microsatellite instability. Mutations targeting caretaker 
genes are infrequent in sporadic cancers [327,328].

The second hypothesis states that mutations accumulated in 
oncogenes during tumorigenesis are responsible for CIN, 
through oncogene-induced DNA damage model [329]. 
According to this model, activation of oncogenes leads to DNA 
replication stress, defined as any systemic state in the cell that 
leads to collapse of DNA replication forks, for example deoxy-
nucleotide depletion or DNA polymerase inhibition [330–333]. 
This collapse of DNA forks is evident at approximately 90 pref-
erentially targeted sites, called common fragile sites [334,335]. 
These loci are prone to formation of double-strand breaks, 
microdeletions, and gross chromosomal rearrangements during 
replication. Therefore, oncogene-induced DNA damage at 
common fragile sites ultimately leads to CIN [329]. Replication 
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TGFBR2 [361–363], ACVR2 [364], AXIN2 [160], PTEN 
[109,365], TCF7L2 [366], and the proapoptotic BAX gene 
[363,367]. All these inactivating mutations are found in mono-
nucleotide repeat tracts, resembling microsatellite sequences, 
which are prone to acquire mutations in the absence of a func-
tional MMR machinery.

In PDAC, MLH1 allelic loss was found in around one-third 
of cases [368,369]. Later, MLH1 LOH in PDAC cell lines was 
shown to result in a marked decrease in MLH1 expression, and 
therefore was termed MLH1 haploinsufficiency [370]. However, 
using the conventional MSI assay, MLH1-LOH cells were not 
identified as MSI-H. This is in accordance with another report, 
which identified MSI-H status in only 0.3% of a large cohort of 
PDACs [371]. Using NGS for whole-exome sequencing revealed 
that MLH1-LOH PDAC cells with a decreased expression of 
MLH1 indeed display a genetic instability manifested by a 
10-fold increase in the rate of somatic mutations, including 
inactivation of the TP53 and TGFBR2 genes [370]. Therefore, 
genetic instability driven by loss of MLH1 plays a role also in 
PDAC, and can be detected by NGS, but not by conventional 
MSI assay.

In EAC, MSI-H was noted in 3%–7% of cases [230,372], 
which was mostly due to MLH1 promoter hypermethylation, 
and was not associated with improved prognosis [372].

CpG island methylation phenotype
The most common form of epigenetic instability in CRC is 
called the CpG island methylation phenotype (CIMP), charac-
terized by gene silencing due to hypermethylation of CpG 
islands found in promoter regions of genes throughout the 
genome [373]. Different sets of promoters have been used to 
define CIMP-positive tumors, and further subdivide them into 
CIMP-high and CIMP-low subcategories [373–377]. In spo-
radic CRCs, biallelic hypermethylation of MLH1 was first linked 
to the MSI-H phenotype [64,378–380], and later shown as part 
of the CIMP phenotype [375,376]. Therefore, for the 10%–15% 
of sporadic CRCs that present with MSI-H, the proposed mech-
anism is as follows: CIMP is the initiating event, which also 
targets the promoter of MLH1, which in turn results in genetic 
instability also manifesting as MSI-H. The mechanism respon-
sible for CIMP has not been defined.

CIMP is also associated with CDKN2A hypermethylation in 
sporadic CRCs [373,374], adding another selective advantage by 
inhibiting the RB pathway. Of note, the CIMP phenotype has 
also been reported to be associated with distinct clinical, histo-
logical, and molecular characteristics, as CIMP status correlated 
with tumors arising in the proximal (as opposed to the distal) 
colon, sessile serrated adenoma (as opposed to adenomatous or 
hyperplastic polyps), and those harboring BRAF (as opposed to 
KRAS) mutations [140,376,381–383].

The CIMP phenotype is also present in GC, where it is simi-
larly associated with MLH1 and CDKN2A hypermethylation 
[384] and MSI-H [385]. As in CRC, the link between hyper-
methylation of MLH1 and MSI-H GCs was also established 

dominant disorder, characterized by a significantly increased 
risk of colon and endometrial cancers [347,348]. Lynch syn-
drome is the most common form of hereditary colon cancer, 
which accounts for 2%–4% of all CRC cases [348]. Lynch syn-
drome patients also carry an around 10-fold increased risk of 
PDAC and GC [349,350]. Lynch syndrome is caused by a germ-
line mutation in one of several DNA mismatch repair (MMR) 
genes, MLH1, MSH2, MSH6, and PMS2, which are responsible 
for recognizing and repairing DNA base-pair mismatches [348]. 
Microsatellites are short repeats found throughout the genome, 
consisting of usually two to six base pairs, and MMR genes are 
less efficient in repairing sequences consisting of these repeats. 
Accordingly, alterations in microsatellite sequences were found 
in all Lynch syndrome cases [351], establishing the link between 
Lynch syndrome, defects in MMR genes, and MSI status. In the 
clinical setting, young CRC patients or those with a positive 
family history are screened for Lynch syndrome by determining 
their MSI status through measuring changes in the length of 
microsatellite sequences, which is then defined as either high 
(MSI-H), low (MSI-L), or absent (microsatellite stable, MSS) 
[352]. The latter two groups, MSI-L and MSS, are usually 
grouped and considered negative for MSI. Another option for 
Lynch syndrome screening is immunohistochemical analysis of 
MMR protein expression, which is usually diminished. However, 
definite diagnosis of Lynch syndrome is made by identifying 
germline mutations in an MMR gene [353].

Due to this established link between MMR mutations and 
genetic instability, the mutator hypothesis seems to fit the devel-
opment of CRC in Lynch syndrome. The first event is a germline 
mutation in a caretaker gene, followed by inactivation of the 
second allele through mutation, LOH, or hypermethylation, 
which leads to an increased rate of mutations throughout the 
genome, along with the MSI phenotype. Another piece of evi-
dence that supports this model is that Lynch syndrome patients 
progress to carcinoma in as early as 3 years after a normal 
colonoscopy [354], compared with more than 10 years in spo-
radic CRCs. Thus, tumorigenesis is highly accelerated due to 
genetic instability.

The MSI phenotype is also observed in around 10%–15% of 
sporadic CRCs [311,355–357]. The mechanism responsible for 
MSI-H in sporadic CRCs is different from that in Lynch syn-
drome (see below). The MSI-H status in sporadic CRCs is of 
clinical importance as it serves as a marker for a favorable prog-
nosis and a decreased benefit, possibly even a detrimental effect, 
from adjuvant therapy for stage II CRC patients [358,359]. 
Therefore, MSI/MMR testing is important in stage II patients in 
facilitating clinical decision making. The reason for the unex-
pected improved survival of MSI-H CRC patients, which harbor 
dramatically more mutations than MSS CRC patients [40], is 
unclear, and may be due to antigenic peptides created by the 
high levels of frameshift mutations associated with MSI [360].

The high mutation rate evident in MSI-H CRCs confers a 
selective advantage through preferentially targeting some of the 
main genes involved in CRC tumorigenesis. These include 
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mutations identify a subgroup of PCs found in around 3%–4% 
of families with a history PC [405,406].

The BRCA defects in PC can be exploited by the synthetic 
lethality approach. Poly(ADP-ribose) polymerase (PARP) is 
part of the DNA repair machinery, which plays a crucial role in 
DNA single-strand breaks repair. Therefore, PARP inhibition 
causes accumulation of single-strand breaks, ultimately leading 
to double-strand breaks [407,408]. Cells that lack BRCA1/2 are 
expected to be susceptible to treatment with PARP-inhibitors, 
as they have less capacity to repair DNA breaks. Indeed, BRCA2-
mutated PDAC cells are sensitive to PARP inhibition [409]. 
Another result of the defects in the DNA repair machinery is 
susceptibility to chemotherapeutic drugs that cause double-
strand breaks, such as cisplatin, which acts through binding to 
and crosslinking DNA. Indeed, a platinum-based regimen 
showed benefit in a small series of BRCA1/2 carriers with 
advanced PDACs [410]. This evidence led to the National 
Comprehensive Cancer Network (NCCN) recommendation to 
use a gemcitabine and cisplatin combination for advanced 
PDAC patients with BRCA2/PALB2 mutations, although this 
combination failed to show benefit in unselected advanced PCs 
[411,412].

Telomeres and telomerase – enabling 
replicative immortality

Most normal somatic cells have a limited replication capacity, 
determined by the length of telomeres, which are DNA–protein 
complexes present at the end of each chromosome. The length 
of telomeric DNA is shortened with every division cycle [413], 
due to an inefficient replication of chromosome ends, termed 
the “end-replication problem.” Accordingly, telomeric DNA 
length in inversely correlated with age. Once telomere length is 
critically shortened, or if the protective protein component of 
the complex is lost, senescence or apoptosis are induced 
[414,415]. In addition to inducing senescence or apoptosis, dys-
functional telomeres might also expose chromosome ends to 
erroneous recognition by the DNA damage repair machinery  
as double-strand breaks, a phenomenon termed the “end-
protection problem.” This leads to chromosome end-to-end 
fusions between identical sister chromatids or between different 
chromosomes, which are later broken during mitosis, resulting 
in chromosomal fragmentation and nonreciprocal transloca-
tions [416–418]. This process is hypothesized to contribute to 
CIN. However, functional telomeres cap chromosome ends and 
solve the end-protection problem [419]. Therefore, telomeres 
affect two critical hallmarks of cancer, cell cycle control and 
genetic instability. Additionally, telomeres play a major role in 
aging and degenerative diseases.

Telomeres
The nucleotide part of telomeres is composed of long arrays of 
double-strand TTAGGG repeats, around 2–100 kb long, fol-
lowed by a G-rich 3′ single strand overhang, usually 50–500 

[386]. However, as opposed to CRC, the clinical relevance of 
MSI-H in GC is unclear [387]. In addition, CIMP was noted in 
duodenal carcinoma, where it is associated with MLH1 hyper-
methylation and MSI-H [388].

Subtypes of colorectal carcinoma based on gene 
expression profiling
The types of epi/genetic instabilities are used to define sub-
groups of CRCs. CIN and MSI-H are generally mutually exclu-
sive, corresponding to 80%–85% and 10%–15% of CRCs, 
respectively, and the majority of MSI-Hs are caused by CIMP. 
However, several reports indicate that some CRCs present with 
both MSI-H and CIN, the percentage of which is around 
22%–27% of MSIs [322,389,390], and around 6%–8% of CINs 
[322,389].

The advent of NGS added another tool for examining cancers, 
which can improve and refine current definitions of CRC sub-
categories. One study divided CRCs into three mRNA expres-
sion profiles: CIN, MSI/CIMP, and invasive, suggesting the 
existence of a third subtype of CRC [140]. Similarly, another 
study also defined a third subtype of CRC, in addition to CIN 
and MSI, which is mostly MSS and contains relatively more 
CIMP-positive tumors than CIN. This third subtype carries an 
unfavorable prognosis, and displays a gene expression profile 
that is similar to that of sessile serrated adenomas [391]. Another 
study defined five CRC subtypes, four of which share similari-
ties to distinct cell types in the normal colon crypt, that is stem-
like, transit-amplifying, goblet, and enterocyte, and the fifth 
marked by high expression of inflammatory-related genes [392]. 
Importantly, they showed that these classifications have prog-
nostic and predictive values, as they differ by their prognosis in 
cases that were treated by surgery alone, and responded differ-
ently to chemotherapy or anti-EGFR therapy. These classifica-
tions might be used to optimize patient management in the 
adjuvant or metastatic settings [392].

Pancreatic cancer and BRCA
The DNA repair machinery also includes the BRCA1 and 
BRCA2 genes, which are responsible for repair of double-strand 
breaks. Germline mutations in these genes cause hereditary 
breast and ovarian cancer syndrome (HBOC), characterized by 
a dramatic increased risk of breast and ovarian cancers [393]. 
BRCA1/2 mutation carriers are more frequent in Ashkenazi 
Jewish women compared to the general population [394,395]. 
Initial reports showed a 3.7-fold increased risk of PC in 
Ashkenazi Jewish families with BRCA1/2 carriers [396]. 
Following this, several groups showed that there is a subpopula-
tion of BRCA1/2 carriers among PDACs, ranging from 5% to 
20% in Ashkenazi Jewish women [397–400], with most of the 
BRCA1/2 carriers also showing LOH [399]. BRCA1/2 carriers 
are at increased risk of PDAC, estimated at around two- to 
fourfold [397,401–403]. These findings led to the recommenda-
tion to screen for PC in BRCA2 carriers with a family history 
of PC [404]. The BRCA2 protein exerts its DNA-repair function 
through binding to the PALB2 protein [393]. PALB2 germline 
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combined deletion of TRF1 and TP53 leads to CIN and develop-
ment of skin squamous cell carcinoma [430].

Indeed, TRF1 and TRF2 expression was diminished through 
the transition from normal colonic mucosa, through low-grade 
dysplasia, to high-grade dysplasia, and was inversely correlated 
with activation of the DNA damage response machinery [431].

Oncogene-induced telomeric damage
In addition to the connection between short telomeres and CIN 
through end-to-end fusions, telomeres are also associated with 
the oncogene-induced DNA damage found at common fragile 
sites. It seems that the long array of telomeres poses a challenge 
to the DNA replication machinery, making telomeric regions 
prone to replication-dependent defects that resemble those seen 
in common fragile sites. Treatment with aphidicolin, an inhibi-
tor of DNA synthesis known to induce DNA damage in common 
fragile sites, induced similar damage in telomeric regions, mani-
fested as fragmentations, gaps, and extensions [430,432]. 
Similarly, as oncogenes, including RAS, were shown to induce 
DNA damage in common fragile sites [331,332], KRAS signal-
ing caused a similar phenotype in telomeric regions [433].

Telomerase enables replicative immortality
Cancer cells and normal progenitor/stem cells can continuously 
replicate their DNA, enabling unlimited cell proliferation. Both 
acquire unlimited replication through high activity levels of 
telomerase, which is a ribonucleoprotein with reverse tran-
scriptase activity. Telomerase is composed of two units: the 
enzymatic unit, telomerase reverse transcriptase protein 
(TERT), which uses the RNA component, telomerase RNA, as 
a template to synthesize telomere repeats [434]. Telomerase 
counterbalances telomere shortening, thereby solving the end-
replication problem [435,436]. The three known diseases associ-
ated with germline mutations in TERT, dyskeratosis congenita, 
idiopathic pulmonary fibrosis, and aplastic anemia are all asso-
ciated with increased risk of developing cancer, with the latter 
two mainly predisposing to hematological malignancies [437].

Telomerase patterns of expression in normal  
and cancer cells
Although telomerase was initially not found in normal somatic 
tissues, except ovaries and testes, it was nearly universal in 
cancer activation [438], and later detected in 80%–100% of 
CRC, GC, PC, ESCC, and HCC cases [439–442], as well as in 
most cases of other types of cancers [442].

In these studies, telomerase activity was also detected in 
2%–25% of normal adjacent tissue [441,442]. Indeed, more sen-
sitive analysis of different tissues showed telomerase activity in 
normal cells, mainly those in high-turnover tissues, and espe-
cially progenitor/stem cells; high telomerase activity was 
detected in intestinal crypt stem cells, which is gradually lost  
as these cells differentiate into villus cells [443]. Telomerase 
activity was also detected in induced pluripotent stem cells 
[444], hematopoietic stem cells and other hematopoietic cells 

nucleotides long [420,421]. These nucleotide structures are 
bound by a protein complex termed shelterin, composed of six 
proteins: telomeric repeat binding factor 1 and 2 (TRF1 and 
TRF2) that bind to the double-stranded telomeric repeat; TRF1-
interacting nuclear factor 2 (TIN2), TPP1, and protection of 
telomere 1 (POT1) that connect TRF1/2 to the G-rich single-
strand overhang; and repressor and activator protein 1 (RAP1), 
which interacts only with TRF2 (Figure 31.6). The shelterin 
complex solves the end-protection problem in two ways: chang-
ing the structure of telomeric DNA, thereby physically hiding 
chromosome ends from the DNA damage response machinery 
[422], and also inhibiting specific parts of the DNA damage 
response machinery, as detailed below.

The DNA damage response machinery includes sensors of 
DNA damage that activate cell cycle arrest, senescence, and 
apoptosis, and mechanisms whose function is to repair damaged 
DNA. In this regard, the three main transducers of DNA damage 
signals are ATM, ATM, and Rad3-related (ATR), and DNA-
dependent protein kinase (DNA-PK) [423]. The three mecha-
nisms that are activated in order to repair double-strand breaks 
are homology-directed repair (HDR), classical nonhomologous 
end-joining (c-NHEJ), and alternative nonhomologous end-
joining (alt-NHEJ) [424].

The shelterin proteins were shown to inhibit both parts of the 
DNA damage response machinery. Specifically, TRF2 and POT1 
inhibit ATM and ATR, respectively [425–428]. In addition, both 
TRF2 and POT1 play a part in NHEJ and HDR inhibition 
[419,426,428], and multiple shelterin components inhibit alt-
NHEJ [428].

Similar to telomere attrition, the absence of one of the com-
ponents of shelterin can cause CIN and lead to cancer forma-
tion. Silencing TRF2 in telomerase-proficient mice increases 
CIN and hepatocarcinogenesis [429]. Similarly, deletion of 
TRF1 in mice induces p53 and RB-mediated senescence, and 

Figure 31.6 Human telomere structure. Telomeric DNA is composed of 
2–100 kb of long arrays of TTAGGG repeats, followed by a 50–500 
nucleotide long G-rich 3′ overhang. The shelterin telomere-specific 
protein complex protects the chromosome end by binding to telomeric 
DNA. Telomeric repeat binding factor 1 (TRF1) and TRF2 bind the 
double-stranded segment of the telomeric DNA, while TPP1 and 
protection of telomere 1 (POT1) interact with the single-stranded 3′ 
overhang. TRF1-interacting nuclear factor 2 (TIN2) connects TRF1 and 
TRF2 with TPP1. Repressor and activator protein 1 (RAP1) binds to 
TRF2.
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failure of antitelomerase therapies in clinical trials, pointing to 
the need to develop anti-ALT therapies.

TERT-deficient mice
Compared with TP53-deficient mice, which present mainly 
with sarcomas and lymphomas, combined TERT and TP53 dele-
tion in mice accelerated tumorigenesis of carcinomas, including 
CRC and HCC [416,468,469]. However, the combination of 
TERT deletion with that of several other TSGs, including APC, 
ATM, CDKN1A, CDKN2A, and PMS2, led to attenuated tum-
origenesis [470–475]. Interestingly, CDKN2A/TERT-deficient 
mice that did develop tumors also showed signs of MDM2-
mediated p53 inhibition and activated ALT [467,472]. Similarly, 
tumors from ATM/TERT-deficient mice activated ALT [476]. In 
addition, mouse studies showed that transiently silencing TERT, 
causing shortening of telomeres, followed by TERT reactivation, 
promotes T-cell lymphoma [476], and also prostate cancer 
metastasis [477]. Collectively, these data suggest that short tel-
omeres induce cell cycle arrest or apoptosis, thereby suppressing 
tumorigenesis, even in cancer-prone genetic backgrounds. 
However, in the setting of short telomeres, if the critical p53 
checkpoint is abrogated, transformed cells continue progressing 
to form tumors, and maintain their telomere length by either 
reactivating telomerase or activating ALT.

Proposed models for telomeres, telomerase,  
and cancer
Two models have been offered to explain the observation that 
cancer cells in macroscopic tumors are telomerase positive, and 
the fact that they also have shorter than normal telomeres 
(Figure 31.7).

In the first, telomerase-negative normal epithelial cells are 
presumed to be the source of cancer. In the second, more recent 
model, cancers are presumed to originate from telomerase-
positive normal progenitor/stem cells [478–480]. Regardless of 
the cell of origin, telomeres are eroded due to advancing age, 
proliferation in preneoplastic lesions, or diseases of high cellular 
turnover [478–480]. Alternatively, cells could acquire activating 
mutations in RAS, causing telomere attrition [433]. Regardless 

[445–448], normal epithelia along the GI tract [449], proliferat-
ing basal cells in the skin [450], and hair follicle progenitor cells 
[451]. Interestingly, low levels of telomerase activity were also 
found in normal cycling fibroblasts [452].

Collectively, these data suggest a general role for telomerase 
in cancer cells as wells as in normal human cell physiology, 
especially in progenitor/stem cells.

Mechanisms for telomerase reactivation  
or overexpression
Tumor cells may reactivate or overexpress telomerase through 
a variety of mechanisms. β-catenin directly binds to and 
activates the TERT promoter in human colon cancer cells, 
murine hyperplastic intestinal lesions, and intestinal stem cells, 
leading to telomere elongation [453–455]. Increased telomerase 
activity was also noted in normal mucosa of FAP patients, sug-
gesting a role for APC mutations in regulating telomerase [456]. 
Additionally, MYC has also been shown to directly bind to and 
activate the TERT promoter [457,458].

Cancer cells can also acquire amplifications of TERT, found 
in ESCC and HCC [229], as well as in other types of non-GI 
malignancies [229,459].

It has been suggested that acquired mutations in the pro-
moter region of TERT allow binding of E-twenty-six (ETS) tran-
scription factors [460], which are regulated by KRAS-induced 
ERK, and also binding of TCF transcription factors [461,462]. 
These TERT promoter mutations have been found in several 
HCC cells, and in single ESCC and GC cells, but not in CRC 
cells [461]. Other following studies confirmed that these TERT 
promoter mutations are probably rare in GC and absent in CRC 
[463,464]. This is the first driver mutation reported in a noncod-
ing region of the genome, which should stimulate the search for 
other driver mutations.

A minority of cancers, estimated at around 10%–15%, elon-
gates telomeres by activating alternative lengthening of telom-
eres (ALT), which involves telomerase-independent copying of 
telomeric template DNA via homologous recombination 
[465,466]. ALT was activated following telomerase inhibition in 
animal models [467]. These findings may explain the relative 

Figure 31.7 Schematic diagram of the two proposed models for telomeres, telomerase, and cancer.
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formation of several related yet distinct subclones within a spe-
cific tumor [22,492].

A large body of evidence now suggests that not all cancer cells 
have the same potential to initiate and sustain tumor growth. 
This hypothesis suggests the existence of a distinct subgroup of 
cancer cells, termed cancer stem cells (CSCs), previously defined 
as cells that uniquely contain self-renewal and multilineage dif-
ferentiation capacities [493,494]. Self-renewal means that CSCs 
can also generate identical daughter cells, and multilineage dif-
ferentiation means that CSCs can give rise to the full range of 
differentiated progeny. However, the use of the term “stem cell” 
has been criticized, as it implies the ability to give rise to several 
lineages, for which evidence is scarce. Therefore, this term as it 
is currently used usually means that these cells have a capacity 
to self-renew as well as to give rise to non-CSCs progeny [495–
497]. The CSC hypothesis suggests that CSCs are primarily 
responsible for tumor growth and disease progression, and 
curative therapies must, therefore, target these CSCs.

Cancer stem cell markers
Until recently, the gold standard assay used to identify CSCs was 
serial transplantation of human tumor cells in immunodeficient 
mouse models, purified based on the presence or absence of 
cell-surface markers or functional properties [498]. Using this 
approach in GI malignancies, many CSC markers were found 
for CRC [496,499,500], HCC [496,501], PDAC [496,502], GC 
[503], and ESCC [504,505].

However, xenotransplantation of human cancer cells into 
immunodeficient mice differs from the tumorigenic process in 
patients, making its relevance uncertain [506]. Shortcomings 
mentioned include the following: (1) lack of an intact immune 
system; (2) differences between mouse and human microenvi-
ronments, which are expected to affect tumor progression; and 
(3) this assay assesses only the potential of tumorigenic cells to 
form tumors and not the actual fate, which is influenced by 
environmental variables such as hypoxia [494]. Indeed, chang-
ing the experimental procedure, and the strain of the immuno-
deficient mice in particular, can alter the frequency of proposed 
CSCs by >105-fold change [507–509]. In addition, some of the 
proposed markers, such as CD133 for colon CSCs [510,511], 
were later suggested to not be specific for CSCs or normal stem 
cells [512,513].

Despite the clear need for reliable CSC markers, using this 
approach led to findings suggesting that CSCs play a role in 
resistance to standard therapies, tumor recurrence, and metas-
tasis. Of note, a few CSC markers were identified based on their 
role in normal stem cells physiology. These include Lgr5 in CRC 
[514], c-MET in PDAC [515], and the aforementioned SALL4 
in HCC [118,516].

Cancer stem cells are responsible for  
tumor recurrence
The CSC hypothesis provides an attractive explanation to the 
observed phenomenon of tumor recurrence, as CSCs are 

of the mechanism of telomere attrition, in the presence of func-
tional p53, this is expected to induce senescence or apoptosis, 
and therefore telomere attrition functions as a barrier to cancer 
development [414,433,478]. This is supported by evidence from 
the mouse models that combined deletion of TERT with dele-
tion of a TSG. In the absence of p53, there is severe telomere 
dysfunction [416,468], which results in genetic instability 
through repetitive fusion–breakage cycles [417,418,478]. The 
rare cells that acquire the required losses and gains of TSGs and 
oncogenes, respectively, would continue to proliferate, causing 
further erosion of telomeres. At this point, telomerase-negative 
epithelial cells must maintain a critical minimal telomere length 
to continue proliferating, which is achieved by either reactivat-
ing telomerase or through activating ALT. Only these rare epi-
thelial cells that maintain replicative ability will continue and 
form a macroscopic tumor [478]. However, progenitor/stem 
cells are probably capable of maintaining telomere length due 
to their higher levels of telomerase. This sequence of telomere 
shortening followed by telomere length maintenance through 
telomerase or ALT is supported by a study showing telomere 
attrition during the transformation of normal colonic mucosa 
to low-grade dysplasia and high-grade dysplasia, followed by an 
increase in telomere length in colonic carcinoma [431].

Telomere length and cancer risk
Based on the fact that cancer cells harbor short telomeres and 
the connection between germline TERT mutations and an 
increased risk of cancer, it would seem reasonable to expect that 
short telomeres would increase the risk of cancer. However, 
studies of telomere length in peripheral blood leukocytes as a 
potential predictor of cancer risk have yielded inconsistent 
results [481–491].

Telomerase-targeted therapy
Intense efforts had been directed to development of therapeutic 
agents targeting telomerase. The first agent targeting telomerase 
tested in clinical trials was GV1001, a vaccine designed to prime 
the immune system to recognize telomerase. However, a large 
phase III RCT comparing gemcitabine alone or in combination 
with GV1001 in PDAC failed to produce positive results 
(NCT00358566). Another similar trial, comparing gemcitabine/
capecitabine with or without GV1001 in PDAC is still ongoing 
(NCT00425360).

Cancer stem cells – a shifting paradigm

As mentioned in the Introduction, long-standing observations 
have shown that individual tumors are composed of cancer cells 
that differ in term of their histology, karyotype, and genetic and 
epigenetic perturbations [21–25]. According to the clonal evo-
lution hypothesis, this is the result of successive accumulation 
of mutations in cancer cells, each conferring a selective advan-
tage promoting proliferation of a specific clone, leading to the 
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surface-marker phenotypic repertoire of the cellular population 
[532].

Cancer stem cells give rise to stromal cells
Interestingly, in one type of cancer, glioblastoma, CSCs can give 
rise to endothelial cells, suggesting that CSCs are indeed similar 
to normal stem cells in the ability to differentiate into stromal 
cells, thereby creating their own microenvironment [533–535]. 
These studies showed that CSCs and their endothelial deriva-
tives share the same genomic alterations and that CSCs can 
differentiate into endothelial cells in vitro and in vivo [533,534]. 
A following study showed that glioblastoma CSCs could also 
differentiate into vascular pericytes in vitro and in vivo, a 
process induced mainly by TGF-β [536]. Further evidence, also 
from other types of cancers, is needed to determine the general-
ity of this CSC capability.

Wnt-β-catenin, Lgr5+ cancer stem cells 
and telomerase
The Wnt-β-catenin pathway plays a major role in maintenance 
and activation of proliferation of normal intestinal stem cells 
[537,538], first demonstrated by the abolition of crypts of the 
small intestine following Tcf7l2 deletion [539]. Indeed, activa-
tion of the Wnt-β-catenin pathway imposed a stem-like pheno-
type on CRC cells [540], suggesting that cancer cells exploit the 
physiological mechanism aimed at maintaining normal stem 
cells function to overcome cell defenses against malignant 
transformation [541].

One of the downstream targets of the Wnt-β-catenin pathway 
is Lgr5 [542], a surface receptor residing within the Wnt recep-
tor complexes, mediating signaling of R-spondin Wnt agonists 
[543] (Figure 31.3). Therefore, Lgr5 is both a target and a media-
tor of the Wnt-β-catenin pathway.

Lgr5 was found to mark normal stem cells in the colon, small 
intestine, stomach, and hair follicle [512,544,545]. Lgr5+ cells 
grown in vitro expand and form a minigut [546] and a minis-
tomach [544]. In the colon and small intestine, Lgr5 is expressed 
exclusively in crypt base columnar cells, which give rise to all 
the epithelial lining cells of the crypt-villus structure [512]. 
During this process, proliferating Lgr5+ stem cells physically 
push their progeny up the crypt-villus axis, until they reach the 
tip of the villus, where they eventually undergo apoptosis after 
a few days, and shed into the lumen.

As in other stem cells, Lgr5+ cells have high telomerase activ-
ity, which rapidly decreases as they differentiate into their 
progeny, until it is entirely lost in differentiated cells [443]. As 
mentioned above, TERT expression is directly regulated by 
β-catenin in normal stem cells and colon cancer cells [453–455]. 
In addition, TERT activates Wnt signaling by serving as a cofac-
tor in the β-catenin transcriptional complex [547]. These find-
ings suggest an autoregulatory loop between β-catenin and 
TERT, which could play a role in maintaining normal stem cell 
phenotype, as well as be exploited by CSCs.

hypothesized to be more resistant to standard therapies, in addi-
tion to their prescriptive ability to initiate and maintain tumor 
growth. Among the proposed mechanisms responsible for their 
relative resistance to therapy are overexpression of efflux pumps 
of chemotherapeutic drugs [517], production of antiapoptotic 
proteins [518], increased DNA repair capacity [519], and lower 
levels of ROS, which mediate radiation-induced cell killing 
[520].

In GI malignancies, preclinical studies have shown that 
although using standard chemotherapies results in tumor size 
reduction, it also enriches for CSCs, which present resistance to 
treatment. Examples include CD133+ CSCs in PDAC [521], 
CD90+ CSCs in ESCC [504], and CD13+ and CD24+ CSCs 
in HCC [522,523].

However, other mechanisms responsible for acquired resist-
ance to therapy undoubtedly exist, for example CRC tumors 
acquire resistance to anti-EGFR therapy through the emergence 
of novel KRAS mutations [83].

Cancer stem cells and metastasis
Although evidence is scarce, several studies suggest that CSCs 
are responsible for metastasis. In CRC, CD26+ CSCs, but not 
CD26− cells, led to distant metastasis formation when injected 
into the cecal wall of immunodeficient mice [524]. Similarly, 
CRC metastasis formation in a mouse model was driven almost 
exclusively by colon CSCs [525]. In addition, two distinct sub-
populations of CD133+ colon CSCs, identified by additional 
specific surface markers, namely CD110 and CDCP1, were 
shown to characterize cells metastasizing to either the liver or 
lung, respectively [526]. Using the same approach in HCC, only 
CD24+ or CD90+/CD44+ CSCs had the capacity to metasta-
size to the lungs in immunodeficient mice [523,527]. Because 
the metastatic process includes intravasation of cancer cells into 
the circulatory system, the marked enrichment for pancreatic 
CSCs in the bloodstream of an animal model of PDAC, as com-
pared to their percentage in the original primary tumor, sug-
gests that they are responsible for forming distant metastases 
[528]. Similar results were obtained in HCC patients, where 
tumor cells in the bloodstream expressed CSC biomarkers 
[529].

Cancer stem cells give rise to differentiated 
tumor cells
According to the CSC hypothesis, CSCs can give rise to non-
CSCs progeny. Single colon CSCs marked by high activity of the 
Wnt pathway were able to generate a tumor when injected to 
immunodeficient mice, resembling the original tumor in terms 
of Wnt activity heterogeneity and differentiation [530]. Similarly, 
single colon CSCs can propagate a tumor containing distinctly 
different differentiated progeny [531]. Analysis of human colon 
xenografts in immunodeficient mice derived from single colon 
CSCs showed they closely reproduced the phenotypic diversity 
of their parent tumor both in terms of tissue histology and 
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from progenitor/differentiated tumor cells, and that this dedif-
ferentiation process is sometimes orchestrated by the microen-
vironment. Therefore, the hierarchy is bidirectional and more 
flexible than previously thought.

The bidirectional lineage relationship in the small intestine 
and colon was shown through studies of both normal stem cells 
and CSCs. For normal stem cells, it was shown that upon 
radiation-induced depletion of Lgr5+ intestinal stem cells, 
Dll1+ secretory progenitor cells, derived from Lgr5+ intestinal 
stem cells, revert to active Lgr5+ intestinal stem cells [559]. 
Additionally, cells expressing Bmi1, a marker of all proliferative 
crypt cells [560,561], can give rise to Lgr5+ intestinal stem cells 
[562]. Similarly, cells expressing Hopx, a marker of a distinct 
quiescent population of intestinal stem cells, can also be derived 
from and give rise to Lgr5+ intestinal stem cells [563], indicat-
ing that such interconversion is common. For CSCs, Lgr5− 
intestinal epithelial cancer cells were shown to dedifferentiate 
into Lgr5+ colon CSC in an NF-κB-dependent manner as a 
result of Wnt signaling [174]. In addition, two studies examin-
ing colon CSCs demonstrated the same bidirectional plasticity, 
and the role of the microenvironment in this process. The first 
study found that myofibroblast-secreted factors, specifically 
hepatocyte growth factor, could reestablish a CSC phenotype in 
differentiated colon tumor cells, including enhanced Wnt sign-
aling activity, Lgr5+ expression, and tumor-initiating capacity 
[530]. The second study showed that secretion of IL-6 by mes-
enchymal stem cells increased the tumor-initiating capacity of 
single CRC cells injected into mice [564]. Therefore, the CSC 
phenotype can be imposed on differentiated tumor cells, 
through either intrinsic or extrinsic factors.

The ability of progenitor and/or differentiated tumor cells to 
dedifferentiate into CSCs was also demonstrated in breast 
[565,566] and brain cancers [567]. One of the studies in breast 
cancer showed that either a single CSC or a single differentiated 
tumor cell could eventually form a tumor containing CSCs and 
non-CSCs, suggesting that there is an equilibrium between 
CSCs and differentiated tumor cells populations in each tumor, 
achieved over time, regardless of the cell of origin [566].

Collectively, these data reshape our view of the CSC hypoth-
esis, offering a model in which every tumor cell can interconvert 
to a CSC, due to the effect of either intrinsic or extrinsic factors.

Clonal evolution and the cancer stem  
cells hypotheses
Although previously viewed as mutually exclusive, clonal evolu-
tion and CSC hypotheses can be merged. In this integrated 
model, the tumor is viewed as an organ, with a hierarchy of cells 
composed of CSCs and differentiated tumor cells. The cell of 
origin can be a CSC, cancer progenitor cell, or even differenti-
ated cancer cell. However, at some point, transformed 
progenitor/differentiated cells must convert to CSCs in order to 
maintain tumor progression. Thereafter, CSCs will give rise  
to differentiated tumor cells, and possibly also to the tumor 

Myofibroblast-secreted factors that utilize Wnt can reestab-
lish a CSC phenotype in differentiated colon cancer cells [530]. 
This indicates that extrinsic factors from the microenvironment 
can impose a CSC phenotype in differentiated tumor cells 
through the Wnt pathway.

Indeed, salinomycin, an antibiotic that also inhibits the Wnt-
β-catenin pathway [548], could selectively target CD133+ colon 
CSCs [549], as well as breast CSCs [550]. Of note, the effect on 
breast CSCs was mediated by inducing epithelial differentiation 
of CSCs [550].

Cancer stem cells found in intact benign and 
malignant lesions
Using lineage tracing, which enables identification and tracking 
of all progeny of a single cell [551], it was shown in an animal 
model that Apc-mutant Lgr5+ colon CSCs give rise to all other 
cell types in colonic adenomas, as well as to additional Lgr5+ 
cells [552]. Using the same approach, it was shown in another 
study that cells coexpressing Lgr5 and Dclk1, another putative 
marker of colon CSCs, give rise to adenomas in Apc-mutated 
mice [553]. Studies from two other types of non-GI malignan-
cies, one in glioblastoma and the other in benign skin papilloma 
and squamous cell carcinoma, using animal models, showed 
that CSCs arise de novo during pre/malignant lesion formation 
in intact organs [554,555]. CRC primary tumors and liver 
metastases have a crypt-like structure at their base, containing 
stem-like Lgr5+ cells [556]. In addition, using single-cell PCR 
gene-expression analysis, both colon adenomas and carcinomas 
were shown to contain a distinct Lgr5+ cells population [532], 
lending further apparent validity to the CSC hypothesis.

Cancer stem cells and the cells of origin
The term CSCs led to the misconception that CSCs are by defi-
nition the cells of origin of cancer. In fact, the CSC hypothesis 
does not address the cell of origin question; rather it suggests 
the hierarchical organization of cancers [506,557,558].

Nevertheless, the finding that Apc deletion in Lgr5+ cells 
generated adenomas more efficiently as compared to Apc dele-
tion in progenitor/differentiated cell, led the authors to suggest 
that Lgr5+ cells are the cells of origin of CRC [514]. However, 
this study does not exclude the possibility that a normal epithe-
lial cell, or a progenitor cell, is the first mutated cell in human 
cancer. The unequivocal identification of the cell of origin of 
cancers awaits the development of technologies that could iden-
tify the first mutated cell in a spontaneously arising cancer.

Uni- or bidirectional hierarchy of tumor cells
Another two related misconceptions regarding the CSC hypoth-
esis are that CSCs are by definition normal stem cells that 
underwent malignant transformation, and that the CSC hypoth-
esis dictates a unidirectional hierarchy, in which CSCs differen-
tiate into progenitor tumor cells, and later into differentiated 
tumor cells. Recent evidence suggests that CSCs can be derived 
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results in marked inhibition of adenoma formation in a mouse 
model without affecting normal tissue homeostasis [553].

Invasion and metastasis

Metastases are the cause of death in most cancer patients. Our 
understanding of this multistep process has advanced signifi-
cantly in the last few decades, with numerous molecular pro-
cesses identified as contributing to metastasis. Essentially, the 
metastatic process involves not only autonomous traits of the 
cancer cells, but also heterotypic interactions with the microen-
vironment. The only antimetastatic agents that are currently 
used in the clinic are bisphosphonates and RANK-ligand inhibi-
tors, used as supportive therapy for bone metastases in breast 
cancer patients, without survival benefit [573].

Despite tremendous advances in our knowledge, several 
interrelated points are still unsettled. What is the exact timing 
of metastasis? Is it during early stages of cancer progression, 
perhaps even before malignant conversion, or is it the last step 
of a gradual normal–carcinoma–metastasis sequence? Are met-
astatic cells different from other cells of the primary tumor? If 
so, when did they acquire the additional mutations/traits? Is it 
during tumor progression in the primary tumor, or only after 
detaching from the primary tumor, along the way to or at the 
target organ? The answers to these basic questions would dra-
matically impact decision making in cancer therapy.

Steps in the metastatic process
Metastasis is described as a multistage process during which 
malignant cells spread from the primary tumor to discontigu-
ous organs [574]. During this process tumor cells locally invade 
the surrounding tissue, including the basement membrane and 
extracellular matrix (ECM), enter the vascular or lymphatic 
network (intravasation), survive in the circulation, adhere to 

microenvironment. Importantly, even after the initial formation 
of the tumor, if needed, progenitor/differentiated tumor cells 
can convert to CSCs, creating a bidirectional hierarchy. Although 
originating from a single cell, multiple different CSCs are 
present in each tumor [552], created by the ongoing genetic and 
epigenetic instabilities, and selected by clonal evolution. Each 
one of these distinct CSCs gives rise to a specific clone of tumor 
cells. Clonal evolution also affects differentiated tumor cells, 
which could give rise to new clones if converted to CSCs (Figure 
31.8). In conclusion, tumors are a complex hierarchically 
ordered plastic population of cells, driven and maintained by 
clonal evolution and CSCs.

Cancer stem cells targeted therapy
The necessity of targeting CSCs to achieve definitive treatment 
and prevent recurrence is a corollary of the CSC hypothesis.

One approach is forcing CSCs to differentiate by either acti-
vating BMP4 or by blocking DLL4, thereby creating a dead-end 
for tumor cells [568,569]. Indeed, when combined with stand-
ard chemotherapy, forced differentiation of colon CSCs pro-
moted chemosensitization in CRC animal models [568,569]. 
The same rationale led to forcing differentiation of PDAC CSCs 
(pancreatic CSCs). Similar to its role in the physiology of normal 
embryonic stem cells, nodal/activin signaling, which bind to the 
ACVR1B/C receptors of the TGF-β pathway, was shown to drive 
self-renewal and tumorigenecity of pancreatic CSCs [570–572]. 
Indeed, inhibiting ACVR1B/C forced pancreatic SCSs to dif-
ferentiate and, when combined with gemcitabine and a hedge-
hog pathway inhibitor, resulted in a marked response in an 
animal model [572].

Other options include inhibiting genes or pathways that are 
involved in promoting and maintaining CSCs such as c-MET 
for pancreatic CSCs [515], the Wnt pathway, or telomerase.

Anti-CSC drugs should ideally spare normal stem cells. In 
this regard, a study showed that depleting Dclk1+ colon CSCs 

Figure 31.8 Schematic diagram of a model combining the clonal evolution and cancer stem cell (CSC) hypotheses. In normal physiology, stem cells 
(SCs) give rise to progenitor cells and differentiated cells. Each one of these three types of normal cells can undergo malignant transformation. 
Although malignant cells also usually maintain a unidirectional hierarchy with cancer stem cells (CSCs) at its apex, differentiated and progenitor cancer 
cells can acquire CSC traits, creating a bidirectional hierarchy. CSCs can give rise to a heterogenous population of cancer cells (top), acquire additional 
epi/genetic alterations to become a novel and different CSC (middle), and also possibly give rise to stromal cells (bottom).
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of the E-cadherin cell adhesion molecule [575], lose their polar-
ity, degrade the ECM, and migrate through it to reach lym-
phovascular vessels. EMT is also hypothesized to endow cancer 
cells with resistance to apoptosis and standard therapies [576–
578]. However, single-cell infiltration is frequently seen in only 
a limited number of common human solid cancer specimens, 
that is diffuse GC and lobular breast cancer. Furthermore, even 
in these cancer types, single migrating cells maintain their epi-
thelial phenotype [579]. A phenomenon termed tumor budding, 
loosely defined by the presence of individual cells and small 
clusters of cells at the invasive front of carcinomas, is frequently 
seen in specimens of GI malignancies, especially CRC, GC, EC, 
and PDAC, and is correlated with worse prognosis [580–586]. 
This phenomenon is often cited as a manifestation of single-cell 
migration via the EMT process [587–589]. However, by examin-
ing serial sections of budding tumors, it was shown that almost 
all of the ostensibly single cells are actually connected to the 
neoplastic gland, which is invading the stroma as a whole [590]. 
In addition, in view of the epithelial phenotype of metastases, 
the EMT hypothesis also inherently requires the reverse process, 

endothelium of capillaries of the target organ or of lymph vessels 
(homing), exit from the circulation (extravasation), survive in 
the microenvironment of the target tissue, and proliferate to 
form a macroscopic secondary tumor (Figure 31.9).

Local invasion and the epithelial–
mesenchymal/mesenchymal–epithelial  
transition hypothesis
Several modes of invasion are recognized in solid tumors, which 
can be grossly divided to either single-cell or multicellular 
migration. The main mode of single-cell migration is mesen-
chymal, as part of a hypothesized process designated epithelial–
mesenchymal transition (EMT). Numerous preclinical studies 
suggest that single epithelial cells can transition from epithelial 
to mesenchymal phenotype, through a complex molecular and 
cellular program. EMT is controlled by several defined tran-
scription factors, for example Snail, Zeb, and Twist, and path-
ways, for example Wnt-β-catenin, TGF-β, RAS, and Notch 
[527]. According to current assumptions, EMT causes epithelial 
cells to detach from the neighboring epithelial cells through loss 

Figure 31.9 Steps in the metastatic process. (a) Local invasion. (b) Intravasation into a blood or lymphatic vessel. (c) Survival in the circulation, either 
as clumps, single cells, or single cells covered with platelets. (d) Homing to the target organ. Cancer cells arrest in a capillary bed either as single cells 
that specifically bind to endothelial cells or as clumps that lodge in a relatively small vessel. Following arrest, cancer cells extravasate to the target organ’s 
parenchyma. (e) Cancer cells either undergo apoptosis, stay in dormancy, or proliferate to form micrometastases, which in turn can also either stay 
dormant or continue proliferating to form macrometastases.
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suppressor cells, neutrophils, and various B and T lymphocytes 
[605–607] (Figure 31.10). Collectively, the multiple reciprocal 
interactions between cancer cells and their microenvironment 
have been shown to promote tumor progression and invasion. 
Examples of the involvement of the microenvironment in pro-
moting invasion of GI malignancies include the following: pan-
creatic neuroendocrine tumor cells secrete IL-4, which induces 
tumor-associated macrophages to degrade the ECM by secret-
ing cathepsin protease [608]; pancreatic stellate cells promote 
invasion of PDAC cells in an animal model [609]; in a mouse 
model of HCC, tumor cells stimulate VEGF expression by 
carcinoma-associated fibroblasts, which were first seen at the 
tumor periphery and later penetrated into the tumor [610]; 
TGF-β-activated carcinoma-associated fibroblasts enhanced 
metastasis in a CRC animal model [611]; and lastly, ESCC 
carcinoma-associated fibroblasts secrete Wnt2, thereby activat-
ing Wnt-β-catenin signaling in tumor cells and promoting 
tumor growth and invasion [612].

Survival in the circulation
Single cells or cell clumps enter the lymphovascular circulation, 
where single cells are hypothesized to account for distant metas-
tasis. If invading a lymph vessel, clumps would probably lodge 
in a regional lymph node; if invading a blood vessel, clumps 
could potentially travel to a different part of the same organ or 
to the next organ in line, that is lung or liver. The choice between 
these two options probably depends on the specific location of 
the primary tumor within the organ and the relative size of the 

termed mesenchymal–epithelial transition (MET), hypothe-
sized to occur following extravasation. There is no solid evi-
dence of MET from human specimens. Lastly, most methods 
used to extract circulating tumor cells (CTCs) from the blood-
stream, a phenomenon discussed in detail below, are based on 
expression of epithelial markers [591,592], suggesting that at 
least some cancer cells maintain their epithelial phenotype in 
transit from the primary tumor to target organs. Therefore, the 
concept of EMT is still controversial and further evidence from 
human specimens is needed to validate this hypothesis 
[497,574,593–595]. However, the role of the described EMT-
related transcription factors and pathways in mediating inva-
sion and intravasation is considered solid.

The second type of single-cell migration is ameboid, in which 
cancer cells squeeze through collagen-lined pores by adopting 
an ameboid phenotype, without the need for degrading the 
ECM using proteases [596,597]. This mode of migration has 
been observed only in non-GI malignancies [597].

Multicellular migration is manifested by either compact 
groups of cells or elongated strands of connected tumor cells 
protruding from the primary tumor, often with a lumen in the 
middle resembling the structure of a gland (for adenocarcino-
mas). During migration these cells maintain cell–cell contacts, 
with the leader cell(s) paving the way through the ECM for 
other cancer cells [598–600]. In contrast to single-cell invasion, 
this mode of multicellular invasion is commonly seen in human 
solid tumors specimens [497,598]. Accordingly, lymphovascu-
lar invasion is a well-known histopathological prognostic 
marker for poor survival. This mode of multicellular invasion 
suggests that following invasion of lymphovascular vessels, 
tumor cell are either shed into the bloodstream as single cells 
or detached from the bulk of the tumor as cell aggregates [574]. 
Indeed, circulating tumor cell clumps, containing hematopoi-
etic cells, were identified in the peripheral blood of the majority 
of CRC patients in one series [601], as well as in other types of 
solid tumors, such as lung, renal, and prostate [602–604]. It is 
hypothesized that some of these clumps are broken down to 
single cells, which continue to travel through the circulation.

The role of the microenvironment in promoting 
local invasion
Local invasion is affected not only by intrinsic traits of the 
cancer cells, but also by their interaction with the microenviron-
ment, and by the active role of the microenvironment in this 
process. The previous reductionist view of solid tumors as a 
clone of cancer cells is no longer valid. Today tumors are con-
sidered as abnormal organs, containing cancer cells and their 
microenvironment. The tumor microenvironment consists of 
resident stromal cells, some of which are under the influence of 
cancer cells, recruited hematopoietic stem cells and immune 
cells, vasculature, and ECM components [605]. The main spe-
cific cell types comprising the tumor microenvironment are 
carcinoma-associated fibroblasts, endothelial cells, mesenchy-
mal stem cells, tumor-associated macrophages, myeloid-derived 

Figure 31.10 Schematic diagram of the primary tumor 
microenvironment. Cancer cells in the primary tumor are surrounded by 
various cells comprising the tumor microenvironment, including 
cancer-associated fibroblasts (CAFs), endothelial cells, mesenchymal stem 
cells (MSCs), tumor-associated macrophages (TAMs), myeloid-derived 
suppressor cells (MDSCs), neutrophils, and various B and T lymphocytes. 
Arrows denote examples of known interactions between tumor cells and 
the microenvironment.
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deepen our understanding of the metastatic process. Currently, 
there are around 200 clinical trials that incorporate CTCs  
levels as a biomarker, 30 of which in GI malignancies (www 
.clinicaltrials.gov).

The technologies used to detect CTCs are multiple and 
diverse, based on their physical properties, that is size, density, 
and electric charge, and their biological properties, that is posi-
tive selection for epithelial/tumor markers and/or negative 
selection for hematopoietic cells [591,623]. In 2007, the FDA 
approved the CellSearch system (Veridex) as an aid in monitor-
ing metastatic CRC patients, and it is also approved for meta-
static breast and prostate cancers. This system uses positive 
selection for epithelial cells (EpCAM and cytokeratins positive 
cells) and negative selection for leukocytes (CD45 positive cells). 
Using this system, CTCs levels in metastatic CRC patients  
were negatively correlated with progression-free survival and 
overall survival, and also correlated with response to therapy, 
establishing CTCs levels as a prognostic and predictive marker 
in CRC [624]. Moreover, CTCs levels were shown to add  
independent prognostic value in addition to CEA levels in  
metastatic CRC patients receiving chemotherapy [625]. For 
nonmetastatic CRC patients, CTC levels correlated with postop-
erative relapse in stage II patients [626] and in stage I–III patients 
with normal perioperative CEA levels [627]. These results 
suggest that CTCs levels could identify a subgroup of patients 
who are at high risk of relapse, and could therefore benefit from 
adjuvant chemotherapy. The correlation between CTCs levels 
and prognosis in CRC has been reaffirmed by a metaanalysis of 
36 studies including around 3000 patients of all stages [628], and 
by another metaanalysis of 12 studies including around 1300 
patients with either resectable liver metastases or widespread 
metastasis [629]. Similarly, CTC levels correlated with posthepa-
tectomy recurrence of HCC [529,630] and poor survival in 
locally advanced PDAC [631]. In GC, CTC levels correlated with 
worse prognosis both for resected and nonresected patients 
[632,633].

Surprisingly, the CellSearch system and a similar method 
called EPISPOT have detected circulating epithelial cells in 
around 10%–20% of a small series of patients with benign colon 
diseases, including adenomas, inflammatory bowel disease and 
diverticulitis, compared with no such events in a group of 
healthy volunteers [634]. Although the follow-up period was 
only 3 years, none of these patients was diagnosed with colon 
cancer, or any other type of epithelial cancer [634]. Similar 
results were obtained in another study using less specific 
markers for epithelial cells, but still showing no events in the 
healthy control group [635]. Interestingly, circulating epithelial 
cells were detected very early during tumor development in a 
mouse model of PDAC, at a stage when only precancerous 
pancreatic intraepithelial neoplasia lesions were present accord-
ing to a rigorous histological analysis [528]. In that study, 
inflammation induced an increase in number of these circulat-
ing epithelial cells [528]. In an animal model of ductal carci-
noma in situ, a premalignant lesion of the breast, using electron 

clump versus that of the organ’s vascular bed. In this regard, it 
should be noted that according to current guidelines of the 
College of American Pathologists (CAP) for examination of 
CRC specimens, invasion of extramural veins, in particular, has 
been shown to be an independent indicator of poor prognosis 
and increased risk of occurrence of hepatic metastasis [613]. 
However, the prognostic effect of invasion of intramural veins 
is less clear due to lack of conclusive data [613].

In the circulation, platelets physically interact with cancer 
cells and activate pathways within the cancer cells, promoting 
their survival. In a mouse model of CRC, platelets activated the 
TGF-β and NF-κB pathways in cancer cells, thereby promoting 
metastasis [614]. Another CRC mouse model demonstrated 
direct binding of platelets to CRC cells, which enhanced metas-
tasis, probably by the formation of a large aggregate, increasing 
its chance to lodge in blood vessels of target organs [615,616]. 
Platelets in these aggregates were also suggested to activate the 
clotting system, inducing microthrombi formation, which 
further increases the chances of lodging in target organs [606]. 
This aggregate formation is hypothesized to provide a physical 
shield protecting cancer cells from circulating natural killer 
(NK) cells, as demonstrated in animal models of several non-GI 
malignancies [617,618]. Therefore, even when single cells intra-
vasate, some of these will become part of a larger aggregate, 
potentially causing it to lodge in the next vascular bed (Figure 
31.9).

Survival in the circulation also depends on inhibition of 
anoikis, which is defined as apoptosis resulting from loss of 
cell–matrix interactions. Suppression of anoikis was demon-
strated in a CRC animal model to be mediated by NTRK2, a 
tyrosine receptor kinase, through activation of the PI3K-AKT 
pathway [619]. The finding of NTRK2 overexpression in stage 
IV CRC patients supports NTRK2’s role in promoting metasta-
sis [620]. Similarly, upregulation of the noncanonical Wnt sig-
naling (not through β-catenin) in CTCs, from an animal model 
of PDAC and from human patients, led to suppression of anoikis 
[621].

Circulating tumor cells
The first report of CTCs dates back to the 19th century [622]. 
However, only recently have technologies been available to 
detect and retrieve these rare cells from the circulation, thereby 
offering a “liquid biopsy” of the tumor. CTCs comprise two 
functionally different populations. In advanced tumors that 
have already metastasized, most CTCs are probably the result 
of cells shedding to the circulation. The real challenge is detect-
ing CTCs early in tumor progression, before metastasis forma-
tion, and identifying those that are responsible for metastasis 
initiation. This rapidly evolving field of research holds great 
promise as CTCs levels might predict the risk of metastasis 
(prognostic marker), provide real-time information on the effi-
ciency of therapies by monitoring tumor progression and 
detecting the emergence of resistance to therapy (predictive 
marker), be used for screening high-risk populations, and 
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responsible for metastasis formation. It would be of great 
importance to compare markers identifying metastasis-
initiating CTCs with CSCs markers, as an overlap would estab-
lish the role of CSCs in metastasis. Characterization of CTCs 
for mesenchymal phenotype may also provide insights into the 
validity of the EMT hypothesis and relevance for progression 
and metastasis [565,592,646].

Homing
Each type of cancer displays a phenotypic pattern of metastatic 
spread. This well-known observation led researchers to study 
the mechanisms underlying this preferential spread. In 1889, an 
English surgeon named Stephen Paget proposed his “seed and 
soil” hypothesis, which claims that only the combination of a 
competent cancer cell (“seed”) with a favorable environment of 
the target organ (“soil”) would lead to metastasis formation 
[647]. More recent studies provide evidence of a crosstalk 
between tumor cells and receptive tissues, which includes che-
moattractant factors attracting cancer cells to specific target 
organs and surface receptors expressed on endothelial cells 
mediating adhesion of cancer cells [574]. CXCR4-CXCL12 is 
the most studied chemokine receptor–ligand interaction in 
organ-selective metastasis. CXCR4 is overexpressed in various 
cancer cells and CXCL12, also known as SDF-1, is overexpressed 
in lymph nodes , liver, bone marrow, and lung [648,649]. In GI 
malignancies, CXCR4 expression on the surface of PDAC cells 
was shown to be essential for metastasis to the liver in a mouse 
model [521]. In addition, CXCR4 expression was correlated 
with micrometastases in lymph nodes and bone marrow of EC 
patients [650]. As an example of endothelial receptors guiding 
metastasis, E-selectin expression on endothelial cells in the liver 
was shown to support adhesion of CRC cells expressing the 
matching ligand, and this interaction also mediated their 
extravasation [651]. CD110 and CDCP1, specific markers on 
CRC CSCs, have been shown to distinguish between cells 
metastasizing to either the liver or lung, respectively [526].

In addition to tumor–host interactions, the anatomy of the 
circulation has also been suggested as a determining factor in 
guiding homing of cancer cells. Cancer cells traveling as part of 
multicellular aggregates, as detailed above, probably could not 
pass through capillaries. Indeed, many types of cancers, includ-
ing GI malignancies, metastasize to the next capillary bed along 
the venous circulation. Specifically, autopsy studies and clinical 
observations have shown that GI malignancies that drain to the 
portal vein, for example CRC, GC, and PDAC, primarily metas-
tasize to the liver, followed by metastasizing to the lungs [652–
656]. Similarly, HCCs usually metastasize to other regions of the 
liver or to the lung. Of note, other common sites for metastases 
of GI malignancies are peritoneum, due to local invasion, and 
regional lymph nodes through the lymphatic system. Less fre-
quent sites are bones, brain and adrenal glands, at varying 
degrees of frequencies, usually around or under 10% [652–656]. 
Collectively, these results suggest that mechanical trapping of 
cancer cells plays a significant role in homing of cancer cells to 

microscopy epithelial cells were shown crossing the basement 
membrane, while this phenomenon was undetectable using 
light microscopy [636].

Because benign lesions are by definition restricted by the 
basement membrane, these findings are intriguing. Collectively, 
these results suggest that epithelial cells from inflammatory 
bowel conditions as well as premalignant colonic and pancreatic 
lesions could in some cases enter the bloodstream, in a mecha-
nism yet to be fully elucidated.

Further characterization of these circulating epithelial cells, 
as well as longer follow-up and correlation with occurrence of 
metastatic spread, are needed to assess their relevance to metas-
tasis formation. This is emphasized by the clinical observation 
that in patients undergoing resection of colonic polyps or ductal 
carcinoma in situ (the latter followed by radiation and/or endo-
crine therapy), tumor recurrence, if observed, is almost always 
local.

Initial efforts to characterize CTCs molecularly were ham-
pered by technical limitations [637]. However, it was first shown 
that CTCs analysis could be used to detect emergence of EGFR 
mutations conferring resistance to EGFR-targeted therapy in 
nonsmall cell lung carcinoma [638]. As KRAS mutation status 
is used to select metastatic CRC patients for treatment with 
anti-EGFR mAbs, detection of KRAS mutations in CTCs could 
be used as an alternative to multiple biopsies aimed at detecting 
emergence of KRAS mutations [83]. Additionally, taking into 
account intratumor heterogeneity, it is possible that CTCs anal-
ysis is superior to a single biopsy in accurately reflecting KRAS 
status. Indeed, KRAS mutations are detectable in CTCs of meta-
static CRC patients, and are correlated with KRAS status in the 
primary tumor and with response to anti-EGFR mAbs [639–
641]. A study has demonstrated significant heterogeneity of 
KRAS status, as well as that of EGFR and PIK3CA, in CRC CTCs 
[642]. NGS has shown that some mutations found initially only 
in CTCs were later detected at subclonal level in the primary 
tumor, suggesting that CTCs originate from subclones rather 
than from the bulk of the tumor [643]. Lastly, a study of PDAC 
showed that noncanonical Wnt signaling is upregulated in 
CTCs compared to the primary tumor, offering a therapeutic 
target to prevent metastasis [621].

Until recently, our knowledge of the biology of CTCs was 
limited by difficulties in culturing and maintaining CTCs for 
further analysis. However, two breakthrough studies in breast 
cancer overcame these obstacles and showed that specific sub-
populations of CTCs retrieved from human patients are capable 
of forming metastases in immunodeficient mice [644,645]. 
Interestingly, one of these studies showed that EpCAM-negative 
CTCs are capable of forming metastases [645]. Application of 
these techniques to GI malignancies would be productive.

In conclusion, CTCs detection and characterization may 
serve as prognostic and predictive markers, as well as for early 
detection. Better characterization and stratification of CTCs 
found in nonmetastatic and metastatic patients is needed, with 
the possibility of identifying specific CTC subpopulation 
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between cancer cells and the endothelium play an active role in 
mediating extravasation. These include the interaction between 
E-selectin receptors found on endothelial cells with their match-
ing ligand present on CRC cells [651] and the interaction 
between endothelial cells expressing the CCR2 chemokine 
receptor and the corresponding chemokine ligand CCL2 
secreted by CRC cells [672]. In addition, platelets were also 
suggested to enhance extravasation of tumor cells by activating 
the endothelial P2Y2 receptor [673].

Survival in the microenvironment
Cancer cells that have completed the journey from the primary 
tumor to the target organ face the challenge of surviving in the 
new microenvironment of the target organ. Cells that do survive 
can either stay in a dormant nonproliferative state, or continue 
growing to form micro- or macrometastases [606,674] (Figure 
31.9). The mechanisms that determine these fates are poorly 
understood. According to the clonal selection hypothesis, only 
those cells that acquired the necessary traits for proliferating in 
the new microenvironment would eventually form macrome-
tastases, similar to the process that took place in the primary 
tumor. The “seed and soil” hypothesis suggests that a favorable 
microenvironment is essential, not just permissive, to enable 
formation of metastases. This can occur either before the arrival 
of cancer cells, as explained above (premetastatic niche), or fol-
lowing dissemination. Examples of the latter include carcinoma-
associated fibroblasts that are located near CRC liver metastases 
secrete factors that promote proliferation of cancer cells, among 
which are TGF-β2 and prostaglandin E2 (PGE2), presumably 
derived from cyclooxygenase-2 (COX-2) [675]. In addition, the 
noncancerous hepatic tissue of HCC patients with liver metas-
tases displays a unique immune-suppressive signature, corre-
lated with poor prognosis [676]. Similarly, liver ECM promoted 
growth of CRC cells in vitro [677]. Lastly, pancreatic stellate 
cells have been shown to accompany cancer cells to distant 
metastatic sites and stimulate angiogenesis [678].

Dormancy and disseminated tumor cells
The benefits of neo/adjuvant therapy in solid cancers using 
standard chemo- and radiotherapies are well proven. This is 
thought to be the result of eradicating occult disease, undetect-
able by clinical imaging, which exists beyond the boundaries of 
the primary tumor. However, as adjuvant treatment does not 
guarantee cure, some of these dormant cells are probably resist-
ant to these adjuvant therapies, aimed at cycling cells, possibly 
by residing in a quiescent state [679]. The existence of occult 
disease is supported by observation that many seemingly local-
ized primary tumors, extirpated by surgery, recur after months 
to years as metastatic disease. Only recently has research offered 
detailed evidence and mechanistic delineation of this occult 
disease. The aforementioned CTCs may represent part of this 
occult disease, found in a compartment (blood) different from 
that of the primary tumor. However, since the half-life of CTCs 
is usually short, around a few hours [680], the possibility that 

their target organs in GI malignancies. This is in contrast to 
several types of non-GI malignancies that have a tendency to 
metastasize to distant organs that cannot be explained by circu-
latory anatomy. For example, brain metastases are frequently 
seeded by lung and breast cancers, and bone metastases by 
breast, prostate, and lung cancers. In addition, prostate cancer 
rarely metastasizes to the lungs. Consequently, mechanical trap-
ping based on the circulation does not seem to play a major role 
in these types of cancers. A combination of active tumor–host 
interactions (“seed and soil”) with the passive layout of the 
circulatory anatomy appears to determine the pattern of metas-
tasis; the balance between these two mechanisms varies between 
different types of cancers [495].

It has been proposed that a premetastatic niche in the target 
organ, induced by factors secreted from the cells in the primary 
tumor, for example VEGF, TGF-β, and PlGF, even before meta-
static cells actually arrive at the target organ, may be responsible 
for homing. These factors mobilize bone marrow-derived cells, 
mainly hematopoietic progenitor cells and mature macro-
phages, to the premetastatic niche. Upon arrival at the target 
organ, these cells can secrete factors that attract disseminating 
tumor cells, among which is CXCL12, or actively degrade the 
ECM by secreting factors such as matrix metalloproteinase-2 
(MMP2) and MMP9 [657–661]. Secretion of extracellular vesi-
cles, called exosomes, may provide another mechanism by 
which primary tumors can promote premetastatic niche forma-
tion. Exosomes are 40–120-nm particles that contain proteins 
(oncogenes, transcription factors, cytokines, growth factors) 
and various types of RNA (mRNA and noncoding RNA). 
Exosomes act by either fusing with the membrane of the recipi-
ent cell and releasing the carried factors into the cytoplasm, or 
by directly activating cell-surface receptors [662]. Tumor-
derived exosomes promote premetastatic niche formation and 
metastasis in melanoma and renal cell carcinoma by inducing 
vascular leakiness in premetastatic sites, educating bone 
marrow-derived cells toward a prometastatic phenotype, and 
upregulating VEGF and MMP2/9 in normal endothelial cells 
[663,664].

However, support for the validity of the premetastatic niche 
hypothesis in GI malignancies is still limited [665–667], 
although one animal study showed evidence for exosomes-
mediated premetastatic niche formation in PDAC [668].

Extravasation
Following homing to the target organ, cancer cells exit the cir-
culation through a process termed extravasation (Figure 31.9). 
Whether this process is passive or active is still not clear. Some 
studies found that even normal fibroblasts [669] and normal 
mammary epithelial cells [670] can extravasate. However, an 
intravital imaging study using zebrafish suggested that extrava-
sation of CRC and breast carcinoma cells is an active process in 
which tumor cells generate traction forces and membrane pro-
trusions that propel the cell forward while deforming and 
stretching the endothelium [671]. Several specific interactions 
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Taken together, these findings suggest that although DTCs are 
abundant in bone marrow of GI cancer patients, they usually 
remain dormant. Nonetheless, analysis of bone marrow DTCs 
could serve as a tool to detect dissemination of a subpopulation 
of cancer cells, with acquired additional mutations compared to 
the primary tumor that could lead to overt metastasis in other 
target organs and reduced survival.

Conceptually, metastasis dormancy might be exploited in two 
ways to improve cancer therapy: (1) activating the processes 
that induce and maintain dormancy with drugs in order to 
achieve a chronic asymptomatic state of cancer in all target 
organs; or (2) developing drugs that eradicate DTCs, potentially 
achieving cure [692,693].

Several mechanisms may control dormancy [681,694]. 
Cellular dormancy is manifested by lack of proliferative markers 
and a quiescent state, which is mediated in part by disruption 
of the tumor–microenvironment crosstalk [681]. As noted, 
these cells would probably survive current adjuvant therapies 
aimed mainly at proliferating cancer cells, and then later exit 
the quiescent state causing disease recurrence. The two other 
types of dormancy, angiogenic and immunological, are the 
result of a proliferation–death continuous balance. Angiogenic 
dormancy limits the growth of tumors beyond 1 mm, deter-
mined by the distance that oxygen can diffuse from a vessel 
[606,695,696]. Immunological dormancy is mediated by the 
immune system (immunosurveillance), which prevents expan-
sion of the tumor [681,694,697]. Cancer cells that are main-
tained in angiogenic or immunological dormancy can escape 
this state by inducing angiogenesis, or through a selection 
process for weakly immunogenic cells (immunoediting), 
respectively. Attempts to induce dormancy using antiangiogenic 
agents in the adjuvant setting of GI malignancies have so far 
failed to prove any benefit [38,39]. Hypothetically, cells main-
taining dormancy through balanced proliferation are suscepti-
ble to chemo- and radiotherapies. Finally, although some  
studies support the notion that DTCs can later form metastases 
[670], the ability of DTCs to actually spawn metastases has yet 
to be proven by long-term follow-up studies and lineage 
correlations.

Evolution and timing of metastasis
As noted above, it is unclear whether metastatic cells are differ-
ent from other cells of the primary tumor, and, if so, when these 
traits are acquired. Accordingly, several models have been sug-
gested to describe evolution and timing of metastasis. The 
widely accepted classic linear progression model posits that 
tumor progression is achieved through acquisition of epi/
genetic alterations, each conferring a selective advantage, 
placing metastasis as a late consequence of this process. 
According to this model, cells acquire their metastatic potential 
before detaching from the primary tumor [698–700]. Another 
hypothesis, called the stochastic model, similar to the linear 
model, suggests that tumor cells leave the primary tumor after 
stochastically acquiring all the traits needed for metastasis 

CTCs are responsible for tumor recurrence following primary 
tumor resection seems less likely. Alternatively, disseminated 
tumor cells (DTCs) may be present in various organs, but these 
have been studied mainly in bone marrow and lymph nodes 
[681,682]. Molecular detection of occult disease in lymph nodes 
of CRC patients has been associated with disease recurrence 
and poor survival [683,684]. Interestingly, these DTCs do not 
necessarily evolve to overt metastases, a phenomenon termed 
metastasis dormancy. The concept of metastasis dormancy sug-
gests that single tumor cells that have arrived to the target organ, 
or later formed micrometastases, can stay dormant in each of 
these two states for months to many years. Some of these 
dormant cells/micrometastases will eventually escape dormancy 
and form macrometastases [606,674] (Figure 31.9). This hypoth-
esis is based on several clinical observations and also on find-
ings from preclinical models.

Although the rare occurrence of very late relapses is fre-
quently mentioned to support the metastasis dormancy hypoth-
esis [674,681,685], others have noted that the specific growth 
kinetics of a given tumor can account for this phenomenon 
[686]. Evidence of bimodal growth pattern of metastases follow-
ing primary tumor resection is scarce [687,688]. However, 
support for a long-lasting dormant occult disease comes from 
the presence of CTCs in breast cancer patients 7–22 years post-
mastectomy without evidence of clinical disease. These findings 
suggest an undetected source for CTCs, as they must be replen-
ished every few hours [680].

There is evidence suggesting that DTCs are held dormant in 
bone marrow of patients with GI malignancies. DTCs are abun-
dant in bone marrow of CRC, EC, GC, HCC, and PDAC 
patients, even in early disease stages, at rates ranging from 20% 
to 80%, which are much higher than the around 10% or less 
observed frequency of overt bone metastases in these patients 
[655,681,682,689]. These findings suggest that although many 
cancer cells arrive and lodge in the bone marrow, most are held 
in a dormant state.

The relationship between prognosis and DTCs presence and 
characteristics were examined in GI malignancies. HER2 status 
in DTCs from bone marrow and lymph nodes of EC patients, 
and not HER2 status in the primary tumor, is correlated with 
worse prognosis [690]. However, DTCs presence per se in the 
bone marrow showed only a trend toward correlation with 
unfavorable prognosis [690]. Similarly, expression of the 
invasion-related urokinase-type plasminogen activator receptor 
in DTCs from bone marrow of GC patients, and not the pres-
ence of DTCs in the bone marrow, correlated with worse prog-
nosis [691]. In addition, a metaanalysis of around 3000 CRC 
patients of all stages showed that detection of bone marrow 
DTC is not significantly correlated with prognosis [628]. In this 
context, it was shown using a mouse model that even normal 
mammary epithelial cells, when injected i.v., can lodge in the 
lung and form small slow-growing clusters that remain viable 
for at least 4 months [670], suggesting that homing to the target 
organ is not a rate-limiting factor for metastasis formation. 
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invasion depth, suggesting that this model may not explain 
metastasis formation in GI malignancies.

Future analyses of specimens obtained from rapid autopsies, 
using high-throughput technologies such as NGS, are expected 
to shed more light on the mechanisms underlying metastasis.

Intermetastatic heterogeneity
From a clinical standpoint, if the intratumor heterogeneity dis-
cussed earlier is contained in the removed primary tumor, it will 
not affect prognosis. However, studies using NGS in PDAC 
showed that, in advanced cases, different subclones within the 
primary tumor give rise to distinct metastases, which also differ 
according to the target organ, that is liver or lung [3,27].

The clinical impact and prevalence of intermetastatic hetero-
geneity is unclear. Biopsies taken from different CRC liver 
metastases of the same patient, grown in vitro and exposed to 
the active metabolite of irinotecan, that is SN-38, showed a 64% 
intermetastatic heterogeneity in response to the drug [708]. A 
retrospective analysis of 290 CRC patients reported that around 
9% of cases displayed intermetastatic heterogeneity in response 
to chemotherapy alone or with anti-VEGF/EGFR antibodies, 
which correlated with poor prognosis [709]. Similarly, five out 
of 21 metastatic CRC patients showed a mixed response to anti-
BRAF therapy [95].

Inflammation and cancer

In 1863, the German pathologist Rudolf Virchow noted leuko-
cytes within neoplastic tissues and made the first connection 
between inflammation and cancer. Today, this link is based on 
evidence from several observations, including: (1) inflamma-
tory cells and mediators appear to be an essential component of 
the tumor microenvironment, promoting tumorigenesis; (2) 
observational studies have shown that chronic inflammatory 
diseases predispose to cancer; (3) RCTs have clearly demon-
strated that nonsteroidal antiinflammatory drugs (NSAIDs) can 
reduce colorectal adenoma recurrence; and (4) observational 
studies suggest that aspirin can reduce cancer incidence and 
mortality, mainly in CRC and EC.

Inflammatory cells are part of the  
tumor microenvironment
Inflammatory cells and mediators participate in regulation of all 
phases of the malignant process, including susceptibility, initia-
tion, progression, and metastasis [607,710–712]. Recruitment of 
cells of the innate and adaptive immune compartments by 
cancer cells eventually creates a microenvironment favorable for 
carcinogenesis. These immune cells include neutrophils, mac-
rophages, mast cells, B and T lymphocytes, and myeloid-derived 
suppressor cells [605,607,710,711]. The mechanistic effects  
of these tumor-associated inflammatory cells and mediators 
include promoting survival, angiogenesis, migration and inva-
sion of cancer cells, and mediating immunosuppression 

[700]. A third model, called the parallel progression model, 
proposes that cancer cells leave the primary tumor early in 
tumor progression after acquiring the ability to invade and 
intravasate, later acquiring the additional characteristics needed 
to form macrometastases [700,701]. An intriguing fourth model 
suggests that cancer cells leave the primary tumor late in tumor 
evolution via a nonselective shedding process, and are therefore 
not different from any other cell in the primary tumor. This 
hypothesis posits that there are no bona fide metastasis-enabling 
genes [40]. None of these models is proven by conclusive evi-
dence and there is an ongoing effort to resolve this important 
controversy [3,27,29,702–707].

One of the major criticism of the linear model is that the 
molecular and biological factors conferring a growth advantage 
for cancer cells in the primary tumor may not necessarily be 
related to those enabling the metastatic process, including thriv-
ing in a different microenvironment [495]. The stochastic model 
addresses this criticism by not including any suggestion that 
metastasis-enabling genes confer a selective growth at the 
primary tumor. Regarding the parallel progression model and 
early dissemination of cancer cells, evidence supporting this 
model comes mainly from analyses of CTCs/DTCs, and 
includes: (1) the presence of CTCs in even premalignant lesions 
of the colon, pancreas, and also breast [528,634–636]; (2) the 
ability of normal mammary epithelial cells to establish residence 
in the lungs [670]; (3) bone marrow DTCs from breast carci-
noma patients display fewer genetic abnormalities than matched 
primary tumors [705,706]; and (4) bone marrow DTCs from 
esophageal, breast, and prostate cancer patients display genetic 
abnormalities that are different from those present in the 
matched primary tumors, suggesting an early dissemination 
and later independent evolution [690,705–707]. However, other 
studies have shown that the genetic landscape of actual metas-
tases resembles that of primary tumors. Whole-genome analy-
ses of primary tumors and metastases of 17 PDAC patients 
showed that the primary tumors and metastases are similar, and 
that different metastases evolved from corresponding specific 
subclonal populations present in the primary tumor [3,27]. 
Similarly, mutation analysis of pair-matched primary tumors 
and metastases of 11 CRC patients showed almost no difference 
[703]. In summary, most of the data derived from actual metas-
tases support the model of linear clonal evolution, rather than 
an early independent evolution of metastases. Whether or not 
metastasis requires specific mutations beyond those driving 
primary tumor formation is still controversial as some studies 
claimed to identify functional metastasis-specific genes, while 
others could not [3,27,29,702–704]. Presumed nonselective 
shedding of cancer cells and absence of metastasis-specific 
genes also inherently implies a correlation between tumor size 
and risk of metastasis [40]. This correlation is indeed seen in 
many types of solid cancers, evident from the size-based defini-
tion of the tumor in the tumor–node–metastasis (TNM) staging 
system. However, the T in almost all GI malignancies staging 
systems, that is CRC, GC, EC, and HCC, is based solely on 
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Nonsteroidal antiinflammatory drugs can reduce 
colorectal adenoma recurrence
Both molecular and observational studies suggested that anti-
inflammatory drugs might be effective for CRC prevention and 
treatment. Four RCTs demonstrated that aspirin reduced risk of 
adenoma recurrence in patients with a history of colorectal 
adenomas or CRC [729–732]. A metaanalysis of these four 
trials, with a median follow-up of 33 months, found that aspirin 
reduced risk of adenoma recurrence by 17% [733]. However, 
one of these four trial showed that aspirin had no effect on 
adenoma recurrence after 4 years of follow-up [734].

In order to achieve the same clinical benefit shown for aspirin, 
while avoiding the known risk of GI bleeding associated with 
this drug, other NSAIDs have been assessed. Aspirin exerts its 
antiinflammatory effect through inhibition of cyclooxygenase-1 
(COX-1) and COX-2, with most of the aspirin-associated side-
effects related to inhibition of COX-1. In addition, overexpres-
sion of COX-2, and not COX-1, is one of the main driving forces 
promoting CRC [735], especially through activation of its 
downstream target PGE2 [713,736]. PGE2 was shown to trans-
activate EGFR through an intracellular mechanism [737–739], 
activate the PI3K-AKT [740] and RAS-MEK-ERK pathways 
[741], as well as β-catenin signaling [742,743] and VEGF [744] 
in CRC cells and animal models. In addition, PGE2 also pro-
motes epigenetic silencing of several TSGs and DNA repair 
genes, such as MLH1 [745] (Figure 31.11). Therefore, it was 

[607,710,711,713]. For example, proinflammatory mediators 
secreted by tumors regulate myeloid-derived suppressor cell 
expansion and recruitment, which in turn mediate T-cell sup-
pression [714,715], and are associated with worse prognosis in 
GI malignancies [716–718]. In addition, inflammatory cells 
release ROS and reactive nitrogen species, which might induce 
DNA breaks and mutations, possibly causing the initial genetic 
mutation or accelerating genetic instability of cancer cells 
[711,712,719,720].

Chronic inflammation predisposes to cancer
Chronic inflammatory conditions of various etiologies predis-
pose to cancer types throughout the GI tract. Barrett esophagus, 
caused by chronic gastroesophageal reflux disease (GERD), 
confers an 11-fold increased risk of EAC [721]. Microbial infec-
tion with Helicobacter pylori confers a sixfold increased risk of 
GC [722], and HCV infection increases the risk of HCC by 20 
to 70-fold [723–725]. Patients with ulcerative colitis have an 
increased risk of CRC, depending on the extent, duration, and 
activity of inflammation. Specifically, pancolitis confers a 15 to 
19-fold increase in risk, while disease that is limited to the  
left side of the colon is associated with about a threefold relative 
risk [726,727]. Primary sclerosing cholangitis, an idiopathic 
disease, confers a >100-fold risk of cholangiocarcinoma [728]. 
Collectively, these observations suggest a role for inflammation 
in initiation of carcinogenesis.

Figure 31.11 Overview of the mechanisms underlying the tumor-inhibitory effects of nonsteroidal antiinflammatory drugs (NSAIDs) and 
cyclooxygenase-2 (COX-2) selective inhibitors (COXIBs). COX-1 and COX-2 are responsible for the enzymatic conversion of arachidonic acid to 
prostaglandin H2 (PGH2), which is later metabolized to prostaglandin E2 (PGE2). Both COX-1 and COX-2 are inhibited by NSAIDs, whereas COXIBs 
inhibit only COX-2. In the absence of COX inhibition, PGE2 promotes proliferation, survival, and invasion of tumor cells and angiogenesis, through 
activating epidermal growth factor receptor (EGFR) and its downstream pathways, β-catenin signaling and VEGF, and also by promoting epigenetic 
silencing of certain tumor suppressor genes (TSGs) and DNA repair genes.
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from CRC and EAC after 20 years of follow-up by approxi-
mately 40% and 60%, respectively [759]. Metaanalysis of these 
three RCTs, combined with two more RCTs, totaling 17 000 
patients, found that daily aspirin reduced risk of distant metas-
tasis in adenocarcinoma patients, particularly those without 
metastases at diagnosis, and especially metastasis-free CRC 
patients, for whom the risk reduction reached 55% and 75%, 
respectively [760]. A previous observational study also found 
that aspirin use after diagnosis of stage I–III CRC is associated 
with an approximately 50% decrease in cancer-specific mortal-
ity, especially among individuals with tumors that overexpress 
COX-2 [761]. Of note, a metaanalysis of observational studies 
reporting associations between aspirin use and risk or outcome 
of cancer found that aspirin had no effect on regional spread of 
several adenocarcinomas, including CRC [755]. Collectively, 
these findings suggest that aspirin inhibits hematogenous spread 
to distant organs in CRC, thereby improving prognosis, but has 
no effect on regional spread to lymph nodes. Aspirin possibly 
also reduces mortality from EAC, but as EAC rarely metasta-
sizes to distant organs, the mechanism underlying this observa-
tion remains unknown.

Mechanism underlying the effect of aspirin on 
cancer incidence and mortality
Because of the association between inflammation and GI  
cancer susceptibility and initiation, and the pivotal role of the 
COX-2-PGE2 axis in carcinogenesis, it is hypothesized that 
aspirin acts by inhibiting this axis. Observational studies  
found that the protective effect of aspirin on CRC incidence  
and survival after diagnosis is COX-2 dependent [761,762]. 
Alternatively, it has been suggested that aspirin acts by inhibiting 
COX-1 in platelets, which in turn inhibits the COX-2-PGE2 
axis in the microenvironment [763]. Some have found it  
implausible that aspirin, used in the low doses employed in most 
studies, effectively inhibits COX-1/2 in cells other than platelets, 
which are able to regenerate COX-1/2 within a few hours [763]. 
Although this hypothesis may be consistent with the role of 
platelets in the metastatic process, there are few validating data. 
Observational studies found that aspirin increases survival of 
CRC patients harboring PIK3CA mutations, but has no benefit 
in patients with wild-type PIK3CA, suggesting that aspirin acts 
also through the PI3K pathway [764,765]. Finally, aspirin use was 
associated with lower risk of BRAF-wild-type CRC, and not of 
BRAF-mutated CRC, suggesting a relative resistance of BRAF-
mutated CRC to aspirin [766].

Delineating the pathways by which aspirin reduces incidence 
and mortality in cancer is the subject of ongoing research 
efforts, the results of which could affect patient selection and 
the recommended regimen of aspirin in cancer prevention and 
treatment.

Future clinical trials
Several ongoing and planned phase III RCTs are addressing the 
possible use of NSAIDs in cancer prevention and treatment. The 

hypothesized that inhibition of COX-2 could be beneficial in 
CRC prevention and treatment. COX-2 selective inhibitors 
(COXIBs) had already been developed as an alternative to 
aspirin for analgesia, and were readily available for testing as 
preventive measures for CRC. Three large RCTs using COXIBs 
showed a 40%–50% reduction of risk of colorectal adenoma 
recurrence [746–748]. However, COXIBs also confer unaccept-
able cardiovascular and thrombotic adverse side-effects 
[749,750], particularly in patients with preexisting atheroscle-
rotic heart disease [751].

Aspirin can reduce cancer incidence
Numerous observational studies published before 2009 sug-
gested that aspirin is effective in CRC prevention [752]. However, 
the absolute benefit of preventing cancer in this one site, coupled 
with the known risk of GI bleeding, led the US Preventive 
Services Task Force (USPSTF) to recommend in 2007 against 
the routine use of aspirin and other NSAIDs to prevent CRC in 
persons at average risk of CRC [753]. Data published since 2010 
further support the use of aspirin in cancer prevention, mainly 
of CRC, but also of other GI malignancies. As a result, USPSTF 
guidelines are being reconsidered for the possible use of aspirin 
in CRC chemoprevention.

Metaanalyses of RCTs studying the efficacy of aspirin in pre-
venting vascular events have been undertaken to test the effect 
of daily aspirin on CRC incidence. Metaanalysis of four such 
trials encompassing approximately 14 000 patients, after 20-years 
of follow-up, showed that daily aspirin taken for at least 5 years 
reduced risk of proximal colon cancer and rectal cancer by 
approximately 65% and 40%, respectively [754]. Applying the 
same approach, metaanalysis of RCTs with around 16 000 
patients showed that daily aspirin reduced the incidence of EC 
by around 50% [755]. In addition, metaanalysis of observational 
studies of CRC, EC, GC, and biliary carcinoma found that daily 
aspirin reduced the incidence of each of these cancers by 
approximately 40% [755].

Aspirin use was also tested in individuals who are at high risk 
of CRC. The CAPP2 trial studied the effect of aspirin on CRC 
incidence in Lynch syndrome patients. It was the first RCT 
studying aspirin that included CRC incidence as the primary 
endpoint. Aspirin treatment for 4 years showed a trend toward 
reduction of CRC incidence, but did not reach statistical signifi-
cance [756]. Concerns raised regarding the robustness of  
these data currently preclude the use of aspirin as primary pre-
vention for CRC in Lynch syndrome patients per NCCN guide-
lines [757,758]. Similar results were obtained in the previous 
CAPP1 trial, showing that aspirin treatment resulted in a trend 
toward polyp number reduction and a significant reduction in 
polyp size in FAP patients [756].

Aspirin can reduce cancer mortality
Metaanalysis of results from three RCTs of daily aspirin treat-
ment to prevent vascular events, encompassing approximately 
10 500 patients, showed that daily aspirin also reduced mortality 
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ongoing AspECT trial is assessing the combination of aspirin 
with a proton pump inhibitor in preventing EAC in patients 
with Barrett esophagus (NCT00357682). The ongoing ASCOLT 
trial is studying the effect of aspirin on survival of Dukes C and 
high-risk Dukes B CRC patients following completion of stand-
ard adjuvant chemotherapy (NCT00565708). Similarly, the 
ongoing CALGB 80702 trial is studying the benefit of adding 
celecoxib to standard adjuvant chemotherapy for stage III CRC 
patients (NCT01150045). Following a successful phase IIb/III 
trial [767], the combination of the NSAID sulindac with DFMO, 
an inhibitor of ornithine decarboxylase, in preventing colorectal 
adenoma recurrence is being studied in the phase III PACES 
trial (NCT01349881). Results from these and other trials still at 
the planning stages will hopefully lead to the approved use of 
these regimens for the corresponding indications.
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Introduction

Our bodies are colonized by a multitude of microorganisms, 
together termed the microbiota, whose collective genome com-
plements and enhances our own genome. From this perspective, 
we are “supraorganisms” containing 10 times more microbial 
cells than the sum of all our human somatic and germ cells, 
which carry 150 times more genetic information than our own 
[1]. The term microbiome is used to capture the concept of the 
totality of microbes and their genomes, and environmental 
interactions with their human host.

The intestine contains the largest collection of microbes 
among all of our body “habitats” (locations for microbial colo-
nization). In the colon, for example, bacteria reach densities of 
1011 cells per gram of luminal contents. The microbiota has a 
major impact on health through interactions with host cells 
(including components of the innate and adaptive immune 
systems), through extraction of nutrients and energy from the 
diet, and through complex biotransformations (e.g., detoxifica-
tion) of a variety of ingested compounds, including potential 
carcinogens.

Long-standing questions abound concerning this microbial 
ecosystem. How is the microbiota assembled and maintained 
over a lifetime? How personal is each individual’s microbiota? 
How does its composition contribute to well-being or disease 

predisposition and pathogenesis? The answers to these and 
other questions are starting to emerge with the application of 
next generation sequencing to characterize the composition and 
gene content of the gut microbial community. The advances in 
sequencing technology have been paralleled by advances in 
computational methodology, which is used to analyze the vast 
amount of data. The data emanating from studies of the DNA 
(metagenomics), mRNA (metatranscriptomics), protein (met-
aproteomics), or metabolite content (community metabo-
lomics) of the gut microbiota, coupled with the application of 
principles gleaned from the fields of ecology, evolutionary 
biology, and population genetics, are illuminating the properties 
and operations of this remarkable microbial “organ.”

Describing microbes

Knowledge of the composition of microbial communities stems 
from more than a century of culture-based work and from 
almost three decades of culture-independent, nucleic acid-
based analysis. Traditionally, cultured microbes have been  
identified on the basis of their phenotypic and physiological 
properties – a rapid and efficient method for detecting specific 
microbes with previously described properties. However, 
culture-based approaches have their limitations; the most  
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neither the host nor other gut bacteria possess the necessary 
enzymes [3]. Lateral gene transfer partly accounts for the failure 
of traditional microbiology to build a coherent and universal 
classification scheme for microbes based on their physiological 
or phenotypic characteristics [6].

Names and designations for bacteria
Although physiological and phenotypic characteristics are used 
to define genera and species in clinical microbiology, genus/
species names do not always map well on the rRNA gene phy-
logenies derived from reference strains and their associated 
clinical isolates [7]. The bacterial genus Clostridium is a particu-
larly striking example of the disparity between classifications 
based on phenotype and those based on 16S rRNA phylogeny. 
The Clostridium genus was once described as “free-living, uni-
cellular, nonbranching, nonphotosynthetic, rod-shaped, anaer-
obic, heterotrophic, and forming endospores.” However, these 
descriptors apply to many genera named according to their  
16S rRNA phylogeny, such as Eubacterium, Syntrophospora, 
Paenibacillus, Caloramator, Oxalophagus, Oxobacter, Moorella, 
Thermoanaerobacter, and Filifactor [7]. At this time, Clostridium 
is not a monophyletic genus, meaning that different Clostridium 
species are not necessarily each other’s closest relatives. Efforts 
are underway to reclassify taxa so that bacterial species sharing 
a genus name are each other’s closest relatives (e.g., some gut 
Clostridium species have recently been renamed with the genus 
Blautia) [8].

There is no definition of a bacterial “species.” The term 
“species” is used loosely because there is no definition for this 
term for Bacteria and Archaea, and similarly the use of genera 
and other taxonomic levels (e.g., family, order, class, phylum) 
borrowed from macrobiology do not map onto the microbial 
phylogenies consistently. A fraction of 16S rRNA gene sequences 
recovered from gut samples can be classified with a genus name 
based on their similarity to the 16S rRNA gene sequence from 
a cultured strain. However, a large fraction cannot be matched 
to known isolates. To further describe these taxa, 16S rRNA 
gene sequences are grouped together based on shared sequence 
identity into operational taxonomic units (OTUs). Sequences 
with ≥97% nucleotide identity (ID) are binned into so-called 
“species-level” OTUs. The use of the 97% ID cut-off to  
delimit a species is a rule of thumb and does not always fit 
described species. For instance, species of Mycobacterium have 
almost identical 16S rRNA gene sequences (99% ID) but dif-
ferentiate based on their genome gene content and phenotype. 
Thus, bacterial strains that cluster into a “species-level” phylo-
type may vary in important ways across their genomes. For 
example, Escherichia coli isolates with identical 16S rRNA 
gene sequences can diverge by more than 30% of their genes 
content [9], but are still considered E. coli. Studies of the differ-
ing genome content of strains of the same species have led to 
the concept of the “pan genome,” which is defined as the sum 
of all genes present in all isolates that belong to the same 
“species” [10].

problematic is that ∼50% of the bacteria in the human gut have 
not been isolated and grown in pure culture in the laboratory 
[2]. Because of the difficulties involved in isolating microbes in 
culture, culture-based surveys of diversity (who is there and in 
what abundance?) are particularly susceptible to bias.

Molecular phylogenetics in gut  
microbial ecology
Molecular phylogenetics is an alternative method for microbial 
identification that does not rely on culturing; the central tenet 
of this approach is that an organism is identified by its evolu-
tionary relationship to others. All living cells have a common 
ancestor so they contain certain genes (e.g., those involved in 
information processing in the cell) whose history can be traced 
back to the same gene in their last common ancestor. The 
modern descendants (homologues) of these ancient genes may 
perform the same or similar functions in each descendant living 
cell and can, depending on the degree of conservation/evolution, 
share a large proportion of identical sequence. To measure the 
evolutionary (phylogenetic) distances, homologous genes from 
different microbes are sequenced, their nucleotide or protein 
sequences are aligned, and the differences between pairs of 
sequences are tallied. Comparison of the pairs of sequences  
of multiple organisms reveals an evolutionary map (phylogeny) 
of the organisms. This allows classification of previously 
unknown organisms because each organism is given a coordi-
nate on the evolutionary map; each organism is identified by its 
evolutionary distance from others.

The gene most widely used to build the tree of microbial life 
encodes an RNA molecule that is a component of the small 
subunit of ribosomes (SSU rRNA: this is 16S rRNA in Bacteria 
and Archaea and 18S rRNA in Eukarya). Because it is used as 
the basis for phylogenetic classification, this gene is often 
referred to as a barcode for life. Roughly 1500 base pairs in 
length, its high level of nucleotide sequence conservation across 
all three domains of life, Eukarya, Bacteria, and Archaea (∼50% 
identity, or % ID), allows a confident alignment, yet there is 
enough variation between different lineages to infer evolution-
ary relationships. Like other components of central information-
processing pathways in the cell, rRNA genes are thought to be 
transmitted primarily from mother cell to daughter cell and so 
the rRNA gene phylogeny of a microbe is its vertical lineage.

In contrast, genes encoding proteins can also be exchanged 
between microbes from different lineages (particularly among 
Bacteria), a process termed lateral gene transfer (i.e., lateral with 
respect to the rRNA phylogeny). Phylogenies of these laterally 
transferred genes can be incongruent with the rRNA phylogeny 
[3–5]. As a consequence, distantly related microbes may have 
similar phenotypes. One example of lateral gene transfer is the 
transfer of genes coding for porphyranases and agarases from 
the marine bacterium Zobellia galactanivorans to the gut bacte-
rium Bacteroides plebius isolated from Japanese individuals. 
This gene transfer is thought to enable the host to digest algal 
polysaccharides that would otherwise be indigestible because 
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Institutes of Health). The MetaHIT consortium was the first to 
sample stool and describe its bacterial gene content using metage-
nomics for a large number of people (n = 124). The MetaHIT 
consortium reported that the entire cohort studied harbored 
between 1000 and 1150 bacterial species, out of which only 18 
species were shared by all of the subjects, and only 75 species were 
detected in more than half of the subjects [1]. It is fairly typical 
for very few species to be shared amongst a large number of sub-
jects [14]. Different individuals may share related species, so that 
the more people are surveyed, the fewer species appear across all 
subjects. Despite the differences in species composition between 
individuals, the metagenomic profiles were similar. What this 
illustrates is that many related species of gut bacteria are func-
tionally redundant, since different but related taxa can carry out 
similar functions in different individuals.

The Human Microbiome Project
The HMP project set out to establish a reference database of 
normal healthy microbiota (for the US population) associated 
with major adult body habitats, including the gut, by character-
izing the microbiome of over 230 healthy subjects (men and 
women sampled at 15 and 18 body sites, respectively, including 
one stool, one nasal, three vaginal, four skin, and nine oral 
samples). Of these, 131 subjects were sampled a second time to 
assess microbiome stability within individuals. A total of ∼4800 
samples were sequenced for the 16S rRNA gene-based com-
munity composition, and of these 681 were sequenced for 
shotgun metagenomics. Figure 32.1 shows HMP 16S rRNA 
gene sequence data integrated with all other similar datasets 
that had been published at the time the HMP data were released. 
The HMP data more than doubled existing publically available 
data, and recapitulated many of the patterns observed from 
integrating previous datasets. For instance, microbiotas that 
colonize different body sites cluster by body site rather than by 
individual [15]. This reference dataset was intended, in part, to 
serve as a control for comparison to datasets derived from 
disease-associated microbiota [13] or other unique communi-
ties or health states [16,17].

Enterotypes
The MetaHIT consortium reported that humans could be 
divided to three different groups (enterotypes) according to the 
composition of their gut microbiotas [18]. Each enterotype was 
characterized by the dominance of key bacterial species: 
Bacteroides, Prevotella, and Ruminococcus, and associated taxa. 
The Bacteroides and Prevotella enterotypes were subsequently 
linked to dietary habits [19]. However, subsequent analyses that 
included larger sample sets, such as the HMP project, have 
shown that microbiotas do not fall into discrete clusters of types, 
but instead form gradients [17,20–22]. These studies also 
pointed out the importance of the statistical methods used for 
enterotype distinction (i.e., the detection of enterotypes is sensi-
tive to the types of statistics used to characterize them). An 
analysis of the HMP data revealed a few (n = 11) individuals 

Methods for community composition
The advancement of sequencing technologies from low-
throughput capillary (Sanger) sequencing, which provides long 
sequences (600+ bases), to high-throughput, next-generation 
sequencing (NGS) platforms (such as 454 Pyrosequencing 
[Roche] and MiSeq and HiSeq [Illumina]) that can generate 
many more sequences, though at shorter read length, has brought 
about a revolution in the questions that can be addressed con-
cerning bacterial community structure. Over the past decade, 
researchers have generally switched to NGS platforms for micro-
biota diversity surveys. Gains in efficiency have come with a cost: 
sequence reads are far shorter, and this combined with the very 
large size of the datasets has meant that instead of comparing 
sequences to each other within a study, they are often compared 
to a reference dataset (i.e., reference-based OTU picking). The 
drawback to this approach is that novel OTUs that do not match 
any in the reference set are lost [11]. However, the reference 
databases are generally good for capturing a majority (>90%) of 
the 16S rRNA gene sequences generated by NGS platforms from 
human (Western) gut samples, and these technologies have 
enabled studies to expand in size to the point where hundreds to 
thousands of individuals can be compared.

While 16S rRNA gene surveys answer the question of “who’s 
there?”, metagenomic and metatranscriptomic characterization 
serves as a foundation for predicting the functions and describ-
ing the behavior of a microbiome (“what can they do?” and 
“what are they doing?”, respectively). Shotgun metagenomic 
analysis, in which microbial DNA is randomly sequenced, is 
used to determine the metabolic potential of the community as 
a whole. Metatranscriptomics is based on sequencing the mes-
senger RNAs obtained from a microbiome, and therefore identi-
fies the subset of genes in these genomes that are actively 
expressed. In both approaches, the community genome or tran-
scriptome is sampled and sequenced, and the functions and 
identities of gene fragments are obtained by matching to refer-
ence genomes (sequenced genomes of microbial isolates) with 
previously annotated functions. Thus, the amount of sequence 
data from metagenomes that can be interpreted depends on 
how well the sequence data match curated whole genomes pre-
viously obtained from gut bacteria. Efforts are on-going to 
expand the catalog of sequenced genomes both by culturing 
more novel isolates and by single-cell genomics. Additionally, 
data from metagenomes can be used to piece together whole 
genomes of bacteria, some of which have eluded culture [12].

The microbiota of the human GI tract

Large-scale human microbiome studies
To date, two major projects have characterized the healthy 
human gut microbiota on a large scale: the Metagenomics for the 
Human Intestinal Tract (MetaHIT) consortium [1] (primarily 
European and Chinese partners) and the Human Microbiome 
Project (HMP) consortium [13] (a project from the US National 



620   PART 2 Mechanisms of normal and abnormal gastrointestinal function

Figure 32.1 Bacterial diversity clusters by body habitat. (a–c) All body sites. Each symbol represents a sample, and each sample contained 1000 16S 
rRNA gene sequences. In this analysis, samples were compared pair-wise based on their sequence content, which was used to estimate a distance 
between all samples pairs using the unweighted UniFrac distance metric (this metric used the phylogeny such that two samples with a similar set of 
sequences has a smaller distance than two samples that have very different sets of sequences). The distance matrix for all samples was then analyzed by 
principal coordinates analysis, and the first two principal coordinates (PCs) that explain most of the variance in the data are plotted. Samples are 
colored by body habitat of origin. Generally, samples from the same body habitat cluster together, indicating that they share more diversity between 
people than two samples originating from the same person but from different parts of the body. (a) Data generated by the Human Microbiome Project 
(HMP); (b) Data compiled from 16 other published studies; (c) both HMP and other studies combined. Symbol colors correspond to body sites as 
indicated in (a). (d) Gut samples (majority are fecal) divided into infants (green), children (blue), adults (black), and elderly (orange) samples. The 
variance explained by the PCs is indicated in parentheses on the axes. Source: Koren et al. 2013 [17].
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with high Prevotella and low Bacteroides [17]. However, these 
individuals did not form a discrete enterotype “cluster” but con-
stituted the extreme of a gradient from low to high Bacteroides 
abundances.

Bacterial inhabitants of the gut
The gastrointestinal tract provides a range of conditions for 
microbial growth, from the proximal to the distal ends, and 
across from lumen to epithelium. The segments differ in pH, 
nutrient flow, bile salts availability, etc. (Figure 32.2), and thus 
present a variety of niches for specialized microbiota. However, 
most studies on the gut microbiome focus on the fecal micro-
biota due to the convenience of sampling, and fecal microbiota 
represent a mix of luminal and mucosally adherent microbes 
from the colon. Most studies focus on the bacterial members of 
the microbiome for two reasons: they are by far the most abun-

dant and highest proportion of the biomass, and the techniques 
are best worked out for Bacteria. However, other types of 
microbes, such as Archaea, fungi, and viruses (discussed sepa-
rately below), are important components of the microbiome and 
can be detected in the very first days of an infant’s life [23].

Bacteria in stool
Stool is a composite of luminal and mucosally adherent com-
munities, which can differ along the length of the gut [24], and 
stool has been studied most intensively compared to other types 
of samples due to ease of sampling. The HMP and MetaHIT 
studies, consistent with previous work, showed that, together 
with the oral microbiota, the gut microbiota is the most diverse 
in the human body. Ninety percent of human stool communities 
is made up of two major phyla: Bacteroidetes and Firmicutes. 
The rarer phyla in the gut include Proteobacteria and 



The human intestinal microbiota and microbiome CHAPTER 32   621

ulcers, and gastritis. The presence of H. pylori is associated with 
reduced bacterial diversity [25,26].

Small intestine
The villi of the small intestine (SI) are bathed in loose mucus 
where bacterial cells can adhere, and Peyer patches are areas of 
direct contact between host tissue and the microbiome. Indeed, 
the small intestine is likely the area of the gut with the most 
host–microbial crosstalk, which is a growing area of inquiry 
[29–31]. Despite its importance in host immune interactions, 
the SI microbiota is relatively poorly defined due to the difficulty 
of obtaining SI samples. To date, only the microbial communi-
ties of the jejunum and ileum have been characterized in the SI. 
It has been shown that the jejunal microbiota differs signifi-
cantly from the ileal microbiota and has a much less diverse 
microbial community [32]. The SI microbiota, in general, is 
dominated by three phyla: Proteobacteria, Firmicutes, and 
Bacteroidetes [33], with the most abundant genera being 
Streptococcus (jejunum), Bacteroides, and members of the 
Clostridium clusters XIVa and IV (ileum) [32–34].

Large intestine (colon and rectum)
The large intestine (LI) is truly a microbial organ as it is config-
ured to accommodate the largest biomass of the body, and to 
allow this large biomass the time necessary to breakdown other-
wise indigestible fiber. The large intestinal microbiota can be 
divided into mucosally adherent and luminal components. A 
study carried out in mice described a crypt specific core micro-
biota using laser capture microdissection and pyrosequencing. 
Proteobacteria were the dominant phylum in the crypts (48% 
compared to 2.7% in the lumen). The aerobic genus Acinetobacter 
dominated the colonic crypts whereas the luminal communities 
were dominated by Johnsonella [35]. No quantitative or qualita-
tive differences were observed between the microbial communi-
ties at different segments of the colon (ascending, transverse, 
descending, and sigmoid colon and rectum segments) in patients 
that had their bowels cleaned before the biopsies [36]. Overall, 
the LI microbiota is dominated by five major phyla: Firmicutes 
(clusters IX, XIV and XVI), Bacteroidetes, Proteobacteria, 
Actinobacteria, and Verrucomicrobia (e.g., Akkermansia) [37]. 
The Bacteroidetes in particular are distinct in their large genomes 
encoding a wide variety of carbohydrate-active genes [38,39]. 
Bacteroides species begin the process of glycan breakdown, lib-
erating smaller molecules that can be used by other members of 
the microbiota in fermentation. The short-chain fatty acids 
(SCFAs, namely butyrate, propionate, and acetate) produced by 
the colonic microbiota as fermentation end products are taken 
up by the host and, depending on the diet, can provide up to 
10%–20% additional calories to the host.

Nonbacterial members of the gut
Archaea
Archaea are present in the majority of humans gut samples and, 
unlike the diverse bacterial gut communities, the archaeal gut 

Actinobacteria, which make up approximately 9%, and 
Verrucomicrobia, Fusobacteria, and Cyanobacteria, which all 
account for less than 1% of the community on average. (Note 
that “Cyanobacteria” refers to a phylum consisting in part of 
true gut bacteria, and which is related to the Cyanobacteria; no 
cultured representatives exist so far, and the phylum awaits a 
new name.) The HMP reported that Bacteroides was the most 
abundant genus in the stool of the healthy subjects surveyed. 
However, Prevotella copri was found in almost a fifth of the 
subjects, where it dominated their gut microbiota instead of 
Bacteroides. The HMP also noted a low abundance of E. coli in 
61% of the healthy subjects. Helicobacter pylori was found in 
only two stool samples.

Stomach
The acidic and proteolytic environment in the stomach restricts 
bacterial growth, so that microbiota recovered from stomach 
samples include both the inhabitants and the tourists (e.g., oral 
bacteria that are swallowed, ingested bacteria). Stomach com-
munities are described as dominated by four phyla: Proteobacteria 
(made up of mainly Helicobacter, Haemophilus, Actinobacillus, 
and Neisseria), Firmicutes (dominated by Streptococcus and 
Bacillus), Bacteroidetes (mainly Prevotella), and Actinobacteria 
(composed of species from the genera Micrococcus, Rothia, and 
Actinomyces) [25–28]. The most medically relevant member of 
the stomach microbiota is Helicobacter pylori. H. pylori can be 
considered an indigenous member of the stomach microbiota, 
as well as a pathogen that has been linked with gastric cancer, 

Figure 32.2 Characteristics of the major habitats of the human 
gastrointestinal tract and their inhabitants. Bars indicate pH levels moving 
from the stomach to the distal gut (left) and biomass levels (right). 
Source: Walter and Ley 2011 [37]. Reproduced with permission of Annual 
Reviews and Ruth E Ley.
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abundant pathogen found and fungi were also detected in a 
variety of other mammalian guts, including humans [54].

Factors that influence the composition of 
the gut microbiota

Pregnancy
Pregnancy is a time when the body undergoes hormonal, meta-
bolic, and immunological changes [55,56], but also a time when 
a profound alteration of the gut microbiota occurs with an 
impact on host metabolism. The bacterial load increases [57]. 
In a study of 91 women from Finland, Koren et al. document 
an overall increase in Proteobacteria and Actinobacteria from 
first to third trimester, a loss of species richness, and greater 
between-subject diversity [16]. Experiments with germfree 
animals inoculated with the stools of first and third trimester 
pregnant women showed that the microbiota induced metabolic 
changes in the mice that mirrored those of the pregnant women 
(i.e., greater adiposity and insulin desensitization in the third 
trimester). Thus, the alterations in immunity or hormones that 
occur during pregnancy may drive changes in microbiota that 
are responsible for metabolic changes in the mother that help 
support the growth of the baby [16].

Age
Individuals have not been studied continuously over time from 
birth to old age at this time, so the aging of the microbiota must 
be inferred from comparing individuals of different ages. Babies 
are born sterile and are rapidly colonized by microbes. The 
delivery mode affects the first microbiota that the baby will 
encounter. A study in which babies were sampled 20 min after 
birth showed that babies born via cesarean section are immedi-
ately inoculated with microbiota that is similar to their mother’s 
skin microbiota, whereas the microbiota of babies that are born 
vaginally resembles the mother’s vaginal microbiota [58]. It is 
still uncertain how these differences affect the mature micro-
biota as the baby is rapidly exposed to other environmental 
factors and its microbiome is relatively unstable until around 
the age of 2–3 years [16,23]. For instance, one study following 
a single infant for 2.5 years described dramatic shifts in the 
microbial community composition following changes in diet 
and also challenges to the immune system (Figure 32.3). During 
these early years it is also difficult to see the influence of the 
mother’s microbiota on her child, influences that become more 
apparent as the baby grows older [16,22]. Besides low stability, 
the early-life microbiota is also characterized by low diversity. 
Both the bacterial community diversity and stability reach a 
peak in adulthood and as we age the stability decreases again 
(Figure 32.1d) [59]. The elderly microbiota (studied in Irish 
individuals) has been shown to be dominated by members of 
the Bacteroidetes and differs from the microbiota of younger 
adults by having a greater proportion of Bacteroides spp. and 

community is composed mainly of methanogens. Methanogens 
can comprise more than 10% of all anaerobe cells in feces  
[40]. Despite their abundance, the diversity of methanogens 
appears to be remarkably low. To date, only three methanogens 
have been isolated from human feces: Methanobrevibacter 
smithii, Methanosphaera stadtmanae, and Methanomassiliicoccus 
luminyensis [41]. A 16S rRNA survey found M. smithii in 99.2% 
of humans sampled and M. stadtmanae in 32.6% of the subjects, 
while the newly described M. luminyensis appeared in 4% of the 
subjects but its abundance was found to increase with age, 
unlike M. smithii and M. stadtmanae [42]. Other members of 
the Crenarchaeote and Euryarchaeote archaeal divisions are 
rarer [43]. Archaea are the only known producers of methane. 
The niche (profession) occupied by mesophilic methanogenic 
Archaea in the gut is to improve the efficiency of polysaccharide 
fermentation by preventing build-up of H2 and other reaction 
end products. Archaea have been described to be more abun-
dant in obese individuals than in normal-weight adults [44], 
although this finding needs to be corroborated. The roles of 
nonmethane-producing Archaea in the gut are completely 
unknown. In persons lacking Archaea, H2 is most likely removed 
by bacterial acetogens [45].

Viruses (the virome)
To date, the human gut virome has been poorly characterized. 
In the general environment it is assumed that viruses outnum-
ber bacteria 10 : 1 but in the human gut the ratio is reported to 
be 1 : 1 [46]. The first report of the human gut virome described 
1200 viral genotypes, the majority (81%) of which were 
siphophages and prophages within bacterial genomes [47]. The 
most dominant families described in human feces are 
Siphoviridae and Podoviridae [48,49]. Another family that has 
been described is the Microviridae [46]. Although interpersonal 
virome variations are high, within an individual the virome 
seems to be relatively stable over time [49]. As with the bacterial 
component of the microbiome, diet seems to affect the viral 
community and changes to a controlled diet correlated with 
changes in the gut virome [48]. The virome may perform a 
protective role in the gut: bacteriophages have been suggested 
to form an antimicrobial defense layer that reduces bacterial 
pathogenesis [50].

Fungi (the mycobiome)
The dominant members of the eukaryotic component of the 
human microbiome are the fungi and Blastocystis [51]. Ott et 
al. have found that the healthy microbiome has a diverse fungal 
component, which changes in composition and also increases 
in diversity in inflammatory bowel disease (IBD) patients [52]. 
The fungal components (mycobiome) of the normal human 
intestinal microbiota are still being described [53]. In a longi-
tudinal case study of an infant, enrichment in fungal sequences 
was associated with fever [23]. An analysis of the mouse gut 
mycobiome has revealed 100 annotated fungal species together 
with 100 nonannotated species. Candida tropicalis was the most 
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of European children found that the European microbiota was 
dominated by members of the Firmicutes, whereas the micro-
biota of the Burkina Faso children was dominated by members 
of the Bacteroidetes [68]. Certain genera capable of degrading 
cellulose and xylan were present in Burkina Faso children and 
absent from the European children. Additionally, levels of 
short-chain fatty acids were higher in the stools of African chil-
dren compared to those from Europe. African children had 
significantly fewer members of the Enterobacteriaceae, some of 
which are known to cause diarrhea such as Shigella. These 
results suggested that the African, rural microbiome is protec-
tive against inflammation and maximizes energy intake from 
fiber.

Another study looking at the effects of age and biogeography 
on the gut microbiota [22] characterized fecal samples from 531 
individuals (by 16S rRNA gene sequencing on all, and metage-
nomes for 110 subjects) from Malawi, Columbia (Amerindians), 
and the USA. The microbiota of Malawians and Amerindians 
were more similar to one another than to the microbiota of 
Americans. This finding again could be related to diet as the 
American diet is rich in protein and the Amerindian and 
Malawian diets are rich in corn. The extent to which differences 
in microbiomes are driven by host genetics, diet, lifestyle, and 
the separate histories of the populations (i.e., microbiome drift 
over time) remains to be determined.

higher abundance of Clostridium cluster IV whereas the young 
adults have more of cluster XIV [60].

Diet
Diet has a major influence on shaping the structure of the 
microbiome. Changes in diet influence the relative abundance 
and composition of the microbiota almost immediately [61], 
but for these compositional changes to become stable, the  
diet has to be long term [19,62]. In humans, an increase in  
the ratio of Bacteroidetes/Firmicutes is observed when restrict-
ing the calorie/carbohydrate content [63]. A diet high in  
fiber has been shown to be associated with an increase in 
Bifidobacterium, Lactobacillus–Enterococcus, and Ruminococcus 
[64]. Ruminococcus was also shown to increase in abundance in 
subjects on a resistant starch diet [65]. In mice, a high fat diet 
can profoundly alter the composition of the microbiota towards 
an enrichment of Firmicutes [66], and high levels of casein  
have been shown to decrease the abundances of specific taxa 
(e.g., Eubacterium rectale, Marvinbryantia formatexigens, and 
Desulfovibrio piger) [67].

The gut microbiotas of a few different populations around the 
world have been described, and are thought to differ in part due 
to differences in diet. For instance, a study comparing the 
microbiota of children from a rural African village of Burkina 
Faso, who eat a plant-rich diet high in fiber, with the microbiota 

Figure 32.3 Stability and changes to the gut microbiota over a lifetime. (a) Changes in the relatives abundances of the four dominant phyla in infant 
feces, over the course of one infant’s life (timeline in days). The numbers are the age in of the infant in days and the significant events in the infant’s life 
(e.g., changes to diet, disease, etc.) are noted. (b) An outline of the changes in temporal stability and diversity of the human microbiome that are 
thought to occur in Westernized humans. Source: Spor et al. 2011 [59]. Reproduced with permission of Macmillan Publishers Ltd.
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were compared, and heritable subsets of the microbiota may 
have been missed.

Diseases with a genetic basis also associate with 
altered microbiota
Many diseases associated with an altered gut microbiota are also 
related to host genetic factors, which have been shown independ-
ently to alter the microbiota. One of the best examples of this is 
Crohn’s disease. Variation in human genes encoding elements of 
the innate immune system is implicated in Crohn’s disease and 
rheumatoid arthritis. Crohn’s disease is related to β-defensin 
copy number [75], and both β- and α-defensin expression 
levels are reduced in some Crohn’s disease patients [76,77]. 
Crohn’s disease is also associated with an altered microbiota  
[78]. Experiments in animal models indicate that modulating 
defensin levels influences microbial community composition in 
the lumen: mice unable to activate α-defensin have an altered 
microbiota relative to wild type, with a reduced percentage of 
Bacteroidetes, and transgenic mice expressing α-defensin 5 
(HD-5) have a higher proportion of Firmicutes [79]. In rheuma-
toid arthritis, genetic variation in genes integral to Toll-like 
receptors and NFκβ signaling pathways (notably TLR-2, TLR-4, 
and MyD88) contributes to variation in response to tumor necro-
sis factor (TNF) blocking agents [80]. Deficiency in innate 
immunity genes can also significantly impact the composition  
of the gut microbiota: MyD88 deficiency has been shown in  
mice to alter the abundances of dominant bacterial families 
(Lactobacillaceae, Rikenellaceae, and Porphyromonadaceae) [81]. 
TLR2-deficient mice have also exhibited altered microbiotas and 
high levels of Helicobacter [82].

Adaptive immunity
Variants in genes associated with the adaptive immune system 
have also been implicated in human disease, and these may play 
a role in shaping the microbiome. Humans lacking immu-
noglobin (Ig) A have higher incidence of inflammatory bowel 
diseases [83], and weight loss has been associated with a decrease 
in IgA-coated fecal bacteria in humans [84]. Mice deficient in 
IgA harbor an increased abundance of the highly immunogenic 
“segmented filamentous bacteria” [85]. In another example, the 
risk of celiac disease is strongly associated with human HLA 
gene variation: Class II HLA genotypes DQ2 and DQ8 have a 
major role in predisposing individuals to developing this 
disease, and inheritance of specific HLA-DQ genotypes explains 
40% of the genetic predisposition in celiac disease [86]. 
Comparisons of fecal microbiotas of infants with low, medium, 
and high risk for celiac disease (based on HLA types), has 
revealed small but significant differences in the abundances of 
common gut bacteria (e.g., Bacteroides, Prevotella) between risk 
groups [87].

Metabolism
Other host genes implicated by genome-wide association in 
human health problems, and in shaping the gut microbiota in 

Antibiotics
Antibiotics have been shown to cause drastic short-term changes 
in the microbial community composition, and recovery from 
this disturbance varies by microbial component and by person. 
For example, in a study of the effects of ciprofloxacin on the 
microbiota (patients took two 5-day course separated by 6 
months), researchers found that the use of the antibiotic caused 
a dramatic decrease in taxonomic richness, evenness, and diver-
sity of the bacterial community, which was seen 3–4 days after 
the treatment began and by 1 week from the end of the course 
the communities began to return toward normal but that resto-
ration was incomplete. The abundance of a third of the micro-
bial community members was influenced and some taxa did not 
recover even 6 months after the treatment [69]. Another study 
found that a 1-week course of clarithromycin and metronida-
zole caused a long-term ecological disturbance in the microbial 
community [70]. Maurice et al. tested the short-term effect of 
eight different antibiotics (ampicillin, chloramphenicol, cipro-
floxacin, doxycycline, erythromycin, kanamycin, norfloxacin, 
and tetracycline) and observed that the physiology, structure, 
and gene expression were significantly affected, and of all OTUs 
that showed significant difference after antibiotic treatment, 
90% belonged to Firmicutes [71]. Overall, the short- and long-
term effects of many drugs on the gut microbiome remain to be 
elucidated (some of the long-term impacts of antibiotics on the 
gut microbiota using culture based methods have been sum-
marized elsewhere [72]).

Host genetics, the microbiome, and their 
interaction in disease

Twins studies
One classical approach for assessing host genotype effect on the 
microbiota is simple: if the microbiotas of members of monozy-
gotic (MZ) twins are more similar than those of dizygotic (DZ) 
twins, it can be argued that host genotype may dictate how the 
gut is colonized with commensal bacteria. Early reports sup-
ported the notion that host genotype influences the composi-
tion of human gut microbiota [73,74]. However, evidence for 
the influence of genotype on the microbiota remains equivocal. 
For example, in one of the largest studies to date of twin pairs 
(31 MZ and 23 DZ), Turnbaugh and colleagues reported that 
the microbiotas of MZ twins tended to be more similar overall 
than those of DZ twins, but the difference was not statistically 
significant [14]. Yatsunenko et al. reported that the fecal micro-
biota of Malawian MZ twins (younger than 3 years) was not 
more similar than the microbiota of DZ twins from the same 
age group. The same was observed for teenage American twin 
pairs [22]. Thus, no study has yet implemented an adequately 
powered twin-based analysis of the heritability (host genetic 
control) of the human gut microbiome. Another reason twin 
studies may have yielded conflicting results regarding the geno-
type effect on the human microbiota is that whole communities 
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has over a 90% success rate [96]. Besides treating CDAD, there 
are reports in the literature on applying fecal transplants to 
other diseases in humans [97]. Fecal transplantation from lean 
subjects to subjects with metabolic syndrome was shown to 
increase insulin sensitivity [98]. There have also been fecal 
transplantations to treat patients with IBD successfully [99,100]. 
Bacteriotherapy is a promising direction for restoring microbial 
health but further study is needed to define optimal techniques 
and appropriate indications.

Probiotics and prebiotics
Probiotics are live microorganisms that, when provided in ade-
quate doses, promote a desirable effect on human health. 
Prebiotics are food ingredients that can selectively stimulate the 
growth of specific bacteria of choice. Both are a means to 
improve health by changing the microbial community. The 
mechanisms of action of probiotics and prebiotics are not fully 
understood and their efficiency in promoting health is not 
widely agreed upon [101].

Prospectus

We are at the point where we now understand that the micro-
biota is an important biomarker for health and disease, and that 
for many diseases the microbiota can also play a pathogenic 
role. A better understanding of the intestinal microbial ecosys-
tem is required to define health and characterize disease  
susceptibility, and to design, as well as predict, the outcome  
of therapeutic interventions, whether these interventions use 
prebiotics, probiotics, antibiotics, or other therapeutic agents.
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animal studies, are involved in metabolism. For example, poly-
morphisms of the leptin receptor (LEPR) have been associated 
with obesity and type-2 diabetes mellitus among a Korean pop-
ulation [88,89]. In a genome-wide association study of 1504 
women of European ancestry, single nucleotide polymorphism 
at the LEPR locus were observed to be significantly associated 
with plasma soluble leptin receptor (sOB-R) levels, which are 
inversely associated with diabetes risk factors [90]. The effect of 
leptin on the gut microbiota has been studied through disrup-
tion of its genes in mice (ob/ob mice are leptin deficient) [62], 
and its receptor in Zucker rats (fa/fa mice) [91]. In comparisons 
of obese leptin deficient (ob−/−) to heterozygous (ob+/ob) or 
wild-type (+/+) lean littermates, the obese host microbiotas 
showed an altered microbiota: on average, microbiotas of obese 
hosts had lower abundances of Bacteroidetes compared to lean 
mice [62]. The altered microbiota had a functional consequence: 
the obese-associated microbiome had an increased capacity for 
energy harvest from the diet resulting in greater adiposity in the 
host [92]. In the fa/fa rat model, loss of the leptin receptor 
resulted in lower levels of total bacteria, and a different species 
composition (e.g., reduced levels of bifidobacteria, greater levels 
of Halomonas) coupled to a different metabolite profile in urine 
and serum [91]. In addition, polymorphisms in the human 
APOAI gene have been associated with the risk of obesity and 
cardiovascular disease [93], and hyperlipidaemia [94]. The 
microbiotas of ApoA-I deficient mice have a different commu-
nity structure than wild-type mice [95].

Therapeutic approaches to modulating the 
gut microbiota

Some of the most important public health problems we face 
today include chronic inflammatory diseases, obesity, diabetes, 
and metabolic syndrome, which are of epidemic proportion and 
exacting huge tolls economically and in human suffering. The 
composition of the gut microbiota is emerging as a common 
theme in many of these disorders, and thus offers a promising 
avenue for novel therapeutic intervention. Manipulation of the 
microbiota towards a healthy state has widespread applicability 
in a number of disease contexts and, furthermore, may alleviate 
disorders associated with the obesity epidemic.

Fecal transplantation (bacteriotherapy)
To date, fecal transplants have been mainly used in cases of 
recurrent Clostridium difficile associated diarrhea (CDAD) as a 
last resort. These infections are hard to treat and most antibiotic 
treatments fail. The success rate for vancomycin treatment  
is 60% for the first recurrence and it declines as further  
recurrences happen. On the other hand, fecal transplantation 
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General principles

Myriad physicochemical and biochemical processes dictate the 
absorption, distribution, metabolism, and excretion of drugs 
and other xenobiotics. Following oral administration, small 
lipophilic molecules traverse the intestinal mucosa by passive 
diffusion. Without subsequent chemical modifications, these 
compounds tend to sequester in adipose tissue or bind to plasma 
proteins, potentially accumulating to toxic concentrations. As 
such, elimination frequently includes metabolic events that 
convert hydrophobic compounds into hydrophilic, inactive 
metabolites to facilitate excretion into bile or urine. The typical 
sequence of events divides xenobiotic metabolism into two cat-
egories: phase I (oxidation or reduction) and phase II (conjuga-
tion). The liver is the main organ involved in xenobiotic 
metabolism and the intestinal tract is the main extrahepatic 
organ. A major breakthrough promoting the study of drug 
metabolism was the development of techniques to isolate endo-
plasmic reticulum, the organelle containing multiple drug 
metabolizing enzymes, from whole tissue. During this process, 
the endoplasmic reticulum fractures into small spheres termed 
microsomes, which can reproduce most of the metabolites gen-
erated from drugs by metabolic organs in vivo.

Historically, researchers assumed that drug molecules traverse 
cellular membranes via passive diffusion and that this process 
is dictated by the physicochemical properties of the compound 
[1]. The identification of P-glycoprotein (P-gp) in the 1970s 
refuted this contention. Subsequently, specialized proteins 

referred to as transport proteins (i.e., transporters), including 
P-gp, were recognized to transfer xenobiotics and endogenous 
compounds into and out of cells [2]. Hundreds of transporters 
have since been identified in the human genome [3,4]. 
Substantial progress has been made in cloning, characterizing, 
and determining the tissue and cellular membrane domain 
localization of many transporters. However, insights into many 
aspects of drug disposition are still needed.

Phase I drug metabolism

Phase I metabolism introduces functional groups to a molecule 
through oxidation or reduction. The majority of reactions are 
mediated by the cytochrome P450 enzyme (CYP) superfamily, 
with some contribution by other enzymes including flavin 
monooxygenases (FMOs). CYPs are membrane-bound hemo-
proteins, with a peak absorbance at 450 nm. Originally named 
for the reactions catalyzed, CYP substrate specificities became 
recognized as broad and overlapping. As such, current classifi-
cation is based on protein sequence homology. Within each 
Arabic-numbered CYP family (>40% homology), a subfamily 
(>55% homology) is designated by a capital letter. Each sub-
family generally contains multiple members, designated by 
Arabic numbers that often reflect the order of discovery. 
Although 57 CYP genes have been identified in humans [5], 
only 10 enzymes are considered relevant to drug metabolism 
(Table 33.1) [6,7].
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Table 33.1 Select substrates, inhibitors, and inducers of major human hepatic and intestinal drug-metabolizing cytochrome P450 enzymes (CYPs).

CYP Gene Substrates Inhibitors Inducers

CYP1A2 CYP1A2 Caffeine, dihydralazine, phenacetin, 
tacrine, theophylline, tolcapone

Cimetidine, ciprofloxacin, 
fluvoxamine

Chargrilled meat, cigarette smoke, 
omeprazole

CYP2A6 CYP2A6 Acetaminophen, halothane, nicotine Ketoconazole, 
8-methoxypsoralen

Phenobarbital, rifampicin

CYP2B6 CYP2B6 Bupropion, carbamazepine, 
efavirenz, methadone

Orphenadrine, thioTEPA, 
ticlopidine

Carbamazepine, phenobarbital, 
phenytoin, rifampicin, St. John’s wort

CYP2C8 CYP2C8 Paclitaxel, repaglinide, rosiglitazone Gemfibrozil, montelukast, 
trimethoprim

Carbamazepine, phenobarbital, 
phenytoin, rifampicin, St. John’s wort

CYP2C9 CYP2C9 Diclofenac, phenytoin, tolbutamide, 
(S)-warfarin

Fluconazole, 
sulfamethoxazole, 
sulfaphenazole, tienilic acid

Carbamazepine, phenobarbital, 
phenytoin, rifampicin, St. John’s wort

CYP2C19 CYP2C19 Clopidogrel, diazepam, fluoxetine, 
(S)-mephenytoin, omeprazole

Fluvoxamine, pantoprazole, 
sulfinpyrazone, ticlopidine

Carbamazepine, prednisone, 
rifampicin

CYP2D6 CYP2D6 Amitriptyline, codeine, debrisoquine, 
dextromethorphan, metoprolol

Fluoxetine, quinidine None identified

CYP2E1 CYP2E1 Acetaminophen, ethanol, 
halothane, isoniazid, tolcapone

Disulfiram, ethanol Ethanol, isoniazid

CYP3A4/5 CYP3A4/5 Carbamazepine, cyclosporine, 
docetaxel, erythromycin, lovastatin, 
midazolam, saquinavir, troglitazone

Grapefruit juice,a 
ketoconazole, ritonavir, 
clarithromycin

Carbamazepine, phenobarbital, 
phenytoin, rifampicin, St. John’s wort

a Effect localized primarily in intestine.
thioTEPA, N,N′N′-triethylenethiophosphoramide.

Sites of CYP-mediated drug metabolism
Following oral administration, drug molecules are exposed ini-
tially to CYP enzymes in the gastrointestinal (GI) tract, includ-
ing those in the esophagus, stomach, small intestine, and colon 
(Figure 33.1a) [8]. CYP expression generally is highest in the 
duodenum and jejunum, declining progressively in the ileum 
and colon. CYPs usually are not expressed in intestinal crypt 
(nondifferentiated) cells, but as these immature epithelial cells 
migrate towards the villus tip, the cells maturate and begin to 
express CYPs, most likely a result of transcriptional activation. 
This location is particularly conducive to drug metabolism, as 
absorption is believed to occur primarily in the upper part of 
the villus.

Drug molecules escaping metabolism in the intestine enter 
the portal vein and either passively diffuse or are transported 
actively into hepatocytes in the liver. Due to the particularly 
high expression of CYP enzymes in the perivenous (zone III) 
region, the liver is the prime organ for drug metabolism. 
Elimination occurs both upon “first pass” and during subse-
quent passes through the liver (Figure 33.1b).

CYP enzymes
CYP1 family
The CYP1 family members most relevant to xenobiotic metabo-
lism are CYP1A1 and CYP1A2. Substrate specificity of these 
enzymes generally overlaps, albeit CYP1A1 favors planar aro-

matic hydrocarbons, whereas CYP1A2 favors aromatic amines 
[9]. CYP1A1 has been detected in the intestinal mucosa [10,11], 
although basal expression is low. Compared to CYP1A1, 
CYP1A2 is more relevant to drug metabolism, contributing  
to the metabolism of ∼10% of clinically used drugs [9]. In 
addition to metabolizing drugs, CYP1As bioactivate some 
xenobiotics to reactive intermediates [12,13]. CYP1 transcrip-
tion occurs via activation of the aryl hydrocarbon receptor 
(AhR) and constitutive androstane receptor (CAR). In addition 
to drugs such as phenobarbital, chargrilled meat and cigarette 
smoking can induce CYP1A enzymes (Table 33.1) [14,15]. 
Clinically relevant CYP1A2 substrates include acetaminophen, 
lidocaine, clozapine, duloxetine, and propranolol (Table 33.1) 
[16–18]. CYP1A2 inhibitors include the antidepressant fluvox-
amine (Table 33.1).

CYP2 family
CYP2 family members associated with drug metabolism belong 
to the CYP2A, CYP2B, CYP2C, and CYP2D subfamilies. With 
the exception of CYP2C, each subfamily contains only one 
enzyme relevant to drug metabolism.

CYP2A6 is expressed primarily in the liver [19] and contrib-
utes to the metabolism of ∼3% of clinically used drugs (Table 
33.1) [9,20]. CYP2A6 transcription is mediated via the pregnane 
X receptor (PXR) and CAR [21]. Increased transcription also has 
been observed with dexamethasone-mediated glucocorticoid 
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CYP2C8 metabolizes rosiglitazone, paclitaxel, and amodiaquine 
(Table 33.1) [9]. Some substrate specificity overlap exists between 
CYP2C8 and CYP2C9 with drugs such as ibuprofen [30]. 
CYP2C19 metabolizes (S)-mephenytoin, omeprazole, and clopi-
dogrel (Table 33.1). All three of these CYP2C enzymes have 
clinically relevant decreased function polymorphisms that have 
been shown to influence paclitaxel [31], warfarin [32], and ome-
prazole [33] pharmacotherapy.

CYP2D6 is the only member of the CYP2D subfamily in 
humans and is responsible for the metabolism of ∼20% of clini-
cally used drugs [9]. CYP2D6 is expressed primarily in the liver, 
although some intestinal expression has been demonstrated 
[34,35]. CYP2D6 is believed to be resistant to induction, albeit 
phenotypic induction by rifampicin has been reported [36]. 
CYP2D6 metabolizes drugs from multiple therapeutic areas, 
including the antiarrhythmic propafenone, antidepressant  
paroxetine, analgesic codeine, and selective ER modulator 
tamoxifen (Table 33.1) [9]. Polymorphisms of CYP2D6 contrib-
ute to the more than 1000-fold variability in enzyme activity, 
ranging from null activity splice variants to enhanced enzyme 
activity due to copy number variants [19]. The incidence of 
CYP2D6 genetic diversity varies substantially amongst different 
racial groups [37]. For example, ∼5% of Caucasians lack 
CYP2D6 activity and are deemed CYP2D6 “poor metabolizers,” 
whereas the poor metabolizer phenotype is present in less than 
1% of Japanese [38]. Approximately 5% of Caucasians have gene 
duplication of CYP2D6, resulting in an “ultrarapid” metabolizer 
phenotype [38]. These individuals exhibit unusually rapid  

receptor (GR) activation [22] and oral contraceptive-mediated 
estrogen receptor (ER) activation [23,24]. In addition to tran-
scriptional regulation, interindividual differences in CYP2A6-
mediated clearance may manifest through genetic polymorphisms. 
Currently, 38 allelic variants have been identified that result in 
altered protein expression or function [9] and have been shown 
to influence cigarette smoking behavior [25].

Hepatic CYP2B6 expression is relatively low and contributes 
to ∼5% of the total hepatic CYP pool [9]. In addition to drugs 
(Table 33.1), CYP2B6 metabolizes a large number of environ-
mental chemicals [9]. The gene encoding CYP2B6 is polymor-
phic, with at least 29 allelic variants. Low activity alleles have 
demonstrated clinical importance with substrates such as efa-
virenz [26], nevirapine [27], and cyclophosphamide [28].

The CYP2C subfamily contains four enzymes which, in aggre-
gate, contribute to the metabolism of ∼25% of clinically used 
drugs. Hepatic messenger RNA (mRNA) expression of CYP2C18 
is relatively high, but inefficient translation yields low protein 
expression and, consequently, CYP2C18 is a minor contributor 
to drug metabolism [9]. Protein expression of CYP2C9 is roughly 
twofold and tenfold greater, respectively, than that of CYP2C8 
and CYP2C19. CYP2C8, CYP2C9, and CYP2C19 are inducible 
via PXR, CAR, GR, and vitamin D receptor activation. CYP2C9 
induction also is influenced by hepatocyte nuclear factor alpha 
(HNFα) [9]. Despite highly conserved protein sequences, sub-
strate specificities of the CYP2C subfamily members vary widely. 
CYP2C9 prefers weak acids such as losartan, nonsteroidal anti-
inflammatory drugs (NSAIDs), and phenytoin (Table 33.1) [29]. 

Figure 33.1 Drug metabolism in human enterocytes and hepatocytes. (a) Following oral administration, drug molecules traverse the apical (luminal) 
membranes of enterocytes via passive diffusion or active uptake. Within the enterocyte, drug molecules can undergo phase I metabolism, primarily by 
cytochrome P450 enzymes (CYPs), and phase II conjugation. Once formed, metabolites diffuse or are transported through either the apical or 
basolateral membranes, entering the intestinal lumen or portal circulation, respectively. (b) Drugs and metabolites can diffuse out of the portal 
circulation through the endothelial cell fenestrations into the space of Disse and enter hepatocytes via passive diffusion or active uptake. Within the 
hepatocyte, drugs and metabolites can undergo both phase I and phase II metabolism. Once formed, metabolites diffuse or are transported through the 
apical (canalicular) or basolateral (sinusoidal) membranes, entering the bile or systemic circulation, respectively.
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cimetidine [68] and ranitidine [69]. A number of single nucle-
otide polymorphisms (SNPs) in the FMO1 gene (129) have been 
identified, but the clinical significance of these polymorphisms 
remains to be determined [60]. Several decreased function 
FMO3 polymorphisms are associated with trimethylaminuria 
and may impact ranitidine clearance [69].

Phase II drug metabolism

Compared to the CYPs, phase II enzymes are less well charac-
terized, partly reflecting the fact that these enzymes are gener-
ally colorless (making purification more difficult) and tend to 
lose catalytic activity during purification. The most extensively 
studied phase II enzymes are the uridine 5′-diphosphate (UDP)-
glucuronosyltransferases (UGTs), glutathione-S-transferases 
(GSTs), and sulfotransferases (SULTs), which catalyze conjuga-
tion to glucuronic acid, glutathione, and sulfate, respectively 
[70]. Other phase II enzymes include the N-acetyltransferases 
(NATs) and thiopurine methyltransferase (TPMT). Reactive 
functional groups produced by oxidative metabolism com-
monly are loci for phase II metabolism; however, many drugs 
can be conjugated directly. Except for glucuronidation, all phase 
II reactions are mediated by cytosolic enzymes.

UDP-glucuronosyltransferases
Conjugation with glucuronic acid generally results in enhanced 
water solubility, promoting excretion of the conjugated metabo-
lites. Glucuronide conjugates commonly are excreted into the 
bile and are eliminated via the stool. Glucuronidation usually, 
but not always, reduces pharmacological activity. A notable 
exception is morphine-6-glucuronide, which has up to 650-fold 
greater opiate activity than morphine [71].

As with CYPs, UDP-glucuronosyltransferases (UGTs) consti-
tute a multigene family of microsomal enzymes, some of which 
are inducible [72,73]. UGT genes comprise two families, UGT1 
and UGT2. The UGT1 family contains nine members (desig-
nated by Arabic numerals), whereas the UGT2 family contains 
seven members. The catalytic specificity of UGTs toward drugs 
and endogenous substrates is considerable (Table 33.2), and 
characterization of these pathways is an expanding area of 
research [73,74]. Unlike CYPs, which are located on the cytosolic 
side of the endoplasmic reticulum, UGTs are located on the 
luminal side. Accordingly, in vitro assessment of UGT activity 
with microsomes requires addition of agents to permeabilize 
microsomal membranes, which can confound data interpreta-
tion. Methods to accurately extrapolate in vitro glucuronidation 
data to predict in vivo behavior continue to lag behind those for 
oxidative metabolism.

UGTs are expressed throughout the human body but appear 
to be most abundant in the liver and GI tract. The compliment 
of UGTs expressed in liver and intestine are not identical [73–
75]; some UGTs expressed in the liver are not expressed in  
the GI tract (e.g., UGT2B4), whereas others expressed in the 

clearance of some CYP2D6 substrates, which can account for 
the therapeutic failure of some medications.

CYP3 family
The human CYP3 family consists of a single subfamily, CYP3A, 
which is comprised of CYP3A4, -3A5, -3A7, and -3A43 [9]. 
CYP3A7 is expressed predominately in fetal liver, with enzyme 
expression decreasing markedly after birth [39,40]. CYP3A4 is 
the most abundant single human CYP in both the liver and 
intestine [19,34,35] and has been estimated to be involved in the 
metabolism of ∼30% of drugs used clinically [9]. Aggregate 
CYP3A4 protein content in the intestine has been estimated to 
be less than 10% of that in the liver [41]. Intestinal CYP3A4 
does not correlate with hepatic CYP3A4, indicating that the 
enzyme is regulated differently in the two organs [42,43]. As the 
presystemic clearance of CYP3A4 substrates may be mediated 
by both intestinal and hepatic extraction, the site of first-pass 
metabolism can be difficult to delineate. This conundrum is 
especially true for substrates that undergo extensive intestinal 
extraction, such as verapamil [44], cyclosporine [45], and mida-
zolam [46,47]. The importance of intestinal CYP3A4 also has 
been highlighted by drug interactions perpetrated by grapefruit 
juice [48–50]. The grapefruit constituents (i.e., furanocou-
marins) [51–53] responsible for this interaction efficiently 
“knock out” intestinal CYP3A4 [51,54–56] but do not reach 
sufficient concentrations in the liver to inhibit hepatic CYP3A4 
[49,54]. Drugs that undergo significant metabolism in the intes-
tine are metabolized rapidly by CYP3A4, administered in rela-
tively small amounts, and/or have a prolonged absorption phase 
(i.e., prolonged contact with the enzyme).

To date, polymorphisms that influence CYP3A4 activity sig-
nificantly have not been identified. However, ∼20% of 
Caucasians and ∼50% of African Americans demonstrate 
CYP3A5 expression in the liver and intestine; this enzyme 
metabolizes several of the same substrates as CYP3A4 [57]. 
Although the clinical relevance of CYP3A5 polymorphisms 
remains uncertain, CYP3A5 expressors generally have increased 
dosing requirements for tacrolimus and other drugs [58]. 
Consistent with in vitro observations, CYP3A5 carriers have 
demonstrated a lower extent of CYP3A inhibition compared to 
CYP3A5 noncarriers [59].

Flavin monooxygenases
Five members of the flavin monooxygenase (FMO) family 
(FMO 1–5) are expressed in humans, albeit the contribution of 
FMO2, FMO4, and FMO5 to drug metabolism is not completely 
defined. As with CYPs, the substrate specificity of FMOs is 
broad and overlapping [60]. Despite expression in the fetal liver 
[61], FMO1 is expressed primarily in the adult kidney and intes-
tinal tract [62]. FMO1 metabolizes drugs including the antide-
pressant imipramine [63] and the antihistaminics promethazine 
and brompheniramine [64,65]. FMO3 is expressed primarily in 
the liver at a level comparable to that of CYPs [66,67]. Selective 
drug substrates of FMO3 include the H2 receptor antagonists 
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underscored by the relatively high capacity of UGTs, coupled 
with overlapping substrate specificities that provide compensa-
tory pathways for drug elimination.

Some glucuronides, particularly acylglucuronides, have been 
shown to be reactive molecules and may be involved in drug-
induced liver injury [84]. For example, a glucuronide metabolite 
of diclofenac has been shown to bind covalently to multiple 
proteins in the hepatocyte, potentially causing a rare hepatotox-
icity [85].

Glutathione-S-transferases
Glutathione-S-transferases (GSTs) are cytosolic enzymes 
involved in hepatic and intestinal drug metabolism and belong 
to seven separate gene families designated α, μ, θ, π, ζ, σ, and 
ω [86]. Each family has several members designated by Arabic 
numbers. For example, GSTM1 is the first of five members of 
the μ gene family. GSTs are expressed in many organs in addi-
tion to the liver and intestine. The compliment of GSTs present 
in each organ is not identical [87]. GSTs typically function to 
detoxify electrophilic metabolites of drugs (Table 33.2), such  
as N-acetyl-p-benzoquinone imine (NAPQI) produced from 
acetaminophen. In general, the reactions catalyzed are not rate 

intestine are not expressed in the liver (e.g., UGT1A8 and 
UGT1A10). UGTs present in the colon have been proposed to 
provide protection by conjugating reactive compounds that are 
deconjugated by colonic bacteria [76]. UGTs expressed along 
the GI tract also may limit the bioavailability of phenolic xeno-
biotics, including some drugs [77].

Multiple polymorphisms in the UGT1 family have been iden-
tified [72,73]. Polymorphisms associated with UGT1A1, the 
enzyme chiefly responsible for bilirubin conjugation, are some 
of the most well studied. Variations in UGT1A1 can lead to 
Gilbert and Crigler–Najjar (types 1 and 2) hyperbilirubinemia 
and have been associated with irinotecan toxicity [78]. Drug–
drug interactions due to alterations in UGT activity have been 
described. For example, anticonvulsants have been shown to 
induce some UGTs and may account for some drug–drug inter-
actions, particularly in patients treated for HIV [79]. Induction 
of UGTs can involve several receptors, including PXR, CAR, 
and AhR [80]. Inhibition of UGTs has been proposed to account 
in part for the pharmacokinetic interaction between gemfibrozil 
and cerivastatin [81]. Regardless, drug–drug interactions due to 
induction or inhibition of UGTs are generally low in magnitude 
and rarely are clinically significant [82,83]. This observation is 

Table 33.2 Select substrates, inhibitors, and tissue expression of major human phase II drug-metabolizing enzymes.

Enzyme Gene Substrates Inhibitors

Microsomal

UGT1A1 UGT1A1 Acetaminophen, bilirubin, SN-38, buprenorphine Diclofenac, tangeretin, ketoconazole

UGT1A3 UGT1A3 Ezetimibe, naproxen, quercetin Diclofenac

UGT1A4 UGT1A4 Amitriptyline, endoxifen, imipramine Bilirubin, hecogenin

UGT1A6 UGT1A6 Acetaminophen, 1-napthol, valproic acid Diclofenac, indomethacin, troglitazone

UGT1A7a UGT1A7 Acetaminophen, mycophenolic acid Phenylbutazone, probenecid, magnolol, quinidine

UGT1A8a UGT1A8 Mycophenolic acid, propofol, raloxifene Diclofenac, probenecid, phenylbutazone

UGT1A9 UGT1A9 Acetaminophen, fenofibrate, quercetin Diclofenac, phenylbutazone, magnolol

UGT1A10a UGT1A10 Entacapone, mycophenolic acid, raloxifene Diclofenac, phenylbutazone, probenecid

UGT2B7 UGT2B7 Morphine, oxazepam, zidovudine Fluconazole, phenylbutazone, quinidine, valproic acid

UGT2B15 UGT2B15 Acetaminophen, (S)-oxazepam, tolcapone Amytriptyline, quinidine, valproic acid

Cytosolic

GSTs Multiple Busulfan, ethacrynic acid, NAPQI Artemisinin, quinidine

SULT1A1 SULT1A1 Acetaminophen, minoxidil Curcumin, grapefruit juice, piroxicam, quercetin

SULT1A3a SULT1A3 Dopamine, norepinephrine Grapefruit juice

SULT1E1 SULT1E1 Estrogen, naringenin, 4-hydroxytamoxifen Ibuprofen, sulindac

SULT2A1 SULT2A1 Dehydroepiandrosterone, androgens Genestein, quercetin

NAT1 NAT1 Isoniazid, sulfamethoxazole Genestein, quercetin

NAT2 NAT2 Dapsone, isoniazid, sulfasalazine Coumarin

TPMT TPMT 6-Mercaptopurine, azathioprine, thioguanine Naproxen, sulphasalazine

a Expressed in GI tract but not liver.



Drug metabolism, transport, and pharmacogenomics CHAPTER 33   631

ing the enzyme as a means to overcome chemotherapeutic 
resistance [101].

Thiopurine methyltransferase
Thiopurine methyltransferase (TPMT) catalyzes the 
S-methylation of the thiopurine drugs 6-mercaptopurine, aza-
thioprine, and thioguanine to pharmacologically inactive 
metabolites. Approximately 0.3% of Caucasians harbor genetic 
polymorphisms of TPMT that result in null enzyme activity, 
with an additional 10% having reduced activity. Children with 
certain leukemias and deficient in TPMT have a higher inci-
dence of myelosuppression when receiving standard doses of 
thiopurine drugs [102]. Screening for TPMT deficiency prior to 
initiating thiopurine drugs is becoming standard clinical prac-
tice [103,104].

Transport proteins

In addition to phase I and II drug metabolizing enzymes, trans-
porters have become well-recognized determinants of drug dis-
position, contributing not only to absorption and elimination, 
but also tissue distribution [105–108]. Localization of these pro-
teins within cellular membranes, particularly of enterocytes 
(Figure 33.2a) and hepatocytes (Figure 33.2b), facilitates the 
uptake and efflux of drugs and associated metabolites, as well 
as other xenobiotics and endogenous substrates. The transport-
ers responsible for these functions belong to two major super-
families, ATP binding cassette (ABC) and solute carrier (SLC) 
[2–4,109,110]. ABC family members are primary active trans-
porters, relying on ATP hydrolysis to pump substrates against a 
concentration gradient. In contrast, SLC family members typi-
cally are secondary or tertiary active transporters (i.e., substrate 
movement is dependent upon energy created from the transport 
of a cosubstrate(s), typically an ion, with its own concentration 
gradient). Substrate and ion movement can be coupled either in 
the same direction, as for symporters, or in the opposite direc-
tion, as for antiporters/exchangers. Other SLC family members 
transport substrates via facilitated diffusion.

Transporters are classified further according to localization 
within cellular membrane domains and function. Intestinal 
transporters reside within the apical, or brush border, mem-
brane facing the intestinal lumen and the basolateral mem-
brane, whereas hepatic transporters reside in the apical 
membrane facing the bile canaliculus and the basolateral/
sinusoidal membrane [1,105,111,112]. Based upon function, 
transporters are grouped into two categories, uptake and efflux. 
Uptake transporters facilitate drug absorption into enterocytes 
from the intestinal lumen (with subsequent entry into the portal 
circulation) and into hepatocytes from the portal circulation. 
Efflux transporters transfer drugs/metabolites from enterocytes 
into the intestinal lumen or portal circulation and from hepa-
tocytes into the bile or systemic circulation.

limiting in drug elimination. An exception may be busulfan, 
which requires glutathione (GSH) conjugation catalyzed by 
GSTA1 for elimination. Studies have suggested that busulfan 
oral availability is limited by GSTA1 activity in the intestine 
[88]. GSH depletion also has been implicated as a potential 
mechanism underlying acetaminophen hepatotoxicity. During 
acute acetaminophen overdose, the glucuronidation pathway is 
overwhelmed, resulting in excess formation of NAPQI. GSH 
can be depleted as the liver attempts to eliminate NAPQI via 
GSH conjugation, perpetuating toxic effects of NAPQI.

Polymorphisms in GSTs are common [89], with GSTM1 and 
GSTT1 being absent in 40% and 15% of Caucasians, respectively. 
Polymorphisms in these and other GSTs have been linked to 
susceptibility to a variety of illnesses, including asthma, cancer, 
diabetes, heart disease, and drug-induced liver injury. An 
example of the latter is the anti-Alzheimer agent, tacrine. Patients 
who lack both GSTM1 and GSTT1 appear to have increased 
incidence of treatment-associated ALT elevations [90].

Sulfotransferases
The human liver and intestine conjugate sulfate to a variety of 
xenobiotics via sulfotransferases (SULTs) (Table 33.2). These 
reactions usually enhance solubility and result in decreased  
biological activity, but exceptions exist. For example, morphine-
6-sulfate is 30 times more potent an analgesic than morphine 
[91]. Sulfation also may produce chemically reactive metabo-
lites [92,93]. Three SULT gene families in humans, SULT1, 
SULT2, and SULT4, encode at least 13 members [92]. SULT1A1 
is the most abundant SULT in the liver, whereas SULT1B1  
predominates in the intestine [94]. SULT catalytic activity 
varies considerably among individuals, and polymorphisms in 
specific SULTS have been identified [93]. Some SULTs are 
inducible, at least in liver, by the same nuclear receptors as 
those for CYP and UGT induction [95]. For example, one  
study suggested that the loss of efficacy of birth control pills 
during treatment with antiseizure medications or rifampin 
reflected induction of SULTs, in addition to CYP3A4 (Table 
33.1) [96].

N-acetyltransferases
Two N-acetyltransferases (NATs), NAT1 and NAT2, have been 
implicated in human drug metabolism. Both enzymes are poly-
morphic, although the prevalence and functional relevance of 
NAT2 polymorphisms surpasses those identified for NAT1 
[97,98]. Up to 50% of Caucasians lack NAT2 activity and are 
termed slow acetylators. Slow acetylators have reduced clear-
ance of multiple xenobiotics (Table 33.2) and may have increased 
risk of dose-dependent toxicities. For example, slow acetylators 
may be more susceptible to idiosyncratic hepatotoxicity from 
isoniazid, especially when risk is adjusted for a CYP2E1 poly-
morphism [99]. NAT2 polymorphisms also have been linked to 
cancer. Slow acetylators appear to be at higher risk for bladder 
cancer but at lower risk for colon cancer [100]. Overexpression 
of NAT1 in several cancer types has prompted research target-
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none are identical. OATPs are considered multispecific due to 
multiple binding sites on the protein [130–132]. Substrates 
include amphipathic compounds with a relatively high molecu-
lar weight (>350 Da) [110,111]. Most are anionic in nature, but 
some are neutral or cationic. Substrates may contain a steroidal 
or peptide structural backbone [2]. Therapeutic substrates 
include statins (HMG-CoA reductase inhibitors), anticancer 
agents, antihypertensives, and HIV protease inhibitors (Table 
33.3).

Additional uptake transporters
Peptide transporter 1
Peptide transporter 1 (PEPT1; SLC15A1), a low-affinity, high-
capacity symporter, is localized to the apical membrane of ente-
rocytes [133,134]. Transport activity is dependent upon pH and 
is optimal at pH 4.5–6.5 [135]. PEPT1 has broad substrate spe-
cificity for di- and tripeptides and peptidomimetic drugs [136]. 
Clinically relevant substrates include antibiotics, angiotensin-
converting enzyme inhibitors, and renin inhibitors (Table 33.3).

Equilibrative nucleoside transporters
The SLC29A family comprises equilibrative nucleoside trans-
porters (ENTs), which are low-affinity, bidirectional transport-
ers that mediate substrate movement by facilitated diffusion 
[137]. ENT1 and ENT2 are localized to the basolateral mem-
brane of enterocytes and hepatocytes; however, the extent of 
ENT2 expression in enterocytes is unclear [138,139]. ENT1 also 
is expressed at the canalicular membrane of hepatocytes. Both 
isoforms transport a diverse array of purine and pyrimidine 
nucleosides and nucleobases [137]. ENT1 has a higher affinity 

Similar to drug metabolizing enzymes, characterization of 
intestinal transporters lags behind hepatic transporters [111]. 
The current general knowledge of intestinal and hepatic  
transporters that are clinically relevant to drug disposition, 
some of which have been highlighted by the International 
Transporter Consortium, is summarized (Table 33.3; Figure 
33.2) [106,113,114].

Uptake transporters
Organic anion transporting polypeptides
Organic anion transporting polypeptides (OATPs) constitute 
the SLCO (formerly SLC21A) superfamily. Eleven OATPs have 
been identified in humans, four of which are important in drug 
disposition [105–107,111]. OATP1A2 is expressed in the apical 
membrane of enterocytes, among numerous other tissues, but 
at a much lower level than OATP2B1 [115,116]. OATP2B1, also 
widely expressed, localizes to the apical membrane of entero-
cytes and basolateral membrane of hepatocytes [117,118]. 
Unlike other OATPs, OATP1B1 and OATP1B3 are expressed 
predominantly in the liver, localized to the basolateral mem-
brane of hepatocytes [119–122].

OATPs are considered primarily as uptake transporters, 
although evidence suggests bidirectional function [123]. The 
mechanism of substrate transport remains under investigation 
and appears to vary between isoforms. Research indicates that 
transport occurs by electroneutral exchange, but the driving 
force(s) has yet to be elucidated completely [110,124–128]. 
OATP1B1 and OATP1B3 have been shown to function via 
facilitated diffusion [123]. Most OATPs have broad substrate 
specificity [107,110,129]. Overlaps exist between isoforms but 

Figure 33.2 Transport proteins in human enterocytes and hepatocytes considered important in drug disposition. Schematic representations of adjacent 
enterocytes (a) and hepatocytes (b) show transporter membrane domain localization: apical (luminal or canalicular, respectively) and basolateral 
(blood; sinusoidal for hepatocytes). Transporters marked in gray are considered primarily uptake transporters, green are efflux transporters, and purple 
are bidirectional. Arrows denote the direction of substrate transport. BCRP, breast cancer resistance protein; CNT, concentrative nucleoside transporter; 
ENT, equilibrative nucleoside transporter; MATE, multidrug and toxin extrusion protein; MCT, monocarboxylate transporter; MRP, multidrug 
resistance-associated protein; OAT, organic anion transporter; OATP, organic anion transporting polypeptide; OCT, organic cation transporter; OCTN, 
organic cation/carnitine transporter; PEPT, peptide transporter; P-gp, P-glycoprotein; PMAT, plasma membrane monoamine transporter.
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Table 33.3 Select substrates, inhibitors, and inducers of major human hepatic and intestinal drug transporters.

Transporter Gene Other names Substrates Inhibitors

Uptake transporters

OATP1A2 SLCO1A2 OATP-A, OATP Ciprofloxacin, erythromycin, fexofenadine, 
pravastatin

Grapefruit juice,a orange juice,a 
verapamil

OATP1B1 SLCO1B1 OATP-C, OATP2, LST-1 Atorvastatin, enalapril, fexofenadine, 
repaglinide, saquinavir

Atazanavir, cyclosporine, rifampicin, 
ritonavir

OATP1B3 SLCO1B3 OATP-8, LST-2 Digoxin, fexofenadine, paclitaxel, 
rosuvastatin, valsartan

Cyclosporine, rifampicin, ritonavir

OATP2B1 SLCO2B1 OATP-B Aliskiren, fexofenadine, glibenclamide, 
pravastatin

Cyclosporine, gemfibrozil, grapefruit 
juicea

PEPT1 SLC15A1 Cephalexin, enalapril, valacyclovir Lisinopril

ENT1 SLC29A1 Adenosine, capecitabine, gemcitabine Dilazep, dipyridamole, draflazine

ENT2 SLC29A2 3′-Azido 3′-deoxythymidine, didanosine Dilazep, dipyridamole, draflazine

CNT1 SLC28A1 5-Fluorouridine, gemcitabine, zidovudine Phloridzin

CNT2 SLC28A2 Cladribine, didanosine, ribavirin Phloridzin

CNT3 SLC28A3 Cytarabine, 5-fluorouridine, 6-mercaptopurine Phloridzin

PMAT SLC29A4 ENT4 Dopamine, epinephrine, metformin Desipramine, fluoxetine, quinidine

OAT2 SLC22A7 Acyclovir, erythromycin, 6-fluorouracil, 
zidovudine

Hydrochlorothiazide, phenacetin

OCT1 SLC22A1 Acyclovir, desipramine, metformin Prazosin, quinidine, verapamil

OCT3 SLC22A3 Lidocaine, oxaliplatin Desipramine, phenytoin, tenofovir

OCTN1 SLC22A4 Pyrilamine, quinidine, verapamil Cimetidine, lidocaine, procainamide

OCTN2 SLC22A5 l-Carnitine, cephaloridine, quinidine Grepafloxacin, levofloxacin

MCT1 SLC16A1 Naproxen, propicillin, salicylic acid AR-C15585,b stilbene disulfonates

Efflux transporters

P-gp ABCB1 MDR1 Digoxin, fexofenadine, loperamide, losartan, 
methotrexate, vinblastine

Amiodarone, cyclosporine, quinidine, 
verapamil

MRP2 ABCC2 cMOAT Cisplatin, irinotecan, methotrexate, 
pravastatin

Cyclosporine, efavirenz, emtricitabine, 
probenecid

MRP3 ABCC3 Acetaminophen glucuronide, etoposide, 
methotrexate, morphine-3-glucuronide

Efavirenz, emtricitabine, indomethacin

MRP4 ABCC4 Furosemide, tenofovir, topotecan Celecoxib, losartan, sulindac

BCRP ABCG2 MXR, ABCP Doxorubicin, gefitinib, irinotecan, 
mitoxantrone, rosuvastatin, sulfasalazine

Cyclosporine, elacridar, gefitinib, 
nicardipene

MATE1 SLC47A1 Cimetadine, metformin, oxaliplatin, topotecan Cimetidine, imatinib, pyrimethamine, 
quinidine

a Effect localized primarily in intestine.
b Developed by AstraZeneca.

for substrates than ENT2; however, ENT2 appears to predomi-
nate for the transport of antiviral nucleosides and nucleobases 
[113]. Substrates include the anticancer agents capecitabine and 
azacytidine and the antivirals zidovudine and 2′,3′-dideoxyino-
sine (Table 33.3) [140]. A 3′-hydroxyl group on the sugar moiety 
of a substrate is important for ENT1 recognition [141,142].

Concentrative nucleoside transporters
Concentrative nucleoside transporters (CNT; SLC28A) 1, 2, and 
3 are sodium-dependent, high-affinity symporters [143–145]. 
All three CNTs are localized to the apical membrane of entero-
cytes, whereas CNT1 and CNT2 are localized to both the apical 
and basolateral membranes of hepatocytes [138,139]. Substrates 
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different mechanisms to transport substrates, and bidirectional-
ity has been demonstrated [110,159]. OCTN2 can function as 
either a polyspecific transporter or a high-affinity transporter. 
Both isoforms have limited substrate lists with some overlap; no 
specific drug classes are represented (Table 33.3) [111,159].

Monocarboxylate transporter 1
Monocarboxylate transporter 1 (MCT1; SLC16A1), located on 
the apical membrane of enterocytes, is a low-affinity, high-
capacity symporter/exchanger [160–162]. MCT1 primarily 
mediates substrate uptake but has bidirectional function [163]. 
Substrates are weak organic acids with a relatively small 
lipophilic or hydrophilic R-group attached to a carboxyl and 
include some β-lactam antibiotics (Table 33.3) [160,164].

Efflux transporters
P-glycoprotein
P-glycoprotein (P-gp; ABCB1), also known as multidrug resist-
ance protein 1 (MDR1), is the most extensively studied and  
best characterized transporter. P-gp was identified initially in 
the 1970s in colchicine-resistant Chinese hamster ovary cells 
and later found to confer resistance to a variety of other 
amphiphilic drugs [165–167]. P-gp is expressed extensively 
throughout the body [2,168]. Within the intestine, P-gp is local-
ized to the apical membrane of enterocytes, increasing from 
proximal to distal regions of the intestinal tract [169,170]; 
expression is sevenfold lower than that in the liver [43]. Within 
the liver, P-gp is localized to the apical/canalicular membrane 
of hepatocytes [170].

Based on location, predominantly in regions that serve as 
barriers, P-gp acts as a protective mechanism for the body by 
extruding drugs/metabolites into the intestinal lumen and bile 
in an ATP-dependent manner [171]. However, decreased drug 
efficacy can result due to limited oral absorption and systemic 
exposure. P-gp is nonspecific, with substrates of varying size, 
structure, and function [172]. Preference has been noted for 
amphipathic, hydrophobic, and cationic molecules ranging in 
size from 200 to 2000 Da and containing a planar ring system 
[173,174]. However, substrates can be neutral or anionic. 
Clinically relevant P-gp substrates include anticancer, antihy-
pertensive, immunosuppressive, and antihistaminic agents 
(Table 33.3). Multiple binding sites for substrates and inhibitors, 
which can switch between high- and low-affinity conforma-
tions, have been identified [172].

Multidrug resistance-associated proteins
Multidrug resistance-associated protein 1 (MRP1) was the 
second multidrug resistance-conferring transporter isolated and 
identified, observed in doxorubicin-resistant human lung cancer 
cell lines that had negligible to no P-gp expression [175–177]. 
Twelve additional ABCC family members have since been iden-
tified, of which four are important in drug disposition 
[111,113,178,179]. MRP1 normally is present at very low  
levels within the liver and intestine, localized to the basolateral 

include anticancer agents and antivirals (Table 33.3) [146]. 
CNT1 favors pyrimidine nucleosides, including gemcitabine 
and zidovudine; CNT2 favors purine nucleosides, including 
5-fluorouridine and ribavirin. CNT3 substrate specificity over-
laps with those of CNT1 and CNT2, as both pyrimidine and 
purine nucleosides are transported by CNT3. Similar to ENT1, 
a 3′-hydroxyl group on the sugar moiety of a substrate has been 
shown to be important for CNT recognition [146].

Plasma membrane monoamine transporter
Plasma membrane monoamine transporter (PMAT; SLC29A4), 
also known as ENT4, is a low-affinity symporter [137]. Transport 
activity is stimulated at acidic pH due to the coupling of sub-
strate transport with an inward proton gradient [147,148]. 
Substrates are predominantly organic cations (Table 33.3), 
exhibiting specificity overlap with organic cation transporters 
(OCTs) [147,149,150]. Metformin is one clinically relevant 
PMAT substrate. PMAT is localized to the apical membrane of 
enterocytes [150].

Organic anion transporters
The SLC22A family comprises organic anion transporters 
(OATs), OCTs (described in Section Organic cation transport-
ers), and organic cation/carnitine transporters (OCTNs; 
described in Section Organic cation and carnitine transporters). 
Two OATs are expressed in the liver, OAT2 and OAT7. OAT2, 
an antiporter, is believed to localize to the basolateral membrane 
of hepatocytes based on observations in the kidney [151,152]. 
Substrates include antineoplastics, H2 receptor antagonists, and 
antivirals (Table 33.3). OAT7 also is localized to the basolateral 
membrane of hepatocytes [153]; the contribution of this isoform 
to drug disposition is not known. OATs have not yet been iden-
tified in the intestine [111].

Organic cation transporters
Organic cation transporters 1 and 3 (OCT1 and OCT3) are 
localized predominantly to the basolateral membrane of hepa-
tocytes and the apical membrane of enterocytes [154–156]. 
OCT1 mRNA in the small intestine and colon is much lower 
than that in the liver. OCTs, like OATPs, are considered prima-
rily as uptake transporters but can be bidirectional [157,158]. 
Transport occurs by facilitated diffusion. Substrate specificity 
overlaps between isoforms with some distinct differences. In 
general, substrates consist of hydrophilic, low molecular weight 
(<500 Da), positively charged organic cations or weak bases 
that are positively charged at physiological pH [158]. Clinically 
relevant substrates include antidepressants, antiinflammatory 
agents, antineoplastics, and antihistaminics (Table 33.3).

Organic cation and carnitine transporters
Organic cation and carnitine transporters 1 and 2 (OCTN1 and 
OCTN2) are localized to the apical membrane of enterocytes 
[159]. OCTN2 also is present in the basolateral membrane of 
hepatocytes, but its function is unknown. OCTN1 employs  
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substrates include statins, antivirals, calcium channel blockers, 
and anticancer agents (Table 33.3).

Additional efflux transporters
Multidrug and toxin extrusion protein 1
Multidrug and toxin extrusion protein 1 (MATE1; SLC47A1), an 
antiporter, localizes to the apical membrane of hepatocytes [218]. 
Substrates are either cationic or weak bases that are positively 
charged at physiological pH and belong to numerous therapeutic 
classes, including antibacterials and antivirals (Table 33.3) [2,219]. 
Substrate specificity partially overlaps with OCTs; together, OCTs 
and MATE1 form an hepatic organic cation transport system. 
Substrate overlap with P-gp provides cells with an alternative elimi-
nation route for potentially harmful compounds.

Transporter regulation
Transporter expression and function are regulated at  
multiple levels, including transcription and posttranslation. 
Transcriptional regulation appears to be dependent upon 
isoform, tissue localization, and activated transcription factor 
[2]. The transcription factors responsible for transporter regula-
tion are similar to those for phase I and II enzyme regulation. 
These factors include a variety of nuclear receptors, both 
xenobiotic-sensing (e.g., PXR and CAR) and sex hormone-
dependent (e.g., ERα); stress-related transcription factors such 
as nuclear factor-E2-related factor 2 (Nrf2) and Y-box protein 
1 (YB-1); and a number of other transcription factors influ-
enced by growth hormones and cytokines [2,110,220–227].

Several mechanisms contribute to the posttranslational regu-
lation of transporters. Correct localization and expression at 
cellular membranes is critical for proper function. The localiza-
tion of some transporters to cellular membranes occurs within 
membrane rafts (e.g., P-gp) [228–230]. The correct organization 
of lipids and proteins in these rafts is dependent upon choles-
terol. When cholesterol is decreased, P-gp activity is decreased, 
possibly due to altered protein interactions or substrate binding, 
or disassembly of the membrane rafts [231,232]. Other trans-
porters, such as OATPs and possibly MRP2, rely on interactions 
with PDZ (postsynaptic density 95/disc-large/zona occludens) 
proteins, which are scaffold proteins that help anchor other 
proteins to the cytoskeleton [178,233,234]. Additionally, post-
translational modifications can influence localization, stability, 
turnover, and function with diverse outcomes. Glycosylation, 
the addition of a sugar moiety, may be required for proper 
transport activity, as is the case for P-gp, BCRP, and MRP2; the 
absence alters protein stability or localization [235–238]. 
Glycosylation may not alter localization, but substrate recogni-
tion, which is the case for OAT1 [239]. Phosphorylation may 
result in internalization of the protein and reduced transport 
activity, as has been reported for OATP2B1 following protein 
kinase C (PKC) activation [240]. Conversely, phosphorylation 
can sometimes increase transport activity. ENT1 activity is 
increased following phosphorylation, which was hypothesized 
to be due to either activation of the transporter or changes in 

membrane, but can be expressed at much higher levels in prolif-
erating hepatocytes and Paneth cells of the colon [180–183]. 
MRP2 is expressed on the apical membranes of hepatocytes, 
enterocytes, and colonocytes [184–187]. Gene expression analy-
sis indicates that MRP2 decreases from proximal to distal regions 
of the intestinal tract [188]. MRP3 is localized to the basolateral 
membrane of hepatocytes and enterocytes, and expression can 
vary as much as 80-fold between individuals [189–191]. MRP4 
localizes to the basolateral membrane of hepatocytes but has yet 
to be detected in healthy tissues from the GI tract [192]. 
Expression can vary greatly among individuals [193].

MRPs exhibit substrate overlap [194]. MRP substrates gener-
ally are amphiphilic organic anions, ranging from 300 to 1000 Da 
[179], and can be glucuronide, sulfate, and GSH conjugates 
[111,178,179]. MRP1 and MRP2 substrates overlap extensively; 
differences may be detectable only in kinetic constants [195,196]. 
MRP3 favors glucuronide conjugates [194]. MRP4 exhibits 
broad substrate specificity, transporting nucleoside and nucle-
otide analogs, amongst numerous other compounds [194]. 
Clinically relevant MRP substrates include anticancer agents, 
antibiotics, antivirals, and diuretics (Table 33.3). Transport is 
ATP-dependent; however, the transport of some compounds by 
MRP1 and MRP2 requires the presence of, or is stimulated by, 
GSH [178,197]. MRP4-mediated transport also may require 
GSH. The underlying mechanism(s) is unknown, but it has been 
proposed that GSH binds to the transport protein and induces 
a conformational change, rendering the substrate binding site 
more accessible [198].

Breast cancer resistance protein
Breast cancer resistance protein (BCRP; ABCG2) was identified 
through its ability to confer drug resistance to human cancer 
cell lines in the absence of P-gp and MRP overexpression 
[199,200]. BCRP was reported to be highly expressed in the 
placenta [201] and has since been detected in a number of 
nonmalignant tissues [202–205]. Within the intestine and liver, 
BCRP is localized to the apical membranes of enterocytes and 
hepatocytes. Protein expression is relatively uniform through-
out the small intestine [206]. Both hepatic and intestinal BCRP 
expression vary greatly among individuals [206,207].

BCRP is an ATP-dependent half-transporter, containing a 
single ATP-binding site and six transmembrane domains, rather 
than the two ATP-binding sites and twelve transmembrane 
domains associated with other ABC family members [208]. 
BCRP forms oligomers, predominantly homotetramers, to 
function [209–211]. Like P-gp and MRPs, BCRP limits the cel-
lular accumulation of a wide variety of compounds. Substrates 
are diverse, both structurally and functionally, and include 
hydrophobic compounds and hydrophilic compounds that are 
charged or conjugated by phase II enzymes [2,111,212,213]. 
Some chemical moieties (e.g., hydroxy or amino group) have 
been identified as important for interaction with BCRP [214–
216]. Considerable overlaps in substrate specificity occur  
with P-gp, MRP1, and MRP2 [111,217]. Therapeutic BCRP  
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bilirubin glucuronides), resulting in accumulation of conju-
gated bilirubin in the plasma [1,212,249,257,258]. Finally, allelic 
frequencies are not yet defined for all genetic variants, but do 
appear to differ among racial groups for some transporters 
[129,212,247,259–264].

Transporter-mediated drug interactions
Transporter-based drug interactions occur similarly to drug 
metabolizing enzyme-based interactions, and the clinical  
relevance of transporter-mediated interactions has garnered 
increased attention in recent years [265]. Compounds can stim-
ulate, inhibit, or have no effect on transport activity [110]. Of 
concern is the ability of drugs and various dietary substances, 
including herbal supplements, to inhibit activity, resulting in an 
increased risk of drug interactions [107,111]. Similar to genetic 
variants, these interactions could lead to decreased drug efficacy 
or increased toxicity. A well-studied interaction is the decreased 
hepatic uptake of statins (e.g., pravastatin and lovastatin) by 
OATPs in the presence of cyclosporine [266]. This interaction 
results in increased systemic concentrations of the statin and 
potentially an increased risk of rhabdomyolysis (muscle toxic-
ity). A second example is offered by a clinical study involving 
endoxaban, an oral factor Xa inhibitor under development for 
thromboprophylaxis [267]. Administration of endoxaban with 
quinidine, a strong P-gp inhibitor, resulted in an increased 
endoxaban maximum concentration (Cmax) and area under the 
plasma concentration–time curve (AUC), indicative of increased 
absorption and systemic exposure, respectively. This informa-
tion could be useful in determining dosing algorithms for 
patients already taking xenobiotics that inhibit P-gp, decreasing 
potential bleeding risks. A final example is the decreased intes-
tinal absorption of fexofenadine by grapefruit juice [268]. This 
interaction results in a lower systemic exposure to fexofenadine, 
possibly decreasing efficacy. In vitro studies indicate that the 
underlying mechanism is inhibition of intestinal OATP1A2 
and/or OATP2B1 by the grapefruit juice constituent naringin. 
Both the US Food and Drug Administration and the International 
Transporter Consortium have suggested frameworks that can 
serve as starting points when evaluating possible interactions  
of new molecular entities with transporters [106,113,269]. 
Decision trees are provided for hepatic OATP1B1 and OATP1B3; 
renal OCT2, OAT1, OAT3, MATE1, and MATE2K; and broadly 
based P-gp and BCRP. As the field of transport proteins contin-
ues to evolve, so will these decision trees.

In addition to drug–drug and dietary component–drug inter-
actions, drug–endogenous substrate interactions also are of 
emerging importance. Many of the transporters discussed 
transport various endogenous substrates (e.g., bilirubin and bile 
acids) in addition to drugs. As described in a number of reviews, 
another host of transporters not mentioned in this chapter 
almost solely transport endogenous substrates and can be inhib-
ited by drugs and/or dietary components [1,107,113].
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substrate affinity [241]. Finally, transporters such as P-gp and 
BCRP can undergo ubiquitination, a process of targeting pro-
teins for proteosomal degradation. Increased ubiquitination 
results in increased protein turnover and decreased substrate 
transport [242–244].

Transporter expression, and ultimately function, are influ-
enced by various disease states. For example, MRP1 in the intes-
tine is elevated in patients with inflammatory bowel disease, 
whereas with cholestasis, hepatic MRP2 is downregulated, and 
MRP3 and MRP4 are upregulated [178,180]. Disease effects can 
be widespread, not just localized to the affected tissue/organ. 
For example, uremic serum obtained from end-stage renal 
failure patients decreased MRP2 and OATP1B1 in human intes-
tinal (Caco-2) and hepatic (Hep3B) cell lines, respectively [245].

Transporter pharmacogenetics
Interindividual differences in transporter expression and func-
tion and the underlying relationship of naturally occurring 
genetic polymorphisms are important areas of study. Some 
transporters have been studied extensively (e.g., P-gp and 
OATP1B1), whereas investigation of others has been limited to 
date (e.g., OCTs). Research encompasses determining the effect 
(i.e., decreased expression or activity) of the identified polymor-
phisms in vitro and then conducting association studies in 
humans to assess the clinical impacts on pharmacokinetics and 
pharmacodynamics, as well as on the etiology and prognosis of 
disorders/diseases [212]. A large number of genetic variants 
have been linked to decreased expression and/or activity. 
Depending on the function of the transporter, decreased drug 
absorption, and ultimately decreased exposure and efficacy, 
could result; alternatively, increased drug absorption and an 
increase in the risk of toxicity could result. One example is 
OATP1B1 and statins. Individuals carrying the SLCO1B1*15 
haplotype (388A>G  +  521T>C) have significantly reduced 
clearance of pitavastatin, pravastatin, and rosuvastatin, reflec-
tive of reduced transport activity [129]. Decreased hepatic 
uptake of these compounds may result in insufficient hepatic 
concentrations needed to inhibit HMG-CoA reductase and 
lower lipid concentrations. The effect of some genetic variants 
may be substrate dependent, as has been reported for BCRP 
[212,242,246–249]. Individuals carrying the 421C>A (141Q>K) 
variant of ABCG2, which results in lower expression, have 
shown increased exposure to sulfasalazine, rosuvastatin, and 
topotecan, but no alterations in the pharmacokinetics of prav-
astatin and irinotecan [242,250–254]. The clinical impact of 
variants in some transporters has yet to be fully elucidated, as 
for OAT2, or remains unclear, as for P-gp [168,172,212,255,256]. 
In addition, some pathophysiological conditions have been 
linked to genetic polymorphisms in transporters. For example, 
variants in SLC22A4 and SLC22A5 (OCTN1 and 2) have been 
linked to Crohn’s disease; the 421C>A variant of BCRP has 
been linked to the development of gout; and a mutation in 
ABCC2 (MRP2) has been linked to Dubin–Johnson syndrome, 
a disorder marked by impaired excretion of organic anions (e.g., 
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Introduction

Clinical decision making is a discipline that aims to optimize 
patient care using formal decision analytic techniques to weigh 
the benefits and risks of competing management strategies. 
Secondary goals include increasing patient participation in 
healthcare decisions and minimizing unnecessary tests and pro-
cedures. This chapter examines the tools available to synthesize 
published data and translate the information into clinical prac-
tice (Table 34.1). The use of systematic reviews and metaanalyses 
to summarize evidence across multiple studies will be demon-
strated. Incorporation of these data into medical decision 
models that synthesize benefits, harms, patient preferences, and 
costs will be illustrated. Development of clinical practice guide-
lines using methods that are valid and mitigate the risk of bias 
will be described. Finally, the use of clinical decision support 
tools embedded in electronic medical records or portable elec-
tronic devices (mobile health) to translate research evidence to 
clinical practice will be discussed.

Systematic reviews and metaanalysis

A systematic review examines a clearly formulated clinical man-
agement question using explicit methods to identify, select, and 

critically appraise relevant research, and to collect and analyze 
data from included studies [1]. Systematic reviews aim to 
present these findings in a transparent, unbiased manner. The 
first stage of a systematic review involves construction of a clini-
cally relevant focused question. The questions should be devel-
oped in the PICO format (patient population; intervention or 
exposure; comparator; outcome or endpoint). Study inclusion 
and exclusion criteria are declared, including the type of study 
design, participants, interventions, and outcome measures that 
will be included. A literature search is conducted using appro-
priate search terminology, such as MESH (medical subject 
headings), in several electronic libraries (PubMed, Embase, 
Ovid, etc.) within a specified time frame in sufficient detail to 
allow others to replicate findings. Authors should also supple-
ment the electronic search with manual searches of references 
lists of retrieved papers, trial registries, and regulatory agency 
websites. Titles and abstracts of search results may be screened 
for relevance, but full manuscript examination must be per-
formed in all papers that meet entry criteria. Data extraction 
should be performed using standardized formats, and a 
minimum of two independent reviewers should extract data 
using consensus to resolve discrepancies. Risk of bias of included 
studies should be assessed and reported. Finally, the primary 
and secondary summary measures and comparisons should be 
reported in the manner established prior to study initiation [2].

Clinical decision making
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A systematic review may provide the data necessary to 
conduct a metaanalysis through which a summary estimate of 
the effect of an intervention or exposure is presented [1–3]. If 
the results are homogenous (i.e., answers to the clinical question 
across multiple studies are similar) a summary estimation of the 
size of the effect of the intervention or exposure is calculated 
using appropriate statistical tests; if, however, the data are het-
erogeneous the reasons for the heterogeneity are sought.

Decision makers highlight the value of systematic reviews 
and metaanalyses as means to summarize evidence [4]. Despite 
this recognition, they are underutilized in clinical decision 
making [5]. A Cochrane review conducted to identify facilita-
tors to increase the use of systematic reviews found the follow-
ing elements to be important: the perception that systematic 
reviews have multiple uses for improving knowledge, research, 

Table 34.1 Definitions.

Term Definition

Clinical practice guidelines Systemically developed statements to assist practitioner and patient decisions about appropriate healthcare for 
specific clinical circumstances

CMS Center for Medicare and Medicaid Services

Cost-effectiveness analysis An analysis performed to measure the cost incurred in relationship to the benefit achieved and may be used to 
compare strategies that are expected to yield different outcomes

Cost–benefit analysis A cost-effectiveness analysis in which all outcomes are expressed in monetary terms

Cost–consequence analysis An analysis in which the components of costs and consequences of competing strategies are presented without 
aggregation of results

Cost-minimization analysis An analysis performed to calculate the least expensive manner in which to treat a specific disorder

Cost–utility analysis A cost-effectiveness analysis that varies the outcome to reflect patient preferences associated with each health state

Dominant strategy A strategy that is both more effective and less expensive than a comparator

Costs The resources required to provide a particular service that represent the foregone opportunity to provide another 
service

Effectiveness Outcomes achieved in “real-life” settings using patients who may not have been represented in clinical trials, under 
varied management conditions

Efficacy Outcomes achieved in research settings using idealized subjects under optimal conditions

GRADE Grading of Recommendations Assessment, Development and Evaluation: framework to develop high-quality 
guidelines

HIPAA Health Insurance Portability and Accountability Act

ICER Incremental cost-effectiveness ratio: the additional cost incurred by providing an alternative strategy in order to 
achieve increased effectiveness

Metaanalysis Quantitative approach for systematically assessing the results of previous research to arrive at conclusions about the 
body of research

Mobile health (mHealth) The use of mobile electronic devices such as pagers, cell phones, smartphones, laptops, tablet/pad computers, and 
biosensors to collect, analyze, and/or deliver health information

NQF National Quality Forum

PICO Population; intervention; comparator; outcome: format to describe the clinical question to be answered by a 
guideline

QALY Quality-adjusted life year

RCT Randomized clinical trial

Systematic review A process to examine a clearly formulated clinical management question using explicit methods to identify, select, 
and critically appraise relevant research, and to collect and analyze data from included studies

clinical protocols, and evidence-based medicine skills; a content 
that includes benefits, harms, and costs and is current, transpar-
ent, and timely; a format using staged access and an executive 
summary; training in use of systematic reviews; and peer-group 
support [6]. The difficulty in translating knowledge into practice 
remains a persistent barrier to quality healthcare, and is dis-
cussed later in this chapter.

Cost effectiveness and medical  
decision making

Healthcare costs in the USA rose from $253 billion in 1980 to 
$2.5 trillion in 2009 and are projected to reach $4.4 trillion in 
2018 [7]. This rate of spending increase is unsustainable as these 
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each health state. In order to incorporate the differences in the 
quality of life between various states of health, a cost–utility 
analysis employs a conversion factor or weight that is assigned 
to each health state. This factor ranges in value from 1, repre-
senting the state of perfect health in which full credit for time 
spent in this state is accrued, to 0, representing the state of  
death in which no credit is accrued. These factors, or utilities, 
represent the preferences that patients report for these various 
health states. The results of a cost–utility analysis include a  
unit of measurement that reflects the quality adjustment to  
the outcome, such as a quality-adjusted life-year (QALY). 
Comparison between strategies will yield an incremental cost–
utility ratio that combines the quantity and quality of the 
outcome measure in one metric.

A fourth type of economic analysis is the cost–benefit analysis. 
This type of analysis differs from cost-effectiveness or cost–
utility analysis in that all outcomes are expressed in monetary 
terms. While this allows the results of the analysis to be expressed 
as a single value, it requires assumptions that all benefits can be 
assigned specific monetary units. The results of a cost–benefit 
analysis are calculated by subtracting the costs accrued from 
implementation of the strategy from the economic benefits 
gained; if the result is positive, a net gain is perceived to be 
achieved, while a negative result indicates that the strategy is 
not cost beneficial [18].

A final form of economic analysis is a cost–consequence analy-
sis, in which the components of costs and consequences of com-
peting programs are calculated and presented individually, 
without an attempt to aggregate the results.

Costs
An important distinction must be made between costs and 
charges. Costs are defined as the resources required to provide 
a particular service that represent the foregone opportunity to 
provide another service. Because resources expended for one 
service cannot be used for another purpose, this “opportunity 
cost” is defined by the value of that resource in its next best use 
to society [12]. Charges may deviate from cost estimates based 
on inclusion of profit margins, the relative bargaining power of 
payers and providers, and inaccuracies of accounting systems 
[19].

Different components of costs are included depending on the 
perspective of the economic analysis. Cost components include 
direct and indirect (productivity) costs. Direct costs are further 
subdivided into direct healthcare costs and direct nonhealthcare 
costs [12]. Direct healthcare costs are generally borne by insur-
ers and patients and include the costs of procedures, tests, drugs, 
supplies, healthcare personnel, and medical facilities. Direct 
nonhealthcare costs are additional costs accrued by patients and 
include child care, elder care, and transportation costs required 
to attend healthcare encounters. Indirect or productivity costs 
represent resources lost by society resulting from the inability to 
work or engage in leisure activities due to morbidity or death 
from disease [12].

expenditures impact growth in other vital areas of the economy 
such as education and research. Moreover, it is estimated that 
$700 billion each year are wasted in the USA, being used for 
interventions that do not improve health [7,8]. As the costs of 
providing healthcare rise in the face of limited available 
resources, it is increasingly essential to identify management 
strategies that are both effective and cost-effective. There are 
increasing requirements to validate practice patterns to patients, 
insurers, and regulatory agencies including demonstration of 
cost-efficient management. Based on these realities, it is impera-
tive that today’s clinicians possess a solid understanding of 
healthcare economics.

Forms of economic analysis
Medical decision analysis utilizes a set of mathematical tools 
based on probability theory to quantitatively compare the 
expected outcomes of competing medical management strate-
gies [3,9–11]. Economic analysis includes costs in the compari-
son of competing strategies in order to identify optimal 
management strategies in the context of limited economic 
resources [12]. Guidelines directing the conduct and interpreta-
tion of economic analysis in healthcare have been previously 
published [13–17]. The simplest form of economic analysis is a 
cost-minimization analysis, also known as a cost-identification 
analysis. The objective of a cost-minimization analysis is to cal-
culate the least expensive manner in which to treat a specific 
disorder. In order for this type of analysis to be valid, the clinical 
outcomes of competing strategies must be equivalent. The eco-
nomic resources expended through each strategy are summed, 
taking into account the costs of the disease and its complications 
in addition to the costs of treatment. The results of a cost-
minimization analysis are expressed in terms of the resources 
expended through implementation of each strategy.

If the clinical benefits between competing management strat-
egies differ, a cost-minimization analysis is an inappropriate 
tool and more complex analytic methods should be employed. 
A cost-effectiveness analysis aims to measure the cost incurred 
in relationship to the benefit achieved and may be used to 
compare strategies that are expected to yield different outcomes. 
The result of a cost-effectiveness analysis is typically reported as 
the cost required to achieve each unit of benefit, such as the cost 
per life-year gained, or the cost per symptom-free day achieved. 
When comparing competing strategies of management, the dif-
ference in net costs between strategies can be compared to the 
difference in net benefits to calculate the incremental cost effec-
tiveness ratio (ICER). Because this ratio represents the increase 
in resource expenditure per unit of benefit achieved with one 
strategy compared to another, lower incremental cost-
effectiveness ratios are desirable, or more “cost-effective.”

For some diseases, time spent in one state of health may not 
be viewed equal to time spent in other health states. While a 
cost-effectiveness analysis assigns the same measure of outcome 
to all states in which the patient is alive, a cost–utility analysis 
varies the outcome to reflect patient preferences associated with 
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patients back and forth between various health states in a recur-
sive fashion based on time. Discrete event simulation, con-
versely, assigns the probability of events occurring independently 
of time.

Were the costs and outcomes properly measured  
and valued?
Was clinical effectiveness established?
The clinical effectiveness of management strategies must be 
established prior to any comparison of the cost-effectiveness of 
these strategies. Results from a single trial, a range of values 
from multiple trials, or a summary estimate derived from a 
quantitative analysis of published studies (i.e., a metaanalysis) 
are generally accepted to approximate effectiveness. It should be 
noted that efficacy, which represents outcomes achieved in 
research settings using idealized subjects under optimal condi-
tions, may differ from effectiveness, which reflects outcomes 
achieved in “real-life” settings using patients who may not have 
been represented in clinical trials, under varied management 
conditions. Thus, while published results from randomized 
clinical trials are considered the best evidence for establishing 
efficacy of therapy, economic studies may be more valid if based 
on effectiveness data that reflect clinical practice [13].

Were costs measured accurately?
Depending on the identified perspective of the analysis, differ-
ent direct and indirect cost components should be included in 
the economic model. Specifically, a societal perspective that 
incorporates all direct (healthcare and nonhealthcare) and indi-
rect (productivity) costs is optimally desired. However, because 
direct nonhealthcare and indirect costs are generally not avail-
able, many economic models are based on the third-party payer 
or insurer perspectives.

Were costs and outcomes data appropriately integrated?
The most common metric used to integrate results of a cost-
effectiveness analysis is the ICER (incremental cost-effectiveness 
ratio), which describes the additional cost incurred by provid-
ing an alternative strategy in order to achieve increased effec-
tiveness [13]. Thus, in addition to reporting the costs of tested 
strategies and their associated outcomes, such as life-years or 
QALYs gained, an economic study should present the ICER 
between competing strategies. In this manner the resources 
required to implement management strategies to improve 
outcome in one disease may be compared to interventions pro-
posed to manage unrelated disease states.

Economic analyses commonly incorporate discounting or 
time preferences for outcomes. Discounting reflects people’s 
preference for having money and material goods in the present 
rather than in the future, independent from the effect of infla-
tion [17,20]. This concept accounts for the opportunity cost of 
spending money now in order to derive benefit at some later 
time and is generally based on the financial gain that could have 
been achieved had the resources required to implement an 

Evidence-based approach to  
economic studies

Criteria defining valid economic analyses have been previously 
published [12,17,20], including the Evidence-Based Medicine 
Working Group series Users’ Guide to the Medical Literature 
[13,14]. Prior to accepting the conclusions of an economic anal-
ysis, three main issues should be considered: (1) validity of the 
methods, (2) presentation of the results, and (3) implications for 
patient care.

Validity of the methods
Did the analysis provide a full economic comparison of 
healthcare strategies?
To answer this question, all clinically relevant strategies must be 
included in the analysis, and an appropriate perspective of the 
analysis be chosen.

Was a broad-enough viewpoint adopted?
When an economic model is constructed, the perspective, or 
vantage point from which costs and benefits are observed, must 
be established. A societal perspective is preferred whereby all 
costs borne by the healthcare system, the patient, and society 
are included; thus direct healthcare costs, direct nonhealthcare 
costs, and indirect (productivity) costs are included [12,17,20]. 
Because direct nonhealthcare costs and indirect costs may be 
difficult to identify, perspectives less comprehensive than the 
societal perspective are commonly utilized. These perspectives 
include a third-party payer, or insurer, perspective, the perspec-
tive of a hospital or clinic, or the patient perspective [12].

In addition to costs, outcomes include the effects examined, 
such as life-years gained or the number of cancer cases detected 
or prevented. If the analysis includes patient preferences for the 
various health states included in the model (a cost–utility analy-
sis), the outcome will be described in units of QALYs. By exam-
ining more global benefits such as life-years or QALYs, an 
economic analysis may compare resource expenditures among 
differing disease states; if outcomes are limited to those specific 
to a disease process, such as the numbers of cancers detected, 
such comparisons are not possible.

Were all the relevant strategies compared?
All clinically reasonable strategies available to manage a clinical 
problem should be considered. Moreover, each strategy should 
be scrutinized to ensure it conforms to a logical sequence of 
events. Generally, investigators will provide a figure summariz-
ing their proposed model so readers can critique the model’s 
structural and variable assumptions. Although it is beyond the 
scope of this chapter to discuss construction of decision models 
in detail, it should be noted that decision trees are designed to 
model the temporal flow of clinical events from one initial deci-
sion point to subsequent events, branching in a tree-like fashion 
that aims to capture the probabilistic nature of a disease process. 
In contrast, Markov models allow for movement of hypothetical 



Clinical decision making CHAPTER 34   645

What were the incremental costs and outcomes of  
each strategy?
Results of an economic analysis are best understood by present-
ing the costs and health outcomes of each strategy, identifying 
dominated strategies (strategies costing more despite providing 
less benefit than other strategies), and calculating the incremen-
tal cost-effectiveness between successively more effective non-
dominated strategies [14].

Do incremental costs and outcomes differ  
between subgroups?
Much of outcomes research concerns identification of popula-
tions in which costs or health outcomes differ substantially  
from the average results. Subgroup analysis allows formation of 
models that can determine whether certain interventions are 
cost-effective only if limited to populations at high risk for 
development of poor outcomes, or conversely may be cost-
effective for the general population except for those identified 
at low risk for poor outcomes.

How much does allowance for uncertainty change  
the results?
As stated previously, one of the most important functions of a 
health economic analysis is to identify critical areas of research 
needed to establish whether proposed interventions are cost-
effective. A sensitivity analysis illustrates whether variation in 
the baseline assumptions of a model substantially alter the con-
clusions of an analysis. Because uncertainty exists in the esti-
mates used to populate the variables of all models, it is imperative 
that the range of clinical plausible values be examined in a sys-
tematic fashion. These values are generally obtained through 
systematic reviews and metaanalysis of existing literature. There 
may be insufficient data with which to conduct the analysis of 
some variables; in this case the use of expert opinion may be 
the only method available to generate values.

If the conclusions of an analysis substantially change with 
variation in the assumptions of the model, the model is defined 
to be sensitive to these assumptions. If these assumptions are 
parameter estimates for variables, then clinical research is 
needed to more precisely define the value of these variables. If 
these assumptions are structural assumptions of the model, 
additional data are required to define the interactions between 
the variables of the model. The latter generally requires progress 
in understanding of the biology and etiology of a disease 
process, or the mechanism by which interventions may provide 
benefit.

Implications for patient care
An economic analysis will not be useful unless it addresses a 
clinical question that has the potential to improve patient man-
agement. It is essential to critically appraise the actual benefits, 
risks, and costs associated with implementation of tested strate-
gies, and determine whether the results of an analysis based on 

intervention been instead invested. In a similar manner, health 
benefits must also be adjusted to reflect time preferences of 
patients; if not, delaying implementation of an intervention 
would always appear more cost-effective [17].

Was appropriate allowance made for uncertainties in  
the analysis?
This is arguably the most important question to answer when 
assessing decision analysis studies, including those focusing on 
health economic questions. Uncertainty in the assumptions of 
the model may induce variability in the results that may cause 
the conclusions of the analysis to change. Uncertainty may be 
present in the parameter estimates (numerical values used for 
the model variables) as well as in the structural assumptions of 
the model, that is how the model is constructed [12]. The con-
ventional manner used to examine uncertainty is through sen-
sitivity analysis. Values used as parameter estimates may be 
tested to observe whether variation within clinically relevant 
extremes alter the results. The structural assumptions may be 
tested by changing the relationship between various parts of the 
model and observing whether differences in conclusions arise. 
If variations of these factors are associated with substantial 
changes in conclusions, the model is reported to be sensitive to 
these factors. One of the major functions of decision analysis is 
to identify critical factors necessary to define a clinical problem. 
The variables to which a model is sensitive identify the priority 
areas in which further investigation should be pursued.

Uncertainties in parameter estimates may be examined 
through one-way sensitivity analysis in which a range of clinically 
plausible values are assigned to a single variable and the results 
are examined to determine whether the overall conclusions of the 
analysis change. In two- or three-way analyses, two or three vari-
ables are varied simultaneously to assess their joint influence on 
the outcome of the model. Multiple (n-way) sensitivity analysis 
can be accomplished through specialized modeling techniques 
such as Monte Carlo simulation, in which the values assigned to 
multiple variables are varied simultaneously [21].

Are estimates of costs and outcomes related to the 
baseline risk in the treatment population?
It is important to understand the population simulated in an 
economic model. Specifically, the generalizability of the results 
of an analysis depend heavily on whether the hypothetical sub-
jects are representative of the population as a whole, or only 
represent a subpopulation at high or low risk for the outcomes 
assessed by the model.

Presentation of the results
If serious methodological flaws are identified through the 
process outlined above, there is little need to examine the results 
of the study. However, it is hoped that published studies are  
of sufficient quality to achieve favorable responses to the  
criteria presented and warrant examination of the results of the 
analysis.
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extrapolation of the findings. Additionally, the infrastructure to 
successfully implement the intervention must be shown to func-
tion as effectively as that available in the clinical trial [14].

Could I expect similar costs?
The perspective of the analysis dictates what types of costs are 
included in the model. However, even when limiting an eco-
nomic analysis to direct healthcare costs, considerable differ-
ences may exist between costs used in a study and the costs 
inherent to one’s own health system. The reasons are varied but 
include differences in the resources required to render services 
in different geographies or by the type of healthcare system 
(government, private insurer, health maintenance organiza-
tion), or because variations in clinical practice may induce cost 
differences that prevent translation of study costs to one’s own 
practice environment [17].

Clinical practice guidelines

The availability of data, despite synthesis through systematic 
review, metaanalysis, and cost-effectiveness analysis, is usually 
insufficient to impact clinical management. Clinical practice 
guidelines are intended to create this link and are defined as 
“systemically developed statements to assist practitioner and 
patient decisions about appropriate healthcare for specific clini-
cal circumstances” [22]. The goals of systematically developed 
clinical practice guideline are multiple: to improve patient care 
and health outcomes, to reduce inappropriate variations in 
practice, to promote efficient use of resources, and to help define 
and inform public policy. While there has been a steady increase 
in the number of guidelines over the past 10 years, uptake and 
adoption of guidelines has been hindered by a number of 
factors, notably, lack of transparency in the development 
process, lack of a uniform system for rating the evidence that 
informs the guideline, lack of trust in the recommendations, 
and ineffective management of conflict of interest of guideline 
authors. Recognizing these deficiencies, a recent Institute of 
Medicine report defined standards for the development of high-
quality guidelines [23].

While several development frameworks have been used, 
among the most common are the GRADE (Grading of 
Recommendations Assessment, Development and Evaluation) 
and the US Preventive Services Task Force processes. Because 
much of gastroenterology and hepatology care is not focused on 
prevention but rather diagnosis and treatment, GRADE is the 
preferred framework. GRADE’s methodologically rigorous 
framework and binary classification of strong versus condi-
tional (weak) recommendations provides a clear and actionable 
direction to patients, clinicians, and policy makers [24]. Strong 
recommendation means that most patients should receive the 
recommended course of action, whereas a conditional recom-
mendation means that different choices will be appropriate for 
different patients (Box 34.1).

data derived from a research environment can be extrapolated 
to a general population.

Are the treatment benefits worth the harms and costs?
When comparing competing strategies in terms of their costs 
and benefits, three outcomes are possible. A strategy may be 
both less costly and provide greater benefit than an alternative 
strategy, in which case it is defined to be a dominant strategy. 
Conversely, the strategy itself may be dominated by being both 
more costly and associated with less benefit than the alternative. 
Lastly, one strategy may be more costly but achieve greater 
benefit than the alternative; in this case the incremental cost-
effectiveness or incremental cost–utility may be calculated  
to determine whether the benefit is worth the expense. 
Implementation of the more costly strategy depends on the 
willingness or ability of the healthcare system (or appropriate 
perspective of the analysis) to commit the required resources to 
achieve the greater benefit.

Table 34.2 illustrates these possibilities. The difference in cost 
between strategies is aligned in rows, whereas the difference in 
effectiveness is listed in columns. When strategy A is less expen-
sive than (or the same cost as) strategy B and possesses greater 
effectiveness, strategy A is defined as being dominant over strat-
egy B. If the converse is true and strategy A is both more expen-
sive and associated with less (or equal) effectiveness compared 
with strategy B, strategy A is defined as being dominated by 
strategy B. The remaining cells depict situations in which one 
strategy is associated with greater costs, but also greater effec-
tiveness. In these cases the ICER may be calculated, represent-
ing the additional resources required to improve outcome by 
using one strategy instead of another.

Could my patients expect similar health outcomes?
This question addresses the generalizability of findings from 
research studies to clinical practice. One must consider the 
potential difference between the efficacy of an intervention in a 
clinical trial to the effectiveness of that intervention in a general 
practice setting. Because clinical trials are usually performed in 
highly selected patient populations at specialized research insti-
tutions, it must be questioned whether patients in one’s own 
practice are similar enough to those in clinical trials to warrant 

Table 34.2 Interpretation of cost-effectiveness analyses.

Effectiveness

A > B A ≤ B

Costs A > B ICER A versus B B Dominant

A ≤ B A Dominant ICER B versus A*

* If costs and effectiveness are equal, strategies are equivalent.
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inconsistency can be identified, the evidence may be down-
graded. In addition, it may not be possible to directly compare 
competing management strategies to other patient populations, 
or there may be low numbers of study participants, or rare study 
outcomes that reduce certainty and may lead to down-grading 
evidence quality. Finally, the presence of wide confidence inter-
vals that include benefit and no effect, or even potentially harms, 
may require further down-grading of quality.

The overall quality of evidence supporting a specific PICO is 
based on those outcomes that were a priori deemed critical for 
decision making, and less so on outcomes that were deemed to 
be less critical. Importantly, however, there are additional factors 
that influence the strength of recommendations. The balance 
between desirable and undesirable effects of interventions, 
accounting for differences between individual patients’ values 
and preferences, and consideration of the healthcare resources 
required to implement an intervention or strategy, also influ-
ence the strength of a recommendation.

Problems implementing guidelines into  
clinical practice
Practice guidelines have not yet achieved the goal of increasing 
quality while reducing unnecessary expenditures. A Cochrane 

Box 34.1 GRADE quality of evidence, strength of recommendations, 
and implications.

Strong recommendations
Patients: Most people in this situation would want the recommended 

course of action and only a small proportion would not. Formal 
decision aids are not likely to be needed to help individuals make 
decisions consistent with their values and preferences

Clinicians: Most patients should receive the recommended course of 
action. Adherence to this recommendation according to guidelines 
could be used as a quality criterion or a performance indicator

Policy makers: The recommendation can be adapted as a policy in 
most situations

Conditional (weak) recommendations
Patients: The majority of people in this situation would want the 

suggested course of action, but many would not. Decision aids are 
useful in helping individuals make decisions consistent with their 
values and preferences

Clinicians: Examination of a summary of the evidence may help 
patients make a decision that is consistent with their own values 
and preferences (shared decision making)

Policy makers: There is a need for substantial debate and involvement 
of stakeholders

Box 34.2 Conceptualizing quality of evidence supporting a 
recommendation.

• High quality – we are very confident that the true effect lies close 
to that of the estimate of the effect supporting the 
recommendation

• Moderate quality – we are moderately confident in the estimate of 
effect supporting the recommendation: the true effect is likely to be 
close to the estimate of effect, but possibility to be substantially 
different

• Low quality – our confidence in the effect supporting the 
recommendations is limited: the true effect may be substantially 
different from the estimate of the effect

• Very low quality – we have very little confidence in the effect 
estimate supporting the recommendation: the true effect is likely to 
be substantially different from the estimate of effect

Box 34.3 Rating the quality (confidence) of evidence.

Factors that can decrease our confidence (rating down):
1. Limitations in study design
2. Inconsistency of results
3. Indirectness of evidence
4. Imprecision of results
5. Publication bias
Factors that can increase our confidence (rating up):
1. Large magnitude of effect
2. Dose–response gradient
3. All plausible confounding would increases the effect of the 

intervention

Developing a guideline using GRADE
The first step is to define the clinical questions that will be 
addressed by the guideline. Each question should be framed 
using the PICO format. Because clinical outcomes do not share 
equal importance, GRADE differentiates outcomes as those 
critical for decision making, others that are important but not 
critical for decision making, and those that are less or not 
important for decision making. Ranking of outcomes is impor-
tant because the quality of evidence is determined separately for 
each outcome across studies.

The next step in GRADE is to conduct or identify a high-
quality systematic review (SR) of the literature using Medline or 
the Cochrane Library for each PICO [24]. Each SR will provide 
the data across individual studies used to generate a best esti-
mate of the effect for each outcome. GRADE defines the quality 
of evidence as the confidence in the summary estimate, speci-
fied as high, moderate, low, and very low (Box 34.2). Unlike 
other quality assessments that are based exclusively on the study 
design, GRADE has explicit criteria allowing the assessor to rate 
up or down the quality of evidence (Box 34.3). Evidence from 
randomized controlled trials (RCTs) start with a high confi-
dence, and observational studies begin with an initial low con-
fidence in the estimate. However, if an RCT has major 
methodological limitations, such as inadequate allocation con-
cealment, lack of blinding, high losses to follow-up, or lack of 
an intention-to-treat analysis, the quality of the evidence may 
be down-staged. If there is large variation in the effects observed 
across studies it is important to try to identify the explanations 
for these inconsistent results, which may be due to differences 
in the study populations, intervention, comparators, outcome 
measures, or study methodology. If no explanation for the 
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tools using mobile platforms have been developed to facilitate 
the decision-making process and bridge the gap between evi-
dence and practice. The exponential growth of mobile device 
technology over the past decade has facilitated the growth of 
mobile health for clinical decision making. Although Apple’s 
first iPhone was only released in 2007, 45% of Americans own 
a smartphone and 91% of these owners keep their phones 
within three feet of themselves, 24 hours a day [29–31]. 
Physicians are even more avid early adopters of smartphone 
technology. By 2011, 81% of US physicians owned a smartphone 
and 50% endorse its regular use in their clinical practice [32,33]. 
This percentage is projected to approach 100% for physicians in 
the near future, especially because many academic medical 
centers and hospitals have even begun distributing smartphones 
and/or tablets to their healthcare staff [32].

Definition of mobile health
Mobile health, or mHealth, is defined as the use of mobile elec-
tronic devices such as pagers, cell phones, smartphones, laptops, 
tablet/pad computers, and biosensors to collect, analyze, and/or 
deliver health information. Pagers are the simplest mobile plat-
form offering only text messaging capabilities. Cell phones offer 
both voice and text messaging capabilities. Tablet or pads are 
lightweight, portable, battery-operated computers with wireless 
Internet capability. Smartphones combine the features of a cell 
phone and portable computer, with Internet access through 
both a telecommunications carrier and wireless networks. 
Smartphones and tablets can support peripheral devices and 
run self-contained software applications, known as “apps.” 
Biosensors, oftentimes wearable, collect and transmit targeted 
clinical data wirelessly to a selected mobile device.

Current uses of mobile health for clinical 
decision making
Smartphone apps that function as diagnostic or therapeutic 
aides are the most familiar use of mHealth by medical providers 
at this time. These apps range from medical calculators, drug 
guides, textbook references, diagnostic/treatment algorithms, to 
search engines. Based on a 2011 survey, the most commonly 
used smartphone apps by providers were drug guides and 
medical calculators such as ePocrates®, Medscape, and MedCalc 
[33]. However, the most desired smartphone apps by providers 
were textbook/references and classification or treatment guide-
lines [33]. The disconnect between the most commonly used 
and desired smartphone apps by providers was likely due to the 
quality, availability, and/or familiarity of currently offered apps.

A novel and emerging use of mHealth is patient data collec-
tion, largely through a movement known as “quantified self.” 
Data is collected unobtrusively from patients via mobile devices 
in either an active and/or passive manner. Active data collection 
requires a patient to manually log his/her own data; examples 
include entering one’s medications, meals, or symptoms. Passive 
data collection, on the other hand, involves continuous data 
streaming to or from a mobile device without overt patient 

review of 45 studies comparing the effectiveness of provider-
focused educational material versus no intervention revealed 
that these had only a small beneficial effect on professional 
practice outcomes (median absolute risk difference in categori-
cal practice outcomes = 0.02 [0 to 0.110]) [23]. A cluster-
randomized trial testing whether dissemination of published 
guidelines, algorithms, stratification scoring systems, and 
written reminders with performance feedback improved adher-
ence to guideline recommendations for management of ulcer 
bleeding failed to show a significant difference compared with 
control groups [25]. A qualitative study of Dutch general prac-
titioners identified several barriers to adherence to clinical prac-
tice guidelines. Barriers varied depending on the guideline 
topic, but several common themes emerged: lack of agreement 
with the recommendations due to lack of applicability or lack 
of evidence, environmental factors such as organizational con-
straints, lack of knowledge regarding the guideline recommen-
dations, and guideline factors such as unclear or ambiguous 
guideline recommendations [26]. Additional research has 
shown that controversial recommendations are less often fol-
lowed than noncontroversial recommendations, and recom-
mending a change in practice is difficult, but made easier if 
recommendations are based on research evidence [27]. 
Conversely, the features of guidelines that have been shown to 
be associated with greater uptake included recommendations 
that required acquisition of new skills, absence of a complex 
decision tree, compatibility with existing norms and values and 
practice, and support from published evidence [28].

In addition to these empirically identified barriers, it seems 
apparent that there exists a lack of adequate incentives to imple-
ment recommendations and motivate change in behavior. The 
emerging focus on “value-based purchasing” of healthcare 
insurance attempts to provide financial incentives for providers 
to pursue management strategies that are based on best evi-
dence and have been demonstrated to be cost-effective. The shift 
from reimbursement based on quantity to payment based on 
quality represents the next step in the evolution of healthcare 
payment reform. In the USA, the National Quality Forum 
(NQF) is establishing quality measures upon which the Center 
for Medicare and Medicaid Services (CMS) may employ dif-
ferential reimbursement to reward programs that achieve or 
exceed these metrics, and penalize programs that either do not 
meet these requirements or are unable to measure, document, 
and report their outcomes.

Bridging the gap between evidence and 
practice: clinical decision support tools and 
mobile health

It is evident that, despite development of practice guidelines 
based on published evidence, there remains a barrier between 
identification of best practices and implementation of recom-
mendations in the clinical setting. Clinical decision support 
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Teleradiology, the transmission of digital radiographic images, 
impacted treatment plans in 21% of acute orthopedic fractures 
at a teaching hospital when compared to verbal translation of 
the radiographic findings [36].

Pilot studies investigating the utility of smartphones in the 
monitoring and management of chronic diseases have also been 
promising. For the diabetic population, a system was created to 
collect glucose measurements using a peripheral add-on device. 
Daily text messages were delivered to the patients summarizing 
his/her 7 and 14-day blood glucose averages, deviation from 
target blood glucose levels, and missing data points. This system 
demonstrated significant reductions in glycosylated hemo-
globin levels and increased diabetic self-care activities in people 
with type 2 diabetes after 3 months of use [37]. A similar effect 
was achieved in blood pressure control in another study [38]. 
The system comprised a Bluetooth-enabled home blood pres-
sure (BP) monitor, a fax-back system to send physicians’ recom-
mendations, and a BP alerting system for persistently high or 
low measurements. After 4 months of enrollment, all patients 
showed a significant decrease in 2-week average blood pressure 
readings. Other clinical support platforms have been described 
but their effectiveness in clinical decision making has not yet 
been formally investigated.

As a data collection tool, electronic mobile diaries, mainly in 
the diabetic population, have resulted in improved patient com-
pliance rates, higher quality entries and more efficient handling 
of the data than paper diaries [39–41]. User satisfaction was also 
higher amongst patients using electronic diaries compared to 
paper diaries [39]. However, the literature on the use of biomet-
ric data from wearable sensors for clinical decision making is 
sparse and remains in its descriptive and developmental phases 
[42].

Current barriers to mobile health
The development of mHealth has resulted in a rapid increase of 
unregulated, nonevidence-based, and nonpeer-reviewed appli-
cations and services. On September 25, 2013, the Food and 
Drug Administration (FDA) released a guidance document, 
Mobile Medical Applications, indicating its intention to regulate 
“mobile medical applications” that meet the FDA definition of 
a medical device and “is intended to be used as an accessory to 
a regulated medical device; or to transform a mobile platform 
into a regulated medical device” [43]. No organizations or gov-
erning bodies currently exist to review or validate the content 
contained within medical apps. The screening process by app 
marketplaces such as Apple Store and Google Play Store is 
focused primarily on app functionality, not content. Providers 
at this time therefore have little guarantee, aside from a com-
pany’s reputation, of the validity of the information and/or serv-
ices provided by mHealth apps and services.

Currently, there are few efforts aimed at providers and their 
trainees to guide their selection and use of mHealth applica-
tions. Word-of-mouth, advertising, branding, and familiarity 
are the main mechanisms of distribution and adoption of 

interaction. This involves the use of either built-in internal 
device components, such as an accelerometer or global posi-
tioning systems, or peripheral add-on devices, such as infrared 
detectors or glucometers. Passive data collection also includes 
tracking one’s digital social behavior from call logs to activity 
on social networks such as Facebook and Twitter.

Advantages of mobile health
mHealth offers numerous advantages over conventional medi-
cine and, consequentially, has been quickly adopted by provid-
ers. The most attractive feature of a smartphone is its convenience. 
A smartphone consolidates a physician’s heavy tool belt consist-
ing of a cell phone, a pager, a camera, reference books, medical 
calculators, diagnostic algorithms, treatment guidelines, search 
engines, and patient medical records into a single, handheld, 
portable device. It also provides continuous information access 
to the most updated resources.

Recent smartphones offer even more convenience to their 
users by their extended portals of communication, which help 
close the geographical and time gaps between a provider and 
his/her patient. Traditional telemedicine, the provision of clini-
cal healthcare at a distance, allows patients and providers to be 
physically in different geographical locations but still requires 
time and site coordination. Telemedicine through a smartphone 
allows a provider to update a patient’s treatment plan at any 
time. A provider can prescribe medications or place new orders 
outside of the office via an app, on the web, or with a phone call. 
A provider also has the flexibility of communicating with his/
her patient from any location, either in real time by phone or 
video or self-paced by electronic mail or text.

As mentioned in the prior section, mHealth can be used to 
collect patient data; this offers several benefits over traditional 
data collection methods. It allows providers to view patients in 
their home environment and over a longer period of time. This 
results in a more realistic and complete clinical picture of each 
individual patient. It also adds reliable and quantitative patient 
information previously thought to be impractical or impossible 
to collect. For patients, data collection using mHealth can in 
itself be empowering and therapeutic. For example, patient par-
ticipation and self-management of his/her own healthcare has 
been previously shown to reduce gastrointestinal symptoms in 
patients suffering from irritable bowel syndrome [34,35].

Finally, smartphones are computers. This allows for more 
efficient data collection, processing, and analysis to help guide 
clinical decisions compared to traditional methods such as 
paper diaries. Not only can this be time-saving for both provid-
ers and patients, but it can also reduce medical errors such as 
those involving drug interaction or calculation of medication 
dosage.

Evidence for the use of mobile health for clinical 
decision making
While mHealth is still relatively young, evidence supporting  
its use for clinical decision making has begun to emerge. 
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mHealth will play an integral role in the clinical decision-
making process. From the provider’s perspective, mHealth may 
be used to upload patient data at clinic visits to identify optimal 
management strategies tailored to the specific needs of indi-
vidual patients. Mobile devices can offer multiple modes of 
communication, such emailing, texting, video calls, and phone 
calls, to allow for more flexible and efficient patient–provider 
interactions. From the patient’s perspective, mHealth can func-
tion as a “daily coach” to motivate adherence to lifestyle changes 
and/or improve medication compliance. mHealth services can 
also serve as a therapeutic intervention with online cognitive 
behavioral therapy, meditation, and yoga routines. mHealth can 
also educate patients through web resources, live chat rooms, 
apps, and digitized patient handouts. Incorporation of these 
mHealth applications is expected to provide “precision medi-
cine” that tailors healthcare to the individual patient while 
reducing the administrative burden on clinicians.
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mHealth platforms for both patients and providers. A complete 
library of available mHealth apps and products is not available. 
Cost also plays a significant role in app selection because a 
purchase commitment must be made prior to an app’s trial. 
Providers have limited direction on how to use mHealth apps 
and products brought to them by their patients, typically  
consisting of biometric data and/or electronic journaling. 
Providers not only have to spend time familiarizing themselves 
with each individual app’s user interface and data presentation 
but they also may wish to act upon these novel forms of patient 
data. The integration of these patient data into clinical diagnos-
tic and treatment algorithms has not yet been established or 
validated.

It is important to realize that mHealth largely evolved from 
consumer and not health-provider demand. Patients, providers, 
and hospitals have had little to no input. Most importantly, 
mHealth was not originally developed with patient security and 
privacy in mind. This has raised significant issues with the non-
secure data transmission of individually identifiable health 
information and compliance with the Health Insurance 
Portability and Accountability Act (HIPAA) security and 
privacy regulations. Device thefts also pose a significant threat 
to patient health information breeches. Hospital organizations 
should prepare for higher levels of information technology 
support as mHealth continues to expand and given the different 
operating systems involved.

Conclusions

The ultimate goal of medical decision making is to provide a 
framework through which clinicians may translate best evi-
dence into optimal management for patients under their care. 
This starts with rigorous systematic reviews and metaanalyses, 
which may be complemented by cost-effectiveness or similar 
economic analyses. Clinical practice guidelines are designed to 
synthesize information to assist clinicians improve healthcare 
decisions. However, it is imperative that guidelines are con-
structed in a transparent fashion that demonstrates the rationale 
for recommendations and mitigates potential bias and author 
conflict of interest. Guidelines must provide clear guidance to 
practicing physicians, and form the basis for metrics upon 
which we agree to be judged. The GRADE framework is an 
internationally recognized method through which clinical prac-
tice guidelines may be developed, taking account of not only the 
quality of the evidence, but also the relative benefits and harms 
associated with competing management strategies, potential 
ambiguity in patient preferences for treatments and outcomes, 
and the healthcare resources necessary to implement interven-
tions or strategies.

Despite the energy and resources expended in guideline 
development, their recommendations have been difficult to 
implement in the clinical setting. However, it is anticipated that 

http://www.yamadagastro.com/textbook


651

CHAPTER 35

Chapter menu

Definitions, 651

Etiologies and pathophysiology, 652

Diagnosis, 653

Differential diagnosis, 654

Principles of management, 654

Further reading, 656

Definitions

Dyspepsia is one of the most common gastrointestinal condi-
tions seen in both primary and specialist care. The term dys-
pepsia, which is derived from Greek and literally means “difficult 
digestion,” has been used to refer to a heterogeneous group of 
symptoms located in the upper abdomen. Dyspeptic symptoms, 
which occur mostly in response to food intake, include  
postprandial fullness, early satiation, epigastric pain, upper 
abdominal bloating, nausea, and even heartburn, regurgitation, 
anorexia, belching, or vomiting [1–3]. Up to 20% of subjects in 
the general population may experience regular dyspeptic symp-
toms in the broad sense, but only a minority will seek medical 
care [4,5]. Patients usually present with several of these symp-
toms, making it one of the most variable clinical syndromes. 
The severity and intensity of symptoms can range from very 
mild to interfering with daily activities and food intake. Hence, 
dyspepsia may be a challenging problem in clinical practice.

In patients with dyspepsia, additional investigations may 
identify an underlying organic disease, such as peptic ulcera-
tion, that is likely to cause the symptoms. These subjects are 
referred to as having an organic cause of dyspepsia. However, in 
the majority of subjects with dyspeptic symptoms, routine clini-
cal work-up reveals no organic abnormality, and these patients 
are said to have functional dyspepsia (FD). The term uninvesti-

gated dyspepsia refers to patients with dyspeptic symptoms in 
whom diagnostic investigations have not yet been performed 
[1–3] (Figure 35.1).

The definitions of dyspepsia and of functional dyspepsia have 
evolved in the last few decades. Factors underlying these varia-
tions include inclusion or exclusion of symptoms suggestive of 
gastroesophageal reflux disease (GERD), and the type and 
number of symptoms that suggest dyspepsia has become more 
restrictive over time. The earliest definitions considered dyspep-
sia to comprise all upper abdominal and retrosternal sensations 
[6]; subsequently, Rome I and II consensus documents defined 
dyspepsia as pain or discomfort centered in the upper abdomen 
[7,8], where discomfort may refer to a wide range of symptoms, 
which include postprandial fullness, upper abdominal bloating, 
early satiety, epigastric burning, belching, nausea, and vomiting. 
The Rome II consensus document recommended that esopha-
geal disorders are not part of the dyspepsia symptom cluster, 
and that heartburn as a predominant symptom should label the 
patient as having GERD and not dyspepsia [8].

The most recent iteration, the Rome III consensus, narrowed 
dyspepsia to a group of symptoms that are considered to  
consistently originate from the gastroduodenal region [3].  
Only four symptoms were considered to convincingly originate 
in the gastroduodenal region: postprandial fullness, early satia-
tion, epigastric pain, and epigastric burning, although it is 
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drugs (NSAIDs). Peptic ulcer disease is suggested by a history 
of improvement of symptoms with meals, nocturnal pain, and 
symptomatic relief by a course of H2-receptor antagonists or 
proton pump inhibitors (PPIs). However, the symptom pattern 
does not adequately discriminate peptic ulcer disease from FD, 
and therefore this differentiation requires endoscopy [11–13].

Gastroesophageal reflux disease is the most important condi-
tion overlapping with FD. Heartburn and regurgitation are the 
most typical symptoms associated with GERD, but often dys-
peptic symptoms coexist. A systematic review reported that 
erosive esophagitis was the most common abnormality encoun-
tered on endoscopy in dyspeptic subjects (pooled prevalence 
13.4%), followed by peptic ulcer (pooled prevalence 8.0%) [14]. 
The prevalence of erosive esophagitis was lower when the pres-
ence of dyspepsia was based on the Rome criteria compared 
with a broad definition incorporating all upper gastrointestinal 
symptoms (6% vs 20%). It is likely that at least a similar number 
of patients with dyspeptic symptoms have nonerosive reflux 
disease based on pH monitoring, even in the absence of typical 
GERD symptoms [15–17].

Less than 1% of patients presenting with dyspeptic symptoms 
are diagnosed with gastric or esophageal cancer after investiga-
tion [18]. The risk of gastric cancer is higher in patients who are 
infected with H. pylori, immigrants from areas with high preva-
lence of gastric cancer, and those with a family history of gastric 
malignancy. Unfortunately, it seems that alarm symptoms and 
age are not adequate predictors of the risk of finding malignancy 
at endoscopy, and clinicians should remain alert in those with 
a family history or rapidly evolving symptoms with high  
impact such as unexplained weight loss, vomiting, or dysphagia 
[11,12,14,18,19].

Biliary tract disorders are rarely found in patients with dys-
pepsia, and are not really thought to mimic the dyspepsia 
symptom pattern [3]. The clinical presentation of biliary colic 
is easily distinguishable from that of dyspepsia; thus, patients 
do not require routine biliary tract ultrasound. Pancreatic 
disease is less prevalent, but both pancreatitis and pancreatic 
cancer may initially present as dyspepsia. The subsequent evolu-
tion of pancreatic disorders with more severe pain and develop-
ment of jaundice or weight loss usually distinguishes them from 
dyspepsia.

Lifestyle factors: contrary to popular beliefs, studies have 
failed to establish ingestion of specific foods (spicy foods,  
coffee, alcohol) as a cause of dyspepsia [20]. On the other hand, 
ingestion of capsaicin triggers dyspeptic symptoms in FD 
patients [21]. Dyspepsia is also a common side-effect of intake 
of several drugs, such as iron supplements, narcotics, antibiot-
ics, digitalis, estrogens, theophylline, levodopa, and many 
others. NSAIDs may induce dyspepsia in up to 20% and peptic 
ulcers or erosions in up to 10% of subjects [22]. Compared to 
NSAIDs, cyclooxygenase-2 inhibitors are associated with a 
lower frequency of dyspepsia and peptic ulceration [23].

Several other gastrointestinal disorders may also cause dyspep-
tic symptoms. These include infectious (Giardia lamblia and 

acknowledged that many other symptoms may coexist [3]. 
According to the same Rome III consensus, functional dyspep-
sia (FD) is defined as the presence of early satiation, postpran-
dial fullness, epigastric pain, or epigastric burning, in the 
absence of underlying organic or metabolic disease that is likely 
to explain the symptoms [3].

Although the Rome III definition of FD comprises only four 
cardinal symptoms, it is still considered heterogeneous in its 
presentation, underlying pathophysiology, and optimal man-
agement. FD is an umbrella term, with two distinct syndromes: 
the postprandial distress syndrome (PDS; meal-related dyspep-
tic symptoms, characterized by postprandial fullness and early 
satiation) and the epigastric pain syndrome (EPS; meal-
unrelated dyspeptic symptoms, characterized by epigastric pain 
and epigastric burning) [3]. Epidemiological studies have pro-
vided support to the existence of PDS and EPS as separate 
subentities in the general population. However, in patients pre-
senting to gastroenterology clinics with functional dyspepsia, 
there is significant overlap between PDS and EPS as currently 
defined and this reduces the usefulness of this classification in 
clinical practice [9].

Etiologies and pathophysiology

Organic causes of dyspepsia
The most prevalent organic causes of dyspeptic symptoms  
are peptic ulcer disease and gastroesophageal reflux disease 
(GERD). Upper GI tract malignancies and celiac disease are less 
common but clinically relevant causes of dyspeptic symptoms 
[3,10–13]. These conditions are addressed in more detail in 
other chapters in this textbook. The key investigation in patients 
with (chronic) dyspeptic symptoms is upper gastrointestinal 
endoscopy, which can identify erosive esophagitis, peptic ulcer, 
or gastric or esophageal cancer.

Peptic ulcer is a well-known cause of dyspeptic symptoms, but 
the prevalence of peptic ulcer in dyspeptic subjects is estimated 
to be only 5%–10%, with decreasing incidence over time [11–
13]. The two main causes of peptic ulcer disease are Helicobacter 
pylori infection and intake of nonsteroidal antiinflammatory 

Figure 35.1 Uninvestigated, organic, and functional dyspepsia.
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Disordered gastric emptying
Between 20% and 50% of FD patients have a delayed rate of 
solid gastric emptying, with the largest studies showing delayed 
emptying in approximately 30% [3,27]. Whether delayed gastric 
emptying results in the generation of symptoms, or is an epi-
phenomenon, is a matter of ongoing controversy [26]. In three 
large single-center studies from Europe, patients with delayed 
gastric emptying for solids were more likely to report postpran-
dial fullness, nausea, and vomiting [32–34]. One study reported 
rapid gastric emptying in a relevant subset of FD patients [35], 
but this was a rare finding in the other studies [3,32–34].

Altered duodenal sensitivity and integrity
A number of studies have reported increased sensitivity to duo-
denal lipid or acid perfusion in FD [27]. Duodenal pH monitor-
ing revealed increased duodenal acid exposure in FD compared 
to controls, which was attributable to impaired acid clearance 
[36]. More recently, altered mucosal integrity of the duodenum 
in FD was reported, attributable to changes in tight junction 
protein expression, and correlated with low-grade inflamma-
tory changes [37]. Besides duodenal acid exposure, acute stress 
has been identified as a potential cause of loss intestinal mucosal 
integrity [38].

Diagnosis

In patients presenting with dyspeptic symptoms, clinical history 
should identify the major complaint, and determine whether 
symptoms are related to meal ingestion, and whether they are 
intermittent or continuous. The site, mode of onset, intensity, 
character, and precipitating/relieving factors should be deter-
mined. The duration and severity of symptoms may help to 
distinguish dyspepsia from symptoms related to organic disor-
ders such as peptic ulcer, chronic pancreatitis, and malignant 
disease, as addressed below. In patients with long-standing 
symptoms, the reason for the current healthcare seeking should 
be elicited, to recognize specific fears and concerns. The use of 
medications should be reviewed, and drugs commonly associ-
ated with dyspepsia (especially NSAIDs) should be discontin-
ued if possible.

In most instances, physical examination of the dyspeptic 
patient will not reveal any abnormality, except for mild tender-
ness upon deep epigastric palpation in some cases. The onset of 
symptoms (acute or more chronic), evidence of weight loss, 
dysphagia, vomiting, bleeding, a family history of gastric or 
esophageal cancer, anemia, lymphadenopathy, or an abdominal 
mass are all so-called “alarm features” or red flags. While these 
may indicate an increased likelihood of an organic disorder, and 
prompt further investigations, their predictive value is limited 
[3,10–12].

The clinician may choose to approach the symptoms as 
“uninvestigated dyspepsia,” and to start empiric treatment 
without additional investigations, especially endoscopy  

Strongyloides stercoralis), ischemic (arcuate ligament, atheroma-
tosis of the coeliac artery), inflammatory (celiac disease, Crohn’s 
disease, sarcoidosis, lymphocytic gastritis, eosinophilic gastro-
enteritis), or infiltrative (amyloid, lymphoma, Ménétrier disease) 
upper gastrointestinal disorders. Most of these will be identified 
by upper gastrointestinal endoscopy with biopsies. Gastroparesis 
(idiopathic or secondary to drugs, metabolic, systemic, or neu-
rological disorders) is also associated with a dyspepsia-like 
symptom pattern [24], and the distinction between idiopathic 
gastroparesis and FD with delayed gastric emptying is a matter 
of controversy [25]. Furthermore, patients with constipation or 
other colonic motor abnormalities may also present with upper 
gastrointestinal symptoms mimicking dyspepsia [26].

Functional dyspepsia
Several pathophysiological mechanisms have been implicated  
in symptom generation in functional dyspepsia, including 
impaired gastric accommodation to a meal, hypersensitivity to 
gastric distention, delayed gastric emptying, H. pylori infection, 
altered duodenal sensitivity to lipids or acid, abnormal intestinal 
motility, and central nervous system dysfunction [1–3,27,28].

Impaired gastric accommodation to a meal
Accommodation of the stomach to a meal is a vagally mediated 
reflex relaxation of the stomach, triggered by ingestion of a 
meal, which serves to provide the meal with a reservoir. The 
accommodation reflex enables the stomach to handle large meal 
volumes without a rise of intragastric pressure [29]. Studies 
using intragastric manometry have demonstrated that ingestion 
of a meal is associated with a drop in intragastric pressure, fol-
lowed by a gradual recovery of pressure during ongoing nutrient 
ingestion, which parallels the occurrence of meal-induced satia-
tion [30].

Studies using a variety of methods (gastric barostat, scintig-
raphy, ultrasonography, single photon emission computed tom-
ography), or noninvasive surrogate markers (nutrient drinking 
test) indicate that approximately 40% of FD patients have 
impaired accommodation [1,3,27,29]. This impaired accommo-
dation is associated with increased intragastric pressure and 
activation of mechanoreceptors, leading to early satiation and 
potentially weight loss [3,29,30]. The causes of impaired accom-
modation are unknown, but the prevalence of impaired accom-
modation seems to be higher among FD patients with a 
postinfectious symptom onset, presumably through impaired 
nitrergic nerve function [31].

Hypersensitivity to gastric distension
As a group, FD patients are hypersensitive to gastric balloon 
distention, and this mechanism is thought to contribute to 
symptom generation during gastric filling [3,26]. Although 
altered processing by the central nervous system may be 
involved, there is also evidence for activation of tension-sensitive 
mechanoreceptors in hypersensitivity to gastric distention 
[27,28].
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toms may be attributed to a large variety of organic diseases 
(“organic” dyspepsia), where an identifiable cause for the symp-
toms exists, and where symptoms improve if the disorder is 
treated. The other large group are patients with functional dys-
pepsia, where no definite structural or biochemical substrate 
underlying the symptoms is identified.

Heartburn, the typical symptom of gastroesophageal reflux 
disease, is recognized by its occurrence after meals, the burning 
character of the pain, and its associated retrosternal rising 
aspect. A word-picture questionnaire may be helpful to recog-
nize the typical symptom pattern [15]. Peptic ulcer may be 
suggested by localized epigastric pain, which is relieved by food 
or antacids and which may awaken the patient at night. A short 
history of new-onset dyspepsia in a patient over the age of 50, 
especially with weight loss, should raise the suspicion of gastric 
cancer, while nagging upper abdominal pain, with radiation to 
the back, may indicate chronic pancreatitis or pancreatic cancer. 
The typical history of a biliary colic (sudden onset of severe 
epigastric pain with nausea and vomiting) should be recog-
nized. The classical triad of upper abdominal pain induced by 
eating, fear of eating, and weight loss should raise suspicion of 
intestinal ischemia.

As indicated above, upper gastrointestinal endoscopy is the 
key investigation and will identify the most relevant organic 
disorders. In select cases, based on the clinical history and the 
clinician’s evaluation, additional tests can be considered such as 
testing for celiac disease and Giardia infection (especially in 
acute onset), abdominal ultrasound or CT scan (in case of severe 
pain or weight loss), screening for stenosis of large abdominal 
arteries (history suggestive of ischemia), and psychological or 
psychiatric assessment in case of long-standing refractory or 
debilitating symptoms. Advanced motility testing may also be 
considered in refractory patients, by means of gastric emptying, 
particularly in cases with significant nausea or vomiting or 
esophageal pH/impedance monitoring for refractory intermit-
tent pain or epigastric burning. If the gastric emptying is severely 
delayed, it should be followed by small bowel x-ray or CT enter-
ography to exclude mechanical obstruction.

Principles of management

Management of uninvestigated dyspepsia
For those patients without alarm criteria, variable management 
strategies for “uninvestigated dyspepsia” are available. These 
include prompt diagnostic endoscopy, noninvasive testing for 
H. pylori infection followed by eradication therapy if positive 
(“test and treat”) and initial empirical acid-suppressive therapy 
[38]. In theory, empirical prokinetic therapy could also be con-
sidered as initial option, but this is not viable due to a lack of 
widely available prokinetic drugs with established efficacy. A 
firm diagnosis of FD is only established after a negative upper 
gastrointestinal endoscopy, and this can be done before or after 
empirical symptomatic therapy [2,3].

(Figure 35.2). This approach is chosen when there are no alarm 
symptoms, a low likelihood of organic disease, and no easy 
access to diagnostic endoscopy. In all other cases prompt upper 
gastrointestinal endoscopy is recommended as the additional 
examination of choice. In most cases this will be sufficient to 
distinguish functional dyspepsia from organic dyspepsia [3].

Differential diagnosis

The differential diagnosis of dyspepsia is extremely broad, 
including virtually all upper gastrointestinal tract diseases  
(Box 35.1). Even after detailed history taking and clinical exami-
nation, there is usually no diagnostic certainty. Dyspeptic symp-

Figure 35.2 Proposed management algorithm for functional dyspepsia.

Chronic
dyspeptic
symptoms

Organic
dyspepsia

Functional
dyspepsia

70%
Endoscopy

Eradicate if H.pylori positive

Postprandial
distress

syndrome (PDS)

Prokinetic
agent

Proton pump
inhibitor

Prokinetic
agent

Proton pump
inhibitor

• Early satiation: fundic relaxant
• Weight loss: mirtazapine

Tricyclic antidepressant
if refractory

Epigastric pain
syndrome

(EPS)

Box 35.1 Differential diagnosis of dyspepsia.

Gastroesophageal reflux disease
Chronic peptic ulcer
Drug-induced dyspepsia
Infectious disorders (Giardia, Helicobacter)
Symptomatic cholelithiasis
Chronic pancreatitis
Malignant disease (gastric, pancreatic, colonic)
Mesenteric vascular insufficiency
Metabolic disorders (e.g., renal failure, hypercalcaemia, 

hyperthyroidism)
Abdominal wall pain
Ischemic heart disease (referred pain)
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importance. Lifestyle and dietary measures are usually pre-
scribed although the impact of dietary interventions has not 
been systematically studied [20]. Patients are advised to eat 
more frequent, smaller meals, and to avoid fatty meals and spicy 
foods. Limitation of coffee and alcohol and stopping smoking 
are suggested to be helpful, and NSAIDs are avoided.

For many, but not all, patients pharmacotherapy will be con-
sidered. The therapies of choice are acid-suppressive therapy, 
prokinetics, H. pylori eradication, and psychotropic agents.

Eradication of H. pylori in FD generates a small but statisti-
cally significant benefit, as evident from a Cochrane metaanaly-
sis [56]. With an estimated number to treat of 14, a late occurring 
superiority of eradication over placebo (after 6–12 months), and 
a gradually declining subgroup of infected FD patients, the 
benefit is limited. On the other hand, H. pylori eradication is 
the only therapy that may induce sustained remission, may 
protect against peptic ulcer and gastric cancer, and is relatively 
inexpensive [56,57]. Hence, its treatment is recommended early 
on in the management cascade of FD patients, if they are found 
to be infected with H. pylori (Figure 35.2).

Acid-suppressive therapy is a popular first-line treatment 
approach, and a metaanalysis of placebo-controlled, rand-
omized trials with PPIs in FD showed a significant benefit of 
13% over placebo [58]. Patients with concomitant heartburn are 
the best candidates, followed by FD patients with epigastric pain 
(EPS group according to Rome III). However, patients with 
meal-induced symptoms (PDS group) do not seem to respond 
to PPIs [58] (Figure 35.2). There were no significant differences 
in efficacy between PPIs, nor dose-related effects.

Prokinetics, drugs that stimulate gastric motility, are popular 
on a global scale for the treatment of FD. Metaanalyses showed 
significant benefit for prokinetics over placebo, with a relative 
risk reduction of 33% and a number to treat of six. As they are 
most beneficial for symptoms of postprandial fullness, early 
satiation, and nausea, they seem best used in the management of 
PDS patients (Figure 35.2). However, these results are mainly 
driven by studies using cisapride and domperidone, two drugs 
with limited availability due to cardiovascular safety concerns, 
and there are indications of publication bias in the literature [59]. 
Prokinetic agents are in fact a heterogeneous class of drugs, and 
although they are grouped for their ability to enhance gastric 
emptying, this aspect does not seem to predict the symptomatic 
benefit they may convey [60]. Traditional prokinetic agents are 
dopamine-2 receptor (D2) antagonists or 5-hydroxytryptamine 
4 (5-HT4) receptor agonists. Metoclopramide and domperidone 
enhance gastric contractility through the dopamine receptor 
antagonim, but metoclopramide has received a black box warning 
for neurological adverse events and domperidone has been asso-
ciated with QT interval prolongation, which may facilitate 
cardiac arrhythmias, and therefore the European Medicines 
Agency recommended prescription-based use at standard doses 
only for this drug [61,62]. Cisapride, a 5-HT4 receptor agonist, 
was withdrawn due to QT prolongation and fatal arrhythmias 
[63]. More recent attempts to establish efficacy in FD for newer 

No cost-effectiveness data are available to justify routine 
laboratory testing in patients with uncomplicated dyspepsia, but 
most clinicians will perform some limited routine tests (com-
plete blood count, routine electrolyte measurement, serum 
calcium, liver biochemical tests, and thyroid function), espe-
cially after the age of 40.

Prompt endoscopy has the advantage of immediate detection 
and rapid treatment of organic causes of dyspepsia such as 
peptic ulcer, erosive esophagitis, or malignancy. Furthermore, 
biopsies allow diagnosis of H. pylori infection if present. While 
this approach may provide reassurance to both physician and 
patient, it is invasive, expensive, and probably not cost-effective, 
and will often not dramatically alter therapeutic choices, which 
is acid suppression in most cases [39–43]. A metaanalysis of five 
trials comparing initial endoscopy to a “test and treat” strategy 
concluded that initial endoscopy may be associated with a small 
reduction in dyspeptic symptoms, but this gain is not cost-
effective [39].

Test and treat for H. pylori allows identification of the cause 
of the majority of peptic ulcers and the most important risk 
factor for gastric cancer [44]. This is advocated for dyspeptic 
patients below the age of 45, and those with a positive test are 
prescribed standard H. pylori eradication therapy (a proton 
pump inhibitor and two antibiotics for 10 to 14 days; see also 
Chapters 56 and 58). Patients with a negative test result are 
treated empirically, usually with a proton pump inhibitor. The 
“test and treat” strategy allows cure of peptic ulcer disease, pre-
venting future peptic ulcers, and also curing a small subset 
(approximately 7%) of patients with H. pylori-related dyspepsia. 
Furthermore, eradication of H. pylori may reduce the risk of 
gastric cancer [44–47].

However, there are also some disadvantages to this approach, 
including a low yield when the community prevalence of H. 
pylori infection is low, and concerns about allergy or resistance 
to antibiotics. Controlled studies show only a modest reduction 
in dyspeptic symptoms after a “Test and Treat” approach and 
no major difference in symptom resolution or costs when com-
pared to empirical PPI therapy [48–52].

Empirical antisecretory therapy with PPIs as initial therapy is 
attractive because it controls symptoms and lesions in most 
patients with underlying GERD or peptic ulcer disease, and may 
be beneficial for a subgroup of FD patients [53,54]. The disad-
vantage of empirical PPI therapy is rebound hypersecretion, 
which may cause symptom relapse upon treatment interruption 
and hence dependence with long-term use [55]. Economic 
analyses indicate that empirical antisecretory therapy may be 
more cost-effective if H. pylori infection prevalence is low 
[51,52].

Management of functional dyspepsia
A firm diagnosis of FD can be made after a negative endoscopy 
in patients with dyspeptic symptoms. Clear communication of 
a confident diagnosis, reassurance, and education are of primary 
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ties, based on a mechanism of action that differs from other 
gastroprokinetic agents, was superior to placebo in a 4-week 
phase 3 trial in PDS in Japan [71]. With a significant benefit of 
17.4% over placebo, and a number needed to treat of six for 
overall treatment efficacy, acotiamide was approved for FD 
treatment in Japan. The drug is currently under evaluation for 
the treatment of PDS in a phase 3 program in Europe.
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prokinetic drugs, including the classes of motilin and ghrelin 
receptor agonists, have not been very successful [64].

Psychotropic drugs, especially antidepressants, are often used 
as second-line drugs in functional gastrointestinal disorders. A 
systematic review suggested that psychotropic drug therapy in 
FD is associated with significant symptom improvement over 
placebo, but the individual trials were small and of poor quality 
[65]. A more recent, large, randomized, double-blind, placebo-
controlled trial with the serotonin/noradrenaline reuptake 
inhibitor venlafaxine in 160 FD patients showed poor tolerance 
and no benefit over placebo [66]. The findings of this negative 
study with a serotonin/noradrenaline reuptake inhibitor should 
not be extrapolated to all psychotropics [67]. A small study in 
38 patients showed benefit with amitriptyline over placebo in 
improving total symptom score and nausea [68]. In a pilot study 
with mirtazapine, a dual action (noradrenergic-serotonergic) 
antidepressant with H1-, α2-, 5-HT2c-, and 5-HT3-receptor 
antagonistic properties, 15 mg in the evening for 8 weeks was 
superior to placebo in improving overall symptom score, early 
satiation, nutrient tolerance, and weight recovery in FD patients 
with weight loss [69]. These drugs can be considered in refrac-
tory patients (Figure 35.2).

In refractory patients, psychological therapies such as cogni-
tive behavioral therapy or hypnotherapy can be considered. 
While there are literature reports of their efficacy, the quality of 
the studies is suboptimal, and there are major obstacles such as 
availability and reimbursement of skilled therapists and limited 
acceptability by some patients towards this type of therapy [3].

A number of new pharmacotherapeutic agents are currently 
under evaluation. Activation of 5-HT1A receptors relaxes the 
proximal stomach through inhibition of cholinergic tone [29]. 
Buspirone, a 5-HT1A receptor agonist used in the treatment of 
panic attacks, showed benefit over placebo in a small placebo-
controlled pilot study in FD, and this was attributed to enhance-
ment of meal-induced accommodation [70]. A clinical trial in 
Japan with a similar compound, tandospirone, showed signifi-
cant benefit over placebo, which was not attributable to anxio-
lytic or antidepressant effects [71]. Acotiamide, a novel 
compound with fundus-relaxing and gastroprokinetic proper-
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Definition

Despite its relatively simple anatomy and function, the esopha-
gus can generate a variety of symptoms. Probably the most 
commonly encountered esophageal symptoms are heartburn 
and regurgitation. These are typically, but not exclusively, asso-
ciated with gastroesophageal reflux disease (GERD). Reflux 
symptoms and GERD will be discussed elsewhere in this book 
(see Chapter 49). In this chapter three other esophageal symp-
toms – dysphagia, odynophagia, and chest pain – will be dis-
cussed. As will be outlined, the pathophysiology of these 
symptoms is diverse and their recommended management is 
highly dependent on the underlying abnormality.

Dysphagia
The term dysphagia is derived from the ancient Greek words 
δυς (dys, bad, disordered) and ϕαγέίν (fagein, to eat). Dysphagia 
is often translated as “difficulty with swallowing,” but this is 
frequently incorrect because in many patients with dysphagia 
the swallowing act (deglutition) is normal. It is essential to 
distinguish between oropharyngeal dysphagia and esophageal 
dysphagia. In the former the patient perceives difficulty to trans-
port the bolus from the mouth to the esophagus, in the latter 
the patient experiences delayed transit of the bolus through the 
esophagus. Oropharyngeal dysphagia is also referred to as 
“high” or “cervical” dysphagia. It should be noted that in some 

patients with an esophageal cause of dysphagia (e.g., achalasia) 
the history suggests a disturbance in proximal esophageal func-
tion because of the patients’ perception of the area of hold-up. 
These patients point at the region of the upper esophageal 
sphincter as the site of bolus hold-up. This can be misleading: 
it can be the cause of referral to an ENT specialist rather than 
to a gastroenterologist and may lead to a delay in the diagnosis. 
Dysphagia (both oropharyngeal and esophageal) can be limited 
to solid or liquid boluses or can occur with both.

Odynophagia
The term odynophagia is mostly used to denote the phenome-
non that transit of swallowed material through the esophagus  
is associated with retrosternal pain. The word is derived  
from the Greek οδυνη (odyno, pain) and ϕαγέίν (fagein, to eat). 
Odynophagia can occur with all types of food and drink but 
often hot beverages specifically elicit this symptom. The 
symptom is less common than dysphagia.

The term odynophagia can also be used to denote pain in the 
pharynx or throat that occurs during swallowing. Management 
of this type of odynophagia (“oropharyngeal odynophagia”) is 
usually in the domain of the ENT specialist.

Chest pain
Angina-like chest pain is a retrosternal oppressing pain that  
is usually described as severe and anxiety inducing. The  
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junction dysfunction”), either as an isolated abnormality or in 
combination with disordered or absent peristalsis, as occurs in 
achalasia. In the pathophysiology of achalasia, loss of inhibitory 
neurons in the esophageal wall and vagus nerve are key mecha-
nisms, the most plausible explanation for such loss being the 
development of autoantibodies against the neurons. Rarely, 
achalasia occurs as a paraneoplastic effect of a distant tumor. In 
some regions of South America, achalasia-like motor abnor-
malities are brought about by Chagas disease, resulting from an 
infection with Trypanosoma cruzi. There are increasing numbers 
of patients who acquired such infections while living in South 
America, and who now reside in the United States. Indeed, 
increasing numbers of endogenous infections have been docu-
mented in Texas and elsewhere in the American South.

As in other parts of the gastrointestinal tract, there is usually 
a poor correlation between the severity of a motility disorder 
and the severity of the patient’s symptoms. This is certainly true 
for the symptom dysphagia. Even in patients with complete 
absence of peristalsis, as in scleroderma, dysphagia may be 
absent. At the other end of the spectrum, patients may experi-
ence severe dysphagia but have completely normal esophageal 
peristalsis, LES function, and bolus transit on barium studies.

The pathophysiological events underlying dysphagia in eosi-
nophilic esophagitis are incompletely understood. In some cases 
narrowing of the esophageal lumen, often at more than one site, 
plays a role. In other cases the eosinophilic esophagitis is associ-
ated with disordered esophageal motility. Studies also suggest 
that impaired distensibility of the esophagus is involved in the 
pathophysiology in a subset of patients with the disorder [2].

Odynophagia
All cases of odynophagia seem to have in common a lesion of 
the esophageal mucosa. The assumption is that the lesion leads 
to increased exposure of chemo- and thermonociceptors within 
the mucosa and submucosa. When activated, these nociceptors 
transmit their impulses through unmyelinated C-fibers or mye-
linated Aδ-fibers, the latter leading to sharper and better local-
ized pain than the former [3].

Noncardiac chest pain
Episodic chest pain of esophageal origin can be elicited by gas-
troesophageal reflux and by spastic motor disorders, with the 
former being more frequent. It is unclear why most patients 
experience reflux as heartburn and a minority as angina-like 
chest pain. The mechanisms through which presence of gastric 
contents in the esophagus elicits heartburn or chest pain have 
not been fully elucidated. It is intuitively plausible that a defec-
tive mucosal barrier makes it possible for hydrogen ions to 
penetrate deeper in the mucosa than is the case in health [4]. 
The discovery that the intercellular spaces between the surface 
epithelial cells are wider in patients with reflux disease than in 
healthy subjects lends support to this hypothesis [5].

The mechanisms through which esophageal spasm, jackham-
mer esophagus, and achalasia can lead to chest pain are far from 

characteristics of this pain are similar to those of angina pectoris 
and acute myocardial infarction, including radiation to jaw and 
left arm. The adjective “noncardiac” should only be used when 
a cardiac origin of the pain has been excluded or made highly 
unlikely by evaluation by a cardiologist.

Organic versus functional disorders
Whereas the symptoms dysphagia, odynophagia, and noncar-
diac chest pain point in the direction of the esophagus as a 
cause, it is not always possible to prove the esophageal origin of 
symptoms. If an esophageal cause is identified, the correlation 
between the severity of the abnormal findings and the severity 
of these symptoms is often poor. If an esophageal origin of the 
symptoms cannot be found, the symptoms are categorized as 
“functional.” The Rome III classification of functional gastroin-
testinal disorders encompasses criteria for “functional dys-
phagia” and “functional chest pain of presumed esophageal 
origin” [1].

Pathophysiology

The symptoms dysphagia, odynophagia, and chest pain can 
result from a multitude of diseases and disorders, not only of 
the esophagus but also of neighboring organs. Whereas, there 
clearly is overlap between the pathophysiology of the three 
symptoms, specific pathophysiological mechanisms appear to 
be involved in the development of each symptom.

Dysphagia
In the pathophysiology of oropharyngeal dysphagia, factors that 
may play a role include poor dentition, neurological diseases 
that impair mastication, and diminish saliva production because 
they affect the oral preparation phase of swallowing. Neurological 
disorders may also lead to disordered bolus transit from the 
mouth to the pharynx and to disordered delivery of the bolus 
to the proximal esophagus. Even if the contractile forces are in 
the normal range, loss of coordination between the pharyngeal 
peristaltic contraction and relaxation of the upper esophageal 
sphincter resulting from a neurological disorder can cause 
severe oropharyngeal dysphagia.

Esophageal dysphagia is either caused by luminal obstruction 
or by abnormal motor function of the esophagus and/or the 
lower esophageal sphincter (LES). Not infrequently, a combina-
tion of obstructive and motility factors can be identified.

Obstruction of the esophageal lumen can be caused by an 
intrinsic (esophageal) abnormality such as a tumor or peptic 
stricture, or by an extrinsic (extraesophageal) process, such as a 
tumor in the mediastinum or an aneurysm of the thoracic aorta.

Motor disorders of the esophageal body that can cause 
impaired esophageal transit and dysphagia are of two types: 
those with diminished peristalsis and those associated with 
spastic esophageal contractions. In addition, dysphagia can be 
caused by insufficient relaxation of the LES (“esophagogastric 
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of possibilities. Since most of the causes of oropharyngeal dys-
phagia lie within the realm of the otolaryngologist and the neu-
rologist, these will not be discussed in detail here. However, 
every gastroenterologist must have sufficient knowledge of these 
disorders to recognize them and to refer the patient to the most 
appropriate specialist.

The causes of esophageal dysphagia, listed in Box 36.2, clearly 
differ from those of oropharyngeal dysphagia, but they share the 
subdivision into two broad groups: mechanical obstruction and 
motility disorders.

A few decades ago, fibrotic stenosis (stricture) of the distal 
esophagus caused by reflux esophagitis was one of the most 
common causes of dysphagia. Since the advent of drugs that 
inhibit acid secretion, in particular proton pump inhibitors, the 
prevalence of peptic esophageal stenosis has declined consider-
ably. Likewise, the prevalence of Schatzki ring, an easily disrupt-
able superficial circular stricture, has become less common, 
with the widespread use of acid inhibitors. In contrast, malig-
nant strictures of the esophageal lumen are increasingly relevant 
as a cause of dysphagia, not only because acid-peptic causes 
have become less prevalent, but also because the incidence of 
esophageal adenocarcinoma is on the rise.

Odynophagia
The causes of odynophagia are listed in Box 36.3. The clinical 
picture of pill-induced odynophagia is characteristic: a history 
of ingestion of a drug with corrosive properties, midesophageal 
odynophagia, and a localized mucosal lesion at endoscopy, 
usually at the level of the aortic impression [9]. The odynophagia 
associated with esophagitis caused by Candida albicans, herpes 

clear. Stimulation of stretch-sensitive mechanoreceptors in the 
deeper layers of the esophageal wall may elicit the chest pain [3]. 
Others believe it to be more likely that ischemia of the esophagus 
takes place during prolonged and abnormally strong esophageal 
contractions and that it is this ischemia that leads to the chest 
pain. Still others hold that sustained longitudinal muscle con-
tractions are responsible for the pain [6]. None of these mecha-
nisms explain the relatively poor correlation between chest pain 
episodes and episodes of abnormal contractility.

The pathogenesis of the chest pain in patients with “func-
tional chest pain of presumed esophageal origin” (Rome III) is 
still obscure. Whereas there are data showing that visceral 
hyperalgesia and central sensitization may be involved, recent 
findings do not support the notion that esophageal hypersensi-
tivity plays a role [7,8].

Etiologies

Dysphagia
The causes of oropharyngeal (cervical) dysphagia are listed in 
Box 36.1. As in esophageal dysphagia, obstruction of the lumen 
by an intrinsic or extrinsic lesion or structure is high on the list 

Box 36.1 Causes of oropharyngeal dysphagia.

Mechanical obstruction

• Cricopharyngeal bar
• Neoplasms
• Retropharyngeal abscess
• Cervical osteophyte
• Goiter
• Foreign body
• Zenker diverticulum
• Stenosis of anastomosis with gastric tube

Neurogenic motility disorder

• Cerebrovascular accident
• Parkinson disease
• Amyotrophic lateral sclerosis
• Multiple sclerosis
• Brainstem tumors
• Peripheral neuropathies

Myogenic motility disorder

• Myasthenia gravis
• Polymyositis
• Myotonic dystrophy
• Oculopharyngeal dystrophy

Miscellaneous

• Decreased saliva secretion
○ Sjögren syndrome
○ Radiotherapy
○ Medication with anticholinergic side effects

Box 36.2 Causes of esophageal dysphagia.

Mechanical obstruction

• Peptic stricture
• Radiotherapy-induced stricture
• Esophageal adenocarcinoma
• Esophageal squamous cell carcinoma
• Benign esophageal tumor
• Schatzki ring
• Aberrant subclavian artery (dysphagia lusoria)
• Aneurysm of thoracic aorta
• Mediastinal abnormalities
• Foreign body

Motility disorders

• Achalasia
• Esophageal spasm
• Nutcracker esophagus
• Jackhammer esophagus
• Scleroderma
• Chagas disease
• Ineffective esophageal motility

Functional dysphagia
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In the case of dysphagia, it is of primary importance to  
find out whether there is a problem with the act of swallowing 
(oropharyngeal dysphagia) or with the transit of a successfully 
swallowed bolus through the esophagus (esophageal 
dysphagia).

In patients with episodic angina-like chest pain, it is pivotal 
to ascertain whether or not the pain is exercise related. If this is 
the case, gastroesophageal reflux can still be the cause of the 
pain, but it is essential to exclude a cardiac origin of the symptom 
before any gastroenterological work-up is begun.

Laboratory tests
In the diagnosis of disorders associated with dysphagia, 
odynophagia, or noncardiac chest pain, laboratory tests rarely 
contribute to the management. In patients with severe esophagi-
tis or esophageal carcinoma, iron deficiency and anemia can 
sometimes be found.

Imaging tests
Endoscopy
Endoscopic examination of the esophagus plays a pivotal role 
in the management of patients with dysphagia, odynophagia, or 
noncardiac chest pain. In patients with dysphagia or a history 
of food impaction, eosinophilic esophagitis should be ruled out 
by taking an adequate number of biopsies along the length of 
the esophagus, even if the mucosa is macroscopically normal 
[13]. There is no evidence that taking biopsies from macroscopi-
cally normal mucosa is useful in patients with odynophagia or 
chest pain.

simplex virus or cytomegalovirus is most frequently found in 
patients who are immune compromised [10]. Candida albicans 
infection can also occur in patients who use an inhalation  
corticosteroid for obstructive lung disease and in patients  
with severe esophageal stasis, for example in achalasia. Rarely, 
odynophagia is the first symptom of esophageal squamous cell 
carcinoma, which need not be advanced to cause the symptom.

Chest pain
The causes of noncardiac chest pain are listed in Box 36.4. In 
contrast to popular belief, GERD is a far more common cause 
of noncardiac chest pain than so-called spastic motor disorders 
such as diffuse spasm, nutcracker esophagus, or the jackham-
mer esophagus [11]. Musculoskeletal causes of chest pain can 
usually by identified by physical examination, revealing tender-
ness on palpation. Panic attacks in the context of panic disorder 
may be accompanied by a variety of somatic symptoms, chest 
pain being one of the most frequently encountered [12].

Diagnosis

History and physical examination
In patients presenting with dysphagia, odynophagia, or chest 
pain, the diagnostic process must start with meticulous history 
taking. It is of utmost importance to obtain information about 
the onset of the complaint. In general, a symptom with long 
duration is less reason for concern than a symptom with a recent 
onset. It is also important to inquire about potential factors that 
led to the development of the symptom, for example the inges-
tion of a sharp object or a caustic substance.

Box 36.3 Causes of odynophagia.

Ingestion of caustic agents

• Acid
• Alkali

Pill-induced esophagitis

• Doxycycline
• Nonsteroidal antiinflammatory drugs
• Bisphosphonates
• Slow-release potassium chloride

Foreign body

Radiation esophagitis

Infectious esophagitis

• Candida albicans
• Viral infections (herpes simplex virus, cytomegalovirus, HIV)
• Mycobacteria (tuberculosis, avium complex)

Erosive esophagitis in gastroesophageal reflux 
disease

Esophageal carcinoma

Box 36.4 Causes of chest pain.

Cardiac abnormalities

• Angina pectoris
• Myocardial infarction
• Pericarditis
• Mitral valve prolapse
• Microvascular angina

Gastroesophageal reflux

Musculoskeletal causes

• Costochondritis
• Fibromyalgia

Esophageal motor disorders

• Esophageal spasm
• Jackhammer esophagus
• Nutcracker esophagus
• Achalasia

Neuropsychiatric causes

• Panic disorder

Functional chest pain of esophageal origin
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nosis is different for each of these symptoms, and it is different 
for oropharyngeal and esophageal dysphagia.

Principles of management

The most important principle of the management of patients 
presenting with dysphagia, odynophagia, or chest pain of poten-
tial esophageal origin is that a definite diagnosis must always be 
made. An initial judgment should be made regarding the 
urgency with which the diagnostic process should be carried 
out. As described above, a detailed history should be taken 
because this will provide clues not only regarding the possible 
cause but also regarding the degree of urgency that is required 
in diagnostic testing. Only when the history is long and alarm 
symptoms such as weight loss are absent, is delay in the per-
formance of diagnostic tests acceptable.

A second important principle specifically applies to the man-
agement of patients with angina-like chest pain. In these patients 
it is essential that cardiac causes of the symptoms be ruled out 
before proceeding with any investigation of the gastrointestinal 
tract. In most cases this includes the involvement of a cardiolo-
gist. In many cases cardiac catheterization and coronary artery 
angiography will be required.

Endoscopy plays a pivotal role in the management of  
patients with dysphagia, odynophagia, and noncardiac chest 
pain. Most experts agree that endoscopy should precede barium 
swallow as the first imaging procedure: it is more sensitive for 
the detection of mucosal abnormalities and has the advantage 
of offering the possibility to take biopsy specimens. In patients 
presenting with dysphagia, biopsies from the esophageal body 
should be taken even when no abnormalities are seen in order 
to rule out eosinophilic esophagitis [13]. As is apparent from 
the algorithms in Figures 36.1, 36.2, and 36.3, the findings made 
during endoscopy largely determine the subsequent manage-
ment strategy.

Management of dysphagia
As outlined above, the management of a patient with dysphagia 
must be based upon an established diagnosis and therapy must 
consist of treatment of the cause of the dysphagia.

In this chapter the management of oropharyngeal (cervical) 
dysphagia will not be discussed because treatment of the under-
lying disorders – listed in Box 36.1 – generally lies in the purview 
of otolaryngologists or neurologists. There are two exceptions. 
First, some gastroenterologists have specialized in the endo-
scopic treatment of Zenker diverticulum. They use a flexible 
endoscope and electrocautery to incise the tissue bridge between 
the diverticulum and the main esophageal lumen [19]. Second, 
stenosis in the proximal esophagus leading to esophageal dys-
phagia, causes symptoms that are often indistinguishable from 
oropharyngeal dysphagia. In most centers, dilatation of such  
a stenosis will be performed by a gastroenterologist, rather  
than by an ENT specialist. A typical example is the stenosed 

Barium swallow
The barium esophagogram still is a useful technique in the 
work-up of patients with unexplained dysphagia [14]. Detection 
of subtle changes in esophageal diameter (dilation or stenosis) 
is better with radiography than with endoscopy. In addition, and 
most importantly, the barium esophagogram provides informa-
tion about esophageal transit. For this purpose, not only barium 
suspension can be used, but preferably swallowing of a solid 
bolus, such as a marshmallow or a piece of bread impregnated 
with barium, should be part of the examination.

Function tests
It is of utmost importance that structural lesions of the esopha-
gus, in particular cancer, have been ruled out before considering 
function testing.

Esophageal manometry
Manometry is the gold standard for the detection and classifica-
tion of esophageal motility disorders. With manometry, even 
subtle impairment of esophageal peristalsis can be detected. In 
recent years, high-resolution manometry has served as an 
important addition to standard manometric techniques. With 
this technique, intraesophageal pressures are measured at 1-cm 
intervals, rather than at 3-cm or 5-cm intervals. This innovation 
has led to new algorithms for graphical display and interpreta-
tion of the recorded signals [15]. Some argue that conventional 
manometry is so inferior to high-resolution manometry that it 
should no longer be used, but others hold the view that all clini-
cally relevant observations can still be made with conventional 
techniques.

Esophageal manometry can be combined with intraluminal 
impedance measurement and this allows assessment of the 
functional impact of esophageal contractions. The incorpora-
tion of solid swallows, a test meal or a rapid drinking test into 
the manometric study may further increase the sensitivity of 
manometry as a tool to detect esophageal dysfunction [16,17].

Esophageal transit scintigraphy
Scintigraphy does not provide structural information but is the 
best technique for quantification of esophageal transit. The tech-
nique involves ingestion of a liquid or solid bolus labeled with 
a radionuclide and recording of radionuclide transit by a gamma 
camera [18]. Scintigraphic assessment has been recommended 
as a screening test in patients with dysphagia, but has not gained 
popularity in most centers because of inherent disadvantages 
such as poor anatomical definition in comparison with a barium 
swallow.

Differential diagnosis

In all patients presenting with dysphagia, odynophagia, or  
noncardiac chest the underlying cause should be sought. As is 
apparent from Box 36.1 through Box 36.4, the differential diag-
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the most useful next investigation. It may demonstrate an une-
quivocal cause, such as achalasia, or an abnormality that may 
or may not be a causative factor, such as diffuse esophageal 
spasm, nutcracker, or jackhammer esophagus. Some prefer to 
do a barium swallow first, prior to esophageal manometry. If 
this is done, provocation with a solid bolus (barium-impregnated 
marshmallow or bread) should be considered when barium sus-
pension passes the esophagus normally. However, most experts 
advise to pursue the barium swallow with a solid bolus when 
esophageal manometry has revealed no abnormality or there is 
residual ambiguity in the cause of symptoms (Figure 36.1). 
When interpreting solid bolus transit studies, it should be borne 
in mind that even in asymptomatic healthy subjects, temporary 
hold-up of the bolus occurs quite frequently and may not be 
pathological [16].

If achalasia is diagnosed, several effective therapeutic options 
are available. These will be discussed elsewhere in this book. 
When a spastic motor disorder such as diffuse esophageal 
spasm or jackhammer esophagus is found, treatment with a 
spasmolytic drug, in particular a calcium channel blocker or a 
nitric oxide donor such as nitroglycerin, is the drug of first 
choice but side effects often outweigh the beneficial effects. The 
reader is referred to Chapter 48 on esophageal motor disorders 
for a more detailed discussion.

anastomosis between the proximal esophagus and a gastric 
remnant in patients who underwent esophagectomy.

In the management of esophageal dysphagia, therapy will be 
guided by the cause of the symptom. If esophageal carcinoma 
is found, treatment will depend on localization and size of the 
tumor, presence or absence of metastases, and on the condition 
or general health of the patient. This is discussed elsewhere in 
this book. When a benign stricture is the cause of the symptoms, 
endoscopy-guided dilatation, with a bougie or water-filled 
balloon, is usually carried out. If the stricture is due to radio-
therapy, dilatation should be carried out with great care because 
the risk of perforation is higher than with other types of stric-
ture. This will be described in other chapters of this book. In 
the rare cases in which the arteria lusoria syndrome or an aneu-
rysm of the thoracic aorta is the cause of the dysphagia, the only 
effective treatment is vascular surgery [20].

If a combination of reflux esophagitis and peptic stenosis  
is found, it is recommended to treat the esophagitis first,  
with a proton pump inhibitor. When the dysphagia subsides 
upon healing of the esophagitis, dilatation may not be 
necessary.

In patients with dysphagia in whom endoscopy does not 
reveal a cause, biopsies should be obtained to exclude eosi-
nophilic esophagitis, and then esophageal manometry is often 

Figure 36.1 Algorithm for the management of esophageal dysphagia. DES, diffuse esophageal spasm; EGD, esophagogastroduodenoscopy; EGJ, 
esophagogastric junction.
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Functional dysphagia
When patients experience dysphagia, and neither endoscopy, 
manometry, nor barium study shows an abnormality, a diagno-
sis of functional dysphagia is made [1]. It is likely that, in these 
patients, increased perception of esophageal stimuli is involved 
in the pathogenesis of the symptom dysphagia. There are no 
data on the effective treatment of functional dysphagia. 
Explanation and reassurance are probably the most useful  
contributions that the physician can make to the wellbeing of 
patients with this disorder. An antidepressant may be used to 
reduce visceral perception, but there is no evidence of efficacy.

Management of odynophagia
As discussed above, in patients with odynophagia, especially 
when the onset of this symptom is recent, endoscopy will often 
identify the cause of the symptom in the form of a mucosal 
lesion (Box 36.3). Some of the mucosal lesions can be treated 
with specific therapeutic measures. For instance, Candida 
esophagitis can be treated, topically or systemically, with an 
antifungal drug, and antiviral agents can be used when herpes 
simplex or cytomegalovirus is the cause of the dysphagia. When 
esophageal carcinoma is found to be the cause of the 
odynophagia, further work-up will be required to determine 
which specific treatment, such as endoscopic mucosal resection 

If esophageal manometry indicates impaired (“ineffective”) 
esophageal motility, this may suggest progressive systemic scle-
rosis with esophageal involvement; the therapeutic options are 
limited although peptic stricture may be a partly remediable 
factor. Dietary and lifestyle advice combined with effective 
control of acid reflux, if present, are the mainstays of clinical 
management. Patients should favor liquid and semisolid nutri-
tion over solids, consume meals in the upright position, chew 
all food well, and drink plenty of fluids, as these measures are 
likely to promote esophageal clearance. There is no prokinetic 
drug that improves smooth muscle contractility and esophageal 
function to a clinically relevant degree.

Patients with hypotensive motility of the smooth muscle 
portion of the esophagus and weak LES function often experi-
ence severe symptoms and complications of GERD in addition 
to dysphagia. This is largely due to poor clearance, which leads 
to prolonged acid exposure, particularly at night. These prob-
lems are most marked in patients with systemic sclerosis in 
whom the combination of poor motility and poor salivation 
impacts both volume and chemical (i.e., acid) clearance [21]. In 
these patients, high-dose acid suppression taken twice a day is 
indicated; circumstantial evidence suggests that this may 
provide effective symptom relief in some patients with hypoten-
sive LES and esophageal hypomotility.

Figure 36.2 Algorithm for the management of odynophagia. DES, diffuse esophageal spasm.
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of the noncardiac chest pain. Therefore, in centers where 
esophageal manometry and 24-h esophageal pH monitoring is 
available, there is often preference to carry out these tests first. 
If esophageal manometry identifies achalasia or a spastic motor 
disorder, specific treatment can be instituted. During esopha-
geal pH measurement, an effort must be made to assess the 
temporal association between the pain episodes and reflux  
episodes. If available, impedance monitoring should be done  
in addition to pH monitoring because nonacid reflux can also 
be the cause of the symptoms [26] and can be identified by 
change of impedance reflecting the reflux of fluid content to the 
esophagus. Unfortunately, the yield of 24-h monitoring is likely 
to be limited if the chest pain occurs infrequently. Using 
catheter-free capsule pH-metry (Bravo) the monitoring can 
easily be prolonged to 48 h or more, which increases the chance 
that a chest pain episode will occur during the observation 
period [27].

Some centers provide the service of 24-h esophageal manom-
etry, in conjunction with 24-h pH monitoring. This technique 
makes it possible to determine whether chest pain episodes  
are associated with episodic spastic motor abnormalities, if 
chest pain episodes occur during the observation period. 
However, the yield of prolonged esophageal manometry for this 

or surgical resection, is indicated. If no lesion can be identified 
endoscopically, esophageal manometry may be done in order to 
rule out achalasia or a spastic motor disorder. However, patients 
with the latter type of disorders usually present with dysphagia 
and spontaneous chest pain, rather than with odynophagia. It 
is doubtful whether nonerosive reflux disease can be the cause 
of odynophagia. Therefore, empiric treatment of odynophagia 
with a gastric acid secretion inhibitor is not recommended.

Management of noncardiac chest pain
In patients presenting with angina-like chest pain in whom a 
cardiac cause has been ruled out, and in whom another non-
esophageal cause is felt to be unlikely, upper endoscopy is done 
to search for esophagitis (reflux, pill-induced, or infectious) as 
a cause of the symptoms. If one of the latter causes is identified 
or suspected, specific treatment is indicated. Because gastro-
esophageal reflux is a common esophageal cause of noncardiac 
chest pain, many clinicians would use empiric treatment with a 
gastric acid secretion inhibitor to rule out or establish this cause. 
Indeed, there are at least four systematic reviews suggesting that 
this empiric approach would be acceptable practice [22–25]. 
However, the placebo effect of such treatment is considerable, 
so that it is difficult to draw conclusions as to the definite cause 

Figure 36.3 Algorithm for the management of (noncardiac) chest pain. DES, diffuse esophageal spasm; PPI, proton pump inhibitor.
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indication is low; a new diagnosis is made in less than 5% of 
patients [28].

If none of the known causes of chest pain can be identified, 
a diagnosis of functional chest pain (“chest pain of presumed 
esophageal origin”) is made. This is one of the functional disor-
ders of the gastrointestinal tract defined by the Rome III criteria 
[1]. In functional chest pain, increased visceral perception is 
thought to play a role. Limited evidence suggests that treatment 
with an antidepressant such as amitriptyline or citalopram may 
be effective [22].
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Introduction

Clinically  important  involuntary  weight  loss  without  any 
accompanying  symptoms  presents  a  diagnostic  challenge.  It 
often  indicates  a  serious  underlying  medical  or  psychiatric 
illness.  Here  we  address  its  pathophysiology  and  discuss  a 
logical approach to diagnosis.  In patients presenting with  iso-
lated involuntary weight loss, there may be no clear lead from 
the history or examination and the choice of diagnostic approach 
may present a dilemma when there is no obvious organ focus. 
A logical approach to diagnosis needs to be based on probabili-
ties;  thus age, past medical history, and family history may all 
be  highly  relevant  in  determining  the  best  approach. 
Management, particularly when no malignant underlying cause 
of weight loss is found, is also discussed (Podcast 37.1).

Definition

Clinically important unintentional weight loss is usually defined 
as loss of more than 5% of usual body weight over 6–12 months. 
If there is a family history of relevant illness, investigation may 
be appropriate with  less  than 5% weight  loss. Loss above 10% 
of  body  weight  is  commonly  associated  with  protein  energy 
malnutrition and impaired physiological function [1], and loss 

of >20%  weight  with  nutritional  deficiencies,  and  multiorgan 
dysfunction [2]. Loss of muscle mass in elderly patients is likely 
to lead to frailty and functional decline [3] whereas loss of body 
fat  with  retention  of  muscle  mass  is  usually  associated  with 
better clinical outcomes [4].

In a representative sample of over 9000 adults in the United 
States,  5%  of  adults  aged  45–54  years  reported  involuntary 
weight loss of at least 5% of their usual body weight during the 
preceding  year  [5].  The  strongest  independent  predictors  of 
involuntary  weight  loss  were  age,  smoking,  and  poor  self-
reported  health.  Involuntary  weight  loss  is  much  commoner 
amongst older people, with 15–20% incidence over 65 years of 
age [6] and 50–60% incidence among nursing home residents 
[7]. Unintentional weight loss is associated with 22–39% excess 
mortality rate, probably reflecting the underlying pathology [8].

Pathophysiology

Weight loss is induced by disease processes that affect appetite 
or nutrient absorption, or cause a catabolic state (Figure 37.1). 
Common  molecular  mechanisms  often  underlie  these  pro-
cesses,  irrespective  of  etiology  but  have  been  best  studied  in 
cancer (Figures 37.2 and 37.3).
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reduced expression of MyoD, a transcription factor that modu-
lates signaling pathways involved in muscle development [14]. 
Cytokines  also  activate  the  ubiquitin-mediated  proteolytic 
system which is the principal mechanism for protein catabolism 
in  disease-related  catabolic  states  including  cancer  [15],  and 
induce lipolysis. Cumulatively, these processes result in negative 
energy balance and weight loss [10].

Etiology

There are many possible causes of unexplained weight loss (Box 
37.1 and Table 37.1).
•  Malignancy accounts for around 16–40% of cases and around 

50% of malignancies presenting as weight  loss are gastroin-
testinal [16,17].

•  11–23% have a psychiatric disorder.
•  At least 10% of people over 65 years of age have Alzheimer’s 

disease,  rising  to 25%–45% over 85, and  this  is almost uni-
versally associated with weight loss in its later stages and may 
present with weight loss particularly if depression is present.

•  Despite  extensive  evaluation,  a  cause  cannot  be  found  in 
5%–28%. In these patients, there is often spontaneous recov-
ery of weight.

Cancer-related cachexia and  
altered lipid metabolism
Cachexia affects up to 80% of patients with gastrointestinal and 
pancreatic cancer and is reflected by anorexia, weight loss, loss 
of white  adipose  tissue,  and  loss of muscle mass,  all of which 
can only partially be corrected by nutritional supplementation. 
Loss of white adipose  tissue generally precedes  loss of muscle 
and there may be important and specific underlying changes in 
lipid metabolism [10]. In white adipose tissue, triacylglycerol is 
the  main  storage  fat  and  fat  loss  in  cancer-related  cachexia  is 
due  to  loss  of  triacylgycerol  rather  than  loss  of  lipocytes. 
Although  there may be  some reduction  in  lipid  synthesis,  the 
loss of triacylglycerol is predominantly due to increased lipoly-
sis. It is probably related to increased activity of both hormone-
sensitive lipase and adipose triglyceride lipase (see Figure 37.2).

Cytokines and cachexia
Cytokines  are  implicated  in  both  cancer-associated  and  other 
causes  of  weight  loss.  Excessive  activity  of  proinflammatory 
cytokines,  such  as  interleukin  (IL)-1,  IL-2,  IL-6,  interferon-γ, 
and tumor necrosis factor-α (TNF-α), is probably the common-
est  underlying  cause  of  cachexia  in  acutely  ill  patients  (see 
Figure  37.1)  [12].  Cytokines  activate  nuclear  transcription 
factor-кB  (NF-кB),  which  results  in  decreased  muscle  protein 
synthesis  [13].  Cytokine  activation  is  also  responsible  for  the 

Figure 37.1 Molecular mechanisms of cachexia. Typical metabolic changes associated with the development of cachexia are an increased release of 
proinflammatory cytokines as well as an overactivity of the sympathetic nervous system, as indicated by increased plasma concentrations of 
catecholamines. Both, proinflammatory cytokines and catecholamines promote catabolic processes leading to skeletal muscle and fat mass wasting, such 
as stimulation of lipid utilization and skeletal muscle protein breakdown while decreasing energy intake and increasing energy expenditure. CHF, 
chronic heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; IL6 and 8, 
interleukin 6 and 8; IL1β, interleukin 1 beta; TNF-α, tumor necrosis factor alpha. Source: Muller et al. 2010 [9]. Reproduced with permission of 
Springer Science + Business Media.

Catecholamines

Adrenalin, noradrenalin

Skeletal muscle and fat mass wasting

IL6, TNFα, IL1β, IL8

Lipolysis
Proteolysis
Energy expenditureLipogenesis

Proteosynthesis
Energy intake

Inflammation

Cancer ESRD/CKD

CHF

Cachexia

COPD



668      PART 3 Principles of clinical gastroenterology

likely prevalence of different diagnoses in a patient with unex-
plained weight loss (Table 37.1) should therefore influence the 
approach  to diagnosis. A multivariate  regression model based 
on age, white blood cell (WBC) count, serum albumin, alkaline 
phosphatase,  and  lactate  dehydrogenase  has  been  found  to 
predict a malignant cause with sensitivity of 69% and specificity 

Diagnosis

Accurate diagnosis relies on assessing probabilities based on a 
number of key factors. The age of the patient is especially impor-
tant  –  functional  disorders  uncommonly  present  for  the  first 
time in patients over the age of 40 years. Consideration of the 

Figure 37.2 Altered lipid metabolism in cancer-associated cachexia (CAC). Malignant tumors release various cytokines including interleukin (IL)-6 and 
tumor necrosis factor-α (TNF-α), lipid-mobilizing factor (LMF)/Zinc-a2 glycoprotein (ZAG), and an unknown cachexia-inducing factor (CIF) in 
circulation. All these factors act on white adipose tissue (WAT) and deregulate lipid metabolism. TNF-α acts through the TNF receptor (TNF-r) and 
downregulates G0S2 (G0/G1 switch gene 2), which binds to and negatively regulates adipose triglyceride lipase (ATGL) activity. Therefore, TNF-α can 
increase ATGL activity. ATGL, along with its coactivator CGI-58 (comparative gene identification-58), catabolizes the first step of lipolysis by converting 
triacylglycerol (TAG) present in lipid droplets to diacylglycerol (DAG). DAG is further acted upon by activated (phosphorylated) hormone sensitive 
lipase (HSL) and is converted into monoacylglycerol (MAG). As the final step of the lipolytic process, monoglyceride lipase (MAGL) converts MAG 
into glycerol (G) which can be released into circulation. One molecule of free fatty acid (FFA) is generated in each of the steps. HSL is phosphorylated 
by protein kinase A (PKA) or cGMP-dependent protein kinase 1 (cGK1). PKA can be activated by catecholamine or LMF/ZAG through various 
mechanisms. Similarly, glucocorticoids activate cGK1 by various processes. FA generated by increased lipolysis can be transported out of the adipocytes 
or β-oxidized in mitochondria. CIF induces cell death activator (CIDEA), which, in turn, increases the level of pyruvate dehydrogenase complex (PDC) 
and, hence, assists in β-oxidation. Along with TNF-α, IL-6 also induces lipolysis, although the mechanisms are unknown. In addition to inducing 
lipolysis, TNF-α downregulates lipogenesis and impairs FA uptake by inhibiting lipoprotein lipase (LPL) activity, leading to decreased TAG 
concentration in adipocytes and increased very-low-density lipoprotein/low-density lipoprotein (VLDL/LDL) levels in circulation. Increased lipolysis 
also attracts macrophages and results in macrophage infiltration in WAT often seen in cachexia. Factors in red are upregulated in cachexia, those in 
green are downregulated in cachexia, and factors shown in black have no change or have not yet been determined in cachexia. Solid lines indicate 
pathways confirmed in CAC and dotted lines expected but unconfirmed ones. Source: Das and Hoefler 2013 [10]. Reproduced with permission of 
Elsevier.
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of unexplained weight loss, while bony pain could indicate neo-
plastic infiltration due to metastases or myeloma. A history of 
excess  thirst  may  suggest  diabetes  mellitus  or  hypercalcemia 
while muscle weakness may suggest a neurological or endocrine 
problem such as thyrotoxicosis.

Because weight loss can be a sign of chronic infection, inflam-
matory, or lymphoproliferative illness, it is pertinent to know if 
the patient has experienced night sweats or fever.

Changes  in  medication  may  be  highly  relevant.  Prescribed 
drugs can cause anorexia and weight loss (see Box 37.1) – either 
as an idiosyncratic effect or related to their mode of action (e.g., 
biguanides such as metformin, or excessive thyroxine replace-
ment). Occasionally, cessation of a drug associated with weight 
gain (e.g.,  tricyclic and some other antidepressants) can cause 
“unexplained” weight loss.

Inappropriate use of medicinal drugs – particularly laxatives 
– can be associated with marked weight loss and in severe cases 
with frank malabsorption and clubbing. This may be difficult to 
elicit  from  the  history.  Use  of  some  “recreational”  drugs,  par-
ticularly amphetamines, also commonly causes weight loss.

Finally, psychiatric illness and emotional stress are frequent 
reasons  for  unexplained  weight  loss,  and  it  is  important  to 
obtain  relevant  history  including  possible  perceptible  life 
stresses [21].

In a younger patient, it may be important to ascertain whether 
symptoms of an underlying eating disorder are present includ-
ing  secondary  amenorrhea  in  women.  Soliciting  a  history  of 
self-induced  vomiting,  laxative  abuse,  and  anomalous  eating 
habits can be challenging and requires sensitivity on the part of 
the physician.

Symptoms presenting  for  the first  time  in someone over 40 
years of age are rarely functional, and age is the most important 

Figure 37.3 Tumors produce factors such as lipid-mobilizing factor (LMF), which induces breakdown of adipose tissue into fatty acids, and proteolysis-
inducing factor (PIF), which induces protein degradation (amino acids) in skeletal muscle. Tumor necrosis factor (TNF)-α also contributes to these 
processes. These are important gluconeogenic substrates that can be used in acute phase protein (APP) synthesis by the liver. Tumors convert glucose to 
lactate, which is transferred to the liver, where it is converted back into glucose. This cycle uses a large amount of energy, and might contribute to 
cachexia. Source: Tisdale 2002 [11]. Reproduced with permission of Macmillan Publishers Ltd.
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of 93% [16], and helps  the clinician to understand how much 
emphasis can be put on these factors.

History and physical examination
A  thorough  history  is  essential  and  should  first  address  the 
magnitude and time course of weight loss. Weight loss requires 
investigation  if  5%  of  previous  body  weight  has  been  lost. 
Weight loss over a very long period (>12 months) is less likely 
to be due to a malignant cause.

The physician should ascertain whether there have been any 
significant changes in diet including:
•  Avoidance  of  specific  foodstuffs  due  to  perceived  or  actual 

food intolerance.
•  Significant changes in alcohol consumption.

The  history  should  assess  whether  there  are  any  symptoms 
that might point to a specific organ/system. This includes solic-
iting possible difficulty in swallowing, nausea, vomiting, belch-
ing, satiety, pain with eating, or diarrhea, which might indicate 
a  gastrointestinal  problem  or  shortness  of  breath  that  might 
indicate  chronic  obstructive  airways  disease  (COPD).  Weight 
loss  occurs  in  about  50%  of  patients  with  severe  COPD  and 
chronic  respiratory  failure  and  about  10–15%  of  those  with 
milder disease [20]. “Cardiac cachexia” and relevant symptoms 
should be elicited.

The clinician should inquire about headaches, unsteadiness, 
and changes in gait, which may indicate an underlying neuro-
logical problem such as an intracranial tumor or parkinsonism. 
In the course of obtaining the history, the possibility of memory 
loss should be determined as dementia is commonly associated 
with weight loss and may warrant a mini mental score. Symptoms 
of depression are also essential  to solicit. Cough or chest pain 
could suggest lung cancer which accounts for about 4% of cases 
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factor determining the probabilities of different causes of unex-
plained weight loss. Accordingly this should influence any diag-
nostic plan.

Physical examination should include inspection for lymphad-
enopathy  or  thyroid  enlargement  and  inspection  of  the  oral 
cavity for evidence of glossitis/stomatitis and other features to 
suggest  iron  deficiency  or  immunodeficiency.  Abdominal 
examination  should  include  auscultation  for  bruits  over  the 
liver (present in around 30% of hepatocellular carcinoma) and 
splenic artery (pancreatic carcinoma). Percussion over the spine 
may detect local tenderness if metastases are present. A simple 
neurological examination should include inspection for nystag-
mus or ataxia, and assessment of peripheral sensation. Breasts 

and genitalia should be examined. If dyspnea is reported, a peak 
flow rate should be checked and if abnormal should be followed 
up with lung function testing.

Laboratory tests
Evaluation should encompass a complete blood count and fer-
ritin (any suggestion of iron deficiency such as low mean cor-
puscular  volume  or  ferritin  should  be  followed  by  thorough 
gastrointestinal  investigation),  biochemical  profile  [raised 
serum alkaline phosphatase and raised γ-glutamyl  transpepti-
dase should be followed by liver imaging, e.g., computed tom-
ography (CT)], and thyroid function test.

C reactive protein (CRP) and erythrocyte sedimentation rate 
(ESR) may also be helpful. CRP will be increased in most symp-
tomatic  chronic  inflammatory  disorders  with  a  sensitivity  of 
about 95% for patients with symptomatic Crohn’s disease but a 
lower  sensitivity  for  endoscopically  active,  asymptomatic 
Crohn’s disease.

Erythrocyte  sedimentation  rate  is  also  useful  as  there  are 
conditions – such as systemic lupus erythematosis and multiple 
myeloma  –  where  the  ESR  is  often  elevated  despite  a  normal 
CRP.

Other tests may be helpful depending on the specific circum-
stances.  These  include  celiac-related  antibody  (tissue  trans-
glutaminase antibody) and tumor markers. Serological  testing 
for the presence of immunoglobulin A antibodies against tissue 
transglutaminase  has  a  sensitivity  of  approximately  95%  for 
untreated celiac disease and should be performed.

The  appropriateness  of  serological  testing  for  tumor-
associated  antigens  and  other  tumor  markers  depends  on  the 
patient population. None has sufficient sensitivity or specificity 
to be relied on as sole tests but they may be useful adjuncts to 
imaging  in a  symptomatic patient providing  that  the clinician 
is  familiar  with  their  reliability.  These  include,  depending  on 
circumstances,  CA19.9,  CA125,  carcinoembryonic  antigen 
(CEA), and prostate-specific antigen (PSA).

Tests  for  pancreatic  exocrine  insufficiency,  bacterial  over-
growth, malabsorption, and protein-losing enteropathy will also 
be appropriate for some patients as dictated by the history and 
physical  examination.  Fecal  fat  estimation  remains  the  gold 
standard  for  diagnosis  of  malabsorption  but  is  unpopular  for 
both patients and laboratory staff. In most patients, a diagnosis 
of  a  small  intestinal  cause  of  malabsorption  can  be  made  by 
endoscopic  biopsy  or  alternatively  a  diagnosis  of  pancreatic 
enzyme insufficiency made by fecal elastase determination, thus 
obviating the need for fecal fat estimation.

Small intestinal bacterial overgrowth can be difficult to diag-
nose because there is no “gold standard” test. Duodenal aspira-
tion and culture (using a specially designed endoscopic cannula 
to avoid contamination)  is probably  the most  reliable  test but 
an empirical trial of antibiotics (such as tetracycline or metro-
nidazole) may be warranted  if  there  is a  strong clinical  suspi-
cion,  e.g.,  because  of  underlying  achlorhydria  or  systemic 
sclerosis. Breath hydrogen (or methane) excretion after dextrose 

Box 37.1 Nonmalignant etiologies of involuntary weight loss.

Gastrointestinal

Malabsorptive syndromes (of gut or pancreatic origin), inflammatory 
bowel diseases, peptic ulcer disease, diabetic enteropathy, liver 
disease, partially or completely obstructing gastrointestinal lesion of 
any cause (all of which are usually associated with some 
gastrointestinal symptoms), mesenteric ischemia

Metabolic/endocrine/renal

Diabetes mellitus, hyperthyroidism, adrenal insufficiency, 
hypopituitarism, renal failure of any etiology

Cardiopulmonary

Chronic obstructive pulmonary disease, interstitial lung disease, cystic 
fibrosis, cardiac cachexia from heart failure, infective endocarditis

Neurological

Dementia, cerebrovascular disease, motor neuron disease, Parkinson 
disease

Psychiatric

Anxiety, depression, bipolar disorder, schizophrenia, psychosis of any 
cause

Inflammatory/infectious

Acute or chronic microbial infection (bacterial, viral, parasitic or 
fungal, e.g., human immunodeficiency virus, hepatitis, tuberculosis), 
chronic inflammatory disorders (rheumatoid arthritis, other 
autoimmune disorders such as systemic lupus erythematosus, giant 
cell arteritis, sarcoidosis, polyarteritis nodosa)

Pharmacological changes or misuse

• Prescription medications (e.g., metformin, antimitotic agents, 
liraglutide, exenatide, nonsteriodal antiinflammatory drugs, 
antiretroviral drugs) or cessation of drugs that increase weight, e.g., 
antidepressants

• Over-the-counter remedies (e.g., dandelion, aloe, cascara, chitosan, 
dandelion, ephedra, garcinia, guar gum, herbal diuretics, nicotine, 
pyruvate, St John’s wort)

• Substance misuse (e.g., opiates, alcohol, psychotropic drugs such as 
cannabis, amphetamines, ecstasy)
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Imaging tests
Chest X-ray
This should be performed as an initial screen in all patients with 
unexplained weight loss to identify possible carcinoma or lym-
phoma, tuberculosis, or chronic  lung disorder such as bullous 
emphysema. If normal, the chest may need to be assessed more 
thoroughly, e.g., by CT scan, if other investigations fail to reveal 
a cause for weight loss.

Upper gastrointestinal endoscopy
Approximately 80% of stomach cancers present with advanced 
disease  (stage  II  or  more)  [23],  and  even  when  weight  loss  is 
present other gastric symptoms may be absent or mild. Benign 
gastric ulceration is associated with weight loss of 4.5 kg (10 lb) 

or  lactulose  can  also  be  used  but  the  results  should  be  inter-
preted with caution – it is within normal limits to see a rise in 
breath hydrogen 30 min after ingestion of lactulose and only a 
very  early  rise,  e.g.,  within  20 min,  should  be  considered  sug-
gestive of proximal small intestinal overgrowth.

Protein-losing  enteropathy  should  be  suspected  if  there  is 
marked hypoalbuminemia, usually associated with edema and, 
if  more  severe,  with  ascites  and/or  pleural  effusion,  in  the 
absence  of  proteinuria,  liver  disease,  or  sepsis.  Fecal  α1-
antitrypsin  assay  is  the  most  appropriate  test  to  confirm  this 
suspicion [22].

Immunoglobulins and electrophoresis are useful when mul-
tiple  myeloma,  an  autoimmune  disease,  or  chronic  infection 
such as tuberculosis is suggested.

Table 37.1 Representative studies evaluating the various etiologies of unintentional weight loss.

Hernandez et al. 
2001 [16], n = 276, 
%

Lankisch et al. 2001 
[17], n = 158, %

Metalidis et al. 2007 
[18], n = 101, %

Bacus et al. 2006 
[19], n = 431, %

Malignancy 38 24 22 24

 GI tract 20 13 10 –

 Upper GI 7 – – 5

 Colorectal 3 – – 3

 HPB 11 – – –

Respiratory 0.3 4 2 3

Hematological 5 2.5 4 –

Unknown 7 1.3 1 –

Genitourinary 5 –

Prostate – 1.3 1 –

Breast – 0.6 – –

Ovarian – 0.6 – –

Bladder – 0.6 – –

Renal – – 3 –

Uterine – – 1 –

Psychiatric disorder 23% 11% 16% 12%

GI disorders 10% 19% 15% 32%

Endocrine 8% 11% 2% –

Cardiopulmonary 0% 10% 5% –

Alcohol 0% 5% 0% –

Rheumatic/inflammatory 7% 2.5% 4% –

Infections 5% – 8% 9%

Unknown 5% 16% 28% –

GI, gastrointestinal; HPB, hepatopancreaticobiliary.
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Testing for tuberculosis and  
human immunodeficiency virus
PET/CT  may  accurately  distinguish  between  intraabdominal 
malignancy and tuberculosis. Biopsy, culture, and sensitivity are 
most reliable but may not always be feasible. Interferon-γ release 
tests are being used  increasingly because of  their greater con-
venience  than  tuberculin  skin  testing  but  still  require  further 
evaluation. Sensitivities for the diagnosis of active tuberculosis 
may only reach 70% [29] although higher sensitivities have also 
been reported [30]. Approximately one quarter of patients with 
undiagnosed  human  immunodeficiency  virus  (HIV)  present 
with weight loss, often with a high rate (e.g., 40% in India) for 
concomitant tuberculosis [31] so there should be a low thresh-
old for requesting HIV and tuberculosis testing in any patient 
with unexplained weight loss.

Differential diagnosis

Malignancy
Anorexia and weight loss  are  present  in  over  50%  of  cancer 
patients at the time of diagnosis. Some intraabdominal cancers 
– particularly gastric, hepatic (primary), renal and ovarian – are 
particularly prone to present with unexplained weight loss and 
no localizing symptoms.

Early gastric cancer  is  sometimes completely asymptomatic. 
In  Japan,  where  endoscopic  screening  of  symptom-free  indi-
viduals is undertaken, 30% of patients undergoing gastric resec-
tion for cancer were symptom free at diagnosis [32].

Hepatocellular cancer  in  Western  countries  usually  affects 
patients known to have cirrhosis who should be in a screening 
program but in parts of the world such as Africa or Asia where 
hepatitis B is endemic, around 30% of hepatitis B related hepa-
tocellular cancer occurs in noncirrhotic livers and often presents 
late with associated weight loss.

Ovarian cancer  is  asymptomatic  at  7%  on  diagnosis  and 
symptoms are commonly vague such as bloating or loss of appe-
tite. Weight gain (around 46%)  is commoner than weight  loss 
(around 11%–16%) [33].

Renal cancers are often clinically silent.  In one study of 430 
patients with renal cancer 55% were asymptomatic at presenta-
tion  and  diagnosed  as  an  incidental  finding,  typically  after 
screening for microscopic hematuria. Only 29% had localizing 
abdominal or flank pain, and 19% had weight loss [34].

Small intestinal tumors,  including  adenocarcinoma,  lym-
phoma,  neuroendocrine  tumors,  and  gastrointestinal  stromal 
tumors  (GIST),  often  present  with  nonspecific  symptoms  and 
may be easily missed or misdiagnosed on conventional barium 
studies. PET/CT scan should perform better but the tumors are 
rare. Prospective series looking at its utility in the diagnosis of 
small bowel tumors have not yet been reported, although it has 
been shown to be useful in assessing cases with an established 
diagnosis of small bowel neoplasm [35].

or more in 80% of patients [24]. Upper gastrointestinal endos-
copy  should  therefore  be  an  early  test  in  patients  with  unex-
plained weight  loss. Duodenal biopsy  to  exclude  rare  cases of 
anti-tissue  transglutaminase  (TTG)  antibody-negative  celiac 
disease should be performed at the same time.

CT and MRI scanning
In most centers, a CT scan will be the imaging modality of first 
choice for investigation of possible intraabdominal malignancy 
following  negative  upper  gastrointestinal  endoscopy.  Ovarian 
cancer is well known for its common lack of specific symptoms 
and it is important that scanning includes the pelvis in females 
undergoing  investigation  for weight  loss. MRI scanning prob-
ably  has  similar  sensitivity.  Positron  emission  tomography 
(PET)/CT may soon replace conventional CT and MRI for this 
indication.

F18-Fluorodeoxyglucose and PET/CT
Although not available at all care delivery sites, PET/CT prob-
ably has the greatest sensitivity for detection of many disorders 
likely  to  be  relevant  to  weight  loss  (e.g.,  neoplasia,  infection, 
vasculitis).  It  has  greater  sensitivity  than  conventional  CT  or 
MRI for diagnosis of pancreatic and ovarian malignancy [25,26]. 
If available, it is an appropriate investigation if simpler investiga-
tions (chest X-ray and upper gastrointestinal endoscopy) have 
failed to provide an explanation. However, it has low specificity 
and cannot reliably differentiate between malignancy, infection, 
or  inflammation. As a result, a positive result needs  to be  fol-
lowed by additional imaging and possible biopsy. A delayed or 
dual time point scan may improve sensitivity for cancer detec-
tion substantially, for example from 77% to 94% [27].

Isotope bone scan
Isotope bone scan has been the standard technique for diagnosis 
of bony metastases but is being superseded by PET/CT due to 
its substantially better sensitivity [28].

Angiography/magnetic resonance angiography
Polyarteritis  nodosa  may  present  with  weight  loss  and  raised 
ESR/CRP but without localizing symptoms or signs. Diagnosis 
may  be  aided  by  identification  of  typical  microaneurysms  in 
hepatic  and  renal  arteries.  Again,  fluorodeoxyglucose  (FDG)/
PET  and  PET/CT  are  superseding  angiography  as  an  initial 
imaging  test  for  diagnosis  with  sensitivities  reported  of 
77%–92%  and  specificities  of  89%–100%  for  large  vessel 
vasculitis.

Mesenteric  ischemia,  classically  associated  with  abdominal 
pain after eating, is relatively uncommon and usually associated 
with at least 50% occlusion of at least two of the three relevant 
arteries – celiac, superior mesenteric, and inferior mesenteric.

Mammography
Breast cancer is unlikely to cause weight loss without metastases 
but mammography is appropriate in a woman over 50 years of 
age if initial investigations have not provided a diagnosis.
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Cardiopulmonary disease
Up to 50% of patients with New York Heart Association class 
III or IV heart failure lose lean body mass and meet the criteria 
for malnutrition [40]. In unselected patients with chronic heart 
failure, mortality rates were 50% in  the cachectic subset com-
pared  to  17%  in  the  noncachectic  subset  at  18  months  of 
follow-up [41].

Chronic obstructive pulmonary disease
Malnutrition is a common and often underrecognized problem 
in patients with COPD. The prevalence of malnutrition is about 
20%–40% in outpatients and up to 70% in inpatients with acute 
respiratory  failure or  in patients awaiting  lung transplantation 
[42].  Multiple  factors  contribute  to  malnutrition  including 
increased  secretion  of  inflammatory  mediators  (TNF-α,  IL-6, 
IL-8,  CRP),  increased  metabolic  rate  due  to  the  ventilatory 
effort,  and  the  therapeutic  use  of  sympathicomimetic  drugs, 
together with reduced appetite. Mortality rates are substantially 
higher in underweight patients than in overweight patients with 
COPD [42].

Renal disease
Uremia as a cause of weight  loss  is usually  symptomatic  (e.g., 
nausea),  but  nephrotic  syndrome  often  leads  to  a  negative 
caloric  balance  and  may  have  a  more  subtle  presentation. 
Hemodialysis  is  accompanied  by  swings  in  metabolic  balance 
that may cause weight loss.

Neurological diseases
Weight loss is seen in patients with stroke, dementia, Parkinson’s 
disease, and amyotrophic  lateral  sclerosis. Weight  loss may be 
due to one or more of anorexia, altered cognition, motor dys-
function, and dysphagia. It may be an early feature in Parkinson 
disease  where,  in  addition  to  swallowing  problems,  rigidity, 
tremor, and levodopa-induced dyskinesia may increase energy 
expenditure.  Levodopa  may  enhance  glucose  metabolism 
resulting in enhanced energy expenditure. Depression also con-
tributes to weight loss in Parkinson disease [43].

Inflammatory disorders
Giant cell arteritis is a systemic immune-mediated disease that 
typically affects persons aged 50 years and over, with a 2–6-fold 
female  preponderance.  In  addition  to  weight  loss,  giant  cell 
arteritis  patients  present  with  fever,  anorexia,  and  ischemic 
symptoms [44]. Patients with myocardial and pericardial disease 
may present with chest pain, palpitations, shortness of breath, 
and  symptoms  resembling  myocardial  ischemia  or  infarction. 
The manifestations of vasculitis include fever, weight loss, and 
fatigue, mimicking infectious or malignant processes.

Systemic sclerosis  is  commonly  accompanied  by  weight  loss 
and  malabsorption.  This  is  sometimes  due  to  treatable  small 
intestinal  bacterial  overgrowth  but  is  also  commonly  due  to 
severe dysmotility and mucosal  ischemia neither of which are 
readily treatable.

Endocrine disorders
Diabetes  mellitus  (DM)  and  thyroid  disorders  are  commonly 
associated with unintentional weight loss. Weight loss in type I 
DM is accompanied by polypdipsia, polyphagia, and polyuria. 
There is a loss in lean body mass as well as loss of extracellular 
and cellular water due to the osmotic diuresis from glucosuria. 
Patients with type II diabetes may rarely develop diabetic neu-
ropathic cachexia [36], characterized by a symmetric peripheral 
neuropathy  associated  with  profound  weight  loss  and  painful 
dysesthesias.  Most  patients  recover  spontaneously,  although 
residual neurological deficits may persist.

Weight loss in hyperthyroidism is due primarily to increased 
catabolism,  but  compounded  by  increased  intestinal  motility 
and malabsorption. Weight gain occurs quickly with treatment.

Chronic  primary  adrenal  insufficiency  often  presents  with 
weight  loss,  but  is  usually  associated  with  other  features  such  
as dehydration, anorexia, lassitude, fatigue, and weakness. Five 
per  cent  of  patients  with  pheochromocytomas  report  weight 
loss [37].

Gastrointestinal diseases
Nonmalignant gastrointestinal conditions account for 10%–20% 
of  patients  with  involuntary  weight  loss  [16,17,38]  which  can 
arise as a result of anorexia, early satiety, swallowing difficulties, 
dysmotility,  diarrhea,  malabsorption,  chronic  inflammation, 
chronic  ischemia,  obstruction  from  any  cause,  or  fistulae.  In 
most  cases,  these  will  present  with  symptoms  suggestive  of  a 
specific gastrointestinal disorder.

Weight loss is common in peptic ulcer disease, affecting over 
50% of patients in a study of 650 patients with gastric ulcers [24]. 
Chronic  duodenal  ulcer  can  cause  gastric  outlet  obstruction 
although this has become more uncommon in recent decades.

Celiac disease in adults often presents with very nonspecific 
symptoms that often includes weight loss. Other causes of mal-
absorption such as giardiasis or Whipple disease usually present 
with weight loss and diarrhea although concomitant symptoms 
are usually present in patients with Whipple disease, including 
arthritis or encephalopathy.

Chronic  mesenteric  ischemia,  although  infrequent,  is  an 
important  cause  of  weight  loss,  particularly  in  the  elderly. 
Abdominal pain typically occurs half an hour after eating and 
lasts 1–3 h [39]. Patients limit their own food intake to avoid the 
pain of abdominal angina (“sitophobia”). By contrast, superior 
mesenteric artery syndrome is almost always a consequence of 
weight loss rather than its cause.

Human immunodeficiency virus and  
other chronic infections
These  may  account  for  about  5%  of  patients  with  involuntary 
weight  loss  [16].  Infection  with  HIV  and  hepatitis  C  virus 
(HCV)  should  be  considered,  especially  in  high-risk  groups. 
Tuberculosis, bacterial endocarditis, fungal infections, parasitic 
infections, and  intraabdominal abscesses may all present with 
weight loss.
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Pharmacological interventions including progesterones and 
anabolic steroids have been tried in subjects with unintentional 
weight  loss.  Megesterol  acetate  is  a  synthetic  derivative  of  a 
naturally  occurring  progestational  agent  and  is  currently  the 
only pharmacological agent licensed for treatment of cachexia. 
Placebo-controlled trials of megestrol (800 mg/day) have shown 
some improvement in quality of life but weight gain is modest 
and  due  to  increased  fat  mass  without  increase  in  lean  body 
mass.  Further  trials  are  exploring  combination  therapy  with 
cyclooxygenase (COX)-2 inhibitors [54].

Ghrelin binds to the growth hormone secretagog-1a receptor 
in the arcuate nucleus of the hypothalamus to stimulate growth 
hormone release. Small studies of ghrelin mimetics have been 
performed  in  cancer-related  cachexia  with  promising  results 
but concerns that it may stimulate cancer growth persist [55]. 
A placebo-controlled trial of ghrelin in patients with COPD has 
shown mixed effects on respiratory function with no improve-
ment in exercise tolerance or weight gain [56].

If investigations including baseline blood tests, chest X-ray, 
upper gastrointestinal endoscopy, and abdominal scan have not 
yielded an explanation for the weight loss then the patient can 
be reasonably reassured and followed up in clinic. In a series of 

Psychiatric disorders
Involuntary  weight  loss  due  to  psychiatric  illness  affects 
11%–44% of outpatients  [16,38,45] and 58% of nursing home 
residents  [46].  Depression  is  present  in  approximately  13%  of 
individuals  55  years  and  older  [47].  Depression  can  lead  to 
weight  loss  due  to  loss  of  appetite  or  reduced  motivation  to 
prepare  and  consume  food,  and  is  commonly  associated  with 
weight loss in those 65 years or older in whom it contributes to 
increased mortality (OR 1.73, 95% CI 1.53–1.95) [48].

Patients with cognitive impairment and features of agitation 
and restlessness can expend substantial energy leading to weight 
loss. Others may forget that they need to eat or become suspi-
cious and paranoid about food [6]. During the manic phases of 
bipolar  disorder,  hyperactivity  and  preoccupations  may  inter-
fere  with  normal  eating  patterns.  Patients  with  delusions  or 
paranoia may develop peculiar  ideations about  food  that  lead 
to decreased food intake.

Drugs
Several prescription, over-the-counter, and illicit drugs can lead 
to  weight  loss.  Some  of  these  are  listed  in  Table  37.1  [23,24]. 
Marked weight loss can also occur after reduction or withdrawal 
of antipsychotic drugs [49].

Substance abuse
Although  moderate  alcohol  intake  is  common  in  overweight 
people,  subjects  who  consume  at  least  100 g  of  alcohol  a  day 
have significantly  lower body mass  index  than social drinkers 
[50]. Alcohol abuse causes weight  loss  through poor appetite, 
decreased oral intake, or malabsorption from pancreatic causes 
or rapid intestinal transit.

Stimulant use, such as cocaine and amphetamines, can result 
in  both  poor  appetite  and  increased  metabolic  consumption, 
resulting  in  weight  loss.  Opiates  directly  inhibit  the  appetite 
center, decrease gastrointestinal motility, and can cause hyper-
algesia with chronic abdominal pain. Discontinuation of chronic 
marijuana use can result in anorexia, weight loss, irritability, and 
strange dreams [51] (Figure 37.4).

Principles of management

Management will vary depending on the underlying cause but 
nutritional assessment should be performed and supplementa-
tion  tailored  accordingly.  Nutritional  support  should  be  pro-
vided for all patients with a nonmalignant cause for weight loss. 
Nutritional  supplementation  can  promote  significant  weight 
gain  among  patients  with  COPD,  especially  if  malnourished 
[52].  Although  cancer-related  cachexia  is  largely  irreversible, 
the degree of  support  should be assessed according  to patient 
wishes. A recent metaanalysis concluded that there was no sta-
tistically significant difference in weight gain, energy intake, or 
mortality with oral nutritional supplementation [53].

Figure 37.4 Flow chart. CRP, C-reactive protein; CT, computed 
tomography; ESR, erythrocyte sedimentation rate; FBC, full blood count; 
GI, gastrointestinal; HIV, human immunodeficiency virus; MRI, magnetic 
resonance imaging; PET, positron emission tomography; Tb, tuberculosis; 
TTG, tissue transglutaminase.

History – consider drugs, psychiatric diagnosis,
dementia, neurology (observe gait)

Examination – include lymph nodes, thyroid, abdominal
auscultation, neurology, breasts, genitalia 

Initial investigations: FBC/Biochemical profile/thyroid function/Iron
studies/ CRP/ESR/ anti-TTG/ CA19.9/CA125/ HIV if risk factors

Upper GI Endoscopy and Chest X ray  

if above negative:
CT abdomen (including pelvis) or PET/CT

Colonoscopy if any lower abdo symptoms or iron deficiency

PET/CT
(if not already done)

If above positive:
Focussed imaging/
Biopsy if appopriate
Consider MR angiography
Tb interferon test

If above negative consider:
Mammography
Head CT/MRI
MR angiography (mesenteric)
Malabsorption tests:
Fecal elastase
Hydrogen breath test
Stool microscopy for parasites
HIV if not already done
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Definitions

Nausea and vomiting are nonspecific responses to many 
conditions.
• Nausea: is the sensation of an urge to vomit and is perceived 

in the throat or epigastrium.
• Vomiting (or emesis): is the forceful oral ejection of upper gut 

contents. Vomiting may occur with or without nausea.
• Retching: involves no oral discharge of gastric contents. 

Nausea and vomiting are distinguished from related 
symptoms.

• Regurgitation: is an effortless return of gut contents into the 
mouth.

• Rumination: is regurgitation with re-chewing and re-
swallowing of food.

• Anorexia: is a loss of appetite.
• Early satiety: is a sense of fullness before meal completion.

Nausea may constitute part of “indigestion”, which includes 
abdominal discomfort, heartburn, anorexia, eructation, and 
bloating.

Nausea and vomiting from several causes dramatically impair 
quality of life. Nausea during first trimester pregnancy reduces 
both physical and mental components of quality of life surveys. 
Furthermore, women with the most severe form of nausea of 
pregnancy (hyperemesis gravidarum) are 3–6-fold more likely 
to report low health-related quality of life than women with less 
severe symptoms [1]. Nausea and vomiting during pregnancy 

also are associated with fatigue, sleep disturbances, and irritabil-
ity. Mental and physical function scores are reduced and psy-
chological distress is increased by gastrointestinal consequences 
of cancer chemotherapy. Ninety percent of patients with uncon-
trolled chemotherapy-induced emesis have poor functioning 
[2]. In one study, nausea and vomiting reduced quality of life in 
∼40% of chemotherapy cycles [3]. Nausea may impact daily 
function more than vomiting. Nausea and vomiting after chem-
otherapy, and after surgery reduce time spent on leisure and 
recreation, household tasks, and socializing and cause hardship 
to family members.

Nausea and vomiting have profound socioeconomic impact. 
Nausea of pregnancy can increase rates of job loss. It has been 
estimated that 8.5 million working days are lost in Britain yearly 
because of nausea of pregnancy and that severely affected 
women miss a mean of 62 work hours while pregnant [4]. In 
Sweden, 28% of sick leaves relate to nausea of pregnancy [5]. 
One percent of pregnant women are hospitalized because  
of nausea and vomiting with an average length of stay of  
2.6 days. Nausea and vomiting after chemotherapy decrease 
employee productivity and increase health care costs due  
to prolonged hospitalization and home nursing needs. In  
analyses from a database of 11 495 patients, total costs attribut-
able to chemotherapy-induced emesis were $89 million with an 
average cost of $1855 for daily treatment [6]. A recent investiga-
tion reported charges >$25 000 for treating 28 patients who 
returned to the hospital for persistent emesis after surgery [7]. 

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
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Postoperative nausea and vomiting may interfere with the 
ability of a center to perform all scheduled surgeries due  
to prolonged recovery room stays and extra nursing 
requirements.

Etiologies and pathophysiology

Vomiting is coordinated by nuclei in the brainstem (which have 
been referred to as the vomiting center by some) and is effected 
by neuromuscular responses in the gut, pharynx, and thoraco-
abdominal wall [8]. The mechanisms underlying nausea are 
poorly understood but likely involve the cerebral cortex, as 
nausea requires conscious perception. Nausea and vomiting are 

Box 38.1 Etiologies of nausea and vomiting.

Medications

Nonsteroidal antiinflammatory agents/aspirin
Opiates
Antibiotics

Macrolides
Tetracycline
Sulfonamides

Anti-Parkinsonian/restless legs drugs
Anticonvulsants
Cardiac antiarrhythmics/antihypertensive
Diuretics
Antidiabetics

Metformin
Liraglutide

Antidepressants
Venlafaxine
Duloxetine

Oral contraceptives
Smoking cessation drugs

Nicotine
Varenicline

Infections

Viral gastroenteritis
Bacterial gastroenteritis
Opportunistic infections (immunosuppression)
Nongastrointestinal
Organic GI/intraperitoneal conditions
Gastric/small bowel obstruction
Superior mesenteric artery syndrome
Volvulus
Antral web
Peptic ulcer disease
Crohn’s disease
Pancreatitis
Cholecystitis
Appendicitis
Hepatitis

Motility disorders

Gastroparesis
Chronic intestinal pseudoobstruction (CIP)

Functional gastroduodenal disorders

Cyclic vomiting syndrome (CVS)
Chronic idiopathic nausea
Functional vomiting
Rumination syndrome

Cannabinoid hyperemesis syndrome

Nausea and vomiting of pregnancy (NVP)

Chemotherapy induced nausea and vomiting (CINV)
Acute
Delayed
Anticipatory

Radiotherapy-induced nausea and vomiting

Postoperative nausea and vomiting (PONV)

CNS and peripheral neural conditions

Malignancy
Infarction
Hemorrhage
Infection
Motion sickness
Labyrinthine disease
Autonomic instability

Miscellaneous

Endocrine/metabolic disease
Fatty liver of pregnancy
Myocardial infarction/heart failure
Ethanol intoxication
Graft versus host disease
Acute intermittent porphyria
Psychiatric disease
Eating disorders
Jamaican vomiting sickness

caused by a range of pathologic and physiologic conditions 
affecting the abdomen, central nervous system (CNS), and 
other systemic functions (Box 38.1). Distinct mechanisms may 
underlie these symptoms in different clinical conditions.

Medications
Medications are among the most common causes of nausea and 
vomiting and usually present soon after initiating therapy. 
Emetogenic drugs exert their effects by acting in the periphery 
and within the CNS including the so called vomiting center. 
Agents commonly producing nausea and vomiting include  
nonsteroidal antiinflammatory drugs, opiates, antibiotics,  
anti-Parkinsonians and therapies for restless legs, cardiac 
antiarrhythmics, antihypertensives, diuretics, antidiabetics 
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antagonist palonosetron suggest interactions between 5-HT3 
and NK1 pathways [17].

Radiation therapy for malignancy produces emesis by effects 
on gut structure and function. The incidence of nausea and 
vomiting is up to 80% when the upper abdomen is included in 
the radiation field. The ability of 5-HT3 antagonists to reduce 
vomiting evoked by acute abdominal radiation indicates the 
participation of a serotonin pathway.

Infectious causes
Infectious illnesses commonly elicit acute nausea and vomiting. 
Acute enteric infection occurs most often in children <3 years 
old, but has a second peak incidence in the third decade. 
Norovirus from contaminated water exposure is believed to be 
responsible for 68%–90% of gastroenteritis attacks; its preva-
lence in winter is explainable by viral persistence at low tem-
peratures [18]. Rotavirus is a common etiology of gastroenteritis 
leading to hospitalization of children from dehydration and 
lethargy. Viral gastroenteritis may also be caused by reoviruses, 
adenoviruses, and the Hawaii and Snow Mountain agents. An 
epidemic fever and vomiting syndrome has been related to an 
enterovirus (AU250G) that exhibits 95% homology to an echo-
virus that causes meningitis [19]. Nausea and vomiting also 
result from some bacterial infections (e.g., Staphylococcus 
aureus, Bacillus cereus, Salmonella, Clostridium perfringens). S. 
aureus produces a distinct enterotoxin. B. cereus also produces 
an emesis-causing toxin as well as three toxins that induce 
diarrhea. Nausea in immunocompromised patients may result 
from gut cytomegalovirus or herpes simplex infection. 
Nongastrointestinal infectious diseases that cause nausea 
include otitis media, meningitis, and hepatitis.

Mechanical obstruction and  
intraperitoneal inflammation
Disorders involving the gut lumen are prevalent causes of nausea 
and vomiting. Gastric and small intestinal obstructions produce 
nausea that may be relieved by vomiting. Gastric obstruction 
often is intermittent, while small intestinal obstruction usually 
is acute and associated with abdominal pain. Superior mesenteric 
artery syndrome results from compression of the duodenum by 
the overlying superior mesenteric artery as it originates from 
the aorta, causing anatomic obstruction. This condition is 
observed in patients who have had profound weight loss, under-
gone recent surgery, or been at prolonged bedrest. Other 
mechanical causes of chronic vomiting include subacute gastric 
volvulus and antral webs. Patients with inactive Crohn’s disease 
can exhibit symptomatic delays in gastric emptying, presumably 
secondary to restricted gastric wall contractility [20].

Other intraperitoneal disorders produce nausea and vomit-
ing. Biliary colic and inflammatory conditions (pancreatitis, 
appendicitis, cholecystitis) are associated with nausea likely 
from activation of biliary or peritoneal afferent pathways. 
Nausea with fulminant hepatic failure probably is a consequence 
of unknown emetic toxins or increased intracranial pressure.

(metformin, exenatide, liraglutide), oral contraceptives, antide-
pressants (selective serotonin reuptake inhibitors, serotonin 
norepinephrine reuptake inhibitors, tricyclic agents), and treat-
ments for smoking cessation (nicotine, varenicline) [9].

Chemotherapy (and radiation therapy) induced 
nausea and vomiting (CINV)
Nausea and vomiting with cancer chemotherapy may be acute, 
delayed, or anticipatory. In data from a large registry, 26% of 
cases occurred after highly emetogenic chemotherapy, 46% after 
moderately emetogenic treatment, and 26% after milder thera-
pies [6]. Acute nausea and vomiting are reported by 35% and 
13% of patients, respectively; delayed emesis is noted by 50% 
and 28% receiving highly and moderately emetogenic agents 
respectively [10]. Risk factors for CINV include low social func-
tioning, prechemotherapy nausea, young age, female sex, and 
use of highly emetogenic drugs (cisplatin, carmustine, high dose 
cyclophosphamide, dacarbazine). Hematologic malignancies 
are associated with more frequent CINV compared to solid 
tumors because of the young age of patients, the highly eme-
togenic nature of the chemotherapeutic agents, and the psycho-
logical impact of the diagnosis [11]. Risk scores predict CINV; 
those at high risk are three- to four-fold more likely to develop 
symptoms than those at low risk [12]. Anticipatory nausea and 
vomiting occur in 25%–34% of patients by the fourth chemo-
therapy course, are more common in young patients, and impair 
quality of life. Patient expectations in concert with anxiety and 
coping mechanisms predict the onset of anticipatory nausea 
[13].

Mechanisms for CINV have been delineated from animal and 
human models. Highly emetogenic agents elicit acute vomiting 
with associated increases in plasma serotonin, urinary excretion 
of the serotonin metabolite 5-hydroxyindole acetic acid 
(5-HIAA), ileal tissue serotonin, and numbers of serotonin 
immunoreactive cells. One report proposed that an elevated 
5-HIAA to creatinine ratio to >70 is associated with CINV [14]. 
In contrast, less emetogenic agents evoke little rise in plasma 
serotonin or urinary 5-HIAA. Cisplatin-evoked emesis is 
reduced by vagotomy, suggesting peripheral afferent pathway 
involvement. However, the observation that intravenous admin-
istration of the CNS impermeant 5-HT3 antagonist zatosetron-
QUAT does not block cisplatin-induced emesis while 
intracerebroventricular delivery has potent antiemetic action 
indicates an additional CNS site of action [15]. A polymorphism 
of one of the 5-HT3 receptor genes (HTR3C) has been identified 
as a risk for developing CINV supporting a crucial role for 
serotonin pathways [16]. In contrast, delayed and anticipatory 
vomiting are mediated by serotonin-independent pathways. 
Delayed emesis after cisplatin is not associated with urinary 
5-HIAA excretion and is poorly controlled by most 5-HT3 
antagonists. The ability of neurokinin NK1 antagonists (e.g., 
aprepitant) to reduce delayed CINV indicates this phase is 
mediated by substance P pathways. Recent demonstrations of 
beneficial responses of delayed CINV to the long-acting 5-HT3 
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mapping of gastric pacemaker activity providing a mechanism 
for contractile impairments [34]. Anxiety and depression scores 
relate to symptom severity in both diabetics and idiopathic 
patients and women with idiopathic disease may report prior 
physical or sexual abuse, suggesting possible contributions from 
psychological dysfunction [35]. Symptoms may be increased 
during the luteal phase of the menstrual cycle, reflecting hor-
monal influences on disease severity [36]. On regression analy-
ses, obesity is predictive of gastroparesis symptom severity [37]. 
Full thickness gastric biopsies from patients with severe gas-
troparesis exhibit loss of interstitial cells of Cajal and inflamma-
tory infiltrates in approximately half of patients, with a small 
number showing neuronal damage, neurotransmitter deficits, 
or smooth muscle fibrosis [38]. On electron microscopy, nerve 
endings are large and empty, the smooth muscle is damaged by 
lipofuscin and lamellar bodies, and fibrosis may be prominent 
around nerves [39].

Chronic intestinal pseudoobstruction (CIP) elicits similar 
symptoms as gastroparesis but often has more severe nutritional 
consequences and bowel habit disturbances. CIP etiologies are 
similar to gastroparesis and include connective tissue disorders, 
infiltrative disease, neurologic conditions, paraneoplastic mani-
festations, and idiopathic disease. Some myopathic and neuro-
pathic forms of CIP are hereditary. Full thickness intestinal 
biopsies may show neuronal degeneration, inflammation, loss 
of interstitial cells of Cajal, and smooth muscle fibrosis.

Cyclic vomiting syndrome (CVS)
Cyclic vomiting syndrome (CVS) is characterized by discrete 
episodes of intractable emesis with stereotypic onset and dura-
tion and intervening well periods.

Diagnostic criteria for CVS have been defined by the Rome 
Foundation (see Box 38.2) [40]. The disorder is comprised of 
four phases: (1) a preemetic period with pallor, diaphoresis, and 
nausea; (2) a period with intense vomiting up to 30 episodes 
daily; (3) a recovery period; and (4) an interepisodic period with 
few symptoms (although >50% report some intervening 
nausea) [40,41]. CVS attacks often are associated with abdomi-
nal pain and diarrhea. Adult CVS flares are longer in duration 
(5.9 days vs. 3.4 days) and occur more often (14.4 vs. 9.6 
episodes/year) than in children [42]. Many patients show 
gradual symptom improvements over 7 years, but a subset 
(mostly adults) progresses to a coalescent pattern of daily nausea 
and vomiting. In some children, CVS can evolve into other 
functional bowel disorders, chronic headaches, or extraintesti-
nal somatic symptoms.

Common CVS triggers include stress, sleep deprivation, 
infection, motion sickness, and food (allergies to milk, soy, and 
eggs and intolerances to chocolate, cheese, or monosodium 
glutamate) [40]. CVS may be exacerbated by menses (cateme-
nial CVS) or pregnancy. Patients with diabetic gastroparesis 
report a cyclic vomiting pattern in 13%–56% of cases [43]. 
Chronic cannabis exposure can cause recurrent cyclic vomiting, 
which resolves with cessation of marijuana use. The etiology of 

Gastroparesis and chronic intestinal 
pseudoobstruction
Gastroparesis presents with diverse symptoms and evidence of 
gastric retention on testing in the absence of physical obstruc-
tion. More than 90% of patients note nausea, 68%–84% have 
vomiting, 60% report early satiety, 46%–90% experience pain 
(predominant in 21%), and 80% note bloating (predominant in 
7%) [21]. Other manifestations are heartburn, glycemic excur-
sions (in diabetics, including significant hyper- and hypoglyc-
emia), pronounced fatigue, and bezoars. Inadequate nutrient 
intake is common, but weight loss is rare [22]. Systemic condi-
tions causing gastroparesis include diabetes, connective tissue 
disease (scleroderma, lupus), amyloidosis, neurologic condi-
tions (Parkinson’s disease, muscular dystrophy), and cancer 
(paraneoplastic gastroparesis). Delayed gastric emptying has 
been found in 27%–65% of those with longstanding type I dia-
betes (usually considered to be >10 years in duration) and up 
to 30% of type II diabetics [23–26]. However, it should be noted 
that many of these studies examined referral populations which 
may not reflect true population prevalence. Among diabetics 
followed longitudinally, gastroparesis develops at a rate five 
times higher in type I versus type II patients [27]. However, 
gastroparesis symptom differences between diabetic subtypes 
are minimal. Postsurgical gastroparesis develops as a conse-
quence of intentional or inadvertent vagotomy; currently, the 
most common procedures with this complication include fun-
doplication for acid reflux and bariatric surgery. Rare causes of 
gastroparesis include gastric ischemia and the median arcuate 
ligament syndrome, which compresses the celiac axis. Thirty 
percent to 60% of patients with gastroparesis exhibit no under-
lying systemic disease causing their symptoms. Patients with 
idiopathic gastroparesis have a mean age of 41 years and are 
predominantly women; 46% are overweight, and 50% had an 
acute onset of symptoms [28]. Nineteen percent of cases are 
preceded by prodromal symptoms (diarrhea, fever, headache, 
myalgias) suggesting a viral etiology; this form of disease may 
have a better prognosis than noninfectious gastroparesis. The 
responsible agent is rarely identified; rotavirus was implicated 
in 8 of 11 affected children [29]. Patients with idiopathic gas-
troparesis report lower vomiting severity and fewer daily vomit-
ing episodes than diabetics with gastroparesis. The prevalence 
per 100 000 persons of definite gastroparesis (defined by typical 
symptoms with delayed emptying) is 9.6 for men and 37.8 for 
women [30]. Age adjusted incidences per 100 000 person-years 
are 2.4 for men and 9.8 for women. Hospitalizations for gas-
troparesis rose 158% from 1995 to 2004 and resource use has 
increased similarly [31]. Triggers of hospitalization include 
infection, poor glycemic control, and noncompliance or intoler-
ance of medications [32].

The pathogenesis of gastroparesis is multifactorial. Although 
needed for diagnosis, delays in gastric emptying correlate poorly 
with symptom severity reflecting the importance of other factors 
[33]. Electrical conduction defects (propagation blocks, abnor-
mal initiation sites) are prominent on high resolution serosal 
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5 [42]. Delays in diagnosis average 5–6 years in adults and are 
longer in pediatric patients [45]. Adults present to emergency 
departments a median of 15 times including 7 visits prior to 
diagnosis [46].

CVS pathogenesis has many components. Given the varied 
pathophysiologic contributors underlying the different condi-
tions presenting with cyclical vomiting, future consensus panels 
will consider if such disorders warrant stratification into distinct 
categories.

Peripheral neuromuscular or CNS factors
The syndrome is associated with rapid gastric emptying in 
50%–80% and normal in most other individuals when meas-
ured between attacks [43]. Delayed emptying is noted in 14%, 
usually in diabetics, or with narcotic or marijuana use. When it 
can be quantified, delays in emptying also are observed during 
acute CVS attacks. CVS is associated with autonomic disorders 
including complex regional pain syndrome and postural ortho-
static tachycardia syndrome [47]. Autonomic function testing 
reveals orthostatic changes, impaired parasympathetic responses 
to deep breathing, absent sympathetic skin responses, altered 
responses on sweat testing, and impaired sudomotor function 
[48]. Fourteen percent of children have associated neurocogni-
tive disorders, a subtype termed CVS plus [45]. Migraine head-
aches classically are reported by children with CVS, but 
24%–70% of adults also experience personal or family histories 
of migraines [41]. In a systematic review, anxiety and depression 
were associated with CVS in 30% of cases [42].

Mitochondrial disorders and other genetic abnormalities
Mitochondrial disorders associated with CVS include medium 
chain acyl coenzyme A dehydrogenase deficiency, late-onset 
glutaric academia type II, mitochondrial encephalopathy, lactic 
acidosis, and stroke-like syndrome (MELAS) [40]. Maternal 
inheritance is observed in half of children with CVS, relating to 
mitochondrial DNA variants. Pediatric disease is associated 
with two mitochondrial DNA polymorphisms, 16519T and 
3010A [49]. Mutations in the neuronal β-tubulin isotype 3 
(TUBB3) gene produce hypogonadism, anosmia, midface hypo-
plasia, cognitive impairment, vocal cord paralysis, tracheoma-
lacia, and CVS [50]. Another mitochondrial DNA deletion 
(nucleotides 10970–14118) is associated with CVS with neu-
romuscular disease and growth retardation [51].

Cannabis hyperemesis syndrome
Some patients develop symptoms like CVS as a consequence of 
regular marijuana usage. In one report, cannabis use was associ-
ated with a cyclic vomiting pattern in 82 patients compared to 
62 patients with chronic persistent vomiting with an odds ratio 
of 2.9 (95% confidence interval [CI] 1.2, 7.2) (Figure 38.1) [52]. 
Marijuana smoking also is more common in cyclic vomiters 
compared to those with irritable bowel syndrome. This can-
nabinoid hyperemesis syndrome typically presents after daily 
use of large quantities of marijuana (3–5 times daily) over a long 

CVS is unclear, though recent evidence suggests there may be 
metabolic or genetic predispositions to development of CVS.

CVS is the cause of symptoms in 3%–14% of adults with 
unexplained vomiting [44]. The condition shows a slight male 
predominance in adults, but pediatric patients more often are 
female [45]. The mean age of CVS onset in adults is 30–35 years 
(range 14–73 years); in children, it typically begins around age 

Box 38.2 Rome III defined gastroduodenal disorders causing nausea 
and vomiting.

Cyclic vomiting syndrome (CVS)

Must include all of the following:
1. Stereotypical episodes of vomiting regarding onset (acute) and 

duration (less than one week) 
2. Three or more discrete episodes in the prior year
3. Absence of nausea and vomiting between episodes
4. Criteria fulfilled for the last 3 months with symptom onset at least 

6 months prior to diagnosis.

Supportive criterion
• History or family history of migraine headaches.

Chronic idiopathic nausea

Must include all of the following:
1. Bothersome nausea, occurring at least several times per week 
2. Not usually associated with vomiting
3. Absence of abnormalities at upper endoscopy or metabolic disease 

that explains the nausea
4. Criteria fulfilled for the last 3 months with symptom onset at least 

6 months prior to diagnosis.

Functional vomiting

Must include all of the following:
1. On average one or more episodes of vomiting per week
2. Absence of criteria for an eating disorder, rumination, or major 

psychiatric disease according by DSM-4
3. Absence of self-induced induced vomiting and chronic cannabinoid 

use and absence of abnormalities in the central nervous system or 
metabolic diseases to explain the recurrent vomiting

4. Criteria fulfilled for the last 3 months with symptom onset at least 
6 months prior to diagnosis.

Rumination syndrome

Must include all of the following:
1. Persistent or recurrent regurgitation of recently ingested food into 

the mouth with subsequent spitting or remastication and 
swallowing

2. Regurgitation is not preceded by retching
3. Criteria fulfilled for the last 3 months with symptom onset at least 

6 months prior to diagnosis.

Supportive criteria
• Regurgitation events are usually not preceded by nausea.
• Cessation of the process when the regurgitated material becomes 

acidic. 
• Regurgitant contains recognizable food with a pleasant taste.

Source: Tack et al. 2006 [40]. Reproduced by permission of Elsevier.
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Depression and conversion disorders have been related to unex-
plained vomiting, but similar psychiatric profiles have been 
noted in individuals with chronic vomiting and control patients 
with reflux disease or gastroparesis [40].

Because of the overlap of clinical manifestations of idiopathic 
gastroparesis and the functional gastroduodenal disorders 
(functional dyspepsia, chronic idiopathic nausea, functional 
vomiting), it may be difficult to distinguish the different condi-
tions. Furthermore, the relevance of making such diagnostic 
distinctions in directing subsequent clinical decision making 
requires additional confirmation. Percentages of patients satis-
fying the different Rome III gastroduodenal disorder definitions 
are similar among those with mild, moderate, and severe gastric 
emptying delays, confirming that diagnoses of these disorders 
do not relate to gastric retention. Furthermore, one modeling 
study concluded that only 10% of the variance in meal-induced 
functional dyspepsia relates to gastric emptying [58]. There is 
little evidence that testing to distinguish abnormal from normal 
gastric emptying facilitates managing unexplained dyspepsia. 
Thus, separating idiopathic gastroparesis from functional gas-
troduodenal disorders as independent entities may be an artifi-
cial distinction. This topic remains controversial with some 
investigators reporting no benefits to gastric emptying testing 
in management of dyspepsia, with others observing important 
roles for such testing [59,60].

Rumination syndrome
Rumination syndrome is a characterized by the repeated, effort-
less regurgitation of recently ingested food followed by its 
re-chewing and re-swallowing or expulsion from the mouth 
(see Box 38.2) [40]. The disorder often is misdiagnosed vari-
ously as refractory vomiting, GERD or gastroparesis. 
Furthermore, symptoms may be prominent with liquid meals, 
which often are better tolerated in conditions with true vomit-
ing [61]. Regurgitation of gastric contents typically starts within 
minutes of starting a meal, often is preceded by a sensation of 
belching, and usually lasts 1–2 hours. The regurgitant contains 
recognizable food which has a pleasant taste. Many individuals 
report nausea, heartburn, abdominal discomfort or pain, bloat-
ing, diarrhea, and/or constipation. Many patients show evi-
dence of excess acid reflux on esophageal pH testing and may 
also have esophagitis on endoscopy [62]. Weight loss can be 
significant, especially in adolescents. The disorder was initially 
identified in infants and developmentally impaired individuals, 
but it is known to occur in adults of normal intellect. The preva-
lence of rumination syndrome in adults is not well defined, but 
33% of patients with unexplained nausea and vomiting satisfied 
criteria for rumination syndrome with similar rates in both 
sexes in one report [28]. Others note a female predominance 
[63–65]. Rumination syndrome appears to be more prevalent in 
children, observed in 5.1% of one cohort, and causes increased 
school absenteeism [66].

From a mechanistic standpoint, rumination occurs from 
increases in gastric pressure that are secondary to volitional 

duration (2–19 years) [53]. Young males comprise the majority 
of patients. The syndrome is divided into distinct phases: pro-
drome, hyperemesis during which patients may vomit up to 5 
times hourly, and recovery. As with CVS, most patients with 
cannabinoid hyperemesis report associated abdominal pain. 
Patients also exhibit a learned behavior of frequent hot baths or 
showers during attacks (mean 5  ±  2 daily baths/showers; 
5.0 ± 5.1 hours/day) that relieve the vomiting and pain during 
the hyperemetic phase [54]. Delays in diagnosis of up to 9 years 
are characteristic and emergency department visits prior to 
establishing the diagnosis are numerous (7.1 ± 4.3). The patho-
physiology of cannabinoid hyperemesis syndrome is poorly 
understood. Some cannabinoids in marijuana show potent 
antiemetic actions while others may contribute to recurrent 
vomiting. Δ9-tetrahydrocannabinol (THC) exhibits antiemetic 
effects via action on CNS CB1 receptors; cannabidiol shows a 
biphasic effect characterized by antivomiting actions at low 
doses and stimulation of emesis at high doses in animal models 
while cannabigerol acts as a CB1 and 5-HT1A antagonist to block 
antiemetic effects of cannabidiol [55].

Chronic idiopathic nausea and  
functional vomiting
Chronic idiopathic nausea and functional vomiting are disor-
ders defined by the Rome Foundation (see Box 38.2) [29]. Their 
prevalences have not been characterized, but population data 
indicate that nausea occurring weekly is noted by 3% of indi-
viduals and vomiting monthly is reported by 2% of women and 
3% of men [56]. There are no differences in age, body mass 
index, and smoking or alcohol use in those with functional 
vomiting compared to CVS [52].

The mechanisms underlying chronic idiopathic nausea and 
functional and cyclic vomiting are not well understood. Roles 
for gastric emptying delays have been proposed but are 
unproved. Blunted gastric accommodation and heightened per-
ception during intragastric nutrient perfusion were observed in 
19 patients with functional vomiting compared to 10 healthy 
controls [57]. However, these sensorimotor alterations have  
not been proved causative of symptoms in affected patients. 

Figure 38.1 The proportions of cannabinoid users among patients with 
cyclic vomiting syndrome (CVS), functional vomiting (FV), and irritable 
bowel syndrome (IBS) are shown. Cannabinoid use was more prevalent 
with CVS, especially in men, compared to FV and IBS. Source: Choung 
et al. 2012 [52]. Reproduced with permission from John Wiley & Sons.
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thromboembolism, gallbladder and liver dysfunction, renal 
insufficiency, and retinal hemorrhage are potentially severe 
complications. The condition leads to increased antiemetic use 
and frequent hospitalization; with recurrent hyperemesis, >75% 
require intravenous hydration and nearly one quarter need 
enteral or parenteral nutrition.

The cause of NVP is unknown. Symptoms parallel β-human 
chorionic gonadotropin (hCG) levels; one report showed cor-
relation of elevated hCG levels and hyponatremia with length 
of hospitalization in hyperemesis gravidarum [76]. Others have 
shown associations of nausea severity in pregnancy with intol-
erance of oral contraceptives, correlation with levels of andros-
tenedione, dehydroepiandrosterone sulfate, testosterone, leptin, 
prostaglandin E2, vaspin, and C-reactive protein, and inverse 
correlation with prolactin concentrations [77–82]. Reduced 
vitamin B6 levels have been observed, providing a rationale for 
vitamin B6 supplementation for NVP [83]. Helicobacter pylori 
exposure determined by serologic testing has been associated 
with an increased risk of hyperemesis gravidarum. However, 
two studies employing fecal antigen testing observed no increase 
in prevalence of active H. pylori infection and hyperemesis 
gravidarum [84]. Two single nucleotide polymorphisms of sero-
tonin receptor [HTR3C] genes (rs6806362, rs6807670) are asso-
ciated with NVP, providing a genetic correlate to the observed 
hereditary tendencies [85].

Postoperative nausea and vomiting (PONV)
Postoperative nausea and vomiting (PONV) complicates 
17%–37% of operations, and is more common with general 
anesthesia compared to regional nerve blocks. PONV occurs 
more often after abdominal and orthopedic surgery than lapar-
oscopic or other extra-abdominal operations and is exacerbated 
by opiates. Other risk factors include female sex, increased age, 
obesity, nonsmoking status, prior PONV or motion sickness, 
prior H. pylori infection, history of migraines, preoperative 
anxiety, use of volatile anesthetics or nitrous oxide, and high-
dose neostigmine [86]. A risk score comprised of five factors 
(female sex, age <50 years, prior PONV, opioid administration 
after prior anesthesia, nausea in the postanesthesia care unit) is 
predictive of nausea and vomiting postdischarge from the 
anesthesia care unit, with incidence increasing from 7% with 
one factor to 88% with all 5 factors [87]. Gene variants associ-
ated with PONV include one (rs2165870) upstream of the pro-
moter for the muscarinic 3 receptor gene, two encoding 5-HT3 
receptors (HTR3A and HTR3B), and another with the Taq 1A 
polymorphism of the dopamine D2 receptor gene [88,89].

Causes involving the central and peripheral 
nervous systems
Many emetic stimuli produce symptoms by action on the CNS. 
CNS causes (malignancy, infarction, hemorrhage, infection, 
congenital) produce maximal emesis at an intracranial pressure 
of 80 mmHg with or without nausea [90]. Psychiatric conditions 
(anxiety, depression), eating disorders (anorexia nervosa, 

abdominal somatic muscle contraction that promote orad 
movement of gastric contents into the esophagus [61]. Lower 
esophageal sphincter (LES) relaxation is elicited at lower intra-
gastric pressures in ruminators, some of whom also exhibit 
hypersensitivity to gastric distention [67]. Others hypothesize a 
role for voluntary diaphragmatic crural relaxation to facilitate 
retrograde flow during increased intraabdominal pressure [68]. 
Nontransmitted esophageal body contractions and low ampli-
tude contractions are found in 48% and 38% of cases, respec-
tively [62]. Delayed gastric emptying is noted in 14% of patients. 
The pathogenic relevance of these factors is uncertain. 
Associations of rumination with psychological dysfunction, 
stressful life events, and eating disorders have been reported. 
Seventeen percent of female ruminators have a history of 
bulimia [63].

Nausea and vomiting of pregnancy (NVP)
Nausea and vomiting complicate 50%–70% of pregnancies. 
Although nausea and vomiting of pregnancy (NVP) is referred 
to as “morning sickness”, only 2% report symptoms restricted 
to the morning while 80% are symptomatic throughout the day 
[69]. NVP typically begins 39 days after the last menses, peaks 
in the 9th–11th gestational week, and persists for 35–45 days; 
symptoms continuing into late pregnancy are reported in 45% 
of cases [70]. NVP is more common in primigravid, younger, 
non-Asian, overweight, less educated, and more economically 
disadvantaged women and by those with prepregnancy nausea 
and vomiting [71]. Dietary constituents associated with NVP 
include sugars, alcohol, and meats, whereas vegetables, fish, and 
vitamin supplements decrease the risk [72]. In most patients 
with NVP, there are no deleterious effects on the fetus or mother. 
Rather, it is associated with longer gestation and reduced inci-
dences of miscarriage, preterm births, congenital heart defects, 
cleft lip and palate, and fetal demise. However, NVP leads to 
reduced protein and increased carbohydrate consumption as 
well as reduced intake of magnesium and zinc, raising the pos-
sibility of nutritional deficits during pregnancy [73].

Hyperemesis gravidarum, presenting with intractable vomit-
ing, complicates 0.7%–5% of pregnancies and causes dangerous 
fluid and electrolyte abnormalities. Although usually occurring 
in early pregnancy, up to one quarter of cases persist until deliv-
ery. Many with prior hyperemesis report severe vomiting in 
subsequent pregnancies; there is increased risk of hyperemesis 
in relatives of affected women [74]. Other risk factors include 
young age, first pregnancies, low socioeconomic status, assisted 
reproduction, hyperthyroidism, psychiatric disease, gastrointes-
tinal disorders, asthma, and preexisting diabetes. Hyperemesis 
gravidarum is associated with an increased likelihood of prema-
ture delivery and having a low birth weight baby (<2500 gram) 
[75]. Other consequences of prolonged hyperemesis include 
maternal hematemesis, syncope, postpartum stress, motion 
sickness, muscle weakness, and infant irritability, colic, and 
growth restriction. Wernicke’s encephalopathy (resulting from 
acute thiamine deficiency), osmotic demyelination syndrome, 
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arcts are more often associated with gastrointestinal complaints 
than anterior occlusions and are more common in women [93]. 
Nausea with congestive heart failure results from passive liver 
and gut congestion. Excess ethanol intake induces vomiting by 
action on the gut and brainstem. Acute graft-versus-host disease 
is a dominant cause of nausea and vomiting after bone marrow 
transplant. Excess vitamin intake as well as extended fasting or 
starvation also may cause nausea. Acute intermittent porphyria 
can manifest as intermittent vomiting and abdominal pain in 
association with neurologic symptoms. Disorders of fatty acid 
oxidation produce cyclical emesis. Self-induced vomiting is 
reported by 36% of patients with eating disorders, especially in 
those with high body mass index or depression [94]. Jamaican 
vomiting sickness occurs after eating unripe ackee fruit contain-
ing the toxin hypoglycin A.

Diagnosis and differential diagnosis

Diagnosing the cause of nausea and vomiting requires conduct-
ing a careful history and physical complemented by directed 
laboratory, structural, and functional testing (Figure 38.2).

bulimia nervosa), and emotional responses to unpleasant smells 
or memories may be accompanied by nausea and vomiting.

Motion sickness evoked by repetitive movements activates 
the vestibular nuclei and is associated with autonomic activa-
tion that produces pallor, diaphoresis, and salivation. Motion 
sickness susceptibility in women increases during the menses 
[91]. Labyrinthine disorders (labyrinthitis, tumors, Menière’s 
disease) produce nausea and vomiting with vertigo.

Syndromes of autonomic instability such as postural orthos-
tatic tachycardia syndrome (POTS) often have associated nausea 
[92]. Other dysautonomias associated with nausea and vomit-
ing include those after acute Epstein-Barr virus infection and 
Friedrich’s ataxia.

Miscellaneous conditions
Endocrinologic and metabolic causes of nausea include uremia, 
diabetic ketoacidosis, hyper- and hypoparathyroidism, hyper- 
and hypothyroidism, and Addison’s disease. Acute fatty liver of 
pregnancy produces third trimester vomiting and is compli-
cated by liver failure, disseminated intravascular coagulation, 
and fetal or maternal death. Myocardial infarction produces 
nausea due to diaphragmatic irritation; inferior myocardial inf-

Figure 38.2 General approach to common causes of nausea and vomiting. Diagnostic testing is strongly dependent on the clinical suspicion derived 
from a careful history and physical examination.
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Historical features
A detailed history provides useful information that may help 
identify the cause of unexplained nausea and emesis. Acute 
vomiting (1–2 days) most often results from infection, a medi-
cation or toxin, or endogenous toxins (uremia, diabetic ketoaci-
dosis). In contrast, chronic vomiting (>1 week) usually results 
from long-standing medical or psychiatric conditions.

Symptom profiles
The timing of symptoms provides clues to the underlying 
disease. Although patients with gastric obstruction or gas-
troparesis may report nausea within 5 minutes of eating, most 
vomiting occurs >1 hour after a meal. Patients with rumination 
syndrome usually regurgitate undigested food within minutes 
of eating. Nausea and vomiting from cholecystitis and pancrea-
titis may present in the first hour after eating. Conversely, 
nausea may abate with eating in some cases of esophagitis or 
ulcer disease. Morning emesis may be reported with pregnancy, 
uremia, or chronic alcoholism.

The characteristics of vomiting may assist in diagnosis. 
Undigested food return suggests achalasia, rumination, or a 
Zenker’s diverticulum; vomiting of partly digested or old food 
residue suggests gastric obstruction or gastroparesis. Emesis of 
bilious material only occurs in conditions in which there is no 
gastroduodenal obstruction proximal to the ampulla of Vater. 
Hematemesis usually reflects tissue injury. Gastrinoma patients 
may vomit voluminous clear acidic liquid; those with achlorhy-
dria may expel odorless vomitus. Feculent emesis occurs with 
distal intestine or colon obstruction, bacterial overgrowth, and 
gastrocolic fistulae.

Related symptoms may clarify diagnostic considerations. In 
additional to functional and motor conditions, abdominal pain 

Table 38.1 The gastroparesis cardinal symptom index – daily diary to characterize and quantify symptoms.

Symptom None Very mild Mild Moderate Severe Very severe

Nausea (feeling sick to your stomach as if you were going 
to vomit or throw up)

0 1 2 3 4 5

Retching (heaving as if to vomit, but nothing comes up) 0 1 2 3 4 5

Vomiting 0 1 2 3 4 5

Stomach fullness 0 1 2 3 4 5

Not able to finish a normal-sized meal 0 1 2 3 4 5

Feeling excessively full after meals 0 1 2 3 4 5

Loss of appetite 0 1 2 3 4 5

Bloating (feeling like you need to loosen your clothes) 0 1 2 3 4 5

Stomach or belly visibly larger 0 1 2 3 4 5

Upper abdominal pain (above the navel) 0 1 2 3 4 5

Upper abdominal discomfort (above the navel) 0 1 2 3 4 5

Source: Data from [95] Revicki DA, Camilleri M, Kuo B, et al. Evaluating symptom outcomes in gastroparesis clinical trials: validity and responsiveness 
of the Gastroparesis Cardinal Symptom Index–Daily Diary (GCSI-DD). Neurogastroenterol Motil 2012;24:456.

is noted with ulcer disease, obstruction, and inflammatory dis-
orders (cholecystitis, pancreatitis). Vomiting may relieve nausea 
from ulcers or bowel obstruction, but has no effect in inflam-
matory conditions. Enteric infection may be associated with 
diarrhea, fever, or myalgias. Patients with cyclical vomiting 
should be queried about habitual marijuana use. CNS processes 
can produce effortless or projectile emesis without nausea and 
are suggested by headaches, visual changes, altered mentation, 
and neck stiffness. Labyrinthine diseases present with tinnitus 
or vertigo. Chest pain, dysphagia, or jaundice suggest cardiac, 
esophageal, or hepatobiliary disease, respectively.

Complications of nausea and vomiting
Chronic vomiting promotes dental enamel loss. Violent retch-
ing or emesis may cause Mallory-Weiss tears or Boerhaave’s 
syndrome, with subsequent mediastinitis or peritonitis. In 
patients with impaired consciousness, emesis may be compli-
cated by pulmonary aspiration of acidic material leading to 
chemical pneumonitis. Bezoars complicate cases of severe 
gastric retention, increasing gastroparesis symptoms or produc-
ing a palpable epigastric mass, gastric ulcers or perforation, or 
small bowel obstruction.

Validated symptom surveys
Quantification of symptom severity and characterization of 
disease subtypes in disorders with prominent nausea and vom-
iting including gastroparesis have been facilitated by validated 
symptom questionnaires. The Gastroparesis Cardinal Symptom 
Index-Daily Diary (GCSI-DD), comprised of 11 questions in 
four domains (nausea/vomiting, fullness/early satiety, bloating/
distention, and pain/discomfort) shows good test-retest reliabil-
ity, responsiveness to treatments, and relation to clinician-rated 
disease severity (Table 38.1) [95].
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Endoscopic and imaging evaluation
Anatomic studies may be indicated if initial testing is nondiag-
nostic. Plain abdominal radiography can screen for bowel 
obstruction (small intestinal air-fluid levels with absent colonic 
air), ileus or pseudoobstruction (diffuse luminal distention), or 
visceral perforation (pneumoperitoneum). Upper endoscopy or 
contrast upper gastrointestinal radiography may be performed 
for suspected ulcer disease or outlet narrowing. Endoscopy pro-
vides the capability to biopsy abnormal mucosa. Finding 
retained food on endoscopy without obstruction suggests gas-
troparesis. Suspected small intestinal obstruction may be further 
evaluated by computed tomography (CT), magnetic resonance 
imaging (MRI), or small intestinal contrast radiography. Such 
radiographic methods may include use of water soluble contrast 
(which can screen for obstructions requiring surgery), barium 
ingestion (which provides superior visualization of partial 
obstruction and can estimate small bowel transit with CIP), or 
rarely enteroclysis (which involves direct fluoroscopic delivery 
of barium and methylcellulose to provide double contrast 
imaging). If partial colonic obstruction is a consideration, con-
trast enema radiography should be performed before proceed-
ing with small bowel imaging. Computerized tomography (CT) 
and magnetic resonance imaging (MRI) enterography can char-
acterize small intestinal inflammation with known or suspected 
Crohn’s disease. Finding gastric or duodenal dilation on CT 
scanning with a diminished distance between the superior 
mesenteric artery and the aorta is consistent with superior 
mesenteric artery syndrome. Pancreaticobiliary disease may be 
evaluated by CT, MRI, ultrasound, or scintigraphy. If visceral 
ischemia or median arcuate ligament syndrome are considera-
tions, duplex ultrasonography, mesenteric angiography, CT or 
MRI angiography are useful. Head CT or MRI is indicated for 
possible CNS disease.

Studies of gastrointestinal motor function
When obstruction has been excluded, functional causes of 
nausea and vomiting (gastroparesis, pseudoobstruction) are 
considered. Clinicians can empirically treat with agents that 
stimulate gut motility or, alternatively, perform testing to char-
acterize gut motor defects.

Quantification of gastric emptying
Gastric scintigraphy is the most widely performed test to diag-
nose gastroparesis. Most emptying scintiscans involve con-
sumption of a 99mTc-sulfur colloid label bound to a solid food 
meal. A method using a consistent radiolabelled egg substitute 
meal has been promoted by major societies as a means of stand-
ardizing gastric emptying testing (Figure 38.3) [98,99]. With 
this technique, gastric retention >60% at 2 hours, and/or >10% 
at 4 hours, are consistent with gastroparesis. However even such 
standardized protocols do not eliminate the possibility of dis-
cordant results. In one investigation, 37% of patients with 
normal emptying at 2 hours exhibited delays at 4 hours, while 
19% with delayed emptying at 2 hours showed normalization at 

Physical examination findings
Physical examination provides diagnostic clues and facilitates 
managing nausea and vomiting. Fever suggests infection or 
inflammation. Tachycardia, orthostatic hypotension, poor skin 
turgor, or dry mucous membranes indicate dehydration. The 
skin may show sclerodactyly in scleroderma or jaundice with 
hepatobiliary disease. Adenopathy (e.g., supraclavicular) or 
hepatomegaly raises concern for neoplasm. Absent bowel 
sounds signify ileus. High-pitched hyperactive bowel sounds 
with a distended abdomen are consistent with bowel obstruc-
tion. A succession splash on side-to-side movement is found in 
gastric obstruction or gastroparesis. Ulcers, cholecystitis, pan-
creatitis, or peritonitis may produce abdominal tenderness or 
guarding. Gross or occult fecal blood prompts evaluation for a 
mucosal injury process. Focal neurologic signs, papilledema, 
neck rigidity, or impaired mentation suggest a CNS process. 
Asterixis is present in metabolic disease (uremia, hepatic 
failure). Peripheral or autonomic neuropathy is found with 
many gut motor disorders.

Laboratory testing
Laboratory test findings complement the history and physical 
exam. Hypokalemia, contraction alkalosis secondary to intra-
vascular volume loss, or an elevated blood urea nitrogen level 
may reflect dehydration and electrolyte loss from persistent 
emesis. Anemia may result from inflammation or blood loss 
(which can be confirmed by low serum iron parameters), leu-
kocytosis from an inflammatory source, or leukopenia from a 
viral infection. Hypoalbuminemia is seen in chronic diseases or 
with protein losing enteropathy, while low prealbumin suggests 
malnutrition. Pancreatic or liver enzymes are obtained for sus-
pected pancreaticobiliary or hepatic disease. Endocrine and 
metabolic causes can be assessed by pregnancy testing, thyroid 
chemistries, serum calcium, and cortisol (fasting and post 
ACTH) levels. Serologic testing can be performed for concerns 
of connective tissue diseases (lupus, scleroderma). Infiltrative 
disorders (amyloid, sarcoidosis) can be screened by serum 
protein electrophoresis, serum light chain testing, urine parap-
rotein levels, and angiotensin converting enzyme measurement. 
Paraneoplastic autoantibody panels (including type I antineu-
ronal nuclear [also called anti-Hu] antibody, anti-Purkinje cell 
cytoplasmic antibody, ganglionic nicotinic acetylcholine recep-
tor antibody) are positive with cancer-associated dysmotility 
and autoimmune ganglionitis [96].

Testing to exclude rare causes of cyclical emesis is indicated 
in some patients depending on other clinical indicators. Urine 
δ-aminolevulinic acid and porphobilinogen can screen for acute 
intermittent porphyria. Urea cycle enzyme defects are consid-
ered for plasma ammonia levels >150 μM [97]. Fatty acid oxida-
tion disorders are confirmed by plasma amino acid and urine 
organic acid quantification in cases with onset before age 2 
years, neurologic findings, or selected laboratory abnormalities 
(hypoglycemia, pronounced anion gap metabolic acidosis, 
hyperammonemia) [40].
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Diabetics with unexplained symptoms exhibited delays in 36%, 
normal emptying in 42%, and rapid emptying in 22%, in one 
study [107]. Symptoms of patients with rapid and delayed 
gastric emptying are similar thus, as with delays, the relevance 
of accelerated emptying to symptom generation is uncertain.

Other techniques to measure gastric emptying are available. 
A wireless motility capsule (WMC) that continuously transmits 
data on luminal pH and pressure to a receiver worn by the 
patient defines gastric emptying, as the time from ingestion to 
the time a pH reading of near neutrality, is recorded reflecting 
passage into the proximal duodenum. Correlation coefficients 
between the WMC technique and gastric scintiscans for detect-
ing delayed gastric emptying exceed 0.7 [108]. It should be 
recognized that, as it is a large indigestible capsule, emptying of 
the WMC will occur independently of, and after completion of, 
emptying of the digestible solid meal consumed as part of the 
WMC test procedure. The WMC method can also quantify 
gastric motility indices as well as transit and motor patterns in 
the small intestine and colon. Patients with gastroparesis show 
delayed colon transit on WMC testing, reflecting the common 
generalized transit defects in those with delayed gastric empty-
ing [109].

Breath tests to measure 13CO2 liberation in exhaled breath 
samples after consuming a nonradioactive 13C-labelled nutrient 
substrate can assess gastric emptying of both solids (octanoate, 
Spirulina platensis) and liquids (acetate). These methods show 
good correlations with scintigraphy, but are reliable only with 
normal digestive and absorptive function [110].

Ultrasound and MRI also can be used to quantify gastric 
emptying, but their clinical utility is limited due to variability 
related to meal composition and body position during testing.

Other tests of gastrointestinal function
Other gastrointestinal function tests can complement gastric 
emptying testing in centers with expertise in gut motility disor-
ders. Combined esophageal impedance and high resolution 
manometry can facilitate diagnosis of rumination syndrome, 
characterizing nearly 90% of rumination events as elevations in 
intragastric pressure occurring before or concurrently with orad 
esophageal fluid propulsion [111]. Gastrointestinal manometry 
involves placing a catheter to monitor antroduodenojejunal 
pressures during fasting (4–6 hours, during which one or more 
fasting motor complexes are usually observed), and after eating 
a solid meal (2 hours, which should induce a fed pattern). In 
some institutions, manometry can assess the effects of motor 
stimulating drugs or record ambulatory motor activity for up to 
24 hours. Manometry is considered for individuals who: (1) 
have unexplained symptoms; (2) have not responded to treat-
ment; or (3) are being considered for surgery, or enteral versus 
parenteral nutrition. Gastroparesis is characterized by loss of 
fasting migrating motor complexes, reduced antral contractions 
and, in some cases, pyloric spasm in the fed period. Manometry 
is useful to exclude small intestinal dysmotilities including myo-
pathic (duodenal contractile amplitude <20 mmHg with normal 

4 hours [100]. Quantifying emptying of a radiolabelled liquid 
may complement information provided by scintigraphy of emp-
tying of the solid component of the meal. In a recent study, 26% 
with normal solid gastric retention showed prolonged liquid 
emptying [101]. The use of scintigraphy for gastroparesis diag-
nosis has not been rigorously subjected to outcomes analysis. 
One group reported emptying scanning did not influence man-
agement decisions, but others have demonstrated that delayed 
gastric emptying can predict outcomes to treatments designed 
to have stimulatory effects on the stomach [102–104].

Poor correlations of symptoms with gastric retention rates 
have led to controversy about the validity of emptying testing. 
In analyses of a large standardized population of patients with 
symptoms of gastroparesis, severity of overall and individual 
symptoms, health care utilization, quality of life, and depression 
scores were similar with prolonged versus normal, 2 hour and 
4 hour retention [33]. However in patients’ idiopathic gas-
troparesis from the same database, those with severe emptying 
delays (>35% retention at 4 hours) had greater vomiting, ano-
rexia and overall symptoms [28]. Selected single center studies 
do suggest correlations between symptoms and emptying pro-
files when symptom scores are quantified during scintigraphy 
performance (fullness, bloating, and pain are higher with 
delays) or when regional distributions of the meal are analyzed 
(symptoms relate to delayed proximal gastric emptying) [105]. 
Further, emptying delays may influence gastroparesis outcomes. 
Hospitalizations, clinic visits, and emergency department visits 
are greater for diabetics with upper gut symptoms and delayed 
emptying compared to similarly symptomatic individuals with 
normal emptying [106].

Gastric scintigraphy also detects rapid gastric emptying. This 
phenomenon is most often found in adults with CVS, but has 
also been described in some patients with functional dyspepsia, 
with diabetes, and with dietary “fat intolerance” [47,58,60]. 

Figure 38.3 Rates of gastric emptying of a radiolabelled low fat meal are 
shown for men and women using a standardized scintigraphic method. 
Using this technique, normal values for gastric retention are <60% at 2 
hours after meal ingestion and <10% after 4 hours. Source: Tougas et al. 
2000 [98]. Reproduced by permission of Macmillan Publishers Ltd.
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young or old patients as these patients become rapidly 
dehydrated.

Dietary and nonmedicinal considerations
Dietary and nonmedicinal measures that compensate for gastric 
motor impairment are recommended for most patients with 
nausea and vomiting. Nutritional deficiencies are prominent in 
some conditions. In a gastroparesis cohort, daily caloric intake 
averaged <60% of recommended levels and 64% of patients 
consumed calorie deficient diets with associated deficiencies in 
vitamins A, B6, C, and K, as well as iron, potassium, and zinc 
[22]. Ingesting 4–6 small daily meals enhances the efficiency of 
postprandial intragastric mixing. As liquids empty rapidly, 
reducing solid food intake is desired. Carbonated liquids are 
avoided to limit gastric distention. To minimize lipid inhibition 
of gastric emptying, a reduced fat diet should be consumed. 
Reducing indigestible fiber intake is advocated because this con-
stituent delays gastric emptying and can promote bezoar forma-
tion [120]. Medications which inhibit gut transit should be 
discontinued if possible. In diabetic gastroparesis, maintaining 
euglycemia may avoid the inhibitory effects of hyperglycemia 
on gastric motor function. In a study of 28 diabetics with gas-
troparesis, provision of insulin pump therapy reduced hemo-
globin A1c values by 1.8% with associated reductions in hospital 
stays [121].

Medications for nausea and vomiting
Medications used to treat nausea and vomiting include those 
that act in the CNS or periphery to suppress emesis, prokinetic 
agents that stimulate gut motor activity, and drugs that modu-
late gut sensory activity (Table 38.2).

Antiemetic medications
Antihistamines (meclizine, dimenhydrinate) are useful for 
vomiting in conditions with labyrinthine activation (motion 
sickness, labyrinthitis), uremia, and PONV. Sedation and 
dryness of the mouth may limit their use. Less sedating antihis-
tamines (astemizole, cetirizine, fexofenadine) have limited 
antiemetic activity [122].

Oral or transdermal muscarinic receptor antagonists (scopo-
lamine) acting on vestibular pathways also are effective in 
motion sickness. However, these agents can significantly retard 
gastric emptying; thus, their use in gastroparesis may be coun-
terproductive. Side effects include dryness of the mouth and 
eyes, sedation, impaired concentration, headaches, constipa-
tion, and urinary retention.

Dopamine D2 receptor antagonists without stimulatory 
effects on gastric emptying in the phenothiazine (prochlorpera-
zine, chlorpromazine), and butyrophenone (droperidol, 
haloperidol), classes are commonly prescribed to reduce emesis 
from gastroenteritis, medications, abdominal irradiation, 
surgery, toxins and some chemotherapies. CNS side effects 
include drowsiness, insomnia, anxiety, mood changes, confu-
sion, dystonias, Parkinsonian symptoms, and irreversible 

morphology), and neuropathic (intense, uncoordinated burst 
contractions) patterns [112]. Small intestinal motor dysfunction 
is detected in 17%–85% of patients with gastroparesis [113]. 
Manometric rumination (R) waves characterized as simultane-
ous contractions in all recording sites in the early fed period 
after meal ingestion are seen in 40% of patients with rumination 
[114]. Clinical decisions are influenced by gastrointestinal man-
ometry in 20–25% of cases [115]. Electrogastrography (EGG) 
employs electrodes placed on the skin overlying the stomach to 
measure activity of the gastric pacemaker. Under healthy condi-
tions, EGG recordings exhibit uniform three cycles per minute 
waveforms that increase in amplitude after ingesting water or a 
meal. EGG abnormalities in gastroparesis, motion sickness, 
NVP, and functional gastroduodenal disorders include rhythm 
disruptions such as tachygastria (frequency >4 cycles per 
minute), and bradygastria (<2 cycles per minute), and lack of 
a signal amplitude increase with eating [116]. The utility of EGG 
is limited by lack of proven gastric antiarrhythmic therapies.

Satiety testing involves ingesting water or liquid nutrients 
until maximal fullness is reported. Volumes consumed in 
patients with functional dyspepsia and early satiety are reduced 
versus healthy volunteers, reflecting either impaired proximal 
stomach relaxation, or heightened sensitivity of gastric afferent 
pathways [117].

Single photon emission computed tomography (SPECT) 
employs intravenous 99mTc-pertechnetate that accumulates in 
the gastric wall rather than the lumen and provides a three 
dimensional outline of the stomach. SPECT can measure gastric 
accommodation after eating [118]. Similar capabilities have 
been described for other methodologies (e.g., MRI).

Breath testing after consumption of glucose or lactulose can 
detect elevations in breath hydrogen, or methane, reflective of 
small intestinal bacterial overgrowth, a condition found in 
40%–60% of patients with gastroparesis [119].

Principles of management

Managing nausea and vomiting involves assessing disease etiol-
ogy and severity, with prompt initiation of therapy to prevent 
complications.

Indications for hospitalization
Hospitalization is considered for those with dehydration or 
electrolyte disturbances who cannot maintain oral replenish-
ment. Poor skin turgor and orthostatic vital sign changes indi-
cate >10% of body fluids have been lost, mandating intravenous 
fluid administration. Potassium supplements are given for 
hypokalemia if urine output is adequate. Intravenous fluids may 
be provided in an outpatient or emergency department setting 
if oral intake can be resumed at home. Patients with obstruction 
or ileus may benefit from nasogastric suction. The threshold for 
hospitalization is lower for diabetics, patients with concurrent 
diarrhea, persons with other debilitating disease, and very 
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Table 38.2 Medications for treatment of nausea and vomiting.

Drug class Examples (and typical initial doses in adults) Clinical uses Side effects

Antiemetics

Histamine 
antagonists

Dimenhydrinate (50 mg orally every 4–6 hours)
Meclizine (25 mg orally every day)
Promethazine (25 mg every 4–6 hours)

Motion sickness
Labyrinthine disorders
PONV
Uremia

Sedation
Dry mouth

Muscarinic 
antagonists

Scopolamine (1.5 mg transdermally every 72 
hours)

Motion sickness
Labyrinthine disorders
PONV

Sedation
Dry mouth and eyes
Blurred vision
Impaired concentration
Urinary retention

Dopamine 
antagonists

Prochlorperazine (5 mg orally three times daily)
Trimethobenzamide (300 mg orally three times 
daily)

Gastroenteritis
Toxins
PONV
CINV
Radiotherapy-induced

Sleep disturbances
Constipation
Blurred vision
Anxiety
Mood disturbances
Dystonias
Tardive dyskinesia
Galactorrhea
Sexual dysfunction

Serotonin 
antagonists

Ondansetron (4 mg orally three times daily)
Granisetron (1 mg orally twice daily)
Dolasetron (50 mg orally once)
Palonosetron (0.25 mg IV once)

CINV
Radiotherapy-induced
PONV
Emesis in AIDS

Constipation
Headache
Fatigue
Cardiac arrhythmias

Neurokinin 
antagonists

Aprepitant (40–80 mg prior to chemotherapy or 
surgery)

CINV
PONV

Anorexia
Diarrhea
Constipation
Fatigue

Cannabinoids Dronabinol (2.5 mg orally twice daily) CINV Somnolence
Weight gain
Ataxia
Hallucinations

Corticosteroids Dexamethasone (4–5 mg IV prior to 
chemotherapy or surgery)

CINV
PONV

Anxiety
Depression
Hyperglycemia
Hypertension

Benzodiazepines Lorazepam (1 mg IV prior to chemotherapy) Anticipatory emesis Sedation

Herbal remedies Ginger (1 gram orally daily)
STW5 (20 drops in water orally three times daily 
before meals)

General indications Heartburn

Prokinetics

Dopamine 
antagonist/
serotonin agonist

Metoclopramide (5 mg orally three times daily 
before meals)

Gastroparesis Sleep disturbances
Anxiety
Mood disturbances
Dystonias
Tardive dyskinesia
Galactorrhea
Sexual dysfunction

Peripheral 
dopamine 
antagonist

Domperidone (10 mg orally three times daily 
before meals)

Gastroparesis Galactorrhea
Sexual dysfunction
Cardiac arrhythmias

Motilin agonist Erythromycin (125 mg oral suspension three 
times daily before meals)
Azithromycin (125 mg oral suspension three 
times daily before meals)

Gastroparesis
CIP

Abdominal pain
Nausea and vomiting
Diarrhea
Cardiac arrhythmias
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aches, and elevated liver chemistries. Cardiac rhythm distur-
bances can occur with 5-HT3 antagonists given to patients with 
QTc prolongation on electrocardiography. Individuals with a 
single-nucleotide polymorphism (3435C>T) in the gene that 
codes for the drug efflux transporter adenosine triphosphate-
binding cassette subfamily B member 1 (ABCB1) show greater 
antiemetic responses to 5-HT3 antagonists [124]. Patients with 
CPY2D6 allele duplications exhibit poorer responses to dolas-
etron than granisetron [125].

The neurokinin NK1 antagonist aprepitant prevents acute and 
delayed CINV (especially coadministered with a 5-HT3 antago-
nist), PONV, and motion sickness [126]. Aprepitant also pro-
duced benefits in gastroparesis patients in individual case 
reports [127]. Unlike many 5-HT3 antagonist studies, NK1 
antagonists are effective antinausea drugs in addition to their 
antiemetic effects [128]. Oral aprepitant is equivalent to an 
intravenous form, fosaprepitant. Side effects include anorexia, 
constipation, diarrhea, and hiccups.

Cannabinoids (dronabinol) prevent CINV to similar, or 
slightly greater degrees than antidopaminergics by action on 
CNS CB1 receptors [129]. Other proposed mechanisms of the 
cannabinoids include reduced prostaglandin synthesis and 
stimulation of endogenous endorphin production. Side effects 

tardive dyskinesia. These drugs also induce hyperprolactinemia 
by actions in the pituitary leading to breast engorgement, galac-
torrhea, and sexual dysfunction. Many antidopaminergics bind 
to other receptors and elicit antihistaminic and antimuscarinic 
side effects as well.

Serotonin 5-HT3 antagonists given orally (pills or orally dis-
integrating tablets) or intravenously can prevent acute 
chemotherapy-induced nausea and vomiting (CINV), radiation-
induced vomiting, and PONV but are less effective for delayed 
CINV. An approved granisetron patch provides another means 
of drug delivery. Other patients responsive to 5-HT3 antagonists 
include adults with vomiting refractory to other antiemetics, 
hepatic or renal impairment, bulimia nervosa, gastroparesis, 
nausea from human immunodeficiency syndrome, and children 
with vomiting [123]. The 5-HT3 antagonists ondansetron, grani-
setron, and dolasetron have similar efficacy. Palonosetron has a 
longer half-life, allosterically binds to the 5-HT3 receptor, exhib-
its positive cooperativity, shows persistent inhibition of receptor 
function after drug withdrawal, and blunts substance P medi-
ated responses due to interactions with the 5-HT3 receptor [17]. 
Consequently, palonosetron improves complete response rates 
in acute CINV and shows benefits with cases of delayed CINV 
as well. 5-HT3 antagonist side effects include constipation, head-

Drug class Examples (and typical initial doses in adults) Clinical uses Side effects

Acetylcholinesterase 
inhibitor

Pyridostigmine (60 mg orally three times daily) Gastroparesis
CIP

Abdominal pain
Salivation
Nausea
Diaphoresis
Cardiac arrhythmias

Somatostatin 
analog

Octreotide (50 mcg subcutaneously at bedtime) CIP with bacterial 
overgrowth

Diarrhea
Altered glycemic 
control
Gallstones
Thyroid disease

Neuromodulators

Tricyclic 
antidepressants

Amitriptyline (10 mg orally at bedtime)
Nortriptyline (10 mg orally at bedtime)
Desipramine (10 mg orally at bedtime)

CVS
Functional causes

Sedation
Constipation
Lightheadedness
Palpitations
Cardiac arrhythmias

Tetracyclic 
antidepressant

Mirtazapine (15 mg orally at bedtime) Functional causes Sedation
Constipation
Weight gain

Atypical 
thienobenzo-
diazepine 
antipsychotic

Olanzapine (5 mg orally at bedtime) Functional causes Sedation
Weight gain
Tremor
Peripheral edema
Dizziness

AIDS, acquired immune deficiency syndrome; CINV, chemotherapy induced nausea and vomiting; CIP, chronic intestinal pseudoobstruction; CVS, cyclic 
vomiting syndrome; PONV, postoperative nausea and vomiting.

Table 38.2 (Continued)
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troparesis and functional gastroduodenal disorders. An intrave-
nous form was responsible for sudden cardiac death in patients 
and was withdrawn. The oral form has been implicated as a 
potential cause of fatal cardiac arrhythmias in four case control 
studies in those with prolonged QTc EKG intervals [135]. 
Hyperprolactinemic side effects also occur rarely as the drug 
can gain access to the anterior pituitary. Because the drug does 
not cross other regions of the blood-brain barrier, CNS side 
effects are minimal. The drug is approved in most countries 
except the United States. Domperidone is obtainable from 
foreign pharmacies, US compounding pharmacies, and over the 
Internet. The FDA discourages these practices, but does approve 
its use under the auspices of a program to clinicians who receive 
Investigational New Drug approval and obtain Institutional 
Review Board approval.

Other agents stimulate proximal gut transit and are used in 
selected cases of gastroparesis or small intestinal dysmotility. 
Cholinesterase inhibitors like pyridostigmine increase contrac-
tions in the stomach and small intestine and are employed in 
rare cases to treat gastroparesis and CIP. The somatostatin 
analog octreotide evokes propagative small intestinal motor pat-
terns in some cases of CIP, and can reduce nausea, vomiting, 
and abdominal discomfort, and improve measures of intestinal 
bacterial overgrowth [136]. However, octreotide blunts antral 
contractions and can delay gastric emptying [137]. Thus, it 
should be used judiciously in patients with associated 
gastroparesis.

Neuromodulating medications
Neuromodulatory agents that reduce luminal sensitivity benefit 
some conditions with nausea and vomiting.

Tricyclic antidepressants are proposed to reduce vomiting in 
this manner in functional vomiting and CVS [138]. Similarly in 
a retrospective analysis of 24 diabetics with refractory nausea 
and vomiting, tricyclic use at a median 50 mg/day dose pro-
duced symptom reductions in 88% and near resolution in one 
third [139]. Two thirds of patients reported that the tricyclic 
therapy was the most effective treatment provided.

Mirtazepine (oral dose 15 mg–30 mg) has shown efficacy in 
case reports of patients with gastroparesis, CINV, and PONV 
[140]. The antipsychotic olanzapine relieves nausea in some 
patients with drug refractory symptoms [141]. This agent has a 
complex mechanism of action including antagonism of 
dopamine, serotonin, α1 adrenergic, histamine, and muscarinic 
receptors.

Management approaches in  
selected clinical settings
Different approaches to nausea and vomiting are tailored to the 
etiology of symptoms.

Acute gastroenteritis
Because of its impact on resource utilization, controlling vomit-
ing from gastroenteritis in pediatric populations has been the 

include somnolence, lethargy, euphoria, cognitive impairments, 
and in rare cases syncope and hallucinations which may be 
prominent in the elderly.

Other compounds have antiemetic actions. Corticosteroids 
and benzodiazepines often are included in antiemetic regimens 
for CINV or PONV prophylaxis, but their mechanisms of action 
are uncertain. Patients with nausea from narcotic withdrawal 
may respond to opiate antagonists such as naloxone. Ginger and 
ginger juice exhibit anti-vomiting actions in several clinical set-
tings. The mechanism of action for ginger is unknown.

However the various components of ginger (6-gingerol, 
8-gingerol, 10-gingerol, 6-shogaol) have antagonist effects on 
5-HT3, dopamine, NK1, muscarinic M3, and histamine receptors 
[130]. The herbal extract STW5 (Iberogast® – which is com-
prised of 9 herbs) reduces symptoms in functional dyspepsia 
and gastroparesis [131].

Prokinetic agents
Metoclopramide stimulates gastric emptying by gastric 5-HT4 
receptor facilitation of cholinergic transmission and D2 antago-
nism. CNS antiemetic actions of metoclopramide provide an 
additional means of symptom control. The prokinetic properties 
of metoclopramide do not extend into the distal gut, thus the 
drug is not useful for small intestinal or colonic dysmotility. 
CNS side effects (agitation, drowsiness, dystonias) and hyper-
prolactinemic manifestations (amenorrhea, galactorrhea, impo-
tence) limit the drug’s use in up to one third of patients. A 
warning was issued for the risk of irreversible tardive dyskinesia 
with long-term metoclopramide use (average 1.5–2 years); 
women and patients >70 years old are at greatest risk [132]. 
Because this condition is disabling and can develop insidiously, 
metoclopramide complications should be explained (including 
description of the black box warning from the Food and Drug 
Administration [FDA]) and the discussions documented.

Erythromycin and other macrolides (azithromycin, clarithro-
mycin) elicit antroduodenal contractions and accelerate gastric 
emptying through action on receptors for motilin, the physio-
logic regulator of fasting gastric contractility. Recent animal 
models of motion sickness suggest low doses of erythromycin 
exhibit some additional antiemetic activity [133]. Macrolides 
have narrow dose ranges of efficacy thereby limiting their utility; 
low doses are ineffective while high doses induce abdominal 
pain and nausea due to intense motor spasms. Erythromycin 
may be more useful for short-term use in gastroparesis due  
to development of tolerance to its prokinetic action over  
time. Macrolides are associated with increased risks of sudden 
cardiac death. In a large Medicaid cohort, the sudden death  
rate of current erythromycin users was increased more than 
two-fold overall and five-fold in those also on CYP3A inhibitors 
[134].

Domperidone promotes gastric evacuation by gastric periph-
eral D2 antagonism and reduces vomiting by brainstem 
antiemetic actions. Prokinetic actions of domperidone are 
limited to the stomach, benefiting some patients with gas-
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Gastric electrical stimulation
The FDA approved an implantable gastric electrical stimulator 
as a humanitarian use device to treat refractory diabetic or idi-
opathic gastroparesis in centers in which Institutional Review 
Board approval has been granted. In several, large uncontrolled 
series, gastric stimulation has shown efficacy in reducing nausea 
and vomiting, improving nutrition with less need for supple-
mental feedings, and improving glycemic control in diabetics 
[150]. Diabetics tend to respond better than those with idio-
pathic gastroparesis; pain and chronic opiate use are predictors 
of poor response [151]. Three small controlled trials of gastric 
stimulation have been published; the first showed nonsignifi-
cant trends to reduced vomiting in diabetics and no benefit in 
idiopathic patients, a second observed no benefit better than 
sham treatments in diabetic patients, and a third study with 
similar experimental design as the investigation in diabetics 
showed no difference in responses in patients with idiopathic 
gastroparesis when the device was ON or OFF as assessed in 
blinded fashion [152–154].

Gastric surgery
Retrospective series report benefit in up to 80% of gastroparetics 
undergoing surgical pyloroplasty [155]. Completion gastrec-
tomy provides long-term symptom reductions in 43%–67% of 
patients with postsurgical gastroparesis and has been reported 
to produce short-term improvements in up to 60% of those with 
other gastroparesis etiologies [156,157].

Nutritional supplementation
Enteral nutrition may be required on an intermittent basis for 
intermittent symptom flares or for permanent caloric and fluid 
support. Enteral feedings improve overall health with trends to 
reduced symptoms, hospitalizations, and enhanced nutrition 
[158]. Home total parenteral nutrition (TPN) is less desirable 
because of complication risks, but short-term TPN sometimes 
is offered to reverse rapid weight decline. Placing a venting 
gastrostomy affords the ability to intermittently release retained 
gas and liquid, thereby relieving fullness, discomfort, and 
distention-related nausea.

Chronic intestinal pseudooobstruction
CIP can be a management challenge, because of the lack of 
effective therapy. The principles of management are the same as 
for gastroparesis. Small intestinal prokinetics (pyridostigmine, 
erythromycin) can be given to increase small bowel contrac-
tions and promote transit. Octreotide (25 mcg–200 mcg subcu-
taneously at bedtime) elicits propagative small intestinal 
contractile patterns mimicking the fasting migrating motor 
complex, and has been shown to improve symptoms and 
decrease measures of bacterial overgrowth in selected causes of 
CIP including scleroderma [136]. Control of secondary small 
intestinal bacterial overgrowth with intermittent or rotating oral 
antibiotics can be crucial in limiting symptoms and maintaining 
nutrition. Decompressive stomas can reduce symptoms in rare 

subject of clinical trials. In meta-analyses and systematic reviews 
of children and adolescents with gastroenteritis, reductions in 
vomiting, needs for intravenous hydration, and hospitalizations, 
and improvements in overall well-being were greater with 
ondansetron (IV doses 0.15–0.3 mg/kg; oral doses 1.6–8 mg 
based on body weight) than placebo [142]. Likewise, dimenhy-
drinate reduced the time to cessation of vomiting by 0.34 days 
in children and adolescents.

Gastroparesis
A stratification of disease severity was proposed to facilitate 
gastroparesis treatment [143]. Grade 1 (mild gastroparesis) is 
characterized by intermittent, easily controlled symptoms with 
maintenance of weight and nutrition. Treatment of Grade 1 
gastroparesis includes diet modification and avoidance of drugs 
that exacerbate the condition. Grade 2 (compensated gas-
troparesis) is characterized by moderately severe symptoms 
partly controlled with medications without nutritional impair-
ments or frequent hospitalization. First line therapies for Grade 
2 gastroparesis typically include prokinetic and/or antiemetic 
agents. There have been 10 studies (7 randomized, controlled 
trials of up 93 patients) of metoclopramide, and 9 studies (3 
randomized, controlled trials of up to 13 patients) of erythro-
mycin in gastroparesis that report variable efficacy in the condi-
tion [23]. Two thirds of 11 published articles and 16 abstracts 
reported benefits of domperidone in gastroparesis, but authors 
of a metaanalysis concluded there is insufficient evidence to 
recommend this agent because of study design flaws or small 
sample sizes [144]. No controlled trials have been performed 
assessing antiemetic drug efficacy in gastroparesis. Based on 
retrospective data suggesting efficacy in diabetics with nausea 
and vomiting, tricyclic agents are often given for gastroparesis 
[139]. However, a controlled trial showed no overall benefits of 
nortriptyline in idiopathic gastroparesis although secondary 
improvements in anorexia and body mass index were noted 
[145]. Factors predicting poor treatment response to medica-
tion therapy of gastroparesis include overall symptom severity 
and specific intensity of bloating or distention [146].

Grade 3 (gastric failure) is characterized by refractory symp-
toms, inability to maintain nutrition, and frequent emergency 
room visits or hospitalizations. Such individuals often require 
endoscopic or surgical therapies or fluid and nutritional sup-
plementation. Nonmedication therapies are utilized for some 
unresponsive gastroparesis patients.

Botulinum toxin
Pyloric botulinum toxin injection can promote gastric emptying 
by reducing pylorospasm. In the largest series (which employed 
an uncontrolled, open label design), predictors of response 
included use of higher doses (200 units vs. 100 units), idiopathic 
gastroparesis etiology, female sex, and age <50 years [147]. Two 
small, controlled trials showed no benefits of botulinum toxin 
versus saline injection [148,149].
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and vomiting in functional dyspepsia. Given their relatively 
greater reductions in vomiting versus nausea, it is conceivable 
these agents may be more effective for functional vomiting than 
chronic idiopathic nausea [165]. Tricyclic antidepressants show 
benefits in uncontrolled functional vomiting studies [138]. 
Furthermore, in a retrospective report of 94 patients fulfilling 
Rome III criteria for chronic idiopathic nausea or functional 
vomiting, 72% experienced at least moderate symptom decreases 
and 22% noted remission on neuromodulators (tricyclics 66 
patients, norepinephrine dopamine reuptake inhibitors 10 
patients, selective serotonin reuptake inhibitors 5 patients, sero-
tonin norepinephrine reuptake inhibitors 5 patients, and others 
9 patients) [166].

Rumination syndrome
Lifestyle, medication, surgical, and behavioral therapies are 
offered for rumination syndrome with varying degrees of 
success. The most accepted treatment of rumination syndrome 
involves behavioral modification using diaphragmatic breathing 
techniques to compete with the urge to regurgitate [167]. This 
technique eliminated rumination in 30%–66% of cases with 
reductions in many additional patients in older series, but a 
more recent study showed only incomplete symptom control in 
43% [168]. Gum chewing has anecdotal benefits in children 
with rumination. Proton pump inhibitors protect the esopha-
geal lining, but they may prolong rumination by limiting the 
meal acidification that often stops the postprandial regurgita-
tions [61]. The γ-aminobutyric acid agonist baclofen reduces 
rumination events by half by increasing LES pressure and blunt-
ing transient LES relaxations [169]. Benefits of most prokinetics 
are unproved, but levosulpiride reduced rumination in one 
study when given in concert with education and psychotherapy 
[62]. Nissen fundoplication produced decreases in rumination 
events in one small series of patients unresponsive to behavioral 
approaches [170].

Nausea and vomiting of pregnancy
Several agents are promoted to treat NVP, but pharmacologic 
therapies provide benefits in only 31% of cases [171]. A Cochrane 
review of 27 trials of 4041 women reported no benefits of acu-
pressure or acustimulation in NVP, and only limited evidence 
supporting utility of antiemetics including antihistamines, anti-
dopaminergics, and antiserotonergics [172]. Others report ben-
efits of mirtazapine in a subset of individuals with hyperemesis 
gravidarum [173]. Some studies observe benefits of corticoster-
oids in hyperemesis gravidarum, while others note no effect. 
Some older reviews suggest minor increases in adverse preg-
nancy outcomes with antiemetic treatments (Odds ratio 1.03) 
[174]. One recent study reported an association of ondansetron 
given during pregnancy and cleft palate [175].

Because of concerns of potential antiemetic toxicity in NVP, 
dietary, complementary, and alternative strategies can be 
offered. Clinicians traditionally advocate crackers for relief, but 
some studies suggest greater benefits with proteins [176]. A 

patients. Home TPN or small intestinal transplantation is con-
sidered for individuals who cannot sustain nutrition with oral 
or enteral supplements [159]. Outcomes often are poor with 
development of disabling complications on longitudinal 
follow-up.

Cyclic vomiting syndrome
Distinct approaches are offered to control acute attacks during 
the preemetic prodromal or hyperemetic phases and to prevent 
future emetic episodes.

Therapy of acute attacks includes supportive care and aggres-
sive medication treatments. Intravenous hydration with 10% 
dextrose and potassium supplements as needed may be benefi-
cial. Antiemetics tried for acute CVS episodes include prochlo-
rperazine, metoclopramide, and haloperidol, but 5-HT3 
antagonists are prominently used for this indication. For attacks 
resulting in emergency department or inpatient care, intrave-
nous benzodiazepines (e.g., lorazepam) provide substantial 
relief by induction of sedation [160]. Opiates are most effective 
for abdominal pain control; parenteral ketorelac also has ben-
efits [42]. Antimigraine serotonin 5-HT1B,1D agonists (e.g., 
sumatriptan) are effective, especially in children with personal 
or family histories of migraines, but also can be considered in 
the absence of such histories [161]. In one study, this class 
showed efficacy in 54% of attacks in adults with CVS [162].

Indications for prophylactic therapy include frequent attacks 
(>1 per month) with associated dehydration or electrolyte dis-
turbances, numerous emergency room visits or hospitalizations 
[40]. Several medications exhibit efficacy for preventing recur-
rent CVS attacks. Their is greatest experience in use of tricyclic 
agents. In a metaanalysis, tricyclic agents were effective prophy-
lactic agents in CVS with responses in 76% of adults and 68% 
of children [42]. Tricyclic agents reduce the frequency and dura-
tion of CVS episodes for >2 years and decrease emergency 
room utilization [163]. Poor responses to tricyclic agents relate 
to psychiatric disease, marijuana or opiate use, and uncontrolled 
migraines [160]. Anticonvulsants (zonisamide, levetiracetam, 
phenobarbital, phenytoin, carbamazepine, topiramate, val-
proate) can be given when tricyclic prophylaxis fails. In one 
report, 75% of 20 such patients showed 62% vomiting reduc-
tions over 9 months with zonisamide or levetiracetam although 
side effects were noted by 45% [164]. Other therapies with pro-
phylactic effects in CVS include beta adrenoceptor antagonists 
(propranolol), cyproheptadine, mitochondrial stabilizers 
(L-carnitine, coenzyme Q10), and cognitive behavioral therapy. 
Predictors of nonresponse to all forms of therapy include 
symptom severity and coalescence, chronic opiate use, longer 
emetic episodes, frequent emergency department visits, and 
medication noncompliance [45].

Chronic idiopathic nausea and functional vomiting
Limited research has been performed on therapies for chronic 
idiopathic nausea and functional vomiting. Older controlled 
trials of 5-HT3 antagonists show modest reductions in nausea 
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may offer less benefit for radiation-induced nausea versus 
emesis.

Postoperative nausea and vomiting
Several regimens have been proposed to prevent or control 
PONV. A large systematic review of 737 studies in 103 237 sub-
jects concluded that prophylactic antiemetic therapy provides 
benefit for 28% of patients [186]. In a factorial trial of six inter-
ventions for postoperative nausea and vomiting, antiemetic 
treatment with ondansetron, dexamethasone, and droperidol 
each produced similar benefits [187]. Selected genotypes for the 
adenosine triphosphate binding cassette subfamily B member 1 
are reported to predict responses to ondansetron in PONV 
[188]. Other therapies with prophylactic efficacy in PONV 
include aprepitant, transdermal scopolamine, ginger, acustimu-
lation, and electrical stimulation of the vestibular system. 
Consensus guidelines suggest patients at low risk for PONV 
should not receive antiemetic prophylaxis while those at moder-
ate risk should be given one or two agents [189]. Double and 
triple antiemetic drug regimens are considered for those at high 
risk. Other advocated measures to reduce risk include use of 
regional anesthesia, propofol for induction of anesthesia, intra-
operative oxygen, intravenous fluids, avoidance of nitrous oxide 
and volatile anesthetics, and minimization of opioids and 
neostigmine. Use of nonsteroidal agents (e.g., ketorolac) to 
reduce postoperative opioid use can lead to lower PONV inci-
dence [190].

Future treatments of nausea and vomiting
Several medication and nonmedication treatments are in testing 
and show promise as future treatments of nausea and vomiting. 
Novel investigational antiemetics include newer NK1 receptor 
antagonists (rolapitant, netupitant) [126]. New agents acting as 
agonists on 5-HT4, ghrelin and motilin receptors are under con-
sideration as prokinetics for gastroparesis. Drugs acting as 
ghrelin agonists exhibit abilities to accelerate gastric emptying 
in gastroparesis, and are in testing to determine their utility in 
this condition [191,192]. Next generation gastric stimulators 
may exhibit pacing capabilities when delivered sequentially in 
antegrade direction across several electrode pairs [193].
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systematic review reported superiority of ginger over placebo in 
4 studies and equivalence of ginger and pyridoxine (vitamin B6) 
in 2 others [177]. Pyridoxine may be given in concert with other 
drugs to optimize benefits. Acupressure and acustimulation also 
may have efficacy in NVP. Thiamine supplements are indicated 
to prevent Wernicke’s encephalopathy with hyperemesis 
gravidarum.

Aggressive measures are needed for some severe cases of 
hyperemesis gravidarum. Enteral feedings are indicated for per-
sistent weight loss with this complication. In one series, jejunos-
tomy placement for a mean of 19 weeks resulted in successful 
term pregnancies with mean birth weights of 2885 grams [178]. 
Intravenous hydration or parenteral nutrition may be needed, 
but these can be complicated by infection or thromboembolism 
in pregnancy.

Chemotherapy- and radiation therapy-induced nausea 
and vomiting
Extensive research has focused on antiemetic regimens to 
prevent or treat CINV. Most programs include multiple medica-
tions which act on distinct receptor sites. However, many regi-
mens are more effective at controlling vomiting than nausea. 
Persistence of nausea may limit resolution of anorexia after 
chemotherapy [179]. Combining a 5-HT3 antagonist, an NK1 
antagonist, and a corticosteroid provides significant control of 
both acute and delayed vomiting after chemotherapy [126]. The 
NK1 antagonist aprepitant increases antiemetic responses by 
20% with highly or moderately emetogenic chemotherapies 
compared to regimens without this agent [180]. In contrast to 
other drugs in the same class, the 5-HT3 antagonist palonsetron 
exhibits efficacy at preventing delayed CINV and is the only 
serotonin antagonist FDA approved for this indication [181]. 
Dexamethasone or a dopamine antagonist can be given before 
chemotherapy with low emetogenicity. Anticipatory emesis is 
poorly controlled by antiemetic medications and is best managed 
by relaxation therapy, systematic desensitization techniques, 
hypnosis, and intravenous anxiolytic medications such as  
benzodiazepines. Predictors of failed response to antiemetic 
therapy of chemotherapy induced emesis include female sex, 
nonhabitual alcohol intake, and nonsmoking status [182]. A 
variant of the 5-HT3 receptor gene (rs6443930) is associated 
with nonresponse to antiemetic prophylaxis of CINV [183]. 
Miscellaneous therapies with reported benefit in CINV include 
olanzapine, gabapentin, electroacustimulation, ginger, and ther-
apeutic massage. One group has observed reductions in delayed 
nausea after chemotherapy in individuals on a high protein  
diet [184].

As with CINV, guidelines for antiemetic therapy of radiation-
induced emesis are based on emetogenicity of the radiation 
protocol [185]. Patients at high risk of radiation-induced emesis 
should receive prophylaxis with a 5-HT3 antagonist plus dexam-
ethasone. Those with moderate risk may receive either prophy-
laxis or rescue with a 5-HT3 antagonist; those at minimal risk 
usually are given rescue antiemetics alone. 5-HT3 antagonists 
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CHAPTER 39

Background and importance

As a sensation, pain is an integral component of the normal 
“defense” system, warning the organism about potentially 
noxious agents in the internal or external environment; physi-
cians can deal with such acute pain in a relatively straightfor-
ward manner in most cases. On the other hand, pain is also 
unique amongst sensations in that it can evoke, and to some 
extent be invoked by, complex alterations in the psychosocial 
state of human beings. Further, when chronic, it can so domi-
nate the clinical picture that it can no longer be regarded as a 
sentinel sensation but instead assumes the characteristics of a 
disease state by itself.

The gastroenterologist routinely has to deal with abdominal 
pain as it is one of the commonest symptoms that patients 
experience. Prevalence rates of greater than 20% have been 
reported and women appear to be disproportionately affected 
[1]. In a population-based survey, the overall proportion (%) of 
any abdominal pain (mild, moderate, or severe) was 36%, with 
5% of subjects reporting severe abdominal pain [2]. Interest-
ingly, there was a minor decrease in overall pain prevalence as 
subjects aged. In an analysis of national US data, abdominal 
pain was the most common gastrointestinal symptom prompt-
ing a clinic visit in 2009, with 15.9 million visits (the next most 
common symptom was diarrhea, accounting for a little over 4 
million visits) [3]. Of 122 million visits to the emergency room 
in 2007, 15 million (12%) had a primary GI diagnosis and of 
these abdominal pain was the most common (4.7 million visits) 

[4]. Although abdominal pain is also a major reason for hospi-
talization, many of these patients do not have a specific diagno-
sis. Thus, in a consecutive group of 100 patients admitted with 
lower abdominal pain, 67% were diagnosed as having nonspe-
cific abdominal pain; this represented about 13% of all general 
surgical admissions [5]. As can be expected, patients with 
abdominal pain consume significant resources, with mean 
annual direct healthcare costs per patient in the United States 
(based on actual expenditures in a large healthcare mainte-
nance organization estimated nearly a decade ago) at $7646 
(compared with $5049 for irritable bowel syndrome (IBS), 
$6140 for diarrhea, and $7522 for constipation) [6]. Although 
only a small fraction of these persons consult a physician, the 
symptom is severe enough to impair routine activities in most 
patients [7]. Further, chronic abdominal pain is an independent 
predictor of suicidal behavior after adjusting for comorbid psy-
chiatric conditions, with a risk of three to elevenfold greater 
than controls [8].

The neurobiology of pain

Anatomical pathways
Peripheral pathways
The perception of pain begins in the periphery with the stimula-
tion of certain spinal sensory or afferent neurons (so-called 
nociceptors), whose cell body lies in the dorsal root ganglion 
and whose free nerve endings are located between the smooth 
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muscle layers of hollow organs, on their serosal surface, in the 
mesentery, and within the mucosa of the gastrointestinal tract 
(Figure 39.1). These nerves are one of the two principal affer-
ents, the other being vagal and sacral parasympathetics, which 
generally are not thought to participate in nociception directly. 
After leaving the viscus they innervate, these nerve fibers run 

with the sympathetic fibers (as mesenteric nerves) and pass, 
without interruption, through one of several prevertebral auto-
nomic plexi associated with the major artery supplying the 
organ (e.g., celiac, hepatic, superior mesenteric). Thereafter, the 
nociceptor fibers travel within the regional splanchnic nerve to 
the sympathetic chain running parallel to the spinal cord on 

Figure 39.1 (a) Schematic representation of nerve endings in the gut wall. Endings are located in all gut layers; however, based on current evidence, 
those indicated are most likely to play a role in nociception, with others, particularly those arising from vagal and pelvic nerves (intraganglionic laminar 
endings and intramuscular arrays), having no currently proven role. (b) Main central connections for GI pain pathways. For clarity, spinomesencephalic 
and spinohypothalamic pathways have been omitted. Note the dorsal column pathway, which appears to be relatively peculiar for visceral pain (see text 
for details). pACC, perigenual anterior cingulated cortex; MCC, midcingulate cortex. Source: Knowles and Aziz 2009 [9]. Reproduced with permission 
of Wolter Kluwer Health.
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either side. Here they finally part company with the sympathetic 
nerves, taking the white ramus communicans to the spinal 
nerve and thence to the eventual termination in the dorsal horn 
of the spinal cord. It is important to note that while extrinsic 
spinal afferent neurons run together with the sympathetic 
nerves for a greater part of their length, visceral pain and other 
sensation is not, in fact, carried by sympathetic nerves per se 
(Figure 39.1b).

Spinal connections
After entering the spinal cord, afferent fibers make contact with 
neurons in the gray matter, primarily at the same level (Figure 
39.1b). Some innervation, especially from visceral afferents, also 
takes place above and below the level of entry with fibers 
ascending rostrally and caudally, resulting in considerably 
diffuse mapping to spinal segments (Figure 39.2). Whereas 
somatic nociceptor afferents mainly synapse at one level in the 
most superficial region of the cord (laminae I and II), visceral 

afferents are also more widely distributed in the dorsoventral 
plane of the spinal cord. Finally, recent evidence suggests that 
many visceral organs share spinal innervation via dichotomous 
branching at the periphery. The clinical implications of this are 
discussed in Section Referred pain: somatovisceral and viscero-
visceral convergence.

Ascending pathways
There are two relatively distinct pathways for visceral sensation 
to ascend cranially from second-order neurons in the spinal 
cord. The classical one for both somatic and visceral pain 
involves fibers that cross the midline to the contralateral side, 
and then travel cephalad in the ventrolateral quadrant of the 
spinal cord to synapse within midbrain and thalamic nuclei. The 
second pathway, relatively specific for visceral pain, is relayed 
in the dorsal column (also known as the dorsal funiculus or 
posterior column) of the spinal cord (Figure 39.3) [10]. This 
column ascends in the midline ipsilaterally in the spinal cord 
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pathway is polysynaptic, in that there is at least one more relay 
station in the lower medulla (the gracile or cuneate nuclei) 
before it reaches the contralateral thalamus. Within the thala-
mus, the ventral posterior complex, comprising a lateral and a 
medial nucleus, is the main receiving station for nociceptive (as 
well as mechanosensory) signals. Neurons in these nuclei 
project to the cerebral cortex where pain is “mapped”. Cortical 
representation of visceral pain is poorly understood but appears 
to involve both the primary and secondary somatosensory 
cortex. Noxious stimulation from same segment-structures 
(e.g., esophagus and thoracic skin) in humans reveal some 

and contains both the central extensions of primary afferent 
neurons originating in the dorsal root ganglia as well as the 
postsynaptic dorsal column fibers arising from spinal neurons. 
Evidence for the functional importance of this pathway is 
derived from physiological studies as well as from patients with 
intractable pelvic pain in whom limited midline myelotomy 
resulted in complete or near-complete relief [11,12].

Supraspinal structures and circuits involved in pain
The spinothalamic tract in the ventrolateral spinal cord relays 
pain directly to the thalamus whereas the dorsal column 

Figure 39.2 Schematic representation of the viscerotropic distribution of spinal afferent fiber innervation of the GI tract on the basis of retrograde 
tracer studies in experimental animals. The bars represent dorsal root ganglions labeled with tracer from each organ with peak distributions (dark 
shade) and ranges (white) shown for each. Note: although human studies suggest (like the bladder) a rectal afferent innervation to L5–S4, the 
anatomical lack of distinction of this organ from the colon in small mammals means that direct tracer data are unavailable. E, esophagus; LES, lower 
esophageal sphincter. Source: Knowles and Aziz 2009 [9]. Reproduced with permission of Wolter Kluwer Health.



Approach to the patient with abdominal pain CHAPTER 39   699

Integration of noxious stimuli, pain perception, and 
associated phenomena
Thus, it appears that several neural circuits are involved in 
processing noxious stimuli [14–16]. There is a “sensory–
discriminative” circuit, consisting of dorsal column and spi-
nothalamic fibers and their projections whose primary function 
is to characterize the stimuli according to their location and 
nature. The other circuit is “affective–cognitive” in nature, con-
sisting of the spinoreticular, spinomesencephalic, and other 
tracts, and mediates the accompanying autonomic and emo-
tional responses (arousal, fear, escape, etc.). It achieves these 
functions via its intimate connections to the limbic system, a 
primitive network in the mammalian brain that is a major 
center for the interconnected processes of emotion, learning, 
and memory. It consists of many parts, of which the most 
important are the cingulate cortex, a long band of cortex that 
runs from the front of the brain to the back, the parahippocam-
pal gyrus, the dentate gyrus, the hippocampus, and amygdala. 
The hippocampus is the main region involved in the generation 
and storage of memory while the amygdala is responsible for 
complex emotional processing, including associating various 
stimuli with specific emotions (emotional memory).

Signals from the somatosensory cortex proceed to the poste-
rior parietal cortex, which integrates them with visual and other 
sensory cues and then relays the information to the insula and 
the anterior cingulate cortex (ACC). The ACC also receives 

overlap but also distinct differences in the cortical projection of 
visceral and superficial nociceptive pathways [13].

Noxious stimulation is also relayed in spinoreticular and 
other ascending tracts in the anterolateral spinal cord, which are 
phylogenetically older than the spinothalamic tract but equally 
important [14]. Spinoreticular fibers make multiple synapses in 
the reticular formation in the brain stem, which is responsible 
for arousal and wakefulness. Thus, when these fibers are acti-
vated by noxious stimulation, the organism is alerted to the 
possibility of bodily injury. From the reticular formation, 
impulses travel to the intralaminar nuclei of the thalamus and 
are subsequently relayed to the somatosensory cortex as well as 
the cingulate cortex and prefrontal cortex. Other projections of 
these nuclei include both the hypothalamus and the limbic 
system.

In addition to the above major tracts, there are also spi-
nomesencephalic fibers and spinohypothalamic tracts traveling 
in the anterior spinal cord. The former terminate mainly in the 
periaqueductal gray matter and the midbrain raphe nuclei, (part 
of the “descending pain-inhibiting system”); some also end in 
the parabrachial nucleus, which in turn is connected to the 
limbic system via the amygdala. The spinohypothalamic fibers 
convey information to neurons in the hypothalamus, which 
subsequently course to the thalamus; collectively, this pathway 
contributes to the autonomic and reflex responses to painful 
stimuli.

Figure 39.3 Classic neuronal pathways such as the spinothalamic and spinoreticular tract, mediating abdominal visceral pain sensation leave the dorsal 
horn, cross the midline, and ascend to higher centers. The postsynaptic dorsal column pathway: nociceptive information from visceral organs is relayed 
to cells near the central canal. These postsynaptic dorsal horn cells send their axons in the midline of the dorsal column to synapse in the nucleus 
gracilis. The pathway then crosses the midline in the lower brainstem to ascend to the ventral posterolateral nucleus of the thalamus. The dorsal column 
pathway (not shown here) is illustrated in Figure 39.1b.
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mous with pain. Increased afferent signaling to the central 
nervous system by itself is not necessarily enough to make a 
patient with chronic pain seek medical attention. Conversely, 
pain can be perceived even in the absence of nociception due 
to damage to the peripheral or central nervous system. Illness 
behavior reflects how pain is acted upon, varies widely amongst 
individuals, and is a result of a complex mixture of physiological 
(e.g., pain intensity/severity or associated features), psychologi-
cal (mental state, stress, mood, coping style, prior memories or 
experiences with pain, etc.), and social factors (concurrent neg-
ative life events, attitudes and behavior of family and friends, 
perceived benefits such as avoidance of unpleasant duties, etc.) 
[19,20].

The patient with chronic pain thus represents dysregulation 
or dysfunction of a system that is in effect a continuum of 
biopsychosocial factors [21]. In a given patient, the primary 
disturbance may disproportionately affect one component of the 
spectrum, and it is the physician’s task to identify this without 
losing sight of the whole (also see Chapters 14, 15, and 43).

The cellular, molecular, and neurochemical 
substrate of pain
Types of visceral afferents
By contrast to cutaneous afferents, visceral afferents consist 
almost exclusively of unmyelinated C-fibers and small myeli-
nated Aδ fibers and can signal both physiological and pathologi-
cal events. Both Aδ and C-fibers are polymodal and respond to 
both mechanical and thermal stimuli with C-fibers additionally 
responding to noxious chemical stimuli such as acid and cap-
saicin, the pungent component in hot chili peppers. From a 
functional perspective, there are at least three broad types of 
visceral nociceptors: (1) multimodal, wide dynamic range low-
threshold afferents, that respond faithfully to a broad spectrum 
of stimulus intensity from the physiological to noxious range; 
(2) high-threshold afferents that respond only to stimuli in the 
noxious range; and (3) “silent” afferents that only become 
responsive in the presence of tissue injury and inflammation. 
These afferents receive input from mucosa, muscle, and serosa 
[22,23].

Neurobiology of peripheral nociception and  
key molecules
The nociceptor has to perform three key tasks (Figure 39.5): (1) 
transduction of noxious stimulus to an electrical signal; (2) 
conduction of that electrical signal from the peripheral to the 
central end of the nociceptor; and (3) encoding and relaying 
that signal to second-order neurons in the form of synaptically 
transmitted chemicals. In general, nociceptors convert noxious 
stimuli to an electrical response via specialized receptors (Figure 
39.5). The best example of this is the vanilloid receptor, TRPV1 
(formerly known as VR1) [24–26]. It responds to and appears 
to integrate several noxious stimuli produced during tissue 
injury, including heat, local tissue acidosis, and several proalge-
sic metabolites. Activation of the receptor results in a cationic, 

input from the prefrontal cortex, both of which also receive 
input from the spinoreticular tracts. The ACC thus appears to 
occupy a critical position in the response to noxious stimuli, 
integrating information about the immediate environmental 
threat from the parietal cortex with behavioral response antici-
pation and planning originating in the prefrontal cortex and 
subsequently initiate the emotional and autonomic responses 
via the limbic system and hypothalamus.

Descending pathways
The functional connections between the spinal cord and higher 
centers run both ways (Figure 39.4). Most of the descending 
pathways are inhibitory and may serve to provide negative feed-
back to strong painful input; however, excitatory connections 
also exist. One of the most important centers involved in 
descending modulation of nociception is the periaqueductal 
gray, which connects caudally to the spinal cord via the nucleus 
raphe magnum and raphespinal pathways. It also receives both 
descending projections from several of the other structures 
involved in the affective–cognitive aspects of pain, including the 
limbic system and hypothalamic regions, as well as ascending 
input from spinomesencephalic fibers. Thus it is in a unique 
position to coordinate a “dampening” response. Other centers 
participating in descending inhibition include pontine nuclei, 
such as the locus coeruleus and subcoeruleus [17].

Nociception, suffering, and illness behavior:  
the biopsychosocial continuum of the pain experience
Finally, it is important to understand that nociception, the 
detection of tissue damage by specialized cells, is not synony-

Figure 39.4 Descending pathways involved in modulation of nociception 
and their principal neuromediators (see text for details). Source: Russo 
and Brose 1998 [18]. Reproduced with permission of Annual Review of 
Medicine, Volume 49 © 1998 by Annual Reviews, http://www 
.annualreviews.org.
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cesses, including neurokinin A, brain-derived neurotrophic 
factor (BDNF), VIP, somatostatin, galanin, and nitric oxide. 
New evidence suggests that the hard wiring for the dual (dis-
criminative and affective) may begin in the periphery, with dis-
tinctive primary afferents subserving each function to some 
extent (Figure 39.6) [29].

Inhibitory systems
The dorsal horn cannot be considered a simple way station, but 
rather a critical point where peripheral signals may be enhanced 
or attenuated by caudally directed neural connections from 
higher centers before they are relayed cranially (Figure 39.3). 
Descending inhibitory neurons counteract the excitation from 
the periphery via the release of neurotransmitters such as 
glycine and γ-aminobutyric acid (GABA) [31–33]. While sero-
tonin is also thought to be an important participant in descend-
ing inhibition, its effects are not as straightforward due to the 
multiplicity of receptors, some of them with conflicting actions 
on nociception [34]. A closely related inhibitory system involves 
noradrenaline, whose effects on nociception are largely medi-
ated by α2-adrenergic presynaptic receptors (the most impor-
tant of which may be the α2A receptor) [35]. The spinal cord also 
contains high concentrations of opioid receptors, mainly in the 
superficial laminae (μ, δ, κ, in order of abundance), activation 
of which inhibits the release of excitatory neurotransmitters 
such as substance P and glutamate.

Clinically important physiological characteristics 
of visceral nociception
With the above knowledge in mind, it is a useful exercise to 
briefly summarize the differences in the clinically relevant fea-
tures of pain originating in the viscera as compared with that 

calcium-preferring current, which leads to depolarization of the 
membrane. In addition to TRPV1, nociceptors also possess a 
variety of other more highly specialized receptors that are 
capable of interacting only with specific chemical components 
of the inflammatory milieu that accompanies tissue injury.

Thermal, mechanical, or chemical stimuli, acting via specific 
receptors, induce a change in the membrane potential of the 
nociceptor terminal, called a “receptor” or “generator” potential. 
Voltage-gated Na+ (Nav) and K+ (Kv) channels play a funda-
mental role in controlling neuronal excitability in response to 
this relatively small change in membrane potential by setting 
thresholds for activation of an action potential. Finally, voltage-
dependent calcium channels contribute to depolarization but 
more importantly mediate crucial nociceptor functions such as 
the release of neurotransmitters and long-term plasticity [27].

Once generated, action potentials are conducted centripetally 
to the spinal terminals of the nociceptors, where they initiate 
neurotransmitter release (mediated by calcium entry) and 
thereby relay nociceptive information to second-order neurons. 
The early response to relatively mild stimuli is transmitted via 
glutamate acting on the AMPA (α-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid) and kainate ligand-gated ion 
channels [28]. If the stimulus is sustained or intense enough, it 
causes release of neuropeptides such as substance P, which acts 
on the NK1 receptor to produce a correspondingly more intense 
postsynaptic response. This is further boosted by activation of 
another ionotropic glutamate receptor, the N-methyl-d-
aspartate (NMDA) receptor. Calcitonin gene related peptide 
(CGRP), which is coexpressed with substance P, also plays a role 
in nociceptive transmission, but its role is much less well under-
stood. Several additional neurotransmitters (both inhibitory 
and excitatory) may also be involved in spinal nociceptive pro-

Figure 39.5 The primary nociceptor and its functions. Sensation from the peripheral organ is carried via fibers whose origin is in cell bodies within the 
dorsal root ganglia. The central projections of these neurons in turn relay information to second-order neurons in the spinal cord which transmit this 
information upwards to the brain stem and higher centers via distinct pathways. This diagram illustrates the three basic components of pain signaling at 
the level of the first order neuron in the nociceptive pathway. A painful stimulus is translated into electrical activity, that is conducted centrally and 
eventually results in release of neurotransmitters at the central synapses, with stimulation of second-order neurons.
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heart rate, pallor, and sweating, and visceral motor phenomena 
such as vomiting and diarrhea. Finally, humans rate visceral 
pain as more unpleasant and are more likely to react to it with 
anxiety and other emotions than cutaneous pain from the same 
spinal segment and of similar intensity [37].

These phenomena can be readily explained based on the neu-
roanatomical principles outlined so far in this chapter. In addi-
tion, there are several other clinically important features of 
visceral pain that need detailed description. These include the 
phenomena of referred pain, sensitization, and stress-induced 
exacerbation of pain.

Referred pain: somatovisceral and  
viscerovisceral convergence
Most clinically significant forms of visceral pain are referred to 
somatic areas. A patient with “pure” visceral pain is seldom seen 
in the clinic, as this phase usually lasts only a few hours. When 
it begins, it is felt as a deep and dull discomfort in the midline 
reflecting the ontogenic origin of the involved organ from the 
fore-, mid-, or hind-gut respectively (Figure 39.7). If the under-
lying insult persists, referred pain sets in. Referred pain is per-
ceived as sharp and readily localized to the overlying or remote 
superficial somatic structures such as skin or abdominal wall 
muscle. Referred pain can occur without hyperalgesia of the 
somatic structure (simple irritation) or can be accompanied by 
sensitization of these structures with resulting hyperalgesia 
(secondary somatic hyperalgesia) [38]. Examples of both are 
commonly seen in practice. Thus gallstone induced pain is  
felt in the right upper quadrant as well as in the back but 

arising from somatic tissues [36] (Box 39.1). Firstly, visceral 
afferents are relatively few in number (as compared with somatic 
structures) and diverge extensively in the central nervous 
system, with the result that the pain tends to be poorly localized 
and can often result in pain at locations that do not intuitively 
correspond to conventional anatomical knowledge (Figure 
39.2). Secondly, acute visceral pain is often accompanied by 
autonomic disturbances such as changes in blood pressure and 

Figure 39.6 (a) Peripheral and central target fields, trophic factors, and biochemical properties of the two major classes of cutaneous nociceptors. The 
peptidergic population (expressing calcitonin gene related peptide [CGRP] , substance P [sub P], and dependent on nerve growth factor [NGF] acting 
via the TrkA receptor) represents roughly 40% of dorsal root ganglion neurons in rodents, whereas the nonpeptidergic (expressing the isolectin IB4, the 
ATP receptor P2X3, and dependent on glial derived neurotrophic factor [GDNF], acting via the Ret receptor), represents roughly 30%. (b) In contrast 
to the peptide population of nociceptors, which is at the origin of a pain pathway that involves projection neurons of lamina I, the major output from 
the nonpeptidergic nociceptors is via connections with second-order interneurons in lamina II. Inputs from the two nociceptor populations may 
converge at supraspinal levels (e.g., hypothalamus and amygdala), but the routes to these sites differ, in effect constituting parallel pathways for the 
transmission of pain messages. Amg, amygdala; BNST, bed nucleus of the stria terminalis; Hyp, hypothalamus. Source: (a) Snider and McMahon 1998 
[30]. Copyright © 1998 Elsevier. (b) Braz et al. 2005 [29]. Copyright © 2005 Elsevier.
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Box 39.1 Distinctive features of visceral spinal afferents relative to 
somatic. Source: Adapted from Davis 2012 [83]. Copyright © 2012 
Mellar P. Davis.

• Convergence of afferents on somatic and other visceral afferents 
within the spinal cord

• Widely overlapping receptive fields
• Dichotomization of fibers where a single neuron innervates two 

viscera
• Wide overlapping receptor fields
• First-order afferents arborize over several spinal segments
• Lack of specialized nerve terminals
• Limited number of stimulus responses (distension, ischemia, and 

inflammation)
• Second-order afferents ascend in the dorsal column
• Nonsomatotopically arranged input in dorsal column and central 

lateral thalamus unlike the lateral spinothalamics
• Poor representation in S1 cortex
• Greater emotional and autonomic responses to pain than somatic 

pain
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ery with dichotomizing primary neurons providing branches to 
both somatic and visceral structures. Indeed in animals, both 
viscerovisceral and somatovisceral dichotomizing afferents have 
been described [41]. Regardless of the site of convergence, this 
theory assumes that the brain will consistently assign origin of 
the signal to a somatic structure rather than the corresponding 
visceral organ. This is assumed to be due to the fact that the 
brain learns by conditioning and because it experiences sensa-
tion from somatic structures far more often than visceral ones, 
it is more likely to attribute pain from a convergent pathway to 
the former [40]. Further, by providing a “gating” mechanism, 
certain forms of somatic input lead to inhibition of ascending 

hyperalgesia (painful to the touch or deeper palpation) is typi-
cally experienced at Murphy’s point.

The physiological basis of referred pain is incompletely 
understood and no one theory is completely satisfactory (Figure 
39.8) [40]. In contrast to superficial structures, spinal neurons 
receiving input from a visceral organ are also connected to 
afferents from other visceral organs, joints, muscle, and skin. 
This explains both the lack of precision in being able to localize 
visceral pain as well as providing a rationale for the “misinter-
pretation” theory of referred pain. Although central conver-
gence is the most popular paradigm to explain this, it is also 
possible that somatovisceral convergence occurs in the periph-

Figure 39.7 True visceral and referred pain patterns. (a) Approximate levels of the abdomen where “true” visceral pain is felt, according to its source. 
(b) Important skin areas for referral of visceral pain. Source: Snell 2000 [39]. Reproduced with permission of Wolter Kluwer Health.
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Pain and sensitization
Most clinically important painful conditions occur on a back-
ground of a nociceptive system that is operating not at a 
“normal” level but rather in a potentiated or “sensitized” state 
[28]. This concept can help explain many commonly encoun-
tered clinical situations. Tissue injury or inflammation results 
in the local accumulation of several factors that can lead to a 
sustained and amplified (supranormal) activity of peripheral 
nociceptors, a phenomenon called peripheral sensitization. 
These factors may also result in a change in the responsiveness 
of previously dormant neurons (“silent nociceptors”) such that 
they now start contributing to nociceptive activity. This 
increased “afferent barrage” over time leads to changes in 
second-order neurons within the spinal cord, causing an 
increase in their responsiveness over time with amplification 
and persistence of pain [47]; this is an example of central sen-
sitization. The gain of the entire system is therefore reset 
upwards, with the result that noxious stimuli now elicit a pain 
response that is much greater when compared with the normal 
state, a phenomenon termed hyperalgesia. A further character-
istic of the sensitized state is called allodynia, a term that refers 
to the phenomenon in which innocuous or physiological stimuli 
are perceived as painful. These manifestations of sensitization 
are graphically illustrated in Figure 39.9. As an example, patients 
with painful chronic pancreatitis may exhibit pancreatic neuro-
nal sensitization and experience mechanical allodynia – pain in 
response to physiological changes in intraductal pressure (which 
would otherwise have not been perceived). Similarly, subse-
quent minor flare-ups of inflammation in such patients could 

Figure 39.8 Theories of referred pain from a visceral organ, using skeletal muscle as the site of referral. (a) The convergence-facilitation theory states 
that painful visceral insults produce an “irritable focus” in the corresponding spinal cord segment, thus facilitating or amplifying signals from somatic 
structures whose nerves converge on the same spinal neurons. According to this theory, therefore, the referred hyperalgesia is mainly central. (b) The 
reflex-arc theory states that viscerocutaneous or visceromuscular reflexes traveling through the spinal cord induce neurogenic changes in the muscle or 
skin that result in a local painful state. According to this theory, referred hyperalgesia can be viewed as peripheral. Source: Raj 2000 [38]. Reproduced 
with permission of Elsevier.
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transmission of nociceptive signals [42]. This can account for 
the practice of counter-irritation of the abdominal wall (with 
heat or other stimulation) by some patients experiencing pain 
originating in visceral organs.

Sensitization of spinal pathways with convergent innervation 
from different regions may also provide the basis for the 
common clinical associations between IBS and fibromyalgia. 
Tenderness of overlying regions is a common clinical sign of 
visceral pain and most experts believe it results from an “irrita-
tive” focus in the spinal cord, representing the site of somato-
visceral convergence (Figure 39.8). Thus a secondary spinal 
neuron that has been rendered excitable by repeated stimulation 
from an injured viscus will now also react in an exaggerated 
fashion to relatively innocuous input from converging somatic 
structures, an example of hyperalgesia (see Section Pain and 
sensitization). Hyperalgesia of muscle is often accompanied by 
spasm, which may be secondary to spinal reflexes with their 
efferent limbs originating in the anterior horn [43,44].

Viscerovisceral convergence also occurs. As an example, the 
duodenum and pancreas appear to have nearly half their spinal 
afferents in common. This phenomenon can also include differ-
ent organ systems such as the urinary bladder and rectum 
[41,45,46], which have physiologically characterized dually 
labeled dorsal root ganglion neurons projecting to both the 
bladder and colon. This knowledge is also important in under-
standing the difficulty in localizing visceral pain precisely and 
can help explain why in some patients treatment of dysfunction 
in one organ (e.g., dysmenorrhea) can improve symptoms in 
another (IBS).
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Figure 39.9 Basic concepts of pain sensitization, as illustrated in a 
theoretical stimulus–response curve. The right solid line represents a 
hypothetical control population while the left broken line represents the 
response in a sensitized population (e.g., patients with pancreatitis). The 
broken vertical line represents the threshold for painful stimulation in  
the control population. Note that the sensitized population experiences 
pain in response to stimulation that is in the nonpainful (physiological 
range) for the control population, a phenomenon known as allodynia 
(shaded area). Hyperalgesia refers to a response to painful stimulation 
that is greater than the control population (arrows).
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cause the associated pain to be felt as severe rather than mild 
(hyperalgesia).

Pain sensitization results from both early posttranslational 
changes as well as later transcription-dependent changes in 
effector genes, with both processes occurring in the peripheral 
terminals of the nociceptor and in dorsal horn neurons. A 
variety of factors found in inflamed tissue are capable of produc-
ing such sensitization, including ions (K+, H+), amines 
(5-hydroxytryptamine [5-HT], histamine), kinins (bradykinin), 
prostanoids (prostaglandin E2, PGE2), purines (ATP), cytokines 
(tumor necrosis factor [TNF], interleukin-1 [IL-1], IL-6), and 
growth factors such as nerve growth factor (NGF) [48]. In the 
short term, several of these agents, acting via specific receptors 
and/or cellular messengers, initiate a chain of events that leads 
to increased phosphorylation of critical ion channels (Figure 
39.10), such as TRPV1 and the nociceptor-specific tetrodotoxin 
resistant (TTXR) sodium channels, thus enhancing excitability. 
These early sensitization events are sustained and further ampli-
fied by changes in the expression of key proteins hours to days 
after the onset of tissue injury/inflammation. Similar paradigms 
can explain the processes underlying central sensitization, 
including early posttranslational and late transcriptional events 
(Figure 39.10).

These experimental paradigms are beginning to receive con-
firmation in clinical studies. Thus there is growing evidence that 
TRPV1 expression is increased in patients with inflammatory 
bowel disease [51], rectal hypersensitivity [52], and esophagitis 
[53]. Increased expression of CGRP and substance P has been 
noted in nerve fibers in specimens from chronic pancreatitis 

[54]. Further, there is a significant correlation between pain and 
upregulation of pancreatic expression of the NK1 receptor (the 
principal receptor for substance P) [55], BDNF [56], NGF, and 
its receptor TrkA [57]. Evidence of central sensitization can also 
be seen in patients with chronic pancreatitis. These patients 
have lower thresholds to pain in response to abdominal palpa-
tion than healthy individuals (reflecting secondary referred 
hyperalgesia in the musculature, a form of spinal sensitization, 
as described earlier) [58]. This also results in expansion of the 
area of referred pain and evidence of functional and morpho-
logical changes in the brain [59–62]. Ketamine, an NMDA 
receptor antagonist, is effective in the short-term attenuation of 
tenderness in chronic pancreatitis, suggesting spinal sensitiza-
tion [63].

This paradigm may also apply to so-called “functional” dis-
orders such as IBS. Thus, mucosal inflammation accompanying 
gastrointestinal infections can produce visceral hyperalgesia by 
both peripheral sensitization and central hyperexcitability [64]. 
A significant number of patients develop IBS-like symptoms 
after a bout of acute infectious gastroenteritis [65,66]. Accord-
ing to this theory, the lack of overt inflammation or disruption 
of tissue architecture in patients with IBS is explained by the 
fact that the initiating event was transient but left persistent 
changes in its wake that resulted in peripheral and central 
hyperalgesia. In such a sensitized state even normal contractile 
events could be perceived as painful (i.e., allodynia).

The relative importance of central and peripheral factors in 
humans with painful visceral conditions can be difficult to 
predict in patients and, indeed, given the complex bidirectional 
loops described earlier, may not be especially relevant in a given 
individual. In many patients, central sensitization is an expected 
and biologically predictable response to persistent noxious 
stimulation from the periphery. Thus in patients with chronic 
pancreatitis, suppression of nociceptive signaling from the pan-
creas should turn down central sensitization. This is supported 
by studies on the effects of thoracic splanchnectomy/denervation 
on hyperalgesia in patients with chronic pancreatitis [67] as well 
as by the response to a peripherally acting κ-opioid antagonist 
[68]. Central factors are often invoked as the “origin” of symp-
toms in patients with functional bowel disease, and imaging 
studies suggest morphological differences in the central nervous 
system between patients with IBS and inflammatory bowel 
disease [69]. However, it should be emphasized that our present 
state of knowledge cannot determine if patients with IBS have 
increased peripheral signaling from a truly “irritable” bowel or 
if their symptoms arise from changes in the CNS response to 
physiological signals from the bowel [70]. It is possible that 
abnormalities in cognitive–emotional processing of afferent 
signals, rather than nociception per se, may be important con-
tributors to pain perception in these patients.

Stress and visceral pain
Our day-to-day language (e.g., “butterflies in the stomach”) 
reflects the intimate relationship between gut sensation and our 
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tor. The latter includes release of adrenocorticotrophic hormone 
(ACTH) as well as changes in gastrointestinal nociception and 
motility, in both animals and humans [73,74].

Depression and anxiety are commonly seen in patients with 
chronic abdominal pain syndromes such as IBS and functional 
dyspepsia, and have long been assumed to lead to somatization 
and clinical manifestations of pain and disturbed gut function. 
More recently, experimental and clinical evidence suggests that 
primary disturbances in the gut can cause secondary changes 
in affect and mood. Experimental models have shown that 
transient injury or inflammation during the neonatal period 

mental state. Stress can be classified as either exteroceptive (e.g., 
psychosocial in origin) or interoceptive (e.g., due to tissue 
inflammation or injury) and appears to have opposite effects on 
somatic and visceral pain, with the former being suppressed and 
the latter exacerbated [71]. Clinical experience attests to the role 
of stress in both the onset and modulation of symptoms in 
patients with IBS [72].

The biological basis of this is beginning to be explored, and 
cortisol release factor/hormone (CRF or CRH) produced by the 
hypothalamus appears to be an important factor in response to 
stress, exerting a variety of systemic effects via its CRF1 recep-

Figure 39.10 (a) Peripheral sensitization: early events. Various inflammatory mediators interact with specific receptors expressed on the peripheral ends 
of sensory neurons. Some of these (e.g., noxious heat) can activate neurons directly while the majority can acutely sensitize the neuron, that is make it 
more excitable by changes in intracellular calcium and phosphorylation states that result in greater activation of critical ion channels, such as the 
tetrodotoxin-resistant sodium channel (TTXr). 5-HT, 5-hydroxytryptamine; VR1, vanilloid receptor 1; BK, bradykinin; PGE2, prostaglandin E2; ASIC, 
acid-sensing ion channel; PKC, protein kinase C; PKA, protein kinase A. (b) Early sensitization within dorsal horn neurons after release of transmitters 
from C fiber central terminals. These transmitters/neuromodulators act on receptors and ion channels in the dorsal horn to activate protein kinases that 
phosphorylate membrane-bound NMDA and AMPA receptors and alter their functional properties, increasing membrane excitability and thereby 
eliciting central sensitization. Source: Woolf and Costigan 1999 [49]. Copyright (1999) National Academy of Sciences, U.S.A. Reproduced with 
permission.
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some progress has been made in somatic pain syndromes, clas-
sification of visceral pain has yet to be undertaken in any sys-
tematic fashion. An appealing approach to the classification of 
pain, used widely in the somatic literature, is based on putative 
neurophysiological mechanisms. According to this, pain can be 
either nociceptive or neuropathic [79]. Nociceptive pain implies 
an ongoing stimulation of peripheral nociceptors by persistence 
of local painful conditions (e.g., injury and/or inflammation). 
Neuropathic pain, on the other hand, is pain that originates 
independent of nociceptor stimulation and implies structural or 
functional changes in the pain pathways (either peripheral or 
central) that result in persistent but aberrant signaling. Pure 
nociceptive pain is generally regarded as an experimental 
concept because clinically relevant pain is almost always accom-
panied by some changes in the nerves involved in pain path-
ways. Nevertheless, the pain of some acute gastrointestinal 
conditions such as peptic ulcer, colonic ischemia, or acute 
cholecystitis can be considered to be predominantly nociceptive 

results in long-lasting visceral hypersensitivity in adults, along 
with depression and anxiety, even in the absence of overt gas-
trointestinal pathology [75]. Similar processes accompany 
postinflammatory models, and may be mediated by changes 
in colonic microbiota signaling to the CNS via afferent vagal 
fibers [76,77]. Supporting clinical evidence for this hypothesis 
is also emerging; in one cohort, people with functional gas-
trointestinal disorders but no anxiety or depression at baseline 
were more likely to develop higher levels of anxiety and depres-
sion years later [78].

Thus a model emerges in which various components of the 
biopsychosocial continuum for pain can be seen to interact with 
each other and produce the final clinical picture in a bidirec-
tional manner (Figure 39.11).

Classification of abdominal pain
Pain is a complex syndrome and an attempt to classify it in a 
comprehensive manner poses a significant challenge. Although 

Figure 39.11 Current and emerging pathophysiological concepts on pain in irritable bowel syndrome (IBS). The figure assumes a vulnerable 
background (genetic, developmental phase) that is predisposed to developing a persistent state of activation in response to two major inciting factors, 
stress and infection, acting initially at central and peripheral sites, respectively. Subgroups of IBS patients may differ in the nature of the inciting factor, 
as well as activity of the various components that eventually lead to pain perception. Although changes in motility are shown separately, it is possible 
that in some instances they may also contribute to increased afferent signaling and discomfort. ANS, autonomic nervous system; CNS, central nervous 
system; ENS, enteric nervous system; PNS, peripheral nervous system (spinal afferents). Source: Dupont and Pasricha 2007 [50]. Reproduced with 
permission of Taylor & Francis.
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in nature. Somatic neuropathic pain syndromes include post-
stroke pain (central) or diabetic neuropathy (peripheral). 
Whether there is a visceral counterpart remains to be definitely 
established but it is possible that certain types of “functional” 
pain disorders are neuropathic in nature, given the absence of 
overt pathology in the suspected organ.

Yet another way of classifying pain is by its temporal dimen-
sion. Acute pain serves a useful biological function, warning the 
organism of injury or impending injury. Chronic pain, arbitrar-
ily defined as at least a month beyond the expected course of an 
injury to heal, can result in significant secondary morbidity in 
the form of physical, emotional, or socioeconomic stresses on 
the patient, family, and society [79]. The challenge for clinicians, 
therefore, is to recognize the various psychosocial attributes of 
chronic pain without overlooking the underlying problem.

Clinical assessment of the patient with 
abdominal pain

History
Although patients presenting with acute abdominal pain are 
discussed in greater detail in Chapter 43, many of the same 
principles of diagnosis apply to patients in less emergent set-
tings. A carefully taken history often holds the key to an accu-
rate diagnosis of abdominal pain.

Site
Most clinicians find it useful to divide the abdomen into four 
quadrants (Figure 39.7; Box 39.2). These general, if crude, infer-
ences are supported by studies using balloon insufflation in 
various organs in conscious patients [80,81]. However, there is 
considerable overlap between pain from various sites, such as 
the stomach, bile duct, pancreas, and the proximal small intes-
tine. Further, compared to healthy volunteers, patients with 
chronic painful conditions (including IBS) often have distorted 
patterns of pain (possibly due to spinal sensitization of conver-
gent pathways, see Section The neurobiology of pain) rendering 
inference about the site of pain even more hazardous [82].

Temporal characteristics
Onset, duration, and the pattern of variation with time are all 
important features to elicit in taking the patient’s history. 
Immediate-onset, severe pain is suggestive of an acute obstruc-
tion of a hollow viscus (such as bile duct obstruction by a stone), 
perforation (e.g., free perforation of a duodenal ulcer), or a 
catastrophic ischemic condition. More commonly, onset of pain 
is gradual; the transition from a “glowing ember” to a “raging 
flame” may take hours or days depending upon the underlying 
condition and is typical of inflammatory conditions such as 
appendicitis, diverticulitis, pancreatitis, and cholecystitis.

Abrupt cessation of pain can occasionally occur spontane-
ously and should suggest the relief of an obstructed organ; 
examples include the intestinal passage of a biliary stone or 

Box 39.2 Localization of common causes of acute abdominal pain.

Right lower quadrant
• appendicitis
• infective terminal ileitis
• Crohn’s disease
• in women, tuboovarian disorders
• ectopic pregnancy
• ruptured ovarian cyst
• salpingitis
• renal disorders
• right ureteric calculus
• pyelonephritis
• pyogenic sacroileitis

Right upper quadrant
• acute cholecystitis
• biliary colic
• acute hepatic inflammation or distention

Left upper quadrant
• splenic infarct
• splenic flexure ischemia

Left lower quadrant
• acute diverticulitis
• infectious or inflammatory colitis
• pyogenic sacroileitis
• tuboovarian disorders (in women)

Central abdominal pain
• gastroenteritis, gastritis
• peptic ulcer disease
• small intestinal colic
• acute pancreatitis

Diffuse abdominal pain
• acute infectious peritonitis
• appendicitis
• diverticulitis
• inflammatory bowel disease and toxic megacolon
• perforated ulcer (gastric or duodenal)
• spontaneous peritonitis in cirrhosis
• acute noninfectious peritonitis
• familial Mediterranean fever
• hemorrhagic pancreatitis
• postoperative
• perforated duodenal ulcer

resolution of a volvulus. However, in many cases, the pain is 
intermittent in that it wanes for varying intervals of time, only 
to wax to its original intensity subsequently. Such pain is typical 
of colic, usually intestinal in origin. Biliary pain, though tradi-
tionally labeled as colic also, shows less variability than com-
monly thought (see Section Differential diagnosis).

In addition to intermittency, another pattern of temporal 
variation is periodicity, implying a long duration (weeks to 
months) of pain-free intervals. Such periodicity is seldom 
regular (unless pain is pelvic and related to the menstrual cycle) 
and, among others, used to be characteristic of peptic ulcer 
disease before effective therapy was available. Other examples 
include patients with recurrent urinary stones, patients with 
IBS, where the pain often varies with periods of psychosocial 
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luminal pressure and generally is similar in character regardless 
of the organ involved (Box 39.4).

Relieving and aggravating factors
It is important to elicit the relationship, if any, between fluctua-
tions in pain and physiological gastrointestinal activity. Such a 
relationship may allow the physician to more confidently link 
the pain to a hollow viscus (rather than musculoskeletal causes) 
as well as point towards a specific diagnosis. Thus, pain with 
swallowing (odynophagia) almost invariably points to an 
esophageal lesion. The pain of duodenal ulcer tends to improve 
with food or antacid use while gastric ulcer pain may be wors-
ened by food intake. Relief after vomiting suggests a pyloric or 
proximal small bowel lesion. Colonic pain or distress may be 
relieved by a bowel movement, particularly in patients with IBS. 
In contrast, anorectal conditions such as proctitis or fissures 
may be aggravated by bowel movements.

Most inflammatory conditions of the bowel or solid organs 
(such as inflammatory bowel disease or pancreatitis) are associ-
ated with varying degrees of systemic reaction including ano-
rexia, malaise, and perhaps fever. The exception is duodenal 
ulcer, which may prompt the patient to increase food intake 
because of the perceived association with lessening of the pain. 
The specific nature of the food that either relieves or aggravates 
pain is seldom of diagnostic value, contrary to popular belief. 
Thus, the relationship between fatty foods and biliary pain  
or between spicy foods and peptic ulcer pain is dubious at  
best [85].

Visceral pain by itself often induces restlessness in the patient 
but, when parietal or somatic structures become involved, 
aggravation by motion, coughing, or straining is characteristi-
cally noted. Retroperitoneal processes, including pancreatitis, 
tend to be somewhat relieved by maneuvers that increase the 
volume of this space (sitting up and bending forward).

Physical examination
The patient with acute abdominal pain is best dealt with as  
an emergency and in many instances may warrant urgent surgi-
cal intervention (see Chapter 55). As with any acute medical 

stress and associated disturbances in bowel function, and many 
less-common conditions (Box 39.3).

Finally, the duration of the pain should be mentioned as an 
important factor in that it has a direct bearing on the degree of 
difficulty in reaching a diagnosis. Many patients have already 
sought medical advice and simple illnesses have generally been 
excluded by the time they present to a specialist. The clinical 
picture may be further confounded by the presence of con-
founding factors including referred hyperalgesia (see Section 
Neurobiology of pain), secondary psychosocial morbidity, and 
aberrant illness behaviors.

Character and intensity of pain
These attributes are less useful diagnostically because by their 
very nature they are subjective and therefore influenced by the 
social and educational background of the patient as well as past 
personal experience. Although patients are often asked to rate 
pain on simple scales like 1–10, typically using a previously 
encountered pain as a reference point, this is seldom useful in 
distinguishing the cause of the pain or even whether the pain is 
of the so-called functional type. Similar considerations apply to 
the description of the nature of the pain. For example, the pain 
associated with peptic ulcer disease has been described by such 
apparently contradictory terms as aching, gnawing, sharp, 
burning, tearing, and squeezing. Furthermore, patients often 
ascribe different meanings to common descriptors. While many 
patients often associate colic with any diarrheal illness, from a 
medical perspective, the pain of colic refers to a characteristic 
wave-like build up in intensity culminating in severe pain, often 
associated with other symptoms such a sweating, nausea, and 
dizziness [84]. The pain of colic is the result of visceral obstruc-
tion and peristaltic contractions associated with increased intra-

Box 39.3 Some causes of intermittent abdominal pain.

Physical/obstructive
• Ampullary stenosis
• Cholelithaisis
• Intermittent intestinal obstruction
○ intussusception
○ internal hernia
○ abdominal wall hernia

Metabolic and/or genetic
• Acute intermittent porphyria
• Familial Mediterannean fever

Neurological
• Abdominal epilepsy
• Abdominal migraine
• Diabetic and other forms of radiculopathy
• Nerve entrapment syndromes

Miscellaneous
• Endometriosis
• Heavy metal (lead) poisoning
• Mesenteric ischemia
• Acute recurrent pancreatitis

Box 39.4 Common causes of colicky abdominal pain.

Biliary colic
Renal colic
Gastrointestinal colic

• acute gastroenteritis
• small bowel obstruction
○ Crohn’s disease
○ postsurgical adhesions
○ pseudoobstruction
○ intussuception

• colonic obstruction
○ carcinoma
○ diverticulitis
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maximal tenderness. Abdominal palpation can identify local-
ized masses, free peritoneal fluid such as ascites, or areas of 
tenderness. It can also determine whether localized or diffuse 
peritoneal inflammation is present. Eliciting rebound tender-
ness, a staple of medical school teaching, is generally to be 
discouraged as it may not only be unreliable [87], but also may 
compromise the patient’s further cooperation because of the 
pain. Auscultation of the abdomen is generally limited in utility 
but does provide broad clues as to the state of the bowels; in this 
regard it is not necessary or helpful to auscultate all four quad-
rants. Hypoactive or absent bowel sounds are characteristic in 
the presence of peritonitis whereas hyperactive sounds through-
out the abdomen may be heard with infectious gastroenteritis. 
Infrequent, prolonged rushes of high-pitched or “tinkling” peri-
stalsis are often heard over the distended loops of bowel seen 
with intestinal obstruction. Rectal examination in the male and 
pelvic examination in the female may occasionally reveal signs 
of local peritonitis in the area.

Acute recurrent abdominal pain, characterized by repeated 
attacks of pain, the patient being entirely well between these 
episodic bouts, can prove very difficult to diagnose. It is impor-
tant to try and see the patient during an attack, as it is frequently 
the only time when it is possible to identify the correct diagno-
sis. When no obvious clinical or laboratory clues to a specific 
disease process are seen, the so-called Carnett’s test may help to 
determine whether chronic intermittent abdominal pain arises 
from the abdominal wall or has an intraabdominal origin 
[88,89]. If a tender spot is identified, the patient is asked to raise 
his or her head, thus tensing the abdominal musculature. If 
there is greater tenderness on repeat palpation, Carnett’s test is 
positive and suggests a cause in the abdominal wall (see Section 
Chronic abdominal wall pain). Diminished tenderness on the 
other hand may suggest an intraabdominal process.

Differential diagnosis
The differential diagnosis of “abdominal pain” is immense. 
Familiarity with broad pathophysiological principles of visceral 
pain and knowledge of common gastrointestinal diseases and 
their natural history serves as a foundation for an appropriate 
approach to the patient. Informed clinical suspicion then should 
lead to further laboratory and radiological testing. Individual 
diseases are dealt with in their entirety in other chapters 
throughout this textbook. Nevertheless, it is important to point 
out certain specific clues to such conditions.

Gastroduodenal pain
Gastric pain is usually felt in the midepigastric region but can 
also be perceived in the left upper quadrant and, occasionally, 
in the chest [80]. The pain of peptic ulcer typifies this kind of 
pain, which is almost always felt in the epigastric region and, 
unlike other kinds of visceral pain, can often be sharply local-
ized by the patient. Occasional patients with peptic ulcer cannot 
describe their symptom as a “pain” but rather as “an empty 
feeling” in the pit of the stomach or other vague descriptions of 

condition, the physical examination should be directed first at 
determining whether the patient is hemodynamically stable and 
if the patient is in need of emergency intervention. The exist-
ence of quantifiable changes in the vital signs to visceral pain 
(such as bradycardia in response to distention of viscus) has 
been recognized as far back as the turn of the 20th century [86]. 
These pseudoaffective responses are objective and reproducible 
signs of the severity of the patient’s condition, and should con-
stitute the first part of clinical assessment of any patient with 
acute abdominal pain.

In patients with more chronic pain many of the same princi-
ples apply but vital signs are less likely to be disturbed. Systemic 
examination may provide useful clues to the diagnosis and 
attention should be paid to skin lesions, including purpural 
rashes, pallor, jaundice, edema, and other obvious signs of a 
more generalized disorder (Table 39.1).

Subsequently, a careful examination of the abdomen is made. 
It begins with inspection, noting any surgical scars or the pres-
ence of abdominal distention. This is followed by palpation, the 
success of which depends on the examiner’s technique as well 
on the patient’s confidence and cooperation. It can be difficult 
to differentiate guarding and tenderness caused by peritoneal 
inflammation from voluntary guarding caused by the brusque 
contact of an examiner’s cold hands. Palpation should be per-
formed with warm hands and begin away from the area of 

Table 39.1 Clues to the etiology of abdominal pain on clinical examination. 
Source: Zackowski 1998 [95]. Reproduced with permission of Elsevier.

Physical finding Related condition

Jaundice Choledocholithiasis
Gallstone pancreatitis
Liver congestion or inflammation

Purpural or retinal cytoid bodies Autoimmune process

Distended abdomen Bowel obstruction
Ascites

Palpable mass Hernia
Neoplasm

Focal neurological finding Nerve root compression
Vertebral body fracture

Anal fissure Crohn’s disease

Dark red “port-wine” urine Acute intermittent porphyria

Occult blood in stool Bowel inflammation
Peptic ulcer disease
Gastrointestinal cancer

Positive Carnett’s testa Abdominal wall hernia
Cutaneous nerve entrapment
Myofascial pain syndromes
Rectus sheath hematoma
Rib tip syndrome

a Worsening abdominal pain on contraction of the abdominal wall 
muscle.
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and are usually painless. However, more acute causes, including 
trauma, can result in pain that is felt in the left upper 
quadrant.

Small bowel pain
Small bowel pain is not necessarily associated with disturbances 
in motility and can be due to nonobstructing lesions such as 
inflammation, ulcers, or neoplasms when it is felt as a dull per-
iumblical or other midline discomfort that can be aggravated by 
food intake. Intestinal pain can also occasionally be felt in either 
the flank or in the back [80]. Intestinal colic is a more dramatic 
form of small bowel pain, resulting from intense muscular activ-
ity usually proximal to an obstruction but also seen in patients 
with acute gastrointestinal infections. Ischemia, acute or 
chronic, is another cause of small intestinal pain. Acute ischemia 
is often catastrophic in nature but the chronic form may give 
rise to the rare but classic “abdominal angina” with avoidance 
of food intake because of the aggravation of pain.

Large bowel, rectal, and pelvic pain
The large bowel has dual nociceptive innervation; pain afferents, 
via the hypogastric nerves, run with sympathetic nerves to the 
spinal cord at T10–L2 as well as with the parasympathetic pelvic 
nerves to spinal cord S2–S4, with the latter being felt to be more 
important [80]. Inflammatory or neoplastic lesions of the colon 
can cause pain, which can be similar to small bowel pain, par-
ticularly if arising in proximal segments. Pain in more distal 
segments will be felt in the lower abdomen, reflecting its ana-
tomical origin. Again, unless referred pain sets in or the parietal 
peritoneum is involved, the pain is felt as dull and in the midline. 
Despite the origin of the word, colic is usually not a typical 
manifestation of obstructing lesions of the colon, as this organ 
is relatively fixed and capable of dilating significantly. However, 
inflammatory or infectious lesions of the colon can give rise to 
a similar syndrome, often described by patients as “spasms”, 
which typically are associated with and usually relieved (at least 
temporarily) by bowel movements.

Rectal lesions can also cause the symptom of tenesmus, a 
term that signifies frequent and painful desire to evacuate the 
bowel that is often unfruitful and/or leaves the patient with a 
feeling of incomplete evacuation. In this regard it is analogous 
to the urinary symptom termed dysuria or the more classical 
“strangury”. Tenesmus usually signifies proctitis (idiopathic or 
infectious) but can also be caused by rectal cancers or occasion-
ally thrombosed hemorrhoids. Proctalgia fugax is another 
peculiar and incompletely understood rectal syndrome; pain is 
transient but often recurrent and usually felt as severe ache  
in the rectal region that typically wakes the patient up at  
night. These and other painful anorectal symptoms have  
been attributed to either pelvic muscle spasm and/or pudendal 
neuropathy [90].

It is important to remember that pain arising in the lower 
abdomen may be arising in the pelvic organs; such pain is often 
difficult to distinguish from colonic pain, and may be acute as 

discomfort. The exact pathogenesis of ulcer pain is still debated; 
it may reflect direct stimulation of nerves in the ulcer bed by 
acid, enzymes, or bile, or may be due to associated spasm of the 
underlying musculature. It is typically relieved by antacids and 
food and, characteristically, may awaken the patient in the 
middle of the night.

Peptic ulcers are one cause of dyspepsia, which is syndrome 
of epigastric pain or discomfort often accompanied by bloating 
and early satiety as well as other symptoms. Many conditions 
can cause a similar clinical picture, including disorders of the 
pancreas, biliary tree, gastric malignancy, gastroesophageal 
reflux, and several medications including antibiotics. When no 
underlying cause is found, the term nonulcer or functional dys-
pepsia is used (see Chapter 55).

Biliary pain
Biliary pain, whether arising from the gallbladder or the bile 
duct generally follows the same principles of visceral pain and 
referral as that arising from other organs such as the appendix. 
Early in its course, the pain is felt as a dull sensation in the 
midline (epigastrium); with the development of inflammation 
or if the pain continues, it is often referred to the right upper 
quadrant and occasionally to the right infrascapsular region. 
Acute obstruction of the biliary tree is almost always painful 
although not necessarily “colicky”. In contrast, gradual dilation 
of the bile duct, as from a distal ampullary or pancreatic cancer, 
may remain painless throughout its course.

Pancreatic pain
Pancreatic pain is usually due to either inflammation (acute or 
chronic) or a neoplasm. The pain is typically felt as severe and 
deep in the midline, and is often associated with referred pain 
in the left upper quadrant. Because of the proximity of the organ 
to the underlying vertebral column, pain can also radiate to the 
back. Peripancreatic inflammation in acute pancreatitis can 
often track to different locations in the abdomen, resulting in 
pain at sites remote from the original insult, such as the lower 
abdomen or chest.

Liver pain
Most lesions arising deep in the liver parenchyma, including 
tumors are typically painless. Although there is little scientific 
basis for this belief, liver pain is felt to be caused by acute 
stretching or distortion of the liver (Glisson’s capsule), which 
can be due to inflammation, vascular engorgement, or rapidly 
expanding lesions underneath the surface [80]. However, 
chronic processes such as slowly progressing fatty liver or 
chronic viral hepatitis may be entirely painless.

Splenic pain
Similar to the liver, enlargement of the spleen is thought to cause 
pain only when the capsule is stretched. The usual causes of 
splenomegaly seen in developed countries (hematological dis-
orders and malignancies, portal hypertension) develop slowly 
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arcuate line. When a careful history and examination and 
routine laboratory tests fail to reveal a cause of abdominal pain, 
consideration should be given to even more rare syndromes 
[91] (Table 39.2). These include disorders that primarily affect 
visceral nerves rather than the organs themselves, such as acute 
intermittent porphyria, chronic poisoning with lead or arsenic, 
or diabetic radiculopathy. Nerve root disease is relatively 
common in diabetes and when it affects thoracic segments can 
present as abdominal pain, which can often be severe and 
accompanied by weight loss [92–94]. The diagnosis should be 
suspected in diabetic patients with unexplained pain that is 
exacerbated by spinal movement and associated with altered 
cutaneous sensation and localized muscle weakness. Such radic-
ular pain syndromes can also be seen with degenerative or other 
spinal disorders resulting in nerve root compression. Neural 
imaging is required and electromyography can confirm the 
diagnosis. Women on oral contraceptives may experience 

exemplified by salpingitis, intermittent as in endometriosis, or 
chronic in a manner analogous to IBS. Associated clues that 
should be sought include disturbances in menstruation and 
dypspareunia (painful coitus). In many instances no obvious 
cause is found and such patients present as much of a dilemma 
to gynecologists as they do to gastroenterologists.

Rare and obscure causes of abdominal pain
Epigastric hernias are felt to typically occur in patients lifting 
heavy weights, possibly resulting in a tear in the linea alba in 
the midline. They can begin with protrusion of peritoneal fat 
(epiplocele) or abdominal wall fascia but rarely become large 
enough to permit entry of a hollow viscus. Although they have 
been associated with considerable pain, their prevalence and 
contribution to chronic abdominal wall syndromes is unclear. 
Spigelian hernias, between the external and internal oblique 
muscles, can produce a similar pain but this is at the level of the 

Table 39.2 Rare or obscure causes of abdominal pain.

Condition Characteristic features and diagnostic clues Confirmatory tests

Shingles (Varicella–Zoster Pain may precede rash by 5–7 days
Dermatomal distribution

Appearance of rash

Compressive radiculopathy Dermatomal distribution
Tenderness/pain of spinal and paraspinal structures

CT or MRI

Lead poisoning Crampy intermittent pain
Bowel disturbance and nausea
Dark blue pigment along gum line, anemia, and basophilic stippling

Elevated serum lead levels

Narcotic withdrawal 12–36 h after abrupt cessation
Nausea, diarrhea, and cramps
Excessive secretion of tears, sweat, rhinorrhea, etc.
Hyperdynamic bowel sounds

History of drug intake

Hereditary Mediterranean fever Childhood onset
Mediterranean ancestry
Peritoneal signs and fever
Meningitis, pericarditis, pleuritis, and arthritis may occur

Family history
Exclusion of other causes

Acute intermittent porphyria Diffuse “colicky” abdominal pain
Associated changes in mental status, muscle weakness, and 
photosensitivity
Port-wine urine
False-positive urobilonogen (i.e., normal serum indirect bilirubin) 
reading on urine dipstick (due to porphobilinogen)

“Abdominal epilepsy” 
(temporal lobe seizures)

Pediatric patients
Sharp abdominal pain, often periumblical in nature
Accompanied by motor, psychic, or other sensory features

Electroencephalography (EEG)

“Abdominal migraine” Pediatric patients
Associated migraine
Nausea and occasional vomiting

Diagnosis of exclusion

Hereditary angioneurotic edema Submucosal edema with intestinal obstruction
Cutaneous manifestations

Measurement of plasma C1 
esterase activity

Abdominal vasculitides Poorly localized pain or tenderness
GI bleeding
Associated systemic disease (Henoch-Schönlein purpural, lupus, 
polyarteritis nodosa, etc.)

Angiography
Diagnosis of systemic disease
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Approach to treatment

Whenever possible, healing of the underlying tissue insult or 
injury provides the most satisfactory approach to the control of 
pain. This is discussed in the respective chapters of this book 
dealing with specific painful conditions. However, in a signifi-
cant number of patients with pain of suspected gastrointestinal 
origin the underlying condition may not be reversible or even 
identifiable. Pain management then often becomes the primary 
therapeutic issue and in such patients it is critical for the prac-
ticing gastroenterologist to become familiar with the general 
principles of pain management, as outlined in this section. 
Although several of these principles also apply to patients with 
cancer-related pain, physicians in the oncological specialties 
usually manage these patients and this subject will not be dis-
cussed here.

The therapeutic approach to acute severe abdominal pain is 
reasonably straightforward. Once the need for immediate surgi-
cal exploration is ruled out and a confident working diagnosis 
is made, attention is quickly turned towards effective pain relief, 
typically in the form of potent opiate drugs such as morphine 

attacks of abdominal pain that in some cases can be related to 
mesenteric venous thrombosis.

Diagnostic work-up
The clinical suspicions generated by a careful history and physi-
cal examination should lead to appropriate laboratory and 
imaging tests to either confirm or refute the diagnosis. However, 
despite the fact that acute abdominal pain is traditionally 
equated with a surgical diagnosis, less than 5% of adults pre-
senting with acute abdominal pain will require hospital admis-
sion, and even less will need surgery [96]. Indeed, in a substantial 
proportion of patients with acute abdominal pain, particularly 
those seen at a primary care setting or emergency room, no 
definite abdominal pathology will be found to account for the 
symptoms [97], while a definitive diagnosis is even less common 
among those referred for evaluation of chronic abdominal pain 
as many of these patients have already been seen and evaluated 
by other physicians, and the most straightforward diagnoses 
having already been excluded. Indeed in the absence of obvious 
clinical or laboratory clues, it is relatively unusual to uncover a 
new pathophysiological basis for symptoms in these patients 
[98]. Tests to exclude other diagnoses must be carefully consid-
ered, and be based on the individual presentation and the 
degree of suspicion for underlying pathology. In recent years, 
the availability of capsule endoscopy has prompted study of its 
utility in patients with unexplained abdominal pain. However, 
the yield is low and the findings likely to be nonspecific 
[99–103].

In the absence of specific indications, tests such as gastroin-
testinal manometry or transit and endoscopic retrograde 
cholangiopancreatography are rarely helpful in the patient with 
chronic abdominal pain lasting longer than 6 months [104,105]. 
Another example of a relatively invasive diagnostic test that is 
often contemplated is laparoscopy, particularly if a clinical sus-
picion of “adhesions” exists. However, the utility of laparoscopy 
for this purpose, and indeed the validity of the diagnosis of 
adhesions as a cause of unexplained abdominal pain, is ques-
tionable at best [106]. Laparoscopy for chronic pain seldom 
leads to a specific diagnosis and even less often to a change in 
management [107]. Adhesions are very common in women, 
even in the absence of prior surgery [108] and are found in 
equal proportion in patients complaining of pelvic pain and 
those with other complaints [109]. In fact, randomized trials of 
laparoscopic adhesionolysis versus diagnostic laparoscopy alone 
have not shown any benefit from the former and the complica-
tion rate is high [110,111].

If enough tests are done, there is a considerable likelihood of 
uncovering at least some abnormalities. However, these abnor-
malities can be minor and are often of questionable relevance 
to the patient’s complaints (e.g., minimal changes in the second-
ary branches of the pancreatic duct). Before acting on these 
abnormalities, the prudent physician must carefully reevaluate 
the patient, going through an extensive checklist, such as that 
in Box 39.5, looking for “red flags”.

Box 39.5 Questions to assess a patient with pain: red flags for 
referral to specialists in functional bowel disease. Source: Adapted 
from Turk and Okifuji 1999 [118]. Reproduced with permission of 
Elsevier.

Clinical issues

Does the patient:
Have pain that has persisted for 3 months or longer?

• despite appropriate interventions?
• in the absence of progressive diseases?

Have unrealistic expectations of:
• healthcare provider?
• treatment offered?

Complain about previous healthcare providers?
Have a history of substance abuse?
Display pain behaviors?

• grimacing
• rigid or guarded movement.

Legal and occupational issues

Is litigation pending?
Is the patient receiving disability compensation?
Was the patient employed before the onset of the pain?
Is there a job to which the patient can return?
Does the patient have a history of frequent changes in occupation?

Psychosocial issues

Do other family members also suffer from chronic pain?
Excessive depression or inappropriate moods present?
Major stressful event before onset of pain exacerbation?

• high levels of marital or family conflict?
History of childhood abuse or other sexual trauma?
Activities given up because of pain?

• plans for renewed or increased activities if pain is reduced?
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concepts and terminology employed by clinic psychologists and 
psychiatrists.

Pharmacological management of chronic pain
Although effective analgesia remains the foremost goal in the 
pharmacological approach to patients with chronic pain, it must 
be remembered that there is also a valuable role for drugs in the 
treatment of concomitant anxiety, depression, and insomnia, a 
discussion of which can be found in more specialized texts. This 
section provides some general principles to pharmacological 
approaches; specific approaches to individual disorders will be 
discussed in other chapters of this textbook

“Neuromodulator” drugs
Although the term neuromodulation was originally used to 
describe a physiological process by which neurons influence 
each other, it is now increasingly applied to therapies that mod-
ulate activity of the nervous system at several different levels and 
can be used for treatment of a variety of conditions including 
neuropathic pain, seizures, and psychiatric disorders [113]. 
Because of their unique pharmacological and adverse effect 
profile, narcotics are generally not included in this definition 
and will be discussed separately. Although psychotropic medi-
cations (antidepressants, atypical antipsychotics) are commonly 
used, the term neuromodulator is preferred in the context of 
treating pain because it is less stigmatizing for the patient and 
analgesic effects may be independent of the psychotropic ones.

Neuromodulator drugs are typically used when dealing with 
so-called neuropathic pain, as defined previously. The most 
common neuromodulator drugs are either antidepressants  
or anticonvulsants and presumably target one or more of the 
pathogenic mechanisms underlying neuropathic pain that can 
affect the excitatory, inhibitory pathways (or both) involved in 
nociception at any level-including neuronal hyperexcitability, 
neurotransmitter plasticity, and aberrant “rewiring”. Because of 
the characteristic associations of hyperalgesia, allodynia, and 
other manifestations of sensitization in the absence of overt 
pathology, much functional abdominal pain can be hypothe-
sized to be neuropathic in nature, although formal evidence is 
lacking. Such a construct can be used to justify trials of various 
drugs that are used for more established neuropathic pain 
syndromes.

As a general class of agents, antidepressants are perhaps the 
most useful drugs for the management of both somatic and 
gastrointestinal chronic pain syndromes. Gastroenterologists 
should become familiar with the pharmacology and therapeutic 
use of one or more of these agents (Tables 39.3 and 39.4). 
Although their usefulness in pain management was first sug-
gested nearly half a century ago, these drugs have not been fully 
embraced by either gastroenterologists or their patients. The 
latter are often fearful of being stigmatized as having “mental” 
problems, a misperception that is perpetuated if a clear rationale 
for their use is not presented by the prescribing physician. The 
issue is confounded by the fact that these patients may also 

(5–10 mg) or the equivalent dose of meperidine. At the same 
time, specific therapy, if available, is directed towards the sus-
pected underlying cause. Although analgesics are often with-
held in patients with acute abdominal pain for fear of “masking” 
the diagnosis, this concern has not been validated by any scien-
tific studies and probably dates to the era when high doses of 
morphine (30 mg or more) were used [112]. When a nonopera-
tive diagnosis is made, arrangements for ongoing pain relief 
should be made. Although intermittent use of narcotics (either 
as needed or at fixed intervals) is commonly practiced, inade-
quate dosing or frequency can lead to unnecessary patient dis-
comfort. This is particularly liable to occur when a prolonged 
duration of recovery (several days to weeks) is expected, such 
as in patients with severe acute pancreatitis. In such settings, 
narcotics are best administered using patient-controlled devices.

Patients with chronic abdominal pain present a far greater 
challenge. For the uninitiated physician, it is tempting to reach 
for the prescription pad at the conclusion of a visit with such a 
patient. While pharmacological therapy has a valuable role in 
these patients, it is also clear that a successful outcome requires 
consideration of several factors. As already noted, chronic pain 
cannot be viewed as a purely neurophysiological phenomenon 
and has many other facets, the most important of which is the 
psychological dimension, consisting of cognitive, emotional, 
and behavioral processes. The combination of these factors 
results in functional disability, a third dimension of chronic 
pain that is often ignored.

The multifactorial and complex nature of chronic pain has 
made it clear that no single set of skills or techniques can address 
all the issues that affect the quality of life in most patients. A 
multidisciplinary approach is needed, including involvement  
of pain-management physicians (internists, anesthesiologists, 
neurologists, or neurosurgeons), clinical psychologists/
psychiatrists, nurses and, often, vocational rehabilitation spe-
cialists and nutritionists. The therapeutic interventions available 
are correspondingly diverse, including exercise programs, cog-
nitive and behavioral therapies, traditional pharmacological 
agents, alternative therapies, and nerve blocking/ablation tech-
niques, to mention a few. These should be applied either sequen-
tially or in parallel, as part of a pain-management continuum, 
beginning with the most innocuous and progressing to more 
invasive strategies. It is important for the GI physician to broadly 
understand the entire spectrum of chronic pain management; 
such an understanding will facilitate appropriate referral to 
other specialists, promote a more meaningful interaction with 
them, and maintain a strong and supportive patient–physician 
relationship instead of leading to feelings of abandonment and 
other negative attitudes.

Because a large number of patients may have chronic abdom-
inal pain or functional bowel syndromes, it is very important 
for the practicing gastroenterologist to understand the interac-
tion between psychosocial factors and disease in producing 
gastrointestinal symptoms and illness-related behavior. In this 
regard, it is necessary to acquire a working knowledge of the 
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Newer antidepressants offer more promise [116], as they also 
inhibit the uptake of norepinephrine, which appears to be 
important for the analgesic effect. These include the serotonin/
norepinephrine reuptake inhibitors (SNRIs) such as venlafaxine 
and duloxetine. Venlafaxine decreases pain in response to 
colonic distention in humans, but was not found to be effective 
for functional dyspepsia [121,122]. Duloxetine is approved for 
treatment of depression and anxiety as well as painful syn-
dromes, including fibromyalgia, and may have benefit in patients 
with IBS as well [123,124]. Milnacipran, another SNRI, is cur-
rently only approved in this country for fibromyalgia although 
clearly has antidepressant effects as well. There are also possible 
analgesic roles for tetracyclic compounds such as mirtazapine 
with a greater effect on the uptake of norepinephrine than sero-
tonin (mirtazapine also has several postsynaptic effects includ-
ing 5-HT2, 5-HT3, α2, and H1) [125]; other actions include a 
possible gastric prokinetic effect [126]. Other agents, for 
example nefazodone, selectively inhibit serotonin uptake as well 
as significant postsynaptic effects on the 5-HT2A receptor and 
perhaps the α1 receptor but may have serious hepatotoxicity 
[127–130]. An older agent in the same class, trazodone, has 
been used with good effect in patients with noncardiac chest 
pain [131]. Finally, dyspeptic symptoms including pain may 
respond to anxiolytics such as buspirone, which have prominent 
5-HT1 agonist activity (in addition to several other potentially 
beneficial mechanisms) [132].

More recently, atypical antipsychotics quetiapine and olanza-
pine are being evaluated as possible agents for the treatment of 
pain in functional bowel syndromes [133]. However, at this 
time, the evidence for efficacy in these syndromes is limited to 
anecdotal accounts and their use should be considered only in 
refractory cases and preferably in consultation with a psychia-
trist as they are not approved for these indications.

Other neuromodulator drugs
A variety of antiepileptic drugs with neuronal stabilizing 
(phenytoin, carbamazepine, gabapentin, pregabalin, topiram-
ate, carbamazepine, lamotrigine, lacosamide) or GABA-
enhancing properties (clonazepam, valproic acid) have some 
utility in somatic pain syndromes, particularly of the neuro-
pathic variety [134,135]. In this regard the N-type calcium 
channel blockers, gabapentin and pregabalin (Table 39.4), show 
particular promise and early studies suggest a specific effect on 
hypersensitivity in both animal studies and patients with IBS as 
well as chronic pancreatitis [136–145]. Although the exact 
mechanism of their analgesic effect is not known, these drugs 
inhibit the A2-δ subunit of the calcium channel on the presyn-
aptic central terminals of spinal afferents and suppress the 
release of neurotransmitters in the synaptic cleft. A metaanalysis 
of anticonvulsants for the treatment of neuropathic pain con-
cluded that there was only good evidence for pregabalin and 
gabapentin [146]. In this context, mention must be made of the 
use of benzodiazepines, which are frequently used by patients 
with chronic pain, including insomnia, anxiety, and muscle 

suffer from depression, anxiety, and disturbances of sleep, which 
are common but in most patients secondary accompaniments 
of any chronic pain syndrome. In this regard, diminution of 
anxiety and restoration of mood and sleep patterns should be 
considered desirable even if they represent primary neuropsy-
chiatric effects of the drug. However, effective analgesic doses 
of these drugs are significantly lower than those required to treat 
depression and there is reasonable evidence to conclude that the 
beneficial effects of antidepressants on pain occurs independ-
ently of changes in mood [114]. From a mechanistic perspec-
tive, these drugs share ability to increase CNS monoamine 
(principally serotonin and norepinephrine) neurotransmitter 
levels (by inhibiting their reuptake), thereby dampening nocic-
eptive signaling at the level of the second-order neurons (Figure 
39.4); however, peripheral mechanisms may also contribute 
[115]. Tricyclic agents ushered in the modern antidepressant era 
and although they are no longer the preferred first-line agents 
for depression, they continue to have the most proven track 
record in the management of chronic pain, both of somatic and 
visceral origin. Selective serotonin reuptake inhibitors (SSRIs), 
such as paroxetine, sertraline, and fluoxetine, which are cur-
rently the mainstay in the treatment of depression, have fewer 
side-effects and have been advocated particularly for patients 
with functional constipation as they can increase bowel move-
ments and even cause diarrhea. However, they have been less 
well evaluated in the management of pain than tricyclic antide-
pressants; at the present time, studies suggest that the efficacy 
of these agents for chronic pain is equivocal at best [116]. A 
metaanalysis of antidepressant treatment for IBS concluded that 
these agents were quite effective for pain, with an number 
needed to treat of five (i.e., five patients needing treatment for 
one patient to experience symptom improvement) [117]. Tricy-
clic antidepressants were more effective in the treatment of pain 
than SSRIs although the latter were able to significantly improve 
global well being.

Table 39.3 Receptor activity and dosages for selective serotonin reuptake 
inhibitors (SSRI) and serotonin/norepinephrine reuptake inhibitors (SNRI) 
antidepressants. Source: Sperber and Drossman 2011 [119]. Reproduced 
with permission of John Wiley & Sons.

Drug Receptor activity Dosage (mg)

NE 5-HT ACh Initial Range

Fluoxetine – +4 – 10–20 20–80

Fluvoxamine – +4 – 25–50 50–300

Paroxetine – +4 +1 10–20 20–60

Sertraline – +4 – 25–50 50–200

Venlafaxine +4 +3 – 25–50 25–150

Duloxetine +4 +4 – 20–40 20–80

5-HT, 5-hydroxytryptamine; Ach, acetylcholine; NE, norepinephrine.
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paramount importance; the physician must be convinced that 
there is sufficient evidence for an ongoing nociceptive compo-
nent and that there is reasonable psychological stability.

Tramadol is an opiate mu receptor agonist that also inhibits 
serotonin and norepinephrine uptake similar to antidepressants 
[154]. It has the advantage of immediate analgesia compared to 
neuromodulators and can be used as an adjunct for patients 
with breakthrough pain, with or without acetaminophen in 
combination. Although it is less effective as an analgesic than 
most traditional opioids, it also has a lower risk for dependence, 
abuse, and misuse and is classified as a Schedule IV drug [155]. 
Further, acute infusions, at least, do not appear to effect gastric 
emptying in humans [156]. Tapentadol, is a newer drug that 
combines mu receptor antagonism with norepinephrine 
reuptake inhibition and may have less bowel side-effects than 
conventional narcotics. However, in the USA it is classified as a 
Schedule II drug among the stronger opioids [157,158].

Other drugs
The somatostatin analogue, octreotide, has been reported to 
attenuate visceral sensitivity but is not practical for routine use 
because of costs and need for multiple injections [159–162]. 
Other drugs that have shown efficacy in patients with neuro-
pathic pain include clonidine, an α2-adrenergic agonist with 
some efficacy in diarrhea-predominant IBS [163], baclofen (a 
GABAB receptor agonist [32]), and the NMDA receptor antago-
nists, memantine, ketamine, and dextromethorphan [164–169]. 
Although the rationale for the use of these drugs is appealing 
given the role of the NMDA receptor in central sensitization 
(see Section Neurobiology of pain), their use in gastrointestinal 
pain disorders is limited by gastroenterologists’ lack of familiar-
ity, lack of adequate controlled studies, and/or side-effects.

Neural blockade and neuorolytic therapy
Theoretically, interruption of the pain pathways should provide 
relief of pain that is peripheral in origin. This has led to the 
development of various techniques, both for diagnostic and 
therapeutic purposes. The rationale for the diagnostic use of 
neural blockade in a given patient is based on several assump-
tions [170], the most important of which are (1) that pain 
impulses arises from injury in a peripheral location and subse-
quently travel along well-defined nerves and (2) that interrup-
tion of this pathway (either temporarily or permanently) 
abolishes the sensory function of these nerves. However, func-
tional or anatomical interruption of the peripheral ends of the 
nociceptive nerves may not relieve pain if impulses continue to 
be generated at the proximal end, including the dorsal root 
ganglia. Further, the relative contribution of central (i.e., spinal 
and higher centers) versus peripheral sensitization in chronic 
visceral pain syndromes, particularly of the “functional” type, is 
not known. Conceivably, central sensitization could lead to con-
tinuous pain signaling in the absence of peripheral input. Alter-
natively, if interruption of peripheral input is incomplete, altered 
spinal processing of nonnociceptive fiber input will continue to 
cause allodynic pain. Variability in these biological factors, 

spasm. While useful in these settings for short-term use, there 
is a significant risk for dependence on these drugs and there is 
little if any evidence that they have any real analgesic effect.

Opioids
Gastroenterologists often see patients with functional bowel 
pain and so familiarity with some principles of their use, which 
are well described in the literature, is desirable [147]. Opioids 
are thought to be more effective in nociceptive pain than in 
neuropathic pain, which may require considerably higher doses. 
Meperidine is generally felt to be the drug of choice for patients 
with pancreatitis because of its lesser tendency to cause sphinc-
ter of Oddi spasm; however, this has only been shown to be true 
at subanalgesic doses [148,149]. Because it is more likely to 
produce other side-effects, it is seldom used for chronic pain 
management.

In general, opioid analgesics share a common adverse-effect 
profile: constipation, nausea, sedation, and respiratory depres-
sion. An increasingly recognized problem with chronic opioid 
use is that of opioid-induced hyperalgesia, which is a paradoxi-
cal increase in pain and analgesic requirements induced by 
opioids themselves [150,151]. However, the problem most phy-
sicians fear with the use of narcotic analgesics is the potential 
for addiction. This has led to fairly widespread suspicion of 
patients with chronic pain as amongst the “most frequently 
encountered serious user and abuser of psychoactive drugs and 
opioids” [152]. Coupled with the fact that the efficacy of these 
drugs in the management of even relatively well-defined chronic 
somatic pain syndromes is still a matter of controversy, most 
physicians shy away from their use in these settings. This may 
be particularly appropriate in patients with functional abdomi-
nal pain syndromes. However, in some patients, such as those 
with chronic painful pancreatitis, these drugs can and should 
be used, albeit judiciously, using fairly rigid guidelines or pro-
tocols for narcotic use (Box 39.6). Patient selection remains of 

Box 39.6 Guidelines for narcotic use in patients with chronic 
noncancer pain. Source: Gourlay 1999 [153]. Reproduced with 
permission of Wolter Kluwer Health.

1. Clear understanding that opioids are being used for a limited term 
in the first instance.

2. Only one practitioner takes responsibility for opioid prescription.
3. Opioid prescription is contingent upon certain agreed obligations 

or goals being met by the patient, e.g., return to work or 
alteration of inappropriate behaviors, etc. This could take then 
form of a written contractual arrangement.

4. Unauthorized demands for emergency injectable opioids will not 
be tolerated although some provision can be made for “rescue 
analgesia” for brief exacerbations of pain.

5. The patient understands that opioid dosage compliance will be 
checked at various random intervals, which may include drug 
screens and blood samples.

6. Physicians must be prepared to terminate the arrangement if the 
goals are not met or if there is evidence of misuse, even though 
this may lead to a confrontational meeting with the patient.
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combined with inconsistencies in blockade techniques, may 
explain why celiac plexus blocks may work for pain arising from 
pancreatic cancer but are generally ineffective in patients with 
chronic pancreatitis.

Despite these limitations, neurolytic techniques are valuable 
for subsets of patients. Celiac neurolysis may be effective for up 
to 85% of patients with pancreatic cancer pain and in about 70% 
of m patients with pain from nonpancreatic cancers [171]. B y 
contrast, pain relief in nonneoplastic pain such as chronic pan-
creatitis is not routinely recommended because of low efficacy 
(50% or less) and the short duration of relief (around 2 months) 
even in those patients that initially respond [172].

Nonconventional methods of chronic abdominal 
pain treatment
Indwelling epidural and intrathecal access systems have been 
effectively used for some patients with intractable chronic pain 
and used to deliver opiates and other drugs such as clonidine 
and baclofen [173]. A variety of electrical stimulation tech-
niques, including peripheral (transcutaneous electrical nerve 
stimulation or TENS), spinal, and cerebral stimulations, have 
been used for various somatic pain conditions as well as for 
angina pectoris with encouraging results [174]. This has also 
been shown to decrease esophageal pain sensitivity [175]. Spinal 
cord electrical stimulation via implantable electrodes is a recent 
technique with some promise in refractory visceral pain syn-
dromes, particularly chronic pancreatitis [176–185]. The under-
lying rationale for these techniques is based on the original “gate 
theory” of Melzack and Wall. According to this, the pain gate 
in the spinal cord is closed in the presence of large afferent fiber 
activity invoked by electrical stimulation of the nerve, root, or 
cord. Although GABA and serotonin may be involved as neu-
romediators, the effects of electrical stimulation do not rely on 
endogenous opioids [186]. Much more clinical experience in 
visceral pain is required before these techniques can be gener-
ally endorsed.

Acupressure and acupuncture (electrical or conventional) are 
alternative medicine techniques that are postulated to act via 
supraspinal inhibitory mechanisms [187–189]. They have been 
widely used for somatic pain, with results that are mixed; gener-
ally, although there is limited clinical information on this tech-
nique in patients with IBS and other functional gastrointestinal 
disorders, others have not been found to be useful for functional 
bowel disorders in rigorous trials [190–192]. Hypnotherapy and 
other psychological measures have also been tested in func-
tional pain syndromes, particularly IBS, and there is reasonable 
evidence to suggest overall improvement in symptoms, with less 
proven effects on pain itself [193–197].

Recognition and management of special 
abdominal pain syndromes
Chronic abdominal wall pain
Pain arising primarily in the abdominal wall can result from a 
heterogeneous and poorly defined group of conditions whose 

description remains largely anecdotal (Table 39.5) [198]. 
However, the condition is common and associated with signifi-
cant healthcare costs, largely because it is so often overlooked 
[199]. In one report, chronic abdominal wall pain (CAWP) and 
IBS comprised 7.8% and 16.3% of symptomatic referrals, respec-
tively [200]. As with other chronic abdominal pain syndromes, 
CAWP predominantly affects women; depression and obesity 
were commonly present. The prevalence of CAWP has been 
reported to range from 10% to nearly 40% in referral clinics and 
make up to 1% of all general surgical diagnoses [89,199,201]. 
An accurate diagnosis can result in marked decrease in physi-
cian visits and procedures with overall annual costs decreasing 
from around $1100 to $500 [200].

After Spigelian hernias, or obvious traumatic tears are 
excluded, CAWP is often thought to result from some form of 
nerve entrapment, which has led to one of many names in the 
literature – anterior cutaneous nerve entrapment syndrome 
(ACNES). This syndrome is also called myofascial pain syn-
drome, and rectus syndrome, with little to suggest any pheno-
typic differences. The diagnosis is suggested when the pain is 
superficial, localized to a small area that is usually significantly 
tender, associated with dysesthesia in the involved region, and 
when Carnett’s sign (see Section Physical examination) is posi-
tive. If there is an obvious scar from previous surgery or injury, 
a diagnosis of entrapment neuropathy (with or without a 
“neuroma”) is often entertained. In the absence of a scar, the 
pain is postulated to arise from so-called “myofascial trigger 
points” or abdominal cutaneous nerve entrapment due to a 
fibrous ring in the rectus muscle, through which the rectus 
neurovascular bundle travels [202] (Figure 39.12).

“Trigger” point injection with local anesthetics is popularly 
regarded as a useful method to distinguish abdominal wall pain 
from that of visceral origin [203]. However, even this may be 
subject to flawed interpretation. A characteristic of visceral pain 
is referral to somatic structures including the skin and abdomi-
nal wall. In some cases, these sites can in turn become sensitized 
and contribute to the overall pain sensation to varying degrees 
(Figure 39.6). It is conceivable that, in some patients, this con-
tribution becomes dominant and its interruption by local anes-
thetics is sufficient to eliminate the pain nearly completely, 
giving rise to a false assumption about the source of pain. This 
may account for some of the observed inaccuracy in the predic-
tive value of the abdominal wall tenderness test [204]. Never-
theless, clinical experience suggests that the diagnosis of CAWP 
by a combination of clinical findings and response to local anes-
thetic is surprisingly robust and does not change in 90%–97% 
of patients over the long term [200,205].

Local neural blockade has been reported to be more success-
ful in patients with chronic pain secondary to abdominal wall 
causes [198,206]. Once a trigger point has been identified by 
digital examination, a needle is inserted and a small amount of 
local anesthetic along with a corticosteroid (typically bupi-
vacaine and triamcinolone) is injected at the site of greatest 
tenderness elicited by the tip of the needle. That this is not 
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Table 39.5 Etiology of abdominal wall pain. Source: Adapted from Suleiman and Johnston 2001 [198]. Reproduced with permission of American Academy 
of Family Physicians.

Etiology Comments Diagnosis

Hernia Protuberance in abdominal wall that usually 
decreases in size when patient is supine

Abdominal CT scanning, abdominal 
ultrasonography, herniography

Rectus nerve entrapment Occurs along lateral edge of rectus sheath; 
worsening of pain with tensing of muscles

Injection of local anesthetic

Thoracic lateral cutaneous nerve 
entrapment

Occurs spontaneously, after surgery or during 
pregnancy

History and physical examination

Ilioquinal and iliohypogastric nerve 
entrapment

Lower abdominal pain that occurs after inguinal 
hernia repair

History and physical examination

Endometriosis Cyclic abdominal pain Laparoscopy

Diabetic radiculopathy Acute, severe truncal pain involving T6–T12 nerve 
roots

Paraspinal EMG

Abdominal wall tear Occurs mainly in athletes History and physical examination

Abdominal wall hematoma Complication of abdominal laparoscopic procedures Abdominal CT scanning, abdominal 
ultrasonography

Spontaneous rectus sheath 
hematoma

Presents as tender, usually unilateral mass that does 
not extend beyond midline

Abdominal CT scanning, abdominal 
ultrasonography

Desmoid tumor Dysplastic tumor of connective tissue; occurs in 
young patients (females more often than males)

Surgical excision

Herpes zoster Pain and hyperesthesia followed by vesicles along a 
dermatome

History and physical examination

Spinal nerve irritation Caused by disorders of thoracic spine thoracic spine CT scanning or MRI studies of thoracic spine

Slipping rib syndrome Sharp, stabbing pain in upper abdomen caused by 
luxation of eighth to 10th ribs

Hooking maneuver to pull lower ribs anteriorly, 
which reproduces the pain and sometimes a click

Idiopathic Myofascial pain History and physical examination

CT, computed tomography; EMG, electromyography; MRI, magnetic resonance imaging.

Figure 39.12 Schematized course of the anterior cutaneous nerve in the abdominal wall. Note the theoretical vulnerability to pressure-induced injury 
and hence generation of neuropathic pain. Source: Greenbaum 2007 [199]. Reproduced with permission of Taylor & Francis.
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patients experienced abdominal pain in childhood, and often 
have relatives with a past or present abdominal pain [219]. A 
history of previous physical or sexual abuse is very frequent, 
being reported in as much as one-half of these patients in some 
series [223]. The onset of pain may also be associated with the 
demise of a relative, spouse, or other important figure [218].

Based on DSM-IV criteria, patients with FAPS qualify for the 
diagnosis of pain disorder, a subgroup of somatoform disorder 
(physical complaints for which no adequate medical explana-
tion exists). However, it may be more helpful to view this dis-
order in terms of the biopsychosocial paradigm discussed in 
Section Nociception, suffering, and illness behavior: the biopsy-
chosocial continuum of the pain experience. In this context, the 
dominant disturbance contributing to the patient’s clinical pres-
entation may lie anywhere in this continuum, from heightened 
nociception to illness behavior. Thus if patients with chronic 
painful pancreatitis represent an example of a disturbance pri-
marily (but not exclusively) affecting nociceptive signaling, then 
patients with FAPS may represent a dysfunction of perception, 
coping or response strategies, that leads to aberrant illness 
behavior. This may be associated with specific neurophysiologi-
cal abnormalities in the brain on experimental testing and 
imaging; visceral sensitization does not appear to be as promi-
nent as seen in patients with IBS [119]. Pain may serve many 
functions in these patients including a means of atonement, 
derailment of success, and a morbid replacement for loss of 
relationships. Finally, it is possible that because of positive rein-
forcement, actions that mitigate pain, such as decreasing physi-
cal activity or the use of medications, will often continue even 
after the inciting event (e.g., the acute pain symptom) is resolved. 
At the same time, other behaviors (e.g., appearing uncomfort-
able and helpless, not reporting for work) may be reinforced by 
many of the outcomes that result from the gains the patient may 
feel he or she is obtaining. These can include increased or 
renewed attention and empathy from within the family struc-
ture, avoidance of the stresses associated with work and family 
responsibilities, and monetary compensation. Thus, in suscep-
tible individuals, a set of behaviors becomes established that 
contributes to the maintenance of chronic pain.

FAPS is associated with a characteristic set of behaviors. 
Chronic abdominal pain may occur in bouts lasting from 
several hours to days or weeks, but even between severe exac-
erbations, there is residual pain, albeit not as severe or incapaci-
tating. The abdominal pain is usually described in vague terms, 
sometimes through unusual, idiosyncratic, or even bizarre lan-
guage. The pain itself is always or almost always present and is 
relatively unchanging in character, intensity, and location [218]. 
Other forms of chronic pain, that is those with related to a 
specific pathological diagnosis, usually occur with particular 
physiological activities (e.g., eating or defecation) and with con-
sistent accompanying gastrointestinal symptoms in addition to 
pain. Lack of weight loss in the absence of significant depression 
and lack of fever also suggests FAPS. Although nocturnal pain 

simply a placebo response was shown by a placebo-controlled 
trial [207]. The response is long lasting and up to one-third of 
patients do not require another injection [208]. In those whose 
relief is temporary, repeated injections may be necessary. 
However, patients may also benefit from surgical neurectomy, 
as shown in a randomized sham-controlled trial [209]. Other 
controlled studies suggest that these patients may respond to 
local lidocaine patches or even botulinum toxin [210,211]. Thus, 
this is a relatively common and treatable condition.

Functional abdominal pain syndrome
Patient whose chronic abdominal pain remains unexplained 
despite a careful and detailed evaluation represent a significant 
clinical challenge to gastroenterologists who often become the 
de facto caretakers of these patients. In recent years, it has 
become evident that these patients as a group share enough 
common features to warrant consideration of a distinct descrip-
tor, the functional abdominal pain syndrome or FAPS [119,212–
214] (Box 39.7). It is not synonymous with other functional 
bowel disorders such as IBS, which also feature pain. The dis-
tinction is based upon the lack of association with physiological 
gastrointestinal events such as eating or defecation.

FAPS is relatively uncommon compared to typical IBS; in a 
US householder survey, it was found in only about 2% of 
respondents and appeared to increase with age, with women 
accounting for more than two-thirds of the patients [215]. In 
other countries, the incidence has been even lower, ranging 
from 0.1% to 0.5% [216,217]. Nevertheless, patients with FAPS 
are heavy users of medical resources with a high morbidity 
[213,218].

FAPS is a poorly understood and little studied disorder. Theo-
ries about its etiopathogenesis are speculative at best. The 
responsiveness to tricyclic antidepressants has been said to indi-
cate an underlying neuropathic process [212]. Patients with 
FAPS have many psychological disturbances and personality 
disorders and are often functionally impaired at many levels 
including work, family, and social settings [219]. They fre-
quently suffer from depression, anxiety, sleep disturbances, 
withdrawal, decreased activity, fatigue, loss of libido, and morbid 
preoccupation with the chronic pain [220–222]. Many of these 

Box 39.7 Rome III Diagnostic Criteria for functional abdominal pain 
syndrome (FAPS).

At least 6 months of
1. Continuous or nearly continuous abdominal pain;
2. No or only occasional relationship of pain with physiological events 

(e.g., eating, defecation, or menses); and
3. Some loss of daily functioning; and
4. The pain is not feigned (e.g., malingering); and
5. Insufficient criteria for other functional gastrointestinal disorders 

that would explain the abdominal pain.
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testinal disorders and has been elegantly described in the 
literature and also reviewed in other chapters of this book 
[119,213]. Familiarity with different neuromodulators is very 
important as many of these patients often complain of “intoler-
ance” to one or more medications, which may be a component 
of their illness behavior rather than represent a true adverse 
effect [119]. One approach is illustrated in Figure 39.13. Regard-
less of what the caring physician believes is the origin of the pain 
(peripheral versus central, functional versus organic), the suf-
fering is real, affecting patients and everybody in the circle of 
people that care for him or her.

Conclusions

The diagnosis and management of abdominal pain, particularly 
when chronic, is one of the most challenging clinical problems 
faced by gastroenterologists. Significant progress has been made 
in our understanding of the pathogenesis of somatic sensitiza-
tion and it is hoped that this will lead to similar advances in 
visceral pain. While there is a clear role for pharmacotherapy, 
the successful management of pain requires an intensely engaged 
and compassionate physician who can interpret this symptom 
along with the psychosocial context of the patient.

References are available at www.yamadagastro.com/textbook

is often assumed to be “organic”, functional pain may also some-
times awaken patients from their sleep [224]. In addition to 
chronic abdominal pain, pain in locations other than the 
abdomen is common, as are various somatic complaints 
[225,226].

Physical examination provides evidence of this diagnosis but 
is not by itself conclusive. Suggestive clues include absence of 
signs of autonomic activation (e.g., tachycardia, diaphoresis), 
inconsistent tenderness, discrepancy between tenderness elic-
ited with pressure from the stethoscope and that from the exam-
ining hand, clutching of the physician’s arm during the 
examination and the “closed eyes sign” (characterized by the 
patient keeping his or her eyes closed, often with a fixed, beatific 
smile, during abdominal palpation [227]). Other clues at the 
time of the interview may provide insight into social impair-
ments contributing to the clinical presentation. These include 
the constant presence of a spouse or parent who assumes the 
responsibility as a “go-between” with the physician and the 
patient, suggesting family “enmeshment” that may be contribut-
ing to illness behavior.

If not established through the initial series of investigations, 
a gastrointestinal cause for the symptoms is rarely found through 
subsequent investigations (including surgical exploration) or 
follow-up visits [226,228]. Nevertheless, for a variety of reasons, 
including demands by the patients and their families, physicians 
often feel compelled to embark on an ever more invasive and 
costly series of tests in hope of uncovering the elusive explana-
tion for the patient’s symptoms. Such activity (“furor medicus” 
[229]) in fact may be counterproductive as it reinforces the 
patient’s conviction that there is a something wrong to account 
for the pain that, if only found, could be successfully corrected. 
Often, when a “cause” is discovered, it is not clear whether it is 
truly the source of the pain, an incidental finding/epiphenomenon, 
or a consequence of the treatment, often surgical, used in an 
attempt to treat the original complaint [230]. In most of these 
cases the presumed cause of pain will have been diagnosed and 
treated, only to see the pain remain, or for a new type of pain 
to manifest itself elsewhere.

Patients with chronic intractable abdominal pain are rarely 
substantially pain free after one or more years of follow-up 
[218], emphasizing the importance of focusing on adaptation to 
the pain rather than cure. Given our current state of knowledge 
about this syndrome, it is unrealistic to talk about a cure for 
FAPS. Palliation is therefore an appropriate goal and it is achiev-
able in most patients. In general, the therapeutic approach to 
FAPS is similar to the multifactorial approach to other forms of 
chronic pain, with greater emphasis on the psychosocial dimen-
sions. These patients can be taxing in terms of time and resources 
and forming an effective patient–physician relationship can be 
challenging. Nevertheless, without such a relationship, little 
therapeutic gain can be expected. The principles and art of 
medicine in dealing with these patients are similar, if more criti-
cal, to those for other patients with chronic functional gastroin-

Figure 39.13 Treatment algorithm for functional abdominal pain 
syndrome. Beginning with an effective patient–physician relationship, 
treatments are added on the basis of the severity of the symptoms. 
Constipation if present is treated, and narcotics if present are withdrawn. 
Next prescribe a low-dose tricyclic antidepressant (TCA) or serotonin/
norepinephrine reuptake inhibitor (SNRI), and after 4–6 weeks this 
dosage can be increased while monitoring for clinical benefit and 
side-effects. If this is unsuccessful, psychiatric referral should be 
considered for augmentation treatment with another antidepressant (e.g., 
selective serotonin reuptake inhibitor [SSRI], bupropion), buspirone, or 
an atypical antipsychotic. On occasion, the patient might first be referred 
to a mental health counselor for psychological treatment. With more 
severe symptoms, combined pharmacological and behavioral intervention 
is needed. Source: Drossman 2008 [231]. Reproduced with permission of 
Elsevier.
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Introduction

“Doctor, I am bloated” and “have terrible gas” or “please look at 
this photo”– a still image on a cell phone showing a protuberant 
abdomen – are complaints that are frequently encountered in 
the gastrointestinal (GI) clinic. Although estimated as 20%, its 
actual prevalence is unclear because patients use many terms to 
describe their symptoms, like “belching”, “bloating”, “cramps”, 
“loud bowel sounds”, “gas”, and “flatus.” These symptoms can 
herald the onset of such organic syndromes as malabsorption, 
GI obstruction, bacterial overgrowth, or alterations in sensori-
motor function of the gut, or they can represent anxiety-related 
bowel dysfunction. The clinical challenge is to identify a cause 
so as to provide relief of symptoms.

There has been significant interest in gas and bloating over 
the past decade because of new knowledge on the pathophysiol-
ogy, including the role of intestinal microbiome, diagnostic 
(breath) tests, and treatments including probiotics, antibiotics, 
and nutritional therapies (Podcast 40.1).

Definitions

Bloating refers to the perception or sensation of fullness in the 
abdomen, with or without physical distension. Distension refers 
to the physical increase in abdominal girth with or without a 

sensation of bloating. Functional bloating is defined as: (1) 
recurrent feeling of bloating or visible distension for at least 3 
days/month for 3 months; and (2) insufficient criteria for diag-
nosis of functional dyspepsia, irritable bowel syndrome (IBS), 
or other functional GI disorder (Rome III criteria) [1]. Gas or 
flatulence refers to the passage of excessive amounts of gas from 
the anus, particularly gas with an unpleasant odor. It is a fre-
quent source of embarrassment to many patients. The clinical 
dilemma is to determine if the patient is producing or passing 
excessive amounts of gas or is unusually sensitive to normal 
amounts of flatus.

Pathophysiology/etiology of bloating  
and gas

Sources and composition of gastrointestinal gas
There are four important sources of gas: (1) air that has been 
swallowed during ingestion of food or drink or at other times; 
(2) carbon dioxide (CO2) produced by digestion and enzymatic 
interactions; (3) CO2, hydrogen (H2), and methane (CH4) pro-
duced by bacterial fermentation of food residues; and (4) diffu-
sion of gas from the blood into the GI tract [2,3].

It is not clear how much air reaches the stomach from swal-
lowing [2]. In two studies, the composition (mean %) of gases 
found in the stomach were fairly consistent: nitrogen (N2) 79%, 
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oxygen (O2) 17%, and CO2 14% [4,5]. In contrast, the composi-
tion of flatus was extremely variable: N2 23%–80%; O2 0.1%–
23%; H2 0.06%–47%; CH4 0%–26%; and CO2 5.1%–29% [6–8]. 
There is general agreement, however, that the normal GI tract 
contains approximately 200 mL of gas [7,9,10], although the 
volume that is released is influenced by the aforementioned 
processes, particularly the diet, and was estimated as 600–800 mL 
(after a meal with beans) [7]. A brief description of the impor-
tant gases found in the gut and their possible sources follows 
(Figure 40.1).

Nitrogen (N2) and oxygen (O2)
Approximately 10–20 mL of air is swallowed with each bolus of 
food or drink [11]. Because there is little or no diffusion of N2 
between the gastrointestinal lumen and the blood, the predomi-
nant source of N2 found in the gut or in flatus is that which is 
swallowed with air. In contrast, O2 diffuses freely between the 
blood and the gastrointestinal lumen and consequently its con-
centration may vary depending on the amount of air swallowed 
and the metabolic processes occurring within the gut.

Hydrogen (H2)
Germ-free rats [6], new born infants, and mammalian cells [12] 
do not produce H2. However, H2 is produced within hours after 
bacterial colonization of the human gut. It has been estimated 
that between 30 and 150 g of carbohydrate normally escapes 
digestion in the small bowel and reaches the colon every day 
[13]. This unabsorbed carbohydrate serves as substrate for fer-

Figure 40.1 The sources for gas production in man. (1) Air is 
swallowed; (2) a substantial portion is regurgitated 
(eructation); (3) O2 and N2 diffuse into the blood; (4) CO2 is 
produced by the interaction of H+ and HCO3

−; (5) CO2 
diffuses into blood; (6) N2 diffuses into the lumen; (7) 
unabsorbed carbohydrate (CHO) residues arrive in the colon 
and are fermented by anaerobic bacteria to produce SCFA, 
and H2 + CO2 + CH2 + trace gases; (8) a proportion of 
these gases diffuses into the blood; (9) H2 and CH4 are 
excreted through the lungs; (10) O2 + N2 are consumed by 
colonic bacteria; (11) H2 and O2 are also consumed by 
colonic bacteria to produce CH4, SO2 and other gases, some 
of which are absorbed; (12) the remaining gases are expelled 
with stools or as flatus.
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mentation by colonic anaerobic bacteria and H2 is produced by 
this process. Endogenous substances such as glycoproteins (e.g., 
in mucins) may also serve as substrates for H2 production [14].

The net volume of H2 excreted from the body (breath and 
flatus) depends on the amount of H2 produced in the colon and 
the volume consumed by bacteria within the gut [2,15]. These 
two processes are further influenced by many other factors 
[2,15]. In addition, carbohydrate malabsorption, such as lactase 
deficiency, may also increase the volume and rate of H2 produc-
tion. Only 14%–21% is absorbed into the bloodstream and 
eliminated through the lungs [16] (Figure 40.1). It is generally 
considered to be inert but can be used as metabolic fuel by 
intestinal archae (single-celled prokaryotes genetically, bio-
chemically, and structurally distinct from bacteria) and metha-
nogens to produce CH4, and by acetogens and sulfate-reducing 
organisms to produce hydrogen sulfide (H2S) [17,18].

Methane (CH4)
CH4 is also a product of the intracolonic metabolism of unab-
sorbed carbohydrate residues. It is primarily produced by 
single-celled organisms, the methanogens, that belong to the 
ancient Archaea. The three most common methanogens are 
Methanobrevebacter smithii, M. oralis, and Methanosphaera 
stadtmaniae [19]. The following reaction summarizes methano-
genesis and also explains how H2 is consumed during this 
process [20]:

4 22 2 4 2H CO CH H O+ → +
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As can be seen, 5 moles of gas (H2 + CO2) is used in order to 
produce 1 mole of CH4. Thus, methanogenesis serves as a mech-
anism for reducing the volume of gas that is produced in the 
colon.

Approximately a third of the world’s population has high 
concentrations of methanogenic flora in the colon. This appears 
to be a familial trait influenced by environmental rather than by 
genetic factors [21]. The prevalence of methanogenic flora is 
higher among Mexicans and Caucasians than Asians for reasons 
that are unclear [22]. Similarly, it is unclear why children under 
the age of 3 years do not have detectable levels of CH4 in alveolar 
air [22]. While H2-generating anaerobes are located throughout 
the colon, the methanogens are found predominantly in the left 
colon [15]. The reason is unclear. Thus, a number of issues 
regarding intracolonic CH4 production require further study. 
Subjects who produce large amounts of CH4 may have stools 
that consistently float in water because of gas entrapment in 
stool [23].

Carbon dioxide (CO2)
Most of the CO2 is formed during neutralization of acid by 
bicarbonate or other alkaline secretions [24,25]. Up to 2 liters 
of CO2 may be produced within 24 hours [24]. Other sources 
for CO2 production include intestinal digestion of fat and 
protein. Hence, a large meal that is rich in fat and protein can 
produce significant amounts of CO2 but most of this is absorbed 
from the small bowel. The bulk of CO2 in flatus is derived from 
bacterial fermentation in the colon [5].

Hydrogen sulfide (H2S)
H2S is a toxic, pungent gas produced by both gut microbiota 
and mammalian tissues, and has been recognized as an endog-
enous mediator for inflammation, motility, epithelial secretion, 
nociception, and neurotransmission [26–28]. In the human 
colon, H2S is synthesized from cysteine by cystathionine γ-lyase 
(CSE) and cystathionine β-synthase (CBS) [28].

Sulfate-reducing bacteria such as Desulfovibrio piger in the 
colonic lumen are also anaerobic H2 consumers, like methano-
gens, which are part of the normal gut microbiota in healthy 
individuals [19]. Sulfate-reducing bacteria are the most efficient 
hydrogenotrophs, able to synthesize H2S more efficiently at low 
H2 concentrations. These H2-consuming microbes are key for 
maintaining redox balance in the distal gut so that maximal 
energy extraction from efficient oxidation of food by the luminal 
microbes can occur.

H2S acts both directly and indirectly. H2S can be both cyto-
protective and cytotoxic. The indirect effects include vanilloid 
receptor-mediated prosecretory effects on human colonic 
mucosa [29], pronociception and antinociception, and spasmo-
lytic [27].

Pathophysiology of bloating
Bloating occurs in many organic or functional GI disorders, 
including lactose intolerance and small intestinal bacterial over-

growth (SIBO), where there may be excess gas production, or 
in IBS, where there may be heightened perception, or in consti-
pation, where there may be excess retention of gas (Table 40.1). 
In one study of patients with bloating and IBS, 74% reported 
abdominal pain and distension coinciding with the arrival of 
meal residues in the colon, whereas none of the normal controls 
reported any symptoms [30]. This temporal relationship sug-
gests that bloating may arise from excessive production of intes-
tinal gas during fermentation of meal residues. However, in 

Table 40.1 Common causes of bloating/distension.

Idiopathic

Gastric disorders (a) Peptic ulcer disease
(b) Helicobacter pylori gastritis
(c) Gastroparesis
(d) Gastric bezoar
(e) Gastric outlet obstruction/gastric cancer

Small bowel 
disorders

(a) Lactose malabsorption/intolerance:
Primary
Secondary: bacterial overgrowth, celiac 

disease, giardiasis, tropical sprue, 
Whipple disease, Taenia, and other 
parasitic infestation

(b) Fructose malabsorption/intolerance
(c) Fructan malabsorption/intolerance
(d) Sucrose malabsorption/intolerance
(e) Small intestinal bacterial overgrowth
(f) Parasites: giardiasis, hookworm, tapeworm
(g) Fat malabsorption
(h) Crohn’s disease
(i) Chronic intestinal pseudoobstruction
(j) Visceral neuropathy/myopathy
(k) Systemic sclerosis/muscular dystrophy
(l) Small intestinal obstruction/stricture/

lymphoma/carcinoma
(m) Jejunal diverticulosis
(n) Diabetic gastroenteropathy

Colonic disorders (a) Constipation:
Slow transit constipation
Dyssynergic defecation

(b) Inflammatory bowel disease with stricture
(c) Amebiasis and other parasitic infestations
(d) Hirschsprung disease
(e) Chronic intestinal pseudoobstruction.
(f) Bacterial/viral and parasitic infections
(g) Pneumatosis cystoides intestinalis
(h) Diverticular disease
(i) Colon cancer with obstruction

Miscellaneous (a) Cholelithiasis
(b) Drugs: narcotics, anticholinergics, 

antidiarrheals–kaolin compounds, lomotil, 
loperamide, calcium channel blockers, 
psyllium supplements

(c) Hypothyroidism
(d) Diabetes mellitus
(e) Ingestion of carbonated beverages
(f) Chewing gum, particularly those containing 

sorbitol
(g) Food intolerance
(i) Aerophagia
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[7]. Interestingly, those gases that are the major components of 
flatus do not have an odor. The unpleasant odor is believed to 
be related to sulfur-containing compounds such as methanethiol 
and dimethyl sulfide, which are present only in trace quantities 
in feces [44].

The average number of flatus emissions in a normal subject 
is variable. In one study, the median value was 8 episodes/day 
[7], while in another a mean of 13.6 ±  6 (1 SD) episodes/day 
were observed [2]. It is generally believed that <25 episodes/
day is normal [25]. A more frequent passage of flatus may 
suggest excess gas production, although frequency is only a 
rough guide to the volume generated.

Diagnosis

When persistent bloating is associated with abdominal pain, 
weight loss, anemia, or steatorrhea, one should suspect either 
malabsorption, SIBO, or carbohydrate intolerance. Consumption 
of nonabsorbable sugars called fructans, which are present in 
wheat, onions, etc., can cause gaseousness. A dietary history, 
assessed through a prospective 1-week food and symptom diary 
is useful. Also, breath H2 and CH4 testing can facilitate the 
diagnosis of SIBO, and lactose or fructose malabsorption. 
Although a number of medical problems can cause bloating or 
distension, one should exercise caution when requesting tests. 
The primary goal of investigating a patient should be to either 
confirm or refute specific problems recognized during the 
history and the physical examination, and not to embark on a 
crusade of excluding every possible GI ailment.

History and physical examination
The most important step in the evaluation of a patient with 
bloating is to obtain a detailed and systematic history focusing 
on the time and duration of symptoms and the presence of other 
associated GI disturbances (Table 40.2). A detailed dietary 
assessment should pay particular attention to recent changes in 
dietary habits and to the association of symptoms with the 
ingestion of dairy products, fructose, sucrose or sorbitol, beans, 
or fatty foods. The relationships of symptoms to meals and to 
defecation are also important. Although smoking and alcohol 
consumption are usually documented, other habits such as the 
ingestion of carbonated drinks, artificially sweetened drinks 
ingested by patients with diabetes, and the use of chewing gum 
are often overlooked. A history of psychiatric disturbances such 
as anxiety or depression and the presence of metabolic disorders 
such as diabetes and hypothyroidism may be important. A 
history of weight loss, nocturnal GI symptoms, vomiting, or 
diarrhea may suggest an organic cause. The drug history may 
point to agents that delay GI transit or alter motility. A family 
history of celiac disease, inflammatory bowel disease, lactose 
intolerance, or other food allergies and intolerances could 
provide important clues regarding the nature of the underlying 
problem.

such cases, radiographic examinations have often failed to doc-
ument more gas than normal [31,32]. A systematic analysis of 
the intestinal gas contents using argon gas washout technique 
showed that the mean volume of gas in 18 patients with bloating 
and in 10 normal subjects was 176 mL versus 199 mL, and the 
mean composition of gases was similar [33]. However, the 
patients differed from normals in that more of the infused gas 
refluxed back into the stomach and they complained of abdomi-
nal pain more frequently than normals [33]. Girth measure-
ments have also been controversial [32,34]. Studies using more 
elegant techniques have confirmed that disturbed motility, 
including to and fro movements of gas with poor clearance 
within gut, was more frequent in bloaters (77%) and IBS (84%) 
but rare (<15% ) in healthy controls [35]. This is most likely 
due to gas entrapment in the jejunum and proximal bowel 
rather than the ileum or colon. Another intriguing observation 
has been the abnormal movement and configurational changes 
of the diaphragm that lead to accumulation and holding of gas 
in some bloaters [35]. This phenomenon of abdominophrenic 
dyssynergia occurs when normal upward movement of the dia-
phragm is impaired, leading to abdominal distension. Some 
patients may expel gas as soon as it is generated and thereby 
evade clinical detection [36]. This hypothesis is supported by 
the observation that gas can pass rapidly through the gut with 
a mouth to anus transit time of 15–20 min [37].

A number of syndromes have been described in association 
with bloating.

Gas–bloat syndrome This may occur in 25%–50% of patients 
following gastric fundoplication for a hiatal hernia [38,39], 
although less frequent with laparoscopic surgery [40]. It stems 
from the inability to belch and expel gas from the stomach fol-
lowing a meal. Usually, the problem resolves with the passage 
of time but rarely surgical revision is required [41].

Magenblase syndrome This arises from progressive and exces-
sive accumulation of air that is swallowed during the course of 
a day, resulting in marked postprandial epigastric fullness and 
bloating, particularly after the evening meal; the syndrome is 
chronic and sometimes severe. Symptoms are often relieved by 
belching [10].

Pathophysiology of gas/flatulence
Flatus usually comprises N2, O2, CO2, H2, CH4, and trace 
amounts of a few other gases (Figure 40.1). However, the  
concentration of each gas within a single emission or during the 
course of a day or between individuals is extremely variable [7]. 
The daily volume of flatus production may range from 475 to 
1500 mL (median 600–700 mL) [7,8]. Unlike previous studies 
[42,43], a more physiological 24 h collection revealed that flatus 
is passed during 24 h including sleep, but the mean volume at 
night is 16 mL/h, about half that passed during the day, 34 mL/h 
[7]. A greater amount is passed after meals than at other times 
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bloating [45]. Studies also suggest defecatory dysfunction, 
notably dyssynergic defecation with inability to expel gas and/
or stool, may also cause significant bloating [46,47]. Therefore 
a careful examination needs to be performed in all patients 
presenting with bloating and distension to exclude a rectal 
evacuation disorder [45].

Diagnostic tests
Because recall of symptoms and/or foods consumed is often 
poor or unreliable, a prospectively kept food and symptom 
diary can be invaluable in the assessment of patients. 
Conventional blood tests such as complete blood count (CBC), 
erythrocyte sedimentation rate (ESR), urea and electrolytes, 
liver function tests, thyroid function, and calcium and glucose 
measurements are useful to exclude underlying metabolic dys-
functions or serious organic diseases (Table 40.2). Fresh stool 
samples (at least three) must be examined for ova/parasites, 
stool culture, and presence of Giardia antigen, especially with a 
history of foreign travel. In the west, a serology for Entamoeba 
histolytica may also be useful. The tissue transglutaminase (tTG) 
IgA antibody test is a useful screening measure for patients with 
suspected celiac disease. When indicated, an ultrasound exami-
nation of liver, gall bladder, and pancreas and/or pelvic struc-
tures may prove useful to exclude organic disorders such as 
cholelithiasis, intestinal obstruction, etc. Plain X-rays of the 
abdomen may document excessive fecal loading.

In appropriate cases, upper endoscopy with duodenal biopsy 
for celiac disease and for intestinal disaccharidases and an aspi-
rate of fluid from the small bowel for bacterial culture may be 
useful in recognizing specific problems. Similarly, an upper GI 
series with a small bowel follow-through, and a colonoscopy 
with biopsy may help to exclude intestinal strictures, jejunal 
diverticulosis, and inflammatory and infective conditions of the 
bowel, though these will not be necessary or appropriate on a 
continuing basis.

Specific tests for evaluating GI motor dysfunction could 
include gastric emptying studies, mouth-to-cecum or small 
bowel transit studies, and a colonic transit study. Radionuclide 
studies that provide an overall assessment of GI transit may also 
be useful in refractory patients [48]. The wireless motility 
capsule has been shown to be quite useful in identifying a gen-
eralized GI motility disorder such as gastroparesis and/or slow 
transit constipation in many patients with unexplained consti-
pation, discomfort, bloating, and gas [49].

Perhaps the single most useful test in the assessment of 
patients with bloating is breath H2 or CH4 analysis and/or duo-
denal aspirate/culture. This test can reliably diagnose carbohy-
drate malabsorption or bacterial overgrowth and is discussed in 
detail below in this section.

Breath hydrogen (H2) test
Breath sample analysis for H2 and CH4 have become important 
tools to investigate carbohydrate malabsorption (lactose or 
fructose) and bacterial overgrowth [50–54].

In the physical examination, particular effort must be made 
to either confirm or refute the claim of the presence of abdomi-
nal distension. The patient must be examined carefully for evi-
dence of weight loss, anxiety, hyperventilation, and aerophagia. 
Not uncommonly, a cursory abdominal examination may 
suggest a distended abdomen, but a more careful appraisal 
reveals that the patient has an exaggerated lumbar lordosis  
with consequent protuberance of the belly. Such nongaseous 
distension of the abdomen due to exaggerated lumbar lordosis 
is the mechanism for abdominal distension in pseudocyesis. 
Flexion of the hips of the supine patient abolishes both the 
lordosis and the distension, quickly confirming the diagnosis. 
These patients should also be examined in the standing and 
supine positions. The abdomen must be carefully palpated and 
percussed to exclude organomegaly, signs of intestinal obstruc-
tion, and ascites. Patients who appear anxious with cold skin 
and who avoid eye contact and wince easily to gentle palpation 
may have bowel anxiety, a form of viscerally centered phobic 
syndrome that exacerbates functional symptoms including 

Table 40.2 Clinical approach to bloating/distension.

History Timing and duration of symptoms
Presence of other associated GI disturbances
Dietary assessment
Relationship of symptoms with meals and defecation
Smoking, alcohol, and other habits, including 
carbonated drinks and chewing gums
History of psychiatric disturbances
Past medical history, including diabetes and 
hypothyroidism
Drug history
Family history of celiac disease, inflammatory bowel 
disease, food allergies and intolerance
Use of probiotics/prebiotics

Physical 
examination

Confirm and exclude nongaseous abdominal 
distension
Weight loss, anxiety, hyperventilation, aerophagia
Exclude organomegaly, intestinal obstruction, ascites

General 
investigations

Blood counts, ESR, urea and electrolytes, liver 
function tests, thyroid function, calcium, glucose
Stools for ova, parasites, Giardia
Celiac serology
Plain X-ray and ultrasound of abdomen, pelvis
Upper endoscopy with gastric, duodenal biopsies
Small bowel series
Colonoscopy

Specific 
investigations

Breath H2 or CH4 analysis:
 Lactose breath test, fructose breath test, sucrose 
breath test
Duodenal aspirate and culture
Gastric emptying studies (scintigraphy, wireless 
motility capsule)
Antroduodenal or small bowel manometry
Whole GI transit studies (radionuclide or wireless 
motility capsule)
Anorectal manometry with balloon expulsion test
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could improve the sensitivity and the specificity of the breath 
tests.

Lactose H2 breath test
The purpose of this test is to detect if symptoms of bloating/ 
flatus or abdominal pain/diarrhea are related to malabsorption 
of lactose because clinicians tend to over-diagnose or under-
diagnose the problem [58,59]. Many patients do not relate bowel 
symptoms to what they eat and, without an objective test, it is 
often difficult to convince a doubting patient that their symp-
toms are related to diet [60]. The test is inexpensive, safe, non-
invasive, and accurate.

Dose of lactose A dose of 25 g of lactose dissolved in 250 mL of 
water is preferred for this test. This dose produces results that 
are comparable to a 50-g dose, without the adverse effects [50].

Breath collection technique Breath samples are collected at fixed 
serial intervals [61] and the H2/CH4 values are expressed as 
concentrations in parts per million (ppm). A modified Haldane–
Priestley tube [50,62,63] has been redesigned in different sizes 
for adult and pediatric uses as disposable tin foil bags with a 
mouth piece and luer lock for collecting breath samples 
(Quintron No QT00856-SY). Two baseline samples of end-
expiratory air (50 mL) are obtained 5–10 min apart. Next, the 
lactose solution is ingested. Breath samples are then collected 
every 30 min for 5 h. These samples are then introduced into a 
special gas chromatograph (Quintron, Milwaukee, Model DP 
Microlyzer™ or GMI Ltd, Renfrew, Scotland), which separates 
H2 or CH4 from other gases. Protocols used for breath tests are 
summarized in Table 40.3.

Interpretation A positive test is defined as a rise in H2 value 
(≥20 ppm) or CH4 values (≥10 ppm) above fasting base line 
value or a sustained rise in H2 or CH4 of 5 ppm over three con-
secutive breath samples (Table 40.3) [2,48,63,64]. A significant 
rise in breath values together with a reproduction of the patient’s 
typical symptoms is highly suggestive of lactose malabsorption 
and intolerance whereas a rise without symptoms indicates  
malabsorption only. It is important to document the patient’s 

Principles of the H2 breath test This simple test consists of 
administering an oral dose of a carbohydrate that serves as a 
substrate for bacterial fermentation and measure the breath H2 
and CH4 responses. Physiologically, unabsorbed carbohydrate 
is fermented by colonic anaerobic bacteria to short chain fatty 
acids (SCFAs) (acetic, propionic, and butyric acids), H2, and 
other gases, which are then rapidly absorbed together with salt 
and water [55,56]. As little as 2 g of carbohydrate that reaches 
the colon may produce an appreciable increase in breath H2 
values [16]. The following equation [13,20] summarizes the 
anaerobic breakdown of carbohydrate:

34 5 64 23 75 34 23 10 56 12 6 4 2 2. . . .C H O SCFA CH CO H O→ + + +

Rationale for methane analysis Approximately 15%–30% of 
people have methanogenic flora [19]. Following ingestion of 
unabsorbable carbohydrate, the breath H2 values may not rise 
in these subjects and instead the CH4 values may increase 
(Figure 40.2). In one study of 166 subjects with a negative 
lactose-H2 breath test, 34% were found to be methane excretors 
and 15% showed a significant rise in CH4 levels after lactose 
ingestion [57]. Because colonic fermentation may produce  
one or both gases, simultaneous measurements of H2 and CH4 

Figure 40.2 An example of the glucose breath test with significant 
elevation of CH4 values, indicating SIBO, but a flat H2 response. This 
graph also illustrates the need to sample both H2 and CH4, failing which 
the test may be misinterpreted as negative.
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Table 40.3 Breath test protocols.

Indication Test solution Breath sampling interval Duration of test Interpretation (positive test)

Lactose malabsorption 25 g Lactose in 250 mL H2O Every 30 min 5 h H2 >20 ppm or CH4 >10 ppm or H2 + CH4 
>15–20 ppm

Fructose malabsorption 25 g Fructose in 250 mL H2O Every 30 min 3 h As above

Sucrose malabsorption 50 g Sucrose in 250 mL H2O Every 30 min 4–6 h As above

Bacterial overgrowth 75 g Glucose in 250 mL H2O, Every 15 min 2 h Fasting values of H2 or CH4 >40 ppm or as 
above

Normal range: fasting H2 = 0–10 ppm. Fasting CH4 = 0–5 ppm.
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symptoms during the study because the breath H2 analysis tech-
nique has certain limitations and pitfalls (Table 40.4).

Fructose H2 breath test
The breath H2 test is useful for diagnosis of dietary fructose 
intolerance (DFI) [65,66]. In a study of fructose absorptive 
capacity, healthy subjects completely absorbed a 15-g dose of 
fructose and nearly all absorbed a 25-g dose, whereas many 
exhibited malabsorption and intolerance with 50 g of fructose 
[64]. Hence, 25 g appears to be the optimal dose for assessment 
of DFI. Breath samples measured for H2 and CH4 concentration 
at 30-min intervals and for up to 3 h will detect most subjects 
with DFI (Figure 40.3) [64,65].

Tests for small intestinal bowel overgrowth
Duodenal aspiration/culture After an overnight fast, using 
sterile precautions, a 2–3 mm Liguory catheter is passed through 

Table 40.4 Precautions and limitations of interpreting breath tests.

Problem Mechanism Result

Active diarrheal disease Lack of bacterial flora False negative

Recent use of antibiotics Lack of bacterial flora False negative

Recent use of laxatives/enemas/colon cleansing Lack of bacterial flora False negative

Elevated fasting breath H2 or CH4 values. Poor preparation or SIBO False positive or negative

Gastroparesis/gastric outlet obstruction Delayed gastric emptying False negative

Cigarette smoking CO2 effect False positive

Sleeping Hypoventilation False negative

Contamination of stored samples or improper collection techniques. Technical False positive or negative

Administration of test solution after fiber-containing meal Fiber fermentation False positive

Use of opioids/anticholinergics Slows gut transit/previous meal effects False positive or negative

SIBO, small intestinal bacterial overgrowth.

Figure 40.3 A significant rise in H2 but not CH4 after an oral dose of 25 g 
of fructose in a patient with fructose malabsorption/intolerance. Note the 
reproduction of symptoms that correlated with the significant rise in H2. 
The test was terminated at 2 h.
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Figure 40.4 Prevalence of overgrowth and distribution of patients with 
small intestinal bacterial overgrowth (SIBO) or small intestinal fungal 
overgrowth (SIFO) or SIBO/SIFO in a population with unexplained 
gastrointestinal disturbances. Source: Modified from Jacobs et al. 2013 
[67]. Reproduced with permission of John Wiley & Sons, Ltd.
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the biopsy channel of an upper endoscope into the third or 
fourth portions of the duodenum. Using gentle suction, approx-
imately 3–5 mL of duodenal fluid is aspirated for aerobic/anaer-
obic and fungal cultures [67]. The precise criteria for SIBO 
based on cultures of small bowel aspirates are being revised 
based on recent studies on the number of colony forming units 
(CFU) per mL at different levels of the small intestine. These 
data differ from numbers reported in older studies based on 
orointestinal tube aspirates.

In one study involving 150 patients with unexplained gas-
trointestinal symptoms, 63% had overgrowth: 25.2% had SIBO 
defined as >103 CFU/mL, 16.4% had small intestinal fungal 
overgrowth (SIFO), and 25.2% had mixed SIBO/SIFO (Figure 
40.4) [67]. SIBO was predominately due to Streptococcus, 
Enterococcus, Klebsiella, Bacteroides, and E. coli. Half of 
patients (53%) had dysmotility. Proton pump inhibitor (PPI) 
use and dysmotility were independent significant risk factors for 
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Differential diagnosis and principles  
of management

Because gas and bloating are nonspecific symptoms that are 
caused by a heterogeneous group of GI disorders or a conse-
quence of dietary factors (Table 40.1), there is no single therapy 
that will benefit all patients with these complaints. Hence, the 
best approach is to prioritize a differential diagnosis based on 
the clinical presentation and assessment, and then proceed to 
either confirm or refute this diagnosis. Discussed below are 
common clinical problems and an algorithmic approach to their 
management (Figure 40.5).

Carbohydrate intolerances/malabsorption
Lactose intolerance and malabsorption
Lactose is a disaccharide that is normally split in the small bowel 
into glucose and galactose by the enzymatic action of intestinal 
lactase. Deficiency of this enzyme leads to malabsorption of 
lactose and its fermentation to SCFA, H2, CH4, and other gases 

Figure 40.5 Algorithm providing a suggested management approach to a 
patient with bloating and gas. CHO, carbohydrate; OTC, over-the–
counter; PPI, proton pump inhibitor; SIBO, small intestinal bacterial 
overgrowth; SSRI, serotonin selective reuptake inhibitor.
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overgrowth, but together did not pose additional risk. Similar 
findings were reported in other studies [68,69]. A cut off of 
≥103 CFU/mL has been proposed, as opposed to ≥105 CFU/mL, 
because the normal duodenum has low bacterial counts, but this 
remains debatable and more robust evidence is needed 
[67,68,70]. Likewise, the presence of fungal overgrowth in the 
small intestine and its relationship to gas and bloating merit 
further confirmatory study. Because symptoms were poor pre-
dictors of SIBO, its diagnosis requires testing [68].

Glucose breath test (GBT) A 75-g dose of glucose is the pre-
ferred substrate, although doses between 25 and 50 g have been 
used [54]. One study compared the yield of GBT with duodenal 
aspirate and showed that GBT has a sensitivity, specificity, PPV, 
and NPV of 52%, 81%, 70%, and 67%, respectively, using a 
≥103 CFU/mL cut-off value for a positive duodenal culture [71]. 
Comparable sensitivity and specificity have been reported for 
GBT using cut-off ≥105 CFU/mL for a positive duodenal culture 
[72]. An alternative approach is to perform a lactulose breath 
test with 10–20 g lactulose solution. A metaanalysis suggested 
that the odds ratio for detecting SIBO in IBS patients was higher 
with lactulose [73]. However, a higher false-positive rate has 
been suggested with lactulose breath test. A study has shown 
that a rise in H2 following lactulose challenge invariably coin-
cided with arrival of lactulose in cecum and hence this substrate 
may be imperfect for detection of SIBO, as it reflects colonic and 
not small bowel fermentation [74].

Diagnosis of patients with gas/flatulence
The causes of excess flatus production are similar to those that 
induce excess bloating (Table 40.1). In addition, patients with 
incontinence of feces or flatus may also complain of flatulence. 
A fiber-rich diet significantly increases flatus production, 
whereas a fiber-free diet virtually eliminates it [7]. This suggests 
that, at least in most normal subjects, the major source of flatus 
production is bacterial fermentation in the colon. The presence 
of excess amounts of flatus may suggest either malabsorption of 
carbohydrate (lactase deficiency) or an imbalance between gas-
producing and gas-consuming bacteria in the colon [15]. In 
addition to methanogenic bacteria, the colon has sulfate-
reducing bacteria, which also consume H2 [18]:

SO H S H O4
2

2
2

24 4− −+ → +

Every effort should be made to exclude an underlying organic 
disorder. In selected patients, the analysis of the composition of 
flatus may also be considered but this is a cumbersome procedure 
and may help to distinguish the aerophagic patient from the excess 
gas producer [34,75]. It is also worth inquiring which aspect of 
flatulence that is most troublesome – the excess volume, the foul 
odor, or both. As noted previously the odor emanating from flatus 
is due to trace amounts of sulfur-containing gases. It is not known 
if patients having sulfate-reducing bacteria produce flatus that is 
more offensive than those with a methanogenic flora.



Approach to the patient with gas and bloating CHAPTER 40   731

enzymatically from corn to yield high-fructose corn syrup. This 
form of fructose is commonly used in many food sweeteners, 
soft drinks, and diabetic and dietetic foods [81]. Unlike glucose, 
which is completely absorbed through an active transport 
mechanism in the small intestine that is facilitated by GLUT-2 
and GLUT-5 transporters, fructose is mostly absorbed through 
carrier-mediated facilitative diffusion and GLUT-5. This is an 
energy-independent process and consequently its absorptive 
capacity is limited [82,83]. A study has shown no difference in 
GLUT2/5 transporters in a small number of fructose intoler-
ance patients versus controls [82]. Excessive dietary intake of 
fructose, or limited absorptive capacity, or both may lead to 
fructose malabsorption. The unabsorbed fructose can serve as 
an osmotic load and, upon reaching the colon, is fermented 
causing gas, bloating, and diarrhea [65,84].

In the United States, the consumption of fructose has 
increased several fold during the past two decades. A United 
States Department of Agriculture study estimated that the 
annual consumption of fructose has risen from less than a ton 
in 1966 to 8.8 million tons in 2003 [65,77]. One study showed 
that one-third of patients with suspected IBS had fructose mal-
absorption and intolerance termed dietary fructose intolerance 
(DFI) [65]. Thus, many such patients, particularly those with 
diarrhea-predominant illness, may be mistakenly labeled as 
having IBS. The fructose breath test is useful in the diagnosis of 
DFI [65,66].

Treatment Fructose-restricted diet improves symptoms in 
patients with DFI [65,84,85]. Patients who were compliant with 
the diet showed significant improvement in symptoms at 1 year 
despite moderate impact on lifestyle, whereas those who were 
noncompliant had persistent symptoms [65,85]. This was con-
firmed in another study that restricted both fructose and 
fructans in a group of IBS patients with DFI [84]. Both studies 
showed that fructose-restricted diet imposes changes in lifestyle 
but, when adhered to, may confer significant relief. Xylose iso-
merse (fructosin) has been claimed to help patients with DFI, 
but data are limited. A crossover trial showed significant reduc-
tion in area under the curve of H2 (CH4 not measured), and 
improvement in pain and nausea but not in bloating after a 
single dose of isomerase compared to placebo [86].

Fructan intolerance and FODMAPs
Diets containing FODMAP foods, an acronym for fermentable 
oligosaccharides, disaccharides and monosaccharides, and 
polyols, has gained considerable attention over the last few years 
as an important cause of gas and bloating and IBS symptoms 
[87–89]. These include several common foods such as wheat, 
onion, garlic, artichoke, and broccoli, as well as fructose prod-
ucts, dairy products, fruits, sorbitol, and others (Table 40.5). In 
one controlled study a FODMAP-restricted diet improved 
symptoms and when reintroduced resulted in recurrent symp-
toms in IBS patients [88].

and symptoms. It is the most common carbohydrate malabsorp-
tion problem, and worldwide 75% of adults show some decrease 
in lactase activity during adulthood [76].The frequency of 
lactase deficiency ranges from 5% to 15% in northern Europe, 
21% in white Americans, 40%–51% in Hispanics and Mexicans, 
80% in Chinese, 40%–80% in Asian Indians, and 70%–90% in 
Africans and African Americans [76].

Lactase production is regulated by two genes: the lactase-
phlorizin hydrolase (LCT) gene, which encodes or provides the 
instructions for making lactase protein, and the MCM6 gene, 
which switches the LCT gene on or off [77]. Both are located on 
the long arm (q) of chromosome 2 in region 21. In some adults 
the persistence of lactase is possibly due to a mutation in the 
MCM6 gene that keeps the LCT gene turned on even after breast 
feeding has ceased, whereas a lack of this mutation leads to 
lactose intolerance [77].

Diagnosis The breath H2 test has been widely used for the 
detection of lactose malabsorption, and has superseded [62,82] 
other methods such as the measurement of blood glucose [78] 
or galactose levels [79]. The lactose-H2 breath test is positive in 
about 90% of patients with lactose malabsorption. However, 
between 5% and 15% of patients with lactose malabsorption 
may have a false-negative breath test and many of these may 
have an acidic pH in the colon, have methanogenic flora, or 
have a deficiency of H2-producing bacteria in the colon [15]. 
One study compared the sensitivity and specificity of breath H2 
analysis with 13CO2 breath test [80]. In this study, intestinal 
lactase measurements were used as the gold standard. The 13CO2 
was obtained from the milk of cows fed on a corn diet, which 
is apparently naturally enriched with 13C-lactose. The H2 breath 
test had a sensitivity, specificity, and accuracy of 73%, 89%, and 
83%, as opposed to 84%, 96%, and 91% for the 13CO2 lactose 
test.

Treatment Patients with lactose malabsorption will benefit 
from the complete elimination or the restriction of this dietary 
constituent. Educating the patient with the help of a dietitian is 
most useful because lactose is present in many popular food 
items and is often not recognized by the patient. Patients may 
benefit from lactase enzyme supplements (Lactaid®, McNeil 
Pharmaceuticals, Dairy-ease®, Sterling Health). Lactase enzyme 
tablets may help to better digest a lactose-containing meal but 
is not a panacea for all patients and at all times. Patients with 
secondary lactose intolerance require investigations to identify 
the primary problem. The effective treatment of the underlying 
condition, such as a gluten-free diet for celiac disease, metroni-
dazole or tinidazole for giardiasis, or oxytetracycline for tropical 
sprue, may not only serve to ameliorate symptoms but also 
improve tolerance to lactose-containing products.

Fructose intolerance and malabsorption
Fructose is a six-carbon sugar that occurs naturally in fruits 
such as apples, peaches, and prunes, but it is also produced 
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Sucrase–isomaltase deficiency is an autosomal recessive dis-
order, due to mutations of the sucrose isomaltase gene [99,100]. 
It is a rare problem in adults and more commonly recognized in 
children. A sucrose breath test can identify this problem [101].

Treatment Recognition and withdrawal of offending foods con-
taining sorbitol and/or sucrose or maltose products with the 
help of a dietitian is the mainstay of therapy and appears to be 
successful [102–104].

Small intestinal bacterial overgrowth
Although a well-known cause of gas and bloating, there has 
been significant interest over the past decade, largely spurred by 
the availability of breath testing and its linkage with IBS. There 
are lower concentrations of bacteria in the small bowel with a 
continuum from 101–103 bacteria per g in the stomach and 
duodenum and up to 1011–1012 bacteria per g in the colon [105–
108]. SIBO results when there is a significant amount of bacteria 
in small bowel that may be causally linked with unexplained GI 
symptoms. Risk factors include scleroderma, jejunal diverticu-
losis, diabetes, intestinal pseudoobstruction, blind loop syn-
drome, intestinal surgery, small intestinal dysmotility, PPI use 
[67], and previous colectomy [109].

Treatment Several antibiotics have been tried including cipro-
floxacin, which was superior to trimethoprim [110], amoxicillin–
clavulanic acid and cefoxitin, and norfloxacin [111,112]. In a 
metaanalysis, rifaximin was superior to placebo in relieving gas 
and bloating in IBS patients [113]. A study has shown that 
methanogenic patients with IBS responded better to rifaximin 
and neomycin than rifaximin alone [114]. Probiotics may also 
be useful in SIBO. In one trial of 12 patients with SIBO and 
short gut, Lactobacillus casei and L. acidophillus improved 
symptoms [115] whereas Saccharomyces boulardii [116] and L. 
fermentum [117] were ineffective.

Small intestinal fungal overgrowth
There is little information regarding gut fungi in humans. In one 
study, 16.4% of subjects had SIFO and 21.4% had both SIBO 

Fructans are oligo- or polysaccharides consisting of short 
chains of fructose units with a single d-glucosyl unit. Fructans 
with 2–9 unit length are referred to as oligofructose and those 
with >10 units as inulins [90]. Its absorption is variable. Because 
fructans are present in many common foods, people typically 
ingest high levels of fructan. The most common structural 
forms of fructan are inulin and geraminan. The human body 
apparently absorbs only 5%–15% of fructan [91] but systematic 
studies are lacking. The daily intake in the USA may vary 
between 1 and 20 g [92]. Dietary trends indicate that high levels 
of fructans are common in the European and American diet, as 
more wheat-based products, such as breakfast cereal, pasta, and 
bread, are consumed.

Fructans may not be well tolerated by some subjects and its 
malabsorption may result in GI symptoms [93]. The mechanism 
for malabsorption is related to the inability to hydrolyze glyco-
sidic linkages in the complex polysaccharide, resulting in the 
delivery of malabsorbed fructans to the large bowel.

Treatment A restricted FODMAP diet has been tested and 
found to be useful in IBS patients. A low-FODMAP diet was 
more effective than dietary guidelines [94]. A randomized con-
trolled trial showed greater effectiveness of low-FODMAP com-
pared to habitual diet in improving IBS symptoms [95]. Similarly, 
a single-blinded randomized controlled trial showed efficacy in 
IBS [89]. The key principle is dietary education; firstly, all 
known or suspected FODMAPs are strictly removed and, sec-
ondly, patients are taught to rechallenge themselves with indi-
vidual FODMAPs to test their own tolerance [88]. While 
effective, there are practical hurdles regarding such education, 
and its long-term safety or efficacy is not known.

Sorbitol intolerance and sucrase/isomaltase deficiency
Sorbitol is a natural sugar found in fruits and artificial sweeten-
ers. One study estimated that 43% of whites and 55% of non-
white subjects may malabsorb 10 g of sorbitol [96]. Rarely, some 
subjects have severe intolerance even to small amounts of sorbi-
tol such as 5 g [97,98].

Table 40.5 Constituents and common sources of FODMAPs. Source: Shepherd and Gibson 2006 [84]. Reproduced with permission of Elsevier.

FODMAP Constituent Sources

F = Fermentable By colonic bacteria

O = Oligosaccharides Fructans, 
galactooligosaccharides

Wheat, barley, rye, onion, leek, white part of spring onion, garlic, shallots, artichokes, 
beetroot, fennel, peas, chicory, pistachio, cashews, legumes, lentils, and chickpeas

D = Disaccharides Lactose Milk, custard, ice cream, and yoghurt

M = Monosaccharides “Free fructose” 
(fructose in excess of 
glucose)

Apples, pears, mangoes, cherries, watermelon, asparagus, sugar snap peas, honey, 
and high-fructose corn syrup

A = And

P = Polyols Sorbitol, mannitol, 
maltitol, and xylitol

Apples, pears, apricots, cherries, nectarines, peaches, plums, watermelon, mushrooms, 
cauliflower, artificially sweetened chewing gum and confectionery
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gas. Some patients with refractory symptoms may benefit from 
elimination diets [129]. The essence of this therapy is to main-
tain a strict log of symptoms and foods consumed over a period 
of 1 month. If one or two food items are recognized, the patient 
is advised to try a diet without these food items. If several food 
items are recognized, an elimination diet may be required with 
the help of a dietitian.

Following the ingestion of beans, patients who suffer from 
excessive bloating may obtain relief by taking an α-galactosidase 
preparation (Beano® A.K. Pharma) [130,131]. The role of acti-
vated charcoal tablets in relieving bloating has been controver-
sial [132,133]. Experimentally, two studies reported improvement 
but others have failed to substantiate this benefit [134,135]. 
Bismuth subsalicylate 524 mg q.i.d. has also been suggested to 
help by decreasing H2S [136,137].

It is believed that most individuals only harbor one of the  
two types of bacteria, that is methanogenic or sulfate-reducing 
bacteria, in the colon [15]. Breath H2 levels are lower in patients 
who excrete CH4 [138] and methanogenic bacteria [15] consume 
H2 more efficiently than sulfate-reducing bacteria. The findings 
suggest that methanogenesis is an efficient way of handling gas 
production in the colon.

There has been no systematic assessment of drugs that might 
reduce flatus production or alter the odor of flatus, although 
several compounds have been suggested. Activated charcoal, 
administered prior to a meal, has been advocated [132,133], 
although its mechanism of action is not known. Simethicone 
may act by altering the surface tension and the elasticity of 
mucus-coated gas bubbles. This causes the smaller bubbles to 
break down and coalesce [139,140]. Its usefulness and efficacy 
remains to be established. A chlorophyllin copper complex 
(Derifil®, Rystan Co Inc., Little Falls, New Jersey), an agent that 
reduces fecal odor in patients with ileostomy, has been sug-
gested as a useful adjunct to antiflatus therapy, particularly in 
patients with incontinence to flatus [141]. Controlled trials are, 
however, lacking. Patients with incontinence to flatus may 
benefit from biofeedback therapy [142] to help regain better 
control of their flatus expulsion.

Conclusion

Although commonly encountered in the gastroenterology 
clinic, bloating and gas are clinically challenging problems. 
Recent developments have allowed a greater understanding and 
better management of these symptoms. GI gas is a consequence 
of interactions between the dietary intake, gas transport, and 
gut microbiota. Carbohydrate intolerance and SIBO are key 
etiological factors; others include disturbed motility or visceral 
hyperalgesia. Meticulous history and thoughtful work-up, 
including specific tests such as the breath hydrogen test, can 
identify malabsorption/intolerance of lactose, fructose, fructan, 
and SIBO and provide a basis for rationale therapy, including 
dietary advice, antibiotics, and others.

and SIFO (Figure 40.4) [67]. SIFO was predominantly due to 
Candida and may play a role in the pathogenesis of unexplained 
symptoms including gas and bloating, but this is controversial 
and requires confirmatory studies [67].

Intestinal microbiome, probiotics, and prebiotics
The human colon has a multitude of bacteria but perturbations 
in type and balance of colonic flora may lead to GI symptoms 
[118]. Probiotics and prebiotics have been used to restore the 
intestinal microbiome.

Placebo-controlled trials of a proprietary probiotic mixture 
(VSL#3, Sigma-Tau Pharmaceuticals Inc.) in patients with IBS 
have shown reductions in gas and bloating [119]. Likewise 
Bifidobacterium infantis was felt to be helpful in IBS patients 
[120,121]. Metaanalysis of probiotics in IBS shows a significant 
improvement of symptoms with Bifidobacterium infantis but 
not other probiotics [118], but there were significant methodo-
logical problems [122]. Probiotics are generally safe, but infec-
tion rates of 0.05%–0.4%, including serious endocarditis, 
bacteremia, fungemia, and diarrhea, have been reported, espe-
cially in immunocompromised people [70].

Another approach has been to promote the growth of benefi-
cial bacteria by administering prebiotic nutrients (poorly 
absorbed carbohydrates) such as inulin, lactulose, oligofructose, 
and fructans [123], which serve as substrates for rejuvenating 
growth of healthy intestinal microbiota. This merits further 
study.

Dysmotility and dyssynergic  
defecation/constipation
Patients with constipation are often treated with a high-fiber 
diet that may cause more bloating. Patients with delayed gastric 
emptying or those with disordered or sluggish small bowel 
transit my benefit from treatment with prokinetic drugs such as 
metoclopramide or erythromycin. In blinded controlled trials, 
metoclopramide [124] and cisapride [125] improved symptoms 
of bloating compared to placebo. Likewise patients with dys-
synergic defecation and bloating improve with biofeedback 
therapy [126].

In those patients where an underlying cause is not demon-
strable, reassurance together with drugs that bring about symp-
tomatic relief may prove beneficial. Some patients may benefit 
from smooth muscle relaxants such as mebeverine HCL, dicy-
clomine, hyoscine, or peppermint oil [127], although controlled 
trials are lacking. Hypnotherapy with self hypnosis has been 
shown to benefit some patients, both short term and long term 
[128].

Management of flatulence
Diet plays an important role in gas production. Hence, the 
elimination of offending foods such as beans, cabbage, lentils, 
Brussels sprouts, nuts, and legumes and high-fiber diets con-
taining bran and fiber supplements may reduce bloating and 
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Introduction

Diarrhea is derived from the Greek words meaning “flowing 
through.” Despite the fact that the illness is often self-limited in 
developed countries, it is still a significant cause of morbidity 
and mortality in the United States [1]. Diarrhea is defined as 
stool weight greater than 200 g per day but this definition has 
limited value in clinical practice. A more useful definition, 
which is employed by the World Health Organization, is three 
or more loose or watery stools per day or more frequently than 
an individual’s baseline. Defining the duration of diarrhea is an 
important aspect of initial evaluation as this provides invaluable 
information on the etiology. For the purpose of this chapter, the 
following definitions are used [2]:
• Acute: less than or equal to 14 days in duration
• Persistent: more than 14 days in duration
• Chronic: more than 30 days in duration.

The majority of cases of acute diarrhea are self-limited 
infections caused by viruses and bacteria. As the duration of 
diarrhea persists, noninfectious etiologies become more prev-
alent. Evaluation for noninfectious etiologies should be con-
sidered in patients if the initial evaluation does not identify a 
pathogen and if the diarrhea worsens or becomes chronic. 
Approaches for assessing such patients are discussed in this 
chapter.

Acute diarrhea

Epidemiology
Diarrhea affects those in developed and developing nations dif-
ferently. While diarrhea is one of the five leading causes of death 
worldwide [1], in the United States it is often not much more 
than a “nuisance” disease. Despite this, it remains a significant 
cause of morbidity and mortality [2]. Over 4 million outpatient 
visits for diarrhea occurred in the United States in 2000 [3]. 
Global death rates from diarrhea, mostly among children and 
infants, are between 3 and 4 million/year, while in the United 
States food poisoning accounts for 4000–5000 deaths annually 
[4,5]. The most common reasons for outpatient visits for diarrhea 
in 2000 were 3.4 million for gastroenteritis, 1.6 million for irri-
table bowel syndrome, 725 000 for Crohn’s disease, and 488 000 
for ulcerative colitis. The resultant burden on the United States 
healthcare system is significant: diarrhea results in 300–400 
child deaths per year, approximately 200 000 hospitalizations, 
and more than one billion dollars in direct medical costs [6].

Various studies have aimed to estimate the incidence of acute 
diarrhea in the general population of developed countries [6–8]. 
Reported rates vary between 0.72 episodes/person-year and 1.3 
episodes/person-year. However, the prevalence of acute diarrhea 
is likely highly underestimated as many, if not the majority of 
those affected, do not seek medical attention.
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cultures to yield a bacterial pathogen in less than 10% of cases of 
patients with acute diarrhea. A more recent study that employed 
PCR in addition to culture reported that a bacterial pathogen was 
identified in only 15% of over 1500 cases of acute diarrhea [9]. 
However, in the case of severe or bloody diarrhea or in the setting 
of foodborne outbreaks, the incidence of bacterial pathogens 
increased and thus these are important historical clues when 
evaluating a patient with acute diarrhea (Table 41.1) [10,11].

Viruses
While in the developing world viral gastroenteritis causes con-
siderable mortality, in the United States viral gastroenteritis 
results in only a few hundred deaths per year, primarily due to 
norovirus and rotavirus [12,13]. Viral agents that are important 
in causing acute diarrhea besides norovirus and rotavirus (both 
discussed in further detail below in this section), are enteric 
adenoviruses and astrovirus. Enteric adenoviruses cause 
approximately 3%–10% of pediatric gastroenteritis in endemic 
climates while astrovirus is responsible for 4%–7% of diarrhea 
in day-care centers. Astrovirus also causes disease in immuno-
compromised patients.

Causes
While there are no specific data, experts believe that approxi-
mately 80% of acute diarrhea cases are infectious with the 
remaining 20% being attributable to drugs and/or chemicals. 
Causes of infectious diarrhea include various viruses, bacteria, 
and protozoa. Specific pathogens are discussed below. Non-
infectious causes include medications, microbiota shifts, 
ischemic colitis, food allergy, fecal impaction, malignancy, and 
early manifestations of chronic diseases such as inflammatory 
bowel disease and thyrotoxicosis. Given the high incidence of 
infections as the cause of acute diarrhea, the work-up is initially 
tailored around evaluation/management of infectious condi-
tions. If a patient’s clinical history points towards a noninfec-
tious cause, then the utility of certain diagnostic modalities 
becomes relevant (e.g., endoscopy or imaging).

Infectious diarrhea
Most causes of acute diarrhea in both developing and developed 
nations are secondary to infections, the majority of which are 
viral and less commonly bacterial and protozoan. This is  
supported by different studies that have shown bacterial stool 

Table 41.1 Epidemiological clues to infectious diarrhea. Source: Adapted from Parks and Giannella 1993 [335].

Vehicle Classic pathogen

Water (including foods washed in such water) Vibrio cholerae, Norwalk agent, Giardia organisms, and Cryptosporidium organisms

Food

 Poultry Salmonella, Campylobacter, and Shigella species

 Beef, unpasteurized fruit juice Enterohemorrhagic Escherichia coli

 Pork Tapeworm

 Seafood and shellfisha (including raw sushi and gefilte fish) Vibrio cholerae, Vibrio parahaemolyticus, and Vibrio vulnificus; Salmonella species; 
hepatitis viruses A, B, and C; tapeworm and Anisakis

 Cheese, milk Listeria species

 Eggs Salmonella species

 Mayonnaise-containing food and cream pie Staphylococcal and clostridial food poisonings

 Fried rice Bacillus cereus

 Fresh berries Cyclospora species

 Canned vegetables or fruits Clostridium species

 Sprouts, spinach Enterohemorrhagic E. coli and Salmonella species

Animal-to-person (pets and livestock) Salmonella, Campylobacter, Cryptosporidium, and Giardia species

Person-to-person (including sexual contact) All enteric bacteria, viruses, and parasites

Day-care center Shigella, Campylobacter, Cryptosporidium, and Giardia species; viruses; Clostridium 
difficile

Hospital, antibiotics, or chemotherapy C. difficile

Swimming pool Giardia and Cryptosporidium species

Foreign travel E. coli of various types; Salmonella, Shigella, Campylobacter, Giardia, and 
Cryptosporidium

a Also includes fish poisonings such as scombroid, ciguatera, and paralytic, diarrheal, and neurotoxic shellfish poisonings.
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gens: Shigella, Campylobacter, Salmonella, and enterohemor-
rhagic Escherichia coli (EHEC) O157:H7. Other bacterial 
pathogens that cause a nonbloody diarrhea include enterotoxi-
genic E. coli (ETEC), Clostridium difficile, Vibrio cholerae, and 
Yersinia. Systemic symptoms and complications of enteric bac-
terial infections are shown in Table 41.2. Groups at high risk for 
infectious diarrhea are shown in Box 41.1.

In the United States, Shigella is most commonly spread by 
person-to-person transmission and is therefore a common 
problem in day-care centers and institutionalized settings. 

Table 41.2 Systemic symptoms and complications of enteric infection.

Organism Symptoms or complications References

Vibrio cholerae and Escherichia coli Dehydration, shock, and death [5,312]

Bacillus cereus Fulminant liver failure [313]

Vibrio vulnificus Shock and death in those with liver disease [29,30,314]

Enteroadherent and enteroaggregative E. coli, 
Cryptosporidium, Cyclospora, and Aeromonas species

Prolonged (> 6 weeks) diarrhea [30,315–320]

Clostridium difficile Relapse common, protein-losing enteropathy, colonectomy, death [42–47,323–325]

Enterohemorrhagic E. coli (E. coli O157:H7) Hemolytic uremic syndrome or thrombotic thrombocytopenic purpura [322]

Salmonella species Septicemia and invasive (extraintestinal) salmonellosis, e.g., 
peritonitis, cholecystitis, pancreatitis, intraabdominal abscess, mycotic 
aneurysm, osteomyelitis

[327,328]

Campylobacter species Guillain–Barré syndrome [330,331]

Shigella species Seizures and encephalopathy [328,329,332]

Salmonella, Shigella, Campylobacter, and Yersinia 
species

Postinfectious reactive arthritis and Reiter syndrome [326,328,333]

Yersinia species Thyroiditis, pericarditis, glomerulonephritis, myocarditis, 
extraintestinal infection, hemolytic uremic syndrome, Guillain–Barré 
syndrome

[320,321]

Box 41.1 High-risk groups for infectious diarrhea.

Antibiotic use
Outpatient clinics
Hospital

Recent travel
Developing nations
Peace Corps workers
Campers (ground water)
Cruise ships (norovirus)

Homosexuals, sex workers, and intravenous drug users
Gay bowel syndrome
Acquired immunodeficiency syndrome

Day-care facilities
Children
Secondary contacts (family members)

Institutions
Mental institutions
Nursing homes
Hospitals

Norovirus  Norovirus is the major cause of epidemic viral gas-
troenteritis and the most common cause of gastroenteritis in all 
adults. Norovirus is most notorious for its prevalence in out-
break settings. Common outbreak settings include: (1) restau-
rants or events with catered meals, (2) long-term care facilities, 
(3) schools, day-care centers, and (4) vacation destinations 
including cruise ships [14]. Most patients develop both vomit-
ing and nonbloody, nonmucous diarrhea. Systemic symptoms 
such as myalgias, headaches, fevers are common [15]. Symptoms 
generally last 48–72 h and recovery is full.

Rotavirus  Infants and young children are by far the age groups 
most severely affected by rotavirus. Typical symptoms include 
vomiting, nonbloody diarrhea, and fever [16]. Adults present 
with similar but less severe symptoms. It has been estimated that 
the total economic impact of rotavirus diarrhea in the United 
States is one billion dollars yearly [17], undoubtedly one of the 
major reasons for the development of the rotavirus vaccine, 
which is now routinely given during infancy. In the prevaccine 
era, rotavirus was estimated to cause approximately 440 000 
deaths, 2 million hospitalizations, and 25 million outpatient 
visits per year worldwide among children <5 years of age [18]. 
Since the advent of vaccination, there has been a significant 
decline in rotavirus infections, with one study reporting an 86% 
decline in positive tests [19].

Bacteria
Bacterial pathogens are relatively infrequently isolated in stool 
cultures. An important historical clue is the presence of bloody 
diarrhea, which generally signifies one of four bacterial patho-
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dehydration but is generally self-limited. Giardia lamblia is the 
second most common gastrointestinal parasite in the United 
States and an important cause of day-care center outbreaks. 
Cyclospora is a small bowel pathogen with a duration often 
greater than 3 weeks, which is associated with intense fatigue. 
Entamoeba histolytica causes intestinal amebiasis and in devel-
oped countries is mainly seen in migrants from and travelers to 
endemic countries. Sexually active homosexuals are also at 
increased risk of this infection. Symptoms range from mild 
diarrhea to severe dysentery with abdominal pain and bloody 
diarrhea.

Food poisoning
Causes of food poisoning include heavy metals, monosodium 
glutamate, insecticides, and toxins found in seafood and mush-
rooms. Ciguatera, diarrhetic, paralytic, neurotoxic, amnestic, 
and pfiesteria fish poisonings are all caused by dinoflagellates 
ingested by fish or shellfish [25–30]. Puffer fish poisoning is 
caused by tetrodotoxin contained only in that fish, and scom-
broid poisoning results from the breakdown of flesh in certain 
fish with the release of histamine.

Traveler’s diarrhea
Traveler’s diarrhea is the most common illness of patients from 
developed countries traveling to developing countries [31]. Of 
people travelling to developing countries, 40%–60% develop 
diarrhea. Episodes of traveler’s diarrhea are almost always 
benign and self-limited. Diarrhea can be caused by a variety of 
viruses, bacteria, and parasites, and are most often transmitted 
by food and water. Greater than 90% of diarrheal illnesses are 
due to bacterial infection, the most common of which is ETEC 
[32]. Other common bacterial pathogens include Shigella, 
Campylobacter, and Salmonella. The main preventative tool is 
education but useful medications include fluoroquinolones, 
rifaximin, and bismuth subsalicylate. Treatment comprises fluid 
and electrolyte repletion and antibiotics when necessary.

Military diarrhea
As mentioned above, infectious diarrhea is a very common 
problem for all travelers. However, the risk and type of infection 
differs in those who travel for a short amount of time (i.e., less 
than 2 weeks) compared to those who live for extended periods 
of time in remote, often unhygienic locations, such as military 
personnel. Gastrointestinal illness is one of the top five reasons 
for clinic visits of military personnel deployed abroad [33]. In a 
systematic review of 49 articles on military personnel overseas, 
the median self-reported incidence of diarrheal illnesses ranged 
between 35% and 85%, of which approximately 25% sought 
medical treatment [34]. There were significant differences in the 
most common offending pathogen based on location. For 
instance, Campylobacter was the most common pathogen in 
Southeast Asia, while ETEC was the most common pathogen in 
Latin America and the Caribbean. Interestingly, specific patho-
gens were identified in the majority of cases with an overall 

Campylobacter is generally contracted from undercooked 
poultry in developed countries and is the second most common 
foodborne disease in the United States, while nontyphoidal sal-
monellosis is the leading cause of foodborne illness [20]. 
Salmonella is associated with the ingestion of poultry, eggs, and 
milk products. The route of transmission of EHEC is usually 
undercooked ground beef and infection may be complicated by 
the development of thrombotic thrombocytopenic purpura 
(TTP) and hemolytic uremic syndrome (HUS).

ETEC is a more common cause of diarrhea in developing 
countries. Vibrio cholerae is endemic along the gulf coast of the 
United States but clinical cases are uncommon. Yersinia entero-
colita is common in the United States and is associated with 
water and foodborne outbreaks. Each of these organisms is dis-
cussed in further detail in Chapter 62.

Clostridium difficile  While the primary risk factors for C. diffi-
cile remain antibiotic usage and hospitalization, the incidence 
of community-associated C. difficile infection is rising, having 
increased from less than one case per 100 000 in 1994 to 18 per 
100 000 in 2004 [21]. Given the increasing number of cases of 
C. difficile diarrhea in the community in the absence of tradi-
tional risk factors, clinicians should have a high index of suspi-
cion for this pathogen for any case of severe diarrhea. It is also 
important to note that C. difficile is a common cause of flares in 
patients with inflammatory bowel disease (IBD). Enteric infec-
tions account for about 10% of symptomatic relapses in IBD 
patients and nearly 50% of those are secondary to C. difficile 
[22]. It is therefore important to have a high index of suspicion 
for C. difficile in IBD patients presenting with a flare as failing 
to identify C. difficile infection may result in the inappropriate 
use of steroids and immunosuppressants that could exacerbate 
the infection and even result in death. Relapsing C. difficile 
colitis that does not respond to repeated courses and tapering 
regimens of antibiotics can be cured with fecal microbiota 
transplant [23,24]. A randomized trial showed that fecal micro-
biota transplant via duodenal infusion of donor feces was supe-
rior to oral vancomycin in resolving diarrhea due to refractory 
C. difficile. A metaanalysis showed no difference in clinical reso-
lution of C. difficile between lower GI tract delivery and upper 
GI tract delivery.

Protozoa
Protozoa can also cause acute diarrhea but less commonly than 
viral and bacterial pathogens. However, protozoan infections 
become more likely as an etiology when diarrhea progresses 
from persistent to chronic. The common parasites are 
Cryptosporidium, Giardia, Cylospora, and Entamoeba histolytica. 
In the United States, Cryptosporidium is the most common 
parasitic cause of acute foodborne diarrhea [20]. Transmission 
occurs from an infected person or animal, or a fecally contami-
nated food or water source. Numerous waterborne community 
outbreaks have occurred in the United States. In immunocom-
petent hosts, infection with Cryptosporidium can cause severe 
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• Hyperactive phase:
º occurs immediately after occlusion/hypoperfusion
º severe pain predominates along with bloody diarrhea
º blood loss is mild and generally does not require 

transfusion
º symptoms resolve with conservative measures.

• Paralytic phase:
º pain diminishes, becomes more continuous and diffuse
º abdomen becomes more tender and distended.

• Shock phase:
º massive fluid, electrolyte, and protein loss occur through a 

gangrenous mucosa
º severe dehydration with shock requiring rapid surgical 

intervention
º occurs in 10%–20% of patients.

Drugs
Many medications can cause acute diarrhea and thus it is very 
important to obtain a full medication list from the patient, espe-
cially noting any new medications. Box 41.2 displays a list of 
medications to consider.

Fecal impaction
Chronic constipation may paradoxically present as acute 
diarrhea. Liquid stool passes around the obstruction, in this 
case impacted stool, causing an overflow diarrhea. Treatment is 
relief of the fecal impaction (i.e., manual disimpaction, enemas, 
laxatives).

Enteral feeding
More than one-third of patients receiving enteral feeding 
develop diarrhea [49–51]. Various causes of the diarrhea  

estimate of 55%. In another study, it was shown that military 
personnel from the United Kingdom deployed to the Iraq war 
had a high prevalence of gastroenteritis and that this was highly 
associated with subsequent development of irritable bowel syn-
drome (IBS) [35]. A study of US military personnel found that 
symptoms of gastroenteritis was significantly associated with 
the development of functional gastrointestinal disorders includ-
ing IBS [36].

Day-care diarrhea
Diarrhea is extremely common in the day-care setting. The most 
common organisms are those that colonize at a low inoculum 
dose (Shigella, Giardia, and Cryptosporidium) or that spread 
easily (rotavirus, astrovirus, adenovirus) [37,38]. The mode of 
transmission is person–person contact by fecal contamination 
of hands and fomites. In addition, up to 10%–20% of parents 
and siblings of infected children become infected themselves 
[37,39].

Protracted infectious diarrhea
Many of the organisms mentioned, as well as others, are  
difficult to diagnose and can cause a prolonged course of 
diarrhea. These include enteropathogenic E. coli, Giardia, 
Amoeba, Cryptosporidium, Aeromonas, Yersinia enterocolitica, 
and Blastocystis hominis. In addition, C. difficile is often difficult 
to clear, with multiple relapses being common.

Microbiota shifts
Changes in colonic microbiota have been shown to play a role 
in diseases such as antibiotic-associated colitis and inflamma-
tory bowel disease [40]. Given this, it can be hypothesized that 
external factors that influence the colonic microbiota may cause 
symptoms such as diarrhea. In fact, changes in the colonic 
mucosa-associated microbiota have been found after colonic 
lavage with polyethylene-glycol based regimens [41].

Noninfectious
Antibiotic associated
Diarrhea occurs in up to 20% of patients receiving antibiotics 
with only a portion of these being attributable to C. difficile 
(30%–50%) [42]. Non-C. difficile diarrhea is mild and self-
limiting and generally clears spontaneously. C. difficile colitis on 
the other hand can cause severe diarrhea with significant mor-
bidity and mortality [43–46]. Antibiotic-associated diarrhea 
may occur with any antibiotic, but is more commonly associated 
with broad-spectrum antibiotics such as clindamycin, third-
generation cephalosporins, and fluoroquinolones. There is some 
evidence that the incidence of antibiotic-associated diarrhea 
may be decreased by the use of probiotics [47].

Ischemic colitis
Patients with ischemic colitis often present with bloody diarrhea 
within 24 h after the onset of abdominal pain (see Chapter 128). 
Three clinical stages have been described [48]:

Box 41.2 Drugs associated with diarrhea.

Antibiotics: especially penicillins, cephalosporins, clindamycin
Selective serotonin reuptake inhibitors (SSRIs)
Angiotensin converting enzyme inhibitors (ACEIs)
Antacids that contain magnesium
Colchicine
Prednisone
Digoxin
Diuretics
Laxatives
Immunosuppressant medications (mycophenilic acid especially)
Chemotherapies
Metformin
Propranolol
Quinidine
Theophylline
Proton pump inhibitors (PPIs)
Lactulose
Acute alcohol ingestion
Benicar
Marijuana
Cocaine



740   PART 3 Principles of clinical gastroenterology

are hypothesized: bacterial contamination of the formula, 
hypertonic solutions that cause a “dumping syndrome,”  
lactose-containing formulas in lactose deficient patients, and 
sorbitol-containing mixtures. However, if it is needed and indi-
cated for the hospitalized/critically ill patient, enteral feeding 
should not be stopped. Watery diarrhea occurring in those on 
enteral nutrition may be due to a multitude of other causes, 
which must be considered.

Chemotherapy/radiation
The incidence of mild acute diarrhea with chemotherapy or 
radiation therapy is high, approaching 100% with some regi-
mens [52]. Radiation therapy can also cause chronic diarrhea. 
Nausea, vomiting, and diarrhea are dose and age related. 
Chemotherapy-related diarrhea is more common with the fol-
lowing agents: 5-fluorouracil, interferon, irinotecan, topotecan, 
and interleukin-2 (IL-2) [52–54]. Neutropenic enterocolitis is a 
serious diarrheal illness associated with chemotherapy for lym-
phoma and leukemia. Radiation may induce diarrhea either 
through damage to segments of bowel during pelvic irradiation 
or through damage to the entire bowel if high-dose, total body 
radiation is received. Watery or bloody diarrhea occurs at 
dosages greater than 6 Gy. Treatment for both chemotherapy 
and radiation-induced diarrhea is symptomatic with antimotil-
ity agents. Octreotide may be helpful in severe chemotherapy or 
radiation-induced diarrhea.

Runner’s diarrhea
A variety of gastrointestinal disturbances occur in those who 
exercise vigorously, especially marathon runners and triathe-
letes [55]. Watery, self-limiting diarrhea may occur in 10%–25% 
and is especially common in women runners (40%–70%). The 
mechanisms are unclear but possibly involve the release of gas-
trointestinal hormones such as gastrin, motilin, VIP, or release 
of inflammatory mediators such as prostaglandins. There is also 
an increased incidence of ischemic colitis in marathon runners, 
and thus ischemia is postulated as a cause of runner’s diarrhea 
[56,57]. No treatment regimens have been studied in the man-
agement of runner’s diarrhea.

Food allergy
Gastrointestinal manifestations, particularly diarrhea, are 
common presentations of food allergies, both IgE- and non-IgE-
mediated reactions. IgE-mediated reactions are typically acute, 
with diarrhea occurring within 2–6 h of ingestion while nausea, 
vomiting, and abdominal pain can occur within minutes to 
hours. The term GI anaphylaxis is used when GI symptoms 
occur in the absence of other organ involvement, but this is  
very rare [58].

Non-IgE-mediated food allergies are more subacute/chronic 
in nature and are typically isolated to the GI tract and/or skin. 
These disorders include protein-induced enterocolitis syn-
drome, which manifests in infants, and celiac disease. Celiac 

disease is an immune disorder that is triggered by the gliadin 
component of gluten in genetically predisposed individuals. 
While celiac disease can present in a number of different ways, 
the classic signs are bulky, foul smelling stools due to steatorrhea 
and flatulence related to malabsorption.

Early manifestations of chronic diseases
Early inflammatory bowel disease
While Crohn’s disease and ulcerative colitis are chronic condi-
tions with a relapsing and remitting course, they both can 
present initially as acute diarrhea. Consideration of either diag-
nosis should be given to patients who, while presenting with 
acute diarrhea, on further interrogation are noted to have 
chronic symptoms such as abdominal pain. A family history of 
IBD may also provide a clue to this diagnosis.

Thyrotoxicosis
A common chronic manifestation of hyperthyroidism is 
diarrhea. However, in the acute case of thyroid storm severe 
nausea, vomiting, and diarrhea can occur in addition to cardio-
vascular symptoms and hyperpyrexia.

Diagnostic approach
As has been described above, the majority of acute diarrhea is 
secondary to self-limited infections, most commonly viral. 
Therefore, it is not clinically necessary or economically feasible 
to perform extensive evaluation beyond the history and physi-
cal exam on every patient that presents with acute diarrhea. 
The American College of Gastroenterology published guide-
lines regarding which patients should undergo additional 
medical evaluation as defined by the severity of illness. Those 
having one or more of the following should have additional 
testing: profuse watery diarrhea resulting in hypovolemia, 
bloody stools, fever (temperature >38.5°C), more than six 
stools in 24 h, duration of illness greater than 48 h, severe 
abdominal pain, diarrhea in the elderly (>70 years), or in the 
immunocompromised patient (AIDS, after transplantation, 
patients receiving chemotherapy) [59].

Historical clues
As for most presenting complaints, a thorough history can 
provide much insight into the etiology of diarrhea. The presence 
of a fever suggests invasive bacteria such as Campylobacter, 
Shigella, or Salmonella, or other cytotoxic organisms such as C. 
difficile and Entamoeba histolytica. Table 41.3 provides a 
summary of important epidemiological clues [59].

The timing of symptoms also provides a clue to diagnosis. 
Symptoms that begin within 6 h of food ingestion suggest the 
presence of a preformed toxin of Staphylococcus aureus or 
Bacillus cereus. Symptoms that begin within 8–16 h are consist-
ent with infection with Clostridium perfringens. Symptoms that 
begin after more than 16 h may be due to viral or bacterial 
infection.
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Table 41.3 Correlation between pathophysiology and symptoms of infectious diarrhea. Source: Adapted from Powell 1997 [334].

Pathophysiology/microorganisms Nausea and 
vomiting

Abdominal 
pain

Fever Diarrhea

Toxin producers 2–4+ (within 4 h 
of ingestion)

1–2+ 0–1+ 3–4+, watery

Preformed toxin

 Bacillus cereus, Staphylococcus aureus, Clostridium perfringens

Enterotoxin (Within 24–72 h 
of ingestion)

 Vibrio cholerae, enterotoxigenic Escherichia coli, Klebsiella 
pneumoniae, Aeromonas species

Enteroadherent 0–1+ 1–3+ 1–2+ 1–2+, watery

Enteropathogenic and enteroadherent E. coli, Giardia organisms, 
Cryptosporidium species, helminths

Cytotoxin-producing 0–1+ 3–4+ 1–2+ 1–3+, usually watery, 
occasionally or quickly bloody

Clostridium difficile, hemorrhagic E. coli O157:H7

Invasive organisms 0–3+ 2–4+ 3–4+ 1–4+, watery or bloody

Minimal inflammation

 Rotavirus and Norwalk agent, Cryptosporidium and Cyclospora 
species

Variable inflammation

Salmonella, Campylobacter, and Aeromonas species, Vibrio 
parahaemolyticus

Severe inflammation

Shigella species, enteroinvasive E. coli, Entamoeba histolytica, 
anthrax

Systemic infection

Hepatitis, measles, listeriosis, legionellosis, Rocky Mountain 
spotted fever, psittacosis, hantavirus, otitis media in infants, toxic 
shock syndrome, avian influenza (H5N1), severe acute respiratory 
syndrome (SARS)

Watery diarrhea may accompany these diseases but is often overshadowed by 
the other disease manifestations

Numbers 0 to 4+ refer to the severity of symptoms.

Laboratory testing
Stool studies
Fecal  leukocytes/leukocytes  The utility of fecal leukocytes in 
aiding in the detection of an inflammatory diarrhea is limited. 
A metaanalysis reported a sensitivity and specificity of only 
70% and 50%, respectively [60]. However, despite the limita-
tions of this test, the combination of fecal leukocytes and 
occult blood in the stool supports a bacterial cause of acute 
diarrhea [61]. Given the limitations of fecal leukocytes, a fecal 
lactoferrin latex agglutination assay was developed, which has 
a reported sensitivity and specificity greater than 90% in dif-
ferentiating inflammatory diarrhea from noninflammatory 
causes [62].

Stool  cultures  As mentioned above, the rate of positive stool 
cultures in acute diarrhea is very low, except in patients with 
severe disease. Thus, it is only cost-effective to order stool cul-
tures in the appropriate clinical scenarios, which include 
patients that are immunocompromised (especially HIV 
patients), patients with bloody diarrhea, patients with severe 
diarrhea as defined above, and patients with underlying IBD.

Ova  and  parasites  Similar to stool cultures, testing for stool 
ova and parasites is not indicated for all cases of acute diarrhea. 
In the following clinical scenarios, obtaining stool ova and  
parasites is justified: patients with persistent diarrhea, diarrhea 
in men who have sex with men, or patients with AIDS,  
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identified precipitant of GBS. One study reported that 26% of 
patients with GBS had a recent Campylobacter jejuni infection 
[73]. In addition, Campylobacter-associated GBS appears to 
have a worse prognosis with a slower recovery and more signifi-
cant neurological dysfunction.

Thrombotic thrombocytopenic purpura–hemolytic 
uremic syndrome
Thrombotic thrombocytopenic purpura–hemolytic uremic syn-
drome (TTP-HUS) is an acute disorder that results in multiple 
organ dysfunction. While this syndrome is heterogeneous in 
terms of etiology, demographics, and response to treatment, the 
clinical features are similar and include thrombocytopenia and 
microangiopathic hemolytic anemia without another identifia-
ble cause, and in many patients both renal and neurological 
abnormalities occur [74]. Most causes of HUS in children, and 
occasional cases of TTP in adults, is preceded by an episode of 
bloody diarrhea. Shiga toxin produced by E. coli O157:H7 or 
other bacteria is the etiology in these cases [75]. It is important 
to note that antibiotic treatment for E. coli O157:H7 is not rec-
ommended given increased incidence of HUS in patients 
receiving antibiotic therapy [71].

Postinfectious inflammatory bowel disease
Several observational studies have suggested an association 
between acute gastroenteritis and the development of IBD [76–
79]. One of these studies showed a statistically significant 
increased risk of IBD in patients with a prior history of gastro-
enteritis [76]. A second study reported an increased risk of 
developing IBD in patients with documented Salmonella or 
Campylobacter infection versus a matched control group [77].

Reactive arthritis
Reactive arthritis is a spondyloarthritis that arises following an 
infection, although pathogens cannot be cultured from the 
affected joints. A variety of enteric infections are associated with 
reactive arthritis including Salmonella, Shigella, Yersinia, 
Campylobacter, and Clostridium difficile [80].

Chronic diarrhea

Definition, classification, and epidemiology
Chronic diarrhea has classically been defined as loss of formed 
stool consistency occurring for greater than 4 weeks [81,82]. 
The problem lies in the fact patients can present for evaluation 
of diarrheal syndromes without fitting this criterion. Two such 
examples are hyperthyroidism, in which case patients develop 
hyperdefecation of formed stool, and patients who report symp-
toms of fecal incontinence as diarrhea. Because of the hetero-
geneity that exists in diarrheal syndromes, in this chapter 
chronic diarrhea is defined as the loss of formed stool, an 
increase in the frequency of bowel movements, or an increase 
in total daily stool volume that persists for greater than 4 weeks.

a community water outbreak (associated with Giardia and 
Cryptosporidium), and bloody diarrhea with few or no leuko-
cytes (associated with intestinal amebiasis). Because parasitic 
excretion may be intermittent, obtaining three specimens on 
consecutive days is recommended.

Endoscopic assessment  The role of endoscopy in acute diarrhea 
is overall quite limited. The settings in which endoscopy may be 
helpful are the following [63]:
• Distinguishing IBD from infectious diarrhea (note that as 

mentioned above early IBD can present as acute diarrhea) 
although the histopathology may not be able to differentiate 
these causes

• Determining the presence of pseudomembranes in toxic 
appearing patients in order to diagnose C. difficile while 
awaiting the stool toxin assay; however, it should be noted 
that colonoscopy may be contraindicated in C. difficile 
patients due to the high risk of perforation in those with 
compromised integrity of intestine and pseudomembranes 
are not always present

• Immunocompromised patients at risk for opportunistic 
infections such as CMV.

Treatment
The mainstay of treatment for acute diarrhea is hydration. Most 
deaths from diarrhea occur because of dehydration, therefore 
the most important part of the clinical assessment of such 
patients is their fluid status followed by treatment of hypovo-
lemia and electrolyte disturbances. Severely dehydrated patients 
require intravenous fluid while those who are alert and only 
mildly dehydrated can be supported with oral rehydration, 
which is as effective as intravenous hydration in most instances 
[64]. An algorithm for a general approach to evaluating and 
treating patients with acute diarrhea is shown in Figure 41.1.

A few symptomatic treatment options also exist. Bismuth 
subsalicylate is safe and efficacious in bacterial diarrheas [63–
65]. Loperamide can also be useful and safe in patients with 
traveler’s diarrhea as long as it is not given to patients with high 
fevers or blood in stool [65–69]. Antiemetics are safe and make 
symptoms more tolerable. Probiotics can also be useful in treat-
ing traveler’s diarrhea [70]. The use of antibiotics for acute infec-
tious diarrhea is controversial [71]. Specific antibiotic 
recommendations are discussed in Chapter 62.

Complications of acute diarrheal diseases  
in adults
Guillain–Barré syndrome
Guillain–Barré syndrome (GBS) is an acute immune-mediated 
polyneuropathy resulting in ascending paralysis. A proposed 
mechanism for GBS is that an antecedent infection evokes an 
immune response whereby antibodies cross-react with periph-
eral nerve components because of molecular mimicry [72]. The 
immune response may be directed towards the axon of the 
peripheral nerve. Campylobacter jejuni is the most commonly 
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Figure 41.1 Algorithm for the diagnostic approach to acute diarrhea. CMV, cytomegalovirus; IBD, inflammatory bowel disease; i.v., intravenous; ORS, 
oral replacement solution; WBC, white blood cell count. Data from [67].
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The majority of current literature supports the division of 
diarrheal syndromes into clinically defined subgroups, includ-
ing watery, malabsorptive, and inflammatory diarrhea. Issues 
arise with this classification when a single disease presents in a 
variety of ways. For example, patients who suffer chronic 
diarrhea from a gastrinoma may present with symptoms con-
sistent with either secretory diarrhea or osmotic diarrhea. Thus, 
it is reasonable to develop a more expansive pathophysiological-

based classification divided into the following categories:  
secretory, osmotic, malabsorptive, inflammatory, prolonged 
infectious, nosocomial, and functional (Table 41.4).

Evaluation of chronic diarrhea is a common reason for refer-
ral by primary care providers to subspecialists. Aside from the 
economic impact that occurs from loss of work hours, chronic 
diarrhea is a leading cause of impairment of mental health and 
a patient’s overall quality of life [83,84]. Often times patients 
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Clinical evaluation of chronic diarrhea
The first step in the evaluation of a patient presenting with 
chronic diarrhea is to obtain a thorough history and physical 
examination with the goal of acquiring significant clues that can 
inform the differential diagnosis and further testing (Figure 
41.2). Questions related to symptomology should include estab-
lishment of stool consistency, stool frequency, presence of noc-
turnal symptoms, and weight loss. Rectal bleeding can be a sign 
of mucosal injury or may develop secondary to irritation of 
internal hemorrhoids. Important historical questions include 
any foreign or domestic travel, HIV risk factors, prior history 
of diarrheal syndromes, and family history of gastrointestinal 
disease. Special attention should be paid to current and past 
medications along with a review of prior hospitalizations, 
medical procedures, surgeries, and treatments.

The physical exam should focus on searching for extraintes-
tinal manifestations of chronic diarrheal syndromes and evi-
dence of nutritional deficiencies. Because further testing will 
depend largely on the history and physical examination, there 
is no set protocol for laboratory, radiological, and endoscopic 
testing. Initial laboratory testing typically begins with a com-
plete blood count with differential, electrolytes including renal 
function testing, liver function tests, and serum albumin with 
total protein levels. Although nonspecific, elevation of erythro-
cyte sedimentation rate and C-reactive protein levels may be 
indicative of inflammatory bowel disease, particularly in those 
patients where there is a high clinical suspicion. Low serum 
albumin levels occur in patients with poor nutritional status as 
well as those with chronic inflammatory conditions through a 
decrease in protein synthesis [87]. Testing for vitamin and 
mineral deficiencies can provide clues to the localization of 
disease (Table 41.5).

Colonoscopy with terminal ileal and colonic biopsies is rec-
ommended in patients without an established diagnosis after 
initial testing, particularly those over the age of 50 [88]. Upper 
endoscopy is useful if a malabsorptive, inflammatory, or pro-
longed infectious process is suspected. Some situations may 

must interrupt social events secondary to frequent bowel move-
ments, refrain from taking long voyages, worry about the pos-
sibility of incontinence, and hesitate to use public restrooms.

Age, comorbidities, location, and socioeconomic status 
dictate the prevalence of chronic diarrhea syndromes [85]. 
Although difficult to accurately determine, the prevalence of 
chronic diarrhea in the United States is estimated to be approxi-
mately 5% [81,86].

Table 41.4 Causes of chronic diarrhea.

Classification of diarrhea Cause

Secretory Carcinoid syndrome, VIPoma, 
gastrinoma, medullary carcinoma of 
the thyroid, bile acid diarrhea, villous 
adenoma, alcohol diarrhea, 
congenital diseases

Osmotic Carbohydrate malabsorption, 
medications, consumption of alcohol, 
sugars (refer to Box 41.3)

Malabsorptive Pancreatic insufficiency, celiac disease, 
small intestinal bacterial overgrowth

Inflammatory Inflammatory bowel disease, celiac 
disease, microscopic colitis, 
eosinophilic enteropathies, systemic 
mastocytosis, protein-losing 
enteropathy

Prolonged Infectious Whipple disease, tropical sprue (refer 
to Box 41.5)

Nosocomial Medications, dumping syndrome, 
short bowel syndrome, overflow 
diarrhea, diabetic enteropathy, 
radiation enteritis/proctitis

Functional Irritable bowel syndrome, 
postinfectious irritable bowel 
syndrome, factitious diarrhea

Figure 41.2 Initial approach to adult patient with chronic diarrhea. CBC, complete blood count.

History and physical
examination

Focus on diagnostic clues and
physical exam findings

Secretory Osmotic Malabsorptive Inflammatory Prolonged infectious Nosocomial Functional

CBC with differential, electrolytes
with renal function testing, liver

function tests, serum albumin with
total protein levels, erythrocyte

sedimentation
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mid-20th century [91]. Carcinoid tumors arise from entero-
chromaffin cells involved in the primary production and release 
of serotonin (5-hydroxytrypamine, 5-HT) along with other bio-
active hormones [92]. Excessive levels of 5-HT are converted 
systemically to 5-hydroxyindoleacetic acid (5-HIAA) by the 
enzymes monoamine oxidase and aldehyde dehydrogenase 
[93]. Midgut carcinoid tumors secrete the highest levels of 5-HT 
in comparison to their foregut or hindgut counterparts [94]. 
Measurement of urine 5-HIAA is used as an initial screen for 
patients suspected of having carcinoid syndrome. Elevated 24-h 
urinary 5-HIAA levels have a sensitivity and specificity of 90% 
or greater for carcinoid syndrome [95].

Hormones produced by primary gastrointestinal carcinoid 
tumors are hepatically metabolized, thereby keeping the 
patient free of the classical systemic manifestations associated 
with carcinoid syndrome. Although nonappendiceal small 
bowel carcinoid tumors are associated with the highest risk  
of metastasis, the majority remains clinically silent. Through 
bypass of the portal circulation, both bronchial and metastatic 
carcinoid tumors are the most common causes of carcinoid 
syndrome [96].

Typical symptoms of carcinoid tumors may vary and include 
cutaneous flushing of the chest and superior thorax, respiratory 
wheezing from histamine-induced bronchoconstriction, right 
heart failure from pulmonic and tricuspid valve disease, and 
pellagra as a consequence of niacin (vitamin B-3) deficiency 
[97–99]. Frequent watery diarrhea occurs in up to 80% of 
patients with carcinoid syndrome. Hormonal and serotonergic 
activation of intestinal transporters along with local tissue 
effects lead to increased intestinal transit thus overwhelming 
colonic absorptive capacity [100]. Diarrhea is typically man -
aged with common antidiarrheal agents such as loperamide, 
diphenoxylate/atropine, and opiates [101]. Along with its effects 
on cutaneous and cardiorespiratory symptoms, ondansetron 
may be of use in patients with severe refractory diarrhea largely 
from its effects as a serotonin receptor antagonist [102,103].

VIPoma
Vasoactive inhibitory peptide (VIP) is an important gastroin-
testinal hormone, which plays a key role in smooth muscle 
relaxation. VIP binds to calcitonin-like G-protein coupled 
receptors leading to activation of adenylyl cyclase and accumu-
lation of cyclic AMP. This ultimately induces intestinal secretion 
of water and electrolytes including sodium, potassium, chloride, 
and bicarbonate [104]. VIPomas are pancreatic non-β islet cell 
tumors that express VIP in an unregulated fashion. They can 
occur sporadically or rarely in association with multiple endo-
crine neoplasia syndrome type I (MEN I) [105]. Over activation 
of the aforementioned pathways leads to a constellation of 
symptoms associated with severe chronic watery diarrhea; 
hypokalemia was first described by John Verner and Ashton 
Morrison in 1958 [106]. The terms watery diarrhea–
hypokalemia–achlorhydria syndrome and pancreatic cholera 
describe the constellation of watery diarrhea and hypokalemia 

justify empiric treatment of patients if there is a high level of 
clinical suspicion of specific cause. For example, one may elect 
to start cholestyramine in a patient who reports chronic diarrhea 
following ileal resection or gallbladder surgery. In such situa-
tions, response to treatment affirms the diagnosis without need 
for further testing.

Secretory diarrhea
Intestinal stool output is reliant on the maintenance of equilib-
rium between the secretion and absorption of water and elec-
trolytes. Cyclic adenosine monophosphate (AMP) and cyclic 
guanosine monophosphate (GMP) pathways play a primary 
role in regulating electrolyte secretion. In the setting of acute 
infections, pathogenic enterotoxins bind to receptors that stim-
ulate these pathways leading to chloridorrhea and subsequent 
luminal fluid shifts that clinically manifest as severe watery 
diarrhea [89]. Chronically, endogenous compounds such as 
neurotransmitters, hormones, and solutes can also stimulate 
intestinal electrolyte transporters to induce secretory diarrhea.

Although clinical presentations are variable, several historical 
clues can help clinicians distinguish between secretory and 
osmotic diarrheas. Classical findings associated with secretory 
diarrhea include frequent, watery, voluminous, bowel move-
ments, night-time awakening, dehydration, altered serum  
electrolytes, and lack of response to fasting [90]. Laboratory 
findings in chronic diarrhea associated with increased electro-
lyte secretion include a stool sodium concentration greater than 
90 mmol/L and an osmotic gap less than 50 mOsm/kg. Osmotic 
gap is calculated though the equation 290  −  2  ×  (stool 
Na + stool K) (Figure 41.3).

Carcinoid syndrome
Although carcinoid tumors have been described since the late 
19th century, identification of carcinoid syndrome as a manifes-
tation of excess vasoactive substances did not occur until the 

Table 41.5 Vitamin/mineral deficiencies in patients with chronic diarrhea.

Vitamin/mineral Site of absorption

Vitamin A, D, E, K Small intestine

Vitamin B-2 (Riboflavin) Small intestine

Vitamin B-3 (Niacin) Small intestine

Vitamin B-6 (Pyridoxine) Small intestine

Vitamin B-12 (Cobalamin) Ileum

Folate Proximal small intestine

Calcium Small intestine

Magnesium Small intestine

Copper Stomach; duodenum

Zinc Proximal small intestine

Iron Duodenum
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and small bowel ulceration, 70% of patients with gastrinomas 
develop diarrhea as the initial symptom [112]. Diarrhea 
presents in one of two forms. Secretory diarrhea develops sec-
ondary to activation of channels responsible for sodium and 
water secretion in combination with increased pancreatic 
bicarbonate secretion [113,114]. Osmotic diarrhea results 
from the inability to neutralize excess acid being released into 
the lumen of the small bowel. Malabsorption of macronutri-
ents also occurs secondary to the low intraluminal pH due to 
intestinal villi damage and inactivation of pancreatic enzymes. 
For example, inactivation of pancreatic lipase prevents the 
binding of fat to bile acids [115]. The diagnosis of gastrinoma 
requires an elevated serum gastrin level. It is important to 
note, however, that a gastrin level greater than 1000 pg/mL is 
diagnostic only when found in combination with clinical 
manifestations of Zollinger–Ellison syndrome. This holds true 
because serum gastrin levels greater than 1000 pg/mL may be 
present in patients with achlorhydria secondary to atrophic 

associated with elevated VIP levels presenting along with dehy-
dration, achlorhydria, metabolic acidosis, flushing, hypercal-
cemia, and hyperglycemia [107]. The first step in the management 
of these patients is supportive care to correct fluid and electro-
lyte losses. Patients with VIPomas will have elevated VIP levels 
at least three times above the upper normal limit. Proper iden-
tification of the lesion requires imaging with computed tomog-
raphy (CT) scan, magnetic resonance imaging (MRI), or 
endoscopic ultrasound [108]. The goal of imaging is to identify 
the potential for surgical resection. Octreotide has been shown 
to be effective in controlling diarrhea in patients with VIP-
associated tumors [108–110].

Gastrinoma (Zollinger–Ellison syndrome)
As with VIP-secreting tumors, gastrinomas can occur sporadi-
cally or in association with multiple endocrine neoplasia type 
I (MEN I) syndrome [105,111] (see Chapter 57). Despite the 
awareness of gastrinomas as a rare cause of refractory peptic 

Figure 41.3 Algorithm for evaluation of secretory diarrhea. PPI, proton pump inhibitor.
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triglycerides is the therapeutic approach. Type II bile acid 
diarrhea, also known as primary bile acid malabsorption, occurs 
in the presence of histologically normal mucosa and is second-
ary to a congenital or acquired decrease in ileal bile acid recep-
tors or transporters [129].

Seventeen percent of postcholecystectomy cases develop 
type III bile acid diarrhea secondary to an increase in colonic 
exposure to bile acids typically stored in the gallbladder [130]. 
Although testing for 23-seleno-25-homo-tauro-cholic acid 
(SeHCAT) and high-performance liquid chromatography of 
serum 7-α-OH-4-cholesten-3-one (C4) can be performed to 
assess for loss of bile acids, they may not be readily available 
and are time consuming and expensive. Instead, current rec-
ommendations include an empiric trial of cholestyramine in 
any patient who presents with an unexplained secretory 
diarrhea [131].

Congenital chloride diarrhea
Congenital chloride diarrhea is a rare autosomal recessive  
disorder caused by a mutation of the gene SLC26A3 on 
chromosome 7. This mutation renders ileal and colonic Cl−/
HCO3− transporters defective thus leading to inadequate chlo-
ride absorption [132]. Congenital chloride diarrhea was first 
described by Gamble and Darrow in 1945 when evaluating 
infants whose severe diarrhea contained unusually high concen-
trations of chloride accompanied by systemic hypochloremia, 
metabolic alkalosis, and hypokalemia [133,134]. Diagnosis is 
typically suspected prenatally with findings of polyhydramnios 
on ultrasound and confirmed upon findings of excessive fecal 
chloride concentrations [135,136]. Treatment consists of high-
dose chloride supplementation to allow for passive chloride 
absorption along with control of chloridorrhea by decreasing 
gastric chloride secretion with the use of proton pump inhibi-
tors [137,138].

Villous adenoma
Villous adenomas account for 5%–10% of all adenomatous 
polyps [139, 140]. Although the majority of villous adenomas 
remain asymptomatic, a rare subset can cause severe secretory 
diarrhea leading to hypovolemia with acute renal failure, 
hyponatremia, hypokalemia, metabolic acidosis, and confusion 
[141]. Excess fluid and electrolyte secretion is thought to develop 
as a consequence of an elevation in prostaglandin E2 and ade-
nylate cyclase activity [141–143]. Secretory villous adenomas 
are typically large and located in the rectosigmoid colon where 
they produce an excessive amount of mucus from hyperstimu-
lated goblet cells [140,144]. Management of secretory villous 
adenomas includes fluid and electrolyte resuscitation with a 
plan for adenoma removal by either endoscopic polypectomy, 
endoscopic mucosal resection, or surgery [145]. Medical man-
agement with indomethacin is aimed at decreasing of fluid and 
electrolyte loss through inhibition of prostaglandin synthesis 
[146].

gastritis. Endoscopically, 94% of gastrinoma cases have evi-
dence of thickened gastric folds [111]. Patients for whom 
there is a high level of clinical suspicion for Zollinger–Ellison 
syndrome but have serum gastrin levels less than 1000 pg/mL 
should undergo secretin stimulation testing. Secretin is a 
hormone produced by the small intestine that binds primarily 
to pancreatic G-protein coupled receptors [116]. Under 
normal physiological conditions, secretin stimulates pancre-
atic fluid secretion and inhibition of gastrin release [117]. In 
an unexplained physiological phenomenon, administration of 
secretin in patients with a gastrinoma leads to an increase in 
serum gastrin levels.

Medullary carcinoma of the thyroid
Thyroid medullary carcinomas are rare malignancies associated 
with multiple endocrine neoplasia type II (MEN II) syndrome 
that account for only 4% of thyroid gland tumors [118,119]. 
They are classified as neuroendocrine tumors originating from 
parafollicular C cells involved in calcium level regulation by 
secretion of the hormone calcitonin [120,121]. Medullary car-
cinomas excrete excessive levels of calcitonin and calcitonin 
gene related peptide. Activation of G-coupled calcitonin recep-
tors in the small bowel causes a secretory diarrhea secondary to 
secretion of water and electrolytes [122,123]. This can be propa-
gated by the release of other intestinal secretogogues such as 
prostaglandins, VIP, substance P, serotonin, and kallikrein 
[124]. Release of these hormones leads to the development of 
extraintestinal manifestations such as flushing. Measurement of 
serum calcitonin levels can be obtained but the gold standard is 
fine needle aspiration of a thyroid nodule with calcitonin immu-
nohistochemical staining [122,124].

Bile acid diarrhea
After fat emulsification, 95% of bile acids are reabsorbed in the 
terminal ileum for reincorporation into the enterohepatic cir-
culation [125]. Colonic bacterial metabolism of unabsorbed bile 
acids is responsible for the development of the brown color 
associated with normal stool. Excess bile acids in the colonic 
lumen escape absorption and undergo bacterial deconjugation. 
Dihydroxy bile salts stimulate colonic secretion of fluid  
and electrolytes clinically manifesting as secretory diarrhea 
[125,126]. Three types of bile acid diarrhea are described. Type 
I is secondary to ileal bypass of bile acids from surgical resection 
of less than 100 cm of ileum or from severe mucosal inflamma-
tion as in Crohn’s ileitis [127]. This must be differentiated from 
steatorrhea, which occurs with the loss of greater than 100 cm 
of ileum. In this case, hepatic synthesis cannot product suffi-
cient bile salts to maintain the intraluminal pool and fatty acids 
stimulate intestinal secretion and thus diarrhea. It is important 
to differentiate between type I and type II bile-induced diarrhea 
because patients with type I bile acid diarrhea respond to fasting 
and empiric treatment with cholestyramine, which may worsen 
diarrhea associated with fatty acid malabsorption [128]. In the 
latter case, a low-fat diet supplemented with medium-chain 
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gases causes bloating, flatulence, and abdominal pain. Colonic 
metabolism of undigested carbohydrates and production of 
short-chain fatty acids act as organic anions diagnosed clinically 
as a low stool pH (pH<6) [156].

Classically, patients suffering from osmotic diarrhea report 
having loose stools that improve or resolve with fasting. Because 
of this, nighttime symptoms are rare and patients may even 
report food avoidance prior to long trips in an effort to avoid 
diarrhea. An in-depth clinical history, including establishment 
of exacerbating factors, foods, and medications, is critical when 
evaluating a patient suffering from osmotic diarrhea. Among 
other factors, excess ingestion of sorbitol in patients adhering 
to diabetic diets and those consuming excessive amounts of low 
calorie sodas and sugar free gum should be considered.

Identification and elimination of causative agents are critical 
for the treatment of patients suffering from osmotic diarrhea. 
Education regarding dietary modifications can be helpful to 
avoid relapse or persistent symptoms. When elimination diets 
do not yield an adequate clinical response, laboratory testing 
provides objective evidence. Breath testing can be a useful tool 
when evaluating patients who are thought to suffer from disac-
charide maldigestion. This procedure involves administering a 
dose of lactose or fructose after an 8 to 12-hour fast, then meas-
uring expired hydrogen or methane levels every 15–30 min for 
a minimum of 2–3h. Hydrogen levels 10–20 ppm greater than 
the measured basal levels indicate positive testing and thus mal-
absorption [157]. Although hydrogen breath testing is highly 
sensitivity and specificity, false-positive results can occur in the 

Alcohol diarrhea
Alcohol abuse is associated with multiple gastrointestinal dis-
eases including alcohol-related gastritis, gastroesophageal reflux 
disease, pancreatic disease, and liver disease. Perhaps an under-
reported phenomenon is alcohol’s effects on intestinal mucosa 
leading to diarrhea. Acutely, excess alcohol consumption can 
lead to an inflammatory response causing epithelial and micro-
vascular damage [147,148]. One common cause of diarrhea 
relates to the effects of nonalcohol components including those 
containing high levels of wheat or rye products leading to 
symptom provocation in patients suffering from celiac disease. 
Chronic alcohol consumption can also cause cytotoxic endothe-
lial cell damage within the small intestine leading to villous 
blunting [149]. Other potential causes of diarrhea include bac-
terial overgrowth, decreased intestinal disaccharidase activity, 
and increased propulsive contractions leading to rapid intestinal 
transit [150–152]. Reversal of diarrhea related to alcohol con-
sumption typically occurs with abstinence.

Osmotic diarrhea
The process of osmosis describes the flow of water across a 
semipermeable membrane from an area of hypotonicity towards 
an area of hypertonicity. The central mechanism of an osmotic 
diarrhea revolves around the osmotic reaction that occurs sec-
ondary to a nonabsorbable intraluminal substrate. An osmolar 
gap develops and subsequently the severity of the gap deter-
mines the degree of fluid shift as an effort to maintain an osmo-
larity equal to plasma (290 mOsm/kg). Stool osmotic gap is 
calculated through the formula 290 mOsm/kg H2O − 
2[Na+  +  K+] mM. Classic findings include the presence of a 
high stool osmotic gap (>100 mOsm/kg), representing the pres-
ence of nonelectrolyte solutes. Passive and ion-channel related 
sodium absorption occurs at the colonic lumen in an effort to 
promote water reabsorption [153]. This process is responsible 
for the characteristic laboratory finding of a low stool sodium 
level (<60 mmol/L). Measurement of stool osmotic gap and 
stool sodium concentration is necessary when attempting to 
distinguish between a secretory and osmotic cause of chronic 
diarrhea (Figure 41.4).

Common causes of osmotic diarrhea are described in Box 
41.3. Ingestion of nonabsorbable ions such as magnesium, phos-
phorus, and sulfate accounts for a common cause of osmotic 
diarrhea. Purposeful induction of osmotic diarrhea for the 
treatment of chronic constipation occurs with ingestion of milk 
of magnesium and magnesium citrate. Patients suffering from 
dyspepsia, reflux, and peptic ulcer disease may develop diarrhea 
as an unexpected side-effect of over ingestion of magnesium-
containing antacids. Lactose intolerance is frequently encoun-
tered as a benign cause of chronic osmotic diarrhea [154]. 
Unlike monosaccharides, disaccharides require breakdown into 
fructose or lactose by small bowel brush border enzymes. In 
patients with lactase deficiency, undigested sugars are metabo-
lized by colonic bacteria into short-chain fatty acids, carbon 
dioxide, and hydrogen [155]. Production of these intestinal 

Figure 41.4 Algorithm for evaluation of osmotic diarrhea.
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in chronic pancreatitis. Regardless of the etiology of chronic 
pancreatitis, pancreatic insufficiency occurs upon destruction 
of greater than 90% of acinar cells and pancreatic lipase produc-
tion of less than 10% of normal [163]. In addition to steatorrhea, 
symptoms of pancreatic insufficiency become evident through 
the clinical findings associated with fat malabsorption including 
weight loss, fat-soluble vitamin deficiencies, and steatorrhea 
[164]. Further tests indicating the presence of pancreatic  
insufficiency include a fecal elastase of less than 100 μg/g 
[165]. Imaging, including plain abdominal films, CT, and MRI, 
may reveal the presence of classic features of chronic pancrea-
titis including pancreatic calcifications and ductal dilation. 
Pancreatography with magnetic resonance cholangiopancrea-
tography or endoscopic retrograde cholangiopancreatography 
(ERCP) offers an opportunity to better evaluate for pancreatic 
duct changes when imaging is nondiagnostic and, in the case of 
ERCP, provides the opportunity for therapeutic intervention. 
Endoscopic ultrasound also provides a reliable tool for evaluat-
ing parenchymal and ductal changes in patients with chronic 

Box 41.3 Common causes of osmotic diarrhea.

Medications
Lactulose, laxatives (magnesium citrate, magnesium phosphate, milk 
of magnesia, magnesium sulfate, sodium phosphate, polyethylene 
glycol), excessive magnesium supplementation, magnesium 
antacids, vitamin C

Carbohydrates (caused by enzyme deficiency)
Lactose, fructose, maltase, sucrase, trehalase

Alcohol sugars
Sorbitol, mannitol, xylitol

Figure 41.5 Evaluation of malabsorptive diarrhea. PPI, proton pump 
inhibitor; SIBO, small intestinal bacterial overgrowth.
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presence of other diseases affecting carbohydrate digestion  
such as bacterial overgrowth, chronic pancreatitis, and celiac 
disease [158].

Malabsorptive diarrhea
Malabsorption is the lack of uptake of intraluminal nutrients 
across the intestinal epithelium and transport into the blood-
stream. Maldigestion, on the other hand, refers to a dysfunction 
in the processing of nutrients into absorbable compounds. 
Although a variety of conditions cause malabsorption, this 
section concentrates on diseases that manifest as diarrhea.  
An algorithm outlining an approach to evaluating patients 
believed to suffer from intestinal malabsorption can be found 
in Figure 41.5.

Under normal physiological conditions, an adult absorbs 
93%–97% of ingested fats as long as the total intake does not 
surpass 200 g per 24 h [159]. Steatorrhea is defined physiologi-
cally as stool fat exceeding 7 g per 24 h and clinically by the 
presence of gross fat in stool [160]. The stool of patients with 
steatorrhea is typically described as greasy, floating, foul smell-
ing, and with or without fat droplets. Screening of stool samples 
by Sudan III staining can indicate the presence of steatorrhea 
but this must be confirmed by quantitative fecal fat testing 
[160]. Fecal fat testing requires the ingestion of a diet contain-
ing 100 g of fat per day for 3 days followed by a 3-day collection 
of stool [161]. Determination of neutral versus split fats is 
helpful in determining the cause of steatorrhea. Neutral fats are 
detected in the presence of pancreatic disease while increased 
split fats are present if there is impairment of intestinal fat 
absorption [159].

Pancreatic insufficiency
Pancreatic exocrine production of lipase and protease is essen-
tial for the adequate digestion of fat and protein. In patients with 
cystic fibrosis, mutation of cystic fibrosis transmembrane con-
ductance regulator leads to defective pancreatic ductal cell chlo-
ride and fluid secretion. This results in the development of thick 
and viscous pancreatic secretions that can cause obstruction of 
the pancreatic ducts [162]. Longstanding obstruction of the 
pancreatic duct induces an inflammatory response that may 
destroy pancreatic acinar cells and stimulate fibrosis resulting 
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maldigestion of carbohydrates [173]. Commonly associated 
findings include megaloblastic anemia secondary to bacterial 
consumption of vitamin B-12 [174]. On the other hand, bacte-
rial folate synthesis can result in elevated serum folate levels 
[175]. Diagnosis of bacterial overgrowth relies on indirect 
measures such as carbohydrate or [14C]-d-xylose breath testing, 
given the myriad of technical limitations with jejunal aspirate 
cultures [176]. Patients with predisposing conditions and clini-
cal findings suggestive of bacterial overgrowth may benefit from 
an empiric trial of antibiotics. Recommended antibiotic regi-
mens include penicillin, cephalosporins, tetracycline, and met-
ronidazole [177]. Despite the plethora of antibiotic treatment 
options, nonabsorbable rifaximin was reported to be superior 
to tetracycline derivatives and metronidazole for short-term 
treatment of SIBO [168,178,179].

Inflammatory diarrhea
Chronic inflammatory diarrhea results from the activation of 
intestinal inflammatory mediators leading to excessive cytokine 
production that disrupts epithelial function and integrity. 
Depending on the cause, location, and degree of mucosal 
inflammation, patients can present with a wide array of symp-
toms ranging from bloody diarrhea in colonic inflammatory 
bowel disease, to chronic malabsorption from celiac disease. 
Determining the diagnosis relies on historical clues in combina-
tion with laboratory values and histology (Figure 41.6). Stool 
cultures, evaluation for ova and parasites, and Clostridium diffi-
cile testing should be obtained to rule out chronic infectious 
etiologies (Box 41.5). Endoscopy with biopsies is warranted in 
patients with persistent symptoms, negative initial testing, and 
when there is a high index of suspicion for mucosal disease or 
infection [180].

Inflammatory bowel disease
The human gut harbors a unique microbiota integral to the 
digestive process, nutrient production, host defense, etc. Host 
intolerance to the intestinal microbiota, likely driven by specific 
genetic backgrounds, results in an immune response that is 
believed to contribute to the development of inflammatory 
bowel disease. These theories are supported by the identification 
of specific mutations in genes (such as nucleotide oligomeriza-
tion domain 2 [NOD2], the autophagy gene ATG16L1, and the 
interleukin-23–type 17 helper T-cell pathway) that result in the 
dysfunctional handling of the intestinal microbiota by the intes-
tinal epithelium [181]. Continuous inflammatory disease con-
fined to the colon involving the mucosa and submucosa is 
pathognomonic for ulcerative colitis. Crohn’s disease is charac-
terized by transmural inflammation that can involve any site 
along that gastrointestinal tract while sparing the rectum. Both 
diseases can include extraintestinal manifestations involving the 
joints (seronegative spondyloarthropathies, ankylosing spond-
ylitis, sacroiliitis), skin (pyoderma gangrenosum, erythema 
nodosum), and eyes (episcleritis, uveitis), amongst others (see 
Chapters 71 and 72).

pancreatitis [166]. Management includes initiation of a diet 
meeting the daily recommended nutritional fat content in com-
bination with pancreatic enzyme replacement [165,167].

Small intestinal bacterial overgrowth
The microbiota of the small and large intestine differ in both 
bacterial species present and the concentration of bacteria. 
While the colonic bacterial load can reach a concentration of 
1012 colony-forming units (CFU)/mL, several protective mecha-
nisms maintain a reduced bacterial load, approximately 
103 CFU/mL, in the small intestine [168]. Aside from innate 
small intestinal immunological defenses, bactericidal salivary 
and gastric fluid decrease the bacterial content of food prior to 
duodenal arrival [169,170]. Also, the mean transit time through 
the small intestine, approximately 84 min, allows for frequent 
bacterial clearance while bile acids and intestinal mucosal secre-
tions play a key role in limiting bacterial proliferation [171,172]. 
A condition that disrupts any of the aforementioned protective 
mechanisms places an individual at risk for the development of 
bacterial overgrowth (Box 41.4). Common symptoms of small 
intestinal bacterial overgrowth (SIBO), bloating, flatulence, and 
abdominal pain, occur as a consequence of bacterial carbohy-
drate metabolism. The increased concentration of small intesti-
nal bacteria can induce an inflammatory response resulting in 
enterocyte damage and villous blunting [168]. Because of the 
histological and pathological heterogeneity that exists in patients 
with SIBO, diarrhea may be secondary to fat malabsorption or 

Box 41.4 Conditions associated with small intestinal bacterial 
overgrowth.

Decreased motility/stasis
Scleroderma
Celiac disease
Irritable bowel syndrome
Diabetes
Cirrhosis with portal hypertension
Chronic renal disease
Surgical blind loops
Small bowel diverticulosis
Acute pancreatitis
Elderly patients

Anatomic obstruction
Strictures (Crohn’s disease, radiation, nonsteroidal 
antiinflammatories, surgical)
Malignant tumors (carcinoid tumors, adenocarcinoma, lymphomas, 
sarcoma)
Benign tumors (adenomas, lipomas, leiomyoma)

Mechanisms that allow bacterial for alteration in bacterial load
Fistulous connections
Gastric surgery
Surgery involving resection of the ileocecal valve
Hypochlorhydria
Chronic use of proton pump inhibitors
Immune deficiency (IgA deficiency, acquired immune deficiency 
syndrome, common variable immunodeficiency)
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41.6). There is also evidence of a disturbance in the normal 
absorption and secretion of electrolytes in patients with IBD 
[153]. The primary defect seems to be in the reduced capacity 
for sodium and chloride absorption, rather than increased 
secretion [182]. In addition, tumor necrosis factor (TNF) acti-
vates myosin light chain kinase, which phosphorylates myosin 
light chain thus stimulating contraction of the perijunctional 
tight junction actomyosin ring, thus rendering tight junctions 
more leaky. Dysfunctional tight junctions prevent the efficient 
absorption of fluid and electrolytes across a chemical gradient 
leading to excess fluid in the intestinal lumen [183].

Celiac disease
Vincent Ketelaer, a 17th century Dutch physician coined the 
word “sprouw” to describe oral inflammation thought to be 

Figure 41.6 Approach to assessment of inflammatory diarrhea. IBD, inflammatory bowel disease.
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Box 41.5 Causes of chronic infectious diarrhea.

Bacterial
Campylobacter, Salmonella, Aeromonas, Plesiomonas, Clostridium 
difficile, Tropheryma whipplei, Enteropathogenic Escherichia coli, 
Yersinia enterocolitica
Mycobacterium: aMycobacterium tuberculosis, Mycobacterium 
avium intracellulare

Protozoa
Giardia, amebiasis, Cryptosporidiuma, Microsporidiaa, Isospora, 
Cyclospora, blastocytosis

Viral
CMVa, HSVa, HIVa

Fungal
Candida, Histoplasma, coccidiomycosis

Parasitic
Schistosoma, Diphyllobothrium

Unknown etiology
Tropical sprue, Brainerd diarrhea

a HIV associated.

Diarrhea in ulcerative colitis is typically bloody and can occur 
with or in the absence of abdominal pain. Patients with rectal 
involvement may relate a sensation of incomplete stool voiding 
known as tenesmus. Gastrointestinal symptoms are variable in 
Crohn’s disease and largely depend on the area affected (Table 

Table 41.6 Crohn’s disease-related diarrhea.

Cause or site of disease Dysfunction

Ileum Steatorrhea, bile salt diarrhea

Small bowel strictures Bacterial overgrowth

Small intestine Lactose intolerance

Surgical resection Short bowel syndrome
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tological features of lymphocytic colitis accompanied by the 
formation of a subepithelial collagen band greater the 7 μm in 
size (normal 1–7 μm) [199]. Chronic inflammation leads to 
destruction of the surface epithelium and in the case of colla-
genous colitis, the loss of epithelium above the collagenous zone 
[200,201]. The aforementioned colonic epithelial changes are 
associated with defects in electrolyte transporters as well as 
perturbation of intestinal epithelial tight junctions believed to 
contribute to diarrhea through the loss of electrolyte-rich fluid 
that manifests clinically as chronic watery diarrhea [201]. 
Although the exact etiology of this disease has not been estab-
lished, there appears to be a relationship between the presence 
of microscopic colitis and the use of nonsteroidal antiinflamma-
tory drugs, proton pump inhibitors, and selective serotonin 
inhibitors [197,202–205]. An association between coexisting 
celiac disease and microscopic colitis has also been established 
[206]. Initial treatment includes avoidance of possible causative 
medications along with use of medications such as bismuth 
subsalicylate, cholestyramine, and budesonide [205,207].

Eosinophilic enteropathies
Despite an increase in the clinical understanding, awareness, 
and management of eosinophilic gastrointestinal disorders in 
adults, the definitive cause of this condition is still debated. 
Eosinophil-predominant inflammation of greater than 20 eosi-
nophils per high power field is associated with diarrheal symp-
toms when involving small bowel or colonic mucosal layers 
[208]. Patients may develop additional symptoms such as vom-
iting, nausea, weight loss, and intermittent bowel obstruction if 
there is involvement of the deeper muscular and serosal layers. 
Half of patients who develop eosinophilic gastroenteritis report 
a history of food allergies with some patients exhibiting periph-
eral eosinophilia, elevated serum IgE levels, asthmatic symp-
toms, or eczema [208,209]. Diagnosis involves exclusion of 
parasitic infections and acquisition of multiple endoscopic 
biopsies. Initial treatment with a six-food elimination diet for 6 
weeks has been shown to provide symptomatic and histological 
remission in these patients [210]. Patients who do not respond 
or fail to adhere to an elimination diet should be started on 
20–40 mg of prednisone and tapered based on their clinical 
response. Those who relapse after initial treatment should be 
retreated and maintained on 5–10 mg of prednisone daily [211]. 
Concerns over the short and long-term effect of glucocorticoid 
therapy have led to further studies investigating the effects of 
alternative treatments. Positive outcomes have been reported 
with use of the leukotriene antagonist montelukast, oral dosing 
of the mast cell mediator cromolyn, and the interleukin-5 mon-
oclonal antibody omalizumab [212–214].

A non-IgE-mediated process involving a CD4+ T helper 
(Th2) lymphocyte response is thought to be the pathogenic 
factor leading to eosinophilic colitis [215]. Diagnosis is predi-
cated on attainment of biopsies. Endoscopic findings range 
from normal-appearing mucosa to colitis with erythema,  
ulcerations, and loss of mucosal vascular pattern [216]. Because 

secondary to stomatitis [184]. Celiac disease was first described 
in 1888 by English pediatrician Samuel Gee and further inves-
tigated by Dutch pediatrician Willem Dicke and colleagues after 
he noted an improvement in children with chronic diarrhea 
after elimination of breads, which had become sparse during the 
occupation in World War II [185]. In the following years, the 
etiology of celiac disease was identified with the discovery of 
gluten, a protein found in products containing wheat, barley, 
and rye. Gluten contains an undigestible gliadin component 
that is responsible for an inflammatory immune reaction after 
passage through intestinal epithelial cells (see Chapter 64). This 
inflammatory response is characterized by activated intraepi-
thelial lymphocytes that in turn lead to epithelial cell destruc-
tion [186]. These changes may manifest endoscopically as 
scalloped mucosa, decreased epithelial folds, a mosaic mucosal 
pattern, and mucosal nodularity [187]. Histopathologically, 
celiac disease is graded based the presence of intraepithelial 
lymphocytes with or without crypt hyperplasia and villous 
atrophy [188].

Clinical manifestations typically correlate with the severity of 
intraepithelial inflammation. Less than 50% of patients with 
celiac disease develop diarrheal syndromes and may present 
only with extraintestinal manifestations of the disease such as 
dermatitis herpetiformis, arthropathy, peripheral neuropathy, 
iron-deficient anemia, and elevated liver function tests [189]. In 
patients who present with diarrhea, symptoms are dependent 
on which portions of small bowel are affected. Malabsorption 
of nutrients can occur secondary to loss of surface area and 
intestinal enzymes from villous atrophy. Those who develop 
steatorrhea are thought to have coexisting defects in pancreatic 
enzyme production and bile salt secretion [190,191]. An osmotic 
form of diarrhea can develop in patients who develop lactose 
intolerance secondary to duodenal mucosal injury and, in one 
study, 24% of patients with lactose intolerance had coexisting 
celiac disease [192]. The initial work-up for celiac disease 
includes obtaining both IgA and IgG tissue transglutaminase 
antibodies as there is a higher prevalence of IgA deficiency 
amongst celiac disease patients compared to the general popula-
tion (2.5% vs 0.2%) [193]. Except in patients with dermatitis 
herpetiformis shown to have granular IgA deposits in the 
dermis, all patients with positive serological testing should 
undergo endoscopy with the intent of obtaining a minimum of 
four biopsies from the first and second portion of the duode-
num [194,195]. The mainstay of treatment continues to be 
maintenance of a gluten-free diet.

Microscopic colitis
Increased awareness of microscopic colitis as a cause of chronic 
watery diarrhea helps to explain the increase in prevalence since 
its description [196–198]. The term microscopic colitis is broad 
and used to define two conditions. Lymphocytic colitis denotes 
the presence of a lymphocyte-predominant mixed inflamma-
tory condition with intraepithelial lymphocyte counts greater 
than 20 per high power field. Collagenous colitis includes his-
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nosis of Whipple disease [236]. The current standard of 
treatment includes the use of antibiotics capable of crossing the 
blood–brain barrier. Initiation of therapy with parental strepto-
mycin along with penicillin G or ceftriaxone for 2 weeks fol-
lowed by oral trimethoprim-sulfamethoxazole for 1–2 years is 
one recommended regimen [237]. Given the organism’s ability 
to survive in phagosomes secondary to vacuole acidification, 
the recommended treatment of patients without neurological 
symptoms includes dual therapy with doxycycline and hydroxy-
chloroquine [237,238].

Tropical sprue
Typically affecting longstanding travelers to tropical regions 
around the world, tropical sprue is a rare condition of unknown 
etiology described in the early 19th century when British sol-
diers stationed in India became afflicted with a severe form of 
diarrhea named diarrhea alba for its characteristic white color 
[239]. It is now understood that these findings occur secondary 
to steatorrhea accompanied by abdominal pain, bloating, weight 
loss, and megaloblastic anemia from vitamin B-12 and folate 
deficiency [240]. Affected patients are inhabitants or travelers 
to endemic countries in the Caribbean, Central America, South 
America, and Southeast Asia [241]. The pathogenic organism is 
unknown and assumed to be bacterial [242]. Endoscopic and 
histological findings resemble those found in patients with 
celiac sprue but without the classic serological findings. 
Assessment for HLA-DQ2 and HLA-DQ8, found in 95% of 
patients with celiac disease, can be useful in excluding celiac 
disease especially amongst travelers to endemic countries [243]. 
Antibiotic treatment with tetracycline and folate replacement 
for 3–6 months are recommended for patients with a history of 
travel to endemic regions and clinical findings after exclusion 
of celiac disease and infectious causes of diarrhea [242].

Nosocomial diarrhea
Medication-induced diarrhea
With over 700 potentially causative medications (list of  
common offenders can be found in Box 41.6), establishment of 
drug-induced diarrhea can be challenging if not clearly estab-
lished in the initial patient history [244]. Factors that may come 
into play include lack of familiarity with certain medications 
and unawareness of diarrhea as a possible side-effect. Often 
times, investigation of a medication-induced condition occurs 
after an extensive negative work-up, especially in elderly patients 
and those with multiple comorbidities [245]. In an effort to 
avoid a potentially unnecessary, costly, extensive, and often 
invasive work-up, it is recommended that careful evaluation of 
the patient’s medication list be performed on the initial consul-
tation visit.

The causes of medication-related chronic diarrhea are diverse 
and can best be explained through a mechanistic subclassifica-
tion system. Commonly encountered mechanisms include the 
development of osmotic and secretory diarrhea with the use of 
medications intended for treatment of constipation. Along with 

eosinophilic colitis is less commonly IgE mediated, elimination 
diets are not as efficacious and management typically involves 
the use of steroid agents such as prednisone and budesonide 
[216–220].

Systemic mastocytosis
Gastrointestinal manifestations are common in patients with 
systemic mastocytosis and are due to organ damage resulting 
from mast cell infiltration [219]. Common symptoms include 
abdominal pain, nausea, and vomiting, with diarrhea occur-
ring in 43% of patients [220]. Diarrhea in these patients occurs 
secondary to villous blunting leading to malabsorption and 
steatorrhea [221]. Other mechanisms that could contribute to 
villous damage and diarrhea include histamine-induced excess 
gastric acid production and increased intestinal transit 
[219,222]. Gastrointestinal symptoms occur in conjunction 
with other disease manifestations such as facial flushing, 
itching, and urticaria [220]. Symptomatic treatment includes 
the use of antihistamines, proton pump inhibitors, the mast 
cell mediator cromolyn sodium, and the antileukotriene drug 
montelukast [221,223]. Use of systemic or targeted steroids 
such as budesonide is recommended for treatment of diarrheal 
symptoms [224].

Prolonged infectious diarrhea
Whipple disease
An aura of mystery has surrounded Whipple disease from the 
time George Hoyt Whipple introduced “intestinal lypodystro-
phy” to the medical community in 1907 [225]. The causative 
organism, Tropheryma whipplei, is a unique Gram-positive rod-
like bacilli that affects tissues both intra- and extracellularly 
[226]. The development of chronic infection appears to occur 
from defects in the host immune response, particularly macro-
phage, monocyte, and T helper (Th1) cell function [227]. A 
systemic disease known for typically affecting Caucasian males 
over the age of 40, Whipple disease is characterized by migra-
tory arthralgias with gastrointestinal manifestations of chronic 
diarrhea, abdominal pain, and weight loss [228,229]. 
Neurological manifestations occur alone or in combination 
with gastrointestinal disease and include the onset of dementia, 
oculomotor dysfunction, myoclonus, and cerebellar ataxia 
[230]. Cardiac involvement can lead to congestive heart failure, 
pericarditis, and endocarditis as a result of chronic valvular 
inflammation and fibrosis [231]. Endoscopic findings on upper 
endoscopy include mucosal congestion with erosions and 
whitish-yellow plaques. Multiple small bowel biopsies are nec-
essary to establish the diagnosis and histological findings 
include villous atrophy with periodic acid–Schiff stain-positive 
foamy macrophages in the lamina propria [232,233]. Stool and 
salivary polymerase chain reaction (PCR) testing are useful 
adjuncts to the initial diagnostic work-up while serum and cer-
ebrospinal fluid monitoring is helpful in assessing the treatment 
response [234,235]. Immunofluorescence staining for the pres-
ence of IgM antibodies also offers a greater sensitivity for diag-
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Short bowel syndrome
Small bowel dysfunction or extensive resection leaving less 
than 200 cm of viable tissue predisposes patients to the devel-
opment of short bowel syndrome [251]. The consequences of 
this degree of small bowel loss by either surgical resection or 
mucosal damage include the malabsorption of fluids, bile 
salts, nutrients, and electrolytes, manifesting clinically as 
severe diarrhea with dehydration, weight loss, and electrolyte 
imbalances [252]. Diarrheal symptoms depend on the site 
and extent of affected tissue and can be augmented by the 
development of rapid intestinal transit, acid hypersecretion, 
and bacterial overgrowth [253]. Common acquired causes of 
short bowel syndrome include surgical resection from Crohn’s 
disease, trauma, ischemia, and radiation injury. Associated 
congenital diseases include necrotizing enterocolitis, small 
bowel atresia, gastroschisis, and aganglionosis [251]. Dietary 
management also depends on the severity of the disease and 
ranges from dietary modifications to the need for total 
parenteral nutrition (TPN) in patients with less than 60 cm of 
small bowel [254] (see Chapter 67). Medical management of 
diarrhea includes the use of loperamide, opiates, opiate ago-
nists, and octreotide subcutaneous injections [253]. Treatment 
of small intestinal bacterial overgrowth should be performed 
in susceptible patients while bile acid resins are beneficial 
only in patients with ileal resection of less than 100 cm [252]. 
Small bowel transplantation is an option for patients requir-
ing lifelong TPN who either fail to meet adequate hydration 
or develop TPN-related complications, including catheter-
related infections, cholestatic liver disease, or central vein 
thrombosis [255]. TPN-dependent patients treated with the 
glucagon-like peptide-2 analog teduglutide, have shown 
promising results in decreasing both diarrheal symptoms and 
TPN requirements [256].

Overflow diarrhea
Overflow diarrhea from severe constipation typically presents 
as incontinence when relaxation of the internal anal sphincter 
leads to passage of liquid stool contents [257]. The appearance 
of liquid stool often causes patients to report their symptoms 
as diarrheal in nature. Ascertainment of a prior longstanding 
history of constipation and incomplete evacuation unrespon-
sive to aggressive laxative treatment is crucial to establishing 
the diagnosis. Risk factors associated with development of 
overflow diarrhea include elderly nursing home residents, indi-
viduals with severe neurological disorders, use of chronic nar-
cotics, and patients with pelvic floor dysfunction [258]. Manual 
disimpaction of retained stool may be necessary if there is 
failure after treatment with hydration, fiber supplementation, 
osmotic laxatives, enemas, and suppositories. Distal colorectal 
cancers may also be accompanied by alternating episodes of 
constipation and diarrhea as stool leaks through a luminal 
obstruction. Associated symptoms can include rectal bleeding, 
weight loss, abdominal pain, and in severe cases may evolve to 
colonic obstruction [259].

antibiotic use, patients on chronic proton pump inhibitors are 
at risk for development of C. difficile infection [246]. Less 
common drug-related pathophysiological phenomena are now 
being recognized. For example, olmesartan has been shown to 
cause villous atrophy much like that associated with celiac 
disease, accounting for up to 22% of idiopathic cases of sprue 
[247]. Understandably, treatment of the majority of these condi-
tions involves discontinuation of the offending agent.

Dumping syndrome
Dumping syndrome occurs in up to 10% of patients who 
undergo gastric surgery [248]. Denervation and gastric ana-
tomical changes lead to an increase in small bowel delivery of 
hyperosmolar solutes creating large fluid shifts. This in turn 
causes a release of gastrointestinal hormones, including VIP, 
peptide YY, and glucagon-like peptide, leading to a constellation 
of gastrointestinal and vasomotor symptoms including diarrhea, 
flushing, sweating, abdominal pain, bloating, and palpitations 
[248]. Diagnosis can typically be established in patients who 
report a history of a gastric surgery in conjunction with classic 
symptoms. Dietary changes are the first line of therapy and 
include avoidance of simple carbohydrates and liquids with 
meals while increasing intake of fiber, protein, and complex 
carbohydrates [248]. Refractory cases can be managed with sub-
cutaneous somatostatin or surgical revision [248–250].

Box 41.6 Medications known to cause diarrhea.

Antiarrythmics
Digitalis, procainamide, quinidine

Antihypertensives
Furosemide, hydrochlorothiazide, acetazolamide, ethacrynic acid

Cholesterol
Cholestyramine, clifibrate, gemfibrozil, statins

Central nervous system
Alprazolam, meprobamate, levodopa, anticholinergic drugs, 
fluoxetine, lithium, tacrine

Endocrine
Metformin, synthroid

Gastrointestinal
Proton pump inhibitors, histamine-2 blockers, magnesium antacids, 
misoprostol, ursodeoxycholic acid, chenodeoxycholic acid, lactulose, 
cathartics, sorbitol, 5-aminosaliccylic acids, tetrahydrolipstatin, 
phenolpthalein, anthraquinone, bisacodyl, oxyphenisatin, senna, 
aloe, castor oil, dioctyl sodium, sulfosuccinate

Musculoskeletal
Auranofin, ibuprofen, mefenamic acid, naproxen, phenylbutazone

Respiratory
Theophylline

Ocular
Timolol

Antibiotics
Amoxicillin, cephalosporins, clindamycin, neomycin, tetracycline

Chemotherapy
5-fluorouracil, irinotecan, capecitabine

Vitamins/minerals
Vitamin C, magnesium
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United States with similar rates in most European countries (see 
Chapter 75) [275,276]. Because of these epidemiological find-
ings, IBS must be included in the differential diagnosis of any 
patient who presents for evaluation of chronic abdominal  
pain in conjunction with a change in bowel habits. Despite its 
prevalence and adverse impact on quality of life, little is  
known regarding its etiology [277]. It is presumed that the 
mechanisms which predispose an individual to develop IBS are 
multifactorial. Current findings include a predisposition to 
altered gastrointestinal motility, evidence of increased visceral 
hypersensitivity, and chronic low-grade mucosal inflammation 
[278–281]. Currently, the diagnosis of IBS is dependent on the 
clinical parameters outlined by the Rome III criteria (Box 41.7). 
Four clinical subtypes have been determined with diarrhea-
predominant IBS constituting approximately one-third of cases 
[282]. Initial treatment of diarrhea-predominant IBS includes 
symptom control with either loperamide or bulk-forming fiber 
supplementation. Alosetron is a 5-HT3 antagonist currently 
approved for treatment of diarrhea-predominant IBS [283]. The 
relationship between the aforementioned findings in patients 
with IBS and dietary intake has expanded over the past decade, 
particularly with evidence showing that over half of patients 
with IBS report worsening symptoms after meal consumption 
[284]. One study has shown that coexisting lactose intolerance 
is present in 67% of patients with IBS [285]. Identification and 
elimination of such trigger foods can aid patients in improving 
their symptoms. Initiation of a diet low in fermentable oligosac-
charides, disaccharides, monosaccharides, and polyols 
(FODMAPs) can also prove beneficial in reducing symptoms 
[286]. Probiotic therapy has been reported to ameliorate symp-
toms related to dysbiosis such as bloating and distension, but 
not diarrhea [287].

Postinfectious irritable bowel syndrome
Postinfectious IBS refers to a condition in which patients 
develop gastrointestinal symptoms fulfilling Rome criteria after 
resolution of an acute gastrointestinal infection. Preceding 
infections with viral, parasitic, and bacterial species including 
Campylobacter, E. coli 0157:H7, Shigella, and Salmonella have 
been associated with the development of postinfectious IBS 
[288–293]. The etiology of postinfectious IBS may be related to 
increased intestinal permeability leading to an inflammatory 
response initiated by an alteration in the intestinal microbiota 

Diabetic enteropathy
Longstanding diabetes can lead to gastrointestinal autonomic 
nerve damage and diarrhea. In animal studies, sympathetic 
trunk demyelination caused impaired absorption of fluids and 
electrolytes leading to unopposed cholinergic activity [260]. 
Watery diarrhea associated with nocturnal awakening is rare 
but occurs more commonly in patients with poorly controlled 
type I diabetes [261]. Neuropathic changes can also lead to 
impairment of anal sphincter tone resulting in incontinence in 
a subset of patients [262]. Given the increased prevalence of 
celiac disease amongst type I diabetes, exclusion of gluten intol-
erance should be performed by screening for IgG and IgA anti-
bodies to transglutaminase [263]. Initial therapy includes close 
glucose monitoring, appropriate changes in insulin require-
ments, and use of oral antidiarrheal agents. In refractory cases, 
clonidine is recommended as it possesses α2-adrenergic activity 
leading to a decrease in diarrheal symptoms through inhibition 
of intestinal fluid loss [264]. However, in contrast to patients 
with type I diabetes, the majority of patients with type II diabe-
tes who develop diarrheal symptoms do so from use of met-
formin [265].

Radiation enteritis/proctitis
Radiation therapy for abdominal or pelvic malignancies places 
patients at risk for both acute and chronic gastrointestinal 
disease. Acutely, radiation injury occurs secondary to a loss of 
mucosal surface area, inflammatory changes, and increased 
motility. This histological phenomenon manifests clinically as 
abdominal pain, nausea, tenesmus, and diarrhea [266,267]. 
These symptoms typically resolve spontaneously within 2–6 
weeks after completion of therapy [268]. Chronic radiation 
injury is a process that depends on the total dose of radiation 
and can occur 1–30 years after radiation exposure [268,269]. 
Histological changes occur secondary to collagen deposition, 
progressive obliterative arteritis, and fibrosis [267]. These 
changes can endoscopically present as ischemic mucosal 
atrophy, stricture formation, and telangiectasias [270]. Bleeding 
as a consequence of rectal telangiectasias often require endo-
scopic therapy with argon plasma coagulation or radiofrequency 
ablation for refractory cases [271]. Diarrhea related to chronic 
radiation injury can be multifactorial, occurring from factors 
such as bile salt malabsorption in the event of terminal ileal 
disease, bacterial overgrowth from small bowel stricture forma-
tion, inflammatory changes leading to water and nutrient mal-
absorption, or from an alteration in the gut microbiota [272,273]. 
Therapy for small bowel and proximal colonic injury can be 
challenging and aims at symptom control with antidiarrheal 
therapy and dietary modification including avoidance of lactose 
and high-fiber foods [274].

Functional diarrhea
Irritable bowel syndrome
Over the past decade, irritable bowel syndrome has ranked 
amongst the most prevalent gastrointestinal diseases in the 

Box 41.7 Rome criteria.

Recurrent abdominal pain or discomforta at least 3 days/month in the 
last 3 months associated with two or more of the following:
1. Improvement with defecation
2. Onset associated with a change in frequency of stool
3. Onset associated with a change in form (appearance) of stool

a Criterion fulfilled for the last 3 months with symptom onset at least 
6 months prior to diagnosis.
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overflow diarrhea and soiling of stool after manual disimpaction 
[306]. Genetic mutations affecting microvilli and enterocytes 
include microvillus inclusion disease, tufting enteropathy, 
enteric anendocrinosis, and congenital bile acid diarrhea 
[129,307–309]. Osmotic diarrhea can develop from malab-
sorptive diseases as in the case of glucose–galactose malabsorp-
tion and congenital sucrase–isomaltase deficiency [310,311]. 
Steatorrhea may occur in patients with cystic fibrosis secondary 
to defects in pancreatic exocrine insufficiency [162].
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testing, diagnosis is dependent on disease exclusion and acquisi-
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a possible role for probiotics in treatment of postinfectious IBS, 
prospective studies support spontaneous recovery of normal 
gastrointestinal function in some patients over ensuing years 
[297–299].

Factitious diarrhea
A factitious disorder occurs when a patients falsifies clinical 
information and strives to induce prolonged medical symptoms 
with the goal of portraying the role of a sick patient [300]. 
Laxative abuse represents a common cause of factitious diarrhea, 
occurring in 15% of tertiary care center referrals for diarrhea 
[301]. These cases commonly are reported as simulating secre-
tory diarrheas with associated symptoms of abdominal pain, 
weight loss, nausea, vomiting, and electrolyte abnormalities 
[302]. Given objective clinical changes, an absence of historical 
clues can make diagnosis of factitious diarrhea very challenging. 
Stool studies can provide diagnostic clues helpful in establishing 
surreptitious laxative ingestion as a cause of diarrhea. As previ-
ously mentioned, an elevated osmolar gap is a characteristic 
finding of osmotic diarrhea. In cases of factitious diarrhea, 
ingested laxatives account for the presence of nonelectrolyte 
solutes. Findings of a stool osmolality lower than plasma osmo-
lality represents purposeful dilution since the colon is unable to 
secrete free water. Detection of creatinine in a stool sample 
indicates dilution with urine [303]. Stool laxative screening for 
bisacodyl, anthraquinones (senna), castor oil, and castor oil may 
be performed [304,305].

Congenital and neonatal diarrhea
This chapter has addressed a variety of adult causes of chronic 
diarrhea. As in the case of diabetic diarrhea and celiac disease, 
some of these etiologies begin to manifest during early child-
hood and adolescence. Others, as in the case of congenital chlo-
ride diarrhea and congenital sodium diarrhea, present soon 
after birth. Patients with Hirschsprung disease can develop 

http://www.yamadagastro.com/textbook
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CHAPTER 42

Constipation  is  common  and  affects  15%  of  the  population 
[1–4]. It can be mild and transitory, or chronic and unrespon-
sive  to  treatment,  and  is  more  prevalent  and  more  severe  in 
women  [5].  It  places  a  substantial  burden  on  healthcare 
resources, including physician visits, over-the-counter and pre-
scription medications, and affects quality of life. Over the past 
decade,  significant  new  knowledge  has  emerged  on  several 
aspects of constipation including its epidemiology, pathophysi-
ology, and treatment.

Definition

Chronic constipation is a heterogeneous disorder that encom-
passes many symptoms. It has several definitions [5,6], and up to 
50% of patients define constipation differently from their physi-
cians [7]. Patients often define constipation as excessive strain-
ing, a  sense of  incomplete bowel evacuation,  failed or  lengthy 
attempts to defecate, or hard stools, and rarely by stool frequency 
[7–10]. Also, patients’ perception of constipation may be inac-
curate.  In  one  study,  51%  of  patients  considered  themselves 
constipated and reported three or fewer bowel movements per 
week for at least 6 months, but on prospective stool diaries, they 
averaged  six  bowel  movements  per  week  [11].  Consequently, 
stool  diaries  and  physiological  measurements  may  provide  a 
more  reliable  assessment  of  bowel  function  than  history  by 
recall. To improve the diagnosis of constipation, and to facilitate 

clinical  research,  consensus  criteria  have  been  proposed  by 
experts  [12–16].  Rome  III  criteria  for  functional  constipation 
and diagnostic criteria for dyssynergic defecation are shown in 
Box 42.1 [15,16]. Observational studies find that many patients 
do not meet the Rome criteria so the American College of Gas-
troenterology Chronic Constipation Task Force recommended a 
broader definition: “unsatisfactory defecation characterized by 
infrequent stools, difficult stool passage, or both” [17].

Epidemiology

The prevalence of chronic constipation varies from 2% to 28% 
[1–4,18]. It  is commonly encountered in primary care (Figure 
42.1).  Telephone  interviews  with  10 018  individuals,  aged  at 
least 18 years, produced an estimated prevalence of 14.7% [2], 
and if this statistic is applied to the US population, constipation 
may  affect  over  33  million  adults.  Most  patients  do  not  seek 
healthcare so the prevalence of constipation has been underes-
timated [19].  Its natural history  is not known, and  it may not 
resolve quickly. In one study, 89% had similar symptoms 1 year 
apart  [20];  in  another,  45%  of  subjects  interviewed  reported 
having the condition for at least 5 years [2].

Populations at higher risk of constipation
Constipation  is  more  common  in  women  with  an  estimated 
female : male ratio of 2.2 : 1 [8,22–24].  Its occurrence  increases 
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with  an  odds  ratio  of  3.8  [28].  Chronic  constipation  is  also 
frequently associated with other functional gastrointestinal dis-
orders including chest pain [29], gastroesophageal reflux disease 
[30–32],  irritable  bowel  syndrome,  and  functional  dyspepsia 
[30–32].

Economic and social impact
Chronic  constipation  has  a  significant  impact  on  the  use  of 
healthcare resources, including the cost of inpatient and outpa-
tient care, laboratory tests, and diagnostic procedures [33] (Box 
42.2). In the United States, $821 million was spent on laxatives 
alone in 2002 [6]. Constipation was a reason for seeking care in 
5.7 million ambulatory physician visits per year [34] and almost 
85%  of  physician  visits  resulted  in  a  prescription  for  laxatives 
[33]. Laxatives are the most commonly prescribed medication 
in long-term care facilities [24]; about 58% of all patients in US 
nursing homes receive at least one laxative [24].

In a study of 76 854 patients enrolled in Medi-cal program in 
California,  the  total  healthcare  expenditure  for  patients  with 
constipation over a 15-month period was $18 891 008, with an 
average  cost  of  $246  per  patient  [35].  Approximately  0.6%  of 
patients  were  hospitalized  with  an  average  cost  of  $2993  per 
admission [35]. In another study, expenditure for constipation 
was  estimated  at  $235  million/year  with  55%  incurred  from 
inpatient, 23% from emergency department, and 22% from out-
patient care [34]. In a tertiary-care center, average expenditure 
for  diagnostic  evaluation  was  $2752  [36].  Constipation  also 
resulted  in  13.7  million  days  of  restricted  activity,  missing  
work or school in 12%, and impaired ability to work in 60% of 
patients [33].

In  2009,  constipation  was  the  third  leading  gastrointestinal 
symptom prompting an outpatient clinic visit in the USA, and 
the fourth leading physician diagnosis for gastrointestinal dis-
orders [37]. The number of inpatient discharges for constipation 
and  associated  costs  ($17 518  mean  in  2010  per  discharged 
patient) has significantly increased between 1997 and 2010, with 
the most impressive change observed in children up to 17 years 
of age [38].

An  international  study  showed  that  pharmacy  and  hospital 
care costs  for  chronic constipation-related comorbidities were 
the  largest  cost  drivers  for  total  constipation-related  direct 
medical costs in patients with newly diagnosed chronic consti-
pation [39]. Mean annual constipation-related healthcare costs, 
adjusted  for  potentially  confounding  factors,  in  a  Swedish 
cohort were € (Euros) 951 per patient [40]. In Belgium, average 
length  of  stay  in  a  full  hospitalization  setting  was  7.0  and  4.0 
days,  with  and  without  complications  of  constipation  [41],  In 
almost  15 000  commercially  insured  patients  in  the  United 
States,  mean  annual  all-cause  costs  for  patients  with  chronic 
constipation were $11 991 (2010 USD) [42].

There are graded increases in productivity losses and health-
care  utilization  with  increasing  severity  of  constipation  [43]; 
suboptimal treatment responses may lead to substantial health 
resource utilization and healthcare costs [44]. Increasing dietary 

with  advancing  age,  particularly  after  age  65  years,  with  the 
elderly reporting more problems with straining and hard stools 
than with infrequency [8,23,24]. Its prevalence is twofold higher 
in  African  Americans  [4,8],  in  those  of  lower  socioeconomic 
status (annual income less than $20 000) [1,4,8], and in nursing-
home  residents  [8,9,25].  In  a  study  based  on  an  NHANES 
(National Health and Nutrition Examination Survey) database, 
the  factors  associated  with  constipation  were  low  liquid  con-
sumption  (among  women  and  men),  and  among  women, 
African-American race/ethnicity, being obese, and (in contrast 
to earlier studies) having a higher education level were signifi-
cantly associated with constipation [26]. Pregnancy is also asso-
ciated with higher prevalence of constipation, but no differences 
were found between the first and the last trimester [27].

Familial tendency and other comorbid features
A survey has shown familial susceptibility, with a higher preva-
lence in sisters, daughters, and mothers of constipated women 

Box 42.1 Diagnostic criteria for functional constipation and 
dyssynergic defecation.

Criteriaa for functional constipation (Rome III)

1. Must include two or more of the following:
(a) straining during at least 25% of defecations
(b) lumpy or hard stools in at least 25% of defecations
(c) sensation of incomplete evacuation in at least 25% of 

defecations
(d) sensation of anorectal obstruction/blockage in at least 25% of 

defecations
(e) manual maneuvers to facilitate at least 25% of defecations 

(e.g., digital evacuation, support of the pelvic floor)
(f) fewer than three defecations per week.

2. Loose stools are rarely present without the use of laxatives.
3. There are insufficient criteria for irritable bowel syndrome.

Criteria for dyssynergic defecation

Patients must fulfill all three criteria:
1. The diagnostic criteria for functional chronic constipation (Rome III).
2. Demonstrate dyssynergia during repeated attempts to defecate and 

a dyssynergic or obstructive pattern of defecation (Types 1–3), 
which is defined as a paradoxical increase in anal sphincter 
pressure (anal contraction) or less than 20% relaxation of the 
resting anal sphincter pressure or inadequate propulsive forces 
based on manometry, imaging, or electromyography

3. One or more of the following criteria during repeated attempts to 
defecate:
(a) inability to expel an artificial stool (50-mL water-filled balloon) 

within 1 min
(b) a prolonged colonic transit time; i.e., more than five markers 

(≥20% marker retention) on a plain abdominal radiograph 
taken 120 h after ingestion of one Sitzmarks capsule 
containing 24 radiopaque markers

(c) inability to evacuate or ≥50% retention of barium during 
defecography.

a Criteria fulfilled for the last 3 months with symptom onset at least 6 
months before diagnosis.
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fiber  consumption  has  been  associated  with  considerable  cost 
savings, potentially exceeding $12 billion annually among adults 
in the USA; this is also a conservative estimate given the exclu-
sion of lost productivity costs in the model [45].

Psychological distress, abuse, and impact on 
quality of life
Constipation is associated with increased psychological distress. 
Several studies have shown higher prevalence of anxiety, depres-
sion,  obsessive–compulsiveness,  psychoticism,  and  somatiza-
tion  [21,46,47].  Furthermore,  paranoid  ideation  and  hostility 

Figure 42.1 (a) Effect of chronic constipation on psychological symptoms and (b) impact of chronic constipation on quality of life. Source: Rao et al. 
2007 [21]. Reproduced with permission of Elsevier.
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Box 42.2 Socioeconomic and medical consequences of chronic 
constipation in the United States in a study of 76,854 patients 
enrolled in Medical program in California.

Mortality/year: 121 deaths (2002)
Hospitalizations/year: 398,000 (2002)
Ambulatory care visits/year: 1.4 million (1999–2000)
Disability: 30,000 (1990–1992)
Physician cost: $3,016,017
Healthcare cost: $18,891,008
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and more rapid transport of stool; the rectosigmoid region acts 
as a sensorimotor organ that stores stool and facilitates defeca-
tion.  Several  neurotransmitters  and  intrinsic  colonic  reflexes 
regulate  these  functions.  Constipation  may  therefore  result 
from structural, mechanical, metabolic, or functional disorders 
that affect the colon or anorectum.

Healthy  subjects  can  postpone  defecation  for  several  days 
[55]  and  patients  with  dyssynergia  have  impaired  gut–brain 
evoked responses [56], so dysfunction of the brain–gut axis may 
also play an important role.

At  least  three  subtypes  of  primary  constipation  have  been 
recognized, although overlap exists [5,6]. Slow-transit constipa-
tion (STC) is characterized by prolonged delay in the transit of 
stool  through  the  colon.  This  delay  may  be  the  result  of  a 
primary dysfunction of the colonic smooth muscle (myopathy) 
or its innervation (neuropathy), or both, and can be secondary 
to  dyssynergic  defecation.  Evacuation disorders  are  character-
ized by either difficulty or inability with expulsion of stool from 
the  anorectum.  They  include  anorectal  functional  disorders 
such as dyssynergic defecation [12], as well as structural disor-
ders  such  as  rectocele,  descending  perineum  syndrome,  and 

subscores were higher (Figure 42.1a) in patients with dyssyner-
gia than patients with slow transit or healthy controls, providing 
evidence for significant psychological distress, more so in sub-
jects  with  dyssynergia  than  patients  with  slow-transit 
constipation.

Sexual abuse was reported by 22%–48% of  subjects, mostly 
women, whereas physical  abuse was  reported by 31%–74% of 
constipated  subjects  evaluated  at  tertiary  referral  centers  with 
special expertise  in abuse [9,48]. Another study found greater 
incidence of sexual abuse in women with pelvic floor dyssyner-
gia  [49].  Also,  patients  with  abuse  were  more  likely  to  seek 
healthcare [19,50] and to report feelings of incomplete evacua-
tion or urge to defecate, but did not demonstrate rectal hyper-
sensitivity [51].

Patients  with  chronic  constipation  also  showed  significant 
impairment  of  health-related  quality  of  life  (Figure  42.1b) 
[21,25,52,53].  Some  domains  were  more  affected  in  subjects 
with dyssynergia than in those with slow transit [21], suggesting 
that dyssynergia is associated with greater impact on quality of 
life. Also, psychological distress and  lower quality of  life were 
strongly  correlated,  suggesting  that  these  dysfunctions  have 
synergistic effects [21].

Etiology, subtypes, and pathophysiology of 
chronic constipation

Broadly,  constipation  can  be  divided  into  two  groups  (Figure 
42.2). Primary constipation results from disordered regulation 
of  colonic  and  anorectal  neuromuscular  function  as  well  as 
brain–gut neuroenteric function. Secondary constipation results 
from a plethora of factors that  include diet, drugs, behavioral, 
endocrine,  metabolic,  neurological,  and  other  disorders  (Box 
42.3).  Functionally,  the  right  colon  serves  as  a  reservoir  for 
mixing,  fermentation,  salvage,  and  transport  of  digestive  resi-
dues, whereas the left colon serves as a conduit for desiccation 

Figure 42.2 Pathophysiological subtypes of primary chronic constipation. 
Source: Mertz et al. 1999 [54]. Reproduced with permission of Macmillan 
Publishers Ltd.
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Box 42.3 Common causes of secondary constipation.

Anorectal and colonic disorders
Anal fissure
Hemorrhoids
Ulcerative (proctitis)
Diverticulitis
Colorectal carcinoma
Inflammatory, postoperative, and radiation strictures

Drugs
Opioids and related agents
Anticholinergic drugs and antispasmodics
Antidepressants
Antihypertensive drugs, particularly calcium channel antagonists, 

methyldopa
Antiparkinsonian drugs
Anticonvulsants
Antihistamines
Diuretics
Metal ions such as antacids (aluminum or calcium), iron 

supplements, and calcium supplements
Serotonin 5-HT3 antagonists – alosetron

Endocrine and metabolic disorders
Diabetes mellitus
Hypothyroidism
Hypokalemia
Hypercalcemia
Porphyria

Neuromuscular disorders
Spinal cord lesions
Parkinson disease
Multiple sclerosis
Stroke/cerebrovascular disease
Chagas disease
Hirschsprung disease
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thermore, the increased motor activity after meals (gastrocolonic 
response),  and after waking  from sleep  is  significantly dimin-
ished or absent, but the diurnal variation of colonic motor activ-
ity is preserved (Figure 42.3) [71]. The colonic motor patterns 
such  as  high-amplitude  propagated  contractions  (HAPCs), 
propagated  and  simultaneous  contractions  are  all  decreased 
[71,72].  Furthermore,  the  velocity  of  propagation  of  high-
amplitude propagated contractions is slower, their amplitude is 
lower,  and  they  abort  prematurely  in  patients  with  STC  [73]. 
Experimentally,  the  HAPCs  can  be  induced  by  bisacodyl  in 
adults  [74]  and  by  antegrade  continence  enemas  in  children 
[75].  The  serotonin  type  4  receptor  (5-hydroxytryptamine, 
5-HT4) agonist, prucalopride, evokes HAPCs in dogs [76] and 
in patients with chronic constipation [77].

In contrast, the incidence of periodic rectal motor activity, a 
three-cycles per min activity of the rectosigmoid region [78–81] 
that is often seen at nighttime [79,82], is significantly increased 
and may serve as a nocturnal brake that retards colonic propul-
sion of stool [79].

Colonic neuropathy
Studies of combined manometry with barostat have shown that 
meal-induced  colonic  tonic  and  phasic  responses  are  dimin-
ished  [83–85],  and  colocolonic  reflexes  are  impaired  [84–88]. 
There  was  a  greater  tendency  for  retrograde  propulsion  of 
colonic contents [86]. Colonic responses to stimulation from a 
balloon [87] or bisacodyl were diminished [88]. STC may also 
be  the  result  of  dysregulation  of  the  autonomic  control  of 
colonic neuromuscular activity [89–91].

Studies have consistently shown a paucity of interstitial cells 
of Cajal (ICC), the intestinal pacemaker cells [92,93]. The ICC 
forms  extensive  networks  of  electrically  coupled  cells  that  are 
widely distributed in the submucosal, intramuscular, and inter-
muscular regions of the colonic wall and lie in close proximity 
to the enteric nerves [94,95]. The ICCs regulate the oscillatory 

rectal  prolapse  [12].  About  60%  of  patients  with  dyssynergic 
defecation  have  secondary  STC  [9,57].  In  a  series  of  1411 
patients evaluated by a single gastroenterologist at a tertiary care 
center for chronic constipation over 15 years, 390 patients had 
evacuation  disorders  and  61  had  slow  transit  constipation 
without  evacuation  disorders;  the  remaining  960  had  normal 
transit constipation [58].

Constipation-predominant irritable bowel syndrome  (IBS-C), 
is seen in patients in whom abdominal discomfort or pain is a 
prominent  symptom  together  with  symptoms  of  constipation 
[16].  These  patients  may  or  may  not  have  coexisting  STC  or 
evacuation disorder. It accounts for 24%–58% of chronic con-
stipation  cases  [59].  Here,  patients  perceive  a  difficulty  with 
evacuation  or  pass  hard  stools  [5]  despite  normal  stool  fre-
quency. Approximately 20% of patients with IBS have concur-
rent  constipation  [60],  making  it  difficult  to  distinguish  this 
from chronic constipation [52].

Pathophysiology of slow-transit constipation
In  this disorder,  the  transport of  stool across  the colon  is  sig-
nificantly  slower  than  in  normal  individuals.  Consequently, 
there  is  prolonged  retention  of  stool  matter.  This  may  occur 
because of either primary or secondary dysfunction of colonic 
smooth  muscle  activity,  neurological  innervation,  colocolonic 
reflexes, pacemaker cell activity, or neurotransmitters that regu-
late  colonic  neuromuscular  function.  Altered  absorption  or 
secretion  and  alterations  in  the  colonic  flora,  particularly  the 
presence of methanogenic flora, may also play a role [61–63].

Colonic dysmotility
Colonic motor activity exhibits  temporal and spatial variation 
[64]  and  can  be  influenced  by  sleep,  waking,  meals  [65–67], 
physical [68] and emotional stressors [67,69,70], gender, aging, 
and regional variation [67,71]. Patients with STC exhibit signifi-
cant  reduction  in  overall  colonic  motor  activity  [65,67].  Fur-

Figure 42.3 Ambulatory 24-h colonic manometry profile in healthy subjects and in patients with chronic slow-transit constipation. Source: Rao et al. 
2004 [71]. Reproduced with permission of Macmillan Publishers Ltd.
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within  the mucosal crypts, and accounts  for up to 95% of  the 
total  body  serotonin  [114].  When  the  mucosa  is  stimulated, 
either mechanically by stroking or chemically, the enterochro-
maffin  cells  release  5-HT  and  other  peptides,  including  calci-
tonin gene-related peptide [115]. These paracrine neuromediators 
act on the intrinsic primary afferent neurons that synapse in the 
myenteric  plexus  with  ascending  excitatory  and  descending 
inhibitory interneurons. The activation of the ascending cholin-
ergic interneurons releases acetylcholine and substance P, which 
produces smooth muscle contraction and initiates the peristal-
tic  reflex  [114,115].  Simultaneously,  the  activation  of  the 
descending  cholinergic  interneurons  releases  nitric  oxide, 
vasoactive  intestinal polypeptide, and adenosine  triphosphate, 
which  relax  the  circular  muscle.  Tegaserod,  a  5-HT4  receptor 
agonist, stimulates ascending contraction and descending relax-
ation  [116]  and  accelerates  small  bowel  and  colonic  transit 
[117].  In  contrast,  the  gastrocolonic  response  and  ascending 
contractions of  the peristaltic reflex were  impaired  in patients 
with STC, and these effects were partially mediated by graniset-
ron, a 5-HT3 antagonist [118]. These observations support a role 
for serotonin and its receptors in the pathogenesis of constipa-
tion, but it is unclear whether there is decreased availability of 
serotonin, decreased receptor density, or altered function of the 
serotonin reuptake transporter [119].

Clearly,  further  research  is  required  to  better  understand  
the  interplay  between  hormones,  neurotransmitters,  colonic 
flora, muscle function, and signaling from the enteric nervous 
system.

Pathophysiology of evacuation disorders
Evacuation disorders include a functional disorder of defecation 
– dyssynergic defecation – as well as structural disorders such 
as Hirschsprung disease,  rectocele, descending perineum syn-
drome, and rectal prolapse.

Dyssynergic defecation
Dyssynergia  appears  to  be  an  acquired  behavioral  disorder  of 
defecation. In two-thirds of adult patients, it stems from faulty 
toilet  habit,  painful  defecation,  obstetric  or  back  injury,  and 
brain–gut dysfunction [9,56]. In the rest, the process of defeca-
tion may not have been learnt since childhood (due to behav-
ioral problems, or parent–child conflicts) [9]. In a prospective 
study,  most  patients  with  dyssynergic  defecation  showed  an 
inability  to  coordinate  the  abdominal,  rectoanal,  and  pelvic 
floor muscles during attempted defecation [9,120]. This failure 
of  rectoanal  coordination  consisted  of  either  paradoxical  anal 
contraction,  inadequate  anal  relaxation,  or  impaired  rectal/
abdominal  propulsive  forces  (Figure  42.4)  [9].  Two-thirds  of 
these patients exhibit rectal hyposensitivity [120,121].

Earlier  studies  suggested  that  the  paradoxical  anal  contrac-
tion was an involuntary anal spasm (animus) during defecation 
[123–125]. Of healthy subjects, 20%–30% may also exhibit para-
doxical anal contraction [126,127]. In a study of healthy subjects 
[128], in the lying position, one-third showed dyssynergia and 

electrical  contractile  activity  of  colonic  smooth  muscle  cells 
[96]. Patients with STC not only exhibit a pancolonic decrease 
in the ICC volume across the circular and longitudinal muscle 
layers  and  submucosa,  but  also  in  the  number  of  myenteric 
ganglion cells [97]. These observations were made on colectomy 
specimens obtained from patients with chronic constipation so 
it  is  unclear  whether  they  represent  a  primary  neuropathy  or 
whether  they are secondary  to  the use of drugs, cathartics, or 
behavioral changes over many years. Rarely, STC is associated 
with a more generalized dysmotility as a component of a pseu-
doobstruction syndrome [98,99].

Neurotransmitter and hormonal disturbances
Constipation  is  associated  with  hard  stools,  so  one  possible 
hypothesis is that excessive absorption of water from stool may 
desiccate  the  colonic  contents.  However,  colonic  absorptive 
function  is  relatively well preserved  in patients with constipa-
tion  [100].  In  one  study,  abnormally  impaired  hormonal 
responses to ingested water load were reported, but its signifi-
cance  is  unclear  [101].  In  younger  adults,  more  women  than 
men seek medical help  for constipation,  suggesting a possible 
role  for endocrine or hormonal  imbalance [101]. A decreased 
level  of  ovarian  and  adrenal  steroid  hormones  has  been  sug-
gested [102], but not confirmed.  In  fact,  routine estrogen and 
progesterone  levels  are  not  altered.  Also,  the  relationship 
between menstrual cycle and gut transit remains controversial 
[103]. Both slower transit and normal transit during the luteal 
phase [104] have been reported [105]. Studies of neurotransmit-
ters  have  also  provided  conflicting  data  [106].  A  decrease  
in vasoactive intestinal polypeptide levels [107], an increase in 
serotonin levels in the circular muscle [108], and alterations in 
enteroglucagon, pancreatic polypeptide [109,110], and in other 
hormones have all been reported but whether they are primary 
or  secondary  remains  unknown  [110].  An  intriguing  study 
examined  G  protein-mediated  smooth  muscle  contractility  of 
colectomy specimens from women with STC. This study showed 
down-regulation of progesterone-dependent contractile G pro-
teins and upregulation of inhibitory G proteins, probably caused 
by an overexpression of progesterone receptors  in constipated 
patients when compared to nonconstipated controls [111,112]. 
This study offers some mechanistic  insights as  to why women 
are  more  prone  to  constipation.  Most  recently,  it  has  been 
observed that there is a higher prevalence of methanogenic flora 
in  constipated  patients  [61–63]  and  that  infusion  of  methane 
gas impairs muscle contractions [113]. Whether the presence of 
methanogenic flora predisposes an  individual  to develop con-
stipation or whether it is a consequence of altered colonic physi-
ology merits further study.

The ICC and the enteric nervous system largely govern inhi-
bition  of  colonic  smooth  muscle  activity  and  neuronal  and 
neurotransmitter-mediated  excitation.  A  number  of  studies 
suggest that alterations in 5-HT signaling may lead to constipa-
tion, but again inconsistencies exist [114]. Serotonin is synthe-
sized and stored in the enterochromaffin cells  that are  located 
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Figure 42.4 Continence is maintained by normal rectal sensation and tonic contraction of the internal anal sphincter and the puborectalis muscle, 
which wraps around the anorectum, maintaining an anorectal angle between 80 and 110 degrees. During defecation, the pelvic floor muscles (including 
the puborectalis) relax, allowing the anorectal angle to straighten by at least 15 degrees, and the perineum descends by 1.0 to 3.5 cm. The external anal 
sphincter also relaxes and reduces pressure on the anal canal. Source: Adapted from Rao 2010 [122]. Reproduced with permission of Elsevier.
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Figure 42.5 High-resolution anorectal manometry showing topographic images of anorectal pressure profiles during attempted defecation. The first 
image shows a normal defecation pattern comprising of a good push effort (rise in intrarectal pressure) synchronized with anal relaxation (decrease in 
anal sphincter pressure). In contrast, Type 1 dyssynergia pattern shows an increased intrarectal pressure along with paradoxical anal contraction, Type 
II dyssynergia pattern shows a poor push effort with paradoxical anal contraction, Type III dyssynergia shows good push effort but impaired or 
incomplete anal relaxation, and Type IV dyssynergia shows impaired push effort with impaired anal relaxation. Source: Rao 1998 [134].

one-half could not expel artificial  stool, whereas  in  the sitting 
position and with a sensation of stooling, most subjects showed 
a  normal  pattern  of  defecation  and  an  ability  to  expel  stool 
[128]. Thus, body position, sensation of stooling, and stool char-
acteristics can influence defecation.

Myectomy has been performed based on the notion that dys-
synergia is a spasmodic dysfunction of the anal sphincter [124], 
but it only helped 10%–30% of patients [129]. Similarly, botuli-
num  toxin  injection  has  been  ineffective  [130,131].  Hence, 
spasm or  inability  to relax  the anal sphincter  is unlikely  to be 

the sole mechanism for dyssynergic defecation. Manometrically, 
at  least  four  reproducible  types  of  dyssynergia  [12,132]  have 
been recognized (Figure 42.5). The recognition of these patterns 
allows the biofeedback therapist  to offer patient-specific treat-
ment programs, such as emphasis on pushing effort (type 2) or 
improved relaxation (type 3) or both (type 4). In a prospective 
study  of  biofeedback  therapy,  there  was  no  difference  in  the 
clinical outcome between the three groups of dyssynergia [133]. 
Additionally, thresholds for first sensation, or desire to defecate, 
or both may be higher in 60% of dyssynergic patients [120].
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cian to seek and exclude an organic illness, including neoplastic 
disease.

A dietary history  should  include an assessment of  the fiber 
and fluid intake, the number of meals and when they are con-
sumed, and their caloric and nutrient content. A prospectively 
maintained  food diary  for a week and  its appraisal by a dieti-
cian can be useful. Many patients tend to skip breakfast or do 
not  allow  time  for  defecation  because  of  the  “early  morning 
rush” to get to work or school. This may prove to be a handicap. 
A  failure  to  capitalize  on  these  physiological  stimulants  such 
as  after  waking  [67]  and  after  a  meal  [65,66]  may  predispose 
to  constipation.  The  history  should  also  include  the  number 
and  type  of  laxatives  and  frequency  of  their  use.  A  family 
history  of  bowel  dysfunction  may  also  be  important  [28]. 
Obstetrical, surgical, and back trauma, neurological problems, 
and  drug  history  may  provide  clues  regarding  the  etiology  of 
constipation.  In  the  elderly,  fecal  incontinence  may  be  a  pre-
senting  feature  of  stool  impaction.  Symptoms  alone  do  not 
appear to reliably differentiate among the three common patho-
physiological subgroups of constipation [145]. In a prospective 
survey of 120 patients with dyssynergic defecation,  the preva-
lence  of  constipation  symptoms  was  similar  between  patients 
with  or  without  dyssynergia  [9].  In  another  study,  two  or  
fewer  stools  per  week,  laxative  dependency,  and  constipation 
since childhood were associated with STC, whereas backache, 
heartburn,  and  anorectal  surgery  and  lower  prevalence  of 
normal  stool  frequency were associated with pelvic floor dys-
function  [52].

Thus,  symptoms  were  good  predictors  of  transit  time,  but 
poor  predictors  of  pelvic  floor  dysfunction.  Also,  stool  fre-
quency alone was of little value whereas a sense of obstruction 
or digital assistance for evacuation was specific but not sensitive 
for difficult defecation [145]. Accordingly, symptom assessment 
should be combined with objective  testing  for optimal assess-
ment of these patients.

Objective  measures  can  facilitate  the  diagnosis  of  constipa-
tion  by  providing  a  common  framework  for  physicians’  and 
patients’ understanding of  symptoms. Several  instruments are 
available.  The  Bristol  Stool  Form  scale  (Figure  42.6)  allows 
patients to identify one of seven stool forms for any given bowel 
movement [146,147]. Other commonly used scales include the 
Constipation Assessment Scale and the Elderly Bowel Symptom 
Questionnaire  [148].  Assessment  of  stool  form  can  aid  in  the 
assessment  of  colonic  transit  time  because  very  loose  or  hard 
stools correlate with rapid or slow colonic transit, respectively 
[149].  Likewise,  assessments  of  psychological  dysfunction  or 
assessments  of  quality  of  life  and  a  1-week  prospective  stool 
diary can be useful.

Physical examination
A  thorough  general  physical  examination  that  includes  a 
detailed  neurological  examination  should  screen  for  most 
organic conditions that cause constipation. The abdomen must 
be carefully examined for the presence of stool, particularly in 

Hirschsprung disease
This classic neuroenteric disorder usually presents by 6 months 
of age and rarely in adults [135]. It is characterized by absence 
of  intramural  ganglion  cells  in  the  myenteric  plexus  of  the 
rectum  and  stems  from  developmental  arrest  of  the  caudal 
migration of neural crest cells during embryonic development. 
Consequently,  there  is  increased  acetylcholinesterase  activity 
and  depletion  of  inhibitory  neurotransmitter  release  such  as 
nitric oxide and vasoactive intestinal polypeptide [136]. Mano-
metrically, it is characterized by an absent rectoanal inhibitory 
reflex  [137].  Studies  have  identified  mutations  in  the  RET, 
GDNF, EDN3, and EDNRB genes [138] (see Chapter 61).

Pathophysiology of constipation-predominant 
irritable bowel syndrome
Multiple  pathophysiological  mechanisms  of  IBS-C  have  been 
proposed and include genetic, environmental, social, biological, 
and  psychological  factors  [139,140].  Additionally,  dietary 
factors such as fructose intolerance [125,126] or small intestinal 
bacterial  overgrowth  [50,51]  or  altered  intestinal  microbiome 
[141] or abnormal cortical perception, and hypervigilance have 
all been proposed [142]. These and other factors [143] are dis-
cussed in Chapter 75.

Clinical evaluation of chronic constipation

Medical history
A detailed medical, surgical, and drug history can help to iden-
tify  most  organic  and  secondary  causes  of  constipation  [5,6]. 
Constipated patients present with a constellation of complaints 
such as excessive straining, passage of hard, pellet-like stool, or 
decreased  stool  frequency,  or  they  may  misrepresent  their 
symptoms or may feel embarrassed to describe the use of digital 
disimpaction or vaginal  splinting  [5,9,52]. However, by estab-
lishing a trusting relationship and through the use of symptom 
questionnaires or stool diaries [9,11], it is possible to define the 
nature  of  bowel  dysfunction.  A  sensitive  and  compassionate 
approach is key for unraveling the mind–body interactions and 
the psychosocial issues of a constipated patient.

Patients should be encouraged to describe their bowel habit: 
how  often  they  feel  the  urge  to  defecate  and  if  they  complete 
defecation in response to the urge; their definition of constipa-
tion – frequency, need for straining, stool consistency, stool size; 
history of ignoring a call to stool; precipitating events; and how 
their  cultural  beliefs  and  expectations  affect  their  bowel  pat-
terns;  what  they  believe  is  normal  bowel  habit  [144];  and 
whether  the  problem  began  in  childhood.  The  history  should 
ascertain how the onset, severity, and duration of each symptom 
relate  to  the  patient’s  normal  bowel  habit.  A  long  history  of 
recurring problems, which is refractory to dietary measures or 
laxatives, often suggests a functional colorectal disorder, whereas 
a  history  of  recent  onset  (rectal  bleeding,  anemia,  guaiac-
positive stool, or mass in the abdomen) should alert the physi-
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examination and 48% were unsure of giving an opinion based 
on  their  findings  [151].  Thus,  improved  training  for  digital 
rectal examination is needed. Digital rectal examination appears 
to be a reliable tool for identifying dyssynergia in patients with 
chronic constipation and detecting normal, but not abnormal, 
sphincter  tone;  therefore,  the  examination  could  facilitate  the 
selection of appropriate patients for further physiological testing 
and treatment [152].

Diagnostic tests
The first step in making a diagnosis of constipation is to exclude 
an underlying metabolic or pathological disorder, because con-
stipation  can  be  a  symptom  of  many  organic  conditions  and, 
rarely,  colon  cancer.  A  complete  blood  count,  biochemical 
profile, serum calcium, glucose levels, and thyroid function tests 
are usually sufficient for screening purposes.

If  there  is a high index of suspicion, serum protein electro-
phoresis,  urine  porphyrins,  serum  parathyroid  hormone,  and 
serum  cortisol  levels  may  be  requested.  However,  no  studies 
have assessed the clinical value of the routine use of blood tests 
[153]. Hence,  the American College of Gastroenterology Task 
Force  does  not  routinely  recommend  these  tests  in  patients 
younger than 50 years of age and in whom there are no alarm 
symptoms  or  signs  of  organic  disease  [154].  Alarm  features 
include  new  onset  or  progressively  worsening  constipation, 
onset after age 50 years, bloody stools, weight loss, fever, ano-
rexia,  nausea,  vomiting,  or  a  family  history  of  inflammatory 
bowel disease or colon cancer [5,17]. For young patients without 
alarm features, empiric treatment without diagnostic testing is 
appropriate [17].

Once an organic disorder has been excluded, most patients 
have a functional neuromuscular disorder of the colorectum.

the  left  lower  quadrant.  A  normal  physical  examination  is 
common but it is important to exclude a gastrointestinal mass.

Digital rectal examination
A careful perianal and digital  rectal examination  is  important 
and is often the most revealing part of clinical evaluation [5,12]. 
Anorectal inspection can detect skin excoriation, skin tags, anal 
fissures, or hemorrhoids. Assessment of perineal sensation and 
anocutaneous reflex by gently stroking the perianal skin with a 
cotton  bud  (Q-tip)  or  blunt  needle  in  all  four  quadrants  will 
elicit reflex contraction of the external anal sphincter. If this is 
absent, a neuropathy should be suspected. Digital rectal exami-
nation may reveal a stricture, spasm,  tenderness, mass, blood, 
or stool. If stool is present, its consistency should be noted and 
the patient should be asked if they were aware of its presence. 
A  lack of awareness of  stool  in  the rectum may suggest  rectal 
hyposensitivity.

It is useful to assess the resting and squeeze tone of the anal 
sphincter  and  puborectalis  muscle  by  asking  the  subject  to 
squeeze. More importantly, the subject should be asked to push 
and  bear  down  as  if  to  defecate.  During  this  maneuver,  the 
examiner should perceive relaxation of the external anal sphinc-
ter or the puborectalis muscle, together with perineal descent. 
A hand placed on the abdomen can gauge the abdominal push 
effort.  An  absence  of  these  normal  findings  should  raise  the 
index of suspicion for an evacuation disorder such as dyssyner-
gic defecation [12]. Digital rectal examination has a high sensi-
tivity for identifying dyssynergia [150].

Even  though  digital  rectal  examination  is  a  useful  clinical 
tool,  many  examiners  lack  knowledge  on  how  to  perform  a 
comprehensive evaluation. A survey of 256 final-year medical 
students revealed that 17% had never performed a digital rectal 

Figure 42.6 Bristol Stool Form Scale – a useful clinical scale for assessing and documenting stool consistency. Source: Heaton et al. 1994 [149]. 
Reproduced with permission of Wolters Kluwer Health.
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Radiographic studies
Plain abdominal radiograph
A plain radiograph of the abdomen is an inexpensive, frequently 
used test to complement clinical history and physical examina-
tion, both in children and adults with a suspicion of constipa-
tion [155]. However, systematic reviews have concluded that the 
evidence is conflicting in constipated children [156], and there 
is a lack of evidence in adults to support or reject its use [17,153].

Barium enema
This  test  may  be  useful  for  the  identification  of  redundant 
sigmoid  colon,  megacolon,  megarectum,  stenosis,  extrinsic 
compression,  and  intraluminal  masses.  However,  only  two 
studies have evaluated its clinical utility [17,153]. In one retro-
spective study of 62 subjects, an organic lesion was not detected 
with barium enema [157]. In another retrospective study of 791 
patients,  constipation  was  reported  in  22%,  and  was  equally 
present  in  those  with  an  abnormal  study  as  in  those  with  a 
normal study [158]. Both studies concluded that barium enema 
could not exclude organic disease. Hirschsprung disease can be 
detected by barium enema, although manometry and histology 
are required to confirm its diagnosis.

Endoscopy
Flexible sigmoidoscopy or colonoscopy
Direct visualization of the colon is indicated in selected patients 
to  exclude  mucosal  lesions  such  as  solitary  rectal  ulcer  syn-
drome, inflammation, or malignancy. According to the Ameri-
can  Society  of  Gastrointestinal  Endoscopy,  a  colonoscopy  is 
recommended in constipated patients if they have rectal bleed-
ing,  heme-positive  stool,  iron-deficiency  anemia,  weight  loss, 
obstructive  symptoms,  recent  onset  of  symptoms,  rectal  pro-
lapse, or change in stool caliber, and in subjects older than 50 
years who have not previously had colon cancer screening [159]. 
In younger patients, a flexible sigmoidoscopy may be sufficient 
to exclude distal colonic disease.

Despite its frequent use, the diagnostic yield of lower endos-
copy  in  patients  with  constipation  has  not  been  prospectively 
assessed.  In a  large  retrospective  study,  in 146 of 563 patients 
with constipation who underwent endoscopic evaluations (358 
colonoscopy and 205 flexible sigmoidoscopy), the range of neo-
plasia  found and  the polyp detection rate were comparable  to 
those expected in asymptomatic historical controls [160]. There 
is therefore little evidence to support the routine use of colon-
oscopy in patients without alarm features.

Specific diagnostic tests for  
functional constipation
Detailed physiological testing should be performed in patients 
whose constipation is refractory to laxatives and dietary changes, 
and in those with a suspected evacuation disorder. The follow-
ing tests are routinely performed: colonic transit study, anorec-
tal  manometry,  balloon  expulsion  test,  and  defecography.  An 
evidence-based summary of the various diagnostic approaches 

for chronic constipation is provided (Table 42.1). Unfortunately, 
no single test is adequate to define the pathophysiology of con-
stipation, and often more than one test is required [14,153].

Colonic transit study
An assessment of the rate of stool movement through the colon 
provides  an  objective  measurement  of  infrequent  defecation, 
because  the  patient’s  recall  of  stool  habit  is  often  inaccurate 
[11,14].  Colonic  transit  time  can  be  measured  using  three 
general methods:
•  ingestion of radiopaque markers followed by abdominal radi-

ographs [161]
•  radioisotopes and scintigraphy [162,163]
•  ingestion of pressure, pH capsule (SmartPill) and tracking its 

movement [164].
The radiopaque marker test is typically performed by admin-

istering  a  single  capsule  containing  24  plastic  markers  (Sitz-
marks,  Konsyl  Pharmaceuticals,  Easton,  MD,  USA)  on  day  1 
and, by obtaining plain abdominal radiographs on day 6 (120 h 
later) [14,165,166]. Retention of at least 20% of markers (more 
than  six  markers)  on  day  6  (120 h)  is  considered  abnormal 
[161,166]  and  is  indicative  of  STC.  Because,  60%  of  patients 
with dyssynergic defecation demonstrate excessive retention of 
markers  [120],  a  diagnosis  of  STC  should  only  be  made  after 
excluding  dyssynergia  [12,153].  A  multiple  capsule  technique 
has also been used, but its interpretation is variable and its valid-
ity has been questioned [167]. Several studies have assessed the 
utility  of  colonic  transit  in  the  evaluation  of  constipation 
[153,165].  A  systematic  review  of  10  studies  found  that  the 
prevalence of STC varied from 38% to 80% [153], noting there 
were significant differences in study population, methodology, 
and interpretation, and a gold standard was lacking [153].

Colonic transit scintigraphy is a noninvasive and quantitative 
method  of  evaluation  of  total  and  regional  colonic  transit 
[162,163]. Here, an isotope (111In or 99mTc) is administered either 
in a coated capsule that dissolves in the terminal ileum or colon, 
or it is included with a test meal. Subsequently, gamma-camera 
images are obtained at specified time points [162,163]. Assess-
ment and interpretation of the colonic transit time varies among 
centers with summary measurements at 24, 48, or 72 h. A high 
geometric  center  represents  greater  than  normal  retention  of 
isotope  and  a  low  geometric  center  slower  colonic  transit  
time.  In  a  study  of  23  patients  diagnosed  with  STC  based  on 
radiopaque  marker  studies  and  13  healthy  individuals,  who 
underwent oral 111indium-diethylenetriaminepentaacetic acid 
scintigraphy [165], there was no difference in transit time in the 
right colon between patients and controls whereas patients had 
significant delay  in  the  left colon. The authors concluded  that 
colonic  scintigraphy  may  help  to  select  patients  with  STC  for 
hemicolectomy [165]. However, the results of segmental colec-
tomy are less satisfactory [168]. Although scintigraphic studies 
have been validated, and are reliable and reproducible, they are 
expensive,  time  consuming  and  only  available  in  a  limited 
number  of  centers  [153].  Studies  at  such  a  center  show  that 
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Table 42.1 Evidence-based summary of the utility of the diagnostic tests for chronic constipation.

Test Clinical utility Recommendation

Strength Weakness Evidence (Grade) Comment

Blood tests (thyroid 
function tests, 
serum calcium, 
glucose, electrolytes)

Rule out systemic or metabolic 
disorder

Is not a cost-effective 
strategy

No 
evidence

C Not recommended for 
routine evaluation 
particularly in the absence 
of alarm features

Imaging tests

Plain abdominal 
radiograph

Identify excessive amount of stool 
in the colon, simple, inexpensive, 
widely available

Lack of standardization on 
how to review the image. 
Lack of controlled studies

Poor C Not recommended for 
routine evaluation 
particularly in the absence 
of alarm features

Barium enema Identify megacolon, megarectum, 
stenosis, diverticulosis, extrinsic 
compression, and intralumenal 
masses

Lack of standardization, 
embarrassing for patients. 
Radiation exposure
Lack of controlled studies

Poor C Not recommended for 
routine evaluation 
particularly in the absence 
of alarm features

Defecography Identify dyssynergia, rectocele, 
prolapse, excessive descent, 
megarectum, Hirschsprung 
disease

Radiation exposure, 
embarrassment, availability, 
interobserver bias, 
inconsistent methodology

Fair B3 Used as an adjunct to 
anorectal manometry

Anorectal 
ultrasound

Visualization of the internal anal 
sphincter and puborectalis 
muscles

Interobserver bias, 
availability

Poor C Experimental

Magnetic resonance 
imaging

Simultaneously evaluate global 
pelvic floor anatomy, sphincter 
morphology, and dynamic motion

Expensive, lack of 
standardization, availability

Fair B3 Used as an adjunct to 
anorectal manometry

Flexible 
sigmoidoscopy and 
colonoscopy

Direct visualization of the colon 
to exclude mucosal lesions such 
as solitary rectal ulcer syndrome, 
inflammation, or malignancy

Invasive, risks related to 
the procedure (perforation, 
bleeding) and sedation

Poor C Indicated in patients 
younger than 50 years who 
have alarm symptoms
Indicated in all subjects 
older than 50 years for 
colorectal cancer screening

Physiological testing

Colonic transit study 
with radiopaque 
markers

Evaluate presence of slow, 
normal, or rapid colonic transit. 
Inexpensive and widely available

Inconsistent methodology, 
validity has been 
questioned

Good B2 Useful to classify patients 
according to the 
pathophysiological subtypes

Colonic transit study 
with scintigraphy

Evaluate presence of slow, 
normal, or rapid colonic transit. 
Provide evaluation of whole gut 
transit

Expensive, time 
consuming, availability, 
lack of standardization

Good B2 Useful to classify patients 
according to the 
pathophysiological subtypes

Anorectal 
manometry

Identify dyssynergic defecation, 
rectal hyposensitivity, rectal 
hypersensitivity, impaired 
compliance, Hirschsprung disease

Lack of standardization Good B2 Useful to establish the 
diagnoses of Hirschsprung 
disease and dyssynergic 
defecation

Balloon expulsion 
test (BET)

Simple, nonexpensive, bedside 
assessment of the ability to expel 
a simulated stool. Identify 
dyssynergic defecation

Lack of standardization Good B2 Normal BET does not 
exclude dyssynergia
Should be interpreted 
alongside the results of the 
other anorectal tests

Colonic manometry Identify colonic myopathy, 
neuropathy, or normal function 
facilitating selection of patients 
for surgery

Invasive, not widely 
available, lack of 
standardization

Fair B3 Adjunct to colorectal 
function tests

Grade A1: Excellent evidence in favor of the test based on high specificity, sensitivity, accuracy, and positive predictive values.
Grade B2: Good evidence in favor of the test with some evidence on specificity, sensitivity, accuracy, and predictive values.
Grade B3: Fair evidence in favor of the test with some evidence on specificity, sensitivity, accuracy, and predictive values.
Grade C: Poor evidence in favor of the test with some evidence on specificity, sensitivity, accuracy, and predictive values.
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gastric  emptying  and  small  bowel  transit  time  (Figure  42.9) 
[164].  It  also provides  information  regarding colonic contrac-
tile  activity  and  the  whole-gut  pH  profile.  Studies  in  healthy 
controls  show  good  correlation  of  the  colonic  transit  time 
between the SmartPill® and Sitzmarker techniques [164], and it 
appears to distinguish controls from patients with slow transit 
constipation  [170]  as  well  as  elderly  controls  and  constipated 
patients [171].

WMC confirms a clinical suspicion for a motility disorder in 
approximately  60%  of  subjects  with  otherwise  unexplained 

patients with slow transit constipation tend to have retention of 
isotope  in  the  ascending  and  transverse  colon  at  24  and  48 h 
[58], whereas patients with evacuation disorders have retention 
predominantly  in  the  descending  colon  and  rectum  on  48-h 
imaging  (Figures  42.7  and  42.8)  [169].  Gender  differences  in 
colonic transit by scintigraphy require comparison of data with 
gender-matched controls.

Assessment  of  colonic  transit  using  an  ambulatory  wireless 
motility capsule (WMC) technique (SmartPill®) provides a non-
invasive method of measuring not only colonic transit but also 

Figure 42.7 Examples of scintiscans at 6, 24, and 48 h in patients with evacuation disorder (DD) and slow transit constipation (STC). Note that delayed 
transit is also demonstrated at 48 h in the patients with STC and the retention of isotope in the left colon in patients with evacuation disorder. Source: 
Nullens et al. 2012 [58]. Reproduced with permission of BMJ Publishing Group.
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Figure 42.8 Distribution of geometric centers (median, IQR, 5th and 95th percentiles) at 24 h and 48 h in the different subgroups (n provided for each 
group). Note, however, that there is considerable overlap of overall transit in the evacuation disorder (DD) and slow-transit constipation (STC) groups. 
Source: Nullens et al. 2012 [58]. Reproduced with permission of BMJ Publishing Group.
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Figure 42.9 (a) Normal gastrointestinal transit as assessed by a wireless motility capsule. (b) Slow transit constipation as assessed by wireless motility 
capsule showing delayed colonic transit of >144 hours in a patient with constipation. Source: (a) Adapted from Rao et al. 2009 [164]. Reproduced with 
permission of Elsevier.
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anorectal  manometry  [181].  Newer  manometric  techniques, 
such  as  high-resolution  or  high-definition  manometry  with 
multiple closely spaced solid-state sensors, may provide better 
delineation of the sphincter contours and pressure plots [182].

Balloon expulsion test
The  balloon  expulsion  test  provides  a  simple,  bedside  assess-
ment of the subject’s ability to expel an artificial stool. However, 
the methodology for this test has not been standardized. Several 
techniques have been used, including 25-mL or 50-mL balloons 
filled  with  warm  water  or  air,  18-mm  spheres,  silicone-filled 
artificial  stool,  and  weights  attached  to  a  pulley  to  assess  the 
extra force required to expel a metal sphere in the lying position 
[128]. The upper  limit  for normal balloon expulsion  time has 
been variable. Some recommend 1 min or longer, and others at 
least  5 min.  In  one  author’s  laboratory,  either  a  4-cm  long 
balloon filled with 50 mL warm water or a silicone-filled stool-
like device (Fecom) is placed in the rectum; then the patient is 
asked to expel the device in the sitting position in privacy [127]. 
Most normal subjects will expel the water-filled balloon within 
1 min [127]. The prevalence of a positive test in favor of consti-
pation varied between 23% and 67% [153]. A study suggested a 
specificity of 89%, negative predictive value of 97%, sensitivity 
of  88%,  and  positive  predictive  value  of  67%  [183].  However, 
this  observation  is  confounded  by  other  studies  that  have 
reported  that  many  patients  with  dyssynergia  can  expel  the 
balloon and that the test is insufficient to make a diagnosis [12]. 
Thus, although the failure to expel a balloon strongly suggests 
dyssynergia, a normal test does not exclude this possibility.

Nine studies of balloon expulsion showed impaired expulsion 
in  23%–67%  [153].  Hence,  this  test  should  be  interpreted  in 
conjunction with other physiological tests. The most recent vali-
dation study confirmed that balloon expulsion test is reliable for 
analysis of pelvic floor dyssynergia; the optimal upper limit of 
normal  is 2 min. Findings  from the  test have a high degree of 
agreement with those from anorectal manometry and electro-
myography  [184].  Thus,  the  upper  limit  for  a  normal  balloon 
expulsion test may vary between 1 and 2 min depending on the 
methodology and type of balloon.

Rectal barostat test
An assessment of rectal sensation, tone, and compliance using 
a  highly  compliant  balloon  that  is  placed  in  the  rectum  and 
connected to a computerized pressure-distending device (baro-
stat) can be useful. Several studies have revealed rectal hyposen-
sitivity  in  patients  with  constipation  [178–180].  The  test  can  
also be useful for identifying patients with a normal, impaired, 
or  hypercompliant  rectum  and  can  facilitate  the  detection  of 
megarectum.

Defecography
Defecography  provides  information  regarding  the  anatomical 
and  functional  changes  of  the  anorectum.  It  is  performed  by 
infusing  150 mL  barium  paste  into  the  patient’s  rectum,  and 

gastrointestinal  symptoms  and  provides  a  new  diagnosis  in 
approximately 50% of subjects that led to a change in manage-
ment in many of these patients [172–177].

Anorectal manometry
Anorectal  manometry  provides  an  assessment  of  pressure  in 
the anorectum together with an assessment of rectal sensation, 
rectoanal  reflexes,  and  rectal  compliance  [14,127,174,175]. 
Manometry  can  detect  dyssynergic  defecation  and  Hirschs-
prung disease [137]. Normally, when a balloon is distended in 
the  rectum,  there  is  reflex  relaxation  of  the  internal  anal 
sphincter.  This  rectoanal  inhibitory  reflex  is  mediated  by  the 
myenteric  reflex  [136]  and  is  absent  in  Hirschsprung  disease 
[176].  A  prospective  study  of  111  children  showed  that  man-
ometry  had  a  sensitivity  of  83%  and  specificity  of  93%  when 
compared to rectal suction biopsy (sensitivity 93% and specifi-
city 100%)  [177].

When healthy subjects attempt to defecate they generate an 
adequate propulsive force that is reflected by a rise in intrarectal 
pressure. This movement is synchronized with relaxation of the 
puborectalis and the external anal sphincter, which is reflected 
by a decrease in anal sphincter pressure [12,120]. The inability 
to  perform  this  coordinated  maneuver  represents  the  chief 
pathophysiological  abnormality  (Figure  42.4)  in  patients  with 
dyssynergic  defecation  [12,120].  However,  some  healthy  sub-
jects can also not produce a normal relaxation during attempted 
defecation  [126,127].  The  body  position,  whether  sitting  or 
lying down, the presence of stool-like sensation, and the consist-
ency of stool may each influence the occurrence of dyssynergia 
and the ability to expel artificial stools [128]. Hence, the finding 
of a dyssynergic pattern alone should not be considered as diag-
nostic of dyssynergic defecation. Additional features are usually 
recommended  (see  Box  42.1).  By  observing  the  manometric 
recordings during attempted defecation, it is possible to identify 
the  sequence  that  most  closely  resembles  a  normal  pattern  of 
defecation. This recording can be used to measure the intrarec-
tal  pressure,  the  anal  residual  pressure,  and  the  percentage  of 
anal  relaxation  [127,131,132].  From  these  measurements,  it  is 
possible to calculate an index of the forces required to perform 
defecation  –  the  defecation  index  –  a  simple  and  quantifiable 
measure of rectoanal coordination (normal index is at least 1.5) 
[12,127]. Furthermore, rectal sensory testing may reveal rectal 
hyposensitivity  [120,178–180].  Although  several  studies  of 
anorectal  manometry  have  been  published,  analysis  of  nine 
medium- to high-quality studies [153] has revealed differences 
in both methodology and interpretation, with dyssynergia prev-
alence ranging from 20% to 75% [153]. Manometry only detects 
a dyssynergic pattern, and the diagnosis of dyssynergic defeca-
tion requires additional  tests [12,15,132], so one should  inter-
pret  manometric  results  with  caution.  Anorectal  manometry 
provides confirmatory evidence for the diagnosis of dyssynergic 
defecation  and  helps  identify  patients  who  may  benefit  from 
biofeedback  therapy.  An  international  consensus  panel  pro-
posed  uniform  standards  for  performing  and  interpreting 
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respond to aggressive medical treatment and had a better clini-
cal  outcome  after  colectomy  [71].  A  prospective  study  of  80 
patients  with  refractory  STC  showed  that  59%  had  abnormal 
colonic manometry, with 26% showing features of colonic neu-
ropathy,  33%  features  of  colonic  myopathy,  and  41%  normal 
colonic  motility.  Furthermore,  64%  of  patients  with  normal 
motility or colonic myopathy responded to aggressive medical 
or biofeedback therapy compared to 15% with colonic neuropa-
thy; a majority of the latter group responded to surgery [188]. 
Colonic manometry is a useful technique to investigate colonic 
sensorimotor  function  in  refractory  constipation,  helping  to 
guide clinical management.

Magnetic resonance imaging
In  the  last  few  years  several  uncontrolled  studies  have  shown 
that endoanal magnetic resonance imaging (MRI) and dynamic 
pelvic  MRI  –  “MR  defecography”  –  can  be  useful  [189–191]. 
This  is  the  only  imaging  modality  that  can  simultaneously 
evaluate  global  pelvic  floor  anatomy  and  dynamic  motion. 
Endoanal MRI may reveal changes in the external anal sphinc-
ter  that  are  not  identifiable  by  endoanal  ultrasound,  whereas 
MRI  fluoroscopy  directly  shows  the  pelvic  floor  and  viscera 
during  rectal  evacuation  and  squeeze  maneuvers  [192].  The 
free selection of imaging planes, absence of radiation exposure, 
good temporal resolution, and the excellent soft tissue contrast 
are all advantages. Dynamic pelvic MRI in the sitting position 
provides  a  more  physiological  approach  than  in  the  supine 
position  [193].

Dynamic  MRI  is  useful  for  the  diagnosis  of  rectal  mucosal 
intussusception  because  it  can  differentiate  between  mucosal 
and full-thickness rectal prolapse [189]. In dyssynergic patients, 
dynamic  MRI  reveals  that,  the  anorectal  angle  becomes  more 
acute,  confirming  paradoxical  contraction  of  the  puborectalis 
[190]. In a controlled study, the degree of perineal descent was 
decreased  in  35%,  normal  in  44%,  and  increased  in  21%  of 
constipated  patients  during  rectal  evacuation  [194].  Increased 
perineal descent was associated with a hypertensive anal sphinc-
ter, a normal rectal balloon expulsion test, and a rectocele. Limi-
tations  of  MRI  defecography  include  its  high  cost,  lack  of 
standardization,  wide  range  of  normal  values  [195],  possible 
lack of sensitivity [196], and general lack of availability.

Conclusions on diagnostic testing
Although several tests are performed to rule out structural and 
biochemical disorders that cause constipation, there is little evi-
dence to support the use of hematological and biochemical tests, 
radiographs, or endoscopy in the routine management of con-
stipated  patients  without  alarm  features  [153].  The  American 
College  of  Gastroenterology  Task  Force  concluded  that  the 
routine use of a battery of diagnostic tests should be avoided in 
patients with chronic constipation and that empiric  treatment 
should be the initial approach [154]. Diagnostic tests are indi-
cated to identify structural or functional causes of constipation 
in a subgroup of patients with alarm symptoms or signs, or in 

having  the subject  squeeze, cough, and expel  the barium. The 
most common findings are poor activation of levator muscles, 
prolonged retention of or inability to expel the barium, absence 
of a stripping wave in the rectum, mucosal intussusception, and 
rectocele [6].

According to the literature, the prevalence of normal defec-
ography varies between 10% and 75% [153]. Although defecog-
raphy revealed abnormalities  in 77% of subjects,  there was no 
relationship  between  symptoms  and  abnormalities  [185]. 
Another prospective study found that, the yield of defecography 
in  the diagnosis of constipation was minimal  [12]. Among 10 
defecography studies, abnormalities were reported in 25%–90% 
and dyssynergia in 13%–37% [153]. Disadvantages of defecog-
raphy include radiation exposure, embarrassment, limited avail-
ability, interobserver bias, and inconsistent methodology among 
centers  [153].  As  a  result  of  these  inherent  limitations,  it  has 
been  recommended  that  the  test  should  be  considered  as  an 
adjunct  to  clinical  and manometric  assessment of  constipated 
patients whose symptoms have not responded to conventional 
therapy  or  in  those  with  a  history  of  excessive  straining,  pro-
lapse, or use of digital maneuvers to facilitate defecation.

Colonic manometry
Colonic  manometry  provides  a  comprehensive  assessment  of 
overall  motor  activity  at  rest,  during  sleep,  after  waking,  after 
meals, and after provocative stimulation such as drugs, meal, or 
balloon distentions [67,71]. It is performed by using solid-state 
probes  and  portable  recorders  or  water-perfused  stationary 
systems [65,67,71]. It provides reproducible and reliable infor-
mation  regarding  the  pathophysiology  of  constipation 
[67,71,72],  and  can  be  used  to  explore  the  mechanisms  and 
motor  effects  of  pharmacological  agents  on  the  colon.  The 
probes are often placed under endoscopic or fluoroscopic guid-
ance, although other techniques have been described [86]. Pro-
longed  recordings  over  24 h  are  preferred  to  optimally 
understand the overall colonic motor profile. Studies have con-
firmed that patients with STC exhibit a significant reduction of 
phasic  colonic  motor  activity,  the  gastrocolonic  and  morning 
waking  responses,  and  the  number  of  HAPCs  (Figure  42.3) 
[71,72]. The application of multiple  (up  to 90),  closely  spaced 
sensors  using  fiberoptic  catheters  has  further  advanced  our 
understanding  of  colonic  motor  function  and  revealed  the 
importance  of  this  spacing  to  detect  colonic  propagated  con-
tractions;  tripling  the  distance  between  sensors  reduced  the 
number of contractions detected by 30% [186].

Thus, colonic manometry may reveal an underlying myopa-
thy or neuropathy [71]. In some patients, despite slower colonic 
transit time, the colonic neuromuscular function is normal [71]. 
Similar  to  its  utility  in  children  [187],  a  study  of  adults  has 
shown  that  the  test  can  facilitate  the  selection  of  patients  for 
surgery  [71].  In  a  case–controlled  study,  most  patients  with 
manometric features of colonic neuropathy (i.e., absence of any 
two of the three normal colonic motor responses: HAPCs, gas-
trocolonic  response,  and  morning  waking  response)  failed  to 
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those who do not respond to empirical therapy, or where there 
is a suspicion of dyssynergia.

There  is  good  evidence  to  support  the  use  of  physiological 
tests,  such  as  anorectal  manometry  or  colonic  transit,  in  par-
ticular  to define the pathophysiological subtypes and to guide 
the selection of treatment options. However, no single test will 
provide a pathophysiological basis for constipation because it is 
a heterogeneous condition that requires several tests to identify 
the underlying mechanism(s).

Treatment of chronic constipation

The treatment should be customized for each individual, taking 
into consideration  the etiology of constipation, age, comorbid 
conditions, underlying pathophysiology, and the patient’s con-
cerns and expectations. A survey of 331 primary care physicians 
reported that 60% felt that there were inadequate treatments for 
constipation [197]. In another survey of 4680 patients with self-
reported  constipation  and  on  medication,  47%  reported  dis-
satisfaction with their current treatment [198]. Hence, there is 
a  large unmet need  for  the  treatment of constipation, and the 
real challenge is to relieve the multiple symptoms and meet the 
patients’ expectations. An algorithmic approach for the diagno-
sis and management of constipation is shown in Figure 42.10.

Lifestyle changes, fluid intake, and exercise
Lifestyle  changes,  such  as  adequate  fluid  intake,  regular  non-
strenuous exercise, and dedicated time for passing bowel move-
ments,  can  be  useful  but  there  is  limited  evidence  to  support 
these measures  [110]. Patients  should be encouraged  to avoid 
postponing  defecation  [6],  as  the  urge  subsides  after  a  few 
minutes and may not return for hours. Most patients who have 
a  normal  bowel  pattern  usually  empty  stool  at  approximately 
the same time every day [149]. This observation suggests  that 
the  act  of  defecation  is,  in  part,  a  conditioned  reflex.  Hence, 
ritualizing the bowel habit is worthwhile and could help estab-
lish a regular pattern of bowel movement. Colonic motor activ-
ity  is  more  active  after  waking  and  after  a  meal  [67,71]. 
Accordingly, the optimal time for stool evacuation is within the 
first 2 h after waking and after breakfast. Timed toilet training 
consists  of  educating  the  patient  to  attempt  defecation  for 
approximately 5 min, at  least twice a day, usually 30 to 60 min 
after a meal,  irrespective of whether they have an urge or not, 
and to push at a level of 5 to 7, assuming a maximum straining 
effort of 10.

Some research suggests that modest exercise can relieve con-
stipation, especially if patients are generally inactive [199]. This 
recommendation  is  based  on  observations  that  bedridden 
patients are more prone to constipation and on the premise that 
exercise  shortens  gastrointestinal  transit  time  [199].  Exercise 
changes the colonic motor pattern by increasing the number of 
propagated  contractions  in  the  postexercise  period  [68].  In  a 
longitudinal  study  of  Australian  women,  the  odds  ratio  for 

constipation was lower (0.76) in women who performed low to 
moderate exercise than in sedentary women [200]. In another 
study, of geriatric patients, the relative risks of constipation for 
those who walked 0.5 km/day, those who walked with help, or 
who were chair-bound or bed-bound were 1.7, 3.4, 6.9, and 15.9, 
respectively [201].

Thus,  bowel  function  may  correlate  with  exercise  activity, 
particularly in the elderly, but other factors such as diet, cogni-
tion, medications, and personality may each play a role [110].

Constipation can be relieved in some patients by increasing 
daily fluid intake. In a study of 117 adults, intake of 2 L mineral 
water daily  increased stool  frequency when compared to con-
trols [202], although baseline stool habit was based on recall and 
the mineral water contained magnesium and other ions, com-
promising the validity of this study [110]. A study has further 
confirmed the equivalence of natural mineral water and mag-
nesium  sulfate-enriched  mineral  water,  although  hard  stools 
decreased significantly in the latter group [203].

Treatment of drug-induced constipation
Many  patients  with  constipation  are  unaware  that  they  are 
taking drugs that cause constipation. In a study of 329 individu-
als with self-reported constipation, 195 (59.3%) were using con-
stipating medications [204]. A common list of drugs is shown 
in  Box  42.3.  The  physician  should  seek  out  medications  that 
cause constipation and, wherever possible, substitute agents that 
do  not.  In  a  study  of  46  cancer  patients,  the  percentage  of 
patients  taking  daily  laxatives  decreased  significantly  after 
patients  were  switched  to  a  less-constipating  analgesic  [205]. 
Opioid-induced bowel dysfunction is common and agents such 
as methyl naltrexone may be useful [206]. Several other medica-
tions  are  in  development  [207],  and  naloxegol  (pegylated 
naloxone  which  does  not  cross  the  blood–brain  barrier  and 
therefore  does  not  reverse  the  effects  of  the  opiate  analgesia 
[208]),  has  been  approved  for  marketing.  Methyl  naltrexone 
subcutaneous injection has been approved for the treatment of 
opioid-induced constipation in patients with chronic noncancer 
pain.

Diet and fiber
Organic polymers such as bran or psyllium have the ability to 
hold extra water and often resist digestion and absorption in the 
upper gut. Their effectiveness as bulking agents depends on the 
dosage taken, their water-holding capacity, the extent of break-
down by bacterial fermentation, and whether the fermentation 
products  have  any  supplemental  laxation  [209].  A  high-fiber 
diet increases stool weight and accelerates colonic transit time 
[210].  In  contrast,  a  diet  that  is  deficient  in  fiber  may  lead  to 
constipation [210,211]. However, there is no evidence that con-
stipated patients in general consume less fiber than nonconsti-
pated  patients,  and  in  fact  studies  show  similar  levels  of  fiber 
intake  [110].  Furthermore,  constipated  patients  with  slow 
transit  or  pelvic  floor  dysfunction  respond  poorly  to  dietary 
supplementation with 30 g fiber per day, whereas those without 
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Figure 42.10 (a) Algorithmic approach to the management of chronic constipation and (b) algorithmic approach to the gastrointestinal motility 
evaluation and treatment of chronic constipation. CC, chronic constipation; IBS-C, irritable bowel syndrome with concurrent constipation. Source: 
Adapted from Rao 2003 [6]. Reproduced with permission of Elsevier.
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include lipid pneumonia from aspiration, a risk particularly in 
elderly subjects, malabsorption of fat-soluble vitamins, foreign-
body reactions, and fecal incontinence [220].

Stimulant laxatives
This group consists of anthraquinones (senna, cascara sagrada, 
danthron,  and  casanthranol),  diphenylmethane  derivatives 
(bisacodyl, sodium picosulfate), and ricinoleic acid (castor oil). 
Stimulant laxatives affect electrolyte transport across the intes-
tinal mucosa and enhance colonic transport and motility; they 
usually work within several hours of administration.

The  anthraquinones  increase  fluid  and  electrolyte  secretion 
in the small intestine [219] and are absorbed and metabolized 
by  the  liver.  They  cause  melanosis  coli,  a  brownish  black  pig-
mentation of the colonic mucosa as a result of cell debris inside 
submucosal  macrophages.  This  is  formed  during  apoptosis  of 
colonic epithelial cells stained by the anthraquinones. Bisacodyl 
(Dulcolax; Correctol; Carter’s Little Pills) is structurally similar 
to  phenolphthalein,  increases  small  intestinal  fluid  secretion 
and colonic motor activity, and is approved for the treatment of 
occasional constipation. It is a gastric irritant so the tablets are 
enteric coated. It is also available as a suppository.

Common side-effects include abdominal discomfort, cramps, 
and  fecal  incontinence  [221].  Stimulant  laxatives  are  best 
reserved for occasional or short-term use [148] and have been 
used  as  rescue  agents  in  many  clinical  trials.  Their  long-term 
safety  has  not  been  established.  Four  randomized  controlled 
trials were identified but none of them were placebo controlled, 
leading  to  a  grade  B  recommendation  [213].  A  large  rand-
omized controlled trial of 368 patients with constipation showed 
that 4 weeks of bisacodyl, 10 mg per day, was more effective than 
placebo  in  improving  constipation  and  number  of  complete 
spontaneous bowel movements per week [222].

Osmotic laxatives
Osmotic laxatives include saline laxatives (salts of magnesium, 
phosphate,  and  sulfate),  poorly  absorbed  synthetic  disaccha-
rides such as lactulose, sugar alcohols such as sorbitol or man-
nitol,  and  an  inert  polymer,  polyethylene  glycol  (PEG-3350). 
This group includes ions or molecules that are not well absorbed 
by  the  intestine,  driving  retention  of  water  by  the  intestinal 
lumen  to  maintain  osmotic  balance  with  plasma.  Overuse  of 
osmotic laxatives may induce abdominal cramps, diarrhea, and 
dehydration  [17,213].  Magnesium  compounds  are  commonly 
used. The typical adult dose of one to two tablespoons of mag-
nesium  hydroxide  contains  20–40 mmol  magnesium  ions  and 
can produce an evacuation within 6–12 h. A single, low-quality, 
8-week,  crossover  trial  compared  magnesium  hydroxide  with 
laxamucil and reported 2.8 more bowel movements with mag-
nesium [17,213,223]. Citrate of magnesia  is available as a car-
bonated drink in 300-mL (10-fluid ounce) bottles and contains 
116 mmol magnesium ion, but there are no trials with this com-
pound.  Hypermagnesemia  can  occur  in  patients  with  renal 
failure. Likewise, sulfate compounds and phosphate salts (Fleet 

an underlying motility disorder improved [212]. A fiber intake 
of 20–30 g per day is optimal, but not a panacea. Six trials that 
evaluated  bulk  laxatives  or  dietary  fiber  showed  an  average 
weighted increase of 1.4 (95% confidence interval (CI) 0.6–2.2) 
bowel movements per week, whereas seven trials that evaluated 
laxative agents other than bulk, showed an increase of 1.5 (95% 
CI 1.1–1.8) bowel movements per week [213]. Both the Ameri-
can College of Gastroenterology Task Force [154] and a system-
atic  review  [213]  concluded  that  psyllium,  a  natural  fiber 
supplement, increases stool frequency and they gave this com-
pound a grade B recommendation, but  there were  insufficient 
data to make a recommendation for the synthetic polysaccha-
ride  methylcellulose,  or  for  calcium  polycarbophil  or  bran  in 
patients with constipation. A study has shown that dried plums 
(prunes) were superior to psyllium in the management of mild 
to moderate constipation and that this effect may be in part due 
to  presence  of  other  compounds  in  addition  to  fiber  in  dried 
plums [214].

The benefits of added fiber are not evident for days to weeks 
and  its  fermentation  can  produce  excessive  gas,  bloating,  and 
flatulence  [209].  It  is  important  to  recommend generous fluid 
intake  along  with  fiber  supplementation,  failing  which,  stools 
could  become  hard  and  bulky  and  difficult  to  expel.  Patients 
with  an  obstruction,  gastroparesis,  fecal  impaction,  or  those 
confined  to  bed  or  requiring  fluid  restriction  should  not  be 
given  fiber  supplements.  Inadequate  calorie  intake  can  cause 
constipation [215], and it is a common problem in patients with 
anorexia nervosa. Refeeding and restoration of normal weight 
normalize colonic transit [216].

Pharmacological treatments
These  include  laxatives,  prokinetic  agents,  serotonergic  com-
pounds, chloride channel activators, and others. In one report, 
$821 million was spent yearly on over-the-counter laxatives in 
the United States [217]. A summary of these compounds, their 
mode of action, and evidence-based recommendations is shown 
in Table 42.2.

Stool softeners
Sodium and calcium docusate compounds (Colace, SURFAK) 
are  anionic  surfactants  that  lower  the  surface  tension  of  stool 
and  facilitate  the  mixing  of  aqueous  and  fatty  substances  and 
also  stimulate  intestinal  fluid  secretion  [219].  There  are  four 
randomized  control  trials  that  have  compared  stool  softeners 
with  either  placebo  or  other  laxatives.  The  sample  sizes  were 
small and the data conflicting [213]. Consequently, these com-
pounds  were  afforded  a  Grade  B  recommendation  and  they 
were felt to be inferior to psyllium with regards to improvement 
of stool  frequency [17]. Mineral oil  is a  lubricant used for the 
treatment of constipation [17]. It provides lubrication by emul-
sifying the stool mass [220]. There is no published study of the 
use of mineral oil in adults with constipation, although in chil-
dren  it  appears  to  be  more  effective  than  senna-based  com-
pounds and less effective than osmotic laxatives [17]. Side-effects 
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Table 42.2 Summary of the pharmacological properties of conventional laxatives and newer therapies used in the treatment of constipation and related 
evidence-based medicine recommendations. Source: Adapted from Singh and Rao 2010 [218]. Reproduced with permission of Elsevier.

Laxative Class Medications Mechanism of action Side effects Level of 
evidence

Grade of 
recommendation

Bulk (fiber) 
laxatives

Psyllium, calcium 
polycarbophil, 
methylcellulose, bran

Retaining water in stool, 
increasing stool bulk, and 
improving consistency

Flatulence, bloating, 
abdominal distension, 
rarely causing 
mechanical obstruction 
of esophagus and colon

Psyllium II; 
Others III

B/C

Stool softeners 
or wetting 
agents

Docusate sodium, 
docusate calcium

Promoting luminal water 
binding by detergent-like 
action, increasing stool bulk

Intestinal cramping, 
irritation of throat 
(liquid formulation)

III C

Stimulant 
laxatives

Senna, aloe, 
bisacodyl, sodium 
picosulfate

Increasing intestinal 
peristalsis by acting on 
myenteric nerve plexus; 
decreasing large intestinal 
water absorption

Abdominal discomfort, 
rarely electrolytes 
disturbance, melanosis 
coli

Sodium 
picosulfate II; 
Others III

A/C

Osmotic 
laxatives

PEG, lactulose, 
sorbitol, milk of 
magnesia, 
magnesium citrate

Osmotic water binding Bloating, flatulence, 
abdominal cramping, in 
rare instances, 
electrolytes disturbances

PEG I A

Lactulose I A

Sorbitol/Milk of 
Magnesia III

B/C

Mixed laxatives Dried plums Stool bulking and osmotic 
action

Flatulence, bloating II B

Chloride 
channel 
activators

Lubiprostone 
(Amitiza)

Selective activation of 
intestinal epithelial chloride 
channel 2, increasing 
chloride secretion

Nausea, diarrhea, 
headache

I A

Guanylate 
cyclase C 
agonists

Linaclotide Activation of GC-C receptor 
on enterocytes, increasing 
cGMP, activating CFTR, 
increasing luminal chloride/
bicarbonate secretion; 
ameliorating visceral 
hypersensitivity

Diarrhea I A

Opioid receptor 
antagonists

Methylnaltrexone 
(Relistor)

Enteric opioid receptor 
antagonism, with minimal 
absorption and not crossing 
blood–brain barrier

Abdominal cramping, 
flatulence, nausea

I A

Alvimopan (Entereg) Nausea, vomiting I A

Serotonergic 
agonists

Prucalopride (Resolor), 
Tegaserod, TD-5108, 
ATI-7505

Selective 5-HT4 receptor 
activation with 
enhancement of gut motility 
by contraction of proximal 
smooth muscles and 
relaxation of distal smooth 
muscles; cAMP mediated 
colonic chloride secretion

Headache, nausea, 
diarrhea, abdominal 
pain, tegaserod with 
unfounded concerns for 
ischemic colitis

I A

CFTR, cystic fibrosis transmembrane conductance regulator.

Phospho-soda,  Maryfaxtone)  serve  as  hyperosmolar  agents 
causing  laxation.  The  colon  is  less  permeable  to  phosphate  
than is the small intestine, so phosphate salts can be used in an 
enema  form  to  clean  the  lower  colon.  A  standard  phosphate 
enema  (Fleet)  contains  120 mL  of  fluid  and  1780 mmol/L  of 
phosphate ion.

Lactulose  is  a  synthetic  disaccharide  that  cannot  be  hydro-
lyzed  in  the  small  intestine  and  thereby  serves  as  an  osmotic 
agent. It is fermented in the colon by anaerobic flora. Significant 
diarrhea does not occur until more than 100 g/24 h is consumed 
[224];  standard  doses  produce  mild  laxation  [209].  Likewise, 
sorbitol  and  mannitol  are  sugar  alcohols  that  are  poorly 
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symptoms  of  chronic  constipation  [235].  Long-term  studies 
show that the compound is efficacious and safe [237]. The most 
common adverse effects are nausea (31.1%), diarrhea (13.2%), 
and headache  (13.2%)  [237].  In guinea pigs,  lubiprostone can 
cause fetal loss so adequate contraceptive measures are recom-
mended for young women taking lubiprostone, and it has been 
designated a pregnancy category C drug  [238]. Most  recently, 
lubiprostone has been approved for treatment of opioid-induced 
constipation  and  was  shown  to  be  effective  in  a  large  rand-
omized controlled trial [239].

Guanylate cyclase C agonist
Linaclotide  is a novel drug with a novel mechanism of action 
(activation  of  chloride  secretion  through  cystic  fibrosis  trans-
membrane  conductance  regulator  [CFTR]  after  binding  to  
guanylate  cyclase  C  receptor),  low  bioavailability,  and  local 
action  in  the  intestinal  epithelial  cells.  It  accelerates  colonic 
transit  [240],  relieves  chronic  constipation  [241,242],  and 
reduces pain sensation [243], thereby also relieving pain in IBS-
constipation [244].

Miscellaneous and emerging therapies
Colchicine,  a  plant  alkaloid  used  to  treat  gout  [209,220],  and 
misoprostol, a prostaglandin analogue used to treat peptic dis-
orders, induce diarrhea as a side-effect [209,220]. Consequently, 
they  have  been  tried  in  patients  with  chronic  constipation 
[245,246]. A limited number of studies involving a small number 
of patients found that colchicine increased stool frequency and 
accelerated colonic  transit,  lessening the need for rescue  laxa-
tives [213]. Similarly, misoprostol increased intestinal motility, 
particularly  of  the  left  colon,  and  the  rate  of  intestinal  transit 
[213,246].  Misoprostol  can  trigger  uterine  contractions  so  it 
should  be  avoided  by  women  who  are  or  who  could  become 
pregnant  [209].  Severe  abdominal  cramping  has  also  been 
reported [209].

New chloride secretagogues
Plecanatide activates guanyl cyclase C (GC-C) receptors, stimu-
lating chloride and bicarbonate secretion, and inhibiting sodium 
absorption in intestinal enterocytes. In a 14-day treatment trial 
in 80 patients with chronic idiopathic constipation, plecanatide 
improved  stool  frequency  and  consistency,  straining,  and 
abdominal discomfort [247]. A preliminary report documented 
the efficacy of plecanatide (0.3, 1, and 3 mg) in 951 chronic idi-
opathic constipation patients treated for 12 weeks [248].

Bile acid modulation
Delivery of bile acids into the colon results in diarrhea. Selective 
inhibition of the ileal bile acid transporter with elobixibat pro-
vides a novel approach to bile acid delivery  to  the colon. This 
drug accelerated colonic transit [249] to significantly increased 
stool  frequency  and  improved  constipation-related  symptoms 
over  8  weeks  of  treatment  in  chronic  idiopathic  constipation 
patients [250].

absorbed.  In  one  study  of  elderly  constipated  subjects,  70% 
sorbitol  syrup  was  as  effective  as  lactulose  but  was  approxi-
mately one-tenth the cost [225]. Glycerin is another small mol-
ecule  that  can  exert  osmotic  activity  in  the  colon.  It  is  not 
absorbed by the colon and is often used as a suppository to draw 
water into the rectum.

Polyethylene  glycol,  PEG  3350  (MiraLAX;  Braintree  Labs, 
Braintree, MA, USA; glycoLax) is a large polymer that is poorly 
absorbed, metabolically inert, and not degraded by bacteria. It 
has  been  widely  used  as  a  lavage  solution  in  preparation  for 
colonoscopy. There are at  least  eight placebo-controlled  rand-
omized  trials  of  PEG  compounds  and  two  randomized  trials 
comparing  PEG  with  lactulose  [213].  PEG  was  superior  to 
placebo  in  increasing  stool  frequency  and  stool  consistency 
[226]. Its efficacy is often greatest in the second week of treat-
ment and a dose–response study showed that a 68-g dose pro-
duced  reliable  laxation  within  24 h  [227].  Although  generally 
safe  it  can  cause  bloating  or  nausea.  However,  no  electrolyte 
changes  have  been  reported.  In  a  6-month  multicenter  study, 
stool frequency increased to 7.7 per week with PEG and 5.4 per 
week with placebo [228]. A study reported relief of constipation 
in  52%  of  patients  on  PEG-3350  versus  11%  of  patients  on 
placebo [229].

Serotonergic agents
Serotonin is a neurotransmitter that is widely distributed in the 
body,  though  more  than  90%  is  found  in  the  gastrointestinal 
tract  [114].  Fourteen  serotonin  receptor  subtypes  have  been 
identified,  including  type  4  receptors  (5-HT4),  which  when 
stimulated  promote  peristalsis,  induce  chloride  secretion,  and 
possibly reduce visceral hypersensitivity [230]. In many coun-
tries,  the  5-HT4  receptor  agonist,  prucalopride,  has  been 
approved for the treatment of chronic constipation at a dose of 
2 mg per day for adults and 1 mg per day for those over 65 years 
of  age.  Metaanalysis  demonstrates  efficacy  and  safety  of  this 
selective 5-HT4 receptor agonist [231].

Chloride channel activators
Chloride channels  are  located  in  the apical  and  serosal mem-
branes  of  the  enterocyte  and  they  facilitate  chloride  transport 
[232].  There  are  four  subtypes  [233].  Lubiprostone  is  a 
gastrointestine-targeted bicyclic  fatty acid that selectively acti-
vates type 2 chloride channels, resulting in increased secretion 
of chloride by the intestinal cells lining the small bowel. As the 
negatively  charged  chloride  ion  leaves  the  cell,  sodium  and 
water are also simultaneously excreted into the lumen paracel-
lularly,  to  maintain  enterocyte  electrical  gradient  [232].  Thus, 
lubiprostone increases fluid secretion, and secondarily increases 
intestinal  motility  and  enhances  stool  transport,  alleviating 
symptoms  of  chronic  constipation  [232,234–236].  In  a  rand-
omized  controlled  trial  involving  242  patients,  lubiprostone 
24 μg twice daily for 28 days was more effective than placebo in 
increasing  the  number  of  spontaneous  bowel  movements, 
decreasing straining, improving stool consistency, and relieving 
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symptomatic improvement has been reported in about 80% of 
patients [12,251,257].

Sensory training
Sixty  percent  of  patients  with  dyssynergic  defecation  have 
impaired rectal sensation [120,258,259] so rectal sensory con-
ditioning may provide additional therapeutic benefit [256,258]. 
The goal is to enhance rectal sensory perception by training the 
patient to perceive a lower volume of rectal balloon distention, 
but  with  the  same  intensity  as  previously  experienced  with  a 
larger  balloon  volume  [258,259].  Simulated  defecation  is  a 
maneuver performed by placing an artificial stool or water-filled 
balloon into the rectum [12,258]. The patient is asked to sit on 
a commode and to expel the device. Their posture and breathing 
techniques  are  continuously  monitored  and  corrected,  and  a 
therapist  assists  the  patient’s  efforts,  if  required,  by  applying 
gentle  traction  to  the  stool-like  device  while  reinforcing  their 
technique of defecation.

Three  randomized  controlled  trials  of  biofeedback  therapy 
have been reported. Rao and colleagues [253] showed that bio-
feedback therapy was superior to sham biofeedback and to the 
standard  medical  treatment  of  diet,  exercise,  and  laxatives. 
Global bowel satisfaction was significantly higher with biofeed-
back compared to sham treatment (78% vs 48%, P < 0.05). Also 
the  number  of  complete  spontaneous  bowel  movements  per 
week was significantly higher in the biofeedback group (Figure 
42.11). In another study, Heymen and colleagues [260] showed 
that biofeedback was more effective than either 5 mg diazepam 
or a placebo. Response rates, defined by patients’ self report of 
“adequate relief ” after 3 months of training, were 71% for bio-
feedback, 33% for placebo, and 20% for diazepam.

Chiarioni  and  colleagues  showed  that  five  biofeedback  ses-
sions were more effective  than continuous PEG (14 g/day)  for 
treating  dyssynergia,  and  benefits  lasted  for  at  least  2  years 
[252].  Two  randomized  control  trials  have  also  reported  sus-
tained (1 year) improvement of symptoms [252,256] and color-
ectal  function  [256],  confirming  the  long-term  efficacy  of 
biofeedback  therapy.  These  studies  indicate  that  biofeedback 
should  be  the  preferred  treatment  for  dyssynergic  defecation. 
Unfortunately, biofeedback is a labor-intensive program that is 
not  widely  available.  To  treat  the  vast  number  of  constipated 
patients, a home-based, self-training program may be required. 
Limited studies have demonstrated the feasibility of home train-
ing [257,261], but its efficacy has not been assessed.

Treatment of stool impaction
Patients  with  stool  impaction  or  those  with  hard  stools  that  
are  difficult  to  expel  require  digital  disimpaction.  This  can  
be  painful  and  may  require  sedation  or  anesthesia.  Once  the 
colon  has  been  cleaned,  these  patients  require  rigorous  bowel 
conditioning  and  a  regimen  of  laxatives  and  suppositories  or 
enemas to prevent stool impaction. Glycerin or bisacodyl sup-
positories together with enemas (tap water or Fleet) are usually 

Treatment of evacuation disorders
Behavioral  approaches using neuromuscular  conditioning can 
be effective in the management of dyssynergic defecation [12].

Treatment of dyssynergic defecation
Treatment of dyssynergic defecation consists of diet,  laxatives, 
timed-toilet  training,  and  other  measures  outlined  above, 
together  with  neuromuscular  conditioning  using  biofeedback 
techniques [12,120]. Biofeedback has been shown to be effica-
cious  [251–253].  Other  approaches  that  have  limited  efficacy 
include  botulinum  toxin  injection  [130,131],  anal  myectomy, 
and surgery [124,254].

Biofeedback  therapy  is  an  instrument-based  behavioral 
program  that  is  based  on  “operant  conditioning”  techniques. 
The governing principle is that when any behavior is reinforced, 
its likelihood of being repeated and perfected increases several 
fold.  In patients with dyssynergic defecation,  the goal of neu-
romuscular conditioning is twofold:
1. to correct the incoordination or dyssynergic behavior during 

defecation, and restore normal coordination of the abdomi-
nal, rectal, puborectalis, and anal sphincter

2. to improve rectal sensory perception.

Rectoanal coordination training
Three techniques have been used:
1. diaphragmatic muscle training with simulated defecation
2. manometry-guided pelvic floor retraining
3. simulated defecation training.

The biofeedback system consists of placing a manometry or 
electromyography probe into the anorectum [12]. These sensors 
pick  up  pressure  or  electromyographic  signals  from  the  anal 
sphincter, which are then displayed on a monitor. This provides 
visual feedback [134]. The simulated defecation technique con-
sists of placing either a water-filled balloon or a silicone-filled 
balloon, called a Fecom [255], into the rectum, and the subject 
is trained to expel the device by coordinating the abdominal and 
pelvic floor muscles.

Typically, patients are instructed on diaphragmatic breathing 
techniques to improve their abdominal pushing effort. Thereaf-
ter, visual or auditory feedback techniques are used to provide 
input  to  the  patient  regarding  their  attempted  defecation 
maneuvers. The patient’s posture and breathing techniques are 
corrected. The number of training sessions is customized to the 
patient’s need, but an average of six sessions is often required. 
Training is complete if a patient can demonstrate consistently, 
that  is  during  two  consecutive  training  sessions,  a  normal 
pattern of defecation with at least 50% of attempts, together with 
an  improvement  in  symptoms  of  difficult  defecation  [12,253]. 
However,  many  patients  tend  to  revert  back  to  their  previous 
pattern of defecation so periodic reinforcement may be required. 
In a long-term assessment of biofeedback therapy, it was found 
that  compliance  with  reinforcement  sessions  decreases  with 
time [256]. Using any one or a combination of these methods, 
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is  felt  to cause  fewer complications over  time [266], but  there 
are no controlled trials.

Colectomy
Several  techniques  for  colectomy  have  been  advocated  that 
include  segmental  colectomy,  ileorectal  anastomosis,  ileosig-
moid anastomosis, cecorectal anastomosis, ileoanal anastomo-
sis  with  proctocolectomy,  and  pouch  formation  or  ileostomy 
[268].  Subtotal  colectomy  with  ileorectal  anastomosis  is  the 
most commonly performed technique. A long-term study that 
compared the outcome of colectomy in patients with constipa-
tion, ulcerative colitis, and colon cancer concluded that patients 
with  constipation  fared  poorly,  had  more  complications,  and 
had  poorer  quality  of  life  compared  to  other  groups  [269].  A 
more  recent  series  of  carefully  selected  patients  reported  that 
bowel symptoms improved in over 80% of patients, and quality 
of life scores normalized [264]. Segmental colectomy was felt to 
be  unsuccessful  in  several  case–control  studies  [270,271], 
although one report  is more favorable [168]. There is no clear 
rationale for resection of a particular colonic segment, particu-
larly because segmental retention of markers on a colonic transit 
study  may  not  accurately  predict  colonic  dysfunction  in  that 
segment. An ileostomy may be considered in patients who fail 
ileorectal  anastomosis,  but  in  one  series  a  favorable  outcome 
was seen  in only 50% [272]. Many of  these patients may have 
underlying psychological dysfunction [262] or a generalized gut 
motility disorder [262].

Surgery for evacuation disorders
In  patients  with  structural  abnormalities,  such  as  rectocele, 
descending perineum syndrome, and mucosal intussusception, 
several  surgical  techniques  have  been  tried  [273].  Repair  of  a 
rectocele  using  a  transrectal  approach  seems  to  have  fewer 

successful, but their efficacy has not been prospectively assessed. 
Additional measures include saline or osmotic laxatives or PEG 
solutions. After establishing a bowel regimen, it is important to 
assess  these  patients  for  secondary  causes  or  an  underlying 
colonic or generalized motility disorder.

Surgical treatment
Surgery  should  be  reserved  for  patients  who  fail  aggressive 
medical  and  behavioral  treatments  under  expert  supervision, 
have demonstrable colonic neuropathy [71], and have motility 
dysfunction that is confined to the colon [262]. The latter two 
are  best  assessed  by  performing  a  gastric-emptying  test, 
antroduodenojejunal  manometry,  and  colonic  manometry. 
Patients with a generalized motility disorder are more likely to 
have an unsatisfactory outcome [263,264]. Broadly, the surgical 
procedures  may  be  considered  under  three  categories;  cecos-
tomy, colectomy with anastomosis or construction of a stoma, 
and surgery for evacuation disorders.

Cecostomy
This  procedure  is  analogous  to  a  gastrostomy.  Both  surgical 
[265] and endoscopic [266] techniques have been described and 
the  results  appear  favorable.  The  procedure  is  generally  pre-
ferred in children, institutionalized patients, and in those with 
neurological lesions. The Malone or antegrade continent enema 
procedure consists of fashioning a cecostomy button or appen-
dicostomy [265–267]. The principle is to perform periodic ante-
grade  irrigation  of  the  colon  (once  every  3  days)  so  that  the 
colon is adequately cleansed and in a predictable manner. Solu-
tions  commonly  used  include  a  glycerin : saline  solution  in  a 
ratio  of  1 : 3;  a  volume  of  500–1500 mL  as  tolerated  is  infused 
into the cecostomy. Alternatively, PEG solutions may be used. 
Satisfactory results range from 40% to 78% [266]. An ileal stoma 

Figure 42.11 Effects of biofeedback therapy on the number of complete spontaneous bowel movements (CSBM) and the proportion of subjects who 
reported improved bowel satisfaction in a randomized controlled trial that compared biofeedback therapy with sham feedback (relaxation) and standard 
treatment of diet and laxatives. Source: Rao et al. 2007 [253]. Reproduced with permission of Elsevier.
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first step is to confirm the diagnosis by digital rectal examina-
tion. A plain radiograph of the abdomen can reveal stool impac-
tion.  Initially,  glycerin  and  bisacodyl  suppositories  together 
with phosphosoda or milk of molasses enema should be tried 
together with gentle disimpaction with fingers. If unsuccessful, 
manual  disimpaction  and  evacuation  should  be  performed, 
under  sedation  sometimes  requiring  anesthesia  (particularly 
children).  Once  disimpaction  has  been  achieved,  the  patient 
should  be  placed  on  an  aggressive  regimen  of  oral  laxative, 
prokinetics,  and  suppositories  to  ensure  frequent  soft  stools 
daily.  Bulk  laxatives  and  fiber  supplements  should  be  avoided 
[288,289]. Stimulant or osmotic laxatives such as PEG or mag-
nesium compounds are preferred, although newer agents such 
as linaclotide, prucalopride, and lubiprostone may also be effec-
tive. After 1 or 2 months, efforts should be made to identify an 
underlying problem such as dyssynergia,  encopresis, mobility, 
or  drugs  and  appropriate  steps  should  be  taken  to  prevent  a 
recurrence [290].

Complications of constipation

Several common anorectal conditions such as anal fissure, hem-
orrhoids, megarectum, megacolon, fecal impaction particularly 
in the elderly, fecal seepage, stercoral ulcer, solitary rectal ulcer 
syndrome,  and  rectoceles  may  be  a  consequence  of  long-
standing constipation [291]. Although a causal relationship can 
sometimes be difficult to establish, based on expert consensus, 
historical association of these problems and recent evidence of 
altered anorectal physiology  in many of  these conditions,  it  is 
likely that long-standing constipation, or difficulty with defeca-
tion,  or  both  predispose  to  these  common  problems.  Patients 
may not always describe or be aware of symptoms of coexisting 
constipation.  Consequently,  prevention  and  aggressive  treat-
ment of underlying constipation with diet, laxatives, behavioral, 
and  other  approaches,  and  sometimes  surgery,  may  lead  to 
longer-lasting  relief  or  cure.  Colorectal  cancer  has  also  been 
claimed as a potential side-effect, either because of long-standing 
constipation or as the result of unforeseen effects of the medica-
tions used to treat constipation [209,292] but there is no con-
crete evidence. With the recent advances in the pathophysiology 
of  chronic  constipation,  these  complications  should  be 
preventable.
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side-effects [274], although most patients do not require surgery. 
For  patients  with  mucosal  intussusception  or  rectal  prolapse 
often accompanied by solitary rectal ulcer, abdominal rectopexy 
with  sigmoid  resection  has  been  recommended  [273].  Local 
excision is not recommended because this procedure does not 
address the underlying pathophysiology and the lesions tend to 
recur.  Keighley  and  Shouler  [275]  described  14  patients  who 
underwent posterior Marlex rectopexy for solitary rectal ulcer 
syndrome.  The  ulcer  healed  in  five  of  six  patients  (83%)  with 
full-thickness rectal prolapse. A similar result was noted in only 
two of eight patients (25%) with rectoanal intussusception. The 
authors  concluded  that  only  symptomatic  ulcers  should  be 
treated by surgery and only after medical treatment has failed. 
Many  of  these  patients  have  coexistent  dyssynergia  for  which 
biofeedback can be effective [276]. A stapling procedure, stapled 
transanal  rectal  resection,  has  been  advocated  [277].  After 
initial experience, enthusiasm remains high [278], although in 
one multicenter series, several complications, including bleed-
ing, incontinence, anal stenosis, and pain, have been reported. 
Controlled trials are awaited.

Sacral nerve stimulation
Initially  used  for  the  treatment  of  fecal  and  urinary  inconti-
nence, several studies have reported that sacral nerve stimula-
tion  may  benefit  patients  with  constipation  [279–282].  The 
mechanism by which sacral nerve stimulation improves bowel 
function is unclear; a study of six patients reported that S3 but 
not  S2  nerve  stimulation  produced  more  HAPCs,  suggesting 
that sacral nerve stimulation alters colonic physiology through 
neuroenteric pathways [279]. A prospective study of 65 patients 
who failed laxatives and biofeedback found that stool frequency 
and bowel satisfaction improved, whereas straining, time spent 
on the toilet, and pain decreased [282].

Management of Hirschsprung disease
Surgery remains the cornerstone of treatment for Hirschsprung 
disease.  The  optimal  surgical  approach  is  determined  by  the 
length  of  the  aganglionic  segment,  in  particular  whether  it 
involves the anorectum, rectum, or colon. In patients with sig-
nificant hindgut involvement, removal of the entire segment, as 
in the Swenson procedure [283] and the endorectal pull-through 
techniques of Soave and Boley [284], or bypassing the segment, 
as  in  the  Duhamel  operation,  have  all  produced  satisfactory 
results  [285].  In  patients  with  a  short  or  ultra-short  segment, 
anal myotomy with or without incision of a variable  length of 
rectal smooth muscle has been reported to be useful [286].

Management of fecal impaction
Fecal  impaction  can  be  seen  in  a  variety  of  clinical  settings, 
including  children  with  prolonged  difficulty  with  defecation, 
adults with dyssynergia or STC, institutionalized patients, post-
operative patients on opioids, patients with psychological and 
psychiatric  comorbidities,  and  most  importantly  elderly  indi-
viduals, many of whom may present with fecal soiling [287]. The 
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Definitions

Abdominal pain is a common patient complaint, accounting for 
a significant number of emergency department (ED) [1] and 
primary care visits [2] each year. In 2007–2008, it accounted for 
11.3% of noninjury ED visits in the United States [3]. The dif-
ferential diagnosis of acute abdominal pain is broad and ranges 
from benign to life-threatening etiologies. Although definitions 
vary, the term “acute abdomen” generally refers to the sudden 
onset of abdominal pain that requires prompt diagnosis and 
early management. Arbitrary time intervals can be utilized to 
differentiate the “acute abdomen” from acute abdominal pain, 
with an onset of less than 24 h for the former and up to several 
days for the latter. While the vast majority of cases do not 
require operative management, it is critical to have a systematic 
approach to the patient with abdominal pain in order to effi-
ciently identify those who require expedited evaluation or 
urgent intervention. This chapter reviews the pathophysiologi-
cal mechanisms that determine how abdominal pain is sensed, 
provides a framework for understanding acute abdominal pain, 
and highlights special populations in whom the presentation of 
acute abdominal processes may be atypical.

Pathophysiology

Neuroanatomy
Neuronal sensory (afferent) pathway organization and embryo-
logical organ development play major roles in determining how 
abdominal pain is perceived. Sensory receptors in the digestive 
tract include mechanoreceptors, chemoreceptors, and ther-
moreceptors. Visceral chemoreceptors perceive a variety of 
chemical stimuli as noxious, including substance P, serotonin, 
prostaglandins, bradykinin, histamine, and hydrogen ions [4,5], 
whereas the principal mechanical stimulus for nociceptors is 
stretch. In hollow abdominal organs, afferents that respond to 
chemical and mechanical stimuli are located within the gas-
trointestinal mucosa and muscularis mucosa, between the 
smooth muscle layers, in the serosa (visceral peritoneum), and 
within the mesentery [6,7]. Solid organ nociceptive receptors 
generally are limited to the organ capsule and respond mainly 
to mechanical stimuli (stretch). Therefore, lesions within solid 
organs may not cause pain until they are of sufficient size to 
cause capsule stretch or traction.

There are three main patterns of abdominal pain: visceral, 
somatoparietal, and referred. Visceral and somatoparietal 
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sensory pathways utilize a three-neuron chain [8]. The cell body 
of the first-order neuron resides in the dorsal root ganglion with 
one axon that projects centrally to the spinal cord and one axon 
that projects distally to either the visceral organs or the somat-
oparietal structures (parietal peritoneum, abdominal wall mus-
culature, and skin). Visceral afferents projecting distally pass 
along the spinal nerve, exit via the white rami communicans to 
the sympathetic chain ganglia, and finally travel in association 
with the splanchnic (sympathetic) nerves to reach the visceral 
organ nociceptive receptors. Somatoparietal afferents pass along 
the spinal nerve to peripheral nerves that conform with cutane-
ous dermatomes (see Figures 43.1 and 43.2). Both visceral and 
somatoparietal afferents projecting centrally enter the dorsal 
horn of the spinal cord and synapse with second-order neurons. 
Somatoparietal structures are densely innervated, and their 
afferent neurons synapse at the same level as their port of entry 
into the spinal cord. In contrast, visceral sensory afferents are 
fewer in number and synapse with second-order neurons 
located at, above, or below the level of spinal cord entry. As a 
result of this wider distribution of innervation, visceral pain 
often is more vague, diffuse, and difficult to localize than somat-
oparietal pain. Vagal sensory afferents primarily serve to regu-
late autonomic functions and have little role in pain sensation. 
The second-order dorsal horn neuron ascends through the 
spinal cord via two distinct pathways. The classic route for both 

Figure 43.1 Classic neuronal pain pathways (purple), such as the spinothalamic and spinoreticular tracts, mediating abdominal visceral pain sensation 
leave the dorsal horn, cross the midline, and ascend to higher centers. Nociceptive information from visceral organs is relayed to cells near the central 
canal. These postsynaptic dorsal horn cells send their axons in the midline of the dorsal column to synapse in the nucleus gracilis. The pathway then 
crosses the midline in the lower brainstem to ascend to the ventral posterolateral nucleus of the thalamus. Source: Price 2000 [81].
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visceral and somatoparietal pain is to cross the spinal cord and 
ascend in the spinothalamic, spinoreticular, and spinomesen-
cephalic tracts to synapse with third-order neurons in the tha-
lamus, reticular formation, and midbrain. Another second-order 
neuron pathway, which is relatively specific for visceral pain, 
ascends ipsilaterally in the dorsal column [9]. Tertiary neurons 
then project from the thalamus or reticular formation to the 
postcentral gyrus and cortex for somatic sensation and to the 
anterior cingulate gyrus and sensory cortex for visceral sensa-
tion. Projections to subcortical centers are thought to contribute 
to the affective aspects of pain [8].

Visceral pain
Visceral pain is mainly transmitted via neurons composed of 
slowly conducting unmyelinated C fibers. These fibers are stim-
ulated by noxious chemicals and by distension, strong muscular 
contractions, mesenteric traction, or torsion. Heightened mech-
anoreceptor sensitivity to stretch may have pathophysiological 
importance in some conditions, such as irritable bowel syn-
drome, in which minor contractions or stretch may be per-
ceived as painful [10]. Visceral pain is generally perceived as 
dull, deep-seated, cramping, poorly localized, and more gradual 
in onset when compared to somatoparietal pain. Patients may 
also note concomitant autonomic symptoms, including nausea, 
emesis, diaphoresis, and restlessness.
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visceral pain, somatoparietal pain is sharp and well localized 
(unless generalized peritonitis has developed). Furthermore, 
somatoparietal structures (including the parietal peritoneum) 
are innervated in a unilateral, dermatomal distribution by the 
sixth thoracic (T6) to the first lumbar (L1) nerves [11]. Parietal 
peritoneum afferent receptors may be stimulated by contact 
with an adjacent inflamed visceral organ or by direct chemical 
irritation (e.g., gastrointestinal secretions from perforated 
viscus, bile, urine, or pus). This results in localized peritoneal 
inflammation (localized peritonitis), which usually causes pain 
that is sharp, lateralized, and better localized than visceral pain. 
In some cases, chemical irritation or inflammation of the pari-
etal peritoneum may result in pain at a location distinct from 
the site of pathology. For example, a perforated duodenal ulcer 
may produce pain in the right lower quadrant due to migration 
of gastric contents along the right paracolic gutter. In patients 
with chronic liver disease, the presence of ascites (which sepa-
rates the diseased organ from the overlying parietal perito-
neum) may prevent the development of localized peritonitis, 
often leading to delays in diagnosis of serious intraabdominal 
pathology.

Acute appendicitis provides a classic example that illustrates 
the differences between visceral and somatoparietal pain. In its 
most common presentation, acute obstruction of the appendix 
(an embryological midgut organ) produces distention and 
mucosal inflammation that initially results in visceral pain char-
acterized by vague, poorly localized discomfort in the perium-
bilical region, often associated with nausea, anorexia, and 
vomiting. Transition to somatoparietal pain occurs as inflam-
mation extends to the serosal surface of the appendix and the 
adjacent parietal peritoneum, resulting in pain that is sharp and 
well localized at McBurney point in the right lower quadrant.

Figure 43.2 “Visceral-specific” pain pathways in the spinal cord. Artist’s 
drawing showing how nociceptive input from the pelvic viscera arrives in 
the dorsal horn of the spinal cord where it is relayed to higher centers by 
cells near the central canal. Source: Adapted from Willis and Westlund 
1997 [82].
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The location of visceral pain perception is correlated with the 
embryological origin of the diseased organ. During normal 
embryological development, abdominal organs receive bilateral 
sympathetic innervation, with each organ receiving input from 
several adjacent spinal levels. As a result, visceral pain is per-
ceived as a midline sensation that localizes poorly to the epigas-
trium, periumbilical area, or lower midabdomen (Figure 43.3). 
The embryonic foregut structures are proximal to the ligament 
of Treitz and include the stomach, liver, biliary system, pancreas, 
spleen, and duodenum. Visceral pain derived from these organs 
is generally perceived in the epigastrum. The embryological 
midgut includes the jejunum, ileum, appendix, and right and 
midtransverse colon. These structures transmit pain that is 
sensed in the periumbilical region. The embryological hindgut-
derived organs project painful sensations to the lower midline 
region (hypogastrium). These include the distal transverse, 
descending, and sigmoid portions of the colon.

Somatoparietal pain
Somatoparietal pain is mediated by dense, rapidly conducting 
A-delta nerve fibers with small receptive fields. In contrast to 
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likely to be consulted in cases in which the diagnosis is elusive 
or the presentation atypical. As such, it is important for gastro-
enterologists to understand the diverse causes and presentations 
of acute abdominal pain, including extraabdominal causes. For 
example, herpes zoster that involves thoracic dermatomes may 
cause neuropathic pain that precedes the development of the 
classic vesicular rash and can result in right upper quadrant pain 
mimicking acute cholecystitis. Box 43.1 and Box 43.2 provide 
examples of abdominal and extraabdominal etiologies of acute 
abdominal pain.

Diagnosis

Acute abdominal pain presents a significant challenge to pro-
viders as its differential diagnosis is vast, ranging from benign 
to life-threatening, intraabdominal to extraabdominal, and 
organic to nonorganic. Understanding the anatomy and inner-
vation of abdominal viscera assists in creating an initial differ-
ential diagnosis. In order to narrow the differential diagnosis 
and triage patients appropriately, it is critical to approach acute 
abdominal pain in a systematic fashion. This stepwise approach 
begins with a detailed history and physical examination that 
pays close attention to special populations who may present 
with common pathology in an atypical manner. These include 
the elderly, immunocompromised, and pregnant women. 
Additionally, the medical setting where patients present influ-
ences the differential diagnosis.

History
When investigating the etiology of acute abdominal pain, it is 
crucial to characterize the pain and its associated symptoms as 

Referred pain
Pain may be perceived in areas remote from the affected viscera 
[12], a phenomenon known as referred pain. This occurs when 
visceral afferents carrying noxious stimuli from a diseased 
organ enter the spinal cord at the same level as somatic afferents 
from a distant anatomic site, resulting in pain that is perceived 
(“referred”) in cutaneous dermatomes sharing the same spinal 
segments. Referred pain is often described as aching in quality 
and located near the body surface. Referred pain patterns are 
often stereotypical enough to provide useful diagnostic infor-
mation (Figure 43.4). For example, pain from pancreatic disease 
often is referred to the posterior midline in the region of the 
first vertebra.

Acute cholecystitis provides an example of how a single 
affected organ can lead to all three patterns of abdominal pain 
[7]. Initial impaction of a stone in the cystic duct causes disten-
tion and mucosal inflammation in the gallbladder (an embryo-
logical foregut organ), resulting in an initial visceral pattern  
of vague, midline pain in the epigastrium. If inflammation 
progresses to involve the serosal surface, irritation and inflam-
mation of the adjacent parietal peritoneum results in somatopa-
rietal pain that is more intense, well localized, and lateralized to 
the right upper quadrant. Additionally, pain from cholecystitis 
may be referred to the right scapula or shoulder.

Etiologies

The majority of patients with acute abdominal pain are evalu-
ated in the ED or urgent care setting. Because most patients with 
typical presentations of common pathology are quickly recog-
nized by ED or surgical providers, gastroenterologists are more 

Figure 43.4 Patterns of referred pain. AAA, abdominal aortic aneurysm.
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Location  As previously described, the embryological origins of 
abdominal organs, as well as the visceral and somatoparietal 
sensory networks, help determine where patients perceive 
abdominal pain. While keeping the three pain patterns (vis-
ceral, somatoparietal, referred) in mind, dividing the abdomen 
into anatomic regions can be useful when creating a differential 
diagnosis for acute abdominal pain (Figure 43.5). The use of 
abdominal regions to assist in identifying the likely diseased 
organ has shown highest specificity in patients with epigastric 
pain caused by gastroduodenal diseases, right subcostal pain 
caused by hepatobiliary diseases, and midlower pain caused by 
gynecological diseases [13]. It is important to note that the loca-
tion of abdominal pain within different anatomic regions, as 
shown in Figure 43.5, serves only as a rough guide to the etiol-
ogy. Location alone should not be the sole consideration when 
creating a differential diagnosis. “Typical” patterns of abdomi-
nal pain have been shown to yield a correct diagnosis in only 
60%–70% of patients, resulting in a 30%–40% misdiagnosis rate 
[14]. For example, appendicitis may be missed in patients pre-
senting with right upper quadrant pain if the clinician fails to 

Box 43.1 Abdominal etiologies of acute abdominal pain.

Gastrointestinal
Dyspepsia (food intolerance, gastroesophageal reflux, peptic ulcer, 

functional)
Gastric outlet obstruction
Gastric volvulus
Gastritis (e.g., alcoholic, drug induced)
Gastroenteritis
Perforated peptic ulcer
Meckel diverticulitis
Inflammatory bowel disease
Appendicitis
Small bowel obstruction
Large bowel obstruction
Bowel perforation
Bowel ischemia
Strangulated hernia
Colonic diverticulitis
Mesenteric adenitis

Hepatobiliary
Acute cholecystitis
Acute hepatitis
Acute cholangitis
Hepatic abscess
Hepatic tumor rupture or hemorrhage

Pancreatic and splenic
Acute pancreatitis
Splenic rupture
Splenic infarct

Vascular
Ruptured aortic aneurysm
Acute mesenteric ischemia

Urological
Nephrolithiasis
Pyelonephritis
Renal infarct

Gynecological
Ruptured ectopic pregnancy
Ruptured ovarian cyst
Ovarian torsion
Acute salpingitis
Ruptured tuboovarian abscess
Pelvic inflammatory disease
Endometriosis

Peritoneal
Intraabdominal abscess
Infectious peritonitis (e.g., tuberculous, spontaneous bacterial)

Retroperitoneal
Retroperitoneal hemorrhage

Disease processes in italic type often require urgent surgical or 
interventional radiology management.

Box 43.2 Extraabdominal causes of acute abdominal pain. Data from 
Purcell TB 1989 and Mulholland WB and Debas HT 1997 [83,84].

Cardiac
Myocardial infarction
Pericarditis
Myocarditis

Pulmonary
Lower lobe pneumonia
Empyema
Pulmonary embolism and infarction
Pneumothorax

Hematological
Sickle cell crisis
Acute leukemia

Neurological
Herpes zoster
Spinal nerve root compression
Tabes dorsalis (tertiary syphilis)
Abdominal epilepsy and abdominal migraine

Metabolic
Diabetic ketoacidosis
Acute adrenal insufficiency, Addisonian crisis
Acute porphyria
Uremia
Hyperparathyroidism, hypercalcemia

Toxin or medication related
Lead poisoning
Narcotic withdrawal

Rheumatological
Familial Mediterranean fever
Henoch–Schönlein purpura
Abdominal vessel vasculitis

Miscellaneous
Psychiatric disorders
Hereditary angioedema

precisely as possible. One must also consider the patient’s age, 
sex, past medical and surgical histories, medications, and social 
history in order to frame the differential diagnosis.

Characterization of pain
Acute abdominal pain typically is characterized by the following 
key information: location, onset, quality, and aggravating or 
alleviating factors.
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As such, it is important to distinguish the site of pain at onset 
from the site at presentation. For example, the onset of pain in 
acute appendicitis typically is periumbilical but later migrates 
to the right lower quadrant as inflammation extends to the 
adjacent parietal peritoneum. Additional examples include 
migration of pain in ongoing aortic dissection or passage of a 
ureteral stone [1]. In cases that progress to generalized perito-
nitis, the development of severe, diffuse pain can mask the  

consider the possibility of retrocecal appendicitis. Additionally, 
dividing the abdomen into anatomic regions may miss condi-
tions that can present with back pain, including pathology 
within retroperitoneal structures such as the kidneys and aorta 
[15].

When evaluating pain location, it is important to consider 
patterns of radiation and referral. Pain location also can change 
over time due to progression of the underlying disease process. 

Figure 43.5 Differential diagnosis of acute abdominal pain by region of pain presentation. GYN, gynecological; IBD, inflammatory bowel disease; IBS, 
irritable bowel syndrome; PID, pelvic inflammatory disease; PUD, peptic ulcer disease; TOA, tuboovarian abscesses.
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The term colic is appropriately utilized when describing this 
pain pattern, which reflects intermittent smooth muscle con-
tractions (i.e., bowel obstruction or ureteral stones). Unlike the 
intestines and ureters, the gallbladder and bile ducts do not 
undergo peristalsis, making the term “biliary colic” technically 
inaccurate [11].

Aggravating  and  alleviating  factors  Identifying factors that 
influence abdominal pain can be very useful in directing the 
differential diagnosis. It often is difficult to determine the role 
of meal ingestion in symptom causation, as many patients will 
have eaten within hours of symptom onset. Meals may precipi-
tate acute pain in patients with cholelithiasis and in patients 
with chronic mesenteric ischemia. In cholelithiasis, acute pain 
may occur after ingestion of a fatty meal, which stimulates 
cholecystokinin release and results in gallbladder contraction. 
Dyspepsia due to peptic ulcer disease (PUD) may be either 
exacerbated or alleviated by eating. Worsening of pain by move-
ment, such as walking or coughing, suggests peritoneal irrita-
tion. Pleuritic upper abdominal pain implicates cardiopulmonary 
processes.

Associated symptoms
The presence of symptoms associated with acute abdominal pain 
can assist in narrowing the differential diagnosis. This is particu-
larly true in patients with difficult to describe visceral pain as well 
as extraabdominal complaints. For example, the presence of 
chest pain, cough and/or dyspnea may suggest pneumonia, pul-
monary embolism [18], or myocardial infarction.

Emesis  Nausea and vomiting are common nonspecific com-
plaints; however, the timing, progression, and quality of emesis 
may provide useful clues to the diagnosis. Emesis that occurs 
after the onset of abdominal pain more likely stems from a 
surgical condition [19]. Vomiting associated with benign condi-
tions, such as viral gastroenteritis or food-borne illness, usually 
is self-limited. In contrast, emesis is recurrent and progressive 
in mechanical small bowel obstruction, although frequently 
absent with large bowel obstruction. The character of emesis can 
be diagnostically useful. In small bowel obstruction, emesis may 
transition from gastric contents to bilious to feculent due to 
bacterial proliferation proximal to the site of obstruction as the 
disease progresses. Bilious emesis suggests an obstruction distal 
to the duodenum. Recurrent nonbilious emesis may signify 
gastric outlet obstruction. Mild to moderate epigastric pain or 
discomfort (dyspepsia) with coffee-ground emesis or hematem-
esis implicates upper gastrointestinal etiologies, including PUD 
or erosive gastritis (e.g., alcohol induced). In patients with prior 
AAA repair presenting with hematemesis, aortoenteric fistula 
should be considered [20,21].

Anorexia  This nonspecific symptom is present in a variety of 
medical and surgical abdominal syndromes but may be absent 
early in the course of the acute abdomen. For example, anorexia 

location of the precipitating event [11]. The previously dis-
cussed interplay between visceral and somatoparietal innerva-
tions also can result in predictable patterns of referred pain 
(Figure 43.4). One characteristic example is Kehr sign, initially 
described in reference to splenic rupture, in which left shoulder 
pain develops after left-sided diaphragmatic irritation [16].

Onset  The timing of pain onset and symptom duration pro-
vides valuable clues to the underlying etiology. The timing  
of pain onset can be divided into several overlapping categories: 
sudden (within seconds to minutes), rapidly progressive (within 
1–2 h), and gradual (over several hours) [11,17]. Sudden 
onset of excruciating pain should alert the clinician to consider 
catastrophic events such as esophageal rupture, perforated 
viscus (e.g., peptic ulcer), ruptured abdominal aortic aneurysm 
(AAA) or aortic dissection, ruptured ectopic pregnancy, acute 
mesenteric ischemia, or acute myocardial infarction. In these 
cases, systemic signs of shock may supplant abdominal com-
plaints and highlight the need for rapid triage and urgent inter-
ventions. Several conditions begin with mild pain that rapidly 
progresses over 1–2 h, becoming more intense and localized due 
to progression from visceral to parietal pain. Causes include 
inflammatory disorders (e.g., pancreatitis, cholecystitis, appen-
dicitis), strangulated blood supply resulting in viscus ischemia 
(e.g., strangulated hernia, volvulus, torsion), or acute viscus 
obstruction (e.g., small bowel obstruction, renal or ureteral 
colic). Less severe pain that develops gradually over several 
hours more often is a result of medical rather than surgical 
conditions. This broad category includes upper gastrointestinal 
processes (e.g., dyspepsia), intestinal disorders (e.g., inflamma-
tory bowel disease, gastroenteritis, diverticulitis), liver diseases 
(e.g., hepatitis), or gynecological and urinary disorders (e.g., 
cystitis, pyelonephritis, pelvic inflammatory disease [PID]). 
However, it is important to remember that some surgical disor-
ders, such as acute cholecystitis or intraabdominal abscesses, 
also may progress over many hours.

Quality  When assessing pain quality, one must distinguish 
between the dull, poorly localized sensation associated with 
visceral innervation and the sharp, more localized somatopari-
etal pain caused by irritation of the parietal peritoneum or other 
somatically innervated organs. Patients with visceral pain may 
appear restless or try to have a bowel movement in an attempt 
to alleviate pain. This is in sharp contrast to patients with peri-
tonitis who tend to remain still in order to avoid activities that 
move or stretch the parietal peritoneum and trigger severe pain. 
Significant peritoneal irritation, such as that seen with a rup-
tured viscus, typically yields pain that is sharp, superficial, and 
constant. In contrast, acute bowel obstruction often begins with 
visceral pain that is vague and intermittent with later progres-
sion to parietal pain that is sharp, relentless, and more discrete 
in location. Obstruction of smaller hollow viscera (e.g., ureters, 
bile ducts) results in pain that is often perceived as rapid onset 
of paroxysms of agonizing pain followed by periods of relief. 
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including warfarin, may cause acute retroperitoneal [27] and 
intramural small bowel hematomas [28], resulting in abdominal 
pain or bowel obstruction. Current or recent use of antibiotics 
is associated with Clostridium difficile colitis. Numerous medi-
cations may cause acute pancreatitis or hepatitis.

Social history
Several features of the social history can be particularly useful. 
Alcohol abuse is associated with gastritis, pancreatitis, and hep-
atitis. Opiate withdrawal can present with significant abdominal 
cramping, nausea, and diarrhea. Mesenteric ischemia may be a 
complication of cocaine abuse [29]. Obtaining a travel history 
or similar symptoms in friends or family may be useful evidence 
to suggest an infectious, nonsurgical process. It is also impor-
tant to elicit information regarding atypical foods that may have 
been consumed. For example, the ingestion of raw or improp-
erly cooked seafood can result in Anisakis simplex infection, 
which can cause sudden onset of severe abdominal pain mim-
icking an acute abdomen [30].

Physical examination
A systematic approach to the physical examination is required in 
order to appropriately triage patients with acute abdominal pain. 
Major goals of the examination are to assess for life-threatening 
illness, identify peritonitis, and detect localized areas of tender-
ness. The first step is direct observation of the patient, paying 
close attention to general appearance, preferred resting position, 
and the presence or absence of spontaneous movements. The 
patient who is anxious, pale, diaphoretic, and has rapid, shallow 
breathing should raise concerns for a serious intraabdominal 
process. The patient with peritonitis is more likely to remain still 
in order to avoid painful stretching of the peritoneum. In con-
trast, the patient with visceral pain may move restlessly about 
(e.g., early appendicitis) or writhe in agony (e.g., renal colic). 
Gentle shaking of the bed may elicit significant sharp pain in the 
patient with somatoparietal but not visceral pain.

General examination
Abnormal vital signs should prompt the clinician to consider 
serious underlying pathology. However, normal vital signs do 
not rule out significant diagnoses, particularly in the elderly or 
immunocompromised (see Section Special populations). For 
example, the sensitivity of fever for acute appendicitis is only 
67% [22].

Tachypnea is a nonspecific finding that may be a clue to the 
presence of metabolic acidosis, as seen in diabetic ketoacidosis 
or mesenteric ischemia, or pulmonary disease [1]. A complete 
physical examination is required in all patients because numer-
ous extraabdominal etiologies can present with acute abdomi-
nal pain.

Abdominal examination
One of the primary objectives of the abdominal examination is 
to determine the presence or absence of localized or generalized 

is seen at presentation in only 68% of patients with acute appen-
dicitis [22].

Bowel symptoms  Although bowel symptoms are common and 
nonspecific in patients with abdominal pain, a complete absence 
of anorexia, vomiting, and constipation or obstipation weighs 
strongly against the diagnosis of an acute surgical condition 
involving the luminal gastrointestinal tract. Cessation of bowel 
movements and flatus, called obstipation, is common with 
acute, surgical gastrointestinal conditions. Obstipation is usually 
associated with functional ileus or mechanical obstruction of 
the small or large intestine. In contrast, diarrhea often is associ-
ated with benign, nonacute abdominal pathology, although its 
presence does not exclude surgical conditions. Copious watery 
diarrhea associated with acute abdominal pain suggests acute 
gastroenteritis or noninvasive infectious colitis. In early small 
bowel obstruction, diarrhea may occur as the hyperactive bowel 
distal to the obstruction reflexively empties [1]. Both acute 
appendicitis [23] and mesenteric ischemia [24,25] also may 
present initially with diarrhea. Abdominal pain with bloody 
diarrhea implicates inflammatory bowel disease, invasive infec-
tious colitis, or colonic ischemia. However, in ischemic colitis 
due to superior mesenteric artery occlusion, bloody diarrhea 
notably may be absent [11].

Medical and surgical history
A careful history of past and ongoing conditions can provide 
useful information regarding a patient’s risk for disorders 
causing acute abdominal pain. Prior episodes of similar pain 
may suggest recurrent disorders such as diverticulitis, chole-
lithiasis with biliary obstruction, pancreatitis, or sigmoid volvu-
lus. In the presence of atrial fibrillation or heart failure, clinicians 
should consider mesenteric ischemia from an embolic source 
or low-output state, respectively. A preexisting history of cardio-
vascular and/or peripheral vascular disease increases the risk 
for mesenteric ischemia, acute myocardial infarction, and AAA. 
Previous history of intraabdominal or bowel surgery increases 
the risk of adhesions and resultant bowel obstruction. In women, 
it is crucial to obtain menstrual, genitourinary, and sexual his-
tories to evaluate for possible gynecological etiologies of acute 
abdominal pain (e.g., ectopic pregnancy, PID).

Medications
Numerous medications are associated with adverse gastrointes-
tinal events and conditions that can result in acute abdominal 
pain. Hence, a careful review of all prescribed and nonpre-
scribed medications, including herbal formulations, is war-
ranted. Nonsteroidal antiinflammatory use predisposes to PUD 
and intestinal ulcers. Corticosteroid use can mask the signs of 
intraabdominal disease, including peritonitis, and is associated 
with an increased risk of perforated diverticular disease [26]. 
Opiate analgesics can also increase the risk of colonic diverticu-
lar perforation [26] and may lead to narcotic bowel syndrome 
that results in acute or recurrent abdominal pain. Anticoagulants, 
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towards the site of pain. In the patient who reports significant 
tenderness with palpation but who otherwise has a clinical pres-
entation suggestive of a benign process, it is beneficial to use the 
stethoscope to replicate the pressure of palpation while seeming 
to auscultate bowel sounds. Notable discrepancies between ten-
derness elicited by manual palpation and the stethoscope can 
occur in patients who are anxious, seeking secondary gain, or 
have a functional disorder.

The presence of localized or diffuse pain with gentle percus-
sion and/or light palpation is strongly suggestive of peritonitis. 
The traditional method of testing for peritoneal irritation by 
assessing rebound tenderness should be abandoned. This tech-
nique involves applying deep pressure to the abdominal wall 
over an area of tenderness before suddenly removing the palpat-
ing hand. The patient is then questioned to see whether the pain 
was greater with downward pressure or with its release. This test 
has limited accuracy in discriminating tenderness due to peri-
tonitis from other etiologies and causes unnecessary pain for 
the patient [35]. The term guarding describes an involuntary, 
reflexive increase in abdominal wall muscle tone, which often 
is present in the setting of peritoneal irritation, and serves to 
“guard” the parietal peritoneum from pain caused by palpation, 
respiration, or movement. Even in the presence of severe peri-
toneal inflammation, guarding may be absent in certain cases 
(e.g., the elderly due to laxity of abdominal wall musculature) 
[1,34]. To evaluate for guarding, the clinician assesses abdomi-
nal muscle tone during several respiratory cycles while gently 
resting the hand on the abdominal wall. When guarding is 
involuntary, there is continued abdominal muscle tension 
throughout the respiratory cycle. Voluntary guarding may be 
seen in normal patients who are anxious about the abdominal 
exam. When guarding is voluntary, there is a notable decrease 
in abdominal muscle tone during inspiration or when the 
patient is distracted. “Rigidity” is considered a severe form of 
involuntary guarding.

Upon completion of light palpation, deeper palpation can be 
performed, if tolerated, to evaluate for more subtle tenderness, 
organomegaly, or abnormal masses. Although palpation of a 
tender, pulsatile epigastric mass suggests an AAA, the sensitivity 
of palpation is affected by the size of the aneurysm and the girth 
of the patient [36]. The inguinal and femoral canals, the umbili-
cus, and all surgical scars should be routinely evaluated for 
possible incarcerated hernias.

Additional maneuvers  Depending on the clinical presentation 
and suspected diagnosis, it can be useful to perform additional 
maneuvers, as a positive finding may suggest a specific 
diagnosis.
1. Murphy sign: Eliciting the Murphy sign is most useful when 

acute cholecystitis is suspected. For this test, the examiner 
deeply palpates the right upper quadrant (near the gallblad-
der) while the patient takes a deep inspiration. The sign is 
positive if the patient experiences pain and inspiration is 
arrested, presumably due to palpation of an inflamed  

peritonitis. Signs of peritoneal inflammation (known colloqui-
ally as “peritoneal signs”) include pain with movement, cough, 
percussion, and light touch, and the presence of involuntary 
guarding. The cough test can be employed prior to physical 
examination as an indirect test for peritoneal irritation. This test 
is considered positive if sharp, localized pain is elicited by the 
act of coughing. This test has demonstrated sensitivities greater 
than 78% and specificities ranging from 79% to 95% in the 
diagnosis of peritonitis [31,32].

Inspection  Abdominal inspection allows for visualization of 
previous surgical scars, abdominal distension, liver disease (e.g., 
caput medusa), skin rashes (e.g., herpes zoster), and hemor-
rhage. Although rarely seen, Cullen sign describes periumbilical 
ecchymosis and Grey–Turner sign describes ecchymotic discol-
oration of the flanks, which are associated with conditions 
resulting in retroperitoneal hemorrhage, including acute hem-
orrhagic pancreatitis or ruptured AAA [33].

Auscultation  Auscultation should be performed prior to per-
cussion or palpation on the undisturbed abdomen. Auscultatory 
findings have limited diagnostic utility (and may even be mis-
leading) in most patients with acute abdominal pain and are 
mainly helpful in two settings. The complete absence of bowel 
sounds suggests either peritonitis or adynamic ileus. Conversely, 
rushes of abnormally active, high-pitched bowel sounds that 
occur in synchrony with abdominal pain suggest a small bowel 
obstruction.

Percussion  Percussion of the abdomen provides several key 
pieces of information in the patient with acute abdominal pain. 
First, it is extremely valuable in the detection of localized or 
diffuse peritonitis. For this purpose, the elicitation of sharp pain 
with gentle percussion is preferred to both deep palpation and 
testing for rebound tenderness, which are unnecessarily painful 
[34]. Second, percussion provides accurate localization of pain 
prior to light (or deep) palpation. Third, percussion is useful in 
the presence of abdominal distension to help distinguish 
between distended bowel (tympanic) and ascites or adiposity 
(dullness). Finally, percussion is helpful in determining the 
presence of liver, spleen, or bladder enlargement.

Palpation  Careful, slow, methodical gentle pressure with one or 
two fingers is the key to successful examination. In the patient 
with significant abdominal pathology, deep palpation may be 
incredibly painful, may induce patient apprehension that can 
limit the ability of subsequent examiners to obtain an accurate 
examination, and may be misleading to the physician. In order 
to gather useful information from palpation, several techniques 
can be employed. Position the patient with both knees and hips 
flexed in order to allow for relaxation of abdominal muscula-
ture. Gentle, light palpation should begin in the area farthest 
from the point of maximum tenderness (as reported by the 
patient or determined by percussion) and gradually moves 
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Factors that complicate the diagnosis include preexisting 
comorbidities, difficulty in obtaining an accurate history in 
some, use of medications that may disguise or confound the 
underlying disease process, and misleading physical examina-
tion findings [39–41]. Elderly patients are also more likely to 
present for evaluation after experiencing abdominal pain for a 
prolonged duration [42], resulting in more advanced disease. 
Some elderly patients may not report abdominal symptoms and, 
instead, present with “altered mental status,” “failure to thrive,” 
or sepsis. Physical exam and laboratory findings may further 
confuse the clinical picture. Exam findings suggestive of perito-
neal irritation, such as localized guarding or percussion tender-
ness, may be diminished [42]. As aging is associated with a 
decreased response to pyrogens, older adults with acute surgical 
abdomens may present with minimal or no fever or leukocyto-
sis [43].

Immunocompromised host
Immunocompromised patients encompass a heterogeneous 
group including those who are mildly immune deficient (e.g., 
diabetic, elderly, uremic) and those who are severely immuno-
compromised (e.g., acquired immunodeficiency syndrome, 
posttransplant, current immunosuppressive therapy, malig-
nancy undergoing chemotherapy) [44–46]. These patients are at 
risk for the same processes that affect immunocompetent 
patients but also are susceptible to complications of their under-
lying primary disease and immunosuppression. In the severely 
immunocompromised, the acute abdomen differential diagno-
sis must be expanded to include opportunistic infections (e.g., 
cytomegalovirus colitis, neutropenic enterocolitis), treatment-
related conditions (e.g., intestinal graft-versus-host disease, 
corticosteroid-associated pancreatitis, or peptic ulceration), 
opportunistic neoplasms (e.g., posttransplant lymphoprolifera-
tive disease), or complications of primary pathology (e.g., bowel 
perforation or obstruction) [44,45]. Due to their blunted 
immune response, this population requires special attention as 
characteristic clinical findings of acute abdominal processes 
may be attenuated or absent. Vague signs and symptoms of 
altered mental status or tachycardia may replace the classic 
finding of abdominal pain. Fever is often absent and signs of 
peritoneal inflammation may not be apparent on exam. As a 
result of diminished symptomatology, these patients often seek 
care late in the course of their disease [44]. Septic shock may be 
the initial manifestation of intraabdominal infection.

Pregnancy
Acute abdominal pain in pregnancy presents diagnostic chal-
lenges due to anatomic and physiological changes that result in 
atypical presentations of common pathology. Beginning around 
12 weeks gestation, the enlarged gravid uterus becomes an 
abdominal organ, compresses underlying abdominal viscera 
and complicates the localization of pain. Enlargement of the 
gravid uterus and laxity of the anterior abdominal wall may 
mask or delay signs of peritoneal inflammation [47]. In addition 

gallbladder. Although this sign has a sensitivity of only 65% 
and specificity of 87% [37], it is considered one of the most 
reliable clinical indicators of acute cholecystitis.

2. Psoas sign: With the patient in the supine position, the 
patient is asked to lift the thigh against resistance imparted 
by the examiner’s hand, which is placed just above the knee. 
Increased pain with this maneuver is a positive sign that 
suggests irritation of the ipsilateral psoas muscle by a con-
tiguous inflammatory process. When elicited on the right 
side, the psoas sign is suggestive of acute appendicitis, 
although it may also be elicited in other retroperitoneal 
inflammatory processes, including psoas abscess or pyelone-
phritis [1,22].

3. Obturator sign: This sign is elicited by placing the patient in 
the supine position with the hip and knee both flexed to 90 
degrees on the side being tested and performing passive 
internal and external hip rotation in order to stretch the 
obturator muscle. This sign is positive if pain is reproduced. 
A positive obturator sign on the right side suggests acute 
appendicitis or pelvic inflammatory processes, such as PID 
[1].

4. Rovsing sign: This maneuver is an indirect assessment for 
rebound in suspected acute appendicitis. The presence of 
pain in the right lower quadrant when the examiner applies 
or releases pressure in the left lower quadrant is considered 
a positive sign [22].

Genitourinary, rectal, and pelvic examination
Evaluating for costovertebral angle tenderness is useful when 
pyelonephritis is suspected. In men, it is important to inspect 
for testicular pathology, including torsion or infection, as pain 
radiation may cause abdominal discomfort. The female patient 
with acute lower abdominal pain must undergo pelvic examina-
tion to investigate for gynecological etiologies, such as ectopic 
pregnancy, adnexal mass, or PID. The digital rectal examination 
is of limited value in most patients but nonetheless recom-
mended to evaluate for obvious or occult gastrointestinal bleed-
ing and to locate perirectal tenderness or fluctuance when a 
perirectal abscess is suspected. Additional useful findings may 
include fecal impaction or a rectal mass.

Special populations
Certain patient populations with acute abdominal pain require 
increased diligence during evaluation as they may present atypi-
cally or have limitations in their ability to describe symptoms. 
Such populations include the elderly, immunocompromised, 
pregnant women, patients with psychiatric disease, and those 
with spinal cord injuries.

Advanced age
The evaluation of older adults (defined as 65 years and older) 
with acute abdominal pain can be challenging and replete with 
diagnostic obstacles that may confuse and delay the diagnosis. 
As a result, morbidity and mortality are increased [38,39]. 
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ing due to inability to provide an adequate history or cooperate 
with the abdominal examination due to altered mental status, 
heavy sedation, or the need for assisted ventilation. Clinicians 
must be vigilant for intraabdominal conditions that were over-
looked or misdiagnosed at admission, especially in the elderly, 
patients with psychiatric illness, altered mental status, or 
patients taking corticosteroids or narcotics, who may neglect to 
report abdominal complaints. Admitting diagnoses such as 
“failure to thrive,” “altered mental status,” or “fever of unknown 
origin” may be attributable to undiagnosed cholecystitis, 
cholangitis, diverticulitis, appendicitis, perforated viscus, or 
intraabdominal abscesses. It is also important to consider 
medical and surgical etiologies that are more specific to (and 
common in) hospitalized patients. In the hospitalized patient 
who has undergone surgery or a minimally invasive procedure 
(e.g., endoscopy, cardiac catheterization, angiography), a 
procedure-related complication should be considered, that is 
infection, perforation, or bleeding (intraperitoneal, retroperito-
neal, or within the bowel wall).

Certain forms of inflammatory colitis may occur as a conse-
quence of hospitalization. Patients who develop abdominal pain 
and diarrhea or ileus, particularly in the setting of antibiotic use, 
should be evaluated for Clostridium difficile colitis. In patients 
with severe neutropenia (<500 neutrophils/mL), neutropenic 
entercolitis (also known as typhlitis) should be considered. This 
entity occurs in the setting of chemotherapy-induced neutrope-
nia, acute leukemia, aplastic anemia, bone marrow transplanta-
tion, and organ transplant associated immunosuppression, 
resulting in necrotizing inflammation of the cecum and a mor-
tality of 50% [44,52].

As a consequence of severe physiological stress and need for 
pressor support that leads to reduced splanchnic blood flow, 
critically ill medical and surgical patients are at increased risk 
for acalculous cholecystitis [53,54], stress-related mucosal 
disease, and nonocclusive mesenteric ischemia. Adynamic ileus 
or acute colonic pseudoobstruction should be considered in 
patients presenting with diffuse abdominal pain and distension 
who are critically ill, in the postoperative state, or using opiate 
analgesics [55].

Diagnostic evaluation
History and physical examination rarely provide a conclusive 
diagnosis for acute abdominal pain alone, hence laboratory 
testing and imaging studies are usually required. In the evalua-
tion of patients who may present atypically (see Section Special 
populations), the clinician should have a low threshold to obtain 
more definitive testing. When determining the appropriate tests 
to order, it is important to consider the most likely diagnoses 
and focus the workup on ruling in or ruling out specific condi-
tions. Although the accuracy of newer imaging modalities has 
improved, it must be recognized that none is perfectly sensitive 
or specific, especially early in the disease course. When the 
initial diagnosis is uncertain, serial examination over 8–12 h is 
warranted to detect evolution of symptoms or signs. Patients 

to altered physical examination findings, laboratory studies may 
be challenging to interpret due to physiological elevations in 
white blood cell count (WBC), amylase, and alkaline phos-
phatase. Given these diagnostic obstacles, prompt imaging can 
be helpful in distinguishing medical versus surgical disease. The 
preferred imaging modalities are ultrasound and magnetic reso-
nance (MR), which do not use ionizing radiation. Computed 
tomography (CT), standard abdominal radiographs, and fluor-
oscopy should be avoided whenever possible to minimize 
potentially harmful radiation exposure to the fetus. Ultrasound 
should be utilized first; however, in cases of inconclusive ultra-
sound, MR is preferred and has been shown to perform equally 
well when compared to CT in the diagnosis of acute nontrau-
matic abdominal pain during pregnancy [48].

Appendicitis is the most common reason for nonobstetrical 
surgery, affecting 1 in 1500 pregnancies [47,49]. The incidence 
is similar in pregnant versus nonpregnant women but the risk 
of perforation is increased during pregnancy. Appendiceal per-
foration is associated with increased fetal morbidity and mortal-
ity [50,51]. Right lower quadrant pain is the most common 
presenting symptom regardless of gestational age. However, 
patients may present with nausea and vomiting alone – common 
and nonspecific symptoms during pregnancy that may delay 
timely diagnosis. Although ultrasound generally is the first-line 
imaging study, MR is preferred by some clinicians and is the test 
of choice after nondiagnostic ultrasound [50].

Development of acute abdominal pain in the 
hospitalized patient
The differential diagnosis of acute abdominal pain that develops 
in the hospitalized patient usually is limited and differs from 
that of a patient who presents in the outpatient setting (Box 
43.3). The evaluation of hospitalized patients may be challeng-

Box 43.3 Acute abdominal pain etiologies in the hospitalized patient.

Conditions arising as a consequence of hospitalization
Clostridium difficile-associated colitis
Postprocedural complications (e.g., bleeding, hollow viscus 

perforation, infection)
Medication or drug-associated abdominal pain (e.g., opiate 

withdrawal)
Constipation
Typhlitis
Coronary ischemia
Pneumonia

Conditions resulting from critical illness and physiological stress
Acalculous cholecystitis
Nonocclusive mesenteric ischemia (e.g., secondary to hypovolemic 

or cardiogenic shock)
Ischemic colitis
Stress-associated peptic ulcers
Pancreatitis (e.g., medication induced)
Ileus
Acute colonic pseudoobstruction (Ogilvie syndrome)
Acute adrenal insufficiency
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lipase, amylase, liver chemistries, and urinalysis. All women of 
childbearing age require pregnancy testing.

Overview of diagnostic imaging
When ordering imaging, it is critical to remember that, in the 
setting of high pretest probability, a negative test does not abso-
lutely rule out a diagnosis. In patients with acute abdominal 
pain (especially those presenting early), it may be necessary to 
repeat studies or order additional imaging after obtaining “neg-
ative” results if clinical suspicion is high or symptoms and signs 
persist or worsen.

Chest and abdominal radiography
Conventional radiography is often the initial imaging modality 
utilized for patients with acute abdominal pain who present to 
the ED. While the major advantage is wide availability, its diag-
nostic accuracy is limited and the majority of patients require 
further imaging [56], leading to increased cost, exposure to 
ionizing radiation, and diagnostic delay. Plain radiographs 
alone rarely (<5%) result in a change in patient management 
[57]. Furthermore, compared with conventional radiography, 
CT demonstrates significantly improved diagnostic accuracy 
[58]. For these reasons, the use of plain radiographs should be 
limited to specific clinical settings. The strongest indications are 
identification and localization of an ingested foreign body or 
confirmation of proper catheter placement. Additional indica-
tions may include suspected bowel obstruction or perforated 

who are discharged should be given strict instructions to return 
if pain persists, recurs, or worsens, or new symptoms of fever 
or vomiting develop.

As previously discussed, dividing the abdomen into anatomic 
regions (Figure 43.5) can assist in creating the differential diag-
nosis and, in turn, can also be useful in establishing a logical 
workup. Figure 43.6 provides a diagnostic algorithm for the 
evaluation of acute abdominal pain.

Overview of laboratory testing
Laboratory tests can be useful in narrowing the differential 
diagnosis and confirming a suspected diagnosis; however, they 
can also confound the clinical picture due to incidental findings. 
As such, it is important to obtain laboratory studies with a 
specific question in mind and understand how the laboratory 
result, positive or negative, will impact management. For the 
vast majority of patients with acute abdominal pain, a basic 
initial workup includes a complete blood count, serum electro-
lytes, blood urea nitrogen, creatinine, and glucose. Although 
these tests do not provide a specific diagnosis, they provide 
important insights to the patient’s current health status and 
underlying physiology and can be useful in risk stratification. 
Patients with elevated lactate or metabolic acidosis, both associ-
ated with tissue hypoperfusion, are more likely to require a 
higher level of inpatient care or surgical intervention. Laboratory 
studies that are more specific for direct organ damage are selec-
tively ordered depending upon diagnostic suspicion, including 

Figure 43.6 Diagnostic algorithm for acute abdominal pain. CT, computed tomography; CXR, chest x-ray; LFTs, liver function tests; LLQ, left lower 
quadrant; LUQ, left upper quadrant; RLQ, right lower quadrant; RUQ, right upper quadrant; UA, urinalysis; US, ultrasound; XR, x-ray.
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Magnetic resonance
Currently, MR imaging is not widely utilized in the diagnostic 
evaluation of patients with acute abdominal pain. The major 
advantages include lack of exposure to ionizing radiation and 
high intrinsic contrast resolution, which reduces the need for 
i.v. contrast [56]. Drawbacks to MR include specific contraindi-
cations (e.g., metal implants), reduced image quality in patients 
who are unable to lie still (e.g., due to restlessness), more limited 
availability, longer examination times, and increased cost com-
pared with other imaging modalities. As previously discussed, 
MR imaging may be useful during the evaluation of pregnant 
women, particularly when ultrasound yields nondiagnostic 
findings.

Diagnostic evaluation by abdominal region
Generalized or diffuse
Important processes to consider in the evaluation of diffuse 
acute abdominal pain include generalized peritonitis, acute 
mesenteric ischemia, bowel obstruction, ruptured AAA, and 
medical conditions (narcotic withdrawal, sickle cell crisis, dia-
betic ketoacidosis, adrenal insufficiency, and infectious gastro-
enteritis) [64].

A host of disorders may progress to generalized peritonitis 
either quickly (e.g., ruptured viscus) or slowly, with the latter 
usually occurring when the underlying condition is not 
addressed in a timely manner (e.g., mesenteric ischemia, appen-
dicitis). Spontaneous bacterial peritonitis may occur in the 
absence of an apparent source of infection in patients with 
ascites, usually in the setting of portal hypertension due to 
chronic liver disease.

Any patient presenting with severe generalized abdominal 
pain must be aggressively evaluated for a process requiring 
rapid surgical intervention (“surgical abdomen”), particularly 
when signs of peritonitis are present. Prior to the development 
of bowel infarction, mesenteric ischemia may present with 
severe, generalized pain without signs of peritonitis. The clini-
cian should maintain a high index of suspicion in patients with 
abdominal pain that appears out of proportion to the physical 
exam findings or with comorbid conditions that increase the 
risk of ischemia (e.g., atrial fibrillation, congestive heart failure). 
Early intervention with surgery or angiography may be life 
saving.

The workup is directed to rule in or out certain conditions 
based on the patient’s clinical presentation, comorbidities, and 
most likely etiologies. In addition to the basic laboratory work 
up described above, liver enzymes and urinalysis should be 
obtained and the anion gap calculated. In the presence of unsta-
ble vital signs, blood and urine cultures should be obtained to 
evaluate possible sepsis. If viscus perforation or bowel obstruc-
tion is suspected, a flat and upright radiograph of the abdomen 
and chest is a rapid test that can be considered; however, CT 
imaging is more sensitive [65]. Bedside ultrasound to assess for 
intraperitoneal free fluid is useful in the unstable patient, in 
whom CT imaging may result in delays in definitive, potentially 

viscus, particularly if CT availability is limited or delayed. When 
these diagnoses are suspected, plain radiographs should include 
an upright film to evaluate for dilated loops of small or large 
bowel in the case of intestinal obstruction and free (usually 
subdiaphragmatic) intraperitoneal air due to hollow viscus per-
foration. Because plain radiographs are unable to delineate the 
location of obstruction or perforation, patients often require 
further CT imaging [59].

Ultrasound
Ultrasound is widely utilized to visualize the liver, biliary tree, 
urological tract, and gynecological viscera and is very useful in 
evaluating the pregnant patient with acute abdominal pain. 
However, it is of little value in diagnosing acute conditions 
involving the luminal gastrointestinal tract. Major benefits 
include wide availability and portability, which enable rapid 
evaluation of the unstable patient (e.g., to assess for intraperito-
neal free fluid or an abdominal aortic aneurysm) and lack of 
radiation exposure. Major disadvantages include operator-
dependent acquisition and interpretation of images as well as 
patient factors that may limit ultrasonic penetration and image 
quality (e.g., body habitus, overlying bowel gas).

Computed tomography
Given its rapid image acquisition and high degree of diagnostic 
accuracy, CT is now widely utilized in the evaluation of acute 
abdomen. Major drawbacks include the risks of ionizing radia-
tion exposure and intravenous (i.v.) dye, as well as its high cost 
compared with standard radiographs and ultrasound imaging.

The technique employed with abdominal CT imaging gener-
ally involves scanning the entire abdomen with or without i.v. 
contrast and with or without oral/rectal contrast. The use of i.v. 
contrast increases diagnostic accuracy for specific diagnoses but 
carries the risk of contrast nephropathy. Although oral or rectal 
contrast may be useful in certain clinical scenarios (e.g., dif-
ferentiating fluid-filled bowel loops from an intraabdominal 
abscess), the use of oral contrast is time consuming [60] and 
does not add considerably to the diagnostic accuracy in patients 
with nontraumatic acute abdominal pain [56,61].

Although CT imaging can increase physician diagnostic cer-
tainty in the evaluation of nontraumatic acute abdominal pain 
[62], the clinical utility, safety, and cost-effectiveness varies 
among patient populations. In the unstable patient or patient 
with overt peritonitis who may require immediate intervention, 
the risk of delayed treatment due to CT imaging may outweigh 
the diagnostic benefit. Likewise, CT imaging may not be war-
ranted in the patient with a high index of suspicion for nonsur-
gical, medical illness. For most other patients who do not fit into 
these categories, CT can provide crucial information that 
directly affects management [59]. Clinicians should have a low 
threshold to obtain CT imaging in patients in whom the history, 
physical examination, and laboratory studies may be particu-
larly unreliable (e.g., elderly, immunocompromised, or altered 
mental status) [63].
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90.3%, specificity 93%) has superior diagnostic accuracy to 
amylase (sensitivity 78.7%, specificity 92.6%) [69], although the 
degree of pancreatic enzyme elevation does not correlate with 
disease severity [70]. An elevation of alanine transaminase more 
that twice the upper limit of normal strongly suggests that pan-
creatitis is secondary to gallstone disease, with a sensitivity of 
74% and specificity of 84% [71]. The role and timing of CT 
imaging in patients with suspected acute pancreatitis is contro-
versial. Many patients, including those with mild recurrent alco-
holic pancreatitis, generally do not require CT upon initial 
evaluation [72]. In patients with early signs of severe disease, 
unenhanced CT is obtained to exclude other serious intraab-
dominal conditions (e.g., perforated PUD) and to confirm pan-
creatitis. Intravenous contrast generally should be avoided 
within the first 24 h, when intravascular volume depletion may 
lead to increased risk of acute kidney injury. In addition to con-
sidering gastrointestinal etiologies, extraabdominal processes 
must be considered, particularly potentially life-threatening car-
diovascular processes (e.g., myocardial infarction).

Left upper quadrant and left midabdomen
In the nontraumatic setting, the clinical history and physical 
findings guide the extent of laboratory testing and diagnostic 
imaging for left upper quadrant and left midabdominal pain. 
The differential diagnosis includes pathology of the spleen, 
stomach (e.g., PUD, gastritis), pancreas (e.g., malignancy, pseu-
docyst), left kidney, and left colon, in addition to extraabdomi-
nal processes (e.g., pneumonia, chest wall). Urinalysis and lipase 
should be ordered in addition to basic laboratory studies. CT 
may be helpful in evaluating for splenic abscess or infarction, 
pyelonephritis, or bowel inflammation.

Right lower quadrant
Right lower quadrant pain may be the result of various pro-
cesses, including appendicitis, Crohn’s disease with intestinal 
inflammation, stenosis, or abscess, gynecological processes 
(e.g., ovarian torsion), or ureteral colic. Basic initial laboratory 
workup must include a urine pregnancy test in women of child-
bearing age and urinalysis. Leukocytosis commonly is present 
with surgical disorders (e.g., appendicitis) but may be normal 
early in the course of presentation [73]. For the diagnosis of 
appendicitis, CT has excellent diagnostic accuracy and is supe-
rior to ultrasonography [74,75]. Increasing use of CT imaging 
has coincided with a decrease in the negative appendectomy 
rate without increasing the rate of appendiceal perforation due 
to diagnostic delays in diagnosis [76]. CT has the added benefit 
of demonstrating alternative diagnoses when negative for 
appendicitis. US is preferred for diagnosis of gynecological 
pathology due to high sensitivity for tuboovarian abscesses, 
ovarian torsion, ovarian cysts, and ectopic pregnancy [59].

Left lower quadrant
The differential diagnosis for left lower quadrant pain  
includes diverticulitis, colitis (including inflammatory, ischemic, 

lifesaving treatment (e.g., acute AAA rupture). For suspected 
early mesenteric ischemia, no single serum test, including 
serum lactate, is sufficiently sensitive and specific [66]. Until 
recently, mesenteric angiography has been the gold-standard 
diagnostic test but it is limited by invasiveness, availability, con-
trast load, and inability to visualize structures other than the 
vessel lumen [59]. Contrast-enhanced multidetector CT dem-
onstrates high specificity and sensitivity and now can be con-
sidered a first-line imaging modality for the prompt diagnosis 
of acute mesenteric ischemia [67].

Right upper quadrant and right midabdomen
Right upper quadrant pain is most commonly attributable to 
processes involving the liver, gallbladder, and biliary tract, and 
less commonly the pancreas, right kidney and ureter, appendix, 
right colon, right lung, or the chest wall. Liver chemistries, 
lipase, and urinalysis should be obtained in addition to basic 
laboratory tests. Elevated liver chemistries may suggest hepatic 
disorders, cholecystitis, cholangitis, or extrahepatic biliary 
obstruction. It is important to remember that normal liver 
enzymes do not rule out acute cholecystitis [59]. Abdominal 
ultrasound is the imaging modality of choice to evaluate right 
upper quadrant pain and is superior to CT in the initial imaging 
investigation for biliary disease [68]. In the absence of findings 
of cholecystitis, the mere presence of gallstones does not prove 
that the symptoms are due to gallbladder disease. For suspected 
choledocholithiasis with cholangitis, abdominal ultrasound is 
sensitive for the detection of biliary dilatation but less sensitive 
(<75%) than CT, magnetic resonance cholangiopancreatogra-
phy (MRCP), or endoscopic retrograde cholangiopancreatogra-
phy (ERCP) for the detection of common duct stones. Thus, if 
there is a high clinical suspicion for common duct stones, ERCP 
generally is the preferred study as it is both diagnostic and 
therapeutic. For patients in whom the suspicion for common 
ducts stones is low to moderate, MRCP is an excellent option 
for further evaluation with a sensitivity of 95% and specificity 
of 100%. If MRCP is not immediately available, then CT is a 
suitable alternative with 80% sensitivity and 100% specificity 
[68]. Additionally, a chest radiograph is useful to screen for 
pulmonary pathology.

Epigastric
Mild to moderate acute epigastric discomfort usually indicates 
visceral pain due to disorders of the foregut. In the absence of 
other worrisome symptoms, physical signs, or basic laboratory 
abnormalities, patients with symptoms characterized as dyspep-
sia may be tested for Helicobacter pylori infection, be given an 
empiric trial of an antisecretory agent (proton pump inhibitor), 
or undergo esophagogastroduodenoscopy. For symptoms sug-
gestive of “biliary colic,” abdominal ultrasound should be 
pursued, as described above.

In patients with the acute onset of severe epigastric pain, major 
considerations include pancreatitis, perforated viscus, and rup-
tured AAA. In diagnosing acute pancreatitis, lipase (sensitivity 
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Table 43.1 Typical presentations of abdominal etiologies of acute abdominal pain.

Condition Location Quality Onset Associated symptoms or signs Diagnostic 
evaluation

Ruptured 
viscus and 
peritonitis
(e.g., PUD)

Initially localized then 
progresses to diffuse

Severe Suddena to 
rapidly 
progressiveb

Anorexia, nausea, emesis, fever; 
minimal bowel sounds, focal or 
generalized peritoneal signs

Leukocytosis; 
early imaging 
with CT if stable; 
upright plain film 
if delay in 
obtaining CT

Acute 
bowel 
ischemia

Diffuse or localized
Small bowel: 
periumbilical  
Proximal colon: 
periumbilical or RLQ
Distal colon: LLQ

Severe pain out 
of proportion to 
physical exam 
findings

Sudden if 
embolic; may 
be more 
gradualc if 
thrombotic or 
nonocclusive

Nausea, blood in stool; peritoneal 
signs occur with progression of 
bowel infarction; associated factors 
(e.g., cardiac arrhythmias, 
hypotension)

Leukocytosis, 
lactic acidosis 
may be a late 
finding, 
contrast-
enhanced CT

Acute 
appendicitis

Initial periumbilical 
pain that later shifts to 
the RLQ

Initially vague, 
visceral pain; 
progresses to 
intense, localized 
parietal pain

Rapidly 
progressive to 
gradual

Anorexia, pain followed by nausea 
and/or emesis, fever is late finding

Leukocytosis, CT

Acute 
cholecystitis

Initially epigastric then 
migrates to RUQ; may 
radiate to back

Steady and severe 
pain

Rapidly 
progressive to 
gradual

Anorexia, nausea, vomiting, fever Leukocytosis, 
normal or 
minimally 
elevated liver 
enzymes with 
uncomplicated 
disease; US

Acute 
pancreatitis

Epigastric (sometimes 
RUQ, less often LUQ) 
with radiation to 
midback

Persistent, steady, 
severe pain

Rapidly 
progressive

Nausea, vomiting; fever, hypotension, 
tachypnea and/or hypoxia in severe 
disease; associated factors 
(gallstones, alcohol)

Elevated lipase

Diverticulitis LLQ; may be 
suprapubic or RLQ

Steady or 
cramping; may be 
sharp or aching; 
moderate to 
severe

Gradual Anorexia, nausea, may have 
constipation or diarrhea, abdominal 
distention, fever

Leukocytosis, CT

Bowel 
obstruction

Small bowel: 
periumbilical
Proximal colon (right): 
periumbilical or RLQ
Distal colon (left): left 
quadrants

Early: crampy, 
colicky, more 
diffuse
Late: persistent, 
localized

Rapidly 
progressive to 
gradual

Abdominal distension, nausea, 
emesis, inability to pass flatus; 
nausea/emesis more severe in 
proximal small bowel obstruction 
(versus distal small bowel or large 
bowel)

Upright plain film 
or CT (to 
determine 
location of 
transition point, 
severity, etiology)

Ruptured 
ectopic 
pregnancy

RLQ or LLQ Localized, severe Sudden to 
rapidly 
progressive

Amenorrhea, abnormal vaginal 
bleeding; associated risk factors 
(e.g., previous ectopic, prior tubal 
surgery)

Serum β-human 
chorionic 
gonadotropin, US

Ovarian 
torsion

RLQ or LLQ; may 
radiate to back, flank 
or groin

Moderate to 
severe; can be 
colicky, cramping, 
sharp, stabbing

Sudden to 
rapidly 
progressive

Nausea, emesis, unilateral tender 
adnexal mass

US

Ruptured 
abdominal 
aortic 
aneurysm 
(AAA)

May be diffuse or 
localized to the 
aneurysm site; may 
radiate to back, flank, 
or groin

Tearing, constant, 
severe

Sudden to 
rapidly 
progressive

Pulsatile mass; tachycardia, 
hypotension; associated factors (e.g., 
hypertension, peripheral vascular 
disease, known AAA)

Bedside US if 
hemodynamically 
unstable; CT 
preferred, if 
stable

RLQ, right lower quadrant; RUQ, right upper quadrant; LUQ, left upper quadrant; LLQ, left lower quadrant; US, ultrasound; CT, computed 
tomography.
a Sudden = seconds to minutes.
b Rapidly progressive = 1 to 2 hours.
c Gradual = hours.
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ogy, such as acute appendicitis or cholecystitis, in the absence 
of localized or generalized peritonitis.

Once the diagnosis is determined, treatment directed towards 
the underlying condition is begun. Historically, clinicians 
deferred administration of analgesic medications to patients 
with acute abdominal pain until the final diagnosis was deter-
mined. Hesitancy to administer these agents stemmed from fear 
of masking symptoms, altering physical exam findings, or 
obscuring the diagnosis of serious conditions that may require 
surgery. Studies have since concluded that clinicians should not 
be reluctant to provide appropriate pharmacological analgesia 
to patients with acute abdominal pain. Adequate analgesia 
improves patient comfort during the process of diagnosis and 
does not increase the risk of diagnostic errors or the risk of 
errors in treatment decision making [78].

For some patients, the diagnosis will remain indeterminate 
despite evaluation. Nonspecific acute abdominal pain (NSAP) 
is generally defined as pain lasting less than 7 days with uncer-
tain diagnosis despite baseline examination and investigations. 
Studies have evaluated the performance of early laparoscopy 
compared to active observation for patients with NSAP. While 
early laparoscopy has demonstrated enhanced performance in 
establishing a definitive diagnosis [79], no significant differ-
ences are noted with respect to complications, readmission 
rates, or length of hospital stay when compared to an active 
observation strategy [80]. Currently, data is insufficient to rec-
ommend early laparoscopy in the routine evaluation of patients 
with NSAP [79].
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infectious), and gynecological processes. Laboratory testing is 
similar to that needed in patients with right lower quadrant pain. 
Acute sigmoid diverticulitis should be suspected in patients with 
the classic triad of left lower quadrant pain, fever, and leukocy-
tosis; however, the absence of fever or leukocytosis does not rule 
out this diagnosis. Contrast-enhanced CT is the imaging modal-
ity of choice for suspected diverticulitis due to its excellent sen-
sitivity [77] and ability to identify diverticulitis complications 
(e.g., abscess, perforation, fistula) and alternative diagnoses 
[59,77]. Imaging may be unnecessary if uncomplicated mild 
disease is suspected based on clinical presentation.

Hypogastrium/suprapubic
As the differential diagnosis of hypogastrium pain includes uro-
logical conditions, colitis of various etiologies, and gynecologi-
cal disorders, the laboratory workup is similar to that of left and 
right lower quadrant pain. Urinalysis plays a particularly impor-
tant role to screen for urological disorders (e.g., cystitis). 
Ultrasonography often is performed initially to identify acute 
urinary retention and exclude gynecological pathology.

Differential diagnosis

When constructing a differential diagnosis for acute abdominal 
pain, the regions of the abdomen (Figure 43.5) serve as a guide 
to assist in determining potential etiologies. Using this informa-
tion as well as that garnered from a focused history and physical 
examination, the differential diagnosis can be narrowed, tailor-
ing the evaluation to rule in or rule out the most likely causes. 
Table 43.1 provides the typical presentations of common pathol-
ogies that result in acute abdomen or acute abdominal pain.

Principles of management

Empiric management and when to refer
Initiation of empiric therapy depends heavily on the diagnosis 
that is considered most likely. In the unstable patient with acute 
abdominal pain, the typical sequence of resuscitation (i.e., cir-
culation, airway, breathing) is applied while simultaneously 
evaluating for life-threatening conditions (e.g., ruptured AAA, 
ruptured ectopic pregnancy). Intravenous fluids are routinely 
administered. Immediate surgical consultation is merited in any 
patient with findings of clinical instability thought to be second-
ary to a surgical condition or findings of peritonitis on physical 
examination. Prompt but less urgent surgical consultation is 
also warranted in stable patients with suspected surgical pathol-
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Introduction

The annual hospitalization rate for any type of gastrointestinal 
(GI)  hemorrhage  in  the  USA  is  estimated  to  be  150/100 000 
population,  and  the  mortality  rate  is  2.5%–3.5%  [1]. 
Approximately 50% of admissions for GI bleeding are for upper 
GI (UGI) bleeding (from the esophagus, stomach, duodenum), 
40%  are  for  lower  GI  (LGI)  bleeding  (from  the  colon  and 
anorectum), and 10% are for obscure (OGI) bleeding (source of 
bleeding as not been identified after esophagogastroduodenos-
copy and colonoscopy have been performed).

This chapter focuses on overt GI bleeding that may be severe 
and prompts the patient to seek medical attention. The source 
of  most  GI  bleeds  can  be  suspected  by  the  clinical  symptoms 
and  physical  examination  and  confirmed  by  upper  or  lower 
endoscopy.  Initial  management  focuses  on  medical  resuscita-
tion, followed by endoscopic diagnosis and interventions to halt 
acute bleeding and prevent recurrent bleeding. Pharmacological 
therapy has an increasingly important role in the management 
of  UGI  bleeding  from  peptic  ulcers  and  varices.  Optimizing 
outcomes  depend  on  successful  medical  resuscitation,  precise 
endoscopic diagnosis, and appropriate endoscopic therapy.

Severe  GI  bleeding  is  defined  as  documented  GI  bleeding 
(i.e., hematemesis, melena, hematochezia, or positive nasogas-
tric  lavage) accompanied by either shock or orthostatic hypo-
tension, a decrease in the hemoglobin level of at least 2 g/dL, or 
the need to transfuse at least two units of packed red blood cells. 
Most patients with severe GI bleeding are admitted to the hos-
pital  for  resuscitation  and  treatment.  Overt  bleeding  implies 
there  is  visible  blood  loss  from  the  GI  tract.  Hematemesis  is 
defined as vomiting of blood, which indicates bleeding from the 
esophagus,  stomach,  or  duodenum.  Hematemesis  includes 
vomiting of bright red blood, which suggests recent or ongoing 
bleeding, and dark material (coffee-ground emesis), which sug-
gests recent bleeding. Melena is defined as black tarry stool and 
results  from  degradation  of  blood  by  digestive  tract  enzymes 
and intestinal bacteria. Melena can signify bleeding that origi-
nates  from  an  UGI,  small  bowel,  or  proximal  colonic  source. 
Melena generally occurs when at least 50 mL of blood enters the 
GI tract (usually UGI tract), with passage of the characteristic 
stool  several  hours  later.  Hematochezia  refers  to  bright  red 
blood per rectum, and suggests either active UGI or small bowel 
bleeding  or  distal  colonic  or  anorectal  bleeding.  Occult  GI 
bleeding refers to subacute bleeding that is not clinically visible. 
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placement of a nasogastric tube for diagnostic purposes but may 
benefit from tube placement to help clear the gastric blood for 
better  endoscopic  visualization  and  to  minimize  the  risk  of 
aspiration.

Laboratory studies
Blood should be sent for standard hematology, chemistry, liver 
biochemical, and coagulation studies, as well as for a type and 
cross-match for packed red blood cells. The hemoglobin value 
immediately after  the onset of bleeding may not  reflect blood 
loss accurately because it can take at least 8 h for equilibration 
to  occur  between  red  blood  cells  in  the  vascular  space  and 
extravascular fluid, as well as from hemodilution resulting from 
intravenous fluid administration. The mean corpuscular volume 
(MCV) is an important indicator of the chronicity of blood loss; 
an MCV below 80 fL  suggests  chronic GI blood  loss and  iron 
deficiency, which can be confirmed by the finding of low ferritin 
and  transferrin  saturation  levels. A high MCV (>100 fL) may 
be due to chronic liver disease or a folate or vitamin B12 defi-
ciency.  A  low  platelet  count  can  contribute  to  the  severity  of 
bleeding and suggests chronic liver disease or a hematological 
disorder.

The blood urea nitrogen (BUN) and serum creatinine levels 
can  help  assess  the  patient  for  hemoconcentration  (elevated 
levels)  or  chronic  kidney  disease,  which  may  lead  to  chronic 
anemia  because  of  decreased  erythropoietin  production.  In 
patients with UGI bleeding, the BUN level typically increases to 
a  greater  extent  than  the  serum  creatinine  level,  because  of 
increased intestinal absorption of urea after the breakdown of 
blood proteins by intestinal bacteria [3].

The prothrombin time (PT) and the international normalized 
ratio  (INR)  assess  whether  a  patient  has  impairment  of  the 
extrinsic coagulation pathway. Values can be elevated in chronic 
liver  disease  or  with  the  use  of  certain  anticoagulants,  most 
commonly warfarin. Liver biochemical test levels may indicate 
the  presence  of  acute  or  chronic  liver  disease;  a  low  serum 
albumin level suggests possible chronic liver disease, malnutri-
tion, or protein loss via the intestine or kidney.

Clinical determination of the bleeding site
An  UGI  hemorrhage  source  is  indicated  by  hematemesis, 
coffee-ground  emesis,  or  nasogastric  lavage  with  significant 
return of blood or coffee-ground material. A small amount of 
coffee-ground  material  or  pink-tinged  fluid  that  clears  easily 
may represent mucosal trauma from the nasogastric tube rather 
than active bleeding from an UGI source. A clear (nonbloody) 
nasogastric aspirate does not necessarily indicate a more distal 
GI source bleeding, because 16% of patients with actively bleed-
ing UGI lesions have a clear nasogastric aspirate [4]. The pres-
ence of bile in the aspirate makes UGI bleeding unlikely, but can 
be seen with an intermittently bleeding UGI source.

Melena  usually  indicates  an  UGI  source  but  it  can  be  seen 
with small intestinal or proximal colonic bleeding. Hematochezia 
typically  implies  a  colonic  or  anorectal  source  of  bleeding. 

Obscure GI bleeding is bleeding from a site that is not apparent 
after routine endoscopic evaluation with esophagogastroduode-
noscopy (upper endoscopy) and colonoscopy.

General assessment

History
Initial  assessment  of  patients  with  acute  GI  bleeding  includes 
taking the medical and surgical history, vital signs, performing 
a physical examination including a rectal examination, and pos-
sibly doing a nasogastric lavage. During history taking, patients 
should be questioned about factors that help identify diagnostic 
possibilities  for  the  bleeding  source.  Peptic  ulcer  bleeding 
should  be  suspected  in  patients  with  a  history  of  an  ulcer  or 
those  taking  daily  aspirin  or  other  nonsteroidal  anti-
inflammatory drugs (NSAIDs). Patients with chronic hepatitis 
or who are alcoholics may be bleeding due to a complication of 
portal  hypertension.  Patients  with  heavy  alcohol  intake,  a 
feeding  or  chronic  nasogastric  tube,  or  a  history  of  gastro-
esophageal  reflux  disease  (GERD)  are  at  risk  for  erosive 
esophagitis. Recent retching or vomiting may suggest a Mallory–
Weiss  tear. Prior  surgical  repair of  an abdominal aortic aneu-
rysm  raises  the  possibility  of  an  aortoenteric  fistula.  Patients 
with prior radiation to the abdomen/pelvis may have radiation 
enteritis or proctocolitis. Abdominal pain, weight loss, and stool 
caliber changes are nonspecific signs and symptoms, but could 
be  due  to  inflammatory  bowel  disease,  ischemic  colitis,  or  a 
malignancy. Chest pain and syncope are potential cardiovascu-
lar complications of significant blood loss.

Physical examination
Initial evaluation should focus on vital signs, with attention to 
signs  of  hypovolemia  such  as  hypotension,  tachycardia,  and 
orthostasis.  The  abdomen  should  be  examined  for  surgical 
scars,  tenderness,  and  masses.  Signs  of  chronic  liver  disease 
include  spider  angiomas,  palmar  erythema,  gynecomastia, 
ascites, splenomegaly, caput medusa, and Dupuytren’s contrac-
ture. The skin, lips, and buccal mucosa should be examined for 
telangiectasias, which are suggestive of hereditary hemorrhagic 
telangiectasia  (HHT).  Purpuric  skin  lesions  can  be  seen  in  a 
variety of vasculitides. Acanthosis nigricans may suggest under-
lying  malignancy,  especially  gastric  cancer.  Stool  should  be 
examined,  by  digital  rectal  examination  or  bowel  movement 
sample,  to  identify  melena,  maroon  stool,  and/or  red  stool. 
However, the subjective description of stool color varies greatly 
among both patients and physicians [2].

Nasogastric  or  orogastric  tube  placement  allows  for  aspira-
tion of gastric contents to visually determine whether red blood, 
coffee-ground material, or nonbloody fluid  is present. Testing 
the  nasogastric  tube  aspirate  for  occult  blood  is  not  useful 
because  trauma  from the  tube placement may be  sufficient  to 
cause  a  false-positive  result.  Patients  who  have  coffee-ground 
emesis or fresh bloody emesis that is witnessed do not require 
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intubation should be considered in patients with active hemate-
mesis or altered mental status to prevent aspiration pneumonia. 
Patients  who  are  older  than  age  60  years,  have  chest  pain,  or 
have a history of cardiac disease should be evaluated for myo-
cardial  infarction with electrocardiograms and serial  troponin 
measurements.  A  chest  X-ray  should  also  be  considered  to 
assess for pneumoperitoneum prior to endoscopy.

Initial medical therapy
Administration of a proton pump inhibitor (PPI)  is useful  for 
reducing rebleeding rates in patients with peptic ulcer disease. 
Starting a PPI  in  the emergency department or  intensive care 
unit before endoscopy is performed in patients with severe UGI 
bleeding has become a common practice. Several clinical studies 
and metaanalyses have shown that infusion of a high-dose PPI 
before endoscopy accelerates the resolution of endoscopic stig-
mata of bleeding in ulcers and reduces the need for endoscopic 
therapy  but  does  not  result  in  improved  clinical  outcomes 
including the transfusion requirement, rebleeding rate, need for 
surgery, or death rate [7–10]. Early PPI use may not be needed 
in patients who have mild self-limited bleeding, and is not indi-
cated in patients who have suspected LGI bleeding. In patients 
with a  strong suspicion  for variceal bleeding, empiric  intrave-
nous octreotide should be started (bolus followed by infusion). 
Octreotide can reduce the risk of rebleeding to a rate similar to 
that associated with endoscopic therapy [11].

Diagnostic and therapeutic modalities

Endoscopy
Gastrointestinal  endoscopy  can  identify  the  bleeding  site  and 
permit therapeutic hemostasis in most patients with GI bleed-
ing. Endoscopy should be done only when it is safe to do so and 
when the information obtained from the procedure will influ-
ence patient care.  Ideally,  the patient should be hemodynami-
cally stable. Respiratory insufficiency, altered mental status, or 
ongoing hematemesis indicate the need for endotracheal intu-
bation before emergency upper endoscopy to protect the airway. 
Proper  medical  resuscitation  will  not  only  allow  safer  endos-
copy, but also ensure a better diagnostic examination for lesions, 
such as varices, that are volume dependent and will allow more 
effective hemostasis because of the correction of coagulopathy.

Patients with active hemorrhage (i.e., a high-volume bloody 
gastric lavage or ongoing hematemesis or hematochezia) should 
undergo  emergency  endoscopy  soon  after  medical  resuscita-
tion. Patients  suspected of having cirrhosis or an aortoenteric 
fistula or who rebleed in the hospital should undergo emergent 
endoscopy,  usually  within  6 h  of  admission  or  rebleeding. 
Patients who are hemodynamically stable without evidence of 
ongoing bleeding can undergo endoscopy  (within 12 h), often 
in the GI endoscopy unit rather than the intensive care unit or 
emergency  department.  Endoscopy  should  be  avoided  in  the 
middle  of  the  night,  except  for  the  most  severely  bleeding  or 

However,  if  the patient  is hypotensive, hematochezia could be 
the  manifestation  of  a  severe  UGI  bleed  with  rapid  transit  of 
blood  through  the  GI  tract  [2].  Maroon-colored  stool  can  be 
seen with active bleeding from the UGI tract,  the small  intes-
tine, or proximal colon.

Hospitalization
Based on the patient’s initial history, physical examination, and 
laboratory test results, the location of bleeding (upper or lower), 
suspected bleeding lesion, and severity of bleeding can be pre-
dicted. Patients with severe GI bleeding require hospitalization, 
whereas those with only mild acute bleeding (self-limited hema-
tochezia or melena) and who are hemodynamically stable (not 
suspected  to  be  volume  depleted),  have  normal  blood  test 
results, and can be relied upon to return to the hospital if symp-
toms recur may be candidates for discharge and referred for a 
semi-urgent outpatient endoscopy rather than direct admission 
to  the  hospital  [5].  Among  patients  requiring  hospitalization, 
the intensive care unit is appropriate for those with large-volume 
hematemesis, nasogastric return or hematochezia, have unsta-
ble  vital  signs,  or  have  had  severe  acute  blood  loss  that  may 
exacerbate other underlying medical  conditions. Patients who 
have had an acute GI bleed but are hemodynamically stable can 
be admitted to either a monitored bed or standard hospital bed, 
depending on their clinical condition.

Resuscitation
Resuscitation efforts should be initiated at the same time as the 
initial  assessment  and  continue  during  the  hospitalization.  At 
least  one  large-bore  (14-  or  16-gauge)  intravenous  catheter 
should be placed. Normal saline is infused as fast as needed to 
keep the patient’s systolic blood pressure greater than 100 mmHg 
and pulse lower than 100/min. The patient should be transfused 
with packed red blood cells, platelets, and fresh frozen plasma 
as necessary to keep the hemoglobin above 8 g/dL, platelet count 
greater than 50 000/mm3, and INR at or below 1.5, respectively. 
The goal hemoglobin may vary based on patient age and comor-
bidities, and the INR goal may vary based on whether the coag-
ulopathy is intrinsic or drug induced. The hemoglobin threshold 
for  transfusion  of  packed  red  blood  cells  generally  should  be 
9–10 g/dL, depending on cardiovascular comorbidities. A recent 
study,  evaluating  blood  transfusions  for  UGI  bleeding,  found 
that a more restrictive transfusion threshold of 7 g/dL led to a 
significantly higher 6-week survival  rate and  lower  rebleeding 
rate when compared  to a  threshold of 9 g/dL  [6]. A physician 
with appropriate expertise should be consulted as soon as pos-
sible  to  expedite  the  patient’s  assessment  and  determine  the 
optimal timing of endoscopy. In hospitals with a liver transplant 
program, it  is usually appropriate to also notify the transplant 
hepatology service if the patient is known to have advanced liver 
disease and is a potential transplant candidate.

The  patient’s  vital  signs  should  be  monitored  frequently,  as 
appropriate to the level of care in the hospital. The hemoglobin 
should be obtained every 4–8 h until  it  is stable. Endotracheal 
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Thermal  contact  probes  have  been  the  mainstay  of  endo-
scopic hemostasis since the 1970s. They come in diameters of 7 
and 10 French and in lengths that can fit through various endo-
scopes. Contact probes effect hemostasis  through two mecha-
nisms:  (1)  tamponade  of  a  blood  vessel  to  stop  bleeding  and 
interrupt underlying blood flow; and (2) application of thermal 
energy to seal the underlying vessel (coaptive coagulation). The 
most commonly used probe is a multipolar electrocoagulation 
(MPEC) probe, also referred to as bipolar electrocoagulation, in 
which heat is generated by current flowing between intertwined 
electrodes on the tip of the probe. Animal studies using MPEC 
probes to stop bleeding in mesenteric vessels have shown that 
optimal coagulation occurs with low-power settings (12–16 W), 
applied for 8–10 s, with moderate pressure on the bleeding site 
[16]. Thermal probes can provide a predetermined amount of 
joules  of  energy,  which  does  not  vary  with  tissue  resistance. 
Animal  studies  have  shown  that  heater  probes  can  effectively 
coagulate  arteries  up  to  2 mm  in  diameter,  a  diameter  that  is 
considerably larger than most secondary or tertiary branches of 
arteries  (usually  ≤1 mm)  found  in  resected  bleeding  human 
peptic  ulcers  [17].  The  main  risk  of  using  a  thermal  probe  is 
perforation  with  excessive  application  of  coagulation  or  pres-
sure, especially in acute or nonfibrotic lesions. Thermal probes 
can also cause coagulation injury that can make lesions  larger 
and deeper, and may induce delayed bleeding in patients with 
a  coagulopathy.  Suggested  MPEC  technical  parameters  for 
treating various bleeding etiologies are described in Table 44.1.

Injection therapy is performed with a sclerotherapy needle to 
inject  epinephrine,  diluted  to  a  concentration  of  1 : 10 000  or 
1 : 20 000,  submucosally  into  or  around  the  bleeding  site  or 
stigma of hemorrhage. Advantages of this technique are that it 
is  widely  available,  relatively  inexpensive,  and  safe  for  use  in 
patients with a coagulopathy. Additionally, it is associated with 
a lower risk of perforation than thermal techniques. Its disad-
vantage is that it is not as effective for definitive hemostasis as 
thermal coagulation, endoscopic clips, or combination therapy 
[18]. Injection therapy can also be performed with a sclerosant, 
such as ethanolamine or alcohol, but these agents are associated 
with increased tissue damage and other risks.

Endoscopic clips (also known as hemoclips) apply mechani-
cal pressure to a bleeding site, as is done with surgical clips or 
sutures.  However,  endoscopic  hemoclips  differ  from  surgical 
clips,  in  that  they do not have as much compressive  strength, 
and  the  currently  available  clips  do  not  close  completely  but 
leave a small space between the prongs. Hemoclips offer com-
parable  efficacy  to  thermal  probes  in  achieving  definitive 
hemostasis [19]. By not causing thermal damage, they are espe-
cially useful in patients with malnutrition or coagulopathy [20]. 
Nevertheless, hemoclips can also be difficult to deploy depend-
ing on the bleeding location, the degree of fibrosis of the under-
lying lesion, and limitations to endoscopic access.

In most cases for which endoscopic hemostasis is appropri-
ate, the combination of epinephrine injection and either thermal 
probe or hemoclips is more effective than epinephrine injection 

high-risk patients, if well-trained endoscopy nurses, endoscopic 
equipment, and surgical back-up are not available at night.  In 
the rare patient with massive bleeding and refractory hypoten-
sion,  endoscopy  can  be  performed  in  the  operating  room,  
with  the  immediate  availability  of  surgical  management,  if 
necessary.

Intravenous administration of a prokinetic agent (erythromy-
cin or metoclopramide) 30–90 min before upper endoscopy can 
push blood from the stomach into the small intestine and helps 
endoscopic visualization [12,13]. Therapeutic single- or double-
channel  endoscopes  with  large-diameter  suction  channels 
should be used to allow quick removal of fresh blood from the 
GI tract during endoscopy. Additionally, a water pump can be 
used to irrigate target lesions through the accessory channel and 
dilute blood for suctioning.

In  patients  with  severe  hematochezia  and  suspected  active 
colonic bleeding, urgent colonoscopy can be undertaken after a 
rapid purge [14]. Patients should receive 6–8 L of a polyethylene 
glycol solution either orally or via a nasogastric tube over 4–6 h 
until  the  rectal  effluent  is  clear  of  stool,  blood,  and  clots. 
Additional polyethylene glycol may be required in some patients, 
particularly  those  with  active  bleeding,  constipation,  or  the 
onset  of  hematochezia  in  the  hospital.  Metoclopramide, 
5–10 mg,  may  be  given  intravenously  before  the  purge  and 
repeated every 4–6 h  to  facilitate gastric  emptying and  reduce 
nausea. In patients with severe or ongoing active hematochezia, 
urgent colonoscopy should be performed within 12 h, but only 
after thorough cleansing of the colon. Patients with self-limited 
hematochezia  should  undergo  bowel  purge  and  colonoscopy 
within 24 h of admission.

Patients with maroon stool  in whom there  is pretest uncer-
tainty  about  the  bleeding  source  should  be  considered  for  an 
urgent  polyethylene  bowel  preparation  as  well.  Colonoscopy 
immediately  after  push  enteroscopy,  while  the  patient  is  still 
sedated, will expedite a patient’s care if push enteroscopy does 
not provide a diagnosis.

Wireless capsule enteroscopy (or capsule endoscopy) can be 
useful in patients with overt GI bleeding who have normal push 
enteroscopy  and  colonoscopy  results  and  in  whom  a  small 
bowel source of bleeding is suspected [15]. Capsule endoscopy 
has the advantages of directly visualizing the small intestine to 
identify potential sources or active bleeding. Disadvantages are 
that  the  procedure  takes  8 h  to  complete,  requires  additional 
time  to  download  and  review  the  images,  and  does  not  have 
therapeutic  capabilities.  A  follow-up  endoscopic  procedure, 
such  as  single-  or  double-balloon  enteroscopy  or  retrograde 
ileoscopy  may  be  indicated  for  definitive  diagnosis  and  treat-
ment  if  a  focal  bleeding  site  is  identified  on  capsule 
endoscopy.

Endoscopic hemostasis
Although details for the treatment of specific causes of hemor-
rhage are described below, there are general principles of use for 
the most common tools for endoscopic hemostasis.
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Nevertheless,  the  rate  of  major  complications,  including 
hematoma formation, femoral artery thrombosis, contrast dye 
reactions, acute kidney injury, intestinal ischemia, and transient 
ischemic attacks, is 3% [24]. Another disadvantage of angiogra-
phy is that it usually does not provide identification of the spe-
cific cause of bleeding, only its location.

Radionuclide  imaging  can  help  in  cases  of  unexplained  GI 
bleeding, although it is used less frequently now because of the 
widespread availability of endoscopy and lack of availability of 
nuclear medicine services for emergencies, particularly at night 
and on weekends. Radionuclide imaging can be performed rela-
tively quickly and may help localize the general area of bleeding 
and  thereby  guide  subsequent  endoscopy,  angiography,  or 
surgery.  The  technique  involves  injecting  a  radiolabeled  sub-
stance  intravenously  into  the  patient’s  bloodstream  and  then 
performing  serial  scintigraphy  to  detect  focal  collections  of 
radiolabeled material. Radionuclide imaging has been reported 
to  detect  bleeding  at  a  rate  as  low  as  0.04 mL/min  [25].  The 
overall rate of a positive diagnostic radionuclide scan is approxi-
mately 45%, with a 78% accuracy rate in the localization of the 
true bleeding site [26,27]. Up to 25% of bleeding scans suggest 
a site of bleeding that proves to be incorrect [27–29]. The rate 
of true-positive scans is higher for active bleeding with hemo-
dynamic instability than for less severe bleeding [30]. The most 
common  reason  for  a  false-positive  result  is  rapid  transit  of 
luminal  blood,  so  that  labeled  blood  is  detected  in  the  colon 
even though it originated from a more proximal site in the GI 
tract. Caution is recommended in utilizing the results of delayed 
scans to localize and target lesions for resective surgery [31].

Conventional radiographic imaging is usually not necessary 
for patients with GI bleeding, but occasionally  it may provide 
some important information. In patients with a prior abdomi-
nal  aortic  aneurysm  repair  and  graft,  computed  tomography 
(CT)  with  intravenous  contrast  may  identify  inflammation 
between the graft and duodenum that suggests fistula formation 

alone.  This  will  be  discussed  in  more  detail  in  the  section  on 
treatment of peptic ulcer bleeding.

Argon plasma coagulation (APC) uses  ionized argon gas  to 
transfer energy to target tissue. It uses a monopolar current, so 
a  grounding  pad  is  required.  It  has  been  used  to  ablate  tissue 
(such as the edges of a postpolypectomy site), but also to treat 
superficial bleeding or sites for potential bleeding (such as iso-
lated vascular ectasias, gastric antral vascular ectasia, and radia-
tion proctitis) [21].

With  band  ligation,  mucosal  (with  or  without  submucosal) 
tissue  is  suctioned  into  a  cap  placed  on  the  end  of  the  endo-
scope, and a rubber band is rolled off the cap and over the lesion 
to compress its base. This technique is widely used for the treat-
ment of esophageal varices and can be used for other bleeding 
lesions. Band ligation’s main advantage is that it is relatively easy 
to perform. Sufficient mucosa must be  suctioned  into  the cap 
for  successful  ligation,  so  lesions  involving  or  surrounded  by 
fibrosis may be difficult to treat with this technique. Some band 
ligation  devices  can  only  fit  on  diagnostic  endoscopes,  so  the 
endoscopist  may  need  to  switch  from  the  therapeutic  to  the 
diagnostic  endoscope  after  the  bleeding  lesion  has  been 
identified.

Radiological intervention and nuclear studies
Angiography may be useful to diagnose and treat severe bleed-
ing,  especially  when  the  etiology  cannot  be  determined  by 
upper and lower endoscopy. Angiography can detect extravasa-
tion into the intestinal lumen when the arterial bleeding rate is 
at  least 0.5 mL/min [22]. The sensitivity of mesenteric angiog-
raphy  is  30%–50%  (with  higher  sensitivity  rates  for  active  GI 
bleeding  than  for  recurrent acute or chronic occult bleeding), 
and the specificity is 100% [23]. An advantage of angiography 
is  that  it  permits  therapeutic  intraarterial  infusion  of  vaso-
pressin  or  transcatheter  embolization  for  hemostasis  if  active 
bleeding  is  detected,  without  the  need  for  bowel  cleansing. 

Table 44.1 UCLA CURE Center parameters for using multipolar electrocoagulation (MPEC) to treat bleeding lesionsa.

Peptic ulcer

Arterial 
spurting

Visible 
vessel

Adherent 
clot

Mallory–
Weiss tear

Dieulafoy 
lesion

Colonic diverticulum 
with visible vessel

Vascular 
ectasia

Epinephrine first? Yes No Yes +/− Yes No +/−

Probe size (French)b 10 10 10 7/10 10 7/10 7/10

Power setting (W) 12–15 12–15 12–15 10–15 10–15 10–15 10–15

Pressurec Firm Firm Firm Moderate Firm Light Light

Pulse duration (s) 8–10 8–10 8–10 4 8–10 2 2

Endpoint Bleeding stops Flat vessel Flat stigmata Bleeding stops Flat vessel Flat vessel White

a Derived from experimental and randomized endoscopic studies. Power, pressure, and duration should be reduced for small or deep bleeding lesions.
b A 10 French probe fits through 3.8 mm endoscope channel. A 7 French probe fits through 2.8 mm channel.
c Tamponade pressure exerted by probe tangentially or en face on the lesion.



802      PART 3 Principles of clinical gastroenterology

between the graft and duodenum [32]. CT scan may also iden-
tify a mass lesion or small bowel abnormalities that may suggest 
a cause of bleeding. Barium radiography is not indicated (and 
contraindicated if endoscopy or angiography is planned) in the 
emergency setting.

Surgery
Most patients admitted for acute GI bleeding have bleeding of 
mild-to-moderate  severity and do not need surgical  consulta-
tion or intervention. In selected patients with severe ongoing GI 
bleeding in whom a diagnosis is not made by urgent endoscopy 
or colonoscopy, surgical consultation is recommended. Patients 
with massive hemorrhage and who cannot be stabilized hemo-
dynamically should undergo either emergency angiography or 
urgent surgical exploration, either without prior endoscopy or 
with emergency endoscopy in the operating room.

Causes of upper gastrointestinal bleeding

Epidemiology
Despite advances in medical, endoscopic, and surgical care, the 
mortality  rate  of  2%–10%  for  severe  UGI  bleeding  has  not 
changed  over  the  past  several  decades  [1,33].  The  lack  of 
improvement  in  the  mortality  rate  may  be  explained  by  an 
increase in the proportion of elderly patients with GI bleeding, 
who may die as a result of exacerbation of other medical condi-
tions rather than from exsanguination, as well as an increase in 
the  number  of  patients  with  cirrhosis  and  variceal  bleeding. 
Causes of UGI bleeding are listed in Table 44.2. Bleeding is self-
limited  in  about  80%  of  patients  with  UGI  hemorrhage,  even 
without specific  therapy. Of  the remaining 20% who continue 
to bleed or rebleed, the mortality rate is 30%–40% [34]. Patients 
at high risk for continuous bleeding or for rebleeding potentially 
can benefit the most from acute medical, endoscopic, and surgi-
cal therapy. Table 44.3 lists predictors of persistent or recurrent 
nonvariceal UGI bleeding.

Risk stratification
Scoring systems have been developed to identify patients with 
nonvariceal UGI bleeding potentially at greatest risk for rebleed-
ing and death. These tools could be used to triage patients to a 
higher level of hospital care or more urgent endoscopy. Scoring 
systems include those based on purely clinical parameters avail-
able on a patient’s presentation to  the hospital, and those  that 
incorporate both clinical parameters and endoscopic findings.

Among many pre-endoscopy scoring systems for nonvariceal 
bleeding,  the  most  commonly  used  ones  are  the  Blatchford 
score and the Clinical Rockall score. The Blatchford score uses 
pre-endoscopy  variables  including  pulse,  systolic  blood  pres-
sure,  BUN,  hemoglobin,  syncope,  melena,  and  major  comor-
bidities to assess a patient’s risk for requiring clinical interventions 
blood  transfusions,  endoscopic  therapy,  or  surgery  [35].  A  
modified  Blatchford  score  only  includes  the  vital  signs  and  

Table 44.2 Etiologies of severe upper gastrointestinal bleeding and their 
frequencies.

Diagnosis Frequency (%)

Peptic ulcer 38

Gastric/esophageal varices 16

Esophagitis 13

No cause found 8

Neoplasm 7

Vascular ectasia 6

Erosions 4

Mallory–Weiss tear 4

Dieulafoy lesion 2

Other 2

Source: UCLA CURE Center database.

Table 44.3 Statistically significant predictors of recurrent or persistent 
nonvariceal upper gastrointestinal bleeding. Some data variables from 
Barkun et al. 2003 [206].

Risk factor Range of odds ratios 
for increased risk

Clinical factors

Age > 65 years 1.3

Age ≥ 70 years 2.23

Health status (ASA class 1 vs 2–5) 1.94–7.63

Shock (SBP < 100 mmHg) 1.2–3.65

Comorbid illness 1.6–7.63

Erratic mental status 3.21

Coagulopathy 1.96

Presentation of bleeding

Red blood on rectal examination 3.76

Melena 1.6

Hematemesis 1.2–5.7

Endoscopic factors

Active bleeding 2.5–6.48

Diagnosis of gastric or duodenal ulcer 2.7

Ulcer size ≥ 2 cm 2.29–3.54

Ulcer high on gastric lesser curve 2.79

Ulcer on superior wall of duodenum 13.9

Ulcer on posterior wall of duodenum 9.2

High-risk stigmata 1.91–4.81

Clot over ulcer 1.72–1.9

ASA, American Society of Anesthesiologists; SBP, systolic blood 
pressure.
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pylori  infection  ranges  from  3%  in  the  USA  to  25%  in  Japan 
[44]. NSAIDs are the most widely used medication in the USA, 
with 11% of the adult population taking them on a daily basis 
[45].  NSAIDs,  including  aspirin,  predominantly  cause  ulcera-
tion by inhibiting cyclooxygenase (COX)-mediated prostaglan-
din  synthesis  which  impairs  mucosal  protection,  rather  than 
causing direct topical  injury. Gastroduodenal ulcers are found 
at endoscopy in 15%–45% of patients who take NSAIDs regu-
larly [46].

Pathological  examination  of  27  surgically  resected  bleeding 
gastric  ulcers  with  endoscopically  visible  vessels  revealed  an 
underlying artery in 96% of specimens. About half of the vessels 
protruded above the surface of the ulcer, whereas the other half 
had a clot in continuity with a breach in the vessel wall [47].

Endoscopic risk stratification
In addition to detecting a peptic ulcer, endoscopy can evaluate 
the  ulcer  for  stigmata  associated  with  an  increased  risk  of 
rebleeding. The Forrest classification has been used in Europe, 
and Asia to categorize findings during endoscopic evaluation of 
bleeding peptic ulcers. However, descriptive findings are used 
in the USA, and these are: active spurting bleeding (Forrest IA); 
oozing  blood  (Forrest  IB);  pigmented  protuberance  or  non-
bleeding  visible  vessel  (NBVV)  (Forrest  IIA);  adherent  clot 
(Forrest IIb); flat pigmented spot (Forrest IIC); and clean-based 
ulcer (Forrest III) [48,49].

Endoscopic stigmata of recent hemorrhage from an ulcer are 
shown in Figure 44.1. Patients at high risk of rebleeding without 
treatment are those with active arterial bleeding (90%), a NBVV 
(50%),  or  an  adherent  clot  (33%)  [49].  These  patients  benefit 
from  endoscopic  hemostasis.  An  endoscopically  identified 
NBVV,  which  has  a  translucent  color,  has  a  higher  risk  of 
rebleeding than a darkly colored pigmented protuberance (clot), 
because the translucent stigma likely represents the arterial wall 
[50,51].  Patients  with  high-risk  stigmata  of  ulcer  hemorrhage 

Table 44.4 Rockall scoring system for risk stratification in nonvariceal upper gastrointestinal bleeding. Source: Rockall et al. 1996 [37]. Reproduced with 
permission of BMJ Publishing Group.

Score 0 1 2 3

Age (years)a <60 60–79 ≥80

Shocka None Heart rate >100 beats/min Systolic blood pressure <100 mmHg

Comorbiditya None Congestive heart failure, ischemic 
heart disease, other major illness

Renal failure, liver 
failure, metastatic cancer

Endoscopic 
diagnosis

Mallory–Weiss tear, 
no major lesion

Peptic ulcer, esophagitis, 
erosive disease

UGI malignancy

Stigmata of recent 
hemorrhage

Clean base ulcer, 
flat pigmented spot

Blood in UGI tract, active bleeding, 
visible vessel, adherent clot

The complete Rockall score consists of all variables.
a Variable needed to calculate the clinical Rockall score. A clinical Rockall score of 0 or a complete Rockall score of ≤2 indicates a low risk of 
rebleeding.
UGI, upper gastrointestinal.

laboratory values from the Blatchford score, and appears to be 
as accurate  for predicting clinical outcomes [36]. The Clinical 
Rockall score uses the patient’s age, the presence of shock, and 
coexisting illnesses [37].

The most commonly used postendoscopy scoring system  is 
the  Rockall  complete  score  (Table  44.4)  [37].  It  includes  the 
Clinical Rockall score and endoscopic findings, including endo-
scopic stigmata of recent bleeding. The Rockall score after endo-
scopic  therapy  correlates  well  with  mortality  but  does  not 
correlate as well with the risk of rebleeding [38]. This risk strati-
fication can be used not only to identify patients at highest risk 
for mortality, but also to identify patients at low risk who should 
be considered for early discharge from the hospital [39].

Peptic ulcer (see Chapter 56)
Peptic ulcer, most commonly gastric or duodenal, is the leading 
cause of severe UGI hemorrhage in most countries and accounts 
for 40%–50% of UGI bleeds and approximately 100 000 hospi-
talizations per year in the USA [40]. The hospitalization rate for 
peptic ulcer bleeding has not changed significantly over the past 
20 years, likely due to the aging population and widespread use 
of  NSAIDs  [41].  The  costs  of  hospitalization  for  peptic  ulcer 
bleeding are  estimated  to be more  than $2 billion per year  in 
the  USA  [42].  For  more  details  regarding  peptic  ulcers,  see 
Chapter 56.

Pathogenesis
Peptic  ulcers  most  commonly  are  caused  by  impairment  of 
mucosal  defense  mechanisms  due  to  NSAIDs  or  Helicobacter 
pylori  infection (or both) [43]. H. pylori  infection is common, 
with a prevalence of over 80% of the population in many devel-
oping  countries  and  20%–50%  in  industrialized  countries. 
Antral-predominant gastritis predisposes patients to duodenal 
ulcers,  while  body-predominant  gastritis  is  associated  with 
gastric ulcers. The lifetime risk of peptic ulcer disease from H. 
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stigma in the ulcer base [56]. The presence of an arterial flow 
signal  correlates  with  the  risk  of  rebleeding,  both  before  and 
after endoscopic therapy. Conflicting results have been reported 
as to whether use of Doppler ultrasound improves the outcome 
of  endoscopic  hemostasis  in  patients  with  acute  peptic  ulcer 
bleeding,  and  the  area  remains  one  of  active  investigation 
[57,58].

Endoscopic hemostasis
Active bleeding and nonbleeding visible vessels  
(see Figure 44.1a,b)
Based on randomized controlled trials, metaanalyses, and con-
sensus  conferences,  it  has  been  concluded  that  endoscopic 
hemostasis  with  either  epinephrine  injection  or  coaptive 
thermal probe therapy significantly decreases the rates of ulcer 
rebleeding, urgent surgery, and mortality in patients with high-
risk stigmata,  such as active bleeding and NBVVs [59–61].  In 
general,  for  the  lesions  at  highest  risk,  including  those  with 
active bleeding (90% risk of ongoing bleeding) or NBVVs (50% 
risk  of  ongoing  bleeding),  endoscopic  hemostasis  alone 
decreases the rebleeding rate to approximately 15%–30% (Table 

(spurting,  NBVV,  or  adherent  clot)  benefit  most  from  endo-
scopic hemostasis, whereas those with a flat spot or clean ulcer 
base do not. Patients with oozing bleeding and no other  stig-
mata  (such  as  a  clot  or  NBVV)  have  an  intermediate  risk  of 
rebleeding and may benefit from endoscopic hemostasis but not 
from high-dose PPI infusion [49].

For  patients  who  start  to  hemorrhage  as  an  outpatient,  the 
risk  of  rebleeding  from  a  peptic  ulcer  decreases  significantly 
72 h after the initial episode of bleeding. This is based on studies 
in which serial  endoscopic examinations were performed and 
all nonactively bleeding stigmata observed [50,52,53]. Natural 
history  studies of untreated such patients admitted with ulcer 
hemorrhage and NBVVs have found that these lesions resolve 
over 4 days, and adherent clots tend to resolve over 2 days [54]. 
In contrast, the time to rebleeding for patients with ulcer hem-
orrhage that starts as an inpatient may extend up to 30 days [55].

Doppler probe ultrasound
Portable  Doppler  ultrasound  sound  probes  can  be  passed 
through  the working channel of an endoscope and applied  to 
an ulcer to determine if arterial blood flow is present beneath a 

Figure 44.1 Endoscopic stigmata of recent hemorrhage in ulcers. (a) Arterial spurting; (b) nonbleeding visible vessel; (c) adherent clot; (d) oozing 
without other stigmata; (e) flat pigmented spot; (f) clean-base ulcer. 

(a) (b) (c)

(d) (e) (f)
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Adherent clots (see Figure 44.1c)
An  adherent  clot  is  defined  as  a  clot  in  the  ulcer  base  that  is 
resistant to being dislodged by vigorous target jet water irriga-
tion.  The  rebleed  rate  for  ulcers  with  an  adherent  clot  with 
medical  therapy  alone  is  8%–35%,  with  most  large  studies 
reporting  rebleeding  rates  of  30%–35%  [68–71].  Randomized 
controlled  studies  have  shown  that  endoscopic  treatment  of 
adherent clots can decrease the rebleeding rate to less than 5% 
[70,71]. A metaanalysis found that endoscopic therapy is supe-
rior to medical therapy for preventing recurrent bleeding from 
peptic  ulcers  with  an  adherent  clot,  but  there  were  no  differ-
ences in other clinical outcomes [72].

The approach to treatment of an adherent clot on an ulcer, is 
to  inject  epinephrine  (1 : 20 000)  in  1-mL  increments  in  four 
quadrants  around  the  pedicle  of  the  clot  followed  by  use  of  
a  cold  snare  to  guillotine  the  clot  piecemeal,  without  pulling  
it  off  the  base,  until  an  underlying  stigma  of  hemorrhage  is 
identified  in  the  ulcer  base  or  a  clot  pedicle  ≤3 mm  is  left. 
MPEC  coagulation  or  hemoclip  placement  can  then  be  per-
formed  on  the  residual  pedicle  and/or  if  active  bleeding  or  a 
visible vessel is seen.

Oozing of blood from an ulcer without other stigmata  
(see Figure 44.1d)
Minor bleeding from an ulcer base (without other stigmata) that 
continues  despite  water  irrigation  and  observation  warrants 
endoscopic  treatment.  Monotherapy  with  either  probes  or 
epinephrine  injection  reduces  the  rebleeding  rate  to  <5%.  In 
patients with oozing, the bleeding arteries may be small and the 
outcomes better than those in patients with active arterial bleed-
ing. Patients with oozing and no other stigmata of hemorrhage 
(such as a clot or NBVV) can be treated effectively with epine-
phrine injection alone and have no added benefit from combi-
nation  therapy,  although  those  patients  with  active  arterial 
bleeding do benefit presuming there are  larger arteries under-
neath [73].

Clean-based ulcers (see Figure 44.1f)
Patients with clean-based ulcers at endoscopy after target irriga-
tion have a rebleeding rate of less than 5% and do not require 
endoscopic  therapy. There appears  to be no difference  in out-
comes  between  patients  who  resume  eating  immediately  and 
those  who  wait  several  days  before  eating  after  an  UGI  bleed 
[74].  Selected  compliant  and  low-risk  patients  with  clinically 
mild  UGI  bleeds  and  clean-based  ulcers  can  be  discharged 
safely to home with a significant savings in costs [5].

Pharmacological therapy
Acid suppression
In-vitro  studies  have  shown  that  gastric  acid  inhibits  platelet 
aggregation  and  promotes  fibrinolysis.  Platelet  aggregation  is 
impaired in a slightly acidic environment and is virtually absent 
when  the  pH  is  below  6.  Gastric  acid  converts  pepsinogen  to 
pepsin, which digests blood clots [75]. Additionally, the acidic 

44.5). The adjunctive administration of  a  continuous  infusion 
of high-dose PPI decreases this rate even further.

Worldwide,  the  most  commonly  used  treatment  for  ulcer 
bleeding  is  epinephrine  injection.  Therapy  with  epinephrine 
alone may be more effective when used in high doses (13–20 mL) 
than  in  low  doses  (5–10 mL)  [62].  Injection  of  epinephrine 
results in a fivefold increase in circulating plasma epinephrine 
levels but rarely is thought to cause clinically significant cardio-
vascular  events  [63].  Although  epinephrine  injection  alone  is 
effective  compared  with  placebo,  numerous  studies  and 
metaanalyses  have  shown  that  the  addition  of  a  thermal  or 
mechanical hemostatic modality further decreases the rates of 
rebleeding,  surgery,  and  mortality  significantly  [18,64,65]. 
Hemoclips  have  not  been  studied  as  well  as  injection  and 
thermal  probe  techniques  but  seem  to  be  more  effective  than 
epinephrine  injection  alone  and  overall  are  comparable  to 
thermal probe therapy [19,66,67].

For actively spurting ulcer bleeding, injection of 0.5–1.0 mL 
aliquots of epinephrine (1 : 20 000 dilution) into four quadrants 
of the ulcer within 1–2 mm of the bleeding site is recommended. 
When  combination  therapy  is  performed,  coagulation  is  per-
formed with a large 10-French MPEC probe (7-French probe if 
a therapeutic channel endoscope is not available). After epine-
phrine injection, the probe is placed directly on the bleeding site 
in order to tamponade the site, and coagulation is applied with 
long (10 s) pulses and firm pressure at a low (12–15 W) power 
setting. The probe is then removed slowly from the ulcer with 
gentle  irrigation  to  prevent  pulling  coagulated  tissue,  and 
thermal coagulation is repeated as needed to stop bleeding and 
flatten any underlying visible vessel. Epinephrine injection can 
be  repeated  if  rebleeding  persists.  Alternatively,  injection  of 
epinephrine followed by hemoclip placement directly across the 
actively bleeding site  is also effective. The same technique can 
also be used to treat ulcers with NBVVs.

Table 44.5 Frequencies of stigmata of recent ulcer hemorrhage and the risk 
of rebleeding with and without endoscopic hemostasis.

Endoscopic 
appearance

Frequency 
(%)

Risk of 
rebleeding 
(%)

Risk of rebleeding 
after endoscopic 
hemostasis (%)

Active 
spurting

12 90 15–30

Visible vessel 22 50 15–30

Adherent 
clot

10 33 0–5

Oozing w/o 
stigmata

14 10 0–5

Flat spot 10 7 N/A

Clean base 32 3 N/A

N/A, not applicable.
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Finally, intravenous administration of a PPI by high-dose con-
tinuous drip or intermittent bolus infusion is a matter of con-
troversy,  but  most  data  favor  continuous  drip,  with  small 
comparative  studies  suggesting  that  continuous  infusion 
decreases the rate of rebleeding and need for surgery compared 
with intermittent dosing [89].

Proton pump inhibitors postendoscopy based on stigmata
Patients who have undergone endoscopic hemostasis for active 
arterial  bleeding,  a  NBVV,  or  an  adherent  clot  should  receive 
continuous  intravenous  PPI  infusions.  After  successful  endo-
scopic treatment and recovery from sedation, the patient can be 
started  on  a  liquid  diet,  with  subsequent  advancement  of  the 
diet.  The  PPI  infusion  can  be  changed  to  a  twice-daily  oral 
regimen  after  72 h,  as  long  as  the  patient  is  tolerating  oral  or 
enteral nutrition. Patients with a clean-based ulcer or flat spot 
in the ulcer base can generally resume a normal diet immedi-
ately, begin an oral PPI once daily, and be discharged from the 
emergency  department  or  hospital  when  stable.  Patients  with 
intermediate-risk stigmata (oozing from an ulcer and with no 
other stigmata) should receive oral PPI and observation in the 
hospital for 24–48 h after endoscopic hemostasis. Such patients 
do not benefit from a high-dose intravenous PPI after successful 
endoscopic hemostasis. Oral PPI therapy may be continued for 
8  weeks.  Patients  who  need  to  take  NSAIDs  or  antiplatelet 
agents  chronically  may  need  to  continue  taking  a  PPI  indefi-
nitely  to  protect  against  future  peptic  ulcer  formation  and 
bleeding.

Somatostatin and octreotide
Intravenous administration of somatostatin and its long-acting 
form octreotide have been shown to decrease the risk of rebleed-
ing from peptic ulcers when compared with placebo or an H2-
receptor blocker. The proposed mechanisms of action  include 
reductions  in  splanchnic  and  gastroduodenal  mucosal  blood 
flow, decreases  in GI motility,  inhibition of gastric acid secre-
tion,  inhibition of pepsin secretion, and gastric mucosal cyto-
protective effects. However, these drugs have not been studied 
for this indication in the era of endoscopic therapy or PPIs and 
should not be considered for routine use [90].

Repeat endoscopy
Routine  repeat,  or  “second-look,”  endoscopy  24 h  after  initial 
endoscopic hemostasis, with additional endoscopic hemostasis 
if  persistent  high-risk  endoscopic  stigmata  are  found,  is  not 
recommended for most patients with peptic ulcer bleeding [61]. 
However,  this  may  be  appropriate  in  patients  who  had  an 
incomplete initial endoscopic examination because of excessive 
blood that obscured the view or technical problems with hemos-
tasis.  Patients  with  severe  rebleeding  should  also  undergo  a 
repeat endoscopy. When endoscopic hemostasis is repeated in 
patients  with  hemodynamically  significant  rebleeding  after 
initial endoscopic treatment, almost 75% of patients can achieve 
sustained  hemostasis  and  not  require  surgery.  Factors  that 

environment promotes plasmin-mediated fibrinolysis, and buff-
ering  the  acidic  medium  reduces  fibrinolytic  activity  [75,76]. 
These  results  suggest  that  raising  the  intragastric  pH  above  6 
may  improve  hemostasis  and  reduce  clot  dissolution.  Clinical 
studies have demonstrated that peptic ulcer rebleeding usually 
occurs within 72 h of the initial ulcer hemorrhage or after endo-
scopic hemostasis of ulcers with high-risk stigmata in patients 
with ulcer bleeding starting as an outpatient [43]. Collectively, 
these findings provide a rationale for maintaining pH above 6 
for at  least 72 h after successful endoscopic hemostasis. While 
intravenous  H2-receptor  antagonists  can  raise  the  intragastric 
pH acutely, tolerance to these agents develops rapidly, and trials 
of  intravenous  H2-receptor  antagonists  for  the  prevention  of 
recurrent ulcer bleeding have shown no definite benefit [77].

Several studies of PPIs have shown that these agents are effec-
tive in reducing rebleeding rates from peptic ulcer. These studies 
have shown that administration of high-dose PPIs (orally twice 
a day or intravenous as a bolus followed by a continuous infu-
sion)  after  endoscopy  reduced  the  rebleeding  rate  with  or 
without endoscopic hemostasis  [78–81]. Another  study  found 
that intravenous omeprazole before upper endoscopy in patients 
with UGI bleeding resulted in a decrease in the number of high-
risk  stigmata  found  and  the  need  for  endoscopic  therapy,  but 
there was no difference in clinical outcomes such as red blood 
cell  transfusions, recurrent bleeding, surgery, or mortality [6]. 
These findings have been confirmed in systematic and Cochrane 
reviews [82,83].

The results of PPI  trials  in Asian patients with peptic ulcer 
hemorrhage  may  not  be  generalizable  to  heterogeneous  non-
Asian populations. Asian patients are generally more responsive 
to  PPIs  than  heterogeneous  populations  or  Caucasians  [84]. 
Asian  patients  have  a  smaller  average  parietal  cell  mass,  are 
slower metabolizers of PPIs, and often have H. pylori infection, 
all of which increase the effectiveness of PPIs. These factors may 
explain why there are lower mortality rates in Asians compared 
with non-Asians  in metaanalyses of PPI trials  for peptic ulcer 
hemorrhage.  However,  one  large  international  study  in  a  pre-
dominantly Caucasian study population confirmed the benefit 
of  high-dose  intravenous  PPI  administration  in  high-risk 
patients with active arterial bleeding, a NBVV, or an adherent 
clot [85].

There are  still  several unresolved  issues  regarding PPIs and 
UGI  bleeding.  It  is  uncertain  whether  a  PPI  should  be  given 
before or after endoscopy. Although some randomized studies 
have  not  shown  pre-endoscopy  administration  of  a  PPI  to 
improve clinical outcomes, most modeling studies suggest that 
administration  of  a  PPI  prior  to  endoscopy  is  cost-effective 
[7,9,10,86,87]. Also, whether administration of an oral PPI is as 
effective  as  intravenous  administration  is  unclear,  although  it 
has been shown that high-dose oral PPI administration reduces 
rebleeding  to  rates  that  would  be  expected  from  endoscopic 
hemostasis. Additionally, it has been shown that the increase in 
intragastric  pH  with  high-dose  oral  PPI  administration  is 
similar  to  that  with  intravenous  PPI  administration  [78,88]. 
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Stress-related mucosal injury in the UGI tract of severely ill 
patients  in  the  intensive  care  unit  is  likely  due  to  mucosal 
ischemia  and  decreased  mucosal  protection.  SRMI  usually 
occurs  in  the  stomach but can also be  seen  in  the duodenum 
and esophagus. Diffuse oozing is common, and patients have a 
high rebleed rate and poor prognosis, often related to impaired 
healing  and  multiorgan  failure.  The  two  main  risk  factors  are 
severe coagulopathy and mechanical ventilation for more than 
48 h.  The  incidence  of  clinically  significant  GI  bleeding  with 
either or both of these risk factors is 3.7% compared with 0.1% 
when neither risk factor is present [94]. Because SRMI is diffuse, 
endoscopic therapy is generally not feasible. If patients are sup-
ported  hemodynamically,  the  lesions  will  heal  as  the  overall 
medical status improves. By contrast, focal inpatient ulcer hem-
orrhage often requires endoscopic hemostasis for severe hemor-
rhage. Rebleeding rates are higher and healing rates are slower 
than those in patients in whom bleeding starts before hospitali-
zation [55].

Esophagitis (see Chapter 49)
Severe  erosive  esophagitis  can  present  with  hematemesis  or 
melena and accounts for 8% of all UGI bleeding. Independent 
risk factors for bleeding include moderate to severe cirrhosis, a 
poor  performance  status,  and  anticoagulant  therapy  [95]. 
Endoscopy  is critical  to diagnosing severe erosive esophagitis, 
but endoscopic therapy generally does not have a role unless a 
focal  ulcer  with  a  stigma  of  recent  hemorrhage  is  detected. 
These patients should be treated with a daily PPI for 8–12 weeks 
and undergo repeat endoscopy to rule out underlying Barrett’s 
esophagus.

Patients may present with mild UGI bleeding from esophagi-
tis  not  related  to  GERD,  such  as  infectious  (Candida,  herpes 
simplex  virus,  cytomegalovirus)  or  pill-induced  esophagitis.  
A  careful  history,  along  with  endoscopic  biopsies  and/or  

predict failure of endoscopic retreatment include an ulcer size 
of at least 2 cm and hypotension on initial presentation [91].

Angiography and surgery
Patients  with  recurrent  bleeding  despite  repeat  endoscopic 
attempts to achieve hemostasis should be considered for angio-
graphic  or  surgical  therapy.  Interventional  angiography  with 
embolization has become more widely available (Figure 44.2). 
Studies have reported no significant difference between angio-
graphic embolization and surgery with regard to the rebleed rate 
and  mortality,  despite  the  older  age  of  and  greater  medical 
comorbidities in patients treated by angiography [92,93]. These 
studies suggest that angiography can be considered for use before 
surgery. If embolization does not control the bleeding, surgery 
remains an option. The ultimate choice between interventional 
angiography  and  surgery  often  depends  on  local  expertise,  as 
well as the patient’s ability to undergo surgery safely or to tolerate 
the delay in surgery to permit a trial of angiography.

Acute surgical intervention is indicated in patients who have 
exsanguination and/or cannot achieve hemodynamic instability 
despite medical resuscitation. Surgery should also be considered 
if the endoscopist does not feel a large or pulsating visible vessel 
(e.g., one in a deep, posterior duodenal ulcer that may represent 
the gastroduodenal artery) is amenable to endoscopic control. 
Another reason for surgery is a locally confined bleeding mass.

Ulcer hemorrhage in hospitalized patients
Hemorrhage from an ulcer or erosions (previously referred to 
as “stress ulcers”)  in hospitalized patients fall  into two catego-
ries. The classic type is stress-related mucosal injury (SRMI, or 
“stress ulcers”), which is characterized by diffuse bleeding from 
erosions  and  superficial  ulcers.  The  second  type  is  “inpatient 
ulcers,” which are large focal chronic-appearing ulcers that are 
painless and present with severe inpatient UGI hemorrhage.

Figure 44.2 Angiography of a patient with a severe posterior duodenal bulb ulcer bleed that could not be stopped endoscopically. (a) Contrast is seen 
filling into the small intestine from a branch of the gastroduodenal artery. (b) After several coils were inserted transarterially, no further extravasation 
was observed.

(a) (b)

Left
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If  they  have  persistent  nausea  or  vomiting,  patients  with  a 
Mallory–Weiss tear are often treated with antiemetics, and a PPI 
to accelerate mucosal healing. The PPI may allow better natural 
hemostasis by raising the gastric pH to improve coagulation and 
possibly speed the healing of the tear, but most Mallory–Weiss 
tears heal within days even without PPI therapy.

Cameron lesions
Cameron lesions are linear erosions or ulcerations in the proxi-
mal  stomach  at  the  end  of  a  large  hiatal  hernia  near  the  dia-
phragmatic pinch [101]. Cameron  lesions  likely are caused by 
mechanical  trauma  and  local  ischemia,  as  the  hernia  moves 
against  the diaphragm, and  less  likely due to acid and pepsin. 
More  commonly,  they  present  as  slow  GI  bleeding  and  iron 
deficiency  anemia.  They  are  a  common  cause  of  obscure  GI 
bleeding, and may be missed by an unsuspecting endoscopist. 
Although endoscopic management has been reported [102], the 
long-term  medical  management  is  usually  with  iron  supple-
ments and an oral PPI  [103]. Surgery  to correct a  large hiatal 
hernia  is  indicated  and  can  be  curative  in  patients  who  fail 
medical therapy [104].

Upper gastrointestinal malignancy
Malignancy accounts for 1% of severe UGI bleeds. The tumors 
are usually large ulcerated masses. Endoscopic hemostasis with 
MPEC,  APC,  injection  therapy,  or  hemoclips  can  temporarily 
control acute bleeding in most patients and allow time to deter-
mine  the  appropriate  long-term  management  [105,106]. 
However,  the  rebleeding  rate  is high. Angiographic  emboliza-
tion should be considered for patients with severe UGI bleeding 
caused by malignancy that does not respond well to endoscopic 
therapy.

Angiodysplasia and gastric antral vascular 
ectasia (see Chapter 127)
Angiodysplasia, or vascular ectasia,  is responsible for 5–7% of 
UGI bleeding cases. It is associated with chronic kidney disease, 
prior  radiation,  HHT,  and  possibly  aortic  valve  disease. 
Endoscopically, these appear as superficial, red vascular lesions, 
ranging  in  quantity  from  single  to  innumerable  [107–109]. 
Patients  usually  present  with  melena  and  a  mildly  decreased 
hemoglobin or  iron deficiency anemia  suggesting a  slow UGI 
bleed.

Gastric  antral  vascular  ectasia  (GAVE),  also  described  as 
“watermelon  stomach,”  is  characterized  by  rows  or  stripes  of 
vascular  ectasias  that  emanate  from  the  pylorus  and  extend 
proximally  into  the antrum (see Chapter 127). The etiology  is 
uncertain.  GAVE  has  been  associated  with  cirrhosis  and  sys-
temic  sclerosis.  There  are  two  endoscopic  patterns  of  GAVE: 
linear  arrays  (classic  GAVE)  and  diffuse  type  [110].  Because 
there are no effective medical therapies, the mainstay treatment 
is via endoscopy.

Endoscopic hemostasis with thermal heat modalities such as 
laser,  MPEC,  or  APC  has  been  used  successfully.  Endoscopic 

brushings, is critical for making the diagnoses and determining 
the appropriate pharmacological therapy.

Dieulafoy lesions
A Dieulafoy lesion is a large (1–3 mm) submucosal artery that 
protrudes through the mucosa,  is not associated with a peptic 
ulcer, and can cause massive bleeding. Typically, it is located in 
the  gastric  fundus,  although  lesions  in  the  duodenum,  small 
intestine,  and  colon  have  been  reported.  The  etiology  is 
unknown.

A Dieulafoy  lesion can be difficult  to  identify at endoscopy 
because of the intermittent nature of the bleeding, and the over-
lying mucosa may appear normal if the lesion is not bleeding. 
A  NBVV  or  adherent  clot  without  an  ulcer  may  be  seen  on 
endoscopy. If a massive UGI bleed seems to be emanating from 
the stomach, then a careful inspection of the proximal stomach 
should be carried out to look for a protuberance that might be 
a  Dieulafoy  lesion.  Because  of  the  difficulty  of  identifying  the 
bleeding site, if a Dieulafoy lesion is found and treated, the site 
may be marked with submucosal injection of ink to tattoo the 
area in case of rebleeding.

Endoscopic  hemostasis  of  a  Dieulafoy  lesion  can  be  per-
formed with injection therapy, a thermal probe, or a clip device 
or by band ligation. Studies have reported an initial hemostasis 
rate of approximately 90%, with the need for surgery in 4%–16% 
of cases. Rebleeding after initially successful hemostasis is infre-
quent [96–99].

Mallory–Weiss tears (see Chapter 54)
Mallory–Weiss tears are mucosal or submucosal lacerations that 
occur at the gastroesophageal junction and usually extend dis-
tally into a hiatal hernia. Patients generally present with hemate-
mesis or coffee-ground emesis, and  typically  report preceding 
nonbloody  emesis,  although  some  patients  do  not  recall  any 
vomiting.  It  is  likely  due  to  the  combination  of  increased 
intraabdominal pressure and shearing effect from the negative 
intrathoracic pressure above the diaphragm. Endoscopy usually 
reveals a single tear that begins at the gastroesophageal junction 
and extends several millimeters distally into a hiatal hernia sac. 
A retroflexed view in the stomach may provide better visualiza-
tion than the forward viewing position. The bleeding stigmata 
of  Mallory–Weiss  tears  can  include  a  clean  base,  oozing,  or 
active  spurting.  Usually  the  bleeding  is  self-limited  and  mild, 
but occasionally it can be severe. Superficial (mucosal) Mallory–
Weiss  tears  can  start healing within hours and can heal  com-
pletely within 48 h.

Although  approximately  50%  of  patients  hospitalized  with 
UGI bleeding from a Mallory–Weiss tear receive blood transfu-
sions, in a majority of patients, the tear manifests as mild, self-
limited hematemesis for which medical care is not sought [100]. 
Patients with active bleeding from a Mallory–Weiss tear should 
undergo  endoscopic  therapy,  which  can  be  performed  effec-
tively with epinephrine injection, thermal probe, and hemoclip 
placement.
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after graft placement. Patients often experience a “herald bleed” 
that  is  mild  and  self-limited,  and  occasionally  intermittent, 
before massive bleeding occurs [120]. Occasionally, the diagno-
sis  of  an  aortoenteric  fistula  is  suspected  by  a  history  of  an 
abdominal  aortic  aneurysm  or  by  palpation  of  a  pulsatile 
abdominal  mass.  The  diagnosis  can  be  difficult  to  make  on 
endoscopy  in  the  absence  of  active  bleeding,  although  a  syn-
thetic graft in the lumen of the third portion of the duodenum 
may be seen with an enteroscope in some patients. Changes in 
surgical  technique  and  recognition  of  this  complication,  of 
aortic graft placement, have made this less common.

Patients with an acute UGI bleed and a history of an aortic 
aneurysm  repair  should  undergo  urgent  CT  with  intravenous 
contrast, push enteroscopy to evaluate the third portion of the 
duodenum for compression or blood as well as to exclude other 
bleeding sources, and/or vascular surgery consultation. CT may 
show inflammation around the graft and may demonstrate the 
fistula.  Surgical  treatment  is  necessary  to  remove  the  usually 
infected graft. Therapeutic endoscopy does not play a role in the 
management of bleeding from an aortoenteric fistula.

Varices (see Chapter 138)
Esophageal variceal bleeding caused by portal hypertension  is 
the  second  most  common  cause  of  severe  UGI  bleeding.  The 
acute mortality rate with each bleed is approximately 30%, and 
the survival rate in the past was less than 40% after 1 year with 
medical management alone [121]. Despite advances in medical 
therapy, endoscopic hemostasis, and portosystemic shunt pro-
cedures,  overall  long-term  survival  rates  have  not  improved 
significantly  for  patients  with  variceal  bleeding.  While  liver 
transplantation may improve survival in selected patients, sur-
vival  in  nontransplanted  patients  with  variceal  bleeding  is 
heavily influenced by the severity of the underlying liver disease, 
with lower survival rates for patients with Child–Pugh class C 
cirrhosis. Treatment of gastric variceal bleeding remains a chal-
lenge. In contrast to esophageal varices, gastric varices tend to 
be larger and extend into the deeper layers of the gastric wall.

Management of acute variceal bleeding
Medical therapy
Somatostatin  and  octreotide  cause  selective  splanchnic  vaso-
constriction  and  lower  portal  pressure,  without  causing  the 
cardiac depressive complications seen with vasopressin (even in 
combination  with  nitroglycerin).  Studies  have  yielded  mixed 
results as to whether somatostatin is more effective than placebo 
in  managing  variceal  bleeding,  but  it  seems  to  be  at  least  as 
effective as vasopressin and significantly  safer. A metaanalysis 
showed  that  vasoactive  drugs  –  octreotide,  somatostatin,  ter-
lipressin  (a  long-acting  vasopressin  analog)  –  are  as  effective  
as  sclerotherapy  for  controlling  variceal  bleeding  and  cause 
fewer  adverse  events  [11].  No  studies  have  shown  a  survival 
benefit from either vasopressin or somatostatin in patients with 
variceal  bleeding.  Given  the  potential  ability  to  control  acute 
variceal hemorrhage, and its low toxicity, octreotide (or possibly 

hemostasis and ablation with thermal modalities can result  in 
good  palliation  with  an  increase  in  the  hemoglobin  and  a 
reduced  need  for  blood  transfusions  and  hospitalization 
[110,111].  Usually  several  sessions,  approximately  4–8  weeks 
apart,  are  needed  to  achieve  eradication  of  the  lesions  and  a 
reduction  in  bleeding  from  the  ectasias.  APC  for  GAVE  is 
equally effective in cirrhotic and noncirrhotic patients [110,112]. 
Band  ligation,  radiofrequency  ablation,  and  cryotherapy  can 
also eradicate GAVE in selected patients [113–115].

Portal hypertensive gastropathy
Portal hypertensive gastropathy (PHG)  is caused by  increased 
portal venous pressure that leads to ectatic blood vessels in the 
gastric body and fundus with potential oozing of blood. Usually, 
patients with severe PHG present with chronic blood loss, but 
they  occasionally  manifest  acute  bleeding.  Severe  PHG  with 
diffuse bleeding is treated by measures that decrease portal pres-
sure,  usually  with β-blockers,  transjugular  intrahepatic  porto-
systemic shunt (TIPS), or surgically created shunt. Endoscopic 
treatment  has  no  role  unless  an  obvious  focal  bleeding  site  is 
identified  [110].  Liver  transplantation  provides  definitive 
treatment.

Hemobilia and hemosuccus pancreaticus
Hemobilia may occur  in patients who have undergone a  liver 
biopsy, experienced  liver  trauma, manipulation of  the hepato-
biliary system (such as with endoscopic retrograde cholangio-
pancreatogram,  percutaneous  transhepatic  cholangiogram,  or 
TIPS)  or  have  hepatocellular  carcinoma  or  a  biliary  parasitic 
infection. The diagnosis is established by identification of blood 
emanating  from  the  ampulla,  and  demonstrable  extravasation 
from  a  branch  of  the  hepatic  artery  during  angiography. 
Treatment is with angiographic embolization [116].

Hemosuccus pancreaticus is a rare form of UGI bleeding that 
occurs  most  commonly  in  patients  with  acute  pancreatitis, 
chronic pancreatitis, pancreatic pseudocyst, pancreatic cancer, 
or  after  endoscopic  retrograde  cholangiopancreatogram  with 
pancreatic duct manipulation. It can also result from rupture of 
a  splenic  artery  aneurysm  into  the  pancreatic  duct  [117].  CT 
may demonstrate the relevant pancreatic pathology. Blood may 
be  seen  from  the ampulla at  endoscopy,  and angiography can 
demonstrate a splenic artery aneurysm with possible extravasa-
tion. Management of hemorrhage is usually best accomplished 
by angiographic embolization or surgery.

Aortoenteric fistula
Bleeding from an aortenteric fistula is usually acute and massive, 
and carries with it a high mortality rate [118]. A primary aor-
toenteric fistula is a communication between the native abdom-
inal  aorta  (usually  an  atherosclerotic  abdominal  aortic 
aneurysm) and, most commonly, the third portion of the duo-
denum  [119].  Secondary  aortoenteric  fistulas  usually  occur 
between  the  small  intestine  and  an  infected  abdominal  aortic 
surgical graft. The fistula usually forms between 3 and 5 years 
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Esophageal  varices  are  more  amenable  than  gastric  varices  to 
eradication with endoscopic therapy.

Studies suggest that sclerotherapy leads to improved immedi-
ate hemostasis and a reduction in acute rebleeding compared to 
medical therapy alone for bleeding esophageal varices. Although 
hemostasis  can  be  achieved  in  85%–95%  of  cases,  rebleeding 
occurs  in 25%–30% of patients [126]. Complications of endo-
scopic variceal sclerotherapy include esophageal ulcers bleeding 
or perforation, esophageal strictures, mediastinitis, pleural effu-
sions,  aspiration  pneumonia,  acute  respiratory  distress  syn-
drome,  chest  pain,  fever,  and  bacteremia.  These  potential 
complications have made band ligation the generally preferred 
endoscopic therapy for variceal bleeding.

Endoscopic band ligation
Endoscopic band ligation is similar as a technique to that used 
to  band  ligate  internal  hemorrhoids.  A  rubber  band  is  placed 
over a varix, which subsequently undergoes thrombosis, slough-
ing,  and  fibrosis.  Ligation  of  varices  has  a  significantly  lower 
complication rate than sclerotherapy, and may further lower the 
rebleeding rate and improve survival [126–130]. Combination 
of band ligation and sclerotherapy may be more effective than 
either methodology alone [131–135]. However, band  ligation-
may be more technically difficult to perform than sclerotherapy 
during active variceal bleeding. Generally, bands are first placed 
to  control  active  bleeding  and  then  additional  bands  placed  
to  ligate  all  the  significant  nonbleeding  esophageal  variceal 
columns.

Transjugular intrahepatic portosystemic shunts and surgical 
portosystemic shunts
Placement of a TIPS is an interventional radiological procedure 
in which an expandable metal stent is placed via percutaneous 
insertion between the hepatic and portal veins, thereby creating 
an  intrahepatic  portosystemic  shunt.  TIPS  is  effective  in  the 
short-term control of bleeding gastroesophageal varices. Initially 
considered as a bridge to liver transplantation, it is also used in 
nontransplant  candidates  who  fail  endoscopic  hemostasis. 
Randomized  trials  that  have  compared  TIPS  with  endoscopic 
sclerotherapy and band ligation suggest that TIPS is more effec-
tive  for  the  long-term  prevention  of  rebleeding  [136]. 
Complications of TIPS include development of new or worsen-
ing  hepatic  encephalopathy  and  conversely  shunt  occlusion 
[137]. TIPS does not prolong survival of patients with variceal 
bleeding compared with endoscopic treatment. In patients with 
acute variceal bleeding, TIPS is usually reserved for those who 
fail endoscopic therapy.

A  variety  of  portosystemic  shunt  operations  can  be  per-
formed  to  decompress  the  portal  venous  system,  including 
mesocaval,  portocaval,  and  splenorenal  shunts.  Compared  to 
endoscopic  therapy,  surgical  shunts  significantly  decrease  the 
rebleeding  rate  but  do  not  improve  survival  [138].  The  distal 
splenorenal shunt can decrease the risk of hepatic encephalopa-
thy [139]. Surgical shunts are considered in those few patients 

somatostatin where available outside the USA) appears to be the 
pharmacological  drug  of  choice  as  an  adjunct  to  endoscopic 
therapy for the treatment of variceal hemorrhage. It is frequently 
started before endoscopy when the physician suspects bleeding 
is  due  to  a  variceal  source.  The  dose  of  octreotide  for  acute 
variceal hemorrhage is a 50 μg bolus followed by a continuous 
infusion of 50 μg/h for up to 5 days.

Patients with an elevated INR that does not correct with fresh 
frozen  plasma  may  benefit  from  infusion  of  human  recom-
binant  factor  VIIa.  However,  a  randomized  controlled  trial 
using  recombinant  factor  VIIa  in  patients  with  advanced  cir-
rhosis  (Child–Pugh  class  B–C)  and  acute  variceal  bleeding 
failed to show better bleeding control rates (at 24 h and 5 days) 
compared to placebo [122].

Balloon tamponade
Although once essentially the only available modality, balloon 
tamponade of varices is seldom used to control variceal bleed-
ing. It may be used to stabilize a patient with massive bleeding 
prior to definitive therapy. Varices lie in the submucosa of the 
esophagus and cardia, and are amenable to physical tamponade. 
Three  types  of  tamponade  balloons  are  available.  The 
Sengstaken–Blakemore  tube  has  gastric  and  esophageal  bal-
loons,  with  a  single  aspirating  port  in  the  stomach.  The 
Minnesota  tube  also  has  gastric  and  esophageal  balloons  and 
has aspiration ports in the esophagus and in the stomach. The 
Linton–Nachlas tube has a single large gastric balloon and aspi-
ration ports in the stomach and esophagus. The greatest effect 
comes from tamponade of varices at the gastroesophageal junc-
tion,  which  feed  the  esophageal  varices.  Most  reports  suggest 
that balloon tamponade provides initial control of bleeding in 
85%–98% of cases, but variceal rebleeding recurs soon after the 
balloon  is  deflated  in  21%–60%  of  patients  [123].  The  major 
problem with tamponade balloons is a 30% rate of serious com-
plications,  such  as  aspiration  pneumonia,  esophageal  rupture, 
and  airway  obstruction.  Patients  should  be  intubated  before 
placement of a tamponade balloon to minimize the risk of pul-
monary complications.

Endoscopic sclerotherapy
Endoscopic  variceal  sclerotherapy  involves  injecting  a  sclero-
sant into or adjacent to esophageal varices. Ehanolamine oleate, 
sodium tetradecyl sulfate, sodium morrhuate, and ethanol have 
all been employed as sclerosants [124]. Cyanoacrylate is a glue 
that, when injected into esophageal or gastric varices, polymer-
izes and usually  stops bleeding. However,  it can be dangerous 
and difficult to use and has not been approved by the American 
Food  and  Drug  Administration.  Although  various  techniques 
may be used, a combination of ethanolamine oleate and ethanol 
in a volume ratio of 2 : 1,  injecting 2 cm3 of sclerosant into the 
bleeding  focus  to achieve  initial hemostasis has been effective 
in the authors’ experience. Sclerotherapy is repeated on a weekly 
basis until all varices are obliterated [125]. Sclerotherapy can be 
used  to  treat  acutely  bleeding  esophageal  and  gastric  varices. 
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Several clinical factors are predictive of severe colonic bleed-
ing (defined as continued bleeding during the first 24 h of hos-
pitalization,  with  a  drop  in  the  hemoglobin  of  at  least  2 g/dL 
and/or transfusion requirement of at least 2 units of packed red 
blood  cells).  These  include  aspirin  use,  at  least  two  comorbid 
illnesses, pulse greater than 100/minute, systolic blood pressure 
<115 mmHg,  syncope,  and  bleeding  within  4 h  of  evaluation 
[143].

Diagnostic approach
Patients  with  severe  hematochezia  should  undergo  the  same 
careful  history  taking,  physical  examination,  and  laboratory 
testing described above for the general approach to the patient 
with GI bleeding. The history should focus specifically on iden-
tifying sources of colon bleeding. Diverticular bleeding should 
be  suspected  in  patients  with  painless  severe  acute  hemato-
chezia  and  a  history  of  diverticulosis.  However,  profuse  anal 
bleeding is often the first manifestation of diverticular disease. 
Ischemic colitis may be suspected in older patients with acute 
hematochezia. Although some may have associated abdominal 
cramping but most do not [144]. A recent polypectomy, particu-
larly  occurring  5–7  days  prior,  suggests  a  postpolypectomy 
bleed. A history of recent antibiotic use or inflammatory bowel 
disease and bloody diarrhea suggest colitis. The acute onset of 
bright  red  blood  that  drips  from  the  anus  suggests  internal 
hemorrhoidal bleeding. Prior radiation suggests the possibility 
of radiation telangiectasia hemorrhage.

Patients should be medically resuscitated. Blood transfusion 
may  not  be  needed  because  colon  bleeding  generally  is  less 
severe  than UGI bleeding,  and usually  there  is only a modest 
drop  in  the hemoglobin. Most patients should undergo  initial 
evaluation with colonoscopy after bowel preparation, although 
in  selected  cases  anoscopy  or  flexible  sigmoidoscopy  without 
any bowel cleansing or after an enema may be performed. Other 
diagnostic tests, including radionuclide bleeding scans or angi-
ography,  may  be  used  in  selected  cases  or  when  colonoscopy 
fails to detect a source of bleeding.

Colonoscopy
Urgent  colonoscopy  following  a  rapid  bowel  purge  has  been 
shown to be safe, and provides important diagnostic informa-
tion,  as  well  as  therapeutic  intervention  in  some  patients 
[31,142].

Urgent colonoscopy for severe hematochezia is generally per-
formed 6–18 h after the patient is admitted to hospital. Because 
most  bleeding  stops  spontaneously,  colonoscopy  is  often  per-
formed semi-electively within 24 h of initial hospitalization, to 
allow  the  patient  to  receive  blood  transfusions  and  bowel 
preparation.

The  overall  rate  of  identification  of  a  presumed  or  definite 
cause of colonic bleeding by colonoscopy ranges  from 48% to 
90%,  with  an  average  of  68%  [26].  The  optimal  time  for  per-
forming urgent bowel preparation and colonoscopy is unknown. 
In concept, colonoscopy that is performed sooner should have 

who have failed endoscopic therapy and who are not candidates 
for TIPS.

Lower gastrointestinal or colonic bleeding

Lower  gastrointestinal  bleeding,  as  defined  here,  originates  in 
the colon or anorectum. The annual incidence of colonic bleed-
ing is approximately 20/100 000 population, with an increased 
risk in the elderly [140]. The rate of hospitalization for colonic 
bleeding  is  lower  than  that  for UGI bleeding. Patients usually 
present  with  painless  hematochezia  and  a  decrease  in  hemat-
ocrit value but without orthostasis. The most common causes 
of  colonic  bleeding  are  shown  in  Table  44.6.  Diverticulosis  is 
generally  the  most  common  cause  of  acute  colonic  bleeding, 
accounting  for  approximately  30%  of  cases  (see  Chapter  76) 
Colonic polyps or cancer, colitis, and anorectal disorders each 
account  for approximately 20% of cases. The overall mortality 
rate from colonic bleeding is 3.9% [141]. Independent predic-
tors  of  inhospital  mortality  are  age  above  70  years,  intestinal 
ischemia, two or more comorbid illnesses, inpatient bleeding for 
an  unrelated  condition,  coagulopathy,  hypovolemia,  need  for 
red blood cell transfusions, and male gender. Colorectal polyps 
and hemorrhoids were associated with a lower mortality risk.

In most cases, acute colonic bleeding will stop spontaneously, 
thereby  allowing  nonurgent  evaluation  in  most  cases.  For 
patients with ongoing or recurrent hematochezia, urgent diag-
nosis and  treatment are required  to control  the bleeding.  In a 
large patient  series, 64% of patients with severe hematochezia 
required a therapeutic intervention to control continued bleed-
ing or rebleeding [142]. Among these patients, 39% underwent 
endoscopic  treatment,  1%  underwent  angiographic  emboliza-
tion, and 24% underwent surgery.

Table 44.6 Causes of colonic bleeding and their frequencies.

Diagnosis Frequency (%)

Diverticulosis 30

Hemorrhoids 14

Ischemic 12

IBD 9

Postpolypectomy 8

Colon cancer/polyps 6

Rectal ulcer 6

Vascular ectasia 3

Radiation colitis/proctitis 3

Other 6

Source: UCLA CURE Center database.
IBD, inflammatory bowel disease.
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Surgery
Surgical  management  is  infrequently  needed  in  patients  with 
colonic  bleeding  since  most  bleeding  is  either  self-limited  or 
easily managed with medical or endoscopic therapy. The most 
common indications for surgery are malignancy, diffuse bleed-
ing  that  fails  to  cease  with  medical  therapy  (as  in  ischemic  
or ulcerative colitis), and recurrent bleeding from a diverticu-
lum  not  controlled  via  colonoscopy  or  by  angiographic 
embolization.

Diverticulosis (see Chapter 76)
Colonic diverticula are herniations of colonic mucosa and sub-
mucosa through the muscular layers of the colon. Histologically, 
they are actually pseudodiverticula, because they do not contain 
all  layers  of  the  colonic  wall.  Diverticula  form  when  colonic 
tissue is pushed out by intraluminal pressure at points of entry 
of the small arteries (vasa recta), where they penetrate the cir-
cular muscle layer of the colonic wall. These are areas of relative 
weakness through which the mucosa and submucosa can herni-
ate when intraluminal pressure is increased. Diverticula vary in 
diameter  from  a  few  milliliters  to  several  centimeters  and  are 
located most commonly in the left colon. However, right-sided 
and  pandiverticulosis  is  not  uncommon.  Most  colonic  diver-
ticula are asymptomatic and remain uncomplicated. It appears 
that diverticula in the right colon are more likely to bleed [149]. 
Two  thirds  of  definitive  diverticular  bleeds  (with  stigmata  of 
hemorrhage) emanate from the region of the splenic flexure of 
the colon or proximally. Bleeding may occur from vessels at the 
neck or base of a diverticulum, with the frequency of bleeding 
from each location being roughly equal [14,31,148,150].

Diverticular hemorrhage should be classified carefully based 
on  findings  at  colonoscopy,  particularly  in  the  case  of  elderly 
patients with severe hematochezia who are likely to have colonic 
diverticulosis [14]. Definitive diverticular hemorrhage is diag-
nosed  when  stigmata  of  recent  hemorrhage  (active  bleeding, 
visible vessel, adherent clot) is seen on colonoscopy. Presumptive 
diverticular hemorrhage is diagnosed when colonoscopy reveals 
diverticulosis without stigmata and no other significant lesions 
are seen in the colon and by anoscopy, terminal ileum examina-
tion,  push  enteroscopy,  and  capsule  endoscopy.  Incidental 
diverticulosis is the designation used when colonic diverticulo-
sis  is  evident  but  another  lesion  is  identified  as  the  cause  of 
hematochezia.  In  a  large  prospective  cohort  study,  colonic 
diverticulosis  was  incidental  in  52%,  presumptive  diverticular 
hemorrhage occurred in 31%, and definitive diverticular hem-
orrhage was established in 17% of cases [148].

Stratifying  the  risk  of  recurrent  diverticular  bleeding,  by 
applying the same endoscopic stigmata used in high-risk peptic 
ulcer bleeding (active bleeding, visible vessel, and clot), has been 
attempted, but the natural history associated with each of these 
stigmata is underreported. In at least 75% of patients with diver-
ticular bleeding (presumptive or definitive), the bleeding stops 
spontaneously,  and  these  patients  require  transfusion  of  less 
than 4 units of packed red blood cells [151]. However, among 

a higher likelihood of finding a lesion that might be amenable 
to endoscopic hemostasis. However, a retrospective study sug-
gested that in patients with diverticular bleeding, the timing of 
colonoscopy (0–12 h, 12–24 h, or greater than 24 h after admis-
sion) was not significantly associated with finding active bleed-
ing or other stigmata that would permit hemostasis [145]. Early 
colonoscopy  (soon  after  admission)  has  been  associated  with  
a  shorter  length  of  hospitalization,  principally  because  of 
improved  diagnostic  yield  [146].  Consensus  on  the  optimal 
approach  to  patients  with  severe  hematochezia  has  not  been 
achieved. With use of an urgent endoscopic approach, the diag-
nostic yield of definitive and presumptive bleeding sites is over 
90%,  and  the  estimated  direct  costs  are  significantly  less  than 
the costs associated with an elective evaluation [14].

Flexible sigmoidoscopy
Flexible sigmoidoscopy can evaluate the rectum and left side of 
the  colon  without  a  standard  colonoscopy  bowel  preparation. 
Although  inadequate  for  evaluation  of  the  anal  canal,  flexible 
sigmoidoscopy alone will yield a diagnosis in approximately 9% 
of cases [147]. If the distal colon can be adequately cleansed with 
enemas,  an  urgent  flexible  sigmoidoscopy  can  be  useful  in 
patients  suspected  of  having  a  solitary  rectal  ulcer,  ulcerative 
colitis,  radiation  proctitis,  distal  colon  ischemic  colitis,  post-
polypectomy bleeding (in the rectosigmoid), or internal hemor-
rhoids. Therapeutic hemostasis can be provided with injection 
therapy,  hemoclip  placement,  band  ligation,  and  MPEC. 
Monopolar electrocautery (i.e., APC, snare polypectomy, or hot 
biopsy forceps) should not be used in an unprepped or poorly 
prepped colon to avoid the risk of igniting flammable colonic gas.

Anoscopy
Anoscopy can be useful in patients in whom actively bleeding 
internal hemorrhoids or other anorectal disorders such as anal 
fissures are suspected. However, colonoscopy may still be neces-
sary to exclude more proximal lesions.

Angiography
The diagnostic yield of angiography depends on patient selec-
tion, the timing of the procedure, and the skill of the angiogra-
pher,  with  positive  results  in  12%–69%  of  cases.  The  major 
disadvantage of angiography is that only active bleeding can be 
detected. Nonbleeding stigmata (such as adherent clots, visible 
vessels, or flat spots) and specific lesion etiology cannot be identi-
fied [148]. An advantage of angiography is that embolization can 
be performed to control some bleeding lesions. Major complica-
tions occur in 3% of cases, including bowel ischemia, hematoma 
formation,  femoral  artery  thrombosis,  contrast  dye  reactions, 
acute kidney injury, and transient ischemic attacks [24].

Computed tomography
Multidetector CT can  identify abnormalities  in  the colon  that 
could  be  a  source  of  bleeding,  such  as  diverticulosis,  colitis, 
masses,  and  varices.  CT  is  often  appropriate  if  the  patient  is 
having hematochezia with abdominal pain.
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contrast  reactions,  and  acute  kidney  injury.  One  study  found 
that  routine  angiography  prior  to  surgical  resection  was  not 
helpful in reducing the overall risk of complications [158].

Surgical  resection  for diverticular bleeding  is  rarely needed 
as primary intervention for initial acute bleeding and is reserved 
for  recurrent  bleeding  [151].  The  decision  to  operate  is  best 
guided  by  colonoscopic,  angiographic,  or  nuclear  medicine 
studies that identify the likely segment of colon from which the 
bleeding is emanating and the presence of medical comorbidi-
ties.  Risks  of  surgical  complications  are  increased  in  elderly 
patients. Although often performed in the past when a definite 
bleeding site could not be  identified, blind subtotal colectomy 
should be avoided, if possible [14,31,148].

Colitis
The term colitis refers to any form of inflammation of the colon. 
Severe LGI bleeding may be caused by ischemic colitis, inflam-
matory bowel disease, or infectious colitis.

Ischemic colitis can manifest as painless or painful hemato-
chezia.  Painless  hematochezia  usually  results  from  mucosal 
hypoxia  due  hypoperfusion  of  the  intramural  vessels  of  the 
intestinal  wall,  whereas  medium-  to  large-vessel  occlusion  is 
often  painful,  clinically  more  severe,  and  has  worse  outcomes 
[144]. The  incidence of  ischemic colitis  ranges  from 4.5  to 44 
cases/100 000  person-years  [159].  Risk  factors  associated  with 
ischemic colitis have been reported to include older age, shock, 
cardiovascular surgery, congestive heart failure, chronic obstruc-
tive  pulmonary  disease,  ileostomy,  colon  cancer,  abdominal 
surgery,  irritable  bowel  syndrome,  constipation,  laxative  use, 
cocaine use, oral contraceptive use, and use of an H2-receptor 
antagonist [159–161]. The colon has an abundant blood supply 
from  the  superior  and  inferior  mesenteric  arteries,  but  the 
watershed areas between  the  superior and  inferior mesenteric 
arteries have the fewest collateral vessels and are at most risk for 
ischemia.  The  colon  normally  receives  10%–35%  of  cardiac 
output, and ischemia can occur if blood flow decreases by more 
than  50%.  Although  ischemia  is  most  likely  to  occur  in  the 
so-called  watershed  area  of  the  splenic  flexure,  it  can  occur 
anywhere in the colon [162].

The  diagnosis  of  ischemia  is  usually  made  by  colonoscopy. 
However, it can be suspected by the demonstration of “thumb 
printing” on plain film radiographs or colonic wall thickening 
on  CT.  The  colonoscopic  appearance  of  the  mucosa  includes 
erythema,  friability,  and  exudate.  Mucosal  biopsy  specimens 
may suggest ischemic changes but are also used to exclude infec-
tious  colitis  or  Crohn’s  disease.  If  the  underlying  reason  for 
hypoperfusion is corrected, the signs and symptoms of ischemic 
colitis  generally  resolve  within  days  to  weeks,  and  no  further 
therapy is required. In contrast,  in patients in whom ischemic 
colitis develops or those with large-vessel mesenteric ischemia 
usually have worse outcomes, including higher rates of rebleed-
ing, perforation, need for surgery, and death [140,144]. In the 
authors’ experience, about 10% of patients with ischemic colitis 
and severe hematochezia have a focal ulcer with a major stigma 

37  patients  with  stigmata  of  recent  diverticular  hemorrhage 
(active bleeding in 18, visible vessel in five, and adherent clot in 
14)  who  did  not  undergo  endoscopic  therapy,  the  rates  of 
rebleeding and emergency surgery were 65% and 43%, respec-
tively [152].

In long-term follow-up, the outlook for patients with diver-
ticular bleeding is relatively good. In a large prospective cohort 
study of patients with documented colonic diverticular hemor-
rhage (definitive or presumptive), the overall rate of rebleeding 
was  18%  in  4  years,  but  only  50%  of  these  recurrent  hemor-
rhages were due to a diverticular source [148].

Endoscopic hemostasis
The effectiveness of colonoscopic hemostasis for actively bleed-
ing diverticula using MPEC, epinephrine injection, hemoclips, 
banding, or combination therapy similar to treatment of bleed-
ing peptic ulcers has been reported  [14,148,153–156].  If  fresh 
red  blood  is  seen  in  a  defined  segment  of  colon,  then  that 
segment should be  irrigated vigorously with water  in order  to 
remove  the  blood  and  detect  the  underlying  bleeding  site.  If 
bleeding  is  coming  from  the  edge  of  a  diverticulum  or  a  pig-
mented  protuberance  is  seen  on  the  edge,  then  epinephrine 
(diluted 1 : 20 000 in saline) in 1-mL aliquots should be injected 
submucosally  into  four  quadrants  around  the  bleeding  site. 
Subsequently, MPEC at a low power setting (10–15 W) and light 
pressure can be carried out for a 1-s pulse duration to cauterize 
the  diverticular  edge  and  stop  bleeding  or  flatten  the  visible 
vessel,  or  hemoclips  can  be  applied.  A  nonbleeding  adherent 
clot  can  be  injected  with  1 : 20 000  epinephrine  in  four  quad-
rants, 1 mL per quadrant, after which the clot can be removed 
piecemeal with a cold polyp snare until a ≤3-mm pedicle is left 
above  the diverticulum. The underlying stigma can be  treated 
with MPEC or hemoclips, as described above. After endoscopic 
hemostasis of a bleeding diverticulum is completed, a submu-
cosal tattoo should be placed around the lesion to allow identi-
fication  of  the  site  in  the  event  that  repeat  colonoscopy  or 
surgery  is  required  for  recurrent  bleeding.  Patients  should  be 
instructed to avoid aspirin and other NSAIDs and to take a daily 
fiber supplement indefinitely.

A landmark study evaluated urgent colonoscopic hemostasis 
or of severe diverticular hemorrhage [14]. Colonoscopic treat-
ment  resulted  in  a  rebleeding  rate  of  0%  compared  with  53% 
rebleeding  and  35%  requiring  emergency  hemicolectomy  in 
historical controls with high-risk stigmata that did not receive 
colonoscopic  treatment.  No  rebleeding  had  occurred  after  3 
years of  follow-up  in  the patients who underwent hemostasis. 
Other  studies have also  suggested  that  endoscopic hemostasis 
is effective  for  immediate diverticular bleeding, although sub-
sequent rebleeding and the need for surgery have been reported 
in some cases [157].

Angiography and surgery
Angiographic embolization can be performed in selected cases 
of  diverticular  bleeding,  but  with  a  risk  of  bowel  infarction, 
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from chronic radiation is due to vascular damage, with subse-
quent  mucosal  ischemia,  thickening,  and  ulceration.  Much  of 
this damage is thought to result from chronic hypoxic ischemia 
and  oxidative  stress.  Flexible  sigmoidoscopy  or  colonoscopy 
reveals  numerous  telangiectasia  and  often  friability  and/or 
ulceration  in  the  rectum.  Furthermore,  active  bleeding  is 
observed, in conjunction with multiple nonbleeding telangiecta-
sia in the field of prior radiation therapy.

Initial treatment includes on avoidance of use of aspirin and 
other NSAIDs, consumption of a high-fiber diet, and iron sup-
plementation  if  the  patient  is  anemic.  Medical  therapy  with 
topical or oral 5-aminosalicylic acid products, sucralfate, or glu-
cocorticoids can be tried but generally is ineffective [167]. Focal 
thermal therapy of telangiectasia is usually successful, including 
repeated treatments with MPEC or APC [168]. Topical formalin 
applied directly to the rectal mucosa can reduce bleeding, as can 
the use of hyperbaric oxygen  [169,170]. Radiofrequency abla-
tion has been proposed as another endoscopic method for treat-
ment  [171]. Antioxidant,  such as vitamins C and E, have also 
been reported to reduce bleeding from chronic radiation proc-
titis [172].

Vascular ectasia
A  variety  of  vascular  lesions  may  cause  bleeding  from  the  GI 
tract. Vascular ectasias (also referred to as angiodysplasia,  tel-
angiectasia, and angioectasia) are aberrant blood vessels found 
throughout the GI tract that develop with advancing age. They 
are distinct from arteriovenous malformations, which are con-
genital. Vascular ectasia results from dilatation of the terminal 
aspect  of  a  vessel.  Any  vascular  lesions  may  cause  overt  or 
obscure  GI  bleeding  in  adults,  particularly  in  the  elderly  and 
those who take antiplatelet and anticoagulant drugs. Acquired 
vascular  lesions  occur  in  association  with  various  disorders, 
such as chronic renal disease, cirrhosis, rheumatoid disorders, 
and  valvular  heart  disease  [173].  Although  vascular  ectasias 
may  present  as  overt  bleeding,  they  more  often  manifest  as 
occult bleeding or  iron deficiency anemia. The most common 
locations are the colon and small intestine. Most angioectasias 
occur in patients older than age 60 years, and can involve any 
segment of the GI tract. These are usually multiple lesions in an 
affected segment of  intestine. More  than 20% of patients have 
vascular ectasias in at least two sections of the GI tract [174,175]. 
No bleeding occurred during a 3-year follow-up among asymp-
tomatic  persons  found  to  have  colonic  angioectasias  inciden-
tally [176].

On  endoscopy,  vascular  ectasias  appear  as  2–10-mm  red 
lesions  and  may  have  an  arborizing  ectatic  blood  vessel  that 
emanates  from a central vessel. Application of pressure on an 
ectasia with an endoscopic probe may cause the lesion to blanch. 
Endoscopic treatment can be employed with a variety of modal-
ities,  including  injection  therapy  with  epinephrine,  thermal 
probe  coagulation,  argon  plasma  coagulation,  and  band  liga-
tion.  Assessing  efficacy  can  be  difficult  given  the  intermittent 
nature of the blood loss. One older case series of patients with 

of  hemorrhage  on  colonoscopy,  and  focal  treatment  of  these 
lesions with epinephrine  injection and hemoclip placement  is 
recommended [144].

Inflammatory  bowel  disease  that  involves  the  colon  rarely 
causes severe acute colonic bleeding. In a case series, the major-
ity  of  patients  with  severe  hematochezia  had  Crohn’s  disease, 
and most were successfully treated medically [163].

Infectious colitis should be excluded in any patient with LGI 
bleeding and  imaging evidence  that  suggests colitis. Although 
significant bleeding is rare, it can be seen with infections caused 
by  Campylobacter jejuni,  Salmonella,  Shigella,  enterohemor-
rhagic  Escherichia coli  (O157:H7),  Clostridium difficile,  or 
cytomegalovirus. Diagnosis is made by stool cultures. Treatment 
is medical, with the use of antibiotics depending on the causa-
tive organism. Endoscopic management generally does not have 
a role in the management of infectious colitis.

Postpolypectomy bleeding
Bleeding  occurs  after  approximately  1–2%  of  colonoscopic 
polypectomies; it is most common 5–7 days after polypectomy 
but can occur from 1 to 14 days after the procedure [164,165]. 
Although the bleeding is usually self-limited, 50–75% of patients 
require  blood  transfusions.  Risk  factors  for  postpolypectomy 
bleeding include polyp size >2 cm, thick stalk, sessile type, loca-
tion in the right colon, use of warfarin or heparin, and use of 
aspirin or other NSAID [165,166]. In most patients with delayed 
postpolypectomy bleeding, a chronic appearing ulcer at the site 
of the prior polypectomy is found on colonoscopy. In patients 
with  severe  bleeding,  stigmata  of  recent  hemorrhage  may  be 
found  in  the  ulceration.  Endoscopic  management  techniques 
for  delayed  postpolypectomy  ulcer  bleeding  depend  on  the 
stigma  found  and  are  similar  to  those  used  for  peptic  ulcer 
hemorrhage, including epinephrine injection, thermal coagula-
tion, hemoclip placement, and combination therapy.

Colon polyps and cancer
Patients with colon polyps and cancer can present with acute or 
chronic  hematochezia.  Often  these  patients  have  a  microcytic 
iron deficiency anemia consistent with prolonged GI blood loss 
before more overt bleeding is manifest. At colonoscopy, epine-
phrine can be  injected  into  the  lesion  to slow active bleeding, 
and  hemoclips  can  be  applied  to  treat  ulcerated  lesions  that 
cannot be resected endoscopically. When possible, colon polyps 
should be removed to stop bleeding. Surgical resection is usually 
required to prevent rebleeding from a large ulcerated lesion.

Radiation telangiectasia
Radiation telangiectasia typically causes mild chronic hemato-
chezia but occasionally can result in acute severe colonic bleed-
ing.  Ionizing  radiation  used  to  treat  gynecological,  prostatic, 
bladder, or  rectal  tumors causes acute and chronic damage  to 
the normal colon and rectum. Chronic radiation effects occur 
6–18  months  after  completion  of  treatment  and  manifest  as 
bright red blood with bowel movements. Bowel injury resulting 
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of  bleeding  esophageal  varices  have  rectal  varices.  However, 
hematochezia is rarely reported in patients with rectal varices. 
Similar to esophageal varices, bleeding rectal varices are treated 
with  sclerotherapy,  band  ligation,  or  a  portosystemic  shunt 
[181–183].

Rectal ulcers
Solitary  or  multiple  painless  rectal  ulcers  occur  in  elderly 
patients  with  severe  constipation,  intensive  care  unit  patients, 
and people who are bedridden, such as in nursing homes [184]. 
On  colonoscopy,  they  appear  as  chronic,  large,  and  single  or 
multiple ulcers. They can be considered a type of stress ulcer of 
the  rectum  in  extremely  ill  hospitalized  patients.  They  often 
have stigmata of recent hemorrhage and can be  treated endo-
scopically.  In  patients  with  hematochezia  from  a  rectal  ulcer 
have a higher rate of  rebleeding  than  those who present  from 
home. The pathology of the lesions revealed necrosis suggestive 
of mucosal ischemia, as seen with gastric stress ulcers [184].

Obscure gastrointestinal bleeding

Obscure  GI  (OGI)  bleeding  is  defined  as  GI  bleeding  of  
uncertain  etiology  after  upper  endoscopy  and  colonoscopy. 
Obscure GI bleeding may have an overt or occult presentation. 
Overt OGI bleeding refers to patients who have visible acute GI 
bleeding  (i.e.,  melena,  maroon  stool,  hematochezia)  and  a 
nondiagnostic upper endoscopy and colonoscopy. Occult OGI 
bleeding refers to patients with a positive fecal occult blood test 
result,  often  in  association  with  unexplained  iron  deficiency 
anemia. In most large series of GI bleeding, a diagnosis was not 
made by upper endoscopy and/or colonoscopy in 5% of hospi-
talized  patients  with  overt  GI  bleeding,  and  in  75%  of  these 
patients a bleeding site was ultimately found in the small intes-
tine [185]. While most cases of OGI bleeding have a bleeding 
source in the small intestine beyond the reach of standard endo-
scopes,  other  possibilities  include:  (1)  the  lesion  was  within 
reach of a standard endoscope and colonoscope but not recog-
nized as the bleeding site; and (2) the lesion was within reach 
of the endoscope and colonoscope but was difficult to visualize 
or  present  intermittently  [173].  Causes  of  OGI  bleeding  are 
shown in Box 44.1.

In a patient with recurrent severe unexplained hematochezia, 
without hypotension, a colonic source should be suspected, and 
a  repeat  colonoscopy  is  warranted.  Colonic  lesions  that  can 
bleed profusely and then stop, such as diverticulosis or hemor-
rhoids, should be considered. In patients with recurrent severe 
melena, push enteroscopy should be considered to re-examine 
the esophagus, stomach, and duodenum, as well as the proximal 
jejunum.

Once it is certain that a bleeding lesion in either the UGI tract 
or LGI tract was not missed, the evaluation should focus on the 
small intestine. Because small bowel bleeding is often intermit-
tent,  nuclear  medicine  bleeding  scans  or  angiography  have 

transfusion-requiring  vascular  ectasias  found  no  difference  in 
the  frequency  of  continued  bleeding  whether  with  surgery, 
endoscopic  therapy,  or  blood  transfusions  alone  was  used  for 
management [177].

Most patients with GI angioectasias that bleed intermittently 
require medical treatment in addition to endoscopic hemosta-
sis.  Aspirin  and  other  NSAIDs,  warfarin,  and  clopidogrel  can 
exacerbate chronic low-level bleeding and should be avoided if 
possible. Many patients can be effectively managed with admin-
istration of iron (either orally or intravenously).

Internal hemorrhoids
Internal  hemorrhoid  bleeding  is  characterized  by  bright  red 
blood  per  rectum  that  may  coat  the  stool,  drip  into  the  toilet 
bowel,  and be  seen on  tissue after wiping. Usually bleeding  is 
mild, intermittent, and self-limited, but severe bleeding requir-
ing  transfusion  may  occur  [178].  In  a  large  study  of  patients 
with  hematochezia  discharged  from  the  hospital,  20%  were 
thought  to  have  had  bleeding  from  hemorrhoids  [141].  The 
diagnosis  can  be  made  by  anoscopy,  sigmoidoscopy,  or 
colonoscopy.

Treating hemorrhoids (as described in detail in Chapter 81) 
typically  begins  with  medical  therapy,  including  fiber  supple-
mentation,  stool  softeners,  and  warm  sitz  baths.  Anoscopic 
therapy –  including  injection  sclerotherapy,  rubber band  liga-
tion,  cryosurgery,  infrared  photocoagulation,  and  MPEC  –  is 
used  for  larger  hemorrhoids  or  those  that  do  not  respond  to 
medical management. Surgical hemorrhoidectomy  is  reserved 
for treatment of large hemorrhoids not amenable to anoscopic 
treatment,  complicated  hemorrhoids  in  the  setting  of  other 
anorectal disorders, and patient preference [179].

Anal fissures
Patients  with  anal  fissures  present  with  sharply  painful  bowel 
movements,  with  or  without  hematochezia.  Generally,  the 
bleeding  is  mild  and  noticed  with  wiping;  rarely  is  it  more 
severe. Treatment  focuses on resolving  the anal fissure,  rather 
than using specific hemostasis  techniques. Stool softeners and 
fiber supplementation are recommended for all patients. Topical 
therapies  include  diltiazem,  nitroglycerin,  and  nifedipine. 
Botulinum  toxin  injections  and  lateral  sphincterotomy  are 
reserved  for patients who do not  respond  to  topical  therapies 
[180].

Rectal varices
Varices may develop in the rectal mucosa between the superior 
hemorrhoidal  veins  (portal  circulation)  and  the  middle  and 
inferior  hemorrhoidal  veins  (systemic  circulation)  in  patients 
with  severe portal hypertension.  In  retroflexion,  rectal varices 
are  seen  endoscopically  as  vascular  structures  located  several 
centimeters  above  the  dentate  line  and  extending  into  the 
rectum,  distinct  from  internal  hemorrhoids.  Rectal  varices 
become  more  common  as  the  severity  of  portal  hypertension 
progresses.  Approximately  60%  of  patients  with  a  history  
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specificity,  positive  predictive  value,  and  negative  predictive 
value of 95%, 75%, 95%, and 85%, respectively [190]. The diag-
nostic  yield  of  capsule  endoscopy  appears  to  increase  in  the 
setting  of  ongoing  or  recent  (<2  weeks)  overt  GI  bleeding  or 
severe chronic GI bleeding (hemoglobin < 10 g/dL,  iron defi-
ciency anemia, or >1 overt bleeding episode) [191,192].

Deep enteroscopy
Specially  designed  enteroscopes  are  used  in  conjunction  with 
an overtube and/or balloons to advance the endoscope by pleat-
ing  small  intestine  over  it.  Available  systems  include  double-
balloon enteroscopy (with a balloon on the tip of the endoscope 
and another balloon on the overtube), single-balloon enteros-
copy (a balloon on the overtube only), and spiral enteroscopy. 
These  enteroscopes  can  be  inserted  orally  (antegrade)  and 
advanced into the proximal/mid-ileum or inserted rectally (ret-
rograde)  and  advanced  to  the  distal/mid-ileum.  On  occasion, 
most often with double-balloon enteroscopy, complete enteros-
copy  can  be  performed  unidirectionally.  Deep  enteroscopy 
allows  both  visualization  and  interventions  such  as  biopsy, 
hemostasis, and tattooing of lesions. Endoscopes used for deep 
enteroscopy have standard working channels that allow passage 
of  accessories,  such  as  biopsy  forceps,  MPEC  thermal  probes, 
endoscopic  hemoclips,  and  injection  needles  that  fit  through 
standard treatment channels. The risks of deep enteroscopy are 
similar to those for push enteroscopy or colonoscopy, with the 
additional small risk of pancreatitis.

Double-balloon enteroscopy has been shown to have a diag-
nostic yield  in 56% in patients with obscure GI bleeding, and 
this yield increases to 75% if positive findings are first seen on 
capsule  endoscopy  [193].  Single-balloon  enteroscopy  has  a 
diagnostic yield  similar  to  that of double-balloon enteroscopy 
[194]. Spiral enteroscopy has been compared to single-balloon 
enteroscopy, and while depth of insertion is greater with spiral 
enteroscopy, the diagnostic yield is similar [195].

Intraoperative endoscopy and surgical exploration
Surgical  exploration  of  the  small  intestine  can  be  performed 
when  other  studies  are  nondiagnostic.  At  surgery,  the  small 
bowel should be palpated to detect mass  lesions.  In general, a 
standard  exploratory  laparotomy  or  laparoscopy  is  performed 
first  to  lyse  any  adhesions  and  to  look  for  obvious  tumors,  a 
Meckel  diverticulum,  strictures,  enteritis,  or  large  vascular 
lesions. The small bowel is usually exposed through the abdomi-
nal incision to allow the surgeon to assist with advancement of 
an endoscope within the lumen of the GI tract, and facilitates 
mucosal visualization by the endoscopist as well as transillumi-
nation. The endoscope can be passed  transorally  for a natural 
orifice luminal examination or via an enterotomy with use of a 
sterile endoscope. The surgeon helps advance the endoscope by 
pleating the small bowel over the endoscope. Any lesion that is 
identified  can  then  be  assessed  surgically  or  endoscopically, 
depending on the nature of the lesion. Most series report com-
plete enteroscopy of the entire small bowel in 50–75% of cases 

limited  value  in  the  diagnostic  evaluation.  These  procedures 
only visualize active bleeding and do not detect clean lesions or 
those  with  nonbleeding  stigmata.  Newer  imaging  techniques, 
including wireless capsule enteroscopy, deep enteroscopy, allow 
greater  visualization  and  more  therapeutic  options  than  in  
the past.

Diagnostic tools
Push enteroscopy
Push  enteroscopy  can  be  performed  with  either  a  pediatric 
colonoscope (160 cm in length) or dedicated push enteroscope 
(220–250 cm).  These  endoscopes  can  be  used  to  evaluate  the 
esophagus, stomach, duodenum, and proximal jejunum approx-
imately 50–150 cm beyond the ligament of Treitz [173]. Depth 
of insertion is often limited by looping of the endoscope in the 
stomach. Push enteroscopy identifies a potential bleeding site in 
approximately  50%  of  patients;  50%  of  lesions  are  actually 
within reach of a standard upper endoscope [173,186,187].

Capsule endoscopy
In  patients  with  severe  recurrent  GI  bleeding,  capsule  endos-
copy can identify a transition point where fresh blood appears 
in the small bowel, defining a potential locus of bleeding. This 
can direct subsequent therapeutic procedures such a deep enter-
oscopy,  angiography,  or  surgery.  Although  capsule  endoscopy 
may occasionally detect gastric, duodenal, or colonic lesions, it 
is not a substitute for upper endoscopy and colonoscopy.

Capsule endoscopy compares favorably to other small intes-
tinal  diagnostic  methods.  Compared  to  small  bowel  barium 
studies  and  CT  enteroclysis,  capsule  endoscopy  has  a  much 
better diagnostic yield [188,189]. Using intraoperative enteros-
copy as the gold standard, capsule endoscopy has a sensitivity, 

Box 44.1 Causes of overt obscure gastrointestinal bleedinga.

Upper gastrointestinal tracta

Cameron lesions
Dieulafoy lesion
Gastric antral vascular ectasia (GAVE, “watermelon stomach”)

Small intestine

Aortoenteric fistula
Dieulafoy lesion
Meckel diverticulum
Neoplasm
Pancreatic/biliary disease
Ulcer
Vascular ectasia

Colon

Diverticulosis
Hemorrhoids
Rectal varices
Vascular ectasia

a After excluding common causes of upper gastrointestinal bleeding.
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diverticulum,  Dieulafoy  lesions,  and  Crohn’s  disease.  Patients 
above  40–50  years  are  more  likely  to  bleed  from  small  bowel 
intestinal vascular ectasias or NSAID-induced ulcers.

Vascular ectasias
Vascular  ectasias,  including  pathogenesis,  risk  factors,  and 
treatment, are described in detail under the Lower gastrointes-
tinal bleeding section above.

Meckel diverticulum
A  Meckel  diverticulum  is  a  congenital  blind  intestinal  pouch 
that  results  from  incomplete  obliteration  of  the  vitelline  duct 
during gestation. Meckel diverticula classically follow the “rule 
of  twos”: occurring  in 2% of  the population,  found within 2 ft 
of the ileocecal valve, are 2 in long, result in a complication in 
2%  of  cases,  have  two  types  of  ectopic  tissue  (pancreatic  and 
gastric) within the diverticulum, most commonly present at age 
2 years (intestinal obstruction), and have a male-to-female ratio 
of more than 2 : 1. The most common complications of Meckel 
diverticula are bleeding, obstruction, and diverticulitis, which 
can occur in children or adults. Histopathological evaluation of 
bleeding  diverticula  reveal  ectopic  gastric  mucosa  in  75%  of 
patients,  leading  to  acid  secretion  and  ulceration  [197].  The 
diagnostic test for a Meckel diverticulum is a 99m technetium 
pertechnetate  scan  (“Meckel  scan”). Meckel  scans have a high 
specificity and positive predictive value, but they can be negative 
in  the  25%–50%  of  patients  in  whom  the  diverticulum  does  

[196]. The diagnostic yield of intraoperative enteroscopy is up 
to 88%, but rebleeding after intraoperative enteroscopy has also 
been reported in up to 60% of patients [185]. The risks of surgi-
cal exploration limit this procedure as a diagnostic tool, but in 
selected patients combined endoscopic and surgical evaluation 
can be useful and definitive.

Approach to the patient with overt obscure 
gastrointestinal bleeding
A recommended approach to evaluating overt OGI bleeding is 
provided in Figure 44.3. For patients with unexplained overt GI 
bleeding  and  negative  push  enteroscopy  and  colonoscopy, 
capsule endoscopy should be undertaken if available. If a lesion 
is  found  in  the mid-to-small  intestine,  then deep enteroscopy 
or surgery may be considered, depending on the nature of the 
lesion. A lesion in the terminal ileum may prompt repeat colon-
oscopy or deep enteroscopy via the colonic route. If no lesion is 
detected on capsule endoscopy, but a high suspicion for a lesion 
remains,  repeat  the  capsule  endoscopy  or  enteroscopy  should 
be  considered.  If  deep  enteroscopy  is  negative,  intraoperative 
enteroscopy or supportive medical care (iron supplementation, 
blood transfusions, etc.) are reasonable alternatives.

Causes
Patient  age  influences  the  differential  diagnosis  of  obscure  GI 
bleeding. Patients below the age of 40–50 years are more likely 
to bleed from a small  intestinal neoplasm, as well as a Meckel 

Figure 44.3 Algorithm for diagnostic approach to overt obscure GI (OGI) bleeding, including severe hematochezia. RBC, red blood cells. 
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and colon, and can be  treated by endoscopic band  ligation or 
surgical resection [204, 205].
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not contain gastric mucosa  [198]. Meckel diverticula can also 
be  diagnosed  by  capsule  endoscopy  and  double-balloon 
enteroscopy.

Small intestinal neoplasms
Tumors  of  the  small  intestine  comprise  5–7%  of  all  GI  tract 
neoplasms,  but  are  the  most  common  cause  of  obscure  GI 
bleeding in patients younger than age 50 years [199]. Such neo-
plasms  include:  adenomas  (usually  duodenal),  adenocarcino-
mas, carcinoid tumors, GI stromal tumors (GISTs), lymphomas, 
hamartomatous polyps (such as with Peutz–Jeghers syndrome), 
and juvenile polyps.

NSAID-induced small bowel ulcers and erosions
Mucosal ulcers or erosions develop in 25%–55% of patients who 
take nonselective NSAIDs, and can be seen on capsule endos-
copy. Patients who take selective COX-2 inhibitors have lower 
rates of mucosal ulcers on capsule endoscopy [200–203].

Blue rubber bleb nevus syndrome
Blue rubber bleb nevus syndrome is a rare condition character-
ized by venous malformations in the skin, soft tissues, and GI 
tract.  Bleeding  usually  starts  in  childhood  and  continues  into 
adulthood. It frequently results in iron deficiency requiring iron 
replacement  and  transfusions.  Endoscopically,  they  appear  as 
large, protuberant, polypoid venous blebs. They can occur any-
where in the GI tract, but are more common in the small bowel 

http://www.yamadagastro.com/textbook


Approach to the patient with abnormal liver 
chemistries or jaundice

J. Gregory Fitz
University of Texas Southwestern Medical Center, Dallas, TX, USA

819

CHAPTER 45

Introduction

Following the death of his hydropical (ascitic) patient, the 
French physician Rene Laennec in 1826 noted that the “ . . .  liver, 
reduced to a third of its original size, was, so to say, hidden in 
the region it occupied; its external surface, lightly mamellated 
and wrinkled, showed a grayish tint; indented, it seemed entirely 
composed of a multitude of small grains, round or ovoid in 
form, the size of which varied from that of a millet seed to that 
of a hemp seed” [1]. He went on to suggest that this scarring 
and shrinkage of the liver be referred to as cirrhosis.

Regrettably, the incidence of liver diseases continues to 
increase. In the United States, there are nearly 100 000 hospitali-
zations annually for chronic liver disease and cirrhosis; and, 
with ∼30 000 attributable deaths each year cirrhosis is now one 
of the top 12 causes of mortality (National Hospital Discharge 
Survey 2010, and [2]). The incidence of hepatocellular carci-
noma (HCC) has more than doubled in the last three decades, 
and is now the fastest rising cause of cancer-related deaths [3]. 
Worldwide, death rates from liver diseases are increasing, and 
are considerably higher in certain other countries as a result of 
higher rates of alcohol use and early exposure to viral hepatitis 
[4,5]; in 2010 there were over one million deaths attributable to 
cirrhosis and a further million deaths due to liver cancer and 
acute hepatitis [6]. While hepatitis B vaccination and other 
health measures have had a positive impact, nonalcoholic fatty 
liver disease, liver cancer, and drug-induced liver injury con-
tinue on an upward trajectory in Western economies.

The liver is subject to injury from a range of processes. For-
tunately, the liver also possesses a large reserve capacity to 
support the core metabolic functions involved in systemic 
glucose regulation, biosynthesis, drug detoxification and trans-
port of bile acids and bilirubin. Consequently, up to one-half of 
patients with advanced liver injury are without distinct symp-
toms until these core functions are compromised. As a result, 
the spectrum of liver disease is quite broad, with presentations 
ranging from isolated and clinically silent laboratory abnor-
malities to overt liver failure. However, once symptoms develop 
the costs are high in both human and economic terms. Since 
many liver-related deaths occur at a relatively young age, the 
Years of Productive Life Lost (YPLL) is higher than for most 
other digestive diseases [7].

This chapter provides general guidelines for the evaluation of 
suspected liver disease. Clinical categories that reflect common 
patterns of liver test abnormalities are emphasized. Recognizing 
that there is overlap in these patterns, the primary disease pro-
cesses and the approach to their diagnosis and management are 
reviewed in detail in subsequent chapters.

Definition and pathophysiology

Liver disease is identified in most patients by suggestive labora-
tory abnormalities, or by signs and symptoms that result from 
either loss of hepatocyte mass or increasing pressure in the 
portal venous system. With the widespread application or 
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phosphatases are enriched in the canalicular membrane of 
hepatocytes and the apical membrane of the cholangiocytes that 
form intrahepatic bile ducts. Obstruction of bile ducts, injury 
to duct cells, and liver infiltration resulting in architectural dis-
array, and damage to the liver lobule lead to increases in alkaline 
phosphatase production and release. Accordingly, elevation of 
serum alkaline phosphatase is an important marker of bile duct 
obstruction, or injury. When other liver test abnormalities are 
also present, the elevations of alkaline phosphatase can be 
assumed to be of hepatic origin unless there are clues to the 
contrary. When present in isolation, a hepatic origin of alkaline 
phosphatase should be confirmed by pursuit of other evidence 
of liver injury or by measurement of alkaline phosphatase isoen-
zymes. Assessment for elevation of 5′-nucleotidase levels is 
commonly used in parallel as a relatively specific marker to 
confirm a suspected hepatic origin.

Incomplete duct obstruction or injury often leads to isolated 
elevations of alkaline phosphatase in the absence of jaundice; 
representative causes include early duct injury from primary 
biliary cirrhosis, drug-induced liver injury and infiltrative liver 
disease related to sarcoidosis and infection. Complete extrahe-
patic obstruction or progressive obliteration of intrahepatic bile 
ducts is invariably associated with impaired bilirubin excretion 
and the appearance of jaundice. Elevations of alkaline phos-
phatase and bilirubin out of proportion to AST and ALT reflect 
an obstructive pattern of liver injury, and require accurate 
assessment of whether the injury is intrahepatic (duct cell 
injury, liver infiltration) versus extrahepatic (common duct 
obstruction, pancreatic or ampullary mass).

Jaundice results from an increase in serum bilirubin concen-
tration and is detected as a yellow-green discoloration of the 
sclerae, mucous membranes, and skin. Clinically, jaundice is 
difficult to detect until bilirubin levels rise above 3–4 mg/dL. 
However, when present, jaundice is of sufficient concern to most 
patients that they seek evaluation. In cases of acute hepatocel-
lular necrosis, such as viral hepatitis or ischemia, jaundice typi-
cally follows loss of hepatocyte mass and secretory capacity. In 
cases of duct injury or obstruction, the increase in bilirubin 
levels is associated with elevations of alkaline phosphatase and 
reflects damage to the physiologic conduit for bile out of liver 
cells, or the common bile duct.

Bilirubin is a catabolic breakdown product of heme. As red 
blood cells age, they are removed by the reticuloendothelial 
system, and heme released from senescent red cells is degraded 
by heme oxygenase to produce biliverdin, and then by biliverdin 
reductase to produce bilirubin. Heme is also released in large 
amounts as a result of ineffective erythropoiesis (e.g., pernicious 
anemia from vitamin B12 deficiency), or tissue hematomas. 
Free bilirubin is largely insoluble in water and must be bound 
to albumin for transport to the liver. Subsequently, bilirubin 
dissociates from albumin, and maintenance of low serum 
bilirubin levels requires the following:
• Uptake across the basolateral membrane of hepatocytes by 

several organic anion transport proteins;

automated blood chemistries, abnormal liver function tests now 
represent the most common reason for patient referral. These 
test abnormalities are rarely definitive, but when coupled  
with a careful history and physical examination, they permit  
a systematic diagnostic approach and with additional testing,  
a definitive cause of injury can be determined in most  
patients.

Clinical use of liver function tests

Hepatocellular injury is usually detected by elevations in 
serum aminotransferases, including alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST). These enzymes 
are present in high concentration inside hepatocytes, and serve 
to catalyze the transfer of α-amino groups from amino acids to 
ketoglutaric acid. AST and ALT are normally detectable in 
serum at low levels (typically <30 IU/L) due to normal cell 
turnover [8]. However, any process that leads to loss of mem-
brane integrity or necrosis results in release of AST and ALT, 
and higher serum concentrations. Consequently, elevations of 
AST and ALT represent sensitive but relatively nonspecific 
measures of hepatocellular injury, requiring pursuit of more 
definitive causes.

There are guidelines and generalizations regarding interpre-
tation of AST and ALT abnormalities that improve their clinical 
utility:
1. AST to ALT ratio >2 with AST levels below 300 IU/L is sug-

gestive of alcohol-induced fatty liver disease. In contrast, 
other causes of hepatocellular necrosis including viral hepa-
titis, ischemia or drug-induced injury result in more equiva-
lent elevations of AST and ALT, and values are often much 
higher.

2. While ALT elevations are relatively specific for liver injury, 
it is important to recognize that AST is found in skeletal 
muscle, heart, erythrocytes and other tissues. Consequently, 
isolated increases in AST must be interpreted with caution.

3. Acute elevation of AST and ALT to values >1000 IU/L indi-
cate massive hepatocyte necrosis and must be evaluated on 
an urgent basis to assure proper management.

Viral hepatitis, ischemic injury and toxins (acetaminophen, 
Amanita phylloides ingestion) should be considered and further 
evaluation of hepatic synthetic function is essential (see Chapter 
98). If the injury is acute and resolves rapidly, the AST and ALT 
can recover rapidly as well with improvement by half over 24 
hours. In the proper clinical setting, this rapid recovery of 
transaminases is often useful in retrospect to confirm a clinical 
suspicion of ischemic hepatic injury related to hypotension, 
hypoxia or heart failure.

Ductular injury and cholestasis are suspected on the basis 
of elevations of serum alkaline phosphatase and, at a later stage, 
bilirubin. Alkaline phosphatases hydrolyze organic phosphate 
esters in an alkaline environment and are found in many tissues 
including liver, placenta, bone, and intestine. In liver, alkaline 
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conjugation. With intra- or extrahepatic cholestasis, there are 
increases in both forms but conjugated bilirubin predominates 
since hepatocellular uptake and conjugation are relatively unim-
paired. With sustained jaundice, there is an unpredictable 
increase in protein-bound conjugated bilirubin over time.

Measurements of “hepatic synthetic capacity” also provide 
meaningful information in the assessment of the severity and 
duration of liver injury. Loss of hepatocyte mass results in 
impaired biosynthesis and metabolism, and is accompanied by 
a variety of nonspecific findings such as fatigue and loss of 
skeletal muscle mass. Serum albumin concentration and pro-
thrombin time may be more quantitative measures. As liver 
disease progresses, decreases in serum albumin to levels below 
3 mg/dL correlate with complications of cirrhosis such as ascites 
and portal hypertension, and predict poor clinical outcomes 
(see further on). Because albumin has a half-life of ∼3 weeks, 
hypoalbuminemia is a manifestation of prolonged liver injury. 
However, when serum albumin is found to be low, it is impor-
tant to consider nonhepatic causes as well, including malnutri-
tion, chronic inflammation, protein-losing enteropathy, and 
nephrotic syndrome.

The liver is the site of synthesis of the majority of the factors 
involved in both blood coagulation and thrombolysis. Measure-
ment of the prothrombin time, the rate at which prothrombin 
is converted to thrombin, is one of the most helpful tests in 
assessing liver synthetic capacity. Following hepatic synthesis, 
factors II, VII, IX, and X require vitamin K for carboxylation 
and biologic activity. A decrease in factor VII levels to less than 
30% of normal is associated with prolongation of the pro-
thrombin time of more than three seconds above control, and 
with a concomitant increase in the risk of bleeding, due to 
impaired coagulation. If the decrease in active factor VII is 
related to a vitamin K deficiency and liver synthetic function is 
normal, then vitamin K supplementation (typically 10 mg sub-
cutaneously per day for 3 days) leads to normalization of the 
prothrombin time. If, on the other hand, the decrease in factor 
VII function reflects impaired liver synthetic capacity, vitamin 
K supplementation fails to normalize the prothrombin time. 
While there are many other causes of prolongation of the pro-
thrombin time, this simple relationship is very useful in the 
evaluation of patients with suspected liver disease. Detection of 
a prolonged prothrombin time raises the index of suspicion for 
significant liver disease. If there are other indicators of liver 
injury, the prothrombin time can be used as one biomarker of 
the clinical course. If the prothrombin time normalizes with 
supplemental parenteral vitamin K, liver carboxylation is intact 
and nutritional abnormalities of vitamin K absorption are likely. 
If there is no improvement with vitamin K supplementation, 
then significant liver injury is likely. To that end, progressive 
prolongation of the prothrombin time correlates with develop-
ment of clinical complications of liver disease and poor out-
comes (see further on).

There are a number of nonspecific tests used in an effort to 
assess the “presence of hepatic fibrosis”, but none has achieved 

• Conjugation to glucuronic acid in the endoplasmic reticulum 
to produce bilirubin monoglucuronide or diglucuronide to 
enhance water solubility; and then

• Secretion of conjugated bilirubin across the canalicular mem-
brane of hepatocytes, mediated by an ATP-dependent process 
involving the multidrug resistance associated protein 2 [9].
Once within the canalicular space, small intrahepatic ducts 

merge to constitute the larger intra- and extrahepatic bile ducts 
that can be visualized radiographically.

Importantly, active transport of conjugated bilirubin across 
the canalicular membrane is usually the rate-limiting step for 
hepatic bilirubin excretion. Consequently, most cases of jaun-
dice encountered clinically reflect increases in conjugated 
bilirubin caused by defective canalicular transport and back 
diffusion of conjugated bilirubin into the systemic circulation. 
However, bilirubin metabolism and transport can be inter-
rupted at many levels, and the subtleties of transport and sus-
ceptibility to injury complicate interpretation. Unconjugated 
hyperbilirubinemia can be caused by Gilbert syndrome, a 
benign syndrome where there are inherited varieties of glu-
curonosyltransferase which exhibit reduced capacity for 
bilirubin conjugation; Crigler-Najjar syndrome, where there are 
inherited profound decreases in bilirubin conjugation; and 
acute red blood cell hemolysis where hemoglobin release 
exceeds the capacity for bilirubin uptake and conjugation [9]. 
Certain drugs also decrease the capacity for bilirubin conjuga-
tion. Among these different causes of unconjugated hyperbiliru-
binemia, Gilbert syndrome is the most common since the 
genetic variant is present in ∼8% of the population and causes 
a significant decrease in the activity of UDP-glucuronosyl trans-
ferase isoform 1A1 (UGT1A1). Unconjugated bilirubin levels in 
Gilbert syndrome are typically >5 mg/dL, and can be increased 
by fasting, or stress. Gilbert syndrome is a benign condition that 
is not associated with other liver test abnormalities, or liver 
disease. It does not require treatment and the most important 
reason to identify it is to provide reassurance and minimize 
further evaluation.

For historical reasons related to the assay used to measure 
bilirubin levels, conjugated and unconjugated bilirubin is often 
referred to as “direct” and “indirect” bilirubin, respectively. 
Further, if conjugated bilirubin remains elevated in the circula-
tion, it can bind to albumin in a covalent manner referred to as 
protein-bound or delta bilirubin. This nonenzymatic reaction 
takes place relatively slowly, and higher levels or protein-bound 
bilirubin are observed after sustained periods of severe jaundice. 
While conjugated bilirubin is water-soluble and freely secreted 
by the kidneys, protein-bound bilirubin has a prolonged half-
life and can lead to sustained jaundice even after the original 
liver injury is resolving and bilirubin transport and excretion 
restored.

It is important to recognize that the different forms of 
bilirubin are in equilibrium. Under physiologic circumstances, 
total bilirubin levels are <1.3 mg/dL and most circulating 
bilirubin is nonconjugated since it is rapidly secreted after 
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venous system, the reading taken with the balloon inflated 
(wedged pressure) is assumed to reflect the portal venous pres-
sure. The difference between the wedged–free pressure repre-
sents the transhepatic pressure gradient (THPG). Under normal 
circumstances, values are <5 mmHg. With progressive portal 
hypertension, values increase so that ascites, varices and 
encephalopathy are more frequent when the THPG is 
>12 mmHg.

Invariably, cirrhosis and portal hypertension is associated 
with significant neurohumoral changes that lead to avid renal 
Na+ retention as reflected by urine Na+ concentrations 
≤10 mEq/L. Together, these lead to fluid retention, ascites and 
decreased renal blood flow as detailed in Chapter 106. Further, 
low resistance shunt pathways that bypass the liver parenchyma 
account for the development of esophageal and gastric varices, 
hepatic encephalopathy and impaired hepatic clearance of 
endogenous and exogenous (drugs) solutes. The development 
of any one of these complications – ascites, encephalopathy or 
variceal bleeding – is an indication of decompensated liver 
disease and is associated with a mortality of 30% or more over 
the following year.

Patterns of liver injury
In each patient, the utility of these liver functions tests is 
enhanced by recognition of characteristic patterns of liver injury 
that help to guide the appropriate diagnostic path toward defin-
ing the specific cause(s) of liver disease. These are always inter-
preted in association with a careful history and physical 
examination. The broad categories are summarized in Table 
45.1. In general, “hepatocellular injury” is suggested by:
• elevation of aminotransferases out of proportion to alkaline 

phosphatase
• variable increases in bilirubin, increasing with duration and 

severity of disease
• prolonged prothrombin time, poorly responsive to vitamin K 

supplementation
• fever and abdominal pain are uncommon in the absence of 

infection or ascites

widespread clinical utility. In general, liver biopsy is the “gold 
standard” for detection of liver fibrosis and cirrhosis, but its 
utility is limited by concern for complications particularly in the 
setting of advanced liver disease and coagulopathy. Noninvasive 
measures of hyaluronan, procollagen, type IV collagen and 
other measures have not been convincing. The FibroTest (also 
called FibroSure) has been better studied, and incorporates six 
blood tests with gender and age (including bilirubin, ALT, 
alpha-2 macroglobulin, haptoglobin, apolipoprotein A1, 
γ-glutamyl transpeptidase) to calculate the risk of fibrosis. These 
tests have reasonable sensitivity and specificity, with Area Under 
the Receiver Operating Curve (AUROC) of ∼75% for detection 
of significant fibrosis or cirrhosis [10] but require the use of a 
validated laboratory. More recently, noninvasive measurements 
of hepatic elastography [11] are gaining acceptance as a measure 
of the risk of hepatic fibrosis and cirrhosis (see Chapters 103 
and 105).

Liver injury of many causes can progress to cirrhosis, and the 
accompanying “portal hypertension” is a major contributor to 
morbidity and mortality. In general, the portal system is a low 
pressure (<6 mmHg) venous circuit. Consequently, venous 
drainage from the intestine enters the portal vein and then has 
direct access to the hepatic portal triads and liver sinusoids. As 
blood flows through the liver acinus from the periportal zone 
toward central veins, nutrient-rich portal blood is exposed to 
the basolateral membrane of hepatocytes where active transport 
of nutrients, bile acids, bilirubin and other solutes takes place. 
Subsequently, venous radicles coalesce to form the main hepatic 
veins that drain freely into the inferior vena cava. Portal hyper-
tension can occur anywhere in this circuit as reviewed in Chap-
ters 105 and 111. Most commonly, the scarring associated with 
cirrhosis leads to progressive obliteration of the cross sectional 
area of the intrahepatic venous system and portal hypertension. 
This can be measured directly by the transhepatic venous pres-
sure gradient. In practice, a catheter is inserted into the hepatic 
vein near the vena cava. Pressure is measured in the hepatic vein 
(free pressure), and then after balloon occlusion, the catheter is 
wedged into a hepatic vein. Since there are no valves in the liver 

Table 45.1 Liver function tests: patterns of injury.

Clinical syndrome Aminotransferases (IU/L) Alkaline phosphatase Bilrubin (mg/dL) Prothombin (time[s])

Acute hepatocyte necrosis 
(hepatitis, toxins)

AST and AST usually >500 normal or slightly increased normal normal

Alcoholic liver disease AST >ALT, usually <300 normal or slightly increased variable variable

Hemolysis increase in AST, LDH 
Normal ALT

normal normal or increased 
indirect but <3

normal

Gilbert syndrome normal normal normal or increased 
indirect but <5

normal

Biliary obstruction variable increased often >5 fold increased, direct > indirect normal

Cirrhosis variable elevated increased normal or prolonged, fails 
to correct with vitamin K
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viding an overall assessment of hepatic reserve and liver-related 
mortality. Five variables including ascites, bilirubin, albumin, 
prothrombin time and encephalopathy are assessed and assigned 
a point score according to severity. The sum of the points 
enables classification of cirrhosis as Class A (compensated), B 
(moderate disease with significant compromise) or C (uncom-
pensated cirrhosis). This classification is easy to use in a busy 
clinical setting, and higher scores correlate with the risk for poor 
outcomes. An important limitation of this classification is that 
the clinical assessment of ascites and encephalopathy is subjec-
tive. While still useful clinically, this concern about subjective 
assessment led to the development of the Model for End Stage 
Liver Disease (MELD) that is now used to assess and follow 
patients awaiting liver transplantation (Chapter 108).

Two special scenarios merit emphasis since they have high 
patient mortality and are not fairly assessed by these measures. 
Acute liver failure reviewed in Chapter 98 is characterized by 
the rapid onset of striking hepatocellular injury with AST and 
ALT values often above 1000 IU/L. Acetaminophen, ischemia, 
Amanita phylloides toxins, and drugs are representative causes, 
and the rapid time course can progress to death in days or weeks 
without going through a cirrhotic phase. Accordingly, the 
Child-Pugh score is not applicable. Rather, close monitoring of 
the prothrombin time, mental status, renal function and pos-
sibly MELD are better measures of the outcome. Similarly, alco-
holic hepatitis reviewed in Chapter 103 occurs in men or women 
with a prolonged history of heavy alcohol use, and is character-
ized by profound jaundice and mortality above 25% within 30 
days. Most of these patients do have underlying cirrhosis com-
plicated by superimposed cholestatic process mediated by sys-
temic inflammation which tends to progress even after cessation 
of alcohol intake. The MELD score and the Maddrey discrimi-
nant function score provide measures of prognostic significance 
(Chapter 103).

Etiologies and risk factors for common liver 
diseases

The assessment of suspected liver disease begins with a careful 
review of potential risk factors based on clinical history and, 

• risk factors for fatty liver disease, hepatitis, alcohol use, or 
drug exposure.
By contrast, cholestasis and “cholestatic disorders” are sug-

gested by:
• elevation of alkaline phosphatase out of proportion to 

aminotransferases
• increases in 5′-nucleotidase and γ-glutamyl transpeptidase
• increases in bilirubin, largely the conjugated fraction
• prothrombin time may be prolonged but is usually responsive 

to vitamin K
• fever and abdominal pain are common in extrahepatic duct 

obstruction, less so with intrahepatic duct injury (e.g., PBC, 
drug-induced injury)

• risk factors for gallstones, pancreatic cancer, metastatic 
disease, recent surgeries.
There are some disorders, including many forms of drug-

induced liver injury and infiltrative liver disease that cause a 
“mixed pattern” with features of both hepatocellular and chole-
static injury. Moreover, liver function tests are dynamic with 
changes over time so serial assessment improves diagnostic 
utility. Categorization of these patterns of injury is a first step 
toward more definitive patient evaluation and management.

Clinical assessment of disease severity
Unfortunately, many forms of liver disease are chronic and may 
progress toward cirrhosis and end stage liver disease. Indeed, 
once there is clinical decompensation as assessed by the new 
onset of ascites, variceal bleeding or hepatic encephalopathy, the 
morbidity, mortality, and cost of care are substantial. Accord-
ingly, a premium is placed on prevention and early detection, 
and when decompensation occurs, patients should be consid-
ered for evaluation for liver transplantation early in the clinical 
course whenever possible.

In patients with cirrhosis, the Child-Pugh score as summa-
rized in Tables 45.2 and 45.3 has been used for decades to 
provide a reasonable estimate of risk of deterioration. This score 
originally was developed to predict the risk of death from 
variceal hemorrhage, but proved to be clinically useful in pro-

Table 45.2 Child-Pugh Score for assessment of liver function.

Parameter Points assigned

1 2 3

Ascites Absent Slight Moderate

Bilirubin, total (mg/dL) 1.0–2.0 2.0–3.0 >3.0

Albumin (g/dL) >3.5 2.8–3.5 <2.8

Prothrombin time

 seconds prolonged 1.0–4.0 4.0–6.0 >6.0

 international normalized 
ratio (INR)

<1.7 1.7–2.3 >2.3

Encephalopathy None Grade 1–2 Grade 3–4

Table 45.3 Child-Pugh Score.

Child-Pugh Grade Description Points

A Mild, well-compensated disease 5–6

B Moderate disease with significant 
compromise

7–9

C Severe disease with decompensation 10–15

Source: Adapted from US FDA http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/ucm072123 
.pdf.
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replication rates (HBeAg positive), and then cirrhosis and 
hepatoma. Tragically, the clinical progression down this pathway 
over the first 25–30 years of life leads to advanced disease at  
an early age, and accounts for the emergence of hepatitis 
B-related hepatoma as one of the more common causes of death 
worldwide.

The prevalence of chronic hepatitis C infection is ∼1% in the 
US. A history of prior episodes of jaundice or hepatitis, intra-
venous drug use, tattoos, and incarceration are associated with 
an increased risk of hepatitis C. Even in the absence of identifi-
able risk factors, in 2013 the Centers for Disease Control recom-
mended one time screening in the US for men and women 
between ages 45 and 65 since this cohort accounts for nearly 
three fourths of all cases of hepatitis C in the US [12]. In prac-
tice, a negative test for anti-HCV antibodies in this group pro-
vides the lowest cost approach with acceptable sensitivity and 
specificity to exclude infection in most patients.

A history of alcohol-related hepatitis or pancreatitis identifies 
cohorts with an associated risk for alcohol-related liver disease. 
Similarly, prior cholecystectomy or biliary surgery is an impor-
tant risk factor for subsequent biliary strictures and cholestatic 
liver function tests.

Three points regarding the clinical history merit particular 
emphasis. First, acute and chronic alcohol use remains by far 
the most common cause of acquired significant liver injury in 
adults, accounting for more than one-third of all consultations 
for management of liver disease. Focused and persistent ques-
tioning is often required to elicit the relevant history of alcohol 
exposure, and family members and other associates may be 
more forthcoming. In addition, there is often a delay between 

when indicated, screening for alcohol and other drug use as 
summarized in Table 45.4. Basic demographic factors including 
age, gender, and race are helpful but nonspecific starting points. 
In Western societies, males and nonwhites have a higher inci-
dence of chronic liver disease and related hospital admissions. 
Men younger than 20 are at increased risk for acute viral hepa-
titis, but over time the risk of chronic hepatitis B or C, and 
alcoholism increase. Men older than 55 are at increased risk for 
biliary tract disease, cirrhosis, and liver cancer. Women are 
subject to the same disease processes, but in addition are more 
likely to have autoimmune hepatitis, primary biliary cirrhosis, 
and estrogen-related liver injury associated with oral contracep-
tives or hormone replacement.

A younger age of onset of liver disease and/or a family history 
of liver disease may suggest heritable disorders such as Wilson’s 
disease, hemochromatosis, polycystic liver disease or other 
disease processes with defined genetic causes. However, complex 
behaviors such as alcoholism and common chronic diseases 
such as obesity or diabetes also have unequivocal but poorly 
understood genetic links. Accordingly, a family history of liver 
disease may be suggestive but it is rarely diagnostic. Direct 
genetic testing is available to confirm clinical impressions of 
liver disease compatible with hemochromatosis, cystic fibrosis 
and increasingly for other disorders as well. Identification of a 
disease-causing genotype is helpful since many of these disor-
ders vary in age of onset, severity and penetrance.

In patients from certain parts of Africa and Asia, hepatitis B 
(or less often C) virus infection is often acquired at birth via 
mother-to-child transmission. Those infected at a young age 
have a higher risk of having chronic infection, higher viral 

Table 45.4 Risk factors for liver diseases.

Risk factors Associated liver diseases

Family history of liver disease Hemochromatosis, Wilson’s disease, α-1 antitrypsin deficiency, cystic fibrosis, thalassemia

Frequent alcohol use Alcoholic fatty liver, alcoholic hepatitis, cirrhosis

Obesity, diabetes, hyperlipidemia Nonalcoholic fatty liver disease (NAFLD)

Medications and herbal therapies Drug-induced liver injury

Depression, suicidal risk, analgesic use Acetaminophen-induced liver injury or acute liver failure

Hepatobiliary surgery Postoperative biliary strictures of bile ducts, recurrent gallstones

Parenteral drug use, needle sticks Hepatitis B in unvaccinated, hepatitis C

Male homosexuality Hepatitis B in unvaccinated

Foreign travel Hepatitis A and B in unvaccinated

Ulcerative colitis Sclerosing cholangitis

History of jaundice or hepatitis Chronic viral hepatitis, autoimmune hepatitis, cirrhosis

Arthritis, systemic inflammatory symptoms Autoimmune hepatitis

Mushroom collectors Acute liver failure from Amanita phallyoides

Hypotension, hypoxia Acute liver failure from ischemic injury

Congestive heart failure Liver injury from hypoxic injury to pericentral zone

Age 45–65 years Hepatitis C cohort
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acute hepatitis B due to circulating immune complexes. Chronic 
hepatitis C is the most common cause of mixed cryoglobulin-
ema, which can cause vasculitis, skin rashes and arthralgias/
arthritis.

Importantly, a normal physical examination provides no 
guarantee that there is not significant liver disease, so screening 
laboratory studies to detect inflammation (AST, ALT), obstruc-
tion or duct injury (alkaline phosphatase and bilirubin), and 
hepatic synthetic function are obtained in parallel. If abnormali-
ties are detected, a right upper quadrant ultrasound is war-
ranted in most patients since the laboratory findings are 
nonspecific and the ultrasound provides an accurate assessment 
for duct obstruction, gallstones, and parenchymal lesions at low 
cost and no risk to the patient.

When liver disease is present, the common physical manifes-
tations are usually related to loss of hepatocyte mass, bile duct 
obstruction, or development of portal hypertension. Jaundice 
represents a yellowish-green coloration of the sclerae and 
mucous membranes due to a rise in bilirubin levels >3.5 mg/
dL. As levels rise further, the changes are more overt and the 
skin becomes discolored as well. The interpretation varies with 
the clinical accompaniments and associated laboratory findings. 
The patient may note darkened urine and light colored stool 
particularly when obstruction is present.

Jaundice accompanying acute hepatocyte necrosis (viral hep-
atitis, acetaminophen toxicity) represents a loss of hepatocyte 
mass and impaired bilirubin transport out of the cell due to 
canalicular compression. In the early stages, there is often right 
upper quadrant tenderness and an enlarged liver (span >15 cm 
in right midcostal line). There is no rebound or guarding. The 
appearance of more profound jaundice with asterixis, confusion 
or coma represents progression of the disease, and bleeding may 
reflect an associated synthetic defect and coagulopathy. In 
severe cases, liver size decreases over time with loss of hepato-
cyte mass and progression of coma to include central neuro-
genic hyperventilation, decerebrate posturing, and death.

Jaundice accompanying acute abdominal pain, fever, and 
right upper quadrant tenderness suggests acute cholangitis with 
or without associated cholecystitis. The liver size is usually 
normal, and there is often a history of prior gallstones or com-
patible symptoms. The resulting obstruction of the common bile 
duct is usually partial but still sufficient to result in the accumu-
lation of bilirubin (mostly conjugated) and an associated 
increase in alkaline phosphatase. Confirmatory testing with an 
ultrasound to identify gallstones or extrahepatic biliary dilation 
is warranted whenever possible.

Additional physical manifestations resulting from loss of 
hepatocellular mass and/or development of portal hypertension 
are covered in detail on Chapters 105 and 106. A small liver with 
a nodular contour and associated splenomegaly represent the 
classical features of established cirrhosis. However, there is sub-
stantial inter-examiner variability, and the onset of ascites can 
mask these findings. With loss of hepatocyte mass and shunting 
of portal blood around the liver, the metabolic capacity of the 

the period of highest alcohol consumption and the onset of 
alcohol related liver disease. In men, consumption of 60–80 g of 
alcohol per day (three or four beers, glasses of wine) is a reason-
able threshold for increased risk, and >5 years of regular use 
exposure is typical. In women, lower levels of alcohol consump-
tion impose the same risk for liver diseased over time. The 
reasons for the increased susceptibility of women to alcohol-
related liver injury are not known.

Second, outside of alcohol, the majority of the cases of drug-
induced liver injury result from prescription drugs so a careful 
history of medication use is essential. However, nearly half of 
the US population takes herbal therapies and dietary supple-
ments, and these products are not considered to be drugs by 
many consumers, even though they are not always safe. With 
increased use, these dietary supplements now account for ∼16% 
of drug-induced liver injury [13]. Herbals and other supple-
ments taken by bodybuilding aficionados are of special note as 
a cause of cholestatic liver injury that can be quite severe. Inad-
vertent excess use of acetaminophen, especially in those that 
consume alcohol, occurs with some frequency (see Chapter 97).

Finally, there are multiple contributors to liver injury in many 
patients. Obesity and unrecognized related nonalcoholic fatty 
liver disease (NAFLD) is a particular concern given the increas-
ing prevalence. While it is difficult to offer a precise quantitation 
of risk, the ongoing inflammation and metabolic challenge asso-
ciated with NAFLD appears to increase susceptibility to alcohol, 
medications and other common causes of liver injury that 
would otherwise be tolerated.

Diagnosis and physical examination

The majority of patients with active liver disease do not have 
overt physical findings at presentation due to the substantial 
reserve capacity of the liver and its physical location high under 
the right diaphragm where it is protected from both injury and 
examination. However, the general physical examination can 
provide important, nonspecific indicators. Obesity and hyper-
tension are features of the metabolic syndrome and thus repre-
sent important risk factors for NAFLD, which is increasing in 
both frequency and clinical importance globally. Evidence of 
parenteral drug injection sites is an important finding associ-
ated with a higher risk of chronic hepatitis B and C infection 
and acute liver injury due to cocaine-induced vasoconstriction, 
hypotension, or drug effects. Illicit drugs used parenterally are 
often mixed or cut with other substances unknown to the user 
such as acetaminophen that can be injurious as well.

The presence of sicca syndrome with dry eyes, dry mouth, 
and dental caries is associated with primary biliary cirrhosis, 
and there may be evidence on examination of the skin of 
scratching resulting from sustained pruritis in chronic cholesta-
sis of any cause. Symmetrical polyarthralgias and occasionally 
active arthritis, leukocytoclastic vasculitis or other cutaneous 
rashes are associated with autoimmune hepatitis but also with 
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liver deteriorates and estrogen precursors can accumulate to 
cause gynecomastia, testicular atrophy and palmar erythema. 
Spider angiomas can appear over the chest, face, and truck as a 
result of as-yet-unidentified angiogenic factors. However, when 
present they suggest a higher risk for other complications of 
cirrhosis including hepatopulmonary syndrome and possibly 
hepatorenal syndrome.

The earliest manifestation of portal hypertension is usually 
ascites or splenomegaly, with or without accompanying periph-
eral edema (Chapter 105). Neurohumoral changes accompany-
ing portal hypertension include high renin, high angiotension 
and high atrial natriuretic factor, which together lead to avid 
renal Na+ and water retention. Over time, clinical features may 
include:
• ascites and edema
• splenomegaly and hypersplenism
• esophageal varices and hemorrhoids
• shunting of portal blood with asterixis, and encephalopathy.

These are all discussed in detail in related chapters, but their 
presence indicates advanced disease and consideration for 
transplantation is warranted.

Common clinical presentations of liver injury
The approach to evaluation of several common presentations of 
liver disease is presented as a general guide only. Emphasis is 
placed on recognizing patterns of injury and pursuit of diagnos-
tic algorithms. Evaluation and management of specific disorders 
of the liver is presented in subsequent chapters. These diagnostic 
approaches are not meant to be comprehensive in nature, but 
instead to provide a general framework to be considered along 
with essential patient-specific information to lead to definitive 
diagnosis of the cause(s) of liver injury in individual patients.

A word about the ubiquitous use of a right upper quadrant 
ultrasound is warranted. In current practice, the ultrasound is 
often obtained early in the evaluation process, almost as an 
extension of the physical examination. Indeed, it is remarkably 
safe and provides important information about liver size, texture 
and the possible presence of focal mass lesions. Accordingly, it 
is the preferred initial approach to diagnostic evaluation of the 
biliary tree and hepatic blood flow. Moreover, ultrasound is 
more sensitive than the physical examination for detection of 
small to moderate amounts of ascites. Therefore, it is hard to 
argue against the early use of an ultrasound examination for 
reasons other than cost. That being said, ultrasound examina-
tion should be interpreted in the context of other collected 
physical and laboratory findings to maximize use of the infor-
mation provided and to focus clinical impressions.

Isolated elevation of aminotransferases
Clinical presentation. Many patients first come to clinical 
attention as a result of abnormal liver function tests detected in 
the course of routine bloodwork in the nominal absence of other 
signs or symptoms of liver disease. With the widespread use of 
automated blood chemistries as screening tests, this presenta-

tion is usually manifested by mild to moderate (less than ten-
fold) elevations of AST, ALT, or both. Unfortunately, the absence 
of symptoms is not an assurance of a benign cause or course. 
Chronic viral infection, autoimmunity, alcoholism and other 
disorders can progress to cirrhosis despite long periods of 
ongoing injury in the absence of accompanying symptoms. 
Indeed, nonalcoholic steatohepatitis (NASH), usually detected 
by low grade elevations (<400 IU) of ALT and AST, has emerged 
as one of the more common causes of cirrhosis in Western 
societies. Since the pattern of transaminases per se is not diag-
nostic of any specific cause, careful evaluation is always war-
ranted, and one approach is suggested in Figure 45.1.

Pathophysiology. Increases in ALT and AST reflect underly-
ing cell injury and death, where the loss of plasma membrane 
integrity results in release of these cytoplasmic enzymes into the 
circulation. The injury can be acute or chronic. The most 
common causes include alcohol-induced liver injury, NAFLD 
or NASH, chronic hepatitis B or C, autoimmune hepatitis and 
drug, or herbal supplement-induced liver injury that, taken 
together, account for ∼two-thirds of cases. In addition, there 
are multiple other causes including hemochromatosis, acute 
viral hepatitis, vascular diseases and genetic disorders that are 
also significant and cumulatively they account for the remaining 
∼one-third of cases. The presence of these many other causes 
underscores the very general nature of an algorithmic approach 
and is meant to reinforce the need for continued critical thought 
and specific testing.

Diagnostic evaluation. Evaluation of isolated elevations in 
AST and ALT can be challenging for both the physician and the 
patient due to the nonspecific nature of the findings. The 
approach recommended in Figure 45.1 presumes that there is 
no clinical evidence of biliary obstruction (abdominal pain, 
elevations of alkaline phosphatase, and bilirubin) and that the 
transaminase values are <400 IU. Notably, higher values are 
usually associated with other liver test abnormalities and symp-
toms related to acute or chronic hepatic injury.

The initial assessment should always involve a careful history 
focusing on risk factors for liver disease (Table 45.4) and a 
physical examination to detect:
1 Associated manifestations of a common disease (e.g., autoim-

munity, metabolic syndrome, tuberculosis, syphilis)
2 Subtle evidence of unexpected chronic liver disease.

Use of alcohol in any amount should be prohibited during 
the course of the assessment, and up to three months of absti-
nence may be required for alcohol-induced injury to subside. 
Further, if the AST to ALT ration is >2, and alcohol cessation 
leads to recovery of the abnormalities, then alcohol-induced 
liver injury is likely. Similarly, suspect medications and dietary 
supplements also should be discontinued when feasible. 
Common causes of drug-induced liver injury include ceftriax-
one, phenytoin, carbamazepine, cotrimoxazole, allopurinol and 
amoxicillin-clavulanate. However, some degree of liver toxicity 
has been reported for most drugs, and the LiverTox website 
maintained by NIDDK (National Institute for Diabetes and 
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Figure 45.1 Diagnostic approach to evaluation of elevated aminotransferases and suspected liver disease.
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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tion for a 3–6 month period. If there is no clear improvement 
after that time, the role of a biopsy should be reconsidered. 
Factors that favor earlier biopsy include diagnostic uncertainty, 
sustained high transaminase values, evidence of more advanced 
fibrosis (e.g., splenomegaly, thrombocytopenia, coagulopathy) 
or coincidence of multiple potential risks.

Jaundice
Clinical presentation. The new onset of jaundice reflects a rise 
in serum bilirubin levels to values above 3–4 mg/dL. In most 
cases, jaundice is associated with cholestasis (impaired bile for-
mation or flow) and so localizes the abnormality to the liver or 
biliary tract. The acute onset of cholestasis in the absence of 
biliary obstruction typically produces nonspecific symptoms 
with jaundice, anorexia, nausea, and occasionally vomiting. 
Over time, sustained cholestasis has important metabolic con-
sequences. Impaired micelle formation and fat malabsorption 
can lead to weight loss, vitamin K deficiency with associated 
coagulopathy, and vitamin D deficiency. A focused initial evalu-
ation of the patient with jaundice includes a systematic assess-
ment of hepatic versus nonhepatic causes, localizes the site/
mechanism of the abnormalities in bilirubin metabolism or 
transport, and provides a therapeutic rationale for correction of 
the abnormality whenever possible.

The initial evaluation focuses on an accurate assessment of 
whether the jaundice results from “medical” versus “surgical” 
causes (i.e. anatomic obstruction) as soon as possible since sub-
sequent management is distinctively different. Medical causes 
include increased bilirubin load from transfusion or hemolysis, 
intrahepatic cholestasis from infiltrative liver diseases or drug 
effects, and unsuspected cirrhosis. Surgical causes most often 
are attributable to bile duct obstruction. Clinical judgment 

Digestive and Kidney Diseases in the USA) is an important and 
readily available resource for assessing the potential for medica-
tion risk and reported patterns of injury.

If no clear risk factors for liver injury are identified, then the 
liver function tests should be repeated, and serological studies 
for hepatitis A, B, and C obtained. Evidence of infection pro-
vides a presumptive cause of the transaminases and guides the 
next steps in evaluation and treatment. If there is no evidence 
of viral hepatitis, careful imaging of the liver should be under-
taken to look for parenchymal changes such as fatty infiltration, 
unsuspected mass lesions, or thrombosis of the hepatic or portal 
veins. Ultrasound is generally both cost-effective and reliable as 
a screening approach.

In the absence of specific diagnostic findings and/or positive 
viral serologies, a prescriptive clinical diagnosis is usually pos-
sible. If there is a positive history of alcohol use, the AST/ALT 
ratio is >2 : 1, and increased echogenicity of the liver paren-
chyma suggests fatty liver disease, a presumptive diagnosis of 
alcoholic liver disease can be made and the effects of sustained 
abstinence monitored over time. If there is a positive history of 
metabolic syndrome, obesity and/or diabetes along with sono-
graphic evidence supporting fatty liver disease, a presumptive 
diagnosis of NAFLD or NASH can be made and the effects of 
risk factor management and vitamin E monitored over time. 
Magnetic resonance spectrometry can be helpful in providing a 
quantitative measure of the amount of fat in liver (normal values 
are typically <6% but can rise to 40% or more in fatty liver 
diseases.

Liver histology does not alter the need to initiate the pro-
longed lifestyle modifications required for management of sus-
pected alcoholic or nonalcoholic fatty liver disease. Further, 
there can be a high level of uncertainty for both the physician 
and the patient that warrants additional studies before these 
clinical impressions can be accepted. Accordingly, other poten-
tial causes of liver injury should be addressed early in the clini-
cal course to support (or refute) the initial clinical impression, 
minimize uncertainty, and assure that treatable causes of liver 
disease are identified. Indeed, given the high personal costs of 
liver diseases, these screening studies are worthwhile at least 
once in the clinical evaluation of every patient because of the 
nonspecific nature of transaminase abnormalities and the high 
priority placed on obtaining a specific etiologic diagnosis. A 
standard serologic panel used to screen for these other possibili-
ties is shown in Table 45.5. Emphasis should be placed on diag-
noses with specific therapeutic implications such as autoimmune 
liver disease and hemochromatosis.

Despite these improvements in noninvasive testing, liver 
biopsy remains the standard for evaluation and staging of liver 
diseases of unknown cause or consequence. The indications and 
approaches are reviewed in detail in Chapter 154. In patients 
with sustained abnormalities of AST and ALT and a presump-
tive diagnosis of fatty liver disease (and in whom serologic and 
imaging studies are not revealing), an initial liver biopsy often 
is postponed in favor of a trial of appropriate lifestyle modifica-

Table 45.5 Screening laboratory studies for evaluation of patients with 
sustained abnormal AST and ALT values.

Cause of liver injury Screening laboratory studies

Fatty liver disease Ultrasound to assess parenchymal 
echogenicity
BMI, lipid panel, glucose, 
hemoglobin A1c
Blood alcohol level

Viral hepatitis HBsAg, anti-HCV Ab, anti-HAV Ab

Autoimmune hepatitis Serum γ globulin fraction, ANA, 
antismooth muscle Ab

Hemochromatosis Fe2+/TIBC, ferritin and genotype if 
abnormal

Wilson’s disease Ceruloplasmin, copper

α1-antitrypsin deficiency α1-antitrypsin phenotyping

Occupational/environmental Careful exposure history, eosinophilia

BMI, body mass index; HBsAg, hepatitis B surface antigen; HAV, 
hepatitis A virus; HCV, hepatitis C virus; TIBC, total iron-binding 
capacity.
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based on a careful history, examination and routine laboratory 
studies is typically quite effective in distinguishing intrahepatic 
versus extrahepatic causes, but direct visualization of the intra- 
and extrahepatic ducts and liver parenchyma by ultrasound is 
safe, available and specific. Clinical features that suggest an int-
rahepatic or “medical” etiology include a history of prior jaun-
dice or liver disease, elevation of serum aminotransferase levels, 
evidence of portal hypertension or exposure to known hepato-
toxins. By contrast, in patients with jaundice, extrahepatic 
obstruction is suggested by the concomitant presence of fever, 
right upper quadrant pain, leukocytosis, elevated alkaline phos-
phatase values or a history of gallstones or previous biliary tract 
surgery.

Pathophysiology. The formation of bile by the liver can be 
viewed as a two stage process. Bile formation is initiated at the 
level of hepatocytes by the active transport of bile salts, phos-
pholipids, and glutathione into the canalicular space between 
cells. Subsequently, canalicular bile flows into intrahepatic bile 
ducts, which form a network more than 1 km in length in the 
adult liver. The cholangiocytes that line these ducts transport 
Cl−, HCO−3, and water into the lumen, resulting in the alkali-
nization and dilution of bile. These intrahepatic ducts merge to 
form the larger right and left branches and the common bile 
duct that can be imaged radiographically.

Two points regarding bile formation merit clinical emphasis. 
First, these mechanisms indicate that the formation of bile does 
not depend on the active transport of bilirubin. In most adults, 
the increase in bilirubin per se is not harmful, but it is a marker 
for underlying abnormalities in bile formation or flow. Second, 
increases in serum bile acids, which are rarely measured, con-
tribute importantly to the associated symptoms of cholestasis, 
including pruritis, nausea and malabsorption. A working 
knowledge of bilirubin production, metabolism and secretion 
is helpful clinically since disorders at any of these steps can  
lead to jaundice. Unconjugated (indirect) hyperbilirubinemia 
suggests increased bilirubin production or defective conjuga-
tion, whereas conjugated (direct) hyperbilirubinemia suggests 
impaired secretion or biliary obstruction.

Diagnostic evaluation. One approach to the initial evalua-
tion of hyperbilirubinemia and jaundice is illustrated in Figure 
45.2. As always, the assessment begins with a careful history to 
determine whether there might be preexisting liver or biliary 
tract disease, and to initiate the categorization between intrahe-
patic versus extrahepatic (medical versus surgical) causes of 
jaundice. The key features include the presence or absence of 
fever, signs of sepsis, right upper quadrant pain or tenderness, 
evidence of previous abdominal surgery, and evidence of 
chronic liver disease, or cirrhosis. It is always important to iden-
tify and exclude potential hepatotoxins, and to obtain routine 
liver function tests along with fractionation of the bilirubin.

Unconjugated hyperbilirubinemia
In the nominal absence of other liver test abnormalities,  
most cases of unconjugated hyperbilirubinemia are related to 

increased bilirubin production from intravascular hemolysis or 
to impaired conjugation related to Gilbert syndrome or an 
adverse medication effect. Hemolysis sufficient to elevate serum 
bilirubin levels is not subtle and in most cases is readily detected 
by standard approaches. The total bilirubin rarely exceeds 5 mg/
dL even in the presence of profound hemolysis since hepatic 
uptake and conjugation remain intact. Note that AST but not 
ALT can be increased due to release from damaged red blood 
cells, and lactate dehydrogenase (LDH) levels can be increased 
to very high levels when there is ineffective erythropoiesis 
related to vitamin B12 deficiency and pernicious anemia. Large 
hematomas related to recent surgery or trauma can cause a 
similar pattern of test abnormalities along with unconjugated 
hyperbilirubinemia.

In the absence of hemolysis or hematoma, unconjugated 
hyperbilirubinemia is usually caused by genetic or acquired 
decreases in hepatic UDP glucuronyltransferase activity result-
ing in a diminished capacity for conjugation of bilirubin to 
glucuronide. Gilbert syndrome is by far the most common [9]. 
This benign variant results from an inherited partial decrease in 
UDP glucuronyltransferase activity and affects ∼8% of the 
population. In most of those affected, the total bilirubin is 
normal under basal conditions, but periods of increased 
bilirubin production (fasting, stress, strenuous exercise, pro-
longed surgery) result in a mild, transient increase in total 
bilirubin to <5 mg/dL, and more than 60% is unconjugated. 
Typically, values return to normal after the stress resolves. A 
history of mild, intermittent jaundice is characteristic, and liver 
function is normal. If the diagnosis is in doubt, patients can 
undergo a 1–2 day fast to determine if there is an increase in 
unconjugated bilirubin that recovers after feeding. The only 
treatment required is reassurance of a benign course, but it is 
important to recognize Gilbert syndrome because it is common 
and other tests can be avoided. A similar syndrome of isolated 
unconjugated hyberbilirubinemia can be caused by adverse 
drug effects that reduce glucuronidation. Rifampin, probenecid, 
and several antiretroviral medications have been implicated, but 
the LiverTox website provides a complete and up to date resource 
for identification of potential drug-induced causes. Removal of 
the drug causes recovery within a week in most cases.

Conjugated hyperbilirubinemia
In the ambulatory setting, isolated conjugated hyperbilirubine-
mia in the nominal absence of other liver test abnormalities is 
relatively uncommon but can be quite pronounced. A complete 
history of medication exposure with emphasis on antibiotics, 
estrogens, and dietary supplements may suggest drug-induced 
cholestasis. This scenario is particularly common amongst body 
builders where over-the-counter anabolic supplements intended 
to promote muscle growth can result in profound intrahepatic 
cholestasis, conjugated hyperbilirubinemia with total values 
sometimes above 20 mg/dL. Jaundice can persist over months 
even after withdrawal of the supplement. In all cases, potential 
offending agents should be withdrawn when possible and the 
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transport such as Rotor’s disease and Dubin-Johnson syndrome 
are noteworthy causes of conjugated hyperbilirubinemia but are 
uncommon in adult clinical practice [9].

In hospitalized patients, a clinical syndrome referred to as the 
“jaundice of sepsis” is the most common cause of isolated con-
jugated hyperbilirubinemia [14]. It is important to recognize 
this form of jaundice since it is common in this setting, revers-
ible with treatment of the underlying condition, and is not asso-
ciated with progressive liver injury. It represents a physiologic 
response to systemic inflammation in patients with sepsis or 

effects observed over time. Occasionally, isolated elevation of 
bilirubin is the only manifestation of congestive heart failure 
with impaired hepatocellular function in the pericentral zones 
of the liver as a result of high right heart pressures and relative 
hypoxia; or the only manifestation of well compensated cirrho-
sis where there is minimal active hepatocyte injury and no duct 
obstruction. Sustained conjugated hyperbilirubinemia has been 
observed after severe acute viral hepatitis A due to persistence 
of albumin-bound bilirubin in the circulation after resolution 
of hepatic inflammation. Genetic disorders of hepatic bilirubin 

Figure 45.2 Initial evaluation of hyperbilirubinemia and jaundice.
ALT, alanine aminotransferase; ANA, antinuclear antibodies; AST, aspartate aminotransferase; CBC, complete blood count; ERCP, endoscopic 
retrograde cholangiopancreatography; MRCP, magnetic resonance cholangiopancreatography.
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sarcoidosis or lymphoma, and other causes of granulomatous 
hepatitis. If antimitochondrial antibodies and other tests are not 
diagnostic, the majority of these patients benefit from having a 
liver biopsy performed to allow for direct examination of liver 
tissue, accurate diagnosis and assessment of prognosis based on 
the presence or absence of cellular regenerative, lobular archi-
tecture and fibrosis.

Chronic liver disease

A. Clinical presentation. Chronic liver disease and cirrhosis are 
increasingly common, and are considered whenever there are 
clinical or laboratory features to suggest sustained liver injury 
or hepatic decompensation. These clues may be subtle and non-
specific, such as fatigue, forgetfulness and declining albumin 
levels; or life threatening such as variceal hemorrhage, peritoni-
tis with sepsis, and prolongation of the prothrombin time 
despite parenteral vitamin K supplementation. Any evidence of 
ongoing liver injury or hepatic decompensation imparts a sense 
of urgency due to the benefits of proper treatment and the high 
costs and poor prognosis associated with progression to estab-
lished cirrhosis. Treatment of decompensation (e.g., ascites, 
encephalopathy, bleeding) should proceed in parallel with 
studies to determine the cause of injury because decompensa-
tion is a pathway common to many forms of advanced liver 
injury. Moreover, no definitive diagnosis can be established in 
20%–30% of adults with established cirrhosis since the foot-
prints of injury are covered by the process of fibrosis and 
nodular regeneration. In Western countries, there is growing 
evidence that a significant number of these cases of “cryptogenic 
cirrhosis” result from the growing incidence of metabolic syn-
drome and impact of non-alcoholic steatohepatitis over many 
years.

B. Pathophysiology. The principal functions of the liver 
include metabolic regulation of glucose and cholesterol, biosyn-
thesis of key proteins, and bile formation and fat digestion. 
There is substantial capacity for compensation over time, so 
when symptoms do appear, the degree of underlying hepatic 
injury often is greater than would otherwise be anticipated. 
Many patients are quite surprised to find that minor relatively 
symptoms reflect significant underlying disease. Fatigue, weight 
loss, poor memory and inability to concentrate are common. 
Decreased libido, menstrual abnormalities in women and impo-
tence in men tend to be early manifestations, and direct ques-
tioning is usually required to elicit a meaningful response. A 
hepatic origin of these symptoms is suspected when accompa-
nied by suggestive physical manifestations such as jaundice, 
gynecomastia, or splenomegaly, and/or laboratory abnormali-
ties indicating ongoing hepatocellular injury. Portal hyperten-
sion (Chapter 105), ascites (Chapter 106) and overt 
encephalopathy (Chapter 107) represent later manifestations.

C. Diagnostic evaluation. When chronic liver disease or cir-
rhosis is suspected on clinical grounds, the initial focus is to 

other forms of critical illness including pneumonia, major 
surgery, and systemic inflammatory response syndrome. In the 
appropriate clinical setting, the most important clue is the pres-
ence of an isolated elevation of bilirubin that is mostly conju-
gated, without associated increases in alkaline phosphatase or 
transaminases. Typically bilirubin levels are <5 mg/dL, but 
occasionally may be >10 mg/dL with sustained and severe 
sepsis. The jaundice of sepsis typically begins several days after 
the onset of infection and results from systemic elevations of 
tumor necrosis factor and interleukin-6, which cause a rapid but 
reversible decrease in the amount of multidrug resistance asso-
ciated protein 2 (mrp2) and other hepatic transport proteins 
due to inhibition of transcription. Mrp2 is located on the canal-
icular membrane of hepatocytes, where it transports conjugated 
bilirubin out of the cell and into the biliary space. Loss of mrp2 
leads to the accumulation of conjugated bilirubin in the sys-
temic circulation. In the absence of any biliary dilation, recogni-
tion of this syndrome is important since it minimizes the need 
for further invasive testing and responds fully to treatment of 
the infection or systemic inflammatory condition with restora-
tion of liver function toward normal. In contrast, the coinci-
dence of significant elevations of AST, ALT or alkaline 
phosphatase indicates that liver cell injury or other processes 
are involved.

Bile duct obstruction or proliferation
When there are clinical features that suggest biliary obstruction 
and concomitant elevations of alkaline phosphatase, 5′-nucle-
otidase or γ- glutamyltransferase (GGT), a careful evaluation of 
the bile ducts is always warranted to rule out intra or extrahe-
patic bile duct obstruction. Acute presentations are typically 
associated with right upper quadrant pain, fever and leukocy-
tosis which increase concern for associated cholangitis. 
Common duct stones (with or without associated cholecystitis) 
are common, but duct obstruction is usually incomplete so 
bilirubin levels are rarely above 5 mg/dL. Higher values of alka-
line phosphatase and bilirubin are suggestive of higher grade 
duct obstruction related to strictures or cancer. When the index 
for duct obstruction is high but the ultrasound is unrevealing, 
it is often helpful to re-image the ductular system with magnetic 
resonance cholangiopancreatography or even Endoscopic retro-
grade cholangiopancreatography (ERCP) before assuming int-
rahepatic cholestatic causes.

Intrahepatic cholestasis
Jaundice in the presence of sustained high elevations of alkaline 
phosphatase or aminotransferases and in the absence of bile 
duct dilation or focal hepatic injury is most consistent with 
intrahepatic cholestasis. Many causes are indolent in nature, 
such as duct-oriented injury and destruction from primary 
biliary cirrhosis, vanishing bile duct syndrome and autoim-
mune cholangitis/hepatitis. Pruritis, fat malabsorption and 
weight loss are common. More acute presentations suggest 
drug-induced duct injury, infiltrative liver disease such as 
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contour and structure are nonspecific and require further 
evaluation.

Chronic liver injury and cirrhosis predispose patients to pre-
dictable complications and portal vein thrombosis warrants 
particular attention as a common and unrecognized cause of 
clinical deterioration. Liver function depends upon blood flow 
through the portal vein to assure the supply of nutrients, oxygen 
and other solutes. Even small decreases in portal flow can result 
in significant functional deterioration when there is preexisting 
liver disease. Portal vein thrombosis can occur in the absence 
of liver disease (e.g., hypercoagulable states, portal bacteremia), 
but it is most often detected as a complication of ongoing liver 
injury where the inflammation, architectural distortion, and 
change in the balance of the procoagulant/anticoagulant factors 
produced by hepatocytes favors thrombosis and results in 

determine the mechanism(s) of injury, address any reversible 
causes of deterioration, and establish the degree of functional 
impairment (Figure 45.3). The clinical history can identify 
potential risk factors (Table 45.4), and liver size and evidence of 
portal hypertension or encephalopathy can be determined by 
physical examination. It is important to obtain laboratory 
studies including liver function tests and measurement of serum 
albumin, prothrombin time and a general metabolic panel.

An ultrasound examination of the liver and biliary system 
should be performed along with Doppler imaging to assess  
the patency of the portal and hepatic veins. At one extreme, a 
small liver with irregular contour and internal echogenicity is 
characteristic of established cirrhosis and is usually accompa-
nied by evidence of portal hypertension and/or ascites. More 
commonly, subtle and less specific abnormalities of liver size, 

Figure 45.3 Diagnostic approach to suspected chronic liver disease and cirrhosis.
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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when faced with chronic liver injury of uncertain cause. This 
approach is based on the belief that early and complete investi-
gation offers the best chance for definitive diagnosis and treat-
ment, but it is unclear whether it is cost effective. In particular, 
guidelines for screening for genetic diseases are not clear. Liver 
disease related to Wilson’s disease and α1-antitrypsin typically 
has an earlier age of onset, while the clinical impact of hemo-
chromatosis peaks in the fifth decade of life and affects men 
more than women. A pragmatic approach is warranted. Adults 
with ongoing liver injury already represent a high risk group, so 
in the absence of a clear cause of liver injury measurement of 
serum ferritin, ceruloplasmin and α1-antitrypsin values is rea-
sonable. The tests are reasonably inexpensive and positive 
results have specific implications for both the patients and, as 
genetic disorders, their families. Similarly, a high index of sus-
picion for biliary obstruction is important as it may lead to 
cirrhosis if uncorrected and definitive therapy is often effective. 
Consequently, if the ultrasound is not revealing but the clinical 
index of suspicion is high regardless of the laboratory studies, 
direct visualization of ductular anatomy by a magnetic reso-
nance or endoscopic cholangiogram is appropriate.
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partial or complete occlusion of the portal vein. Over time,  
the ongoing thrombosis and recanalization is associated with 
deteriorating liver function. Portal vein thrombosis complicates 
the clinical course of 20% or more of patients with cirrhosis and 
can be an important factor in the transition from compensated 
to uncompensated disease. Accordingly, Doppler examination 
of the hepatic vasculature is important in the screening evalua-
tion and also should be considered with subsequent clinical 
events.

Similarly, unsuspected hepatocellular carcinoma is also 
emerging as an important cause of clinical deterioration that is 
sometimes detected on the initial ultrasound examination. 
Hepatocellular carcinoma is increased in patients with cirrhosis 
of any etiology, but particularly so in those with chronic hepa-
titis B and C infections (Chapter 109). Nonetheless, metastases 
to the liver from other tumors (e.g., colon cancer, lung cancer) 
outnumber primary liver cancers by an order of magnitude.

Taken together, these initial clinical and laboratory studies 
provide an overall assessment of the degree of liver injury and 
enable a strategy for more definitive diagnostic evaluation. If 
cirrhosis is suspected, the Child-Pugh and MELD scores should 
be calculated and updated routinely to assess changes in func-
tional hepatic reserve.

Using standard liver function tests, the patterns of injury 
summarized in Table 45.3 provide an approach to prioritizing 
the diagnostic possibilities in Figure 45.3. Patients with alkaline 
phosphatase or bilirubin elevated out of proportion to ami-
notransferases are more likely to have duct-oriented injury such 
as biliary obstruction, primary biliary cirrhosis, sclerosing 
cholangitis, infiltrative liver diseases or drug-induced liver 
injury. Accordingly, an evaluation focusing on imaging of the 
biliary system, screening for antimitochondrial antibodies, and 
detection of systemic malignancy or infection is appropriate. 
Patients with aminotransferase elevation out of proportion to 
alkaline phosphatase are more likely to have ongoing cell injury 
from alcohol, chronic viral hepatitis B or C, autoimmune liver 
injury or toxicity from medications or occupational exposure. 
An evaluation emphasizing viral and autoimmune markers, risk 
factors for alcoholism, medications and work history is appro-
priate. A liver biopsy is often required to establish a definitive 
diagnosis.

While an orderly approach is appealing, the limits of clinical 
logic are well known and few tests in hepatology are specific. 
Accordingly, it is often appropriate to proceed with ultrasound 
examination, Doppler assessment of blood flow, and screening 
tests for viral hepatitis and other causes of injury (Table 45.5) 
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CHAPTER 46

Introduction

The  gastrointestinal  (GI)  system  undergoes  changes  during 
pregnancy due to both hormonal and mechanical effects. Pro-
viding  safe  and  effective  care  for  women  during  pregnancy 
requires understanding of  the physiologic accompaniments of 
pregnancy  as  this  allows  for  differentiation  between  what  is 
normal  and  what  is  pathologic  and  may  require  treatment.  It 
also requires awareness and understanding of the available safety 
data for medications and other therapies during pregnancy.

Until  June  2015  the  Food  and  Drug  Administration  (FDA) 
utilized a pregnancy risk classification which categorized medi-
cations based on the available data for safety in pregnancy and 
lactation (see Table 46.1). These FDA risk categories (A, B, C, 
D, and X) were often misinterpreted by clinicians to be a grading 
system for safety rather than a shorthand system for summariz-
ing available data [2]. Furthermore, because they did not discuss 
the specific conditions for which the drug is used, an emphasis 
was placed on potential risk rather than potential benefit and/
or potential harm from withholding the medication. They were 
also  rarely  updated  to  reflect  new  and  reassuring  data.  Given 
these  issues,  the  FDA  amended  its  regulations  governing  the 
content  and  format  of  the  "Pregnancy,"  "Labor  and  delivery," 
and "Nursing mothers" subsections of the "Use in Specific Popu-
lations" section of the labeling for human prescription drug and 

biological products. The new pregnancy and lactation labeling 
rule  (“the  final  rule”)  eliminates  the  letter  risk  categories  and 
requires  that  the  labeling  include  a  summary  of  the  risks  of 
using a drug during pregnancy and lactation, a discussion of the 
data supporting that summary, and relevant information to help 
health  care  providers  make  prescribing  decisions  and  counsel 
women about the use of drugs during pregnancy and lactation 
(see  Table  46.2)  [4].  It  is  anticipated  that  these  revisions  will 
facilitate patient-specific therapy and improve the overall stand-
ard of care for these populations [5].

As the new labeling will be phased in over time the prior FDA 
letter categories will be included for all FDA-approved medica-
tions discussed in this chapter. Prescribers, however, are encour-
aged  to  review  the  updated  prescribing  information  as  it 
becomes available when considering the use of any medication 
in women who are pregnant or breastfeeding.

Oral cavity
During pregnancy,  increases  in estrogen and progesterone are 
thought to increase oral vascular permeability and decrease host 
immunocompetence,  thereby  increasing  the  susceptibility  to 
inflammation  and  infection  [6].  Accordingly,  all  pregnant 
women should be assessed for dental hygiene habits, access to 
fluoridated  water,  oral  problems  (e.g.,  caries,  gingivitis),  and 
access to dental care.
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Table 46.1 Historic US Food and Drug Administration (FDA) pregnancy risk classification.

Risk category FDA statement

A Adequate and well-controlled (AWC) studies in pregnant women have failed to demonstrate a risk to the fetus in the first 
trimester of pregnancy (and there is no evidence of a risk in later trimesters)

B Animal reproduction studies have failed to demonstrate a risk to the fetus, and there are no AWC studies in pregnant women 
or animal studies that demonstrate an adverse effect, but AWC studies in pregnant women fail to demonstrate a risk to the 
fetus during the first trimester of pregnancy (and there is no evidence of risk in later trimesters)

C Animal reproduction studies have shown an adverse effect on the fetus, there are no AWC studies in humans, and the benefits 
from the use of the drug in pregnant women may be acceptable despite its potential risks; or animal studies have not been 
conducted and there are no AWC studies in humans

D There is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing experience or 
studies in humans, but the potential benefits from the use of the drug in pregnant women may be acceptable despite its 
potential risks

X Studies in animals or humans have demonstrated fetal abnormalities or there is positive evidence of fetal risk based on adverse 
reaction reports from investigational or marketing experience, or both, and the risk of the use of the drug in a pregnant 
woman clearly outweighs any possible benefit

Source: Date retrieved from [1].

Table 46.2 Overview of new pregnancy and lactation labeling.

Section Heading Information

8.1 Pregnancy Pregnancy exposure 
registry

Contact information if pregnancy registry available and general statement about 
background risk

Risk summary Provides ‘risk statements’ that describe for the drug the risk of adverse developmental 
outcomes based on all relevant human, data, animal data and the drug’s pharmacology.

Clinical considerations Provides information to inform prescribing and risk-benefit counseling using the 
following subheadings:
• Disease-associated maternal and/or embryo/fetal risk
• Dose adjustments during pregnancy and the postpartum period
• Maternal adverse reactions
• Fetal/Neonatal adverse reactions
• Labor or delivery (omit if not applicable)

Data Describes the data (human and animal) that provide the scientific basis for the 
information presented in the Risk Summary and Clinical Considerations

8.2 Lactation Risk summary Summarizes information on the presence of a drug and/or its active metabolite(s) in 
human milk, the effects of a drug and/or its active metabolite(s) on the breastfed child, 
and the effects of a drug and/or its active metabolite(s) on milk production

Clinical considerations Provides information to further inform prescribing and risk-benefit counseling using the 
following subheadings:
• Minimizing exposure
• Monitoring for adverse reactions

Data Describes the data that provide the scientific basis for the information presented in the 
Risk Summary and Clinical Considerations

8.3 Females and Males 
of Reproductive 
Potential

Pregnancy testing Includes information for these populations when:
• There are recommendations or requirements for pregnancy testing and/or 

contraception before, during, or after drug therapy; and/or
• There are human and/or animal data suggesting drug-associated effects on fertility

Contraception

Infertility

Source: Data retrieved from [3].
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radiation exposure  to  the  fetus. Upper  endoscopy  is  generally 
not necessary but can be considered in refractory cases.

Treatment
Treatment of GERD in pregnancy is recommended to follow a 
“step-up”  approach,  beginning  with  lifestyle  modifications 
including cessation of  tobacco and alcohol use, elimination of 
late  night  meals,  avoidance  of  recumbency  after  eating,  and 
minimization of trigger foods. In addition, medications known 
to provoke GERD such as anticholinergics, sedatives, theophyl-
line,  prostaglandins  and  calcium  channel  blockers  should  be 
discontinued,  when  possible.  Twenty-five  percent  of  patients 
with  uncomplicated  GERD  experience  symptom  resolution 
after making these changes.

Patients who fail conservative measures can be treated with 
antacids and alginic acid. Aluminum, magnesium and calcium-
based  antacids  have  no  FDA  classification  and  are  generally 
considered safe in pregnancy. They do however, have potential 
side  effects  [16,17].  Late  pregnancy  use  of  magnesium-based 
antacids should be avoided due to the additional potential side 
effects  of  labor  arrest  and  seizures.  In  addition,  antacids  can 
block absorption of iron so pregnant women should be advised 
not  to  take  iron  and  antacids  together.  Sodium  bicarbonate 
should  be  avoided  due  to  the  risk  of  metabolic  alkalosis  and 
fluid overload in the mother and fetus [18].

Alginic acid is not systemically absorbed. Several trials dem-
onstrate that alginic acid is safe and efficacious in the treatment 
of  heartburn  and  gastrointestinal  reflux  (GER)  symptoms  in 
pregnancy [19,20].

Sucralfate  (FDA  category  B)  has  poor  systemic  absorption 
and provides  local mucosal protection. Sucralfate at a dose of 
1 g three times daily was found in a randomized controlled trial 
to  provide  greater  relief  from  heartburn  (90%  vs  43%)  and 
regurgitation  (83%  vs  27%)  than  lifestyle  and  dietary  changes 
alone [21].

Metoclopramide (FDA category B) can be used in the treat-
ment of GERD [22]. However, a black-box warning was issued 
by the FDA regarding metoclopramide use in 2009 due to the 
risk  of  tardive  dyskinesia.  Clinicians  must  exercise  caution 
when prescribing this medication and avoid high-dose or long-
term use.

The  H2-receptor  antagonists  (H2-RAs)  constitute  the  next 
tier  of  therapy.  Ranitidine,  cimetidine,  famotidine  and  nizati-
dine are all FDA category B and considered safe in pregnancy. 
There  is  no  apparent  increase  in  risk  for  spontaneous  abor-
tions,  preterm  labor,  or  low  birthweight  after  first-trimester 
exposure to an H2-RA [23]. Furthermore, a large meta-analysis 
found no increase in risk for congenital malformations, spon-
taneous abortion, preterm delivery, or small for gestational age 
births  [24].

Among  the  H2-RAs,  ranitidine  is  better  studied,  making  it 
the  preferred  H2-RA  in  pregnancy  [25].  At  a  dose  of  150 mg 
twice a day, ranitidine reduced heartburn severity by an average 
of  55.6%  (95%  confidence  interval  [CI],  34.8%  to  76.5%) 

Upper gastrointestinal tract
Esophageal and gastric function in pregnancy has been studied 
mainly  in  relation  to  nausea  and  vomiting  of  pregnancy  and 
gastroesophageal  reflux  disease  (GERD).  Basal  lower  esopha-
geal sphincter (LES) pressure decreases by as much as 50% in 
pregnancy, reaching a nadir at approximately 36 weeks gestation 
[7]. This decline is believed to be due to progesterone-mediated 
smooth  muscle  relaxation  [8].  Loss  of  the  intraabdominal 
segment of the LES from the physical effects of the expanding 
gravid  uterus  may  also  play  a  role.  In  addition,  adaptive 
responses of the LES may be reversibly inhibited [9].

Esophageal  motility  is  not  known  to  be  altered  by  normal 
pregnancy [10]; however, defective esophageal peristalsis result-
ing in prolonged clearance of esophageal content may contrib-
ute to the development of GERD in pregnancy [11]. The effects 
of pregnancy on gastric motility, on the other hand, are conflict-
ing, possibly due to differences in the techniques used to assess 
motility,  differences  in  the  populations  studied,  and/or  differ-
ences in the time point of pregnancy studied [12,13]. Studies by 
Koch  and  colleagues  using  elastogastrography  have  found 
altered gastric motility in women with nausea during pregnancy 
[14]. Nauseated women were more  likely  to have  tachygastria 
(4  to  9  cycle-per-minute  [cpm]  waves)  or  bradygastria  (1  to 
2 cpm waves) compared to nonnauseated controls.

Gastroesophageal reflux disease
Epidemiology
Gastroesphageal reflux disease (GERD) with heartburn affects 
30% to 50% of pregnant women [15]. Risk factors for heartburn 
in pregnancy include increasing gestational age, multigravidity, 
high  prepregnancy  body  mass  index,  excessive  pregnancy 
weight gain, and a history of heartburn. Other associated factors 
are maternal age, smoking, race, and sleep-disordered breathing 
[11]. Most patients have a benign course, with only a few expe-
riencing  GERD-related  complications  such  as  esophagitis,  GI 
bleeding, or stricture formation. However, GERD in pregnancy 
can impact quality of life (Chapter 49).

Pathophysiology
The  decrease  in  LES  pressure,  increased  intraabdominal  pres-
sure, decreased esophageal peristalsis, and delayed gastric emp-
tying  described  above  are  all  likely  to  contribute  to  the 
pathophysiology of GERD in pregnancy.

Presentation
As with the general population, heartburn is the most common 
symptom  of  GERD  in  pregnancy.  Patients  may  also  report 
regurgitation,  indigestion,  epigastric  pain,  water  brash,  ano-
rexia, and nausea and vomiting.

Diagnosis
The  diagnosis  of  GERD  is  based  on  symptoms  (Chapter  49). 
Radiographic evaluation should be avoided due to the risks of 
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Clinical presentation
PUD presents similarly in the pregnant patient as in the general 
population;  however,  symptoms  may  be  milder.  Older  studies 
suggest  that  while  symptoms  may  improve  during  pregnancy, 
they  recur  frequently  postpartum.  Typical  symptoms  include 
epigastric pain, postprandial nausea and vomiting, abdominal 
distention, and eructation [37].

Diagnosis and evaluation
Patients  with  suspected  PUD  based  on  history  and  physical 
exam  may  warrant  further  evaluation.  Esophagogastroduode-
noscopy (EGD) can be performed safely in pregnancy, if neces-
sary  [38].  Considerations  regarding  maternal  and  fetal 
monitoring, medication use, and hemostasis are discussed later 
in  this  chapter.  Fluoroscopic  and  tomographic  evaluation  of  
the  upper  GI  tract  should  be  avoided  outside  of  medical 
emergencies.

Complications
Complications  from  PUD  in  pregnancy  include  GI  bleeding, 
perforation,  and  stricturing  as  in  the  general  population.  
PUD  in  pregnancy  may  be  associated  with  increased  risk  for 
low  birthweight,  preterm  birth  and  small  for  gestational  age 
deliveries [39].

Treatment
As  with  GERD  in  pregnancy,  a  sequential  treatment  regimen 
has been recommended for pregnant women with PUD assum-
ing no “red flag” symptoms such as dysphagia, weight loss, and 
gastrointestinal bleeding are present [37]. Patients found to have 
active H. pylori infection during their PUD evaluation can defer 
treatment  until  after  pregnancy  [40].  Use  of  bismuth  subsali-
cylate  (FDA  category  C),  or  tetracycline  (FDA  category  D)  is 
not advised due to their possible harmful effects [40,41].

Nausea and vomiting of pregnancy and 
hyperemesis gravidarum

Epidemiology
Nausea and vomiting of pregnancy (NVP) is estimated to affect 
70%–80% of pregnant women [42]. Severe nausea and vomiting 
of pregnancy is termed hyperemesis gravidarum (HG). In com-
parison to NVP, HG is rare, occurring in only 0.3%–2% of all 
pregnancies  [43].  HG  typically  is  characterized  by  more  than 
three episodes of vomiting per day with accompanying ketonu-
ria and weight loss of more than 3 kg or 5% of body weight [44].

Risk factors for NVP include younger maternal age, nullipar-
ity,  low  education  achievement,  nonsmoking  status,  obesity 
[45],  and  multiple  gestation  [46].  NVP  is  also  associated  
with  low  income  levels,  part-time  employment  status  [47], 
family history of NVP [48], and a personal history of motion 
sickness [49], and/or migraine headaches [50]. NVP in a prior 

compared with baseline and 44.2% (95% CI, 15.4%  to 72.9%) 
compared  to  placebo.  Cimetidine  and  famotidine  carry  less 
safety  data  in  pregnancy  but  in  animal  studies,  there  is  no 
increase in risk of fetal toxicity or teratogenicity [26].

Proton pump inhibitors (PPIs) should be reserved for patients 
with severe symptoms refractory to lifestyle changes, antacids, 
and  the  H2-RAs.  All  of  the  PPIs  (lansoprazole,  rabeprazole, 
esomeprazole,  and  pantoprazole)  except  for  omeprazole  are 
FDA  category  B.  Omeprazole,  although  likely  safe  in  human 
pregnancy, is FDA category C due to embryonic and fetal toxic-
ity  in  animal  studies  [27].  The  overall  safety  of  PPIs  in  preg-
nancy was confirmed in a metaanalysis of seven studies by Gill 
et al. which found no increased risk for major malformations, 
spontaneous abortions, or preterm delivery, with first trimester 
use [28]. A Danish cohort study of 840 968 live births, of which 
5082 were exposed to a PPI between 4 weeks before conception 
and the end of the first trimester, found a small increase in the 
risk  of  abnormalities  in  exposed  newborns  (odds  ratio  [OR], 
1.23; 95% CI, 1.05–1.44); however, in secondary analyses limited 
to the offspring of women who had filled PPI prescriptions and 
received enough doses to have a theoretical chance of first tri-
mester exposure, the risk of birth defects was not significantly 
increased [29].

Peptic ulcer disease
Epidemiology
Epidemiologic studies suggest that the incidence of peptic ulcer 
disease (PUD) is decreased in pregnancy [30–35]. Cappell et al. 
reported  that  of  29 317  pregnant  women,  less  than  0.5%  had 
severe  upper  gastrointestinal  complaints  and  that  only  two  of 
the  20  women  who  underwent  endoscopy  had  PUD  [36]. 
Whether the incidence of PUD is truly decreased in pregnancy 
or whether the available figures reflect underreporting of symp-
toms and/or the hesitancy by physicians to perform diagnostic 
tests during pregnancy is not clear.

Risk  factors  for  the  development  of  PUD  of  pregnancy  are 
the same as  for the nonpregnant population (see Chapter 56). 
These  include  smoking,  nonsteroidal  anti-inflammatory  drug 
(NSAID) use, alcoholism, genetic predisposition, gastritis, and 
Helicobacter pylori (H. pylori) infection. Increased maternal age 
has also been associated with PUD.

Pathophysiology
The reasons for the decreased incidence of PUD in pregnancy 
are unknown. Hypotheses include:
•  overdiagnosis of GERD and under diagnosis of PUD
•  gastric  hypochlorhydria  due  to  lower  maternal  histamine 

and/or high estrogen levels
•  an increased gastric mucous layer due to high progesterone
•  favorable behavioral changes in pregnancy such as avoidance 

of smoking, alcohol, NSAIDs, reduced stress, and greater rest 
and healthier diet [37].
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complain of excess salivation [71], or GERD symptoms such as 
retrosternal discomfort and heartburn.

Most women with NVP have normal vital signs and a benign 
physical exam. Women with HG may demonstrate evidence of 
dehydration  and  orthostasis.  However,  a  careful  abdominal 
exam should be done to rule out peritonitis and other intraab-
dominal causes of nausea and vomiting. Women with suspected 
HG  should  be  evaluated  for  muscle  wasting  and  symptoms 
related to nutritional deficiencies.

Differential diagnosis
The  onset  of  nausea  and  vomiting  more  than  8  weeks  after 
the  last  menstrual  period  is  atypical  for  NVP  and  should 
prompt  investigation  for  other  causes  [56].  The  differential 
diagnosis for NVP includes GERD, peptic ulcer disease (PUD), 
small bowel obstruction, and other causes of  intra-abdominal 
inflammation  [72].

Diagnostic and laboratory tests
Once pregnancy has been established by a positive pregnancy 
test,  no  specific  laboratory  studies  are  needed  for  the  clinical 
diagnosis of NVP. Laboratory studies may be helpful in exclud-
ing other causes of nausea and vomiting. A pelvic ultrasound 
can be helpful to document pregnancy and evaluate for condi-
tions  which  increase  the  risk  for  NVP  such  as  multiple 
gestation.

For women with suspected HG, serum electrolytes should be 
monitored. Serum blood urea nitrogen, creatinine, and hemat-
ocrit  should  also  be  checked  to  assess  volume  depletion  and 
hemoconcentration. Urinalysis may reveal associated ketonuria 
and increased urine specific gravity. Hypochloremic metabolic 
alkalosis or metabolic acidosis with severe volume contraction 
is  common  [73].  Low  prealbumin  levels  reflect  poor  protein 
nutritional  status  in  the  mother  and  may  predict  lower  fetal 
birth  weights  [74].  Vitamin  and  mineral  deficiencies  are  also 
possible [72].

Liver function tests are abnormal in up to 50% of hospitalized 
patients  with  HG  [75].  Mild  hyperbilirubinemia  (bilirubin 
<4 mg  per  deciliter)  and/or  a  rise  in  alkaline  phosphatase  to 
twice the upper limit of normal may be seen [76]. Alanine ami-
notransferase  (ALT)  levels  generally  increase  greater  than 
aspartate aminotranferase (AST) levels. The transaminase eleva-
tion  is  usually  two  to  three  times  the  upper  limit  of  normal, 
although  levels  greater  than  1000 U/mL  have  been  reported 
[77]. The abnormal liver tests resolve promptly upon resolution 
of vomiting.

Serum amylase and lipase elevations are seen in 10%–15% of 
women [73] and the increase in amylase is thought to be due to 
excessive salivary gland production [64].

Outcome
NVP is associated with a favorable outcome for the fetus, with 
no increase in risk for congenital abnormalities, miscarriage, or 

pregnancy represents a risk factor for its development in subse-
quent pregnancies [48].

Risk factors for HG include multiple gestations, trophoblastic 
disease, HG in prior pregnancy, fetal abnormalities such as tri-
ploidy,  trisomy  21,  and  hydrops  fetalis,  and  nulliparity  [51]. 
Approximately  28%  of  women  have  a  history  of  HG  in  their 
mothers  and  19%  have  a  history  of  HG  in  their  sisters  [52]. 
Cigarette smoking [53] and male gender of the fetus [54,55] may 
be protective.

Pathogenesis
The exact cause of NVP and HG is unknown. Human chorionic 
gonadatropin  (hCG)  levels  peak  around  the  time  of  maximal 
symptoms and may contribute to the development of NVP and 
HG  by  stimulating  estrogen  production  from  the  ovary  [56]. 
Symptoms are worse in pregnant women with conditions asso-
ciated with elevated hCG levels such as molar pregnancies, mul-
tiple gestations, and Down’s syndrome [57]; and concentrations 
of  hCG  correlate  positively  with  symptom  severity  in  women 
with HG in most but not all studies [58,59].

There  is  cross  reactivity  between  the  alpha  subunit  of  hCG 
and  the  thyroid  stimulating  hormone  (TSH)  receptor.  “Bio-
chemical  thyrotoxicosis”  characterized  by  a  suppressed  TSH 
and slightly elevated free T4 may be found in up to two-thirds 
of women with HG [58]. Despite  these abnormalities, women 
with HG are generally euthyroid [60,61] and almost all women 
with  HG  normalize  their  TSH  levels  by  20  weeks  gestation 
without intervention [62].

An increased incidence of infection with H. pylori has been 
observed in women with HG [63]. H. pylori may contribute to 
NVP and HG by worsening hormone-induced changes  in  the 
nerve  and  electric  functioning  of  the  stomach  [44].  Most 
infected pregnant women, however, are asymptomatic [64–66]. 
Currently there are no guidelines for the evaluation or treatment 
of H. pylori during pregnancy.

Alterations in lower esophageal sphincter (LES) resting pres-
sure,  esophageal peristalsis,  and gastric  rhythmic activity may 
also contribute to NVP [67]. Estrogen and progesterone are the 
likely  mediators  of  esophageal  dysmotility  in  pregnancy  [18]. 
Psychological disturbances including neurotic tendencies, hys-
teria, rejection of  femininity, rejection of pregnancy as well as 
depression  and  psychological  stress  related  to  poverty  and 
marital conflicts have been suggested to cause nausea and vomit-
ing, but their importance has not been well defined [64,68–70].

History and physical examination
Although often termed “morning sickness”, NVP typically per-
sists  throughout  the day and  is  limited to  the morning  in  less 
than 2% of women [47]. It begins within 4 weeks after the last 
menstrual period in most patients [56]. Symptoms usually peak 
between 10 weeks and 16 weeks gestation and usually  resolve 
after 20 weeks. Up to 10% of women, however, continue to be 
symptomatic beyond 22 weeks [47]. Patients with NVP may also 
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and  weight  gain  [97].  While  studies  regarding  the  benefits  of 
acupressure have been  limited,  some experts believe  it  should 
be offered given the absence of adverse side effects [98].

Pharmacologic treatment
Dicligis (category A), a combination of pyridoxine (vitamin B6) 
(pregnancy  category  A)  and  doxylamine  (category  B),  is  the 
only medication that is specifically labeled for the treatment of 
NVP by the FDA [99]. Previously sold under the brand name 
Bendectin, the combination formulation was removed from the 
market in 1983 in the US after nearly 30 years due to concern 
over teratogencity with first trimester use. There is now substan-
tial  follow-up data supporting its efficacy [100,101] and safety 
[102,103].  Combination  doxyalamine-pyridoxine  is  recom-
mended by  the American College of Obstetricians and Gyne-
cologists  (ACOG)  as  first-line  therapy  for  NVP  [95].  Patients 
intolerant  to  the  antihistamine  side  effects  of  doxylamine  can 
also try pyridoxine alone [100,104].

The  phenothiazines,  chlorpromazine  and  prochlorperazine, 
are  dopamine  antagonists  which  have  been  shown  to  reduce 
symptoms in NVP and HG [105]. They are pregnancy category 
C due to conflicting concerns regarding birth defects and other 
adverse effects [106–108].

Metoclopramide  (FDA  category  B)  is  widely  used  for  the 
treatment of NVP [109]. A recent study found 10 mg of meto-
clopramide given every 8 hours to be as effective in women with 
HG during their first hospitalization as 25 mg of promethazine 
given every 8 hours for 24 hours, and was better tolerated [110].

With regards  to safety,  in a study of 81 703 births  involving 
exposure  to metoclopramide, no  increased  risk of major con-
genital  malformations,  low  birth  weight,  preterm  delivery,  or 
perinatal death was found [111]. Metoclopramide use is limited 
by  its  side  effect  profile  which  includes  dystonia,  restlessness, 
and somnolence. In 2009, the FDA added a black box warning 
to  metoclopramide  due  to  the  risk  of  tardive  dyskinesia  with 
chronic use.

Antihistamines  indirectly  affect  the  vestibular  system, 
decreasing  stimulation  of  the  vomiting  center  [112].  Rand-
omized controlled trials of antihistamine use in NVP are limited 
[105] but their use does not increase teratogenic risk [113].

Ondansetron (FDA category B) is currently one of the most 
commonly  prescribed  antiemetics  [112,114].  In  women  with 
HG, ondansetron is as effective as promethazine and less sedat-
ing  [115].  When  used  in  pregnancy,  there  is  no  significant 
increase in the number of miscarriages, major malformations, 
or  birth  weight  between  infants  exposed  to  ondansetron  and 
unexposed controls [116]. Oral and intravenous corticosteroids 
have been used for refractory cases of HG with variable results. 
In a randomized controlled trial of 40 women with HG treated 
with  intravenous  (IV)  methylprednisolone,  a  lower  rate  of 
rehospitalization was found in the steroid-treated group [117]. 
Other studies have not shown a statistically significant benefit 
of corticosteroids [118]. There are no established guidelines for 
the use of corticosteroids for HG.

perinatal  mortality  [78,79].  Moreover,  women  without  NVP 
deliver  earlier  compared  to  women  with  NVP  [80].  NVP  can 
cause  substantial  psychosocial  morbidity  in  the  mother,  and 
impairs  employment,  performance  of  household  duties,  and 
parenting [81]. It is also associated with depressed mood, con-
sideration  of  pregnancy  termination,  and  impaired  relation-
ships with partners.

HG, in comparison, is associated with adverse maternal and 
fetal  outcomes,  including  low  pregnancy  weight  gain  (<7 kg), 
low  birth  weight  (LBW)  babies,  small  for  gestational  age  
(SGA) babies, preterm birth, and poor 5-minute Apgar scores 
[43,82–84].

Common maternal complications include weight loss, dehy-
dration, micronutrient deficiency, and muscle weakness. More 
severe,  albeit  rare,  complications  include  Mallory-Weiss  tears, 
Wernicke’s  encephalopathy,  retinal  hemorrhage,  spontaneous 
pneumomediastinum [60] and vasospasm of the cerebral arter-
ies [85]. HG may also lead to psychological problems and ter-
mination of an otherwise wanted pregnancy [86].

Congenital  malformations  have  been  observed  more  in 
women with HG [54]. Fetal coagulopathy and chondrodysplasia 
has  been  reported  from  vitamin  K  deficiency  [87]  with  third 
trimester fetal intracranial hemorrhage [88].

Treatment
The Pregnancy Unique Quantification of Emesis (PUQE) score 
[89] and the Hyperemesis Impact of Symptoms Questionnaire 
(HIS) [90] can be used to assess the severity of symptoms. Cur-
rently, the management of NVP is suboptimal. One recent pro-
spective study found that only half of women with NVP were 
asked  about  the  intensity  and  severity  of  their  symptoms  and 
less than a quarter were asked if their symptoms interfered with 
their daily tasks and work [91].

Nonpharmacologic therapy
Patients  should  avoid  large  meals  and  eat  several  small  meals 
throughout the day. Fatty foods may further delay gastric emp-
tying  and  should  be  avoided.  Protein  predominant  or  liquid 
meals may be beneficial [92]. Small volumes of salty liquids such 
as electrolyte-replacement sport beverages are helpful [93]. Sup-
portive  psychotherapy,  behavioral  therapy,  and  hypnotherapy 
may be needed for women with severe symptoms and/or those 
in whom personality characteristics, marital, or family conflict 
play a role [94].

Ginger  is  the  only  nonpharmacologic  intervention  recom-
mended  by  the  American  College  of  Obstetrics  and  Gynecol-
ogy  [95].  Ginger  may  stimulate  motility  and  one  component 
of ginger has been shown to have similar activity as ondanset-
ron  [96].

Acupressure  on  the  Neiguan  P6  point  on  the  wrist  may  be 
helpful  in treating HG [57]. Pressure may be placed manually 
or with elastic bands on the inside of the wrist. In a randomized, 
placebo-controlled  trial,  the  ReliefBand,  a  battery-operated 
electrical nerve stimulator was associated with symptom relief 
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with a history of recurrent spontaneous abortion,  intrauterine 
growth retardation, and low birth weight [125].

Irritable bowel syndrome
Despite  the  prevalence  of  irritable  bowel  syndrome  (IBS) 
(Chapter  75)  among  reproductive-aged  women,  only  a  few 
studies of  IBS  in pregnancy have been conducted. One recent 
cohort  study  detected  moderately  increased  risks  for  miscar-
riage (OR, 1.21; 95% CI, 1.13–1.30) and ectopic pregnancy (OR, 
1.28%; 95% CI, 1.06–1.55) in women with IBS diagnosed before 
pregnancy,  suggesting  the  need  for  high-quality  prenatal  care 
for this population [141]. The primary characteristics of IBS are 
discussed below in relation to pregnancy.

Constipation
Epidemiology
After nausea, constipation  is  the next most common GI com-
plaint  and  is  experienced  by  up  to  40%  of  pregnant  women 
[142]. Risk factors include a prior history of treatment for con-
stipation and  iron supplementation. There  is no clear associa-
tion  between  dietary  fiber  intake  and  constipation  during 
pregnancy [143–145].

Pathophysiology
The  pathophysiology  of  constipation  in  pregnancy  is  multi-
factorial.  Colonic  motility  is  decreased  [146,147].  Increased 
colonic  transit  time,  in  turn,  leads  to  increased water absorp-
tion, causing stools to become small and hard. Decreased physi-
cal activity and supplementation with constipating agents such 
as iron and calcium may further worsen bowel function [147]. 
Later in pregnancy, pressure on the rectosigmoid colon by the 
gravid uterus may produce an additional mechanical barrier to 
evacuation [148].

Diagnosis
Low frequency of stools (<3 per week), hard stools, and/or dif-
ficulty evacuating feces have been suggested to be clinical crite-
ria for constipation in pregnancy [148]. These symptoms along 
with  the  sensation  of  incomplete  evacuation  should  trigger 
counseling and treatment for constipation [143]. Patients should 
also be questioned about prolonged straining, perineal pressure 
or digital manipulation in order to defecate as these habits are 
suggestive of pelvic floor dysfunction [148].

The general approach to evaluation of constipation is similar 
to that for the nonpregnant patient (see Chapter 42), with spe-
cific  consideration  of  imaging  and  other  risks  associated  with 
pregnancy [149].

Treatment
Conservative treatment
The initial management includes patient education and reassur-
ance about normal bowel function in pregnancy. Patients should 
be counseled to increase physical activity, practice Kegel exer-
cises to gain better control of pelvic floor musculature, and take 

Acid-reducing  medications  (i.e.  antacids,  H2  blockers,  and 
proton  pump  inhibitors)  may  be  helpful  in  the  treatment  of 
NVP. One recent cohort study showed that women with NVP 
and  heartburn  had  more  severe  nausea  and  vomiting  than 
women without heartburn [24]. Follow-up studies have shown 
that  treatment  of  GER  symptoms  results  in  improved  PUQE 
and quality of life scores [119].

Intravenous hydration and nutritional support
Women  with  symptoms  unresponsive  to  dietary  modification 
and  pharmacologic  treatment  whom  are  unable  to  maintain 
weight  require  additional  support.  For  these  patients  IV  fluid 
therapy  and/or  nutritional  support  should  be  used  to  prevent 
fetal intrauterine growth restriction, maternal dehydration and 
malnutrition.  Women  requiring  multiple  hospitalizations 
should  be  considered  for  in-home  IV  hydration  [72].  Enteral 
feeding is preferred to total parenteral nutrition due to the sig-
nificant  risk  for  maternal  and  neonatal  complications  with 
parenteral nutrition via a peripherally inserted central catheter, 
or central catheter [120,121].

Disorders of the intestinal tract

Celiac disease
Celiac disease is an autoimmune disorder of the small intestine 
which is triggered by gluten ingestion (see Chapter 64). The only 
treatment  available  is  lifelong  adherence  to  a  gluten-free  diet 
(GFD).  Obstetric  and  gynecologic  complications  which  have 
been  associated  with  celiac  disease  include  impaired  fertility 
(both female and male) and an increased risk for adverse preg-
nancy outcomes [122].

Effect on fertility
Studies  using  serological  screening  have  found  significantly 
higher rates of celiac disease among women with unexplained 
infertility compared with the general population [123–125]. In 
these studies, prevalence rates of celiac disease  in  the  infertile 
women  ranged  from  4%–8%.  However,  others  have  not  con-
firmed  this  [126–128].  Whether  a  GFD  improves  fertility 
requires  further  investigation  as  studies  to  date  have  been 
inconclusive [129–131].

Effect on pregnancy
The  effect  of  celiac  disease  on  pregnancy  outcomes  is  unclear 
[129,132–139]. Differences in methodology and study popula-
tions have been suggested to account for the discordant findings 
with regards to intrauterine growth restriction, low birth weight, 
and  preterm  delivery  [125].  However,  withdrawal  of  gluten 
improves  pregnancy  outcomes,  reducing  risks  for  low  birth 
weight,  intrauterine  growth  retardation,  and  miscarriage  in 
treated  versus  untreated  women  [134,135,140].  Consequently, 
some  experts  advocate  screening  for  celiac  disease  in  women 
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confirming safety in pregnancy are limited, thus [162], routine 
use of tegaserod is not recommended in pregnancy [148]. Lubi-
prostone  (FDA  category  C)  and  linaclotide  (FDA  category  C) 
have not been adequately studied in human pregnancy; there-
fore, their use in pregnancy is not recommended.

Diarrhea
Epidemiology
The prevalence of diarrhea in pregnancy is unknown, but 34% 
of  pregnant  women  report  more  frequent  bowel  movements 
[150,163].

Pathophysiology
The causes of diarrhea in pregnancy are essentially the same as 
for  the  nonpregnant  population  (Chapter  41).  These  include 
infection,  medications,  functional  diarrheas,  malabsorption, 
inflammatory  bowel  disease  (IBD)  and  endocrine  disorders 
such as hyperthyroidism and adrenal insufficiency.

Diagnosis
Patients presenting with diarrhea lasting more than a week with 
weight  loss  or  with  symptoms  of  hypovolemia,  hematochezia, 
severe  abdominal  pain,  a  history  of  recent  antibiotics  use,  or 
immuncompromise should undergo diagnostic evaluation (see 
Chapter 41) [150,164].

Treatment
Treatment  of  diarrhea  in  pregnancy  should  begin  with  con-
servative management including oral rehydration, correction of 
electrolyte abnormalities, and dietary modification. Small, fre-
quent meals which are low in fat, caffeine, and do not contain 
artificial sweeteners are advised [165]. Bismuth subsalicylate as 
found in Kaopectate and Pepto-Bismol and alosetron (FDA cat-
egory B) should be avoided [41].

Opioids
Loperamide  (FDA category B)  is  a peripherally acting opiate-
receptor agonist [166] and is  the preferred antidiarrheal agent 
for use during pregnancy [165]. Loperamide is not known to be 
teratogenic;  however,  it  has  been  associated  with  lower  birth 
weights  [167].  In  comparison,  diphenoxylate  with  atropine 
(FDA  category  C)  is  teratogenic  in  animals  and  humans,  and 
therefore is not recommended in pregnancy [165].

Bile acid sequestrants
Cholestyramine (FDA category C) is a bile-acid sequestrant that 
can be used to treat some forms of diarrhea. As cholestyramine 
interferes with the absorption of fat-soluble vitamins including 
vitamin K it may lead to maternal coagulopathy. Women taking 
cholestyramine for prolonged periods during pregnancy should 
be monitored for fat-soluble vitamin deficiency and disordered 
clotting function [168].

advantage  of  the  gastrocolic  reflex  by  scheduling  defecation 
after  meals  [150].  Patients  also  should  increase  water  intake 
[148].  Increasing  dietary  fiber  to  20 g/d  to  35 g/d  may  prove 
helpful, but may also produce greater abdominal pain and dis-
tention [151].

Bulk-forming agents
Bulk-forming  agents  such  as  methylcellulose,  psyllium,  and 
unprocessed  bran  are  considered  safe  during  pregnancy  and 
lactation. They are all FDA category B. A Cochrane review of 
two studies found fiber supplements increased the frequency of 
defecation and lead to softer stools [142].The daily dose of fiber 
should  be  titrated  upwards  gradually  to  avoid  worsening 
abdominal bloating, gas, cramping and diarrhea and adequate 
fluid intake should accompany use of these agents [151].

Hyperosmotic agents
Polyethylene  glycol  (PEG)  (FDA  category  C)  is  the  preferred 
treatment of the American Gastroenterological Association for 
chronic constipation in pregnancy [40]. It is generally well toler-
ated, causing less abdominal bloating and gas than other osmotic 
laxatives.  Saline  osmotic  laxatives  such  as  magnesium  citrate 
(FDA  category  B),  magnesium  hydroxide  (no  FDA  category) 
and sodium phosphate (FDA category C) work rapidly, but only 
provide short-term, intermittent relief and should not be used 
daily  [40].  In  addition,  the  magnesium-containing  salts  can 
cause  maternal  sodium  retention  and  should  not  be  used  by 
women with renal and cardiac disease [152].

Stimulant laxatives
Stimulant laxative use in pregnancy should be reserved for those 
not responding to other measures [151]. Stimulant laxatives are 
more  effective  than  bulk-forming  agents,  but  they  also  have 
more side effects including abdominal pain, nausea and bloat-
ing [142].

Senna (FDA category C) was not found to be associated with 
a higher risk for congenital abnormalities, or adverse birth out-
comes [153]. Dantron and aloe are associated with congenital 
malformations [154–157] and should not be used in pregnancy. 
Castor oil (FDA category X) is contraindicated in pregnancy as 
it may induce premature uterine contractions [150].

Emollient laxatives
Docusate sodium (FDA category C) is frequently used to treat 
constipation  in  pregnancy;  however,  studies  on  efficacy  are 
lacking. Safety has been demonstrated in several studies [158–
160]; Mineral oil is contraindicated in pregnancy (FDA category 
X)  and  may  decrease  maternal  absorption  of  fat-soluble  vita-
mins including vitamin K, increasing risk for neonatal hypopro-
thrombinemia and hemorrhage [161].

Others
Tegaserod (FDA category B) can be obtained through a  treat-
ment investigational new drug protocol from the FDA. Studies 
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Fertility  in  men  with  IBD  is  affected  by  sulfasalazine  use 
which  reversibly  decreases  sperm  count,  impairs  motility  and 
alters morphology [182]. After two full cycles of spermatogen-
esis or 2 months after discontinuing the drug, sperm counts and 
quality  should  recover  [183].  Methotrexate  may  also  impact 
male fertility by causing oligospermia [184]. Impaired fertility 
has  also  been  described  in  some  men  who  have  undergone 
IPAA  due  to  retrograde  ejaculation  and  erectile  dysfunction 
[185];  however,  overall  pouch  creation  has  been  found  to 
improve male sexual function [186].

Effect of pregnancy on IBD
Pregnancy has not been shown to increase the risk for flares in 
women  with  IBD.  The  risk  of  exacerbation  during  pregnancy 
(32%–34%) is similar to that in nonpregnant women [187,188]. 
Notably,  disease  remission  at  the  time  of  conception  is  very 
important for maintaining quiescent disease during pregnancy. 
Relapse rates in pregnancy and the puerperium were 34% and 
27%  for  women  with  quiescent  UC  and  CD  at  conception, 
respectively [189]. In contrast, up to two-thirds of women with 
active  disease  at  conception  will  have  persistent  or  worsening 
activity through pregnancy [190–192]. Thus, women with IBD 
should  strive  for  disease  remission  prior  to  conception.  They 
also should continue medications and not resume smoking after 
delivery  to  reduce  the  risk  of  flaring  during  pregnancy  and 
postpartum [182,193,194].

Alteration  of  ileoanal  pouch  function  during  pregnancy  is 
common,  especially  in  the  third  trimester  [195].  Stool  habits 
generally return to normal by 3 months postpartum [196].

Effect of IBD on pregnancy
Women with IBD are at increased risk for preterm birth, LBW, 
and  cesarean  section  [197].  An  increased  risk  for  congenital 
anomalies among patients with UC has also been found with an 
OR  of  2.37  (95%  CI,  1.47–3.82);  however,  this  may  be  more 
related to medication use than the disease itself [198] as other 
studies have not found malformation rates to be higher among 
patients with IBD [16,199].

Several  studies  indicate  that  the  increased  risk  of  adverse 
events  is  independent  of  disease  activity  [16,200].  In  a 
population-based  study  from  the  US,  women  with  IBD  were 
found to be at increased risk for an adverse pregnancy outcome 
irrespective of disease activity (stillbirth, preterm birth, or small 
for  gestational  age,  spontaneous  abortion,  or  complication  of 
labor), compared to the general population [16].

Management
Treatment of active IBD in pregnancy follows the same guide-
lines  as  for  nonpregnant  patients  given  the  potential  adverse 
impact of disease activity on pregnancy outcomes (Chapters 71 
and 72). Mesalamine, corticosteriods, antibiotics, cyclosporine, 
and antitumor necrosis factor alpha (TNF-α) agents can all be 
initiated  to  control  disease  activity  in  pregnancy,  if  needed. 
Surgery should be performed for women with toxic megacolon, 

Abdominal pain
Tricyclic antidepressants
Amitriptyline  (FDA  category  C),  desipramine  (FDA  category 
C), nortriptyline, (FDA category D), and imipramine (FDA cat-
egory D) are tricyclic antidepressants (TCAs) which in low-dose 
are  helpful  for  the  treatment  of  IBS.  Although  neonatal  with-
drawal  symptoms  of  cyanosis,  respiratory  distress,  irritability, 
autonomic  dysfunction,  and  hypoactivity  have  been  reported 
after in utero exposure, a joint study of several European teratol-
ogy information services found them to be safe [169,170]. Nev-
ertheless, TCAs are recommended for use in pregnancy only in 
women with severe gastrointestinal symptoms of IBS [168].

Selective serotonin reuptake inhibitors
The  selective  serotonin  reuptake  inhibitors  (SSRIs)  (generally 
FDA  category  C)  are  generally  considered  safe  in  pregnancy 
[171]. Use of paroxetine (FDA category D) should be avoided 
due to the potential risk of fetal heart defects and other negative 
effects [172]. Furthermore like TCAs, they have been associated 
with  a  neonatal  withdrawal  syndrome  [173].  SSRI  use  for  the 
treatment of IBS in pregnancy should be limited to those with 
severe symptoms.

Antispasmodics
Antispasmodic medications should be avoided in pregnancy as 
their safety in pregnancy has not been established [168]. Drugs 
in this category include the anitcholinergics, dicyclomine (FDA 
category  B)  and  hyocyamine  (FDA  category  C)  and  calcium 
channel blockers  such as nifedipine and diltiazem (both FDA 
category C).

Inflammatory bowel disease
The inflammatory bowel diseases (IBD), Crohn’s disease (CD) 
and ulcerative colitis (UC), are predominantly diseases of young 
adults,  peaking  in  incidence  during  the  reproductive  years 
[174].  Because  fertility  is,  in  most  cases,  preserved,  many 
patients with IBD successfully conceive. This in turn, may lead 
to  challenges  in  the  evaluation  and  management  of  IBD  in 
pregnancy.

Fertility
Infertility rates  for men and women with IBD of 5%–14% are 
comparable to the general population [175–177]. Higher rates 
of infertility are observed in those who have undergone colec-
tomy with  ileal pouch construction and potentially other IBD 
surgeries [178]. A metaanalysis of eight studies confirmed that 
ileal pouch anal anastomosis (IPAA) for UC increased the risk 
of infertility from 15% to 48% [179], likely due to impaired tubal 
function from adhesion formation after deep pelvic dissection. 
It  appears  to  be  permanent  [178].  Ileorectal  anastamosis  and 
laparoscopic  restorative  proctocolectomy  have  been  shown  to 
improve pregnancy rates compared to standard open colectomy 
with IPAA [180,181].
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steroid preparations, so prednisolone is preferred for pregnant 
women  [183].

Epidemiologic  studies  have  reported  an  increased  risk  for 
orofacial clefts in newborns exposed to steroids early in gesta-
tion [212–215]. A metaanalysis of 10 studies also found the risk 
for cleft palates to be increased [216].

Azathioprine/6-mercaptopurine
The  thiopurines,  azathioprine  and  6-mercaptopurine  (6-MP) 
are FDA category D. Studies in mice using four to 13 times the 
maximum human therapeutic dose demonstrate teratogenicity 
[217,218]. However, observational data from human pregnan-
cies have not found a higher rate of major fetal malformations 
in women taking thiopurines compared to women on nontera-
togenic  medications  (p  =  0.78;  OR,  1.17;  CI,  0.37–3.69) 
[219,220].

Overall,  the  thiopurine  safety  data  from  pregnant  women 
with IBD is consistent with experience from the transplant lit-
erature where there is no evidence for higher rates or consistent 
patterns of malformations  [221–223]. Thus, based on  the best 
available  data,  continuation  of  thiopurines  during  pregnancy 
appears to be low risk.

The American Academy of Pediatrics (AAP) does not recom-
mend breastfeeding while taking a thiopurine due to the hypo-
thetical  risk  of  immunosuppression  in  the  neonate.  However, 
thiopurine transfer via breast milk is exceedingly low [224], and 
no deleterious consequences of low-level transfer of thiopurine 
metabolites to the breastfed newborn have been found [225,226].

Methotrexate
Methotrexate  is FDA category X and contraindicated  in preg-
nancy.  Exposure  to  methotrexate  during  organogenesis  (6–8 
weeks after conception)  is associated with multiple congenital 
anomalies collectively called methotrexate embryopathy or fetal 
aminopterin-methotrexate syndrome [227]. Thus, methotrexate 
should be used with extreme caution in reproductive-aged men 
and women and discontinued for at least 3 to 6 months before 
conception [40,183,207].

Methotrexate  is  excreted  into  breast  milk  at  low  levels  
[228]. The AAP advises against breast feeding while on meth-
otrexate [229].

Thalidomide
Thalidomide is FDA category X and contraindicated for use in 
pregnancy  or  during  breast  feeding.  Contraception  should  be 
employed while taking this medication if the patient is sexually 
active [40].

Cyclosporine
Cyclosporine  is  FDA  category  C  and  is  known  to  cross  the 
placenta  [230].  Animal  studies  have  not  demonstrated  tera-
togenic  effects  [231,232]. A metaanalysis did not find adverse 
effects of cyclosporine use after solid-organ transplantation on 
the risk for major malformations, preterm birth, or LBW [233]. 

perforation, intestinal obstruction, or intractable bleeding. Only 
a  few  case  studies  and  case  reports  describe  the  outcomes  of 
women  requiring  surgery  during  pregnancy  [201,202]  In 
general, with  the use of modern  surgical  and anesthetic  tech-
niques, the risks for maternal death and fetal loss appear to be 
low [203].

The mode of delivery in women with IBD, in general, is dic-
tated by obstetric considerations. Women with active perianal 
disease,  however,  should  undergo  cesarean  section  as  vaginal 
delivery may further disrupt the perineum and injure the anal 
sphincter [204].

Breastfeeding
Breastfeeding  is  not  known  to  influence  disease  activity  and 
may  be  protective  for  the  future  development  of  IBD  [205]. 
Nevertheless, many women with IBD choose not to breastfeed 
[194].  Physician  recommendations,  the  fear  of  medication 
transfer  in breast milk, and personal preferences are  the most 
common reasons women with IBD do not breastfeed.

Treatment
Most  patients  with  IBD  require  one  or  more  medications  to 
maintain disease remission. Since disease quiescence at concep-
tion is important for maintaining remission through pregnancy, 
women should not discontinue their medications while trying 
to conceive. With few exceptions, medications should be con-
tinued before and during pregnancy. It is important to carefully 
evaluate the risks and benefit of each medication with patients.

5-Aminosalicylates
Other  than  olsalazine  and  two  formulations  of  mesalamine 
(Asacol®  and  Asacol  HD®)  which  are  FDA  category  C,  the 
5-aminosalicylates (5-ASAs) and sulfasalazine are all FDA cat-
egory B and considered low risk in pregnancy. A metaanalysis 
of  seven  studies  of  pregnancy  outcomes  in  women  with  IBD 
exposed  to  5-ASAs  found  no  increased  risk  for  congenital 
abnormalities,  stillbirth,  spontaneous abortion, preterm deliv-
ery or LBW [206].

Women of childbearing age taking sulfasalazine should take 
1 mg of supplemental folate twice daily if considering pregnancy 
[207].  Men  on  sulfasalazine  should  be  informed  about  the 
reversible oligospermia and adverse changes in sperm motility 
and morphology associated with the drug [208,209]. It is advised 
that men taking sulfasalazine discontinue the drug for at  least 
3 months before attempting conception.

Both  sulfasalazine  and  mesalamine  are  compatible  with 
breastfeeding. Single case reports, however, suggest an associa-
tion with watery diarrhea in the newborn with mesalamine use 
[210], and hematochezia with sulfalasalazine use [211].

Corticosteroids
Corticosteroids  (FDA  category  C)  are  considered  safe  for  the 
treatment  of  active  IBD  in  pregnancy.  There  is  inefficient 
transplacental  transfer  of  prednisolone  compared  to  other 
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Similarly,  in  women  treated  with  cyclosporine  for  steroid-
refractory UC in pregnancy, there was no increase in the rate of 
congenital  malformations  [234–236].  Cyclosporine  is  trans-
ferred at high levels into breast milk. The AAP advises against 
breastfeeding while on cyclosporine [237].

Tacrolimus
Tacrolimus is FDA category C for pregnant women. Most data 
regarding tacrolimus use  in pregnancy are derived from post-
transplant patients and have been largely favorable [238]. Tac-
rolimus  use  in  pregnant  women  with  IBD  has  not  been 
adequately studied.

Tacrolimus is transferred in breast milk and its use by breast-
feeding mothers is not advised [239].

Antibiotics
The  antibiotics  used  most  commonly  in  IBD,  ciprofloxacin 
(FDA category C) and metronidazole (FDA category B), should 
be used with caution in pregnancy. The quinolones are associ-
ated  with  an  increased  risk  for  cartilage  defects  in  immature 
animals  [240];  but  no  adverse  effects  have  been  noted  in 
women or  infants  [240,241]. Ciprofloxacin  is  compatible with 
breastfeeding.

Metronidazole increases the risk for cleft lip and cleft palate 
when given during the first trimester [242]. Use in early preg-
nancy should be avoided. Breastfeeding while taking metroni-
dazole is also not advised.

Rifaximin  is  FDA  category  C.  Currently,  there  are  no  data 
regarding safety in human pregnancy or lactation.

Biologics
Infliximab
Infliximab  (category  B)  cross  reacts  only  with  tumor  necrosis 
factor  alpha  (TNF-α)  in  humans  and  chimpanzees,  therefore, 
pregnancy safety studies in animal models have not been con-
ducted [238,243–245].

It has been shown to cross the placenta and is detectable in 
cord blood and in the serum of exposed infants [246]. Neverthe-
less,  use  of  infliximab  has  not  been  associated  with  adverse 
pregnancy or neonatal outcomes.

Infliximab is detectable at low levels in breast milk [247–251]. 
However, it is felt to be compatible with breastfeeding as trans-
ferred drug should be  inactivated by digestive enzymes  in  the 
neonate [252].

Adalimumab
Adalimumab (category B) use in pregnancy has not been associ-
ated with an increased risk of congenital malformations or mis-
carriage [253,254].

It  is detectable  in breast milk at  levels  lower  than 1% of  its 
level  in  serum  [255].  Given  that  this  small  quantity  is  likely 
subjected to intestinal proteolytic activity after ingestion, adali-
mumab is considered compatible with breastfeeding.

Certolizumab pegol
Certolizumab pegol enters the fetal compartment at low levels 
[246]. Absence of an Fc fragment may preclude active transport 
of certolizumab pegol across  the placenta,  thereby accounting 
for the  lower  levels  found in exposed infants compared to the 
other anti-TNFα agents.

Certolizumab  pegol  is  considered  compatible  with  breast-
feeding, although human data are lacking [256].

Natalizumab
Natalizumab is FDA category C in pregnancy. Studies of natali-
zumab safety in pregnancy are limited [257]. It is recommended 
that women treated with natalizumab use sufficient contracep-
tion or stop the drug 3 months prior to conception [256,257].

Breastfeeding while on natalizumab is not recommended due 
to lack of safety data.

Vedolizumab
Vedolizumab is FDA category B in pregnancy. As it is a monol-
clonal  immunoglobulin  G1  (IgG1)  antibody,  vedolizumab  is 
anticipated to transfer across the placenta with increasing effi-
ciency over the course of pregnancy, like other immunoglobulin 
G1 therapeutic antibodies [258]. There are no controlled studies 
with vedolizumab in pregnant women.

Safety  data  for  breastfeeding  while  on  vedolizumab  are  not 
available.

Table 46.3 provides listings of medications used to treat IBD.

Anorectal and perineal disorders
Hemorrhoids
Hemorrhoids occur in up to 85% of multiparous women [260]. 
Although  they  typically  regress  after  delivery,  they  usually  do 
not completely resolve [261].

Pregnancy is thought to increase the risk of hemorrhoid for-
mation  through  both  mechanical  and  hormonal  factors. 
Mechanical  factors  include compression of  the superior  rectal 
vein  and  obstruction  of  the  vena  cave  and  portal  vein  by  the 
gravid uterus causing venous stasis and congestion. In addition, 
pregnancy-induced  increased  intraabdominal  pressure  and 
mechanical pressure may cause venous blockage and arteriov-
enous shunting in the internal anal sphincter [261]. Hormonal 
factors  include  increased  progesterone  and  decreased  motilin 
levels [262].

Pregnant women with symptomatic hemorrhoids present the 
same  as  nonpregnant  patients.  (Chapter  81)  In  general,  the 
symptoms of intermittent rectal bleeding, itching and pain; and 
the approach to diagnosis are analogous to nonpregnant patients 
[164,261].

Nonthrombosed external hemorrhoids do not require treat-
ment.  Patients  with  pain  from  thrombosed  external  hemor-
rhoids can generally be treated with conservative measures such 
as frequent Sitz baths, stool softeners, and hemorrhoidal anal-
gesics  [165].  Patients  not  responding  to  conservative  therapy 
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endosonography, Sultan et al. found that 35% and 45% of primi-
parous and multiparous women, respectively, had a new sphinc-
ter defect after delivery [267]. Risk factors for sphincter damage 
include  primiparity,  birth  weight  greater  than  4000 g,  midline 
episiotomy,  operative  delivery,  and  prolonged  second  stage  of 
labor [271–273].

Despite its prevalence, many women with OASI do not seek 
medical  attention  because  of  embarrassment  [274].  Signs  of 
OASI include fecal soiling, anal asymmetry, and poor sphincter 
tone  on  digital  rectal  examination.  In  addition,  patients  may 
report perineal pain, dyspareunia,  incontinence of flatus, fecal 
urgency and stool  incontinence  [275]. However, most women 
have been found to be asymptomatic at 12 months postpartum 
[276].  Of  those  who  remain  symptomatic,  most  experience 
incontinence of flatus only [277].

It is recommended that all women who undergo an episiot-
omy or experience a perineal tear undergo a rectal examination 
to evaluate  for a  rectal or anal  sphincter  injury at  the  time of 
delivery  [278].  Patients  with  suspected  injuries  which  are  not 
apparent  on  clinical  examination  should  undergo  additional 
testing  with  anorectal  manometry,  anal  endosonography,  or 
MRI with endoanal coil [164].

Primary  repair  of  the  external  anal  sphincter  may  be  per-
formed using an end-to-end (approximation) or overlap tech-
nique. Patients with persistent  symptoms after primary  repair 
may benefit from conservative therapy with diet modification, 
anal  plugs,  pelvic  floor  physical  therapy,  biofeedback  and/or 
sacral nerve stimulation [275]. Secondary repair may be needed 

can  be  treated  with  clot  extraction  or,  more  definitively,  with 
surgical excision [263].

Internal  hemorrhoids  can  also  be  treated  conservatively  in 
most patients with dietary changes, increased fluid intake, and 
fiber supplements. Patients with pain can be treated with topical 
local anesthetics containing benzocaine, dibucaine, or pramox-
ine [165]. Rubber band ligation can be performed in refractory 
cases. If the hemorrhoids are severely prolapsed or have associ-
ated ulceration, severe bleeding, fissure or fistula, hemorrhoid-
ectomy should be considered [263].

Anal fissures
Up to 15% of women are affected by anal fissures postpartum 
[264]. In 313 primigravid women, only constipation was found 
to  be  associated  with  postpartum  anal  fissure  development 
[265].  Notably,  anal  sphincter  hypertonia  was  not  observed 
[266–268]. None of  the pharmacologic  therapies used  to  treat 
anal  fissures  have  been  studied  for  safety  or  efficacy  in  preg-
nancy. Thus,  the primary goal  in  the management of anal fis-
sures is prevention and treatment of constipation [269].

Anal sphincter injuries
Vaginal delivery is frequently associated with trauma to the anal 
sphincters.  Obstetric  anal  sphincter  injury  (OASI),  in  turn,  is 
the most common cause of  fecal  incontinence  in women. The 
largest study using clinical examination at the time of delivery 
found that OASI occurred in 2.9% of primiparous women and 
0.8%  of  multiparous  ones  [270].  In  comparison,  using  anal 

Table 46.3 Medications used to treat inflammatory bowel disease. Source: Lee et al. [259]. Reproduced by permission of Elsevier.

Drug FDA pregnancy 
category

Recommendations for pregnancy Recommendations for 
lactation

Mesalamine Generally 
category B

Low risk Limited human data; potential 
diarrhea in breastfed infants

Sulfasalazine B Interferes with folate metabolism; 
give with 2 mg of folate

Limited human data; potential 
diarrhea in breastfed infants

Corticosteroids C Possible increased risk of oral clefts 
with first trimester use; risk for fetal 
adrenal insufficiency, macrosomia, 
premature rupture of membranes

Compatible

Immunomodulators Azathioprine/ 
6-mercaptopurine

D Probably safe for continued use in 
pregnancy; avoid starting de novo in 
pregnancy

Not recommended

Methotrexate X Contraindicated due to teratogenicity; 
stop 6 months prior to conception

Contraindicated

Thalidomide X Contraindicated due to teratogenicity Contraindicated

Anti-TNF agents Infliximab B Low risk Compatible

Adalimumab

Certolizumab pegol

Integrin 
antagonists

Natalizumab C No human data Not recommended

Vedolizumab B
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Up to 3% of pregnancies are complicated by abnormal liver 
studies,  which  can  be  an  early  indicator  of  serious  pathology. 
However,  traditional  liver  function  tests  can  change  signifi-
cantly during normal pregnancy, making interpretation of these 
values  difficult  (Table  46.4).  Separating  normal  physiologic 
changes from significant disease is imperative [283,284].

in  refractory  cases.  Women  who  have  undergone  secondary 
sphincter  repair  should  deliver  by  cesarean  section  in  future 
pregnancies [279].

Endoscopy in pregnancy
Endoscopic procedures should only be performed in pregnant 
patients if failure to perform the procedure places the fetus and/
or  mother  at  risk  [280].  General  guidelines  for  endoscopy  in 
pregnancy are summarized in Box 46.1.

Approach to liver diseases in pregnancy

Liver injury can be specific to pregnancy, women can acquire a 
liver disease during pregnancy, or women with preexisting liver 
disease  can  become  pregnant.  Accordingly,  a  systematic 
approach to the pregnant woman with hepatobiliary complaints 
will  facilitate  diagnosis  and  management.  While  many  of  the 
manifestations are not unique  to pregnancy  (Chapter 45),  the 
differential  diagnosis,  management  and  treatment  can  be 
strongly impacted by gestational age (Figure 46.1).

Liver physiology during pregnancy
Pregnancy induces a progressive increase in serum estrogen and 
progesterone  levels,  peaking  during  the  third  trimester  [281]. 
This  increase  leads  to  physiologic  changes  that  can  be  mani-
fested  by  spider  telangectasias  and  palmar  erythema  [282]. 
Plasma  volume  increases  by  approximately  50%  although 
hepatic blood flow is unchanged as systemic vascular resistance 
is lower and the liver receives a lower percentage of the cardiac 
output. The physical examination is also compromised since the 
liver is forced into the chest as the gravid uterus expands. In late 
pregnancy a palpable liver is an abnormal finding.

Box 46.1 Endoscopy in pregnancy. Source: Shergill et al. [280]. 
Reproduced by permission of Elsevier.

General guidelines for endoscopy in pregnancy

Obtain a preoperative consultation with an obstetrician, regardless of 
fetal gestational age.

Have a strong indication for the procedure, particularly in high-risk 
pregnancies.

Defer endoscopy to second trimester whenever possible.
Use lowest effective dose of sedative medications.
Use category B drugs when possible.
Minimize procedure time.
Position patient in left pelvic tilt or left lateral position to avoid vena 

cava or aortic compression.
Decide whether to monitor fetal heart rate. This depends on the 

gestational age of the fetus and available resources:
• Before 24 weeks fetal gestation, confirming the presence of the 

fetal heart rate by Doppler before sedation has begun and after the 
procedure is complete is sufficient

• After 24 weeks of fetal gestation, simultaneous electronic fetal 
heart and uterine contraction monitoring should be performed 
before and after the procedure. Ideally, procedures should be done 
at an institution with neonatal and pediatric services. If possible, the 
fetal heart rate and uterine contractions should be monitored 
before, during, and after the procedure by a qualified individual, 
with obstetric support readily available in case of fetal distress or a 
pregnancy-related complication.
Do not perform endoscopy in cases of placental abruption, 

imminent delivery, ruptured membranes, or uncontrolled eclampsia.

Figure 46.1 A systematic approach to the pregnant woman with hepatobiliary complaints will facilitate management. Gestational age is one of the most 
important clues to pregnancy specific injuries.
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Table 46.4 Normal biochemical changes during pregnancy.

Test Alteration

Albumin L

Alkaline phosphatase H

ALT U

AST U

GGT L

Total bilirubin U/L

Conjugated bilirubin L

5′-Nucleotidase H

Total bile acids U

Fibrinogen H

Factors V, VII, VIII H

α-Fetoprotein (AFP) H

Globulins:

 α and β globulin H

 γ globulin L

PT and APTT U

Platelets U

Ceruloplasmin H

Hemoglobin L

White cell count H

Cholesterol and Triglycerides H

U, unchanged; H, higher; L, lower.

With normal pregnancies, increased plasma volume leads to 
hemodilution and a subsequent decrease in serum protein con-
centrations. A well-recognized increase in serum alkaline phos-
phatase levels occurs as a result of placental production as well 
as an increase in the bone isoenzyme making this a poor diag-
nostic study especially in the third trimester [285,286]. Although 
to a lesser degree, 5′NT activity also increases in the second and 
third  trimesters.  GGT  on  the  other  hand  may  be  lower  espe-
cially in late pregnancy. Bilirubin concentration is also lower in 
normal pregnancy  likely as a result of both hemodilution and 
lower concentration of albumin which transports bilirubin.

Serum  ALT  is  the  most  commonly  used  measurement  to 
assess liver disease [287]. ALT >19 U/L is considered abnormal 
in  women  [288].  ALT  and  aspartate  aminotransferase  (AST) 
activity are unchanged with pregnancy. Serum aminotransferase 
elevations and jaundice should initiate further evaluation.

Diagnostic testing during pregnancy
Diagnostic testing should always be placed in the context of risk 
and  benefit  to  both  mother  and  child.  The  anatomic  changes 
induced by pregnancy can pose a challenge to interpretation of 
imaging  studies,  and  ionizing  radiation  should  be  limited  as 

increased exposure can be teratogenic, mutagenic, or carcino-
genic.  Exposure  to  less  than  0.05 Gy  has  not  been  associated 
with  fetal  abnormalities  [289,290].  Initial  evaluation  should 
include ultrasonography in most cases. When ultrasound is not 
adequate, cross sectional  imaging with computed  tomography 
(CT), or magnetic resonance (MR) is often considered. Although 
there is limited safety data on MR during pregnancy, the Ameri-
can  College  of  Radiology  considers  MRI  acceptable  during 
pregnancy when  the  results would affect clinical management 
[291]. Use of MR should be limited in the first trimester when 
organogenesis could potentially be affected. Gadolinium-based 
intravenous contrast should also be avoided as it can cross the 
placenta [292].

MR  cholangiopancreatography  (MRCP)  is  an  excellent  and 
accurate  diagnostic  tool  for  biliary  diseases  [293].  Gallstone 
complications, especially choledocholithiasis or gallstone pan-
creatitis,  occasionally  require  intervention  during  pregnancy. 
Several  case  series  of  endoscopic  retrograde  cholagiopancrea-
tography  (ERCP)  have  shown  that  the  procedure  can  be  per-
formed safely with few complications during pregnancy. MRCP 
has  been  used  for  stone  detection  with  subsequent  extraction 
by ERCP even without fluoroscopy [294]. Post-ERCP pancrea-
titis may be more common than in the nonpregnant population 
[295]. Endoscopic ultrasonography (EUS) is also a sensitive and 
specific alternative for the evaluation of choledocholithiasis.

Liver biopsy is rarely required, as less invasive testing is nor-
mally sufficient for diagnosis. In rare instances when the results 
of  a  biopsy  would  impact  management,  a  biopsy  can  be  per-
formed  safely  through  either  ultrasound  guided  percutaneous 
or transjugular approaches.

Liver diseases unique to pregnancy
Several  liver  injuries are unique  to pregnancy. The gestational 
age of the pregnancy can be used to guide the differential diag-
nosis of liver disease and thus patient evaluation and manage-
ment  (Table  46.5)  [296].  A  thorough  history  and  physical 
examination  is  essential,  and  in  addition  to  the  common  risk 
factors for liver disease, the history should focus on prior preg-
nancies, high-risk behaviors and medications (Table 46.5).

Intrahepatic cholestasis of pregnancy (IHCP)
Intrahepatic  cholestasis  of  pregnancy  typically  presents  in  the 
second  or  third  trimester  as  persistent  pruritus  with  elevated 
bile acid levels. Symptoms resolve after delivery.

Epidemiology
Prevalence  in  the  US  ranges  from  0.3%–5.6%  but  has  been 
reported as high as 28% in Bolivia and Chile. Susceptibility may 
be  higher  in  the  colder  months  and  varies  between  ethnic 
groups,  with  the  highest  occurrence  in  the  US  reported  in  a 
predominantly Latin Los Angeles population [297–301].

Risk  factors  include  advanced  maternal  age,  a  history  of 
cholestasis secondary to oral contraceptives, and a personal or 
family history of IHCP. IHCP recurs in 60%–70% of subsequent 
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membrane  causing  cholestasis.  Mutations  in  the  ATP-binding 
cassette, subfamily B member 4 (ABCB4) gene, which encodes 
MDR3, are implicated in some cases of IHCP. In one study, 16% 
of  Caucasian  women  with  ICP  had  ABCB4  gene  mutations 
[316].  Defects  in  the  ATP8B1  (ATPase,  aminophospholipid 
transporter,  class  I,  type  8B,  member  1)  gene  associated  with 
familial  cholestasis,  as  well  as  in  the  ABCB11  (ATP-binding 
cassette, sub-family B member 11) gene which encodes the bile 
salt export pump (BSEP) have also been linked to IHCP [314]. 
Cases  of  IHCP  in  renal  transplant  patients  on  cyclosporine, 
which inhibits BSEP, have also been reported [317].

Female  sex  hormones  may  also  contribute  since  estrogen 
inhibits  the bile salt export pump. There is a higher  incidence 
during the third trimester when estrogen concentrations peak 
and in twin pregnancies which have higher circulating estrogen 
levels. Progesterone metabolites may saturate the hepatic trans-
port  system  utilized  for  their  biliary  excretion.  Progesterone 
administration to prevent premature delivery may trigger IHCP 
in predisposed women [305].

Presentation and diagnosis
Pregnant women with IHCP present with pruritus often involv-
ing  the  palms  and  soles  before  generalized  itching.  Jaundice 
occurs  in  10%–25%  and  fat-soluble  vitamin  deficiencies  have 
been seen due to fat malabsorption [306,318]. The diagnosis can 
be confirmed by detection of fasting serum bile acid concentra-
tions  greater  than  10 μmol/L.  Cholic  acid  levels  are  increased 
while chenodeoxycholic acid is decreased [76]. Bile acid levels 
also correlate with  fetal distress – complications are rare until 
bile acid levels reach 40 μmol/L [306]. Aminotransferases levels 
can  be  elevated,  reaching  values  greater  than  1000 U/L,  but 
alternative  explanations  should  be  excluded  if  elevations  are 
significant. The traditional markers of cholestasis are difficult to 
interpret  due  to  physiologic  elevations  in  ALP  secondary  to 
pregnancy.  GGT  levels  are  usually  normal  and  total  bilirubin 
rarely exceeds 6 mg/dL [76]. Ultrasonography is normal without 
duct dilation and should be performed to exclude cholelithasis. 
Liver  biopsy  is  rarely  needed  but  demonstrates  bland 
cholestasis.

Treatment
Ursodeoxycholic acid (UDCA), given 10–15 mg/kg, may result 
in  biochemical  as  well  as  symptomatic  improvement  [319]. 
Although  the exact mechanism is unknown, UDCA increases 
expression of bile salt export pumps and increases placental bile 
transporters. Although fetal toxicity is always a concern, treat-
ment with UDCA normalized serum bile acid patterns in babies 
with  minimal  accumulation  in  amniotic  fluid  and  cord  blood 
[319].  A  recent  metaanalysis  also  found  that  women  who 
received  UDCA  had  better  outcomes  with  less  pruritus, 
improved liver enzymes and possibly improved fetal outcomes 
[320].  Other  therapies  have  been  tried  for  symptomatic  relief 
including  hydroxyzine,  Cholestyramine,  and  dexamethasone 
but UDCA is considered first line therapy.

pregnancies.  Although  maternal  outcomes  are  excellent,  large 
retrospective studies from Finland found a higher incidence of 
preexisting hepatobiliary diseases such as hepatitis C, cholelitia-
sis, and nonalcoholic fatty liver in women with IHCP suggesting 
that a  thorough search for alternative explanations  is essential 
[302,303].

Fetal complications
IHCP can lead to placental insufficiency, significantly increasing 
the  risk  of  complications  such  as  fetal  distress,  preterm  labor, 
prematurity and intrauterine death [304–307]. Neonatal respi-
ratory  distress  syndrome  is  also  twice  as  frequent.  Although 
gestational age is the strongest risk factor in one study, a role for 
bile acids entering the fetal lungs and depleting surfactant is also 
hypothesized [308]. Intrauterine death is more common in the 
last  month  of  pregnancy.  The  timing  of  parturition  should 
always  be  matched  to  potential  risks,  but  most  obstetricians 
recommend early delivery at 37 weeks [309].

Etiology
The etiology of IHCP is multifactorial, with genetic, hormonal 
and environmental contributors. Bile acid levels are increased in 
both maternal and fetal serum and transplacental bile acid trans-
fer is irregular in IHCP. IHCP is associated with morphological 
placental  abnormalities  that  can  be  reproduced  in vitro  with 
exposure to taurocholic and taurochenodoexycholic acid [310].

Several genomic variants  in hepatobiliary  transporters have 
been  associated  with  IHCP  [311–315].  The  main  transport 
protein  that  mediates  movement  of  phospholipid  across  the 
canalicular  membrane  into  bile  is  the  multidrug  resistance  3 
P-glycoprotein  (MDR3).  Without  phospholipids  in  bile,  bile 
acids  are  poorly  solubilized  and  can  injure  the  canalicular 

Table 46.5 Liver diseases unique to pregnancy.

Disorder Trimester Diagnostic clues

Hyperemesis 
gravidarum (HG)

First through 
20 weeks

Nausea, Vomiting
Mild AST, ALT elevations

Intrahepatic 
cholestasis of 
pregnancy (ICHP)

2nd/3rd Pruritus, elevated bile 
acids, recurs in 
subsequent pregnancies

Acute fatty liver of 
pregnancy (AFLP)

3rd Increased AST, ALT, and 
bilirubin
Low fibrinogen
Progresses to fulminant 
hepatic failure

Eclampsia, 
preeclampsia

After 20 weeks Abdominal pain, 
increased ALT, AST, AP 
and bilirubin

Hemolysis, Elevated 
Liver enzymes, Low 
Platelets (HELLP)

After 22 weeks Platelets <100 000/mm3

Increased AST, ALT, LDH
Risk of hepatic rupture

ALT, Alanine aminotransferase; AP, alkaline phosphatase;  
AST, aspartate aminotransferase; LDH, lactate dehydrogenase.
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pregnancies (0.2%–0.6%) [330]. Originally felt to be an extreme 
manifestation of severe preeclampsia, 20% of patients lack ante-
cedent hypertension and proteinuria [331].The majority present 
between  28–36  weeks  of  gestation,  but  30%  develop  the  syn-
drome in the first week postpartum [330]. The most common 
symptom is abdominal pain especially in the epigastric area or 
right  upper  quadrant  with  associated  nausea,  vomiting  and 
malaise.

Risk factors  include advanced maternal age, Caucasian eth-
nicity  and  multiparity  [322].  Although  the  exact  cause  is 
unknown,  activation  of  the  coagulation  cascade  is  integral 
resulting  in fibrin deposition and microangiopathic hemolytic 
anemia and platelet consumption.

Diagnosis
The  diagnosis  of  HELLP  is  made  through  recognition  of  the 
characteristic  biochemical  pattern.  Similar  to  preeclampsia, 
hepatic injury is a manifestation of hypovolemia, intravascular 
fibrin deposition and increased sinusoidal pressures. In addition 
to AST and ALT elevations, serum bilirubin and lactate dehy-
drogenase  are  increased.  Signs  of  hemolytic  anemia  include 
schistocytes,  elevated  indirect  bilirubin  and  low  serum  hap-
toglobin. Thrombocytopenia is present with platelets  less than 
100 000 cells/microliter. Proteinuria and hypertension occur in 
about 85% [332]. Rarely is a biopsy necessary, as the results are 
unlikely to affect management.

Efficient  diagnosis  is  essential.  The  University  of  Tennessee 
or  University  of  Mississippi  criteria  can  aid  in  this  process 
(Table 46.6) [333,334].

Progression can be rapid and maternal consequences severe, 
with mortality rates of 1%–3% and high rates of disseminated 
intravascular  coagulation  (DIC)  (21%),  abruptio  placentae 
(16%),  acute  renal  failure  (8%)  and  pulmonary  edema  (6%) 
[330,335]. Laboratory values typically begin to normalize within 
48 hours postpartum [330]. Prematurity is common. Fetal prog-
nosis is most strongly linked to gestational age at delivery and 
birth weight.

Hepatic complications
Severe  hepatic  consequences  are  well  recognized  and  include 
hepatic infarction, subcapsular hematomas and intraparenchy-
mal hemorrhage. Although increased liver enzymes are expected 
in HELLP, marked elevations are atypical. When ALT or AST is 
greater  than  1000 IU/L  cross-sectional  imaging  can  assist  in 
excluding  hepatic  complications  with  more  accuracy  than 
ultrasound.

Right upper quadrant pain with fever  increases concern for 
hepatic  infarction.  Although  infarcts  generally  resolve  after 
delivery,  concomitant  antiphospholipid  syndrome  should  be 
considered [336,337].

Hepatic hematoma can also present as abdominal pain radi-
ating  into  the  right  shoulder.  Management  of  a  contained 
hematoma  is  supportive  with  volume  and  transfusions  as 
needed.  Surgery  is  indicated  for  those  with  enlarging  

If cholestasis fails to resolve after delivery, evaluation for alter-
native explanations such as primary biliary cirrhosis (PBC) and 
primary sclerosing cholangitis (PSC) may be warranted [321].

Preeclampsia and eclampsia
Preeclampsia is characterized by new onset hypertension (systo-
lic blood pressure  [SBP] ≥140 mmHg or diastolic blood pres-
sure [DBP] ≥90 mmHg), and proteinuria (≥300 mg/24 h) after 
20 weeks of gestation [322–324]. Clinical manifestations result 
from  microangiopathy  and  can  affect  several  organs.  Severe 
preeclampsia  is  defined  by  organ  dysfunction  including 
hepatomegaly  and  hepatocellular  injury.  Eclampsia  is  present 
when grand mal seizures occur. Up to 7.5% of all pregnancies 
are affected, but only 25% are severe [325]. Although generally 
mild,  preeclampsia  is  one  of  four  leading  causes  of  maternal 
death in the United States [326].

Several factors increase the risk of preeclampsia including a 
past history or family history of preeclampsia, nulliparity, twin 
pregnancies,  advanced  maternal  age,  prepregnancy  diabetes, 
obesity,  and  antiphospholipid  antibodies  [325].  Recently,  eth-
nicity  has  also  been  linked  to  the  risk  of  preeclampsia  with 
African origin increasing the risk of onset before 28 weeks ges-
tation. In contrast, symptoms related to hypertension including 
HELLP (hemolysis, elevated  liver enzymes,  low platelets) syn-
drome are more common in women of European origin [327].

Hepatic consequences
Hepatic manifestations of preeclampsia can present with epigas-
tric or right upper quadrant pain likely from stretching of Glis-
son’s  capsule  from  hepatomegaly.  This  diagnostic  clue  is 
important to separate from GERD as hepatic involvement ele-
vates the diagnosis to severe preeclampsia and impacts manage-
ment, as women are usually delivered promptly to limit maternal 
and fetal complications. Liver injury results as a consequence of 
vasoconstriction and fibrin precipitation in the liver [76]. AST 
and ALT elevations can be striking. Alkaline phosphatase (ALP) 
is elevated above normal pregnancy ranges and mild bilirubin 
elevations are also common. A liver biopsy is rarely necessary, 
but  histological  findings  include  periportal  hemorrhage  and 
fibrin  deposition,  ischemic  lesions  and  microvesicular  fat 
deposits  [76]. Hematoma below Glisson’s  capsule  can develop 
and cases of hepatic rupture have been reported.

The magnitude of the liver chemistry derangements is associ-
ated with the risk of adverse maternal outcomes [328]. Recent 
analysis  of  a  large  cohort  of  births  found  that  increased  ami-
notransferase during the first 20 weeks of pregnancy was associ-
ated  with  a  higher  risk  for  severe  preeclampsia  in  the  second 
half  of  pregnancy.  Unfortunately  no  clinical  cutoff  value  was 
identified [329].

HELLP syndrome
HELLP  has  long  been  recognized  as  a  serious  systemic  preg-
nancy  associated  disorder.  HELLP  complicates  up  to  20%  of 
cases of severe preeclampsia/eclampsia but a minority of  total 
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Acute fatty liver disease of pregnancy (AFLP)

Acute fatty liver disease of pregnancy (AFLP) is a rare but life-
threatening  condition  characterized  by  microvesicular  fatty 
infiltration of the liver leading to hepatic failure. Originally felt 
to be universally fatal, maternal prognosis is excellent with early 
recognition, prompt delivery and supportive care [345].

Epidemiology
AFLP  does  not  discriminate  by  age,  geographic  location,  or 
ethnicity.  Although  small  retrospective  cohorts  reported  high 
maternal (12%–18%) and neonatal mortality (7%–58%), a large 
national UK cohort  involving 1 132 964 deliveries confirmed a 
much better prognosis. The incidence of AFLP was 5.0 cases per 
100 000  maternities.  Twin  pregnancies  and  body  mass  index 
(BMI) <20 were found to be risk factors. The median gestation 
age at the time of identification was 36 weeks. Sixty percent were 
delivered within 24 hours after recognition and there was a high 
rate of cesarean section (74%). In this series involving 57 Euro-
pean  women,  only  one  woman  died,  and  one  received  a  liver 
transplant [345]. There were 7 deaths among 67  infants (peri-
natal mortality rate 104 per 1000 births, 95% CI, 43–203) [345]. 
Early recognition and improvements in supportive care improve 
mortality rates [346].

Presentation
Presentation is  typically  in the third trimester but may not be 
recognized until after delivery. Symptoms are nonspecific with 
nausea, vomiting and abdominal pain most commonly reported. 
Concomitant  preeclampsia  is  present  in  roughly  one  half  of 
affected women [347]. Criteria based on symptoms and labora-
tory  derangements  were  proposed  in  2002  by  Ch’ng  et  al 
(“Swansea criteria”) and validated in the UK population-based 
cohort [284] (Box 46.2).

hematomas or evidence of rupture with hemodynamic instabil-
ity. Successful percutaneous embolization of the hepatic arteries 
in stable women has been reported [338]. Liver transplantation 
has  also  been  an  effective  salvage  in  patients  with  continued 
decompensation despite standard interventions [339,340].

Management
Prompt delivery  is  the management of  choice,  especially  after 
34 weeks gestation. Thrombocytopenia can be pronounced, and 
platelet  transfusion  to  40 000–50 000  cells/microL  should  be 
considered especially if cesarean section is likely.

Corticosteroids are often used to in the treatment of HELLP. 
The Mississippi Protocol (MP) includes corticosteroids, magne-
sium sulfate, and SBP control. Early  initiation of this protocol 
in 190 patients was associated with  lower rates of progression 
and  severity  [341]. However,  a  recent Cochrane  review  found 
that although dexamethasone resulted in a greater improvement 
in platelet count, there was no difference in the risk of maternal 
morbidity and mortality or perinatal/infant death [342]. Gluco-
corticoids have a more established role in pregnancies less than 
34  weeks  where  they  accelerate  pulmonary  maturity  during 
expectant  management.  Eculizumab,  an  inhibitor  of  comple-
ment  protein  C5  used  for  other  diseases  that  affect  hemolysis 
and increase thrombosis such as paroxysmal nocturnal hemo-
globinuria, has also been used to prolong pregnancy [343].

Although HELLP in subsequent pregnancies is uncommon, 
there  is  a  significant  risk  for preeclampsia,  especially  in  those 
women with underlying hypertension [344].

Table 46.6 Mississippi and Tennessee Classification systems of HELLP 
syndromes. Source: Adapted from Martin et al. [335]. Reproduced by 
permission of Elsevier.

HELLP Class Mississippi Classification Tennessee 
Classification

Class 1
(Severe)

• AST and /or ALT > 70 IU/L
• LDH > 600 IU/L
• Platelets <50 × 109/L

• AST > 70 IU/L
• LDH > 600 IU/L or 

Bilirubin ≥1.2 mg/dL
• Platelets 

<100 × 109/L
• Evidence of 

hemolysis on 
peripheral blood 
smear

Class 2
(Moderate)

• AST and /or ALT > 70 IU/L
• LDH > 600 IU/L
• Platelets 50–100 × 109/L

Class 3
(Mild)

• AST and /or ALT > 40 IU/L
• LDH > 600 IU/L
• Platelets 100–150 × 109/L

N/A

Partial HELLP N/A Severe preeclampsia 
and one of the 
following:
• ELLP
• HEL
• EL
• LP

ELLP, absence of hemolysis; HEL, hemolysis and elevated liver enzymes 
absent thrombocytopenia; EL, elevated liver enzymes; LP, low platelets.

Box 46.2 Swansea Criteria for diagnosis of acute fatty liver of 
pregnancy. Source: Ch’ng et al. [284]. Reproduced by permission of 
BMJ Publishing Group.

Six or more criteria required in the absence of 
another cause:

Vomiting
Abdominal pain
Polydipsia/ polyuria
Encephalopathy
Elevated bilirubin >14 μmol/L
Hypoglycaemia <4 mmol/L
Elevated urea >340 μmol/L
Leucocytosis >11 × 109/L
Ascites or bright liver on ultrasound scan
Elevated transaminases (AAT or ALT) > 42 IU/L
Elevated ammonia >47 μmol/L
Renal impairment; creatinine >150 μmol/L
Coagulopathy; prothrombin time >14 seconds or APPT > 34 seconds
Microvesicular steatosis on liver biopsy
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gallbladder  motility  and  increases  the  lithogenicity  of  bile, 
increasing  the risk  for gallstone  formation.  Increased  levels of 
progesterone  during  pregnancy  inhibit  gallbladder  motility 
resulting in higher fasting and fed gallbladder volumes as well 
as a significantly reduced gallbladder ejection fraction in preg-
nant  compared  to  postpartum  women  [353,354].  Bile  also 
becomes  supersaturated  with  cholesterol  as  a  result  of  an 
estrogen-induced increase in cholesterol secretion, progesterone-
induced reduction in bile acid secretion and a qualitative change 
in the bile acid pool as production of hydrophobic bile acids is 
increased [355,356].

Biliary sludge
Biliary sludge is present in up to 36% of pregnant women, but 
only 2%–11% develop gallstones [357].  In a prospective study 
following women from the first trimester, biliary sludge gener-
ally  remained asymptomatic but 28% of  those who developed 
gallstones  experienced  biliary  colic.  The  prevalence  of  sludge 
and stones initially increased postpartum, but resolved in 61% 
of  women  with  sludge  and  28%  of  those  with  stones  [358]. 
Serious  complications  are  less  common,  with  an  incidence  of 
acute  cholecystitis  of  0.05%–0.08%  in  pregnant  women  with 
gallstones [359,360].

Presentation is variable. Most symptomatic women will expe-
rience  recurrent  biliary  colic  with  epigastric  or  right  upper 
quadrant pain. Similar to nonpregnant subjects (Chapter 89), it 
is  often  postprandial  and  resolves  gradually  after  peaking  in 
intensity approximately an hour after onset. When the pain  is 
associated  with  fever,  nausea,  vomiting  and  Murphy’s  sign, 
acute cholecystitis must be suspected. Imaging and blood work 
are important in excluding alternative explanations such as fatty 
liver of pregnancy, HELLP, placental abruption, uterine rupture, 
appendicitis, and gastroesophageal reflux.

Ultrasound  is  the  first  line  diagnostic  imaging  test.  Gall-
stones, sludge and acute cholecystitis are easily confirmed with 
high  sensitivity  and  specificity.  Noncontrast  MRI  and  MRCP 
can be considered if ultrasound is not diagnostic but suspicion 
is high. Laboratory studies are similar to nonpregnant patients 
with  attention  to  the  physiologic  increase  in  alkaline  phos-
phatase in pregnancy.

Management of biliary colic is initially supportive with pain 
control and  fasting  to decrease  the  release of  cholecystokinin. 
Recurrent episodes are common, with relapse rates as high as 
69%. Subsequent episodes tend to be more severe and surgical 
intervention  is  appropriate  when  conservative  therapy  fails, 
preferably in the second trimester [361]. Nearly a third (27%–
30%)  of  women  require  cholecystectomy  due  to  the  failure  of 
conservative treatment, although after the acceptance of laparo-
scopic  cholecystectomy  there  has  been  an  increasing  trend 
toward surgical management [362,363]. A retrospective evalu-
ation of 36 929 pregnant women hospitalized with biliary track 
disease  found  that  26%  underwent  cholecystectomy.  Those  
who  underwent  cholecystectomy  had  lower  rates  of  maternal 
(4.3% vs 16.5%), and fetal (5.8% vs 16.5%) complications when 

Aminotransferases can be markedly  increased and hyperbi-
lirubinemia  is  common.  As  the  disease  progresses,  hepatic 
failure ensues and can manifest with encephalopathy, coagulop-
athy, and hypoglycemia. The diagnosis is usually based on pres-
entation and laboratory studies. Liver biopsy can be diagnostic, 
but is rarely required as it infrequently impacts management.

Although considered a liver disease, extrahepatic manifesta-
tions  are  common.  Infections,  intraabdominal  bleeding,  and 
central  diabetes  insipudus  have  been  described  in  association 
with AFLP [346,348]. Renal dysfunction is typical in advanced 
disease  and  severe  pancreatitis  can  be  a  complication.  In  one 
study of 12 patients, elevations in lipase were recognized in 91%. 
Only 67% had imaging performed, of which 88% were diagnos-
tic for pancreatitis. All cases of pancreatitis occurred in women 
with heptic and renal dysfunction [349].

Pathogenesis
There  is  an  association  between  AFLP  and  fetal  deficiency  
of  long-chain  3-hydroxyacyl-CoA  dehydrogenase  (LCHAD). 
The  LCHAD  enzyme  catalyzes  the  step  in  beta-oxidation  
of  mitochondrial  fatty  acid  that  forms  3-ketoacyl-CoA  from 
3-hydroxyacyl-CoA.  Homozygous  deficient  offspring  spill 
unmetabolized long chain fatty acids into the maternal circula-
tion. The accumulation of  fetal or placental metabolites could 
then  lead  to  hepatoxicity.  Case  reports  have  suggested  that 
women with AFLP are often heterozygous for LCHAD and carry 
heterozygous or homozygous infants [350]. However, not every 
series has confirmed this association. Several genetic defects can 
lead to LCHAD but not all may confer a risk for AFLP. LCHAD 
is  one  enzyme  that  resides  in  the  mitochondrial  trifunctional 
protein [351]. The offspring of mothers affected by AFLP should 
be monitored carefully as they may be at risk for manifestations 
of deficiency of  long-chain 3-hydroxyacyl-coenzyme A (CoA) 
dehydrogenase with hypoketotic hypoglycemia and  fatty  liver. 
Given the association, all women with AFLP and their children 
should have molecular testing for LCHAD.

Oxidative stress in placental mitochondria and peroxisomes 
may contribute to hepatic injury. As the mother rapidly improves 
after  delivery,  Natarajan  and  colleagues  hypothesized  that  the 
placenta  may  be  responsible  for  the  dysfunction.  They  found 
that placental mitochondria and peroxisomes showed oxidative 
stress in subjects with AFLP and that markers of oxidative and 
nitrosative stress were elevated in the serum [352].

Treatment  relies  on  urgent  delivery  after  stabilizing  the 
mother. If hepatic function does not rapidly improve, efficient 
evaluation  for  liver  transplantation  offers  the  patient  the  best 
chance for survival [345]. There is risk for AFLP in subsequent 
pregnancies.

Liver diseases that can be exacerbated  
by pregnancy
Cholelithiasis and its complications in pregnancy
Gallbladder disease  is  the  second most  common nonobstetric 
surgical  emergency  after  appendicitis.  Pregnancy  decreases 
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prevent  recurrence  during  pregnancy  and  allow  cholecystec-
tomy  to  be  deferred  [376].  In  the  nonpregnant  population, 
sphincterotomy alone has been associated with 25%–50% risk 
of gallstone-induced complications within 2 years [377].

Thrombotic disease: Budd Chiari syndrome (BCS) and 
portal vein thrombosis (PVT)
Vascular diseases of the liver are reviewed in Chapter 111. The 
majority  of  women  with  Budd  Chiari  syndrome  (BCS)  and 
portal vein thrombosis (PVT) will be of child-bearing age. His-
torically pregnancy was discouraged due to fear of progressive 
liver injury and poor maternal fetal outcomes. More recent data 
suggests that pregnancy may not be strictly contraindicated.

PVT
PVT can lead to portal hypertension, varices, splenomegaly and 
ascites.  It  is  also  frequently  managed  with  anticoagulation 
therapy.  Coumadin  is  FDA  pregnancy  category  X.  Women 
taking Coumadin prior to conception who require anticoagula-
tion should be switched to heparin. A retrospective analysis of 
45 pregnancies in 24 women with PVT confirmed that miscar-
riage and preterm birth are  increased. 58% of births were  full 
term  healthy  infants  and  20%  miscarried.  Maternal  outcomes 
included  two  cases  of  HELLP  syndrome,  one  intrahepatic 
cholestasis  and  one  placenta  praevia.  Most  (67%)  had  known 
varices  at  the  time  of  pregnancy,  however  there  were  only  3 
episodes  of  variceal  bleeding,  all  in  women  without  primary 
prophylaxis [378].

Budd-Chiari syndrome (BCS)
Budd-Chiari  syndrome  (BCS)  is  a  result  of  hepatic  venous 
outflow  obstruction  generally  related  to  prothombotic  condi-
tions  leading  to  portal  hypertension  (see  Chapter  111).  High 
estrogen levels in pregnancy can be a risk factor for developing 
BCS  in  women  with  preexisting  hypercoagulability,  and  high 
mortality  rates  (50%)  have  been  reported  in  BCS  revealed  by 
pregnancy [379]. In women with established and treated BCS, 
successful pregnancy is possible with maternal outcomes similar 
to PVT. Retrospective data was collected from 24 pregnancies 
involving  16  women  with  BCS.  Preceding  pregnancy,  9  had 
decompressive procedures; angioplasty, TIPS or surgical porto-
systemic  shunting.  Anticoagulant  therapy  was  administered 
during the majority (17/24) of pregnancies. Preterm birth and 
miscarriage  (fetal  loss  before  gestational  week  20)  were  high, 
76%  and  29%  respectively.  Maternal  complications  included 
intrahepatic cholestasis,  intrauterine hematoma, preeclampsia, 
and  placenta  praevia  [380].  This  limited  data  suggest  that 
although  maternal  and  fetal  risk  is  higher,  pregnancy  is  not 
contraindicated with PVT or BCS.

Hepatitis E virus (HEV)
Hepatitis E virus (HEV) is transmitted through fecal oral expo-
sure  and  typically  is  self-limited  although  fulminant  hepatitis 

compared to those managed conservatively. However, length of 
stay and cost of hospitalization were higher. Laparoscopic pro-
cedures had better surgical, maternal, fetal and economic out-
comes compared to open cholecystectomy; however, as this was 
retrospective, open procedures are likely biased toward a more 
complicated population [364].

Choledocholithiasis
Choledocholithisis can result in obstructive jaundice, cholangi-
tis  or  pancreatitis  increasing  maternal  and  fetal  risk.  After  
stabilization  including  antibiotics,  endoscopic  retrograde 
cholangiopancreatography (ERCP) with sphicterotomy should 
be performed. Despite  the use of fluoroscopy, ERCP has been 
performed  without  serious  maternal  or  fetal  complications 
[365]. If ERCP fails then a percutaneous cholangiocatheter can 
be placed for decompression or cholecystectomy performed.

Acute cholecystitis
Acute cholecystitis is treated surgically, with recommendations 
for cholecystectomy within 72 hours of presentation, after sta-
bilizing the patient with antibiotics and hydration [366]. Even 
without  surgery,  symptoms  can  improve  over  7–10  days. 
However,  recurrence  is  common with a higher  risk  for  severe 
complications  including  gangrene,  perforation  and  fistula  for-
mation. Given the technical difficulties in late pregnancy, man-
agement must be individualized [367].

Acute pancreatitis
Acute pancreatitis is rare in pregnancy, with an incidence of 1 
in 3021 to 1 in 10 000 [368–371]. Historically, pancreatitis had 
significant  impact  on  maternal  and  perinatal  outcomes; 
however with  improved neonatal care, perinatal mortality has 
decreased to 0%–18%. Maternal mortality has also improved to 
<1% likely  linked to  improvements  in  testing allowing earlier 
diagnosis [369].

Incidence  is  highest  in  the  third  trimester  and  generally 
presents with epigastric pain, nausea and vomiting. Radiation 
into the back is also common.

Mirroring  nonpregnant  adults,  gallstones  (66%),  alcohol 
abuse  (12%),  idiopathic  (17%),  and  hyperlipidemia  (4%)  are 
most  common,  with  hyperparathyroidism,  trauma,  medica-
tions,  and  fatty  liver  of  pregnancy  as  less  common  etiologies 
[368].  Diagnosis  is  confirmed  by  elevated  serum  amylase  or 
lipase levels. Ultrasound has low diagnostic yield for acute pan-
creatitis  but  is  an  excellent  study  for  gallstone  detection  or 
biliary  dilatation.  MRCP  can  confirm  suspicions  when  ultra-
sound is indeterminate. MRCP has been performed successfully 
during  pregnancy  and  limits  the  use  of  ERCP  to  therapeutic 
procedures [372,373].

Pancreatic  necrosis  can  progress  to  multi-organ  failure  and 
systemic  inflammatory  response  syndrome  (SIRS).  If  biliary 
pancreatitis  is  managed  conservatively,  up  to  50%–70%  will 
experience  recurrent  episodes  [374,375].  Small  case  series 
suggest  that  endoscopic  sphincterotomy  may  be  sufficient  to 
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egory  B  drug.  However,  it  is  not  FDA  approved  for  use  in 
pregnant women. A prospective epidemiologic pregnancy reg-
istry  accrued  data  involving  749  pregnancies  exposed  to  acy-
clovir  during  the  first  trimester.  Although  the  registry  was 
insufficient to evaluate for less common defects, the occurrence 
of birth defects was similar to rates found in the general popu-
lations  [393].

No study has suggested that treating primary or reactivated 
HSV  during  pregnancy  decreases  the  risk  of  severe  maternal 
disease manifestations such as hepatitis.

Fetal outcomes
Fetal  outcomes  in  women  with  HSV  hepatitis  are  often  poor 
with  fetal  mortality  of  39%.  Outcomes  likely  reflect  both  an 
increased risk for intrauterine fetal demise due to severe mater-
nal illness and complications of prematurity [388].

Liver disease coincident with pregnancy

Intercurrent hepatobiliary disease
Hepatitis B virus (HBV)
Epidemiology
Up to 1.4 million Americans are chronically infected with hepa-
titis  B  virus  (CHB)  [394].  These  estimates  increase  to  2–3 
million  [395]  with  the  inclusion  of  foreign-born  individuals 
from high endemic areas with prevalence rates up to 10%–17% 
in some groups of Asian American immigrants [396,397].

Globally,  the  most  common  route  of  HBV  transmission  is 
vertical or  from an  infected mother  to her  infant  (mother-to-
child transmission MTCT) with overall rates between 5%–90% 
[398]. Risk varies with ethnicity, immune prophylaxis and HBV 
status.  Paralleling  the  general  population,  the  highest  preva-
lence of CHB occurs in Asian women (6%) followed by African 
American (1%), white (0.6%) and Hispanic (0.14%) [399].

Management of maternal HBV
Management of hepatitis B must be viewed from the perspective 
of  the  mother,  the  effect  on  the  pregnancy,  and  the  desire  to 
reduce transmission to the infant (Figure 46.2).
All pregnant women should be screened for HBV with HBsAg 
in the first trimester.

The presence of HBsAg requires further testing to assess for 
liver  disease  and  HBV  replication.  A  combination  of  HBeAg 
status,  the  degree  of  viral  replication,  and  aminotransferase 
elevation guide treatment decisions for nonpregnant individuals 
[400] (Chapter 95).

Chronic HBV is typically well tolerated for several years after 
transmission.  Coined  the  immune  tolerant  period,  the  HBV 
viral  load  is  high,  liver  enzymes  and  histology  are  normal. 
Therapy is not recommended at this time to allow for spontane-
ous HBeAg seroconversion. Most women will be in this phase 
during pregnancy. Even if a pregnant woman meets traditional 
criteria for treatment, women of childbearing age are  likely to 

can  occur  (see  Chapter  94).  The  highest  incidence  is  in  Asia, 
Africa, Middle East and Central America [381]. Previously con-
sidered rare in the United States, recent data suggest that HEV 
exposure in the US is quite common. Using serum collected in 
the  Third  National  Health  and  Nutrition  Examination  Survey 
(NHANES), the seroprevalence was 21.0% with a higher preva-
lence in non-Hispanic whites, men and those residing in met-
ropolitan areas or the Midwest [382].

HEV is typically a disease with minimal morbidity and mor-
tality. However, when acquired during pregnancy, especially in 
the third trimester, HEV is associated with maternal fulminant 
hepatic failure with mortality rates of 20%. There is a high risk 
for vertical transmission resulting in significant infant morbid-
ity  and  mortality  [383,384].  Diagnosis  is  made  by  a  positive 
serum or stool HEV PCR or by finding anti-IgM to HEV. The 
viral load of HEV is higher in those pregnant women with acute 
liver failure suggesting that viral  titer may predict the severity 
of infection [385].

In the United States commercial PCR testing is not available 
for HEV and specimens should be sent to the CDC (1-800-CDC-
INFO, www.CDC.gov). Treatment is supportive. Ribavirin may 
be of benefit, but is contraindicated during pregnancy [386].

Herpes simplex virus (HSV) hepatitis
Acquisition of HSV during pregnancy is uncommon with only 
2%  of  susceptible  pregnant  women  acquiring  infection  [387]. 
HSV is generally considered a benign disease except in immune 
compromised individuals. However, there is a well-documented 
risk  of  disseminated  disease  and  acute  hepatic  dysfunction 
when acquired in the third trimester of pregnancy [388]. Mater-
nal mortality rates reach 24%–39% [388]. Presentation is char-
acterized  by  high  elevations  in  ALT  and  AST,  fever  and 
abdominal  pain.  Jaundice  is  uncommon.  Mucocutaneous 
lesions  are  only  identified  in  one  half  of  cases.  Concomitant 
HSV  encephalitis  can  lead  to  lethargy  and  seizures  [389]. 
Although  generally  presumed  to  be  from  primary  infection, 
reactivation of latent virus is also possible.

Diagnosis
Either  HSV  serotype  can  cause  hepatitis,  although  type  2  is 
responsible for 63% of cases. If a vesicular eruption is present, 
the  fluid  can  be  cultured.  Usually  a  combination  of  serology 
and  liver  biopsy  are  required  for  definitive  diagnosis.  More 
recently  real  time PCR has been used  to  identify viremia and 
distinguish  acute  HSV  gestational  hepatitis  from  alternative 
explanations [390].

Therapy
Acyclovir has been shown to decrease the risk of death in both 
pregnant  and  nonpregnant  adults  with  HSV  hepatitis,  with 
worse outcomes in those who had a delay in initiation of anti-
viral therapy [391]. In addition, some studies have shown that 
antiviral  therapy  delays  delivery  or  rupture  of  membranes  in 
pregnant women with HSV hepatitis [392]. Acyclovir  is a cat-



854      PART 3 Principles of clinical gastroenterology

higher  rates  of  gestational  diabetes,  antepartum  hemorrhage 
and threatened preterm labor [413–415].

Even  acute  hepatitis  B,  acquired  during  pregnancy,  is  not 
associated  with  increased  spontaneous  abortion,  stillbirth  or 
congenital malformations [416,417]. Infection acquired during 
the last trimester has been linked with higher rates of low birth 
weight and prematurity [412,418]. The risk of MTCT transmis-
sion is also much higher if disease occurs in the third trimester 
compared to the first (60%–90% vs10%) [412,418].

Vertical transmission
Most  MTCT  occurs  during  delivery  or  postpartum.  In  utero 
transmission  accounts  for  <2%  cases  and  may  explain  some 
failures to standard immunoprophylaxis [419–421].

HBeAg status influences the risk of perinatally acquired HBV, 
with higher transmission rates of 70%–90% in HBeAg positive 
mothers, as compared to 5%–20% in HBeAg-negative mothers 
[422]. Maternal HBV viremia (>108 copeis/mL) is the strongest 
correlate with transmission [423,424].

Postexposure  immune  prophylaxis  is  well-accepted  and 
85%–95% effective in preventing infant infection [422]. Stand-
ard immune prophylaxis consists of HBIG (0.5 mL), providing 
passive anti-HBs, in combination with hepatitis B vaccine, the 
first  dose  administered  within  12  hours  of  birth,  followed  
by  completion  of  the  3-dose  series  [425].  If  the  HBsAg  status  
of  the  mother  is  not  known  it  is  safest  to  offer  prophylaxis 
against HBV.

Maternal viral load has been linked to the protective efficacy 
of  passive-active  immunoprophylaxis.  A  10-year  metaanalysis 
from  the  Netherlands  found  viral  load  to  be  the  only  factor 
associated with failure. In those mothers with less than 150 pg/
mL−1 (108 copies/mL), immunoprophylaxis was 100% effective. 
When the maternal DNA was higher, the efficacy rate dropped 
to  68%  [426].  High  levels  of  maternal  HBV  DNA  was  a 

have  mild  disease  allowing  most  treatment  decisions  to  be 
deferred until after delivery [400].

Although pregnancy invokes a relatively immunosuppressed 
state,  HBV  reactivation  is  rare  [401].  In  patients  receiving 
immune-modulation, reactivation is a two-stage process [402]. 
During  pregnancy,  cortisol  levels  increase,  peaking  at  term. 
After  delivery  cortisol  levels  rapidly  return  to  prepregnancy 
range. It has been hypothesized that this is analogous to immune 
reconstitution after therapeutic withdrawal of oral steroids [403] 
and likely explains why nearly two thirds of mothers experience 
an increase in ALT and 12.5%–17% lose HBeAg or seroconvert 
in the postpartum period [403,404]. This is typically well toler-
ated, although there have been reports of exacerbation of HBV 
after delivery and even cases of fulminant hepatitis [405].

Medication use during pregnancy carries inherent risk. Oral 
HBV medications are either nucleoside or nucleotide polymer-
ases  which  target  RNA-dependent  DNA  polymerase  of  HBV. 
They may also interfere with replication of mitochondrial DNA. 
Although rare, there is a class warning for mitochondrial toxic-
ity  leading  to  lactic acidosis  syndrome [406]. Because  there  is 
insufficient  data  in  humans  to  demonstrate  (or  refute)  tera-
togenic  effects,  interferon,  lamivudine,  adefovir  and  entecavir 
are  all  classified  by  the  FDA  as  Class  C  and  telbivudine  and 
tenofovir  as  Class  B.  Interferon  has  known  antiproliferative 
effects and should not be used during pregnancy. [407] A large 
pregnancy registry, as well as fetal exposure to lamivudine and 
tenofovir in HIV populations, suggests that these agents can be 
used  safely  in  pregnancy.  Still,  it  is  reasonable  to  defer  HBV 
treatment  decisions  until  after  delivery  unless  threatening  the 
mother’s health [408–410].

Fetal complications
CHB does not increase the risk of fetal complications or overall 
maternal  morbidity  [411,412],  though  some  studies  observed 

Figure 46.2 Management of hepatitis B in pregnancy should include assessment of the risk of disease, complications to the mother, and the risk of 
vertical transmission. Most decisions regarding treatment can be deferred until after delivery, however antiviral therapy can be an important part of 
decreasing the risk of transmission to the infant.

Maternal positive
HBsAg

Decrease MTCT

Immune
prophylaxis within
12 hours of birth 

HBIG and
vaccination

Test infant at
18 month

HBsAg, HBsAb

Test infant at
18 month

HBsAg, HBsAb

Check maternal
HBV-DNA

>10.6
Consider antiviral
therapy to prevent

MTCT 

Lamivudine,
telbivudine,

tenofovir

<10.6
No antiviral

therapy

Retest mother
post partum

Evaluate maternal
disease severity

ALT, AST, HBeAg,
HBeAb

Consider treatment
for mother

Defer if possible until
after delivery



Approach to gastrointestinal and liver diseases in pregnancy CHAPTER 46      855

traindication  to  breastfeeding  [437,438].  In  addition,  a  recent 
metaanalysis did not find breast-feeding to be a risk for trans-
mission in infants that received appropriate immunoprophyaxis 
[439]. Many mothers may be taking antiviral agents at the time 
of  delivery.  Exposure  to  lamivudine  and  tenofovir  is  lower 
from  breastfeeding  than  from  in  utero  exposure,  suggesting 
that  their  use  during  breastfeeding  may  not  be  strictly  con-
traindicated  [440].

A child born to a mother with HBV should be tested for anti-
HBs and HBsAg but not before age 9 months to avoid detection 
of anti-HBs from HBIG administered during infancy. Anti-HBc 
is  not  recommended  as  passively  acquired  maternal  anti-HBc 
can  be  detected  even  at  24  months.  For  guidance  see 
(www.cdc.gov) [441,442].

Postpartum management
In mothers, the most common time to expect a flare of hepatitis 
is in the first months postpartum, especially if antiviral therapy 
is discontinued. Periodically monitoring ALT and AST during 
the first 6 months postpartum will likely identify abnormalities. 
Although virologic rebound (increase in HBV DNA) precedes 
clinical rebound (increase in ALT and AST) quantitative DNA 
is  difficult  to  interpret,  the  virus  will  return  to  pretreatment 
values and monitoring the load will not change management in 
most patients.

Occasionally, an increase in ALT precedes HBeAg or HBsAg 
seroconversion.  Unfortunately  it  is  difficult  to  discern  an 
increase  in  enzymes  that  portends  immunologic  suppression 
from  an  increase  in  enzymes  that  precedes  a  clinical  flare.  If 
there is persistent elevation in liver enzymes, treatment intended 
to evoke long-term viral suppression should be considered.

Hepatitis C (HCV)
Epidemiology
Hepatitis C infection is reviewed in Chapter 96. Perinatal testing 
does not routinely  include screening for hepatitis C, but cross 
sectional  studies  estimate  that  0.5%–8%  of  pregnant  women 
have anti-HCV [443–446].

Effects on pregnancy
HCV is generally well tolerated during pregnancy with minimal 
risk  to  the  mother.  Generally,  ALT  levels  decline  during  the 
second and third trimester only to rebound postpartum. Con-
versely,  HCV  viral  load  peaks  during  the  third  trimester  but 
then returns to prepregnancy levels postpartum [447,448]. This 
pattern is consistent with relative immune suppression followed 
by  immune  reconstitution.  Unlike  HBV,  postpartum  flares  of 
HCV  have  not  been  well  described.  HCV  infection  may  be 
associated  with  a  higher  risk  for  premature  rupture  of  mem-
branes and gestational diabetes [415,449].

Perinatal transmission
Infants  born  to  HCV  positive  mothers  have  a  small  but 
increased  rate  of  adverse  neonatal  outcomes  including  low 

confirmed risk factor for failure of HBIG and vaccine in other 
populations [427,428].

Several investigators have attempted to interrupt HBV trans-
mission by decreasing the viral load prior to delivery. No con-
sensus  exists,  but  a  recent  metaanalysis  supported  the  use  of 
lamivudine to reduce maternal viral load to <106 copies/mL by 
delivery. These authors concluded that treatment should com-
mence at 28 weeks of gestation and typically continue at least 4 
weeks after delivery [429]. Telbivudine treatment  in combina-
tion with HBIG and vaccination has also been shown to disrupt 
MTCT  [430].  Telbivudine  and  lamivudine  each  can  induce 
rapid development of resistance mutations, especially  in those 
with high levels of DNA pretreatment [431]. Emergence of HBV 
resistance has been documented in HBV and HIV co-infected 
pregnant women with the use of lamivudine-containing proph-
ylaxis [432].

Tenofovir disoproxil fumarate (TdF) is an effective alternative 
in  the prevention of vertical  transmission [433,434] and HBV 
resistance has not been demonstrated. The Antiretroviral Preg-
nancy Registry analyzed 13,711 cases of LAM or TDF antiviral 
exposure for HIV and HBV during pregnancy. The overall birth 
defect prevalence was 2.8%, which is comparable to population-
based  data.  Birth  defect  prevalence  was  similar  between  first 
and second/third trimester exposure [435] (Table 46.7).

Use  of  any  agent  needs  to  be  weighed  considering  safety, 
impact  of  viral  resistance  and  the  risk  of  flare  after  drug 
withdrawal.

Elective caesarean section (ECS) has been shown in some but 
not all studies to prevent MTCT of HBV. Until more definitive 
studies are available, routine ECS is not recommended [436].

There  is  no  difference  in  perinatal  infection  rates  between 
breastfed  and  formula-fed  infants.  The  European  Society  of 
Pediatric  Gastroenterology,  Hepatology  and  Nutrition  and 
American Academy of Pediatrics do not consider HBV a con-

Table 46.7 Antiretroviral pregnancy registry data. Source: http://www.ncbi
.nlm.nih.gov/pmc/articles/PMC2945465/.

Agent Earliest trimester of exposure

1st trimester birth 
defects/live births

2nd/3rd trimester birth 
defects/live births

Lamivudine 99/3481 (2.8%) 130/5194 (2.5%)

Adefovir 0/37 0/0

Telbivudine 0/5 0/3

Tenofovir 19/879 (2.2%) 11/501 (2.2%)

Entecavir 0/12 0/2

Any HBV 
nucleoside/
nucleotide

118/4414 (2.7%) 141/5700 (2.5%)

HBV, hepatitis B virus.
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Autoimmune hepatitis (AIH)
AIH is a T cell-mediated immune hepatic injury that occurs in 
all races and all ages. Women are preferentially affected (3.6 : 1), 
especially in the childbearing age [467].

Historically  it  was  felt  that  fertility  was  compromised  in 
women with AIH. However, multiple case series of pregnancy 
in women with AIH have clearly shown that gestation  is pos-
sible. High obstetric complications have also been reported, but 
more recent  literature confirms  that with well-controlled AIH 
successful  outcomes  are  possible  [468].  A  recent  update  from 
King’s  College  (81  pregnancies  in  53  women)  reported  a  live 
birth  rate  of  73%,  10%  miscarriage  and  12  terminations. 
Mothers  with  cirrhosis  had  lower  birth  rates,  higher  risk  for 
prematurity  and  their  children  were  more  likely  to  require 
admission to the special care baby unit. The maternal complica-
tion  rate was 38%  including one death during pregnancy and 
three in the 12 months after delivery and was highest in women 
with  cirrhosis.  In  addition,  33%  had  a  flare  in  AIH  disease 
activity,  the  majority  (78%)  of  which  occurred  in  the  first  3 
months postpartum [469].

Immune suppression should be continued during pregnancy 
to  prevent  disease  flares.  Safety  data  are  limited,  with  most 
information  coming  from  case  reports  and  registry  records. 
Extrapolating  data  from  transplantation,  corticosteroids,  aza-
thioprine,  cyclosporine  and  tacrolimus  have  all  been  used  
successfully with low incidence of malformations [221]. Myco-
phenolate mofetil should be avoided during pregnancy as it has 
been associated with malformations in both animal models and 
human case reports [470].

Benign hepatic lesions: hepatic adenoma and  
focal nodular hyperplasia
Hepatic adenoma is a benign hepatic tumor of epithelial origin. 
Often solitary, they occur in women four times more frequently 
than  in  men  presumably  due  to  increased  estrogen  exposure, 
especially with long-term oral contraceptive use [471].

Tumors  can  be  large,  up  to  30 cm,  and  involve  the  right 
hepatic lobe preferentially. They are heterogenous in appearance 
on imaging due to areas of hemorrhage and necrosis.

Most  lesions  are  incidentally  identified  during  unrelated 
radiologic  evaluation of  the abdomen. Abdominal pain,  jaun-
dice,  hepatomegaly,  increased  alkaline  phosphatase,  rupture, 
and hemorrhage have been reported.

Diagnosis  is usually made through histology after resection 
or  contrast  enhanced  CT  or  MRI,  although  differentiating 
adenoma from focal nodular hyperplasia can sometimes be dif-
ficult. Liver biopsy may not conclusively make the diagnosis and 
there  is  an  increased  risk of bleeding after  the procedure  (see 
Chapter 154).

Pregnancy is a state of high estrogen exposure, and poses a 
risk  for  hormone-induced  growth.  Cases  of  hepatic  adenoma 
rupture  have  been  documented  with  high  maternal  and  fetal 
mortality  [472].  Although  the  incidence  of  adenomas  has 
increased with the use of oral contraceptives, hepatic adenomas 

birth  weight,  small  for  gestational  age  and  neonatal  intensive 
care admissions [449].

Transmission of hepatitis C is via parenteral exposure. MTCT 
rates are  low, averaging 5%–10%. Still, vertical transmission is 
the leading etiology for pediatric HCV in developed countries 
[450–452].  The  risk  of  transmission  is  higher  in  those  with 
higher  viral  loads  and  four-  to  five-fold  higher  in  those 
co-infected with HIV [453,454].

Unlike  HBV,  antiviral  therapy  has  not  yet  been  utilized  to 
decrease  MTCT  of  HCV.  Use  of  internal  fetal  monitoring 
devices and prolonged rupture of membranes (>6 hours) have 
been  linked to  increased transmission, and should be avoided 
[455].  A  recent  metaanalysis  found  that  cesarean  section  did 
not  reduce  vertical  transmission  in  HCV-RNA  positive  HIV 
negative mothers. However both elective and  emergency pro-
cedures  were  included  in  the  analysis  possibly  biasing  the 
results  as  prolonged  duration  of  membrane  rupture  may 
increase  transmission  [456].  Children  born  with  HCV  have  a 
low prevalence of HCV-related disease over the first decade of 
life and approximately 20% will spontaneously clear the infec-
tion [457], especially those with the favorable IL28B CC poly-
morphism [453].

HCV  is  increasingly  recognized  in  couples  undergoing 
assisted  reproduction  techniques  (ART).  HCV  viremia  may 
have a negative impact on fertility, with reduced pregnancy rates 
in HCV PCR positive subjects [458]. Because HCV is detectable 
in sperm, there is also concern that HCV positive men may not 
be appropriate for ART procedures. However, studies show that 
with sperm washing transmission is negligible [459].

At this time there is no established way to predict or prevent 
transmission. This  in combination with  the  low prevalence  in 
the  pregnant  population  and  lack  of  recommended  perinatal 
testing  for  hepatitis  C,  make  guidelines  for  management 
unlikely.

Fatty liver disease
Nonalcoholic fatty liver disease (NAFLD): fatty liver disease is 
common with worldwide prevalence rates between 6.3%–33% 
[460]  (Chapter  104).  Risk  factors  for  NAFLD  include  obesity, 
diabetes and the metabolic syndrome making it more frequent 
in middle age. However,  there  is also an established  link with 
polycystic  ovarian  syndrome  (PCO)  and  obesity  is  becoming 
more prevalent in younger age groups [461]. Although NAFLD 
is  not  known  to  increase  maternal  or  fetal  risk  during  preg-
nancy,  it  should  be  considered  in  the  differential  diagnosis  of 
abnormal liver function tests [462]. In addition, lab and human 
studies  have  suggested  that  intrauterine  environment  impacts 
the risk for childhood and adolescent steatosis [463–465].

Independent  of  liver  disease,  alcohol  use  during  pregnancy 
can lead to fetal alcohol syndrome, comprised of a constellation 
of developmental  and behavioral problems, heart defects,  and 
learning disabilities. In mothers with established alcoholic liver 
disease, there is increased risk of preterm birth and small-for-
gestational age children [466].
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bleeding  is  highest  during  labor  due  to  repeated  Valsalva 
maneuvers.  For  those  with  large  varices,  elective  caesarian 
section can decrease  this  risk, but can also be complicated by 
bleeding  from  pelvic  or  abdominal  wall  collaterals  ligated 
during surgery [486].

The  prognostic  models  MELD  (model  for  end-stage  liver 
disease ≥10), UKELD (United Kingdom end-stage liver disease 
≥47), and Child-Pugh at the time of conception can be used to 
predict clinical outcomes. In one center, maternal complications 
occurred  in  only  10%  of  62  pregnancies  involving  29  women 
with cirrhosis. There was one death related to variceal bleeding. 
The live birth rate was 58% with a median gestational age of 36 
weeks.  If  the  MELD  score  was  ≤6,  or  the  UKELD  score  was 
≤42, no woman had any significant liver related complication. 
MELD and Child-Pugh score were also associated with preterm 
delivery [487].

Women with known portal hypertension and cirrhosis con-
templating pregnancy should be informed of the increased risk 
for  bleeding  and  should  have  a  screening  endoscopy  prior  to 
conception.  Screening  should  otherwise  be  done  early  in  the 
second  trimester.  As  in  the  nonpregnant  population,  prophy-
laxis with a nonselective beta-blocker or band  ligation can be 
considered. Active bleeding should be managed with band liga-
tion  with  TIPS  as  a  salvage  therapy.  Octreatide,  which  causes 
splanchnic  vasoconstriction,  is  FDA  class  B  but  has  not  been 
well studied in pregnancy. There is controversy around its use 
given  potential  placental  ischemia  and  abruption.  Ultimately 
each  patient  should  be  considered  individually  as  the  risk 
benefit will very for each unique situation.

Pregnancy and liver transplantation
Fulminant failure in pregnant women
Women with severe pregnancy-related  liver disease are at risk 
for liver failure and death. Liver transplantation (LT) has been 
performed in this population with good outcomes. Early recog-
nition  of  patients  appropriate  for  transplant  is  imperative.  All 
patients displaying signs of hepatic failure such as encephalopa-
thy and coagulopathy should be assessed for transplant. A ret-
rospective evaluation of 54 admissions with pregnancy-related 
liver  disease  found  that  the  traditional  King’s  College  criteria 
were not effective in predicting outcome. An admission lactate 
greater than 2.8 mg/dL had 73% sensitivity and 75% specificity 
for predicting death or LT. The addition of encephalopathy  to 
this parameter increased sensitivity and specificity to 90% and 
86%, respectively [488]. This classification should be validated 
in  larger populations, but potentially helps  to  identify women 
at greatest risk.

Pregnancy in posttransplant women
LT  for  end  stage  liver  disease  restores  menstrual  function 
making  pregnancy  possible  for  recipients  with  childbearing 
potential  [489].  A  recent  metaanalysis  reviewed  450  pregnan-
cies  in  306  LT  recipients.  The  live  birth  rate  was  excellent  at 
76.9%, which is higher than the US general population (66.7%), 

remain a rare liver tumor. Given the low yield, there is no peri-
natal  screening  protocol.  Thus,  most  pregnant  women  with 
adenomas  are  unaware  of  their  risk.  In  women  with  known 
hepatic adenomas, management is controversial. Some women 
are counseled to avoid pregnancy, and others may be advised to 
have prepregnancy resection or ablation. This may also be rec-
ommended independent of pregnancy considerations as small 
series do support an 8%–13% risk of malignant transformation 
[473,474].  A  recently  published  series  monitored  12  women 
with  documented  hepatocellular  adenomas  through  17  preg-
nancies. Growth of the tumor was documented in only four out 
of 17 cases. The authors concluded that only in women at high-
risk for complications should the management of the adenoma 
impact pregnancy [475]. Bleeding risk has been associated with 
prolonged  oral  contraceptive  use,  size  (larger  than  4 cm)  and 
subcapsular location [476].

Focal  nodular  hyperplasia  (FNH)  is  a  common  benign 
hepatic  tumor,  again  preferentially  affecting  women.  FNH  is 
considered  a  regenerative  response  to  hyperperfusion  [477]. 
FNH has been reported to be responsive to estrogen, although 
routine  management  does  not  require  discontinuation  of 
hormone  therapy  and  the  incidence  of  this  lesion  did  not 
increase in parallel with the increased use of oral contraceptives 
[478].  Case  series  suggest  that  pregnancy  does  not  result  in 
significant growth or complications in women with FNH [479].

Underlying chronic liver disease
Cirrhosis and portal hypertension
Pregnancy in a woman with underlying cirrhosis is uncommon 
as advanced  liver  injuries usually occur after childbearing age 
and  advanced  fibrosis  results  in  hormonal  changes  leading  to 
anovulation  and  amenorrhea  [480].  Yet  between  1993–2005, 
there  were  339  obstetric  hospitalizations  among  patients  with 
cirrhosis including 225 delivery admissions. The mean number 
of  deliveries  increased  from  68  during  1993–1999  to  106 
between  2000  and  2005  [481].  Portal  hypertension  can  also 
occur independent of cirrhosis.

Limited reports suggest that spontaneous abortion, stillbirth 
and premature delivery rates are higher in women with cirrhosis 
but not  those with noncirrhotic portal hypertension  [482].  In 
addition,  preconception  decompressive  procedures  may  lower 
the risk of spontaneous abortion [483]. Maternal and fetal mor-
tality  is also higher with cirrhosis, 1.8% and 5.2% respectively 
[481]  and  rates  of  cesarean  section  are  significant  higher 
[481,484].

Variceal bleeding
Variceal bleeding has been reported in about one half of preg-
nancies affected by portal hypertension and 5%–32% with cir-
rhosis.  The  risk  is  as  high  as  78%  in  those  with  preexisting 
varices  [480–482,485], and carries  substantial mortality  [480]. 
Bleeding  is  most  common  in  the  2nd  and  3rd  trimesters  as  a 
result of increased maternal blood volume and compression of 
the  inferior  vena  cava  from  a  large  gravid  uterus.  Risk  of 
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but complications also were higher [490].Outcomes were better 
if  pregnancy  was  delayed  more  than  2  years  after  transplant 
[490].  Management  of  immunosuppression  during  pregnancy 
is complex and should be directed by an experienced obstetric 
and transplant team.
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Genetics is among the most rapidly developing areas of medical 
science, and this has translated into tremendous opportunities 
for improved diagnosis and new therapeutics in clinical medi-
cine. As the details of the human genome have been revealed, 
it has become apparent that there is greater complexity to 
genomic organization and function than would have been pre-
dicted just 10–15 years ago. The Human Genome Project has 
provided significant insight into the basic structure of our 
genome, including the number of genes and the importance of 
the nonprotein encoding portions of the genome, as genomic 
sequencing on a routine basis is becoming increasingly feasible. 
Medical practitioners will have genetic information that they 
have requested, as well as be confronted by incidental findings 
and variants of uncertain significance. It is also likely that, in 
the near future, some patients will arrive with their entire 
genome sequenced, and will ask their specialists to interpret 
their disease, or disease risks. This chapter will start with a basic 
description of the genome, provide an outline for interpreting 
data that will be presented to the clinician, and review the prin-
ciples of genetic counseling for patients who are recipients of 
this information (Podcast 47.1).

Structure and function of nucleic acids

Functional anatomy of the human genome
The human genome consists of 23 pairs of chromosomes, with 
about 2.85 billion nucleotides (paired), and encodes about 
20 687 protein-coding genes, but each may have multiple splice 
variants [1]. The functions of nearly a quarter of all identified 
genes remain to be determined. Protein-encoding sequences 
make up only about 1.22% of the genome. The genome is quite 
variable among humans, and contains at least 38 million single 
nucleotide polymorphisms – or SNPs (“snips”), 1.4 million 
short insertion or deletion (in/del) variants, and more than 
14 000 larger deletion variants. Some portions of the genome are 
made up of repetitive elements, which can be so large that they 
cannot be reliably sequenced. Much or most of the nonprotein-
encoding DNA is expressed as noncoding RNAs (ncRNA), 
which have a variety of known and yet to be discovered func-
tions. RNA functions include roles as messenger RNAs, transfer 
RNAs, ribosomal RNAs, and microRNAs, which play an impor-
tant role in the regulation of gene expression and many other 
direct enzymatic functions. The size of a gene is variable but, on 
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tions and sequence variations that change the amino acid 
encoded are much harder to interpret. In the final analysis, 
empirical matching of a sequence variation with individuals 
diagnosed with the disease is the final determinant of interpre-
tation. Population-wide genomic analyses suggest that every 
individual carries about 250–300 loss-of-function genetic vari-
ants – including 50–100 associated with known hereditary dis-
eases – and yet most of these do not result in a disease phenotype. 
Accordingly, the potential for overinterpretation looms large in 
every genetic test [3].

There are many different technologies used in genetic/ 
genomic testing; not all provide the same information. One can 
use a variety of high throughput “arrays” to determine DNA 
sequence, quantitate RNA expression, or determine RNA 
sequences. Analysis of RNA sequence is the most reliable way 
to determine how the cell has processed or modified the initial 
RNA transcript and prepared it for protein synthesis (transla-
tion). There are several platforms that perform DNA sequence 
analysis by massively parallel sequencing of short fragments of 
DNA, and assembling the short “reads” through computer com-
putation using a reference DNA sequence and informatics algo-
rithms. These “next-generation” sequencing (NGS) platforms 
permit the rapid sequencing of entire genomes, but they also 
generate enormous amounts of data (and errors) that must be 
carefully interpreted. NGS allows laboratories to offer multi-
gene tests, examining multiple genes associated with the same 
or similar phenotype at once. The clinical utility, risks, and 
benefits of these tests have yet to be fully determined. These 
techniques can also determine DNA copy number, which is 
another source of human genomic variation. Genetic tests can, 

average, genes consist of seven exons (each consisting of ∼122 
base pairs) encoding for 367 amino acids. The genome also 
harbors a substantial number of pseudogenes (perhaps 13 000), 
which are inactive copies of protein-coding genes. The size and 
variability of DNA sequence among humans and throughout 
human populations make genetic diagnosis and the interpreta-
tion of genetic testing a daunting undertaking [2,3]. The organi-
zation of the genome, from DNA to RNA to protein, is illustrated 
in Figure 47.1.

Methods used to detect mutations
The traditional means to detect germline mutations is to extract 
DNA from blood and use polymerase chain reaction (PCR)-
based techniques to amplify specific genetic targets and sequence 
them by the traditional Sanger technique. This remains the most 
commonly used approach, and is the “gold standard” for genetic 
testing. The sequence obtained is compared with a database 
from which the most common or “wild type” sequence has been 
established to determine if the sequence variation in the patient 
represents a simple SNP, a rare sequence variation with no func-
tional consequences, or a disease-causing mutation. This is 
usually accomplished empirically by identifying individuals 
with the disease phenotype, and determining whether the 
sequence variation is linked to the disease state. Some genotype–
phenotype interpretations are relatively straightforward, for 
example genetic deletions are unambiguous in their effect. 
Premature stop codons are also relatively easy to interpret, but 
the cell may tolerate a truncated protein, or the cell may be able 
to “ignore” the stop codon in some instances. Missense muta-

Figure 47.1 Organization of genetic material. DNA is the double-stranded molecule that contains the genetic code and includes coding (exons) and 
noncoding (introns) segments. In a multistep process, DNA is transcribed into RNA and spliced into messenger RNA (mRNA), which contains 
regulatory elements and exons but no introns. The mRNA is translated into a series of amino acids that combine to form a specific protein. Proteins are 
the molecules that function within cells.
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to be ∼25% (in part because it is a very large gene), whereas 
individuals with Lynch syndrome rarely have de novo 
mutations.

Mosaicism occurs when only some of the cells have the muta-
tion. In neurofibromatosis, some individuals have mosaicism, 
having the mutated allele in certain places of their body (i.e., 
left arm affected, but right arm unaffected). If the mutation 
occurs only in the gonads, the parent will be unaffected but 
will be at risk to pass the disease allele on to offspring (“germ-
line mosaicism”).

Pleiotropy: many genes, such as the mutated STK11 gene that 
causes Peutz–Jeghers syndrome, exhibit pleiotropy, which 
occurs when a mutated gene has more than one phenotypic 
effect on the body. Individuals with Peutz–Jeghers may have 
any combination of colonic polyps, pancreatic cancer, breast 
cancer, melanin spots on buccal mucosa, vulva, penis, and 
fingers, and other features.

Genetic heterogeneity is when there are multiple ways of inherit-
ing the same disease. For example, mutations in BRCA2 and 
STK11 both increase the risk of developing breast and pan-
creatic cancers, but result in very different diseases (heredi-
tary breast and ovarian cancer vs Peutz–Jeghers syndrome).

Locus heterogeneity occurs when a mutation in multiple genes 
can show the same phenotype. For example, five different 
genes are associated with Lynch syndrome (MSH2, MSH6, 
PMS2, MLH1, and EPCAM).

Allelic heterogeneity refers to the fact that there can be different 
mutations within the same gene. In FAP, the location of the 
mutation can predict the polyp burden in an individual. 
Mutations at either end of the gene (5′ or 3′) are usually 
associated with an attenuated version of FAP, while mutations 
between codons 1250 and 1464 are associated with profuse 
carpeting of polyps (>5000).

Compound heterozygosity occurs in a recessive disease when an 
individual has two different disease-causing mutations; this 
is distinct from someone who is homozygous for two of the 
same mutations in that gene. An individual with two copies 
of ΔF508 is homozygous, while a cystic fibrosis patient with 
one copy of ΔF508 and a copy of G542X is a compound 
heterozygote.

Epigenetics refers to changes in the function of DNA that do not 
involve a change in the DNA sequence. DNA methylation is 
the principal mechanism of epigenetic alterations. However, 
changes in the expression of microRNAs (miRNAs), which 
can modify the stability of mRNA, are also a source of epige-
netic driver changes in function [4].

Inheritance patterns

Patterns of genetic inheritance are somewhat more complicated 
than suggested by historical Mendelian principles. The classic 
forms of inheritance are still valid, but more possibilities result 
from regulatory gene expression.

therefore, provide information about DNA sequence, RNA 
sequence, and copy numbers of either DNA or RNA. Alterations 
in any of these may be responsible for a genetic disease.

Key terms in genetics

Genetics has its own terminology, which has evolved as our 
understanding of genomic structure and function has increased.
DNA repair: errors in DNA replication are monitored and 

repaired by a number of protein complexes, including mis-
match repair (MMR), base excision repair (BER), nucleotide 
excision repair (NER), and other DNA glycolases that can 
repair spontaneous degradation of DNA. Each system recog-
nizes and repairs specific types of defects in DNA, but the 
combined effect results in a very low rate of mutation 
throughout the organism.

Penetrance refers to the likelihood of disease expression if the 
individual has inherited the disease-causing allele. For 
example, individuals with familial adenomatous polyposis 
(FAP) have a nearly 100% chance of developing adenom-
atous polyps of the colon, one of which will almost certainly 
develop into colon cancer if prophylactic colectomy is not 
performed. Therefore, FAP has a 100%, or complete,penetrance, 
for adenomas. The likelihood of an individual with Lynch 
syndrome developing colorectal cancer is 60%–80%; there-
fore Lynch syndrome has incomplete penetrance.

Variable expressivity means that the same genetic disorder is 
expressed to a different clinical extent in different individuals. 
In some individuals with hereditary hemochromatosis, cir-
rhosis of the liver and heart disease may result, where other 
individuals may only have elevated levels of iron and no 
organ damage. Gene expression is thought to be modified by 
intraallelic variation, interactions with other genes, environ-
mental factors, and other unknown factors.

Germline mutations are present in the sperm or egg, may be 
transmitted to offspring, and subsequently are present in 
every cell of the body.

Somatic mutations occur after the zygote is formed, and are 
therefore found in only a proportion of cells of the body. This 
may result in a “mosaic”, in which a percentage of the body’s 
cells contain the mutation whereas others do not. Somatic 
mutations frequently occur in tumor cells (often due to a 
breakdown in DNA repair processes), in which case the 
mutation may only be found in a proportion of the tumor 
cells.

De novo germline mutations are present in an individual, but 
were not inherited from either parent. These mutations have 
occurred randomly during gamete maturation or early in 
embryogenesis. The affected individual is now at risk of 
passing this mutation on to offspring. When interpreting an 
apparent de novo mutation in an individual, consideration 
should be given to factors such as lab error, germline mosai-
cism, and nonpaternity. In FAP, the de novo rate is thought 
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Males with an X-linked disease will pass the mutation on to 
all of their daughters and none of their sons. In X-linked 
conditions, female-to-male transmission is normally noted. 
Additionally, the condition may appear to skip generations, 
because female carriers typically do not show symptoms of 
the disease. See Figure 47.2c for a typical X-linked pedigree.

Mitochondrial inheritance: mitochondria, organelles found 
in the cytoplasm of a cell, have a 16 569-base pair genome 
with 13 protein-coding genes, most of which are involved  
in energy metabolism. Mutations within mitochondrial  
DNA cause specific genetic conditions, such as mitochondrial 
encephalomyopathy, lactic acidosis, and stroke-like episodes 
(MELAS), mitochondrial neurogastrointestinal enceph-
alopathy syndrome (MNGIE), and Pearson syndrome. 
Mitochondrial genes are maternally inherited through the 
mitochondria in the cytoplasm of the mother’s egg. Sperm 
have abundant mitochondria (contained in the midpiece), 
but they are destroyed minutes after fertilization, and thus are 
not passed on to offspring. A female affected with a mito-
chondrial disorder will pass the disorder to all her children 
at variable levels of severity due to heteroplasmy and homo-
plasmy (see Figure 47.2d). Homoplasmy is when the mito-
chondria within the eggs are all identical, containing the 
mutant allele. In homoplasmic cell states, the offspring inher-
its all mutated alleles. In heteroplasmic cells, there is a mixture 
of mutated and wild type alleles. The offspring will show vari-
able expression based on the ratio of mutated vs wild type 
alleles that they inherit, which depends on how the cytoplasm 
of the egg is divided.

Multifactorial inheritance: although the genetics of the rarer 
Mendelian diseases are well defined, the genetics of most 
common diseases are poorly understood; these conditions 
are probably caused by a combination of gene–gene and 
gene–environment interactions. Twin studies have been used 
historically to determine the hereditability of diseases. Many 
common gastrointestinal conditions, such as Hirschsprung 
disease, Crohn’s disease, and ulcerative colitis, appear to 
result from a combination of inherited and environmental 
factors. Even in typical Mendelian disorders, we know that 
environment can modulate an underlying genetic defect. For 
example, alcohol and tobacco use in a patient with a PRSS1 
mutation increases the risk of pancreatitis.

Imprinting: most genes are coexpressed equally from the mater-
nal and paternal alleles. It is a bit more complicated for the 
sex chromosomes, as discussed above in the section on sex-
linked disorders. Every female cell must silence one of the 
two X chromosomes by methylation of the entire chromo-
some, to provide dose compensation for genes on the X chro-
mosome. A small number of non-X chromosome genes are 
expressed from only one allele, as the other allele is silenced 
by “imprinting”, also mediated by methylation of the pro-
moter of the imprinted gene. Imprinting may occur specifi-
cally on the paternal or maternal allele. The exact number of 
imprinted genes is controversial. There are probably a few 

Autosomal dominant inheritance occurs when an alteration in 
only one of the two alleles is sufficient to cause disease. In this 
case, one allele has a deleterious mutation, while the other 
copy is “normal” (and is called “wild type”). An individual 
with an autosomal dominant disease has a 50% chance of 
transmitting the mutated allele to their offspring. Vertical 
transmission is typically noted in the pedigree (i.e., the 
disease is transmitted from grandparent to parent to child 
and grandchild, etc., with no preference for gender). Males 
and females are equally at risk, and male-to-male transmis-
sion may occur. The mutation does not “skip” generations 
(although, with variable penetrance, the clinical disease may 
be missing in a generation). An individual with an autosomal 
dominant disease, therefore, has a parent with the mutation. 
In families without a known autosomal dominant disease, the 
mutation may be a de novo mutation, as described in the 
previous section. Figure 47.2a shows a typical autosomal 
dominant pedigree.

Autosomal recessive disorders require that an individual inherits 
two mutant alleles at a given locus – one from each parent. 
Autosomal recessive conditions, such as MutYH-associated 
polyposis (MAP) express themselves only when both copies 
of the gene harbor the mutation. Individuals who have only 
one copy of the mutant allele typically do not manifest the 
symptoms of the disease, and are designated carriers. There 
are exceptions to this rule, as individuals with biallelic (two 
copies) ATM mutations have ataxia telangiectasia. However, 
carriers of one ATM mutation have an increased risk for 
breast and pancreatic cancer. In other instances, being a 
carrier may have a survival advantage. Individuals who have 
one copy of the sickle cell anemia gene have enhanced resist-
ance to malaria. When two carriers have offspring, there is a 
25% chance of having an affected child, a 50% chance the 
child will be a carrier, and a 25% chance that the child will 
inherit neither of the mutated alleles. This disease may mani-
fest as horizontal transmission, as multiple siblings can be 
affected, but neither parent will have the disease. As with 
autosomal dominant inheritance, males and females are 
equally affected. See Figure 47.2b for a typical autosomal 
recessive pedigree.

Sex-linked disorders involve a mutation on one of the sex-
determining chromosomes, X and Y. Y-linked conditions are 
passed on father to son, but are quite rare. X-linked condi-
tions, such as hemophilia or Duchenne muscular dystrophy 
are more commonly observed. Males only have one X chro-
mosome, and thus only need one copy of the mutated allele 
to show disease. Females usually do not express symptoms of 
the disease in the carrier state, although there are exceptions 
(such as in fragile X where carrier mothers may have prema-
ture ovarian failure). Female carriers have a 50% chance of 
passing the mutated allele on to a child. Therefore 50% of her 
male children would be affected and 50% will not inherit the 
mutation. Her female children have a 50% chance of being a 
carrier and a 50% chance of not inheriting a mutated allele. 
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Point mutations are single base pair changes in the DNA coding 
sequence. These changes can be silent mutations (making no 
change in the amino acid sequence of the encoded protein), 
missense mutations (changing the encoded amino acid to 
another), and nonsense mutations (which create premature 
stop codons). Mutations that are silent may be classified as 
polymorphisms. In some instances, the mutation may not 
alter the encoded amino acid, but changes a splice site, alter-
ing the gene product. In other instances, the change may 
create a fragile sequence more prone to subsequent mutation. 
Point mutations are the simplest mutations to detect, and 
most sequencing approaches can find these.

Insertions or deletions (“in/dels”) of a small number of nucle-
otides that are not a multiple of three can result in a frameshift 
mutation, where the amino acids reading code is shifted 
downstream of the in/del. In/dels occurring as a multiple of 
three nucleotides will insert or delete complete codons, alter-
ing the composition of the encoded protein. Very small inser-
tions or deletions (several nucleotides) can be detected using 
standard sequencing techniques; however, larger deletions 
and duplications require additional testing to be found. One 

hundred imprinted genes, although some estimates suggest 
that there may be a thousand or more [5]. Some diseases are 
affected by this phenomenon, because a mutation on the 
nonimprinted gene will act in a dominant fashion, and loss 
of imprinting will disturb the dose balance of that gene. 
Diseases caused by perturbations in imprinting include the 
Beckwith–Wiedemann syndrome, Prader–Willi syndrome, 
Angelman syndrome, and others.

Genetic mechanisms in disease causation

Many types of genetic changes abolish or alter the expression of 
a protein, or result in a defective protein, thereby causing a 
genetic disorder. Understanding the basis of the genetic change 
is crucial in determining the most appropriate test to order. Not 
every alteration in the DNA sequence causes disease; many 
alterations are recognized as polymorphisms (benign altera-
tions) or classified as variants of unknown significance (VUS). 
When a genetic test returns with a VUS, it may be difficult to 
provide useful genetic counseling.

Figure 47.2 Pedigrees showing common patterns of inheritance: (a) autosomal dominant, (b) autosomal recessive, (c) X-linked, and (d) mitochondrial. 
Males are represented by squares and females by circles. 
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nant cancer predisposition syndrome [6]. Individuals with 
Lynch syndrome have increased risks for colorectal cancer, 
endometrial cancer, cancer of the ureter and renal pelvis, 
ovarian cancer, stomach cancer, and others [7]. Because of these 
increased cancer risks, individuals with Lynch syndrome should 
undergo screening colonoscopies at 25 years of age, or 5 years 
earlier than the earliest cancer diagnosis in the family, which-
ever is earlier. Colonoscopy should be repeated every year. All 
individuals should have an annual urinalysis. An esophagogas-
troduodenoscopy (EGD) should be performed by age 35, treat-
ing H. pylori if present. Females are advised to consider 
prophylactic hysterectomy and oophorectomy at the comple-
tion of childbearing. For those who decline surgery, random 
endometrial biopsy, transvaginal ultrasound, and CA125 may 
be considered, but these are imperfect, especially for early 
ovarian cancer. A variety of groups have advised surveillance 
programs, and there is some variability in what is recommended. 
There is evidence for a benefit from frequent colonoscopy and 
gynecological surgery, but surveillance of other organs is not 
supported by evidence. There is no evidence to support screen-
ing the small intestine, pancreatic, or biliary systems. There is 
an increased risk for brain tumors, but there is no recommenda-
tion for imaging the brain [8].

Lynch syndrome is defined as the hereditary predisposition 
to multiple cancers caused by a germline mutation in a DNA 
MMR gene [6]. Loss of DNA MMR activity results in a hyper-
mutable phenotype called microsatellite instability (MSI), which 
can be detected by a simple PCR-based test [9]. Only a small 
proportion of Lynch syndrome cases are associated with a de 
novo mutation. If a Lynch syndrome patient has no family 
history of disease, one should consider laboratory error, inad-
equate family history, or paternal misattribution. Regardless of 
the family history, the presenting individuals’ parents and sib-
lings should undergo predictive genetic testing to determine 
who else in the family may be affected.

Lynch syndrome is unique in that the tumors usually have a 
characteristic phenotype, and it may be possible to confidently 
diagnose the condition even when the germline mutation 
cannot be found. A cost-effective way to identify patients with 
Lynch syndrome is through immunohistochemical (IHC) stain-
ing for the mismatch repair proteins, or MSI testing of the 
tumor tissue. MSI testing is done by extracting DNA from the 
tumor specimen (easily taken from a paraffin-embedded section 
on a slide), amplifying five microsatellite sequences by PCR, 
separating these by chromatography, and looking for mutations 
that alter the length of the PCR products. IHC is best done on 
invasive endometrial or colorectal tumor tissue, although it can 
also be done on endometrial hyperplasia with complex atypia, 
and large adenomatous polyps. IHC of the cancer tissue will 
show the absence of expression of specific DNA MMR proteins, 
revealing which gene has been inactivated. When one views 
pathological tissues microscopically, normal tissue as well as 
cancer is present. The normal tissues will express the four DNA 
MMR proteins (MSH2, MSH6, MLH1, and PMS2) in the 

such approach is multiplex ligation-dependent probe ampli-
fication (MLPA), which is a variation on PCR that permits 
the number of copies of the target DNA to be determined. 
When there is a large deletion, the DNA sequence appears to 
be normal, but one copy of the target sequence is being ana-
lyzed, and the other is missing. MLPA determines whether 
the number of copies of that sequence is uniform throughout 
the DNA under analysis.

Translocations, fusions, and inversions (i.e., rearrangements) can 
be difficult to detect when there is no deletion of DNA in the 
rearrangement. A large chromosomal rearrangement requires 
a karyotype for its detection. One can confirm this by direct 
sequencing if one identifies the precise “breakpoint” in the 
gene, and sequences through this, demonstrating the inap-
propriate junction of DNA sequences. Likewise, an inversion 
of DNA in which all of the genetic material is retained can 
render the gene nonfunctional, but because DNA sequencing 
is usually done exon by exon, the rearrangement will not be 
detected. Again, one must identify the two breakpoints, and 
develop a sequencing strategy for those to demonstrate the 
rearrangement.

Nonsense-mediated decay refers to a surveillance pathway in the 
nucleus that eliminates mRNA transcripts containing prema-
ture stop codons. When this pathway is activated, the mutant 
transcripts are eliminated, sparing the cell the impact of the 
nonsense mutation. The implication of nonsense-mediated 
decay is that a diagnostic strategy based upon finding an 
altered mRNA will fail when this pathway is at work.

Diseases in gastroenterology with genetic 
counseling/genetic testing implications  
(see Chapter 123)

One of the most commonly encountered and well-described 
genetic conditions that a gastroenterologist may encounter are 
the inherited GI cancer and polyposis conditions. Some are 
relatively common, such as Lynch syndrome, causing 3%–5% of 
all colorectal cancers in the United States and affecting approxi-
mately 1 in 350–400 individuals. Others are considerably rarer 
but are readily recognized, including Peutz–Jeghers syndrome 
or juvenile polyposis. Gastroenterologists will encounter genetic 
conditions that cause congenital malformations, such as Alagille 
syndrome or Beckwith–Wiedemann syndrome. Inflammatory 
bowel disease (IBD) has a complex genetic basis, but is usually 
not linked to a clinically actionable single mutation. Some of 
the common genetically based GI disorders are listed in Table 
47.1 and Table 47.2.

Inherited gastrointestinal cancer and polyposis 
syndromes (see Chapter 79)
Lynch syndrome
Lynch syndrome, previously called hereditary nonpolyposis 
colorectal cancer syndrome (HNPCC), is an autosomal domi-
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Table 47.1 Selected autosomal dominant conditions.

Disease Gene(s) Gastrointestinal manifestation(s)

Alagille syndrome JAG1, NOTCH2 Hepatic involvement presenting as cholestasis, jaundice, pruritus, 
and liver failure

Von Hippel–Lindau syndrome VHL Pancreatic and kidney cysts, clear cell carcinoma, 
pheochromocytomas

Hirschprung disease RET, EDN3, ECE-1, EDNRB Aganglionic megacolon

Lynch syndrome MLH1, MSH2, MSH6, PMS2, 
EPCAM 

CRC, endometrial cancer, ovarian cancer, small bowel cancer, 
biliary tract cancer, renal pelvis and ureter cancer, stomach cancer

Cowden syndrome PTEN Hamartomatous polyps of the GI tract, CRC

Familial adenomatous polyposis (FAP) APC Adenomatous polyposis, CRC, hepatoblastoma, pancreatic 
cancer, desmoids

Peutz–Jeghers syndrome STK11 Intestinal hamartomatous polyps, CRC and other GI cancers, 
small intestinal intussusception, pancreatic cancer

Multiple endocrine neoplasia, type 1 MEN1 Zollinger–Ellison syndrome, foregut carcinoids

Multiple endocrine neoplasia, type 2 RET Pheochromocytoma

Hereditary diffuse gastric cancer CDH1 Diffuse gastric cancer

Hereditary paragangliomas and 
pheochromocytomas

SDHA, SDHB, SDHC, SDHD, 
SDHAF2, TMEM127, MAX 

Paragangliomas and pheochromocytomas, possible GIST

Pancreatitis PRSS1 Chronic and acute pancreatitis

Acute intermittent porphyria (AIP) HMBS Neurovisceral attacks, pain, nausea

Erythropoietic protoporphyria (EPP) FECH Liver failure (rare)

CRC, colorectal cancer; GI, gastrointestinal; GIST, gastrointestinal stromal tumor.

Table 47.2 Selected autosomal recessive conditions.

Disease Gene (s) Gastrointestinal manifestation(s)

Wilson disease ATP7B Liver disease presenting as recurrent jaundice, acute self-limited hepatitis-like 
illness, autoimmune-type hepatitis, fulminant hepatic failure, or chronic liver 
disease

Cystic fibrosis CTFR Pancreatic insufficiency, meconium ileus in neonates, distal intestinal obstruction 
syndrome, biliary cirrhosis, rectal prolapse, adenocarcinoma of the ileum

Hereditary hemochromatosis HFE
TFR2, HJV, HAMP 

Hepatic fibrosis or cirrhosis, inappropriately high iron absorption in 
gastrointestinal mucosa, liver, and pancreas

Alpha 1 antitrypsin deficiency SERPIN1A Jaundice, liver cirrhosis, and fibrosis

Ataxia telangiectasia ATM Carriers have increased pancreatic cancer risks

MutYH-associated polyposis MutYH Colorectal polyposis, colon cancer

Gilbert syndrome UGT1A1 (promoter) Jaundice, hyperbilirubinemia

Crigler–Najjar syndrome UGT1A1 (coding region) Jaundice, kernicterus, lethargy

Rotor syndrome SLCO1B1 and SLCO1B3 Hyperbilirubinemia

Dubin–Johnson syndrome ABCC2 Jaundice, weakness, abdominal pain, nausea

Pancreatitis SPINK1 Chronic and acute pancreatitis
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Many institutions have adopted universal screening protocols 
whereby all colorectal cancers are automatically screened with 
IHC and MSI; in some instances, only tumors occurring before 
age 70 are selected for screening [8]. Additionally, it is becoming 
more common to perform IHC or MSI on other Lynch syndrome 
tumor sites (i.e., endometrium, ovary, kidney, breast, etc.). Once 
the tumor has been determined to have MSI or abnormal IHC, 
the patient can undergo genetic testing. MSI and IHC have not 
been validated as extensively in noncolonic tissues, but an abnor-
mal test is generally reliable, and more cost-effective than imme-
diate germline testing of the Lynch syndrome genes.

In circumstances where there is no tissue available, it is rea-
sonable to begin with germline genetic testing [10], although it 
is not possible to rely on a negative test to rule out Lynch syn-
drome. Because MLH1 and MSH2 are the most common genes 
associated with Lynch syndrome, many labs offer testing of 
those genes first, and then testing the others if no mutation is 
identified initially. Several predictive models based upon per-
sonal and family history are available to estimate the likelihood 
that an individual will have a Lynch syndrome mutation [10,11]; 
PREMM1,2,6 and others are freely available online [12]. It is 
generally recommended that the threshold for germline testing 
is an a priori likelihood of 5%–10%.

Familial adenomatous polyposis
Familial adenomatous polyposis (FAP) is an autosomal domi-
nant adenomatous polyposis condition caused by a germline 
mutation in APC. The classic form of FAP causes 100s to 1000s 
of colon polyps beginning in adolescence. An attenuated version 
(AFAP), also caused by a mutation in APC, typically causes less 
than 100 polyps. The risk for colorectal cancer in FAP approaches 
100% by age 50, and the recommended intervention is annual 
sigmoidoscopies or colonoscopies in adolescence and prophy-
lactic colectomy at 18–20 years of age or when the polyp burden 
becomes too high [13].

Children with APC mutations have an increased risk for 
hepatoblastoma up to age 5 years and can be followed with 
abdominal ultrasonography and α-fetoprotein screening. 
Duodenal polyps occur in up to 90% of FAP patients, and can 
be followed with EGD on a periodic basis based upon the polyp 
burden. The risk for duodenal cancer is ∼6%–9%, but this 
usually evolves slowly from adenomas. Increased risks also exist 
for other extracolonic manifestations such as desmoids, thyroid 
cancer, congenital hypertrophy of the retinal pigment epithe-
lium (CHRPE), supernumerary teeth, and CNS tumors. Genetic 
testing for FAP can be offered at a young age due to the risks of 
hepatoblastoma, although some families prefer to wait to test 
until the child can understand genetic testing at a better level. 
Families often test for the condition at about 10–12 years, the 
age when sigmoidoscopies are first considered.

Specific mutation locations confer differing risks in FAP. The 
age of cancer onset can sometimes be estimated based on muta-
tion location; those located at codon 1309 are associated with 
earlier onset of neoplasia. Mutations in APC between codons 

nucleus of each cell that is proliferating. Once normal staining 
is confirmed, one looks for loss of protein expression in  
the tumor cells. When MSH2 and MSH6 proteins are both 
absent, the genetic defect lies in the MSH2 gene as MSH6 
protein binds to MSH2 and requires it for stability. In the case 
of isolated loss of MSH6 expression, MSH2 protein is stabilized 
by alternative binding to MSH3; thus, the germline mutation is 
in the MSH6 gene. MSH2 can also be inactivated because of a 
deletion of the stop codon of the next gene upstream of MSH2 
– called EPCAM. This results in “read-through” methylation of 
the MSH2 gene, which is silenced in any tissue that expresses 
EPCAM (including the colon). When MLH1 and PMS2 pro-
teins are both absent, this indicates a defect in the MLH1 gene. 
Isolated loss of PMS2 protein indicates a defect in the PMS2 
gene, and MLH1 is stabilized by binding to MLH3 or PMS1. 
Some missense mutations in the MMR genes can abrogate the 
enzymatic function of the protein, resulting in MSI, but the 
protein is still expressed, leading to a falsely “normal” IHC 
result. This can be resolved by performing MSI testing, which 
will be abnormal.

Microsatellites are repetitive nucleotide sequences that are 
highly polymorphic. In microsatellite unstable (MSI) tumors, 
the normal (nontumor) DNA has varying alleles than the tumor 
tissue. About 10%–15% of sporadic colon cancers will be mic-
rosatellite unstable (MSI), and at least 90%–95% of Lynch syn-
drome patients will have MSI tumors.

Loss of MLH1 and PMS2 protein expression can be caused by 
the nonhereditary, acquired hypermethylation of the MLH1 
gene. This occurs in the context of generalized hypermethylation 
throughout the tumor DNA, in which MLH1 is one of many 
genes silenced by hypermethylation, and the DNA MMR defect 
occurs secondarily to the primary defect in the control of meth-
ylation [4]. This usually occurs in older individuals, without a 
family history of cancer. This confusion can be resolved by quan-
titative measurement of the methylation of the promoter of 
MLH1. In half or more of these cases, the colon tumor will also 
have a V600E BRAF mutation, which is thought to rarely, if ever 
occur in Lynch syndrome. MSI testing and IHC are each about 
90%–95% sensitive for defects in the MMR system [4].

Unfortunately, some patients have abnormal IHC and/or MSI 
but have no identifiable mutation in any DNA MMR gene. 
These patients and their families are often classified as “nonin-
formative” Lynch patients, depending on their personal and 
family history, and are followed as Lynch syndrome patients. 
This is probably a consequence of inactivating genetic events 
that have not yet been identified. When no mutation is identi-
fied in a familial cluster of colorectal cancer, and when there is 
MSI in one or more of the cancers (or loss of MMR protein 
expression in the tumor), it is still likely that the patient and 
family have Lynch syndrome, and at-risk patients need to 
undergo surveillance accordingly. Over time, discovery of large 
deletions in these genes and the interaction between MSH2 and 
EPCAM have permitted the reclassification of previously “non-
informative” families.
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with bilateral salpingo-oophorectomy, after childbearing is 
complete. Genetic testing for this disease is commercially 
available.

Juvenile polyposis syndrome
Juvenile polyposis syndrome (JPS) is a condition conferring 
increased risk for hamartomatous polyps in the stomach, small 
intestine, and colon. The age of the patient is irrelevant; the term 
juvenile polyp refers to the specific histology of the polyp. 
Polyps begin to develop in early adulthood, and the number of 
polyps ranges greatly between individuals. JPS is suspected 
when the patient has more than five juvenile polyps in the colon, 
has multiple juvenile polyps throughout the GI tract, or has 
juvenile polyps and a positive family history of JPS. Individuals 
benefit from routine colonoscopy and endoscopy with polypec-
tomy. Both BMPR1A and SMAD4 genes are implicated in JPS; 
however, they each account for only 20% of patients with JPS, 
and ∼60% of individuals with JPS do not have identifiable 
germline mutations [15]. Approximately 75% of individuals 
have an affected parent, suggesting that the de novo rate for this 
condition is 25%. Some individuals with a SMAD4 mutation 
have both JPS and hereditary hemorrhagic telangiectasia 
(HHT). This condition is characterized by arteriovenous mal-
formations, commonly presenting as epistaxis. These AVMs 
occur throughout the body, commonly in the lungs, skin, or 
mucus membranes. HHT may also be caused by mutations in 
other genes besides SMAD4, including ENG and ACVRL1. 
Genetic testing for this disease is commercially available.

Cowden syndrome
Cowden syndrome is an autosomal dominant genetic disease 
that predisposes an individual to multiple benign and malignant 
tumors. The principal gene associated with Cowden syndrome 
is PTEN, though KILLIN, SDHB, and others also play a role 
in this disease. Individuals with Cowden syndrome have 
increased risks to develop cancer of the breast, thyroid, and 
endometrium. Other risks include kidney cancer and melanoma. 
Benign growths can include uterine fibroids, lipomas, fibromas, 
hamartomatous and other polyps, thyroid nodules, and a variety 
of dermatological lesions such as trichilemmomas, papilloma-
tous papules, and acral keratoses. Many individuals with 
Cowden syndrome have a large head circumference, and some 
have developmental or intellectual delay. A pathognomonic 
finding is Lhermitte–Duclos disease, a dysplastic cerebellar 
gangliocytoma.

Hereditary diffuse gastric cancer
Hereditary diffuse gastric cancer is a highly penetrant auto-
somal dominant syndrome that increases the risk of diffuse 
gastric cancer and lobular breast cancer. Testing can be consid-
ered in an individual with diffuse gastric cancer before age 40, 
and in individuals with diffuse gastric cancer who have a family 
history of that or lobular breast cancer [16]. This disease has 

1250 and 1464 are associated with a “profuse” polyposis pheno-
type (i.e., >5000), and those in the first four exons with AFAP.

Gardner syndrome
Gardner syndrome was once thought to be a condition separate 
from FAP, but is now known to be a subtype of the condition, 
caused by germline mutations in APC. The features of Gardner 
syndrome (i.e., sebaceous cysts, epidermoid cysts, fibromas, 
desmoids tumors, and osteomas) are commonly found in all 
FAP patients.

Turcot syndrome
Turcot syndrome is another historical term that is not a distinct 
disease; rather, this is either FAP or Lynch syndrome, in which 
a CNS tumor has occurred. Lynch syndrome is associated with 
an increased risk for glioblastoma, and in FAP there is an 
increased risk for medulloblastoma.

MutYH-associated polyposis
MutYH-associated polyposis (MAP) is an autosomal recessive 
attenuated polyposis condition where an individual typically 
has between 20 and 100 (occasionally more) colonic adenomas, 
with an increased risk for colorectal cancer. MAP confers an 
increased risk for thyroid and duodenal cancer. Occasionally, a 
patient with MAP presents with colorectal cancer without poly-
posis. Testing for the two most common mutations in the 
MutYH gene should be performed for patients who have poly-
posis but have no identifiable mutation in APC. About 1.5% of 
Caucasians have a single mutated MutYH allele, and ∼80% of 
Caucasian patients with MAP have at least one of the two 
common mutations: p.Tyr179Cys and p.Gly396Asp [14]. In this 
population, testing usually begins with these specific mutations, 
followed by a full analysis of the gene if one mutation is found. 
In other populations where these mutations are not as prevalent, 
it is wise to undertake full gene analysis when testing any indi-
vidual for this condition.

Peutz–Jeghers syndrome
Peutz–Jeghers syndrome (PJS) is an autosomal dominant cancer 
predisposition syndrome caused by a germline mutation in 
STK11 (LBK1). The condition is characterized by mucocutane-
ous pigmentation around the mouth, nostrils, and perianal 
region, hamartomatous polyps in the stomach, small and large 
intestine, nasal passages, and increased risks for malignancies 
in the colon, stomach, pancreas, breast, and ovary. Individuals 
with PJS often experience bleeding and anemia; they can experi-
ence intestinal obstruction or intussusception. While many 
children with PJS have hyperpigmented macules in childhood, 
they may fade in adulthood. Females are at risk of sex cord 
tumors with annular tubules of the ovaries and adenoma malig-
num of the cervix; males have increased risks for Sertoli cell 
tumors of the testes. Patients with PJS need screening for the 
associated cancer risks. Some individuals would consider pro-
phylactic mastectomies as well as prophylactic hysterectomies 
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Multiple endocrine neoplasia type 2
Multiple endocrine neoplasia type 2 (MEN2) is an autosomal 
dominant condition associated with increased risks for medul-
lary thyroid cancer (MTC); 25% of individuals with MTC have 
a germline mutation in the protooncogene RET. MEN2 can be 
subdivided into three clinical entities: MEN2A, MEN2B, and 
familial medullary thyroid cancer (FMTC), all with lifetime 
risks to develop MTC that approach 100%. Individuals with 
MEN2A have increased risks for hyperparathyroidism and 
pheochromocytomas, while the cancer risk in FMTC is limited 
to MTC. Those with MEN2B have risks for pheochromocyto-
mas, a marfanoid habitus, ganglioneuromatosis, and mucosal 
neuromas. The specific location of the mutation in the gene 
determines the extent to which the disease is expressed.

Von Hippel–Lindau syndrome
Von Hippel–Lindau syndrome (VHL) is an autosomal domi-
nant condition that predisposes individuals to cysts, as well as 
benign and malignant tumors. Individuals with this condition 
typically develop symptoms during adolescence, and tumors 
continue to occur throughout life. Hemangioblastomas com-
monly occur in the brain and spine, causing pain, ataxia, weak-
ness, nausea, and other symptoms. Retinal angiomas are 
hemangioblastomas that occur in the retina and can affect 
vision. Cysts may develop in the kidneys, pancreas, and genital 
tract. The risks for clear cell carcinoma of the kidney and pan-
creatic neuroendocrine cancer are increased. VHL also increases 
the risk of pheochromocytomas and endolymphatic sac tumors.

Pheochromocytomas and paragangliomas
Pheochromocytomas and paragangliomas are associated with 
multiple genes. Four subunits of the mitochondrial enzyme suc-
cinate dehydrogenase (SDH) increase risks for pheochromocy-
tomas and paragangliomas: SDHA, SDHB, SDHC, and SDHD. 
SDHAF2, another gene that interacts with SDHA, can increase 
risks for pheochromocytomas and paragangliomas when 
mutated. TMEM127 and MAX are also associated with increased 
risks for these tumors [19]. These conditions are generally 
inherited in an autosomal dominant manner; however SDHD, 
and possibly SDHAF2 and MAX, exhibit a parent-of-origin 
affect. With SDHD mutations, children of male mutation carri-
ers are much more likely to exhibit the disease phenotype than 
offspring of female mutation carriers. Phenotype–genotype cor-
relations are apparent for the genes that predispose to these 
tumors; for example individuals with germline mutations in 
SDHB are more likely to have malignant transformation, and 
patients with SDHD mutations are more likely to have head and 
neck paragangliomas than individuals with other mutations or 
who have sporadic paragangliomas [20,21].

Familial risks for pheochromocytomas and paragangliomas 
are associated with mutations in RET and VHL (as mentioned), 
as well as in neurofibromin type 1 (NF1). In a study of 271 appar-
ently sporadic pheochromocytomas, 66 had mutations in  
RET, VHL, SDHB, or SDHD [22]. Genetic counseling is 

only been linked to mutations in the CDH1 (E-cadherin) gene. 
Affected females should begin mammography and breast MRI 
annually by age 35; some women may elect prophylactic mas-
tectomies. Because of the difficulties in identifying and treating 
gastric cancers, this is a rare instance where prophylactic gast-
rectomy is recommended. The age at which surgery should 
occur is unclear. Many physicians try to make recommenda-
tions based on the family history and earliest age of onset. 
However that is not necessarily predictive. Screening endoscopy 
is also not reliable, as the disease begins without obvious 
mucosal abnormalities, and large numbers of isolated malignant 
cells can be found throughout the mucosa of an affected patient.

Familial pancreatic cancer
Familial pancreatic cancer is a predisposition to cancer in which 
the majority of the responsible genes are unknown and, in the 
known genes, the penetrance is usually low. Pancreatic cancer 
has been associated with a variety of hereditary cancer syn-
dromes including Peutz–Jeghers syndrome (36% risk), Lynch 
syndrome (3.6% risk by age 70), and FAP (2% risk). Individuals 
who have hereditary breast and ovarian cancer syndrome, espe-
cially those with a germline mutation in BRCA2, have increased 
risk for pancreatic cancer (∼6%–8%). PALB2, a partner and 
localizer, interacts closely with BRCA2. Mutations in this gene 
can cause increased risks for both breast and pancreatic cancer. 
Also, germline mutations in the p16 (CDKN2A) and ATM 
genes confer some increase in risk of pancreatic cancer. With 
the exception of Peutz–Jeghers syndrome, the risks are suffi-
ciently low in most instances that surveillance measures would 
have to be very extensive to have a positive clinical impact.

Multiple endocrine neoplasia type 1
Multiple endocrine neoplasia type 1 (MEN1) is an autosomal 
dominant disease caused by germline mutations in MEN1, 
encoding the protein MENIN [17]. These individuals are at risk 
for many different types of endocrine neoplasms in the pituitary, 
parathyroid, foregut, and pancreas. The penetrance is high, and 
the overall risk for neuroendocrine pancreatic cancer is 40%–
70%. Individuals with this condition should undergo annual 
biochemical and imaging protocols for early detection, begin-
ning in childhood. Mutations in CDKN1B/p27 also produce a 
MEN1 syndrome [18].

Biallelic mutations in ATM, the gene responsible for ataxia 
telangiectasia, also predispose to pancreatic cancer. Ataxia tel-
angiectasia is primarily a neurodegenerative disorder. ATM 
mutation carriage is common, occurring in 1/100 Caucasians. 
Heterozygous mutation carriers have a fourfold to fivefold 
increased risk for breast cancer. At this time, the best predictor 
of the risk of pancreatic cancer is obtained by taking a family 
history. Individuals with a first-degree relative with pancreatic 
cancer have a 4%–6% risk for this disease, as compared to 
1%–2% for the general population. For those with three close 
relatives, the likelihood rises to18%–36%.
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haplotype is present in 90% of individuals with celiac  
disease, but one-third of the general population. Others with 
celiac disease have the HLA-DQ8 haplotype (DQA1*0301/
DQB1*0302), or one of the two genes encoding DQ2. Testing 
family members at risk of having celiac disease for HLA-DQ2 
and HLA-DQ8 may be helpful as the disease is unlikely to 
develop in individuals who are negative for both [24]. Over 39 
other non-HLA genes have been shown to increase the risk of 
developing celiac disease [25]. An increased prevalence of celiac 
disease has been found in patients with Down syndrome, Turner 
syndrome, and various autoimmune diseases.

Crohn’s disease
Crohn’s disease has a strong genetic component. It is most 
common in Caucasians and Ashkenazi Jewish individuals. Most 
cases of Crohn’s disease are caused by a combination of genetic 
and environmental factors; however, there have been multiple 
genes implicated in the disease process, including (in Western 
populations) ATG16L1, IL10RA, TLR4, IL23R, IRGM, and 
NOD2 [26]. Other susceptibility genes are being identified in 
Asian populations. A profusion of linkage markers for both 
Crohn’s disease and ulcerative colitis have been discovered, but 
the disease is not often inherited in a simple Mendelian fashion. 
Inflammatory bowel disease is an excellent example of the 
complex interactions between genetic and environmental 
factors in the genesis of disease. At the latest count, 163 loci have 
been linked to inflammatory bowel disease; most but not all that 
link to Crohn’s disease are also linked with ulcerative colitis (and 
vice versa), and many of the implicated genes are involved in 
the immune response [27].

Liver disorders
HFE hemochromatosis
HFE hemochromatosis (HFE-HH) is an autosomal recessive 
condition that is characterized by excessive iron storage, and is 
caused by biallelic mutations in the HFE gene, but can be caused 
by mutations in other genes as well [28]. This condition exhibits 
expressive variability, and so the phenotype can differ signifi-
cantly among individuals with the condition. The diagnosis can 
be made biochemically or genetically. Biochemically there are 
elevated transferrin–iron saturation levels and elevated serum 
ferritin concentrations; however, elevated serum ferritin is not 
specific for HFE-HH. Genetically, two disease-causing muta-
tions in HFE are diagnostic; however, the mutation status 
does not always correlate with the phenotype. Patients are 
treated with phlebotomy and surveillance for hepatocellular 
carcinoma.

Mutations in HFE are common in Caucasians, and hetero-
zygous mutations occur in one in nine individuals, presumably 
as an adaptive trait. When two parents are identified with HFE-
HH, their offspring have a 25% chance of inheriting two mutant 
alleles and being affected, a 50% chance of inheriting one and 
being a carrier, and a 25% chance of inheriting neither mutant 

recommended for any patient with a pheochromocytoma or 
paraganglioma, regardless of family history.

Nonmalignant GI disorders
Cystic fibrosis
Cystic fibrosis is an autosomal recessive condition that affects 
the epithelial lining of the respiratory system, the pancreas, the 
male reproductive system, and other organ systems. Pulmonary 
disease usually dominates the clinical course, but exocrine pan-
creatic insufficiency is present in 85%–90% of cystic fibrosis 
patients, caused by the obstruction of the pancreatic ducts and 
acinar destruction due to inspissated secretion. Cystic fibrosis 
exhibits wide phenotypic variability; while most individuals 
have classic pulmonary and pancreatic problems, others have a 
milder version with retained pancreatic sufficiency. Cystic fibro-
sis is one of the most common autosomal recessive diseases 
among Caucasians, and 1 in 25 is a carrier of a mutant cystic 
fibrosis transmembrane conductance (CFTR) gene. In other 
ethnicities the carrier frequency ranges from 1 in 29 to 1 in 90. 
Since 2010, all US states include cystic fibrosis in their newborn 
screening tests.

Chronic pancreatitis
Chronic pancreatitis can be inherited in several different ways. 
Autosomal dominant, gain-of-function mutations in the PRSS1 
gene (a cationic trypsinogen) cause familial pancreatitis, with 
onset often in childhood. Loss-of-function mutations in SPINK1 
(a secretory trypsin inhibitor) cause an increased risk for pan-
creatitis by loss of the ability to appropriately inhibit trypsin 
activity in the pancreas. SPINK1 mutations are inherited in an 
autosomal recessive manner.

Some mild forms of cystic fibrosis can result in pancreatitis, 
and some heterozygous carriers of CFTR mutations have an 
increased risk for pancreatitis. The penetrance of these muta-
tions in the heterozygous state is reduced, and increases the risk 
of pancreatitis by twofold to fourfold over the general popula-
tion. Clinical testing is available for CTRC, encoding chymot-
rypsin C, which normally functions to prevent premature 
trypsinogen activation in the pancreas. Mutations in the gene 
have been shown to reduce chymotrypsin C activity. Mutations 
in CASR, a calcium-sensing receptor, have been associated with 
pancreatitis [23]. Many patients with pancreatitis have multiple 
genetic variants, or have genetic–environmental interactions 
that are likely contributory; therefore it is not always possible to 
find a single gene explanation for the disease. A negative genetic 
test does not rule out the possibility of a genetic predisposition 
to pancreatitis. Alternatively, a mutation in the lower penetrant 
genes (CASR and CTRC) does not always prove an inherited 
form of pancreatitis.

Celiac disease
Celiac disease is an autoimmune disease in which dietary gluten 
triggers an immune response resulting in a broad range of clini-
cal presentations. The HLA-DQ2 (DQA1*0501/DQB1*0201) 
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osyl transferase gene (BUGT). The normal BUGT promoter 
contains the sequence A[TA]6TAA, whereas in Gilbert syn-
drome, the patients have a homozygous sequence variation at 
this locus A[TA]7TAA (designated UGT1A1*28), which reduces 
expression of the enzyme to 25%–40% of normal. The hyperbi-
lirubinemia is modest, and there is usually no jaundice. This 
condition is typically recognized in adolescence in periods of 
dehydration, fasting, illness, or physical exertion. Gilbert syn-
drome is quite common; about 30% of the population of the 
western hemisphere carry one copy of UGT1A1*28. 
Consequently, Gilbert syndrome can be detected in 3%–7% of 
the general population.

Crigler–Najjer syndrome is a rare recessive disease caused by 
mutations in the coding or structural portion of the BUGT gene. 
The disease is arbitrarily classified as type I when the mutations 
are severely inactivating, there is no BUGT activity in the liver, 
and affected individuals die in infancy. A milder form of struc-
tural gene deficiency, called type II, is compatible with life into 
adulthood, and the serum bilirubin ranges from 8 to 18 g/dL. 
There will be a range of disease in compound heterozygotes, 
depending upon the severity of each mutation in BUGT.

Dubin–Johnson syndrome is an autosomal recessive disease 
that is associated with increased levels of conjugated bilirubin, 
and this is caused by biallelic mutations in the ATP-binding 
cassette (ABC)-C2 gene known as MRP2, which functions as an 
organic anion transporter. Affected patients may have nonspe-
cific symptoms (such as weakness, abdominal pain, or nausea), 
but only mild levels of hyperbilirubinemia. The process is gener-
ally benign. The liver retains pigment, and is black, but is oth-
erwise histologically normal. This condition is most common 
among Middle Eastern Jews (1/1300).

Rotor syndrome is a rare autosomal recessive disease, clini-
cally similar to Dubin–Johnson syndrome, except that the liver 
is not pigmented. The condition is caused by biallelic mutations 
in the organic anion transporters OATP1B and OATP1B3. 
Although this is generally a benign condition with normal liver 
histology and blood tests, null mutations in these genes alter 
anion transport and can predispose to unexpected drug toxicity 
[29].

Porphyrias
The porphyrias can be acquired or inherited conditions caused 
by a variety of deficiencies of enzymes involved in the synthesis 
of heme. The accumulation of porphyrins can result in derma-
tological phototoxicity, or neurological disease [30], and several 
are essentially caused by abnormal hepatic metabolism of heme. 
Some porphyrias are caused by null (loss-of-function) muta-
tions that appear to be dominant, but may actually be recessive 
when combined with a partial loss-of-function mutation on the 
other allele that is silent on its own.

Porphyria cutanea tarda (PCT) is the most common porphy-
ria, and is a dermatological disease characterized by blisters and 
secondary scarring resulting from reduced activity of the uro-
porphyrinogen decarboxylase (UROD) gene. In type I PCT, the 

allele. The parents’ adult siblings should be tested for the identi-
fied mutations.

Most individuals with HFE-HH of European descent have the 
common mutations, p.Cys282Tyr and p.His63Asp. About 1/200 
to 1/400 Caucasians are homozygous for the p.Cys282Tyr 
variant, which has a more pronounced phenotype than having 
one copy of each mutation, or having two copies of the  
p.His63Asp mutation. The p.Cys282Tyr allele is especially 
common in Finland (11.8%) and Ireland (10.2%), and is quite 
uncommon in Africa (0.05%).

There are other causes of excess iron storage on a hereditary 
basis. One is an autosomal recessive condition caused by muta-
tions in TFR2. A more severe, rarer form is caused by biallelic 
mutations in either the HJV or HAMP genes. Therefore, when 
a patient clearly has hemochromatosis and no mutations are 
found in HFE, additional genetic testing should be undertaken, 
especially if the patient is not Caucasian.

Wilson disease
Wilson disease is a rare autosomal recessive disease that results 
from a defect in copper metabolism. Liver disease, including 
autoimmune-type hepatitis, fulminant hepatic failure, or 
chronic liver disease, can result from copper accumulation in 
the liver. Neuropsychiatric manifestations, hemolytic anemia, 
and Kayser–Fleischer rings can also result from excess copper 
storage. The diagnosis can be made by detecting high levels of 
copper in the liver and urine, and low levels of serum cerulo-
plasmin (and serum copper), although the serum-based tests 
are not always abnormal. Wilson disease is caused by mutations 
in the copper transporting ATPase gene, ATP7B (also called 
WND). Many of the mutations are missense, and a small number 
of mutations account for the disease in most affected individu-
als. H1069Q accounts for 30% of mutations in European-based 
populations.

Alagille syndrome
Alagille syndrome is an autosomal dominant disorder involving 
multiple systems, which exhibits marked expressive variability. 
Many individuals have cholestasis due to bile duct paucity. 
Biliary disease may occur with other birth defects in the heart, 
pulmonary artery stenosis, butterfly vertebrae, renal defects, or 
central nervous system defects. There are characteristics facies 
with the condition, as well as embryotoxon in the eye, a ring-like 
opacity at the edge of the cornea. Mutations in JAG1 account 
for about 90% of Alagille syndrome; rarely (<1%) a mutation 
in NOTCH2 can cause this condition. Many individuals (50%–
70%) have a de novo form of the disease, whereas 30%–50% 
inherit the mutation from their parents.

Hyperbilirubinemias
Gilbert syndrome is a common physiological variation in the 
population characterized by mild, fluctuating unconjugated 
hyperbilirubinemia, caused by a sequence variation in the pro-
moter of the bilirubin uridine diphosphoglucuronate glucuron-
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usually tumor tissues, to direct therapy. In colon cancer, genetic 
testing is commonly performed for KRAS and BRAF mutations 
for treatment purposes, while immunohistochemistry testing of 
tumor tissue for MLH1, MSH2, MSH6, and PMS2 is performed 
as a screening test for Lynch syndrome.

Indications
Genetic testing is useful to confirm a diagnosis of a suspected 
disorder, to determine who is at risk to develop a disease, or at 
risk of having offspring with a disorder. There are precise 
screening and treatment recommendations for a wide range of 
genetic disorders. Genetic test results can significantly alter 
medical management regimens, such as the recommendation 
for a total colectomy when the patient has an APC mutation, or 
the recommendation to undergo annual colonoscopies when an 
individual is found to have Lynch syndrome. Knowledge of a 
genetic mutation in a family enables them to identify the at-risk 
individuals, providing more frequent cancer screening at earlier 
ages for those with the mutation, and, just as importantly, elimi-
nating inappropriate screening and anxiety in those who are not 
found to be mutation carriers (Table 47.3).

How to provide genetic counseling
Genetic counseling is the process of communicating informa-
tion and providing support regarding a genetic disorder (Table 
47.4). Core components of genetic counseling include:
1. evaluating a patient’s risk of having a certain genetic 

disorder
2. delivery of medical facts about the disorder, including its 

course and medical management
3. explaining the cause of the disorder and relevant inheritance 

information.
Any patient with a GI condition for which a genetic etiology 

is suspected or known is a candidate for genetic counseling. 
Although some predominantly GI disorders of the young ado-
lescent and adult population have been linked to genes or 
genetic loci, most GI disorders for which genetic testing is clini-
cally available relate to cancer predisposition. Gastroenterologists 
caring for women of childbearing age should be familiar with 
reproductive counseling.

Obtaining a genetic/family history
Obtaining a family history, typically recorded as a pedigree that 
demonstrates biological relationships, is an essential component 
to a genetic risk assessment. A three-generation pedigree illus-
trates the family structure, documents disease state, and rele-
vant ages. This tool can be quite helpful when compiled 
completely and accurately, providing an accurate and simple 
instrument for counseling.

The pedigree is helpful in identifying single gene, or 
Mendelian disorders, because it illustrates inheritance patterns. 
Inheritance patterns can be determined by examining who has 
the disease, and how the individuals are related to each other 

level of UROD is reduced in the liver due to chronic liver disease 
(i.e., chronic viral hepatitis, alcoholic liver disease, iron over-
load, toxic exposure) but not other tissues; no mutations are 
found in UROD. Type II PCT is a familial disease caused by an 
autosomal dominant mutation in UROD that reduces activity of 
the enzyme in all tissues to about half of normal. This produces 
a latent state that can be triggered when the activity of UROD 
is reduced further. Homozygous mutations in UROD cause 
hepatoerythropoietic porphyria (HEP), a rare but severe form of 
the disease with blistering often beginning in infancy.

Erythropoietic protoporphyria (EPP) has been presumed to be 
an autosomal dominant disease of photosensitivity caused by an 
inactivating mutation in the ferrochelatase (FECH) gene. 
Mutations in the FECH gene are typically inherited in an auto-
somal dominant manner. The levels of FECH enzyme measured 
in the livers of EPP patients suggests that one allele is null, and 
the other may be hypomorphic, making this actually an auto-
somal recessive condition. This situation underscores the com-
plexity of genetic diagnosis, and emphasizes that all disorders 
are not purely dominant or recessive. Liver dysfunction occurs 
in 20%–30% of patients, and 5% may develop liver failure, 
requiring transplantation [31]. Boys who present with EPP 
without an identifiable mutation in FECH, may have a gain-of-
function mutation in ALAS2, which is inherited in an X-linked 
manner, and is associated with liver disease [32].

Acute intermittent porphyria (AIP) is an autosomal dominant 
condition resulting from a defect in hydroxymethylbilane 
(HMB) synthase, coded by the HMBS gene. Individuals with 
AIP typically have one or a few acute neurovisceral attacks that 
can be provoked by external stressors such as medications, psy-
chological stress, infections, hormones, and others. Typically, 
when an individual with a HMBS mutation experiences an acute 
attack, porphobilinogen will be increased in the urine. 
Remarkably similar acute neurovisceral attacks can occur in 
hereditary coproporphyria, variegate porphyria, and ALAD 
deficiency porphyria [33]. Hereditary coproporphyria is caused 
by autosomal dominant mutations in COPRO oxidase (CPOX). 
Variegate porphyria is found primarily in the white South 
African population and is caused by autosomal dominant muta-
tions in the PROTO oxidase gene (PPOX). 5-ALA dehydratase 
(ALAD)-deficiency porphyria is a rare, severe, autosomal reces-
sive form of porphyria. Because of codominance of some of the 
genes involved in the porphyrias, both biochemical studies and 
genetic studies are required in some instances to determine the 
correct diagnosis.

Principles of genetic counseling

Genetic testing broadly refers to analysis of DNA, RNA, chro-
mosomes, proteins, or certain metabolites to detect changes 
related to a genetic disorder. Genetic testing is the standard of 
care for many GI conditions. Genetic testing may also be used 
to identify somatic (noninherited) mutations in specific tissues, 



872   PART 3 Principles of clinical gastroenterology

Information regarding the family history is typically collected 
in a face-to-face setting. This information can be collected by a 
genetic counselor, geneticist, genetics nurse, or other healthcare 
provider performing genetic counseling. Some clinics will 
collect this information before the clinic visit over the phone, 
or by use of a family history questionnaire. Questionnaires allow 
the patient the opportunity to gather information from family 
members.

The family history can be targeted depending on the indica-
tion for genetic counseling. Questions should be asked about 
specific diagnoses in the family, age at diagnosis, as well as any 
contributory environmental risk factors. For example, when 
evaluating a family for pancreatic cancer risk, the patient should 
be asked about other cancers in the family to determine if the 
history suggests hereditary breast and ovarian cancer syndrome 
(BRCA genes), familial atypical mole and melanoma syndrome 
(p16), Peutz–Jeghers syndrome (STK11), or others. A history of 
select benign diseases such as pancreatitis or endocrine neo-
plasms should also be solicited. It is important to ask about 
physical features that could be clues to neurofibromatosis or 
multiple endocrine neoplasia type 1, as well as exposures such 
as alcohol or tobacco.

(see Figure 47.2). When multiple generations are affected and 
the pedigree demonstrates male-to-male transmission, the con-
dition is likely being inherited in an autosomal dominant 
manner. If just one group of siblings is affected, the condition 
is likely being inherited in an autosomal recessive manner. If 
only males are affected, and the disease does not demonstrate 
male-to-male transmission, the condition is likely X-linked (or 
carried on the X chromosome). It is important to keep in mind 
concepts of variable expressivity and reduced penetrance, as 
many conditions will not show an obvious inheritance pattern 
when some individuals have the genetic mutation but fail to 
exhibit the phenotype.

A pedigree can also be helpful in predicting risks for common 
multifactorial diseases and can serve as a risk assessment for 
likelihood of specific diseases. An individual with multiple first-
degree relatives with pyloric stenosis will have a higher risk of 
having offspring with pyloric stenosis than an individual with 
one second-degree relative with pyloric stenosis. A positive 
family history is very helpful in predicting disease risk, but a 
negative family history can be equally as informative. A negative 
family history may be present in an autosomal recessive condi-
tion as most carriers do not exhibit a phenotype.

Table 47.3 Summary of benefits, risks, and limitations of clinical genetic testing

Benefits Risks Limitations

Better definition of disease risk Psychological distress Not all mutations can be detected

Improved and individualized medical 
screening and management

False sense of security and inappropriate 
management when results inaccurately interpreted

Unproven efficacy for some screening 
protocols

Reduced uncertainly or anxiety; may 
provide explanation for disease in family

Uncertainty relating to disease penetrance Results typically indicate probability of 
disease and not certainty

Aid family in identifying other at-risk 
individuals

Concerns about discrimination Uncertain clinical relevance for some 
mutations

Family planning Change in family dynamics Negative results are often uninformative

Table 47.4 Suggested components of genetic counseling

Family history Medical history Patient educational issues

Three generation pedigree including all individuals 
current age or age and cause of death

Demographics Characteristics of syndrome in question 
and syndrome management/prevention

Ethnicity of maternal and paternal lineage Present symptoms Psychological stability and concerns

Congenital defects, bilaterality of disease, and other 
pertinent features

Relevant medical history Possibility of uncertain results/
uninformative results

Diagnosis age of affected relative(s) Current medications and 
nontraditional treatments

Concepts of inheritance

Documentation of repeated miscarriages or infertility Past surgeries and hospitalizations Risk assessment

Cause of death Major illnesses and exposures Financial/insurance information
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when discussing individuals who have died, or become anxious 
and fearful when listing their family members who have suf-
fered from the familial condition. There may be incorrect beliefs 
within the family about the severity of the disease, the cause of 
the condition, and the inheritance pattern. Issues of guilt are 
also present, both in the individual who has the disease and has 
transmitted it to offspring, as well as “survivor guilt” in the 
individual who does not have the inherited risk, who may feel 
that they did not deserve to have avoided the family disease.

Depending on the suspected disorder, a physical examination 
can be important in determining the likelihood that the disor-
der is present. The family and personal history, environmental 
risk factors, and physical examination are collectively meaning-
ful in an assessment of the probability that a genetic disorder is 
present.

Risk assessment and medical management
Genetic risk assessment is the determination of a patient’s risk 
for a genetic disorder. Providing an estimate of the likelihood 
of a possible genetic cause can help a patient decide whether or 
not to undergo genetic testing. The genetic counselor or clini-
cian should also explain the likelihood of obtaining a variant of 
uncertain significance or a negative result, and the implications 
for medical management those results may have. It is important 
to make clear that even though genetic testing may be negative, 
the patient can still have an inherited disease.

When a specific diagnosis is made or suspected, patient edu-
cation consists of information about its clinical features, the 
etiology of the disorder, its natural history and prognosis, mode 
of inheritance, disease risks, recommended preventive meas-
ures, screening and treatment options, the availability of research 
studies, and reproductive options. In a discussion of quantita-
tive risks of health problems associated with an inherited disor-
der, it is important to recognize that most patients do not 
understand statistical terminology. It is sometimes helpful to 
use multiple phrases to explain risk, for example by saying “the 
chance you have a mutation in this gene is 10%, which means 
the chance you do not have a mutation in the gene is 90%.” It 
may help to state risks by saying “there is a 1 in 10 chance that 
you have this mutation.”

Approach to patients
Although genetic testing is a powerful tool to guide the clinical 
care of the at-risk or affected individual, attention should be 
given to its current limitations. The main limitation of genetic 
testing is the circumscribed sensitivity and specificity of current 
testing methodologies. A negative or indeterminate result in an 
individual without prior identification of the specific mutation 
in that family does not indicate the absence of a deleterious 
mutation for a suspected syndrome or the lack of a genetic etiol-
ogy. Such misinterpretations are potentially fatal when medical 
management, particularly surveillance, ceases for an at-risk 
individual. If a mutation cannot be found in the index case, then 
all family members should be treated as potentially having the 

In taking a general or targeted family history, several ques-
tions should be incorporated into the interview. Most interviews 
should include questions about birth defects, mental retarda-
tion, miscarriages, stillbirths, ancestry, racial background, the 
presence of any known genetic conditions, and consanguinity. 
The genetic implications for consanguinity intensify as the 
degree of relation of the parents increases, most notable in the 
context of potential autosomal recessive conditions.

Standard nomenclature should be used in collecting a pedi-
gree [34]. This will facilitate understanding when other provid-
ers are reviewing the information. The individual who is 
receiving the genetic counseling is the consultand. Often times 
the consultand is also the proband, the affected individual who 
brings the family to medical attention. Other times, the con-
sultand is an unaffected individual who is seeking counseling 
based on the familial risk. The proband or consultand is indi-
cated on the pedigree with an arrow (see Figure 47.2).

The consultand should be centered on the pedigree and 
should be represented as a circle if female and a square if male. 
Many genetic counselors opt for a standard order of questions, 
for example beginning first with the patient’s offspring and sib-
lings, moving to the maternal side of the family, and then the 
paternal side of the family. This can be helpful in reducing con-
fusion that can occur when questioning about both sides of the 
family simultaneously, and can also increase efficiency in col-
lecting the pedigree.

To represent children on the pedigree, a vertical line of 
descent is drawn from the consultand down to a horizontal 
sibship line. Individual vertical lines are then drawn from the 
sibship line to represent each child. If the consultand or the 
partner is pregnant, the pregnancy is noted by placing a “P” 
inside the circle or square. If the gender of the pregnancy is not 
determined, the most appropriate shape to use is a diamond. 
The consultand’s biological full siblings are connected by use of 
a horizontal sibship line.

The biological parents are placed above and connected to 
each other by use of a horizontal relationship line. Another 
vertical line of descent is drawn from the relationship line to the 
sibship line. The male parent is oriented to the left and the 
female parent is oriented to the right. If the consultand has half 
siblings, a new relationship line should be made from the 
mother or father indicating their new partner. Their offspring 
should be noted directly under that union and not with the 
consultand’s full siblings.

This pattern of indicating parentage and siblings should be 
continued to the patient’s second-degree relatives at a minimum 
(aunts, uncles, grandparents, nieces, nephews). The pedigree 
history should extend at least one generation past the diagnosis. 
For example, if a maternal aunt had hemochromatosis, her chil-
dren should be included, or if a grandparent died of colon 
cancer at a young age, great grandparents and great aunts or 
uncles should be part of the history.

Sensitivity to psychosocial issues is important when collect-
ing the family history. Many individuals re-live feelings of grief 
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A plan should be developed for the manner in which the 
individual will receive test results. Some clinics require  
the patient to return for follow-up counseling regardless of the 
results. Many base their result disclosure policies on patient 
preference. Several organizations have guidelines for informed 
consent when offering genetic testing [35].

Duty to privacy and duty to warn relatives
It is the clinician’s obligation to warn their patient about the 
ramifications for their relatives and to document this conversa-
tion appropriately. It is the patient’s responsibility to communi-
cate this information to their family members. Unfortunately, 
legal requirements are nonuniform, and in some jurisdictions 
protection of privacy of the proband is given primacy, while  
in others the duty to inform relatives of their risks is protected. 
The practitioner should be knowledgeable about their local 
requirements.

GINA
The Genetic Information and Nondiscrimination Act (GINA) 
is a United States federal law passed in 2008 and instituted in 
2009 to protect unaffected individuals from health insurance 
and employment discrimination due to a genetic mutation or a 
family history of disease. Prior to this, many at-risk individuals 
refused testing because of their concerns about losing their 
health insurance or employment. Unfortunately, the law has 
some limitations. The law specifies that it is only for unaffected 
individuals. A woman with ovarian cancer who finds that she 
has an MSH2 mutation would not be protected by GINA. The 
law excludes several populations, including US military, 
American Indians, and companies with fewer than 15 employ-
ees. Furthermore, this law does not apply to long term disability 
insurance or life insurance. With these limitations of the law, 
some individuals are still fearful of undergoing genetic testing, 
or choose to do so without filing through their health 
insurance.

Family planning
Historically, prenatal testing has been offered to couples at risk 
to have a child with a condition that is particularly difficult to 
treat if not actually untreatable. As our genetic testing capabili-
ties have improved and patient interest has grown, families are 
opting for prenatal testing opportunities for a myriad of 
diseases.

Carrier screening is performed for autosomal recessive and 
sex-linked disorders to discover if an individual is a hetero-
zygous carrier of a gene mutation. Carrier testing may be appro-
priate for unaffected individuals with a relative who has an 
autosomal recessive or sex-linked condition. In certain ethnic 
groups, carrier screening is commonly offered universally based 
on the increased prevalence of the disease in that population, 
particularly if marriage within that group is planned or has 
occurred, such as sickle cell anemia in populations of African 
descent, Tay–Sachs screening in Ashkenazi Jewish individuals, 

disease. If there are multiple individuals with a history of  
the same disease, it can be helpful to consider more than  
one individual as the index case and offer genetic testing to 
other family members. In some families there are “phenocop-
ies,” where an individual has the at-risk disease (particularly 
when the disease is common), but it is not due to the family’s 
mutation. This often occurs in a family with Lynch syndrome 
where one relative without the familial mutation develops a 
sporadic colon cancer.

When there is a known mutation, individuals can be offered 
“site-specific” predictive testing for that specific mutation, 
instead of sequencing the entire gene. A positive test result in a 
presymptomatic family member indicates that the person being 
tested carries the mutation and therefore has the disorder in 
question. When the mutation is known in a family, site-specific 
genetic testing is extremely sensitive, specific, and cost effective; 
essentially, only lab error or sample mix-up can confound the 
result. Appropriate screening and surveillance can then be 
planned. A positive genetic test result indicates risk, but does 
not necessarily indicate the disease in question. Some genetic 
diseases show reduced penetrance, and the individual may 
develop the disease later in life, or not at all. The patient must 
be educated about the likelihood of developing certain disease 
features, and when possible, should understand appropriate 
medical management to prevent or treat the consequences of 
that disorder. A negative site-specific test result means that the 
individual does not have the known familial mutation, and 
screening and management are altered to conform to that of the 
general population.

Informed consent
The patient, parent, or legal guardian desiring genetic testing 
should understand why the testing is being done, as well as the 
possible outcomes, risks, and limitations. Many clinics, insur-
ance companies, or laboratories require written consent; other 
times verbal consent is sufficient. Commercial laboratories offer 
versions of informed consent, though many institutions require 
use of their own consent form.

The genetic counselor or clinician should explain the risks, 
benefits, and limitations of undergoing the test (see Table 47.3). 
Historically, genetic counselors have been trained to be nondi-
rective, allowing the patient to decide how much genetic infor-
mation they would like to obtain. The benefits of genetic testing 
should include obtaining an understanding of the cause of 
disease, the implications for medical management, the possibil-
ity of testing in unaffected family members for preventative care, 
and the utility of this information for reproductive planning.

Specimens to be obtained, turnaround time, and cost should 
be discussed with the patient. Many labs offer a preverification 
process for patients wishing to pay with commercial insurance, 
to permit an estimate of out-of-pocket costs. Although there are 
some legal protections in the United States, many remain con-
cerned about possible discrimination in obtaining employment 
or insurance.
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disease-causing mutations. A large number of genomes must be 
correlated with health outcomes to understand how gene–gene 
interactions and gene–environment interactions result in 
various states of health and disease. It will take time to develop 
bioinformatics-driven algorithms that can meaningfully convert 
an individual’s genetic code into a form useful for guiding health 
maintenance and medical care.

Direct to consumer testing
An increasing number of commercial entities are marketing 
genetic testing directly to consumers. In most instances, this is 
done without prior counseling. In some, testing is focused on a 
few SNPs that might provide insight into ethnic background. 
Others assess commonly identified “founder mutations” for 
certain genetic diseases. Physicians can expect that some of 
these individuals will seek explanations of this testing, and each 
of these panels will present its own challenge. It is likely that 
exome-wide or genome-wide analyses will soon be available to 
healthy individuals, who may then seek interpretation from the 
physician or genetic counselor, or ask the consultant to deter-
mine if the patient carries a disease risk mutation. It will require 
the development of new software tools to use this information 
because of the scale of the databases. It is difficult to predict how 
consumers will use comprehensive sequence data.

Dealing with variants of uncertain  
significance (VUS)
When results return from a reference sequencing laboratory, the 
lab may recognize a sequence variation, but may not know if 
this is a simple polymorphism (i.e., a SNP), or a disease-causing 
mutation. They may report this as a VUS, or add the qualifier, 
“likely polymorphism” or “suspected deleterious.” The fre-
quency of this ambiguity will diminish over time, as more indi-
viduals with disease states are analyzed and it becomes clear 
which sequence variations are associated with disease risk. 
When this occurs, the counselor is forced to return to the  
clinical information and pedigree in order to make the best 
estimate of the person’s risk and counsel accordingly. One may 
attempt to link the VUS with addition clinical information 
(such as a VUS in a DNA MMR gene with the abnormalities 
found at immunohistochemistry), but caution is needed, as  
the VUS may be “linked” to the as-yet undetected actual muta-
tion. This is one of the most challenging aspects of genetic 
counseling currently.

Nonpaternity or paternal misattribution
A confounder in genetic counseling will occur then the patient 
misattributes his or her father, and one tries to assemble a pedi-
gree and interpret the disease risk. It has been estimated that as 
many as 5%–10% of individuals may not have the actual biologi-
cal father on their pedigree. It is much less common to have 
misattribution of maternity, but it can happen, and the actual 
truth kept from the individual.

and cystic fibrosis screening in Caucasians. Larger screening 
panels have emerged that test couples for a group of conditions 
that could affect the fetus, regardless of the family history or 
ethnic background. These tests can help identify couples who 
are at risk of having a child with an autosomal recessive condi-
tion; however, they cannot guarantee a healthy child. Individuals 
who screen negative still have a residual risk to have a child with 
an autosomal recessive condition, have the possibility of having 
a child with a de novo mutation, chromosomal aneuploidy, or 
other birth defect.

Chorionic villus sampling (CVS) and amniocentesis are inva-
sive procedures that can be conducted during the first and 
second trimester, respectively, for prenatal diagnosis. 
Theoretically, if a familial mutation is known for any inherited 
condition, the at-risk fetus could be tested for it with either 
procedure. These procedures are also commonly used for aneu-
ploidy screening. CVS or amniocentesis is intended to deter-
mine whether the fetus carries the mutation(s) of interest. The 
proband should have a plan to use the information prior to 
having the test, because the implication would be that either the 
pregnancy would be terminated, or some important interven-
tion take place prior to the birth of the child with the mutation. 
Some couples solely desire this information for peace of mind 
and have no actionable plan.

Preimplantation genetic diagnosis (PGD) offers a couple 
another way to have a child without the known familial condi-
tion. If the familial mutation is known, the couple can undergo 
in vitro fertilization and have a small number of cells removed 
from the embryo to test for the familial mutation. Embryos 
without the familial mutation can be implanted.

As a younger generation of healthy at-risk mutation-bearing 
“previvors” are identified, strategies for counseling this patient 
population are needed. Some couples opt to do nothing until 
their child is born, or even grown into adulthood. Others want 
to consider prenatal testing or PGD. For those who strongly 
desire a child without the condition, but feel that PGD or pre-
natal diagnosis compromises their ethical and moral values, 
they can also consider adoption, sperm donation, or egg dona-
tion. While the ethical dilemmas a couple may face are numer-
ous, each state has its own laws surrounding pregnancy 
termination, with most allowing termination up until the end 
of the second trimester.

Genomics, future trends, and challenges

Total genomic sequencing
The cost of sequencing a genome has decreased dramatically 
and continues to fall. Increasingly, the major factor limiting 
widespread routine genome sequencing is the ability to accu-
rately interpret the large amount of information, rather than the 
cost. It will take some time to translate raw DNA sequences into 
actionable clinical information, as everyone carries a large 
number of what would historically have been considered 
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to getting this started. The discussion then introduces the 
listener to some of the complexities involved in the interpre-
tation of a family history, what one should be looking for, 
and briefly explains the approach to the inherited colorectal 
cancer syndromes.

Additional resources

Rimoin D.L., Connor J.M., Pyeritz R.E., et al. (eds). Emery and Rimoin’s 
Principles and Practice of Medical Genetics, 5th edn. Philadelphia: 
Churchill Livingstone/Elsevier, 2007.This is a compendium of clini-
cal descriptions of genetic diseases, with reviews of the genetic bases 
of the diseases.

Valle D., Beaudet A.L., Vogelstein B., et al. (eds). The Online Metabolic 
and Molecular Bases of Inherited Disease. Available at: www 
.OMMBID.com. Accessed March 2014. This is a comprehensive 
on-line version of a very complete reference for all inherited 
diseases.

Vogelstein B., Papadopoulos N., Velculescu V.E., et al. Cancer genome 
landscapes. Science 2013;339:1546.This is an authoritative review of 
the somatic genetics of cancer, and details the roles of driver muta-
tions in tumor tissues.

American Medical Association. Genetics and Molecular Medicine. 
Available at: http://www.ama-assn.org/ama/pub/physician 
-resources/medical-science/genetics-molecular-medicine.page. 
Accessed March 2014. This is an AMA website that provides guid-
ance for genetic testing with multiple links to principles of personal-
ized medicine, pharmocogenomics, and policy in the use of 
genetics.

National Cancer Institute. Understanding Cancer Series. Available at: 
http://www.cancer.gov/cancertopics/understandingcancer/
genetesting. Accessed March 2014. This is a useful website from the 
National Cancer Institute with useful basic explanations of genetics 
jargon, particularly useful for those who are less familiar with 
genetics.

Gene Testing Registry. Genetic Testing Registry. Available at: http://
www.ncbi.nlm.nih.gov/sites/GeneTests/. Accessed March 2014. This 
is a useful website initially supported by the NIH as “Genetests,” 
which provides links to determine how to obtain testing for each of 
the known genetic diseases.

National Coalition for Health Professional Education in Genetics. 
Available at: http://www.nchpeg.org. Accessed March 2014. This 
website provides links useful for genetic counselors and counseling.

National Human Genome Research Institute. Available at: http://
www.genome.gov. Accessed March 2014. This is a website that will 
provide assistance when there is a question about whether a specific 
disorder has a genetic basis, and provides links to clinical research 
sites.

National Center for Advancing Translational Sciences/ Office of Rare 
Diseases Research. Available at: http://rarediseases.info.nih.gov/
resources/3/genetics-resources. Accessed March 2014. Genetics 
resources of a collection of links that provide information on genes, 
genomics, and family history tools.

Genetics Home Reference. Available at: http://ghr.nlm.nih.gov/. 
Accessed March 2014. This site provides links for assistance in under-
standing general and specific genetic conditions.

Desire not to know
Patients are entitled to make the conscious decision not to know 
their medical risks based upon genetic data. Autonomy is one 
of the founding principles of genetic counseling, allowing 
patients to decide what genetic information, if any, they desire 
to have. In cases where knowing genetic information is helpful 
for providing medical care, it may become an obstacle for clini-
cians and their patients to agree not to undergo genetic testing.

Certain diagnostic procedures or tests may disclose genetic 
information to the patient without specifically obtaining pretest 
permission. For example, when a patient has a colon cancer 
resected and immunohistochemistry is performed automati-
cally, the suspected diagnosis of Lynch syndrome may be raised. 
Although the diagnostic result may not be definitive, depending 
on the circumstances, it could provide a very high clinical sus-
picion for that disease. Certain pathological findings may be 
pathognomonic of a genetic disease, raising the question of 
whether there is a legal obligation to inform the patient of the 
risk. For example, Lhermitte–Duclos disease – a cerebellar dys-
plastic gangliocytoma – is highly suggestive of Cowden syn-
drome. The clinician will be in the challenging position of 
determining whether the patient wants to know more; generally, 
it is the responsibility to inform the patient fully of risks implied 
by any finding.

Genetic testing in children
In most jurisdictions, a child is unable to legally provide consent, 
and therefore lose autonomy in the genetic testing process. The 
American Academy of Pediatrics (AAP) and American College 
of Medical Genetics (ACMG) issued a joint statement in 2013 
suggesting that pediatric diagnostic genetic testing should be 
considered like any other medical condition and that consent 
from the parents or guardians should be obtained. If possible, 
consent from the child is also desired. Predictive genetic testing 
is generally discouraged unless the genetic information can help 
provide medical management and prevention options at the 
patient’s current age. If a parent was diagnosed with pancreatitis, 
it would be very beneficial for the child to undergo predictive 
testing as the age of onset is often in childhood. Conversely, 
testing for Lynch syndrome is generally discouraged in children, 
because the age to begin screening is ∼25 years. The AAP and 
ACMG did not endorse carrier screening in children in this 
instance [36].

References are available at  
www.yamadagastro.com/textbook

To access the podcast for this chapter, please go to 
www.yamadagastro.com/textbook

Podcast 47.1 The podcast helps the listener understand 
when and why a clinician might need to use genetic testing 
and genetic counseling, and briefly describes the approach 
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Oropharyngeal swallowing disorders

Oropharyngeal dysphagia is associated with high morbidity, 
mortality, and cost. Estimates of the prevalence of dysphagia 
among individuals older than 50 years of age range from 16% 
to 22% [1,2]. Within healthcare institutions it is estimated that 
up to 13% of hospitalized patients [3] and 60% of nursing home 
residents [4] have feeding problems of which most are attrib-
uted to oropharyngeal dysfunction as opposed to esophageal 
dysfunction. The consequences of oropharyngeal dysphagia are 
severe: dehydration, malnutrition, aspiration, choking, pneu-
monia, and death. In fact, mortality of nursing residents with 
dysphagia and aspiration can be as high as 45% over 1 year [5].

Mechanics of oropharyngeal swallowing
Oropharyngeal swallowing begins with an oral phase that is 
then followed by a pharyngeal phase. The oral phase of swal-
lowing is largely voluntary and highly variable, depending upon 
taste, environment, hunger, motivation, etc. Disorders of the 
oral phase of swallowing occur with many conditions character-
ized by global neurological dysfunction such as head trauma, 
cerebral tumors, or chorea. Detailed discussion of these condi-
tions can be found in texts on swallow evaluation and therapy 
[6,7]. The pharyngeal phase of swallowing is a complex inte-
grated oropharyngeal contractile event. Although understood 

physiologically as the patterned activation of motor neurons 
and their corresponding motor units, swallowing is clinically 
evaluated in mechanical terms; specifically, the effect of this 
motor activity on the configuration of the oropharyngeal cavity. 
The anatomic complexity of the oropharynx is best evaluated by 
videofluoroscopic analysis (Figure 48.1). 

The pharyngeal swallow consists of several closely coordi-
nated actions: (1) nasopharyngeal closure by elevation and 
retraction of the soft palate, (2) upper esophageal sphincter 
(UES) opening, (3) laryngeal closure, (4) tongue loading 
(ramping), (5) tongue pulsion, and (6) pharyngeal clearance. 
Coordination of these actions is imperative with the most fun-
damental being to transform the oropharynx from a respiratory 
to a swallow pathway. As shown in Figure 48.1, these events 
occur in close synchrony as the larynx exhibits substantial axial 
mobility and the UES is obligated to move in unison with it 
because the cricopharyngeus attaches to the lateral aspects of 
the cricoid cartilage. The mechanical determinants of UES 
opening are laryngeal elevation and anterior traction on the 
hyoid [8,9]. The mechanical determinants of laryngeal vestibule 
closure, which is almost exactly synchronized with UES opening, 
are laryngeal elevation and anterior tilting of the arytenoid car-
tilages against the base of the epiglottis [6].

The main determinants of bolus transport out of the  
oropharynx are the action of the tongue and of the pharyngeal 
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Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


880   PART 4 Gastrointestinal diseases

Figure 48.1 High-resolution pharyngoesophagal manometry with combined fluoroscopy. The fluoroscopic images (upper images) are depicted at specific 
time intervals demarcated on the high-resolution manometry (lower images). The time line illustrates the coordination and timing of events within the 
swallow on fluoroscopy. Each horizontal bar depicts the time period during which the fluoroscopic image is obtained and marks the various stages of the 
oropharyngeal swallow: (0) baseline anatomy with bolus in the mouth; (1) glossopalatal opening occurring in synchrony with UES relaxation during 
swallowing, which is typically to less than 10 mmHg; (2) velopharyngeal junction closure sealing off the nasopharynx to prevent regurgitation (note the 
elevation depicted by the white arrow); (3) laryngeal vestibule closure and UES opening occurring as the epiglottis inverts closing the laryngeal vestibule as 
the bolus, led by air, is rapidly pushed through the UES; (4) continued bolus transit with onset of the pharyngeal stripping; (5) bolus transfer to the 
esophagus completed as the pharyngeal stripping traverses the UES and repositions itself to its baseline axial location; (6 and 7) return of the pharynx to 
the airway configuration with the laryngeal vestibule opened and the epiglottis back in its upright configuration. The pink arrow depicts the time period of 
UES relaxation. Source: With permission from the Esophageal Center at Northwestern University, Chicago, IL, USA. 
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constrictors. In the case of the pharyngeal constrictors, the pha-
ryngeal contraction has similar propagation and vigor regard-
less of bolus volume [10]. However, this is more involved with 
the process of clearance than of bolus propulsion; it strips the 
last residue from the pharyngeal walls. Tongue motion, on the 
other hand, varies substantially with bolus volume, suggesting 
that it has a cardinal role in determining differences in bolus 
propulsion among swallow volumes [11].

Upper esophageal sphincter closure coincides with the arrival 
of the propagated pharyngeal contraction as evident by the fixed 
time relationship between these events [9]. However, the con-

tractile activity of the sphincter has an added dimension as well, 
exhibiting increased electromyographic activity during laryn-
geal descent [12]. The magnitude of this deglutitive UES  
contraction is further augmented by sphincteric or proximal 
esophageal distension. The net result is a grabbing effect in 
which reflexive contraction of the sphincter and laryngeal 
(UES) descent complement each other to clear residue from the 
hypopharynx [13]. This clearing function probably acts to  
minimize the risk of postswallow aspiration by preventing 
residual material from adhering to the laryngeal inlet when 
respiration resumes.
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abnormalities, gastroesophageal reflux disease (GERD), or dys-
motility [15]. A recent study suggested that globus patients 
exhibited a hyperdynamic UES pressure augmentation, inde-
pendent of the motility findings in the distal esophagus (Figure 
48.2) [16]. Another study reported lower thresholds for percep-
tion of both electrical and balloon distention in globus patients 
compared to controls [17]. Nonetheless, the clinical history 
remains the cornerstone for diagnosis.

Physical examination may help identify features of an under-
lying systemic or metabolic cause for oropharyngeal dysphagia 
or localize the anatomic level and severity of a neurological 
lesion. Examination of the oral cavity, head, and neck for masses, 
lymph nodes, goiter, and evidence of previous surgery or radia-
tion therapy will help define structural abnormalities associated 
with dysphagia. Neurological examination may indicate cranial 
nerve dysfunction, neuromuscular disease, cerebellar dysfunc-
tion, or an underlying movement disorder. Of note, contrary to 
popular belief, the gag reflex is not predictive of pharyngeal 
swallowing efficiency or aspiration risk. The gag reflex is absent 
in 20%–40% of normal adults [18]. Finally, simply observing the 
patient swallowing water and a solid, such as bread or a marsh-
mallow, can be extremely helpful in determining the most 
appropriate next step in the evaluation.

If the etiology of oropharyngeal dysphagia is not readily 
apparent after initial evaluation, further diagnostic studies are 
indicated. Because the management implications are so differ-
ent, the first task in the evaluation of suspected oropharyngeal 
dysphagia is to distinguish between structural and functional eti-
ologies. Structural abnormalities resultant from trauma, surgery, 

Evaluation and classification of  
oropharyngeal dysphagia
The evaluation of patients with presumed oropharyngeal dys-
phagia should focus on five fundamental questions:
1.	 Does the patient describe dysphagia as opposed to globus 

sensation?
2.	 Is dysphagia oropharyngeal or esophageal in origin?
3.	 Is the dysphagia secondary to a structural or functional 

disorder?
4.	 Is there an underlying related or causative disorder?
5.	 Should therapy be directed toward the underlying etiology 

or the dysphagia itself?
These questions can usually be answered with a careful 

history and physical exam. Major objectives of the history are 
to differentiate oropharyngeal dysphagia from esophageal dys-
phagia, or globus sensation. Whereas patients almost invariably 
accurately recognize the locus and consequence of oropharyn-
geal dysphagia, they mistakenly identify the neck as the locus 
of bolus hang-up with esophageal dysphagia about 30% of the 
time. Therefore, elicitation of symptoms such as aspiration, 
coughing, nasopharyngeal regurgitation, or drooling is of great 
value in distinguishing oropharyngeal dysphagia from proxi-
mally referred esophageal dysphagia.

Distinguishing oropharyngeal dysphagia from globus sensa-
tion can be particularly vexing. Globus is defined as a persistent 
or intermittent, painless sensation of a lump or foreign body in 
the throat [14]. Unlike dysphagia, which occurs only during 
swallowing, globus sensation is prominent between meals and 
swallows. Globus sensation can be associated with anatomic 

Figure 48.2 Patterns of UES contraction during breathing. The normal pattern is associated with augmentation during inspiration with increases 
typically less than 27 mmHg. The hyperdynamic pattern suggests a more vigorous change in the inspiratory augmentation during inspiration. A more 
rare pattern is associated with a shift wherein augmentation occurs during expiration.
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the oropharynx, palate, proximal esophagus, and proximal 
airway (Figure 48.1). These images are then evaluated with 
respect to four major categories of oropharyngeal dysfunction:
1.	 inability or excessive delay in initiation of pharyngeal 

swallowing
2.	 aspiration
3.	 nasopharyngeal regurgitation
4.	 residue of the ingestate within the pharyngeal cavity after 

swallowing.
Furthermore, the procedure allows for evaluation of the efficacy 
of various compensatory dietary modifications, postures, and 
swallowing maneuvers in compensating for observed swallow-
ing dysfunction.

Intraluminal manometry can quantify the strength of pha-
ryngeal contraction, the completeness of UES relaxation, and 
the relative timing of these events. When coupled with concur-
rent videofluoroscopy it may provide useful complementary 
information regarding UES dysfunction. High intrabolus pres-
sures may distinguish impaired UES opening from impaired 
UES relaxation as a cause of oropharyngeal dysphagia (Figure 
48.4).

Structural etiologies of oropharyngeal dysphagia
Implicit in the mechanical description of swallowing summa-
rized above is that normal swallowing is associated with minimal 
outflow resistance from the oropharynx. Identification of 
obstructing lesions that cause dysphagia will lead to specific 
management in most cases (Figure 48.3). For example, cervical 
webs, pharyngeal or cricopharyngeal strictures, or tumors are 
indications for surgery, dilation, antineoplastic therapy, or some 
combination thereof. In the setting of benign strictures or post-
cricoid webs, simple dilation is safe and effective. Prominent 

tumors, caustic injury, congenital anomalies, or acquired 
deformities are identified by endoscopic and/or radiographic 
examination. Endoscopy may be performed either transorally 
or transnasally to identify tumors, webs, or hypopharyngeal 
diverticula. Barium studies may define areas of obstruction and 
hypopharyngeal diverticula, but add little structural informa-
tion to endoscopic exams (Figure 48.3). 

After structural defects have been excluded, videofluoroscopy 
is used for a functional evaluation of swallowing. Frequently 
referred to as a modified barium swallow, Logemann has 
described a protocol comprised of a series of swallow tasks [6]. 
Images are obtained in a lateral projection, framed to include 

Figure 48.3 Radiographs of obstructive pathology causing oropharyngeal 
dysphagia: (a) cricopharyngeal bar and (b) Zenker diverticulum. Note the 
prominent cervical osteophytes below the Zenker diverticulum (b). 
Source: With permission from the Esophageal Center at Northwestern 
University, Chicago, IL, USA.

(a) (b)

Figure 48.4 Pressure topography plots of high-resolution manometry of the upper esophageal sphincter (UES) before (a) and after (b) dilation in a 
subject with a symptomatic cricopharyngeal bar. Typical UES relaxation pressure is less than 10 mmHg. However, in (a) the mean UES relaxation 
pressure is >35 mmHg and the relaxation duration is extremely brief. After dilation with an over-the-guide wire polyvinyl dilator, the intrabolus 
pressure was substantially decreased and relaxation duration prolonged. Source: With permission from the Esophageal Center at Northwestern 
University, Chicago, IL, USA.

(a) (b)

3 4 5 6 7 8 9

35

30

25

20

15

10

5

0

–5

Time (s) Time (s)

1

2

3

4

5

6

7

8

4 5

χ
 (c

m
)

χ
 (c

m
)

6 7 8 9

1

2

3

4

5

6

7

8

9



Motility disorders of the esophagus CHAPTER 48   883

a definitive approach to the problem of pulsion diverticula 
should involve both diverticulectomy and myotomy. 
Diverticulectomy alone risks recurrence because the underlying 
stenosis at the level of the cricopharyngeus is not remedied. 
Similarly, myotomy alone risks not solving the problem of food 
accumulation within the diverticula with attendant regurgita-
tion and aspiration. Small diverticula may, however, disappear 
spontaneously following myotomy.

Whether or not a cricopharyngeal bar in the absence of a 
diverticulum requires treatment is less clear. Certainly, if dys-
phagia exists and combined fluoroscopic/manometric analysis 
demonstrates reduced sphincter opening in conjunction with 
elevated upstream intrabolus pressure, there is good rationale 
for treatment. One uncontrolled series suggests that in this sce-
nario dilation with a large-caliber bougie may be efficacious in 
relieving dysphagia and this is certainly a reasonable treatment 
option prior to myotomy [22] (Figure 48.1).

Functional etiologies of  
oropharyngeal dysphagia
Primary neurological or muscular diseases involving the 
oropharynx can be associated with dysphagia. Thus, whereas 
esophageal dysphagia usually results from esophageal diseases, 
oropharyngeal dysphagia is frequently the result of neurological 
or muscular diseases with oropharyngeal dysfunction being just 
one pathological manifestation. Although the specifics of the 
diseases vary, the net effect on swallowing can be analyzed 
according to the mechanical description of the swallow outlined 
above. Table 48.1 summarizes the mechanical elements of the 
swallow along with the manifestation and consequence of dys-
function and representative pathological conditions in which 
they are likely encountered. Some of the more distinct patho-
logical entities are discussed below. 

Neurological	causes	of	oropharyngeal	dysphagia
Neurological diseases can damage the neural structures requi-
site for either the afferent or efferent limbs of the oropharyngeal 
swallow. Because there is nothing unique to neurons controlling 
swallowing, their involvement in disease processes is usually 
random. Furthermore, in most instances, functions mediated by 
adjacent neuronal structures are concurrently involved. Virtually 
any disease of the central nervous system can potentially cause 
dysphagia.

Cerebrovascular accidents
Aspiration pneumonia inflicts an estimated 20% death rate in 
the first year after a stroke, and 10%–15% each year thereafter 
[23]. It is usually not the first episode of aspiration pneumonia, 
but the subsequent recurrences over a several year period that 
eventually cause death [24]. The ultimate cause of aspiration 
pneumonia is dysphagia leading to aspiration, which can occur 
by a number of mechanisms: absence or severe delay in trigger-
ing the swallowing reflex (swallow apraxia), reduced lingual 
control, and unilateral or bilateral weakened laryngopharyngeal 

cervical osteophytes can also cause obstructive dysphagia. Since 
the posterior wall of the pharynx is so closely opposed to the 
anterior aspect of the cervical vertebrae, cervical osteophytes 
cause an anterior bulging into the hypopharynx that can impede 
passage of a normal sized bolus. The most common structural 
abnormalities of the hypopharynx associated with dysphagia are 
hypopharyngeal diverticula and cricopharyngeal bars.

Hypopharyngeal	diverticula	and	cricopharyngeal	bars
Acquired hypopharyngeal diverticula occur most commonly in 
men after the age of 60. The most common type, Zenker diver-
ticulum, originates in the midline posteriorly at Killian’s dehis-
cence, a point of pharyngeal wall weakness between the oblique 
fibers of the inferior pharyngeal constrictor and the transverse 
cricopharyngeus muscle (Figure 48.3) [19]. Other locations of 
acquired pharyngeal diverticula include: the lateral slit separat-
ing the cricopharyngus muscle from the fibers of the proximal 
end of the esophagus through which the recurrent laryngeal 
nerve and its accompanying vessels run to supply the larynx, at 
the penetration of the inferior thyroid artery into the hypophar-
ynx, and at the junction of the middle and inferior constrictor 
muscles. The unifying theme of these locations is that they are 
sites of potential weakness of the muscular lining of the 
hypopharynx. Hypopharyngeal diverticula are often asympto-
matic until they enlarge sufficiently to retain food or liquid. In 
most instances, symptoms are of dysphagia, halitosis, postswal-
low regurgitation, or even aspiration of material from the pha-
ryngeal pouch.

Hypopharyngeal diverticula form as a result of a restrictive 
myopathy associated with diminished compliance of the 
cricopharyngeus muscle. Surgical specimens of cricopharyn-
geus muscle strips from 14 patients with hypopharyngeal diver-
ticula demonstrated structural changes that would decrease 
UES compliance and opening [20]. The cricopharyngeus 
samples from these patients had “fibroadipose tissue replace-
ment and (muscle) fiber degeneration.” Thus, although the 
sphincter relaxes normally during a swallow, it cannot distend 
normally, resulting in the appearance of a cricopharyngeal 
indentation, or bar, during a barium swallow (Figures 48.3 and 
48.4). Diminished sphincter compliance necessitates increased 
hypopharyngeal intrabolus pressure to maintain transsphinc-
teric flow through the smaller UES opening. The increased 
stress on the hypopharynx from the increased intrabolus pres-
sure may ultimately result in diverticulum formation.

Management	of	structural	oropharyngeal	dysphagia
The treatment of hypopharyngeal diverticula is cricopharyngeal 
myotomy with or without a diverticulectomy. Resting UES tone 
is reduced to approximately 50% of baseline, suggesting that the 
derived benefit is from increased compliance at the UES [20]. 
Good or excellent results can be expected in 80%–100% of 
Zenker patients treated by transcervical myotomy combined 
with diverticulectomy or diverticulopexy [21]. There are 
instances in which a limited procedure would be adequate, but 
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Amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis (ALS) is a progressive neurologi-
cal disease characterized by degeneration of motor neurons in 
the brain, brainstem, and spinal cord. Specific symptoms are 
dependent upon the locations of affected motor neurons and 
the relative severity of involvement. When the degenerative 
process involves the cranial nerve nuclei, swallowing difficulties 
ensue. Oropharyngeal dysfunction characteristically begins 
with the tongue and progresses to involve the pharyngeal and 
laryngeal musculature. Patients experience choking attacks, 
become dehydrated or malnourished, and incur aspiration 
pneumonia. The decline in swallowing function is progressive 
and predictable, inevitably leading to gastrostomy feeding. A 
number of patients die as a consequence of their swallowing 
dysfunction in conjunction with respiratory depression [28].

Tumors
Medullary or vagal tumors are potentially debilitating with 
respect to swallowing. Astrocytomas are the most common his-
tological type affecting adults while medulloblastomas are the 
most common type encountered in children [29]. The relative 
inaccessibility of the medulla to surgery usually means that 
substantial morbidity is incurred during attempted resection  
or palliation.

Unilateral lesions of the vagus can result in hemiparesis of the 
soft palate and pharyngeal constrictors, as well as of the laryn-
geal musculature. Surgical manipulation of this region can even 
result in complete loss of the pharyngeal swallow response [30]. 
The recurrent laryngeal nerves can be injured as a result of 
thyroid surgery, polio, aortic aneurysms, pneumonectomy, 

musculature [6]. Conceptually, these etiologies can be divided 
into motor or sensory impairments. Although sensory and 
motor impairment frequently cooccur, each will be addressed 
separately.

Cortical strokes are less likely to result in severe dysphagia 
than are brainstem strokes [25]. In a report of 100 consecutive 
patients, 37 of 86 (43%) who sustained an acute cerebral infarct 
experienced dysphagia when evaluated within 4 days of the 
event. However, 86% of these patients were able to swallow 
normally 2 weeks later [25]. Scalp topographic maps of the 
pharyngeal muscles obtained by transcranial magnetic stimula-
tion suggests that recovery occurs as a result of contralateral 
areas taking over the lost function [26]. Thus, dysphagia is more 
prevalent among patients incurring larger strokes and patients 
who have had prior infarcts.

The sensory cues required for eliciting the pharyngeal swallow 
are unclear. In pathological circumstances in which the neural 
substrate of the afferent signal has been damaged, patients may 
experience a relative inability to initiate a swallow. A study of 
sensory acuity in the supraglottic and pharyngeal regions 
revealed either unilateral (n = 9) or bilateral (n = 6) sensory 
impairment of moderate to severe degree in all 15 stroke patients 
studied [27]. Impaired sensation in these critical areas likely 
results in swallow apraxia. An interesting compensatory strat-
egy for this sensory defect is to accentuate oropharyngeal stimu-
lation during eating to facilitate achieving the threshold for 
triggering the medullary swallowing center [6]. Preliminary 
data suggest that sour taste is particularly effective in some 
patients with swallow apraxia, providing some hope for the 
treatment of this disabling condition [6].

Table 48.1 Patterns and manifestations of oropharyngeal dysphagia.

Mechanical element Biomechanical mechanism Evidence of dysfunction Typical diseases

Nasopharyngeal closure Soft palate elevation Nasopharyngeal regurgitation
Nasal voice

Myasthenia gravis

Laryngeal closure Laryngeal elevation
Arytenoid tilt
Vocal fold closure

Aspiration during bolus transit CVA
Head trauma

UES opening UES relaxation
Laryngeal elevation
Anterior hyoid traction
Sphincter distension

Dysphagia
Postswallow residue/aspiration
Diverticulum formation

Cricopharyngeal bar
CVA
Parkinson disease

Tongue loading and bolus propulsion Lingual sensation and control Sluggish, misdirected bolus Parkinson disease
Surgical defects
Cerebral palsy

Pharyngeal clearance Pharyngeal shortening
Pharyngeal contraction
Epiglottic flip

Postswallow residue/aspiration Polio
Postpolio syndrome
Oculopharyngeal dystrophy
CVA

CVA, cerebrovascular accident; UES, upper esophageal sphincter.
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body and destruction of acetylcholine receptors at neuromuscular 
junctions. Musculature controlled by the cranial nerves is 
almost always involved, particularly the ocular muscles. 
Dysphagia is prominent in more than a third of myasthenia 
gravis cases and, in unusual instances, can be the initial mani-
festation of the disease [6]. In mild cases, dysphagia may not be 
evident until after 15–20 min of eating. Classically, manometric 
studies reveal a progressive deterioration in the amplitude of 
pharyngeal contractions with repeated swallows. Peristaltic 
amplitude recovers with rest or following the administration of 
10 mg edrophonium chloride. In more advanced cases, the dys-
phagia can be profound and associated with nasopharyngeal 
regurgitation and nasality of the voice, even to the extent of 
being confused with bulbar amyotrophic lateral sclerosis or 
brainstem stroke [35].

Management of oropharyngeal dysphagia
Management of oropharyngeal dysphagia begins with definition 
of the aberrant physiology along the lines summarized in Table 
48.1. This is most easily accomplished with a videofluoroscopic 
swallowing study. Following definition of the patient’s swallow-
ing dysfunction, four specific issues pertaining to management 
of oropharyngeal dysphagia can be addressed:
1.	 identification of an underlying systemic disease
2.	 characterization of a disorder amenable to surgery or 

dilation
3.	 identification of a specific pattern of dysphagia amenable to 

swallowing therapy
4.	 assessment of aspiration risk.

Identifying	underlying	disease
A potential outcome of the swallowing evaluation is the identi-
fication of an underlying neuromuscular, neoplastic, or meta-
bolic disorder that will dictate specific management. For 
example, dysphagia can be the presenting symptom in patients 
with myopathy, myasthenia, thyrotoxicosis, motor neuron 
disease, or Parkinson disease. In each instance, identification of 
the underlying disease will result in a specific treatment. 
Whether or not identification and treatment of the underlying 
disorder improves swallowing function depends on both the 
natural history of the disease and whether or not an effective 
treatment exists.

Disorders	amenable	to	surgery
In marked contrast to the high efficacy observed with structural 
cricopharyngeal disorders, the efficacy of myotomy in neuro-
genic dysphagia is variable. Furthermore, most series evaluating 
the efficacy of myotomy in neurogenic dysphagia are uncon-
trolled without specific outcome measures. Thus, although an 
overall favorable response rate in excess of 60% is reported, 
there are currently no validated criteria for preoperative selec-
tion. Theoretically, the functional limitation in these circum-
stances is of pharyngeal propulsion and the potential benefit of 
myotomy is less obvious [36].

primary malignancies of the mediastinum, or metastatic lesions 
to the mediastinum. Owing to its more extensive loop into the 
chest, the left recurrent laryngeal nerve is more vulnerable to 
involvement with mediastinal node malignancy. Unilateral 
recurrent laryngeal nerve injury results in unilateral adductor 
paralysis of the vocal cords. This defect can result in aspiration 
during swallowing because of impaired laryngeal closure. 
Although some reports state the contrary [31], it is probably 
rare to have any primary pharyngeal dysfunction associated 
with recurrent laryngeal nerve injury.

Muscular	diseases	causing	oropharyngeal	dysphagia
Primary muscular diseases involving the oropharynx are associ-
ated with dysphagia reflective of the pattern of involvement. 
Nasal voice and nasopharyngeal regurgitation indicate either 
weakness or paresis of the soft palate elevators and tongue weak-
ness can cause poor control of the bolus within the mouth. 
Postswallow residue in the valleculae or hypopharynx reflects 
an ineffective, presumably weakened pharyngeal contraction. 
Aspiration suggests either weakened laryngeal elevators or post-
swallow residue that is then aspirated after the swallow sequence 
is completed. As with neurological disorders, virtually any dis-
order affecting skeletal muscle can result in dysphagia.

Oculopharyngeal dystrophy
Oculopharyngeal muscular dystrophy (OPMD) is a syndrome 
characterized by progressive dysphagia and palpebral ptosis first 
described by Taylor in 1915. He noted that all of his afflicted 
patients reaching age 50 died of starvation resulting from pha-
ryngeal paralysis. The disease is now known to be a form of 
muscular dystrophy inherited as an autosomal dominant with 
occurrences clustered in families of French Canadian descent. 
The underlying cause of OPMD is an expanded GCG repeat in 
the first exon of the gene encoding poly (A)-binding protein 
nuclear 1 (PABPN1) localized on chromosome 14.q11.2-q13. 
The number of GCG expansion ranges from eight to 13 repeats. 
PABPN1 is a nuclear multifunctional protein which is involved 
in transcription regulation and posttranscriptional processes 
[32,33].

Oculopharyngeal dystrophy affects the striated pharyngeal 
muscles and the levator palpebrae. Other forms of muscular 
dystrophy occasionally affect the pharyngeal constrictors but 
rarely, if ever, is this a dominant manifestation. The first 
symptom of OPMD is usually ptosis that develops slowly and 
eventually dominates the patient’s appearance. Dysphagia may 
begin before the ptosis, but is more often manifest simultane-
ously or a few years later. The dominant functional abnormali-
ties are weak or absent pharyngeal contraction with 
hypopharyngeal stasis [34]. Dysphagia progresses slowly but 
may ultimately lead to starvation, aspiration pneumonia, or 
asphyxia.

Myasthenia gravis
Myasthenia gravis is a progressive autoimmune disease charac-
terized by high circulating levels of acetylcholine receptor anti-
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geal reflux. A basic characteristic of esophageal motility disor-
ders, on the other hand, is failure in preserving esophageal 
emptiness. Retained material within the esophagus, or the 
excessive entry of material into the esophagus, is abnormal. 
Such dysfunction can be categorized as disorders of peristalsis 
or of sphincter competence. The main dysfunction of sphincter 
competence occurs with reflux disease, an entity covered else-
where in this text. This discussion will focus on less common 
etiologies of sphincter dysfunction and on disorders of peristal-
sis. For reference, Table 48.2 organizes the esophageal motor 
disorders based on the location and type of impairment in 
motor function.

Esophageal motor function
The esophagus is a 20–22 cm muscular tube with a wall com-
posed of skeletal and smooth muscle. The proportion of each 
muscle type is species dependent. In the human esophagus, the 
proximal 5% including the UES is striated, the middle 35%–40% 
is mixed with an increasing proportion of smooth muscle 
moving distally, and the distal 50%–60% is entirely smooth 
muscle [37]. The bundles of the outer longitudinal muscle arise 
from the cricoid cartilage, receive slips from the cricopharyn-
geus, and pass dorsolaterally to fuse posteriorly about 3 cm 
below the cricoid cartilage. Both the striated and smooth muscle 
portions of the esophagus contain a nerve network, known as 

Specific	patterns	of	dysphagia	amenable	to		
swallowing	therapy
Following characterization of a patient’s swallow dysfunction, 
the radiographic study should proceed to test selected compen-
satory or therapeutic treatment strategies. Compensatory treat-
ments include postural changes, modifying food delivery or 
consistency, or the use of prosthetics. For instance, head turning 
can eliminate aspiration or pharyngeal residue by favoring the 
more functional side in patients with hemiparesis [6]. Similarly, 
diet modifications can reduce the “difficulty” of the swallow [6]. 
Therapeutic strategies are designed to alter the physiology of the 
swallow, usually by improving the range of motion of oral or 
pharyngeal structures using voluntary control of oropharyngeal 
movement during swallow. Depending on the severity of the 
impairment, level of motivation, and global neurological intact-
ness, defective elements of the swallow can be selectively reha-
bilitated. For a detailed description of the techniques and 
limitations of swallow therapy, the reader is referred to treatises 
on the topic [6,21].

Detection	of	severe	aspiration
Oropharyngeal dysphagia associated with aspiration is respon-
sible for an estimated 40 000 deaths a year due to aspiration 
pneumonia [27]. Videoflouroscopy is believed to be the most 
sensitive test for detecting aspiration, detecting instances not 
evident by bedside evaluation in 42%–60% of patients. However, 
despite the logical association between aspiration during swal-
lowing and the subsequent development of pneumonia, this 
sequence is not inevitable. In fact, available data suggest that 
radiographic aspiration has a positive predictive value of only 
19%–68% and a negative predictive value of 55%–97% for pneu-
monia [21]. Nonetheless, the balance of evidence suggests that 
detection of aspiration is a predictor of pneumonia risk, and 
that its detection dictates that compensatory swallowing strate-
gies, nonoral feeding, or corrective surgery be instituted. 
Whether nonoral feeding eliminates the risk of aspiration is 
controversial. A provocative finding by Croghan et al. was that 
of 22 patients with radiographic aspiration, pneumonia and 
death were more frequent among patients who received feeding 
tubes [5]. This finding suggests that aspiration of oral secretions 
may be important in determining pneumonia risk and has led 
some to consider procedures such as tracheostomy to protect 
the airway.

Esophageal motility disorders

Esophageal motility has the consistent objective of emptying the 
esophagus: primary esophageal peristalsis empties swallowed 
material from the esophagus; secondary peristalsis eliminates 
air or fluid refluxed from the stomach; the upper esophageal 
sphincter contracts during inspiration to exclude inspired air 
from the digestive tract; the crural diaphragm during abrupt 
increases of intraabdominal pressure, preventing gastroesopha-

Table 48.2 Patterns of esophageal dysmotility.

Functional 
impairment

Esophageal region

Body LES

Inadequate 
deglutitive inhibition 
(or relaxation)

Achalasia
DES

Achalasia
Pseudoachalasia

Impaired retrograde 
inhibition

– Gas bloat 
(postfundoplication)

Excess retrograde 
inhibition

– GERD (TLESR)

Inadequate 
peristaltic excitation 
(or resting tone)

Absent peristalsis
Advanced achalasia
Weak peristalsis: 
transition zone, IEM
GERD
Obstruction

Scleroderma 
esophagus
GERD

Excess peristaltic 
excitation (or resting 
tone)

DES
Type III achalasia
Jackhammer esophagus

Hypercontractile LES
Achalasia

Italics indicate structural abnormalities mimicking the findings of 
primary motor disorders.
DES, diffuse esophageal spasm; GERD, gastroesophageal reflux 
disease; IEM, ineffective esophageal motility; LES, lower esophageal 
sphincter; TLESR, transient LES relaxation.
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have concluded that progression along the length of the tubular 
esophagus is not seamless. Rather, there is a distinct transition 
zone between the first two contractile segments characterized 
by low peristaltic amplitude, a slight delay in progression, and 
an increased likelihood of failed transmission [40]. This transi-
tion zone becomes quite evident when peristaltic amplitude and 
progression are plotted topographically (Figure 48.5). The topo-
graphic analysis also reveals the segmental characteristic of 
peristaltic progression through the distal esophagus. Two dis-
tinct contractile segments are followed by the lower esophageal 
sphincter (LES), which contracts with vigor and persistence 
quite dissimilar to the adjacent esophagus [41].

Esophageal peristalsis commences as the pharyngeal contrac-
tion traverses the UES and progresses along the esophagus at 
2–4 cm/s. While primary peristalsis is initiated by a swallow, 
secondary peristalsis can be elicited in response to focal esopha-
geal distention with air, fluid, or a balloon [42]. The mechanical 
correlate of peristalsis is of a stripping wave that milks the 
esophagus empty from its proximal to distal end (Figure 48.5). 
The efficacy of distal esophageal emptying is inversely related to 

the myenteric plexus, situated between the longitudinal and 
circular muscle layers [38]. The inner circular and outer longi-
tudinal muscle layers of the proximal esophagus are composed 
of striated muscle and are controlled by somatic motor fibers 
from lower motor neurons in the nucleus retrofacialis and the 
nucleus ambiguus. Axons of these lower motor neurons course 
through the vagus nerve by way of the recurrent laryngeal 
nerve. The thoracic esophagus is composed mainly of smooth 
muscle that receives innervation from preganglionic neurons in 
the dorsal motor nucleus of the vagus. Vagal fibers synapse in 
the myenteric plexus ganglia and are generally considered to be 
the relay neurons between the vagus and the smooth muscle. A 
second nerve network, the submucosal or Meissner’s plexus, is 
situated between the muscularis mucosae and the circular 
muscle layer. The submucosal plexus of the human esophagus 
is exceedingly sparse [39].

The normal esophagus does not exhibit spontaneous contrac-
tions and its resting pressure is an approximate reflection of 
pleural pressure, becoming negative during inspiration. 
Analyses of the vigor and propagation of esophageal peristalsis 

Figure 48.5 Representative physiological data, modified to illustrate the relationship between videofluoroscopic (purple bolus), manometric tracings 
(white lines), and topographic representations of esophageal peristalsis after a 5-mL water swallow that was completely cleared by the sequence. 
Tracings of the videofluoroscopic images are overlayed on the esophageal pressure topography (EPT) plot to show the distribution of the bolus. At each 
recording site, the white line intersecting the pressure scale (mmHg) on the right represents the manometric tracing. Luminal closure and hence the tail 
of the barium bolus coincides at each recording site with the upstroke of the peristaltic contraction (black arrows) and the leading edge of the 30 mmHg 
isobaric contour (black line). On the isobaric contour plot, four distinct pressure segments separated by three pressure troughs are evident. 
Physiologically the first trough approximates the transition from striated and smooth muscle, the second is within the smooth muscle segment, and the 
third separates the peristaltic segment from the lower esophageal sphincter (LES). Note that LES relaxation is reliably recorded using either manometric 
technique, albeit somewhat differently. From the illustration it is evident that the offset of LES relaxation measured by the sleeve coincides with the 
peristaltic contraction contacting the proximal portion of the sleeve. In addition to measuring mean residual pressure, topographic analysis allows for 
more precise measurement of the transphincteric pressure gradient. EGJ, esophagogastric junction; UES, upper esophageal sphincter. Source: Isobaric 
contour tracing used with permission of the Esophageal Center at Northwestern University, Chicago, IL, USA.
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Figure 48.6 Utilization of the pressure inversion point (PIP) tool in a high-resolution manometry study. Peak inspiration is depicted by the pink lines 
while midexpiratory phase is depicted by the orange line. Scrolling across the esophagogastric junction (EGJ), the PIP tool subtracts the distal pressure 
tracing (blue line) from the recording site 1 cm proximal to that (green line) to derive the difference between the two (red line). Note the flattening of 
the red line occurs at 42.5 indicating the center of the respiratory inversion zone (pink line).
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peristaltic amplitude, such that emptying becomes progressively 
impaired with peristaltic amplitudes of 30 mmHg or less [43].

Deglutitive inhibition is another cardinal feature of the peri-
staltic mechanism. A second swallow, initiated while an earlier 
peristaltic contraction is still progressing in the proximal 
esophagus, causes rapid and complete inhibition of the contrac-
tion induced by the first swallow [44]. If the first peristaltic 
contraction has reached the distal esophagus, it may proceed 
distally for a few seconds after the second swallow, but its ampli-
tude diminishes progressively until it disappears [45]. Deglutitive 
inhibition results from hyperpolarization of the circular smooth 
muscle and is mediated by nonadrenergic, noncholinergic 
neurons in the myenteric plexus.

Esophagogastric	junction
The anatomy of the esophagogastric junction (EGJ) is  
complex. The distal end of the esophagus is anchored to the 
diaphragm by the phrenoesophageal membrane, which inserts 
circumferentially into the esophageal musculature close to the 
squamocolumnar junction. The esophagus then traverses the 
diaphragmatic hiatus and joins the stomach in almost a tangen-
tial fashion. Thus, there are several potential contributors to the 
EGJ high-pressure zone: the LES, the diaphragmatic hiatus, and 
the muscular architecture of the gastric cardia, which consti-
tutes the distal aspect of this zone.

The LES is a short segment of tonically contracted smooth 
muscle at the distal extreme of the esophagus (Figure 48.6). 
Resting LES tone normally varies from 10 to 30 mmHg relative 
to the intragastric pressure, with considerable temporal fluctua-
tion. Although not fully understood, the mechanism of LES 
tonic contraction seems to display properties of both the muscle 
itself and the nerves controlling the sphincter. This conclusion 
is supported by the observation that pressure within the sphinc-
ter is minimally affected after the elimination of neural activity 
by close intraarterial injection of tetrodotoxin [46]. 

The neural mediation of LES relaxation has been studied 
extensively [47–49]. LES relaxation can be triggered by disten-
tion on either side of the EGJ or by swallowing [50]. Swallowing 
induces an initial inhibition of the entire distal esophagus and 
LES relaxation is part of this inhibitory response. Deglutitive 
LES relaxation is mediated by the vagus nerve, which synapses 
with inhibitory neurons of the myenteric plexus. Current evi-
dence implicates nitric oxide (NO) as the main neurotransmit-
ter in the postganglionic neurons responsible for LES relaxation. 
NO is produced by neuronal NO synthase, which is a soluble 
cytosolic enzyme that has been identified in neurons of  
the myenteric plexus, colocalizing with vasoactive intestinal 
polypeptide (VIP), which may be a second inhibitory neuro-
transmitter in the LES as well as in the esophageal body 
[51–53].
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Figure 48.7 Diagnostic algorithm for defining esophageal motor disorders using the Chicago Classification. CFV, contractile front velocity; DCI, distal 
contractile integral; DL, distal latency; EGJ, esophagogastric junction; IBC, isobaric contour; IRP, integrated relaxation pressure.

IRP ≥ upper limit of normal
AND absent peristalsis Yes

Pressure Topography of Esophageal Motility
The Chicago Classification

Yes

Yes

Yes

No

No

No

No

IRP ≥ upper limit of normal
AND some instances of intact

or weak peristalsis

IRP is normal AND
absent peristalsis

OR reduced distal latency
OR DCI >8000 mmHg/cm/s

IRP is normal AND
Minor Peristaltic Abnormalities

(outside of normative range/clinical
significance less clear)

Achalasia
• Subtypes I,II,III

EGJ Outflow Obstruction
• Achalasia variant versus
mechanical obstruction

Normal

• ≥ 20% of swallows with DCL >5000 mmHg/cm/s and normal DL

Rapid contraction
• ≥ 20% of swallows with rapid CFV (>9 cm/s) and normal DL

Weak Peristalsis 
• ≥ 30% of swallows with small (2–5 cm) breaks in the 20-mmHg IBC
• ≥ 20% of swallows with large (>5 cm) breaks in the 20-mmHg IBC

Frequent Failed Peristalsis
• ≥ 30% of absent swallows

Hypertensive Peristalsis

Absent Peristalsis
Diffuse esophageal spasm (DES)

Jackhammer esophagus
• ≥ 20% of swallows with reduced DL (<4.5s)

• ≥ 20% of swallows with DCL >8000 mmHg/cm/s and normal DL

Evaluation and classification of  
esophageal dysphagia
Dysphagia is a fundamental symptom of esophageal disorders. 
Esophageal as opposed to oropharyngeal dysphagia is suggested 
by the absence of associated aspiration, cough, nasopharyngeal 
regurgitation, dry mouth, pharyngeal residue following swallow, 
or cooccurring neuromuscular dysfunction. On the other hand, 
the associated conditions of heartburn, regurgitation, chest 
pain, odynophagia, or intermittent esophageal obstruction 
suggest esophageal dysphagia. However, an important limita-
tion of the patient history with esophageal dysphagia is that 
patient identification of the location of obstruction is of limited 
accuracy. Specifically, a distal esophageal obstruction caused by 
an esophageal ring or achalasia will often be sensed as cervical 
dysphagia such that patients correctly locate distal dysfunction 
only 60% of the time [54]. Because of this subjective difficulty 
in distinguishing proximal from distal lesions within the 
esophagus, an evaluation for cervical dysphagia should encom-
pass the entire esophagus.

Another important consideration in patient management is 
that esophageal motility disorders are much less common than 
mechanical or inflammatory etiologies of dysphagia: tumors, 
strictures, rings, and peptic, pill, or infectious esophagitis. 
Historical points suggestive of a motor disorder are difficulty 
with both solids and liquids as opposed to only solids, which is 
more suggestive of mechanical obstruction. However, as will 
become evident in the ensuing discussion, the functional con-
sequences of mechanical or inflammatory disorders can exactly 
mimic those of primary motility disorders. Thus, as with 

oropharyngeal dysphagia, an esophageal motility disorder 
should be considered only after exclusion of these more common 
diagnoses by endoscopic and/or radiographic examination.

As outlined above, the physiological elements of esophageal 
peristalsis are the coordinated inhibition and excitation of the 
circular and longitudinal muscle layers of the esophagus. It 
follows that pathophysiological processes can involve dysfunc-
tion of deglutitive inhibition (including sphincter relaxation) 
and/or of the propagated contraction. Furthermore, because 
esophageal motor disorders are rarely diagnosed on histopatho-
logical grounds, diagnosis depends upon defining these func-
tional aberrations using manometric techniques. A relatively 
new technology, high-resolution manometry, has clearly 
improved our ability to classify and define relevant clinical phe-
notypes of abnormal esophageal motor function. This technique 
has led to the evolution of a new classification of esophageal 
motor disorders based on esophageal pressure topography 
(Figure 48.7). The Chicago Classification defines esophageal 
motor disorders using a hierarchal process that distinguishes 
patients with well-defined motor disorders and those with 
severe motility aberrations never seen in normal individuals 
from those that are defined statistically and, hence, of less 
certain significance. 

Diagnostic testing in esophageal disease
Endoscopy
Upper endoscopy should be the first test for evaluating new-
onset dysphagia when structural causes requiring either dilation 
or biopsy are being considered. It has excellent specificity for 
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Chicago Classification represents the first classification scheme 
developed for high-resolution manometry; it incorporates new 
metrics and physiological concepts not assessed by conven-
tional manometry (distal latency, pressurization events) and 
refined previous conventional manometry concepts into novel 
metrics to assess both EGJ relaxation and peristaltic activity 
(integrated relaxation pressure [IRP], distal contractile integral 
[DCI], isobaric contour integrity). These metrics are detailed 
and contrasted with conventional manometry in Table 48.3. The 
Chicago Classification recognizes five categories of motor func-
tion: (1) achalasia, (2) EGJ outflow obstruction, (3) abnormal 
peristalsis, (4) borderline contractile abnormalities, and (5) 
normal (Figure 48.7) [57].

Analysis of an esophageal pressure topography (EPT) study 
is done in a stepwise fashion using an algorithmic scheme that 
first quantifies the adequacy of deglutitive EGJ relaxation and 
subsequently uses individual swallow patterns defined by  
EPT metrics to further subclassify the patient into specific 
categories.
• Step 1: EGJ pressure morphology (Figure 48.6)

º EGJ pressure morphology is analyzed to determine whether 
a hiatus hernia is present and to locate the pressure inver-
sion point. This both has significance with respect to the 
diagnosis of reflux disease and as a quality check regarding 
proper catheter placement.

• Step 2: EGJ relaxation (Figure 48.8)
º The adequacy of EGJ relaxation is assessed with the inte-

grated relaxation pressure (IRP). As illustrated in Figure 
48.8, the IRP is calculated from the eSleeve recording as the 
mean eSleeve pressure during the 4 seconds of lowest EGJ 
pressure in the postdeglutitive period. As such, the IRP is 
influenced by the completeness of LES relaxation, the per-
sistence of LES relaxation, and intrabolus pressure during 
transit across the sphincter [58,59].

• Step 3: The integrity of peristalsis (Figure 48.9)
º Esophageal peristaltic integrity is characterized as intact, 

failed, or associated with small (2–5 cm) or large (>5 cm) 
breaks in the 20 mmHg isobaric contour spanning from the 
UES to the EGJ. The subsequent characterization of con-
tractile latency and propagation are dependent on the con-
traction not being failed (Figure 48.9). Characterizing 
peristaltic integrity is similar to utilizing a 30 mmHg thresh-
old at 3 and 8 cm above the proximal border of the LES in 
conventional manometry to define effective swallows, but 
provides a more complete assessment of the entire peristal-
tic sequence [60].

• Step 4: Localizing the contractile deceleration point (CDP) 
(Figure 48.10)
º The CDP is the inflection point in contractile wavefront 

propagation velocity. Conceptually, this is the point at 
which the peristaltic stripping wave converts to a compart-
mentalized ampulla to promote emptying of the remaining 
bolus. This landmark is in close proximity to the proximal 
border of the LES during maximal shortening and is usually 

strictures and tumors; however, it has the potential to miss 
subtle obstructing lesions, such as webs and rings. It also pro-
vides very limited information regarding motility disorders.

Radiographic	contrast	studies
Radiographic contrast studies of the esophagus are useful in 
assessing dysphagia if upper endoscopy is not readily available. 
Radiography has the added benefit of providing information 
regarding the oropharyngeal swallow, UES, peristalsis, and 
bolus clearance through the EGJ. With good technique and an 
experienced observer, normal peristalsis can be verified with 
91%–95% specificity [55,56]. Peristalsis is best evaluated in the 
prone position so that clearance does not occur by gravity. 
Abnormalities of peristalsis are inferred by retrograde escape of 
the bolus through the peristaltic wavefront resulting in delayed 
esophageal emptying. Spastic contractions are inferred with a 
corkscrew or rosary bead appearance suggesting that the bolus 
is trapped in the esophagus during a premature contraction. 
Normally the EGJ will become widely patent during bolus 
transit and impaired relaxation can be inferred with either a 
smooth tapering noted at the EGJ or esophageal retention.

Manometry
Manometry measures intraluminal pressure at intervals along 
the length of the esophagus. Conventional manometry devices 
used either water perfused or solid-state pressure sensors spaced 
3–5 cm apart along a transnasally positioned catheter. Pressure 
recordings were displayed as line tracings and interpretation 
relied on assessing the amplitudes and time intervals of events 
among recording sites to determine propagation velocity.  
A variety of methods existed to assess EGJ relaxation, but this 
was not standardized and often methodologically flawed. 
Nonetheless, this technology was the foundation for the descrip-
tion of esophageal motility disorders. More recently, the  
introduction of high-resolution manometry has vastly improved 
the characterization of esophageal motility and substantially 
refined the conventional classification of esophageal motility 
disorders.

The concept of high-resolution esophageal manometry is to 
employ a sufficient number of pressure sensors within the 
esophagus such that intraluminal pressure can be monitored as 
a continuum along the length of the esophagus, much as time 
is viewed as a continuum in line tracings of conventional man-
ometry (Figure 48.5). When high-resolution manometry is 
coupled with algorithms to display the manometric data as pres-
sure topography plots, pressure differences with time and 
among pressure sensors are visualized using color gradients on 
the topography plots. This technology has been leveraged to 
refine the conventional classification of esophageal motility dis-
orders using clinically relevant criteria to better define subtypes 
of motility abnormalities. The Chicago Classification of esopha-
geal motor disorders was vetted by a group of international 
experts over a 5-year period, endorsed by all major national and 
international motility societies, and published in 2012 [57]. The 
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Table 48.3 Definitions of esophageal pressure topography metrics.

EPT metric Definition Conventional manometry correlate

IRP (mmHg)
Integrated relaxation pressure

Average minimum EGJ pressure for 4 contiguous or 
noncontiguous seconds of relaxation within 10 s of swallow 
(upper sphincter relaxation)
Abnormal value is dependent on contractile and pressure 
patterns in the body:

propagating peristalsis (>15 mmHg)
absent peristalsis (>10 mmHg)
premature contractions (>17 mmHg)

LES relaxation measured with best estimate 
position through the EGJ
(>8 mmHg is abnormal)

Peristaltic breaks (cm)
Peristaltic integrity

Gap in the 20-mmHg isobaric contour of the peristaltic 
contraction between the UES and EGJ, measured in axial 
length:

small break: 2–5 cm in length
large break: >5 cm in length

Utilizes the 30-mmHg amplitude in positions 
3 and 8 cm above the LES to distinguish a 
swallow as ineffective:

ineffective <30 mmHg at 3 and/or 8 cm 
recording sites above the LES

DCI (mmHg/s/cm)
Distal contractile integral

Amplitude × duration × length (mmHg/s/cm) of the distal 
esophageal contraction greater than 20 mmHg measured 
between the proximal and distal pressure troughs:

Hypertensive: mean DCI of 10 swallows >5000 mmHg/s/cm
Jackhammer: at least one swallow with a DCI 
>8000 mmHg/s/cm
Weak swallow: DCI <450 mmHg/s/cm
Failed swallow: DCI <100 mmHg/s/cm

Average of 10 swallows at two recording sites 
positioned 3 and 8 cm above the LES:

Nutcracker: >180 mmHg
Revised definitions: >220–260 mmHg
ineffective <30 mmHg at 3 and/or 8 cm 
recording sites above the LES

CFV (cm/s)
Contractile front velocity

Slope of the tangent to the 30 mmHg isobaric contour 
between the proximal pressure trough and the CDP
(>9 cm/s is abnormal)

Peristaltic progression from the UES to the 
LES at a rate of 2–8 cm/s.
Greater than 8 cm/s is abnormal

DL (s)
Distal latency

Interval between UES relaxation and the CDP
(<4.5 s is abnormal)

No correlate in conventional manometry

CDP, contractile deceleration point; EGJ, esophagogastric junction; EPT, esophageal pressure topography; LES, lower esophageal sphincter; UES, upper 
esophageal sphincter.

Figure 48.8 Depiction of the integrated 
relaxation pressure (IRP), which provides a 
pressure topography metric of for 
esophagogastric junction (EGJ) relaxation 
after swallowing. The IRP is a complex 
metric; its computation requires accurately 
localizing the margins of the EGJ, noting 
the time window following deglutitive upper 
sphincter relaxation and then applying an 
eSleeve measurement (lower tracings) 
within that 10-second time box (delineated 
by the black brackets). The eSleeve is 
referenced to gastric pressure (red line) and 
provides a measure of the greatest pressure 
across the axial domain of the EGJ at each 
time instant, plotted as a line tracing 
(orange line). The IRP is the mean value of 
the four seconds during which the eSleeve 
value is least. These time points are 
indicated by the white boxes on the 
esophageal pressure topography (EPT) plot 
and by the shaded red area under the red 
line eSleeve tracing. In this example, the IRP 
is 4.7 mmHg, which is normal.
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º The velocity of the stripping wave is determined by an 
assessment of the contractile front velocity (CFV) defined 
as the slope of the tangent approximating the 30 mmHg 
isobaric contour between the proximal pressure trough and 
the CDP (Figure 48.10). This is akin to the measurement of 
velocity using the pressure sensor located 3 and 8 cm above 
the proximal aspect of the LES on conventional manometry. 
It is interesting to note that the two measures of velocity 
correlate closely because the 3 cm point closely approxi-
mates the location of the CDP.

• Step 6: Contractile vigor (Figure 48.9)
º The contractile activity within the domain of the distal 

smooth muscle esophagus from the transition zone (typi-

associated with maximal length of concurrent contraction 
of the esophageal body [61]. The CDP should be localized 
within the third contractile segment defined by Clouse [62] 
and there is no analogous measure in conventional 
manometry.

• Step 5: Contractile propagation (Figure 48.10)
º Propagation and timing of peristalsis are characterized by 

the distal latency to determine whether or not the contrac-
tion is premature in the distal esophagus, indicative of 
impaired neuronal inhibition. It is measured as the interval 
between upper esophageal relaxation and the CDP (Figure 
48.10). There is no correlate to this metric in conventional 
manometry.

Figure 48.9 The spectrum of postdeglutitive contractile vigor. The distal contractile integral (DCI) space–time box is demarcated by the dashed red 
lines with the upper border being the location of the transition zone and the lower border being the upper margin of the esophagogastric junction 
(EGJ) high-pressure zone. (a) Illustration of a normal swallow with a DCI of 2761 mmHg/s/cm with normal propagation and a single uniform 
contraction. (b) Illustration of a swallow with a DCI >8000 mmHg/s/cm fulfilling criteria for nutcracker in conventional manometry based on an 
average peristaltic amplitude >220 mmHg at 3 and 8 cm above the EGJ. This is a hypercontractile pattern classified as “jackhammer” in the Chicago 
Classification. (c–e) Patterns of absent and weak peristalsis in a patient classified as having ineffective esophageal motility (IEM). (c and d) These both 
have DCI values <50 mmHg/s/cm indicative of absent or failed peristalsis. (e) This exhibits two defects in the wavefront denoted by the white lines and 
would qualify as an ineffective swallow with isobaric contour breaks in all trough locations. (f) This represents a distinct variant of weak peristalsis in 
which the isobaric contour break is localized to the transition zone. Source: With permission from the Esophageal Center at Northwestern University, 
Chicago, IL, USA.
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• Step 7: Pressurization patterns (Figure 48.11)
º Abnormal intrabolus pressure is indicative of abnormal 

mechanics of bolus transit related to either an outflow 
obstruction in the distal esophagus/EGJ or a poorly compli-
ant esophageal wall. Intrabolus pressure is characterized 
using the isobaric contour tool set at 20 mmHg referenced 
to atmospheric pressure. Abnormal pressurization can be 
compartmentalized between a propagating contraction and 
the EGJ or between the two sphincters (panesophageal 
pressurization) (Figure 48.11). There is no correlate for this 
measure in conventional manometry; however, astute  

cally localized about 6 cm distal to the UES) to the EGJ is 
quantified as the distal contractile integral (DCI). The DCI 
utilizes the space–time domain of the second and third 
contractile segments to provide a single number that sum-
marizes the contractile vigor in this region (Figure 48.9). 
This is utilized in place of measuring the mean peristaltic 
amplitudes at 3 and 8 cm above the proximal aspect of the 
LES on conventional manometry. The EPT plots also allow 
a qualitative assessment of the contraction that helps define 
focal contractile abnormalities and disorders associated 
with LES aftercontraction.

Figure 48.10 The concept of reduced distal latency in spasm as described by Behar and Biancani. (a) The latency of propagation for normal subjects 
(blue circles) and a patient with spasm (red circles). The latency interval was measured as the delay in onset of contraction at sensor 21 relative to 
sensor 1, suggesting that patients with spasm had an impairment of neural inhibition and premature contraction. In (b) the latency plots (blue dots) are 
overlaid on pressure topography of a normal swallow illustrating the metrics utilized to assess propagation in the Chicago Classification. The contractile 
front velocity is measured along the best tangent extending from the contractile deceleration point (CDP) to the transition zone thereby focusing on the 
smooth muscle segments of the esophagus. The distal latency (DL) is a measure of the inhibitory gradient and is measured from the onset of upper 
esophageal sphincter (UES) relaxation to the CDP. Disorders of propagation are illustrated in (c–e). (c) This represents a diffuse esophageal spasm 
(DES) patient with premature contraction characterized by a reduced distal latency (DL = 3.0 s) and a rapid contraction (45 cm/s). Note that the 
position of the contractile wavefront closely follows the red dots overlaid from (a). (d) This represents a patient with reduced latency and a normal 
contraction velocity. The contractile wavefront approximates the red dots suggesting that this contraction is premature in the distal esophagus and may 
be evolving into a spastic pattern. (e) This represents a patient with normal latency and a rapid propagation velocity. This is an example of weak 
peristalsis with a large transition zone defect and does not represent impaired neuronal inhibition of the distal esophagus. CFV, contractile front 
velocity. Source: With permission from the Esophageal Center at Northwestern University, Chicago, IL, USA.
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providing data on the direction, content, and completeness of 
bolus transit. As illustrated in Figure 48.4, liquid bolus entry is 
indicated by a 50% drop in impedance and return of the imped-
ance tracing to 50% of baseline correlates with the passage of 
the tail of the bolus on fluoroscopy, also indicated by the con-
tractile upstroke noted during on manometry. Validation studies 
of multichannel intraluminal impedance against videofluoros-
copy have shown excellent concordance in ascertaining bolus 
transit, reporting agreement in 97% (83/86) of swallows ana-
lyzed [63].

Multichannel intraluminal impedance has also been com-
bined with manometry to assess the efficacy of esophageal emp-
tying as a function of distal peristaltic amplitude. In a receiver 

clinicians can assess the initial ramp pressure on line trac-
ings or identify isobaric regions among recording sites (see 
Figure 48.5).

Impedance	monitoring
Multichannel intraluminal impedance is a technique described 
more than a decade ago as a method to assess intraluminal bolus 
transit without fluoroscopy. The technique utilizes a catheter 
with multiple, closely spaced pairs of metal rings. An alternating 
current is applied across each pair of adjacent rings and the 
resultant current flow is dependent on the impedance between 
the rings. Impedance decreases when the electrodes are bridged 
by liquid and increases when they are surrounded by air thereby 

Figure 48.11 Subtypes of achalasia in high-resolution manometry and barium esophagram. (a) In classic achalasia (type I), there is no significant 
pressurization within the body of the esophagus and impaired esophagogastric junction (EGJ) relaxation with an integrated relaxation pressure (IRP) of 
22.3 mmHg. Patients with type I patterns usually present with esophageal dilatation and poor emptying as evidenced on the esophagram on the left.  
(b) This represents a swallow from a type II achalasia patient exhibiting panesophageal pressurization of the air and fluid column (purple impedance 
signal = liquid) trapped between the sphincters as the esophagus shortens. The esophagram from this patient is on the right showing only mild 
esophageal dilatation. (c) Illustration of a pressure topography plot typical of spastic achalasia (type III) achalasia. This is associated with a premature 
contraction manometrically and abnormal lumen obliterating contractions on the esophagram to the left. (d) This represents an example of EGJ outflow 
obstruction wherein the patient exhibits normal propagation of the contractile wavefront with outflow obstruction at the EGJ and a compartmentalized 
pressurization between the contraction and the wavefront. This patient also had a large diverticulum noted on the esophagram to the right and was 
eventually treated as an achalasia variant with diverticulectomy and myotomy. Source: Adapted from Pandolfino et al. 2008 [106]. Reproduced with 
permission of Elsevier.
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are more common in achalasia; however, the data are not con-
clusive [77].

Neuropathology
Achalasia is characterized by: (1) failure of the LES to relax 
completely with swallowing; and (2) aperistalsis in the smooth 
muscle esophagus. The resting LES pressure is elevated in about 
60% of achalasia cases. The physiological alterations are thought 
to result from damage to the innervation of the smooth muscle 
esophagus (including the LES). Proposed neuroanatomic 
changes responsible for achalasia include loss of ganglion cells 
within the myenteric (Auerbach’s) plexus, degeneration of the 
vagus nerve, and degeneration of the dorsal motor nucleus of 
the vagus. Of these possibilities, the loss of ganglion cells is best 
substantiated. Several observers report fewer ganglion cells and 
ganglion cells surrounded by mononuclear inflammatory cells 
in the smooth muscle esophagus of achalasics [78]. One report 
additionally noted ganglion cell degeneration extending into the 
proximal stomach in half of 34 specimens analyzed [79]. The 
degree of ganglion cell loss parallels the duration of disease such 
that ganglion cells are almost absent in patients afflicted for ≥10 
years [80]. A morphological study of 42 esophagi resected from 
patients with advanced achalasia revealed diminished myenteric 
ganglion cells and inflammation within the myenteric plexus in 
all cases [81].

The ultimate cause of ganglion cell degeneration in achalasia 
is unknown; however, there is increasing evidence consistent 
with an immune-mediated process. Immunohistochemical 
analysis of the myenteric infiltrate in achalasia patients revealed 
that the majority of inflammatory cells are CD3/CD8- positive 
lymphocytes that express TIA-1, indicating that these cells are 
either resting or activated cytotoxic T cells [82]. Achalasia may 
also be associated with degenerative neurological disorders such 
as Parkinson disease. Patients with both achalasia and Parkinson 
disease were noted to have Lewy bodies (intracytoplasmic 
hyaline or spherical eosinophilic inclusions) in the degenerating 
ganglion cells of the myenteric plexus [83].

Physiological studies also provide evidence of at least partial 
postganglionic denervation of esophageal smooth muscle in 
achalasia. Such damage can potentially affect excitatory (cholin-
ergic) ganglionic neurons, inhibitory (nitric oxide ± vasoactive 
intestinal polypeptide [VIP]) ganglionic neurons, or both. 
Consider first the excitatory ganglionic neurons. Muscle strips 
from the circular layer of the esophageal body of achalasics 
contract when directly stimulated by acetylcholine but fail to 
respond to ganglionic stimulation by nicotine, indicating a post-
ganglionic excitatory defect [84]. However, it is likely that loss 
of excitatory innervation is variable among achalasics. Partial 
preservation of the postganglionic cholinergic pathway is sug-
gested by the observations that an achalasic’s LES pressure 
increases after administration of the acetycholinesterase inhibi-
tor, edrophonium, and decreases after administration of the 
muscarinic antagonist, atropine [85]. These observations are 
crucial to understanding why botulinum toxin may have  

operating characteristic (ROC) analysis of a large number of 
swallows, a 30-mmHg cutoff had 85% sensitivity and 66% spe-
cificity for identifying incomplete bolus transit [64]. With 
diminishing peristaltic amplitudes, the sensitivity progressively 
decreased and the specificity progressively increased. That study 
illustrates the complementary nature of manometry and imped-
ance testing in assessing esophageal function in the evaluation 
of dysphagia.

Achalasia
Achalasia is the best-defined motor disorder of the esophagus. 
First recognized more than 300 years ago, the disorder was 
initially labeled cardiospasm, reflecting the observation that it 
was caused by a functional obstruction of the esophagus at the 
cardiac sphincter with no obstructing lesion evident in autopsy 
specimens. The first reported case was treated by passing a piece 
of carved whalebone with a sponge affixed to the distal end 
through the esophagus to facilitate esophageal emptying after 
meals [65]. That patient apparently sustained himself in this 
fashion for 15 years. During the next two centuries, there were 
sporadic reports of cases similarly treated with crude ramrods 
or dilators. In 1937, Lendrum proposed that the functional 
esophageal obstruction in this syndrome resulted from incom-
plete relaxation of the lower esophageal sphincter and renamed 
the disease achalasia (“failure to relax”), ushering in our current 
concept of the disease .

Epidemiology
Achalasia is a rare disease with an estimated incidence of 
1/100 000 population per year in the United States and Europe 
[66,67]. The disease affects both sexes equally and usually 
presents in adult life, being most common between the ages of 
25 and 60 [68]. Because achalasia is a chronic condition, its 
prevalence greatly exceeds its incidence. Estimates of the preva-
lence of achalasia in Europe range from 7.1/100 000 in Wales to 
13.4/100 000 in Ireland [69].

Reports of familial clustering of achalasia raise the possibility 
of genetic predisposition; however, the data on this are incon-
clusive. Achalasia has been reported in monozygotic twins [70], 
siblings [71], and children of affected parents [72]. However, 
other reports of the occurrence of achalasia in only one of a pair 
of monozygotic twins speak against strong genetic determinant 
[73]. Emphasizing this point, a survey of 1012 first-degree rela-
tives of 159 achalasics identified no affected relatives [74]. A rare 
genetic achalasia syndrome has also been described; familial 
adrenal insufficiency with alacrima is inherited as an autosomal 
recessive disease that manifests itself with the childhood onset 
of autonomic nervous system dysfunction including achalasia, 
alacrima, sinoatrial dysfunction, abnormal pupillary responses 
to light, and delayed gastric emptying [75,76]. It is caused by 
mutations in the AAAS gene, which encodes a protein known 
as ALADIN. There has been interest in assessing whether poly-
morphisms in various genes that may have functional signifi-
cance (nitric oxide synthase, vasoactive intestinal peptide R1) 
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An estimated 10% of achalasics have bronchopulmonary 
complications from regurgitation [93]. Another interesting, but 
fortunately rare, symptom of achalasia is airway compromise 
and stridor as a result of the dilated esophagus compressing the 
trachea [94]. This is related to dysfunction of the belch reflex 
either due to neural degeneration or because esophageal dilata-
tion prevents activation of stretch receptors within the esopha-
geal wall [95].

It is paradoxical that many achalasics complain of heartburn, 
even after the onset of dysphagia [96]. Although reflux may be 
a common sequelae of the treatments for achalasia, it seems 
physiologically inconsistent to simultaneously have dysphagia 
from impaired LES relaxation and reflux from excessive LES 
relaxation. In support of this skepticism, ambulatory 24-hour 
esophageal pH studies of achalasics have only shown periods of 
esophageal acidification caused by the bacterial fermentation of 
retained food in the esophagus rather than discrete gastro-
esophageal reflux events [97]. Furthermore, prolonged LES 
recordings have shown nearly a complete absence of normal 
transient LES relaxations in achalasics [98]. However, there are 
occasional exceptions to this, evident from a well-documented 
case of an achalasic patient with intact transient LES relaxation 
despite the absence of deglutitive LES relaxation [99].

Radiography
The characteristic barium swallow X-ray of achalasia is of a 
dilated intrathoracic esophagus with impaired emptying, an 
air–fluid level, absence of a gastric air bubble, and an LES that 
tapers to a point giving the distal esophagus a beak-like appear-
ance (Figure 48.11). Occasionally, an epiphrenic diverticulum, 
immediately proximal to the LES, is observed [100]. With long-
standing achalasia, the esophagus may assume a sigmoid con-
figuration and in some instances an air–fluid level, mediastinal 
widening, and outline of the dilated esophageal wall are even 
evident on a plain chest film. Note that the characteristic radio-
graphic findings depend upon esophageal dilatation. Since dila-
tation is not always present in achalasia, the sensitivity of the 
radiographic examination is limited and esophagrams may be 
unrevealing in up to one-third of patients [67].

Manometry
Manometry is crucial in the diagnosis of achalasia. Because 
there is no specific serum biomarker or histological correlate for 
the diagnosis of achalasia, the finding of aperistalsis and incom-
plete LES relaxation without evidence of a mechanical obstruc-
tion solidifies the diagnosis of achalasia [101]. In high-resolution 
manometry, the diagnostic criteria are an IRP >15 mmHg and 
absent peristalsis (Figure 48.7). Other findings, such as an 
increased basal LES pressure, an elevated baseline esophageal 
body pressure, and simultaneous nonpropagating contractions, 
may also support the diagnosis of achalasia; however, these are 
not requirements for the diagnosis [102].

Prior to the introduction of high-resolution manometry and 
EPT, there were no data substantiating the prognostic value of 

therapeutic benefit in achalasia (see Section Botulinum toxin 
injection).

Regardless of excitatory ganglionic neuron impairment, it is 
clear that the inhibitory ganglionic neurons are necessarily 
impaired as an early manifestation of achalasia. Functionally, 
these neurons are responsible for deglutitive inhibition (includ-
ing LES relaxation) and for the timing of propagation of esopha-
geal peristalsis; their absence offers a unifying hypothesis for the 
key physiological abnormalities of achalasia: impaired LES 
relaxation and aperistalsis. This is even the case during transient 
LES relaxations, elegantly demonstrating the selective physio-
logical defect in achalasia. Achalasics can still trigger transient 
LES relaxations in response to gastric distention and still exhibit 
the ensuing complex motor pattern of crural diaphragm inhibi-
tion, esophageal shortening, and an esophageal aftercontrac-
tion; but the LES paroxysmally contracts rather than relaxes 
[86]. Furthermore, patients with achalasia lack nitric oxide syn-
thase in the gastroesophageal junction [87] and VIP, which may 
be a cotransmitter in these neurons, is markedly reduced [88].

Substantial evidence supports impaired function of postgan-
glionic inhibitory innervation in the smooth muscle esophagus 
of achalasics. Muscle strips from the LES of achalasics do not 
relax in response to ganglionic stimulation as they do in normal 
controls [89]. Cholecystokinin octapeptide which normally 
stimulates the inhibitory ganglionic neurons, thereby reducing 
LES pressure, paradoxically increases the LES pressure in acha-
lasics [90]. Impaired inhibitory innervation of the esophagus 
above the LES is more difficult to demonstrate than within the 
sphincter itself because of the absence of resting tone in this 
region. However, Sifrim utilized an intraesophageal balloon to 
create a high-pressure zone in the tubular esophagus that then 
relaxed with the onset of deglutitive inhibition. This deglutitive 
relaxation in the esophageal body was absent in early, nondi-
lated cases of achalasia [91].

Clinical	presentation
Clinical manifestations of achalasia may include dysphagia, 
regurgitation, chest pain, weight loss, and aspiration pneumo-
nia. All patients have solid food dysphagia; the majority of 
patients also have variable degrees of liquid dysphagia. The 
onset of dysphagia is usually gradual with the duration of symp-
toms averaging 2 years at presentation [68]. Dysphagia severity 
fluctuates, but eventually plateaus. Predictably, regurgitation 
occurs when large amounts of food are retained in the dilated 
esophagus. The regurgitant is often recognized as food that has 
been eaten hours, or even days, previously. It tends to be non-
bilious, nonacid, and mixed with copious amounts of saliva. 
Chest pain is a frequent complaint early in the course of acha-
lasia, occurring in approximately two-thirds of patients [92]. Its 
etiology is unknown. Treatment of achalasia is less effective in 
relieving chest pain than it is in relieving dysphagia or regurgita-
tion. However, unlike dysphagia or regurgitation, chest pain 
may improve or disappear over time [92].
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sia. In fact, the only distinction between these entities is the 
demonstration of incomplete LES relaxation in achalasia. Thus, 
it has been speculated that in some instances esophageal spasm 
may represent an early stage of achalasia and may evolve into 
full-fledged achalasia. Vantrappen first proposed this relation-
ship and reported several cases demonstrating just such an evo-
lution [111]. However, as will become evident later in this 
chapter, spastic disorders of the esophagus are a heterogeneous 
lot and only a small minority, at best, are part of the continuum 
with achalasia.

Variants of achalasia have also been described. Cases of 
normal or complete LES relaxation have been described 
[99,104,105,112] and differentiating these patients from absent 
peristalsis as can be seen with reflux disease or collagen vascular 
disease or distal esophageal spasm can be difficult. A timed 
barium esophagram may be extremely useful to help differenti-
ate absent peristalsis from achalasia. Furthermore, there have 
been descriptions of achalasia variants presenting with propa-
gating contractions, which could represent either early achalasia 
or a subclinical mechanical obstruction at the EGJ [104,113]. 
These patients require further evaluation with imaging to rule 
out mechanical causes for EGJ outflow obstruction as these 
disorders can present as pseudoachalasia (Figure 48.12).

Chagas disease
Achalasia can be closely mimicked by esophageal involvement 
in Chagas disease, which is endemic in areas of central Brazil, 
Venezuela, and northern Argentina. Chagas disease is spread by 
the bite of the reduvid (kissing) bug that transmits the culprit 

conventional manometric measures in achalasia. Although 
there were qualitative descriptions of variants, such as vigorous 
achalasia [103], achalasia with preserved peristalsis [99,104], 
and cases with complete or partial LES relaxation [105], there 
were no established conventions for making these measure-
ments. However, with the adoption of high-resolution manom-
etry with EPT, three distinct subtypes of achalasia were 
quantitatively defined using novel EPT metrics (Figure 48.11) 
[106]. Furthermore, there are now five publications supporting 
the prognostic value of these achalasia subtypes consistently 
observing that: (1) type II patients have the best prognosis with 
myotomy or pneumatic dilation; (2) the treatment response of 
type I patients is less robust (and reduced further as the degree 
of esophageal dilatation increases); and (3) type III patients have 
a worse prognosis, likely because the associated spasm is less 
likely to respond to therapies directed at the LES [106–110]. 
Additionally, patients with impaired EGJ relaxation but some 
preserved peristalsis (Figure 48.11) are now recognized as a 
distinct entity that can be a variant phenotype of achalasia. 
These finding have led to the demise of the term “vigorous” 
achalasia as the entity is now subdivided into more discrete 
subtypes that highlight their unique pathophysiology and the 
heterogeneity of the previous classification.

Endoscopic	findings
Endoscopy is relatively insensitive in the detection of achalasia 
with endoscopists prospectively suggesting the correct diagno-
sis in less than one-third of patients [67]. Typical endoscopic 
findings include retained food or saliva, dilatation, and atony of 
the esophageal body. With progressive dilatation and stasis, ery-
thema, friability, and superficial ulcerations may be seen. 
Whitish plaque covering the epithelial surface may be seen as 
the result of Candida overgrowth; this is usually asymptomatic. 
The achalasic LES has a constricted, pinpoint appearance and 
does not open with air insufflation. Nonetheless, the instrument 
should pass easily through the sphincter into the stomach with 
minimal pressure. Resistance, or a feeling of stiffness as the 
endoscope crosses the gastroesophageal junction, should raise 
the suspicion of a stricture or malignancy (see Section 
Pseudoachalasia). Equivocal mucosal abnormalities of the gas-
troesophageal junction, evident on forward viewing or retro-
flexed inspection, should always be biopsied because of the 
possibility of pseudoachalasia. The motor pattern typical of 
achalasia may also be encountered in the context of a mechani-
cal obstruction at the EGJ and endoscopy should be done to rule 
out stenosis, infiltrative processes, or extrinsic compression.

Differential	diagnosis
The differential diagnosis of achalasia includes both other 
esophageal motility disorders with functional attributes over-
lapping those of achalasia and diseases of distinct pathophysiol-
ogy that duplicate the functional consequences of achalasia. 
With respect to other motility disorders, there are many simi-
larities between esophageal spasm and type III (spastic) achala-

Figure 48.12 Corkscrew esophagus (a) and rosary bead esophagus (b) on 
barium X-ray in two patients with symptomatic diffuse esophageal spasm 
(a) and jackhammer esophagus (b).

(a) (b)
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remainder. Within the spectrum of malignancies, pancreatic, 
oat cell, hepatoma, bronchogenic, esophageal squamous cell, 
prostate, and lymphoma cases have been reported [68]. These 
tumors produce an achalasia syndrome by infiltrating the wall 
of the esophagus at the gastroesophageal junction, in essence 
causing a malignant obstruction at the LES with proximal 
esophageal dilatation [116]. Similarly, pseudoachalasia has also 
been reported to result from esophageal infiltration by amyloid 
[117], eosinophilic gastroenteritis [118], and sarcoidosis [119]. 
Although often speculated in the literature, it is less certain, and 
certainly much less common, that an achalasic syndrome occurs 
as a paraneoplastic syndrome without direct tumor stenosis of 
the gastroesophageal junction [68].

Postfundoplication
Postfundoplication dysphagia is common in the early postop-
erative period and patients are often advised to consume soft 
diets for the first 2–4 weeks. Dysphagia that persists longer than 
2–4 weeks should be evaluated with an upper endoscopy or 
barium esophagram to assess the integrity of the wrap and 
evaluate for possible paraesophageal hernia. Subjects without an 
overt mechanical disruption should be evaluated with manom-
etry to assess peristalsis, LES pressure, and LES relaxation to 
determine whether the wrap is too tight or an underlying motil-
ity disorder, such as achalasia, exists. Diagnosing achalasia in 
the context of fundoplication is difficult as the manometric 
findings can be quite similar with both entities: aperistalsis and 
impaired LES relaxation. In order to distinguish mechanical 
obstruction due to a tight wrap or tight crural repair from a 
functional obstruction related to achalasia one can administer 
amyl nitrite during manometry and observe the effect on the 
EGJ high-pressure zone. The mechanical effect of a tight fun-
doplication should be less affected by the smooth-muscle relax-
ing effects of the amyl nitrite than the hypertensive sphincter of 
an achalasic [120].

Management
Because the underlying neuropathology cannot be corrected, 
treatment of achalasia is directed at compensating for the func-
tional abnormalities and preventing complications. The main 
functional abnormality is poor esophageal emptying and reduc-
ing the LES pressure treats this. With a reduced LES pressure, 
gravity promotes esophageal emptying. LES pressure can be 
reduced by pharmacological therapy, forceful dilation, or surgi-
cal myotomy. Pharmacological treatments, on the whole, are not 
very effective, perhaps more indicated as temporizing maneu-
vers than definitive therapies. The definitive treatment of acha-
lasia is still disruption of the LES either surgically (Heller 
myotomy) or with a pneumatic dilator. The optimal approach is 
an issue of debate and each therapy will be reviewed to highlight 
its pros and cons.

Pharmacological therapy
Smooth muscle relaxants such as nitrates or calcium channel 
blockers, administered sublingually immediately prior to eating, 

protozoan, Trypanosoma cruzi. After infection, an acute septi-
cemic phase of the illness develops that varies in severity from 
being so mild as to go unnoticed to being so severe as to be fatal 
[114]. The chronic phase of the disease develops many years 
after infection and results from destruction of autonomic gan-
glion cells throughout the body, including the heart, gut, urinary 
tract, and respiratory tract. Chronic cardiomyopathy with con-
duction system disturbances and arrhythmias is the most 
common cause of death. The digestive tract organs most often 
affected are the esophagus, duodenum, and colon. The severity 
of esophageal dysfunction is directly proportional to the degree 
of intramural ganglion cell loss; abnormal peristalsis is first 
detectable after 50% of ganglion cells are destroyed and esopha-
geal dilatation only after 90% are destroyed [114]. Paralleling 
this, the initial dysfunction is confined to the esophageal body 
with LES dysfunction occurring late in the course of the disease 
[114]. The most useful clinical distinction between idiopathic 
achalasia and esophageal involvement in Chagas disease is evi-
dence of other tubular organ involvement (megaureter, cardio-
myopathy, megaduodenum, megacolon, megarectum) in the 
latter. Otherwise, Chagas disease patients have the same clinical, 
radiographic, and manometric characteristics as idiopathic 
achalasia. The diagnosis of Chagas disease is confirmed by a 
serological test utilizing complement fixation or polymerase 
chain reaction. The treatment of the achalasia syndrome in 
Chagas disease is similar to that for idiopathic achalasia. 
Treatment of the infection itself is of limited efficacy in the acute 
phase of the disease and of no proven efficacy with chronic 
disease.

Pseudoachalasia
Neither the radiographic nor the manometric features of acha-
lasia are specific for idiopathic achalasia; tumor-related pseu-
doachalasia accounts for up to 5% of cases with manometrically 
defined achalasia. Pseudoachalasia is more likely with progres-
sive age (>50 years), abrupt onset of symptoms (<1 year), and 
early weight loss in excess of 7 kg [68,115]. Tumor infiltration 
(especially carcinoma in the gastric fundus) can completely 
mimic the functional impairment seen with idiopathic achalasia 
[116] (see Table 48.2). It is because of this potential pitfall that 
a thorough anatomic examination, including endoscopy, should 
be done as part of the diagnostic evaluation of every new case 
of achalasia. A clue to the presence of pseudoachalasia on the 
endoscopic examination is of more than slight resistance of 
passage of the endoscope across the gastroesophageal junction. 
In idiopathic achalasia, the endoscope should pop through with 
only gentle pressure required. If suspicion of pseudoachalasia 
persists, endoscopic biopsy, computed tomography, magnetic 
resonance imaging, or endoscopic ultrasound should be consid-
ered for further evaluation, depending upon the special 
circumstances.

Adenocarcinoma of the gastroesophageal junction accounts 
for more than one-half of pseudoachalasia cases with a myriad 
of tumors and miscellaneous conditions accounting for the 
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botulinum toxin to pneumatic dilation suggests that the added 
expense for repeated injection outweighs the potential economic 
benefits of the added safety, unless life expectancy is 2 years or 
less [133]. Thus, this therapeutic option should be mainly 
reserved for elderly or frail individuals who are poor risks for 
more definitive treatments.

Pneumatic dilation
Therapeutic dilation for achalasia requires the forceful disten-
sion of the LES to a diameter of 3–4 cm to partially disrupt the 
sphincter and effect lasting reduction of LES pressure. Dilation 
with an endoscope or with standard bougies (up to 60 F) pro-
vides very temporary benefit at best. Only balloon dilators spe-
cifically designed to treat achalasia achieve adequate diameter 
for lasting effectiveness. The basic element of an achalasia 
dilator is a long, noncompliant, cylindrical balloon that can be 
positioned fluoroscopically (Rigiflex dilator) or endoscopically 
(Witzel dilator) across the LES and then inflated in a controlled 
fashion.

The technique of pneumatic dilation is variable among prac-
titioners in terms of patient preparation, parameters of balloon 
inflation, and postdilation monitoring. There is general agree-
ment that pneumatic dilation can be done in an outpatient with 
moderate sedation. In patients with substantial esophageal 
retention, it is useful to have them on a liquid diet for one or 
more days prior to the procedure. Reported balloon inflation 
pressures range from 360 mmHg (7 psi) to 775 mmHg (15 psi) 
with periods of inflation ranging from several seconds to 5 min 
[134]. Although there is minimal methodological consistency 
among authors, a cautious approach of beginning with relatively 
low inflation pressures and/or smaller diameter dilator (3.0 cm) 
is fairly universal.

The major complication of pneumatic dilation is esophageal 
perforation; mortality is very rare [135]. Although the reported 
incidence of perforation from pneumatic dilation ranges from 
0% to 16% [93,134], a systematic review on the topic concluded 
that using modern technique the risk was less than 1%, compa-
rable to the risk of unrecognized perforation during Heller 
myotomy [136]. Because most perforations are readily evident 
within a few hours of the procedure, patients should be observed 
closely for signs of an esophageal leak for 2–6 hours after pneu-
matic dilation. If a perforation appears small and confined, or 
intramural, conservative management consisting of close obser-
vation while maintaining the patient nil per os (NPO) and 
administering intravenous antibiotics is appropriate [93]. If any 
substantial perforation has occurred, or if worsening pain and 
fever occur during observation of what was thought to be a 
small perforation, surgical repair should be pursued quickly. 
Patients with perforation from pneumatic dilation that is recog-
nized and promptly treated surgically (within 6–8 hours) have 
outcomes that are comparable to those of patients undergoing 
elective Heller myotomy [137].

Studies using pneumatic dilation as the initial treatment of 
achalasia have reported excellent long-term symptom control. 

may offer partial relief of the dysphagia accompanying achalasia 
by reducing the resting sphincter pressure. Amyl nitrite [121], 
sublingual nitroglycerin [122], theophylline [122], and beta 
2-agonists [122] have also been tried with variable results. The 
greatest reported experience has been with isosorbide dinitrate 
and nifedipine [123]. Isosorbide dinitrate (Isordil), 5 to 10 mg 
sublingual before meals, reduces the resting LES pressure by 
66% for 90 min, with clinical efficacy paralleling the magnitude 
of LES response [124]. A 19-month trial of this therapy has been 
reported to provide marked or complete relief of dysphagia 
[124]. Side effects, particularly headache, are common. Placebo-
controlled trials have not been reported.

Calcium channel blockers (diltiazem, nifedipine, verapamil) 
reduce the LES pressure by 30%–40% for more than an hour 
with potential benefit in achalasia [124,125]. The greatest clini-
cal experience has been with nifedipine (Procardia) that can be 
administered 10 to 30 mg sublingually (capsules are crushed in 
the mouth) 30 to 45 min before meals. The benefit of nifedipine, 
30–40 mg sublingually per day was assessed in a group of 29 
patients with early achalasia (prior to esophageal dilatation) in 
a placebo-controlled trial. Nifedipine was significantly better 
that placebo (which had no significant benefit), yielding good 
to excellent results in 70% of achalasics followed for 6–18 
months [123]. However, subsequent placebo-controlled crosso-
ver trials have found only minimal clinical improvement  
with nifedipine [126]. Limiting side effects of nifedipine use  
are flushing, dizziness, headache, peripheral edema, and 
orthostasis.

Sildenafil, is another smooth muscle relaxant that has been 
shown to decrease the LES pressure and deglutitive relaxation 
pressure in patients with achalasia by blocking phosphodieste-
rase type 5, the enzyme that destroys cyclic guanosine  
monophosphate induced by nitric oxide. A double-blind 
placebo-controlled trial revealed that 50 mg of sildenafil caused 
a significant decrease in LES pressure and relaxation pressure 
when compared to placebo [127]. The effect peaked at 15 to 
20 min after administration and persisted for less than 1 hour. 
This approach may be reasonable in poor surgical candidates or 
as a temporizing treatment for those awaiting definitive therapy 
with pneumatic dilation or surgery.

Botulinum toxin injection
Pasricha first reported the effects of botulinum toxin on the LES 
in achalasia patients in 1994 [128]. He found that intrasphinc-
teric injection of botulinum toxin decreased LES pressure by 33% 
and improved dysphagia in 66% of patients for a 6-month period. 
Botulinum toxin works by irreversibly inhibiting the release of 
acetylcholine from presynaptic terminals, effectively eliminating 
the neurogenic component of LES pressure. However, since this 
effect is eventually reversed by the growth of new axons, the effect 
of botulinum toxin is not long lasting. Although most patients 
initially experience a good response, there is minimal continued 
efficacy at 1 year [65,129–131]. Doses higher than 100 units have 
not been shown to be more effective [132]. Studies comparing 
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risk of developing squamous cell cancer has been estimated to 
be 30-fold relative to the nonachalasic population [151,152]. 
The pathogenesis of the carcinoma is obscure, but stasis and 
mucosal inflammation may be precipitating factors. The tumors 
develop many years after the diagnosis of achalasia. Because the 
tumors often arise in a greatly dilated esophagus, symptoms can 
be delayed, and the neoplasms are large and advanced at the 
time of detection. These considerations raise the issue of surveil-
lance endoscopy in achalasics to detect early squamous cell 
cancer. However, an elegant analysis by Sandler of a database 
encompassing the entire Swedish population of 1062 achalasics 
suggests that, after discounting incident carcinomas, the overall 
squamous cell cancer risk for achalasics compared to age 
matched controls is 17-fold making for a 0.15% incidence of 
cancer among the achalasics [153]. Consequently, the latest 
American Society of Gastrointestinal Endoscopy guidelines do 
not advocate endoscopic surveillance for achalasia patients 
[154].

Spastic disorders
The concept of “esophageal spasm” is credited to Hamilton 
Osgood based on his 1889 description of six patients with epi-
sodic chest pain and dysphagia: “sudden and often intense con-
striction in the epigastrium . . .  with an arrest of food at the 
cardiac orifice.” From the time of that report until the present 
day, further insight into the entity of esophageal spasm has 
paralleled the development of imaging or measurement tech-
nology that might detect it. “Diffuse spasm of the lower part of 
the esophagus” was first described radiographically in 1934 and 
the first manometric descriptions of spasm came in the late 
1950s. Introduction of the term, “diffuse esophageal spasm” and 
our present concept of this entity followed Fleshler’s 1967 
description of a “clinical syndrome characterized by symptoms 
of substernal distress or dysphagia or both, the roentgeno-
graphic appearance of localized, nonprogressive waves (tertiary 
contractions), and an increased incidence of nonperistaltic con-
tractions recorded by intraluminal manometry” [155].

The esophagus of the patient with diffuse esophageal spasm 
(DES) usually retains its ability to propagate normal primary 
peristaltic waves the majority of the time, suggesting that the 
responsible neuromuscular pathology must be subtler than with 
achalasia. Partly because of this fact, the criteria for diagnosing 
DES (which is the best accepted of proposed disorders of peri-
stalsis) have been variable and confusing [156]. Furthermore, 
along with the evolution of manometric techniques came the 
description of minor aberrations of peristalsis (nutcracker 
esophagus, hypertensive LES, and nonspecific esophageal motor 
disorders) to which symptomatology, especially chest pain, 
might be attributed [157]. Despite this proliferation of literature, 
whether or not these entities have any clinical significance 
remains doubtful. The heterogeneity among patients, the 
absence of specific pathology, and the absence of well-defined 
clinical implications caution against considering them akin to 
achalasia.

However, a third of patients will relapse in 4–6 years and may 
require repeat dilation. Response to therapy may be related to 
preprocedural clinical parameters, such as age (favorable if age 
>45), gender (female > male) [138], esophageal diameter 
(inversely related to response), and achalasia type (type II better 
than I and III) [106,109]. Although surgical myotomy has a 
greater response rate than a single pneumatic dilation, it appears 
that a strategy utilizing a series of dilations with the potential 
for repeat is comparable to surgery and a reasonable alternative 
to surgery. A randomized controlled trial compared this type of 
graded strategy to surgical myotomy and found it to be nonin-
ferior in efficacy [139].

Heller myotomy
Surgical series of achalasics treated with myotomy report good 
to excellent results in 62%–100% of patients with persistent 
dysphagia troubling fewer than 10% of patients overall [65]. The 
appeal of myotomy is that it offers a more predictable method 
of reducing LES pressure than does pneumatic dilatation [140]. 
Studies suggest that laparoscopic and thoracopscopic approaches 
are associated with similar efficacy and reduced morbidity when 
compared to myotomy via thoracotomy or laparotomy [65,141–
145]. Patti et al. reported the clinical outcomes of 168 achalasic 
patients who underwent thoracoscopic myotomy (35 patients) 
or laparoscopic Heller myotomy accompanied by a partial fun-
doplication (133 patients) [143]. There were no deaths in this 
series and only eight patients required reoperation. Relief of 
dysphagia was obtained in 93% of the patients who underwent 
the laparoscopic Heller myotomy and 85% of those treated with 
thoracoscopic myotomy. Not only did the laparoscopic approach 
more effectively improve dysphagia, it was associated with 
shorter hospital stay and less postoperative gastroesophageal 
reflux. Historically, postmyotomy reflux in achalasics could be 
particularly severe [146]. However, with the availability of 
proton pump inhibitors, reflux is usually well controlled making 
these complications unlikely. Thus, laparoscopic Heller myotomy 
combined with a partial fundoplication has become the pre-
ferred surgical procedure for achalasia.

Occasionally, patients fail to respond to dilation and myotomy 
and require more extensive surgical procedures. In extremely 
advanced or refractory cases of achalasia, esophageal resection 
with gastric pull-up or interposition of a segment of transverse 
colon or small bowel may be the only surgical option [147,148]. 
Indications for this intervention include unresolvable obstruc-
tive symptoms, cancer, and perforation during dilation. 
Although excellent long-term functional results can be achieved, 
the reported mortality of this surgery is about 4%, consistent 
with the mortality rate of esophagectomy carried out for other 
indications.

Risk	of	squamous	cell	cancer
Numerous series report cases of squamous cell carcinoma 
developing in the achalasic esophagus [149,150] and the relative 
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etry. A recent study assessing patients defined as having spastic 
peristaltic contractions using conventional definitions focused 
on peristaltic velocity >8 cm/s suggested that many patients 
defined with distal esophageal spasm using pressure tracing 
analysis would be categorized as normal or having weak peri-
stalsis on esophageal pressure topography [164]. When criteria 
incorporated a surrogate measure of latency defined by the time 
duration between the onset of UES relaxation and the contrac-
tile deceleration point, it became apparent that most patients 
labeled with spasm did not have abnormal latency and that 
spasm was indeed a very rare entity (2.2%).

Epidemiology
No population-based studies exist on the incidence or preva-
lence of esophageal motility disorders other than achalasia. 
Thus, the only way to estimate the incidence or prevalence of 
spastic disorders is to examine the data on populations at risk 
and reference the observed frequency of spastic disorders to the 
incidence of achalasia which, as detailed earlier, is about 
1/100 000 population. Populations at risk for motility disorders 
are patients with chest pain and/or dysphagia so it is among 
these patients that extensive manometric data have been col-
lected. As detailed in Table 48.4, summarizing representative 

Neuromuscular	pathology
Patients with spastic disorders of the esophagus rarely undergo 
esophageal surgery and the diseases are not fatal, making for a 
paucity of pathological specimens. The most striking reported 
pathological change is diffuse muscular hypertrophy or hyper-
plasia, mainly of the distal two-thirds of the esophagus. Little 
evidence of neuropathology has been reported [158]. Muscular 
thickening of up to 2 cm has been reported in patients with 
clinical and manometric evidence of DES [159,160]. However, 
there are other well-documented cases of spasm in which 
esophageal muscular thickening was not found at thoracotomy 
[161] and still other instances of patients with muscular thick-
ening not associated with DES symptoms [162].

Pathophysiology	of	spastic	disorders
Experimental evidence suggests heterogeneity among patients 
with spastic disorders such that some primarily exhibit a defect 
of inhibitory myenteric plexus interneuron function, while in 
others the defect is of excess excitation, now called “hypercon-
tractility.” Two experiments implicate a defect of myenteric 
plexus inhibitory interneuron function in the genesis of simul-
taneous contractions in the distal esophagus. Behar and Biancani 
timed the propagation of a swallow-induced contraction in 
normal subjects and in a group of patients whose dominant 
manometric abnormality was of a simultaneous contraction in 
the distal 10 cm of esophagus [163]. Figure 48.10 illustrates the 
key finding of that work. Note that within the proximal (striated 
muscle) esophagus the two groups exhibited similar contraction 
propagation, consistent with this timing being the result of the 
sequenced activation of motor units by vagal efferents pro-
grammed within the medullary swallowing center. However, 
once entering the smooth muscle segment, the patients’ con-
tractions diverged from those of the normal subjects, resulting 
in a simultaneous contraction in the distal esophagus. The dura-
tion and amplitude of contraction at each esophageal locus was 
normal, but the progressive delay of initiation of that contrac-
tion, a function attributable to increasing influence of inhibitory 
interneurons in the distal esophagus, was absent. Furthermore, 
if these individuals swallowed twice within a 5-second interval, 
there was no deglutitive inhibition of the first peristaltic con-
traction within the smooth muscle esophagus as is observed in 
normal subjects. Another experiment demonstrating impaired 
deglutitive inhibition in DES comes from work using an artifi-
cial high-pressure zone within the distal esophagus. Patients 
with motor disorders characterized by rapidly propagating or 
simultaneous contractions exhibited only partial relaxation of 
the artificial high-pressure zone, proportional to the impair-
ment of propagation velocity [91]. Taken together these findings 
strongly suggest that one neuropathological process in DES is a 
selective, intermittent dysfunction of myenteric plexus inhibi-
tory interneurons.

The manometric feature that best equates with impaired 
deglutitive inhibition, distal latency, has become the main man-
ometric feature for diagnosing DES in high-resolution manom-

Table 48.4 Manometric abnormalities in chest pain/dysphagia patients.

Study 
population

n Achalasia 
(%)

DES 
(%)

Hypercontractile
esophagus (%)

Unselected 
manometry 
patients

202 [168] 2 2 –

1013 [173] 6.4 5 31

429 [174] 13 4.6 10

1070 [164,216] – 2.2 4.1*

Chest pain 
with a 
negative 
cardiac 
evaluation

112 [149] 12 10 12

34 [175] 0 0 29

910 [167] 0.05 3 13

100 [217] 0 4 6

100 [172] 0 2 21

44 [169] 0 0 14

Patients with 
dysphagia as 
the principal 
symptom

251 [167] 19 7 5

– Data not provided; DES, diffuse esophageal spasm.
* Jackhammer.
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topography. A recent investigation using a cutoff of 4.5 seconds 
for distal latency based on normative data suggests that spastic 
contractions are rare and when present are more likely to rep-
resent type III achalasia. The majority of patients with a classi-
fication of rapid contraction based only on velocity are found 
to have normal peristalsis or weak peristalsis with a focal 
segment of rapid contraction when analyzed in pressure topog-
raphy (Figure 48.10). Hence, these findings are characterized as 
peristaltic abnormalities in the Chicago Classification.

Differential	diagnosis
Esophageal dysmotility is not life threatening as is angina pec-
toris, the pain of which it can closely mimic. Features suggesting 
an esophageal etiology include:
1.	 pain that is nonexertional and prolonged
2.	 pain that interrupts sleep
3.	 pain that is meal related
4.	 pain relieved with antacids
5.	 the presence of additional esophageal symptoms of heart-

burn, dysphagia, or regurgitation.
However, each of these characteristics still exhibits overlap with 
cardiac pain in some instances. Thus, an esophageal etiology  
of chest pain should be considered only after careful considera-
tion and evaluation of potential cardiopulmonary etiologies 
have been addressed. Furthermore, even within the spectrum 
of esophageal diseases, neither chest pain nor dysphagia is  
specific for a spastic disorder as both symptoms are also char-
acteristic of common esophageal disorders including peptic  
or infectious esophagitis. Only after these more common 
diagnostic possibilities have been excluded by appropriate  
radiographic evaluation, endoscopic evaluation, and in some 
instance, a therapeutic trial of antisecretory medications, should 
spastic disorders be considered as the etiology of the still unex-
plained symptoms.

Treatment
There is a paucity of data on the medical treatment of esopha-
geal spasm. Long-term outcome studies of the medical treat-
ment of DES with smooth muscle relaxants are not available. 
Nitrates [181], calcium channel blockers [182], and hydralazine 
[183] have all been shown to be beneficial in small trials. In 
addition, botulinum toxin injected at the esophagogastric junc-
tion has also been used with some success in patients with 
nonachalasia esophageal spasm [184]. The only double-blind 
placebo-controlled trial showing efficacy with medical therapy 
was in the case of the anxiolytic trazodone, suggesting that reas-
surance and control of anxiety are important therapeutic goals 
[185]. Consistent with this conclusion, successful management 
of symptoms associated with spastic motility disorders have also 
been reported using behavioral modification programs and bio-
feedback [186].

Although the rationale is unclear, esophageal dilation with 
standard bougie dilators has also been suggested as a therapy 

studies of at least 30 subjects, manometric abnormalities are 
prevalent among these groups [149,157,165–174]. Asymptomatic 
volunteers (usually younger than the patients) were evaluated 
to define normal values in five of these studies [149,173–176]. 
The manometric pattern of achalasia was not detected in any 
volunteer. Similarly, although diffuse esophageal spasm is more 
variably defined than is achalasia [156], simultaneous contrac-
tions following ≥30% of swallows were not found in any volun-
teer [173]. 

Clinical	presentation
Dysphagia for both liquids and solids is reported by 30%–60% 
of patients with spastic disorders [167,177]. Dysphagia is usually 
intermittent in occurrence, sometimes related to swallowing 
specific substances or liquids at extreme temperature. Dysphagia 
is usually not progressive and weight loss is rare. In some 
instances, spasm patients experience episodes of esophageal 
obstruction while eating that persists until relieved by emesis; 
these instances are probably related to premature prolonged 
DES-type contractions. More commonly, the dysphagia reported 
by patients with spastic disorders does not prevent or prolong 
eating.

Intermittent substernal chest pain is reported by 80%–90% of 
patients with spastic disorders [167,177]. Esophageal chest pain 
is very similar to angina; usually described as crushing or 
squeezing in character, often radiating to the neck, jaw, arms, or 
midline of the back. Pain episodes may last from minutes to 
hours, but swallowing is usually not impaired during these epi-
sodes. Severe pain episodes may require narcotics or nitroglyc-
erin for relief, further confusing the distinction between 
esophageal and cardiac pain. The mechanism producing pain is 
poorly understood; transient ischemia, luminal distension, and 
altered visceral sensitivity have all been hypothesized [178–
180]. More likely, the mechanism responsible for esophageal 
pain is variable among individuals.

Radiographic	and	manometric	findings
Spastic motor disorders of the esophagus have no pathogno-
monic endoscopic features. However, endoscopy is useful in the 
evaluation of patients with dysphagia or suspected esophageal 
pain to identify either structural lesions or reflux esophagitis. 
Radiographically, a “corkscrew esophagus,” “rosary bead 
esophagus,” pseudodiverticula, or curling are indicative of DES 
(Figure 48.12). It must be emphasized, however, that tertiary 
contractions (nonperistaltic, simultaneous esophageal contrac-
tions) on X-ray are not pathognomonic of esophageal spasm as 
this may be seen in asymptomatic individuals [157].

The manometric feature universal among proposed classifica-
tion schemes for DES is the occurrence of simultaneous con-
tractions using normative values of peristaltic velocity as the 
distinguishing feature of spasm [102,156]. However, the con-
ceptual paradigm of defining a simultaneous contraction based 
purely on velocity has been challenged and revised to incorpo-
rate the measurement of distal latency with esophageal pressure 
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Epidemiology
As detailed in Table 48.4, the prevalence of nutcracker esopha-
gus is much greater than that of achalasia or distal esophageal 
spasm when the primary symptom is chest pain. However, the 
prevalence of nutcracker esophagus is much less likely in the 
context of a primary referral for dysphagia when compared to 
achalasia and DES. A more recent large series found the preva-
lence of hypercontractility (jackhammer) to be 4.1% amongst 
1070 consecutive patients.

Clinical	presentation
Symptoms of hypercontractile disorders are chest pain and dys-
phagia, but there is also a strong overlap with GERD symptoms. 
Dysphagia is less constant than with achalasia (Table 48.4) 
[177]. Similar to DES, the pain with hypercontractile disorders 
can be described as angina-like, occurring intermittently, and 
correlating poorly with the occurrence of manometric abnor-
malities or meals.

Radiographic	and	manometric	findings
Bolus transit is normal with the hypercontractile disorders and 
radiographic findings are minimal. Hence, hypercontractility is 
defined manometrically by vigorous peristaltic contractions. 
High-amplitude peristaltic contractions in the esophagus were 
first described by Brand et al. in 1977 [197], but the term “nut-
cracker esophagus” was coined by Benjamin et al. in 1979 in a 
study linking patients with noncardiac chest pain (NCCP) and 
high-amplitude peristalsis [198]. Subsequently, Richter et al. 
suggested a value 2 standard deviations (SD) greater than the 
mean based on a manometric dataset of 95 healthy control 
subjects and proposed a cutoff of 180 mmHg [199]. However, 
subsequent analyses have repeatedly demonstrated that poor 
correlations exists between symptom severity and the degree of 
manometric abnormality [185,200–202]. Using the Chicago 
Classification criteria, hypertensive peristalsis (nutcracker 
esophagus) is defined as a mean DCI between 5000 and 8000 
mmHg/s/cm. This is considered a borderline abnormality, the 
clinical significance of which is unclear because there is still 
overlap with control subjects. However, if any of the test swal-
lows exhibit a DCI >8000 mmHg/s/cm, the study qualifies as 
esophageal hypercontractility (jackhammer esophagus) because 
this magnitude of contraction is never encountered in normal 
subjects.

Treatment
The approach to the patient with a jackhammer pattern is to 
rule out esophageal obstruction and then to focus on the hyper-
contractility. However, data are sparse regarding treatments 
aimed at attenuating the contractility. A treatment trial in an 
undifferentiated group of hypertensive peristalsis patients using 
nifedipine demonstrated that significant reduction of wave 
amplitude in nutcracker esophagus patients was not accompa-
nied by a significant improvement in chest pain [201]. Another 
controlled trial, with diltiazem, demonstrated an association of 

for dysphagia or chest pain in patients with spastic disorders. 
However, in the only controlled trial of this therapy, dilation 
with an 8-mm (“placebo”) dilator was as effective as an 18-mm 
dilator in producing transient symptom relief [187]. Alternatively, 
pneumatic dilation has been used in DES patients with severe 
dysphagia [93,188]. In one practitioner’s experience, 45% of 
DES patients noted relief, compared to 80% of achalasics [93]. 
In another series of nine patients with DES and LES dysfunc-
tion, dysphagia but not chest pain was improved during 37 
months of observation [188]. However, it is not clear what dis-
tinguishes that group of patients from patients with spastic 
achalasia, implying that patients likely to derive benefit from 
pneumatic dilation are those with mixed features of achalasia 
and DES (type III achalasia) as described by Vantrappen [111]. 
If dysphagia becomes so severe that weight loss is observed or 
if pain becomes unbearable, surgical therapy consisting of a 
Heller myotomy across the LES with proximal extension of the 
incision to include the involved area of spasm can be considered 
[189,190]. However, there are no controlled studies of this treat-
ment in well-defined DES patients and the indication for this 
procedure is extremely rare.

In summary, at this point in time the therapy of esophageal 
spastic disorders is poorly defined. Clearly, most esophageal 
pain is attributable to reflux, irrespective of the presence or 
absence of minor motility abnormalities, and antireflux therapy 
should be extensively pursued before attempting therapy of a 
spastic disorder. Interestingly, DES most likely responds to spe-
cific therapy when it exhibits characteristics indicative of type 
III achalasia, implying that it is part of a pathophysiological 
continuum in these cases (Figure 48.11).

Hypercontractility
Dysfunction of the excitatory ganglionic neurons, or abnormal 
excitability of the muscle itself, may lead to exaggerated peri-
staltic contractions. Several lines of evidence suggest instances 
of excess excitation in response to hormonal or cholinergic 
stimulation. Representative of such an abnormality are a second 
group of patients in the analysis of Behar and Biancani whose 
main manometric abnormality was of frequent spontaneous 
distal esophageal contractions. These patients had normal prop-
agation latency as defined by the parameters illustrated in 
Figure 48.10, but a significantly longer and higher amplitude 
contraction at each locus within the smooth muscle [163]. 
Examining the categorization of disorders of peristalsis outlined 
in Table 48.4, these individuals would be labeled hypertensive 
esophagus or potentially hypercontractile (jackhammer) 
esophagus if the contractile activity exceeded the level that can 
be seen in asymptomatic controls. Patients with peristaltic dis-
orders characterized by excess excitation demonstrate height-
ened sensitivity to stimulation with cholinergic agents [191,192], 
the cholinesterase inhibitor edrophonium [193], pentagastrin 
[194], and ergonovine [195]. An additional stimulus for hyper-
contractility is EGJ outflow obstruction and this should be care-
fully considered [196].
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contour), and “frequent failed peristalsis” (>30%, but <100% 
of swallows with failed peristalsis) [57]. A comparison of EPT 
characteristics of 75 normal subjects and 113 patients with non-
obstructive dysphagia demonstrated that weak peristalsis with 
small and large peristaltic breaks, but not failed peristalsis, were 
more common in the patients than the controls [205]. However, 
these findings were seen in only about a third of the patients 
and were also occasionally present in the normal controls.

Treatment
Treatment options for the hypocontractile disorders are limited 
as promotility drugs have minimal effects on augmenting peri-
stalsis. Hence, therapy is directed at reducing or treating sec-
ondary causes, such as medications that interfere with peristalsis, 
or treating underlying disorders including GERD. However, 
there are no controlled data substantiating that treating GERD 
will improve peristalsis. Avoiding caustic medications and using 
liquid formulations may reduce pill esophagitis and modifica-
tion of the diet is paramount.

Esophageal involvement in systemic disease

Esophageal dysmotility occurs as a manifestation of several 
disease processes with the potential to affect smooth muscle or 
the autonomic nervous system. The following discussion focuses 
on esophageal involvement in the collagen vascular diseases and 
diabetes.

Scleroderma
Scleroderma causes diffuse fibrosis and degenerative changes in 
the skin and synovium with the potential to involve the heart, 
kidneys, lungs, intestines, and esophagus. Caucasian women 
between 30 and 50 years of age are the most commonly afflicted. 
Two forms of scleroderma are recognized: progressive systemic 
sclerosis with diffuse scleroderma (the more fulminant form 
with early involvement of internal organs) and the CREST syn-
drome (calcinosis, Raynaud phenomenon, esophageal dysfunc-
tion, sclerodactyly, telangiectasia). The basic disease process is 
of smooth muscle atrophy with subsequent fibrosis. With either 
form of scleroderma, the esophagus is involved in 75%–85% of 
cases [206,207]. Pathological changes are confined to the smooth 
muscle portion of the esophagus resulting in aperistalsis and 
atony of the LES [208].

The main clinical manifestations of scleroderma esophagus 
are dysphagia and heartburn. Symptomatic patients usually 
have Raynaud phenomenon, but the severity of the esophageal 
disease does not covary with the disease severity in other organs 
[209]. The prevalence of erosive esophagitis may be as high as 
60%, with reported cases of Barrett metaplasia and Barrett ade-
nocarcinoma [210,211]. Dysphagia may be attributable to poor 
peristalsis or to a stricture complicating the peptic esophagitis 
(seen in as many as a third of patients) [211]. Radiographic 
findings typically consist of a slightly dilated aperistaltic esopha-

symptomatic and manometric improvement, but the correlation 
for individual subjects was not reported [172].

Alternatively, treatment for GERD and visceral hypersensi-
tivity may be helpful in patients with noncardiac chest pain. The 
overlap of nutcracker and GERD supports this concept. A con-
trolled trial of trazodone produced significant symptomatic 
improvement without a change in manometric findings [185]. 
In summary, while the extreme phenotype of hypercontractility 
(jackhammer) is usually indicative of either obstruction or a 
primary motility disorder, the intermediate phenotype (nut-
cracker) is of less clear significance, potentially indicative of 
GERD, hypersensitivity, or even a normal finding.

Hypocontractile motility
At the extreme end of hypocontractility is absent peristalsis. 
Less extreme is a more common finding, previously defined as 
ineffective esophageal motility. The etiology and pathology of 
these disorders is either idiopathic or secondary to medications, 
collagen vascular diseases (particularly scleroderma), or infil-
trative diseases such as amyloidosis. The entire spectrum of 
hypocontractility is common with GERD.

The efficacy of peristalsis in terms of bolus clearance is 
inversely related to peristaltic amplitude such that emptying 
becomes progressively impaired with amplitudes ≤30 mmHg 
[43]. However, the description of hypotensive or weak peristal-
sis has subsequently been refined to incorporate the segmental 
architecture of peristalsis elegantly revealed by topographic 
analysis [41,62,203]. As might be predicted from this architec-
ture, hypocontractility becomes most evident at the pressure 
troughs, which are also the loci of impaired bolus transit. 
However, the pressure thresholds required for bolus clearance 
are not uniform along the esophagus and become incrementally 
greater distally to traverse the EGJ.

Radiographic	and	manometric	findings
Given that the primary abnormality of hypocontractility is poor 
esophageal clearance and a lack of peristalsis, radiographic and 
manometric detection hinge upon these findings. Spechler and 
Castell classified a group of hypocontractile disorders as inef-
fective esophageal motility (IEM) [102]. Criteria for ineffective 
swallows were any combination of: (1) distal peristaltic wave 
amplitude ≤30 mmHg; (2) simultaneous contractions with 
amplitudes ≤30 mmHg; (3) failed peristalsis (the peristaltic 
wave does not traverse the entire length of the distal esophagus; 
or (4) absent peristalsis. High-resolution manometry with EPT 
allows for a more complete characterization of hypomotility 
disorders (Figure 48.9). Studies utilizing EPT and intraluminal 
impedance have demonstrated that breaks in the 20-mmHg 
isobaric contour plot that are >2 cm may be associated with 
impaired bolus clearance, validating this measure as indicative 
of a weak contraction [204,205]. The Chicago Classification 
subdivides hypocontractile disorders into “absent peristalsis,” 
“weak peristalsis” (>30% of swallows with small [2–5 cm] or 
>20% of swallows with large [>5 cm] breaks in the isobaric 
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to the degenerative effects of diabetes mellitus on the autonomic 
nervous system, rather than smooth muscle dysfunction.
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gus and free reflux. Wide-mouth diverticula of the esophagus, 
similar to those described in intestines, have also been seen 
[207]. Manometric abnormalities consist of a hypotensive or 
absent LES pressure, hypotensive to absent distal esophageal 
peristalsis, and normal proximal esophageal peristalsis [206]. 
There is no specific treatment for the esophageal involvement 
in scleroderma. Gastroesophageal reflux should be identified 
and treated commensurate with its severity.

Other collagen vascular and  
connective tissue diseases
Esophageal symptoms are uncommon in systemic lupus ery-
thematosus, although 25%–35% of unselected patients have the 
manometric findings of hypotensive peristalsis and a hypoten-
sive LES [212]. Mixed connective tissue disease exhibits a 
mixture of clinical features found in scleroderma, polymyositis, 
and systemic lupus erythematosus, and is characterized by high 
titers of a circulating antibody for a nuclear ribonucleoprotein 
antigen. More than 60% of patients with mixed connective 
tissue disease have esophageal involvement defined by cinera-
diography [213] and up to 82% of patients have manometric 
findings [212]. Abnormalities of both smooth and skeletal 
muscle are found. In the largest report to date, five of 17 patients 
had a manometric pattern consistent with scleroderma, and 10 
patients had aperistalsis of the entire esophageal body along 
with low pressures in both the upper and lower sphincters [212].

Diabetes mellitus
More than 60% of diabetic patients with peripheral or auto-
nomic neuropathy and an occasional patient without neuropa-
thy have esophageal manometric abnormalities [214]. Reported 
manometric abnormalities associated with diabetes include: 
hypotensive peristalsis, frequent failed peristalsis, hypotensive 
LES with impaired deglutitive relaxation, simultaneous contrac-
tions, and repetitive contractions [214,215]. The significance of 
these abnormalities is uncertain because most of these patients 
are asymptomatic [214]. Histological and pharmacological 
studies suggest that the esophageal abnormalities are secondary 
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Definitions and epidemiology

Gastroesophageal reflux is the retrograde movement of gastric 
content  into  the  esophagus.  This  physiological  phenomenon 
becomes pathological when  it  is associated with symptoms or 
mucosal complications. The one (Montreal) consensus defines 
gastroesophageal reflux disease (GERD) as “a condition which 
develops when  the  reflux of  stomach contents  causes  trouble-
some  symptoms  and/or  complications”  [1].  The  most  typical 
symptoms of GERD are heartburn and regurgitation. Additional 
esophageal  symptoms,  such  as  dysphagia  and  chest  pain,  are 
also common. Finally, extradigestive or atypical symptoms, such 
as cough and laryngitis, are often associated with GERD. Based 
on the self-reported prevalence of heartburn, 10%–20% of indi-
viduals in Western countries have GERD [2–4].

In  attempting  to  be  comprehensive  in  scope,  the  Montreal 
definition of GERD encompassed a number of subgroups within 
the  universe  of  GERD.  Among  the  complications,  reflux 
esophagitis  is  the  most  common  esophageal  mucosal  injury, 
evident by mucosal breaks or erosions in the esophageal mucosa. 
With  diminishing  frequency,  Barrett  metaplasia,  peptic  stric-
ture,  and  esophageal  adenocarcinoma  may  also  complicate 
GERD.  In  addition  to  disease  characterized  by  esophageal 
mucosal  injury,  GERD  can  be  defined  solely  on  the  basis  of 
typical esophageal symptoms.

Nonerosive reflux disease (NERD) patients have reflux symp-
toms of sufficient frequency/severity to impair their quality of 

life without esophagitis. Previously, a subset of GERD patients 
was  recognized as  “acid-sensitive esophagus” characterized by 
normal esophageal acid exposure but strong correlation between 
symptoms and gastroesophageal reflux events [5]. However, in 
the third iteration of the Rome criteria for functional disorders, 
this entity is now recognized as part of the NERD spectrum [6]. 
Finally, in that treatise, functional heartburn was defined as the 
absence  of  esophagitis  at  endoscopy,  normal  esophageal  acid 
exposure  time,  absence  of  symptom–reflux  association,  and 
unsatisfactory  response  to  trial  of  a  proton  pump  inhibitor 
(PPI). However, the boundaries between these definitions have 
varied with time and it is quite likely that they will change again 
with an upcoming new (fourth) iteration of the Rome criteria.

The difficulty of quantifying GERD epidemiology is evident 
from a study conducted in primary care practices in Europe and 
Canada  [7].  Three  hundred  and  eight  patients  with  upper  GI 
symptoms underwent a comprehensive evaluation with endos-
copy,  pH-metry,  a  trial  of  PPI  therapy,  structured  interviews, 
and questionnaires to evaluate the diagnostic utility of each in 
diagnosing GERD. Not surprisingly, there was substantial disa-
greement among assessments: 116 (38%) patients had esophagi-
tis,  87  (28%)  had  abnormal  pH-metry,  and  these  patients 
reported  a  wide  spectrum  of  symptoms  such  that  only  49% 
identified heartburn or regurgitation as their most troublesome 
symptom.  These  conflicts  were  not  clarified  by  response  to  a 
2-week PPI trial; a positive response to PPI was observed in 69% 
of patients with GERD (esophagitis or positive pH-metry) and 
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increased  in  patients  with  duodenal  ulcer  disease  [32].  H. 
pylori  strains and  the genetic backgrounds of patients may 
also influence effects on acid secretion [33].

8.	 Medications: Several medications (nitrates, calcium channel 
blockers, anticholinergics, α-adrenergic agonists,  theophyl-
line,  morphine,  benzodiazepines,  and  sumatriptan)  have 
been reported to promote GERD occurrence [34,35], usually 
resulting  from  modulation  of  lower  esophageal  sphincter 
pressure.  Nonsteroidal  antiinflammatory  drugs  (NSAIDs) 
are also associated with GERD [22–24,36,37] , postulated to 
act by reducing the mucosal protective mechanisms against 
reflux.

Histopathology of esophagitis

The  esophagus  is  lined  with  noncornified  stratified  squamous 
epithelium. The basal cell layer is predominantly comprised of 
cells  with  a  high  nuclear-to-cytoplasm  ratio  and  is  the  site  of 
cellular proliferation, generally accounting for <15% of the total 
epithelial thickness. At the squamocolumnar junction, the basal 
cell layer is in continuity with the columnar cells of the stomach 
[38]. Toward the luminal surface of the squamous epithelium, 
the basal cell layer ends abruptly in continuity with the stratified 
squamous cells. The prickle cell layer, adjacent to the basal cell 
layer, has prominent  intercellular bridges. The squamous cells 
show  progressive  flattening  and  nuclear  elongation  as  they 
migrate  toward  the  surface.  Papillae  containing  thin-walled 
blood vessels (analogous to the dermal pegs of the skin) indent 
the overlying squamous mucosa. The length of these papillae is 
normally  less  than  two-thirds  of  the  overall  thickness  of  the 
epithelium.

Reflux  content  (acid,  pepsin,  and  bile  acids)  is  toxic  for 
esophageal  mucosa.  Mucosal  damage,  identified  as  distal 
esophageal  mucosal  breaks  on  endoscopy,  are  encountered  in 
20%–40% of patients with GERD symptoms [39–41]. In these 
cases, histological findings include severe epithelial injury with 
neutrophilic  and  eosinophilic  infiltration.  These  changes  are 
confined to the mucosa, lamina propria, and muscularis mucosa. 
The  process  of  healing  esophagitis  may  lead  to  complications 
such as peptic  stricture, Barrett metaplasia, and  inflammatory 
polyps.

Patients  with  GERD  also  have  microscopic  changes  in  the 
distal  esophageal  epithelium  without  endoscopically  evident 
esophagitis.  These  changes  include  elongation  of  the  papillae, 
proliferation  of  basal  cells,  and  dilated  intercellular  spaces 
within  the  squamous  epithelium  [42].  In  a  review  on  micro-
scopic esophageal mucosal  injury  in nonerosive reflux disease 
published in 2007, Dent emphasized that dilatation of the inter-
cellular  spaces  was  the  most  consistent  mucosal  change  in 
NERD patients [43], with the mean intercellular space separa-
tion at  least  two times greater  in NERD patients  than  in con-
trols.  Consistent  with  this,  Zentilin  et  al.  observed  dilated 
intercellular spaces in 76% of patients with abnormal pH-metry 

in 51% of  those without GERD [8]. PPI  response was  signifi-
cantly more frequent in patients with esophagitis (57%) than in 
NERD  patients  (49%)  and  in  patients  without  GERD  (35%, 
P = 0.002). Hence, in assessing the following summary of GERD 
epidemiology  studies,  these  pitfalls  need  to  be  acknowledged: 
the definition of GERD has continuously evolved, and there has 
been little consistency in how it has been defined over time.
1.	 Gender: GERD is equally prevalent among males and females 

[9], but there is a male preponderance of esophagitis (2 : 1 to 
3 : 1) and of Barrett metaplasia (10 : 1) [10].

2.	 Age: The incidence of GERD increases with age; in a system-
atic review of  the UK General Practice Research Database, 
El-Serag noted that the  incidence of GERD was greatest  in 
the 60–69-year range and decreased slightly thereafter [11].

3.	 Pregnancy:  Pregnancy  is  associated  with  the  highest  inci-
dence  of  GERD  such  that  half  to  two-thirds  of  pregnant 
women complain of typical GERD symptoms [12–14].

4.	 Geographic variation: GERD prevalence is greater in Western 
countries (10%–20%) than in Asia (5%–7%) [2,15–17]. This 
variation  is  likely  attributable  to  several  factors  [18].  The 
understanding  of  “heartburn”  is  not  uniform  across  lan-
guages. For example, there is no translation for “heartburn” 
in most Asian languages [19]. There are also substantial dif-
ferences  in  diagnostic  practices  and  physician  reporting 
among cultures.

5.	 Lifestyle, environmental factors, and genetic predisposition 
may influence GERD prevalence among geographic regions.

6.	 Obesity:  In  western  countries,  the  increased  prevalence  of 
GERD  [20]  has  occurred  in  parallel  with  the  dramatic 
increase  in obesity  [21]. Studies have consistently  reported 
an association between higher body mass index (BMI) and 
GERD [16,22–25] such that both obesity (BMI >30 kg/m2) 
and  overweight  (BMI  25–30 kg/m2)  are  associated  with 
GERD  [11,26,27].  Barrett  esophagus  is  also  significantly 
associated with overweight (odds ratio [OR] 1.33, 95% con-
fidence intervals [CI] 1.07–1.64) and obesity (OR 1.70, 95% 
CI 1.36–2.12) [28].

7.	 H. pylori:  The  role  of  H. pylori  in  GERD  deserves  special 
attention. As the prevalence of H. pylori has decreased, the 
prevalence of GERD has increased [20]. However, there are 
conflicting data concerning the influence of H. pylori and its 
eradication on GERD. In a metaanalysis of 20 case–control 
studies,  the  average  prevalence  of  H. pylori  infection  in 
patients with GERD was 38.2% (95% CI 20.0–82.0%) com-
pared to 49.5% (95% CI 29.0–75.6%) in non-GERD patients 
(OR 0.58) [29].  In a systematic review of studies and trials 
extending up to September 2003, the same author concluded 
that successful eradication of H. pylori in patients with duo-
denal ulcer disease did not increase the risk of provoking de 
novo  esophagitis  [30].  The  heterogeneous  observations 
regarding the relationship between GERD and H. pylori are 
likely related to the variable effect of H. pylori on acid gastric 
secretion. In patients with H. pylori-induced corpus gastritis, 
acid  secretion  is  reduced  [31],  whereas  acid  secretion  is 
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of  the  EGJ  including  hiatal  hernia,  (2)  hypotensive  lower 
esophageal  sphincter  (LES),  and  (3)  transient  LES  relaxations 
(tLESRs). The latter two mechanisms can occur with or without 
anatomical  abnormalities.  Reflux  mechanisms  can  differ  from 
one patient to another. Furthermore, even for a given individ-
ual, one mechanism might dominate in specific circumstances. 
For  example,  a  hypotensive  LES  or  hiatal  hernia  might  be  of 
primary  importance during recumbent position and tLESR in 
the upright position.

The	esophagogastric	junction,	hiatus	hernia,		
and	other	anatomic	variables
Fundamental elements of  the EGJ are the LES,  the crural dia-
phragm,  and  the  phrenoesophageal  ligament  attaching  the 
esophagus to the diaphragmatic hiatus [50]. Three-dimensional 
high-resolution manometry is a new technology that facilitates 
a detailed analysis of EGJ pressure components  (Figure 49.1). 
Evident in the figure, EGJ pressure is both radially and axially 
asymmetrical  with  the  maximal  EGJ  pressure  centered  at  the 
apex of the hiatus corresponding to the crural diaphragm and 
localized  1–2 cm  above  the  squamocolumnar  junction  (SCJ) 
[51]. This pressure asymmetry persists throughout the respira-
tory  cycle,  albeit  greatest  at  inspiration  due  to  diaphragmatic 
contraction. Using this device, it becomes evident that much of 
the  intraluminal  pressure  previously  attributed  to  the  LES  is 
actually attributable  to  the crural diaphragm or  local vascular 
structures,  such  that  the  length  of  circumferential  sphincter 
pressure is only 2.0–2.5 cm [52]. Furthermore, contrary to what 
has been previously proposed regarding the sphincteric contri-
bution of intragastric clasp and sling fibers [53], the SCJ closely 
approximates  the  distal  limit  of  this  circumferential  pressure 
zone.

Supportive of its role as an extrinsic component of the EGJ, 
independent  control  of  the  crural  diaphragm  can  be  demon-
strated  during  esophageal  distension,  vomiting,  and  belching 
when  electrical  activity  in  the  crural  diaphragm  is  selectively 
inhibited despite continued respiration [54]. This reflex inhibi-
tion of crural activity is eliminated with vagotomy. On the other 
hand,  crural  diaphragmatic  contraction  is  augmented  during 
abdominal compression, straining, or coughing [55]. Additional 
evidence of the sphincteric function of the hiatus comes from 
manometric  recordings  in patients  after distal  esophagectomy 
[56].  These  patients  continued  to  exhibit  an  EGJ  pressure  of 
about 6 mmHg within the hiatal canal despite having sustained 
surgical removal of the LES.

The clinical significance of EGJ attributed to the crural dia-
phragm  and  hiatal  canal  pertains  to  a  condition  potentially 
associated  with  its  anatomic  disruption  –  hiatus  hernia.  The 
impact of hiatus hernia was demonstrated in studies  in which 
the susceptibility to gastroesophageal reflux elicited by straining 
maneuvers  was  tested  in  individuals  with  and  without  hiatus 
hernia. Of several physiological and anatomical variables tested, 
the size of hiatus hernia was found to have the greatest correla-
tion  with  the  susceptibility  to  strain-induced  reflux  [57].  The 

compared to 15% of controls [44]. Based on the literature review 
of Dent, basal hyperplasia and papillary elongation were more 
frequently  encountered  in  patients  with  abnormal  esophageal 
acid exposure than in controls [43]. These histological changes 
responded to acid-suppressive therapy. Importantly, these find-
ings are not encountered more frequently  in functional heart-
burn patients than in controls [45].

Eosinophilic inflammation can also occur in GERD [42,45]. 
Mastracci et al. observed eosinophils in the distal esophagus in 
69%  of  patients  with  esophagitis  and  34%  of  patients  with 
abnormal esophageal acid exposure [42]. Eosinophilic  inflam-
mation is  important  in view of  the recent recognition of eosi-
nophilic  esophagitis  (EoE)  as  a  seemingly  distinct  disorder. 
Some authors have suggested that eosinophils  in the proximal 
esophagus  are  more  suggestive  of  EoE  than  GERD.  However, 
recent consensus recommendations on EoE did not restrict the 
diagnosis  of  EoE  to  proximal  eosinophilic  inflammation  [46]. 
Clearly,  an  overlap  exists  between  EoE  and  GERD,  and  PPI-
responsive  eosinophilia  has  also  been  convincingly  demon-
strated, even in the absence of GERD [47].

In addition to histological examinations of esophageal biop-
sies,  advanced  endoscopic  techniques  have  been  applied  to 
characterize esophagitis using narrow-band  imaging, magnifi-
cation and high-resolution endoscopy, chromoendoscopy, and 
confocal  endomicroscopy.  For  example,  using  narrow-band 
imaging,  Sharma  et  al.  have  reported  intrapapillary  capillary 
loops  and  microerosions  of  the  esophagus  in  GERD  patients 
[48] with very good  intraobserver agreement. Similarly, using 
confocal  laser endomicroscopy patients with NERD had more 
intrapapillary capillary loops per image than did controls [49]. 
Moreover,  the  diameter  of  intrapapillary  capillary  loops  and 
intercellular  spaces  of  squamous  cells  were  greater  in  GERD 
patients than in controls.

Pathogenesis

GERD  pathogenesis  has  been  studied  extensively,  primarily 
with  respect  to  mechanisms  promoting  esophageal  symptoms 
and injury. The fundamental abnormality is excessive exposure 
of esophageal mucosa to gastric contents, but this is a multifac-
torial process. Some degree of gastroesophageal reflux is asymp-
tomatic  and  “normal”  but,  by  definition,  GERD  occurs  when 
reflux elicits  tissue  injury or  troublesome symptoms. This can 
occur for a multitude of reasons, including an excessive number 
of reflux events, prolonged mucosal exposure to reflux, impaired 
mucosal integrity, or hypersensitivity.

Mechanisms of reflux
The  reflux  of  gastric  content  into  the  esophagus  is  normally 
prevented  by  the  esophagogastric  junction  (EGJ),  making  the 
anatomical and functional integrity of the EGJ essential. Three 
dominant,  although  sometimes  overlapping,  mechanisms  of 
EGJ incompetence have been observed: (1) anatomic distortion 
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geal pH-metry. Using a logistic regression model that simulta-
neously  examined  expiratory  LES  pressure,  LES-crural 
diaphragm  separation,  and  inspiratory  EGJ  augmentation, 
while controlling for age and body mass index, only inspiration 
augmentation  had  a  significant  independent  association  with 
GERD.

Another  important anatomical variable  relevant  to  reflux  is 
EGJ compliance. Although difficult to quantify, this is a measure 
of laxity within the diaphragmatic hiatus, which determines the 
extent to which the EGJ opens following relaxation. The signifi-
cance of compliance is that the flow rate of refluxed fluid into 
the  esophagus  is  proportional  to  the  EGJ  opening  diameter  
(to the fourth power). Compliance can be measured by distend-
ing the EGJ at controlled pressures and measuring the resultant 
diameter. Initially, this was done using a barostat [61,62]; more 
recently  it  has  been  done  with  a  functional  luminal  imaging 
probe [63] to demonstrate that there is a progressive increase in 
EGJ compliance: from normal control subjects to GERD patients 
without hiatus hernia to GERD patients with hiatus hernia [62]. 
With all other variables held constant, this change of EGJ com-
pliance  results  in  much  greater  volumes  of  reflux  during  LES 
relaxation and a  loss  in the ability to selectively vent gas from 
the stomach during tLESRs [61]. Ordinarily, elective gas venting 
is  attributable  to  different  viscosity  between  gas  and  water, 
allowing  large  volumes  of  gas  to  escape  through  a  very  small 
EGJ aperture. However, with increased EGJ compliance, opening 
diameters  become  sufficiently  large  that  even  water  viscosity 
escapes in substantial volumes.

implication  of  this  observation  is  that  patients  with  hiatus 
hernia  exhibit  progressive  impairment  of  the  diaphragmatic 
component  of  the  EGJ  proportional  to  the  extent  of  upward 
herniation of the proximal stomach.

Another way to assess the respective roles of LES and crural 
diaphragm  is  with  high-resolution  manometry  (HRM).  This 
technique combines closely spaced pressure sensors and esopha-
geal  pressure  topography  (EPT)  plots,  permitting  a  dynamic 
representation  of  EGJ  pressure  [58].  Hence,  it  is  possible  to 
isolate the crural diaphragm contraction from LES pressure in 
the inspiratory phase, and to subtype EGJ pressure morphology 
according to the separation between crural diaphragm and LES 
[59]. EGJ type I exhibits no discernible separation between LES 
and crural diaphragm; EGJ type II is characterized by a separa-
tion of 1–2 cm; and type III by a separation greater  than 2 cm 
(Figure 49.2). Type III EGJ pressure morphology is the mano-
metric  criterion  for  hiatal  hernia.  Bredenoord  et  al.  reported 
that  the occurrence of acid and weakly acid reflux events was 
favored by evidence of intermittent separation between the LES 
and  crural  diaphragm,  as  evidenced  by  manometry  [60].  The 
importance  of  separation  between  the  crural  diaphragm  and 
LES was also evident in a series of 75 controls and 156 suspected 
GERD patients wherein Pandolfino et al. showed that the sepa-
ration  was  greater  in  patients  with  esophagitis  compared  to 
controls  or  to  patients  with  nonerosive  reflux  disease  [59]. 
Moreover, GERD patients had significantly less inspiratory aug-
mentation  of  EGJ  pressure  (an  indicator  of  crural  diaphragm 
function)  than controls or patients without abnormal esopha-

Figure 49.1 Esophagogastric junction (EGJ) in three-dimensional (3D) high-resolution manometry (HMR). (a) An esophageal pressure topography 
plots with standard high-resolution manometry. Time is along the x axis, length along the esophagus on the y axis, and pressure amplitudes are coded 
according to the color scale on the right. The high-pressure zone corresponding to the EGJ is indicated. In (b) and (c), EGJ pressure morphology is 
represented in the 3D mode. The time of this 3D representation is indicated by the vertical red line in (a). The 3D segment is 9 cm long (area between 
the black dashed lines). The EGJ is represented as a cylinder in (b). The cylinder is open in (c). Note that the EGJ profile is asymmetrical. The pressure 
contributions of the diaphragmatic apex (DHapex), diaphragmatic base (DHbase), and lower esophageal sphincter (LES) are indicated. Note that the LES 
contribution is perpendicular and symmetrical, while that of the hiatus is oblique to the axis of the esophagus and highly asymmetrical.
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sure, gastric distention, peptides, hormones, various foods and 
many medications (e.g., nitrates, calcium channel blockers, anti-
cholinergics,  α-adrenergic  agonists,  theophylline,  morphine, 
and benzodiazepines) decrease resting LES pressure. The genesis 
of  LES  tone  is  a  property  of  both  the  muscle  itself  and  of  its 
extrinsic  innervation.  The  myogenic  component  is  calcium 
dependent [70] and persists after treatment with the neurotoxin 
tetrodotoxin  [71].  Extrinsic  neurogenic  augmentation  of  LES 
tonic  contraction  is  mainly  vagal  and  is  cholinergic  (atropine 
sensitive) [72].

A hypotensive LES promotes GERD. Reflux can occur spon-
taneously when the LES pressure is within 0–4 mmHg of intra-
gastric  pressure.  A  wide-open  or  patulous  hiatus  will  greatly 
predispose to reflux as both the LES and crural diaphragm are 
compromised.  Strain-induced  reflux  occurs  when  the  LES  is 
overcome  and  forced  open  by  an  abrupt  increase  of  intraab-
dominal pressure. Manometric data suggest that strain-induced 
reflux rarely occurred when the LES pressure was greater than 
10 mmHg [73].

Transient	lower	esophageal	sphincter	relaxation
Transient lower esophageal sphincter relaxations (tLESRs) are a 
major mechanism of reflux. tLESRs are prolonged LES relaxa-
tions not  triggered by swallowing [74] accompanied by crural 
diaphragm inhibition and contraction of esophageal longitudi-
nal muscle. The dominant stimulus for transient LES relaxation 
is distension of the proximal stomach, which is not surprising 
given  that  tLESR  is  the physiological mechanism  for belching 

A hiatal hernia can also function as a reservoir of potential 
refluxate.  During  periods  of  low  sphincter  pressure,  liquid 
within  the  hernia  can  reflux  into  the  esophagus.  When  this 
occurs during swallow-induced LES relaxation, it is a key deter-
minant of prolonged acid clearance, especially with individuals 
in  a  supine  posture  [64,65].  Equally  significant,  the  hernia 
becomes the site of the acid pocket, a recently recognized phe-
nomenon  in which acid secreted after a meal  layers on top of 
the ingested chyme, serving as a reservoir for acid reflux [66]. 
The  acid  pocket  is  normally  located  below  the  EGJ  [67]. 
Beaumont et al. showed that the acid pocket extended continu-
ously above the diaphragm in 40% of patients with large hiatal 
hernia  (>3 cm)  and  migrated  intermittently  above  the  dia-
phragm in the remainder [68]. At the opposite extreme, the acid 
pocket  was  located  immediately  distal  to  the  SCJ  in  healthy 
volunteers  and  patients  with  small  hiatal  hernia.  In  the  same 
study,  acid  reflux  during  a  transient  LES  relaxation  occurred 
more often  in patients with a hiatal hernia especially  in  those 
with  large hiatal hernia and the risk of having acid reflux was 
mainly determined by the position of the acid pocket above the 
diaphragm.

Hypotensive	lower	esophageal	sphincter
Physiologically,  the  LES  is  a  short  segment  of  tonically  con-
tracted smooth muscle at the EGJ [69]. Resting tone of the LES 
varies among normal individuals from 10 to 30 mmHg relative 
to  intragastric  pressure.  Continuous  LES  pressure  monitoring 
reveals  considerable  temporal  variation.  Intraabdominal  pres-

Figure 49.2 Major subtypes of esophagogastric junction (EGJ) morphology demonstrated in high-resolution manometry. The two main EGJ 
components are lower esophageal sphincter (LES) and crural diaphragm (CD), which cannot be independently quantified when superimposed, 
classified as type I EGJ (a). During the expiration (E) EGJ pressure decreases whereas it increases during inspiration (I). In the case of an extremely 
hypotensive EGJ, only the CD is identified (b); (c) corresponds to type II EGJ defined as LES-CD separation <2 cm; and (d) corresponds to type III 
EGJ defined as LES-CD separation >2 cm. A type III EGJ is the manometric criterion for hiatal hernia.
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might be dependent on the esophageal clearance. Using barium 
clearance  to  quantify  esophageal  clearance,  patients  with 
esophagitis  had  greater  impairment  of  esophageal  emptying 
than  GERD  patients  without  esophagitis  and  the  latter  had 
greater impairment than controls [94].

Two  mechanisms  of  impaired  esophageal  emptying  have 
been  identified:  impaired  peristalsis  and  re-reflux  associated 
with larger hiatal hernias. Peristaltic dysfunction in esophagitis 
has been described by a number of investigators. Of particular 
significance  are  failed  peristalsis  and  hypotensive  peristaltic 
contractions  (<30 mmHg)  which  leave  residual  fluid  in  the 
esophagus [95]. As esophagitis increases in severity, so does the 
incidence of impaired peristalsis [96]. Castell defined “ineffec-
tive  esophageal  motility”  (IEM)  as  >30%  of  hypotensive  or 
failed  contractions  [97].  The  relevance  of  IEM  was  studied 
during clearance  in healthy subjects with IEM induced by the 
administration of sildenafil [98]. After instillation of acid bolus, 
esophageal motility, acid clearance, and volume clearance were 
evaluated using simultaneous manometry, pH and  impedance 
monitoring,  respectively.  In  the  upright  position,  the  effect  of 
IEM was moderate on esophageal clearance. In the supine posi-
tion, only severe IEM (>80% of abnormal peristaltic sequences) 
significantly prolonged acid and volume clearance. With respect 
to etiology, it  is unclear if IEM is the cause or consequence of 
GERD [90]. Healing esophagitis is not associated with improve-
ment of esophageal peristaltic contractions.

Hiatus hernia also  impairs  esophageal  emptying because of 
reflux  of  fluid  from  the  hernia  during  swallowing.  This  was 
demonstrated  radiographically  in  an  analysis  of  esophageal 
emptying  in  patients  with  reducing  and  nonreducing  hiatus 
hernias  [64]. The efficacy of  esophageal  emptying was  signifi-
cantly diminished in both hernia groups compared to controls. 
Emptying was particularly impaired in the nonreducing hernia 
patients who exhibited complete emptying with only one-third 
of  test  swallows.  The  patients  with  nonreducing  hernias  were 
the only group that exhibited retrograde flow of fluid from the 
hernia during deglutitive relaxation.

The  final  phase  of  esophageal  clearance  depends  on  saliva-
tion. Just as impaired esophageal emptying prolongs esophageal 
clearance,  diminished  salivary  neutralizing  capacity  has  the 
same effect. The role of saliva function was demonstrated in a 
study  using  radiolabeled  hydrochloric  acid  injected  into  the 
esophagus [92]. Concurrent manometry, pH-metry, and radio-
nuclide  imaging  showed  negligible  pH  recover  despite  nearly 
complete emptying of labeled acid from the esophagus by sec-
ondary peristalsis. Further pH recovery occurred in a series of 
step  increases associated with swallows. Stimulating salivation 
hastened  acid  clearance,  while  aspiration  of  saliva  from  the 
mouth vastly prolonged it. Thus, saliva is essential to neutralize 
the  residual  acid  in  the  esophagus.  However,  saliva  is  not  
the  only  mean  of  reflux  neutralization.  During  sleep,  when  
salivary  secretion  ceases,  some  acid  clearance  is  still  achieved 
attributable  to  bicarbonate  secretion  from  esophageal  submu-
cosal  glands  [99].  Nonetheless,  acid  clearance  time  is  greatly 

[75,76].  The  vagal  afferent  mechanoreceptors  in  the  gastric 
cardia project  to  the nucleus  tractus  solitarii  in  the brainstem 
and subsequently to the dorsal motor nuclei of the vagus. Dorsal 
motor nucleus neurons project to inhibitory neurons localized 
within  the  myenteric  plexus  of  the  distal  esophagus  inducing 
tLESR.  Gamma  aminobutyric  acid  receptor  type  B  (GABAB) 
agonist inhibits the vagal pathway for tLESRs both centrally and 
peripherally [77]. Some food components (fat) or medications 
(e.g., sumatriptan) may also promote the occurrence of tLESRs. 
Although  the  overall  number  of  tLESRs  is  not  increased  in 
GERD patients, the proportion of tLESRs associated with acid 
reflux  is  increased,  demonstrating  the  interplay  between  ana-
tomical  and  physiological  variables  in  the  pathogenesis  of 
GERD [78,79].

Esophageal  HRM,  which  has  become  the  gold  standard  to 
assess  esophageal  motility  disorders  [80],  is  likely  superior  to 
conventional manometry to detect tLESRs [81–83]. Crural dia-
phragm inhibition [84], upper sphincter relaxation [85,86], and 
esophageal shortening attributable to longitudinal muscle con-
traction  can  be  easily  observed  during  tLESRs  imaged  with 
esophageal pressure topography [87,88]. These observations are 
consistent  with  animal  studies  demonstrating  a  wide  array  of 
musculature  involved  in  tLESRs  including  the  gastric  fundus 
and even the rectus muscle of the abdomen [89].

Delayed gastric emptying
Delayed  gastric  emptying  may  exacerbate  GERD  by  several 
mechanisms: (1) increasing the gastroesophageal pressure gra-
dient,  (2)  increasing  gastric  volume  and  hence  the  volume  of 
potential  refluxate,  (3)  increasing  tLESR  frequency,  and  (4) 
increasing gastric acid secretion. However, as emphasized in a 
literature review, this is a controversial area [90]. Because there 
has been little consistency in the methodologies for measuring 
gastric emptying or defining GERD, it is difficult to make gen-
eralizations. However, most patients with delayed gastric emp-
tying or meeting the Rome criteria for functional dyspepsia do 
not  have  concomitant  esophagitis  [91],  suggesting  that,  while 
delayed  gastric  emptying  is  a  potential  cofactor  exacerbating 
GERD, it is probably not a cause.

Esophageal clearance
After  a  reflux  event,  the  duration  of  time  that  the  esophageal 
mucosa  remains  in  contact  with  the  toxic  components  of  the 
reflux  (acid,  pepsin,  bile  salts,  and  pancreatic  enzymes)  is 
termed  the  esophageal clearance time.  Esophageal  peristalsis 
(primary or  secondary)  is essential  for clearance as  it  empties 
the refluxed fluid from the esophagus. The second component 
of the esophageal clearance is the neutralization of the residual 
acid by swallowed saliva [92]. Prolonged acid clearance occurs 
in  a  subset  of  GERD  patients,  especially  those  with  hiatus 
hernia.  For  example,  using  24-h  esophageal  pH-impedance, 
patients  with  pathological  esophageal  acid  exposure  exhibited 
not only a longer acid clearance time but also a longer volume 
clearance time compared to controls [93]. The severity of GERD 
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intercellular  space  is  overwhelmed,  leading  to  acidification  of 
the cell cytosol via  the basolateral membrane. Acidification of 
the cytosol  is  the crucial event  leading  to cell edema (balloon 
cells) and death.

Implicit  in  the  model  of  the  pathogenesis  of  GERD  is  that 
gastric  contents  are  damaging  to  the  esophageal  mucosa  and 
that the more prolonged the contact, the more severe the injury. 
Acid  is  the main  toxic element,  inducing both  symptoms and 
ulcerations when it is in contact with esophageal mucosa. The 
incidence of GERD is particularly high (around 80%) in patients 
with  acid  hypersecretion  (with  or  without  Zollinger–Ellison 
syndrome)  [107].  Other  components  of  gastric  juice  (pepsin, 
bile acids, and pancreatic enzymes), that are not detected with 
a pH electrode, are also harmful to esophageal epithelium [108–
110]. However,  their  toxicity  is dependent on  the background 
pH: pepsin is activated in an acidic environment; bile acids can 
penetrate through cell membranes in a weakly acidic medium 
(pH 3–5) [111]. Using 24-h esophageal pH monitoring and an 
esophageal fiberoptic spectrophotometer (Bilitec 2000, Synectics 
Medical), that utilizes the optical properties of bilirubin to doc-
ument  duodenogastroesophageal  reflux,  Vaezi  and  Richter 
demonstrated a graded increase of esophageal exposure to both 
acid  and  duodenogastroesophageal  reflux  across  the  GERD 
spectrum [112]. Thus pathological acid and bile  salt  exposure 
was observed in 89% of patients with Barrett esophagus com-
pared to 79% of patients with esophagitis and 50% of patients 
with NERD.

Nonetheless,  qualitative  or  quantitative  abnormalities  of 
gastric secretion are not the major determinant of GERD occur-
rence.  In a  report  comparing gastric  secretion  in 115 patients 
with esophagitis and in 508 age and disease matched controls, 
fasting, basal,  and maximal  secretion of both acid and pepsin 
was similar in both groups. On a case by case basis, the severity 
of esophagitis was not related to any of these parameters [113].

Finally,  some  data  suggest  that  genetic  background  can  be 
associated with GERD symptoms and susceptibility to compli-
cations  by  interacting  with  the  inflammatory  process. 
Polymorphisms of IL-1B (interleukin-1 gene) and IL-1RN (gene 
coding for an interleukin-1 antagonist receptor) are associated 
with GERD. Thus the IL-1B-511 CC genotype and C allele are 
associated with higher risk of GERD than the TT genotype (OR 
2.0, 95% CI 1.12–3.57, P=0.01). In contrast, the IL-1B-511*T/IL-
1RN-*1 haplotype is associated with a lower risk of GERD par-
ticularly  among  patients  with  H. pylori  infection  [114].  This 
haplotype is associated with higher gastric mucosal IL-1β levels 
and inflammatory response. This status may decrease the level 
of acid secretion and explain the protective effect with respect 
to GERD.

Clinical presentation and natural history

Although widely accepted as one of the most prevalent gastroin-
testinal  disorders,  the  clinical  definition  of  GERD  can  be  

prolonged during sleep because of diminished salivation [100]. 
Similarly,  chronic  xerostomia  is  associated  with  prolonged 
esophageal acid exposure and esophagitis [101] and hyposaliva-
tion may play a role in the pathophysiology of reflux disease in 
cigarette  smokers.  Even  in  the  absence  of  GERD  symptoms, 
cigarette  smokers  exhibited  acid  clearance  times  50%  longer 
than  those  of  nonsmokers  and  the  salivary  titratable  base 
content was only 60% of the age-matched nonsmokers [102].

In addition to bicarbonate, saliva contains growth factors that 
have the potential to enhance mucosal repair. In animal models, 
epidermal growth factor (EGF) has been shown to provide cyto-
protection against irritants, enhance the healing of gastroduo-
denal ulceration, and decrease the permeability of the esophageal 
mucosa  to  hydrogen  ions  [103].  However,  studies  have  not 
shown consistent differences in EGF concentration in esophagi-
tis or Barrett metaplasia patients [104,105].

Tissue resistance
The  esophageal  mucosa  possesses  several  morphological  and 
physiological  defenses  against  cellular  acidification;  taken 
together, these are referred to as tissue resistance. Conceptually, 
tissue resistance can be subdivided into preepithelial, epithelial, 
and postepithelial [106].

The preepithelial defense is designed to prevent gastric reflux 
content from coming into direct contact with squamous esopha-
geal cells. Elsewhere in the GI tract,  this consists of a mucous 
layer, unstirred water layer, and surface bicarbonate ion secre-
tion. Preepithelial defense plays a major role in the protection 
of gastric and duodenal mucosa, but a very minor role  in  the 
esophageal epithelium.

Epithelial  resistance  is  the  major  protective  factor  against 
reflux  injury  in  the  esophagus.  The  squamous  epithelium  is 
organized  in  three distinct  layers  from the  lumen to  the basal 
layers:  stratum corneum,  stratum spinosum, and  stratum ger-
minativum.  The  deepest  layer  produces  daughter  cells  that 
migrate  toward  the  lumen.  During  migration  cells  undergo 
morphological and functional transition. The stratum corneum 
protects  the  underlying  cells.  The  combination  of  cell  mem-
branes and intercellular junctional complexes produce a nearly 
impermeable  barrier  to  hydrogen  ions,  slowing  the  rate  of 
hydrogen ion diffusion into the tissue so that they can be effec-
tively  neutralized  by  the  cellular  buffering  system  within  the 
esophageal epithelium. Buffers are intracellular (proteins, phos-
phates, and bicarbonates) as well as extracellular  (matrix pro-
teins,  bicarbonates).  In  addition  to  buffering,  epithelial 
transporters  extrude hydrogen  ions. The major post  epithelial 
defense  is  an  increased  vascular  perfusion,  which  provides 
nutrients and bicarbonate and removes hydrogen  ions. This  is 
also essential for tissue viability.

Luminal acid attacks the esophageal epithelium by damaging 
the intercellular junctions, allowing hydrogen ion penetration, 
which eventually leads to acidification of the intercellular space. 
Dilated intercellular spaces provide histological evidence of this 
increased permeability. Eventually, the buffering capacity of the 
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Less  common  symptoms  of  reflux  disease  include  water 
brash, globus sensation, and odynophagia. Water brash is exces-
sive salivation resulting from a vagal reflex triggered by esopha-
geal acidification. Globus sensation is the perception of a lump 
or fullness in the throat, which is felt irrespective of swallowing. 
Odynophagia is more common with pill or infectious esophagi-
tis than with reflux esophagitis and should prompt investigation 
for these etiologies. When odynophagia does occur in GERD it 
is  likely  related  to  an  esophageal  ulcer  or  deep  erosion.  The 
occurrence  of  exclusive  postprandial  regurgitation  of  food  is 
suggestive  of  rumination  syndrome  rather  than  GERD  [119]. 
Rumination  is  defined  as  the  voluntary,  albeit  subconscious, 
return of gastric content to the mouth; it is effortless and usually 
not  associated  with  heartburn.  Unlike  regurgitation,  rumina-
tion does not occur during sleep.

Atypical symptoms
Chest	pain
Chest pain is sufficiently common in GERD that many consider 
it  a  typical  symptom.  However,  given  the  overlapping  charac-
teristics of esophageal and cardiac pain and the potential  life-
threatening nature of cardiac disease, a cardiac evaluation needs 
to be prioritized. After a cardiovascular etiology has been duly 
considered,  the  esophagus  is  often  implicated.  Historically, 
investigators focused on esophageal motor abnormalities, such 
as  diffuse  esophageal  spasm  or  hypertensive  peristalsis  (nut-
cracker esophagus and more  recently  jackhammer esophagus, 
which  is  hypercontractility  associated  with  multipeaked  con-
tractions)  as  potential  etiologies  of  chest  pain.  However,  the 
most  frequent esophageal  causes of  chest pain are GERD and 
hypersensitivity.  In  a  literature  review,  abnormal  esophageal 
acid exposure was observed in 21%–48% of patients with non-
cardiac chest pain and chest pain occurrence was significantly 
correlated  with  an  acid  reflux  event  in  12%–50%  [120].  This 
causal  relationship  was  further  supported  by  the  response  of 
unexplained chest pain  to PPI  therapy  in  randomized clinical 
trials  [121].  Unexplained  chest  pain  tended  to  improve  in 
patients  with  endoscopic  evidence  of  GERD  or  pathological 
esophageal acid exposure while GERD-negative patients failed 
to response to PPI.

Cough
Chronic cough has many potential etiologies, of which rhinosi-
nusitis, asthma, and GERD can be  the most perplexing [122]. 
Estimates  of  the  prevalence  of  GERD-associated  cough  range 
from 10%–40% depending on whether symptoms or pH moni-
toring  is  used  as  the  diagnostic  criterion  for  GERD  [123]. 
Because 50%–75% of these patients do not report reflux symp-
toms,  the association often goes unrecognized. The pathogen-
esis of GERD-associated cough  is believed  to be secondary  to 
acid  stimulation  of  nerve  endings  in  the  esophagus,  which  
then  activate  the  cough  center.  Dual-probe  pH  studies  and 
esophageal  perfusion  studies  support  this  hypothesis.  Studies 
using  pH  monitoring  demonstrated  a  significant  correlation 

difficult  due  to  the  heterogeneity  of  potential  symptoms  and  
the  lack  of  a  universally  accepted  definition.  Based  on  the 
Montreal definition, GERD can be any condition that develops 
when  the  reflux  of  stomach  contents  causes  “troublesome” 
symptoms  and/or  complications  [1].  However,  without  peptic 
esophagitis,  there can be no “gold  standard”  for  the diagnosis 
because of the subjectivity of “troublesome” among individuals. 
Ambulatory  pH-metry  is  helpful  in  documenting  abnormal 
esophageal acid exposure and esophageal impedance pH-metry 
in characterizing reflux events whatever the chemical composi-
tion,  but  patients  differ  widely  in  esophageal  sensitivity  to  
reflux  and  can  still  have  symptoms  in  a  context  of  “normal” 
esophageal  reflux  exposure  or  not  have  symptoms  despite 
having esophagitis.

Typical reflux symptoms
The cardinal symptoms of GERD are heartburn and acid regur-
gitation.  Heartburn  (pyrosis)  is  characterized  by  a  discomfort 
or burning sensation behind  the sternum that arises  from the 
epigastrium and may radiate toward the neck. Heartburn is an 
intermittent  symptom,  most  commonly  experienced  within 
60 min  of  eating,  during  exercise,  and  while  lying  recumbent. 
The discomfort is relieved with drinking water or antacid, but 
can  occur  frequently  and  interfere  with  normal  activities. 
Experiencing heartburn  three or more  times a week has been 
shown to impair an individual’s perceived quality of life [115]. 
Although  some  correlation  exists  between  the  frequency  of 
heartburn, the degree of esophageal acid exposure, and the pres-
ence  or  extent  of  mucosal  injury,  this  correlation  is  far  from 
perfect [116]. Some patients with severe esophagitis or Barrett 
metaplasia do not report any heartburn.

In the context of GERD, regurgitation is the effortless return 
of  esophageal  or  gastric  contents  into  the  chest  or  pharynx 
without nausea or retching. Patients may note a sour or burning 
fluid in the throat or mouth that may also contain undigested 
food  particles.  Bending,  belching,  or  maneuvers  that  increase 
intraabdominal  pressure  can  provoke  regurgitation.  While 
some clinicians restrict the definition of regurgitation to events 
accompanied  by  sour  taste,  others  accept  the  perception  of 
reflux movement into the chest as a sufficient criterion [1].

When heartburn and regurgitations are elicited as dominant 
symptoms, they have been found to have a high specificity but 
poor sensitivity for GERD [117]. The poor sensitivity is related 
to  the  fact  that  symptoms  are  inconsistently  characterized  by 
patients, and that  the defining symptoms may alternatively be 
dysphagia, odynophagia, chest pain, water brash, laryngitis, or 
cough without heartburn or regurgitation.

Some degree of dysphagia is reported by more than 30% of 
individuals with GERD [118]. It can be caused by peptic stric-
ture, Schatzki (“B”) ring, weak peristalsis, or simply by mucosal 
inflammation.  Dysphagia  also  occurs  in  the  absence  of  any 
identifiable abnormality,  in which case  it  is  likely  the result of 
abnormal sensitivity to bolus movement within the esophagus 
during peristalsis.
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decreasing  LES  pressure.  Finally,  airflow  obstruction  induces 
tLESRs.

Both reflex and aspiration mechanisms have been proposed 
to  explain  how  reflux  might  exacerbate  asthma;  both  can  be 
demonstrated  experimentally.  In  a  unique  investigation  in 
which  tracheal  and  esophageal  pH  were  monitored  in  four 
patients with severe asthma, peak expiratory flow rates decreased 
16 L/min  when  esophageal  and  tracheal  acid  were  simultane-
ously  present  compared  to  4 L/min  when  only  the  esophagus 
was acidified [129]. Another study showed that esophageal acid 
perfusion decreased peak  inspiration flow rates and  increased 
airway resistance in asthmatics with reflux [130]. This was not 
related  to  proximal  esophageal  acid  exposure,  which  might 
suggest microaspiration.

Finally,  a  recent  literature  review  demonstrated  that  reflux 
treatment might improve asthma outcomes in selected asthmat-
ics [128]. These factors include the presence of regurgitations at 
least  twice  a  week,  abnormal  proximal  esophageal  acid  expo-
sure,  high  esophageal  acid  contact  time,  difficulty  to  control 
asthma, and nocturnal asthma.

Ear,	nose,	and	throat	symptoms
A variety of ear, nose, and throat (ENT) symptoms have been 
attributed  to  laryngopharyngeal  reflux  (LPR).  Dysphonia, 
globus sensation (feeling of a  lump in throat),  throat clearing, 
sore  throat,  and  laryngospasm  are  among  the  most  common 
[128]. Laryngoscopic findings suggestive of GERD include ery-
thema, posterior commissure hypertrophy, granuloma, pseudo-
sulcus  (infraglottic  laryngeal edema), vocal cord edema,  thick 
intralaryngeal  mucus,  ventricular  obliteration,  hypertrophy, 
and  extralaryngeal  signs  such  as  red  mucosa  in  nasopharynx 
and lingual tonsil. However, many of these findings are nonspe-
cific  and  also  found  in  asymptomatic  individuals  when  the 
examinations are interpreted blindly [131].

Diagnostic criteria for ENT-GERD are very controversial. As 
many as 50% of patients with suspected ENT-GERD may exhibit 
esophagitis  [132]  but,  alternatively,  many  ENT  practitioners 
maintain  that  no  esophageal  symptoms  are  required  for  the 
diagnosis. Dual-channel esophageal pH-metry, with electrodes 
in  the  distal  esophagus  and  just  above  or  below  the  upper 
sphincter [133,134], and pharyngeal and esophageal impedance 
monitoring [135] have shown increase pharyngeal reflux expo-
sure  in  patients  with  ENT  symptoms  but,  again,  diagnostic 
thresholds are very controversial.

A  survey  among  ENT  physicians  and  gastroenterologists 
highlighted the different practices in managing suspected ENT-
GERD [136]. ENT physicians reported they made the diagnosis 
of  GERD  mainly  on  symptoms  with  or  without  supporting 
laryngoscopic  findings.  Half  of  gastroenterologists  proposed 
endoscopy and pH-metry before treatment. Both groups relied 
heavily on prolonged periods of PPI therapy for management, 
although dosing and endpoints were inconsistent. In evaluating 
treatment  response,  70%  of  gastroenterologists  reported  a 

between  reflux  and  coughing  in  chronic  cough  patients.  Ing  
et al. examined the response characteristics of distal esophageal 
afferents in 22 GERD patients with chronic cough by alternately 
challenging them with acid or saline perfusion of  the esopha-
gus  [124].  Cough  frequency  was  significantly  increased  with 
acid  infusion compared  to  saline  infusion. Furthermore,  lido-
caine,  acting  as  a  topical  anesthetic,  blocked  acid-induced 
cough. On the other hand,  ipratropium, a muscarinic blocker, 
had  no  effect  when  instilled  in  the  esophagus  but  blocked  
acid-induced  cough  when  inhaled,  presumably  by  preventing 
activation  of  the  efferent  limb  of  the  reflex.  These  functional 
studies  strongly  support  the  presence  of  a  vagally  mediated 
esophagotracheobronchial reflex activated by stimulation of the 
esophageal mucosa.

More  recently,  using  24-h  pH  impedance  monitoring  for 
reflux detection and pressure measurement for cough detection, 
around  30%  of  cough  events  were  associated  with  reflux  in  a 
series of 22 patients with chronic cough [125]. “Reflux-cough” 
sequences involved acid (65%) but also weakly acid (29%) and 
weakly alkaline (6%) reflux events, suggesting that acid was not 
the only reflux component inducing cough. Equally interesting 
was that cough preceded reflux in half of the sequences. In order 
to assess further the temporal relationship between cough and 
reflux, acoustic cough recording and esophageal pH impedance 
were  simultaneously  monitored  in  71  patients  with  chronic 
cough  [126].  Seventy  percent  of  patients  presented  temporal 
association between reflux and cough with a similar proportion 
of  patients  having  positive  association  for  cough  preceded  by 
reflux and for reflux preceded by cough. One-third of patients 
had both associations. Furthermore, the authors demonstrated 
that  patients  with  positive  reflux-cough  association  did  not 
exhibit more erosive disease or distinguishing characteristics on 
impedance  pH-metry;  the  only  distinguishing  feature  from 
reflux  patients  without  cough  observed  was  a  more  sensitive 
cough reflex demonstrated by responsiveness to inhaled capsai-
cin.  These  findings  support  a  central  neuronal  sensitization 
process linking reflux to cough.

Asthma
The relationship between asthma and GERD was first suggested 
by Osler’s observation in 1892 that a distended stomach made 
wheezing  worse.  Epidemiological  studies  subsequently  con-
firmed this association. A systematic review in adult asthmatics 
revealed a 59% prevalence of reflux symptom, 51% prevalence 
of  abnormal  esophageal  pH-metry,  and  37%  prevalence  of 
esophagitis  [127].  However,  despite  the  association,  it  is  less 
clear  whether  or  not  GERD  causes  asthma.  Rather,  there  are 
several  potential  predisposing  factors  whereby  asthma  may 
provoke reflux [128]. Asthmatics have autonomic dysregulation 
with  heightened  vagal  tone.  LES  pressure  may  be  overcome 
because  of  increased  negative  intrathoracic  pressure  during 
labored breathing. Obesity and hiatal hernia are risk factors for 
both  GERD  and  asthma.  Asthma  medications  (theophylline, 
α2-adrenergic  receptor  agonists)  may  promote  GERD  by 
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(EoE),  pill  esophagitis,  peptic  ulcer  disease,  dyspepsia,  biliary 
colic, coronary artery disease, esophageal motor disorders, and, 
for  those  with  only  regurgitation,  rumination  syndrome.  It  is 
especially important that coronary artery disease be given early 
consideration because of its life-threatening potential. Patients 
whose  gastrointestinal  symptoms  are  accompanied  by  unex-
plained chest pain should have a cardiogram and exercise stress 
test before a gastrointestinal evaluation. Furthermore, because 
inferior myocardial ischemia may present with only gastrointes-
tinal symptoms, patients without chest pain but with dyspnea, 
diaphoresis,  fatigue,  or  significant  cardiac  risk  factors  should 
also be evaluated for coronary artery disease before undergoing 
a  gastrointestinal  evaluation.  Upper  endoscopy,  esophageal 
biopsies,  barium  swallow,  esophageal  manometry,  or  biliary 
tract  ultrasonography  are  useful  to  address  the  differential 
diagnosis.

Both infectious and pill esophagitis are accompanied by sub-
stantial odynophagia, which is rare in esophagitis. In terms of 
endoscopic  appearance,  infectious  esophagitis  is  diffuse  and 
tends  to  involve  the  proximal  esophagus  far  more  frequently 
than  does  reflux  esophagitis.  In  esophageal  candidiasis,  the 
esophagus classically has a diffuse, heavy, curd-like exudate in 
contrast to the linear streaks emerging from the esophagogastric 
junction  typical  of  peptic  esophagitis.  The  ulcerations  seen  in 
peptic esophagitis are usually large, solitary, and distal, whereas 
infectious  ulcerations  are  punctate  and  diffuse.  Esophageal 
ulceration  from oral medications,  such as potassium chloride, 
quinidine,  tetracycline,  or  NSAIDs,  are  usually  singular  and 
deep at points of narrowing, especially near the crossing points 
of  the  carina  and  aortic  arch,  with  sparing  of  the  distal 
esophagus.

EoE  requires  special  consideration.  The  prevalence  of  this 
inflammatory chronic disease is increasing (from 10 per 100 000 
inhabitants  in  Western  countries  in  the  1990s  to  43  to  55  
per  100 000  the  latest  studies)  [46,144,145].  A  wide  range  
of  symptoms  are  associated  with  EoE  such  as  dysphagia,  
food  impaction,  but  also  GERD-like  symptoms  (chest  pain, 
heartburn,  regurgitation).  EoE  should  be  suspected  in  cases  
of  GERD  resistant  to  PPIs.  Endoscopy  might  be  normal  or 
reveals typical patterns such as rings, furrows, exudate, edema, 
and stricture. The diagnosis of EoE is established with esopha-
geal  biopsies;  15  eosinophils  per  high-power  field  within  the 
esophageal epithelium are the minimal diagnostic threshold. As 
previously  mentioned,  there  is  an  overlap  between  EoE  and 
GERD making sometimes difficult the distinction between the 
two entities.

Associated conditions
Pregnancy  is by  far  the most common condition predisposing 
to  GERD,  with  approximately  50%–80%  of  pregnant  patients 
reporting heartburn [146]. As the uterus enlarges the abdominal-
to-thoracic  pressure  gradient  increases,  promoting  reflux.  In 
addition to this anatomical change, LES pressure decreases and 
gastric emptying is slowed. These motility effects are likely due 

response  in  fewer  than  60%  of  patients  treated  while  62%  of 
ENT physicians reported response in more than 60%.

Dental	erosions
Dental erosions, especially on the lingual and palatal tooth sur-
faces, are increased in patients with GERD. This was acknowl-
edged in the Montreal classification of gastroesophageal reflux 
disease [1]. These extraesophageal symptoms have been found 
to be correlated with not only typical GERD symptoms but also 
esophageal acid exposure measured by pH-metry.

Natural history
Relatively  few  studies  have  examined  the  natural  history  of 
GERD. Among the existing reports, some have found progres-
sion over time [137,138], suggesting an evolution from NERD 
to  esophagitis  and  Barrett  esophagus.  Other  reports  suggest 
regression  from erosive disease  to NERD. For example,  it was 
reported  that  there  was  a  decrease  of  esophagitis  prevalence 
(from 40% to 27%) in a cohort of 50 patients assessed 17 to 22 
years after  initial  referral;  improvement of esophagitis did not 
correlate with the presence of hiatal hernia, or symptom severity 
at the time of referral [40]. Data from a large multicenter study 
of 6215 patients performed in Germany, Austria, and Switzerland 
suggest some transition between NERD, esophagitis, and Barrett 
esophagus  [139].  Among  2721  patients  who  completed  the 
5-year  follow-up,  most  remained  stable  or  improved  under 
current routine clinical care. Among NERD patients, 25% had 
Los  Angeles  classification  (see  Section  Endoscopy)  grade  A/B 
esophagitis and 0.6% had Los Angeles (LA) C/D esophagitis at 
5-year follow-up. Among patients with LA grade C/D esophagi-
tis at baseline, 61% had nonerosive disease at 5 years. Progression 
to Barrett esophagus was observed in 4.2% of NERD patients, 
8.1% of LA grade A/B esophagitis patients, and 10.3% of grade 
LA grade C/D patients.

Over the past 25 years, the epidemiology of esophageal cancer 
has dramatically changed in Western countries with an increased 
incidence  of  adenocarcinoma  and  a  decreased  incidence  of 
squamous  carcinoma.  The  former  incidence  is  thought  to  be 
related to GERD while the latter may be attributable to decrease 
in tobacco use, particularly in association with alcohol use and 
especially in men [140] The risk of esophageal adenocarcinoma 
is  increased  in  patients  with  long-standing  reflux  symptoms 
(odds ratio 7.7 [95% CI 5.3–11.4] in the study by Lagergren et 
al.  in  the Swedish population  [141]). High  frequency  (at  least 
three  times  a  week)  and  a  long  duration  (more  than  10–20 
years) of symptoms increased the risk in that study.

Finally, GERD natural history has certainly been modified by 
the widespread use of PPIs. Esophageal strictures, which are a 
classic complication of GERD, have declined in frequency with 
the availability of PPIs [142,143].

Differential diagnosis
Symptoms  from  GERD  need  to  be  distinguished  from  symp-
toms related to infectious esophagitis, eosinophilic esophagitis 
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is of clinical importance because GERD is a risk factor for acute 
rejection [173] and for bronchiolitis obliterans syndrome, which 
induces chronic rejection [174]. Mechanisms of GERD in lung 
transplantation  are  not  completely  understood.  However, 
impaired esophageal motility and delayed gastric emptying may 
play a role.

Diagnostic evaluation

It is neither practical nor necessary to embark on a diagnostic 
evaluation  of  every  patient  with  classic  GERD  symptoms.  In 
most  cases,  a  well-taken  history  is  sufficient  to  confirm  the 
diagnosis of GERD and begin therapy. However, some patients 
may present “alarm” signs  (dysphagia, bleeding, odynophagia, 
weight loss), atypical symptoms, or typical symptoms refractory 
to  standard  medical  therapy.  Different  tests  are  available  to 
either  identify  esophageal  complications  as  surrogate  markers 
of  GERD  or  to  quantify  esophageal  acid  exposure  and  deter-
mine whether symptoms correlate with reflux events. As these 
tests  tend  to be complementary, more  than one might be uti-
lized in patients with atypical or refractory symptoms on therapy 
(Figure 49.3).

Clinical evaluation and empiric trials
In  the  case  of  atypical  symptoms,  diagnostic  studies  confirm 
that abnormal reflux is occurring and potentially responsible for 
the syndrome in question. Diagnostic studies are also indicated 
for a patient with GERD when heartburn is chronic (raising the 
possibility  of  Barrett  metaplasia),  refractory  to  treatment,  or 
accompanied  by  the  so-called  “alarm  symptoms”  noted  above 
in this section.

Standardized questionnaires to diagnose GERD are far from 
perfect. For example, the Diamond study evaluated the accuracy 
of the Reflux Disease Questionnaire (RDQ) in a cohort of 308 
patients with troublesome upper gastrointestinal symptoms [7]. 
The sensitivity and specificity  to diagnose GERD were 62 and 
67%, respectively. The advantages of these questionnaires might 
be to screen patients for GERD in a primary care setting and to 
use as a standardized evaluation of symptoms.

Some authors have proposed an empiric PPI trial to diagnose 
GERD. In the Diamond study [8], a positive response to 2-week 
regimen of esomeprazole  (40 mg once a day) was observed  in 
69% of patients with GERD and 51% of those without GERD. 
Response  to  PPI  trial  was  greater  in  patients  with  esophagitis 
(57%) than in patients with NERD (49%) or in patients without 
GERD  (35%),  but  the  difference  was  significant  only  between 
patients  with  esophagitis  and  those  without  GERD.  Finally,  a 
positive  response  to  PPI  trial  may  also  be  indicative  of  either  
a  placebo  effect  or  response  of  another  peptic  disorder  and  
a  negative  response  may  be  secondary  to  persistent  acid  or 
weakly  acidic  reflux  despite  PPI  therapy.  PPIs  may  also  mask 
symptoms  of  malignancy.  Hence,  it  is  important  that  patients 
are  screened  for  warning  signs  (odynophagia,  dysphagia, 

to increases in progesterone levels, explaining why reflux begins 
early in the first trimester.

Obesity  is  a  major  risk  factor  for  GERD  based  on  several 
mechanisms.  Obesity  promotes  axial  separation  between  the 
LES and the crural diaphragm, causing mechanical disruption 
of EGJ [147]. The most relevant fat distribution with respect to 
GERD pathogenesis  is abdominal  fat, evident by an  increased 
waist circumference [148–150]. LES incompetence and greater 
esophageal  acid  exposure  have  also  been  observed  in  obese 
patients  [151–154].  One  study  even  reported  an  increased 
tLESR  frequency  in  obese  patients  [155].  Altered  esophageal 
clearance is also evident in obese patients, with abnormal motil-
ity encountered in 25%–60% [152,156–158]. Similarly, impaired 
bolus transit is more frequent in morbidly obese GERD patients 
than  in  GERD  patients  with  normal  weight  [159].  Together, 
these  diverse  mechanisms  all  help  explain  the  increased  inci-
dence of GERD in obese patients.

Scleroderma is associated with impaired esophageal function 
in  at  least  80%  of  patients  [160].  Characteristic  abnormalities 
are  decreased  peristaltic  amplitude  in  the  smooth  muscle 
segment of the esophagus and decreased LES pressure. GERD 
might also be one of the contributing factors of interstitial lung 
disease  in  scleroderma  [161–163].  Although  most  frequently 
found with scleroderma, these esophageal changes are nonspe-
cific  and  may  occur  with  any  of  the  mixed  connective  tissue 
disorders.  Sjögren syndrome,  which  disrupts  normal  salivary 
secretion  and  interferes  with  esophageal  acid  clearance,  also 
results in an increased risk for reflux esophagitis.

Diabetes mellitus  may  be  associated  with  GERD  [164]; 
however, confounding factors exist such as the BMI [165]. One 
Australian  study  noted  that  diabetes  mellitus  and  high  blood 
pressure were associated with GERD, but  they were not  inde-
pendent risk factors; high cholesterol was, however, independ-
ently associated with GERD [166]. GERD prevalence might be 
greater  in  diabetics  with  neuropathy  than  in  those  without 
[167], suggesting a role of delayed gastric emptying or impaired 
esophageal motility.

Zollinger–Ellison syndrome  promotes  GERD  by  increasing 
the  acidity  and  quantity  of  refluxate.  Thus,  an  analysis  of  122 
patients with Zollinger–Ellison syndrome found that 42% had 
endoscopic evidence of esophagitis [168].

Cardiovascular diseases  are  also  associated  with  GERD.  In 
a  case–control  study  based  on  a  large  Norwegian  health  
survey  conducted  in  1995–1997,  a  positive  association  was 
noted  between  GERD  and  angina  pectoris  (OR  1.9,  95%  CI 
1.6–2.2) [169].

Finally, an interaction exists between pulmonary disease and 
GERD.  For  example,  chronic  pulmonary  diseases  and  asthma 
were associated with new GERD diagnosis in a study based on 
the  UK  General  Practice  Research  Database  [11].  Lung trans-
plantation is also an important issue that should be addressed. 
GERD  prevalence  might  be  increased  in  candidates  for  lung 
transplantation  [170]  as  well  as  in  lung  transplant  recipients 
[171,172]. Patients with cystic fibrosis are at particular risk. This 
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with GERD symptoms [39–41] and, thus, endoscopy has poor 
sensitivity.  The  majority  of  patients  with  GERD  do  not  have 
esophagitis.

The  Los  Angeles  (LA)  classification  system,  categorized  as 
grade  A,  B,  C,  or  D,  based  on  the  length  and  circumferential 
extent  of  mucosal  breaks,  should  be  used  to  describe  reflux 
esophagitis  severity  (Figure  49.4)  [177].  This  grading  scheme 
has  good  reproducibility  [178]  and  good  correlation  with 
esophageal  acid  exposure  [177].  Endoscopically  defined 
minimal changes, such as edema, erythema, and irregular Z line 
are not specific for GERD and are poorly reproducible observa-
tions; they are not included in the LA classification and should 
not be interpreted as esophagitis [179]. It is important to note 
that the LA system does not consider strictures, hiatus hernia, 
or  Barrett  metaplasia.  The  endoscopist  should  describe  these 
entities  separately.  Endoscopy  is  also  important  to  obtain 
esophageal biopsies to rule out eosinophilic esophagitis in cases 

melena, hematochezia, and weight loss) before this minimalist 
approach is undertaken. In addition, an empiric trial can lead 
to inappropriate long-term treatment that may have significant 
economic  and  clinical  implications.  Despite  these  limitations, 
its simplicity and low cost make an empiric PPI trial a reason-
able option as long as its limitations are understood and appro-
priate follow-up is arranged.

Endoscopy
Upper endoscopy is the first diagnostic test in the evaluation of 
GERD.  It  provides  a  mean  for  both  detecting  and  managing 
complications  of  GERD  as  well  as  excluding  other  diseases. 
Endoscopy  is  diagnostic  of  GERD  if  erosive  esophagitis  is 
present, with a specificity of 90%–95%; most false positives are 
attributable to either infectious or pill-induced mucosal injury 
[175,176].  However,  esophagitis,  defined  as  distal  esophageal 
mucosal  breaks,  is  encountered  in  only  20%–40%  of  patients 

Figure 49.3 Algorithm for management of a patient with suspected gastroesophageal reflux disease (GERD). PPI, proton pump inhibitor.

Suspicion of gastroesophageal reflux disease

Alarm signs
OR Age > 50 years

OR Atypical symptoms

No alarm sign
AND Age < 50 years

AND Typical symptoms
(heartburm, regurgitation)

Normal AND
Extra-esophageal

symptoms

Normal AND
typical

symptoms

Success

Success

Failure

Failure

Combined pH-impedance

Normal esophageal
acid exposure

AND
Negative symptom-
reflux association

Normal esophageal
acid exposure

AND
Positive symptom-
reflux association

Normal esophageal
acid exposure

Negative symptom-
reflux association

Pathological
esophageal

acid exposure
AND/OR

Strong positive
symptom–acid

reflux association

Pathological esophageal
acid exposure

Positive symptom–reflux
association

Prolonged wireless pH monitoring
Standard pH-catheter monitoring

Combined pH-impedance

PPI trial

PPI

Upper endoscopy 

Ambulatory reflux testing ON PPI
Ambulatory reflux testing OFF PPI

GERD

GERD

No GERD GERD
(Acid reflux)

GERD
(Persistent acid reflux)

GERD
(Hypersensitive)

Functional heartburn?

GERD

Esophagitis
AND/OR Barrett

esophagus



918      PART 4 Gastrointestinal diseases

Reflux identification: esophageal pH-metry and 
pH-impedance-metry
The principal indications for ambulatory reflux monitoring are 
to  document  excessive  reflux  in  patients  without  esophagitis 
demonstrated  on  endoscopy  or  to  evaluate  the  efficacy  of 
medical or surgical treatment. Quantification of reflux episodes 
might be achieved using ambulatory 24-h monitoring of esopha-
geal pH, which may be combined with impedance monitoring. 
The first technique detects reflux episodes based on the presence 
of  acid  in  the  esophagus  and  the  second  on  the  presence  of 
liquid and/or air in the esophagus.

Catheter-based	esophageal	pH-metry
Ambulatory  24-h  pH-metry  is  the  most  widely  used  test  to 
establish the presence of excessive gastroesophageal reflux and 
to temporally correlate symptoms with reflux. The conventional 
test  is performed by  transnasally positioning a  thin pH probe 
5 cm above the proximal margin of the LES as determined man-
ometrically. The probe is connected to an external data recorder. 

of nonresponse to PPI therapy or suggestive associated symp-
toms. Suspicion of Barrett metaplasia will also require esopha-
geal biopsies. 

In summary, endoscopy is an important test in the evaluation 
of patients  suspected of having complications of GERD or an 
increased  pretest  probability  of  an  alternative  diagnosis,  such  
as  malignancy  or  peptic  ulcer.  Thus,  endoscopy  is  reasonable  
as  the  first-line  evaluation  if  there  is  evidence  of  dysphagia, 
odynophagia,  GI  bleeding,  unintentional  weight  loss,  early 
satiety, or age at presentation greater than 55 to rule out Barrett 
metaplasia  or  malignancy.  In  the  absence  of  warning  signs, 
patients  are  typically  not  referred  for  endoscopy  unless  they 
have  failed  a  course  of  PPI  therapy.  However,  endoscopy  
has  poor  sensitivity  to  diagnose  GERD.  In  cases  of  normal 
endoscopy  and  atypical  GERD  symptoms  or  refractoriness  to 
empiric  PPI  therapy,  further  investigations  are  required  to 
determine whether abnormal gastroesophageal reflux is present 
and whether the patients’ symptoms are related to gastroesopha-
geal reflux.

Figure 49.4 Los Angeles classification. Esophagitis is scored into four grades. (a) Grade A is defined as mucosal breaks confined to the mucosal fold, 
each no longer than 5 mm. (b) Grade B corresponds to at least one mucosal break longer than 5 mm confined to the mucosal fold but not continuous 
between two folds. (c) Grade C is characterized by mucosal breaks that are continuous between the tops of mucosal folds but not circumferential. 
(d) Finally, grade D is represented by extensive mucosal breaks engaging at least 75% of the esophageal circumference.

(a) (b)

(c)

Los Angeles C Los Angeles D

Los Angeles A Los Angeles B

(d)



Gastroesophageal reflux disease CHAPTER 49      919

of hypersensitivity and support the use of an adapted therapeu-
tic intervention.

Wireless	esophageal	pH	monitoring
Catheter-based pH monitoring has significant methodological 
limitations. The transnasal probe might be uncomfortable and 
reduce daily activities. A wireless device (Bravo® system, Given 
Imaging, Duluth, Georgia, USA) comparing a capsule attached 
to  the  esophagus  6 cm  above  the  squamocolumnar  junction 
offers  an  alternative  method  [186]  (Figure  49.5).  The  capsule 
measures pH and transmits this data to a receiver worn on the 
patient’s belt. Data are recorded for 48–96 h. Using this device, 
normative ranges for percentage of time with esophageal pH <4 
are 4.4%–5.3% for the 48-hour period. SI and SAP are calculated 
as  with  catheter-based  pH-metry.  Several  studies  have  shown 
that the pH capsule to be better tolerated than the conventional 
pH catheter. Mild to moderate chest pain represents the main 
side effect of the pH capsule, severe chest pain requiring endo-
scopic capsule removal being rare.

Data  demonstrating  that  wireless  pH-metry  is  superior  to 
catheter-based  studies  in  diagnosing  abnormal  reflux  are 
limited; however, there are studies suggesting that extending the 
duration of pH monitoring from 24 h to 48–96 h improves the 
yield of documenting abnormal reflux. For example, among 38 
patients  with  a  negative  pH  catheter-based  study,  prolonged 
(48–96 h) wireless pH-metry revealed pathological acid esopha-
geal  exposure  in  37%  and  47%  using  average  and  worst  day 
analysis  respectively  [187].  Overall,  GERD  was  diagnosed  in 
61%  (average  analysis)  and  76%  (worst  day)  based  on  either 
pathological acid exposure or positive symptom association.

Esophageal	pH-impedance-metry
Standard pH-metry detects only acid reflux, that is reflux with 
a  pH  <4.  However,  weakly  acidic  or  “nonacid”  reflux  events 
with pH >4 might  still  induce  symptoms. This  is particularly 
true  in patients  taking PPIs  in whom acid  secretion  is greatly 
reduced.  Thus,  new  techniques  have  evolved  to  complement 
pH-metry for detection and improved characterization (liquid 
vs  gas)  of  reflux  [188].  Intraluminal  impedance  monitoring 
detects reflux by determining changes in resistance (impedance) 
to  an  electrical  current  between  paired  electrodes  on  the 
intraesophageal probe. Each reflux episode can be characterized 
as  liquid  or  gas  by  their  relative  impedance  characteristics. 
When gastric juice bridges electrode pairs, impedance decreases. 
In  contrast,  gas  venting  causes  impedance  to  increase.  The 
sequence  of  these  changes  among  electrode  pairs  defines 
whether  flow  is  anterograde  or  retrograde  (Figure  49.6). 
Multichannel intraluminal impedance is usually combined with 
pH-metry.  Thus,  unlike  pH-metry,  impedance-pH-metry  can 
distinguish swallowed acidic foods from gastric reflux. Varying 
configurations of impedance and pH electrodes on the nasally 
passed impedance-pH probes are available for use with portable 
external  data  recorders.  Greater  than  73  reflux  episodes  per  
24 h  “off ”  PPI  is  considered  pathological  [180].  “On”  PPI  this 

Ambulatory monitoring allows  the patient  to conduct normal 
daily activities while recording symptoms, meals, and sleep  in  
a diary.

Ambulatory  pH  monitoring  provides  a  marker  that  acid  is 
present  in  the  esophagus  and  expresses  this  as  a  function  of 
time. Esophageal acid exposure is defined as the percentage of 
the recording time that the pH is <4 and this is the most useful 
discriminator  between  physiological  and  pathological  reflux 
[180]. The most referenced threshold for abnormal acid expo-
sure  is  a  pH  <4  for  greater  than  4.2%  of  the  duration  of  the 
study  [181].  The  original  analysis  scheme  was  devised  by 
Johnson and DeMeester and examined six variables: (1) percent 
total time the pH <4; (2) percent upright time the pH <4; (3) 
percent supine time the pH <4; (4) number of reflux events; (5) 
number  of  reflux  events  longer  than  5  min;  and  (6)  longest 
reflux event [182]. This composite score, named the DeMeester 
score, is considered as abnormal if greater than 14.7.

Although  esophageal  acid  exposure  time  exhibits  a  graded 
increase across the GERD spectrum, there is variability among 
patients and overlap exists between patients and controls [180]. 
Up to 30% of patients with reflux esophagitis may have normal 
esophageal acid exposure. This lack of sensitivity might be sec-
ondary  to  technical  limitations or  to  the possibility  that  some 
patients  develop  symptoms  or  erosions  at  lower  threshold 
values.  However,  despite  this  limitation,  pH-metry  might  be 
useful to predict response to reflux therapy [180].

Different  indices have been proposed to assess the relation-
ship between reflux events and symptoms. The symptom index 
(SI)  is  defined  as  the  percentage  of  symptom  episodes  that  
correlate  with  GERD  ([number  of  reflux-related  symptom 
events/total number of reflux events] × 100) [183]. A SI >50% 
is considered as positive. This system does not take into account 
the  total  number  of  reflux  episodes.  In  patients  with  frequent 
reflux  episodes,  a  high  symptom  index  may  be  caused  by 
random associations between reflux and symptoms. To circum-
vent  this  limitation,  the  symptom  sensitivity  index  (SSI)  
was  devised  to  focus  on  the  number  of  reflux  events  [184].  
This involved dividing the total number of reflux-related symp-
toms  by  the  total  number  of  reflux  episodes.  A  SSI  >10% 
is  considered  as  positive.  Finally,  the  best  proposed  scheme  
for  symptom–reflux  correlation  is  the  symptom  association 
probability  (SAP).  This  system  uses  all  the  relevant  data  and 
statistically calculates whether the relationship between symp-
toms and reflux events can be attributed to chance [185]. This 
involves  constructing  a  contingency  table  with  four  fields:  (1) 
positive symptom, positive reflux; (2) negative symptom, posi-
tive reflux; (3) positive symptom, negative reflux; and (4) nega-
tive  symptom,  negative  reflux.  The  Fisher’s  exact  test  is  then 
applied to calculate the probability that the observed association 
between  reflux  and  symptoms  occurred  by  chance.  A  time 
window  of  2 min  is  used  to  assess  association  between  reflux 
and symptom. SAP is significant if greater than 95%. SI and SAP 
are  the  most  commonly  used  indices.  A  strong  association 
between  reflux  events  and  symptoms  may  be  the  hallmark  
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Figure 49.5 Wireless pH monitoring. (a) The Bravo® capsule on the delivery system. (b) A 48-h wireless pH monitoring off medication is depicted for a 
patient with typical GERD symptoms (heartburn). Esophageal pH was recorded 6 cm above the squamocolumnar junction. The horizontal red line 
corresponds to pH 4. Acid reflux is defined as a pH drop to <4. Meal periods are represented in yellow and the supine position in green. Symptom 
occurrence (S) is indicated by black arrows. The patient had an esophageal pH <4 during 11.2% of total time on day 1 and during 7.9% on day 2. He 
had pathological acid reflux off medication on both days.
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threshold is 57 per 24 h [189]. As with pH-monitoring, SI and 
SAP  can  be  calculated.  However,  the  clinical  utility  of  these 
thresholds is debated and patient outcome data based on their 
utilization are lacking.

One  interesting  indication  for  impedance-pH-metry  is  in  
the  evaluation  of  patients  who  are  refractory  to  PPI  therapy. 
Thus  there  were  different  phenotypes  of  PPI  nonresponders  
in a series of 168 patients who underwent impedance-pH-metry 
“on” PPI for refractory GERD symptoms [190]. Eleven percent 

of subjects had persistent pathological esophageal acid exposure 
despite PPI twice daily, 31% had a positive association between 
symptoms and weakly acidic reflux, and 58% had no evidence 
of  pathological  reflux  and/or  positive  symptom  association.  
In  a  series  of  200  NERD  patients  studied  “off ”  PPIs,  27%  
had normal impedance-pH-metry and negative SAP, permitting 
categorization  of  the  problem  in  these  patients  as  functional 
heartburn  rather  than GERD [191]. Only 11% of  the patients 
had a positive association between symptoms and only weakly 
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Figure 49.6 Representative 5-min pH-impedance monitoring. The pH was recorded 5 cm above the proximal border of the lower esophageal sphincter 
(LES) determined by manometry (channel 7). The impedance was recorded 3, 5, 7, 9, 15, and 17 cm above the LES (channels 1 to 6). A reflux event (R) 
is defined by an abrupt retrograde 50% drop of impedance baseline (red arrow). In this example, the pH of this reflux example falls below 4 (dashed 
horizontal line) thus defining an acid reflux event. Note that swallows (S) are associated with anterograde impedance drops (black arrows).
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acidic  reflux  (not  acid  reflux  as  well)  in  the  absence  of  PPI 
therapy.

Study	“off ”	or	“on”	PPI
Whether  to  study patients  “off ” and “on” PPI depends on  the 
pretest probability that the patient has pathological acid reflux 
on the specific clinical question. If the pretest probability is low 
based  on  the  clinical  presentation  and  lack  of  relevant  endo-
scopic  findings  (esophagitis,  Barrett  esophagus,  large  hiatus 
hernia), the first and most important question in the evaluation 
of atypical symptoms or refractory typical symptoms is whether 
or not the patient actually has pathological reflux. Thus,  these 
patients should have ambulatory pH-metry “off ” PPI to docu-
ment  whether  or  not  abnormal  esophageal  acid  exposure  is 
present at baseline. This can be accomplished with a standard 
pH catheter, combined pH-impedance catheter or a wireless pH 
capsule.

There are situations where the pretest probability for baseline 
GERD is high, as occurs when an abnormality found on endos-
copy (large hernia, esophagitis, Barrett esophagus), or there  is 
prior  positive  pH-metry  done  “off ”  medication,  or  a  clinical 
scenario making it likely for the patient to have baseline GERD. 
In  such  situations,  the  patient  should  undergo  ambulatory 

reflux testing “on” PPI therapy using combined pH-impedance. 
In these circumstances, the question of whether or not baseline 
GERD  exists  is  less  important  than  defining  the  mechanism 
behind the refractory symptoms. Moreover, it has been shown 
that  93%  of  patients  with  symptoms  refractory  to  twice  daily 
dosage of PPI and abnormal pH-impedance monitoring on PPI 
have abnormal acid esophageal exposure off PPI [192].

An alternative approach  to answer  the question of whether 
to test “on” or “off ” medication is prolonged wireless pH moni-
toring both “off ” and “on” PPI in a single examination (2 days 
off PPI  followed by 2 days on PPI)  [193]. However, with cur-
rently available technologies, this can only be achieved with the 
wireless pH-metry system.

Other investigations
Esophageal	manometry
Esophageal  manometry  has  no  significant  role  in  the  initial 
diagnostic evaluation of GERD. While manometric findings of 
low LES pressure and tLESRs are key features in the pathophysi-
ology of GERD, their detection seldom alters the clinical man-
agement of an individual patient. However, manometry is used 
routinely  for  determining  the  proper  placement  of  pH  and 
pH-impedance probes. It  is also used to rule out primary and 
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exceptions  of  detecting  major  motor  disorders  or  evaluating 
peristalsis prior to antireflux surgery.

Therapeutic management

The  principles  of  GERD  management  are  to  minimize  reflux 
and/or the impact of reflux by modifications in lifestyle, phar-
maceuticals, or surgery. Lifestyle modifications encompass diet, 
eating  patterns,  postural  modifications,  and  weight  reduction. 
Pharmaceutical  treatments,  especially  acid  inhibition,  play  a 
central role. Even though gastric acid secretion is usually normal 
in GERD, reducing the injurious potential of gastric juice to the 
esophageal mucosa compensates for the fundamental problems 
of excessive reflux and/or impaired clearance. Thus, the domi-
nant medical treatment for GERD is inhibiting acid secretion. 
Other medical treatments aim to inhibit reflux occurrence and 
to decrease contact time between the refluxate and esophageal 
mucosa.  Visceral  sensitivity  is  increasingly  recognized  as  an 
important modulator of symptom severity and, when abnormal, 
should be considered as an alternative  target  for GERD treat-
ment.  As  an  alternative  to  pharmaceutical  therapies,  surgery 
and endoscopic techniques aim at restoring the competence of 
the antireflux barrier. A therapeutic management algorithm is 
proposed Figure 49.7.

Lifestyle modifications
Recommended  lifestyle modifications  in GERD fall  into  three 
general categories: (1) avoid food that may lead to reflux, pre-
sumably  by  relaxing  the  lower  esophageal  sphincter  (coffee, 
alcohol, chocolate, fatty food); (2) avoid acidic foods that may 
precipitate heartburn by a direct irritant effect on the esophageal 
mucosa (citrus, carbonated drinks, spicy foods); and (3) adopt 
behaviors that may reduce esophageal acid exposure by reduc-
ing  the  occurrence  of  reflux  and/or  enhancing  the  process  of 
acid clearance (weight loss, smoking cessation, raising the head 
of  the  bed,  and  avoiding  recumbent  position  for  2–3 h  after 
meals). Although evidence supporting these recommendations 
is generally weak [198], they should be encouraged to the extent 
to  which  they  seem  relevant  to  the  individual  patient.  For 
instance,  patients  with  regurgitation  and  heartburn  during 
recumbency  should be advised  to  elevate  the head of  the bed 
and to avoid eating for the 2–3-hour period before going to bed. 
Similarly,  someone  who  consistently  experiences  heartburn 
after ingestion of alcohol, coffee, or any specific food will benefit 
from avoidance of these items.

Obesity  and  weight  control  merit  special  attention  because 
accumulating evidence suggests this to be one of the root causes 
of the GERD epidemic of the past three decades. Epidemiological 
data suggest a dose-dependent relationship between increasing 
body mass index and frequent reflux symptoms [199]. However, 
the benefit of weight loss on GERD symptoms has not yet been 
demonstrated in rigorous clinical trials [200–202]. Nonetheless, 
if the development of troublesome heartburn paralleled weight 

secondary  motility  disorders  prior  to  antireflux  surgery, 
although the utility of this approach is controversial [194].

High-resolution manometry (HRM) might bring new insight 
regarding esophageal motility in GERD. GERD patients exhib-
ited  lower amplitude and  fragmented esophageal  contractions 
than did controls [195]. Using a test challenge of 200 mL water 
drinking,  multiple  water  swallows  were  followed  by  effective 
peristalsis  in 83% of  controls and 70% of NERD patients, but 
only  30%  of  esophagitis  patients  (P  <0.05  vs  controls  and 
NERD)  [196].  Interestingly,  using  a  different  multiple  water 
swallow protocol (Five rapid 2-mL swallows 1–2 s apart), only 
14% of patients with postfundoplication dysphagia had normal 
peristaltic sequence after multiple rapid swallows compared to 
58% of  fundoplication patients without dysphagia (P = 0.003). 
These results suggest that the multiple rapid swallow challenge 
might  be  useful  to  predict  the  occurrence  of  dysphagia  after 
antireflux  surgery.  Further  prospective  studies  are  required  to 
confirm these findings.

Esophageal	fiberoptic	spectrophotometer
The esophageal fiberoptic spectrophotometer was developed in 
the 1990s  to detect  the reflux of bile acids  into  the esophagus 
utilizing  the  optical  properties  of  bilirubin  [197].  However, 
because  the  detection  of  bile  was  based  on  its  color,  dietary 
restriction (white diet) was required to avoid colored food. This 
technique  has  been  supplanted  by  pH-impedance-metry  that 
allows the detection of reflux irrespective of its acidity.

Barium	esophagogram
Although  a  barium  esophagogram  is  not  needed  to  diagnose 
GERD, It can be useful as a preoperative study or in the evalu-
ation  of  surgical  complications.  Barium  esophagogram  offers 
the ability to assess EGJ anatomy and to classify hiatal hernias. 
The  presence  of  gastric  rugal  folds  traversing  the  level  of  the 
diaphragm  is  used  as  the  defining  criterion  of  sliding  hiatal 
hernia.  This  examination  allows  also  the  identification  of 
paraesophageal  hernia.  Barium  esophagogram  is  usually  per-
formed  before  antireflux  surgery  to  evaluate  the  size  of  hiatal 
hernia  and  then  predict  the  difficulty  of  the  surgery.  Finally, 
stricture  and  segmental  narrowing  due  to  inflammation  or 
GERD complications might be detected.

Summary
In  summary,  diagnosis  in  patients  suspected  of  GERD  can 
usually be accomplished by a careful medical history and empir-
ical  trial  of  PPIs.  Patients  with  long  standing  symptoms  or 
“alarm  signs”  may  benefit  from  endoscopic  evaluation. 
Ambulatory reflux testing  is unnecessary  in most patients but 
can be of value in patients refractory to antireflux therapy or to 
document  abnormal  acid  reflux  in  an  individual  undergoing 
evaluation  for  antireflux  surgery.  Patients  with  atypical  symp-
toms not responding to empiric therapy may also benefit from 
ambulatory  pH-metry  or  impedance-pH-metry.  Esophageal 
manometry  is  of  minimal  use  in  managing  GERD,  with  the 
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them less potent than PPIs and giving them duration of action 
that parallels  their serum half-life. Antacids neutralize acid or 
acidic  food  without  having  any  effect  on  subsequent  acid 
secretion.

Proton	pump	inhibitors
Indications
Evident  from the definition, GERD encompasses a diverse set 
of potential syndromes and the efficacy of PPI treatment varies 
substantially among these syndromes. The GERD manifestation 
most  responsive  to  PPI  therapy  is  esophagitis,  in  which  case 
esophageal  epithelial  injury  is  directly  attributable  to  gastric 
acid and eliminating acid facilitates mucosal healing with close 
to 100% effectiveness. Furthermore, in the case of esophagitis, 
higher doses, and/or more potent PPIs are more effective than 
lower  doses  and/or  weaker  PPIs;  in  other  words,  there  is  a 
demonstrable  dose–response  curve.  Similarly,  dysphagia 
without  stricture  or  malignancy,  which  is  reported  in  about 
one-third  of  esophagitis  patients,  resolves  in  83%  of  patients 
with PPI therapy [206].

After esophagitis, heartburn is the second best case scenario 
for PPI efficacy. However, the therapeutic gain associated with 
PPI  therapy  is  sharply  reduced  from  that  observed  with 
esophagitis.  Furthermore,  there  is  a  10%–20%  difference  in 
therapeutic gain for heartburn dependent on whether or not it 
occurs in the context of erosive esophagitis or NERD. This dis-
crepancy  might  be  because  the  specificity  of  heartburn  as  an 
acid-induced symptom is less in the absence of esophagitis. This 
limitation  is  even  more  evident  in  the  case  of  regurgitation 
wherein  the  therapeutic  gain  from  PPI  therapy  is  less  than  

gain in a patient, it is very reasonable to propose weight loss as 
an intervention that may prevent the need for continuous acid-
suppressive therapy.

Antacids
Antacids neutralize acid or acidic food without affecting subse-
quent  acid  secretion.  Until  recently  they  were  considered  as 
having  limited  effects  on  GERD  symptoms.  However,  the 
emerging concept of acid pocket [67,68] might be a target  for 
antacids combined with alginates. The acid pocket corresponds 
to  the  newly  secreted  acid  layer  on  top  of  the  ingested  meal, 
evident  within  20 min  of  eating.  Neutralizing  this  acid  layer 
might  be  associated  with  reduction  of  postprandial  GERD 
symptoms. Alginates are natural polysaccharide polymers  iso-
lated  from  brown  seaweed.  On  contact  with  gastric  acid  they 
precipitate  into  a  low-density  viscous  gel  of  near  neutral  pH. 
With the pH change, the sodium bicarbonate contained in the 
alginate-antacid formulation releases carbon dioxide, which  is 
trapped in the alginate gel and floats on the top of  the gastric 
content [203]. An antacid–alginate formation (Gaviscon), may 
eliminate or displace the “acid pocket” in GERD patients [204]. 
It may also decrease the number of reflux events that reach the 
proximal esophagus [205].

Acid suppression
Acid neutralization with antacid and pharmacologically inhibit-
ing  gastric  acid  secretion  are  cornerstones  of  GERD  therapy. 
The most potent drugs are the PPIs, which covalently bind with 
gastric H+/K+ ATPase to block the final common pathway for 
acid secretion. Histamine-2 receptor antagonists (H2RA) com-
petitively  block  histamine-stimulated  acid  secretion  making 

Figure 49.7 Therapeutic management algorithm. Proton pump inhibitors (PPIs) are the first-line therapy. The other alternative should be proposed 
when PPIs are not well tolerated or in the case of an incomplete and unsatisfactory response.
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However,  supportive  data  for  dose  escalation  in  patients  not 
responding to single-dose PPI are marginal and the anticipated 
gain  is  likely  in  the  range  of  10%–20%  [213].  Becker  et  al. 
reported  that  increasing  PPI  dosage  was  more  effective  in 
patients with abnormal pH-impedance-metry while “on” stand-
ard  PPI  therapy  (persistent  abnormal  acid  exposure  and/or 
increased number of reflux events) than in patients with normal 
studies (91% vs 43% symptom relief, P<0.001) [214].

Switching among PPIs  is another option when faced with a 
poor  PPI  response.  Some  PPIs  have  been  reformulated  to 
increase or to speed absorption; this is the case with dexlanso-
prazole  and  immediate-release  omeprazole.  Genetic  polymor-
phism  of  the  cytochrome  P450  enzyme  (CYP2C19),  a  major 
metabolic pathway of PPIs, also explains some interindividual 
variability.  Omeprazole  and  esomeprazole  inhibit  CYP2C19 
[215] and it has been shown that the efficacy of omeprazole and 
lansoprazole in controlling gastric pH correlated with CYP2C19 
status [216,217]. Rabeprazole is not metabolized by CYP2C19. 
Bioavailability  may  also  differ  among  PPIs.  In  patients  with 
persistent  heartburn  on  once-daily  PPI  treatment,  Fass  et  al. 
compared  the  strategies of  increasing  the PPI dosage  to  twice 
daily  (lansoprazole  30 mg  b.i.d)  or  switching  to  another  PPI 
(esomeprazole  40 mg)  [213].  They  found  that  these  strategies 
were equivalent in achieving heartburn control.

Interaction  might  exist  between  clopidogrel  and  PPIs. 
CYP2C19  is  involved  with  both  PPI  and  clopidogrel  metabo-
lism. Thus, in vitro studies suggest that clopidogrel users have 
decreased  CYP2C19  function  and  less  inhibition  of  platelet 
aggregation potentially putting them at risk  for  increased car-
diovascular  events.  Indeed,  initial  observational  studies  sug-
gested  that  patients  receiving  PPI  and  clopidogrel  had  excess 
cardiovascular events compared to patients receiving only clopi-
dogrel [218]. However, this was not confirmed in a randomized 
trial.  Nonetheless,  despite  the  lack  of  evidence,  some  authors 
recommend  separating  the  dosing  of  PPIs  and  clopidogrel  by 
12–20 h to prevent competitive inhibition of CYP and potential 
diminished efficacy of clopidogrel [218]. A societal guideline on 
GERD management concluded that “PPI therapy does not need 
to be altered in concomitant clopidogrel users” [219].

Safety
For  short-term  use,  PPIs  have  proven  quite  safe.  Side  effects 
include headache (<5%) and diarrhea (<5%), both of which are 
reversible  with  cessation  of  therapy.  However,  several  safety 
concerns related to long-term PPI treatment have been raised. 
Most proposed adverse consequences are the result of profound 
inhibition  of  acid  production  by  parietal  cells  (hypochlorhy-
dria) or the consequent hypergastrinemia.

Gastric acid-mediated solubilization of dietary calcium salts 
is believed to be essential  for calcium absorption. Thus,  it has 
been suggested that  long-term PPI therapy might increase the 
risk  of  osteopenia  and  fracture.  In  a  recent  metaanalysis,  the 
odds  ratio  (OR)  for hip  fracture was 1.25  (95% CI 1.14–1.37)  
in  PPI  users  compared  to  nonusers  or  past  users  [220].  This 

20%  [207].  Consequently,  persistent  regurgitation  despite  PPI 
therapy is a major phenotype of refractory GERD.

Atypical or extraesophageal GERD manifestations remain a 
controversial topic in disease management. In an analysis based 
on the data from six randomized control trials the therapeutic 
gain of >50%  improvement with PPIs  relative  to placebo was 
achieved in 56%–85% of patients with chest pain and abnormal 
pH-metry while only 0%–17% in patients with chest pain and 
normal pH-metry [101]. A Cochrane review explored the effi-
cacy of GERD treatment in patients with chronic cough [208]. 
Nine  adult  studies  were  identified  comparing  PPI  to  placebo 
and  included  in  a  metaanalysis.  No  significant  difference  in 
effect was observed between PPI and placebo in total resolution 
of  cough  (OR  0.46;  95%  CI  0.19–1.15).  However,  patients  on 
PPI did exhibit a slight, but significant, improvement in cough 
scores after 2–3 months of PPI when data among studies were 
combined.

Whatever the presentation of GERD, the likelihood of spon-
taneous, long-term, sustained remission is low and maintenance 
therapy is usually required. Although almost all severe esophag-
itis  can  be  healed  with  PPI  therapy,  recurrence  occurs  in 
approximately 80% of patients within 6 months of discontinu-
ation of therapy [209] and the likelihood of recurrence is directly 
related  to  the  initial  severity  of  esophagitis.  Symptoms  also 
usually relapse after PPI discontinuation. Maintenance therapy 
should be adjusted to the lowest PPI dose necessary to maintain 
symptom  relief.  Regardless  of  physicians’  instructions,  most 
patients do this  themselves, adopting on-demand or  intermit-
tent PPI dosing as required for symptom control [198].

Dose and pharmacology
Most  current  practice  guidelines  endorse  empiric  treatment 
with  single  FDA-approved  dose  PPI  therapy  for  a  4–8-week 
period  for  a  patient  presenting  with  typical  GERD  symptoms 
[198].  The  appropriate  administration  of  PPI  should  be 
30–60 min  before  breakfast  to  ensure  the  best  inhibition  of 
proton pumps [210]. However, PPIs exhibit considerable inter-
individual variation in the degree of acid suppression achieved. 
This is evident in gastric pH monitoring studies analyzed for the 
fraction of a 24-hour period that  the  intragastric pH is main-
tained above 4. In a crossover study, Lind et al. found that 55% 
of  patients  taking  omeprazole  20 mg/day  and  46%  of  patients 
taking esomeprazole 20 mg/day  failed  to maintain  intragastric 
pH  >4  for  12 h  or  longer  while  only  8%  of  patients  taking 
esomeprazole 40 mg/day failed to maintain intragastric pH >4 
for 12 h [211]. The fraction of individuals achieving pH control 
for  16 h  was  proportionately  less  for  all  three  regimens.  The 
clinical implications of these data are: (1) more potent or higher 
doses of PPIs are more likely to be effective and (2) that there 
is  pharmacodynamic  rationale  for  using  PPIs  in  a  twice-daily 
regimen  after  a  once-daily  regimen  proves  ineffective. 
Consequently, if a patient fails single-dose therapy, it is reason-
able to escalate therapy to double dose as there is  little risk to 
this  practice  and  some  patients  are  likely  to  respond  [212]. 
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they are competitive inhibitors, their duration of action parallels 
their serum half-life.

Adding  a  nighttime  dose  of  H2RA  to  a  twice-daily  PPI  has 
been  proposed  for  GERD  patients  with  refractory  symptoms. 
The rationale for this strategy was to control histamine gener-
ated “nocturnal acid breakthrough” common with PPI therapy 
[230]. This strategy was shown to control nocturnal acid break-
through during intragastric pH studies. However, clinical cor-
relation with healing or symptom improvement remains to be 
demonstrated. Furthermore,  tachyphylaxis can occur. A study 
by Fackler et  al.  showed blunting of  the H2RA effect within 1 
week  of  therapy  [231].  However,  the  addition  of  an  H2RA  at 
night is safe and could potentially be effective in a small propor-
tion of patients with significant nocturnal symptoms, especially 
if the medication is used intermittently.

Reflux inhibition
Because tLESRs are the dominant mechanism of reflux in most 
GERD  patients  [78],  they  represent  an  attractive  target  for 
GERD  treatment.  Conceptually,  suppressing  tLESRs  might  be 
more  effective  than  PPIs  in  treating  regurgitation.  Baclofen,  a 
GABAB agonist inhibits the vagal pathway for tLESRs both cen-
trally and peripherally [77]. However, because the drug crosses 
the brain–blood barrier neurological side effects (somnolence, 
dizziness, drowsiness) limit its use for GERD in clinical practice. 
Therefore,  novel  GABAB  agonists  have  been  developed  in  an 
attempt  to  limit  these  side  effects.  Experimentally,  arbaclofen 
placarbil,  a  prodrug  of  the  pharmacologically  active  R-isomer 
of baclofen, decreases the number of postprandial reflux events 
[232]. Similarly, lesogaberan, a novel GABAB agonist, has been 
shown  to  decrease  postprandial  tLESRs  [233].  Preliminary 
studies  have  also  shown  GABAB  agonists  to  be  superior  to 
placebo  to  control  typical  symptoms  of  GERD  [232,234]. 
Nevertheless,  larger-scale  studies  have  thus  far  failed  to  show 
significant additive benefit to PPIs in terms of improvement in 
heartburn or regurgitation with these investigational drugs. In 
symptomatic  GERD  patients  who  failed  to  respond  to  PPI 
therapy, the proportion of patients who respond to reflux inhibi-
tion appeared modest and not specific for heartburn or regur-
gitation.  In  a  randomized  trial  including  244  patients  with 
persistent heartburn and/or  regurgitation despite PPI  therapy, 
lesogaberan, used as add-on therapy,  increased the number of 
heartburn-free days by 14% and the number of regurgitation-
free days by 13% compared to placebo [235]. Due to the modest 
effect  of  these  drugs,  their  development  has  been  stopped. 
Another investigational drug, ADX10059, a metabotropic gluta-
mate  receptor  5  negative  allosteric  modulator,  reduced  reflux 
events and improve symptoms in GERD patients [236]. However, 
the development was stopped due to hepatic side effects. As a 
consequence,  baclofen  is  the  only  reflux  inhibitor  currently 
available.

Prokinetic drugs
GERD  patients  can  exhibit  longer  esophageal  clearance  times 
[93]. Hence, limiting the contact time between the refluxate and 

association was observed in both high-dose and low-dose PPI. 
Short-duration  PPI  use  was  associated  with  hip  fracture  risk 
(OR = 1.24, 95% CI 1.19–1.28) but  long-duration use was not 
(OR=1.30, 95% CI 0.98–1.70); the reason for this discrepancy 
was not clear. Targownik et al. observed that PPI users had lower 
bone  mineral  density  than  PPI  nonusers  using  the  Canadian 
Multicenter Osteoporosis Study data set [221]. However, there 
was no significant acceleration of body mineral density loss after 
5 and 10 years of PPI use. Hence, although the epidemiological 
data  prompted  great  concern,  prospective  studies  have  yet  to 
demonstrate a significant risk of PPI use with respect to osteo-
penia or fractures.

PPI use induces hypergastrinemia because gastrin release is 
modulated by intragastric acidity. Gastrin has growth promot-
ing  effects  on  a  number  of  epithelial  cell  types  (pancreas, 
stomach, colonic mucosa) [222]. In transgenic mice that express 
a  mutant  form  of  adenomatous  polyposis  coli  protein, 
omeprazole-induced hypergastrinemia increased the prolifera-
tion rate of adenoma cells. However, population-based studies 
have  not  found  an  increased  risk  of  colorectal  cancer  in  PPI 
users  [223,224]  and  long-term  PPI  use  did  not  influence  the 
frequency, growth, or histology of adenomatous polyps  [225]. 
One  study  reported  that PPI  therapy  in patients with corpus-
predominant H. pylori gastritis might promote the development 
of atrophic gastritis,  theoretically increasing the risk of gastric 
cancer [222],  leading them to recommend H. pylori  screening 
and  treatment  for  patients  beginning  long-term  PPI  therapy. 
However,  that  recommendation has not been widely adopted. 
Long-term PPI therapy can be associated with the development 
of enterochromaffin-like cell hyperplasia. However, this hyper-
plasia  has  not  been  shown  to  increase  cancer  risk  in  humans 
[222].

Gastric acid acts as an intraluminal “barrier” preventing bac-
teria from colonizing the upper gastrointestinal tract and poten-
tially influencing the composition of normal intestinal flora. A 
recent  metaanalysis  emphasized  the  association  between  PPI 
use  and  the  risk  of  small  intestinal  bacterial  overgrowth 
(OR = 2.282, 95% CI 1.238–4.205) [226]. However, the signifi-
cant association was observed only in studies using duodenal or 
jejunal  aspirate  culture  to  diagnose  small  intestinal  bacterial 
overgrowth  and  not  in  those  using  hydrogen  breath  testing. 
Another limitation of this metaanalysis was the absence of clini-
cal  data  regarding  potential  symptoms  from  small  intestinal 
bacterial overgrowth.

Finally, several cases of acute interstitial nephritis [222] and 
reversible  severe  hypomagnesemia  [227]  have  been  reported 
among  PPI  users,  presumably  occurring  as  sporadic  idiosyn-
cratic side effects.

Histamine-2	receptors	antagonists
Histamine-2  receptor  antagonists  (H2RA)  competitively  block 
histamine-stimulated  acid  secretion.  Although  they  are  less 
potent than PPIs, they are more effective than placebo in healing 
esophagitis and in relieving GERD heartburn [228,229]. Because 
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ing  and  acupuncture  may  represent  an  alternative  therapy  in 
PPI nonresponders.

Hypnotherapy
Response  to  PPI  treatment  can  be  modulated  by  the  level  of 
psychological  distress  [244].  Consequently,  a  therapy  that 
reduces psychological distress may be beneficial in some patients 
who  have  an  inadequate  response  to  PPI.  Hypnotherapy  has 
been  proposed  as  such  an  alternative  therapy,  especially  for 
patients with atypical GERD symptoms. In a randomized trial 
including  28  patients  with  noncardiac  chest  pain,  patients 
treated with hypnotherapy experienced a global  improvement 
in pain more frequently than did control therapy (80% vs 23%). 
Similarly,  in  a  case  series  of  patients  with  globus  sensation, 
hypnotherapy appeared to be a beneficial intervention [245]. It 
remains  to  determine  if  this  alternative  is  effective  in  larger 
series of patients with GERD-associated functional symptoms.

Surgical fundoplication
Fundoplication attempts  to correct  the underlying abnormali-
ties associated with GERD. The essential features of fundoplica-
tion are to mobilize the lower esophagus, reduce the associated 
hiatal  hernia,  and  wrap  the  gastric  fundus  either  partially  or 
totally around the esophagus. The operation reestablishes com-
petence of the antireflux barrier by repairing the hiatus hernia 
and  increasing  resting  LES  pressure  [246].  It  may  also  reduce 
reflux by decreasing the frequency and/or effectiveness of tran-
sient  LES  relaxations  [247].  Currently,  the  two  most  popular 
surgical procedures are the laparoscopic Nissen (360°) fundop-
lication and the Toupet (270°) fundoplication.

High-quality  evidence  on  the  efficacy  of  antireflux  surgery 
exists only for esophagitis and/or excessive distal acid exposure 
determined  without  ongoing  PPI  therapy  [198].  Antireflux 
surgery  is  at  least  as  effective  as  PPI  therapy  in  controlling 
heartburn  and  acid  regurgitation  in  controlled  trials.  The 
LOTUS  trial,  a  large  randomized  European  trial  comparing 
laparoscopic  antireflux  surgery  to  esomeprazole  treatment  for 
patients with chronic GERD, illustrates the efficacy of antireflux 
surgery. The diagnosis of GERD was established on the basis of 
typical  symptoms  and  presence  of  esophageal  mucosal  breaks 
at endoscopy and/or a pathological esophageal pH-metry study. 
Only patients with clinical response to esomeprazole during a 
3-month run-in period were randomized. Over the first 3 years 
of follow-up, both laparoscopic fundoplication and PPI therapy 
were similarly effective in achieving complete symptom remis-
sion [248]. The estimated remission rates at 5 years were greater 
in the esomeprazole group than in the laparoscopic fundoplica-
tion group (92% vs 85%, P = 0.048) [249]. However, differences 
were  observed  between  treatments  when  analyzed  by  specific 
symptoms. Specifically, regurgitation was significantly worse in 
the medical group than in the surgical group (13% vs 2% respec-
tively,  P < 0.001)  while  there  was  no  significant  difference 
between the groups in heartburn severity. Dysphagia, bloating, 
and flatulence were all significantly more common in the fun-
doplication group than in the PPI group.

the esophageal mucosa may reduce symptoms. Ideally, a proki-
netic  would  enhance  esophageal  clearance  by  strengthening 
peristalsis. Unfortunately, no such drugs are currently available. 
An alternative approach is to promote gastric emptying which 
may  have  the  secondary  consequence  of  reducing  the  occur-
rence  of  tLESR.  Metoclopramide,  an  antidopaminergic  agent 
that  also  acts  as  a  5-HT3  antagonist,  a  5-HT4  agonist,  and  a 
cholinomimetic, may  improve gastric emptying [237],  leading 
some  to  propose  its  use  in  GERD,  especially  if  the  GERD  is 
accompanied by delayed gastric emptying. However,  there are 
no high-quality data supporting the use of metoclopramide as 
either monotherapy or adjunctive therapy in esophageal or sus-
pected extraesophageal GERD syndromes. Additionally consid-
ering  the  toxicity  profile  of  the  drug  (central  nervous  system 
side effects such as tremor, parkinsonism, depression, or tardive 
dyskinesia),  the current recommendation  is against  the use of 
metoclopramide  in  GERD  because  the  potential  risks  exceed 
the potential benefits [198].

Targeting visceral hypersensitivity
Some  patients  with  erosive  esophagitis  and,  especially,  NERD 
exhibit hypersensitivity to esophageal stimuli. This can be dem-
onstrated by balloon distension  in  the esophagus or acid per-
fusion  (Bernstein  test).  Hypersensitive  patients  have  a 
diminished threshold for perceiving these stimuli and a reduced 
threshold for experiencing pain compared to healthy volunteers 
[238]. Targeting esophageal  sensitivity might be an option  for 
GERD treatment, especially in NERD.

Low-dose	antidepressants
Antidepressants  may  modulate  esophageal  sensitivity  at  the 
central  nervous  system  and/or  peripheral  level,  potentially  
benefitting symptomatic patients. Low-dose tricyclic antidepres-
sants have been shown to be effective in patients with chest pain 
after incomplete response to PPI [239]. Trazodone, a serotonin 
antagonist  and  reuptake  inhibitor,  was  more  effective  
than  placebo  in  patients  with  esophageal  symptoms  (chest  
pain,  dysphagia,  heartburn,  and/or  regurgitation)  associated 
with  esophageal  contraction  abnormalities  [240].  Citalopram, 
another  selective  serotonin  reuptake  inhibitor,  significantly 
increased  the  threshold  for  perception  and  discomfort  after 
balloon distension in healthy volunteers [241]. It also prolonged 
the  duration  of  esophageal  acid  perfusion  required  to  induce 
heartburn.  Consequently,  these  medications  may  be  useful  to 
alleviate esophageal discomfort and heartburn in the subset of 
GERD patients with hypersensitivity. A recent placebo-controlled 
trial of citalopram in patients with pH-impedance findings sug-
gestive of hypersensitivity supports this concept [242].

Acupuncture
In  a  series  of  30  patients  who  failed  PPI  once  daily,  adding 
acupuncture was significantly better  in controlling acid regur-
gitation  and  heartburn  than  doubling  the  PPI  dose  [243]. 
Although this trial was not controlled, these results are promis-
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tion despite PPI therapy [253]. TIF was significantly less effective 
than laparoscopic fundoplication in improving reflux parame-
ters and symptoms even  though more  than half patients were 
improved in the group who underwent endoscopic procedure. 
Other reports also suggest that symptoms may be improved by 
the TIF procedure  [254] and evaluation  is  continuing using a 
modified technique (TIF2) that more closely emulates the intra-
gastric valve achieved by fundoplication [252].

Sphincter augmentation is accomplished with a device (LINX 
Reflux  Management  System;  Torax  Medical,  Shoreview,  NM) 
consisting  of  a  miniature  string  of  interlinked  titanium  beads 
with  magnetic  cores  that  is  laparoscopically  placed  around  
the  EGJ  with  or  without  surgical  repair  of  the  hiatus  [255].  
The  magnetic  attraction  between  adjacent  beads  augments 
sphincter competence by resisting opening and limiting disten-
sion. However, the beads do temporarily separate to allow swal-
lowing,  belching,  or  vomiting.  A  recent  open-label  report  of  
2  years  follow-up  after  placement  found  significant  sympto-
matic improvement in a series of 44 patients with typical GERD 
symptoms  that  had  been  at  least  partially  responsive  to  PPI 
therapy.  Furthermore,  although  all  of  the  patients  had  patho-
logical esophageal acid exposure at baseline, 77% and 90% had 
normal  esophageal  acid  exposure  at  1  and  2  years.  Early  dys-
phagia  was  observed  in  43%  of  patients,  resolving  spontane-
ously within 3 months in all but one who had the device removed 
at 1 month.

The eventual place of these novel procedures in GERD man-
agement remains to be determined, and certainly awaits a more 
comprehensive understanding of their effectiveness, limitations, 
and safety. These procedures are designed to be reversible and 
it is hoped that they will cause fewer adverse events than laparo-
scopic fundoplication, potentially representing an intermediate 
therapy between existing medical  and  surgical  approaches  for 
GERD.

Management of GERD complications:  
peptic strictures
With the widespread use of PPIs, the incidence of peptic stric-
ture  has  declined  [142,143].  The  aims  of  treatment  of  peptic 
strictures are to restore normal lumen diameter, heal esophagi-
tis,  and  prevent  recurrence.  PPIs  are  used  to  heal  esophagitis 
and prevent recurrences. Endoscopic dilation can be useful  to 
restore esophageal lumen caliber [256]. Different types of dilata-
tors  are  available:  flexible  plastic/hard  rubber  dilators  (i.e., 
Savary)  and  balloon  dilators.  The  choice  between  them  is  a 
matter of personal preference, cost, availability, and experience; 
there are no high-quality randomized trials comparing dilators. 
In  cases  of  refractory  stricture  despite  dilation,  intralesion 
steroid injection can be considered. However, this is extraordi-
narily rare for peptic strictures as opposed to strictures of other 
etiologies. Antireflux surgery might also be an option in some 
cases if more conservative procedures fail.
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Accordingly,  the  potential  benefits  of  antireflux  surgery 
should be weighed against the deleterious effect of new symp-
toms  consequent  from  surgery,  particularly  dysphagia,  flatu-
lence,  an  inability  to  belch,  and  postsurgery  bowel  symptoms 
(bloating,  gas,  diarrhea,  abdominal  pain).  Another  important 
requirement for antireflux surgery is the presence of some peri-
staltic  activity  in  the  esophagus.  Although  the  precise  cutoff 
remains  uncertain,  severe  peristaltic  dysfunction  is  a  relative 
contraindication and complete absence of peristalsis an absolute 
contraindication  for  antireflux  surgery  [198].  Given  this  per-
spective, esophageal manometry should be done preoperatively 
to evaluate peristaltic function [194]. It can also exclude major 
esophageal motility disorders  that may masquerade as GERD: 
achalasia and distal esophageal spasm.

Outcomes of antireflux surgery are highly operator depend-
ent.  Efficacy  data  from  community  practice  [250]  are  widely 
divergent from those of the LOTUS trial among reports with as 
many as 30% of patients resuming PPI therapy within 5 years 
of  antireflux  surgery.  Revision  fundoplication  surgery  is  also 
common, accounting for up to 50% of operations performed at 
some referral centers [251]. Hence, antireflux surgery should be 
recommended with caution. Patients with esophagitis who are 
intolerant of PPIs will likely benefit from antireflux surgery. In 
contrast, patients with esophagitis who are well maintained on 
medical  therapy  may  have  nothing  to  gain  from  antireflux 
surgery and incur added risk. Patients with esophageal GERD 
symptoms poorly controlled by PPIs may benefit from surgery 
especially in the setting of persistent regurgitation. Even so, the 
indication must be balanced with the risk of surgery and patients 
need  to  be  advised  of  potential  dysphagia,  inability  to  belch, 
flatulence, and the development of new bowel symptoms. There 
is currently no high-level evidence supporting the use of antire-
flux surgery in patients demonstrating only weakly acidic reflux 
on pH-impedance-metry.

Novel antireflux procedures
Recent years have seen many putative endoscopic reflux treat-
ments come and go. Most have ultimately been found to offer 
minimal  efficacy  and  an  unacceptable  incidence  of  adverse 
events,  leading  to  poor  acceptance  and/or  rapid  withdrawal 
from the market. Currently, there are two procedural therapies, 
both  designed  to  restore  competency  to  the  EGJ,  that  are 
approved  for use,  albeit  still undergoing evaluation  in  clinical 
trials:  transoral  incisionless  fundoplication  (TIF)  device  and 
sphincter augmentation. Whether either eventually finds a place 
in  routine  practice  or  suffers  the  fate  of  earlier  technologies 
remains to be seen.

Transoral  incisionless  fundoplication  (TIF)  is  done  with  a 
device designed to be used  in conjunction with an endoscope 
to create  transmural plications  in  the region of  the EGJ. With 
the  TIF  procedure,  an  omega-shaped,  full-thickness  gastro-
esophageal valve is created from inside the stomach [252]. In an 
early open-label study, TIF was compared to laparoscopic fun-
doplication in patients with persistent heartburn or regurgita-
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Introduction

Eosinophilic esophagitis (EoE) represents a chronic, immune/ 
antigen-mediated esophageal disease characterized clinically by 
symptoms related to esophageal motor dysfunction and disten-
sibility and histologically by eosinophil-predominant inflam-
mation [1]. The esophageal epithelium is normally devoid of 
eosinophils, and the finding of esophageal eosinophils denotes 
a pathological process, typically EoE or gastroesophageal reflux 
disease (GERD) [2,3]. Accumulating data show that the patho-
genesis of EoE is the result of interplay between genetic, envi-
ronmental, and host-immune response factors. A genetic 
contributor is suggested by a higher prevalence of EoE in fami-
lies [4,5], and EoE risk-associated single-nucleotide polymor-
phisms (SNPs) have been identified [6]; the main environmental 
factor is diet [7–9]; and the host immune system factors include 
immunoglobulin E (IgE)-mediated and delayed T helper type 2 
(Th2) responses [3,10–12]. Studies have identified contributory 
roles for allergens [7–9], cytokines (e.g., interleukin [IL]-5, 
IL-13), microRNAs (e.g., miR-21) [13], chemokines (e.g., eotax-
ins [13]), and polarization of Th2 immunity (e.g., thymic 
stromal lymphopoietin [TSLP]) [13] in the pathophysiology of 
EoE. Current management of EoE includes endoscopic evalua-
tions and dietary, pharmacological, and endoscopic interven-
tions; ongoing research is investigating known and newly 

identified factors as potential future biomarkers and therapeutic 
targets for EoE.

Epidemiology

EoE is a clinicopathological condition that is commonly recog-
nized among both pediatric and adult patients presenting to 
allergy and gastroenterology clinics throughout the world. EoE 
annual incidence rates vary between 0.1 and 1.2 per 10 000 in 
several studies, with EoE representing the second most common 
cause of chronic esophagitis [5,14]. EoE is a global health 
problem; for example, it is now reported in Australia [14], Brazil 
[15], England [16], Italy [17], Israel [18], Japan [19], Spain [20], 
and Switzerland [21]. Liacouras and colleagues have found that 
∼10% of their pediatric patients with GERD-like symptoms 
unresponsive to acid blockade have EoE [22]. Physicians at 
another academic Children’s Hospital have reported that 6% of 
their patients with esophagitis have EoE [23]. Finally, Noel  
et al. have reported a prevalence of ∼1 : 1000 children in the 
Cincinnati metropolitan area over a 10-year period [5]. A famil-
ial form of EoE is seen in 5%–10% of patients [4], and the sibling 
concurrence risk has been estimated to be over 50-fold compared 
to children in a family without affected siblings [24]. A major 
contributor to the apparent increased prevalence may be an 
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cellular-mediated hypersensitivity disorders [3,10–12], and 
environmental factors. Notably, a large percentage (∼10%) of 
patients suffering from EoE have an immediate family member 
with EoE or another eosinophilic gastrointestinal (GI) disorder 
(EGID) [4,5]. Several lines of evidence support an allergic etiol-
ogy, including the findings of mast cell degranulation in tissue 
specimens [37,38], that ∼75% of patients with EoE/EGID are 
atopic [7,9,39–45], and that the majority of patients have evi-
dence of food allergen and aeroallergen sensitization as defined 
by skin prick and/or allergen-specific IgE tests; however, only a 
minority have a history of food anaphylaxis [2]. Patients with 
EoE commonly report seasonal variations in their symptoms. 
In addition to eosinophils, T lymphocytes and mast cells are 
elevated in esophageal mucosal biopsies, suggesting chronic 
Th2-associated inflammation. Disease severity can typically be 
reversed by implementing an allergen-free diet [7–9], and, 
importantly, the disease often relapses upon food allergen 
reintroduction [46]. It has also been suggested that esophageal 
eosinophilic inflammation is mechanistically linked with pul-
monary inflammation. This latter theory is based on the finding 
that repeated delivery of specific allergens or the Th2 cytokine 
IL-13 to the lung of mice, as well transgenic overexpression of 
IL-13 in the lung of mice, induces experimental EoE [47–49]. 
The hypothesis is also supported by the observation of increased 
eosinophil accumulation in the esophagus of patients with  
seasonal allergic rhinitis with hypersensitivity to grass [50]. 
Elevated TGF-β, produced by eosinophils and mast cells, has 
been shown to contribute to tissue remodeling and smooth 
muscle dysfunction [51]. EoE typically occurs in the absence of 
peripheral blood eosinophilia, indicating the potential signifi-
cance of GI-specific mechanisms for regulating eosinophil con-
centration; the importance of a local pathway mediated by 
eotaxin, a monocyte chemotactic protein, in this process has 
been demonstrated [52,53].

The genome-wide microarray expression profile analysis of 
esophageal tissue was a landmark advance in EoE research [6]. 
Investigators compared gene transcript expression in the 
esophageal tissue of patients with EoE or chronic esophagitis 
(typical of GERD) and normal individuals. The dysregulated 
expression of ∼1% of the entire human genome constituted an 
EoE genetic signature. Eotaxin-3 was the most overexpressed 
gene in patients with EoE, and expression correlated with 
disease severity, with overexpression of eotaxin-3 alone having 
a predictive value of 89% in diagnosing EoE from a single 
esophageal biopsy [54]. Furthermore, a specific SNP in the 
eotaxin-3 gene was overrepresented in patients with EoE com-
pared with normal individuals [6]. The same investigators  
demonstrated that mice with a genetic ablation of the eotaxin 
receptor (CCR3) were protected from the development of 
experimental EoE. Collectively, these results strongly implicate 
eotaxin-3 in the etiopathogenesis of EoE and offer a molecular 
connection between Th2 inflammation and the development of 
EoE. The first genome-wide association study linked EoE to the 
genetic locus region 5q22, which harbors the TSLP gene. TSLP 

ascertainment bias, with increased recognition of this disorder 
and an increasing frequency of endoscopic procedures in the 
pediatric population, rather than a fundamental change in the 
disease occurrence or pathology of EoE [5,25,26]. Specifically, it 
has been shown that when correcting the increase in EoE preva-
lence by the nearly 40-fold increase in the number of annual 
endoscopic procedures performed, the apparent increase in 
prevalence of abnormal biopsy specimens is less pronounced 
[27]. Studies with predominantly Caucasian subjects have found 
higher prevalence of disease in males [5,28]. Notably, a study of 
adults (predominantly males) carried out within the Veterans 
Administration medical system showed that 9% (10/107) of 
African American patients were diagnosed with EoE, whereas 
only 7% (15/214) of Caucasian patients were diagnosed with EoE 
despite similar indication for endoscopic evaluations [29]. As 
EoE has been primarily studied and diagnosed in the Caucasian 
population, these results may suggest that EoE is potentially 
underdiagnosed in the African American population.

Eosinophil biology

Eosinophils contain mediators (cytokines and chemokines) 
necessary to regulate both innate and adaptive immune 
responses. They can function as antigen-presenting cells, and 
they express Th2 cytokines (IL-4, IL-5, IL-13), Th1 cytokines 
(interferon [IFN]-γ), proinflammatory cytokines (tumor necro-
sis factor [TNF], IL-6, and IL-8), and inhibitory cytokines 
(transforming growth factor [TGF]-β and IL-10), as well as 
receptors for many of these cytokines [30]. Eosinophils are pro-
duced in the bone marrow from pluripotent stem cells under 
the regulation of globin transcription factor (GATA)-1 [31], the 
cytokines IL-3, IL-5, and granulocyte-macrophage colony-
stimulating factor (GM-CSF) [32]. Eosinophils contain special-
ized secondary granules whose protein contents were shown in 
vitro to be toxic to a variety of tissues, including intestinal epi-
thelium [33]. Eosinophil granules contain a crystalloid core 
composed of major basic protein (MBP)-1 and MBP-2 and  
a matrix composed of eosinophil cationic protein (ECP), 
eosinophil-derived neurotoxin (EDN), and eosinophil peroxi-
dase (EPO) [34]. Circulating concentrations of EDN are also 
elevated in patients with EoE and can distinguish between 
patients with active and inactive disease [35]. Upon activation, 
eosinophils rapidly release their mitochondrial DNA to form 
DNA nets, which are thought to trap bacteria in the intestinal 
lumen [36].

Pathophysiology

The etiology of EoE is poorly understood, but evidence is accu-
mulating that supports the concept that EoE arises second -
arily to the interplay of genetic features, host immune system 
responses that include pure IgE-mediated food allergy and 
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presenting symptom [62]. Food impaction necessitating endo-
scopic bolus removal occurs in 33% to 54% of adults with  
EoE [63].

Assessment of patients with suspected EoE requires a multi-
component process that includes an extensive allergy evaluation 
and endoscopy with esophageal biopsy. Extensive allergy evalu-
ation is needed to determine whether the presence or absence 
of food allergen and aeroallergen sensitization (e.g., via skin 
prick tests or serum levels of allergen-specific IgE) are exclusive 
of GERD and other causes of esophageal eosinophilia. Delayed 
skin patch testing to evaluate food protein sensitization increases 
food allergy identification compared to skin prick testing alone 
[7]. Notably, greater than 75% of patients with EoE had signifi-
cantly improved endoscopic findings after dietary elimination 
of foods to which they were allergic on the basis of skin prick 
and atopic patch testing [64]. Although no physical feature is 
specific to EoE, physical examination is useful to identify 
normal growth patterns in children with EoE and any potential 
comorbid allergic diseases in both children and adults. Although 
some children with EoE present with laryngeal symptoms, no 
oral or pharyngeal manifestations specific to EoE have been 
identified. In conjunction with clinical symptoms, the only reli-
able adjunct diagnostic test for EoE to date is endoscopy with 
esophageal biopsy.

Endoscopy can reveal a spectrum of esophageal abnormali-
ties: fixed esophageal rings/trachealization (also known as  

has a known role in processes germane to EoE, including polari-
zation of Th2 immunity and induction of eotaxins [55]. 
Additionally, using a broad candidate-gene approach, genetic 
variants in TSLP and its receptor have been associated with EoE 
susceptibility [56].

Diagnosis

EoE should be diagnosed through a combination of clinical and 
pathological findings. The diagnostic criteria for EoE have been 
revised, reflecting knowledge gained since the original diagnos-
tic guidelines published in 2007; the updated consensus criteria 
published in 2011 [1] emphasize that EoE is an antigen-driven, 
immune-triggered disease and requires treatment with proton 
pump inhibitor (PPI) therapy prior to endoscopic esophageal 
biopsy, which should then document intraepithelial esophageal 
eosinophilia (>15 eosinophils/high-power field [HPF] peak 
value) as the minimum threshold criteria for EoE.

Eosinophils within the esophagus indicate a pathological 
process. Eosinophil-associated esophageal disorders are catego-
rized as primary or secondary. It is the primary subtype that is 
termed “EoE” and includes atopic, nonatopic, and syndromic 
disorders, particularly those associated with inherited connec-
tive tissue disorders such as hypermobility syndrome [57]  
and familial variants [58]. There are two subcategories of the 
secondary subtype: the systemic eosinophilic disorders (i.e., 
hypereosinophilic syndrome [HES]) and the nonsystemic eosi-
nophilic disorders (Box 50.1). Differential diagnosis for eosi-
nophil infiltration in the epithelium of the esophagus should 
thus include EoE, EGIDs other than EoE, GERD, parasitic and 
fungal infections, inflammatory bowel disease (IBD), graft-
versus-host disease, celiac disease, HES, esophageal leiomyoma-
tosis, myeloproliferative disorders, carcinomatosis, allergic 
vasculitis including Churg–Strauss syndrome, and collagen  
vascular diseases such as scleroderma, pemphigus vegetans, and 
drug injury [59].

EoE is a pediatric and adult disorder, and patients with EoE 
are more commonly male and have evidence of atopy. The 
symptoms of EoE include difficulties with eating, failure to 
thrive, chest and/or abdominal pain, dysphagia, and food 
impaction [60]. However, the primary symptoms vary with the 
age of the patient and generally occur in chronological order, 
providing supportive evidence for the natural history of EoE 
[61]. Children with EoE most often manifest other atopic dia-
theses (food allergy, asthma, eczema, chronic rhinitis, and envi-
ronmental allergies) that parallel the “allergic (or ‘atopic’) 
march.” Young children, such as infants and toddlers, often 
present with feeding difficulties, whereas school-aged children 
are more likely to present with vomiting or pain. Adolescents 
and adults with EoE have a more stereotypical set of symptoms, 
predominantly dysphagia, but other related presentations can 
include chest pain, food impaction, and upper abdominal  
pain. Solid-food dysphagia continues to be the most common 

Box 50.1 Differential diagnosis for gastrointestinal eosinophilia.

• Gastroesophageal reflux disease (GERD)
• Eosinophilic gastrointestinal disorders (EGID)

○ Eosinophilic esophagitis (EoE)
○ Connective tissue disease-associated eosinophilic esophagitis 

(EoE-CTD)
○ Familial eosinophilic esophagitis (EoE)
○ Eosinophilic gastritis
○ Eosinophilic enteritis
○ Eosinophilic gastroenteritis
○ Eosinophilic colitis

• Infections
○ Schistosomiasis
○ Anisakiasis
○ Gastrointestinal basidiobolomycosis
○ Toxocara canis
○ Ancylostoma duodenale
○ Helicobacter pylori

• Celiac disease
• Hypereosinophilic syndrome (HES)
• Drug hypersensitivity response
• Inflammatory bowel diseases (IBD)
• Transplant-associated eosinophilic enteritis
• Churg–Strauss syndrome
• Toxic injury
• Graft-versus-host disease
• Vasculitis
• Collagen vascular diseases
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present in other esophageal disorders. Typical EoE histological 
findings (Figure 50.3) include the presence of >15 eosinophils/
HPF, eosinophilic microabscesses, and dilated intercellular 
spaces; some cases also feature elongated papillae and inflam-
mation and fibrosis in the lamina propria. Distinguishing fea-
tures between GERD and EoE are summarized in Table 50.1. It 
has been suggested that the number and location of eosinophils 
facilitates differentiation between EoE and GERD, with up to  
7 eosinophils/HPF (400× magnification) being indicative of 
GERD, 7–15 eosinophils/HPF representing a combination of 
GERD and food allergy, and more than 15 eosinophils/HPF 
being characteristic of EoE [59,66]. However, classification 
based purely on eosinophil number appears overly simplistic 
[1]. Similarly, the anatomical location of eosinophils, as a dis-
tinguishing feature, with eosinophils in the proximal and distal 
esophagus denoting EoE and eosinophils mainly in the distal 
esophagus being characteristic of GERD [2], cannot be used to 
definitively discriminate between the diseases. Delineating dif-
ferential features is an active area of investigation; some studies 
have found that mast cells are increased in EoE but not GERD 
[67,68], that IgE-bearing cells are more common in EoE than 
GERD or control biopsies [69], and that esophageal pH moni-
toring (and pH impedance, where available) can be useful to 
evaluate for GERD in patients with esophageal eosinophilia 
[70]. The identification of adult patients with severe esophageal 
eosinophilia, including in the proximal esophagus, which is 
entirely responsive to PPI regardless of the presence of acidic 
reflux disease [71,72], has prompted a greater awareness of clin-
icopathological response to PPI therapy as a key variable among 
patients. Thus the 2011 consensus guidelines highlight a sub-
group of patients who have: (1) a typical EoE symptom presen-
tation, (2) have had GERD diagnostically excluded, and (3) have 

fibrostenotic complications), transient esophageal rings (Figure 
50.1), whitish exudates, longitudinal furrows (Figure 50.2), 
edema, mucosal thickening, narrow-caliber esophagus, and 
endoscope-induced esophageal lacerations that manifest as 
mucosal fragility, which, when severe, gives the esophagus the 
appearance of crepe paper (Box 50.2). However, none of these 
endoscopic features are pathognomonic for EoE as they can be 

Figure 50.1 Endoscopic appearance of ringed esophagus. Source: Pasha 
et al. 2007 [65]. Reproduced with permission from John Wiley & Sons.

Figure 50.2 Linear furrows (feline esophagus) observed on endoscopy. 
Source: Pasha et al. 2007 [65]. Reproduced with permission from John 
Wiley & Sons.

Figure 50.3 This biopsy shows features of eosinophilic esophagitis, 
including: numerous intraepithelial eosinophils that align at the luminal 
surface of the epithelium (arrows); marked basal layer hyperplasia (bar); 
and lamina propria fibrosis (arrowhead). Eosinophils are also seen in the 
lamina propria (arrow). (H&E, 100 ×).



Eosinophilic esophagitis CHAPTER 50   933

demonstrated a clinicopathological response to PPI [71–74]. 
Terms used to describe these patients include PPI-responsive 
esophageal eosinophilia and PPI-responsive EoE. The latter 
term is controversial because of limited evidence to support the 
effect of PPI in an “immune/antigen-driven” inflammatory 
response exists. Potential explanations for the PPI responsive-
ness of this subgroup include healing of a disrupted epithelial 
barrier to prevent further immune activation, decreased eosi-
nophil longevity, inherent antiinflammatory properties of PPI 
including ability to reduce eotaxin-3 expression, and unreliable 
diagnostic testing [75–77].

A number of the anatomic and mucosal abnormalities of EoE 
can be demonstrated by barium contrast radiography. However, 
radiography as a diagnostic test for EoE has low sensitivity. 
Therefore, radiology may aid in select cases to characterize ana-
tomic abnormalities that can be difficult to define endoscopi-
cally and to gather more information regarding the length and 
diameter of complicated esophageal strictures but is not recom-
mended as a routine diagnostic test for EoE.

Esophageal motility and distensibility
In a series of 48 patients with EoE, 37% had abnormal esopha-
geal motility, typically weak peristalsis, frequent failed peristal-
sis, and, less frequently, panesophageal pressurization [78]. An 
example of abnormal motility on esophageal pressure topogra-
phy is shown in Figure 50.4. Esophageal distensibility is consid-
erably reduced in patients with EoE [79]. In fact, reduced 
esophageal distensibility predicts risk for food impaction and 
the requirement for esophageal dilation in patients with eosi-
nophilic esophagitis. In contrast, the severity of mucosal eosi-
nophilia was not predictive of these outcomes and had a poor 
correlation with esophageal distensibility [80].

Treatment

The systemic and emotional consequences of EoE for patients 
and their families can be profound [57,81]. At this time, therapy 
for EoE is chronic (long term), with rapid recurrence of disease 
activity after the cessation of either dietary or drug-based thera-
pies [28]. Importantly, for patients with primary EoE (allergic 
or nonallergic subtypes), dietary therapy frequently improves 

Box 50.2 Endoscopic findings in eosinophilic esophagitis.

• Edema
• Whitish exudates
• Longitudinal furrows
• Mucosal thickening
• Transient esophageal rings
• Fixed esophageal rings/trachealization
• Narrow-caliber esophagus
• Endoscope-induced esophageal lacerations with crepe paper 

appearance

Table 50.1 Comparison of eosinophilic esophagitis (EoE) and 
gastroesophageal reflux disease (GERD). Source: Modified from Rothenberg 
2004 [3]. Reproduced with permission from Elsevier.

Characteristic features EoE GERD

Clinical

Prevalence ∼1:1000 ∼1:10

Prevalence of atopy Very high Normal

Prevalence of food 
sensitization

Very high Normal

Gender preference Male None

Abdominal pain and 
vomiting

Common Common

Food impaction Common Uncommon

Investigative findings

pH probe / Impedance 
study

Normal Abnormal

Endoscopic furrowing Very common Occasional

Histopathology/pathogenesis

Involvement of proximal 
esophagus

Yes Possible

Involvement of distal 
esophagus

Yes Yes

Epithelial hyperplasia Severely increased Increased

Eosinophil levels in 
mucosa

>15/HPF 0–7/HPF but  
may be more

Elevated esophageal 
eotaxin-3 level

Yes No

Elevated esophageal 
periostin level

Yes No

Treatment

H2 antihistamines Not helpful Helpful

Proton pump inhibitors Sometimes helpful
(but eosinophil levels 
remain >15/HPF)

Helpful

Glucocorticoids Helpful Not helpful

Specific food antigen 
elimination

Sometimes helpful Not helpful

Elemental diet Helpful Not helpful

HPF, high power field.

symptoms and reduces the number of eosinophils in the esopha-
geal biopsies [8,82]. For patients with atopic EoE, a trial of 
specific food allergen and aeroallergen avoidance is often indi-
cated. Alternatives to this approach, should it prove unsatisfac-
tory or practically difficult (i.e., when patients are sensitized to 
many allergens), are the elemental diet, consisting of an amino 
acid-based formula, or the six-food elimination diet (SFED), 
which is avoidance of the most common allergenic foods (cow 
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finally milk. In adults, the sequence would be seafood first, fol-
lowed sequentially by eggs, nuts/soy, milk, and finally wheat. 
The appeal of the dietary approach is that it is highly effective 
and offers a nonpharmacological treatment. However, diet elim-
ination can be difficult for patients and families to follow and 
can lead to nutritional deprivation, psychological problems, and 
food aversion [90].

Glucocorticoids are an alternative approach to dietary ther-
apy. Both systemic [22] and topical glucocorticoids [91] have 
been used to satisfactorily manage EoE, with systemic glucocor-
ticoids being used for acute exacerbations and topical gluco-
corticoids being employed to provide long-term control. For 
fluticasone use as a topical agent, a metered-dose inhaler 
without a spacer has been advocated [1]. Alternatively, a slurry 
of budesonide (in the form used for nebulizers) with sucralose 
(Splenda™) also has been recommended [1,88] for patients with 
EoE who are unable to use inhalers. The patient is instructed to 
swallow the dose to promote deposition on the esophageal 
mucosa [87,92]. In the first placebo-controlled, double-blind 
clinical trial for EoE, swallowed topical fluticasone was found 
to be effective in inducing disease remission, including reduc-
tion in eosinophil, mast cell, and CD8 T-cell levels, as well as 
the degree of epithelial hyperplasia [86].

Although glucocorticoid treatment is effective, there are a few 
caveats. Steroid resistance is often present and can occur with 
time. Toxicity associated with use of glucocorticoids (e.g., 
adrenal suppression) should also be considered during treat-
ment selection; however, this potential toxicity is reduced with 
swallowed fluticasone or budesonide as they undergo first-pass 
metabolism in the liver following GI absorption [93]. Although 
patients treated with glucocorticoids can develop esophageal 
candidiasis, it may be treated with antifungal therapy [94] (see 
Chapter 51).

Potential directions for future targeted therapy
IL-5 is relatively specific to the eosinophil lineage and is respon-
sible for the selective differentiation of eosinophils [95], their 
release from the bone marrow into the peripheral circulation 
[96], and their survival [97]. Therapy directed against the eosi-
nophil growth factor IL-5 is effective in animal studies [98] and 
has recently been tested in clinical trials [60,99]. Two different 
humanized IL-5-specific antibodies, mepolizumab and reslizu-
mab, have been developed and tested in clinical trials for EoE 
[99,100]. Therapy resulted in a dramatic decline in blood eosi-
nophilia and reduced esophageal eosinophil infiltration in 
patients with EoE but had variable effects on symptoms [99]. 
Other therapies to reduce eosinophil tissue accumulation in 
EoE could potentially target IL-13. IL-13 and IL-4 indirectly 
induce eosinophil recruitment and survival via several coopera-
tive mechanisms. These cytokines mediate their function by 
inducing endothelial expression of critical adhesion molecules 
that bind to β1 and β2 integrins on eosinophils (e.g., intercel-
lular adhesion molecule [ICAM]-1, vascular cell adhesion mol-
ecule [VCAM]-1), as well as of eosinophil-active chemokines 

milk, soy, wheat, egg, peanut/tree nuts, and seafood/shellfish) 
[83]. In order to achieve adequate caloric support, patients on 
elemental diets sometimes require placement of a gastrostomy 
tube. Studies evaluating comparative effectiveness of different 
dietary regimens focused on the empiric SFED, modified SFED 
(SFED plus elimination of foods identified as causative and/or 
by skin test), and elemental diet [46,84,85]. These recently pub-
lished studies demonstrated that the elemental diet is superior 
to the empiric SFED and skin test-directed diet (modified 
SFED). However, the empiric SFED is an effective therapy in 
adult and pediatric EoE, and its response rate is similar to that 
of skin test-directed diet therapy (74%–81% response rate) and 
to that of swallowed steroids in both adult and pediatric EoE 
populations [86–89].

Using skin test and endoscopy-assessed response to elimina-
tion or reintroduction of food, studies by Gonsalves et al. [46] 
and Spergel et al. [85] identified EoE-related causative foods in 
only 34%–40% of patients. These results suggest that either EoE 
is triggered by nonfood-related stimulus in some of these cases 
and/or that the methods of identifying food hypersensitivity are 
currently inadequate. For adults, the most common food trig-
gers were wheat (60%), milk (50%), soy (10%), nuts (10%), and 
eggs (5%). In contrast, the most common triggers in children 
were milk (35%), eggs (13%), wheat (12%), and soy (9%). These 
noted differences are important as they may influence treatment 
practice and adherence. Reintroducing the foods least likely to 
trigger disease reoccurrence first would enable more rapid 
diversification of the diet. Following this rationale, the sug-
gested sequence for food reintroduction in children would be 
seafood/nuts first, followed sequentially by soy, wheat, eggs, and 

Figure 50.4 The compartmentalized distal pressurization in a patient with 
eosinophilic esophagitis as shown on esophageal pressure topography. 
Source: Roman et al. 2011 [78]. Reproduced with permission from John 
Wiley & Sons.
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sistent asthma had a significant reduction in sputum eosinophil 
count [125] and improved asthma control [126]. Preliminary 
data from a clinical trial of patients with active EoE show that 
treatment with a CRTH2 antagonist results in a moderate 
reduction in tissue eosinophilia [127]. However, additional 
clinical data are needed to evaluate the effectiveness of such G 
protein-coupled receptor antagonists. Taken together, directed 
treatment options beyond dietary or drug-based therapies are 
currently under intensive investigation; however, lessons from 
the anti-IL-5 antibody clinical trials suggest that outcomes 
should indicate both histological and clinical endpoints and 
focus on patients with higher eosinophil and eotaxin-1 levels.

Prognosis for eosinophilic esophagitis

EoE requires prolonged treatment, similar to allergic asthma. 
The natural history of EoE has not been fully delineated; 
however, a 15-year follow-up of esophageal eosinophilia from 
childhood into adulthood revealed ongoing symptoms in the 
vast majority of patients [128]. Thus, it is likely that chronic  
EoE, if left untreated, can develop into progressive esophageal 
scarring and dysfunction. EoE complications include food 
impaction, esophageal stricture, narrow-caliber esophagus, and 
esophageal perforation. The prevalence of “food impaction,” 
defined as food retention requiring endoscopic extraction, in 
adults ranged from 30% to 55% [129,130]. Stricture definition 
is problematic given that esophageal rings are a common mani-
festation of the disease state in adults and because the presence 
of rings implies some degree of esophageal stricture. Stricture 
prevalence in adults with EoE ranged from 11% to 31% 
[129,131–133]. The consensus guidelines noted that radio-
graphic definition might be preferable to endoscopic assessment 
in this regard because radiographic definition might provide 
supplemental information regarding the length of the narrow-
ing, which might affect possible treatment options and dilations. 
Esophageal dilation, with or without concomitant medical or 
dietary therapy, can provide relief of dysphagia in select patients 
with EoE. However, in the absence of high-grade esophageal 
stenosis, a trial of medical or dietary therapy before dilation is 
reasonable. Importantly, esophageal dilation as a primary 
therapy without concomitant medical or dietary therapy does 
not address the underlying inflammatory process. Techniques 
described for esophageal dilation in patients with EoE include 
the use of both through-the-scope and bougie dilators. Although 
the risk of perforation is low, a more conservative and careful 
approach in the esophageal dilation technique is advised for 
patients with EoE compared with those with other benign enti-
ties [133]. The practice of gradual esophageal dilation with a 
target diameter of 15–18 mm and of limiting the progression of 
dilation diameter per session to 3 mm or less after resistance is 
encountered is reasonable but has not been specifically addressed 
in patients with EoE. Complications of dilation have been 
shown to be associated with younger patient age and higher 

(e.g., eotaxins) and other molecules that influence eosinophils 
(e.g., chitinases) [101,102]. Animal models have shown that 
IL-13 is a key cytokine that regulates the recruitment of eosi-
nophils at inflammatory sites, primarily through the induction 
of chemokine expression [103,104]. Humanized IL-13-specific 
antibodies were recently studied in patients with mild asthma; 
however, such therapy seems to have a variable effect on tissue 
eosinophilia and possibly cause an increase in peripheral eosi-
nophil counts [105]. Preclinical data substantiate that anti-IL-13 
may be particularly effective in EoE, and a recent clinical trial 
has been conducted, although the results have not yet been 
reported. IL-4 and IL-13 signal through a common receptor 
subunit IL-4Rα that utilizes the Janus kinase (JAK)/signal trans-
ducer and activator of transcription (STAT)-6 pathway [106], 
and eosinophils express the predominant IL-4 receptor com-
posed of IL-4Rα and the gamma chain common to reception of 
several cytokines. Mice with targeted deletion of Stat6 have 
impaired development of Th2-associated responses in the GI 
tract [107,108]. Additionally, activated STAT-6 dimers bind to 
specific promoter motifs located in a series of inflammatory 
genes, such as the eotaxin-1, eotaxin-2, and eotaxin-3 promot-
ers [109–113]. Indeed, IL-13 was found in several studies to 
have a positive correlation in esophageal tissue with disease 
activity and with IL5 and eotaxin-3 messenger RNA (mRNA) 
expression [54].

Eosinophil localization to the lamina propria in the GI tract 
is regulated by eotaxins, chemokines constitutively expressed 
throughout the GI tract [114]. The eotaxin receptor, chemokine 
(C–C motif) receptor 3 (CCR3), is primarily expressed on eosi-
nophils [115]. Among the three eotaxins, eotaxin-3 has been 
shown to have the strongest correlation with EoE pathogenesis 
[116]. Analysis of esophageal biopsies (n = 288) revealed that 
eotaxin-3 mRNA level alone had 89% sensitivity for distinguish-
ing individuals with and without EoE [54]. Small-molecule 
inhibitors of CCR3 and a humanized antieotaxin-1 antibody 
have been developed [101,117,118]. Phase I trials of humanized 
antieotaxin-1 in patients with allergic rhinitis have shown no 
serious adverse responses when this drug is administered by 
intravenous or intranasal routes [117,119]. Notably, antieotaxin-1 
reduces eosinophils in nasal washes and nasal biopsies and 
improves nasal patency [117,119]. Antieotaxin-1 may be par-
ticularly helpful for patients with eosinophil-dominant asthma 
and/or severe asthma in which eotaxin-1 is preferentially 
increased; however, this application has not yet been tested 
clinically [120]. Antieotaxin-1 may also have a benefit in other 
GI disorders characterized by eosinophilia such as IBD [121].

Another candidate for targeted EoE therapy is the chemoat-
tractant receptor of Th2 cells (CRTH2, also called prostaglandin 
D2 receptor 2 [PTGDR2]), which is thought to be an effector of 
Th2 response. CRTH2 is expressed on the surface of Th2 cells, 
eosinophils, and basophils [122], and is a G protein-coupled 
receptor [123]. Low-molecular-mass CRTH2 antagonists par-
tially attenuate pulmonary eosinophilia in various models [124]. 
Further, in a phase II clinical trial, patients with moderate per-
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by aeroallergen or IL-13 delivery to the lung, thereby establish-
ing a primary link between pulmonary and esophageal eosi-
nophilic inflammation. On the basis of these and other results, 
a variety of new therapeutic approaches are now being explored, 
including treatment with humanized anti-IL-5, CCR3 antago-
nists, humanized antieotaxin-1 antibody, anti-TSLP, CRTH2 
antagonists, and IL-4/IL-13 inhibitors. It is anticipated that a 
better understanding of the pathogenesis and treatment of EoE 
will emerge by combining comprehensive clinical and research 
approaches.
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number of dilations, narrowing in the upper third of the esopha-
gus, and inability to reverse the narrowing with the scope before 
dilation [134]. The risk of chest pain after dilation is significant 
and should be discussed with patients prior to dilation. The risk 
for developing Barrett’s esophagitis, especially in patients with 
coexisting EoE and GERD, has not been determined but does 
not seem to be a concern. Additionally, patients with EoE are at 
increased risk for developing other forms of EGID [8]; thus, 
routine surveillance of the entire GI tract by endoscopy is 
warranted.

Conclusion

The recent increasing number of patients diagnosed with EoE 
has led to the establishment of patient-founded support/advo-
cacy groups such as the American Partnership for Eosinophilic 
Disorders (http://www.APFED.org) and the Campaign Urging 
Research for Eosinophilic Disease (CURED, http://www 
.curedfoundation.org). Studies have now revealed that EoE and 
EGID have strong genetic and allergic components and share 
clinical and immunopathogenic features with asthma. A variety 
of clinical and experimental models have revealed that eosi-
nophils promote potent proinflammatory effects mediated by 
their ability to release their cytotoxic secondary granule con-
stituents and a variety of lipid mediators and cytokines. During 
Th2-associated GI inflammatory conditions, elevated numbers 
of eosinophils occur in the lamina propria in an eotaxin-
dependent manner. Furthermore, following mucosal allergen 
challenge, eosinophils under the regulation of IL-5, IL-13, and 
eotaxin-3/CCR3 accumulate in the esophagus, an organ nor-
mally devoid of eosinophils at baseline. Notably, eosinophil 
accumulation in the esophagus can be experimentally induced 
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Introduction

The prevalence of esophageal infections continues to fall with 
the remarkable efficacy of highly active antiretroviral therapy 
(HAART) and the selective use and efficacy of antimicrobial 
prophylaxis for opportunistic infections like cytomegalovirus 
(CMV) in high-risk transplant patients [1–3]. However, the 
human immunodeficiency virus (HIV) epidemic continues 
unabated in developing countries, where gastrointestinal disor-
ders parallel the experience in developed countries more than 
two decades ago. Despite these advancements, there still remains 
a number of patients at risk for these diseases particularly as the 
population ages, immunosuppressive therapy becomes more 
widespread for a variety of indications, the use of organ trans-
plantation expands, and the growth of the AIDS epidemic in 
developing countries continues. Timely and accurate diagnosis 
of esophageal infections is critical because treatment is highly 
effective, results in rapid symptomatic improvement, and often 
leads to clinical cure. This chapter focuses on the specific causes 
of esophageal infections, in particular epidemiology, pathology, 
presentation, diagnosis, and therapy. Esophageal disorders asso-
ciated with HIV infection and AIDS are also reviewed here.

Epidemiology and predisposing factors

Primary esophageal infection is rare in an otherwise healthy 
person in whom no permissive factor is present. In this setting, 
the most common pathogen is Candida albicans and less com-
monly herpes simplex virus (HSV) [3,4]. In general, immuno-
competent patients who develop esophageal infection have 
conditions, either local or systemic, that either weaken esopha-
geal defense mechanisms, such as alteration of normal 
oroesophageal flora (e.g., antibiotics) or reduce esophageal 
emptying (e.g., achalasia). Infection in adjacent structures may 
spread into and secondarily involve the esophagus.

More commonly, some form of humoral or cellular immuno-
deficiency, whether iatrogenic, inherited, or a combination 
inherited and iatrogenic, leads to esophageal infection. 
Underlying conditions that predispose to infections include dia-
betes mellitus, alcoholism, malnutrition, malignant diseases, 
and advanced age. Transplantation predisposes to infections 
through one of a variety of mechanisms, most of which affect 
both B-cell and T-cell number and function, including use of 
immunosuppressive agents, chemotherapy, and neutropenia. 
Episodes of rejection in recipients of solid organ transplants are 
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taneous candidiasis, a congenital form of immunodeficiency, 
may also be complicated by Candida esophagitis. Improvements 
in immunosuppressive regimens, targeted prophylactic antifun-
gal therapy, and empiric use of fluconazole in symptomatic 
patients have dramatically reduced the incidence of candidal 
infections in recipients of solid organ and bone marrow trans-
plants [6]. Candidiasis remains the most common esophageal 
infection in patients with AIDS; it represents approximately 
50% of esophageal infections, and it frequently coexists with 
other esophageal diseases [7].

Pathology
The gross pathological appearance of esophageal candidiasis 
can range from a few white or yellow plaques on the mucosal 
surface to a dense, thick plaque that coats the esophageal 
mucosa (Figure 51.1a). This plaque material is composed of 
desquamated squamous epithelial cells, admixed with fungal 
organisms, inflammatory cells, and bacteria [8] (Figure 51.1b,c). 
In the absence of granulocytopenia or coinfection, true ulcera-
tion is infrequent (Table 51.1).

Clinical manifestations and complications
Although occasionally this infection is detected incidentally in 
an asymptomatic patient, the usual clinical presentation of 
esophageal candidiasis is dysphagia, with odynophagia less 
prominent (Table 51.2). Esophageal symptoms range from mild 
difficulty with swallowing to severe pain resulting in an inability 
to eat and secondary dehydration. When odynophagia is very 
severe, one must consider other causes or coinfections, particu-
larly in patients with AIDS.

Physical examination may be helpful. Approximately two-
thirds of patients with AIDS and esophageal candidiasis have 
oral candidiasis (thrush) [9]. Patients with chronic mucocuta-
neous candidiasis may have fungal involvement of various 
mucous membranes, hair, nails, and skin, with a history of 
adrenal or parathyroid dysfunction. Because the infection is 

also commonly complicated by infection, because these patients 
are given more immunosuppression including powerful agents 
such as antithymocyte globulin.

Without antimicrobial prophylaxis, infection after transplan-
tation has a predictable time course. Bacterial and fungal infec-
tions are most common during the initial months after 
transplantation, because it is during this period that granulocyte 
number or function is most severely compromised. HSV infec-
tion also tends to occur early after transplantation related to 
reactivation of disease, whereas CMV typically presents 2 to 6 
months after transplantation at a time when neutropenia is 
common and T-cell function is most severely impaired. The 
development of opportunistic infections in HIV-infected 
patients reflects severe immunodeficiency; the risk for esopha-
geal infections increases markedly when the CD4 lymphocyte 
count falls below 200/mm3 with most infection occurring when 
the count is less than 100/mm3 [5].

Fungal infections

Candida species
Epidemiology
Candida species are the most common esophageal pathogens, 
primarily C. albicans, but occasionally C. tropicalis, C. parapsi-
losis, C. glabrata, and C. dublinensis. These organisms are normal 
components of the oral flora, and their growth is kept in check 
by bacterial commensals. Conditions predisposing to Candida 
esophagitis in the “normal” host include antibiotic use, inhaled 
or ingested corticosteroids, antisecretory therapy (histamine H2 
receptor blockers, proton pump inhibitors) or hypochlorhydric 
states, diabetes mellitus, alcoholism, malnutrition, old age, head 
and neck radiotherapy, and esophageal motility disturbances. 
Alterations in cellular immunity lead to candidal colonization 
and superficial infection, whereas granulocytes function to 
prevent invasive disease and dissemination. Chronic mucocu-

Figure 51.1 Candida esophagitis. (a) Endoscopic photograph shows multiple raised plaques involving the esophagus with normal intervening mucosa. 
(b) Desquamated squamous epithelial cells admixed with fungi and inflammatory cells adherent to the mucosa. The underlying squamous epithelium 
appears normal. (c) Close-up view of the plaque material demonstrates mycelia and spores typical of Candida.

(b)(a) (c)
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coexisting disorders when ulceration is identified endoscopi-
cally. The use of periodic acid–Schiff or Gomori methenamine 
silver stain helps to highlight the organisms. Cytological exami-
nation of esophageal brushings is more sensitive than histologi-
cal examination of biopsy specimens because organisms may be 
washed off tissue surfaces in mild superficial candidiasis (i.e., 
grades 1 and 2) during processing of biopsy specimens. Rarely, 
positive cytology but negative histology indicates colonization 
rather than infection. Skin testing and serological tests for can-
didiasis play no role in the diagnosis of Candida esophagitis.

In patients with AIDS and thrush, the presence of dysphagia 
or odynophagia usually indicates Candida esophagitis [7]. 
Given the prevalence of Candida esophagitis in AIDS, in the 
symptomatic patient with associated thrush, an empiric trial  
of antifungal therapy may be instituted, reserving endoscopy  
for those patients who fail to respond. However, this symptom 
complex does not exclude coinfection with other pathogens, 
and one-third of patients with esophageal candidiasis do  
not have thrush. When patients fail to improve rapidly with 
empiric antifungal therapy, endoscopy should be performed, 
given that disorders other than candidiasis are identified in 
most patients [7,11]. The role of empiric antifungal therapy in 
symptomatic immunosuppressed patients who do not have 
AIDS has not been well studied, although this approach is com-
monly practiced.

generally superficial, complications of esophageal candidiasis 
are very rare.

Diagnosis
Esophageal candidiasis should be suspected in any patient at 
risk of esophageal infection who complains of dysphagia or 
odynophagia. The presence of thrush further supports this diag-
nosis, but the absence of oral involvement does not exclude 
esophageal disease. On barium esophagram, Candida esophagi-
tis is characteristically manifested by multiple plaque-like 
lesions, often in a linear configuration; when severe, these 
lesions become confluent to cause a “shaggy” appearance of the 
esophagus resembling ulcerations (see Figure 51.1) [10]. A 
large, well-circumscribed ulceration should not be attributed to 
Candida. Importantly, a normal barium esophagram does not 
exclude esophageal candidiasis. The presence of severe 
odynophagia may limit the ability of the patient to drink barium 
and thus hampers the utility of barium studies.

Endoscopic examination of the esophagus is the most accu-
rate method of diagnosing esophageal candidiasis. The gross 
endoscopic appearance of Candida esophagitis is usually diag-
nostic and may be graded according to published criteria [8]. 
During endoscopy, mucosal lesions can be brushed and submit-
ted for cytological evaluation or examined by biopsy for histo-
logical diagnosis. Multiple biopsies are essential to exclude 

Table 51.1 Pathologic findings of esophageal infections.

Candida Other fungi Viruses IEU Bacteria Mycobacteria Parasites

Plaque + + + + + + 0 + + + + +

Ulcer + + + + + + + + + + + + + + + + + +

Stricture 0 + + + + 0 + + 0

Fistula 0 + + + 0 + + + 0

Mass + + + + 0 + + 0

Not occurring (0), rare (+), occasional (+ +), common (+ + +), uniformly present (+ + + +); IEU, idiopathic esophageal ulcer.

Table 51.2 Symptoms and signs of esophageal infection.

Candida Viruses IEU Bacteria Mycobacteria Parasites

Dysphagia + + + + + + + + + +

Odynophagia + + + + + + + + + + + + + + + + + +

Heartburn + + + + + +

Chest pain + + + + + + + + + + + +

Fever 0 + + 0 + + + + + + + 0

Bleeding + + + + + + + +

Not occurring (0), rare (+), occasional (+ +), common (+ + +), uniformly present (+ + + +); IEU, idiopathic esophageal ulcer.
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than the imidazoles (miconazole and ketoconazole) for fungal 
cytochrome P450 enzymes [12]. Although other agents such as 
clotrimazole and nystatin may be effective for oral candidiasis 
and for prophylaxis against esophageal involvement, these 
agents are much less effective as primary therapy for esophageal 
candidiasis.

A number of studies suggest that fluconazole (100 mg/day), 
the absorption of which does not depend on pH, has signifi-
cantly greater efficacy for the treatment of Candida esophagitis 
in AIDS than ketoconazole (200 mg/day) [12] and itraconazole 
[13,14]. Both itraconazole and fluconazole are available in oral 
forms (both pill and solution) while fluconazole is also available 
in an intravenous preparations. Fluconazole is minimally 
metabolized and is excreted unchanged in the urine. Unlike 
ketoconazole and itraconazole, fluconazole is highly water 
soluble, is minimally protein bound, and has a half-life of 
approximately 30 hours if renal function is normal. The adverse 
effects of ketoconazole, fluconazole, and itraconazole are prima-
rily dose dependent and include nausea, hepatotoxicity, and 
inhibition of steroid production and cyclosporine metabolism. 
Finally, because of the effects on hepatic microsomal enzymes, 
all three azoles (ketoconazole, fluconazole, and itraconazole) 
inhibit the metabolism of cyclosporine (ciclosporin) and result 
in an increase in cyclosporine blood levels. This effect is most 
pronounced with ketoconazole.

Another major family of antifungal agents consists of the 
polyene antibiotics, represented by amphotericin and nystatin 
(see Table 51.3). These agents bind irreversibly to sterols  
in fungal cell membranes, thereby altering the permeability  

Treatment
Both oral and intravenous medications are available that are 
highly effective for the treatment of Candida esophagitis (Table 
51.3). In general, oral therapies should be first initiated, reserv-
ing intravenous treatment for refractory disease or for patients 
who have contraindications to orally administered medication. 
Although candidal species other than C. albicans may cause 
esophagitis, speciation is not widely employed because reliable 
culturing and sensitivity testing are lacking at most centers and 
the treatment is generally the same. For those patients with mild 
disease, minimal immunocompromise, or readily reversible 
immunodeficiency, an abbreviated course of therapy with an 
orally absorbed, systemically distributed azole (a class of five-
membered nitrogen heterocyclic ring compounds containing at 
least one other noncarbon atom of nitrogen, sulfur, or oxygen) 
should be given, for example clotrimazole, ketoconazole, vori-
conazole, fluconazole, and itraconazole. Immunocompromised 
transplant recipients and patients with AIDS with Candida 
esophagitis are best treated with systemically absorbed agents 
(azoles). In addition, patients with granulocytopenia are at sig-
nificant risk of disseminated candidal infection, thus warranting 
the use of systemically acting agents.

Orally administered systemic agents, all of which have effi-
cacy for Candida esophagitis, include ketoconazole (Nizoral), 
fluconazole (Diflucan), and itraconazole (Sporanox). These 
agents, like other azoles, alter fungal cell membrane permeabil-
ity by cytochrome P450–dependent interference with ergosterol 
biosynthesis resulting in fungal cell injury and death. The newer 
triazoles (itraconazole and fluconazole) have greater affinity 

Table 51.3 Treatment regimens for common esophageal disease in AIDS.

Pathogen Drug Dosage Route Duration Efficacy (%)

Candida Ketoconazole 200–400 mg/day p.o. 7–14 days <80

Fluconazole 100 mg/day p.o./i.v. 7–14 days ≈80

Itraconazole 200 mg/day p.o. 7–14 days ≈80

Amphotericin B 0.5 mg/kg/day p.o./ i.v. 7 days >95

Caspofungin 50 mg/day i.v. 7 days >90

Cytomegalovirus Ganciclovir 5 mg/kg b.i.d. i.v. 2–4 weeks ≈75

Foscarnet 90 mg/kg b.i.d. i.v. 2–4 weeks ≈75

Cidofovir 5 mg/kg weekly iv 2–4 weeks ≈75

Herpes simplex virus Acyclovir 400 mg 5×/day p.o./i.v. 14 days >90

Valacyclovir 1 g t.i.d. p.o. 14 days >90

Famciclovir 500 mg t.i.d. p.o. 14 days >90

Foscarnet 90 mg/kg b.i.d. i.v. 14 days >95

Ganciclovir 5 mg/kg b.i.d. i.v. 14 days >95

Idiopathic ulcer Prednisone 40 mg/day taper p.o. 4 weeks >90

Thalidomide 200–300 mg/day p.o. 4 weeks >90
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Pathology, clinical manifestations, and complications
Other than the development of fistula to adjacent organs, there 
are no unique pathological features of these fungal infections 
(see Table 51.1).

Diagnosis
Histoplasmosis should be considered in endemic areas and if 
extraesophageal manifestations such as hilar adenopathy, calci-
fication or atelectasis of adjacent pulmonary tissue, or splenic 
calcification are present. Disseminated disease to multiple 
organs is well recognized in AIDS. Esophageal blastomycosis 
should be considered in patients with skin involvement and 
dysphagia. Barium esophagraphy or endoscopy may show a 
focal area of extrinsic compression of the esophagus, usually in 
the region of the carina, ulcer, or fistula. As with other esopha-
geal infections, the diagnosis is established by: the appearance 
of the abnormality at barium esophagram; the endoscopic 
appearance at endoscopy; and the use of endoscopic brushings 
and biopsies with appropriate culture and staining. Serological 
tests are not useful because of the high prevalence of positive 
results in endemic areas. However, a urine antigen test is highly 
specific for the diagnosis of disseminated histoplasmosis [19].

Treatment
Although histoplasmosis may resolve without antifungal therapy 
in the normal host, therapy should be administered with an 
induction course of amphotericin B followed by maintenance 
itraconazole. Blastomycosis responds to itraconazole and 
amphotericin B. Systemic aspergillosis should be treated with 
voriconazole [23]. Surgery may be required for drainage of 
abscesses or excision of fistulae.

Viral infections

As with all esophageal infections, the prevalence of viral 
esophagitis has also fallen in recent years. In the transplant 
setting, this reduction has resulted from targeted antiviral 
prophylaxis for herpesviruses in high-risk transplant recipients, 
the use of CMV-seronegative organs and blood products for 
seronegative recipients, and the use of leukocyte-depleted plate-
lets for patients after bone marrow transplantation. An overall 
reduction in viral esophagitis, attributable to the implementa-
tion of HAART, has also been observed in HIV-infected patients 
[1]. Nevertheless, in patients who fail such therapy or for undi-
agnosed patients, viral esophagitis continues to be clinically 
relevant [24].

Herpes simplex virus
Epidemiology
HSV type 1 (HSV-1) is one of three herpesviruses that affect the 
esophagus, the others being CMV and varicella-zoster virus (see 
Sections Cytomegalovirus and Other viruses). HSV-2 rarely 
involves the esophagus. After Candida species, HSV-1 is the 

characteristics of the membrane and causing cell death. Nystatin 
is effective for treating thrush but much less so for esophageal 
disease. Although amphotericin B (Fungizone) is a highly effec-
tive treatment for systemic mycoses, it has potential to cause 
severe side effects (e.g., renal dysfunction); coupled with the 
availability of effective alternative agents, amphotericin has 
limited use for the treatment of esophageal candidiasis.

The newest class of antifungal agents is the echinocandins. 
These agents have a novel mechanism of action as glucan  
synthase inhibitors, which inhibit fungal cell wall synthesis  
[15]. The first agent in this class, caspofungin, has activity 
against both Aspergillus and Candida species, including 
non-albicans species. Prospective studies have shown it is 
as efficacious and as well tolerated as fluconazole for AIDS 
patients with Candida esophagitis and as effective and better 
tolerated than amphotericin-B for azole-resistant esophageal 
candidiasis [13].

Prophylaxis
The use of nystatin or azoles for the prevention of esophageal 
candidiasis in patients with cancer and in transplant recipients 
has yielded mixed results, and it can be problematic, especially 
for those receiving cyclosporine [16]. Primary prophylaxis has 
not been recommended in patients with AIDS [13].

Drug resistance
Because of widespread use, azole resistance has become a well-
recognized problem in HIV-infected patients. This represents a 
less common clinical problem today with the widespread use of 
HAART. Both cumulative exposure and severe immunodefi-
ciency have been shown to be highly associated with the devel-
opment of resistance [13]. In patients with AIDS, clinical 
resistance correlates with in vitro resistance. When resistance 
occurs, increasing the dose of azole, switching to another azole, 
or use of oral solution of itraconazole may be tried in higher 
doses. Because of cross-resistance, higher doses may be needed 
for efficacy. Echinocandins are efficacious in this setting, as is 
posaconazole [17]. Improvement in immune function with 
HAART is also an important component of the treatment of 
resistant candidiasis.

Other fungi
Epidemiology
Esophageal involvement with other fungal infections is rare 
[18]. Most instances of histoplasmosis and blastomycosis 
esophagitis represent secondary esophageal involvement from 
mediastinal lymph nodes rather than primary esophageal infec-
tion associated with dissemination [19,20]. Although no par-
ticular geographic distribution within the United States has 
been reported for aspergillosis or blastomycosis, histoplasmosis 
is endemic in the Midwestern states and the Mississippi Valley. 
Mucormycosis and aspergillosis esophagitis have also been 
described [21,22].
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(Figure 51.3). Immunohistochemistry on biopsy samples using 
specific monoclonal antibodies to HSV will help to confirm the 
diagnosis when the viral cytopathic effect is infrequent. Viral 
culture may also help to establish a definitive diagnosis. As with 
other causes of infectious esophagitis, serological tests are 
unhelpful in establishing the diagnosis.

Treatment
Uncontrolled trials and vast clinical experience in both immu-
nocompetent and immunodeficient patients, including those 
with AIDS [28], suggest efficacy of acyclovir (aciclovir), a nucle-
oside analog, for the therapy of esophageal viral disease [29]. 
Valacyclovir (valaciclovir), a prodrug of acyclovir, and famciclo-
vir have largely replaced acyclovir as oral therapy given their 
longer half life. While not studied for esophagitis, they have 
shown equivalency for genital HSV disease and, as with  

next most frequent agent that causes infectious esophagitis. 
Although well recognized as an esophageal pathogen in other-
wise healthy people, HSV-1 esophagitis has been reported most 
often in patients with immunosuppression or other predispos-
ing factors. After transplantation, HSV occurs as frequently as 
CMV as a cause of esophageal disease [18], whereas in patients 
with AIDS, HSV esophagitis is relatively uncommon and is 
much less frequent than CMV infection [25].

Pathology
HSV infection is generally limited to squamous mucosa, where 
the earliest manifestation is a vesicle. As these vesicles enlarge 
and ulcerate, they may coalesce to form larger lesions. Usually, 
the intervening mucosa between these lesions is normal. 
Microscopic examination of the squamous epithelial cells at the 
edge of the ulcers reveals multinucleation, ground-glass nuclei, 
and eosinophilic Cowdry type A inclusion bodies that may 
occupy half of the nuclear volume. These inclusion bodies may 
be surrounded by haloes, and, with time, become more 
basophilic, filling, enlarging, and deforming the nucleus.

Clinical manifestations and complications
HSV-1 esophageal infection commonly presents with the 
sudden onset of severe odynophagia, often resulting in an ina-
bility to swallow liquids or solids. Herpes labialis (i.e., cold 
sores) and oropharyngeal ulcers may frequently coexist, ante-
date, or develop during the esophageal infection, whereas skin 
infection is rare [5,25]. In untreated immunocompetent persons, 
spontaneous resolution of HSV-1 esophageal infection occurs 1 
to 2 weeks after the onset of symptoms. Complications are rare 
and include bleeding, tracheoesophageal fistula, or dissemina-
tion [18].

Diagnosis
Esophageal disease caused by HSV-1 usually appears in radio-
graphic studies as focal ulceration on a background of normal 
mucosa; vesicles are infrequently present (Figure 51.2). These 
ulcers have been described as stellate or volcanic in appearance, 
with fewer propensities to form the longitudinal or linear lesions 
that are commonly seen in CMV infection [26]. Severe, diffuse 
herpetic esophagitis may result in a cobblestone or “shaggy” 
mucosal appearance resembling Candida esophagitis [26]. 
Although the radiographic appearance may be suggestive, 
definitive diagnosis of herpetic esophagitis requires endoscopic 
mucosal biopsies. The endoscopic appearance of herpetic 
esophagitis reflects the pathological changes (see Table 51.1) 
appearing as discrete, usually small (<2 cm) well-circumscribed 
ulcers [27], diffuse erosive esophagitis, or, rarely, vesicles. Small 
scattered lesions covered with exudates can mimic esophageal 
candidiasis. Given the pathophysiological mechanism of disease, 
deep ulcers, as seen with CMV, are very rare. Cytological  
or histological brushings or biopsies should be taken from the 
edge of an ulcer because the viral cytopathic effect is best identi-
fied here, rather than the granulation tissue in the ulcer bed  

Figure 51.2 Herpes simplex virus esophagitis. Multiple vesicles and ulcers 
are present throughout the esophagus. Source: Courtesy of Robert 
Koehler, MD.

Figure 51.3 Location of viral cytopathic effect in esophageal ulceration.
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CMV infection in other organs (e.g., retinitis or colitis) is not 
infrequent. Although rare in transplant recipients, retinitis may 
be observed in approximately 15% of patients with AIDS and a 
very low CD4 count, usually <50/μL at the time of diagnosis of 
gastrointestinal disease [33,34]. Complications include gas-
trointestinal bleeding (∼5% of patients) and, rarely, strictures 
[35] or fistulae to the tracheobronchial tree [36].

Diagnosis
Like HSV-1, the radiological appearance of CMV esophagitis is 
that of either focal or extensive ulceration and is dependent in 
large part on the epidemiological setting. Barium esophagraphy 
of CMV esophagitis may reveal thickening of mucosal folds or 
more typically ulcers; these ulcers may be vertical, linear with 
central umbilication, solitary, and deep, or occasionally they 
may manifest as diffuse superficial ulceration (Figure 51.4b). In 
patients with AIDS, these ulcers are often large and deep, may 
exceed 2 cm in size, or have an appearance suggesting a malig-
nancy. The endoscopic appearance of CMV esophagitis is vari-
able, ranging from multiple shallow ulcers, solitary giant ulcers, 
to diffuse superficial esophagitis (Figure 51.4c) [37]. Given  
the high rate of prior exposure to CMV, serological testing  
is not helpful. In addition, some immunosuppressed transplant 
recipients fail to develop a brisk antibody response. Blood  
antigenemia is often present at the time of diagnosis and its 
presence may predict the subsequent development of end-organ 
disease [38].

Identification of viral cytopathic effect in mucosal biopsies is 
the best diagnostic method. Multiple biopsies (up to 10) may be 
required to establish the diagnosis in patients with AIDS and 
should be taken from the ulcer base because the viral cytopathic 
effect is found here [39] (Figure 51.3). Viral culture of mucosal 
biopsies is less sensitive and specific than histology and cyto-
logical brushings are not helpful [40]. Identification of an iso-
lated inclusion found by immunohistochemical staining should 
not be considered CMV disease but rather infection, and other 
causes of mucosal disease should be sought. Because retinitis 
may coexist with gastrointestinal disease, and, when present, 
alters the duration of antiviral therapy, a diagnosis of CMV 
gastrointestinal disease in any patient with AIDS warrants oph-
thalmological examination. Retinitis as well as GI disease has 
been described as part of the immune reconstitution inflamma-
tory syndrome (IRIS) [41]. This syndrome is a result of an 
exuberant inflammatory reaction to foreign antigens following 
rapid immunological recovery, especially in patients who were 
most profoundly immunodeficient. Patients may not only 
develop retinitis or other gastrointestinal problems in associa-
tion with CMV, but also tuberculosis and Kaposi sarcoma, as 
well as Cryptococcosis [41].

Treatment
The therapies available for the treatment of CMV disease gener-
ally require intravenous administration and include ganciclovir, 
foscarnet, and cidofovir. The most widely used therapy,  

acyclovir, minimal toxicity. Although spontaneous resolution of 
HSV-1 esophagitis is common in the immunologically normal 
host, because of its safety and efficacy, therapy is commonly 
instituted in all patients regardless of immune status. When oral 
intake is hampered by severe odynophagia or when there is a 
question of drug absorption, intravenous administration is 
required. Side effects of intravenous acyclovir therapy are few 
and appear limited to irritation of veins (used for drug infusion) 
and rash. Although rare, drug resistance should be suspected 
when there is clinical failure of acyclovir; in this setting, foscar-
net (see Table 51.3) is the drug of choice and will lead to clinical 
cure in most patients [30]; cidofovir may also be used. Acyclovir 
is effective prophylaxis for HSV-antibody positive patients 
undergoing transplantation. Long-term secondary prophylaxis 
may be required when immunodeficiency persists because the 
relapse rate is high.

Cytomegalovirus
Epidemiology
CMV continues to dominate as one of the most common 
opportunistic infections across all risk groups. This frequency 
relates to the high background seropositivity rates in the general 
population with even higher rates in developing countries and 
homosexual men. In transplant recipients who receive no anti-
viral prophylaxis, CMV and HSV are equally common esopha-
geal pathogens [18]. In contrast, CMV is the most frequent 
cause of esophageal ulcer in patients with AIDS [25].

Pathology
The most prominent histological feature of CMV esophagitis is 
mucosal ulceration (see Table 51.1). Although there is variabil-
ity, deep ulcers are very characteristic of disease in AIDS, 
whereas in immunosuppressed transplant recipients, lesions 
tend to remain more superficial. In contrast to HSV, the viral 
cytopathic effect of CMV is present in endothelial and mesen-
chymal cells in the granulation tissue of the ulcer base and not 
in the squamous epithelium. Inclusions are large (cytomegalo) 
and often have an eosinophilic appearance that may be present 
in the nucleus and cytoplasm (Figure 51.4a). Because these 
inclusions may be atypical in appearance in patients with AIDS 
[31], immunohistochemical stains are useful in confirming the 
presence of CMV and often highlight more infected cells than 
can be appreciated on routine hematoxylin and eosin staining. 
As with other esophageal infections, CMV may coexist with 
HSV or Candida, especially in patients with AIDS. Whereas 
HSV leads to disease by a direct cytopathic effect on squamous 
epithelium, the pathogenesis of disease caused by CMV is not 
well understood.

Clinical manifestations and complications
In contrast to HSV esophagitis, CMV esophagitis has very rarely 
been documented in immunocompetent persons [32]. 
Odynophagia is almost uniformly present and is characteristi-
cally severe (see Table 51.2). A prior or coexistent diagnosis of 
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approximately 1 to 2 months until the immunosuppressive 
regimen is either discontinued (bone marrow transplant) or 
significantly reduced (solid organ transplant). Ganciclovir is 
well tolerated. Its major side effect is myelosuppression, which 
may be severe when other bone marrow suppressive drugs are 
coadministered. Clinical and virological resistance has been 
documented, usually in patients receiving prolonged therapy. In 
this setting, foscarnet is often effective [42].

Valganciclovir, an orally administered prodrug rapidly hydro-
lyzed to ganciclovir, achieves high blood levels equivalent to 
intravenous administration of ganciclovir [43]. Given its favo-
rable pharmacokinetics, it has been used successfully for induc-
tion therapy for CMV retinitis in AIDS patients as well as for 

ganciclovir, is an acyclovir derivative. The time course of the 
clinical response to ganciclovir is variable; a week of therapy 
may be required before there is symptomatic improvement in 
some severely immunosuppressed patients. The total treatment 
duration should be based on the clinical and endoscopic 
response; a 2- to 4-week treatment course is usually adequate. 
If retinitis is absent and there has been a complete response, the 
patient may be followed closely without maintenance therapy, 
especially if immune function can be optimized with HAART. 
Because of low bioavailability (<10%), oral ganciclovir is not 
effective for the treatment of active infections, including those 
of the gastrointestinal tract. After acute CMV disease in trans-
plant recipients, treatment with ganciclovir should be given for 

Figure 51.4 Cytomegalovirus esophagitis. (a) Biopsies from an ulcer base demonstrate granulation tissue with one large cell with intranuclear and 
intracytoplasmic inclusions diagnostic for cytomegalovirus. (b) Barium swallow demonstrates two well-circumscribed ulcers in the distal esophagus 
(arrows). (c) Endoscopic photograph shows the two ulcers, which are well circumscribed and have some depth, and the surrounding mucosa is normal.

(a)

(c) (b)
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tions is unknown but clinically uncommon [18]. Papillomavirus 
may infect the esophagus and may cause small polypoid lesions. 
Its detection has also been associated with squamous cell carci-
noma of the esophagus [47]. Esophageal ulcers have been 
reportedly caused by papovavirus and Epstein–Barr virus in 
patients with AIDS [18].

Mycobacterial infections

Epidemiology
Mycobacterial involvement of the esophagus is very rare, even 
in immunosuppressed patients. In developing countries, the 
rate of tuberculosis (TB) is much higher, and extrapulmonary 
manifestations, including esophageal disease, are more common. 
The combination of the AIDS epidemic with the upsurge in 
reported cases of systemic TB have increased the incidence of 
esophageal infection in developed countries. Mycobacterium 
avium complex (MAC) remains primarily a small bowel 
pathogen with only rare cases of esophageal involvement 
reported [23].

Pathology
Most commonly, TB affects the middle third of the esophagus 
at the level of the carina [48]. Esophageal disease is caused by 
spread of infection from tuberculous-infected mediastinal 
lymph nodes by way of a draining fistula or obstructed lymphat-
ics, often resulting in tracheoesophageal fistula. TB can also 
involve the upper third of the esophagus by direct extension 
from tuberculous pharyngitis or laryngitis. Primary esophageal 
TB in the absence of extraesophageal disease is exceedingly rare 
and found in patients from endemic areas.

Clinical manifestations and complications
The symptoms of esophageal TB depend on the degree and type 
of involvement. Pulmonary complaints often predominate 
because of the common occurrence of fistula to the trachea, 
bronchus, or pleural space. Rarely, formation of long strictures 
or traction diverticula resulting from the fibrotic response 
causes dysphagia. Upper gastrointestinal hemorrhage from 
tuberculous esophageal ulcers and tuberculous arterioesopha-
geal fistulae has been reported [49].

Diagnosis
Esophageal TB should be suspected in patients with pulmonary 
or systemic TB who develop esophageal symptoms. Chest radi-
ography is generally abnormal and CT scan may demonstrate 
mediastinal adenopathy [50]. Barium esophagram findings, 
including ulceration and stricture, are nonspecific. A sinus tract 
or fistulous connection to the bronchial tree or mediastinum is 
highly suggestive of TB but can also be seen with malignant 
disease or other infections; in this setting, the diagnosis may 
often be made by sputum staining and culture, or CT-guided or 
surgical biopsy [50]. Endoscopic findings include ulcers (which 

prophylaxis in high-risk solid organ transplant recipients such 
as those who are donor positive/recipient negative (D+/R−) as 
well as preemptively for those who develop CMV antigenemia 
[3,44]. Although potentially effective for treatment of end-organ 
disease such as esophagitis, trials have not been performed and 
intravenous ganciclovir remains the treatment of choice. Long-
term prophylaxis with this agent following successful therapy is 
a reasonable option for those in whom severe immunodefi-
ciency persists, although long-term use has been associated with 
the development of resistance [45].

Foscarnet is a pyrophosphate analog that inhibits viral DNA 
polymerase and reverse transcriptase. Efficacy is similar to that 
of ganciclovir. There are fewer data on its use in immunosup-
pressed patients who do not have AIDS. Because of its recog-
nized toxicity (reversible renal insufficiency and electrolyte 
disturbances), foscarnet has been most frequently used when 
there is clinical resistance or intolerance to ganciclovir.

Cidofovir, the newest systemic agent available for the therapy 
of CMV, has undergone evaluation for the treatment of retinitis 
in AIDS and less so in other immunocompromised patients. Its 
long half-life provides the opportunity for once-weekly admin-
istration [3].

All drugs for herpesviruses only inhibit viral replication; thus, 
relapse is frequent when therapy is discontinued. The relapse 
rate for transplant recipients also remains high until immuno-
suppressive therapy is reduced. The relapse rate of CMV 
esophagitis is approximately 50% and is similar for HSV [28,33]. 
Initiation of HAART, when associated with significant improve-
ment in CD4 count, may abrogate the need for long-term main-
tenance therapy.

Prophylaxis
Antiviral prophylaxis will reduce CMV disease and associated 
mortality, as well as enhance graft survival in transplant patients 
[3]. As noted previously, at-risk patients should generally receive 
prophylaxis rather than preemptive therapy based on the 
appearance of CMV viremia. Oral valganciclovir and intrave-
nous ganciclovir appear to have broadly equivalent efficacy. The 
duration of therapy is generally dictated by risk and is often 
extended to approximately 200 days. Oral ganciclovir is recom-
mended to reduce the incidence of CMV disease in patients 
with solid organ transplant. Oral ganciclovir is also used 
preemptively in patients who develop CMV viremia. However, 
in high-risk patients, such as bone marrow transplant patients 
and solid organ transplant recipients, valganciclovir is the drug 
of choice [44,46]. Intravenous ganciclovir prophylaxis may be 
appropriate in very-high-risk patients such as D+/R+ transplant 
recipients. Oral ganciclovir has shown efficacy for prophylaxis 
for CMV retinitis in AIDS, but HAART represents the ideal 
choice.

Other viruses
The frequency of esophageal involvement caused by varicella-
zoster during the course of chickenpox or herpes zoster infec-
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Clinical manifestations and complications
Bacterial esophagitis is usually found in a neutropenic patient 
with esophageal complaints who has undergone chemotherapy 
for a hematogenous malignant disease. Esophageal infection 
may serve as a focus for bacteremia and seeding of other organs, 
particularly in patients with granulocytopenia [53]. No unique 
complications have been reported.

Diagnosis
The diagnosis of bacterial esophagitis should be considered in 
the clinical setting described above. Radiographic findings are 
nonspecific, and endoscopic biopsy and culture are necessary to 
establish this diagnosis. Additional stains, including Gram stain, 
are required to identify the etiological bacteria. Positive blood 
cultures also pinpoint the bacterial pathogens and direct anti-
microbial therapy.

Treatment
Broad-spectrum antibiotics that effectively treat both Gram-
positive and Gram-negative oropharyngeal flora are required 
for treatment. Treatment of other bacterial infection found in 
these patients is similar to treatment of disease in other 
locations.

Protozoal infections

In developed countries, protozoal infections of the esophagus 
are very rare, occurring almost exclusively in patients with 
AIDS. In these patients, pathogens include Pneumocystis 
carinii, Cryptosporidium parvum, Leishmania donovani, and 
Trichomonas [18,55]. In immunologically normal hosts from 
endemic areas in South America, Trypanosoma cruzi may 
involve the myenteric plexus of the esophagus resulting in 
Chagas disease. This disease is indistinguishable clinically, radi-
ographically, endoscopically, and manometrically from idio-
pathic achalasia. The diagnosis may be established by antibody 
testing [18]. There is increasing appreciation that Chagas disease 
is diagnosed in patients who have come from rural areas of 
Mexico or Central America and who reside in the United States, 
where 11 species of Triatomine bugs have been identified in 29 
states. The southwestern states of Texas, Arizona, and New 
Mexico have the greatest diversity of species, with eight species 
found in Texas alone, where 50% of collected Triatomine speci-
mens tested positive for T. cruzi [56, 57]. Therefore, gastroen-
terologists in the United States should be aware that achalasia 
may result from Chagas disease in the right clinical context.

Specific HIV-related esophageal disorders

In addition to the infections described earlier, certain unique 
disorders cause esophageal disease in these patients.

may be solitary and resemble a malignancy), fistula, or strictures 
[51]. Biopsies from the edge of the lesions may demonstrate 
granulomata or acid-fast bacilli, and biopsy material may be 
cultured for further confirmation of the diagnosis and determi-
nation of sensitivities to antimycobacterial agents.

Treatment
Regardless of the presence of immunodeficiency, a 9-month 
course of multidrug therapy (in the absence of drug resistance) 
will cure esophageal TB and will often close fistulae. If fistulae 
do not close with medical therapy, surgical or endoscopic inter-
vention will be required. The prevalence of multidrug-resistant 
TB is an increasingly complex problem; thus, drug sensitivities 
to antituberculous therapy are essential to guide therapy. The 
most effective agents for the treatment of MAC are clarithromy-
cin and ethambutol [52]. Although a clinical and bacteriological 
response is common, long-term therapy for MAC is required in 
AIDS unless HAART is effective.

Bacterial infections

Epidemiology
Bacterial esophagitis is a rare cause of esophageal disease in 
immunocompromised patients. It has been described almost 
exclusively in patients with hematological malignant disease 
complicated by severe granulocytopenia, occasionally after 
bone marrow transplantation and diabetic ketoacidosis or those 
patients receiving radiation and chemotherapy [18,53,54]. 
Usually, the infecting pathogens are oral flora, particularly 
Gram-positive organisms, including viridans streptococci, sta-
phylococci, and other bacilli. It is likely that these pathogens 
colonize and then invade mucosa damaged by reflux disease, 
radiation, or chemotherapy, leading to local infection. Reports 
in patients with AIDS have broadened the etiological spectrum 
to include Bartonella henselae, the cause of catscratch disease 
[48], and Nocardia [18]. Actinomycosis causes ulcers, sinus 
tracts, and fistulae [54]. Although esophageal involvement by 
Treponema pallidum was well recognized many years ago, this 
disease is now only of historical interest [18].

Pathology
The gross pathological appearance of the esophagus in bacterial 
infection ranges from normal mucosa (colonization) to ulcers 
associated with erythema, plaques, pseudomembranes, sinus 
cavities, or hemorrhage [53]. Microscopic examination reveals 
pseudomembranes and bacterial invasion that may be superfi-
cial and invade only the squamous epithelium or may be inva-
sive and transmural with infiltration of blood vessels (i.e., 
phlegmonous esophagitis). Bartonella henselae esophagitis 
causes multiple nodules of the esophagus resulting from a lobu-
lated proliferation of capillary vessels lined by plump endothe-
lial cells [48].
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able from CMV infection [37,59]. Distal esophageal ulcer may 
suggest gastroesophageal reflux disease; the histopathological 
features alone also cannot distinguish IEU from gastroesopha-
geal reflux disease. Pill-induced esophagitis must be excluded 
by history because the pathological findings of esophageal biop-
sies are similar. These ulcers respond rapidly to either pred-
nisone or thalidomide, with clinical and endoscopic cure seen 
in more than 90% [25,63,64]. HAART therapy alone has also 
been associated with cure [65].

Neoplasms associated with AIDS
Kaposi sarcoma
With the advent of HAART, Kaposi sarcoma (KS), caused by 
human herpes virus-8, has shown a sharp fall in frequency. 
Gastrointestinal KS is common in those with cutaneous disease 
and clinical experience suggests that gastric or duodenal 
involvement is more common than esophageal disease, and 
esophageal lesions, like other areas of the gastrointestinal tract, 
are most frequently an incidental finding. The endoscopic fea-
tures of esophageal KS are characteristic and resemble their 
cutaneous appearance: violaceous macular or plaque-like 
lesions. These tumors typically involve the submucosa; there-
fore, mucosal biopsy must sample deeper tissue. Bleeding may 
occur when the tumor becomes large and ulcerated. Effective 
relatively nontoxic chemotherapy includes Doxil, a liposomal 
form of doxorubicin (Adriamycin). HAART therapy alone has 
been associated with lesion regression and apparent cure [66]. 
Radiation therapy is effective to treat local lesions of the head 
and neck including the oropharynx.

Non-Hodgkin lymphoma
Despite HAART, lymphoma remains an important opportunis-
tic neoplasm. Although gastrointestinal involvement is common, 
esophageal disease remains rare [67]. Extraesophageal disease 
is common at the time of diagnosis [68]. The lesions appear 
radiographically as large ulcers or mass lesions typical of a car-
cinoma. The endoscopic appearance of these lesions has been 
described as an ulcerated polypoid mass, often with a central 
ulceration, a submucosal lesion or extensive disease resulting in 
lumenal narrowing resembling an adenocarcinoma, or a soli-
tary ulcer [68]. Complications are rare and include bleeding. 
Multidrug chemotherapeutic regimens are usually given for 
non-Hodgkin lymphoma in AIDS, and complete remission may 
be achieved in approximately 50% or more of patients. Radiation 
therapy may be a potential option when the disease is localized. 
Complications are frequent because of chemotherapy-induced 
neutropenia. The median survival of AIDS-associated non-
Hodgkin lymphoma has been enhanced by HAART [69].

Miscellaneous neoplasms
Recent evidence suggests AIDS patients may be at higher risk 
for esophageal neoplasms, including squamous cell and adeno-
carcinoma [70].

References are available at www.yamadagastro.com/textbook

Disorders associated with primary HIV infection
Although primary HIV infection is largely asymptomatic, in 
some patients, a mononucleosis-like illness occurs around the 
time of infection consisting of fever, sore throat, and myalgias 
associated with a maculopapular rash, termed a seroconversion 
illness [58]. Spontaneously resolving oropharyngeal and esopha-
geal ulceration or candidal infection may also be observed 
during this seroconversion illness. Endoscopically, these 
esophageal ulcerations are multiple, small, and shallow. The 
diagnosis can be established at the time of presentation by the 
detection of HIV RNA in serum [58]. Antibody positivity to 
HIV occurs within 3 to 18 months after the illness.

Idiopathic esophageal ulcer
Epidemiology
Early in the AIDS epidemic, large esophageal ulcerations were 
recognized in which no specific cause could be identified despite 
extensive histopathological examination of ulcer tissue. These 
ulcers, termed idiopathic esophageal ulcers (IEU), and aphthous 
ulcers, are very common and were found in 41% of HIV-infected 
patients in a large prospective study of patients with esophageal 
ulcer [25]. They are seen in the later stages of immunodeficiency 
when the CD4 lymphocyte count is less than 100/μL3 [25]. Like 
all opportunistic disorders, their frequency has also fallen mark-
edly in the era of HAART.

Pathology
These ulcers are variable in size, may be large, and are uniformly 
well circumscribed; diffuse superficial esophagitis has not been 
described [59]. Ulcer tissue resembles that seen in CMV and 
HSV infection, except that viral cytopathic effect is absent. The 
presence of a superficial candidal infection overlying a large 
well-circumscribed lesion with histopathological findings of 
granulation tissue without viral cytopathic effect should still 
lead to the diagnosis of IEU [60]. Although HIV has been sug-
gested as the direct cause of these lesions, there is little his-
topathological evidence to support a direct cytopathic role for 
HIV [61].

Clinical manifestations and complications
IEU presents in a fashion indistinguishable from CMV esophag-
itis. Coexistent oropharyngeal aphthous ulcers are infrequent 
[9], whereas thrush is common, especially if the patient has not 
been given empiric antifungal therapy. Complications include 
bleeding and fistula to the stomach, but not to the tracheobron-
chial tree, and strictures [35].

Diagnosis
The findings of IEU on barium esophagram are typically large, 
well-circumscribed, and often deep ulcers [62]. Because of the 
similarity to CMV infection, a definitive diagnosis cannot be 
based on the radiographic appearance alone. Because IEU is a 
diagnosis of exclusion, endoscopy and biopsy are the only defin-
itive diagnostic tests. These ulcers are variable in size and 
appearance, and larger ulcers are endoscopically indistinguish-
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CHAPTER 52

Introduction

Barrett esophagus is the condition in which a metaplastic 
columnar epithelium that predisposes to cancer replaces the 
stratified squamous epithelium that normally lines the distal 
esophagus (Figure 52.1) [1]. The condition is a consequence  
of gastroesophageal reflux disease (GERD), which both injures 
the esophageal squamous epithelium and provides the abnor-
mal intraluminal milieu that leads to healing of the mucosal 
injury through the process of columnar metaplasia rather  
than through the regeneration of more squamous cells. For 
reasons that remain incompletely understood, the metaplastic 
columnar mucosa predisposes to esophageal adenocarcinoma. 
Indeed, GERD and Barrett esophagus are the major risk  
factors for esophageal adenocarcinoma, a tumor whose fre-
quency has increased more than seven-fold over the past several 
decades [2–4].

Diagnostic criteria for Barrett esophagus

Endoscopic examination is required to diagnose Barrett esopha-
gus, and two diagnostic criteria must be fulfilled: (1) the endo-
scopist must document that columnar epithelium extends 
proximal to the gastroesophageal junction (GEJ) to line the 
distal esophagus, and (2) biopsy specimens of the esophageal 
columnar epithelium must reveal the specialized intestinal 
metaplasia (with goblet cells) that is characteristic of Barrett 
esophagus (Figure 52.2).

To document that columnar epithelium lines the esophagus, 
the endoscopist must identify both the squamocolumnar junc-
tion (SCJ) and the GEJ (Figure 52.3). Columnar epithelium has 
a reddish color and coarse texture on endoscopic examination, 
whereas squamous epithelium has a pale, glossy appearance. 
The juxtaposition of those epithelia at the SCJ forms a visible, 
typically zig-zag line called the Z-line. The GEJ is the imaginary 
line at which the esophagus ends and the stomach begins. In 
Western countries like the United States, the GEJ is recognized 
endoscopically as the level of the most proximal extent of the 
gastric folds [5]. In some Asian countries, endoscopists identify 
the GEJ as the distal extent of the esophageal palisade vessels, 
which are fine, longitudinal veins located in the lamina propria 
of the distal esophagus [6,7]. When the SCJ is located proximal 
to the GEJ, there is a columnar-lined segment of esophagus. 
When the SCJ and GEJ coincide (Figure 52.4), the entire 
esophagus is lined by squamous epithelium. If biopsy specimens 
from the columnar-lined esophagus show specialized intestinal 
metaplasia, the patient has Barrett esophagus.

Before 1994, endoscopists generally diagnosed Barrett 
esophagus only when they saw long segments of esophageal 
columnar mucosa extending >3 cm above the GEJ. In 1994, 
Spechler and colleagues reported the results of a study in which 
consecutive patients undergoing elective endoscopic examina-
tions in a general endoscopy unit had biopsy specimens taken 
at the squamocolumnar junction in the distal esophagus, irre-
spective of its appearance and location [8]. Among 142 patients 
who had columnar epithelium involving <3 cm of the distal 
esophagus, 26 (18%) were found to have specialized intestinal 
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metaplasia typical of Barrett esophagus in the biopsy specimens. 
A number of subsequent studies confirmed this observation 
that intestinal metaplasia is present frequently in short segments 
of columnar epithelium in the distal esophagus, even in patients 
without symptoms or endoscopic signs of GERD [9]. Since the 
description by Spechler and colleagues Barrett esophagus has 
been categorized as “long-segment” if the distance between the 
Z-line and the GEJ is ≥3 cm, and “short-segment” if that dis-
tance is <3 cm [10] (Figure 52.5).

The “Prague C and M criteria” is a system used to describe 
the endoscopic appearance of Barrett esophagus by evaluating 
both the circumferential (C) and the maximum (M) extent of 
Barrett metaplasia above the GEJ [11]. The Prague C and M 

Figure 52.1 Endoscopic photograph of Barrett esophagus. Note the 
contrast between the pale, glossy squamous epithelium of the proximal 
esophagus and the red Barrett epithelium of the distal esophagus.

Figure 52.2 Photomicrograph showing the junction between stratified 
squamous epithelium (right) and specialized intestinal metaplasia (left). 
Note the numerous goblet cells characteristic of the intestinal-type 
epithelium.

Figure 52.3 Landmarks at the gastroesophageal junction region. The 
squamocolumnar junction (SCJ, also called the Z-line) is the visible line 
formed by the juxtaposition of squamous and columnar epithelia. The 
gastroesophageal junction (GEJ) is the imaginary line at which the 
esophagus ends and the stomach begins. The GEJ corresponds to the 
most proximal extent of the gastric folds. When the SCJ is located 
proximal to the GEJ, as it is in this figure, then the region between the 
two landmarks is a columnar-lined segment of esophagus.

SCJ

GEJ

Figure 52.4 The squamocolumnar junction (SEJ) and gastroesophageal 
junction (GEJ) coincide. In this situation, there is no columnar-lined 
esophagus (i.e. the entire esophagus is lined by squamous epithelium).
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sition. One study of 141 patients who had endoscopic mucosal 
resections of small esophageal adenocarcinomas found that 
71% had cardiac epithelium, not intestinal metaplasia, adjacent 
to the cancer [17]. Another retrospective study of 712 patients 
in one hospital who had endoscopic biopsy specimens taken 
from esophageal columnar epithelium found no significant dif-
ference in the rate of esophageal adenocarcinoma development 
between patients with and without intestinal metaplasia (4.5% 
vs. 3.6% rate of cancer development, respectively) during a 
median follow-up interval of 12 years [18]. Noting these obser-
vations, some authorities have proposed that cardiac epithelium 
in the esophagus should be considered a form of Barrett 
esophagus [19]. In 2005, the British Society of Gastroenterology 
defined Barrett esophagus as one “in which any portion of the 
normal squamous lining has been replaced by a metaplastic 
columnar epithelium which is visible macroscopically” [20]. 
This definition includes patients with cardiac epithelium in the 
esophagus.

The debate about whether patients who have only cardiac 
epithelium lining the distal esophagus have “Barrett esophagus” 
is primarily a semantic issue. Norman Barrett, the Australian 
surgeon who described the condition that now bears his name, 
did not mention either intestinal metaplasia or cardiac epithe-
lium in his original report on the condition in 1950 [21]. The 
columnar-lined esophagus has clinical importance only because 
it predisposes to the development of esophageal cancer. The 
great majority of studies on the risk of cancer in Barrett esopha-
gus have included patients with specialized intestinal metaplasia 
either primarily or exclusively [1]. Although the data mentioned 
above suggest that cardiac epithelium might also predispose to 
malignancy, the magnitude of that risk is not clear. Further-
more, some recent reports suggest that the risk of cancer in 
cardiac epithelium is minimal [22]. For all these reasons, the 
authors of the American Gastroenterological Association’s 2011 
medical position statement on Barrett esophagus made a dis-
tinction between the conceptual definition of Barrett esophagus 
and its diagnostic criteria [23]. They defined Barrett esophagus 
conceptually as “the condition in which any extent of metaplas-
tic columnar epithelium that predisposes to cancer develop-
ment replaces the stratified squamous epithelium that normally 
lines the distal esophagus.” The authors also wrote that, “Pres-
ently, intestinal metaplasia [with goblet cells] is required for the 
diagnosis of Barrett esophagus because intestinal metaplasia is 
the only type of esophageal columnar epithelium that clearly 
predisposes to malignancy.” That statement remains valid today.

Intestinal metaplasia at the GEJ

Chronic reflux esophagitis leads to the development of intesti-
nal metaplasia in the esophagus. Intestinal metaplasia also 
occurs commonly in the stomach as a consequence of chronic 
gastritis caused by infection with Helicobacter pylori [24]. On 
histological examination, intestinal metaplasia in the stomach 

system has been found to have excellent reproducibility among 
endoscopists for a number of features of Barrett esophagus, with 
the notable exception of short-segment Barrett with metaplasia 
that extends <1 cm above the GEJ, for which interobserver 
agreement is poor.

Cardiac mucosa in the esophagus

As discussed, the presence of specialized intestinal metaplasia 
in the esophagus establishes the diagnosis of Barrett esophagus. 
However, two other columnar epithelial types also have been 
described in Barrett esophagus [12]: (1) cardiac epithelium (also 
called junctional-type epithelium) comprised of mucus-
secreting columnar cells without goblet cells or oxyntic cells, 
and (2) an atrophic gastric fundic-type epithelium (also called 
oxyntocardiac epithelium) that contains acid-secreting parietal 
cells. Traditionally, cardiac mucosa has been considered the 
normal lining of the most proximal portion of the stomach (the 
gastric cardia). In the late 1990s, Chandrasoma suggested that 
cardiac mucosa is not normal, but rather a metaplastic mucosa 
acquired as a consequence of reflux esophagitis [13]. According 
to this unproved hypothesis, the normal epithelial junction at 
the end of the esophagus is one between esophageal squamous 
and gastric oxyntic (acid producing) epithelium, and the finding 
of squamous epithelium abutting cardiac epithelium defines the 
presence of GERD [14]. Also, cardiac epithelium has been 
shown to express molecular markers of intestinal differentiation 
(e.g. villin, CDX2) and to exhibit genetic abnormalities similar 
to those found in specialized intestinal metaplasia [15,16].

Some clinical studies have suggested that cardiac mucosa, 
like specialized intestinal metaplasia, has a malignant predispo-

Figure 52.5 Endoscopic photograph of short-segment Barrett esophagus. 
Columnar epithelium extends <3 cm above the gastroesophageal junction 
(GEJ).
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intraabdominal distribution of fat [40]. Cigarette smoking is 
also a risk factor [41].

Barrett esophagus is common in the general adult population, 
but the precise prevalence is not clear. In one study of 961 
patients scheduled for elective colonoscopy who agreed to have 
an upper gastrointestinal endoscopy performed for research 
purposes, Barrett esophagus (predominantly short-segment) 
was found in 6.8% [42]. In another study in which individuals 
in the general population of Sweden were invited to have endo-
scopic examinations, the prevalence of Barrett esophagus was 
found to be 1.6% [43].

A familial form of Barrett esophagus has been described, and 
can be recognized in patients who have a first or second degree 
relative with Barrett esophagus, esophageal adenocarcinoma, or 
adenocarcinoma of the GEJ [44]. In the United States, the famil-
ial form accounts for fewer than 12% of all cases of Barrett 
esophagus [44,45].

Epidemiology of esophageal 
adenocarcinoma

There are two major histological types of esophageal cancer 
– squamous cell carcinoma and adenocarcinoma. In the 1960s, 
squamous cell cancers comprised well over 90% of all esopha-
geal tumors in the United States, whereas adenocarcinoma  
of the esophagus was considered so uncommon that some 
authorities questioned its very existence. Since then, the fre-
quency of adenocarcinoma of the esophagus has increased 
dramatically, to the point that adenocarcinoma surpassed 
squamous cell carcinoma in frequency in the 1990s (see further 
on) [3,46,47]. The cause of this dramatic rise in the frequency 
of adenocarcinoma is not clear. GERD and Barrett metaplasia 
esophagus are the major risk factor for this tumor [48], and 
all of the risk factors for Barrett esophagus discussed previ-
ously also are risk factors for adenocarcinoma [49]. Changes 
in the frequency of some of those risk factors (e.g. GERD, 
obesity) might underlie the rising incidence of esophageal 
adenocarcinoma.

The prevalence of obesity has increased substantially over the 
past several decades, paralleling the increase in the frequency 
of esophageal adenocarcinoma [50]. The association with 
obesity might be related to the fact that obesity predisposes to 
the development of GERD and Barrett esophagus [51–54]. In 
addition, obesity (especially central obesity) is associated with 
insulin resistance that results in high serum levels of insulin-like 
growth factors, which might increase proliferation in esopha-
geal epithelial cells [55]. Obesity also is associated with increased 
serum levels of leptin [56], a hormone that stimulates cellular 
proliferation, and decreased levels of adiponectin, a hormone 
that has antiproliferative effects [57].

In contrast to the rising frequency of obesity, the frequency 
of infection with H. pylori has declined dramatically over 
the last century in the United States [58]. H. pylori is a 

cannot be distinguished reliably from intestinal metaplasia in 
the esophagus. Since the GEJ cannot be identified with great 
precision, it can be difficult to determine whether short seg-
ments of intestinal metaplasia found in the GEJ region are lining 
the esophagus (i.e. short-segment Barrett esophagus) or the 
proximal stomach (i.e. intestinal metaplasia of the gastric 
cardia). The term “intestinal metaplasia at the GEJ” has been 
used to describe the condition in which intestinal metaplasia is 
found at a Z-line that appears to coincide precisely with the GEJ 
[25]. Intestinal metaplasia at the GEJ almost certainly represents 
either very short-segment Barrett esophagus or intestinal meta-
plasia of the cardia but, for technical reasons, it is difficult to 
distinguish those two conditions.

For clinical purposes, it can be important to distinguish 
short-segment Barrett esophagus from intestinal metaplasia of 
the gastric cardia because the former condition appears to have 
a substantially higher risk of malignancy. For example, one 
study found dysplasia (the precursor of malignancy) in 20 of 
177 patients (11.3%) with short-segment Barrett esophagus, but 
in only 1 of 76 patients (1.3%) with intestinal metaplasia in the 
gastric cardia [26]. Authorities recommend endoscopic cancer 
surveillance routinely for patients with Barrett esophagus, but 
not for patients with intestinal metaplasia in the stomach [23–
28]. A number of histochemical and immunological biomarkers 
have been proposed to differentiate intestinal metaplasia of the 
cardia from short-segment Barrett esophagus including cytok-
eratin staining patterns [29–32], immunoreactivity for mAb 
Das-1 (a monoclonal antibody raised against colonic epithelial 
cells) [33], and mucosal expression of colonic-type sulfomucins 
[25]. However, the utility of biomarkers in distinguishing short-
segment Barrett esophagus from intestinal metaplasia of the 
gastric cardia has not been established, and it has been recom-
mended that clinical decisions should not be based on the pres-
ence of these biomarkers [34].

Epidemiology of Barrett esophagus

Long-segment Barrett esophagus is strongly associated with 
chronic heartburn, hiatal hernia and severe reflux esophagitis 
[35]. Barrett esophagus typically is discovered in middle-aged 
and older adults, usually during endoscopic examinations per-
formed for the evaluation of chronic GERD symptoms such as 
heartburn, regurgitation, and dysphagia. Barrett esophagus is 
rare in children of any age, and virtually nonexistent in children 
younger than age five [36]. In a retrospective study of 6731 
children who had upper gastrointestinal endoscopy in 12 pedi-
atric facilities, only 17 (0.25%) had suspected Barrett esophagus, 
and only nine of those had intestinal metaplasia confirmed by 
esophageal biopsy [37]. Barrett esophagus is two to three times 
more common in men than in women. The condition has a 
predilection for white people, and appears to be uncommon in 
black and Asian people [38,39]. Obesity is associated with 
Barrett esophagus, especially obesity with a predominantly 
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patients with short and long-segment Barrett esophagus to be 
managed as if their cancer risk were similar.

Pathogenesis of metaplasia in  
the esophagus

Metaplasia, the process in which one adult cell type replaces 
another, is a response to chronic inflammation in a number of 
organs [25,82]. Since the metaplastic cells may be more resistant 
to the factors inducing the inflammation than the native cells, 
metaplasia can be viewed teleologically as a protective mecha-
nism. Unfortunately, for reasons that are not clear, metaplasia 
also can predispose to malignancy. In the esophagus, chronic 
inflammation due to GERD results in columnar metaplasia in 
which the acid-sensitive squamous epithelium is replaced by a 
columnar epithelium that may be more resistant to peptic 
injury.

Physiological perturbations
A number of physiological abnormalities that predispose to 
severe GERD have been described in patients with long-segment 
Barrett esophagus. For example, gastric acid hypersecretion and 
duodenogastric reflux have been described in some patients 
with long-segment Barrett esophagus [83–85], and extreme 
hypotension of the lower esophageal sphincter is common [86]. 
Manometric studies also often reveal ineffective esophageal 
motility, an abnormality that may delay the clearance of refluxed 
material from the esophagus [87]. Some patients have dimin-
ished esophageal pain sensitivity, and so may not sense the 
effects of reflux of damaging gastric contents [88]. Some patients 
have decreased salivary secretion of epidermal growth factor, a 
peptide thought to enhance the healing of peptic ulceration 
[89]. Individual patients may exhibit any, all, or none of these 
abnormalities, but the frequency of the potential predisposing 
factors in Barrett esophagus is disputed. For example, there may 
be normal gastric acid secretion in patients with long-segment 
Barrett esophagus [90]. Furthermore, many patients with short-
segment Barrett esophagus have no GERD symptoms and no 
endoscopic signs of esophagitis [9].

Exposure to noxious agents
The distal esophagus frequently is exposed to noxious agents 
that might play a role in the development of Barrett esophagus. 
Even in normal individuals, the intraluminal environment of 
the GEJ appears to be especially hostile to the lining mucosa. 
After meals, there is a pocket of acid at the GEJ that escapes the 
buffering effects of ingested food [91]. This postprandial acid 
pocket often extends above the squamocolumnar junction to 
affect the distal esophagus. Studies have shown that the very 
distal esophagus (5–10 mm above the squamocolumnar  
junction) of healthy volunteers can be exposed to acid for  
more than 10% of the day [92,93]. This can result in acid-peptic 
injury of the distal esophagus, and also in exposure to high 

well-established carcinogen for adenocarcinoma of the stomach, 
but this infection has not been identified as a positive risk factor 
for esophageal adenocarcinoma. Indeed, some studies suggest 
just the opposite – infection with H. pylori, particularly with the 
more virulent cagA+ strains, may protect against the develop-
ment and neoplastic progression of Barrett esophagus [59–62]. 
The mechanism of this alleged protective effect is not clear, but 
it has been suggested that H. pylori infections which cause pan-
gastritis can decrease gastric acid secretion, thereby protecting 
against the development of GERD. It has been proposed that the 
declining prevalence of H. pylori infection may be contributing 
to the rising frequency of esophageal adenocarcinoma.

Other factors appear to protect against the development of 
esophageal adenocarcinoma; these include the use of aspirin 
and other nonsteroidal antiinflammatory drugs (NSAIDS) 
[63,64], and the consumption of a diet high in fruits and vegeta-
bles [65]. Although cigarette smoking and excessive alcohol 
consumption are very strong risk factors for squamous cell car-
cinoma of the esophagus, cigarette smoking only modestly 
increases the risk for esophageal adenocarcinoma and alcohol 
does not appear to affect that risk at all [66].

Cancer risk in Barrett esophagus
Published estimates on the annual incidence of cancer in 
patients with long-segment Barrett esophagus have ranged from 
0.2% to 2.9% [67]. In the 1990s, investigators pooled data from 
those reports to derive composite estimates of cancer risk in 
Barrett esophagus, which appeared to be approximately 1% per 
year [68]. In 2000, however, Shaheen presented compelling evi-
dence that the cancer risk had been overestimated because of 
publication bias, and estimated that risk at approximately 0.5% 
per year [67]. For the next decade, many authorities estimated 
the risk of cancer in Barrett esophagus at approximately 0.5% 
per year. More recent estimates place the risk at 0.12% to 0.33% 
per year [69–72]. In addition, one recent study suggests that the 
cancer risk is not static, but decreases over time [73]. This study 
included 1401 patients with nondysplastic Barrett who were 
followed for a mean of 5.6 years. When those patients had their 
first endoscopy showing nondysplastic Barrett, their annual rate 
of cancer development was 0.32%. However, the cancer risk 
decreased with every subsequent endoscopy. For patients who 
had five endoscopies showing nondysplastic Barrett mucosa, the 
annual cancer risk was only 0.11%.

The large majority of observational studies on this issue of 
cancer risk in Barrett esophagus suggest that the cancer risk 
varies directly with the length of the metaplastic segment [74–
80]. Patients with longer segments of metaplasia have more cells 
at risk for DNA damage and, therefore, should be more likely 
to acquire the critical mutations that cause malignancy. In one 
report of 235 patients with Barrett esophagus the cancer risk 
was not found to vary significantly with the extent of metaplasia 
[81]. Despite all the evidence suggesting that patients with long-
segment Barrett have a greater cancer risk than those with 
short-segment disease, it is customary at the present time for 
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lium, but not in Barrett metaplasia [106–108]. These and other 
data suggest that gastroesophageal reflux may induce the expres-
sion of CDX and SOX9 while suppressing SOX-2 and p63 
expression in esophageal progenitor cells, thereby mediating 
their differentiation into the intestinal-type cells characteristic 
of Barrett esophagus.

Bone morphogenetic protein (BMP)-4 also may be involved 
in the squamous-to-columnar metaplasia of Barrett esophagus 
[109]. In a rat model of Barrett esophagus and in patients with 
Barrett esophagus, BMP-4 has been found in stromal tissues of 
inflamed esophageal squamous mucosa and in specialized intes-
tinal metaplasia, but not in normal esophageal squamous 
mucosa [110]. When cultures of human esophageal squamous 
cells are exposed to BMP-4, they express SOX9 and cytokeratins 
typical of columnar cells, and their gene expression patterns 
change to resemble those of Barrett epithelial cells [110,111]. 
These data suggest that reflux esophagitis may induce the 
esophageal stroma to express BMP-4, which mediates the 
change from esophageal squamous cells to the columnar cell 
types of Barrett esophagus.

BMP-4 is a target of the hedgehog signaling pathway that is 
active during the embryonic development of the gut [111]. 
Sonic hedgehog (Shh), the most ubiquitous hedgehog ligand, is 
expressed by the embryonic columnar-lined esophagus, which 
later becomes squamous-lined as hedgehog signaling is down-
regulated [112]. Recently, Shh expression has been observed in 
Barrett metaplasia, but not in normal adult esophageal squa-
mous epithelium [111]. In a mouse model of reflux esophagitis 
and Barrett esophagus, Shh expression is found in Barrett meta-
plasia as well as in esophageal squamous cells just prior to the 
development of that metaplasia [111].

In an in vivo transplant culture system, overexpression of Shh 
by mouse esophageal squamous cells induces esophageal fibrob-
lasts to express BMP, which causes the epithelial cells to express 
SOX9 and columnar cell cytokeratins, and to assume an 
intestinal-like morphology [111]. A genome-wide association 
study on Barrett esophagus identified two loci associated with 
disease risk: chromosome 6p21 (near the major histocompati-
bility complex) and chromosome 16q24 (near the FOXF1 gene) 
[113]. FOXF1, a mesenchymal transcription factor in the fork-
head family that plays a role in normal gut development, is 
another target of the hedgehog signaling pathway [114]. These 
data suggest that reflux esophagitis induces epithelial-
mesenchymal hedgehog signaling by causing esophageal epithe-
lial cells to express Shh, which causes esophageal stromal cells 
to express BMP-4 (and possibly FOXF1), which signal back to 
the epithelium to mediate the squamous-to-columnar metapla-
sia of Barrett esophagus. In support of this concept, inhibition 
of the hedgehog pathway in a rat model of reflux esophagitis 
decreases the development of Barrett esophagus and esophageal 
adenocarcinoma by approximately 36% [115].

Other developmental signaling pathways that have been 
implicated in Barrett pathogenesis include Wnt and Notch, 
which also are required for normal intestinal development. Wnt 

concentrations of nitric oxide (NO) generated from dietary 
nitrate (NO3

−). Most dietary nitrate comes from green leafy 
vegetables. The ingested nitrate is absorbed by the small intes-
tine, concentrated by the salivary glands and secreted into the 
mouth where bacteria on the tongue reduce the recycled nitrate 
to nitrite (NO2

−). When swallowed nitrite encounters acidic 
gastric juice at the GEJ, the nitrite is converted rapidly to NO. 
After nitrate ingestion, high levels of NO can be found at the 
GEJ [94]. Those high concentrations of NO can damage DNA 
and are potentially carcinogenic. Thus, the GEJ is exposed 
repeatedly to acid, pepsin, NO, and other noxious agents in 
gastric juice. Chronic exposure to those agents may induce the 
injury and inflammation that results in the intestinal metaplasia 
of Barrett esophagus [95].

Cells of origin for Barrett metaplasia
It is not known which cells give rise to the specialized intestinal 
metaplasia of Barrett esophagus [82,96–98]. Barrett metaplasia 
conceivably could result from transdifferentiation, in which 
mature squamous cells change into columnar cells through 
reflux-induced alterations in the expression of key developmen-
tal transcription factors. More likely, metaplasia might result 
from transcommitment, in which esophageal stem cells (in the 
basal layer of the squamous epithelium or in the ducts of sub-
mucosal glands) that normally differentiate into squamous cells 
instead differentiate into columnar cells. Biopsy specimens at 
the SCJ can reveal a “multilayered epithelium” with features of 
both squamous and columnar epithelia [99], and scanning elec-
tron microscopy of such specimens has demonstrated a distinc-
tive, hybrid cell that has morphological features of both 
squamous and columnar cells [100,101]. These observations 
could support either a transdifferentiation or transcommitment 
origin for Barrett metaplasia. In a rat model of reflux esophagi-
tis, Barrett metaplasia appears to develop from circulating bone 
marrow stem cells [102]. Finally, recent research using mouse 
models has suggested that Barrett metaplasia might result from 
the proximal migration of stem cells from the gastric cardia 
[103], or from the expansion of a nest of residual embryonic 
cells at the GEJ [104].

Although the identity of the Barrett progenitor cell remains 
unclear, metaplasia must arise from changes in the progenitor 
cell’s expression of key developmental genes, which often are 
transcription factors. Most investigations on molecular events 
underlying the intestinal metaplasia of Barrett esophagus have 
focused primarily on the up-regulation of genes involved in 
intestinal differentiation such as SOX9 and CDX. However, it is 
likely that this metaplasia also involves the down-regulation of 
transcription factors involved in squamous differentiation such 
as SOX-2 and p63. In mice, high levels of Sox-2 in the embry-
onic esophagus promote the development of stratified squa-
mous epithelium [105] and, after birth, strong expression of p63 
is found in basal cells of the mouse stratified squamous esopha-
gus [106]. In humans and in a rat model of Barrett esophagus, 
SOX-2 and p63 are expressed in esophageal squamous epithe-
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Proliferation without exogenous stimulation
Oncogene expression is one mechanism whereby cells can pro-
liferate without exogenous stimulation. Cyclins D1, E, and B 
have been implicated as oncogenes in Barrett esophagus. When 
cyclins D and E combine with their cyclin-dependent kinases 
(cdks), those cyclin-cdk complexes phosphorylate and thereby 
inactivate Rb, which allows the cell to pass through the R-point 
into the S phase. Cyclin B is also involved in mediating the 
transition from G2 to M phase [125]. C-myc, another proposed 
oncogene in Barrett esophagus, also plays a role in facilitating 
passage through the G1-S and G2-M phases of the cell cycle.

Increased nuclear expression of cyclin D1 protein has been 
found in biopsy specimens of Barrett specialized intestinal 
metaplasia [126]. Overexpression of cyclin E has been detected 
in Barrett esophagus with low- and high-grade dysplasia and in 
adenocarcinomas, but not in benign Barrett metaplasia [127]. 
Amplification of the chromosomal region in which the cyclin E 
gene is located has been found in esophageal adenocarcinomas 
[128]. Expression of cyclin B1 protein has been found to increase 
as the degree of dysplasia increases in Barrett epithelium [129]. 
Finally, up-regulation of c-myc has been found in Barrett meta-
plasias and in adenocarcinomas [130,131].

Alterations in growth factors, growth factor receptors and 
proproliferative signal transduction pathways are other ways in 
which Barrett cells may proliferate without exogenous stimula-
tion. Studies have found KRAS mutations in patients with high-
grade dysplasia or adenocarcinoma in Barrett esophagus, and it 
appears that Ras mutations may occur as end-stage events in 
the process of carcinogenesis in Barrett esophagus [132,133]. 
The phosphatidylinositol 3-kinase (PI3K) pathway is another 
proproliferative/survival pathway commonly altered in cancer 
cells. Exome and whole-genome sequencing of esophageal ade-
nocarcinomas has identified PI3K as the most frequently altered 
oncogenic pathway affected by mutation [134]. Other studies 
have revealed genomic amplification or overexpression of the 
epidermal growth factor receptor (EGFR) and its ligand, trans-
forming growth factor alpha (TGF-α), in biopsy samples of 
Barrett metaplasia [135]. Gastrin, a hormone which binds the 
CCK2 receptor, has been shown to activate the MAPK pathways 
to induce proliferation in Barrett metaplasia and to prevent 
apoptosis in esophageal adenocarcinoma cells [136,137].

Acid exposure has been shown to activate the p38 MAPK 
pathway in metaplastic Barrett mucosa in vivo, and acid-
mediated activation of the MAPK pathways has been associated 
with increased proliferation and decreased apoptosis in a human 
Barrett-associated adenocarcinoma cell line [138]. Exposure  
to glycochenodeoxycholic acid, a conjugated bile acid, also  
activates the MAPK pathways to increase proliferation in both 
nonneoplastic Barrett cells and in a Barrett-associated adeno-
carcinoma cell line [139]. Other growth factors and their recep-
tors that have been implicated in Barrett carcinogenesis; they 
include insulin like growth factor 2, the insulin like growth 
factor 1 receptor, and Met, a hepatocyte growth factor [140–
143]. The role of erbB-2 (also called HER2 or Neu), an 

normally maintains the intestinal crypt progenitor cell popula-
tion, and regulates the expression of Cdx1 [116,117]. Wnt 
pathway activation has been observed in Barrett dysplasia and 
esophageal adenocarcinoma, but not in nondysplastic Barrett 
metaplasia [118,119]. Like Wnt, the Notch pathway also partici-
pates in maintaining the normal intestinal crypt progenitor cell 
pool [120]. As intestinal cells begin to differentiate, persistent 
Notch signaling leads to the development of absorptive cells 
while cessation of Notch signaling leads to a secretory pheno-
type (enteroendocrine, goblet, or Paneth cells) [121,122]. In 
HET-1A human esophageal squamous cells, the expression of 
CDX2 downregulates Hes1, a downstream target of Notch. This 
suggests that inhibition of Notch signaling by CDX2 might con-
tribute to goblet cell metaplasia. Bile salt exposure also decreases 
the expression of Notch pathway components by HET-1A cells 
and human esophageal adenocarcinoma cells [123,124].

Molecular biology of dysplasia and 
adenocarcinoma in Barrett esophagus

The exact sequence and precise molecular changes necessary to 
produce esophageal adenocarcinoma remain incompletely 
understood. Some of the major reported genetic alterations that 
might allow Barrett cells to acquire the core physiologic 
attributes of cancer are shown in Figure 52.6.

Figure 52.6 Molecular biology of dysplasia and adenocarinoma in Barrett 
esophagus. Some of the major genetic alterations that have been identified 
during carcinogenesis in Barrett esophagus are shown. The histologic 
stage at which each genetic change has been recognized is also depicted. 
These DNA alterations allow the cells to acquire the core cancer 
attributes. The enabling characteristics of malignancy are also depicted.
APC, adenomatous polyposis coli; COX-2, cycloxygenase-2; EGF, 
epidermal growth factor; FasL, Fas ligand; MMP, matrix metalloprotease; 
TGF, transforming growth factor; VEGF, vascular endothelial growth 
factor; VEGFR, vascular endothelial growth factor receptor.
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Barrett carcinogenesis [166,168]. In esophageal adenocarcino-
mas, cell cycle control is frequently altered by point mutations 
in genes that regulate the G1-S transition, and p16 is the most 
frequently mutated of those genes [134].

Loss of protein expression for p27, an inhibitor of cdk-2 and 
cyclin E, has been found frequently in esophageal adenocarci-
nomas, and has been correlated with aggressive tumor behavior 
and poor patient outcomes [169,170]. LOH at 5q21, the APC 
locus, has been found in esophageal adenocarcinomas, but only 
rarely have mutations been identified [171–173]. More common 
is APC inactivation by hypermethylation, which has been found 
in over 80% of high-grade dysplasias and adenocarcinomas and 
in 40%–50% of Barrett metaplasias [174,175]. In one study, APC 
methylation was identified in the specialized intestinal metapla-
sia of 100% of patients who progressed to esophageal adenocar-
cinoma, compared to only 36% in patients who did not progress, 
suggesting that APC inactivation may be a predictive marker for 
neoplastic progression [175]. Once adenocarcinoma develops, 
furthermore, the finding of hypermethylated APC DNA in the 
plasma may herald a poor survival [176].

Avoidance of apoptosis
The expression of death receptors that are members of the 
tumor necrosis factor (TNF)-receptor superfamily has been 
investigated in Barrett carcinogenesis. Using immunohisto-
chemistry and immunoblotting, one group of investigators has 
found enhanced expression of TNFR1 and its ligand, TNF-α, 
in the progression from Barrett metaplasia to adenocarcinoma 
[177]. Although this may seem counterintuitive, TNF-α 
binding to TNF-R1 does not usually result in apoptosis, but 
rather in the up-regulation of antiapoptotic genes that promote 
cell survival [178–181]. Another death receptor-ligand pair 
implicated in Barrett carcinogenesis is Fas and Fas ligand 
(FasL). In general, Fas expression is found on the surface of 
lymphocytes and gut epithelial cells, while FasL expression is 
restricted to activated T cells, natural killer cells, and cells of 
immune privileged sites [182]. When FasL binds Fas, apoptosis 
is induced in the Fas-expressing cells. Therefore, one way for 
tumor cells to avoid apoptosis is to downregulate Fas expres-
sion. Data on Fas expression during cancer formation in Barrett 
esophagus are contradictory. For example, one study found Fas 
staining in all of eight cases of esophageal adenocarcinoma, 
whereas another reported that 70% of esophageal adenocarci-
nomas do not express Fas at all [183,184]. Some studies  
note intense staining for Fas in benign Barrett metaplasia 
whereas others have found undetectable or weak Fas staining 
[148,184,185]. Another way in which tumor cells can avoid 
apoptosis is by expressing FasL and mounting a “counter-
attack” against the antitumor lymphocytes [186]. For example, 
Younes and colleagues found FasL expression in all of 13 speci-
mens of esophageal adenocarcinomas and their associated 
metastasis, but none was detected in samples of normal squa-
mous or metaplastic Barrett esophagus [187].

oncogenic form of EGFR, remains controversial, but erbB-2 
mutations have been detected in esophageal adenocarcinomas 
by exome and whole-genome sequencing [134,141–145].

Resistance to growth-inhibitory signals
Growth inhibitory signals can exert their antiproliferative effects 
by regulating proteins that block progression through the R 
point. Although no mutations have been found in the Rb gene 
in Barrett epithelium, loss of heterozygosity (LOH) at allele 13q 
(the locus for the Rb gene), altered Rb mRNA transcript size 
and quantity, and loss of immunostaining for Rb protein have 
been demonstrated in Barrett-associated dysplasias and adeno-
carcinomas [146–149]. These data suggest that Rb function is 
disrupted during neoplastic progression in Barrett esophagus.

Inactivation of the tumor suppressor genes p53, p16, p15, 
p27, and adenomatous polyposis coli (APC) has been impli-
cated in Barrett carcinogenesis. When the DNA of normal cells 
sustains damage during G1, p53 protein rapidly accumulates 
and prevents Rb phosphorylation, thereby halting progression 
of the cell cycle [150]. Similarly, p16 and p15, which are members 
of the INK4 family of tumor suppressor genes, also block phos-
phorylation of Rb [151,152]. The delay in cell cycle progression 
induced by p53, p16 and p15 allows time for the cell to repair 
the damaged DNA before it is replicated during S phase. If the 
normal function of these tumor suppressor genes is lost, then 
DNA damage might not be repaired and the mutation might be 
perpetuated to promote carcinogenesis.

The role of p53 in the neoplastic progression of Barrett 
esophagus has been studied extensively. LOH at 17p (the p53 
locus) and p53 mutations have been found in the diploid, non-
dysplastic cells of specialized intestinal metaplasia prior to the 
development of aneuploidy, suggesting that p53 inactivation is 
an early step in Barrett carcinogenesis [153–155]. In response 
to DNA damage, normal (wild-type) p53 protein rapidly accu-
mulates and, just as rapidly, is degraded, making it difficult to 
detect normal p53 protein expression in biopsy samples. In 
contrast, mutant p53 can be stable and easily detected in tissue 
samples by immunostaining techniques. p53 immunostaining 
has been found in nondysplastic Barrett metaplasia, and its 
intensity increases as dysplasia progresses to cancer [156–162]. 
LOH at 17p and p53 mutations can be demonstrated in up to 
90% of Barrett adenocarcinomas [159,163,164].

LOH at 9p21 (the locus for p16 and p15) has been observed 
frequently in nondysplastic specialized intestinal metaplasia 
that exhibits aneuploidy, and in Barrett-associated adenocarci-
nomas [165,166]. Mutations of the p16 and p15 genes are found 
far less frequently, however. For example, no point mutations 
for p15 have been found in Barrett esophagus and only a few 
cases of esophageal adenocarcinoma have demonstrated a point 
mutation in p16 [165,167]. Recently, biopsy specimens of 
Barrett metaplasia demonstrated alteration of p16 by hyper-
methylation, LOH, or mutation in 73%–87% of patients, sug-
gesting that p16 alterations are common and early events in 
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cells, suggesting a potential role for telomerase inhibitors in 
patients with Barrett-associated cancers [204].

Development of new vascular supplies 
(angiogenesis)
Several groups have investigated neoangiogenesis and the 
expression of vascular endothelial growth factors (VEGFs) and 
vascular endothelial growth factor receptors (VEGFRs) in 
Barrett esophagus. Compared with normal esophageal squa-
mous mucosa, Barrett metaplasia demonstrates an increase in 
the density of new, immature blood vessels, which increase as 
dysplasia progresses to adenocarcinoma [205–208]. Barrett epi-
thelial cells express VEGF-A, whereas the blood vessels supply-
ing the metaplastic mucosa express the corresponding receptor 
VEGFR-2 [205]. Investigators have speculated that this neovas-
cularization is responsible for the salmon color characteristic of 
Barrett metaplasia on endoscopic examination [205]. VEGF-C, 
a putative lymphangiogenic growth factor, has been found in 
Barrett metaplasia, but not in normal squamous esophagus 
[205]. Moreover, the expression of VEGF-C increases as dyspla-
sia and carcinoma develop [205]. VEGFR-3 expression increases 
in parallel with VEGF-C, particularly in neoplastic Barrett 
tissues [205,209]. VEGF-A and VEGF-C mRNA have been 
found in 100% and 74% of esophageal adenocarcinomas, 
respectively [210]. Moreover, levels of VEGF mRNA are higher 
in adenocarcinomas than in dysplastic and nonneoplastic 
Barrett metaplasia [211].

Invasion and metastasis
To invade surrounding tissues and to metastasize, free tumor 
cells must penetrate extracellular matrix barriers. Membrane 
staining for E-cadherin and β-catenin has been shown to 
decrease as Barrett metaplasia becomes increasingly dysplastic 
[118,212–216]. The matrix metalloproteinases (MMPs) are a 
family of zinc-dependent proteinases that can digest compo-
nents of the extracellular matrix and cell adhesion molecules 
[217]. More than 24 subtypes of human MMPs have been iden-
tified [218]. Similar levels of MMP-2 expression have been 
found in normal esophageal squamous and metaplastic Barrett 
mucosa [205]. In contrast, MMP-9 expression is higher in the 
metaplastic mucosa [205]. Using in situ hybridization, Salmela 
and colleagues found MMP-7 to be the principle MMP in 
Barrett adenocarcinomas and lymph node metastases, and 
up-regulation of MMP-7 was even found in the epithelial cells 
of nondysplastic Barrett metaplasia [219]. Moreover, tumor 
aggressiveness (determined by histological criteria) was found 
to correlate with the expression of MMP-7. On microarray 
analysis, increased expression of MMPs is observed as the meta-
plastic mucosa becomes increasingly more dysplastic [220]. In 
human neoplastic Barrett cell lines, nitric oxide (which can be 
found in high concentration at the GEJ) increases the expres-
sion of MMPs and enhances the ability of the cells to invade 
into an artificial basement membrane [220].

Intracellular stimuli that activate death commitment path-
ways can trigger apoptosis by releasing cytochrome c from the 
mitochondria. Although the precise mechanisms underlying 
cytochrome c release are not known, the Bcl-2 family of proteins 
appears to be involved. The Bcl-2 protein family includes both 
proapoptotic members (e.g. Bax) and antiapoptotic members 
(e.g. Bcl-2 and Bcl-Xl). Expression of Bcl-2 has been found in 
72% of specimens with specialized intestinal metaplasia, 84%–
100% with low-grade dysplasia, 0%–25% with high-grade dys-
plasia, and 0%–40% with adenocarcinomas [161,188]. Survival 
for patients whose tumors stained positive for Bcl-2 was signifi-
cantly better than for those whose tumors were Bcl-2 negative 
[188]. Expression of the antiapoptotic protein Bcl-XL and the 
proapoptotic protein Bax has been found in nondysplastic spe-
cialized intestinal metaplasia, low and high-grade dysplasia, and 
in adenocarcinomas [141,189].

Other mechanisms for avoiding apoptosis have also been 
found in Barrett esophagus. For example, down-regulation of 
15-lipoxygenase-1 (15-LOX-1), an enzyme involved in the for-
mation of the apoptosis-inducing fatty acid 13-S-hydroxyocta-
decadienoic acid (13-S-HODE), has been described in 75% of 
Barrett-associated esophageal adenocarcinomas [190]. 
Cyclooxygenase-2 (COX-2), an enzyme involved in the genera-
tion of prostaglandins from arachadonic acid, has been shown 
to reduce the rate of apoptosis in vitro [191,192]. Increased 
expression of COX-2 has been detected both in esophageal 
adenocarcinomas and in Barrett metaplasia [193–195]. Souza 
and colleagues found that apoptosis could be induced in Barrett 
adenocarcinoma cells by inhibiting COX-2, suggesting a poten-
tial role for COX-2 inhibition in patients with Barrett cancers 
[196]. Expression of nuclear factor kappa B (NF-κB), a tran-
scription factor that regulates the expression of a number of 
antiapoptotic genes, has been detected in 40%–60% of Barrett 
metaplasias and in 61%–80% of esophageal adenocarcinomas 
[197,198]. In nonneoplastic Barrett epithelial cell lines and in 
biopsy specimens of metaplastic Barrett mucosa, exposure to 
the bile acid deoxycholic acid induces DNA damage and acti-
vates the NF-kB pathway, that enables cells with DNA damage 
to resist apoptosis [199]. Finally, as discussed earlier, p53 inac-
tivation also allows Barrett cancer cells to avoid apoptosis in the 
setting of DNA damage.

Resistance to cell senescence
A number of studies have demonstrated high levels of telomer-
ase expression in Barrett-associated adenocarcinomas [200,201]. 
Weak levels of telomerase expression have been detected in 
benign Barrett metaplasia, and those levels increase progres-
sively as dysplasia worsens. The forced expression of telomerase 
has been used as a technique to immortalize nonneoplastic cells 
in vitro, including the benign metaplastic cells of Barrett esopha-
gus [202,203]. Shammas and colleagues found that, by inhibit-
ing telomerase with 2,6 anthracene-9,10-dione (PPA), growth 
arrest and apoptosis could be induced in Barrett-adenocarcinoma 
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grade dysplasia from intramucosal carcinoma [235], and for 
recognizing dysplasia confined to the crypts of the Barrett 
mucosa [236].

Endoscopic perspectives
By white-light endoscopy, dysplastic and nondysplastic Barrett 
metaplasia can be indistinguishable. Although expert endo-
scopists report that dysplasia frequently is associated with 
visible abnormalities (e.g. ulcerations, nodules, mucosal and 
vascular irregularities), those abnormalities often are subtle and 
easily overlooked [237]. In addition, dysplasia can be patchy 
both in extent and severity, factors contributing to the substan-
tial problem of biopsy sampling error for dysplasia in Barrett 
esophagus [213,238,239]. Endoscopists traditionally have used 
a four-quadrant biopsy sampling system (the Seattle biopsy pro-
tocol) that was designed to maximize the chance of finding an 
endoscopically inconspicuous lesion, but it is clear that this 
system can miss dysplastic areas [238,240]. For patients found 
to have dysplasia, foci of invasive cancer can be missed due to 
sampling error. In older series of patients who had esophagec-
tomy for high–grade dysplasia in Barrett esophagus, a number 
of studies suggested that invasive cancer was present in 30% to 
40% of the resected specimens [241]. More recently, a critical 
review of those reports has suggested that 13% is a more accu-
rate estimate of the frequency of invasive cancer in this situation 
and, when a careful endoscopic examination excludes all visible 
lesions, the frequency of finding invasive cancer at esophagec-
tomy is only approximately 3% [242].

Researchers have tried to develop new endoscopic techniques 
for recognizing neoplasia in Barrett esophagus, and have tried 
to find alternative markers for cancer risk [243,244]. The recent 
development of high resolution white light endoscopes, which 
use a charge coupled device (CCD) comprising 600 000 to 
1 000 000 pixels, has improved the endoscopic identification of 
dysplasia in Barrett esophagus. Researchers have studied a 
number of alternative endoscopic techniques for recognizing 
dysplasia including chromoendoscopy, autofluorescence endos-
copy, narrow band imaging, optical coherence tomography, 
Raman detection methods and confocal laser endomicroscopy 
[245]. Fluorescently-labeled peptide and lectin probes that bind 
to specific targets on the cell surface have shown promise in 
improving the endoscopic detection of dysplasia [246,247]. 
Other studies have shown that abnormalities in p53 [248] and 
abnormal cellular DNA content (aneuploidy) on flow cytometry 
are associated with dysplasia and cancer progression in Barrett 
esophagus [249]. Cytogenetic abnormalities associated with 
dysplasia also can be detected by FISH [222]. Finally, panels of 
biomarkers that evaluate multiple abnormalities in DNA 
content, gene expression, and DNA methylation have been 
studied and also show promise for risk stratification in Barrett 
esophagus [250–252]. Presently, however, none of these tests 
and techniques has been shown to provide sufficient clinical 
information to justify its routine application in clinical practice. 
Endoscopy with biopsy sampling for dysplasia, despite the many 

Enabling characteristics of cancer cells
In addition to the core physiological attributes of cancer  
cells discussed previously, carcinogenesis is facilitated by two 
“enabling” characteristics: (1) genomic instability and (2) 
tumor-promoting inflammation [221]. During cancer develop-
ment, Barrett epithelial cells display genomic instability mani-
fested as gains or losses in segments of chromosomes that alter 
the cells’ DNA content to yield aneuploid cells [222]. Aneu-
ploidy can be detected by flow cytometry, by fluorescence in situ 
hybridization (FISH), and by automated image cytometry 
[223,224].

Infiltration by immune cells with tumor-promoting effects 
appears to contribute to carcinogenesis in some organs, but 
relatively little is known about this process in Barrett esophagus 
[225,226]. Among the key molecules in tumor-promoting 
inflammation are transcription factors such as NF-κB and 
signal transducer and activator of transcription 3 (STAT3). As 
noted above, NF-κB expression has been found in Barrett meta-
plasia and in Barrett cancers [197,198]. Moreover, NF-κB acti-
vation has been found to increase as Barrett dysplasia progresses 
in severity, as does the expression of active STAT3 [198,227]. 
Increased STAT3 signaling in transformed Barrett cell lines 
enables them to resist bile acid-induced apoptosis [228]. STAT3 
also has been found to regulate the expression of MMP-2 and 
MMP-9, suggesting a link between inflammation and tumor cell 
invasion/metastases [229].

Dysplasia in Barrett esophagus

As discussed above, cancers in Barrett esophagus develop 
through a series of genetic and epigenetic alterations that endow 
the affected cells with growth advantages. As the advantaged 
cells proliferate, they acquire more genetic damage favoring 
even more proliferation until, eventually, autonomous (neoplas-
tic) clones of cells emerge that no longer respond to normal 
growth controls. Some of the same DNA changes that give the 
cells their growth advantages and autonomy also cause morpho-
logical changes in the tissue that the pathologist recognizes as 
dysplasia. Thus, dysplasia can be viewed as the histological 
expression of genetic alterations that favor cell growth and neo-
plasia [230].

Dysplasia is categorized as low-grade or high-grade depend-
ing on the degree of histological abnormalities. Histological 
changes similar to those of low-grade dysplasia can be seen in 
nonneoplastic tissue that is regenerating in response to injury 
from reflux esophagitis, and it can be difficult for pathologists 
to distinguish low-grade dysplasia in Barrett esophagus from 
reactive changes caused by reflux esophagitis. Consequently, 
interobserver agreement among experienced pathologists for 
the diagnosis of low-grade dysplasia is poor (<50%) [230–234]. 
Interobserver agreement is better (approximately 85%) for high-
grade dysplasia, but far from perfect. There is also substantial 
disagreement among pathologists when distinguishing high-
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Relatively few studies provide meaningful data on the rate at 
which high-grade dysplasia in Barrett esophagus progresses to 
cancer, and reported estimates vary considerably. Hameeteman 
and colleagues described eight patients with high-grade dyspla-
sia in Barrett esophagus, five (63%) of whom were found to have 
adenocarcinomas on repeat endoscopic examinations per-
formed within 1 year [258]. Reid and colleagues reported a 59% 
5 year cumulative cancer incidence among 76 patients with 
high-grade dysplasia in Barrett esophagus [249]. However, 
Schnell and colleagues observed a much lower cancer incidence 
in his 75 patients with high-grade dysplasia in Barrett esopha-
gus, only 12 of whom (16%) developed adenocarcinoma during 
a mean follow-up period of 7.3 years [253]. The reasons under-
lying the large disparities in the results of these three studies are 
not clear. In Schnell’s series, it is possible that “over-reading” of 
dysplastic changes contributed to the low incidence of adeno-
carcinoma [259]. In addition, Schnell’s analysis excluded 
patients who were found to have cancer within 1 year of the 
diagnosis of high-grade dysplasia, because the investigators 
considered those cancers to be prevalent (present at the first 
endoscopy but missed because of sampling error) rather than 
incident malignancies (developing during the period of 
follow-up). This exclusion criterion would have disqualified all 
of the five patients with cancer described by Hameeteman [258], 
and would have reduced the 5 year cumulative cancer incidence 
in Reid’s series from 59% to 31% [260].

Buttar found that the extent of high-grade dysplasia in Barrett 
esophagus correlated with the risk for adenocarcinoma [261]. 
In that report, high-grade dysplasia was defined as “focal” if the 
histological abnormalities were confined to a single focus 
involving up to 5 crypts, and as “diffuse” when those features 
were seen in more than 5 crypts or in multiple biopsy speci-
mens. The cumulative cancer incidence at 3 years was 56% for 
the 67 patients with diffuse high-grade dysplasia, compared to 
only 14% for the 33 patients initially found to have focal high-
grade dysplasia. However, the histological criteria for focal or 
diffuse dysplasia used in this study were arbitrary, there is no 
clear consensus on this classification among gastrointestinal 
pathologists, and these observations require confirmation [262]. 
Indeed, other investigators have not confirmed the observation 
that focal high-grade dysplasia is associated with such a low 
cancer risk [262,263].

In summary, it appears that patients with nondysplastic 
Barrett esophagus develop low-grade dysplasia at the rate of 
approximately 4.0% per year, and high-grade dysplasia at the 
rate of 0.9% per year [255]. The overall rate of cancer develop-
ment in patients with nondysplastic Barrett esophagus is 
approximately 0.25% per year. For patients with high-grade dys-
plasia, the rate of demonstrable cancer development is approxi-
mately 6% per year [1,230]. For patients with low-grade dysplasia 
in Barrett esophagus, the incidence of cancer is so poorly 
defined that it is not possible to provide a precise estimate [1]. 
Presumably, that incidence is greater than that of the general 
population of patients with Barrett esophagus (0.25% per year), 

shortcomings, remains the clinical standard for managing 
patients with Barrett esophagus.

Histopathological perspectives
Although cancers in Barrett esophagus are thought to evolve 
from nonneoplastic metaplasia to low-grade dysplasia, to high-
grade dysplasia and to adenocarcinoma, this orderly sequence 
of progression is documented only infrequently. For patients 
with verified dysplasia, subsequent endoscopies often reveal no 
dysplastic epithelium, or patchy areas of dysplasia with varying 
severities [234,249,253]. Furthermore, adenocarcinomas have 
been found in patients whose previous surveillance biopsy spec-
imens revealed only low-grade, or even no dysplasia 
[233,253,254]. It is not clear whether these findings are the 
result of biopsy sampling error, of true regression or rapid pro-
gression of dysplasia between surveillance endoscopies, or of 
cancers developing directly from metaplastic epithelium that 
does not manifest dysplastic changes. One recent study suggests 
that patients who have Barrett esophagus develop low-grade 
dysplasia at the rate of 4.3% per year, and high-grade dysplasia 
at the rate of 0.9% per year [255].

Reports on the natural history of low-grade dysplasia in 
Barrett esophagus yield contradictory data, perhaps due to poor 
agreement among pathologists regarding the diagnosis. In a 
series of 48 patients with low-grade dysplasia followed for a 
mean duration of 41 months, five (10%) progressed to high-
grade dysplasia (four patients) or adenocarcinoma (one patient) 
[256]. Another group described a 12% cumulative incidence of 
adenocarcinoma at 5 years for 43 patients with low-grade dys-
plasia on baseline endoscopy [249]. Skacel and colleagues fol-
lowed 25 patients with low-grade dysplasia for a mean duration 
of 26 months, during which seven (28%) progressed to high-
grade dysplasia (five patients) or adenocarcinoma (two patients) 
[233]. In this series, agreement among pathologists in the diag-
nosis of low-grade dysplasia was associated with neoplastic pro-
gression. Seven of the 17 patients (41%) in whom at least two 
of the three study pathologists agreed on the diagnosis of low-
grade dysplasia exhibited progression, while progression was 
seen in four of the five patients (80%) for whom there was 
unanimous agreement among the study pathologists. One study 
that included 156 patients with low-grade dysplasia described a 
cancer incidence of 0.6% per year [255]. In a recent Dutch study 
in which pathology slides for 147 patients who had low-grade 
dysplasia diagnosed at community hospitals were reviewed by 
two expert pathologists, the experts confirmed the diagnosis in 
only 15% of cases [257]. When the diagnosis was down-graded 
to “no dysplasia” or “indefinite for dysplasia” neoplastic devel-
opment was unusual. In contrast, when low-grade dysplasia was 
confirmed by the experts, the cumulative risk of neoplastic pro-
gression was 85% at 109 months. Finally, in a recent American 
study of 210 patients with low-grade dysplasia followed for a 
mean of 6.2 years, the annual rate of progression was only 0.4% 
and a consensus diagnosis among the pathologists of low-grade 
dysplasia was not associated with neoplastic progression [70]
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cancer (hazard ratio [HR] 0.43; 95% confidence interval [CI], 
0.21–0.83) [271]. In an Australian study of 350 Barrett patients 
followed for a median of 4.7 years, patients who delayed using 
PPIs for 2 years or more after the diagnosis of Barrett esophagus 
had a significantly increased risk for developing low-grade dys-
plasia (HR 5.6; 95% CI, 2.0–15.7), and for developing high-
grade dysplasia and cancer (HR 20.9; 95% CI, 2.8–158) [272]. 
In a recent, multicenter prospective cohort study of 540 Barrett 
patients followed for a median of 5.2 years, the use of PPIs at 
inclusion in the study or during the follow-up period signifi-
cantly reduced the risk of neoplastic progression (HR 0.41; 95% 
CI, 0.18–0.93 and HR, 0.21; 95% CI, 0.07–0.66) [273].

For patients with Barrett esophagus, the elimination of heart-
burn by antisecretory therapy is no guarantee that acid reflux 
has normalized. A number of studies have shown that Barrett 
patients may be rendered asymptomatic by PPIs given in 
dosages that fail to normalize esophageal acid exposure 
[267,274–276]. For example, in one study of 48 patients with 
Barrett esophagus, 50% had persistently abnormal acid expo-
sure documented by esophageal pH monitoring while they were 
receiving dosages of PPIs that abolished symptoms [276]. 
However, persistently abnormal esophageal acid exposure also 
was found in 42% of 62 similarly treated (and also asympto-
matic) patients who had GERD without Barrett esophagus. 
Thus, this phenomenon may not be unique to patients with 
Barrett esophagus.

In patients with GERD who are treated with PPIs, lower 
healing rates of reflux esophagitis have been reported for those 
with Barrett esophagus than for those who have esophagitis of 
similar severity but without columnar metaplasia [277]. Thus, 
it has been suggested that patients with Barrett esophagus are 
unusually resistant to PPI treatment [276]. One study has sug-
gested that this problem is not due to gastric resistance to the 
antisecretory effects of PPIs, because Barrett patients treated 
with high doses of esomeprazole exhibited gastric acid suppres-
sion to levels similar to those reported for normal individuals 
[278]. However, despite the significant decrease in gastric acidity 
with the high dose of PPIs, up to 23% of the Barrett patients still 
had abnormal esophageal acid exposure. This suggests that the 
“PPI resistance” in patients with Barrett esophagus is a conse-
quence of their profound reflux diathesis. In other words, PPIs 
may reduce gastric acid secretion appropriately, but the little 
acid that remains in the stomach refluxes into the esophagus 
because of the strong reflux diathesis, and so pathological levels 
of acid reflux persist despite effective gastric acid suppression.

Medical therapy for GERD in Barrett esophagus focuses 
almost exclusively on acid suppression with PPIs, which do not 
eliminate the reflux of other noxious gastric material such as 
bile acids. Some have proposed that surgical antireflux therapy, 
which controls the reflux of all potentially damaging gastric 
material, might be more effective than antisecretory therapy for 
preventing cancer in Barrett esophagus [279]. Although some 
observational studies have found fewer cases of dysplasia and 
cancer among patients with Barrett esophagus who had 

and less than that of patients with high-grade dysplasia (6%  
per year).

Management of patients with  
Barrett esophagus

The management of patients with Barrett esophagus involves 
three major components: (1) treatment of the associated GERD; 
(2) endoscopic surveillance to detect dysplasia; and (3) treat-
ment of dysplasia.

Treatment of GERD in Barrett esophagus
The general approach to the treatment of GERD for patients 
with Barrett esophagus is very similar to that recommended for 
patients who have GERD without Barrett esophagus [264]. 
However, many advocate maintenance therapy with a PPI, irre-
spective of the severity of the underlying GERD. This practice 
is based on indirect evidence suggesting that acid reflux pro-
motes carcinogenesis in Barrett metaplasia, and that aggressive 
control of acid reflux may interfere with carcinogenesis.

The indirect evidence that acid suppression might prevent 
carcinogenesis in Barrett esophagus includes the observation 
that acid causes DNA double-strand breaks in Barrett epithelial 
cells in vitro and in Barrett esophagus in vivo [265]. DNA 
double-strand breaks can lead to genomic instability, and agents 
that induce double-strand breaks can be considered carcino-
gens. Thus, effective acid suppression would limit exposure to 
this carcinogen.

Brief esophageal acid exposure in vivo also activates the 
MAPK pathways in Barrett esophagus [266]. In a clinical study 
in which esophageal biopsy specimens were taken from Barrett 
patients at baseline and after 6 months of antireflux therapy, the 
expression of proliferating cell nuclear antigen (PCNA, a prolif-
eration marker) decreased significantly in biopsy specimens 
from 24 patients in whom treatment had normalized esopha-
geal acid exposure, but not in the 15 with persistently abnormal 
acid reflux [267]. Another group found no significant change in 
the proliferative activity of Barrett esophagus in 22 patients 
treated with a PPI for 2 years, whereas proliferative activity 
increased significantly in 23 patients treated for the same time 
with a histamine H2-receptor antagonist, which is far less effec-
tive at reducing gastric acid secretion [268]. During PPI therapy, 
most patients with Barrett esophagus develop partial regression 
of Barrett epithelium, which takes the form of islands of squa-
mous epithelium that appear within their metaplastic columnar 
lining [269].

In a long-term follow-up of 236 patients with Barrett esopha-
gus, a Kaplan-Meier survival analysis showed that, at 10 years, 
the cumulative incidence of dysplasia was 21% for the patients 
who received PPI therapy, compared to 58% for the patients not 
treated with PPIs [270]. In an update of this study that included 
344 patients, a PPI prescription was associated with a significant 
reduction in the risk of developing high-grade dysplasia and 
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patients with Barrett esophagus succumb far more often to 
common illnesses like coronary artery disease than to esopha-
geal adenocarcinoma. Thus, overall mortality in patients with 
Barrett esophagus appears to be affected only slightly by their 
higher frequency of esophageal cancer.

Observational studies have shown that some patients with 
Barrett esophagus have had curable neoplasms detected by 
endoscopic surveillance, and that asymptomatic cancers discov-
ered in surveillance programs are less advanced than those 
found when patients present to the hospital with cancer symp-
toms like dysphagia and weight loss [293–296]. For example, 
Corley and colleagues reviewed the records of 589 patients who 
had adenocarcinomas at the gastroesophageal junction, only 23 
of whom were known to have had Barrett esophagus before the 
cancer was discovered [295]. Fifteen of those 23 patients had 
the cancer discovered during endoscopic surveillance for Barrett 
esophagus and 11 of those (73%) survived, while there were no 
survivors among eight patients who were not in surveillance 
and whose cancers were discovered when they presented with 
symptoms of dysphagia and weight loss. However, such obser-
vational studies are subject to a number of biases (e.g. healthy 
volunteer bias, lead-time bias, length-time bias) that might 
inflate the benefits of surveillance programs [297]. Although 
these observational studies document the feasibility of endo-
scopic surveillance for detecting curable neoplasia, no study has 
established the reliability of surveillance in that regard. Indeed, 
reports have documented the development of incurable esopha-
geal malignancies in some patients despite their participation in 
endoscopic surveillance programs [293,294].

Surveillance programs seek to detect curable neoplasms in 
the form of dysplasia and early cancers, but the mere detection 
of these lesions cannot prolong survival. To prolong survival, 
there must be an effective treatment that prevents the progres-
sion of curable neoplasms to incurable cancers. Traditionally, 
the only treatment available for dysplasia and early cancer in 
Barrett esophagus was esophagectomy, a procedure associated 
with considerable morbidity and mortality. For older patients 
with comorbidities, the risks of esophagectomy often exceeded 
the benefits [298]. When the only treatment for dysplasia was 
esophagectomy, it made little sense to recommend endoscopic 
surveillance for any patient who was not fit enough for that 
major operation. Today, however, dysplasia can be treated with 
endoscopic eradication therapy that is far less invasive and 
better tolerated than esophagectomy. Although studies have not 
yet proved that endoscopic eradication therapy prolongs life for 
patients found to have dysplasia during surveillance programs, 
the availability of endoscopic treatment has substantially 
expanded the population of patients who might benefit from 
surveillance. In other words, patients no longer need to be fit 
enough to undergo esophagectomy in order to justify endo-
scopic surveillance.

A number of modeling studies have supported the practice 
of endoscopic screening and surveillance for Barrett esophagus 
[299–306]. Cost-efficacy studies often use a benchmark value of 

fundoplication than among those who had received medical 
treatment [280,281], high quality studies find no significant dif-
ference in cancer incidence between medically and surgically 
treated GERD patients. For example, during a 10–13 year 
follow-up of patients who had participated in a randomized trial 
of medical and surgical therapies for complicated GERD, four 
of 165 patients (2.4%) in the medical group and one of 82 (1.2%) 
in the surgical group developed an esophageal adenocarcinoma 
[282]. The difference between the treatment groups in the inci-
dence of this tumor was not statistically significant but, with 
such a low observed rate of cancer development, the study did 
not have sufficient statistical power to detect small differences 
in the incidence of esophageal cancer. However, other studies 
using very large patient databases [283–285] and metaanalyses 
[286,287] also have found no superior cancer-preventive effects 
for antireflux surgery compared to medical GERD therapy. 
These data suggest that antireflux surgery should not be advised 
with the expectation that the procedure will prevent esophageal 
cancer better than medical treatment.

Endoscopic surveillance for dysplasia
Although a number of medical societies recommend endo-
scopic surveillance for patients with Barrett esophagus, there is 
no proof (in the form of a randomized control trial) that surveil-
lance is beneficial. The rationale for endoscopic surveillance for 
patients with Barrett esophagus includes the following assump-
tions: (1) without interventions based on surveillance, patients 
with Barrett esophagus have decreased survival because of 
deaths from esophageal adenocarcinoma; (2) Surveillance will 
reliably detect dysplasia in Barrett esophagus; and (3) treatment 
of the dysplasia found by surveillance will prolong survival and 
improve quality of life by preventing death and morbidity from 
esophageal cancer.

In several small series, survival for patients with Barrett 
esophagus did not differ significantly from that for control sub-
jects in the general population [288–290]. Such small studies 
might not have the statistical power to demonstrate a small 
decrement in survival. However, in a large, population-based 
study comprising 7413 person years of follow-up in 2373 
patients with Barrett esophagus, Anderson and colleagues 
found that overall mortality in the Barrett patients was not 
increased above that of the general population of Northern 
Ireland [291]. In contrast, Solaymani-Dodaran found that 1677 
patients with Barrett esophagus had a 37% increase in mortality 
compared to a standard reference cohort of 13 416 individuals 
representing the general population of the United Kingdom 
[292]. Approximately 45% of the excess mortality in the Barrett 
patients was due to esophageal cancer, with the remainder due 
to other causes, mostly cardiovascular disease.

Available data suggest that the incidence of esophageal ade-
nocarcinoma and the frequency of deaths due to esophageal 
cancer for patients with Barrett esophagus are increased signifi-
cantly above the general population. Nevertheless, esophageal 
cancer is an uncommon cause of death in Barrett patients. Older 
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studies on treatments for dysplasia in Barrett esophagus is con-
siderably less than 5 years, and this factor severely limits the 
conclusions that can be drawn regarding the efficacy of therapy.

For patients with verified high-grade dysplasia in Barrett 
esophagus, three management options have been proposed: (1) 
intensive endoscopic surveillance in which invasive therapies 
are withheld until biopsy specimens reveal adenocarcinoma; (2) 
esophagectomy; and (3) endoscopic eradication therapy. All 
three choices are associated with significant risks and uncertain 
benefits.

Intensive endoscopic surveillance
Until very recently, a program of expectant management with 
intensive endoscopic surveillance (endoscopy every 3–6 
months) was considered a valid management option for patients 
with high-grade dysplasia in Barrett esophagus [27]. This 
approach was based on the findings of several observational 
studies. Schnell and colleagues described 12 patients who devel-
oped adenocarcinoma during intensive endoscopic surveillance 
for high-grade dysplasia in Barrett esophagus [253]. The cancers 
were deemed potentially curable at the time of detection in all 
11 patients who were compliant with the surveillance program, 
but one patient who was lost to follow-up returned 10 years later 
with an unresectable tumor. In Reid’s series of 32 patients with 
high-grade dysplasia who developed adenocarcinoma during 
intensive endoscopic surveillance, only one patient (3%) had 
incurable disease (metastases) when the cancer was first detected 
on surveillance endoscopy [314]. Weston and colleagues per-
formed intensive endoscopic surveillance in 15 patients with 
high-grade dysplasia for a mean duration of 36.8 months, 
during which four developed adenocarcinoma [263]. One of 
those four had metastatic disease, and the authors concluded 
that an observational approach to the management of high-
grade dysplasia should be discouraged. These studies showed 
that intensive endoscopic surveillance generally was safe, but 

up to $50 000 per life year saved as something that society deems 
to be worthwhile. Provenzale and colleagues estimated that sur-
veillance performed at 5 year intervals would cost $98 000 per 
quality adjusted life year [299]. Although this exceeds the 
$50 000 benchmark value, it remains within a range that might 
be considered defensible. All of the other studies estimate that 
endoscopic screening and surveillance for patients with Barrett 
esophagus could cost less than $50 000 per life year saved under 
certain circumstances. Unfortunately, the computer models are 
not definitive because they rely on many soft data and question-
able assumptions. Furthermore, the internal programs of the 
models are largely “black boxes,” with no external means to 
validate their accuracy.

The major points of the arguments for and against endoscopic 
surveillance for Barrett esophagus are summarized in Table 
52.1. There have been numerous debates at medical meetings 
and in medical journals regarding the wisdom of surveillance 
for Barrett esophagus, with no clear winners. Presently, most 
gastroenterology societies recommend endoscopic surveillance 
for patients with Barrett esophagus [23,27,307].

Treatment of dysplasia in Barrett esophagus
When evaluating reports on treatments for dysplasia in Barrett 
esophagus, it is important to consider the issue of what consti-
tutes adequate follow-up. Specifically, when can the patient 
treated for dysplasia be considered “cured?” Patients treated for 
carcinomas traditionally are deemed cured if there is no evi-
dence of recurrence at 5 years, because it is assumed that any 
cancer cells that survived the treatment would have become 
clinically manifest within that time period. As discussed above, 
however, it often takes considerably longer than 5 years for 
dysplasia to progress to invasive cancer. Consequently, it is not 
appropriate to conclude that the cancer risk has been eliminated 
for a patient who has survived 5 years after treatment of dyspla-
sia. Unfortunately, the follow-up duration in most reported 

Table 52.1 Arguments for and against endoscopic surveillance for patients with Barrett esophagus.

Against For

No randomized controlled trial has established efficacy in preventing 
deaths from esophageal cancer

No randomized controlled trial establishing efficacy will be available in 
the foreseeable future

Some observational and computer model studies show no reasonable 
benefit for patients in surveillance programs [302,308–310]

Some observational and computer model studies show reasonable 
benefit for patients in surveillance programs [295,299,301,304]

Endoscopy has medical risks The medical risks of elective endoscopy are minimal, and no study has 
found decreased survival for patients in surveillance programs [311]

A diagnosis of Barrett esophagus has adverse consequences (anxiety, 
decreased quality of life, higher life insurance costs) [312,313]

The adverse consequences of diagnosing Barrett esophagus are far 
less serious than missing the opportunity to cure esophageal cancer

Endoscopy is expensive Some computer models show reasonable cost / benefit for 
surveillance in extending life / years [299,301,304]

The large majority of patients derive no benefit from surveillance For some patients, surveillance can be life-saving

Source: Adapted with permission from Spechler SJ [2]. Copyright © 2010 American Medical Association. All rights reserved.
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more reflux and eating problems than endoscopy patients, while 
endoscopy patients reported significantly higher fear of cancer 
recurrence than surgery patients.

In summary, esophagectomy for early neoplasia in Barrett 
esophagus definitively removes all of the esophagus at increased 
risk for malignancy, provides a specimen that can be examined 
for evidence of invasion (unlike endoscopic ablation proce-
dures), and obviates the concern that local lymph nodes might 
contain metastases (unlike endoscopic therapy). When per-
formed in otherwise healthy individuals, the mortality rate for 
the operation is generally less than 3%, and the long-term quality 
of life is good in most cases. Thus, even with the widespread 
availability of endoscopic therapy, esophagectomy still warrants 
serious consideration, especially for younger patients who have 
extensive Barrett metaplasia with multiple areas of dysplastic 
foci that can be difficult to eradicate endoscopically [322].

Endoscopic eradication therapy
Endoscopic eradication therapy can be performed using the 
techniques of endoscopic ablation, endoscopic mucosal resec-
tion, or any combination of these modalities. Endoscopic abla-
tion is the use of endoscopic techniques that deliver damaging 
energy to the esophagus with the intent of destroying the Barrett 
metaplasia. Since the intent is to destroy tissue, ablation does 
not provide a specimen for histologic analysis. Endoscopic 
mucosal resection is a technique that removes large segments of 
the esophageal mucosa and submucosa, providing specimens 
that are submitted for histological examination. The term 
“endoscopic eradication therapy” is used to describe the use of 
one or any combination of these endoscopic modalities with the 
specific goal of completely eradicating all of the Barrett meta-
plasia, both dysplastic and nondysplastic [323].

Endoscopic eradication therapy can cure neoplasms confined 
to the Barrett mucosa, but cannot cure cancers that have metas-
tasized to lymph nodes. A recent systematic review has clarified 
the frequency of lymph node metastases in patients with 
mucosal neoplasms [324]. The authors searched for reports that 
included patients who had esophagectomy for high-grade dys-
plasia or intramucosal carcinoma in Barrett esophagus, and who 
had final surgical pathology results reported, including lymph 
node status. Among 70 relevant articles, there were a total of 
1874 patients who had esophagectomy for mucosal neoplasms. 
Lymph node metastases were identified in the resection speci-
men in 26 patients, for an overall frequency of 1.39% (95% CI, 
0.86–1.92). There were no metastases in the 524 patients with 
high-grade dysplasia, and metastases were found in 26 of the 
1350 patients with intramucosal carcinoma, for a frequency of 
1.93% (95% CI. 1.19–2.66).

The aforementioned systematic review suggests that endo-
scopic eradication therapy cannot cure 1%–2% of patients with 
mucosal neoplasms because they already have lymph node 
metastases [324]. Although esophagectomy has the potential to 
cure those patients, the risk of lymph node metastases alone 
does not appear to warrant the choice of esophagectomy over 

even patients who were compliant with the programs occasion-
ally developed incurable cancers. With the availability of endo-
scopic eradication therapy, the AGA and ASGE no longer 
recommend intensive endoscopic surveillance for patients with 
high-grade dysplasia who are deemed fit enough for endoscopic 
treatment [23,307].

Esophagectomy
Esophagectomy, which removes both the abnormal esophagus 
and adjacent lymph nodes that might harbor metastases, is the 
most definitive but most risky (in terms of procedure-related 
morbidity and mortality) of the treatments for dysplasia in 
Barrett esophagus. During hospitalization for esophagectomy, 
30%–50% of patients develop at least one serious postoperative 
complication (e.g. pneumonia, arrhythmia, myocardial infarc-
tion, heart failure, wound infection, anastomotic leaks) [315–
317]. Reported mortality rates for esophagectomy are high, and 
they vary with the frequency with which the operation is per-
formed at any given medical center. In a study of data from the 
Dutch National Medical Registry, for example, the mortality 
rates for esophagectomy were 12.1%, 7.5%, and 4.9% at centers 
performing 1–10, 11–20, and >50 esophagectomies per year, 
respectively [318]. However, estimated mortality rates for 
esophagectomy have been based largely on series of patients 
with symptomatic esophageal cancer, many of whom are elderly 
and debilitated. Substantially lower mortality rates (generally 
<3%) are described in more recent reports on esophagectomy 
performed to treat younger and otherwise healthy patients with 
dysplasia in Barrett esophagus (reviewed in [1]).

Esophagectomy can have substantial long-term morbidity, 
with symptoms like dysphagia, early satiety, loss of appetite and 
fatigue that seriously impair the quality of life. However, most 
studies that have addressed the issue of quality of life after 
esophagectomy have included primarily patients with advanced 
esophageal cancer, and the results of those studies may not be 
applicable to patients with early neoplasia in Barrett esophagus. 
Several studies that focused on quality of life primarily in 
patients who had esophagectomy for high-grade dysplasia or 
early cancer in Barrett esophagus suggest that these patients 
generally have a good, long-term quality of life after the opera-
tion. One study of 34 such patients found that short form 
(SF)-36 results obtained at a mean of 46 months after esophagec-
tomy were equal to or better than those of a healthy control 
population [319]. Another study included 36 patients who had 
esophagectomy for high-grade dysplasia or intramucosal carci-
noma and who were followed for a mean duration of 4.9 years. 
Similar to the previous study, SF-36 scores for the patients were 
similar to those of age- and sex-matched control subjects [320]. 
One study compared SF-36 scores 12 to 60 months after treat-
ment in 27 patients who had esophagectomy and 64 patients 
who had endoscopic treatment for early Barrett neoplasia [321]. 
No statistically significant differences between endoscopy and 
surgery patients were found in the mean scores of the eight 
subscales of the SF-36. Surgery patients reported significantly 
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ablation of high-grade dysplasia in Barrett esophagus, 138 
patients were treated with PDT plus omeprazole 20 mg BID, and 
70 received omeprazole 20 mg BID alone (without PDT) 
[333,334]. No dysplasia was seen on repeat endoscopy in 77% 
of the patients treated with PDT, and in 39% of the patients who 
received omeprazole alone (P < 0.0001). During up to 5 years 
of follow-up, 15% of the PDT patients developed cancer, com-
pared to 29% of those treated with omeprazole alone (P = 0.027). 
There was no procedure-related mortality, but 69% of the 
patients who received PDT developed photosensitivity reac-
tions and 36% developed esophageal strictures that required one 
or more sessions of dilation therapy. Although these results 
show that PDT is clearly superior to omeprazole alone for eradi-
cating dysplasia and preventing cancer in Barrett esophagus, the 
frequency of serious complications is disconcerting, as is the 
fact that 15% of the patients who received PDT developed 
cancer.

Radiofrequency ablation (RFA)
RFA uses endoscopic guidance to position a balloon with a 
circumferential array of electrodes to deliver radiofrequency 
energy to the Barrett esophagus [335,336]. Using a generator to 
control the power, density and duration of the radiofrequency 
energy applied, RFA was designed to inflict a uniform, circum-
ferential thermal injury of limited depth. There is also a smaller, 
endoscope-mounted, paddle-shaped RFA device that is used to 
destroy localized segments of metaplasia. In one uncontrolled 
study in which a combination of the balloon-based and focal 
RFA devices was used, complete eradication of Barrett metapla-
sia was accomplished in 60 (98%) of 61 patients [337].

In a multicenter, randomized, sham-controlled trial of RFA, 
127 patients with dysplasia in Barrett esophagus (64 low-grade, 
63 high-grade) were randomized to receive either RFA (ablation 
group) or a sham endoscopic procedure (control group) [338]. 
At 1 year, intention-to-treat analyses revealed complete eradica-
tion of low-grade dysplasia in 90.5% of patients in the ablation 
group, compared to 22.7% of those in the control group 
(P < 0.001). Similarly, complete eradication of high-grade dys-
plasia was found in 81.0% of patients in the ablation group, 
compared to 19.0% of those in the control group (P < 0.001). 
Complete eradication of intestinal metaplasia was found in 
77.4% of all patients in the ablation groups, compared to 2.3% 
of those in the control group (P < 0.001). In addition, patients 
in the ablation group had less progression in their degree of 
neoplasia (3.6% vs. 16.3%; P = 0.03) and fewer cancers noted 1 
year later (1.2% vs. 9.3%; P  =  0.045). Serious complications 
occurred in 6 (7%) of the 84 patients who received ablation, 
including one upper gastrointestinal hemorrhage and five 
esophageal strictures.

Although RFA and PDT have not been compared directly in 
a head-to-head trial, available data suggest that RFA is at least 
as good (and probably better) than PDT for eradicating high-
grade dysplasia, and RFA has substantially fewer serious com-
plications. RFA is also considerably easier to administer than 

endoscopic therapy for patients with mucosal neoplasms. This 
is because esophagectomy has a mortality rate that may well 
exceed the rate of lymph node metastases, and there is no guar-
antee that esophagectomy will cure a tumor that already has 
metastasized to lymph nodes.

For neoplasms that extend into the submucosa, the fre-
quency of lymph node metastases often exceeds 20% [325]. 
Although a German group has reported excellent outcomes for 
endoscopic therapy in highly selected patients with superficial, 
“low-risk” submucosal invasion [326], a study from the Mayo 
Clinic suggests that approximately 13% of patients with super-
ficial submucosal invasion have lymph node metastases [327]. 
Consequently, endoscopic therapy generally is not recom-
mended for patients whose neoplasms involve the submucosa. 
When considering endoscopic eradication therapy, therefore, 
accurate T staging is essential. Endoscopic ultrasonography 
(EUS), the best of the noninvasive techniques available for T 
staging esophageal tumors, accurately identifies the T stage for 
early esophageal cancers in only 50%–60% of cases [328]. In 
contrast, studies have found excellent T stage agreement 
between preoperative endoscopic mucosal resection (EMR) 
findings and histological examination of esophagectomy  
specimens for patients with neoplasia in Barrett esophagus 
[329]. Therefore, in addition to its role as an eradication pro-
cedure, EMR is a valuable staging procedure for identifying 
submucosal invasion that might not be apparent by less invasive 
techniques.

Endoscopic ablation
Endoscopic ablative therapies (e.g. KTP, argon, Nd:YAG laser; 
multipolar electrocoagulation; argon plasma coagulation; pho-
todynamic therapy; cryoablation; radiofrequency ablation) have 
used thermal, photochemical and radiofrequency energy to 
ablate the abnormal epithelium in Barrett esophagus [323,330–
332]. After the epithelium is ablated, patients are given potent 
antireflux therapy (usually PPIs) so that the injured mucosa 
heals with the growth of new squamous epithelium. Early 
reports on ablative therapies for dysplasia in Barrett esophagus 
were not randomized or controlled, involved small numbers of 
patients, and had short durations of follow-up. Consequently, 
the conclusions that could be drawn from those studies were 
very limited. Randomized controlled trials are now available for 
two of the ablative modalities: photodynamic therapy (PDT) 
and radiofrequency ablation (RFA).

Photodynamic therapy (PDT)
For PDT, patients are given a systemic dose of a light-activated 
chemical (usually a porphyrin or porphyrin precursor) that is 
taken up by the esophageal cells. The esophagus is then irradi-
ated using a low-power laser that activates the chemical, which 
transfers the energy acquired from laser light to oxygen. This 
results in the formation of singlet oxygen, a toxic molecule that 
destroys the abnormal cells and their vasculature. In a multi-
center, randomized trial of PDT using porfimer sodium for 
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statistically significant difference in overall, long-term survival 
for patients treated with either of the therapies, although 6.2% 
of the patients treated with endoscopically developed esopha-
geal cancer during the follow-up period.

A report of the largest experience with endoscopic therapy for 
mucosal neoplasms in Barrett esophagus published to date 
describes the long-term results of endoscopic therapies in 349 
patients who had high-grade dysplasia or mucosal adenocarci-
noma in Barrett esophagus [346]. Endoscopic treatments 
included EMR alone for 279 patients, PDT alone for 55, EMR 
and PDT combined for 13, and argon plasma coagulation alone 
for two patients. A complete remission (complete elimination of 
the neoplastic lesion and at least one follow-up endoscopy 
showing no neoplasia) was achieved in 97%. However, during a 
mean follow-up of 64 months, metachronous neoplasms were 
discovered in 21%. The investigators noted that a major risk 
factor for these metachronous lesions was failure to eradicate the 
residual Barrett epithelium. Metachronous neoplasms occurred 
in 17% of 200 patients who had their Barrett epithelium ablated 
after the primary neoplasm was removed, but in 30% of the 137 
patients whose Barrett epithelium was not ablated. Based largely 
on this experience, experts now recommend that endoscopic 
eradication therapy for mucosal neoplasms in Barrett esophagus 
should include an attempt to eradicate all of the Barrett mucosa, 
not just the apparent foci of neoplasia.

Unresolved issues regarding endoscopic 
ablative therapy

Noting the technical simplicity, relative safety and apparent effi-
cacy of RFA, some authorities have proposed that even nondys-
plastic Barrett metaplasia should be ablated routinely to prevent 
the development of esophageal cancer [347]. Some even have 
argued that RFA for nondysplastic Barrett esophagus is, in prin-
ciple, equivalent to the widely accepted practice of routinely 
removing all colonic polyps found during colonoscopy [348]. 
To restrict RFA only to Barrett esophagus with neoplasia, they 
contend, would be like limiting colonoscopic polypectomy only 
to polyps that are very large or clearly malignant.

Although these are interesting arguments, there are a number 
of unresolved issues that must temper enthusiasm for using RFA 
to treat patients with nondysplastic Barrett esophagus. First, no 
study has established the efficacy of RFA for cancer prevention 
in those patients. Rather, that efficacy is inferred from studies 
showing that RFA can eliminate visible evidence of Barrett 
metaplasia for a number of years in most patients. Those studies 
do not establish that the cancer risk has been eliminated, largely 
because of the problem of “buried metaplasia” (also called 
buried glands, buried Barrett metaplasia, buried intestinal 
metaplasia or subsquamous intestinal metaplasia).

After endoscopic ablation of Barrett esophagus, biopsy  
specimens of what appears to be normal, new (neo)squamous 
epithelium can reveal metaplastic glands “buried” under the 

PDT. Consequently, RFA has become the endoscopic ablative 
procedure of choice for Barrett esophagus with dysplasia.

Endoscopic mucosal resection
In endoscopic mucosal resection (EMR), a diathermy snare or 
endoscopic knife is used to remove a large segment of esopha-
geal mucosa including a portion of the submucosa [339,340]. 
EMR can be performed using a “suck and cut” method in which 
the endoscopist elevates the dysplastic area by injecting fluid 
into the submucosa, and the elevated mucosa is suctioned into 
a cap that fits over the tip of the endoscope. A polypectomy 
snare is then deployed around the suctioned area to remove it. 
EMR also can be performed without submucosal fluid injection 
using a ligating device, similar to that used for endoscopic 
variceal ligation, that deploys elastic bands around the suc-
tioned mucosal segment [341]. EMR provides large tissue speci-
mens that can be examined by the pathologist to determine the 
character and extent of the lesion, and the adequacy of resec-
tion. As mentioned above, these specimens allow histological 
examination to determine if there is submucosal invasion, 
which is a contraindication to endoscopic eradication therapy. 
Therefore, EMR can be both diagnostic (revealing submucosal 
invasion that might not be apparent by less invasive techniques, 
which would require esophagectomy or other modalities for 
cure), and therapeutic (if there is no submucosal extension and 
no tumor in the margins of the specimen) [245]. Considering 
the depth and size of the mucosal specimens obtained by EMR, 
there have been surprisingly few reports of serious complica-
tions (bleeding, perforation) and virtually no procedure-related 
mortality [342]. However, circumferential EMR frequently is 
complicated by esophageal stricture formation [343].

There are limited data available on long-term survival for 
patients with dysplasia and early cancers in Barrett esophagus 
treated by EMR alone. Ell and colleagues performed EMR on 
100 patients with early adenocarcinomas in Barrett esophagus 
[344]. The mean age of the patients was 62 years, and 69 of the 
100 had short-segment Barrett esophagus. The cancers were 
early, meaning that the tumor diameter was <20 mm, the histol-
ogy was well differentiated, there was no invasion of lymphatics 
or blood vessels, and there were no metastases, submucosal 
invasion or lymph node involvement. EMR resulted in no 
serious complications, and the calculated 5 year survival rate 
was an extraordinary 98%. However, recurrent or metachronous 
cancers were found in 11% of the patients during a mean 
follow-up period of 37 months. The recurrent tumors were 
treated successfully with more endoscopic therapy, but this high 
rate of recurrence shows that EMR often leaves behind cells with 
neoplastic potential.

Endoscopic ablation and EMR combined
Investigators from the Mayo Clinic retrospectively reviewed 
long-term survivals in patients with high-grade dysplasia in 
Barrett esophagus who were treated either with esophagectomy 
or with a combination of EMR and PDT [345]. There was no 
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neoplasia in Barrett esophagus, Anders and colleagues analyzed 
138 EMR specimens that crossed the squamocolumnar junction 
[353]. The investigators found buried glands extending a mean 
distance of 3.3 mm in 108 of the 110 patients (98.2%).

Irrespective of how buried glands form, Zhou and colleagues 
study shows that, after apparent complete eradication of Barrett 
metaplasia by endoscopic therapy, most patients still have 
buried glands located near the SCJ [352]. If those glands retain 
their neoplastic potential, this might explain the high frequency 
of metachronous neoplasia reported in long-term studies of 
patients with mucosal neoplasms in Barrett esophagus treated 
by endoscopic eradication therapy.

Another important unresolved issue relates to the frequency 
with which Barrett metaplasia recurs after initial complete erad-
ication, which remains unclear. Several studies have described 
very low rates of recurrent metaplasia (0% to 9%) in patients 
who had complete eradication of Barrett esophagus by RFA 
[354–356]. Other studies have described much higher rates of 
recurrence. For example, in 47 patients who had RFA with com-
plete eradication of Barrett metaplasia, recurrent intestinal 
metaplasia was detected in 15 patients (32%) during a follow-up 
period ranging from 5–38 months [357]. The reason for the 
differences among these studies is not clear.

Since the frequency and importance of buried metaplasia and 
recurrent Barrett metaplasia remain unclear, patients cannot be 
assured that RFA substantially reduces their long-term risk of 
cancer. Furthermore, RFA does not eliminate the need for sur-
veillance endoscopy. Without better evidence of benefit, it does 
not seem wise to adopt the costly practice of RFA for nondys-
plastic Barrett esophagus at this time.

Role of NSAIDs in prevention of cancer in 
Barrett esophagus

Epidemiological studies have shown that the use of aspirin and 
other NSAIDs, which inhibit cyclooxygenase (COX), are associ-
ated with a decreased risk for developing esophageal cancer 
[64]. One metaanalysis suggests that the use of aspirin and other 
NSAIDs decreases that risk by approximately 40% [63]. The 
specialized intestinal metaplasia of Barrett esophagus exhibits 
increased expression of COX-2 [358], and inhibition of COX-2 
has antiproliferative and proapoptotic effects in Barrett-
associated esophageal adenocarcinoma cell lines [194]. Further-
more, COX-2 inhibitors have been found to prevent the 
development of esophageal adenocarcinoma in an animal 
model of Barrett esophagus [359]. Nevertheless, it is not clear 
that this cancer-preventive benefit outweighs the considerable 
risks of these medications, and the American Gastroenterologi-
cal Association (AGA) position statement presently recom-
mends against the use of NSAIDs solely for cancer prevention 
in Barrett esophagus [23]. Interestingly, cardiovascular deaths 
are more common than deaths from esophageal adenocarci-
noma in Barrett patients and, therefore, the AGA does 

epithelium in the lamina propria. The neoplastic potential of 
these buried glands was established in a recent systematic 
review that found reports describing 34 patients with neoplasms 
found in buried metaplasia after endoscopic ablation of Barrett 
esophagus [349]. The review identified reports of 18 studies in 
which endoscopic biopsy of neosquamous epithelium was per-
formed after RFA of Barrett esophagus in a total of 1004 patients, 
and buried metaplasia was found in only nine cases (0.9%). 
However, the authors of the systematic review noted that, 
although these studies relied on esophageal biopsy specimens 
to detect buried metaplasia, each report lacked crucial informa-
tion on the adequacy of those biopsy specimens for identifying 
buried glands.

Buried metaplastic glands typically are located in the subepi-
thelial lamina propria, and most esophageal squamous mucosal 
biopsies do not sample that deep. In a recent study in which the 
investigators evaluated the adequacy of 1692 biopsy tissue 
pieces of esophageal squamous epithelium, fewer than 11% con-
tained subepithelial lamina propria [350]. Since esophageal 
biopsies sample only a tiny fraction of the esophageal mucosal 
surface, and since the large majority of those biopsy samples are 
not of sufficient depth to be informative for the presence of 
buried metaplasia, the frequency of buried metaplasia after RFA 
has not been clear.

Earlier studies of pinch biopsy and EMR specimens suggested 
that buried metaplasia often could be found in areas where 
Barrett metaplasia abuts squamous epithelium, even in patients 
who had not been treated with ablation therapy. In biopsy speci-
mens from the endoscopic Z-line (the SCJ) in patients with 
unablated Barrett esophagus, for example, buried metaplasia 
has been found in up to 28% of cases [349]. In biopsy specimens 
of squamous islands in Barrett esophagus, buried metaplasia has 
been found in up to 38.5% of cases [349]. One group suggested 
that, as a consequence of extensive biopsy sampling of metaplas-
tic epithelium during endoscopic surveillance, the esophageal 
biopsy sites heal via growth of neosquamous epithelium that 
buries metaplastic glands [351].

Two recent studies suggest that buried metaplasia is very 
common in the region of the squamocolumnar junction in 
Barrett esophagus, even without ablation and extensive biopsy 
sampling. Zhou and colleagues used three-dimensional (3D) 
optical coherence tomography (3D-OCT) to determine the fre-
quency of buried glands in patients with short-segment Barrett 
esophagus before and after treatment with RFA [352]. OCT uses 
light reflected from tissues to construct images of the bowel wall 
with a resolution close to that provided by a low-power micro-
scope, and each 3D-OCT dataset can cover an area some 60-fold 
larger than that sampled by a standard biopsy forceps. The 
investigators identified buried glands by 3D-OCT in 13 (72%) 
of 18 patients before complete eradication, and in 10 (63%) of 
16 patients after complete eradication of visible Barrett meta-
plasia by RFA. The buried glands were found within 5 mm of 
the squamocolumnar mucosal junction (SCJ) in approximately 
two-thirds of cases. In another study of 110 patients with 
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• Although there is no clear consensus on how often endo-
scopic surveillance should be done after RFA dysplasia, when 
we have achieved complete eradication of high-grade dyspla-
sia our protocol is to perform surveillance endoscopy with 
biopsy every 3 months for the first year, every 6 months for 
the next year, and then annually thereafter if no recurrent 
dysplasia is found.

Adenocarcinoma of the esophagus

(See Chapter 53 for discussion of squamous cell cancer of the 
esophagus.)

Clinical suspicion for esophageal cancer
Patients with an esophageal malignancy typically present with 
progressive dysphagia, sometimes with odynophagia, and 
weight loss. Less frequent presenting symptoms such as nonspe-
cific chest or abdominal pain, fatigue, upper gastrointestinal 
bleeding, hoarseness, recurrent pneumonia, cough, hiccups, or 
dyspnea that are not attributable to other causes should prompt 
diagnostic evaluation for an esophageal cancer. This can be done 
initially with either a double-contrast barium esophagram or an 
endoscopy, though an endoscopy generally is preferred as it 
allows tissue sampling to establish a histological diagnosis 
[360,361].

Natural history
The two most frequent histological types of esophageal cancer 
are squamous cell carcinoma and adenocarcinoma and, for most 
of the 20th century, squamous cell carcinoma was by far the most 
common type in the United States. Data from 62 563 patients 
with primary carcinoma of the esophagus or gastric cardia from 
the National Cancer Institute’s (NCI) Surveillance, Epidemiol-
ogy, and End Results (SEER) program between 1973 and 2007 
demonstrate that adenocarcinoma recently has become the pre-
dominant histology in this country [362]. The percentage of 
esophageal cancers in the SEER database that are adenocarcino-
mas has increased from 35% in the 1970s to 61% in the 2000s. 
This is despite the percentage of distal esophageal tumors 
remaining relatively stable around 40%. Advances in esophageal 
cancer diagnosis and treatment are likely responsible for a mean-
ingful improvement in median survival in patients with local or 
regional disease, but not in those with metastatic disease, over 
the last three decades. Patients with local or organ-confined 
esophageal cancers in the 2000s have a median survival of 35 
months as compared to 11 months in the 1970s, while patients 
with regional disease (direct tumor extension into adjacent 
organs or lymph node involvement) have a median survival of 
15 months in the 2000s compared to 10 months in the 1970s 
[362]. Median survival for patients with metastatic disease has 
increased marginally from 4 months in the 1970s to 6 months in 
the 2000s. Additional survival data specific to esophageal adeno-
carcinoma are derived from a surgical series in which patients 

recommend that these patients should have screening to iden-
tify cardiovascular risk factors for which aspirin therapy is indi-
cated [23].

Management recommendations
No management strategy for patients with Barrett esophagus 
has been verified to prolong life. The bulk of the indirect evi-
dence available suggests that acid suppression with PPIs may 
reduce the cancer risk in Barrett esophagus. With that proviso, 
Barrett patients should be treated with a PPI using whatever 
dose is needed to control GERD symptoms and to maintain the 
healing of esophagitis. Routine esophageal pH monitoring to 
verify that esophageal acid exposure has been normalized by 
PPI therapy is not recommended. Antireflux surgery should not 
be prescribed solely as a cancer preventive strategy. There may 
be other valid reasons to recommend this operation but cancer 
prevention is not one of them.

The authors endorse the management policy that has been 
recommended by the AGA [1,23] with minor modifications as 
follows:
• PPIs are the medical therapy of choice for GERD in patients 

with Barrett esophagus. PPIs should be used in conventional 
doses unless higher doses are needed to control GERD symp-
toms or to heal the endoscopic signs of reflux esophagitis.

• Patients with Barrett esophagus should be screened to iden-
tify cardiovascular risk factors for which aspirin therapy is 
indicated.

• Patients with Barrett esophagus should have regular surveil-
lance endoscopy, during which the esophageal mucosa should 
be examined carefully using high-resolution endoscopy. 
Biopsy specimens should be taken from any suspicious areas. 
In addition, four-quadrant esophageal biopsy specimens 
should be obtained every 1 cm to 2 cm throughout the Barrett 
metaplasia.

• For patients who have no dysplasia, surveillance endoscopy 
is recommended at an interval of every 3–5 years.

• When dysplasia is first noted, another endoscopy should be 
performed with extensive biopsy sampling to look for inva-
sive cancer if there is any question regarding the adequacy of 
the initial examination. The histology slides should be inter-
preted by at least two expert pathologists.

• In patients known to have dysplasia, four-quadrant biopsy 
specimens should be taken at intervals of every 1 cm through-
out the length of the Barrett metaplasia. EMR is recom-
mended to sample any visible mucosal irregularities.

• For patients with verified low-grade dysplasia after extensive 
biopsy sampling, surveillance endoscopy is recommended at 
intervals of 6–12 months. Endoscopic eradication therapy is 
also an acceptable option for selected patients with low-grade 
dysplasia.

• For patients with high-grade dysplasia who have no evidence 
of submucosal invasion on EMR of any mucosal irregularities, 
endoscopic eradication therapy using RFA generally is the 
treatment of choice.
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nated SM1 while those that invade the middle and deepest third 
of the submucosa are designated SM2 and SM3, respectively. M2 
and M3 neoplasms are equivalent to T1a tumors and are some-
times called intramucosal carcinomas. SM tumors are equiva-
lent to T1b tumors in the AJCC classification system.

Staging studies
Once a patient has been diagnosed histopathologically with 
esophageal adenocarcinoma and undergone a history and phys-
ical exam, staging studies should be performed to determine the 
appropriate treatment. In general, staging procedures should 
include EUS and, where available, whole body 18F-FDG positron 
emission tomography (PET) along with a dedicated chest and 
abdominal computed tomography (CT) scan, or with a com-
bined PET/CT study. These tests are used to estimate the depth 
of tumor invasion, assess for tumor involvement of periesopha-
geal lymph nodes, and search for distant metastases [369–372]. 
Recent metaanalyses have documented the accuracy of EUS 
staging of esophageal cancer [373–375]. The pooled sensitivity 
and specificity of diagnosing T1 tumors by EUS were 82% and 
99%, for T2 tumors sensitivity and specificity were 81% and 
96%, for T3 tumors 91% and 94%, and for T4 tumors 92% and 
97% [373]. Discrimination between T1a and T1b tumors by 
EUS is also possible with a pooled sensitivity of 85%–86% and 
a pooled specificity of 86%–87% [374]. Nevertheless, endo-
scopic mucosal resection (EMR) is recommended for areas of 
nodularity within lesions judged to be T1a by EUS, because 
EMR often reveals submucosal invasion (T1b) in these nodules.

Detection of regional lymph node involvement by EUS has a 
sensitivity of 80% and specificity of 70% [375]. With the addi-
tion of fine needle aspiration (FNA), EUS sensitivity for detect-
ing regional lymph node involvement increases to 97% [373]. 
By comparison, the sensitivity and specificity of detecting 
involved regional lymph nodes by CT scan are 50% and 83%, 
while those of PET scan are 57% and 85%, respectively [375]. 
For identifying distant esophageal cancer metastases, PET is 
more accurate than combined use of CT and EUS, with a sen-
sitivity of 74% and a specificity of 90% as compared to 47% and 
78% for combined CT and EUS [370]. Sequencing a PET/CT 
study prior to EUS has two advantages: (1) it allows foregoing 
EUS if distant metastases are found, and (2) it may identify 
hypermetabolic periesophageal lymph nodes to target for biopsy 
sampling by FNA [369].

If the esophageal tumor is located at the level of the tracheal 
bifurcation or higher, then bronchoscopy with biopsies and 
brush and washing cytologies should be performed to assess for 
airway invasion [376,377]. Invasion into the trachea renders the 
tumor unresectable [378]. Magnetic resonance imaging (MRI) 
has not been used routinely for staging due to lack of demon-
strated superiority to EUS and PET/CT in determining T and 
N staging, though advances in technique may make MRI more 
useful in the future [379]. Staging laparoscopy should be con-
sidered in distal esophageal and GEJ cancers as this procedure 
is more accurate than either EUS or CT in detecting peritoneal 
metastases, and has been shown to prevent unnecessary 

did not receive any other therapy [363]. In patients with organ-
confined cancer, 5 year overall survival ranged from 50%–80% 
depending on depth of tumor invasion [363,364]. Patients with 
regional disease had a 5 year overall survival of 15%–40%, 
depending on the number of lymph nodes involved [364].

Staging systems
The Worldwide Esophageal Cancer Collaboration (WECC) was 
formed to recommend esophageal staging criteria for the 
seventh edition of the American Joint Committee on Cancer 
(AJCC)’s Staging Manual [363,365]. In this most recent update 
to esophageal cancer staging in 2010, separate staging systems 
for esophageal squamous cell carcinoma and esophageal adeno-
carcinoma were established, and the category of grade (G, i.e. 
differentiation) was added to the tumor (T), node (N), metas-
tasis (M) classification system [366]. In addition, tumor location 
within the esophagus was incorporated into the staging system 
for squamous cell carcinoma. Though these changes might seem 
to complicate the staging process, they were added to align 
staging groups with all-cause, time-related mortality [363]. Sur-
vival data from 4627 patients with resected esophageal or GEJ 
cancer from 13 institutions in North America, Europe, and Asia 
were used to distinguish nine separate groups with similar sur-
vival curves ranging from the predefined stages of stage 0 
(tumor in situ or high-grade dysplasia) to stage IV (metastatic 
disease) [363]. Other changes included expanding the T1 clas-
sification to distinguish mucosal (T1a) and submucosal tumors 
(T1b), a crucial distinction for deciding if endoscopic eradica-
tion therapy is appropriate, and expanding the T4 classification 
to distinguish resectable tumors (T4a) from unresectable 
tumors (T4b); adjusting the N classification to quantify the 
number of involved periesophageal lymph nodes; and removing 
cervical or celiac lymph node involvement from the M1 cate-
gory. Since the WECC data were generated from patients who 
underwent surgical resection, pathologic TNM staging could be 
accurately matched to patient outcome [362]. Overall, patients 
with resected early stage adenocarcinoma fared better than 
those with resected early stage squamous cell carcinoma [363].

Since GEJ tumors have a worse prognosis than more distal 
gastric cancers, GEJ tumors were included with esophageal 
adenocarcinoma for AJCC staging purposes [363]. Siewert and 
colleagues defines GEJ tumors as those centered within 5 cm of 
the GEJ: Siewert type I tumors are distal esophageal tumors that 
cross the GEJ from above, type II tumors are centered at the 
GEJ, and type III tumors are proximal gastric tumors that cross 
the GEJ from below [367].

An additional classification system has been developed for T1 
tumors, driven by the shift towards endoscopic management of 
these superficial tumors, with mucosal (M) and submucosal 
(SM) designations [368]. In this system, intraepithelial neo-
plasms (high-grade dysplasia) are designated as M1, neoplasms 
that invade the lamina propria are designated M2, and tumors 
that invade or are in contact with the muscularis mucosae are 
designated M3. Tumors that breach the muscularis mucosae to 
invade the superficial one-third of the submucosa are desig-
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anastomotic leaks [384,385]. Disadvantages of THE include a 
higher frequency of anastomotic leaks and recurrent laryngeal 
nerve injury. Advantages of TTE include improved access to the 
tumor, more thorough mediastinal lymph node dissection, and 
fewer anastomotic leaks, although such leaks that occur within 
the chest are often fatal [384,386]. Disadvantages of TTE include 
higher surgical morbidity and longer recovery.

Multiple studies have demonstrated that institutional 
esophagectomy volume is inversely related to mortality rate, 
though the definitions of “high volume” centers vary [387,388]. 
It is recommended that patients undergo esophagectomy at a 
center with experience in surgical treatment of esophageal 
cancer. Minimally invasive esophagectomy (MIE) has been 
gaining increased interest and is performed in specialized 
centers. The MIE surgical flow is similar to a TTE but consists 
of laparoscopy and thoracoscopy [364]. A series from the Uni-
versity of Pittsburgh of 222 patients who underwent a MIE 
reported a median intensive care unit stay of 1 day and median 
hospitalization of 7 days with a 30 day all-cause mortality rate 
of 1.4% [389]. Eastern Cooperative Oncology Group (ECOG) 
Study E2202, a prospective phase II trial evaluating mortality 
following MIE in 16 institutions, had a 30 day mortality rate of 
2%, confirming the benefit of MIE [390].

Esophagectomies are classified by surgeons using the residual 
(R) tumor category of the AJCC where R0 denotes no residual 
tumor, R1 denotes microscopic residual tumor, and R2 denotes 
macroscopically visible residual tumor [366]. Tumor response 
to neoadjuvant treatment can be classified by pathologists as a 
complete response (pathologic CR) if there is no residual tumor, 
near complete response, partial response, or no response. The 
various currently used tumor response grading systems and 
their criteria are reviewed in reference [391].

Radiation therapy
Radiation can be delivered to the esophagus using external 
beam radiation therapy (EBRT) or brachytherapy (BT), while 
metastases may sometimes be treated with stereotactic body 
radiation therapy (SBRT). Definitive EBRT, which has fallen out 
of favor, is usually delivered to a dose between 60 and 66 Gy 
using divided 1.8–2.0 Gy fractions to minimize toxicity 
[392,393]. EBRT given concurrently with chemotherapy ranges 
from a total dose of 41.4 Gy to 50.4 Gy [394]. Palliative EBRT is 
usually delivered as 30–40 Gy with fractions of 2.5–3 Gy. BT can 
be used as an alternative to stenting for dysphagia or tumor 
bleeding [393]. A catheter is placed into the esophagus and then 
a radioactive source is placed within the catheter to treat the 
luminal component of the tumor. Doses of 16–18 Gy in two or 
three divided fractions are used.

Treatment of stage IA cancer
Stage IA cancers generally are treated with endoscopic eradica-
tion therapy, which is discussed in a separate section of this 
chapter previously. Esophagectomy sometimes is recommended 
for patients with stage IA cancers in long-segment Barrett 
esophagus containing multiple foci of dysplasia or intramucosal 

esophagectomies in patients with previously undetected stage 
IV disease in the abdomen [380]. Staging laparoscopy can be 
performed at the time of planned resection or during the initial 
staging workup. This can facilitate placement of a jejunostomy 
feeding tube for nutritional support during neoadjuvant chemo-
radiation and ischemic conditioning of the gastric conduit 
favored by some surgeons [381].

Treatment summary
All patients with esophageal adenocarcinoma are best evaluated 
by a multidisciplinary team composed of gastroenterologists 
and surgical, radiation, and medical oncologists. Treatment of 
esophageal adenocarcinoma has evolved from the results of dis-
parate clinical trials that often included patients with esophageal 
squamous cell carcinoma, GEJ carcinoma, and gastric carci-
noma in addition to esophageal adenocarcinoma [378]. The 
patient population should be considered in interpreting indi-
vidual trial results. In general, all patients with resectable disease 
(stage 0 to stage IIIC) should be considered for esophagectomy. 
In patients with Tis, endoscopic eradication therapy is a reason-
able alternative to esophagectomy. Endoscopic eradication 
therapy is also an option for patients with T1a disease without 
lymph node involvement. In patients with T1b disease, occult 
lymph node metastases have been found in over 10% of cases 
[325,382], and these patients generally are advised to have 
esophagectomy. The added benefit of neoadjuvant chemoradia-
tion before esophagectomy is unclear in stage I patients [383]. 
For patients who are surgical candidates with T2 disease or 
higher or lymph node involvement, neoadjuvant chemoradia-
tion followed by esophagectomy is preferred [378]. Periopera-
tive chemotherapy and esophagectomy (in adenocarcinomas) 
or definitive chemoradiation (in squamous cell carcinomas or 
nonsurgical candidates) are also acceptable alternatives. In 
patients with stage IV disease or T4b tumors, a palliative 
approach should be taken. Guidelines support using gastric 
cancer chemotherapy regimens in the treatment of metastatic 
esophageal or GEJ adenocarcinomas [378].

Esophagectomy
Since esophagectomy is often required for cure, an understand-
ing of the various surgical techniques is helpful. Open approaches 
include transhiatal esophagectomy (THE), transthoracic 
esophagectomy (TTE) such as the Ivor–Lewis procedure, 
esophagectomy with three field lymph node dissection, and the 
left thoracoabdominal esophagectomy [364,384]. THE consists 
of a laparotomy and a left-sided cervical incision with a cervical 
anastomosis, while TTE consists of a laparotomy and a right-
sided thoracotomy with an intrathoracic anastomosis. THE and 
TTE are performed on mid-esophageal, distal esophageal, and 
GEJ cancers. A three field lymph node dissection is usually 
performed for esophageal cancers at the level of the carina or 
higher and consists of thoracotomy, laparotomy, and cervical 
anastomosis (McKeown procedure). Advantages of a THE 
include lower surgical morbidity, a statistically similar survival 
rate to TTE despite higher recurrence rates, and less catastrophic 
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adenocarcinoma was 86% and 14%, respectively, similar to the 
RTOG 8501 trial. Median overall survival was not significantly 
different between the two arms – 13 months in the high dose 
64.8 Gy arm compared to 18.1 months in the standard dose 
50.4 Gy arm. No significant difference was seen in local/regional 
or distant failure. There were 11 treatment-related deaths in the 
high dose arm and two treatment-related deaths in the standard 
dose arm. INT 0123 established 50.4 Gy as the radiation dose to 
be given with concurrent chemotherapy.

FFCD 9102 was a randomized controlled trial of 444 patients 
with T1-3, N0-1 resectable esophageal cancer [399]. All patients 
were treated with chemoradiation using conventional (total 
dose of 46 Gy) or split-course radiation (total dose of 30 Gy) and 
chemotherapy consisting of 5FU 800 mg/m2/day via continuous 
infusion over days 1–5 and cisplatin 15 mg/m2 given daily on 
days 1–5. Of the 444 patients, 259 demonstrated a treatment 
response and were then randomized to esophagectomy or con-
tinued chemoradiation (three cycles of 5FU and cisplatin with 
either conventional radiation of 20 Gy or split-course radiation 
of 15 Gy). Median overall survival was 17.7 months in the surgi-
cal arm versus 19.3 months in the chemoradiation arm, dem-
onstrating equivalence. Since 88% of randomized patients had 
squamous cell carcinoma and 11% had adenocarcinoma, chem-
oradiation as an acceptable alternative to esophagectomy is 
more accepted in patients with squamous cell carcinoma.

A randomized controlled trial was performed in 172 German 
patients, all with locally advanced esophageal squamous cell 
carcinoma, T3-4, N0-1 [400]. Patients received chemotherapy 
consisting of three cycles of 5FU 500 mg/m2, leucovorin 300 mg/
m2, etoposide 100 mg/m2, and cisplatin 30 mg/m2 on days 1–3 
every 3 weeks. Patients were then randomized to either low dose 
chemoradiation with a total radiation dose of 40 Gy followed by 
surgical resection or chemoradiation alone with a total radia-
tion dose of 65 Gy. The concurrent chemotherapy regimen used 
was cisplatin 50 mg/m2 given on days 2–8 and etoposide 80 mg/
m2 given on days 3–5. Median overall survival for the low dose 
chemoradiation and surgical arm was 16.4 months and for the 
chemoradiation arm 14.9 months, which was not statistically 
different.

Several conclusions can be drawn from these four clinical 
trials. First, definitive chemoradiation is superior to definitive 
radiation therapy alone. Second, the optimal radiation dose is 
less than 64 Gy. Third, definitive chemoradiation appears to be 
equivalent to surgical resection in patients with esophageal 
squamous cell carcinoma. In patients with esophageal adeno-
carcinoma, surgical resection is still preferred [365], but defini-
tive chemoradiation based on RTOG 8501 can be considered in 
nonsurgical candidates. In such patients, all four cycles of chem-
otherapy should be given.

Neoadjuvant radiation therapy
Five prospective randomized trials have examined the effects of 
neoadjuvant radiation therapy followed by surgery versus 
surgery alone in esophageal cancer, and all but one limited 

carcinoma, which can be difficult to eradicate endoscopically. 
Esophagectomy also is used when endoscopic eradication 
therapy fails to eradicate the neoplasia, or when submucosal 
invasion or lymph node metastases occur despite endoscopic 
eradication. Another important factor to consider when choos-
ing between endoscopic therapy and esophagectomy for stage 
IA cancer is the patient’s willingness and reliability to adhere to 
a rigorous follow-up process. Endoscopic therapy usually 
requires multiple treatment sessions to achieve complete eradi-
cation, and frequent, regular surveillance for recurrences. 
Patients unwilling or unable to comply with the frequent 
follow-up required for successful endoscopic eradication might 
be better advised to have surgery.

Surgical candidates with stage IB-stage  
IIIC cancer
Multiple studies have demonstrated the added survival benefit 
of adding chemotherapy or chemoradiation to surgical resec-
tion in patients with esophageal cancer. The following discus-
sion reviews the clinical trials that support definitive 
chemoradiation, neoadjuvant chemotherapy and chemoradia-
tion, perioperative chemotherapy, and adjuvant chemotherapy 
and chemoradiation. The current, preferred multimodality 
therapy for resectable esophageal adenocarcinoma is either neo-
adjuvant chemoradiation, based on the RTOG 8501 [392] and 
CROSS trials [395], or perioperative chemotherapy, based on 
the MAGIC trial [396]. Induction chemotherapy and the use of 
imaging studies to assess response during treatment are also 
reviewed further on.

Definitive chemoradiation
RTOG 8501 was a phase III trial that enrolled 121 patients with 
resectable esophageal cancer [392]. Any gastric involvement 
was an exclusion criterion; 88% of patients had squamous cell 
carcinoma and 12% had adenocarcinoma. Patients were rand-
omized to either radiation alone with a total dose of 64 Gy, or 
to chemoradiation with a total radiation dose of 50 Gy. The 
chemotherapy consisted of 5-fluorouracil (5FU) 1000 mg/m2/
day administered via continuous infusion over 96 hours and 
cisplatin 75 mg/m2 both given on day 1. This was repeated every 
4 weeks for four total cycles, with the first two cycles given 
concurrently with radiation therapy. Median overall survival 
was 12.5 months in the chemoradiation arm, compared to  
8.9 months in the radiation therapy arm, which was a statisti-
cally significant difference. Long-term follow-up demonstrated 
that 5 year overall survival was 26% for patients who received 
chemoradiation and 0% for patients who received radiation 
alone [397].

The INT 0123 clinical trial sought to determine the optimal 
radiation dose to be used concurrently with chemotherapy 
[398]. Using the 5FU/cisplatin chemotherapy regimen from 
RTOG 8501, 218 patients with resectable esophageal cancer 
were randomized to either a total radiation dose of 64.8 Gy or 
50.4 Gy. The proportion of patients with squamous cell and 
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by intensifying the chemotherapy by adding epirubicin, and by 
increasing the number of cycles to four.

Neoadjuvant chemoradiation
The CROSS trial enrolled 368 patients (366 available in the final 
analysis) with esophageal cancer or GEJ cancer that were con-
sidered resectable, T2-3 and N0-1 [395]. Patients were rand-
omized to neoadjuvant chemoradiation followed by surgery, or 
surgery alone. Chemotherapy was administered weekly for 5 
weeks using paclitaxel 50 mg/m2 and carboplatin dosed to 
achieve an area under the curve of 2 mg/ml/min. This regimen 
has the advantage of being given peripherally without use of an 
infusion pump. The total radiation dose was 41.4 Gy given in 
23 divided fractions. Of the patients enrolled, 75% had esopha-
geal or GEJ adenocarcinoma and 23% had squamous cell carci-
noma. Median survival was significantly improved in the 
chemotherapy and surgery arm (49.4 months) as compared to 
the surgery alone arm (24 months). Importantly, the R0 resec-
tion rate improved significantly from 69% in the surgery alone 
arm to 92% in the chemoradiation and surgery arm. A patho-
logic CR was found in 29% of patients who received neoadju-
vant therapy. The chemotherapy regimen in this trial was 
well-tolerated with a single grade 4 toxicity of leukopenia. This 
study provided data that a lower dose of radiation could be used 
and that a well-tolerated carboplatin and paclitaxel regimen is 
an acceptable alternative to cisplatin and infusional 5FU.

Perioperative chemotherapy
The Medical Research Council of the United Kingdom under-
took the MAGIC trial to investigate the role of perioperative 
chemotherapy in gastric cancer [396]. The 503 patients with 
stage II or higher resectable adenocarcinoma (15% with lower 
esophageal, 12% with GEJ, and 74% with gastric) were rand-
omized to surgery alone, or to three cycles of epirubicin, cispla-
tin, 5FU (ECF) followed by surgery, followed by another three 
cycles of ECF. ECF consisted of epirubicin 50 mg/m2 and cispla-
tin 60 mg/m2 each given on day 1, and continuous infusion of 
5FU 200 mg/m2/day days 1–21. This three-drug chemotherapy 
regimen was repeated every 3 weeks. There was a statistically 
significant 5 year overall survival difference: 36% in the chemo-
therapy plus surgery arm compared to 23% in the surgery alone 
arm. Only 42% of the patients randomized to chemotherapy 
and surgery were able to complete all six cycles of chemotherapy 
due to toxicity. Given the inclusion of lower esophageal and GEJ 
adenocarcinoma patients in the MAGIC trial, these results are 
used to treat esophageal adenocarcinoma patients where radia-
tion therapy is unavailable or where addition of radiation 
therapy could lead to treatment delay.

The results of the MAGIC trial were strengthened by the 
results of FFCD 9703 [404]. In this phase III trial, 204 patients 
with resectable adenocarcinoma of the lower esophagus (11%), 
GEJ (64%), and stomach (25%) were randomized to surgery 
alone, or to six cycles of perioperative chemotherapy with 
surgery. The chemotherapy used was 5FU 800 mg/m2/day given 

enrollment to patients with squamous cell carcinoma [401]. A 
metaanalysis of a total of 1147 patients demonstrated a 43% 
survival difference at 5 years, which was not statistically signifi-
cant. The authors of this metaanalysis concluded that neoadju-
vant radiation should not be considered outside of a clinical 
trial.

Neoadjuvant chemotherapy
The next question was whether neoadjuvant chemotherapy 
could improve on surgical resection alone. The INT 0113 was a 
multiinstitutional randomized controlled trial that enrolled 440 
patients in the United States with stage I-III esophageal cancer 
[402]. Histology was divided as 46% squamous cell carcinoma, 
and 54% adenocarcinoma of the distal esophagus or GEJ. 
Patients were randomized to receive either surgery alone or 
three cycles of 5FU/cisplatin administered every 4 weeks fol-
lowed by surgery. Chemotherapy was given as continuous infu-
sion 5FU 1000 mg/m2/day over days 1–5 and cisplatin 100 mg/
m2 on day 1. At the time of resection, a determination of treat-
ment response was made in patients who received neoadjuvant 
chemotherapy. For those patients who had a treatment response 
and were able to tolerate it, two additional cycles of chemo-
therapy were given postoperatively using the same 5FU dose 
and cisplatin in a dose reduced to 75 mg/m2. Median overall 
survival was 14.9 months in the chemotherapy and surgery arm 
and 16.1 months in the surgery only arm, which was not statisti-
cally different.

A trial in the United Kingdom also investigated the potential 
benefit of adding neoadjuvant chemotherapy to surgery in 
esophageal cancer. The OEO-2 trial was a randomized control-
led trial that enrolled 802 patients, 31% with squamous cell 
carcinoma, 63% with esophageal adenocarcinoma, and 10% 
with GEJ adenocarcinoma [403]. Patients were randomized to 
immediate surgery or to two cycles of 5FU/cisplatin chemo-
therapy followed by surgery. Chemotherapy consisted of 5FU 
1000 mg/day administered continuously on days 1–4 and cispla-
tin 80 mg/m2 on day 1; both drugs were given again 3 weeks 
later. OEO-2 demonstrated a significant survival benefit with a 
median overall survival of 16.8 months in the chemotherapy 
and surgery arm as compared to 13.3 months in the surgery 
only arm. More importantly, 5 year overall survival between the 
two arms was significantly different with 17.1% of the patients 
in the chemotherapy and surgery arm alive compared to 5.1% 
in the surgery only arm.

Several reasons for the negative result seen in INT 0113 and 
the positive effect to neoadjuvant chemotherapy seen in OEO-2 
have been considered [403]. First, OEO-2 had almost twice as 
many patients, which may have enabled detection of a small, 
but significant, survival difference. Second, a higher proportion 
of patients had adenocarcinomas in OEO-2 than in INT 0113 
(73% vs. 54%). Third, the time to surgery was longer in INT 113 
compared to OEO-2, because of the chemotherapy regimen, 
possibly allowing more time for micrometastases to develop. 
The ongoing OEO-5 trial is designed to improve on these results 
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Induction chemotherapy
Given that systemic therapy is more easily tolerated prior to 
esophagectomy, there has been interest in adding chemotherapy 
prior to neoadjuvant chemoradiation, which has been termed 
induction chemotherapy. This concept was explored in the 
POET study [409]. In this randomized controlled study of 126 
patients with locally advanced adenocarcinoma of the lower 
esophagus or GEJ, patients were randomized to one of two 
arms. Patients in arm 1 received two 6 week cycles plus one 3 
week cycle of induction PLF chemotherapy consisting of weekly 
5FU 2000 mg/m2, leucovorin 500 mg/m2, and biweekly cisplatin 
50 mg/m2, followed by surgery. Patients in arm 2 received two 
6 week cycles of PLF chemotherapy followed by chemoradiation 
with PE chemotherapy (cisplatin 50 mg/m2 on days 1 and 8 and 
etoposide 80 mg/m2 on days 3–5) with concurrent radiation 
given to a total dose of 30 Gy, followed by surgery. Three-year 
overall survival differences did not reach statistical significance, 
but favored chemoradiation therapy (47.4% in arm 2) over 
chemotherapy (27.7% in arm 1). Improvements in R0 resection, 
pathologic CR, and tumor free nodes trended towards favoring 
the patients who received chemoradiation.

A phase II trial failed to find benefit of induction in patients 
receiving neoadjuvant chemoradiation and esophagectomy 
[410].

Assessing response to treatment
As discussed above, PET scans are effective in detecting meta-
static disease. There has also been interest in using PET scans 
to define treatment response and to select additional therapy. In 
a prospective trial of 65 patients with T3NX distal esophageal 
or GEJ (Siewert type I or II) adenocarcinoma treated with neo-
adjuvant chemotherapy, PET findings were able to predict 
overall survival [411]. Metabolic responders, defined as a 
decrease of FDG uptake greater than 35% on a day 14 scan 
compared to one done prior to treatment, had a 3 year overall 
survival rate of 70% compared to 35% in nonresponders. In the 
MUNICON clinical trial, PET was used to select further therapy 
for 119 patients with GEJ adenocarcinomas treated with 5FU 
and cisplatin [412]. After 2 weeks of chemotherapy, a repeat PET 
was performed and, if patients had a decrease in FDG avidity, 
they continued with additional chemotherapy. If not, they went 
on to immediate surgical resection. Two-thirds of the patients 
(68%) had type I distal esophageal tumors. In a median follow-up 
of 2.3 years, nonresponders had a median overall survival of 
25.8 months, while median overall survival was not yet reached 
in responders. Progression-free survival was 29.7 months in 
metabolic responders and 14.1 months in nonresponders.

Treatment of metastatic disease
The goal of treatment for patients with metastatic disease is 
palliation, treating symptoms and prolonging survival while 
optimizing quality of life. Palliative radiation therapy can be 
used to control GI bleeding or improve dysphagia. Covered 
stents can be placed endoscopically in the airway and esophagus 

on days 1–5 and cisplatin 100 mg/m2 given on day 1. This was 
repeated every 4 weeks. The trial mandated a minimum of two 
cycles or a maximum of three cycles of chemotherapy be given 
preoperatively, with the remainder given postoperatively. Five-
year overall survival was significantly in favor of chemotherapy 
added to surgery, with 38% of patients alive as compared to 24% 
of patients in the surgery alone group. Chemotherapy also 
improved the R0 resection rate. Importantly, the majority of 
patients in this trial had esophageal or GEJ cancer.

Adjuvant therapy
Presently, the majority of patients with esophageal adenocarci-
noma who present to a multidisciplinary esophageal cancer 
center prior to surgical resection are treated with neoadjuvant 
chemoradiation or perioperative chemotherapy. For those 
patients with distal esophageal or GEJ adenocarcinoma who 
undergo surgical resection before evaluation for neoadjuvant 
therapy, adjuvant chemoradiation or chemotherapy still should 
be considered. Chemoradiation for these patients is based on 
findings from the INT 0116 trial, which randomized 556 
patients with resected GEJ (20%) and gastric (80%) adenocar-
cinoma, nonmetastatic stage IB-IV, to either observation or 
adjuvant chemoradiation [405]. Adjuvant therapy was given as 
a single 4 week cycle of daily 5FU 425 mg/m2 and leucovorin 
20 mg/m2 both given on days 1–5, followed by radiation to a 
total dose of 45 Gy in divided fractions over 5 weeks concur-
rently with 5FU 400 mg/m2 and leucovorin 20 mg/m2 given on 
the first 4 days and the last 3 days of radiation therapy, followed 
by two additional 4 week cycles of 5FU and leucovorin given in 
the same fashion as the first cycle. Median overall survival was 
significantly improved in the adjuvant chemoradiation arm (36 
months) compared to patients who were observed without 
chemoradiation (27 months).

In gastric cancer patients, the ARTIST trial suggested that the 
addition of radiation to adjuvant chemotherapy gives improved 
survival in patients who have lymph node positive disease at the 
time of resection [406]. Interim results from the CALGB 80101 
clinical trial suggest that intensifying chemotherapy by using 
ECF before and after 5FU/cisplatin based chemoradiation in 
resected GEJ or gastric cancers is not superior to the INT 0116 
regimen [407].

A phase II trial (ECOG 8296) of 59 patients with resected 
adenocarcinoma of the distal esophagus, GEJ, or gastric cardia 
with R0 resection and T2N1M0 to T4N1M0 disease found a 
benefit to adjuvant treatment with paclitaxel 175 mg/m2 and 
cisplatin 75 mg/m2 given on day 1 every 3 weeks for a total of 
four cycles [408]. Despite 89% of patients having nodal disease, 
60% were alive at 2 years, which was significantly different from 
a 38% expected survival rate for historic controls with R0 resec-
tions. This regimen was fairly well tolerated with the median 
number of cycles administered being 3.7. Main toxicities were 
cytopenias, nausea/vomiting, metabolic, and neuropathy. These 
results suggest adjuvant chemotherapy is beneficial in patients 
who did not receive neoadjuvant therapy.
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months). Trastuzumab increased diarrhea, nausea, and neutro-
penia associated with the prescribed chemotherapy. The trial 
established criteria for determining HER2/Neu expression posi-
tivity in esophagogastric tumors, which differed from those 
used in breast cancer. Though not FDA-approved as second-line 
therapy, the ToGA regimen with Trastuzumab is commonly 
given to patients who progress on a conventional multiagent 
chemotherapy regimen.

Molecularly-targeted therapy
Given the success of Trastuzumab, there has been great interest 
in targeting HER2 in other settings or with other agents. Other 
pathways of interest for molecularly-targeted therapies include 
EGFR and VEGF, though recent data on agents that target 
EGFR have been disappointing. The SCOPE-1 phase II/III trial 
randomized 258 patients with stage I-III esophageal carcinoma 
to receive definitive chemoradiation with or without Cetuximab 
(an antibody directed against the EGFR receptor) [419]. Cetuxi-
mab was given as a loading dose of 400 mg/m2 on day 1, fol-
lowed by 250 mg/m2 weekly. Chemoradiation consisted of four 
cycles of cisplatin 60 mg/m2 on day 1, with oral capecitabine 
625 mg/m2 given twice daily on days 1–21, with the third and 
fourth cycle given concurrently with radiation to a total dose of 
50 Gy. The trial was halted in the phase II stage because the 
addition of Cetuximab led to worse outcomes with higher toxic-
ity. The EXPAND phase III trial which assessed the addition of 
Cetuximab to cisplatin and capecitabine in 904 patients with 
previously untreated, unresectable or metastatic gastric adeno-
carcinoma [420] also failed to show a significant difference in 
progression-free survival in those receiving Cetuximab.

Finally, in patients receiving another antibody directed 
against EGFR, Panitumumab actually showed reduced survival 
in the phase III REAL-3 trial [421]. Results from targeting the 
VEGF pathway have been more encouraging. The AVAGAST 
trial combined Bevacizumab (an antibody directed against the 
VEGF ligand) with cisplatin and capecitabine as first-line 
therapy in patients with unresectable or metastatic GEJ or 
gastric cancer [422]. 774 patients were randomized to receive 
cisplatin 80 mg/m2 on day 1 and capecitabine 1000 mg/m2 twice 
daily on days 1–14 every 3 weeks, with or without Bevacizumab 
7.5 mg/kg on day 1. Median overall survival was not signifi-
cantly different but favored patients who received Bevacizumab 
(12.1 months) versus those who did not (10.1 months). 
Progression-free survival (6.7 months) and tumor response 
(46%) was significantly improved in patients who received Bev-
acizumab compared to those who did not (5.3 months and 37%, 
respectively).

The ongoing MAGIC-B trial is investigating the addition of 
Bevacizumab to 6 perioperative cycles of ECX in patients with 
resectable GEJ (Siewert III) or gastric adenocarcinoma. The 
REGARD trial, recently presented in abstract form [407], dem-
onstrated an overall survival benefit for using Ramucirumab  
(an antibody against the VEGFR2 receptor) as compared to  
best supportive care as second-line therapy in metastatic 

to treat tracheo- or broncho-esophageal fistulae. Palliative 
chemotherapy can extend survival and improve quality of life. 
A metaanalysis of chemotherapy in metastatic gastric cancer 
demonstrates that overall survival is improved with chemo-
therapy, and that response rates increase with more than one 
chemotherapeutic agent [413]. Typically, two or three agent 
regimens are used and individualized based on the patient’s 
performance status, preferences, and medication side effect 
profile [414,415]. Patients with metastatic esophageal adenocar-
cinoma should have their tumor tested for expression of HER2/
Neu due to the results of the ToGA trial, which explored the use 
of Trastuzumab, a monoclonal antibody that interferes with the 
HER2/neu receptor [416].

Phase III trials in metastatic disease
A common multidrug chemotherapy regimen to treat meta-
static esophageal cancer is ECF [378,417]. Given the develop-
ment of newer platinum agents and capecitabine, an orally 
bio-available fluoropyrimidine prodrug, the Medical Research 
Council of the United Kingdom conducted the REAL-2 trial 
[418]. This was a noninferiority study designed to demonstrate 
the equivalence of infusional 5FU to capecitabine and cisplatin 
to oxaliplatin. 1002 patients were randomized in a 2 × 2 format 
to epirubicin 50 mg/m2 day 1, cisplatin 60 mg/m2 day 1, 5FU 
200 mg/m2/day continuous infusion days 1–21 (ECF); epiru-
bicin, oxaliplatin 130 mg/m2 day 1, 5FU (EOF); epirubicin, cis-
platin, capecitabine 625 mg/m2 orally twice daily (ECX); or 
epirubicin, oxaliplatin, capecitabine (EOX). All regimens were 
repeated every 3 weeks. Patients were previously untreated and 
were required to have inoperable or metastatic esophageal, GEJ, 
or gastric cancer; 90% of patients had adenocarcinoma and the 
number of patients was evenly divided among esophageal, GEJ, 
and gastric cancers. Median overall survival was 9.9 months for 
ECF, 9.9 months for ECX, 9.3 months for EOF, and 11.2 months 
for EOX. This has led to capecitabine-containing regimens 
being commonly used in metastatic esophageal cancer. Quality 
of life measures were not significantly different between the 
treatment groups.

Given the frequent overexpression of EGFR and other HER 
family members in esophagogastric cancers, the phase III ToGA 
trial randomized 594 patients with inoperable or metastatic GEJ 
(20%) or gastric (80%) adenocarcinoma that overexpressed 
HER2/Neu to receive a fluoropyrimidine with cisplatin, with or 
without Trastuzumab [416]. Patients could have recurrent 
disease, but they could not have received prior treatment for 
metastatic disease. Chemotherapy consisted of 5FU 800 mg/m2/
day given days 1–5, or capecitabine 1000 mg/m2 orally twice 
daily for 14 days given with cisplatin 80 mg/m2 on day 1, 
repeated every 3 weeks. Patients randomized to receive Trastu-
zumab were given a loading dose of 8 mg/kg on day 1, which 
was then followed by 6 mg/kg every 3 weeks indefinitely until 
progression, or unacceptable toxicity. Median overall survival 
was significantly improved in patients who received Trastuzu-
mab (13.8 months) compared to those who did not (11.1 
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6. For patients with metastatic disease, the tumor should be 
tested for HER2/Neu amplification. If positive and the 
patient is a chemotherapy candidate, a Trastuzumab-
containing regimen should be used (ToGA regimen). If 
negative and the patient is a chemotherapy candidate, a 
multiagent chemotherapy regimen (REAL-2 regimens) 
should be chosen based on the patient’s performance status.

7. Palliative adjuncts such as radiation therapy or stent place-
ment should be considered by members of a multidiscipli-
nary team.

8. Enrollment in clinical trials should be prioritized.
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gastroesophageal or gastric cancer. Side effects of Ramucirumab 
included hypertension, anemia, abdominal pain, ascites, fatigue, 
anorexia, and hyponatremia.

Refractory disease
Recent data show that second-line chemotherapy is superior to 
best supportive care in patients with metastatic esophageal 
cancer, though multiple prediction factors have been proposed 
using clinical factors to identify patients who would benefit 
from chemotherapy [423]. In COUGAR-02, a randomized 
phase III trial, docetaxel (75 mg/m2) given every 3 weeks signifi-
cantly improved overall survival versus active symptom control 
in patients with locally advanced or metatastatic gastroesopha-
geal cancer who had progressed within 6 months of initial 
chemotherapy [424]. Median overall survival was 5.2 months 
with docetaxel as compared to 3.6 months with active symptom 
control alone.

Treatment recommendations
1. Once diagnosed with esophageal adenocarcinoma, patients 

should undergo staging with a PET/CT scan and EUS. Bron-
choscopy should be performed for tumors at the level of the 
carina or higher. Staging laparoscopy should be done as part 
of the initial staging evaluation, or at the time of planned 
esophageal resection.

2. For patients with stage IA disease, endoscopic eradiation 
therapy generally is preferred to esophagectomy.

3. For patients with stage IB-III disease, neoadjuvant chemora-
diation (RTOG 8501 or CROSS trial regimens) followed by 
esophagectomy is preferred. Acceptable alternatives are peri-
operative chemotherapy (MAGIC trial regimen) and 
esophagectomy, OR definitive chemoradiation (RTOG 8501 
regimen) for nonsurgical candidates.

4. Esophagectomy should be performed in a specialized, high 
volume center by a surgeon experienced in esophageal 
cancer surgery.

5. For patients who have surgery without prior neoadjuvant 
therapy, adjuvant chemotherapy or chemoradiation (INT 
0116 regimen) should be offered.

http://www.yamadagastro.com/textbook
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Definition

Squamous cell carcinoma (SCC) is the most common malig-
nancy of the esophagus. It typically occurs in the proximal and 
mid esophagus. Although worldwide SCC is the most common 
esophageal cancer, in the Western world esophageal adenocar-
cinoma is increasingly prevalent. Esophageal adenocarcinomas, 
which typically occur in the setting of Barrett esophagus and 
are more commonly found in the distal esophagus and gastro-
esophageal junction, are discussed in Chapter 52.

Epidemiology and risk factors

Esophageal SCC is the most common form of esophageal malig-
nancy worldwide and is one of the leading causes of cancer 
mortality in men, especially African American men.

Tobacco and alcohol
Tobacco and alcohol constitute the largest risk factors for the 
development of esophageal SCC. Since tobacco and alcohol are 
commonly consumed together, their individual contribution 
may be difficult to ascertain and their effects may be synergistic 

[1]. In one study, the relative risk was 2.0 for those who smoked 
fewer than 15 cigarettes per day, and 6.2 for those who smoked 
more than 25 cigarettes per day [2]. Not surprisingly, there is a 
substantial increase in risk in patients who consume both 
tobacco and alcohol; the risk correlates with the amount and 
duration of use [1]. Thus, smokers who have a large intake of 
beer and whiskey incur a 10- to 25-fold increased risk of esopha-
geal SCC compared with smokers who do not drink alcohol [3]. 
Additionally, the risk may be greater for pipe and cigar smokers 
than for cigarette smokers [3].

Risk of esophageal SCC is decreased 10 years after cessation 
of smoking. Although cigarette smoking is a key risk factor in 
North America and Western Europe, chewing tobacco, betel, or 
combinations of these with lime may account for the high inci-
dence of esophageal SCC in southern and Southeast Asia [4]. 
Tobacco tars and cigarette smoke contain various chemical  
carcinogens, such as aromatic amines, lactones, peroxy com-
pounds, halo ethers, N-nitroso compounds, and polycyclic aro-
matic hydrocarbons [5,6], which individually or in combination 
likely lead to esophageal epithelial hyperproliferation and even-
tual malignant transformation.

The type of alcohol (beer, spirits), duration, and quantity of 
use are risk factors for esophageal SCC. Groups of people who 
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matched controls [20]. A follow-up study of 146 of 147 patients 
with achalasia treated with myotomy revealed that 10 patients 
progressed to esophageal SCC, with a mean interval of 16.7 
years [21]. Thus, the condition of achalasia eventually may lead 
to cancer but, the exact risk and mechanism remain to be 
determined. Some have advocated endoscopic surveillance of 
patients with achalasia, however, the frequency of examina-
tions remains the subject of debate [22]. Management of acha-
lasia with conventional botulinum toxin, Heller myotomy and, 
more recently, peroral endoscopic myotomy (POEM) is dis-
cussed in Chapter 48.

Head and neck squamous cell carcinoma
Patients with head and neck SCC are at an increased risk of 
developing esophageal SCC, presumably reflecting the known 
risk of tobacco and/or alcohol use that is common to all these 
conditions. Either synchronous (coexisting) or metachronous 
(sequential) esophageal SCC can develop, although the rate of 
esophageal SCC development is highly variable [23,24]. As a 
result, endoscopic surveillance of the esophagus has been 
advocated in patients with head and neck SCC, although the 
optimal frequency has not been established. Toluidine blue 
staining enhances the detection of indolent esophageal SCC in 
patients with head and neck cancer SCC. Not surprisingly, sur-
vival of patients with head and neck SCC is adversely affected 
by the coexistence of esophageal SCC. A reduction in the inci-
dence of second primary tumors from 24% to 4% in patients 
with head and neck cancers has been observed with the use of 
isotretinoin, a chemopreventive agent that induces epithelial 
differentiation [25].

Tylosis
Although some studies from China have suggested familial 
aggregation of esophageal SCC, it is difficult to discriminate 
between a common environmental exposure and an actual 
genetic basis for these observations. However, a genetic predis-
position to esophageal SCC is clear in tylosis palmaris et 
plantaris, an autosomal dominant disorder manifested by 
hyperkeratosis of the palms and soles. There is an association 
between esophageal SCC and oropharyngeal leukoplakia in this 
condition. In endoscopic surveillance studies over a 5-year 
period, four of 29 patients were found to have dysplasia, and 
one patient had carcinoma in situ [26]. The locus responsible 
for tylosis palmaris et plantaris was linked originally to chromo-
some 17q11-q23 [27,28] and subsequently to a smaller genomic 
locus in chromosome 17q25. Of note, this locus is commonly 
deleted in sporadic esophageal SCC [29,30]. Missense muta-
tions have been found in RHBDF2, a gene that encodes an 
inactive rhomboid protease, in tylosis palmaris et plantaris 
related esophageal SCC [31].

Other factors
Lye ingestion, which results in stricture formation, has been 
postulated as a risk factor for esophageal SCC, mostly appearing 

do not consume alcohol have a substantially lower risk than 
those who do. Alcoholic beverages may contribute to the patho-
genesis of esophageal cancer, as well as other cancers, through 
a variety of mechanisms [7]. Some alcoholic beverages contain 
congeners or other ingredients, such as N-nitroso compounds, 
urethane, mycotoxins (toxins from fungi), tannins, pesticide 
residues, and asbestos products, which are directly or indirectly 
carcinogenic. Because it is a solvent for fat-soluble compounds, 
ethanol itself may facilitate the absorption of other carcinogens. 
Carcinogens that are oxidants may increase the risk of DNA 
damage. Acetaldehyde, a metabolite of ethanol, can inhibit 
DNA methyltransferase activity [8], and methyl deficiency may 
potentiate the carcinogenic effect of a methyl-deficient diet.

Diet and nutrition
Vitamins and deficiencies, especially of vitamins A and C, folic 
acid, vitamins E and B-12, and B-2 (riboflavin) are crucial risk 
factors [9]. Diets with greater red meat or processed meat are 
associated with increased risk of esophageal SCC [10]. Lower 
plasma levels of folic acid have been documented in patients 
with esophageal SCC [11]. Riboflavin deficiency manifested by 
cheilosis and glossitis is common in the Linxian province of 
China, where esophageal cancer is endemic [11]. It is likely that 
vitamins A, C, and E exert antioxidant effects; vitamins C and 
E are known to influence the formation of nitrosamines. 
Conversely, diets containing high amounts of green and yellow 
vegetables (which are rich in β-carotene), and citrus fruits 
(which are high in vitamin C) decrease the risk of esophageal 
SCC [12,13].

Tissue and blood levels of certain trace elements, such as 
selenium, molybdenum, and zinc, show an inverse association 
with mortality from esophageal cancer in high-incidence areas 
of the world [14]. Furthermore, N-nitrosomethylbenzylamine 
(NMBA) in combination with a zinc-deficient diet induces a 
significance increase in SCC in rats [15]. Mechanistically, zinc 
deficiency enhances the microsomal activation of NMBA to a 
methylating agent that yields O-6-methylguanine adducts in 
esophageal DNA [15]. As a component of superoxide dismutase, 
zinc also protects against oxygen-derived radical damage and 
free-radical formation [16]. Similarly, selenium has protective 
effects, in part mediated through the inhibition of lipid peroxi-
dation of cell membranes through the actions of selenium-
dependent glutathione peroxidase [17]. Molybdenum deficiency 
could conceivably lead to the accumulation of nitrates that are 
precursors of nitrosamines because this trace element is a key 
constituent of nitrate reductase [18].

Achalasia
The average interval from onset of dysphagia, weight loss, and 
chest pain attributable to achalasia to the development of 
esophageal SCC is approximately 15–20 years [19]. In a study 
of 195 consecutive patients with achalasia, the incidence of 
esophageal SCC was 3.4 per 1000 patients per year, represent-
ing a 33-fold increase when compared with age- and sex-
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The geographical variation in esophageal SCC is presumed to 
reflect a significant impact of environmental factors. The inci-
dence of esophageal SCC is very low in those under 40 years of 
age, but it increases with each succeeding decade of life [37]. It 
is more common in men than in women, with a two to threefold 
higher risk, regardless of ethnicity and age. However, there are 
some exceptions to this general finding. In northern Iran, the 
rate is 263 per 100 000 for women and 206 per 100 000 for men 
[38], and esophageal SCC occurring in association with the 
Plummer–Vinson syndrome is found primarily in women.

There are likely biological differences superimposed on envi-
ronmental factors in the high-incidence areas compared with 
Western countries, which may account for the apparently 
lengthy period from dysplasia to cancer in China and the good 
prognosis there following resection of early esophageal SCC 
with a 5-year survival rate approaching 90%. It is not entirely 
clear whether the same early esophageal SCC is prevalent in 
North America and Western Europe. Several nonbiological 
explanations can be invoked: the use and accuracy of balloon 
cytology in China, the definition of early esophageal SCC, and 
proper staging with aggressive therapy [39]. Some genomic 
studies have also identified differences in the types of muta-
tions found in esophageal SCCs between Asian and Western 
cohorts [40].

Pathogenesis

It is believed that the development of esophageal SCC results 
from the accumulation of alterations in oncogenes and tumor 
suppressor genes. It is likely that environmental, dietary, and 
lifestyle factors cooperate or interact with genetically deter-
mined processes to increase cancer risk. For example, environ-
mental factors injure the esophageal epithelium, which results 
in changes in key genes through point mutations or augmented 
gene expression.

Perhaps the most critical oncogene product in esophageal 
SCC pathogenesis is cyclin D1. Mammalian cyclins are a large 
family of cell cycle regulatory proteins that associate, in turn, 
with catalytic subunit partners, designated cyclin-dependent 
kinases or CDK. The activity of cyclin D1 is restricted to the G1 
phase, and it preferentially associates with cyclin-dependent 
kinase 4 or 6 (CDK4 or CDK6). The complex of cyclin D1 and 
CDK4 or CDK6 phosphorylates the retinoblastoma tumor sup-
pressor gene product (pRb). This relieves the negative regula-
tion of pRb in the G1 phase through the release of key 
transcriptional factors, such as E2F. It has been shown that cyclin 
D1 is overexpressed in more than 50% of esophageal SCCs and 
is associated with a poor prognosis [41,42]. Cyclin D1 may be 
altered through additional mechanisms, including point muta-
tion [43] or mutation in its E3 ligase, Fbx4 [44]. Knowledge of 
the association of cyclin D1 and esophageal cancer has enabled 
the development of a transgenic mouse model. Targeting  
cyclin D1 to the esophageal squamous epithelium with an 

at the level of the tracheal bifurcation. Lye strictures constitute 
only a very small proportion of esophageal SCC cases, and the 
progression to cancer after initial exposure may require four to 
five decades.

Other factors implicated in the pathogenesis of esophageal 
SCC include high-dose mediastinal ionizing radiation [32,33], 
celiac sprue, human papillomavirus (HPV), Plummer–Vinson 
syndrome (also referred to as Paterson–Brown–Kelly syn-
drome, involving postcricoid dysphagia from esophageal webs, 
atrophic glossits, and iron-deficiency anemia), and consump-
tion of mate, a South American drink prepared from steeping 
Yerba mate leaves in hot water. HPV, especially HPV-16, 
which has been increasingly associated with head and neck 
SCC in the Western world, has been reported in up to 
20%–25% of esophageal SCCs from a metaanalysis [34]. HPVs 
infect squamous epithelial cells, replicate, and produce onco-
genic proteins that contribute to hyperproliferation and malig-
nant transformation.

Temporal/secular trends

In the Western World, where alcohol and tobacco are the 
primary risk factors for esophageal SCC, rates have been 
decreasing, presumably due to decreasing tobacco and alcohol 
usage. In Asia, however, trends remain different than in the 
West. As in the West, esophageal adenocarcinoma rates have 
also been increasing in the Middle East (Iran) while the inci-
dence of esophageal SCC remains unchanged. In the same 
period that a dramatic increase in esophageal adenocarcinoma 
in the West was observed, there was no change in incidence 
rates in Taiwan. However, during the period from 1979 to 2003 
the age-standardized rate of esophageal SCC increased from 
2.63 to 4.37 per 100 000 year. Studies in the Japanese population 
have observed some increases in esophageal SCC rates, espe-
cially in men, since the late 1970s. This study also noted a 
decreasing rate of esophageal SCC in China during this period, 
consistent with other reports [35].

Geographic variation

The incidence of esophageal SCC varies according to geographi-
cal location, with a global range from 2.5 to 5.0 for men and 
from 1.5 to 2.5 for women per 100 000 population. High-
incidence regions, where rates may exceed 100 per 100 000 
population, include northern China, India, northern Iran, areas 
north and east of the Caspian Sea, and the Transkei area of 
South Africa [36]. Indeed, esophageal SCC comprise nearly 50% 
of all cancers in southeastern South Africa [35]. In the United 
States, African Americans have a four to fivefold increased risk 
compared with white Caucasians, especially African American 
men, in whom the risk is 15.1 per 100 000 compared with 2.9 
per 100 000 in white Caucasians [37].
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diagnosis may include peptic acid esophagitis with stricture, 
caustic ingestion resulting in stricture, malignant disease (either 
squamous or adenocarcinoma), and motility disorders such as 
achalasia or scleroderma.

Esophageal SCC in Western countries usually presents at an 
advanced stage and, consequently, nearly 75% of untreated 
patients succumb to the disease within 1 year [54]. Biologically, 
esophageal SCC is not a rapidly growing tumor, and there is a 
prolonged period of time between the development of dysplasia 
and progression to advanced cancer. In China and Iran, the 
early stages of esophageal SCC have been shown to persist for 
more than two decades. Indeed, serial balloon cytological exam-
inations, used to monitor the natural history of esophageal 
squamous dysplasia in China, indicate that dysplasia progresses 
to cancer in 26.6% of patients, but it regresses to mild dysplasia 
or a normal state in 40.5% of patients. Of those with mild dys-
plasia, nearly 15% progressed to severe dysplasia and about 45% 
regressed [55]. Other studies in China indicate that superficial 
esophageal SCC remain in this state in 58% of cases for a 
follow-up period of 19–78 months [56]. Patients with untreated 
early esophageal SCC in China have a median survival time of 
75 months [56].

Differential diagnosis

The differential diagnosis of esophageal SCC includes a variety 
of mass lesions of the esophagus. Esophageal adenocarcinoma 
is discussed in Chapter 52. Pathological evaluation of tissue 
obtained from esophageal mass lesions remains the mainstay of 
guiding diagnosis.

Benign epithelial tumors  
(squamous cell papilloma)
Squamous cell papillomas are usually discovered incidentally 
at endoscopy or during barium radiography. Generally, they 
are small, sessile, polypoid growths of normal or hyperplastic 
squamous epithelium covering a core of connective tissue. 
They are more common in Japan and central Asian countries 
[57]. They typically do not recur after removal. Most are soli-
tary and located in the distal one-third of the esophagus. 
Papillomas may result from chronic irritation from reflux 
esophagitis. Morphological features suggest that papillomas 
result from HPV infection, and HPV DNA has been found in 
a subset of papillomas [58]. Development of cancer is rare in 
these papillomas [59], which may reflect the fact that esopha-
geal papillomas are associated with the non-oncogenic geno-
types of HPV.

Other malignant epithelial tumors
Squamous cell carcinoma with a spindle cell component
SCC with a spindle cell component is also referred to as carci-
nosarcoma, pseudosarcoma, spindle cell carcinoma, and poly-
poid carcinoma [60]. Originally, carcinosarcoma was believed 

Epstein–Barr virus promoter results in dysplasia and cell cycle 
abnormalities [45,46]. A subset of esophageal SCC also shows 
c-myc and epidermal growth factor receptor overexpression as 
a result of gene amplification. SOX2, a transcriptional factor 
important in esophageal development during embryogenesis, 
plays a role in esophageal SCC pathogenesis by virtue of ampli-
fication [47]. Additionally, mutations in KEAP1 or NFE2L2, 
both of which are believed to lead to stabilization of the NFR2 
transcription factor, have been noted in esophageal SCC [48].

The key tumor suppressor gene p53 has many functions, 
including cell cycle regulation, induction of apoptosis in 
response to environmental insults, transcriptional regulation of 
genes, and DNA replication. p53 is mutated in >50% of esopha-
geal cancers [49,50]. One of the functional consequences of  
p53 mutation is the transcriptional downregulation of p21, a 
general CDK inhibitor. In addition, p16, also referred to as 
INK4a (designated p16INK4a), is an inhibitor of CDK4. Located 
on chromosome 9p22–23, p16INK4a can be deleted, mutated, or 
hypermethylated, resulting in loss of its inhibitory function  
in esophageal SCC [49,51]. It appears that either cyclin D1 is 
overexpressed or p16INK4a is altered to accelerate the cell cycle 
progression through G1 phase in esophageal SCC. Loss of 
E-cadherin and transforming growth factor-beta type II recep-
tor has been observed in esophageal SCC [52]. Similarly, loss of 
p120-catenin, which stabilizes E-cadherin at the cell membrane, 
in a mouse model has been demonstrated to lead to develop-
ment of esophageal SCC and is accompanied by the develop-
ment of an infiltrate with immature myeloid cells as well as 
desmoplasia [53]. More recent studies have identified loss of 
function mutations in Notch1 in esophageal SCC [40]. With the 
advent of new technologies for comprehensive genomic 
sequencing, new large-scale analysis of the esophageal SCC 
genome has been performed, finding additional mutations in 
RB1, and epigenetic regulatory factors such as MLL2, ASH1L, 
MLL3, SETD1B, and EP300 [48].

Clinical presentation and natural history

Early esophageal SCC may be asymptomatic, associated with 
only mild specific symptoms. Dysphagia is present in nearly 
90% of patients and odynophagia in 50% of patients at the time 
of diagnosis. This is usually a reflection of partial or total luminal 
obstruction. Anorexia and weight loss from malnutrition may 
be observed in about 75% of patients. Retrosternal pain or radi-
ation of pain to the back suggests mediastinal involvement by 
the cancer. Nausea, vomiting, and hematemesis may occur. 
Cough may reflect aspiration pneumonia or, rarely, tra-
cheoesophageal fistula. Recurrent laryngeal nerve involvement 
due to extraesophageal extension can result in hoarseness. 
Skeletal metastases can cause bone pain. Physical examination 
may reveal cachexia, lymphadenopathy, hepatomegaly (if distant 
metastatic disease is present), and the presence of occult blood 
in stool. Evaluation of dysphagia is imperative. The differential 
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mous carcinoma [64]. Mucoepidermoid carcinomas develop in 
the middle to distal esophagus and probably arise from submu-
cosal glands or their ducts. Prognosis is poor.

Melanoma
Melanoma is a rare esophageal cancer that can be primary or 
metastatic, although the esophagus is less commonly a site of 
metastatic melanoma than the stomach, small intestine, or 
colon [65]. The mean age of patients is 60 years, and there are 
more cases in Japan than in other countries. Melanomas  
are polypoid and may be multiple, with a propensity for  
lateral spread. Primary esophageal melanomas arise from 
melanocytes in the basal layer. Amelanotic melanomas may 
require confirmation with immunohistochemical demonstra-
tion of S100 protein; alternatively, electron microscopy may 
reveal premelanosomes. Overall, the prognosis of malignant 
melanoma is dismal; most patients succumb to the disease 
within 2 years [66].

Neuroendocrine tumors
Small cell carcinoma of the esophagus includes a small cell 
variant of SCC as well as oat cell carcinoma. Oat cell carcinoma 
of the esophagus can be primary or secondary from the lung: 
both are rare. A disease of the elderly, who present with dys-
phagia, primary small cell carcinoma of the esophagus (typically 
distal and sometimes multiple) carries an especially dismal 
prognosis, with an average survival of 5 months [67]. These 
tumors occasionally secrete ectopic antidiuretic hormone or 
calcium. Microscopically, this tumor is an anaplastic small  
cell carcinoma resembling those found in the lung, with solid 
sheets of small anaplastic cells and frequent mitoses. There  
can be evidence of squamous or glandular differentiation. 
Neuroendocrine markers employed are chromogranin and syn-
aptophysin, as well as electron microscopic evidence of neuro-
secretory granules.

Esophageal carcinoid tumors are rare, with most occurring at 
the gastroesophageal junction [68]. Carcinoid syndrome has 
not been reported in association with esophageal carcinoid 
tumors. There is little or no malignant potential and, conse-
quently, prognosis is good.

Choriocarcinoma of the esophagus is an exceedingly rare 
tumor that may be primary or an adenocarcinoma with tro-
phoblastic differentiation [69]. Secretion of human chorionic 
gonadotropin has been reported.

Benign nonepithelial tumors
Leiomyoma
Leiomyomas are the most common benign esophageal tumor 
[70]. Men are affected twice as frequently as women. These 
tumors are typically solitary. Most occur in the distal esophagus 
and arise in the inner circular layer of the muscularis propria. 
Most leiomyomas are asymptomatic and are found incidentally. 
Symptoms, if present, include dysphagia and chest pain; gas-
trointestinal bleeding is rare.

to be malignant, whereas pseudosarcoma was designated benign 
without metastatic potential. Local and distant metastases of 
spindle cells, however, have been reported.

Spindle cell carcinomas are either solitary or multiple and are 
large and polypoid. Histologically, the squamous component at 
the surface is associated with dysplasia or carcinoma in situ. 
One may also observe adenocarcinoma or undifferentiated epi-
thelial components can occur. The spindle cell component 
ranges from mild proliferation to marked proliferation with 
pleomorphism, giant cells, and mitoses. Differentiation into 
smooth or skeletal muscle, bone, or cartilage is rarely observed. 
Immunohistochemical and electron microscopic analyses indi-
cate that the spindle cells derive from mesenchymal metaplasia 
of malignant squamous cells. Although there are reports that 
spindle cells contain epithelial cell markers such as cytokeratins, 
suggesting multiclonality, most pathologists believe that spindle 
cell carcinomas arise from SCCs that produce a spindle cell 
component [61].

Men are affected more often than women, and most patients 
are middle aged or elderly. Located in the middle to distal 
esophagus, these cancers can produce obstruction and dys-
phagia by virtue of their large size. Most patients present with 
esophageal wall invasion and lymph node involvement. There 
is little prospective information on the treatment of these 
cancers. Surgical resection, when feasible, is the mainstay of 
therapy.

Verrucous squamous cell carcinoma
Classically, verrucous SCC of the esophagus is a slow-growing 
malignant tumor that is often limited to local invasion without 
distant metastasis [62]. However, some do metastasize to other 
organs, with resulting poor prognosis.

Adenocanthoma and adenosquamous carcinoma
These rare tumors feature adenocarcinoma with either squa-
mous metaplasia (adenocanthoma) or with squamous carci-
noma (adenosquamous carcinoma) [63]. These lesions can arise 
in the setting of Barrett esophagus or occur de novo. It is likely 
that these tumors arise in the squamous epithelium, which has 
the ability to achieve squamous and glandular differentiation. 
Alternatively, squamous metaplasia or transformation within an 
adenocarcinoma may have occurred. Clinically, these tumors 
behave like adenocarcinomas.

Adenoid cystic carcinoma
This rare tumor, usually found in elderly males, resembles sali-
vary adenoid cystic carcinoma. These tumors are multilobulated 
or ulcerated and located in the midesophagus [64]. Histologically, 
adenoid cystic carcinomas contain many cystic spaces and are 
primarily submucosal.

Mucoepidermoid carcinoma
This cancer consists of glandular and squamous elements; 
however, the mixture is more pronounced than in adenosqua-
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Granular cell tumor
Granular cell tumors are derived from neural or Schwann cell 
elements, as evidenced by positive staining for S100 protein and 
neuron-specific enolase [71]. Endoscopically, granular cell 
tumor is characterized as a small, smooth, sessile polyp with 
overlying normal mucosa and intramural nodules or plaques 
[71]. Most tumors occur in the distal esophagus and may be 
single or multiple. Patients are usually asymptomatic. Malignant 
transformation is rare. Microscopically, there are sheets of mon-
omorphic histiocyte-like cells.

Fibrovascular polyp
Intraluminal fibrovascular polyps of the esophagus are rare 
tumors that may prolapse into the larynx [72]. Other symptoms 
include dysphagia, nausea, vomiting, and, occasionally, gas-
trointestinal bleeding from ulceration. The polyps are covered 
by a smooth mucosa and are composed of fibrous and vascular 
tissue, although adipose tissue occasionally predominates, 
prompting the designation of a fibrolipoma or pedunculated 
lipoma. Fibrovascular polyps do not have any malignant 
potential.

Hemangioma
Hemangiomas are small, asymptomatic lesions found inciden-
tally on endoscopy [73].

Lymphangioma
Lymphangiomas are rare and have the appearance of a translu-
cent, easily compressed mass on endoscopy [74], differentiating 
them from leiomyomas, which are nontranslucent and firmer 
but also well circumscribed. Histologically, they contain dilated 
endothelial spaces.

Lipoma and fibroma
Sessile submucosal nodules composed of adipose or fibrous 
tissue are called lipomas and fibromas, respectively. Together, 
they constitute fewer than 5% of all benign esophageal tumors.

Malignant nonepithelial tumors
Leiomyosarcoma and other sarcomas
Leiomyosarcoma in the esophagus is uncommon [75,76]. These 
tumors may be polypoid or infiltrative and can arise throughout 
the esophagus. Other esophageal sarcomas include soft tissue 
sarcoma, rhabdomyosarcoma, neurogenic sarcoma, and Kaposi 
sarcoma.

Metastatic carcinoma
Metastatic carcinoma of the esophagus is unusual. The most 
common primary tumor serving as a source of metastatic spread 
to the esophagus is melanoma, followed by breast cancer and, 
less commonly, gastric, renal, liver, prostate, testicular, bone, 
skin, lung, and head and neck cancer. Primary esophageal and 
head and neck squamous cancers may coexist or may develop 

The diagnosis is usually suggested by barium esophagogra-
phy, which shows a smooth, round defect with sharp margins 
(Figure 53.1), or endoscopy, in which a well-circumscribed, 
rounded mass with normal overlying mucosa is seen. Biopsy 
is usually not helpful because the tumor lies deep in the 
mucosa. Endoscopic ultrasonography (EUS) is helpful for 
diagnosis.

Figure 53.1 Leiomyoma of the esophagus represented by a smooth 
intramural mass (arrow) outlined with air-contrast barium. Source: 
Courtesy of Deborah Hall, MD.
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as metachronous lesions. In this context, an esophageal stricture 
is usually extrinsic, without mucosal involvement.

Lymphoma
Both Hodgkin and non-Hodgkin lymphoma can originate pri-
marily in the esophagus, although this is much less common 
than primary lymphomas in the stomach or small intestine. 
Symptomatic esophageal lymphoma may be present in immu-
nocompromised patients, as in those with acquired immunode-
ficiency syndrome. Lymphoma of the esophagus also occurs as 
a result of disseminated disease or infiltration from adjacent 
lymph nodes.

Management and therapy

Diagnostic evaluation
A complete history and physical examination is the cornerstone 
of the diagnostic evaluation. A laboratory profile may reveal 
anemia, hypoalbuminemia, elevated prothrombin time reflect-
ing vitamin K deficiency, and possibly elevated liver function 
tests if metastatic disease is present. Serological markers of 
cancer, such as CEA and CA19-9, have not proven to be of high 
sensitivity and specificity in esophageal SCC. Evaluation is 
dependent on tissue diagnosis through biopsy and cytology, 
followed by staging for prognosis and therapeutic planning.

Endoscopy
The diagnosis of esophageal cancer requires endoscopy with 
biopsy and cytology. As endoscopy may prove too costly in 
some regions of the world, some advocate barium esophagog-
raphy alone, especially in patients with dysphagia. Advantages 
include reduction in cost, noninvasiveness, and reduced com-
plication rate. Additionally, a barium study allows information 
to be obtained about motility as well as challenge with a solid 
bolus such as a tablet of known size. Ultimately, endoscopy is a 
better diagnostic test for patients in whom one suspects esopha-
geal cancer because of the ability to obtain tissue in one test and 
the greater positive predictive value of upper endoscopy.

The endoscopic appearance of early esophageal SCC includes 
a superficial erosive ulcer(s), a raised plaque, a “congestive” 
lesion marked by red spots on the mucosa, and a small polypoid 
lesion. Vital staining dyes such as toluidine blue, aniline blue, 
or Lugol’s iodine can enhance detection and simultaneously 
discriminate early cancers from normal adjacent mucosa. In a 
study of 178 patients who underwent endoscopy and vital stain-
ing, nine esophageal cancers were found, of which seven were 
early cancers [77]. By contrast, endoscopy without vital staining 
detected only four of nine cancers. Limiting the usefulness of 
vital staining is its inability or failure to distinguish inflamma-
tion from dysplasia. Molecular imaging using fluorescent lectins 
has been helpful in the diagnosis of dysplasia in Barrett esopha-
gus, and might be applicable to squamous dysplasia in the future 

[78]. In recent years, the development and greater use of chro-
moendoscopy and narrow band imaging (NBI), both of which 
facilitate the evaluation of mucosal morphology, have played an 
important role in the detection of early esophageal squamous 
cell carcinoma [79].

Advanced esophageal SCCs are typically exophytic, ulcerated, 
and even circumferential. Submucosal invasion produces friable 
nodules or strictures. When feasible without risking perfora-
tion, the endoscope should be advanced through the stricture 
to determine the proximal–distal extent of tumor and any distal 
abnormalities. The majority of SCCs are found in the proximal 
esophagus to the midesophagus.

Barium esophagography
Radiologically, early esophageal SCC may have a granular 
mucosal appearance with single or multiple small ulcerations 
observed as small filling defects. Polypoid lesions are character-
ized by small intraluminal filling defects affecting one wall of 
the esophagus with ulcerations. Advanced esophageal cancer 
can appear as an infiltrative or an ulcerative lesion, but the most 
common presentation of advanced esophageal carcinoma is that 
of a polypoid mass within the lumen produced by an exophytic 
cancer. The mass may have the characteristic appearance of an 
“apple-core” lesion with circumferential involvement by the 
cancer (Figure 53.2). Infiltrating carcinomas often result in 
diminished esophageal motility with or without stricture. Such 
a stricture may be symmetric or asymmetric and can sometimes 
be difficult to distinguish from a benign stricture. The primary 
ulcerative type of esophageal cancer is rare, although ulceration 
can be a component of either polypoid or infiltrating cancer. 
Ulcerative cancers are well-demarcated lesions with a thin rim 
of lucency.

Staging and staging systems
After the diagnosis of cancer is established, staging is necessary 
to optimize management and to establish prognosis. This should 
ideally include computed tomography (CT) scanning of the 
chest and abdomen supplemented with EUS to assess depth of 
esophageal wall involvement and local lymph node involve-
ment. Additionally, where available, positron emission tomog-
raphy (PET) scanning is often performed in conjunction with 
CT given its better sensitivity in detecting metastatic spread 
compared to CT alone.

Endoscopic ultrasound
The critical determinants of survival are depth of invasion, the 
presence or absence of lymph node metastases, and the presence 
or absence of distant metastases. Although several staging 
systems have been recommended for esophageal cancer, surgi-
cal pathological staging has increasingly been replaced by EUS 
for preclinical staging as detection for both depth of invasion 
and nodal involvement has improved (Figure 53.3). The staging 
system for esophageal SCC is listed in Table 53.1.
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EUS has been shown to have a 81% sensitivity for T1–2 
disease but a 91%–92% sensitivity for detection of T3–4 disease. 
EUS is superior to CT scan in the determination of the primary 
tumor (T) and regional lymph node (N) status [80]. EUS accu-
racy in staging the depth of tumor invasion varies from 87% to 
92%, making it more accurate than CT [81]. The overall accu-
racy of EUS in detecting nodal involvement (N staging) is about 
90%. In these studies, EUS sensitivity varied from 92% to 95% 
and specificity varied from 50% to 54%, whereas CT accuracy 
ranged from 51% to 74%, with a sensitivity of 34% and specifi-
city of 88% [82]. EUS-fine needle aspiration (EUS-FNA) has 
improved the accuracy of EUS for N staging. EUS-FNA has 
more than 90% accuracy in confirming celiac axis lymph node 
metastases, but only a limited role for staging distant metastases 
[81]. Therefore, it is generally recommended that CT or MRI be 
performed before EUS for detection of distant metastases.

EUS is useful in the assessment of resectability of cancer. 
Although EUS is superior to CT scan for staging after preopera-
tive chemotherapy and radiation, EUS may not be able to dis-
tinguish inflammation and fibrosis from residual cancer. 
However, a decrease of 50% or more in tumor cross-sectional 
area or diameter correlates with treatment response. Because of 
its potential to reduce unnecessary surgery, EUS has been 
deemed to be cost effective in the evaluation of nonmetastatic 
esophageal cancer.

Positron emission tomography
PET is a whole-body, metabolic-based imaging modality using 
fluorine 18-labeled deoxyglucose (18-FDG). There is an increased 
accumulation of the radiotracer in malignant tissues, which is 
believed to be the result of increased glucose transport into 
tumor cells together with increased activity of the enzymes in 
the first steps of the glycolytic pathway. The degree of FDG 
accumulation in a lesion can be assessed semiquantitatively and 
expressed as a standard uptake value [83]. The results of a pro-
spective study comparing the staging accuracy of FDG-PET 
with the standard combined use of CT and EUS showed that 
FDP-PET significantly improved the detection of stage IV 
disease [84]. Thus, FDG-PET has been documented as a highly 
accurate modality for the primary preoperative staging of 
patients with esophageal cancer and its greater capacity to iden-
tify occult metastatic disease can help avoid unnecessary surgery 
in patients for whom curative surgical therapy is not possible.

Beyond its use in staging, FDG-PET is a promising noninva-
sive tool for the assessment of preoperative (neoadjuvant) 
therapy. There is a good correlation between clinical response 
demonstrated through serial PET scans and pathological 
response and survival. PET with the nucleoside analogue 3′-
deoxy-3′-(18)F-fluorothymidine (FLT) may be more accurate 
than FDG-PET in visualizing early changes in tumor prolifera-
tion [85]. Using an experimental model of esophageal cancer 
(human xenografts), FLT-PET was more accurate than 
FDG-PET in detecting early changes in proliferation follow -
ing docetaxel and radiation therapy, with a much stronger  

Figure 53.2 Advanced squamous cell carcinoma represented by an 
ulcerated mass (arrow) in the midesophagus. Source: Courtesy of 
Deborah Hall, MD.
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Surgery
Where feasible, surgery remains a cornerstone of treatment of 
esophageal SCC with curative intent for respectable, local, and 
locoregional disease. Advances in surgical therapy, staging tech-
niques, patient selection, and supportive care in recent years 
have resulted in a marked improvement in surgery-related mor-
tality and morbidity. Surgery is rarely used in the setting of 
incurable disease as a palliative measure as a means to control 
dysphagia or esophageal obstruction, because radiation therapy 
or esophageal stenting is generally more suitable for this 
indication.

There are various surgical approaches for esophageal cancer, 
including transthoracic, transhiatal, and radical en bloc resec-
tions. Despite the different advantages and disadvantages of 
each, and the controversies surrounding them, there is no evi-
dence to suggest improved survival with any particular one [87]. 
Factors that influence the choice of technique include tumor 
location, depth of tumor invasion, status of lymph node involve-
ment, overall performance status and body habitus of the 
patient, previous treatment (e.g., radiation or chemoradiation 
therapy), and the preferences and biases of the surgeon and 
institution. A feeding tube is typically placed at the time of 
surgery to facilitate nutritional support during recovery.

correlation with histological findings. Clinical studies are 
needed to determine whether FLT-PET can distinguish between 
degrees of response to neoadjuvant chemoradiation in patients 
with esophageal cancer [85].

Laparoscopy/bronchoscopy
Abdominal metastases are more common from distal esopha-
geal tumors, and these subdiaphragmatic metastases can be 
confirmed by laparoscopy. Nonetheless, laparoscopy is not rou-
tinely needed for the staging of esophageal cancer. Preoperative 
bronchoscopy may be considered to exclude potential airway 
invasion.

Therapy for esophageal SCC
Presentation of esophageal SCC at advanced stages often pre-
cludes curative surgical resection. However, with better under-
standing of the disease and the development of new anticancer 
agents, the overall survival of patients with esophageal SCC has 
been improving. Based on Surveillance, Epidemiology, and End 
Results (SEER) information, the 5-year overall survival rate in 
the United States increased from 4.7% in 1976 to 20% in 2009 
[86]. The following discussion is divided into categories of 
potential curative modalities as well as palliative measures.

Figure 53.3 Endoscopic ultrasound images of different stages of esophageal cancer. (a) T2N0 stage. Note the prominent muscularis propria (M.P.) 
(b) T2N1 stage. The mass is directly adjacent to the muscularis propria. (c) T3N0 stage. Note invasion into the muscularis propria (arrow). (d) T3N1 
stage. A mass with a large lymph node (LN) in mediastinal fat. Source: Courtesy of William Brugge, MD.

(a)

(c)

(b)

(d)
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Table 53.1 TNM staging system for cancer of the esophagus. Based on data from the American Joint Committee on Cancer (AJCC). Esophagus. In: AJCC 
Cancer Staging Manual, 7th edn. New York: Springer, 2010, Chicago, IL.

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis High-grade dysplasia

T1 Tumor invades lamina propria or muscularis mucosae (T1a) or  
invades submucosa (T1b)

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures that are resectable (T4a) or  
unresectable (T4b)

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis

N2 Metastasis

N3 Metastasis in seven or more regional lymph nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Histological grade

Gx Grade cannot be assessed – stage with G1

G1 Well-differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated – stage grouped with G3

Stage grouping

Stage 00 Tis (HGD) N0 M0 G1 Any location

Stage IA T1 N0 M0 G1 Any location

Stage IB T1 N0 M0 G2–3 Any location

T2–3 N0 M0 G1 Lower

Stage IIA T2–3 N0 M0 G1 Upper/middle

T2–3 N0 M0 G2–3 Lower

Stage IIB T1–2 N1 M0 Any Any location

T2–3 N0 M0 G2–3 Upper/middle

Stage IIIA T1–2 N2 M0 Any Any location

T3 N1 M0 Any Any location

T4a N0 M0 Any Any location

Stage IIIB

Stage IIIC

Stage IV

T3

T4a

T4b
Any
Any

N2

N1–2

Any N
N3
Any

M0

M0

M0
M0
M1

Any

Any

Any
Any
Any

Any location

Any location

Any location
Any location
Any location

In the past, midesophageal tumors were approached through 
the left side of the chest. The benefits of a right-sided approach 
(Ivor Lewis) have been advocated since then, and include 
enhanced accessibility to the upper two-thirds of the esophagus, 
location of the aorta as a barrier to the left pleural space, and 
visualization of the entire esophagus after division of the azygous 
vein. This approach has been applied as well for distal esopha-
geal cancers, thus allowing for a longer segment of esophageal 
resection with a higher anastomosis.

Potential early complications following transthoracic 
esophagectomy include anastomotic leak (0%–13%), pulmo-
nary problems such as pneumonia, retained secretions, and 
pulmonary emboli (6%–50%), recurrent laryngeal nerve injury 
(1%–13%), and cardiac problems such as myocardial infarction, 
arrhythmia, and congestive heart failure (2%–27%) [88]. The 
mortality rate may range from 1% to 13% [89].

Because of the morbidity and mortality linked to the thora-
cotomy associated with transthoracic esophagectomy, the tran-
shiatal approach has also been advocated, although this has not 
been shown to reduce operative mortality. The mortality rate 
ranges between 2% and 13%, and the 5-year survival rate ranges 

from 12% to 27% [90]. Transhiatal esophagectomy reduces the 
extent of thoracic lymph node dissection that is feasible. 
Transhiatal esophagectomy is often used in the resection of 
benign and malignant disease. Potential advantages over tran-
sthoracic esophagectomy include a significant reduction in res-
piratory complications and mediastinitis because of the 
avoidance of thoracotomy and intrathoracic anastomosis [90]. 
New approaches include the triincisional approach, which 
borrows from both the transhiatal and transthoracic approaches 
and bring the advantage of enabling lymphadenectomy for both 
mediastinum and upper abdomen. The en bloc resection of 
cancers of the distal esophagus and the cardia involves removal 
of 10 cm of the esophagus on either side of the tumor along with 
contiguous tissues, vascular supply, and lymph nodes. The 
extent of lymphadenectomy has been linked to survival; removal 
of as many nodes as possible is generally advocated.

An important consideration during surgery is the choice of 
esophageal replacement. The stomach, by virtue of its rich blood 
supply, length, and muscular wall, is preferred, whereas the left 
colon, because of its similarity to the esophagus in caliber, can 
be used to replace the esophagus when the stomach cannot be 
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to 25% of patients [93]. Brachytherapy is commonly used for 
palliation of esophageal obstruction due to inoperable cancer. 
Brachytherapy may deliver better long-term relief of dysphagia 
than metal stent placement and is also associated with fewer 
complications than stent placement [93].

Preoperative (neoadjuvant) and postoperative (adjuvant) 
radiation therapy
The potential advantages of neoadjuvant radiation therapy 
include increased resectability, decreased tumor seeding at the 
time of surgery, and that enhanced blood flow to the tumor may 
enhance radiosensitivity by increasing free radical formation. 
Neoadjuvant radiation therapy has not been shown to improve 
the overall survival of patients with resectable disease. However, 
the use of neoadjuvant radiation has largely been supplanted 
with the use of neoadjuvant concurrent chemoradiotherapy, as 
discussed below.

Postoperative adjuvant radiation therapy provides the advan-
tages of accurate pathological staging and the direction of treat-
ment to areas with a high risk of disease recurrence. Postoperative 
radiation therapy is often given when the surgical margins are 
positive or the resection is incomplete. A slightly higher total 
dose range (4500–5500 cGy) than that administered in the neo-
adjuvant randomized trials has not yielded a survival advantage 
[94]. Adjuvant chemoradiation strategies are discussed later in 
this chapter.

Chemotherapy
Because approximately 30% of patients present with metastatic 
disease and at least 50% of others present with stage II and  
III disease, chemotherapy holds promise for the local control of 
disease, the prevention of distant metastasis and increased sur-
vival. Cisplatin and 5-fluorouracil (5FU) have been used as a 
standard regimen, and they have produced response rates of 
35%–40% in advanced disease with a median survival of 33 
weeks and a 1-year survival of 38% [95]. Other active agents are 
mitomycin, bleomycin, taxanes (paclitaxel and docetaxel), iri-
notecan, gemcitabine, oxaliplatin, and anthracyclines such as 
doxorubicin and epirubicin.

Neoadjuvant (preoperative) chemotherapy
The rationale of neoadjuvant chemotherapy is to eradicate 
occult metastases before surgery and also to enhance the 
resectability of the primary tumor. Data from a large (802 
patients), randomized, and well-controlled study of neoadju-
vant chemotherapy in esophageal SCC conducted by the UK 
Medical Research Council (MRC) upper gastrointestinal tract 
cancer group demonstrated that preoperative chemotherapy 
with 5-fluorouracil (5FU) and cisplatin improved relapse rates, 
overall survival, and cure rate [96]. Patients with esophageal 
cancer, 67% of whom had adenocarcinoma and 33% of whom 
had squamous cell carcinoma, were randomized to neoadjuvant 
chemotherapy before surgery or to surgery alone. Resectability 
was significantly higher in the treatment arm (78% vs 70%; 

used. Jejunal interposition may be used for reconstitution of the 
hypopharynx and the cervical esophagus. Subsequent complica-
tions of esophageal replacement include anastomotic leaks 
(2%–5%), anastomotic stricture (9%–29%), and gastric 
dysfunction.

As a result of modern surgical management, mortality associ-
ated with anastomotic leak has been markedly reduced and has 
no impact on long-term survival. As a result, clinical decisions 
regarding the use of intrathoracic anastomoses should not be 
affected by concerns of increased mortality from leak.

Minimally invasive laparoscopic esophagectomy has been 
investigated in highly selected esophageal cancer patients, typi-
cally in those with early disease. Advantages include less intra-
operative blood loss, a smaller incision, and potentially faster 
postoperative recovery. However, no definitive benefits in terms 
of mortality and morbidity with the minimally invasive 
approaches have emerged [91]. A concern with minimally inva-
sive approaches, however, lies in the limited extent of lymph 
node dissection that is feasible and the ability to get wide cancer-
free margins. Some surgeons are now also performing hybrid 
approaches that combine open and minimally invasive 
approaches.

Occasionally, a bypass procedure using a portion of the 
stomach, jejunum, or colon as a conduit may be warranted in a 
patient with unresectable esophageal cancer. However, bypass 
surgery is fraught with high morbidity and mortality rates, and 
it should be reserved for patients with a tracheoesophageal 
fistula or those in whom conservative medical measures have 
failed. Effective palliative resection of the cervical esophagus 
usually requires total laryngectomy and esophagectomy.

Radiation therapy
Radiation (external beam) alone
Radiation is seldom used as a single modality in either definitive 
or adjuvant therapy. It is limited to patients who are not candi-
dates for surgical resection because of unresectable disease or 
because they are medically unable to tolerate either a surgical 
procedure or multimodality treatment with chemoradiation. 
Randomized trials have shown that radiation alone is inferior 
to combination concurrent chemoradiotherapy [92]. However, 
radiation alone may lead to amelioration of dysphagia, with 50% 
of patients receiving relief for 2 months or more and 15% of 
patients for more than 1 year. In the acute setting, radiation-
induced esophagitis may lead to dysphagia, and can result in 
fibrotic strictures. Unusual complications of radiation therapy 
include pulmonary fibrosis, myelitis, and cutaneous burns.

Brachytherapy
Intraluminal radiation (brachytherapy) can ameliorate symp-
toms resulting from obstructing cancers. Compared to external 
beam treatment, higher doses of radiation can be delivered with 
this technique without inducing injury to pulmonary, cardiac, 
and mediastinal structures. Complications of brachytherapy 
include ulcers, strictures, and tracheoesophageal fistulae in up 
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2. The median survival was 18 months, and 3-year and 5-year 
survival rates were 29% and 18%, respectively [100].

A phase III multiple-institution randomized trial (RTOG 
85-01) compared combination therapy with radiation therapy 
alone [90]. Patients randomized to combination therapy 
received a total dose of 5000 cGy radiation and 5FU for four 
consecutive days and cisplatin on day 1 in weeks 1, 5, 8, and 
11. Patients in the radiation-alone group were given a total 
dose of 6400 cGy. This trial was stopped early after an interim 
analysis demonstrated a survival advantage for patients in the 
combination therapy group. The 5-year survival rate for 
patients who had chemoradiation was 26% vs 0% for those 
receiving radiation only (P  <  0.001), with a median survival 
of 14.1 months versus 9.3 months respectively. There was no 
statistical difference in survival related to histology of the 
cancer (adenocarcinoma vs SCC). The support for avoiding 
surgery based upon this regimen was tempered by the observa-
tion of 46% incidence of locally recurrent disease following 
chemoradiation. No further benefit but more treatment-related 
death was shown in a later study (RTOG 94-05) using a higher 
dose of radiation (6480 cGy) and the same chemotherapy 
regimen [101].

Neoadjuvant chemoradiation therapy
Data from several nonrandomized studies suggest that neoad-
juvant therapy with chemotherapy (5FU and cisplatin) plus 
radiation before surgery yielded complete response rates of 
24%–42%, with a median survival of 12–23 months [94,95]. The 
Dutch CROSS trials randomized patients with esophageal 
cancer (mostly adenocarcinoma) to preoperative paxlitaxel/
carboplatin in conjunction with external beam radiation 
(41.4 Gy) followed by surgery or to radiation alone [102]. The 
combined treatment group had a higher rate of R0 resection, 
92% versus 69%, and also was observed to have an improved 
overall survival, median survival of 49.4 versus 24 months. An 
American study, CALGB 9781, also conducted to address the 
question of trimodality therapy versus surgery alone, was 
limited by low accrual [103]. However, the results were consist-
ent with that of the CROSS trial with a trend towards increased 
survival with the multimodality therapy. Some newer studies 
are investigating the potential to enhance neoadjuvant chemo-
radiation with a phase of higher-dose induction chemotherapy. 
However, definitive data supporting this approach are still 
lacking.

Adjuvant chemoradiation therapy
Medical and radiation oncologists have also administered com-
bined modality chemoradiation therapy postoperatively to 
patients with esophageal cancer, based on the proven benefit 
observed in other gastrointestinal malignancies, such as rectal 
cancer. However, chemoradiation is more commonly given 
prior to surgery; when neoadjuvant chemoradiotherapy with 
cisplatin and 5-FU was compared to postoperative treatment in 
a Japanese study of patients with advanced stages of esophageal 

P < 0.001), as was overall survival (P = 0.003). Two-year sur-
vival rates were 43% in the neoadjuvant chemotherapy arm 
compared to 34% in the surgery-alone arm. Overall survival was 
superior in patients who received preoperative chemotherapy 
(hazard ratio [HR] 0.79; P = 0.0004). There was no increase in 
postoperative complications in patients receiving preoperative 
chemotherapy (40%–41%). These findings have established 
preoperative chemotherapy as the standard treatment in the UK 
and in much of Europe. New data from neoadjuvant chemora-
diotherapy from the Dutch CROSS trial (see Section Neoadjuvant 
chemoradiation therapy) are leading to increased adoption of 
chemoradiotherapy prior to surgical resection.

Adjuvant (postoperative) chemotherapy
A trial to evaluate the efficacy of postoperative chemotherapy 
in resectable lesions showed an advantage in disease-free sur-
vival in the treatment arm (P = 0.05), but there was no overall 
survival benefit [97]. The MRC Adjuvant Gastric Infusional 
Chemotherapy (MAGIC) trial was designed to determine 
whether perioperative chemotherapy (given both before and 
after surgery) could improve outcomes in patients with resect-
able gastric and distal esophageal adenocarcinomas. In total, 
503 patients with operable disease were randomized to receive 
either three cycles of epirubicin, cisplatin, and 5FU before and 
after surgery or surgery alone [98]. The resected tumors were 
significantly smaller and less advanced in patients who received 
perioperative chemotherapy. The perioperative chemotherapy 
patients also had higher overall survival, with a 5-year survival 
rate of 36.3% vs 23.0% (P = 0.009), and a statistically significant 
improved progression-free survival (P < 0.001). Postoperative 
complications and mortality were similar between the two 
groups. The applicability of these results to esophageal SCC is 
unknown. A metaanalysis of patients treated with adjuvant 
chemotherapy or surgery alone for esophageal SCC revealed 
disease-free survival benefits at 1 year across patients but by 3 
years these benefits were limited to those with more advanced 
disease [99].

Primary chemoradiation therapy
Cisplatin and 5FU combined with radiation therapy can sub-
stantially improve the 5-year survival in patients with esopha-
geal cancer compared with radiation alone. Cisplatin and 5FU 
are radiosensitizers and improve the response to radiation 
therapy. Definitive primary chemoradiation therapy for locore-
gional esophageal carcinoma is considered an alternative to 
surgical resection, although trimodality therapy with surgery is 
preferred increasingly given reduced rates of local control fol-
lowing attempted definitive treatment with dual modality 
chemoradiotherapy. The largest single-institution trial of 
primary chemoradiation was conducted in 57 patients with 
stage T1 and T2 esophageal cancer [99]. These patients were 
treated with 6000 Gy radiation and two cycles of 5FU delivered 
as a continuous 4-day infusion during the first and fifth week 
of radiation therapy, and a single bolus of mitomycin C on day 
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10–14 months, with gains in quality of life [106,107]. The com-
bination of epirubicin, cisplatin, and 5FU has been considered 
a standard treatment for esophageal and gastric adenocarci-
noma in Europe. Other fluoropyrimidines are often used in 
place of 5FU, including the oral agent capecitabine. Increasingly, 
oxaliplatin is used instead of cisplatin as a component of com-
bination therapy; a regimen of oxaliplatin with epirubicin and 
capecitabine is at least equivalent to cisplatin with epirubicin 
and capecitabine [106]. An emerging understanding of the 
molecular characteristics of cell growth, the cell cycle, apoptosis, 
angiogenesis, and signaling pathways has provided novel targets 
in cancer therapy, including for esophageal cancer. Genomic 
biomarkers will likely be used to select the most appropriate 
therapy in individual patients in the future.

Prognostic factors
The chances of curative surgical resection are optimal for lesions 
of less than 5 cm, confined to the mucosa, and without lymph 
node involvement are consistent with aneuploidy and histology. 
For those patients who achieve a pathological complete response 
to neoadjuvant chemotherapy, long-term survival is signifi-
cantly improved.

Molecular markers may have prognostic value. Increased 
cyclin D1 expression and reduced E-cadherin expression 
portend a less favorable outcome [108]. A high serum vascular 
endothelial growth factor (VEGF) concentration has been  
associated with tumor progression, poor treatment response, 
and poor survival in patients with SCC [109]. Patients with 
higher serum levels of C-reactive protein (CRP) have a poorer 
response to chemoradiotherapy and worse overall disease-free 
survival rates [110]. It has also been suggested that high expres-
sion of BAX and p16INK4a are associated with a favorable 
prognosis and that loss of the RB protein is correlated with  
poor prognosis [111]. Clinically, patients should abstain from 
tobacco and alcohol consumption during treatment for better 
outcomes.

The extent of disease is an important prognostic factor. After 
resection, negative surgical margins are important for improv-
ing prognosis; conversely, the development of distant metastasis 
during treatment portends a poor prognosis. The type of  
operation is not an independent prognostic factor. Identification 
of micrometastatic disease in lymph nodes of patients with 
esophageal cancer may permit stratification to better or worse 
survival.

Complications

The average survival of untreated patients with advanced, symp-
tomatic cancer is less than 1 year. Patients may develop aspira-
tion pneumonia or other complications including extension 
into the tracheobronchial tree and other mediastinal structures. 
Fistulae most often communicate with the trachea, the main 
stem bronchi, and the lung parenchyma, carry a poor prognosis. 

SCC, improved survival was observed with the neoadjuvant 
approach [104].

Summary
For patients with T1 esophageal SCC lesions without any evi-
dence of nodal involvement, surgery alone may be curative in 
more than 60%. For patients with locally advanced disease, the 
recommendation is preoperative chemotherapy and concurrent 
radiation therapy followed by surgical resection. Adjuvant 
chemotherapy or chemoradiation can be performed safely with 
an acceptable operative morbidity and a low operative mortality 
rate in patients with esophageal SCC after careful consideration 
of associated risks such as age and comorbid illnesses.

Palliative treatment
Local disease
Because fewer than 50% of patients are candidates for a curative 
approach after careful staging and preoperative assessment of 
comorbid disease, palliative approaches are essential [105]. 
Total esophagectomy is fraught with high mortality rates in 
palliative situations, and thus endoscopic stents should be con-
sidered for those patients with a limited expected survival. 
External beam radiation therapy (with or without chemother-
apy) may be suitable for annular or nearly obstructive lesions, 
but radiation-induced esophagitis may be problematic. Lower 
doses may be an option. Brachytherapy should be considered 
for relief of symptoms (see Section Brachytherapy).

Endoscopic esophageal interventions with various tech-
niques, including endoscopic dilation, self-expanding metal 
stents, and ablative methods such as laser therapy, can be 
employed to relieve malignant strictures, which are mostly asso-
ciated with low serious complication rates. Endoscopic dilation 
is not usually done alone due to the transience of the relief of 
dysphagia and need for repeated procedures, but in combina-
tion with other endoscopic palliations including laser therapy. 
The insertion of self-expandable metal stents has largely replaced 
conventional plastic stents as a more definitive option to main-
tain patency with sustained symptomatic improvement. A 
covered metal stent is also considered to be an effective nonsur-
gical tool in the management of malignant tracheoesophageal 
fistulae. Potential stent-related complications include retroster-
nal pain, recurrent dysphagia, and esophagopulmonary fistulae. 
Among endoscopic ablative approaches, laser therapy, mainly 
Nd : YAG laser, and brachytherapy are available as alternative or 
complementary modalities to palliative stent therapy with com-
parable efficacy and safety to expandable metal stenting.

Metastatic disease
For distant metastatic disease, systemic chemotherapy is the 
main modality for palliative care. The combination of 5-FU and 
cisplatin has been long accepted as the preferred therapy in this 
context. With additional agents such as paclitaxel, docetaxel, 
gemcitabine, irinotecan, and oxaliplatin response rates have 
improved to 50%–60% and median survival has increased to 
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direct endoscopy for evolving or advanced esophageal SCC 
[113]. Other approaches to less-invasive endoscopy have 
included the use of unsedated transnasal endoscopy.
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They are manifest as cough, chest pain, dyspnea, hoarseness, 
and hemoptysis. Direct extension of the esophageal cancer, as 
opposed to fistula formation, may involve the lung and tracheo-
bronchial tree, aorta, pericardium, and upper abdomen. 
Hoarseness suggests recurrent laryngeal nerve involvement. 
Apart from direct extension or fistula formation, esophageal 
cancer can metastasize to lymph nodes, lung, and liver as fre-
quent sites.

Prevention

Screening
Screening of the general population may have merit in high-
incidence areas, such as northern China. Although balloon 
cytology has achieved success in China, its application in US 
veterans has not proven successful [112]. The reasons were the 
low prevalence of esophageal cancer and the low specificity of 
dysplasia because of confounding factors such as inflammation 
resulting from reflux esophagitis. Follow-up measures included 
biannual endoscopy with vital staining and biopsy, balloon 
cytology, laryngoscopy, and chest radiography. However, the 
vast majority of positive results found in screened patients 
proved to be “false positive.” Institution of screening and sur-
veillance endoscopic programs may be applied to certain clini-
cal situations, such as in patients with head and neck SCC.

Ingestible esophageal capsule endoscopy and 
transnasal endoscopy
An office-based noninvasive diagnostic approach has been 
developed as an alternative to conventional endoscopy or other 
screening techniques to evaluate patients with esophageal 
abnormalities, especially those with Barrett esophagus, gastro-
esophageal reflux disease (GERD), and esophageal varices. A 
small plastic capsule with a tiny video camera glides down the 
esophageal tract taking video images and transmitting these to 
a recording device. The disposable capsule passes through the 
GI tract, usually within 24 h. This approach is not as effective as 
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Introduction

As the portal to the gastrointestinal (GI) tract, the esophagus is 
susceptible to insults and injury from a variety of environmental 
exposures and to the effects of systemic and dermatological 
diseases. This chapter discusses several causes of esophageal 
pathology not addressed elsewhere in this textbook. Although 
some of these diseases and disorders are rare, it is important for 
the clinician to recognize them because, in many cases, a delay 
in diagnosis is associated with a poor outcome.

Esophageal trauma

Mallory–Weiss syndrome (see Chapter 44)
In 1929, Mallory and Weiss described a syndrome in alcoholics 
of retching and emesis followed by massive, and sometimes 
fatal, upper GI hemorrhage caused by linear lacerations at the 
gastroesophageal junction [1]. In subsequent retrospective 
series, Mallory–Weiss syndrome accounts for 5%–15% of cases 
of upper GI bleeding [2,3]. These mucosal lacerations are gener-
ally 3–20 mm long, 2 to 3 mm wide, and parallel to the long axis 
of the esophagus (Figure 54.1) [4].

The sudden rise in intraabdominal pressure during vomiting, 
retching, or coughing is thought to be the major pathogenic 
mechanism of a Mallory–Weiss tear. Accordingly, tears have 
been seen after ingestion of ipecac syrup or administration of 
chemotherapeutic agents, during diabetic ketoacidosis, sei-
zures, hiccups, blunt trauma, straining at defecation, asthma 
exacerbations, heavy lifting, cardiopulmonary resuscitation, or 
primal scream therapy, after abrupt changes in air pressure, and 
as a complication of carbon monoxide poisoning [2,5–8]. Rarely, 
these can also occur during upper endoscopy in patients with 
excessive retching during the procedure (less than 0.5% of all 
endoscopies) [9]. There have also been reports of Mallory–
Weiss tears during spiral and double-balloon enteroscopy,  
presumably due to pressure from scope looping at the gastro-
esophageal junction when the small bowel is deeply intubated 
[10,11]. Hiatal hernia is an established risk factor for Mallory–
Weiss syndrome [4,12,13].

The “classic” presentation of a Mallory–Weiss tear is of 
repeated, violent retching, vomiting, or coughing followed by 
hematemesis. However, the presentation is often atypical: 40% 
of patients have no antecedent explanation for the tear, and 50% 
have hematemesis with the first episode of emesis [2,4]. The 
mean age at presentation is in the fifth decade, but the syndrome 
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the treatment of achalasia with pneumatic dilation the perfora-
tion rate can be as high as 3%–4% [37–44]. Perforation has also 
been reported following nasogastric tube placement, inflation 
of a gastric variceal tamponade balloon in the esophagus, scle-
rotherapy, insertion of an intragastric balloon for weight loss, 
transesophageal echocardiography, and atrial fibrillation abla-
tion procedures most commonly by radiofrequency energy 
catheter ablation [36,45–50]. In addition to medical instrumen-
tation, penetrating injury from knife and gunshot wounds or 
sword-swallowing, as well as blunt trauma to the neck, chest, 
and upper abdomen, may cause esophageal perforation [51–53]. 
The degree of blunt trauma may vary from grave, as in blast and 
crush injuries, to less severe, as in assault or the Heimlich 
maneuver [54–59].

In 1724, Herman Boerhaave described the spontaneous 
transmural rupture of the esophagus in a patient, Baron von 
Wassenauer, who died suddenly after severe retching [60]. 
Ninety percent of spontaneous ruptures, or Boerhaave syn-
drome, occur in the distal esophagus, with more than two thirds 
on the left side. This is likely due to an anatomic weakness of 
the left posterolateral aspect of the esophagus just above the 
diaphragm [61,62]. The typical description involves a bout of 
vomiting after a copious meal, sometimes by an alcoholic 
patient [63]. Most patients have antecedent retching and vomit-
ing, although any maneuver that suddenly increases the intraab-
dominal pressure may result in rupture [61,64]. Interestingly, 
some patients with Boerhaave syndrome have been found to 
lack a muscularis mucosae, which may make them anatomically 
predisposed to rupture [65]. Boerhaave syndrome is also an 
unusual but severe initial presentation for eosinophilic esophag-
itis [66–68].

The etiology and severity of an esophageal rupture dictate  
the presentation. Chest pain, dysphagia, odynophagia, nausea, 
vomiting, hoarseness, or aphonia can be seen in an upper 
esophageal perforation, whereas lower esophageal perforations 
manifest with abdominal pain, pneumothorax or hydropneu-
mothorax, or pneumomediastinum. Hematemesis is rarely 
severe, but occurs in 55% of patients [36,61,64,65,69,70]. Of 

can occur at any age [4,14]. Male patients are affected more 
frequently than females (4 : 1) [2,4]. Twenty-seven percent of 
patients have multiple lacerations, and up to 77% have other 
associated upper GI lesions [2,3]. Though bleeding stops spon-
taneously in up to 90% of patients, blood transfusion may be 
needed and mortality may be as high as 12% [2,3]. Patients with 
portal hypertension and coagulation defects are at increased 
risk of bleeding from Mallory–Weiss tears [3,15]. Presentation 
with shock or ongoing active bleeding predicts recurrent bleed-
ing episodes, and the presence of advanced age, low hemo-
globin, elevated aspartate aminotransferase (AST), and the 
presence of melena have been independently associated with 
increased mortality [16,17].

Endoscopy is commonly used to diagnose and treat Mallory–
Weiss tears, but treatment is recommended only for lesions with 
active bleeding or stigmata of bleeding [18]. Scoring systems are 
available that can stratify patients into high and low risk to 
facilitate determination of need for urgent endoscopic evalua-
tion [19]. Endoscopic hemostasis has been achieved by the 
injection of anhydrous ethanol, polidocanol, or 1 : 10 000 epine-
phrine, cautery with multipolar coagulation or heater probe, 
endoscopic band ligation, and application of hemoclips [2,20–
29]. Endoscopic injection with epinephrine and polidocanol has 
been shown to reduce recurrent bleeding and decrease length 
of hospital stay [30]. Angiographic embolization has also been 
used with success, but typically is reserved for situations when 
endoscopic therapy fails [31], as is the use of recombinant factor 
VIIa [32]. Surgery may be required in rare instances when 
bleeding cannot be controlled by these methods [2].

Esophageal perforation and rupture
Injury to the esophagus resulting in perforation or rupture is 
life threatening, and successful management depends on early 
diagnosis and prompt surgical intervention [33]. The most 
common cause of esophageal perforation, accounting for about 
half of cases, is medical instrumentation, including rigid and 
flexible endoscopy [34–36]. Therapeutic endoscopic stricture 
dilation by bougie or balloon carries a perforation risk, and in 

Figure 54.1 Examples of different morphologies of Mallory–Weiss tears in three different patients, seen in antegrade (a) and retroflexed (b, c) views in 
the proximity of the gastroesophageal junction.

(a) (b) (c)
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esophageal repair [86,87]. Intrathoracic perforations, however, 
must be treated aggressively with debridement and irrigation of 
the mediastinum, followed by primary closure of the defect 
[88]. With early intervention, the mortality is less than 10%, but 
this rate triples if surgery is delayed for more than 24 h [34,76,89]. 
Yet even in patients with a delayed diagnosis, primary esopha-
geal repair remains the treatment of choice [34,88,90–92]. 
Esophagectomy is typically performed only when the diagnosis 
has been significantly delayed such that severe infection has 
developed [42,93]. Patients with perforation caused by endos-
copy with dilation tend to have a good prognosis due to prompt 
diagnosis and treatment [94]. In addition, minimally invasive 
interventions are being used more commonly. Thoracoscopic 
repair of esophageal rupture and endoscopic repair of small 
dilation-induced perforations using hemoclips are emerging 
techniques [95–99]. Advances in stent and endoscopic closure 
devices have made nonoperative management a more tenable 
approach, particularly in carefully selected patients in the iatro-
genic setting. Removable, self-expanding plastic or fully covered 
metal stents have been developed which facilitate temporary 
stent placement in the case of esophageal perforation [100–104]. 
Over-the-scope clips have also been reported as a possible non-
surgical treatment approach [105,106].

Esophageal intramural hematomas
An esophageal intramural hematoma is usually produced by 
local trauma [107–109]. It typically occurs in the setting of 
vomiting or retching, although spontaneous hematomas have 
been seen in patients with coagulopathies or those treated with 
anticoagulants or aspirin [107–114]. Iatrogenic hematomas 
have occurred after endoscopic sclerotherapy, cardioversion, 
thrombolysis, endotracheal intubation, passage of a nasogastric 
tube, endoscopic biopsy, and endoscopic radiofrequency abla-
tion [115–123]. These intramural hematomas are rare, and most 
reports are either single cases or small case series. The patho-
genesis is likely due to a mechanical injury of the esophageal 
wall. Potential causes include sudden or dramatic changes in 
internal esophageal pressure from blunt external trauma or 
from retching, coughing, or sneezing [108,109].

Patients typically present with an abrupt onset of substernal 
or epigastric pain followed by hematemesis. Hemorrhage is 
usually of small volume, though up to 10% of patients require 
blood transfusion [107,124]. Dysphagia and odynophagia are 
common, and in some cases the esophagus can be completely 
obstructed [113,115,124–126].

Patients presenting with hematemesis and substernal chest 
pain should immediately have a chest radiograph to rule out 
perforation. If negative, an esophagram with a water-soluble 
contrast agent should then be performed [125]. The most 
common abnormality seen on this test is a filling defect [127]. 
On endoscopy, a bluish or violet esophageal mass protruding 
into the lumen is seen, sometimes associated with a mucosal 
tear [108,128,129]. CT with contrast or magnetic resonance 
imaging (MRI) can reveal a nonenhancing esophageal mass that 

note, iatrogenic perforations often may remain asymptomatic 
for up to 8 h [36].

Physical examination reveals tachypnea, tachycardia, and 
sometimes fever. Subcutaneous emphysema is present in at least 
30% of patients [71]. If present, Hamman’s sign (a mediastinal 
“crunch” appreciated with each heartbeat with patients in the 
left lateral decubitus position) suggests pneumomediastinum. 
With pleural involvement, there may be reduced or absent 
breath sounds on the side of the perforation. Signs of tension 
pneumothorax, hypotension, or shock are indicative of sudden 
massive esophageal rupture [72–74].

Early diagnosis and treatment are mandatory to avoid the 
high mortality rate (25%–75%) associated with presentation 
beyond 24 h from the rupture [70,73,75,76]. A high level of 
suspicion is also required, as misdiagnosis or treatment delay 
occur in more than 50% of patients [74,77]. After obtaining a 
history and performing the physical examination, radiographs 
of the chest and abdomen should be acquired. There is a range 
of findings, including subcutaneous emphysema, pneumomedi-
astinum, mediastinal widening, mediastinal air–fluid levels, 
pleural effusion, pneumothorax, hydropneumothorax, or pneu-
moperitoneum [61,64]. A completely normal chest radiograph 
is present in fewer than 5% of patients [75]. The next step in 
evaluation is to perform an esophagram with water-soluble con-
trast; multidirectional views are diagnostic in most cases, and 
barium should be avoided on the initial study as it can contami-
nate the mediastinum if there is a perforation [36,61,64]. If this 
cannot be obtained, a noncontrast computed tomography (CT) 
scan may identify small quantities of air or oral contrast in the 
pleural space, and provides views of the mediastinum, pleura, 
and aorta [64,78]. Unfortunately, it does not always allow for 
localization of the perforation [79]. Flexible upper endoscopy is 
highly accurate and has been advocated with suspected blunt or 
penetrating esophageal trauma, but does present the risk of 
extending the perforation [80].

Though infection is a common complication of esophageal 
perforation, until the patient develops fever, mediastinitis, 
pleural effusion, empyema, or sepsis, the diagnosis may be 
obscure. If examined, the pleural fluid is exudative, and due to 
leakage of gastric acid, esophageal rupture is one of the few 
conditions that can be associated with a pleural fluid pH as low 
as 6.0 [81]. Because the pleural fluid is salivary in origin, the 
pleural fluid amylase may be elevated [82]. A wide range of 
community and nosocomial organisms can cause empyema in 
this setting [83,84].

Surgical management is generally required for both sponta-
neous rupture and traumatic perforation [76,85]. Initially, all 
patients should take nothing by mouth (NPO), and broad-
spectrum antibiotics should be administered. Specific therapy 
depends on the site and etiology of the rupture, the length of 
time between the perforation and the diagnosis, and the overall 
health status of the patient. Small perforations of the cervical 
esophagus can be treated conservatively with antibiotics and 
without surgery, or with localized drainage of the neck without 
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or motility esophageal disorder such as a peptic stricture or 
Schatzki ring, web, hiatal hernia, esophageal cancer, or achalasia 
(Figure 54.2) [140,147]. Recent data suggest that a sizeable pro-
portion may have eosinophilic esophagitis, and this condition 
is now the most common cause of EFBI in patients presenting 
to the emergency room (see Chapter 50) [138,148].

Presentation
The clinical presentation is often straightforward. Many older 
children and adults are able to recognize the impaction  
when it occurs, and a history of prior impaction is common 
[135]. Patients may point to the level of the impaction, 
although this is not always reliable [149]. Dysphagia is the 
most common symptom, and if the esophagus is obstructed, 
odynophagia, choking, or drooling can be present [142]. The 
latter symptoms may be the only clue in young children or 
adults who cannot communicate. In children with foreign 
objects lodged proximally, 5%–15% may present with respira-
tory symptoms [139].

Complications usually depend on the characteristics of the 
impacted object, and may occur with large, irregularly shaped, 
or sharp objects [143]. If a foreign body perforates the esopha-
gus, mediastinitis can result in abscess formation requiring 
drainage [150,151]. Fistulization to surrounding vasculature 
such as the aorta or innominate artery may lead to life-
threatening hemorrhage [152–154]. Equally serious conse-
quences can also occur with fistulization to the airway or 
pericardium [155,156]. Disc batteries pose a unique threat as 
leakage of alkali causes direct tissue damage, potentially leading 
to perforation or fistulization [157,158].

Diagnosis
An accurate history is crucial for diagnosis. Though little extra 
information is gained on the physical examination, signs of 
some complications may be detected. For example, proximal 
esophageal perforation is suggested with neck swelling, ery-
thema, tenderness, or crepitus from subcutaneous emphysema. 
Imaging can confirm the diagnosis prior to an invasive proce-
dure. Neck and chest radiographs show a radiopaque foreign 

has the density of blood [110,112,129,130]. Endoscopic ultra-
sound shows an intramural submucosal hypoechoic mass [129].

Most patients respond to conservative management with 
complete resolution in 2–3 weeks without long-term sequelae 
[114,119,124]. However, the development of fever or pleural 
effusions may indicate an esophageal perforation that was not 
detected during the initial evaluation [119,127]. Endoscopic 
incision and drainage of the hematoma has been described 
[131,132], as has treatment with angiography and embolization 
[133]. Surgery is needed in 19% of cases to control bleeding or 
repair perforations [124], but less invasive thoracoscopic 
approaches have been reported [134].

Esophageal foreign bodies

Epidemiology
The esophagus is the most common site of foreign body impac-
tion in the GI tract, due to its proximal location and narrow 
caliber. A wide variety of objects can become lodged in the 
esophagus, and the type of object varies by age group [135]. 
Food is the most common cause of esophageal foreign body 
impaction (EFBI) in adults. In the general population of adults, 
the annual incidence of food impaction is approximately 13 
episodes/100 000 people, with meat and bone impactions occur-
ring commonly [136–138]. Special populations of adults at high 
risk for EFBI include denture-wearers and edentulous individu-
als, prisoners, the mentally impaired, substance abusers, and 
psychiatric patients, who may swallow a panoply of objects 
[135,139–144]. In children, most cases occur between the  
ages of 6 months and 6 years, and small objects such as coins, 
toys, crayons, buttons, and batteries are commonly ingested 
[135,139–141,143,145,146].

Pathogenesis
Foreign body impaction can occur in areas of anatomical 
esophageal narrowing, such as the cervical esophagus, aortic 
arch, and gastroesophageal junction [143]. However, adults with 
food impaction often have an underlying anatomical, structural, 

Figure 54.2 Food impaction in the distal esophagus (a) which is cleared by gently advancing the bolus under direct endoscopic vision into the stomach 
(b). A re-examination of the esophagus reveals a Schatzki ring as the underlying cause (c).

(a) (b) (c)
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multiple varieties of grasping forceps are available (Figure 54.3) 
[176,177]. Prior to the procedure, a practice session with a 
similar foreign body can identify the appropriate endoscopic 
accessories for the actual removal and increase dexterity [167]. 
An esophageal overtube can be used to protect the airway [178], 
but because of the risk of perforation, should be used only by 
experienced personnel [179].

Coins can be removed with either a grasping forceps, net, or 
retrieval basket, depending on the size and whether the coin has 
a ridge [168,180]. Of note, special care should be taken when 
traversing the upper esophageal sphincter with a coin to prevent 
loss into the trachea. Disc batteries or other round objects are 
similarly captured in a net [176]. If a small (<2.0 cm), smooth 
object cannot be securely grasped in the esophagus under direct 
visualization, it is possible to gently advance it into the stomach 
where there is more room to maneuver. Sharp objects, however, 
are best removed where they lie with retrieval forceps or a 
polypectomy snare [176]. Orienting a sharp object with its point 
trailing during extraction can minimize mucosal injury, as does 
fitting a protector hood to the end of the endoscope [142,181]. 
Methods have been described for the closing of an open safety 
pin prior to extraction to minimize the risk of perforation [182].

Techniques for clearing a food impaction are similar. A bolus 
can often be gently advanced into the stomach under direct 
visualization with the tip of the endoscope, and this approach 
has been shown to be safe in most cases [136,183]. Alternatively, 
the food bolus can be removed (or debulked) with snares, 
baskets, or forceps. An esophageal overtube can be helpful to 
facilitate repeated passage of the endoscope during piecemeal 
removal of a food bolus, and to prevent stray food particles from 
dropping into the airway [142,167]. A friction-fit adaptor such 
as a variceal band ligator placed on the end of the endoscope 
can be used as a suction device provided enough food is present 
to fill the cup and form an airtight seal [184].

objects, and, in the case of esophageal perforation, subcutane-
ous air [142,159,160]. Both anteroposterior and lateral views are 
indicated to properly identify and locate radiopaque objects that 
may be obscured by orientation or shadowing from the verte-
bral column [161]. Contrast esophagrams should be avoided 
when obstruction is suspected due to the risk of aspiration. 
Barium is an opaque contrast agent which may coat both the 
foreign body and esophagus, hampering endoscopy and 
removal. Gastrografin is a transparent contrast agent but may 
cause severe pneumonitis if aspirated [143]. In children, metal 
detectors can be used to detect metallic foreign bodies [162].

Treatment
The management of an EFBI is determined by its physical char-
acteristics, location, and length of time in place. In general, 
flexible endoscopy performed by an experienced endoscopist is 
the mainstay of therapy with a success rate of up to 98% and 
very low morbidity [135,143,147,163–166]. An exception is 
made for objects in the high cervical esophagus or pharynx 
which may require rigid laryngoscopy for removal [140]. Blind 
bougienage carries a significant perforation risk and is not rec-
ommended [142]. As with all procedures, the risks of aspiration 
and airway obstruction should be minimized, and elective 
endotracheal intubation prior to endoscopic intervention may 
be necessary to manage the airway.

The time frame for management varies. For disc batteries, 
sharp objects, and objects lodged in the proximal esophagus, 
immediate intervention is required [143,167]. Cases of com-
plete esophageal obstruction where patients have difficulty han-
dling secretions should also be dealt with swiftly [135,142,167]. 
In contrast, it is safe to observe coins in the distal esophagus for 
up to 24 h to determine whether they will pass into the stomach 
[168]. If they do, they usually will pass through the remainder 
of the GI tract without incident [169]. Because of the increased 
risk of progressive mucosal damage, aspiration, and prolonged 
odynophagia, frankly impacted objects should not be allowed 
to remain in the esophagus for more than 24 h even if they are 
nonobstructing [137,142].

Nonendoscopic medical treatments are generally of limited 
value in EFBI. Glucagon, given in a 1 mg intravenous bolus, can 
relax the esophagus to allow spontaneous passage of a food 
bolus or foreign body, but may only be successful in patients 
without a fixed esophageal obstruction, and is often not success-
ful at all [147,170–172]. Effervescent agents are also of limited 
efficacy, carry a perforation risk, interfere with subsequent 
endoscopy, and are therefore not recommended [173]. The use 
of enzymatic digestion of a meat bolus (with papain or other 
meat tenderizer) is also not recommended; both perforation 
and death have been reported [174,175]. Even if a patient expe-
riences medication-assisted passage of an object, subsequent 
esophageal examination is recommended to determine whether 
there is an underlying cause of mechanical obstruction.

In order to remove impacted esophageal foreign objects, a 
number of endoscopic instruments, including snares, nets, and 

Figure 54.3 An example of the array of devices available for foreign body 
removal. From top left and proceeding clockwise, a Roth net (with a 
captured penny), a three-pronged grasping forceps, and a rat-tooth 
forceps are pictured. Objects that can potentially be impacted in the 
esophagus are shown for size comparison.
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cause injury from within, potentially due to prostaglandin inhi-
bition [191].

The mid and distal regions of the esophagus are at highest 
risk for injury. Extrinsic compression by the left atrium or aortic 
arch may slow transit and increase contact time with the medi-
cation in the middle third of the esophagus. In the acid-exposed 
region of the distal esophagus, pill esophagitis may be worsened 
by concomitant acid reflux [196].

Presentation
Pain and odynophagia are the hallmarks of pill esophagitis, and 
these symptoms may be severe enough to inhibit adequate oral 
intake [195]. Retrosternal chest pain is also a frequent com-
plaint. Dysphagia is less common and usually related to edema 

After clearing an esophageal foreign body, the endoscopist 
must still assess for underlying structural abnormalities. If an 
esophageal stricture is found, it can be biopsied or dilated, pro-
vided the foreign body removal was not delayed and severe 
esophagitis is not present [135,136,148,183]. Eosinophilic 
esophagitis is an important cause of EFBI, and endoscopic signs 
of eosinophilic esophagitis such as rings or linear furrows 
should prompt esophageal biopsies at the time of the therapeu-
tic procedure, or during repeat endoscopy after a trial of proton 
pump inhibitor therapy to diagnose this disorder [185].

Surgery is rarely needed to remove an impacted object or 
food bolus, and should be reserved for instances when endo-
scopic management has failed, an object is embedded in the 
esophageal wall or extraction carries a high risk of perforation, 
if a perforation has already occurred, or if endoscopic removal 
of the object poses additional risk of systemic effects, such as in 
the case of ingested packets of illicit drugs [135,142,153,167].

Pill esophagitis

Epidemiology
Pill esophagitis is widely reported in the literature. While almost 
100 different substances have been implicated in more than 700 
cases (Box 54.1), the majority are caused by tetracycline-class 
antibiotics, potassium chloride, nonsteroidal antiinflammatory 
drugs (NSAIDs), and quinidine [186–188]. The overall inci-
dence of pill esophagitis has been estimated at 0.004% per year, 
but ranges from 0.04% for alendronate to as high as 20% for 
NSAIDs [188–191].

Due to frequent use of high-risk medications, decreased sali-
vation, and a higher prevalence of esophageal dysmotility, 
elderly patients are at increased risk for pill esophagitis [187,188]. 
Similarly, women are more likely to be treated with high-risk 
medications and are twice as likely as men to have pill esophagi-
tis [187,188].

Pathogenesis
The development of pill esophagitis depends on a combination 
of patient, esophageal, and drug related factors. Patients who lie 
down or swallow pills without adequate liquid intake may 
increase their risk of pill esophagitis. This risk is enhanced 
further by esophageal factors such as dysmotility or mechanical 
narrowing of the esophagus. Even without these conditions, 
esophageal transit of standard-size medication tablets can take 
as long as 5 min [192,193]. The transit of capsules that adhere 
to the esophageal wall may be slowed as well [186].

Most simply, however, pill esophagitis is caused by prolonged 
direct contact of a caustic medication with the esophageal 
mucosa [188,194]. This is particularly typical of quinidine, 
potassium, and the bisphosphonates [190]. Tetracycline and 
ferrous sulfate, in contrast, injure the esophageal epithelium  
as a result of local pH changes or hyperosmolarity [195]. 
NSAIDs appear to be absorbed by the esophageal mucosa and 

Box 54.1 Selected medications implicated in pill esophagitis. Data 
from [186,188].

Antibiotics

Tetracycline
Tetracycline derivatives (doxycycline, erythromycin)
Penicillin
Penicillin derivatives (amoxicillin, ampicillin)
Trimethoprim
Clindamycin
Rifampin
Zidovudine
Zalcitabine
Telithromycin

Nonsteroidal antiinflammatory drugs

Aspirin
Ibuprofen
Naproxen
Many others in class (indomethacin, diclofenac, etc.)

Other drugs

Bisphosphonates (alendronate, pamidronate, etidronate)
Potassium chloride and potassium citrate
Quinidine
Emepronium
Ascorbic acid
Papain
Isotretinoin
Theophyllines
Oxybutynin
Iron preparations (ferrous sulfate)
Captopril
Nifedipine
Diltiazem
Warfarin
Valproic acid
Phenytoin
Phenobarbital
Cromolyn sodium
Chloral hydrate
Alprenolol
Corticosteroids
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receptor antagonist or a proton pump inhibitor is usually pre-
scribed to protect the esophageal mucosa from further injury 
related to reflux of gastric contents [188]. Similarly, agents that 
provide a protective coating over the esophagus, such as sucral-
fate, may be of benefit.

Corrosive esophagitis

Epidemiology
Corrosive esophagitis is caused by ingestion and swallowing of 
caustic agents, in particular those with a pH of higher than 
12 or less than 2. More than 26 000 patients ingest corrosive 
substances in the United States each year, approximately 
17 000 of whom are children (half of whom are less than 4 
years of age) [201]. The peak ages of presentation of corrosive 
esophagitis in children is between 1 and 3 years of age 
[202,203]. The majority of caustic ingestions involve alkaline 
agents such as drain cleaners, but strong acids and chlorine 
bleach are also common [202,204]. One quarter to a half of 
caustic ingestions injure the esophagus severely enough to 
cause long-term sequelae, and ingestion of corrosive sub-
stances remains a leading cause of pediatric death [201,202,205]. 
While corrosive esophageal injury usually represents acci-
dental ingestion in children, in adolescents and adults most  
ingestions are suicide attempts [206]. Compared to accidental 
episodes, intentional ingestions are generally associated with 
higher volume and consequently greater esophageal and more 
distal GI injury [206].

Caustic esophageal injury is also a risk factor for squamous 
cell carcinoma of the esophagus. One study found that this 
malignancy may be a thousand times more common in patients 
after caustic injury than in the general population [207], even 
though the mean time between ingestion and cancer is 50 years 
[201,208]. This association has prompted the recommendation 

and ulceration rather than stricture. Rarely, patients may present 
with hematemesis or even perforation [187].

Diagnosis
Pill esophagitis should be suspected based on medication inges-
tion, risk factors, and symptoms elicited in a thorough history. 
Upper endoscopy typically demonstrates erosions or ulcers, 
usually in the middle or distal third of the esophagus, which are 
often circular or oval in nature. Rarely, the culprit medication 
is still in place (Figure 54.4). Focal epithelial damage which 
spares the majority of the distal esophagus is nearly pathogno-
monic of pill esophagitis, and effectively excludes reflux 
esophagitis. “Kissing” ulcers, or ulcers at the same level of the 
esophagus but on adjacent walls, can also be seen [197]. If a 
stricture is found, it more likely is the cause, rather than a result, 
of the esophagitis, and may be responsible for delayed transit of 
a pill. Finally, though nonspecific, barium esophagram can show 
discrete ulcers in the mid or distal esophagus [198,199]. Biopsy 
of the lesions may show an eosinophilic infiltrate; however, his-
tological findings are inadequately sensitive or specific to estab-
lish the diagnosis [200].

Treatment
Pill esophagitis can largely be prevented with appropriate patient 
education. Patients should be instructed to ingest medications 
in an upright position with at least 100 mL of fluid, and to 
remain upright for 30 min after ingestion. If possible, patients 
with known esophageal compression, stricture, or dysmotility, 
and those patients confined to a bed should avoid medications 
most frequently associated with esophageal injury [187].

If pill esophagitis does occur, most mucosal lesions heal 
within days to weeks of withdrawal of the offending agent 
[186,188]. Occasionally, patients may have such severe symp-
toms that intravenous fluids or dietary modifications are needed 
to avoid dehydration. Antisecretory therapy with either an H2-

Figure 54.4 Three pill tablets (one partially 
dissolved) lodged in the mid esophagus with 
nearby erosions (a). After removal of the 
tablets, pill esophagitis and an underlying 
esophageal stricture are evident (b). (a) (b)
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also lead to decreased clearance of refluxate, esophagitis, and 
even peptic stricture.

Diagnosis
Most often, the diagnosis is suggested by an accurate history, 
but upper endoscopy is usually needed to confirm the diagnosis 
and grade the severity of the injury (Figure 54.5) [201,210,211]. 
A grading system for the endoscopic classification of caustic 
esophageal injury has been developed, which helps to determine 
the prognosis and optimal management (Table 54.1) [215]. 
While the majority of patients with grade 2b and 3 corrosive 
injury develop strictures and complications, those with grade 
0–2a injuries are generally spared long-term sequelae [215,216]. 
Though not yet widely used for this application, endoscopic 
ultrasound may provide a more accurate determination of the 
depth of injury [217,218]. Other imaging modalities may also 
be helpful in the diagnostic evaluation: plain abdominal or chest 
radiographs can show evidence of pleural fluid, mediastinitis, 
or frank perforation. If an esophageal perforation is found, 
upper endoscopy is relatively contraindicated. Barium swallow 

for yearly endoscopic surveillance beginning 15–20 years after 
caustic esophageal injury [209].

Pathogenesis
The pathogenesis of corrosive esophagitis is due to direct tissue 
injury. Alkaline substances produce a deeper depth of injury 
than acidic substances because liquefaction necrosis occurs in 
seconds [201,210]. The pH required for esophageal damage is 
12.5, but the severity is dependent on both concentration and 
mucosal contact time [201]. For example, one study found com-
plications only in those ingesting strong alkali agents such as 
lye, whereas detergent ingestion (a weak alkali) caused a com-
plication in only a single case [211].

In contrast to alkaline agents, acidic corrosives cause coagu-
lative necrosis and eschar formation, a mechanism felt to protect 
deeper esophageal layers from further injury [201]. As with 
alkalis, the concentration of the acidic agent determines the 
degree of injury, but the rapid clearance of acid by esophageal 
peristalsis and partial neutralization by swallowed salivary 
bicarbonate can limit esophageal injury [201].

The formulation of the corrosive agent is also important. 
Granular corrosives tend to cause less esophageal injury than 
liquids, because the granules adhere to the mucous membranes 
of the mouth rather than being carried into the esophagus [212].

Presentation
Some patients will present immediately after a volitional caustic 
esophageal injury, but others may not. Symptoms can last days 
to weeks and include abdominal pain, retrosternal chest pain, 
dysphagia, nausea, vomiting, and odynophagia [213]. In chil-
dren unable to describe their symptoms, refusal to drink and 
increased salivation might be noted.

The most common long-term consequences of severe or cir-
cumferential caustic ingestion injuries are esophageal strictures 
[203,213]. These strictures are long and narrow, adversely affect 
distal esophageal peristalsis, and cause dysphagia or food 
impaction [214]. Strictures and subsequent dysmotility may 

Figure 54.5 Examples of caustic esophageal injury in three pediatric patients after ingestion of a household alkali cleaning agent. Grade 1 injury is 
manifest by mucosal erythema (a) while grade 2 injury results in sloughing of the mucosa with ulceration (b, c).

(a) (b) (c)

Table 54.1 Grading system for endoscopic classification of corrosive 
esophagitis. Source: Zargar et al. 1991 [215]. Reproduced by permission  
of Elsevier.

Grade Description

0 Normal

1 Superficial mucosal edema and erythema

2 Mucosal and submucosal ulcerations

2a Superficial ulcerations, erosions, exudates

2b Deep discrete or circumferential ulcerations

3 Transmural ulcerations with necrosis

3b Focal necrosis

3c Extensive necrosis

4 Perforations
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Acute esophageal necrosis

Epidemiology
Acute esophageal necrosis (AEN) or “black esophagus” is a rare 
disorder characterized by an acute presentation of circumferen-
tial necrosis of the esophagus in the absence of antecedent cor-
rosive ingestion [244]. The epidemiology of this disorder is 
poorly understood due to its rarity, as less than 100 cases have 
been reported in the literature [245]. However, endoscopic 
series report that AEN is discovered in 0.01%–0.2% of upper 
endoscopies [244–247]. The mean age at presentation is in the 
7th or 8th decade, and there appears to be a male predominance 
[245,247]. The majority of patients with AEN have comorbid 
conditions and/or critical illness [244,245,248].

Pathogenesis
The etiopathogenesis of AEN is incompletely understood. It is 
likely that ischemia plays a central role, as evidenced by histo-
logical findings of necrosis, and the fact that cases of AEN  
have been reported as sequelae of shock and other ischemic 
conditions [249,250]. In most reports, a clear predisposing 
factor can be identified for AEN, and these are wide ranging. 
Related events or associated conditions that have been  
reported with AEN include: antibiotic exposure, gastric outlet 
obstruction, gastric volvulus, esophageal varices, stroke, major 
surgery, malignancy, infections, hyperglycemia and diabetic 
ketoacidosis, acute hepatitis, and alcohol and cocaine abuse 
[245,251–256].

Presentation
Patients with AEN typically have an abrupt onset of symptoms 
and present with overt upper GI bleeding [248,257]. Chest pain, 
epigastric or abdominal pain, dysphagia, nausea and vomiting, 
and fever can also be present [258].

Diagnosis
Endoscopically, the esophagus appears black, and overlying 
exudate can be present (Figure 54.6) [247]. The lining of the 
esophagus is often quite friable, with underlying hemorrhagic 
tissue [259]. The distal esophagus is typically involved, but a 
hallmark finding is that the discoloration and necrosis does  
not extend beyond the gastroesophageal junction [244,260]. 
Histology from esophageal biopsies shows diffuse necrosis 
involving the mucosa and submucosa, and frequently the mus-
cularis as well [244,260].

Treatment
Treatment for AEN primarily consists of supportive care and 
treatment of the underlying disorder, if one can be identified. 
Reversal of hemodynamic instability is of critical importance  
in those in whom this is present. Patients should be kept NPO, 
and intravenous proton pump inhibitor therapy is advocated  
by some authors to facilitate mucosal healing [258]. While  
there are numerous reports of patients recovering from AEN 

may demonstrate esophagitis, gastric abnormalities, or poor 
distension of the esophagus [219].

Treatment
Once a corrosive injury has occurred, there is no role for induc-
ing emesis, lavaging the esophagus, or using a “neutralizing” 
agent because these modalities have the potential to cause 
further mucosal damage [201]. If there is any sign of severe oral 
or pharyngeal injury, there may be a need for urgent tracheal 
intubation in order to support respiration and avoid the  
precipitous development of stridor which may compromise 
respiration.

Though frequently recommended for palliation, the use of 
corticosteroids is controversial [220,221]. While some retro-
spective studies have suggested lower stricture rates in patients 
treated with steroids [220], recent systematic reviews have 
shown no benefit of steroids in patients with grade 2 or 3 
burns [222,223]. Furthermore, a prospective randomized  
trial of 60 children with caustic esophageal injury did not 
demonstrate a clear benefit of steroids with respect to the 
development of esophageal strictures [224]. Therefore, routine 
steroid treatment for corrosive esophagitis is not currently 
recommended.

The timing of resuming oral feeding is not well established, 
but some recommend giving patients NPO for at least 1 week 
in cases of severe esophageal burns [225]. Finally, given that 
concomitant reflux may also contribute to stricture formation, 
it is reasonable to prescribe antisecretory agents such as proton 
pump inhibitors [226,227]. A nasogastric tube, placed carefully 
during initial endoscopic evaluation can allow for “esophageal 
rest” and early enteral feeding, prevent complete stricturing, and 
may facilitate future dilation procedures [228,229]. However, 
some authors have argued that nasogastric tubes may worsen 
gastroesophageal reflux and interfere with mucosal healing, and 
they should not be inserted blindly due to the risk of further 
esophageal injury or perforation, so they should be used with 
caution [230].

When strictures secondary to caustic esophagitis occur, 
endoscopic dilation using a variety of methods is effective more 
than 50% of the time, but does carry a risk of perforation 
[231,232]. Both endoscopic balloon dilators and bougie-type 
dilators are commonly used for caustic strictures and have been 
shown to be safe and reasonably effective, though repeated dila-
tions are often required [230,233–235]. Topical mitomycin-C 
(an antifibrotic agent) has also been used for recalcitrant caustic 
strictures with some success [236,237]. Additionally, the use of 
fully covered, self-expandable metal and plastic stents have been 
described for the treatment of refractory caustic strictures 
[238,239]. Patients with severe corrosive injury complicated by 
perforation, or those with dilation-refractory strictures require 
esophagectomy. If the stomach is uninvolved, a gastric conduit 
can be used (e.g., Ivor Lewis procedure) [240]. Alternatively, 
colonic interposition grafts have been frequently used in this 
situation [241–243].
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visited an emergency room for their GI symptoms in the past 5 
years [268]. There is also one case report of lymphocytic 
esophagitis presenting with an esophageal perforation [272].

Pathogenesis
To date, there have been few investigations into the pathogen-
esis of lymphocytic esophagitis. The lymphocytic infiltrate has 
been characterized as containing CD3+ T cells, either split 
between CD4 and CD8 subtypes [267], or as a CD8 predomi-
nant infiltrate [269]. However, the triggers of this immune 
response have not been identified. Some have speculated that 
lymphocytic esophagitis may be an unusual pathological mani-
festation of gastroesophageal reflux disease (GERD), and may 
not represent a separate distinct clinical entity [271]. Addition -
ally, there has been a relatively consistent association between 
Crohn’s disease and lymphocytic esophagitis [267,268,270,273]. 
Between 11% and 40% of patients with lymphocytic esophag -
itis have had either Crohn’s or inflammatory bowel disease 
[267,268,270]. In one study of children with Crohn’s disease, the 
converse was also seen: 28% of children with Crohn’s disease 
had evidence of lymphocytic esophagitis on upper endoscopy 
and biopsy [273]. In a subgroup of those patients, granulomas 
were also present, suggesting that lymphocytic esophagitis was 
likely a manifestation of esophageal Crohn’s disease. At the 
current time, it remains unclear if the observed association 
between lymphocytic esophagitis and Crohn’s disease is coinci-
dental or whether the two conditions share a common patho-
genesis. Similarly, up to 10% of patients with lymphocytic 
esophagitis have been reported to have celiac disease, but the 
significance of this association is also unclear [267,269].

Presentation
In the four largest case series that have been published [267–
270], up to 67% of patients had dysphagia, 18%–47% had symp-
toms related to GERD, just under half had abdominal pain, and 
almost one third had nausea and vomiting. On endoscopy, a 
range of findings have been reported [267–270]. These include 

[250,261], there remains a high mortality rate in excess of 30%, 
which is likely related to the high prevalence of comorbid 
disease in affected persons [258,262]. For patients who do 
survive the initial episode of AEN there is a risk of stricture 
formation, and strictures may require dilation in the setting of 
dysphagia [263].

Lymphocytic esophagitis

Epidemiology
With the recent increase in the recognition and diagnosis of 
eosinophilic esophagitis (see Chapter 50), there has been a shift 
in GI practice to obtain esophageal biopsies in patients with 
symptoms of unexplained dysphagia and refractory reflux [264–
266]. With this, a new clinicopathological entity, entitled lym-
phocytic esophagitis, has been appreciated [267]. Lymphocytic 
esophagitis is generally characterized clinically by esophageal 
symptoms such as dysphagia, heartburn, or chest pain, and 
histologically by an intense, lymphocyte-predominant inflam-
matory infiltrate in the esophageal mucosa in the absence of 
granulocytes [267–270].

The condition appears to be uncommon, and it was seen in 
less than 0.1% of esophageal biopsies in a large pathology data-
base [269]. A subanalysis of results from a population-based 
study of Barrett’s esophagus prevalence found no cases that were 
histopathologically consistent with lymphocytic esophagitis in 
the 1000 subjects enrolled in the study [271]. However, there is 
some evidence that the diagnosis of this disease is becoming 
more common [268]. In the case series that have been pub-
lished, lymphocytic esophagitis is more common in women 
(∼3 : 2 ratio of women to men) and more commonly affects 
subjects in the 5th–8th decades of life, although there are some 
reports in children [267–270]. The natural history of the disease 
is not known, but in one study where patients with lymphocytic 
esophagitis were contacted a median of 3.3 years after diagnosis, 
nearly all had persistent GI symptoms, and almost half had 

Figure 54.6 Endoscopic appearance of acute esophageal necrosis, with characteristic circumferential blackened (a) and friable mucosa with underlying 
hemorrhagic tissue (b) involving the distal esophagus.

(a) (b)
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Systemic diseases

Sarcoidosis
Ten percent of patients with known sarcoidosis, a systemic gran-
ulomatous disease, may have granulomas in the submucosa of 
their GI tracts, but associated symptoms are rare [276,277]. 
When symptoms do occur, dysphagia is the most common 
clinical manifestation of esophageal sarcoidosis, although  
perforation has been reported [278]. Causes of dysphagia 
include extrinsic compression from enlarged lymph nodes, an 
achalasia-like dysmotility syndrome, and granulomatous stric-
ture formation [279–282]. Because granulomas are present  
in both diseases, esophageal sarcoidosis may be difficult to  
differentiate from Crohn’s disease [282]. Transbronchial 
ultrasound-guided fine-needle aspirate of enlarged mediastinal 
lymph nodes often demonstrates granulomas [283].

Medical therapy primarily targets the underlying systemic 
disease. Dysphagia may respond to steroid treatment, though 
endoscopic dilation of strictures may be required [280,281]. 
Esophageal surgery is very rarely needed [281].

Crohn’s disease
Esophageal involvement in Crohn’s disease is uncommon. The 
prevalence of esophageal disease in several series ranges from 
0.3% to 2% [284,285]. This may be an underestimate because 
the majority of patients with esophageal involvement are asymp-
tomatic: of 75 case reports of patients with esophageal Crohn’s 
disease, only 55% presented with esophageal symptoms [286]. 
The prevalence may also be higher in children, but children 
undergo upper endoscopy more frequently during the evalua-
tion of Crohn’s disease than adults [285,287–289].

Patients with Crohn’s esophagitis usually have active disease 
elsewhere in the GI tract, and the degree of inflammation typi-
cally parallels the activity in the other involved segments 
[290,291]. Rarely, dysphagia alone can be the presenting 
symptom of Crohn’s disease, and isolated esophageal involve-
ment has been reported [290,292–294]. Other symptoms include 
odynophagia, pyrosis, and substernal chest pain [284,290].

On upper endoscopy, aphthous ulceration can be seen early 
in the course of the disease, while cobblestoning and deep linear 
ulcerations may be present later, leading to decreased motility 
and distensibility (Figure 54.7). Esophageal stricturing and the 
formation of sinus tracts, fistulae, or mucosal bridges have  
been reported [290,291,295]. In severe cases, there is perfora-
tion and fistulization to the bronchi, mediastinum, pleura, or 
stomach [285,294,296–298]. For diagnostic purposes, endo-
scopic mucosal biopsies can evaluate the degree of inflam-
mation, but cannot demonstrate transmural inflammation; 
granulomas are rarely found [284,290,291]. The transmural 
nature of the inflammatory process may be better illustrated 
with endoscopic ultrasound, though this is not routinely used 
[299,300]. Barium studies may demonstrate aphthous ulcers, 
radiographically demonstrated as minute pools of retained 
barium [301].

esophageal rings, strictures, furrows, plaques, erosive esophagi-
tis, erythema, and nodularity. While these findings are not 
always present together, in some cases eosinophilic esophagitis 
was suspected based on the initial clinical symptoms and endos-
copy findings [269,274]. There has also been one report that 
narrow band imaging on endoscopy might highlight findings 
specific to lymphocytic esophagitis [275].

Diagnosis
There are not currently any consensus diagnostic criteria for 
lymphocytic esophagitis, but it is felt that similar to eosinophilic 
esophagitis, lymphocytic esophagitis is a clinicopathological 
diagnosis and both the clinical and histological findings must 
be considered for diagnosis. In the first report of lymphocytic 
esophagitis, Rubio et al. emphasized that the primary histologi-
cal finding was high numbers of peripapillary intraepithelial 
lymphocytes (IELs) in the absence of granulocytes [267]. In this 
study, all patients had >20 IELs per high-power field (IELs/hpf) 
and the majority of patients had >40 IELs/hpf (in a small 
hpf = 0.073 mm2). Purdy et al. found a mean of approximately 
70 IELs in the peripapillary fields (400× ocular; hpf size not 
specified) [270]. Cohen et al. used a cut-point of >20 IELs 
to identify their cases [268]. Haque and Genta found that 
patients with lymphocytic esophagitis had at least 30 IELs/hpf 
(hpf = 0.237 mm2, equivalent to a density of 125 IELs/mm2) and 
proposed the following pathological features as criteria for diag-
nosis: (1) dense peripapillary lymphocytic infiltrates; (2) peri-
papillary spongiosis involving the lower two thirds of the 
epithelium; and (3) the absence of significant neutrophil or 
eosinophilic infiltrates [269]. At the current time, it seems rea-
sonable to require clinical symptoms and the above pathological 
findings as minimum criteria for the diagnosis of lymphocytic 
esophagitis, but most likely the diagnostic algorithm will evolve 
in the future.

Treatment
There are no clinical trial data on treatments for lymphocytic 
esophagitis, none approved by the American Food and Drug 
Administration, and all information comes from retrospective 
case series. Because lymphocytic inflammation can be seen in 
reflux and many patients with lymphocytic esophagitis also 
have GERD-related symptoms, a trial of a proton pump inhibi-
tor or other antireflux therapies is reasonable, and there have 
been reports of patients responding to these measures [268]. In 
one case report, clinical symptoms of dysphagia improved in 
one patient following swallowed fluticasone administered via a 
multidose inhaler, but a follow-up endoscopy to assess histo-
logical response was not performed [274]. If there is concomi-
tant inflammatory bowel disease, then treatment of the 
underlying condition can be effective [268]. Finally, if esopha-
geal strictures are present, endoscopic dilation can improve the 
symptoms of obstructive dysphagia [268]. As with diagnosis, 
treatment approaches are expected to change as more is learned 
about this intriguing new condition.



1000   PART 4 Gastrointestinal diseases

GVHD esophagitis from opportunistic infections such as herpes 
simplex virus, cytomegalovirus, or Candida [310]. On visualiza-
tion, the esophageal mucosa may appear erythematous and 
friable, and strictures, webs, bullae, or esophageal casts have 
been noted (Figure 54.8) [305,306,311]. Biopsies to rule out 
GVHD should be taken regardless of endoscopic appearance, as 
a sizable minority of those with GVHD have normal upper 
endoscopies [312]. Video capsule endoscopy has been used  
to image GVHD in the small intestine, but not the esophagus, 
and this technique is limited because biopsies cannot be 
obtained [313].

Therapy guided by hematologists specializing in bone marrow 
transplantation utilizes immunosuppressants such as pred-
nisone, azathioprine, cyclosporine, mycophenolate mofetil, and 
infliximab [304,314,315]. Esophageal symptoms can respond to 
antireflux medications and to dilation of webs and strictures, 
although the risk of iatrogenic perforation may be increased in 
these patients [307].

Behçet syndrome
The constellation of oral and genital aphthous ulceration and 
ocular inflammation characterizes Behçet syndrome. Behçet 
syndrome rarely involves the esophagus, with less than 5%  
of cases demonstrating esophageal abnormalities [316,317].  
It is most common in the eastern Mediterranean, Middle 
Eastern, and East Asian populations, primarily affecting young 
adults [318].

As with other esophageal processes, symptoms can include 
dysphagia, odynophagia, chest pain, and hematemesis [317]. 
Upper endoscopy can reveal a range of findings including ero-
sions, esophagitis, and esophageal strictures, most of which 
have been reported in the middle and distal esophagus (Figure 
54.9) [319–322]. Biopsies demonstrate ulceration with nonspe-
cific inflammation and neutrophilic infiltration [316].

The tenets of treating Crohn’s disease of the esophagus are the 
same as for the small or large intestine (see Chapter 72), with a 
focus on controlling systemic inflammation and local complica-
tions [285]. Of patients who respond to corticosteroids or other 
immunosuppressants, more than half will remain free of both 
esophageal lesions and upper GI symptoms, while the remain-
der will have either refractory lesions or recurrence [284,290, 
291]. For patients with fistulizing Crohn’s disease of the esopha-
gus, infliximab may have value [302], although the literature on 
medical therapy of Crohn’s disease isolated to the esophagus is 
too scant to allow firm recommendations, and therapy is usually 
dictated by the involvement of other GI organs. Strictures may 
respond to both medical management and bougie dilation; 
extensive mucosal bridges may be endoscopically excised with 
a papillotomy needle knife [295]. In some patients, placement 
of a percutaneous endoscopic gastrostomy may be needed for 
malnutrition [303]. Surgical resection is reserved for medically 
refractory fistulae, endoscopically refractory strictures, or when 
malignancy cannot be excluded [293].

Graft-versus-host disease
After bone marrow transplantation, the primary signs of graft-
versus-host disease (GVHD) are a cutaneous rash, abnormal 
liver function tests, and diarrhea [304]. GVHD involving the 
esophagus is uncommon, and though isolated upper GI involve-
ment may rarely occur, esophageal GVHD is usually seen in 
patients with severe multisystem chronic disease with both the 
upper and lower GI tracts affected [305–308]. Symptoms of 
GVHD esophagitis include odynophagia, dysphagia, pyrosis, 
and retrosternal chest pain.

For diagnostic purposes, CT is often normal, but a thickened 
distal esophagus may represent high-grade disease [309]. 
Because patients are immunosuppressed, upper endoscopy with 
biopsy and culture is the most sensitive way to differentiate 

Figure 54.7 An endoscopic view of Crohn’s 
disease of the esophagus with diffuse 
esophageal narrowing, a prominent sinus 
tract, and exudative plaques (a). A barium 
swallow from the same patient showing 
esophageal narrowing, mucosal irregularity, 
ulceration, and nodularity, and sinus tracts 
parallel to the esophagus (b).(a) (b)
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Figure 54.8 An endoscopic view of 
graft-versus-host disease showing multiple 
fine mucosal webs in the esophagus.

Figure 54.9 Endoscopic view of esophageal Behçet disease, with a small 
punched-out active ulceration in the distal esophagus. From Yi et al. 2009 
[317]. Reproduced with permission from the Journal of Korean Medical 
Science.

The clinical course is one of unpredictable remissions and 
exacerbations. While dysphagia caused by esophageal ulcers 
may resolve spontaneously, corticosteroids have been reported 
to improve symptoms, and intestinal and esophageal ulcers  
have also responded to sulfasalazine, antitumor necrosis factor 
agents, and low-dose cyclosporine [316,318–320,323–325].

Miscellaneous autoimmune diseases
Rarely, the esophagus is involved in other systemic autoimmune 
diseases. While more than half of patients with Sjögren syn-
drome complain of difficulty swallowing, dysphagia does not 
appear to correlate with the degree of xerostomia [326,327]. In 

up to 10% of affected patients, esophageal webs are responsible 
for dysphagia [328]. Data are mixed on whether dysphagia cor-
relates with abnormalities on esophageal manometry, although 
heartburn is associated with reflux severity as measured by pH 
probe [329–332].

Primary or secondary amyloidosis may cause dysphagia due 
to amyloid deposition in the esophageal muscle or nerves 
(Figure 54.10) [333]. The resulting motility abnormalities can 
mimic achalasia [334–336]. In rare cases, amyloid deposition 
may predispose to spontaneous esophageal rupture [337].

The anticardiolipin antibody syndrome, may present with 
esophageal vascular thrombosis and ischemic esophageal  
perforation or esophageal varices secondary to portal vein 
thrombosis [338–340].

Dermatological diseases

Pemphigus vulgaris
The esophageal mucosa can be affected by diseases of the squa-
mous epithelium of the skin. One example is pemphigus vul-
garis, a chronic autoimmune blistering disease of older adults 
in which flaccid intraepidermal blisters and oral erosions are 
caused by IgG autoantibodies against desmoglein-3 in keratino-
cytes [341–343]. Patients may be asymptomatic, but the 50% 
who have esophageal involvement usually present with dys-
phagia or food impaction [344–346]. Isolated esophageal 
involvement without significant skin manifestations has rarely 
been reported [347–349]. On history, use of certain medications 
associated with pemphigus, such as thiol compounds (e.g., peni-
cillamine), angiotensin converting enzyme inhibitors, and anti-
biotics (e.g., penicillins, rifampin, cephalosporins), should be 
elicited [348].

Diagnosis requires upper endoscopy with biopsy [350]. 
Advances in forceps design may allow for deeper, more diag-
nostic biopsies in esophageal pemphigus [350]. On histopatho-
logical examination, immunohistochemistry cannot distinguish 
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or chronic cough due to aspiration [365]. Rarely, patients have 
isolated esophageal BMMP with no other disease manifesta-
tions [366]. On endoscopy, esophageal webs or strictures may 
be seen (Figure 54.11) [367]. In contrast, bullae are rarely seen 
endoscopically, but in one case endoscopy induced their forma-
tion [366]. Persistent dysphagia can be treated with dilation, 
although these patients may be at increased risk of esophageal 
injury [367,368]. In severe cases, BMMP requires prednisone, 
whereas milder cases often respond to dapsone [343,369,370]. 
Surgical treatment of strictures is rarely required [371].

Epidermolysis bullosa dystrophica
A final, and also rare, esophageal manifestation of derma-
tological disease is epidermolysis bullosa dystrophica (EBD), 
a blistering disease of the squamous epithelium caused by  
mutations in the collagen type VII gene (COL7A1) [372,373]. 
Histopathologically, the basal lamina separates from the dermis 
due to a reduction or absence of the fibrils normally attaching 
these two layers [374]. Cutaneous bullae are evident beginning 
in early childhood and form at sites of minor trauma, especially 
in the hands and extremities. Over time, the cycle of chronic 
scarring and healing leads to contractures and syndactyly, a 
process termed mummification. Both dominant and recessive 
forms of this inherited disease exist, but esophageal involvement 
is only clinically important in the recessive form [375,376]. 
There is also an acquired form of the disease (epidermolysis 
bullosa acquisita) which causes nonscarring bullous lesions of 
the esophagus [377,378].

In the esophagus of patients with EBD, trauma from routine 
swallowing begins a cycle of bullae formation, healing, and  
scarring, leading to the development of strictures, esophageal 
shortening, and dysmotility (Figure 54.12) [379,380]. Clinically, 
these cause symptoms of dysphagia, odynophagia, and food 
impaction [379,380]. In younger patients, malnourishment is 
common and parenteral nutrition may be required. The constel-
lation of esophageal symptoms and the prominent cutaneous 

idiopathic pemphigus vulgaris from drug-induced or paraneo-
plastic pemphigus [343,351,352]. Therefore, serological testing 
for pemphigus antibodies and antidesmoglein-3 antibodies are 
also needed [353]. Though corticosteroids are the primary treat-
ment modality in pemphigus vulgaris, other immunosuppres-
sive drugs such as azathioprine, cyclophosphamide, cyclosporine, 
methotrexate, or monoclonal antibody therapy may be needed 
to induce a complete remission or to spare steroid use [343,354]. 
In severe cases, plasmapheresis has been successful [343].

Bullous pemphigoid
In contrast to pemphigus vulgaris, bullous pemphigoid is char-
acterized by the presence of tense bullae on the skin of the flexor 
surfaces [343,355]. The disease is caused by immunoglobulin G 
(IgG) autoantibodies directed against the basement membrane 
of the squamous epithelium [343,356]. Though 20% of patients 
will have involvement of the oropharynx, the prevalence of 
esophageal bullous pemphigoid is unknown and may be under-
estimated because symptoms are infrequent [357,358]. Rarely, 
patients complain of dysphagia and odynophagia. Upper GI 
hemorrhage, scarring, mucosal sloughing, and hemorrhage are 
also rare [359]. Treatment with prednisone is highly effective, 
but azathioprine, cyclophosphamide, cyclosporine, or meth-
otrexate have also been used [343].

Benign mucous membrane pemphigoid
Benign mucous membrane pemphigoid (BMMP), or cicatricial 
pemphigoid, is a chronic blistering disease of the conjunctivae, 
oral and genital mucosa, and adjacent areas of skin. In this 
disease, IgG or immunoglobulin A (IgA) autoantibodies are 
deposited in the basement membrane zone [343,360–363]. 
BMMP usually occurs after the sixth decade of life, producing 
tense blisters with scarring and strictures of the esophagus, 
trachea, anus, or vagina [364]. Between 2% and 13% of affected 
patients have esophageal involvement, which can present up to 
10 years into the course of disease as dysphagia, odynophagia, 

Figure 54.10 Endoscopic view of an 
amyloidoma in the distal esophagus (a) and 
corresponding histopathology, showing focal 
eosinophilic amyloid deposition in the 
esophageal submucsa (b). Source: Kahi et al. 
2007 [333]. Reproduced by permission of 
Nature Publishing Group.(a) (b)
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Treatments for EBD are limited, and when the esophagus is 
involved, the prognosis tends to be poor [380]. From a dietary 
standpoint, patients should avoid coarse or hot foods and use 
nutritional supplements to avoid malnutrition. Medical thera-
pies lack efficacy, though corticosteroids, cyclosporine, myco-
phenolate mofetil, or phenytoin have been used [379–382]. For 

manifestations suggest the diagnosis of EBD. In uncomplicated 
cases, the risk of traumatic bullae formation due to endoscopy 
outweighs the incremental diagnostic yield. If a diagnostic test 
is needed, barium esophagram can reveal strictures or webs 
[379,380]. Complications include esophageal perforation and 
occlusion due to scarring [379,380].

Figure 54.11 Endoscopic view of esophageal 
involvement of benign mucous membrane 
pemphigoid, showing erosions and scarring 
under white light endoscopy (a) and narrow 
band imaging (b), and blister formation after 
trauma from balloon dilation (c, d). From 
Tang 2009 [387]. Reproduced by permission 
of Elsevier. (c) (d)

(a) (b)

Figure 54.12 An endoscopic view of a tight esophageal stricture due to epidermolysis bullosa dystrophica before (a) and after (b) initial dilation. After 
multiple sessions of serial dilation, the stricture zone is much improved (c).

(a) (b) (c)
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endoscopic therapy of strictures, balloon dilators may be prefer-
able to bougienage to avoid damage to friable mucosa, and a 
preprocedural barium swallow may help plan the procedure by 
assessing angulation within the stricture [383]. Because dilation 
carries an increased risk of esophageal trauma and perforation, 
fluoroscopy may be a valuable adjunct [380,384,385]. In patients 
with esophageal perforation or malnutrition from refractory 
esophageal stenosis, esophagectomy and conduit reconstruction 
may be necessary [380,381,386].

References are available at www.yamadagastro.com/textbook

Further reading

Abid S., Mumtaz K., Jafri W., et al. Pill-induced esophageal injury: 
endoscopic features and clinical outcomes. Endoscopy 2005;37:740.

http://www.yamadagastro.com/textbook


Disorders of gastric emptying

Henry P. Parkman
Temple University School of Medicine, Philadelphia, PA, USA

1005

CHAPTER 55

Chapter menu

Delayed gastric emptying (gastroparesis), 1005

Disorders with rapid gastric emptying, 1025

Functional dyspepsia, 1027

Summary, 1031

Further reading, 1031

Gastric motility disorders include delayed gastric emptying 
(gastroparesis), rapid gastric emptying (as seen in dumping syn-
drome), and disorders with motor and sensory abnormalities 
(e.g., functional dyspepsia). Each disorder can present with a 
spectrum of symptoms that may be mild to severe and incapaci-
tating. Evaluation of patients with possible gastric motility dis-
orders may include gastric emptying scintigraphy, wireless 
motility capsule, antroduodenal manometry, electrogastrogra-
phy (EGG), and possibly tests of gastric accommodation or 
compliance (barostat, single photon emission computed tomog-
raphy [SPECT] imaging, and liquid nutrient satiety testing). 
Evaluation may help to understand the underlying pathophysi-
ology and guide treatment. Management of these patients 
requires an understanding of the pathophysiology, clinical tests, 
and treatment options.

Delayed gastric emptying (gastroparesis)

Symptoms and clinical presentation
Gastroparesis is a chronic motility disorder of the stomach char-
acterized by symptoms of delayed gastric emptying in the 
absence of mechanical obstruction. The clinical presentation of 

gastroparesis may vary. Symptoms include nausea, vomiting, 
early satiety, postprandial fullness, and, in some patients, upper 
abdominal pain. Late postprandial vomiting of undigested food 
is typical, rather than regurgitation of food during or within half 
to 1 hour after eating, as seen in rumination syndrome. In 146 
patients with gastroparesis, nausea was present in 92%, vomit-
ing in 84%, abdominal bloating in 75%, early satiety in 60%, and 
abdominal pain in 46% [1]. These symptoms, however, are non-
specific and may mimic structural disorders such as peptic ulcer 
disease, partial gastric or small bowel obstruction, gastric 
cancer, and gallbladder or pancreatic disorders [2]. At times, 
vomiting can be difficult to distinguish from the regurgitation 
of food in gastroesophageal reflux disease (GERD) or rumina-
tion syndrome.

There is an overlap of symptoms of gastroparesis and func-
tional dyspepsia. Abdominal pain or discomfort may be present 
to varying degrees in patients with gastroparesis, but it is not 
usually the predominant symptom, in contrast to functional 
dyspepsia. Abdominal pain in gastroparesis is generally 
described as burning, vague, or crampy [3]. In diabetic gas-
troparesis, abdominal pain may represent a visceral equivalent 
of autonomic neuropathy. Pain in gastroparesis responds poorly 
to prokinetic agents and gastric electrical stimulation [3]. 
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Mechanical gastric outlet obstruction can be caused by pyloric 
stenosis, an active duodenal, pyloric channel, or prepyloric 
ulcer, scarring from previous ulcers, or neoplasia of the stomach. 
Gastroparesis is also suggested on endoscopy by the presence of 
food particles in the stomach after an overnight fast. In severe 
gastroparesis, bezoars may occur.

Double-contrast radiographic techniques have increased the 
sensitivity of radiological studies. When an upper GI series is 
ordered, a small bowel follow-through (SBFT) can also be per-
formed to look for small bowel lesions. The SBFT is accurate for 
detection of high-grade small bowel obstruction and usually 
provides an adequate assessment of the terminal ileum to evalu-
ate for Crohn’s disease. However, it may fail to detect low-grade 
obstruction and smaller mucosal lesions. A SBFT may occasion-
ally suggest superior mesenteric artery syndrome if dilation of 
the second portion of the duodenum is seen. Enteroclysis (small 
bowel enema) can be obtained after placement of a nasoduode-
nal or oroduodenal tube. Compared with SBFT, enteroclysis is 
more accurate in detecting small intestinal mucosal lesions, 
mild to intermediate grades of obstruction, and small bowel 
cancers [20]. Computed tomographic scanning with oral and 
intravenous contrast may also be useful for detection and locali-
zation of intestinal obstruction, especially if CT enterography 
technique is used.

The third step is to obtain a gastric emptying scintigraphy 
using a radiolabeled solid meal. Patients should discontinue 

Visceral hypersensitivity to gastric distention has been sug-
gested as a cause of pain in gastroparesis, analogous to that 
described in functional dyspepsia [4,5].

Symptoms that suggest delayed gastric emptying are prima-
rily early satiety, postprandial fullness, nausea, and vomiting 
[6,7]. In patients with diabetes, symptoms that have been associ-
ated with delayed gastric emptying are abdominal bloating/full-
ness and upper abdominal pain [8,9]. Some studies, however, 
have shown a poor correlation between gastric emptying and 
the severity of gastric symptoms [8–10]. Patients with severe 
diabetic gastroparesis may have reduced sensation [11] and this 
may result in reduced symptom severity, which is thus poorly 
correlated with the severe gastric emptying delay.

Symptoms of gastroparesis may be quantified by a commonly 
used symptom questionnaire, the Gastroparesis Cardinal 
Symptom Index (GCSI) [12,13]. The GCSI is based on three 
subscales (postprandial fullness/early satiety, nausea/vomiting, 
and bloating) and represents a subset of the longer Patient 
Assessment of Upper Gastrointestinal Disorders–Symptoms 
(PAGI-SYM), which quantifies symptoms of gastroparesis, dys-
pepsia, and GERD [14]. A daily diary has been developed to 
assess daily symptoms of gastroparesis [15,16]. Most gas-
troparetic patients are women. In the series of Soykan et al. [1], 
82% of patients were female. Female gender and the luteal phase 
of the menstrual cycle have been associated with slower gastric 
emptying [17,18], which is thought to result from reduced 
gastric muscle contractility caused by female reproductive hor-
mones, primarily progesterone. In the study by Stanghellini et 
al. [6] of functional dyspepsia, female gender was an independ-
ent risk factor for delayed gastric emptying.

Evaluation of patients with  
suspected gastroparesis
Gastroparesis is diagnosed by demonstrating delayed gastric 
emptying in a symptomatic patient after exclusion of mechani-
cal obstruction by endoscopy or upper gastrointestinal (GI) 
series (Box 55.1).

The first step in the evaluation is taking a careful history. 
Understanding the patient’s symptoms often leads to a clinical 
suspicion of gastroparesis. Typical symptoms in a young female 
patient may suggest idiopathic gastroparesis, just as typical 
symptoms in a patient with long-standing insulin-dependent 
diabetes should suggest diabetic gastroparesis. After abdominal 
surgery, patients can develop delayed gastric emptying, espe-
cially if the vagus nerve has been cut or damaged. On physical 
examination, a succussion splash, detected by auscultation over 
the epigastrium while moving the patient from side to side, 
indicates excessive fluid in the stomach from gastroparesis or 
mechanical gastric outlet obstruction [19]. Dehydration and 
weight loss suggest chronic and severe symptoms.

The second step in evaluating gastroparesis is to exclude 
mechanical obstruction or ulcers by performing an upper 
endoscopy or upper GI series. Endoscopy is more sensitive for 
detection of mucosal lesions such as erosions and ulcers [19]. 

Box 55.1 Evaluation of patients suspected to have gastroparesis.

1 Initial investigation
a History and physical examination
b Blood tests

i Complete blood count
ii Complete metabolic profile including glucose, 

potassium,creatinine, total protein, albumin, calcium
iii Amylase, lipase if abdominal pain is a significant symptom
iv Pregnancy test if appropriate

c Abdominal obstruction series if vomiting or pain is acute or 
severe

2 Evaluate for organic disorders
a Upper endoscopy to evaluate for mechanical obstruction or 

mucosal lesions (alternative: barium upper gastrointestinal series, 
often with small bowel follow through)

b Biliary ultrasound if abdominal pain is a significant symptom
3 Evaluate for delayed gastric emptying

a Solid phase gastric emptying scintigraphic test
b Screen for secondary causes of gastroparesis

i Thyroid function tests
ii Antinuclear antibody
iii Glycosylated hemoglobin

4 Treatment trial with prokinetic agent and/or antiemetic agent
5 If no clinical response, consider further investigation

a Electrogastrography
b Wireless motility capsule
c Antroduodenal manometry
d Small bowel evaluation with enteroclysis
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Evaluation of gastric emptying, motor function, 
myoelectric activity, and radiographic  
contrast techniques
The upper GI series is primarily helpful in detecting mucosal 
lesions and mechanical outlet obstruction. It is an insensitive 
method for measuring gastric emptying because it is difficult to 
quantitate, and barium is not a “physiological” meal (Table 55.1) 
[22]. Gastric retention may be suggested by poor emptying of 
barium from the stomach, gastric dilation, and the presence  
of retained food or a gastric bezoar. Little or no emptying of 
barium from the stomach at 30 min and barium remaining in 
the stomach at 6 h are suggestive of delayed gastric emptying 
[23].

Assessment of gastric emptying
Radionuclide gastric emptying scintigraphy
Gastric emptying scintigraphy remains the best current test for 
measuring gastric emptying because it is sensitive, quantitative, 
and physiological. It is used to confirm the presence of gastric 
stasis after excluding structural or mucosal disorders. 
Scintigraphy should be performed over 4 hours, as this pro-
longed imaging may assist in detecting delayed gastric empty-
ing. However, the usefulness of emptying tests in directing 
therapy and predicting response is debated [24,25].

Measurement of gastric emptying of solids is more sensitive 
than measurement of gastric emptying of liquids for detection 
of symptomatic gastroparesis because emptying of liquids is 
often preserved until the disorder is advanced. In patients who 
have undergone gastric surgery, a dual solid and liquid empty-
ing test may be indicated because symptoms may result from 
slow solid emptying or rapid liquid emptying.

The technetium 99m sulfur colloid radiolabeled meal consist-
ing of the equivalent of two large eggs (Eggbeaters®) plus two 
slices of bread with jam and water is suggested as the standard-
ized test meal; this has about 270 kcal and only 2% fat calories. 
The radiolabel needs to be cooked into the egg white so that the 
radioisotope binds to the solid phase, thus preventing elution of 
the radiotracer into the liquid phase with an erroneous meas-
urement of the faster liquid phase of gastric emptying [26]. 
Imaging is performed in the anterior and posterior projections 
at four time points (0, 1, 2, and 4 h) [27].

Imaging for gastric emptying up to 4 h increases the detection 
of delayed gastric emptying and is now recommended as the 
standard in all tests to obtain reliable results for the detection 
of gastroparesis [28,29]. When gastric scintigraphy is performed 
for shorter durations, the test is less reliable because of large 
variations in normal gastric emptying.

The simplest approach for interpreting gastric emptying 
studies is to report the percentage of retention at defined times 
after meal ingestion (usually 2 and 4 h) (Figure 55.1). Curve-
fitting techniques can calculate the half-emptying time, the time 
for half of the stomach contents to have emptied from the 
stomach. Extrapolation of the emptying curve to predict the 
half-emptying time may be unreliable if the emptying has not 

medications that may affect gastric emptying for 48 h before this 
test (Box 55.2). In general, the main medications that delay 
gastric emptying are narcotic analgesic agents and anticholiner-
gic agents. The main medications that accelerate gastric empty-
ing are the prokinetic agents used to treat gastroparesis. A 
delayed gastric emptying test suggests, but does not prove, that 
the symptoms are caused by gastroparesis. If gastric emptying 
is normal, other causes for symptoms should be sought. 
However, a gastric motility disorder should not be totally dis-
missed despite a normal gastric emptying test because localized 
motor dysfunction, such as impaired fundic relaxation, antral 
distension, or gastric dysrhythmias, may be associated with 
symptoms and normal gastric emptying [21].

Evaluation of a patient should not stop once delayed gastric 
emptying is demonstrated; an underlying cause should be 
sought. Other causes of gastroparesis besides diabetes and pre-
vious gastric surgery include smooth muscle, neurological, 
metabolic, or endocrine disorders. Thyroid function tests should 
be obtained to evaluate for hypothyroidism. A glycosylated 
hemoglobin level evaluates long-term glycemic control; poor 
glucose control can worsen gastric emptying. Idiopathic gas-
troparesis is diagnosed after all other causes are excluded.

Box 55.2 Medications that affect gastric emptying.

Medications that delay gastric emptying
Opiate analgesics
Anticholinergic agents
Tricyclic antidepressants
Calcium channel blockers
Progesterone
Octreotide
Pramlintide
Glucagon-like peptide-1 agonists
Proton pump inhibitors
Histamine H2 receptor antagonists
Interferon-α
l-Dopa
Fiber
Sucralfate
Aluminum hydroxide antacids
β-Adrenergic receptor agonists
Glucagon
Calcitonin
Dexfenfluramine
Diphenhydramine
Alcohol
Tobacco/nicotine
Tetrahydrocannabinol
Sirolimus and tacrolimus
Octreotide

Medications that accelerate gastric emptying
Prokinetic agents

Metoclopramide
Erythromycin and related antibiotics
Cisapride
Domperidone

β-Adrenergic receptor antagonists
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emptying test to obtain a reliable measurement of gastric empty-
ing. It is recommended that serum glucose be measured prior 
to the study, noted in the report, and if the blood glucose is 
greater than 275 mg/dL on the morning of the test, the glucose 
should be lowered with insulin to less than 275 mg/dL or the 
study should be rescheduled for another day when the blood 
glucose is under better control. Smoking during the test can 
delay gastric emptying.

Wireless motility capsule to assess gastric emptying
The wireless motility capsule (SmartPill) is an ingestible capsule 
that measures pH, pressure, and temperature using miniatur-
ized wireless sensor technology. The wireless motility capsule is 
swallowed by the patient; pH and pressures are recorded as the 
capsule traverses the gastrointestinal tract. From these measure-
ments, gastric emptying and total gastrointestinal tract transit 
time can be obtained. In addition, the wireless motility capsule 
will characterize pressure patterns and provide motility indices 
for the stomach, small intestine, and colon. The gastric resi-
dence time of the wireless motility capsule has a high correlation 

reached 50% during the actual imaging [30]. Other parameters 
of potential use are the lag phase for solids, which represents 
the time required for trituration of solid food into 1- to 2-mm 
particles that can then empty through the pylorus [31].

Advances in scintigraphy may provide information on fundic 
and antral abnormalities. Regional gastric emptying can assess 
intragastric meal distribution and transit from the proximal to 
distal portions of the stomach. Proximal retention may be seen 
in GERD, distal retention in functional dyspepsia, and global 
retention in gastroparesis (Figure 55.2). Dynamic antral scintig-
raphy with frequent 1-s imaging can evaluate antral wall con-
tractility and has been used in clinical research studies [22].

Hyperglycemia, smoking, and female gender are factors that 
affect gastric emptying. Premenopausal women empty the 
stomach more slowly than men [17,18]. Some investigators have 
suggested separate reference values for premenopausal women 
[32]. Marked hyperglycemia with serum glucose levels of 
230–275 mg/dL or more significantly delays gastric emptying in 
diabetic patients when compared with euglycemia [33]. Blood 
glucose should be under reasonable control on the day of an 

Table 55.1 Tests to assess gastric motor and myoelectric function.

Tests assessing gastric 
emptying

Advantages Disadvantages

Upper gastrointestinal barium 
radiographic study

Assesses for mucosal lesions Nonphysiological

Scintigraphy Gold standard, noninvasive, 
solid and liquid phase

Radiation exposure minimum

Wireless motility capsule Noninvasive, also measures 
small bowel and colonic transit

A nondigestible solid

Breath tests using 13C Noninvasive Needs normal small intestinal absorption, liver 
metabolism, pulmonary excretion

Ultrasonography for serial 
changes in antral area

Noninvasive Requires expertise for imaging and 
interpretation, primarily measures liquid 
emptying

Magnetic resonance imaging Noninvasive Expensive, time consuming, needs specialized 
centers and software

Tests assessing gastric 
contractile activity

Advantages Disadvantages

Antroduodenal manometry Assesses contractility in fasting 
and postprandial periods

Invasive, requires expertise to perform and 
interpret

Gastric barostat Measures proximal stomach 
relaxation and contraction

Invasive, research technique

Tests assessing gastric 
myoelectrical activity

Advantages Disadvantages

Electrogastrography Noninvasive Movement artifact may make recording 
difficult to interpret

Source: Adapted from Quigley 2001 [19]. Reproduced with permission of Elsevier.
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There have been several reports of capsule endoscopy used to 
measure gastric emptying; this technique is able to visualize the 
capsule emptying from the stomach and thus measure gastric 
emptying of the capsule from the stomach. These studies have 
been limited by the need to perform this technique in the fasting 
stomach. How this relates to a physiological meal has not been 
determined.

Stable isotope breath tests for gastric emptying
Breath testing can be used to measure gastric emptying. The 
nonradioactive isotope carbon 13 is used to label octanoate, a 
medium-chain triglyceride, which can be bound into a solid 
meal [36–38]. Studies have also been carried out using 
13C-labeled proteinaceous algae (Spirulina) [27]. After ingestion 
and emptying from the stomach, octanoate is absorbed by the 
small intestine. The octanoate is metabolized to carbon dioxide 
in the liver and the 13C is excreted from the lungs during respira-
tion. The rate-limiting step for excretion of 13C is gastric empty-
ing. By measuring 13C in breath samples, gastric emptying can 
be indirectly determined. The octanoate breath test is reproduc-
ible, correlates with gastric emptying scintigraphy, and offers 
promise as a clinical test for gastric emptying. It does not use 
ionizing radiation, it can be used to study patients without 
access to gamma camera facilities in physicians’ offices or at the 
bedside, and breath samples can be shipped to a laboratory for 
analysis. The 13C-breath test has been used in clinical research 
and pharmaceutical studies. Validation of this test in patients 
with emphysema, cirrhosis, celiac sprue, and pancreatic insuf-
ficiency is needed, because it is not clear whether substrate 
metabolism in these disorders may also be a rate-limiting step 
for 13CO2 excretion.

Ultrasonography
Transabdominal ultrasonography can measure several param-
eters of gastric motility. Serial changes in antral cross-sectional 
area are measured as an index of gastric emptying; emptying is 
considered complete when the antral area returns to the fasting 
baseline [39]. Duplex sonography may be used to evaluate 
transpyloric flow of liquid gastric contents. Ultrasonography 
has also been employed to measure accommodation in the 
proximal and distal stomach [27]. Unfortunately, ultrasonogra-
phy for gastric emptying is operator dependent and generally 
measures liquid emptying only. The test is suboptimal in obese 
people.

Assessment of gastric myoelectric activity with 
electrogastrography
EGG is the recording of gastric myoelectric activity using cuta-
neous electrodes on the abdomen overlying the stomach [40]. 
The dominant frequency of the EGG corresponds to the gastric 
electrical rhythm or frequency of the gastric slow wave. The 
normal gastric slow wave frequency is approximately 3 cycles/
min (Figure 55.3). Meal ingestion increases the amplitude of  
the EGG signal by increasing gastric electrical activity and  

(85%) with the T-90% of gastric emptying scintigraphy, suggest-
ing that the gastric residence time of the wireless motility 
capsule represents a time near the end of the emptying of a solid 
meal. The gastric residence time of the wireless motility capsule 
is able to differentiate normal gastric emptying from delayed 
gastric emptying similar to scintigraphy [34]. A wireless motil-
ity capsule gastric residence cutoff time of 5 h was best in dis-
tinguishing between subjects with delayed and those with 
normal gastric emptying based on scintigraphy on the day of 
the test (83% sensitivity, 83% specificity) [35]. However, the 
utility of the wireless motility capsule in clinical settings remains 
to be determined. One advantage of the wireless motility capsule 
is the ability to not only measure gastric emptying, but also to 
assess small bowel transit and colonic transit.

Figure 55.1 Gastric emptying scintigraphy using a technetium 
99m-labeled egg sandwich. The percentages of gastric retention are shown 
at 0, 30, 60, 120, 180, and 240 min after meal ingestion. (a) Normal gastric 
emptying with only 30% retention at 2 h after meal ingestion (normal 
<50%) and complete emptying at 4 h (normal <10%). (b) Markedly 
delayed gastric emptying with little emptying at 4 h.
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gastric emptying measured by scintigraphy and an abnormal 
EGG, particularly postprandial rhythm and amplitude abnor-
malities [41]. An abnormal EGG is present in 75% of patients 
with gastroparesis compared with only 25% of symptomatic 
patients with normal gastric emptying. Gastric dysrhythmias 
have been suggested to be better predictors of symptoms than 
delayed gastric emptying [42]. In diabetic patients, hyperglyc-
emia may itself provoke dysrhythmias, primarily tachygastrias 
[43].

EGG is used to demonstrate gastric myoelectric abnormali-
ties in patients with unexplained nausea and vomiting with 
abdominal discomfort or functional dyspepsia. The EGG is gen-
erally used as an adjunct to gastric emptying scintigraphy, as 
part of a comprehensive evaluation of patients with refractory 
symptoms suggestive of an upper GI motility disorder [30,44,45].

Antroduodenal manometry
Antroduodenal manometry provides information about the 
coordination of gastric and duodenal motor function in both 
fasting and postprandial periods [30]. The three main indica-
tions for antroduodenal manometry are to evaluate: (1) unex-
plained nausea and vomiting; (2) the cause of gastric or small 
bowel stasis (e.g., neuropathic or myopathic disorders); and (3) 
suspected chronic intestinal pseudoobstruction when the diag-
nosis is unclear [30].

Decreased antral contractility and phase III migrating motor 
complexes (MMCs) originating in the small intestine rather 
than in the stomach can be seen in gastroparesis. Occasionally, 
pylorospasm or irregular bursts of small intestinal contractions, 
which increase outflow resistance, can be observed. With an 
accurate stationary recording, a reduced postprandial distal 
antral motility index is correlated with impaired gastric empty-

contractility or by distention of the stomach. EGG measures the 
frequency and regularity of gastric myoelectric activity, detects 
abnormal rhythms of gastric myoelectric activity, and assesses 
the amplitude or power increase after a meal [30].

Gastric dysrhythmias (tachygastria, bradygastria) and 
decreased postprandial amplitude (or power) of the EGG have 
been described in idiopathic and diabetic gastroparesis [41] 
(Figure 55.3). Gastric myoelectric abnormalities have also been 
described in patients with unexplained nausea and vomiting, 
motion sickness, and nausea and vomiting of pregnancy [30]. 
Studies have suggested a good correlation between delayed 

Figure 55.3 Gastric dysrhythmias recorded with electrogastrography 
(EGG). Representative raw EGG tracings showing normal 3 cycles/min 
rhythm, bradygastria, and tachygastria. Source: Parkman et al. 2003 [45]. 
Reproduced with permission of John Wiley & Sons, Ltd.
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Figure 55.2 Regional gastric emptying abnormalities in gastroesophageal reflux disease, functional dyspepsia, and gastroparesis. (a) In patients with 
gastroesophageal reflux disease, there is retention of the radioactivity in the proximal portion of the stomach. (b) In patients with functional dyspepsia, 
there is retention of radioactivity in the distal portion of the stomach. (c) In patients with gastroparesis, there is a global retention throughout the whole 
stomach.
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gastroparesis primarily include nausea and vomiting, but also 
early satiety, postprandial fullness, and abdominal discomfort. 
The presence of abdominal bloating or fullness in particular 
appears to be associated with diabetic gastroparesis [8]. 
Symptom severity, however, does not necessarily correlate well 
with the degree of gastric stasis [54,55]. Patients with severe 
symptoms may have only a mild delay or even normal gastric 
emptying. One study examining the effect of the prokinetic 
agent domperidone in diabetic gastroparesis suggested that 
symptom improvement did not correlate with improvement in 
gastric emptying, but rather with resolution of dysrhythmias 
[53]. Diabetic gastroparesis has been considered to be associ-
ated with a poor prognosis; however, more recent studies 
suggest that this may be incorrect and that most patients with 
diabetic gastroparesis do not deteriorate over time [53].

The motor dysfunction is typically confined to the stomach 
(gastroparesis), but sometimes a diffuse GI motility disorder 
may be present. Gastric motor abnormalities include impaired 
fundic relaxation with antral dilation, gastric dysrhythmias, 
antroduodenal incoordination, antral hypomotility, and visceral 
hypersensitivity [4]; gastroparesis may be the end stage of 

ing of solids [31]. An average of less than one antral contraction 
per minute postprandially has been suggested as a simple esti-
mate of significant hypomotility [46]. Ambulatory studies, per-
formed over 24 h using solid-state transducers, allow correlation 
of symptoms with abnormal motility but catheter migration in 
the stomach prevents quantitation of antral contractility.

Antroduodenal manometry may differentiate between neu-
ropathic and myopathic motility disorders, and it may suggest 
unexpected small bowel obstruction or rumination syndrome 
[30,47]. Myopathic disorders, such as scleroderma or amyloido-
sis, have low-amplitude contractions (<10 mmHg on average in 
the small intestine and <40 mmHg on average in the antrum) 
with normal propagation. Neuropathic disorders have normal 
amplitude but abnormal propagative contractions, seen readily 
in the phase III MMC, such as bursts and sustained uncoordi-
nated pressure activity, and a failure of a meal to induce the 
fed-type pattern. Occult mechanical obstruction of the small 
intestine is suggested by two types of patterns: postprandial 
clustered contractions for more than 30 min separated by qui-
escence, and simultaneous prolonged (>8 s) or summated con-
tractions suggesting a common cavity phenomenon from a 
dilated segment of intestine [48]. Antroduodenal manometry 
may demonstrate a characteristic pattern of rumination, with 
an increase in intraabdominal pressure at all levels of the upper 
gut (R waves), especially postprandially, indicating the act of 
rumination [49].

In pediatric studies, the absence of MMCs is an indicator of 
a poor response to prokinetic agents [50]. Some investigators 
perform the study with infusions of erythromycin or octreotide 
to predict the patient’s response to treatment with these agents 
[51].

Gastroparesis and disorders with delayed  
gastric emptying
Gastroparesis occurs in many clinical settings (Box 55.3); the 
most common are diabetes mellitus, sequelae of gastric surgery, 
and idiopathic. In a series of 146 patients, gastroparesis was 
classified as being idiopathic in 36%, diabetic in 29%, and post-
surgical in 13% [1].

Diabetic gastroparesis
Gastroparesis is a well-known complication of diabetes, most 
commonly associated with long-standing, insulin-dependent 
diabetes mellitus with other complications of retinopathy, neph-
ropathy, and peripheral neuropathy. Frequently, it occurs with 
autonomic neuropathy as identified by orthostatic hypotension. 
Longitudinal studies suggest that delayed gastric emptying is 
present in 30%–40% of patients with long-standing type I dia-
betes and in 10%–20% of type II diabetics [46]. The prevalence 
of GI symptoms in insulin-dependent diabetes mellitus is 
greater in patients with poor glycemic control [52].

Diabetic gastroparesis is clinically important because it is 
associated with GI symptoms, alterations in glycemic control, 
and changes in oral drug absorption [53]. Symptoms of diabetic 

Box 55.3 Etiology of gastroparesis (nonobstructive delayed gastric 
emptying).

Idiopathic
Endocrine or metabolic:

Diabetes mellitus
Thyroid disease
Renal insufficiency

After gastric surgery:
After resection
After vagotomy

Central nervous system disorders:
Brainstem lesions
Parkinson disease

Peripheral neuromuscular disorders:
Myotonia dystrophica
Duchenne muscular dystrophy

Connective tissue disorders:
Scleroderma
Polymyositis/dermatomyositis

Infiltrative disorders:
Lymphoma
Amyloidosis

Diffuse gastrointestinal motility disorder:
Chronic intestinal pseudoobstruction

Medication induced (see Box 55.2)
Electrolyte imbalance: potassium, calcium, magnesium
Miscellaneous conditions:

Infections (especially viral)
Paraneoplastic syndrome
Ischemic conditions
Gastric ulcer

Source: Adapted from Parkman et al. 1995 [22]. Reproduced with 
permission of John Wiley & Sons, Ltd.
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ble for dyspeptic symptoms postprandially when the stomach is 
distended by a meal [4,70].

Postsurgical gastroparesis
Postsurgical gastroparesis has been classically described in the 
past occurring after peptic ulcer surgery [71], most commonly 
when a truncal vagotomy was performed. Vagal nerve stimula-
tion causes both fundic relaxation and antral contractions; the 
effect of a total vagotomy is to delay emptying of solids while 
accelerating gastric emptying of liquids. A gastric drainage pro-
cedure such as a pyloroplasty or gastroenterostomy is usually 
performed in an attempt to offset the gastroparetic effects of 
vagotomy. In most patients, the net result is that vagotomy 
combined with a drainage procedure produces little alteration 
in gastric emptying. The results of different gastric surgical pro-
cedures on gastric emptying are shown in Table 55.2.

About 5% of patients undergoing vagotomy with antral resec-
tion and gastrojejunostomy develop severe postsurgical gas-
troparesis; the antrum is not present to triturate solids, and the 
proximal stomach is unable to generate sufficient pressure to 
empty solids [71]. Patients with gastric outlet obstruction 
undergoing surgery may also develop postsurgical gastric stasis; 
the chronic gastric dilation may have led to irreversible gastric 
muscle dysfunction.

The Roux-en-Y stasis syndrome is characterized by postpran-
dial abdominal pain, bloating, nausea, and vomiting [71]. The 
combination of vagotomy, distal gastric resection, and Roux-
en-Y gastrojejunostomy predisposes to gastric stasis, which 
results from both slow emptying from the gastric remnant and 
delayed transit in the Roux efferent limb [71]. Ectopic jejunal 
pacemakers may develop in the transected and reattached 
jejunal segment. In addition, myoelectric and motor activity in 
the Roux limb is slower than normal and may be retrograde, 
causing reverse peristalsis toward the stomach and allowing the 
Roux limb to cause a functional obstruction [72].

Gastroparesis is unusual in patients with highly selective or 
parietal cell vagotomy. Transient myoelectric abnormalities may 
occur, but they usually disappear with time [73]. Development 
of delayed gastric emptying after highly selective vagotomy may 
suggest inadvertent complete vagotomy [74].

Post-Nissen fundoplication gastric motor dysfunction
Mild acceleration of gastric emptying has been reported to 
occur after Nissen fundoplication [75,76]. Proximal gastric 
emptying after fundoplication is increased because of an 
increase in intragastric pressure resulting from the fundic wrap 
preventing receptive relaxation. This may lead to symptoms of 
early satiety [76]. In patients with GERD and delayed gastric 
emptying, there can be normalization of emptying after fundop-
lication [76]. However, this is not universally seen and, if Nissen 
fundoplication is performed in a patient with delayed gastric 
emptying, a pyloroplasty is sometimes performed.

Gas bloat syndrome refers to postoperative symptoms includ-
ing an inability to belch, pain, and bloating. It is more common 
in patients with preoperative delayed gastric emptying [77].

gastric dysfunction. The term gastropathy has been used because 
symptoms do not predict delayed gastric emptying, and the 
symptomatic response to prokinetic treatment is not necessarily 
related to improvement in emptying.

Diabetic gastroparesis likely results from impaired neural 
control of gastric motor function, possibly resulting from a 
vagal neuropathy. Morphological abnormalities of the gastric 
myenteric plexus in diabetic patients have not been identified 
by conventional histology [56]. Abnormal neural innervation 
and neurotransmission of both inhibitory and excitatory neu-
rotransmitters and underlying muscle dysfunction have been 
described in animal models of diabetes. Impairment of the 
inhibitory nitric oxide-containing nerves [57] and damage of 
the interstitial cells of Cajal [58], the electrical pacemaker cells, 
have been described in patients with diabetic gastroparesis [59].

Gastroparesis has also been described in type II diabetes mel-
litus [55]. However, it is also not uncommon for gastric empty-
ing to be accelerated in type II diabetes [60]. Usually, this change 
occurs early in the disease. It may be related to a lack of a fundic 
receptive relaxation, a vagally mediated response [61].

Hyperglycemia itself (usually at levels of >230 mg/dL) may 
reversibly affect gastric motility. Hyperglycemia decreases antral 
contractility, decreases antral phase III MMC activity, increases 
pyloric contractions, causes gastric dysrhythmias (primarily 
tachygastria), and delays gastric emptying [43,62]. Normalization 
of serum glucose in hyperglycemic patients has been shown to 
improve gastric myoelectric activity, to improve gastric empty-
ing, and to restore antral phase III MMC activity [63]. It is not 
clear how hyperglycemia adversely affects gastric motility. 
Hyperglycemia appears to cause a reversible impairment of 
vagal efferent function [64]. Glucose-responsive neurons have 
been identified in the central nervous system that may modify 
vagal efferent activity [65]. Prostaglandins may also be involved; 
indomethacin (indomehacin) may reverse abnormal gastric 
electrical rhythms that occur during hyperglycemia [66].

Changes of gastric motility may also affect postprandial 
blood glucose concentrations. Delayed gastric emptying may 
contribute to poor glucose control because of unpredictable 
delivery of food into the duodenum [62]. Impaired gastric emp-
tying with administration of exogenous insulin may produce 
hypoglycemia. Conversely, acceleration of emptying has been 
reported to cause hyperglycemia [60,67]. Problems with glucose 
control may be the first indication that a diabetic patient is 
developing gastroparesis [62]. Interestingly, gastroparetic symp-
toms may be mild or absent. Long-term oral administration of 
the prokinetic agents that accelerate gastric emptying have been 
shown in some studies, but not all, to decrease plasma glucose 
and glycosylated hemoglobin (HbA1c) levels in diabetic patients 
in some studies [68,69].

Patients with insulin-dependent diabetes mellitus have an 
increased perception of gastric distention, with more nausea, 
fullness, and upper abdominal pain [4]. Hyperglycemia increases 
nausea and fullness during proximal gastric distention [62,70]. 
Increased sensitivity of the proximal stomach may be responsi-
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Idiopathic gastroparesis
Idiopathic gastroparesis refers to symptomatic gastroparesis in 
patients with no apparent primary underlying abnormality. In 
most series, idiopathic gastroparesis is the most common cat-
egory for gastroparesis [1]. Symptoms may fluctuate, with epi-
sodes of pronounced symptoms interspersed with relatively 
symptom-free intervals.

Patients with idiopathic gastroparesis are typically young or 
middle-aged women. Even after adjusting for gender differences 
in gastric emptying, gastroparesis occurs more commonly in 
women [6]. A potential cause in some patients includes viral 
injury to the nerves or muscles of the stomach. Postviral gas-
troparesis was suspected in 23% of patients with idiopathic gas-
troparesis [87]. This clinical diagnosis is suggested in previously 
healthy persons with an acute onset of viral illness with nausea, 
vomiting, diarrhea, fever, and cramps who have persistence of 
symptoms (nausea, vomiting, early satiety) for more than 3 
months with a delay in gastric emptying. Viruses suspected as 
potential causes are cytomegalovirus (CMV), Epstein–Barr 
virus, and herpes varicella-zoster. Symptoms of idiopathic gas-
troparesis after a presumed viral illness tend to be less severe 
than in gastroparesis from other causes. Overall, these patients 
appear to have a good prognosis, with many patients having a 
slow resolution of their symptoms [87].

Other disorders associated with  
delayed gastric emptying
Gastrointestinal disorders
Gastroesophageal reflux disease
Delayed gastric emptying can be seen in patients with GERD. 
Gastric stasis with proximal fundic distention may promote 
transient lower esophageal sphincter relaxation with subsequent 

Early satiety, postprandial fullness, nausea, and vomiting may 
develop after fundoplication [78]. In some of these patients, 
postprandial antral hypomotility or a delay in gastric emptying 
can be seen [79,80]. Delayed gastric emptying may have been 
present before surgery but not recognized because of the GERD 
symptoms of heartburn and regurgitation. The development of 
postoperative gastroparesis after an open or laparoscopic Nissen 
fundoplication may result in significant morbidity [80]. Vagal 
nerve injury has been reported in from 4% to as many as 40% 
of patients undergoing laparoscopic fundoplication [81,82].

Postbariatric surgery gastric stasis
Surgical therapy for morbid obesity has increased since the late 
1990s. Several procedures are designed to restrict stomach size 
[83]. The most commonly performed surgical procedure is the 
Roux-en-Y gastric bypass. The stomach is partitioned into a 
small proximal fundic pouch and a bypassed distal stomach; a 
loop gastrojejunostomy through a small gastroenterostomy 
drains the proximal pouch [83]. Ingestion of large meals is 
prevented by early satiety resulting from the small gastric pouch. 
The gastrojejunostomy configuration produces a relative malab-
sorptive state and can result in dumping if a high carbohydrate 
liquid meal is ingested. Solid emptying is slower and liquid 
emptying is faster after gastric bypass surgery [84].

Less commonly performed are gastric restrictive procedures 
including vertical banding gastroplasty and adjustable gastric 
banding [82] or sleeve gastrectomy. Vomiting can occur in 21% 
of patients after vertical banding gastroplasty [85]; another 
study found that emptying from the proximal gastric pouch was 
normal and could not explain the early satiety [86], suggesting 
that it may instead be a manifestation of distension of the intes-
tine into which food may be dumped.

Table 55.2 Gastric emptying alterations after different types of gastric surgery.

Surgical procedure Anatomic changes Motility changes Comments

Proximal gastric vagotomy or 
parietal cell vagotomy

Selective denervation of 
acid-producing parietal cells

Impaired receptive relaxation 
accommodation; accelerated liquid 
emptying, normal solid emptying

Early satiety is common

Truncal vagotomy with drainage 
procedure (pyloroplasty or 
gastroenterostomy)

Vagal denervation of entire 
stomach; ablation of pyloric 
sphincter

Same effects as proximal gastric 
vagotomy plus a significant 
decrease in antral contractility 
with delayed emptying of solids

Obligatory drainage procedure is 
needed to prevent stasis; as a 
result, larger solids, less suitable for 
intestinal digestion and absorption, 
pass directly into the small intestine

Partial gastrectomy Proximal stomach resected Impaired accommodation; 
accelerated liquid emptying

Decreased total reservoir capacity

Subtotal gastrectomy Distal two-thirds of stomach 
resected

Decreased accommodation with 
decreased outlet resistance; rapid 
emptying into intestine

Usually performed with vagotomy, 
may account for dumping

Billroth I gastroduodenostomy 
or Billroth II gastroenterostomy

Antrectomy (distal one-third)

Source: Adapted from Parkman et al. 1995 [22]. Reproduced with permission of John Wiley & Sons, Ltd.



1014   PART 4 Gastrointestinal diseases

than in physiologically normal infants [99]. Medical treatment 
with atropine has been suggested. IHPS has been associated 
with the use of erythromycin for pertussis prophylaxis in 
neonates [100].

IHPS in adults is rare [101]. Diagnostic criteria for adults 
have been variable. Early reported cases were related to local 
inflammation and fibrosis from previous gastric or duodenal 
ulcer. In the uncommon idiopathic form, there is hypertrophy 
of the smooth muscle without any underlying disease. A certain 
proportion of these primary cases may represent persistence of 
the juvenile form, presenting later in life. Endoscopic dilation 
and laparoscopic pyloroplasty have been used for treatment 
[102].

Celiac disease
Delayed gastric emptying is seen in 50% of patients with celiac 
disease, which normalizes with a gluten-free diet and recovery 
of small bowel mucosa. Delayed gastric emptying has been sug-
gested to explain some of the dyspeptic symptoms in celiac 
disease [103,104].

Gallbladder disease
Delayed gastric emptying, in addition to delayed gallbladder 
emptying, may be present in cholelithiasis [105]. Some studies 
have reported delayed solid phase gastric emptying in 20%–42% 
of patients with gallstones [106], whereas others have not found 
alterations in liquid phase emptying [105]. Interestingly, chole-
cystectomy has been shown to normalize gastric emptying  
in some patients [106]. Many patients with gastroparesis have 
had a previous cholecystectomy, possibly because gallbladder  
dysfunction is considered to be causing the nonspecific 
symptoms.

Chronic pancreatitis
Some patients with chronic pancreatitis have delayed gastric 
emptying [107]. This may explain some of the abdominal pain, 
nausea, and vomiting seen in this group of patients. This phe-
nomenon may be related to the increased serum level of endog-
enous cholecystokinin (CCK) [107]. One study showed impaired 
gastric myoelectric activity in chronic pancreatitis [108]; this 
abnormality was restored toward normal with pancreatic 
enzyme replacement. Gastric emptying is variable in cystic 
fibrosis: early in the disease it may be rapid, whereas later in the 
disease, it is delayed [109].

Liver disease
Abnormal gastric emptying has been reported in up to 78% of 
patients with cirrhosis of the liver [110]. The delay in gastric 
emptying is correlated with the severity of liver disease, as indi-
cated by Child–Pugh status, bilirubin level, prothrombin time, 
and presence of esophageal varices [110]. Secretin and endothe-
lin have been suggested to play a role in the gastric dysmotility 
seen in cirrhosis and portal hypertension [111,112]. Other 
studies have not shown significant changes in gastric emptying 

gastroesophageal reflux [88]. Some investigators have found 
delayed emptying in 40% of patients with GERD [89]; others 
have not shown this high prevalence [90]. Studies suggest that 
slow emptying from the proximal stomach, but not from the 
overall stomach, may correlate with esophageal acid exposure 
[91].

Achalasia
Gastric emptying is difficult to study in achalasia because the 
ingested meal is often retained in the esophagus. Gastric empty-
ing studies in these patients have given variable results; several 
reported no abnormalities in gastric emptying [92]. Studies 
delivering liquid meals into the stomach through a nasogastric 
tube have shown rapid emptying of liquids [93]. After successful 
pneumatic dilation, gastric emptying of solid meals was delayed 
in 50% of patients with achalasia [94]. These emptying abnor-
malities may be related to abnormalities of the vagus nerve and 
dorsal motor nuclei of the vagus, which have been reported in 
achalasia.

Atrophic gastritis
Atrophic gastritis is characterized by a decrease in gastric acid 
secretion, usually leading to hypergastrinemia through altera-
tion in the acid–gastrin feedback regulation. Atrophic gastritis 
may result from pernicious anemia or may occur on a nonau-
toimmune basis, such as in H. pylori infection. Delayed gastric 
emptying is present in two-thirds of patients with achlorhydric 
atrophic gastritis and in one-third of those with preserved acid 
secretion. Delayed gastric emptying in atrophic gastritis is asso-
ciated with reduction of gastric acid output and hypergastrine-
mia, rather than with severity of mucosal atrophy [95].

Functional dyspepsia
See Section Functional dyspepsia later in the chapter.

Hypertrophic pyloric stenosis
Infantile hypertrophic pyloric stenosis (IHPS), occurring in up 
to 0.3% of births, is the most common disorder requiring 
abdominal surgery during the first 6 months of life. A typical 
infant begins to vomit within the first 4 weeks of life. Hypertrophy 
of the inner circular muscle of the pylorus produces pyloros-
pasm or functional gastric outlet obstruction resulting in non-
bilious vomiting, dehydration, and metabolic alkalosis. An 
enlarged pylorus (pyloric olive) can be palpated or detected 
radiologically. Pylorospasm occurs from a defect in pyloric 
sphincter relaxation and not from a true obstruction. A lack of 
inhibitory nerves of the pylorus, primarily nitric oxide-
containing nerves, and interstitial cells of Cajal has been shown 
in IHPS [96,97]. Treatment with surgical pyloromyotomy is 
effective. Patients usually remain symptom free after surgical 
treatment; the muscle hypertrophy resolves. The abnormalities 
of nitric oxide-containing nerves and interstitial cells of Cajal 
partially reverse [98], although on manometry the pyloric tone 
is higher and the phasic pyloric pressure waves are less frequent 
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shown an effect on weight gain [121]. The pathogenesis of 
gastric dysfunction in anorexia is probably multifactorial; star-
vation and malnutrition with marked endocrine disturbances 
may play a role; others have suggested a central nervous system 
disturbance related to the psychiatric abnormality.

Bulimia nervosa is characterized by recurrent episodes of 
binge eating with a feeling of lack of control over the eating 
behavior during the binges, often followed by self-induced vom-
iting, the use of laxatives or diuretics, strict dieting or fasting, 
or vigorous exercise to prevent weight gain [122]. Self-induced 
vomiting allows bulimic patients to continue eating or to termi-
nate the binge. In contrast to anorexia nervosa, concern about 
weight and body size does not lead to a fall in weight below 
normal. Symptoms of postprandial fullness, early satiety, bloat-
ing, nausea, and epigastric pain may occur [123]. Depression 
may be an important determinant of GI symptoms [123]. 
Gastric emptying studies in bulimia have yielded conflicting 
results; some bulimic patients (37%) appear to have delayed 
emptying [122].

Rumination syndrome is the effortless regurgitation of recently 
ingested food into the mouth with subsequent remastication 
and reswallowing or expectorating of food. Initially described 
in children and mentally retarded institutionalized persons, 
there is an increasing awareness of this disorder in adults  
of normal intelligence. Rumination can become a habit, often 
initiated by a belch, a swallow, or by stimulation of the palate 
with the tongue. Abdominal muscle contraction with lower 
esophageal sphincter relaxation in the early postprandial period 
is responsible for regurgitation [124]. Typically, the effortless 
repetitive regurgitation occurs within 15 min of starting a meal, 
in contrast to vomiting from gastroparesis, which occurs later 
in the postprandial period (60 min after eating) [49]. Symptoms 
often cease when regurgitated food becomes acidic to taste. 
Difficulty in diagnosis results from lack of awareness and  
the difficulty in differentiating rumination from vomiting 
caused by gastroparesis or regurgitation from GERD. Gastric 
emptying and esophageal pH monitoring are usually normal. 
Gastroduodenal manometry may show characteristic brief 
simultaneous increases in gastric and small bowel pressure  
(R waves) seen in all abdominal recording ports during the 
postprandial period. These represent abdominal wall contrac-
tions, and, if performed with esophageal pH monitoring, they 
are associated with a decrease in distal esophageal pH. 
Esophageal manometry with impedance may show gastric  
contractions with retrograde flow of fluid. These characteristic 
findings are seen in only one-third of patients with clinical 
symptoms of rumination [49]. Making the patient aware of  
this habit may be beneficial. Treatment involves behavioral 
modification and biofeedback therapy administered in a formal 
eating regulation program. Concentration on diaphragmatic 
breathing after eating may help. Biofeedback techniques help to 
teach patients to relax abdominal muscles during and after 
eating [125]. Chewing gum postprandially has been suggested 
to be helpful.

[113] and have even reported acceleration of liquid phase gastric 
emptying [114].

Interferon-α treatment may delay gastric emptying and may 
cause dyspeptic symptoms. In one study, interferon treatment 
delayed gastric emptying in 12 of 14 patients and was associated 
with development of anorexia and abdominal discomfort [115]. 
Prokinetic therapy improved gastric emptying and GI symp-
toms during interferon-α therapy.

Constipation
Delayed gastric emptying is not uncommonly observed in 
patients with constipation. The finding of delayed gastric emp-
tying suggests the possibility of a diffuse GI disorder [116]. This 
has implications for treatment as patients with chronic severe 
constipation and proximal GI tract dysmotility often have poor 
responses to colectomy. Volitional suppression of defecation can 
delay gastric emptying, suggesting a “cologastric brake” or the 
effects of stress [117].

Diffuse gastrointestinal motor disorders
Gastroparesis can occur as a part of a diffuse GI motility disor-
der. Chronic intestinal pseudoobstruction is a syndrome with 
recurrent symptoms suggestive of intestinal obstruction in the 
absence of mechanical blockage. Symptoms are caused by inef-
fective peristalsis and include nausea, vomiting, and abdominal 
pain with abdominal distention. Radiological findings consist 
of air–fluid levels within the small intestine. The term diffuse GI 
motility disorder rather than chronic intestinal pseudoobstruc-
tion is often used if several portions of the GI tract have delayed 
transit but no air–fluid levels are seen on abdominal radio-
graphs [22].

Chronic intestinal pseudoobstruction can be caused by 
several systemic diseases including scleroderma, amyloidosis, 
myxedema, and long-standing diabetes mellitus. It is often idi-
opathic; the two main forms of idiopathic pseudoobstruction 
are myopathic and neuropathic. Small bowel manometry may 
help to differentiate between these two forms.

Nongastrointestinal disorders
Eating disorders: anorexia, bulimia, and rumination 
(see Chapter 117)
Anorexia nervosa is a psychiatric disorder occurring primarily 
in adolescent and young adult women, characterized by dis-
torted body image and fear of obesity with compulsive dieting 
and self-imposed starvation to maintain a profoundly low body 
weight. GI symptoms are common and include lack of appetite, 
early satiety, epigastric fullness, abdominal bloating, nausea, 
and vomiting [118,119]. Patients with anorexia nervosa often 
have delayed gastric emptying, primarily for solids [119]. 
Interestingly, realimentation and maintenance of normal body 
weight improve gastric emptying and GI symptoms [118,120]. 
Prokinetic therapy had been suggested to improve gastric emp-
tying and to facilitate refeeding [119]; other studies have not 
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their nausea, lessened anxiety, and hastened the return of 
normal appetite during the recovery period.

Neurological disorders
Central nervous system causes of gastroparesis are rare. Any 
condition associated with increased intracranial pressure may 
produce emesis, with or without nausea, by activation of brain-
stem structures mediating vomiting [19]. Focal lesions includ-
ing tumors, especially those involving the brainstem and 
posterior fossa, can cause nausea and vomiting and can even 
present with gastroparesis. Demyelinating diseases such as mul-
tiple sclerosis and other demyelinating disorders have been 
reported to cause gastroparesis [134]. An adult patient with 
vomiting from a central mass lesion usually has central nervous 
system symptoms or signs, such as headache, cranial nerve find-
ings, long tract signs, or papilledema [135]. Rarely, objective 
neurological findings may be absent [136].

Gastroparesis is common in Parkinson disease and has been 
reported in 70% of patients [137]. The stomach can be affected 
by the underlying parkinsonian neurodegenerative pathology; 
Lewy bodies have been reported in the myenteric plexus of the 
stomach [138]. Medications used to treat Parkinson disease 
such as l-dopa can delay gastric emptying. Impaired gastric 
emptying with delayed levodopa absorption may be a reason for 
a poor response to medical therapy for Parkinson disease [137]. 
Domperidone may be a useful prokinetic agent in Parkinson 
disease; domperidone does not cross the blood–brain barrier 
and should not interfere with centrally acting antiparkinsonism 
medications [139].

Collagen vascular disorders
Scleroderma (systemic sclerosis) is a systemic inflammatory 
disorder affecting the skin and other organs. GI manifestations 
usually follow cutaneous and other systemic manifestations 
[140]. The esophagus is involved in about 75% of patients,  
especially when Raynaud phenomenon is present. Gastric 
involvement is less frequent than that of the esophagus, small 
intestine, or colon. Delayed gastric emptying has been reported 
in 10%–75% of patients [141], usually in those with esophageal 
involvement [142]. Watermelon stomach is also reported in 
scleroderma [141]. Antroduodenal manometry classically 
reveals very low amplitude antral and duodenal contractions 
with normal MMC propagation [140].

Polymyositis and dermatomyositis classically affect only skel-
etal muscle, as recognized on esophageal manometry with dys-
function of the upper esophageal sphincter and upper esophagus. 
However, polymyositis and dermatomyositis may be associated 
with other GI motor dysfunction. Gastric emptying was found 
to be delayed in 8 of 13 patients and correlated with the severity 
of the peripheral (skeletal) muscle weakness [143].

Systemic lupus erythematosus rarely affects gastric motility. 
Delayed gastric emptying has been reported in a patient with 
systemic lupus erythematosus; in some patients, functional 

Cyclic vomiting syndrome
Cyclic vomiting syndrome refers to recurrent episodes of intense 
nausea and vomiting lasting hours to days separated by 
symptom-free periods of variable lengths. Typically, each 
episode is similar. Vomiting often starts abruptly, although a 
prodrome of nausea and abdominal pain can occur. The vomit-
ing reaches its highest intensity during the first hours, dimin-
ishes thereafter, and ends rapidly. The duration of vomiting 
averages 3–4 days and can lead to marked dehydration. This 
disorder is well characterized in children, but it is now being 
described in adults [126,127]. In adults, the vomiting episodes 
are longer (3–5 days), less frequent (every 3–4 months), and 
triggering events are less evident [127]; there is usually a long 
delay in diagnosis. Abnormal upper GI motility can be demon-
strated by gastric emptying scintigraphy, antroduodenal man-
ometry, and EGG, even in the asymptomatic state; however, 
these tests are often normal [128]. Gastric emptying has been 
reported to be rapid in the symptom-free period [129]. 
Precipitating events, identified in a few patients, include onset 
of menstrual periods and stress. Cyclic vomiting syndrome  
is associated with a history of migraine headaches in patients 
and other family members. The cause of this disorder is 
unknown; a mechanistic relationship to migraine, underlying 
hypothalamic–pituitary axis derangement, or an inappropriate 
activation of vomiting reflex has been suggested [126]. 
Mitochondrial disorders and dysfunction of corticotropin 
releasing factor (CRF) have been identified in some patients 
[130,131]. There is no standard management for this disorder. 
A quiet environment, sleep, intravenous fluids (generally dex-
trose 10% in normal saline, and the use of antiemetics, such as 
ondansetron or metoclopramide, and benzodiazepines, such as 
lorazepam, may be effective in the acute episodes of vomiting 
[127,129]. Tricyclic antidepressants (such as amitriptyline) in 
low doses (up to g/kg q.h.s.) [127,129] and β-blockers such as 
propranolol may prevent attacks. Antimigraine therapies such 
as the 5-HT1D receptor agonist, sumatriptan, may reduce the 
severity of attacks. The use of nonsteroidal antiinflammatory 
drugs, such as indomethacin or ketorolac, given intramuscu-
larly, has been reported to prevent or reduce the intensity of 
attacks if these drugs are given during the prodromal period 
[126]. These agents inhibit prostaglandin formation and may 
correct gastric dysrhythmias or act centrally.

Cannabinoid hyperemesis syndrome is an increasingly rec-
ognized entity. Allen et al. initially described nine patients with 
a history of prolonged cannabis abuse, predating the onset of 
the vomiting illness [132]. Hyperemesis followed a cyclical 
pattern every few weeks or months, against a background of 
habitual cannabis abuse and the taking of frequent warm 
showers. Cessation of cannabis use led to termination of the 
cyclic emesis. In another series of adult patients with cyclic 
vomiting syndrome [133], a large number of patients (13 of 31) 
reported daily marijuana use, but during follow-up, only two 
patients that ceased marijuana use had resolution of their vom-
iting cycles, whereas seven claimed that marijuana improved 
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parvoviruses [156]. Nausea and vomiting have been associated 
with altered gastric motor function [157]; this has been shown 
during acute viral gastroenteritis with parvovirus-like agents 
(Norwalk and Hawaii viruses). Delay in gastric emptying is 
usually transient and returns to normal with recovery from the 
viral infection. In rare patients, chronic symptoms and delayed 
gastric emptying may result [158,159]; this may be one cause of 
idiopathic gastroparesis.

Gastric CMV infection occurs often in immunosuppressed 
persons, particularly organ transplant recipients [160]. Upper 
GI CMV infection has been reported to occur in one-third of 
patients after liver transplantation, often associated with typical 
symptoms of gastroparesis including nausea and abdominal 
fullness. Endoscopy can show large antral folds, gastric inflam-
mation including acute superficial gastritis, and duodenal ero-
sions and ulcerations. Viral cultures of gastric biopsies and 
histological presence of CMV inclusions in the gastric mucosa 
are used for diagnosis [160]. The CMV infection can be treated 
with ganciclovir. GI infection with CMV is unusual in immu-
nologically normal individuals. A case report documents acute 
CMV infection causing GI dysmotility in an immunocompetent 
patient; the disturbance in GI motor function persisted for years 
after viral infection had been eradicated [158].

Gastric emptying may be delayed in one-third of persons 
seropositive for human immunodeficiency virus (HIV) [161], 
particularly those with advanced disease evidenced by low CD4 
counts, marked weight loss, and enteric infections [162]. In 
immunocompromised patients, the acute stage of gastritis and 
gastroparesis from viruses and other infectious agents, espe-
cially CMV and Mycobacterium avium-intracellulare, may 
persist for prolonged times. Some investigators have found 
delayed gastric emptying of solids with diminished postprandial 
antral motility but rapid emptying of liquids, suggesting an 
autonomic neuropathy that is common in HIV infection [163].

It had been speculated that H. pylori causes GI motor abnor-
malities. Although a few early studies showed an association 
[164], most concluded that H. pylori does not cause delayed 
gastric emptying or functional dyspepsia [165]. One study 
reported that chronic antral H. pylori gastritis was associated 
with a lower incidence of the phase III MMC starting in  
the antrum in dyspeptic patients [166]. Another study suggests 
that dyspeptic patients with H. pylori infection have a high 
prevalence of gastric dysrhythmias; eradication of H. pylori 
normalized gastric myoelectric activity and improved symp-
toms [167].

Chronic mesenteric ischemia (ischemic gastroparesis)
Gastric ischemia may occur in chronic atherosclerotic disease; 
the gastric ischemia is insidious and often is not recognized. 
Ischemic gastropathy secondary to atherosclerosis may present 
as gastritis, ulceration, or gastroparesis [168]. Angiography 
demonstrates arterial occlusion. Cases of chronic mesenteric 
ischemia with chronic gastric ischemia causing gastroparesis 
and gastric dysrhythmias have been reported [169]. Surgical 

gastric outlet obstruction with antral narrowing from thickened 
folds resolved with prednisone treatment [144].

Amyloid-associated GI dysmotility can manifest as intestinal 
pseudoobstruction, diarrhea, or achalasia [145]. GI symptoms 
typically include anorexia, difficulty with eating from mac-
roglossia, and altered bowel habits. Nausea may occur in up to 
40% of patients with amyloidosis [145]. Clinical gastroparesis 
occurs rarely in patients with amyloidosis; one study reported 
only three cases in 769 patients [146]. Small bowel mucosal 
biopsy may aid diagnosis of amyloidosis by showing amyloid 
deposits in blood vessels in the lamina propria.

Endocrine and metabolic disorders: thyroid, parathyroid, 
and renal failure
Hypothyroidism should be excluded in all patients with gas-
troparesis. Although hypothyroidism represents only a very 
small percentage of patients with gastroparesis, it is easily 
treated with thyroxine supplementation. There is a poor correla-
tion between the gastric emptying and the elevated thyroid-
stimulating hormone level [147]. Intestinal pseudoobstruction 
has also been described in hypothyroidism. Hyperthyroid 
patients may be expected to have rapid gastric emptying; 
however, studies have reported normal, rapid, and delayed 
gastric emptying [142,143,148]. Delayed gastric emptying with 
gastric dysrhythmias has been reported; these resolve with 
treatment of the hyperthyroidism [149]. It has been suggested 
that the delayed gastric emptying results from associated auto-
nomic dysfunction [149].

In both hyperthyroidism and hypoparathyroidism, small 
intestinal pseudoobstruction has been reported. Parathyroid 
hormone has been shown to relax gastric and other GI smooth 
muscle directly [150]. Whether it influences gastric emptying in 
humans is not known.

GI symptoms, especially anorexia, nausea, and vomiting,  
are often present in renal failure. Symptoms may be from 
uremia, medications, gastric mucosal ulceration, or gastropare-
sis. Gastric emptying studies have yielded conflicting results. 
Delayed emptying has been seen in patients with symptomatic 
uremia [151]. Normal emptying is most commonly seen in 
patients undergoing hemodialysis. Delayed emptying has been 
reported to be associated with changes in nutritional status and 
autonomic neuropathy [152,153]. Using the 13C-octanoate 
breath test, delayed gastric emptying was present in 62% of 
patients undergoing long-term hemodialysis; delayed emptying 
was present in 91% of patients with dyspeptic symptoms and in 
40% of those without symptoms [154]. Chronic ambulatory 
peritoneal dialysis delays emptying, primarily when the 
abdomen contains the dialysate; emptying normalizes after the 
dialysate is emptied [155].

Gastric infections
Delayed gastric emptying can be seen during a variety of acute 
viral infections including herpes zoster and infections with 
Epstein–Barr virus, cytomegalovirus (CMV), rotavirus, and 
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dysmotility often precedes the diagnosis of cancer [178]; patients 
may have a normal chest radiograph at presentation with sub-
sequent diagnosis of cancer by computed tomography, magnetic 
resonance imaging, or bronchoscopy. Antroduodenal manom-
etry may show neuropathic abnormalities with incoordination 
of contractions. Type 1 antineuronal nuclear antibody (ANNA-1 
or anti-Hu) in the serum can often be detected in paraneoplastic 
pseudoobstruction from small cell lung carcinoma [178].

Delayed gastric emptying with nausea and vomiting can 
occur during treatment of malignant disease. Gastroparesis can 
occur after radiation therapy for treatment of tumors [180], 
during treatment with chemotherapeutic agents [181], after 
bone marrow transplantation [182], and after celiac plexus 
block for chronic pain from pancreatic cancer [183].

Medication-induced gastroparesis
Nausea and vomiting can be side effects of medications. Nausea 
and vomiting in response to a drug are likely to present early in 
its use; medications usually cause acute rather than chronic 
nausea and vomiting [19]. Many drugs including narcotic anal-
gesics, anticholinergics, tricyclic antidepressants, and calcium 
channel blockers are known to delay gastric emptying (see Box 
55.2). Several of the newer diabetic medications, including 
pramlintide and GLP-1 agonists (e.g., exenatide, liraglutide), 
delay gastric emptying. Drug-induced gastroparesis may be 
asymptomatic, but it needs to be considered when delayed 
gastric emptying is found in a symptomatic patient. Gastric 
acid-suppressing agents, such as proton pump inhibitors and H2 
receptor antagonists, have been shown to delay gastric emptying 
in normal subjects [184]; however, these agents are unlikely to 
produce clinically significant gastroparesis. Some studies suggest 
that nizatidine, an H2 receptor antagonist with cholinergic prop-
erties, may induce antral contractility and may promote gastric 
emptying [185].

Gastric emptying of solids is delayed in patients receiving 
total parenteral nutrition (TPN) [186]. It is suggested that, if 
assessment of gastric emptying and motility is performed in a 
patient who is receiving TPN, the TPN should be converted to 
saline starting 12 hours before the test [30]. Slowing of gastric 
emptying during TPN is correlated with an increase in blood 
glucose from the intravenous nutrients; hyperglycemia inhibits 
gastric emptying of solids. The inhibitory effect of hyperglyc-
emia on gastric emptying may be mediated by the vagal–
cholinergic system [186]. Oral ingestion of fat is well known to 
delay gastric emptying through intestinal feedback and release 
of CCK. Intravenous infusion of fat emulsions also delays gastric 
emptying [186,187]. The mechanism by which intravenous fat 
influences gastric motility is poorly understood [186,187].

Treatment of symptomatic gastroparesis
The general principles for treatment of symptomatic gastropare-
sis are as follows: first, to correct fluid, electrolyte, and nutri-
tional deficiencies; second, to identify and treat the underlying 
cause of gastroparesis; and third, to reduce symptoms 

revascularization may improve gastric emptying and corrects 
gastric dysrhythmias in selected patients.

Gastroparesis after lung and heart–lung transplantations
Gastroparesis has been reported after heart and lung transplan-
tations [170,171]. After lung transplantation, gastroparesis may 
predispose to gastroesophageal reflux with microaspiration and 
subsequent pulmonary infection, which can have deleterious 
effects on the transplanted lungs. Symptomatic delayed gastric 
emptying was present in 25% of patients after single lung trans-
plantation and in 50%–80% of patients after combined heart 
and lung transplantation [170,171]. Several causes including 
vagal nerve dysfunction, viral infection, and immunosuppres-
sive medications may explain gastroparesis after heart and lung 
transplantation [170–172]. The antirejection treatments 
sirolimus (rapamycin) and tacrolimus (FK506) have limited 
ability to stimulate gastric motility in vitro [173]; mycopheno-
late mofetil is associated with normal gastric emptying in renal 
transplant recipients [174].

Gastroparesis secondary to malignant disease  
(tumor-associated gastroparesis)
Tumor-associated gastroparesis has been described with 
esophageal, gastric, pancreatic, breast, and lung carcinoma. The 
pathophysiology is unknown, but frequently it is attributed to 
paraneoplastic effects, neural invasion of the tumor, or the side 
effects of chemotherapy.

In gastric cancers that are nonobstructing, tumor infiltration 
into the stomach wall may disrupt smooth muscle or neural 
innervation. The symptoms and delay in gastric emptying can 
be responsive to prokinetic agents, including metoclopramide 
[175].

Small bowel tumors are rare and can be difficult to diagnose. 
Infrequently, patients initially diagnosed with gastroparesis are 
found on further evaluation to have a small bowel adenocarci-
noma causing symptoms from partial obstruction [176]. These 
tumors can be missed on small bowel follow through examina-
tion. Enteroclysis or CT enterography provide a more detailed 
and accurate evaluation (see Chapter 68).

In pancreatic cancer, delayed gastric emptying has been 
reported in 40%–60% of patients without gastroduodenal inva-
sion or obstruction. Usually, the gastroparesis is asymptomatic, 
but it may be responsible for the nausea, vomiting, and abdomi-
nal or back pain that occur [177]. Retroperitoneal nerve inva-
sion of the tumor has been postulated as a cause of the 
gastroparesis, although gastroparesis can also occur with resect-
able cancers.

Pseudoobstruction with delayed gastric emptying may repre-
sent a paraneoplastic syndrome that occurs primarily with small 
cell lung carcinoma [178]. Intestinal dysmotility is suspected to 
have an autoimmune basis affecting the myenteric plexus. 
Pathological studies have shown degeneration of the myenteric 
plexus with infiltration by plasma cells and lymphocytes and 
markedly reduced numbers of neurons [179]. The onset of GI 
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a long-acting preparation such as insulin glargine may be 
administered twice daily with preprandial injections of regular 
insulin formulas. However in patients with gastroparesis, post-
prandial hypoglycemic episodes can occur when the glucose-
lowering effects of preprandial short-acting insulin precede 
delivery of nutrients into the small intestine for digestion and 
absorption. To this end, monitoring 2-h postprandial blood 
glucose levels may be useful.

Antiemetic agents
Nausea and vomiting are treated with antiemetic agents [19]. 
These include phenothiazines, antihistamines, anticholinergics, 
dopamine receptor antagonists, and serotonin receptor 
antagonists.

The actions of phenothiazine compounds are mediated pri-
marily through a central antidopaminergic mechanism at the 
chemoreceptor trigger zone in the area postrema of the medulla 
oblongata [19]. Commonly used agents include prochlorpera-
zine (Compazine), trimethobenzamide (Tigan), and prometh-
azine (Phenergan). These agents are commonly used for severe 
episodes of nausea and vomiting and are available as tablets, 
capsules, liquid suspensions, and suppositories, and for inject-
able use. Sedation and extrapyramidal side effects may develop 
with these agents [193].

Antihistamines with H1 receptor antagonistic properties have 
central antiemetic effects [19]. These include diphenhydramine 
(Benadryl), dimenhydrinate (Dramamine), and meclizine 
(Antivert). These agents exert antinausea effects by blocking H1 
receptors in the vestibular apparatus and the chemoreceptor 
trigger zone within the area postrema. In vection-induced 
motion sickness, dimenhydrinate reduced tachygastria, 
decreased symptoms, and caused drowsiness, suggesting that 
symptom improvement is by improvement of gastric myoelec-
tric activity or depression of central nervous system activity 
[194].

Serotonin (5-HT3) receptor antagonists, such as ondansetron 
(Zofran) and granisetron (Kytril), are useful in chemotherapy-
induced nausea and vomiting. The primary site of action is 
likely the chemoreceptor trigger zone because of the high 
density of 5-HT3 receptors in the area postrema [19]. They may 
also act peripherally because 5-HT3 receptors are present in the 
GI tract [19]. They do not appear to affect gastric emptying 
[195]. If used, they are best given on an as needed basis because 
of the lack of evidence of prolonged efficacy and their expense. 
Benzodiazepines such as lorazepam and diazepam have been 
shown to be effective as adjunctive agents in the treatment of 
chemotherapy-related nausea and vomiting [19]. The most 
recently approved antiemetic agents for chemotherapy-induced 
nausea and vomiting are the neurokinin-3 receptor antagonists 
such as aprepitant (Emend) [196].

Prokinetic agents
Prokinetic agents enhance contractility of the GI tract and accel-
erate the aboral movement of lumenal contents (Table 55.3). In 

[19,188,189]. The specific treatment depends on the severity of 
symptoms and the underlying disorder. For mild gastroparetic 
symptoms, dietary modifications may be used. Medicines are 
reviewed to ensure that the patient is not taking an anticholin-
ergic agent or narcotic analgesic that could delay gastric empty-
ing or prevent the action of a prokinetic agent. For diabetic 
patients, blood glucose should be regulated carefully to prevent 
hyperglycemia. In severe cases of gastroparesis with vomiting, 
signs of dehydration, and poor glucose control, treatment may 
include hospitalization, intravenous hydration, regulation of 
blood glucose, and intravenous administration of antiemetic 
and prokinetic agents.

Dietary treatment
In gastroparesis, dietary modification is the initial treatment 
[190]. The diet may be modified to promote faster gastric emp-
tying. Because fat intake releases CCK, which can delay gastric 
emptying, low-fat meals with complex carbohydrates are sug-
gested. Meals should be small to allow time for emptying to 
occur; gastric emptying of meals is regulated for a set number 
of calories to be emptied into the duodenum [191]. To compen-
sate for small meals, patients may need to eat four or five times 
daily. A diet low in indigestible fiber and roughage will reduce 
the chance of bezoar formation. Liquid nutrients in the diet 
should be increased, because emptying of liquids is usually less 
affected than solids.

Alcohol and carbonated beverages should be avoided. Even 
low doses of alcohol can decrease antral contractility and impair 
gastric emptying. Carbonated beverages release carbon dioxide 
gas, which can aggravate gastric distention.

Commercial or self-prepared liquid homogenized meals may 
be tolerated in small quantities; larger volumes needed to cover 
daily caloric requirements are often not. Enteral alimentation 
may be needed in patients with refractory symptoms unable to 
maintain adequate nutrition and hydration. In some severe 
cases, TPN may be needed. This is not a long-term solution 
because of catheter-induced bacteremia, clot formation, and 
cost.

Glucose control
Diabetic patients with gastroparesis may have abnormally high 
glucose concentrations both after fasting and postprandially. 
Hyperglycemia itself has been shown to delay gastric emptying 
[62,63]. This slowing is associated with reduced antral contrac-
tility and increased pyloric pressure. Hyperglycemia can inhibit 
the accelerating effects of prokinetic agents [192]. Improvement 
of glucose control can increase antral contractility, correct 
gastric dysrhythmias, and accelerate gastric emptying. Measures 
should include more aggressive glucose monitoring with fre-
quent dosing of short-acting insulin preparations to prevent 
profound postprandial hyperglycemia. Prevention of wide fluc-
tuations in serum glucose levels may be more important than 
maintenance of a given steady state blood sugar value from a 
gastric emptying perspective. For many type I diabetic patients, 
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gastroparesis [197]. Metoclopramide has both prokinetic and 
antiemetic effects. It releases acetylcholine from intrinsic cholin-
ergic neurons and blocks peripheral dopamine receptors, where 
dopamine acts as an inhibitory agent of smooth muscle contrac-
tion. The prokinetic properties of metoclopramide are limited 
to the proximal GI tract. Metoclopramide increases amplitudes 
of esophageal contractions, resting lower esophageal sphincter 
pressure, and gastric fundic and antral contractions, and 
improves antropyloroduodenal coordination. It has antiemetic 
effects resulting both from dopamine antagonism in the chem-
oreceptor zone and from a central action at the vomiting center.

Metoclopramide is approved for use in diabetic gastroparesis 
and for prevention of postoperative and chemotherapy-induced 
nausea and vomiting. Controlled trials have shown that meto-
clopramide may provide symptomatic relief while accelerating 
gastric emptying of solids and liquids in patients with idio-
pathic, diabetic, and postvagotomy gastroparesis and in patients 
with GERD [198,199]. Metoclopramide has been reported to be 
effective in the short-term treatment of gastroparesis for up to 
several weeks [198,199]. Long-term efficacy for metoclopra-
mide has not been clearly demonstrated; its effect on gastric 
emptying may diminish during long-term treatment [200]. In 
diabetic gastroparesis, acute administration of metoclopramide 
accelerates emptying, but not after 1 month of treatment [200]. 
However, metoclopramide may continue to relieve symptoms 
because of its antiemetic effects.

general, prokinetic agents increase gastric antral contractility, 
correct gastric dysrhythmias, and improve antroduodenal coor-
dination. Some of the prokinetic agents, metoclopramide and 
domperidone, also have antiemetic properties through their D2 
antidopaminergic actions.

Usually, prokinetic agents are administered 30 min before 
meals to maximize blood levels and gastric prokinetic effects at 
meal ingestion. In addition, a bedtime dose is often used so that 
indigestible solids can be emptied from the stomach. Medications 
with anticholinergic activity may block the effects of prokinetics 
that work by facilitating acetylcholine release.

In gastroparesis, pharmacological therapy with prokinetic 
agents is often needed on a prolonged basis. Because GI symp-
toms correlate poorly with gastric emptying, the response to 
treatment is usually judged clinically; repeating gastric empty-
ing tests is not necessary.

Prokinetic therapeutic options are limited now that cisapride 
and tegaserod are not routinely available (see Table 55.3). 
Prokinetics available for clinical use in the United States are 
metoclopramide and erythromycin. However, the FDA has 
issued a warning not to use metoclopramide for more than 3 
months.

Metoclopramide
Metoclopramide (Reglan), a substituted benzamide structurally 
related to procainamide, has been used since the 1970s to treat 

Table 55.3 Prokinetic agents for gastroparesis.

Agent Major mechanism of action Comments

Metoclopramide (Reglan) Dopamine receptor 
antagonist, central/peripheral

Only FDA-approved agent for gastroparesis

Central nervous system side effects in 20%–30%

Prokinetic and antiemetic properties; FDA black 
box warning

Erythromycin Motilin receptor agonist Gastrointestinal side effects in many: nausea, 
vomiting, abdominal pain

Tachyphylaxis with medium or long-term oral 
administration

Cisapride (Propulsid) 5-HT4 receptor agonist, 
facilitates acetylcholine 
release

Taken off the market in March 2000 for 
prolonging QT interval
Was approved only for nocturnal heartburn
Currently not available in the United States

Domperidone (Motilium) Dopamine receptor 
antagonist, peripheral

Prokinetic and antiemetic properties

Available in Europe, Canada, and Mexico, but 
not in the United States

Bethanechol (Urecholine) Muscarinic receptor agonist Increases amplitude of contractions, not 
peristalsis

Pyridostigmine (Mestinon) Anticolinesterase Not a true prokinetic agent
Off-label use; available as liquid formulation
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smooth muscle and on cholinergic neurons; the latter appear to 
be important for actions in vivo [204,205].

Erythromycin stimulates gastric emptying in diabetic, idio-
pathic, and postvagotomy gastroparesis. It is the most potent 
prokinetic agent in accelerating gastric emptying, which it 
achieves by increasing the amplitude and frequency of antral 
contractions. Interestingly, erythromycin has been reported to 
accelerate stomach emptying in postsurgical gastroparesis in 
which the antrum, the primary site of its motor effect, has been 
resected [206]. The prokinetic effect in this situation may result 
from a stimulatory effect on the fundus.

Erythromycin is reported to be most effective when it is used 
intravenously during acute exacerbations of gastroparesis [207]. 
Intravenous infusion of erythromycin lactobionate (200 mg) 
accelerated emptying of solids in patients with diabetic gas-
troparesis [208]. In these same patients, after 4 weeks of oral 
erythromycin ethylsuccinate (250 mg orally three times daily, 
30 min before meals), the magnitude of the acceleration was less 
than that observed in response to the single intravenous dose. 
Studies carried out over longer observation periods have 
reported a reduction of benefit over time with oral administra-
tion. Hyperglycemia attenuates the stimulation of antral con-
tractility and gastric emptying by erythromycin [192]. The 
motilin receptor agonist ABT-229 was not efficacious in relief 
of postprandial dyspeptic symptoms in diabetic gastroparesis or 
functional dyspepsia [209]. This lack of efficacy has been attrib-
uted to motilin’s propensity to increase fundic tone, impairing 
postprandial accommodation.

Oral administration of erythromycin should be initiated at 
low doses, such as 100–125 mg three times daily (30 min before 
meals). Many physicians prefer using erythromycin suspension 
as it takes less time to reach peak concentrations and is easier 
to adjust dosages [210]. One center reports the use of intrave-
nous erythromycin (100 mg every 8 h) for severe refractory gas-
troparesis [211]. Side effects of erythromycin include nausea, 
vomiting, and abdominal pain.

Domperidone
Domperidone (Motilium) is a benzimidazole derivative and is 
a specific dopamine type 2 receptor antagonist. The effects of 
domperidone in the upper GI tract are similar to those of meto-
clopramide. Domperidone stimulates upper GI motility by 
enhancing gastroduodenal contractions and coordination. It 
does not readily cross the blood–brain barrier; therefore, it is 
much less likely to cause extrapyramidal side effects than meto-
clopramide [212]. However, domperidone has antiemetic prop-
erties from its actions at the chemoreceptor trigger zone on the 
blood side of the blood–brain barrier.

Domperidone has been studied primarily in diabetic gas-
troparesis. It increases both solid and liquid emptying, espe-
cially in those patients with a severe delay in gastric emptying 
[213]. Symptomatic improvement may not correlate with 
improvement in emptying; symptom improvement may result 
from antiemetic effects. A symptomatic benefit of domperidone 

The usual starting dose of metoclopramide in adults is 10 mg 
30 min before meals and at bedtime. In patients not responding, 
the dose can be increased to 20 mg. In severe gastroparesis, oral 
metoclopramide may not be adequately absorbed because of 
vomiting or delayed gastric emptying; metoclopramide admin-
istered intravenously may improve gastric emptying. 
Metoclopramide may also be administered subcutaneously, by 
suppository, or even intraperitoneally in patients undergoing 
peritoneal dialysis [201].

Side effects of metoclopramide, resulting from its anti-
dopaminergic properties, may occur in up to 30% of patients 
and are the major factors restricting its use. Acute dystonic 
reactions including facial spasm, oculogyric crisis, trismus, and 
torticollis occur in 0.2%–6% of patients [202]. These effects are 
usually observed during the first 48 h of treatment and are more 
frequent with higher doses. Drowsiness, fatigue, and lassitude 
occur in 10% of patients. Mental depression may occur and may 
range from mild to severe. Metoclopramide can aggravate 
underlying depression. Other side effects may include restless-
ness, agitation, irritability, and akathisia. Increased prolactin 
release may result in breast engorgement, lactation, and men-
strual irregularity.

Side effects of long-term use of metoclopramide are of 
concern and have led the FDA to issue a black box warning 
against the use of this medication for more than 3 months. 
Prolonged treatment with metoclopramide may result in 
parkinsonian-like symptoms, more commonly within the first 
6 months after beginning treatment, but occasionally after 
longer periods [202]. These symptoms usually subside within 
2–3 months after discontinuation of the drug. Patients with 
Parkinson disease should be given metoclopramide cautiously, 
if at all. Tardive dyskinesia, consisting of involuntary move-
ments of the face, tongue, or extremities, may occur with  
prolonged use and may not reverse after stopping the medica-
tion. The prevalence of tardive dyskinesia may range from 
0.02% to 2% when patients take metoclopramide for at least  
3 months [202]. This study also reported a prevalence as high 
as 15% [202]. This effect is more common in elderly women. 
Possible side effects of metoclopramide should be discussed 
with the patient before starting this medication, and notation  
of this discussion should be documented in the patient’s medical 
chart. The medication dose should be restricted to the lowest 
possible dose that provides benefit and does not cause adverse 
effects, typically a dose maximum of 30 mg per day. Liquid 
formula or oral dissolution preparations have the potential  
to enhance benefit to risk ratio by improving absorption  
kinetics [203].

Erythromycin and motilides
Erythromycin has prokinetic effects because it is a motilin 
receptor agonist in addition to being an antibiotic [204]. Motilin, 
an endogenous GI peptide, plays a role in initiating the gastric 
phase III of the MMC and is a potent stimulator of antral con-
tractility. Erythromycin binds to motilin receptors located on 
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larly torsades de pointes. Cisapride is metabolized by the cyto-
chrome P450 3A4 system; use of medications that interact with 
this enzyme system leads to increased cisapride blood levels and 
increased cardiac toxicity. Besides cardiac risks, side effects 
include diarrhea, lightheadedness, and abdominal cramps. In 
patients with a seizure focus, cisapride may rarely increase 
seizure activity. Cisapride is not available for routine clinical use 
in the United States; it can be obtained only through limited-
access investigational study protocols.

Bethanechol
Bethanechol (Urecholine) is a nonspecific cholinergic mus-
carinic receptor agonist. It enhances the amplitude of contrac-
tions throughout the GI tract. Unfortunately, bethanechol does 
not coordinate contractions; gastric emptying and small bowel 
transit are not necessarily accelerated. Thus, bethanechol is not 
a true prokinetic agent [193]. Occasionally, it may be helpful as 
adjuvant treatment in combination with other prokinetic agents. 
The typical dose is 25 mg orally four times daily. The direct 
cholinergic action of bethanechol may also stimulate secretion 
of gastric acid and saliva. Potential side effects of bethanechol 
include increased salivation, blurred vision, abdominal cramps, 
and bladder spasm.

Octreotide
Somatostatin has variable effects on GI tract motor activity. 
Somatostatin inhibits antral motor contractions. In the intes-
tine, somatostatin initiates ectopic myoelectric and motor fronts 
(that simulate MMCs though they often start simultaneously at 
different levels of the small intestine) under basal conditions but 
inhibits fed motility. Octreotide is a cyclic analog of somatosta-
tin that is administered by subcutaneous injection and which 
induces small intestinal phase III-like contractile activity. 
Nocturnal dosing may improve small intestinal motor function 
in patients with scleroderma with small bowel involvement 
[215]. In patients with gastroparesis, octreotide initiates phase 
III activity, which originates in the small intestine and inhibits 
postprandial antral contractility [216]. Thus, octreotide delays 
gastric emptying [217] and may worsen symptoms in patients 
with gastroparesis. Clinically, it may be used for small bowel 
dysmotility. In this case, prokinetic agents are administered 
before meals and octreotide is given at bedtime. Prolonged 
usage may result in gallstones from inhibition of gallbladder 
emptying.

Refractory gastroparesis
There is no uniform way to handle patients with refractory 
gastroparesis – patients not responding to standard antiemetic 
and prokinetic agents or with side effects preventing their  
use. In one study of 110 patients with “refractory” gastroparesis  
[1], 74% responded to use of another prokinetic agent and only 
26% were refractory to all prokinetic agents. These truly refrac-
tory patients underwent enteral or parenteral feedings and 
gastric electrical stimulation, and some underwent gastrectomy. 

can occur in diabetic patients with normal gastric emptying 
[214].

The effect of long-term treatment with domperidone has 
been variable. In one study, at 6 weeks the effect of domperidone 
on solid-phase gastric emptying was lost, whereas that on liquid 
gastric emptying was maintained [213]. Another study found 
that nausea and vomiting were improved compared with base-
line values after 6 weeks of treatment, but there was no change 
in solid-phase gastric emptying [214]. Other studies have sug-
gested that improvements in gastric emptying and symptoms 
were still present after 1 year of treatment [139]. Double-blind 
studies examining the effects of long-term treatment with dom-
peridone on chronic nausea and vomiting have revealed symp-
tomatic benefit; these observations, however, have not been 
uniform [214].

Domperidone has been suggested for therapy of nausea and 
vomiting in Parkinson disease, symptoms that may be related 
to the use of dopaminergic agents (e.g., l-dopa), which may 
cause or worsen gastroparesis associated with the disorder 
[139]. Domperidone would work peripherally for GI dysmotil-
ity and symptoms, whereas l-dopa would still work centrally for 
the parkinsonian symptoms.

The side effects of domperidone are usually secondary to 
increased prolactin levels, and include breast engorgement and 
galactorrhea as well as lack of menses. Central nervous system 
side effects are minimal; headaches can occur with treatment. 
Cardiac arrhythmias and even sudden death have been reported 
with domperidone. The EKG QTc interval should be assessed 
before and during treatment with domperidone.

While approved elsewhere, domperidone has not been 
approved by the US Food and Drug Administration (FDA) and 
is not available by routine prescription in the United States. 
Physicians in the United States who would like to use domperi-
done for their patients can submit an Investigative New Drug 
(IND) application to the FDA and their Institutional Review 
Board (IRB); patients need to purchase the medication.

Cisapride
Cisapride (Propulsid) is a serotonin (5-HT4) agonist that facili-
tates the release of acetylcholine from cholinergic nerves in the 
myenteric plexus throughout the GI tract. Cisapride stimulates 
antral and duodenal contractions, improves antroduodenal 
coordination, and accelerates gastric emptying. Cisapride accel-
erates gastric emptying and decreases symptoms in patients 
with gastroparesis, an effect that may last for a year. It also 
increases esophageal contractions and resting lower esophageal 
sphincter pressure.

Cisapride was approved by the FDA for the treatment of 
nocturnal heartburn in patients with GERD. There have been 
rare instances of cardiac arrhythmias and sudden death after use 
of this drug [19,193]. These were not due to the 5-HT4 agonist 
properties of cisapride, but rather were an effect of its molecular 
structure on cardiac potassium channels, prolonging the QT 
interval and predisposing to ventricular arrhythmias, particu-



Disorders of gastric emptying CHAPTER 55   1023

clonidine should be used cautiously, especially in diabetic 
patients with autonomic dysfunction.

Acetylcholinesterase inhibitors, such as physostigmine 
(Eserine), pyridostigmine (Mestinon), and neostigmine 
(Prostigmin), may stimulate GI contractility by increasing ace-
tylcholine levels with subsequent muscarinic receptor activa-
tion. Anticholinesterase agents may increase gastric contractility, 
but they may not increase antroduodenal coordination; there-
fore, they may not increase emptying [222]. In animal studies, 
GI transit is affected in an inverted U-shaped dose–response 
curve with acceleration at lower doses but inhibition at higher 
doses [223]. This dual effect may be related to activation of dif-
ferent muscarinic receptor subtypes. Some H2 receptor antago-
nists, such as ranitidine and nizatidine, have been reported to 
have anticholinesterase activity [184,185].

Psychotropic medications
Tricyclic antidepressants appear to be of some benefit in patients 
with functional vomiting and gastroparesis [223,224]; they may 
be helpful for the nausea, vomiting, or abdominal pain. They 
are used at lower doses (median 50 mg/day) than in the treat-
ment of depression. Low doses may reduce afferent sensory 
transmission. Some of these agents, especially the tertiary 
amines such as amitriptyline (Elavil), have anticholinergic prop-
erties and may delay gastric emptying. In general, desipramine 
and nortriptyline are used in patients with gastroparesis because 
of their reduced anticholinergic effects. Future prospective con-
trolled trials will define the role of this group of medications in 
the management of gastroparesis. A preliminary report of a 
study of nortriptyline (Pamelor) in 130 patients with idiopathic 
gastroparesis showed no significant symptomatic relief over 
placebo [225].

Botulinum toxin injection into the pyloric sphincter
Gastric emptying is a highly regulated process reflecting the 
integration of propulsive forces of proximal fundic tone and 
distal antral contractions with inhibitory forces of pyloric 
sphincter resistance. Few studies have been performed to  
see whether inhibition of the pyloric sphincter muscle acceler-
ates gastric emptying. Early studies with surgical pyloromyot-
omy did not show benefit; more recent studies have shown  
a beneficial response in diabetic gastroparesis [226]. 
Pyloromyotomy may be helpful in preventing gastric stasis after 
truncal vagotomy.

Botulinum toxin is a potent inhibitor of neuromuscular 
transmission and has been used to treat spastic disorders of 
muscles by local injection into affected muscles. Injection of 
botulinum toxin directly into the lower esophageal sphincter 
reduces pressure and improves symptoms in patients with  
achalasia [227]. Initial case series included small numbers of 
patients with idiopathic and diabetic gastroparesis in whom 
botulinum toxin was injected into the pylorus in an attempt to 
reduce gastric outlet resistance and accelerate gastric emptying 
[228–230]. These series showed a mild improvement in gastric 

Poor responders to prokinetic agents include postgastrectomy 
patients, those with myopathic connective tissue disorders, type 
I diabetic patients with severely delayed gastric emptying, and 
patients with idiopathic gastroparesis with abdominal pain [1].

An initial approach to refractory gastroparesis includes 
ensuring that delayed gastric emptying is present, optimizing 
the patient’s current therapy, and changing prokinetic agents 
[193]. Why some patients respond to one prokinetic agent and 
not another is uncertain. Different prokinetic agents have dif-
ferent mechanisms of action (see Table 55.3) and the efficacy of 
most prokinetic agents diminishes with prolonged use. A “drug 
holiday,” as used for l-dopa in Parkinson disease, can be used 
for prokinetic agents, especially erythromycin.

In patients who remain refractory to treatment, one may 
consider placement of a venting gastrostomy or a feeding jeju-
nostomy. Other therapies might include gastric electrical stimu-
lation and injection of botulinum toxin into the pylorus. TPN, 
if used, should be temporary because of the risk of infection and 
deep venous thrombosis. Surgical subtotal gastric resection, 
usually accompanied by a Roux-en-Y diversion, should gener-
ally be discouraged. Completion gastrectomy can be considered 
for selected patients with postsurgical gastroparesis.

Combination prokinetic therapy
Prokinetic agents use different mechanisms to enhance gastric 
emptying (see Table 55.3). Addition of a second prokinetic agent 
may augment the response of a first agent. Combination proki-
netic therapy with two different agents may be useful to acceler-
ate emptying and reduce symptoms in some refractory 
gastroparetic patients. The combination of the available proki-
netic agents, metoclopramide with erythromycin, or domperi-
done with erythromycin has not been studied. The risk of drug 
interactions (e.g., cisapride and erythromycin) should be borne 
in mind with any combination therapy.

Newer prokinetic agents
Newer prokinetic agents being tested for gastroparesis include 
5-HT4 receptor agonists without cardiac side effects, motilin 
receptor agonists, and, more recently, ghrelin receptor 
agonists.

Tegaserod, a partial 5-HT4 receptor agonist, has been shown 
to accelerate gastric emptying in normal subjects and in patients 
with gastroparesis [218]. However, its effect on symptoms was 
marginal. Tegaserod was removed from the market in 2007 
because of cardiovascular side effects. Other 5-HT4 receptor 
agonists, without cardiac interactions, are being studied, and 
include prucalopride, velusetrag, and naronapride.

Clonidine, an α2-adrenergic agonist, has been reported to 
decrease symptoms and to accelerate gastric emptying in 
patients with diabetic gastroparesis [219]. Other studies have 
shown that clonidine reduces dyspeptic symptoms by improv-
ing gastric accommodation [220]. Some studies report that clo-
nidine delays gastric emptying [221]. A side effect is hypotension; 
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Use of a gastrostomy tube for feeding may aggravate gas-
troparetic symptoms. A feeding jejunostomy is usually pre-
ferred. Although a J-tube extension can be placed through the 
gastrostomy, these often prolapse into the stomach. To prevent 
this, enteral feedings through a direct jejunostomy tube can be 
helpful. Jejunostomy tubes are effective for providing nutrition, 
fluids, and medications, provided that the small intestine is 
functioning [242,243]. Carefully regulated nutrient enteral infu-
sion may allow better glucose control in diabetic patients whose 
glycemic control is otherwise poor because of vomiting and 
gastroparesis [243]. Jejunostomy tubes are usually inserted 
laparoscopically or at laparotomy [244]; in some centers they 
are placed endoscopically.

Gastric electrical stimulation
Gastric electrical stimulation is an emerging treatment for 
refractory gastroparesis. There are several techniques for stimu-
lating the stomach. First, in gastric electrical pacing the goal is 
to entrain and pace the gastric slow waves with low-frequency, 
high-energy, long-duration pulses. Pacing at 10% higher than 
the basal rate has been shown to accelerate gastric emptying and 
to improve dyspeptic symptoms [245]. Second, stimulation with 
high-frequency, low-energy, short duration pulses has been 
shown to decrease symptoms with little effect on gastric empty-
ing [246,247]; it may affect proximal stomach function and acti-
vate sensory afferent nerves to reduce symptoms. Third, 
sequential muscle stimulation using bursts of suprahigh-
frequency stimulation to induce direct gastric muscle contrac-
tions in a peristaltic sequence has accelerated emptying in 
animal studies [248]. More recently, sequential gastric neuros-
timulation of the stomach has been used to entrain gastric slow 
waves.

High-frequency gastric electrical stimulation at 12 cycles/
min has received FDA humanitarian approval for treatment of 
chronic, refractory nausea and vomiting secondary to diabetic 
or idiopathic gastroparesis. Stimulating wires are placed into the 
gastric muscle at the greater curvature during laparoscopy or 
laparotomy. These leads are attached to an electric stimulator 
(“pacemaker”), which is placed in a subcutaneous abdominal 
pouch. An initial study demonstrated effectiveness in 20 of 26 
patients with a decrease in nausea and vomiting at 3 and 6 
months; gastric emptying of liquids, but not solids, was improved 
[246]. In long-term follow-up, 3 of 24 patients underwent total 
gastrectomy because of unsatisfactory results, and three had the 
stimulator removed because of erosion or infection. A subse-
quent study reported on 33 patients with chronic gastroparesis 
[247]. After implantation, the electrical stimulator was turned 
on or off in a randomized, double-blind, crossover design. 
Patients felt better when the stimulator was on, although the 
decrease in vomiting that occurred was not statistically signifi-
cant. Long-term follow-up over 1 year showed a decrease in the 
mean vomiting frequency from 25 to 6 times per week. In addi-
tion, there was an improvement in the overall quality-of-life 
score and a mild improvement in gastric emptying. Complications 

emptying and a modest improvement in symptoms after injec-
tion of botulinum toxin. A subsequent, much larger case series 
included 63 patients and demonstrated that approximately 40% 
of patients experienced clinical benefit from pyloric injection, 
which lasted a median of 5 months [231]. Results from placebo-
controlled trials have shown that, although botulinum toxin 
injection into the pylorus may mildly accelerate gastric empty-
ing, there is little difference in symptom improvement with 
botulinum toxin compared with placebo [232,233]. Thus, botu-
linum toxin injection into the pylorus is not a viable long-term 
treatment for gastroparesis.

Alternative and unconventional medical therapy 
primarily for nausea and vomiting
Ginger, a traditional Chinese herbal remedy, is used to treat 
nausea and vomiting postoperatively [234] and nausea and 
vomiting during pregnancy [235]. Ginger reduces nausea and 
associated tachygastria caused by circular vection, an experi-
mental model of motion sickness [236]. Ginger has also been 
shown to reduce hyperglycemia-induced gastric dysrhythmias 
and nausea [237].

Stimulation of the PC6 acupuncture point on the wrist with 
conventional acupuncture, electroacupuncture, or acupressure 
with a wrist band (e.g., Sea-band) may help to control postop-
erative nausea, chemotherapy-induced nausea, and nausea 
associated with morning sickness [238–240]. These studies also 
suggest that acupressure has similar efficacy to standard 
antiemetic therapy for postoperative nausea [238]. Another acu-
puncture point that has been used for influencing gastric motil-
ity is the Zusanli point (ST36) located on the leg below the 
patella [239]. Electroacupuncture reduces the severity of symp-
toms of vection-induced motion sickness while decreasing 
gastric tachyarrhythmias [240]. Animal studies suggest that 
electroacupuncture enhances gastric emptying by vagal stimu-
lation. Electroacupuncture has been postulated to modulate the 
release of serotonin, substance P, and endogenous opiates in 
central nervous system pathways [241].

Venting gastrostomy and feeding jejunostomy tubes
In the treatment-refractory patient with severe nausea and vom-
iting, placement of a gastrostomy tube for intermittent decom-
pression by venting or suctioning may provide relief to the 
patient who has prominent abdominal distention. The gastros-
tomy tube can be opened for drainage or aspirated to decom-
press the stomach; this can be employed when symptoms are 
distressing to alleviate nausea, pain, and bloating. Venting gas-
trostomy tubes may be placed by the endoscopist, surgeon, or 
interventional radiologist. In one series, six of eight patients 
were able to return to full-time work or school [241]. The per-
cutaneous endoscopic gastrostomy tube can be converted to a 
button. Gastrostomy tubes are used much less now that refrac-
tory patients can be treated with gastric electrical stimulation; 
the gastrostomy tube may interfere with placement of the gastric 
stimulating electrodes.
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continuity with a 60-cm Roux-en-Y jejunal loop was reported 
in four patients with insulin-dependent diabetes with intracta-
ble vomiting from gastroparesis [255]. In total, three of the four 
patients did well, eliminating frequent hospital admissions.

Pancreatic transplantation for diabetic gastroparesis
Pancreatic transplantation and simultaneous kidney and pan-
creatic transplantation are being performed more often for 
insulin-dependent diabetes mellitus. With successful pancreatic 
transplantation, postprandial hyperglycemia resolves, and 
insulin therapy can be discontinued [250]. Simultaneous pan-
creatic and kidney transplantation helps to correct both uremia 
and hyperglycemia. Pancreatic transplantation has been shown 
to halt progression and slightly improve diabetic polyneuropa-
thy [249]. Improvement during the first year after pancreatic 
transplantation may be primarily the result of correction of 
hyperglycemia, which affects nerve function. A relatively small 
degree of improvement in peripheral nerve function has been 
reported over time [256]. Gastric emptying may be improved in 
some patients after pancreatic transplantation, although the lit-
erature is sparse. One study reported an improvement in liquid 
emptying in six of eight patients with previously delayed empty-
ing, but no improvement in solid phase emptying at 6 months 
after pancreatic transplantation [250]. Another study found that 
emptying was improved 1 year after pancreatic and kidney 
transplantation in 8 of 23 patients [257]. Despite limited 
improvement in gastric emptying, symptoms and gastric dys-
rhythmias improved in diabetic patients after organ transplan-
tation [250,257].

Disorders with rapid gastric emptying

Postsurgical dumping syndrome
Description and clinical features
Rapid gastric emptying and its consequences are responsible for 
dumping syndrome, symptoms of which include postprandial 
sweating, weakness, orthostasis, tachycardia, and diarrhea. 
Dumping syndrome, especially of liquids, occurs almost exclu-
sively after gastric surgery. It affects up to 20% of patients after 
gastrectomy (usually antrectomy) or truncal vagotomy with a 
drainage procedure (see Table 55.2). Postsurgical pathophysio-
logical abnormalities causing the dumping syndrome include 
the following: (1) loss of proximal stomach receptive relaxation 
and accommodation secondary to vagotomy; (2) decreased 
gastric capacity after gastrectomy; (3) loss of controlled empty-
ing from bypass or ablation of pyloric sphincter; and (4) loss of 
duodenal feedback inhibition resulting from a bypassed duode-
num from gastrojejunostomy [71,258].

Dumping symptoms are often characterized as early or late 
relative to their time course after meal ingestion. Early dumping 
symptoms occur in the first 30 min and result from accelerated 
early gastric emptying of liquids with rapid filling of the  
intestine with hypertonic fluid, leading to bloating, crampy 

were infection in three patients and electrode penetration of the 
stomach wall in one patient. An open-label study in 25 patients 
reported an overall improvement from “severe” to “moderate” 
in symptoms of nausea and vomiting of 40% [249]. There was 
an infection rate of 15%, requiring removal of the stimulator. 
Carefully designed studies are needed to determine the overall 
effectiveness of gastric electrical stimulation, which type of 
patient will likely respond, and the optimal stimulation param-
eters. Studies suggest that the patients most likely to respond 
are those with diabetic gastroparesis, main symptoms of nausea 
and vomiting, and those not taking regular narcotic analgesic 
medications [250]. Recent reports in both diabetic and idio-
pathic gastroparesis, with blinded on and off periods of stimula-
tion, did not show significant improvements in symptoms; 
however, a reduction of symptoms was seen with long-term 
open-label stimulation over 1 year.

Surgical treatment
Surgical treatment of idiopathic and diabetic gastroparesis has 
generally been disappointing [19]. Surgery is performed only as 
a last resort. The procedure usually employed is a partial gast-
rectomy and Roux-en-Y gastrojejunostomy.

For selected patients with postsurgical gastroparesis in whom 
medical therapy has failed, further resection of the stomach may 
occasionally be considered. Usually, these patients have had a 
previous vagotomy. Postsurgical gastroparesis patients require 
radical surgery to eliminate hold-up in the atonic stomach and 
to enable the creation or revision of a Roux limb to prevent 
enterogastric reflux. The resection is performed as a completion 
of the gastrectomy or a near-total gastrectomy, rather than as a 
less extensive resection [251,252]. In near-total gastrectomy, 
only a small rim of proximal stomach (<1 cm) is retained. 
Reconstruction is achieved by a Roux loop of at least 45 cm to 
the rim of the stomach. The extensive gastrectomy is to elimi-
nate the gastroparetic stomach and to allow ingested nutrients 
to pass directly from the esophagus into the small intestine. The 
Roux-en-Y jejunal segment helps to prevent reflux of small 
intestinal contents into the remaining stomach and esophagus. 
This extensive surgery may lead to improvement in two-thirds 
of patients in specialized centers [251].

In a series of 62 patients who underwent completion gastrec-
tomy for severe postvagotomy gastric stasis [253], good sympto-
matic improvement in nausea, vomiting, and postprandial 
abdominal pain was obtained in only 43%. There was no improve-
ment in chronic pain. The combination of nausea, need for TPN, 
and retained food at endoscopy predicted a poor outcome.

In another series of 81 patients with severe postsurgical gas-
troparesis [254], near-complete gastrectomy with a 55-cm 
Roux-en-Y reconstruction was performed. Follow-up averaged 
56 months for 52 patients; 78% reported improvement of their 
GI symptoms, 7% believed that there was no change, and 15% 
stated that their condition had worsened.

A subtotal (70%) gastrectomy with resection of the antrum 
and pylorus, closure of the duodenum, and restoration of GI 



1026   PART 4 Gastrointestinal diseases

emptying. Increasing the viscosity of liquid meals by adding 
gel-forming carbohydrates (pectin or guar gum) may delay 
transit time and may slow carbohydrate absorption. Late 
dumping symptoms from hypoglycemia are usually relieved by 
ingestion of simple carbohydrates.

Medical therapy has centered on delaying gastric emptying. 
Anticholinergic agents have been employed, but they are usually 
not beneficial. Somatostatin analogs, such as octreotide, are the 
primary pharmaceutical agents used for treatment. Octreotide 
has a much longer half-life than somatostatin and is adminis-
tered subcutaneously to prevent breakdown by gastric acid. 
Octreotide has effects on both GI transit and GI peptide release. 
Octreotide delays gastric emptying and prevents the accelerated 
emptying seen in dumping syndrome [258]. Octreotide also 
inhibits the release of enteric hormones and insulin secretion; 
this may actually be the primary mechanism of its symptomatic 
benefit [259]. Octreotide, 50 μg subcutaneously 30 min before 
meals, reduces the symptoms (diarrhea, lightheadedness, and 
palpitations) and signs (orthostatic hypotension, tachygastria) 
and metabolic alterations (late hypoglycemia) seen with 
dumping syndrome [259]. The dose may be increased to 100 μg 
three times a day if needed. The side effects of octreotide when 
administered subcutaneously include injection site pain, iatro-
genic diabetes, malabsorption with a worsening of diarrhea, and 
cholelithiasis. Two studies have reported the long-term utility 
of octreotide and use of the newer long-acting depot form of 
octreotide [266,267].

The fatty acid oleic acid, administered before a meal, may 
slow GI transit and may decrease diarrhea in patients with rapid 
GI transit, including dumping syndrome. Oleic acid activates 
nutrient-triggered intestinal inhibitory feedback mechanisms 
(jejunal–ileal brake) [268].

Revisional gastric surgery is performed in a few patients with 
severe dumping symptoms, with the aim of delaying stomach 
emptying to alleviate symptoms [269]. The results are variable 
and often disappointing [258]. Because of the risk of causing 
severe gastric stasis, surgery is recommended only when other 
measures have failed. Surgical procedures include takedown of 
a previous gastrojejunostomy with conversion to Billroth I gas-
troduodenostomy. A commonly used surgical procedure is cre-
ating a Roux-en-Y diversion, which has been reported to slow 
gastric emptying [268]. Insertion of an antiperistaltic jejunal 
segment between the stomach and the small bowel has been 
performed to produce a functional delay of nutrient outflow 
from the stomach [268]. Pyloric reconstruction has also been 
attempted.

Other disorders with rapid gastric emptying
Type II diabetes mellitus
Accelerated gastric emptying has been reported in early type II 
diabetes and rarely in early type I diabetes [60,61]. Although this 
condition primarily applies to liquids, rapid emptying of a high-
carbohydrate solid meal may occur. This may result from 
impaired fundic accommodation from vagal neuropathy with 

abdominal pain, and explosive diarrhea. Rapid filling of the 
intestine is associated with osmotic fluid shifts into the gut 
lumen and reduction of plasma volume, resulting in secondary 
release of vasoactive substances that cause vasomotor symptoms 
such as lightheadedness, sweating, flushing, and palpitations 
with tachycardia. Late dumping symptoms occur 2–3 h after a 
meal and are associated with reactive hypoglycemia (weakness, 
palpitations, and diaphoresis); these result from the hyperin-
sulinemic response to an overwhelming carbohydrate load 
[259]. Because of its relatively long half-life, increased serum 
concentrations of insulin and associated hypoglycemia persist 
for relatively long periods.

Rapid gastric emptying of solids has been demonstrated in 
some patients with unexplained nausea, vomiting, bloating, and 
fullness [260]. Enhanced emptying of gastric contents has also 
been reported in some patients with functional dyspepsia [261]. 
Rapid gastric emptying also occurs in some diabetic patients, 
particularly in the early stages of type II diabetes [60]. Many of 
these patients have symptoms that are indistinguishable from 
those of gastroparesis. Rapid movement of food from the 
stomach into the small bowel with small bowel distention may 
explain the pain and nausea, symptoms similar to those 
described in patients with delayed gastric emptying. Rapid emp-
tying has been recently observed as an accompanying factor in 
adult patients with cyclic vomiting syndrome [262,263]. In one 
study, rapid gastric emptying was more common than delayed 
gastric emptying in symptomatic patients with autonomic dys-
function [264].

Diagnosis
Dumping syndrome is usually diagnosed clinically, based on the 
characteristic symptoms occurring in patients after gastric 
surgery, finding hypoglycemia postprandially (best demon-
strated on a prolonged oral glucose tolerance test) and acceler-
ated gastric emptying [265]. Another postsurgical disorder is 
postvagotomy diarrhea; in this disorder the diarrhea is not 
related to meals, and postprandial hypotension and hypoglyc-
emia are not seen. Scintigraphic studies of both the solid and 
liquid phase can document rapid gastric emptying. The rapid 
emptying is most notable immediately after the meal, occurring 
in the first 15 min [264]. In patients with suspected dumping 
syndrome, gastric emptying of liquids may be the preferable 
measurement. Orocecal transit time may also be helpful.

Treatment
Postsurgical dumping symptoms may resolve over time with 
conservative management. Specific treatment of the dumping 
syndrome is aimed at slowing delivery of nutrients into the 
small intestine and minimizing release of endogenous vasoac-
tive substances. Initial dietary recommendations are to eat 
small, dry, frequent meals, to increase protein and fat content 
in the diet, to reduce the intake of carbohydrates by avoiding 
simple sugars, and to minimize liquid intake [258]. Lying down 
in a supine position after drinking liquids may delay liquid 
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normal after reestablishment of the euthyroid state. Rapid 
gastric emptying and intestinal transit have been reported in 
hyperthyroidism [148]; however, most patients with hyperthy-
roidism appear to have normal gastric emptying [278] and some 
have delayed emptying [149].

Obesity
Morbidly obese patients may have accelerated gastric emptying 
[279]. Dieting with weight loss has been shown to decrease  
this accelerated gastric emptying to a near normal rate  
[279]. Gastric volumes are also larger than in normal-weight 
persons; this may result in satiety signals not being triggered  
in response to meal ingestion and gastric distention. In addi-
tion, intestinal absorption of nutrients may be more efficient  
in obesity [280].

Functional dyspepsia

Definition
Dyspepsia refers to symptoms originating in the upper GI tract; 
the term is used to describe upper abdominal pain or discom-
fort often exacerbated with eating, early satiety, postprandial 
abdominal bloating or distention, and nausea [281]. Some 
examples of structural or biochemical disorders causing dys-
pepsia include gastroduodenal ulcer, gastritis, GERD, medica-
tion side effects, and gastric cancer. In many patients the cause 
of dyspepsia is idiopathic and it is otherwise termed functional 
or nonulcer dyspepsia. Rome III criteria for functional dyspep-
sia were developed [282] for the purposes of clinical manage-
ment, including the following requirements:
1 The presence of one or more of the following: bothersome 

postprandial fullness, early satiation, epigastric pain, epigas-
tric burning.

2 No evidence of structural disease (including at upper endos-
copy) that is likely to explain the symptoms.
To satisfy the criteria for functional dyspepsia it is required 

that these features be fulfilled for the previous 3 months with 
symptom onset at least 6 months before diagnosis [282].

Functional dyspepsia in the Rome III classification is divided 
into: (1) postprandial distress syndrome characterized primarily 
by early satiation and postprandial fullness; and (2) epigastric 
pain syndrome characterized primarily by epigastric pain and 
burning.

It should be noted that patients may have both functional 
dyspepsia and gastroesophageal reflux disease (GERD). The use 
of validated reflux questionnaires as well as a trial of adequate 
acid suppression therapy may be useful to distinguish these two 
disorders [283]. In some patients, functional dyspepsia may 
coexist with GERD. This often becomes evident after relief of 
GERD symptoms with acid suppressive therapy. The following 
section will address the roles of gastric motility and sensory 
perception in functional dyspepsia.

reduction of inhibitory nitric oxide nerves [58]. Accelerated 
gastric emptying may result in enhanced intestinal absorption 
of glucose and increased postprandial glucose levels, in part 
because of a mismatch between absorbed food and insulin 
release. Excessive hepatic glucose release also contributes to 
postprandial hyperglycemia [61].

Slowing gastric emptying has been suggested to improve 
control of postprandial glucose in type II diabetes [270]. This 
may be the means by which the addition of dietary soluble fiber 
has been shown to improve glucose control [271,272]. Agents 
that slow gastric emptying are being used to improve glucose 
tolerance in diabetic patients; these include amylin and its 
analog pramlintide, and glucagon-like peptide-1agonists such 
as exanetide and liraglutide [270].

Pancreatic exocrine insufficiency
In pancreatic insufficiency, accelerated gastric emptying of fatty 
meals has been reported [273]. Maldigestion and malabsorption 
of lipids may lead to the inability of unhydrolyzed fats to release 
CCK, which serves as a feedback inhibitor of gastric emptying. 
Pancreatic enzyme replacement slows the rapid gastric empty-
ing [274]. Other studies report normal gastric emptying in pan-
creatic insufficiency [274]. Chronic pancreatitis has also been 
reported in association with delayed gastric emptying (see 
Chapter 84) [107].

Duodenal ulcer
Some patients with duodenal ulcer have rapid gastric emptying 
of liquids with increased acid secretion [275]. Rapid gastric 
emptying of acid may exceed the duodenal buffering capacity 
leading to mucosal injury. One study reported that enhanced 
gastric emptying was still present in patients with healed duo-
denal ulcers. Many of these studies were performed before the 
recognition that H. pylori is an important factor in ulcer disease 
and acid secretion.

Zollinger–Ellison syndrome
Patients with Zollinger–Ellison syndrome, characterized by 
hypergastrinemia and increased gastric acid secretion, can have 
duodenal ulcers, diarrhea, or marked esophagitis. The diarrhea 
is usually attributed to massive gastric acid secretion leading to 
an increased amount of liquids propelled into the small intes-
tine. These patients may have accelerated gastric emptying of 
liquids. However, gastric acid suppression may not normalize 
the rapid gastric emptying, suggesting that the rapid emptying 
may not be related to gastric acid hypersecretion [276]. 
Pentagastrin administration also does not accelerate gastric 
emptying in physiologically normal subjects; instead, it seems 
to delay stomach emptying of solids [276].

Hyperthyroidism
Orocecal transit time is rapid in hyperthyroidism and may be a 
factor in hyperthyroid-associated diarrhea [277]. It returns to 
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Detection of delayed gastric emptying in functional dyspep-
sia may have prognostic importance because these patients may 
respond better to prokinetic agents than patients with normal 
emptying [24]. However, the role of prokinetic agents in improv-
ing gastric emptying and symptoms is inconsistent; in some 
cases both delayed emptying and symptoms may be improved 
by prokinetic therapy, whereas at other times either emptying 
or symptoms have improved but not both [24].

Antroduodenal manometry has been used to study patients 
with functional dyspepsia. The most common abnormality, 
present in about 50% of patients, is postprandial antral hypo-
motility [290]. Antral hypomotility correlates with delayed 
gastric emptying. Several studies have suggested that small 
bowel motor dysfunction occurs in a large proportion of patients 
with nonulcer dyspepsia [290]; other investigators have reported 
small intestinal dysmotility in only a small percentage [291]. 
Small intestinal abnormalities may include retrograde, simulta-
neous, or reduced frequency of fasting MMC activity, as well as 
a reduced percentage of MMCs that start in the antrum. In the 
fed state, decreased or low-amplitude duodenal contractions 
may occur. In a study of 41 consecutive patients with severe 
chronic dyspepsia, a neuropathic disorder (contractions of 
normal amplitude but abnormal propagation) was present in 
39%, myopathy (low-amplitude contractions with normal coor-
dination) in 2%, and normal small bowel motility in 59% [292].

Regional gastric dysfunction: impaired fundic 
accommodation and antral distention
Regional gastric function abnormalities may be present in many 
dyspeptic patients and appear to correlate with dyspeptic symp-
toms. Normally, the stomach accommodates a meal by the 
relaxation of the gastric fundus and corpus, providing the meal 
with a reservoir and enabling a volume increase without a rise 
in intragastric pressure. Reduced postprandial fundic relaxation 
and accommodation were found in 40% of patients with func-
tional dyspepsia [293]. Impaired proximal gastric accommoda-
tion was associated with early satiety and subsequent weight loss 
and may be related to a vagal defect. Other studies have not 
found a clear relationship between postprandial symptoms and 
proximal stomach function [294].

Scintigraphy and ultrasound studies have shown that, in 
functional dyspepsia, the intragastric distribution of the meal is 
characterized by rapid transit of ingested food from the proxi-
mal stomach to the distal stomach (Figure 55.3) [295]. Rapid 
transit from the proximal stomach may result from poor recep-
tive relaxation or accommodation of the proximal stomach. In 
a study of 25 patients with functional dyspepsia, rapid proximal 
gastric transit after ingestion caused abnormally large quantities 
of food to immediately enter the antrum and remain for a pro-
longed period [296]. Other studies have confirmed that early 
antral distention occurs in many dyspeptic patients [295,297]. 
The degree of postprandial abdominal discomfort has been 
related to the degree of impaired accommodation of the proxi-
mal stomach and antral distention [298].

Pathogenesis with emphasis on  
gastric dysmotility
Numerous mechanisms have been proposed for the pathogen-
esis of functional dyspepsia [284]. The gastric acid or inflamma-
tion hypothesis suggests that gastric acid or inflammation from 
acid, bile, or H. pylori infection is responsible for symptoms. 
This acid hypothesis also includes occult GERD. The motor 
disorder hypothesis suggests that gastric motility disorders such 
as gastroparesis, impaired fundic accommodation, antral dis-
tention, or gastric dysrhythmias are important. The visceral 
hypersensitivity hypothesis proposes exaggerated symptoms in 
response to physicochemical stimuli such as distention, con-
traction, acid, and bile. The psychological or psychiatric hypoth-
esis proposes that symptoms are related to depression, anxiety, 
or a somatization disorder.

Gastrointestinal dysmotility
There are several pathophysiological alterations of gastric motil-
ity and sensation (see hypersensitivity below) in functional  
dyspepsia. Delayed gastric emptying, impaired gastric accom-
modation to a meal, gastric dysrhythmias, and visceral hyper-
sensitivity are important pathophysiological factors in functional 
dyspepsia. One or more of these factors may be detected in 
one-half to two-thirds of patients with functional dyspepsia 
[285].

Distinct pathophysiological abnormalities may be present in 
subgroups of patients, perhaps causing different symptoms, and 
may predict different responses to treatment. One study found 
that 23% of patients with functional dyspepsia had delayed 
gastric emptying with associated symptoms of nausea, vomit-
ing, and postprandial fullness, 35% of patients had hypersensi-
tivity to gastric distention associated with symptoms of pain, 
belching, and weight loss, and 40% had impaired accommoda-
tion associated with symptoms of early satiety and weight loss 
[285]. In total, 23% of patients had two or three of these abnor-
malities, whereas 26% had none, suggesting still another as yet 
unidentified mechanism of functional dyspepsia. Unfortunately, 
individual symptoms do not strongly predict underlying patho-
physiology [285]. These disorders may be interrelated: reduced 
fundic accommodation may lead to increased wall tone in 
response to distention or meal ingestion and may lead to stimu-
lation of visceral afferents and cerebral perception of gastric 
events/symptoms [286].

Delayed gastric emptying and antral hypomotility
Delayed gastric emptying is present in approximately 35% of 
patients with functional dyspepsia, with a range of 25%–80% 
[6,285]. Specific dyspeptic symptoms and their severity corre-
late poorly with the degree of gastric stasis [287–289]. However, 
in a series of 343 patients with functional dyspepsia, the severity 
of postprandial fullness and vomiting correlated with delayed 
gastric emptying, which was present in 34% of the dyspeptic 
patients [6].
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subjects begin to have pain (hyperalgesia). The symptoms in 
functional dyspepsia may result from altered gastric perception 
with an exaggerated visceral sensory perception of normal 
physiological events. In addition to hypersensitivity to disten-
tion, some dyspeptic patients may be hypersensitive to intragas-
tric or intraduodenal acid, bile salts, or even nutrients [306].

Brain activation by visceral stimulation with gastric disten-
tion is being studied in functional dyspepsia using positron 
emission tomography and functional magnetic resonance 
imaging [307]. In normal subjects, distal gastric distention pro-
duces symptoms of abdominal pain, nausea, and bloating, and 
it activates some of the same cortical and subcortical central 
nervous system regions implicated in processing somatic pain 
[307]. It is conceivable that patients with functional dyspepsia 
may have abnormal activation of these cortical and subcortical 
sites in response to gastric distention.

Treatment of functional dyspepsia
There is much literature available on the treatment of functional 
dyspepsia, although it is inconsistent. Methodological short-
comings are present in many studies including suboptimal 
study design, unclear inclusion criteria, unvalidated outcome 
measures, and a short duration of follow-up [308]. In addition, 
the placebo response in functional dyspepsia can be substantial, 
approximating 45% [309]. It has been hypothesized that the 
variability in the efficacy and safety of agents used for the treat-
ment of functional dyspepsia may be due to genetic polymor-
phisms or differences in the activity of cytochrome P450 
isoenzymes [310]. Treatment modalities that have been tested 
extensively include acid-suppressive agents, promotility com-
pounds, nociceptive modulating compounds, and H. pylori 
eradication. The following sections discuss the therapeutic 
approach focusing on gastric dysmotility and nociception.

Treatment focusing on gastric dysmotility  
and nociception
Promotility agents
The relative lack of available promotility compounds limits this 
treatment modality. Promotility agents including metoclopra-
mide, cisapride, and domperidone have improved dyspeptic 
symptoms more effectively than placebo in the majority of 
studies [311]; improvement in symptoms with promotility 
agents has been 40%–45% greater than with placebo [311]. The 
few studies that compare the effects of acid-suppressing and 
promotility agents on dyspeptic symptoms have favored the 
promotility agents [312]. Promotility agents may have better 
effect in the postprandial distress syndrome category of func-
tional dyspepsia rather than the epigastric pain syndrome cat-
egory of functional dyspepsia.

Several metaanalyses of studies of prokinetic agents in func-
tional dyspepsia have been published [311,313,314]. In a metaa-
nalysis of 17 cisapride studies and four domperidone studies, 
both cisapride and domperidone seemed to be efficacious [314]. 

Radionuclide imaging of the gastric wall with SPECT to  
calculate gastric volumes has been used as a noninvasive 
measure of gastric accommodation [296]. SPECT imaging in  
32 patients with functional dyspepsia suggested that impaired 
gastric accommodation (41%) may occur more commonly  
than delayed emptying (9%) in dyspeptic patients referred to 
tertiary centers.

Satiety testing with water has been used as a noninvasive 
technique to evaluate impaired accommodation and sensation. 
For the water load test, subjects drink water until full (maximum 
tolerated volume) [299]. Functional dyspeptic patients consume 
a reduced volume even after adjustment for body mass index 
[261,300]. Another option for satiety testing is the use of a 
caloric drink (Nutridrink; NV Nutricia, Zoetermeer, The 
Netherlands) ingested at 15 mL/min [301]. The maximum toler-
ated volume consumed during the satiety test has been corre-
lated with gastric accommodation to a meal, as measured by the 
barostat. Satiety tests therefore offer the potential to evaluate 
gastric accommodation in a noninvasive way. However, reduced 
maximum tolerated volume may reflect either impaired accom-
modation or hypersensitivity of the stomach [27] as there is a 
poor correlation between maximum tolerated volume and total 
gastric volume during fasting as measured by SPECT scanning 
[296,302].

Gastric myoelectric abnormalities
Gastric myoelectric abnormalities measured by EGG, such as 
tachygastria, bradygastria, and a decreased ratio of postprandial 
to fasting power, are found in about 40% of patients with func-
tional dyspepsia [44,299,302,303]. The prevalence of EGG 
abnormalities is similar to that of delayed gastric emptying in 
functional dyspepsia. EGG and gastric emptying tests appear to 
complement each other in correlating symptoms to gastric dys-
motility [44]. Multichannel EGG recording using electrodes 
placed at several positions overlying the stomach has been sug-
gested to assess slow wave propagation and coupling. Indeed, 
patients with functional dyspepsia were frequently found to 
have inconsistencies in frequency and regularity of gastric slow 
waves, suggesting impaired propagation and coupling [304]. At 
present, despite these advances, EGG studies are not performed 
at most centers, and have been a disappointing tool in the man-
agement of patients with dyspepsia.

Visceral hypersensitivity
Augmentation of visceral afferent sensation (nociception)  
may be a major cause of symptoms in functional dyspepsia.  
In total, 35%–50% of patients with functional dyspepsia have 
increased sensation to gastric and small intestinal distention 
[5,305]. When the stomach is stimulated by increasing volumes 
or increasing intragastric pressures, patients with functional 
dyspepsia experience symptoms at volumes that physiologically 
normal subjects do not (allodynia), and they have greater 
amounts of pain at levels when the physiologically normal  
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be more beneficial for the epigastric pain syndrome category of 
functional dyspepsia. Mirtazapine has been suggested to help 
nausea and early satiety symptoms in patients with functional 
dyspepsia.

There are no published studies demonstrating the utility  
of the selective serotonin reuptake inhibitors for functional  
dyspepsia, although some studies have reported their use  
in irritable bowel syndrome [323]. Interestingly, paroxetine 
(Paxil) appears to enhance gastric accommodation rather  
than improve the visceral hypersensitivity [324]. The recent 
NIH functional dyspepsia treatment trial did not find a  
beneficial effect of escitalopram (Lexapro) in functional 
dyspepsia.

Strategies to inhibit pain or symptom perception also include 
the use of 5-HT3 receptor antagonists. 5-HT3 receptors are 
located on vagal afferents and dorsal root ganglion neurons. In 
normal subjects, the 5-HT3 receptor antagonist, alosetron 
(Lotronex), reduced postprandial nausea and vomiting in 
response to a dyspepsia-inducing meal, without affecting gastric 
accommodation or the amount of ingested food [325]. 
Preliminary studies suggest that alosetron may be mildly effec-
tive in decreasing symptoms of functional dyspepsia [326]. 
Alosetron was FDA approved for treating irritable bowel syn-
drome. It was temporarily withdrawn because of reports of cases 
of ischemic colitis but is currently available for clinical use in 
the United States under controlled protocols for patients with 
diarrhea-predominant irritable bowel syndrome.

Fundic relaxing agents
Agents that relax the fundus and improve the accommodation 
response may be helpful in some patients with functional dys-
pepsia, perhaps those with early satiety. 5-HT1 agonists 
(sumatriptan, buspirone, tandospirone), α-adrenergic receptor 
agonists (clonidine), and nitric oxide donors (glyceryl trinitrate) 
have been tried in several small series [220].

The 5-HT1 agonists, such as sumatriptan, induce relaxation 
of the gastric fundus through a nitric oxide-mediated pathway. 
Sumatriptan allows larger volumes to be accommodated before 
perception or discomfort is reached, and it improves meal-
induced satiety in patients with functional dyspepsia [327]. It is 
administered by injection, and recently became available orally. 
Buspirone (Buspar), an oral 5-HT1 agonist, may have effects 
similar to those of sumatriptan (Imitrex). It also has anxiolytic 
properties.

The α-adrenergic agonist clonidine reduces proximal gastric 
tone and pain perception during gastric distention in healthy 
subjects [220]. Thus, clonidine has the potential to reduce 
gastric sensation or increase gastric compliance without altering 
other physiological motor functions. Some studies have sug-
gested that clonidine may delay gastric emptying [221].

Sildenafil (Viagra) has been shown to increase gastric accom-
modation [328]. In animal models, it also relaxes the pylorus 
and improves gastric emptying [329]. In humans, however, it 
slows gastric emptying [327].

For cisapride, there were overall reductions in epigastric pain, 
early satiety, abdominal distention, and nausea [315].

Erythromycin and other motilin receptor agonists are potent 
stimulants of gastric motor function. Intravenous erythromycin 
significantly enhances solid and liquid gastric emptying; 
however, it does not reduce meal-related dyspepsia symptoms 
[316]. Similarly, other motilides have not demonstrated efficacy 
in functional dyspepsia. The motilin receptor agonist, ABT-229, 
was ineffective in dyspeptic patients with delayed gastric empty-
ing [317]. It is speculated that, because motilin receptor agonists 
increase proximal gastric tone, they may aggravate the impaired 
fundic accommodation in functional dyspepsia, and this  
could explain the worsening of postprandial symptoms with 
ABT-229 [317].

Psychotropic medications, sensory modulators, and 
antinociceptive agents
Strategies to inhibit pain or symptom perception (sensory mod-
ulators) are receiving attention because of the augmented vis-
ceral hypersensitivity in dyspepsia.

Low-dose tricyclic antidepressants appear to have analgesic 
effects that are independent of psychological effects. The mecha-
nism of action of these agents in functional bowel disorders  
is not known, but it may include a reduction in visceral sensitiv-
ity [318]. Tricyclic antidepressants have been beneficial in treat-
ing abdominal pain syndromes, noncardiac chest pain, and 
irritable bowel syndrome [319]. Several studies using low-dose 
tricyclic antidepressants for functional dyspepsia [320,321]  
have reported a decrease in dyspeptic symptoms, primarily 
abdominal pain.

In clinical practice, psychotropic medications have been sug-
gested for patients with severe, intractable, refractory dyspeptic 
symptoms that interfere with daily activities. Dosages required 
for symptomatic improvement are usually lower than those 
used to treat psychiatric disorders [318]; the general approach 
is to start with a low dose, with gradual dose escalations in small 
increments if required. Typically, for amitriptyline, a starting 
dose is 10–25 mg at bedtime. If benefit is not observed after 
several weeks, doses are increased by 25-mg increments up to 
75–100 mg. The positive effects are rapidly noticed by many 
patients, in contrast to the prolonged treatment needed to 
improve depression. Significant side effects of antidepressant 
agents are common and can interfere with management, leading 
to a change in medication in 25% of patients [318]. The sedative 
effects of many tricyclic compounds may be helpful for patients 
with difficulty in sleeping. Agents with strong anticholinergic 
properties, such as amitriptyline, may adversely affect gastric 
motility. The secondary amines, nortriptyline (Pamelor) and 
desipramine (Norpramin), have fewer side effects than 
amitriptyline (Elavil). The recent NIH functional dyspepsia 
treatment trial suggested a beneficial effect of amitriptyline 
25 mg q.h.s. in patients with functional dyspepsia [322]. 
Subgroup analysis suggested a beneficial treatment effect 
occurred in patients with normal gastric emptying. TCAs may 
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Summary

In this chapter, gastric motility disorders have been reviewed, 
focusing primarily on the pathophysiology, diagnosis, and treat-
ment of gastroparesis, dumping syndrome, and the gastric dys-
motility seen in functional dyspepsia. Refractory symptoms 
may lead to a comprehensive evaluation including gastric emp-
tying scintigraphy, antroduodenal manometry, EGG, and pos-
sibly tests of gastric accommodation or compliance. This 
evaluation may guide treatments that target the underlying 
pathophysiological mechanisms.

References are available at www.yamadagastro.com/textbook

Further reading

Camilleri M., Bharucha A.E., Farrugia G. Epidemiology, mechanisms, 
and management of diabetic gastroparesis. Clin Gastroenterol 
Hepatol 2011;9:5.

http://www.yamadagastro.com/textbook


1032

CHAPTER 56

Chapter menu

Introduction, 1032

Etiology, 1033

Epidemiology, 1037

Risk factors, 1041

Pathogenesis, 1043

Natural history, 1048

Clinical presentation and differential diagnosis, 1049

Therapy and management, 1052

Prevention, 1070

Complications, 1074

Further Reading, 1077

Introduction

Peptic ulcers are localized defects of the gastrointestinal (GI) 
mucosa, most commonly found in the duodenum or stomach 
(Figure 56.1), for which acid-peptic activity plays a role in 
pathophysiology. Historically ulcers were attributed to stress 
and hyperacidity, but this idea changed with the discovery of 
Helicobacter pylori. Today the major etiological agents are 
recognized as H. pylori infection and consumption of nonster-
oidal antiinflammatory drugs (NSAIDs) including aspirin. 
Consequently the epidemiology, pathogenesis and natural 
history of peptic ulcer disease (PUD) are those of these major 
underlying etiologies. Alongside pharmacological acid suppres-
sion for immediate ulcer healing [1], the identification and 
treatment of these underlying causes are the cornerstones of 
rational management. Interestingly, recent years have seen a 
steady increase in reports of non-H. pylori , non-NSAID ulcers, 
particularly in developed countries, and although these ulcers 
are still relatively uncommon, their recognition and manage-
ment are important [2–8]. Worldwide, PUD and its complica-
tions remain the cause of much suffering and significant 
mortality. They are also a major drain on national resources; in 
the United States the annual cost through medication, physician 
visits, hospitalization, and missed work days has been estimated 
at nearly US$ 6 billion [9].

Peptic ulcer disease

Richard J.M. Ingram, Krish Ragunath, and John C. Atherton
The University of Nottingham, Nottingham, UK

Definition
Peptic ulcers are localized defects of the GI mucosa extending 
to at least the depth of the muscularis mucosa. Arteries are 
located deep to the muscularis so superficial lesions are less 
likely to result in complications. Through the endoscope, an 
ulcer is identified as a mucosal break with depth. The arbitrary 
criterion (used in most clinical trials) is that an ulcer has a 
diameter of 5 mm or larger, and lesions smaller than 5 mm are 
called erosions. The utility of this differentiation is debatable as 
they often reflect the same underlying disease. However, minor 
erosions can also be a normal finding and are much less likely 
than ulcers to cause symptoms, or lead to complications such 
as significant bleeding or perforation. Ulcers and erosions may 
be single or multiple.

Ulcer locations
Peptic ulcer disease most commonly affects the gastroduodenal 
mucosa and is divided into gastric ulcer (GU) and duodenal 
ulcer (DU) (see Figure 56.1a, b), though can occur at more than 
one site. Mechanistically, DUs and pyloric and prepyloric GUs 
are distinct from other GUs (see “Pathogenesis”). However, in 
practice there are only minor differences in their management. 
Ulcers may occur at other sites including the gastroesophageal 
junction, sites of GI anastamosis, and in ectopic gastric mucosa, 
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Figure 56.1 Endoscopic views of duodenal ulcer (a) and gastric ulcer (b).

(a) (b)

most frequently within a Meckel’s diverticulum or in esophageal 
inlet patches. These ulcers are discussed elsewhere; this chapter 
concentrates on duodenal and gastric ulceration. Duodenal 
ulcers typically occur within the duodenal bulb. If ulceration is 
found more distally within the duodenum, etiologies other than 
H. pylori or NSAIDs should be suspected, such as gastrinoma. 
Gastric ulcers can occur anywhere in the stomach, but they  
are found most frequently in the transitional zone between 
antral and corporal mucosa, particularly on the lesser gastric 
curve.

Etiology

The overwhelming majority of PUD is caused by H. pylori infec-
tion, or by nonsteroidal antiinflammatory drugs (NSAIDs) 
including aspirin. Although there are many other causes of 
ulcers (Box 56.1) these are all uncommon or rare. Therefore,  
the most common causes of an apparently non-H. pylori, non-
NSAID ulcer are still H. pylori or NSAIDs, and important first 
steps in investigating the cause of these ulcers include determin-
ing whether H. pylori infection has been confidently excluded 
(tests have a small but significant rate of false negatives), and 
re-evaluating the drug history for unknown exposure to 
NSAIDs, including sporadic, accidental, and surreptitious use. 
Ulceration in the context of comorbidity (acute multisystem 
failure or chronic disease) and specific disease associations are 
considered under “Risk factors”.

H. pylori
H. pylori was identified as the major etiological agent for PUD 
in 1982 by Warren and Marshall [10] (Figure 56.2). This discov-
ery revolutionized our understanding of the pathogenesis and 
management of PUD and other GI disorders. Their work was 
recognized with the award of the Nobel Prize for Medicine or 
Physiology in 2005.

Worldwide, chronic H. pylori infection is highly prevalent: 
about one in two of the global human population is thought to 
be infected, and in some parts of the world colonization is all 
but ubiquitous (Table 56.1). Amongst those who are infected, 
development of actual H. pylori-associated disease depends on 
bacterial virulence, host susceptibility and a number of environ-
mental factors (see “Pathogenesis”). Although the ulcer risk for 
each infected individual varies, the average lifetime risk of PUD 
in people with H. pylori is around 10% to 20%. In industrialized 
nations H. pylori colonization is much less frequent than in 
previous years, and is still declining. Thus, although worldwide 
H. pylori is commonly described as being the cause of about 
90% of DUs, and up to 80% of GUs, this no longer applies in 
most developed countries. For DU, H. pylori is usually still the 
most common cause and is found in about 75% of cases. 
However, for GU, although H. pylori remains a common and 
treatable cause, NSAIDs and aspirin have become the most 
common cause in many industrialized nations.

Nonsteroidal antiinflammatory drugs
Nonsteroidal antiinflammatory drugs (NSAIDs) and low-dose 
aspirin are extremely widely used. These agents inhibit the syn-
thesis of the protective gastroduodenal prostaglandins which 
are critical for mucosal defense. Consequently they can cause 
GI toxicity including gastropathy (discussed further in Chapter 
58) and ulceration. In some developed countries, they have 
become the most important cause of GU, and their increased 
use is held responsible for the relative rise in complicated  
ulcer disease. Important considerations which influence who, 
among the many people taking these drugs, will develop  
an ulcer are: the type of NSAID (some are much more ulcero-
genic than others); the dose of drug (directly proportional  
to risk); patient age (more common in older patients in  
whom drugs are most used); and, other cofactors (particularly 
history of PUD, smoking, and glucocorticoids use – see “Risk 
factors”).
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Box 56.1 Peptic ulcer disease etiologies.

Common causes of peptic ulcer

Helicobacter pylori
NSAIDs including aspirin

Other causes (non-Hp, non-NSAID)

Peptic

Failure to identify or falsely negative tests for H. pylori, including isolated 
duodenal H. pylori colonization (controversial)
Unidentified, sporadic, or surreptitious use of NSAIDs or aspirin
Acid hypersecretion, with hormonal- or mediator-induced ulcers

gastrin
gastrinoma in Zollinger-Ellison syndrome and MEN1
antral G-cell hyperfunction (controversial independent of H. pylori)

histamine
systemic mastocytosis
basophilia associated with myeloproliferative diseases

rebound acid secretion after withdrawal of PPI therapy

Nonpeptic

Other infectious agents
non-pylori Helicobacters including H. heilmannii
HSV
CMV
EBV
other rare infectious causes: e.g. tuberculosis, syphilis

Other potentially ulcerogenic drugs
possibly high doses of acetaminophen (paracetamol) with NSAIDs
bisphosphonates (especially alendronate)
colchicine
clopidogrel and other antiplatelet agents
glucocorticoids with NSAIDs
iron tablets
mycophenolate mofetil
nicorandil
potassium chloride
sirolimus
spironolactone
SSRIs and venlafaxine
other immunosupressives including chemotherapy: e.g. hepatic infusion 
of 5-fluorouracil, some tyrosine kinase inhibitors

Malignancy
adenocarcinoma
lymphoma
other neoplastic conditions: e.g. malignant melanoma, breast cancer, 
renal cell carcinoma

Inflammatory and infiltrative disease
Crohn’s disease
eosinophilic gastroenteritis
IgG4-positive inflammatory and autoimmune disease
other uncommon forms: e.g. sarcoidosis, Wegener’s granulomatosis, 
Behçet disease

Radiation therapy
Ischemic mechanisms

critical celiac axis vascular disease
crack cocaine use
methamphetamine use
other uncommon forms of vascular insufficiency: e.g. enterocolic 
lymphocytic phlebitis

Mechanical duodenal obstruction: e.g. duodenal webs, pyloric stenosis, 
annual pancreas, preduodenal portal vein
Ingestion of batteries or magnets
Iatrogenic

following EMR or ESD, particularly for early gastric cancer
post-surgical and post-procedural: e.g. gastroenterostomy, anastomotic 
ulcer after subtotoal gastric resection, laparoscopic fundoplication, 
migration of surgical clips or embolization microcoils, nonabsorbable 
suture material

Other forms of peptic ulceration

Idiopathic peptic ulcer, including idiopathic hypersecretory Hp-negative 
duodenal ulcer
Ulceration in the context of comorbidity – see 1
Esophageal ulcers related to GERD: e.g. in Barrett esophagus
Region of hiatus hernia where this passes through diaphragmatic hiatus: 
termed Cameron ulcer
Meckel’s diverticulum
Other ectopic gastric mucosa: e.g. inlet patch, in gall bladder

Note
1 ulceration in the context of comorbidities such as acute multisystem 
failure, decompensated chronic disease, and specific scenarios (e.g. 
Cushing ulcer with head injury, Curling ulcer with burns) are considered 
under “Risk factors”.
NSAID, nonsteroidal anti-inflammatory drug; Hp, Helicobacter pylori; HSV, 
herpes simplex virus; CMV, cytomegalovirus; EBV, Epstein-Barr virus; 
SSRIs, serotonin-selective reuptake inhibitors; PPI, proton pump inhibitor; 
MEN1, multiple endocrine neoplasia type 1; GERD, gastroesophageal 
reflux disease; EMR, endoscopic mucosal resection; ESD, endoscopic 
submucosal dissection.

Non-H. pylori, non-NSAID
The less common causes of ulcers continue to increase in rela-
tive importance in developed countries, as H. pylori prevalence 
declines and risks with NSAID and aspirin use are better 
managed. There are several important specific causes of PUD 
(see Box 56.1) and some of these secondary forms require spe-
cific management. Presentations that should increase suspicion 
of these forms are discussed under “Clinical features – scenario 
two”. Truly idiopathic ulcers remain uncommon but are increas-

ingly reported (see “Epidemiology of non-H. pylori, non-NSAID 
ulcers”).

Other infectious agents
Several non-H. pylori species, such as H. heilmannii, H. felis, H. 
suis and H. pullorum, have been isolated from human gastrodu-
odenal mucosa (and other sites), and are thought to be acquired 
as zoonoses [11]. They are sometimes isolated from patients 
with PUD in whom no other cause is found. There are cases of 
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Figure 56.2 Helicobacter pylori. False colored scanning electron 
micrograph showing H. pylori bacteria (red) on the surface of gastric 
epithelial cells. Source: Reproduced with permission of Juergen Berger 
(Max-Planck Institute) and Science Photo Library.

ulcers remitting and not recurring following their treatment, 
implying causality. They are most commonly described as being 
associated with a chronic mild gastritis and occasionally in  
association with disease, most usually GU or gastric MALT 
lymphoma (a rare lymphoma associated with H. pylori, see 
Chapter 59). Management is with standard H. pylori eradication 
regimens [11,12].

Viruses are an important consideration in immune-
compromised patients, and occasionally in patients without 
systemic disease or immunosuppression. They should be 
thought of in patients with renal or other organ transplants, and 
in those with acquired immunodeficiency and low CD4 counts. 
Viruses which are well described as causing ulcers in the GI 
tract include herpes simplex virus types I and II (HSV-1 and -2) 
[13–15], cytomegalovirus (CMV, which often causes large and 
multiple ulcers) [16–18], and Epstein-Barr virus (EBV) [19,20]. 
Viruses should be sought and treated where the ulcer is unusual, 
particularly where other etiologies are absent. Whether they 
also have a role as cofactors in ulcers with better-recognized 
etiologies is disputed.

Other drug exposures
Although NSAIDs and aspirin are the most important drug 
exposures to consider in cases of PUD, several other drugs may 
contribute to ulceration and its complications. Some drugs are 
especially problematic when used in combination with NSAIDs, 
such as glucocorticoids and bisphosphonates, particularly alen-
dronate. High doses of acetaminophen (paracetamol) might 
also increase the risk of bleeding in combination with NSAIDs 
[21,22].

Hormonal- or mediator-induced ulcers
Gastrinoma and its associated syndromes are covered in Chapter 
57 (Zollinger-Ellison syndrome). Systemic mastocytosis is a 
very rare type of myeloproliferative neoplasm with widespread 
tissue infiltration by clonally derived mast cells. It exists in indo-
lent and aggressive forms. Gastrointestinal symptoms include 
abdominal pain, reflux, diarrhea, nausea and vomiting, along-
side systemic manifestations with pruritus, flushing, rash, orga-
nomegaly and lymphadenopathy. Mast cell degranulation with 
histamine release is thought to drive acid hypersecretion. 
Consequently, severe duodenal inflammation and DU are 
common (30% to 50%). Antisecretory drugs are effective for 
these ulcers. Myeloproliferative disorders characterized by 
severe basophilia have been linked with ulcer disease mediated 
through histamine release, specifically basophilic leukemia and 
chronic myelogenous leukemia. Other disorders such as poly-
cythemia vera may contribute to PUD through increased blood 
viscosity leading to altered mucosal blood flow.

Malignancy
Gastric ulcers may be caused directly by underlying primary 
gastric adenocarcinoma or lymphoma (see Chapter 59). These 
malignant ulcers can sometimes be difficult to distinguish from 
benign ulcers, although their context, appearance or site usually 
gives a strong clue. Three percent of GUs harbor malignancy; 
malignancy in DUs is extremely rare. Malignant melanomas can 
rarely arise as gastric primary tumors. Occasionally, metastatic 
carcinoma is found in the stomach and is most commonly from 
melanoma, or from breast or renal cell carcinoma.

Other rare etiologies
Gastroduodenal ulceration can be seen in patients with Crohn’s 
disease, with gastroduodenal manifestations present in 0.5% to 
4% of cases [23,24], or in eosinophilic gastroenteritis, which is 
rare but increasingly described [25]. Ulceration can rarely occur 
with sarcoidosis, Wegener’s granulomatosis, and Behçet disease. 
Gastroduodenal irradiation during radiotherapy can lead to 
acute or chronic PUD. Critical celiac axis vascular disease can 
cause PUD at atypical sites often with intense pain, and will 
respond to revascularization. Crack cocaine and methamphe-
tamine misuse cause ischemic ulceration secondary to vasocon-
striction with a high risk of perforation. Duodenal obstruction 
can lead to secondary DU, and rare causes include duodenal 
webs, pyloric stenosis, annular pancreas, and preduodenal 
portal vein.

Idiopathic
Idiopathic hypersecretory DU, the cause of up to 10% of DUs, 
is typified by basal acid output >15 mmol/h, the absence of 
hypergastrinemia, and the absence of H. pylori infection. The 
mechanism is undefined but the condition responds to long-
term antisecretory therapy.
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H. pylori, Helicobacter pylori; US, United States of America

Table 56.1 Helicobacter pylori infection globally. Reproduced from Hunt et al. 2011 [57], with permission from Wolters Kluwer Health.

Region / 
Country

Age group 
(years)

H. pylori 
prevalence (%)

Africa

 Ethiopia 2 to 4 48

6 80

Adults >95

 Nigeria 5 to 9 82

Adults 91

Adults 70 to 90

Central America

 Guatemala 5 to 10 51

Adults 65

 Mexico 5 to 9 43

Adults 70 to 90

North America

 Canada 5 to 18 7.1

50 to 80 23.1

 US and Canada Adults 30

South America

 Bolivia 5 54

 Brazil 6 to 8 30

10 to 19 78

Adults 82

 Chile 3 to 9 36

Adults 72

Adults 70 to 90

Asia

 Bangladesh 0 to 2 50 to 60

0 to 4 58

8 to 9 82

Adults >90

 Hong Kong 6 to 19 13.1

 India 0 to 4 22

10 to 19 87

Adults 88

 India, south 30 to 79 80

 Japan, 3 areas 20 to 70 or over 55.4

 Japan, western Adults 70.1

 Siberia 5 30

15 to 20 63

Adults 85

Region / 
Country

Age group 
(years)

H. pylori 
prevalence (%)

 South Korea 16 56

≥16 40.6

 Sri Lanka 6 to 19 67

Adults 72

 Taiwan 9 to 12 11

13 to 15 12.3

≥25 45.1

Adults 50 to 80

Australasia

 Australia 1 to 59 15.4

Adults 20

Europe

 (Eastern) Adults 70

 (Western) Adults 30 to 50

 Albania 16 to 64 70.7

 Bulgaria 1 to 17 61.7

 Czech Republic 5 to 100 42.1

 Estonia 25 to 50 60

 Germany 50 to 74 48.8

 Iceland 25 to 50 36

 Netherlands 2 to 4 1.2

 Serbia 7 to 18 36.4

 Sweden 25 to 50 11

 Switzerland 18 to 85 11.9, 26.6

Middle East

 Egypt 3 50

Adults 90

 Libya 1 to 9 50

10 to 19 84

Adults 94

 Saudi Arabia 5 to 9 40

 Arabia Adults 80

 Turkey 6 to 17 64

Adults 80
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Epidemiology

Peptic ulcer disease has been a major cause of morbidity and 
mortality for more than a century. The modern epidemiology 
of PUD is predominantly a reflection of its two main causes: H. 
pylori status and NSAID/aspirin use. However, environmental 
cofactors modify ulcer risk and are also important in determin-
ing temporal and geographic trends; most important is smoking, 
but socio-economic status, as well as diet and lifestyle changes 
also contribute. Incidence and prevalence of PUD are lower in 
developed countries, and in all locales there are marked geo-
graphical and regional variations. Age is important, particularly 
in relation to hospitalization and mortality. Therefore, to under-
stand the current and potential future epidemiology of PUD, we 
will consider temporal, demographic, and geographic trends, 
the relationship with H. pylori and NSAID use, and the growing 
significance of non-H. pylori, non-NSAID ulcers.

Temporal trends
In westernized societies, DUs became increasingly prevalent 
during the first half of the 20th century but have declined from 
the 1960s. By contrast, humans and H. pylori have coevolved for 
tens of thousands of years and until the second half of the last 
century most humans in all countries were likely infected with 
H. pylori [26]. Thus, the rise of DU must be explained by an 
environmental change increasing ulcer risk in infected people. 
One major contributor is likely to be the widespread increase in 
smoking (known to be an important risk factor for DU), in the 
early 20th century: this could explain the time trend and might 
also contribute to the 2:1 male predominance of DU. Other 
contributors may be dietary changes (with more fresh fruits, 
vegetables, and fortified foods), and improved childhood health, 
which may have resulted in a healthier stomach and so gastric 
inflammation that spares the function of the corpus. This antral-
predominant pattern of gastritis is associated with raised acid 
secretion and duodenal ulceration (see “Pathogenesis”). The 
subsequent decrease in DU incidence in the latter third of the 
20th century is usually attributed to preceding improvements in 
standards of living, sanitation, and hygiene, which contributed 
to reduced transmission of many infectious diseases including 
H. pylori. However, it is likely that the widespread use of anti-
biotics also contributed, especially antibiotic use in childhood, 
when H. pylori is first acquired.

Although gastric ulceration was described before duodenal 
ulceration, for most of the 20th century DUs have been more 
common, particularly in men [27]. By the 1970s, four times  
as many DUs as GUs were diagnosed in the United States [28]. 
The accelerating decline in H. pylori in North America and 
Western Europe then coincided with an increase in the use of 
NSAIDs and aspirin. Probably because of these changes in 
underlying causes, the relative incidences of GU and DU are 
now more equal in these regions, particularly for uncom-
plicated disease, though DU usually still dominates. Both mor-
bidity and mortality are generally more common with gastric 

ulceration, particularly in NSAID users; 3% of GUs harbor 
malignancy.

Demographic trends
Duodenal and gastric ulcers differ in their incidence by age and 
gender. Ulcer incidence increases with age: the peak for DU is 
two decades earlier than for GU (at around 30 to 40 years), 
although there is a second peak in old age. Gastric ulcers are 
more common in the elderly. Historically, PUD has a male pre-
dominance, driven by the male preponderance in DUs. However, 
in part because of the fall in incidence of DUs and increase in 
GUs, the gender distribution of PUD is now more balanced in 
developed countries. The above trends in PUD are reflected  
in important differences and distinct trends in hospitalization, 
mortality, and complications based on age and gender (see  
fur ther on). The changing age demographics are largely due  
to declining H. pylori incidence in children leading to fewer 
ulcers in adults, to increased use of NSAIDs, aspirin and  
other cotherapies, and additional comorbidities associated with 
increasing age.

Ulcer incidence and prevalence
Estimates of the annual incidence of PUD range from 0.1% to 
0.3%. Estimates of the point prevalence of peptic ulcer in 
asymptomatic adults range from 0.1% to 1.5% [29], though 
other sources have suggested this may be up to 6%. There 
appears to be wide geographic variation.

Geographical trends
The rates of PUD are generally higher in Asia than in the West, 
though there are marked variations in regional prevalence. In 
the US, the 1-year point prevalence of PUD is around 1.8% (re-
ports range from 1% to 6%) with an estimated 500 000 new cases 
annually [30]. Two large European population studies showed 
a 4% to 6% prevalence of PUD (DU: 2.1% to 3.9%, GU: 2.0% to 
2.3%) [31,32]. In a large study from Shanghai, China, the preva-
lence of PUD was 17% (DU: 13%, GU: 6%), though this may be 
an overestimate as this study invited volunteers for endoscopy 
and the one in three who accepted would probably have been 
more likely to have ulcers than those who declined [33].

The relative frequency of DU and GU (DU/GU ratio) also 
varies between and within different countries (Figure 56.3) [34]. 
Duodenal and gastric ulcers occur around twice as frequently 
in southern as compared to northern China, with this pattern 
reversed for gastric cancer (despite similar H. pylori preva-
lence), re-enforcing the role of cofactors in determining differ-
ential disease risk in infected people [35] . In Japan and other 
regions where gastric cancer is common, GU is more frequent 
and the DU/GU ratio is lower (see Figure 56.3). In consecutive 
asymptomatic Taiwanese individuals, 9% had PUD [36]. In a 
single urban Indian center there was a substantial recent reduc-
tion in PUD prevalence in dyspeptic patients over time, from 
17% in 1988 to 6% in 2008 [37]. The decline in DU was more 
marked than for GU (DU: from 12% to 4.5%, GU: from 2.9% 
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Figure 56.3 Geographical variation in relative frequency of duodenal and 
gastric ulcer between and within different countries. The duodenal ulcer 
(DU) to gastric ulcer (GU) ratio between and within different countries. 
Blue bars show relatively lower DU/GU ratios (particularly for Japan 
where the ratio is less than 1.0) and green bars show relatively more DU 
than GU (Guangzhou is in southern China). Source: Adapted from Chiba 
et al. 2006 [34]. Reproduced by permission of Springer Science and 
Business Media. Data were collected at the International Conference 
during Japanese Digestive Disease Week, Japan in 1999.
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to 2.7%). In India as in China, DU is more common in the south 
than in the north. As H. pylori prevalence, smoking and (pre-
sumably) NSAID use are similar in north and south it may be 
that this difference is explained by diet: southern India is pre-
dominantly rice-eating whereas northern India is mainly wheat-
eating [38].

Ethnicity itself may be an important risk factor. In Singapore, 
individuals of Chinese ethnicity have an increased risk of PUD 
but a lower prevalence of H. pylori infection than those of 
Indian ethnicity [39]. However, there are several theories sur-
rounding this difference including speculation that the Chinese 
carry more pathogenic strains of H. pylori.

Not all geographical trends hold up to careful examination. 
The so-called African enigma – that H. pylori-associated dis-
eases were believed to be uncommon in Africa despite the near 
ubiquity of H. pylori infection – has been shown not to hold 
true for much of Africa [40,41]. The low reported rate of PUD 
was largely due to under-reporting and difficulties in accessing 
healthcare, and H. pylori-related diseases actually appear to be 
common in this region (DU: 21%, GU: 3%, gastric cancer: 2%).

Worldwide, H. pylori infection remains the major cause of 
PUD, but geographical and regional trends in ulcer risk and 
predominant site (and the risks of other H. pylori-associated 
diseases) are not explained by colonization rates alone. Other 
factors likely to be important include H. pylori strain virulence, 
NSAID use, smoking, diet, and genetic differences.

Trends in hospitalization, mortality,  
and complications
Trends in hospitalizations, deaths, and complications from PUD 
in developed nations are complicated by differing patterns  
in different subgroups. There was fluctuation but little overall 

change in hospital admissions in England in the three decades 
prior to the millennium, with declining hospitalization rates in 
younger patients but an increase in those older than 65 years 
[42,43]. Mortality and hospitalization with complicated PUD 
have also declined over this period in England and Scotland, 
though hospitalizations increased for older people with hemor-
rhage [44,45]. This parallels a modest decline in prescriptions 
for NSAIDs but marked increases in consumption of low-dose 
aspirin, oral anticoagulants, and selective serotonin reuptake 
inhibitors. In Denmark, trends in uncomplicated and compli-
cated PUD were similar, though the incidence of bleeding 
peptic ulcer remained stable [46]. This study reported standard-
ized all-cause mortality rates 1 month after PUD diagnosis of 
37 per 1000 for complicated and 12 per 1000 for uncomplicated 
PUD, falling to 5.1 and 4.0 respectively at 1 year, and 2.6 and 
2.5 respectively in subsequent years. Early all-cause mortality is 
high in most studies following a diagnosis of PUD and may 
reflect further complications and comorbidities that are more 
frequent in older patients with complicated PUD (see “Disease 
associations and comorbid ulcers”). In the Netherlands, hospi-
talization for uncomplicated PUD declined by more than half, 
though rates for complicated ulcers remained stable or slightly 
increased (Figure 56.4a, b) [47]. In the US, data from 1995 to 
2005 from five large studies show that the rate of diagnosis of 
PUD and its complications are stable [48]. However, another US 
study using nationwide data on hospitalizations with PUD as 
the primary diagnosis reported a 30% decrease between 1993 
and 2006 (DU: 37%, GU: 20%), and a similar decrease in PUD 
complications [49]. In Sweden also, ulcers complicated by hem-
orrhage decreased in men (DU: 64%, GU: 54%), and to a lesser 
extent in women (DU: 37%, GU: 35%), between 1987 and 2004 
[50]. In-hospital mortality rates in these two studies have 
remained stable or perhaps declined slightly, from around 3% 
to 5% in the early 1990s to around one to 4% in the mid 2000s 
(see Figure 56.4c). Although hemorrhage remains the most 
common complication of PUD in developed countries, perfora-
tion has the highest mortality at 10% to 15% (see Figure 56.4d).

Epidemiology of Helicobacter pylori
H. pylori colonizes the stomachs of around 50% of the world’s 
population, and once established infection persists lifelong in 
the absence of effective treatment. Prevalence varies widely by 
country, age, socioeconomic status, and living conditions (Table 
56.1). In many developing countries over 80% of people are 
infected by early adulthood, with the majority acquiring infec-
tion in childhood before 10 years of age. In contrast, H. pylori 
infection in developed countries is uncommon in childhood but 
increases in prevalence with increasing age. In the US H. pylori 
is now rarely found before 10 years of age, rising from 10% to 
20% of individuals between ages 18 and 30 years, and to 50% to 
60% in those older than 60 years [51]. A similar relationship 
between H. pylori prevalence and age exists in Japan, for 
example, with infection in 70% to 80% born before 1950, 45% 
born between 1950 and 1960, and 25% born between 1960 and 
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Figure 56.4 Trends in peptic ulcer hospitalization, mortality and complications. Admission rates with duodenal ulcer (a) and gastric ulcer (b) in the 
Netherlands, in-hospital deaths from PUD by site (c) and complicated PUD (d) in the United States. Source: (a and b) Post et al. 2006 [47]. 
Reproduced with permission from John Wiley & Sons. (c and d) Reproduced from Wang YR et al. 2010 [49], with permission from Wolters Kluwer 
Health. PUD, peptic ulcer disease.

1970 [52]. These age associations are not due to continuing 
acquisition of H. pylori with aging, but instead to a birth cohort 
effect, where successive cohorts have had a lower risk of child-
hood infection. For example, in Japan before 1950, 70% to 80% 
of children acquired H. pylori, which explains why so many 
elderly Japanese have the infection. In contrast, only 25% of 
Japanese born between 1960 and 1970 acquired the infection, 
explaining why it is much less common amongst those aged 40 
to 50 years old.

H. pylori is spread by person-to-person contact, in developed 
countries usually from mother (or other primary care giver) to 
child, and in developing countries usually between children 
themselves. The most common route of transmission is thought 
to be oro-oral or vomito-oral rather than faeco-oral, as H. pylori 
is easily cultured from vomitus or gastroesophageal refluxate, 
but is very difficult to culture from stool. Either way, the number 
of potential sources for transmission along with the standard of 
living conditions in early childhood are the key determinants of 



1040   PART 4 Gastrointestinal diseases

prevalence within a cohort [53,54]. These in turn are influenced 
by factors including socioeconomic status, family education 
level, sanitation, preventable infant mortality, economic devel-
opment, and freedom from the effects of war and natural disas-
ters. Increased availability and use of antibiotics, particularly in 
childhood for intercurrent illness, likely also contribute to the 
continued decline in H. pylori prevalence in developed coun-
tries. Local differences in prevalence exist where there has been 
substantial immigration from countries with a higher preva-
lence of infection. Some reports suggest that certain ethnic and 
racial groups are at increased risk not fully explained by socio-
economic difference, such as Hispanics and African-Americans 
when compared with Caucasians. Twin studies support a role 
for genetic susceptibility, but also reinforce the importance of 
childhood environment.

Relationship with peptic ulcer disease
H. pylori is a major cause of PUD; therefore, the variations and 
changes in H. pylori infection are key to understanding PUD 

epidemiology. About 15% to 20% of people infected with H. 
pylori will develop peptic ulceration or gastric cancer as a long-
term consequence of infection. The risk of these diseases is 
determined by bacterial virulence, host genetic susceptibility 
and immune response (see “Pathogenesis”), and by environ-
mental and other cofactors (see “Risk factors”). The annual  
incidence and the 1-year point prevalence of PUD in the  
H. pylori-positive group are around 1% and 2% respectively, 
with an estimated 500 000 new cases annually in the US  
[30,55]. The incidence and prevalence of ulcer disease are up  
to 10-fold higher in H. pylori-infected than uninfected individu-
als [56].

Epidemiology of NSAID use
In the US, 1.2% of the population use nonaspirin NSAIDs on a 
daily basis [58]. In 2005, about one-fifth of American adults 
reported taking aspirin every day or every other day [59]. Use 
increases in proportion with age, and both NSAIDs and aspirin 
can cause GI adverse effects including endoscopic erosions and 

(c)

(d)

In
-h

os
pi

ta
l d

ea
th

s,
 %

In
-h

os
pi

ta
l d

ea
th

s,
 %

5.0%

4.5%

3.5%

2.5%

2.0%

1.5%

1.0%

18.0%

16.0%

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

0.5%

0.0%
1993 1994 1995 1996 1997 1998 1999

Year

Hemorrhage Perforation Obstruction

2000 2001 2002 2003 2004 2005 2006

1993 1994 1995 1996 1997 1998 1999
Year

2000 2001 2002 2003 2004 2005 2006

3.0%

4.0%

Gastric ulcer Duodenal ulcer Peptic ulcer, site unspeci�ed

Figure 56.4 (Continued)



Peptic ulcer disease CHAPTER 56   1041

ulcers. The point prevalence of gastric erosions is 50% to 90% 
in patients taking NSAIDs or low-dose aspirin [60,61], though 
these erosions are normally of little clinical consequence. 
Symptomatic ulceration (including complicated ulcers) occurs 
in 5% of NSAID users, and is approximately three times more 
frequent in older adults [62]. Other studies have identified duo-
denal or gastric ulceration in 12% to 30% of NSAID users [63], 
with complications developing in 1 to 2 per 100 patient years 
[64]. Thirty percent of hospitalizations and deaths from PUD 
relate to NSAIDs, with older people most at risk [65] . However, 
the risk of serious NSAID GI complications is declining – attrib-
uted to the use of lower doses, less toxic agents, and coprescrip-
tion of antisecretory therapy [66] – even though the use of 
potentially ulcerogenic drugs is increasing.

Selective COX-2 inhibitors cause less gastroduodenal injury 
and for a period seemed to offer an alternative to nonselective 
agents. However, concerns about cardiovascular safety have 
resulted in the withdrawal of several COX-2 selective drugs 
since the mid 2000s, and those still available are used sparingly 
(see “Prevention”). Over recent years NSAID prescriptions have 
continued to decline due to appreciation of the risks and more 
selective prescribing, for example for focused indications such 
as joint inflammation rather than pain.

Important NSAID-related risk factors for peptic ulcer disease 
include: the duration of therapy, with increased complication 
risk from within the first week, peaking within the first month 
and then remaining constant to around 3 months [67]; the dose 
and degree of suppression of prostaglandin synthesis, with 
greatest risk with drugs of high potency at high doses, or with 
simultaneous use of multiple NSAIDs; and, cotherapy with low-
dose aspirin, which increases the risk of complications. Although 
an additive effect of H. pylori infection in NSAID ulcers has 
been controversial, the most recent evidence suggests a signifi-
cant and synergistic increase in the risk of uncomplicated PUD 
[68]. Other risk factors for complications of NSAID-induced 
PUD are considered later (see “Risk factors”), but the most 
important are age greater than 60 years, previous history of 
ulcer or bleeding, concomitant drug therapies (including gluco-
corticoids and anticoagulants), and comorbidity [69].

Epidemiology of non-H. pylori, non-NSAID ulcers
Data on the epidemiology of idiopathic ulcers vary according 
to how robustly H. pylori infection and exposure to NSAIDs/
aspirin have been excluded. These considerations notwithstand-
ing, over the last two decades there has been a steady rise in the 
relative incidence of H. pylori-negative and NSAID/aspirin-
negative PUD [70,71]. This is seen particularly in westernized 
nations and other countries where H. pylori infection rates are 
low or declining. The falling background prevalence of H. pylori 
infections in some populations might be expected to be mir-
rored by an increased proportion of idiopathic ulcers, though 
not all studies support this expected inverse relationship (Table 
56.2). There are also discrepant prevalence estimates between 
cohorts from the same countries and between different ethnic 

Table 56.2 Epidemiology of non-H. pylori, non-NSAID peptic ulceration. 
Source: Data from [78] and [79].

Prevalence (%) Country Source

Broadly low H. pylori prevalence

 1 Spain Gisbert et al. (1999) [72]

 6 Spain Arroyo et al. (2004) [73]

22 Sweden Aro et al. (2006) [31]

12 UK Musumba et al. (2012) [5]

39 US Jyotheeswaran et al. 
(1998) [74]

27 US Ciociola et al. (1999) [75]

Broadly high H. pylori prevalence

17 Hong Kong Xia et al. (2001) [7]

 4 (bleeding PUD) Hong Kong Chan et al. (2001) [2]

 2 Japan Tsuji et al. (1999) [76]

 1 Japan Nishikawa et al. (2000) [6]

 3 Japan Aoyama et al. (2000) [77]

22 Korea Jang et al. (2008) [71]

29 Pakistan Yakoob et al. (2005) [8]

H. pylori, Helicobacter pylori; NSAID, nonsteroidal antiinflammatory 
drug (including aspirin); PUD, peptic ulcer disease; UK, United 
Kingdom; US, United States of America.

groups, with lower rates in nonwhite patients. Methodological 
differences in defining these cohorts are an important consid-
eration, with retrospective study designs and suboptimal exclu-
sion of H. pylori infection, along with unidentified exposures to 
NSAIDs including over-the-counter or herbal medications. 
Some non-H. pylori, non-NSAID or idiopathic ulcers may be 
due to rare established etiologies (see Table 56.2), but clearly 
some are not. However, these truly idiopathic ulcers remain 
rare. Pragmatically the rising prevalence of non-H. pylori, non-
NSAID ulcers means that the investigation and management of 
these patients (at both the individual and population level) are 
increasingly important considerations.

Risk factors

There are several important risk factors for PUD – principally 
increasing age, smoking, and previous history – the relative 
influences of which vary according to whether the underlying 
etiology is H. pylori infection or NSAID use. Cotherapy with 
other drugs is particularly important in the context of NSAID-
related ulcers (see “Prevention”). The roles of emotional stress 
and psychological factors are controversial. Peptic ulceration is 
more common in the context of comorbidity and in association 
with specific diseases.
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Risk factors – true, false, context-dependent,  
and unclear
True risk factors – age, smoking, and previous history
Patient age is an important risk factor for both major etiologies, 
with an increased risk of occurrence and complications with 
increasing age. Cigarette smoking enhances the risk of both DU 
and GU in proportion to the amount smoked [80–84]. This is 
particularly true for patients with H. pylori infection, in whom 
the risk is considerably increased, though the risk of recurrent 
DU is not significantly different between smokers and non-
smokers following eradication therapy [84–86]. Risk is also 
increased in individuals with a previous history of PUD caused 
either by H. pylori infection or NSAID use [87]. The influence 
of family history on risk probably mainly reflects shared H. 
pylori infection within the family unit; whether shared genetic 
risk also contributes is unclear.

False risk factors – alcohol, caffeine, and  
other dietary factors
It is unlikely that alcohol intake is an important risk factor in 
the absence of cirrhosis (see “Disease associations”) [88,89], 
though alcohol misuse may impair patient compliance with 
management [90]. Indeed alcohol consumption in moderation 
has been linked with improved ulcer healing [91,92]. Specific 
diets play no clear role and historical dietary advice to avoid 
spicy or rich foods is not evidence-based – chili may actually be 
protective for DU [93]! Similarly caffeine is not a true risk factor 
for PUD [88].

Context-dependent risk factors – glucocorticoids and 
cotherapy with other drugs
Glucocorticoid or other steroid therapy alone imparts no sig-
nificant ulcer risk. Much more important is the synergistic 
increase in ulcer risk in the context of combined use with 
NSAIDs, particularly for PUD complicated by bleeding. The 
relative risk for concomitant therapy is four- to 11-fold above 
that with NSAIDs alone [69,94]. Data are lacking on the benefit 
of ulcer prevention strategies in this context, such as prophylac-
tic antisecretory therapy or substituting a selective COX-2 
inhibitor for a nonselective NSAID. Therefore, the utmost 
caution is needed and ideally this combination of drugs should 
not be used, especially in those with other risk factors, such as 
older patients (see “Prevention”).

Concurrent use of other drugs with NSAIDs can also increase 
the risk of ulcer complications. Taking aspirin with NSAIDs 
increases risk, including low-dose aspirin for cardio- and cere-
brovascular prophylaxis. Other drugs which increase risk 
include clopidogrel and other antiplatelet agents, bisphospho-
nates (especially alendronate), serotonin-selective reuptake 
inhibitors, and anticoagulants (with relative risk of concomitant 
therapy as much as 13-fold above NSAIDs alone [69]).

Unclear risk factors – psychological factors and stress
Efforts to develop a useful biopsychosocial model of PUD [95] 
have been hampered by the multiplicity of proposed risk factors 
in the literature, particularly from poorly designed studies that 
do not account for now well-established pathophysiological 
factors, nor clearly define psychological stressors and their tem-
poral relationship with ulcer identification. Ulcers are usually 
found “in long thin types given to worry and irritability” [96] – 
historical statements such as this one from 1940 perhaps unfairly 
undermine the importance attached to psychological factors to 
PUD in the modern era. This topic is controversial but some 
lines of evidence are reasonably compelling. Ulcer complica-
tions are increased during catastrophic events, first demon-
strated during the bombing of London during the Blitz in 1940 
and 1941 [97]. The incidence of GUs, particularly bleeding 
ulcers in older patients, was increased relative to DUs after the 
Hanshin-Awaji earthquake in Japan in 1995 [98]. More recent 
prospective studies have shown that the risk of subsequent ulcer 
occurrence or recurrence are increased compared to controls in 
cohorts with psychosocial stressors including adverse life events, 
stress, anxious and depressive symptoms, social problems, and 
posttraumatic stress disorder [99].

Taken together, there is no definitive evidence that psycho-
logical risk factors (including stress) directly cause peptic ulcer-
ation or are of definable clinical relevance in the majority of 
patients. Associations can potentially be explained by other con-
founding risk factors. Further research is indicated in the post-
H. pylori era.

Disease associations and comorbid ulcers
It has long been recognized that ulceration may occur in the 
context of comorbidity such as acute multisystem failure and 
decompensated chronic disease, and in specific scenarios 
including organ transplantation. Particularly for some chronic 
diseases associated with lifestyle or social class, disease associa-
tions do not guarantee a mechanistic role in causation; referral, 
selection, and ascertainment biases may have overstated their 
importance.

Acute multisystem failure and intensive care stress ulcers
Stress ulceration or mucosal erosions occur in around three 
quarters of patients within a few days of acute major illness 
(particularly burns or head injury). They are usually found in 
the proximal stomach, although they can develop at any site. 
These early ulcers tend to be superficial; in contrast, late stress 
ulceration that occurs around 2 weeks into admission is typi-
cally deeper, and distal or duodenal. Complications are less 
common for stress ulcers than for other ulcers, with overt bleed-
ing in 1.5% to 10% of patients in intensive care. Evidence of 
subclinical bleeding confirmed during endoscopy is more fre-
quent. Perforation is rare. The most important risk factors for 
complications, particularly hemorrhage, are invasive ventilation 
for over 48 hours (odds ratio [OR] 16) and coagulopathy (OR 
4) [100]. Other risk factors largely relate to the severity of the 
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acute illness or system failure. Importantly, bleeding from stress 
ulcers is associated with increased mortality, though this is 
likely largely due to the underlying comorbid conditions [101]. 
Prophylactic therapy with antisecretory agents to prevent ulcers 
is often prescribed for critically ill patients in intensive care as 
part of a care bundle, though the most important aspect of 
ongoing management is to treat the underlying condition. 
Recently this practice has been challenged because of limited 
evidence [102]. Various guidelines on ulcer prophylaxis in 
intensive care have been developed that seek to balance the 
baseline and incremental risks, potential harms and efficacy, 
including the choice of antisecretory agent, availability of the 
enteral route for nutrition and medication, and cost.

Outside of the intensive care setting many internal medi-
cine patients receive prophylaxis, most unnecessarily, and this 
is often continued to discharge or even long-term [103]. 
Prophylaxis should be restricted to high-risk patients (see 
“Prevention” and “Mucosal protection – coprescription of pro-
phylactic agents”). Standardized prescribing guidelines may 
help to contain overuse [103] and clear handover to primary 
care colleagues on the indication, and intended duration, of any 
therapy is advisable [104].

Chronic disease, including COPD and cirrhosis
Chronic lung disease, principally chronic obstructive pulmo-
nary disease (COPD), is associated with both GUs and DUs, 
which occur in up to 30% of such patients. Chronic lung disease 
is also two to three times as frequent in patients with peptic 
ulcers as in the general population [81,105,106]. It is likely that 
these observed associations are confounded, at least in part, by 
cigarette smoking. Ulcer risk is also increased in coal miners.

Cirrhosis of any etiology is associated with PUD, with an 
annual ulcer incidence of 4% to 5% and prevalence of 10% to 
50% [107–109]. Risk is greatest in those with more severe cir-
rhosis by Child-Pugh score. Some of the increased ulcer risk 
may be due to shared risk factors. The major concerns for clini-
cians are the high rate of complicated PUD, recurrence in these 
patients (up to 50%), and the fact that complications may pre-
cipitate a decompensation in other aspects of their health. There 
should be a low threshold for maintenance antisecretory therapy. 
Peptic ulcer is also more commonly described in patients with 
renal failure and coronary artery disease, though data are con-
flicting and shared risk factors are likely important.

Other specific scenarios – organ transplantation, head 
injuries, and burns
The important risk factors for PUD in the transplant setting are 
pretransplant history of PUD, glucocorticoids (particularly 
pulsed methylprednisolone), immunosuppression (less fre-
quent with cyclosporin), CMV infection (ameliorated by anti-
virals), other comorbidities, and stress ulcers. Most centers 
routinely offer antiulcer prophylaxis, particularly early post-
transplant when the risk is highest [110,111]. Given the obser-

vation that active PUD may be exacerbated after transplantation, 
such patients should be treated and resolution should be con-
firmed by endoscopy before transplantation.

Cushing ulcers and Curling ulcers are peptic ulcers that occur 
in the settings of head injuries (with elevated intracranial pres-
sure [ICP]) and severe burns, respectively. They probably reflect 
subtypes of ulceration seen in the wider context of acute multi-
system failure, although raised ICP may contribute to vagally-
mediated hyperchlorhydria and the hypovolemia associated 
with severe burns may lead to ischemic necrosis of gastroduo-
denal mucosa. These ulcers are much less frequent with modern 
intensive care bundles that include ulcer prophylaxis and early 
enteral nutrition.

Pathogenesis

The normal stomach produces acid and pepsin – potentially 
injurious agents produced to initiate digestion. The stomach  
and duodenum have a number of mucosal defense systems  
to protect themselves (Figure 56.5). Damage to the mucosal 
defense allows acid access to already damaged mucosa, thereby 
causing an ulcer. For some ulcers, increased acidity may also 
contribute. The two main agents which disrupt these systems 
are H. pylori infection and NSAIDs, and these cause ulcers in 
different ways. Acid is needed for peptic ulcers to form [112,113], 
giving rise to Schwarz’s 1910 dictum of “no acid, no ulcer”. 
However, this concept is more useful in treatment than in 
pathogenesis: most peptic ulcers heal with acid-suppressive 
therapy, but acid is only rarely the sole underlying cause of an 
ulcer, and acid production is actually reduced in many patients 
with GU. To stop ulcer recurrence the underlying cause must 
be removed, usually by eradicating H. pylori or stopping 
NSAIDs. If the underlying cause cannot be eliminated, for 
example in patients needing low-dose aspirin for vascular 
disease prophylaxis, continuous acid suppressing therapy is 
required and is often successful. If ulcers do not heal with strong 
acid reducing therapy, unusual (i.e. nonpeptic) causes should be 
suspected and testing for these is indicated, including malig-
nancy, viruses or Crohn's disease (see Box 56.1). Some NSAID 
ulcers are also difficult to heal with acid suppression alone [114], 
as might be suspected from the fact that NSAID ulcers can 
occur elsewhere in the GI tract (e.g. small intestine), where pH 
is neutral or alkaline.

Injurious agents – acid and pepsin
Acid is well known to damage tissue, and acid alone in extreme 
situations can cause DUs. The best example is the very raised 
acid output stimulated by severe hypergastrinemia in Zollinger-
Ellison syndrome (or gastrinoma, Chapter 57) or by histamine 
in systemic mastocytosis [115]. In H. pylori-associated DUs, 
acid production is modestly increased and contributes to patho-
genesis. Pepsin and acid are more injurious than acid alone 
[116], but the contribution of pepsin to ulceration is less certain. 
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The epithelial cells themselves are hydrophobic. Production of 
trefoil factors and growth factors helps maintain this barrier and 
allows epithelial restitution – movement of cells to fill gaps – 
following immediate damage. Larger gaps can be filled more 
slowly by cellular proliferation. Finally, local blood flow is 
important in eliminating back diffusion of acid and supporting 
healing; angiogenesis is increased at the healing margins of 
ulcers. These mucosal defensive mechanisms are mediated 
through constitutively expressed prostaglandins and nitric 
oxide, and the key mechanism underlying NSAID-associated 
ulceration is prostaglandin inhibition. H. pylori-associated 
ulcers are related to mucosal inflammation, which directly dis-
rupts host defense. Stress ulcers arise largely through impaired 
mucosal defense, including reduced mucosal blood flow. 
Cameron ulcers in the neck of a hiatus hernia are thought to 
have an ischemic etiology and may associate with iron-deficiency 
anemia [117]. Impaired mucosal defense may also contribute to 
the phenomenon of ulcers frequently recurring at the site at 
which they originally occurred: underlying damage and fibrosis 
may impair local blood flow, inducing tissue ischemia and 
retarding local repair mechanisms.

Duodenal ulcers
Duodenal, pyloric and immediately prepyloric ulcers share a 
common pathogenesis and are generally classified together 
(Figure 56.6). The cause of the vast majority is H. pylori infec-
tion. DUs are usually associated with increased acid, most obvi-
ously in Zollinger-Ellison syndrome where DUs often extend 
distal to the duodenal bulb. However, H. pylori-induced DUs 
are also in part caused by increased acid, usually in association 

Figure 56.5 Cascade of mucosal defense and repair mechanisms. 
Damaging effects on epithelial cells of exogenous and endogenous factors 
are amplified by acid-peptic activity. If the three three lines of defense 
mechanisms fail, epithelial cell injury occurs, which will be repaired by 
restitution and cell replication. If these repair mechanisms fail, an acute 
wound forms. Ulcers form when these normal defense and repair 
mechanisms fail or are overwhelmed. NSAIDs, nonsteroidal 
antiinflammatory drugs.

Third line repair: wound healing
formation of granulation tissue;

angiogenesis;
remodeling of basement membrane

Second line repair: cell replication

First line repair: restitution

Third line defense: blood �ow-mediated;
removal of back-diffused H+ and supply of energy

Second line defense: epithelial cell mechanisms;
barrier function of apical plasma membrane;

intrinsic cell defense; extrusion of acid

First line defense: mucus/bicarbonate barrier

Exogenous factors
NSAIDs, alcohol

Acid and pepsin Endogenous factors:
bile, lysolecithin

ULCER

ACUTE WOUND FORMATION

EPITHELIAL CELL INJURY

Pepsinogen is converted to active pepsin at low pH and is inac-
tivated at pH over 4, potentially explaining why profound acid 
suppression is needed to heal some ulcers. However, because 
therapeutic interventions to reduce acid production also inac-
tivate pepsin, one cannot be certain of the relative contributions 
of these two agents.

Protective mucosal defense
There are several layers of mucosal defense (see Figure 56.5). 
Initial protection is from gastric mucus and bicarbonate pro-
duced by epithelial cells. The mucus forms an unstirred layer 
and bicarbonate buffers acid, creating a pH gradient ranging 
from 1 to 2 in the gastric lumen to 6 to 8 at the mucosal surface. 

Figure 56.6 How gastric infection with Helicobacter pylori causes 
duodenal ulceration. Inflammation in the gastric antrum causes reduced 
somatostatin production from D cells and increased gastrin production 
from G cells, leading to increased meal-stimulated acid output from the 
healthy gastric corpus. The increased acid load in the duodenum 
encourages the formation of gastric metaplasia which can become 
infected by H. pylori. This then becomes inflamed and may ulcerate, 
leading to duodenal ulcer (DU). If H. pylori colonizes and causes 
inflammation in the whole stomach, acid production is usually reduced 
from the inflamed and damaged gastric corpus. These patients do not 
develop DUs but are prone to gastric ulceration and gastric 
adenocarcinoma.
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with elevated fasting serum gastrin levels. Patients have 
increased parietal cell mass, increased acid response to stimula-
tion (for example by food), and prolonged acid secretion after 
a meal, due to a combination of increased production and 
reduced inhibition [118–120]. Suppression of mucosal defense 
is also a factor in DU pathogenesis and bicarbonate secretion is 
reduced [121]. As explained later, H. pylori inhabits areas of 
gastric metaplasia in the duodenum leading to local inflamma-
tion and damage [122]. NSAIDs can cause DUs but much less 
commonly than they cause GUs.

Gastric ulcers
H. pylori is still the major cause of GUs worldwide, but in many 
developed countries has been overtaken by NSAIDs including 
low-aspirin as the primary cause. These GU patients usually 
have normal or reduced acid secretion [123]. Ulcers occur in 
areas of heavy inflammation, transitional zones between differ-
ent part of the stomach, or other areas of mucosal fragility [124]. 
For example, they frequently occur in the transitional zone on 
the lesser gastric curve where oxyntic and antral mucosa meet, 
and in H. pylori-induced pangastritis this transitional zone is 
often heavily inflamed. They may also occur where atrophic 
mucosa from long-standing H. pylori infection abuts normal 
oxyntic mucosa. Some drug-induced ulcers or erosions occur 
in the dependent stomach where tablets cause local damage (pill 
ulcers). Recurrent GUs are often found at the same site as the 
original ulcer, reinforcing the important role of local mucosal 
defense in ulcer localization and pathogenesis.

The pathogenesis of H. pylori induced peptic 
ulcer disease
H. pylori is a Gram-negative bacillus with a spiral shape that 
enables it to corkscrew through gastric mucus [125]. It lives only 
on gastric-type mucosa, deep to the mucus layer. It is well 
adapted to this niche, possessing several acid-protective mecha-
nisms, most notably a powerful urease enzyme which hydro-
lyses urea to release bicarbonate, allowing it to maintain its 
periplasm at neutral pH when exposed suddenly to acid [126]. 
This enzyme is the basis of two of the important clinical tests 
for H. pylori: the biopsy urease test and the urea breath test. All 
H. pylori infections are associated with histological gastritis – 
infiltration of lymphocytes and neutrophils into the gastric 
mucosa [125,127]. The pattern of this gastritis influences 
whether a patient is prone to duodenal or gastric ulceration, and 
the severity of the gastritis is a major determinant of overall 
ulcer risk (see Chapter 58).

Mechanisms of H. pylori induced duodenal and 
gastric ulceration 
Duodenal ulceration
The mechanism whereby a gastric infection causes DUs is now 
reasonably well understood. Duodenal ulceration occurs in 
patients with an antral predominant pattern of H. pylori coloni-
zation and gastritis, with sparing of the acid-producing gastric 
corpus. Antral inflammation suppresses somatostatin produc-

tion by antral D cells and, as somatostatin normally exerts nega-
tive feedback on gastrin, this results in hypergastrinemia 
[128–130]. Gastrin is a growth factor that increases parietal cell 
mass and consequently increases meal-stimulated acid secretion 
from the healthy and largely uninflamed gastric corpus [130]. 
Gastrin also acts on enterochromaffin-like cells in the corpus to 
stimulate histamine production, and both histamine and gastrin 
stimulate parietal cells to produce acid (see Chapter 23). The 
increased acid load emptying from the stomach contributes to 
the formation of gastric metaplasia in the duodenum, possibly 
as a protective duodenal response [131,132]. H. pylori can only 
colonize gastric-type mucosa, but following this metaplastic 
change is able to colonize the duodenum and cause inflamma-
tion, damage, and ulceration. The increased acid load in the 
duodenum may also contribute directly to ulceration, and cer-
tainly the acid is necessary for this ulceration, as evidenced by 
the fact that H. pylori-induced ulcers heal with acid suppression. 
However, H. pylori treatment is needed to prevent their recur-
rence after acid suppressive therapy is stopped.

Gastric ulceration
The pathogenesis of H. pylori-induced gastric ulceration is less 
well understood. Gastric ulcers occur in patients with inflam-
mation involving both the antrum and corpus, so-called pan-
gastritis. These people may develop hypergastrinemia through 
the same mechanisms as those described previously. However, 
because their acid-producing corpus is inflamed, their gastric 
acid production is often reduced and so they do not develop 
DUs [123]. Instead, if inflammation is severe, and particularly 
if it crosses areas of mucosal weakness, they are prone to develop 
gastric ulceration [124]. In some patients, corpus inflammation 
may eventually lead to atrophy of parietal glands and further 
hypochlorhydria. These patients are prone to ulceration, par-
ticularly at the margins of atrophic areas. They are also at risk 
of H. pylori-induced intestinal-type distal gastric adenocarci-
noma, the most common type of gastric cancer. Continuing 
hypergastrinemia is important [133], and progression from 
atrophy to metaplasia through to dysplasia and carcinoma is 
hypothesized (the so-called Correa pathway [134]).

Why only some people infected with H. pylori 
develop peptic ulcer disease
H. pylori colonizes the stomach from childhood to old age 
unless it is treated [26], yet only about 15% of infected people 
ever develop a peptic ulcer, whether duodenal or gastric. Who 
develops an ulcer depends on the virulence of the infecting H. 
pylori strain, host genetic susceptibility, the host immune 
response, and environmental cofactors [135]. These factors 
usually affect the risk of both duodenal and gastric ulceration 
as they tend to affect the severity of damage and inflammation 
rather than its pattern or site.

Bacterial virulence
The best characterized H. pylori virulence factor is the cag path-
ogenicity island (cag PAI, Figure 56.7). Pathogenicity islands are 
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collections of genes acquired distantly in the evolution of a 
bacterium, which render the bacterium pathogenic. Strains of 
H. pylori that possess the cag PAI (cag-positive strains) induce 
more local inflammation, and are more likely to cause peptic 
ulceration and gastric adenocarcinoma than are cag-negative 
strains [135,136]. Genes in the cag PAI encode proteins that 
make up a bacterial type IV secretion system, a sort of molecu-
lar syringe through which an effector protein, CagA, is translo-
cated into epithelial cells [137]. Several signaling pathways are 
activated by CagA, resulting in epithelial cell changes and pro-
inflammatory cytokine release that induces inflammation [138]. 
The cag PAI also induces inflammation in other ways. The 
protein coating the tip of the syringe, CagL, interacts with an 
integrin on the host cell to stimulate specific signaling pathways 
[139]. Also, small amounts of a soluble component of the bacte-
rial peptidoglycan cell wall are translocated in a cag PAI depend-
ent manner, and are detected by Nod1, a major pathogen 
recognition protein in epithelial cells. This leads to activation of 
further pro-inflammatory signaling and cytokine release by the 
cell [140].

The second major virulence factor is the vacuolating cyto-
toxin, VacA, a pore-forming toxin which inserts into cell mem-
branes. Strains of H. pylori that produce more active forms of 
VacA are more closely associated with both peptic ulcer and 
gastric cancer, independently of cag status [136,141,142]. Other 
recognized virulence factors associated with increased disease 
risk include an adhesin, BabA [143,144], an outer membrane 
inflammatory protein, OipA [145], and a genetic marker of 

another type IV secretion system, dupA [146,147]. The last of 
these is particularly interesting as some studies suggest it may 
be a specific risk factor for duodenal ulceration (hence its name 
duodenal ulcer promoting gene A, dupA) but, in some popula-
tions, reduce the risk of gastric cancer [148].

Host genetic susceptibility
Specific polymorphisms in some cytokine genes such as the 
gene encoding interleukin-1β, increase the level of inflamma-
tion induced by H. pylori [149], predispose to pangastritis, and 
in some populations are associated with a modestly increased 
risk of H. pylori-associated gastric atrophy and adenocarcinoma 
[150]. Such polymorphisms appear to be less important in 
determining peptic ulcer risk, although it is likely that those 
same patients would be more susceptible to GU. The increased 
risk of peptic ulceration seen in first-degree relatives of patients 
is likely to be mostly due to the increased risk of H. pylori, which 
can be passed from primary care giver to child or between 
children. It is unclear whether there is a further small genetic 
risk.

Immune response
H. pylori infection induces both innate [151] and acquired 
immune responses [152]. The acquired response is orchestrated 
by pro-inflammatory T-helper (Th) -1 and Th-17 cells and is 
modulated by an antiinflammatory regulatory T cell response 
[153]. Patients who mount a weak regulatory T cell response 
develop more intense gastric inflammation and are more likely 

Figure 56.7 Mechanisms and effects on epithelial cells of the Cag virulence system of Helicobacter pylori. Bacterial factors are shown in red, host 
epithelial cell factors are in black, and effects on the cell are in blue.
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to have a peptic ulcer than those mounting a strong regulatory 
T cell response [154]. Strains of H. pylori that are better equipped 
to interact with their human host, for example those that possess 
the cag PAI, appear to exert a stronger influence on the immune 
response.

Environmental factors
Smoking is a strong risk factor for peptic ulceration particularly 
in people with H. pylori infection [155]. Its mechanism is not 
known, but it may affect bicarbonate secretion and/or local 
blood flow [121].

The pathogenesis of NSAID/aspirin-induced PUD
Nonsteroidal antiinflammatory drugs and low-dose aspirin 
more often cause gastric ulceration or erosions, although they 
are also an important cause of duodenal ulceration and ero-
sions. Erosions are common – perhaps almost ubiquitous – in 
NSAID users, but deep often punched-out ulcers also occur. 
Unlike H. pylori-induced ulcers, these are usually associated 
with minimal inflammatory cell infiltrate in surrounding tissue 
[127]. Perhaps in part because of this, NSAID ulcers are often 
asymptomatic and so more prone to present with complications 
such as bleeding or perforation.

Mechanisms underlying mucosal damage
Although the most important mechanism underlying NSAID/
aspirin ulceration is prostaglandin inhibition, other mecha-
nisms contribute. Topical injury is important, and erosions and 
ulcers are common in the dependent stomach. Many NSAIDs 
and aspirin are weakly acidic and become trapped in epithelial 
cells where they have concentrated effects. However, enteric-
coated NSAIDs and aspirin can still cause ulcers and ulcer com-
plications, illustrating that topical injury is not necessary. The 
antiplatelet action of aspirin is also important. As well as 
increasing the risk of significant bleeding it may affect ulcer 
healing through inhibition of angiogenesis [156]. Clopidogrel is 
also mildly ulcerogenic and increases bleeding, probably 
through similar mechanisms [156].

Cyclo-oxygenase inhibition
The most important ulcerogenic mechanism of NSAIDs/aspirin 
is to damage mucosal defense by inhibiting the enzyme cyclo-
oxygenase (COX) which is involved in local prostaglandin  
synthesis [157,158]. COX converts arachadonic acid to prostag-
landin precursors and exists in two isoforms: COX-1 and 
COX-2.

COX-1 is constitutive and is expressed in many sites includ-
ing the stomach, kidneys, endothelium, and platelets. In the 
stomach it is a central orchestrator of mucosal defense. Its inhi-
bition by NSAIDs and aspirin is the main mechanism whereby 
these drugs induce ulceration.

COX-2 is inducible and is expressed most strongly in inflam-
matory cells, fibroblasts, and synovium. It is involved in inflam-
mation and pain; its inhibition by NSAIDs is the key mechanism 

underlying their antiinflammatory and pain relieving proper-
ties. The development of specific COX-2 inhibitory drugs 
appeared to offer the possibility for pain relief without GI side 
effects [62,159–161]. Unfortunately these agents were also asso-
ciated with a slightly increased risk of vascular events and have 
now either been withdrawn or are used with caution [162]. 
However, it is now becoming clear that many nonselective 
NSAIDs have similar effects [163,164] and physicians are begin-
ning to use COX-2 inhibitors again in scenarios where an 
NSAID is necessary, ulcer risk is high, and vascular risk is low 
[165] (see Prevention).

Effects of prostaglandin inhibition
Following COX-1 inhibition, the precise mechanism of ulcera-
tion is unclear as many protective processes are inhibited. 
Mucin suppression allows back diffusion of acid and pepsin. 
Bicarbonate, surface active phospholipid, epithelial restitution, 
and epithelial cell proliferation are all suppressed. There is also 
relative stasis in the microvasculature. In animal models, neu-
trophils adhere to the microvasculature before migration into 
the mucosa, although in chronic ulceration in humans inflam-
matory cells are usually scarce. Profound acid suppression is 
sometimes needed to heal NSAID ulcers [166]. This may imply 
a role for pepsin in their pathogenesis or may reflect the fact 
that acid is less important in their pathogenesis than it is in H. 
pylori ulcers: NSAID damage can occur elsewhere in the GI 
tract where there is no acid.

Differential risk in NSAID users
The ulcer risk conferred by aspirin and NSAIDs differs depend-
ing on the precise agents used and how they are used (see Figure 
56.8) [167]. The risk depends on the extent of COX-1 inhibition, 
but also on dose, solubility, duration of action, coprescription 
with other drugs such as steroids, age of the patient, and whether 
there is a history of previous ulceration [94,161].

Figure 56.8 Odds ratios for peptic ulcer bleeding for different NSAIDs and 
drug doses. All odds ratios are adjusted and relative to nonuse of NSAIDs 
or aspirin. Note that confidence intervals were wide. Source: Adapted from 
Lewis SC et al. 2002 [167], with permission from Wiley Blackwell. NSAIDs, 
nonsteroidal antiinflammatory drugs.
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The pathogenesis of non-H. pylori, 
non-NSAID ulcers
The scenario of non-H. pylori, non-NSAID PUD has been 
increasingly recognized in recent years. Except for certain rare 
etiologies with defined disease mechanisms (see Etiology), the 
pathogenesis of non-H. pylori, non-NSAID ulcers is largely 
unknown [3]. Systemic reviews have emphasized the impor-
tance in this group of false negative results for H. pylori diag-
nosis, NSAID use, and smoking [168]. When these have been 
excluded, the remaining group of DUs includes those associ-
ated with gastric hypersecretion, isolated duodenal H. pylori 
colonization, and other diseases of the duodenal mucosa, and 
non-pylori Helicobacter infection. One interesting hypothesis is 
that genetic and epigenetic changes in mucin expression may be 
responsible for otherwise idiopathic ulcers [78]. Mucins are 
essential components of the mucus layer that protects the 
underlying mucosa from luminal low pH contents and enzy-
matic damage. This theory is supported by more reasonably 
well-established pathogenic mechanisms – mucin secretion is 
reduced by COX pathway inhibition, and different mucin sub-
types are relevant for H. pylori adhesion and invasion. The clini-
cal impact of non-H. pylori, non-NSAID ulcers, and potential 
opportunities for targeted management in these patients, await 
further research.

Genetics of peptic ulcer disease
The importance of genetic influences is unclear but they likely 
moderate the overall susceptibility to PUD. Early twin and 
family studies suggested a genetic component to peptic ulcer as 
a H. pylori-related disease. Monozygotic twin pairs showed 
greater similarities on the acquisition of H. pylori infection, 
though unsurprisingly a shared rearing environment also con-
tributes to shared risk [169]. The ABO blood group is one deter-
minant of H. pylori infectivity [170]. Individuals with blood 
group O appear to be at higher-risk of peptic ulcers, with sig-
nificantly lower relative risks for blood groups A, B, and AB, 
ranging from 0.75 to 0.91 [171]. Risk profiles were similar for 
GU and DU, and for ulcer complications. The mechanisms are 
not completely clear, but H. pylori does express adhesins that 
can bind to blood group antigens and so are likely responsible 
in part [172].

Genetic influences in PUD go beyond the acquisition of H. 
pylori infection. A more recent cross-sectional study used the 
Swedish twin registry for a total of 691 twin pairs overall, reared 
together, or separately [173]. The greatest influence on PUD risk 
was observed for monozygotic twins reared apart, with esti-
mates for genetic effects (heritability) of approximately 65%, 
and for nongenetic (environmental) effects of approximately 
35%. Moreover twins reared together were not more similar 
than twins reared apart, which may suggest that shared environ-
ment is not an important source of familial similarity for PUD 
(though age at separation varied widely). Interestingly, genetic 
influences for PUD were largely independent of genetic effects 

important for acquiring H. pylori infection (H. pylori status was 
determined by serology).

Host genetic factors are important determinants of disease 
risk, particularly cytokine and innate immune response gene 
polymorphisms, though as previously discussed these are less 
convincing for PUD risk than for gastric cancer and precursors 
to cancer [174]. Polymorphisms can influence the expression of 
inflammatory mediators in the gastric mucosal, influencing 
mucosal inflammation in response to H. pylori infection and 
acid secretion. However, they are mostly linked to hypochlorhy-
dria and atrophy, potentially explaining the much closer asso-
ciations with gastric cancer than DU. Most of these reports 
concern polymorphisms in genes for interleukin (IL)-1β, the 
antagonist for its receptor (IL-1RA, IL1RN), and for tumor 
necrosis factor (TNF)-α, though others including IL-2, IL-4, 
IL-6, and IL-8 have been identified. There appear to be quite 
major population differences in their influence on disease 
expression [175]. Genetic and pharmacogenetic factors have 
also been identified that predispose to NSAID-induced peptic 
ulcers [176]. Polymorphisms in the genes for COX-1 and IL-1β 
are examples thought to increase the risk of ulcer in NSAID and 
aspirin users, whereas polymorphisms associated with hypoa-
cidity and corpus gastritis seem to reduce this risk [177]. Other 
genetic differences, including HLA-DQA1 genotype, have been 
reported for H. pylori-negative ulcer disease [178].

Natural history

The natural history of PUD is dependent on the underlying 
cause, but essentially ulcers may remit (even without antisecre-
tory treatment), persist, or develop complications such as bleed-
ing or perforation. H. pylori-related ulcers follow these classical 
scenarios, but NSAID ulcers are more likely to persist if the 
NSAID is not stopped. Following antisecretory treatment, most 
ulcers heal, although classically DUs heal more quickly than 
GUs, and small ulcers heal more quickly than large ones. 
Following healing, ulcers will usually relapse when antisecretory 
therapy is stopped, unless the underlying cause – typically H. 
pylori infection or NSAID use – is removed. Persistent ulcera-
tion, particularly persistent ulceration during antisecretory 
therapy, should prompt a search for another underlying cause. 
In the case of GUs, repeat endoscopy after antisecretory therapy 
should be performed to confirm healing and exclude underlying 
malignancy. Ulcer complications are relatively more common 
for NSAID than H. pylori ulcers. This may be because these 
ulcers are more often asymptomatic and so presumably are left 
longer without treatment. Indeed, they more commonly present 
for the first time with a complication such as bleeding or per-
foration than H. pylori ulcers.

H. pylori ulcers
H. pylori-associated ulcers have been observed to relapse 
without eradication or medical treatment – over a 12 month 
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period, 26% of patients did not experience further symptoms 
after documented DU healing, whereas 33% experienced one 
recurrence, 24% had two episodes, and 17% had three or more 
episodes [179]. Treatment of H. pylori infection markedly 
reduces recurrences and alters natural history. The symptomatic 
benefit is greatest for DU [180]. Duodenal erosions may occur 
after treatment [181,182], and this may be responsible in part 
for occasional reports of an unexpectedly high DU recurrence 
rate of up to 20% despite successful eradication [183]. However, 
duodenal erosions often heal spontaneously and their clinical 
relevance is questionable. Alternative explanations for DU 
recurrence after H. pylori eradication are a persistent predispo-
sition to mucosal injury, or that the ulcer was falsely attributed 
to H. pylori. Eradication of H. pylori is more effective at prevent-
ing recurrent bleeding from peptic ulcer than antisecretory 
therapy alone – less than 3% following H. pylori eradication, 
against 6% with long-term, and 20% without maintenance 
antisecretory therapy (see Complications) [59].

In the modern management of dyspepsia, antisecretory 
therapy is often given to young symptomatic patients rather 
than performing an endoscopy, and this is a more cost-effective 
approach where community prevalence of H. pylori is less than 
20%. In these cases the natural history determines that ulcer  
(and so symptoms) will often relapse, usually within weeks of 
stopping treatment. Clinicians must be ready to test for H. pylori 
in patients with recurrent dyspepsia, or else patients may be 
submitted to recurrent courses of, or even continuous, antise-
cretory therapy, when identification and treatment of H. pylori 
infection could resolve completely their disease.

NSAID ulcers
Upper GI events, including symptomatic and complicated 
ulcers, occur in 1 in 20 NSAID users and in 1 in 7 older adults 
using NSAIDs [184]. The natural history of NSAID ulcers has 
not been established for patients who continue on NSAIDs 
without ulcer treatment. It is likely that particularly small or 
shallow ulcers would heal spontaneously with cessation of 
NSAIDs, but healing is considerably more rapid with antisecre-
tory therapy, which should always be prescribed. The develop-
ment and resolution of NSAID-induced ulcers is poorly 
correlated with symptoms, as many are asymptomatic. However, 
the onset of dyspepsia in a high-risk patient does predict ulcer 
recurrence and should prompt evaluation [185–187].

Non-H. pylori, non-NSAID ulcer
Non-H. pylori, non-NSAID ulcer natural history is less well 
defined and this is a heterogeneous group. However, these ulcers 
have been associated with increased complication risk [188], a 
longer initial duration of ulcer, and increased recurrence [168].

Relationship between natural history and symptoms
The natural history of PUD means that the most usual course 
is that of recurrent episodes of upper abdominal pain. In trials 
of antisecretory therapy in the era before H. pylori and proton 
pump inhibitors (PPIs), ulcer recurrence rates of 50% to 80% 

were observed in the placebo-treated control groups in the 6 to 
12 months following initial ulcer healing [189–191]. The predic-
tive value of symptoms remains poor in this context: the disap-
pearance of symptoms does not correlate with ulcer healing 
(15% to 44% have endoscopic ulceration despite being symptom-
free) and ongoing symptoms do not correlate with ulceration 
(40% have persistent symptoms despite endoscopic healing) 
[192,193]. These observations may relate to the relapsing and 
remitting nature of PUD, or the coexistence and symptomatic 
overlap with functional dyspepsia.

Clinical presentation and  
differential diagnosis

Uncomplicated ulcers may present with a variety of symptoms, 
usually collectively termed “dyspepsia”. Dyspepsia is difficult to 
define. The International Rome III consensus group described 
it as “a symptom or set of symptoms that most physicians consider 
to originate from the gastroduodenal area”, including postpran-
dial heaviness, early satiety, and epigastric pain or burning [194].

Unfortunately, clinical features are of limited value in identi-
fying or excluding uncomplicated ulcers – patients with ulcers 
may report dyspepsia (with or without the classic ulcer symp-
toms), other upper GI complaints, or be asymptomatic (see 
Table 56.3). Therefore, the aims of the initial clinical evaluation 
are: to exclude symptoms arising from outside the GI tract; to 
identify risk factors for peptic ulceration; and, to determine the 
presence of red flags (Box 56.2), which would prompt urgent 
investigation to exclude malignancy.

Patients may also present with acute or chronic complications 
of PUD, including hemorrhage, perforation or penetration, and 
gastric outlet obstruction.

Presentation with dyspepsia
The Rome III criteria divide dyspepsia into the distinct syn-
dromes of epigastric pain and postprandial distress [194], either 
of which can indicate peptic ulceration. Pain is the hallmark 
symptom of uncomplicated peptic ulceration, typically burning 
epigastric pain. Peptic ulceration is also frequently asympto-
matic. Traditionally patients with PUD, and in particular duo-
denal ulceration, were considered to have stereotypical 
presentations – the classic ulcer symptoms (see further on). 
However several conditions commonly present with pain or 
discomfort centered predominantly in the upper abdomen, with 
or without associated features.

Peptic ulcer disease may also be accompanied by other symp-
toms, including postprandial fullness or bloating, early satiety, 
belching, nausea, or vomiting; by reflux-like symptoms includ-
ing heartburn, water and acid brash; or, by other features includ-
ing reversible anorexia, weight loss, constipation, and symptoms 
typical of irritable bowel syndrome. There is considerable 
overlap between these patterns.

Only 5% to 10% of patients presenting with simple dyspepsia 
in developed countries will have a peptic ulcer. Population 
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Table 56.3 Symptoms of gastric and duodenal ulcers and functional dyspepsia.

Symptom Gastric ulcer (%) Duodenal ulcer (%) Functional dyspepsia (%)

Pain/discomfort 100 100 100

Features of the pain:

 Primary pain

  Epigastric 67 61–86 52–73

  Right hypochondrium 6 7–17 4

  Left hypochondrium 6 3–5 5

 Frequently severe 68 53 37

 Within 30 minutes of food 20 5 32

 Gnawing pain 13 16 6

 Increased by food 24 10–40 45

 Clusters (episodic) 16 56 35

 Relieved by alkali 36–87 39–86 26–75

 Food relief 2–48 20–63 4–32

 Occurs at night 32–43 50–88 24–32

 Not related to food or variable 22–53 21–49 22–65

 Radiation to back 34 20–31 24–28

Increased appetite 19

Anorexia 46–57 25–36 26–36

Weight loss 24–61 19–45 18–32

Nausea 54–70 49–59 43–60

Vomiting 38–73 25–57 26–34

Heartburn 19 27–59 28

Nondyspeptic symptoms 2 8 18

Fatty food intolerance 41–72 53

Bloating 55 49 52

Belching 48 59 60

Note
Asymptomatic and silent ulcers are also common – see text.

Box 56.2 Red flags (or alarm symptoms) in dyspepsia. Source: 
Reproduced from Talley NJ et al. 2005 [195], with permission from Elsevier.

Age older than 55 years with new-onset dyspepsia1

Family history of upper gastrointestinal cancer
Unintended weight loss
Gastrointestinal bleeding
Progressive dysphagia
Odynophagia
Unexplained iron deficiency anemia
Persistent vomiting
Palpable mass or lymphadenopathy
Jaundice

Note
1 Some national guidelines do not recommend an age cut-off or use 
an alternative such as 45 years. See text for further discussion (under 
“Therapy and management”).

endoscopy studies suggest that three quarters of patients with 
dyspepsia have normal upper GI tracts [32]. Therefore, the  
role of the clinical assessment in this setting is to discriminate 
upper GI symptoms from those coming from other systems, and 
to identify red flags (see Box 56.2) that will usually mandate 
endoscopy. The approach to the patient with dyspepsia is dis-
cussed under “Therapy and Management”, and is the subject of 
Chapter 35.

Differential diagnosis of dyspepsia
The differential diagnosis of dyspepsia is presented in detail in 
Chapter 35, and of abdominal pain in general in Chapter 39. In 
patients with uninvestigated dyspepsia in whom etiologies 
outside the GI tract have first been identified through clini-
cal assessment (in particular cholelithiasis with biliary pain,  
pancreatitis, medications, and extraabdominal causes), the  
differential diagnosis of PUD includes any cause of dyspepsia 
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[195,196]. The most common diagnosis in this group is func-
tional dyspepsia (in up to 60% to 75%). Other important causes 
of nonulcer dyspepsia include gastroesophageal reflux disease 
(GERD) and malignancy, though cancer is often asymptomatic 
when at an early stage.

Clinical features of uncomplicated peptic  
ulcer disease
Nowadays, it is well recognized that it is not possible to reliably 
diagnose peptic ulceration by the history alone or to distinguish 
DU, GU, or nonulcer dyspepsia based on symptoms (see Table 
56.3). The prevalence of dyspeptic symptoms is broadly similar 
in patients with and without ulcers. Although some specific 
symptoms such as food relief have some positive predictive 
value for PUD and others such as postprandial pain, food  
intolerance, and nausea have some negative predictive value 
[197], they provide no certainty as to the diagnosis.

Physical examination is also rarely helpful. The most predic-
tive sign is the “pointing sign”: when asked to indicate the loca-
tion of pain, the patient points to a discrete epigastric site. This 
is moderately predictive of DU, but again gives little certainty. 
One systematic review reported that the clinical diagnosis of 
PUD, or its absence, had a positive likelihood ratio of 2.2 (95% 
CI: 1.9 to 2.9) and a negative likelihood ratio of 0.45 (95% CI: 
0.38 to 0.53) respectively [198]. These figures were similar 
whether the diagnosis was made by a primary care physician, a 
specialist, or a computer model. Thus, overall clinical assess-
ment has poor predictive value for peptic ulceration in the sce-
nario of uninvestigated dyspepsia. Patients are either managed 
with a diagnosis of uninvestigated dyspepsia (the cause being 
recognized as uncertain), or investigated with endoscopy. 
Whether to perform endoscopy depends on the presence of  
red flag symptoms (see Box 56.2), age, and whether symptoms 
recur.

Classic ulcer symptoms – duodenal ulcer
Despite the overall poor predictive value (and lack of utility in 
management algorithms) of symptoms, some ulcers do present 
classically. The classic symptom is epigastric pain or discomfort 
that occurs in the fasted state, typically at night or 2 to 3 hours 
after meals, with food relief. These classic symptoms may occur 
in up to half of patients (see Table 56.3), but also occur in 
patients with other diagnoses. Pain may wake the patient from 
sleep but is absent by morning; this pattern is thought to follow 
the circadian stimulation of acid secretion that is maximal 
between 11 pm and 2 am. Postprandial pain occurs in the pres-
ence of ongoing acid secretion following emptying of food from 
the upper GI tract. Discomfort may localize to the left or right 
hypochondrium but mainly occurs in the epigastrium, and may 
radiate to the back. Qualitative descriptions of pain are not very 
helpful in diagnosis, but the pain is typically reported as burning, 
aching, gnawing, or as a “hunger pain” or discomfort. Relief  
may be provided by food, such that most patients maintain  

or increase weight, or by antacids and antisecretory agents. 
Because of their clinical course and chronicity, characteristically 
ulcers cause clusters of pain lasting for 1 to 3 months with 
asymptomatic periods of weeks or months in between.

Classic ulcer symptoms – gastric ulcer
In GU, the classic symptom is epigastric pain shortly after meals 
(within 30 minutes of food); however, the presentation is less 
stereotypical. Symptoms are less often relieved by eating or ant-
acids, and more likely to be provoked. Associated symptoms are 
more prominent including anorexia or weight loss in around 
50% (see Table 56.3). If the ulcer is near the pylorus then poor 
gastric emptying may result, leading to reflux symptoms, vomit-
ing, and early satiety. Clusters of pain are less common.

Asymptomatic or silent ulcers
Upper GI endoscopy or other tests are sometimes performed in 
patients without dyspepsia, and chronic asymptomatic ulcers 
are identified surprisingly frequently [36,199,200]. In particular, 
in elderly patients, NSAID-induced ulcers often cause no ante-
cedent symptoms until manifesting as complicated disease with 
bleeding or perforation. Interestingly in a European population 
around 1 in 5 participants with ulcers were asymptomatic, 
whereas in a Chinese study 72% of individuals reported no 
symptoms [33].

Differential diagnosis of confirmed ulcer
For endoscopically confirmed ulcer the differential diagnosis is 
that of underlying conditions (see Box 56.1). It is important to 
identify or firmly exclude H. pylori infection, NSAID consump-
tion, or both, before considering alternative etiologies. The 
identification of specific causes of peptic ulcer is discussed 
under “Therapy and Management”.

Clinical features of complicated peptic  
ulcer disease
This scenario is considered separately under “Complications”. 
The cardinal features that suggest acute complicated PUD 
include upper GI bleeding (hemorrhage), severe pain (perfora-
tion or penetration), and vomiting (gastric outlet obstruction). 
Patients may present with a change in symptoms or without 
antecedent ulcer symptoms, and many present late having 
ignored or underestimated their significance. Chronic compli-
cations include iron-deficiency anemia and chronic gastric 
outlet obstruction secondary to scarring.

Differential diagnosis of complicated PUD
In the context of presentation with clinical features suggestive 
of ulcer complications, other causes of vomiting (see Chapter 
38), of an acute abdomen (see Chapter 43), and of upper GI 
bleeding and anemia (see Chapter 44) enter into the differential 
diagnosis.
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Special scenarios – other clinical or  
endoscopic findings
Peptic ulcer in association with gastroesophageal reflux
Gastroesophageal reflux disease (GERD, see Chapter 49) and 
peptic ulceration can occur simultaneously, particularly in the 
pathophysiological settings of increased acid secretion or 
reduced gastric emptying. Risk factors for GERD in an ulcer 
patient include acid hypersecretory states (basal acid output 
>15 mmol per hour), decreased lower esophageal sphincter 
pressure, frequent vomiting, and obesity. The relationship is 
complex, as patients with severe duodenal or pyloric ulceration 
and impaired gastric emptying, frequently also have reflux 
esophagitis, and this may cooccur with H. pylori or NSAID 
ulcers. However, at a population level H. pylori is a strong nega-
tive predictor of reflux esophagitis (odds ratio 0.16) [201], 
perhaps because it more commonly causes acid hyposecretion 
than acid hypersecretion. Symptomatic improvement after H. 
pylori eradication therapy is less frequent overall in patients 
with coexisting GERD, presumably because the GERD is likely 
to persist and in many patients is the predominant cause of 
symptoms [202].

Giant ulcers
Giant ulcers are larger than 2 to 3 cm in diameter and typically 
occur in the gastric body, although giant duodenal (typically on 
the posterior wall) and prepyloric ulcers have been reported. 
They are commonly related to NSAID consumption, but have 
also been reported in end-stage renal failure, Crohn’s disease, 
transplantation, and amphetamine misuse. Weight loss is more 
common with giant ulcers and may increase the suspicion of 
malignancy, which should be considered and excluded in all 
cases as the risk is increased (four-fold for giant GU). However, 
giant benign-appearing ulcers rarely turn out to be malignant. 
Giant ulcers heal slowly, necessitating sustained medical treat-
ment, and this is to be expected as healing progresses at around 
3 mm per week for all GUs [203]. Giant ulcers are also more 
prone to complications, including more frequent relapses (par-
ticularly in the presence of dense scarring and resulting deform-
ity), severe hemorrhage (two-fold relative risk), and penetration 
(four- to five-fold relative risk). While giant DUs no longer 
routinely require surgery, they still have a higher rate of com-
plications and mortality, and early surgical consultation is advis-
able [204].

Pyloric channel ulcers
Pyloric channel ulcers are a type of GU sited within 3 cm of the 
pylorus. The edema and scarring associated with larger ulcers 
can affect gastric emptying such that patients may present with 
features of gastric outlet obstruction.

Postbulbar ulcers
Duodenal ulcers are typically located in the duodenal bulb 
within a few centimeters of the pylorus. Postbulbar ulcers are 
unusual and suggest hormonally-mediated acid hypersecretion, 

though consideration should be given to duodenal diverticula 
or adhesive bands, local or locally invasive neoplasia, and 
annular pancreas. Unusual endoscopic appearances are rare 
even in the presence of alternative etiologies such as carcinoma 
of the duodenum or pancreas, although additional clinical fea-
tures, a mass at endoscopy, or refractory ulceration may raise 
suspicion.

In gastrinoma, in addition to an atypical location, DUs may 
be multiple and refractory to therapy. Additional clues include 
a positive family history, hypoglycemic episodes, weight loss or 
gain, diarrhea and steatorrhea (islet cell tumors), hypercalcemia 
and renal stones (hyperparathyroidism), and visual disturbance, 
headache, and hormonal abnormalities (pituitary tumors). See 
Chapter 57 on Zollinger-Ellison syndrome.

Multiple ulcers
Multiple simultaneous ulcers occur in up to one in five patients 
with PUD and are often clustered around the same site, though 
DU and GU can occur together but less frequently. They are 
more common in male smokers. NSAID use and gastrinoma 
should be considered. Patients with coexisting DU and GU may 
have delayed healing and a more complicated course.

Childhood peptic ulcer disease
Duodenal ulcer in the first two decades usually presents with 
nocturnal pain, but presentation with hemorrhage is reported 
in up to one in three. Infection with H. pylori and NSAID use 
(typically short term for febrile illness) account for the majority 
of cases of childhood PUD, though non-H. pylori, non-NSAID 
ulcers were diagnosed in around one third of patients in one 
recent series from Taiwan [4]. This group was more often older, 
with a family history of PUD. Severe general illness is an impor-
tant cause of secondary ulcer, particularly in children younger 
than 10 years [205].

Therapy and management

There are three major therapeutic scenarios in the approach to 
PUD. Firstly, uninvestigated dyspepsia, a common scenario for 
a large number of patients, often in a primary care setting; sec-
ondly, where an uncomplicated ulcer has been identified at 
endoscopy; and thirdly, complicated PUD. The approach to 
ulceration is two-fold: firstly, management of ulceration; and 
secondly, the identification and treatment of specific causes (H. 
pylori infection, NSAID use, other etiologies). The management 
of recurrent and refractory ulcers is an important consideration 
for physicians and surgeons in secondary and tertiary care 
settings.

Uninvestigated dyspepsia
The approach to the patient with dyspepsia is covered in Chapter 
35 and several guidelines have been published [206]. Dyspepsia 
is common and only a minority of patients with uninvestigated 
dyspepsia have PUD. Clinical evaluation is largely directed at 
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excluding causes outside the GI tract, and determining whether 
there are any red flags (or alarm symptoms) that could indicate 
underlying malignancy (see Box 56.2). Taking a comprehensive 
drug history is important to identify potentially ulcerogenic 
drugs (including unreported, occasional, or surreptitious use of 
NSAIDs), or drugs associated with dyspepsia. Collateral histo-
ries from family members can be helpful. The history should 
also determine any personal history of peptic ulceration, and 
risk factors for H. pylori infection (for example, family history, 
recent migration, or certain ethnic backgrounds). Following 
this initial evaluation, the aims of management are prompt,  
effective, and cost-effective treatment, without exposing pa-
tients to unwarranted investigations or prolonged empirical 
treatments that prove ineffective. A definitive diagnosis is not 
always required.

Population approaches
In areas of high H. pylori prevalence and in the absence of red 
flags, screening for and eradication of infection is usually the 
next step (the test and treat approach). This will treat some 
cases of PUD without a definitive diagnosis being made, and is 
an effective and cost-effective strategy.

In regions of low H. pylori prevalence (less than 10% to 20%, 
the exact figure depending on local healthcare factors) and in 
the absence of red flags, treatment with empirical antisecretory 
agents (mainly PPIs) is widely used (the empirical therapy 
approach).

An investigative approach to dyspepsia, with urgent upper GI 
endoscopy, is indicated in patients with red flags (see Box 56.2). 
This approach aims to establish a definitive diagnosis in these 
patients, as the selected population has a higher risk of gastric 
malignancy and also of PUD. In most countries, urgent endos-
copy is also employed for older patients first presenting with 
dyspeptic symptoms alone. A cut-off at age 55 years is most 
common, though different nationally determined thresholds are 
used (such as 45 years or 60 years), depending on the population 
risk of gastric cancer. Earlier thresholds may be appropriate for 
certain populations at higher-risk, such as patients from Asian, 
Hispanic, and Afro-Caribbean ethnic backgrounds. Some 
national guidelines do not use an age cut-off for two reasons. In 
some countries most dyspeptic patients undergo endoscopy, 
despite the cost, in an attempt to make a definitive diagnosis 
and guide management. At the other extreme, some guidelines 
argue that early gastric cancer is unlikely to cause symptoms, 
and do not advise endoscopy at all in simple dyspepsia (as 
excluding cancer is the main indication). We advise an age 
cut-off of 55 years at first presentation with simple dyspepsia for 
arranging urgent endoscopy, which should then take place 
within 2 weeks.

Individualized approach, including test and treat
A more individualized or personalized approach is increasingly 
being advocated for the management of dyspepsia, particularly 
for identifying and treating H. pylori infection (see “Treating H. 

pylori – Recommended therapeutic paradigm”). The goal is to 
estimate the pretest probability of H. pylori infection. This 
should be informed by the local prevalence of H. pylori and 
the patient’s age, country of origin, ethnic background, and 
socioeconomic status in early life. Other considerations are: a 
prior history of ulcer; previous investigations and treatment  
for H. pylori; smoking status; and, comorbidity. Patient pre-
ference should also be considered. Taken together, these factors 
inform decisions on the optimal management strategy and, in 
particular, whether to test for (and to treat) H. pylori infec-
tion. If H. pylori testing is indicated, urea breath testing or the 
stool antigen test is usually most appropriate (refer to “Testing 
for H. pylori”). Eradication therapy for H. pylori is discussed 
later.

Empirical antisecretory therapy, including for  
NSAID users
An empirical trial of treatment with a PPI for 4 weeks is recom-
mended when H. pylori prevalence is low, and for patients fol-
lowing a test and treat strategy who are uninfected [207,208]. 
Some guidelines recommend a trial up to 8 weeks but, even with 
an early change in drug class and optimized dosing, only around 
one in five to seven patients with univestigated dyspepsia 
respond to empirical PPI (and one in 15 with functional dys-
pepsia) [209]. Prolonged PPI use is linked with several safety 
concerns (see Table 56.4), and can cause rebound acid hyperse-
cretion on withdrawal [210] promoting dependency. Therefore, 
it is important to taper or discontinue the PPI if there is not a 
significant early improvement in symptoms. Many experts use 
test and treat and empirical therapy strategies together: they test 
for H. pylori and at the same time start a PPI while waiting for 
results. Such strategies are not cost-effective but are suitable for 
some healthcare systems.

Suspected NSAID-associated dyspepsia should receive 
immediate treatment with a PPI if there are no red flags 
(with relief of symptoms expected within 2 to 4 weeks [211]), 
along with testing for H. pylori if not already performed, and 
discontinuation of the offending drug whenever possible (see 
“Prevention”).

Ongoing symptoms
Persistent or recurrent dyspepsia is common regardless of the 
treatment approach and, particularly where empirical therapy 
has been employed initially, it is important to reconsider 
whether to test for H. pylori infection. Most patients following 
a test and treat strategy who are infected with H. pylori will have 
ongoing symptoms despite successful treatment – only one in 
14 H. pylori-infected patients with dyspepsia will completely 
respond to eradication therapy. Such patients should be treated 
with a trial of PPI. Any patient developing red flags should be 
investigated with urgent endoscopy. Endoscopy will also some-
times be required for ongoing troublesome symptoms despite 
therapy. For further discussion and management considerations 
see Chapter 35.
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Identification of ulcer
Definitive diagnosis of ulceration (if needed) requires a diag-
nostic test, and endoscopy is the test of choice. Endoscopy pro-
vides a sensitive, specific, and safe method for identifying peptic 
ulcers under light or no sedation, allowing direct inspection, 
tests to determine H. pylori status, and tissue sampling via 
biopsy where necessary. In the past, barium contrast studies 
were routinely used to investigate persistent dyspepsia, and 
these are still occasionally employed in patients who cannot 
tolerate endoscopy or who have failed intubation, for example 
because of a pharyngeal pouch. Demonstration of barium 
within an ulcer crater is diagnostic, though secondary changes 
may be present from edema, scarring, or other deformity. CT 
scans are much less sensitive but can occasionally demonstrate 
a gastric or duodenal ulcer, but are not the test of choice. In case 
of findings in the stomach suggestive of GU, supplementary 
gastroscopy with biopsy is still recommended to increase the 
diagnostic specificity and to rule out malignancy.

Treatment of peptic ulcer disease
Regardless of etiology of the ulcer, antisecretory agents relieve 
ulcer-associated dyspeptic symptoms and effectively heal most 
peptic ulcers. Continued use greatly reduces ulcer recurrence 
and the risk of complications.

Antisecretory and antiulcer agents
There are several classes of drugs licensed for use in PUD that 
have an antisecretory and/or antiulcer mechanism of action (see 
Table 56.4). Drugs that inhibit acid secretion are the most effec-
tive for management of peptic ulcer – both for healing of active 
ulcer and for maintenance therapy – and are by far the most 
commonly used.

Histamine type 2 receptor antagonists (H2RAs) were devel-
oped in the 1970s and 1980s. They are competitive inhibitors of 
histamine at the H2 receptors found on parietal cells. Many 
individual drugs have been developed with slightly different 
potencies, pharmacokinetic properties, and side effect profiles. 
They are all effective, but have largely been replaced by the more 
potent PPIs.

PPIs bind irreversibly to the proton pump found on parietal 
cells, and so block acid secretion more permanently and more 
effectively than H2RAs (see Chapter 23). PPIs more rapidly 
resolve a greater proportion of ulcers. The many PPIs available 
have slightly different potencies, pharmacokinetic properties, 
and side effect profiles, but all are effective and the least expen-
sive is usually selected. In general they are very safe drugs, but 
there are some safety concerns with long-term use (see Table 
56.4), and so it is important the appropriate patients be treated 
and that short, empirical trials do not lead to chronic or extended 
use. PPIs may also impair the sensitivity of H. pylori tests and 
slightly reduce the sensitivity of endoscopy for diagnosing 
malignancy (see “Identification of specific causes of ulcer”). 
They have minor drug interactions, the most potentially impor-
tant, though still controversial, is interference with the efficacy 
of clopidogrel (see “Prevention”).

Misoprostol and sucralfate have a minor role in modern ulcer 
management (see Table 56.4). Misoprostol may be useful in  
the occasional patient to prevent NSAID ulcers, but PPIs are 
preferable in most situations (see “Prevention”). Sucralfate is 
sometimes used in the setting of stress ulcer (see “Disease asso-
ciations and comorbid ulcers”), and is occasionally used with 
PPIs in severe refractory non-H. pylori, non-NSAID ulceration. 
Misoprostol may also have a role in H. pylori-negative GU [212].

Other drugs are rarely used. Bismuth was a traditional remedy 
that is now used in multiple-drug regimens for H. pylori eradica-
tion. Anticholinergic medications are of historical interest only 
in ulcer management. Antacids have a role in rapid symptom 
relief in other acid-related disorders and are often used by 
patients with dyspepsia. At high-dose they can heal ulcers 
although they are much less effective than antisecretory drugs.

Medical therapy
PPIs are most often used, given that they are most effective. The 
approach taken to heal an ulcer is determined by: location; H. 
pylori status; and, ulcer complications or an expectation of slow 
healing. Standard doses of PPI are adequate, with higher-dose 
treatment reserved for those with complications.

Active ulcers For patients with H. pylori-positive shallow DU 
and without complications, H. pylori eradication therapy 
without further antisecretory treatment is usually adequate. 
Otherwise DUs should be treated with standard dose PPI for 4 
weeks (to achieve a healing rate of 80% to 100%), though the 
majority will have healed by 2 weeks (60% to 90%). H2RAs can 
be used for 4 weeks (70% to 80%) but 8 weeks of treatment is 
more effective (90% to 95%). Longer initial therapy with PPI 
can be considered for complicated ulcers and those that may 
take longer to heal (such as those associated with severe scarring 
or the rare giant DU).

For patients with GU, healing is less rapid and longer courses 
of up to 8 weeks of PPI are licensed. This treatment should 
continue alongside any cause-specific management (e.g. H. 
pylori eradication regimen). The length is determined by antici-
pated healing rate and any plan for follow-up endoscopy (see 
“Endoscopy and exclusion of malignancy”). Four to 6 weeks is 
adequate for low-risk patients where the underlying cause has 
been treated. Six to 8 weeks is more standard, with at least 8 
weeks for complicated ulcers and up to 12 weeks for giant GU.

Maintenance Patients with uncomplicated DU do not need 
further treatment once H. pylori has been treated or any other 
cause removed. Continuing acid suppression unnecessarily can 
delay testing for success of H. pylori eradication. Persistence or 
relapse of symptoms should prompt further evaluation (see 
“Recurrent and refractory ulcers”).

Similarly, for patients with uncomplicated GU, providing H. 
pylori that has been treated or NSAIDs have been discontinued, 
no maintenance therapy is required. In other cases maintenance 
therapy will reduce the risk of ulcer relapse.
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Special scenarios – ulcer management
Treatment during pregnancy Eradication therapy for H. pylori 
is typically delayed in this setting, and antisecretory therapy is 
the focus of treatment.

None of the antisecretory drugs are licensed for use in preg-
nancy. Most have animal but not human reproduction data and 
are in FDA Category B (see Table 56.4), though misoprostol is 
absolutely contraindicated and there is less experience with 
some drugs than others. Ranitidine is often used initially as it 
has been used in several pregnancy-associated conditions for 
many years. PPIs are generally considered safe though most 
experience is derived from studies of patients in their third 
trimester. Some obstetricians confine the treatment of pregnant 
ulcer patients to antacids, particularly in uninvestigated dyspep-
sia, and high-dose regular antacids do have ulcer healing prop-
erties, albeit weaker than the more usual antisecretory drugs. 
We recommend that antisecretory drugs be used where  
ulcer suspicion is moderate or high; ulcer complications can be 
disastrous in pregnancy. Discussion with the patient and obste-
trician is required. In patients with confirmed or suspected H. 
pylori ulceration, follow-up arrangements should be made for 
H. pylori eradication after parturition. Note that tetracyclines 
and bismuth cannot be used in pregnancy, or during 
breastfeeding.

The approach is broadly similar for breastfeeding. Although 
some commonly used drugs (including ranitidine and omepra-
zole) are excreted in breast milk, they are unlikely to affect the 
baby. Caution and patient discussion are advised.

Renal and hepatic impairment Dose adjustment of PPI is typi-
cally necessary for patients with moderate hepatic impairment 
and advised for some agents in renal impairment. The physician 
should consult national formularies and other sources for com-
plete prescribing information.

Peptic ulcer in association with gastroesophageal reflux Symptoms 
are often predominantly from coexisting gastroesophageal 
reflux disease [202] and, following treatment of the peptic ulcer, 
this should guide the management (see Chapter 49).

Giant ulcers These ulcers take longer to resolve so a longer 
course of antiulcer therapy at a higher dose is needed. For giant 
GUs, and probably for giant DUs especially with nodular edges 
[204], multiple biopsies to exclude malignancy are required at 
index and interval endoscopy. Further decisions on healing and 
maintenance therapy are made after follow-up endoscopy. Often 
12 weeks of treatment is necessary and, for ulcers that do not 
resolve, early consultation with surgeons is helpful.

Pyloric channel Longer duration maintenance antisecretory 
therapy may ameliorate the greater risk of obstructive complica-
tions in this group. This can be stopped after the underlying 
cause has been removed, and edema and deformity have 
resolved.

Postbulbar and multiple ulcers These ulcers require high-dose 
PPI until a definitive diagnosis is reached.

Childhood peptic ulcer disease Older series reported frequently 
recurring DU requiring surgery; before adequate H. pylori 
assessment these ulcers were labeled as primary [205]. Today 
the outcome of childhood PUD is generally good, with the vast 
majority of patients completely responding to H. pylori eradica-
tion or NSAID cessation as appropriate, or to short term courses 
of PPI (less than 8 weeks in most) [4]. International guidelines 
for the management of H. pylori infection in children and ado-
lescents are available [214]. Only omeprazole and lansoprazole 
are currently licensed for PUD in children.

Endoscopic therapy
Endoscopic therapy is of benefit to patients with active bleeding 
ulcers only [215]. This is discussed with “Complications” and in 
further detail in Chapters 44 and 139.

Interventional radiology
Interventional radiology may play a role in the management of 
bleeding (see “Complications”).

Surgical therapy
Over recent decades, the development of potent antisecretory 
agents (especially PPI) and the discovery of H. pylori have 
essentially eliminated the need for elective surgery [49]. Once 
the most common indication for gastric surgery, PUD now only 
infrequently requires operative intervention. Elective surgical 
management of recurrent or refractory ulcers is discussed with 
that topic. Emergent surgery is also indicated for early life-
threatening complications of an ulcer, particularly for perfora-
tion or penetration, or for rare instances of hemorrhage where 
medical, endoscopic, and/or radiological interventions have 
failed. Late complications such as chronic gastric outlet obstruc-
tion may also necessitate surgery.

Other therapies
There are some reports evaluating nondrug complementary 
therapies for PUD, including acupuncture and moxibustion (a 
traditional Chinese medicine therapy). Although not recom-
mended, Chapter 130 discusses the role of “Complementary 
and alternative medicine in gastroenterology”. There is no evi-
dence that addressing stress and psychological comorbidity is 
beneficial. No firm dietary recommendations are necessary.

Identification of specific causes of PUD
Most peptic ulcers are caused by H. pylori infection or NSAID 
use, though there are other important etiologies to consider in 
the case of non-H. pylori, non-NSAID ulcers (see “Etiology”). 
In routine cases, diagnosing and excluding the various causes 
of ulcer can occur concomitantly with ulcer treatment. In com-
plicated PUD, diagnosis can be delayed but must not be forgot-
ten or ignored. Usually investigations should be initiated in 
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secondary care with a clear plan for follow-up agreed upon with 
the primary care physician.

Testing for H. pylori
Investigations for H. pylori infection include several different 
tests [216], those based on biopsy specimens taken at endoscopy 
and some not requiring endoscopy. A single perfect test for H. 
pylori does not exist and the choice will be influenced by the 
clinical scenario, the pretest probability of infection, local avail-
ability, and cost considerations. More than one test may be 
required in some situations.

Endoscopic biopsy-based tests are most convenient if an 
endoscopy is being performed anyway in the investigation of 
symptoms. Three major types are available: biopsy urease tests 
(convenient and rapid); histology (other information can be 
gleaned); and, bacterial culture (less sensitive, but useful where 
antibiotic susceptibilities are needed). These all rely on a suffi-
cient H. pylori bacterial load or colonization density (see Box 
56.3). Which test to employ will usually depend on whether 
additional information is required. If the test is done merely to 
determine H. pylori status, the biopsy urease test is accurate, 
convenient, and inexpensive.

The major types of nonendoscopic investigations are urea 
breath testing, stool antigen tests, and serology. Urea breath 
testing and stool antigen tests also depend on bacterial load and 
so require optimal conditions (see Box 56.3). Serological tests 
depend on detection of antibodies against H. pylori. Many exist, 
and in general they are less accurate than other tests, but they 
are inexpensive, convenient, and can be used in some situations 
where other tests are not possible.

Biopsy urease tests
Biopsy urease tests rely on the production of urease by H. pylori 
present in endoscopic biopsy specimens. They are inexpensive 

if endoscopy with biopsy is already indicated. The test consists 
of urea and a pH indicator held in a gel in a plastic well. The 
gastric biopsy specimen is buried in the gel and, if H. pylori 
urease is present, the urea is hydrolyzed releasing ammonia. The 
resultant increase in pH leads to a change in indicator color.

Typically, one large or two regular gastric antral biopsies are 
tested using a commercial kit. Some positive results may be 
available within 1 hour, though usually results are read at 24 
hours. False positive results are rare but can occur when other 
urease-producing organisms are present (non-pylori Helicobacter 
species typically give a weakly positive result). False negative 
results are more likely with recent upper GI bleeding and medi-
cations that reduce bacterial load (see Box 56.3). Sensitivity is 
better when two samples are used, one each from the antrum 
and the corpus. The corpus sample is particularly important 
with antisecretory drug use (particularly PPI), as these reduce 
antral H. pylori density and increase this in the corpus. Biopsies 
from both antrum and corpus should also be used when check-
ing for the success of H. pylori eradication therapy.

More rapid urease tests are also commercially available or can 
be prepared in local laboratories. They enable a diagnosis to be 
made within a few minutes based on the actions of H. pylori 
urease. However, they are less accurate and should not be used 
in isolation without validation.

Histology
Optimal histological evaluation of gastric biopsies is performed 
in accordance with the updated Sydney system [127] (see 
Chapter 58). The clinical utility and cost-effectiveness of routine 
upper gastrointestinal histopathology has been questioned 
[217], though staging using a system established by an interna-
tional group of pathologists – the Operative Link for Gastritis 
Assessment (OLGA) – may inform gastric cancer risk [218]. 
Histology can accurately identify H. pylori organisms, typically 
appearing as curved rod or short spiral organisms associated 
with or sometimes crossing the epithelium; however, it is  
sensitive only if special stains are used. Most usually a modi-
fied Giemsa stain, a silver-based stain, or toluidine blue, 
although immunostaining is increasingly used. For non-pylori 
Helicobacter species the appearance is diagnostic (long tight 
spirals). Providing sufficient biopsies are taken by the endo-
scopist (two antral and two corporal, with or without one from 
the incisura [127]), the pathologists can report on the distribu-
tion and severity of gastric inflammation, and the pattern and 
presence of any atrophy and/or intestinal metaplasia. Chronic 
active gastritis is invariably seen with H. pylori infection, 
although the number of neutrophils is variable and may be very 
low. Some authorities suggest that, in an effort to manage costs, 
biopsies for histology are taken but not sent to pathology for 
analysis until the results of biopsy urease testing are available. 
This strategy assumes that the additional information that can 
be gleaned from histology is not needed in the patient under 
investigation. Brush cytology may be useful for identifying H. 
pylori if endoscopic mucosal biopsies cannot be obtained.

Box 56.3 Optimal conditions for all tests for Helicobacter pylori (H. 
pylori) except serological antibody detection.

Patients should be asked to:
avoid antibiotics and bismuth compounds for at least 4 weeks
avoid proton pump inhibitors (PPIs) for at least 2 weeks*

False negative results are increased for H. pylori tests that depend on 
bacterial load. Positive results may still be diagnostic.
PPIs may also alter the appearance of malignant GU (see “Endoscopy 
and exclusion of malignancy”).
PPIs may also heal peptic ulcers or other acid-related conditions, 
potentially resulting in a falsely negative endoscopy.
Longer periods before testing of 2 or 3 months may occasionally be 
preferred (see “Recurrent and refractory ulcers”).

* histamine type II receptor antagonists (H2RAs) do not reduce 
bacterial load as severely as PPIs and are often used when it is 
necessary to test for H. pylori treatment success and acid-suppression 
cannot safely be stopped. However, the sensitivity of tests that 
depend on bacterial load is slightly reduced.
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Bacterial culture
Microbiological culture for identification of H. pylori is not 
routinely recommended and often not available, though it is 
useful to guide eradication therapy in cases of treatment failure. 
For H. pylori this requires microaerobic culture on complex 
media: small translucent colonies are seen after 3 to 5 days. 
Organisms are identified as Gram-negative spiral, or curved 
bacilli with multiple flagella, which test positive for urease, 
oxidase, and catalase activities.

Successful culture is not difficult but overgrowth of culture 
plates with other bacteria is common; H. pylori is very 
slow-growing and in some circumstances selective antibiotic-
containing plates are required. Many centers struggle to culture 
H. pylori and very few culture it successfully in more than 80% 
of cases. Therefore, although culture is the most specific test, it 
is only performed in clinical practice when antibiotic suscepti-
bility testing is required. See Mégraud F. et al. 2007 for a com-
prehensive review [219].

If culture is not possible, there are now molecular (PCR-
based) tests for resistance to some antibiotics, most notably 
clarithromycin, which can be performed on gastric biopsy spec-
imens directly without prior culture of H. pylori [219]. There is 
also increasing interest in simple, nonendoscopic tests for anti-
biotic susceptibility based on stool testing but their role in clini-
cal practice is not yet established.

Other tests based on endoscopic biopsy specimens
Methods for detection and strain characterization have been 
topics of great interest. There are a large number of reports of 
molecular tests on gastric biopsies, fixed tissue, and other 
samples such as gastric juice, typically employing DNA hybridi-
zation and/or based on PCR. These tests are not currently used 
in standard clinical practice, in part because the biopsy urease 
test and histology are so reliable.

Urea breath testing
Urea breath tests are simple and noninvasive, and involve the 
patient drinking a solution of urea labeled with the nonradioac-
tive isotope 13C (or historically a very small dose of radioactive 
14C). Urease from H. pylori catalyzes the hydrolysis of urea to 
ammonia, liberating labeled carbon dioxide that can be detected 
in breath samples. This test is dependent on the presence of a 
sufficient number of organisms. However, because the urea 
solution comes into contact with much of the stomach, urea 
breath testing is not prone to the sampling error of many biopsy-
based tests. Its sensitivity and specificity are consistently among 
the highest of all tests for H. pylori, perhaps for this reason.

Stool antigen testing
Fecal tests are widely available and simple to perform, though 
some patients dislike stool testing. These consist of fixed poly-
clonal or monoclonal antibodies that bind and detect H. pylori 
antigens, and are therefore dependant on the presence of suffi-
cient organisms. The monoclonal antibody tests are more accu-

rate and laboratory tests are more reliable than near-patient 
tests. Validated tests are accurate and cost-effective. Most recent 
studies show accuracy comparable with urea breath testing even 
for posteradication testing. Their accuracy may be reduced after 
GI bleeding.

Serology
Serological tests, which detect IgG antibodies against H. pylori, 
are convenient and relatively cheap. The best tests are very accu-
rate although some, including near-patient tests or point-of-
care testing are not. Antibodies against H. pylori may remain 
for several years after eradication and sometimes for life, so 
serology cannot be used to reliably determine treatment success. 
If a patient is found to be seronegative several years after treat-
ment, this likely reflects previous treatment success. However, 
seropositivity in this scenario is uninformative. Paired serologi-
cal tests that show a drop in antibody titer 6 months after  
eradication accurately reflect success, but this is too slow and 
inconvenient to be of practical use in most situations. Even prior 
to treatment, the positive and negative predictive values of 
serology are inadequate in populations where H. pylori preva-
lence is low, and in this scenario further testing is required. 
Serology has a role in patients who cannot stop medications in 
order for other preferred tests to be performed, and is also 
useful in the context of acute GI bleeding where other tests have 
reduced sensitivity.

Other non-endoscopy-based tests
Tests on saliva, urine, and a 13C-urea blood test have been 
developed but are not used in clinical practice.

Approach to H. pylori testing in different scenarios and 
clinical settings
Test and treat strategy for uninvestigated dyspepsia
Accurate, convenient, nonendoscopic tests are required – urea 
breath testing and stool antigen testing are recommended, or 
serology where H. pylori prevalence is moderate or high. The 
pretest probability of H. pylori infection is low in most popula-
tions in developed countries and in this setting a positive result 
from serology requires validation by another test.

Testing in a patient with an uncomplicated ulcer
Upper GI endoscopy, where already indicated, is the most con-
venient time to establish H. pylori status (providing the patient 
has not recently taken antibiotics, bismuth, or PPI – see Box 
56.3). The pretest probability of H. pylori is high when an ulcer 
is identified at endoscopy, particularly where NSAID use has 
been excluded and/or when a DU is found, so a single positive 
test result is highly likely to reflect H. pylori infection. Conversely 
the impact of false negative results is greater, and a negative test 
for H. pylori should be confirmed by a second test. Typically 
this involves initial biopsy urease testing and saving/sending 
samples for histology. Breath and stool tests are appropriate 
nonendoscopic alternatives, and a good serological test is also 
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reasonably reliable in this setting. In some countries with more 
limited resources and a very high prevalence of H. pylori, empir-
ical H. pylori eradication without testing may be a cost-effective 
approach. However, particularly given the complexity and side 
effects of currently-available treatments, it is now recommended 
that evidence of infection be sought prior to attempting H. 
pylori eradication.

Complicated ulcer – testing in the presence of upper 
gastrointestinal bleeding
Unfortunately, many patients hospitalized with bleeding peptic 
ulcer are not tested for H. pylori, and appropriate treatment is 
delayed. Prompt diagnosis is important and H. pylori treatment 
can be commenced as soon as the acute episode has been treated 
and a normal diet restarted. However, it is also safe and accept-
able to delay investigations for H. pylori for several weeks until 
these can be performed under optimal conditions.

Endoscopic tests have high specificity but lower sensitivity in 
the presence of acute bleeding [220], and other more pressing 
concerns often dominate at the time of index endoscopy. Stool 
antigen tests lack specificity when blood is present in stool. 
Early urea breath testing during hospitalization is accurate, 
though there is a limited window of opportunity given the 
central role for PPIs in the management of bleeding. 
Pragmatically, serological testing is most often used in the acute 
phase, and should be interpreted in light of the past medical 
history and its lesser sensitivity. Follow-up in primary or sec-
ondary care should be planned, and the patient informed of the 
benefits.

NSAIDs
Diagnosis of NSAID ulcer depends on the patient history, 
though this is not always forthcoming. NSAIDs are widely avail-
able over-the-counter and present in various commonly used 
analgesic remedies. Unidentified, sporadic, or even surrepti-
tious NSAID use are important considerations. Specific tests to 
identify NSAID use are not clinically available, though meas-
urements of prostaglandin metabolites and COX activity in 
platelets are technically feasible. Urine and serum salicylate 
measurements are available but their main utility is in the 
setting of suspected overdose.

Endoscopy and exclusion of malignancy
Upper GI endoscopy allows direct inspection and tissue sam-
pling via biopsy. Benign and malignant ulcers can usually, but 
not always, be distinguished. Benign ulcers are characterized by 
smooth and regular edges, an ulcer base that is flat and smooth, 
and an ulcer crater filled by exudate. Malignant lesions are often 
associated with an irregular ulcerated mass that protrudes into 
the lumen with wall deformity, and abnormal folds surrounding 
the ulcer crater with overhanging or irregular margins. Larger 
ulcers are more likely to be malignant. The Paris endoscopic 
classification of superficial neoplastic lesions describes this in 
more detail [221,222]. Site is also an important consideration: 

the lesser curve and pylorus are the common sites for noncardia 
malignancy.

The gold standard for determining whether an ulcer is benign 
or malignant is biopsy. Biopsy should be performed even for 
gastric lesions with a benign endoscopic appearance or less than 
1 cm in size, as benign-appearing ulcers and small lesions may 
still harbor malignancy. In contrast to GU, most DUs do not 
necessitate biopsy but these should be considered in cases of 
giant DU with abnormal edges [204].

The number of biopsies to be obtained has been debated, but 
seven or more specimens taken using regular-sized biopsy 
forceps have a diagnostic yield over 98% (with at least four 
biopsies required for a yield over 95%) [223]. Biopsies should 
ideally be taken from the ulcer crater, ulcer edge, and surround-
ing mucosa. Cytology via a brush can be added to maximize the 
yield, and the combination of multiple biopsies and cytology has 
been shown to detect nearly all cancers, though is not routinely 
employed. The role of advanced endoscopic modalities [224] 
and the endoscopic approach to early gastric cancer are dis-
cussed elsewhere (see Chapters 59, 132, 140, and 142).

One point of current controversy is whether or not the index 
endoscopy should be performed with the patient on PPI therapy. 
Inflammation can confound the diagnosis of dysplasia so acid 
suppression ought to be beneficial. However, treatment with a 
PPI may potentially mask endoscopic findings, delay diagno-
sis, or result in a misdiagnosis on the first endoscopy [225].  
In particular, PPIs can cause apparent healing or otherwise  
alter the appearance of malignant ulcers [226]. To avoid this 
ambiguity, and because PPIs render endoscopic tests for H. 
pylori infection unreliable [227], it is advisable to perform the 
index endoscopy having advised the patient not to take any 
antiulcer healing medication for at least 2 weeks prior to the 
endoscopy. However, because of considerations of urgency and 
difficulties of communication between primary and secondary 
care, index endoscopies are often performed with the patient on 
a PPI.

A second point of controversy concerns indications for 
follow-up endoscopy for GU and whether this confers a survival 
benefit [228,229]. Repeat endoscopy with further biopsies is 
often recommended to confirm successful healing, after a course 
of antiulcer medication and treatment of any underlying causes. 
This is strongly recommended when histology from the index 
endoscopy was inadequate, the ulcer’s appearance suggests 
malignancy, the ulcer etiology remains undefined, or where 
there are other risk factors for gastric cancer (see Chapter 59). 
It may be safe not to repeat endoscopy when all of the following 
apply: index endoscopy identified one (or multiple) small and 
benign-appearing GU; the ulcer was due to NSAIDs; H. pylori 
infection is absent; the patient is young (e.g. <50 years, though 
patients from certain background are at increased risk from a 
younger age); there is no family history of gastric cancer; and, 
no premalignant conditions such as gastric atrophy have been 
identified. However, most guidelines are more cautious and 
advise follow-up endoscopy in all cases of GU [229].
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The optimal strategy for taking biopsies at follow-up endos-
copy has not been defined but a similar strategy to that for  
index endoscopy is reasonable, and samples should be taken 
from the ulcer edges and the ulcer bed even if the ulcer has 
healed (given the possibility of apparent healing of malignant 
ulcers with PPI).

Laboratory evaluation of acid secretion
Acid hypersecretory states should be considered in patients with 
multiple peptic ulcers, which are typically postbulbar and 
refractory to conventional treatment (see “Other clinical sce-
narios or endoscopic findings”). The additional clinical features 
of gastrinoma and Zollinger-Ellison syndrome, and the diagno-
sis and workup of hypergastrinemia, are covered in Chapter 57.

Laboratory measurement of pepsinogen I and the pepsinogen 
I/II ratio have been used to infer noninvasively the pattern and 
severity of gastric inflammation (serological biopsy) [230,231]. 
The main potential application is in screening for atrophic  
gastritis, and so to identify a group of patients at increased risk 
of gastric adenocarcinoma who may benefit from endoscopic 
screening [232,233]. They do not have a defined role in PUD 
management.

Other investigations
Upper GI radiography using barium contrast was used before 
modern endoscopy became widely available. These studies may 
be more useful in special circumstances as described under 
“Identification of ulcer”. Definitive diagnosis requires endos-
copy and biopsy.

Computed tomography (CT) is indicated if an ulcer compli-
cated by perforation or penetration is suspected. If this is not 
immediately available, then upright chest and abdominal radio-
graphs may detect free air.

Treatment of specific causes of PUD
Treating H. pylori
In the context of established H. pylori-associated PUD, the aims 
of therapy should be to heal the ulcer and to prevent recurrence. 
H. pylori eradication is extremely successful in achieving these 
aims, particularly for DU, and when used together with antiul-
cer therapy for GU and complicated ulcers.

Systemic review and meta-analysis of 34 trials in a total of 
3910 patients demonstrated that eradication is superior to anti-
ulcer therapy in initial healing of DU (relative risk [RR] of 
persisting ulcer 0.66, 95% CI: 0.58 to 0.76), but not in initial 
healing of GU in 13 trials [234]. However, the main aim of treat-
ing H. pylori is to prevent ulcer recurrence. Eradication therapy 
was superior to no treatment in preventing DU recurrence (RR 
of recurrent ulcer 0.20, 95% CI: 0.15 to 0.26, analysis of 27 trials 
in 2509 patients), and in preventing GU recurrence (RR of 
recurrent ulcer 0.28, 95% CI: 0.18 to 0.43, analysis of 10 trials 
in 1029 patients) [234]. The number needed to treat to prevent 
one ulcer recurrence was only two for DU and three for GU. In 

a 1995 study of cost-effectiveness modeled over the course of 15 
years, the cost of treating H. pylori infection ($995) was over 
10-fold less than antisecretory therapy and other strategies 
[235].

The challenge for treating H. pylori-associated PUD (and for 
H. pylori-associated diseases more broadly) comes in selecting 
the optimal approach to successfully eradicate H. pylori infec-
tion; both at a population-level and, increasingly, at an indi-
vidual patient-level.

Here, we first consider the current therapeutic approach, 
types of eradication therapy, and the patient and bacterial pre-
dictors of treatment outcome. The choice of treatment is dis-
cussed in light of national and international guidelines that exist 
to inform these decisions, and their limitations in the face of 
increasing antimicrobial resistance and eradication failure. The 
importance of patient education and confirmation of eradica-
tion are emphasized. Finally, we consider the optimal modern 
therapeutic paradigm.

Current therapeutic paradigm
The current approach to treatment is to begin with the most 
effective and cost-effective treatment for the patient being 
treated; this is usually referred to as first-line therapy. If it is 
unsuccessful, an empirical second-line therapy is most often 
employed. If this in turn is unsuccessful, one recommended 
approach is to perform a further endoscopy and culture biopsy 
specimens for H. pylori antibiotic sensitivity testing, so that 
further treatment can be based on known sensitivities. However, 
because H. pylori culture and sensitivity testing is not widely 
available, rescue therapies (also termed salvage or third-line 
therapy) are often employed. Relevant guidelines include several 
different regimens at each level that are considered acceptable 
based on population-level evidence and consensus (see 
“Guidelines for H. pylori eradication therapy”).

The definition of acceptability has varied but an initial cure 
rate over 90% has been used. However, perhaps with changing 
antibiotic resistance patterns, some of the regimens performing 
well in initial trials have been found to have cure rates of 80% 
or below in everyday practice, and recently optimal regimens 
for first-line therapy have been re-examined.

Unfortunately, most treatment regimens are complex and dif-
ficult for some patients to comply with fully. Lack of compliance 
is the major cause of treatment failure, which in turn leads to 
acquired antibiotic resistance, making further treatment more 
difficult. Therefore, treatment of this serious infection needs to 
be precise and optimal.

Types of H. pylori eradication therapy
Triple therapy Failure of monotherapy and dual therapy for 
treatment of H. pylori infection prompted the development of 
triple therapy and other multidrug regimens. Triple therapy is 
classically a 7 day regimen with twice daily PPI and two antibi-
otics (see Table 56.5), though there are other permutations and 
a 10 to 14 day course is usually suggested (particularly in North 
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America). Acid suppression with PPI had synergistic bacteri-
cidal effects and stabilizes antibiotics so increasing their half-
life. Empirical triple therapy emerged as the dominant treatment 
strategy worldwide and was initially widely successful, with 
clarithromycin-containing regimens most often used. However, 
with the rise in clarithromycin resistance in H. pylori due to 
the increasing use of macrolides for respiratory infections,  
these regimens have become less effective in most countries 
[236–238].

Using triple therapy as first-line treatment, cure rates of less 
than 80% (and even below 50%) are now widely reported across 
countries on different continents [239] including in Greece 
[240], India [241], Italy [242], Japan [243,244], Mexico [245], 
and Spain [246,247]. However, evidence suggests that the 
acceptable cure is still achievable in some regions, for example 
Korea [248,249], Singapore [250], and Thailand [251].

Clarithromycin resistance is a major determinant of the 
success of triple therapy and primary resistance is rising in 
many countries (see “Bacterial resistance to antimicrobial 
drugs”). One strategy to account for the increasing prevalence 
of clarithromycin-resistant strains of H. pylori was proposed in 
the Maastricht IV / Florence consensus guidelines [252]. The 
expert consensus recommended that different regions be clas-
sified into high resistance areas (≥15%; most of the world), and 
low resistance areas (less than 10% to 20%; some northern 
European countries). Clarithromycin-containing triple therapy 
was considered acceptable first-line therapy only in low resist-

ance areas, and even then quadruple therapy was considered an 
acceptable alternative.

If triple therapy is used, various approaches to improve effec-
tiveness have been suggested [252], including: longer courses 
(10 to 14 days rather than 7 days improves eradication success 
by about 5% [253]); PPI at high doses (increases cure rate by 
6% to 10%) or more potent PPI (increases cure rate by 8% to 
12%) [254]; possibly using PCM instead of PAC (see Table 56.5) 
[255]; or, possibly adding an adjuvant treatment (see “Adjuvant 
therapies”). The crucial importance of patient factors and 
patient education are discussed further on.

Even in countries where clarithromycin resistance in H. 
pylori is thought to be low, clarithromycin-based triple therapies 
should only be used after proper consideration. It is likely that 
clarithromycin resistance patterns in these countries will differ 
in different locales and populations, and primary antibiotic 
resistance monitoring in different regions is often inadequate. 
The chance of a patient’s H. pylori strain being clarithromycin 
resistant is high if they have a personal exposure to clarithro-
mycin or repeated exposure to other macrolide antibiotics 
[256]. In these scenarios, quadruple therapy is recommended 
by many guidelines, though other effective regimens are avail-
able that may be more appropriate for some patients. Overall 
there are probably a declining number of settings where empiri-
cal triple therapy should be used [236,256,257].

Quadruple therapy In the Maastricht IV / Florence guidelines 
[252], quadruple therapy is recommended for first-line empiri-
cal treatment in areas of high clarithromycin resistance, as 
second-line or alternative first-line empirical treatment in areas 
of low clarithromycin resistance, and for patients with recent or 
repeated exposure to clarithromycin or metronidazole [256]. 
We believe it should be considered as one of the first-line alter-
natives in all patients.

Quadruple therapy (also termed bismuth quadruple therapy) 
[258] is a 14 day regimen with twice daily PPI, a bismuth salt 
usually given four times daily (see Table 56.4), and two further 
antibiotics (usually metronidazole at various dosages [e.g. 
400 mg three times daily, in the proprietary combination capsule 
Pylera at 375 mg four times daily, in the proprietary combina-
tion capsule Helidac at 250 mg four times daily], and tetracy-
cline hydrochloride at various dosages [e.g. in Helidac at 500 mg 
four times daily, in Pylera at 375 mg four times daily]). 
Eradication rates of 90% or higher are achievable for first-line 
therapy [259–262]. A lower rate of 78% reported in meta-
analysis is more difficult to interpret, as heterogeneous dosing 
regimens were included [263]. Successful cure is achieved in 
79% to 88% in studies when it is used as second-line therapy 
[264–266].

A major drawback of quadruple therapy regimens is that  
they comprise around 17 to 34 pills per day, which can be 
impractical for many patients. The combination capsule Pylera 
has recently become available (see Table 56.4) which results in 
a much simpler dosing regimen of 14 pills per day. However, 

Table 56.5 Types of conventional triple therapy for eradication of Helicobacter 
pylori.

Regimen Drug Dosage

PAC PPI (e.g. omeprazole)* 20 mg twice daily

Amoxicillin 1 g twice daily

Clarithromycin 500 mg twice daily

PCM PPI (e.g. omeprazole)* 20 mg twice daily

Clarithromycin 250 to 500 mg twice daily

Metronidazole 400 mg twice daily

PAM PPI (e.g. omeprazole)* 20 mg twice daily

Amoxicillin 1 g twice daily

Metronidazole 400 mg twice daily

* A proton pump inhibitor (PPI) is given every 12 hours: esomeprazole 
40 mg once daily, lansoprazole 30 mg twice daily, omeprazole 20 mg 
twice daily, pantoprazole 40 mg twice daily, or rabeprazole 20 mg 
twice daily

Notes
PAC and PCM are equivalent, though PCM is used in penicillin-allergic 
individuals.
The non-clarithromycin regimen (PAM) is not usually recommended for 
first-line therapy as it is less effective in most studies.
Other imidazole antibiotics have been used in place of metronidazole.
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combination medications may contain suboptimal antibiotic 
doses for some settings [213]. Pylera was evaluated as a 7 day 
regimen against triple therapy in a trial that also included 
patients with H. pylori infection but without PUD, and reported 
an eradication rate of 80% [267]. One advantage of quadruple 
therapy is that it contains metronidazole rather than clarithro-
mycin: resistance to metronidazole has much less impact  
in clinical practice than does clarithromycin resistance. 
Metronidazole resistance is only partial, and the efficacy of 
quadruple therapy containing metronidazole is only slightly 
reduced in patients with metronidazole resistant strains 
[238,256,260,263,268].

Levofloxacin-based triple therapy The most common 
fluoroquinolone-based regimen is levofloxacin-based triple 
therapy which is a 10 to 14 day regimen with twice daily PPI, 
levofloxacin at various dosages (we recommend 500 mg twice 
daily), and amoxicillin 1 g twice daily. In current guidelines, it 
is proposed for second-line or rescue therapy. Eradication rates 
of 78% to 93% as first-line therapy have been reported [239], 
including in China [269], India [270], Italy [271], and Spain 
[272]. Higher rates were observed with 10 to 14 day than 7 day 
regimens. Eradication rates of 74% to 86% as second-line 
therapy have been reported [239], including in China [273], 
Italy [274], Spain [275], and Taiwan [276].

Other levofloxacin-based therapies have been reported that 
include clarithromycin in place of or in addition to amoxicillin 
[277], and other fluoroquinolone-based therapies have been 
proposed with moxifloxacin, gemifloxacin or sitafloxacin [239].

Fluoroquinolone resistance in H. pylori varies between coun-
tries (see “Bacterial resistance to antimicrobial drugs”), is 
increasing, and could potentially increase further if used widely 
in first-line H. pylori treatment regimens. This is an important 
consideration in identifying optimum second-line therapy 
options in different settings [274], and for this reason we do  
not recommend fluoroquinolone-based regimens as first-line 
therapy.

Sequential therapy Sequential therapy is usually a 10 day 
regimen that is split into two consecutive 5 day treatments. Split 
regimens comprising two sets of 7 day treatment periods (a 14 
day regimen) have also been used. Standard sequential therapy 
is with twice daily PPI and amoxicillin 1 g twice daily for days 
one to five (or one to seven), then with twice daily PPI and two 
further antibiotics (usually clarithromycin 500 mg twice daily 
and metronidazole 500 mg twice daily) for days six to 10 (or 
eight to 14). Other imidazole antibiotics have been used.

Sequential therapy performs better than standard triple 
therapy in some [278] but not all [279] randomized trials, but 
overall sequential therapy is superior in systematic reviews 
[280,281]. Sequential therapy and concomitant therapy (see 
further on) are both effective in certain settings. Various eradi-
cation rates have been reported, though differences between 
these did not reach statistical significance (over 90% for both in 

Italy [271] and Taiwan [282]; 81% and 87% respectively in Spain 
[283], where clarithromycin resistance is increased; and, 80% 
and 88% respectively in China [284]. Lower success rates have 
also been reported for sequential therapy [239]: 82% to 84% in 
Korea and Morocco; and, only 76% to 78% for sequential 
therapy in trials from China, India, Iran, and Korea [285]. 
Antimicrobial resistance patterns have been proposed as the 
most important determinant of differences between studies. 
Other considerations indentified include the role of dual resist-
ance (when concomitant therapy may be more suitable), poten-
tial for higher cure rates with 14 rather than 10 days of sequential 
therapy [278], and differences in cost (shorter courses of con-
comitant therapy can be as effective but less expensive than 
sequential therapy).

Concomitant therapy Concomitant therapy regimens refer to 
non-bismuth quadruple therapies. This is usually a 10 to 14 day 
regimen with twice daily PPI and three antibiotics (most usually 
amoxicillin 1 g twice daily, clarithromycin 500 mg twice daily, 
and metronidazole 500 mg twice daily). Eradication rates of 81% 
to 96% have been reported in different settings [239], with a 
mean of 88% cure and superior performance to triple therapy 
in systematic review [286]. Concomitant therapy is contrasted 
with sequential therapy above; the regimens are typically less 
complex and so more practical for some patients.

Other eradication therapies Various other regimens have been 
reported [239,257], including hybrid therapy (a combination of 
sequential and concomitant therapies), amoxicillin-PPI dual 
therapy (with potent PPIs and amoxicillin at very high dosages), 
and regimens that contain rifabutin, the nitrofurantoin antibac-
terial furazolidone, the antiprotozoal nitazoxanide, or ecabet 
sodium. These require further evaluation, but are sometimes 
used by specialists in patients with multiple antibiotic resistant 
strains.

Adjuvant therapies Probiotics and prebiotics may reduce or 
prevent side effects (particularly diarrhea) during H. pylori 
eradication; therefore they improve treatment tolerability. The 
prebiotic lactoferrin may be beneficial [287,288] but is not rec-
ommended due to insufficient evidence [252]. Butyric acid and 
inulin have also been used in combination [289].

Several probiotics have been studied, including Lactobacillus 
species [290] and Saccharomyces boulardii [291–293]. Early 
studies comparing different probiotics reported similar protec-
tion from side effects independent of the species used, though 
without an associated improvement in compliance [294]. Some 
studies of S. boulardii have reported increased eradication rates 
with standard triple therapy for H. pylori, likely through better 
compliance [292], though others report fewer side effects but 
no difference in eradication [293]. In a recent meta-analysis, S. 
boulardii reduced the absolute risk of therapy-related adverse 
effects by 11% (95% CI: 7% to 16%) and increased the absolute 
eradication rate by 9% (95% CI: 4% to 14%) [291]. Therefore, 
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probiotics may have a role as therapeutic adjuvants but should 
not be used instead of standard H. pylori treatments [289].

Simvastatin as an adjuvant to H. pylori triple therapy has been 
reported in one study to increase the absolute eradication rate 
by 17% (95% CI: 2% to 32%), despite demonstrating no differ-
ences in side effects or compliance [295]. Larger confirmatory 
trials and mechanistic clarification are needed.

Experimental and possible future therapies The in vitro antimi-
crobial effects of photodynamic therapy on H. pylori were first 
reported in 1990 [296]. More recently a ruthenium-based pho-
tosensitizer activated by visible blue light was observed to cause 
a seven-log reduction in colony number in vitro across several 
strains [297]. Successful targeting of H. pylori in its niche in vivo 
has not yet been determined.

Further concerted efforts to develop a therapeutic vaccine 
against H. pylori have been recommended to enable individual 
patient or population-based eradication [252]. Although the 
main aim of any vaccine would be primary prevention of gastric 
cancer, prophylactic or therapeutic H. pylori vaccines could be 
useful tools in the prevention or management of PUD. Despite 
much investigation, the availability of a successful vaccine does 
not appear imminent [298].

Predictors of treatment outcome
Patient factors The most important patient factors in determin-
ing outcome are the previous use of antimicrobial agents and 
compliance with eradication treatment. A thorough antibiotic 
history should be sought, focusing on recent and recurrent 
treatments, including any previous H. pylori eradication thera-
pies used. Regimens are complex and at least mild side effects 
are common. Inadequate therapy through noncompliance can 
quickly result in acquired resistance. Careful explanation and 
written information may be helpful (see “Patient education, 
including potential side effects of therapy”).

Smoking is another important factor and current smokers are 
more likely to fail eradication therapy (eradication rate 8% 
lower, odds ratio 1.95, 95% CI: 1.55 to 2.45) [299].

Intra-gastric pH during treatment is affected by PPI pharma-
cokinetics; MDR1 and cytochrome P450 2C19 polymorphisms 
modulate metabolism [252]. The latter can identify subpopula-
tions of extensive metabolizers and slow metabolizers of PPIs. 
Significantly lower eradication rates have been identified with 
some PPIs in extensive metabolizers, but studies in slow metab-
olizers have found that even amoxicillin-PPI dual therapy was 
able to cure over 90% of H. pylori infections [300–303]. This is 
the rationale for eradication trials using more potent PPIs at 
very high doses [304].

Bacterial resistance to antimicrobial drugs Antimicrobial resist-
ance in H. pylori varies widely between and within different 
countries and regions, but is increasingly common overall [236–
238,305–307]. The most important resistances in terms of drugs 
used in treatment for H. pylori infection are clarithromycin, 

metronidazole, and levofloxacin (and other macrolides, imida-
zoles, and fluoroquinolones). Resistance is very rare for other 
commonly used antimicrobials, though when it occurs for 
amoxicillin it can be a cause for treatment failure. Resistance 
has also been demonstrated for rifampins such as rifabutin, 
which is included in some other eradication therapies. The rise 
in H. pylori antibiotic resistance is mainly due to antibiotics 
being used for other infections. The most clear-cut example is 
recent clarithromycin and other highly-absorbed macrolides 
used for chest infections in many countries; the proportion of 
H. pylori resistant to macrolides correlates reasonably with the 
use of these drugs in the local community [236].

Data on local primary antibiotic resistance patterns are 
helpful for deciding on strategies for first-line treatment of H. 
pylori, but often are not available. Surveillance of primary anti-
biotic resistance in H. pylori is useful [308], but local microbiol-
ogy laboratories may not perform H. pylori culture (though this 
is relatively straightforward with standard protocols [219]) and 
there is no national H. pylori reference laboratory in many 
countries. Available data may not be relevant for migrant popu-
lations. At the level of the individual patient, a thorough history 
of recent and recurrent antibiotic usage, and previous eradica-
tion therapies attempted (with indication of compliance) can be 
a useful guide to optimal treatment.

Resistance can be acquired rapidly during treatment, and 
increases as further empirical therapies are attempted: this is 
termed secondary resistance. The majority of patients who fail 
second-line therapy will have single and usually double resist-
ance to clarithromycin and/or metronidazole. Resistance to 
clarithromycin or levofloxacin renders these agents useless for 
further treatment. However, metronidazole resistance is only 
partial, and metronidazole is still a useful component of treat-
ment regimens for metronidazole resistant strains. The efficacy 
of most regimens containing metronidazole is reduced by only 
about 10% if the strain is metronidazole resistant.

Patient education, including potential side effects of therapy
Patient education may improve concordance with treatment, 
and therefore its success [309,310]. Discussion should include: 
information about H. pylori and the indication for treatment; 
the benefits of successful treatment; the benefits of stopping 
smoking on long-term ulcer healing; the intended regimen 
(many are complex with multiple drugs and dosing schedules); 
the likelihood of side effects (in up to 50%) even if often mild 
and transient; the importance of compliance with the full course 
for successful eradication and to guard against increasing anti-
biotic resistance that can make future treatments ineffective; 
and, the need for further testing to confirm treatment success.

Minor side effects of relevance to be mentioned include: 
bowel disturbance and mild diarrhea (most); metallic taste 
(with metronidazole and clarithromycin); disulfiram/Antabuse-
like reaction with alcohol (with metronidazole); photosensitiv-
ity reaction (with tetracyclines, more problematic in sunny 
climates!); blackening of stools or constipation (with bismuth); 
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Table 56.6 Summary of the most recent international guidelines for the management of Helicobacter pylori. This summary is based on the most recently 
available guidelines for Europe (Malfertheiner P et al. 2012 [252]), Developing Countries (Hunt RH et al. 2011 [311]), Asia-Pacific (Fock KM et al. 2009 
[312]), Japan (Asaka M et al. 2009 [313]) and the US (Chey WD, Wong BCY 2007 [314]). Recently an English language version of the Chinese guidelines 
has been published (Liu WZ et al. 2013 [315]). Several other national guidelines are available.

Regimen Europe 2012 Developing 
Countries 2011

Asia-Pacific 2009 Japan 2009 US 2007

Triple therapy
PCA

LC: first-line
(7 to 14 days)
HC: do not use

First-line
Rescue
(7 to 14 days)

First-line
Second-line
Salvage
(7 to 14 days)

First-line
(7 days)

First-line
(10 to 14 days)

Triple therapy
PCM

LC/PA: first-line
(7 to 14 days)
HC: do not use

First-line
Rescue
(7 to 14 days)

Alt. first-line
Second-line
Salvage
PA: first-line
(7 to 14 days)

Alt. first-line
PA: first-line
(10 to 14 days)

Triple therapy
PAM

First-line
Rescue
(7 to 14 days)

Alt. first-line
Second-line
Salvage
(7 to 14 days)

Second-line
(5 to 10 days)

Bismuth quadruple 
therapy

LC: alt. first-line
LC: second-line
HC: first-line
(not stated)

First-line
Rescue
(10 days)

Alt. first-line
(10 days)
Second-line
Salvage
(7 to 14 days)

First-line
(10 to 14 days)
Salvage
(7 to 14 days)

Sequential therapy HC: alt. first-line
(not stated)

* * First-line**
( 5 plus 5 days)

Concomitant therapy HC: alt. first-line *

Levofloxacin
PAL

LC: second-line
(10 days)
HC: first-line
(5 days)

Rescue
(10 days)

Second-line
Salvage
(10 days)

Third-line
(not stated)

Salvage**
(10 days)

Levofloxacin
PCL

LC/PA: alt. 
second-line

Other eradication 
therapies / 
approaches

*** PPI, bismuth, 
amoxicillin, 
clarithromycin:
First-line

PPI, ribabutin, amoxicillin:
second-line
salvage
(7 to 10 days)

High-dose PPI, 
amoxicillin:
can consider
(14 days)

* Insufficient local data to recommend
** Requires local validation
*** Guided by antimicrobial susceptibility testing whenever possible
The different terms for levels of therapy for each guideline are used: first-line, second-line, third-line, salvage, and rescue therapies. Treatment 
durations recommended by the guidelines for their respective indications are provided where reported (in the table, these apply to all preceding 
indications in that box). Please see text for further discussion of current recommendations.
Alt., alternative; LC, areas of low clarithromycin resistance; HC, areas of high clarithromycin resistance; PA, recommendation for patients with penicillin 
allergy; PCA / PCM / PAM, different types of triple therapy (see Table 56.5); PAL / PCL, levofloxacin-based therapies containing amoxicillin and 
clarithromycin respectively; US, United States of America

and, transient headache (if very high doses of PPI are employed). 
Patients should be told to continue treatment without missing 
doses even if they develop mild side effects. They should stop if 
they develop severe watery diarrhea (note that Clostridium diffi-
cile colitis can occur, if rarely, with most regimens), or a clear 
allergic reaction. Some extra time taken for explanation and 
discussion, even during a busy clinic, may avoid the need for 
repeat consultations and further interventions, and even more 
importantly may increase the success rate of treatment and 

avoid acquired antibiotic resistance. There are many excellent 
leaflets and sources of further information for patients such  
as http://www.patient.co.uk and http://www.uptodate.com for 
English language resources. Written instructions about how to 
take the pills are helpful.

Guidelines for H. pylori eradication therapy
Currently available guidelines for the management of H. pylori 
infection are summarized in Table 56.6.
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Confirmation of eradication and follow-up
Confirmation of H. pylori eradication is suggested for all H. 
pylori-associated ulcers, given increasing antibiotic resistance 
and effective nonendoscopic tests, and has been explicitly rec-
ommended by expert consensus particularly for PUD compli-
cated by bleeding [252,314]. Its role in uninvestigated dyspepsia 
managed with a test and treat approach is debated: we recom-
mend testing in the case of recurrent symptoms, even though 
this is not a cost-effective strategy. Either a urea breath test or a 
validated stool antigen test should be used, taking note of the 
prerequisites for reliable negative results (see Box 56.3). Tests 
should be performed at least 4 to 6 weeks after eradication 
therapy has been completed. Delay is necessary in cases when 
the patient needs a longer course of PPI for ulcer healing. As 
already noted, serological tests have no role in confirming H. 
pylori eradication in clinical practice.

Endoscopy-based tests are appropriate alternatives where an 
endoscopy is planned and the conditions are optimal (see Box 
56.3). The majority of patients undergoing follow-up endoscopy 
for GU will still be taking PPIs (see “Endoscopy and exclusion 
of malignancy”), so in these cases testing for H. pylori at endos-
copy is unhelpful, and urea breath testing or a stool test should 
be performed at an appropriate interval following cessation of 
PPIs.

If eradication is successful, further follow-up is not required 
except for recurrent ulcers (see “Refractory and recurrent 
ulcers”). Re-infection is rare (less than 1%) in the developed 
world, but increases in inverse proportion to socioeconomic 
development [316]. Very high re-infection rates have been 
described in some developing countries, but it is often unclear 
from reports whether this represents true re-infection or failed 
initial treatment.

Management of treatment failures
Potential explanations for treatment failure should be consid-
ered. The degree of patient compliance is particularly impor-
tant, as this can potentially be improved in the subsequent 
treatment round. Working out the likely antibiotic resistance 
profile of the infecting strain is also vital [219].

One should assume that the strain is resistant to clarithromy-
cin or levofloxacin if these agents have been used previously in 
specific H. pylori treatment regimens. Exposure to these antibi-
otics if used for other purposes is also likely to have induced 
resistance. Data on primary H. pylori resistance patterns in the 
community will also be helpful. Rational treatment is most 
straightforward if the H. pylori strain is cultured and actual 
sensitivities are determined. The increasing availability of 
molecular tests makes this possible even where local laborato-
ries find culture difficult. These tests still require endoscopy and  
gastric biopsy specimens. While the future lies in molecular 
testing for H. pylori antibiotic resistance using stool [219], the 
accuracy of this is at present unknown and so not currently 
recommended. Regardless, determination of H. pylori antibiotic 
resistance is logical and under-used. Our practice is to use this 

third-line for all patients and second-line where individual 
patient history means resistance to all the commonly-used anti-
biotics is possible.

Assuming that second-line treatment is being given outside 
the context of direct determination of antibiotic resistance, and 
those previously-used antibiotics other than metronidazole will 
be avoided, additional considerations may help treatment 
success. Full length courses of treatment should be used. 
Meticulous attention to optimizing patient understanding and 
compliance is vital. Local guidelines and advice should be fol-
lowed [239,317,318]. Adjuvant therapy for treatment failure 
may be beneficial but evidence is limited. Smoking cessation 
should be encouraged. Not treating and delayed treatment are 
also options for some patients, particularly if personal factors 
mean careful compliance is unlikely. In this scenario treatment 
is likely to do more harm than good; the H. pylori strain is likely 
to acquire further antibiotic resistance making future efforts to 
treat even more difficult. Eradication should be pursued in 
patients with complicated PUD and those at increased risk of 
malignancy based on gastric histology or personal risk, though 
evidence to support this approach is limited. Multiple treat-
ments in the setting of nonulcer dyspepsia are probably less 
important for future outcomes.

Recommended therapeutic paradigm
Several experts from around the world have challenged estab-
lished treatment paradigms [239,256,257,268,319–323]. H. 
pylori resistance has increased markedly in recent years and 
even an 80% cure rate may be out of reach of standard eradica-
tion therapies in some settings. Each empirical trial of ineffec-
tive therapy can exacerbate antimicrobial resistance, further 
decreasing the prospects of treatment success at both patient 
and population levels.

H. pylori should be recognized as a serious and potentially 
life-threatening infection, and time and effort devoted to select-
ing the best eradication therapy for the individual patient under 
treatment. This selection should be based on known primary 
resistance patterns in the local population and on suspected 
resistance patterns in the individual patient, based on their per-
sonal history of antibiotic exposure and country where they 
spent their early childhood. An important facet of any approach 
to first-line treatment is that the patient is educated and empow-
ered to be fully compliant with therapy.

Therefore, overall in most cases for first-line use, bismuth-
based 14 day quadruple therapy or nonbismuth-based quadru-
ple therapy (i.e. 14 day concomitant therapy or sequential 
therapy) will be appropriate. Triple therapy will be an accept-
able first-line option in some countries where clarithromycin 
resistance rates have been demonstrated to be low in local  
populations, for example in most parts of the United Kingdom. 
The most recent national resistance data currently available  
for the United States were collected 15 years ago [324], with 
subsequent smaller studies suggesting that rates of clarithromy-
cin resistance have risen. In the absence of specific local or 
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further national resistance data, triple therapy should not be 
used [319].

In the case of treatment failure, empirical second-line treat-
ments should be selected from unused first-line options in a 
similar fashion, but include the option of fluoroquinolone-
based therapies, avoiding clarithromycin if that was used first-
line. H. pylori antibiotic sensitivity testing should be the norm 
for third-line treatment and deserves more use second-line 
where resistance to multiple antibiotics is suspected.

Treating NSAID ulcers
Treatment of NSAID- and aspirin-associated ulcers should 
include discontinuation of the drug if possible in conjunction 
with a PPI to promote healing. Concurrrent H. pylori infection 
should also be sought and, if present, treated as above. PPIs 
accelerate ulcer healing in this setting and are preferred to 
H2RAs [325,326]. Misoprostol [327] and sucralfate [328] are 
inferior to PPI, particularly if NSAIDs are continued, and the 
utility of misoprostol is limited by its GI side effects. Management 
should then be directed at assessment and modification of risk 
factors, with secondary preventative strategies. Maintenance 
therapy with a PPI is particularly important for patients who 
continue or resume NSAID treatment.

Discontinuation of NSAID or low-dose aspirin will be 
informed by drug indication, the balance of risk factors (prima-
rily GI, cardiovascular and cerebrovascular risks), and patient 

Table 56.7 Approach to non-H. pylori, non-NSAID ulcers [331]. Reproduced with permission from Soll AH, Vakil NB. Unusual causes of peptic ulcer disease. 
In: UpToDate, Basow DS (ed.). UpToDate, Waltham, MA (accessed Dec 2013). Copyright © 2013 UpToDate, Inc. For more information visit www.uptodate.
com. Adapted based on Table 56.1 and Gisbert JP, Calvet X, 2009 [168]

Etiologic factor Action

Failure to identify or falsely negative tests for H. pylori
(see “Testing for Helicobacter pylori”)

Perform at least two tests for H. pylori
Ensure testing is performed while the patient is off PPIs, antibiotics, or bismuth
For histological evaluation, ensure an adequate number of biopsies from different 
sites and consider special stains (see “Histology”)
Where suspicion is high, consider four duodenal mucosal biopsies to detect isolated 
duodenal colonization

Unidentified, sporadic, or surreptitious use of NSAIDs, 
aspirin, other potentially ulcerogenic drugs

Careful history
Consider testing salicylate levels or platelet function to exclude surreptitious NSAID 
use, if available

Malignancy, other infectious agents, inflammatory 
and infiltrative disease

Biopsy ulcers and surrounding mucosa, including in the duodenum (see “Endoscopy 
and exclusion of malignancy”)

Acid hypersecretion
(see Chapter 57)

Measure serum gastrin levels off PPIs
Measure basal acid output
Consider secretin stimulation in patients with normal serum gastrin levels

Ischemic mechanisms Exclude use of crack cocaine and methamphetamine

Iatrogenic, such as following EMR or ESD Careful history

Smoking Careful history

Comorbidity Clinical evaluation

H. pylori, Helicobacter pylori; NSAID, nonsteroidal antiinflammatory drug; PPIs, proton pump inhibitors; EMR, endoscopic mucosal resection; ESD, 
endoscopic submucosal dissection

preference. Consultation with colleagues in cardiology or stroke 
medicine may be sensible to guide both patient and gastroen-
terologist in the immediate and longer term.

However, H. pylori eradication alone is inadequate to prevent 
relapse if the drug is continued, and in this situation gastropro-
tective prophylaxis will usually be required [65,252,329].

Risk management, patient education and monitoring
If it is not possible to stop the drug then generally the least 
ulcerogenic agent should be used at the lowest effective  
dose. Secondary ulcer prevention in patients with ongoing 
NSAID and/or aspirin use is addressed under “Prevention”. 
Gastrointestinal complications should be suspected in patients 
taking NSAIDs or aspirin that develop severe dyspepsia or iron-
deficiency anemia, and these patients should be investigated by 
upper GI endoscopy [185–187]. Unfortunately, many of these 
patients will present with complications such as overt GI bleed-
ing or perforation (see “Complications”).

Treating suspected non-H. pylori, non-NSAID ulcers
The approach to non-H. pylori, non-NSAID ulcers is based on 
the underlying etiological factors (see Table 56.7). The most 
frequent causes of these ulcers are still H. pylori and NSAIDs. 
Management is specific to the underlying cause. In truly idio-
pathic ulcers where no cause is identified, maintenance antise-
cretory therapy in higher doses is often needed.
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Diagnostic approach
Tests for H. pylori may be falsely negative. Before concluding a 
patient with an ulcer not obviously due to NSAIDs is truly H. 
pylori negative, we suggest that at least two tests for H. pylori 
are used – including a nonendoscopic test – which will increase 
their combined negative predictive value. Apparently isolated 
duodenal colonization by H. pylori is too infrequent for routine 
clinical evaluation [330], though duodenal biopsy can be con-
sidered in this subpopulation.

Ulcerogenic drug use may be difficult to identify, requiring a 
meticulous drug history and a collateral history if possible (to 
include over-the-counter and herbal remedies, and misuse of 
illicit drugs that can cause vascular insufficiency). Where avail-
able, serum, urine and platelet function testing may have a role 
for NSAIDs, and in particular for illicit drug misuse. Note that 
many different drugs can injure the gastroduodenal mucosa, not 
just NSAIDs and aspirin (see Box 56.1, though all recent medi-
cations should be scrutinized for any potential deleterious 
effects).

Once H. pylori and ulcerogenic drugs have been excluded, 
multiple endoscopic biopsies should be obtained from the ulcer 
edges and bed or crater, the surrounding mucosa, and the 
“normal” gastric antrum and corpus. Malignancy is uncommon 
in DUs [168] but 3% of GUs harbor malignancy (usually carci-
noma or lymphoma). Biopsies can also be evaluated for other 
infectious agents such as non-pylori Helicobacter species (long 
tight spirals are seen on histology with the special stains usually 
used to detect H. pylori), or cytomegalovirus, or herpes simplex 
viruses. Colonization with other bacterial and fungal species 
can occur in advanced gastric atrophy, though these are unlikely 
to cause disease in an immune-competent host. An experienced 
GI pathologist may identify evidence suggestive of inflamma-
tory or infiltrative disease (Crohn’s disease, eosinophilic gas-
troenteritis, etc. – see Box 56.1), which require specific 
evaluation.

Investigations for acid hypersecretion may be indicated, par-
ticularly to exclude hypergastrinemia in Zollinger-Ellison or 
other syndromes (see Chapter 57). Usually additional clinical 
features, family history, and the endoscopic appearances are 
clues to gastrinoma. However, PPI therapy may mitigate the 
classical features. Diagnosis of mastocytosis and myelodysplasia 
with basophilia require special tests, including blood film, bone 
marrow and other organ biopsies, serum tryptase, and molecu-
lar tests. In nongastrinoma acid hypersecretion and in the 
absence of these syndromes, measurements of stimulated acid 
output are sometimes performed and used to guide PPI treat-
ment and dosing decisions. However, it is more common to use 
high-dose PPI empirically in such ulcers. Finally, smoking  
and comorbidities are important considerations for patient 
management.

Management
PPIs are less effective for acid suppression and ulcer healing in 
true idiopathic non-H. pylori, non-NSAID ulcers than in H. 

pylori-infected patients [332,333]. Ulcers in uninfected patients 
are more prone to complications [70], with patients at greater 
risk of recurrent bleeding and death [188]. Therefore, higher 
doses of PPI and maintenance therapy are recommended. 
Patients who smoke should be encouraged to stop; this is some-
times the key therapeutic intervention.

In the case of malignancy (see Chapters 59 and 69), inflam-
matory and infiltrative disease (see Chapters 58 and 72), and 
acid hypersecretion, management is that of the underlying 
cause. Acid suppression, almost always with a PPI, is also given. 
For the management of gastrinoma in Zollinger-Ellison syn-
drome, refer to Chapter 57. Non-pylori Helicobacter species are 
managed with similar eradication therapy to H. pylori. However, 
many of these organisms are only weakly urease positive, so 
follow-up breath testing is unreliable and stool antigen tests are 
unhelpful. In the very rare situation where clearance needs to 
be assessed, repeat endoscopy and biopsy for histology is 
needed. Other infectious etiologies need specific discussion 
with clinical microbiology or virology colleagues. Patients using 
crack cocaine or methamphetamine should be managed in col-
laboration with drug rehabilitation services. Iatrogenic ulcers 
following endoscopic interventions for early gastric cancer 
require high-dose PPI and removal of other causes (see Chapters 
140 and 142). For truly idiopathic ulcers, management is usually 
with maintenance high-dose PPI to control acid secretion and 
prevent ulcer relapse [168].

Recurrent and refractory ulcers
Ulcers may recur or be refractory to standard treatment. In the 
era before H. pylori and antisecretory agents, PUD was a relaps-
ing condition characterized by ulcer recurrence (see 
“Relationship between natural history and symptoms”) [189–
193]. Recurrent and refractory PUD has declined since then 
(actually slightly in advance of PPI availability and declining H. 
pylori prevalence [334]). Most PUD responds to modern man-
agement or preventative strategies. In the era of H2 receptor 
antagonists, ulcers were defined as refractory if unhealed after 
8 to 12 weeks of therapy, allowing for ulcer size [335]. In the 
present day, ulcers can be considered refractory if unhealed after 
8 weeks of PPI therapy. Most ulcers heal more rapidly than this 
on PPIs, with DUs healing more rapidly than GUs, and smaller 
ulcers healing more rapidly than larger ulcers. Gastric ulcer 
healing may be slowed if NSAID or aspirin use needs to be 
continued, but with modern PPI therapy is still expected before 
8 weeks [336]. For GUs, healing can be confirmed as endoscopy 
is usually repeated after 6 to 8 weeks of treatment (for discussion 
see “Endoscopy and exclusion of malignancy”). For both DUs 
and GUs, refractory or recurrent ulceration should be consid-
ered in patients with ongoing symptoms or evidence of 
complications.

In patients with refractory or recurrent symptoms, key con-
siderations include whether persisting symptoms are due to 
PUD and, if so, whether the major reversible factors of H. pylori 
infection and NSAID/or aspirin use have been comprehensively 
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considered. There may be other perpetuating factors that may 
have impaired healing or lessened the response to antisecretory 
therapy (such as continued smoking, dense fibrosis, or giant 
ulcer). Inhibition of acid secretion may fail because of PPI 
resistance or H2RA tolerance, hypersecretory states, or nonpep-
tic causes of PUD.

Etiology
The etiology of recurrent and refractory ulcers is broadly similar 
to PUD in general – H. pylori infection, NSAID use, and the 
causes of non-H. pylori, non-NSAID ulcers. Prevalence of truly 
idiopathic ulcers is increasing (see Table 56.2), and these patients 
are at greater risk of recurrent bleeding and death compared 
with those with ulcers from H. pylori infection [188].

For H. pylori-associated ulcers, persisting infection may 
relate to a failure to recognize infection through inadequate or 
false negative testing, or a failure to cure a diagnosed infection 
as a result of poor patient compliance, inadequate eradication 
therapy, or H. pylori antibiotic resistance.

Continued NSAID or aspirin use (or resumption of use) 
should be considered in all patients, as these are the most fre-
quent cause of nonhealing ulcer [337]. It is surprisingly common 
for patients to deny NSAID use (or abuse). This is usually 
because of an inadequate drug history, unidentified use of over-
the-counter therapies, or sporadic use that is not recalled, but 
surreptitious misuse does occur. Denial may persist even in the 
face of objective laboratory evidence, or in the context of mul-
tiple recurrences or surgery [338,339]. Patients with coronary 
artery disease are a particular at-risk group, given their use of 
multiple antiplatelet agents and older age.

The most important etiologies to consider for non-H. pylori, 
non-NSAID ulcer recurrence are malignancy, acid hypersecre-
tory states, unusual infections and inflammatory conditions, 
though there are many other rare causes (see Box 56.1 and Table 
56.7).

Impaired healing
Ulcers can be refractory because of impaired healing. Restitution 
and repair may be delayed in the face of an intense inflamma-
tory response, impaired mucosal blood flow, or severe local 
scarring. These same factors promote rapid recurrence if healing 
was inadequate, mucosal architecture was not restored, or the 
underlying etiology perpetuates.

Large or giant ulcers; these take longer to heal completely, 
and are often associated with scarring. The rate of healing is 
approximately 3 mm per week for GU [203]. Ulcers up to 2 to 
2.5 cm in diameter should resolve within 8 weeks [203].

In complicated ulcers: mucosal injury is often deeper and 
more extensive, again with associated scarring or deformity.

Smoking: cigarette smoke impairs ulcer healing and the nega-
tive effects increase for heavy smokers. This can delay healing 
and is associated with ulcer relapse despite adequate antisecre-
tory therapy. However, most studies were performed before H. 

pylori was identified and this effect may be less when H. pylori 
has been eradicated from infected patients.

Comorbidity: many comorbid diseases linked with chronic 
catabolism can precipitate or perpetuate ulcers.

Concurrent therapy: glucocorticoids, cytotoxics, and vaso-
constrictive drugs may delay healing.

Inadequate control of acid secretion
Gastrinoma: will occasionally be the cause of refractory duode-
nal ulceration (see Chapter 57).

Nongastrinoma acid hypersecretion: increased basal and 
stimulated acid secretion has been described in patients with 
nonhealing ulcers. However, this is much less problematic with 
standard doses of PPI than with H2RAs, and the dose of PPI 
can easily be increased.

Rapid drug metabolism: pharmacokinetic differences 
between drugs used for treatment and class-specific differences 
between individuals can impact on acid control, particularly for 
cytochrome P450-mediated metabolism of PPIs (via 2C19). 
Occasionally this may translate into poorer clinical outcomes 
[300]. In practice, PPI dose is usually empirically increased in 
patients responding poorly to PPIs, but in a future era of per-
sonalized prescribing based on known genetic polymorphisms, 
this may change.

Clinical features
Refractory or recurrent symptoms require clinical evaluation. 
As with the approach to dyspepsia in general, the differential 
diagnosis is broad (see “Clinical features”) and recurrent symp-
toms do not necessarily indicate ulcer recurrence. Symptoms 
can return even with ulcer healing [340] and functional GI 
syndromes are common in these patients. Twenty-five percent 
to 40% of recurrences are asymptomatic [192,193,341].

Diagnostic approach
Endoscopy is required to identify patients with refractory or 
recurrent ulceration, particularly for overt bleeding, anemia, or 
symptoms of gastric outlet obstruction. In patients with uncom-
plicated ulcer and refractory or recurrent symptoms, the history 
should identify ulcerogenic drugs and treatment compliance. 
Nonendoscopic testing for H. pylori by urea breath testing or 
stool antigen testing is reasonable to identify eradication failure 
(though around 10% of treatment failures may be missed). 
Endoscopy will identify the ulcer and (when the patient is off 
PPI, antibiotics or bismuth) provides the opportunity for urease 
testing, histological evaluation (particularly in urease-negative 
cases, to detect H. pylori organisms, or the presence of chronic 
active gastritis, or other rare etiologies), and H. pylori culture 
with antibiotic susceptibility testing.

The ulcer location is important. Persistent GU in any form 
mandates aggressive exclusion of malignancy whereas the 
cancer risk for DU is very low (but not zero). Multiple ulcers 
and postbulbar DU may reflect acid hypersecretion and gastri-
noma (see “Other clinical scenarios or endoscopic findings”). 
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However, in all cases, persisting H. pylori infection and NSAID 
use must be considered. The approach is identical to that for 
non-H. pylori, non-NSAID ulcers (see “Treating suspected 
non-H. pylori, non-NSAID ulcers”).

Treatment
Treatment of H. pylori infection after failed eradication therapy, 
the prevention of NSAID and aspirin ulcers, and the manage-
ment of non-H. pylori, non-NSAID ulcers are considered above. 
Refractory ulcers are more likely to recur if the underlying cause 
is not identified and managed.

Antisecretory therapy
The mainstay of treatment remains an adequate PPI regimen, 
adapted to clinical response. Patients initially treated with 
H2RA should be switched to a PPI. Standard doses of PPI are 
effective though higher doses are more effective, and we recom-
mend full dose PPI in all cases, for maximal acid inhibition.

Antisecretory therapy should be continued at least until the 
underlying cause has been removed and healing is confirmed 
(for example, for NSAID-associated GUs or confirmation of H. 
pylori eradication success). However, in all cases of refractory 
ulcer, and particularly where impaired healing is anticipated or 
in cases with complications, maintenance full dose PPI is rea-
sonable for a sustained period of 6 months to several years. 
Therapy may be required indefinitely when the underlying 
cause cannot be identified and reversed, or in high-risk patients 
who fail repeated attempts at H. pylori eradication.

Maintenance therapy is also indicated to prevent recurrent 
ulcers, particularly in high-risk groups defined by previous 
ulcer complications, previously refractory or recurrent ulcers, 
and risk factors for impaired healing.

In instances of failure of high-dose PPI, there is no evidence 
to guide the medical strategy. One can try empirical switching 
to an alternative PPI, or addition of bedtime H2RA to control 
acid breakthrough. Direct measurement of acid output may be 
useful in these patients, with therapy adjusted if pH remains 
low. Addition of sucralfate may also be effective. Very occasion-
ally, failure of medical therapy must be admitted and accepted, 
and elective surgery considered.

Surgery
Elective surgery for refractory or recurrent PUD still has a very 
occasional role. Surgery is rarely advisable for recurrent ero-
sions or shallow ulcers. It is very rarely undertaken in cases 
where previous complications, such as recurrent bleeding, have 
not occurred. We advise particular caution in performing 
surgery primarily for symptom relief; it is extremely difficult to 
be sure that any resistant symptoms are arising from resistant 
ulcers.

When surgery is performed to treat an ulcer, it usually 
involves one or more of the following operations: vagotomy, 
pyloroplasty, gastrojejunostomy, or rarely partial gastrectomy. 
Some operations are linked to subsequent postgastrectomy  

syndromes including early and late dumping syndromes  
[342]. Nowadays, a laparoscopic approach is increasingly  
used [343].

Prevention

The primary and secondary prevention of PUD are key aspects 
of management, aiming to assess and modify risk. The primary 
prevention of ulcers is focused on users of NSAIDs and aspirin. 
Broader primary prevention of PUD through targeted screen-
ing and eradication of H. pylori in asymptomatic individuals 
is not an established practice, except in certain patients receiv-
ing long-term NSAID or aspirin treatment in whom there is 
strong evidence of benefit. Effective secondary prevention of 
NSAID and aspirin ulcers is also important. Secondary preven-
tion of non-NSAID ulcers by an adequate search for, and eradi-
cation of, H. pylori infection should also be re-emphasized 
because it is far too frequently overlooked in some healthcare 
settings.

Ulcer healing and long-term antisecretory treatment for non-
NSAID ulcers is considered with maintenance medical therapy 
(see “Treatment of peptic ulcer disease”). Modulation of other 
important factors (see “Risk factors”) is also possible and likely 
to be of benefit: smoking status in particular.

Prevention of NSAID and aspirin ulcers
Nonsteroidal antiinflammatory drugs, including aspirin, are 
widely used and cause considerable morbidity and mortality 
from GI toxicity related to their use (see “Epidemiology”). Low- 
dose aspirin (<325 mg daily) is associated with a two- to four-
fold increased risk [344]. It is frequently not possible to avoid 
or discontinue these agents. Therefore, both primary and sec-
ondary prevention of NSAID-associated ulcers are important 
issues in clinical practice.

Earlier studies on prevention were largely based on end 
points of questionable clinical significance (endoscopic ulcera-
tion defined by arbitrary size criteria, rather than symptomatic 
or complicated ulcers), and undertaken in less relevant popula-
tions (healthy volunteers, often young and without comorbidi-
ties or a history of PUD). The management strategy includes 
assessment of risk factors for GI toxicity (and cardio- and cer-
ebrovascular risks) and patient stratification, consideration of 
H. pylori status and other modifiable risk factors (e.g. smoking), 
drug-specific factors, and consideration of coprescription of 
prophylactic agents to protect the mucosa.

Risk stratification
Assessment of risk factors for GI toxicity is central when con-
sidering which strategy to follow to prevent NSAID- and 
aspirin-associated ulcers and their complications. Many indi-
viduals are not a significantly increased clinical risk, particu-
larly healthy individuals using NSAIDs at low doses in the 
short-term. No special preventative strategy is needed and the 
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majority of patients can be reassured. However, as NSAIDs 
carry an FDA black box warning for both GI and cardiovascular 
risk, and similar alerts in other regions, these should always be 
discussed with patients and documented.

Several guidelines and consensus statements have been pub-
lished (see Table 56.8), with more recent guidelines recom-
mending that patients be stratified into high-, medium-, and 
low-risk groups. We recommend prophylaxis primarily for GI 
high-risk groups. Although a large number of trials have been 
undertaken, direct comparisons of different strategies for GI 
protection are limited and many trials are at risk of bias [345]. 
Therefore, guidelines and cost-effectiveness analyses are not 
necessarily informed by high grade evidence.

Central considerations are a previous history of complicated 
or uncomplicated PUD, patient age (with older patients at 
higher risk), and concurrent drugs. The most important con-
current drugs are aspirin, clopidogrel or other antiplatelet 
agents, anticoagulants (warfarin and heparin), and glucocorti-
coids. Drug combinations further increase the risk, for example 
with dual antiplatelet therapy. Other drugs associated with a 
higher risk of bleeding and ulcer complications in NSAID  
users include selective serotonin reuptake inhibitors and 
bisphosphonates.

Table 56.8 Risk factors for gastrointestinal toxicity from nonsteroidal antiinflammatory drugs. Adapted from the American College of Cardiology Foundation 
/ American College of Gastroenterology / American Heart Association 2008 consensus statement [65], with permission from Elsevier. Reproduced from the 
American College of Gastroenterology 2009 guidelines [329], with permission from Nature Publishing Group.

ACCF / ACG / AHA 2008 consensus statement ACG 2009 guidelines

High-risk

Previous history of a complicated ulcer Previous history of a complicated ulcer, especially recent

Previous history of ulcer disease (non-bleeding) ≥3 other risk factors

Dual antiplatelet therapy

Concurrent use of anticoagulants

≥2 other risk factors

Moderate-risk

Classification level not used 1 or 2 other risk factors

Low-risk

1 or no other risk factors No other risk factors

Other risk factors

Age ≥60 years Age >65 years

Concurrent use of glucocorticoids Concurrent use of aspirin (including low-dose), glucocorticoids, or anticoagulants

Dyspepsia or GERD symptoms Previous history of an uncomplicated ulcer

High-dose NSAID therapy

Note
Helicobacter pylori is an independent and additive risk factor and needs to be addressed separately, along with consideration of cardiovascular and 
cerebrovascular risks (see text)
GERD, gastroesophageal reflux disease; NSAID, nonsteroidal antiinflammatory drug

Cardiovascular and cerebrovascular risk stratification
The need to consider cardiovascular and cerebrovascular risk 
was affirmed in a randomized trial of 156 adults in Hong Kong 
who developed peptic ulcer bleeding whilst taking low-dose 
aspirin [346]. Alongside endoscopic and PPI therapy, patients 
were assigned to continue aspirin (80mg daily) or placebo for 8 
weeks. There were significantly fewer deaths in the aspirin  
arm at 8 weeks: lower all-cause mortality (1.3% vs 12.9%, dif-
ference 11.6%, 95% CI: 3.7% to 19.5%) and lower mortality 
attributed to cardiovascular, cerebrovascular or GI complica-
tions (1.3% vs 10.3%, difference 9.0%, 1.7% to 16.3%). Recurrent 
ulcer bleeding within 30 days was nonsignificantly increased  
in patients taking aspirin (10.3% vs 5.4%, difference 4.9%, 95% 
CI: −3.6% to 13.4%. The mortality benefit with aspirin was 
much greater than expected from larger secondary prevention 
trials. This underlies an important message in clinical practice: 
– management of cardio- and cerebrovascular risk should be 
con sidered alongside the immediate priority to control hem-
orrhage and prevent re-bleeding. Close collaboration between 
the gastroenterology team and cardiology or stroke medicine is 
advised, particularly for high-risk patients with coronary artery 
stents, or a recent history of significant myocardial or a cerebral 
ischemia.
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Guidelines including those from the American College of 
Gastroenterology in 2009 [329] have also addressed cardiovas-
cular risk, with patients at high-risk arbitrarily defined as those 
taking low-dose aspirin. These guidelines recommend different 
management strategies depending upon the combined GI and 
cardiovascular risk profile. Some authors recommend further 
caution in the prescription of NSAIDs in patients with cardio-
vascular disease [347], citing inadequate long-term randomized 
outcome data. Other useful tools for clinical practice have 
become available such as the ASA Risk Calculator (http://www 
.asariskcalculator.com) [348]. This assesses the baseline risk and 
expected benefit of aspirin on the 10 year risk of cardiovascular 
events using Framingham estimations. Gastrointestinal risk cal-
culations are based on large European primary care databases 
and systematic review. As is often stated, guidelines and evi-
dence may not directly relate to the individual patient under 
consideration, but tools such as this can be useful in informing 
collaborative discussions between physician and patient.

Vascular risk – clopidogrel and omeprazole
A detailed consideration of the management of vascular risk is 
beyond the scope of this chapter, but there are concerns over 
the pharmacokinetic interaction between clopidogrel and PPIs, 
centered on concern over omeprazole. In vitro studies in par-
ticular have highlighted this interaction, with further work sug-
gesting that other factors than CYP2C19 metabolism can also 
determine clopidogrel efficacy. Studies including an observa-
tional self-controlled cohort study of 24 471 patients in the 
United Kingdom [349] concluded that this interaction is not 
clinically important. Other observational studies have reached 
different conclusions. The only randomized evidence comes 
from the COGENT trial [350], which compared clopidogrel 
alone with a clopidogrel/omeprazole combination pill, with the 
properties of this omeprazole formulation being slightly differ-
ent than other generic forms. The two primary endpoints were 
composites of significant GI and cardiovascular events at 180 
days. The authors did not find a significant difference in cardio-
vascular events, but highlighted a 66% reduction in GI events 
and an 87% reduction in overt upper GI bleeding. Unfortunately, 
the study was underpowered, recruiting only around 75% of its 
target of 5000 patients. This remains a controversial area and 
pragmatically it should be noted that alternatives to omeprazole 
are widely available, and PPIs for ulcer prophylaxis are mainly 
indicated for those at high-risk (see further on).

Helicobacter pylori
H. pylori infection significantly and synergistically increases the 
risk of uncomplicated and complicated ulcers in NSAID users 
[68]. Screening for and eradication of infection is widely recom-
mended to avoid this risk [65,252,329]. All patients who are 
about to start long-term NSAID therapy should be tested for H. 
pylori and treated if positive. There are benefits whether or not 
patients have a personal history of peptic ulceration, but those 
who have such a history benefit most. However, this strategy 

alone does not reduce ulcer risk in patients already receiving 
long-term NSAID treatment. Aspirin users with a history of 
gastroduodenal ulcer (complicated or uncomplicated) should 
also be tested and treated, with a lower long-term incidence of 
ulcer bleeding after eradication even in the absence of gastro-
protective treatment. The HEAT trial, due to report in 2016, is 
designed to test whether peptic ulcer bleeding is reduced by H. 
pylori eradication in regular aspirin users over 60 years of age 
(ClinicalTrials.gov identifier: NCT01506986).

Primary prevention of ulcer disease through population 
screening is not practiced, though may be a beneficial conse-
quence of other H. pylori screening programs such as those 
aimed to reduce gastric cancer in East Asian countries. Other 
potential tools such as H. pylori vaccines are not available 
despite much research [298].

NSAID factors – duration, choice and dose of  
agent, and formulation
Several important NSAID- or aspirin-specific factors influence 
the risk of GI complications; namely the duration of treatment, 
the class of NSAID (nonselective or COX-2 selective), toxicity 
of particular drugs, the dose used, cotherapy with aspirin, and 
the formulation. Strategies that target these factors may be used 
to reduce the risk of ulcer development.

The risk of GI complications is related to the duration of 
treatment, with increasing risk for longer exposures. This risk 
is most significant after 1 to 3 months of treatment [67], though 
is present within 1 week for some higher-risk agents such as 
indomethacin or piroxicam. Therefore, short-term treatment 
courses of NSAIDs with the lowest GI toxicity, and infrequent 
or occasional use such as for relief of temporary pain, are 
unlikely to cause significant problems in the majority. In par-
ticularly high-risk individuals, such as older patients with a 
history of complicated ulcer, NSAID prescriptions for analgesia 
should most likely be avoided and alternative agents used. 
Although it is advisable to use the shortest possible course of 
therapy, this strategy is usually not an option for those taking 
prophylactic aspirin or NSAIDs for inflammatory conditions. 
Patient risk and the prevention of GI complications should be 
considered regardless of the duration of therapy [351].

Some drugs or drug classes are potentially more ulcerogenic 
(see Figure 56.8). Compared to no NSAIDs, indomethacin has 
a higher-risk of GI complications (relative risk [RR] 2.3), with 
moderate risk for naproxen, diclofenac, and piroxicam (RR 1.7 
to 1.8), and lower but still increased risk for tenoxicam and 
ibuprofen (RR 1.4), and meloxicam (RR 1.2) [352]. Other drugs 
with higher ulcer risk include tolmetin, ketoprofen, and azapro-
pazone [353]. As previously highlighted, concurrent use of 
NSAIDs and aspirin (even at low doses) will further increase 
the risk.

Selective COX-2 inhibitor development was largely driven by 
a desire to reduce or avoid the gastroduodenal toxicity of non-
selective NSAIDs, which also inhibit the COX-1 isoform that is 
involved in GI mucosal barrier protection [354]. Several large 
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clinical studies and systematic reviews have confirmed that 
COX-2 inhibitors are less ulcerogenic than other NSAIDs [162]. 
However, switching from nonselective to selective NSAIDs for 
secondary prevention in high-risk patients is generally, but not 
always, less effective than a PPI for prophylactic mucosal protec-
tion (see further on), doing both does appear to further reduce 
ulcer risk. Concomitant use of aspirin with COX-2 inhibitors 
will negate any benefit from reduced ulcer risk, by effectively 
re-establishing nonselective COX inhibition [354].

Longer-term outcome data have linked COX-2 inhibitors 
with an increased risk of cardio- and cerebrovascular events. 
Some drugs were subsequently withdrawn from the market in 
some regions because they were associated with more myocar-
dial infarctions and/or strokes, including rofecoxib, lumira-
coxib, and valdecoxib. However, several drugs have kept their 
licensing approvals, including celecoxib, and are widely availa-
ble although used less since the safety data received widespread 
public attention. COX-2 inhibitors are effective antiinflamma-
tory agents and analgesics.

The choice of agent is influenced by the assessment of GI risk, 
but generally the least ulcerogenic NSAID is recommended 
(which may be a COX-2 inhibitor) with or without mucosal 
protection [329]. However, treatment decisions must be indi-
vidualized for patients with high cardiovascular or cerebrovas-
cular risk, in whom COX-2 inhibitors (but also most nonselective 
NSAIDs) may further increase the vascular risk and reduce the 
effectiveness of antiplatelet agents. The impact of naproxen on 
the antiplatelet effect is believed to be less, such that this NSAID 
is putatively mildly cardioprotective, though this remains con-
troversial and in January 2014 an FDA panel voted 16 against 
and nine in favor of a lower cardiovascular risk for naproxen. 
Management decisions that balance these complex risks should 
be informed by the latest evidence, guidelines, and regulatory 
agency advice, rather than blanket recommendations. The 

PRECISION trial, which may shed light on these issues, has 
extended its recruitment into 2015 (ClinicalTrials.gov identifier: 
NCT00346216).

The dosage used is also relevant – ulcer risk from NSAIDs is 
closely associated with dose (see Figure 56.8 and Table 56.9). 
This increased risk with higher doses of NSAIDs has been 
observed for many agents, both selective and nonselective, 
leading to the recommendation that the lowest effective dose be 
used. This is perhaps more complicated for aspirin at low-dose 
(in the range of 50 mg to 325 mg daily) with the GI risk increas-
ing proportionately, but the degree of vascular protection is 
considered by some to be greater with doses at the higher end 
of this range for some indications. Additional care is needed to 
adequately address ulcer risk in these cases.

Alternative formulations of aspirin, including enteric-coated 
and buffered forms, can reduce endoscopic ulceration (which 
can be in part a topical effect) but not clinically important upper 
GI bleeding (where systemic effects and other risk factors are 
important).

Mucosal protection – coprescription of  
prophylactic agents
Primary and secondary prevention strategies in patients requir-
ing NSAIDS include coprescription of a PPI or misoprostol; H2 
receptor antagonists are not as effective [325,327,355] with 
several cost-effectiveness analyses reaching different conclu-
sions [345,356,357]. Nowadays, where prophylaxis is indicated, 
PPIs rather than other agents are used in almost all situations. 
Therapy should continue for as long as the NSAID or low-dose 
aspirin is used and risk factors remain.

When combined with risk assessment and other factors  
previously discussed, several strategies are possible including 
those proposed by the American College of Gastroenterology 

Table 56.9 A proposed strategy to prevent NSAID-related ulcer complications. Source: Lanza et al 2009 [329]. Reproduced from the American College of 
Gastroenterology 2009 guidelines, with permission from Nature Publishing Group.

Low GI risk Moderate GI risk High GI risk

Low CV risk NSAID alone – the least ulcerogenic 
at the lowest effective dose

NSAID plus PPI or 
misoprostol

Alternative therapy if possible, or COX-2 
inhibitor plus PPI or misoprostol

High CV risk Naproxen plus PPI or misoprostol Naproxen plus PPI 
or misoprostol

Avoid NSAID or COX-2 inhibitors, use 
alternative therapy

Notes
Choice between different strategies based on clinical- and cost-effectiveness analysis, and any cardioprotective benefits of naproxen over other agents 
remains controversial (see text).
GI risk: This is stratified into low, moderate and high (see Table 56.8 and text). We recommend prophylaxis primarily for patients in high GI risk groups 
on the basis of currently available evidence (see text).
CV risk: High CV risk is arbitrarily defined by the ACG 2009 guidelines as the requirement for low-dose aspirin for prevention of serious CV events. 
There are other approaches to assessing CV risk that can provide more gradation and account for vascular risk factors in individual patients (see text).
All patients with a history of ulcers who require NSAIDs should be tested for Helicobacter pylori and, if the infection is present, eradication therapy 
should be given.
COX-2, cyclo-oxygenase 2; CV, cardiovascular; GI, gastrointestinal; NSAID, nonsteroidal antiinflammatory drug; PPI, proton pump inhibitor
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guidelines (see Table 56.9) [329]. Management should be tai-
lored to each individual – no strategy is universally effective or 
safe, evidence remains limited, and health economic evaluations 
are incomplete. We recommend prophylaxis in patients at high-
risk, consideration in those at medium-risk informed by up-to-
date evidence, and clear communication between primary and 
secondary care physicians [104].

PPIs
PPIs are useful in both the primary and secondary prevention 
of ulcers induced by NSAIDs [358–360]. There is no compelling 
evidence that a particular PPI is more or less effective. PPIs are 
also the most effective agents for preventing ulcers in patients 
taking low-dose aspirin [361–363]. In these patients clopidogrel 
is not an effective alternative to aspirin plus PPI if the goal is to 
prevent recurrent ulcer bleeding or complications [364,365].

PPIs are more effective at preventing ulcers than other drugs, 
as discussed further on, though comparative data with misopr-
ostol are conflicting. However, PPIs are also usually the most 
attractive choice because they are more convenient for patients, 
once daily dosing is typical, and less costly generic versions are 
available. Particular considerations may be relevant to some 
patients, such as in breastfeeding and pregnancy, and if there 
are concerns over increased risks of pneumonia or bone 
fragility.

Misoprostol
Misoprostol is an analog of prostaglandin E that can protect the 
gastroduodenal mucosa against the deleterious effects of COX-1 
inhibition from a wide range of different NSAIDs. It is approved 
for prevention of NSAID-associated gastric and duodenal ulcer-
ation. The relative risk of ulcer is reduced by over 90% (absolute 
risk reduction [ARR] 1.4% to 21.7%) regardless of ulcer size 
[366], and the relative risk of ulcer complications is reduced by 
40% (ARR 0.38% to 0.95%) [367].

The use of misoprostol is limited by lower GI side effects in 
around one in five patients, particularly abdominal discomfort 
and diarrhea. However, the background prevalence of these 
symptoms is itself high, with up to 15% treatment withdrawals 
in the placebo arm of randomized trials. The licensed dose of 
misoprostol is 200 micrograms four times daily, which is needed 
for maximum efficacy, but lower doses are better tolerated and 
can be titrated to reduce the risk of side effects. The manufac-
turer of misoprostol advises caution in patients with cardiovas-
cular disease and in the elderly. Also, misoprostol is an 
abortifactent.

Comparative data on relative effectiveness of misoprostol and 
PPIs are conflicting. One study showed that full-dose misopr-
ostol was more effective than lansoprazole (15 mg or 30 mg) at 
preventing endoscopic ulcers, though not when treatment with-
drawals were taken into account [368]. However, most studies 
have reported that omeprazole is superior to misoprostol in 
secondary prevention [325,327], with no additive benefit of dual 
therapy [369].

H2 receptor antagonists
There is evidence that H2 receptor antagonists may prevent 
duodenal ulceration [355], though this is of questionable impor-
tance as GUs are much more frequent in NSAID users. H2RAs 
also prevent endoscopic ulcers when used at very high doses 
[370]. Overall however, other agents are much more effective 
[355,371].

Selective COX-2 inhibitors
There are conflicting reports of the relative merits of using a 
combination therapy of a nonselective NSAIDs and a prophy-
lactic agent (PPI or misoprostol) versus using a COX-2 inhibitor 
(with or without PPI) [372,373]. All these strategies significantly 
reduce the risk of complications. The former is more widespread 
in clinical practice, given the declining use of COX-2 selective 
NSAIDs due to concerns over increased vascular events. 
However, using a selective COX-2 inhibitor (with or without a 
PPI), will be the most appropriate management for some 
patients; in the highest risk patients using a COX-2 inhibitor 
and a PPI is logical.

Complications

Complications of PUD include hemorrhage (either overt or 
chronic, the latter causing chronic iron-deficiency anemia), per-
foration and penetration, and gastric outlet obstruction (acute 
or chronic). The relative frequency, epidemiology, and manage-
ment of complications differ between regions and have changed 
markedly in recent years (see “Epidemiology”). All patients pre-
senting with complications require appropriate identification of 
and intervention for H. pylori infection and NSAID use, with 
successful H. pylori eradication confirmed after treatment. 
Non-H. pylori, non-NSAID ulcers are associated with increased 
complications [188]. Early multidisciplinary coordination 
between emergency room and medical teams, gastroenterology 
and endoscopy teams, surgeons, radiologists, and intensivists/
ICU specialists is recommended.

Hemorrhage
The most common presentation of complicated PUD is with 
upper GI bleeding, accounting for over 70% of acute complica-
tions in developed countries [50]. The incidence of bleeding in 
these countries has declined over the last 20 years, from around 
50 to 170 per 100 000 to an estimated 19 to 57 per 100 000 [374], 
with the highest risk in people over 60 years of age and a sig-
nificant minority are aged over 80 years, reflecting increased 
NSAID use. However, bleeding accounted for only 10% of com-
plications in a Nigerian center, where obstruction and perfora-
tion were more frequent [375].

Clinical features and diagnosis
Patients typically present with nausea, hematemesis and/or 
melena, and may have symptoms or signs of hemodynamic 
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instability, including dizziness or syncope. Around 10% of 
patients presenting with hematochezia and apparent acute 
lower GI bleeding will have a source in their upper GI tract, 
most commonly duodenal ulceration. A subset of patients with 
PUD will present with complications without preceding symp-
toms (silent ulcers). Peptic ulceration is usually diagnosed at 
endoscopy.

Nonsteroidal antiinflammatory drugs including aspirin are 
the most important risk factor for bleeding. Drug-specific 
factors influence the relative risk (see “Prevention”). Therefore, 
an accurate drug history is essential.

Infection with H. pylori is also an important risk factor. There 
are some specific considerations for the diagnosis of H. pylori 
infection in bleeding patients: higher rates of false negative 
results for H. pylori status using urease tests and stool antigen 
tests; difficulty in diagnosing H. pylori due to suppression with 
PPIs or antibiotics; and, that endoscopists are disinclined to take 
biopsies during the acute bleeding episode. Diagnosis can be 
safely delayed until after the acute episode or even after the ulcer 
has healed, though procedures should be in place within 
primary or secondary care to follow up this cohort. Typically 
serological testing will be performed during the acute episode, 
particularly when other tests are not available early in the hos-
pitalization. In the setting of complicated PUD, though a single 
negative test has some negative predictive value, interval testing 
is indicated to confidently exclude H. pylori infection, especially 
in high prevalence populations and in high-risk patients. This 
is usually in the form of urea breath testing, a stool antigen test, 
or even repeat endoscopy for biopsy-based tests.

Management
The management of upper GI bleeding is addressed in detail in 
Chapter 44. Key elements in management are: resuscitation and 
stabilization with fluids and/or blood products in proportion to 
severity; multidisciplinary input including risk assessment 
based on clinical, laboratory, and endoscopic parameters; intra-
venous acid suppressive therapy (to promote ulcer healing and 
reduce rebleeding); management of hemorrhage by endoscopic 
modalities (and sometimes timely angiography or surgical 
intervention if indicated); and, identification of the etiology so 
that definitive treatment can be arranged. Without definitive 
treatment, the risk of recurrent bleeding is 10% to 36% per 
patient-year [376–378]. Appropriate eradication of H. pylori 
and/or discontinuation of NSAIDs will significantly reduce this 
risk, and typically the treatment effect size is greater than for 
long-term maintenance antisecretory therapy alone. Manage-
ment strategies where it is not possible to stop NSAIDs or 
aspirin use are discussed under “Prevention”.

At endoscopy, the appearance of the ulcer as per the modified 
Forrest classification can predict the risk of rebleeding, the need 
for intervention, and death. Ulcers with high-risk features, that 
is, those with active spurting (IA), active oozing (IB), or a non-
bleeding visible vessel (IIA), have high risk of further bleeding 
and warrant endoscopic therapy. A meta-analysis of endoscopic 

therapy shows a significant decrease in further bleeding for both 
actively bleeding ulcers and ulcers with nonbleeding visible 
vessels [379]. For ulcers with adherent clot (IIB), endoscopic 
therapy may be performed by targeting the underlying lesion 
after clot removal. This has been shown to reduce recurrent 
bleeding as compared to medical therapy alone, although sig-
nificant heterogeneity exists among the studies [380]. Endoscopic 
therapy is generally not recommended for ulcers with a flat 
pigmented spot (IIC) or a clean base (III).

Perforation and penetration
Perforation results in leakage of air and intra-luminal contents 
into the peritoneal cavity. It is less frequent than ulcer bleeding 
in developed countries, occurring in up to 10% of cases and 
with an estimated annual incidence of 4 to 14 per 100 000. In 
Nigeria, perforation accounts for 30% of surgical procedures for 
complicated PUD [376]. Duodenal ulcers are the most common 
site for perforation (60%) with the remaining cases evenly split 
between the gastric antrum and corpus.

Presentation is typically with sudden onset of severe general-
ized abdominal pain, features of peritonitis, and associated 
shock. The clinical picture will often gradually improve over the 
first few hours but this should not necessarily be taken as reas-
surance – prompt assessment and management decisions are 
essential. Following initial fluid resuscitation, cross-sectional 
imaging has largely replaced plain radiographs in establishing 
the diagnosis. Patients are managed nil per os with a nasogastric 
tube, intravenous fluids, empirical broad spectrum antibiotics 
guided by local policies, and often high-dose intravenous PPI 
therapy (extrapolated from studies on peptic ulcer hemor-
rhage). The decision on if and when to operate should consider 
patient comorbidity and functional status, whether the patient 
is stable or improving, evidence that the perforation has spon-
taneously sealed, and the availability of percutaneous peritoneal 
drainage. Detailed discussion of the different surgical approaches 
to perforated ulcers is beyond the scope of this chapter. The 
prognosis is excellent with mortality of 1% to 5%, though poor 
outcomes are more likely in older patients, those with comorbid 
disease including diabetes mellitus, in the context of more 
severe illness (initial hypotension, metabolic acidosis, and organ 
failure), and with delayed presentation past 12 hours.

The management of apparently sealed-off perforations is an 
increasingly frequent issue for medical gastroenterologists, 
where peri-gastric or peri-duodenal pockets of air have been 
identified on the CT scan. Patients may have presented along 
the spectrum of symptoms outlined above but then improved. 
Management should be in close collaboration with the surgical 
team, but endoscopy may be the most appropriate step rather 
than operative intervention. Parenteral, then maintenance anti-
ulcer therapy, and an evaluation for reversible underlying causes 
are also central aspects of management.

Ulcers may also penetrate into retroperitoneal organs without 
free perforation into the peritoneal cavity. Penetration is char-
acterized by constant severe pain and usually a sudden change 
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in symptoms. However, penetration often remains subclinical. 
Penetration may result in: pancreatic damage with raised serum 
amylase but usually without overt pancreatitis (antral GUs and 
DUs); abscess formation, erosion into the biliary tree or liver 
(DUs); gastroduodenal fistulae (pyloric or prepyloric ulcers); 
gastrocolic fistulae (GUs on greater curve; may present with 
feculent vomiting, postprandial diarrhea, dyspepsia, and halito-
sis); or, aortoenteric fistulae or erosion into other vascular  
structures (may present with herald bleed or catastrophic hem-
orrhage). Management is usually surgical.

Gastric outlet obstruction
Gastric outlet obstruction (GOO) is the least frequent ulcer 
complication in most populations, likely affecting less than the 

quoted 2% to 3% of patients with ulceration. However, in the 
developing world it is still the most common reason for surgical 
intervention (in 50% to 60% of cases) in complicated PUD. 
However, other causes of GOO have risen in relative importance 
in the differential diagnosis of gastric retention, including neo-
plasia in particular (50% to 80%), but also upper GI tract webs 
and other obstructing lesions, and inflammatory conditions 
(see Table 56.10). Peptic ulceration (due to fibrosis and scarring, 
local edema from inflammation, and impaired emptying from 
atony) now accounts for only around one in 20 cases of GOO 
but historically this was up to 90%. This complication is more 
frequent in Zollinger-Ellison syndrome (in around 10%, see 
Chapter 57), with DU and pyloric channel ulcers, and with 
longstanding or NSAID-associated ulcers.

Table 56.10 Differential diagnosis of gastric outlet obstruction.

Etiology Notes on management

Peptic ulcers (5%) See text

 Duodenal ulcers

 Pyloric channel ulcers

 Gastric ulcers

Malignancy (50–80%)

 Local extension of pancreatic cancer Usually palliation including endoscopic enteral stent or surgical bypass by 
gastrojejunostomy

 Gastric carcinoma As for pancreatic cancer

 Gastric lymphoma Usually chemotherapy

 Other causes of malignant obstruction, e.g. proximal duodenal and ampullary neoplasms, local extension of gallbladder or biliary tree neoplasms, 
gastric carcinoid

Inflammatory and infiltrating disease

 Crohn’s disease (5%) Antiinflammatory therapy to target non-fibrotic disease, multiple endoscopic 
balloon dilatations, 40% require surgery (including gastrojejunostomy, 
gastroduodenostomy, stricturoplasty)

 Chronic and acute severe pancreatitis (1% to 5%) Usually surgical, limited long-term outcome data with endoscopic dilatation

 Large pancreatic pseudocyst Drainage: percutaneous, endoscopic by transpapillary route or via gastrostomy 
or duodenostomy, or surgical

 Other causes, e.g. cholecystitis, eosinophilic gastroenteritis, infiltration with amyloid or granulomata, including gastric tuberculosis

Miscellaneous

 Caustic injury Balloon dilatation, various temporary and definitive surgeries

 Migration of PEG tube Usually endoscopic

 Postsurgical complications Usually surgical

 Large pedunculated gastric polyp Usually endoscopic

 Bouveret syndrome1 Extracorporeal lithotripsy and endoscopic removal or surgery

 Gastric bezoars See Chapter 60

 Other causes, e.g. adult hypertrophic pyloric stenosis, upper gastrointestinal tract webs and bands, annular or ectopic pancreas, gastric volvulus

Notes
1 Impaction of gallstone in pyloric channel or duodenum, following migration through gastrocholecystic or enterocholecystic fistula
PEG, percutaneous endoscopic gastrostomy
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Clinical features and diagnosis
Upper abdominal pain, vomiting after a meal, bloating and 
distension, early satiety, and weight loss are suggestive of GOO. 
Physical examination may reveal a succession splash caused by 
food or drink retained in the stomach. The spectrum of associ-
ated clinical features of the underlying etiology is broad.

Diagnostic workup includes both imaging and endoscopic 
procedures, though diagnostic efforts are usually preceded by 
initial management steps, at least in acute presentations. 
Radiological investigations are often the first step, typically 
cross-sectional imaging, though ultrasound, contrast studies, 
and plain films are often informative. Endoscopic evaluation 
facilitates definitive diagnosis and therapeutic intervention, 
although prolonged fasting or aspiration of stomach contents 
using a nasogastric tube (NGT) may be necessary first. The 
traditional saline load test (where 750 ml of sodium chloride is 
administered via NGT, with mechanical obstruction suggested 
when more than 400 ml can be aspirated after 30 minutes) has 
declined in importance, though serial assessment to gauge 
response to medical management may be useful (aspirated 
residual volume below 200 ml after 30 minutes suggests resolu-
tion). At endoscopy, the stomach is cleansed and decompressed, 
then inspected for evidence of an intrinsic obstructing lesion, 
with targeted endoscopic biopsies to identify or exclude malig-
nancy. Sometimes additional tissue evaluation by endoscopic 
ultrasound, deeper biopsies, or full thickness surgical biopsies 
are required, particularly where malignancy or tuberculosis are 
strongly suspected.

Management
Management is multidisciplinary. Priorities include initial sta-
bilization, administration of antisecretory agents, optimization 
of nutritional status and fluid balance, endoscopic intervention 
if indicated, and specific management according to the defini-
tive diagnosis.

In most cases, the first step is aspiration of retained stomach 
contents via a large bore NGT to reduce the risk of aspiration. 
The patient is managed nil per os, and fluid and electrolyte 
abnormalities are corrected. These steps are usually necessary 
prior to endoscopy or contrast studies. Parenteral PPIs, often 
given intravenously, are also indicated to reduce gastric secre-
tion. Nutritional support, sometimes intravenous, is essential. 
Endoscopic therapy with balloon dilatation or stent insertion 
may aid initial recovery, though this is rarely definitive and 
repeated interventions may be needed (see Chapter 136).

Once the underlying cause has been identified, the patient is 
rehydrated, and electrolyte derangement and malnutrition 
addressed, specific treatment should be instigated (see Table 

56.10). If the cause is PUD, then the usual workup is again to 
identify H. pylori infection and/or NSAID use. Most of these 
patients will respond (at least initially) to acid suppression and, 
if indicated, H. pylori eradication and NSAID cessation. This is 
particularly the case for NSAID-induced PUD, though there is 
a risk of recurrent obstruction if patients continue NSAIDs even 
following interventional therapy. In the absence of evidence for 
maintenance antisecretory therapy, full dose oral medication 
should be started after the obstruction has resolved and contin-
ued long-term. However, it may ultimately be possible to dis-
continue this if NSAIDs are stopped or, in the case of H. pylori 
infection, when eradication is confirmed and deformities in the 
antrum and/or duodenum have resolved.
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Introduction

Zollinger–Ellison syndrome (ZES) is a clinical syndrome char-
acterized by symptoms due to excess gastric acid secretion 
(severe peptic ulcer disease [PUD], diarrhea, gastroesophageal 
reflux disease [GERD]) caused by the autonomous release of 
gastrin from a neuroendocrine tumor (NET; also called a gas-
trinoma, islet cell tumor, non-β islet cell tumor) [1–3]. ZES is 
named after two surgeons at Ohio State University who described 
two patients in 1955 with severe refractory PUD, controlled 
only by total gastrectomy, who had extreme gastric acid hyper-
secretion and pancreatic non-β islet cell tumors [1]. There had 
been previous reports of this syndrome [4]; however, Zollinger 
and Ellison were the first to propose it was due to the release of 
a biologically active substance by the islet cell tumor [1]. Within 
5 years, Gregory and colleagues [5] demonstrated a gastrin-like 
secretagog in the tumoral extracts of ZES patients. Subsequently, 
it was identified to be identical to antral gastrin [6,7]. Later, 
specific gastrin radioimmunoassays were developed, which 
demonstrated elevated serum levels in ZES patients and its pres-
ence in their tumors [8–11]. Many clinicians use the terms 
gastrinoma and ZES synonymously, but strictly speaking this is 
not correct. Many pathologists use the term gastrinoma to 
describe any tumor with gastrin identified by immunocyto-
chemistry [12]. These terms are not synonymous because 

immunoreactive gastrin is present in a number of tumors  
not associated with ZES or hypergastrinemia [e.g., colorectal 
cancers, pheochromocytomas, acoustic neuromas, broncho-
genic carcinomas, and other pancreatic neuroendocrine tumor 
(pNET) syndromes] [11]. Because of this, ZES cannot be estab-
lished simply by identifying the presence of gastrin immunore-
activity in the tumor, but requires the clinical features of ZES, 
coupled with the demonstration of inappropriate acid secretion 
and hypergastrinemia [2,10,13–16].

Gastrinomas are now classified as NETs, which include two 
general groups of related tumors, the gastrointestinal NETs (car-
cinoids) and pNETs [17,18]. Gastrinomas are generally included 
in the pNET group, which includes functional/nonfunctional 
pNETs, primarily located in the pancreas/upper small intestine 
[16–18].

Zollinger–Ellison syndrome can occur without an accompa-
nying inherited syndrome (i.e., sporadic ZES) or as part of the 
multiple endocrine neoplasia type 1 syndrome (MEN1) (20%–
25%) [19–21]. ZES also rarely occurs in Recklinghausen syn-
drome neurofibromatosis 1 [21,22], or with tuberous sclerosis 
[21,23]. Approximately 10%–17% of patients with von Hippel–
Lindau disease (VHL) develop pNETs; however, these are 
almost invariably nonfunctional pNETs [21]. The distinction 
between patients with ZES with or without MEN1 is particu-
larly important because their management differs in the medical/
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surgical approach, need for genetic testing and follow-up, as is 
discussed in detail in this chapter [24–26].

Epidemiology

Pancreatic neuroendocrine tumors which include ZES as well 
as other functional pNETs (insulinomas, vasoactive intestinal 
polypeptide-secreting tumors, etc.) and nonfunctional pNETs, 
account for 1%–10% of all pancreatic tumors and comprise 
1.3% of tumors in the Surveillance, Epidemiology, and End 
Results (SEER) database which includes malignant tumors [27–
30]. In autopsy studies, 0.5%–1.5% have a pNET but <1/1000 
cause symptoms, so that the overall prevalence of pNETs is low, 
approximately 10/million [26,30,31]. The incidence of pNETs is 
1–5 cases/million/year [32]. The overall incidence of ZES is 
0.5–3/million population/year [10,26]. Gastrinomas are the 
most common functional malignant pNETs and comprise up to 
30% of the pNETs in various series [10,12,26]. Duodenal 
tumors, which were originally thought to be uncommon (i.e., 
<20%), now make up 50%–88% of gastrinomas in sporadic ZES 
patients and 70%–100% in MEN1/ZES patients [2,3,10,12]. In 
rare cases, gastrinomas occur in other nonpancreatic nonduo-
denal abdominal (stomach, liver, bile duct, ovary) (5%–15%) 
and extraabdominal (heart, small-cell lung cancer) locations 
[33–36]. The incidence of pNETs, like all gastrointestinal NETs, 
has increased in a number of studies, which may be due to better 
detection, and it is unclear whether the incidence of ZES has 
actually changed [29,30].

Zollinger–Ellison syndrome occurs with a slight male pre-
dominance (55%–65%) [2,19,20,37,38] and is found in patients 
varying from age 5 to 85 years [2,10,19,37]. The mean age at 
onset is 41 years, with the onset of ZES in patients with MEN1/
ZES occurring 10 years earlier than those without MEN1 (spo-
radic ZES) (33.7 vs 43.3 years) [19].

Pathophysiology

Almost all presenting symptoms of ZES patients are due to 
gastric acid hypersecretion [15,19,39–41]. Only late in the 
disease course do symptoms occur that are due to the tumor  
per se (e.g., pain, anorexia, weight loss, etc.) [12,15,19,39–41]. 
Accordingly, in a typical patient, all of the presenting symptoms 
(including PUD, pain, diarrhea, GERD symptoms, weight loss) 
disappear if the gastric acid hypersecretion is adequately con-
trolled [10,12,39,42–45].

Ectopic gastrin release by the gastrinoma is the cause of the 
gastric hypersecretion [46]. The hypergastrinemia results in a 
markedly increased BAO of approximately fourfold (42 mEq/h) 
[47], and in some patients >10-fold [10,39,41,47–51] (Figure 
57.1g). Chronic hypergastrinemia also has trophic effects on the 
gastric mucosa, stimulating an increase in the number of pari-
etal cells and gastric enterochromaffin-like cells (ECL cells) 

[45,52–55] with the result that the parietal cell mass can be 4–6 
times normal [10,56,57]. This contributes to both an elevated 
BAO and increased maximal capacity to secrete acid, as shown 
by ZES patients having increased maximal acid outputs (MAOs) 
(Figure 57.1g) [10,47,51,58].

Chronic hypergastrinemia results in a specific proliferation 
of the gastric ECL cells, which are the only one of the six types 
of gastric endocrine cells to show such a response in ZES 
patients [59]. On average, gastric ECL cells are increased twofold 
in ZES [51,59–61]. With time, ZES patients can develop 
advanced ECL-proliferative responses, similar to those seen in 
animals with chronic hypergastrinemia induced by various 
methods, which in some cases undergo neoplastic changes 
[45,52,62–65]. It is proposed that with chronic hypergastrine-
mia, the ECL cells undergo a hyperplasia–neoplasia sequence 
of events with first simple hyperplasia, followed by linear hyper-
plasia, micronodular hyperplasia, adenomatoid hyperplasia, 
dysplasia (precarcinoid), and finally the development of carci-
noids [45,63,64,66]. Greater than 98% of ZES patients develop 
ECL hyperplasia [64,65], with 50% having advanced changes 
with sporadic ZES (7% dysplasia) [64] and 53% with MEN1/
ZES (2% dysplasia) [65]. In ZES, there is a close correlation 
between the degree of ECL hyperplasia and the fasting serum 
gastrin level [64,65]. Even though advanced ECL proliferative 
changes are seen in both sporadic and MEN1/ZES patients, they 
have a marked difference in the rate of occurrence of gastric 
carcinoids. Gastric carcinoids occur in 0%–33% of MEN1/ZES 
patients (Figure 57.1d) [65], and in the only perspective study 
were found in 23% [20,60,65,67–69]. However, gastric carci-
noids rarely occur (<1%) in sporadic ZES patients [51,64,70,71], 
and it has been estimated they occur at least with 70-fold greater 
frequency in MEN1/ZES patients [65].

Pathology and classification

Gastrinomas were originally reported as non-β islet cell tumors 
[1] and thus were originally thought to be pancreatic in location 
[1,40,72,73]. They were reported to occur in the pancreatic 
head : body : tail with a distribution of 4 : 1 : 4 [10,12,40,74–76]. 
Later studies described a small percentage of duodenal gastri-
nomas [77,78]. Today, duodenal gastrinomas are found 2–4 
times more frequently than pancreatic (Table 57.1) [25,79–86]. 
Therefore, prior to the mid-1980s, 80%–95% of gastrinomas 
were reported in the pancreas, whereas now 45%–90% are duo-
denal, and 10%–45% pancreatic [12,25,73,80–85]. This change 
likely occurred because duodenal tumors were being missed on 
preoperative localization studies or with a standard laparotomy 
because of their small size (Table 57.1) [10,25,79–81,85]. 
However, when careful attention was paid to the duodenum at 
surgery, more duodenal tumors were found [25,80–84]. Primary 
gastrinomas are also found in other intraabdominal sites (e.g., 
ovary, liver, bile duct, pylorus, spleen, mesentery, stomach, 
kidney), and very rarely (<0.5%) in extraabdominal locations, 
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the cystic/common bile ducts posteriorly, the junction of the 
second/third parts of the duodenum inferiorly, and the junction 
of the pancreatic neck/body medially [12,81,82,85,98]. This 
occurs primarily because of the high frequency of duodenal 
gastrinomas, and their increased detection in this area. 
Duodenal gastrinomas do not occur evenly, but demonstrate a 
decreasing occurrence distally, with almost 90% of duodenal 
gastrinomas occurring in the first/second part of the duodenum 
(Table 57.1) [25,35,99].

In older studies, 60%–90% of gastrinomas were associated 
with metastases (primarily lymph node/liver) and therefore 
they should all be considered potentially malignant [2,36, 
40,73,100,101]. The presence of metastases or gross invasion of 
normal tissue remains the only generally accepted, reliable cri-
terion for the diagnosis of malignancy [10,12,102]. Gastrinomas 

including the cardiac intraventricular spectrum and nonsmall-
cell lung cancer (Table 57.1) [12,33,34,36,73,87–93]. The ques-
tion of whether gastrinomas can arise in lymph nodes or 
whether they represent metastases from occult primaries is con-
troversial [10,12,79,91,92,94–96]. The possibility that a lymph 
node primary tumor may occur is supported by studies dem-
onstrating long-term cure after resection of only a lymph node 
gastrinoma [12,91,92,95]. Further support comes from the find-
ings that in 3%–25% of patients without pNETs, chromogranin-
positive rests occur in abdominal lymph nodes [94,97]. In the 
National Institutes of Health (NIH) prospective series, 11% of 
patients are classified as having primary lymph node gastrino-
mas (Table 57.1).

At surgery, 60%–90% of gastrinomas occur within the “gas-
trinoma triangle,” which is an area formed by the junction of 

Figure 57.1 Endoscopic/clinical findings, provocative test results, and acid secretory findings important in suspecting/diagnosing Zollinger–Ellison 
syndrome (ZES). (a–c) Show typical endoscopic findings of the gastric folds in normal patients, patients with atrophic gastritis (loss of folds, thin 
mucosa), or ZES (prominent folds, present in >94%). See [19]. (d) Shows multiple gastric carcinoids (type 2) (arrows) that frequently occur in patients 
with multiple endocrine neoplasia type 1 syndrome (MEN1)/ZES (23%) [65,292]. (e) Shows the onset of ZES in patients with MEN1/ZES (n = 58) is 
10 years earlier than in patients without MEN1 (sporadic ZES) (n = 203). Data from [19,20]. (f) Shows the typical response in serum gastrin 
concentrations in patients with ZES with injection of secretin (positive >120 pg/mL increase) (secretin test), calcium infusion (≥395 pg/mL increase) 
(positive ≥395 pg/mL increase), and standard meal test (<100% basal increase). Data from [136]. Only the secretin test is widely used today. (g) Shows 
the markedly elevated gastric basal acid secretion (BAO) (upper limit of normal [ULN] <15 mEq/h) and maximal acid secretion (MAO) (ULN 
48 mEq/h) in 235 patients with ZES. Source: Data from Polacek and Ellison 1966 [47].
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which is a similar percentage seen with the larger pancreatic 
gastrinomas (mean size 3.8 cm) (Table 57.1). This data suggests 
that these two gastrinoma sites are equally malignant; however, 
they are not equally aggressive, because liver metastases occur 
in 52% of the NIH patients with a pancreatic gastrinoma (15%–
45% in the literature) (Table 57.1). However, liver metastases 
occur in only 5% of duodenal gastrinomas (10% in the litera-
ture) (Table 57.1) [33,34,103].

In the older literature, one-third of ZES patients presented 
with metastatic liver disease, approximately one-third with no 
tumor found and one-third with localized disease [10,12]. 
Recent data suggests a different distribution leaning toward 
fewer patients presenting with advanced disease [12] (Table 
57.1). In 221 consecutive patients seen at the NIH, the majority 
(65%) initially had only localized disease, and the remaining 
35% were divided between those with hepatic metastases and 
those with no tumor found [12,33,34] (Table 57.1). This distri-
bution of gastrinomas differs from that reported in surgical 
series because patients with diffuse liver metastases are excluded 
[2,13,79,104,105]. In 155 patients undergoing surgical explora-
tion at NIH, 85% had limited disease and the remaining 15% 
were evenly divided between those who had limited hepatic 
metastases (8%) and those where no tumor was found (7%) 
[12]. In older studies, up to 48% of patients had no primary 
tumor found (Table 57.1), whereas at present, gastrinomas are 
more frequently found; in fact, gastrinomas were found in each 
of the last 81 patients explored for possible cure at NIH [79]. 
This difference has occurred because almost all of the gastrino-
mas missed in early studies were, as noted, likely in the duode-
num and missed because of their small size [25,81,82,106].

Extrahepatic, distant metastases can occur with advanced 
gastrinomas [107–111]. Bone metastases occur in 31% of 
patients with advanced disease, but are rarely seen in ZES 
patients who do not have liver metastases [107,108,111] and 
occur primarily in the axial skeleton initially. Their identifica-
tion is important, because it frequently affects management, and 
they are an important prognostic factor, with patients only sur-
viving a mean of 1 year after their identification (see Figure 
57.3c) [33,107,108,110].

Histologically, gastrinomas show the typical features of  
NETs, with cubical cells with few mitoses and fine granular 
eosinophilic cytoplasm [73,102]. They can demonstrate trabec-
ular, gyriform, or glandular morphology; however, no specific 
pattern is predictive of biological behavior [10,72,102]. Duo-
denal gastrinomas occur in the submucosa, frequently infiltrate 
the mucosa, and, in the case of tumors >1 cm, the muscular 
layer [73]. Duodenal gastrinomas usually have proliferative 
rates <10%, whereas pancreatic gastrinomas frequently have 
higher proliferative rates [73]. Both duodenal and pancreatic 
gastrinomas may demonstrate blood vessel invasion [73,102]. 
Gastrinomas are usually identified as a NET by their histological 
appearance and positivity with immunohistochemistry for  
the NET markers (chromogranin A [CgA], synaptophysin) 
[10,17,73,102]. Gastrin immunoreactivity can be detected in 

Table 57.1 Characteristics of gastrinomas [National Institutes of Health 
(NIH) prospective studies and literature]. Data are from 
[12,33–36,87–93,103].

%

Characteristic NIH data (n = 221)
Mean [range]

Literature 
[range]

Primary location
 Pancreas 24% [21–70%]
 Duodenum 49% [6–32%]
 Lymph node 11% <1%
 Othera 9% [0–18%]
 Unknown 16% [7–48%]

Duodenal location
 D1 57% ND
 D2 32% ND
 D3 5% ND
 D4 4 ND

Extent of disease
 No tumor found 13% [7–48%]
 Localized disease 70% [23–51%]
 Metastatic disease to 

liver
17 [13–53%]

Extent of metastases
 Primary only 36% [23–51%]
 Primary + lymph 

nodes
29% [8–61%]

 Primary + liver 
metastases

23% [15–38%]

 Liver metastases only 3% [4–14%]
 Lymph node 

metastases only
16% [4–23]

Gastrinoma size (cm)
 Mean (largest) 1.9 ± 0.2 [0.1–4.8] [1–6]
 Duodenal 0.89 ± 0.05 [0.1–5] [0.2–5.5]
 Pancreatic 3.8 ± 0.3 [0.5–7] [0.5–10]

Metastases: duodenal 
vs pancreatic
Lymph node metastases 
(%)
 Duodenal 47% [20%–80%]
 Pancreas 48% [up to 48% of 

patients had 
no primary 
0%–60%]

Liver metastases (%)
 Duodenal 5% 10
 Pancreas 52% [15%–45%]

D1–4, duodenal regions 1, 2, 3, and 4; ND, no data.
a Other tumor locations include additional intraabdominal sites (liver, 
bile duct, spleen pylorus, mesentery, ovary, lymph nodes) and very 
rarely extraabdominal sites (heart, nonsmall-cell lung cancer).

metastasize primarily to regional lymph nodes and the liver 
[10,33,73]. Duodenal gastrinomas are characteristically small in 
size (Table 57.1), frequently <1 cm in diameter; however, they 
are associated with lymph node metastases in 47% of the cases 
in the NIH prospective studies (20%–80% in the literature), 
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established their usefulness in an individual case [45] and they 
are currently rarely measured.

Chromogranin A is a 48-kDa protein stored in the secretory 
granules of neuroendocrine cells and is widely used as an 
immunocytochemical marker to identify tumors as NETs 
[10,17,73,102,121,122]. CgA is released simultaneously with the 
release of polypeptides and thus can be used as a general plasma 
tumor marker for NETs [121–126]. CgA is elevated in 80%–
100% of ZES patients, as it is in patients with other pNETs/
carcinoids [123–127]. Changes in plasma CgA levels are 
reported to be useful for assessing changes in tumor mass in 
some studies; however, in other studies, including in patients 
with gastrinomas, it has been found to be a relatively insensitive 
marker for tumor progression [123–127]. One problem with 
using plasma CgA as a tumor marker in ZES patients is that the 
chronic hypergastrinemia causes gastric ECL cell proliferation 
which increases plasma CgA [15,122,126,128]. Thus, in ZES, 
elevated plasma CgA can come from the gastrinoma or from 
hyperplastic ECL cells [15,129–131]. Unfortunately, plasma 
CgA is also increased by inflammatory disorders, other endo-
crine diseases, gastrointestinal disorders, cardiovascular disor-
ders, and altered renal function, and therefore minimally or 
moderately elevated plasma CgA levels in the range frequently 
seen with small gastrinomas/pNETs overlap with values found 
in these other disorders [121,122,126].

In patients with ZES, secretin [132–137], glucagon [138], 
calcium [134–137,139], and a standard meal [136,137,140] all 
stimulate increased serum gastrin levels; in addition, native and 
synthetic somatostatin analogs (octreotide, lanreotide) can 
decrease serum gastrin [43,45,141,142] (Figure 57.1f). These 
findings have been used clinically with the development of 
secretin, calcium, glucagon, and standard meal provocative tests 
for ZES diagnosis and the use of somatostatin analogs to control 
acid hypersecretion [14,43,45] (Figure 57.1f). The clinical 
aspects of their use in provocative testing is discussed in the 
later section on ZES diagnosis. However, somatostatin analogs 
are now rarely used to control acid hypersecretion because they 
must be given parenterally, whereas effective long-acting oral 
antisecretory agents are available and are the drugs of choice 
[13,16,26,43,142]. Somatostatin analogs are used for their anti-
growth effects or to control ectopic secretion of other hormones 
in gastrinoma patients, and this is discussed in later sections. 
The exact mechanism by which secretin, calcium, glucagon, or 
a meal increase (Figure 57.1f), and somatostatin analogs 
decrease, serum gastrin in ZES patients is not completely clear 
[10,136]. The most likely explanation is a direct effect on gastrin 
release from the gastrinoma, although others have proposed (in 
the case of the secretin test) that it is an exaggerated physiologi-
cal response [143–145]. The evidence for a direct effect is that 
secretin receptors [144,146], and somatostatin receptors 
[147,148] are present on gastrinomas, as well as the calcium-
sensing receptor, which can regulate cellular hormone release 
[149,150]. Furthermore, calcium and secretin stimulate gastrin 
release, and secretin activates adenylate cyclase from dispersed/

most gastrinomas [10,73,112,113] and approximately one-half 
produce multiple hormones [10,73,112,113].

Recently, it has been proposed that gastrinomas, as well as all 
pNETs/gastrointestinal NETs (carcinoid tumors), should have a 
common classification as NETs [114,115]. A number of different 
classification systems have been proposed, including those  
by the World Health Organization (WHO), the European 
Neuroendocrine Tumor Society (ENETS), and in the USA by 
the American Joint Cancer Committee/International Union for 
Cancer Control (UJCC/IUCC) [17,114,115]. WHO classifies 
these tumors into poorly differentiated or well-differentiated 
endocrine tumors or carcinomas with the well-differentiated 
tumors further divided into classes with different behavior 
depending on size, functionality, location, invasiveness, and 
proliferative indices [114,115]. Both a tumor/node/metastasis 
(TNM) classfication and grading system are proposed [114,115]. 
Proper classification of gastrinomas is essential, because recent 
studies demonstrate it has prognostic value and may affect the 
type of treatment recommended [114–116]. Most gastrinomas 
are well-differentiated pNETs grade 1 or grade 2 [73].

Tumor biology

Gastrinomas frequently synthesize and secrete multiple gas-
trointestinal peptides, as well as chromogranins and neuron-
specific enolase [10,102,113]. Plasma levels of hormones other 
than gastrin are elevated in 62% of ZES patients, with one addi-
tional hormone elevated in 44% and two in 18% [113]. Motilin 
is the most common plasma hormone also elevated (30%), fol-
lowed by human pancreatic polypeptide (27%), neurotensin 
(20%), and gastrin-releasing peptide (10%) [113].

The gastrin gene spans a 4-kb area and consists of 3 exons 
and 2 introns, with the coding region translating into a 101-
amino acid peptide, preprogastrin [11,45,117,118]. In normal G 
cells, preprogastrin undergoes a series of posttranslational 
processing steps including dibasic cleavages, removal of the 
glycine extended COOH terminal amino acids and sulfation, 
leading to the formation of progastrin, then COOH terminal 
glycine-extended forms, and finally the biologically active  
forms consisting of 2 COOH-amidated gastrins, gastrin-17 
(G-17) and gastrin-34 (G-34), existing in sulfated and nonsul-
fated forms [11,45,117,118]. Normally, >90% of antral gastrin 
is G-17, while in the duodenum only 40%–50% is G-17 
[11,45,117,118]. In the circulation, normal G-34 is the predomi-
nant form (>60%) and sulfated/nonsulfated forms occur equally 
[11,45,117,118]. In contrast, in patients with gastrinomas, the 
relative concentrations of G-17 are higher (74%–80%), and 
increased concentrations of partially processed forms are found 
(progastrin, NH2 and COOH terminal fragments, COOH 
glycine extended fragments, incompletely amidated fragments) 
[10,11,45,117–120]. Alterations in posttranslational processing 
have been correlated with the presence of metastatic disease 
[10,45,117,119,120]; however, no prospective studies have 
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varies markedly: 42% demonstrating rapid growth, 26% show 
no growth, and 32% slow growth over a 3-year period [169]. 
Deaths only occurred in the group with rapid growth (62% died 
during follow-up) [169]. This result has important implications 
for treatment; the growth slope prior to treatment is rarely con-
sidered in most treatment studies, but it can clearly have a 
marked effect on patient outcome and survival.

Molecular pathogenesis

In contrast to many common malignances, the pathogenesis of 
gastrinomas, as well as other NETs, was relatively unknown 
until recently [26,170,171]. In contrast to many adenocarcino-
mas, mutations of common tumor suppressor genes (p53, retin-
oblastoma [RB], etc.) and oncogenes (Ras, myc, jun, Src, etc.), 
are infrequent in gastrinomas and other pNETs [26,170,172–
174]. However, recent studies show that both the p53 pathway 
and the RB pathway are altered in pNETs [175,176]. The Rb 
pathway is inactivated in most pNETs (including gastrinomas) 
[176] by amplification of genes encoding the cyclin-dependent 
kinases Cdk4/Cdk6. A second study [175] found a low rate of 
p53 mutations in pNETs (<3%); however, the p53 pathway was 
altered in 70% of pNETs through aberrant activation of its nega-
tive regulators – mouse double minute 2 homolog (MDM2) 
(22%), mouse double minute 4 homolog (MDDM4) (30%), and 
wild-type p53-induced phosphatase-1 (WIPI) (51%).

Gastrinomas and other pNETs can occur as part of inherited 
syndromes, including MEN1, tuberous sclerosis, neurofibroma-
tosis, von Recklinghausen disease [21], and VHL, and studies 
of the genes altered in these diseases have provided insights  
into the molecular pathogenesis of pNETs [21,171,173]. 
Approximately 20%–25% of patients (Table 57.2) [10,20,21, 
177,178] with ZES have MEN1 (Wermer syndrome) (MEN1/
ZES). MEN1 is an autosomal dominant disorder due to muta-
tions in the MEN1 gene on the long arm of chromosome 11 
(11q13). The MEN1 gene has 10 exons encoding for a 610 amino 
acid protein, MENIN [20,21,179,180]. The exact molecular 
alteration that occurs with MENIN mutations that results  
in pNETs, including gastrinomas, is not clear. However, it is 
known that MENIN is a nuclear protein that interacts with a 
large number of proteins [21,178,180,181]. MENIN interacts  
with SMAD3, RPA2 (a DNA-processing factor), the AP1 tran-
scription factor, JunD, nuclear factor-κB, Pem, FANCD2 (a 
DNA-repair factor), nucleoside diphosphate kinase, NM23β, 
cytoskeletal-associated proteins, and various histone-modifying 
enzymes [21,178,180,181]. Mutations in the MEN1 gene occur 
in one-third of sporadic gastrinomas [21,170,173,174,182]. A 
recent study [172] reported results of exomic sequencing of  
10 sporadic pNETs, and found the MEN1 gene was the most 
frequently altered gene. MEN1 gene mutations occurred in 
44% [172], followed in frequency by mutations in 43% in  
genes encoding for two subunits of a transcription/chromatin-
remodeling complex consisting of DAXX (death domain associ-

cultured gastrinoma cells [144,150–155] and somatostatin 
inhibits [154,155]. Also, a direct relationship exists between the 
magnitude of expression of secretin receptors on gastrinomas 
and the magnitude of the secretin-stimulated response in ZES 
patients [144].

The cell of origin of gastrinomas remains unclear. Although 
gastrinomas and other pNETs are frequently called islet cell 
tumors, it is not proven that they actually arise from pancreatic 
islets [156,157]. Gastrin is found in the fetal/developing pan-
creas in islet cells; however, gastrin is not present in the adult 
pancreas [117,158,159]. Duodenal and pancreatic gastrinomas 
differ in biological behavior [34,103,160–162], and gastrin-
producing G cells are found in the adult duodenum but not  
in the adult pancreas; therefore a different cell of origin has  
been proposed for duodenal and pancreatic gastrinomas 
[10,12,160,162]. It has been suggested that gastrinomas in the 
gastrinoma triangle area (duodenum/pancreatic head) originate 
from the ventral pancreatic bud, and those from the pancreatic 
body/tail from the dorsal pancreatic bud [159]. Others have 
proposed that gastrinomas originate from multipotential, endo-
crine programmed stem cells that undergo inappropriate and 
incomplete differentiation toward the G cell [10,158,160]. In 
MEN1/ZES patients, duodenal gastrinomas arise from the G 
cells by a process of hyperplasia similar to that proposed for the 
response of ECL cells to gastrin in the stomach [163]. In MEN1/
ZES patients, the pivotal event in the development of the multi-
focal gastrin neoplasms is the allelic deletion of the second 
MEN1 allele [163,164]. However, this sequence was not seen in 
sporadic gastrinomas [163,164]. For pancreatic pNETs in MEN1 
patients, two studies have come to different conclusions, with 
one concluding that PETs arise from duct cells [157] and the 
other concluding that they arise from islet cells [163,165]. 
Although some recent studies propose that cancer stem cells, 
which have been described in a number of solid tumors, could 
also be important in the pathogenesis of pNETs or gastrointes-
tinal NETs, at present they have not been convincingly identi-
fied and isolated in gastroenteropancreatic NET pathological 
samples [166].

Studies of the natural history of ZES patients have provided 
some important insights [33,34,167,168]. In patients with spo-
radic ZES, 25% of the gastrinomas show a pattern of aggressive 
growth behavior [33,34]. Aggressive growth is associated with 
a decreased 10-year survival (30%) compared to the excellent 
survival in those with nonaggressive disease (10-year survival 
96%) [34]. A similar pattern has been described in patients with 
MEN1/ZES; however, the percentages are different, with only 
14% demonstrating aggressive growth [167]. In the sporadic 
ZES patients, those with aggressive growth are characterized by 
more frequently having liver metastases, a pancreatic primary, 
a large primary (>3 cm), a short disease history, higher gastrin 
levels, female gender, and sporadic ZES [33,34]. In general, 
patients with MEN1/ZES have a better prognosis than patients 
with sporadic ZES [34]. Finally, follow-up studies demonstrate 
that even in patients with liver metastases, their rate of growth 
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173,174,184,185]. Numerous recent studies provide evidence 
that the mTor/Akt/PI3K pathway is particularly important for 
mediating the growth of pNETs [184,185]. This evidence 
includes the success of the mTOR inhibitor, everolimus, in 
extending disease-free survival in patients with advanced 
pNETs [186], but also studies showing the mTor/Akt/PI3K sig-
naling cascade plays a central role in pNET cell growth and 
proliferation [171,184,185,187]. Additional evidence for the 
importance of the mTor/Akt/PI3K pathway comes from a 
study [188] reporting the effects of a single nucleotide poly-
morphism. Replacing arginine by glycine in codon 388 (R388) 
of the fibroblast growth factor receptor 4 (FGF4) diminishes 
the responsiveness to mTor inhibitors in pNETs, and its pres-
ence in pNETs is associated with advanced tumor stage and 
liver metastases.

Comparative genomic hybridization (CGH) and genomic-
wide allelotyping studies report that chromosomal gains/losses 
occur frequently in pNETs, including in gastrinomas, and that 
the distribution of these changes differs between gastrointesti-
nal NETs (carcinoids) and pNETs, supporting the conclusion 
that they have a different pathogenesis [26,173,174]. In pNETs, 
allelic losses occur most frequently at chromosomal locus 1p 
(25%–75%), 1q (20%–90%), 3p (40%–95%), 11p (30%–50%), 
11q (30%–70%), and 22q (40%–95%) [170,173,174,184].  
With pNETs, chromosomal gains occur most frequently at 17q 
(10%–55%), 7q (15%–70%), and 4 q (33%) [170,173,174,184]. 
A number of these alterations are associated with malignant 
behavior including deletions at chromosome 1, 3p, 6, 11q,  
17p, and 22p, and gains on chromosome 4, 7, 14q, and Xp 
[170,173,174,184].

Results have been reported from a number of studies  
in which pNETs were studied using microarrays to perform 
gene expression profiling [173,174,184]. Results from 8 studies 
in pNETs have been summarized [184] and they demonstrate  
a wide variation in the number of genes upregulated (45–668) 
or downregulated (25–323). It is not clear presently which  
gene changes are important in the molecular pathogenesis of 
the pNET.

Clinical presentation and features

General clinical features
The symptoms most patients with ZES have initially result  
from the effect of the marked hypergastrinemia-induced gastric  
acid hypersecretion (Table 57.2; Figure 57.1g) [19,39,72,189]. 
Abdominal pain occurs in >90% of ZES patients (Table 57.2) 
and it is clinically indistinguishable from that seen in a typical 
patients with idiopathic PUD [39,72,189]. The pain is typically 
due to the presence of a duodenal ulcer, which in the past was 
frequently multiple or occurred in unusual locations; however, 
at present, most ZES patients present with a typical duodenal 
ulcer [12,19,189]. Pain occurs alone or associated with diarrhea 
in up to 55% of patients (Table 57.2).

ated protein) and ATRX (α-thalassemia/mental retardation 
syndrome X linked), followed by mutations in mTor pathway 
genes (15%). The VHL locus occurs at 3p25, and chromosome 
3 alterations are reported in 21%–50% of sporadic pNETs 
[173,183]. However, these chromosome 3 alterations are rarely 
associated with a mutation at the VHL locus, suggesting that it 
is not involved in pNET development; however, a locus telom-
eric to the VHL locus may be involved. At present there is no 
specific data from complete exomic or next generation sequenc-
ing specifically in gastrinomas, although in the near future this 
likely will be available and may provide some important molec-
ular insights for the differences between duodenal and pancre-
atic gastrinomas.

Recent studies provide evidence for the importance in 
pNETs/gastrinomas of alterations in the DPC4/Smad gene 
(20% in pNETs), the p16/MTS1 tumor suppressor gene (50%–
90%), mTor/Akt/PI3K pathway, amplification of the HER-2/neu 
protooncogene, as well as increased expression of a number  
of growth factors and/or their receptors (platelet-derived  
growth factor [PDGF], hepatocyte growth factor, epidermal 
growth factor [EGF], insulin-like growth factor 1) [170,171, 

Table 57.2 Clinical features of patients with Zollinger–Ellison syndrome 
(ZES) (National Institutes of Health [NIH] prospective studies and literature). 
Data from [10,19,20,81,192] and from 11 series with 12–359 patients (see 
Table 9 in [19]).

Feature NIH
(n = 261)

Literature
[range]

Gender (% male) 56% [44–70]

Mean age onset (years) 41 [41–53]

MEN1 present (%) 22% [10%–48%]

Initial symptom (%)
 Abdominal pain 75% [26–98%]
 Diarrhea 73% [17–73%]
 Heartburn/reflux symptoms 44% [0–56%]
 Weight loss 17%
 Nausea 30% [0–37%]
 Vomiting 25% [0–51%]
 Bleeding 24% [8–75%]
 Pain + bleeding 19% [19–44%]
 Pain + diarrhea 55% [28–56%]

Mean duration of symptoms (years) 5.2 [3.2–8.7]

Previous gastric acid reducing 
surgery (%)

32% [0%–45%]

History confirmed peptic ulcer 71% [71–93%]

Peptic acid complication
 Perforation 4% [4–6%]
 Esophageal stricture 5% [5%–18%]
 Pyloric/duodenal scarring 10% ND

Prominent gastric folds  
(Figure 57.1a–c)

94% [13–30%]

MEN1, multiple endocrine neoplasia type 1; ND, no data.
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from sporadic ZES patients because of the presence of other 
MEN1 features [19,20,65,194–196]. MEN1 causes NETs and 
hyperplasia in multiple endocrine organs that classically 
includes: (1) hyperparathyroidism due to parathyroid hyper-
plasia; (2) pancreatic NETs (nonfunctional pNETs  >  gastri-
noma  >  insulinoma  >>  other); and (3) pituitary adenomas 
(prolactinomas  >  adrenocorticotrophic hormone secreting  > 
growth hormone secreting) (Table 57.3) [20,21,178,197,198]. 
Each may cause functional syndromes. The most frequent 
pNET is a nonfunctional pNET (NF-pNET) with 80%–100% 
developing microscopic NF-pNETs; however, NF-pNETs cause 
symptoms in only 0%–13% [20,21]. Gastrinomas are the most 
frequent functional pNET (mean 54%, range 20%–61%) 
[19,20,178,198,199] (Table 57.3). In addition, classically, adrenal 
tumors (rarely functional) and thyroid disease can occur in 
<50%, and these patients have an increased incidence of carci-
noid tumor (stomach, lung, thymus) (Figure 57.1d) (Table 
57.3). Recently, it has become recognized that these patients can 
develop a number of other tumors, including: smooth muscle 
tumors (leiomyomas, leiomyosarcomas); central nervous system 
(CNS) tumors (meningiomas, schwannomas, ependymomas); 
and skin tumors (angiofibromas  >  collagenomas  >  lipomas 
> melanoma) (Table 57.3).

Zollinger–Ellison syndrome in MEN1 patients presents at a 
younger age (10 years earlier) than seen in patients without 
MEN1 (i.e., sporadic ZES) [19,20,199] (Figure 57.1e). The initial 
clinical manifestation of MEN1 in MEN1/ZES patients is usually 
renal colic due to hyperparathyroidism, and therefore it was 
generally thought that patients with sporadic ZES could be 
easily distinguished from those with MEN1/ZES [20,21,39, 
196,200]. Unfortunately, it is now clear that this is not always 
the case, and, in recent studies, up to one-third of ZES/MEN1 
patients present with features of ZES [20,21,196]. Almost all 
MEN1/ZES patients at presentation of ZES have hyperparathy-
roidism; however, in many cases, it is mild [20,196]. Furthermore, 
hyperparathyroidism can be difficult to diagnose with routine 
laboratory studies because the total serum calcium levels may 
be normal and the changes in plasma parathyroid hormone 
(PTH) levels minimal [20,196]. This mild hyperparathyroidism 
is best detected by an assessment of plasma ionized calcium 
levels, combined with the assessment of plasma PTH levels 
using a more sensitive assay such as intact PTH immunoradio-
metric assays [20,196]. In general, the clinical manifestations of 
ZES are largely similar to those of patients with sporadic and 
MEN1/ZES, although patients with MEN1/ZES tend to have 
diarrhea less frequently as one of the presenting symptoms  
(26% vs 53%) [201]. A detailed clinical, personal, and family 
history of endocrinopathies can be particularly important in 
suspecting MEN1/ZES, because up to 75% have a family history 
of MEN1 (Table 57.3) and 24%–42% have a personal history 
compatible with renal colic [20,21,177]. The presence of the 
MEN1 can affect the manifestations of ZES and aspects of its 
presentation, which is discussed in the next section on the diag-
nosis of ZES.

Diarrhea is an important presenting feature occurring in 73% 
of the ZES patients in the NIH prospective studies, in 28%–73% 
in the literature (Table 57.2), and in 9%–20% diarrhea is present 
alone [19,189]. The diarrhea is typically not large volume (<1 L/
day), but on occasion can be [190]. The diarrhea is characterized 
usually by increased frequency with a watery consistency, and 
may be associated with mild steatorrhea (<15 g/day) [190,191]. 
In the past, up to 40%–50% of patients had diarrhea >1 L/day, 
compared to <10% today [19]; therefore, unless a careful history 
is taken its presence may be missed. The diarrhea is a direct 
result of the gastric acid hypersecretion because any method 
that controls the gastric acid hypersecretion (e.g., nasogastric 
suction, medical therapy, or surgical treatment) results in its 
cessation [39,72,189]. The mechanism of the diarrhea is due to 
the multiple effects of the acid hypersecretion including: inac-
tivation of lipase/pancreatic enzymes; structural effects on the 
intestinal mucosa; precipitation of bile acids; and altered motil-
ity [10,39,190,191].

Gastroesophageal reflux disease (GERD) symptoms (e.g., 
heartburn, pain) are increasingly reported in ZES patients,  
with 44% having GERD symptoms at presentation in the pro-
spective NIH series, and 49%–61% in the recent literature 
(Table 57.2) [19,189,192]. In early studies, GERD symptoms 
were uncommon or not reported, with the result that in 7 series 
of ZES patients prior to 1986, the frequency was listed at  
0%–2% [19].

Other upper gastrointestinal symptoms such as nausea (30%), 
vomiting (25%), and weight loss (17%) are not infrequent in 
ZES patients at presentation (Table 57.2). The cause of the 
weight loss may be multifactorial, including from the effects of 
the gastric acid hypersecretion or from advanced metastatic 
disease. However, in most patients early in their disease course, 
weight loss is due to maldigestion and malabsorption.

Before effective medical control of acid hypersecretion  
was available, many patients with ZES developed severe  
complications of gastric acid hypersecretion [1,39,40,72]. These 
included PUD (with penetration or perforation, with or without 
fistula formation), bleeding [22–45], strictures with gastric 
outlet obstruction (up to 20%), or GERD complications (esopha-
geal strictures, ulcers, bleeding, rarely perforation) (up to 20%) 
[1,19,39,40,72,193]. At present, because of widespread off-label 
antisecretory drug use, it is uncommon to have patients present 
with symptoms due to complications from advanced PUD/
GERD [19,189]. In the NIH prospective study, only 4% of ZES 
patients had a perforation due to PUD and 5% had esophageal 
strictures, although 10% had duodenal scarring due to chronic 
PUD (Table 57.2). Features of the presentation of ZES patients 
related to the diagnosis are discussed in more detail in the  
next section.

Specific clinical features in MEN1/ZES
For the 20%–25% of patients (Table 57.2) [10,20,21,177,178] 
with ZES with MEN1 (MEN1/ZES), the presentation may vary 
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Table 57.3 Features of patients with multiple endocrine neoplasia type 1 syndrome (MEN1) and 
Zollinger–Ellison syndrome (ZES). National Institutes of Health (NIH) data from [10,19,20,65,417–419].

Number/%

Feature NIH data (n = 106)
Mean [range]

Literature [range]

MEN1 tumor/hyperplasia

Hyperparathyroidism 101 (94%) 88.3% [78–100%]

Pituitary disease 60% 31.4% [28–60%]

Adrenal abnormalitya 45% 13.1% [13–35%]

Carcinoid 29% 6.4%c

 Gastric (Figure 57.1d) 20% 3.5%c

 Bronchial 8% 1.5%c

 Thymic 6% 2.3%c

Other functional pNETb 6% 15.7%c

Smooth muscle tumor 7% 0.2%c

Thyroid disease 6% 4.6% [3–25%]

CNS tumor (meningioma, etc.) 8% <1%

Skin tumor
 Lipoma 5% 3%c

 Melanoma 2% <1%
 Collagenoma 72% <1%
 Angiofibroma 88% <1%

Age/duration

Age (years)
 Age at study 51.2 ± 1.2 [23.8–79.6] 43.5 ± 0.5 [43–51]
 Age at onset ZES 29.7 ± 1.1 [10.2–60.6] 36.6 ± 0.6c

 Age onset MEN1 34.6 ± 1.0 [12.1–60.6] 34.1 ± 0.5c

Duration (years)
 Of ZES 16.6 ± 0.9 [1.4–43.1] ND
 Of MEN1 21.5 ± 1.1 [1.4–57.8] ND

Other MEN1 features

First MEN1 symptom
 Asymptomatic (screening) 11% 1.3%c

 HPT 38% 38.4%c

 ZES 44% 41.5%c

 Pituitary 8% 11.6%c

 Other 2% 7.6%c

Family history of MEN1 72% 76%c

CNS, central nervous system; HPT, hyperparathyroidism; MEN1, multiple endocrine neoplasia type 1; 
ND, no data; pNET, pancreatic neuroendocrine tumor; ZES, Zollinger–Ellison syndrome.
a “Adrenal abnormality” refers to the presence of an abnormality detected on imaging studies 
(n = 45) and/or clinically (pheochromocytoma [n = 1], adrenal Cushing syndrome [n = 2]) (n = 3).
b “Other functional PET” includes insulinoma (n = 6), glucagonoma (n = 1), or carcinoid syndrome 
(n = 1). One patient had an insulinoma and carcinoid syndrome.
c Data from [20] literature review of MEN1/ZES patients (n = 1009).

Diagnosis and differential diagnosis

Unfortunately, recent studies report that not only is the diagno-
sis of ZES not being made more quickly, with a continued mean 
delay in diagnosis of 4–7 years [10,14,19,26,201–203], it is also 

becoming more difficult [14,202,204–207]. The diagnosis of 
ZES has historically been delayed because ZES is an uncommon 
cause of PUD (1–3 new cases/million population/year), whereas 
idiopathic PUD is 1000-fold more frequent (2300 cases/year/
million) and their clinical manifestations closely mimic each 
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other [10,12,14,201]. Furthermore, most patients currently 
present with a typical appearing duodenal ulcer as seen in 
patients with idiopathic PUD [12,39,201]. The diagnosis is 
becoming more difficult primarily for two reasons: first, the 
widespread use of proton pump inhibitors (PPIs) can both mask 
the diagnosis and lead to a false-positive diagnosis of ZES 
[14,15,205–209]; and second, the increasing unreliability of 
serum gastrin assays which are essential for the diagnosis of ZES 
[14,204,210]. Each of these points is discussed in detail later in 
this section.

A number of clinical/laboratory findings should suggest the 
diagnosis of ZES, and these are summarized in Table 57.4. 
Particularly important is the clinical association of diarrhea 
with GERD/PUD, because >60% of ZES patients have diarrhea, 
and it is now uncommon in idiopathic PUD because the use of 
high doses of antacids is now uncommon (Tables 57.2 and 57.4). 
Similarly, in any patient with chronic diarrhea, ZES should be 
suspected (Tables 57.2 and 57.4) [19,20,189–191]. ZES should 
be suspected in patients with PUD without H. pylori or a history 
of nonsteroidal anti-inflammatory drug (NSAID)/aspirin use, 
because they are frequently not present in ZES patients with a 
duodenal ulcer (approximately 50%); in contrast, either H. 
pylori or NSAID/aspirin use is present in >80% of patients with 
idiopathic PUD [211–213]. In any patient with severe PUD or 
with a PUD complication (e.g., stricture, obstruction, perfora-
tion, bleeding, penetration), ZES should be suspected (Tables 
57.2 and 57.4). Because of the occurrence of MEN1 in 20%–25% 
of ZES patients, a personal/family history of an endocrinopathy 
or a laboratory finding suggesting an endocrinopathy should 
lead to suspicion of ZES (Tables 57.2–57.4). Prominent gastric 
folds on upper gastrointestinal endoscopy are an important sign 
of ZES present in 94% of patients [19] (Figure 57.1a–c) (Tables 
57.2 and 57.4).

When ZES is suspected, the initial study usually performed 
is a fasting serum gastrin level (FSG) [2,14,16,26,202,203]. FSG 
levels are elevated in >98% of ZES patients, except in some 
unusual circumstances, such as postnoncurative gastrinoma 
resection or postparathyroidectomy in MEN1/ZES [136,189, 
201,214–218]. Because of its high sensitivity, the assessment of 
FSG is an excellent screening test [12,14,189]. However, an 
elevation of FSG alone, no matter how high the value, is  
not sufficient for a ZES diagnosis [12,14,26,189,202,203]  
(Table 57.5). Many physicians assume that a very high level of 
FSG (>10–100-fold elevated) is indicative of ZES; however, 
comparable levels can occur in patients with chronic atrophic 
gastritis (CAG)/pernicious anemia, renal failure, or those taking 
PPIs [14].

Hypergastrinemia can either be physiological (caused by 
hypo-/achlorhydria) or pathological/inappropriate (occurs in 
the presence of normal/elevated gastric acid secretion) (Table 
57.5). Unfortunately, physiological hypergastrinemia (especially 
due to CAG/pernicious anemia, use of PPIs, or to H. pylori 
infections) is much more frequent than ZES, and needs to be 
excluded as the cause of hypergastrinemia. Therefore, the next 

study generally recommended if fasting hypergastrinemia is 
detected is an assessment of gastric pH [2,10,13,14,16,26,202]. 
If the patient has hypergastrinemia with a gastric pH ≤2, ZES 
should be strongly suspected [202,218,219] (Table 57.6); an 
NIH ZES study found that all ZES patients off any antisecretory 
drug had a fasting gastric pH ≤2 [219].

Use of PPIs makes the diagnosis of ZES challenging. PPIs 
are potent gastric acid suppressants and because of their long 
durations of action (up to 1 week) they induce hypergastrine-
mia in 80%–100% of normals [14,202,203]. The hypergastrine-
mia with PPIs develops rapidly (within 5 days), and is common 
among patients since these agents are widely prescribed and 
are also now available as over-the-counter medications. The 
degree of hypergastrinemia is variable among PPI users, with 
20%–25% developing FSG levels >4-fold elevated and occa-
sionally >10-fold [14]. Furthermore, in contrast to H2 receptor 
(H2R) antagonists (e.g., cimetidine, ranitidine, nizatidine, 
famotidine), PPIs control symptoms in most ZES patients at 
conventional doses used in the treatment of idiopathic PUD 
[43,220–224], whereas with H2R antagonists, higher doses 
and/or more frequent dosing are usually needed [12,224,225]. 
In the past, ZES patients treated with conventional doses of 
H2R antagonists continued to have symptoms suggesting the 
diagnosis, whereas this is not the case with PPIs [14,208]. 
Therefore, PPIs mask and delay the diagnosis of ZES because 
of their effective symptom control at conventional doses and 
their ability to cause a false suspicion for ZES by inducing 
hypergastrinemia in normals [14,208].

When the gastric pH is >2 in the context of PPI use, it may 
be difficult to determine whether hypergastrinemia is physio-
logical or pathological. To accomplish this distinction, both the 
North American Neuroendocrine Tumor Society (NANETS) 
and the European ENETS guidelines recommend stopping the 
PPI for up to 1 week and then determining gastric pH and FSG 
[2,13,16,43]. This approach must be undertaken with caution 
[14,202,205,210]. In each set of guidelines, it is pointed out that 
this must be performed judiciously with a careful history about 
the prior effects of stopping the PPIs, that high-dose H2R antag-
onists be substituted for the PPI (equivalent to ranitidine 
300–600 every 4–6 h), and this only be performed after it is 
established that all acute PUD/GERD lesions are healed and the 
patient be carefully followed during this time [14,202,205,210]. 
After 5–7 days, the H2R can be stopped, antacids used, and on 
the following day repeat testing performed. A recent study [205] 
reported two patients with ZES who developed severe PUD/
GERD complications when PPIs were suddenly stopped, and 
recommended the diagnosis of ZES should be established by not 
stopping the PPI. Two subsequently papers [14,202] have 
pointed out that it may be possible in some patients to decrease 
the dose/frequency of PPI to obtain gastric pH ≤2, or use other 
findings (e.g., the presence of gastrinoma) to establish the diag-
nosis; however, in most cases this will not be possible. The only 
established criteria, which usually require discontinuation of 
PPIs, are listed in Table 57.6. Because of the potential risk in a 
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Table 57.4 Clinical symptoms and signs that should lead to a suspicion of Zollinger–Ellison syndrome 
(ZES). Numbers in parentheses refer to percentage of ZES patients with these features. Table prepared from 
data in [14,19,20,218,247,255,417].

Symptoms

Peptic ulcer disease or GERD

With diarrhea (>60%)

With weight loss (15%–20%)

With a long history of persistent symptoms (i.e., >3 years) (>50%)

With a PUD complication (bleeding, perforation, penetration) (10%–15%)

With a GERD complication (esophageal stricture, perforation, ulcer) (5%)

Without H. pylori or use of NSAIDs (PUD) (10%–50%)

With family history of PUD or GERD

With any endocrinopathy (25%)

With refractoriness to treatment

Persistent diarrhea (75%)

Which responds to gastric acid antisecretory drug treatment (H2R, PPIs)

With or without malabsorption that is unexplained

With abdominal pain (55%–70%)

With esophageal disease/symptoms (40%–50%)

With weight loss (15%)

Not responding to disease-specific treatment (gluten-free diet, for sprue, lactose-free diet, 
antibacterial treatment)

With family history of endocrinopathies or peptic ulcer disease (25%)

Secretory in nature

Signs

Prominent gastric folds on upper gastrointestinal endoscopy or X-ray (>90%) (Figure 57.3c)

Multiple peptic ulcers or ulcers in unusual locations (<10%)

Esophageal stricture due to peptic ulcer disease (3–5%)

Gastric outlet obstruction due to peptic ulcer disease (3–10%)

PUD/GERD with findings of endocrinopathy (hyperparathyroidism, pituitary tumor, adrenal tumor) or 
with MEN1-related tumor [multiple lipomas, angiofibromas; carcinoid (gastric, pulmonary, thymic)]

Laboratory findings

PUD/GERD with:
• hypergastrinemia
• hypercalcemia
• marked elevated plasma chromogranin A

Multiple peptic ulcers or ulcers in unusual locations (<10%)

Esophageal stricture due to GERD (3–5%)

Gastric outlet obstruction due to PUD (3–10%)

Prominent gastric folds on upper gastrointestinal endoscopy or X-ray (>90%) (Figure 57.3c)

PUD/GERD with the finding of a positive somatostatin scintigraphy study

GERD, gastroesophageal reflux disease; H2R, H2 receptor; NSAIDs, nonsteroidal anti-inflammatory 
drugs; PPIs, proton pump inhibitor; PUD, severe peptic ulcer disease.
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ous gastric surgery) or ≥5 mEq/h (with previous gastric surgery) 
having a sensitivity of 87%–90% and 81%–100%, respectively 
[47] (Figure 57.1g). However, gastric acid secretion studies are 
now performed by only a few centers and thus not generally 
available, so these secretory criteria are no longer used. 
Nonetheless, this NIH study [47] demonstrated that >99% of 
ZES had a fasting gastric pH ≤2 off antisecretory drugs; there-
fore, this is a useful criterion that can be applied widely. 
Furthermore, another study [226] described the validity of 
measuring gastric pH at the time of gastrointestinal endoscopy 
in ZES patients, so this criterion can be generally applied [47].

An FSG level >10-fold elevated with a gastric pH ≤2 occurs 
in 40% of ZES patients, which establishes the diagnosis (Table 
57.6), as long as the possibility of a retained antrum syndrome, 
which can mimic ZES (Table 57.5), has been ruled out by previ-
ous history/records [10,227]. Unfortunately, 60% of ZES patients 
have FSG <10-fold elevated [10,51,135,218] with a gastric pH 
≤2 (Table 57.6), which overlaps with a number of other disor-
ders (see Table 57.5). H. pylori infection can result in both 
gastric acid hypersecretion/hyposecretion [228–230], and may 
thus be particularly confusing. To exclude these other disorders 
(Table 57.5), patients may be referred to a center where a BAO 
and secretin test are performed (Table 57.6; Figure 57.1f). 
Previously, secretin [10,132,135–137,231], calcium [12,135–
137,139,231], and meal [10,136,137,140] gastrin-provocative 
tests were used to diagnose ZES (Figure 57.1f). The secretin/
calcium tests were based on the finding that these stimuli  
caused a marked increase in serum gastrin in ZES patients 
compared to normals (Figure 57.1f) [132,139], while with the 
meal test, ZES patients generally show <100% increase in serum 
gastrin [136,137,140], whereas patients with antral G-cell 
hyperfunction/hyperplasia have an augmented and much larger 
response [136,137,140,232] (Figure 57.1f). At present, only the 
secretin test is widely used because of its convenience, sensitiv-
ity, specificity, and lack of side effects [136]. An NIH study of 
293 ZES patients (NIH) and 537 ZES cases (in the literature) 
[136] demonstrated that a value of 120 pg/mL increase with 
secretin had a sensitivity of 94% and specificity of 100% for  
ZES [136], and was more sensitive than previously proposed 
criteria of increases of 200 pg/mL, 50% over basal or 110 pg/mL 
[133,135,137,231], and therefore is the criterion now recom-
mended [13,16,26] (Figure 57.1f). It is recommended that the 
secretin test (Figure 57.1f) be performed in patients with fasting 
gastrin <10-fold increased and gastric pH ≤2 in order to 
confirm the diagnosis (Table 57.6). In some countries, secretin 
is not available and a glucagon stimulation test has been pro-
posed as an alternative [233]; however, there is much less expe-
rience with the glucagon stimulation test. Unfortunately, the 
secretin test results can be affected by PPI-induced hypo-/achlo-
rhydria or by the presence of hypo-/achlorhydria for other 
reasons; therefore, it cannot be reliably performed while the 
patient is taking PPIs or is hypo- or achlorhydric [234,235].

Availability of a reliable serum/plasma gastrin assay is critical 
in all of the diagnostic approaches to ZES. Unfortunately, a 

patient who does have ZES, repeat testing of PPIs is best per-
formed at experienced centers.

Previously, gastric acid secretory studies were widely per-
formed and used for ZES diagnosis. Most ZES patients without 
previous gastric acid-reducing surgery have elevated basal acid 
outputs (BAO) and MAO with a mean BAO of 42 mEq/h 
(normal <10 mEq/h) and mean MAO of 62.7 mEq/h (normal 
48 mEq/h [men]/30 mEq/h [women]) [47] (Figure 57.1g). 
Various levels of BAO, MAO, BAO/MAO ratios as well as basal 
gastric fluid volume and basal/maximal acid concentration or 
pH were proposed to identify ZES patients [47]. A study of 
gastric acid secretory results in 234 NIH ZES patients and 984 
ZES patients from the literature found a number of these secre-
tory criteria had high sensitivity for identifying ZES patients 
with the commonly used BAO criteria of ≥15 mEq/h (no previ-

Table 57.5 Causes of chronic hypergastrinemia (frequency).

Associated with gastric acid hyposecretion/achlorhydria

Chronic atrophic gastritis/pernicious anemia (common)

Treatment with potent gastric acid antisecretory agents (especially PPIs) 
(common)

Chronic renal failure (uncommon)

H. pylori infections (common)

Post acid reducing surgery/vagotomy (uncommon)

Associated with gastric acid hypersecretion

H. pylori infections (common)

Gastric outlet obstruction

Antral G-cell hyperfunction/hyperplasia (uncommon)

Chronic renal failure (uncommon)

Short bowel syndrome (rare)

Retained gastric antrum syndrome (rare)

Zollinger–Ellison syndrome

PPIs, proton pump inhibitor.s

Table 57.6 Criteria to make the diagnosis of Zollinger–Ellison syndrome 
(ZES).

FSG and gastric fluid pH ≤2

If FSG >10 times elevated (over ULN) and gastric pH ≤2, the 
diagnosis of ZES is established (can exclude retained antrum almost 
always by history) [218,219] (40%)

If FSG is <10-fold elevated and gastric pH ≤2, need to perform 
additional testing to exclude other causes of increased FSG/
hyperchlorhydria (see Table 57.5) [218,219] (60%)

• secretin test positive (≥120 pg/mL increase) [136] (Figure 57.1f)
• elevated basal acid output (>15 mEq/h) [219] (Figure 57.1g)

CAG, chronic atrophic gastritis; FSG, fasting serum gastrin level; ULN, 
upper limit of normal.
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diameter, <15%–20% are detected, with 1–3 cm in diameter 
15%–40% are detected, and with tumors >3 cm >90% are 
detected [12,239,246,247]. Thus, cross-sectional imaging studies 
miss most primary duodenal gastrinomas, which are character-
istically <1 cm in diameter; however, they detect most pancre-
atic primaries which are frequently >3 cm in diameter 
[25,34,79,81,239]. The sensitivity of cross-sectional imaging for 
the detection of primary gastrinomas varies markedly among 
different series (Table 57.7). In general, they detect <50% of the 
primaries, with lower yields in series with a high percentage of 
duodenal gastrinomas. For the detection of a patient with liver 
metastases, cross-sectional CT/ultrasound identify approxi-
mately one-half of the patients, whereas MRI detects nearly 
three-quarters (Table 57.7).

Selective angiography is a sensitive method to localize  
gastrinomas, and was previously widely used [10,246–248]. 
Angiography was generally more sensitive than cross-sectional 

recent study [204] of the 12 widely used commercial assays for 
gastrin assessment used by different laboratories in both the 
USA and Europe demonstrated that only 5 assays reliably meas-
ured gastrin concentrations, while the others either over- or 
underestimated the true value. Therefore, the results of 7 of 
these commercially used assays gave gastrin values that could 
lead to false diagnoses or missed diagnoses [14,204]. The inac-
curacy occurred because inadequately characterized antibodies 
were used that either recognized precursor/inactive fragments 
or did not interact with all biologically active, circulating gastrin 
forms [204]. Lack of a reliable gastrin assay affects both the 
assessment of FSG levels and the secretin test results. This is 
obviously a potentially major problem, and the best approach is 
to determine whether the laboratory uses one of the five reliable 
gastrin assays listed in this paper [204] or to obtain advice from 
a center that routinely performs these studies.

Tumor localization

Tumor localization, which involves both the assessment of the 
primary site and the tumor extent, is essential to the manage-
ment of all ZES patients [2,10,13,26,236–239]. It is needed to 
determine whether surgery should be considered; to plan the 
extent of surgery; to define the location, extent, and in some 
cases the rate of growth of metastatic disease; to assess patients 
postresection; or to determine changes in tumor load with anti-
tumor therapies or with time [2,10,13,26,236–239]. A combina-
tion of imaging modalities is usually needed for each patient.

A large number of imaging modalities have been used in  
the evaluation of ZES patients (Table 57.7) [2,237,240]. These 
include cross-sectional imaging (computed tomography [CT] 
scanning, magnetic resonance imaging [MRI], ultrasound); 
selective angiography; somatostatin receptor scintigraphy  
(SRS) using 111Indium-labeled somatostatin analogs with single 
photon emission computed tomographic scanning (SPECT) 
imaging or 68Gallium-labeled somatostatin analogs with posi-
tron emission tomographic imaging (PET scanning); endo-
scopic ultrasound (EUS); and the assessment of serum gastrin 
gradients either determined in the portal venous drainage 
through transhepatic venous sampling or in hepatic veins after 
selective, intraarterial secretin injections [2,10,13,26,238–245]. 
These modalities vary in sensitivities for the detection of the 
primary/metastatic tumor (Table 57.7).

Patients usually undergo a cross-sectional imaging study  
followed by SRS imaging to initially define whether surgical 
resection should be considered [2,13,16]. Gastrinomas are 
hypervascular tumors and are often best detected with the 
administration of contrast; therefore, the recommended study 
is a triphasic CT with contrast or an MRI with contrast (gado-
linium), with the contrast material given by intravenous infu-
sions [237,239,240]. With each of the cross-sectional imaging 
studies, the detection of the primary tumor is influenced by its 
size [12,239,246,247]. In general, with gastrinomas <1 cm in 

Table 57.7 Tumor imaging results in patients with Zollinger–Ellison 
syndrome (ZES). Data from [2,10,12,109,246–248,255,263].

Sensitivity (%) Specificity (%)

NIH studies
Mean [range]

Literature
Mean [range]

Literature
Mean [range]

Extrahepatic 
lesions

Ultrasound 13 [9–16] 24 [0–28] 92 [92–93]

CT scan 38 [31–51] 38 [0–59] 90 [83–100]

MRI 40 [30–57] 22 [20–25] 100 [99–100]

Angiography 48 [28–57] 68 [35–68] 89 [84–94]

EUS ND 70 [28–86] 85 [80–93]

SRS 69 [58–78] 72 [57–77] 86 [86–100]

PVS 71 68 [60–94] ND

Intraarterial 
secretin test

86 89 [55–100] ND

IOUS ND 83 [75–100]

Liver 
metastases

Ultrasound 46 40 [15–77] 100 [99–100]

CT scan 42 48 [37–56] 99 [99–100]

MRI 71 63 [60–75] 92 [88–100]

Angiography 65 62 [33–86] 98 [96–100]

SRS 92 97 [92–100] 95 [90–100]

Intraarterial 
secretin test

40 ND ND

CT, computed tomography; EUS, endoscopic ultrasound; MRI, 
magnetic resonance imaging; ND, no data; NIH, National Institutes of 
Health; IOUS, intraoperative ultrasound; PVS, portal venous sampling 
for gastrin; SRS, somatostatin receptor scintigraphy.
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Somatostatin receptor scintigraphy is particularly valuable 
for detecting distant metastases, with a detection rate of 97% for 
identifying a patient with metastatic disease in the liver (Table 
57.7). Studies demonstrate that bone metastases are relatively 
common in patients with gastrinomas, occurring in up to 31% 
of those with liver metastases [107,108,260]. Their identification 
has clinical importance, because they may not only require spe-
cific treatment, they also have important prognostic significance 
(see Figure 57.3c) [33,108]. In one prospective study from  
NIH, SRS had greater sensitivity than bone scanning for  
detecting bone metastases, and for imaging metastases in the 
spine was equal in sensitivity to MRI [107]. Because 15%–25% 
of the initial metastases occur outside the axial skeleton, SRS is 
recommended as the initial study over MRI to detect bone 
metastases [107].

Endoscopic ultrasound is reported to be sensitive for local-
izing gastrinomas [12,86,261–265]. EUS detected a mean of 
83% of gastrinomas in different studies (Table 57.7) and has the 
advantage of allowing histological verification of the presence 
of a NET; however, its result is operator dependent and false 
positives can occur [86,255,263,264]. An important issue in 
patients with ZES is EUS’s sensitivity for detecting gastrinomas 
in different locations. In one review, EUS detected a pancreatic 
gastrinoma in 83%, whereas it detected a duodenal gastrinoma 
in only 43% [263]. This is a major problem for EUS in patients 
with ZES because in recent studies 3–10 times more gastrino-
mas are found to be duodenal rather than pancreatic [2,13,16]. 
Because of this, many experts do not recommend EUS as a 
routine preoperative imaging study in patients with ZES, espe-
cially in the 75%–85% of patients with sporadic ZES [263]. As 
discussed below, serial EUS studies may be used in patients with 
MEN1/ZES to evaluate the possible growth of the pNETs in 
patients who do not undergo routine exploration [266,267]. At 
present, it is recommended that a cross-sectional imaging study 
and SRS with SPECT imaging be performed in all patients to 
evaluate tumor location/extent [2,13,16]. If negative, but where 
the diagnosis of ZES has otherwise been confirmed, MEN1/ZES 
is not present and surgery is being considered, there is not 
complete agreement on which if any localization procedure 
should be performed prior to surgery [88,263]. This issue is 
discussed further under the section on surgical management.

Treatment (not advanced/ 
metastatic disease)

General
Zollinger–Ellison syndrome patients require treatment directed 
at two different areas: acid hypersecretion and the gastrinoma 
itself. Long-term curative resection would solve both problems; 
unfortunately, it is possible in <30% of patients (Figure 57.2a,b). 
In patients with MEN1/ZES, treatment must be also directed  
at the other endocrinopathies as well as genetic family coun-
seling [21,178,198]. This section discusses the treatment of acid 

imaging studies for localizing primary gastrinomas, but still 
missed approximately half of primary gastrinomas, particularly 
in patients with duodenal gastrinomas [12,25,79,246,247] (Table 
57.7). Angiography, because of its invasive nature and because 
of increasing sensitivity of cross-sectional imaging, as well as 
the high sensitivity of SRS, is not now commonly used. However, 
at the time of angiography, the selective assessment of hormonal 
gradients can be carried out; in the case of gastrinomas, and the 
determination of hepatic venous gastrin gradients can be per-
formed after secretin injection into selective arteries [248–250]. 
In ZES patients, functional gastrin localization is now generally 
reserved for rare patients in whom all imaging procedures are 
negative prior to surgery, and in whom an additional localiza-
tion approach is considered necessary.

Gastrinomas, like other NETs/pNETs, overexpress or ectopi-
cally express somatostatin receptors in >90% of cases, with the 
result that SRS using radiolabeled somatostatin analogs is a 
particularly sensitive method to identify both the primary  
and metastatic gastrinoma location [13,148,237,247,251–253]. 
There are five classes of somatostatin receptors (sst1–5), and  
all can be detected in gastrinomas; however, sst2 (80%–100%) 
and sst5 (30%–600%) are most often overexpressed [254]. 
Somatostatin interacts with all 5 receptor subtypes with high 
affinity; however, it is rapidly degraded and therefore is not 
useful therapeutically or for radioimaging studies [252,254]. 
Two synthetic analogs of somatostatin, octreotide and lanre-
otide, have high affinity only for sst2 and sst5, are metabolically 
more stable, and formulations of these two analogs or related 
compounds are now generally used for SRS and for the treat-
ment of pNETs including gastrinomas [252,254]. In the NIH 
ZES prospective studies (Table 57.7), SRS using 111In-labeled 
somatostatin analogs (Octreoscan) and SPECT imaging detected 
primaries in 69% of patients and in one prospective study of 80 
consecutive ZES patients [255], SRS was more sensitive than any 
single cross-sectional imaging study or angiography, and was 
equal in sensitivity to the combination of all three cross-sectional 
imaging studies (ultrasound, CT, MRI) and angiography 
together (58% vs 48%) [255]. SPECT detection is particularly 
important in ZES patients for SRS to have maximal sensitivity 
[247,255]. The sensitivity of SRS, similar to cross-sectional 
imaging, is influence by the size of the gastrinoma, with SRS 
using 111In-labeled somatostatin analogs (Octreoscan) and 
SPECT imaging visualizing only 20% of gastrinomas <0.5 cm 
in diameter, 30%–40% <1 cm in diameter [256]. Because the 
mean size of duodenal gastrinomas is <1 cm, SRS detects only 
32% of duodenal gastrinomas [25,256]. The use of 68Ga-labelled 
somatostatin analogs with PET scanning which has greater 
resolution with increased sensitivity is an important recent 
advance. 68Ga-labelled somatostatin analogs with PET scanning 
is now widely used in Europe, and has become the recom-
mended SRS procedure because of its greater sensitivity 
[237,257–259]. At present, 68Ga-labelled somatostatin analogs 
with PET scanning is not approved in the USA and is available 
in only a few centers.
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acutely control acid hypersecretion as soon as ZES is suspected 
and as the initial step in management [2,13,14,16].

Surgical treatment of gastric acid hypersecretion
Previously, the only effective means of controlling gastric acid 
hypersecretion was by total gastrectomy [1,39,44,75,268,269]. 
Lesser operations were almost invariably inadequate [1,39, 
75,268,269]. Total gastrectomy often had to be performed as an 
emergency procedure and was associated with considerable 
morbidity/mortality [1,12,40,268]. However, with the ability to 
preoperatively control acid hypersecretion medically, total gas-
trectomy can now be performed electively and is relatively safe, 
with an overall mortality of 5.8% in 248 cases since 1980, and 
2.4% for elective cases [44]. However, long-term morbidity is 
not completely clear, and in some studies up to 50% of patients 

hypersecretion (Figure 57.1g), as well as the surgical treatment 
of gastrinoma in patients without advanced metastatic disease. 
Treatment of patients with liver metastases and advanced/
metastatic disease is discussed separately.

Control of gastric acid hypersecretion
Control of gastric acid hypersecretion acutely and in the long 
term is essential in ZES patients (Figure 57.1g) [2,13,43,203]. 
Prior to the availability of effective acid antisecretory drugs, 
most patients who did not have a total gastrectomy developed 
complications of gastric acid secretion, and the majority died 
from these complications rather than from tumor progression 
[1,10,39,40,43,72,177,203,268]. This occurred because mean 
basal acid secretion is typically 4 times normal and can reach 
12 times [12,47] (Figure 57.1g). Therefore, it is essential to 

Figure 57.2 Surgical results in patients with Zollinger–Ellison syndrome (ZES) from prospective studies. (a) Shows the disease-free survival in 151 
patients with ZES (sporadic = 123 patients with multiple endocrine neoplasia type 1 syndrome [MEN1]; ZES = 28 patients) after attempted surgical 
cure (without Whipple resection). Data show that 34% of sporadic ZES patients have a long-term cure (10 years), but none of the MEN1/ZES patients 
do. Data from [79]. (b) Shows the importance of performing a duodenotomy in 162 ZES patients. Duodenotomy results in more duodenal gastrinomas 
being found, in a higher cure rate, and a better ZES-related survival. Data from [25]. (c and d) Show survival (disease-related and total survival) in 
patients with negative preoperative imaging (n = 58) or positive preoperative imaging (n = 117). Data from [88]. These results demonstrate that the 
survival rates are as good in patients with negative preoperative imaging as those with positive imaging, and thus the lack of positive preoperative 
imaging should not be used to postpone surgery in patients with sporadic ZES [88].
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of their long durations of action and potency [2,12,13,16,43]. 
Most ZES patients without complicated disease (MEN1/ZES, 
moderate–severe GERD, post-Billroth II surgery) require once 
a day dosing and many are controlled on doses equivalent to 
those used in idiopathic PUD disease (i.e., equivalent to 20 mg/
day omeprazole) [203,220,221,223]. In patients with compli-
cated disease (MEN1/ZES, moderate–severe GERD, post-
Billroth II surgery) higher doses/frequency are usually needed 
[203,220,221,223,277]. In general, increasing the dose frequency 
is more effective than increasing the dosage once per day 
[220,223]. Most long-term studies were performed with ome-
prazole or lansoprazole as the PPI, however; other PPIs (e.g., 
pantoprazole, rabeprazole, esomeprazole) are effective in ZES, 
and it is not apparent any one has an advantage over the others 
[43,203,278]. There is no complete agreement on the starting 
dose of PPI to be recommended. This becomes an important 
point in patients with ZES because many of the PPI formula-
tions are acid labile and thus starting a patient on a low PPI dose 
could delay its action, and in acutely ill ZES patients with PUD 
this could result in complications [279]. One study attempted 
to address this question [279] by starting patients with ZES  
on a low dose of omeprazole (20 mg/day), and found that in  
32% acid secretion was not controlled and higher omeprazole 
doses needed. This study proposed that ZES patients with 
uncomplicated ZES (no MEN1/ZES, moderate–severe GERD, 
post-Billroth II surgery) be started on higher PPI doses (equiva-
lent to omeprazole 60 mg/day) and then doses reduced during 
follow-up. Both the American NANETS guidelines [16] and the 
European ENETS guidelines [13] recommend that ZES patients 
with uncomplicated disease (no MEN1/ZES, moderate–severe 
GERD, post-Billroth II surgery) be started on the equivalent of 
60 mg/day of omeprazole and that patients with complicated 
disease be started on PPI doses equivalent to omeprazole 
40–60 mg b.i.d. and then, with time, dose reduction be 
attempted. It is ideal to titrate the PPI dose to control the acid 
output (<10 mEq/h for no gastric surgery, <5 mEq/h for previ-
ous gastric surgery) [10,12,42,192,203,278], but few physicians 
now have access to this capability. Symptom control (particu-
larly diarrhea, pain, heartburn) can be used to guide manage-
ment, and if mucosal disease is present, repeat upper 
gastrointestinal endoscopy should be performed after 6–8 
weeks. Because of their potency, dose titration is less important 
with PPIs; however, it is essential with H2R antagonists.

Studies report continued long-term efficacy of PPIs in ZES 
patients for 9–15 years [221,223,280]. Tachyphylaxis does not 
develop with long-term PPI treatment in ZES patients, and on 
average <20% of patients require a PPI dose increase/year (rate 
0.13/patient), whereas with long-term H2R antagonist treat-
ment an average at least one dose increase/year was required 
[10,222,223,225,281,282].

Long-term PPI use has proven safe; fewer than 0.1% of 
patients will stop because of a side effect [43]. A potential 
concern of long-term PPI treatment is the drug-induced hypo-/
achlorhydria, which may lead to effects on nutrient absorption 

have moderate or severe side effects, including weight loss,  
pain, stenosis of the anastomoses, vomiting, and early satiety 
[10,12,270]. At present, because of the effectiveness of medical 
therapy, total gastrectomy is rarely performed and reserved for 
patients (<0.3%) [2,10,271] who cannot or will not regularly 
take oral antisecretory drugs.

Vagotomy, as well as anticholinergic agents, reduces gastric 
acid secretion in ZES patients and potentiates H2R antagonists 
[10,12,272,273]. Because most ZES patients are not cured at 
surgery, and because many continued to require frequent high-
dose H2R antagonists in the past, it was proposed that parietal 
cell vagotomy be performed at the time of surgery in all ZES 
patients. In patients who underwent selective vagotomy 
[272,273], BAO decreased by 50%, H2R antagonist dosage was 
reduced by 40%, and in 36% of patients all antisecretory drugs 
could be stopped postoperatively. Today, because of the effec-
tiveness of PPIs, vagotomy is rarely necessary.

In patients with hyperparathyroidism and MEN1/ZES, par-
athyroidectomy can have a dramatic effect on fasting gastrin 
levels, BAO, and sensitivity to gastric antisecretory drugs 
[214–216,274], with a mean decrease in BAO of 56% and in 
FSG of 55% [12,214–216]. Furthermore, in some patients, the 
fasting gastrin levels can return to normal and even a positive 
secretin test become negative [12,214–216]. Because MEN1 
patients, with or without ZES, have parathyroid hyperplasia 
which involves all four parathyroid glands, if recurrent hyper-
parathyroidism is to be avoided, a 3.5 gland resection or a 
4-gland resection with a parathyroid implant is needed 
[21,178,214,215].

Long-term curative gastrinoma resection is possible in up to 
40% of patients with sporadic ZES undergoing surgery [25,79] 
(Figure 57.2a); unfortunately, it does not completely correct 
gastric acid hypersecretion in some patients [275,276]. In NIH 
prospective studies of acid hypersecretion postcurative resec-
tion, MAO decreased 50%, BAO decreased 75% within 6–12 
months and then remained unchanged for up to 4 years, and 
the H2R antagonist dose could be reduced by >60% [275,276]. 
However, even though BAO decreased by 75% after curative 
resection for up to 4 years, 56%–62% of the patients remained 
acid hypersecretors [275,276]. The 56%–62% of the postcura-
tive hypersecretors included 34% who were mild hypersecre-
tors (BAO 15–24.9 mEq/h) and 28% who had marked to 
extreme hypersecretion (≥25 mEq/h; range 25–69 mEq/h) 
[276]. The mechanism of this continued hypersecretion post-
curative resection is unclear [276]. Practically, it means that all 
ZES patients should continue to be followed carefully post-
curative resection and many will continue to need low doses 
of antisecretory drugs [276].

Medical treatment of gastric acid hypersecretion
Oral gastric acid hypersecretory drugs are now recommended 
to control gastric acid hypersecretion acutely and long term in 
ZES patients. PPIs (e.g., omeprazole, esomeprazole, lansopra-
zole, pantoprazole, rabeprazole) are the drugs of choice because 
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be reduced to <1 mEq/h in order to achieve complete healing 
[10,192,277,293]. Using dose titration, the average daily doses 
needed of oral H2R antagonists in the prospective NIH studies 
were 4.9, 2.2, and 0.33 g/day for cimetidine, ranitidine, and 
famotidine, respectively [12,43]. Despite these high doses, the 
drugs were generally free of dose-related side effects, except for 
antiandrogen effects with cimetidine (gynecomastia, impo-
tence) and were effective long term, although approximately one 
dose increase/year was needed [10,12,43,222,281,282].

Surgical
Previously, the role of routine surgery for cure was controver-
sial, with some recommending that surgery not routinely be 
performed because gastrinomas were frequently not found at 
surgery and cure was uncommon. In addition, many patients 
had negative preoperative imaging, and most patients with 
non-imaged or small gastrinomas had a good prognosis 
without surgery [297,298]. The situation has changed with 
both the ENETS 2012 guidelines (Europe) [13] and NANETS 
2010 (USA) guidelines [16] as well as recent expert reviews/
series [2,3,95,299] recommending that sporadic ZES patients 
should routinely be considered for surgery unless they have 
some accompanying illness limiting life expectancy, inopera-
ble disease, or their medical condition increases surgery risk. 
This recommendation is supported by results from a number 
of studies. In an NIH prospective surgical study [79] of spo-
radic ZES patients (n  =  123), the immediate postoperative 
cure rate was 51% and after 10 years 34% (Figure 57.2a). 
Three other prospective studies [88,300,301] from NIH pro-
vided additional support for routine surgery, with one study 
[300] demonstrating that patients who underwent routine 
exploration had a lower incidence of developing liver metas-
tases postresection (3% vs 23%, P  <  0.003). A subsequent 
NIH study [301] with more patients (n  =  160) and a longer 
follow-up (mean 12 years postresection) demonstrated that 
patients undergoing surgery had a better overall survival (15 
years, 98% vs 7 4%, P  =  0.0002); the survival advantage was 
disease related (P  =  0.0012), due to less tumor progression, 
and fewer patients developed liver metastases (5% vs 29%, 
P  =  0.0002).

Two studies have demonstrated that the development of liver 
metastases is the most important prognostic marker of long-
term survival in ZES patients [33,34]. Neither of these studies 
was randomized, but in each case the comparative groups were 
well matched [83,301]. A third NIH study [88] specifically 
investigated the value of surgery in patients with preoperative 
negative imaging. In ZES patients (n = 58) with negative preop-
erative imaging (40% negative SRS), a gastrinoma was found in 
almost every patient (98%), and nearly 50% were cured (Figure 
57.2c,d). Improvement in the surgical success of finding and 
curing gastrinomas in sporadic ZES patients has occurred 
because of a number of factors: particularly important is the 
appreciation that the majority of gastrinomas are small duode-
nal tumors that can only be found using procedures such as 

(vitamin B-12, iron, calcium) as well as enhanced hypergas-
trinemia resulting in an increased risk of gastric carcinoid 
tumors [283–287]. Low vitamin B-12 levels are frequent in ZES 
patients [285,286,288,289] and are more frequent in ZES 
patients treated with PPIs, and correlate with the PPI-induced 
hypo-/achlorhydria [288]. In another study of ZES patients 
[290], deficiencies in body iron stores were not found with long-
term PPI treatment. Recently, epidemiological and various  
correlative studies report in the general population that long-
term PPI use may result in an increased incidence of bone 
fractures, particularly in the spine/hip, but there are no specific 
studies in ZES patients [285,286,291]. On the basis of these 
studies, it has been proposed [13,290] that vitamin B-12 levels 
be periodically assessed once a year in ZES patients with long-
term PPI treatment, especially the group of patients who might 
have low vitamin B-12 level initially or a poorer nutritional 
status (for instance, elderly patients with a long history of 
malabsorption).

Prolonged hypergastrinemia in man and animals stimulates 
gastric ECL cell proliferation and in animal models, gastric 
carcinoid tumors (ECLomas) can develop, some of which are 
malignant [64,284,285,287]. In patients with ZES, ECL cell pro-
liferative changes develop in >90% [64]. However, patients with 
sporadic ZES (no MEN1) rarely develop gastric carcinoids 
[43,64,287], whereas MEN1/ZES patients have >70-fold greater 
risk of developing a gastric carcinoid [65] (Figure 57.1d). In one 
prospective study [65], 23% of MEN1/ZES patients had gastric 
carcinoids (Figure 57.1d), and other studies have indicated that 
these can be malignant in 10%–30% of patients [65,194,285, 
287,292]. There is no evidence that the long-term use of PPIs 
accelerates gastric carcinoid development either with sporadic 
ZES or MEN1/ZES [43,287]. However, because of the associa-
tion of hypergastrinemia with gastric carcinoids, all patients 
with ZES should undergo an initial upper gastrointestinal 
endoscopy; those with MEN1/ZES should have a repeat upper 
gastrointestinal endoscopy yearly, while in those with sporadic 
ZES, if there are no upper gastrointestinal symptoms, follow-up 
upper gastrointestinal endoscopy can be less frequent.

For brief periods (e.g., after surgery) when ZES patients are 
unable to take oral medications, a parenterally administered 
gastric antisecretory drug may be necessary. Parental H2R 
antagonists can be used, but continuous infusions of high doses 
are required [10,43,244,293], whereas with parenteral PPIs (e.g., 
omeprazole, pantoprazole), because of their long durations of 
action, intermittent parenteral administration (every 8–12 h) 
can be used [43,294–296].

Oral H2R antagonists are usually administered every 4–6 h, 
and the dose needs to be titrated so that acid hypersecretion 1 h 
prior to the next dose is decreased to <10 mEq/h (no previous 
gastric surgery; <5 mEq/h previous gastric acid surgery). In 
most patients at this level of control, symptoms will be control-
led and mucosal lesions heal [10,42,43,244,293]. For patients 
with complicated ZES (MEN1/ZES, moderate–severe GERD, 
previous Billroth II surgery), acid hypersecretion may have to 
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surgery, and >50% have metastatic lymph nodes at surgery 
[79,304–307]. The pancreatic NETs frequently visualized on 
preoperative imaging studies in MEN1/ZES patients are usually 
not gastrinomas (<15%) (mostly nonfunctional pNETs), and 
studies show that if preoperative imaging studies identify a 
tumor <2 cm, these patients have an excellent long-term prog-
nosis; in fact, survival is not different from MEN1 patients 
without a pNET seen [2,10,304,308] (Figure 57.3d–f). For these 
reasons, the ENETS 2012 [13] and NANETS 2010 [16] guide-
lines for the treatment of pNETs in MEN1 patients recommend 
that MEN1/ZES patients with preoperative imaging studies 
demonstrating pNETs <2 cm in diameter not undergo routine 
surgical exploration. These guidelines also recommend when 
surgical exploration is performed that Whipple resections not 
be routinely performed.

duodenotomy and duodenal transillumination [25,81,82,302] 
(Figure 57.2b); improved imaging; routine resection of lymph 
nodes because of the possibility of lymph node primaries 
[91,92]; and an understanding that patients with sporadic ZES 
have a different surgical outcome than those with MEN1/ZES 
[2,21,79,299] (Figure 57.2a).

The surgical management of MEN1/ZES patients remains 
controversial. This has occurred because most studies demon-
strate that these patients are rarely cured by the standard ZES 
operation involving local tumor resection/enucleation, and that 
cure only occurs if a Whipple resection is performed, which is 
not routinely recommended [2,13,16,79,303] (Figure 57.2a). 
This poorer outcome stems from the fact that MEN1/ZES 
patients almost invariably have multiple duodenal gastrinomas 
which are small (many <0.5 cm) and thus difficult to find at 

Figure 57.3 Effect on survival of disease extent, primary location, ectopic Cushing syndrome, bone metastases, or presence of multiple endocrine 
neoplasia type 1 syndrome (MEN1) in Zollinger–Ellison syndrome (ZES) patients. (a) Shows the effect of increasing the extent of liver metastases on 
survival in 212 ZES patients. Data from [33]. (b) Shows the difference in survival for ZES patients with a pancreatic primary (n = 20), duodenal 
primary gastrinoma (n = 42), or gastrinoma only in the lymph nodes (LN) (n = 24). Data from [34]. (c) Shows the poor prognosis in ZES patients 
(n = 27) with liver metastases who develop Cushing syndrome (n = 4), bone metastases (n = 15), or both (n = 5). Data from [33]. (d) Shows the 
difference in survival for ZES patients with (n = 34) or without MEN1 (n = 151). Data from [34]. (e) Shows the long-term survival in 106 MEN1/ZES 
patients followed at the National Institutes of Health (NIH). Data from [177]. This survival is much better than reported in 182 MEN1/ZES patients in 
the literature [177]. (f) Shows the effect on survival of a nonfunctional pancreatic endocrine tumor (NF-PET) ≤2 cm (n = 64) in patients with MEN1 
compared to MEN1 patients (n = 225) with no pancreatic neuroendocrine tumor (No-pNET). Data from [308]. This result, in addition to other studies 
showing very low cure rate and excellent long-term survival, lead to the North American Neuroendocrine Tumor Society (NANETS)/European 
Neuroendocrine Tumor Society (ENETS) recommendations not to routinely operate on MEN1 patients with or without ZES with small pNETs ≤2 cm 
[13,16,304].
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Treatment of advanced metastatic disease

General
With increasingly effective medical control of gastric acid 
hypersecretion, the natural history of the gastrinoma is becom-
ing the major determinant of long-term survival in ZES patients 
[3,33,34,168,177,309]. In older studies, gastrinomas were malig-
nant in 60%–90% and currently approximately one-third of 
patients present with metastatic disease, frequently in the liver, 
and because most are not cured surgically, an increasing  
proportion develop advanced metastatic disease over time 
[3,12,28,33,34,168,177,309]. Overall, 25% of sporadic ZES 
[33,34] and 15% of MEN1/ZES patients [167] have aggressive 
disease, and in 40% of patients with hepatic metastases, aggres-
sive growth occurs [169]. As a result, currently one-half of ZES 
patients have tumor-related deaths [33].

A number of clinical, laboratory, and tumoral features in ZES 
patients are associated with a poor prognosis (Table 57.8). Most 
important is the presence of any liver metastases (initially or 
their development) (Figure 57.3a; Table 57.8). The 10-year sur-
vival of ZES patients with no liver metastases initially is 96%, 
with liver metastases limited to one hepatic lobe is 78%, and 
with diffuse liver metastases is 16% (Figure 57.3a) [33,34]. If 
liver metastases develop for the first time during follow-up, 
10-year survival is decreased to 85% (Figure 57.3a) [34]. 
However, the presence of lymph node metastases alone is only 
a weak predictor of poor prognosis, and was not predictive in a 
number of early studies (Table 57.8) [33,34,168,310]. Other par-
ticularly important prognostic factors are the need for control 
of acid hypersecretion. The fact that duodenal and pancreatic 
gastrinomas are equally malignant (40%–70% lymph node 
metastases), but not equally aggressive, with liver metastases 
present in 25%–40% of pancreatic gastrinomas, but in only  
2% of duodenal gastrinomas; results in pancreatic gastri -
nomas having a worse prognosis (Table 57.8; Figure 57.3b) 
[10,33,34,168,309]. The development of ectopic Cushing syn-
drome (Figure 57.3c) or bone metastases (Figure 57.3c) has a 
particularly poor prognosis with survival averaging only 1 year 
[33,108,260,311]. Other features of gastrinomas associated with 
a poor prognosis including advanced ENETS/WHO classifica-
tion, higher ENETS/WHO grade, poor differentiation, other 
histological features, and rapid growth (Table 57.8) [17,18,238].

At present, depending on the extent of metastatic disease, the 
rate of growth, and various histological features, a number of 
different treatments may be considered. These include: cytore-
ductive surgery [2,13,105,238,304,312–316]; hepatic-directed 
therapies including embolization or chemoembolization [2, 
13,16,238,316–322], radioembolization [2,13,16,238,316,317, 
319,323–331], radiofrequency ablation (RFA), and other locally 
ablative techniques [2,13,16,238,315–317,332–338]; chemo-
therapy [2,13,16,238,316,317,339–343]; biotherapy with soma-
tostatin analogs [2,13,16,238,254,316,317,344–346] or interferon 
[2,13,16,238,316,317,347–350]; liver transplantation [2,13,16, 
238,316,317,348,351–353]; targeted molecular therapies [2,13, 

16,238,316,317,354–357] including using mTOR inhibitors 
(everolimus) [2,13,16,185,186,238,316,317,357]; or tyrosine 
kinase (TK) inhibitors (sunitinib) [2,13,16,238,316,317,357–
361] and peptide radioreceptor therapy (PRRT) using radiola-
beled somatostatin analogs [2,13,16,238,316,317,362–365]. In 
general, there are few specific studies that include only patients 
with advanced gastrinomas, and most studies have included 
patients with all pNETs, because of the low frequency of the 
individual pNET syndromes. Whether all pNETs respond simi-
larly is not clear. Below, gastrinoma-specific studies are men-
tioned in addition to the results of series containing pNETs with 
some gastrinomas.

Cytoreductive surgery
Cytoreductive (debulking) surgery or the systematic removal 
of all resectable metastatic disease is recommend if >90% of 
all visible disease is resectable and the patient is an adequate 
candidate [2,13,105,238,304,312–316]. Unfortunately, only 
5%–15% of all gastrinoma/pNET patients with metastatic liver 
disease fit into this category, as most have diffuse nonresect-
able metastases. Five-year survival rates after cytoreductive 
surgery are 70%–80% and in many studies, the resected 
patients have increased survival [13,238,313,314,316,366–368]. 
Although this approach is generally recommended and 
included in the ENETS/NANETS [16,316] and other guide-
lines [317,319], there are no prospective studies that have 
proven its value, and almost all of the retrospective studies 
contain some bias.

Liver-directed therapies
General
These therapies are reserved for patients with advanced meta-
static disease in the liver who either have metastases limited to 
the liver or have liver-predominant disease, particular in patients 
with functional syndromes that are not controlled by other 
means [316,318,319,334].

Radiofrequency ablation and other ablative therapies
Radiofrequency ablation and other ablative techniques (e.g., 
cryotherapy, ethanol injections) are administered either at 
surgery (±laparoscopic) to ablate isolated metastases or by 
radiological techniques for guidance [238,315,332,333,335–
338]. RFA is the most frequently used of these different ablative 
methods and involves using a probe that converts radiofre-
quency waves into heat causing tissue destruction at tempera-
ture >60°C [238,332,335]. Patient selection criteria differ in 
different studies; however, general contraindications include: 
too many lesions (>5–15), lesions too large (>3.5–5.5 cm), 
or metastases near vital structures [316,318,335,336,338,369]. 
Response rates are 80%–95% with durations of 2–3 years. Even 
though no prospective studies have established the value of 
RFA, in the ENETS, NANETS, and other recent guidelines 
[13,16,238,316,319,334,370], RFA is recommended for antitu-
mor therapy and can be used as a supplement to ablate isolated 
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Table 57.8 Prognostic factors in patients with gastrinomas (survival or associated with increased 
development of liver metastases).

Prognostic factor for decreased survival References

Gastrinomas only

Diagnosis before 1980 (P = 0.010) [420]

Poorly controlled acid hypersecretion [1,10,40,268,309]

Female gender (P = 0.024) [33,34]

Older age at diagnosis (P = 0.001) [420]

Short disease history prior to diagnosis (<3 years) (P < 0.001) [33,34]

MEN1 absent (sporadic ZES) (P < 0.03) (see Figure 57.3d) [34,44,421,422]

Extent/presence of liver metastases (P < 0.0001) [10,33,34,168,309,422]

Diffuse > localized (P < 0.0001)

Diffuse > both lobes > single lobe > none (see Figure 57.3a)

Lymph node metastases (P < 0.004) [33,310,422]

Time to liver metastases diagnosed

Present initially > develop on follow-up (P = 0.02) [33]

Develop bone or extrahepatic metastases (P < 0.0001) (see Figure 57.3c) [33,107,260,309]

Develop ectopic Cushing syndrome (P = 0.0049) (see Figure 57.3c) [33,311]

Rate of growth of liver metastases

Rapid > slow, none [169]

Increased tumor markers

High gastrin (P = 0.022) [33,34,304]

Large primary tumor size (>3 cm) [33,34,309,420]

Primary gastrinoma location

Pancreatic > duodenal (P < 0.004) (see Figure 57.3b) [33,34,103,420,422]

Left SMA > right of SMA (gastrinoma triangle) [161]

Tumor features

Flow cytometric results
• high S phase, low % nontetraploid aneuploid, multiple stem line 

aneuplolid frequent
[423]

Molecular changes
• chromosome 1qLOH (P = 0.019) [424]
• chromosome XLOH (P = 0.042) [425]

Additional features shared other pNETs

Histological features

Poorly differentiation [238,426]

High Ki67 > low Ki67 proliferative index [238,427–429]

Cytokeratin 19-IR positivity [430–432]

Vascular, neural invasion [28,433]

Classification

Advanced TNM classification (ENETS, UICC/AJCC/WHO) [238,428,429,434]

AJCC, American Joint Committee on Cancer; ENETS, European Neuroendocrine Tumor Society; IR, 
immunoreactivity; LOH, loss of heterozygosity; MEN1, multiple endocrine neoplasia type 1; pNET, 
pancreatic neuroendocrine tumor; SMA, superior mesenteric artery; UICC, Union for International 
Cancer Control; WHO, World Health Organization; ZES, Zollinger–Ellison syndrome.
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the catheter tip needs to be properly established so that micro-
sphere administration does not enter the cystic or duodenal 
arteries, which can result in cholecystitis or ulceration, and the 
amount of lung shunting must be determined to avoid radiation 
pneumonitis [238,373,376]. Contraindications include: the 
presence of excessive shunting to the lung/gastrointestinal  
tract; inadequate liver reserve; and the inability to isolate the 
liver arterial tree from the gastric/small intestinal branches 
[238,373,375,377]. The main side effects include: postemboliza-
tion syndrome (fever, nausea, vomiting, abdominal pain) (25%–
45%), and radiation-induced liver disease (<1%) [238,323,
332,373,376]. Side effects from radioembolization are reported 
to be milder than those from embolization/chemoembolization 
[238]. The objective response rate varies from 12% to 90% with 
a mean rate of 55%, and stable disease is seen in 10%–60% 
(mean 32%) [238,323,376]. The mean survival is 30 months and 
50% of patients have symptomatic improvement in quality of 
life indices [238,325–327,376].

Medical treatment
Chemotherapy
In contrast to gastrointestinal NETs (carcinoid), chemotherapy 
continues to play an important role in the treatment of patients 
with advanced metastatic gastrinomas and other pNETs 
[2,13,16,238,316,317,339–343,378]. The recommended chemo-
therapeutic regimens for the treatment of advanced pNET  
that are well differentiated (grade 1, 2) differ from those that  
are recommended for poorly differentiated tumors (grade 2) 
[238,316,339,340,343,378,379]. The recommended regimen  
for well-differentiated advanced pNET/gastrinomas is STZ/
doxorubicin with or without 5-FU [2,13,16,238,319,339,341–
343,378,380]. STZ is a glycosamine–nitrourea derivative which 
was found to have cytotoxic effect on pancreatic islets [39],  
and since 1968 has been used for the treatment of patients with 
metastatic pNETs/gastrinomas [2,13,16,238,319,339,341–343, 
380]. The combination of STZ/doxorubicin (±5-FU) has an 
objective response rate of 20%–45%, but complete responses  
are rare and the median response duration is 5–20 months [2, 
13,16,238,319,339,341–343,378,380]. In patients with advanced 
gastrinomas only, the response rate varied from 5% to 40% 
[381,382]. Treatment with STZ/doxorubicin (±5-FU) is associ-
ated with significant toxicity, with 70%–100% developing some 
side effect [2,13,16,238,319,339,341–343,378,380–382]. The 
main side effects are nausea/vomiting (70%–100%), leukopenia, 
thrombocytopenia, hepatic functional abnormalities, and renal 
dysfunction (15%–50%) including proteinuria (40%–50%), 
decreased creatinine clearance, and occasionally renal failure 
[238,339,341,342,382]. Recently, the combination of temozolo-
mide (TMZ)/capecitabine showed promising results for the 
treatment of patients with advanced pNETs [238,343,378,383–
386]. In a recent study of 30 patients with advanced pNETs 
[384], TMZ/capecitabine achieved a partial response rate of 
70%, a 2-year survival of 92%, and a median progression-free 
survival of 18 months. This high response rate is supported by 

lesions at surgery or as palliative therapy to avoid a major surgi-
cal procedure.

Embolization and chemoembolization
Normal livers receive 20%–25% of their blood supply from the 
hepatic artery and 75%–80% from the portal vein, whereas 
metastatic pNETs, which are generally highly vascular, receive 
an arterial blood supply [238,318,322,332]. Therefore, inter-
rupting the tumoral area arterial supply preferentially affects 
metastases [238,318,322,332]. Arterial occlusions are usually 
performed by interventional radiological methods, but can be 
done at surgery and can be done alone (transarterial emboliza-
tion or TAE) or accompanied by administration of chemothera-
peutic agents (transarterial chemoembolization or TACE) such 
as doxorubicin, cisplatin, 5-fluorouracil (5-FU), mitomycin C, 
or streptozotocin (STZ) [238,318,320–322,332]. TAE/TACE  
are most frequently accomplished by administering polyvinyl 
alcohol particles or gel-foam powder [238,318,320–322,332]. 
Contraindications include: metastases involving >50%–75% 
of the liver, portal venous occlusion, liver failure, poor per-
formance status, and postsurgical biliary reconstruction [238, 
318,321,322,371]. A symptomatic response occurs in 60%–
100%, objective response in 25%–85%, and the mean duration 
of response is 6–45 months [238,320–322,339]. Five-year sur-
vival rates for TAE/TACE are 20%–35% and the progression-
free survival is 1.5 years [238,322,371]. TAE/TACE has a 
complication rate of 10%–85% in different studies, including 
most frequently a postembolization syndrome (pain, fever, 
nausea) [238,318,320,322,332,339]. The mortality is <6%; 
however, serious side effects can occur including hepatic failure, 
abscess formation, gallbladder necrosis, and renal failure 
[318,320–322,332,372]. There are no prospective studies that 
have established the value of TAE/TACE; however, both 
NANETS 2010 and ENETS 2012 guidelines recommend TAE/
TACE be considered for palliative treatment in an experienced 
center if the patient has hepatic-only or hepatic-predominant 
disease that is not surgically resectable [16,316,370].

Radioembolization or selective internal  
radiation therapy
Radioembolization (selective internal radiation therapy or 
SIRT) is a relatively recently developed technique for the  
treatment of hepatic metastases from pNETs/NETs using 
90Yttrium (90Y)-labeled microspheres for radioembolization 
[2,13,16,238,316,317,319,323–331]. At present, <600 patients 
have been treated using radioembolization [238,323–329, 
331,373,374] and because of this limited experience, it is con-
sidered experimental in the ENETS 2012 guidelines [316]. Two 
different types of 90Y-microspheres are currently used: 90Y-glass 
microspheres (TheraSpheres, Nodion, Canada) have a 20–30 μm 
diameter and a radioactive content of 2500 Bq/sphere, and 90Y-
resin microspheres (SIR spheres, Sirtex Medical, Australia) 
which are 20–60 μm in diameter and have 50 Bq/sphere 
[238,332,375,376]. Prior to their administration, the position of 
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A similar randomized, double-blind, prospective study with  
the long-acting somatostatin analog, Lanreotide-autogel, is  
now finished, but not yet fully published [395]. This study,  
i.e., CLARINET study (Controlled study of Lanreotide 
Antiproliferative-Response in NETs) involved 204 patients with 
metastatic, inoperative pNETs [395] (45% pNETs) with well/
moderately differentiated nonfunctional GI-NETs (pNET, car-
cinoids) with <10% Ki67. At the end of the study after 2 years 
following the initiation of treatment, PFS was not reached with 
lanreotide compared to 18 months with placebo (hazard ratio 
0.47, P  =  0.0002). Furthermore, neither disease progress nor 
death occurred in 62% of lanreotide-treated patients compared 
to 22% for placebo. The results of the PROMID study [394] and 
the CLARINET study [395] are consistent with those of numer-
ous noncontrolled studies in which somatostatin analogs were 
used to treat NETs/pNETs (including gastrinomas), where pri-
marily a tumoristatic effect with growth stabilization was seen 
without additional growth (only 10%–15% show decreased 
tumor size) [254,316,344,346,347,392,393,396]. At present, 
treatment with somatostatin analogs has not been proven to 
extend survival in these patients. Long-term treatment with 
somatostatin analogs is generally well tolerated. Although 50% 
of patients develop some side effects, the latter rarely lead to 
cessation of therapy [26,238,316,344,346,347]. The most fre-
quent mild side effects include pain at the injection site and 
various gastrointestinal side effects (<20%). More important 
but less frequent side effects include: elevation of blood sugar 
with the development or exacerbation of diabetes, steatorrhea, 
and the development of gallbladder sludge or stones (mean 
29%), although only 1% develop symptomatic gallbladder 
disease [26,238,316,344,346,347].

The results of the CLARINET study [395] will help to clarify 
the role of somatostatin analogs in patients with metastatic 
advanced pNETs. At present, ENETS 2012 [316] propose that 
the use of somatostatin analogs should be considered for the 
treatment of pNET patients with advanced metastatic, nonre-
sectable disease, particularly if the pNETs is slow growing and 
well differentiated. In the recent NANETS 2013 guidelines 
[370], octreotide is ranked as a second-line therapy after 
everolimus/sunitinib, and to be considered as a possible therapy 
for advanced well-differentiated metastatic pNETs. The US 
National Comprehensive Cancer Network (NCCN) guidelines 
[319] recommend that the use of somatostatin analogs be con-
sidered (level 2B evidence) in patients with locoregional unre-
sectable pNETs.

Interferon
Interferons (primarily α-interferon) have effects similar to 
somatostatin analogs in controlling the symptoms of the 
hormone excess state in pNETs (gastrinomas)/gastrointestinal 
NETs (carcinoids), and have a predominantly tumoristatic  
effect on tumor size causing primarily growth stabilization 
(30%–85%), and only uncommonly a decrease in tumor  
size (<10%–15%) [238,316,347–350,397]. In the only study of 

results from other studies [378,383,385,386] and also by a study 
of the possible cellular basis of the enhanced responsiveness of 
pNETs over carcinoids to treatment with TMZ/capecitabine 
[386]. This study [386] found a frequent deficiency of the DNA 
repair enzyme O6-methyl-guanine DNA methyl transferase 
(MGMT) in many pNETs, in contrast to carcinoids, and MGMT 
deficiency correlated with the sensitivity to the alkylating agent, 
TMZ [386]. Prospective trials are needed to confirm this higher 
response rate reported with TMZ/capecitabine.

Poorly differentiated pNETs comprise only 2%–6.5% of all 
pNETs; however, it is important that they be identified because 
they have an aggressive course, poor prognoses, and respond to 
different chemotherapeutic agents than the well-differentiated 
pNETs [238,316,334,343,379,387,388]. Poorly differentiated 
gastrinomas (WHO/ENETS, grade G3), like other pNETS with 
this grading/classification, are treated by a combination of 
etoposide either alone in combination with other agents (vinc-
ristine, paclitaxel) [238,316,343,378,379,387–389]. The initial 
response rate to this chemotherapeutic regimen varies markedly 
in different series (14%–80%) and the duration of response is 
usually <1 year [238,343,379,387,388]. This cisplatin-based 
regimen is associated with significant toxicity, particularly 
related to the gastrointestinal tract; these include frequent vom-
iting and nausea, as well as renal toxicity and myelosuppression 
[238,379,387–390]. Even with chemotherapeutic treatment, the 
survival is only 3–16 months with the 5-year survival <15% 
[238,343,379,387,388].

Biotherapy
Somatostatin analogs
In addition to its ability to inhibit hormonal secretion, somato-
statin inhibits the growth of pNETs and gastrointestinal NETs, 
both in vitro and in vivo in animal models, as well as in non-
randomized studies in patients, supporting a possible role for 
the treatment of advanced NETs (pNETs, gastrointestinal carci-
noids) [238,254,316,344–347,391]. The exact molecular basis 
for this antiproliferative effect is not entirely clear, but somato-
statin analogs inhibit the release of growth factors from NETs, 
have antiproliferative effects on neighboring cells (stromal, 
immune, vascular, etc.), and activate intracellular cascades  
that have antiproliferative effects (phosphatases, inhibition of 
adenylate cyclase, etc.) [254,345,346,392,393]. Somatostatin 
analogs’ potential clinical usefulness as antiproliferative agents 
in patients with pNETs/NETs was recently supported by a 
double-blind prospective study, the PROMID study (Placebo-
controlled, double-blind, Randomized study of the effect of 
Octreotide LAR in control of tumor growth in patients with 
metastatic MIDgut carcinoid tumors) [394]. In this study of 
85 patients with advanced metastatic midgut carcinoids, the 
long-acting somatostatin analog, Octreotide LAR increased 
progression-free survival (14.3 vs 6 months, P  <  0.000072) 
[394]. The effect was only seen in patients with low hepatic 
tumor burden (<10%) and there was no change in overall 
survival, perhaps because of the study’s low death rate [394].  
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410 patients with progressive metastatic pNETs. Everolimus 
treatment increased the number of patients with progression-
free survival at 18 months 3.7-fold (37% vs 9%), and yielded a 
significant overall improvement in progression-free survival  
(11 vs 4.6 months, P < 0.0001) [186]. Everolimus treatment was 
associated with a twofold increase in adverse events, the major-
ity being grade 1 or 2; however, grade 3 or 4 toxicity did occur 
in 2%–7% (primarily hematological, gastrointestinal (diarrhea), 
stomatitis, or hyperglycemia) [186]. Most side effects were con-
trolled by dose reduction or drug interruption [186]. Although 
approved for use in metastatic pNETs, at present there is no 
general agreement on when it should be used in relation to the 
other treatments available for advanced metastatic pNETs. The 
NANETS 2013 US guidelines [370] list everolimus, similar to 
the TK inhibitor sunitinib, as a first-line treatment for well-
differentiated advanced metastatic pNETs, whereas the ENETS 
2012 European guidelines conclude that everolimus, similar to 
the TK inhibitor sunitinib, should be considered as first-line 
treatment in only selected cases [316]. The US NCCN guidelines 
rank [319] both everolimus and sunitinib as possible first- 
line treatments (category 2A), on the same level as cytotoxic 
chemotherapy for patients with progressive well-differentiated 
metastatic pNETs. At present, it is not established whether 
everolimus’ ability to increase progression-free survival will 
result in an increase in overall survival [238,402].

Tyrosine kinase receptor inhibitors (sunitinib)
Pancreatic neuroendocrine tumors usually possess multiple  
TK receptors [359,400,403,404] which have important effects  
on the growth of pNETS/NETs [238,316,323,346,359,360,405]. 
TK receptors comprise >20 families of transmembrane recep-
tors that mediate the actions of a number of different growth 
factors that include the receptors for insulin-like growth factor 
1 receptor (IGF1R), EGF receptor family (EGFRs); hepatocyte 
growth factor (c-Met); PDGF receptor family (PDGFRs); vas-
cular endothial growth factor receptor family (VEGFRs); stem 
cell factor (c-Kit); and a number of others [238,360,400]. In 
various cells, including pNETS/carcinoids, activation of TK 
receptors is important in mediating angiogenesis, cell growth, 
cell differentiation, and apoptosis [238,359,360,400].

A number of different TK inhibitors have antigrowth effects 
on pNETs/NETs in both in-vitro and in-vivo studies [238, 
359,360,400,406]; however, only sunitinib is approved (in the 
USA, Japan, and Europe) for use in patients with advanced 
pNETs [238,358,402,406]. Sunitinib (Sutent, SU11248) is an 
orally active inhibitor of a number of TK receptors, including 
VEGFR-1, PDGFRs, VEGFR-2, FLT-3, and c-KIT [357–359]. 
Sunitinib was shown to have antiproliferative activity against 
pNETS in both phase 2 [361,405,406] and phase 3 studies [358]. 
In a phase 3 double-blind randomized placebo-controlled pro-
spective study of 171 patients with progressive metastatic pNETs 
[358], sunitinib treatment increased progression-free survival 
2.5-fold (11.4 vs 4.5 months, P  <  0.001), increased objective 
tumor response (9% vs 0%, P = 0.007), and increased overall 

interferon limited to gastrinoma patients (13 patients, advanced 
metastatic progressive disease) [397], 46% of patients showed 
disease stabilization, and in 23% it lasted almost 2 years. The 
antiproliferative effect on pNETs/NETs of interferon is partially 
mediated by blocking cell cycle progression in G1, inhibiting 
DNA synthesis, stimulating an increase in Bcl-2, inhibiting 
protein synthesis, inhibiting angiogenesis, and induction of 
apoptosis [347–350]. Interferon causes frequent side effects 
(>70%) including, most frequently, flu-like symptoms (40%–
80%), weight loss/anorexia (60%), and fatigue (51%), which 
frequently decrease in severity with continued treatment 
[316,347,349,350,397]. More serious side effects included 
hyperlipidemia (31%), hepatotoxicity (31%), bone marrow  
toxicity, autoimmune disorders including particularly thyroid 
abnormalities, and uncommonly CNS toxicity [347,349,350, 
397]. The ENETS 2012 guidelines conclude that interferon 
treatment should be considered if the pNET is well differenti-
ated, slowly proliferative, and somatostatin receptor negative; 
should be avoided if the pNET/NET is associated with a large 
tumor burden [316]; and the dose should be titrated to reduce 
the leukocyte count to <3000 [238,316,348–350]. This recom-
mendation is made because treatment with somatostatin 
analogs is associated with fewer side effects and thus should be 
considered first [316]. In the recent NANETS 2013 guidelines 
[370], while octreotide is ranked as a second-line therapy  
after everolimus/sunitinib, interferon is not even ranked as  
a possible therapy. The US NCCN guidelines [319] classify 
interferon use for antiproliferative activity as category 3 for 
metastatic pNETS/NETs, and recommend its use after somato-
statin analogs or if a patient had hepatic-predominant metas-
tases, and then only after embolization/radioembolization. 
Interferon has been used in combination with somatostatin 
analogs, frequently after the patient with advanced metastatic 
disease failed the individual treatments; however, this use is 
controversial because a number of studies, including some ran-
domized studies, do not show enhanced efficacy with the com-
bination [238,347,349,398].

Molecular targeted therapies
mTor inhibitors (everolimus)
Numerous studies of isolated pNET/NET cells in-vitro as well 
as in-vivo studies have shown that the mTor cellular signaling 
cascade plays an important role in mediating cell growth, espe-
cially in pNETs [185,238,332,340,346,356,399–401]. mTor is a 
serine-threonine kinase critically involved in a variety of  
cellular functions including apoptosis, cell growth, and cell  
proliferation [354,356,399–401]. Two mTOR inhibitors have 
progressed in clinical development. Temsirolimus has been 
evaluated in phase 2 studies, and everolimus has been approved 
for treatment of advanced metastatic pNETs in the USA, Japan, 
and Europe after completing phase 3 trials [186,238,354,401, 
402]. The latter study [186] was a prospective randomized 
double-blind placebo-controlled study (RADIANT-1: RAD001 
[everolimus] in advanced neuroendocrine tumors) involving 



Zollinger–Ellison syndrome CHAPTER 57   1101

the presence of malignant gastrinoma, vasoactive intestinal 
polypeptide-secreting tumor, or insulinoma [238,362–365, 
408,409]. Gastrinomas are one of the malignant pNET/NETs 
that were most responsive to PRRT (42% at 3 months); however, 
they also had one of the highest recurrence rates leading to a 
poorer prognosis [238,362–365,408,409]. In one detailed study 
of 11 patients with metastatic ZES [410] treated with either 
90Y- and/or 177Lu-labeled somatostatin analogs, the mean serum 
gastrin decreased by 81%, complete response occurred in 9%, 
partial tumor response in 45%, tumor stabilization in 45%, and 
in 64% the antitumor effect persisted for a median period of 
14 months.

Most PRRT side effects are mild and do not require treatment 
to be stopped [238,362,363,365,407]. The most frequent acute 
side effects are vomiting, pain, and nausea (30%) and the  
most serious side effects include liver toxicity (0.6%), hemato-
logical toxicity (0.8% develop a myelodysplastic disorder, 15% 
acute toxicity), and renal toxicity, with the latter occurring  
primarily in patients receiving 90Y-labeled somatostatin analogs 
[238,362,363,365,407–409]. Currently, PRRT is not approved 
for routine use in either Europe or the USA; however, a large 
phase 3 study is now being conducted. All guidelines, including 
the ENETS 21012 [316], NANETS 2013 and 2010 [16,370,411], 
and the ESMO guidelines, consider PRRT an investigational 
treatment.

Liver transplantation
In contrast to the situation with most other neoplasms, liver 
transplantation continues to be used in management of some 
patients with metastatic, unresectable, hepatic metastases 
[238,316,351–353,377,412–415]. In a recent summary [353] of 
213 cases of NET/pNETs (94 pNETs) who underwent liver 
transplantation in Europe, the 5-year survival was 52% and the 
disease-free survival was 32%. These results are similar to those 
from 150 liver transplants performed in patients with metastatic 
NETs in the USA reported from the United Network for Organ 
Sharing Database [351], where the 1-, 3-, and 5-year survival 
rates were 81%, 65%, and 49%, respectively, with a similar sur-
vival for pNETs and gastrointestinal NETs (carcinoids). In the 
European study [353], the most important prognostic factors 
for a poor outcome were poorly differentiated tumor, hepatome-
galy, and the occurrence of a major resection in addition to the 
liver transplantation. When these three factors were taken into 
consideration in the selection of patients, the overall survival at 
5 years increased to 59% [353]. In other studies, additional risk 
factors associated with a poor outcome have been reported to 
include primary NET in the duodenum or a pNET, the presence 
of extrahepatic metastases at the time of the transplant, an 
accompanying upper abdominal exenteration, extensive liver 
involvement (>50%), and certain histological features such as a 
Ki-67 proliferative index >10% or abnormal E-cadherin stain-
ing [238,351,413,414,416].

The ENETS 2012 guidelines [316] conclude that liver trans-
plantation should be considered only for providing palliative 

survival [358]. Sunitinib treatment was associated with a three-
fold increase in side effects, with most being grade 1 or 2, 
although some grade 3 and 4 toxicity occurred [358]. The most 
frequent, severe side effects were neutropenia (12%) and hyper-
tension (9.6%) [358]. A quality of life analysis [358] showed 
sunitinib did not have a significant effect, with most side effects 
able to be managed by dose reduction and/or temporary cessa-
tion of treatment.

The ENETS 2012 guidelines [316] conclude that sunitinib, 
similar to everolimus, represents a novel therapeutic option but 
it should not be used as first-line therapy, generally. The recent 
NANETS 2013 guidelines [370] recommend sunitinib and 
everolimus as primary options for the treatment of patients  
with progressive metastatic pNETs, ahead of cytotoxic chemo-
therapy and embolization/chemoembolization/octreotide LAR. 
Similarly, the US NCCN [319] guidelines, and a recent review 
of treatment of patients with metastatic well-differentiated 
pNETs [332], lists sunitinib, as well as everolimus, as first-line 
treatment options.

Peptide radioreceptor therapy using  
radiolabeled somatostatin analogs
The fact that >90% of gastrinomas/other pNETs (excluding 
insulinomas) overexpress or ectopically express at least one to 
the 5 classes of somatostatin receptors (sst1–5) led to the devel-
opment of PRRT using radiolabeled somatostatin analogs  
to deliver receptor-directed cytotoxicity [238,254,362–365, 
407]. Two different isotopes have been used in most studies: 
90Yttrium (90Y)- or 177Lutetium (177Lu)-labeled somatostatin 
analogs [238,362–365,407]. 177Lu emits β-particles and γ-rays, 
has a maximum tissue penetration of 2 mm, and a half-life of 
6.7 days, whereas 90Y strongly emits β-particles, has a maximal 
tissue penetration of 12 mm, and a half-life of 2.7 days 
[362–365,407].

A number of different synthetic somatostatin analogs have 
been used, with the most frequent being octreotide or octreo-
tate coupled to the radiolabel by different chelators, including 
diethylene triamine pentaacetic acid (DTPA) and 1,4,7,10- 
tetraazaacyclododecane-1,4,7,10-tetraacetic acid (DOTA) 
[238,362,363,365]. Of 440 patients (10 studies) with various 
malignant NETs, including gastrinomas, treated with 90Y-labeled 
somatostatin analogs, complete tumor remission was rare (0%–
6%), partial remission occurred in 7%–37%, and tumor stabi-
lization in 40%–86% [26,238,362,363,365]. Of 510 patients 
with malignant NETs treated with 177Lu-[DOTA0, Tyr3] octreo-
tate, a complete response occurred in 2%, partial response  
in 28%, and tumor stabilization in 35% [364,408]. With 
177Lu-[DOTA0, Tyr3] octreotate, a number of prognostic factors 
were identified which predicted a poor outcome after PRRT, 
which included: the presence of progressive metastatic disease 
prior to treatment; Karnofsky performance score of ≤70; 
no tumor response to PRRT; weight loss at the time of treat-
ment; presence of bone metastases; extensive liver involvement; 
poor uptake of the radiolabeled analog by the tumor; and  
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care, and thus be reserved for patients suffering life-threatening 
hormonal effects refractory to other treatments or for selected 
patients with unresectable nonfunctional NETs/pNETs refrac-
tory to all other treatments. If liver transplantation is consid-
ered, important selection criteria include the presence of a 
well-differentiated NET/pNET; patient age <45–50 years; a 
Ki-67 index of <10%; the absence of extrahepatic metastases as 
determined using the most sensitive methodology (68Ga-labeled 
somatostatin analogs and PET imaging); the absence of other 
resections at the time of liver transplantation; and some groups 
consider various histological features such as E-cadherin tumor 
staining characteristics [238,316,334,413,414].
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Definition

Gastritis is defined as microscopic inflammation of the stomach 
and represents a histological, not a clinical entity, and the major-
ity of persons with gastric inflammation are completely asymp-
tomatic. A myriad of etiological agents can induce gastritis, but 
the  most  common  cause  is  infection  by  Helicobacter pylori,  a 
bacterium  that  resides  in  the  mucus  gel  layer  overlaying  the 
gastric mucosa [1–3]. Barry Marshall and Robin Warren were 
awarded the Nobel Prize in Medicine in 2005 as the first inves-
tigators who, in 1983, identified and cultured these spiral bacilli 
from gastric epithelium of patients with chronic gastritis [4,5]. 
Since that time, a strong link has been established between H. 
pylori  and  a  diverse  spectrum  of  gastroduodenal  diseases, 
including gastric and duodenal ulceration, gastric adenocarci-
noma,  mucosa-associated  lymphoid  tumor  (MALToma),  and 
non-Hodgkin lymphoma of the stomach (Figure 58.1) [1–3,6]. 
H. pylori colonizes the stomach for years or decades, not days 
or weeks as is usually the case for bacterial pathogens, and this 
organism  virtually  always  induces  chronic  gastritis;  however, 

only a fraction of H. pylori-colonized individuals ever develop 
disease.  Identification  of  mechanisms  that  regulate  H. pylori–
host  interactions  will  not  only  improve  diagnostic  and  thera-
peutic  modalities,  but  may  also  provide  insights  into  other 
diseases  that  arise  within  the  context  of  pathogen-initiated 
inflammatory states, such as chronic viral hepatitis and hepato-
cellular carcinoma. In addition to H. pylori, other pathogens and 
exogenous agents that induce gastric inflammation and mucosal 
injury, and gastropathy will also be discussed in this chapter.

Classification of gastritis using  
the Sydney system

The most widely used method for classification of gastritis and 
reporting  of  nonneoplastic  gastric  biopsies  in  the  research 
setting is the updated Sydney system [7], which classifies chronic 
gastritis based on topography, morphology, and etiology (Table 
58.1). More recently, a system of staging gastritis, the Operative 
Link for Gastritis Assessment (OLGA) has been proposed. The 
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pylori; and (3) diffuse corporal atrophic gastritis (autoimmune 
gastritis).

Nonatrophic chronic gastritis
In  the  nonatrophic  chronic  gastritis  associated  with  H. pylori 
infection,  a  diffuse  chronic  inflammatory  infiltrate,  composed 
of  lymphocytes,  plasma  cells,  and  scattered  eosinophils  and 
mast cells, is present in the lamina propria. The density of this 
infiltrate is variable and tends to be sparser in atrophic gastritis. 
The  presence  of  lymphoid  aggregates  (Figure  58.2),  especially 
with germinal centers, is highly associated with H. pylori colo-
nization and may persist after eradication of infection. The pres-
ence  of  neutrophils  indicates  an  “active”  gastritis  and  is  often 
associated  with  the  presence  of  H. pylori  organisms  in  the 
nearby  superficial  epithelium.  Neutrophils  infiltrate  gastric 
glandular epithelium, typically in the neck area of the gland, and 
may form “pit abscesses” (Figure 58.3). The foveolar epithelium 
often shows degenerative changes, and superficial erosions may 
be seen. Mucosal edema and hyperemia are common but non-
specific findings, and  there  is poor correlation between endo-
scopic  and  histological  findings  [10].  H. pylori  organisms  are 
generally readily identifiable on routine hematoxylin and eosin-
stained slides in the superficial mucus layer and extend into the 
lumen of the gastric pits (Figure 58.4).

Multifocal atrophic gastritis
In  atrophic  gastritis,  specialized  glands  are  lost,  such  as  
chief  and  parietal  cells  in  the  gastric  corpus  and  deep  muci-
nous  glands  in  the  antrum,  and  are  replaced  by  metaplastic 
epithelium  or  by  fibrous  tissue.  Multifocal  atrophic  gastritis 
(MAG) involves both the gastric antrum and corpus and, while 
patchy  in  distribution,  often  begins  at  the  incisura,  which 
notably  represents  a  hotspot  for  gastric  cancer  occurrence. 
However, atrophic gastritis may be extensive instead of patchy 
[11],  forming  continuous  sheets  in  stomachs  containing 

OLGA system incorporates the updated Sydney system biopsy 
mapping  protocol  but  includes  more  detailed  assessment  of 
glandular atrophy, with  the goal of providing  increased  infor-
mation about gastric cancer risk [8].

Biopsy protocol
The Sydney system requires histological sampling with separate 
submission of biopsies from five locations in the stomach: the 
greater and lesser curvature in the antrum, the greater and lesser 
curvature  of  the  corpus,  and  the  incisura.  The  incisura  is  a 
typical site for atrophy, intestinal metaplasia, and dysplasia [7], 
although some data suggest  that biopsies  from endoscopically 
normal  incisura  add  little  additional  clinical  information  [9]. 
Histological  features  assessed  on  a  0  to  4+  scale  include  H. 
pylori density, neutrophil infiltration, mononuclear cell infiltra-
tion,  atrophy,  and  intestinal  metaplasia.  A  series  of  diagrams 
illustrating  the  scoring  is  available  to  assist  in  standardizing 
histopathological  grading  [7].  Additional  features  assessed  as 
present or absent but not otherwise graded are surface epithelial 
damage,  lymphoid  follicles,  and  foveolar  hyperplasia.  Other 
findings such as granulomas are noted when present. The final 
diagnosis represents a synthesis of individual histological find-
ings, topographical location, and available clinical information. 
While  the  Sydney  system  is  useful  for  research  purposes,  in 
clinical practice, failure to obtain the specified numbers of biop-
sies from the various regions of the stomach and the complexity 
of the scoring system limit its widespread use.

Histological features of chronic gastritis

Three patterns of  chronic nonspecific gastritis  are  recognized: 
(1) diffuse antral gastritis (nonatrophic gastritis  in the Sydney 
system), which is associated with H. pylori infection; (2) multi-
focal atrophic gastritis, which is also highly associated with H. 

Figure 58.1 Disease outcomes that develop 
within the context of H. pylori-induced 
gastric inflammation.
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Table 58.1 Classification of chronic gastritis based on topography, 
morphology, and etiology (updated Sydney system; data from Dixon et al. 
1996 [7]).

Type of gastritis Etiology Synonymous terms

Nonatrophic 
chronic gastritis

H. pylori Chronic superficial 
gastritis

? Other factors Diffuse antral gastritis

Chronic antral 
gastritis

Type B gastritis

Atrophic 
gastritis 

Autoimmune 
gastritis

Autoimmunity Type A gastritis

? H. pylori Diffuse corporal 
gastritis

Pernicious anemia-
associated gastritis

Multifocal 
atrophic gastritis

H. pylori Type B or Type AB 
gastritis

Environmental 
factors

Atrophic pangastritis

Special forms 
of gastritis

Reactive 
gastropathy 
(Chemical 
gastropathy)

NSAIDs Reactive gastropathy

Bile reflux Reflux gastropathy

Other chemical 
irritation

Radiation Radiation injury

Lymphocytic ? Gluten Celiac 
disease-associated

? Autoimmune 
mechanisms

Varioliform

Drugs

H. pylori?

? Idiopathic

Noninfectious 
granulomatous 
gastritis

Crohn’s disease Isolated 
granulomatous

Sarcoidosis gastritis
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Figure 58.2 Lymphoid aggregates (arrow) are common findings in 
H. pylori-associated gastritis. The lamina propria contains a mixed 
inflammatory infiltrate of plasma cells, lymphocytes, neutrophils, and 
eosinophils.

Figure 58.3 Neutrophils infiltrating in the lamina propria and foveolar 
epithelium and forming pit abscesses are characteristic of H. pylori 
gastritis.

intestinal-type  gastric  adenocarcinoma.  Intestinal  metaplasia, 
in which the gastric mucosa is replaced by mucosa resembling 
the  small  intestine,  is  common  in  MAG  (Figure  58.5).  The 
oxyntic glands of the corpus are replaced by mucinous glands 
resembling  antral  mucosa,  a  change  known  as  pseudopyloric 
metaplasia,  antralization,  or  spasmolytic  peptide-expressing 
metaplasia  (SPEM)  [12],  making  it  difficult  to  distinguish 
corpus  from  gastric  antrum.  Endocrine  cell  hyperplasia  
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involves the antrum only minimally (see Section Autoimmune 
gastritis).

Epidemiology of Helicobacter 
pylori-induced gastritis

H. pylori  colonizes  the  stomachs of at  least half of  the world’s 
population  and  persons  in  all  geographic  zones  have  been 
shown  to  carry  the  bacteria.  Infection  is  usually  acquired  in 
childhood and, when left untreated, persists for the lifetime of 
the host [13,14]. The prevalence of H. pylori is higher in devel-
oping than developed countries  [13–15].  In  the United States, 
H. pylori is present in 10%–15% of children under age 12 years 
compared  with  50%–60%  of  people  older  than  60  years  old 
[14,15].  The  rate  of  acquisition  of  new  H.  pylori  infections 
among adults  in developed countries  is  less  than 1% per year 
[15], and most carriers in the United States acquired H. pylori 
during childhood. Over the past half-century, however, progres-
sively  fewer  children  have  been  shown  to  carry  H. pylori  [1]. 
Risk  factors  for  H. pylori  acquisition  include  lower  socioeco-
nomic  status  and  household  crowding,  and  colonization  rates 
reflect country of origin and ethnicity [14,16]. Colonization is 
related  to  intrafamilial  clustering,  but  not  to  the  presence  of 
nonprimate reservoirs, favoring person-to-person transmission 
as the mode of infection. Experimental induction of regurgita-
tion  and  catharsis  increases  H. pylori  culture  positivity  rates 
from vomitus and diarrheal specimens [17], suggesting that H. 
pylori transmission may increase during childhood episodes of 
gastroenteritis.

Gastric colonization
H. pylori has evolved several mechanisms to elude primary host 
defenses,  such  as  gastric  acidity  and  peristalsis,  in  order  to 
establish  persistent  infection  within  the  stomach.  H. pylori 
resides within the gastric mucus, which contains a pH gradient 
ranging from 7.2 to 2. H. pylori is considered to be a neutralo-
phile and can proliferate at a pH of 5 and survive at a pH of 4 
[18]. One pH-altering mechanism is production of urease, and 
H. pylori  isolates  that  cannot  produce  urease  fail  to  colonize 
animal models of  infection or survive at pH levels  less  than 4 
[19],  indicating  that urease  is  a necessary  factor  for establish-
ment  of  infection.  H. pylori  cytoplasmic  urease  produces 
ammonia via hydrolysis of urea,  thereby  increasing  the pH of 
the environment. Urease activity is tightly linked to cytoplasmic 
urea uptake, which is mediated by a pH-dependent urea channel 
encoded  by  ureI  [20].  To  facilitate  locomotion  within  gastric 
mucus and to counteract peristalsis, H. pylori possesses between 
one and five polar flagella. As is the case for urease production, 
bacterial  motility  is  required  for  persistent  infection  [21]. 
Approximately 20% of the H. pylori population in the stomach 
bind  to  gastric  epithelial  cells,  and  adhesion  is  important  for 
acquisition of nutrients from the host and for resistance to shed-
ding of the mucus gel layer [22]. Several cognate H. pylori and 

secondary  to  hypergastrinemia  is  common,  although  partial 
loss of antral G cells may prevent significant gastrin elevations 
in  many  patients.  As  gastric  acid  production  falls  in  atrophic 
gastritis,  H. pylori  organisms  colonize  more  sparsely  and  are 
more difficult to detect.

Diffuse corporal atrophic gastritis  
(autoimmune gastritis)
The  hallmark  of  this  pattern  of  gastritis  is  the  destruction  of 
oxyntic glands. Atrophic gastritis is confined to the corpus and 

Figure 58.5 Multifocal atrophic gastritis involving the gastric corpus, 
showing patchy loss of oxyntic glands and intestinal metaplasia (arrow).

Figure 58.4 H. pylori organisms (arrow) are found in the surface mucous 
layer and extending into the lumen of the gastric pits.
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Nagai et al., who demonstrated that H. pylori in a coccoid form 
could  become  phagocytosed  by  DCs  present  within  Peyer’s 
patches in the small intestine of mice, which mediated the prox-
imal gastric inflammatory response [45]. Following activation, 
DCs activate T cells in different ways, being capable of inducing 
either a Th1 or Th2/regulatory T cell (Treg) response; thus the 
nature of DC interactions with other  immune cells  is a major 
determinant  of  the  characteristics  of  the  adaptive  immune 
response [44].

Gastric  lymphocyte  populations  from  H. pylori-infected 
patients contain an increased number of γ-interferon (IFN-γ)-
producing T cells, consistent with a Th1 cytokine response [46], 
and H. pylori-specific T-cell clones derived from gastric mucosa 
have a Th1 profile in patients with peptic ulcer disease. Because 
of  the  consistent  identification  that,  like  Crohn’s  disease,  H. 
pylori infection induces a Th1-skewed response, this reaction is 
considered  to be a cause of pathological  inflammation, and  is 
atypical  for  a  pathogen  that  is  predominantly  noninvasive. 
However, evidence suggests that Th1-mediated responses are of 
value  to  the  host  in  regulating  infection,  and  that  the  actual 
defect is that the response is not vigorous enough to eliminate 
the pathogen. Murine studies have demonstrated that an insuf-
ficient Th1 response is associated with increased bacterial colo-
nization,  suggesting  that  the  development  of  a  strong  Th1 
response can attenuate H. pylori colonization. However, there is 
also evidence that adoptive transfer into immunodeficient SCID 
mice of CD4+ T cells from mice that lack IFN-γ production and 
Th1 differentiation still results in gastritis. These findings indi-
cate that other T-cell populations are important in pathogenesis 
and persistence of inflammation [2,47,48].

Interleukin-17 (IL-17) has been linked to neutrophil infiltra-
tion and IL-17 levels are increased in H. pylori-infected human 
and  mouse  gastritis  tissues.  Immunization  of  mice  with  H. 
pylori  lysates enhances IL-17 expression in the gastric mucosa 
and in CD4+ T cells isolated from spleens and cocultured with 
H. pylori-pulsed  DCs  or  macrophages,  and  these  findings  are 
associated with  increased gastric  inflammation, but decreased 
colonization,  suggesting  that  the  IL-17/Th17 response may be 
defective in a normal host, thereby contributing to chronic per-
sistence of the bacterium [2,47,48].

Along with IL-17 producing T cells, Tregs have been impli-
cated  in  the  pathogenesis  of  H. pylori  infection.  H. pylori-
infected  individuals  have  increased  levels  of  CD4+CD25high  T 
cells in the gastric and duodenal mucosa that express FOXP3, a 
gene  involved  in  the  development  of  Tregs.  There  are  also  a 
higher number of CD4+CD25high T cells in H. pylori-associated 
gastric  adenocarcinoma  tissues  than  in  adjacent  tissue.  H. 
pylori-infected persons with peptic ulceration have significantly 
fewer gastric Tregs, but increased Th1 and Th2 responses com-
pared  to  infected subjects without ulcers  [49],  suggesting  that 
imbalances within the Treg cellular network may predispose to 
diseases that develop within the context of H. pylori infection. 
Collectively, these data are consistent with a model in which an 
inappropriate  host  T-cell  response  towards  an  extracellular 

host  ligands  have  been  identified,  including  two  outer  mem-
brane  proteins  (BabA  and  SabA)  that  bind  the  human  blood 
group antigens Lewisb and sialyl-Lewisx, respectively [23–27].

Histopathological studies in human subjects have shown that 
H. pylori binds to specific regions of gastric epithelium, and that 
bacterial density is greatest in the upper portion of the gastric 
glands.  A  specific  component  of  gastric  mucin  (α1,4-linked 
N-acetylglucosamine O-glycan), which is confined to deep glan-
dular regions rarely colonized by H. pylori, has been shown to 
exert  antimicrobial  effects  against  H. pylori  by  inhibiting  the 
synthesis  of  cholesteryl-d-glucopyranoside,  a  major  H. pylori 
cell wall component [28]. Thus, the host seems to have evolved 
mechanisms to restrict H. pylori to certain microniches within 
the gastric mucosa.

H. pylori can also limit the bactericidal effects of proinflam-
matory molecules, such as nitric oxide [29]. H. pylori expresses 
an enzyme, arginase, which  siphons  the nitric oxide  substrate 
l-arginine  away  from  inducible  nitric  oxide  synthase  (iNOS), 
limiting  the  production  of  iNOS-generated  nitric  oxide  [29]. 
Another  level  of  host  defense  circumvented  by  H. pylori  is 
innate  immunity.  Toll-like  receptors  (TLRs)  are  a  conserved 
family  of  host  receptors  that  function  in  innate  immunity  via 
recognition of invariant regions in bacterial molecules termed 
pathogen-associated  molecular  patterns  [30–32].  H. pylori 
avoids global activation of this system as H. pylori lipopolysac-
charide (LPS) and flagellin are relatively anergic compared with 
LPS  and  flagellins  of  other  enteric  bacteria  [33–36].  H. pylori 
can also actively suppress the adaptive immune response [37–
39]  and  survive  within  epithelial  cells  and  macrophages  [40–
43]. However, despite these strategies that facilitate persistence, 
substantial  immune  activation  still  occurs  as  evidenced  by 
proinflammatory cytokine release, infiltration of the mucosa by 
inflammatory cells, and cellular and humoral recognition of H. 
pylori antigens.

Development of H. pylori-induced 
gastric inflammation
The gastric inflammatory response induced by H. pylori consists 
of  neutrophils,  dendritic  cells,  lymphocytes,  plasma  cells,  and 
macrophages,  along  with  varying  degrees  of  epithelial  cell 
degeneration and injury (Figures 58.2 and 58.3), and the most 
distinctive feature of H. pylori-induced gastritis is infiltration of 
the  gastric  epithelium  by  neutrophils.  Within  the  lamina 
propria,  polymorphonuclear  cells  are  admixed  with  lym-
phocytes, lymphoid follicles, plasma cells, and eosinophils, and 
the severity of gastritis is greatest in the superficial portions of 
the lamina propria. H. pylori colonization also induces an exu-
berant systemic and mucosal humoral response directed at mul-
tiple antigens; however, antibody production does not result in 
eradication.  Dendritic  cells  (DCs)  are  strategically  positioned 
within  the  gastric  mucosa  to  sample  both  self  and  H. pylori 
antigens, are primary responders to H. pylori products, and can 
subsequently differentiate into antigen presenting cells (APCs) 
[44]. An alternate mechanism of DC activation was reported by 
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host cells that contribute to pathogenesis. CagA in an unmodi-
fied  form  interacts  with  the  cell  adhesion  protein  E-cadherin, 
the  hepatocyte  growth  factor  receptor  c-Met,  and  activates 
β-catenin  [64–67],  which  culminate  in  proinflammatory  and 
mitogenic responses, disruption of cell–cell junctions, and loss 
of  cell  polarity,  all  of  which  promote  neoplastic  progression. 
CagA can increase the risk for gastric cancer by increasing sper-
mine  oxidase  (SMO)  production  in  gastric  epithelial  cells. 
Induction of SMO generates oxidative damage and selects for a 
subpopulation of cells with damaged DNA, which are resistant 
to  apoptosis  [68].  H. pylori  also  targets  the  tumor  suppressor 
protein p53 to regulate apoptosis in a CagA-dependent manner 
[69,70].

CagA is not the only bacterial product delivered via the T4SS, 
as components of H. pylori peptidoglycan are also delivered into 
host cells and trigger signaling pathways that lower the thresh-
old  for  carcinogenesis.  Peptidoglycan  interacts  with  the  host 
intracellular pattern recognition molecule Nod1, which leads to 
activation  of  NF-κB-dependent  proinflammatory  responses 
such as secretion of IL-8 [71] or β-defensin-2, as well as produc-
tion of type I IFN [72,73]. Translocated peptidoglycan can also 
activate  PI3K-AKT  signaling,  leading  to  decreased  apoptosis, 
increased proliferation, and increased cell migration [74,75].

Vacuolating  cytotoxin  A  (VacA)  is  a  toxin  produced  by  H. 
pylori  that is associated with increased disease risk [76]. VacA 
exerts a multitude of effects on epithelial cells, including vacu-
olation  as  well  as  inducing  apoptosis  and  suppressing  T  cell 
responses,  which  may  contribute  to  the  longevity  of  infection 
[37–39]. The majority of H. pylori strains possess the vacA gene; 
however, there is considerable variation in vacA gene structures 

pathogen, H. pylori, facilitates the development and chronicity 
of gastric inflammation.

Clinical presentation and natural history

Patterns of H. pylori-induced gastritis and 
disease outcome
There is a distinct dichotomy between H. pylori-induced duo-
denal  ulceration  and  gastric  cancer,  and  this  is  dependent  on 
the  topography  of  inflammation  within  the  stomach.  In  the 
majority of infected persons residing in developed countries, H. 
pylori-induced  gastritis  is  more  severe  in  the  gastric  antrum, 
with only minimal involvement of the corpus, a pattern termed 
“diffuse antral gastritis” or “nonatrophic chronic gastritis” [48]. 
Gastric atrophy and intestinal metaplasia are typically absent in 
this type of gastritis. Persons with such corpus-sparing inflam-
mation  are  at  increased  risk  for  duodenal  ulcer  disease,  and 
gastric  acid production  in  this population  is  either normal or 
increased.  In  contrast,  persons  who  progress  to  gastric  ulcer 
disease  and  distal  gastric  adenocarcinoma  have  a  different 
pattern of gastritis: involvement not only of the antrum but also 
the acid-secreting corpus and, as predicted, patients with pan-
gastritis tend to have reduced acid outputs [50]. Corpus gastritis 
is often accompanied by gastric atrophy and intestinal metapla-
sia, both in the antrum and the corpus. This pattern of gastric 
inflammation is most common among infected persons residing 
in Southeast Asia, South America, and certain regions of central, 
eastern, and southern Europe [51].

H. pylori virulence factors and gastric injury
H. pylori strains from different individuals are extremely diverse 
[52–55] and genetically unique derivatives of a single strain are 
present simultaneously within an individual human host [56]. 
The  cag  pathogenicity  island  (cag  PAI)  is  a  well-characterized 
and intensively studied, strain-specific H. pylori virulence deter-
minant  (Figure  58.6),  and  strains  that  harbor  the  cag  PAI 
augment  the  risk  for  peptic  ulcer  disease  and  distal  gastric 
cancer compared to strains that lack the cag island [48]. Genes 
within the cag island encode proteins that form a bacterial type 
IV secretion system (T4SS), which translocates proteins across 
the bacterial membrane into host gastric epithelial cells [57–59]. 
The terminal gene product of  the cag  island is CagA, and this 
effector  is one of  the substrates  translocated  into host cells by 
the T4SS [60]. CagA can also be delivered  into host epithelial 
cells  by  T4SS-induced  externalization  of  phosphatidylserine 
from the inner leaflet of the cell membrane [61,62].

Once  inside host  cells, CagA  is  tyrosine phosphorylated by 
Src  and  Abl  kinases  and  phospho-CagA  targets  and  interacts 
with numerous intracellular effectors to lower the threshold for 
carcinogenesis. For example, phospho-CagA activates a eukary-
otic  tyrosine  phosphatase  (SHP-2),  leading  to  morphological 
transformations similar to those induced by growth factor stim-
ulation [63]. Nonphosphorylated CagA also exerts effects within 

Figure 58.6 H. pylori affects multiple pathways in gastric epithelial cells 
that induce alterations in cellular morphology or IL-8 production. CagA 
is translocated into host cells where it becomes phosphorylated by Src 
kinases, binds to a host phosphatase (SHP-2), and alters cellular 
morphology. An undefined factor is also translocated into host cells by 
the H. pylori cag secretion system leading to increased IL-8 expression.
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morphisms are at increased risk for the development of gastric 
cancer.

Another cytokine that may increase the risk for gastric cancer 
is tumor necrosis factor α (TNF-α). TNF-α is a proinflamma-
tory,  acid-suppressive  cytokine  that  is  increased  within  H. 
pylori-colonized  human  gastric  mucosa.  Polymorphisms  that 
increase  TNF-α  production  are  associated  with  an  increased 
risk of gastric cancer and its precursors (Table 58.2) [89,90]. In 
contrast  to  IL-1β  and  TNF-α  polymorphisms  that  increase 
cytokine  production  and  which  are  associated  with  increased 
gastric  cancer  risk,  polymorphisms  that  decrease  the  produc-
tion  of  the  antiinflammatory  cytokine  IL-10  reciprocally 
increase the risk for distal gastric cancer [90]. Investigations into 
the combinatorial effects of IL-1β, TNF-α, and IL-10 polymor-
phisms on the development of cancer have revealed that the risk 
of cancer increases progressively with an increasing number of 
proinflammatory polymorphisms and three high-risk polymor-
phisms increased the risk of cancer 27-fold over baseline [90].

The  role  of  IL-32,  a  recently  described  proinflammatory 
cytokine that is overexpressed in various inflammatory diseases 
and cancer, has also been investigated in H. pylori infection [91]. 
Expression of  IL-32 parallels  the severity of gastric pathology, 
with  elevated  expression  in  specimens  of  gastritis  and  gastric 
cancer  compared  to  uninfected  gastric  mucosa.  H. pylori-
induced  IL-32  expression  is  cagPAI-dependent  and  requires 
activation of NF-κB. Within the context of H. pylori infection, 
IL-32  expression  is  linked  with  expression  of  the  cytokines 
CXCL1, CXCL2, and IL-8, suggesting that IL-32 may function 
as a master regulatory protein that mediates cytokine expression 
induced by H. pylori infection [91].

within  the  signal  (s)  region,  the  middle  (m)  region,  and  the 
intermediate  (i)  region  [77].  The  s  region  and  m  region  are 
stratified into s1 or s2 and m1 or m2 alleles, respectively. vacA 
s1/m1  strains  induce  greater  vacuolation  than  s1/m2  strains, 
and  there  is  typically  no  vacuolating  activity  in  s2/m2  strains 
[77–80]. The vacA s1/m1 allele is strongly associated with ulcer 
disease and gastric cancer [78]. There are two i region subtypes, 
i1 and i2, and the i region plays a functional role in vacuolating 
activity [77]. Colonization with vacA i1 strains is strongly asso-
ciated  with  the  presence  of  CagA,  vacA  s1  alleles,  and  gastric 
cancer [77,81].

In  order  for  H. pylori  to  colonize,  deploy  virulence  factors, 
and persist within  the gastric niche, adherence of H. pylori  to 
gastric epithelium is required. Sequence analyses have revealed 
that  an  unusually  high  proportion  of  the  H. pylori  genome  is 
committed to encoding outer membrane proteins (OMPs), and 
OMP  expression  is  associated  with  gastroduodenal  ulceration 
and  may  heighten  the  risk  for  developing  gastric  cancer  [82]. 
Blood  group  antigen  binding  adhesin  (BabA)  is  an  OMP 
encoded  by  the  babA2  gene  and  binds  to  fucosylated  Lewisb 
antigen (Leb) on the surface of gastric epithelial cells [24,25,83]. 
Leb-mediated colonization may increase the pathogenic poten-
tial of H. pylori [84], and H. pylori babA2+ strains are associated 
with  an  increased  risk  of  developing  gastric  cancer,  especially 
when  babA2  is  found  in  conjunction  with  cagA  and  vacA  s1 
alleles  [24].  Another  H. pylori  adhesin  is  sialic  acid-binding 
adhesin (SabA). SabA binds to the carbohydrate structure sialyl-
Lewisx  antigen expressed on gastric  epithelium, and  is  associ-
ated  with  increased  gastric  cancer  risk  [85].  Sialyl-Lewisx 
expression is induced during chronic gastric inflammation, sug-
gesting that H. pylori modulates host cell glycosylation patterns 
to enhance attachment and colonization [26].

Human genetic polymorphisms and development 
of disease among H. pylori-infected persons
Most persons colonized with disease-associated H. pylori strains 
remain asymptomatic. H. pylori cag+ toxigenic strains are related 
to both duodenal ulcer disease and distal gastric cancer, consid-
ered to be two mutually exclusive disease outcomes. The inabil-
ity of bacterial virulence components to completely account for 
pathological outcomes has highlighted the need to explore host 
factors that may influence disease, particularly gastric cancer.

IL-1β  is  a  Th1  cytokine  that  inhibits  acid  secretion  and  is 
increased  within  gastric  mucosa  of  H. pylori-infected  persons 
(Table 58.2) [86]. Polymorphisms within the IL-1β gene cluster, 
specifically  IL-1β-31  and  IL-1β-511,  are  associated  with 
increased  IL-1β  production,  and  are  associated  with  a  signifi-
cantly  increased  risk  for  hypochlorhydria,  gastric  atrophy,  
and  distal  gastric  adenocarcinoma  compared  to  persons  with 
genotypes that limit IL-1β expression. However, these relation-
ships  are  only  present  among  persons  infected  with  H. pylori 
[87–89]. Given that IL-1β is a potent inhibitor of acid secretion, 
is profoundly proinflammatory, and is upregulated by H. pylori, 
colonized  individuals  harboring  high-expression  IL-1β  poly-

Table 58.2 Human genetic polymorphisms that influence the development 
of distal gastric cancer.

Genetic locus Function of 
expressed protein

Genotype associated 
with enhanced risk

IL-1β Induces expression of 
inflammatory cytokines, 
potently inhibits acid 
secretion from parietal 
cells

–31 C/C
–511 T/T

IL-1RN Receptor for IL-1β Pentaallelic 86-bp 
tandem repeat in 
intron 2

TNF-α Activates intracellular 
signaling pathways 
related to inflammation 
and apoptosis; inhibits 
acid secretion from 
parietal cells

–308 A/A

IL-10 Inhibits production of 
proinflammatory 
cytokines

–592 ATA/ATA
–819 ATA/ATA
–1082 ATA/ATA

Il, interleukin; IL-1RN, IL-1 receptor; TNF, tumor necrosis factor.
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enhance detection rates. The Genta and el-Zimaity techniques 
offer an additional advantage by permitting simultaneous visu-
alization of H. pylori as well as coexisting features of gastritis or 
damage, such as intestinal metaplasia. Advantages of histologi-
cal  diagnosis  include  direct  visualization  of  the  organism, 
assessment  of  the  severity  of  gastritis,  identification  of  more 
severe gastric lesions such as atrophic gastritis, intestinal meta-
plasia,  adenocarcinoma  or  lymphoproliferative  disease,  and 
accuracy  for  both  initial  diagnosis  and  confirmation  of  cure 
[93,94,96]. Although histology is considered by many to be the 
gold standard, its reliability is dependent upon the number and 
sites of biopsy harvest, staining technique, and the experience 
of the histopathologist [97,98]. Evaluation of between three and 
five biopsy specimens obtained  from the greater and/or  lesser 
curvature of the antrum and corpus respectively, as well as the 
angularis, reliably distinguish infected from uninfected mucosa 
[7,98]. Gastric biopsies taken after H. pylori is no longer detect-
able  frequently  show  a  mild  residual  infiltrate  of  lymphocytes 
with scattered plasma cells.

Rapid urease tests
Rapid urease  tests  take advantage of  the  robust production of 
urease by H. pylori, and the most widely used form consists of 
a gel tablet containing urea and a pH indicator [93,94,99]. When 
an  infected  biopsy  is  placed  into  the  gel,  urea  is  converted  to 
ammonia by urease, the pH within the tablet increases, and the 
pH  indicator undergoes a color change (typically  from yellow 
to red), often within 30 min. Additional  forms of rapid urease 
tests  have  been  developed  and  include  paper  and  tablet  tests, 
but their superiority to gel forms has not been established.

Advantages of  rapid urease  testing  include ease of use, cost 
effectiveness, and rapid acquisition of results, and they can be 
utilized  for  both  initial  diagnosis  and  follow-up  of  therapy. 
Sensitivities of rapid urease tests range from 93% to 97% with 
specificities  of  approximately  98%;  however,  biological  condi-
tions  can  affect  their  accuracy  [93,94,99].  Achlorhydria  that 
develops  as  a  consequence  of  atrophy  or  medication  use  (i.e. 
PPIs) can lead to both false-positive (bacterial overgrowth with 
urease-producing organisms such as Proteus) and false-negative 
(decreased  H. pylori  colonization  density)  results  [99,100]. 
False-positive  results  may  also  occur  when  non-H. pylori 
Helicobacter species, such as H. heilmanni, colonize the stomach. 
Heterogeneity in sites of colonization can alter the accuracy of 
biopsy-based rapid urease tests. For these reasons, it is recom-
mended  to  wait  at  least  4  to  6  weeks  following  completion  of 
anti-H. pylori  therapy  and  at  least  1  week  after  discontinuing 
PPIs before performing a rapid urease test [93,94,99].

H. pylori culture
H. pylori  can  be  grown  directly  from  gastric  tissue  either  by 
gently rubbing a biopsy specimen onto selective or nonselective 
media  or  by  homogenizing  gastric  tissue  in  sterile  saline  and 
plating  serial  dilutions  of  homogenate  [101,102].  Samples  are 
then  incubated  for  up  to  10  days  at  37°C  in  an  environment 

Diagnosis of H. pylori infection

The  presence  of  H. pylori  should  only  be  determined  if  such 
results will affect clinical decisions. Persons in whom an indica-
tion  for  H. pylori  testing  exists  are  those  with  peptic  ulcer 
disease,  MALToma,  prolonged  nonsteroidal  antiinflammatory 
drug  (NSAID)  use,  uninvestigated  dyspepsia  without  alarm 
symptoms (e.g. weight loss, gastrointestinal bleeding, age > 55) 
in populations where the prevalence of H. pylori is high, those 
with a strong family history of distal gastric cancer and probably 
those  who  reside  in  communities  with  a  high  prevalence  of 
gastric  cancer,  prolonged  usage  of  proton  pump  inhibitors 
(PPIs),  unexplained  iron  deficiency  anemia,  or  idiopathic 
thrombocytopenic purpura (ITP) [92]. Techniques to diagnose 
H. pylori  can be classified as either  invasive  (requiring endos-
copy) or noninvasive, which require breath tests, body fluid, or 
stool (Table 58.3) [93,94]. Invasive methods utilize gastric tissue 
and include histology, rapid urease tests, culture, or polymerase 
chain reaction [93,94]. Although none of the currently available 
diagnostic tests are completely reliable due to heterogeneity in 
colonization  density,  most  possess  sufficiently  high  levels  of 
accuracy so as to permit their wide-spread use, either for initial 
diagnosis and/or confirmation of cure (Table 58.3).

Histological detection of H. pylori
The presence of H. pylori within biopsy specimens can be deter-
mined  histologically  with  or  without  the  use  of  special  stains 
that  enhance  bacterial  visibility.  Special  histological  studies 
include  Warthin–Starry,  Giemsa,  Diff-Quick,  Genta,  and 
el-Zimaity  stains  and  immunohistochemistry  [95]  and  these 

Table 58.3 Diagnostic tests for Helicobacter pylori.

Test Clinical utility for

Primary 
diagnosis

Confirmation 
of cure

Detects viable 
bacteria

Invasive

Histology + + −

Rapid urease 
testing

+ + +

Culture ± ± +

Polymerase 
chain 
reaction

− − −

Noninvasive

Urea breath 
testing

+ + +

Serology + − −

Stool antigen 
tests

+ + −
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hemagglutination,  enzyme-linked  immunosorbent  assay 
(ELISA),  immunofluorescence,  radioimmunoassay,  and  latex 
agglutination  [93,94,110].  Patient  samples  range  from  blood 
obtained  by  venipuncture  and/or  finger-stick,  to  saliva.  As  a 
rule, whole-blood tests are less accurate than serum-based tests 
due  to  the presence of chylomicrons within whole blood, and 
finger-stick  tests have reduced sensitivity and specificity com-
pared to venipuncture tests. Levels of anti-H. pylori antibodies 
in saliva are much more variable than in blood, and thus saliva-
based tests are less optimal than serum-based tests. Commercially 
available serology kits provide an extremely accurate means to 
diagnose  H. pylori  in  patients  who  have  not  been  previously 
treated, and levels of sensitivity are comparable to those obtained 
by  histology,  culture,  or  urea  breath  testing  [93,94,110]. 
Additionally,  there  are  clinical  situations  in  which  serology  
may  be  preferable  to  other  techniques,  such  as  patients  who 
present with an actively bleeding ulcer. Other tests for detecting 
antibodies  directed  against  H. pylori  include  urine  assays, 
and  sensitivities  range  from  82%  to  94%  with  specificities  
of  68%  to  92%,  depending  on  the  population  under  study 
[93,94,111–113].

The  most  significant  limitation  of  serological  testing  is  its 
inability to reliably confirm cure. Following treatment, anti-H. 
pylori  antibody  levels  decrease  slowly,  and  often  6  months  or 
more  elapse  before  serum  antibody  concentrations  decrease 
below  the  cutoff  value  for  positivity  [114,115].  In  addition, 
serology is not cost-effective for confirming eradication in clini-
cal practice due to the potential for multiple patient return visits 
and  tests, and  the requirement  for storing pretherapy samples 
as  a  standard  to  which  posttherapy  antibody  levels  must  be 
compared.  The  availability,  accuracy,  and  simplicity  of  urea 
breath tests also preclude using serology as a practical means to 
confirm cure.

H. pylori stool antigen tests
An enzymatic immunoassay (HpSA, Meridian Diagnostics) that 
detects the presence of bacterial antigens in feces was developed 
as a noninvasive diagnostic technique for H. pylori [116]. This 
test  was  originally  formulated  as  a  sandwich  ELISA  in  which 
polyclonal anti-H. pylori antibody is bound to microtiter wells. 
Stool samples are then added and H. pylori antigens (if present) 
are “captured” by the bound antibody. A secondary antibody is 
then added followed by the addition of substrate, and bound H. 
pylori antigens are detected by a color change [116]. This assay 
has also been modified into an immunocard [93].

The H. pylori stool antigen test is both sensitive and specific 
[93,94], and the United States Food and Drug Administration 
approved HpSA for  initial diagnosis and for monitoring post-
therapy  responses  in  H. pylori-infected  adults  [116].  Several 
trials have reported the sensitivity of HpSA to range from 91% 
to  96%,  while  specificities  were  also  91%–96%  [94,117]. 
Concomitant use of PPIs does not affect the accuracy of detect-
ing H. pylori antigens  in stool,  in contrast  to urea breath tests 
or biopsy-based techniques. Following successful  treatment of 

containing between 5% and 12% CO2. Similar  to rapid urease 
testing,  medications  such  as  antibiotics  or  acid-suppressive 
drugs that alter bacterial colonization patterns in vivo may affect 
culture  sensitivity.  Despite  significant  advances  over  the  past 
two  decades,  microbiological  culture  has  not  been  widely 
accepted  as  a  practical  means  to  diagnose  H. pylori  primarily 
due to cost, special conditions required for growth, and the long 
interval between specimen harvest and test results, which delays 
treatment decisions. H. pylori culture is advantageous, however, 
if antimicrobial susceptibility patterns for specific isolates need 
to be determined.

Detection of H. pylori-specific DNA 
sequences in vivo
H. pylori DNA can be successfully detected in gastric tissue by 
polymerase chain reaction (PCR). Using specific primers, PCR 
amplifies  DNA  sequences  specific  for  H.  pylori  and  can  yield 
high levels of sensitivity (93%) and specificity (100%) by detect-
ing as few as 10 H. pylori colony-forming units (CFU). H. pylori 
DNA has also been amplified from gastric  juice, saliva, dental 
plaque, and stool [93,94,103–107]. Disadvantages of this tech-
nique  include  a  high  rate  of  false-positive  results  due  to  con-
tamination  either  within  the  clinical  (i.e.  contaminated  or 
improperly  cleaned  endoscopes)  or  laboratory  setting.  Since 
PCR is only detecting DNA, a positive result cannot be equated 
with the presence of viable organisms. False-negative results can 
occur  due  to  the  presence  of  PCR  inhibitors  within  gastric 
tissue,  to  extremely  low  numbers  of  organisms,  or  to  DNA 
damage  that  occurs  during  specimen  processing.  For  these 
reasons, as well as the availability of other diagnostic techniques 
with comparable levels of sensitivity and specificity, PCR is still 
considered a research technique.

Urea breath tests
A noninvasive technique that also capitalizes on urease produc-
tion  is  urea  breath  testing  [93,94].  When  urea  labeled  either 
with  13C  or  14C  is  ingested  by  a  patient  with  active  H. pylori 
infection,  gastric  urease  hydrolyzes  labeled  urea  to  ammonia 
and  labeled  CO2,  which  is  quickly  absorbed  into  the  blood-
stream and can be detected in expired breath samples [108,109]. 
Urea  breath  tests  accurately  ascertain  the  presence  of  active 
infection, unlike PCR or serological methods, and allow a more 
global assessment of H. pylori within the stomach than can be 
provided by biopsy-based techniques. Breath tests also are effec-
tive  for  detection  of  H. pylori  posttherapy,  and  due  to  their 
noninvasive nature and high levels of sensitivity and specificity, 
they represent the gold standard for confirmation of cure.

Serological testing for H. pylori
Antibody production against H. pylori antigens does not result 
in  eradication;  however,  quantitating  levels  of  anti-H. pylori 
immunoglobulins is an effective technique for primary diagno-
sis.  A  variety  of  serological  methods  have  been  developed, 
which  include  bacterial  agglutination,  complement  fixation, 
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which  may  reflect  the  longer  half-life  of  tinidazole  [121]. 
Sequential  therapy  has  been  compared  directly  to  standard 
triple  therapy  in  several  randomized  trials,  primarily  in  Italy 
and  Spain,  and  has  achieved  higher  eradication  rates  with  no 
difference in side-effect profiles. Another advantage of sequen-
tial  therapy  is  its  ability  to  achieve  high  eradication  rates  for 
clarithromycin-resistant H. pylori  strains and  levofloxacin can 
be  successfully  incorporated  into  sequential  therapy  (levo-
floxacin replacing clarithromycin) [122]. However, geographic 
locale may influence eradication rates. A study in Latin America 
demonstrated that sequential therapy was not superior to stand-
ard triple therapy, although metronidazole was used instead of 
tinidazole  and  antibiotic  susceptibility  patterns  of  infecting 
strains were not analyzed [123]. This study has raised questions 
regarding the use of sequential therapy as a first-line therapy for 
H. pylori  eradication  in  the  United  States.  Other  concerns 
include the  fact  that  the efficacy of sequential  therapy may be 
reduced when metronidazole is used in place of tinidazole, and 
that sequential therapy contains amoxicillin as a major constitu-
ent, which limits its use in patients allergic to penicillin.

The  Maastricht  IV/Florence  Consensus  Conference  recom-
mended the following strategy for treatment of H. pylori  [92]. 
In  areas  with  low  rates  of  H. pylori  clarithromycin  resistance 
(below  15%–20%),  PPI-clarithromycin-containing  triple  regi-
mens  are  recommended  as  first-line  treatment;  however, 
bismuth-containing quadruple therapy is an alternative. In areas 
of high clarithromycin resistance, bismuth-containing quadru-
ple  regimens  are  recommended  as  first-line  empirical  treat-
ment.  If  this  regimen  is  not  available,  sequential  therapy  or 
nonbismuth quadruple therapies, such as concomitant therapy 
(PPI with clarithromycin, metronidazole, and amoxicillin), are 
recommended (Figure 58.7).

In  patients  that  fail  eradication  with  a  PPI-clarithromycin-
containing  regimen,  either  bismuth-containing  quadruple 
therapy  or  levofloxacin-containing  triple  therapies  (PPI,  
levofloxacin,  amoxicillin)  are  recommended.  Levofloxacin-
containing triple therapy is also recommended as a second-line 
therapy if bismuth-quadruple or nonbismuth quadruple thera-
pies  fail  as  first-line  treatments  (Figure  58.7).  A  metaanalysis 
that included four randomized trials of levofloxacin as a com-
ponent of triple therapy reported higher eradication rates com-
pared with a 7-day course of bismuth-based quadruple therapy, 
as well as fewer side effects [124]. Resistance to levofloxacin is 
a major limiting factor, with resistance rates exceeding 16% in 
East  Asia,  Canada,  and  Europe.  After  failure  of  second-line 
therapies, treatment should be guided by antimicrobial suscep-
tibility testing if possible. A component of salvage regimens that 
can be considered is rifabutin, an antibiotic used to treat myco-
bacterial infections. Eradication rates are typically inferior com-
pared to regimens that employ levofloxacin and side effects can 
be severe, including myelosuppression.

Eradication  rates  in  clinical  practice  are  frequently  below 
90%, primarily due to differences in patient populations, genetic 
diversity of infecting H. pylori isolates, and bacterial antibiotic 

H. pylori, stool antigen levels rapidly decline and, in the majority 
of  patients,  are  undetectable  by  5  days  post  treatment  [116]. 
Stool samples can be stored for prolonged periods of time and 
multiple  samples can be assayed at once. HpSA testing  is  safe 
and accurate in pediatric patients infected with H. pylori [116]. 
Finally, testing stool for H. pylori antigens is cost-effective. Thus, 
the  H. pylori  stool  antigen  test  is  a  highly  accurate  technique 
that can identify the presence of H. pylori prior to and shortly 
following initiation of antimicrobial therapy.

Therapy and management of  
H. pylori infection

The goal of H. pylori therapy is to eliminate the organism from 
the stomach and successful eradication is defined as a negative 
test for the bacterium ≥4 weeks after the completion of therapy 
[118]. Treatment regimens should be straightforward, well tol-
erated, and cost-effective [92]. There are several different options 
for  treating  H. pylori  infections,  and  selection  of  a  particular 
therapy is dependent on many factors, including drug availabil-
ity,  antimicrobial  resistance  patterns,  and  cost.  Triple  therapy 
consists of a PPI plus clarithromycin and either amoxicillin or 
metronidazole, each ingested twice daily. There are no consist-
ent advantages to using a particular PPI for H. pylori eradication 
[118–120];  therefore,  any  agent  in  this  class  can  be  used  as  a 
component of triple therapy. Bismuth-based quadruple therapy 
consists of a PPI dosed twice daily plus bismuth, metronidazole, 
and tetracycline for 10–14 days. Anti-H. pylori therapies are also 
available as prepackaged formulations such as Prevpac (lanso-
prazole 30 mg, clarithromycin 500 mg, amoxicillin 500 mg; each 
taken twice a day for 7 days) and Helidac (bismuth subsalicylate 
262.4 mg,  metronidazole  250 mg,  tetracycline  500 mg;  each 
taken four times a day for 14 days). Although these may be more 
convenient, they are not cost-effective and the shorter duration 
(7 days) and  lower dosage of amoxicillin  (500 mg)  in Prevpac 
compared  to  standard  triple  therapy  as  well  as  the  need  for 
combination  therapy  with  a  PPI  (Helidac)  preclude  recom-
mending these formulations as optimal first-line anti-H. pylori 
therapies [118]. A concern with all of these regimens is that they 
fail to eradicate H. pylori  in up to 20%–25% of patients,  likely 
due to an increased global prevalence of antibiotic-resistant H. 
pylori  strains  [121].  This  has  necessitated  the  development  of 
additional anti-H. pylori regimens.

Sequential therapy consists of a PPI daily plus amoxicillin 1 g 
twice a day for 5 days, followed by PPI therapy, clarithromycin 
500 mg,  and  tinidazole  500 mg,  each  twice  a  day,  for  an  addi-
tional 5 days. In a pooled analysis of 22 trials evaluating 2388 
patients,  collective  eradication  rates  were  91.3%  and  93.7% 
(intention  to  treat  and  per  protocol,  respectively)  [121].  An 
important  caveat  is  the  specific  nitroimidazole  used  in  this 
regimen. In patients receiving tinidazole (currently unavailable 
in the United States), eradication rates were 97.4% compared to 
84.1%  when  metronidazole  was  substituted  in  the  regimen, 
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Helicobacter heilmanii-like organisms, which are easily iden-
tified by  their  larger size and multiple spirals  [135], causes an 
active gastritis  that may mimic mild H. pylori  gastritis. Other 
rare causes of gastric bacterial infections include syphilis, which 
may  cause  ulcerated  lesions  [136]  and  nodular  masses  [137], 
and  Mycobacterium tuberculosis  [138],  which  may  present  as 
gastric outlet obstruction. In gastric tuberculosis, biopsies show 
necrotizing granulomas, with acid-fast bacilli demonstrated on 
appropriate  stains.  Gastric  infection  by  Mycobacterium avium 
complex is rarely seen, even in AIDS patients, even though the 
organism is resistant to low pH environments [139].

Viruses
While enteric viruses cause a clinical picture of acute gastritis, 
biopsy is rarely performed in such cases and no distinctive find-
ings  have  been  reported.  The  most  common  viral  infection 
identified in gastric biopsies is cytomegalovirus, usually seen in 
immunocompromised  patients  as  part  of  disseminated  infec-
tion,  although  it  is  occasionally  found  in  elderly  apparently 
immunocompetent  patients  [140].  Clinically,  gastric  involve-
ment by CMV may be manifested by nausea and upper abdomi-
nal pain [141] or occasionally by gastric outlet obstruction [142] 
or  hemorrhage.  Endoscopically,  erosions,  ulcers,  hypertrophic 
folds,  and  edema  are  identified.  In  children,  cytomegalovirus 
gastritis causes massive foveolar hyperplasia [143] that is indis-
tinguishable from Ménétrier disease. Nuclear cytomegalovirus 
inclusions  may  be  found  in  enlarged  epithelial,  endothelial, 
smooth  muscle,  and  stromal  cells  and  range  in  number  from 
numerous  to  impossible  to  detect  on  routine  histology.  The 
inflammatory response is variable; in some cases, patchy acute 

resistance  patterns.  It  is  therefore  recommended  that  urea 
breath testing or stool antigen tests be performed postinterven-
tion  to  confirm  successful  cure.  Follow-up  testing  should  be 
performed at least 4 weeks after the completion of therapy.

Infectious gastritis (excluding H. pylori)

Bacteria
Bacterial  colonization  of  the  achlorhydric  [125]  or  dysmotile 
stomach  does  not  elicit  a  marked  inflammatory  response 
(although  scattered  mononuclear  inflammatory  cells  may  be 
found on biopsy) and is generally asymptomatic. True bacterial 
infections  of  the  stomach,  excluding  H. pylori  gastritis,  are 
exceedingly  rare.  Acute  suppurative  gastritis,  or  phlegmonous 
gastritis,  is  a  life-threatening  condition  caused  by  infection  of 
the submucosa and muscularis propria of the stomach by pyo-
genic  bacteria,  most  often  α-hemolytic  streptococci  [126]. 
Immunocompromised patients,  the  elderly,  and alcoholics  are 
at greatest risk [127], and iatrogenic causes include endoscopic 
mucosal resection [128] and polypectomy [129]. Patients typi-
cally present with acute abdominal pain, peritonitis, fever, and 
hypotension.  When  gas-forming  bacteria  such  as  Clostridium 
species invade the stomach wall, the term emphysematous gas-
tritis is used [130].

This form of gastritis has been associated with Sarcina infec-
tion  [131],  intake of  large amounts of alcohol, AIDS,  infected 
peritoneal–jugular venous shunts, and biopsy procedures [132]. 
Surgical  intervention  with  gastrectomy  may  be  necessary 
[133,134], and mortality is high for both conditions.

Figure 58.7  Therapeutic recommendations 
for eradication of H. pylori infections.

H. pylori-infected persons

PPI/clarithromycin plus amoxicillin
or

metronidazole

Bismuth quadruple therapy
or

PPI/levofloxicin/amoxicillin
PPI/levofloxicin/amoxicillin

Treatment guided by antimicrobial sensitivity testing

1st line

2nd line

Bismuth quadruple therapy
(sequential or nonbismuth quadruple

therapy if not available)

Low prevalence of
clarithromycin resistance

(<15%–20%)

High prevalence of
clarithromycin resistance
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Eosinophilic gastritis
Small  number  of  eosinophils  (up  to  38  per  mm2)  [154]  are 
normally found in the gastric  lamina propria, and eosinophils 
are a typical component of the inflammatory infiltrate in a wide 
range  of  inflammatory  diseases  involving  the  stomach. 
Eosinophilic  gastritis,  the  gastric  component  of  eosinophilic 
gastroenteritis, should only be diagnosed when numerous eosi-
nophils  out  of  proportion  to  the  other  components  of  the 
inflammatory infiltrate are present (Figure 58.9). The stomach 
is  less  commonly  involved  than  duodenum,  ileum,  and  colon 
[155].  Eosinophilic  gastroenteritis  is  considered  a  polygenic 
allergic  disorder  [156];  in  the  majority  of  cases,  serum  IgE  is 
elevated  and  peripheral  eosinophilia  is  present.  Endoscopic 
findings  are  nonspecific  and  include  friability,  erythema,  ero-
sions,  and  enlarged  gastric  folds,  particularly  in  antrum;  the 
endoscopic appearance may be normal  even when  the gastric 
mucosa  is  heavily  infiltrated  by  eosinophils.  Biopsy  diagnosis 
may be difficult, as selective involvement of the deeper layers of 
the  gastric  wall  may  be  seen,  with  minimal  or  only  patchy 
mucosal collections of eosinophils [157]. Eosinophilic gastritis 
has  also  been  described  in  the  setting  of  collagen  vascular 
disease [158] and parasitic infection by the fish parasite Anisakis 
simplex [159]. In non-infectious cases, the disease often responds 
to corticosteroid therapy [156].

Granulomatous gastritis
Granulomas are found in less than 1% of gastric mucosal biop-
sies [132] in adults and up to 1.7% in children [160], but occur 
in a wide variety of infectious and noninfectious inflammatory 
disorders. Clinical and endoscopic findings generally reflect the 
underlying  disease.  Small  erosions  and  ulcers  are  common 
[161],  but  the  gastric  mucosa  may  also  be  entirely  normal  by 

inflammatory  infiltrates  often  centered  about  small  vessels  in 
the  lamina  propria  and  submucosa  may  be  seen.  Diagnosis  is 
established  by  demonstration  of  the  characteristic  viral  inclu-
sions (Figure 58.8), highlighted by immunohistochemical or in 
situ hybridization techniques. Treatment is with ganciclovir.

A few cases of Epstein–Barr virus (EBV) as a cause of gastritis 
and gastric ulcers [144,145] have been reported. The dense infil-
trate of atypical lymphocytes may mimic lymphoma. Detection 
of EBV RNA by in situ hybridization is helpful  in making the 
diagnosis.

Fungi
Fungal colonization of gastric ulcers by Candida species is rela-
tively  common  [146]  but  is  of  little  clinical  consequence. 
Invasive  or  disseminated  fungal  infections  with  Histoplasma 
capsulatum  [147],  Crytococcus neoformans  [148],  and 
Zygomycetes species [149] (among others) involving the stomach 
have been reported in immunocompromised patients.

Parasites
Although  involvement  of  the  stomach  by  parasites  is  rare  in 
Western countries, many cases of invasive anisakiasis have been 
reported  in  Japan,  where  raw  marine  fish  is  commonly  con-
sumed. Nematode larvae of the genus Anisakis may migrate into 
the  gastric  wall  and  cause  sporadic  epigastric  pain.  Multiple 
gastric erosions are typical on endoscopy, and microscopically 
an  eosinophilic  granulomatous  inflammatory  infiltrate  with 
abscess formation and granulation tissue is seen [150]. A small 
worm  may  be  identified  in  some  cases.  Other  parasites  occa-
sionally found in gastric mucosa, primary in immunocompro-
mised patients, include Cryptosporidium species [151], Giardia 
intestinalis [152], and Strongyloides stercoralis [153].

Figure 58.8 In cytomegalovirus gastritis, the inflammatory infiltrate is 
variable; characteristic nuclear viral inclusions may be seen in endothelial 
cells (arrow), stromal cells, epithelium, and smooth muscle.

Figure 58.9 Eosinophilic gastritis is characterized by a dense but 
irregularly distributed infiltrate of eosinophils in the lamina propria or 
deeper layers of the stomach.
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In many cases, involvement of the stomach by Crohn’s disease 
is an incidental finding; however, severe involvement with stric-
tures and fistulas refractory to medical management also occurs 
[171,172].

Gastrointestinal  involvement  by  sarcoidosis  is  generally  an 
incidental finding and rarely has clinical importance. In severe 
cases,  scarring  and  ulcers  [173]  are  seen,  which  may  mimic 
gastric carcinoma or cause gastric outlet obstruction.

Autoimmune gastritis

Autoimmune gastritis  is  a  chronic atrophic gastritis  restricted 
to  the  body  of  the  stomach  and  associated  with  circulating 
antiparietal cell and antiintrinsic factor antibodies with result-
ing  intrinsic  factor  deficiency.  Only  a  small  subset  of  patients 
with autoimmune gastritis will have classic pernicious anemia.

Pangastritis can develop in the setting of other autoimmune 
diseases, such as autoimmune enteropathy, systemic lupus ery-
thematosus,  and  autoimmune  hemolytic  anemia,  and  is  often 
not associated with antiparietal cell and antiintrinsic factor anti-
bodies. This form of gastritis is not limited to the gastric body 
but  involves  the  entire  mucosa.  In  contrast  to  classic  autoim-
mune  gastritis,  neuroendocrine  cell  hyperplasia  is  not  seen 
[174].  Chronic  atrophic  pangastritis  may  also  be  seen  in  the 
setting of congenital or acquired immunodeficiency [175].

Clinical features and pathogenesis
Patients with autoimmune gastritis may be clinically asympto-
matic for many years, until parietal cell mass has decreased to 
the  point  that  hypo-  or  achlorhydria  results.  Achlorhydric 
patients  have  hypergastrinemia,  and  injury  to  the  chief  cells 
results  in reduced pepsin activity. Achlorhydria results  in iron 
deficiency anemia in roughly 15% of patients [176] due to lack 
of absorption of nonheme iron. Patients who present with per-
nicious  anemia  may  complain  of  anorexia,  weight  loss,  sore 
tongue, and neurological disturbances including numbness and 
paresthesias in the extremities, weakness, and ataxia.

Patients with autoimmune gastritis may have other autoim-
mune diseases such as Grave disease, idiopathic adrenocortical 
insufficiency,  and  vitiligo.  It  has  been  hypothesized  that  H. 
pylori  infection may  trigger  autoimmune gastritis  in a geneti-
cally susceptible individual due to molecular mimicry between 
H. pylori and gastric mucosal antigens, supported by evidence 
that up to 80% of patients with H. pylori may have autoantibod-
ies with H+/K+ ATPase specificity directed against the canalicu-
lar membranes of parietal cells, the same target autoantigen in 
autoimmune  gastritis  [177].  However,  additional  evidence  is 
needed before it can be concluded that H. pylori is the causative 
agent for autoimmune gastritis [178].

Endoscopic appearance
Progressive thinning of the mucosa in atrophic gastritis results 
in loss of gastric folds and increased visibility of fine submucosal 
vessels. The antrum is endoscopically normal in most cases of 

endoscopy.  While  in  most  cases  of  granulomatous  gastritis  a 
specific diagnosis can be made by integrating histological find-
ings with clinical data [162], in a small number of cases, termed 
idiopathic,  no  etiology  can  be  identified.  Etiology  of  granulo-
matous gastritis varies with the patient population, and is more 
likely to represent Crohn’s disease in children, whereas adults in 
one case series from a single institution were more likely to have 
sarcoidosis or idiopathic granulomatous gastritis [160].

Infectious causes of granulomatous gastritis include acid-fast 
bacilli (Mycobacterium tuberculosis), fungi (Histoplasma capsu-
latum), and parasites (Anisakis simplex). H. pylori is not consid-
ered  to  cause  granulomatous  gastritis,  although  occasionally 
granulomas are found in the superficial mucosa in the antrum 
in close proximity to injured gastric glands [161] and probably 
represent  reaction  to  ruptured  glands.  Foreign  bodies  such  as 
sutures may also give rise to a granulomatous reaction. Rarely, 
a  granulomatous  response  to  tumor  antigens  may  be  seen  in 
nonneoplastic  mucosa  or  perigastric  lymph  nodes  in  patients 
with  gastric  adenocarcinomas  [163]  or  gastric  lymphomas 
[164,165].

In most series, Crohn’s disease, followed by sarcoidosis, is the 
most common disorder associated with granulomatous gastritis 
[162,166], with over half of all cases identified in retrospective 
series attributed to upper GI involvement by Crohn’s disease. A 
prevalence of 10%–15% for gastric granulomas  (Figure 58.10) 
and up to 70% of “focally enhanced gastritis”, characterized by 
focal periglandular mononuclear inflammatory infiltrates com-
posed  of  T  cells  and  CD68+  histiocytes  has  been  reported  in 
these patients  [167].  It  should be noted  that  focally  enhanced 
gastritis  has  also  been  reported  in  children  and  adults  with 
ulcerative colitis  [168,169].  In unselected gastric biopsies,  this 
pattern of gastric inflammation is relatively rare, and has a low 
positive predictive value for inflammatory bowel disease [170]. 

Figure 58.10 Nonnecrotizing granulomas (arrow) composed of epithelioid 
histiocytes with occasional giant cells are found in up to 15% of gastric 
biopsies from patients with Crohn’s disease.
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lium  (i.e.,  intraepithelial  lymphocytes  in  contrast  to  lamina 
propria  lymphocytes).  It  occurs  most  commonly  in  patients 
with  celiac  disease,  with  up  to  45%  of  celiac  disease  patients 
[180,181]  having  evidence  of  lymphocytic  gastritis  on  biopsy. 
Approximately 4% of patients with H. pylori gastritis [182] also 
have increased numbers of lymphocytes in surface epithelium, 
but  this  feature  may  be  obscured  by  the  presence  of  active 
inflammation.  The  pathogenesis  of  lymphocytic  gastritis  is 
unknown but given its association with celiac disease,  it  likely 
represents a response to persistent antigens. Prominent foveolar 
hyperplasia may also be seen in lymphocytic gastritis, a pattern 
known as hypertrophic  lymphocytic gastritis, and protein  loss 
may be found in about 20% of patients [183].

Clinical and endoscopic features
Patients with  lymphocytic gastritis may be asymptomatic, and 
the condition is discovered by random biopsy of endoscopically 
normal mucosa. In more severe disease, there may be scattered 
erosions  and  enlarged  mucosal  folds  resembling  Ménétrier 
disease  and  accompanied  by  anemia  and  hypoalbuminemia 
(hypertrophic lymphocytic gastritis).

Pathological features
The  minimum  number  of  lymphocytes  considered  diagnostic 
for  lymphocytic  gastritis  is  25  per  100  epithelial  cells  [182]; 
counts of up to 65 lymphocytes per 100 epithelial cells are not 
uncommon. Virtually all of the lymphocytes are of T-cell origin. 
Lymphocytes  are  distributed  singly  (Figure  58.12),  but  rarely 

autoimmune gastritis. Multiple hyperplastic polyps may develop 
in advanced stages of the disease.

Pathological features
The corpus of the stomach is most severely affected in autoim-
mune  gastritis.  Characteristic  histological  findings  include  a 
diffuse chronic atrophic gastritis with variable degrees of intes-
tinal  metaplasia  (Figure  58.11).  Early  in  the  disease,  deep  or 
diffuse lymphoplasmacytic infiltrates in the lamina propria with 
foci  of  epithelial  infiltration  and  damage,  intestinal  or  pyloric 
metaplasia, and linear enterochromaffin-like (ECL) cell hyper-
plasia  are  typical  features  [179].  Pyloric  metaplasia  tends  to 
predominate over intestinal metaplasia in early stages. In late-
stage  disease,  the  oxyntic  mucosa  is  largely  destroyed,  with 
replacement  of  chief  and  parietal  cells  by  metaplastic  cells;  at 
this  stage,  the  inflammatory  infiltrate  is  minimal.  Extreme 
degrees of ECL cell hyperplasia often lead to the formation of 
multiple  microcarcinoids  secondary  to  hypergastrinemia.  The 
antrum  may  show  mild  chronic  inflammation  with  intestinal 
metaplasia, and hyperplasia of gastrin cells may be seen.

Management
The mucosal changes  in autoimmune gastritis are  irreversible. 
While patients with multiple hyperplastic polyps and extensive 
metaplasia may be at increased risk for gastric adenocarcinoma, 
there are no standards for frequency of endoscopic surveillance. 
Most  abnormalities  resulting  from  cobalamin  deficiency  are 
reversible with replacement therapy, except for the neurological 
manifestations.

Lymphocytic gastritis

Lymphocytic  gastritis  is  characterized  by  large  numbers  of 
mature lymphocytes infiltrating the surface and foveolar epithe-

Figure 58.11 In autoimmune gastritis, loss of oxyntic glands results in 
atrophic gastritis primarily affecting the gastric corpus. A diffuse 
lymphoplasmacytic infiltrate is common.

Figure 58.12 Numerous intraepithelial lymphocytes (arrows) are found in 
the mucosa in lymphocytic gastritis.
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denal  dysmotility,  and  aspirin  or  NSAID  ingestion.  Patients 
with bile reflux complain of burning midepigastric pain unre-
sponsive  to  antacids;  bilious  vomiting  may  occur.  In  persons 
ingesting aspirin or NSAIDs on a regular basis, epigastric pain 
is  common, but no  relationship has been established between 
the mucosal appearance and the presence or severity of symp-
toms. Unless complicating erosions or ulcers are present, reac-
tive gastropathy may be an asymptomatic lesion.

Disruption  of  the  mucus  barrier  of  the  antrum  and  
direct damage to surface epithelium, either from reflux of alka-
line duodenal contents or reduced prostaglandin synthesis sec-
ondary  to  NSAID  use,  is  a  major  factor  in  the  pathogenesis  
of  reactive  gastropathy.  Cyclooxygenase-  and  prostaglandin-
independent  mechanisms  may  also  be  involved  in  NSAID-
induced  gastric  injury,  perhaps  through  systemic  release  of 
TNF-α [191]. The gastric injury induced by NSAIDs is exacer-
bated by acid, and use of potent acid suppression therapy  is a 
common approach to reducing NSAID-related complications.

Endoscopic appearance
In patients with nonoperated stomachs, the mucosa in reactive 
gastropathy  may  show  edema,  vascular  congestion  and  ery-
thema,  and  erosions.  In  the  operated  stomach,  the  mucosa 
shows  similar  features,  often  primarily  involving  the  anasto-
motic site. Superficial erosions may be seen in this setting but 
are not specific for reactive gastropathy.

Histological features
The characteristic histopathological features of reactive gastrop-
athy are best seen in the antrum and include foveolar hyperpla-
sia imparting a corkscrew appearance to the superficial mucosa, 
reactive  epithelial  changes  (nuclear  enlargement  and  loss  of 
cytoplasmic mucin),  increased  lamina propria  smooth muscle 
fibers, and edema of  the  lamina propria (Figure 58.13). Acute 
and chronic inflammatory cells are typically sparse. In children 
with reactive gastropathy, the degree of foveolar hyperplasia has 
been reported to correlate with the severity of bile reflux [192].

Hemorrhagic gastropathy

Hemorrhagic gastropathies are a multifactorial group of condi-
tions characterized by mucosal hemorrhages and erosions. The 
major etiological factors are NSAID use, major physical stress, 
and  ingestion  of  large  quantities  of  alcohol.  Hemorrhagic  
gastropathy  has  also  been  reported  in  the  setting  of  crack 
cocaine  use  [193].  The  most  severe  examples  of  hemorrhagic 
gastropathy are stress ulcers, originally described by Dr. Thomas 
Curling  in  1842  [194]  and  therefore  sometimes  referred  to  as 
Curling  ulcers,  seen  in  patients  who  suffer  major  physical  or 
thermal  trauma,  shock,  sepsis,  or  head  injury.  Respiratory 
failure requiring mechanical ventilation for more than 48 hours 
and coagulopathy are independent risk factors for the develop-
ment  of  bleeding  from  hemorrhagic  gastropathy  [195].  The 

small clusters resembling lymphoepithelial lesions may be seen. 
The  antrum  is  more  severely  involved  in  patients  with  celiac 
disease  compared  to  patients  with  H.  pylori  gastritis  [182],  in 
which  the  lymphocytic  gastritis  pattern  is  more  likely  to  be 
corpus  predominant  and  to  show  concomitant  infiltration  of  
the  mucosa  by  neutrophils.  The  intraepithelial  lymphocytes  
are  more  numerous  in  hypertrophic  forms  of  lymphocytic 
gastritis.

Therapy
Treatment of lymphocytic gastritis is aimed at treatment of the 
underlying H. pylori gastritis or celiac disease; for patients with 
lymphocytic gastritis not associated with these diseases, therapy 
has largely consisted of PPIs [184]. Children with celiac disease 
and lymphocytic gastritis may have more severe celiac disease 
at  the  time  of  diagnosis  by  clinical  and  laboratory  measures 
[185] than those without concomitant lymphocytic gastritis.

Collagenous gastritis

Collagenous gastritis is a rare but histologically distinctive dis-
order characterized by thickening of the subepithelial collagen 
layer in the gastric mucosa. It has been reported in association 
with collagenous colitis in older adults [186] and celiac disease 
[187]. In children and young adults, collagenous gastritis may 
present  with  disease  limited  to  the  gastric  mucosa  [188]  and 
showing a nodular pattern on endoscopy [186]. On biopsy,  in 
addition to the markedly thickened and irregular subepithelial 
collagen band, the mucosa contains a variable chronic inflam-
mation infiltrate, and the surface epithelium shows degenerative 
changes and infiltration by lymphocytes and eosinophils.

Reactive (chemical) gastropathy  
(NSAID and bile reflux)

Reactive  gastropathy,  also  referred  to  as  chemical  gastropathy 
or  gastritis,  is  a  distinctive  constellation  of  endoscopic  and 
microscopic findings first described in the setting of bile reflux 
in  stomachs  subjected  to  gastric  surgery,  most  commonly 
Bilroth II gastrojejunostomy. More recently, it has been recog-
nized that bile reflux in the intact stomach may lead to reactive 
gastropathy.  Most  cases,  however,  are  associated  with  use  of 
NSAIDs, with an estimated prevalence of reactive gastropathy 
of  up  to  45%  in  this  group  [189].  The  prevalence  of  reactive 
gastropathy  is  age  dependent,  ranging  from  2%  in  children 
under 10 years of age  to over 20% in adults over age 80 years 
[190],  perhaps  reflecting  increasing  use  of  NSAIDs  in  older 
patients.

Clinical manifestations and pathogenesis
Reactive gastropathy may be seen in three clinical settings: post-
gastrectomy alkaline reflux, bile reflux secondary to gastroduo-
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ally  occurs  in  patients  with  severe  atherosclerotic  disease,  
and  gastric  ulcers  have  been  reported  in  chronic  mesenteric 
ischemia [198].

Portal hypertensive gastropathy
Clinical manifestations and pathogenesis
Portal hypertensive gastropathy (PHG) produces characteristic 
mucosal changes recognizable at endoscopy, and is a common 
finding  in  patients  with  portal  hypertension,  both  with  and 
without underlying liver disease. Although the development of 
PHG correlates with duration and severity of liver disease [199] 
and presence and size of gastroesophageal varices, the severity 
and presence of portal hypertensive gastropathy does not cor-
relate  in a  linear  fashion with  severity of portal hypertension, 
and  measurements  of  gastric  blood  flow  to  the  stomach  have 
shown  variable  results  [200].  Overall,  the  incidence  of  acute 
bleeding  is  low,  and  blood  loss  is  usually  mild  and  rarely  life 
threatening [199].

Endoscopic appearance
PHG is more prominent in the body and fundus of the stomach 
and  is  rare  in  the  gastric  antrum.  Characteristic  patterns  on 
endoscopy are a mosaic or snake-skin pattern, scarlatina rash, 
cherry red spots, and/or black-brown spots. Endoscopic grading 
schemes  have  been  proposed  [201],  with  more  severe  scores 
correlating with increased risk for bleeding; in general, promi-
nent  mosaic  pattern  and  confluent  red  marks  are  considered 
indicative of more severe changes.

Histopathology
Small veins in the mucosa and submucosa show dilatation, tor-
tuosity, and thickened walls  [202] (Figure 58.14). The mucosa 
is otherwise generally normal in appearance, with no erosions, 
significant inflammation, or thrombi. Correlation of histologi-
cal findings with endoscopic impression of PHG is poor, because 
the  vascular  changes  are  more  pronounced  in  submucosal 
vessels,  and  small  mucosal  biopsies  may  not  show  diagnostic 
changes.

Management
Because  clinically  significant  bleeding  is  rare,  most  patients 
require no specific treatment for PHG. Nonselective β-blockers 
such  as  propranolol  or  nadalol  may  be  used  to  lower  portal 
pressure and gastric mucosal blood flow. Endoscopic interven-
tion is of  limited value because of the mild and diffuse nature 
of the bleeding in most cases. Transjugular intrahepatic porto-
systemic shunt (TIPS) and shunt surgery have been used to treat 
PHG hemorrhage in refractory cases, but are generally consid-
ered a last resort [200].

Hypertrophic gastropathy

Hypertrophic  gastropathy  is  characterized  by  diffuse  macro-
scopic enlargement of the gastric folds, primarily in the body of 

pathogenesis  of  hemorrhagic  gastropathy  is  related  to  disrup-
tion of the mucosal protective mechanisms secondary to com-
promise  of  gastric  mucosa  microcirculation  in  some  cases; 
gastric acid secretion likely contributes to the injury [195] and 
H. pylori infection has been implicated as a contributing factor 
in some cases [196].

In hemorrhagic gastropathy, the mucosal lesions are multiple, 
superficial, and nontransmural. Microscopically, the superficial 
mucosa is eroded and edematous; a neutrophilic inflammatory 
response  may  be  seen,  but  mononuclear  inflammation  is  not 
present unless there is concomitant chronic mucosal  injury as 
in  H. pylori  infection.  Hemorrhagic  gastropathy  usually  pro-
duces no symptoms and blood loss is minor. However, because 
of  the  increased  mortality  associated  with  gastrointestinal 
bleeding  in  critically  ill  patients,  prophylactic  treatment  with 
PPIs is advocated by some investigators [195].

Vascular gastropathy

Vascular gastropathies are due to alterations in gastric circula-
tion;  the  most  common  are  gastric  antral  vascular  ectasia 
(“watermelon  stomach”)  (see  Chapter  127)  and  portal  hyper-
tensive  gastropathy  (see  also  Chapter  138).  Congestive  heart 
failure  may  also  cause  a  congestive  gastropathy  [197]  endo-
scopically  resembling  portal  hypertensive  gastropathy.  Frank 
ischemic necrosis of gastric mucosa is rarely seen, but occasion-

Figure 58.13 Chemical gastropathy is characterized by reactive epithelial 
changes out of proportion to the sparse inflammatory infiltrate, foveolar 
hyperplasia with corkscrew appearance to the superficial mucosa, and 
increased lamina propria smooth muscle fibers (arrow).
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abnormal gastric mucosa  leads to hypoalbuminemia;  low acid 
secretion is due to loss of parietal cell mass.

Transient  forms  of  hypertrophic  gastropathy  resembling 
Ménétrier  disease  are  seen  in  children  and  are  almost  always 
associated with cytomegalovirus gastritis [203], although cow’s 
mild  protein  allergy  [204]  and  other  inflammatory  disorders 
have  also  been  implicated.  CMV-associated Ménétrier  disease 
has also been reported in adults [205]. The pathogenesis of the 
classic form of the disorder is unknown, although overexpres-
sion  of  transforming  growth  factor-α  (TGF-α),  which  stimu-
lates  epithelial  cell  proliferation  and  inhibits  gastric  acid 
secretion,  among  other  functions,  has  been  implicated  [206]. 
Medical treatments for Ménétrier disease include antacids, cor-
ticosteroids,  and  PPIs,  but  have  been  inconsistently  effective; 
treatment with a monoclonal antibody directed against the epi-
dermal  growth  factor  receptor  has  proven  effective  in  a  few 
patients treated on an experimental basis [206].

Gastritis of the cardia

The  cardia  is  an  ill-defined  anatomic  zone  of  the  stomach 
extending 10–20 mm distal to the lower end of the esophagus. 
Given the rising incidence of adenocarcinoma of the proximal 
stomach  and  gastroesophageal  junction,  pathological  changes 
in this region have generated intense interest, although whether 
the cardia represents a normal anatomic structure in adults or 
a metaplastic region remains a subject of debate among patholo-
gists  [207].  Histologically,  cardiac  mucosa  resembles  antral 
mucosa  in  that  it  lacks  oxyntic  glands.  Inflammation  of  the 
cardia  (“carditis”)  may  be  seen  in  the  setting  of  pangastritis  
due  to  H. pylori  infection  [208];  its  intensity  parallels  that  of 
antral inflammation [209]. Similarly, the presence of intestinal 

the stomach. These markedly enlarged folds follow the normal 
rugal pattern of  the stomach, and may resemble cerebral con-
volutions at endoscopy. Three main types are recognized, on the 
basis of which mucosal compartment is hyperplastic:
1. foveolar hyperplasia  (Ménétrier disease), usually accompa-

nied by atrophy of oxyntic glands
2. hyperplasia of oxyntic glands, without foveolar hyperplasia 

(Zollinger–Ellison syndrome, see Chapter 57)
3. mixed foveolar/oxyntic hyperplasia, seen in a diverse group 

of  conditions  (see  above),  including  H. pylori  infection, 
cytomegalovirus gastritis in children, lymphocytic gastritis, 
sarcoidosis, and Cronkhite–Canada syndrome (see Chapter 
79).

Ménétrier disease
While  enlarged  gastric  folds  may  be  associated  with  a  wide 
variety of inflammatory conditions, classic Ménétrier disease is 
very rare, affecting primarily men in their 50s and 60s. Patients 
may  present  with  weight  loss,  abdominal  pain,  nausea,  and 
vomiting. Histologically, the enlarged folds in Ménétrier disease 
show  massive  expansion  of  the  foveolar  compartment,  with 
normal or reduced numbers of chief and parietal cells (Figure 
58.15). The foveolae are tortuous and dilated, and cystic glands 
may be seen. Inflammation is not typically a feature, although 
the  enlarged  folds  are  subject  to  erosion,  and  may  thus  show 
secondary inflammatory changes in the superficial mucosa. In 
well-developed Ménétrier disease, severe protein loss from the 

Figure 58.14 In portal hypertensive gastropathy, dilated small veins are 
found in the submucosa and lamina propria (arrows).

Figure 58.15 The enlarged folds in Ménétrier disease are composed of 
massively expanded foveolar epithelium, leading to protein loss and 
hypoalbuminemia.
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metaplasia  in  the cardia  is associated with multifocal atrophic 
gastritis in the remainder of the stomach [210]. Carditis is also 
reported  in  H.  pylori-negative  patients  with  reflux  esophagitis 
and without significant inflammation elsewhere in the stomach 
[211],  with  an  estimated  prevalence  of  23%  [208].  Intestinal 
metaplasia of the cardia is present in roughly 3% of patients in 
this group [212], raising the issue of whether this finding rep-
resents short-segment Barrett esophagus. A recent study report-
ing progression of 25% of patients with intestinal metaplasia of 
the cardia to frank Barrett esophagus within 2 to 5 years sup-
ports  this  hypothesis  [213]  as  does  a  lineage-tracing  study 
showing  that  early  Barrett-like  esophageal  lesions  in  a  trans-
genic mouse model have been shown to arise in gastric cardia 
stem cells [214]. Although distinction of gastric cardiac intesti-
nal metaplasia versus Barrett esophagus in clinical samples has 
been proposed based on differential expression of cytokeratins 
7 and 20 [215], others have reported inconsistent results [216], 
and currently there are no histological markers to differentiate 
between  these  entities  in  a  reliable  and  reproducible  fashion. 
Gene  expression  profiling  of  microdissected  samples  suggests 
that  cardiac  intestinal  metaplasia  is  more  closely  related  to 
Barrett esophagus than gastric antral or corpus intestinal meta-
plasia in its pattern of gene expression [217].
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CHAPTER 59

Gastric neoplasia

The earliest descriptions of gastric cancer can be found in 
ancient Egyptian medical papyri such as the Ebers papyrus, 
dating to around 1550 bc. Gastric tumors are mass lesions 
arising from any part of the stomach. Ninety percent of gastric 
malignancy is adenocarcinoma, which is usually classified 
according to the Lauren scheme [1]. This is a simple and still 
widely used three-tiered system, comprising the intestinal type 
(well-differentiated and accounting for approximately half the 
cases), diffuse type (poorly differentiated and accounting for 
one-third of cases), and a mixed or unclassified type. In the 
intestinal type, the malignant cells form glandular-like struc-
tures of different degrees of differentiation (Figure 59.1). In the 
diffuse type, the cells infiltrate through the wall of the stomach, 
giving rise to a rigid “leather bottle” stomach (Figure 59.2). A 
newer classification system based on deep sequencing from The 
Cancer Genome Atlas Research Network has recently been pro-
posed (see Section Genetic factors contributing to gastric 
cancer). In this chapter we primarily discuss gastric adenocar-
cinoma; other less common gastric malignancies, such as lym-
phoma, gastrointestinal stromal tumors, and endocrine tumors, 
will be discussed only briefly.

Gastrointestinal stromal tumors

Gastrointestinal stromal tumors (GISTs) are rare mesenchymal 
tumors arising from connective tissue, reviewed in Rammohan 

[2], and Iorio [3]. They are mostly located in the stomach 
(>60%) [4] and are usually benign (>70%). Malignant GISTs 
metastasize into the peritoneal cavity and the liver [2]. Gastric 
GISTs can present with gastrointestinal bleeding or anemia if 
ulceration occurs. Otherwise, symptoms depend on location; 
distal gastric GISTs can cause gastric outlet obstruction and 
proximal lesions, dysphagia. Around 20% are identified inci-
dentally on endoscopy or radiological imaging. Patients with 
GISTs have an increased risk of synchronous and metachronous 
tumors, including both solid and hematological cancers [5]. The 
diagnosis is aided by positive cKit expression in >95% of cases, 
assessed by positive immunohistochemical staining for CD117. 
Other immunohistochemical markers can also be positive 
(CD34, vimentin, smooth muscle actin) [2,3]. The molecular 
basis is most commonly an activating mutation in the receptor 
tyrosine kinase, KIT, driving downstream ligand-independent 
constitutive activation of the MAPK pathway [6]. An alternative 
mutually exclusive mutation in PDGFRA (platelet derived 
growth factor receptor α) has been identified in a minority [7]. 
GISTs can also be “wild type” with no demonstrable kinase 
activation; therefore CD117 negativity does not exclude the 
diagnosis.

Surgical resection with curative intent is the primary treat-
ment. The discovery of the oncogenic driver KIT/PDGFRA 
mutations has led to successful use of tyrosine kinase inhibitors, 
imatinib or sunitinib for unresectable, metastatic or recurrent 
GIST [2,3,8,9]. These agents are being assessed in an adjuvant 
and neoadjuvant capacity and several clinicopathological 
parameters are used in a risk assessment capacity to aid  
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source of these tumors. The classification of these tumors was 
updated in 2010 (WHO classification) [10,11] and the current 
nomenclature has now superseded all previous terms, including 
the most commonly used, carcinoid. All phenotypes are recog-
nized to have malignant potential by this classification system. 
NETs are divided into subgroups 1, 2, and 3 based on histologi-
cal features [11], namely Ki67 score and mitotic index. It has 
long been recognized that different types exhibit differing char-
acteristic biochemical features [12]. Type 1 NETs are associated 
with achlorhydria arising as a consequence of varying etiologies, 
such as previous surgery with vagotomy, pharmacological 
reduction of acid secretion, or Helicobacter pylori-induced 
chronic atrophic gastritis, and hypergastrinemia [13]. Fraenkel 
and colleagues reported a systematic review of the epidemiology 
of these tumors over the last four decades and noted an increas-
ing incidence worldwide [14]. The majority of gastric NETs are 
type 1. Each type is associated with a different prognostic 
outcome. Type 3, described as neuroendocrine carcinoma and 
mixed adenoneuroendocrine carcinoma, often have evidence of 
metastases at diagnosis and are associated with a poor progno-
sis. The WHO 2010 classification criteria have supported the 
emergence of a prognostic and treatment algorithm, based on 
clinicopathological parameters. Surgery or endoscopic resec-
tion is prominent in the treatment algorithm, although regular 
endoscopic surveillance of type 1 gastric NETs <1 cm size is 
recommended as first-line management strategy [15]. Given the 
poorer prognosis, type 3 NETs are treated more aggressively 
with gastrectomy and lymph node dissection. Chemotherapy is 
suitable for a cohort of patients, including those with “function-
ing” hormone-secreting tumors. Chemotherapeutic options 
include somatostatin analogues or interferon-α [16] (Box 59.1).

Lymphomas

The stomach is the most common extranodal site of lymphomas 
[17,18]. These are almost exclusively B cell in origin. Two main 

treatment strategies [8]. Several prognostic algorithms are  
proposed and include tumor size, location, mitotic index, and 
presence of rupture [8,9]. However, resistance to these chemo-
therapeutic agents eventually develops due to kinase mutations 
and disease progresses.

Neuroendocrine tumors

Neuroendocrine tumors (NETs) are a heterogeneous group of 
neoplasms, thought to arise mainly from enterochromaffin-like 
(ECL) cells. While many have assumed that gastric carcinoids 
arise from ECL cells, there is no lineage-tracing data to support 
this, and some have proposed stem or progenitor cells as the 

Figure 59.1 Intestinal type gastric adenocarcinoma. Source: Courtesy of 
Professor Graeme Murray, Aberdeen University.

Figure 59.2 Diffuse type gastric cancer. This is characterized by lack of 
cellular cohesion, invasion throughout the stroma, and poor cellular 
differentiation. The pathognomonic feature is the presence of signet-ring 
cell morphology. Source: Courtesy of Professor Graeme Murray, 
Aberdeen University.

Box 59.1 Management of gastric neuroendocrine tumors (NET). 
Source: adapted from [15,16].

Endoscopic surveillance of gastric Type 1 and 2 is sufficient; surgery is 
rarely required.

Endoscopic ultrasonography (EUS) should be performed when tumors 
are >1 cm in order to evaluate wall invasion and presence of 
regional lymph node metastases.

Tumors >1 cm are resected endoscopically, either by a snare or 
endoscopic mucosal resection (EMR).

Gastric resection of Type 3 NET is required if R0/R1 resection can be 
achieved.

Patients with Type 3 tumors (resected or not) should be followed by 
endoscopy, CT/MRI and Octreotide-scintigraphy or 68Ga-dota PET.

Chemotherapeutic options (e.g., somatostatin analogs or alpha 
interferon) are suitable for some patients with “functioning” 
hormone-secreting tumors.
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prognosis (<20% 5-year survival). Recently, it has become pos-
sible to classify gastric cancers on the basis of molecular fea-
tures. Lei et al. classified cancers into three subtypes based on 
gene expression profiling: proliferative, metabolic, and mesen-
chymal [22]. The three subtypes differed on the basis of molecu-
lar and genetic features and also in their response to therapy. 
More recently, the Cancer Genome Atlas Research Network has 
proposed a molecular classification dividing gastric cancer into 
four subtypes [23]; this classification system is discussed in 
more detail in Section Genetic factors contributing to gastric 
cancer.

Epidemiology
Incidence and mortality
Gastric cancer remains a global health burden, being a leading 
cause of death worldwide. There is great geographic variation in 
the incidence of gastric cancer. According to latest GLOBO-
CAN figures, almost one million new cases of stomach cancer 
were estimated to have occurred in 2012 (952 000 cases, 6.8% of 
the total), making it the fifth most common malignancy in the 
world, after cancers of the lung, breast, colorectum, and prostate 
[24]. This represents a substantive change since the very first 
estimates in 1975 when stomach cancer was the most common 
neoplasm. More than 70% of cases (677 000 cases) occur in 
developing countries (456 000 in men, 221 000 in women), and 
half the world total occurs in Eastern Asia (mainly in China). 
Age-standardized incidence rates are about twice as high in men 
as in women, ranging from 3.3 in Western Africa to 35.4 in 
Eastern Asia for men, and from 2.6 in Western Africa to 13.8 
in Eastern Asia for women [24].

Stomach cancer is the third leading cause of cancer death in 
both sexes worldwide (723 000 deaths, 8.8% of the total). The 
highest estimated mortality rates are in Eastern Asia (24 per 
100 000 in men, 9.8 per 100 000 in women), and the lowest in 
Northern America (2.8 and 1.5, respectively). High mortality 
rates are also present in both sexes in Central and Eastern 
Europe, and in Central and South America [24,25].

Geographic and regional variations in incidence are thought 
to reflect differences in environmental factors, which could 
include differences in dietary habits and the prevalence of H. 
pylori infection. There have been substantial reductions in the 
incidence rates of gastric cancer across the globe. The reasons 
for this reduction include improved hygiene and the widespread 
use of refrigeration, ensuring year-round availability of fresh 
fruits and vegetables, less reliance on salted/preserved foods, 
and reduction of bacterial content of foods. Another important 
reason is the reduction in the incidence of H. pylori infection in 
many parts of the world. In terms of mortality, this remains high 
in most countries except Japan, which instituted a mass screen-
ing program based on fluoroscopy and this has allowed recogni-
tion and treatment of EGC.

According to data from the Surveillance, Epidemiology, and 
End Results Program (SEER), the incidence of gastric cancer in 
the USA was 7.5 per 100 000 for men and women per year [26]. 

subtypes present in this location, namely marginal zone lym-
phoma of mucosal associated lymphoid tissue (MALT lym-
phoma) and diffuse large B-cell lymphomas. The former 
accounts for >50% of gastric lymphomas, and its incidence has 
been increasing; even so, it remains rare, representing <2% of 
gastric malignancies. MALT lymphoma is low grade and 
behaves in an indolent fashion, although metastases to lymph 
node, liver, lung, and bone marrow can occur. Typical lym-
phoma B symptoms are rare and most patients present with 
nonspecific upper gastrointestinal symptoms. Macroscopically, 
MALT lymphomas manifest as a wide range of lesions, from 
overt ulcerated mass to single erosions or gastric fold thicken-
ing. The etiological factor that drives this malignancy is H. 
pylori infection [19]. However, given the high incidence of this 
infection worldwide, and the rare occurrence of MALT lym-
phoma, other factors must be crucial in the pathophysiology  
of this disease. It is known that the pathogenesis of MALT  
lymphoma involves interplay between B cells and T cells, 
cytokine signaling via H. pylori-induced macrophage-derived a 
proliferation-inducing ligand (APRIL), and also genetic factors, 
including translocations and polymorphisms of innate immune 
[20]. By far the most common translocation, which occurs in 
approximately 25% of gastric MALT lymphomas, is t(11;18). 
This causes reciprocal fusion of the API2 and MALT1 genes and 
generates an API2-MALT1 fusion product, which is a potent 
nuclear factor-κB (NF-κB) activator. In vitro studies show that 
the API2-MALT1 fusion product protects cells from both p53 
and FAS-induced apoptosis and this protective effect depends 
on its ability to activate NF-κB. H. pylori eradication is first-line 
treatment for low-grade, nonmetastatic MALT lymphoma and 
this results in remission in >75% patients [21]. Persistent, 
recurrent, or progressive disease is treated successfully with 
radiotherapy, followed by chemotherapy or surgical options.

Gastric adenocarcinoma

Definition
Gastric adenocarcinoma is a malignant tumor arising in the 
stomach and has the potential for invasive growth, and metas-
tasis to regional lymph glands and to distant organs. The cancer 
arises from the glandular epithelium of the gastric mucosa. His-
tologically, gastric cancer is traditionally classified according to 
Lauren into an intestinal and a diffuse type [1]. They are also 
classified on the basis of their location in the stomach into 
cardia cancers (arising from the narrow rim of cardiac mucosa 
around the esophagogastric junction), proximal cancers (involv-
ing the proximal third of the stomach), or distal cancers (involv-
ing the distal third of the stomach). Gastric cancer is also 
classified on the basis of stage into early gastric cancer (EGC) 
and advanced gastric cancer. EGC is very common in the Far 
East, particularly in Japan, and carries an excellent prognosis 
(>90% 5-years survival), while advanced gastric cancer is the 
more common presentation in the west and carries a dismal 
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proved to be pivotal in the understanding of the etiology of 
gastric cancer. In 1994, the World Health Organization and the 
International Agency for Research on Cancer consensus group 
concluded that there was sufficient evidence to classify H. pylori 
as a Class I (i.e., definite) human carcinogen [30]. The evidence 
as it stood at that time comprised epidemiological studies only, 
many of which were poorly controlled for confounding risk 
factors for gastric cancer. Over the subsequent decade, numer-
ous cohort and case–control studies were published, demon-
strating an association between serological evidence of H. pylori 
infection and increased risk of gastric cancer. Much of these 
data have been subjected to metaanalysis with the conclusion 
that H. pylori infection carries at least a twofold increased risk 
for the development of gastric cancer [31].

Some of these metaanalyses addressed the question of cardia 
versus noncardia cancer and also the histological subtype. For 
example, the metaanalysis of Huang et al. [32] found an odds 
ratio (OR) of 3.08 (95% confidence interval [CI] 1.78–5.31) for 
noncardia cancer compared to an OR of 1.23 (95% CI 0.56–
2.71) for cardia cancer. The same study found the association 
between H. pylori infection and gastric cancer was equally 
strong for intestinal and diffuse-type cancer (OR 2.49; 95% CI 
1.41–4.43, and OR 2.58; 95% CI 1.47–4.53, respectively). The 
study by the Helicobacter and Cancer Collaborative Group, 
headed by Forman, analyzed the data from 12 case–control 
studies nested within prospective cohorts [33]. They reported 

The number of deaths was 3.5 per 100 000 men and women per 
year (these rates are age-adjusted and based on 2007–2011 cases 
and 2006–2010 deaths). Approximately 0.9% of men and women 
will be diagnosed with gastric cancer at some point during their 
lifetime (estimates based on 2008–2010 data). The median age 
at diagnosis is 69 years and the median age at death is 72 years. 
However, in some parts of the USA, there has been an unusual 
increase in the gastric cancer incidence in patients under 39 
years of age. The likelihood of being diagnosed with gastric 
cancer between ages 25 and 39 has increased unexpectedly since 
1977. These data from the SEER program are significant because 
the expected frequency of stomach cancer overall has declined 
over the past 80 years in the USA [27]. Almost twice as many 
men as women are diagnosed with gastric cancer and the same 
applies for the death rate, independent of ethnic background. 
All other races have a higher rate of diagnosis compared to 
white people. The overall 5-year survival rate in the USA is 
28.3%. The survival rate is dramatically different depending on 
the stage of the disease: 71% for stage 1A and 4% for stage IV 
[26] (Box 59.2).

Risk factors (Box 59.3)
Hereditary factors
Approximately 10%–15% of gastric cancers arise in individuals 
with a significant family history of the condition [28,29]. An 
increased risk of gastric cancer is associated with several of the 
recognized dominantly inherited cancer predisposition syn-
dromes, such as familial adenomatous polyposis, hereditary 
nonpolyposis colon cancer (HNPCC), and Peutz–Jeghers syn-
drome. Hereditary diffuse gastric cancer (HDGC) is also inher-
ited as a dominant trait, and in around a third of affected 
kindreds is caused by inactivating mutations in the CDH1 gene, 
which encodes the epithelial cell adhesion protein E-cadherin 
[29]. HDGC is highly penetrant and the average age at diagnosis 
is 38 years. This is discussed further in Section Pathogenesis.

H. pylori infection
By far the most important etiological risk factor is H. pylori 
infection. H. pylori infection is the commonest single chronic 
bacterial infection that affects half the world’s population. The 
discovery of H. pylori by Warren and Marshall in 1983 has 

Box 59.2 Gastric cancer: key facts.

• Gastric cancer remains a common malignancy in many parts of the 
world but the incidence shows great geographic variation 
Symptomatic presentation is usually a sign of advanced disease

• The five year survival is less than 20% and depends on stage
• Known predisposing conditions include:

H. pylori
Autoimmune gastritis
Previous gastric surgery

• Diagnosis is usually made by endoscopy
• Surgery remains the mainstay of treatment

Box 59.3 Causes and risk factors.

Significant risk factors
Conditions associated with hypochlorhydria

H. pylori-associated gastritis
Autoimmune gastritis
Postgastric surgery (>20 years)
Chronic atrophic gastritis

Chronic mucosal changes
High-grade dysplasia
Barrett esophagus (adenocarcinoma of cardia and distal 

esophagus)
Gastric adenoma
Intestinal metaplasia

Genetic risk factors
Gastric cancer families
Familial adenomatous polyposis coli (FAP)
Hereditary nonpolyposis coli
Germline E-cadherin (CDH1) mutations
Proinflammatory cytokine gene polymorphisms
Novel polymorphisms identified by genome wide association 

studies (e.g., PSCA, MUC1)
Possible risk factors

Peutz–Jeghers
Ménétrier disease
Smoking
Diets low in fresh fruit and vegetables
Diets high in preserved, pickled, or smoked items
Alcohol



Tumors of the stomach CHAPTER 59   1125

vacuolating cytotoxin VacA and some outer membrane proteins 
such as OipA and BabA.

In summary, the epidemiological evidence strongly suggests 
that H. pylori infection increases the risk of noncardia gastric 
cancer of both histological subtypes while the risk of cardia 
cancer is not increased. Virulent strains, for example CagA-
positive strains, further increase the risk of cancer. While this 
epidemiological evidence is impressive, it is not sufficient to 
ascribe causality unless clear evidence is provided by suitable 
animal models. Several such models have been developed (e.g., 
INS-GAS mice, Mongolian gerbil models, and CagA transgenic 
mice) and the evidence is now incontrovertible.

Other risk factors
Pernicious anemia with its hallmark of autoimmune gastritis 
leading to atrophy has long been known to confer an increased 
risk of gastric cancer, but this risk is small compared to H. 
pylori-induced multifocal atrophic gastritis. Similarly, it is well 
established that benign ulcer surgery, such as partial gastrec-
tomy, is also associated with gastric cancer, with a lead-in time 
of 15–30 years [37]. Following gastric surgery, inflammation of 
the gastric remnant is common and usually associated with the 
reflux of bile. In addition, most of these patients harbor H. pylori 
infection and thus have chronic gastritis. Rendering the stomach 
achlorhydric by the surgery itself increases the chances of neo-
plastic transformation. Indeed, both pernicious anemia and the 
postsurgical stomach share this common pathophysiological 
abnormality, namely hypochlorhydria. This abnormal physio-
logical state leads to bacterial overgrowth and it is likely that 
this altered microbiota sustains and drives chronic inflamma-
tion and subsequent carcinogenesis, with or without H. pylori. 
There is concern that inducing hypochlorhydria pharmacologi-
cally may increase the risk of precancerous gastric abnormalities 
and gastric cancer, especially in the presence of H. pylori infec-
tion. However, epidemiological evidence of such risk is lacking 
at present. Finally, patients who have developed gastric cancer 
are also at increased risk of developing further lesions (either 
synchronous or recurrent). This is particularly seen in Japanese 
patients in whom EGCs were removed endoscopically. It is 
mandatory in such patients to eradicate H. pylori infection if 
present at the time of the first resection of cancer.

Although H. pylori plays a crucial role in the pathogenesis of 
sporadic gastric cancer, it cannot be considered as the sole caus-
ative agent in this malignancy. There are other factors that 
clearly contribute including diet and smoking.

Diet
The marked geographic variation in gastric cancer incidence 
suggests that environmental influences play an important etio-
logical role, and much attention in the past focused on the 
possible association between diet and gastric cancer risk. It has 
been postulated that the downward trend in gastric cancer inci-
dence may in part be due to the advent of widespread refrigera-
tion of food, hence increased intake of fresh produce and less 

an overall OR for gastric cancer in those who were H. pylori 
positive of 2.36 (95% CI 1.98–2.81). The risk was confined to 
noncardia cancer (OR 2.97; 95% CI 2.34–3.77) and not to cardia 
cancer (OR 0.99; 95% CI 0.72–1.35). Furthermore, they found 
that the OR for noncardia gastric cancer was stronger when 
blood samples for H. pylori serology were collected more than 
10 years before cancer diagnosis (OR 5.9; 95% CI 3.4–10.3) and 
they argued that this higher estimate is a more accurate reflec-
tion of the risk. Finally, the authors found that H. pylori infec-
tion was associated with an equally increased risk of intestinal 
and diffuse noncardia cancer (OR 4.45; 95% CI 2.74–7.24, and 
OR 3.39; 95% CI 1.70–6.76, respectively).

Another remarkable study that was published since the above 
metaanalyses were carried out is the study of Uemura et al. [34]. 
The authors prospectively studied 1526 Japanese patients who 
had duodenal ulcers, gastric ulcers, gastric hyperplasia, or non-
ulcer dyspepsia at the time of enrolment; 1246 of these patients 
had H. pylori infection and 280 were negative. The mean 
follow-up was 7.8 years and the patients underwent endoscopy 
with biopsy at baseline and then between 1 and 3 years after 
enrollment. Gastric cancers developed in 36 (2.9%) of the 
infected and none of the uninfected patients. The authors iden-
tified corpus-predominant gastritis as the most serious gastric 
phenotype giving a relative risk for cancer of 34.5 (95% CI 
7.1–166.7). Presence of severe gastric atrophy and intestinal 
metaplasia were also distinct risk factors. Interestingly, none of 
the 275 patients with duodenal ulcers developed gastric cancer 
confirming previous studies that duodenal ulcer disease pro-
tects from this malignancy.

Thus, H. pylori infection increases the risk of gastric cancer, 
but are all strains of the bacterium equally harmful? It is well 
established that strains possessing the cytotoxin-associated gene 
A (CagA) cause more severe tissue damage and are associated 
with increased risk of duodenal ulcer disease and gastric cancer. 
Huang et al. carried out a metaanalysis of the relationship 
between CagA seropositivity and risk of gastric cancer [35]. 
They identified 16 qualified studies with 2284 cases and 2770 
controls. H. pylori and CagA seropositivity significantly 
increased the risk for gastric cancer by 2.28- and 2.87-fold, 
respectively. Furthermore, among H. pylori-infected popula-
tions, CagA seropositivity further increased the risk for gastric 
cancer by 1.64-fold (95% CI 1.21–2.24) overall and by 2.01-fold 
(95% CI 1.21–3.32) for noncardia gastric cancer. Interestingly, 
not all CagA strains are equal and studies suggest that the 
C-terminal variable region of H. pylori CagA containing Glu-
Pro-Ile-Tyr-Ala (EPIYA) motifs can influence virulence of the 
strains. EPIYA motifs are classified as A, B, C, and D. CagA from 
Western strains contains EPIYA A and B motifs followed by 
none to three repeats of EPIYA C motifs. East Asian-type CagA 
contains the EPIYA A and B motifs, followed by one EPIYA D 
motif. East Asian-type CagA has been found to be more carci-
nogenic than the Western-type CagA [36] In addition to CagA, 
there are other bacterial virulence factors that have been associ-
ated with increased risk of gastric cancer. These include the 
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association between tobacco smoke and gastric cancer risk 
[47,48]. In the EPIC cohort, it was estimated that 17.6% of 
gastric cancer in this European population were attributable to 
cigarette smoking [49].

Pathogenesis
Gastric cancer is a model example of the inflammation-induced 
cancer paradigm. The etiology in most cases is H. pylori infec-
tion and the pathogenesis is strongly influenced by host genetic 
factors and environmental exposures. In this section, we discuss 
the contribution of genetic factors to the pathogenesis of gastric 
cancer. We also outline the most widely accepted model of 
gastric cancer pathogenesis.

Genetic factors contributing to gastric cancer
The vast majority of gastric cancers arise sporadically with no 
demonstrable inherited component. Less than 15% of cases are 
thought to have familial clustering and most of these are not 
associated with a definitive germline mutation. Less than 3% of 
gastric cancer cases are linked to hereditary cancer syndromes 
(reviewed in [50]).

The most frequent hereditary gastric cancer syndrome is 
hereditary diffuse gastric cancer (HDGC) [51–53]. This auto-
somal dominant condition is associated most frequently with a 
germline mutation in CDH1, the gene encoding E-cadherin. 
E-cadherin protein exerts an essential role in cell–cell adhesion. 
Indeed, acquired somatic mutation of this gene resulting in an 
impaired protein function is widely associated with cancers at 
many different sites. The molecular mechanism of HDGC most 
frequently involves a heterozygous germline mutation of CDH1 
that can take many forms, such as deletion, frameshift mutation, 
splice-site mutation, or missense mutation, involving a variety 
of sites, which are not only gene coding regions but also the 
untranslated regions. Loss-of-function mutation in the remain-
ing allele can be caused by a number of mechanisms, such a loss 
of heterozygosity or promoter hypermethylation, and lead to 
clinical phenotype [54,55].

Recently, an additional hereditary gastric cancer syndrome 
has been reported, named gastric adenocarcinoma and proxi-
mal polyposis of the stomach (GAPPS) [56]. Preliminary reports 
describe malignant progression in fundic gland polyps clustered 
in several families. The underlying genetic abnormality associ-
ated with this is as yet unclear. It is important to note that fundic 
gland polyps that are frequently seen in patients on long-term 
proton pump inhibitor therapy are almost always benign and 
require no further follow-up.

Hereditary nonpolyposis colon cancer (HNPCC) carries an 
increased risk of intestinal-type gastric cancer, arising through 
disordered DNA repair mediated by mutation in the DNA mis-
match repair genes such as MSH2 or MLH1. This in turn 
increases the mutation rate in oncogene and tumor suppressor 
genes, leading to cancer initiation and progression; instability 
of repeat nucleotide sequences or microsatellites are a key char-
acteristic of this phenotype, termed microsatellite instability. 

reliance on food preservation. Numerous retrospective studies 
have suggested a protective effect from diets rich in fresh fruit 
and vegetables; however, when one considers case–control and 
prospective data only, the evidence is less robust [38]. Data from 
a large European prospective study (EPIC-EURGAST) failed to 
show an overall association between fruit or vegetable con-
sumption and gastric cancer risk [39]. There was, however, a 
statistically significant association between total dietary vegeta-
ble content (and onion and garlic intake) and the intestinal 
histological subtype. A nonsignificant negative association was 
observed between cardia cancer risk and citrus fruit consump-
tion. Interestingly, the effect of fruit and vegetable intake 
appeared to be independent of H. pylori status. In summary, 
prospective and interventional studies have not confirmed a 
large role for diet in gastric cancer pathogenesis and this may 
be due to the complex interaction between diet and the micro-
biome. The importance of the latter is just beginning to be 
understood.

Vitamin C and other antioxidant nutrients have attracted a 
lot of attention as potential mediators of any dietary influence 
on gastric cancer risk. Vitamin C seems a promising candidate 
because its levels are reduced in the serum of H. pylori-infected 
individuals. As a free radical scavenger, it reduces the formation 
of potentially carcinogenic N-nitroso compounds [40]. Further-
more, there is evidence from case–control studies of a negative 
association between dietary vitamin C and gastric cancer risk 
[41]. Data from the EPIC cohort show a negative associated 
between gastric cancer risk and serum vitamin C, but not 
dietary vitamin C intake, and this was unaffected by H. pylori 
status [42].

A review by the Cochrane Collaboration, which included a 
number of high-quality randomized trials, has concluded that 
there is no evidence that dietary supplementation with antioxi-
dants, including vitamin C, reduces gastric cancer risk [43].

Salt and nitrite are other dietary components that have been 
implicated in gastric cancer risk. Both are frequently used in 
food preservation. Pickled and smoked foods may also contain 
potential carcinogens such as N-nitroso compounds and ben-
zpyrene. Of note is the fact that the Japanese diet is particularly 
rich in salted fish and pickled vegetables. Dietary nitrate, of 
which a significant portion may come from water depending on 
its source, can be converted to nitrite by nitrate reductase-
synthesizing bacteria. H. pylori infection and hypochlorhydria 
facilitate the growth of such bacteria.

Dietary salt and nitroso compounds appear to exert a syner-
gistic effect with H. pylori in animal models of gastric carcino-
genesis. Several case–control studies in humans have shown a 
positive association between gastric cancer risk and both salt 
and dietary nitrate/nitrite intake although data from prospec-
tive studies are conflicting [44–46].

Smoking
Smoking is an independent risk factor for gastric cancer. Pro-
spective studies have demonstrated a significant dose-dependent 
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show marked aneuploidy and focal amplification of receptor 
tyrosine kinases.

Around 10% of gastric cancers are associated with Epstein–
Barr virus (EBV) and around 80 000 patients are estimated to 
develop EBV-associated gastric cancer annually. This subtype of 
gastric cancer is characterized by male predominance, predis-
position to the proximal stomach, a high proportion in diffuse-
type gastric carcinomas, and a relatively favorable prognosis. 
The characteristic molecular abnormality is global and nonran-
dom CpG-island methylation of the promoter region of many 
cancer-related genes, which causes downregulation of their 
expression [23].

Chromosomal instability
Chromosomal instability (CIN) is a hallmark of malignancy 
that can occur as an early or late event in disease progression 
and may also be transient. In gastric cancer, chromosomal aber-
rations are numerous [59] (see Chapter 31). These have been 
linked to histological type, for example intestinal and diffuse 
gastric cancer are associated with copy number gains at 8q, 17q, 
20q, and 12q and 13q chromosomal locations, respectively, with 
similar unique patterns of loss of chromosomal material in each 
histological type, and particular patterns of CIN linked to 
patient outcome and other clinicopathological parameters [60–
62]. More recently, it has been appreciated that genomic insta-
bility differs according to geographical location, highlighting 
the importance of gene–environment interactions in disease 
pathogenesis [63].

Creation of fusion genes via translocations is common in 
hematological cancers but less so in solid tumors. In gastric 
cancer, Tao et al. identified a SLC1A2 gene breakpoint mutation 
with detectable SLC1A2-CD44 fusion protein due to chromo-
somal inversion. This led to physiological alteration of cell 
growth properties, likely due to aberration in metabolic path-
ways [64]. Although occurring infrequently, a similar novel 
fusion protein involving the ROS1 gene has been identified as a 
consequence of genetic rearrangement in gastric cancer [65]. 
The ROS1 gene encodes a transmembrane receptor tyrosine 
kinase. Notably, genetic rearrangements leading to constitutive 
expression of this gene within a fusion protein confer trans-
forming potential [66]. The identification of this particular 
genetic rearrangement is important given that a potential thera-
peutic option is available for this patient subgroup using small 
molecule kinase inhibitor drugs.

The literature on chromosomal aberrations, such as amplifi-
cation, deletion or loss of heterozygosity (LOH) in gastric 
cancer is vast and involves many genes. LOH affects many chro-
mosomal sites in gastric cancer, with 18 loci on 17 chromo-
somes implicated (reviewed in [59]); the degree of LOH 
(LOH-high or LOH-low) appears important in disease progres-
sion and the most common genes involved are APC, TP53, and 
nm23, all occurring at greater than 30% frequency. Amplifica-
tion of the HER2 gene offers an example of this particular 
molecular mechanism in gastric cancer (see reviews in [67,68]). 

Gastric cancer appears to be a common extracolonic manifesta-
tion of this syndrome. A study of cancer registries in Northern 
Europe and USA by the Lynch group and collaborators, reported 
that the lifetime gastric cancer risk in HNPCC families is around 
7%, occurring primarily over the age of 50 years [57] (see Chap-
ters 47 and 79).

There are other rarer hereditary syndromes (associated with 
malignancies in a varied array of organs) that carry an increased 
risk of gastric cancer, such as Li–Fraumeni syndrome (germline 
mutation in TP53 gene) and Peutz–Jeghers syndrome (mutation 
within STK11, serine/threonine-protein kinase 11). Familial 
adenomatous polyposis (FAP), an autosomal dominant condi-
tion with mutation of the APC gene, predominantly manifests 
with colonic adenomatous lesions that exert a high risk of 
malignant transformation (see Chapter 79). This condition is 
associated with polyp lesions throughout the gastrointestinal 
tract including the proximal stomach. Although these are 
mainly histologically glandular or sometimes adenomatous, 
they rarely progress to cancer. However, there are several 
reported cases of gastric cancer in patients with FAP and there-
fore current surveillance guidelines suggest regular endoscopies 
to assess for this and also to detect the commoner duodenal 
adenoma phenotype that carries high risk of malignant 
transformation.

Acquired genetic factors contributing to  
sporadic gastric cancer
Acquired genetic abnormalities can be a result of chromosomal 
insufficiency, microsatellite instability, changes in the epigenetic 
landscape or microRNA profile that profoundly affect down-
stream gene expression, somatic gene mutations, or single 
nucleotide polymorphisms (SNPs) within key candidate genes. 
All of these mechanisms can lead to dysregulated signaling 
pathways, altered interaction between host and environment 
such as response to intraluminal pathogens/dietary compo-
nents, disruption of the cell cycle, growth proliferation, or cell 
death characteristics that favor the hallmarks of cancer [58]. 
These molecular aberrations do not occur in isolation and an 
individual tumor may exhibit many simultaneous changes in 
molecular profile compared to a nonmalignant cell, leading to 
documented intra- and interpatient heterogeneity.

Recently, a comprehensive molecular characterization of 
gastric adenocarcinoma has been undertaken by the Cancer 
Genome Atlas Research Network [23]. The authors propose a 
molecular classification, dividing gastric cancer into four sub-
types: (1) tumors positive for Epstein–Barr virus, which display 
recurrent PIK3CA mutations, extreme DNA hypermethylation, 
and amplification of JAK2, CD274, and PDCD1LG2; (2) micro-
satellite unstable tumors, which show elevated mutation rates, 
including mutations of genes encoding targetable oncogenic 
signaling proteins; (3) genomically stable tumors, which are 
enriched for the diffuse histological variant and mutations of 
RHOA or fusions involving RHO-family GTPase-activating 
proteins; and (4) tumors with chromosomal instability, which 
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cancer. In both types, more than 90% of patients are achlorhy-
dric and this physiological abnormality precedes the onset of 
malignancy by decades. It is now known that the increased 
proliferation induced by chronic inflammation creates a geneti-
cally unstable gastric mucosa, which is further compromised by 
the presence of genotoxic substances generated by inflamma-
tory and bacterial products. The hypochlorhydria contributes to 
bacterial overgrowth, which further exacerbates the inflamma-
tion and leads to the generation of carcinogenic nitrogenous 
products.

The Correa model has withstood the test of time and, in the 
1990s, the etiology of the first stage, namely chronic gastritis, 
was finally confirmed with the discovery of H. pylori infection 
[75].

In addition to the role of H. pylori-induced inflammation, 
there is strong evidence that H. pylori may also exert a direct 
carcinogenic effect on the gastric mucosa. H. pylori’s CagA 
protein is now regarded as having direct oncogenic potential 
(for an excellent review see Hatakeyama [76]). CagA, a product 
of the cagA gene, is delivered into gastric epithelial cells by the 
bacterial type IV secretion system, an apparatus akin to a 
molecular syringe. Once injected, CagA undergoes tyrosine 
phosphorylation by SRC family kinases. Phosphorylated CagA 
specifically binds and activates SHP2, a phosphatase that acts as 
a human oncoprotein. SHP2 transmits positive signals for cell 
growth and motility and deregulation of SHP2 by CagA is 
thought to be an important mechanism by which cagA-positive 
H. pylori strains may promote gastric carcinogenesis [76]. 
Through CagA and other proteins, H. pylori is capable of 
subverting cell physiology towards several preneoplastic pro-
cesses, for example activation of growth factor receptors, 
increased proliferation, activation of β-catenin, evasion of apop-
tosis, sustained angiogenesis, and cell dissociation and tissue 
invasion.

There is, however, a clinical paradox; the clinical outcomes of 
H. pylori infection are varied and include neoplastic (gastric 
cancer) and nonneoplastic (peptic ulcer, nonulcer dyspepsia, 
and simple asymptomatic gastritis) conditions. Furthermore, it 
is known that duodenal ulcer disease is actually protective 
against risk of gastric cancer. What then determines who gets 
cancer, ulcer, or simple gastritis? This paradox highlights the 
role of host genetic factors in the pathogenesis of gastric cancer, 
in addition to the role of environmental exposures that likely 
modulate this risk. In Section Determinants of the clinical 
outcome of H. pylori infection we discuss the main determi-
nants of the divergent outcomes of H. pylori infection, including 
gastric cancer.

Determinants of the clinical outcome of  
H. pylori infection
H. pylori is responsible for three separate phenotypes in the 
infected host (see Chapters 56 and 58). The first is corpus-
predominant gastritis leading to atrophic gastritis, hypochlo-
rhydria, and to the development of gastric cancer. The second 

This amplification leads to overexpression of the HER2 protein 
in approximately 15% of gastric cancer patients. HER receptors 
belong to the tyrosine kinase/EGFR family, signaling via MAPK 
pathways, and activation mutations confer characteristics con-
ducive to transformation of cells. Despite many studies over the 
last decade, it is still unclear how overexpression of HER2 
impacts prognosis. HER2-positive patients have the potential to 
benefit from monoclonal antibodies blocking this receptor, and 
thus this may represent an example of successful translational 
molecular profiling in this malignancy [69,70]. The humanized 
monoclonal antibody against HER2 (trastuzumab) has been 
FDA approved in the USA for treatment of patients with HER2-
overexpressing metastatic gastric adenocarcinoma for several 
years, based on results from an international randomized con-
trolled trial (ToGA) of this agent [71]. At the second interim 
analysis, they reported a median overall survival of 13.8 months 
in patients receiving HER2-directed therapy along with stand-
ard chemotherapy, reflecting a 2.5 months’ improvement in 
survival compared to the control group. Particular improve-
ment was seen in patients that highly expressed Her-2 in their 
gastric tumor (3+ by immunohistochemistry). However, this 
treatment strategy is only suitable for a minority of patients with 
benefits that are relatively short-lived.

Microsatellite instability
In addition to exerting a pivotal role in the development of 
HNPCC clinical phenotype, microsatellite instability is also 
found in up to 50% of sporadic gastric cancers, and is largely 
caused by epigenetic changes of the mismatch repair genes, 
particularly MSH1 [72]. This commonly is a consequence of 
hypermethylation of the promoter region, impairing DNA mis-
match repair, resulting in multiple mutations within simple 
nucleotide repeats, impacting on expression levels of many 
downstream genes and exerting profound functional conse-
quences on a number of cell functions, such as the cell cycle, 
cell signaling, and tumor suppression. Gastric tumors can be 
categorized into high (MSI-H), low (MSI-L), or stable (MSS) 
MSI tumors, dependent on frequency of mutations within mic-
rosatellite markers. It is not clear from the literature whether 
MSI status impacts on clinicopathological parameters and prog-
nosis of gastric cancer. Reports suggest that MSI-H gastric 
cancers are associated with antral location, intestinal subtype, 
and overall better survival in several populations [72,73].

Pathogenesis of H. pylori-induced gastric cancer
Chronic inflammation, caused by H. pylori colonization over 
decades, is the driving force for neoplastic transformation in the 
stomach. Correa proposed a multistage model of carcinogenesis 
in the 1970s that detailed the gradual transformation of the 
normal gastric mucosa through stages of chronic gastritis, 
gastric atrophy, intestinal metaplasia, dysplasia, and finally 
cancer [74]. This cascade applies mainly to noncardia gastric 
cancer, particularly the intestinal type, while in the diffuse type 
there is rapid progression from H. pylori-induced gastritis to 
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genetic variation (rs2294008 and rs2976392) within exon 1 of 
the PSCA (prostate stem cell antigen) gene, in a large Japanese 
population study [82]. Allelic differences at this site, G>A and 
C>T at rs2976392 and rs2294008, respectively, interfered with 
transcription initiation, and conferred risk of diffuse gastric 
cancer with an adjusted OR of 4.18 (95% CI 2.88–6.21; P = 
1.5×10−17). This effect was subsequently confirmed within a 
Korean population of over 450 diffuse-type gastric cancer 
patients. Interestingly, the same polymorphism had a much 
weaker effect in intestinal type gastric cancer, though it was still 
significant (OR 1.59; 95% CI 1.15–2.21; P = 0.0041). Functional 
analysis revealed that the PSCA protein is expressed in areas of 
the glandular crypts where stem cell progenitors, the proposed 
initiator cell for this particular histological subtype of gastric 
cancer, are found. In a cohort of gastric cancer tissue specimens, 
PSCA was downregulated at both the gene and protein level. In 
vitro transfection studies revealed a role for PSCA in the inhibi-
tion of epithelial cell proliferation.

This unexpected molecular association has been subsequently 
validated in several Asian population based case–control 
studies, albeit with variable frequency and with risk of both 
intestinal and diffuse histological subtypes [83–86]. This risk 
association was also reported in a Caucasian population with 
carriage of the rs2294008 T allele conferring risk of chronic 
atrophic gastritis (OR 1.5, 95% CI 1.1–1.9) in addition to overt 
noncardia gastric malignancy (OR 1.9; 95% CI 1.3–2.8) [87]. 
Similarly, analysis of the EPIC cohort (European Prospective 
Investigation into Cancer and Nutrition) confirmed positive 
association of similar strength (OR 1.42; 95% CI 1.23–1.66) with 
carriage of the T allele and both intestinal and diffuse histologi-
cal subtypes of gastric cancer [88]. Given the numerous pub-
lished reports of the risk of this particular genetic susceptibility 
on development of gastric cancer, several metaanalyses have 
been performed, and, even allowing for study selection poten-
tial bias, the relationship between gastric cancer risk and poly-
morphic alleles in the PSCA gene remains significant [89].

Gastric mucins have long been targets of study in the context 
of gastric cancer. These heavily glycosylated proteins play a role 
in epithelial barrier protection between host and environment 
that includes creating the protein scaffold for the intestinal gly-
cocalyx mucus layer. Phosphorylation of the cytoplasmic tail of 
membrane-bound MUC1 can profoundly influence many 
important cell functions through its multifaceted functional 
repertoire, such as stimulation of the β-catenin/Wnt pathway 
with subsequent influence on cyclin-D1 transcription and cell 
growth, inhibition of apoptosis via mitochondrial influences, 
influences on cell–cell adhesion, stimulation of kinase-driven 
cell signaling pathways, and interaction with several transcrip-
tion factors, such as the STATs and NF-κB. As such, MUC-1 has 
been termed an oncoprotein and has been implicated in a 
number of cancers [90]. MUC-1 interaction with other proteins, 
such as β-catenin, I-CAM, and EGFR, has been targeted phar-
macologically, as well as the development of anti-MUC-1 anti-
cancer immunotherapy, and these strategies are currently being 

is the benign phenotype where H. pylori infection results in a 
mild mixed gastritis, which has minimal effect on the physiol-
ogy of gastric acid production. The third phenotype is the duo-
denal ulcer phenotype where an antrum-predominant gastritis 
leads to increased gastric acid secretion and duodenal ulcera-
tion [77]. Individual differences in the host response to H. pylori 
infection, determined by host genetic polymorphisms, might, 
in part, explain why some individuals are more likely to develop 
the gastric cancer phenotype than others. Evidence for the 
importance of host genetic factors initially came from the 
finding of an increased incidence of atrophic gastritis and 
hypochlorhydria in H. pylori-infected relatives of gastric cancer 
patients when compared to matched controls [78].

Interleukin-1-β (IL-1β) is a proinflammatory cytokine and 
also a potent inhibitor of gastric acid secretion. The IL1 gene 
was therefore a potential candidate for host genetic polymor-
phisms that may influence gastric cancer risk. Individuals with 
proinflammatory IL1 gene cluster polymorphisms were found 
to be at increased risk of developing mucosal atrophy and 
hypochlorhydria in response to H. pylori infection, and this is 
reflected in a two- to threefold increase in the risk of noncardia 
cancer [79,80]. The association between gastric cancer suscep-
tibility and inflammation-related gene polymorphisms was 
most recently examined in a Human Genome Epidemiology 
(HuGE) systematic review and metaanalysis [81]. Persson and 
colleagues conducted a series of metaanalyses using a prede-
fined protocol and looked at the most studied polymorphisms 
in inflammatory genes, including IL1B, IL1RN, IL8, IL10, and 
tumor necrosis factor-α (TNF-α). They stratified gastric cancers 
on the basis of histological subtype and anatomic subsite, H. 
pylori infection status, geographic location (Asian or non-Asian 
study population), and by a quantitative index of study quality. 
The analysis spanned the period 1990–2006. There was a con-
sistent positive association between carriage of IL1RN*2 and 
increased risk of gastric cancer. This risk was specific to non-
Asian populations and was seen for intestinal and diffuse 
cancers, and particularly for distal cancers. In Asian popula-
tions, reduced risk was observed in association with IL1B-31C 
carrier status. When considering all the conflicting associations 
in the literature, it is essential to recognize the importance of 
the tumor factors mentioned above in addition to H. pylori 
infection status and ethnic origin of the population under study. 
Many of these discrepant studies could be explained by varia-
tions in study design and laboratory techniques.

Genome-wide association studies
Over the past few years, the focused candidate gene-based 
approach has been overtaken by technological advancements 
allowing the use of hypothesis-free genome-wide association 
studies (GWAS). GWAS have identified variations in novel sus-
ceptibility loci offering new molecular insights into gastric 
cancer pathogenesis. Sakamoto et al. were the first to report a 
GWAS on gastric cancer in 2008. They identified a significant 
association between diffuse gastric cancer and polymorphic 
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individuals with cardia and noncardia gastric cancer. Out of an 
original cohort of 101 601 individuals, 129 noncardia and 44 
cardia cancers were included and matched with three controls 
each. Serum samples had been collected a median of 11.9 years 
before the diagnosis of cancer. The serum samples were ana-
lyzed for H. pylori serology and the ratio of pepsinogen I : II, 
which is a marker of H. pylori-induced atrophic gastritis. As 
expected, there was a strong association between H. pylori sero-
positivity and noncardia cancer; however, there was a negative 
association between H. pylori infection and cardia cancer. The 
predominant histological subtype of cardia cancer was intesti-
nal, and was not associated with gastric atrophy. In persons with 
cardia cancer plus serological evidence of atrophic gastritis, 
however, there was a strong association with H. pylori infection, 
and the intestinal : diffuse ratio was 1 : 1, similar to noncardia 
cancer. These findings indicate that there are two etiologically 
distinct types of cardia cancer: one associated with H. pylori-
induced atrophic gastritis, similar to noncardia cancer, and the 
other associated with nonatrophic gastric mucosa, resembling 
esophageal adenocarcinoma [101].

In summary, therefore, the pathogenesis of gastric cancer 
appears to be multifactorial with hypochlorhydria being the 
common phenotypic trait predisposing to the onset of carcino-
genesis in the distal type. The route to hypochlorhydria and 
gastric atrophy varies from patient to patient and is influenced 
by host genetic, bacterial, and environmental factors. Cardia 
cancer remains poorly understood and probably has a different 
pathogenesis from distal cancer.

Clinical presentation and natural history
Early gastric carcinoma is asymptomatic in 80% of patients. Ten 
percent of patients may have peptic ulcer symptoms or nonspe-
cific features such as nausea, anorexia, or early satiety. The 
majority of cases of early gastric carcinoma in Japan are found 
by chance whilst investigating nonspecific upper intestinal 
symptoms.

In advanced gastric carcinoma the most common symptoms 
are weight loss, followed by abdominal pain, nausea and vomit-
ing, anorexia, and dysphagia. The latter is particularly common 
with proximal gastric and junctional cancers. Patients may 
present with anemia and signs of chronic GI blood loss, but 
acute gastrointestinal hemorrhage is relatively uncommon. 
Because the symptoms are nonspecific, patients often present 
late. Forty percent of patients will have had symptoms of less 
than 3 months duration, 60% will have been symptomatic for 3 
months or longer, and up to 20% may have had symptoms for 
1 year.

The clinical manifestations also depend on the location of the 
tumor. Tumors in the antrum interfere with gastric emptying or 
may directly infiltrate the pylorus and present with gastric outlet 
obstruction, sometimes manifesting as a succussion splash. 
Tumors of the fundus and body may reach a very large size with 
no symptoms other than chronic blood loss. Involvement of the 
gastroesophageal junction can produce dysphagia.

explored as a cancer therapeutic [91]. Hence, given the potential 
therapeutic implication of MUC-1 in gastric cancer, it has been 
widely investigated, with several studies reporting the aberrant 
expression of this protein in malignant gastric tissue. From a 
genetic perspective, several studies have investigated MUC1 as 
an important gene associated with gastric cancer risk in differ-
ent geographical and ethnic populations, using a candidate gene 
approach and GWAS studies [92–94]. Overall, the consensus 
appears to be that rs4072037 (G>A) polymorphism in exon 2 
confers risk, with carriage of the G allele protective in this 
setting. This association was confirmed within a recent metaa-
nalysis that found G allele carriage to be associated with a 28% 
reduced risk of gastric cancer overall, across 10 studies that 
included over 6000 gastric cancer cases and 10 000 controls 
across several geographical and ethnic populations [95]. The 
mucins, including MUC-1, expressed on the surface of gastric 
epithelial cells, interact with H. pylori during infection, and this 
interaction blocks effective binding of the bacteria directly to 
the epithelial cells, ultimately interrupting and attenuating the 
host inflammatory response [96]. Investigation with gastric 
cancer cell lines and muc1 knockout mice have shown that 
muc1 regulates host inflammatory response through inhibition 
of IL-8 and NF-κB in response to H. pylori infection [97]. 
Overall, functionally, the inference is that carriage of the A allele 
reduces protein expression of MUC1, allowing H. pylori to 
directly interact with the gastric epithelium, thus creating a 
chronic and persistent, unchecked inflammatory response in 
the host that could exert genotoxic pressure and favor transfor-
mation. This would imply that MUC1 has a central role in 
gastric cancer initiation and progression. However, this is not 
fully understood as a study revealed that genetic variation in 
this and other MUC family member genes did not impact on 
clinical outcome and progression to overt gastric malignancy in 
individuals with premalignant phenotype followed up over at 
least a 12-year period [98]. In addition, it has been noted that 
carriage of more than one of these susceptibility-associated 
SNPs confers a cumulative risk effect, with greater than eight-
fold increased risk of gastric cancer with carriage of both MUC1 
and PSCA risk alleles [94]. This may account for the high inci-
dence of gastric cancer in the Japanese population, despite  
relatively low H. pylori colonization, where more than 60% of 
the population is believed to carry one or both susceptibility 
SNPs [99].

Helicobacter pylori and cancer of the gastric cardia
The association between H. pylori infection, atrophic gastritis, 
and cancer of the cardia region of the stomach is less clear than 
it is for distal cancers. In Western countries, there appears to be 
a negative association between H. pylori infection and cardia 
cancer, whereas there is a trend toward positive association in 
Eastern Asia [100].

A nested case–control study based in Norway has helped 
elucidate the etiology of cardia cancer [101]. The study set out 
to compare the premorbid state of the gastric mucosa between 
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Physical examination in most cases, particularly early, is 
normal. For advanced cases, the signs of gastric cancer include 
a palpable epigastric mass, anemia, supraclavicular or axillary 
lymphadenopathy, hepatomegaly, malignant ascites, and evi-
dence of weight loss and cachexia. None of these features is 
specific to gastric cancer and investigations are usually required 
(Boxes 59.4 and 59.5).

Natural history
Early gastric cancer
Early lesions are typically asymptomatic and in the West are 
usually found by chance. By contrast in Japan, where the fre-
quency of the disease is sufficiently high to warrant screening, 
true early gastric carcinoma is seen more frequently and is 
usually classified according to the Japanese Research Society for 
Gastric Cancer (JRSCG) scheme [102]. By definition, EGC 
involves only the mucosa and submucosa. Type I lesions are 
polypoid, type II lesions are superficial and are divided into 
elevated, flat, and depressed forms, whilst type III lesions are 
excavated and usually penetrate through the mucosa into the 
submucosa but not through the muscularis propria. Type I and 
IIa lesions have a tendency to be better differentiated than type 
III. The mucosal appearance of early gastric carcinoma is often 

Box 59.4 Clinical presentation.

Early gastric cancer is often asymptomatic
Upper abdominal discomfort or pain
New onset dyspepsia
Anorexia and early satiety
Weight loss
Vomiting (may be unaltered food in gastric outlet obstruction)
Iron-deficiency anemia
Distant lymphadenopathy (Virchow node etc.)
Metastatic spread: hepatomegaly, malignant ascites, bone pain, 

pulmonary metastases

Box 59.5 Clinical tips.

Gastric cancer is increasingly a disease of the elderly.
It often presents with vague upper abdominal symptoms or 

iron-deficiency anemia.
The diffuse form of gastric cancer is less common but can be difficult 

to diagnose at endoscopy.
The presence of concomitant disease is often a crucial determining 

factor in the decision process for treatment.
Early gastric cancer has a better prognosis but is frequently 

asymptomatic and is often a chance endoscopic finding.
Surgery remains the treatment of choice when curative treatment is 

attempted.
Radical surgery is a major undertaking and the patient must be fit 

enough to survive. A careful assessment of any concomitant 
disease, and the anesthetic risks are required.

extremely subtle and requires very careful inspection of the 
stomach (Figures 59.3–59.5). As gastric carcinoma is less 
common in Western Europe, Australia, and the United States, 
endoscopists are probably less familiar with its detection and 
this may explain the lower diagnostic rates.

Advanced gastric cancer
Unfortunately, most gastric carcinoma is advanced and will 
have penetrated through the submucosa by the time of presenta-
tion (Figure 59.6). The histopathology is usually that of an 
adenocarcinoma that may vary from well-differentiated to 
poorly differentiated forms. Tumor cells may contain mucus, 
giving rise to the so-called “signet ring” appearance. Macro-
scopically, tumors may present as raised nodular areas, often 

Figure 59.3 Early gastric cancer in the antrum. The patient was a 
73-year-old female. Endoscopy showed a 2-cm ulcer in the prepyloric 
region. Histology confirmed poorly differentiated adenocarcinoma with 
signet ring cell features. The same lesion was seen with greater precision 
and clarity in narrow band imaging mode.

Figure 59.4 Narrow band imaging view of same lesion in Figure 59.3.
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stomach may be distorted making retroflexion and inflation 
more difficult. At surgery, advanced gastric carcinoma is often 
palpable and unfortunately local spread and metastatic dissemi-
nation are common.

Local and distant spread
Gastric cancer will commonly spread to the esophagogastric 
junction and to local and regional lymph nodes. Spread into the 
antrum may distort the pylorus and lead to gastric outlet 
obstruction. The omentum and spleen can be involved as well 
as organs in close proximity such as the transverse colon, occa-
sionally giving rise to gastrocolic fistula.

Distant spread is most frequently to the liver and lungs 
(approximately 40%) and the peritoneum and bone marrow in 
10%. Spread to supraclavicular nodes (Virchow node), left axil-
lary nodes, and even umbilical nodes (Sister Mary Joseph node) 
have all been documented. Peritoneal spread may result in 
malignant ascites and ovarian involvement in the form of 
Krukenberg tumors is recognized.

At presentation, many patients will have distant metastases 
with liver being the commonest site followed by lung, perito-
neum, and bone marrow. Other organs include bone, brain, 
bladder, kidney, heart, thyroid, adrenal glands, and ovaries.

Differential diagnosis (Box 59.6)
Benign peptic ulcer
The most important differential diagnosis is benign peptic 
ulceration of the stomach. While large gastric ulcers may inher-
ently appear suspicious, they can sometimes occur in the context 
of nonsteroidal antiinflammatory drug (NSAID) use. Similarly, 
a gastric cancer may be indistinguishable from a “benign” ulcer 
and “healing” of malignant ulcers, particularly with proton 
pump inhibitors, is well recognized. Needless to say, the healing 
process is temporary and malignant ulcers will always reappear 
eventually. For this reason it is essential to biopsy gastric ulcers 
irrespective of whether they appear benign or malignant. Ulcers 

Figure 59.5 Endoscopic ultrasound appearance of same lesion in Figure 
59.3. The submucosa was invaded but the muscularis propria layer is 
intact.

Figure 59.6 Advanced gastric cancer. Endoscopy shows a large lesion 
(>4 cm) at posterior wall of the lower corpus and angularis, consistent 
with Bormann type II. Histology showed moderately to poorly 
differentiated adenocarcinoma of the intestinal type. The tumor 
penetrated the serosa and metastasized to perigastric lymph nodes (2/6). 
Pathological TNM stage: pT4aN3aMx (according to the American Joint 
Committee on Cancer Staging. Guidelines for Tumors, 7th edn, 2010/ 
CAP Guideline, 2010).

Box 59.6 Differential diagnosis.

Benign gastric (peptic) ulcer
Gastric lymphoma
Benign polyps and pseudo polyps
+ Gastric adenomas and polyps
Hyperplastic polyps (cystic fundal hyperplasia)
Gastrointestinal stromal tumors (leiomyoma and leiomyosarcoma)
Carcinoid tumors
Causes of large gastric folds:

Helicobacter gastritis
Ménétrier disease

Other infiltrating conditions of the stomach
+ Crohn’s disease
Amyloid
Sarcoid
Kaposi sarcoma

with extensive infiltration of the gastric wall. Presentation with 
ulceration, however, is also common and macroscopic appear-
ances can be indistinguishable from a benign gastric ulcer. For 
this reason gastric ulcers should always be biopsied. Typically, 
malignant ulcers tend to be more asymmetric, producing dis-
tortion of the rugae and often altering the surrounding mucosal 
appearance as infiltration occurs. Malignant areas often appear 
nodular and the tissue is frequently more friable. Endoscopic 
biopsy of such areas often lacks the characteristic elastic “tug” 
of normal gastric tissue. In diffuse forms, the anatomy of the 
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tions and are particularly common in elderly patients. For these 
reasons, if gastric cancer is suspected some form of visualization 
of the upper GI tract is indicated.

Endoscopy
Endoscopic identification of early gastric cancer
As experience grew in the endoscopic detection of EGC in 
Japan, it was felt necessary to devise a new macroscopic classi-
fication for gastric cancers [104]. This system was subsequently 
adopted internationally and updated in 2005 [105]. A lesion that 
is felt endoscopically to represent an EGC is denoted as 0 rather 
than T1, as would be used in pathological staging. Lesions are 
then subclassified as being protruding (greater than 2.5 mm), 
flat, or excavated. Flat lesions are further subdivided according 
to whether they are completely flat or slightly elevated or 
depressed. In the West, most EGCs are identified because of the 
presence of an obvious mass or ulcer seen at endoscopy; flat 
lesions are likely to be easily overlooked. Indeed, there are data 
from the UK demonstrating that a significant proportion of 
patients presenting with gastric or esophageal cancer have had 
an endoscopy within the preceding 3 years at which time the 
diagnosis had been missed [106]. Endoscopist error may be 
partly explained by the use of acid-suppressing medications that 
may enable reepithelialization and masking of an underlying 
malignancy. Another explanation is that the approach to diag-
nostic endoscopy in a patient with dyspeptic symptoms is typi-
cally to exclude peptic ulcer disease and not to examine the 
whole of the gastric mucosa in detail for subtle alterations in 
appearance.

The vast majority of diagnostic upper GI procedures per-
formed in the west use standard white-light endoscopy. Stand-
ard white-light endoscopy has limitations when carrying out 
surveillance endoscopy for dysplastic premalignant lesions. This 
is clear from experience in screening for Barrett esophagus 
where repeated white-light endoscopy with systematic biopsy is 
time consuming both for the endoscopist and pathologist, and 
results in poor diagnostic yield. The Japanese have led the way 
in the adoption of technologies that enhance detection of EGC. 
There are numerous established and emerging diagnostic 
modalities, including high-resolution and magnification endos-
copy, chromoendoscopy, point spectroscopy, fluorescence 
imaging, and confocal endoscopy. Chromoendoscopy is being 
increasingly employed in endoscopy units in the West. The tech-
nique involves the topical application of stains to aid the endo-
scopic visualization of lesions. The nature and mechanism of 
action of the stains varies. Methylene blue, for example, stains 
intestinal-type epithelium but not normal gastric mucosa. 
Indigo carmine accentuates mucosal patterns helping identify 
distorted surface topography. Techniques such as point spec-
troscopy and confocal endoscopy allow the mucosa to be 
assessed in vivo for spectroscopic or microscopic evidence of 
dysplasia or malignancy. Although these techniques do not 
replace conventional biopsy for histology, they allow biopsies to 
be targeted, thus increasing diagnostic yield.

should be followed to complete healing and rebiopsy under-
taken while any mucosal break remains. However, surveillance 
in the majority of cases has a low yield and some have ques-
tioned the value of doing so [103]. As such, it is appropriate to 
base the decision on the individual circumstances of patients: 
young patients on NSAIDs whose symptoms resolve after treat-
ment do not require follow-up whereas older patients with sus-
picious looking ulcer on index endoscopy or whose symptoms 
persist after treatment clearly require follow-up endoscopy.

Lymphoma
Lymphoma accounts for 5% of all malignant gastric tumors and 
can appear identical to gastric carcinoma. Typically, patients 
with MALTomas (gastric B cell lymphoma) may appear less ill 
than would be expected for the size of the tumor, but again it is 
important to stress that biopsy is essential.

Benign polyps and pseudo polyps
True gastric adenomas are relatively rare but gastric polyps and 
pseudopolyps are common.

Hyperplastic polyps (cystic fundal hyperplasia)
Hyperplastic polyps are usually distinguished by being small 
and by their endoscopic appearance. Cystic fundal hyperplasia 
with multiple small “polyps” in the fundus and body is also 
common and usually easily recognized at endoscopy.

Diagnostic methods (Box 59.7)
While the diagnosis of gastric cancer may be straightforward in 
advanced cases, no symptom or sign is unique. For this reason, 
a high index of suspicion is often required in association with a 
careful history and physical examination. Physical examination 
is unfortunately often unrewarding even in advanced gastric 
cancer. Hematology and chemical pathology results may be sup-
portive but none are diagnostic. A hypochromic, microcytic 
anemia is a common finding and the fecal occult blood test may 
be positive but this does not localize the source of blood loss 
and is therefore rarely diagnostic on its own. Liver function tests 
may be deranged in advanced disease and both the C-reactive 
protein (CRP) and erythrocyte sedimentation rate (ESR) may 
be elevated but all of these findings can occur in other condi-

Box 59.7 Diagnostic methods.

Establishing a diagnosis
Upper GI endoscopy and biopsy
Barium meal

Methods mainly for staging
CT scanning
Ultrasound scanning
Endoscopic ultrasound
PET scanning
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patients. Frail patients can find it difficult to retain gas and 
double contrast barium meals are more difficult to interpret if 
the stomach is not fully distended. CT scan is a noninvasive 
alternative, which has the advantage of offering some staging 
information in case malignancy is detected. If an abnormality 
is detected on barium examination, endoscopy is usually 
required to obtain biopsies and confirm the diagnosis. For these 
reasons, if gastric carcinoma is suspected, endoscopy should be 
the primary investigation and barium meal should be used as 
second line.

Techniques for staging and preoperative assessment
Staging in the USA is based on the TNM system proposed by 
the American Joint Commission on Cancer (AJCC). The latest 
classification is provided in Box 59.8, modified from [107].

Methods of staging
Ultrasonography is useful as part of the staging of a gastric 
cancer. It may detect lymphadenopathy but is particularly valu-
able in assessing liver metastases. Endoscopic ultrasound pro-
vides good definition of the gastric wall and will also detect 
lymph nodes adjacent to the stomach but is less useful for 

Upper GI endoscopy is now accepted as being more accurate 
than barium radiology in the diagnosis of gastric cancer. The 
procedure is generally well tolerated, even in elderly patients, 
although complications can occur in patients with comorbid 
disease. Results from retrospective studies typically indicate that 
upper GI endoscopy carries a rate of significant complications 
of 1 : 1000 procedures but the mortality is much less at 1 : 10 000. 
The principle advantage of endoscopy is its ability to closely 
inspect the gastric mucosa, the only circumstance under which 
early gastric carcinoma is found. Equally important is the ability 
to obtain endoscopic biopsies from which a histological diag-
nosis can be made.

While advanced gastric carcinoma is usually obvious at 
endoscopy, certain presentations are difficult. As previously dis-
cussed, gastric cancer can present as a typical gastric ulcer. 
Nonsteroidal antiinflammatory drugs can produce large 
malignant-looking ulcers which are nonetheless benign. Perhaps 
the most difficult presentation at endoscopy is diffuse gastric 
carcinoma because the mucosa itself may appear normal. An 
experienced endoscopist may note a different “feel” to the 
stomach and it may be more difficult to produce adequate air 
insufflation of the fundus and body, making retroflexion more 
difficult. However, the changes are often subtle and mucosal 
biopsies may not be diagnostic because the carcinoma can infil-
trate through the submucosal tissues giving rise to the “leather 
bottle” appearance but at a depth not sampled by mucosal 
biopsy. Under these circumstances a double contrast barium 
meal demonstrating abnormal motility or computed tomogra-
phy (CT) scanning to confirm the thickened wall may be helpful.

The examination of the postoperative stomach can present 
particular difficulties. Malignancy in the postoperative stomach 
often presents in the seventh and eighth decade. While rarely 
performed now, a variety of operative procedures were in 
common use in the past, including antrectomy and gastroenter-
ostomy (Polya gastrectomy), antrectomy and primary anasto-
mosis (Billroth 1 or 2 partial gastrectomy), vagotomy and 
pyloroplasty, and vagotomy and gastroenterostomy. It may be 
very difficult in the presence of a gastroenterostomy to achieve 
adequate inflation of the stomach and, in addition, bile reflux 
gastritis is almost invariable and may produce a fragile and 
mottled mucosa. The appearance of gastric cancer around the 
margins of a gastroenterostomy can therefore be difficult to find. 
Multiple biopsies are usually essential for diagnosis, particularly 
as gastric atrophy and intestinal metaplasia are common find-
ings in older patients. The presence of high-grade dysplasia is 
always suspicious because it is known to indicate a high risk of 
malignant transformation or may occur in areas of the mucosa 
adjacent to established malignancy (see Chapter 58).

Imaging studies
For many years, double contrast barium meal was the main 
diagnostic method in gastric cancer. Barium is swallowed with 
a gassing agent to produce distension of the stomach; it is 
usually well tolerated making it useful for older or frailer 

Box 59.8 TNM staging of gastric cancer – proposed by the American 
Joint Committee on Cancer.

T: Tumor
TX: The main (primary) tumor cannot be assessed
T0: No signs of a main tumor can be found
Tis: carcinoma in situ
T1: The tumor has grown from the top layer of cells of the mucosa 

into the next layers below such as the lamina propria, the 
muscularis mucosa, or submucosa
T1a: The tumor is growing into the lamina propria or muscularis 

mucosa
T1b: The tumor has grown through the lamina propria and 

muscularis mucosa and into the submucosa
T2: The tumor is growing into the muscularis propria layer
T3: The tumor is growing into the subserosa layer
T4: The tumor has grown into the serosa and may be growing into 

a nearby organ
T4a: The tumor has grown through the stomach wall into the 

serosa, but the cancer has not grown into any of the nearby 
organs or structures

T4b: The tumor has grown through the stomach wall and into 
nearby organs or structures

N: Nodes
NX: Nearby (regional) lymph nodes cannot be assessed
N0: No spread to nearby lymph nodes
N1: The cancer has spread to 1 to 2 nearby lymph nodes
N2: The cancer has spread to 3 to 6 nearby lymph nodes
N3: The cancer has spread 7 or more nearby lymph nodes

N3a: The cancer has spread to 7 to 15 nearby lymph nodes
N3b: The cancer has spread to 16 or more nearby lymph nodes

M: Metastasis
M0: No distant metastasis
M1: Distant metastasis
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will detect hepatic metastases and may define perigastric 
involvement. Lesions <5 mm in diameter may not be detected 
by CT scanning or may be difficult to define. The primary role 
is to detect the size of lymph nodes, so nodes that are involved 
but not enlarged will not be detected on scanning. It may detect 
peritoneal or omental disease and has been reported to have an 
accuracy of up to 90% in detecting distant metastases. However, 
some studies suggest that up to 50% of tumors are understaged 
and, more importantly, 15% are overstaged. In other words, a 
percentage of patients who appear to have inoperable disease 
may actually be operable at the time of surgery. As a result, some 

imaging distant lymph nodes, liver, or lungs. It has particular 
value in determining the depth of invasion and defining early 
gastric carcinoma with its better prognosis. Similarly, with its 
ability to determine gastric wall thickness it can be useful in 
detecting diffuse gastric carcinoma. See Figures 59.7 and 59.8 
for endoscopic and endoscopic ultrasound (EUS) views of early 
and advanced gastric cancer.

A chest x-ray may detect pulmonary metastases but for more 
detailed staging and detection of metastatic disease, CT scan-
ning serves as the mainstay. Chest CT scans are useful for 
detecting pulmonary metastases, while abdominal CT scanning 

Figure 59.7 Early gastric cancer. (a) Endoscopic findings: uneven elevated mucosal patch over angularis, with some healing ulcers. Possible 
adenocarcinoma in situ. Invasive carcinoma cannot be ruled out. (b) EUS findings: prominent thickening of focal gastric wall over angularis with 
predominantly mucosal and submucosal infiltration. The focal muscularis propria layer was also thickened and blurred. Serosal interruption was not 
prominent with UM3R probe. Operative report: Adenocarcinoma, intestinal type, moderately differentiated. Tumor invaded to muscularis propria. 
Pathological TNM stage: pT2N2Mx (according to the American Joint Committee on Cancer. Staging Guidelines for Tumors, 7th edn, 2010/ CAP 
Guideline, 2010).

(a) (b)

Figure 59.8 (a) Endoscopic findings: prominent mucosal elevation with multiple ulcerations over antrum to low body, chiefly the lower curvature and 
posterior wall. (b, c) EUS findings: marked thickening of the gastric wall over antrum and low body was noted with transmural infiltration. Prominent 
serosal invasion and penetration was also noted.
Pathological findings: adenocarcinoma, moderately differentiated.
Operative report: adenocarcinoma, intestinal type, poorly differentiated, of posterior wall of antrum. Tumor invaded to perigastric soft tissue and 
metastasized to perigastric lymph node (greater curvature: 0/0, lesser curvature: 1/3). Pathological TNM stage: pT3N2Mx (according to the American 
Joint Committee on Cancer. Staging Guidelines for Tumors, 7th edn, 2010/ CAP Guideline, 2010).

(a) (b) (c)
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submucosa the incidence of lymphatic spread rises and mucosal 
ablation techniques are unlikely to achieve clearance of the 
disease. More recently, endoscopic submucosal dissection (ESD) 
has been used to treat EGC, especially in older patients with 
comorbid disease. The results are promising but long-term 
follow-up studies are needed before ESD becomes a standard of 
treatment for EGC.

Unfortunately, no imaging technique is entirely reliable in 
assessing the depth of tumor invasion. For this reason, it is 
essential that if a mucosal resection technique is undertaken, 
excessive diathermy should be avoided and the resected mucosa 
(carefully oriented) should be sent for detailed histological 
examination. If histological examination shows that the lateral 
margins of the resected specimen are clear of tumor and that 
the malignancy has not spread into the submucosa, the chance 
of a cure is likely to be good. Tumors that are ulcerated pose 
particular problems with infiltration and there are some sugges-
tions that metastases to regional lymph glands occur early. 
Accordingly, endoscopic mucosal resection should probably not 
be undertaken in these forms of EGC unless the patient is so 
unfit that no other treatment would be possible. If histological 
examination suggests any of the criteria have not been fulfilled 
and that there is a possibility that the tumor has breached the 
submucosa or spread beyond the resection, then laparotomy 
and full surgical resection should be performed if the patient is 
fit. In addition, patients that undergo EMR or ESD need to be 
monitored for the presence of synchronous lesions and/or 
recurrence of gastric cancer.

Advanced gastric cancer
Patients with evidence of distant metastases, or where spread 
has occurred out with the regional lymph glands, have a very 
poor prognosis. A radical surgical approach is usually not indi-
cated, although palliative procedures to relieve specific compli-
cations such as gastric outlet obstruction or hemorrhage may 
be required. In patients who are thought to have a potentially 
resectable cancer, a partial or more usually total gastrectomy is 
the operation of choice. While there is no controversy about 
removing the primary tumor, there is some debate about the 
extent of lymphadenectomy that is required. Extended lymph 
node dissection is thought to produce better control of local 
disease and a more accurate determination of tumor stage, but 
appears to have a higher morbidity because of the greater tech-
nical difficulty of the operation and the length of surgery. To 
date no clear survival benefit for patients has emerged. Work in 
Japan involving meticulous mapping of lymph nodes has sug-
gested that systematic lymphadenectomy may improve the 
outcome of patients when compared with historical controls. 
Two European randomized control trials comparing systematic 
lymph node dissection (D2) with localized lymph node dissec-
tion (D1) suggested that D2 operations were associated with 
increased mortality and morbidity and did not improve long-
term outcome [108,109]. However, distal splenectomy and pan-
createctomy were performed in both trials as part of the 

surgeons may perform intraoperative ultrasound scanning or 
laparoscopy before deciding on surgery. In the absence of 
distant metastases, a patient who is otherwise fit and capable of 
undergoing surgery should not be refused surgery on the basis 
of a sole screening modality.

Therapy and management (Box 59.9)
The treatment of gastric cancer is dependent on:
• making an accurate diagnosis
• careful assessment and staging of the disease
• consideration of the patient’s overall condition, including age, 

their nutritional state, and particularly whether they have 
concomitant disease. The latter is probably more important 
than age per se.

Early gastric cancer
The outlook with true early gastric carcinoma is good and if 
treated appropriately many patients will be cured. The only 
proven method of producing long-term survival in patients 
with gastric cancer is surgery with complete resection of both 
macro- and microscopic disease. In EGC that is not suitable for 
endoscopic resection, proximal or distal partial resection is 
appropriate with limited lymphadenectomy. The approach to 
cardia, subcardia, and some type II esophagogastric junctional 
cancers can be extended total gastrectomy or esophagogastrec-
tomy. There has been increasing interest in the potential for 
laparoscopic resection of gastric cancer, with the procedures 
being either totally laparoscopic or, more usually, laparoscopic 
assisted. Evidence thus far suggests that laparoscopic-assisted 
distal gastrectomy takes longer and yields less lymph nodes 
while there is a trend towards faster recovery postoperatively.

Surgery is a major undertaking, and for this reason alterna-
tives to full resection have been explored for early tumors. Laser 
ablation, photodynamic therapy, and in particular endoscopic 
mucosal resection (EMR) have all been proposed for tumor that 
is confined to the gastric mucosa and where lymphatic spread 
appears to be also absent. As soon as tumors encroach into the 

Box 59.9 Treatment and prevention.

Early gastric cancer
Surgical resection
Endoscopic mucosal resection (nonulcerated lesions)

Advanced gastric cancer
Curative

Radical surgery: D1 or D2 lymph node resection
Possibly combined with: adjuvant, neoadjuvant, and 

chemoradiotherapy (still subject to trials)
Palliative

Debulking surgery
Bypass procedures for gastric outlet obstruction
Endoscopic laser therapy, or injection with absolute alcohol to 

debulk
Stenting of the gastroesophageal junction for dysphagia
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and improved quality of life compared with best supportive care 
alone [114]. Five classes of cytotoxic agents are currently used 
in gastric cancer: fluoropyrimidines, platinums, taxanes, topoi-
somerase inhibitors, and anthracyclines. The optimal combina-
tion is not well defined but choice of treatment has to take into 
account several factors including comorbidities, performance 
status, and organ function. Generally speaking, most guidelines 
advocate the use of combination regimens incorporating a plati-
num agent and a fluoropyrimidine. Capecitabine is preferred by 
some to 5-fluorouracil (5-FU). Other first-line options include 
irinotecan plus 5-FU and taxane-based regimens. For HER2+ 
patients with advanced gastric cancer, the use of trastuzumab 
combined with a fluoropyrimidine (5-FU or capecitabine) plus 
cisplatin is widely used. The field of chemotherapy is developing 
fast, with new therapeutic approaches being tested or approved 
recently including targeted therapies, such as BRAF- and MEK-
inhibitors, and novel immunotherapies, such as anti-CTLA4 or 
anti-PD1 therapies. Treatment of advanced gastric cancer is set 
to benefit from these novel approaches and trial results are 
awaited with great anticipation.

Complications and palliative treatment (Table 59.1)
Gastric outlet obstruction
Antral tumors frequently affect gastric emptying. This may be 
related to direct infiltration of the pylorus by the tumor produc-
ing stenosis but the antrum itself plays an important role in 
gastric emptying and an infiltrated section with loss of peristal-
sis may greatly impede emptying of the stomach.

Diagnosis
Delayed gastric emptying produces early satiety, nausea, and 
vomiting that may be severe and projectile and often contains 
undigested food. Weight loss is almost invariable. Patients are 
often anorexic and thin with a poor nutritional status. Physical 
examination may reveal a succussion splash.

systematic lymphadenectomy and this contributed to the mor-
bidity. Other centers have demonstrated that D2 dissections can 
be performed without the need for splenectomy and pancreate-
ctomy, providing a more acceptable morbidity. Prospective 
audit of D2 gastrectomy has suggested an advantage in patients 
with stage 2 and 3a tumors, but the majority of patients from 
Europe and the United States present with more advanced 
tumors and therefore probably do not receive benefit from the 
more extensive D2 resection. In Japan where organized screen-
ing is able to identify early gastric carcinomas, the benefits of 
D2 resection may be higher.

Advanced gastric cancer is associated with a poor survival 
even after surgery, with 5-year survival rates as low as 10% in 
some studies. This has led to the development of postoperative 
(adjuvant) chemotherapy and preoperative treatment (neoadju-
vant) therapy. Early trials using chemotherapy or single-dose 
radiotherapy suggested that there might be some survival 
advantage.

In neoadjuvant chemotherapy, treatment is given before sur-
gical resection. In theory, less-toxic regimes could be used and 
it might allow tumors to be down-staged from the inoperable 
to potentially resectable. The large UK Medical Research 
Council (MRC) trial, MAGIC, reported its final results in 2006 
[110] and the French FFCD 9703 trail reported its final results 
in 2007 [111]. These two studies, both with substantial amounts 
of evidence, support the efficacy of perioperative chemotherapy 
in terms of survival rate (36% vs 23%, estimated at 5 years for 
MAGIC; 38% vs 24% estimated at 5 years for FFCD 9703) [112]. 
Even in these large well-organized studies, the improved sur-
vival was very modest, but the results overall imply that periop-
erative chemotherapy may have a role.

Smalley et al. performed a randomized phase III trial of post-
operative radiochemotherapy in those at moderate risk of loco-
regional failure following surgery [113]. They reported the 
10-year median follow-up and presented data on failure pat-
terns and second malignancies. They found that there was per-
sistent benefit from adjuvant radiochemotherapy, while 
toxicities, including second malignancies, appeared acceptable. 
They concluded that adjuvant radiochemotherapy remains a 
rational standard therapy for curatively resected gastric cancer 
with primaries T3 or greater and/or positive nodes [113]. At 
present, treatment should be carried out by oncologists with an 
interest in GI malignancies and patients should be part of 
organized clinical trials, or cared for in units that audit their 
results. Chemoradiotherapy is used more frequently in North 
America than Europe, and further clinical trials will be neces-
sary to define its role more clearly. Furthermore, a number of 
newer chemotherapeutic agents and drug combinations are 
under trial and it seems likely that the results of chemotherapy 
will improve. Curative surgery is not always possible and in 
patients with complications, palliative treatment may be most 
important.

The standard treatment for advanced gastric cancer is chemo-
therapy because it has been shown to provide a survival benefit 

Table 59.1 Complications and their management.

Complication Management

Gastric outlet obstruction Surgery
Balloon dilatation and stenting

Hemorrhage Endoscopic therapy, laser, heater probe, 
adrenaline injection
Surgery

Dysphagia and 
involvement of the cardia

Esophageal stenting
Surgery
Endoscopic laser therapy

Liver metastases Rarely resected

Malignant ascites Paracentesis, installation of doxorubicin

Poor nutritional state Oral sip feeds and supplements
i.v. feeding in carefully selected patients
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Diagnosis
Diagnosis is usually made at endoscopy or sometimes by barium 
swallow.

Treatment
Laser coagulation can be successful in reestablishing a lumen 
and opening a malignant stricture. Balloon dilatation will 
usually produce short-term relief but if a definitive procedure is 
not possible then esophageal stenting through the stricture and 
into the stomach may restore swallowing.

Metastatic spread to the liver
The appearance of liver metastases is a sign of very poor prog-
nosis and most of these patients have very limited survival. The 
presence of a single metastasis is unusual and resection is rarely 
undertaken. Occasionally, spread to involve the common bile 
duct can occur and may require stenting.

Malignant ascites
Omental spread may result in malignant ascites.

Diagnosis
Diagnosis is usually confirmed by ultrasound scanning and by 
paracentesis and cytological examination.

Treatment
Treatment is usually by paracentesis. Sometimes a chemo-
therapeutic agent such as doxorubicin can be given 
intraperitoneally.

Poor nutritional status
Advanced gastric cancer frequently has profound effects on 
appetite and the ability to take normal-sized meals. Most 
patients with advanced stomach cancer lose weight and their 
nutritional status can deteriorate rapidly. Some gastroenterolo-
gists, particularly in Europe and the United States, advocate 
total parenteral nutrition (TPN) to try and maintain nutritional 
status. This is controversial. There is no evidence that TPN 
prolongs life and effects on the quality of life are difficult to 
ascertain. Moreover, TPN is associated with some potentially 
dangerous complications such as infection or thrombosis. 
Training a patient to go home on TPN may take several weeks 
and they will often require support from community nurses. If 
TPN is considered, the advantages and disadvantages of 
parenteral nutrition should be thoroughly discussed with the 
patient; routine use cannot be recommended in gastric cancer.

General palliative measures
As gastric cancer spreads, patients can experience pain and 
alteration in bowel habit, particularly constipation. Involvement 
of the palliative care team can be extremely useful and it is 
recommended that this be considered early rather than late in 
the course of treatment.

A plain abdominal x-ray will sometimes show an enlarged 
fluid-filled stomach. At endoscopy the stomach is often filled 
with fluid despite fasting overnight. A patient with a distended 
stomach due to outlet obstruction may be at considerable risk 
of aspirating during endoscopy, particularly as the scope enters 
the stomach. If there is any doubt it is often prudent to empty 
the stomach first with a nasogastric tube to minimize this risk. 
Similarly, barium should be given with caution to patients with 
outlet obstruction.

Treatment
Treatment of malignant outlet obstruction is often difficult. 
Some patients may respond to balloon dilatation of the pylorus 
but the effects are usually transient. Stenting of the pylorus and 
duodenum is difficult. Even if the pylorus is patent, patients may 
still have delayed gastric emptying because of antral involve-
ment and stenting will usually not help. Prokinetics such as 
domperidone or metoclopramide may offer some benefit but are 
likely to become less effective as the disease progresses. Surgical 
bypass will often be required, typically with a gastroenterostomy 
or sometimes with resection of the tumor and anastomosis if 
technically possible. If a major surgical procedure cannot be 
contemplated, a drainage percutaneous endoscopic gastrostomy 
(PEG) can be considered to drain the stomach rather than to 
feed. While the insertion of a drainage PEG may be an attractive 
proposition, it can be technically challenging as it may be dif-
ficult to find an area of transillumination if the stomach is very 
thickened.

Hemorrhage
Severe hemorrhage from gastric cancer is unusual but can occa-
sionally occur if the tumor invades a large blood vessel and 
ulcerates. The effects are typically obvious with hematemesis or 
melena but endoscopy is usually required to confirm the site of 
bleeding. Sometimes a localized bleeding point may be amena-
ble to laser or heater probe therapy, or the injection of 1 : 10 000 
adrenaline. Often bleeding gastric ulcers are large and it can be 
very difficult to stop bleeding.

Chronic blood loss from gastric cancer is common and 
patients will often require transfusion. When chronic blood loss 
becomes excessive and the need for transfusion frequent, pallia-
tive treatment may be required. Treatment options include laser 
to shrink the tumor but in the authors’ experience this is usually 
difficult in advanced large tumors and very often does not result 
in decreased blood loss. Similarly argon plasma coagulation can 
be tried; the injection of absolute alcohol may also produce 
necrosis and shrinkage of the tumor. In many patients where 
blood loss is a problem the tumor is large and at best only tem-
porary relief is obtained.

Dysphagia and involvement of the gastric cardia
Tumors of the fundus and body may involve the lower esopha-
gus and cardia of the stomach, producing dysphagia.
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[116]. In 1995, 3365 eligible subjects were randomly assigned in 
a factorial design to three interventions or placebos: amoxicillin 
and omeprazole for 2 weeks in 1995 (H. pylori treatment); 
vitamin C, vitamin E, and selenium for 7.3 years (vitamin sup-
plement); and aged garlic extract and steam-distilled garlic oil 
for 7.3 years (garlic supplement). Subjects underwent repeat 
endoscopies with biopsies in 1999 and 2003, and the prevalence 
of precancerous gastric lesions was determined by histopatho-
logical examination of seven standard biopsy sites. H. pylori 
treatment significantly decreased the combined prevalence of 
severe chronic atrophic gastritis, intestinal metaplasia, dyspla-
sia, or gastric cancer in 1999 (OR 0.77; 95% CI 0.62–0.95) and 
in 2003 (OR 0.60; 95% CI 0.47–0.75), and had favorable effects 
on average histopathological severity and on progression and 
regression of precancerous gastric lesions in 2003. H. pylori 
treatment did not reduce the combined prevalence of dysplasia 
or gastric cancer. However, fewer subjects receiving H. pylori 
treatment (19/1130; 1.7%) than receiving placebo (27/1128; 
2.4%) developed gastric cancer (adjusted P = 0.14) [116]. In 
2012, Ma et al. reported the 15-year follow-up of these subjects 
[117]. Gastric cancer was diagnosed in 3.0% of subjects who 
received H. pylori treatment and in 4.6% of those who received 
placebo (OR 0.61; 95% CI 0.38–0.96; P = 0.032). For the first 
time, results showed a significant reduction in the incidence of 
gastric cancer in those that lost H. pylori infection [117]. In their 
latest analysis from this landmark study, Li et al. reported the 
15-year effect of treatment on gastric cancer incidence and mor-
tality in subgroups defined by age, baseline gastric histopathol-
ogy, and posttreatment infection status [118]. Treatment was 
associated with a statistically significant decrease in gastric 
cancer incidence (OR 0.36; 95% CI 0.17–0.79) and mortality 
(hazard ratio [HR] 0.26; 95% CI 0.09–0.79) at ages 55 years and 
older and a statistically significant decrease in incidence among 
those with intestinal metaplasia or dysplasia at baseline (OR 
0.56; 95% CI 0.34–0.91). These results suggest that antibiotic 
treatment (with or without H. pylori eradication) can benefit an 
entire population, not just the young or those with mild histopa-
thology [118]. This suggests that eradication of nonpylori 
microbiota can also be protective.

Overall, these results offer evidence that H. pylori eradication 
could act as a form of primary prevention against gastric cancer. 
As mentioned earlier, it is likely that not all gastric cancers will 
be prevented by H. pylori eradication because some individuals 
will already have developed premalignant mucosal changes that 
may no longer be dependent on H. pylori for driving the pro-
gression to carcinoma. For those unfortunate patients, other 
forms of chemoprevention (e.g., NSAIDs) or enhanced surveil-
lance (serologically or through endoscopy) are required.

Summary

Our understanding of the mechanisms by which gastric cancer 
arises is more advanced than for the majority of other solid 

Prognosis with and without treatment
At present, surgery is the only treatment that offers the possibil-
ity of cure. Patients with potentially curative lesions should be 
offered surgery. However, a partial or total gastrectomy is a 
major undertaking and may require extended hospitalization. 
Patients with more advanced disease who undergo noncurative 
surgery may therefore lose some of their best quality time recov-
ering from surgery and may not receive a survival advantage as 
a result of their operation. Therefore, in advanced tumors where 
surgery is unlikely to alter the prognosis, palliative measures 
and supportive treatment of the patient may offer a longer 
period of good-quality life. As in all aspects of treatment, it is 
very important to discuss these issues with the patient and 
determine what suits them as an individual.

Prevention
Screening for EGC is not feasible in most populations, and 
prevention therefore represents the most promising approach 
to reducing gastric cancer mortality on a global scale. There is 
little doubt that the gradual and spontaneous disappearance of 
H. pylori infection will, in due course, lead to reduction in the 
incidence of gastric cancer. Although the exact mechanisms by 
which H. pylori promotes gastric carcinogenesis remain unclear, 
it is the single most important etiological agent in gastric cancer 
and therefore the target of preventative strategies. H. pylori is 
believed to be acquired in infancy or childhood. There is a long 
latency period before the development of malignancy, during 
which H. pylori eradication may be effective in preventing 
gastric carcinogenesis. Despite what appears to be a logical 
assumption – that H. pylori eradication in infected individuals 
will prevent the development of gastric cancer – there was, until 
very recently, minimal supporting clinical evidence from con-
trolled trials. This is partly due to the difficulty faced in recruit-
ing infected individuals who may be randomized to placebo, 
and the consequent ethical issues this generates. In addition, the 
follow-up period required for such studies is often prohibitively 
lengthy.

The largest randomized controlled trial, conducted in a high-
risk region of China, was published by Wong et al. in 2004 [115]. 
In this study, 1630 healthy H. pylori carriers were randomized 
to receive either eradication therapy or placebo. There was no 
overall difference in the incidence of gastric cancer between the 
two groups over a follow-up period of 7.5 years. However, 
within the subgroup of patients who had no endoscopic evi-
dence of atrophy or intestinal metaplasia at recruitment, there 
was a significant reduction in the risk of gastric cancer in the 
active treatment group. This suggests that there is likely to be a 
“point of no return” in gastric carcinogenesis, beyond which H. 
pylori eradication is ineffective in preventing progression to 
carcinoma.

In the Shandong Interventional Trial, You et al, recruited 
most of the adults aged 35–64 years in 13 randomly selected 
villages in Linqu County, Shandong Province, China. Subjects 
were identified and underwent baseline endoscopies in 1994 
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tumors. H. pylori is the single most important environmental 
risk factor for the development of noncardia gastric cancer as 
well as for at least a proportion of cardia cancers. Prevention of 
gastric cancer will only be achievable through prevention of 
acquisition of H. pylori, or eradication of the infection before 
an as yet undetermined critical committal stage in the gastric 
carcinogenesis. Further studies are required to determine the 
efficacy of H. pylori eradication as a preventative strategy in 
gastric cancer. The evidence implicating dietary factors, and the 
potential for dietary modification to reduce gastric cancer risk, 
is conflicting and merits further investigation.

Screening for EGC in high-risk populations reduces gastric 
cancer mortality and facilitates endoscopic therapy, thus reduc-
ing the morbidity associated with the condition. It may eventu-
ally be possible to target screening to those individuals most at 
risk of developing gastric cancer within nonhigh-risk popula-
tions. Risk estimation is likely to incorporate factors such as age, 
family history, and H. pylori status combined with serological 
testing for gastric atrophy, and possibly molecular genetic analy-
sis for predisposing polymorphisms and bacterial virulence 
factors.
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Hiatal hernias

Definition and etiology
Hiatal hernias are abnormal protrusions of abdominal organs 
into the thoracic cavity via the diaphragmatic hiatus. Under 
normal circumstances, the phrenoesophageal membrane 
anchors the esophagus to the diaphragm and maintains the 
anatomic position of the esophagogastric junction throughout 
the “physiological” movement of the gastric cardia during the 
swallowing mechanism. The gastrophrenic, gastrohepatic, gas-
troduodenal, and gastrosplenic ligaments, in turn hold the 
stomach in its intraabdominal position [1,2]. Structural defects 
in these anatomic structures and disruption at the crux enlarge 
the hiatus contributing to the formation of hiatal hernias.

Hiatal hernias are classified into four types (type I–IV). Type 
I hernias are differentiated from type II–IV hernias, which are 
referred to as paraesophageal hernias as a group. Type I hernias, 
also called sliding hiatal hernias, account for greater than 95% 
of all hiatal hernias. In a type I hiatal hernia, the gastroesopha-
geal junction (GEJ) migrates longitudinally cephalad from its 
normal anatomic position within the abdominal cavity into the 
mediastinum. The fundus of the stomach remains below the 

gastroesophageal junction. The herniation occurs due to laxity 
created by an attenuated and stretched phrenoesophageal 
ligament.

Type I hernia is a commonly acquired condition with the 
prevalence of 10%–80%, peaking in the fifth decade of life [3]. 
Conditions that magnify the positive pressure gradient between 
the intraperitoneal and intrapleural cavity and increase the 
laxity in the phrenoesophageal ligament, such as pregnancy, 
obesity, vomiting, and gastroesophageal reflux disease (GERD), 
are risk factors for hiatal hernia formation [4]. Hiatal hernias 
may also result from shortening of the esophagus in long-
standing gastroesophageal reflux disease. One retrospective 
study found that 45% of patients with GERD also had hiatal 
hernias [5]. Hiatal hernias have been found in association with 
96% of patients with long-segment Barrett esophagus, 72% of 
patients with short-segment Barrett esophagus, and 71% of 
those with esophagitis [6,7].

The clinical presentation of type I hernias is usually similar 
to that of reflux disease. Symptoms include dysphagia, heart-
burn, cough, and regurgitation. In most cases, sliding hernias 
do not warrant treatment as severe symptoms and complica-
tions related to these hernias, such as dysphagia, heart failure, 
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noesophageal ligament and a widened hiatus (Figures 60.3, 60.4, 
60.5, 60.6, and 60.7).

Type III hernias are a combination of both types I and II 
hernias and make up more than 90% of the paraesophageal 
hernia group [10]. Both the GEJ and the gastric fundus herniate 
through the hiatus with the gastric fundus migrating above the 
GEJ. Type IV hiatal hernias are defined by the presence of other 
intraabdominal organs in the hernia sac, such as the colon, 
small bowel, or spleen protruding into the thorax along with the 
stomach. Type III and IV hernias are called giant paraesopha-
geal hernias when one-half or more of the stomach has entered 
the thorax.

Paraesophageal hernias are recognized complications arising 
from surgical procedures that disrupt the region of the esopha-
geal hiatus, such as Nissen fundoplication, gastrectomy, and 
splenectomy. PEH develop as postoperative complications in 
1%–6% of cases following laparoscopic Nissen fundoplications 
[11–14]. Although most paraesophageal hernias are acquired, a 
limited number of familial cases have been reported [15]. No 
genetic predisposition has been identified.

Clinical presentation
Asymptomatic paraesophageal hiatal hernias are rare and, 
unlike type I hernias, reflux symptoms are uncommon. Patients 
with paraesophageal hernias present with a wide range of symp-
toms with the most common being nausea, epigastric or sub-
sternal pain, dysphagia, postprandial fullness, and dry retching 
[16]. Initially, symptoms may be intermittent, vague, and non-
specific; however, as the hernia sac around the esophagus 
enlarges with more stomach migrating into the mediastinum, 
increasing compression of the esophagus will lead to specific 
and progressive symptoms related to obstruction or ischemia. 
Postprandial nausea, pain, and fullness are described to be epi-
gastric and substernal and are often relieved by vomiting. 
Patients may also present with fatigue from anemia due chronic 
and occult bleeding from the herniated stomach or Cameron 
ulcer. Pulmonary compression can also lead to respiratory 
symptoms such as difficulty breathing, shortness of breath, and 
recurrent aspiration pneumonias [17,18].

Untreated type II paraesophageal hernias are thought to pro-
gressively enlarge until the entire stomach flips on its longitu-
dinal axial at the fixed GEJ into the thorax, resulting in a gastric 
volvulus. Rarely, the stomach rotates vertically on a line parallel 
to the gastrohepatic ligament, a condition known as mesentero-
axial rotation. The risk of progression from asymptomatic to 
symptomatic paraesophageal hernia has been estimated to be 
14% per year [19]. In chronic cases where vascular compromise 
of the stomach has occurred due to gastric distention and 
engorgement of the gastric veins at the hiatus, gastric mucosal 
ischemia, erosions, ulcerations, bleeding, and anemia have been 
reported [20,21]. Iron-deficiency anemia can be seen in up to 
50% of patients with a paraesophageal hiatal hernia [22].

The most severe and life-threatening complication of a 
paraesophageal hernia occurs when the stomach in volvulus 

Figure 60.1 Endoscopic appearance of large hiatal hernia with Schatzki 
ring.

Figure 60.2 Retroflexion view of hiatal hernia.

or gastric ulcers are rare [8]. Nevertheless, the 2013 Society of 
American Gastrointestinal and Endoscopic Surgeons recom-
mended surgical repair of type I hiatal hernias when it is associ-
ated with gastroesophageal reflux disease [9], although in 
practice the more common approach is to treat patients with 
hiatal hernias and gastroesophageal reflux disease with standard 
medical therapy (e.g., proton pump inhibitors) (Figures 60.1 
and 60.2).

Type II hernias, also known as true paraesophageal hernias 
(PEH), are the least common of the hiatal hernias. PEH are 
characterized by the gastroesophageal junction in its normal 
anatomic position with a portion of the gastric fundus acting as 
the lead point herniating through an enlarged diaphragmatic 
hiatus. A true hiatal hernia is due to a weakness in the phre-
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such as volvulus or strangulation. Various diagnostic modalities 
can play a role in the evaluation of patients suspected of having 
a hiatal hernia [16,26]. These include chest x-ray (CXR), barium 
swallow, upper endoscopy, computed tomography (CT) scan of 
the chest, abdomen, and pelvis, and high-resolution esophageal 
manometry. Findings on a CXR may be subtle, but the presence 
of a retrocardiac air–fluid level is pathognomonic for a 

obstructs, strangulates, and ruptures with profuse bleeding. 
Some report up to 20% of patients with paraesophageal hernias 
presenting with acute gastric strangulation or perforation, 
resulting in associated mortality rates of 50% [23–25].

Diagnosis
Hiatal hernias are commonly found during work-up of GERD 
or when they present with acute symptoms of its complications, 

Figure 60.3 Endoscopic views of paraesophageal hernia.

Figure 60.4 Barium esophagogram of a paraesophageal hernia. Figure 60.5 Large gastric bubble, seen on chest x-ray, suggestive of 
paraesophageal hernia.
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gus, erosions, ulcerations, and other lesions. In cases presenting 
as an emergency, studies should be limited to those needed to 
confirm the diagnosis without delaying surgical intervention.

Therapy and management
Treatment for most PEH is surgical repair. Elective surgical 
repair of all patients with symptomatic PEH is recommended 
to avoid emergent operative interventions for potentially life-
threatening complications of PEH. Another indication for 
immediate repair of PEH is the presence of PEH in a patient 
who has recently received a fundoplication [12–14,27,28]. 
However, surgical repair of all paraesophageal hernias is no 
longer widely accepted and the treatment of asymptomatic 
patients remains controversial [29,30]. This is due in part to 
recent reports that have demonstrated a marked decrease in the 
mortality rate of patients undergoing emergency surgical repair 
of acute complications from PEH. Therefore, in asymptomatic 
older patients (>65 years of age) an approach without surgical 
intervention is reasonable.

Mortality rates for emergency repair have fallen and are now 
less than 17%, in contrast to the 50%–100% rates in the past 
century [29–31]. In addition, studies indicate that the risk of 
developing acute complications requiring emergent interven-
tion is less than 2% per year [32]. The decision for expectant 
management of patients with PEH in the absence of gastric 
outlet obstruction, severe GERD, anemia, and possible gastric 
strangulation is based on several studies that suggest that elec-
tive repair may decrease the quality-adjusted life expectancy for 
patients more than 64 years old [33–36]. However, in practice, 
truly asymptomatic patients with PEH are uncommon. 
Therefore, the evaluation of a patient diagnosed with PEH must 
be thorough and the decision for surgical intervention individu-
alized to the patient’s risks and benefit analysis.

A successful hiatal hernia repair reduces the contents of the 
hernia sac, repositions the stomach back into the abdomen 
without tension, mobilizes and ensures the length of the intraab-
dominal esophagus, and closes the defect in the crura to prevent 
reherniation of the stomach back into the mediastinum. For  
the past two decades, the issues that have dominated surgical 
debate regarding repair of PEH have tended to focus on specific 
steps in operative techniques. Investigations addressing the 
issues of transabdominal or transthoracic approaches, open 
versus laparoscopy, mesh placement to reinforce the crural 
closing versus no mesh, hernia sac excision or just reduction, 
and fundoplication versus no antireflux procedure have influ-
enced the current surgical treatment for PEH and led to specific 
recommendations.

Classically, open transabdominal and open transthoracic 
approaches have been effective for repair of hiatal hernias. The 
accepted morbidity and mortality rates were 20% and 2%, 
respectively [37,38]. There are no randomized trials directly 
comparing open transthoracic versus open transabdominal 
hiatal hernia repair; however, few advocates for the transtho-
racic approach remain. A study using the Nationwide Inpatient 

paraesophageal hiatal hernia. A barium swallow should be per-
formed in all patients followed by an upper endoscopy, before 
elective surgical intervention (Figure 60.4). The barium swallow 
provides important anatomical information about the size of the 
hernia and the relative displacement of the GEJ. Upper endos-
copy supplements these data along with the visualization of the 
mucosal surfaces of the esophagus, stomach, and duodenum, 
which allows for evaluation of changes such as Barrett esopha-

Figure 60.6 Upper gastrointestinal series showing paraesophageal hernia 
with a large portion of the fundus in the chest.

Figure 60.7 Large paraesophageal hernia complicated by a large food 
bezoar.
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rates from 24% to 9%, 22% to 0%, and 59% to 54%, respectively 
[53–55].

Gastric volvulus

Definitions
Gastric volvulus is a rare but potentially life-threatening struc-
tural disorder in which a portion of the stomach abnormally 
rotates greater than 180° on its own axis. The pathological rota-
tion can lead to obstruction of the stomach, strangulation, and 
infarction, either in the abdomen or the thorax. Berti first 
described this clinical entity in 1866, with only 300 reported 
cases since [56]. Primary gastric volvuli do not have a known 
etiology; secondary gastric volvuli are the result of preexisting 
conditions such as paraesophageal hernias, connective tissue 
disorders, and anterior abdominal wall defects [57].

Due to the transient nature of most chronic gastric volvuli, 
the exact incidence and prevalence of gastric volvulus is 
unknown. In the adult population the peak occurrence is in the 
sixth decade, affecting men and women equally. Congenital dia-
phragmatic defects are the cause of gastric volvuli in children 
before 1 year of age, accounting for about 10%–20% of cases 
[58,59].

Singleton proposed the most commonly used classification of 
gastric volvulus according to the axis of rotation of the stomach: 
organoaxial, mesentericoaxial, and combined-unclassified [60] 
(Figures 60.8 and 60.9) The organoaxial gastric volvulus com-
prises 59% of the cases, mesenteroaxial volvulus 29%, and 
combined-unclassified 12% [61]. In the organoaxial type, the 
stomach excessively rotates anteriorly on its longitudinal axis 
with the pylorus and the gastroesophageal junction as the points 
of rotation. In such cases, a closed loop obstruction occurs and 
is likely to lead to strangulation of the stomach, which has been 
reported to up to 28% of the cases [62]. Mesenteroaxial gastric 
volvulus occurs when the stomach rotates anterioposteriorly 
about the short transgastric axis to fold on itself toward the right 
of the abdomen. (Figure 60.6). This axis is defined by the bisec-
tion of the lesser and greater curvature of the stomach. Unlike 
the organoaxial gastric volvulus, infarction of the stomach is 

Sample dataset of 23 514 patients who underwent PEH repair 
between 1998 and 2005 found that 55% of the patients under-
went the operation via the open abdominal approach, 35% were 
laparoscopic, and only 10% were done via the open thoracic 
approach [39]. Although comparative studies report excellent 
visualization of the hiatus and improved ability to maximally 
mobilize the esophagus in the open transthoracic approach, 
these findings are outweighed by the increased morbidity and 
prolonged hospital stay for patients, with equivalent outcomes 
[40–43].

Since the advent of minimally invasive surgery and the adap-
tation of laparoscopic techniques to hiatal hernia repairs in 
1992, the laparoscopic transabdominal approach has become 
standard of care for the elective treatment of hiatal hernias, 
especially for surgeons who are experienced in minimally inva-
sive surgery. Studies demonstrate that laparoscopic hiatal hernia 
repair is as effective as open transabdominal or open transtho-
racic repair, with a reduced rate of intraoperative blood loss,  
less postoperative pain, decreased pulmonary complications, 
quicker recovery of bowel function, and with shorter hospital 
stays. The smaller incisions of minimally invasive surgery are 
less likely to be complicated by incisional hernias and wound 
infection [44]. The reported mortality rate for laparoscopic 
hiatal hernia repair is 0.5%. Compared to 7 days of hospital stay 
for the open repair, the median length of hospital stay with the 
laparoscopic approach is 3 days. Results from multiple studies 
are consistent with findings when minimally invasive abdomi-
nal surgery has been used for other upper abdominal diseases 
[45]. Laparoscopic transabdominal hiatal hernia repair has 
become the preferred approach for treatment of the majority  
of hiatal hernias. Transabdominal open repair remains the 
approach of choice for many surgeons in case of emergency 
hiatal hernia operations, where gastric perforation and necrosis 
has occurred [46].

Complications
The postoperative complications associated with paraesopha-
geal hernia repair include bleeding, pneumothorax, vagal injury, 
esophageal or gastric perforations, gastric volvulus, and recur-
rences. Up to 20% of patients will have dysphagia initially, and 
6% will have chronic dysphagia [47,48]. The initial reports of 
the laparoscopic hiatal hernia repair had higher recurrence rates 
of up to 59% compared to the 10% rate after a transthoracic 
approach and 15% after an open transabdominal approach. 
However, more recent studies report a markedly deceased rate 
of recurrence with the laparoscopic approach, and comparable 
to that seen with the open repairs [49,50]. Experts attribute the 
decrease in recurrence rates to the evolution and improvement 
in the techniques used in laparoscopic PEH repair, including 
use of mesh reinforcement of the crural closure to make a 
tension-free repair, and the appropriate use of esophageal 
lengthening procedures [51,52]. Three randomized controlled 
trials support the use of mesh placement to reinforce the crural 
closure citing statistically significant decreases in recurrence 

Figure 60.8 Schematic representation of organoaxial volvulus (a) and 
mesenteroaxial volvulus (b).

(a) (b)
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uncommon as most cases of mesenterioaxial gastric volvuli are 
incomplete and intermittent. In the combined-unclassified type, 
the stomach twists along both axes and is usually seen in chronic 
cases.

Pathophysiology
Consistent with its function in storing and mechanically break-
ing down food, the stomach is a relatively mobile organ loosely 
anchored in the intraabdominal cavity by its ligaments. However, 
the laxity in the gastric ligaments permits excessive rotation of 
the stomach along its axes leading to a volvulus. Defect or 
enlargement of the diaphragmatic esophageal hiatus is another 
permissive factor. In the pediatric population, diaphragmatic 
and gastric ligament defects are associated with majority of 
gastric volvuli (43% and 32%, respectively) [63]. It is not sur-
prising that gastric volvulus is most commonly found in adults 
with underlying hiatal hernias. Surgical interventions including 
Nissen fundoplications, total esophagectomies, and gastrecto-
mies, which predispose patients to hiatal hernias, are also impli-
cated in the cause of gastric volvulus [63]. Phrenic nerve 
paralysis and large gastric lesions also place patients at risk for 
developing gastric volvulus [64].

Clinical presentation
Acute gastric volvulus
Clinical presentation of gastric volvulus can be acute or chronic 
in nature with signs and symptoms associated with the timing 
of onset, the severity of rotation of the stomach, and the pres-
ence of complications. Patients with acute gastric volvuli com-
plain of sudden onset of severe epigastric or substernal pain, 

Figure 60.9 (a) Barium radiograph of an organoaxial volvulus associated with a large hiatal hernia. (b) Barium radiograph after resolution of 
organoaxial volvulus (same patient as in (a)).

(a) (b)

which radiates to the neck and shoulders. Thus, acute gastric 
volvulus should be in the differential diagnosis of patients who 
present with symptoms of myocardial infarction. This is usually 
accompanied by intractable dry heaving. Borchardt’s triad 
encompasses the diagnostic three elements of the classic pres-
entation of acute gastric volvulus occurring in 70% of cases:  
(1) acute-onset abdominal pain; (2) violent retching; and (3) 
inability to pass a nasogastric tube into the stomach [65].

On physical examination, the patients with acute gastric vol-
vulus are often found in acute distress with upper abdominal 
distention and tenderness. The inability to pass a nasogastric 
tube is concerning for a complete volvulus and closed loop 
obstruction. Plain radiographs and contrast studies evaluating 
the chest and abdomen are essential initial diagnostic tools. 
X-ray findings that may aid in early diagnosis include a com-
pletely intrathoracic stomach in the retrocardiac position and a 
gas filled viscus in the lower chest or upper abdomen with 
paucity air in the rest of the GI tract seen on chest and abdomi-
nal x-rays [66]. The stomach appears spherical in supine films 
obtained in patients with mesenteroaxial volvulus. Because 
plain films may be falsely negative, when gastric volvulus is 
highly suspected or when diagnosis is uncertain, a CT scan can 
offer immediate diagnosis by defining the volvulus and provid-
ing additional information such as pockets of free air, abscesses, 
and the ability to exclude other processes. Some recommend a 
CT scan with oral and i.v. contrast as the study of choice [67].

Chronic gastric volvulus
Most adult patients with gastric volvulus have a chronic form 
of the disorder, which is less likely to become symptomatic or 



Miscellaneous diseases of the stomach CHAPTER 60   1147

group of patients without evidence of gastric necrosis. With 
advancements in endoscopic equipment and skills, successful 
intubation of the stomach with the endoscope beyond the point 
of volvulus to rotate it back to its normal anatomic position, 
temporarily reducing the volvulus, has been reported [18,74–
77]. Emergent endoscopic reduction may be especially useful to 
allow for preoperative optimization of the patient. However, 
most of these reports were in patients with chronic gastric vol-
vulus, and given the catastrophic and fatal risks associated with 
acute volvulus, immediate surgical intervention remains the 
recommended management in the absence of comorbidities 
that preclude surgery [68].

The benefit of electively repairing an asymptomatic chronic 
gastric volvulus is uncertain. Although the standard treatment 
is surgical, endoscopic reduction of chronic gastric volvulus and 
placement of percutaneous gastrostomy tubes to anchor the 
stomach has been reported [76]. Higher recurrence rates are 
expected but few serious complications have been observed 
after endoscopic interventions to correct chronic gastric volvuli 
[18]. As in all surgically correctable disorders, risk–benefit anal-
ysis should be considered and discussed with the patient and 
appropriate family members.

Complications
Complications following surgical treatment of acute gastric vol-
vulus are similar to other major abdominal operations and 
include wound infections, fascial dehiscence, splenic injury, and 
abdominal collections. Surgical complications rates range from 
0% to approximately 40%, with a mortality rate as high is 40%–
50%. In a study of 44 patients treated for acute gastric volvulus 
the complication rate was 38% [78]; in contrast, two other more 
recent studies reported no major complications and no mortal-
ity in series of 29 and 14 patients [18,74–77].

Gastric rupture

Definitions
Spontaneous gastric rupture is an extremely rare clinical entity. 
The first case of gastric rupture was recorded in 1818 and the 
literature principally consists of case reports and small series 
[78]. Gastric ruptures affect both children and adults, with more 
incidences reported in female than male patients [79]. Several 
factors contribute to gastric rupture, including massive gastric 
distension (usually over 4 liters), increased intragastric pressure 
with or without associated outlet obstruction, and conditions, 
whether acquired or congenital, that weaken the stomach wall. 
In all cases, the rupture originates with a tear in the mucosal 
layer and dissects through the serosa. Sixty percent of the rup-
tures that occur in the presence of gastric dilation are located 
along the lesser curve near the cardia or at the fundus [78]. 
However, ruptures induced by vomiting are associated with her-
niation of the stomach into the thorax and are typically found 
on the greater curve. The latter type of gastric rupture is similar 

lead to severe complications than the acute type. Moreover, 
chronic gastric volvulus is more likely to involve the mesentero-
axial rotation and be asymptomatic. Usually, the chronic form 
is found incidentally on imaging done for other reasons, and at 
the time of presentation the patient may only describe intermit-
tent vague upper abdominal symptoms. Other primary symp-
toms include pyrosis, early satiety, bloating, shortness of breath, 
and episodes of burping. Patients complain that these symptoms 
can be exacerbated with large meals and vomiting may alleviate 
the discomfort [68]. Because of the nonspecific and remitting 
nature of the symptoms, patients can be undiagnosed for years, 
and often discovered to have chronic gastric volvulus only after 
work-up for other conditions, such as peptic ulcer disease, myo-
cardial infarction, or cholecystitis. The mortality of chronic 
gastric volvulus is less than 13% [69].

Therapy and management
In approximately 5%–25% of cases, acute gastric volvulus is 
complicated by gastric strangulation, infarction, or perforation 
[8]. Hematemesis is an ominous sign of mucosal ischemia and 
can rapidly progress to hypovolemic shock. Additionally, 
patients may manifest signs of other complications such as  
gastrointestinal bleeding and multisystem organ failure. 
Improvements in diagnosis and management of acute gastric 
volvulus have led to a marked decrease in the historical mortal-
ity rates of 30%–50% to 15%–20% in recent years [17,57,70,71]. 
The nonoperative mortality rate for gastric volvulus remains as 
high as 80% [68,72].

Acute gastric volvulus is a surgical emergency and prompt 
diagnosis and appropriate management can be lifesaving. In 
preparation for operative intervention, volume resuscitation 
should be started immediately, the patient’s medical condition 
optimized, and a careful attempt at placement of a nasogastric 
tube to decompress the stomach made. Analgesics and antiemet-
ics are also helpful. In line with the goal of therapy of relieving 
the symptoms, correcting the anatomic abnormality, and pre-
venting recurrence, the surgical strategy to treat acute gastric 
volvulus must include reduction of volvulus, decompression of 
the stomach, evaluation of the viability of the stomach, repair 
of predisposing conditions, and prevention of recurrence by 
fixing the stomach [69]. Several options for surgical repair were 
described by Tanner in 1968 [69]. These include simple gas-
tropexy, gastropexy with division of the gastrocolic omentum, 
partial gastrectomy, gastrogastrostomy, diaphragmatic hernia 
repair, and repair of diaphragmatic eventration. In patients 
without gastric necrosis, anterior gastropexy has become the 
procedure of choice [73]. However, subtotal or total gastrectomy 
may be mandated in cases where gastric necrosis or perforation 
has occurred. Patients with signs of acute peritonitis are likely 
better served by open exploration. In the absence of peritonitis, 
experienced surgeons may opt to begin the operation with a 
laparoscopic approach.

While surgery is the standard of care in the treatment of acute 
gastric volvulus, endoscopic options may be considered in select 
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swallow objects while trying to induce emesis [88,89]. Multiple 
or repeated ingestion is most common in the psychiatric popu-
lation [88]. Incarcerated criminals may swallow objects for sec-
ondary gain (hospitalization), whereas drug traffickers may be 
“body-packers,” who intentionally ingest small packets of illicit 
drugs [86,90] (Figures 60.7 and 60.10).

Clinical presentation and natural history
Unlike esophageal impaction where underlying pathology is 
quite common (especially with food bolus), in gastric foreign 
body ingestion cases, management greatly depends on knowing 
the contents, shape, and size of the ingested material. The vast 
majority of foreign bodies will traverse the stomach without 
causing gastric symptoms; symptoms induced by a gastric 
foreign body suggest mucosal penetration or perforation, peri-
tonitis, or obstruction [86,88]. Mucosal tears, ulceration, perfo-
ration, abscess formation, hemorrhage, and fistula formation 
may all develop as a result of a retained foreign object [86,87]. 
Sharp objects, such as splinters or animal bones, are more likely 
to induce a perforation. Whether and when to remove foreign 
bodies from the stomach are clinical uncertainties. Serious con-
sideration should be given for removal of objects more than 
2 cm in diameter or 5 cm in length because such items may lead 
to duodenal obstruction or perforation [91]. Due to the risk of 
perforation, sharp objects regardless of size should also be 
removed promptly. If a sharp object is too large to be reasonably 
retrieved endoscopically, a laparoscopic gastrostomy or other 
surgical methods may be necessary [92]. Blunt objects that are 

in pathogenesis and management to Boerhaave syndrome 
(esophageal rupture) [80].

Gastric rupture has been reported in patients with a history 
of anorexia nervosa, bulimia, and binge eating. In addition, 
gastric necrosis and rupture were the cause of death in 3%–6% 
of 152 reported deaths in patients with Prader–Willi syndrome, 
suggesting that these patients are at risk [81]. Finally, neonates 
may be at increased risk for gastric perforation for unknown 
reasons; in a series of 13 newborns with gastric rupture, 45% 
were preterm and mortality was 54% [82].

Clinical presentation
Gastric rupture typically presents with acute onset of severe 
abdominal pain, marked abdominal distention, and dyspnea 
[78]. They usually have exam findings consistent with peritoni-
tis and shock [83]. In some cases, subcutaneous emphysema in 
the chest and neck has also been reported. These symptoms and 
findings can mimic other intraabdominal catastrophes, such as 
ulcer perforation, pancreatitis, appendicitis, neoplastic perfora-
tion, and splenic rupture.

Therapy and management
Without surgical intervention, gastric rupture has a 100% mor-
tality rate as patients succumb to shock and multisystem organ 
failure [79]. Once the diagnosis is suspected from the clinical 
presentation and history, plain radiograph is typically all that is 
required to confirm the diagnosis and plan for immediate surgi-
cal intervention.

Even with immediate surgical treatment, mortality rates 
exceed 60%. Gastric ruptures are usually greater than 5 cm, with 
larger size of rupture associated with greater peritoneal con-
tamination and higher mortality rates [84]. The operation 
begins with an intraabdominal exploration, evacuation of  
the concomitant gastric spillage and adequate intraperitoneal 
lavage, complete resection of nonviable gastric tissue usually 
requiring a subtotal or total gastrectomy, and correction of any 
other underlying anatomic condition if the hemodynamic sta-
bility of the patient permits.

Foreign bodies

Definitions and epidemiology
In the United States, 1500 persons die each year from either 
swallowing or aspirating foreign bodies [84]. The majority of 
foreign object ingestions occur in children and are most com-
monly small toys or coins [85]. In adults, items may be acciden-
tally swallowed as a result of carelessness, cognitive impairment, 
poor vision, or alcohol intoxication [86,87]. Such items may be 
articles that are frequently placed in the mouth, such as tooth-
brushes, dental prostheses, or nails. Patients with dementia or 
psychological disease are most likely to intentionally ingest a 
foreign body, but patients with bulimia may inadvertently 

Figure 60.10 Endoscopic view of a gastric bezoar.
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never be administered in cases of battery ingestion because it 
has not been shown to be effective and may result in esophageal 
impaction of the battery [87]. If there is battery disruption, 
heavy metal levels (dependent on the type of battery) in the 
blood and urine should be measured.

Caustic ingestion injury

Definitions and epidemiology
Ingestion of caustic materials is often more dangerous and  
damaging than foreign bodies. Common sources of alkaline 
products (containing sodium or potassium hydroxide, ammo-
nium hydroxide, sodium or potassium hydroxide, and potassium 
permanganate) include drain openers, automatic dishwasher 
detergents, alkaline batteries, and toilet, swimming pool, and 
radiator cleaning agents. Any compound with a pH >11 is 
capable of inducing alkali injury. Products that contain acids 
include antirust compounds, etching compounds, car batteries, 
and pool sanitizers. The discomfort caused by acids is likely to 
lead to immediate vomiting and limited ingestion. In contrast, 
alkali compounds are often odorless and tasteless and are there-
fore more likely to be consumed in dangerous quantities. 
Furthermore, alkali agents penetrate tissue more rapidly than 
acidic agents because of their solvent action on lipoproteins [98].

Clinical presentation
Acute manifestations of a caustic ingestion include persistent 
salivation, odynophagia or even a complete inability to swallow, 
and the development of palatal or pharyngeal ulcers and white 
plaques [99,100]. Hoarseness, stridor, and hematemesis may 
also develop. In a series of 378 patients with acid ingestions, 3% 
developed massive upper gastrointestinal bleeding between 9 
and 21 days after the ingestion [101]. The majority of these 
hemorrhages arose from the stomach rather than the duode-
num, and 90% of gastric bleeds required surgical intervention. 
The presence of peritonitis or mediastinitis suggests a perfora-
tion. Acute and chronic manifestations of a caustic ingestion are 
more commonly seen in the oropharynx and esophagus, but 
gastric damage may result in late manifestations such as early 
satiety, weight loss, and vomiting (symptoms of a possible outlet 
obstruction).

Therapy and management
The first goal in the evaluation of the patient with caustic injury 
is to assess for evidence of perforation. This can be done with 
abdominal and chest radiographs. If no free air is seen but per-
foration is still suspected, a CT scan should be pursued. The 
patient may be sent home if there is no free air on plain films, 
if there are no symptoms, and if the ingestion was accidental. 
Admission and surgical consultation are warranted if there is 
evidence of perforation. If the patient has respiratory or gas-
trointestinal symptoms or if the ingestion was intentional, the 
patient should be admitted to the hospital. The patient should 

less than 2 cm in diameter or 5 cm in length may be followed 
with serial radiographs. If the object remains in the stomach for 
3 weeks or if the patient develops symptoms of mucosal irrita-
tion, endoscopic retrieval of the foreign body should be pursued. 
However, batteries that do not pass from the stomach should be 
removed within 48 h, and if they have passed into the small 
intestine, need to follow closely to ensure progression through 
the gastrointestinal tract.

Therapy and management
Endoscopy should be performed in the left lateral position. 
Glucagon may be administered to limit motility (although this 
is more likely to be beneficial for objects in the duodenum than 
those in the stomach). The efficacy of glucagon has not been 
established but side-effects are minimal. Although removal of 
foreign bodies can usually be managed without endotracheal 
intubation, this should be strongly considered in difficult to 
sedate individuals or in cases when removal may be challenging 
or lengthy. Similarly, a protective overtube should almost always 
be placed when esophageal injury is a concern. If available, 
longer overtubes (>45 cm) should be used for gastric ingestions. 
These may allow both safer removals and/or can be removed in 
one motion with the foreign body if that cannot pass through 
the rigid overtube [93,94]. Standard biopsy forceps or snares 
may be used, although these are typically low yield. Oval or 
round objects may be trapped within a basket or net. Depending 
on circumstances, the endoscopist may also consider use of 
other instruments, such as the grasping forceps, endoscopic 
scissors, loop cutters, three-armed grasping devices, or tools 
used during pancreatobiliary manipulation. Surgery should be 
considered before endoscopy for large, jagged objects, and for 
“body-packers” where there is a significant risk of death from 
rupture during endoscopic removal. Any ingested magnets 
should be removed, as adherent magnets may cause pressure 
necrosis. With the use of commercially available forceps, snares, 
baskets, and nets, endoscopic retrieval of foreign bodies is suc-
cessful in 94%–98% of cases [95,96].

Button batteries are especially concerning and therefore a 
thorough history should be taken to elicit their ingestion and 
abdominal films carefully scrutinized for this finding. These 
batteries contain alkaline compounds such as sodium or potas-
sium hydroxide. Damage to the stomach may occur as a result 
of low-voltage burns, pressure necrosis, or direct corrosion [18]. 
Batteries lodged within the esophagus should be removed 
immediately by endoscopy. If the plain radiograph demon-
strates the battery within the stomach and the patient is asymp-
tomatic, the patient can be followed with serial radiographs. 
Endoscopic removal is warranted if the battery remains in the 
stomach at 48 h, if it is greater than 15 mm in diameter, if it is a 
mercury-based battery, or if the patient is symptomatic with 
localized abdominal pain, hematemesis, or melena [97]. If the 
battery passes beyond the stomach into the duodenum the vast 
majority will pass through the GI tract and need to be followed 
by occasional (every 3–4 days) radiographs. Ipecac syrup should 
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also been found in the esophagus and rectum [106]. Such matter 
may include plant and vegetable debris (phytobezoar), hair (tri-
chobezoar), medications (pharmacobezoar), inspissated milk 
(lactobezoar), and persimmons (disopyrobezoar). Rapunzel 
syndrome is a form of trichobezoar when the hair extends to 
the small intestine (at times to the ileocecal valve) and causes 
obstruction.

Epidemiology
The true prevalence of bezoars is uncertain because many 
patients are asymptomatic, but bezoars are uncommon in the 
intact stomach, with a reported prevalence of 0.4%. However, 
10%–25% of patients with prior antrectomies have been found 
to have symptomatic bezoars and over 50% of all patients pre-
senting with a bezoar have had prior gastric surgery [107,108].

Pathogenesis
The formation of bezoars is likely multifactorial. Altered gastric 
motility and emptying are the primary causes, but size and 
digestibility of swallowed material are factors as well. Inadequate 
mastication, missing teeth, and poorly fitting dentures may also 
contribute to bezoar formation [109,110]. Prior gastric surgery, 
whether it be a pyloroplasty, antrectomy, Roux-en-Y gastric 
bypass, or partial gastrectomy, clearly places patients at risk for 
phytobezoar or fungus ball formation [111,112]. Surgery can 
induce gastric atony and dysmotility, but outlet obstruction 
from stenosis and decreased secretion of acid and pepsin also 
play a role in bezoar formation. Furthermore, many postsurgi-
cal patients develop chronic gastropathy that leads to increased 
mucus production, and this mucus may act like cement for 
developing concretions [113]. In an era of bariatric surgery, 
Roux-en-Y gastric bypass and laparoscopic adjustable gastric 
banding have been associated with bezoar formation [111,114]. 
In addition to surgery, gastric stasis and bezoars have been 
linked to paraesophageal hernias (Figure 60.7), diabetic gas-
troparesis, mixed connective tissue disease, hypothyroidism, 
and myotonic dystrophy [115–118].

Phytobezoars commonly comprise apples, grapes, oranges, 
pomegranates, cherries, raisins, bran, oats, cabbage, potato peels, 
peanuts, and celery [109,119]. Bezoars may also be composed of 
nonfood items such as plastic, paper, string, or Styrofoam. 
Disopyrobezoars develop when unripe persimmon material 
comes into contact with gastric acid; tannin in the fruit forms a 
coagulum that acts as a base for bezoar formation. Trichobezoars 
may be large, depending on the amount of hair consumed. 
Medications have reportedly been trapped within hair fibers, and 
drug toxicity has been attributed to altered drug metabolism 
[120]. Trichobezoars may also contain food material and fat. 
Fungus balls, also termed yeast bezoars, are associated with prior 
gastric surgery and frequently resolve without therapy. For 
symptomatic fungus balls, gastric lavage, antimycotics, and 
gastric outlet reconstruction have all been used [121,122].

Concretions are typically hard bezoars. Shellac, furniture 
polish, and concrete are classic components of such bezoars, 

ingest nothing by mouth initially, and psychiatric consultation 
should be considered. If the patient has significant respiratory 
complaints, laryngoscopy should be considered to determine 
the need for intubation or tracheostomy. Endoscopy is war-
ranted in all cases, but the timing of an endoscopic examination 
is unclear. Although some authors recommend immediate 
endoscopy, waiting 24–36 h may allow for better assessment for 
the extent of injury [99,100].

A grading system based on endoscopic appearance has been 
developed to guide postingestion management:
• grade I: erythema and edema
• grade II: hemorrhage, erosions, blisters, and superficial ulcers 

(IIA, linear; IIB, circumferential)
• grade III: multiple, deep, brown-black or gray ulcers
• grade IV: full perforation.

For grade I–IIA damage, liquids can be started with dietary 
advancement as tolerated. Grade IIB or III patients should have a 
nasogastric tube placed for gastric decompression, and acid sup-
pression should be employed. Oral liquids may be started approxi-
mately 48 h after endoscopy if the patient is swallowing well. 
Immediate surgery is warranted in patients with grade IV damage.

Acid neutralizers have been used to limit caustic damage in 
the past, but these are no longer recommended because heat 
production from the neutralization process has been shown to 
worsen tissue injury [102]. Owing to the risk of esophageal 
strictures and antral stenosis, some investigators have proposed 
administering oral corticosteroids, based on animal and anec-
dotal data. The only randomized controlled trial performed sug-
gested that steroids did little to prevent or limit esophageal 
strictures, and routine steroid use is not recommended by all 
clinicians [103].

Complications
In the long term, caustic gastric injury may lead to antral stenosis 
within 3–6 weeks of the ingestion, or it may be delayed for many 
years. It is not unreasonable to perform an upper gastrointestinal 
series at 3–6 weeks to look for this complication. Some cases of 
antral or pyloric stenosis may respond well to endoscopic balloon 
dilation, but most patients will eventually require a surgical 
pyloroplasty or distal gastrectomy. In patients with prior caustic 
injury who are undergoing endoscopy for other reasons, antral 
hyalinization has been reported and may mimic gastric Crohn’s 
disease or cancer [104]. Corrosive damage may increase the risk 
for subsequent gastric cancer, but such reports are isolated. 
Unlike in the case of esophageal corrosive injury, where an 
increased risk of squamous cancer warrants surveillance such a 
recommendation cannot be made for gastric cancer risk [105].

Gastric bezoars

Definition
Bezoars are concretions of foreign material that are retained, 
most frequently within the stomach (Figure 60.10), but have 
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teolytic enzyme. Although this enzyme can be individually pur-
chased, papain can be obtained more cheaply by using Adolph’s 
Meat Tenderizer (1 teaspoon in 115 mL [4 ounces] of water 
before each meal) [100,128]. Some caution should be used with 
the latter salt-containing preparation (1800 mg per tablespoon) 
because hypernatremia is a potential problem. For phytobezoars 
cellulase can be used as well. Cellulase tablets are frequently 
crushed and given after each meal, or 2 liters of cellulase solu-
tion may be consumed over the course of 2 days (20 g cellulase 
in 2 liters of water) [128,129]. Biochemical supply companies 
can provide papain and cellulase preparations. Because many 
phytobezoars contain mucus as well, the mucolytic agent ace-
tylcysteine may also be used. This agent has been reported to be 
effective at a dose of 15 mL in 50 mL of saline administered 
through a nasogastric tube two times per day for 2 days; 
although not specifically stated in this case report, presumably 
a commercially available 20% acetylcysteine preparation was 
used and diluted to a 5% solution as recommended by the 
manufacturer for other indications [128]. Several case series 
have reported significant benefit from Coca-Cola lysis [130], 
with a nearly 50% complete resolution. The average amount of 
Coca-Cola consumed was close to 3 liters over a 12-h period 
[130]. If there is ulceration associated with the bezoar, some 
investigators have suggested that mucolytic and cellulolytic 
agents are safer than the proteolytic regimens provided.

Mechanical therapy
Many bezoars contain insoluble agents that are not amenable to 
enzyme therapy, and some patients are sufficiently symptomatic 
that more urgent therapy is warranted. Small bezoars may be 
retrieved like other foreign bodies with endoscopic baskets, 
snares, or forceps. An esophageal overtube is frequently used to 
prevent inadvertent aspiration of the bezoar [131]. Similarly, 
many bezoars can be mechanically disrupted into small pieces 
with forceps such that the pieces are retrieved by suction or 
allowed to pass through the pylorus. For soft and permeable 
bezoars, a large-bore orogastric lavage tube can be placed for 
aggressive water lavage with subsequent aspiration of the frag-
mented bezoar. Frequently, a combination of endoscopic frag-
mentation and subsequent orogastric lavage is used, with 
immediate relief for the patient.

Other modes of mechanical disruption have been proposed. 
Plastic tubing has been placed through an endoscope channel 
and attached externally to a Teledyne Water Pik system. Water 
or an enzymatic solution can be pulsated against the bezoar to 
allow fragmentation and subsequent gastric lavage [120,132]. 
Neodymium : yttrium–aluminum–garnet (Nd : YAG) laser may 
be useful for refractory bezoars, although multiple sessions may 
be necessary [133]. Electrohydraulic lithotripsy, laser lithot-
ripsy, and mechanical lithotripsy – with an endoscopic retro-
grade cholangiopancreatography (ERCP) lithotriptor for hard 
bezoars – have also been successful [134,135]. In patients who 
have undergone gastroplasty and in whom the surgical stoma 
may be too small (predisposing to bezoar formation and not 

and surgery may be necessary to remove concretions because 
other therapies are generally ineffective. Pharmacobezoars may 
develop in patients with normal or abnormal gastric physiology. 
Aluminum hydroxide antacids have caused bezoars in patients 
with renal failure, and the cellulose-based coating of enteric 
coated aspirin has been problematic in other patients [123,124]. 
In patients with achlorhydria, calcium and magnesium carbon-
ate preparations may not dissolve normally. Sucralfate will occa-
sionally form concretions at normal doses and in patients with 
gastric outlet obstruction, so this agent should be avoided in 
patients with outlet obstruction or significant dysmotility [125]. 
Other drugs with capsules that do not digest (such as certain 
nifedipine or mesalamine preparations) should also be avoided 
in patients with gastric outlet narrowing [126].

Clinical presentation
Many patients with bezoars are asymptomatic, but epigastric 
pain, early satiety, nausea, and vomiting are common manifesta-
tions of a bezoar [100,109]. Bloating, malaise, and weight loss 
may also be reported. In some patients, these symptoms persist 
despite bezoar resolution; in such cases, the nonspecific symp-
toms may be more reflective of the gastric dysmotility than of 
the actual presence of a bezoar. In patients at risk for bezoar 
formation, symptoms of small bowel obstruction may reflect the 
passage of a bezoar into the small bowel, although this is rare 
[127]. Gastric outlet obstruction and gastric bleeding (hemate-
mesis or melena) can also be complications of bezoars. Given 
the nonspecific nature of the symptoms, the patient’s history 
may suggest other causes, such as peptic ulcer disease, gastric 
cancer, or many other intraabdominal processes. On physical 
examination, potential findings include abdominal tenderness, 
a palpable mass, and a succussion splash [100]. Plain radio-
graphs may demonstrate an air shadow or a mottled-appearing 
mass in the stomach. Barium studies are much more likely to 
demonstrate a bezoar; trichobezoars “absorb” barium and have 
a mottled appearance whereas phytobezoars and concretions 
are typically impermeable to barium (Figure 60.7). Radiographic 
studies may miss a bezoar, and endoscopy remains the test of 
choice. Although other studies such as ultrasound or CT may 
demonstrate a bezoar, endoscopy is best for determining the 
type of bezoar, for excluding cancer, and for evaluating the 
mucosa for associated ulceration or outlet obstruction.

Therapy and management
Endoscopic therapy aimed at resolution is warranted for symp-
tomatic bezoars. Incidentally found bezoars do not require 
immediate endoscopic treatment; however, evaluation of delayed 
gastric emptying should be undertaken and treatment should 
probably be proteolytic therapy or prokinetic agents.

Enzyme therapy
Because many bezoars contain cellulose, protein, and mucus, 
enzymatic degradation of phytobezoars may be possible. For 
bezoars containing fibrous material, papain can be a useful pro-
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num, jejunum, and much less frequently the esophagus, gall-
bladder, colon, and spleen. In the stomach the typical location 
is the greater curvature and over half of the lesions have a 
central umbilication (Figure 60.11). Typically, these rests are 
asymptomatic, but abdominal pain, nausea, vomiting, and 
rarely bleeding have been attributed to rests located in the 
stomach. Typically, lesions greater than 1.5 cm can cause pain 
and this is possibly due to secretion of pancreatic juice; in most 
of these, symptomatic improvement after resection has been 
described [129]. However, given that the majority of lesions are 
smaller and likely asymptomatic the role of resection is limited 

allowing passage of bezoar fragments), the stoma may require 
balloon dilation or even an endoscopic incision with a papil-
lotome [136,137].

Medical therapy
Prokinetic agents such as metoclopramide may be used on a 
long-term basis to aid in the prevention and recurrence of 
bezoars. Metoclopramide has been used alone and with con-
comitant endoscopic therapy in the acute setting (40 mg intra-
venously over 24 hours) with some success for the management 
of symptomatic bezoars, but patients should also be placed on 
a clear liquid diet under such circumstances [138]. In the 
absence of a documented underlying gastroparesis this is not an 
FDA-approved indication and patients should be counseled 
about potential serious side-effects. Although liquid diets may 
have some benefit in bezoar dissolution, this is a slow process 
that is not practical as sole therapy. Domperidone, which is not 
available within the United States, may be another option, with 
fewer side-effects but similar gastric effects compared with 
metoclopramide. Erythromycin is another agent that can be 
used to promote gastric motility and to decrease the risk for 
bezoar formation, although this should be used for a limited 
period to aid in resolution [139].

For patients with or at risk for the development of bezoars, 
prokinetic agents should be considered, based on the patient’s 
symptom severity. Conversely, all such patients should follow 
basic dietary guidelines to limit bezoar formation. Specifically, 
smaller but more frequent meals are advisable to promote 
gastric emptying. Patients should chew their food adequately 
into small pieces. Foods that easily coalesce into a bezoar, such 
as persimmons, raw fruits, and stringy vegetables, should be 
avoided [110].

Surgical therapy
Surgery is rarely required for bezoars but may be necessary in the 
setting of bezoar complications such as perforation, gastric or 
small bowel obstruction, and uncontrollable hemorrhage. 
Symptomatic trichobezoars require surgery more often than 
other bezoar types because they are resistant to standard man-
agement techniques. Other types of bezoars may also require 
surgery if they cannot be treated by the methods outlined earlier. 
Because surgery is unlikely to correct the underlying cause of 
bezoar formation and may worsen gastric motility and emptying, 
careful consideration is warranted before proceeding.

Heterotopic pancreas

Heterotopic pancreas is defined as the presence of pancreatic 
tissue in a location without direct anatomical or vascular con-
tinuity with the pancreas. Heterotopic pancreatic tissue, also 
termed a “pancreatic rest,” has been identified in 0.5%–14% of 
persons at autopsy [140]. The stomach is the most common site, 
although heterotopic pancreas can also be found in the duode-

Figure 60.11 Pancreatic rest: (a) endoscopic view; (b) radial 
endosonographic image.

(b)

(a)
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example, 12 patients with previous ablation of Barrett esopha-
gus using multipolar electrocautery have been reported to 
develop squamous epithelium in the gastric cardia (mean length 
1.7 cm). Although some investigators have proposed that squa-
mous epithelium in the stomach represents metaplasia from 
prior injury, others believe this phenomenon is a normal variant 
[145]. The true incidence and clinical significance of this finding 
are unknown.
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[141]. If the endoscopic appearance is not diagnostic, endo-
scopic ultrasound (EUS) may be helpful in the evaluation, espe-
cially when deep biopsies or surgical resection are being 
considered [142]. Either radial EUS or miniprobe EUS can be 
used to characterize these lesion. The typical appearance is that 
of a hypoechoic or intermediate echogenic lesion arising most 
often from the third (submucosa) or fourth (muscularis propria) 
layer. Surgery or endoscopic resection using snare polypectomy 
or band-ligation methods is indicated in cases of symptomatic 
pancreatic rests or if the diagnosis cannot be made without 
noninvasive methods and there is concern for other neoplastic 
etiologies.

Squamous cardiac epithelium

Squamous epithelial extension into the proximal stomach has 
been reported. In the earliest report, 16 patients (all male and 
nearly all Caucasian), were described [143]. Most of the patients 
had pyrosis (75%) and hiatal hernias (100%), and many had 
Barrett esophagus (38%). None of the patients had a history of 
caustic ingestion or prior gastric surgery. Most had solitary 
tongues of this squamous epithelium in the proximal stomach, 
but multiple tongues and islands were also identified. Squamous 
metaplasia of the stomach has also been described on the lesser 
curvature of the stomach, near the cardia [133]. Prior gastric 
injury, such as that from gastric ulcers or electrocautery, has 
been proposed as an underlying factor [131,143–145]. For 
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The functions of intestinal and colonic smooth muscle are con-
trolled mainly by the intrinsic and extrinsic nerves of the gas-
trointestinal tract and, to a lesser degree, by gastrointestinal 
hormones (see Chapter 20). Therefore, any abnormality of 
smooth muscle, intrinsic or extrinsic nerves, or gastrointestinal 
hormones can theoretically cause intestinal or colonic dysmotil-
ity. Abnormal circulating levels of gastrointestinal hormones 
have not been definitely shown to result in dysmotility; however, 
diarrhea in both patients with carcinoid syndrome and irritable 
bowel syndrome is associated with elevated circulating levels of 
serotonin, and acceleration of small bowel and proximal colonic 
transit in these patients may at least partly reflect abnormal 
motor function.

The human small bowel and colon display widely divergent 
patterns of absorption, motility, and transit. Propulsive, peristal-
tic motility can move contents over long distances of the small 
intestine very rapidly, with efficiency approaching that of the 
esophagus. The small intestine facilitates emptying from the 
stomach, mixes chyme with digestive enzymes and bile, and 
ultimately delivers residue to the colon. The ileum possesses a 
specialized type of contraction (giant migrating contraction) 
that sweeps unabsorbed residue to the colon and is analogous 
to the high-amplitude colonic contractions that result in mass 
movements of content in the colon. Intermittent emptying of 

ileal content ensures that enough time is available for salvage of 
the remaining nutrients in the small intestine. Fluctuations in 
intestinal tone produce pressure gradients for the movement of 
gases [1]. The small intestine and colon also set up feedback 
inhibitory reflexes (e.g., ileal brake) that retard proximal motor 
functions such as gastric emptying.

In contrast to the motor programs of other regions in the gut, 
those of the colon are under strong inhibitory influences, 
slowing colonic transit for fecal contents to solidify. The well-
developed muscular wall of the colon exhibits basal tone but, at 
the same time, it has a pronounced propensity to relax [2]. As 
the organ responsible for the final stages of absorption and 
elimination, the colon is highly relevant to diarrhea and consti-
pation. Colonic fermentation of dietary residues, mainly the 
“unavailable carbohydrates,” generates hydrogen, carbon 
dioxide, short-chain fatty acids, and methane through the 
anaerobic action of bacterial enzymes [3]; and may result in 
distention of the abdomen and flatulence. Constipation is a 
major concern of many persons, and disturbances of colonic 
motility figure prominently in the minds of patients and 
physicians.

Dysmotility of the small intestine and colon has a wide range 
of clinical manifestations, regardless of the underlying cause  
of the disorder. Patients at one end of the spectrum may be 

Dysmotility of the small intestine and colon

Lawrence Szarka
Mayo Clinic College of Medicine, Rochester, MN, USA

Small intestine

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


Dysmotility of the small intestine and colon CHAPTER 61   1155

layers, the networks of interstitial cells of Cajal are recognized 
as the pacemakers activating neuromuscular function. The ENS 
consists of approximately 100 million neurons in higher 
mammals, and this number is roughly equal to the number of 
neurons in the spinal cord (Figure 61.1).

The ENS develops in utero as neural crest cells migrate to the 
developing alimentary canal. The migration of neural crest cells, 
and the sequence of innervation of different levels of the gut, 
are regulated by specific signaling molecules that include tran-
scription factors (e.g., Mash-1), neurotrophic factors (e.g., the 
glial cell line-derived neurotrophic factor [GDNF] and its 
receptor subunits), and the neuregulin signaling system. These 
facilitate the growth, differentiation, and persistence of the 
migrating nerve cells once they arrive in the gut. Neuregulins 
are a large group of structurally related signaling proteins that 
are likely to have important roles in the development, mainte-
nance, and repair of the nervous system and other selected 
tissues. Their receptors are the Erb-B protein tyrosine kinases, 
which are important in cell signaling.

Histological and electrophysiological studies [78–81] of the 
intestinal tract have characterized the properties of the neurons 
and transmitters mediating its functions, including the peristal-
tic reflex and the interactions between neurons and inflamma-
tory cells [82,83].

asymptomatic and, at the other, they may have chronic intesti-
nal pseudoobstruction, a syndrome characterized by recurrent 
or chronic symptoms that suggest obstruction in the absence of 
structural occlusion of the lumen. Between the two extremes, 
patients may have intermittent abdominal pain, bloating, 
nausea, vomiting, diarrhea, and constipation.

In patients with small intestinal dysmotility, motor function 
in other parts of the gastrointestinal tract is usually also abnor-
mal. In this chapter, the initial discussion focuses on the small 
intestine; motility disorders of the colon are manifested pre-
dominantly as constipation and megacolon. Motility disorders 
of other parts of the gastrointestinal tract are discussed in other 
chapters (see Chapters 74, 78, and 101).

Epidemiology

The prevalence of small intestinal dysmotility varies according 
to the underlying disease and appears to be less frequent than 
esophageal, gastric, or colonic dysmotility. The lack of sensitive 
techniques to evaluate small intestinal motility has made it dif-
ficult to estimate its prevalence. Since the early 1970s, several 
hereditary diseases with small intestinal dysmotility have been 
defined, including two groups of diseases associated with 
smooth muscle degeneration, termed familial visceral myopa-
thies (FVMs) [4–30] and childhood visceral myopathies (CVMs) 
[31–57], and a group of diseases associated with myenteric 
plexus degeneration, termed familial visceral neuropathies 
(FVNs) [58–69]. Only a small number of families have been 
reported, mostly Caucasian and less often African American 
[10] and Latino [70]. These rare familial disorders are discussed 
in the first part of this chapter.

Hirschsprung disease, the prototypical congenital colonic 
dysmotility, affects 1 in 5000 newborns. In contrast, constipa-
tion affects about 12% to 15% of the population, with epidemio-
logical data suggesting an equal split between functional 
constipation and evacuation disorders [71,72]. A metaanalysis 
of population studies of chronic idiopathic constipation found 
a pooled prevalence of 14% with higher rates among women 
and older individuals [73].

Other studies of clinic patients have documented the substan-
tial overlap in the diagnoses of constipation-predominant irri-
table bowel syndrome (IBS) and functional constipation despite 
the use of strict definitions [74,75].

Neural control of small intestinal and 
colonic motility (see Chapter 15)

The enteric nervous system (ENS) is a vast network of ganglion-
ated plexuses located in the wall of the gastrointestinal tract 
[76,77]. Although several plexuses are identified anatomically, 
the most important, from a functional perspective, are the mye-
nteric and submucosal plexuses. In association with the muscle 

Figure 61.1  Extrinsic and enteric control of gut motility. The enteric 
nervous system controls stereotypical motor functions such as the 
migrating motor complex and the peristaltic reflex; enteric control is 
modulated by the extrinsic parasympathetic and sympathetic nerves, 
which respectively stimulate and inhibit nonsphincteric muscle. ACh, 
acetylcholine; ICC, interstitial cells of Cajal; IPAN, intrinsic primary 
afferent neuron; NOS, nitric oxide synthase; VIP, vasoactive intestinal 
peptide.
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of the gut also requires the planar cell polarity genes (Celsr3 and 
Fzd3), and deletion of these genes produces significant dysmo-
tility in a murine model [90].

Defects of the neural crest cells themselves or alterations of 
the microenvironment of the pathway through which the neural 
crest cells migrate may result in maldevelopment of the ENS. In 
humans, such disordered development results in congenital 
enteric neuromuscular diseases.

Differentiation of neurons
Migrating crest cells are multipotent [91]. The gut wall is itself 
a critical site where terminal differentiation of the enteric 
neurons and glia occurs and determines what kind of nervous 
system arises within the bowel [92]. Enteric growth factor–
receptor combinations influence differentiation. Combina -
tions of GDNF–GFR-1–RET, NT-3–Trk-C, and 5-HT–5-HT2B 
enhance differentiation. The RET protooncogene encodes a 
tyrosine kinase receptor necessary for the development of the 
ENS. The peptide–receptor combination ET-3–ET-B has a qual-
itatively different effect on nervous system development, pre-
venting the premature differentiation of enteric neurons before 
colonization of the gastrointestinal tract has been completed.

Figure 61.2  Migration paths of the progenitors cells of the enteric nervous 
system (ENSP) from the neural crest. Source: Pachnis et al. 1998 [507]. 
Reproduced by permission of The American Physiological Society.

ENS P

Figure 61.3  Schematic showing the migration paths of the vagal and 
sacral crest cells migrating into the developing gut (curved arrows in 
foregut and hindgut), which provide the parasympathetic supply to the 
gastrointestinal tract. The cells enter the developing gut in the embryo 
and migrate through the wall of alimentary canal to establish a complete 
enteric nervous system. Sympathetic nerve supply also is derived from the 
neural crest, with cells migrating directly through the mesoderm to enter 
the developing gut at the corresponding segments. SCG, superior cervical 
ganglia. Source: Sweetser and Camilleri 2008 [508]. Reproduced by 
permission of Elsevier.
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Migration
The ENS cells are derived from precursor cells from three axial 
levels of the neural crest (Figures 61.2 and 61.3). These include 
the vagal [84], rostral–truncal [85], and lumbosacral [84,86] 
levels. The enteric neurons mainly arise from the vagal neural 
crest of the developing hindbrain and colonize the gut by 
migrating in a rostrocaudal direction.

Rarely, the migrating cells do not reach the entire gut; most 
commonly, the terminal portion of the bowel is affected, as in 
classical forms of Hirschsprung disease. Even more rarely, a 
zonal form of Hirschsprung disease may occur (Figures 61.4 
and 61.5), which is postulated to result from the incomplete 
caudorostral migration of neuroblasts during embryonal devel-
opment [87]. The neural crest cells that migrate and colonize 
the gut become neuroblasts or neuronal support cells, glioblasts. 
However, differentiation into neurons and glial cells seems not 
to take place until they reach their final destinations in the gut. 
Movement through the gut mesenchyme, survival in the gut, 
and differentiation into mature cells are influenced by contacts 
of the precursor cells with the microenvironment.

The microenvironment consists of other cells in the mesen-
chyme, neural crest-derived cells, and the extracellular matrix. 
The extracellular matrix components provide directional signals 
to migrating neural crest cells and, together with neighboring 
cells, provide signals for neural crest cell differentiation. The 
appearance of neural crest cells in the gut is preceded by the 
expression of extracellular matrix molecules [88], and other 
factors, such as GDNF, ensure the survival of committed neu-
roblasts [89]. The organization and directionality of the enteric 
neuronal projections relative to the longitudinal and radial axis 
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Figure 61.4  Zonal Hirschsprung disease in an adult: narrowed segment of the sigmoid colon on barium enema and gross pathological examination. 
Source: Fu et al. 1996 [87]. Reproduced by permission of BMJ Publishing Group.

Figure 61.5  Zonal Hirschsprung disease in 
an adult: variation in the number of 
ganglion cells in different segments of the 
resected specimen. Source: Fu et al. 1996 
[87]. Reproduced by permission of BMJ 
Publishing Group.
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Several nerve growth factors are necessary but none individu-
ally is sufficient to differentiate neurons. These include NT-3, 
GDNF, serotonin, and endothelin. Neutrotrophin-3 (NT-3) was 
the first molecule found to affect the development of enteric 
neurons and glia [93]. Crest-derived cells in the fetal bowel 
express tyrosine kinase C (Trk-C), the high-affinity receptor for 
NT-3. Overexpression of NT-3 in transgenic mice causes an 
increase in the size of developing ganglia and neurons in the 
myenteric plexus [92]. The ENS, however, is relatively normal 
in the bowel of mice following the knock-out of NT-3 [94], 
suggesting that NT-3 affects the development of only a subset 
of enteric neurons or glia [91,95].

Stimulation by GDNF is required for the survival of the vagal 
and sacral crest–derived cells that colonize the gut. If either 
GDNF [96,97] or its signaling receptor RET [98] is knocked out 
in developing mice, the vagal and sacral domains of the bowel 
become totally aganglionic, and ganglia persist only in the small 
region of the gut that is colonized by cells from the truncal crest. 
GDNF potently promotes neuronal development in vitro 
[99,100] and acts as a mitogen in early development [99], greatly 
expanding the numbers of enteric crest-derived neural precur-
sors. The initial GDNF-dependent crest-derived precursor that 
colonizes the bowel gives rise to multiple cell lineages that 
require particular growth or transcription factors. For example, 
the truncal crest depends on GDNF, not RET [85], but also 
requires Mash-1. From this GDNF- and Mash-1-dependent 
lineage, all the serotoninergic neurons (which develop early in 
ontogeny) and many excitatory and inhibitory motor neurons 
develop. Later, GDNF loses its ability to promote proliferation, 
and it acts only as a growth-differentiation factor for enteric 
neurons, not for glia. All enteric neurons that contain calcitonin 
gene-related peptide are derived from Mash-1-independent 
neurons and differentiate late in ontogeny, after the last serot-
oninergic neuron has become postmitotic (i.e., terminally dif-
ferentiated). The transcription factors SOX10 and ZFHX1B 
(zinc finger homeobox 1B) play a critical role in the differentia-
tion of enteric neurons. Defects in SOX10 prevent the differen-
tiation of neural crest cells into enterocytes and melanocytes. 
Mutations in SOX10 have been identified in the Waardenburg 
syndrome, characterized by changes in pigmentation, hearing 
loss, and Hirschsprung disease [101].

ZFHX1B represses the expression of adhesion molecules 
including E-cadherin [102]. Mutations in ZFHX1B are associ-
ated with the Mowat–Wilson syndrome, characterized by dys-
morphia, mental retardation, and colonic aganglionosis [103].

Enteric serotoninergic neurons appear so early that they 
coexist in primordial enteric ganglia with still-dividing neural 
precursors. Serotonin (5-HT) may be more than a neurotrans-
mitter; the 5-HT2B receptor in the fetal bowel is regulated and 
optimal at specific times, so that 5-HT strongly promotes the 
development of neurons at specific times and affects the devel-
opment of enteric neurons arising later [104].

These growth-differentiation factors affect virtually the entire 
bowel. The peptide endothelin-3 (ET-3) and its receptor, ET-B, 

play a critical localized role in ENS development [105,106]. 
Examples of tyrosine kinase receptor mutations associated with 
specific genetic disorders, such as the multiple endocrine neo-
plasia (MEN) syndromes, are shown in Figure 61.6.

Chronic small intestinal pseudoobstruction

Etiology
Small intestinal dysmotility may have many causes (Box 61.1). 
The mechanisms and manifestations of small intestinal dysmo-
tility are shown in Figure 61.7. In general, small intestinal dys-
motility may be secondary to either neuropathy or myopathy. 
This is best distinguished by specialized histological and immu-
nohistochemical study of the full thickness of the gastrointesti-
nal wall, which is available at few centers. Smooth muscle is best 
studied by sectioning across the muscle fibers and using tri-
chrome stain [107]. The best way to evaluate the myenteric 
plexus is still evolving. Silver staining of sections of the gastroin-
testinal wall taken parallel to its long axis, described by Smith 
[108] and by Schuffler and Jonak [109], was previously the state 
of the art but has been superseded by immunohistochemistry 
and confocal examination of neurons and a search for genetic 
markers. Thus, a detailed description of phenotypes in familial 
cases is less pertinent than the more mechanistic and etiological 
descriptions that appear below. Application of optical coherence 
tomography and confocal microscopy via endoscopy has the 
potential to enhance characterization of neuromuscular disor-
ders of the intestine, although they remain predominantly 
experimental approaches [110].

Primary causes of small intestinal dysmotility
Primary dysmotilities are rare compared with secondary  
dysmotilities. They may be familial or sporadic.

Familial visceral myopathies
The FVMs are a group of genetic diseases characterized by the 
degeneration and fibrosis of smooth muscle of the gastrointes-
tinal tract and, in a certain type, the urinary tract. At least three 
types of FVM have been distinguished based on gross lesions of 
the gastrointestinal tract and the pattern of inheritance (Table 
61.1), and on documented mitochondrial DNA disorders in 
type II FVM, also called oculogastrointestinal neuropathy. On 
routine pathology, the histological features of these three types 
of FVM do not differ [107]. The involved areas show a charac-
teristic change, consisting of degenerating muscle cells and 
fibrosis that may involve the full thickness of the muscularis 
propria but often is more prominent or limited to the external 
layer (Figure 61.8). Degenerating muscle cells appear pale, 
poorly defined, and fragmented. As residual threadlike rem-
nants become surrounded by collagen, the longitudinal and 
circular muscles take on a vacuolated appearance that is easily 
recognized microscopically (Figure 61.9). Recognition of this 
change is greatly facilitated by the use of a trichrome stain; 
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and mitochondrial DNA is more susceptible to mutation than 
is nuclear DNA.

Mitochondrial disorders manifest organ disturbances that 
reflect the importance of mitochondria to normal function, as 
in skeletal muscle and the nervous system; similarly, metabolic 
disorders result from deranged cellular mitochondrial func-
tions. The locations of selected mutations in the mitochondrial 
16 569-base pair genome that result in pathological disorders 
and syndromes have been documented [111].

Among the mitochondrial disorder, MNGIE, also referred to 
as MEPOP, (oculogastrointestinal muscular dystrophy), and 
FVM type II, affects the gut. This is an autosomal recessive 
condition with gastrointestinal and hepatic manifestations that 
may present at any age, typically with hepatomegaly or hepatic 
failure in neonates, seizures or diarrhea in infants, and hepatic 
failure or chronic intestinal pseudoobstruction in children or 
adults.

MNGIE is characterized clinically by severe gastrointestinal 
dysmotility, external ophthalmoplegia, ptosis, peripheral neu-
ropathy, and leukoencephalopathy. The small intestine is dilated, 
or multiple diverticula are present (Figure 61.10), and the 
amplitude of contractions is typical of a myopathic disorder 
[112]. Some patients have a combination of intestinal dysmotil-
ity and the Kearns–Sayre syndrome, or transfer dysphagia  
secondary to abnormal coordination and propagation of the 

cytochemistry can also identify mitochondrial enzyme deficien-
cies in mitochondrial neurogastrointestinal encephalomyopa-
thy (MNGIE), or type II FVM. Because several advances in our 
understanding of this condition have been made, a further 
detailed discussion of MNGIE is warranted.

Mitochondrial DNA and myopathies These diverse diseases are 
characterized by mitochondrial abnormalities in skeletal muscle 
or affected bowel, which show “ragged red fibers” on a Gomori 
trichrome stain. The metabolic abnormality involves cells in 
other tissues: central and peripheral nervous system, gut, heart, 
kidney, liver, thyroid, pancreas, and bone marrow. The various 
enzymes in the respiratory chain of mitochondria are encoded 
by either nuclear or mitochondrial DNA. The disorders may be 
sporadic or inherited in an autosomal dominant, autosomal 
recessive, or X-linked pattern; maternal inheritance is more 
frequent.

Mitochondria are involved in the production of energy 
(ATP), the generation of reactive oxygen species, and the initia-
tion of apoptosis through activation of the mitochondrial per-
meability transition pore [111]. Mitochondrial DNA is made up 
of two to ten double strands of circular DNA in the mitochon-
drial matrix. At least 37 genes have been discovered, some of 
which encode the respiratory chain enzymes. The transcription 
of mitochondrial DNA is not closely related to the cell cycle, 

Figure 61.6  Tyrosine kinase receptor with 
examples of mutations associated with 
specific genetic disorders. (F)MTC, 
(familial) medullary carcinoma of the 
thyroid; MEN, multiple endocrine 
neoplasia. Source: Edery et al. 1994 [509]. 
Reproduced by permission of Nature 
Publishing Group.
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Box 61.1  Causes of small intestinal dysmotility.

Primary causes

Familial types
Familial visceral myopathies: types I, II (MNGIE), III
Familial visceral neuropathies: types I, II
Childhood visceral myopathies: type I, type II (megacystis–
microcolon–intestinal hypoperistalsis)

Nonfamilial or sporadic types
Visceral myopathies
Visceral neuropathies

Secondary causes

Disease involving the intestinal smooth muscle
Collagen diseases (e.g., scleroderma, dermatomyositis, systemic 
lupus erythematosus, mixed connective tissue disease)
Muscular dystrophies (e.g., myotonic dystrophy, Duchenne muscular 
dystrophy)
Amyloidosis

Neurological diseases
Chagas disease, ganglioneuromatosis of the intestine, paraneoplastic 
neuropathy, Parkinson disease, spinal cord injury
Endocrine disorders

Diabetes mellitus, thyroid disease (i.e., hyperthyroidism, 
hypothyroidism), hypoparathyroidism

Pharmacological agents
Phenothiazines, tricyclic antidepressants, antiparkinsonian 
medications, ganglionic blockers, clonidine
Narcotics (morphine and meperidine)

Miscellaneous intestinal disorders
Celiac disease
Small intestinal diverticulosis
Radiation enteritis
Diffuse lymphoid infiltration of the small intestine
Jejunoileal bypass
After gastrointestinal viral infection

MNGIE, mitochondrial neurogastrointestinal encephalomyopathy.

Figure 61.7  Mechanisms and manifestations of small intestinal 
dysmotility.
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Table 61.1  Classification of familial visceral myopathies.

Characteristics Type I [1–14] Type II [15–23] (MNGIE) Type III [24–27]

Mode of transmission Autosomal dominant Autosomal recessive; isolated cases Autosomal recessive

Gross lesions Esophageal dilation, 
megaduodenum, redundant 
colon, and megacystis

Gastric dilation, slight dilation of the 
entire small intestine with numerous 
diverticula

Marked dilation of the entire digestive 
tract from the esophagus to the rectum

Microscopic changes Degeneration and fibrosis of 
both muscle layers

Same Same

Clinical manifestations
 Age at onset After the first decade Teens Middle age
 Percentage symptomatic <50% >75% >75%
 Symptoms of chronic 

intestinal 
pseudoobstruction

Variable severity Severe plus pain Classical chronic intestinal 
pseudoobstruction

Extragastrointestinal 
manifestations

Megacystis, uterine inertia, 
and mydriasis

Ptosis and external ophthalmoplegia, 
muscle pain, peripheral neuropathy, 
and deafness

None observed

Treatment, prognosis Prognosis good with or 
without surgery

No effective medical or surgical 
treatment; prognosis poor

Same as type II (MNGIE)

MNGIE, mitochondrial neurogastrointestinal encephalomyopathy.
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Figure 61.8  (a) Longitudinal section of jejunum from a patient with 
familial visceral myopathy shows normal circular muscle layer and a 
prominent neural bundle (arrow). Scattered muscle fibers and collagen are 
observed in the longitudinal layer. Trichrome stain; original magnification 
×40. (b) Cross section of jejunum from area depicted in (a). The outer 
muscle layer contains one large bundle of preserved smooth muscle fibers 
and scattered individual fibers throughout the collagen elsewhere. 
Trichrome stain; original magnification ×40. Source: Mitros et al. 1982 
[107]. Reproduced by permission of Elsevier.

(a) (b)

Figure 61.9  The characteristic vacuolar change, with collagen fibers 
encircling spaces filled by fragmented muscle cells, in a patient with 
familial visceral myopathy. Trichrome stain; original magnification ×470. 
Source: Mitros et al. 1982 [107]. Reproduced by permission of Elsevier.

Figure 61.10  Enteroclysis in a patient with type II familial visceral 
myopathy demonstrates numerous diverticula in the small intestine.

swallow through the pharynx and skeletal muscle portion of the 
esophagus. This is even more devastating when the smooth 
muscle portion of the esophagus is affected by the associated 
MNGIE.

Apart from the obvious external ophthalmoplegia, these 
patients manifest skeletal muscle pain and cramps, and systemic 
(lactic) acidosis. Circulating levels of muscle enzymes (creatine 
phosphokinase [CPK], aspartate and alanine aminotransferases 
[AST, ALT], aldolase, others) are elevated, and muscle biopsy 
shows characteristic ragged red fibers on modified Gomori 
stain. This appearance results from the hypertrophy of mito-
chondria in the subsarcolemmal position in a few muscle fibers 
and the lack of mitochondria in other muscle fibers. Special 
stains for the respiratory muscle enzymes can identify the 
precise functional defect. For example, succinate dehydrogenase-
positive fibers appear “ragged blue,” and staining of the adjacent 
tissue section with cytochrome c oxidase demonstrates a defi-
ciency of the latter enzyme and a gene defect in the control of 
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the complex IV respiratory chain proteins (Figure 61.11) [112]. 
In the intestine, hypertrophy of the circular muscle layer, 
atrophy of the longitudinal muscle, and megamitochondria in 
myenteric neurons and muscle cells are seen [113].

The screening tests for MNGIE are measurement of serum 
lactic acid, muscle enzymes, and thymidine phosphorylase in 
circulating leukocytes [114]. The latter test is based on muta-
tions identified in the gene for thymidine phosphorylase in 21 
probands with MNGIE [114].

Familial visceral neuropathies
The FVNs are a group of genetic diseases characterized by 
degeneration of the myenteric plexus. At least two distinct phe-
notypes, I and II, have been identified and are summarized in 
Table 61.2. A number of syndromic congenital neuropathies are 
related to disturbances in the ontogeny of the neural crest and 
the ENS.

Congenital neuropathic motility disorders These disorders can 
be broadly classified as follows [115]:
1. Disorders of colonization by migrating neural crest derived 

neurons, as in Hirschsprung disease, related to abnormalities 
in the RET gene and GDNF, the disorder of ET-3 and its 
receptor, ET-B, or mutation in ZFHX1B .

2. Disorders of differentiation of enteric nerves, as in intestinal 
ganglioneuromatosis, related to a specific germ-line point 
mutation in RET at codon 918 of exon 16 (M918T) or at 
codon 883 (A883F) in multiple endocrine neoplasia (MEN) 
type 2B syndrome

3. Disorders of survival or maintenance of enteric nerves, as 
in hypoganglionosis and possibly congenital achalasia,  
which can result from one of several mechanistic derange-
ments: GFRα2/neurturin, GFRα3/artemin, Trk-C/NT-3, and 
5-HT2B/5-HT.

Figure 61.11  Histological and histochemical studies of a skeletal muscle 
biopsy specimen from a patient with mitochondrial myopathy; (a) note 
the ragged fibers, characterized by a subsarcolemmal location of giant 
mitochondria in a few fibers and a paucity of mitochondria in other 
fibers. (b) On histochemical analysis, a few fibers are positive for 
succinate dehydrogenase (ragged appearance), but the same fibers do not 
express cytochrome c oxidase (c), suggesting a defect in the respiratory 
enzyme chain that results in mitochondrial dysfunction and systemic 
acidosis. Source: Mueller et al. 1999 [112]. Reproduced by permission of 
Elsevier.

Modified

Gomori:

ragged

fibers with

subsarco-

lemmal mito-

chondria

(a)

(c)

(b)

Succinate

dehydro-

genase:

Cytochrome

coxidase

negative

ragged

fibers

ragged

(     )

fibers
(     )

Table 61.2  Classification of familial visceral neuropathies.

Characteristics Type I [55–57] Type II [58–64]

Mode of transmission Autosomal dominant Autosomal recessive

Gross lesions Dilation of lengths of small intestine, often distal small 
bowel; megacolon; gastroparesis in ∼25% of patients

Hypertrophic pyloric stenosis; dilated, short small 
intestine; malrotation of small intestine

Microscopic changes Degeneration of argyrophilic neurons and decreased 
numbers of nerve fibers

Deficiency of argyrophilic neurons and increased 
neuroblasts

Clinical manifestations

 Age at onset Any age Infancy

 Percentage symptomatic >75% 100%

 Symptoms Chronic intestinal pseudoobstruction in ∼67% Chronic intestinal pseudoobstruction in all

Extragastrointestinal manifestations None Malformation of central nervous system, patent 
ductus arteriosus sometimes present

Treatment, prognosis No effective medical or surgical treatment; prognosis 
fair

No effective medical or surgical treatment; 
prognosis poor
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istic facies, “blubbery lips” resulting from mucosal neuromas, 
marfanoid habitus, medullated corneal nerve fibers, and even 
medullary thyroid carcinoma [119,121]. The latter develops 
eventually in almost all patients.

In MEN type 2B, a feature of the intestinal pathology is trans-
mural intestinal ganglioneuromatosis, in which massive prolif-
erations of neural tissue (neurons, supporting cells, and nerve 
fibers) appear as thickened nerve trunks among mature nerve 
cells (Figure 61.14).

MEN type 2B is a dominantly inherited disorder, but at least 
half of all patients present with a de novo mutation because only 
a few survive to reproductive age and are disabled by a variety 
of neurological symptoms that impair reproduction. The precise 
molecular abnormality is in the RET protooncogene (see Figure 

Hirschsprung disease is an uncommon condition affecting 1 
in 5000 live births and causing intestinal obstruction in neonates 
and megacolon in infants and adults, is often associated with 
mutations in genes encoding GDNF–RET [116,117] or ET-3–
ET-B [106,118]. Mutations in RET and ET-B (i.e., the receptors) 
are much more frequently encountered than mutations in the 
two ligands. At least two different mechanisms can cause the 
terminal colon to become aganglionic. In the first, a deficiency 
of GDNF–RET is not so severe as to cause the entire bowel to 
become aganglionic. In the second, a deficiency of ET-3–ET-B, 
crest-derived cells differentiate prematurely and precursors 
cease dividing and migrating before the gut has been entirely 
colonized, leaving the last segment uncolonized. The roles of 
endothelins and of gene mutation M918T in the maldevel-
opment of the ENS and their role in Hirschsprung disease  
are discussed in Section Hirschprung disease: congenital 
megacolon.

At least six separate genetic loci are involved in the control 
of four different intracellular mechanisms that result in models 
of congenital dysmotility and their phenotypic manifestations 
in the gut and other tissues (Table 61.3). These include abnor-
malities of c-RET, the gene that encodes the tyrosine kinase 
receptor; the ETB system; the SOX-10 transcription factor; and 
c-kit, which is a marker for the interstitial cells of Cajal. 
Disturbances in these mechanisms result in syndromic dysmo-
tilities such as Hirschsprung disease, Waardenburg–Shah syn-
drome (piebaldism, neural deafness, megacolon), and idiopathic 
hypertrophic pyloric stenosis. Figure 61.6 shows some of the 
mutations in the tyrosine kinase receptor that have been 
reported in dysmotilities associated with familial or sporadic 
medullary carcinoma of the thyroid, MEN types 2A and 2B, and 
Hirschsprung disease. Visceral neuropathy may result in bowel 
dilatation (Figure 61.12), although this is generally less frequent 
or less severe than in visceral myopathy.

Multiple endocrine neoplasia type 2B syndrome MEN type 2B 
is a serious congenital neuropathic condition associated with 
tumors of the neuroendocrine system. It presents with severe 
constipation or megacolon (Figure 61.13), diarrhea (when asso-
ciated with enterocolitis), or obstruction, often in infancy 
[119,120]. Other external stigmata of MEN 2B are a character-

Table 61.3  Genetic models of Hirschsprung disease.

Genetic defect Phenotype Associated nongastrointestinal disease Dysmotility: prevalence in phenotype

RET–GDNF Hirschsprung None in humans 20%–50% RET, 5% GDNF

ET-3–ET-B Hirschsprung or megacolon Waardenburg–Shah syndrome 5%–10% Hirschsprung

SOX-10 Hirschsprung Waardenburg–Shah syndrome ?

c-KIT ? Chronic intestinal 
pseudoobstruction/Hirschsprung

None ?

GDNF, glial cell line-derived neurotrophic factor.

Figure 61.12  Small bowel radiograph from a patient with type I familial 
visceral neuropathy shows a normal stomach, duodenum, and proximal 
jejunum, but a dilated distal small bowel (arrow). Source: Mayer et al. 
1986 [59]. Reproduced by permission of Elsevier.
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in the neural crest cell-derived ENS, adrenal medulla, parathy-
roid, and C cells of the thyroid. The gain-of-function mutations 
are susceptibility factors for endocrine tumors (medullary car-
cinoma of the thyroid, pheochromocytoma, and parathyroid 
tumors). Because surgery is the only curative procedure for 
medullary carcinoma of the thyroid, it has been recommended 
[126] that patients who present with a clinical phenotype of 
Hirschsprung disease undergo adequate full-thickness biopsy of 
the bowel at the time of the pull-through operation, and that 
those with transmural intestinal ganglioneuromatosis undergo 
molecular diagnostic testing by RET mutation analysis. If germ-
line M918T or A883F mutations are found, a prophylactic thy-
roidectomy is indicated; furthermore, adrenal gland surveillance 
with abdominal ultrasonography and urinary fractionated cat-
echolamines and metanephrine or vanillylmandelic acid are 
indicated because a pheochromocytoma may develop subse-
quently in about 50%.

Other familial visceral neuropathies A few reported families do 
not fit into the two types of FVN discussed previously [21,68,69].

Schuffler and colleagues [68] reported two siblings who had 
generalized neurological disease and intestinal pseudoobstruc-
tion. One had ataxic gait; small, irregular, poorly reactive pupils; 
dysarthria; absent deep tendon reflexes; and impaired vibratory 
and positional senses. Radiographs revealed hyperactive, non-
propulsive contractions in a dilated esophagus and small intes-
tine, and extensive colonic diverticulosis. The postmortem 
examination revealed degeneration of the myenteric plexuses of 
the esophagus, small intestine, and colon with reduced number 
and round, eosinophilic, intranuclear inclusions. The neurons 
and glial cells of the brain and spinal cord and the dorsal root 
and celiac plexus ganglia contained identical intranuclear inclu-
sions. Intestinal smooth muscle was normal histologically.

In the family reported by Cockel and colleagues [69], affected 
members had megaduodenum, generalized dilatation of the 
small intestine, malabsorption, redundant colon, mental retar-
dation, and calcification of the basal ganglia. Histological studies 
showed degeneration of the argyrophobe cells, which produce 
acetylcholine. The patients became symptomatic for intestinal 
pseudoobstruction during late childhood.

Figure 61.13  Megacolon in a patient with multiple endocrine neoplasia 
type 2B; note the marked distension of the colon with a relatively small 
rectal diameter (arrow), and the massive dilation of the transverse colon 
with scoliosis and deviation of the mediastinum (arrowhead).

61.6), which encodes a tyrosine kinase receptor expressed par-
ticularly in neural crest-derived cells, including the enteric 
ganglia. A specific germ-line point mutation in RET in exon 16 
at codon 918 (M918T) occurs in 95% of patients; the remainder 
have a point mutation at codon 883 (A883F) [122,123]. The 
M918T mutation alters RET substrate specificity and appears to 
act in a ligand-independent fashion (a gain-of-function muta-
tion) [123–125]. Receptor tyrosine kinases with these mutations 
also bind to and phosphorylate substrates preferred by nonre-
ceptor tyrosine kinases. A883F RET has not been directly tested, 
but given its location, it is thought that kinase specificity may 
also be altered in this mutant [123]. The receptor is expressed 

Figure 61.14  Histopathological features of 
ganglioneuromatosis in multiple endocrine 
neoplasia type 2B; note (a) the extensive 
ganglioneuromatosis filling the submucosa 
and (b) the giant ganglioneuroma of the 
myenteric plexus. Source: Smith et al. 1999 
[126]. Reproduced by permission of BMJ 
Publishing Group.
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of visceral myopathy is uncommon. A careful family history 
must be obtained in these patients to exclude a diagnosis  
of FVM.

Ehlers–Danlos syndrome
Ehlers–Danlos syndrome (EDS) is a heterogeneous disorder 
caused by defects in the synthesis of collagen. The syndrome is 
characterized by joint laxity, fragile skin, and predisposition to 

Faber and colleagues [21] reported five patients with chronic 
intestinal pseudoobstruction in two families. Hypertrophy of 
nerve fibers and an absence of ganglion cells were noted. The 
disease was transmitted by an autosomal recessive gene. All 
patients had megaduodenum; one had jejunal diverticulosis, 
and another dilatation of the entire small intestine. Three had 
gastric dilatation. Most patients had external ophthalmoplegia, 
ptosis, distal weakness of all extremities, gait disturbances, and 
acroparesthesia. The symptoms developed during the teen 
years, and the prognosis was poor.

Childhood visceral myopathies
The CVMs have been recognized as distinctive diseases. There 
are two forms of CVM (Table 61.4), the second of which is 
identified by the phenotype of megacystis–microcolon–intesti-
nal hypoperistalsis. These two diseases differ from the FVMs in 
their clinical manifestations and modes of inheritance. 
Degeneration and fibrosis of gastrointestinal tract and urinary 
tract smooth muscle can be detected in both types of CVM 
[29,35,46,127] and result in bowel dilatation (Figure 61.15), ure-
teropelvic pyelocaliectasis (Figure 61.16), or megacystis, which 
results from bladder degeneration (Figure 61.17).

Nonfamilial visceral myopathies  
(sporadic hollow visceral myopathy)
Nonfamilial visceral myopathies in adults have been reported a 
few times [17,38,128–132]. The disease is heterogeneous, with 
some similarities to FVM types I and III [17]. Histologically, no 
difference is seen between the familial and nonfamilial types. 
Diffuse mixed inflammatory cell infiltration, including eosi-
nophils, was observed in one patient [128]. In one reported case 
[132], acetylcholinesterase stain of the small intestine showed a 
considerably increased number of positive fibers, but no degen-
eration of neurons in the myenteric plexus. The nonfamilial type 

Table 61.4  Classification of childhood visceral myopathies.

Characteristics Type I Type II (megacystis–microcolon–intestinal hypoperistalsis)

Mode of transmission Autosomal recessive (?) Autosomal recessive (?)

Gross lesions Dilation of entire gastrointestinal tract Short, malrotated small intestine and malfixation of 
microcolon

Microscopic changes Degeneration and fibrosis of 
gastrointestinal and urinary tract smooth 
muscle cells

Vacuolar degeneration of gastrointestinal and urinary tract 
smooth muscle cells

Clinical manifestations

 Age at onset Infancy and young childhood Infancy

 Gender Both Predominantly female

 Symptoms Constipation, distention with or without 
chronic intestinal pseudoobstruction

Obstipation, intestinal pseudoobstruction

Extragastrointestinal manifestations Megacystis and megaureters Megacystis and megaureters

Treatment, prognosis No effective treatment; prognosis poor No effective treatment; prognosis poor

Figure 61.15  Upper gastrointestinal radiograph from a patient with type I 
familial visceral myopathy demonstrates severe megaduodenum.
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disease. The gastrointestinal symptoms associated with the 
hypermobility subtype are in the functional spectrum (i.e., irri-
table bowel syndrome). The vascular subtype has the poorest 
prognosis with predisposition to vascular catastrophes and 
spontaneous rupture of small or large bowel. Pathological find-
ings in the intestines from patients with vascular subtype EDS 
include extremely thin muscularis propria, with diverticula pro-
truding through the areas where the muscularis propria is thin-
nest or nonexistent. Another pathological finding is reduced 
expression of type III collagen [136]. The classic and vascular 
subtypes are associated with specific genetic defects (COL5A1 
and COL5A2, and COL3A1 genes, respectively), whereas the 
hypermobility subtype is not associated with any molecular 
marker and the diagnosis is entirely clinical [137]. Treatment of 
hypermobility type EDS is symptomatic, whereas there is no 
effective management for the gastrointestinal manifestations for 
the classical and vascular subtypes, beyond recognition and 
genetic counseling.

Idiopathic nonfamilial visceral neuropathies (sporadic 
hollow visceral neuropathy or chronic idiopathic  
intestinal pseudoobstruction)
Nonfamilial visceral neuropathy or chronic idiopathic intestinal 
pseudoobstruction typically results from damage to the mye-
nteric plexus by chemicals, drugs, or viral infections. Delayed 
gastric emptying has been observed in patients after viral gas-
troenteritis [138,139], which may cause permanent damage  
to the myenteric plexus in some cases and cause postviral 
gastroparesis.

In patients with nonfamilial visceral neuropathies [140–147], 
the motility of the entire gastrointestinal tract is usually dis-
turbed, but the urinary tract is generally not affected. The intes-
tine may be dilated in the most severe cases but shows active, 
nonperistaltic contractions on barium examination [146]. In 

Figure 61.16  An intravenous pyelogram of a child with type I childhood 
visceral myopathy shows megacystis and bilateral ureteral pyelocaliectasis. 
Source: Bonsib et al. 1984 [127]. Copyright © 1984, Elsevier.

Figure 61.17  (a) Bladder muscularis from a 
control specimen demonstrates elastic fibers 
(arrow) in the adventitia of a small artery 
(A). No elastic fibers are present within 
muscle bundles (M). (b) Bladder muscularis 
from a patient with type I childhood 
visceral myopathy demonstrates numerous 
parallel, coarse, wavy, elastic fibers (arrows) 
within muscle bundles (M). Verhoeff–van 
Gieson stain; original magnification ×325. 
Source: Bonsib et al. 1984 [127]. Copyright 
© 1984, Elsevier.(a) (b)

A

M

M
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rupture of major blood vessels and abdominal viscera. Classical 
EDS involves defects in types I and V collagen and is associated 
with rectal prolapse, megacolon and megacystis [133–135]. The 
hypermobility subtype comprises 90% of all EDS patients and 
the manifestations are milder than the other forms of the 
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contrast, patients with familial visceral myopathies have an 
inactive, dilated intestine [146]. Histological examination of the 
myenteric plexus with the Smith silver staining technique in 
sporadic visceral neuropathy reveals a reduction in the number 
of neurons, and those that remain are markedly abnormal 
(Figure 61.18). The neurons are enlarged, with thick, irregular, 
clubbed processes. The number of Schwann cells in the nerve 
trunks is increased, and the number of axons is reduced.  
Some of the remaining axons are beaded and fragmented. 
Hypertrophy of one or both muscle layers of the muscularis 
propria may also be observed. All reported cases have chronic 
intestinal pseudoobstruction. Infants and young children are 
also affected [147].

In a study of 40 patients with chronic idiopathic intestinal 
pseudoobstruction, the results of intestinal phasic pressure 
studies were abnormal, but the histological features of the gas-
trointestinal tract were normal in those whose tissue was avail-
able for analysis [148]. Similar findings have been reported in 
children with chronic idiopathic intestinal pseudoobstruction 
[149]. In earlier reports [150–152], histological studies of 
smooth muscle or myenteric plexus were not generally available 
for evaluation. More recent series of similar size have confirmed 
the original intestinal manometric findings, elaborated on the 
natural history and complications including nutritional failure 
[153], and evaluated the myenteric plexus and particularly the 
presence of inflammatory cells including eosinophils [154]. 
Evidence of such inflammatory cells may suggest postinfections 
or autoimmune diathesis, but conclusive proof is absent in  
most cases. On the other hand, there are series of patients  
with antineuronal antibody-mediated activation of neuronal 
autophagy [155].

The precise mechanism and neurotransmitter deficiencies of 
this disorder are unclear. Differentiation from severe IBS may 
be difficult if the gut is not dilated. Manometric studies may also 
show similar features to those found in severe IBS, such as 
bursts or clusters of phasic pressure activity [156–158]. Slow 
transit of chyme through the stomach or small bowel [159] 
provides an objective, noninvasive means by which dysmotility 
can be assessed. It is important to note that patients with rectal 
evacuation disorders may also present with slow colonic transit 
and sometimes gastric emptying. The usual cause of pelvic floor 
dyssynergia may also cause symptoms of urine retention, recur-
rent urinary tract infection and difficulty with bladder emptying 
even on cystometrography. Because constipation affects at least 
15% of the adult population, and rectal evacuation disorder 
accounts for about 25% of such patients in tertiary care [160], 
it is important to exclude pelvic floor dyssynergia as a cause of 
colonic and bladder dysfunction, before reaching a diagnosis of 
chronic idiopathic intestinal pseudoobstruction and bladder 
atony or interstitial cystitis.

Secondary causes of small intestinal dysmotility
The secondary causes of small intestinal dysmotility are sum-
marized in Table 61.5 and discussed in the next sections.

Figure 61.18  (a) Ganglionic area from normal control ileum demonstrates 
numerous argyrophilic neurons and nerve fibers. Silver stain; original 
magnification ×230. (b) Ganglionic area from a patient with type II familial 
visceral neuropathy demonstrates absence of argyrophilic neurons and few 
nerve fibers. There is a faint cluster of small nuclei of unknown cell type. 
Silver stain; original magnification ×230. (c) Another ganglionic area from 
the same patient shows only one poorly staining, argyrophilic neuron 
(arrow). Silver stain; original magnification ×362. Source: Mayer et al. 1986 
[59]. Reproduced by permission of Elsevier.

(a)

(b)

(c)
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Table 61.5  Gastrointestinal dysmotility manifestations of some systemic diseases.

Disease Pharynx Esophagus Stomach Small intestine Colon Anorectum

Collagenases

Scleroderma – Dilation, 
aperistalsis of 
lower two-thirds, 
incompetent LES

Gastroparesis 
less frequently

Dilation with 
narrowed 
valvulae 
conniventes, PCI

Dilation; loss of 
haustra, PCI, 
wide-necked 
diverticula

Reduced 
internal anal 
sphincter tone

Dermatomyositis, 
polymyositis

Decreased UES 
tone, aspiration

Dilation, 
dysmotility of 
proximal portion

Gastroparesis 
rarely

Megaduodenum, 
distal dilation 
rarer

Dilation –

SLE – Aperistalsis – – Dilation, 
ischemia

–

Mixed CTD – Dilation lower 
two-thirds, 
aperistalsis

Not involved Megaduodenum Diverticula –

Neurological

Diabetic 
neuropathy

Decreased 
peristalsis

Decreased 
peristalsis, 
normal LES

Dilation, delayed 
emptying

Delayed, normal, 
or rapid transit

Dilation Decreased 
sensation, low 
IAS, low EAS

Parkinsonism Impaired 
peristalsis

Diffuse spasm, 
dilation, 
aperistalsis

Gastroparesis 
less frequently

Dilation Dilation, 
sigmoid 
volvulus

–

Spinal cord injury – – Gastroparesis 
infrequent

Increased gas Delayed transit, 
left colon 
dysfunction

Pelvic floor 
dysfunction; 
sensation, IAS, 
EAS decreased

Neurofibromatosis – – Gastroparesis 
infrequent

Dilation Dilation –

Paraneoplastic 
neuropathy

– Aperistalsis/ 
achalasia

Gastroparesis Dilation, 
dysmotility

Dilation, 
constipation

–

Myotonic dystrophy Decreased 
peristalsis, low 
UES tone

Decreased 
peristalsis, 
dilation

Delayed 
emptying, 
dilation

Dilation Dilation EAS 
dysfunction

Duchenne 
dystrophy

Decreased 
peristalsis

Dilation Dilation, rare 
gastroparesis

Dilation Dilation –

Amyloidosis – Aperistalsis, 
incomplete LES 
relaxation

Delayed 
emptying

Dilation Dilation –

Infectious

Chagas disease – Dilation, 
aperistalsis, 
incomplete LES 
relaxation

Dilation Proximal dilation Dilation Low IAS

Endocrine

Hypothyroidism – – Delayed 
emptying

– Constipation –

Hypoparathyroidism – – Delayed 
emptying

– Constipation –

CTD, connective tissue disease; EAS, external and sphincter; IAS, internal anal sphincter; LES, lower esophageal sphincter; PCI, pneumatosis cystoides 
intestinalis; SLE, systemic lupus erythematosus; UES, upper esophageal sphincter.
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and weight loss. Intestinal pseudoobstruction is a well-described 
gastrointestinal complication of scleroderma [11,171–174].

In patients with scleroderma and intestinal involvement,  
disturbances of small bowel motility [175–177] and transit 
[177,178] have been documented in several studies. Many 
patients have a complete absence of the interdigestive migrating 
motor complex (MMC); clusters of propagated and nonpropa-
gated contractions may be the only finding in others. An abnor-
mally prolonged MMC cycle, diminished activity of phase III, 
and hypomotility of the fed pattern are other abnormal findings 
[175,177,179]. Antral hypomotility, when present, is character-
ized by low-amplitude contractions, typically below 40 mmHg; 
intestinal involvement usually causes the contractile amplitude 
to fall below 10 mmHg during fasting and postprandially [180]. 
In patients who have scleroderma without gastrointestinal 
involvement, the small bowel manometric pattern [180] and 
small bowel transit time are normal [181].

Oral erythromycin was effective in short-term studies that 
evaluated gastric emptying and symptoms in an open-label 
study [182]. Octreotide, a long-acting somatostatin analog, 
induces phase III activity in patients with a complete absence of 
MMCs and may reduce bacterial overgrowth and symptoms 
(Figure 61.20) [176]. Octreotide retards gastric emptying and 
small bowel transit [183]; it should be used at least 3 h after all 
meals have been ingested, in order to induce phase III MMC-
like activity and propel residue toward the colon and reduce 
propensity to small bowel bacterial overgrowth.

Dermatomyositis and polymyositis
The inflammatory disorders dermatomyositis and polymyositis 
are characterized by weakness and atrophy of the skeletal 
muscles; an associated skin rash distinguishes the former from 

Figure 61.19  Upper gastrointestinal series in a patient with scleroderma 
shows dilation of the small bowel with normal appearance of the stomach. 
In some cases, the valvulae conniventes are not thickened, as is usually 
seen in disorders that produce dilation. In contrast, they remain narrow 
and crowded, producing the accordion appearance shown here. Source: 
Cohen et al. 1980 [164]. Reproduced by permission of Elsevier.

Figure 61.20  Effect of octreotide in a healthy person and in a patient with 
scleroderma. In the normal person, octreotide stimulates phase III 
activity. In the patient with scleroderma and pseudoobstruction, 
octreotide induces phase III activity even though no migrating motor 
complex activity was present in the basal state. Source: Soudah et al. 1991 
[176]. Reproduced by permission of Massachusetts Medical Society.
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Scleroderma (progressive systemic sclerosis)
The small bowel is the second most frequently involved gas-
trointestinal organ in scleroderma, after the esophagus. 
Radiographic evidence of gastric sclerosis, intestinal sclerosis, 
or both is found in 40% of patients with scleroderma [161–164]. 
Contrast studies reveal dilatation of the duodenum and jejunum, 
delayed barium transit, and narrow valvulae conniventes, which 
remain tightly packed together despite the bowel dilation, pro-
ducing the “hide-bound” bowel sign (Figure 61.19) [11,164,165]. 
Wide-necked diverticula may be seen but are more frequent in 
the colon [165]. An uncommon and potentially serious finding 
is pneumatosis cystoides intestinalis [166].

In early scleroderma, and possibly other connective tissue 
diseases, antibodies that inhibit M3-muscarinic receptors are 
present and may account for the defects in excitatory neuro-
transmission present in these conditions [167,168]. Later in the 
course of disease, degeneration of the smooth muscle and 
replacement with collagen is responsible for the end-stage small 
bowel dysmotility in scleroderma. The circular muscle layer is 
involved more often than the longitudinal muscle layer 
[11,169,170]. The submucosal and myenteric plexuses appear 
normal by conventional staining. Small bowel dysmotility leads 
to bacterial overgrowth, resulting in steatorrhea, malabsorption, 
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the latter. The gastrointestinal tract is involved in half of cases. 
Esophageal involvement causes dysphagia, which often is a pre-
senting symptom.

Studies of the small bowel in these patients are limited mainly 
to radiography and histology. Megaduodenum and delayed 
intestinal transit of barium are prominent features [182,184–
186]. Autopsy findings have shown atrophy and fibrosis of intes-
tinal smooth muscle, suggesting a visceral myopathy [185,186]. 
Acute colonic pseudoobstruction was reported in one patient 
with dermatomyositis, but it was limited to the colon [187]. A 
rare manifestation of dermatomyositis and polymyositis is 
severe inflammation of the entire gastrointestinal tract, which 
carries a poor prognosis due to intestinal ulceration and perfo-
ration [188].

Systemic lupus erythematosus
Abdominal pain is the most common gastrointestinal symptom 
in systemic lupus erythematosus, occurring in 10% to 20% of 
patients. Autopsy studies disclose a 60% to 70% prevalence of 
previous peritoneal inflammation, but documented cases of 
serositis as the sole cause of abdominal pain are rare [189]. The 
term lupus enteritis is used to describe the bowel changes result-
ing from lupus-induced vasculitis of the small blood vessels. 
Ischemia leads to intestinal mucosal ulceration, edema, and 
hemorrhage. Smooth muscle dysfunction results in dilatation of 
the small bowel and ileus. In severe cases, necrosis of the bowel 
wall develops, with perforation or infarction.

Lupus enteritis is diagnosed radiographically. Small bowel 
changes on contrast X-ray studies include dilatation, coarsened 
folds, and “thumbprinting” secondary to submucosal edema 
and hemorrhage [190,191]. Computed tomographic findings of 
thickened bowel wall with higher attenuation in the inner and 
outer layers compared to the middle (producing the “target 
sign”); this is a characteristic feature of ischemic colitis and 
reflects the presence of mesenteric vasculitis [192].

Diarrhea occurs in 5% to 10% of lupus patients. Unusual 
intestinal manifestations can pose diagnostic difficulties. Small 
bowel involvement in lupus may simulate Crohn’s ileitis in  
some cases [193,194]. A severe protein-losing enteropathy was 
described in one patient with lupus, who demonstrated vascu-
litis and basement membrane thickening on full-thickness 
jejunal biopsy [195]. Transit or manometric studies of the small 
bowel have not been performed in patients with lupus.

Mixed connective tissue disease
Mixed connective tissue disease is a clinical entity characterized 
by overlapping features of scleroderma, systemic lupus ery-
thematosus, dermatomyositis, and polymyositis. It has a distinct 
serological finding of high titers of antinuclear antibody against 
ribonucleoprotein. The extent of gastrointestinal involvement is 
unknown but appears to resemble that of scleroderma, with 
esophageal involvement being most common. Duodenal and 
jejunal dilatation are seen radiographically, and pneumatosis 
cystoides intestinalis may complicate severe disease [196].

Diabetes mellitus
Intestinal dysmotility may contribute to features of gastropare-
sis in diabetes [197]. Diabetic patients may develop diarrhea, 
which has a variety of causes (e.g., bacterial overgrowth, pan-
creatic exocrine insufficiency, bile salt malabsorption, impaired 
absorption or secretion). Early radiographic studies of the small 
bowel demonstrated variable findings, including normal, 
delayed, or rapid transit. Similarly discrepant results are found 
when the hydrogen breath test is used, and the correlation of 
rapid transit, based on that test, with diarrhea is poor [198–
200]. The small bowel may be affected in patients presenting 
with the gastroparesis syndrome, and this can be detected by 
manometry [201] or prolonged transit [177].

Pathologically, demyelination of the proximal vagus nerve 
and sympathetic nerves supplying the bowel develops in diabe-
tes. Although thickening of the small bowel muscle layers and 
eosinophilic hyaline bodies in smooth muscle cells have been 
observed [202,203], most authorities do not believe that myopa-
thy is a cause of gastrointestinal dysmotility in diabetic patients. 
A marked reduction in interstitial cells of Cajal and decreased 
inhibitory innervation (e.g., vasoactive intestinal peptide [VIP], 
nitric oxide) has been described in a patient with type I diabetes 
and may underlie the gastroenteropathy associated with this 
condition [204].

The results of motility studies of the small bowel in patients 
with diabetes have been mixed. The MMCs are normal in many 
patients with documented gastroparesis [205]. Absence of intes-
tinal phase III has been demonstrated in some patients 
[198,206,207]. Other abnormalities include MMCs originating 
in the distal duodenum or jejunum and uncoordinated (non-
propagated or abnormally propagated) bursts of powerful con-
tractions lasting up to 2 min (Figure 61.21) [198,201]. The 
clinical relevance of these abnormal findings is uncertain. In 
one study, abnormal transit time and manometric abnormalities 
could not be correlated [198]. Hyperglycemia, which can weakly 
delay gastric emptying, induces intestinal phase III-like activity 
and alters orocecal transit time in healthy subjects [208]. 
However, the relevance of these findings to diabetic bowel dys-
motility is unclear. Among community diabetics, constipation 
and the use of laxatives are significantly more common than in 
age- and gender-matched controls [209,210]. Constipation is 
probably multifactorial in diabetes, as it is in nondiabetic 
patients [211]; acute hyperglycemia does not significantly affect 
colonic motor function or tone [212].

Parkinson disease
Symptoms of gastrointestinal dysmotility are common in 
patients with Parkinson disease. High dysphagia, nausea, bloat-
ing, constipation, and difficulty with evacuation of stool occur 
frequently [213]. Dilatation of the small bowel may be seen 
radiographically [214]. Small bowel dysmotility does occur; 
however, its frequency is not known. Manometric studies in 
patients with Parkinson disease reveal infrequent MMCs (which 
are even absent in some cases), hypomotility in the fed state, 
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Constipation is an early and common gastrointestinal 
symptom in Parkinson disease and has a prevalence of 50%–60% 
[220,221]. Lewy bodies accumulate in the VIPergic neurons of 
the enteric nervous system and dopaminergic neurons are 
reported to be deficient in the colon of patients with parkinson-
ism and constipation [222,223]. These factors likely contribute 
to the slow colon transit seen in Parkinson disease. Defecatory 
dysfunction is also a major mechanism of constipation in 
Parkinson disease. It has been suggested that this is due, at least 
in part, to impaired CNS dopaminergic modulation of the sacral 
defecation reflex [224].

Therapy for Parkinson disease includes drugs that adversely 
affect gut motility, such as dopamine agonists and anticholiner-
gics. However, symptoms are as common in untreated as in 
treated patients, suggesting that the disease itself is the primary 
factor producing dysmotility and resultant symptoms [208].

Spinal cord injury
Immediately after a spinal cord injury, a state of spinal shock 
develops. This is characterized by the complete loss of all 
sensory, motor, and reflex function below the level of injury. 
Paralytic ileus with abdominal distention follows and usually 
resolves in a few days. In the long term, postprandial abdominal 
distention and discomfort occur in more than 40% of patients 
with spinal cord injury [216]. These symptoms are likely caused 
by the more significant problem of constipation. In many stable 

and an increased incidence of retrograde and tonic contractions 
in comparison with controls [215]. The contribution of these 
abnormalities to symptoms is not clear.

The pathogenesis of small bowel dysmotility is unknown. In 
patients with dysphagia and megacolon, Lewy bodies, which are 
neurons containing cytoplasmic hyaline inclusions, have been 
found in the myenteric plexus of the esophagus and colon 
[216,217]. Lewy bodies were originally identified in the brain 
and are highly characteristic of Parkinson disease. There is a 
genetic predisposition to Parkinson disease; thus, mutations in 
the leucine-rich repeat kinase 2 gene (LRRK2) have been identi-
fied both in familial and sporadic cases. In addition, Parkinson 
disease is hypothesized to be a prion disease that may result 
from gastrointestinal uptake and neuroinvasion of ingested 
infectious prion proteins [218]. Figure 61.22 shows the hypo-
thetical pathway: Macrophages in the lamina propria of the gut 
become reactive upon challenge by bacteria, viruses, or toxins 
and secrete inflammatory mediators, which can harm the sur-
rounding tissue and may induce accumulation of α-synuclein 
in enteric nerves. Early in the course of disease, this could 
manifest as abnormal intestinal motility and constipation. 
Aggregated α-synuclein released by damaged nerve cells may 
further activate local macrophages. Cell-to-cell transmission 
could lead to the progression and eventually propagate from the 
enteric nervous system into the substantia nigra via nuclei in 
vagus and spinal cord [219].

Figure 61.21  Small bowel dysmotility in 
diabetes. In this patient, phase III of the 
migrating motor complex begins in the 
jejunum, with no antecedent activity in the 
antrum or duodenum. Other patients may 
have a complete absence of phase III 
activity. Source: Dooley et al. 1988 [198]. 
Reproduced by permission of Taylor & 
Francis.
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Colonic dysmotility is well recognized and is responsible for 
the common problems of constipation and difficulty of evacua-
tion in these patients [228]. The prevalence of constipation is 
46% and is associated with higher level of injury (cervical vs 
lumbar spinal injury, odds ratio 5.6) [229]. Colonic transit is 
delayed in the left colon and rectum, and colonic manometric 
studies have shown substantially reduced fasting and postpran-
dial activity in the descending colon, and the postprandial 
response is absent in the rectosigmoid [230]. Management of 
bowel issues in spinal cord injury patients consists of laxatives, 
digital stimulation, and enemas. There is also limited evidence 
of efficacy of neostigmine, an anticholinesterase which increases 
cholinergic activity, and sacral root neurostimulation [231]. 
Finally, some patients require colostomy to reduce bowel care 
time and to provide improved hygiene for healing of decubitus 
ulcers, if present.

Neurofibromatosis (von Recklinghausen disease)
Gastrointestinal neurofibromas are most commonly found in 
the small intestine. They are reported to occur in up to 10% of 
patients with neurofibromatosis; the true incidence of neurofi-
bromas is probably underestimated, however, because they are 
generally asymptomatic. Small bowel neurofibromas may be 
single or multiple and are most frequently found in the ileum. 

patients with spinal cord injury, the amount of gas in the small 
and large intestine is increased on routine abdominal X-ray 
films (Figure 61.23) [217].

Extrinsic denervation of the small bowel by spinal cord injury 
usually produces just mild and probably insignificant dysmotil-
ity in the small intestine. The oral cecal transit time (OCTT) is 
prolonged compared to healthy individuals, and quadriplegic 
patients have longer OCTT than paraplegic patients [225]. The 
mechanism of this delay seems to involve vagal and splanchnic 
pathways [226]. There are also reductions in VIP and nitric 
oxide (NO) synthase activity in enteric neurons, and some 
atrophy of the muscular layers of the gut wall [227]. The only 
change revealed in gastrointestinal manometric studies per-
formed in a group of patients with spinal cord injury was that 
a greater number of phase III contractions began in the duode-
num rather than the antrum in those with high spinal cord 
lesions [228].

Figure 61.22  The hypothetical pathway. Macrophages in the lamina 
propria of the gut become reactive upon challenge by bacteria, viruses, or 
toxins and secrete inflammatory mediators, which can harm the 
surrounding tissue and may induce accumulation of α-synuclein in 
enteric nerves. Cell-to-cell transmission could lead to the progression and 
eventually propagate from the enteric nervous system into the substantia 
nigra via nuclei in vagus and spinal cord. Source: Lema Tomé et al. 2013 
[219].
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Figure 61.23  Abdominal radiograph from a stable, healthy patient with a 
spinal cord injury. A nonobstructive gassy abdomen is frequently 
observed, even in the absence of abdominal complaints. Source: Gore and 
Mintzer 1981 [510]. Reproduced by permission of Elsevier.
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resulting from esophageal involvement. Diarrhea and abdomi-
nal cramping occur in up to one-third of those affected. 
Malabsorption and steatorrhea have been reported in a few 
cases [249–251]. Constipation is also frequent, occurring in 
60% of patients, and colonic transit time is delayed [252]. 
Intestinal pseudoobstruction is rare [253,254]. The small bowel 
may demonstrate abnormal but nonspecific radiographic 
changes, including dilation, diminished motility, and delayed 
transit of barium [255].

Dysmotility of the small intestine may play a significant role 
in the production of intestinal symptoms. In a group of ten 
patients with symptoms of intestinal dysmotility but normal 
findings on small bowel contrast examinations, small bowel 
motility was abnormal in all. Manometric findings included 
low-amplitude contractions in the fasting and fed states, retro-
grade propagation of phase III, interruption of phase III, and an 
increased incidence of tonic contractions [256]. In one patient 
with chronic pseudoobstruction and dilated small bowel, man-
ometry revealed low-amplitude duodenal contractions and an 
increased maximal rate of contractions in the duodenum [254].

Histologically, the small intestinal smooth muscle shows 
changes similar to those found in dystrophic skeletal muscle; it 
is swollen, partially destroyed, decreased in size, and replaced 
by fat [257,258]. Silver stain revealed degenerative changes in 
the myenteric plexus of the colon in a patient with megacolon 
[259], indicating that intestinal dysmotility may be caused by 
smooth muscle as well as enteric nerve dysfunction. In most 
patients, the predominant cause of dysmotility appears to be 
smooth muscle damage.

Duchenne muscular dystrophy
Duchenne muscular dystrophy is a severe, pseudohypertrophic 
muscular dystrophy that follows an X-linked recessive pattern, 
affecting young boys early in childhood. Skeletal and cardiac 
fibers are infiltrated and eventually replaced by connective and 
fatty tissue. Similarly, the smooth muscle of the gastrointestinal 
tract also is involved. Histological changes comprise degenera-
tion and atrophy of smooth muscle fibers and separation of the 
fibers by connective tissue [260,261]. The myenteric plexus may 
also be involved because neurons express dystrophin, and 
ultrastructural studies of neurons lacking full-length isoforms 
of dystrophin show changes in synaptic vesicles and endoplas-
mic reticulum [262,263].

Despite typical dystrophic changes in the small bowel in most 
postmortem specimens, gastrointestinal symptoms are usually 
related to dysmotility of the esophagus and stomach, which are 
more severely affected than the small bowel. Chewing problems 
and dysphagia are the predominant symptom (36% in one 
series), followed less often by vomiting, diarrhea, and constipa-
tion [261,264].

The orocecal transit time is normal in asymptomatic subjects 
[265]; however, severe bowel dysmotility can occur. Episodes  
of acute intestinal pseudoobstruction, manifested by abdom -
inal distention, persistent vomiting, and gastric or small bowel 

These tumors are submucosal, and they may become quite large 
and extend to the serosa. Their presence is usually established 
by a small bowel series [232,233]. Ulceration through the 
mucosa can cause acute or chronic bleeding. Mechanical small 
bowel obstruction or intussusception requires exploratory 
surgery.

Chronic intestinal pseudoobstruction and megacolon have 
been described in patients with neurofibromatosis. The small 
bowel manometry findings were abnormal, and small bowel 
transit was markedly delayed [159]. Pathological studies of the 
nerves and muscles in the small bowel are lacking in this disease. 
Neurogenic changes consisting of nerve fiber hyperplasia and 
tortuosity, Schwann cell proliferation, and neuronal loss in the 
myenteric and submucosal plexuses were found in the colon of 
patients with megacolon [234,235].

Paraneoplastic visceral neuropathy
Chronic intestinal pseudoobstruction has been reported in 
association with small cell carcinoma of the lung [236–242], 
anaplastic lung adenocarcinoma [242], thymoma [243], epider-
moid carcinoma of the lip [244], gynecological [242] and breast 
cancers [245], and neuroblastoma [246].

This phenomenon represents a paraneoplastic syndrome 
caused by visceral neuropathy. The small bowel, like the colon, 
shows widespread neuronal and axonal degeneration of the 
myenteric and submucosal plexuses, in addition to mononu-
clear cell infiltration and Schwann cell proliferation [240]. There 
may also be a reduction in the small intestinal interstitial cells 
of Cajal network [247]. In paraneoplastic syndromes, there are 
no metastases to the bowel.

Symptoms of pseudoobstruction are the presenting features 
in patients with visceral neuropathy and small cell carcinoma. 
The lung cancer is usually occult, missed on chest radiography, 
and is often found at autopsy or by chest computed tomography 
(CT) and mediastinoscopy. The small bowel is usually not 
dilated on X-ray films, but barium passage through the small 
bowel is somewhat delayed. Small bowel manometry shows fea-
tures suggestive of neuropathy, such as incoordinated bursts 
[239,240]. In older patients with intestinal pseudoobstruction 
or feeding intolerance of unknown cause and recent onset, a 
malignancy, especially small cell carcinoma of lung, must be 
suspected. A screening blood test (antineuronal enteric anti-
body, or anti-Hu) is highly specific [240]. If the result is positive, 
CT of the chest and mediastinoscopy may be necessary to 
confirm the diagnosis.

Myotonic dystrophy
Myotonic muscular dystrophy is a slowly progressive disease 
characterized by myotonia, or difficulty in muscle relaxation. 
Autonomic nervous function is generally intact in myotonic 
dystrophy [248]. Besides muscle wasting, the patient often has 
a nasal voice as a result of pharyngeal and palatal weakness,  
an early onset of cataracts, and cardiac conduction defects. 
Dysphagia is the most common gastrointestinal symptom 
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peripheral nerves in patients with gastrointestinal manifesta-
tions of Chagas disease [281].

Thyroid disease
Thyroid dysfunction may present primarily through gastroin-
testinal manifestations. Hyperthyroid patients may have 
diarrhea and mild steatorrhea, whereas hypothyroid patients 
frequently are constipated [282–284]. Intestinal dysmotility 
resulting from the altered thyroid state has been historically 
recognized as the cause of symptoms. This is supported by 
abnormalities found in the intrinsic electrical control of gut 
motor activity. In the duodenum, slow wave frequencies are 
increased in hyperthyroid patients and decreased in hypothy-
roid patients [285,286]. These abnormalities return to normal 
after correction of the thyroid dysfunction.

Hyperthyroidism Early radiographic studies, in which the 
crude barium meal test was used, reported rapid gastric empty-
ing and small bowel transit [287,288]. Later studies, in which 
the hydrogen breath test was used, confirmed a rapid orocecal 
transit time; this is a consequence of accelerated small bowel 
transit because the rate of gastric emptying is actually unchanged 
[282,289–291]. Hyperthyroid patients may present with malab-
sorption; more than 25% of hyperthyroid patients excrete more 

dilation, can be life-threatening [266–268]. Chronic intestinal 
pseudoobstruction has also been reported in Duchenne dystro-
phy [269].

Amyloidosis
Amyloid protein is deposited in the small bowel in all forms of 
amyloidosis: primary, secondary, myeloma-associated, and 
familial or hereditary. The degree of dysmotility is related to the 
amount and distribution of amyloid deposited. In all forms, the 
deposition of amyloid in blood vessel walls may lead to ischemic 
ulcers, infarction, and occasionally perforation.

In primary and myeloma-associated forms of amyloidosis, 
the muscle layers of the small bowel are more severely affected 
than the mucosa, resulting in dysmotility. In the secondary and 
hereditary forms, the mucosa is predominantly involved, result-
ing in malabsorption.

Amyloid deposits are infrequently found in the myenteric 
plexus, although in hereditary forms, familial amyloidosis neu-
ropathy may result from deposition in major nerve trunks sup-
plying the bowel [270,271].

Gastrointestinal symptoms include diarrhea, constipation 
(which is often present for years and then followed by 
diarrhea), malabsorption, and pseudoobstruction [272]. 
Diarrhea can occur without malabsorption and is occasionally 
relieved by antibiotic therapy [273]. On the other hand, 
patients who have amyloidosis and autonomic neuropathy 
have been documented to have extremely rapid intestinal 
transit as the mechanism of their diarrhea [274]. With heavy 
infiltration of the small bowel muscle layers, acute intestinal 
pseudoobstruction is a serious and often fatal complication 
(Figure 61.24) [275,276]. In patients with pseudoobstruction 
related to amyloidosis, radiographic features include coarsen-
ing of the small bowel mucosal pattern, dilatation, and pro-
longed transit of barium [277].

Chagas disease
Chronic infection with Trypanosoma cruzi leads to destruction 
of the submucosal and myenteric plexuses along the entire 
length of the gastrointestinal tract. Megacolon and meg-
aesophagus are the most common presentations, although the 
small bowel may be similarly affected, with the development 
of megaduodenum and megajejunum. Small intestinal mano-
metric studies in these patients demonstrate normal frequency 
of the MMCs, but the velocity of propagation of the activity 
front is significantly slowed to about half the normal value 
[278]. Patients with small bowel involvement may be entirely 
asymptomatic despite significant neuronal destruction [279]. 
Diarrhea, constipation, or intestinal pseudoobstruction can 
occur. Patients with chagasic megacolon have circulating 
autoantibodies that activate M2 muscarinic acetylcholine 
receptors [280]. The agonist effects may result in desensitiza-
tion and downregulation of the receptor which may contribute 
to the development of megacolon. Separately, there is evidence 
of autoimmune response to myelin basic protein present in 

Figure 61.24  Small bowel myopathy in a patient with amyloidosis and 
pseudoobstruction. The large, pale areas in the muscle layer represent 
heavy amyloid deposition. The myenteric plexus is less frequently 
involved than the mucosa and muscle layers. Source: Mitros 1992 [276]. 
Reproduced by permission of Elsevier.
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Phenothiazines and some antiparkinsonian drugs decrease 
colonic and small bowel motility and can cause constipation, 
colonic pseudoobstruction, and adynamic ileus [302–305]. 
Clozapine, an atypical antipsychotic, has been associated with 
severe adynamic ileus with considerable morbidity and mortal-
ity [306]. Tricyclic antidepressants in particular are noted for 
causing iatrogenic ileus. The anticholinergic agents atropine and 
scopolamine and related belladonna alkaloids decrease intesti-
nal tone as well as the amplitude and frequency of peristaltic 
contractions [307].

Opiate analgesics suppress motility throughout the gastroin-
testinal tract. Morphine enhances the amplitude of nonpropul-
sive small bowel contractions and markedly decreases propulsive 
contractions by its effects on μ-opiate receptors on intestinal 
muscle cells [308,309]. The upper small bowel is more prone to 
these effects than the ileum. The net effect is delayed small bowel 
transit. Morphine and nalbuphine significantly delay small 
bowel transit in comparison with placebo [310]. The synthetic 
opioid analgesic tramadol tends to prolong orocecal transit time 
(placebo 237 ± 20 min vs tramadol 311 ± 10 min) and colonic 
transit [311]. The opioid agent tapentadol (also a norepine-
phrine reuptake inhibitor) delays gastric emptying but has no 
effect on small bowel or colonic transit [312].

Loperamide, a synthetic opiate used to treat diarrhea, also 
reduces small bowel motility and delays transit time. This effect 
is antagonized by the concomitant administration of naloxone, 
which by itself has no effect on transit time [313,314]. Ketorolac, 
a nonsteroidal antiinflammatory agent used for postoperative 
pain, has significantly less effect on small bowel transit than 
morphine [315].

Calcium channel antagonists, especially verapamil, cause 
constipation in up to 20% of patients. The small bowel transit 
time in subjects taking verapamil was unchanged from pretreat-
ment values; transit through the colon was slowed, however, and 
this effect likely accounts for the constipation associated with 
this drug [316].

Clonidine, an α2-adrenergic agent used as an antihyperten-
sive agent, prolongs the orocecal transit of liquids [317]; 
however, a comprehensive dose–response study of the transit of 
solids did not show any significant effects on gastric, small 
bowel, or colonic transit in healthy individuals [318]. Clonidine 
has been used successfully to treat diabetic diarrhea; however, 
its therapeutic benefit may also result from its known action of 
increasing fluid and electrolyte absorption from the gut [319].

Drugs that stimulate small bowel motility include erythromy-
cin, cholinergic agonists, and tegaserod. Erythromycin binds to 
motilin receptors on the smooth muscle of the gastric antrum 
and duodenum. Motilin, in physiological doses, induces inter-
digestive motor complexes in the upper gut. Erythromycin has 
been used to treat diabetic gastroparesis; the long-term benefi-
cial effects are not as pronounced as the short-term effects [320]. 
Cholinergic agonists, such as bethanechol, augment the ampli-
tude of small bowel contractions and overall motility [321]. 
Tegaserod is a serotonin mimetic acting at the 5-HT4 receptor, 

than 7 g of fat in their stool daily [292,293]. This is apparently 
caused by decreased contact time of the lumenal contents with 
small bowel mucosa as a result of rapid transit; the abnormality 
regresses after correction of the hyperthyroid state.

Hypothyroidism In contrast to accelerated small bowel transit 
in hyperthyroidism, small bowel transit is significantly slowed 
in hypothyroidism [282]. With adequate hormone replacement, 
transit may be normalized. Constipation develops in many 
hypothyroid patients, probably the result of colonic dysmotility. 
A manometric study in one patient revealed decreased  
amplitude of the small bowel contractions and an overall 
decreased motility index [294]. In severe hypothyroidism (i.e., 
myxedema), paralytic ileus and intestinal pseudoobstruction 
can occur [295–299]. Autoimmune hypothyroidism is more 
common in patients with celiac disease than in healthy controls, 
and gluten withdrawal has been reported to ameliorate the 
thyroid abnormality in some cases [300]. Therefore, patients 
with hypothyroidism should be tested for celiac disease before 
assuming the symptoms result from dysmotility.

Hypoparathyroidism
The mechanisms by which parathyroid hormone affects gas-
trointestinal motility are not known. However, calcium is essen-
tial for smooth muscle contraction, and hypocalcemia may 
impair gut contractile activity. Intestinal pseudoobstruction and 
malabsorption have been reported in association with small 
bowel dysmotility in hypoparathyroid subjects [301]. Barium 
studies reveal dilated loops of small bowel and a prolonged 
transit time. The symptoms are relieved by calcium and vitamin 
D administration.

Drug-induced changes in small intestinal motility
Many drugs profoundly affect gastrointestinal motility. Although 
the colon is usually recognized as the organ most susceptible to 
drug-induced dysmotility, the small bowel also is frequently 
affected (Box 61.2).

Box 61.2  Drug classes reported to affect small intestinal motility.

• Centrally acting agents
○ Tricyclic antidepressants
○ Phenothiazines
○ Antiparkinsonism
○ Opiates

• Peripherally acting agents
○ Anticholinergic agents
○ Opiates
○ Calcium channel blockers
○ α2-adrenergic agonists
○ Motilides
○ 5-HT4 agonists
○ Somatostatin analogs
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tion have been considered the main cause of diarrhea. Small 
bowel dysmotility may play a significant role in acute radiation 
enteropathy. In dogs, a single large dose of radiation abolishes 
the interdigestive MMCs [333]. Smaller, fractionated doses, 
which are used for radiation treatment in humans, also result 
in dysmotility in the dog model. In the fasting state, manometric 
changes during exposure include an increased frequency of 
giant migrating contractions and retrograde contractions, with 
only a mild decrease in MMC cycle length [334]. These features 
revert to a normal pattern within a few days after exposure. 
Other studies, however, show decreased fasting and fed intesti-
nal motility, particularly in the distal small bowel, persisting up 
to 1 month after the last exposure [335,336].

Motility studies have not been performed in humans in the 
acute phase of radiation sickness. One study demonstrated 
accelerated small bowel transit in a group of patients undergo-
ing abdominal and pelvic irradiation in comparison with pre-
treatment values [337]. More than 75% of the patients had 
diarrhea during treatment.

Chronic injury Delayed gastrointestinal complications may 
occur months, years, or even decades after radiation exposure. 
Neuronal, muscular, and vascular structures of the small bowel 
are affected. The resulting dysmotility leads to bacterial over-
growth, diarrhea, and malabsorption. Edema, atrophy, and 
fibrosis of smooth muscle fibers are characteristic histological 
findings [338–341]. The myenteric plexus can appear normal on 
routine staining; however, proliferation of the submucosal 
neurons with extension into the circular muscle coat has been 
observed [340,341]. Radiation enteropathy is also associated 
with microvascular endothelial dysfunction with impaired 
vasodilator response to acetylcholine, which may predispose to 
mucosal ischemia and eventual stricture formation resulting in 
obstruction [342].

Latent gastrointestinal symptoms resulting from previous 
radiation damage have been attributed to altered gut motility. 
Recurrent episodes of intestinal pseudoobstruction were 
described in two patients many years after they received abdom-
inal radiation [341]. Small bowel contrast studies show dilated 
loops of bowel with air–fluid levels and a thickened bowel wall. 
Manometric evaluation in one patient revealed normal MMCs 
in the proximal duodenum, decreased amplitude and frequency 
of contractions in the distal duodenum, and an absence of peri-
staltic contractions in the jejunum. Subsequent histological 
examination of the bowel suggested smooth muscle damage as 
the cause of dysmotility [341].

Diffuse lymphoid infiltration
Four cases of chronic intestinal pseudoobstruction in associa-
tion with diffuse lymphoid infiltration of the small bowel have 
been described [343]. All four patients were women who  
presented with diarrhea at an early age. Histology revealed  
lymphocytic infiltration of the lamina propria, muscularis 
propria, and myenteric plexus. The infiltrates were shown to be 

which has demonstrated robust prokinetic effects on small 
intestinal and colonic transit in patients with irritable bowel 
syndrome and constipation [322]. Additionally, tegaserod has 
been shown to accelerate the transit of intestinal gas in subjects 
with gas retention, and this may be one of the mechanisms by 
which it reduces symptoms of bloating in IBS patients [323].

Octreotide is a long-acting synthetic analog of somatostatin. 
When given after a meal, intravenous somatostatin interrupts 
the fed pattern of motility and induces bursts of propagated 
activity similar to phase III in health [324] and disease [324,325]. 
Octreotide retards small bowel transit in health when given 
before meals [326].

Celiac disease
Intestinal pseudoobstruction occurs in association with non-
tropical sprue [130,327,328]. Dilated loops of small bowel in 
which the passage of barium is delayed are observed radio-
graphically. In one patient who underwent exploratory laparot-
omy with full-thickness jejunal biopsy, the nerves and muscle 
coats appeared normal on both light and electron microscopy 
[328]. Parenteral nutrition may be required during prolonged 
periods of pseudoobstruction.

Jejunal diverticulosis
Diverticula can occur anywhere in the small intestine, but they 
are most common in the jejunum. Like their counterparts in the 
colon, they represent herniations through the mesenteric side 
of the bowel and are usually acquired [276]. Jejunal diverticu-
losis is associated with many diseases, including scleroderma, 
celiac disease, Fabry disease, type II FVM, mitochondrial cytop-
athy, and Cronkhite–Canada syndrome [329]. Patients present 
with diarrhea, steatorrhea, weight loss, and megaloblastic 
anemia. Chronic intestinal pseudoobstruction occurs in  
jejunal diverticulosis and can mimic mechanical obstruction 
[174,330,331].

The concept that dysmotility causes diverticula and not vice 
versa is supported by a case report in which resection of the 
small bowel segment containing diverticula failed to relieve the 
patient’s symptoms of pseudoobstruction [11]. In one patient, 
small bowel manometry showed that contractions can be ante-
grade, retrograde, or both simultaneously [329]. Histology of 
the bowel reflects the heterogeneous causes of dysmotility (e.g., 
visceral neuropathy, visceral myopathy) [332].

Irradiation
Ionizing radiation damages all structures of the small intestine, 
including the mucosa, blood vessels, connective tissue, enteric 
nerves, and smooth muscle. Radiation damage to the bowel can 
be classified as acute or chronic.

Acute injury Above a certain threshold dose of radiation to the 
abdomen, symptoms of nausea, vomiting, abdominal pain, and 
diarrhea are common. These abate soon after exposure is dis-
continued. Reversible changes in small bowel absorptive func-
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hyperactive and high-pitched in those with neural dysfunction. 
Borborygmi may be detected in some cases. In less symptomatic 
patients, the abdominal examination findings may be normal. 
During an acute exacerbation of pseudoobstruction, the find-
ings on abdominal examination may be indistinguishable from 
those of true mechanical obstruction. As there may be dysmotil-
ity in other parts of the gastrointestinal tract, there may be 
symptoms and signs of multiple-organ dysmotility.

Extragastrointestinal manifestations may be detected in some 
patients, depending on the underlying disease. Megacystis and 
megaureter are common in type I FVM and CVM and may be 
associated with urinary retention and infection. Mydriasis, 
ptosis, and external ophthalmoplegia may be seen in certain 
forms of FVM, and ataxia, dysautonomia, and neurological 
symptoms in some forms of visceral neuropathy.

In the secondary forms of small intestinal dysmotility, 
patients may also have systemic manifestations of the underly-
ing disease (e.g., scleroderma, muscular dystrophies, autonomic 
neuropathy). These are important clinical clues in patients 
whose underlying disease has not yet been diagnosed.

Complications
Malnutrition
Malnutrition develops in patients with severe dysmotility of the 
small intestine as the result of an inadequate intake of food and 
vomiting. Postprandial abdominal pain and bloating limit oral 
intake. Anemia may develop secondary to iron, folate, and 
vitamin B-12 deficiency. Serum cholesterol, calcium, and 
albumin levels may be low. Supplemental formulas are useful to 
improve nutrition. In severe cases, long-term parenteral nutri-
tion or small bowel transplantation may be the only method to 
provide adequate nutrients, particularly to patients with familial 
or sporadic forms of hollow visceral myopathy.

Bacterial overgrowth in the small intestine
Bacterial overgrowth in the small intestine may complicate 
severe intestinal dysmotility [31,130,151,349]. The small intes-
tine of these patients may be structurally abnormal with dilata-
tion, diverticulosis, transient obstructions due to volvulus of 
dilated sections, or there may be only a motility abnormality. 
Small intestinal bacterial overgrowth causes malabsorption  
and steatorrhea, which results in additional weight loss. The 
diagnosis can be made by culturing intestinal aspirates for both 
aerobic and anaerobic bacteria. A number of different species 
are found, and the total bacterial concentration generally 
exceeds 105 aerobic colony forming units (CFU) per milliliter 
or 103 anaerobic CFU per milliliter. Another approach to diag-
nosing bacterial overgrowth is the timed analysis of breath 
excretion of volatile metabolites produced by intralumenal bac-
teria. The measurement of expired hydrogen and methane after 
ingestion of nonlabeled lactulose or glucose has been used. The 
patients may have macrocytic anemia secondary to vitamin 
B-12 deficiency. Doxycycline, metronidazole, ciprofloxacin, 
trimethoprim-sulfa, ampicillin, and other antibiotics can be 

polyclonal by immunochemical stains, reflecting a pseudolym-
phoma rather than a true neoplasm. The myenteric plexus 
appeared normal with routine and silver stains. Smooth muscle 
cells were noted to be absent in the areas of lymphoid 
infiltration.

Anorexia nervosa and bulimia
Both anorexic and bulimic patients frequently report bloating 
and constipation among numerous other somatic and gastroin-
testinal complaints [344]. Psychological features such as neu-
roticism, somatization, and anxiety predict the particular type 
of gastrointestinal symptoms [345].

Delayed gastric emptying of solids is a well-established 
abnormality in these disorders. The orocecal transit is also mod-
estly delayed [346,347], as is the whole-gut transit time, meas-
ured by radiopaque markers, in comparison with controls [347]. 
Gastric dilatation is often seen in patients with bulimia. The 
gastric emptying abnormality and dyspeptic symptoms resolve 
with successful rehabilitation with nutritional therapy to achieve 
target body mass index (BMI) of 18.5 kg/m2 and cognitive-
behavior therapy [348].

Clinical manifestations of  
small intestinal dysmotility
The small intestine is essential for the absorption of nutrients; 
therefore, individuals cannot survive without parenteral nutri-
tion if a long segment of small intestine functions poorly. 
Fortunately, the small intestine is usually the last organ in the 
gastrointestinal tract to be affected by severe dysmotility. 
Isolated severe small intestinal dysmotility is very unusual.

With a few exceptions, most patients with small intestinal 
dysmotility have similar clinical manifestations of the dysmo-
tility, regardless of the underlying causes. The spectrum of 
clinical manifestations is wide (see Figure 61.7), from asymp-
tomatic to recurrent symptoms and signs of small intestinal 
obstruction, termed chronic small intestinal pseudoobstruction. 
Between these two ends of the spectrum, the patient may have 
recurrent symptoms of postprandial cramping, periumbilical, 
and epigastric abdominal pain, in addition to abdominal bloat-
ing, easy satiety, anorexia, weight loss, nausea, and vomiting. 
The symptoms are usually related to eating. Diarrhea can occur 
in patients with bacterial overgrowth and malabsorption. In 
severe cases, the patients have exacerbations that mimic 
obstruction with plain abdominal X-ray films showing multi-
ple air–fluid levels and dilatation of the small intestine. The 
prevalence and severity of recurrent obstructive episodes vary 
from patient to patient and from episode to episode in the 
same patient.

The findings on physical examination vary according to the 
severity of the symptoms. Patients may appear cachectic and 
malnourished because of inadequate nutrients, or malabsorp-
tion from bacterial overgrowth. The abdomen may be distended 
and mildly tender. The bowel sounds are inactive and infrequent 
in patients with smooth muscle dysfunction, but they may be 



1178   PART 4 Gastrointestinal diseases

trophy may have elevated levels of CPK and isoenzymes. The 
results of hemagglutination testing and complement fixation for 
Chagas disease may be positive in patients who have lived in 
Central or South America.

Antineuronal nuclear antibody testing is required in patients 
with a history of smoking to exclude paraneoplastic pseudoob-
struction. Determinations of blood lactate, pyruvate (signs of 
acidosis), CPK, AST and ALT (muscle damage), and leukocyte 
thymidine phosphorylase are used to screen for mitochondrial 
cytopathy.

Radiological studies
Plain abdominal X-ray films
These are very useful in patients with abdominal distention and 
bloating because they may show gaseous distention of the gas-
trointestinal tract. Upper gastrointestinal and small bowel X-ray 
films may show lesions typical of certain diseases. Areas affected 
by severe dysmotility usually are dilated.

Enteroclysis
Enteroclysis, or small bowel enema [358], is very useful to detect 
lesions in the small intestine and rule out mechanical obstruc-
tion. Experienced radiologists can identify structural lesions in 
the small intestine in up to 98% of patients with mechanical 

used intermittently to treat intestinal bacterial overgrowth. 
Treatment with antibiotics results in improvement in bloating 
and diarrhea after 1–2 days, and the improvement persists up 
to 2 weeks after a 7-day course of antibiotics [350]. In practice, 
different antibiotics may be rotated and given for 1 week of 
every month; they may be required more frequently in patients 
with severe small bowel diverticulosis as in patients with mito-
chondrial cytopathy.

Pneumatosis cystoides intestinalis
Pneumatosis cystoides intestinalis is a rare condition character-
ized by multiple, gas-filled cysts in the wall of the small and 
large intestine. Pneumoperitoneum may occur. Pneumatosis 
cystoides intestinalis can develop in patients with small intes-
tinal dysmotility and dilation. In most cases, the condition is 
found incidentally on radiographs. A number of causes of 
pneumatosis have been reported with the use of chemotherapy 
[351], infection with norovirus [352], autoimmune disease 
[353], and following laparoscopic surgery [354]. In one patient, 
the use of chloral hydrate was implicated as the cause of pneu-
matosis cystoides based upon controlled challenges of the drug 
[355]. Chloral hydrate is metabolized to alkyl hydrates, which 
potentially can inhibit bacterial consumption of hydrogen 
leading to overproduction of hydrogen. In patients who already 
have pneumatosis it has been recommended that surgery be 
avoided except in the cases of a complication such as an abscess 
or peritonitis because surgery usually causes the patient’s condi-
tion to deteriorate [173]. Management of pneumatosis is 
usually conservative; the pneumatosis may be found coinci-
dentally on imaging; if there are peritoneal signs, assessment 
for perforation may be difficult because subdiaphragmatic air 
may also be an asymptomatic finding in pneumatosis cystoides 
intestinalis patients. Initial management should include bowel 
rest, total parenteral nutrition (TPN), and antibiotics with 
careful follow-up, daily leucocyte counts, and frequent blood 
cultures, and assessments for peritoneal signs and perforation. 
Laparoscopy or laparotomy and surgical resection may be 
required [356].

Diagnostic studies for small  
intestinal dysmotility
The diagnostic studies for patients with small intestinal dysmo-
tility are outlined in Box 61.3.

Blood tests
A complete blood cell count may reveal anemia and macrocy-
tosis secondary to malnutrition and bacterial overgrowth.  
Blood chemistries also reflect malnutrition and malabsorption. 
Diabetic patients have hyperglycemia, and hypoparathyroid 
patients may have hypocalcemia. Patients with connective tissue 
disease are positive for antinuclear antibody, anticentromere, 
and antitopoisomerase I or SCL-70 [357]. Patients with thyroid 
disease have altered serum levels of triiodothyronine, thyroxine, 
and thyroid-stimulating hormone. Patients with muscular dys-

Box 61.3  Diagnostic studies for patients with small intestinal or 
colonic dysmotility.

Blood tests

Complete blood cell count
Blood chemistries, including blood sugar
Antinuclear antibody
Thyroid functions: triiodothyronine, thyroxin, thyroid-stimulating 
hormone
Serum creatine phosphokinase and isoenzymes
Hemagglutination and complement fixation for Chagas disease
Antineuronal nuclear antibody or antititer for paraneoplastic process

Radiological studies

Plain abdominal radiography in patients with abdominal distention
Radiopaque marker transit
Upper gastrointestinal and small bowel radiography
Enteroclysis or small bowel radiography with fluoroscopy
Barium enema
Scintigraphic gastric, small bowel, and colonic transit
Intravenous pyelography
Computed tomography of chest and abdomen

Other studies

Skeletal muscle biopsy
Cultures of small bowel aspirates
Small intestinal or colonic manometry
Anorectal manometry and balloon expulsion
Histological studies of full-thickness biopsy specimens to examine the 
smooth muscle and myenteric plexus by special silver stain, 
immunohistochemistry, confocal microscopy of enteric plexuses
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may be present on the single radiograph. A film obtained on 
day 7 can then provide more information.

Radioactive isotope transit by scintigraphy
The transit of gamma ray-emitting radioactive isotopes through 
the colon can be quantified with a gamma camera linked to a 
computerized recording and processing system [366]. The 
isotope can be monitored for long periods without increasing 
radiation exposure; this is not possible with X-ray methods. The 
transit of solids and liquids can be measured simultaneously 
[367] if different isotopes are used to label liquid and solid bowel 
contents, and segmental regions of interest in the colon can be 
easily defined. A pH-sensitive polymer that dissolves at the pH 
of the ileum is used to coat capsules containing isotope-labeled 
beads [366]. With this approach, it has been possible to image 
the unprepared colon without the use of intubation; it is likely 
that such methods allow more “physiological” measurements of 
colonic transit. The net effects of fast or slow colonic transit are 
most clearly seen in the consistency of the stools. O’Donnell and 
colleagues [367] developed a 7-point scale for describing stool 
form and consistency, ranging from liquids to hard solids; they 
were able to relate stool consistency to the overall mouth-to-
anus transit time. Faster transit was associated with looser 
stools. Stool form was then related specifically to colonic transit 
[368] after colonic transit times had been altered experimentally 
by rapid cecal infusions of fluid. When this noninvasive 
approach was used [369], a good correlation was found between 

obstruction. Barium enema and intravenous pyelography may 
be useful in detecting abnormalities of the colon and urinary 
tract, respectively.

Computed tomography enterography (CTE)
Unlike conventional abdominal CT, CTE utilizes thin sections 
and large volume of neutral contrast such as water or low-
density barium, combined with intravenous contrast, to evalu-
ate the entire thickness of the small intestinal wall, and permits 
better visualization of deep ileal loops that are difficult to 
image with conventional small intestinal X-ray [359]. In addi-
tion, CTE permits the evaluation of extraluminal disease. In 
addition to these general features of CTE, this is a particularly 
useful investigation to identify anatomical abnormalities (e.g., 
diverticula), complications (e.g., pneumatosis, peridiverticular 
abscess), and exclusion of mechanical obstruction in patients 
with acute exacerbations of chronic intestinal pseudoobstruc-
tion [360].

Whole-gut transit with radiopaque markers
Discrete barium-impregnated, polythene markers that move 
with the colonic contents have become simple but robust meas-
ures of transit. Hinton and colleagues [361] measured gastroin-
testinal transit times using small solids (2- to 5-mm polythene 
pellets) containing barium sulfate. These inert, radiopaque, 
nonabsorbable markers, which have a specific gravity similar to 
that of gut contents, were completely recoverable in the stool. 
Followed by either abdominal or stool radiography, the move-
ment of such markers was taken to represent the transit of meal 
residues through the gut (Figure 61.25). Of 25 normal male 
subjects, all but one had passed 80% of the markers by the fifth 
day after ingestion, but none had passed 80% by the end of the 
first day.

Segmental colonic transit
The rate of disappearance of radiopaque markers from colonic 
segments was monitored with daily abdominal X-ray films 
obtained after the administration of a single dose of radiopaque 
markers [362,363]. Right and left colonic, sigmoid, and rectal 
segments were defined simply by drawing lines between bony 
landmarks of the vertebral column and pelvis. Methods were 
then developed to calculate actual segmental transit times, 
rather than the rate of disappearance of markers from colonic 
segments [364].

Metcalf and colleagues [365] simplified this method so that 
only one X-ray film, obtained with a fast, high-kilovolt tech-
nique, was necessary; radiation exposure was therefore minimal. 
By this method, a fixed number of radiopaque markers were 
taken (24 per day) at the same time each day (9:00 am arbitrar-
ily) for 4 days. On day 5, again at the same time, an X-ray film 
was obtained. The method works on the assumption that a 24-h 
sampling interval approximates continuous observation. In 
rapid transit, all the markers can be lost in the feces before 
radiography on day 4; conversely, in slow transit, all 96 markers 

Figure 61.25  Radiograph of radiopaque markers as a measure of colon 
transit. Most of the markers are in the rectosigmoid colon of this patient.



1180   PART 4 Gastrointestinal diseases

1-unit pH drop signifying passage into the cecum. The WMC 
may also be retained longer than 6 days or become impacted in 
the gastrointestinal tract; therefore suspected mechanical 
obstruction or known large diverticula (e.g., scleroderma, mito-
chondrial cytopathy) are contraindications.

Other studies
A biopsy of skeletal striated muscle may be required for patients 
suspected of having muscular dystrophy or mitochondrial 
cytopathy. Cultures of small bowel aspirates should be obtained 
from patients with clinically suspected bacterial overgrowth 
(e.g., steatorrhea, bloating). Small intestinal manometry is indi-
cated if no known underlying disease is present and the nature 
of the dysmotility (myopathy versus neuropathy) is unclear.

If a full-thickness biopsy specimen of the dysfunctional part 
of the intestine is available, careful pathological examination for 
abnormalities in the smooth muscle or myenteric plexus with 
special trichrome and silver stains must be carried out. The most 
informative evaluation now includes assessment of the neuro-
transmitters by immunohistochemistry and morphological 
assessment of the interstitial cells of Cajal with confocal micro-
scopy [377].

Small intestinal manometry
A low-compliance water infusion technique is the method most 
often used, but ambulatory studies with miniature transducers 
and radiotelemetry are also used. Impedance measurements 
have the potential to provide pressure profiles from very closely 
spaced sensors, although it is unclear whether these aid in the 
diagnosis.

The small intestine has a unique pattern of motility. During 
fasting, a cyclic pattern of motility, the MMC, is seen [378]. The 
MMC is divided into three phases. Phase I is a quiescent period 
that lasts for about 15 to 30 min. Phase II, which lasts for about 
60 min is a period of intermittent contractions that increase in 
frequency with time until phase III is initiated. During phase 
III, intense contractions propagate aborally from the duodenum 
to the ileum. Phase III lasts for 2 to 10 min. After phase III, the 
small intestine become quiescent again (i.e., enters phase I) to 
start a new MMC cycle. This cyclic pattern continues until the 
subject eats. After eating, the MMC is replaced by frequent, 
intermittent, irregular contractions – the fed pattern. The fed 
pattern usually lasts for 2 to 6 h, depending on the size of the 
meal; after it is complete, the fasting pattern, or MMC, returns.

Small intestinal manometry has been used to study patients 
with various types of small intestinal dysmotility [148,149, 
158,176,179,198,201,205,207,349,379–385]. However, motility 
patterns are not diagnostic for any specific diseases. Many 
studies have been performed in patients with various clinical 
syndromes rather than specific diseases, which make the results 
difficult to interpret. Small intestinal motility studies have been 
performed in patients with small bowel bacterial overgrowth 
secondary to scleroderma [349], chronic neuropathic intestinal 
pseudoobstruction [148,158], autonomic disorders [386], FVM 

stool consistency and colonic transit; however, the correlation 
is clearly influenced by the extremes of transit and form, with 
little predictive value of stool that is not watery or extremely 
hard (Figure 61.26).

Wireless motility capsule
Small bowel and colonic transit times can also be measured with 
a wireless motility capsule (WMC), which contains sensors that 
measure intraluminal pH, pressure, and temperature [370]. In 
addition, the WMC can characterize pressure patterns and 
motility indices in the different regions of the gastrointestinal 
tract [371]. The transit of a large indigestible solid like a WMC 
in the small intestine is presumed to depend upon late phase II 
and phase III activity of the interdigestive motor complex. The 
WMC small bowel transit time is defined as the interval between 
the abrupt rise in pH >4, when the capsule enters the duode-
num, to the time when the pH suddenly falls by more than 1 
unit for at least 5 min as the WMC enters the cecum.

In nine healthy subjects the median WMC small bowel transit 
time was 350 min (169–676 min), compared to the simultaneous 
scintigraphic transit median of 342 min (162–669 min) [372]. In 
a study involving 66 healthy subjects, the median normal WMC 
small bowel transit was 276 min (interquartile range [IQR] 
240–354 min) [373]. In 157 constipated patients, median small 
bowel transit time was 234 min (IQR 201–293 min) and was 
very similar to transit by radiopaque markers [374]. Colonic 
transit time assessed by WMC in 78 constipated and 87 healthy 
subjects demonstrated a median value of 21.7 h (IQR 15.5–
37.3 h) in healthy subjects, and 46.7 h (IQR 24.0–91.9 h) in con-
stipated patients [375]. The WMC has also been used to 
characterize pressure activity in health and in constipated 
patients, although the clinical relevance of this has not been 
established [376].

A practical disadvantage is that the capsule can be difficult to 
swallow, and it can be occasionally challenging to identify the 

Figure 61.26  Correlation between mean colonic transit time (radiopaque 
markers) and physical appearance of stools (ranges from 1, small and 
hard, to 6, loose and semiliquid). Source: Degen Phillips 1996 [369]. 
Reproduced by permission of BMJ Publishing Group.
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pattern; MMC-like activity persists postprandially, and the fre-
quency of distal antral contractions in the first hour is typically 
less than 1/min [180]. These abnormalities occur because the 
motility patterns are regulated by the ENS. The amplitude and 
frequency of contractions are usually normal when the inhibit-
ing innervation and the coordinating function of the ENS are 
perturbed. Many of these abnormalities are seen best during 
sleep, when motor activity is quite stereotyped and normal 
phase II activity is suppressed [387]. The neurological disorders 
that have been described as producing manometric abnormali-
ties include diabetes mellitus, Chagas disease, early scleroderma 
and amyloidosis, neurofibromatosis, paraneoplastic neuropathy, 
primary autonomic neuropathy, Parkinson disease, brain 
tumors, and multiple sclerosis [59,198,201,215,278,388,389].

Mechanical obstruction pattern Recurring episodes of intense 
contractions followed by periods of rest have been observed 
radiographically in the part of the intestine proximal to an 
obstruction. This phenomenon can be detected manometri-
cally as clustered runs [158] or simultaneous prolonged con-
tractions in conjunction with periods of intervening quiescence 
lasting longer than 1 min (Figure 61.27) [390,391]. Manometry 
is not the usual way to establish the diagnosis of mechanical 
obstruction, but these patterns should alert the physician to  
the possibility of mechanical obstruction and mandate careful 
small bowel barium radiography (e.g., enteroclysis). With  
the introduction of CT enterography, MR enteroclysis, and 
other detailed imaging, obstruction is rarely identified by 
manometry.

[6,18,28,381–383], nonfamilial visceral myopathy [31,383], 
FVN [59,60], nonfamilial visceral (paraneoplastic) neuropathy 
[238,240], scleroderma [176,177], myotonic dystrophy [256], 
and diabetes mellitus with gastroparesis [199,207,385]. Three 
important patterns have been recognized from these studies.

Visceral myopathic pattern In patients with smooth muscle dys-
function or degeneration, manometry demonstrates a decrease 
in the frequency and amplitude of contractions in the affected 
segment, generally during both the fast and fed periods. During 
fasting, the MMC is usually present but is diminished in ampli-
tude. Myoelectric recordings may reveal abnormalities of the 
slow wave, such as variability in rate or rhythm, and abnormali-
ties of propagation, such as loss of coupling or shortening of the 
length or even changes in the direction of propagation. These 
recordings are characteristic of diseases involving the smooth 
muscle, such as FVM, advanced scleroderma, dermatomyositis, 
the muscular dystrophies, and amyloidosis [270,278,386]. In 
myopathic disorders, antral amplitudes are usually less than 
40 mmHg and duodenal amplitudes less than 10 mmHg [180].

Visceral neuropathic pattern Neurological disorders tend to 
produce disorganization and incoordination of motor activity. 
The MMC is often absent or abnormal. An abnormal rate of 
migration, as well as retrograde propagation of the activity front 
(phase III), also may be noted. Activity fronts may appear 
normal proximally and then become arrested or disappear in 
the more distal segments of the small intestine. In neurological 
disorders, the normal fed pattern may not replace the fasted 

Figure 61.27  Gastroduodenal motility tracing demonstrating simultaneous prolonged contractions during fasting (left) and postprandial (right) phases. 
Contractions were present in the duodenum but not in the proximal jejunum (bottom tracing), a suggestion of mechanical obstruction in the distal 
duodenum or the proximal jejunum. Source: Loftus et al. 1997 [511]. Reproduced by permission of Mayo Clinic.
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mately 25 cal/kg of the patient’s ideal body weight per day. Adult 
patients should consume 1500 to 1800 cal/day divided into three 
or four equal feedings. A low-residue diet may reduce obstruc-
tive episodes. At least half of the calories should come from 
supplemental, preferably isoosmolar formulas because a liquid 
meal empties faster from the stomach and probably progresses 
more easily through the small bowel than a solid meal. These 
formulas are often lactose-free and contain the daily require-
ments of vitamins and minerals. When patients still feel full 
several hours after the first meal, they may need to restrict their 
oral intake to fluids for the rest of the day; however, this may 
result in nutritional deficiencies or weight loss.

In patients with chronic intestinal pseudoobstruction with 
obstructive symptoms, nasogastric suction and intravenous 
fluids are needed. When obstructive symptoms and pain persist 
or occur several times a week despite dietary manipulation, 
long-term parenteral nutrition or small intestinal transplanta-
tion are the only treatments that will relieve symptoms and 
improve nutrition.

Abdominal pain unrelated to eating is uncommon in patients 
with small intestinal dysmotility, and if a patient has pain  
predominantly unrelated to meals, other diagnoses should be 
considered. During episodes of obstruction, parenteral admin-
istration of narcotics such as morphine or meperidine may be 
required. Long-term narcotic use should be discouraged because 

Differential diagnosis between chronic intestinal 
pseudoobstruction and mechanical obstruction
In patients with severe dysmotility of the small intestine, chronic 
intestinal pseudoobstruction may develop. Partial small bowel 
obstruction from adhesions, tumors, intussusception, or stric-
ture can mimic chronic intestinal pseudoobstruction. The fea-
tures listed in Table 61.6 can be used to differentiate between 
these two problems. CT enterography, MR enteroclysis, or 
careful small bowel radiography with fluoroscopy are probably 
the most helpful ways to differentiate chronic intestinal pseu-
doobstruction from mechanical obstruction. In our experience, 
however, imaging studies may not conclusively differentiate 
chronic intestinal pseudoobstruction from mechanical obstruc-
tion in some patients. Manometry proved useful in one series 
[391]; however, in some cases, exploratory laparoscopy may be 
necessary to rule out an obstructing lesion.

Treatment
Symptomatic and supportive treatments
Abdominal pain, bloating, nausea, and vomiting in patients 
with small intestinal dysmotility are often related to eating. 
Most of these symptoms can be minimized by manipulating the 
size, nature, and frequency of meals. The important point to 
keep in mind is to provide sufficient calories without overload-
ing the inefficient bowel. A rule of thumb is to give approxi-

Table 61.6  Differentiation of chronic intestinal pseudoobstruction from mechanical obstruction.

Chronic pseudoobstruction Mechanical obstruction

Bowel symptoms Diarrhea or constipation Constipation and obstipation

Other gastrointestinal symptoms ± Dysphagia or symptoms of gastric atony No esophageal or gastric problems

Between attacks Abdominal pain, nausea, vomiting, or dysphagia Usually symptom free

Appearance Cachectic Seldom cachectic

Urinary symptoms May have retention and infection No urinary symptoms

Systemic disease Symptoms and signs of systemic disease No underlying systemic disease

Family history Positive or negative None

Abdominal radiography Air throughout small bowel and colon No air beyond point of obstruction

Esophagram ± Esophageal aperistalsis and dilation Normal

Barium: stomach and small bowel Gastric atony and megaduodenum Bowel dilated above obstruction

Enteroclysis No obstructing lesion Obstructing lesion

Barium enema ± Redundant colon or wide-mouthed diverticula Obstructing lesion

IVU Megacystis or megaureter Normal

Esophageal manometry Diminished LES tone and low-amplitude contractions distal two 
thirds (myopathy); incoordination (neuropathy)

Normal

Jejunal manometry Fasting: absence of MMCs, and low-amplitude contractions 
(myopathy); fed: antral <1/min, inactive fed pattern with 
MMCs (neuropathy)

Clusters, or simultaneous prolonged 
contractions fasting and fed periods, but 
MMCs during fasting

Exploratory laparotomy No obstructing lesion found Obstructing lesion

IVU, intravenous urography; LES, lower esophageal sphincter; MMC, migrating motor complex.
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the duodenum as possible with preservation of the papilla of 
Vater and anastomosing the opened jejunum to the cut edge 
of the duodenum to create a small conduit may be required 
as treatment [14,393].

For patients with long segments of small intestinal dysmotil-
ity (i.e., >1.2 m), no effective surgical treatment is available. Any 
unnecessary surgery should be avoided in these cases because 
it can create adhesions and additional difficulties. Venting 
decompression by percutaneous jejunostomy or minilaparot-
omy or laparoscopy relieves symptoms and reduces the rate of 
hospitalization for recurrent exacerbations of pseudoobstruc-
tion [394,395].

Small bowel transplantation
Small bowel transplantation has become an option in severely 
affected patients with acceptable benefit-to-risk ratio and out-
comes since the introduction of isolated small bowel transplants 
together with judicious timing of transplant and a team 
approach. There is no definite consensus on indications but 
experienced teams recommend that those adult and pediatric 
patients with no jejunoileum (because of prior resections), need 
for lifelong parenteral nutrition, infectious complications from 
catheter sepsis, or cholestasis, progressive thrombocytopenia, 
and deteriorating motility disorder should be referred to an 
intestinal rehabilitation and transplant program. Such centers 
maximize the opportunities for rehabilitation (e.g., relief of 
adhesive obstruction or other “surgical complications” that 
compromise bowel function), and provide psychological prepa-
ration for both transplantations and other options while avoid-
ing proceeding to a transplant prematurely [396,397]. Survival 
rates have doubled in the past decade; graft and patient survival 
are now expected to be 80% at 3 years in a successful program. 
Survival has been enhanced by effective immunosuppression 
(chiefly tacrolimus and mycophenolate), which may be inten-
sive when using isolated small bowel transplant instead of  
multivisceral transplants. Outcomes have also improved with 
increased experience, the avoidance of splenectomy, opti-
mization of immunoregulatory regimens (administration of 
interleukin-2 receptor antagonists), and improved controls of 
viral infections and rejection [398]. In reaching a decision about 
transplantation, it is important to recall that the 3-year survival 
of patients on home TPN is 85% [399].

Several factors can impact the success of small bowel trans-
plantation and may result in death: infection (including infec-
tion with cytomegalovirus and Epstein–Barr virus, which 
accounts for approximately 50% of deaths); rejection (approxi-
mately 8% of deaths); technical problems; and lymphoprolifera-
tive disease (20%–40% of deaths in different programs). The 
latter is particularly linked to Epstein–Barr virus infection, the 
use of OKT3 immunosuppression, and steroids [400,401].

In general, small bowel transplantation is restricted to  
life-threatening situations, such as necrotizing enterocolitis, 
intestinal failure (short bowel syndrome) in patients who  
cannot be maintained on TPN, and, rarely, chronic intestinal 

addiction is possible, and narcotics can further disturb gastroin-
testinal motility.

Constipation is common in patients who also have colonic 
involvement. It is important to make certain that the patient has 
a substantial bowel movement at least once every few days 
because constipation tends to increase the symptoms of intesti-
nal dysmotility. A daily osmotic laxative such as magnesium 
hydroxide or polyethylene glycol, and a bisacodyl suppository 
if the patient has no bowel movement for 3 days is recom-
mended. Those with severe small intestinal dysmotility should 
avoid bulk-forming laxatives because they increase the load on 
an inefficient intestine and exacerbate symptoms.

Drug therapy to improve small intestinal motility
Theoretically, it is difficult to envision a drug that can either 
stimulate damaged muscle to contract effectively or normalize 
the coordinating functions of a damaged myenteric plexus. 
Many drugs that stimulate intestinal motility in normal subjects 
(e.g., bethanechol, neostigmine, metoclopramide, erythromy-
cin, prucalopride) have no beneficial effects in patients with 
small intestinal dysmotility. No information is available on  
the use of domperidone for small bowel dysmotility. Tegas -
erod accelerates small intestinal transit, proximal colonic emp-
tying, and overall colonic transit in constipation-predominant 
IBS [322].

In a small, short-term study, octreotide, a somatostatin 
analog, stimulated intestinal motility, possibly reduced bacterial 
overgrowth, and relieved abdominal symptoms in patients with 
scleroderma [176]. Octreotide retards gastric and small bowel 
transit, and it is best used to induce MMC-like activity at the 
end of the day, in order to propel residue to the colon. Other 
open-label studies confirmed the long-term effectiveness of 
octreotide with erythromycin in the treatment of chronic intes-
tinal pseudoobstruction [325].

Treatment of secondary causes
A few types of secondary small intestinal dysmotility, such as 
those associated with myxedema, celiac sprue, and drug-
induced dysmotility, can be treated with thyroid replacement, a 
gluten-free diet, and discontinuation of the offending drug, 
respectively. No specific treatments are available for most of the 
secondary types of small intestinal dysmotility.

Surgical treatment
Patients with dysmotility limited to short segments of the 
small intestine, such as those with megaduodenum, have a 
better prognosis than those with dysmotility throughout the 
length of the bowel because the dysfunctional segment can be 
resected or bypassed [392]. Megaduodenum, which is com-
monly seen in FVM type I and scleroderma, has been drained 
with a side-to-side duodenojejunostomy, which usually relieves 
symptoms. In some patients with a massively dilated duode-
num, a side-to-side duodenojejunostomy may be inadequate 
to drain the duodenum. In these cases, resecting as much of 
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[403]. In the last decade, the role of ICCs has become more 
clearly understood through studies of a mutant strain of mice 
(w/wv) that lack c-KIT-positive cells and in which gastrointesti-
nal dilation and failure of peristalsis develop [404–408].

ICCs are typically surrounded by collagen fibers and form 
close contacts (Figure 61.28) with smooth muscle cells [404]. 
These gap junctions with smooth muscle cells allow transmis-
sion of the pacemaking activity that reflects the spontaneous 
oscillation in resting membrane potentials, which is unaffected 
by 10−6 M verapamil, an L-type calcium channel blocker [404]. 
When studied in short-term primary culture, the cells assume 
a triangular shape with three to four branches that are in apposi-
tion with cocultured smooth muscle cells (Figure 61.29). 
Huizinga, Ward, Sanders, and their colleagues [405–407] have 
characterized the expression profiles of pacemaker ICCs iso-
lated from the murine small intestine and ICCs and smooth 
muscle cells involved in neurotransmission from the gastric 
fundus. All cell types express muscarinic receptor types M2 
and M3, neurokinin receptors NK1 and NK3, and the inhibitor 
receptor vasoactive intestinal peptide 1 (VIP1) [407].

pseudoobstruction in young patients who have TPN-related or 
other liver failure and lack intravenous access for TPN.

Colonic dysmotility (pseudoobstruction)  
and megacolon

Interstitial cells of Cajal in maldevelopment and 
acquired diseases of the colon
The significance of the interstitial cells of Cajal (ICCs) was 
established during the last 25 years through the careful histo-
logical and electrophysiological observations of Faussone-
Pellegrini and colleagues [78,79] and Thuneberg [80]; the latter 
established that ICCs function as the intestinal pacemaker cells. 
The protooncogene c-Kit encodes a tyrosine kinase receptor 
facilitating the development of the ICCs [402]. Furthermore, 
mice with mutations in the dominant white spotting (W) locus, 
which have cellular defects in hematopoiesis, melanogenesis, 
and gametogenesis as a result of mutations in the c-Kit gene, 
also lack the network of ICCs and intestinal pacemaker activity 

Figure 61.28  (a) Gap junctions between interstitial cells of Cajal and smooth muscle cells; note the spontaneous electrical oscillations of the resting 
membrane potential of the interstitial cells of Cajal. Scale bar = 2 μm. (b) Higher magnification of the boxed area in (a). Scale bar = 500 nm. Note the 
lack of voltage oscillation inhibition by the L-type calcium channel blocker verapamil. ER, endoplasmic reticulum; ICC, interstitial cell of Cajal; m, 
mitochondrion; Nu, nucleus; sER, smooth endoplasmic reticulum; SM, smooth muscle cell. Source: Lee et al. 1999 [404]. Reproduced by permission of 
the American Physiological Society.
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careful case study illustrates several points: (1) postnatal matu-
ration of ICCs, (2) the importance of the conservative manage-
ment of children with neonatal megacolon or pseudoobstruction, 
and (3) the importance of ICCs to the overall peristaltic func-
tion of the colon. Little is known about the transmitters 
expressed by ICCs in disease. However, immunoreactivity to 
NK1 has been detected in ICCs and may be used as a marker of 
the ICCs at the deep muscular plexus; these cells may partici-
pate in the actions exerted by tachykinins on muscle cells [415].

Megacolon in an adult has also been associated with abnor-
mal morphology and ultrastructure of ICCs. Faussone-Pellegrini 
and colleagues [416] demonstrated ICCs with several branches 
in the dilated transverse colon, but abnormal ICCs with a 

In clinical studies, a relative deficiency of c-KIT-positive cells 
has been reported in Hirschsprung disease, chronic intestinal 
pseudoobstruction [408,409], and idiopathic slow transit con-
stipation [410–412].

Delayed maturation or maldevelopment of ICCs is well docu-
mented (Figure 61.30) [413,414]. At 1 month of age, a child with 
chronic colonic pseudoobstruction underwent biopsy of the 
affected colon, which showed no peristaltic activity and no 
c-KIT immunoreactivity within the circular muscle layer or the 
submuscular layer (see Figure 61.30) but a normal ICC popula-
tion in the myenteric plexus. At 6 months of age, the peristaltic 
activity was normal, and the ICCs were fully developed in all 
layers of a full-thickness biopsy specimen of the colon. This 

Figure 61.29  In short-term culture, 
interstitial cells of Cajal assume a triangular 
shape and have three to four branches that 
establish contact with cultured smooth 
muscle cells. ICC, interstitial cell of Cajal; 
SM, smooth muscle cell. Source: Lee et al. 
1999 [404]. Reproduced by permission of 
the American Physiological Society.
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trols (specimens resected for other indications). Moreover, the 
confocal images show irregular surface markings and a paucity 
of branches of the cells (Figure 61.32) [410]. Staining of mye-
nteric plexus cells with c-KIT is reduced, consistent with a 
reduction of ICCs or their tyrosine kinase content. In addition 

paucity of mitochondria, filaments, and caveolae in the nondi-
lated descending colon.

In patients with acquired slow transit constipation not associ-
ated with colonic dilation, the number of ICCs in the different 
layers of the sigmoid colon is lower (Figure 61.31) than in con-

Figure 61.30  Full-thickness biopsy specimens from the colon of an infant with neonatal chronic colonic pseudoobstruction demonstrating delayed 
maturation of interstitial cells of Cajal at 1 month and subsequent expression of the cells at 6 months of age. Scale bars = 50 μm. CM, circular muscle; 
LM, longitudinal muscle; MP, myenteric plexus. Source: Kenny et al. 1998 [413]. Reproduced by permission of Elsevier.
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Figure 61.31  Distribution of interstitial cells of Cajal in whole transverse mounts of a normal-appearing disease control section of the sigmoid colon 
(a) and the sigmoid colon of a patient with slow transit constipation (b). Scale bars = 100 μm. CM, circular muscle; LM, longitudinal muscle; MY, 
myenteric plexus; Sub, submucosal border. Source: He et al. 2000 [410]. Reproduced by permission of Elsevier.
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transit constipation (STC), should be considered as separate 
from IBS and should be diagnosed only if abdominal pain is not 
a prominent feature. On the other hand, STC certainly merges 
with IBS when pain, abdominal distention, excessive rectal 
mucus, and intermittent episodes of frequent, looser stools  
also occur.

Slow transit constipation
Figure 61.25 shows radiopaque markers retained predominantly 
in the distal colon (rectosigmoid segment) 96 h after ingestion 
[361]. This technique is simple, inexpensive, and of proven value 
in the documentation of STC [361–365]. Gamma scintigraphy 
[366] offers another means of testing, which can be made 
shorter (24 or 48 h). Whatever method is used, the implications 
for therapy are potentially important. Most patients with  
STC respond to laxative programs, suppositories, or enemas. 
Resective surgery of the colon (usually subtotal colectomy with 
ileorectostomy) is occasionally necessary for severe STC. When 
tests of pelvic floor function identify a clinically relevant abnor-
mality, colectomy is not indicated, even in the presence of slow 
transit. Retraining programs for the pelvic floor should first be 

to the reduction of ICCs, there also appears to be a significant 
decrease in other neuroenteric elements including glial cells, 
and enteric neurons in the colons of patients with idiopathic 
slow transit constipation [417].

Syndromes generally attributed to  
disorders of colonic motility
Constipation
Patients consider themselves to be constipated when they pass 
stools more infrequently, require more effort for passage 
(“straining”), or experience more pain or discomfort during 
passage than they think appropriate. Difficult evacuation of 
feces, especially when the consistency of stools is softer than 
normal, is more likely to be caused by disorders of the pelvic 
floor or anorectum than by slow colonic transit. Disorders of 
the pelvic floor are disturbances of evacuation (dyschezia, 
obstructed defecation) and are not considered here.

Slow transit through some or all segments of the colon leads 
to the formation of hard fecal masses that are passed infre-
quently and often with great difficulty. This condition, slow 

Figure 61.32  High-magnification confocal 
microscopy of the interstitial cells of Cajal 
in human sigmoid colon. (a) and (c) are 
single slices; (b) and (d) are reconstructions 
of 20 consecutive single slices. (a) and (b) 
are from a healthy appearing disease control 
colon; note the multiple fine processes 
(arrows) and the network of interconnecting 
interstitial cells of Cajal; (c) and (d) are 
from a patient with slow transit 
constipation. Note the irregular markings 
and loss of fine processes (arrows). 
Bar = 10 μm. Source: He et al. 2000 [410]. 
Reproduced by permission of Elsevier.
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oxide synthase blockade significantly increases the proximal 
colon propagating motor activity, suggesting that removal of 
nitrergic tone might be the physiological stimulus for proximal 
colonic emptying [425].

Low-amplitude irregular phasic activity does not propagate 
and probably equates with segmentation; on the other hand, 
high-pressure, propagating waves are the equivalent of peristal-
sis. Isolated, high-amplitude (∼200 mmHg) peristaltic contrac-
tions (HAPCs) (Figure 61.33), propagating at about 1 cm/s over 
long distances, are thought to be important for transit or “mass 
movement” in the colon. These occur infrequently (mean of six 
per day in healthy humans) and are most frequent after waking 
and meals [426]. In STC, the normal high-amplitude pressure 
(peristaltic) waves in the colon are reduced. HAPCs can be reli-
ably induced by instilling irritants like bisacodyl [427] or fatty 
acids [428] into the colon. Endoluminal administration of 
10 mg of bisacodyl is a potent stimulant capable of promoting 
HAPCs even in some patients who have manometric features of 
an inert colon [429].

An important variant of manometry uses the electrome-
chanical barostat [2,430–432]. Changes in volume are reflec-
tions of changes in wall tone. Basal tone in the proximal and 
distal colon exhibits rhythmic fluctuations [2], and food 
induces an immediate and prolonged increase in tone. The 
postprandial response is inhibited by 5-HT3 blockers [433] 
and modified by hyperglycemia [434]. The rectum also shows 
a tonic response to eating [435], one that is impaired in 
patients with chronic slow transit constipation [436]. The 
rectum also demonstrates prominent relaxation during disten-
tion [437–439].

used to correct the defect in expulsion, after which transit can 
be retested.

Colonic manometry
Pressure waves recorded manometrically are generally equated 
with contractile forces. Colonic contractions are often irregular, 
of varying frequency and amplitude, and subject to the emo-
tional state of the subject, the type of meal eaten, and the com-
position of chyme entering the colon from the ileum [418–422]. 
The colon is often “quiet” or exhibits isolated contractions 
(perhaps reflecting the dominant inhibitory control). At times, 
pressure waves are recorded in continuous bursts ranging in 
duration from 10 to 30 min [420], with a dominant frequency 
of approximately six contractions per min in the right side  
of the colon and approximately three to seven per min in the 
distal colon.

Phasic colonic contractions are stimulated by meals, begin-
ning 20 to 30 min after a meal and lasting for up to 3 h; some-
times, a second peak of activity occurs at approximately 70 to 
90 min postprandially [418–422]. This response to eating (gas-
trocolic reflex) remains after gastrectomy and after vagotomy 
[423]. If the stomach is intact, gastric distention and chemical 
stimulation by nutrients elicits a comparable response; lipids 
and a caloric content of more than 500 kcal are the most potent 
stimuli [2,424].

Control of the colonic response to eating involves neural and 
possibly hormonal mechanisms. The part of the response 
mediated by gastric mechanoreceptors is very sensitive to 
blockade by atropine, but the part originating in the small 
intestine is only partially under muscarinic control. Nitric 

Figure 61.33  High-pressure waves recorded sequentially from four sites in the human colon. These contractions (giant migrating contractions) are 
thought to correspond to mass movements of colonic content. Their frequency is reduced in patients with constipation. Arrows indicate defecation with 
partial expulsion of the manometric catheter with third high-pressure propagated contraction. Source: Narducci et al. 1987 [426]. Reproduced by 
permission of BMJ Publishing Group.
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Table 61.7  Colonic neuropathology in slow transit constipation.

Histological and immunohistochemical findings Reference

Decreased number or abnormal appearance of silver-staining neurons or axons; increased number of variably 
sized nuclei within ganglia

Krishnamurthy et al. 1985 [440]

Decreased colonic VIP nerves Koch et al. 1988 [441]

Decreased neurofilament staining in myenteric plexus in 75% of patients; 17 of 29, entire colon affected; 12 
of 29, segmental involvement

Schouten et al. 1993 [442]

Increased number of PGP 9.5-reactive nerve fibers in muscularis layer of ascending and descending colon Park et al. 1995 [446]

Decreased total nerve density in myenteric plexus Cortesini et al. 1995 [445]

Decreased VIP and increased NO-positive neurons

Decreased substance P nerves in 7 of 10 patients, decreased VIP nerves in 4 of 7 patients Hutson et al. 1997 [447]

Decreased substance P in mucosa and submucosa of rectal biopsy specimens Tzavella et al. 1996 [444]

Increased VIP, substance P, and galanin in ascending colon Sjolund et al. 1997 [448]

Increased VIP and galanin in transverse colon

Increased VIP and neuropeptide Y in descending colon myenteric plexus

Decreased VIP in submucosa

Decreased tachykinin (substance P) and enkephalin fibers in circular muscle Porter et al. 1998 [443]

Decreased colonic total neuron density Faussone-Pellegrini et al. 1999 [450]

Decreased VIP and NO neurons in myenteric, decreased VIP neurons in submucous plexus

Decreased enteroglucagon and 5-HT cells in mucosa El-Salhy et al. 1999 [449]

Decreased cell secretory indices of enteroglucagon and somatostatin cells

Decreased volume of interstitial cells of Cajal and neurons in circular muscle He et al. 2000 [410]

NO, nitric oxide; VIP, vasoactive intestinal polypeptide.

“Colonic pseudoobstruction and megacolon”). The treatment of 
constipation is addressed in Chapter 42.

Colonic pseudoobstruction and megacolon
Megacolon (Box 61.4) and megarectum are descriptive terms, 
without etiological or pathophysiological implications. 
Megacolon has been defined as a diameter of the rectosigmoid 
region or descending colon, on X-ray film, of more than 6.5 cm, 
of the ascending colon of more than 8 cm, or of the cecum of 
more than 12 cm [451]. Megacolon can be caused by aganglio-
nosis (Hirschsprung disease), may be idiopathic (complicating 
chronic constipation of any cause), or may be a manifestation 
of diffuse gastrointestinal dysmotility (intestinal pseudoob-
struction). Acute megacolon is often designated as Ogilvie syn-
drome. Rectal dilation, or megarectum, may be an isolated 
finding or, more often, associated with megacolon or simply 
prolonged chronic constipation, particularly in children with 
functional fecal retention. Note that megacolon does not include 
simple elongation of the colon (dolichocolon).

In congenital megacolon (Hirschsprung disease), colonic dila-
tion results from functional obstruction (usually of the rectum) 
caused by a congenital absence of the intramural neural plex-
uses that mediate relaxation (aganglionosis). This leads to a 

The wireless motility capsule, which is used predominantly 
to measure colonic transit, is also able to measure colonic phasic 
contractions at the site where the capsule is located. Being a 
single sensor, it does not evaluate coordination or propagation 
of contractions.

Histopathology
Many patients with STC severe enough to warrant subtotal 
colectomy display histological changes in the ENS of the resected 
colon on silver staining; Table 61.7 summarizes the information 
derived from a number of studies in the literature [440–450]. In 
general, it appears that reduced substance P and increased 
nitrergic neurons are associated with constipation that leads to 
surgical resection of the colon. In Parkinson disease, evidence 
is found of a reduction in the dopamine content of the mye-
nteric plexus and a significant reduction in the dopamine-
positive neurons of whole mounts of the plexus [222].

Ultrastructural quantitative studies have demonstrated 
abnormalities of the morphology and numbers of ICCs [410]. 
It is assumed, therefore, that these patients have a functional 
abnormality of the neural control of colonic motility. These 
clinical and histopathological features appear to converge with 
the syndromes of intestinal pseudoobstruction (see section 
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Box 61.4  Clinical classification of megacolon.

Congenital megacolon (Hirschsprung disease)

“Classical” type
Short segment
Ultrashort segment
Total colonic aganglionosis, zonal loss of ganglia, and other variants

Acquired megacolon (associated  
with constipation)

Idiopathic
In children (associated with encopresis)
Acute form in adults (Ogilvie syndrome)

Secondary to neurological diseases
Chagas disease
Parkinson disease and central nervous system dysfunction; myotonic 
dystrophy
Diabetic neuropathy; others (ganglioneuromatosis, familial 
autonomic dysfunction)
Intestinal pseudoobstruction (“neurogenic” forms)

Secondary to diseases of intestinal smooth muscle
Scleroderma and other “collagen diseases”; amyloidosis
Intestinal pseudoobstruction (“myogenic” forms)

Secondary to metabolic diseases
Hypothyroidism, hypokalemia, porphyria, pheochromocytoma (with 
ganglioneuromatosis)

Drugs
Mechanical obstruction

Hirschsprung disease: congenital megacolon
Pathophysiology
Aganglionosis is caused by the arrested migration of cells 
caudad from the neural crest; these are the cells destined to 
develop as the intramural plexuses of the gut. In Hirschsprung 
disease, the aganglionic segment always extends from the inter-
nal anal sphincter for a variable distance proximally, but in most 
instances it remains within the rectum and sigmoid colon. The 
involvement of very short segments, affecting only the anal 
sphincters, has also been described. The aganglionic segment is 
permanently contracted, causing dilation proximally. Longer 
aganglionic segments occur in fewer than 20% of individuals; 
involvement of the entire colon is infrequent, and aganglionosis 
extending proximally into the small intestine is rare. Thus, the 
hallmark of diagnosis is the absence of ganglion cells from the 
myenteric and submucosal plexuses, as seen on a full-thickness 
or suction (mucosal–submucosal) biopsy specimen of the 
rectum. Proximal contents fail to enter the unrelaxed agangli-
onic segment.

Morphologically, ganglion cells are absent from the narrowed 
segment and for a short distance (usually 1–5 cm) into the 
dilated segment. In contrast, the nerve fibers are hypertrophic, 
with abundant, thickened bundles. Specific stains for acetylcho-
linesterase highlight the abnormal morphology. Adrenergic 
denervation of the dilated segment is another inconsistent 
finding, as is a decreased supply of peptidergic nerves (contain-
ing VIP, substance P, enkephalins, and other peptides).

The most characteristic functional abnormality of aganglio-
nosis is a failure of the internal anal sphincters to relax following 
rectal distention [453]. Transient distention of a balloon in the 
rectum causes the intralumenal pressure at the level of the inter-
nal anal sphincter to drop; the drop is often accompanied by a 
reflex contraction of the external sphincter. Up to 20% of normal 
children may have a falsely absent reflex, especially if they are 
premature or of low birth weight, but a positive response is 
strong evidence against Hirschsprung disease.

Incidence and genetics
The defect occurs once in each 5000 live births and is in some 
cases familial, with an overall incidence of 3.6% among siblings 
of all index cases [454]. Because the disease was highly lethal 
until the introduction of curative surgery in the 1950s, accurate 
assessment of the incidence in the offspring of successfully 
treated patients is incomplete. Consanguinity of parents is 
exceptional, and the condition is reported to be discordant in 
dizygotic twins and concordant in monozygotes.

The association of congenital aganglionosis of the colon with 
Down syndrome is ten times more frequent than would be 
expected by chance [454]; approximately 2% of patients with 
congenital megacolon have Down syndrome. A number of 
other congenital anomalies have been reported: hydrocephalus, 
ventricular septal defect, cystic deformities and agenesis of the 
kidney, cryptorchidism, diverticulum of the urinary bladder, 
imperforate anus, Meckel diverticulum, hypoplastic uterus, 

narrow segment of the large intestine – that is, one that fails  
to relax.

Acquired megacolon can complicate any of the many causes 
of constipation, and it can be assumed that megacolon is 
acquired when it can be ascertained that colonic dilation was 
not present at some earlier examination. A common back-
ground for acquired megacolon is colonic inertia, which occurs 
frequently at both extremes of life. In children, this form can be 
confused with the congenital condition.

Worldwide, infection with Trypanosoma cruzi (Chagas 
disease) is the most common form of acquired megacolon. In 
this condition, the dilated segment of colon is abnormal because 
of destruction of the ENS by the neurotoxin of the organism. 
Although infection was originally confined to the South 
American continent, it was estimated that there are 350 000 
seropositive persons in the United States; among these, one-
third are thought to have chronic Chagas disease [452]. Some 
patients acquire megacolon as part of a generalized intestinal 
pseudoobstruction.

As above, when colonic pseudoobstruction is acute and asso-
ciated with another medical condition (abdominal or ortho-
pedic surgery, spinal cord injury, serious cardiovascular or other 
medical problems), the term Ogilvie syndrome is often applied. 
Toxic megacolon is a life-threatening complication of inflam-
matory bowel disease and infectious colitides.
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excludes the diagnosis. Mucosal suction biopsy, satisfactory in 
many instances, is the initial procedure of choice because it is 
performed easily and requires no anesthesia. If the depth of the 
examination is sufficient to show the presence of ganglia in the 
Meissner (submucosal) plexus, the classical form of Hirschsprung 
disease is excluded. However, the absence of ganglion cells does 
not establish the diagnosis, and a full-thickness biopsy speci-
men should be obtained at least 3 cm proximal to the pectinate 
line. A diminution or absence of ganglion cells distal to this 
point is difficult to interpret. Careful histology proximal to the 
internal sphincter reveals that myenteric ganglia may be absent 
from normal infants over a distance of 4 to 5 mm in this segment; 
ganglia may be absent from the deep and superficial submucosal 
layers for even longer distances. Immunohistochemical tech-
niques can highlight the morphological abnormalities, showing 
an abundance of hyperplastic axons but an absence of ganglion 
cells. Several approaches employing antibodies to acetylcho-
linesterase, neuron-specific enolase, neurofilament, and neu-
ropeptides have been described [455,456].

Physiological tests complement the diagnosis in doubtful 
cases, and they may be crucial when the aganglionic segment 
is very short. Such cases are less easily detected on X-ray films 
and are also likely to be missed by biopsy. The most important 
pathophysiological test is the response of the anal sphincters 
to distention of the rectum [453]. In contrast to the internal 
sphincter in normal individuals and in patients with acquired 
megacolon, the internal sphincter in patients with congenital 
aganglionosis fails to relax (or contracts even further) after the 
rectum is distended. The most common cause of a false-
positive test result is a capacious rectum in constipation or 
megarectum; under these circumstances, distension of the 
rectal balloon does not stimulate the reflex. Therefore, an 
enlarged rectum should be excluded before Hirschsprung 
disease is diagnosed.

polyposis of the colon, ependymoma of the fourth ventricle, the 
Laurence–Moon–Bardet–Biedl syndrome, and congenital 
central hypoventilation syndrome (Ondine curse).

The genetic disorders resulting in disordered development of 
the neural crest in Hirschsprung disease are discussed in detail 
above (see section “Ontogeny of the enteric nervous system”).

Clinical features
Hirschsprung disease should be suspected shortly after birth 
when the infant passes little meconium and the abdomen is 
distended. Digital examination of the rectum, insertion of a 
rectal tube, or administration of a small enema causes retained 
fecal material to gush forth, with apparent relief of the symp-
toms. However, the respite is often short-lived; signs of partial 
intestinal obstruction return, with persistent vomiting and dis-
tention as the major features. In about 20% of patients, diarrhea 
persists; it is caused by pseudomembranous enterocolitis, which 
develops as a complication of the obstruction.

Later in life, the presentation is often less dramatic and may 
not mimic an acute intestinal obstruction. Severe constipation 
and recurrent fecal impactions are more common. Children 
occasionally show evidence of anemia, malnutrition, and even 
hypoproteinemia resulting from protein-losing enteropathy; 
their resistance to infection can also be impaired. Although dif-
ficulties develop in most children before the second month of 
life, very-short-segment aganglionosis may not cause severe 
symptoms until after infancy.

Differential diagnosis
Hirschsprung disease must be distinguished in the neonate 
from other developmental causes of intestinal obstruction,  
such as atresias and imperforate anus. Later in life, acquired 
(secondary) megacolon is the other major consideration. The 
diagnosis of congenital megacolon is usually not difficult beyond 
the immediate neonatal period, and the better diagnostic 
methods now available allow a positive diagnosis in most cases. 
Obstipation, with infrequent spontaneous passage of stool, 
dates from infancy, and the rectal examination reveals an empty 
ampulla. Overflow incontinence is not a feature of Hirschsprung 
disease.

A barium enema X-ray film (Figure 61.34) confirms the diag-
nosis if the characteristic transition from the narrowed, distal 
rectum or rectosigmoid to the dilated proximal colon is seen. 
However, when the aganglionic segment is very short, a nar-
rowed segment is not seen radiologically. In patients with 
acquired megacolon, encopresis is common, dilation extends all 
the way to the anus, and a narrowed zone is not seen.

Proctosigmoidoscopy reveals a normal but empty rectum. 
The dilated proximal bowel, if within range of the scope, is easily 
traversed except for abundant feces in the lumen; occasionally, 
stercoral ulcers are noted. The key findings are the empty lower 
segment and the absence of evidence of organic obstruction.

The diagnosis is best substantiated by a full-thickness biopsy 
of the rectum. The presence of normal numbers of ganglion cells 

Figure 61.34  Barium enema in a normal child contrasted with a study 
showing megacolon and a narrow segment affected with Hirschsprung 
disease. The genetic defect involves a mutation of the RET protooncogene 
on chromosome 10q11.2.
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[461]. In fact, the condition he described in two patients was 
longstanding and caused by malignant infiltration of mesenteric 
nerves. Regardless of the misnomer, the syndrome, now  
given Ogilvie’s name, should be considered as a form of pseu-
doobstruction localized to the colon; the characteristic time 
course is acute or subacute. Moreover, most cases are clearly 
associated with an underlying disease; the most common pre-
disposing conditions described in a metaanalysis of 400 cases 
were trauma, orthopedic surgery, obstetrical procedures, pelvic 
and abdominal surgery, metabolic imbalance, and neurological 
conditions [462].

Pathophysiology
The precise cause of acute colonic pseudoobstruction is 
unknown. However, Ogilvie syndrome is the clearest example 
of the human colon dilating in response to nonmechanical 
factors. Ogilvie proposed that an imbalance of intrinsic and 
autonomic neural control is the basis for the syndrome [461]. 
This propensity of the human colon to relax and dilate has been 
studied experimentally with the barostat [2]. In these experi-
ments, wall tone decreased markedly during sleep and in 
response to glucagon; a model of colonic dilation during acute 
distention of the ileum has been described in dogs [463]. The 
ability of the wall of the colon to relax readily in response to 
physiological and pharmacological stimuli may play an impor-
tant role in the development of megacolon.

Clinical presentation
The typical patient is a middle-aged or older person who is 
recovering quite uneventfully from surgery performed a few 
days previously and who is already on a general diet. In one 
report [464], more than half the patients had undergone recent 
surgery or manipulation of the spine or retroperitoneum. The 
abdomen becomes grossly distended and breathing becomes 
labored but, early in the course, no peritoneal signs are present 
and the white blood cell count is normal. An abdominal film 
shows massive gaseous distention of the colon with air distrib-
uted throughout, including the rectum. Usually, the small bowel 
is not seen. The diameter of the cecum at this point is often 9 
to 10 cm.

Initial management
Oral feedings should be stopped, parenteral fluids started, and 
a nasogastric tube passed; all nonessential drugs should be dis-
continued. A Hypaque (water-soluble contrast) enema is 
administered; in this way, mechanical obstruction can be 
excluded and pseudoobstruction confirmed. As a side benefit, 
hyperosmolar Hypaque usually evacuates the colon during  
the diagnostic maneuvers. Once confirmed, acute colonic pseu-
doobstruction should be treated aggressively, with a rectal 
decompression tube and enemas. Any associated metabolic 
abnormalities or electrolyte disorders (e.g., hypokalemia) must 
be corrected; these are prominent in 20% to 30% of cases [464]. 
Efficacy has been reported for pharmacological blockade of 

Treatment of congenital megacolon
Definitive surgical cure is the treatment of choice. Preliminary 
decompression by colostomy is still sometimes necessary to 
relieve obstruction, or it may be necessary in some infants when 
it is decided to postpone definitive surgery. However, the goal 
should be early diagnosis and a one-stage surgical approach.

The main goals are to establish regular and spontaneous def-
ecation, to maintain normal continence, and not to interfere 
with sexual potency. The surgical procedure should cause  
essentially no mortality and minimal morbidity. A number of 
different operations have been used to remove successfully  
or to counterbalance the obstructing effect of the aganglionic 
segment. The surgical procedures include: transabdominal 
approaches from the classical operation by Swenson (in which 
the ganglionated segment of colon is anastomosed to the anal 
canal just above the porectinate line), transabdominal recon-
structions (described by Duhamel, Soave, and Rehbei), transanal 
endorectal pull-through, and primary laparoscopic-assisted 
endorectal pull-through [457].

Long-term results are good in the great majority of patients, 
but 10% to 20% have residual problems, usually with fecal 
soiling [458].

Variants of congenital megacolon
The spectrum of Hirschsprung disease has widened consider-
ably. Patients with a compatible clinical picture may have an 
ultrashort segment of aganglionosis, involving only the internal 
anal sphincter [459]. Morphological confirmation of the diag-
nosis may be difficult, and physiological testing becomes even 
more important. Patchy or zonal loss of ganglia (ladder pattern) 
and dysplastic neurons have also been described. Cases classi-
fied as acquired aganglionosis have been reported. In these, 
ganglia were seen in tissues removed at an initial operation, but 
when clinical failure led to further surgery, an aganglionic 
segment was clearly demonstrable. It appears more likely that a 
short aganglionic segment was missed on the initial evaluation, 
rather than attributing this situation to acquired disease. With 
greater awareness of the more subtle morphological and physi-
ological abnormalities, Hirschsprung disease is being detected 
more often in adults [460]. The clinical, physiological, and mor-
phological features in adulthood are usually similar to those of 
the milder form of the disease when recognized earlier in life. 
Thus, congenital megacolon (Hirschsprung disease) can be sub-
divided into the classical form, short-segment types, ultrashort-
segment types, and other variants (see Box 61.4).

Acute megacolon
Acute toxic megacolon occurs in patients with severe, fulminant 
inflammatory bowel disease or infectious colitis; the colon also 
dilates in response to acute distal obstruction (e.g., volvulus or 
carcinoma). However, pseudoobstruction and acute megacolon 
can occur without evidence of intrinsic colonic disease or 
mechanical obstruction. In this latter instance, the patient has 
a form of acute colonic pseudoobstruction, named after Ogilvie 
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The enlarged rectum is resected in its entirety; therefore, feca-
liths in the rectal remnant, so common in patients after Duhamel 
procedures, are avoided.

Syndromes partly attributed to  
disorders of colonic motility
Chronic diarrhea
Diarrhea is defined as more frequent defecation or the passage 
of stools that are less well formed than is thought normal by the 
individual. The technical definition of diarrhea is a stool weight 
of over 200 g/day. In patients with IBS and diarrhea, transit 
through the proximal colon is accelerated, and the rates at 
which the ascending and transverse portions of the colon empty 
are related to fecal weight [469]. Stools that are less solid (frag-
mented, semisolid, or liquid) result from more rapid transit 
through the colon; however, the most characteristic bowel 
pattern in IBS is one of wide fluctuations of stool frequency and 
consistency. Presumably, colonic transit changes dramatically in 
IBS, from slow to fast (or vice versa), to produce these stool 
patterns.

The scintigraphic method has been used to demonstrate 
rapid small bowel and colonic transit in the diarrhea of carci-
noid syndrome [470]. A fivefold increase in the emptying rate 
of the ascending and transverse parts of the colon was noted; 
this was associated with storage of a reduced volume in the 
ascending colon, as measured by the scintigraphic method. The 
rapid transit and reduced capacitance of the proximal colon 
were associated with increased postprandial tone as measured 
by the barostat. A serotoninergic mechanism has been impli-
cated, and in carcinoid diarrhea, octreotide and alosetron (a 
5-HT3 antagonist) reversed the abnormalities [471].

Irritable bowel syndrome: motor dysfunction
IBS is now defined usually by the criteria of an international 
panel that evaluated the symptomatic features of this extremely 
common condition. The major features are altered stool fre-
quency or consistency and abdominal pain that is directly 
related to a change in the pattern of bowel movements. Thus, it 
is not surprising that the colon has been incriminated as the 
origin of these symptoms.

Colonic transit was evaluated in patients with IBS and 
diarrhea [469,472], and rapid transit of solids through the prox-
imal colon was documented. It had earlier been reported that 
small bowel transit also was rapid in IBS with diarrhea [472].

The constipation experienced by some patients with IBS 
appears to blend imperceptibly into the syndrome of idiopathic 
(functional) constipation. Not surprisingly, then, the transit of 
radiopaque markers is prolonged in constipated patients with 
IBS. In a group of nearly 300 persons referred to a tertiary center 
with a major complaint of constipation [473], the majority had 
only a modest slowing of colonic transit (it was sometimes 
normal) and were considered to be examples of IBS. About 45% 
of patients with IBS-D and 20% of those with IBS-C have accel-
erated or delayed transit, respectively [474].

ganglia with guanethidine followed by cholinergic stimulation 
with neostigmine [465], although it must be emphasized that 
the condition resolves in many cases with simple measures 
[466]. Intravenous neostigmine (up to 2 mg) was effective in 
acute colonic pseudoobstruction in a randomized controlled 
trial [467]. Patients should be carefully monitored during treat-
ment with neostigmine because of risks of seizures or bradycar-
dia due to increased vagal tone, which can be reversed by 
administration of atropine (0.4–0.6 mg i.v.).

Subsequent management
Most of the patients who do not respond to enemas, nasogas-
tric decompression, and drug therapy continue to have a 
normal white blood cell count, and fever or peritoneal signs 
do not develop. If the cecum measures more than 11 cm, the 
next step is colonoscopic decompression. The previous enema 
often empties the colon, facilitating endoscopy. Gas and liquid 
stool are aspirated while small amounts of additional air (or 
carbon dioxide) are insufflated. The mucosal detail is often 
obscured by the contents, but an obstructing lesion can usually 
be seen. It is not necessary to reach the cecum to accomplish 
adequate decompression; positioning the colonoscope at the 
hepatic flexure with aspiration of the distal contents usually 
collapses the right colon. An abdominal film should then be 
obtained; the collapsed cecum can be documented and the 
patient kept on enemas until stool and flatus pass spontane-
ously. Placement of a colonic decompression tube avoids the 
need for repeating colonoscopic decompression. Administration 
of polyethylene glycol, 29.5 g daily, following successful resolu-
tion of colonic pseudoobstruction with either neostigmine or 
colonic decompression, was reported to be effective in prevent-
ing recurrence [468].

An operation is advisable for patients with a very large cecum 
(>14 cm) and for those whose condition remains intractable to 
medical and endoscopic management. The most useful and effi-
cacious approach is tube cecostomy, now possible by laparo-
scopic techniques. Moreover, if at any time a patient manifests 
fever, leukocytosis, or peritoneal signs, abdominal exploration 
is mandatory. In these situations, the right side of the colon is 
frequently nonviable or is already perforated. For perforation, 
right hemicolectomy with ileostomy and a mucous fistula is the 
operation of choice. In patients with nonviable bowel but 
without perforation, a right hemicolectomy and primary  
anastomosis can be performed with little risk for serious 
complications.

For patients with megacolon, a normal-sized rectum, and a 
normal mechanism of defecation as determined by tests of 
pelvic floor function, total colectomy with ileorectostomy is the 
operation of choice; these patients usually establish a relatively 
normal bowel habit. Patients with megarectum, a normal-sized 
colon, and a defecation abnormality are candidates for the 
Duhamel operation (anastomosis between the colon brought 
down posterior to the megarectum and sewn to the anal canal 
just above the pectinate line) or perhaps a coloanal anastomosis. 
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Antidiarrheal agents
Opioid derived drugs are the most effective antidiarrheal agents 
currently available. Opiates augment the mixing contractions 
that inhibit transit and increase colonic tone, both of which 
might be expected to favor absorption. These actions should 
retard transit and help alleviate diarrhea. The effects of mor-
phine on colonic tone have also been explored in dogs and 
humans with the electromechanical barostat. Under baseline 
conditions in the dog, the drug increased tone sharply [430] in 
association with an increase in phasic contractions. In the 
human colon [483], the effects of morphine were more complex; 
it relaxed a segment showing high postprandial tone and caused 
a late (40 min after injection) decrease in spontaneous tone. 
Thus, the effects of opiates on the colon are complex, and 
perhaps species dependent.

Alosetron, a 5-hydroxy tryptamine (5-HT3) antagonist, has 
been shown to decrease colonic transit, improve stool consist-
ency, and decrease sensation and discomfort thresholds in the 
rectum in patients with IBS [484–486]. Alosetron has also been 
shown to be clinically effective in treating females with diarrhea-
predominant IBS [487,488]. However, an increased incidence of 
drug-related ischemic colitis has resulted in restricted availabil-
ity of the drug [489].

Colonic prokinetic agents
Tegaserod is a selective 5 hydroxytryptamine (5-HT4) receptor 
partial agonist. Tegaserod has been shown to enhance the peri-
staltic reflex and increase chloride secretion and water move-
ment into the bowel lumen and accelerate colonic transit in 
health [322,490–494]. Multiple studies have demonstrated effi-
cacy in patients with constipation-predominant IBS and idio-
pathic constipation [495–497]. Longer-term studies over 13 
months have also confirmed efficacy in this setting [498]. 
Nevertheless, the availability of tegaserod has become restricted 
because of possible increase in drug-related ischemic cardiovas-
cular events [499].

Prucalopride is another 5HT4 agonist with much greater 
selectivity and affinity than for any other receptor [500]. 
Prucalopride has been shown to accelerate colonic transit and 
relieve constipation [501]. In clinical experience outside the 
United States, prucalopride has a favorable safety profile in 
clinical experience [502].

Novel approaches to treating constipation with specific secre-
tagogues have the potential advantage of specific targeting of the 
secreting epithelium in the small intestine and colon, and this 
coupled with low bioavailability enhances the safety of the com-
pounds such as lubiprostone (a chloride channel agonist [503]) 
and linaclotide (a guanylin cyclase C agonist) [504]. Both lubi-
prostone and linaclotide have been shown to accelerate colonic 
transit and relieve constipation and abdominal bloating in 
patients with idiopathic constipation and irritable bowel syn-
drome [505,506].

References are available at www.yamadagastro.com/textbook

Inflammatory disease of the colon
The diarrhea of inflammatory colitis is primarily caused by 
the exudation of fluid and mucus, bleeding, and impaired 
absorption; however, disordered motility and transit should 
also be considered. Connell [475] first proposed that the colon 
in advanced ulcerative colitis may behave as a semirigid tube, 
showing fewer phasic pressure waves than is normal; moreo-
ver, it is well recognized clinically that haustral contractions 
are absent in the late stage of colitis. These radiological phe-
nomena (haustra) are thought to be produced by repetitive, 
nonpropagated, phasic contractions. Reddy and colleagues 
[476] used combined manometric and scintigraphic tech-
niques to study transit in ulcerative colitis. They confirmed 
the paucity of phasic pressure activity in the fasting state. 
Postprandially, however, low-amplitude pressure waves were 
more frequent in colitis and, when these were propagated, 
they always moved contents in an antegrade direction. Thus, 
movement of isotope from the splenic flexure to the sigmoid 
colon was usually rapid, perhaps reflecting the absence of 
retarding pressure waves [476].

Heightened sensitivity of the rectum to distention has been 
reported in patients with ulcerative proctitis [477,478]. 
Clinically, such patients are often sensitive to very small amounts 
of feces or mucus in the rectum. Pressure waves of high ampli-
tude in the rectum have been recorded in proctitis and impli-
cated in the symptom of tenesmus.

Response of the colon to drugs
Laxatives
The most complete study of electromechanical activity induced 
by laxative agents and drugs that cause diarrhea as a major 
side effect was that of Karaus and Sarna [479]. They studied 
the effects of hypertonic glucose, castor oil, neostigmine, and 
guanethidine in dogs with strain gauges sewn onto the colon. 
In all instances, when the agents induced diarrhea, powerful 
contractions migrated around most or all of the colon and led 
to an evacuation. On the other hand, a local stimulus to the 
rectum (distention) was able to provoke expulsion of the 
balloon without participation of the whole colon in the motor 
event. The motor effects of the local instillation of stimulant 
laxatives have been recorded from the human colon [427], 
and the myoelectric responses of oral senna have been 
reported [480]. The effects of laxative doses of castor oil on 
the colon should be similar to those reported for oleic acid 
[428]; oleic acid and the active principle of castor oil (ricino-
leic acid) are both C-18 aliphatic fatty acids. Lactulose has 
also been used experimentally as a stimulant of colonic transit; 
when it was administered in doses that induced a modest 
increase in stool frequency, transit through the right side of 
the colon was hastened [481].

More recently, the effects of drugs used in the treatment of 
constipation on colonic transit have been measured by scintig-
raphy; these include: bisacodyl, tegaserod, prucalopride, lubi-
prostone, and linaclotide [482].
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Gastrointestinal infections are a frequent cause of diarrhea 
resulting in morbidity and mortality worldwide. The World 
Health Organization (WHO) estimates that diarrhea caused 
800 000 deaths, or 10.5% of all childhood deaths under 5 years 
of age in 2010 [1]. Diarrheal illness is common in both develop-
ing and developed countries. In the United States, rates of 
diarrheal illness are highest among children aged <5 years (1.1 
episodes per person-year) and are lowest in persons aged 65 
years and older (0.32 episodes per person-year) [2].

Diarrhea and gastroenteritis diagnosis and management  
pose considerable clinical and economic challenges. Decisions 
depend on local epidemiology, resources, microbiological 
expertise, and the likelihood that outcome will be affected by 
diagnosis or treatment. Moreover, diarrhea is usually self-
limited, whether or not an etiological agent is identified and 
whether or not specific or nonspecific therapies are used. 
Therefore, resources are often more appropriately devoted to 
supportive care and prevention and not to determining specific 
etiologies in individual cases. Symptomatic relief is often used, 
and empiric antibiotics are often prescribed, but the value and 
risks of these interventions are subjects of debate.

This chapter provides an overview of diagnostic considerations 
for all patients with diarrhea in terms of microbiological assess-
ments, specific and nonspecific therapies, and general preventive 
measures. We will then discuss the history, epidemiology, patho-

genesis, clinical aspects, complications, diagnosis, and treatment 
of a diversity of bacterial and viral gastrointestinal pathogens. 
Major gastrointestinal infections that are often not accompanied 
by diarrhea or vomiting, such as parasitic infestations of the 
gastrointestinal tract (see Chapters 121 and 122), infectious 
esophagitis (see Chapter 51), and Helicobacter pylori infections 
(see Chapter 58), are covered in other chapters. Although many 
episodes of gastroenteritis go undiagnosed, and we are unable to 
address thoroughly all of the multidimensional aspects of the 
myriad agents that cause gastroenteritis and diarrhea, we believe 
that this orthogonal approach to gastrointestinal infections will 
be helpful in general and in specific situations.

Clinical considerations at presentation

Microbiological diagnosis
Comprehensive microbiological diagnosis of enteric infections, 
usually by examination of stool from symptomatic patients, 
employs diverse, pathogen-specific tests, including culture, 
microscopy, antigen detection, nucleic acid hybridization, and 
serology. This technology can be an impediment to clinical care 
and epidemiological surveillance. These multiple modalities are 
expensive and, for many, interpretation of results is “operator 
dependent.” Results are often returned to the provider too late 
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Viral studies rarely help manage individual cases of gastroen-
teritis although identification of a viral etiology in certain situ-
ations, for example immunocompromised patients, may reduce 
the need to investigate for other etiologies for diarrhea or lead 
to specific therapy. Specific therapies do not exist, and finding 
a viral pathogen does not alter one’s approach to a patient, which 
is (rightly) focused on addressing hydration status. Viral enteric 
diagnosis, at least in North America, previously consisted of 
antigen detection for rotavirus and adenovirus types 40 and 41. 
Increasingly, tests for noroviruses (caliciviruses) are being 
offered as this has become a predominant cause of viral diarrhea 
in the era of rotavirus vaccination [5]. The common causes of 
viral gastroenteritis include rotavirus, norovirus (genogroups I 
and II), astrovirus, and group F adenoviruses (serotypes 40 and 
41). Development of multiplex, probe-based PCR assays for all 
of these viruses has had considerable progress [6].

Parasite evaluations consist of microscopy of wet mount 
specimens, and special additional stained slides of fresh or pre-
served specimens, to detect certain (Cryptosporidium parvum, 
Entamoeba histolytica, Giardia lamblia, Hymenolepsis nana, 
Isospora, and microsporidia) and candidate (Blastocystis hominis 
and Dientamoeba fragilis) diarrheagenic protozoa. Antigen 
detection will identify C. parvum and G. lamblia, but not other 
parasites, and microscopy is necessary for other agents. There 
is considerable debate about the utility of the classically applied 
three ova and parasite examinations. Some authorities advise 
one microscopic examination [7,8], whereas others continue to 
advocate the long-standing practice of triplicate submissions 
[9]. Pooling of specimens from the same patient prior to exami-
nation has been proposed as a cost-saving measure and does 
not diminish recovery rates. Antigen testing has been widely 
utilized but there are concerns about its specificity [10]. In cases 
in which it is important to diagnose an enteric parasite, stools 
should not be considered to be negative until they have been 
subjected to a thorough microscopic evaluation at an experi-
enced laboratory.

Several screening tests have been employed in an attempt to 
improve the detection rate of bacterial pathogens in stool cul-
tures by restricting processing to those specimens with reason-
able likelihoods of containing a pathogen. These include testing 
for fecal occult blood, leukocytes, lactoferrin, and calprotectin 
[11]. Although positive tests might increase the yield of a stool 
culture, negative tests are not adequately predictive to be used 
as exclusion criteria [12]. If there is clinical suspicion of a pos-
sible bacterial enteric infection, a culture should be obtained, 
even if a surrogate test is negative.

It is important to stress that clinical microbiologists are 
underutilized resources for many gastroenterologists. These 
individuals are considerably more aware of the latest diagnostic 
technology and protocols in enteric microbiology than are  
practicing gastroenterologists. We often find it helpful to confer 
with clinical microbiology staff on difficult cases to increase the 
likelihood that specimens will be handled appropriately and  
to ensure that the best evaluations are performed. We also 

to be useful or are not clinically actionable. Some tests are of 
questionable sensitivity, and, in the case of bacterial culture, 
utilize technology developed in the late 1800s. Despite these 
limitations, good gastrointestinal practice often critically relies 
on the accurate identification of pathogens or on the exclusion 
of known infectious agents. Moreover, public health authorities 
depend on accurate and rapid diagnosis of enteric pathogens to 
halt outbreaks and to monitor incidence trends. Admittedly, the 
microbiologically and physically complex matrix of stool poses 
difficult challenges for pathogen detection. Nonetheless, it is 
important to recognize that major technological advancements 
will be required to better diagnose gastrointestinal infections, 
and that new technologies which identify multiple pathogens in 
the same testing format, accurately, economically, and rapidly, 
are urgently needed.

Diagnosis is often tailored to the presentation and symptoms, 
with local epidemiology, custom, and laboratory practices 
helping to guide the tests requested and performed. The test 
categories can be grouped into those that identify bacterial, 
parasitic (eukaryotic, largely protozoal), and viral diarrheagenic 
agents. Within each group, a diversity of methods, reagents, and 
detection systems can be applied, which further complicates 
decisions.

Bacterial pathogen testing consists of plating stool specimens 
on selective and differential agar plates and inoculating stools 
into various broths. The media serve several purposes. They can 
be variably selective (diminishing or preventing growth of non-
target organisms) or differentiating (exploiting a phenotype of a 
target organism to identify it among coisolated flora), or both. 
Most laboratories will seek, without special requests, Salmonella 
and Shigella using one or more of these media (e.g., MacConkey, 
Hektoen, or Salmonella/Shigella agar, often in combination with 
selenite-F broth). Laboratories also usually routinely seek 
Campylobacter using selective media and incubation at 42°C 
under microaerophilic conditions to suppress the growth of 
ambient flora, which do not grow as well as Campylobacter at this 
temperature. Special requests are often needed to detect Yersinia 
(using Yersinia agar), Escherichia coli O157:H7 (using sorbitol–
MacConkey agar), and other Shiga toxin-producing E. coli (using 
a broth culture and a Shiga toxin enzyme immunoassay [EIA]) 
[3]. Laboratories will occasionally culture for vibrios using blood 
or thiosulfate–citrate–bile salts–sucrose (TCBS) agar, and 
Staphylococcus aureus using blood agar plates. Laboratories 
sometimes screen colonies on blood agar plates by sweeping the 
growth onto oxidase paper and determining if oxidase producers 
are vibrios, Aeromonas, or Plesiomonas. In reality, most oxidase-
positive colonies are Pseudomonas aeruginosa and not enteric 
pathogens. It is prudent to confirm that the laboratory to which 
a specimen is sent performs an appropriate array of cultures, and 
knowledge of local epidemiology is essential. This is not always 
practical but direct communication with the clinical microbiol-
ogy laboratory to ascertain what has been evaluated and the 
meaning of culture report results may be an important part of 
evaluating severe or prolonged or bloody diarrhea [4].
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by the realization that there is a high likelihood of receiving 
inaccurate data because the risk of fecal contamination is con-
siderable and that the resulting administration of antibiotics 
might be contraindicated. We also strongly discourage obtain-
ing catheterized specimens during acute gastroenteritis because 
of the risk of introducing fecal bacteria into the urinary system. 
There is no role for a urinary assessment if there is no fever or 
if the illness most closely resembles bacterial infection (sudden 
onset, bloody diarrhea).

Imaging studies
Abdominal ultrasonography might help clarify distal small 
bowel involvement during bacterial infections by demonstrat-
ing evidence of bacterial ileocecitis, especially if a patient has 
right lower quadrant tenderness [14]. Air- or barium-contrast 
enemas, or computed tomography, are occasionally warranted 
during acute bloody diarrhea to exclude the possibility of a 
surgically remediable lesion, in particular an intussusception. 
Contrast studies demonstrating colonic edema (e.g., “thumb-
printing” of the mucosa) should raise the possibility of an 
EHEC infection. Computed tomography in infectious colitis 
generally demonstrates a diffusely inflamed colon [15]. Dilated 
colons can be seen on plain abdominal radiographs in a 
variety of infections and are nonspecific. Nonetheless, imaging 
studies can help exclude the possibility of an obstructing 
intussusception.

Chemistry studies
Dehydrated patients should undergo evaluations to identify 
electrolyte abnormalities. We also recommend daily electrolyte, 
urea, and creatinine determinations in patients who are possibly 
or definitely infected with an EHEC (see specific recommenda-
tions in Section Enterohemorrhagic E. coli, Treatment).

Surgical consultation
Many patients with severe gastroenteritis will have signs or 
symptoms suggesting an acute abdomen, most particularly 
acute appendicitis. Indeed, diarrhea is present in bona fide non-
infectious appendicitis [16], and bacterial gastroenteritis can be 
associated with appendicitis [17] and colonic perforation 
[18,19]. Experienced surgical consultation should be pursued if 
the clinical situation warrants, even if there is a high likelihood 
of a patient being infected with an infectious agent.

Specific therapy

Specific therapy for enteric infections, defined as administration 
of a medication to eradicate the infecting agent, is best guided 
by microbiological results. Most experts do not believe that it is 
appropriate to administer antibiotics empirically at the time of 
presentation because of the potential for side-effects of the anti-
biotics, their expense, the possibility that such agents could be 
contraindicated, that is prolong the illness or excretion of the 

encourage regular communication to ensure that specimens 
obtained by clinicians are put into the appropriate transport 
media and appropriate testing is requested.

Finally, in some jurisdictions, it is the responsibility of the 
requesting provider to notify the local health department of 
reportable enteric infections, although this role is often sub-
sumed by the laboratory itself. The diagnosing microbiology 
laboratory can usually provide contact information and a list of 
reportable pathogens. Even though regulations require report-
ing within 7 days of notification, it is important to make the 
report immediately, to accelerate disease control measures. A 
2006 nationwide outbreak of E. coli O157:H7 transmitted by 
contaminated fresh spinach exemplifies the importance of rapid 
reporting and transfer of pathogens to disease control authori-
ties as soon as possible, so that matching isolates can be further 
investigated [13].

Adjunct evaluations
Patients with severe gastroenteritis and diarrhea sometimes 
present with such profound and confusing symptoms, or with 
symptoms of sufficient duration, that adjunctive tests and evalu-
ations are considered and requested. It is important to be stra-
tegic in the selection of these evaluations, because the likelihood 
of obtaining misleading information sometimes exceeds the 
likelihood of obtaining helpful results. Unfortunately, we are not 
aware of any rigorous analysis of the utility of such determina-
tions. However, the following observations on commonly 
obtained tests are based on clinical experience.

Blood count
Although a blood count is rarely helpful in nonbloody diarrhea, 
several situations do arise in which this test is valuable. First, in 
patients presenting with acute bloody diarrhea, we find it useful 
to obtain a complete blood count so that we may more accu-
rately assess trends in the platelet count if the patient is subse-
quently demonstrated to be infected with an enterohemorrhagic 
E. coli (EHEC) (see Section Enterohemorrhagic E. coli, Clinical 
aspects). Abnormally high hemoglobin concentrations could 
indicate dehydration, and profound left shifts without marked 
leukocytosis (relative bandemia) could represent Shigella or 
Salmonella infection.

Blood culture
We encourage blood cultures in patients with acute gastrointes-
tinal infections that could be of bacterial origin if they are at the 
extremes of age, are immunocompromised, or if they might be 
infected with Salmonella Typhi. The value of blood cultures in 
other situations is not well established and is probably consider-
ably less.

Urinalysis
In febrile children with diarrhea, and especially infants, it is 
difficult to know if a urinary tract infection is also present. 
However, the decision to obtain a urinalysis must be balanced 
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improvement in economies and infrastructure and from specific 
vaccination programs, as demonstrated in Mexico [35].

Hydration
Maintenance of circulating volume is of paramount importance 
in the treatment of all forms of diarrhea and gastroenteritis. 
Generally, oral rehydration is adequate to treat gastrointestinal 
fluid losses, but the ideal composition of such fluids remains 
subject to debate [37,38]. Parenteral fluid management is needed 
in children and adults who are severely dehydrated, who are 
unable to tolerate oral rehydration because of vomiting or 
abdominal pain, or who are medically fragile. Again, the ideal 
composition of intravenous volume expansion is also contro-
versial, especially in children [39,40]. Reduced osmolarity solu-
tions (Table 62.1) have been recommended by WHO in an 
attempt to diminish stool volumes and the need for intravenous 
volume replacement in patients with diarrhea. However, they 
carry the risk of inducing hyponatremia, especially in illnesses 
such as cholera in which fecal sodium loss exceeds the amount 
of sodium likely to be imbibed in these solutions [37].

Syndromic management, including 
diagnosis and therapy, of community-
acquired diarrhea and gastroenteritis

Patients with acute diarrhea and gastroenteritis rarely present 
first to consultant gastroenterologists. Therefore, experience 
accrued, and recommendations offered by subspecialists, is 
often removed from a point in these illnesses at which critical 
diagnostic and therapeutic decisions are made. Nonetheless, it 
is helpful to review some considerations that are pertinent to 
the initial presentation, in terms of syndromic profiling, because 
gastroenterologists are often asked to make recommendations 
to their colleagues in primary care about these situations.

pathogen, and the risk that antibiotics will select for antimicro-
bial resistance. The practice of treating patients empirically is 
common, and several studies have demonstrated that the 
administration of antibiotics at the time of presentation with 
diarrhea to adults does shorten the duration of illness, whether 
or not a specific bacterial pathogen is identified [20–23]. The 
attributed benefit was one or two fewer days of diarrhea during 
the illness in these studies; however, serious complications were 
not reduced. Additionally, in some circumstances, antibiotics 
are harmful, such as in E. coli O157:H7 infections, in which 
their use is associated with a higher frequency of development 
of the hemolytic uremic syndrome (HUS), and in uncompli-
cated Salmonella infections in otherwise healthy hosts, in which 
use of antimicrobials is associated with prolonged carriage [24].

Rifaximin, a nonabsorbable antibiotic derived from rifampin 
(rifampicin), has shown considerable promise in the treat -
ment of pathogen-negative traveler’s diarrhea [25], but its 
appropriateness in other bacterial enteric infections is not yet 
established.

Symptomatic measures
The value and safety of therapies used to ameliorate the symp-
toms of acute gastrointestinal infections are subject to debate. 
Antimotility agents, such as loperamide, are controversial 
because studies, often small case series, have reported that these 
agents are associated with complications, such as toxic megaco-
lon or ileus [26]. Other studies, however, attest to their safety 
and partial efficacy, especially in the treatment of traveler’s 
diarrhea [27,28]. We are least comfortable administering anti-
motility agents to children, in whom safety has been less well 
established. In view of the fairly small benefits conferred by 
antimotility agents, and in consideration of the increased risks, 
especially in children younger than 3 years old, caution should 
be exercised in using them in patients with acute diarrhea [29]. 
Oral ondansetron given in an emergency department to chil-
dren with diarrhea diminished their time in the facility (though 
it did not affect need for hospitalization or need to return for 
evaluation) and is a potential adjunct to oral rehydration in situ-
ations in which vomiting might hinder this intervention [30]. 
However, it should be noted that ondansetron during gastroen-
teritis is associated with increased postadministration diarrhea 
[31,32].

Prevention
Prevention of diarrhea is an ideal goal. Vaccination has been 
successful for typhoid fever, rotavirus, cholera (reviewed in 
[33]), and gastroenteritis necroticans [34]. Travelers should 
minimize risks whenever possible. Assiduous hygiene should be 
applied to acutely infected patients to diminish spread in the 
home or healthcare setting. Food safety measures should be 
practiced by all individuals, especially those whose underlying 
illness or age render them more susceptible to the stress or 
sequelae of enteric infections. Successful prevention of morbid-
ity and especially mortality of enteric infections can result from 

Table 62.1 Composition of oral rehydration solutions. Data from [37].

Component Standard 
WHO 
(1975)

Reduced 
osmolarity 
WHO (2002)

Glucose 
plus 
glycine

Glucose (mmol/L) 111 75 110

Sodium (mEq/L) 90 75 120

Potassium (mEq/L) 20 20 15

Chloride (mEq/L) 80 65 72

Base 10a 10b 48b (15c)

Glycine (mmol/L) 110

Osmolarity (mOsm/L) 311 245 510

a Citrate (mmol/L).
b The base was bicarbonate (mEq/L) in the original study [36].
c Potassium citrate (mmol/L).
WHO, World Health Organization.
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O157:H7 and non-O157:H7 Shiga toxin-producing E. coli, 
Salmonella, and Shigella). Ideally, Yersinia should also be sought. 
Shiga toxin immunoassays should be requested in addition to, 
but not in lieu of, cultures for E. coli O157:H7. We also find it 
helpful to obtain baseline blood counts. Tests for C. difficile 
should also be requested, although community-acquired colitis 
caused by C. difficile usually has a period of onset that is more 
gradual than is seen in other causes of community-acquired 
bloody diarrhea. There is no role for viral testing in this setting. 
Similarly, in much of the developed world, parasites are very 
unlikely to cause acute bloody diarrhea. If parasites are sought 
the use of antigen tests is ill advised because these investigations 
seek protozoa (G. lamblia and C. parvum) that do not cause 
bloody diarrhea; microscopy is preferred.

We discourage using empiric antibiotics unless and until it is 
known that such patients are not infected with an organism for 
which antibiotics are contraindicated. We strongly encourage 
admission to hospital and intravenous volume expansion for 
children and many adults with acute bloody diarrhea.

Bloody diarrhea can also be caused by noninfectious ill-
nesses. If the age and setting are appropriate, one should con-
sider a diagnosis of intussusception, ischemic colitis, and 
inflammatory bowel disease (IBD). However, sometimes these 
conditions can be complicated by bona fide enteric infections.

Chronic or persistent nonbloody diarrhea
Chronic or persistent diarrhea (arbitrarily defined as diarrhea 
of ≥2 weeks duration) is not very likely to be attributed to an 
easily diagnosed bacterial enteric pathogen and so the value of 
stool cultures in this setting is minimal. We encourage focusing 
the assessment of such patients on testing for C. difficile and 
parasites. If the antigen testing for G. lamblia and C. parvum is 
negative, evaluation by microscopy is indicated. If testing 
remains negative, and the patient’s symptoms suggest the  
possibility of infection with a diarrheagenic parasite, it is appro-
priate to provide empiric antiparasitic therapy, usually metroni-
dazole, undertaking further diagnostic testing if this empiric 
trial does not provide complete relief.

Chronic or persistent bloody diarrhea
In most of the developed world, chronic or persistent bloody 
diarrhea (arbitrarily defined as bloody diarrhea of ≥2 weeks 
duration) is likely to represent IBD. However, an infectious eti-
ology should at least be considered, and workup, if it is pursued, 
should consist of a stool culture seeking Campylobacter, E. coli 
O157:H7, Salmonella, Shigella, C. difficile, and microscopic 
evaluation of the stool for parasites, especially E. histolytica. 
However, these agents are usually not found, especially if 
patients have microcytosis, anemia, hypoalbuminemia, or ele-
vated erythrocyte sedimentation rates or C-reactive protein, 
and plans should be made to make an expeditious diagnosis of 
IBD by colonoscopy.

Table 62.2 demonstrates criteria that help distinguish IBD 
from acute, self-limited, plausibly infectious colitis. In reviewing 

In profiling these syndromes we recognize that purely upper 
or lower gastrointestinal presentations of enteric infections are 
rare; however, some categorizations might be instructive.

Illnesses in which vomiting predominates
Patients of all ages with illness characterized by vomiting and 
little or no diarrhea often are infected with a virus, in particular 
a norovirus, or have ingested a preformed toxin, such as staphy-
lococcal enterotoxin. Diagnosis is often elusive, and attempts to 
find an etiological agent in individual clinical situations are 
often futile although immunoassays for norovirus are now avail-
able [5]. Fortunately such illnesses resolve rapidly and sponta-
neously, although sometimes parenteral hydration is helpful. 
However, as with any form of acute vomiting illness, careful 
assessments should be made to confirm the absence of impor-
tant noninfectious processes, such as pancreatitis. Cohorts with 
similar symptoms increase the likelihood that there is a point 
source (i.e., infectious or food-borne toxic cause) for the illness.

Nonbloody acute diarrhea
Nonbloody diarrhea often remains undiagnosed and the likeli-
hood of recovering a pathogen from stool cultures is low in 
these situations, especially if none of the following are present: 
abdominal pain or tenderness, recent foreign travel, fever, or 
multiple stools in the 24 h preceding presentation [12,41]. These 
illnesses can usually be treated with oral rehydration and occa-
sionally intravenous fluids, especially if the illness is accompa-
nied by vomiting. Ensuring clinical follow-up, especially when 
there is lack of improvement or clinical deterioration, is good 
medical practice because assessments provide only a brief 
period of observation during an illness that will evolve over 
several more days. If microbiological diagnosis is considered, 
this should include a stool culture to identify all actionable 
pathogens and seek, at a minimum, Campylobacter, E. coli 
O157:H7, Salmonella, and Shigella. Ideally, the evaluation 
should also include a toxin immunoassay to detect non-O157:H7 
Shiga toxin-producing E. coli and culture for Yersinia. The value 
of testing for Clostridium difficile in these circumstances has not 
been established and is controversial [42,43]. However, since C. 
difficile is increasingly identified as a community-acquired 
infection in patients who have not received antibiotics, it seems 
reasonable to have a low threshold for testing for this pathogen 
[44,45].

Bloody acute diarrhea
Bloody acute diarrhea is a medical emergency because it is 
highly likely to represent an infectious colitis, is often associated 
with considerable patient discomfort, and is frequently amena-
ble to intervention. Typically, in all forms of bacterial colitis, 
there are several days of nonbloody diarrhea before gross blood 
is observed, and pain is quite prominent. Fever is variable and 
when it is absent there is a higher likelihood of an E. coli 
O157:H7 infection. Cultures should be obtained for a diverse 
panel of bacterial enteric pathogens (Campylobacter, E. coli 
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Sigmoidoscopy should be performed before starting treatment, 
and, ideally, treatment should be guided by culture, microscopy, 
or serology.

Persistent diarrhea in resource-poor settings
Many residents of resource-poor, largely tropical regions, and 
especially children in these populations, probably have abnor-
mal small bowel structure and function. Changes include  
crypt hyperplasia, villous stunting, hypercellular lamina propria, 
decreased mucosal surface, and increased gut permeability. The 
net result of this syndrome in residents of these areas is stunting. 
This disorder is termed tropical enteropathy [52], tropical mal-
absorption [53], or tropical sprue [54]. Causative agents include 
the parasites G. lamblia, C. parvum, Isospora belli, Cyclospora 
cayetanensis, and the microsporidia; a strong bacterial candi-
date for persistent diarrhea in children in the tropics is entero-
aggregative E. coli [55]. Enteroaggregative E. coli infection is 
sometimes seen in travelers returning from the tropics [56,57]. 
The optimal way to diagnose persistent diarrhea has not yet 
been found, although we recommend, subject to resource avail-
ability, a thorough microscopic examination of the stool and 
consideration of empiric treatment with antiparasitics and anti-
biotics, and endoscopy. Persistent diarrhea in resource-poor 
countries is not a benign disorder. It is associated with, and 
probably a cause of, stunting, susceptibility to other diseases, 
and cognitive impairment [58,59]. The detection and eradica-
tion of this entity should be a priority for future research and 
development [60].

these differentiating characteristics, it is noteworthy (and trou-
bling) that documented bacterial enteric infections can be a 
prelude to subsequent hospitalizations for IBD [46].

Returned traveler, or newly arrived immigrant, 
with acute or chronic nonbloody diarrhea
Of the clinically significant pathogens that were isolated from 
travelers, approximately 65% were parasitic, 31% bacterial, and 
3% viral. Six organisms (Giardia, Campylobacter, Entamoeba 
histolytica, Shigella, Strongyloides, and Salmonella species) 
accounted for 70% of the patients in whom a specific pathogen 
could be identified [47]. Therefore, a broad assessment, includ-
ing bacterial cultures and a thorough examination of the stool 
for diarrheagenic parasites, should be undertaken. The value of 
empiric treatment of such cases is not known, but often per-
formed. In view of the fact that enterotoxigenic E. coli, a leading 
and treatable cause of traveler’s diarrhea, will not be detected 
with the available diagnostic testing, empiric antibiotic treat-
ment is often appropriate.

Anorectal symptoms
Patients with symptoms confined largely to the distal gastroin-
testinal tract (tenesmus, blood or pus in stools, pruritus ani), 
and who have recently had anal receptive intercourse, could 
have a sexually transmitted infection. Evaluation should consist 
of rectal swabs to seek a broad range of plausible pathogens 
(Chlamydia, Neisseria gonorrhoeae, and herpes simplex virus). 
A serological test for syphilis should also be performed. 

Table 62.2 Differentiating characteristics of acute self-limited colitis and inflammatory bowel disease (IBD).

Feature Infectious colitis Acute-onset IBD

Distribution of lesions Focal and segmental Diffuse and general

Crypt architecture Preserved Distorted, atrophic

Mucus cell depletion Absent or mild Pronounced

Inflammatory cells Mainly polymorphs in focal collections; crypt abscess formation Chronic inflammatory cells (especially plasma cells)

Distribution of cells Mainly mucosal Submucosa may be involved

Epithelioid granulomas Absent Often present

Basal lymphoid aggregates Very unusual Present

Isolated giant cells Acute Basally located

Relapse Present

Onset Usually subacute, with prodromal symptoms, 
including extraintestinal symptoms, lasting at least 
several weeks

Cultures Usually positive Usually negative

Microcytic anemia Usually negative Frequently present

A panel of histological and clinical features can help differentiate acute self-limited colitis (which is presumably infectious) from acute IBD [48–51]. It is 
important to note that the gross appearance of the colonic mucosa cannot differentiate infections from IBD, and in a subset of cases there is a need 
to observe the course over time, with repeat biopsies [48].
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ameliorate the symptoms of acute diarrhea, but have not been 
specifically or thoroughly evaluated in traveler’s diarrhea 
(reviewed in [69]). A variety of antibacterial agents has been 
subject to placebo-controlled trials for the chemoprophylaxis 
of traveler’s diarrhea, including doxycycline, trimethoprim–
sulfamethoxazole, and the fluoroquinolones, in particular nor-
floxacin and ciprofloxacin [70]. This topic has been extensively 
reviewed [71]. Interest has also been prompted by the efficacy 
of rifaximin, which is a poorly absorbed oral analogue of 
rifampin (rifampicin), in preventing traveler’s diarrhea [69,72]. 
Rifaximin was comparable to ciprofloxacin in treating traveler’s 
diarrhea caused by presumably noninvasive pathogens, but was 
less effective than ciprofloxacin for treating traveler’s diarrhea 
caused by invasive pathogens [73]. Rifaximin plus loperamide 
was more effective than either agent alone [72]. In the 1980s, 
a National Institutes of Health (NIH) consensus conference 
recommended against using antibiotics to prevent traveler’s 
diarrhea, in view of the potential side-effects from these drugs, 
but did recommend that symptoms should be treated when 
they occur, quite often with antibiotics [74]. There has been 
significant additional evidence since this time. Certainly, anti-
biotics should be considered when traveler’s diarrhea ensues, 
and, depending on the patient’s age, medical conditions, and 
history of allergies, a fluoroquinolone, azithromycin, or rifax-
imin should be considered. An antimotility agent taken at the 
same time might provide symptomatic benefit [75] but should 
not be used in the setting of bloody diarrhea. If a traveler 
develops bloody diarrhea, then antibiotics should certainly  
be taken.

In the returned traveler, the use of antibiotics in persistent 
diarrhea is probably appropriate although not entirely risk free. 
Nonetheless, it is common practice. The diagnostic considera-
tions in returned travelers also pose challenges because many 
of the diarrheagenic E. coli associated with traveler’s diarrhea 
are not detected by routine stool cultures, and classic bacterial 
pathogens are found in only a small minority. Similarly, such 
patients could be infected with a parasite. In a returned traveler, 
it is appropriate and advisable to obtain a thorough microbio-
logical evaluation, including bacterial culture and microscopic 
evaluation of the stool and antigen studies for Giardia and 
Cryptosporidium before beginning therapy.

Genetic susceptibility or resistance to infections
Multiple studies have suggested that there can be a genetic pre-
dilection for acquiring certain gastrointestinal infections or for 
experiencing particular complications of these infections. 
Children with sickle cell anemia are at increased risk of extrain-
testinal Salmonella infections. Patients with iron overload are 
prone to Yersinia infections [76]. Patients with HLA-B27 are at 
risk for postinfectious Reiter syndrome following a variety of 
enteric infections [77]. Blood group O residents of a cholera-
endemic area were less likely to become infected with Vibrio 
cholerae, but more likely to experience severe disease if infected 
[78]. Heterozygotes for the cystic fibrosis transmembrane  

Diarrhea in the immunocompromised
Immunocompromised transplant recipients can be infected 
with a diversity of diarrheagenic agents, and so a broad approach 
to evaluation (including stool cultures, viral studies, and, if the 
patient has had environmental exposures, parasitic evaluation) 
is warranted. However, a limited repertoire of causative agents 
(C. difficile and cytomegalovirus) has been identified in patients 
who have been studied systematically and thoroughly [61,62]. 
It should be emphasized that it is not possible to clinically dif-
ferentiate infectious diarrhea from graft-versus-host disease in 
such patients, and histopathological evaluation of the intestinal 
mucosa is often quite helpful.

Traveler’s diarrhea
Traveler’s diarrhea is often brought to the attention of gastroen-
terologists. It has been estimated that 30%–40% of the 50 million 
people who travel to developing countries every year from the 
developed parts of the world will experience classic symptoms 
of traveler’s diarrhea [47]. Traveler’s diarrhea has been defined 
as three or more loose bowel movements within a 24-h interval, 
accompanied by cramps, nausea, fever, blood in the stool, or 
vomiting, or a combination of these symptoms [63]. The risk of 
acquiring traveler’s diarrhea varies from country to country.

A subset of patients with traveler’s diarrhea will experience 
dysenteric symptoms, defined as diarrhea with fever, with or 
without visible blood in the stool, and these rates, too, vary from 
country to country [63]. Acute traveler’s diarrhea usually occurs 
during the first week overseas, the average duration of untreated 
illnesses in travelers is approximately 4 days, and many patients 
have symptoms that resolve considerably sooner. Approximately 
one-fifth of all patients with traveler’s diarrhea experience inca-
pacitation such that they are unable to take part in their planned 
activities. There is a possibility that traveler’s diarrhea precipi-
tates persisting symptoms, including chronic diarrhea and irri-
table bowel syndrome [38,64,65], although some investigators 
have failed to associate traveler’s diarrhea with irritable bowel 
symptoms [66]. Also, onset of IBD has been observed to follow 
travel to the tropics or a bout of traveler’s diarrhea; however, 
there is no solid evidence that patients with IBD are more likely 
to have symptomatic traveler’s diarrhea than those without  
IBD [67].

In view of the morbidity of traveler’s diarrhea, considerable 
effort has been devoted to its prevention. Certainly, it is impor-
tant to promote good hygiene, although data supporting the 
efficacy of hygienic precautions are scarce. Various pharmaco-
logical approaches have been tried including nonantimicrobial 
agents, most particularly bismuth subsalicylate, tannin albumi-
nate plus ethacridine lactate, and Lactobacillus GG (reviewed 
in [68]). Agents demonstrated to be effective in treating trave-
ler’s diarrhea include antimotility/antisecretory agents such as 
loperamide, bismuth subsalicylate, the calmodulin inhibitor 
zaldaride maleate, tannin albuminate plus ethacridine lactate, 
and attapulgite. Racecadotril (an enkephalinase inhibitor), pro-
biotics, tincture of opium, kaolin–pectin, and diphenoxylate 
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Bacterial pathogens
Bacteroides fragilis
History
Bacteroides fragilis has long been considered to be a member of 
the commensal anaerobic gastrointestinal flora. However, in the 
1980s, some strains of B. fragilis were proposed to cause diarrhea 
by virtue of their ability to produce an enterotoxin in a ligated 
intestinal loop assay [82]. These enteroxigenic B. fragilis strains 
were isolated from infant lambs with acute diarrhea. The entero-
toxin has been cloned, and several case–control studies have 
associated enterotoxigenic B. fragilis with diarrhea in children 
[83] and adults [84].

Pathogenesis
The only known virulence trait of diarrhea-associated B. fragilis 
is the ability to produce the B. fragilis enterotoxin (BFT) also 
known as fragilysin [85]. BFT is a 20-kDa metalloprotease, 
which stimulates secretion of IL-8 by epithelial cells [86]. BFT 
can also induce c-Myc expression and activate cellular prolifera-
tion via the mitogen-activated protein kinase p38 and β-catenin 
nuclear signaling [87], raising the possibility that this molecule 
can induce oncogenic transformation [88]. BFT also increases 
intestinal permeability [89,90].

Epidemiology and prevention
The extent of disease caused by enterotoxigenic B. fragilis is 
uncertain. Available data suggest a global distribution of entero-
toxigenic B. fragilis, with most reports focusing on young chil-
dren [48,91–93]. Because detection of enterotoxigenic B. fragilis 
is technically complex, extensive knowledge regarding epidemi-
ology and prevention does not exist.

Clinical manifestations
Children and adults infected with enterotoxigenic B. fragilis 
have generally had nonbloody diarrhea; very few have fever 
[83,84].

Diagnosis
The ability to identify enterotoxigenic B. fragilis rests on the use 
of selective media and 48 h of anaerobic culture [83], followed 
by genetic or biological assays to detect enterotoxin production. 
Detection of enterotoxigenic B. fragilis in stool is not performed 
outside of research studies.

Treatment
The optimal treatment for enterotoxigenic B. fragilis infection 
is not known. Patients are generally not diagnosed during 
their acute illness, and no therapeutic trials have been 
conducted.

Complications
Complications of acute enterotoxigenic B. fragilis gastrointesti-
nal infections have not been described.

conductance regulator (CFTR) have been postulated to be rela-
tively resistant to cholera and enterotoxigenic E. coli [79]. 
Polymorphisms in the CFTR also influence susceptibility to 
typhoid fever [80]. The affinity of specific norovirus genogroups 
to different histoblood group antigens (HBGAs) on secretor 
cells has been studied in different epidemiological studies. 
HBGAs are also used as receptors by Vibrio cholerae with dif-
ferent degrees of affinity between biotypes. Polymorphisms in 
the CD14, lactoferrin, and osteoprotegerin promoter genes were 
associated with diarrhea in travelers. Single nucleotide poly-
morphisms in the interleukin (IL)-8 genes are also associated 
with increased risk for enteroaggregative Escherichia coli and 
Clostridium difficile infection. IL-10 haplotypes were associated 
with enterotoxigenic E. coli diarrhea in exposed individuals. The 
major histocompatibility complex class II antigens are associ-
ated with different degrees of susceptibility and resistance to 
Salmonella, Cryptosporidium, and Entamoeba infection [81]. 
Thus variants in genes encoding molecules that mediate attach-
ment, pathogen recognition, inflammatory cytokine response, 
and innate and acquired immunity are being identified as deter-
minants of host genetic susceptibility to various causes of infec-
tious diarrhea.

Specific agents

In this section, we will describe common and important bacte-
rial and viral agents of gastroenteritis, listed alphabetically. We 
exercised some discretion regarding the breadth and depth of 
the discussion of each agent, because it is not possible to review 
every candidate etiological agent of gastroenteritis and diarrhea, 
and, as we note above, the etiologies of most cases encountered 
remain clinically undetermined. However, in deciding which 
pathogens to include, we believed that it would be instructive 
to discuss pathogens that are likely to be encountered world-
wide (e.g., Salmonella) or that have well-defined pathogenetic 
mechanisms even though their epidemiology and the spectrum 
of illnesses that they cause are not yet well delineated (e.g., 
enteropathogenic E. coli), or agents whose role in human disease 
is newly emerging (e.g., Bacteroides fragilis). We also believed 
that it was noteworthy to review situations in which gastroen-
teritis precedes or accompanies multisystem, often overwhelm-
ing, illnesses (e.g., anthrax). Finally, we provide an overview of 
infections largely confined to the anorectum. We have attempted 
to reduce redundancy when multiple classes of agents possess 
the same virulence mechanism by elaborating them only once, 
such as discussing Shiga toxins predominantly in the section on 
EHEC and providing less information in the section on Shigella 
dysenteriae serotype 1. Also, we wish to note that we do not 
usually provide specific dosages or durations of therapies 
because of the likelihood that there will be changes in recom-
mendations and because we cannot cover all dosing contingen-
cies that pertain to patients of different ages and with different 
renal and hepatic function.
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of the human gastrointestinal tract. C. jejuni, C. coli, and 
C. fetus are most commonly associated with human disease, but 
newer diagnostic techniques have identified C. hyointestinalis, 
C. concisus, and C. upsaliensis at an increasing rate in human 
specimens [106,107]. In clinical laboratories, Campylobacters 
are rarely identified at the species level. The advisability and 
feasibility of identifying Campylobacter other than C. jejuni 
await further studies defining their roles in disease and their 
epidemiology.

The single most important source of Campylobacter is poultry. 
Proper food handling, preparation, and handwashing will 
reduce the incidence of these infections. The standard recom-
mendations for avoiding traveler’s diarrhea will reduce infection 
by this agent as well. Vaccine strategies have been hampered by 
the lack of understanding of the pathogenic mechanisms of 
disease and the fact that a human challenge model must use a 
challenge strain that does not have potential for ganglioside 
mimicry and the complication of Guillain–Barre syndrome 
[108]. The risk of postinfectious IBS and IBD is also a concern. 
However, new candidate C. jejuni vaccines are now reaching 
phase I/II human trials. A promising subunit vaccine strategy 
approach is a parenteral capsular conjugate, similar to successful 
approaches used for other mucosal pathogens including 
Haemophilus influenzae type B as well as bacterial enteric dis-
eases, O-specific polysaccharide–protein conjugate vaccine for 
shigellosis [109].

Pathogenesis
The pathogenesis of Campylobacter infections remains poorly 
defined. Four major virulence properties of C. jejuni and C. coli 
have been recognized: motility, adherence, invasion, and toxin 
production [110]. Motility enables Campylobacter to move to 
host cells so that they can adhere and invade, and flagella are 
required for this property. Adherence of Campylobacter to host 
intestinal epithelial cells permits colonization and enhances 
concentrations of secreted bacterial factors encountered by 
these cells. Adherence is presumed to be a prerequisite for inva-
sion. The rates of invasiveness of Campylobacter spp. vary con-
siderably [111], but might be as low as 1% of the initial inoculum. 
Internalization into host cells requires the concerted effort of 
actin microfilaments and microtubules [112]. Once intracellu-
lar, Campylobacters reside in membrane-bound vacuoles where 
replication appears to be limited and survival is aided by the 
expression of catalase, which protects the organism from the 
oxidative stress of lysosomes [113].

Functional studies suggest that C. jejuni and C. coli express a 
cholera toxin (CT)-like enterotoxin [114], but no genes similar 
to CT have been identified in the C. jejuni genome. Campylobacter 
spp. can produce several distinct cytotoxins, the best defined of 
which is the multisubunit cytolethal distending toxin (CDT) 
[115]. This toxin causes cell cycle arrest, leading to a character-
istic elongation and swelling of susceptible cells. Although 
intoxicated cells remain viable for up to 72 h, they eventually 
die. The CdtB subunit of CDT has DNase activity [116]. 

Campylobacter species
History
Campylobacter were not recognized as important human patho-
gens until the late 1970s [94]. What is retrospectively considered 
the initial Campylobacter outbreak occurred in Illinois in 1938, 
when 355 inmates of two adjacent state institutions suffered 
diarrhea associated with the ingestion of milk [95]. Vibrio jejuni, 
as it was then termed, was cultured from the blood of several of 
the patients, because methodology for recovering these organ-
isms from stool had not yet been defined. It was not until 1968 
that Dekeyser et al. [96] recovered Campylobacter jejuni from 
human feces and confirmed the intestine as the origin of the 
bacteremia demonstrated previously. Why Campylobacter was 
overlooked by microbiologists is uncertain, but the fastidious 
needs for growth in culture certainly played a role [97]. In the 
1980s, with routine microbiological culturing, C. jejuni came to 
be recognized as the leading cause of bacterial enterocolitis in 
humans. Campylobacter, and most particularly C. jejuni, remain 
among the most common bacterial enteric pathogens in devel-
oped countries [98], including the United States [99,100], and 
with increased frequency in developing countries [101].

Epidemiology and prevention
The Centers for Disease Control and Prevention (CDC) reports 
that C. jejuni causes 800 000 illnesses per year in the United 
States, comprising 9% of all foodborne infections [100]. 
Individuals of any age can be infected, but children under 5 
years old are most susceptible, with a second peak incidence of 
infection occurring in those between 15 and 29 years old. People 
with AIDS are at greater risk for infection and often exhibit 
more severe disease. The peak incidence of infection occurs in 
the summer.

Because Campylobacter do not multiply in contaminated 
foods or the open environment, large outbreaks are rare. Foods 
of animal origin are the most common sources of pathogenic 
Campylobacters, because Campylobacter spp. colonize the gas-
trointestinal tracts of many animals, including chicken, sheep, 
swine, oxen [102], and cattle [103]. Case–control studies indi-
cate that the vehicle for at least half of all endemic cases is 
poultry, whereas common-source outbreaks are usually linked 
to consumption of unpasteurized milk or contaminated water. 
Up to 75% of raw poultry (but less than 5% of pork and beef) 
on sale in the United States is contaminated with Campylobacter 
[104]. As a result of its extensive animal reservoir, virtually all 
surface waters are contaminated with Campylobacters, even in 
remote regions. Infections can also be acquired from water, 
unpasteurized milk, or contact with infected humans or pets 
[98]. Undercooked poultry was responsible for 10%–50% of 
Campylobacter infections in case–control studies. Freezing 
diminishes Campylobacter viability. Campylobacter is one of the 
six major causes of travel-related diarrhea [105].

Of the 18 species and subspecies of Campylobacter, C. jejuni, 
C. coli, C. lari, C. upsaliensis, C. hyointestinalis, C. concisus, C. 
mucosalis, and C. fetus are confirmed or postulated pathogens 
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The abdominal pain caused by Campylobacter can be so 
severe and localized that it mimics appendicitis. This is usually 
caused by ileocecitis and mesenteric adenitis, but Campylobacter 
has also been isolated from inflamed appendices [121]. Other 
symptoms include nausea and vomiting (15% of patients) and 
significant weight loss. Most patients begin to improve after 3–4 
days, but they can excrete organisms for extended periods 
(mean 38 days, maximum 69 days) [118].

Circulating antibodies against Campylobacter antigens can be 
detected within 5 days of illness onset, peaking in 2–4 weeks 
[118]. Infection confers at least short-term protection against 
homologous strains, but the duration and breadth of protection 
are undefined. The incidence and severity of Campylobacter 
infections decrease in at-risk groups over time, suggesting some 
level of long-term protection in populations (or less adventur-
ous eating habits).

Complications
Intestinal complications of Campylobacter infection include 
hemorrhage [122], ulceration of ileostomy stomas [123], pan-
colitis [124], and toxic megacolon. Extraintestinal complica-
tions include erythema nodosum [125,126], urticaria [127,128], 
bacteremia [129], cholecystitis [130], pancreatitis [131], abor-
tion [132], nephritis [133], and cardiac complications [134]. 
More common complications include reactive arthritis, Reiter 
syndrome (for which HLA-B27 tissue antigen gives a strong 
predisposition), and Guillain–Barré syndrome (GBS) [135].

GBS is defined by flaccid paralysis, areflexia, and albumino-
cytological dissociation in the spinal fluid. At least four subtypes 
have been described [136,137]. It is caused by autoimmune-
induced inflammation of peripheral nerves, which disrupts 
their function. GBS is the leading cause of acute paralysis, but 
has an annual incidence of only 0.6–4 cases per 100 000 popula-
tion [138]. One-third of GBS patients have positive stool cul-
tures and/or circulating antibodies to C. jejuni antigens. Serum 
antibodies to C. jejuni lipopolysaccharide react with peripheral 

However, the role of CDT in Campylobacter pathogenesis is 
unclear. Other organisms, including pathogenic E. coli, Shigella 
spp., and certain Helicobacter spp., also express CDT, but the 
contribution of CDT to fluid secretion is variable. For example, 
E. coli CDT does not stimulate intestinal secretion in rabbit ileal 
loops [117]. The role of the CDT family of toxins in enteric 
bacterial pathogenesis warrants further elucidation.

Clinical aspects
As few as 500 ingested C. jejuni can cause disease [118,119], 
suggesting that this organism possesses mechanisms of protec-
tion against gastric acid. In contrast, experimental infection 
requires 105–109 colony forming units (CFU) [108]. The typical 
course of Campylobacter infection is depicted in Figure 62.1. 
The incubation period is from 18 h to 8 days (average 3.2 days). 
The onset of symptoms can be abrupt, with prodromal abdomi-
nal cramps, fever, headache, malaise, and myalgia, followed by 
diarrhea. Febrile rigors can occur. An influenza-like prodrome 
for 2–3 days before gastrointestinal symptoms caused by 
Campylobacter predicts more severe illness. Campylobacter-
associated diarrhea (up to 10 stools per day) is watery initially 
and progresses to bloody diarrhea 1–2 days later in about 15% 
of patients. This might indicate extension of infection to the 
colon. The colonoscopic appearance ranges from mild mucosal 
hyperemia to severe mucosal destruction with friable, edema-
tous, and even ulcerated epithelia, but such findings are non-
specific. Histologically, there is acute inflammation, with 
predominant neutrophilic infiltration and crypt abscesses. The 
absence of distorted crypts and a normal mucus cell population 
can aid the differentiation of infection from IBD, but in chronic 
infections the distinction becomes less clear. Further blurring 
the boundary between Campylobacter infection and IBD is the 
potential for relapse of this infection, reported in 15%–25% of 
infected patients, and the possibility that IBD patients can be 
infected with C. jejuni. There is also a high intestinal prevalence 
of C. concisus in patients with IBD [120].

Figure 62.1 Typical course of human infection with Campylobacter jejuni. Source: Redrawn by V.K. Viswanathan from Greenwood et al. [893].
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because treatment eliminates fecal shedding of organisms 
within 48 h. For systemic infections, an aminoglycoside or a 
carbapenem might be warranted; a simultaneous oral macrolide 
might aid eradication of the intestinal infection.

Intravenous immunoglobulin (IVIg) and plasma exchange 
are effective treatments in GBS; mainly for practical reasons, 
IVIg is the preferred treatment. Whether mildly affected patients 
or patients with Miller Fisher syndrome also benefit from IVIg 
is unclear. Despite medical treatment, GBS often remains a 
severe disease; 3%–10% of patients die and 20% are still unable 
to walk after 6 months. In addition, many patients have pain 
and fatigue that can persist for months or years [149].

Clostridium infections
Clostridium difficile
History
Clostridium difficile gastrointestinal infections frequently come 
to the attention of consultant gastroenterologists. This organism 
was initially termed Bacillus difficile because of difficulties in 
culturing the agent. Early in the antibiotic era, pseudomembra-
nous colitis was attributed to S. aureus, until Bartlett et al. impli-
cated C. difficile as a cause of this disorder in 1978 [150]. C. 
difficile associated diarrhea (CDAD) and C. difficile infection 
(CDI) were once thought to be largely a nosocomial disease. 
However, community-acquired CDI is being increasingly rec-
ognized and occurs in both children and adults [151]. Many 
have no history of antibiotic exposure in previous 3 months. 
This increase in the rate and severity of CDI has been observed 
in conjunction with the description of hypervirulent strains of 
C. difficile, which have resistance to antibiotics such as fluoro-
quinolones and third-generation cephalosporins, hypersecrete 
toxins A and B, and secrete an additional toxin known as binary 
toxin [152]. This explains some but certainly not all of the 
increased incidence of CDI.

Epidemiology and prevention
Clostridium difficile is a Gram-positive, anaerobic rod that is 
fastidious in its vegetative state but which sporulates in condi-
tions that fail to support its growth. Sporulation allows C. 
difficile to persist for long periods in harsh environments, 
including dry surfaces and soil. This capacity for survival con-
tributes to making C. difficile the leading infectious cause of 
healthcare-associated diarrhea [153,154]. In addition, hospi-
tals and long-term healthcare facilities are often reservoirs of 
this pathogen, because establishment of infection usually 
depends on disruption of the indigenous intestinal microflora 
by antibiotics. Although C. difficile is recoverable from the 
stool of less than 3% of healthy individuals, it is found in 
approximately 20% of those hospitalized for longer than 1 
week [155,156]. C. difficile can be cultured from the stool of 
up to 80% of healthy neonates and infants, but fails to produce 
symptoms. There are many theories regarding the potential 
pathophysiological difference between colonized and sympto-
matic children [157,158], but an excessive host inflammatory 

and central nervous system gangliosides [139]. Because antig-
lycoconjugate antibodies are present in GBS patients [136], 
molecular mimicry of neural oligosaccharides by microbial 
pathogens might underlie GBS pathogenesis.

Diagnosis
Campylobacters are long (0.5–5.0 μM), S-shaped, or spiraled 
Gram-negative bacilli (rods). They have also been likened to 
“seagull wings.” Immediate transfer into special transport 
medium such as Cary-Blair and inoculation onto plating 
medium enhances the isolation of this sometimes fastidious 
organism from stool. Although suboptimal, samples can  
be held at 4°C in transport medium for up to 24 h. The visualiza-
tion of spiral organisms that rapidly dart and spin in diarrhea 
stools suggests Campylobacter, but a definitive diagnosis 
of Campylobacter infection can be made only using time-
consuming bacteriology. Several rapid diagnostic tests have 
been developed, including latex agglutination tests to detect 
Campylobacter antigens in stool [140] and PCR-based tests, 
which provide same-day detection but which are expensive and 
do not allow antibiotic susceptibility testing [141]. Several com-
mercially available enzyme immunoassays (EIAs) have also 
been developed for the direct detection of C. jejuni and C. coli 
in stool specimens [142]. Serological testing should be per-
formed in patients with GBS, reactive arthritis, or erythema 
nodosum if stool cultures are negative for C. jejuni and such an 
antecedent infection is suspected [143].

Treatment
Specific therapy is not required for most patients because  
symptoms have usually resolved or are resolving by the time a 
microbiological diagnosis is made. However, severely affected 
patients, that is those with dysenteric symptoms, relapsing 
symptoms, systemic infection, immunosuppression, or who are 
institutionalized, might benefit from antibiotic treatment.  
C. jejuni and C. coli are widely resistant to penicillins, cepha-
losporins, trimethoprim–sulfamethoxazole, rifampin, and van-
comycin. Resistance rates of Campylobacter to fluoroquinolones 
are also high (40%–88%). Resistance is possibly caused by the 
administration of fluoroquinolones to animals, in particular 
commercial poultry [144]. Although these drugs are no longer 
administered to commercial flocks, resistant strains persist in 
the absence of selective pressure. Erythromycin was previously 
the preferred drug for Campylobacter infection when antibiotics 
are indicated. In children, treatment only minimally shortened 
the disease and/or shedding [145,146]. Campylobacters are also 
susceptible to the macrolides (azithromycin and clarithromy-
cin). Because of increasing resistance and modest clinical effec-
tiveness of erythromycin, single dose macrolide therapy is now 
preferred [147]. Recent studies show a single oral dose of azi-
thromycin early after disease onset effectively eradicates the 
pathogen and accelerates clinical cure in childhood and is supe-
rior to erythromycin [148]. Antibiotic treatment is recom-
mended for outbreaks of Campylobacter in daycare settings, 



Bacterial, viral, and toxic causes of diarrhea, gastroenteritis, and anorectal infections CHAPTER 62   1207

to be colonized with other strains [175]. However, much of the 
increased frequency and severity of CDI may be due to factors 
other than the emergence of these hypervirulent strains. In 
nationwide studies of CDI, prevalence rates have been highest 
in the elderly and in urban populations. More recently, there 
have been reports of severe CDI in previously young, healthy 
patients without hospital exposure, and in children [176]. There 
also have been several large studies showing an increasing trend 
of CDI in children over recent years [177], but it is less clear 
whether the severity of illness is increasing over time in 
children.

Hospitalization is another risk factor for CDAD. There is a 
direct correlation between length of hospital stay and risk of 
becoming infected. Among patients hospitalized for greater 
than 4 weeks, 50% acquired C. difficile according to colonization 
analysis [178]. C. difficile has been isolated from numerous sites 
within hospital rooms, including telephones, call buttons, bed 
rails, toilets and bathroom floors, and from stethoscopes and 
the hands of healthcare workers [156,179]. Patient-to-patient 
spread also occurs, particularly if a room is shared with an 
infected patient [179].

Although antibiotic administration and hospitalization set 
the stage for CDAD, the majority of patients exposed to these 
two risk factors do not manifest symptoms. Additional factors 
might be needed for clinical disease, such as alterations in host 
immunity, as suggested by the observations that patients with 
CDAD have lower levels of antibodies against C. difficile and its 
toxins than patients who are colonized with C. difficile [180]. 
Other possibilities include nonimmune host susceptibility, 
strain-specific virulence, and the inflammatory response 
program determined by host factors [158].

Outbreaks of CDAD within hospitals are often caused by a 
single or a related group of strains. Investigations of strains 
responsible for CDAD outbreaks in both the United States and 
Canada led to the identification of a toxin gene-variant strain 
of C. difficile [102,172,173]. Specifically, analysis of this strain 
demonstrated the presence of the gene encoding the binary 
toxin CDT, which is present in only 6% of C. difficile clinical 
isolates. In addition, this strain also contained a deletion in the 
tcdC gene, which is believed to negatively regulate toxin A and 
B expression; hence, deletion of this gene is associated with 
increased production of both of these toxins. Together, these 
genetic changes result in a more virulent strain of C. difficile. 
Hospitals worldwide have reported an increase in both the fre-
quency and the severity of C. difficile infections [181–183]. Of 
additional concern is the resistance of this strain to fluoroqui-
nolones; the increased use of these agents is likely responsible 
for the emergence of this strain.

Guidelines for preventing and controlling C. difficile infec-
tion have been published by the American College of 
Gastroenterology [184], the Society for Healthcare Epidemiology 
of America and the Infectious Diseases Society of America 
[185], and others [186]. Because the most likely method of 
transfer of C. difficile to patients is via the hands of healthcare 

response is one of the major drivers of disease pathogenesis 
[158,159].

There has been a marked increase in CDI incidence and 
mortality across the United States, Canada, and Europe during 
the last decade [160–162]. Recent data from 28 community 
hospitals in the southern United States suggest that C. difficile 
has replaced methicillin-resistant Staphylococcus aureus as the 
most common cause of healthcare-associated infection [163]. 
US rates of hospital discharges with CDI listed as a diagnosis 
increased from 3.82 per 1000 discharges in 2000 to 8.75 per 
1000 discharges in 2008; increases were especially prominent 
among those ≥65 years of age [164]. However, in 2009 it appears 
that increases in the rate of CDI hospital discharges were lev-
eling off, with a 2.5% decrease in the point estimate from 8.75 
per 1000 discharges in 2008 to 8.53 per 1000 discharges in 2009 
[164]. Independent traditional risk factors for community-
acquired CDAD include gastric acid suppression (proton pump 
inhibitors more than H2 receptor antagonists) [165], use of non-
steroidal antiinflammatory drugs (NSAIDs), renal failure, IBD, 
malignancy, and infection with methicillin-resistant S. aureus 
[166]. In this study the role of antibiotics was questioned as only 
37% of individuals had received antibiotics in the 90 days pre-
ceding the diagnosis of C. difficile infection. In addition, over 
the same interval, prescriptions for antibiotics actually decreased 
while those for proton pump inhibitors increased. Despite anti-
biotic use not being a prerequisite for hospital or community-
acquired infection, good antibiotic stewardship has reduced 
hospital acquired CDI [167]. The majority of studies carried out 
on CDAD are hospital-based, potentially exaggerating the role 
of antibiotics in CDAD because most patients have received 
such drugs. Additional investigation will be required to confirm 
the role of acid suppression and NSAIDs as risk factors for 
community-acquired CDAD.

Antibiotics predispose to CDAD by disrupting the normal 
colonic flora, allowing colonization after the patient is exposed 
to C. difficile or its spores, or expansion of resident C. difficile 
in response to selective pressures by antibiotics. Clindamycin is 
highly associated with CDAD and its restricted use in hospital 
formularies has controlled outbreaks [168]. Some antibiotics, 
especially ampicillin and cephalosporins, frequently predispose 
to CDAD whereas others, such as parenteral aminoglycosides, 
vancomycin, and metronidazole, are less frequently implicated. 
For unclear reasons, third-generation cephalosporins are more 
commonly associated with C. difficile infection than are other 
broad-spectrum agents [169], and alterations in the use of these 
agents have decreased the occurrence of CDAD [170]. 
Fluoroquinolones, especially levofloxacin, have been associated 
with CDAD [171], which can be related to the emergence of a 
potentially more virulent strain [172,173]. The hypervirulent 
strain is known as North American Pulsed Field type 1 (NAP1) 
and PCR ribotype 027 or NAP-1/027 [153,172,174]. A new 
strain of hypervirulent strain NAP-1/078 has been reported. The 
NAP1 strain can be predominant among patients with C. diffi-
cile infection, whereas asymptomatic patients were more likely 
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vation, fluid secretion, and host injury in experimental models 
of infection [203,204]. These effects can follow initial disruption 
of the intestinal epithelial barrier, allowing direct interactions 
between toxin A and inflammatory cells residing in the lamina 
propia.

Enteric nerves and neuropeptides are also involved in CDAD. 
Substance P (SP) expression by nerve cells in spinal dorsal root 
ganglia is immediately up-regulated following exposure of the 
intestine to toxin A. SP binds to neurokinin-1 (NK-1) receptors 
that are expressed by macrophages, releasing tumor necrosis 
factor (TNF)-α, a potent cytokine [205]. NK-1-deficient mice 
show diminished responses to intestinal toxin A [202,205]. 
Neurotensin (NT) is also involved in C. difficile colitis [206]. 
Both NT and SP receptors, whose expression is NF-κB depend-
ent, are markedly upregulated within 15–30 min of exposure to 
toxin A. An NT receptor antagonist reduces the intestinal effects 
of toxin A, including mucosal mast cell activation [206].

Clinical features
The clinical manifestations of C. difficile infection are broad, 
encompassing a carrier state devoid of symptoms, colitis without 
or with pseudomembranes, and fulminant colitis with megaco-
lon or perforation. However, it should be noted that antibiotics 
commonly cause diarrhea independently of C. difficile infection 
[207]. The mechanisms underlying the broad range of symp-
toms associated with C. difficile are unclear but are likely attrib-
utable to host rather than bacterial factors; they include toxin 
receptor density, status of the resident intestinal flora, and con-
centration of antibodies against bacterial/toxin antigens. 
Hospitalized patients receiving antibiotics but who are not colo-
nized with C. difficile have no immune protection against C. 
difficile colonization [180]. Following colonization, high levels 
of circulating immunoglobulin (Ig)G antibody against toxin A 
were strongly correlated with asymptomatic carriage of C. diffi-
cile, whereas low serum levels of toxin A IgG antibody were 
correlated with a much greater risk of C. difficile diarrhea. Older 
age and use of antibiotics and proton-pump inhibitors were 
significantly associated with healthcare-associated C. difficile 
infection [175]. Symptoms of C. difficile infection typically 
begin 4–9 days after initiation of antibiotic therapy, but diarrhea 
can develop even after antibiotic treatment has been halted in 
up to 30% of patients. This delay complicates the diagnosis of 
CDAD unless the clinician is aware of this previous risk factor. 
C. difficile can affect the small bowel. Additional noncolonic 
manifestations of C. difficile infection include metastatic infec-
tion and postinfectious arthritis [208]. Some believe that there 
is a unique odor of the stool in patients with CDI. This is poorly 
understood but presumably reflects the production of volatile 
short-chain fatty acids (such as butyric acid and succinic) and 
aromatic amines (such as putracine and cadaverine) [209].

Asymptomatic carriage of C. difficile
Although hospitalization is a risk for infection with C. difficile, 
most colonized patients are free of symptoms [156,179]. This 

workers, good handwashing is the most important step in 
decreasing infection. Wearing gloves when handling C. difficile-
infected patients or working in their environment might 
further reduce transmission; gowns should be worn if contami-
nation of clothing is likely. The use of chlorine-containing dis-
infectants (1 : 100 dilutions or unbuffered hypochlorite or 
phosphate-buffered hypochlorite [1600 ppm]) significantly 
decreases environmental contamination [187,188]. Disinfection 
of thermometers and stethoscopes is also important.

Pathogenesis
The pathogenesis of C. difficile colitis is largely related to the 
production and secretion of two potent toxins, A and B (TcdA 
and TcdB) [189,190]. These are high-molecular-weight proteins 
(308 and 270 kDa, respectively) that enter intestinal epithelial 
cells via specific, but as yet unidentified, receptors expressed on 
the apical surface. Once inside the host cell, these distinct but 
homologous (49% amino acid identity) toxins exert similar bio-
chemical effects by inactivating Rho proteins (a family of small 
GTP-binding proteins) that regulate actin polymerization. Rho 
inactivation is accomplished by toxin-induced glucosylation of 
a specific threonine residue in the Rho proteins, for example 
RhoABC, Rac, and Cdc42 [191–193]. This modification depolym-
erizes actin filaments, which leads to collapse of the cytoskele-
ton and, subsequently, the characteristic cell rounding that is 
the basis of the diagnostic tissue culture assay for C. difficile 
toxin. The physiological effects on the intestinal epithelial cell 
are to increase tight junction permeability [192,194] and fluid 
secretion [195,196]. In addition to their direct effects on intes-
tinal epithelial cells, toxins A and B elicit profound inflamma-
tion, contributing further to disruption of the tight junction 
barrier and increased luminal fluid. Moreover, colonic damage 
is caused by both proteins [197]. The binary toxin CDT is 
similar to the iota toxin produced by Clostridium perfringens. 
The role of CDT in C. difficile pathogenesis is unclear because 
toxin A- and B-negative strains colonize hamsters but do not 
induce diarrhea, but instillation of purified CDT into closed 
intestinal loops of animals does induce fluid secretion [197]. 
Hypervirulent strains may elaborate higher quantities of TcdA 
and TcdB as well as CDT. In vitro, C. difficile toxins activate the 
p38 pathway [198] and induce multiple proinflammatory 
cytokines and chemokines such as IL-8, IL-12, IL-18, and tumor 
necrosis factor-α, which may be responsible for host damage 
and many of the histopathological features of severe illness 
[159]. The marked inflammation that accompanies C. difficile 
infection is a multifactorial response. One early event is activa-
tion of the inflammation-associated transcription factor nuclear 
factor-kappa B (NF-κB). Inhibitors of cytokine synthesis attenu-
ate toxin A effects [199]. Toxin A also causes monocytes to 
release IL-1β and IL-6 [199]. These effects recruit neutrophils 
to the intestine [200,201]. Induction of neutropenia signifi-
cantly reduced fluid secretion [201] and inhibition of neutrophil 
infiltration of the intestine by specific antibodies [200,202], and 
inhibition or depletion of mast cells, attenuated neutrophil acti-
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Colonoscopy is not recommended, however, unless other diag-
nostic measures have failed.

Fulminant colitis
In fulminant C. difficile colitis, transmural inflammation can 
lead to the most serious complications associated with this infec-
tion. These include ileus, perforation, megacolon, and death 
[216]. This scenario occurs in approximately 3% of patients but 
might be more common in those infected with the toxin gene-
variant strains that express the binary toxin and higher concen-
trations of toxins A and B [172]. Fulminant colitis can present 
acutely or evolve from a milder infection. The symptoms are 
typically more severe with signs of toxemia, constant, localized 
abdominal pain with guarding, and decreased bowel sounds. 
Fever, tachycardia, and ascites can also be present. Severe leuko-
cytosis (up to 40 000 WBC/μL) can occur. Hypoalbuminemia 
can result from severe protein-losing enteropathy [217,218]. 

subset of C. difficile-infected individuals serves as a reservoir of 
this organism, which can contaminate the hospital environ-
ment. Asymptomatic carriers of C. difficile should not, however, 
be treated with antibiotics in an attempt to eradicate this organ-
ism. During infancy, asymptomatic C. difficile colonization is 
common [210–212].

Nonpseudomembranous C. difficile colitis
About half of those with diarrhea who are confirmed as positive 
for the C. difficile organism or toxin have clinical symptoms that 
are similar to but less severe than those associated with pseu-
domembranous colitis. Typical manifestations include abdomi-
nal pain, cramps, watery diarrhea, malaise, nausea, and possibly 
dehydration and fever. Laboratory tests commonly demonstrate 
a neutrophilic leukocytosis. In fact, the sudden onset of leuko-
cytosis in hospitalized patients who have recently received, or 
who are receiving, antibiotics should immediately trigger testing 
for C. difficile infection [208]. Sigmoidoscopy can show only 
friable and erythematous mucosa but no pseudomembranes.

Pseudomembranous colitis
Pseudomembranous colitis is the prototypic entity associated 
with C. difficile infection but occurs in less than 25% of diag-
nosed cases [187]. Symptoms, including diarrhea and abdomi-
nal pain, usually begin within a week of antibiotic administration, 
but might not appear until even 6 weeks after antibiotics have 
been discontinued [213,214]. Fever, chills, nausea, vomiting, 
dehydration, and tenesmus can accompany the diarrhea and 
abdominal cramping. Physical findings are nonspecific and 
include diffuse abdominal tenderness and distention. Occult 
blood can be present in the stool but hematochezia is rare. Fecal 
leukocytes are detected in about half of patients but peripheral 
leukocytosis is common and can serve as a surrogate marker of 
this infection [208]. Three patterns of leukocytosis have been 
reported: a sudden increase in the white blood cell (WBC) 
count correlating with symptoms of C. difficile colitis; leukocy-
tosis preceding C. difficile-associated symptoms; or exacerba-
tion of preexisting leukocytosis plus nonspecific symptoms of 
C. difficile disease [208]. In the last two scenarios, the diagnosis 
of C. difficile colitis is generally delayed. Consideration of C. 
difficile infection as a cause of unexplained leukocytosis is there-
fore recommended.

Although rarely necessary, the diagnosis of pseudomembra-
nous colitis can be confirmed rapidly by sigmoidoscopy. 
Characteristic yellowish-white, raised plaques, 2–10 mm in 
diameter, are seen. These small plaques can coalesce and cover 
the entire mucosa (Figure 62.2). Microscopic analysis of biop-
sies from pseudomembranes shows the typical summit or 
“volcano” lesion in which inflammatory cells, fibrin, and  
mucus exude from microulcerations in the surface epithelium 
(Figure 62.3).

Although sigmoidoscopy usually demonstrates such findings 
in up to 30% of patients, pseudomembranes can be restricted to 
the more proximal colon [215] or even be absent altogether. 

Figure 62.2 Colonoscopic appearance of mucosa with pale or yellow 
plaques (pseudomembranes) in patient with Clostridium difficile colitis. 
The light-colored pseudomembranes are typical of severe C. difficile 
pseudomembranous colitis and can be nearly confluent at times. The 
pseudomembranes are composed of purulent debris.

Figure 62.3 Colonoscopic biopsy of Clostridium difficile 
pseudomembranous colitis. The photomicrograph shows a classic 
volcano-like eruption with a “cloud” of adherent inflammatory exudate. 
Source: Courtesy of Dr. Jerrold R. Turner, University of Chicago,  
Chicago, IL.
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Clostridium sordellii) and assessing for protection against cyto-
toxic changes confers specificity of effect. Test results are 
reported as positive or negative because titers do not correlate 
with disease activity [222]. Although this test is highly sensitive 
(94%–100%) and specific (99%), it is expensive and is per-
formed in a diminishing number of centers. Because toxins A 
and B each possess cytotoxic activity, this assay detects both. On 
a molar basis, however, toxin B is much more potent than toxin 
A; thus, the stool cytotoxic effect is due primarily to toxin B, 
which is classically (though erroneously) considered to be the 
sole C. difficile cytotoxin.

Because of the long turnaround time and need for tissue 
culture, the enzyme immunoassay for toxin A or toxins A and 
B quickly became the most frequently used test in the United 
States. It was rapid, reagents were readily available from multiple 
commercial sources at relatively low prices, and that it was not 
technically difficult. However, multiple studies have shown 
limits in sensitivity. An extensive review of 45 published reports 
from 1991 through 2008 showed a mean sensitivity of 75%–80% 
and a mean specificity of 97%–98% [223].

Another enzyme immunoassay that gained popularity detects 
glutamine dehydrogenase, a metabolic enzyme that is specific 
to C. difficile. However, carriers will also have a positive result 
even without toxin production. This characteristic of the test is 
a minor problem for outpatients, among whom the colonization 
rate is 1%–2%, but it becomes much more problematic for hos-
pitalized patients, among whom the colonization rate is 20%–
30%. To improve specificity, some investigators combined this 
test with an enzyme immunoassay for toxins A and B [224]. 
Thus, positive results of both tests would be considered a posi-
tive finding, negative results of both tests would be considered 
a negative finding, and one positive result and one negative 
result would require another test for toxin detection. This com-
bination of tests has the advantages of rapid results, commer-
cially available reagents, low cost, and minimal requirements for 
technological skill. However, discordant results remain a clinical 
challenge.

The newest test is the reverse-transcriptase polymerase chain 
reaction assay or loop-mediated isothermal amplification 
(LAMP) that detects the toxin B gene of C. difficile or a patho-
genicity island on the C. difficile genome [225]. All toxigenic 
strains produce toxin B, so it becomes diagnostic of either colo-
nization or infection. This assay is somewhat more specific than 
the testing for glutamine dehydrogenase, because it detects only 
the toxigenic strains, which account for approximately 60% of 
C. difficile strains. The advantages are its very high sensitivity; 
in fact, it has better sensitivity than the prior reference standard, 
the cytotoxin assay [226]. The major potential limitation is false-
positive results for hospitalized patients, who have a multitude 
of reasons for having diarrhea but also a high rate of C. difficile 
colonization [179].

Sigmoidoscopy or colonoscopy is rarely required to diagnose 
C. difficile colitis, but if a diagnosis is urgently required in a 
seriously ill patient, or if the diagnosis is in doubt, these tests 

Diarrhea can actually decrease as severe colitis evolves as a result 
of acute colonic dilation and paralytic ileus. The diagnosis of 
toxic megacolon is defined as dilation of the colon to more than 
7 cm in diameter and severe toxemia, manifest as fever, chills, 
leukocytosis, and dehydration. An abdominal flat plate can dem-
onstrate a dilated colon and thickening of the colonic wall can be 
seen by computed tomography, although these findings are non-
specific. Dilation of the small bowel with air–fluid levels can 
accompany large bowel findings and mimic intestinal obstruc-
tion or ischemia. If perforation has occurred, abdominal guard-
ing, rebound tenderness, rigidity, and diminished bowel sounds 
are typical. An acute abdomen in a patient with a history of 
current or recent antibiotic therapy requires the urgent exclusion 
of C. difficile colitis to prevent unnecessary surgical intervention 
[219]. In such cases, a limited and cautious sigmoidoscopy with 
minimal air introduction should be considered. The finding of 
pseudomembranes will establish the diagnosis of C. difficile 
colitis. If, however, more severe signs, such as extreme leukocy-
tosis (>30 000 WBC/μL), hypotension, or metabolic acidosis 
are present, laparotomy and colectomy might nevertheless be 
indicated to treat impending or existing colonic perforation 
(Figure 62.4) [220].

Diagnosis
Unlike the diagnostic strategy for other enteric pathogens, stool 
culture for C. difficile is rarely used because both toxigenic and 
nontoxigenic strains (i.e., nonpathogens) are detected by culture. 
Isolates must then be tested for toxin production, further delay-
ing the diagnosis. Moreover, the technology needed to recover 
this anaerobic organism from the polymicrobial matrix of 
human stool is more complicated than the techniques employed 
in most clinical diagnostic laboratories. For these reasons, the 
gold standard for diagnosing C. difficile infection has been a 
tissue culture assay that seeks the presence of toxins A and B in 
the stool [221,222]. Diarrheal stool is filtered and applied to 
cultured human fibroblasts that are examined 24–48 h later for 
cytotoxic effects (cell rounding or detachment). Incubating the 
stool sample with neutralizing antitoxin antibody (antibody to 

Figure 62.4 Resected colon of patient with fulminant colitis caused by 
Clostridium difficile. The photograph shows the nearly confluent 
light-colored pseudomembranes that are typical of severe C. difficile 
pseudomembranous colitis. The pseudomembranes are composed of 
purulent debris and contrast sharply with the edematous interposed 
darkly colored mucosa.



Bacterial, viral, and toxic causes of diarrhea, gastroenteritis, and anorectal infections CHAPTER 62   1211

Table 62.3 Treatment recommendations for first-occurrence C. difficile-associated diarrhea (CDAD) and CDAD recurrences. Recommendations from 
Maroo and Lamont [185,263–265].

Agent Adult dosea Duration Comment

First-line treatment, first 
occurrence

Metronidazole 250 mg t.i.d. 10 days Side-effects: disulfiram-like reaction, 
nausea, vomiting, metallic taste in mouth, 
peripheral neuropathy (rare during 
short-course therapy)
Should not be used during pregnancy

Vancomycin 125 mg p.o. q.i.d. 10 days No side-effects

First recurrence (confirm 
diagnosis with antigen 
test for all recurrences; 
consider withholding 
treatment if symptoms 
are not severe)

Metronidazole 250 mg t.i.d. 14 days Side-effects: disulfiram-like reaction, 
nausea, vomiting, metallic taste in mouth, 
peripheral neuropathy (rare during 
short-course therapy)
Should not be used during pregnancy

Vancomycin 250 mg p.o. t.i.d. 14 days No side-effects

7-week taper Tapering course of 
vancomycin

125 mg p.o. q.i.d. 1 week

125 mg p.o. t.i.d. 1 week

150 mg q.d. 1 week

125 mg q.o.d. 2 weeks

125 mg q3days 2 weeks

Subsequent recurrences Fidaxomicin 200 mg b.i.d. 10–20 days Fidaxomicin spares colonic flora and is well 
tolerated

Rifaximin 550 mg b.i.d. 20 days Rifaximin spares colonic flora and is well 
tolerated

Vancomycin high dose 
followed by 
Saccharamyces boulardii

Vancomycin 250–500 mg 
q.i.d. S. boulardii 500 mg 
(2 capsules) b.i.d.

10 days
28 days

This regimen has been shown to be 
effective in treating recurrent disease

Fecal bacteriotherapy 
from a healthy donor

Single treatment of ≥50 
g of donor stool diluted 
in saline and filtered by 
nasoduodenal tube, 
colonoscopy, or retention 
enema
Occasionally needs to be 
repeated

Most effective approach for multiple 
recurrent disease, attempting to repopulate 
the colon with healthy flora
Limitation is lack of availability of 
treatment centers
Mechanism of efficacy needs study

Intravenous 
immunoglobulin

200–400 mg/kg, can be 
repeated

Effective in recurrent disease in case 
reports but small clinical trials have failed 
to show efficacy

Monoclonal antibodies 
to toxins A/B

Single infusion Effective when used after standard therapy 
to prevent later recurrence (in 
development; not currently available)

a Dosage recommendations are for adults and might need adjustment based on body habitus and other factors.
b.i.d, twice a day; p.o., orally; q.d., once a day; q.i.d., four times a day; q3days, every 3 days; q.o.d., every other day; t.i.d., three times a day.

can be performed. The presence of pseudomembranes (Figure 
62.2) essentially establishes the diagnosis of C. difficile colitis, 
although illness without severe colitis will not be discerned.

Treatment
Because CDI is often a consequence of antimicrobial therapy, 
the first step in treatment is to discontinue such drugs [227]. 

However, if this is not possible, or if symptoms persist following 
cessation of antibiotics, then a series of therapeutic options 
should be pursued (Table 62.3). Antiperistaltic drugs should be 
avoided. This measure will resolve symptoms in 15%–23%  
of patients [228]. Indications for treatment of CDI with antibi-
otics include severe or persistent diarrhea following discontinu-
ation of the causative antibiotic, and clinical evidence of colitis 
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enced, consideration should be given to symptomatic treatment 
without antibiotics. However, if treatment is warranted on clini-
cal grounds, and because recurrence of CDAD is not a result of 
antimicrobial resistance [238], the first approach should be to 
administer another 10- to 14-day course of the antibiotic used 
initially (Table 62.3).

For multiple relapses, various treatment options exist and 
often depend on relapse severity [186]; these are described in 
Table 62.3. For treatment of first recurrences the drug used in 
the initial bout can be used again and for second recurrences 
longer courses of vancomycin often are given in a tapered dose 
or intermittently to allow gut flora reconstitution, or other treat-
ments including fidaxomicin may be used. Bacteriotherapy with 
fecal transplantation is playing an increasing role in therapy of 
recurrent cases.

Fecal microbial transplantation
There is increasing evidence of efficacy and acceptability of fecal 
microbial transplantation (FMT) for C. difficile infection (CDI), 
which has led some authors to propose FMT as “first-line 
therapy” for CDI [239]. However, fecal transplant with donor 
feces infusion is currently considered as alternative treatment 
for severe and recurrent cases [240]. The definition of recur-
rence is not standardized, but “recurrent or relapsing CDI” has 
been defined by the Fecal Microbiota Transplantation Working 
Group as at least three episodes of mild-to-moderate CDI and 
failure of 6–8 week treatment with tapered vancomycin with or 
without alternative antibiotic use [240]. This treatment has also 
been tested in children and a protocol has been proposed for 
selected cases, although the evidence is much weaker than that 
reported in adults [241]. In addition, selected patients who have 
relevant comorbidities (HIV/AIDS, recent bone marrow trans-
plant, severe immunodeficiencies) or receive major immuno-
suppressive agents (e.g., high-dose steroids, biological agents, 
anti-TNF agents, chemotherapeutic antineoplastic agents, cal-
cineurin inhibitors) have been considered at high risk of devel-
oping adverse events secondary to FMT and therefore great 
caution should be exercised in using this modality in these 
patient groups [240]. Ironically these categories of patients are 
the ones who are at increased risk of developing severe and 
recurrent CDI, and some of these patients have undergone FMT 
without major consequences [242].

Fecal microbiota is usually obtained from a spouse, partner, 
and household members (who are preferred in the majority of 
cases) or from unrelated/anonymous donors; no obvious differ-
ence in efficacy have been observed between the two approaches 
in either short [243] and long-term evaluations [244]. Recently, 
frozen, ready-to-use fecal material obtained from healthy vol-
unteers, has been banked and used with seemingly comparable 
effectiveness [245]. This approach may have potential benefits 
in standardizing the FMT procedure, facilitating prompt treat-
ment, reducing laboratory screening time and costs, and poten-
tially resetting the microbiota by instilling bacterial populations 
completely different from that partially shared with households. 

including fever and leukocytosis. Metronidazole and vancomy-
cin are the mainstays of therapy for C. difficile colitis. The oral 
adult dosing regimen is 250 mg four times a day or 500 mg three 
times a day for 10 days [185,229]. Symptomatic improvement is 
typically seen within 2–4 days and resolution of diarrhea by 
7–10 days [230]; treatment should not be considered to have 
failed before 7 days of therapy. Although metronidazole is 
absorbed in the small bowel, it subsequently gains access to the 
colonic lumen by diffusing from the blood across the inflamed 
intestinal mucosa. Excretion into bile also contributes to the 
intestinal concentration [231]. Metronidazole causes a metallic 
aftertaste, can induce alcohol intolerance, might cause nausea, 
and should not be used in pregnant or lactating women.

Oral vancomycin is an alternate treatment for CDI and its 
efficacy is now superior to metronidazole [214]. Vancomycin is 
not well absorbed, accounting for high fecal levels and rare side-
effects. Low doses (125 mg p.o. four times a day for 10 days in 
adults) are as effective as higher doses [232]. The expense of 
vancomycin and the emergence of resistant organisms have led 
to vancomycin being recommended for patients who fail to 
respond to, or who do not tolerate, metronidazole treatment; 
however, for moderate to severe or fulminant pseudomembra-
nous colitis, initial treatment with vancomycin is recommended. 
The rationale is the superb delivery of vancomycin to the colon 
and a slightly, but potentially important, greater efficacy in the 
treatment of pseudomembranous colitis [214]. In the case of 
ileus or toxic megacolon, however, intravenous metronidazole 
should be given either alone or possibly in combination with 
vancomycin administered by nasogastric tube or rectally.

Fidaxomicin, a macrocyclic antibiotic that has a narrow anti-
microbial spectrum, with activity against C. difficile and most 
strains of staphylococci and enterococci but negligible activity 
against Gram-negative organisms and fungi is a new treatment 
option. Fidaxomicin is poorly absorbed from the intestinal tract 
and is associated with the same low incidence of systemic side-
effects as oral vancomycin [233]. Treatment of patients with C 
difficile infection with metronidazole or vancomycin reduces 
morbidity and mortality, although the number of patients that 
do not respond to metronidazole is increasing. Relapse rates 
with fidaxomicin (200 mg of fidaxomicin every 12 h for 10 days) 
may be lower than with other more traditional approaches 
[233,234].

Relapsing C. difficile colitis
A minority (5%–30%) of patients develop recurrent symptoms 
1–2 weeks following the discontinuation of antibiotics for C. 
difficile treatment [235], caused either by relapse from the origi-
nal infecting organism or by reinfection with a different strain, 
especially if the patient remains in hospital. A screen of 93 
hospitalized patients with recurrent C. difficile diarrhea demon-
strated that nearly half (48%) of these cases were caused by 
reinfection with a different strain [236]. The likelihood or 
relapse versus recurrent (new) infection varies with the length 
of time between illnesses [237]. If only mild diarrhea is experi-
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informed consent (including statements for investigational pro-
cedure) obtained from candidate patients is considered suffi-
cient to perform FMT [254]. The safety of FMT in patients with 
known immune and microflora abnormalities (e.g., IBD, trans-
plant or chemotherapy recipients) who are at higher risk of 
developing CDI (but excluded in the only randomized control-
led trial available) is unknown even though some have advo-
cated FMT as treatment for Crohn’s disease itself. Given the 
close interaction between the intestinal flora and innate or 
adaptive immunity and the recent report of autoimmune dis-
eases emerging after FMT (although without a proven cause–
effect relation), the long-term safety of FMT should be better 
studied to determine the risk of autoimmune/dysimmune dis-
eases, allergies, functional intestinal diseases, and infections. 
Current protocols do not require testing of donors and recipi-
ents for autoimmune diseases and the true risk of subsequent 
autoimmune diseases can only be learned from paired follow-up 
studies of donors and recipients. These potential long-term con-
sequences may have greater importance in children and young 
adults than in older adults (usually enrolled in studies on CDI), 
as they have a longer time to develop side-effects.

Normalization of the disturbed microbiota seems responsible 
for restoration of colonization resistance, thereby preventing 
further recurrences. Studies have assessed the changes in micro-
biota following FMT for recurrent CDI in detail. The residual 
colonic microbiota of patients suffering from CDI is deficient 
in members of the bacterial divisions Firmicutes and 
Bacteroidetes [255–257]. FMT has a dramatic and persistent 
impact on the composition of the patient’s microbiota. The fecal 
bacterial composition of the recipient is quite similar to that of 
the donor, with a normalization of regeneration of Bacteroidetes 
species and clostridium clusters IV and XIVa (Firmicutes), 
whereas the opportunistic Proteobacteria species decrease 
[257,258]. Whether reconstitution of bacteria are solely respon-
sible for the effect against C. difficile is unknown. The disap-
pointing outcome of treatment with probiotics compared to 
donor feces suggests that feces may contain a superior combina-
tion of intestinal bacterial strains. However, feces also contain 
additional substances (bile acids, proteins, bacteriophages) that 
may contribute to the success of FMT against recurrent C. diffi-
cile. The first randomized trial, in which recurrent CDI patients 
were randomized to either a standard treatment with vancomy-
cin (with or without a whole bowel lavage) or to a treatment 
with FMT, has been published [257]. The study was stopped 
prematurely after an interim analysis because of the large differ-
ence in effect between the standard treatment arm and the 
experimental arm. Of 16 patients in the infusion group, 15 
(94%) showed resolution of CDI after one or two infusions, 
compared to 23%–31% in the control groups. Currently, there 
are several other randomized controlled studies recruiting 
patients with recurrent CDI (www.clinicaltrials.gov). In conclu-
sion, there is increasing evidence that donor feces infusion  
is superior to antibiotics in patients with recurrent CDI. 
However, it should be noted that severely ill patients, children, 

A multicenter trial is currently comparing the efficacy of fresh 
versus frozen-and-thawed fecal samples for FMT in recurrent 
CDI [246].

Irrespective of the relationship to the recipient, donors are 
screened for infectious diseases, a history of gastrointestinal 
illnesses, cancer or polyps, factors that may affect microbiota 
composition (e.g., antibiotics), sexual at-risk contacts, or recent 
hospitalization [247,248]. Stools should be prepared within 
hours of FMT and may be instilled through either the upper or 
lower gastrointestinal route. Instillation of fecal material in the 
lower tract through colonoscopy or enema is most commonly 
used and may have some advantages and a slightly greater effi-
cacy [243]; however, the nasogastric route was chosen in the 
only randomized controlled trial available to date [249]. 
Physicians should educate both donors and recipients before 
performing FMT. Donors should avoid intake of substances that 
may potentially cause allergies to the recipient. Preparation of 
the recipient varies slightly depending on the instillation 
method, but usually antibiotic treatment is stopped 24–72 h 
before FMT and a bowel preparation with polyethylene glycol 
is suggested.

Fecal microbiota transplantation is usually seen as a safe pro-
cedure. However, adverse reactions to FMT have not been 
actively searched, but only spontaneously reported in cases 
series, and data on long-term adverse events are very limited. 
Mild and temporary gastrointestinal symptoms, including 
diarrhea, cramping, belching, or constipation have been 
reported hours to days after the procedure [249]. The potential 
risk of transmitting pathogens from the donor and the risk of 
small intestinal bacterial overgrowth after duodenal installation 
of feces have been assessed and transmission of infection has 
been observed in early reports although routine screening of 
donors is a relatively recent practice. Only one study reported a 
follow-up longer than 3 months [242] and even in well-designed 
trials, donors were not tested for some potentially important 
pathogens (e.g., Mycobacterium tuberculosis) [249]. Autoimmune 
diseases including peripheral neuropathy, Sjögren syndrome, 
idiopathic thrombocytopenic purpura, and rheumatoid arthri-
tis have been reported in four (out of 77) patients seen in one 
study [244]. Two persons in the same population reported an 
improvement in their preexisting arthritis and allergy; this evi-
dence reinforces the concept that fecal microbiota may have 
extraintestinal and systemic actions.

The gut microbiota has been implicated in a wide variety of 
conditions ranging from obesity to autoimmune disorders, 
depression, and autism [244,250,251], and FMT demonstrated 
therapeutic benefits in extraintestinal diseases including obesity, 
insulin resistance, and other autoimmune diseases [252,253]. 
This confirms intestinal microbiota as a dynamic “hidden 
organ” meaning that the translocation of other individuals’ feces 
can be properly considered as a form of transplant. The United 
States Food and Drug Administration has determined that an 
investigational new drug application (IND) is not currently 
needed for FMT treatment of refractory CDI. Adequate 
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as myonecrosis (gas gangrene), it is not believed to play a major 
role in gastrointestinal illnesses.

CPE is believed to be the most important C. perfringens toxin 
in the pathogenesis of type A food poisoning. CPE is a 35-kDa 
protein, which, in human volunteer studies, is sufficient to 
produce diarrhea and cramping, symptoms that are prominent 
in C. perfringens type A food poisoning [273]. Moreover, C. 
perfringens from which cpe, the gene encoding CPE, has been 
deleted, do not cause secretion in a rabbit ligated ileal loop 
model [274]. In type A C. perfringens food poisoning that is 
associated with human foodborne intoxications, the cpe gene is 
usually encoded on the chromosome, but sporadic cases are 
often associated with strains that have plasmid-encoded cpe 
[275,276]. CPE is secreted into the intestinal lumen by C. perf-
ringens after sporulation is complete. It then binds to a receptor, 
probably a member of the claudins [277], a family of tight junc-
tion transmembrane proteins that are important for tight junc-
tion integrity and function; it is possible that the effects of CPE 
on the gut relate to its actions on claudins. The N-terminal 
region of CPE mediates the cytotoxic effect through pore forma-
tion in the plasma membrane of the mammalian host cell. The 
C-terminal region (cCPE) binds to the second extracellular loop 
of a subset of claudins. Claudin-3 and claudin-4 have been 
shown to be receptors for CPE with very high affinity [278]. 
CPE can induce apoptosis via caspase 3/7 activation [279]. 
Additional mechanisms of cell death from CPE include calcium-
mediated oncosis [280].

Toxinotype C C. perfringens causes gastroenteritis necroti-
cans. Toxinotype C strains produce beta toxin, which is believed 
to be the critical virulence factor. An interesting hypothesis 
emerged in the 1970s, which proposed that dietary trypsin 
inhibitors (such as are found in sweet potatoes, a dietary staple 
in the Papua New Guinea highlands) inactivate this toxin [281]. 
Beta toxin is encoded on a large plasmid and forms pores within 
membranes [282]; its additional intracellular targets remain 
unknown [283]. Its role in human disease pathogenesis is estab-
lished by the fact that a vaccine against a toxoid of beta toxin 
largely eliminated disease in an endemic area [34].

Clinical manifestations
Type A food poisoning is usually recognized as a clustered 
infection and consists of 1–2 days of painful, nonbloody, afebrile 
diarrhea [284]. It strikes people of all ages. Preformed toxin in 
food can cause symptoms. Vomiting is rare. Gastroenteritis 
necroticans generally presents with a distended, painful 
abdomen and might or might not be accompanied by diarrhea. 
Often the adult with gastroenteritis necroticans has a serious 
underlying disorder, including alcoholism and occasionally 
fecal impaction.

Treatment
Clostridium perfringens type A infections are self-limited, 
short-lived, and rarely warrant intervention. Gastroenteritis 
necroticans is considerably more serious; affected patients are 

and immunocompromised patients were excluded from the 
randomized trial. Anecdotal reports suggests that FMT is safe 
in those patients, but further study is needed to confirm these 
observations [259].

Clostridium perfringens
History
Clostridium perfringens was initially implicated as a cause of 
food poisoning in the mid-1900s [260]. Studies subsequently 
demonstrated that C. perfringens causes two distinct illnesses in 
humans: type A food poisoning [261] and gastroenteritis 
necroticans (also termed Darmbrand or Pig Bel) [262]. Because 
microbiological tests to detect this organism are rarely applied 
outside of epidemic settings, and because C. perfringens food 
poisoning, although common, is self-limited, gastrointestinal 
infections caused by C. perfringens are rarely diagnosed.

Epidemiology and prevention
A diarrheal syndrome resembling type A C. perfringens food 
poisoning is often identified in outbreaks and diagnosed if 
appropriate microbiological evaluations are applied. Meat and 
poultry have been the food vehicles most frequently impli-
cated [266]. A relatively high proportion of foodborne out-
breaks have been attributed to C. perfringens in the United 
States [267] and Australia [268]. Type A food poisoning from 
C. perfringens is most common in the summer [269], but 
infections can occur year round. The considerably rarer gas-
troenteritis necroticans has been limited to particular regions 
of the world. It was first described in post-World War II 
Germany, where malnourished populations suffered necrotiz-
ing enteritis following the consumption of pork. It remained 
endemic in the Papua New Guinea highlands until the 1980s 
when a vaccine was introduced that dramatically diminished 
its incidence and lethality [34]. Gastroenteritis necroticans is 
quite likely present and underrecognized in nonendemic areas 
[262,270].

Infections with C. perfringens type A are best prevented by 
keeping foods refrigerated. Gastroenteritis necroticans is pre-
vented by appropriate cooking of food that is likely to be con-
taminated, in particular pork products, and also by vaccination 
with a toxoid in endemic areas [271].

Pathogenesis
Clostridium perfringens is a Gram-positive rod that is ubiqui-
tous in soil and is also a normal inhabitant of human and animal 
gastrointestinal tracts. C. perfringens is characterized by its 
toxin-producing profiles (toxinotypes), which group these 
organisms into five categories (A, B, C, D, and E) (reviewed in 
[272]). C. perfringens type A, which produces alpha toxin as well 
as the C. perfringens enterotoxin (CPE), is the organism that is 
the chief cause of food poisoning in humans. Alpha toxin is a 
chromosomally encoded phospholipase C/sphingomyelinase, 
which disrupts membranes by hydrolyzing phospholipids. 
Although alpha toxin might mediate extraintestinal injury, such 
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from multiple virulence genes, which encode molecules that 
overcome or subvert host defenses and enable the pathogen to 
adhere to, injure, and invade host cells or tissues. These mole-
cules include adhesins, polysaccharides, toxins, invasins, and 
siderophores (iron acquisition proteins). However, virulence 
loci are often found on mobile elements (i.e., bacteriophages 
and plasmids) and can be horizontally transferred to and from 
nonpathogens and even between different bacterial species.  
A repertoire of virulence determinants is necessary for  
pathogenicity; allelic variation, synergy between virulence 
factors, and well-performed epidemiological studies all need to 
be considered before designating an organism as a pathogen 
merely based on the presence of one or more pathogenicity-
associated loci.

Third, people without diarrhea can excrete putatively 
diarrheagenic E. coli at variable frequencies, which is frequently 
not the case with pathogens in other genera. To address this 
problem, a “pathogenicity index” was proposed, which  
takes into account excretion rates in people with and without 
diarrhea [286].

Enterohemorrhagic E. coli (E. coli O157:H7 and 
non-O157:H7 Shiga toxin-producing E. coli)
History
In 1983, two nearly simultaneous publications introduced the 
concept of cytotoxin-producing E. coli to the medical commu-
nity. Karmali et al. [287] associated fecal E. coli that could 
produce a toxin lethal to cultured eukaryotic cells with child-
hood HUS, a disorder that often follows bloody diarrhea. Riley 
et al. [288] described clusters of cases of bloody diarrhea that 
were attributable to E. coli expressing O antigen 157 and H 
antigen 7, and which were associated with the consumption of 
undercooked hamburgers. Soon after, it was demonstrated that 
E. coli O157:H7 produced a cytotoxin neutralizable by antibod-
ies to the principal toxin produced by S. dysenteriae serotype 1 
[289], and in 1987 the Shiga toxin (Stx or STEC) of E. coli 
O157:H7 was cloned and sequenced [290]. E. coli O157:H7, and, 
to lesser extents, non-O157:H7 Stx-producing E. coli, have sub-
sequently been isolated worldwide. They have also been associ-
ated with HUS, epidemics, and sporadic infections. E. coli 
containing genes encoding Stx are quite common in food and 
the environment; the subset that causes human disease is typi-
cally referred to as EHEC. Their virulence probably results from 
their ability to produce factors other than Stx, of which intimin 
and other molecules encoded by genes in the locus of enterocyte 
effacement (LEE) pathogenicity island are the best studied.

Epidemiology and prevention
Escherichia coli O157:H7 infections have most notoriously been 
associated with the consumption of poorly cooked ground beef 
and have occurred in the context of large outbreaks. However, 
in reality, a wide range of food and environmental vehicles  
have been implicated in the transmission of E. coli O157:H7 
[291]. Furthermore, most infections occur sporadically or in 

treated with antibiotics and resection of the affected areas of  
the bowel.

Diagnosis
Clostridium perfringens type A food poisoning is best diagnosed 
by EIA of the stool. This test is rarely available outside of research 
studies or public health laboratory investigations. Gastroenteritis 
necroticans is best diagnosed clinically at laparotomy and con-
firmed by sampling enteric contents and by PCR and pheno-
typic analysis of recovered anaerobes.

Sequelae
There are no known sequelae to either infection, but the mortal-
ity rates from both forms of C. perfringens infection can be 
considerable in fragile hosts [285].

Escherichia coli
Background
Escherichia coli are typically harmless commensals that colonize 
the gastrointestinal tracts of humans and mammals, with the 
initial colonization within the first day of life. They are Gram-
negative bacilli and the major component of the facultative 
anaerobic flora. However, a subset of E. coli cause a variety of 
human intestinal illnesses, in particular diarrhea. These 
diarrheagenic E. coli often cause signature clinical manifesta-
tions and host injury patterns. Here, we will discuss the cur-
rently accepted major diarrheagenic E. coli groupings: 
enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), 
enteroinvasive E. coli (EIEC), enterohemorrhagic E. coli (EHEC), 
enteroaggregative E. coli (EAEC), and diffuse adherent E. coli 
(DAEC). It is likely that additional categories of diarrheagenic 
E. coli will be recognized in the future.

There are three major challenges pertaining to the diagnosis 
of diarrheagenic E. coli. First, diagnosis at presentation is rarely 
possible because, except for E. coli O157:H7, diarrheagenic E. 
coli have few or no phenotypes that enable them to be distin-
guished using standard or widely available microbiological 
techniques. The detection of diarrheagenic E. coli largely relies 
on cumbersome phenotypic determinations (cell invasion, 
adherence, toxicity assays) and DNA hybridization assays 
(colony hybridizations or PCR). Identifying the O (somatic) 
antigen can suggest categorizations of diarrheagenic E. coli, but 
such tests are rarely performed in clinical laboratories. Because 
most illnesses caused by diarrheagenic E. coli are self-limited, it 
is difficult to make a compelling case for diagnosis. However, 
the failure to detect diarrheagenic E. coli has hindered attempts 
to study their epidemiology and the diseases that they cause, 
and their importance is almost certainly underappreciated. 
Furthermore, this inability to identify the patients who are 
infected with diarrheagenic E. coli at the point of presentation 
thwarts our ability to determine if antibiotics can change the 
clinical course of such infections.

Second, diarrheagenic E. coli exemplify the difficulty of defin-
ing an enteric pathogen. Pathogenicity among E. coli is derived 
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endothelin mRNA, which could contribute to the thrombotic 
response to intestinal infections with EHEC [301].

Stxs typify the conundrum posed by virulence loci and their 
allelic variants. In animal [302] and in vitro [303] studies, Stx2 
is more potent than Stx1. In epidemiological and cohort studies, 
EHEC containing Stx2 [304,305] are more often associated with 
extraintestinal complications and with bloody diarrhea than are 
organisms containing Stx1. Interestingly, and counterintuitively, 
E. coli O157:H7 that contain genes encoding Stx1 and Stx2 are 
less often associated with HUS than are E. coli O157:H7 that 
contain Stx2 but which lack Stx1. Additional complexities 
emerge when examining allelic forms of Stxs. Stx2, and to a 
lesser extent Stx1, belong to larger families of toxins. Some Stx2 
variants (Stx2 and Stx2c) have strong associations with human 
disease, whereas others (Stx2d and Stx2e) are less firmly associ-
ated with pathogenicity [306].

EHEC possess a variety of putative or confirmed non-Stx 
virulence loci. The best studied of these is intimin. In human 
pathogenic EHEC, intimins usually exist as either intimin-γ 
(found in E. coli O157:H7) or intimin-β (found in many non-
O157:H7 EHEC). EHEC intimins are similar to the various 
intimins found in EPEC and they mediate the intimate attach-
ment of EHEC to epithelial cells. The gene encoding intimin, 
eae, is also located in the LEE pathogenicity island, which 
encodes many proteins that are similar to those encoded by the 
LEE pathogenicity island of EPEC, including proteins that are 
necessary for the assembly and function of the structures and 
molecules of the type 3 secretion system (T3SS) (described in 
Section Enteropathogenic E. coli) [307]. With few exceptions 
[308], almost all pathogenic EHEC (which have a variety of Stx 
alleles) contain an intimin variant. Eukaryotic nucleolin can 
also serve as a receptor for intimin [309], although it is likely 
that EHEC Tir, which is injected by the organisms into the host 
cell, is also a ligand for intimin; EHEC Tir, unlike its counterpart 
in EPEC, is not tyrosine phosphorylated [310].

Two strains of E. coli O157:H7 have been sequenced in their 
entirety [311,312]. Approximately one-fourth of the chromo-
somes of these organisms are not found in E. coli K-12. Except 
for Stxs, intimin, and several other members of the LEE patho-
genicity island, few loci have been examined in great depth as 
candidate virulence loci. Of those that have, several emerge as 
potentially important in virulence. StcE is a secreted protein 
that potentiates the effect of C1 and which might protect E. coli 
O157:H7 from the lytic effects of complement [313]. Additional 
interesting loci include those encoding molecules that mediate 
adherence of E. coli O157:H7 to epithelial cells, such as long 
polar fimbriae [314], Iha, a demonstrated virulence factor in 
uropathogenic E. coli [315], Efa1/Lif1 [316], ToxB [317], and 
EspFU [318], which is important for epithelial cell pedestal 
formation.

Clinical aspects
Escherichia coli O157:H7 infections display a spectrum of 
severity, including rare cases of asymptomatic carriage [319], 

conjunction with another infected member of the household 
and not as large epidemics [291]. EHEC have been found in 
resource-poor countries [292] suggesting that they are not 
solely a problem of industrialized countries, even though that 
is where they have been most frequently detected. The epidemi-
ology and clinical aspects of non-O157:H7 EHEC infections, 
and the vehicles that transmit these agents, are considerably less 
well delineated than are E. coli O157:H7 infections.

Consumers and the food industry can prevent E. coli 
O157:H7 infections by thoroughly cooking food of animal 
origin, hygienic food preparation practices, and consuming 
pasteurized milk and milk products. Control of this pathogen 
in the environment and on fresh produce is more challenging 
and probably more important, because E. coli O157:H7 infec-
tions are at least likely to be caused by rural, environmental, 
and agricultural exposures, and consumption of contaminated 
produce, as they are to the consumption of contaminated beef. 
Outbreaks of epidemic of E. coli O157:H7 infections dissemi-
nated by raw spinach and other vegetables attests to this risk 
[13,293,294].

Vaccination of humans against E. coli O157:H7 is potentially 
feasible but vaccine development has not advanced past phase 
I trials. Challenges to the immunoprophylaxis of human infec-
tions include the need to test effectiveness for a disorder with a 
low incidence, duration of immunity, and lifelong risk of acquir-
ing infection (i.e., persons of all ages are susceptible). 
Experimental infection models are not feasible because there is 
no cure for the disease and there can be serious sequelae. 
Vaccination of, or use of probiotics in, cattle, has been proposed 
as a mechanism to control this pathogen in this reservoir, but 
efficacy will depend on a variety of ecological factors (discussed 
in [295]). Nonetheless, there is still promise that this can be an 
effective approach to reducing the disease burden [296].

Pathogenesis
The cardinal virulence trait of EHEC is the ability to produce 
one or more variants of Stx. Stx1, and its closely related allelic 
forms, are nearly identical to Stx produced by S. dysenteriae 
serotype 1 [290]. Stx2 and its variants (which are more diverse 
than those of Stx1) are more distantly related to Stx/Stx1. Stxs 
are typical A/B toxins. There are five B subunits for each A 
subunit in the holotoxin, resulting in an AB5 structure.

The B subunit forms a pentamer and binds to a receptor on 
eukaryotic cell surfaces, namely globotriaosylceramide (Gb3) 
[297]. The toxin is then internalized and the A subunit is prob-
ably the most important effector (active) subunit.

Stxs have multiple effects on eukaryotic cells [298]. The A 
subunit resembles ricin in structure and it functions as an 
N-glycosidase, cleaving the eukaryotic large ribosomal subunit 
at a specific adenine residue, thereby halting protein synthesis. 
Purified B subunit, in the absence of the A subunit, causes 
apoptosis [299,300]. EHEC rarely cause fatal infections as would 
be expected in systemic intoxications by a ricin-like molecule. 
Indeed, sublethal concentrations of Stx induce expression of 
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infected patients will develop HUS without antecedent diarrhea. 
Most infected patients will experience some degree of diminu-
tion in their platelet counts, whether or not HUS develops. 
Infected patients should undergo daily assessment of their 
blood counts until it is clear that the platelet count is rising 
[291]. In some cases, enteric symptoms resolve without a rising 
platelet count. Nonrenal complications occur almost only in 
those patients who develop HUS and include intussusception, 
appendicitis, intestinal perforation, pancreatitis, stroke, coma, 
seizures, gallstones, small bowel and colonic strictures, and 

nonbloody and bloody diarrhea [305,320,321], and HUS. HUS, 
a nonimmune thrombotic microangiopathy, occurs in approxi-
mately 15% of diagnosed E. coli O157:H7 infections in children 
under 10 years of age. Typically, a patient infected with E. coli 
O157:H7 will experience 1–3 days of nonbloody diarrhea, 
which then becomes grossly bloody diarrhea in about 80% of 
microbiologically diagnosed cases (Figure 62.5). About half of 
all infected patients report a fever early in illness, but very few 
patients are febrile when they are initially evaluated, usually at 
the onset of bloody diarrhea. Abdominal pain, which can be 
quite severe, and vomiting can precede the diarrhea. The clinical 
manifestations of non-O157:H7 EHEC infections are less well 
delineated, but, as a group, they are less likely to cause HUS 
[322] or to be associated with bloody diarrhea [323]. The colon 
can be quite severely affected (Figure 62.6).

E. coli O157:H7 infections follow a fairly predictable sequence 
of events to either resolution or development of HUS (Figure 
62.5); the course is usually apparent by the tenth day of illness 
(or sooner if there is no evidence of a falling platelet count). 
There is a variable pattern to the vascular lesions in E. coli 
O157:H7 infections (Figure 62.7). The trend in the platelet 
count is the most useful indicator of deterioration into HUS or 
resolution of the infection without development of this compli-
cation. It should be determined daily until the trend is apparent. 
It need not be assessed daily if it is rising or if it is stable and 
the abdominal symptoms are resolving.

Complications
HUS is the most common and serious complication of E. coli 
O157:H7 infections. Patients meet the case definition of HUS 
between 5 and 13 days after the onset of diarrhea, but the course 
is usually suggested by thrombocytopenia that occurs by day 8 
or 9 of illness (Figures 62.5 and 62.7). On rare occasions, 

Figure 62.5 Progression of Escherichia coli O157:H7 infections in 
children. E. coli O157:H7 infections tend to follow a stereotypical pattern 
[894], and it is helpful to make clinical judgments based on stage of 
illness, in consideration of trends in laboratory tests, as portrayed in 
Figure 62.7. Source: Tarr et al. 2005 [291]. Reproduced with permission of 
Elsevier.
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Figure 62.6 Radiographic features of Escherichia coli O157:H7 infection. 
(a) Radiograph after barium enema with thumbprinting appearance of 
mucosa (arrows), suggesting colonic edema, in a patient who 
subsequently developed hemolytic uremic syndrome (HUS). (b) 
Computed tomography of the pelvis of an 8-year-old boy on the eighth 
day of an E coli O157:H7 infection. Note the severely thickened colon 
(circled). This infection did not progress to HUS. Source: Tarr et al. [291]. 
Reproduced with permission of Elsevier.
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Diagnosis
The ideal approach to diagnosing EHEC infections is to employ 
methods that detect O157:H7 as well as non-O157:H7 EHEC. 
However, it is important to not employ algorithms that delay 
detection of E. coli O157:H7, such as plating stools on 

sudden death [324–327]. In rare cases serious complications 
such as pancreatitis [328] and colonic perforation [18] can 
occur without HUS. E. coli O157:H7 infections are a risk factor 
for subsequent development of diarrhea-predominant irritable 
bowel syndrome [329,330].

Figure 62.7 Patterns of laboratory abnormalities in human Escherichia coli O157:H7 infections. Pattern 1 (uncomplicated infection) occurs in 
approximately 70% of cases diagnosed microbiologically early in illness. In this patient the platelet count falls between the first and the subsequent 
determination, and then rises. In about 10% of patients the platelet count does not fall, or actually rises, between the first and subsequent assessments. 
On other occasions the platelet count falls quite markedly (with a nadir of less than 150 000/mm3) but there is a minimal decrement in the hematocrit. 
Pattern 2 infections display substantial vascular injury in the absence of azotemia, a situation that occurs in 5%–10% of patients who we have diagnosed 
early in illness. This patient received vigorous intravenous volume expansion on the second day of illness because her diarrhea became bloody on the 
first day; her culture was presumptively positive 1 day later, at which time she was admitted. Hemolysis was sufficiently severe to require two 
erythrocyte transfusions (arrows). This pattern is sometimes termed partial hemolytic uremic syndrome (HUS), but in the absence of any evidence of 
renal insufficiency we do not believe that this designation is appropriate, especially because there is no risk of chronic renal sequelae if patients do not 
have renal failure during their acute infection [333]. Pattern 3 exemplifies nonoligoanuric HUS. This form of HUS occurs in slightly less than half of all 
patients who develop HUS. Patients meet the case definition of HUS (thrombocytopenia [platelet count <150 000/mm3], hemolytic anemia [hematocrit 
<30% with evidence of intravascular erythrocyte destruction on peripheral blood smear] and renal insufficiency [creatinine >upper limit of normal for 
age]) between 5 and 13 days after the onset of diarrhea. These patients continue to urinate and rarely need dialysis. Pattern 4 is anuric HUS, which 
occurs in slightly more than half of all patients with HUS. This patient’s severe course has been published previously [334]. Anuric HUS is considerably 
more severe than nonoligoanuric HUS, and has a worse prognosis [335,336]. Note that in patterns 3 and 4 a decrement in the platelet count precedes 
other laboratory abnormalities. These patterns are also seen in adults, but the proportion of patients over the age of 10 years who develop azotemia is 
lower, probably around 5%. Source: Courtesy of Dr. Jerrold R. Turner, University of Chicago, Chicago, IL.
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protection [338,339]. Antimotility agents, nonsteroidal antiin-
flammatory drugs, and opioid narcotics should be avoided 
[291]. Monitoring of such patients must be performed assidu-
ously, especially as the creatinine level is rising. However, if a 
patient is still urinating and there is no evidence of hypertension 
or pulmonary overload, there is no need to restrict fluids merely 
because the creatinine level is rising. The goal of volume expan-
sion is to avert anuria, because anuric HUS is a categorically 
different and worse form of HUS than nonanuric HUS [340,341]. 
It is helpful in managing infected patients, especially in manag-
ing their fluids as azotemia develops, to note that if a patient 
does not become anuric within 10 days of the onset of diarrhea, 
it is very unlikely that this complication will occur [338].

HUS treatment is reviewed in several publications [342,343]. 
Transfusion might be needed in some patients manifesting a 
pattern B clinical course (see Figure 62.7), or even prior to the 
onset of azotemia in patients who develop HUS. Clinical indica-
tors (especially tachycardia) may be helpful to prompt red cell 
transfusions. Platelet transfusions should be avoided unless a 
surgical procedure is planned, to avoid contributing to the 
underlying thrombotic lesion.

Non-O157:H7 pathogenic enterohemorrhagic E. coli
Although serotype O157:H7 strains are the most prevalent, 
strains of other serotypes also possess similar pathogenic poten-
tial [344]. This class of organisms bears mention because they 
are overlooked on routine culture of stool on sorbitol MacConkey 
agar. However, as a group, they are considerably less likely than 
E. coli O157:H7 to cause HUS or outbreaks. Even when sought 
appropriately, they are recovered less frequently than are E. coli 
O157:H7 [322,345]. Usually, patients whose stools produce a 
positive signal in assays that detect Stx but who are not infected 
with E. coli O157:H7 have considerably milder illnesses. 
However, some serogroups, especially EHEC expressing O anti-
gens 26, 45, 103, 111, 113, 145 and an unusual sorbitol-
fermenting clone of E. coli O157:H− [346] can cause severe 
illnesses, outbreaks, and HUS. E. coli O113 produces a novel 
subtilase toxin [347] in addition to Stx. This toxin is a serine 
protease that cleaves BiP, which is a multifunctional endoplas-
mic reticulum chaperone protein [348]. Detection of Stx pro-
duction by EIA is the best methodology to identify non-O157:H7 
EHEC, but false-positive signals can occur [331,349]. Non-
O157:H7 EHEC have not emerged as large public health or 
clinical problems in North America, but have in Australia [350].

Enterotoxigenic E. coli
History
In Calcutta in 1956, De et al. [351] demonstrated that E. coli 
from children and adults with watery diarrhea elicited fluid 
secretion in ligated rabbit ileal loops, similar to the effects of 
cholera toxin, thereby introducing ETEC as causes of human 
illness. Sack et al. [352] demonstrated that this effect was attrib-
uted to bacterial products. In the mid-1970s, Gorbach et al. 
[353] and Merson et al. [354] reported that ETEC were  

MacConkey agar only if a toxin assay is positive. This goal is 
best achieved by initially plating all stool specimens on 
MacConkey agar that contains sorbitol but not lactose as its 
carbon source. Screening for this organism should not be 
limited to physician request or to stools containing only gross 
blood. The CDC recommends that all stools submitted for 
routine testing from patients with acute community-acquired 
diarrhea (regardless of patient age, season of the year, or pres-
ence or absence of blood in the stool) be simultaneously cul-
tured for E. coli O157:H7 (O157 STEC) and tested with an assay 
that detects Shiga toxins to detect non-O157 STEC [3]. Because 
E. coli O157:H7 fail to ferment sorbitol after overnight incuba-
tion, they can be distinguished from other enteric flora as color-
less colonies on this agar. If resources permit, an additional 
approach would be to screen for Stx by inoculating stool into a 
broth and assaying an overnight culture using commercial EIAs 
for Stx to detect non-O157:H7 EHEC (see Section Non-O157:H7 
pathogenic enterohemorrhagic E. coli). Stx assays should not 
replace plating of the stool on sorbitol MacConkey agar as the 
sole screen for the detection of pathogenic EHEC, because 
many of the positive results in this assay do not signify the pres-
ence of organisms that pose a substantial likelihood of leading 
to HUS or of causing epidemics. Moreover, a clinician needs to 
know that E. coli O157:H7 is present or absent in a stool culture 
when a report of a positive EIA is made. Utilization of sorbitol 
MacConkey agar only after an STEC EIA is positive is an unde-
sirable and inferior practice; the two tests should be employed 
in parallel. Use of toxin detection methodologies leads to a delay 
in diagnosis or to misdiagnosis [331] if such assays are used as 
a screen in lieu of sorbitol MacConkey agar screening [331].

Treatment
Escherichia coli O157:H7 are usually susceptible to antibiotics. 
However, antibiotics should not be given to patients who are 
possibly or definitely infected with E. coli O157:H7 or other 
EHEC. Infected children [321,332] and adults [333,334] treated 
with antibiotics experience higher complication rates, in par-
ticular HUS, than patients who are not treated. A metaanalysis 
[335] suggesting that there was no harm accruing to patients 
infected with E. coli O157:H7 who were treated with antibiotics 
was erroneous, chiefly because it mischaracterized a major 
series from Japan in which a nontreatment group was not 
included [336]. Antibiotic use during E. coli O157:H7 infections 
is associated with a higher rate of subsequent HUS and should 
be avoided [337]. There are no data on the risks or benefits of 
treating non-O157:H7 EHEC infections with antibiotics, but 
there is no reason to believe that such therapy would be useful.

We strongly recommend hospitalization and intravenous iso-
tonic volume expansion for patients who are possibly or defi-
nitely infected with E. coli O157:H7 for two main reasons. First, 
such patients are highly infectious to others and infection 
control is often more difficult to practice in the community 
[291] than in the hospital. Second, intravenous volume  
expansion with isotonic crystalloid appears to confer nephro-
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mucosal responses to injury, infection, and inflammation. 
Understanding the mechanism of action of this receptor and  
its family of peptide ligand has led to the development of  
novel therapy for chronic constipation and irritable bowel syn-
drome with the development of a GC-C agonist, linaclotide 
[367–369].

ETEC employ a wide range of adherence factors to colonize 
the gut. These factors were previously designated colonization 
factors. More recently, these largely fibrillar molecules have 
been termed coli surface antigens (except for CFA/I, which 
retains its initial designation) [370] and grouped into families 
that contain conserved epitopes. A subset of colonization factors 
is overrepresented among human ETEC, but the adherence 
mechanisms of many strains warrant additional characteriza-
tions [371].

Epidemiology and prevention
ETEC are probably the most common bacterial cause of acute 
diarrhea worldwide. In resource-poor countries, ETEC infec-
tions have their highest incidence in children under the age of 
2 years. The incidence rises again in the mid-teen years. In 
case–control studies, nondiarrheal control subjects excrete 
ETEC but at lower rates than patients with diarrhea. ETEC are 
the leading, although by no means the exclusive, cause of 
diarrhea in international travelers. ETEC are spread via con-
sumption of food or water that has not undergone reliable bac-
tericidal processes. Person-to-person spread is also possible. 
Endogenous North American ETEC infections have occurred, 
usually from a contaminated point source or food [372,373] but 
ETEC are not a common cause of diarrhea in infants and chil-
dren in the United States [374]. Malnourished children seem to 
be predisposed to ETEC infection [375,376]. Moreover, repeated 
attacks of diarrhea, caused by ETEC as well as by other agents, 
could underlie malnutrition [377,378]. The infectious dose is 
high, estimated at greater than one million organisms [379]. 
Prevention is directed at avoiding food and water that has not 
been subjected to a reliable bactericidal process, and avoidance 
of street-vended food in areas of the world where ETEC infec-
tions are endemic.

Vaccination against diseases caused by ETEC has consider-
able appeal because of the high frequency of disease and the 
delineation of several potentially immunogenic virulence 
factors such as toxins and colonization factors. However, this 
approach faces challenges from antigenic variation in the colo-
nization factors, and would be aided by a search for a common 
antigen [370]. Killed ETEC comprising a range of colonization 
factors, combined with recombinant cholera toxin B subunit, 
elicits, after oral challenge, a systemic response. Live vaccines 
have consisted of ETEC from which ST and LT genes have been 
deleted. Efficacy studies demonstrate immune responses, but 
protection of populations of children in endemic areas has been 
more difficult to demonstrate. Another approach is to express 
ETEC virulence factors in an attenuated Shigella vector. These 
strategies have been summarized [380–382]. The development 

the predominant causes of diarrhea in travelers to the develop-
ing world. Interestingly, the ability of antibiotics to prevent 
traveler’s diarrhea, a practice that is currently recommended 
only in special circumstances, was demonstrated in advance of 
identifying the major etiological role played by ETEC in this 
disorder [355].

Pathogenesis
ETEC produce one or both of two distinct families of entero-
toxins, which promote secretion of chloride and water into the 
small bowel, and inhibit reabsorption of fluids (reviewed in 
[356]). Heat-labile toxins (LTs) are similar in structure and 
function to cholera toxin; LT-I is the most common LT in 
human ETEC isolates. LTs are AB5 toxins, with the B subunit 
binding GM1 and GD1bp gangliosides, and the A subunit being 
the enzymatically active moiety. The A subunit ADP-ribosylates, 
and thereby irreversibly activates, the G (stimulatory) protein. 
This enzyme activates adenylate cyclase and leads to increased 
intracellular levels of cAMP. Elevated intracellular cAMP levels 
activate cAMP-dependent kinases, which then stimulate chlo-
ride secretion via CFTR, leading to net secretion of chloride 
ions from intestinal crypt cells. These changes also inhibit 
sodium chloride reabsorption in the villus tip cells. Similar to 
cholera toxin, LT is an adjuvant, augmenting mucosal immune 
responses to coadministered antigens and can be mutated to be 
nonreactogenic (nondiarrheagenic) while retaining its adjuvant 
properties [357]. LT is delivered in a polar fashion by adherent 
ETEC [356]; even though it is immunogenic, it might be seques-
tered from the immune response, accounting for discordance 
between circulating antibodies to LT and protection [358].

ETEC also produce heat-stable toxins (ST). STa (also termed 
ST-h), the predominant ST in human ETEC, is an 18- or 
19-amino-acid peptide that binds reversibly to guanylate 
cyclase, leading to increased levels of intracellular cyclic GMP 
[359–361]. Increased cGMP levels activate cGMP- and cAMP-
dependent kinases, which results in an increase in net intestinal 
secretion, as does LT. STa has homology to guanylin, a host 
molecule that binds to epithelial guanylate cyclase [362]. 
Uroguanylin is a second ligand, which binds to the ST receptor 
(GC-C) [363]. The GC-C signaling system may also be impor-
tant to human intestinal inflammation. Two separate reports 
have demonstrated that inheritance of distinct mutations in 
GC-C lead to altered intestinal fluidity and coincident inflam-
mation. Romi et al. describe a Bedouin kindred with apparent 
inactivating mutations in GC-C that result in small bowel 
disease similar to meconium ileus often associated with cystic 
fibrosis (CF) [364]. Of note, in addition to non-CF associated 
meconium ileus, this kindred was originally identified as prone 
to gastrointestinal infection during infancy [365]. Conversely, 
Fiskerstrand et al. have shown that inherited, activating muta-
tions in GC-C result in enhanced fluid secretion that often 
culminates in intestinal inflammation [366]. These seminal 
reports indicate that GC-C and cGMP production in the epi-
thelial cell layer of the gut have important implications for 
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States [389]. During subsequent decades, these organisms have 
been demonstrated to adhere to epithelial cells in localized 
microcolonies and form characteristic “attaching and effacing 
(AE)” lesions [390], which are also visible on electron micros-
copy of biopsies obtained from children [391]. Profound 
cytoskeletal rearrangements underlie the AE lesions; the most 
notable phenotype is the aggregation of actin filaments under 
the membrane where the microcolonies are located. Furthermore, 
the molecular mechanisms that EPEC employ to injure host 
cells, especially those mediated via a T3SS, are being elucidated 
at an accelerating rate. However, there is discordance between 
the emerging knowledge of EPEC pathogenesis and the paucity 
of data surrounding epidemiology, clinical manifestations, and 
diagnosis of infections caused by EPEC.

Pathogenesis
EPEC adhere to host cells in characteristic microcolonies 
(Figures 62.8 and 62.9). The initial mechanism of adherence is 
not certain and plausibly involves proteins other than those that 
are more directly involved in the AE lesion [392].

Candidate adhesins for this initial attachment include the 
bundle-forming pilus [393], EspA [394], EspF [395], flagella 
[396], and LifA/Efa 1 [392,397]. After initial adherence, intimin 
is the molecule through which EPEC bind to host cell struc-
tures, by interacting with the bacterial-encoded and translo-
cated intimin receptor (Tir) described below. Bfp is responsible 
for the formation of EPEC microcolonies [398].

The most characteristic trait of EPEC infections is their uti-
lization of an intricate T3SS encoded by the LEE pathogenicity 
island. T3SSs are utilized by many enteric pathogens to trans-
locate virulence factors into host cells via needle-like bacterial 
organelles. The prototypic EPEC LEE region is a 35-kilobase 
pair island, inserted into the chromosome at selC (the same 
site as the insertion of the E. coli O157:H7 T3SS) [399]. The 
transcription of open reading frames within the LEE region is 

of a refined human challenge model with reproducible results 
may aid in the testing and evaluation of candidate vaccines 
[383,384].

Clinical manifestations
ETEC cause secretory, noninflammatory diarrhea. The severity 
of the diarrhea ranges from asymptomatic to cholera-like  
shock. Fever is rare. Vomiting is common among infected  
children [356].

Diagnosis
Identification of ETEC requires DNA hybridization studies or 
other analyses (EIAs or cell culture assays) that detect ST, LT, or 
colonization factors [372]. However, these technologies are not 
employed outside research settings. The diagnosis is usually 
based on syndromic recognition, taking into account the likeli-
hood on epidemiological grounds that cholera is or is not a 
consideration.

Treatment
Fluid management underlies the treatment of ETEC infections. 
Volume replenishment and fluid maintenance can often be 
addressed by oral rehydration with glucose/electrolyte solu-
tions. Antibiotics do not clearly benefit ETEC-infected children 
or adults in the developing world, but are used (successfully) in 
the empiric treatment of diarrhea in international travelers. 
Antibiotic therapies have tended to evolve, as has resistance to 
specific antimicrobials. Therapeutics have included tetracy-
clines, trimethoprim–sulfamethoxazole, fluoroquinolones, azi-
thromycin, rifamycin, and, most recently, rifaximin [75,385]. 
Antibiotics are generally not recommended to prevent traveler’s 
diarrhea because of their potential side-effects, their effective-
ness in treating traveler’s diarrhea if administered soon after 
symptoms begin, and the desire to avoid selective pressures 
leading to antimicrobial resistance in the countries visited. 
Nonetheless, they have been shown to be effective [385,386].

Complications
Most ETEC complications can be related to acute dehydration. 
However, repeated cycles of diarrhea, many of which are prob-
ably caused by ETEC, almost certainly contribute to malnutri-
tion spirals in children in developing countries [377,378]. From 
an evolutionary standpoint, ETEC have been proposed to be an 
infectious agent that exerted selective pressure in humans in 
favor of heterozygous carriage of the mutated CFTR gene 
[79,364,387]. It is likely that ETEC precipitate at least some cases 
of irritable bowel syndrome that follow an episode of traveler’s 
diarrhea [38].

Enteropathogenic E. coli
History
In 1945, Bray et al. [388] described severe epidemic infantile 
diarrhea in the United Kingdom associated with specific O sero-
groups of E. coli. Similar outbreaks have occurred in the United 

Figure 62.8 Enteropathogenic Escherichia coli (EPEC) adherence to 
cultured epithelial cells. Typical EPEC form characteristic microcolonies 
at points of adherence. Source: Campos et al. 2004 [895] Reproduced with 
permission of Memórias do Instituto Oswaldo Cruz.



1222   PART 4 Gastrointestinal diseases

of intimin [401]. Tir is required for the formation of a classic 
pedestal on which the EPEC sit, and for the underlying actin 
polymerization and aggregation at this site. Additional trans-
located molecules disrupt intestinal barrier function (EspF, 
Map) [395,402–404], damage mitochondria, and activate 
NF-κB [405]. However, it should be noted that some of the 
injected proteins can attenuate host cell inflammatory responses 
[406]. Data suggest that several EPEC effector proteins (Map, 
EspF, and Tir) inactivate the sodium-d-glucose cotransporter 
SGLT-1 [407]. The activities of other intestinal epithelial trans-
porters (MCT-1 and NHEs) and DRA are also altered by EPEC 
infection [408–410]. Some of the data on these mechanisms 
come from transformed intestinal epithelial cells and differ-
ences between cell lines and nontransformed human intestinal 
epithelial cells may exist [411].

Proteins encoded by loci outside of the LEE region also 
exploit the LEE-encoded T3SS to injure host cells. The best 
studied of these is the plasmid-encoded regulator (per), which 
is encoded on the large plasmid common to “typical” EPEC 
[412–414] and which disrupts microtubules.

Epidemiology and prevention
Typical EPEC have been incriminated as causes of epidemic 
infantile diarrhea with severe illnesses in North America [389]. 
However, such clusters in the developed world are rare, and 
typical EPEC are believed to be problems of children in under-
privileged settings. However, several studies have suggested that 
“atypical” EPEC, which consist of E. coli containing the LEE 
region but lacking the large EPEC plasmid, are also pathogenic 
in children [345,374,415–417]. Adults can occasionally be 
affected [418]. Because typical and atypical EPEC are only 
detected for the purposes of research studies, their epidemiol-
ogy is not well delineated. Community-based preventive meas-
ures, beyond encouragement of good hygiene whenever 
possible, are not well formulated. If an institutional outbreak is 
recognized, contact precautions and cohorting should be con-
sidered. Vaccination strategies have not been well developed.

Clinical manifestations
The inability to diagnose EPEC has hampered characterizations 
of diseases caused by EPEC. Generally, typical and atypical 
EPEC are associated with nonbloody, and often protracted, 
diarrhea in infants and children [345,374,417].

Diagnosis
Detection of EPEC requires DNA probing or adherence assays 
[374]. Serotyping of isolates has also been used but is of ques-
tionable value compared with genetic characterizations. These 
determinations are not performed outside research settings.

Treatment
It is reasonable to consider treatment if an EPEC is suspected 
on empiric grounds. Oral, nonabsorbable aminoglycosides have 
been used in small series with success [419], but large-scale 

promoted by intra-LEE positive regulators (LEE-encoded regu-
lator and global regulator of LEE activator) and by a plasmid-
encoded positive regulator (per); transcription is negatively 
regulated by the global regulator of LEE repressor.

When EPEC contact a host cell, a LEE-encoded syringe-like 
structure, largely composed of polymerized EspA filaments, 
translocates additional effector molecules into the eukaryotic 
cell, including EspB and EspD. These effectors form pores in 
the host cell plasma membrane. These actions allow delivery 
of a panel of bacterial proteins directly into the host cell cyto-
plasm where they participate in AE lesion formation or disrupt 
normal physiological functions such as intestinal epithelial 
barrier function (reviewed in [400]). Tir is one EPEC protein 
that is injected into the host cell, where it is phosphorylated by 
host kinases and then serves as the ligand for the attachment 

Figure 62.9 Enteropathogenic Escherichia coli (EPEC) attaching to 
epithelial cells. Transmission electron micrograph of T84 cells that have 
been infected with EPEC. The characteristic attaching and effacing lesions 
are associated with intimate bacterial attachment to the apical enterocyte 
membrane. Loss of microvilli is apparent adjacent to the adherent 
microcolony. There is also microvillus elongation, which precedes 
effacement. Cup-like pedestals with underlying condensation of 
cytoskeletal elements are also seen. The intestinal epithelial cells are intact 
and tight junctions are closely approximated, but electrophysiological 
studies demonstrate enhanced tight junction permeability. Source: Spitz  
et al. 1995 [896]. Reproduced with permission of the American 
Physiological Society.
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Evidence that diarrheagenic E. coli are promiscuous comes 
from a massive outbreak in Germany of enterohemorrhagic  
E. coli which was caused by a strain of E. coli O104 that had 
acquired virulence genes from EAEC [438,439].

Epidemiology and prevention
The full spectrum of EAEC-associated diseases is beginning to 
emerge in North America [440,441], Europe [442], Japan [443], 
and developing regions of the world [444], with the most 
sophisticated studies having been performed in Brazil. EAEC 
are also associated with traveler’s diarrhea [436,445]. Most 
studies have focused on the role of EAEC in children, but infec-
tion and carriage in adults has also been observed [426,442,446–
448]. Specific prevention measures cannot be proposed at this 
time [449].

Clinical manifestations
Volunteer challenges and cohort studies suggest that EAEC are 
associated with nonbloody, usually afebrile diarrhea. Prolonged 
illness is seen in HIV/AIDS patients [450]. A provocative study 
from Brazil [451] associated fecal EAEC excretion with persist-
ent diarrhea, markers of intestinal inflammation (lactoferrin 
and IL-8), and growth impairment, whether or not diarrhea was 
present. This raises the possibility that intestinal colonization 
with EAEC might underlie stunting in children in resource-
poor environments. In other studies, susceptibility to EAEC 
infection is related to single-nucleotide polymorphisms (SNPs) 
in the IL-8 gene [452].

Treatment
Because EAEC are not detected in clinical laboratories, the role 
of antimicrobial therapy in the treatment of these infections 
remains poorly studied and so evidence-based recommenda-
tions cannot be made. Moreover, published studies need to be 
considered in the context of definitional issues: EAEC have been 
variably defined, using nucleic acid characterization with or 
without adherence studies. Ciprofloxacin has been used to treat 
human EAEC infections in the setting of HIV infection or in 
traveler’s diarrhea [453,454], but many Thai isolates were resist-
ant to a diverse panel of antibiotics [455,456]. In Bangladesh, 
similar high rates of resistance were noted in collections from 
the 1980s [457]. EAEC serogroup O44 (a serogroup of EAEC 
that is found worldwide) in Kenya were resistant to tetracycline, 
ampicillin, erythromycin, trimethoprim–sulfamethoxazole, and 
amoxicillin clavulanate, but susceptible to chloramphenicol, 
nalidixic acid, azithromycin, and cefuroxime [458]. It is con-
cerning that EAEC from returned travelers in Spain demon-
strated resistance to fluoroquinolones [459]. Loperamide plus 
azithromycin has been used with good efficacy [460]. Rifaximin 
shows promise in the treatment of EAEC infections in travelers 
[461,462]. EAEC were moderately resistant to rifaximin but 
were inhibited by the high intralumenal concentrations that  
this agent can achieve and increased resistance has not been 
observed [463].

randomized controlled studies, using rigorous definitions of 
EPEC, are lacking.

Complications
Infected children can present with intestinal failure accompa-
nied by nutritional consequences and growth retardation  
[419]. Long-term complications in the developing world consist 
of the initiation or perpetuation of infection/malnutrition 
cycles.

Enteroaggregative E. coli
History
EAEC were first associated with human diarrhea in 1987 [420–
422] in Chilean children, when E. coli with characteristic adher-
ence patterns (a stacked brick appearance) were found more 
frequently in patients than in control subjects. Subsequent 
studies have identified EAEC as etiological agents of diarrhea 
in patients infected with HIV [423]. They are found in children 
and adults in developed as well as in developing countries 
[286,374,424,425].

Pathogenesis
EAEC, like other diarrheagenic E. coli, appear to cause disease 
via sequential, as well as parallel, processes. The prevailing 
pathogenetic paradigm suggests that initial colonization of the 
mucosal surface is followed by elaboration of cytotoxic, secre-
tory, and proinflammatory factors. EAEC adhere to intestinal 
epithelial cells via aggregative adherence fimbriae (AAFs), for 
which several distinct alleles exist. EAEC are covered by a 
surface protein called dispersin, which is postulated to neutral-
ize the negative surface charge conferred by lipopolysacchar-
rides, thus freeing the positively charged AAFs of their 
attraction to lipopolysaccharrides and enabling the fimbriae 
and bacteria to splay out over epithelial surfaces [426]. A 
newly identified adhesive molecule produces the characteristic 
aggregative adherence pattern in EAEC that lack the tradi-
tional AAF adherence fimbriae. The predicted sequence of this 
novel gene suggests that this adhesion pilin belongs to the Dr 
superfamily of adhesins and appears to be most closely related 
to the M-agglutinin, a pilin very well described in uropatho-
genic E. coli [427]. EAEC also produce a mucinase (Pic), an 
enterotoxin termed Shigella enterotoxin 1 (ShET1) [428], and 
a homologue of ETEC ST termed EAST1 [429], which is a 
toxin elaborated across a broad panel of potentially diarrhea-
genic E. coli [430]. ShET1 elicits increased conductance (ion 
secretion) across intestinal tissue in Ussing chambers [431], as 
does EAST1 [432]. EAEC also frequently secrete a toxin 
termed Pet, which results in rounding of cultured epithelial 
cells, possibly by dissolving the cellular cytoskeleton [433]. 
EAEC infection elicits intestinal inflammation, probably by 
inducing release of IL-8 from epithelial cells, possibly in 
response to production of flagellin [434], a ligand of toll-like 
receptor 5 (TLR5), as well as of other factors [435]. EAEC 
pathogenesis has been thoroughly reviewed [436,437]. 
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Complications
The complications of EAEC infections, beyond the acute 
diarrhea, appear to be related to stunting in children in de -
veloping countries [451] and irritable bowel syndrome [38]. 
These consequences of persistent infection warrant further 
investigation.

Enteroinvasive E. coli
History
Microbiologically, EIEC resemble Shigella, and, in fact, they 
were initially considered to be Shigella. These organisms were 
first associated with human illnesses by Ewing and Gravatti 
[469] in the Mediterranean among Allied soldiers who were 
treated for presumptive bacillary dysentery. Some strains bio-
chemically atypical for Shigella were subsequently demonstrated 
to be E. coli, but the differentiation between Shigella and E. coli 
is artificial. Similar organisms were isolated in 1947 from British 
schoolchildren [470], and these isolates caused diarrhea in 
human volunteers [471].

Epidemiology and prevention
Most EIEC infections that have been described have been asso-
ciated with outbreaks. Modes of transmission include food-
borne vehicles, and waterborne and person-to-person 
transmission [472]. In developing countries, EIEC are most fre-
quently identified in children [473]. Specific prevention meas-
ures cannot be recommended at this time. There are no vaccines 
available.

Pathogenesis
The principle virulence property of EIEC is the ability to invade 
epithelial cells, a trait shared with Shigella. EIEC penetrate epi-
thelial cells, lyse the endocytic vacuole, multiply, and extend 
into adjacent cells [474]. Intracytoplasmic movement is medi-
ated by host cell actin. Most effectors of the invasion phenotype 
are mediated by a T3SS encoded on a 140-MDa plasmid that is 
found in EIEC and Shigella [475]. Most notably, the IpaB and 
IpaC proteins are injected into host cells, create pores, trigger 
cytoskeletal rearrangements, lead to apoptosis, and release 
inflammatory cytokines. Actin is polymerized via IpaC and 
translocated IpgD, an inositol 4-phosphatase that dephosphor-
ylates phosphatidylinositol 4,5-bisphosphate into phosphati-
dylinositol 5-monophosphate, which then accumulates in the 
host cell. This accumulation uncouples the host cell’s plasma 
membrane from the actin cytoskeleton, leading to extrusions 
(blebbing) [476]. IpaA binds to vinculin, which induces the 
polymerization of actin fibers. Once polymerized, the exten-
sions induced by IpaC are transitioned into structures that 
permit bacterial entry into the eukaryotic cells. EIEC also 
possess iron acquisition systems [477].

Clinical manifestations
The full spectrum and frequency of EIEC infections are 
unknown. Although some patients present with a dysenteric 

Diagnosis
EAEC are best identified using an epithelial cell adherence assay 
(typically with Hep-2 cells) [464](Figure 62.10) or by DNA 
hybridization (reviewed in [436]), including several multiplex 
PCR assays [99,465,466]. Diagnosis is hampered by the special-
ized nature of the assays required to detect EAEC and the lack 
of consensus regarding sensitive and specific target loci that 
define these organisms. Moreover, 1%–3% [467,468] of control 
subjects excrete probe-positive EAEC, making it difficult to 
assign pathogenicity when EAEC are detected in individual 
cases. Phenotype (adherence assay) positive rates in control sub-
jects can exceed 20% [374].

Figure 62.10 (a) Enteroaggregative Escherichia coli (EAEC) adhering to 
epithelial cells. Note the agglomeration of bacteria around the epithelial 
cells, which has also been called the “stacked brick” adherence pattern, 
after 6 h of incubation of bacteria and cells. Also note the accumulation of 
bacteria at some distance from the eukaryotic cells. Source: Campos et al. 
2004 [895] Reproduced with permission of Memórias do Instituto 
Oswaldo Cruz. (b) Human intestinal in vitro organ culture and EAEC. 
EAEC adherent to intestinal epithelial cells removed by biopsy from 
patient undergoing endoscopy. Source: Electron micrograph courtesy of 
Dr. Alan D. Phillips.

(a)

(b)
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The best characterized virulence factors are the Dr family of 
fimbrial adhesins expressed by many DAEC (and by some 
uropathogenic E. coli as well). These adhesins mediate binding 
of E. coli to a number of cell surface proteins, including decay 
accelerating factor, carcinoembryonic antigen, and related cell 
adhesion molecules, and β1 integrins [482]. Dr adhesin-
mediated epithelial cell binding is associated with the 
microtubule-dependent internalization of a small proportion 
of adherent bacteria, but the relevance of this finding to 
disease has not been established [483]. Following binding, 
cytoskeletal alterations are mediated by activation of signal 
transduction cascades [484], the structures of epithelial brush 
borders and tight junctions are deranged [485,486], and a 
proinflammatory response is induced [487,488]. The epidemi-
ology of DAEC infections is emerging. In one study in Chile, 
DAEC were not associated with diarrhea [481], but in studies 
from France [480] and Cincinnati [374], DAEC were statisti-
cally associated with diarrhea. In the most recent North 
American study [374] there was an appreciable carriage of 
DAEC in control children, but these organisms were more 
often excreted by ill children. The risk of DAEC diarrhea in 
children appears to increase with age, with stronger associa-
tions seen in children over 2 years of age [489]. The charac-
teristics of diarrhea associated with DAEC, however, are not 
well established.

Clinical manifestations
DAEC tend to be isolated from children with nonbloody 
diarrhea. Additional details such as association with fever and 
duration of illness are incompletely identified.

Diagnosis
DAEC diagnosis largely relies on phenotype (adherence to epi-
thelial cells) and DNA hybridization assays. Because these 
organisms can be carried by control subjects, and because detec-
tion methodologies have been exclusively formulated in research 
studies, useful diagnostic strategies have not emerged.

Treatment
It is not known if antibiotics diminish the duration or severity 
of illnesses caused by DAEC.

Complications
It is not known if DAEC infections have long-term 
consequences.

Listeria monocytogenes
History
Listeria monocytogenes was first described as a human pathogen 
in 1929 when it was recovered from a blood culture and was 
mistakenly thought to cause infectious mononucleosis. It is 
typically considered to be an invasive (i.e., systemic) pathogen. 
When gastrointestinal symptoms occur, they usually occur 
during, or before, extraintestinal dissemination. During the past 

picture, EIEC causes dysentery only in a small subset of  
patients in outbreaks [478] and in experimentally challenged 
subjects [471].

Treatment
Human EIEC infections are rarely diagnosed and therefore the 
efficacy of antibiotics is not known.

Diagnosis
The identification of an EIEC is sometimes prompted by the 
presence of lactose nonfermenting E. coli on MacConkey agar. 
Subsequent methods of assessment of such strains include 
nucleic acid hybridization, seeking loci associated with inva-
sion, and phenotypic assays, assessing invasiveness. In reality, 
such testing is not performed in clinical laboratories.

Complications
Complications of EIEC infections, beyond the acute episode, are 
not well described.

Diffusely adhering E. coli
History
DAEC characteristically adhere to epithelial cells in a diffuse 
pattern (Figure 62.11). This organism was initially associated 
with diarrhea in case reports [479]. Subsequent work demon-
strates a statistically significant association with patients with 
diarrhea compared with control subjects.

Epidemiology and prevention
DAEC have been implicated as causes of diarrhea in the devel-
oped [374,480] and developing world [481]. Specific preventive 
measures are not available.

Pathogenesis
DAEC are a genetically diverse group and the pathogenetic 
mechanisms that cause human disease are poorly delineated. 

Figure 62.11 Adherence of diffuse adherent Escherichia coli (DAEC) to 
cultured epithelial cells. DAEC adhere at all regions of epithelial cells. 
Source: Campos et al. 2004 [895]. Reproduced with permission of 
Memórias do Instituto Oswaldo Cruz.
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organism from the polymicrobial milieu of stool, routine cul-
tures for this agent in sporadic cases are not recommended 
[490,505]. If L. monocytogenes gastroenteritis is suspected, 
evaluation of stool for the presence of this agent should be 
discussed with the involved health departments and clinical 
microbiologists, to assure optimal specimen processing. It is 
important to inoculate the stool into the appropriate Listeria 
selective media, but clinical and reference or public health 
laboratories will often need to coordinate efforts to isolate this 
organism from patient stools and from suspected vehicles of 
transmission. Recovery of L. monocytogenes from sites that are 
otherwise sterile, such as blood or the central nervous system, 
would be an alternate way to make a diagnosis, but such cul-
tures are rarely performed in cases of isolated gastroenteritis 
and probably would not be positive. Culture of the stool  
can be performed using Listeria-selective enrichment broths, 
supplements containing cycloheximide, colistin, acriflavin, 
cefotetan, and fosfomycin, or PALCAM selective media [506]. 
For retrospective (i.e., postclearance) diagnosis, antibodies to 
listeriolysin O might identify recently infected individuals. 
Introduction of DNA-based methods may be superior to 
culture methods [507].

Clinical manifestations
The most prominent characteristic of L. monocytogenes gastro-
enteritis is fever. Most patients also have headache. Additional 
accompanying symptoms include musculoskeletal pain, nausea, 
and vomiting. In only a small subset is the diarrhea grossly 
bloody. Diarrhea need not be present in all cases [490]. The 
clinical characteristics of sporadic cases remain uncharacterized 
because such cases are rarely diagnosed.

Treatment
Listeria gastroenteritis is usually self-limited and lasts several 
days. The efficacy of antibiotics in treating infections limited to 
the gastrointestinal tract is not demonstrated, but some author-
ities recommend that antibiotics should be given to individuals 
in outbreaks who are at high risk of disseminated infection or 
complicated outcomes (such as pregnant women) [490]. By the 
time outbreaks come to light and the etiological role of L. 
monocytogenes is known, most cases have resolved. For uncom-
plicated gastroenteritis, trimethoprim–sulfamethoxazole or 
oral ampicillin or amoxicillin is recommended if one is com-
pelled to prescribe an antibiotic. For invasive cases an aminogly-
coside should be combined with ampicillin or amoxicillin.  
The efficacy of fluoroquinolones has not been established 
[508,509].

Complications
The vast majority of cases of gastrointestinal infection with  
L. monocytogenes resolve without dissemination. However, 
gastroenteritis is a common prelude to systemic infection with 
L. monocytogenes.

20 years, multiple episodes of gastroenteritis have been attrib-
uted to infection with L. monocytogenes [490,491].

Pathogenesis
Listeria monocytogenes invades and replicates in epithelial cells 
and macrophages. It has been used extensively to study actin-
mediated motility in eukaryotic systems. L. monocytogenes 
permeates the intestinal barrier via the internalin family of 
bacterial surface proteins [492], which bind to E-cadherin 
[493]. Following invasion, L. monocytogenes reside in vacuoles 
and utilize host cell actin polymerization for transport. This 
organism has served as a model for dissection of the mecha-
nisms of Gram-positive pathogenesis (reviewed in [494]), but 
the intestinal phases of infection are less well delineated. L. 
monocytogenes can survive gastric acidity, but acid suppres-
sion increases infectivity [495,496]. After exposure to acid, L. 
monocytogenes undergoes additional invasive adaptations, a 
process that possibly increases virulence [497]. Osmotic forces 
also increase the ability of L. monocytogenes to achieve full 
virulence [498]. L. monocytogenes is variably resistant to the 
bactericidal action of bile [499]. Hsp60 has been proposed to 
be the epithelial cell receptor for L. monocytogenes [500,501] 
before the pathogen is internalized into the eukaryotic cell. 
However, it is not known to what extent these mechanisms 
contribute to the gastrointestinal symptoms observed in 
infected patients.

Epidemiology and prevention
Outbreaks of L. monocytogenes gastroenteritis have all been 
foodborne, and implicated vehicles include rice, chocolate milk, 
vegetables, smoked trout, corned beef, ham, delicatessen meat, 
and cheese. Risk factors for nonepidemic cases are not known 
because sporadic cases of gastroenteritis are rarely investigated 
and L. monocytogenes is rarely identified outside of outbreaks. 
L. monocytogenes is ubiquitous in food [502] and human infec-
tion is probably a function of inoculum size, L. monocytogenes 
serotype, and host susceptibility. In outbreaks, attack rates often 
exceed 50%. Inoculum density in the source is variable but 
usually exceeds 10 000 colony-forming units per gram of 
ingested vehicle. Serotypes 1/2a and 1/2b predominate in out-
breaks. L. monocytogenes can be excreted in the stools of humans 
in the absence of disease [496].

Consumers can diminish the risk of listeriosis by observing 
food safety guidelines, which are focused on storage tempera-
tures and ready-to-eat foods, including unpasteurized cheeses 
and milk, ready-to-eat delicatessen foods, and frankfurters 
[503]. Pregnant women should be especially vigilant. A novel 
mechanism of control is the addition of L. monocytogenes-
specific bacteriophages to ready-to-eat foods that might contain 
this pathogen [504].

Diagnosis
Because L. monocytogenes can be carried by healthy people, 
and in consideration of the labor involved in recovering this 
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caused by DT104, has significantly decreased [518,519]. For 
over three decades, the incidence of infection by nontyphoidal 
Salmonella has increased but there is now a reversal of that trend 
[520–522]. Unfortunately, rates of antibiotic resistance and 
multidrug resistance are rising. Although over 2000 serovars  
of Salmonella exist, a small minority cause most human 
illness, predominantly Salmonella Enteritidis and Salmonella 
Typhimurium. The predominant serovars isolated from infected 
humans vary from year to year and country to country [523].

Most Salmonella infections are self-limited, but hospitaliza-
tion might be necessary and death can result. Between 1996 and 
1999, the hospitalization rate of Salmonella infections was 20% 
and the mortality rate was 0.6% [516]. In 2000, however, the 
hospitalization rate decreased to 10.1% but the death rate 
remained at 0.8% [522]. Salmonella causes approximately one-
third of the deaths related to foodborne illness, making it the 
leading cause of such mortality [522]. Salmonellosis in patients 
with malignancies, immunosuppression, alcoholism, sickle cell 
disease, cardiovascular dysfunction, and hemolytic anemias is 
more aggressive and if associated with bacteremia can result in 
mortality rates of 3% or higher [519].

Salmonella infection is usually acquired by consuming con-
taminated raw or undercooked food, especially meat, poultry, 
eggs, and milk. Salmonella can be commonly isolated from 
poultry and various types of farm animals, and is part of the 
normal flora of reptiles and amphibians. Most infections (85%) 
are associated with outbreaks, but person-to-person transmis-
sion can occur. The highest incidence of infection occurs at the 
extremes of life; the annual incidence in early childhood is 
approximately sixfold higher than the average incidence but 
there is a low incidence in young adulthood [519]. There is 
seasonal variation with the peak incidence occurring in summer 
and fall. Proton pump inhibitor use has been associated with an 
increased risk of infection with DT104 [524].

Nontyphoidal Salmonella, in contrast to typhoid, is rarely 
transmitted from person to person. The indiscriminate use of 
antibiotics in poultry and farm animals, as well as in humans, 
needs to be addressed, and mechanisms of antibiotic resistance 
transfer between microbes more carefully explored to control 
this problem.

Pathogenesis
The key feature of Salmonella pathogenesis is uptake by host 
cells. Epidemiological studies suggest that as few as 100 viable 
Salmonella can cause clinical infection [525]. The absence of 
gastric acid is a risk factor for illness because it reduces further 
the inoculum required for establishment of an active infection. 
Once past the stomach, Salmonella interact with both entero-
cytes and M cells and are internalized via a complex series of 
events triggered in the host cell. Important aspects of Salmonella 
pathogenesis are being unraveled. The virulence genes of this 
pathogen are localized to Salmonella pathogenicity islands 
(SPIs), of which five have been identified [526]. The sequencing 
of the complete genome of Salmonella identified five potential 

Salmonella infections
History
Salmonella were named after United States Department of 
Agriculture pathologist Dr. Daniel E Salmon, who first isolated 
Salmonella choleraesuis from porcine intestine [510]. PCA Louis 
differentiated typhoid fever as a separate entity based on patho-
logical changes in the intestinal lymph nodes and spleen, and 
further described the association with rose spots, intestinal per-
foration, and bleeding [511]. Typhoid fever was further distin-
guished from typhus by William Jenner, who recognized that 
Peyer patches and mesenteric lymph nodes were enlarged in 
typhoid, and that previous infection protected against subse-
quent attacks in the former condition [512]. The organism 
responsible for typhoid fever was isolated in 1884 from the 
spleens of infected patients [513], and in 1896 a heat-killed 
vaccine was developed [514]. The serotyping of Salmonella is 
based on the presence of specific surface antigens detected by 
agglutination in response to the presence of reactive antibodies. 
The classification system developed by Kaufmann and White in 
the mid-1900s [515] continues to be used today.

Classification
The genus Salmonella is a member of the Enterobacteriaceae 
family of Gram-negative bacilli. The genus is divided into two 
species, Salmonella enterica (formerly S. choleraesuis) and 
Salmonella bongori. S. enterica is further divided into six sub-
species: I – enterica; II – salamae; IIIa – arizonae; IIIb – diari-
zonae; IV – houtenae; and VI – indica. V is now obsolete as a 
subspecies of S. enterica and is currently designated as a separate 
species, S. bongori. S. bongori does not cause disease in humans. 
Over 2400 serovars have been reported. Serotype designation is 
based on the presence of specific antigens: O (somatic/cell wall) 
antigen and flagellar H antigens. Strains are therefore named, 
for example, as Salmonella enterica subspecies enterica serotype 
Typhimurium. The CDC recommends that the species designa-
tion be simplified to the genus and serovar only, that is Salmonella 
Typhimurium.

Nontyphoid Salmonella
Epidemiology and prevention
The burden of nontyphoid Salmonella infection is huge. 
According to US FoodNet data, the incidence of Salmonella 
infection was 13.4 cases per 100 000 population from 1996 to 
1999 [516]; however, a population-based survey demonstrated 
that reporting was underestimated by a factor of 38.6, translat-
ing into an estimated 1.4 million cases of Salmonella illness per 
year. Higher incidences of infection are reported outside the 
United States. Of greatest concern has been the increase in the 
number of infections caused by S. enterica serovar Typhimurium 
definitive phage type 104 (DT104). DT104 is typically resistant 
to ampicillin, chloramphenicol, streptomycin, sulfonamides, 
and tetracycline and can acquire resistance to ciprofloxacin and 
ceftriaxone [517]. Reports from around the world indicate that 
the number of Salmonella-induced illnesses, including those 
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iliac aneurysms in patients with preexisting atherosclerotic vas-
cular disease can result in mortality rates of over 60%. 
Pleuropulmonary complications, including empyema, have also 
been reported and again occur most commonly in the immu-
nocompromised [540].

Diagnosis
The diagnosis of Salmonella as the etiological agent of gastroen-
teritis is made by identifying this organism in fecal cultures  
or, on rare occasions, cultures of the blood or other extraintes-
tinal sites. Frequently, local laboratories will determine that 
Salmonella is or is not Salmonella Typhi, but more extensive 
classifications of isolates are usually performed in public health 
reference laboratories.

Treatment
Antibiotic therapy is not recommended for otherwise healthy 
individuals with uncomplicated Salmonella gastroenteritis. 
Antibiotics can not only prolong the carrier state or even cause 
relapse but also they typically do not abbreviate the duration of 
diarrhea [541]. In contrast, those with predisposing factors that 
are associated with higher incidences of complications of 
Salmonella infection should receive antimicrobial therapy. This 
includes individuals under 1 and over 50 years of age and those 
with artificial joints or vascular grafts, degenerative joint disease, 
valvular heart disease, or immunocompromising conditions. 
Patients demonstrating signs or symptoms of sepsis or bacter-
emia should also receive antibiotic therapy for Salmonella infec-
tion as should those with local extraintestinal infections such as 
osteomyelitis and pleuropulmonary infection. Treatment with 
trimethoprim–sulfamethoxazole or fluoroquinolone, if suscep-
tibility is demonstrated, is recommended; ceftriaxone is also 
effective [541]. The reported incidence of Salmonella bactere-
mia is highest during the first year of life, with a peak during 
the first 3 months. Estimates of the frequency of bacteremia in 
infants with Salmonella enterocolitis, which are generally 
derived from studies of small samples of children, range from 
5% to 45%. Infants with Salmonella infection who are under the 
age of 3 months should be treated with antibiotics. Increasing 
resistance to commonly used antibiotics is seen in the United 
States [542] and elsewhere, so the choice of regimen should be 
guided by susceptibility data. In particular, DT104 (see Section 
Epidemiology and prevention) has emerged as a significant 
problem in North America and elsewhere. It is therefore impor-
tant to determine the antibiotic susceptibility of strains isolated 
from infected individuals instead of resorting to empiric therapy, 
although antibiotics sometimes must be started before the 
results of susceptibility testing are known. Suggested therapies 
include trimethoprim–sulfamethoxazole (TMP-SMX), ampicil-
lin (10–20% of isolates in the United States are resistant and 
there is increasing multidrug resistance), cefotaxime, ceftriax-
one, or chloramphenicol. Parenteral antibiotics should be used 
for infants younger than 3 months, for children at high risk for 
invasive infection based on comorbidity, for example sickle cell 

additional SPIs [527]. SPI-1 encodes a T3SS that allows delivery 
of bacterial effector proteins into host cells. Some SPI-1 effectors 
include SopE and SopE2, which activate host cell Rho GTPases 
leading to actin rearrangement and uptake of bacteria (for a 
detailed review of this process, see [528]). SPI-2 also encodes a 
T3SS that permits Salmonella to survive in host epithelial cells 
and macrophages. Genes encoded in SPI-3 are believed to 
permit growth within phagosomes, where concentrations of 
magnesium are low [529], and SPI-4 is needed for survival 
within macrophages [530] and loss of SPI-4 attenuates patho-
genicity [531]. Evidence suggests that genes in SPI-5 contribute 
to intestinal secretion and inflammation. Other Salmonella 
virulence factors have also been reviewed [532]. Of such factors, 
flagellin deserves mention here. Flagellin, which comprises bac-
terial flagella, is now recognized as a major proinflammatory 
stimulus via its interaction with TLR5 [533,534]. Salmonella 
flagellin is translocated across intestinal epithelial cells to the 
basolateral surface where it interacts with its receptor TLR5 and 
triggers the inflammatory cascade by eventually activating 
NF-κB. In addition, the secreted Salmonella effector SipA 
induces the expression of the eicosanoid hepoxilin A3, which is 
secreted apically and serves as a chemoattractant for polymor-
phonuclear leukocytes across the intestinal epithelial layer, 
resulting in the formation of crypt abscesses [535,536]. The 
inflammatory response is a major factor in Salmonella-induced 
enteritis; it is now clear that several factors contribute to this 
response.

Clinical manifestations
Salmonella infection can result in gastroenteritis, enteric fever, 
bacteremia, or asymptomatic carriage. The symptoms of 
Salmonella gastroenteritis are indistinguishable from those 
caused by other enteric pathogens and range from a few loose 
stools to a cholera-like illness with profuse diarrhea and signifi-
cant dehydration or even dysentery. Symptoms including fever 
and chills, abdominal cramps, nausea, and vomiting typically 
develop within 48 h following ingestion of contaminated food 
or water. Salmonella-associated fever usually resolves within 
2–3 days but diarrhea persists for 3–7 days. Nontyphoidal 
Salmonella typically persist in the stool for 4 or 5 weeks follow-
ing resolution of gastroenteritis [537,538]. Bacteremia occurs  
in 2%–4% of patients [539] but is more frequent in children 
under the age of 1 year, adults over 50 years, and patients  
with underlying health problems including cancer, lymphopro-
liferative disorders, HIV/AIDS infection, valvular heart disease, 
hemoglobinopathies, transplant recipients, and those taking 
steroids.

Complications
Serious complications most commonly occur in infected 
patients with underlying disorders. Bacteremia and focal 
abscesses, which can result in septic shock, are complications 
seen in patients with AIDS and those with malignancies or 
receiving therapy for malignancies. Finally, infected aortic or 
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Salmonella Typhi, but not Salmonella Paratyphi, can be pre-
vented by immunization. Two typhoid vaccines are commer-
cially available, Ty21a (oral) and Vi polysaccharide (parenteral), 
but neither is used routinely. Other vaccines, such as a new, 
modified, conjugated Vi vaccine called Vi-rEPA, are not licensed 
in the USA [549]. The licensed Ty21a and Vi polysaccharide 
vaccines are efficacious. The new and unlicensed Vi-rEPA 
(recombinant Pseudomonas exotoxin A) [550] vaccine is as  
efficacious and may confer longer immunity [551]. The live 
attenuated oral vaccine requires three to four doses taken every 
other day for 4 days [552] and provides protection against both 
typhoid and paratyphoid fever [553]. The parenteral vaccines 
provide a circulating antibody response whereas the oral live 
vaccine induces a secretory IgA response and cell-mediated 
immunity. The efficacy of these vaccines in travelers is difficult 
to establish and so most trials have been performed in endemic 
countries, indicating approximately 55%–75% efficacy [549]. 
However, ingesting a large inoculum of viable organisms can 
overcome typhoid immunity, underscoring the need to still 
avoid contaminated food and water. A booster series is recom-
mended for the oral vaccine every 5 years and for the parenteral 
vaccine every 2 years. A human challenge model may advance 
vaccine development [554].

Pathogenesis
Following ingestion, Salmonella Typhi survive gastric acid by 
means of a two-component system that includes induction of a 
pH homeostasis system and expression of acid shock proteins; 
together, these systems permit survival in low pH [555,556]. 
Once in the small intestine, Salmonella Typhi invade M cells, 
are engulfed by mononuclear cells in the underlying lymphoid 
tissue, and disseminate via lymphatics or the bloodstream. 
Intracellular multiplication proceeds in reticuloendothelial cells 
and macrophages in the liver, spleen, lymph nodes, and bone 
marrow. Infected individuals are asymptomatic during this 
phase. Once the concentration of Salmonella Typhi in these 
tissues is sufficient, organisms gain access to the systemic circu-
lation resulting in the production of cytokines and symptoms 
in the host. It is during this phase of persistent bacteremia that 
extraintestinal organs are seeded and complications ensue.

Clinical manifestations
The typical incubation period of Salmonella Typhi is 7–14 days 
but it can range from 3 to 60 days. Clinical manifestations can 
be protean and include: anorexia; abdominal pain, tenderness, 
and bloating; nausea and vomiting; diarrhea; and bloody 
diarrhea [557]. Enterocolitis, with diarrhea lasting several days, 
can develop but usually resolves before the onset of fever. The 
bacteremic phase follows this asymptomatic incubation phase 
and is manifest as an acute febrile illness accompanied by flu-
like symptoms including frontal headache, general malaise, 
prostration, confusion, anorexia, and abdominal discomfort 
and bloating. Some individuals present with upper respiratory 
symptoms, such as dry cough, coryza, and sore throat, thus 

diseases, and if they have suspected or proven sepsis or who 
appear toxic.

Salmonella Typhi (typhoid [enteric] fever)
Typhoid fever, a systemic disease caused by infection with S. 
enterica serotype Typhi, is more appropriately referred to as 
enteric fever, because this category also includes disease caused 
by serotype Paratyphi A, B, and C. Although Salmonella Typhi 
is responsible for 80% of cases in endemic countries, infection 
by Salmonella Paratyphi is more common among travelers 
[543], probably because vaccination is available and effective 
only for Salmonella Typhi. Humans are the sole reservoir for 
these organisms, thus the disease is transmitted from person to 
person or by ingestion of food that has been contaminated by 
an acutely infected individual or a chronic carrier. Drinking 
water contaminated by feces of infected individuals is also a 
source of infection.

Epidemiology and prevention
The worldwide prevalence of enteric fever might be as high as 
30 million cases [544]. The epidemiology of this infection in 
developed countries, where it was once endemic, has changed 
dramatically over the past 50 years with a marked decrease in 
the incidence and a shift to cases now being associated with 
travel to specific geographic regions. In the 1940s, the incidence 
of this infection was 7.5 per 100 000, but this fell to 0.2 per 
100 000 in the 1990s [545]. In the late 1960s and early 1970s 
only 33% of cases were associated with travel, but by the late 
1990s, 80% of cases were related to foreign travel [545]. Travel 
to six countries accounts for 80% of enteric fever cases: India, 
Mexico, Philippines, Pakistan, El Salvador, and Haiti [545]; 
however, the risk of acquiring enteric fever is 18 times higher 
with travel to the Indian subcontinent than with travel to any 
other area [546]. Risk factors for acquisition of enteric fever by 
travelers include travel to rural areas, failure to adhere to food 
and water precautions, and the lack of education regarding such 
issues prior to travel. Increased age and length of stay are also 
associated with enhanced risk of infection [547]. Immigrants 
returning to their homeland are also at increased risk. They may 
not be aware of this and are thus less inclined to follow food 
and water precautions and receive vaccination for typhoid and 
are more likely to travel to rural areas.

Typhoid and paratyphoid fevers remain a global threat. 
Between 1990 and 2010, there was a 32% increase in DALYs 
(disability adjusted life years) due to typhoid and paratyphoid 
[548]. It was the only “diarrheal disease” that increased in this 
category [548]. In endemic areas, children and adolescents are 
the primary targets of disease, accounting for 90% of cases, but 
there is no age specificity amongst travelers. Travelers typically 
ingest less of an inoculum as a result of hygiene precautions; in 
addition, travelers are more likely to seek and have access to 
medical care and hence receive treatment early in the illness.

Food and water precautions when traveling are crucial for 
preventing this infection. In addition, enteric fever caused by 
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Diagnosis
Enteric fever is diagnosed by isolating the causative agent from 
blood or stool. Blood culture is insufficiently sensitive and tech-
nically demanding, and bone marrow culture, although more 
sensitive, is infrequently performed. Culture of the bone marrow 
is successful in recovering these pathogens from 90% of indi-
viduals who have received antibiotics. PCR assays for typhoid 
fever have not been validated against bone marrow culture, the 
gold standard [558]. Salmonella Typhi and Salmonella Paratyphi 
are also quite frequently isolated from rose spots.

Treatment
Ideally, treatment should be safe and available for adults and 
children in shortened courses of 5 days, cause defervescence 
within 1 week, render blood and stool cultures sterile, and 
prevent relapse. Ceftriaxone is currently the recommended 
first-line therapy for Salmonella Typhi and Salmonella Paratyphi 
infections [544,546]. If fluoroquinolone susceptibility is dem-
onstrated than these agents can be used as well, but they are 
not approved for use in children in the United States. Current 
recommendations by the American Academy of Pediatrics note 
the systemic use of ciprofloxacin in children should be restricted 
to infections caused by multidrug-resistant pathogens or when 
no safe or effective alternatives are available. Emergence of 
multidrug resistance and decreased ciprofloxacin susceptibility 
in Salmonella Typhi in South Asia have rendered older 
drugs, including ampicillin, chloramphenicol, trimethoprim–
sulfamethoxazole, ciprofloxacin, and ofloxacin, ineffective or 
suboptimal for typhoid fever [559]. The frequency of multidrug-
resistant Salmonella Typhi in the United States has increased 
significantly over the past two decades, with 30% being  
resistant to at least one antibiotic and 12% demonstrating 
resistance to chloramphenicol, ampicillin, and trimethoprim–
sulfamethoxazole. Such strains require longer treatment with 
expensive agents that can be less effective, thus increasing the 
risk of carrier status. Alternative therapies are based on antibi-
otic susceptibility data of recovered strains.

High-dose dexamethasone should be given to individuals 
with severe typhoid fever. Perforation is one of the most serious 
intestinal consequences of typhoid fever and warrants surgery 
[560].

Shigella species
History
Shiga bacillus, now known as Shigella dysenteriae type 1, was 
originally isolated and described by Kiyoshi Shiga in 1898 [561]. 
As a young physician, Shiga investigated the etiology of the 
sekiri (red diarrhea) epidemic of 1897 in Japan, which affected 
over 90 000 individuals and had a mortality rate of greater than 
20% [562]. He isolated a Gram-negative bacillus from the stools 
of afflicted patients that, when subcultured and orally adminis-
tered to dogs, caused diarrhea. Initially named Bacillus dysente-
riae, this organism was also determined by Shiga to produce 
toxic factors including the now well-characterized Shiga toxin. 

delaying the diagnosis. Constipation can occur early in the 
illness but generally is followed by diarrhea in the late phase of 
the illness. The fever pattern is interesting in that it can increase 
over the initial 5–7 days with body temperatures peaking in the 
afternoon. Relative bradycardia for the degree of fever is con-
sidered common for typhoid fever but is certainly not specific 
for this infection. Blood cultures are positive in more than 90% 
of patients during this initial phase of fever and nonspecific 
symptoms. A longer period, 10–14 days, of sustained high fevers 
(39°C–41°C) can follow but medical attention is usually sought 
earlier in the course of infection, particularly by travelers, and 
so this phase is typically not seen in this group. The liver and 
spleen are frequently enlarged and abdominal tenderness is 
often present, particularly over the lower quadrants (at times 
mimicking appendicitis). Rose spots, which are 2- to 4-mm 
erythematous maculopapular lesions that blanch, have been 
reported in up to 30% of patients and occur within the first 1–2 
weeks but last only 3–4 days. These typically are seen on the 
chest and abdomen but can be missed in individuals with darker 
skin. Symptoms begin to abate after the third week of untreated 
illness in the 90% who survive. Relapse has been reported to 
occur in 3%–13% of untreated patients and about 20% of treated 
patients, on average after 2 weeks have elapsed. The illness asso-
ciated with relapse tends to be milder and shorter than the 
initial manifestations.

Complications
Intestinal hemorrhage and perforation related to hyperplasia of 
the lymphoid tissue in the ileocecum can occur. This is typically 
observed in untreated individuals in the third to fourth week of 
illness. The extraintestinal complications associated with 
Salmonella Typhi can target almost any organ system, including 
the central nervous system (3%–35%), cardiovascular system 
(1%–5%), pulmonary system (1%–6%), bones and joints (<1%), 
hepatobiliary system (1%–26%), genitourinary system (<1%), 
soft tissues, and hematological system (rarely). This topic has 
been extensively reviewed [544]. Specific complications include 
encephalopathy, cerebral edema, meningitis, seizures, GBS, 
endocarditis, myocarditis, pneumonia, empyema, osteomyelitis, 
septic arthritis, cholecystitis, hepatitis, hepatic abscess, splenic 
abscess, peritonitis, urinary tract infection, renal abscess, tes-
ticular abscess, prostatitis, and epididymitis.

The chronic carrier state is defined as excretion of the organ-
ism for 1 year or longer and occurs in 2%–5% of patients with 
Salmonella Typhi and Salmonella Paratyphi infections. Risk 
factors for becoming a chronic carrier include age less than 1 
year, age older than 60 years, concomitant biliary disease, and 
presence of schistosomiasis. The biliary tract commonly serves 
as a focus of Salmonella organism multiplication in typhoid 
carriers, especially if concomitant abnormalities, such as stones 
or obstruction, are present.

Fatality rates can be as high as 30% in individuals from 
endemic countries; the fatality rate in travelers, however, is 
reported as less than 0.4% [545].
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tings, in particular day-care centers, custodial institutions, and 
nursing homes. Travelers to developing countries are also at 
greater risk for infection. Shigella causes an estimated 4% of 
traveler’s diarrhea [571,572]. Although much less common than 
infections by ETEC, traveler’s diarrhea caused by Shigella is 
more severe.

Shigella is highly contagious, requiring a minute inoculum to 
establish infection. Ingestion of as few as 180 organisms caused 
diarrhea in 22% of healthy volunteers [573]. Shigella persists as 
a pathogen because fecal organisms in patients suffering acute 
shigellosis are abundant (approximately 109 per gram of stool).

Frequencies of infection by Shigella spp. vary by country and 
population. In a study from Calcutta, India, S. flexneri was the 
most commonly isolated species (60%), followed by S. sonnei 
(24%), S. dysenteriae (10%), and S. boydii (6%) [574]. An impor-
tant observation from this study was the reemergence of S. 
dysenteriae serotype 1 after a 14-year absence; this strain exhib-
ited multidrug resistance including to fluoroquinolones. 
Increased drug resistance in S. flexneri type 2a was also noted. 
In contrast, in Sweden, S. sonnei was the most commonly iso-
lated species (67%), with S. flexneri accounting for 26%, S. 
boydii 5%, and S. dysenteriae 3% of infections [575]. Of greatest 
concern is S. dysenteriae serotype 1 because of the severity of 
the associated clinical symptoms, potential for serious compli-
cations, and the propensity of this strain to cause pandemics. In 
the face of emerging antibiotic resistance these traits present a 
major health concern [576], as highlighted by epidemics of 
resistant dysentery in Asia and Africa.

The major route of Shigella transmission is person to person. 
This is in large part because of poor handwashing and toileting 
practices and inadequate sanitation. Together, these can lead to 
the contamination of drinking water and food. Preventive inter-
ventions include the use of soap and water for handwashing, 
decreased contact with human excreta, disinfection of water, 
and overall improved sanitation. Although a Shigella vaccine is 
needed, the antigenic complexity of this species and the poor 
understanding of protective immunity for Shigella have made 
this a difficult task. Shigella vaccine strategies have been 
reviewed [577]. Nonetheless, the safety and immunogenicity of 
serotype-specific protection with conjugate vaccines consisting 
of S. flexneri and S. sonnei lipopolysaccharide coupled to suc-
cinylated mutant Pseudomonas aeruginosa exotoxin A have 
been demonstrated in children and adults [578,579]. This 
approach has considerable promise in situations in which dis-
eases are caused by a limited number of pathogenic serotypes.

Pathogenesis
The pathogenesis of Shigella is multifactorial and includes the 
production of enterotoxins (important but not essential) and its 
ability to invade and destroy host tissues, resulting in large part 
from the extensive inflammatory response associated with this 
infection. Shigella are exceptional pathogens that have devel-
oped mechanisms to survive close to its mucosal target, colonize 
and then invade its epithelial surface, cause its inflammatory 

Following the initial report of this organism, others identified 
related strains now known as Shigella flexneri, Shigella boydii, 
and Shigella sonnei for those responsible for their description 
– Flexner, Boyd, and Sonne, respectively [562]. The genus was 
renamed in 1930. It is plausible that the “emerods” that “smote” 
the encampment of Philistines at Ashdod were rectal prolapses 
secondary to shigellosis, which is notorious for epidemics 
appearing during military campaigns through the ages. 
However, some scholars believe that emerods were the buboes 
of epidemic Yersinia pestis infection [563].

The genus Shigella belongs to the tribe Escherichia in the 
family Enterobacteriaceae and consists of four species or groups 
(A–D) of Gram-negative, aerobic rods: S. dysenteriae (group A), 
S. flexneri (group B), S. boydii (group C), and S. sonnei (group 
D). Each species, except for S. sonnei, is divided into several 
serotypes, defined by the somatic O antigen. Only S. flexneri is 
further divided into subtypes. The distribution of Shigella 
species worldwide correlates with the level of development and 
hygiene, the basis of which is not well understood. S. dysenteriae 
serotype 1, a particularly virulent serotype associated with sig-
nificant morbidity and mortality, occurs in less developed coun-
tries and has pandemic potential. S. flexneri are also most 
commonly isolated in developing countries, especially those 
with tropical climates. S. sonnei persists in developed (and tran-
sitional) countries, causing sporadic diarrhea and occasional 
outbreaks in epidemiological niches (such as day-care centers) 
where personal hygiene can be suboptimal. Travelers from 
developed to developing regions mainly acquire S. sonnei and 
S. flexneri infections. Shigellosis due to S. boydii or S. dysenteriae 
serotypes other than type 1 is uncommon [564].

Epidemiology and prevention
Humans are the only known reservoir of Shigella. Although this 
single reservoir should offer an advantage for their control, 
Shigellae remain one of the most common causes of bloody 
diarrhea worldwide. This paradox is likely explained by their 
exquisitely low infectious dose. Contributing to their survival is 
the emergence of antibiotic-resistant strains and their resistance 
to gastric acid. Transmission is predominantly fecal–oral, but 
person-to-person transmission via contaminated hands and 
drinking water and food can occur through fomites, food, and 
water [565]. The common housefly can spread Shigella, particu-
larly in areas where the disposal of human waste is inadequate 
[566,567]. The annual number of Shigella infections throughout 
the world was estimated to be 164.7 million. Of these, 163.2 
million occur in developing countries, with 1.1 million deaths, 
and 1.5 million occur in industrialized countries. [568]. In the 
United States, approximately 60 000 cases are reported annually 
[520], but the actual number is likely to be higher. Untreated 
Shigella can be severe and fatal [569]. Most infections occur in 
children under 5 years of age (69%), and most deaths (61%) also 
occur in this age group [570].

In industrialized countries, shigellosis is primarily a problem 
in populations exposed to substandard hygiene in group set-
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island of Shigella, has serine protease activity, likely accounting 
for its toxic effects.

Invasion is more important than toxin production in the 
pathogenesis of shigellosis. Infection of macaques with isogenic 
mutants of S. dysenteriae that lacked either the invasion plasmid 
or the Stx gene demonstrated that the invasive but nontoxigenic 
strain induced disease which was indistinguishable from wild-
type Shigella except that the diarrhea caused by the Stx-
expressing strains was bloodier [589]. A correlation between the 
level of Stx production and gastrointestinal bleeding has been 
suggested in humans [590]. However, non-Stx producing 
Shigella can also cause notable extraintestinal complications, 
including seizures [591].

The cardinal feature of Shigella is its ability to invade the host 
intestinal epithelium. This is initially achieved by invasion of M 
cells, the specialized epithelial cells strategically positioned over 
lymphoid follicles. After entering M cells, the internalized 
organisms traverse these cells and emerge into the gut-associated 
lymphoid tissues (GALT) of the terminal ileum and colon where 
they are engulfed by macrophages. In contrast to the usual sce-
nario whereby engulfed organisms are destroyed, Shigella 
induce macrophage apoptosis [592], releasing IL-1β [593] and 
thereby recruiting neutrophils to and across the intestinal epi-
thelial layer. Intercellular tight junctions are breached and lume-
nally situated Shigella directly gain access to the subepithelial 
space and basolateral pole of the host intestinal epithelial cell, 
the only membrane domain through which these microbes can 
invade [594,595]. Shigellae multiply intracellularly and then dis-
seminate into adjacent cells throughout the intestine and destroy 
the epithelium [596]. This marked inflammatory infiltrate and 
tissue destruction characterize shigellosis.

Clinical features
The incubation period for Shigella is 1–4 days and can be up as 
long as 8 days for S. dysenteriae. Most individuals infected with 
Shigella have a self-limited course lasting 5–7 days in adults and 
2–3 days in children. Some adults, however, experience a suba-
cute presentation characterized by 2–3 weeks of waxing and 
waning diarrhea. Such a presentation can mimic new-onset 
ulcerative colitis, especially because the endoscopic appearance 
of the mucosa (erythema with small ulcers) is quite similar. In 
such cases it is prudent to perform stool cultures and, if Shigella 
is isolated, treatment with appropriate antibiotics should rapidly 
resolve the symptoms. A long-term carrier state for Shigella has 
been described, defined as fecal shedding following the resolu-
tion of symptoms from acute dysentery caused by S. sonnei and 
S. flexneri, but is rare [597,598].

Shigella dysentery is characterized by acute diarrhea contain-
ing blood and mucus accompanied by fever and abdominal 
pain. The presentation can occur in two phases, the initial phase 
characterized by the abrupt onset of frequent (every 20–30 min) 
watery diarrhea, which is followed by the second, or dysenteric, 
phase 12–72 h later. In this phase the passage of small amounts 
of blood-tinged mucus with or without blood clots occurs. 

destruction, and simultaneously regulate the extent of the elic-
ited innate response to likely survive the encounter and achieve 
successful subsequent transmission [580]. Shigella are believed 
to penetrate the intestinal epithelial barrier through M cells  
that overlie lymphoid follicles, allowing them to reach the  
basolateral aspect of intestinal epithelial cells where they can 
invade. Once internalized, the bacteria multiply rapidly  
and disseminate to adjacent cells. The host protein Nod1 recog-
nizes peptidoglycan fragments of Shigella, leading to activation 
of the proinflammatory transcription factor NF-κB [581]. 
Approximately 30 bacterial gene products are involved in 
Shigella invasion and its intercellular spread, and these proteins 
are encoded on large virulence plasmids present in all Shigella 
species [582]. Some of these encoded proteins comprise a T3SS, 
a multiprotein complex that allows direct delivery of bacterial 
proteins into host cells. Recognition of host cell components by 
bacterial sensors can trigger the secretion of bacterial factors 
through this apparatus. A complex series of host cell signals 
ultimately leads to bacterial invasion and spread. The ability of 
Shigella to invade and colonize the intestinal epithelium is 
crucial to the establishment of disease and associated 
morbidity.

Shigella species also elaborate toxins that play a role in disease 
including enterotoxins, cytotoxins, and neurotoxins. The classic 
Shigella toxin, Shiga toxin (Stx), is produced by S. dysenteriae 
serotype 1. The 70-kDa Stx consists of one catalytic A subunit 
and five B subunits. As with EHEC Stxs, the B subunits bind the 
toxin to host receptors, a process that is common to many bacte-
rial toxins. The Stx receptor, globotriaosylceramide (Gb3), is 
internalized by receptor-mediated endocytosis following toxin 
binding [583]. Once internalized, the catalytic A subunit is 
released, leading to cytotoxicity via inhibition of protein synthe-
sis. The absorptive capacity of the intestinal epithelium is 
impaired, contributing to diarrhea. Stx does not activate ade-
nylate or guanylate cyclase, as other bacterial enterotoxins do, 
but it is biologically similar to Stxs secreted by EHEC. Similarly 
to these toxins it can affect renal endothelial cells, resulting in 
HUS, although the risk of HUS is lower than with EHEC [584].

Other Shigella enterotoxins have been identified. ShET1, a 
55-kDa holotoxin that also has the A–B subunit structure, is 
unique to the S. flexneri 2a serotype among Shigellae. As with 
Stx, the gene encoding this protein is located on the chromo-
some. The presence of such a toxin was predicted by studies in 
monkeys showing that small intestinal secretion accounted for 
the watery diarrhea seen early in shigellosis [585]. ShET2, a 
64-kDa holotoxin expressed by 80% of diverse Shigella sero-
types, also contributes to the watery diarrhea associated with 
infection. Unlike Stx and ShET1, ShET2 is encoded by a gene 
on the large virulence plasmid that confers invasion [586]. 
Another Shigella secreted protein, designated SigA, has both 
cytopathic and enterotoxic activity [587]. The cytotoxic and 
enterotoxic effects mediated by SigA are likely associated with 
the degradation of epithelial fodrin [588]. SigA, a 103-kDa 
product encoded within the chromosomal she pathogenicity 
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following E. coli O157:H7 infection, but it is likely that there is 
a similar series of pathophysiological events leading to micro-
angiopathic hemolytic anemia, thrombocytopenia, and renal 
failure.

Additional complications of all forms of shigellosis include 
hyponatremia, hypoglycemia, toxic megacolon, seizures, and 
rectal prolapse. Shigella can infect a number of extraintestinal 
organs, including the eyes, joints, heart, liver, skin, and nervous 
system [565], and can cause Ekiri syndrome, which is a Shigella-
associated encephalopathy [606]. Unlike EHEC infections, cur-
rently available data strongly suggest the safety and efficacy of 
antibiotics in Shigella infections [584].

Diagnosis
Confirmation of Shigella infection requires isolation and iden-
tification of the pathogen by stool culture. Stool cultures were 
positive as early as 3 days following oral challenge in volunteer 
studies and, if untreated, remained positive for an average of 
27 days [607,608]. Interestingly, not all patients with positive 
stool cultures suffered symptoms. Conversely, some volunteers 
with classic symptoms of Shigella dysentery had negative cul-
tures; thus, a negative stool culture does not exclude the diag-
nosis. To optimize the isolation of Shigella, liquid stool should 
be collected in a sterile container and inoculated as soon as 
possible on media selective for Shigella and Salmonella. The 
presence of fecal leukocytes and gross blood greatly enhance 
the likelihood that a stool specimen will be positive for a bacte-
rial pathogen. Only 20% of stool cultures from adults with 
acute diarrhea were positive if performed nonselectively 
whereas the yield increased to 75% or more if the specimen 
contained leukocytes [609]. A report of bloody diarrhea should 
also prompt a search for E. coli O157:H7 and other bacterial 
enteric pathogens.

Treatment
Antibiotics shorten shigellosis and reduce the duration of excre-
tion of the organism. Antibiotics, therefore, are usually indi-
cated, especially if the patient is still symptomatic when the 
culture results are reported back as being positive or if the 
patient is likely to spread infection in the convalescent phase 
(e.g., a child returning to day care, healthcare workers, or food 
handlers) or is medically fragile (e.g., the elderly, malnourished, 
and those with comorbidities including HIV). In all cases, treat-
ment of dehydration with either oral rehydration solutions or 
intravenous fluids in cases of mild to severe diarrhea is impor-
tant. Antidiarrheal (antimotility) medications, on the other 
hand, can prolong symptoms and delay clearance of the organ-
ism and are not recommended [610].

Antibiotic treatment reduces the duration of shigellosis. 
Treatment recommendations for shigellosis change frequently 
because of the emergence of multidrug resistant strains. Shigellae 
are frequently resistant to ampicillin, nalidixic acid, sulfona-
mides, tetracyclines, and trimethoprim–sulfamethoxazole, 

Approximately half of all patients infected with Shigella experi-
ence grossly bloody diarrhea. Fever develops 1–3 days postin-
fection and is then often followed by abdominal cramps and 
diarrhea within 24 h. In most patients the diarrhea resolves after 
7 days but symptoms can persist for up to 30 days. A much more 
severe clinical course can be seen in children, including fever, 
abdominal pain, malaise, vomiting, watery or bloody diarrhea, 
and tenesmus [599].

The physical examination often demonstrates only lower 
abdominal tenderness, and bowel sounds are normal or 
increased. More alarming physical findings, such as rebound 
tenderness or ileus, are not typical of Shigella infection and 
should suggest an alternate diagnosis. Dehydration can occur in 
young children, especially with prolonged [48] diarrhea and 
vomiting; in general, however, the fluid loss in shigellosis is not 
voluminous. Leukocytosis is unusual but is more likely to be 
seen in patients, both adults and children, with severe rectal 
histology. The differential white cell count frequently demon-
strates a relative “bandemia.”

Complications
Shigella bacteremia is an uncommon but severe complication of 
Shigella dysentery, occurring most frequently in malnourished 
children, the immunocompromised, or patients over 65 years of 
age. Shigella bacteremia is probably underrecognized and 
usually is not associated with metastatic infections [600]. The 
mortality rate of shigellosis is falling, even in disease caused by 
S. dysenteriae serotype 1 [584].

Reiter syndrome, a triad of arthritis, urethritis, and conjunc-
tivitis, occurs most often after bacillary dysentery in men aged 
20–40 years who express the human leukocyte antigen (HLA)-
B27 phenotype. Approximately 1%–2% of infected individuals 
develop Reiter syndrome [598,601,602], 80% of whom are 
HLA-B27 positive [603]. Of the HLA-B27-positive individuals 
who suffer bacillary dysentery caused by any agent, approxi-
mately 20% develop Reiter syndrome.

The clinical presentation of Reiter syndrome can be quite 
variable, with mild forms being common [604] and genitouri-
nary symptoms being absent or minimal. Patients often present 
with asymmetric lower extremity arthritis or periarthritis 2–4 
weeks following shigellosis or other bacterial dysenteries. By 
this point in the illness, intestinal symptoms have usually 
resolved and antibiotic treatment is not indicated. The arthritic 
symptoms tend to be chronic and relapsing, even in the absence 
of dysentery. Reiter syndrome is treated symptomatically with 
nonsteroidal antiinflammatory drugs.

HUS, most often associated with EHEC infections, is also a 
recognized complication of S. dysenteriae serotype 1 infection; 
it does not follow infections with non-dysenteriae species 
because they do not make Stx. The leukemoid reaction during 
the diarrheal phase of S. dysenteriae serotype 1 infections can 
be a harbinger of HUS [605]. Shiga toxin and Stx1 of E. coli are 
nearly identical structurally. HUS following S. dysenteriae sero-
type 1 infection has not been as extensively studied as HUS 
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Epidemiology and prevention
Cholera is typically a waterborne infection. Foodborne trans-
mission can occur but such episodes are usually related to con-
tamination of food with water that contains V. cholerae. Cholera 
occurs in one or two peaks per year in endemic areas, usually 
coincident with torrential rains [622–624]. Its interepidemic 
reservoir is uncertain. Toxigenic Vibrio cholerae, rarely isolated 
from the aquatic environment between cholera epidemics, can 
be detected in what is now understood to be a dormant stage, 
that is viable but nonculturable when standard bacteriological 
methods are used. Biofilms have proved to be a source of cultur-
able V. cholerae, even in nonepidemic periods [625]. One novel 
mechanism of pathogen control might be environmental 
cholera-specific bacteriophages, which reside in the lysogenized 
state in nonpathogenic aquatic vibrios [626]. The infectious 
dose needed to cause cholera is generally higher than that of 
other bacterial enteric pathogens. Children are disproportion-
ately affected in endemic areas, but, when cholera is newly 
introduced into a population, it affects persons of all ages simi-
larly [623]. Because V. cholerae is transmitted chiefly via water, 
reducing exposure to contaminated water and ensuring that  
all water undergoes a reliable bactericidal process before con-
sumption are especially important control measures. However, 
infrastructures in countries where V. cholerae is prevalent are 
often insufficient to ensure that these important measures are 
adhered to.

Although safe and effective cholera vaccines exist, cholera 
vaccination is not yet routine outside of Vietnam. Reasons for 
this are logistical, financial, political, and historical. Oral 
cholera vaccines have an excellent safety profile, and target 
induction of mucosal immunity. Several oral cholera vaccines 
are available or under consideration. In the Dukoral vaccine, 
two oral killed vaccines are prequalified for use by WHO, and 
are licensed and commercially available outside the United 
States. Dukoral (WC-rBS, Crucell, Sweden) contains four 
heat-inactivated V. cholerae strains that are coadministered 
with a recombinant cholera toxin (CT) B subunit, a potent 
mucosal adjuvant; this vaccine requires two doses for optimal 
efficacy [627]. Shanchol (Shantha Biotechnics-Sanofi Pasteur, 
India) contains several biotypes and serotypes of V cholerae 
O1 and V cholerae O139 without supplemental cholera toxin 
B subunit. Shanchol is the bivalent vaccine that is internation-
ally available; mORCVAX (VaBiotech, Vietnam) is the locally 
produced Vietnamese version of this vaccine. Several live 
attenuated oral cholera vaccines have also been developed, 
including CVD 103-HgR (PaxVax, USA), Peru-15 (Haikou 
VTI Biological Institute, China) and others. These genetically 
modified vaccine strains have in common the inability to 
express cholera toxin. These vaccines have been shown to  
be safe and immunogenic in volunteer studies [628,629]. 
aCVD103HgR [628] known as Orochol, was a licensed vaccine 
from 1994 to 2004 in Switzerland, Austria, Canada, and 
Australia. It is currently being tested for relicensure in the 
United States.

hence the choices for the treatment of shigellosis are severely 
limited [611]. Ideally, selection of antibiotic therapy should be 
dictated by culture and antibiotic susceptibility data, but such 
testing requires at least 2 days. Therefore, antimicrobial choices 
are usually made empirically but this requires an informed deci-
sion based on local antibiotic resistance patterns. A workshop 
organized by the WHO and a number of other international 
agencies recommended that ciprofloxacin be the first-line agent 
for the treatment of shigellosis. In one study, ciprofloxacin led 
to the resolution of disease or significant symptomatic improve-
ment in 95% of patients with severe disease [612]. Of concern, 
however, is the report that resistance to fluoroquinolones has 
also emerged following the extensive use of these drugs for 
shigellosis. In Calcutta, for example, resistance of S. dysenteriae 
serotype 1 to fluoroquinolones increased from 15% in 2003 to 
25% in 2004 [574]. Azithromycin and pivmecillinam have been 
reported to be effective against fluoroquinolone-resistant S. dys-
enteriae type 1 [613–615], and the third-generation cepha-
losporins, ceftriaxone and cefixime, are safe and effective in 
children [616], although concerns have been raised about treat-
ing shigellosis in adults with cefixime [617]. If susceptibility to 
trimethoprim–sulfamethoxazole or ampicillin is demonstrated, 
these agents can also be used [616]. For mild infections, shorter 
courses of therapy may be adequate, especially for non-
dysenteriae Shigellae [618]. Recommendations for treatment of 
Shigella infections warrant frequent review given the rapidity of 
change in patterns of antimicrobial resistance. In many mild 
cases, interruption of transmission by individual hygienic 
behavior, such as hand washing, is an effective way to control 
and prevent endemic transmission, for example in daycare out-
breaks. In most cases, this is all that is required, rather than 
antimicrobial therapy; further, this avoids increasing the burden 
of antimicrobial resistance.

Vibrio infections
Vibrio cholerae
History
Vibrio cholerae is an ancient scourge. Initial descriptions arose 
in southern Asia, which is a region in which epidemics persist. 
Cholera is also prone to cause pandemics that extend beyond 
the endemic region. Cholera was the basis for the classic 1854 
epidemiological study of John Snow, which demonstrated its 
strong association with contaminated drinking water at the 
Broad Street pump [619], but its causative agent, V. cholerae, 
was not identified until 1884. North America was not protected 
from cholera; cholera was the first reportable disease mandated 
by the New York Board of Health in the mid-1800s [620]. The 
world is in the midst of the seventh pandemic of cholera, 
which began in 1960. This particular pandemic strain is a 
biotype of V. cholerae serogroup 01, first isolated in 1905 in 
El Tor, Egypt and termed the El Tor strain [620]. A new  
serogroup of V. cholerae emerged in 1992, designated O139 
Bengal, which has coexisted with the present El Tor strain in 
Asia [621].
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intestinal tight junctions via protein kinase C-dependent reor-
ganization of actin [640]. Zonulin, an analogue of ZOT, may  
be an important physiological modulator of tight junction  
function [641].

Treatment
The mainstay of cholera treatment is correcting the often pro-
found hypovolemia and replenishing continuing fluid losses. 
Usually, this can be performed by oral rehydration using 
fluids that contain carbohydrates and electrolytes, the efficacy 
of which was first reported nearly four decades ago [642]. The 
exact composition of the rehydration fluid with respect to 
osmolarity [37,643] is controversial (see Table 62.1 for con-
centrations of oral rehydration solutions that have been used). 
Fluids administered intravenously or via nasogastric tubes can 
be utilized if oral intake is inadequate. Severely dehydrated 
patients can require replacement of 10% of their body weight 
within the first few hours of treatment; the extent of dehydra-
tion in this illness should not be underestimated. Hydration 
should be maintained until fluid losses abate. Antibiotics have 
been shown to cause a decrease in duration of the diarrhea, 
total amount of fluid lost, and length of time organisms are 
excreted. Single-dose ciprofloxacin and azithromycin has also 
been shown to be effective in the treatment of V. cholerae 
O1 or O139, [644,645]. Ciprofloxacin is not approved for  
use in children. A randomized controlled trial found that a 
single dose of azithromycin 20 mg/kg was superior to cipro-
floxacin for treating cholera in children [646]. Ampicillin, 
chloramphenicol, and trimethoprim–sulfamethoxazole may 
also be used.

Diagnostic microbiology
Vibrio cholerae is a Gram-negative organism that is best detected 
by plating on TCBS agar. It can also be detected by oxidase 
screening of blood agar plate growth. Media that support the 
growth of vibrios but which suppress most other flora, such as 
alkaline peptone water, can be used as a preplating enrichment 
step. Resulting colonies are characterized as expressing the O1 
or O139 antigens.

Non-cholera vibrios
Vibrios other than V. cholerae can cause human gastroenteri-
tis. Vibrio vulnificus, which usually causes extraintestinal 
infections such as bacteremia or skin ulcerations, can cause 
gastroenteritis without or before other symptoms [647]. Vibrio 
parahaemolyticus has been the most common cause of 
seafood-associated gastroenteritis in the United States [648]. 
In an outbreak of diarrhea caused by Vibrio parahaemolyticus 
in Alaska, additional signs and symptoms included abdominal 
cramps (82%), chills (44%), myalgias (36%), self-reported 
fever (34%), headache (32%), vomiting (29%), and bloody 
stools (7%). Patients were ill for about 5 days [649]. These 
organisms are isolated from stool by plating fresh specimen 
on TCBS agar.

Pathogenesis
Vibrio cholerae has two circular chromosomes and all known 
virulence factors are located on chromosome I, which is 3 Mb 
in size [630]. The principal virulence trait of V. cholerae is its 
ability to produce CT. CT is a classic AB5 toxin, with the B 
subunit homopentamer mediating cellular binding. The 27.5-
kDa A subunit is actually a disulfide-linked dimeric moiety. The 
CT A1 fragment possesses ADP-ribosylating activity, whereas 
the CT A2 fragment associates the CT A subunit with the B 
subunit pentamer. The 84-kDa holotoxin attaches via its B 
subunit pentamer to the GM1 ganglioside (Galβ1-3GalNAcβ1-
4(NeuAcα2-3)Galβ1-4Glcβ1-1ceramide) on eukaryotic cell 
surfaces, which is concentrated in lipid rafts [631], and endocy-
tosis follows binding of the holotoxin. It is possible that various 
cell types utilize different internalization mechanisms [632]. 
After internalization, CT undergoes retrograde transport to the 
endoplasmic reticulum via actin-associated lipid rafts [633]. 
After reaching the endoplasmic reticulum, the A subunit dis-
sociates from the pentameric B subunit. The A subunit is rela-
tively resistant to degradation and, after it arrives in the 
cytoplasm, it catalyzes ADP-ribosylation of a G-stimulatory 
component of adenylate cyclase. Adenylate cyclase then remains 
bound to GTP and its activity is thereby enhanced. The resulting 
elevated levels of cAMP augment chloride secretion by entero-
cytes and diminish sodium uptake. The chloride and accompa-
nying bicarbonate secretion also cause sodium outflow 
accompanied by water secretion, resulting in the profound net 
secretory injury that typifies cholera. The augmentation of chlo-
ride secretion is most prominent in crypt cells, and inhibition 
of sodium chloride reabsorption predominates in villus cells. 
The resulting watery diarrhea contains excessive sodium, chlo-
ride, bicarbonate, and potassium, but is not an inflammatory 
process.

CT is also postulated to have effects independent of its role 
as a secretory toxin, the most notable of which is its effect on 
enterochromaffin cells, releasing serotonin, which increases 
secretion of vasoactive intestinal polypeptide [634,635].

V. cholerae has additional virulence mechanisms. The toxin 
coregulated pilus (TCP) permits colonization of the small 
bowel by allowing the formation of microcolonies [636]. 
Genes encoding TCP, and the cholera toxin operon, are 
located on the same bacteriophage. This bacteriophage can 
infect nontoxigenic V. cholerae, rendering the recipient organ-
ism toxigenic. However, among the large number of V. chol-
erae, only strains expressing O antigens 1 and 139 are major 
human pathogens. The genetic complement of the O1 and 
O139 strains are largely similar, suggesting commonality of 
virulence loci. Non-O1 or non-O139 V. cholerae can occa-
sionally be pathogenic but cause neither epidemics nor 
pandemics.

V. cholerae produces several additional toxins that might play 
roles in pathogenicity. Accessory cholera enterotoxin [637] 
stimulates calcium-dependent chloride and bicarbonate  
secretion [638]. Zonula occludens toxin (ZOT) [639] disrupts 
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Clinical manifestations
Most clinical data pertain to infections caused by Y. enterocol-
itica. Most infected individuals have abdominal pain, with fever 
and diarrhea being somewhat less frequent. Diarrhea is visibly 
bloody in up to one-fourth of all infected patients [650]. 
Accompanying signs and symptoms include nausea, vomiting, 
pharyngitis (quite common), arthralgia, erythema nodosum, 
and abdominal tenderness, especially in the right lower quad-
rant. Regional lymphatic spread occurs after invasion of Peyer 
patches, and this extension causes a clinical picture of pseu-
doappendicitis or mesenteric adenitis. Occasionally, dissemi-
nated bacteremia and extraintestinal suppuration can occur. 
The pseudoappendicular syndrome is more frequent in teenag-
ers and young adults, whereas enteritis and colitis predominate 
in younger children [667].

Infections caused by Y. pseudotuberculosis are rare and can 
manifest as granulomatous colitis [668].

Treatment
Yersinia are generally resistant to ampicillin and variably resist-
ant to other β-lactam antibiotics, but susceptible to fluoroqui-
nolones, trimethoprim–sulfamethoxazole, chloramphenicol, 
and gentamicin [669]. However, these susceptibilities have  
not translated into unequivocally effective therapy. For  
example, in one randomized controlled trial, trimethoprim–
sulfamethoxazole was no better than placebo in ameliorating 
disease course, although treatment was administered over a 
week after symptoms began [670]. In view of the potential seri-
ousness of these infections, however, most clinicians, after 
establishing a diagnosis of Yersinia gastrointestinal infection, 
will prescribe an antimicrobial, usually trimethoprim–
sulfamethoxazole or a fluoroquinolone [671]. In cases of 
extraintestinal infection, and in particular bacteremia, antimi-
crobial treatment is warranted. If doubt exists whether a patient 
has mesenteric adenitis or pseudoappendicitis from Yersinia 
infection or true appendicitis, it is prudent to err on the side of 
an exploratory laparotomy.

Diagnosis
Yersinia is detected in stool using selective enrichment tech-
niques, in particular Yersinia selective agar, which contains cef-
sulodin, irgasan, and novobiocin to suppress non-Yersinia flora. 
Cold enrichment, exploiting the preferential growth of Yersinia 
at 25°C, has been largely abandoned. Unfortunately, many clini-
cal microbiology laboratories do not routinely seek Yersinia in 
stool cultures [672], so it is important to request that this genus 
be sought if there is any question of its presence. There is no 
need to request special techniques for Yersinia when submitting 
lymph nodes or blood for culture, because there is little likeli-
hood of competing flora being present in these specimens.

Complications
Yersinia cause several autoimmune postinfectious sequelae, 
including sterile arthritis, occurring 1–2 weeks after acute 

Yersinia infections
History
The genus Yersinia consists of three species that infect humans: 
Yersinia enterocolitica, Yersinia pseudotuberculosis (which are 
predominantly gastrointestinal pathogens), and Yersinia pestis, 
the causative agent of human pulmonic and bubonic plague. 
Yersinia were overlooked as agents of abdominal illnesses until 
Y. pseudotuberculosis was isolated from mesenteric lymph nodes 
in patients with mesenteric adenitis, and Y. enterocolitica was 
recovered from stools of patients with diarrhea who harbored 
no other enteric pathogens [650].

Epidemiology and prevention
Yersinia infections are rarer than other bacterial enteric infec-
tions in North America [651]; the infection is better studied in 
Europe [652]. The most common source of infection is pork, 
but raw milk and contaminated water are additional vehicles. 
Most cases are sporadic and not epidemic. In the United States, 
African Americans are disproportionately infected by Yersinia 
[653]. Yersinia infections occur considerably more frequently in 
children than in adults [19], although adult infections with Y. 
enterocolitica [654] and Y. pseudotuberculosis [655] occur, and 
adults without diarrhea can excrete Yersinia [656]. In the USA, 
there has been a recent decline in infection in young black 
children, the group that initially had the highest incidence 
[653], possibly as the result of educational efforts in Georgia 
[657]. Yersinia infections often cluster in the winter and there is 
evidence that this pathogen is more virulent in the cold [658]. 
Y. enterocolitica infections are considerably more common than 
Y. pseudotuberculosis infections. Iron overload syndromes, dia-
betes, alcoholism, and malnutrition [659,660] appear to predis-
pose to Yersinia infections, and in these disorders case fatality 
rates are higher.

Yersinia gastrointestinal infections are best prevented by 
attention to adequate cooking of foods that might contain  
this pathogen, in particular pork products. Their tendency to 
cluster at end-of-year holidays provides a particular opportu-
nity to focus on education about domestic food preparation 
practices.

Pathogenesis
The cardinal feature of Yersinia pathogenesis is cellular invasion. 
Yersinia enter M cells via the binding of bacterial YadA to β1 
integrins [661,662], and then multiply in underlying Peyer 
patches. Yersinia has a well-studied plasmid-encoded T3SS, 
which mediates its invasiveness [663]. A unique additional 
feature of this system is the ability of secreted proteins of Yersinia 
to down-regulate inflammation, leading to increased intracel-
lular survival [664]. Yersinia also critically depend on iron for 
their virulence, using their own iron uptake system [665]. 
Currently, it is assumed that yersiniabactin (Ybt) is the solely 
functional endogenous siderophore iron uptake system in 
highly virulent Yersinia, however other genes encode additional 
potential siderophores [666].
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enteric infection and attributed to Yersinia antigens in affected 
joints [673], Reiter syndrome, myocarditis, glomerulone-
phritis, and thyroiditis [650]. Y. pseudotuberculosis has been 
suggested to be responsible for Kawasaki disease in children 
[674].

Miscellaneous, unusual, and controversial bacterial 
causes of diarrhea and gastroenteritis
Aeromonas species
A prospective, year-long study of the microbiology of childhood 
gastroenteritis in Perth showed that in the 1980s Aeromonas-
associated diarrhea was the commonest recognized bacterial 
cause for acute diarrhea, especially in summer [675]. While this 
organism is still considered a potential pathogen, several studies 
suggest that Aeromonas hydrophila, and, to lesser extents, 
Aeromonas caviae and Aeromonas sobria, cause human diarrhea. 
However, it is not clear that isolation of this genus from stool 
means that Aeromonas is per se the cause of diarrhea [676,677]. 
These organisms tend to be associated with sporadic human 
illnesses and not epidemics. Their reservoirs are probably con-
taminated food and water, including food of aquatic origin. 
Patients with Aeromonas isolated from stool exhibited similar 
frequencies of fever (temperature >37.8°C), stools character-
ized as watery, and stools containing visible mucus to patients 
with Vibrio infection [678]. The mechanisms by which these 
organisms cause diarrhea are unclear. Aeromonas isolates were 
found to possess different virulence-associated genes: ahpB 
(88%), pla/lip/lipH3/apl-1 (71%), act/hlyA/aerA (35%), alt 
(18%), ast (6%), fla (65%), lafA (41%), TTSS ascV (12%), TTSS 
ascF-ascG (12%), TTSS-dependent ADP-ribosylating toxins 
aexU (41%), and aexT (6%) in various combinations [679]. They 
are detected using blood agar plates and are susceptible. If treat-
ment is indicated, azithromycin or ciprofloxacin [680] or to a 
lesser extent trimethoprim–sulfamethoxazole may be used as in 
Shigella infection.

Bacillus anthracis
Infection with Bacillus anthracis, the cause of human anthrax, 
can present with prominent gastrointestinal manifestations 
[681] after transmission from contaminated food. It can be 
identified by stool culture [682] but is more commonly isolated 
by culture from extraintestinal sites, such as blood, pulmonary 
tissue or secretions, and skin. Anthrax can cause intestinal 
ulcerations, severe abdominal pain, intestinal edema, ascites, 
vomiting, hematemesis, diarrhea, and bloody diarrhea. There 
can also be prominent gastrointestinal symptoms in inhalation 
anthrax [682].

Bacillus cereus
Bacillus cereus is a spore-forming anaerobe that causes disease 
by producing toxins. B. cereus causes two distinct syndromes in 
humans [683]. The first syndrome is an emetic disorder without 
diarrhea, which is attributable to cereulide, a small cyclic dodec-
adepsipeptide that resists heat and acid [684]. Diarrhea caused 

by B. cereus has been attributed to heat-labile enterotoxins 
[685], which can be divided into at least three distinct types, 
including a hemolysin [686], a nonhemolytic enterotoxin [687], 
and a cytotoxin [688]. Most cases resolve within 1–2 days  
but B. cereus emetic toxin can occasionally cause fulminant 
hepatic failure [689]. Treatment of all illnesses caused by  
B. cereus is supportive. Diagnosis is made by isolating the organ-
ism from food or emesis. This is usually performed only by 
public health authorities in outbreak settings. B. cereus infec-
tions can possibly be prevented by adequate refrigeration  
of prepared foods, because toxin production appears to be 
optimal at 12–15°C [690].

Helicobacter pylori
Helicobacter pylori have been proposed to cause diarrhea. H. 
pylori can be excreted in the absence of gastroenteritis [691] 
and, although their role in either acute or persistent diarrhea 
did not emerge in several case–control studies [692–696], 
other studies have demonstrated an association with these 
disorders [697]. Other Helicobacter species have been sug-
gested as causes of acute diarrhea [698,699]. Helicobacter 
canadensis [700] and Helicobacter pullorum [700] have been 
reported to cause an acute gastroenteritis resembling that 
caused by C. jejuni and Campylobacter coli, and Helicobacter 
fennelliae and Helicobacter cinaedi appear to cause gastroen-
teritis and invasive disease in immunocompromised and 
immunocompetent patients [701–703]. The recognition of 
these organisms as pathogens has been hampered by the fact 
that the routine clinical microbiological techniques developed 
to isolate C. jejuni and C. coli are not ideal for the growth of 
these Helicobacter.

Plesiomonas shigelloides
Plesiomonas shigelloides enteric infections are diagnosed even 
less commonly than those associated with Aeromonas species. 
P. shigelloides were associated with pathogenicity in the 1970s 
in southern Asia [704]. Cases have been identified in North 
America, usually associated with travel or with the consumption 
of shellfish [705,706]. P. shigelloides are detected using blood 
agar plates. They are susceptible to a wide range of antibiotics 
[705], including azithromycin, fluoroquinolones, and third-
generation cephalosporins. Treatment is similar to that for 
Shigella [680]. Many isolates are resistant to trimethoprim–
sulfamethoxazole. Prevention includes care in handling and 
preparing seafood.

Staphylococcal food poisoning
Staphylococcus aureus produces a family of superantigens, 
including enterotoxins A, B, C, D, E, G, H, I, K, L, and M, exfo-
liative toxins A and B, and toxic shock syndrome toxin [707]. 
These molecules activate T lymphocytes, although not by typical 
antigen presentation, and cause exuberant production of 
cytokines. Toxemia from any of these proteins can be associated 
with diarrhea, usually as part of a systemic constellation of 
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Table 62.4 Frequency of diarrhea in systemic illnesses. Source: Adapted from Reisinger et al. 2005 [709], with permission of Macmillan Publishers.

Cause of diarrhea Percentage of patients with diarrhea (%) References

Viral

HIV 2–60 Call et al., Anastasi et al. [713,714]

Dengue virus 37 Pancharoen et al. [715]

Influenza A virus (children) 8–18 Wang et al. [716]

Avian influenza virus 7 Tran et al. [717]

Hantavirus 25–40 Chapman et al. [718]

SARS coronavirus 38–74 Leung et al. [719]

Ebola virus 86–96 Ndambi et al. [720]

Bacterial

Community-acquired pneumonia (non-Legionella) 6 Sopena et al. [711]

Legionella spp. 25 Sopena et al. [711]

Pneumococci 6–8 Fernandez-Guerrero [721]

Meningococci Rare Hussein et al. [722]

Bacteremia 16–67 (children) Enwere et al. and Ribeiro et al. [723,724]

Leptospira spp. 58 CDC [725]

Yersinia pestis 23–51 Hull et al. [726]

Brucella spp. 6–16 Bwaka et al. [727]

Borrelia burgdorferi 2 Zaidi and Singer [728]

Borrelia hermsii 19 Zaidi and Singer [728]

Ehrlichia spp. 10 Zaidi and Singer [728]

Francisella tularensis 40 Dienst [729]

Rickettsia rickettsii 19–45 Zaidi and Singer [728]

Protozoan

Plasmodium falciparum 5–38 Prasad and Virk [730]

Fungal

Candida spp. Rare Krause et al. [731]

Others

Antibiotic-associated diarrhea 5–35 Hogenauer et al. [732] and McFarland [733]

symptoms [708]. Pure staphylococcal food poisoning usually 
begins abruptly, and vomiting is more prominent than diarrhea. 
The toxin is heat stable and therefore foods that have been 
properly heated can still be vehicles for disease. The incubation 
period is short, usually within several hours of ingestion. 
Treatment is supportive.

Additional bacterial causes of gastroenteritis and diarrhea
Myriad extraintestinal infections can result in prominent gas-
trointestinal infection [709] (Table 62.4). Streptococcal entero-
toxins, which are closely related to staphylococcal enterotoxins, 
can cause similar toxemic symptoms and be associated with 
vomiting and diarrhea [710]. Legionella infections are also often 
accompanied by diarrhea [711,712].

Diarrheal syndromes caused by yet to  
be discovered bacterial agents
Several syndromes are believed to be of bacterial origin, even 
though, despite thorough investigations, monomicrobial etiolo-
gies have not emerged.

Antibiotic-associated, non-Clostridium difficile diarrhea
Mild diarrhea during antibiotic therapy is common and only a 
minority (approximately 20%) [733] of these cases is caused by 
C. difficile. In general, antibiotics interfere with the digestion of 
carbohydrates by eliminating colonic bacteria that metabolize 
this energy source. Decreased carbohydrate metabolism can 
then lead to osmotic diarrhea, diminished production of  
short-chain fatty acids, and disruption of water and electrolyte 
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which oral rehydration is not used and referral centers are not 
accessible, these common infections can be lethal.

Rotavirus
History
In 1973, Bishop and colleagues [744] identified round viral par-
ticles termed “rotavirus” by electron microscopy in duodenal 
biopsies of infants with gastroenteritis in Melbourne. Soon after, 
additional groups demonstrated agents with similar morpho-
logical and serological properties in other centers [745–747]. 
Prior to the present era in which rotavirus vaccine is available, 
multiple studies demonstrated the unequivocal predominance 
of rotavirus as a cause of infantile and childhood diarrhea 
worldwide.

Rotaviruses are double-stranded RNA viruses that belong to 
the Reovirus family. They are encapsidated in a characteristic 
round triple-shelled virion [748]. There are four major groups 
(A–D), defined by their middle capsid layer. The vast majority 
of human disease is caused by group A rotaviruses, but groups 
B and C can cause outbreaks and sporadic human cases. Within 
group A rotaviruses, serotypes are determined by the outer 
capsid antigens VP7 (the variants of which assign G type) and 
VP4 (the variants of which assign P type). G types 1–4 and 9 
are the most common serotypes [749], although geographic 
differences exist. G types 1–4 predominate in North America, 
Europe, and Australia, but are less common in South America, 
Asia, and Africa [750,751]. The G type forms the basis for sero-
typing and serves as the foundation for many seroepidemiologi-
cal studies. There are at least 42 different G/P strains with 
different serotype combinations. However, five serotypes, G1P8, 
G2P4, GP8, G4P8, and G9P8, are the predominant circulation 
rotavirus G/P serotypes [752]. The prevalence of serotypes can 
fluctuate from year to year [753]. Although the five most 
common serotypes are responsible for approximately 95% of 
infections worldwide, there are substantial geographical differ-
ences. For example, in a global study, G1P8 was responsible for 
more than 70% of infections in North America, Australia, and 
Europe but less than 30% in South America, Asia, and Africa 
[751]. The epidemiology of rotavirus strains is expected to 
change in the postvaccine era [754].

Epidemiology and prevention
Rotavirus is a major human problem. Rotavirus is one of the 
most important gastrointestinal causes of morbidity and mor-
tality in all countries, and the most common cause of severe 
dehydrating pediatric diarrhea worldwide. It accounts for 
approximately 600 000 deaths each year, mainly in children in 
developing countries, and numerous hospitalizations through-
out the world; rotavirus vaccine has had a significant worldwide 
impact on childhood diarrheal deaths [35]. Although oral rehy-
dration plays an important role in individual cases and in public 
health programs, there is considerable residual mortality, espe-
cially in resource-poor areas of sub-Saharan Africa and south 
Asia (Figure 62.12) [755].

absorption. Bile acid metabolism may also be diminished 
causing intestinal ion secretion. In these cases, evidence of C. 
difficile infection is absent and the colonic mucosa appears 
normal or mildly hyperemic. Discontinuation of antibiotics 
resolves symptoms. In some cases of antibiotic-associated 
diarrhea, S. aureus is recovered in high proportions in the stool 
and has been proposed to play an etiological role [734]. Other 
enteric bacteria that have been proposed to play roles in non-C. 
difficile antibiotic-associated diarrhea include Klebsiella oxytoca, 
enterotoxin-producing C. perfringens, and Candida [735].

Brainerd diarrhea
A cluster of nonbloody, chronic (lasting over a year in many 
patients) diarrhea epidemiologically associated with the con-
sumption of raw milk was identified in Brainerd, Minnesota in 
1983 [736]. Its etiology remains undetermined despite years of 
investigation and the appearance of similar clusters of cases 
[737,738].

Bacterial overgrowth
Data suggest that chronic abdominal pain syndromes, and espe-
cially those with diarrhea, could be related to intestinal bacterial 
overgrowth and be responsive to antibiotics [739–741]. In these 
situations, bacterial communities, and not specific pathogens, 
are likely to be the causative agents. Interestingly, rifaximin had 
a beneficial effect on irritable bowel syndrome in a randomized 
controlled trial [742].

Viral agents of gastroenteritis
Viral infections of the intestinal epithelium are the most 
common causes of acute diarrhea and gastroenteritis. Four 
viruses are well-established causes of acute gastroenteritis: rota-
virus, calicivirus, astrovirus, and enteric adenoviruses. All four 
are nonenveloped icosahedral viruses, affording them great 
environmental stability and subsequent enhanced ability to 
spread in human communities. All except adenovirus are RNA 
viruses that lack proofreading ability in their genomic replica-
tion. This feature facilitates very high rates of mutation and 
enables populations of these viruses to respond quickly to selec-
tion pressures such as immune responses. Our knowledge of the 
assembly and structure of viruses that cause gastroenteritis in 
humans greatly exceeds our understanding of their pathogen-
esis in the infected host.

Viruses were long suspected to cause gastroenteritis but 
efforts to demonstrate specific agents were not successful until 
the 1970s when the Norwalk agent (a calicivirus) was first 
observed by electron microscopy in negatively stained stool 
suspensions [743]. Since then, agents of viral gastroenteritis 
have been extensively characterized and effective vaccines for 
rotavirus are on the threshold of widespread use.

In the vast majority of situations, viruses cause self-limited 
illnesses and require only supportive therapy. However, when 
viral gastrointestinal infections occur in children in resource-
poor environments, most particularly in circumstances in 
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objects; outbreaks can have characteristics of airborne spread 
and can occur quite easily in hospitals. Prior to the vaccine 
era, in temperate climates, rotavirus infections had strong 
peaks in the winter [763].

An effective multivalent live attenuated rotavirus vaccine, 
Rotashield, was used in the United States in 1998 and 1999, but 
an association with intussusceptions forced its withdrawal 
[764]. Two new oral attenuated vaccines that appear to be free 
of such concerns after extensive safety trials have considerable 
promise as interventions to greatly reduce the morbidity and 
mortality caused by rotavirus [765]. One is a monovalent atten-
uated human strain [766] and the other is a pentavalent bovine 
recombinant preparation [767]; both have received FDA 
approval [768]. Although there are considerable challenges to 
universal vaccination as a strategy to prevent rotavirus infec-
tions, for the first time there is an opportunity to dramatically 
reduce the burden imposed by this worldwide gastrointestinal 
infection [759]. Early reports show a dramatic effect of vaccina-
tion. After introduction of rotavirus vaccination, sustained 
declines in diarrhea deaths were seen among children in all 
regions of Mexico [35,769] and in the USA, other areas of Latin 
America and Europe.

Pathogenesis
Rotaviruses replicate selectively in absorptive villous epithelial 
cells of the small intestine, sparing the crypts and colonic  

Although the virus may affect all age groups, it most com-
monly produces disease in children between 6 and 24 months 
of age. Before vaccination, most children were infected at 
least once by the age of 3–5 years and developed rotavirus 
antibodies by the age of 2 years, which helps to explain the 
observed decreased incidence of rotaviral infection in later 
childhood [756,757]. Factors associated with increased risk 
for hospitalization for rotavirus gastroenteritis among US 
children include lack of breast-feeding, low birth weight, day-
care attendance, the presence of another child younger than 
24 months in the household, and having Medicaid or no 
medical insurance [758].

Subsequent infections are milder than initial infections 
[759], but severe illnesses in the elderly have been reported 
[760,761]. Even in children, reinfection rates can be high, 
with only approximately 30% of all infections identified being 
primary. Protection against moderate or severe disease 
increased with the order of infection but was only 79% after 
three infections [762]. Early infection and frequent reinfec-
tion in a locale with high viral diversity can result in lower 
protection than previously reported, perhaps explaining why 
rotavirus vaccines have had lower-than-expected efficacy in 
Asia and Africa [762]. Asymptomatic infection is quite 
common in neonates, older children, and adults. Rotavirus 
spreads by the fecal–oral route and is quite contagious. 
Rotaviruses can resist desiccation and persist on inanimate 

Figure 62.12 Estimated global distribution of rotavirus-related deaths. Each dot represents 1000 rotavirus-related deaths prior to introduction of 
effective rotavirus vaccine.
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posed mechanisms are not mutually exclusive and it is possible 
that no single process is responsible for human enteric illnesses 
caused by rotaviruses.

Clinical manifestations
In a typically severe primary infection, symptoms begin 2–7 
days after exposure. In hospitalized children infected with rota-
virus in Washington, DC [779], vomiting occurred in almost 
all, and fever in approximately half. Associated symptoms 
include dehydration (83%) and irritability (47%). Respiratory 
symptoms and signs are also common, with pharyngeal ery-
thema, rhinitis, signs of otitis media, or palpable lymph nodes 
occurring in about one-fourth of all patients. Fever and vomit-
ing, if they occur, are followed typically by profuse watery 
diarrhea that contains no blood or leukocytes. Vomiting  
abates after 1 or 2 days, while diarrhea persists for 4–7 days. 
Mild elevations of transaminases without cholestasis are 
common and of no clinical significance [780]. Infants beyond 
the neonatal period are the most severely affected by rotavirus 
diarrhea [781].

Diagnosis
Enzyme immunoassay techniques to detect fecal rotavirus 
antigen exhibit a sensitivity of 95% and a specificity of 99% 
[782]. Other diagnostic methods with comparable sensitivity 
and specificity rates include the immnochromatographic 
method for rapid detection of rotavirus in stool [783]. Multiplex 
real time PCR panels or Luminex based assays with universal 
sample preparation may allow streamlined, rapid diagnosis of 

epithelium. Infected villi atrophy and shorten. There is a mono-
nuclear cell infiltrate in the lamina propria [770]. In vitro,  
rotavirus inhibits eukaryotic cell RNA, DNA, and protein syn-
thesis [770,771]. Resulting cell injury and death diminish the 
absorptive and hydrolytic capacities of the small bowel, leaving 
secretory crypt function intact. Thus, rotavirus disease has been 
considered to be a combination of secretory and osmotic 
diarrhea.

Rotaviruses possess double-stranded genomes with 11 open 
reading frames, with each encoding at least one protein [770] 
(Figure 62.13). Antibodies to VP4 and VP7 neutralize infection 
[770]. This immunological protection, combined with the 
observation that second and subsequent infections beyond the 
neonatal period are milder than the initial infection, justify vac-
cination as a disease control strategy. The ability of rotavirus to 
cause disease is possibly attributable to other mechanisms in 
addition to direct cellular morphological injury. Rotavirus non-
structural protein 4 (NSP4) may be important in pathogenesis 
[772]. This 20-kDa protein undergoes glycosylation and serves 
several roles in viral morphogenesis [770], including facilitation 
of viral budding of the double-layered particles into the lumen 
of the endoplasmic reticulum. Most intriguingly from a patho-
genesis perspective, NSP4 may function as a viral enterotoxin 
that promotes chloride secretion and raises intracellular ionized 
calcium concentrations [773,774]. Other possible mechanisms 
of host injury include transcellular flux caused by damaged 
epithelial junctions [775], effects on the enteric nervous system 
[776], impaired transport of sucrase–isomaltase to the entero-
cyte apical surface [777], and villous ischemia [778]. These pro-

Figure 62.13 The triple-layered architecture of rotavirus; three-dimensional reconstructions of cryoelectron photomicrographs. Intact triple-layered 
rotavirus particle partially uncoated to reveal the outer layer (VP4 and VP7) and the middle layer (VP6) (top left), core particle consisting of mainly 
VP2 (center), and cross-sectional view (top right) showing the relative positions of viral double-stranded RNA (dsRNA) and the VP1/VP3 polymerase 
complex within the core. The lower right image shows extrusion of newly synthesized mRNA through the pore in the middle VP6 layer. Source: 
Courtesy of Dr. B.V. Prasad.
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symptomatic illness [5,795]. Current epidemiological evidence 
suggests that norovirus is the cause of 10% of cause-unspecified 
and 7% of all-cause gastroenteritis hospital discharges in the 
USA [796]. There is an increased incidence of norovirus pedi-
atric gastroenteritis during winter. Group 2 noroviruses (a sero-
logical grouping) predominate in epidemics [797]. Norovirus 
outbreaks tend to affect more people than outbreaks caused by 
bacterial agents [798]. Syndromic recognition using the criteria 
of Kaplan et al. [799] is reasonable for identifying clusters, even 
without viral testing [800].

Because of the limited duration of natural immunity after 
infection, an effective vaccine would probably require frequent 
booster doses. A transgenic potato that expresses Norwalk 
capsid antigen elicited an immune response after oral adminis-
tration to human volunteers [801]. An intranasally delivered 
norovirus virus-like particle (VLP) vaccine (with chitosan and 
monophosphoryl lipid A as adjuvants) candidate significantly 
prevented diarrheal disease in vaccine recipients [802]. At 
present, disease control measures largely consist of ensuring  
safe water supplies and good personal hygiene in closed 
populations.

Pathogenesis
Like rotavirus, norovirus appears to cause infection by replicat-
ing within small intestinal epithelium. Human volunteer studies 
have shown that, following challenge with norovirus, there is 
small bowel villous blunting, crypt hypertrophy, and mild 
inflammatory infiltrates [793]. Attempts to gain detailed knowl-
edge of norovirus pathophysiology have been hampered by  
the lack of animal models demonstrating gastrointestinal  

Rotavirus and other common viral, bacterial, and parasitic gas-
trointestinal pathogens in the future [784].

Treatment
The mainstay of treatment is managing dehydration. A reduced 
sodium (75 mEq/L) oral rehydration solution might be some-
what more effective in noncholera diarrhea than the standard 
WHO formulation (containing 90 mEq of sodium/L) [785]. 
Oral rehydration is adequate in most cases. Encouraging ade-
quate nutritional intake can shorten the course of rotavirus 
disease and is especially important in children with baseline 
compromised nutrition. Clear liquid and bland carbohydrate 
diets do not improve outcomes despite their long tradition in 
both alternative and mainstream medicine. Food should not be 
withheld because of concern about the effect of rotavirus infec-
tion on gut function in the presence of enteral feeds. Enteric 
administration of immunoglobulin has been reported to reduce 
the duration of severe disease [786,787]. Probiotics (especially 
Lactobacillus GG) have been shown to reduce the duration of 
mild [788] but not severe acute disease [789]. Antimotility and 
antidiarrheal agents, opiates, and atropine-containing com-
pounds are contraindicated in rotavirus and all other acute 
diarrheal illnesses in children [790]. Antiemetics may reduce 
the need for intravenous rehydration and hospital admissions 
[30]. However, the most commonly used antiemetic, ondanset-
ron, has a warning for potentially severe side-effects and data 
on cost effectiveness of routine use of ondansetron treatment 
for acute gastroenteritis is lacking. In rare cases of prolonged or 
severe rotavirus infection, orally administered passive immune 
therapy has been used [791].

Human caliciviruses (noroviruses and sapoviruses)
History
These viruses were first observed in stools during a school out-
break of vomiting in Norwalk, Ohio [792] and were subse-
quently shown by volunteer inoculations to be pathogenic 
[793]. Initially, different strains were named for the sites of 
outbreaks, such as Norwalk, Snow Mountain, Hawaii, etc. 
Genomic sequencing has led to the creation of two genera: 
norovirus and sapovirus. Both genera consist of small (28 nm) 
single-stranded RNA viruses with genomic and physical struc-
tures that are somewhat similar to picornaviruses (Figure 
62.14). The genome is approximately 7.7 kilobases in length and 
is a positive-sense single-stranded RNA.

Epidemiology and prevention
Noroviruses are best known for causing fulminant outbreaks of 
gastroenteritis in confined settings such as schools, camps, and 
cruise ships. All ages are affected and common-source food 
items or water sources can often be identified. The CDC has 
shown that more than 95% of such outbreaks are caused by 
caliciviruses [794]. Recent data, in the post rotaviral vaccine era, 
suggest that norovirus is the first or second leading cause of viral 
gastroenteritis in children <5 years old accounting for 20% of 

Figure 62.14 Norwalk agent particle. X-ray structure of recombinant 
Norwalk virus capsid showing the S (blue), P1 (red), and P2 (yellow) 
domains. Source: Estes et al. 2006 [897]. Reproduced with permission of 
Wolters Kluwer Health.
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ently associated with human gastroenteritis, although there is 
considerable interpopulation variability in the frequency of 
enteric infections caused by these serotypes. Adenoviruses are 
80-nm nonenveloped double-stranded DNA viruses.

Epidemiology and prevention
Enteric adenoviruses have a worldwide distribution and cause 
disease mainly in children under 2 years of age. Adenovirus 
gastroenteritis occurs throughout the year without the seasonal-
ity noted in other enteric viral infections. Adenoviruses account 
for 5%–10% of gastroenteritis cases in young children [795]. 
Adenoviruses are presumably acquired via the fecal–oral route. 
Although very large numbers of adenovirus particles are shed 
by infected children, large outbreaks are uncommon.

No vaccine is available. Hygienic measures probably suppress 
nosocomial spread.

Pathogenesis
Most adenoviruses replicate in the gastrointestinal tract, but 
symptomatic disease is largely restricted to serotypes 40 and 41. 
Disease manifestations (i.e., diarrhea) are presumably related to 
infection of villous epithelium; however, most research has 
focused on the pathogenesis of respiratory adenovirus infec-
tions and not gastrointestinal adenovirus illnesses.

Clinical manifestations
The main distinguishing feature of adenovirus gastroenteritis is 
its longer duration (often 2 weeks) compared with diarrhea 
caused by other agents [811].

Diagnosis
A commercial EIA is available for adenovirus serotypes 40  
and 41.

Treatment
Adenovirus infections are treated with supportive measures. 
Ribavirin [812] and cidofovir [813,814] have been used in 
immunocompromised patients with severe adenoviral enteric 
illnesses, with improvement in diarrhea.

Astrovirus
History
Astroviruses were proposed as causes of human diarrhea in 
1975, when they were identified by electron microscopy in the 
stools of children with gastroenteritis [815,816]. Astroviruses 
are small, 28- to 34-nm RNA viruses that infect a variety of 
mammalian and avian species [817]. They are named for their 
appearance on negatively stained electron microscopy prepa-
rations, appearing as five- or six-point stars (Figure 62.15). 
They are a common cause of mild to moderate gastroen -
teritis in young children. There are eight human serotypes 
with serotype 1 being the most common cause of human 
gastroenteritis.

pathogenicity and by difficulties growing norovirus in tissue 
culture, although success in culturing a murine norovirus has 
been reported [803]. Studies suggest that blood group determi-
nants confer susceptibility to specific caliciviruses [804,805]. 
These observations explain previous enigmatic observations 
that adult volunteers who have no antibody response to some 
of these agents are not susceptible to experimental infection 
whereas those who do have measurable antibody often are. 
Several mature norovirus proteins have been identified. Major 
capsid protein VP1 is implicated in ABO blood group suscep-
tibility, and several nonstructural proteins are postulated to play 
roles in viral assembly and physiology.

Clinical manifestations
In older children and adults, symptomatic disease typically 
begins with the rapid onset of vomiting after 24–48 h of incuba-
tion. High fever is unusual but myalgia and headache are 
common. Diarrhea is often not prominent if it is even present. 
Symptoms typically resolve within 1–2 days. Attack rates  
often approach 50% of exposed populations. In young infants, 
diarrhea is more common and the illness resembles rotavirus 
infection.

Diagnosis
Because of the large number of antigenically diverse strains of 
human calicivirus, a simple stool EIA is not yet available in the 
United States. Because of its increasing importance as a cause 
of diarrhea in immunocompetent and immunocompromised 
individuals [806], many clinical laboratories now offer routine 
testing. Although reverse transcription quantitative PCR (RT-
qPCR) is the most widely used method to detect human noro-
viruses (hNoVs) it is unable to discriminate between infectious 
and noninfectious particles [807]. Most outbreaks can be identi-
fied syndromically [800].

Treatment
Treatment consists of measures to ensure adequate hydration in 
immunocompetent patients. Recent literature reports several 
emerging options for immunocompromised patients [808]. 
Specifically, nitazoxanide treatment improved symptoms but 
not shedding, oral human immunoglobulin decreased diarrhea 
at 7 days, and the mammalian target of rapamycin (mTOR) 
inhibitors (everolimus and sirolimus, respectively) have been 
associated with clearance of the chronic norovirus carrier state 
in separate case reports (reviewed in [808]).

Enteric adenoviruses
History
Adenoviruses were suggested as a cause of acute diarrhea in the 
1960s [809], but most fecal adenoviruses are actually respiratory 
pathogens. However, two serotypes [40,41] proposed to be 
causes of diarrhea in 1983, based on analyses of stools from 
children in the Netherlands and German [810], remain consist-
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use in the United States, but EIAs are available in Europe. 
Multiplexed real time polymerase chain reaction (PCR) panels 
employing universal sample processing for DNA and RNA con-
taining pathogens are in development [784,832].

Treatment
Ensuring adequate hydration is the mainstay of therapy. Specific 
treatments do not exist, although immunoglobulin has been 
used to treat severely ill immunocompromised hosts infected 
with astroviruses [833,834].

Other viral agents
A number of systemic viral infections such as HIV, cytomega-
lovirus (CMV), Epstein–Barr virus (EBV), and measles can 
present with diarrhea [835–837]. Other viruses such as pico-
birnavirus [838], torovirus [839], and Aichi virus [840] are 
likely, but not proven, agents of human gastroenteritis. SARS 
coronavirus, the causative agent of severe acute respiratory syn-
drome, can have diarrhea as an initial manifestation [841,842].

Many other enteroviruses, reoviruses, and nonenteric adeno-
viruses are found frequently in stool but are not associated with 
any gastrointestinal disease. Available data do not support the 
use of viral cultures to detect diarrhea etiology in any clinical 
setting.

Marine intoxications with  
gastrointestinal effects
A variety of marine foods cause gastrointestinal symptoms 
[843], and affected patients might present to gastroenterologists. 
These illnesses are the consequences of ingesting preformed 
neurotoxins and not the result of consuming pathogens that 
then replicate in the human host. In the absence of readily avail-
able tests these disorders are likely underdiagnosed, and syn-
dromic recognition is critical [844].

Ciguatera fish poisoning is the most common marine poison-
ing. Ciguatera poisoning had been largely confined to South 

Epidemiology and prevention
Astrovirus accounts for a range of 1%–15% of cases of diarrhea 
in young children [794,818–820]. Infants under 1 year of age 
are most likely to be symptomatic. The institutionalized elderly 
can be affected by astrovirus [821,822], as can other ambulatory 
adults [571]. Astrovirus is probably more likely to cause disease 
in immunocompromised hosts. Astrovirus serotype 1 infections 
are most common [818,823], although outbreaks involving less 
common serotypes have been reported in military personnel 
and nursing home residents [824,825]. The seasonal pattern 
resembles rotavirus (winter or rainy season predominance). 
Astroviruses are transmitted via the fecal–oral route [818].

No vaccine is available. Enteric precautions might contain or 
prevent institutional outbreaks.

Pathogenesis
Similar to rotavirus, astrovirus infects the small intestinal villous 
epithelium, but detailed studies of the gut in human infections 
have not been performed. Lambs challenged with an ovine 
astrovirus sustained viral infection of apical villous cells, and 
underwent short-lived villous atrophy and crypt hyperplasia. 
The histological changes occurred within a day in some animals, 
and resolved within 5 days [826]. Astroviruses enter cultured 
epithelial cells via endocytic pathways [827].

Clinical manifestations
The incubation period has a median time of 4.5 days (95%  
CI 3.9–5.2 days) for astrovirus [828]. Astrovirus infections 
resemble rotavirus gastroenteritis but are usually milder. 
However, severe illness can result [829]. Astrovirus infections 
are frequently accompanied by vomiting and abdominal pain 
[830,831].

Diagnosis
Astroviruses are detected in the stool by electron microscopy, 
EIA, or PCR. These tests are not available for routine clinical 

Figure 62.15 Electron microscopic appearance of astroviruses. (a) Tissue culture-grown astrovirus particles visualized by negative-stained electron 
microscopy. The atypical “star” morphology represents intact virions. (b) Astrovirus particles from a fecal sample visualized by negative-stained electron 
microscopy (bar = 50 nm). The star morphology actually represents partial degradation of virions. Source: Courtesy of Dr. B.V. Prasad.

(b)(a)
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modic abdominal pain, and diarrhea [854,855]. Cases can be 
fatal. Diagnosis is by clinical picture, with amnesia being  
a prominent clue, although incriminated vehicles, if available, 
can be tested for the presence of domoic acid. Treatment  
is supportive.

Tetrodotoxin poisoning results from the ingestion of fish, 
usually the Asian puffer fish, and occasionally other marine life 
[843]. Fillets of fish (fugu) containing preformed tetrodotoxin 
cause a gradation of intoxications, ranging from mild paresthe-
sias and perioral numbness ensuing as early as 5 min following 
ingestion (grade 1), to paralysis, cardiopulmonary collapse, and 
coma occurring between 1 and 24 h after ingestion (grade 4) 
[843,856–858]. The gastrointestinal symptoms of tetrodotoxin 
poisoning are mild and consist of nausea and vomiting [843]. 
Tetrodotoxin blocks sodium channels at the nodes of Ranvier 
and inhibits conduction. Diagnosis is by high performance 
liquid chromatography (HPLC) analysis of the urine of patients 
or of the uneaten suspected vehicle. Treatment is supportive. 
Because of the serious and sudden consequences of ingesting 
tetrodotoxin, prevention of these illness through the education 
of food preparers is critically important and has been quite 
effective in Japan [843].

Diarrhetic shellfish poisoning is acquired from consuming 
shellfish that have sequestered dinoflagellate-synthesized 
okadaic acid and its dinophysitoxin analogues [859]. Mussels 
are the most frequently implicated vehicle, but other mollusks 
can transmit these toxins to consumers. This disorder occurs 
worldwide. Okadaic acid and its analogues are lipid soluble and 
survive heating; they inhibit serine and threonine protein phos-
phatases, especially the PP2A class of phosphatases [860]. 
Diarrhea begins within a day of ingestion and sometimes as 
soon as 30 min after ingestion. There are no neurological accom-
paniments, unlike other toxic shellfish poisoning. Yessotoxins 
(YTXs) are polycyclic ether compounds produced by phyto-
planktonic dinoflagellates and accumulated in filter feeding 
shellfish. These toxins can be ingested by humans through con-
taminated seafood consumption. Initially, YTXs were classified 
as diarrhetic shellfish toxins but the biological activity of these 
compounds, which lack of diarrheogenic effects, differs from 
that of diarrheic toxins. Thus, YTXs have been recently classi-
fied as a separate group of algal toxins [861].

An additional rare marine toxic cause of nausea, vomiting, 
and diarrhea is clupeotoxism [862], acquired from consumption 
of contaminated plankton-eating fish such as herring and sar-
dines. There is an accompanying sharp metallic taste. The mor-
tality rate can be high. Treatment is supportive.

Scombroid fish poisoning (scombrotoxism, also referred  
to as “scombroid”) is caused by systemic histamine toxicity  
following the consumption of dark meat of bony fish (e.g.,  
tuna, mackerel) [863]. Bacterial decomposition of the flesh of 
these fish results in an increase in histidine decarboxylase activ-
ity and excessive production of histamine in the fish meat. 
Symptoms can begin within an hour of ingestion and resemble 
an allergic reaction (urticaria, flushing), but scombroid is really 

Pacific and Caribbean fish species [845], although with globali-
zation of the food supply this intoxication can now be acquired 
worldwide [843]. Finfish from the tropics and subtropics are the 
vehicles of transmission of ciguatoxins to humans. This toxin 
originates as a precursor toxin (gambiertoxins) in the aquatic 
dinoflagellate Gambierdiscus toxicus. These dinoflagellates (and 
their gambiertoxins) are consumed by small herbivorous fish, 
which then convert the gambiertoxins to ciguatoxins before 
they are subsequently consumed by larger finfish. When these 
heat-stable sodium channel poisons are consumed by humans, 
their net effect is to enable spontaneous firing of tetrodotoxin-
sensitive channels, resulting in a variety of neurological  
(especially myalgias, paresthesias, and cold allodynia) and gas-
trointestinal (diarrhea, abdominal pain, nausea, and vomiting) 
effects [843,846]. Ciguatera poisoning is diagnosed on clinical 
grounds. Chronic sequelae consisting of fatigue, myalgia, head-
ache, pruritus, depression, and hypersensitization to subsequent 
exposures have been reported [847,848]. Management of the 
acute episode is supportive, and early reports of the efficacy of 
mannitol have not been confirmed in randomized controlled 
trials [849].

Paralytic shellfish poisoning occurs worldwide after consum-
ing shellfish, generally bivalve species such as mussels, oysters, 
and clams, that contain saxitoxins synthesized by dinoflagellate 
algae [850]. These algae are the cause of “red tide” waters, 
although shellfish can assimilate this toxin in waters that are not 
noticeably discolored. Bivalve species consume the poison-
producing algae and concentrate saxitoxins by filtration. 
Saxitoxins block tetrodotoxin-sensitive sodium channels and 
inhibit nerve conduction [851]. Symptoms occur sequentially 
and consist of dizziness, paresthesias, weakness, ataxia, nausea, 
and vomiting. Hypersalivation and diaphoresis can also be 
present. Consciousness is not impaired. Symptoms begin within 
3 h of ingestion. Treatment is supportive.

Neurotoxic shellfish poisoning resembles ciguatera poison-
ing. It produces a neuroexcitatory picture and not a paralytic 
syndrome. It occurs in selected regions (west coast of Florida, 
North Carolina, and New Zealand) and is the consequence of 
ingesting brevetoxins concentrated in filter-feeding shellfish. 
Brevetoxins, which originate in the dinoflagellate Gymnodinium 
breve, enhance sodium entry into cells, as do ciguatoxins [852]. 
The gastrointestinal effects are nausea, vomiting, and diarrhea, 
and the neurological effects resemble those of ciguatera poison-
ing. The clinical picture is usually fairly mild and treatment is 
supportive [853].

Amnesic (encephalopathic) shellfish poisoning is caused by 
the consumption of shellfish containing domoic acid. Domoic 
acid is produced by Nitzschia algae. It is an excitatory toxin that 
causes symptoms about 5 h after ingestion. Its most distinctive 
effect is its ability to induce amnesia, among other neurological 
(headache, weakness, confusion, aberrant eye movements, sei-
zures, myoclonus, loss of consciousness) and nonneurological 
(shock, arrhythmias, increased respiratory secretions) symp-
toms. Gastrointestinal symptoms consist of vomiting, spas-
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sis of Crohn’s disease. Anorectal LGV biovars can also cause 
strictures, fistula formation, and perirectal abscesses if left 
untreated, further confusing the diagnosis with Crohn’s  
disease [870].

Chlamydia infection is diagnosed by culturing samples 
obtained by rectal swab in McCoy cells. Calcium alginate 
swabs are less inhibitory to Chlamydia than wooden swabs. 
Sigmoidoscopic biopsies can also be sent for culture. Infected 
cells are identified by immunofluorescent staining, using a 
monoclonal antibody against Chlamydia antigens, which has 
a sensitivity and specificity of 90% and 100% respectively 
[871]. Uncomplicated chlamydial infection of the rectum can 
be treated with either a single oral dose of 1 g of azithromycin 
or 100 mg of doxycycline twice a day for 7 days [872]. 
Alternate therapies include erythromycin, ofloxacin, or levo-
floxacin. Surgical resection might be required to alleviate 
strictures.

Neisseria gonorrhoeae
Neisseria gonorrhoeae is a Gram-negative intracellular diplococ-
cus that typically infects the epithelial lining of the endocervix 
and urethra but which can also infect other sites including the 
rectum. A robust inflammatory response including submucosal 
abscesses occurs following attachment, internalization, and sub-
epithelial delivery of the organism. Up to half of homosexual 
men assessed in STD clinics are infected with this organism, 
with 40% manifesting only rectal involvement. Of women with 
gonococcal proctitis, only 20% had rectal infection alone [873].

Most gonorrheal anorectal infections are asymptomatic; 
when present, symptoms include purulent, creamy, and some-
times bloody discharge with pruritus ani, tenesmus, and even 
constipation. Symptoms typically appear 5–7 days after expo-
sure. Rare complications include stricture formation, abscesses, 
and fistulae. The sigmoidoscopic findings are nonspecific and 
include friable, erythematous mucosa with superficial erosions 
most prominent at the anorectal junction. Culture of material 
obtained via rectal swab plated on selective Thayer–Martin 
media is the recommended diagnostic test. Gram stain of this 
same material is also suggested but is only positive in about half 
of those infected and should not replace culture. Sigmoidoscopic 
biopsies can also be sent for microbiology.

Anorectal gonorrhea is best treated by a single injection of 
intramuscular ceftriaxone, which cures more than 98% of such 
infections [872]. Cefixime (400 mg orally in a single dose) is 
reported to cure 97.4% of uncomplicated cases of anorectal 
infection but does not provide the same levels of bactericidal 
therapy as injected ceftriaxone. Fluoroquinolone-resistant N. 
gonorrhoeae have become more prevalent in Asia, the Pacific 
islands, and California, and fluoroquinolones are no longer uni-
versally effective for gonococcal infections in the United States 
[872]. The isolation of these resistant strains from men having 
sex with men has also increased and therefore the CDC does 
not recommend fluoroquinolones as the treatment of choice  
in this group [874]. Because of a high coinfection rate with 

a histamine intoxication and not a true allergy [864]. Diarrhea 
can be severe but all symptoms are short lived. Scombroid fish 
poisoning is treated with antihistamines [865].

Anorectal infections
The populations at greatest risk for acquiring anorectal infec-
tions are men who have sex with men, and heterosexual women 
who engage in anorectal intercourse. Because symptoms are not 
always helpful, the current strategy of sexual-history-based 
screening of multiple anatomic sites for chlamydia and gonor-
rhea in men who have sex with men is a useful and valid guide-
line, which is to be preferred over a symptom-based screening 
protocol [866]. The most commonly occurring infections in 
women are Chlamydia trachomatis, N. gonorrhoea, and 
Treponema pallidum. Infections with E. histolytica, herpes 
simplex virus (HSV), and human papillomavirus (HPV) are 
endemic in men who have sex with men. When initially 
described, infection with multiple pathogens occurs in 22% of 
this population who are symptomatic [867] and is associated 
with high-risk behaviors. The etiology of infectious proctitis 
among HIV-positive and HIV-negative men differs (HIV-
positive vs HIV-negative): chlamydia (23.4% vs 21.7%, P = 0.7), 
gonorrhea (13.4% vs 10.8%, P = 0.5), HSV-1 (14.2% vs 6.5%, 
P = 0.04), HSV-2 (22% vs 12.3%, P = 0.03), lymphogranuloma 
venereum (7.8% vs 0.7%, P  =  0.004), and multiple infections 
(17.7% vs 8.6%, P = 0.017) [868].

Bacterial infections of the anorectum
Chlamydia trachomatis
Chlamydia trachomatis, a Gram-negative, obligate intracellular 
bacterium, is the leading bacterial cause of sexually transmitted 
infection (STI) in the United States. C. trachomatis is repre-
sented by three biovars, two of which cause human disease: 
trachoma and lymphogranuloma venereum (LGV). The replica-
tion of trachoma is restricted to columnar epithelial cells, 
whereas LGV can also proliferate in macrophages, explaining 
the differences in symptomatology.

The results of infection by C. trachomatis range from asymp-
tomatic proctitis, caused by non-LGV biovars, to severe granu-
lomatous proctitis, usually caused by LGV biovars. 
Sigmoidoscopic examination of individuals infected with 
non-LGV biovars can demonstrate normal mucosa or ery-
thema, friability, and erosions. Histological examination of 
these tissues shows neutrophilic infiltration of the lamina 
propria [869]. In contrast, LGV biovars induce severe proctitis 
or proctocolitis manifested as pruritus, purulent rectal dis-
charge, hematochezia, and diarrhea or constipation. Physical 
examination might demonstrate lymphadenopathy and lower 
abdominal tenderness. The sigmoidoscopic findings are more 
impressive and demonstrate friable or bloody mucosa with 
multiple ulcerations [869]. The infiltrate has variable content, 
with eosinophils, mononuclear cells, and plasma cells in addi-
tion to neutrophils. Crypt abscesses and granulomas with giant 
cells can also be present and might lead to a mistaken diagno-



Bacterial, viral, and toxic causes of diarrhea, gastroenteritis, and anorectal infections CHAPTER 62   1247

nity may also afford partial protection against HSV reinfection 
and disease [878]. The virus, for which humans are the sole 
reservoir, is transmitted by direct contact with an infected indi-
vidual who is actively shedding viral particles. Symptoms of the 
primary infection begin 4–12 days after contact and spontane-
ously resolve after 3 weeks, although they can recur. Symptoms 
associated with subsequent bouts range from none to severe, 
painful ulcerative proctitis. Other symptoms include tenesmus, 
pruritus ani, constipation, inguinal adenopathy, sacral and pos-
terior thigh paresthesias, and urinary difficulty. The sympto-
matic triad of constipation, urinary retention, and anorectal 
pain strongly suggests anorectal HSV infection.

Anoscopy typically demonstrates vesicles, pustules, or shallow 
ulcers depending on the stage of the lesions. Biopsies of these 
lesions show acute and chronic inflammation, superficial ulcer-
ations, and microabscesses [879]. Perirectal lesions are relatively 
uncommon, occurring in 19% and 27% of infected women and 
men respectively [880]. Viral cultures should be performed to 
confirm the diagnosis. PCR can also be used to detect HSV 
DNA in clinical samples [881]. Depending on the severity of the 
symptoms, one can choose to treat mildly symptomatic indi-
viduals with only stool softeners, sitz baths, and analgesics or 
with acyclovir (aciclovir; 400 mg orally three times a day for 
7–10 days). This approach diminishes viral shedding and the 
duration of symptoms [872]. Other recommended antivirals 
include famciclovir or valacyclovir (valaciclovir) [872]. HSV 
vaccine trial results have been disappointing to date [882].

Human papillomavirus
Human papillomavirus (HPV) enters basal germinal epithelial 
cells and replicates in the nucleus resulting in increased cell 
proliferation. This response accounts for the skin and mucosal 
lesions that appear as irregular, verrucous lesions called anal 
warts or condyloma accuminata. These lesions must be distin-
guished from the condyloma lata in syphilis, which are more 
moist and smooth. Histological examination of condyloma 
accuminata shows irregular, thickened epithelium containing 
areas of koilocytotic cells with perinuclear cavitation and 
nuclear atypia. Some HPV strains cause neoplasias, including 
cervical and anal cancer [883].

The virus is transmitted through anal intercourse or autoin-
oculation to the perianal area and anus. Latency ranges from 
1–6 months. If condyloma accuminata are present in the peri-
anal area, anoscopy must be performed to determine whether 
lesions also exist inside the anal canal.

Individuals with anal warts can be asymptomatic or com-
plain of rectal discharge, bleeding, or pruritus ani. Diagnosis 
is by clinical observation, and anorectal syphilis and squamous 
cell carcinoma should be excluded. This is accomplished by 
histological examination to distinguish between benign and 
malignant lesions, and dark-field microscopy to exclude syphi-
lis. Although curative treatment is still lacking, lesions can be 
controlled with either cryotherapy [884–886] or a 20% solu-
tion of podophyllin in tincture of benzoin [885,886]. This 

Chlamydia species, it is recommended that all N. gonorrhoeae-
infected individuals also receive 100 mg of doxycycline twice a 
day for 7 days [872].

Treponema pallidum
Treponema pallidum is a spirochete capable of infecting dam -
aged skin or mucosa. Anorectal syphilis is primarily diagnosed 
in men who have sex with men. Primary anorectal syphilis 
presents as a chancre of the squamous epithelial lining of the 
anal canal or in the rectum. These lesions, which develop 2–6 
weeks postexposure, appear as 1- to 2-cm indurated lesions  
with raised borders. “mirror” or “kissing” lesions can be  
present [875]. Anorectal chancres are often asymptomatic 
unless superinfected.

The anorectal presentation of secondary anorectal syphilis is 
condyloma lata. This stage usually develops 6 weeks to 6 months 
from the time of the initial infection. Condyloma lata are 
smooth, wart-like lesions near or in the rectum. Colitis associ-
ated with secondary syphilis can also occur in the distal 
15–20 cm of the colon. This lesion spontaneously resolves after 
3–4 weeks. Intestinal lesions are rarely associated with tertiary 
syphilis but rectal gummas have been reported.

Anorectal syphilitic lesions show a chronic inflammatory 
infiltrate of lymphocytes, histiocytes, and plasma cells [876]. 
Dark-field microscopic examination demonstrates spirochetal 
organisms, but nonpathogenic spirochetes can also be present 
in the rectum [877].

Anorectal syphilis should be treated with a single intramus-
cular injection of 2.4 million units of benzathine penicillin. If 
the patient is allergic to penicillin, 100 mg of doxycycline twice 
a day or 500 mg of tetracycline four times a day can be given 
orally for 2–4 weeks for early and latent syphilis, respectively. 
Proof of eradication should be sought 3 and 6 months posttreat-
ment by serological testing and clinical response. Persistence or 
recurrence of symptoms or a sustained fourfold increase in non-
treponemal test titer compared with the baseline or maximum 
titer likely indicates treatment failure or reinfection, and retreat-
ment is indicated [872].

Viral infections of the anorectum
Herpes simplex virus
Herpes simplex virus (HSV) 2 accounts for the majority of cases 
of anorectal herpes but studies demonstrate a changing pattern 
with an increasing proportion of genital herpes cases associated 
with HSV type 1. There is also growing evidence that the major-
ity of infected individuals exhibit frequent, brief shedding epi-
sodes that are most often asymptomatic, which likely contribute 
to high HSV transmission rates. Given this finding as well as 
readily available serological assays, some have proposed that 
routine HSV screening be performed; however, this remains 
controversial and is not currently recommended. Host immune 
responses, particularly local CD4 and CD8 T-cell activity, are 
crucial for HSV control and clearance following initial infec-
tion, during latency, and after reactivation. Prior HSV immu-
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Shigellae, and Campylobacter species can also be transmitted 
sexually. The signs and symptoms associated with infection by 
these pathogens in men who have sex with men are the same as 
those experienced by individuals who acquire these organisms 
by ingestion (i.e., they are not confined to the anorectum).

Summary

Enteric infections are major, and unacceptable, causes of 
human morbidity and mortality. Children and members of 
less-advantaged populations disproportionately suffer from 
these illnesses. Multiple different agents cause diarrhea and 
gastroenteritis, but diagnostic approaches to these infections 
are not universal, sometimes expensive, and often slow and 
suboptimal. There are few immunoprophylactic control meas-
ures and treatments are either nonspecific or administered too 
late in the course to alter outcomes. Recent vaccine break-
throughs have been very effective at preventing rotaviral 
infection. Preventing and treating gastrointestinal infections 
worldwide should receive high priority by the specialty of 
gastroenterology.
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solution is applied for up to 12 h and this can be repeated once 
or twice weekly until all lesions are gone. Its caustic nature 
precludes intraanal use. Trichloroacetic acid or bichloroacetic 
acid (80%–90%) can also be used to treat anal warts. Small 
amounts should be applied to warts and allowed to dry, at 
which time a white frosting develops; weekly treatment can be 
used if necessary [872]. Other therapeutic options include 
electrocautery, electrodessication, CO2 laser, and surgical 
removal. Recurrence rates vary depending upon the treatment 
used; in one study, 29% of warts recurred postsurgery and 65% 
recurred following podophyllin treatment [887]. Patient-
applied therapy choices include imiquimod and podophyllo-
toxin. Imiquimod 3.75% is a relatively new, patient-administered 
topical cream approved by Health Canada in 2011. Sine-
catechins, a green tea extract with immunomodulatory effects 
is another recently approved patient-applied treatment option. 
Self-treatment is attractive to patients because it offers privacy, 
convenience, and autonomy [888].

HPV types 16 and 18 cause approximately 70% of HPV-
related cancers, and HPV types 6 and 11 are responsible for 
approximately 90% of cases of genital warts. A quadrivalent 
vaccine for HPV types 6, 11, 16, and 18 (HPV 6/11/16/18) has 
been developed for prevention of cervical cancer, genital warts, 
and vulvar and vaginal precancerous lesions [889]; in some 
countries a bivalent or trivalent vaccine is also in use. 
Prophylactic vaccination of young women was 96%–100% effec-
tive in preventing HPV 6/11/16/18-related cervical and ano-
genital precancers and genital warts. Efficacy remains high for 
at least 5 years following vaccination. HPV vaccine is recom-
mended for females age 9 to 26 and for males age 11 to 26 in 
the USA [890]. Since licensure of the human papillomavirus 
vaccine in 2006, HPV vaccine coverage among US adolescents 
has increased but remains low compared with other recom-
mended vaccines. Healthcare professionals cited financial con-
cerns and parental attitudes and concerns as barriers to 
providing the HPV vaccine to patients. Parents often want more 
information before vaccinating their children. Concerns about 
the vaccine’s effect on sexual behavior, low perceived risk of 
HPV infection, social influences, irregular preventive care, and 
vaccine cost were all identified as reasons for limited uptake 
[891]. Despite these concerns, HPV vaccination has not been 
associated with riskier sexual behaviors over the subsequent 6 
months [892].

Sexual transmission of intestinal pathogens
In addition to anorectal transmission of Chlamydia, N. gonor-
rhoeae, T. pallidum, HSV, and HPV, E. histolytica, G. lamblia, 
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Whipple’s disease

Whipple’s disease is a rare chronic, multisystem infectious 
disease first described by George Hoyt Whipple [1]. Following 
its initial description in 1907 a further 50 years or more passed 
before the infectious nature of this condition was fully recog-
nized [2,3]. The advent of molecular genetic techniques and 
successful cell culture of the organism towards the end of the 
20th century substantially accelerated our understanding of the 
causative organism, Tropheryma whipplei, and by extension, the 
underlying clinical condition [4–6].

While Whipple’s disease is rare, recent evidence suggests that 
the causative organism is a ubiquitous commensal bacterium. 
T. whipplei is a Gram-positive, intracellular organism that is 
phylogenetically grouped with actinomycetes, common soil 
organisms [7]. It is commonly found in the stools of otherwise 
healthy individuals particularly in some developing countries 
[8]. It also appears to be a relatively frequent cause of acute 
diarrhea in children,with a very high seroprevalence rate in 
healthy subjects [9,10]. The reason why only a tiny minority of 
individuals (typically white males in middle age) manifest clini-
cal disease remains unknown.

Classic Whipple’s disease involves the gastrointestinal tract 
and is associated with small bowel lesions exhibiting distinctive 
histopathological features including the highly characteristic 
presence of extensive infiltration of macrophages containing 
periodic acid–Schiff (PAS) positive inclusions [2,11]. Typical 
symptoms include weight loss, diarrhea, abdominal pain, and 

arthropathy. While these are the clinical features that usually 
first prompt consideration of the diagnosis, most patients have 
had a long history of preceding disease manifestations [12–14]. 
This prodromal period typically lasts 6 years or more and is 
characterised by prominent arthralgia/arthritis symptoms. The 
disease can also manifest in a variety of other organ systems 
(Table 63.1); neurological manifestations are particularly 
serious. Without treatment Whipple’s disease is fatal and, even 
among patients in whom a satisfactory response to antibiotics 
is achieved, relapse is common.

Appropriate diagnosis requires a high index of clinical suspi-
cion. Recent molecular genetic advances, including the genomic 
sequences of 2 isolates of T. whipplei, advances in proteomics 
and the development of improved models of infection have 
greatly increased our understanding of this unusual organism, 
and its ability to cause often devastating disease manifestations 
in select individuals.

Epidemiology
The incidence of Whipple Disease is less than 1/1 000 000 annu-
ally [15]. The vast majority of cases have been described in 
Caucasian men, typically in their 5th or 6th decade of life [14–
18]. Most cases are isolated, but the condition may be more 
common in farmers and familial occurrences have been 
described [19,20].

In contrast, evidence recently has accumulated showing that 
the organism T. whipplei is commonly found in the environ-
ment [21–23]. The prevalence in healthy individuals of the  
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teritis accounts for high seroprevalence rate in adults later  
in life.

Clearly, the vast majority of individuals who become colo-
nized with and/or infected by T. whipplei do not develop 
Whipple’s disease. This suggests the importance of individual 
genetic predisposition among those who do. However the basis 
of this predisposition is far from clear. Earlier studies associat-
ing the disease with human leukocyte antigen (HLA)-B27 [25] 
were not corroborated. However, a weak association with 
DRB1*13 and DQB 1*06 alleles has been reported [14], and the 
finding that individuals can be reinfected and develop further 
clinical manifestations [26] provides strong support for immu-
nogenetic predisposition among susceptible individuals. To 
date, despite laboratory investigation of potential immune 
defects in those who manifest clinical disease [13,27], a candi-
date abnormality remains to be convincingly demonstrated.

Pathophysiology
The organism
T. whipplei is an intracellular organism with particular tropism 
for macrophages. In symptomatic infection patients harbor 
massive accumulations of bacteria in lamina propria macro-
phages of the small bowel. To date the genomes of two strains 
of T. whipplei have been sequenced [28,29]. The organism has a 
very small, compact genome, similar to other intracellular bac-
teria. Biosynthetic pathways for 10 amino acids are missing 
from the Sanger Institute strain and surprisingly, given its intra-
cellular niche, thioredoxin genes are absent [28]. Alignment 
studies of the two genomes show the presence of a large inver-
sion and the potential for genome rearrangements. These rear-
rangements could potentially result in heterogenous surface 
proteins, perhaps facilitating immune evasion [29]. The identi-
fication of the absent amino acid synthetic pathways subse-
quently allowed the development of axenic cultures without the 
necessity of intracellular propagation in cell culture [30].

Immune responses
The possibility that a specific immune or genetic defect predis-
poses susceptible individuals to Whipple’s disease has led to 
exploration of the interaction of T. whipplei with the immune 
system. A defect in TH1 responses has been proposed [31], and 
impaired production of IL-12 has been demonstrated in vitro 
[32]. IL-16 has been suggested to be important for replication 
of the organism [33,34], as treatment in vitro with IL-16 pro-
motes replication in monocytes and inhibition of this cytokine 
is detrimental to survival of the organism. It is possible that 
IL-16 functions to help the organism escape from delivery to 
intracellular lysosomes.

Macrophages from affected patients effectively phagocytose 
T. whipplei organisms but may be deficient in degrading the 
bacteria. Recently, a study of material from a large sample of 
patients with this disease provided evidence for a lack of inflam-
mation and an alternatively activated macrophage phenotype 
[27]. The production of nitrite and the oxidative burst appear 

bacterium, based on polymerase chain reaction (PCR) positive 
stool samples, is as high as 7% [21,22]. Although Whipple’s 
disease appears not to be more prevalent in sewage treatment 
workers, the organism is found in up to 25% of this group [21]. 
A study in rural Senegal found PCR positive stools in 31% of 
otherwise healthy individuals [8]. In addition, over 6% of indi-
viduals with intercurrent fever in a developing world study were 
T. whipplei PCR positive in blood samples [10]. In a French 
study [24] the seroprevalence among unaffected individuals was 
over 40% using a Western blotting technique. In contrast, 77% 
of relatives of patients affected by Whipple’s disease showed 
positive serological responses. In addition, molecular genotyp-
ing suggest that specific strains of T. whipplei are more likely to 
be transmitted amongst family members.

While these findings require replication by other investiga-
tors, they suggest that T. whipplei is a common environmental 
organism and point to the likelihood of fecal-oral transmission. 
Intriguingly another study from the same French group found 
T. whipplei DNA in stools of 15% of children with gastroenteritis 
but in none of the children in a normal control group [9]. In 
addition, Western blotting showed that children with diarrhea 
were more likely to have T. whipplei positive IgG and IgM anti-
bodies than controls [9], lending support to the concept that the 
organism played a pathogenic role in the diarrheal illness. It is 
possible that infection in early childhood resulting in gastroen-

Table 63.1 Clinical manifestations of whipple’s disease.

Common Infrequent

Gastrointestinal Diarrhea Haematochezia

Anorexia Ascites/edema

Weight loss Hepato/splenomegaly

Abdominal pain/
bloating

Neurologic Lethargy Cranial nerve 
involvement

Headache Deafness

Insomnia Diplopia

Myoclonus Facial numbness

Ataxia Hypothalamic 
involvement

Dementia Hyperphagia

Depression Loss of Libido

Other Findings Arthritis Cough/pleuritic pain

Arthralgia Pericarditis

Fever Cardiac failure

Lymhadenopathy Cardiac valvular 
disease

Hyperpigmentation Orchitis

Cardiac murmurs Hyroid disease
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Arthritis
Joint involvement has been reported in up to 90% of patients 
[18,40]. Whereas a transient migratory arthralgia is common as 
the presenting symptom, other forms of arthritis also occur, 
including oligo arthritis typically affecting large joints, destruc-
tive seronegative polyarthritis, and spondyloarthropathy 
[12,40].

Neurologic
Neurological involvement has been reported in over 60% of 
patients in some studies [41,42]. In fact, a small autopsy series 
suggested lesions in the central nervous system (CNS) are 
nearly always present [16]. Neurological manifestations include 
cognitive changes, psychiatric symptoms such as depression, 
personality change, and dementia [12,14,15]. Myoclonus is  
not uncommon and hypothalamic involvement can result in 
hyperphagia, changes in libido, and changes in sleeping 
patterns.

Cardiac
Pericarditis is particularly common, occurring in up to 50% of 
patients [18]. Myocarditis also has been described but is rare 
[43]. T. whipplei also has been implicated as a cause of blood-
culture negative endocarditis – although these patients are 
usually without clinical signs, the diagnosis being made from 
DNA studies of surgical valve tissue [44].

Clinical signs
The physical manifestations of Whipple’s disease depend on the 
extent of disease and the organ system involved. Cachexia, 
anemia and edema may occur along with the manifestations of 
fat-soluble vitamin deficiency. Hyperpigmentation of the skin is 
relatively frequent [12]. Abdominal distension due to ascites or 
lymphadenopathy with or without hepatosplenomegaly may 
occur, although the latter is less common. Fever, arthritis and 
effusions as well as the specific neurological signs of CNS 
involvement may be observed [12,14,15].

Diagnostic evaluation
Given the wide spectrum of clinical presentations of this disease 
a high index of suspicion is important. A variety of nonspecific 
laboratory findings are to be expected. These include raised 
acute phase reactants, anemia, raised white cell and platelet 
count and hypoalbuminemia.

In classic Whipple’s disease small-bowel biopsy usually estab-
lishes the diagnosis. The mucosa is pale yellow, brown or shaggy 
in appearance with intermittent superficial erythematous 
patches [45–47]. Chromoendoscopy using narrowband imaging 
can reveal the presence of flattened, engorged villi displaying 
characteristic concentric rings in villus structure (Figure 63.1 a 
and b). The latter appears to be specific for Whipple’s disease 
[48,49]. There have been a few reports of capsule endoscopy in 
Whipple’s disease [50,51]. Pseudo-polyploid surface features, 
erosions and loss of villi have been described. The appearances 

to be defective in patients compared with controls, possibly 
explaining why macrophages are unable to eliminate these bac-
teria in vivo. There appears to be a difference in the effectiveness 
of bacterial killing by monocytes as opposed to macrophages 
with monocytes effectively clearing the organism. Following 
initial uptake by macrophages most bacteria are eliminated. 
However, from day 3 onwards replication occurs slowly in a 
similar manner to other pathogenic intracellular organisms 
[13]. Therefore, the organism appears to be able to actively 
interfere with macrophage microbicidal functions [13,33,35].

The transcriptional pattern of duodenal macrophages in 
Whipples disease shows marked expression of chemokine 
CCL18 [35] which is known to be induced by IL-10 or IL-4, 
whereas IL-12 and IFN-γ are decreased, again pointing to TH1/
TH2 to mismatch. Apoptosis appears to be an important aspect 
of T. whipplei pathogenicity. Interference with the induction of 
apoptosis inhibits replication of the organism [36]. Taken 
together these data suggest an impairment of macrophage func-
tion in Whipple’s disease patients. However, as has been pointed 
out [13], the absence of evidence for opportunistic infections 
with other organisms in Whipple’s disease affected patients sug-
gests that any underlying immune defect predisposing to this 
disease must be highly specific.

Clinical manifestations
Whipple’s disease usually is diagnosed at an advanced stage and 
presents with a variety of clinical manifestations (Table 63.1). 
Classic Whipple’s disease comprises the most commonly recog-
nized form and includes both the prodromal stage, often lasting 
many years, followed by prominent gastrointestinal and sys-
temic findings. While the prodromal phase typically manifests 
with joint symptomatology, the subsequent gastrointestinal/
systemic phase is more typical of patients presenting to gastro-
enterologists. Frequent symptoms include diarrhea, steatorrhea, 
and weight loss. Abdominal pain is seen in approximately 50% 
of patients (Table 63.1). Systemic manifestations include lym-
phadenopathy fever and anemia as well as sequellae of malab-
sorption [12,14,15].

Diarrhea, while not always present, is typical. Multiple large, 
watery, or semi-formed stools with crampy abdominal pain, 
bloating and distension occur. Gastrointestinal bleeding has 
been described. Severe protein calorie malnutrition may occur 
and attendant specific nutrient deficiencies. Protein losing 
enteropathy may be profound leading to peripheral edema and 
ascites.

Extra intestinal manifestations
While intestinal and systemic manifestations are prominent 
rheumatolgic, neurologic and cardiac involvement also occurs 
frequently. In addition, a variety of other systems may be 
involved including the lungs (e.g. chronic cough and pleuritis), 
and eyes (uveitis) [12,18,36]. In addition, hypothyroidism, 
orchitis, and involvement of a mammary lymph gland [37–39] 
have been described.
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joint fluid in patients with arthritis. Validated PCR methodolo-
gies are important to utilize as in-house PCR may give false-
positive readings. More recently techniques based on quantitative 
real-time PCR have been developed giving higher levels of sen-
sitivity and specificity [52]. DNA sequencing of amplified prod-
ucts for confirmation with specificity should increasingly be 
accessible as the cost of DNA sequencing continues to fall.

Immunohistochemical staining has been developed and is 
more specific than PAS staining but is not widely available [54–
56]. Electron microscopy can be used – the organisms have a 
typical three layer wall appearance. However, this method 
remains the preserve of specialist centers. Similarly, although it 

can be patchy and discontinuous along the length of the small 
bowel.

Heavy infiltration of the small bowel lamina propria with 
macrophages containing PAS-positive inclusions is typical 
(Figure 63.2 and 63.3). However, the appearances can be vari-
able and multiple biopsies should be examined [12]. PCR testing 
of saliva and stool samples are now considered part of the initial 
diagnostic evaluation of this condition. In classic Whipple’s 
disease stools are PCR positive in over 90% of cases and saliva 
in approximately two-thirds of patients [22]. Findings in saliva 
and stools are much less sensitive for nonclassic Whipple’s 
disease. However, PCR can be applied to other samples, such as 

Figure 63.1 (a) Virtual chromoendoscopy with i-scan in Whipples disease showing flattened, engorged duodenal villi., with white-yellowish concentric 
rings inside the villi (arrows; magnified image in (b)). Source: Neumann et al. 2012 [48]. Reproduced by permission of Thieme Publishers.

(a) (b)

Figure 63.2 Light microscopic appearance of the intestinal mucosa in a 
patient with Whipple disease. The villi are clubbed, and the lamina 
propria is extensively infiltrated with periodic acid–Schiff (PAS)-positive 
macrophages. (PAS and hematoxylin stain; original magnification × 250.) 
Source: Dobbins 1987 [53]. Reproduced by permission of Charles C. 
Thomas Publishers Ltd.

Figure 63.3 Showing histol and PAS pos macrophages. Light microscopic 
appearance of macrophages in the intestinal lamina propria in Whipple 
disease. Note that most of the periodic acid–Schiff (PAS)-stained 
inclusions are round or sickle-shaped. This appearance is virtually 
diagnostic, especially in the intestinal mucosa. (PAS and hematoxylin 
stain; original magnification × 1000.) Source: Dobbins 1987 [53]. 
Reproduced by permission of Charles C. Thomas Publishers Ltd.
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remission using both regimens and no patient died of Whipple’s 
disease in the follow-up period. A single patient with asympto-
matic infection of the CSF was resistant to both treatments but 
responded subsequently to a combination of chloroquine and 
minocycline. Despite the small size of the study and what was, 
for Whipple’s disease at least, a relatively short follow-up period, 
these antibiotic options would appear to be the first choice for 
clinicians caring for a patient with Whipple’s disease. It is worth 
pointing out that trimethoprim is not likely to be contributing 
to efficacy in these studies as the organism does not harbor the 
enzyme dihydrofolate reductase against which trimethoprim is 
active [66]. On this basis, and because of a better pharmacoki-
netic profile, sulfadiazine has been proposed as a more suitable 
choice.

The rationale for prolonged treatment is to prevent the high 
rate of CNS relapse found in early studies [12,67–69]. 
Sulfonamides readily penetrate the blood brain barrier and it is 
assumed that most patients have a high-risk of CNS involve-
ment, regardless of symptoms. On the basis of in vitro data 
showing a bactericidal effect, a combination of hydroxychloro-
quine and doxycycline has been proposed [12]. It has even been 
suggested that this combination, with the addition of sulfadi-
azine if CNS involvement is present, might be preferable to 
using high dose intravenous antibiotics at the initiation of treat-
ment [70]. However, the sensible rationale that this combination 
may reduce relapse rates remains to be tested.

Most patients respond to antibiotics with rapid resolution of 
arthritis symptoms. Gastrointestinal manifestations usually 
resolve within 1 month. In the early stages of improvement signs 
of an inflammatory condition with fever and arthralgia may 
occur. Referred to as an immune reconstitution syndrome this 
complication is said to arise in between 2% and 10% of patients. 
Provided other causes are excluded a course of systemic corti-
costeroids has been advocated as treatment [14,71].

Patients must be followed to monitor for relapse. Clinical and 
laboratory assessment should be supplemented by gastrointes-
tinal biopsy and examination for the presence of the organism 
by histology, and PCR 12 months following the commencement 
of treatment. Although PAS–positive macrophages may persist 

is now possible to cultivate T. whipplei from samples without 
cell culture, this technique is not widely available outside of 
specialist laboratories.

A variety of diagnostic algorithms have been reported 
[12,14,57]. Perhaps not surprisingly, given the rarity of this con-
dition, no single approach has yet been widely accepted. The 
potential lack of specificity of standard microscopic and PCR-
based methodologies must be kept in mind. A recent treatment 
trial noted a high incidence of CSF PCR positivity in patients 
with classical Whipple’s disease and suggested that routine CSF 
examination be undertaken during the initial evaluation of 
patients regardless of the presence or absence of neurologic 
manifestations [58].

Differential diagnosis
The rarity of Whipple’s disease and the nonspecific and systemic 
manifestations of this condition mean that it arises as a consid-
eration in the differential diagnosis of many conditions. From a 
gastroenterology perspective the condition needs to be discrim-
inated from other chronic enteropathies such as celiac disease, 
Crohn’s disease, tuberculosis, and small bowel lymphoma. 
Mycobacteriam avium complex infections in immunodeficiency 
syndromes, especially HIV infection, may present with infiltra-
tion by PAS-positive macrophages in the small bowel lamina 
propria [59,60]. In addition, M. avium complex organisms are 
morphologically different to T. whipplei on electron microscopy. 
However, these organisms are acid fast and can be cultured. 
PAS-positive macrophages can also be seen in systemic histo-
plasmosis. However, the appearance of the large encapsulated 
Histoplasma organisms within macrophages is distinctive. 
Finally, macroglobulinemia may also present with PAS-positive 
macrophages. However the homogenous appearance of the 
PAS-positive material differs from that seen in Whipple’s 
disease.

Treatment
The management of Whipple’s disease lacks a clear evidence 
base. Although the organism is sensitive to a wide spectrum of 
antibiotics based on in vitro sensitivity [12], a variety of factors 
in vivo, including antibiotic activity within the organism’s intra-
cellular habitat and penetration of the blood brain barrier, con-
tribute to substantial levels of treatment failure and relapse – both 
of which can be as high as 30% based on earlier retrospective 
studies [61–64]. The first antibiotic reported to be effective  
in this condition was chloramphenicol [65]. Subsequently,  
tetracyclines, penicillin, streptomycin, and trimethoprim–
sulphamethoxazole have been used.

In 2010 a German group performed the first randomized 
controlled study of Whipple’s disease treatment [58]. Daily infu-
sions of ceftriaxone or meropenam for 14 days followed by oral 
trimethoprim sulphamethoxazole for 12 months were com-
pared (Box 63.1). There were 20 patients in each group and 
follow-up, which included clinical, laboratory and histological 
assessments, continued for 3 years. All patients experienced 

Box 63.1 Options for treatment of Whipple’s disease.

1. Meropenam/ceftriaxone IV × 14 days followed by Trimetoprim/
sulphamethoxasole* × 12 months

2. Oral sulfadiazine × 12 months
3. Chloroquine/hydroxychloroquine + Tetracycline × 12 months**
4. Chloramphenicol
5. (Investigational) IFN-γ

* Penicillin/Ampicillin have been used in the setting of sulpha 
sensitivity
** The addition of Sulfadiazine has been suggested for central 
nervous system involvement
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decades. Therefore, the cause of this condition remains largely 
unknown. Conventional theories ascribe its pathogenesis to 
bowel overgrowth with either normal microbiota, or pathogenic 
organisms [81–84]. Nutrient deficiency, immune dysfunction 
and dietary fats also have been implicated [85–88].

Because of the occurrence of an epidemic form of tropical 
sprue, and given the presence of antecedent symptoms sugges-
tive of an enteric infectious event in many patients, tropical 
sprue is widely suspected to result from, or be provoked by 
intestinal infection. Attention has been drawn to the finding of 
bowel overgrowth in many early studies and small bowel over-
growth with organisms such as Klebsiella pneumonia, Escherichia 
coli and Enterobacter Sp. has been implicated as the cause of the 
condition. However, direct evidence for a pathogenic role of 
these organisms is lacking and no specific virulence factors were 
identified in these early studies. Furthermore, not all patients 
with tropical sprue have demonstrable overgrowth [89] and 
residents of countries in which this condition is found often 
have higher counts for small bowel indigenous flora than those 
in temperate climates [74]. Whether a specific etiologic 
pathogen(s) will ever be definitively identified is uncertain. 
However, the effectiveness of antimicrobials, especially poorly 
absorbed antibiotics, as the mainstay for treating tropical sprue 
establishes the central role of enteric bacteria/bacterial over-
growth in the condition.

Folate deficiency is common in this condition and folate sup-
plementation was recognized to an effective therapy in the 
1940s [79]. Folate deficiency can result in some of the morpho-
logic manifestations of tropical sprue including villus blunting, 
crypt hypertrophy and altered absorptive capacity of the small 
bowel. However, whether folate deficiency causes, exacerbates, 
or results from the manifestations of this disorder is unknown.

Earlier observations of an apparent increase in tropical sprue 
following feasting suggested the possibility that high-fat diet 
might have a role in triggering the condition [74,80]. More 
recently, it has been suggested that malabsorbed fat might con-
tribute to the clinical manifestations of tropical sprue by altering 
the “ileal brake” in affected patients [74]. However, not all 
patients had ileal brake abnormalities in these studies and how 
this altered physiology might contribute to the disease is not 
clear.

Clinical manifestations and differential diagnosis
Typically patients have symptoms of malabsorption with 
diarrhea, steatorrhea (early descriptions referred to it as “the 
white flux”) [80], abdominal cramps and weight loss. Fever and 
anorexia are described as typical by some [80]. Folate and B12 
deficiency are prominent with macrocytic anemia and associ-
ated fatigue and weakness. Neurological manifestations includ-
ing peripheral neuropathy and confusion can occur in chronic 
disease. Mouth soreness and ulcers are common and likely due 
to secondary nutritional deficiencies. Some patients with tropi-
cal sprue may manifest these nutritional deficiencies in the 
absence of intestinal symptoms.

in the small bowel lamina propria for many years the presence 
of organisms, either directly visualized, or by PCR, increases the 
risk for relapse following treatment.

In a retrospective review of 88 patients for whom long-term 
follow-up data were available following initial response to anti-
biotics, 31 had eventually relapsed. The mean time to relapse 
was 4.2 years [67]. Relapse is usually heralded by the presence 
of gastrointestinal manifestations or arthritis symptoms. Most 
patients respond to a repeat cycle of the original treatment. For 
patients with symptomatic CNS disease, or CNS relapse follow-
ing primary treatment, effective options are more limited and 
the prognosis is more guarded. If a repeat course of the original 
treatment does not work, administration of chloramphenicol is 
reasonable. One patient received significant clinical benefit 
from treatment with interferon gamma [72]. Although not yet 
confirmed, it is to be hoped that these high relapse rates will be 
improved by using the antibiotic regimens described by Feuerle 
et al [58].

Tropical sprue

Tropical sprue is a form of chronic enteropathy that occurs in 
certain geographic areas located between the Tropic of Cancer 
and the Tropic of Capricorn. The cause of tropical sprue is 
unknown but it is presumed to result from infection of, or 
overgrowth within, the small bowel. Diagnosis relies on recog-
nition of typical but nonspecific manifestations among at-risk 
patients and their resolution following appropriate therapy with 
broad spectrum antibiotics and folic acid supplements.

Epidemiology
Although the first description of tropical sprue is attributed to 
Hilary in 1795 [73], it appears that this condition was recognized 
in ancient times [74]. The unusual designation derives from a 
corruption of the Dutch spruw, related to a Middle Low German 
word for a tumor. This disorder is described in many tropical 
areas including India, The Philipinnes, central and northern 
parts of South America, and various areas of the Caribbean, 
including Haiti, Dominican Republic, Puerto Rico (while being 
rare in Jamaica, and the Bahamas [75]). Most cases are sporadic 
but epidemics of sprue are well documented, including wide-
spread outbreaks in India associated with high mortality, and 
among World War II (WWII) military personnel [76–78]. 
Visitors to tropical regions in which it is endemic are at risk of 
contracting tropical sprue but usually only after prolonged stay 
(more than 6 months [79]). Intriguingly, clinical manifestations 
may arise in such patients years after exposure [80].

Etiology and pathogenesis
Tropical sprue first achieved widespread recognition in Western 
medicine during the 1960s and much of the work exploring the 
underlying pathogenesis dates from this period, with little 
further attention by investigators over the intervening four 
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the lamina propria, and the presence of intraepithelial lym-
phocytes [80,93,94] (Figure 63.4). Ultimately the diagnosis rests 
on a prompt response to appropriate therapeutic intervention.

Treatment
Early therapies that seemed to help in the condition included 
yeast and liver supplements. Folic acid was effectively substi-
tuted for these supplements in the 1940s [80]. The use of anti-
biotics with low intestinal absorption in WWII personnel was 
strikingly effective [80].

Current recommendations are to administer 250 mg tetracy-
cline 4 times daily and 5 mg folic acid once daily. Treatment for 
1 month is effective in many but it has been recommended that 
patients with chronic disease should be treated for 6 months in 
order to resolve disease manifestation and prevent recurrence 
[95,96]. Recurrence rates are high in areas of endemicity [97]. 
Specific nutrient deficiencies, especially vitamin B12, should be 
sought and corrected.

Tuberculosis (TB)

It is over 130 years since Koch identified the causative organism 
underlying tuberculosis, Mycobacterium tuberculosis (MTB). 
Mycobacteria are nonmotile, nonspore forming, acid-fast, 
slightly curved bacilli. The MTB genome consists of approxi-
mately 4000 genes [98]. MTB has a unique multi-layered cell 
envelope, comprised of the inner plasma membrane, the cell 
wall, and the outer capsule. The inner bilayer is a strong hydro-
phobic barrier composed of peptidoglycan complexes, glycoli-
pids, and distinctive mycolic acids [99–101]. The lipid rich cell 
wall is characteristic of the order Actinomycetales. The outer 
bacterial capsule is comprised of proteins, polysaccharides, and 
limited lipid content [102]. These components are not only vital 

Tropical enteropathy occurs in some locations where tropical 
sprue also occurs. This is a milder condition with more subtle 
histopathologic manifestations and without nutritional defi-
ciency. While it is tempting to speculate that this condition is a 
milder form within the spectrum of tropical sprue, unlike tropi-
cal sprue it has been described to resolve spontaneously without 
specific treatment [90].

Conditions that may present in a similar manner to tropical 
enteropathy include other enteropathies such as celiac disease, 
small bowel lymphoma, Whipple’s disease, HIV, and other 
infectious enteropathies with persistent manifestation such as 
tuberculosis, giardiasis, cryptosporidiosis, and Strongyloides 
infection. It must be differentiated from conditions that result 
in reduced motility and bowel overgrowth including pseudoo-
bstruction, scleroderma and amyloidosis.

Diagnosis and laboratory manifestations
Folate deficiency resulting in megaloblastic anemia is a hall-
mark of this condition. Other features result directly from mal-
absorption including B12 deficiency, hypoalbuminemia, reduced 
calcium, fat soluble vitamins, and prolonged prothrombin time. 
Although nowadays contrast radiography is unlikely to be used 
as first line diagnostic evaluation for suspected malabsorbtion 
syndromes, previous studies have documented in tropical sprue 
the features seen with malabsorption in general. These include 
thickening of the small bowel folds, luminal dilation, and 
barium flocculation [80]. Extension of these features to the 
ileum in established disease is more typical of tropical sprue 
than other enteropathies such as celiac disease.

Small bowel endoscopy may reveal the features of other 
chronic enteropathies including scalloping of the folds and a 
mosaic pattern to the mucosa [91,92]. Histologic evaluation 
shows characteristic (if nonspecific) findings such as blunting 
of the villi, crypt hyperplasia, chronic inflammatory infiltrate in 

Figure 63.4 (a) Light microscopic appearance of the moderate villus abnormality of tropical sprue acquired by a North American during a 2 week visit 
to the Philippines. Note the broadened villi, infiltration of the lamina propria by plasma cells and lymphocytes, and lymphocytic infiltration of the 
epithelium. (Periodic acid–Schiff and hematoxylin stain; original magnification × 80 (b) Enlargement of a portion of (a) reveals the epithelial changes. 
(Original magnification × 132).

(a) (b)
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wherein they replicate in modified phagosome compartments. 
Cycles of cellular disruption and bacterial release lead to further 
recruitment of phagocytes, antigen presenting cells and acti-
vated lymphocytes in immunocompetent individuals. Although 
clearance of infection occurs in some, most patients fail to erad-
icate the infection completely and subsequent latent infection 
ensues.

Bacterial adaptation
MTB can evade or usurp almost every line of host defense to 
survive [116–118]. Macrophages, dendritic cells, monocytes, 
and neutrophils initially engulf mycobacteria [119]. Internalized 
MTB establishes intracellular niches, predominantly in “non-
maturing” phagosomes. This active blockade of phagosome-to-
phagolysosome maturation in macrophages ensures continued 
bacterial replication and avoidance of lysosomal destruction 
[120]. Subsequent phagosome escape into the cytosol is modu-
lated by several of the five type VII secretion systems harbored 
by MTB [121]. These secretion systems enable delivery of key 
virulence factors to infected host cells following phagocytosis, 
aid survival in the extracellular milieu, and contribute to granu-
loma formation [122–124]. Intrabacterial pH homeostasis 
mechanisms help MTB to withstand acidified phagosome con-
ditions in activated phagocytes [125].

The bacteria harbor counteractive enzymes including super-
oxide dismutase and catalase-peroxidase to resist the oxidative 
respiratory burst within phagocytes [126,127]. MTB modulates 
apoptosis and impairs adaptive CD4+ and CD8+ T-cell activity 
by inhibiting host prostaglandin E2 to delay cellular demise, and 
adaptive immune responses [128,129]. The tandem strategy of 
causing both microdisruptions in macrophage plasma mem-
branes and subsequent impaired membrane repair contributes 
to macrophage necrosis and bacterial dissemination [130]. The 
dormancy regulon of MTB enables use of alternative energy 
sources and adaptation to adverse intracellular exposures in 
latent infection states, including elevated carbon monoxide, 
hypoxia and nitric oxide levels. Its resuscitation-promoting 
factor aids bacterial activation from dormant/latent states, while 
toxin-antitoxin genes help to regulate subsequent bacterial rep-
lication activities [131,132].

Host immune responses
MTB is recognized by several innate defense receptors in phago-
cytes including surface C-type lectin receptors, complement 
receptors, toll-like receptors (TLRs) and cytosolic Nod-like 
receptors (NLRs). Bacteria utilize macrophage mannose recep-
tor (MMR) and dendritic cell specific intracellular adhesion 
molecule 3-grabbing nonintegrin (DC-SIGN) for their uptake 
in macrophages and dendritic cells respectively [133,134]. NLRs 
including Nod2 and Nalp3 detect microbial motifs, including 
bacterial peptidoglycans, and secreted effectors such as the viru-
lence factor ESAT-6, leading to Nalp3 inflammasome activation 
[135,136]. Autophagy serves to contain and destroy replicating 
bacteria and modulates host cytokine responses to MTB [137–

for bacterial growth, viability and pathogenicity, but also modu-
late host responses.

Epidemiology
Humans are the only known reservoir of MTB, which spreads 
from human to human by aerosolization. TB is second only to 
human immunodeficiency virus (HIV) as the leading infectious 
cause of death worldwide and remains a major health challenge 
globally [103]. Latent TB affects an estimated 2 billion people 
worldwide, who have a lifetime risk of re-activation. In 2011, 
there were approximately 8.7 million new TB cases and of the 
1.4 million patients who died from TB, 30% were coinfected 
with HIV. The mortality from, and incidence of, new cases of 
TB has fallen globally in recent years. Poor housing and sanita-
tion standards continue to contribute to the spread of tubercu-
losis (TB) in developing countries. Comorbid conditions that 
increase susceptibility to TB infection include HIV infection, 
diabetes mellitus, malignancies, and renal impairment, in addi-
tion to potent immunosuppressive systemic medications such 
as steroids and anti-TNFα therapies [104,105]. Although poor 
clinical nutritional status and hypoalbuminemia also increase 
TB susceptibility, it remains unclear whether micronutrient 
deficiency states contribute to or are an effect of TB infection 
[106,107].

Extrapulmonary TB has increased as a proportion of new TB 
cases in recent years. The most commonly affected sites include 
lymphatic, pleural, skeletal and genitourinary systems. Intestinal 
involvement usually occurs as part of multi-site infection, and 
over 50% of patients have coexisting pulmonary TB. Isolated 
primary gastrointestinal TB is uncommon. The low prevalence 
of intraabdominal TB and the general decline in intestinal TB 
in developed countries is linked in part to better living condi-
tions, widespread milk pasteurization and access to antituber-
culous therapies [108–110].

Bacterial genotype, host ethnicity, female gender, younger 
age, comorbid diseases and immunodeficiency states predispose 
to extrapulmonary TB, which affects 10% to 40% of all patients 
[111–113]. Risk factors in developed countries include migrant 
ethnicity and comorbid medical conditions causing immuno-
suppression [114,115]. Conversely, in developing countries, 
HIV coinfection, malnutrition, limited access to anti-TB therapy 
and inadequate sanitation have led to an increased relative inci-
dence of gastrointestinal TB. Intestinal bovine TB (M. bovis) 
remains a problem in developing nations where milk is not 
pasteurized [109]. Symptoms of intestinal TB are protean, clini-
cal findings may be nonspecific or mimic other conditions, and 
diagnosis requires a high index of clinical suspicion.

Pathogenesis
Complex host-microbial interactions underpin the pathogene-
sis of TB infection. Many remain to be fully elucidated, but 
several factors influence the fate of inhaled organisms and 
determine clinical outcomes. Following inoculation, bacteria 
are phagocytosed by cells, most commonly macrophages, 
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The most common finding on abdominal examination is a 
palpable mass in the right lower quadrant [151]. Other physical 
examination findings include evidence of complications such as 
perforation, obstruction, fistulae, distension, ascites (if perito-
neal disease is present), and features of malnutrition or malab-
sorption, including cachexia.

Small intestinal TB may manifest as ulcerative, inflammatory/
hypertrophic or stricturing disease phenotypes, with ileocecal 
disease being more common (up to 90% of all cases) than mid-
small bowel or duodenal manifestations [152]. This disease dis-
tribution possibly reflects the relative lymphoid density and 
mechanical stasis at each of these sites. Patients with comorbid 
immunodeficiency states or HIV may have more severe disease 
phenotypes [151,153–156].

Diagnostic evaluation
Tuberculin skin tests and IFN-γ release assays have no role in 
diagnosis of active disease, and are reserved for detecting latent 
TB infection [157,158]. If ascites is present, a high concentration 
of adenosine deaminase may aid in the diagnosis, although 
more-so in endemic areas [159,160].

Given the prevalence of ileocecal disease, ileocolonoscopy 
with biopsies is the diagnostic procedure of choice [151]. Visual 
inspection of the involved bowel most commonly reveals mul-
tiple areas of nodular mucosa with areas of ulceration and pseu-
dopolyp formation [161,162]. The ulcers in TB are typically 
irregular and circumferential or transverse in orientation, in 
contrast to the longitudinal linear ulcerations of Crohn’s disease 
[163]. Upper gastrointestinal endoscopy with jejunal or duode-
nal biopsy is indicated when disease at these sites is suspected. 
In addition, TB is often diagnosed following paracentesis, lapar-
oscopy, or laparotomy [108,109].

Patients with suspected small intestinal TB should also 
undergo diagnostic radiological imaging. Barium contrast 
studies may demonstrate ulcerations, spasticity, strictures, fistu-
lae, and thickening, deformity, or incompetence of the ileocecal 
valve; evidence of mass lesions similar to those of Crohn’s 
disease may be seen (Figure 63.5) [164]. Early ileocecal disease 
presents as spasm and hypermobility on barium imaging. 
Thereafter, progressive ileocecal valve thickening and gaping, 
with a narrowed terminal ileum, has been described (Fleischner 
sign) [165]. In advanced ileocecal TB, contrast flows promptly 
through a narrowed ileum through the gaping valve to a short-
ened, rigid caecum (Stierlin’s sign). Duodenal disease is infre-
quent but when present usually involves the 3rd or 4th part of 
the duodenum and is characterized by mural thickening, 
luminal narrowing and regional adenopathy [166].

Computed tomography (CT) imaging and ultrasonography 
both show mural thickening of the bowel at sites that correlate 
with the pathological findings at endoscopy. In contrast to 
Crohn’s disease, strictures in TB are more often concentric than 
eccentric; mesenteric fibro-fatty proliferation is rare and 
mesenteric vascular engorgement (the “comb sign”) is unusual 
[162]. Asymmetric wall thickening of the ileocecal region is a 

139]. Autophagy induction following cytoplasmic release of 
MTB is likely a multifactorial response to ubiquitinisation  
of bacteria, TLR and NLR activation and cytokine release 
including IFN-γ and IL-1β among others. The activation of 
these innate defense mechanisms in concert leads to local and 
systemic proinflammatory responses, including the further 
recruitment of neutrophils, macrophages and dendritic cells. 
While recruiting this next wave of phagocytic cells serves to 
contain the spread of virulent organisms and the effects of 
necrosing bacteria-laden macrophages, it also inadvertently 
provides MTB with a fresh intracellular niche in which to 
replicate.

The host adaptive immune response to MTB involves T-cell 
engagement by antigen-presenting cells, which results in central 
and effector memory T-cell generation, and B cell activation 
with antibody formation. The resulting IFN-γ release modulates 
phagosome dynamics to better contain and lyse replicating bac-
teria [140]. However, these early intracellular niches of replicat-
ing mycobacteria are relatively impervious to the actions or 
activities of CD4+ effector T-cells. Delayed dendritic cell traf-
ficking of mycobacteria to regional lymph nodes is another rate 
limiting step in mounting adaptive immune responses to TB 
[141]. These actions limit tissue damage and contain the spread 
of infection, but are insufficient to completely exterminate the 
infection, leading to latent infection states. TNFα, IFN-γ, IL-6, 
Il-12, IL-4, and IL-17 are key cytokine mediators of antimyco-
bacterial immunity [104,142]. Patients with impaired cellular 
immunity and marked T-cell cytopenia, as occurs in HIV infec-
tion, are unable to contain de-novo or latent infections, leading 
to active disease. Vitamin D receptor function plays a key role 
in augmenting host defenses against mycobacteria, including 
enhanced autophagy, proinflammatory cytokine responses and 
nitric oxide production in macrophages [143]. Vitamin D sup-
plementation is now under scrutiny as a novel adjunctive 
anti-TB therapy.

The reasons for persistent, latent TB infection are not clear, 
but factors include down-regulation of bacterial gene expres-
sion, resistance to IFN-γ effects and impaired MHC-II presenta-
tion [144–147]. Although bacterial populations do not expand 
significantly during latent infection, surviving bacteria exist in 
dynamic equilibrium with host defenses [148].

Clinicopathological manifestations
Gastrointestinal disease arises following ingestion of infected 
sputum or contaminated foods; hematogenous spread; direct 
spread from adjacent organs and from disseminated military 
TB. The symptoms of gastrointestinal TB are nonspecific, and 
in the absence of pulmonary TB the diagnosis may be difficult. 
Distinguishing intestinal TB from inflammatory bowel disease 
is often challenging. The most common symptoms of gastroin-
testinal TB are abdominal pain, fever, anorexia, diarrhea, weight 
loss, constipation, bloating, sweating, and hematochezia 
[108,149]. Symptoms of isolated duodenal disease (<2% 
patients) may resemble those of peptic ulcer disease [150].
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focal areas of involvement are typical. Fistulae and anorectal 
lesions may form. In chronic infection, the bowel wall may 
become markedly fibrotic and stenotic, with the formation of 
mass lesions (tuberculomas). Strictures are typically short but 
may be greater than 10 cm long and involve multiple areas of 
the intestinal wall [171]. The number of organisms may be 
markedly diminished in the fibrotic stages, or organisms may 
be absent in patients who have received treatment. Histological 
studies of biopsy material showing caseating granulomas, or 
Ziehl-, Neelsen-, or Kinyoun-stained specimens showing acid-
fast, beaded, slightly bent rods, may provide immediate answers, 
but often are nondiagnostic. Typical caseating granulomas are 
found less frequently in biopsy material from lymph nodes than 
from the intestine and may be found in only half of specimens 
[172].

Biomarkers
The reference standards for diagnosis and confirmation of MTB 
infection include liquid-based cultures of biological specimens. 
Although reliable, MTB can take several weeks to grow in 
culture, and the methodology was initially optimized for pul-
monary rather than extrapulmonary TB sample culturing [173]. 
Novel host and pathogen biomarkers of extrapulmonary TB are 
eagerly awaited. Advances in molecular diagnostic technology, 
although expensive, have led to the development of alternatives 
to culture-based diagnostic markers of TB infection. The Xpert 
MTB/RIF assay is an automated PCR- based assay that detects 
mycobacterial DNA and rifampicin resistance within 2 hours 
[174]. It is less sensitive than liquid culture detection, but supe-
rior to microscopic smear detection [175]. While limited data 
on extrapulmonary TB is available, the reported sensitivity 
ranges from 25% to 96% and specificity from 89% to 100% 
[176]. Multiple commercial serology assays are available but 
their clinical performance in the detection of extrapulmonary 
TB shows wide variabilityin both sensitivity and specificity 
[177,178]. Other putative complementary biomarkers of TB 
infection include IL-18, microRNA profiles, functional profiling 
of T-cell MTB-specific responses and detection of altered bacte-
rial gene expression profiles [173,179].

Differential diagnosis
Tuberculosis should always be considered in the differential 
diagnosis of patients with obscure abdominal symptoms or 
physical findings, especially in “at-risk” patient groups living in 
TB endemic areas and those who are immunocompromised. 
Crohn’s disease may have a similar presentation but granulomas, 
when present, are poorly organized, less than 400 μm in 
maximum dimension, and generally noncaseating rectosigmoid 
disease is more common. As discussed previously small bowel 
imaging features may distinguish TB from Crohn’s disease. 
Severe active Crohn’s disease is usually not found in patients with 
advanced HIV infection. The differential diagnosis of TB enteri-
tis is broad and includes malignancies, autoimmune diseases, 
inflammatory and infectious causes (Box 63.2 and Table 63.2).

feature of more established TB [168]. Ileal skip lesions on CT 
imaging favor a diagnosis of TB [169]. Mesenteric lymphadeni-
tis, omental thickening, and ascites are frequently associated 
with tuberculous enterocolitis. Peritonitis is found in up to  
20% of patients. Lesions may also be found in liver, spleen,  
or pancreas. Fine-needle aspiration, either CT-guided or 
ultrasonographically-guided, has been used successfully for 
diagnosis. Positron emission tomography (PET)-CT may have 
a role as an adjunctive imaging modality for diagnosis and 
therapeutic monitoring of TB therapy [170].

Pathology
Gastrointestinal TB is characterized by ulcers with confluent, 
caseating transmural granulomas and subsequent extensive 
fibrosis [151,162,171]. The ulcerations presumably develop as a 
result of infection of gastrointestinal macrophages, followed by 
caseation necrosis and intense inflammatory changes. Multiple 

Figure 63.5 Ileocecal tuberculosis. Barium study in a patient with 
hypertrophic tuberculosis showing a dilated distal ileum leading into a 
contracted cecum and strictured ascending colon. Source: From 
Misiewicz et al. 1994 [167]. Reproduced by permission from Elsevier.
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Box 63.2 Differential diagnosis of intestinal tuberculosis.

Crohn’s disease
Appendicitis
Malignancies – including lymphoma, carcinoma, etc
Nonsteroidal antiinflammatory medications
Sarcoidosis
Amyloidosis
Eosinophilic enteritis
Vasculitides
Ischemia
Salmonellosis
Typhlitis
Actinomycosis
Anisakiasis
Cytomegalovirus
Histoplasmosis
Yersiniosis
Mycobacterium avium complex enteritis
Whipple’s disease

Table 63.2 Distinguishing features of chronic intestinal infections.

Primary risk 
group(s)

Primary 
gastrointestinal site

Distinguishing 
clinical features

Diagnosis

Mycobacterium 
tuberculosis infection

AIDS 
immunosuppression

Ileum
Cecum

Abdominal mass Caseating granulomas
AFB in mucosa

MAC infection AIDS Ileum
Cecum

Prominent fevers AFB in blood

Aspergillosis Neutropenic 
patients

Multiple sites Widely disseminated 
symptoms

Y-shaped branching, septate 
hyphae in mucosa

Histoplasmosis AIDS Ileum
Cecum

Pulmonary 
symptoms

Intracellular oval yeast

Mucormycosis Malnourished 
patients

Multiple sites Bleeding from 
multiple sites

Large, nonseptate, thick-
walled hyphae in mucosa

Yersinia enterocolitis Children Terminal ileum Shorter disease 
course

Gram-negative coccobacilli in 
stool

Cryptosporidiosis AIDS Small intestine Diarrhea, often 
voluminous

Oocytes within epithelial cells 
or in stool

CMV infection AIDS
Transplant patients

Colon Bloody diarrhea Inclusion bodies in 
submucosal or mucosal crypts

AFB, acid-fast bacili; CMV, cytomegalovirus; MAC, Mycobacterium avium complex.

Treatment and prognosis
The prognosis of patients with gastrointestinal TB depends pri-
marily on their immune status and the institution of the appro-
priate therapy in a timely manner. In untreated HIV-infected 
patients, the disease progresses rapidly and is invariably fatal, 
especially in the setting of very low CD4+ cell counts [180,181]. 
However, the results of therapy are usually satisfactory, even in 
immunocompromised hosts, when therapy is started sufficiently 
early in the course of disease. If any clinical indication of active 

TB is noted, such as a compatible clinical picture in a high-risk 
patient with a positive acid-fast stain or histological evidence of 
caseating granulomas, therapy should be started immediately 
pending the results of culture and susceptibility testing.

The current first-line treatment consists of a 4-drug regimen 
delivered in 2 phases. In the first phase, isoniazid, rifampicin, 
pyrazinamide and ethambutol are taken for 2 months. The 
second phase involves continuing isoniazid and rifampicin dual 
therapy for a further 4 months. This regimen has a 90% to 95% 
treatment success. Patients at higher risk of relapse may be 
treated for up to 9 months [111]. Ethambutol may be discontin-
ued if susceptibility testing reveals that the organism is sensitive 
to all drugs and pyrazinamide has been continued for 2 months. 
Pyridoxine supplementation is recommended to prevent 
isoniazid-induced neuropathy.

Resistance, especially multi-drug resistance (MDR) is an 
emerging clinical challenge globally, with over 500  000 cases 
annually [182]. Resistance requires patient-specific tailoring of 
therapy, in keeping with local and regional resistance profiles. 
Recent WHO treatment guidelines recommend that the initial 
treatment phase should encompass four second-line anti-TB 
medications, including one parenteral agent (from among kan-
amycin, amikacin, or capreomycin), a fluoroquinolone (levo-
floxacin, moxifloxacin, or gatifloxacin), ethionamide, as well as 
pyrazinamide. An intensive phase of over 8 months therapy and 
total therapy duration of over 20 months is recommended in 
patients without any previous MDR-TB treatment [183]. 
Adverse effects of these second-line agents include ototoxicity, 
neurotoxicity, and nephrotoxicity.



1260   PART 4 Gastrointestinal diseases

Clinical manifestations
Histoplasmosis is a common opportunistic infection in immu-
nocompromised patients resident in endemic areas. Of patients 
with HIV coinfection, up to 95% develop disseminated disease 
[189]. The small intestine is reportedly involved in 20% of cases 
of disseminated histoplasmosis, but just 3% to 12% of affected 
patients have intestinal symptoms [193,194]. In one series, over 
40% of patients presented with gastrointestinal rather than pul-
monary symptoms [195]. Even when gastrointestinal symptoms 
are present, they are often overshadowed by systemic or pulmo-
nary complaints [194]. The symptoms most commonly 
described in small intestinal histoplasmosis include weight loss, 
diarrhea, fever, abdominal pain, nausea, vomiting, and malaise 
[196,197]. Protein-losing enteropathy, malabsorption and stea-
torrhea have also been documented. The stools are typically 
unformed or semi-formed, while hematochezia suggests colonic 
involvement. Weight loss can be substantial.

Diagnostic tests
Growth of H. capsulatum from culture of body fluids can take 
up to 6 weeks in vitro. Species are confirmed using DNA probes 
specific for H. capsulatum [188]. Testing for H. capsulatum 
polysaccharide antigenuria by ELISA is a more rapid screening 
method with over 95% sensitivity in patients with HIV [197]. 
Serology based tests include complement fixation and immun-
odiffusion assays. However, their utility is limited in acute disease 
of very recent onset and in immunosuppressed patients that 
cannot mount antibody responses [188]. Skin-prick testing is no 
longer used as it is not sufficiently reliable in clinical practice.

Pathology
Visual inspection of the involved bowel may reveal entirely 
normal tissue or a variety of lesions. The most common lesions 
are single or multiple ulcers and tissue necrosis [193,198]. Less 
common associated findings include flat elevations, pseudopol-
yps with central ulcerations, localized bowel wall thickening 
and fistulae [199,200]. Microscopic examination of pathological 
specimens, after staining with methenamine silver, hematoxylin 
and eosin (H & E), PAS, or Wright–Giemsa stain, reveals  
tiny (2 μm to 4 μm in diameter) oval yeast forms inside macro-
phages. Early lesions are identifiable in the lamina propria and 
submucosa, progressing to either ulceration or polypoid lesions 
which subsequently ulcerate, often deeply enough to result in 
perforation [193]. Pathological specimens may also show gran-
ulomatous inflammation if the patient is not severely immuno-
compromised [195]. Small bowel perforation is the most 
frequent complication and often a cause of death [199]. 
Obstruction by ileocecal masses or enlarged retroperitoneal 
lymph nodes can also occur, as well as intussusception in asso-
ciation with pseudopolypoid or polypoid lesions.

Diagnostic evaluation
Gastrointestinal tract involvement should be considered in 
patients with positive blood cultures for H. capsulatum, or con-

Surgical intervention is usually not necessary and is reserved 
for complications such as obstruction, perforation, fistula, or a 
mass that does not resolve with medical therapy [108,109,184]. 
In most cases, a trial of medical therapy should be undertaken 
before surgical intervention. Complications can be fatal, even 
with surgical intervention, and may occur after the initiation of 
anti-TB medications.

Mycotic infections

Mycotic infections usually arise from disseminated pulmonary 
infections and occur usually, but not exclusively, in immuno-
compromised patients. Species of aspergillus, candida, histo-
plasma, cryptococcus, and mucormycosis have all been cultured 
from the small intestine. Although cryptococcus has been cul-
tured from the small intestine of patients with HIV infection, it 
has only rarely been associated with clinical disease and will not 
be discussed further here [185,186]. The differential diagnosis 
for all mycotic infections of the small intestine is similar and 
includes other mycotic infections, Crohn’s disease, TB enteritis, 
disseminated mycobacterium avium complex (MAC), bacterial 
typhlitis, intestinal ischemia and carcinoma [163].

Histoplasmosis
Etiology and pathology
Histoplasma capsulatum is a dimorphic fungal pathogen which 
changes morphology depending on environmental conditions. 
In the soil it is filamentous, but adopts a spheroid or yeast for-
mation at body temperature. Histoplasma produces both mac-
roconidia and microconidia on its hyphae in clinical isolates. 
Geographically distinct species exist, as evidenced by genetic 
analysis of strain differences [187]. Two main strains are poten-
tially pathogenic in humans – H. capsulatum var. capsulatum 
and H. capsulatum var. duboisii [188]. Gastrointestinal disease 
likely arises either following hematogenous dissemination or 
reactivation of latent infection [189].

Epidemiology
H. capsulatum is the leading cause of endemic mycosis world-
wide and was first described over 100 years ago [190]. It is 
endemic to the American subcontinent and Africa to a lesser 
extent. Histoplasmosis is a common infection in the Midwestern 
United States, where up to 80% of inhabitants were seropositive 
in one study [191]. Infection, while common, is rarely sympto-
matic in most healthy individuals. Primary infection is usually 
pulmonary. Organisms are not always fully cleared and reactiva-
tion has been described [192]. Gastrointestinal disease occurs 
usually, but not always, as a result of widespread dissemination 
in an immunocompromised host. Patient subgroups with 
increased susceptibility to histoplasmosis include infants and 
children, the elderly, patients on immunosuppressive therapy 
(including steroids) and persons with immunosuppressive dis-
eases (especially HIV).
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Aspergillosis
Etiology and pathology
Aspergillosis results from infection with Aspergillus species – 
saprophytic yeasts which are the most prevalent airborne fungal 
pathogens in developed countries [206]. Spores propagate into 
septate, dichotomously branching mycelia that invade local 
tissues [207]. Aspergillus fumigatus, A. flavus, A. niger, A terreus 
and A. nidulans are the most common Aspergillus species iso-
lated from infected patients. Spores are readily inhaled, but 
rarely pathogenic in immune-competent hosts, owing to robust 
innate immunity. Aspergillus has significant sporulating capac-
ity in the air and, as the conidia released from spores are only 
2 μm to 3 μm in diameter, they are easily inhaled to the alveoli.

Epidemiology
Aspergillosis has been documented predominantly in severely 
immunocompromised patients, although critically ill but other-
wise immunocompetent hosts are also susceptible. Factors con-
tributing to an increase in the prevalence of aspergillosis include 
congenital and acquired immunodeficiency states, including 
HIV infection and immunosuppressive therapies, malignancies, 
and neonatal prematurity. Prolonged, severe neutropenia and 
macrophage dysfunction are major risk factors for invasive 
disease [208]. The small intestine is involved in about 5% of 
patients with disseminated aspergillosis.

Clinical manifestations
Data regarding the clinical manifestations of aspergillosis of the 
gastrointestinal tract is sparse, because much of the information 
has been derived from autopsy series. There are no pathogno-
mic symptoms, signs or radiological features that distinguish 
intestinal aspergillosis from other mycoses. In a series of 21 

firmed H. capsulatum antigenemia, or antigenuria [196]. For a 
definitive diagnosis of gastrointestinal involvement it is neces-
sary to perform upper gastrointestinal endoscopy with duode-
nal, or jejunal biopsies and ileocolonoscopy with terminal ileum 
biopsies (Figure 63.6). In rare cases, surgery may be indicated. 
The choice of biopsy site should be guided by the symptoms and 
the knowledge that the ileocecal region is most commonly 
involved; biopsy specimens should be cultured for diagnosis 
and/or have PCR analysis performed.

Treatment and prognosis
Immunosuppressed patients often have more severe disease that 
progresses relatively rapidly, and death is inevitable without 
treatment. One large case series of gastrointestinal histoplasmo-
sis, in the setting of HIV coinfection, reported a 22% mortality 
within 2 weeks of diagnosis, despite treatment [193]. Because 
gastrointestinal histoplasmosis usually implies widely dissemi-
nated disease, patients with gastrointestinal disease should be 
with treated with daily intravenous amphotericin B until clinical 
improvement occurs (usually after 1–2 weeks). Thereafter, itra-
conazole can be substituted for the remaining course of therapy. 
Liposomal amphotericin B is preferred over amphotericin B 
deoxycholate as first line therapy due to a more favorable toxic-
ity profile, although it is more expensive [202]. Therapy should 
be continued with itraconazole for 6 months to 18 months. 
Fluconazole is less effective than itraconazole [203,204]. Patients 
with HIV require maintenance therapy for life with daily itra-
conazole [202]. Amphotericin is occasionally needed for the 
duration of therapy when patients cannot tolerate oral medica-
tions. Until further data emerge, voriconazole, posaconazole 
and fluconazole remain as second-line agents, reserved for 
patients intolerant of first-line therapy [205].

Figure 63.6 Duodenal histoplasmosis. Endoscopic image of diffuse duodenal erosions due to histoplasmosis in a patient with underlying HIV infection. 
Source: Spinner et al. 2012 [200] Reproduced with permission [201].

(a) (b)
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dence of candidemia is increasing in several countries, despite 
increased use of prophylactic antifungal therapies in high-risk 
patient groups [219,220]. The organisms are commonly associ-
ated with esophageal disease in immunocompromised patients 
but rarely cause disease of the small intestine. Risk factors 
include therapy with immunosuppressive agents, HIV infection, 
malignancies, older age, and a number of genetic conditions 
resulting in defects in host cytokine, barrier and immune func-
tion, including chronic mucocutaneous candidiasis, autoim-
mune polyendocrinopathy with candidiasis, and ectodermal 
dysplasia (APECED) syndrome [221–223].

Pathology
C. albicans is the most pathogenic Candida species in humans 
and the species most often associated with disease of the small 
intestine [224]. Other pathogenic species include C. glabrata, C. 
parapsilosis, and C. krusei. A gradual increase in pathogenic, 
nonalbicans species which are more likely to have fluconazole 
resistance has been noted in critically ill patients [225]. The 
most common lesions associated with Candida are single or 
multiple ulcerations [210]. Superficial erosions, bloody masses 
and pseudomembranes also occur, but with less frequency. 
White plaques and thickened mucosal folds may also be seen 
on endoscopy.

Clinical manifestations
Candidiasis of the small bowel is rarely diagnosed antemortem. 
Therefore, the specific symptoms attributable to fungal invasion 
are often unclear. The most common symptom associated with 
intestinal candidiasis is diarrhea [210]. Other reported symp-
toms include nausea, vomiting, flatulence, abdominal pain, 
abdominal distention, melena, and hematochezia. Complications 
include perforation and penetration of intestinal ulcers.

Diagnostic evaluation
Because Candida normally colonizes the gastrointestinal tract, 
and organism density is higher in persons at risk for disease, a 
diagnosis of small intestinal candidiasis is not easily made. The 
mere presence of the organism on stain or culture of specimens 
from the small intestine does not establish the diagnosis. A 
biopsy specimen of the small intestine with histological evi-
dence of invasion is necessary. Aspergillus may also be found on 
histological sections and may be part of the disease process 
[210].

Treatment and prognosis
Therapies and international therapeutic guidelines for treating 
Candida infection continue to evolve. Recommended treatment 
strategies differ slightly depending on patient age, HIV coinfec-
tion, neutropenia, and comorbid hematological malignancies 
[226–231]. Current recommendations include first line treat-
ment with an echinocandin (e.g. caspofungin: 70 mg loading 
dose day 1, then 50 mg/day thereafter) for uncomplicated fun-
gemia, continuing for 14 days after the end of candidaemia 
[226]. In patients with temporary neutropenia caused by  

hematology patients with intestinal aspergillosis, the prevailing 
symptoms included fever, diarrhea, abdominal pain, intestinal 
hemorrhage, and obstruction [209]. Eight patients had isolated 
intestinal aspergillosis and fewer than 50% had small intestinal 
infection. Clinical disease is produced by vascular invasion and 
necrosis. Lesions seen in pathological specimens or during 
endoscopy include linear ulcers, hemorrhagic infarcts, and 
necrotic mucous plaques [210].

Diagnostic evaluation
The diagnosis is especially difficult because Aspergillus is not 
easily cultured in the laboratory, and even when it is cultured, 
the culture may signify only contamination or colonization 
[207,210]. Blood cultures are of limited clinical utility whereas 
microscopy and culture of affected body fluids, or tissue are 
more sensitive.

Treatment and prognosis
The prognosis of invasive, disseminated aspergillosis is uni-
formly poor and therapy should be commenced at the earliest 
opportunity, while awaiting diagnostic evaluation [211]. 
Voriconazole is the recommended first-line therapy for invasive 
aspergillosis, following a randomized trial which compared it 
with amphotericin B deoxycholate. Amphotericin B lipid for-
mulations may be considered as alternative first line agents in 
certain patents [211,212]. Adjunctive therapy with caspofungin, 
itraconazole, micafungin, or posaconazole may be considered 
in patients needing salvage therapy, especially those treated with 
amphotericin B primary therapy, although supportive trial data 
is lacking to date [211]. Reduction or reversal of immunosup-
pression, where possible, is recommended and occasionally 
surgical resection may need to be considered. Therapy should 
be continued until a clinical response occurs and, if the patient 
is temporarily neutropenic, until neutropenia has resolved 
[207]. The survival from intestinal aspergillosis in the largest 
series to date was 53% at 12 weeks [209].

Candidiasis
Etiology
Candida is a yeast-like fungus that reproduces by budding small 
(4 μm to 6 μm), thin-walled, ovoid cells. Yeast forms, pseudohy-
phae, and hyphae can all be found in tissue specimens. In 
healthy individuals, Candida albicans behaves like a commensal 
member of the host microbiota. Host immune and intestinal 
barrier dysfunction is associated with disseminated candidiasis 
[213]. Candida forms biofilms to evade host defenses [214]. 
Candida penetrate the intestinal barrier using an array of strate-
gies, including mucin decomposition, E-cadherin cleavage to 
disrupt cell-to-cell integrity and thigmotropism, the sensing of 
disrupted epithelial integrity leading to invasion [215–217].

Epidemiology
Candida species are the fourth most common organisms 
isolated from blood cultures of hospitalized patients and are 
normal colonizers of the gastrointestinal tract [218]. The inci-
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Diagnosis
Mucormycosis has large, nonseptate, thick-walled hyphae with 
right-angled branching in tissue sections [236]. In culture, it 
grows as fluffy molds. Definitive diagnosis requires biopsy for 
culture and histological examination for evidence of tissue inva-
sion. Endoscopy may reveal ulcerative lesions [239]. Culture is 
frequently unsuccessful, and even when it is successful, it may 
signify only colonization because the agents of mucormycosis 
are saprophytic and ubiquitous in nature.

Treatment and prognosis
A narrow therapeutic window exists in which to successfully 
treat mucormycosis. Intravenous liposomal amphotericin B is 
the preferred treatment agent, but surgical resection may also 
be necessary. Amphotericin B deoxycholate may also be used, 
but it has a higher toxicity profile. Following clinical response, 
patients may reduce therapy to alternate day infusions. The 
optimal duration of therapy is not clear, and consensus guide-
lines are awaited. Many patients are subsequently prescribed a 
prophylactic azole, such as posaconazole, fluconazole or itraco-
nazole, but an ideal agent is lacking. Breakthrough infection on 
these agents is not uncommon.

Furthermore, fluconazole has no activity against Mucorales; 
itraconazole is only active against certain species while posaco-
nazole has only limited in vivo evidence of efficacy [238]. In one 
series, 85% of patients with gastrointestinal mucormycosis died 
during the course of mycosis, and the majority of deaths were 
due to bowel perforation [234]. Data from a European registry 
of zygomycosis reported an all-cause mortality of 47% in 
patients with mucormycosis, although just 6% of immunocom-
petent patients died [238].
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chemotherapy, treatment should not be stopped until the neu-
trophil count rises above 500/mm3. Alternative therapies include 
lipid formulations of amphotericin B, voriconazole and fluco-
nazole for stable patients who are not suspected of having azole 
resistance. Resection of the diseased bowel or chronic “mainte-
nance” therapy may be required, especially in patients who are 
permanently immunosuppressed.

Mucormycosis
Etiology
Mucorales fungi are vasotropic organisms. Those of the genera 
Rhizopus, Lichtheimia and Mucor account for the majority of 
clinical infections in humans. They are ubiquitous in the envi-
ronment world-wide and are often found in decaying organic 
matter. Like gastrointestinal aspergillosis and candidiasis, small 
intestinal mucormycosis is most commonly found in persons 
with impaired immunity. The incidence of mucormycosis is 
estimated to range from 0.4 to 1.2/million/year [232,233].

Epidemiology
Infection results from either inhalation of spores that produce 
infectious particles, termed sporangiospores, or following direct 
entry via mucosal disruption, or wound entry. Risk factors for 
developing mucormycosis include malignancies, prolonged 
neutropenia, poorly controlled diabetes, iron overload, pro-
longed corticosteroid use, prematurity, major trauma, and intra-
venous substance abuse [234]. Nosocomial mucormycosis is 
well established and is multifactorial in origin [235].

Pathogenesis
Organisms have a predilection for vascular invasion, causing 
hallmark infarction and necrosis [236]. Infections are rapidly 
progressive and potentially fatal in the absence of aggressive 
treatment. Sources of infection include consumption of con-
taminated foods including breads, milks, and cereals as well as 
herbal remedies [237].

Isolated gastrointestinal lesions are uncommon and usually 
occur as a part of disseminated disease. Ileal mucormycosis is 
less common than gastric or colonic disease. Patients may 
present with a mass, or have symptoms from intestinal ulcera-
tion, infarction or perforation. In neonates, small bowel infarc-
tion resembling necrotizing enterocolitis has also been reported. 
Mucormycosis can lead to superinfection of preexisting lesions 
of the gastrointestinal tract, including peptic ulcers, penetrating 
wounds, and TB.

Clinical manifestations
Fever, abdominal pain and distention are the most common 
symptoms. Nausea, vomiting, hematemesis, hematochezia, 
diarrhea, and melena are seen less commonly [237,238]. Because 
multiple sites of the gastrointestinal tract are often involved, it 
is difficult to determine which symptoms are attributable to 
small intestinal involvement. Physical findings may include 
abdominal mass lesions or signs of bowel necrosis or perfora-
tion. Intestinal perforation is the most common complication.
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Introduction

Celiac disease is a chronic, small intestinal, immune-mediated 
enteropathy that is perpetuated by exposure to dietary gluten in 
genetically predisposed individuals [1]. This definition encom-
passes many key features of the disorder. First, it is a chronic 
disease and, while individuals are not born with celiac disease, 
once triggered, it tends to be a life-long disorder. Second, it is 
an autoimmune disorder where adaptive immune activation 
leads in turn to activation of innate immune responses, with 
tissue inflammation and destruction. Third, celiac disease is 
triggered by antigenic peptides from wheat and evolutionarily 
related grains collectively termed “gluten.” Removal of these 
antigens from the diet leads to disease remission in the vast 
majority of individuals. Finally, the production of autoantibod-
ies, classically to intestinal transglutaminase, which is tissue 
transglutaminase type 2, but also to other local antigens and 
related transglutaminases, is a unique feature of celiac disease, 
and has led to its designation as an autoimmune disorder [2].

Epidemiology

Celiac disease is a global disorder, reported in almost every 
population in which testing has occurred. Epidemiological 

studies in Europe and in the United States indicate that celiac 
disease has a prevalence of approximately 1% [3,4]. However, 
there is regional variation within Europe with a reported preva-
lence of 0.3% in Germany versus 2.4% in Finland [5,6]. Similar 
ranges of disease prevalence (∼1%) have been reported in South 
America, Northern Africa, the Middle East, India, Australia, 
and New Zealand [7,8]. The disease appears to be rare in south-
ern Africa and in east Asia [9]. However, the actual population 
prevalence of celiac disease in sub-Saharan Africa and in the 
Asia-Pacific region is not well established as there is a marked 
absence of reliable data. In Northern India, where wheat has 
long been the staple cereal, the prevalence of celiac disease 
appears to be ∼1% [10–12].

Overall, there have been dramatic increases in the estimated 
prevalence of celiac disease in Europe, America, and elsewhere. 
A study in 1994 in the United States indicated a prevalence of 
diagnosed celiac disease of only 1 in 4587 compared to the 
current estimates that approach 1 in 100 [5,13–15]. In Finland, 
the estimated prevalence of celiac disease has also risen, from 
1% in 1980 to 2% in 2000 [16]. While some of these increases 
can be attributed to increased awareness and improved diagnos-
tic and epidemiological tools there may also be an actual 
increase in disease prevalence as is the case for many immune-
mediated and autoimmune conditions. One study found that 
only 0.2% of sera collected in 1948 to 1954 tested positive for 
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capacity but once deamidated gluten is able to bind tightly to 
the antigen-binding groove of HLA DQ2 or HLA DQ8 on 
antigen-presenting cells [27]. Only HLA DQ2, HLA DQ8, and 
in rare instances individuals carrying the alpha 501 portion of 
the HLA DQ2 molecule are able to bind deamidated gliadin 
peptides with sufficiently high affinity to trigger an immune 
response, and thus only individuals carrying genes for these 
molecules are able to develop celiac disease [28,29]. While other 
genetic factors have been implicated in celiac disease, currently 
the genes encoding HLA DQ2 and HLA DQ8 molecules are the 
most closely linked to predisposition to celiac disease [30].

When deamidated gliadin binds to HLA molecules in indi-
viduals with celiac disease, it does not induce tolerance like 
most ingested foreign antigens. Instead, T helper cells are acti-
vated, which subsequently causes both local cell-mediated cyto-
toxicity and a humoral immune response [31]. The major 
antibodies produced by this interaction are autoantibodies to 
tTG and antibodies to deamidated gliadin peptides (DGP). 
Antibodies to tTG were the reactive component of the older 
endomysial antibody immunofluorescence test [32]. Further, 
while tTG autoantibodies were previously thought to be diag-
nostic but not pathogenic, it is increasingly clear that variants 
of tTG autoantibodies can bind to transglutaminase isotypes 
outside of the intestine and may play a central role in dermatitis 
herpetiformis, and fertility and neurological complications of 
celiac disease [33–35].

In the intestine, the initial lesion appears to be the deposition 
of IgA class antibodies against tTG, which can be visualized by 
immunofluorescence [36]. With increasing inflammation, there 
is infiltration of increased numbers of intraepithelial lym-
phocytes, followed by disruption of normal villous architecture 
with crypt hyperplasia and villous shortening [37] (Figure 64.1). 
While these features are characteristically seen in celiac disease, 
they are not specific [38]. The finding of increased intraepithe-
lial lymphocytes alone is especially nonspecific and should not, 
in and of itself, be taken as being diagnostic for celiac disease 

celiac-specific serology compared to ∼0.9% of sera from similar 
groups collected recently, representing a fourfold increase in 
celiac disease prevalence [17]. Thus, both the breadth of geo-
graphic distribution and the prevalence of celiac disease within 
individual populations appear to have risen dramatically in 
recent decades.

Pathology and pathogenesis: 
environmental, genetic, immune

Celiac disease is a relatively well understood chronic inflamma-
tory disorder and many details are known about genetic risk, 
environmental triggers, and disease pathogenesis [18–20]. 
Elegant studies have been performed to define several critical 
steps in the progression of the disease from gluten uptake in the 
mucosa, to its processing by tissue transglutaminase to form 
deamidated gliadin peptides and their presentation on HLA 
DQ2 or DQ8 to activate gliadin specific T-cell responses. 
Nonetheless, much also remains to be elucidated and effective 
approaches for disease prevention and cure are lacking.

The cascade leading to enteropathy begins with the ingestion 
of gluten by an individual with celiac disease susceptibility. 
Gluten is not a single protein, but a group of hundreds of closely 
related proteins, rich in proline and in glutamine, which are 
major storage proteins of wheat, rye, barley, and closely related 
grains [21,22]. Gluten proteins are resistant to degradation in 
the gastrointestinal tract and can be found in the small intestinal 
lumen as large polypeptides [23,24]. These gluten polypeptides 
are able to cross the intestinal mucosa into the submucosa 
through uncertain means, but likely involving both paracellular 
and transcellular pathways [25,26].

Once in the submucosa of the small intestine, gluten-derived 
peptides are selectively deamidated by local extracellular tissue 
transglutaminase 2 (tTG) [27]. It is important to note that 
gluten in its native conformation has little T-cell activating 

Figure 64.1 Endoscopic and histological changes characteristic of celiac disease. (a) Endoscopic image of the duodenum in celiac disease. There is 
nodularity of the mucosa with fissures (mosaic appearance) and scalloping of the duodenal folds. The folds are also somewhat atrophic. (b) Duodenal 
biopsy in untreated celiac disease. There is severe villus atrophy with crypt hyperplasia, enterocyte disarray and a marked infiltration of lymphocytes 
into the lamina propria and into the epithelial cell layer.

(a) (b)
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Gastrointestinal symptoms are the single most prominent 
mode of clinical presentation and include diarrhea, or less com-
monly constipation (more so in children), abdominal pain or 
discomfort, excess gas production with abdominal bloating or 
distension, delayed gastric emptying, heartburn and, in severe 
disease, steatorrhea, weight loss, failure to thrive, and growth 
retardation [48,50]. Most children with celiac disease have  
some component of gastrointestinal symptoms, while in adults 
less than half are diagnosed due to gastrointestinal symptoms 
[50,51].

The consequences of nutritional deficiencies are responsible 
for clinical presentations in many patients [50,52]. Of these the 
most notable and most common deficiency state, by far, at 
disease presentation is iron deficiency with anemia [14]. Vitamin 
D, vitamin B-12, folic acid, and zinc deficiencies are also 
common. Other B vitamin deficiencies, hypocalcemia, as well 
as other electrolyte abnormalities can also occur, especially in 
those with severe diarrhea and malabsorption [53]. When stea-
torrhea is present, deficiencies of vitamins A, E, or K may also 
be manifest [52].

Celiac crisis
Celiac crisis has been defined as acute onset or rapid progres-
sion of gastrointestinal symptoms attributed to celiac disease 
requiring hospitalization and/or parenteral nutrition along with 
signs or symptoms of dehydration or malnutrition [46]. Celiac 
crisis occurs in both children and adults, with most cases occur-
ring in patients not previously diagnosed as having celiac 
disease. Systemic corticosteroid therapy is often required. 
However, once the crisis has been managed and the diagnosis 
of celiac disease has been made the prognosis is excellent and 
patients respond well to the gluten-free diet [46].

Diagnostic studies

Because of the heterogeneity of celiac disease presentation, it is 
essential that clinicians maintain a low threshold for celiac 
testing. Fortunately, modern serological testing is affordable and 
highly accurate [54]. For all individuals in whom celiac disease 
is being considered, serological testing should be the initial step 
in evaluation (Figure 64.2) [14]. IgA-endomysial antibody 
(EMA), IgA-tissue tTG, and IgA or IgG DGP testing all have 
sensitivities and specificities above 90% with most assays and in 
most populations [54]. tTG-IgA testing is now the default test 
for celiac disease; however, EMA and DGP are both valid alter-
natives and may be used depending on local cost and expertise 
[55,56].

Using standard cut-off values, the specificity of all three tests 
is such that the negative predictive value of a normal test is 98% 
or greater. Any positive test should be followed up with a duo-
denal biopsy. Given the high sensitivity of each test there is little 
value in routinely testing “panels” and doing so significantly 
increases the costs of testing. Antigliadin antibody (AGA) 

[39]. Other conditions that may lead to an increase in intraepi-
thelial lymphocytes in the duodenum include nonsteroidal anti-
inflammatory drug use, Helicobacter pylori infection, small 
intestinal bacterial overgrowth, acid-peptic injury, and follow-
ing viral enteritis, as well as nonceliac autoimmune disorders. 
While severe enteropathy can be grossly apparent during endos-
copy (Figure 64.1), this finding is not seen in many individuals 
with villous atrophy [40] and for this reason endoscopists 
should take duodenal biopsies whenever celiac disease is being 
considered.

The average age of diagnosis of celiac disease in many regions 
is in the fifth decade of life [41,42]. Which specific factors pre-
cipitate celiac disease is unclear; however, infections (including 
viral gastroenteritis), pregnancy, surgery, and stress have all 
been implicated [43–46].

Clinical features

Diversity in clinical presentation is a hallmark of celiac disease, 
which has frequently been a cause for delayed and missed diag-
noses [47,48]. Features of celiac disease may be divided into two 
groups, classical versus nonclassical signs and symptoms (Box 
64.1). This is preferred to the use of typical versus atypical, as 
what is “typical” varies over time and between populations [49].

Box 64.1 Signs and symptoms of celiac disease.

Classical signs and symptoms
Abdominal bloating (distension)
Abdominal discomfort
Anemia
Dermatitis herpetiformis
Diarrhea
Failure to thrive in children
Malabsorption
Muscle wasting
Steatorrhea
Weight loss

Nonclassical signs and symptoms
Ataxia
Demyelinating central nervous system lesions
Easy bruising and bleeding
Edema secondary to hypoalbuminemia
Fatigue
Impaired fertility
Headache
Hepatitis (lymphocytic, autoimmune, primary biliary cirrhosis, or 
overlap)
Hyposplenism
Mood disorders
Negative outcomes of pregnancy
Osteopenia and osteoporosis
Peripheral neuropathy
Secondary hyperparathyroidism
Seizures
Tetany
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Figure 64.2 Celiac disease (CD) diagnostic testing algorithm. DGP, deamidated gliadin peptide; HLA, human leukocyte antigen; Ig, immunoglobulin; 
TTGA, tissue transglutaminase antibody. Source: Rubio-Tapia et al. 2013 [14]. Reproduced with permission of Macmillan Publishers.
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testing was the first widely used celiac serological test. However, 
AGA has significantly lower sensitivity than tTG, EMA, or DGP 
assays. More important, it is substantially less specific and yields 
false-positive test results in up to 20% of those tested. Hence, 
AGA is no longer recommended for celiac disease testing 
[14,57]. A possible exception may be for children under the age 
of 2 years, where AGA may still have some value as tTG serology 
is less sensitive in the very young [58].

While modern celiac serological testing is accurate and 
readily interpretable, there are a number of important factors to 
consider. Most importantly, a positive serological test is not 
definitive proof of celiac disease. Although the negative predic-
tive value of a normal test is very high in most populations, the 
positive predictive value is lower. A false-positive diagnosis for 
a disorder that requires life-long, sometimes burdensome, treat-
ment is not acceptable. For this reason, findings characteristic 
of celiac disease on duodenal biopsy remain the gold standard 
for celiac disease diagnosis [14,50].

Positive serological tests with a normal duodenal biopsy 
occur for two general reasons. First, a number of disorders, 
including recent enteric infection, congestive heart failure, 
chronic liver disease, hypergammaglobulinemia, or a grossly 
hemolyzed blood sample, can each be associated with mild 
elevations in celiac serologies, likely due to cross reacting  
antibodies rather than production of true tTG or DGP antibod-
ies [54]. Second and more commonly, individuals may  
have potential celiac disease. Potential celiac disease, formerly 
known as latent celiac disease, is a condition where individuals 
produce antibodies to tTG and/or DGP but have no evidence 

of intestinal damage [49]. The natural history of latent celiac 
disease is unclear, while a gluten-free diet does not seem war-
ranted in these patients [59]. Approximately half will go on to 
develop enteropathy, and thus celiac disease, over 5 years of 
follow-up [36].

Serological tests may be falsely negative for a variety of 
reasons. All tests are less sensitive in younger children, aged less 
than 2 years, when the immune system is still developing. 
Serological tests are also dependent on normal production of 
antibodies. IgA deficiency is uncommon in the general popula-
tion but is enriched in patients with celiac disease. The avoid-
ance of dietary gluten will lead to negative celiac serologies after 
a period of some weeks or months in those with celiac disease. 
Moreover, even without dietary gluten exclusion, approximately 
3%–5% of patients with celiac disease will not produce antibod-
ies to tTG and/or DGP. In cases where villous atrophy has been 
established, a negative tTG should prompt testing for total IgA 
levels and DGP antibodies. If IgA deficiency is found, testing 
using an IgG-based serology, preferable IgG-DGP, is indicated. 
If both tTG and DGP are negative in a patient with villous 
atrophy, evaluation for a nonceliac enteropathy should be con-
sidered (see Sections Diagnostic studies and Other diagnostic 
tests) (Figures 64.2 and 64.3) [14,60].

Other diagnostic tests
As discussed in Section Pathology and pathogenesis: environ-
mental, genetic, immune, celiac disease is restricted to those 
who carry HLA DQ2 or DQ8 [61]. However, the presence of 
DQ2 or DQ8 carries minimal diagnostic value as approximately 
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Figure 64.3 Evaluation of patients with mild enteropathy on small intestinal biopsy. tTG, tissue transglutaminase 2; DGP, deamidated gliadin peptide; 
EMA, endomysial antibody; GFD, gluten-free diet; NSAID, nonsteroidal antiinflammatory drug. Source: Leffler et al. 2013 [60]. Reproduced with 
permission of Elsevier.
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one-third of the general population are positive for one or both 
of these HLA types. The absence of DQ2 and DQ8 may be valu-
able in excluding a predisposition to celiac disease in certain 
clinical situations such as: (1) seronegative villous atrophy and 
(2) those already on a gluten-free diet without prior diagnostic 
testing for celiac disease (Figures 64.3 and 64.4) [14,60].

Many nutritional deficiency states may occur in celiac 
disease, as discussed in Section Clinical features. However, 
none is sufficiently sensitive or specific to be diagnostically 
useful. In the past, xylose tolerance testing and fecal fat meas-
urement were used as part of the evaluation of possible celiac 
disease. However, these have been abandoned in favor of the 
far more sensitive and specific serology and histology evalua-
tions. Abdominal imaging by barium radiology, computed 
tomography (CT) scan, or magnetic resonance (MR) may 
reveal abnormalities in untreated celiac disease that include 
mucosal fold thickening, abnormal intestinal motility, or 
mesenteric lymphadenopathy. However, these add little to 
serology and histology in establishing the diagnosis and so are 
not routinely used except in nonresponsive or refractory 
disease (as discussed in Sections Nonresponsive celiac disease 
and Refractory celiac disease). Capsule enteroscopy is also 
unnecessary for diagnosis in most cases but has been advo-
cated in patients with positive celiac serology but normal duo-
denal biopsy histology with the goal of identifying villous 
atrophy beyond the reach of the upper endoscope [62]. Rarely, 
enteroscopy is performed with the same goal [63].

Gluten challenge
Uniquely among inflammatory diseases, in celiac disease a 
gluten-free diet can induce prompt resolution of all aspects of 
celiac-related immune activation, inflammation, and injury, 
including normalization of serological titers and healing of the 
intestinal mucosa. Indeed, there is no available test that can 
differentiate healthy individuals from individuals with celiac 
disease on a strict gluten-free diet. Currently, the most common 
reason for a false-negative celiac serological test at diagnosis is 
that the patient has already begun to adopt a gluten-free diet 
(Figure 64.4) [14]. This has become an increasingly common 
event with the growing popularity of the gluten-free diet and 
the greater availability of gluten-free foods. Nevertheless, it is 
recommended to make a positive diagnosis of celiac disease 
whenever possible for several reasons [14]. There is a potential 
for long-term health consequences of celiac disease and for 
associated autoimmune disorders. Family members are at 
increased risk. A positive diagnosis of celiac disease indicates 
the need for a life-long and strict gluten-free diet. If celiac 
disease is excluded then small amounts of gluten are sometimes 
tolerated without difficulty by those with gluten intolerance. 
Furthermore, the condition may wane, allowing for a later relax-
ation or even abandonment of the gluten-free diet.

In patients who present for initial celiac testing but who  
are already on a gluten-free diet, the following approach is rec-
ommended (Figure 64.4) [14,64]. On the initial visit test for 
IgA-tTG. If this is positive, endoscopy can be done immediately 
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recommended and increasing over the course of 1 week to two 
slices of bread per day (or an equivalent gluten load) for 8 weeks. 
If at any time symptoms become intolerable, celiac serology and 
endoscopy can be done with the understanding that the longer 
the challenge the higher the sensitivity of the test. Even a 2-week 
challenge with serology and histology yields diagnostic infor-
mation in most patients. If the gluten challenge is ended early 
due to intolerance, celiac serologies should be repeated 2 to 4 
weeks later as titers continue to rise after the challenge ends. If 
celiac serology and duodenal biopsy performed after 8 weeks of 
gluten challenge are normal, then celiac disease can be confi-
dently excluded (Figure 64.4).

Treatment

Currently, a strict, life-long gluten-free diet remains the corner-
stone of therapy for celiac disease. In 2004, the National 
Institutes of Health held a landmark consensus conference on 
celiac disease and recognized a consultation with a skilled reg-
istered dietitian (RD) as one of the six key elements in its man-
agement [57] (Box 64.2). The additional five guidelines, also 
point to the benefit of early referral to and ongoing counseling 
by a skilled dietitian as key components in helping patients to 
successfully manage their celiac disease and overcome the chal-
lenges of adhering to a gluten-free diet.

The gluten-free diet is recognized as one of the most difficult 
medically prescribed diets to follow in the Western world, given 
the profound reliance on wheat and wheat-based products. The 
healthcare team can help by directing the patient to reputable 
medical, nutritional, and psychological resources (Box 64.3) 
and strongly encourage participation in a reputable celiac 
support/advocacy group [57].

Diet education
Over the course of several visits, an RD skilled in celiac disease 
should review the patient’s clinical presentation, laboratory 
results, medications, and supplements, and provide detailed 
instruction on the gluten-free diet, including label reading, 
hidden gluten sources, shopping, and prevention of cross-
contamination in the kitchen and when dining out. The RD  
may recommend additional dietary changes to help relieve 
symptoms, such as constipation, lactose intolerance, fructose 

if possible. If not, the patient should be encouraged to keep a 
regular diet until the endoscopy. If the IgA-tTG is negative, 
celiac HLA testing can be done. If this is negative for HLA DQ2 
or DQ8 it virtually rules out celiac disease and gluten challenge 
followed by endoscopy becomes unnecessary. If the patient is 
positive for HLA DQ2 or DQ8 then a 2 to 8-week gluten chal-
lenge should be considered [64]. Acute, high-dose gluten expo-
sure can cause severe symptoms; starting with a small dose, 
approximately one-quarter of a slice of bread, as tolerated. is 

Figure 64.4 An approach to gluten challenge for the diagnosis or 
exclusion of celiac disease in patients maintained on a gluten-free diet 
without prior definitive diagnostic testing. (1) Tissue transglutaminase, 
endomysium, and/or deamidated gliadin peptide antibody serology. (2) 
Normal or nondiagnostic histology in a patient with positive serology 
while maintaining a gluten-free diet requires gluten challenge and repeat 
biopsy for definitive diagnosis or exclusion of celiac disease. (3) Those 
with positive celiac serology but a normal biopsy have potential celiac 
disease and should be evaluated and monitored further depending upon 
their clinical circumstances. (4) In one study of subjects receiving a gluten 
challenge for 14 days, Marsh III histology was seen in 68%, positive celiac 
serology in 75%, and either Marsh III histology or positive serology in 
90% [64]. Thus, a 2-week gluten challenge may yield false-negative results 
in 10% of patients. The added diagnostic sensitivity of extending the 
challenge to 8 weeks is unknown. (5) Celiac serology antibody 
concentrations may continue to rise after a gluten challenge ends. In one 
study, positive tissue transglutaminase serology was seen in 25% of 
subjects and positive deamidated gliadin peptide serology in 30% at the 
end of a 14-day gluten challenge; 50% had at least one positive serology 
on day 14 [64]. Positivity rates rose to 55% and 45%, respectively, 14 days 
later, despite the fact that subjects had resumed a gluten-free diet; 75% 
had at least one positive serology on day 28, 14 days after the gluten 
challenge ended. HLA, human leukocyte antigen. Source: Adapted from 
Leffler et al. 2013 [64], reproduced with permission of BMJ Publishing 
Group, and from Rubio-Tapia et al. 2013 [14], reproduced with 
permission of Macmillan Publishers.
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Box 64.2 Essential steps in the management of celiac disease. Source: 
NIH Consensus Development Conference on Celiac Disease [57].

Consultation with a skilled dietitian
Education about the disease
Life-long adherence to a gluten-free diet
Identification and treatment of nutritional deficiencies
Access to an advocacy group
Continuous long-term follow-up by a multidisciplinary team



1270   PART 4 Gastrointestinal diseases

Nutritional deficiencies of the gluten-free diet
Compared to a regular wheat-containing diet, the traditional 
gluten-free diet may result in deficiencies in multiple nutrients 
[70], including iron, folate, niacin, zinc [71], vitamins B-12 and 
B-6 [72], calcium [73], and phosphorus. It also tends to be 
higher in fat and lower in carbohydrates and fiber. Nearly 15% 
of the US adult’s daily intake of fiber comes from gluten-
containing yeast bread. Unfortunately, the vast majority of 
gluten-free commercial grain-based products (often made from 
refined gluten-free grains and or starch sources, such as rice, 
corn, tapioca, and potato) contain significantly less fiber than 
their gluten-containing counterparts [73]. In addition, fewer 
gluten-free foods are enriched, which is a major source of the B 
vitamins and iron for the general American population [74]. In 
response to this health concern, the Academy of Nutrition and 
Dietetics recommends patient education on consumption of 
whole or enriched gluten-free grains and grain products such 
as those mentioned above.

Cost of and access to gluten-free food
In recent years, the variety and availability of gluten-free food 
has expanded rapidly as one of the fastest growing retail food 
segments with an unprecedented number of products being 
marketed through every possible shopping venue. However, 
packaged gluten-free products are still not readily available in 
all areas or in all grocery stores, forcing patients to shop in the 
more expensive venues, such as specialty health food stores or 
on the internet [75]. Commercial gluten-free diet products are 
240% more costly than their gluten-containing counterparts 
[75], a burden which factors into compliance rates. While dif-
ferent parts of the USA vary in their particular gluten-free offer-
ings, prices do not vary greatly between geographical areas [75].

Hidden gluten/cross contamination
Strict adherence to the gluten-free diet involves a detailed 
understanding of both food ingredient labels as well as manu-
facturing procedures to avoid hidden gluten as well as cross-
contamination. As a result, inadvertent gluten exposure is the 
most common cause of nonresponsive celiac disease, discussed 
below [76]. Cross-contamination can occur at any point in 
which gluten-free and gluten-containing grain or food is grown, 
harvested, transported, processed, or prepared in the same area, 
including manufacturing plants, restaurants, and home kitch-
ens. Dining out can present a particularly anxiety-provoking 
experience for some patients as they must not only advocate for 
themselves but also understand commercial food preparation in 
order to ask the right questions and protect themselves.

Monitoring of patients with celiac disease

A common misconception is that because celiac disease can be 
treated by diet, patients do not need routine follow-up [77].  
In fact, celiac disease is a significant disorder with limited  

malabsorption, and/or other food intolerances [65]. Appropriate 
gluten-free vitamin and mineral supplementation is also recom-
mended. Most importantly, an emphasis is placed on maximiz-
ing nutrition through balanced gluten-free meal planning.

Periodic follow-up visits with the dietitian are recommended 
to monitor the patient’s nutritional status, including weight 
changes, new or continuing symptoms, supplements and medi-
cations, and new dietary considerations. Most importantly, the 
RD will assess the patient’s understanding of and willingness to 
comply with the new diet and lifestyle [65].

Foods to avoid
In its simplest terms, the gluten-free diet entails the avoidance 
of the alcohol-soluble protein fractions of gliadin in wheat 
(including spelt, kamut, triticale, etc.), secalin in rye, hordein in 
barley, and protein-containing derivatives of these grains, such 
as wheat bran, wheat germ, and barley malt. Oats must also be 
avoided unless they are labeled gluten free. “Wheat free” does 
not necessarily mean “gluten free” as wheat-free products may 
contain one of the other toxic grains listed above.

These toxic grains are found everywhere in the food industry–
quite visibly in bread, crackers, breakfast cereal, pasta, and 
baking mixes, and less visibly as ingredients in candy, soy sauce, 
soup, seasoned rice mixes, salad dressing, gravy, communion 
wafers and matzoh, and medications and nutritional supple-
ments, to name only a few. Labels must be read very carefully 
each time a product is purchased as manufacturers may change 
ingredients at any time without warning.

Across the world, oats have played a controversial role in the 
gluten-free diet, in large part due to the contamination of oats 
with toxic gluten-containing grains during harvesting, milling, 
processing, and transportation. However, multiple international 
studies have confirmed the safety of varying degrees of gluten-
free oats in the diet for the majority of adults and children with 
celiac disease [66–69]. Hence, many countries include gluten-
free oats as part of the dietary plan.

Box 64.3 Resources for patients and their families.

American Celiac Disease Alliance: www.americanceliac.org
Academy of Nutrition and Dietetics (formerly American Dietetic 
Association): www.eatright.org

Evidence Analysis Library on Celiac Disease (for dietitians)
Nutrition Care Manual (for dietitians)

Beth Israel Deaconess Medical Center Celiac Center:  
www.celiacnow.org
Celiac Disease Foundation: www.celiac.org
Celiac Sprue Association of the United States of America (CSA/USA, 
Inc): www.csaceliacs.org
Gluten Intolerance Group: www.gluten.net
National Foundation for Celiac Awareness: www.celiaccentral.org
North American Society for the Study of Celiac Disease:  
www.nasscd.org
Raising Our Celiac Kids (ROCK): www.celiackids.com
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goal of routine monitoring is to identify and treat coexisting 
disorders and nonresponsive celiac disease (Figure 64.5) [14].

Nonresponsive celiac disease

Nonresponsive celiac disease (NRCD) may be defined as con-
tinuing symptoms or clinical manifestations suggestive of active 
celiac disease despite adherence to a gluten-free diet [76,92,93]. 
NRCD may be primary if there is initial failure to respond to a 
gluten-free diet or secondary if signs, symptoms, or laboratory 
abnormalities consistent with celiac disease reemerge after 
initial normalization while maintaining a gluten-free diet [76]. 
Although most patients with celiac disease show an excellent 
and prompt response to treatment a significant minority (7%–
30%) develop NRCD [76,92,93]. The signs, symptoms, and 
laboratory abnormalities of NRCD are similar to those of 
untreated celiac disease albeit some patients show a partial 
response to the gluten-free diet and so present with less severe 
manifestations.

There are a wide range of possible etiologies for NRCD and 
its evaluation should follow a methodical approach that focuses 
first on the more common and easily identified causes (Figure 
64.6). An important first step is to carefully review the objective 

treatment adherence [78,79] and adverse effects on quality of 
life [78,80,81], nutritional [70], and metabolic indices [82–84] 
and is associated with increased risk of malignancy and mortal-
ity [85–87]. For this reason, all major societies recommend 
routine follow-up of patients with celiac disease [14,88–91]. An 
approach to the monitoring of patients with celiac disease is 
shown in Figure 64.5. All patients should be referred to a dieti-
cian skilled in celiac disease management at diagnosis and 
yearly or more often as needed for education and assessment of 
gluten-free diet adherence. Additionally, patients should be 
evaluated by a physician 3–6 months after diagnosis, 1 year after 
diagnosis, and annually thereafter. At each physician visit, 
gluten-free diet adherence should be assessed, new or persistent 
symptoms elicited, and testing done for celiac serologies, nutri-
tional status, and related disorders. Specific blood tests should 
be individualized but commonly include complete blood count, 
iron status, thyroid studies, liver enzymes, 25-hydroxy vitamin 
D, and zinc. Bone mineral density evaluation by dexa scan 
(DXA) should also be done 1 year after celiac diagnosis to assess 
for osteopenia, which is a common complication of celiac 
disease. Repeat intestinal biopsy is commonly done 1–2 years 
after diagnosis to assess intestinal healing. However, in some 
centers, repeat biopsy on treatment is performed only if nonre-
sponsive celiac disease or other problems are suspected. The 

Figure 64.5 An approach to monitoring of patients with celiac disease. (1) Tissue transglutaminase and deamidated gliadin peptide can be used for 
monitoring celiac disease. (2) Other tests may include complete blood count, alanine aminotransferase, vitamins (A, D, E, B-12), copper, zinc, carotene, 
folic acid, ferritin, and iron. (3) Blood tests at follow-up should be individualized to verify correction of laboratory tests that were abnormal at baseline. 
(4) The role of biopsy for monitoring celiac disease is discussed in detail in the text. DXA, dual-energy x-ray absorptiometry; GFD, gluten-free diet. 
Source: Adapted from Rubio-Tapia 2013 [122], reproduced with permission of OmniaScience, and from Rubio-Tapia et al. 2013 [14], reproduced with 
permission of Macmillan Publishers.
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Figure 64.6 An approach to the investigation of nonresponsive celiac disease (NRCD) and refractory celiac disease (RCD). (1) NRCD may be defined 
as persistent symptoms, signs, or laboratory abnormalities typical of celiac disease despite 6–12 months of dietary gluten avoidance. (2) Causes of 
nonceliac, small intestinal villous atrophy that may be misdiagnosed as celiac disease include autoimmune enteropathy, tropical sprue, small intestinal 
bacterial overgrowth, hypogammaglobulinemia and combined variable immunodeficiency, collagenous sprue, eosinophilic enteritis, Crohn’s disease, and 
peptic duodenitis. (3) Conditions that present clinically in a similar fashion to celiac disease but where villous atrophy is not evident include irritable 
bowel syndrome, food intolerances, small intestinal bacterial overgrowth, eosinophilic enteritis, Crohn’s disease, and microscopic colitis. (4) Positive 
celiac serologies despite 12 months of treatment with a gluten-free diet suggest that there may be ongoing gluten ingestion. (5) RCD may be defined as 
persistent or recurrent malabsorptive symptoms and signs with small intestinal villous atrophy despite a strict gluten-free diet for more than 12 months 
and in the absence of other disorders, including overt lymphoma. (6) Abnormal intestinal lymphocytes may be identified by immunohistochemistry of 
intraepithelial lymphocytes or by flow cytometry showing an increased number of CD3-positive cells lacking CD8, or by the identification of clonal 
T-cell receptor gene rearrangement by molecular analysis. DGP, deamidated gliadin peptide; EMA, endomysium antibodies; HLA, human leukocyte 
antigen; IELs, intraepithelial lymphocytes; tTGA, tissue transglutaminase antibody. Source: Rubio-Tapia et al. 2013 [14]. Reproduced with permission of 
Macmillan Publishers.
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was associated with a markedly increased likelihood of RCD 
(odds ratio 31.1; 95% CI 5.9–163.1) [76]. Other reasons for 
persisting villous atrophy in NRCD include small intestinal bac-
terial overgrowth, giardiasis, and, of course, continued gluten 
exposure.

Refractory celiac disease

Refractory celiac disease (RCD) may be defined as persistent or 
recurrent symptoms and signs of malabsorption with small 
intestinal villous atrophy despite a strict gluten-free diet for 12 
months or more and in the absence of other disorders causing 
villous atrophy, including small intestinal lymphoma [14,49,94–
97]. The evaluation of dietary adherence is described above in 
Section Nonresponsive celiac disease. Before making a diagno-
sis of RCD it is essential to reconfirm the initial diagnosis of 
celiac disease (Figure 64.6). This is especially important in 
patients who were negative on testing for specific celiac serolo-
gies (such as tTG-IgA and EMA-IgA) at the time of initial pres-
entation and before treatment with a gluten-free diet in whom 
HLA DQ2 and DQ8 typing is indicated. Conditions that may 
mimic celiac enteropathy on biopsy histopathology and so lead 
to an erroneous diagnosis of RCD include Crohn’s disease, 
peptic duodenitis, small intestinal bacterial overgrowth, hypog-
ammaglobulinemia, and combined variable immunodeficiency, 
autoimmune enteropathy, tropical sprue, collagenous sprue, and 
eosinophilic enteritis [38] (Figure 64.6).

RCD is rare and affects only 1%–2% of patients with known 
celiac disease [38]. Thus most patients with NRCD do not have 
RCD but instead have other causes for their persisting symp-
toms. RCD may be divided into two types. In type I RCD lym-
phocyte infiltration of the small intestinal mucosa is similar to 
that seen in untreated celiac disease. In type II RCD abnormal 
T lymphocytes with clonal expansion are present in the small 
intestinal mucosa [98]. Serious complications such as ulcerative 
jejunoileitis or enteropathy-associated T-cell lymphoma are fre-
quent in type II RCD and the overall prognosis is poor. Type I 
RCD is more common in the USA whereas type II RCD is more 
commonly reported in Europe [95,98]. It is unclear whether this 
apparent difference is real or reflects referral bias.

The abnormal T lymphocytes in type II RCD may be identi-
fied by T-cell receptor analysis of small intestinal mucosa 
showing oligoclonal T-cell expansion. Abnormal intraepithelial 
lymphocytes are present that lack normal surface differentiation 
markers such as CD8 or IL-2 receptor. These may be recognized 
using immunohistochemistry by counting CD3-positive (T-cell 
marker) and CD8-positive T cells. If fewer than 50% of CD3-
positive intraepithelial lymphocytes express CD8 then type II 
RCD is confirmed. Intestinal mucosal T cells with an abnormal 
phenotype can also be identified by fluorescence activated cell 
sorting.

The management of type I RCD begins with a careful search 
for hidden gluten exposures. Nutritional deficiencies and weight 

findings that initially led to a diagnosis of celiac disease, typi-
cally specific celiac serologies and characteristic small intestinal 
histopathology. Clearly, if the original diagnosis of celiac disease 
was incorrect then a complete and sustained response to the 
gluten-free diet cannot be anticipated. If specific celiac serolo-
gies were negative at first presentation or if small bowel histopa-
thology was not typical for celiac disease then further 
investigation is warranted to arrive at a secure diagnosis. This 
may include testing for HLADQ2 and DQ8 alleles, testing for 
hypogammaglobulinemia as well as expert review of the biopsy 
histology to consider other causes of celiac-like enteropathy 
(Figure 64.6).

When a diagnosis of celiac disease is confirmed the common 
causes for NRCD should be considered. These include contin-
ued gluten ingestion, disaccharide intolerance, small intestinal 
bacterial overgrowth, microscopic colitis, irritable bowel syn-
drome, pancreatic insufficiency, and refractory celiac disease. 
Ongoing gluten ingestion, usually inadvertent, is the most 
common cause of NRCD in most studies [76,92,93]. This 
problem can be identified from the patient’s history, by tTG-IgA 
serology and by consultation with an expert celiac dietician. 
Serum tTG-IgA concentrations are expected to fall gradually in 
patients who successfully avoid dietary gluten ingestion. A sus-
tained elevation of tTG-IgA (or other specific celiac serologies) 
suggests continued active celiac disease and gluten exposure. In 
one study of patients with NRCD, those with an above normal 
tTG-IgA serology result were more likely to be later identified 
as having ongoing gluten ingestion when compared to those 
with a normal tTG-IgA serology result (odds ratio 11.3; 95% 
confidence interval [CI] 3.7–34.4) [76].

Other diet-related causes for NRCD should also be sought 
with input from an experienced dietician. Disaccharide intoler-
ances, especially lactose and fructose, are a common cause of 
primary NRCD but are uncommon in secondary NRCD [76]. 
Food allergies should also be considered, especially if the patient 
has a history of other allergies or has typical oral syndrome 
symptoms. A food diary may be valuable in identifying possible 
sources of hidden gluten, disaccharide intolerances, and poten-
tial food allergens.

If the steps described above do not yield a diagnosis or 
improvement, a repeat small bowel biopsy should be obtained 
and compared to the diagnostic biopsies taken before treatment 
with the gluten-free diet. If diarrhea is present colonic biopsies 
should be obtained also to evaluate for microscopic colitis. If 
the repeat biopsies show marked improvement on the gluten-
free diet then diagnostic possibilities to consider to account for 
symptoms of NRCD include disaccharide or FODMAP intoler-
ance, small intestinal bacterial overgrowth, Crohn’s disease, 
microscopic colitis, pancreatic insufficiency, or irritable bowel 
syndrome. Conversely, if small intestinal histopathology reveals 
persisting villous atrophy with little or no improvement then 
refractory celiac disease (RCD) becomes a diagnostic considera-
tion (discussed in Section Refractory celiac disease). In one 
study of 113 patients with NRCD a history of recent weight loss 
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found that the prevalence of celiac disease was 2.6-fold higher 
in patients with NHL compared to control subjects [107]. This 
study suggested that the risk of NHL may be lower in silent 
celiac disease when compared to overt, clinically evident celiac 
disease.

Enteropathy-associated T-cell lymphoma
The most common malignancy to complicate celiac disease is 
small intestinal lymphoma, accounting for almost half of celiac-
associated malignancies. While most small intestinal lympho-
mas in the general population are of B-cell origin, intestinal 
lymphoma complicating celiac disease is typically of T-cell 
origin; hence the term enteropathy-associated T-cell lymphoma 
(EATL or EATCL) is often used. In fact the majority of intestinal 
T-cell lymphomas are associated with celiac disease (odds ratio 
of 28 compared to a control population) [104,105].

The links between RCD, ulcerative jejunoileitis, and EATL 
complicating celiac disease have become clearer in recent years. 
The intraepithelial lymphocyte is believed to be the progenitor 
cell for EATL [108]. In overt EATL the lymphoma mass contains 
a clonally expanded T cell as evidenced by monoclonal T-cell 
receptor rearrangement. However, an identical T-cell clone can 
be identified in the surrounding mucosa, referred to as cryptic 
lymphoma [109]. Similar findings of monoclonal or oligoclonal 
mucosal T-cell expansion have also been identified in ulcerative 
jejunoileitis and if EATL develops as a complication the same 
cell clone is present [110]. In type II RCD abnormal, poorly 
differentiated, intraepithelial lymphocytes are evident and these 
are believed to be the origin of the expanded T-cell clones seen 
in ulcerative jejunoileitis and EATL [98]. Thus type II RCD, 
ulcerative jejunoileitis, and EATL may be considered to be on a 
continuum characterized by increasingly abnormal and aggres-
sive aberrant intraepithelial lymphocytes.

The clinical onset of EATL may be insidious, and its initial 
presentation and small bowel biopsy appearance can mimic 
those of untreated celiac disease. EATL is often diffuse and 
multifocal and initially may be widely infiltrating but without 
any evident mass lesion, making diagnosis more difficult 
[104,105]. EATL is often complicated by mucosal ulceration, 
hemorrhage, perforation, or stricture formation with intestinal 
obstruction. Patients may present de novo with EATL without 
a prior history of celiac disease or EATL can complicate known, 
longstanding, partially or well-treated celiac disease. As dis-
cussed in Section Nonresponsive celiac disease, patients with 
NRCD associated with weight loss are more likely to suffer from 
RCD possibly complicated by EATL. Other clinical features of 
EATL may include fever, hypoalbuminemia, lymphadenopathy, 
and erythrophagocytosis.

EATL is diagnosed on the basis of mucosal biopsies obtained 
at endoscopy, enteroscopy, laparoscopy, or laparotomy. Intestinal 
radiology (conventional barium study, CT, or MR) or capsule 
endoscopy may be helpful in suggesting or helping to exclude 
the diagnosis. Mesenteric lymphadenopathy with central  
cavitation may be evident in EATL but can also develop in 

loss are common and protein–calorie and nutritional support 
are key to maintaining and improving the patient’s health. 
Symptomatic treatment to reduce diarrhea is also helpful. There 
are no controlled trials to guide medical therapy for type I RCD 
but antiinflammatory agents such as small intestinal release 
mesalamine and enteric-coated small intestinal release budeso-
nide can be employed [99–101]. Systemic steroid therapy may 
be used but is associated with a greater risk for medication-
related side-effects. Azathioprine, 6-mercaptopurine, meth-
otrexate, cyclosporin, or antibodies against tumor necrosis 
factor may be used in patients who do not respond to steroid 
therapy or are dependent on high doses of steroid to maintain 
control of their disease.

The approach to the management of type II RCD is similar 
to that for type I RCD and employs the same agents described 
above for type I RCD as well as cladribine (which has mainly 
been used in type II RCD). Response to therapy is often less 
favorable and also less sustained in type II RCD as compared to 
type I RCD. Careful attention to nutritional support is essential 
and severe type II RCD may lead to a need for parenteral nutri-
tional support. Fluid and electrolyte imbalances may also occur 
due to severe small intestinal dysfunction.

Type II RCD carries a high mortality rate with deaths result-
ing from malignancy, especially enteropathy-associated T-cell 
lymphoma (see Section Enteropathy-associated T-cell lym-
phoma), malnutrition, infection, and ulcerative jejunoileitis. In 
one study, patients with type II RCD had a 5-year survival of 
only 44% compared to 93% for those with type I RCD [98].

Ulcerative jejunoileitis
Ulcerative jejunoileitis may complicate type II RCD and is char-
acterized by oligoclonal expansion of T cells with an aggressive 
and destructive phenotype. In addition to intestinal ulceration 
other complications include intestinal obstruction, hemorrhage, 
perforation, and lymphadenopathy often with areas of cavita-
tion and necrosis. Transition to overt enteropathy-associated 
T-cell lymphoma is common and carries a poor prognosis [102].

Celiac disease and malignancy

Both celiac disease and dermatitis herpetiformis carry an 
increased risk for non-Hodgkin lymphoma and malignancies of 
the upper gastrointestinal tract [103,104]. One large retrospec-
tive study examined patients who carried a diagnosis of celiac 
disease or dermatitis herpetiformis during hospitalizations in 
Sweden. The study followed more than 11 000 patients from 
1964 to 1994 [105]. There was a modest but significant increase 
in the incidences of both cancer (standardized incidence ratio 
[SIR] 1.3; 95% CI 1.2–1.5) and malignant lymphoma (SIR 5.9; 
95% CI 4.3–7.9). An Italian study found a 3.1-fold increased risk 
of non-Hodgkin lymphoma (NHL) in patients with celiac 
disease [106]. The BioMed European Working Group on Celiac 
Disease and Malignancy reviewed data from 10 countries and 
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paracellular permeability [116]. It has been studied in human 
trials where it has shown promise in reducing responses to 
gluten ingestion, presumably by preventing gliadin peptides 
from traversing the intestinal epithelium and accessing antigen-
presenting cells in the lamina propria [117,118]. Tissue trans-
glutaminase deamidates gliadin peptides and these DGPs have 
a greater affinity for the peptide binding groove of HLA DQ2 
rendering them more immunogenic [119]. Hence, tissue trans-
glutaminase inhibitors have been evaluated for potential efficacy 
in celiac disease [120]. Other attempts to reduce the immune 
response in celiac disease include inhibition of HLA DQ2-
mediated T-cell activation, as well as cytokine, chemokine, and 
adhesion molecule blockers [114,121]. Another approach 
attempts to induce tolerance to gliadin antigens thereby halting 
inappropriate activation of gluten-sensitive T cells [22].

These novel strategies aim, initially, to act as adjuncts to the 
gluten-free diet to achieve disease remission in those with 
ongoing disease activity despite their attempts to avoid dietary 
gluten or to allow for the ingestion of trace amounts of gluten 
without ill effect. The ultimate goal, however, will be to allow 
those with celiac disease to safely consume a normal diet.
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uncomplicated celiac disease [111,112]. Because EATL is diffuse 
and multifocal and may not present initially with evident mass 
lesions, early diagnosis can be very difficult [104,105].

The prognosis in EATL is very poor. Responses to aggressive 
chemotherapy, even when accompanied by bone marrow trans-
plantation, are generally disappointing. Overall 1-year and 
5-year survival rates of 31% and 11%, respectively, were reported 
in one series [113].

Carcinoma in celiac disease
Exclusive of EATL, most of the remaining malignancies that 
complicate celiac disease are carcinomas of the proximal gas-
trointestinal tract (oropharynx, esophagus, and small intestine). 
The Swedish study referenced above reported increased stand-
ardized incidence ratios in celiac disease patients for small intes-
tinal cancer (SIR 10), esophageal cancer (SIR 4.2), primary liver 
cancer (SIR, 2.7) and oropharyngeal cancer (SIR 2.3) [105]. In 
patients with DH there was also an increased cancer risk (SIR 
1.2) because of an increase in lymphoreticular malignancies 
(lymphoma and leukemia) but no increases in incidence of gas-
trointestinal carcinomas was observed [105]. The increased 
risks for malignancy in this study waned with length of follow-up 
and were no longer significant after 10 years. This may possibly 
indicate a protective effect of treatment with a gluten-free diet 
as reported in another prior study [103,105].

Future developments: nondietary therapy 
for celiac disease?

Several factors have combined to open a new field of research 
endeavor aimed at developing nondietary therapy for celiac 
disease [114]. These include the dramatic increase in the esti-
mated prevalence of celiac disease [5,50]. The availability of 
accurate serological tests has made the identification celiac 
disease easier [54]. Our understanding of celiac disease patho-
genesis is far ahead of most other diseases and is arguably the 
most complete of any autoimmune disorder [18–20].

Multiple approaches are being explored as treatments for 
celiac disease. These have been discussed in greater detail else-
where and just a small selection is introduced here [18,114]. 
Gluten proteins are incompletely digested in the human gas-
trointestinal tract, leaving antigenic peptides intact. Glutenases, 
ingested with food, are proteases designed to break down and 
inactivate these toxic peptides [115]. Larazotide acetate is an 
octapeptide that regulates enterocyte tight junction to reduce 
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The intestinal tract has several essential functions, including 
digestion and absorption of nutrients, providing a barrier to the 
outside environment, transport of salt and water, synthesis of 
secreted proteins such as those required for fat absorption and 
immunoglobulin section, and elimination of waste products. 
These processes rely on the specialized mucosal functions and 
structures of the small intestine. The small intestine is lined by 
a single layer of epithelial cells and is organized into crypts, in 
which intestinal stem cells originate, and villi, which greatly 
enhance the absorptive capacity of the small intestine. The stem 
cells of the crypt differentiate into enterocytes, goblet cells, ente-
roendocrine cells, and Paneth cells. Enterocytes form about 80% 
of the epithelial cell population and are the basis for the follow-
ing discussion of digestion and absorption of nutrients.

Disorders of metabolism, digestion, and transport in the 
intestine often lead to an excess solute load and increased water 
secretion in the small intestinal lumen, with subsequent 
increased delivery to the colonic microbiota for production of 
short chain fatty acids and gas products. These events cause 
symptoms of diarrhea, gas, and bloating. Though there is often 
redundancy in the mechanisms for essential nutrient handling, 
several disorders of transport and metabolism lead to nutri-

tional deficiencies, especially of essential vitamins, for the host. 
Congenital disorders with complete loss of function of trans-
porters or metabolism are quite rare, while spectrums of disease 
including more mild symptoms are more likely to be encoun-
tered by clinicians. Many of the complex mechanisms underly-
ing the metabolism and transport of nutrition are still areas 
under active investigation.

Disorders of carbohydrate metabolism  
and absorption

Carbohydrates are one of the main sources of energy in the 
human diet. Complex carbohydrates and various sugars  
provide about half of the energy consumed in the American  
diet [1]. The carbohydrates in the human diet are comprised  
of starch and various sugars, such as the monosaccharides 
(glucose and fructose) and disaccharides (sucrose, lactose, and 
mannose). The two principal types of starch are amylose and 
amylopectin.

Sugars and starches must be digested to monosaccharides 
before they can be transported across enterocytes (Figure 65.1). 
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small bowel motility and can contribute to malabsorption of 
other nutrients in the small intestine [2].

Defects of maltase–gluocoamylase
Maltase–gluocoamylase (MGAM) digests the α-1,4 linked glu-
coses from the ends of glucose oligomers. Defects in this enzyme 
have been identified in small numbers of pediatric patients with 
diarrhea and abdominal complaints. Lebenthal et al. first 
described glucoamylase deficiency in 1994 in nine out of 511 
children from the age of 1 month to 9 years old evaluated for 
chronic diarrhea [3]. Small bowel histology was normal in all 
nine, but all experienced symptomatic improvement with starch 
elimination diets. Karnsakul et al. subsequently studied 44 chil-
dren (ages 6 months to 18 years) with symptoms of dyspepsia 
(abdominal pain, reflux, or vomiting) and found that 12 of them 
had low glucoamylase activity in distal duodenal biopsies [4]. 
Eight of these children also had deficiencies in sucrose and 
lactase activity. These authors speculated that as children age, 
they do not develop diarrhea from MGAM deficiency because 
of compensation by colonic fermentation by the gut microbiota. 
The crystal structure and enzyme activity of an α-glucosidase 
from a bacterium isolated from the human intestine, 
Ruminococcus obeum, has been described [5]. This enzyme has 
structural homology to human MGAM and represents one of 
the ways that the gut microbiota may be able to compensate for 
deficiencies in the host metabolism.

Sucrase–isomaltase deficiency
Sucrase–isomaltase (SI) is a type II integral membrane glyco-
protein. Sucrase hydrolyzes α-1,2 and α-1,4 glucosidic bonds 
and isomaltase cleaves α-1,6 glucosidic linkages. Since the gene 
for SI was cloned and identified on chromosome 3 in 1992, over 
25 gene mutations have been identified. The amount of residual 
enzyme activity as well as the amount of sugar and starch con-
sumed determines the severity of symptoms. Mutations and 
their consequences on the trafficking and function of SI in seven 
different phenotypes of congenital sucrose–isomaltase defi-
ciency (CSID) have been identified. These phenotypes result 
from blockage of the protein in the endoplasmic reticulum 
(ER), inactive sucrase catalytic site, random localization to the 
apical and basolateral membranes, sucrose cleavage in the 
Golgi, secretion of the enzyme complex from the cell, and 
partial intracellular missorting [6–11].

Congenital sucrose–isomaltase deficiency (CSID) was first 
described by Weijers et al. in 1960, and refers to the inability to 
hydrolyze sucrose, maltose, short α-1-4 linked glucose oligom-
ers, branched α-1-6 limit dextrins, and starch [12]. Weijers and 
colleagues first described three children with diarrhea with 
elevated lactic acid in the stool and intolerance to sucrose. 
Sucrase activity is affected by hormonal and dietary factors, and 
is induced by high-sucrose, high-carbohydrate diet, and reduced 
by a high-protein, low-carbohydrate diet [13]. Thyroxine and 
corticosteroids induce SI expression on the brush border of the 
enterocyte [14]. Phytochemicals, such as cinnamon extract, 

Digestion of these starches begins with the activity of salivary 
and pancreatic amylases. Further hydrolysis is accomplished by 
four exohydrolases contained in the brush border of the small 
intestine, maltase–glucoamylase (MGAM), and sucrase–
isomaltase. Most enzyme activity occurs in the proximal small 
intestine, allowing starch digestion to be completed in the mid-
jejunum. Disaccharidase activity in the brush border is pro-
vided by lactase. Monosaccharides are transported across the 
apical enterocyte membrane by the Na-dependent glucose–
galactose cotransporter (SGLT1), GLUT2, GLUT5, GLUT7, 
GLUT8, and GLUT12.

Defects in enzyme hydrolysis activity and the transport of 
sugars result in disorders of carbohydrate digestion and absorp-
tion. Intolerance to carbohydrates is characterized by diarrhea 
due to the osmotic load presented by the undigested carbohy-
drate to the colon. When a carbohydrate enters the colon, the 
microbiota ferments it to form hydrogen, methane, and carbon 
dioxide gases, which can result in bloating and abdominal pain. 
Short-chain fatty acids, such as acetate, propionate, and butyrate, 
also form, accounting for most of the anions of the luminal 
fluid, some of which are absorbed by the colonocyte and form 
an important source of energy for them. Diarrhea and bloating 
occurs when the ability of the colon bacteria to metabolize the 
malabsorbed carbohydrates is overwhelmed, and the colon is 
unable to absorb the resultant high load of short-chain fatty 
acids and excess fluid. Furthermore, the increased osmotic load 
and high amounts of fluid in the small intestine lead to increased 

Figure 65.1 Carbohydrate digestion begins with salivary and pancreatic 
amylase digestion of α-1,4 linkages to smaller polysaccharides. The brush 
border enzyme isomaltase is able to digest terminal α-1,6 linkages. 
Glucamylase cleaves five to nine saccharide units, while sucrase, maltase, 
and lactase cleave the smaller saccharide units. The single saccharides, 
glucose and galactose, enter the enterocyte via SGLT1, while fructose can 
utilize GLUT2, GLUT5, GLUT7, GLUT7, GLUT8, and GLUT12. Source: 
Adapted with permission from Chang et al. 1996 [1].

Amylose

Amylase

Lactase

Galactose
Glucose

Fructose

Transport into enterocyte via GLUT2,
GLUT5, GLUT7, GLUT8, GLUT12

Transport into enterocyte
via SGLT1

Maltase

Sucrase

Maltose

Isomaltase

Lactose

Maltotriose

(reduces terminal
α-1,6 linkage)

(salivary and pancreatic)

Glucoamylase
(breaks down 5-9
sacharide units)

α-1,4 linkage

α limit dextrin

Amylopectin
α-1,6 linkage



1278   PART 4 Gastrointestinal diseases

small amount of 13C-labeled sucrose mixed with unlabeled mal-
todextrin as a carrier, and the measurement of 13CO2 is under-
taken over 2 h. Separately, the patient is given 13C-labeled 
glucose in maltodextrin and breath measurements are recorded. 
13C-sucrose hydrolysis is then measured as a coefficient of 
glucose oxidation. The test’s advantages are that it is noninva-
sive, does not require a large sucrose load, and has excellent 
sensitivity and specificity. The disadvantages are the need for 
two breath tests and infrared spectrophotometry.

The mainstay of treatment is a starch and sucrose-restricted 
diet. Compliance with these dietary restrictions is difficult, 
especially for children, and in some follow-up surveys of chil-
dren, only 10% remained asymptomatic. Using a different 
approach, Harms et al. described a decrease in hydrogen  
production and symptoms in children with CSID treated  
with Baker’s yeast [26]. Saccharomyces cerevisiae contains 
β-fructofuranoside fructohydralase, which has sucrase but not 
maltase or isomaltase activity. The food industry has used con-
ditions designed to optimize this enzyme activity, such as belt 
drying, to convert sucrose in sugarcane to molasses and keep 
the center of cream-filled candy in liquid form. A preparation 
from yeast was found to be stable with refrigeration, and retains 
activity down to a pH of 1 [27]. The FDA approved Sucraid 
(sacrosidase) as treatment for CSID in 1998. A half dose is given 
before the meal, and a half dose is given during the meal when 
the gastric environment is buffered to a higher pH. A postmar-
keting surveillance study was conducted involving 229 patients 
with CSID who were prescribed Sucraid between 2004 and 2009 
[16]. A normal diet with mild sucrose and starch reduction was 
consumed by 65% of patients, but 27% kept to a strict sucrose 
restriction to obtain acceptable suppression of symptoms, even 
while undergoing treatment with Sucraid. In the future, replace-
ment therapies that contain maltase, glucoamylase, and addi-
tional amylase activity may be even more useful.

Lactose intolerance
The milk sugar lactose is the major carbohydrate consumed in 
the neonatal period. Human milk contains 7% lactose, more 
than most other mammalian species. The brush-border mem-
brane disaccharidase lactase is responsible for the digestion of 
lactose to glucose and galactose, which are then absorbed using 
the brush border and basolateral membrane transporters, 
SGLT1 and GLUT2. Hydrolysis by lactase is the rate-limiting 
step in the overall process of intestinal lactose absorption. 
Lactase–phlorhizin hydrolase (LPH) is a 1972-amino acid 
protein whose short hydrophobic carboxyl terminus spans the 
brush border membrane once. After translation, the protein 
goes to the ER, where a 19-amino acid signal peptide is cleaved. 
A second cleavage occurs in the Golgi. After cleavage, lactase is 
glycosylated and transported to the membrane, where gut 
lumen trypsin trims the protein to a 1059-amino acid peptide 
[28]. The enzyme contains two active sites, one that hydrolyzes 
lactose, while the other was identified by its ability to hydrolyze 
an aryl glycoside called phlorizin to glucose and phloretin [28]. 

onions, some spices, mushrooms, and chamomile tea, can 
inhibit amylase and intestinal α-glucosidases, which in turn 
affects residual SI activity [15]. Thus, these factors, beyond the 
SI activity itself, affect when symptoms of CSID may first appear 
[16]. Classically, SI deficiency becomes clinically manifest when 
an infant is 9–18 months old and is eating sucrose and starch 
in fruits, biscuits, crackers, and juices, which leads to severe, 
watery diarrhea, failure to gain weight, irritability, and diaper 
rash [16]. Diaper rash in babies is caused by the presence of 
stool with less than pH5.5 when sugar is present [17]. Babies 
are more likely to present because they have shorter colons, 
more rapid small intestine transit, high carbohydrate diets, and 
amylase levels that are still increasing. Some patients are diag-
nosed later in life and the related diarrhea may have been previ-
ously attributed to irritable bowel syndrome (IBS).

CSID has been considered an autosomal recessive condition. 
The frequency of CSID is estimated at 0.2%–0.05% in people of 
European descent, while it is 5%–10% in Greenland Eskimos, 
3%–7% in Canadian native people, and 3% in native Alaskans 
[18–20]. Before Northern Europeans (who brought a diet higher 
in carbohydrates) settled Greenland, CSID was relatively 
unknown due to the greater consumption of fats and proteins 
of fish and mammal diets. As the incidence of patients with 
diarrhea and abdominal complaints rose in the 1970s, 5%–10% 
of its populations was found to have CSID [16,21].

The diagnosis of CSID is best made by small intestinal biopsy 
and assay for lactase, sucrase, isomaltase (palatinase), and 
maltase activity. The criteria include normal small bowel mor-
phology with absent or significantly reduced sucrase activity, 
isomaltase activity ranging from 0 to full activity, reduced 
maltase activity, and normal lactase activity. If lactase is reduced, 
the sucrose : lactase ratio should be less than 1 [16]. Biopsies 
taken in the duodenum can lead to false-positive results, because 
disaccharidase levels are approximately two-thirds of the levels 
found in the proximal jejunum [22]. Biopsy handling is also 
quite important – if samples are not promptly frozen or are 
prematurely thawed, disaccharidase activity will be diffusely 
reduced [16].

The sucrose breath hydrogen test is less invasive than endo-
scopic biopsy and can be used to detect lactose and sucrose 
malabsorption. The test is based on the recognition that carbo-
hydrates that cannot be absorbed in the small intestine pass into 
the colon to be fermented by bacteria and then release hydrogen 
[23,24]. Children are given 2 g/kg of carbohydrate, and adults 
are given 50 g. An increase greater than 10 parts per million over 
baseline is considered positive [17], making the test more quali-
tative than quantitative. False-positive results can be obtained 
in patients with mucosal injury, dumping syndrome, or bacte-
rial overgrowth [16]. False-negative results occur in patients 
with delayed gastric emptying, nonhydrogen producers, and 
people who have taken antibiotics recently. Of note, the 2 g/kg 
sucrose load can provoke significant symptoms.

More recently a 13C sucrose breath test that does not require 
a large sucrose load has been developed [25]. This test uses a 
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quencies than neighboring tribes that do not. Because lactase 
persistence appears to be associated with populations that milk 
animals, positive selection is thought to be involved in lactase 
persistence.

The lactase gene (LCT) is 43.9 kb in length and is located on 
the long arm of chromosome 2 at position 21 [32]. The gene 
contains 17 exons and is translated into a 6-kb transcript. Except 
for a few silent mutations, people with lactase nonpersistence 
and lactase persistence have been found to have identical coding 
sequences for the LCT gene. Though multiple mutations in the 
enhancer region of the LCT gene have been identified, the exact 
way in which lactase expression changes from low in fetuses, to 
high in babies, and then low again in most, but not all, adults is 
not completely understood.

Enattah et al. utilized microsatellite markers flanking the LCT 
gene to perform a haplotype linkage analysis of nine Finnish 
families with hypolactasia. The 13910C>T variant is located in 
intron 13 of the MCM6 gene, which is 13 910 base pairs from 
the initiation codon of LCT, and was found to be completely 
associated with lactase persistence [33]. The 22018G>A variant 
in intron 9 of MCM6 upstream of the LCT locus was also 
strongly associated with persistence. These associations identi-
fied in the Finnish cohort were then confirmed in subjects from 
South Korea, Italy, Germany, France, and North America 
[34,35]. Oct-1, a transcription factor, was identified to bind 
more strongly to the −13910T motif than to the alternative C 
allele in cell culture assays [36]. Oct-1 transcription factor 
binding to the LCT enhancer elements may mediate the increase 
in lactase persistence [36,37]. Several studies also identified 
variants that are associated with lactase persistence in East 
Africa (−13915G and −14010C), one of which, −13915C, is 
also associated with high lactase expression in Saudi Arabia 
[30,31,37,38]. Some individuals who are able to digest lactose, 
but carry no putative alleles, are yet to be explained. Footprint 
analyses to determine DNA–protein binding in these sequences 
of the intron 13 region of MCM6 revealed transcription factor 
binding sequences for Cdx-2, GATA, HNF3α/FOX, and 
HNF4α, in addition to Oct-1 [31,36]. In vitro promoter/reporter 
analysis on the MCM6 intron 13 variant alleles supports the idea 
that they affect enhancer affinity. LCT promoter transcriptional 
activity was enhanced up to tenfold by the addition of sequence 
from MCM6 intron 13 [31,36,38,39]. This activity increased 
further, by up to 25% more when one of the variant alleles, such 
as −14010C, −13907C, or −13915G, was present [38]. However, 
these in vitro studies were performed in human Caco-2 cells, 
which are a colon cancer cell line, while lactase is expressed in 
vitro in the small intestine, and have yet to be proven in vivo 
[31,40].

While lactase nonpersistence is common, rare congenital 
lactase deficiency can also occur. Infants with congenital lactase 
deficiency present with severe watery diarrhea, dehydration, 
and weight loss. This condition is most common in Finland, and 
the first five mutations in the LCT gene were described in this 
population [41]. Subsequently, four additional gene mutations 

Phlorizin is a competitive inhibitor of the lactose site. The 
natural substrates for the phlorizin site are cerebrosides. 
Cerebroside hydrolysis provides sphingosine, which is impor-
tant for the brain membranes. Thus, even in those with lactose 
nonpersistence, there is a small amount of LPH activity still 
present.

Expression of lactase begins in late gestation, and high levels 
of the enzyme are expressed in the neonatal period, particularly 
in the proximal and midjejunum [29]. In most mammalian 
species, lactase-specific activity markedly declines after weaning. 
However, in humans, two general patterns occur after weaning. 
In most humans, a pattern similar to other mammals is observed, 
with lactase-specific activity declining after weaning; by age 5 
to 10 years, enzyme-specific activity drops to the adult level, 
which is approximately 10% of the neonatal value [30]. 
Individuals with nonpersistence of lactase (adult-type hypol-
actasia) frequently develop abdominal pain, cramping, disten-
tion, flatulence, diarrhea, nausea, and occasional vomiting after 
consuming lactose-containing dairy products. Symptoms are 
caused by entry of water into the colon due to the osmotic load 
of lactose delivered to the colon, and by the colonic microbiota-
mediated metabolism of lactose to hydrogen, carbon dioxide, 
and methane gas (Figure 65.2). A minority of humans retain 
persistently high levels of lactase activity in the adult small 
intestine (lactase persistence). Lactase persistence is more 
common in populations that have a long history of pastoralism 
and milking [31]. Thus, lactase persistence has the highest fre-
quency in the northwest Europe, and a gradient of decreasing 
lactase persistence frequency occurs as one moves south and 
east [29,31]. In India, lactase persistence is greatest in the  
northwest. In Africa and the middle east, the populations with 
origins in pastoral tribes have higher lactase persistence fre-

Figure 65.2 Lactase deficiency results in delivery of lactose to the colon, 
with subsequent generation of CO2, H2, and short-chain fatty acids 
(SCFA). The osmotic gradient of the additional solutes draws water into 
the colon and causes diarrhea, while the gas generation leads to bloating. 
Source: Chang et al. 1996 [1].
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diarrhea. Blood and stool sugar levels after fructose and xylose 
absorption indicated normal absorption. Autoradiographic 
study of this biopsy revealed that galactose did not accumulate 
in the mucosa from the subject. Fructose binding is unaffected 
in these patients, as fructose is transported by GLUT5, and not 
SGLT1. Replacement of breast milk or standard formula with a 
fructose-containing formula treats the diarrhea.

Hydrogen breath testing is now used to diagnose the condi-
tion. Glucose at 2 g/kg of body weight is administered, and an 
H2 breath elevation above 20 parts per million is diagnostic of 
the condition [48]. Patients often have symptoms with as little 
as a teaspoon of glucose exposure.

Hediger, Turk, and Wright first cloned and sequenced the 
human Na+/glucose transporter from normal human terminal 
ileum in 1989 [49]. This work was then followed by the amplifica-
tion of SGLT1 complementary and genomic DNA from two girls 
with glucose–galactose malabsorption born to parents who were 
cousins [50]. A single missense mutation was identified, which 
when complementary RNA was injected into Xenopus oocytes, 
resulted in a complete loss of sodium-dependent glucose trans-
port. Since that time, approximately 300 patients with glucose–
galactose malabsorption have been identified worldwide [51].

The condition is autosomal recessive, and unique mutations 
have been described in most kindreds. Most mutations have 
been found to result in truncated SGLT1 or mistrafficking of the 
protein to the cell membrane. A study of 100 medical students 
revealed that ten of them had a increased in expired hydrogen 
by ten parts per million after ingesting 50 g of glucose – sug-
gesting some glucose malabsorption [52] . Wright has suggested 
that patients with some mutations that cause a more mild defect 
in sodium/glucose transporter activity, or that have mutations 
in only one allele, may have glucose malabsorption that goes 
undetected [48].

Fructose malabsorption
Fructose naturally occurs in fruits and honey, and now has a 
more prominent role in Western diets due to the ubiquitous 
addition of high fructose corn syrup as a sweetener. Fructose 
malabsorption was first described by Andersson and Nygren in 
1978, in their description of four patients with diarrhea and 
abdominal pain, who improved with a fructose-free diet [53]. 
They carried out 14C-labeled breath testing and found that these 
patients had significantly less expired CO2 than controls, and 
were thought to have partial fructose malabsorption. As with 
other carbohydrate malabsorptive conditions, nonabsorbed 
fructose is metabolized by colonic bacteria to hydrogen gas, 
carbon dioxide, methane, and short-chain fatty acids [54]. The 
hydrogen gas is absorbed and expired through the breath. Gas 
accumulation in the colon can cause abdominal pain, bloating, 
and flatulence. The presence of unabsorbed fructose in the 
colon can act as an osmotic force to bring water into the colon 
and cause diarrhea.

Fructose is a monosaccharide sugar that does not require 
enzymatic cleavage before absorption. Several transporters, 

in patients from Italy and Turkey have also been identified. 
These patients do well on a lactose-free diet.

The methods of diagnosis for lactase deficiency are essentially 
the same as for the diagnosis of CSID. A lactase assay can be 
performed upon biopsies from the second portion of the duo-
denum [42]. Breath hydrogen testing can also be used, and 
consists of ingesting 50 g of lactose (about four to five glasses of 
milk) and measuring exhaled hydrogen generated by fermenta-
tion of undigested lactose by intestinal flora [43]. The identifica-
tion of lactase persistence alleles has made the use of polymerase 
chain reaction (PCR), pyrosequencing, or reverse-hybridization 
strip assays possible [44,45]

Most people can tolerate up to 12 g of lactose a day without 
significant symptoms. Some behavioral measures can reduce 
symptoms, such as using fermented or matured milk products 
in the diet, consuming lactose with other foods, and distributing 
lactose intake over the day [32]. Lactase supplements and 
lactose-hydrolyzed or lactose-reduced milk can be used. Yogurts 
can usually be tolerated because live bacteria contained in the 
yogurt have endogenous β-galactosidase activity. However, 
some yogurt has milk or derivatives added after fermentation, 
which can cause symptoms. Multiple lactase preparations are 
available for supplementation, though, as with Sucraid, gastric 
inactivation poses a difficulty. Probiotics, including organisms 
such as lactobacilli, Bifidobacterium, or Saccharomyces, that 
contain β-galactosidase or lactase can also be helpful. Many 
lactose-intolerant people are able to tolerate lactose if it is intro-
duced slowly, over a long period of time, though insufficient 
controlled data exist to recommend a specific regimen. This 
mechanism of the induced tolerance may be related to adapta-
tion of the colonic flora, with selection of species more capable 
of hydrolyzing lactose over time.

Glucose–galactose malabsorption
Glucose is taken up by enterocytes via SGLT1, the sodium-
dependent glucose transporter [1]. This transporter, which 
spans the brush border membrane 12 times, transports two 
sodium ions for each molecule of glucose. The Na+/K+-ATPase 
in the basolateral membrane maintains the electrochemical gra-
dient favoring sodium transport into the cell. SGLT1 can trans-
port galactose and a few other sugars, but not fructose, which 
is transported by GLUT5.

Case reports from Sweden and France in 1962 first described 
infants under the age of 6 months who developed chronic, 
watery diarrhea, occurring in the days following birth [46,47]. 
These infants were found to have continuous and severe 
diarrhea, in some cases leading to death, unless lactose, glucose, 
and galactose were removed from the diet. The first American 
case report, in 1966, included a patient with similar symptoms, 
as well as a normal duodenal mucosal biopsy [47]. In this study, 
the patient was given carbohydrate loading tests with glucose, 
galactose, fructose, and xylose. With both glucose and galac-
tose, there was no significant change in blood sugar, but a 
marked increase in stool water and sugar excretion, and 
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β-cells in the pancreas, which results in decreased glucose 
uptake into the liver and decreased glucose sensing by the pan-
creas. Fasting hypoglycemia occurs because glucose transport 
out of the liver is inhibited, resulting in increased intracellular 
glucose levels, which inhibit glycogen degradation and then 
cause glycogen accumulation and hepatomegaly. Glucose is also 
lost into the urine because of the transport defect across the 
basolateral membrane of the proximal tubule cells in the kidney. 
The defect in GLUT2 also prevents the transport of glucose and 
galactose out of the basolateral membrane in the intestine, 
allowing glycogen and monosaccharide accumulation in the 
enterocyte and malabsorption and diarrhea in some Fanconi–
Bickel patients.

Treatment of Fanconi–Bickel patients is supportive, with 
water and electrolyte replacement, alkalinization of the urine, 
and a diet restricted in glucose, galactose, and fructose, the 
substrates of GLUT2.

Disorders of protein metabolism  
and absorption

Humans require 0.65 g/kg body weight per day of protein to 
maintain nitrogen balance and an adequate supply of essential 
amino acids [63]. In addition to ingested food, protein enters 
the digestive tract from various digestive juices (35 g/day) and 
desquamated intestinal cells (30 g/day) [1]. Protein absorption 
is efficient, with 6–12 g of nitrogen excreted daily.

Pepsinogens are peptidases secreted by the chief cells in the 
stomach. These zymogens, or proenzymes, are then activated by 
hydrochloric acid secreted by gastric parietal cells. Pepsins 
hydrolyze a broad range of peptide bonds. In healthy people, 
acid peptic digestion in the stomach is not necessary, as patients 
that undergo gastrectomy do not have significant impairment 
in protein digestion [64]. Further protein digestion in the small 
intestine occurs as a result of pancreatic proteases. The pancreas 
secretes the exopeptidases carboxypeptidase A and B as well as 
a variety of endopeptidases, for example trypsin, chymotrypsin, 
and elastase. These pancreatic enzymes are secreted from the 
pancreatic acinar cells as proenzymes and activation is initiated 
by the intestinal brush border enzyme enteropeptidase (previ-
ously known as enterokinase). Enteropeptidase cleaves trypsin-
gogen to trypsin, which is then able to activate the other 
pancreatic enzymes. After digestion by pancreatic enzymes, the 
majority of proteins are reduced to a mixture of free amino acids 
and oligopeptides of two to six amino acids. Peptidases within 
the enterocyte brush border membrane then hydrolyze the oli-
gopeptides to free amino acids and the di- and tripeptides are 
transported into the enterocyte. At least 20 different peptidases 
have been identified in the brush border membrane. These 
peptidases recognize specific amino acids at the amino or car-
boxyl terminus or internally within the peptides.

Congenital enteropeptidase deficiency results in failure to 
thrive, diarrhea, hypoproteinemia, and edema in infants [65]. 

GLUT2 (SLC2A2), GLUT5 (SLC2A5), GLUT7 (SLC2A7), 
GLUT8 (SLC2A8), AND GLUT12 (SLC2A12) have fructose 
transport capabilities. GLUT5 is a low-affinity, high-capacity 
transporter, and characterization of a Glut5 (Slc2a5) knockout 
mouse revealed a 90% decrease in the serum fructose concen-
tration in the knockout mice as compared to wild-type controls 
when given a high-fructose diet [55]. When these mice were fed 
a high-fructose diet, they developed dilated, fluid-filled cecums 
and colons, consistent with severe malabsorption. GLUT7 is a 
high-affinity, low-capacity transporter [56]. GLUT2 recruit-
ment to the brush border membrane may be an adaptation that 
occurs in times of high fructose loads, though GLUT2 migra-
tion to the brush border membrane has only been observed in 
mice, and has not been proven in humans [57]. GLUT8, whose 
expression appears to be intracellular, attenuates enterocyte 
absorption of fructose via negative regulation of GLUT2.

Fructose absorption is limited at high concentrations, due to 
the nominal capacity of the facilitated transport system. Rao et 
al. studied the fructose absorption of 15 g, 25 g, and 50 g fructose 
solutions in 20 healthy individuals by hydrogen and methane 
breath tests [58]. Sixteen patients (80%) had abnormal breath 
test with the 50-g load, 11 of which had symptoms. The authors 
concluded that healthy subjects have the capacity to absorb up 
to 25 g of fructose. Some have suggested that patients with func-
tional gastrointestinal disorders may have fructose malabsorp-
tion. In one study, functional GI symptoms correlated with 
symptoms evoked during fructose challenge, but did not cor-
relate with malabsorption (as defined by hydrogen and methane 
breath testing) [59]. Glucose improves the threshold for fruc-
tose malabsorption. Both GLUT2 and GLUT12 can transport 
glucose and fructose, and thus upregulation of these transport-
ers in the presence of glucose may lead to increased fructose 
absorptive capacity [1,4,56].

No mutations in the protein coding region of the gene  
coding for GLUT5 (SLC2A5) have yet been identified in patients 
that test positive for fructose malabsorption by hydrogen breath 
test [57]. However, fructose malabsorption in these patients 
could be affected by changes in gene expression of SLC2A5. 
Mutations may also be occurring in one of the several other 
fructose transporters. Further research remains to be done to 
link the clinical finding of fructose malabsorption diagnosed by 
hydrogen breath test and the molecular and cellular transport 
of fructose.

Fanconi–Bickel syndrome
Fanconi–Bickel syndrome is a rare autosomal recessive disease 
first described in a 3-year-old Swiss boy in 1949 [60,61]. Patients 
with this syndrome have hepatorenal glycogen accumulation, 
fasting hypoglycemia, postprandial hyperglycemia, hypergalac-
tosemia, and proximal renal tubular dysfunction with glucosu-
ria. The defect underlying this condition is in GLUT2 (SLC2A2) 
[62]. GLUT2 is expressed in the liver, pancreas, kidney, intes-
tine, and brain. The high blood levels of glucose and galactose 
in these patients are due to the lack of GLUT2 in the liver and 
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by diarrhea, dermatitis, and dementia. These two patients, as 
well as their two siblings were found to have significant amino 
aciduria. Hartnup disease is an autosomal recessive disorder 
with abnormal transport of neutral amino acids across the 
apical brush border of the small intestine, as well as the proxi-
mal tubule of the kidney. Mutations in the SLC6A19 gene lead 
to dysfunction of the B0AT1 sodium-dependent chloride-
independent neutral amino acid transporter [69–71].

While some patients remain asymptomatic, others develop 
photosensitive dermatitis, cerebellar ataxia, and other neuro-
logical or psychiatric symptoms. The defect in the amino acid 
transporter results in the inability to transport alanine, aspar-
agine, glutamine, histidine, isoleucine, leucine, phenylalanine, 
serine, threonine, tyrosine, tryptophan, and valine [72]. 
However, the tryptophan deficiency seems to cause the clinical 
symptoms. Low tryptophan levels lead to low nicotinic acid 
levels, and the pellagra-like rash. The neurological and psychi-
atric symptoms are thought to result from the lack of tryp-
tophan available to synthesize neurotransmitters such as 
serotonin. Unabsorbed tryptophan in the colon is cleaved by 
tryptophanase-containing microorganisms into indole and 
pyruvic acid. Hartnup patients are unable to conjugate indoles 
to sulfate for urinary excretion, and the reabsorption of indoles 
and their methylated metabolite, skatoles, may also lead to the 
nervous system toxicity. Patients with this disorder can be 
treated with nicotinic acid for the pellagra, tryptophan for the 
neurological symptoms, and neomycin to reduce bacterial deg-
radation of tryptophan [73].

Lysinuric protein intolerance
Lysinuric protein intolerance is a defect in y+LAT1 mediated 
basolateral transport of the cationic amino acids lysine, arginine, 

Less than 20 patients with this disorder have been reported in 
the literature, and, with the exception of one child diagnosed at 
age 8, they have all been diagnosed in infancy. Inheritance of 
this serine protease deficiency occurs in an autosomal recessive 
manner. The diagnosis was previously made with low trypsin 
activity in a duodenal aspirate that could be reconstituted with 
the addition of enteropeptidase. The human enteropeptidase 
gene has now been sequenced, and missense mutations in the 
gene have been identified in three patients from two families 
[66]. Infants respond to protein hydrolyzed formula and/or the 
addition of pancreatic enzyme supplements. Interestingly, 
adults diagnosed with this enzyme deficiency live normal lives, 
with normal body weight and an absence of gastrointestinal 
symptoms, even with the withdrawal of pancreatic enzyme sup-
plementation [66]. This absence of symptoms in adults suggests 
that enteropeptidase activation is not the only mechanism of 
trypsinogen activation in adults.

Congenital trypsinogen deficiency can also occur, and results in 
similar symptoms to enteropeptidase deficiency with failure to 
thrive, diarrhea, hypoproteinemia, and edema [67]. Exocrine pan-
creatic dysfunction, such as occurs in cystic fibrosis or late-stage 
chronic pancreatitis, also causes deficiencies in protein digestion.

A large number of amino acid transporters have been charac-
terized in the intestinal brush border and basolateral membrane, 
and defects in these transporters cause a range of amino acid 
deficiencies, with a variety of clinical manifestations (Table 65.1).

Hartnup disease
Hartnup disease was named for the English family in which the 
disorder was first described in 1956. Two of the eight children 
in this family presented to medical care with pellagra, cerebellar 
ataxia, and intellectual disability [68]. Pellagra is characterized 

Table 65.1 Disorders of protein metabolism.

Disorder Transport or metabolic defect Symptoms Treatment

Hartnup disease
[69–73]

Abnormal transport of neutral 
amino acids

Photosensitive rash
Cerebellar ataxia
Neurological and psychiatric 
symptoms

Nicotinic acid for rash
Tryptophan to allow substrate to make 
neurotransmitters
Neomycin to prevent colonic microbe 
degradation of Tryptophan to toxic metabolites

Lysinuric protein 
Intolerance
[74–80]

Abnormal transport of cationic 
amino acids

Postprandial nausea, vomiting, 
diarrhea
Hypotonia, hepatomegaly, 
splenomegaly, pancytopenia

Citrulline to treat urea cycle deficiency of 
arginine and ornithine
Protein restriction

Cystinuria
[81,82]

Abnormal transport of cysteine, 
lysine, arginine across enterocyte 
and proximal tubule of kidney 
membrane

Enterocyte defect is compensated
Renal defect leads to formation 
of kidney stones

No treatment needed for enterocyte defect

Blue diaper syndrome
[83]

Abnormal tryptophan absorption Blue urine from tryptophan 
metabolism to blue metabolite
Hypercalcemia
Increased phosphate excretion
Nephrocalcinosis

None described
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avoid the urea cycle defects. Protein-restricted diet of 0.8–1.5 g/
kg/day in children and 0.5–0.8 g/kg/day in adults in also advised. 
l-carnitine supplementation has also found to be helpful.

Cystinuria
Cystinuria is a defect in the transport of cysteine, lysine, 
arginine, and ornithine across the apical membrane of epithelial 
cells in the small intestine and proximal tubule of the kidney 
[81]. The condition is characterized by elevated urinary excre-
tion of cysteine, lysine, arginine, and ornithine, and the forma-
tion of cysteine calculi in the kidney. This autosomal recessive 
condition is caused by mutations in either SLC3A1, which codes 
for the basic amino acid transport protein rBAT, or SLC7A9, 
which codes for the light chain or the neutral dibasic amino acid 
transporter b0+AT. Cystinuria is responsible for 1%–2% of all 
cases of nephrolithiasis in adults and 6%–8% of cases in chil-
dren [82]. The small intestinal transport defect is compensated 
by transport of dipeptides and tripeptides through an apical 
H+-dependent PEPT1 transporter (SLC15A1). This compensa-
tion does not occur in the kidney.

Blue diaper syndrome
Blue diaper syndrome was first described in 1964, when 
Drummond and colleagues characterized a family in which two 
brothers had nephrocalcinosis, hypercalcemia, increased phos-
phate excretion, and notably, blue diapers [83]. They concluded 
that these brothers had failure to intestinally absorb tryptophan, 
accounting for high levels of stool tryptophan. They also had 
increased urinary excretion of indolic metabolites. The liver 
produces indican from indoles, which are also derived from 
colonic bacteria metabolism of tryptophan. After excretion, 
indican can then be conjugated to indogitin, or indigo blue, 
which causes the blue color of the urine in diapers. Hypercalcemia 
was also noted to occur after oral tryptophan loading. The 
authors speculated that elevated urinary excretion of indoles 
may lead to difficulties in renal handing of phosphate.

Disorders of fat absorption

Triglycerides consist of three fatty acids attached by ester linkage 
to the glycerol backbone. Before reaching the small intestine, 
triglycerides are digested by gastric and pancreatic lipases. The 
products of triglyceride hydrolysis then incorporate themselves 
into bile salt micelles and liposomes, which emulsify fatty acids 
in the aqueous environment of the intestinal lumen. The ente-
rocytes absorb long-chain fatty acids via passive diffusion as 
well as protein-mediated transfer, which may be mediated by 
CD36 and fatty acid transport protein FATP4 in the small intes-
tine [84]. Cholesteryl esters must be hydrolyzed to free choles-
terol and fatty acid prior to intestinal absorption, which is 
performed by pancreatic cholesterol esterase (also known as bile 
salt-activated lipase). Cholesterol can be taken up by entero-
cytes via an adenosine trisphosphate (ATP binding) protein, 

and ornithine from small intestinal enterocytes and renal 
tubular cells [74]. The disorder is caused by mutations in the 
SLCA7 gene, and thus far 50 unique mutations in 142 patients 
have been identified. The highest prevalence of the disorder 
occurs in Finland, where a founder-effect mutation has been 
described, resulting in an incidence of 1 in 60 000 people. 
Southern Italy and Northern Japan are also areas with a higher 
prevalence of the disorder. Many affected Europeans can trace 
their ancestry to North Africa or Turkey. However, great hetero-
geneity exists in the clinical phenotype, and even patients 
homozygous for the same mutations do not exhibit the same 
phenotype [75].

Infants present with this condition upon transitioning from 
breast milk to formula or supplemental protein-containing 
foods and develop postprandial nausea, vomiting, and diarrhea 
[76]. Hypotonia, hepatomegaly, splenomegaly, and pancytope-
nia also develop. Patients develop an aversion to protein-rich 
foods. Arginine and ornithine are intermediates of the urea 
cycle, and decreased levels of these amino acids leads to a func-
tional deficiency in the urea cycle and high levels of ammonia, 
causing the nausea. Osmotic diarrhea can occur due to the pres-
ence of nonabsorbed amino acids in the colon [77]. Decreased 
collagen synthesis is noted in patients with lysinuric intolerance. 
Osteoporosis and bone fractures may be due to defective matrix 
protein synthesis attributable to protein deprivation and amino 
acid deficiency as well as increased collagen turnover [78]. 
Lysine and arginine are known to affect growth hormone secre-
tion, and this may explain growth retardation in some of these 
patients [79]. The lung epithelium has both y+LAT1 and 
y+LAT2, but alveolar macrophages appear to have a predomi-
nance of y+LAT1. Trapped intracellular arginine may lead to 
increased nitric oxide production, which can then play a role in 
macrophage dysfunction, as well as the pathogenesis of life-
threatening complications such as pulmonary alveolar protei-
nosis and membranous or mesangial glomerulonephritis [74]. 
Pancytopenia may be caused by protein and lysine deficiency 
and macrophage activation [17,74]. Hemophagocytic lympho-
histiocytosis (HLH) is a severe complication that can occur in 
patients with lysinuric protein intolerance. HLH is character-
ized by fever, hepatosplenomegaly, cytopenias, and hemophago-
cytosis in the bone marrow, spleen, or lymph nodes. HLH can 
evolve into macrophage activation syndrome, which can be 
deadly due to severe hemolysis. HLH has been described in 
patients in the neonatal period and can be confused with infec-
tion [74].

Diagnosis can be made through measurement of low plasma 
levels of lysine, arginine, and ornithine, and elevated urinary 
excretion of these amino acids. Urinary excretion of lysine is 
most prominent. Twenty-four-hour urine collection should 
show elevated urinary excretion of orotic aid. Patients develop 
high levels of ammonia after eating. SLC7A7 mutations confirm 
the diagnosis [80]. This disorder is treated with citrulline sup-
plementation of 100 mg/kg/day [80]. Citrulline can be readily 
absorbed and later metabolized to arginine and ornithine to 
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ApoB100 [85]. This lack of the ApoB48 and ApoB100 lipopro-
teins leads to low plasma levels of triglycerides and cholesterol 
esters.

Wetterau and colleagues first implicated microsomal triglyc-
eride transfer protein (MTP) as the defect in ABL via measure-
ments of triglyceride transfer activity in duodenal and jejunal 
biopsies of control patients and those with ABL [86]. MTP shut-
tles cholesteryl esters, phospholipids, and triglycerides in the 
endoplasmic reticulum to promote lipoprotein formation. Two 
studies subsequently demonstrated mutations in MTP genes in 
ABL patients [87,88]. Most of the described mutations result in 
truncated forms of the large MTP subunit, though missense 
mutations have also been described [85]. ABL is autosomal 
recessive, and many of the described patients are the products 
of consanguineous unions.

In the intestine, endoscopic examination reveals a white frost-
ing appearance coating the duodenum and jejunum due to the 
lipid content in the mucosa (Figure 65.3) [85]. On histological 
examination, the enterocytes are filled with numerous lipid-filled 
cytoplasmic vacuoles. Hepatic biopsies also show steatosis. 

ABCA1, as well as Niemann-Pick C1 like protein 1, NPC1L1 
[84]. Once in the enterocyte, triglycerides and cholesterol are 
reassembled and packaged into chylomicrons, the lipoproteins 
made in the small intestine. Chylomicrons can then be released 
into the circulation for hydrolysis by lipoprotein lipase and 
release of fatty acids into peripheral tissues. Defects in the for-
mation of chylomicrons and in the bile salts needed for emul-
sification in the lumen can lead to severe fat and fat-soluble 
vitamin deficiencies.

Abetalipoproteinemia
Patients with abetalipoproteinemia (ABL) have an absence of 
the apolipoproteins ApoB48 and ApoB100, and consequently 
cannot form chylomicrons or very-low-density lipoproteins 
(VLDL). Before triglycerides and cholesteryl esters can leave the 
enterocyte and enter the circulation, they are packaged with the 
apolipoprotein ApoB48 to form chylomicrons. The liver utilizes 
the apolipoprotein ApoB100 to packaged fats into VLDL. 
ApoB48 is created through an editing process, which posttran-
scriptionally introduces a stop codon into the mRNA encoding 

Figure 65.3 (a) Normal endoscopic image of duodenum. (b) White frosting appearance of duodenum due to fat accumulation in abetalipoproteinemia, 
hypobetalipoproteinemia, or chylomicron retention disease. (c) Duodenal biopsy. (d) Vacuoles in enterocytes due to fat accumulation (black arrows). 
Fat accumulation is heterogeneous and some enterocytes do not contain fat (white arrow). Goblet cells do not accumulate fat (g). (e) Oil red O stains 
fat and highlights the fat (black arrows) trapped in enterocytes. Source: Georges et al. 2011 [179].

(a)
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g
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Heterozygotes for the ApoB mutations have variable pheno-
types, depending on the length of the truncated ApoB protein 
and its ability to be secreted into the plasma and bind lipids [94]. 
The heterozygotes are mainly asymptomatic, though they are 
found to have on average fivefold more fat content in the liver 
and appear similar to other patients with nonalcoholic fatty  
liver disease (NAFLD) [92]. Triglycerides accumulate in the 
liver in these patients because of the inability of smaller VLDL 
particles to bind triglycerides well. Additionally, heterozygotes 
can develop mild intestinal fat malabsorption, with accompany-
ing less severe vitamin deficiency that can be repleted with 
moderate doses of vitamin supplementation.

Chylomicron retention disease
Chylomicron retention disease, or Anderson disease, results 
from mutations in the SAR1 gene, which encodes the SAR1B 
GTPase protein [95]. This protein mediates the fusion of prechy-
lomicron transport vesicles from the ER with the Golgi [96]. 
When SAR1B is mutated, the prechylomicron vesicles accumu-
late in the cytoplasm of enterocytes and prevent lipid export 
from enterocytes. This condition is the least common of the 
lipid packaging disorders, as only about 40 cases and two small 
cohorts of seven to eight patients have been described. Diagnosis 
is made in patients with a 50% reduction in total cholesterol, 
LDL, and high-density lipoprotein (HDL) in the presence of 
normal triglycerides [97]. Normal triglycerides differentiate this 
condition from ABL or HBL. Besides these laboratory findings, 
patients often present in infancy with malabsorptive diarrhea, 
vomiting, and abdominal distention. About 20% of the described 
patients have had hepatomegaly. The fat-soluble vitamin defi-
ciencies are less severe in this disorder, but patients do develop 
neurological, muscular, and ophthalmological manifestations of 
vitamin E deficiency.

Bile acid malabsorption
Bile acids are synthesized from cholesterol in the liver. The 
primary bile acids in humans are cholic acid (CD) and cheno-
deoxycholic acid (CDCA). Most bile acids are conjugated, with 
the majority conjugated to glycine, while some are conjugated 
to taurine. Primary bile acids are deconjugated by bacteria to 
form the secondary bile acids deoxycholic acid (DCA) and 
lithocholic acid (LCA). After secretion of bile into the small 
intestine, bile acids play an important role in activating digestive 
enzymes and solubilizing fat and fat-soluble vitamins. Bile acids 
are passively absorbed throughout the small intestine, while 
active transport is confined to the distal ileum. Most bile salts 
are reabsorbed in the distal ileum by the apical sodium-
dependent bile acid transporter (SLC10A2). The bile acids then 
exit the basolateral membrane of the enterocyte into the portal 
circulation, and return to the hepatocytes for recycling. This 
enterohepatic circulation system is highly efficient, and about 
95% of bile acids are reabsorbed [98].

While about 5% of the total bile salt pool (about 600 mg of a 
total pool of 2–4 g) is normally lost in the colon through fecal 

Vitamin deficiency of the fat-soluble vitamins E, β-carotene, 
vitamin A, vitamin D, and vitamin K occur in these patients. 
Plasma levels of vitamin E are extremely low; vitamin E is 
absorbed with lipids in the form of micelles, and is then secreted 
and transported in chylomicrons [85]. Vitamin A, D, and K have 
alternate modes of transport out of the enterocyte in addition to 
chylomicron packaging, and are therefore not diminished to the 
same extent as vitamin E. The first neurological sign of vitamin 
E deficiency is the loss of deep tendon reflexes, followed by pro-
gressive loss of vibration and position sense, abnormal feet (pes 
cavus) and spinal curvature, cerebellar symptoms such as ataxia 
and wide-based gait, and muscular weakness from both neural 
degeneration and intrinsic myositis [89]. The patients also have 
vision abnormalities, of which the first symptoms are decreased 
night and color vision. Patients then progress to decrease visual 
acuity and contraction of the visual field. The retina becomes 
discolored with white spots (angioid streaks) [90,91].

In addition to the other clinical signs of vitamin deficiencies 
associated with fat malabsorption, patients with ABL have an 
absence of chylomicrons and ApoB48 in the plasma after a fat 
load. Triglycerides also do not rise after a fat load. Fasting cho-
lesterol levels are often in the range of 20–50 mg/dL, and trig-
lycerides are less than 10 mg/mL. Patients initially present in 
infancy with lipid malabsorption and subsequently develop 
diarrhea, vomiting, and bloating. Breast milk, which is high in 
fat, is poorly tolerated, and a standard diet fat content is also 
poorly tolerated. A diet of less than 15 g fat/day helps minimize 
diarrheal symptoms. Because of their symptoms, patients often 
self-impose a reduced fat diet. Vitamin supplementation is 
essential. Adequate vitamin A and K levels can be achieved with 
supplementation, though vitamin E levels remain low even in 
the presence of supplementation. Supplementation with very 
high doses of vitamin E (100 mg/kg/day, as compared to stand-
ard daily requirement of 10–30 mg/day in healthy individuals) 
has been shown to lead to trace, but detectable, vitamin E levels 
in the blood [89]. Patients treated from the age of 16 months 
did not develop the neurological and retinal symptoms; inter-
vention in patients who began to have these features was able 
to halt the progression of symptoms or, in some cases, reverse 
some of the symptoms.

Hypobetalipoproteinemia
Hypobetalipoproteinemia (HBL) is defined by plasma levels of 
total cholesterol, LDL, or total ApoB below the fifth percentile 
[92]. Most commonly, patients with this disorder have ApoB 
gene mutations. The homozygotes are virtually identical to ABL 
patients. The frequency of heterozygotes of ApoB mutations is 
1 in 3000 [93]. Many of the ApoB mutations result in a trun-
cated protein product. ApoB that is less than 30% of the full 
protein is not detectable in the plasma, while larger protein 
fragments are detectable [92].

While ABL heterozygotes have normal cholesterol and trig-
lycerides, HBL heterozygotes have low lipoprotein levels. ApoB 
gene mutations are inherited in an autosomal dominant manner. 
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ble bowel syndrome (IBS-D) may have idiopathic bile acid mal-
absorption, as demonstrated by abnormal SeHCAT testing 
[104]. These patients do not appear to have any defect in ileal 
bile transport, and mutations in the SLC10A2 gene have not 
been found. They also have normal expression of cytoplasmic 
ileal bile acid binding protein and the basolateral organic solute 
transporter. Walters et al. studied a group of patients with 
chronic diarrhea with abnormal SeHCAT retention [105]. These 
patients were found to have lower levels of the ileal enterocyte 
fibroblast growth factor 19 (FGF19). The mouse ortholog of this 
protein, FGF15, inhibits bile acid synthesis in the liver and 
Fgf15 knockout mice have a clinical condition resembling bile 
acid malabsorption. The authors hypothesize that bile acid 
diarrhea in these patients results from bile acid secretion that 
exceeds the capacity for ileal reabsorption. A subsequent study 
by Wong et al. in 26 healthy patients, 26 patients with constipa-
tion predominant IBS, and 26 patients with IBS-D revealed 
higher bile acid stool concentrations in patients with IBS-D 
than those with constipation-predominant IBS [106]. Differences 
in FGF19 were not detected in this group. However, this 
American study did not select patients with an abnormal 
SeHCAT test.

Disorders of electrolyte transport

Disorders of iron transport
Iron enters the circulation from dietary absorption through the 
duodenum and release of stored iron from the reticuloendothe-
lial macrophages that recycle iron from erythrocytes. Iron is 
essential for oxidation and reduction reactions, but can also be 
dangerous because it can reduce oxygen or hydrogen peroxide, 
converting them to damaging superoxide or hydroxide radicals 
[107]. Iron absorption is tightly regulated because humans nor-
mally only release iron through loss of skin and intestine cells. 
Women can also lose iron through menstruation and childbirth. 
The net iron absorption by the intestine accounts for about 5% 
of the iron that enters the plasma, as the rest is from recycled 
red blood cells. The intestine absorbs about 1–2 mg of iron a day, 
in replacement for what is lost by cell sloughing [107]. However, 
the intestine can absorb up to five- to tenfold more iron if 
needed.

Hepcidin, a 25-amino acid defensin produced in the liver, is 
the key regulator of iron homeostasis. This small peptide 
hormone is a negative regulator of iron uptake, by binding to 
and causing degradation of the iron exporter ferroportin (Fpn) 
[108], which is found on the basolateral surface of duodenal 
cells, macrophages, and placental cells. Hepcidin binds to Fpn 
and causes internalization through clathrin-coated pits and sub-
sequent degradation of the Fpn [107].

Hereditary hemochromatosis
Hereditary hemochromatosis (HH; see Chapter 101) is a disor-
der of progressive iron overload, which occurs when iron uptake 

waste, excess delivery of bile acids to the colon can result in 
diarrhea. The secondary bile acids can cause dose-dependent 
activation of calcium and potassium secretion [98]. In the 
mouse, the bile acid-induced secretory response depends, in 
part, on the presence of mast cells and the mast cell mediator 
histamine [99]. Evidence also suggests that bile acids inhibit 
sodium-dependent absorption processes. Bile acid exposure 
may increase mucosal permeability through modulating tight 
junctions, as transepithelial resistance and increased permeabil-
ity to large molecules such as mannitol occurs with concentra-
tions of bile acids above 1 mM [100].

Bile salt diarrhea due to decreased ileal absorption of bile salts 
can occur after ileal resection or ileal mucosal injury, such as 
occurs in Crohn’s disease inflammation or radiation exposure. 
Bacterial overgrowth in the small intestine can cause deconjuga-
tion of bile acids in the jejunum, rather than the ileum. 
Unconjugated bile acids are more membrane permeable and can 
cause mitochondrial damage, leading to apoptosis and necrosis 
[98]. Also, the passive absorption of unconjugated bile acids in 
the small intestine renders them unavailable to form micelles 
and thus leads to fat malabsorption. Antibiotics aimed at treat-
ing the small intestinal bacterial overgrowth, such as cipro-
floxacin, neomycin, metronidazole, or rifaximin are most 
helpful in treating this condition.

Primary bile acid malabsorption (PBAM) is a rare disorder 
first described by Heubi et al. in 1982 in two boys presenting 
with congenital diarrhea, steatorrhea, and growth failure [101]. 
These boys had normal ileal structure on barium x-ray and 
normal ileal function, as assessed by normal vitamin B-12 
absorption. However, in vitro assays performed on ileal biopsies 
from the subjects demonstrated an inability of the tissue to take 
up taurocholic acid. Subsequent cloning of the human SLC10A2 
have revealed that autosomal recessive inheritance of mutations 
in this gene leads to loss-of-function mutations in the apical bile 
salt transporter, and are the cause of PBAM [102]. The 
75Se-homocholic acid–taurine test, which is not available in the 
United States, is now available elsewhere to measure bile acid 
absorption in the ileum. This test involves the oral administra-
tion of 75selenium-25-homotaurocholic acid (SeHCAT), which 
undergoes enterohepatic circulation by the intestine and liver, 
similar to naturally occurring bile acids. Patients are given an 
oral dose, and the abdomen is scanned with a noncollimated 
gamma camera at 0, 1, 3, 5, and 7 days. Retention of less than 
10%–15% of the administered SeHCAT suggests bile acid mal-
absorption. Patients with this disorder also have low plasma 
levels of LDL cholesterol. Treatment of patients with PBAM 
involves a low-fat diet, and bile acid sequestration with a bile 
acid resin such as cholestyramine, colestipol, or colesevelam 
given before meals.

Idiopathic bile acid malabsorption was first described by 
Thaysen and Pedersen in 1976 [103]. This group noted patients 
with diarrhea who responded rapidly to cholestyramine. 
Subsequent studies estimate that up to 30% of patients with 
unexplained chronic diarrhea, or diarrhea-predominant irrita-
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Hereditary hemochromatosis is diagnosed through measure-
ments of serum iron, transferrin saturation, and ferritin. 
Transferrin saturation greater than 45% and ferritin levels 
greater than the upper limit of normal are indicative of the 
disease. Genetic testing is also available for the C282Y and 
H63D gene mutations in the HFE gene. After a hemochroma-
tosis diagnosis is secured, treatment is through phlebotomy. The 
American Association for Study of Liver Disease (AASLD) 
guidelines recommend phlebotomy to maintain ferritin between 
50 and 100 μg/L in individuals with homozygous HH, markers 
of iron overload, or histological evidence of potentially toxic 
iron levels. However, some Australian data suggests that patients 
with ferritin between the upper limit of normal and 1000 μg/L 
can be monitored [118]. Liver fibrosis and cardiomyopathy 
improve with phlebotomy, though hypogonadism, cirrhosis, 
deforming arthropathy, and insulin-dependent diabetes are not 
usually reversible.

Disorders of copper transport
Copper is the third most abundant trace element in the body 
and is necessary for enzymes involved in cellular respiration, 
neurotransmitter biosynthesis, peptide hormone maturation, 
free radical scavenging, crosslinking of elastin, collagen, keratin, 
melanin production, and iron homeostasis [119]. The absorp-
tion of dietary copper through the small intestine is not com-
pletely understood. The human copper transporter, hCTR1, was 
thought to play a major role, but some in vitro studies have 
suggested that this protein is expressed at the basolateral, rather 
than apical, surface of the enterocyte [120]. DNMT1, a divalent 
metal transporter, which can transport copper, iron, manga-
nese, and cobalt, has also been implicated in copper transport. 
Endocytosis of a ruffled cell membrane has also been suggested. 
Most recently, in vitro work in the human colon cancer cell line 
Caco2 has suggested that copper complexes with chloride and 
is transported by anion exchangers [121].

Once copper is in the cell, it binds to small proteins such as 
metallothionein and glutathione or copper-specific chaperones, 
which guide the copper to specific cellular locations [119]. 
ATP7A and ATP7B are two membrane-bound ATPases that 
transfer copper across the Golgi membrane so that it can be 
incorporated into secreted enzymes. ATP7A is expressed in 
almost every organ except the liver, while ATP7B is expressed 
in the liver. Mutations in ATP7A lead to Menkes disease, while 
mutations in ATP7B result in Wilson disease. Because ATP7B is 
expressed only in the liver, Wilson disease is not a disorder of 
small intestinal absorption, but rather of copper excretion by 
the liver. Under conditions of high copper concentrations, 
ATP7A plays a second role in which it effluxes copper from the 
plasma membrane [122].

Menkes disease is an X-linked recessive disorder caused by 
mutation in ATP7A. The disease incidence in Europe is 1 in 
300 000, while in Japan it is 1 in 360 000 [123,124]. Australia has 
a higher incidence at 1 in 50 000–100 000, which is thought to 
be due to a founder effect [125]. Babies with Menkes are often 

into the blood stream far exceeds the needs for erythropoiesis 
and iron deposits in organs, ultimately causing cirrhosis, diabe-
tes, cardiomyopathy, hypogonadism, arthropathy, and darkened 
skin pigmentation [109]. Five gene mutations have been identi-
fied in hemochromatosis (Figure 65.4). Mutations in the HAMP 
gene, encoding hepcidin, lead to severe juvenile hemochroma-
tosis [110]. Mutations in HFE2, also known as HJV, the gene 
for hemojuvelin, also causes a severe juvenile-onset form of the 
disease, characterized by earlier age of onset and more severe 
iron overload [111]. Mutations in the HJV gene cause decreased 
BMD-SMAD signaling, leading to hepcidin deficiency and 
unregulated Fpn expression [112]. Mutations in the ferroportin 
gene (SLC40A1) lead to an autosomal dominant HH phenotype 
in which ferroportin is hepcidin-resistant, through inability to 
bind hepcidin, or inability to internalize after binding of hepci-
din [113,114]. Mutations in TFR2, a transferrin receptor with 
more limited expression in hepatocytes, duodenal crypt cells, 
and erythroid cells, also more rarely cause HH and are associ-
ated with decreased hepcidin levels [115–117].

Mutations of the HFE gene are the most common cause of 
HH, which affects approximately 1 in 200 people of northern 
European descent. Ninety percent of these patients are 
homozygous for the C282Y HFE mutation [118]. Though the 
exact mechanisms by which HFE mutations lead to iron over-
load are not entirely clear, HFE is known to bind to the transfer-
rin receptors TFR1 and TFR2 [109]. Binding of transferrin to 
the transferrin receptor on cell membranes leads to cellular 
acquisition of iron and recycling of transferrin to the plasma. 
Furthermore, HFE appears to regulate hepcidin levels, with 
HFE mutations leading to inappropriately low hepcidin levels, 
increased ferroportin expression, and decreased iron efflux 
[109]. The mechanism by which HFE regulates hepcidin expres-
sion in the liver is unknown.

Figure 65.4 Hemochromatosis results when mutations in the hepatic 
genes BMP, HJV, HFE, and TFR2 lead to failure to accurately sense iron 
levels, with subsequent inappropriately low expression of hepcidin. Low 
levels of hepcidin lead to unregulated ferroportin (Fpn) transport activity, 
and excess iron into the blood. Source: Babitt and Lin 2011 [109]. 
Reproduced with permission of Thieme Publishers.
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Over 30 mutations in the SLC39A4 gene, coding for ZIP4, 
have been identified, and most patients are homozygous or 
compound heterozygotes [132]. However, some patients have 
no mutation in the gene or have monoallelic mutations. These 
patients may have dysregulation of SLC39A4 gene transcription 
involving metal response elements or modifier genes, or may 
have a mutation in an as yet-unidentified second gene respon-
sible for acrodermatitis enteropathica. Diagnosis is made 
through measurement of reduced serum zinc concentration. 
Testing for genetic mutations is not available, as only about 40% 
of diagnosed patients are identified as homozygotes or complex 
heterozygotes for SLC39A4 mutations [130]. Oral zinc at a dose 
of at least 1 mg elemental zinc/kg/day is used to treat this 
disorder.

Congenital chloride diarrhea
As of 2011, approximately 250 cases of congenital chloride 
diarrhea (CCD) had been reported worldwide [133]. The inci-
dence in Finland is 1 in 30 000 to 40 000. Poland, Kuwait, and 
Saudi Arabia also have a high incidence of the disorder [134]. 
However, single cases have been reported throughout the world. 
Fifty-five unique mutations have been identified [133]. Three 
founder mutations have been identified in Finland, Poland, 
Saudi Arabia, and Kuwait. Clinical testing is available for the 
founder mutation present in the Finnish population. The muta-
tions identified thus far can all be traced to the heterozygote 
parents, and no de novo mutations have yet been identified. 
Most identified mutations are single nucleotide substitutions, 
though minor deletions and insertions have also been 
identified.

Patients with CCD develop diarrhea in utero, characterized 
by polyhydramnios and lack of meconium [135]. These infants 
are often born premature and immediately have profuse diarrhea 
leading to dehydration, and hypochloremic, hypokalemic meta-
bolic alkalosis. In addition to the clinical characteristics, high 
fecal chloride at greater than 90 mmol/L is noted. CCD is caused 
by mutations in the SLC26A3 gene, which causes dysfunction 
of the Cl−/HCO3

− exchanger in the ileum and colon (Figure 
65.5) [133,136]. Thus, chloride cannot be absorbed, and bicar-
bonate is not secreted to neutralize the acidity of gastric secre-
tions. The Cl−/HCO3

− exchanger is coupled to NHE3, and this 
Na+/H+ exchanger is also defective in CCD. Therefore, sodium 
is not absorbed into the intestine and both sodium and chloride 
are lost into the watery diarrhea. The resultant hypochloremia, 
hyponatremia, and dehydration activate the renin/angiotensin 
system and leads to elevated levels of aldosterone. The elevated 
aldosterone leads to sodium reabsorption in the distal colon and 
distal tubule of the kidney. Potassium becomes depleted. Thus, 
the overall clinical presentation is of metabolic alkalosis, 
hypochloremia, hypokalemia, and hyponatremia.

Treatment of congenital chloride diarrhea is with oral and 
parenteral sodium chloride and potassium supplementations, 
which can be absorbed through passive diffusion. Single case 
reports have each described improvement with omeprazole and 

born uneventfully, although cephalohematomas, spontaneous 
fractures, pectus excavatum, and umbilical and inguinal hernias 
have been reported. The first recognized symptoms may be the 
unusual sparse, pale luster-less hair that appears in a tangle. 
Development is normal for the first few months, but around 5–6 
months old, the baby begins to lose some of the previously 
learned skills, and seizures often occur. Muscular tone often is 
decreased early, but later the patients become spastic and have 
weakness. Joints are hyperextensive and loose and dry skin can 
be seen [1,125]. Vascular, urogenital, and skeletal abnormalities 
are often seen.

Diagnosis is also made on the basis of the abnormal hair first. 
Microscopy of the hair reveals individual hairs twisted around 
their own axis, with varying shaft diameter and fragmentation 
at regular intervals. Serum copper and ceruloplasmin, one of 
the serum carrier proteins of copper, can be measured, but are 
often low in normal neonates [126]. Treatment is to replace 
copper parenterally, either through subcutaneous injection or 
intravenously. Oral repletion is not useful because the copper 
becomes trapped in the intestinal cells and is not available for 
tissue distribution [127].

Disorders of zinc absorption
Zinc is important to many processes such as immune function, 
growth, development, and reproduction. Zinc transport in 
mammals is controlled by two families of transporters. The 
SLC30 or ZnT family of transporters, of which there are 10 
members, transport zinc from the cytoplasm into intracellular 
compartments and from the cytoplasm out of the cells [128]. In 
the enterocyte, ZnT1 mediates transport of zinc out of the baso-
lateral surface, in contrast to ZnT5b, which is located on the 
apical surface of the cell [129]. ZnT6, ZnT5A, and ZnT7 mediate 
transport into the Golgi, while other family members mediate 
transport into vesicles of exocytosis. The SLC39 or ZIP family 
mediates transport of zinc into the cytoplasm or from the intra-
cellular spaces into the cytoplasm, if cytoplasmic zinc is low. 
ZIP4 is located in the apical membrane of the enterocyte, while 
ZIP5 is in the basolateral membrane of the cell.

Acrodermatitis enteropathica is characterized by the triad of 
symptoms of periacral and periorifical dermatitis, alopecia, and 
diarrhea [130]. The skin lesion begins as eczema and progresses 
to erosive, psoriaform, or vesiculopustular. The disorder results 
from a partial block in intestinal zinc absorption due to muta-
tions in the SLC39A4 (ZIP4) gene. The prevalence of the disor-
der is approximately 1 in 500 000. Babies initially present with 
the characteristic skin lesions, and then the alopecia and 
diarrhea are noted. In advanced disease, growth delay, mental 
slowing, poor wound healing, anemia, photophobia, poor taste, 
anorexia, delayed puberty, and hypogonadism are observed 
[131]. Zinc plays key roles in hundreds of metalloenzymes, such 
as alkaline phosphatase, RNA polymerase, and alcohol dehy-
drogenase. Zinc is also an essential component of regulatory 
proteins such as zinc finger transcription factors.
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serine-protease inhibitor. The mechanism by which altered 
serine protease activity in the intestine inhibits sodium absorp-
tion is not yet known.

Disorders of magnesium absorption
At low concentrations, magnesium is absorbed in the small 
intestine via a saturable, active transcellular pathway. In con-
trast, at higher concentrations, magnesium is absorbed through 
a nonsaturable paracellular passive transport pathway.

Primary hypomagnesemia with secondary hypocalcemia 
(HSH) is a rare autosomal recessive disease in which infants 
present with extremely low serum magnesium levels and hypoc-
alcemia. The hypocalcemia is thought to occur due to inhibition 
of parathyroid hormone synthesis and release [145,146]. 
Magnesium crosses the placenta, and, after birth, magnesium 
levels are normal, but gradually become depleted until magne-
sium deficiency develops after weeks to months. Generalized 
seizures are usually the first presentation [147]. While most other 
magnesium disorders are characterized by renal magnesium 
wasting, the primary defect in HSH is intestinal magnesium 
absorption [148]. Renal magnesium wasting also occurs in HSH 
via magnesium loss in the distal convoluted tubule [149].

HSH is now known to result from mutations in TRPM6, 
which is expressed in the apical membrane of the enterocytes 
as well as in the kidney distal convoluted tubule [149,150] Both 
TRPM6 and its homologue TRP7 are ion channels with car-
boxyl terminal serine/threonine protein kinase activity. Much is 
known about the function of TRPM7, although studies of the 
function of TRPM6 have been less conclusive. TRMP7 is a con-
stitutively active ion channel, which is permeable for a variety 
of divalent cations, such as calcium and magnesium. Activity is 
regulated by intracellular levels of magnesium and Mg-ATP 
[151]. Treatment of these HSH patients is with parenteral mag-
nesium supplementation in the acute setting, followed by life-
long oral supplementation. Due to the ongoing renal losses, 
serum magnesium levels always remains in the subnormal 
range.

Disorders of vitamin absorption

Folate
Folate is a coenzyme essential for amino acid metabolism and 
nucleic acid synthesis. Folate is found in liver, yeast, leafy veg-
etables, legumes, and some fruits. Intestinal bacteria also syn-
thesize folate. Folate digestion begins in the small intestinal 
lumen, where polyglutamate forms are hydrolyzed to monogluta-
mate forms before transport through the enterocyte. Uptake of 
monoglutamyl folate mainly occurs in the proximal small intes-
tine. The majority of folate absorption occurs against a concen-
tration gradient. The two predominant transporters are the 
reduced folate carrier(RFC) and the folate receptor [152].

Folate deficiency can occur due to nutritional deficiency, 
alcoholism, medications, diseases with increased cell turnover 

butyrate treatments. Omeprazole was given to a patient with the 
theory that proton pump inhibitors inhibit gastric chloride 
secretion [137]. Butyrate stimulates intestinal water and ion 
absorption via a Cl−/butyrate and Na+/H+ exchanger [138].

Disorders of sodium transport
In the duodenum and jejunum, sodium is absorbed through 
several different pathways, including solute-dependent sodium 
cotransport and the amiloride-sensitive Na+/H+ exchanger. In 
the distal small intestine and proximal colon, sodium and chlo-
ride absorption is coupled and electroneutral.

Congenital sodium diarrhea can also cause polyhydramnios 
due to in utero diarrhea. In infancy, patients present with meta-
bolic acidosis, dehydration, hyponatremia, and profuse, secre-
tory diarrhea [139–142]. The stool has an alkaline pH and high 
sodium content. Many of these patients require treatment with 
parenteral nutrition and fluids, though in several of the cases 
the children improve with time and have been able to transition 
to oral repletion solutions. Studies of jejunal membrane vesicles 
have shown a severe reduction in sodium uptake in the presence 
of a H+ gradient, while sodium-dependent glucose transporter 
activity remains intact [140]. Subsequent studies of the apical 
Na+/H+ exchangers NHE1, 2, 3, and 5 have failed to identify a 
mutation. The Na+/H+ exchanger NHE8 has been cloned. NHE8 
expression decreases with mucosal maturation, while NHE3 
increases [143]. Thus, NHE8 was thought to be a possible site 
of the causative mutation of this disorder, given the improve-
ment of patients as they mature. However, sequencing of NHE8 
failed to identify any mutations that could cause the disorder.

Congenital sodium diarrhea can also occur as part of a syn-
drome in which patients have choacal atresia or anal atresia, 
hypertelorism, and corneal erosions. A genome-wide single 
nucleotide polymorphism (SNP) scan of 24 patients with this 
syndrome identified a mutation in the SPINT2 gene [144], a 

Figure 65.5 Congenital chloride diarrhea (CCD) is caused by dysfunction 
of the Cl−/HCO3

− exchanger in the ileum and colon. The Cl−/HCO3
− 

exchanger is coupled to NHE3, and this Na+/H+ exchanger is also 
defective in CCD. The resultant hypochloremia, hyponatremia, and 
dehydration activate the renin/angiotensin system and leads to elevated 
levels of aldosterone with eventual potassium depletion. Source: Adapted 
with permission of Chang et al. 1996 [1].
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columns of the spinal cord, and demyelination of cranial and 
peripheral nerves and or white matter in the brain, can occur 
with vitamin B-12 deficiency [161]. Less common symptoms of 
vitamin B-12 deficiency, such as glossitis, malabsorption, infer-
tility, and thrombosis, can also develop [160].

Patients with haptocorrin deficiency have decreased cobala-
min levels, but no signs of deficiency, likely because they main-
tain normal levels of transcobalmin–vitamin B-12 [162]. An 
inherited deficiency of intrinsic factor is due to mutations in the 
GIF gene [163]. Imerslund–Grasbeck syndrome results from 
defects in the cubam receptors. Mutations have been identified 
in both the genes for cubulin and amnionless [164,165]. These 
patients present between the ages of 1 and 5 years and often have 
developmental delay and megaloblastic anemia. Serum B-12 
levels are decreased and methylmalonic acid and homocyteine 
levels are elevated. Immune deficiency and neurological diffi-
culties can also develop. Multiple inborn errors of cellular B-12 
metabolism have also been identified in proteins such as CblA 
B, C, D, E, F, and G, which are involved in B-12 transport 
through the cell [159]. Transcobalamin deficiency presents 
earlier than either intrinsic factor mutations or Imerslund–
Grasbeck syndrome, and patients have failure to thrive, vomit-
ing, weakness, and megaloblastic anemia in the first 2 months 
of life [159]. Because the majority of circulating cobalamin is 
not bound to transcobalamin, serum cobalamin is usually in the 
reference range or slightly reduced. Treatment involves main-
taining high serum cobalamin. In addition to these defects  
in vitamin B-12 absorption, pernicious anemia is the most 
common cause of vitamin B-12 deficiency, a condition that 
arises from an immune response to H+/K+-ATPase in the 
gastric parietal cells, and a subsequent lack of intrinsic factor 
production.

Diagnosis of vitamin B-12 deficiency syndromes is accom-
plished through measurements of the serum vitamin B-12 level. 
False negatives and false positives are common, likely because 
only 20% of the total measured vitamin B-12 is on the cellular 
delivery protein, transcobalamin, while the rest is bound to 
haptocorrin [166]. The laboratory measurement utilizes intrin-
sic factor to bind the measured vitamin B-12. Methylmalonic 
acid levels and total homocysteine are also elevated in vitamin 
B-12 deficiency, and are useful adjunct measurements.

Treatment of vitamin B-12 deficiency is with injected vitamin 
B-12 or high-dose oral vitamin B-12. About 10% of injected 
vitamin B-12 is retained [160]. Injected vitamin B-12 should be 
given as eight to ten 1000-μg loading injections, followed by 
monthly 1000-μg injections. High-dose oral supplementation of 
1000–2000 μg daily can also be used. Effective supplementation 
should correct blood count abnormalities in 2 months and neu-
rological signs and symptoms in 6 months.

Water-soluble vitamins
Water-soluble vitamins such as ascorbate (vitamin C), biotin, 
folate, niacin, pantothenic acid, pyridoxine, riboflavin, and thia-
mine are necessary micronutrients that humans must ingest. 

such as hemolytic anemia and psoriasis, or malabsorption asso-
ciated with inflammatory bowel diseases or celiac disease. 
Hereditary folate malabsorption is a rare genetic disorder first 
described in 1961 in two sisters with megaloblastic anemia, 
ataxia, mental retardation, and seizures. Less than 30 cases have 
since been reported in the literature [152]. Patients present with 
gastrointestinal, neurological, immunological, and hematopoi-
etic cell dysfunction. Hematopoietic abnormalities include 
anemia, easy bruising and atypical infections. Diarrhea, mucosal 
ulcers, poor feeding, anorexia, loss of milestones, failure to 
thrive, seizures, and peripheral neuropathy have been described. 
Most of the described cases have occurred in girls, for unclear 
reasons. The patients have had variable abilities to absorb folate. 
Diagnosis is made through low serum and cerebrospinal fluid 
(CSF) folate levels. Treatment of the disorder is with oral folate 
replacement. The exact defect in folate transport in this disorder 
has not yet been characterized.

Vitamin B-12
Vitamin B-12 is an essential cofactor for methionine synthase, 
the enzyme that catalyzes methylation of homocysteine to 
methionine, as well as several other methyl transfer reactions 
involved in nucleotide synthesis [153]. Vitamin B-12 is also 
necessary for methylmalonyl-CoA-mutase activity, which is 
important for digestion of organic compounds such as branched 
amino acids and fatty acids.

After ingestion, vitamin B-12 is captured by the haptocorrin 
protein, which shields it from the acidic environment of the 
stomach [154]. In the duodenum, pancreatic enzymes degrade 
haptocorrin. Intrinsic factor, which is secreted from the parietal 
cells in the gastric antrum, then binds the vitamin B-12. The 
intrinsic factor–vitamin B-12 complex binds to the terminal 
ileal cubam complex (which is comprised of cubulin, a periph-
eral membrane protein that binds intrinsic factor– vitamin 
B-12, and amnionless, a transmembrane endocytic protein), 
where is it taken up by endocytosis [155,156]. Once in the cell, 
intrinsic factor is degraded, and vitamin B-12 moves through 
the cytoplasm. Eight genes involved in intracellular vitamin 
B-12 trafficking and transport, identified in inborn errors of 
metabolism, have been characterized in vitro [153]. Vitamin 
B-12 is transported in the bloodstream by transcobalamin 
[157]. Transcobalamin-bound vitamin B-12 then is taken up by 
the liver and other cells in the body by an endocytic receptor, 
CD320 [158].

Multiple inborn errors of vitamin B-12 metabolism have been 
described [159]. The symptoms of vitamin B-12 deficiency 
include megaloblastic anemia, characterized by large red blood 
cells and neutrophils with immature nuclei with hypersegmen-
tation [160]. The interaction between folate and B-12 leads to 
the megaloblastic anemia due to dyssynchrony between the 
maturation of the cytoplasm and that of the nucleus. Vitamin 
B-12 also is involved in the development and initial myelination 
of the central nervous system and maintenance of its function. 
Demyelination of the cervical and thoracic dorsal and lateral 
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egg yolk, liver, cereal, and vegetables, patients with these enzyme 
deficiencies require dosing with several milligrams of biotin  
per day.

Niacin (vitamin B-3) is a precursor for the coenzymes  
nicotinamide adenine dinucleotide (NAD) and nicotinamide 
adenine dinucleotide phosphate (NADP), and deficiencies of 
niacin cause pellagra, which is characterized by skin lesions, 
diarrhea, and mucositis [168] Niacin deficiency occurs in 
patients with Hartnup disease, which is caused by ineffective 
transport of tryptophan, a necessary precursor for niacin 
synthesis.

Riboflavin is involved in mitochondrial fatty acid oxidation 
and branched chain amino acid catabolism. Three patients with 
progressive muscle weakness and paralysis of the diaphragm 
were found to have mutations in the SLC52A3 gene, which is 
the riboflavin transporter [170]. Mutations in this same gene are 
also in the Brown–Vialetto–Van Leaser syndrome, a neurologi-
cal disorder associated with neurological deterioration includ-
ing hypotonia, respiratory insufficiency, and early death in 
infancy, or deafness and progressive ponto-bulbar palsy pre-
senting later. High doses of riboflavin are helpful in these 
conditions.

Thiamine acts as a cofactor for metabolic reactions related to 
energy metabolism. The autosomal recessive disorder thiamine-
responsive megaloblastic anemia (TRMA) is caused by muta-
tions of the thiamine transporter hTHTR-1 and results in 

Table 65.2 Water-soluble vitamin functions and deficiencies.

Vitamin Function Symptoms of deficiency

Folate
[152]

Coenzyme in amino acid metabolism and 
nucleic acid synthesis

Anemia, easy bruising, Atypical infections
Diarrhea, mucosal ulcers, poor feeding, anorexia
Peripheral neuropathy

B-12
[153,160,161]

Cofactor of methylation of homocysteine 
to methionine
Cofactor for methyl transfer reactions in 
nucleotide synthesis

Megaloblastic anemia
Demyelination of cervical and thoracic dorsal and lateral columns of spinal 
cord
Demyelination of cranial and peripheral nerves or white matter
Glossitis, malabsorption, infertility, thrombosis

Biotin
[167–169]

Cofactor for carboxylases
Required for fatty acid biosynthesis and 
gluconeogenesis
Catabolism of cationic amino acids and 
fatty acids

Rash around eyes, nose, and mouth
Alopecia
Ataxia
Organic aciduria
Impaired immune function
Developmental delay

Niacin
[168]

Precursor for coenzymes NAD and NADP Pellagra (skin lesions, diarrhea, mucositis)

Riboflavin
[170]

Mitochondrial fatty acid oxidation
Branched chain amino acid catabolism

Muscle weakness
Paralysis of diaphragm
Glossitis, cheliosis

Thiamine
[168]

Cofactor for metabolic reactions related 
to energy metabolism

Megaloblastic anemia
Sensorineural deafness
Type II diabetes mellitus

NAD, nicotinamide adenine dinucleotide; NADP, nicotinamide adenine dinucleotide phosphate.

Therefore, adequate intestinal absorption of these vitamins is 
essential to maintain adequate levels. Each of these vitamins is 
transported across the small intestinal membrane via specific 
carrier-mediated processes, which are regulated by complex 
transcriptional and posttranscriptional mechanisms. Intestinal 
diseases, such as inflammatory bowel disease or celiac disease, 
surgical resection, drug interactions, and alcohol use can inhibit 
absorption. Congenital deficiencies in absorption have been 
described in several cases (Table 65.2).

Biotin is a cofactor for carboxylases required for fatty acid 
biosynthesis, gluconeogenesis, and catabolism of certain amino 
acids and fatty acids [167,168]. Biotin exists in free and protein-
bounds forms. Biotinidase is the enzyme needed to free biotin 
prior to absorption in the intestine. Additionally, this enzyme is 
necessary for biotin recycling, as it catalyzes the release of biotin 
from the breakdown products of carboxylases. Mutations in 
biotinidase lead to decreased biotin uptake in the intestine, as 
well as urinary loss of biotin in the form of biotinylated pep-
tides. Treatment for this enzyme deficiency is with biotin reple-
tion [168,169]. Holocarboxylase synthase catalyzes the linkage 
of biotin to the carboxylase enzymes. Mutations of this enzyme 
can lead to severe early illness. Symptoms of biotin deficiency 
include skin rashes around the eyes, nose, and mouth, alopecia, 
ataxia, organic aciduria, impaired immune function, and devel-
opmental delay in infants and children [169]. While healthy 
adults take in about 35–70 μg of biotin per day in the form of 
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fat absorption. In patients with malabsorption syndromes, 
vitamin E deficiency causes reduced red blood cell life span, 
neurological dysfunction, and myopathies [174]. In premature 
infants, deficiency has been linked to anemia, intraventricular 
hemorrhage in the brain, lung disease, and blindness. The main 
sources of vitamin E in the diet are vegetable oils (such as 
soybean, corn, cottonseed, and safflower) and products made 
from those oils such as margarine and shortening. Wheat germ, 
nuts, and green leafy vegetables also contain this vitamin. 
Studies in Caco2 human colon cancer cells and transgenic mice 
suggests that NPC1P1 and SR-B1 are responsible for apical 
uptake of vitamin E into the enterocyte, while ABCA1 (ATP 
binding cassette subfamily 1) is involved in the secretion of 
vitamin E at the basolateral side via an apolipoprotein A1 
pathway. The main fraction is secreted in chylomicrons via the 
apolipoprotein B pathway. Ataxia with isolated vitamin E defi-
ciency is an autosomal recessive disorder attributable to the 
α-tocopherol transfer protein in which patients cannot incor-
porate vitamin E into lipoproteins made by the liver [175]. The 
intercellular mechanisms of transport within the enterocytes are 
not known. Mutations in NPC1L1 result in less vitamin E trans-
port into cells in vitro, and SNPs in the gene for SR-B1 (SCARB1) 
have been associated with lower plasma levels of vitamin E 
[176]. An association has also been made between CD36 muta-
tions and lower vitamin E levels, though the exact involvement 
of CD36 in vitamin E absorption is not known.

Vitamin D is obtained through nonenzymatic conversion of 
provitamin D to previtamin D in the skin during exposure to 
UV radiation. Intestinal absorption of vitamin D comes from 
fish, eggs, and fortified foods, such as milk [177]. Human milk 
contains little vitamin D, and vitamin D supplementation is 
recommended for exclusively breast fed babies. Vitamin D is 
important for bone health, and the interaction of 1,25-OH 
vitamin D with the vitamin D receptor increases the efficiency 
of calcium and phosphorous absorption. The Vitamin D recep-
tor is present in many tissue and cell types, and is thought to 
regulate gene expression of over 200 genes. As with vitamin A 
and E, absorption of vitamin D into the enterocyte is thought 
to be mediated by SR-BI, CD-36, and NPC1L1 [171]. Thus, 
mutations in these proteins could contribute to vitamin D defi-
ciency. Mechanisms of intracellular vitamin D trafficking in 
human enterocytes are not known.

Vitamin K is an essential cofactor for four clotting factors (II, 
VII, IX, and X) and deficiency results in defective blood coagu-
lation and bleeding. Green leafy vegetables are the principle 
dietary source of vitamin K, though dairy and meats also 
contain this vitamin [178]. Phylloquinone is the major dietary 
form of vitamin K, which is predominantly found in green leafy 
vegetables. Menaquinones are produced by bacteria within the 
GI tract, but the extent to which they are bioavailable to the host 
is not known. Studies using nitrogen gas to inhibit mitochon-
drial respiration and 2,4-dinitorphoenol to inhibit ATP synthe-
sis decreased phylloquinone absorption in rats, but a specific 
membrane transporter for vitamin K has not been identified 

megaloblastic anemia, sensorineural deafness, and type 2 dia-
betes mellitus [168].

Fat-soluble vitamins
While initial animal studies first suggested that absorption of 
the fat-soluble vitamins, vitamin A (retinol and carotenoids), 
vitamin E (tocopherol and tocotrienols), vitamin D (cholecal-
ciferol), and vitamin K (phyloquinone and menaquinones) 
occurred by passive diffusion, more recent studies suggest that 
at physiological concentrations protein mediated transport 
across the enterocyte membrane occurs [171]. Hydrolysis of the 
fat-soluble vitamin esters may begin in the stomach with gastric 
lipase hydrolysis of triacylglycerols. Further hydrolysis occurs 
in the duodenum by pancreatic lipase. During digestion, the 
vitamins are transferred to mixed micelles, comprised of lipids 
and bile salts. The main site of absorption of fat-soluble vitamins 
is assumed to be in the mid section of the GI tract, but the exact 
location is unknown, as the only data has been obtained in 
rodents. Most fat-soluble vitamin deficiencies are due to lack of 
adequate intake. Malabsorption due to inflammatory bowel 
disease, celiac disease, biliary disease, or small intestinal bacte-
rial overgrowth has also been implicated.

Vitamin A is required for vision, growth, cellular differentia-
tion and proliferation, reproduction, and integrity of the 
immune system. Vitamin A deficiency due to lack of intake is a 
public health problem in many parts of the world, especially 
areas that do not eat meat. Animal livers contain retinyl esters, 
and vegetables such as carrots, sweet potatoes, pumpkin, and 
spinach contain provitamin A carotenoids such as β-carotene, 
α-carotene, and β-cryptoxanthin, which can be cleaved and 
metabolized to retinol in the cells [172]. After incorporation 
into mixed micelles, retinol uptake is thought to be mediated 
by STRA6 (stimulated by retinoic acid 6) and RBPR2 (retinol 
binding protein receptor 2). Carotenoid uptake is mediated  
by SR-B1 (scavenger receptor class B type I), CD36, and NPC1L1 
(Niemann–Pick C1 like protein 1). Once in the enterocyte, 
retinol is re-esterifeid by retinal esters by LRAT (lecithin retinol 
acyltransferase) and ARAT (acyl CoA acyltransferase). 
Carotenoids are cleaved into retinal by BCMO1 and then retinal 
can be converted to retinol and retinyl esters. Intracellular 
transport of retinyl esters is accomplished by retinol-binding 
proteins such as CRBPII (cellular retinol binding protein II), 
cytosolic carotenoid-binding proteins (CBP), and fatty acid-
binding proteins. While most vitamin A deficiency worldwide 
occurs due to dietary insufficiencies, mutations in genes encod-
ing transport proteins may affect vitamin A and carotenoid 
absorption efficiency. An association has been found between 
SR-B1 and CD36 mutations and blood concentrations of caro-
tenoids [172]. Variation in BCMO1 activity may account for 
some patients with low β-carotene phenotypes. Mutations in the 
retinol (vitamin A) binding protein are associated with night 
blindness [173].

Severe vitamin E deficiency in humans mainly occurs in pre-
mature infants and patients with diseases leading to impaired 
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[171]. Methods of vitamin K intracellular transport across the 
enterocyte are not known. Large interindividual and intraindi-
vidual variability in blood vitamin concentrations exist, even 
after account is taken for the food source and amount of vitamin 
K ingested, which does suggest some nondietary factors affect-
ing its absorption [178]. However, at this time, genetic abnor-
malities in vitamin K absorption and transport have not been 
identified.
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Definition

The very term bacterial overgrowth succinctly conveys its 
essence: an increase in the numbers and/or change in the type 
of bacteria in the small intestine results in clinical consequences. 
The notion that an alteration in the bacterial contents of the 
small intestine and, specifically, the presence of bacterial species 
normally confined to the colon, could lead to illness may date 
as far back as the late 19th century and the impact of such 
overgrowth, or “contamination”, on a variety of intestinal func-
tions and human nutrition was elegantly demonstrated in a 
series of classical studies in the 1950s, 60s, and 70s [1,2]. Until 
recently, the clinical context most typically linked to small  
intestinal bacterial overgrowth (SIBO) was malabsorption/
maldigestion. More recently, SIBO has been incriminated in a 
host of other intestinal and extraintestinal disorders, often on 
the basis of imprecise methodology and/or limited data. Such 
studies have generated considerable controversy and challenged 
the definition of SIBO. Pending the definition of the true spec-
trum of SIBO and for the purposes of clarity, this discussion  
will distinguish between two potential clinical manifestations  
of SIBO:

1.  SIBO as a cause of maldigestion/malabsorption: the clinical 
presentation can be related to effects of the contaminating 
organism on host morphology or function (Table 66.1), 
which, in turn, result in the clinical consequences typically 
associated with SIBO, including steatorrhea, diarrhea, 
protein-losing enteropathy, and/or specific deficiency states.

2.  SIBO associated with symptoms or clinical entities in the 
absence of evidence of maldigestion/malabsorption (e.g., 
SIBO in association with irritable bowel syndrome) and 
where the pathophysiological linkage with SIBO is less 
clearly defined.

In relation to the first of these clinical contexts, SIBO can be 
defined as clinical and/or laboratory evidence of maldigestion/
malabsorption related to qualitative and/or quantitative altera-
tions in the small intestinal microbiota. This “classical” SIBO is 
established by documentation of its presence and demonstration 
of a clinical response to its eradication. The expanded form of 
SIBO has often been problematic as much of the evidence sup-
porting an association between SIBO and a given entity has been 
dependent on the performance characteristics of the test used to 
define it and, specifically, on the ability of that test to distinguish 
health from disease. Typically, a response to SIBO eradication 
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Table 66.1 Prevalence of small intestinal bacterial overgrowth in selected symptomatic and asymptomatic control subjects.

Country Number and type of subjects Diagnostic test(s) % Positive Reference, year

England 30, Elderly malnutrition Aspirate and culture 31 [3], 1983

Ireland 30, Elderly acutely ill Aspirate and culture 66 [4], 1994

France 53, Children age 2 months to 12 years with diarrhea and/
or abdominal pain

Glucose breath test 34 [5], 1996

Australia 52, Symptomatic Aspirate and culture [6], 1997

Dyspepsia 0

Diarrhea age <50 0

Diarrhea age 50–74 10

Diarrhea age ≥75 64

Germany 294, age >61 Glucose breath test 15.6 [7], 2003

34, age 24–59 5.9

All living in the community

Peru 54, Chronic diarrhea Lactulose breath test 24 [8], 2003

15, Controls 12.5

Australia 87 Chronic diarrhea Aspirate and culture 33 [9], 2004

15 Controls 0

Japan 41 Healthy elderly Glucose breath test 0 [10], 2006

42 Disabled elderly 25.6

India 129 Irritable bowel syndrome Glucose breath test 8.5 [155], 2010

73 Chronic diarrhea 21.9

51 Controls 2

has not been reported or, if it has, its interpretation remains 
debatable. In the absence of biochemical and/or pathological 
findings that can be plausibly linked to SIBO, it has often been 
unclear whether SIBO is a cause, a consequence, or an epiphe-
nomenon in relation to the putatively associated disorder.

Epidemiology and risk factors

There are no community-based data on the prevalence of SIBO. 
Reports from more defined population groups usually relate to 
specific at-risk populations, such as those with a particular 
underlying disease or condition, and cannot provide informa-
tion on overall prevalence. In the elderly, SIBO has been 
reported as a common cause of unexplained diarrhea. In review-
ing some representative studies of SIBO prevalence in sympto-
matic and asymptomatic control populations (Table 66.1), it is 
clear that the likelihood of a positive test for SIBO varies accord-
ing to the methodology employed (culture vs breath test) and 
the geographic location of the study [3–10]. It is also clear that 
SIBO is more common in the elderly, among whom it appears 
to be a relatively frequent cause of diarrhea and malnutrition 
and an important cause of diarrhea in general.

Many risk factors for SIBO have been identified. Some 
insights into their relative prevalence is provided by a large 
retrospective series of patients who had duodenal aspirates per-
formed; the main risk factors for SIBO were older age, steator-
rhea, and the use of narcotics, and significantly associated 
disorders included inflammatory bowel disease, chronic pan-
creatitis, and jejunal diverticulosis [11].

In health, the most important defensive factors against the 
development of SIBO are gastric acid and intestinal motor activ-
ity. In the stomach, acid kills and suppresses the growth of most 
organisms that enter from the oropharynx. In the small bowel, 
the cleansing action of aboral propulsive forces and, especially, 
phase III of the interdigestive migrating motor complex (MMC), 
limits the ability of bacteria to colonize the small intestine [12]. 
Other protective factors include: the integrity of the intestinal 
mucosa, including its protective mucus layer and intrinsic anti-
bacterial mechanisms, such as defensins and immunoglobulins; 
the enzymatic activities and bacteriostatic properties of intesti-
nal, pancreatic, and biliary secretions; the protective effects the 
commensal flora; and the mechanical and physiological proper-
ties of the ileocecal valve [13].

Disorders leading to alterations in one of more of these defen-
sive systems may be associated with SIBO (Box 66.1).
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43%–56% of patients in two studies [21,22]. The prevalence of 
SIBO in scleroderma has been linked with a higher global 
symptom score and, especially, among those with a high score 
for digestive symptoms. Other factors predictive of SIBO in 
scleroderma include the presence of diarrhea and constipation. 
Eradication of SIBO, successful in 52%–73%, results in symptom 
improvement [21,22]. Intestinal pseudoobstruction and jejunal 
diverticulosis are two less common causes of SIBO based on 
myogenic or neurogenic intestinal dysmotility. Morphological 
studies suggest that disorders of intestinal motility, such as pro-
gressive systemic sclerosis, visceral myopathies, and neuropa-
thies, play an important role in the formation of small bowel 
diverticula [23]. Diverticula in the jejunum occur in 0.07%–2% 
of the population and tend to be large and multiple, whereas 
those in the ileum are small and single. These features explain 
the observation that symptoms and complications, such as 
SIBO, have been reported more frequently in association with 
jejunal than with ileal diverticula. Jejunal diverticula are twice 
as frequent in men and are observed predominantly among 
those over 60 years of age.

Altered anatomy
A variety of surgical procedures that alter gastrointestinal 
anatomy have been associated with SIBO [24,25]. Indeed, much 
of the original characterization of SIBO was carried out in post-
gastrectomy patients [26]. A number of pathophysiological 
factors may be operative in this setting, including hypochlorhy-
dria, formation of blind loops (depending on the nature of  
the surgical procedure), lack of contact between chyme and  
bile and/or digestive enzymes, and disruption of intestinal 
motility. Stagnation and/or recirculation of intestinal contents 
resulting from strictures, fistulas, enterostomies, and anastomo-
ses also predispose to SIBO; thus explaining the frequent asso-
ciation of SIBO with Crohn’s disease, radiation enteropathy, and 
reconstructive surgery. Indeed, SIBO should be considered in 
the differential diagnosis of symptomatic relapse of Crohn’s 
disease [27].

Hypochlorhydria
Initially described in relation to surgical procedures that reduced 
gastric acid secretion, hypochlorhydria has, more recently,  
been invoked in the development of SIBO among individuals 
on long-term treatment with proton-pump inhibitors (PPIs). 
Though some studies suggested that long-term PPI therapy was 
associated with SIBO [7,28,29], others have failed to confirm 
this [11,30]. Furthermore, though their metaanalysis revealed a 
pooled odds ratio of 2.82 for SIBO among PPI users versus 
nonusers, Lo and Chan found that this association held true 
only for studies employing intestinal culture rather than breath 
tests for the diagnosis of SIBO [29]. Interestingly, Ratuapli and 
colleagues, who failed to identify a relationship between PPI use 
and SIBO, based their analysis on breath tests [30]. Though 
gastric acid secretion and immune responses may decrease in 
later life, small intestinal dysmotility, rather than fasting 

Box 66.1 Diseases and disorders linked to small intestinal bacterial 
overgrowth based on pathophysiology.

Abnormal small intestinal motility
Diabetic autonomic neuropathy
Systemic sclerosis/scleroderma
Amyloidosis
Hypothyroidism
Idiopathic intestinal pseudoobstruction
Acromegaly
Gastroparesis
Myotonic muscular dystrophy
Chronic opiate use
Long-standing use of motility-suppressing drugs

Anatomic abnormalities
Small intestinal diverticulosis
Surgically induced alterations in anatomy (Billroth II gastrectomy, 
end-to-side anatomosis)
Strictures (Crohn’s disease, radiation, surgery)
Blind loops
Gastrocolic or jejunocolic fistula
Ileocecal valve resection

Hypochlorhydria
Postsurgical
Long-term acid suppression (?)

Immune deficiency
Inherited immune deficiencies
Acquired immune deficiency (e.g., AIDS, severe malnutrition)

Multifactorial
Chronic pancreatitis
Celiac disease
Tropical sprue
Crohn’s disease
Cystic fibrosis
Intestinal failure
Radiation enteropathy
Liver disease
End-stage renal disease
The elderly

Relationship to small intestinal bacterial overgrowth unclear or 
undefined
Rosacea
Interstitial cystitis
Restless legs syndrome
Parkinson disease
Erosive esophagitis
Severe obesity
Irritable bowel syndrome

Dysmotility
Because dysmotility predisposes to an increase in colonic bac-
teria in the small intestine, SIBO may occur as a complication 
of diseases that result in impaired intestinal motility, and virtu-
ally every condition that has been linked to small intestinal 
dysmotility has been associated with SIBO [14–22]. Diabetic 
autonomic neuropathy and scleroderma are prominent exam-
ples of dysmotility-related SIBO. SIBO should be sought as a 
potentially remediable cause in patients with diabetes and espe-
cially in the individual with long-standing type I diabetes [14]. 
SIBO is common in scleroderma patients, being documented in 
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genesis of various manifestations of these disorders, their 
relationship with SIBO remains to be firmly established. It some 
instances, SIBO was diagnosed using relatively inaccurate 
methods.

By far the greatest controversy related to SIBO over the past 
decade and a half has been the proposal that SIBO is linked to 
irritable bowel syndrome (IBS). Initial reports from Pimentel 
and colleagues [57,58], using the lactulose breath test, docu-
mented SIBO in 84% of their patients with IBS. Normalization 
of the lactulose breath test following administration of neomycin 
in this group resulted in a significant improvement in IBS symp-
toms. Although there has been a steady increase in reports of 
high rates of positive lactulose breath tests in children (65%) [59] 
and adults (34%–84%) [51,52,57,58,60–62] with IBS, significant 
concerns have been raised regarding the validity of this associa-
tion [11,63–67] and studies employing glucose breath test have 
documented lower rates of positivity (6%–16%) [62,68]. In a 
review and metaanalysis of the link between SIBO and IBS, Ford 
and colleagues found that the test modality chosen had a signifi-
cant impact on SIBO prevalence; the average prevalence of SIBO 
on breath tests (54%), contrasting markedly with the mean prev-
alence (4%) when jejunal aspirate cultures were used [69]. It has 
been suggested that the apparent link between SIBO and IBS may 
be attributable to the effect of proton pump inhibitors commonly 
used in this patient population [70]. It may be that, while some 
patients with SIBO may present with IBS-type symptoms, SIBO 
is not a major contributor to the pathogenesis of IBS in general 
[71]. Furthermore, the modest improvement in IBS symptoms 
that has been reported with some consistency in IBS with anti-
biotic therapy [72,73] may reflect the effects of these agents on 
the colonic flora rather than SIBO.

Pathogenesis

The human gastrointestinal microflora is a complex ecosystem 
comprising at least 400 bacterial species. Bacterial numbers in 
the small intestine are normally much lower than in the colon 
in order to prevent unwanted competition with the host and 
abnormal entry of bacteria across the more permeable epithe-
lium of the small intestine. In addition, gas production from 
bacterial fermentation of food is minimized.

Although SIBO is usually defined in quantitative terms, as  
the number of colony forming units (CFU) per mL, the  
interpretation of such definitions must take into account the 
location within the intestine where the sample was obtained and 
the fact that as much as 60% of the normal microbiota is not 
identified by culture-based methods, as revealed by molecular 
techniques such as genomics and metabolomics. These consid-
erations notwithstanding, SIBO is usually defined as the presence 
of ≥105 CFU/mL of bacteria in the proximal small bowel [74,75]. 
Some investigators have suggested that SIBO may occur with 
lower colony counts (≥103 CFU/mL), provided that some of 
the species of bacteria isolated in the jejunal aspirate normally 

hypochlorhydria or immunodeficiency, is probably the major 
contributor to the relatively high prevalence of SIBO that has 
been reported among the elderly. Hypochlorhydria may be an 
important cofactor in the development of SIBO when it coexists 
with other predisposing factors.

Immune deficiencies
SIBO has been described in association with hypogammaglob-
ulinemia, both in inherited and acquired forms [31], as well as 
with disorders of cellular immunity, such as human immuno-
deficiency virus infection.

Multifactorial
The cause of SIBO in chronic pancreatitis is multifactorial and 
includes the loss of pancreatic enzymes, a decrease in intestinal 
motility resulting from the inflammatory process, the effects of 
narcotics on gut motility, and the presence, in some instances, 
of intestinal obstruction.

SIBO has long been regarded as a potential complication of 
celiac disease and one of the causes of a failure to respond to 
gluten withdrawal [32,33]; here again, a number of factors may 
contribute to SIBO in association with celiac disease. These 
include dysmotility, impaired defenses against bacterial coloni-
zation, and pancreatic insufficiency. Overall, SIBO is thought to 
be responsible for 9%–10% of nonresponsive celiac disease 
[34,35]. Those with coexistent SIBO have evidence of more 
severe malabsorption. However, a recent study failed to demon-
strate any benefit from a course of rifaximin among a group of 
nonresponsive celiac patients [36]. It is likely that multiple 
factors contribute to the pathophysiology of SIBO associated 
with cystic fibrosis [37,38], chronic renal failure [16], intestinal 
failure [39,40], and liver disease [41].

SIBO has also been frequently documented in association 
with liver disease and it is in this context that relationships 
between SIBO and systemic sepsis have been most extensively 
explored [42]. Risk factors for SIBO in liver disease have 
included the presence of cirrhosis and more advanced disease 
as evidenced by portal hypertension [43], ascites [44,45], and 
jaundice [44]. SIBO has been linked to systemic endotoxemia 
[45,46] and in some [42], but not all [47], studies to a greater 
risk of developing spontaneous bacterial peritonitis. Intestinal 
bacteria clearly play an important role in the pathogenesis of 
overt hepatic encephalopathy; SIBO has also been linked to 
more subtle (minimal) hepatic encephalopathy [48]. SIBO and 
altered intestinal permeability, another common finding in liver 
disease, may, through the systemic effects of bacterial endo-
toxin, also play a role in the pathogenesis of nonalcoholic fatty 
liver disease (NAFLD) [49].

Relationship to SIBO unclear or undefined
SIBO has been linked with rosacea [50], interstitial cystitis [51], 
restless legs syndrome [52], Parkinson disease [53,54], erosive 
esophagitis [55], and severe obesity [56]. While plausible hypoth-
eses have been proposed to suggest a role for SIBO in the patho-
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mia, which results in edema and related manifestations. A 
number of processes contribute to the development of vitamin 
B-12 deficiency in patients with SIBO. These include the con-
sumption of cobalamin by anerobes, malabsorption of the 
vitamin as a result of competitive binding with cobalamin from 
bacterially generated metabolites of cobalamin at the ileal 
receptor, and, in instances of severe overgrowth, mucosal 
damage involving the binding site. Bacterial utilization of vita-
mins in SIBO has also been implicated in the development of 
thiamine [24] and nicotinamide deficiency.

Bacterial metabolism
Deconjugation of bile acids and consequent depletion of the bile 
acid pool leads to maldigestion of fat and fat-soluble vitamins. 
Paradoxically, bacterial production of vitamin K, combined 
with enhanced absorption of the vitamin due to greater perme-
ability, may serve not only to sustain but even increase vitamin 
K levels to a degree that warfarin may need to be increased to 
maintain therapeutic anticoagulation [77]. Bacterial synthesis 
of folic acid may result in the unusual combination of high folate 
and low vitamin B-12 levels in the circulation.

Clinical presentation and natural history

The clinical manifestations of SIBO are protean and range from 
the detection of laboratory abnormalities (vitamin B-12 or iron 

colonize the large bowel (such as Enterobacteriaceae, entero-
cocci, Pseudomonas spp., and Bacteroides spp.) or that the same 
species is absent from saliva and gastric juice [47]. This approach 
is supported by the identification of anerobes in jejunal aspirates 
from patients with malabsorption and chronic diarrhea attribut-
able to SIBO [6]. In the context of maldigestion/malabsorption, 
these definitions are based on firm foundations as bacterial 
numbers and prevalent species have been linked not only to 
symptomatology but also to various measures of digestive and 
absorptive function, as well as to changes in intestinal morphol-
ogy. The impact of SIBO on gut morphology and physiology 
(reviewed in references 1,2,74,75) are summarized in Table 66.2.

Mucosal injury
Mucosal injury in SIBO contributes to symptomatology via the 
loss of brush border enzymes, such as disaccheridases. This 
results in the presentation of more unabsorbed carbohydrates 
to intestinal bacteria for fermentation and could also contribute 
to lactose intolerance [76]. Damage to the epithelial barrier 
enhances permeability and, in severe cases, leads to a protein-
losing enteropathy. Enterotoxins, elaborated by some contami-
nating species, further exacerbate mucosal injury. Such injuries 
also trigger an inflammatory response with the generation of 
inflammatory cytokines such as tumor necrosis factor-α, which 
contributes to hepatic and systemic complications.

Luminal competition with host for nutrients
Bacterial digestion of luminal protein leaves the individual sus-
ceptible to malnutrition and also contributes to hypoproteine-

Table 66.2 Pathophysiology of symptoms and clinical findings in small intestinal bacterial overgrowth.

Process Mechanisms of action Clinical consequences

Mucosal injury 
induced by bacteria 
and/or their toxins 
or products

Loss of brush-border enzymes Carbohydrate maldigestion

Injury to the epithelial barrier leading to enhanced intestinal 
permeability

Protein-losing enteropathy; bacterial translocation and 
portal and systemic endotoxemia

Inflammatory response generating inflammatory cytokines Liver injury and inflammation, systemic inflammatory 
responses

Luminal 
competition with 
host for nutrients

Consumption of dietary protein Hypoproteinemia, edema

Consumption of vitamin B-12 B-12 deficiency, megaloblastic anemia, neurological 
symptoms

Consumption of thiamine Thiamine deficiency

Consumption of nicotinamide Nicotinamide deficiency

Bacterial 
metabolism

Fermentation of unabsorbed carbohydrates Bloating, distension, flatulence

Deconjugation of primary bile acids Diarrhea due to effects of deconjugated bile acids in the 
colon; depletion of the bile acid pool leading to fat and 
fat-soluble vitamin malabsorption

Synthesis of vitamin K Interference with anticoagulant dosing

Synthesis of folate High serum folate levels

Synthesis of d-lactic acid d-lactic acidosis

Synthesis of alcohol Liver injury

Synthesis of acetaldehyde Liver injury
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based on aspirate and culture (i.e., ≥105 CFU/mL of bacteria in 
the proximal small bowel) correlates well with clinical features 
in “classical” SIBO [26], its application to the diagnosis of SIBO 
outside of this context has not been validated.

Applying recognized criteria for the development and appli-
cation of a diagnostic test [87] to jejunal culture in the diagnosis 
of SIBO in this broader context, Khoshini and his coworkers 
concluded, in a systemic review, that no gold standard exists for 
the diagnosis of SIBO unrelated to maldigestion/malabsorption 
[88]. They noted that the various thresholds proposed have not 
been developed and validated in sufficiently large, diverse, and 
truly normal populations. Thresholds based on duodenal aspi-
rates are even more tenuous in terms of source and validation.

The uncertainties related to definition, technique, and  
patient selection notwithstanding, aspiration-based approaches 
also suffer from being invasive, time consuming, and costly. 
Moreover, this approach is vulnerable to contamination of the 
aspirate by oropharyngeal flora (which are predominantly Gram 
positive) and whose presence in the aspirate has not correlated 
well with SIBO-related symptoms. Such contamination by the 
oropharyngeal Gram-positive flora can be addressed by oral 
antisepsis or by the simultaneous culture of saliva and aspirate 
[89]. These observations also form the basis for the proposal by 
some investigators to restrict the range of organisms included 
in the definition of SIBO (whether >103 or >105 CFU/mL) to 
colonic-type bacteria (i.e., Gram negatives, anaerobes, and ente-
rococci), organisms which have been linked to SIBO symptoms 
and whose effects in the SIBO syndrome have a plausible patho-
genetic basis. Indeed, a considerable body of evidence links 
contamination with such organisms to the “classical” SIBO syn-
drome: diarrhea, steatorrhea, vitamin B-12 deficiency, and 
hypoproteinemia [1,2,26,74,75]. Culture results may vary 
depending on success in maintaining anerobic conditions 
during the collection, transport, and evaluation of samples as 
well as the skill of the microbiologist. Overall, the reproducibil-
ity of this approach has been reported to be low [39].

Genomics and metabolomics suggest there are inherent 
limits to the use of culture techniques to define bacterial popula-
tions, indicating that the conventional approaches detect less 
than 40% of the gut microbiota. The application of these molec-
ular techniques to the study of small intestinal aspirates should, 
ultimately, provide the most precise methodology for the diag-
nosis and definition of SIBO [90].

Breath tests
Because of the above mentioned pitfalls with the direct aspira-
tion of intestinal fluid, a variety of indirect tests have been 
developed. These tests are now widely employed as an alterna-
tive to direct aspiration, their attractiveness is enhanced by 
being relatively noninvasive and less costly [91].

The bile acid breath test was the first of these developed for 
the diagnosis of SIBO [92,93]. Bile acids were radiolabeled with 
14C or 13C; when deconjugated by bacteria, CO2 was released, 
absorbed, and excreted in breath samples [94]. Sensitivity and 

deficiency, for example) in an asymptomatic individual to florid 
steatorrhea and a protein-losing enteropathy. SIBO is an impor-
tant cause of otherwise unexplained diarrhea in the elderly and 
may also present with weight loss or such relatively nonspecific 
symptoms as bloating, flatulence, and abdominal discomfort. 
SIBO is now recognized as a relatively frequent cause of unex-
plained diarrhea [78] and occult maldigestion/malabsorption 
[3] in the elderly. A large retrospective series, based on duode-
nal aspirates, found that the main risk factors for SIBO were 
older age, steatorrhea, and the use of narcotics; significantly 
associated disorders were inflammatory bowel disease, chronic 
pancreatitis, and jejunal diverticulosis [11].

Diagnosis

Differential diagnosis
SIBO should be considered in the differential diagnosis of 
maldigestion/malabsorption and chronic unexplained diarrhea. 
Other presentations that should prompt a consideration of 
SIBO include vitamin B-12 deficiency and malnutrition, espe-
cially in the elderly [3].

Diagnosis by aspiration and culture
Direct aspiration and culture of jejunal fluid, with results 
expressed as colony-forming units per mL of jejunal fluid (CFU/
mL), although invasive, has historically served as the gold stand-
ard for the diagnosis SIBO [79–82]. The significance of bacterial 
counts in jejunal aspirates, which are higher than those of healthy 
controls but below the level of 105 CFU/mL found in a number 
of gastrointestinal disorders, are unclear [83]. This dilemma is 
exemplified by the study by Posserud and colleagues of IBS 
patients [84]. While the majority of subjects did not have bacte-
rial counts >105 and the overall prevalence of SIBO, so defined, 
was not different from controls, bacterial counts were numeri-
cally higher in the IBS patients and, if a lower cut-off of, say 104, 
had been used, the prevalence of SIBO would have been higher 
[84]. Choung and colleagues made similar observations in rela-
tion to PPI use [11] which, though linked to higher numbers of 
bacteria in the duodenum, was not associated with SIBO when 
conventional criteria were employed. The significance of these 
subthreshold levels of bacterial contamination and of SIBO 
limited to the more distal intestine is unknown at this time.

A variety of approaches have been used to obtain bowel con-
tents for culture, including the classic technique of jejunal intu-
bation under fluoroscopic guidance, a variety of endoscopically 
guided aspiration methods [83], mucosal brushings using a 
cytology brush [85], and mucosal biopsies [86]. It is particularly 
important not to extrapolate diagnostic criteria from one tech-
nique to another, as is commonly done in the case of endoscopi-
cally derived aspirates, where samples are derived from the 
second part of the duodenum and not the jejunum; locations 
where the microbiota may differ both quantitatively and quali-
tatively. While the “gold standard” for the definition of SIBO 
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positive lactose hydrogen breath tests [111]. It is recommended 
that SIBO should first be sought before an evaluation for sugar 
malabsorption is performed. The oral flora may contribute a 
confusing early peak, as will the ingestion of a high-fiber diet 
on the day before the test [112]. Recent food ingestion may lead 
to an exaggeration and smoking and exercise a suppression of 
the H2 response, and these should be prohibited during the test. 
Accordingly, the subject is requested to fast and avoid all fluids, 
except for water, for 12 h before the test [113].

For all of these reasons, sensitivity and specificity of breath 
tests, in comparison to jejunal aspirate, as well as their intersub-
ject variability, have been of concern [92,106,114,115].

The lactulose breath hydrogen test (LHBT), based on the use 
of a nonabsorbable substance, lactulose, is one of the most widely 
used hydrogen breath tests. The rise of hydrogen level after lac-
tulose ingestion in SIBO was first reported by Bond and Levitt 
[116]. The colonic flora ferments lactulose with the production 
of hydrogen and/or methane. After the administration of 10 g of 
the sugar, breath samples are taken at 15-min intervals for 3 h.

Methane production after lactulose ingestion, due to metha-
nogenic species in the gut flora, has been estimated to occur in 
36%–50% of healthy subjects [108,117,118], and, among sub-
jects with functional gastrointestinal symptoms, has been asso-
ciated with constipation [57,64,119]. However, the flat H2 curve, 
characteristic of a methanogenic flora [120], cannot be explained 
simply on the basis of an abundance of the methanogenic 
organism, Methanobrevibacter smithii, which comprises only 
about 10% of all anaerobes in the healthy adult colon, in con-
trast to Bacteroidetes and Firmicutes (both H2 producers) which 
together represent more than 90% of the flora [121]. The ability 
of methanogens to compete for hydrogen is a more plausible 
explanation [122].

The criteria for the diagnosis of SIBO, using the lactulose 
breath hydrogen test (LHBT), have been controversial and this 
test has yielded the most conflicting data of all those employed 
in the diagnosis of SIBO [63,92]. The principal criteria proposed 
include:
1.  A high basal level of H2, presumably related to the action of 

the bacterial flora on a previous meal or unabsorbed carbo-
hydrate in the gut. Some consider this finding, in of itself, as 
diagnostic.

2.  A double peak on the breath hydrogen expiration graph is 
one established criterion for the diagnosis of SIBO by LHBT; 
the first peak being due to production of the gas by the effect 
of bacterial overgrowth in the small bowel, the second result-
ing from the action of cecal flora on lactulose [90,92,106,113, 
123]. However, it may be difficult to distinguish a double 
peak in many patients.

3.  A rise in H2 above baseline within 90 min and/or an absolute 
rise of greater than 20 ppm above the basal H2 level within 
180 min [57,64,85,124,125]. However, the average orocecal 
transit time, as assessed by LHBT, is only slightly longer than 
this period and, therefore, many apparently healthy subjects 
will appear to have SIBO. Rapid transit, as may occur in 

specificity of this test have been quite variable, ranging from 
30% to 70% and 33% to 90%, respectively [95–98]. False posi-
tives may result from disease or resection of the terminal ileum, 
the site of bile acid absorption. When 14C is used, the test also 
carries a radiation risk, especially problematic in children, preg-
nant women, or women of child-bearing potential.

The 14C or 13C-d-xylose breath test [99,100] depends on the 
capacity of intestinal bacteria to metabolize 14C or 13C-xylose to 
release 14CO2 or 13CO2, which is absorbed and ultimately elimi-
nated in the breath where it can be quantified. Sensitivity of the 
14C-xylose test has ranged from 14% to 95% and specificity from 
40% to 94% [101–105].

Hydrogen breath tests are based on the premise that carbohy-
drate fermentation by bacteria of the gut flora and, most notably, 
anaerobic bacteria in the colon, is the only source of H2 produc-
tion in the body. In the case of malabsorption, some of the 
ingested sugar reaches the colon and produces excess hydrogen. 
The same principle applies in SIBO when “colonic” bacteria have 
colonized the small intestine; exposure of carbohydrate to bac-
teria in the small intestine produces a large and premature 
amount of hydrogen gas. H2 produced in this manner diffuses 
into the systemic circulation and is excreted via the lung in  
the expired air; in all, about one-fifth of the gas produced is 
exhaled [106].

Hydrogen breath tests may employ simple sugars, which 
should normally be absorbed in the small intestine, or may 
involve the use of a nonabsorbable carbohydrate. The general 
principles of these hydrogen-based breath tests are similar and 
are as follows [92,106,107]. After a 12-h overnight fast and a 
low-fiber diet for 1 day, subjects are asked to exhale into a tube 
connected to a bag and syringe to obtain H2 baseline values 
before intake of the substrate. Then the carbohydrate substrate 
is administered orally and sequential end-expiratory breath 
samples collected at timed intervals for 3 to 5 h.

Tests based on the excretion of hydrogen in the breath, 
because of their low cost and relative simplicity, have become 
the most commonly used breath tests in the diagnosis of SIBO 
but suffer from some limitations. False-negative results may 
occur for a number of reasons. Sequestration of the hydrogen 
produced during the fermentation process in the form of 
methane and/or hydrogen sulfide may occur in some instances 
as a result of methanogenic and sulfide-reducing bacteria, 
respectively [108]. If the gut harbors methanogenic species, a 
hydrogen breath test will produce a false-negative result as only 
methane is produced; hence the need to measure both gases. 
Results of hydrogen breath tests can also be significantly dis-
rupted by alterations in gut motility and, therefore, transit. The 
shorter the transit time, the greater the likelihood of a false-
positive result. False-positive results will also occur among sub-
jects who suffer from carbohydrate malabsorption due to 
conditions such as chronic pancreatitis or celiac disease as the 
sugar will be available to be fermented by the colonic flora 
[109–111]. Difficulties of differentiation between malabsorp-
tion and SIBO are common, as SIBO itself can result in false-
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results may support the diagnosis of SIBO, none has been ade-
quately validated as a diagnostic test of SIBO; some have not 
been extensively tested in man and those that have are less than 
optimal in terms of sensitivity and specificity.

The therapeutic trial
Given the problems associated with all of the tests for the diag-
nosis of SIBO described above, clinicians have turned to empiri-
cal therapeutic trials of antibiotics as an alternative diagnostic 
strategy. However, these lack standardization with respect to 
choice of antibiotic, dose, and duration of therapy or appropri-
ate outcome measures. The limitations of currently available 
diagnostic methods are illustrated by Kerckhoffs and colleagues 
[135] who performed both a lactulose breath test and a jejunal 
aspirate on 11 healthy controls and 15 subjects predisposed to 
SIBO. Breath testing was associated with a high false-positive 
rate and, disappointingly, the use of molecular methods did not 
increase the yield of aspirates.

Therapy and management

There are three components to the management of SIBO: first, 
treating the underlying disease; second, eradicating overgrowth 
and; third, addressing any associated nutritional deficiencies. 
Clearly, the primary goal should be the treatment or correction 
of any underlying disease or defect, when possible. Unfortunately, 
many of the clinical conditions that are associated with SIBO, 
such as visceral myopathies and multiple jejunal diverticula, are 
not readily reversible. It stands to reason that medications asso-
ciated with intestinal stasis such as those drugs known to inhibit 
intestinal motility or gastric acid secretion should be eliminated 
or substituted.

When surgical correction of the clinical condition associated 
with SIBO is not an option, management is based on antibiotic 
therapy. Its objective should not be to eradicate the bacterial 
flora but to alter it in a way that leads to symptomatic improve-
ment. Although, conceptually, the choice of antimicrobial 
agents should reflect in vitro susceptibility testing, this is usually 
impractical as many different bacterial species, with different 
antibiotic sensitivities, typically coexist. Therefore, antibiotic 
treatment remains primarily empirical. Effective antibiotic 
therapy must cover both aerobic and anaerobic enteric bacteria; 
different schedules have been suggested (Box 66.2). In general, 
a single 7- to 10-day course of antibiotic may improve symp-
toms for up to several months in 46%–90% of patients with 
SIBO and render breath tests negative in 20%–75%.

In recent years, the poorly absorbed antibiotic rifaximin has 
been evaluated in several randomized trials of SIBO therapy. In 
controlled studies, rifaximin in doses ranging from 800 mg per 
day for 4 weeks to 1200 mg per day for 7 days was effective in 
eradicating SIBO [136,137] and, in one trial at least, was supe-
rior to metronidazole [136]. These findings were supported by 
a retrospective review [138].

conditions such as IBS, will confound interpretation further, 
especially given the propensity of lactulose itself to accelerate 
transit. It has been proposed that rapid transit, rather than 
SIBO, may explain positive breath hydrogen tests in diarrhea-
predominant IBS [126].

After the LHBT, the glucose hydrogen breath test (GHBT) is 
the next most commonly used test in the diagnosis of SIBO 
[106,127]. Glucose is normally given in a dose 50–75 g dissolved 
in water as a 10% solution and breath sampled at baseline and 
every 15 min following glucose ingestion for 3 h. The prepara-
tion for, and conduct of the test, follow the same guidelines as 
other hydrogen-based breath tests. A glucose breath test is con-
sidered positive if the basal H2 level is >12 ppm or a rise of 
>12 ppm above the baseline value occurs within 2 h.

Which is the best of the hydrogen breath tests? In terms of 
the two main substrates, lactulose, in general, seems to have a 
lower sensitivity and specificity than glucose [63,90,115,123,128, 
129]. Using culture as the standard, one study directly compared 
the sensitivity, specificity, positive and negative predictive 
values, and diagnostic accuracy of the LHBT and glucose hydro-
gen breath test (GHBT). The LHBT had greater specificity 
(86%) compared with the GHBT (80%) but lower sensitivity 
(21% vs 44%) and accuracy (55% vs 65%) [128]. Others, 
however, have failed to identify any significant differences in 
sensitivity or specificity between the lactulose and glucose 
breath hydrogen tests [85,130,131].

Other tests
Apart from identifying causative factors such as jejunal diver-
ticulosis or a stricture, imaging studies are of little value in the 
direct diagnosis of SIBO as small intestinal mucosal changes in 
SIBO are neither specific nor diagnostic and mucosal injury and 
villous atrophy are evident only in the most severely affected 
individuals.

Cholyl-PABA, a synthetic compound created by conjugating 
cholic acid with paraaminobenzoic acid, is catabolized into free 
PABA by the bacterial enzyme hydrolase. PABA can then be 
detected in urine. In fact, PABA provided a simple noninvasive 
method for detecting SIBO but could not distinguish between 
SIBO and other causes of malabsorption with any degree of 
reliability [132]. Though this test correlated well with results of 
the 14C xylose breath test, it never gained widespread clinical 
application.

Urinary indican (indoxyl sulfate, a by-product of intestinal 
bacterial metabolism of tryptophan) levels have also been used 
as a test for SIBO. While the overall sensitivity of this urinary 
marker was promising in early studies [133,134], no recent 
studies have been performed to support the validity of the test.

Various serum markers, such as bile acids, folic acid, and 
cobalamin have been proposed as biomarkers for SIBO; none 
has sufficient diagnostic accuracy to be of value in the detection 
of SIBO.

These above tests, while indirect, are relatively noninvasive 
and have appeal for clinical practice. However, while abnormal 
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imin [140]. The value of adding prokinetic agents such as cis-
apride and erythromycin is uncertain. Moreover, cisapride has 
been withdrawn in many countries due to cardiovascular side-
effects. As octreotide stimulates propagative phase 3 activity in 
the small intestine, low doses (50 μg per day) have been advo-
cated for patients who do not respond to antibiotics, cannot 
tolerate them, or develop antibiotic-related complications. 
Nonabsorbable purgative solutions may improve gastrointesti-
nal symptoms in children with short bowel syndrome and SIBO.

Nutritional support is an important component of the man-
agement of SIBO. Dietary modifications may include the insti-
tution of a lactose-free diet, replacement of vitamin deficiencies 
(especially fat-soluble vitamins), and correction of deficiencies 
in nutrients such as calcium, magnesium, and vitamin B-12. In 
severe cases, mucosal damage may persist for some time even 
after complete eradication of bacterial overgrowth and nutri-
tional support may be required over a prolonged period of time.

Complications

d-Lactic acidosis Among individuals with short bowel syn-
drome, levels of overgrowth can lead to the generation of large 
amounts of d-lactic acid and result in an encephalopathic state 
[141]. Of note, bacteria involved in SIBO have also been docu-
mented to produce alcohol [142] and acetaldehyde; the latter 
potentially contributing to alcoholic liver disease.

Bacterial translocation and systemic sepsis The convergence of 
SIBO, enhanced intestinal permeability, and impaired immu-
nity can lead to the translocation of bacteria or bacterial com-
ponents into the portal circulation, which have been incriminated 
in the pathogenesis of systemic sepsis and spontaneous bacterial 
peritonitis in liver disease [42,46,47] as well as catheter-related 
infections in the patient with intestinal failure [143].

Liver disease The ability of SIBO to impact hepatic morphology 
and function was clearly demonstrated in individuals who 
underwent jejunoileal bypass surgery for morbid obesity, when 
that now outmoded procedure was used. These individuals 
developed florid nonalcoholic steatohepatitis [144], sometimes 
leading to end-stage liver disease [145].

Immune-mediated disorders Immunologic reactions to bacteria 
have been linked to a reactive arthropathy in SIBO [146,147] 
and other “immune-mediated” disorders, including immune-
mediated enteropathies, linked to long-standing SIBO [148].

Prevention

Given an absence of solid epidemiological data on the preva-
lence of SIBO and, accordingly, its risk factors in the general 
population, it is difficult to develop strategies for the prevention 

Recurrence following a course of antibiotic therapy is fre-
quent (up to 44% at 9 months) and is more likely among older 
subjects, those who have undergone an appendectomy, and 
those with a history of chronic use of proton pump inhibitors 
[139]. Because of recurrent symptoms, some patients will need 
either periodic (e.g., the first 5–10 days out of every month) or 
continuous courses of antibiotic therapy. For the latter, rotating 
antibiotic regimens are recommended to prevent the develop-
ment of resistance. Management should be individualized and 
consider such risks of long-term antibiotic therapy as diarrhea, 
risk of Clostridium difficile, intolerance, bacterial resistance, and 
costs. Antibiotics with less toxicity and lower systemic absorp-
tion, and 7-day regimens incorporating norfloxacin, amoxicillin–
clavulanic acid, metronidazole or, where available, rifaximin, 
appear to be good options. It is not necessary to repeat diagnos-
tic tests for SIBO following antibiotic therapy should gastroin-
testinal symptoms respond.

Although recent studies have reported some benefit from 
probiotic and prebiotic supplements in the treatment of a variety 
of gastrointestinal diseases such as inflammatory bowel disease 
and irritable bowel syndrome, results in SIBO have been incon-
clusive, even though one study found that the addition of the 
prebiotic preparation guar gum enhanced the efficacy of rifax-

Box 66.2 Therapeutic regimens in small intestinal bacterial 
overgrowth. Recommendation and quality of evidence according to 
the GRADE system (http://www.gradeworkinggroup.org).

1. Antibiotics
Ciprofloxacin (250 mg b.i.d.) Recommendation: weak. Quality of 

evidence: very low
Norfloxacin (800 mg/day) Recommendation: weak. Quality of 

evidence: low
Metronidazole (250 mg t.i.d.) Recommendation: weak. Quality of 

evidence: low
Trimethoprim–sulfamethoxazole (1 double-strength b.i.d.) 

Recommendation: weak. Quality of evidence: very low
Doxycycline (100 mg b.i.d.) Recommendation: weak. Quality of 

evidence: very low
Amoxicillin–clavulanic acid (500 mg t.i.d.) Recommendation: weak. 

Quality of evidence: very low
Tetracycline (250 mg q.i.d.) Recommendation: weak. Quality of 

evidence: very low
Chloramphenicol (250 mg q.i.d.) Recommendation: weak. Quality 

of evidence: very low
Neomycin (500 mg b.i.d.) Recommendation: weak. Quality of 

evidence: low
Rifaximin (800–1200 mg/day) Recommendation: strong. Quality of 

evidence: moderate
2. Probiotics

Recommendation: weak. Quality of evidence: very low
3. Prebiotics

Recommendation: weak. Quality of evidence: very low
4. Prokinetics

Recommendation: weak. Quality of evidence: very low
5. Octreotide

Recommendation: weak. Quality of evidence: low
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breath hydrogen tests among a group of healthy controls [155]. 
Predisposing or associated conditions vary geographically, con-
tributing to variations in SIBO frequency; for example, tropical 
sprue. Though several of the clinical manifestations of the latter 
disorder suggest an important role for SIBO in its pathogenesis, 
initial reports of high bacterial counts in the small intestine 
among affected individuals may have failed to account for the 
high counts that existed among asymptomatic individuals in the 
same population and region [156,157] and that responses to 
antibiotic therapy may indicate an effect on a specific pathogen 
rather than SIBO per se. Tropical enteropathy (or environmen-
tal enteropathy) refers to individuals who, though asympto-
matic, have evidence of maldigestion and malabsorption on 
formal testing in conjunction with altered intestinal permeabil-
ity and abnormal intestinal morphology [158]. However, the 
role of SIBO in this context is unclear as responses to antibiotics 
have been difficult to define [159]. Variation in the rates of 
antibiotic resistance may confound assessment of true variation 
in frequency by geographic region when defined by response to 
therapy.

Conclusions

Two clinical scenarios may involve SIBO. In the first, referred 
to as classical SIBO, clinical features can be pathophysiologically 
linked with SIBO; affected patients typically present with fea-
tures of malabsorption and/or maldigestion. Here the diagnos-
tic and therapeutic approaches have been rather well developed 
and, to some degree, validated. In this context, culture of jejunal 
fluid remains a valuable benchmark as abnormal results corre-
late well with clinical and pathological consequences such as 
steatorrhea and anemia. The second relates to the patient with 
no overt evidence of malabsorption/maldigestion in whom 
symptoms have been linked to SIBO. However, criteria for the 
diagnosis of SIBO in this context have not been rigorously vali-
dated. From a clinical perspective, only a full clinical response 
to a course of appropriate antibiotics can be used to practically 
confirm the presence of SIBO and its functional importance. 
Modern genomic and metabolomic techniques offer much 
promise in defining true normality and then fully identifying 
alterations in the flora in disease states; knowledge that may be 
applied to the diagnosis and management of SIBO.
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of the development of SIBO could, conceptually, be minimized. 
In Crohn’s disease, prompt attention to strictures and fistulae 
and the avoidance of surgical procedures that could promote 
SIBO could be regarded as preventive measures. Whether the 
avoidance of PPI use in such populations, for example, will 
prevent the development of SIBO remains unclear.

Temporal/secular trends

There are no population-based data on the prevalence of SIBO 
over time and data derived from hospital laboratory records are 
of very limited value in defining time trends given changes, over 
time, in awareness of the condition as well as accessibility to 
diagnostic tools. Clinical experience, rather than actual pro-
spective data, suggests that there has been a significant change 
over time in the clinical presentation of SIBO. It is evident that 
the clinical presentation of SIBO is changing; with the possible 
exception of individuals with short bowel syndrome [39], the 
classical features of SIBO are now uncommon. This change is 
undoubtedly multifactorial and related to such factors as the 
infrequent use of those surgical procedures that accounted for 
many past instances of SIBO, earlier diagnosis, and effective 
treatment of other predisposing disorders, such as Crohn’s 
disease [149,150] and celiac disease [32–36], as well as earlier 
recognition and treatment of SIBO per se. The change in clinical 
presentation of SIBO is also reflected in recent surveys of small 
intestinal histology in SIBO, which have reported, at most,  
relatively minor alterations in mucosal morphology [151]. 
Furthermore, fecal calprotectin concentrations have been found 
to be normal among both children [152] and adults [153] with 
SIBO, suggesting that SIBO is currently associated with, at most, 
a negligible inflammatory response and very little mucosal 
injury.

Geographic variation

Variations in geographic incidence may be the result of a 
number of factors. It has been suggested that cut-off values for 
the definition of SIBO based on culture of small intestinal con-
tents should be different in the tropics than elsewhere because, 
it is proposed, background numbers of small intestinal bacteria 
may be higher. Bhat and colleagues defined SIBO among their 
patients in Southern India as a count of >107 CFU/mL [154]. 
This observation has implications for comparisons between 
disease states and control subjects in different geographic 
regions, as well as varying socioeconomic and dietary back-
grounds. A more recent study in Northern India in a population 
of younger adults reported a low rate (2%) of positive glucose 
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Short bowel syndrome (SBS) is a disabling malabsorptive condi-
tion associated with frequent complications and high utilization 
of healthcare resources, which substantially impairs quality  
and duration of life [1]. Chronic diarrhea, steatorrhea, fluid–
electrolyte imbalances, and macro- and micronutrient deficien-
cies, often requiring enteral and/or parenteral nutrition support 
at home, frequently complicate its course and are caused prima-
rily by the loss of intestinal absorptive surface and rapid intes-
tinal transit. SBS generally does not become clinically apparent 
until about three-quarters of the small bowel have been removed. 
Because of the wide range in small bowel length and the ability 
of the bowel to compensate for bowel resection, the definition 
of SBS should not be based solely on the length of remaining 
bowel. Nutrient absorption (“balance”) studies have shown that 
patients who absorb <1.4 kg/day of wet weight or <84% of their 
calculated energy needs will likely require parenteral fluid and/
or nutrition support, thereby meeting criteria for SBS-associated 
intestinal failure; that is, requiring parenteral fluid and/or nutri-
tion support [2]. A meeting of experts in intestinal failure 
defined SBS as a condition resulting from surgical resection, 
congenital defect, or disease-associated loss of absorption and 
characterized by the inability to maintain protein–energy, fluid, 
electrolyte, or micronutrient balances when on a conventionally 
accepted, normal diet [3].

Because of the difficulty incorporating nutrient absorption 
studies into clinical practice, at least in the USA, in adults, the 
presence of <200 cm of remaining small intestine is often used 
in order to facilitate a clinical diagnosis. In infants, the diagnosis 
of SBS relies more on a functional definition, as the amount of 
resection required to produce malabsorption in infants varies 
with factors such as age, the presence or absence of an ileocecal 
valve, and length of residual colon [4].

Beginning at the duodenojejunal flexure and ending at the 
ileocecal valve, the normal small bowel length typically ranges 
from about 300 to 800 cm in adults, depending on their size, 
and between 200 and 300 cm in full-term infants at birth [5]. 
Unlike adults, the intestinal length in children (generally, three 
times an individual’s height) is linked to their state of growth. 
The large range of small bowel length in humans underscores 
the importance of being aware of the small bowel length remain-
ing following a resection rather than the length of small bowel 
removed. In clinical practice, establishing an accurate estima-
tion of bowel length is often difficult. While information from 
operative reports is preferred, such notes frequently record the 
amount of bowel removed rather than the amount remaining. 
Using an opisometer, small bowel length may be estimated on 
a barium contrast small bowel series, which may also be useful 
to delineate other structural features such as the presence of 
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bowel dilatation [6]. Computed tomography (CT) enteroclysis 
using air with three-dimensional reconstruction and calculation 
of small bowel length (“virtual enteroscopy”) has been shown 
to provide similar information; however, this technique has not 
yet been adopted into clinical radiology practices [7]. Despite 
the importance of the remaining small bowel length in deter-
mining the clinical outcome in SBS patients [8], the ultimate 
determining factor of disease severity and eventual outcome is 
the critical mass of residual functional intestinal absorptive epi-
thelia. There has been much interest in identifying a marker of 
small bowel epithelial mass (e.g., fasting plasma citrulline); 
however, the clinical utility to date has been limited [9].

Etiology

The causes of SBS vary by age group (Box 67.1). In infants, 
necrotizing enterocolitis is the most common cause, followed 
by congenital intestinal anomalies such as intestinal atresia, gas-
troschisis, and midgut volvulus [10,11]. It seems likely that the 
proportion of SBS in infants due to necrotizing enterocolitis will 
continue to rise as greater numbers of severely premature 
neonates survive. In older children and adults, multiple resec-
tions for Crohn’s disease and massive resections due to cata-
strophic mesenteric vascular events, malignancies, radiation 
enteritis, adhesive obstruction, and trauma represent the more 
common causes of SBS [1,12]. Postoperative vascular and 
obstructive catastrophes requiring massive intestinal resection 
seem to be increasing in incidence in recent years and in one 
series were the most common causes of SBS in adults [13]. 
Mesenteric ischemia remains an important predisposing factor. 
Advances in the treatment of Crohn’s disease in recent years 
may lead to a reduction in SBS; however, these improvements 
do not yet appear to have led to a reduction in the number of 
patients requiring home parenteral nutrition (PN) [14].

Box 67.1 Causes of short bowel syndrome.

Infants and children
Necrotizing enterocolitis
Intestinal atresia
Midgut volvulus
Gastroschisis
Malignancies
Trauma

Adults
Mesenteric ischemia
Postoperative complications
Crohn’s disease
Trauma
Malignancies
Radiation enteritis

Epidemiology

There is no single reliable database available to precisely capture 
the number of SBS patients in either the USA or Europe. As a 
consequence, epidemiological characteristics of the SBS popula-
tion, including its incidence and prevalence, remain unclear, 
with most estimates based on limited information from home 
PN registries, for which SBS is generally the most common 
indication, and from single-center reports. The multifactorial 
etiology, uncertainty regarding intestinal length, and varying 
definitions of SBS further contribute to the difficulty of compar-
ing reports. A survey of European adult home PN users indi-
cated an incidence of 2–3 per million and a point prevalence of 
about 4 per million, of whom approximately 35% had SBS [15]. 
Although figures in children have been more variable, the 
overall incidence and prevalence of home PN use appears to be 
about the same [16]. In comparison, in the USA, the annual 
prevalence of home PN has been estimated at approximately 120 
per million, of whom about 25% have SBS [17]. The difference 
in home PN use between the USA and Europe may reflect dif-
ferences in both the calculation of the prevalence and, possibly, 
a greater ease of accessibility of home PN in the USA. These 
numbers likely underestimate the prevalence of SBS as they do 
not reflect patients with SBS who did not survive, those who 
were able to be weaned from PN during the index hospitaliza-
tion, or those who were able to be successfully weaned from 
home PN.

Relevant anatomy and physiology

Three bowel anatomies may occur in SBS and are generally 
described in terms of location of the anastamosis after resection 
(e.g., jejunocolic or jejunoileocolonic) or when no anastomosis 
is present (e.g., end-jejunostomy) (Figure 67.1). The clinical 
manifestations and outcome of SBS vary depending upon the 
bowel anatomy and its residual function. Consequently, an 
appreciation of the bowel anatomies seen in SBS and basic gas-
trointestinal physiological considerations is helpful to deter-
mine prognosis and guide patient management.

Small bowel
The proximal two-fifths of the small intestine is referred to as 
the jejunum, while the distal three-fifths is the ileum. The proxi-
mal 100–150 cm of the jejunum is the primary site of carbohy-
drate, protein, and water-soluble vitamin absorption [18]. Fat 
absorption may occur over a larger length of small bowel, 
depending upon the amount of fat ingested. Furthermore, in a 
healthy adult, about 4 L of intestinal secretions (0.5 L saliva, 2 L 
gastric acid, and 1.5 L pancreaticobiliary secretions) are pro-
duced in response to the 2–3 L of food and drink consumed 
each day. Water absorption is a passive process resulting from 
the active transport of nutrients and electrolytes. Sodium trans-
port creates an electrochemical gradient that drives the uptake 
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fluid and electrolyte reabsorption given the additional fluid that 
enters the colon with a capacity to absorb up to 6 L daily [23]. 
Complete loss of the colon makes maintenance of fluid and 
electrolyte balance more precarious. Enteroglucagon, neuro-
tensin, and peptide YY are produced in the proximal colon and 
are responsible for the jejunal, ileal, and colonic brake phenom-
ena that slows gastric and small intestinal transit in response to 
fat intake [20,24,25]. In addition to the resorptive capabilities of 
the colon, bacterial fermentation of malabsorbed carbohydrates 
to short-chain fatty acids (SCFA), with subsequent absorption 
in the colon, provides an additional energy source that can be 
substantial, up to 10%–15% of energy needs or about 1000 kcal 
daily [26–28]. Thus, the colon is an important organ for fluid 
and electrolyte absorption and for the salvage of energy in SBS.

Stomach and pancreaticobiliary
Massive enterectomy is associated with gastric hypergastrine-
mia and hypersecretion that may last up to 12 months postop-
eratively [29]. This increases the volume of secretions entering 
the small bowel and lowers the pH of the secretions in the 
proximal gut, potentially aggravating fluid losses and leading  
to peptic complications and impairment in the function of 
digestive enzymes [30]. Although those SBS patients with exten-
sive proximal small bowel resections may lose sites of secretin 
and cholecystokinin–pancreozymin (CCK-PZ) synthesis and 
develop decreased pancreatic and biliary secretions [31], most 
SBS patients have extensive distal small bowel resections and 
demonstrate normal pancreatic enzyme and bilirubin secretion 
[32]. Nevertheless, because terminal ileal resection affects the 
reabsorption of bile acids into the enterohepatic circulation, 
resection >100 cm generally results in a reduction in bile acid 
production because the reduced bile acid absorption eventually 
exceeds the ability of the liver to synthesize adequate replace-
ment [33]. This decreased bile acid pool results in impaired 

of nutrients across the intestinal epithelium. Because the junc-
tions between jejunal epithelial cells are relatively large com-
pared to other areas of the bowel, a rapid flux of fluids and 
nutrients occurs, resulting in very inefficient fluid absorption 
and isoosmolar (about 100 mEq/L; range 90–140 mEq/L) jejunal 
contents. In other words, the jejunal mucosa is unable to con-
centrate the luminal contents and sodium diffuses freely into 
the lumen due to leaky intercellular junctions. Sodium absorp-
tion in the jejunum occurs against a concentration gradient, is 
dependent upon water fluxes, and is coupled to the absorption 
of glucose [19]. These factors become particularly important in 
the short bowel patient who only has jejunum remaining.

In contrast to the jejunum, the ileum has tighter intercellular 
junctions resulting in less water and sodium flux [19]. In the 
ileum, active transport of sodium chloride allows for significant 
fluid reabsorption and the ability to concentrate its contents. 
The distal ileum is also the primary site of carrier-mediated bile 
salt and vitamin B-12 absorption. In addition, L cells in the 
ileum and proximal colon are the site of production of several 
hormones, including glucagon-like peptides 1 and 2 and peptide 
YY. These gut-derived hormones have important transit/
motility modulating and intestinotrophic properties [20]. 
Although the ileocecal valve is commonly thought to play a role 
in slowing transit and preventing reflux of colonic contents into 
the small bowel, thereby improving absorptive capacity and pre-
venting small bowel bacterial overgrowth, any benefit may 
reflect primarily the retention of a significant length of terminal 
ileum [21,22].

Colon
The colon has the slowest transit, tightest intercellular junctions, 
and greatest efficiency of water and sodium absorption. In 
health, generally 1–1.5 L/day of fluid enters the colon, and all 
but 150 mL is reabsorbed. In SBS, the colon plays a vital role in 

Figure 67.1 Remnant bowel anatomies occurring in short bowel syndrome: (a) end-jejunostomy; (b) jejunocolonic; (c) jejunoileocolonic. Source: Used 
with permission of Mayo Foundation for Medical Education and Research, all rights reserved.
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longer and perhaps more vigorously in children. Both morpho-
logical and functional intestinal adaptive changes can occur 
depending upon the extent and site of the intestine removed and 
the nutrient components of the diet. The ileum is capable of 
both morphological and functional adaptation [35]. While 
those with a jejunocolic anastomosis demonstrate functional 
small bowel adaptation, those with an end-jejunostomy show 
little to no adaptation [34,39]. The colon also appears to undergo 
adaptive changes after massive intestinal resection [43].

Structural adaptive changes include remnant bowel dilation 
and elongation, an increase in intestinal wet weight, protein, 
and DNA content, villus lengthening, expansion in microvilli, 
and an increase in crypt cell depth and enterocyte number. 
These mucosal morphological changes are driven by a prolifera-
tive stimulus that affects cellular progression along the crypt–
villus axis, resulting in an increase in mucosal weight and 
enlargement in mucosal folds. Adaptation of the gut muscle 
layers also occurs, leading to increases in muscle thickness, 
circumference, and length.

Functional adaptive changes occurring after intestinal resec-
tion include modifications of the brush border membrane 
enzyme activity, fluidity and permeability, up- or downregula-
tion of carrier-mediated transport (e.g., upregulation of Na+/
glucose cotransporters, Na+/H+ exchangers, and other enzymes 
involved in digestion and absorption), and a slowing in the rate 
of transit allowing increased time for absorption to occur 
[44,45]. Adaptive changes in gut microbiota [46], motor activity 
[47], and barrier and immune functions after massive intestinal 
resection are poorly understood at present.

Unfortunately, the adaptive changes described are more 
apparent in experimental models than humans and few studies 
have confirmed in humans the responses seen in animal models 
[41,42,48]. In addition, most studies investigating the process of 
adaptation have utilized animal models with a jejunoileocolonic 
anastomosis; therefore, the physiological and structural changes 
that occur are of unclear clinical relevance to humans with SBS 
in whom this bowel anatomy is uncommon.

micelle formation and fat digestion, and manifests clinically as 
steatorrhea and fat-soluble vitamin deficiencies. In addition, the 
entry of bile acids into the colon enhances water secretion and 
colonic motility may affect the colonocytes ability to reabsorb 
salt and water.

Influence of SBS bowel anatomy on outcome
Key anatomical factors that affect the outcome of the SBS patient 
include not only the length but also the region of the remaining 
small intestine and the presence of the colon. Because the ileum 
is capable of both structural and functional adaptation while the 
jejunum mainly adapts functionally, those with an ileal remnant 
have a better prognosis than those with only a jejunal remnant 
[34,35]. As a consequence, those SBS patients with a jejunoileo-
colonic anatomy have the best prognosis. However, in most 
patients with SBS, the ileum has been resected (usually the 
ileocecal valve also) leaving only a portion of jejunum, often in 
combination with a portion of the colon. In adults, terminal ileal 
resections >60 cm generally require vitamin B-12 replacement 
while resections >100 cm lead to disruption in the enterohe-
patic circulation resulting in bile salt deficiency and fat malab-
sorption [36]. Extensive ileal resection also results in accelerated 
gastrointestinal transit. The presence of the colon is beneficial 
in SBS as a result of its ability to absorb water, electrolytes, and 
fatty acids, slow intestinal transit, and stimulate intestinal adap-
tation. Indeed, those SBS patients with an end-jejunostomy are 
generally the most difficult to manage and are most likely to 
require permanent parenteral support [37]. It has been sug-
gested that, in terms of need for PN, the presence of at least half 
of the colon is equivalent to about 50 cm of small bowel [28]. It 
has also been suggested that those adult SBS patients with a 
jejunocolic anastomosis who have <50 cm of jejunum attached 
to colon will require long-term PN as will those without a colon 
and <100 cm of jejunum [28,37]. In comparison to adults, 
infants with less than 30 cm of small bowel are unlikely to be 
weaned from PN [38].

Intestinal adaptation
Intestinal adaptation refers to a process following intestinal 
resection in which the remaining bowel undergoes macroscopic 
and microscopic changes in response to a variety of internal and 
external stimuli, including nutrients, gastrointestinal secretions, 
hormones, growth factors, other genetic/biochemical factors, 
and the remaining bowel, in order to increase its absorptive 
ability [39,40] (Box 67.2). Enteral nutrients are of particular 
importance in promoting an adaptive response, presumably  
by stimulating pancreaticobiliary, gastrointestinal, and gut 
hormone secretions [41,42]. While resection of the proximal 
small bowel results in the ileum receiving more nutrients, distal 
small bowel resection does not alter the jejunal nutrient load 
but will reduce stimuli from hormones normally released by the 
ileum.

Intestinal adaptation is highly variable and usually occurs 
during the first 2 years following intestinal resection in adults, 

Box 67.2 Factors affecting intestinal adaptation.

Hyperphagia
Remaining bowel anatomy

Colon present
Ileum present

Luminal factors
Nutrients (short chain fatty acids, glutamine)
Pancreaticobiliary secretions

Hormones/growth factors
Trophic (GH, GLP-2, IGF-1, EGF, TGF-α)
Antimotility (GLP-2, GLP-1, PYY)

GH, growth hormone; GLP-2, glucagon-like peptide-2; IGF-1, 
insulin-like growth factor-1; TGF-α, transforming growth factor-α; 
GLP-1, glucagon-like peptide-1; PYY, peptide YY.
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should be instructed on the measurement of daily input and 
output as periodic assessment of these parameters can help to 
guide fluid needs; adequate hydration is based on a goal urine 
output of >1 L/day and a urinary sodium concentration 
>20 mEq/L [53]. Serial weight measurements are also useful to 
track trends and serve as a warning of compromise in nutrition 
and/or hydration status. Excessive urine output can be very 
disruptive to the patient with SBS on PN, especially when 
occurring during cyclical nocturnal infusion preventing a 
restful sleep, providing another reason to periodically monitor 
urine output and weight and review the PN formula.

Hypomagnesemia occurs as a consequence of secondary 
hyperaldosteronism that results from the loss of magnesium-
absorbing gut, the binding of magnesium by unabsorbed fatty 
acids, and sodium/water depletion, which increases urinary 
magnesium losses. This can become a difficult problem to 
correct by oral repletion. Hypomagnesemia may lead to hypoc-
alcemia as a result of impaired parathyroid hormone (PTH) 
release [54]. The correction of sodium depletion is critical in 
treating hypomagnesemia. Measurement of urinary sodium 
may assist in the assessment of sodium balance in some patients; 
a random urinary sodium concentration of <10 mEq/L is gen-
erally a good indicator of sodium depletion. Oral magnesium 
salts can be administered in doses of 12–24 mEq/day and do not 
appear to increase stomal output, particularly when taken at 
night when intestinal transit is at its slowest. However, higher 
doses are frequently needed and may be difficult to use because 
they worsen diarrhea. Magnesium heptogluconate is available 
as a liquid that may be added to an oral rehydration therapy  
(see below) at a dose of 30 mEq/L. The oral administration of 
1α-hydroxycholecalciferol may also be useful as it can increase 
both intestinal absorption and renal absorption of magnesium 
[55]. If moderate to severe hypomagnesemia (<1 mg/dL) per-
sists, parenteral magnesium sulfate may be necessary.

Micronutrient deficiencies
Malabsorption of micronutrients contributes to the spectrum of 
deficiencies reported in SBS [56]. Because water-soluble vita-
mins are absorbed in the proximal small bowel, deficiencies in 
SBS patients are uncommon. In contrast, fat-soluble vitamin 
and essential fatty acid deficiencies are relatively frequent and 
large doses may be required to maintain normal plasma levels. 
Supplementation with aqueous preparations of vitamin A, D, 
and E in doses that normalize the plasma level is recommended. 
Supplemental zinc, and occasionally copper and selenium, may 
be required in the presence excessive stool losses. Iron supple-
mentation is usually not necessary unless oral intake is inade-
quate or chronic gastrointestinal bleeding is present as it is 
absorbed in the upper gastrointestinal tract, an uncommon site 
of resection in SBS patients. Lifetime administration of sup-
plemental vitamin B-12, usually administered by injection, is 
needed in those with more than 50–60 cm of terminal ileum 
removed [57]. Micronutrient monitoring and supplementation 
is important in all SBS patients. The frequency of monitoring 

Complications

A variety of complications can affect the patient with SBS. These 
complications may result from the underlying disease, the 
altered bowel anatomy and physiology, or its treatment, includ-
ing the need for PN and its associated central venous catheter 
[1,49–52] (Box 67.3).

Gastric hypersecretion
As previously mentioned, massive enterectomy, particularly 
when involving the jejunum, is associated with gastric hypergas-
trinemia and hypersecretion, which may last 6–12 months post-
operatively [29]. This is thought to occur as a result of loss of 
inhibitory hormones produced in the proximal gut (e.g., gastric 
inhibitory peptide and vasoactive intestinal peptide). The volume 
of secretions entering the small bowel increases and the pH of 
the secretions in the proximal gut is lowered, aggravating fluid 
losses and leading to peptic complications and impairment in the 
function of pancreatic exocrine secretions, further contributing 
to fat maldigestion. The use of antisecretory medications, includ-
ing proton pump inhibitors or histamine 2 receptor antagonists, 
reduces gastric secretions, improves digestion and absorption, 
and prevents peptic complications [30].

Fluid–electrolyte disturbances
While fluid and electrolyte problems tend to predominate the 
clinical course early after massive intestinal resection, these 
problems may also complicate the subsequent stages of SBS, 
particularly in those without a colon who exhibit large enteric 
losses, and may result in difficult to replete hypokalemia, 
hypomagnesemia, and hypocalcemia. Following their recovery 
from massive resection and discharge home, patients with SBS 

Box 67.3 Short bowel syndrome-associated complications.

Central venous catheter related
Infection
Occlusion
Breakage
Central vein thrombosis

Parenteral nutrition related
Hepatic
Biliary

Bowel anatomy related
Malabsorptive diarrhea
Malnutrition
Fluid and electrolyte disturbances
Micronutrient deficiency
Essential fatty acid deficiency
Small bowel bacterial overgrowth
d-lactic acidosis
Oxalate nephropathy
Renal dysfunction
Metabolic bone disease
Acid peptic disease
Anastomotic ulceration/stricture
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Given the very poor bioavailability of bisphosphonates, intrave-
nous agents are preferred in SBS patients when needed [59]. 
Collaboration with an endocrinologist is encouraged.

Liver dysfunction and cholelithiasis
Hepatobiliary complications, including steatosis, cholestasis, 
and cholelithiasis, occur commonly in SBS patients and result 
both from contributions of the altered bowel anatomy and the 
PN required for support. For this reason, “intestinal failure-
associated liver disease” (IFALD) has been suggested as the 
preferred term to describe these complications [60]. While stea-
tosis is more commonly seen in adults, cholestasis occurs more 
commonly in children. Severe steatosis and cholestasis can 
progress to end-stage liver disease. The mechanisms underlying 
the development of steatosis and cholestasis differ although 
overlap to some degree occurs in adults and children [2,61]. The 
provision of >1 g/kg/day of parenteral lipids and the presence 
of chronic cholestasis have been associated with the develop-
ment of complicated liver disease [62]. Particularly in those with 
rapid worsening of liver tests, sepsis should be considered as 
should medications, supplements, other toxins, lack of enteral 
stimulation, altered bile acid metabolism, small bowel bacterial 
overgrowth, biliary obstruction, and coexisting chronic liver 
disease, including viral, autoimmune, and metabolic disorders. 
The composition of the PN should also be considered as excesses 
(energy content, dextrose, fat emulsion, methionine), deficien-
cies (choline, essential fatty acids, carnitine, taurine, glutath-
ione), and duration of infusion (continuous versus cyclical) may 
contribute. The type of lipid emulsion (e.g., soybean-based 
[Intralipid, Fresenius Kabi or Liposyn, Abbott Laboratories], 
n-3 fish oil-based [Omegaven, Fresenius Kabi], combination of 
soybean, medium-chain triglycerides, olive oil, and fish oil 
[SMOF, Fresenius Kabi]) may also be important [63,64]. In the 
USA, only the soybean-based lipid emulsion is currently avail-
able except by approval under a Food and Drug Administration 
investigational new drug application. Correction of an identi-
fied cause or alteration in PN or lipid composition often leads 
to an improvement in the liver tests. The clinical utility of urso-
deoxycholic acid appears limited in this setting [61]. In those 
who continue to progress, consideration of intestinal transplan-
tation (with or without liver transplantation) should be given.

Cholelithiasis, most often cholesterol stones, occurs in up to 
40% of adults and 30% of children with SBS while the formation 
of biliary sludge is even more common [65]. Predisposing 
factors include a reduced concentration of bile acids due to the 
altered enterohepatic circulation leading to lithogenic bile and 
gallbladder stasis related to reduced cholecystokinin secretion 
in those with limited enteral intake. The presence of a colon 
does not affect the prevalence of cholelithiasis [28]. Because 
complications of cholelithiasis appear to occur more commonly 
among SBS patients than the general population, prophylactic 
cholecystectomy has been recommended in the SBS patient 
when abdominal surgery is being undertaken for other reasons 
[65,66].

will depend upon the presence of existing or prior deficiencies 
[53]. In the stable SBS patient on or off PN, a semiannual assess-
ment of micronutrients and essential fatty acids is advised.

Oxalate nephropathy
Chronic kidney disease and calcium oxalate nephrolithiasis, 
occasionally leading to irreversible renal failure, may complicate 
the course of SBS [49]. Normally, dietary oxalate is bound to 
intraluminal calcium and excreted in the stool; however, in SBS 
patients with fat malabsorption and a colon-in-continuity, 
calcium binds to unabsorbed fatty acids leaving oxalate free to 
pass into the colon to be absorbed and then filtered by the 
kidney. Additionally, a reduction in bacterial breakdown of 
oxalate due to decreased Oxalobacter formigenes in the colon of 
SBS patients contributes [58]. Furthermore, citrate usually pre-
vents nucleation, the first step in renal stone formation; hypoci-
traturia is common in patients with malabsorption. In the 
kidney, oxalate binds to calcium resulting in oxalate nephro-
lithiasis and risk of progressive obstructive nephropathy. To 
reduce the risk of this complication, fat restriction and restric-
tion of oxalate-containing foods, including spinach, rhubarb, 
beetroot, and excessive cups of tea, and correction of dehydra-
tion along with calcium citrate supplementation is important in 
those SBS patients with a colon. The clinical utility of Oxalobacter 
formigenes supplementation to increase oxalate destruction or 
cholestyramine to bind oxalate remains to be demonstrated. 
Chronic intravascular volume depletion also frequently contrib-
utes to renal dysfunction in SBS patients and when severe and 
prolonged may result in chronic kidney disease unrelated to 
nephrolithiasis. Urate nephrolithiasis is also relatively common 
in SBS patients with an ostomy and also seems to be related to 
chronic dehydration.

Metabolic bone disease
A spectrum of metabolic bone disease, including osteomalacia, 
osteoporosis, osteopenia, and secondary hyperparathyroidism, 
may occur in SBS patients as a consequence of the effects of the 
PN, altered bowel anatomy causing malabsorption of macro- 
and micronutrients, and other underlying patient factors such 
as gender, ethnicity, body size, and insufficient sun exposure 
[49]. SBS patients may develop osteomalacia due to malabsorp-
tion and vitamin D deficiency, or an osteopathy due to corticos-
teroid use (e.g., for treatment of an underlying disease) or PN. 
An assessment of bone density should be undertaken in all SBS 
patients and repeated every 2–3 years; annually in the oste-
oporotic. The identification of significant bone disease should 
lead to an assessment of calcium, phosphorus, magnesium, 
vitamin D (25-hydroxy vitamin D), and PTH status and for the 
presence of metabolic acidosis. In patients receiving PN, an 
assessment of the PN formula and additives is warranted. 
Conventional management includes exercise, sunlight expo-
sure, minimizing alcohol use, and eliminating tobacco use. 
Calcium, magnesium, and vitamin D replacement and correc-
tion of metabolic acidosis should be undertaken as needed. 
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particularly children, with a colon present [72]. Development 
of this syndrome requires carbohydrate malabsorption with 
increased delivery of nutrients to the colon, ingestion of a  
large amount of carbohydrate, microbes that produces d-lactate, 
and impaired d-lactate metabolism. Excessive production of 
d-lactate occurs when the presence of abnormal gut microbes 
overwhelms the normal metabolism of d-lactate and leads to an 
accumulation of this substance in the blood [73]. Because meas-
urement of d-lactate requires a special laboratory request 
(unlike l-lactate), a high level of suspicion is needed. This 
condition should be considered when an anion-gap metabolic 
acidosis with normal lactate level is present in the SBS patient 
with a colon present and typical clinical manifestations. 
Although the optimal treatment of this condition is unclear, 
options include a carbohydrate-restricted diet and the use of 
antibiotics to reduce the production of d-lactate-producing gut 
microbes [74]. While this syndrome is not related to the pres-
ence of SIBO, it is not uncommon for both conditions to occur 
simultaneously.

Management

The optimal management of SBS requires an appreciation of 
clinical stages following massive intestinal resection. Three 
clinical stages have been described following massive intestinal 
resection and can be referred to as acute, adaptation, and main-
tenance [75]. The acute stage is characterized by large fluid and 
electrolyte losses and generally occurs over the first few weeks 
to months following resection. During this stage, the emphasis 
is on stabilization of the patient, including fluid and electrolytes. 
Following massive intestinal resection, patients are often kept 
fasting for a week or more in order to allow a “second-look” 
operation to reassess the viability of the bowel, or to allow full 
healing of anastomoses, resolution of ileus, and to assess basal 
fluid and electrolyte losses. Once the patient’s condition has 
stabilized, PN support is often commenced. In the adaptation 
stage, a shift of emphasis to nutritional support is the primary 
concern. This stage may last for up to 2 years and it is during 
this time that oral intake is resumed and advanced as tolerated. 
Most intestinal adaptation and PN weaning also occur during 
this stage. The maintenance stage is considered a homeostatic 
phase where no further spontaneous intestinal adaptation 
occurs. Intestinal failure is generally considered permanent 
when PN is required beyond this stage. Nevertheless, with 
aggressive management, PN weaning may still be successful 
during this stage despite the absence of additional intestinal 
adaptation.

A comprehensive nutritional assessment should be per-
formed on all SBS patients. Information obtained should  
include a history pertinent to weight change, medication usage 
(including supplements), presence of gastrointestinal and other 
symptoms that may affect oral intake or fluid loss, potential 
signs/symptoms of micronutrient deficiencies, and physical 

Small intestinal bacterial overgrowth
Small intestinal bacterial overgrowth (SIBO) (see Chapter 66) 
is common in SBS patients [67]. The combination of bowel dila-
tation and altered transit frequently seen in SBS, together with 
medications commonly used in these patients (e.g., acid sup-
pressants and antimotility agents) is thought to facilitate the 
development of SIBO. SIBO has also been found to be strongly 
and independently associated with PN use [68]. Interestingly,  
in this retrospective pediatric study, SIBO was not associated 
with age, gender, underlying diagnosis, presence of ileocecal 
valve, or antacid use. Although SIBO may have potential  
benefit in terms of increasing energy extraction from malab-
sorbed carbohydrates, thereby providing additional energy to 
the host, excess bacteria in the small bowel can induce inflam-
matory and atrophic changes in the gut impairing absorption 
[69], deconjugate bile acids resulting in fat maldigestion, 
consume vitamin B-12 leading to deficiency, cause a number of 
gas-related symptoms, and aggravate diarrhea, leading to a 
reduction in oral intake, and potentially increase the risk of 
IFALD, central venous catheter infections, and chronic gas-
trointestinal bleeding.

A number of limitations of the tests used to diagnose SIBO 
(i.e., small bowel aspirate with quantitative bacterial culture and 
hydrogen breath testing most commonly used), make securing 
the diagnosis of SIBO in SBS challenging [67]. This is particu-
larly so when using breath testing, due to rapid transit in the 
shortened bowel making it difficult to differentiate small bowel 
versus colonic hydrogen production; however, some consider a 
fasting breath hydrogen >20 parts per million to be suggestive 
of SIBO. As a result, the small bowel aspirate whenever possible 
is preferred. Because of these test limitations, empiric treatment 
is often provided. This may be reasonable in the setting of SBS 
given the high likelihood of SIBO; however, the goals of treat-
ment need to be clearly identified given the nonspecific nature 
of the symptoms present and the potential adverse effects and 
expense involved with SIBO treatment. Antimicrobial treat-
ment is generally prescribed; a variety of oral broad-spectrum 
antibiotics can be used with success being judged on improve-
ment in symptoms, reduction in stool output and/or weight gain 
[70]. The continuous use of low-dose antibiotics in SBS may be 
necessary. To reduce the risk of antibiotic resistance, periodic 
rotation of the antibiotic used or use of a poorly absorbable 
antibiotic is advised. Although evidence from controlled studies 
to support their utility is lacking, other strategies for controlling 
SIBO include limiting the use of antisecretory and antimotility 
agents, carbohydrate restriction, intermittent bowel flushing 
with polyethylene glycol, use of probiotic agents, and bowel 
tapering operations [71].

d-Lactic acidosis
d-Lactic acidosis is a rare neurological syndrome characterized 
by altered mental status, ranging from confusion to coma, 
slurred speech, seizures, and ataxia, resulting from bacterial 
fermentation of unabsorbed carbohydrates seen in SBS patients, 
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absorption. In addition, the high-carbohydrate, low-fat diet 
resulted in improved wet weight absorption, a reduction in 
magnesium and calcium loss, and a reduction in oxalate absorp-
tion. In contrast, when they compared the same diets in SBS 
patients without a colon, they found that the high-carbohydrate, 
low-fat diet resulted in no improvement in energy or wet weight 
absorption. Similar results have been reported by others, spe-
cifically, that end-jejunostomy patients do not benefit from fat 
restriction [80–82]; more fat is absorbed when more is con-
sumed. Overall, the data suggest that it is easier to meet energy 
and nitrogen needs by increasing oral intake in this setting than 
to meet electrolyte and divalent cation needs. Because nitrogen 
absorption is least affected by the decreased absorptive surface 
in SBS patients, no change in dietary protein is generally neces-
sary and, specifically, the use of peptide-based diets in these 
patients is unnecessary.

There is a lack of information regarding the long-term ben-
efits and patient adherence to dietary modifications among SBS 
patients. As such, there is limited consensus on the importance 
of an optimized oral diet in the management of SBS, with a 
major emphasis being placed on maintaining compensatory 
hyperphagia rather than dietary restrictions [81,83]. Despite the 
limitations, current clinical experience supports the benefits of 
an optimized diet with respect to improving feeding tolerance, 
reducing stool output, and facilitating weaning of PN (Table 
67.1). The long-term success of an optimized diet requires 
extensive education and monitoring to maintain compliance 
and needs to be translated into foods and meal patterns that 
meet the individual’s preferences, lifestyle, and, in children, 
developmental age [84]. The establishment of daily calorie and 
fluid intake goals for the patient followed by careful follow-up 
and adjustments based on tolerance as determined by the devel-
opment of symptoms, stool output, micronutrient levels, weight, 

assessment for signs of dehydration and malnutrition [76]. 
Additional information that should be collected at baseline 
include pertinent past medical, psychiatric, and surgical history, 
including comorbidities and the presence of bowel complica-
tions such as anastomotic strictures, chronic obstruction, and 
enterocutaneous fistulae and peritoneal drains. A nutrition 
support history should also be obtained including information 
regarding the enteral and/or central venous access device, 
formula used, route and method of administration, and known 
prior complications. Finally, given the motivation and adher-
ence to the dietary, fluid, and medical treatments prescribed 
that is necessary, it is useful to inquire about their education, 
motivation, support system, and potential economic or other 
barriers.

Patients with SBS should be instructed on the measurement 
of daily input and output as periodic assessment of these param-
eters can help to guide fluid needs. A baseline assessment of 
fluid intake and urine and stool output for at least 24 h should 
be obtained to determine the usual fluid and enteral (i.e., oral 
fluid intake minus stool output) balance. It is also useful to 
obtain a food diary, preferably over a period of a few days, to 
determine the SBS patient’s typical oral diet and daily energy 
intake [77]. A baseline assessment of electrolytes, including 
calcium, magnesium, and phosphorus, and micronutrient levels 
should be obtained at the initial clinic visit. In particular, levels 
of fat-soluble vitamins (A, D, E, K), vitamin B-12, folate, iron 
studies, and zinc should be measured. Bone density should be 
assessed at baseline and monitored regularly. A serum PTH 
level is useful to identify those patients in need of more inten-
sive management of their bone disease.

The care of SBS patients requires a comprehensive approach 
and attention to detail. A multidisciplinary approach, consisting 
of nurses, surgeons, dietitians, gastroenterologists or internists, 
and social workers experienced in the care of patients with 
intestinal failure, is essential for the successful management of 
these patients [78]. Specific dietary intervention combined with 
medical management and, occasionally, surgical strategies offer 
the potential of PN reduction, enteral independence, and overall 
improved clinical outcome (Figure 67.2). Each of these is dis-
cussed below with primary focus on adult patients.

Oral diet
Given differences in gut physiology based on remaining bowel 
anatomy, in particular the presence or absence of a colon, SBS 
patients might be expected to differ in their response to dietary 
manipulation. Unfortunately, few studies comparing the effects 
of oral diet composition have been conducted in SBS patients 
and those that have been performed generally involve small, 
heterogeneous populations of subjects [77]. Nordgaard and col-
leagues compared the effect of a high-carbohydrate (60%), 
low-fat (20%) diet with a high-fat (60%), low-carbohydrate 
(20%) diet in a small number of SBS patients with a colon-in-
continuity [79]. They found that the high-carbohydrate, low-fat 
diet reduced fecal calorie loss and increased overall energy 

Figure 67.2 Approach to parenteral nutrition weaning. PN, parenteral 
nutrition; GI, gastrointestinal. See text for details. Source: Adapted from 
DiBaise et al. 2004 [42]. Reproduced with permission.
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in order to decrease the risk of oxalate nephropathy. Medium-
chain triglycerides (MCT) are absorbed from both the small and 
large intestine, do not require digestion by pancreatic enzymes 
for their absorption, and may be useful as an alternative energy 
source in the presence of steatorrhea [82]. However, MCT are 
generally not well tolerated long-term, have a slightly lower 
caloric density than long-chain triglyceride (LCT) (8.3 vs 
9 kcal/g), do not contain essential fatty acids, exert a greater 
osmotic load in the small bowel, and have less stimulatory effect 
on intestinal adaptation compared to LCT. The provision of 
essential fatty acids (i.e., linoleic acid [an omega-6 fatty acid] 
and linolenic acid [an omega-3 fatty acid]) found in such sub-
stances as safflower and soybean oils is important as deficiencies 
are common, particularly in the setting of low-fat diets and fat 
malabsorption [87]. Polyunsaturated fats are a major source of 
essential fatty acids and should be encouraged to be used at each 
meal. Finally, soluble fiber supplementation may be useful given 
its potential effect on enhancing adaptation, slowing gastric 
emptying, and providing an additional energy source from its 
bacterial fermentation to SCFA, even though it may result in 
increased gas, bloating, and stool output.

Oral fluids
Approximately 4 L of fluid (0.5 L saliva, 2 L gastric acid, and 1.5 L 
pancreaticobiliary secretions) is normally secreted into the 
intestinal lumen daily in response to food and drink. Intestinal 
luminal sodium and glucose play important roles in promoting 
fluid absorption [88]. Glucose in the gut lumen stimulates 
sodium absorption across the small intestine, which is followed 
by anions and water. For each cycle of this transport, two 
sodium ions and one molecule of glucose/galactose are trans-
ported together across the cell membrane and hundreds of 
water molecules move into the epithelial cell.

In SBS, large volumes of fluids and electrolytes may be lost 
due to diarrhea, high ostomy output, and, occasionally, from 
decompressive gastric/enterostomy tubes. Fluids should be 
given to compensate for all losses and maintain a urine output 
of at least 1 L/day. The sodium and glucose content of the fluid 
are important considerations as inappropriate fluids will exac-
erbate fluid losses in SBS. Because of the regional gut differences 
in water and sodium handling, those SBS patients without a 
colon may be “net secretors” in that they lose more water and 
sodium from their stoma than they take in by mouth. Such 
patients tend to have <100 cm of residual jejunum and daily 
jejunostomy output can be >4 L. A major misconception on the 
part of the patient (and often the healthcare provider) is that 
they should drink large quantities of water; however, for reasons 
described previously, this generally leads to an increase in 
ostomy output and creates a vicious cycle further exacerbating 
fluid and electrolyte disturbances. Instead, these SBS patients 
benefit from the use of a glucose–electrolyte oral rehydration 
solution (ORS) to enhance absorption and reduce secretion, 
whereas most of those patients with a colon can usually main-
tain adequate hydration with hypotonic fluids [89]. The optimal 

and hydration status is critical. Individual calorie goals can gen-
erally be estimated using the calculated resting energy expendi-
ture (e.g., Harris–Benedict estimation) multiplied by activity 
and malabsorption factors. In general, most stable adult SBS 
patients absorb only about one-half to two-thirds as much 
energy as normal; thus, dietary intake must be increased by at 
least 50% from their estimated needs (i.e., hyperphagic diet). 
The increased quantity of food tends to be best tolerated when 
consumed throughout the day in five to six meals periods.

The provision of complex macronutrients in the diet of SBS 
patients is preferred. Complex carbohydrates including starches 
reduce the osmotic load and may exert a positive effect on the 
adaptive process. Much like soluble fiber, some starches will be 
converted to short-chain fatty acids (SCFA) by colonic bacterial 
fermentation and utilized as energy. Sodium supplementation 
in the diet is important because of increased intestinal losses 
and its necessity for the absorption of many nutrients [85]. In 
the great majority of SBS patients who retain their proximal 
jejunum, lactose may be tolerated [86] and should not be 
restricted unless the patient is clearly intolerant. Concentrated 
sugars, fruit juices in particular, should be avoided as they gen-
erate a high osmotic load and potentiate stool output. Because 
nitrogen absorption is least affected by the decreased absorptive 
surface in SBS patients, no change in dietary protein is generally 
necessary and, specifically, the use of peptide-based diets in 
these patients is unnecessary. Oxalate restriction along with 
inclusion of foods high in calcium or calcium citrate supple-
mentation is also important in those SBS patients with a colon 

Table 67.1 Diet and fluid recommendations in short bowel syndrome. 
Adapted from reference 42 with permission from Nature Publishing Group.

Colon present Colon absent

Carbohydrate 50%–60% of caloric 
intake

40%–50% of caloric 
intake

Complex carbohydrates Complex 
carbohydrates

Fat 20%–30% of caloric 
intake

30%–40% of caloric 
intake

Ensure adequate 
essential fats

Ensure adequate 
essential fats

MCT/LCT LCT

Protein 20%–30% of caloric 
intake

20%–30% of caloric 
intake

Fiber Net secretors Net secretors

Soluble Soluble

Oxalate Restrict No restriction needed

Fluids ORS and/or hypotonic ORS

Avoid hyperosmolar Avoid hyperosmolar

MCT, medium-chain triglycerides; LCT, long-chain triglycerides; ORS, 
oral rehydration solution.
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present [95]. Elemental formulae should generally be avoided 
because of their hypertonicity, expense, and lack of evidence 
supporting benefit over standard formula. A fiber-containing 
formula may be advantageous in the SBS patient with an intact 
colon for reasons previously described.

Parenteral hydration
In the immediate postoperative period (acute stage), all SBS 
patients require parenteral fluids and electrolytes to replace 
losses. Fluid volume is determined based on measured losses 
and to maintain an adequate urine output. As oral intake 
improves, the parenteral fluid is tapered. In some SBS patients, 
following the acute stage, parenteral fluids without macronutri-
ents may be needed for those who require the fluid but not the 
calories. The intravenous fluid is commonly provided as a liter 
of normal saline infused over 2–4 h once daily as needed. 
Although the contents of the fluid may include only sodium 
chloride, occasionally dextrose, other electrolytes, vitamins, and 
bicarbonate may be added. Parenteral fluids will be necessary if 
stool output consistently exceeds fluid intake (“net secretors”), 
a situation most commonly seen in the SBS patient with an 
end-jejunostomy [77]. During the hot summer months, patients 
receiving PN overnight may require additional parenteral 
hydration during the day to prevent dehydration and reduce the 
risk of kidney injury. Parenteral fluids may also be needed in 
SBS patients who have successfully weaned from PN but still 
require occasional parenteral fluid support.

Parenteral nutrition
Virtually all patients with SBS require PN support in the initial 
period following resection, and few will be able to discontinue 
the PN prior to their discharge from the hospital. Therefore, a 
significant majority of SBS patients will require PN support at 
home. In the USA, Medicare criteria require that for home PN 
to be covered in SBS, the resection has to have been performed 
within the 3 months prior to starting home PN and that the 
residual small intestine measures less than 150 cm [96,97]. If 
neither of these pertains, malabsorption that is responsible for 
weight loss of at least 10% of body weight in the prior 3-month 
period and an albumin level of less than 3.5 g/dL must be dem-
onstrated. Two criteria can be used to demonstrate malabsorp-
tion: either a fecal fat level of at least 50% of an intake of not 
less than 50 g/day during a 72-h fecal fat collection, or stool 
losses in excess of 50% of an oral fluid intake of at least 2.5–3 L/
day and a urine output <1 L/day. Occasionally, there may be a 
benefit from a combination of both PN and EN to meet the 
nutritional needs and minimize the dependence on PN in SBS 
patients (although in the USA, Medicare will not reimburse for 
both therapies).

Parenteral nutrition requirements in SBS are not specified in 
guidelines but the energy requirements may be higher (e.g., 
32 kcal/kg/day) than those of other patients requiring PN [98]. 
Parenteral nutrition should be initiated and adjusted to meet the 
patient’s fluid, electrolyte, energy, protein, and micronutrient 

sodium concentration of ORS to promote jejunal absorption has 
been demonstrated to be 90–120 mEq Na+/L [90,91]. One to 
three liters of ORS daily, sipped throughout the day, may be 
needed to maintain adequate hydration. Commercially pre-
pared ORS products are available as are recipes for inexpensive, 
homemade ORS. Importantly, ORS differ from commercial 
sports drinks as the sodium content is considerably higher and 
carbohydrate content lower. Potassium and magnesium may be 
added to the ORS as gluconate (12 mmol/L of ORS) and hep-
togluconate (30 mmol/L of ORS) salts, respectively, where 
available.

While fluid composition is less important in those with a 
colon, adequate dietary sodium should be provided [85]. The 
osmolality of the fluid should also be considered regardless of 
the bowel anatomy. Hyperosmolar fluids (e.g., regular soda and 
fruit juices) are concentrated and induce secretion from ente-
rocytes in an attempt to dilute the concentration of the luminal 
contents, which then contributes to increased diarrhea. In con-
trast, hypoosmolar fluids (e.g., water) do not contain the sodium 
or glucose necessary to optimally facilitate absorption in an 
end-jejunostomy patient and may lead to dehydration if con-
sumed in large amounts.

Enteral nutrition
Complete absence of enteral nutrient stimulation leads to villus 
changes that may contribute to the malabsorption seen in SBS 
[92]. Although it had previously been shown that enteral feed-
ings are not absorbed better than a solid diet in SBS patients 
with a jejunostomy [80], a recent investigation found that a  
slow continuous nasogastric infusion of an enteral polymeric 
formula, either exclusively or in conjunction with oral feeding, 
about 3 months following the postoperative period led to a 
significantly increased net absorption of lipid, protein, and 
energy compared with oral feeding alone and allowed seven of 
nine patients studied to wean completely from PN support [93].

There are few published reports of the use of home enteral 
nutrition (EN) support in SBS. In one report from a large home 
EN program in Canada, only nine of 727 patients received home 
EN for SBS [94]. Despite its apparent relative lack of use in 
adults with SBS, EN should be considered during the acute 
phase following extensive intestinal resection when stool output 
is <2 L/day and the patient’s hydration and electrolyte status are 
stable or later when attempts to wean PN have stalled. For long-
term use, placement of a percutaneous gastrostomy tube by 
endoscopic or radiological techniques is preferred but may be 
technically difficult due to altered anatomy and adhesions often 
present in SBS. Slow continuous infusion into the stomach 
rather than bolus administration or infusion directly into the 
small bowel is recommended in order to maximize intestinal 
transit time and improve nutrient contact time and absorption 
and reduce diarrhea. Overnight feeding allows maximal use of 
the gut while enabling normal activities during the day. Use of 
a polymeric formula is generally well tolerated. A semielemental 
formula may occasionally be needed if severe malabsorption is 
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drug delivery methods (e.g., liquids, topical) should be consid-
ered as should the monitoring of medication levels in the blood. 
Antimotility and antisecretory agents are frequently necessary 
to control stool losses in the SBS patient, particularly during the 
adaptation stage. As noted above, histamine type 2 receptor 
antagonists and proton pump inhibitors are beneficial in reduc-
ing the volume of gastric secretions and the damaging effects of 
the acid on the upper gut mucosa and the function of pancreatic 
exocrine enzymes, particularly during the first 6–12 months 
after resection. As gastric acid has a role in suppressing over-
growth of upper gut bacteria, acid-suppressing agents should 
still be used sparingly thereafter, particularly when there is 
documented SIBO. Some patients, most often those with a high-
output jejunostomy, may benefit from treatment with the soma-
tostatin analogue, octreotide. Octreotide reduces the production 
of a variety of gastrointestinal secretions and slows jejunal 
transit [102]. Open-label studies suggest clinical benefit of both 
short-acting and long-acting forms [103,104], although it has 
not been shown to improve absorption or reduce the need for 
PN. However, octreotide use should be reserved for patients 
with large-volume stool losses in whom fluid and electrolyte 
management is problematic and should be avoided in the adap-
tive period [105].

Antimotility
Antidiarrheals work mainly to reduce intestinal motility but 
also cause a slight reduction in intestinal secretion. Commonly 
used agents include loperamide, diphenoxylate with atropine, 
codeine, and tincture of opium. The use of codeine and tincture 
of opium tends to be limited by their sedating effect, and poten-
tial for addiction when used long term. Loperamide and codeine 
may have a synergistic effect when used together [106]. Because 
loperamide enters the enterohepatic circulation, which is dis-
rupted in SBS patients without an ileum, high doses are fre-
quently needed (i.e., up to 16 tablets/day). In the setting of SBS, 
these agents seem to be most effective when administered about 
30 min before meals and at bedtime. Clonidine, which can be 
administered transdermally, has also shown modest benefit in 
treating high-output stool losses, presumably via its effects on 
intestinal motility and secretion [107]. While antimotility agents 
may be effective in reducing intestinal transit, in cases where 
bowel dilatation has occurred, antimotility agents might actu-
ally worsen diarrhea by allowing bacterial proliferation.

Pancreaticobiliary
In an attempt to improve the depleted bile salt pool resulting 
from the loss of >100 cm ileum without aggravating stool losses, 
ox bile supplements and the synthetic conjugated bile acid, 
cholylsarcosine, have been given and found to improve fat 
absorption [108,109]. However, these agents are not readily 
available for use at present. Given the already diminished bile 
acid pool, the use of bile acid sequestrants may actually worsen 
steatorrhea and fat-soluble vitamin losses in the SBS patient and 
should generally be avoided [36,110]. Pancreatic function is 

needs. Overall energy content and macronutrient composition 
will depend to some degree upon the SBS patient’s oral intake 
and the level of repletion required. In general, PN lipids should 
not exceed 1 g/kg/day in the long-term PN setting [62]. 
Additionally, 1–1.5 g/kg/day of protein and up to 5–6 g/kg/day 
of dextrose should be provided [98]. When ostomy output is 
high, increased fluid, potassium, magnesium, and zinc losses 
occur and need to be monitored and replaced appropriately. The 
amount of PN can be decreased when the patient demonstrates 
the ability to take oral nutrition without excessive stool or 
ostomy output with appropriate weight maintenance or gain. In 
calculating PN volume and content, changes in the patient’s 
weight, laboratory results, stool or ostomy output, urine output, 
and complaints of thirst should be monitored. Nonetheless, the 
SBS patient on PN remains at risk for micronutrient deficiencies 
and requires periodic monitoring and supplementation in addi-
tion to PN [53,76].

Although long-term PN may result in a restriction of activi-
ties and deleteriously impact daily life, it is also life-saving and 
with time and experience PN patients can modify their lifestyles 
to minimize the impact of this therapy [52]. One example of 
such a modification is to cycle the PN over 10–14 hours over-
night in order to allow the patient freedom from the infusion 
pump during the day. Programmable infusion pumps are used 
by most, and portable pumps that can be carried in a backpack 
or tote are available for the individual who needs to infuse PN 
during the day. Furthermore, while expensive, the cost of PN is 
practically offset by the likelihood of recovery of intestinal func-
tion during the adaptation period. Patient support groups such 
as the Oley Foundation (www.oley.org) are important sources 
of information on practical topics (e.g., body image, travel), 
education, and support, and may reduce the risk of complica-
tions and enhance survival and the quality of life of the patient 
on either EN or PN support.

Medications
In 1995, Byrne et al. reported on 47 patients treated with a 
combination of growth hormone (GH), oral glutamine, and an 
optimized SBS diet for 3 weeks followed by continued use of the 
diet and glutamine [99,100]. With follow-up for as long as 5 
years, they showed that 40% of patients could be weaned com-
pletely from PN while another 40% significantly reduced their 
PN use. Some of these reports established the notion of intesti-
nal rehabilitation through the use of growth factors. Other 
intestinal rehabilitative strategies have included dietary, medical, 
and surgical approaches to reduce gastrointestinal symptoms, 
enhance oral intake and absorption of nutrients and fluids, and 
reduce or eliminate the need for PN and intestinal transplanta-
tion [42,101].

Antisecretory
Most medications are absorbed within the first 50 cm of jejunum 
and can be used in patients with SBS; however, delayed-release 
medications should be avoided. When applicable, alternative 
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Despite the reports of success, conflicting findings in three 
randomized, controlled nutrient balance studies with respect to 
nutrient and wet weight absorption [118–120], using this com-
bination of GH and glutamine (but without diet modification), 
have led to considerable skepticism about the long-term benefits 
of this approach and its use remains controversial [121]. Side-
effects of GH include peripheral edema, arthralgias, and carpal 
tunnel syndrome. There is also concern about the potential 
increased risk of colorectal cancer in patients receiving GH if it 
is required to be administered over an extended period [122].

Glucagon-like peptide-2
Glucagon-like peptide-2 (GLP-2), secreted from distal small 
intestine and proximal colonic mucosal L cells after eating, plays 
a role in intestinal adaptation. GLP-2 administration induces 
epithelial proliferation in the stomach, small bowel, and colon 
by stimulating crypt cell proliferation and inhibiting enterocyte 
apoptosis [123,124], increases absorptive capacity [125], and 
inhibits gut motility and secretion [126,127]. In a small, open-
label trial, eight SBS patients, including four without a colon and 
receiving PN and four without a colon who did not require PN, 
received 400 μg GLP-2 subcutaneously twice daily for 35 days 
[128]. An increase in overall energy absorption, decrease in 
fecal wet weight, slowing of gastric emptying, and nonsignifi-
cant trend toward increased jejunal villus height and crypt 
depth were demonstrated.

Teduglutide, a recombinant, degradation-resistant, longer 
acting GLP-2 analogue, was subsequently shown to be safe, 
well-tolerated, intestinotrophic, and significantly increase intes-
tinal wet weight but not energy absorption in 16 SBS patients 
with an end-jejunostomy or a colon-in-continuity [129]. 
Teduglutide was subsequently studied in two phase III multina-
tional, randomized, double-blind, placebo-controlled trials. In 
the first study, 83 SBS patients were separated into three treat-
ment arms (placebo, 0.05 mg/kg/day, and 0.10 mg/kg/day) and 
treated with the study medication for 6 months following a PN 
optimization period. PN weaning was the primary endpoint 
(20% reduction at weeks 20 and 24). Teduglutide was found to 
be safe and well tolerated; however, only the lower teduglutide 
dose significantly reduced PN requirements and only three 
patients were completely weaned from PN [130]. Villus height, 
plasma citrulline concentration, and lean body mass were sig-
nificantly increased in the teduglutide groups compared to 
placebo; no evidence of dysplasia in the intestinal samples was 
detected [131]. The second trial compared the lower dose of 
teduglutide to placebo administered for 6 months in 86 adult 
SBS patients and utilized a more aggressive PN weaning strategy 
(10–30% reductions at 2-weekly intervals). Once again, a sig-
nificant benefit of teduglutide over placebo was seen [132]. 
Responders were more than twice the percentage in those 
receiving teduglutide (63% versus 30%, P = 0.02). The mean 
reduction in PN volume was 4.4 L in the teduglutide group 
compared to 2.3 L in the placebo group. Fifty-four percent of 
those receiving teduglutide reduced at least one PN infusion 

reduced in patients receiving only PN and, potentially, during 
the hypersecretory period if no antisecretory medications are 
being used [111]. The acute oral administration of loperamide, 
commonly used in SBS patients, results in a 50% inhibition of 
postprandial trypsin and bilirubin output in SBS patients, 
changes consistent with an opiate effect [32]. The clinical rele-
vance of this finding remains to be shown. Of note, there is no 
evidence yet supporting the usefulness of pancreatic enzyme 
supplementation in SBS.

Antimicrobial
As previously described, SIBO commonly complicates the 
course in SBS and may be effectively treated with antimicrobial 
agents [67]. While high-quality evidence supporting the use of 
prebiotic, probiotic, and synbiotic agents in SIBO is lacking, 
there is emerging evidence from both preclinical studies and 
reports in the pediatric SBS population of their benefit [112,113].

Trophic factors
There is great interest in the use of growth factors in patients 
with SBS who have been unable to achieve enteral independence 
during the adaptive period despite optimization of diet and 
medical management. A number of pharmacological agents 
have been demonstrated to induce trophic properties on the 
intestinal epithelium in animal models of SBS, including growth 
hormone, glucagon-like peptide 2, glutamine, and epidermal 
growth factor. These encouraging reports have been followed by 
conflicting reports of efficacy in humans regarding the enhance-
ment of intestinal absorption, adaptive changes to the gut, and 
PN weaning.

Growth hormone
As previously mentioned, Byrne et al. found that 40% of 47 
patients could be weaned completely from PN while another 
40% could make significant reductions in their PN use when 
given a combination of GH and oral glutamine, and followed 
for up to 5 years [99,100,114]. In a more recent uncontrolled, 
prospective case series, Zhu and colleagues used a similar  
treatment program and demonstrated similar results [115]. A 
subsequent prospective, randomized, controlled study of 
recombinant human GH (0.10 mg/kg/day) and an optimized 
diet with or without glutamine in 41 PN-dependent SBS patients 
(most with colon-in-continuity) found a significant reduction 
in PN requirements (the primary endpoint) in all groups studied 
at the end of the 4-week treatment period. The extent of reduc-
tion was greatest in the group receiving GH in addition to the 
diet and glutamine [116]. The PN reduction remained signifi-
cant 12 weeks later in the GH with glutamine group only. GH 
has also been shown to favorably affect bone mineral density 
and markers of bone turnover [117]. On the basis of this evi-
dence and the safety of the treatment program, the FDA has 
approved the use of recombinant-human GH (Zorbtive™; 
Serono Inc., Rockland, MA) in patients with SBS on PN as an 
aid to wean PN.



Short bowel syndrome and small bowel transplantation CHAPTER 67   1317

The level of peptide YY (PYY), also produced by L cells in 
the distal small bowel and proximal colon, is markedly elevated 
in SBS [143]. Because this hormone inhibits gastrointestinal 
motility and transit, PYY might play a role in facilitating fluid 
and nutrient absorption. Although a PYY analogue is available, 
it has yet to be studied in humans with SBS.

Nontransplant surgery
Nearly 50% of patients with short bowel syndrome will require 
additional surgery at some point after their initial hospital dis-
charge [144]. It is crucial that as much bowel as possible be 
preserved in subsequent operations and the focus be on maxi-
mizing the function of the remaining bowel (Box 67.4). Surgeries 
that recruit additional bowel into continuity, relieve obstruc-
tion, repair a fistula, and eliminate diseased bowel will often 
improve residual bowel absorption [145]. While the restoration 
of continuity of the small bowel with the colon may be the single 
most effective operation to facilitate enteral independence, only 
about 25% of SBS patients with an initial stoma ultimately 
undergo takedown and reanastomosis [146]. Restoring bowel 
continuity and eliminating a stoma may also improve a SBS 
patient’s quality of life and reduce the risk of catheter-related 
infections. Intestinal tapering to improve the function of dilated 
bowel, stricturoplasty for benign strictures, and serosal patching 
for chronic fistulae may prevent the need for resection. The 
length, location, and other pertinent characteristics of the 
remaining bowel should be documented in operation reports to 
help guide subsequent management.

In addition, nontransplant surgical procedures have been 
devised with the goal of maximizing the function of the SBS 
patient’s existing intestine [145,147]. These procedures are 
sometimes referred to as surgical intestinal rehabilitation or 
autologous gastrointestinal reconstruction. The choice of 
surgery is influenced by the existing bowel length, function,  
and caliber, and can be divided into procedures that optimize 
function (e.g., lengthen, taper) or slow transit (e.g., reversed 
segment). These operations serve to enhance the mucosal 
surface area for absorption, slow intestinal transit to facilitate 
absorption or correct stasis, and SIBO, which may reduce gas-
trointestinal symptoms and reduce or eliminate malabsorption. 
These techniques should only be considered in the stable SBS 
patient following the initial adaptive period and after medical 
and dietary management have been maximized.

day/week compared with 23% for placebo. Gastrointestinal 
side-effects, including abdominal pain, nausea, stomal changes, 
abdominal distension, and peripheral edema, were reported 
most frequently; resolution occurred with treatment continua-
tion or temporary discontinuation in most instances. Longer-
term data should be available soon after completion of a 2-year 
open-label extension study but preliminary results suggest con-
tinued improvements in PN weaning [133]. Teduglutide was 
recently approved by the US FDA (Gattex®; NPS Pharmaceuticals, 
Bedminster, NJ) and is also available in Europe (Revestive®; 
Nycomed, Zurich, Switzerland) for SBS patients as an aid to PN 
weaning. The long-term benefits, timing of administration in 
relation to the onset of SBS, optimal patient selection for use, 
duration of treatment, and cost effectiveness of both GH and 
GLP-2 strategies remain poorly defined. Translating the suc-
cessful use of teduglutide seen in the clinical trials to routine 
clinical practice remains to be accomplished [101].

Other medications
The GLP-1 receptor agonist, exenatide (Byetta®; Amylin 
Pharmaceuticals, San Diego, CA), an FDA-approved treatment 
of type 2 diabetes mellitus, was reported in a retrospective, 
open-label study to reduce PN requirements in five adult SBS 
patients, presumably through slowing gut transit given its lack 
of intestinotrophic properties [134]. A subsequent placebo-
controlled study evaluating the acute effects of continuous infu-
sions of GLP-1, GLP-2, and a combination of both GLP-1 and 
GLP-2 in adults with SBS found that all treatments significantly 
reduced the fecal wet weight, energy, nitrogen, sodium, and 
potassium losses compared to placebo [135]. The effects of 
GLP-1 were less potent than GLP-2 while the combination of 
the two showed additive effects. A tendency toward nausea and 
reduced appetite was seen with GLP-1; however, this was amel-
iorated by the coadministration of GLP-2.

Glutamine, a “conditionally essential” amino acid, is a 
primary energy source for the enterocyte. It has been shown to 
prevent mucosal atrophy and deterioration of gut permeability 
in patients receiving PN [136]. When glutamine was added to 
an ORS provided to adult SBS patients with an end-jejunostomy, 
no benefit was seen in terms of fluid or sodium absorption 
[137]. In a randomized, controlled, crossover study involving 
eight adult SBS patients, no difference in small bowel morphol-
ogy, transit time, d-xylose absorption, or stool output was seen 
[138]. Despite these negative studies of glutamine use by itself, 
there is evidence that glutamine may have a synergistic effect 
with GH with regards to intestinal adaptation and PN weaning 
[116,139,140].

Following demonstration of proabsorptive and proadaptive 
effects in experimental models of SBS [141], recombinant epi-
dermal growth factor (EGF) was investigated in a small study 
involving children with SBS [142]. Following enteral adminis-
tration of EGF, an improvement in tolerance to enteral feeding 
and a transient increase in carbohydrate absorption was dem-
onstrated. Further study of EGF seems warranted.

Box 67.4 Nontransplant surgeries in short bowel syndrome.

Recruit additional bowel into continuity
Relieve bowel obstruction
Repair intestinal fistula
Eliminate diseased bowel
Optimize intestinal function (e.g., lengthen, taper)
Slow intestinal transit (e.g., reversed segment)
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in part by the number of stapler firings. This procedure is less 
technically challenging than the Bianchi procedure, and is 
applicable to short segments and when the bowel diameter is 
asymmetric along its length, may be repeated, and may be per-
formed in those SBS patients who have already undergone a 
Bianchi procedure. A retrospective, single-center report pro-
vides evidence of long-term clinical benefits including enteral 
tolerance and catch-up growth after STEP in a pediatric popula-
tion [152].

While there are encouraging results from single-center case 
series regarding the utility of all of these surgical procedures, 
evidence of long-term success is limited, the number of centers 
that perform these procedures is relatively few, and only a small 
proportion of SBS patients are candidates for these procedures 
[147]. Innovative techniques currently being investigated 
include stretching remnant bowel segments, tissue engineering, 
and stem cell transplantation. Although much more research is 
needed before applying these techniques to humans, they hold 
promise for the future treatment of SBS.

PN weaning
Over 50% of adults with SBS are able to be weaned completely 
from PN within 5 years of diagnosis [8,153]. In contradistinc-
tion, the probability of eliminating PN use is <6% if not suc-
cessfully accomplished in the first 2 years following the 
individual’s last bowel resection [8]. A number of clinical factors 
may serve as useful predictors of the success of eliminating the 
PN use in SBS (Box 67.5). The presence of a colon and the 
remaining length of functional small bowel are the most critical 
factors. Permanent need of PN generally occurs when there is 
<50–70 cm of small bowel with colon-in-continuity or <100–
150 cm of small bowel when the colon is absent [8]. Postabsorptive 
plasma citrulline, a nonprotein amino acid produced by the 

The main surgical rehabilitative procedures in use at present 
are the reversed intestinal segment and lengthening procedures. 
Data supporting their use in adults remain relatively sparse. The 
reversed intestinal segment is generally placed in a distal small 
bowel location to provide an antiperistaltic effect; usually a 
segment length of 10 cm for adults and 3 cm for children has 
been recommended although the optimal length remains 
unclear [148]. A recent case–control study of SBS patients who 
had undergone reversed intestinal segment procedure found 
that the surgery resulted in a gain in macronutrient absorption 
and was associated with a lower PN dependence [149]. 
Obstructive symptoms, intestinal ischemia, and anastomotic 
leak/stricture are potential problems. Longitudinal intestinal 
lengthening (sometimes referred to as the Bianchi procedure) 
was first introduced in 1980 and is performed by transecting the 
bowel distal to the dilated segment to be tapered [150]. The two 
leaves of the mesentery carrying blood supply to each half of 
the circumference of the small bowel are separated longitudi-
nally to create a tunnel, through which a stapler is passed along 
the length of the dilated bowel dividing the bowel into two equal 
lengths. The segments are then anastomosed in isoperistaltic 
fashion, doubling the length of the original segment (Figure 
67.3a). Limitations of this procedure include its technical com-
plexity, risk of anastomotic leak/stricture, and risk of injury to 
the mesenteric vasculature. An alternative lengthening tech-
nique, called serial transverse enteroplasty (STEP), was first 
described in 2003 [151]. STEP involves serial transverse applica-
tions of a linear stapler from alternating directions in an over-
lapping and partially transecting fashion (Figure 67.3b). This 
approach preserves the blood supply from the mesenteric 
border. The length and spacing of the transverse divisions is 
determined by the diameter of the bowel. Multiple stapler appli-
cations are needed and the lengthening achieved is determined 

Figure 67.3 Intestinal lengthening procedures: (a) Bianchi procedure; (b) serial transverse enteroplasty (STEP). See text for description of the 
procedures. Source: Thompson 2004 [145]. Reproduced with permission of Elsevier.

(a) (b)
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discontinue PN without the gradual weaning strategy, this 
approach is not recommended for the SBS patient who has been 
receiving PN for an extended period of time.

Oral micronutrient supplementation becomes necessary as 
PN is weaned and levels require periodic monitoring. Electrolyte 
supplementation, usually magnesium and/or potassium and 
sometimes bicarbonate, may also be needed and require moni-
toring. The frequency of monitoring will depend upon the stage 
of PN weaning and the presence of existing or prior deficiencies 
[53]. Table 67.2 provides examples of vitamin and mineral sup-
plementation in SBS. Because water-soluble vitamins are 
absorbed in the proximal small bowel, deficiencies in SBS 
patients are uncommon. In contrast, fat-soluble vitamin and 
essential fatty acid deficiencies are more frequently encoun-
tered. Supplemental zinc, and occasionally selenium, may be 
required in the presence of excessive stool losses. Lifetime 
administration of supplemental vitamin B-12 is needed in those 
with more than 50–60 cm of terminal ileum removed.

Outcomes
SBS occurs in about 15% of adults undergoing intestinal resec-
tion; nearly 75% result from a single massive resection and the 
other 25% from multiple resections [154]. Approximately 70% 
of those with newly acquired SBS are eventually able to be dis-
charged from the hospital [155]. Reports from the USA and 

Box 67.5 Clinical factors influencing successful weaning from 
parenteral nutrition.

Length of the remaining small intestine
Presence of a colon
Presence of an ileum/ileocecal valve
Absence of mucosal disease in the remnant bowel
Degree to which intestinal adaptation has occurred
Patient age
Duration of time on parenteral nutrition
Nutritional status prior to attempted parenteral nutrition weaning
Fasting plasma citrulline level

Table 67.2 Nonintravenous micronutrient supplementation in short bowel 
syndrome.

Vitamin A Oral: 5000–30 000 IU daily; IM 
administration also available

Vitamin B-12 SQ/IM: 300–1000 μg monthly; intranasal 
administration also available

Vitamin C Oral: 250–500 mg daily

Vitamin D Oral: 800–1600 IU daily (or calcitriol 
0.25–2 μg daily); IM administration also 
available

Vitamin E Oral: 400 IU up to three times daily

Folate Oral: 1 mg daily

Iron Oral: 325 mg up to three times daily; IM 
administration also available

Zinc Oral: 50 mg elemental zinc (220 mg tablet) 
once or twice daily

Selenium Oral: 100–200 μg daily

Chromium Oral: 100–200 μg up to three times daily

Multivitamin Oral: 1–2 capsules daily

Copper Oral: 2.5 mg up to twice daily

Calcium Oral: 1500–2000 mg daily

Potassium Oral: 20 mEq up to three times daily

Magnesium See text

Sodium bicarbonate Oral: 650 mg up to three times daily

Phosphate Oral: 250 mg packet up to three times daily

intestinal mucosa and indicator of enterocyte mass, has also 
been proposed as a potential biological marker of either perma-
nent or transient intestinal failure [9]. A level <20 μmol/L clas-
sified SBS patients with permanent intestinal failure with high 
positive and negative predictive values.

It should be established from the outset whether the goal is 
to reduce PN requirements or to completely eliminate PN. It is 
important for the SBS patient to recognize that the “trade-off ” 
to not being on PN is the need to take several medications orally 
and increase the amount of food and fluid ingested daily. Major 
lifestyle changes and increased out-of-pocket expenses are gen-
erally required. Consequently, patient education and ongoing 
support is important to enhance compliance with the care plan.

As the bowel adapts allowing greater nutrient and fluid 
absorption, PN requirements are likely to decrease. Before PN 
weaning begins, the SBS patient’s diet, fluid intake, and medica-
tions should be optimized. Additionally, certain criteria should 
be met before reducing PN, including meeting the daily calorie 
and fluid intake goals established for the patient. Frequent 
follow-up is necessary with subsequent PN reductions based on 
tolerance as determined by the development of symptoms, 
hydration status, electrolytes, and weight [53]. A useful approach 
to monitor hydration status is to maintain the urinary sodium 
concentration >20 mEq/L and daily urinary volume >1 L (or 
≥0.4 mL/kg/h on PN-free nights) and enteral balance (oral 
fluid intake minus stool output) between 500 and 1000 mL/day. 
Although monitoring stool and urine output is cumbersome, 
SBS patients attempting to wean PN tend to be highly moti-
vated. Providing the patient with a diary to record this informa-
tion for review and discussion at the office and over the phone 
is helpful [101]. PN reductions can be made by either decreasing 
the days that PN is infused/week or by decreasing the daily PN 
infusion volume equally throughout the week (e.g., 10%–30% 
reduction) [53]. Patients tend to prefer the former; however, 
dehydration is less of a potential concern with the latter. An 
optimal interval for making PN reduction decisions has not 
been defined. At most, once weekly would seem appropriate 
while acknowledging that this needs to be individualized. Once 
PN infusions are <3 days/week, a trial of PN discontinuation is 
suggested. Although the occasional patient may successfully 
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Small bowel transplantation

Small bowel transplantation (SBT) is attractive as a treatment 
option for patients with SBS and associated intestinal failure as 
it replaces the missing or diseased intestine and offers the poten-
tial for return to normal activities and intestinal function. 
However, due to the need for long-term immunosuppression, 
SBT is reserved for SBS patients with a life-long need for PN 
when complications of PN such as liver disease, loss of venous 
access sites, or recurrent episodes of life-threatening catheter 
sepsis occur [1,165]. The first description of SBT by Starzl in the 
1960s involved 38 dogs [166]. Immediate death occurred in 
most animals, and the remainder died of massive gastrointesti-
nal hemorrhage within the first 5–9 days. Despite the poor 
outcomes, this experience demonstrated technical feasibility 
and provided a description of the initial surgical technique. 
Attempts at SBT in humans were reported soon thereafter; 
however, the immunogenicity of the small bowel graft pre-
vented success with no patients achieving enteral autonomy or 
1-year survival [167–170]. Due to these dismal outcomes and 
with the advent of PN in the late 1960s, further clinical attempts 
at SBT were abandoned.

The introduction of the first calcineurin inhibitor, cyclosporine, 
into clinical use in 1983, together with recognition of significant 
PN-related morbidity and mortality, led to a renewed interest in 
SBT to treat the SBS patients failing on PN. The first successful 
SBT was performed in 1988 in a patient with life-threatening 
complications of PN [171]. Although there were several other 
reports of successful outcomes, 1-year patient survival in the late 
1980s and early 1990s remained low at only 25%–30% [172]. 
Rejection was frequent and severe and infection common in 
these early days. With the introduction of more potent immuno-
suppressive medications (e.g., tacrolimus in 1994) and improve-
ments in surgical techniques and postoperative care, early 
outcomes following SBT have steadily improved so that recent 
1-year patient survival rates range between 60% and 90% in 
various single center reports [173,174] and in the Intestinal 
Transplant Registry report [175]. Indeed, SBT patient survival 
rates are approaching those of other organ allografts, particularly 
in those patients who are well enough to wait at home until the 
time of their transplant [175], and those on permanent PN [176]. 
Nonetheless, SBT remains the least frequently performed organ 
allograft [177].

Indications
The indications for SBT (Box 67.7) have been described in pub-
lished guidelines established by a consensus conference of the 
Intestinal Transplant Association and include permanent intes-
tinal failure with at least one of the following severe complica-
tions: (1) end-stage intestinal failure-associated liver disease, (2) 
loss of two major venous access sites for administration of  
PN, and (3) severe life-threatening and/or recurrent catheter-
associated blood stream infections [178]. In a large multicenter 
European registry, Pironi and colleagues confirmed that these 

France have demonstrated 2-year and 5-year survival rates for 
SBS at over 80% and 70%, respectively [156,157]. Furthermore, 
the study from France reported PN-dependency at 2 years of 
49% and 45% at 5 years. Survival rates were lowest in the end-
jejunostomy and ultrashort small bowel patients. The French 
group have updated their data and reported that in nonmalig-
nant SBS, PN-dependency at 1, 2, and 5 years was 74%, 64%, 
and 48%, respectively [153]. In multivariate analysis, PN 
dependency was reduced with a plasma citrulline level 
>20 mmol/L, a remaining colon >57%, and a small bowel 
remnant length >75 cm. In this study, over 25% of the patients 
who eventually weaned completely from PN did so >2 years 
after their last bowel resection. Other factors affecting survival 
in SBS include the patient’s age, primary disease process, comor-
bid diseases, presence of chronic intestinal obstruction, and the 
experience of the team managing the patient [37].

The quality of life of SBS patients is lower than population 
controls regardless of their PN requirement [158]. Furthermore, 
the life-saving abilities of home PN notwithstanding, quality of 
life is worse in SBS patients on home PN compared to SBS 
patients not requiring PN [159,160]. Although the transition of 
PN from the hospital to the home leads to significant improve-
ments in patients’ quality of life [161], home PN is associated 
with a number of factors that, particularly when combined with 
effects from their underlying disease process, may result in a 
restriction of activities and deleteriously impact daily life [51] 
(Box 67.6). Factors that seem to favor a better quality of life in 
home PN patients include strong self-esteem and good family/
social support [162,163]. A SBS-specific quality of life instru-
ment has been shown to be valid, reliable, and sensitive, with 
excellent psychometric characteristics to measure treatment-
induced changes in quality of life over time [164]. Studies using 
this instrument are awaited. The prevention of complications is 
important for improving quality of life, reducing health care 
costs, and improving survival in SBS.

Box 67.6 Factors affecting home parenteral nutrition patients’ quality 
of life.

Inconvenience
Expense
Interference with social and leisure activities
Altered body image/disfigurement
Parenteral nutrition-related complications
Emotional strain
Pain
Lack of employment or lowered status at work
Loss of income
Decreased social interaction
Loss of independence
Loss of control of bodily functions
Inability to eat normally
Sexual functioning
Self esteem
Family and social support



Short bowel syndrome and small bowel transplantation CHAPTER 67   1321

ileum [165]. The blood flow is supplied to the graft through the 
superior mesenteric artery (SMA) and the outflow is by way of 
the superior mesenteric vein. The arterial anastomosis of the 
donor SMA is most commonly to the infrarenal aorta providing 
inflow of blood to the allograft but may require a donor iliac 
artery interposition graft in the case of a short length of the 
donor SMA. The most common variations to this type of graft 
include addition of the duodenal pancreatic complex with or 
without the donor stomach and/or colon. The addition of 
viscera to the intestinal allograft without the inclusion of the 
liver has been referred to as a modified multivisceral graft (see 
below) [181].

The second type of intestine-containing allograft includes the 
liver together with the intestine. The liver/intestine graft may be 
performed either individually (i.e., each organ with its own 
separate blood supply) as originally described [172,175] or, as 
is done more commonly at present, en bloc with inclusion of 
the duodenal pancreatic complex (i.e., the “Omaha” technique) 
[182]. The liver-containing intestine allograft is utilized in the 
recipient with both end-stage liver disease and intestinal failure 
or in circumstances where the transplant could not be per-
formed without inclusion of the liver graft (e.g., desmoid or 
neuroendocrine tumors or in individuals with extensive por-
tomesenteric thrombosis).

Multivisceral transplantation is currently defined as the 
simultaneous transplantation of multiple abdominal viscera 
including the stomach, duodenum, pancreas, and small bowel 
with or without the liver. Variations of this technique include 
the addition of one or more other abdominal viscera (e.g., colon, 
kidney, and spleen). The inclusion of all of these organs in the 
transplant was originally described as a “multivisceral” graft 
while that containing fewer than all of these organs was referred 
to as a “cluster” graft [172]. Nevertheless, confusion continues 
to exist as the term “multivisceral” is used by some as an intes-
tine graft containing multiple organs such as the liver, intestine, 
and pancreas [177], while others use the term to refer only to 
allografts that include the stomach [175,183]. Given the varia-
bility in application of nomenclature, it has been suggested that 
clarity regarding which donor organs are implanted and which 
native organs are explanted be utilized rather than terms in 
current use such as “liver/bowel“ or “multivisceral,” which have 
different meanings to different people [184]. Indications for 
multivisceral transplantation have expanded to include indi-
viduals with conditions such as slow-growing tumors of the 
mesenteric root, complete portomesenteric thrombosis, and 
frozen abdomen [180].

Surgical planning
The evaluation of the SBT candidate requires delineation of the 
anatomy and function of remnant abdominal viscera as well as 
the capacity of the abdominal cavity [165]. If fistulae are present 
or there is dysmotility of portions of the native gut, these sec-
tions are generally included in the resection specimen. In addi-
tion, when the capacity of the abdominal cavity is small such as 

indications, which were initially described for pediatric patients, 
were also appropriate in adults [179]. This large cohort study 
examined adults on PN for an average of 6 years prior to enroll-
ment and found that in patients with indications for transplan-
tation due to home PN failure, survival was better after isolated 
SBT than in those patients remaining on PN (89% vs 80%, 
respectively, after 3 years’ follow-up). These survival rates for 
isolated SBT were achieved despite the relative inexperience of 
the European centers involved and paucity of transplants 
reported. Unfortunately, no hospitalized patient undergoing 
SBT in combination with a liver allograft survived, reflecting 
this relative inexperience [179]. Although this outcome raises 
concern, it is not reflective of outcomes from centers with expe-
rience of >10 cases [175]. Recently, Mangus et al. suggested 
expansion of indications for SBT over those previously estab-
lished to include patients with slow-growing or unresectable 
tumors as well as patients with extensive mesenteric venous 
thrombosis who otherwise would require liver transplantation 
but cannot safely undergo isolated liver transplant due to lack 
of portal venous inflow for the liver allograft [180]. Other 
expanded indications suggested by this group include the frozen 
abdomen due to severe adhesions or extensive enterocutaneous 
fistula formation. At present, there is an absence of comparative 
outcomes in these populations with and without transplanta-
tion. Therefore, decisions regarding these expanded indications 
should be individualized. Although it is not standard of care to 
offer SBT electively in patients who do not have life-threatening 
complications of PN, elective intestinal transplantation is 
increasingly being considered.

Types of intestine allografts
SBT can be performed in isolation, in combination with liver 
transplantation, or in combination with multiple other organs 
depending on the remnant anatomy and function of native 
recipient viscera [177]. In a report of the Scientific Registry of 
Transplant Recipients (SRTR), roughly half of intestinal trans-
plants have been combined with liver transplants, and all but a 
few have been deceased donor transplants (as opposed to living 
donors) [177]. The first type of SBT involves an isolated intes-
tine graft that most commonly consists of only the jejunum and 

Box 67.7 Indications for small bowel transplantation.

Failure or life-threatening complications of parenteral nutrition
Liver failure
Recurrent sepsis, especially those resulting in metastatic infectious 

foci, fungal infections, or severe sepsis resulting in multiorgan 
failure

Loss of venous access
Intestinal failure that nearly always results in early death

Extremely short remnant bowel length (<30 cm without a colon)
Desmoid tumors unresectable due to extent of organ involvement
Congenital intractable epithelial disorders
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tion, from 2005, 61 programs reported results for nearly 1000 
patients who had undergone intestinal transplant procedures, 
including 433 isolated intestinal transplants, 386 liver–intestine 
allografts, and 170 other transplant procedures that included the 
small intestine as part of the allograft [175]. Because of incon-
sistency in nomenclature described previously, it has been dif-
ficult to establish the contribution of surgical technique and 
anatomy of the different types of intestine allografts to post-
transplant outcomes. Nevertheless, the main determinant of 
early allograft outcomes appears to be whether or not the liver 
is included with the intestine allograft and, by definition, 
whether the native liver is removed. The best survival, at least 
at the earliest time points, is found in patients receiving isolated 
intestine allograft [175]. The ITR has demonstrated improved 
graft and patient survival, with increasing center experience 
over time, in those individuals well enough to be called in from 
home at the time of their transplant, and depending upon the 
type of induction immunosuppression used [175]. Figure 67.4 
displays the most recent data from the ITR showing the actu-
arial survival rates over time at 1 and 5 years from years 1985 
to 2010.

Results from 20 years of US intestinal and multivisceral trans-
plant registry data have also been reported [188]. From 1990 to 
2009, there were 1822 deceased and 37 living-donor SBT. The 
1-, 5-, and 10-year graft survival rates were 71%, 45%, and 32%, 
respectively. The survival rates were highest for isolated intes-
tine SBT.

Living donor SBT has been infrequent compared with other 
solid organ allografts [177]. Long-term outcomes in children 
who have undergone living-donor SBT appear to be comparable 
to those from SBT using deceased donors [189]. Additionally, 
reports of the living intestine donors have suggested a low 
morbidity.

Most patients undergoing SBT who survive have good graft 
function and are able to wean from PN [190]. Furthermore, 
many children who undergo SBT demonstrate “catch-up” 
growth [191]. Another important outcome measure for the 

is often the case in small infants, the proximal GI tract and 
spleen and pancreas can be removed to create room for the 
transplant organs or abdominal wall reconstructive techniques 
can be utilized [185]. Radiological studies of the remnant native 
upper and lower GI tract are usually adequate for planning, 
although endoscopy may also be required to delineate anatomy. 
Gut function is usually inferred from the patient history and 
motility observed during the radiographic contrast studies. 
Formal motility studies or nuclear medicine transit studies can 
be utilized as needed to define functional capacity.

Outcomes
The number of patients listed for SBT has been increasing. 
Although over two-thirds newly listed are <18 years of age, the 
relative proportion of new patients aged 18 years or older listed 
has been increasing [177]. The mortality rate of patients placed 
on the SBT waiting list has declined considerably between 1998 
and 2009. Waitlist mortality in candidates for combined liver–
intestine transplants exceeds that for candidates awaiting other 
organ transplants, including isolated liver transplants [186]. 
Because of the often insidious progression of PN-associated 
liver disease and the difficulty in recognizing irreversibility, 
earlier consideration of isolated SBT has been suggested for 
high-risk patients [187]. Referral of patients before irreversible 
liver disease occurs and before the patient has complete loss of 
venous access is crucial. Among those listed in 2006, 60.3% had 
received an allograft within 3 years after listing, 20.2% had died, 
10.7% had been removed from the list, and only 8.8% were still 
waiting [177].

The Scientific Registry of Transplant Recipients (SRTR) pub-
lishes center-specific reports of the patient and graft survival for 
all candidates undergoing SBT in the United States. In the most 
recent report, 1-year patient survival for transplants performed 
between January 1, 2009 and June 30, 2011 ranged between 35% 
and 100% in the 14 programs reporting at least one pediatric 
SBT, and between 50% and 100% in the 13 programs reporting 
at least one adult SBT [177]. This report shows that 1-year graft 
survival has increased from 59.5% for transplants in 1991–1995 
to 72.2% for transplants in 2008–2009. However, long-term 
graft survival rates are improving but remain relatively low, with 
5-year graft survival of 31.6% for transplants in 1991–1995 com-
pared to 50.6% for transplants in 2004–2005 [177]. Unfortunately, 
a major flaw in the reporting of outcomes in the SRTR annual 
report is the combination of patient and graft survival outcomes 
of the intestine-only grafts with those intestine allografts that 
include the liver. In addition, 60% of the centers included in the 
most recent report performed between one and 10 transplants, 
a volume associated with worse outcomes than higher-volume 
centers [175].

The international Intestinal Transplant Registry (ITR) has 
collected outcomes for virtually all SBT performed at any center 
around the world since the introduction of SBT. The principal 
drawback of the ITR is that the data are self-reported and do 
not undergo an independent audit. In their most recent publica-

Figure 67.4 Survival trends of adult and pediatric recipients of intestine 
allografts from 1985 to 2010. Source: Figures and data supplied with 
permission from the Intestinal Transplant Registry.
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diabetes, metabolic bone disease, and renal insufficiency [198]. 
Complications of long-term immunosuppression also occur 
with regularity after SBT and negatively impact outcomes.

Costs
The extremely high cost of home PN, typically ranging in the 
USA from $100 000 to $150 000 annually [17,51], makes SBT an 
attractive option for the treatment of intestinal failure. Although 
the initial hospitalization period and surgery are expensive 
(ranging, on average, from $100 000 to $300 000), a successful 
intestinal transplant appears to become cost-effective within 2 
years [199,200].
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patient is the ability to return to normal activities, including 
school and work. Preliminary reports from several studies of 
quality of life after SBT in both children [192] and adults using 
generic [193] and treatment-specific instruments [194] suggest 
quality of life at least equivalent and perhaps better than home 
PN. Additional studies in larger patient cohorts are needed to 
confirm these reports.

Complications
Complications are more common and often more severe in the 
early period after SBT than they are after transplantation for 
other solid organs. The most common cause of death after SBT 
appears to be infection, including surgical site, blood stream, 
and deep organ space [175]. Infection occurs in 69%–92% of 
recipients in the first 3 months to 1 year after SBT [175,180,195]. 
Viral and fungal infections also occur in two-thirds and one-
third of SBT recipients, respectively. It can be difficult to distin-
guish infectious enteritis, which occurs in up to 40% of SBT 
recipients, from allograft rejection clinically or histologically 
[196]. After the initial hospitalization period, infection risks are 
diminished, but the ongoing need for immunosuppression to 
prevent allograft rejection means that the increased risk of 
infection continues indefinitely.

Acute allograft rejection remains a challenge, with 43.1% of 
recipients in 2005–2009 having had an episode of acute rejec-
tion by 1 year after transplant [177]. Rejection episodes tend to 
be more severe after SBT than after other solid organ transplants 
due to the risks for mucosal injury altering intestinal permeabil-
ity, leading to bacterial translocation and sepsis or perforation 
of the bowel allograft. Acute rejection occurred in greater than 
85% of recipients in the early years with SBT. More recently, the 
incidence of acute intestinal allograft rejection has decreased to 
<30% in some high-volume transplant centers [173,197]. This 
is attributed to improved immunosuppression regimens and the 
introduction of induction therapy. Despite the overall decreased 
incidence of allograft rejection, severe allograft rejection is still 
associated with significant mortality because of the high risk of 
infection with complete mucosal sloughing and the use of high 
doses of immunosuppressive agents. Most rejection episodes 
can be treated with corticosteroid therapy or, less commonly, by 
antilymphocyte therapy.

In addition to infection and rejection, the early complications 
after SBT are similar to other solid organ transplants and include 
technical complications of hemostasis, thrombosis, graft injury 
from ischemia/reperfusion, and wound healing concerns. 
Potential medical complications occurring in the later period 
after transplantation include the development of hypertension, 
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CHAPTER 68

Introduction

Small intestinal tumors can be benign or malignant (Box 68.1). 
Benign small bowel tumors are often asymptomatic and there-
fore their true incidence is not known; however they are much 
more common than malignant tumors of the small intestine [1]. 
In addition, it is more common for cancers to metastasize to the 
small intestine either by spreading hematogenously or invading 
locally than it is for primary small intestinal cancers to form [2]. 
This chapter will focus on primary small intestinal tumors, and 
discuss in order of historic incidence, adenocarcinomas, carci-
noids, gastrointestinal stromal tumors (GISTs), and lymphomas 
in more detail (Podcast 68.1).

Adenocarcinoma

Definition
Small intestinal adenocarcinoma is defined as cancer originat-
ing from small bowel epithelium.

Epidemiology (risk factors)
The incidence of small intestinal cancer varies greatly through-
out the world. In the United States, overall incidence rates have 
been slowly increasing over the last several decades [3]. Between 

1975 and 2010, the annual percentage change in incidence was 
a statistically significant 2.4% increase [4].

Early reported incidence rates for primary small bowel ade-
nocarcinoma ranged between 3.0 and 6.5 per million, represent-
ing  approximately  40%  (range  24%–42%)  of  primary  small 
bowel tumors in most population-based studies [5], with carci-
noid recently equaling or surpassing it at 35%–42% of cases of 
intestinal cancer [6–9]. The 5-year survival in the United States 
is  worse  for  adenocarcinomas  (27%)  than  carcinoid  tumors 
(77%) [10]. Overall, small bowel adenocarcinomas account for 
only around 2% of all gastrointestinal cancers, with an estimated 
incidence in the Unites States of 8070 cases and 1150 deaths for 
2012 [11].

There may be a preference for proximal small bowel adeno-
carcinoma  as  shown  in  one  early  study  [12].  In  general,  the 
survival  is poor, with an overall 5-year survival rate of 30.5%, 
and a median survival of 19.7 months. The incidence of small 
bowel  adenocarcinoma  is  slightly higher  in black people  than 
white people [13].

There is ongoing debate about why small intestinal adenocar-
cinoma  is  less common than  large  intestinal adenocarcinoma. 
One hypothesis with recent traction is on the putative influence 
of the gut microbiota, as small intestinal flora is vastly different 
in  composition  from  colonic  flora,  with  less  anaerobes  and  a 
much lower colony count. Crypts are also deeper in the small 
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The most significant risk factors are genetic conditions pre-
disposing to small intestinal polyps as detailed below and sum-
marized in Box 68.2.

Familial adenomatous polyposis (FAP)

Adenomas  and  adenocarcinomas  of  the  small  intestine,  and 
especially  of  the  duodenum  and  ampulla  of  Vater,  are  most 
commonly encountered in the setting of familial adenomatous 
polyposis  (FAP)  (see  also  Chapter  79),  with  germline  APC 
mutations  and  a  vast  propensity  to  small  and  large  intestinal 
adenomas.  Periampullary  duodenal  carcinoma  is  the  most 
common  extracolonic  malignant  tumor  in  patients  with  FAP, 
and in fact, complications from small intestinal adenocarcino-
mas  are  a  common  cause  of  morbidity  and  mortality  in  FAP 
patients after colectomy.

Lynch syndrome

Lynch syndrome (previously hereditary nonpolyposis colorectal 
cancer or HNPCC) is an inherited disease with an increase in 
colon and extraintestinal cancer risk due to germline mutations 
resulting in defective mismatch deficiency repair. In contrast to 
FAP, Lynch syndrome  is not characterized by overt polyposis, 
although polyps may occur. However, there is a distinct increase 
in lifetime risk of small intestinal adenocarcinomas in patients 
with Lynch, which at 4% is about 100 times greater than in the 
general population. These tumors present earlier and are evenly 
distributed throughout the small intestine [18]. Previous studies 
have pointed out possible kindred-specific variations [19].

intestine,  so stem cells have  less exposure  to  luminal contents 
than in the colon and result in a higher cell turnover rate.

Given  the  overall  low  incidence  of  small  intestinal  adeno-
carcinoma, the effect of diet on small intestinal cancer has been 
difficult  to  study.  Some  early  work  implicated  red  meat  [14], 
cigarette  smoking  and  heavy  alcohol  consumption  in  all  such 
cancers  [15,16].  While  risk  factors  may  differ  depending  on 
the histologic subtype, very few studies have addressed this. A 
recent study assessing risk factors based on histologic subtype 
in  a  cohort  of  approximately  half  a  million  men  and  women 
revealed that age was the only risk factor associated with small 
intestinal adenocarcinomas. Race, education, diabetes, smoking, 
physical  activity  and  alcohol  intake  were  not  associated  with 
an  increased  risk.  Personal  history  of  colon  polyps,  colon 
cancer, or any cancer was associated with an elevated but not 
statistically  significant  increase  in  small  intestinal  adenocarci-
noma  [17].

Box 68.1 Classification of small intestinal tumors.a

Benign epithelial tumors (precancerous)

Adenomas
Hamartomatous polyps (Peutz–Jeghers syndrome, Cronkhite–Canada 

syndrome, juvenile polyposis, Cowden disease, Bannayan–Riley–
Ruvalcaba syndrome)

Malignant epithelial tumors (= cancers)

Primary adenocarcinomas
Secondary carcinomas (metastases)

Neuroendocrine tumors

Carcinoid tumors

Lymphomas

B-cell:
Diffuse large cell lymphoma
Small noncleaved cell lymphoma
MALT cell lymphoma
Mantle cell lymphoma (multiple lymphomatous polyposis)
Immunoproliferative small intestinal disease

T-cell:
Enteropathy-associated T-cell lymphoma

Mesenchymal tumors

GISTs (benign and malignant)
Fatty tumors (lipoma, liposarcoma)
Neural tumors (gut autonomic tumors, schwannomas, neurofibromas, 

ganglioneuromas, granular cell tumors)
Paragangliomas
Smooth muscle tumors (leiomyoma, leiomyosarcoma)
Vascular tumors (hemangioma, angiosarcoma, lymphangioma, Kaposi 

sarcoma)

a This is a partial list of tumors found in the small intestine. Whereas 
the overall incidence of small intestinal tumors is low, many different 
benign and malignant lesions have been described in this organ.

Box 68.2 Conditions associated with an increased risk of primary 
small intestinal neoplasia.

Adenocarcinoma

Familial adenomatous polyposis
Lynch syndrome
Peutz–Jeghers syndrome
Juvenile polyposis syndrome
Crohn’s disease
Previous history of cholecystectomy*

Long-standing ileostomy (especially with Crohn’s disease)
Ileal loop conduits, ileal pouches, ileal cystoplasty
Duplication cysts and Meckel diverticula*

Gluten-sensitive enteropathy

Non-Hodgkin B-cell lymphoma

Immunoproliferative small intestinal disease
Gluten-sensitive enteropathy
Nodular lymphoid hyperplasia
Acquired immunodeficiency syndrome
Crohn’s disease

* Probable conditions associated with increased risk.
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Figure 68.1 (a) Duodenal hamartoma, endoscopic view, (b) endoscopic 
ultrasound, and (c) gross specimen after endoscopic mucosal resection.

(a)

(b)

(c)

Hamartomatous polyposis syndromes

Hamartomatous polyposis syndromes are a group of disorders 
marked by multiple hamartomatous polyps (Figure 68.1a–c) in 
the  gastrointestinal  tract  (see  Chapter  78).  The  Peutz–Jeghers 
syndrome  is  an  autosomal  dominant  disease,  which  in  most 
families  has  been  mapped  to  chromosome  19p13.3  and  the 
STK11 (serine threonine kinase 11) gene. Additional adenoma-
tous  changes  have  been  reported  in  3%–6%  of  hamartomas. 
Extracolonic  cancers  are  common,  occurring  in  50%–90%  of 
patients (small  intestine, stomach, pancreas, esophagus, ovary, 
lung, uterus, breast). The relative risk (RR) for all cancers is 15.2 
compared with the general population [20]. The small intestine 
represents  the most  frequent site of cancer development, with 
an RR of adenocarcinoma development of 520 compared with 
the general population  Juvenile polyposis syndrome  is an auto-
somal dominant disease  in which hamartomatous polyps may 
be limited to the colon, or to the stomach, or occur throughout 
the  gastrointestinal  tract.  Mixed  juvenile  and  adenomatous 
polyps have been reported. The RR for small  intestinal cancer 
in the juvenile polyposis syndrome is unclear, but cancers of the 
duodenum  have  been  reported.  Patients  may  present  with 
bleeding,  intussusception,  and  obstruction.  A  life-threatening 
protein-losing enteropathy has been reported in some patients. 
Germ-line  mutations  in  the  SMAD4  (chromosome  18q21.1) 
and  PTEN  (chromosome  10q23)  genes  have  been  reported  in 
separate kindreds with juvenile polyposis syndrome [21].

Crohn’s disease

An  increased  incidence  of  both  small  intestinal  adenocarci-
noma and, to a lesser extent, lymphoma, has been reported to 
occur in Crohn’s disease. The RR of small bowel carcinoma in 
Crohn’s disease (mostly ileal) has been estimated to be 60–100 
times  that  of  the  general  population  [22,23].  A  dysplasia–
carcinoma  sequence  occurs  in  the  small  intestine  in  Crohn’s 
disease similar to that of the colon and rectum [24,25]. Crohn’s 
disease-associated  small  bowel  carcinomas  and  dysplasias  are 
accompanied  by  frequent  genetic  alterations  in  Kirsten  Ras 
(KRAS) and p53. Risk  is higher  in males, patients with  longer 
disease  duration,  small  intestinal  disease,  and  complicated 
disease such as stricturing and fistulizing Crohn’s [26].

Celiac disease

An increased risk of both small intestinal adenocarcinoma and 
non-Hodgkin  lymphoma  has  been  reported  to  be  associated 
with  celiac  disease  (see  Chapter  64)  [27,28].  The  overall  inci-
dence of malignant disease in this condition has been reported 
to be 11%–13%, with an incidence of small bowel lymphomas 
of 4%–7%. It is not clear which factors contribute to the increase 
in  small  intestinal  adenocarcinoma.  Given  the  overall  low 
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acteristic  of  patients  with  Lynch  syndrome.  Mismatch  repair 
gene mutations in hMLH1 and hMSH2 were present in 15 of 42 
(36%) of Lynch-associated small bowel carcinomas in one series 
[34]. Pathogenic germ-line mutations in genes including MLH1, 
MSH2,  and  MSH6  were  identified  in  81%  of  individuals  with 
Lynch  and  small  bowel  tumors  in  another  large  series  [35];  
89% of these cases had loss of MMR protein expression. DNA 
replication  errors  characterized  by  microsatellite  instability 
were also reported in 13% of sporadic small bowel carcinomas 
[24] (Table 68.1)

Clinical presentation and natural history
Adenocarcinomas of the small intestine arise in discrete adeno-
matous polyps, in adenomatous changes involving the ampulla 
of  Vater,  or  in  dysplasia  associated  with  inflammatory  bowel 
disease.  In  hamartomatous  polyposis  syndromes,  carcinomas 
may arise from discrete adenomas or mixed polyps containing 
adenomatous  components  [37].  Dysplasia  is  associated  with 
familial juvenile polyps, but not with solitary, sporadic juvenile 
polyps. Dysplastic polyps contain markers suggesting a loss of 
proliferative  control  within  the  epithelium  and  mutations  in 
APC  [38].  About  70%  occur  proximally  in  the  duodenum  or 
jejunum [6].

Adenomas in the small intestine display the same gross and 
microscopic features as those in the large intestine (Figure 68.2). 
They may be pedunculated or  sessile. Tubular adenomas  tend 
to be small, whereas those with villous architecture tend to be 
larger. The presence of multiple duodenal adenomas or adeno-
matous changes in the ampulla of Vater suggests the diagnosis 
of FAP. Small intestinal adenomas exhibit a spectrum of dyspla-
sia ranging from mild dysplasia to intramucosal carcinoma and 
invasive cancer. Invasive carcinoma may be found in one-fourth 
to half of resected villous adenomas in the setting of FAP [38], 
but most duodenal adenomas appear to progress slowly to car-
cinoma [39,40], and the actual risk of malignant degeneration 
is  probably  considerably  lower.  Adenomatous  polyps  of  the 
small intestine do occur outside the setting of FAP, for instance 
in MUTYH or genetically undefined polyposis, but even less is 
known about their natural history.

Small intestinal adenocarcinomas may appear grossly as flat, 
stenosing, ulcerative, infiltrating, or polypoid lesions. Rare ade-
nosquamous carcinomas of the duodenum have been reported 
(Figure 68.3a–c).

Adenocarcinomas  are  staged  depending  on  the  extent  of 
bowel  wall  invasion,  the  presence  or  absence  of  invasion  into 
adjacent structures, and the presence or absence of lymph node 
or distant metastases [41]. The prognosis of patients with ade-
nocarcinomas  of  the  small  bowel  is  poor  as  24%–35%  have 
metastatic disease at diagnosis [7] [42]. In one report, the overall 
5-year disease-specific survival in the United States was 30.5%, 
with a median survival of 19.7 months [12]. Factors that signifi-
cantly correlated with survival included age (poorer prognosis 
for  patients  >75  years),  tumor  site  (duodenum  worse  than 
jejunum or ileum), disease stage, and whether cancer-directed 

incidence, detailed studies are challenging. However, given the 
ongoing  state  of  mucosal  and  submucosal  inflammation  in 
celiac disease, it is likely that adenocarcinoma in this setting is 
a result of that chronic process.

Pathogenesis (genetics)
In  Western  countries,  adenocarcinomas  are  most  commonly 
found in the duodenum. In the setting of Crohn’s disease, ade-
nocarcinomas  may  occur  distally  in  the  ileum.  Compared  to 
colorectal cancer, relatively little is known about the molecular 
carcinogenesis of small intestinal adenocarcinomas.

Point mutations  in KRAS especially at codon 12, have been 
reported in 14%–53% of primary small intestinal adenocarcino-
mas  [29,30]  but  not  in  carcinoids.  Mutations  of  KRAS  were 
common in sporadic and Crohn’s disease-associated adenocar-
cinomas  of  the  small  intestine  [24];  KRAS  mutations  were 
present in all four sporadic carcinomas with contiguous adeno-
mas, in two of 11 (18%) without adenomas, and in four of seven 
(43%) of Crohn’s disease-associated carcinomas.

Allelic  losses  involving  tumor  suppressor  genes  play  major 
roles in the genesis of intestinal tumors. The APC gene on the 
long arm of chromosome 5 (5q21) is mutated in the germ line 
of patients with FAP, and somatic mutations of APC occur  in 
60%–80% of sporadic colorectal carcinomas and adenomas (see 
Chapters 31, 77, and 78). Mutation of the mouse homologue of 
APC (Apc) by chemical carcinogenesis or by genetic manipula-
tion [31] results in the development of polyps in both the large 
and the small intestine. Small intestinal and periampullary ade-
nomas and carcinomas are common in patients with FAP. Muta-
tions in APC have also been reported in sporadic small intestinal 
adenocarcinoma [30], but they appear to occur at a much lower 
frequency than in sporadic colorectal cancer.

Deletions  of  chromosome  17p  involve  the  p53  tumor  sup-
pressor gene, whose product regulates apoptosis and normally 
prevents  cells  with  damaged  DNA  from  progressing  from  the 
G1  phase  to  the  S  phase  in  the  cell  cycle.  Mutations  in  p53 
were  found  in  27%  of  small  bowel  adenocarcinomas  in  one 
series  [30],  whereas  alterations  in  the  p53  gene  product  and 
allelic loss of chromosome 17p were present in 47% of sporadic 
small  bowel  adenocarcinomas,  33%  of  contiguous  adenomas, 
and 71% of Crohn’s disease-associated carcinomas in a second 
series [24].

Candidate  tumor  suppressor  genes  on  chromosome  18q 
include  the  DCC  (deleted  in  colon  cancer)  gene  and  DPC4 
(SMAD4). The DPC4  gene belongs  to  the SMAD gene  family, 
which  is  involved  in  signal  transduction  pathways  activated 
through  the  transforming  growth  factor-beta  (TGF-β)  family 
receptors.  Loss  of  18q  has  been  reported  in  intestinal  tumors 
from  the  Apc  1638N  mouse  model  [31],  but  rarely  in  human 
small intestinal adenocarcinomas [24]. However, chromosome 
18  deletions  appear  to  be  common  events  in  classical  midgut 
carcinoids of the small intestine [32,33].

Alterations  in  genes  that  help  to  maintain  DNA  fidelity 
during replication (mismatch repair, or MMR genes) are char-
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Table 68.1 Specific genetic changes of small intestinal tumors by histologic subtype. Overall, there is a paucity of data. For carcinoids, most have only 
recently been discovered and are putative candidates [36]. In GIST, one of the two mutations activating mutation is found in >90% of tumors. Intestinal 
lymphoma specific genetic changes are poorly understood.

Mechanism Adenocarcinoma Carcinoids GIST Lymphoma

Activating mutations KRAS (sporadic and Crohn’s disease) EGFR activation c-KIT
APC (FAP and sporadic) PDGFRA

Inactivating mutations p53 (sporadic and Crohn’s disease)
MMR proteins (in Lynch)

Amplifications AKT1/AKT2
SRC
HSP90

Deletions SMAD2/4

Chromosomal 
rearrangements

SMAD4 inactivation through 18q 
loss

Loss of 14q Mantle cell 1(11:14)(q13:q32) 
affecting Bcl1-expression

p53 allelic loss Loss of chr22
Loss of chromosome 18

Other CD34 expression 
(not a mutation)

Intestinal T-cell receptor 
rearrangements

EGFR, epidermal growth factor receptor; FAP, familial adenomatous polyposis; GIST, gastrointestinal stromal tumor; MMR, mismatch repair; PDGFRA, 
platelet-derived growth factor receptor α.

Figure 68.2 Jejunal tubulovillous adenoma, endoscopic view.

surgery  was  performed.  Five-year  survival  rates  were  65%  for 
stage I, 48% for stage II, 35% for stage III, and 4% for stage IV 
tumors.  Similar  trends  have  been  reported  from  Europe  [43–
45]. Patients with tumors arising at or near the ampulla of Vater 
may  do  better  than  those  with  more  distal  tumors,  perhaps 
because  they  become  symptomatic  earlier.  Five-year  survival 
rates  approaching  50%  have  been  reported  for  patients  with 
node-negative cancers of the ampulla after radical resection.

The mean age of presentation for adenocarcinomas is approx-
imately  65  years,  although  the  range  of  age  at  presentation  is 
wide [12]. Less  than 1% of  tumors occur before  the age of 30 
years,  and approximately 85% occur after  the age of 50 years. 
Adenocarcinoma appears to be slightly more common in black 

people, and equally distributed among other ethnicities. Symp-
toms  relate  to  tumor  size,  location,  and  blood  supply.  Small 
tumors are asymptomatic or may present with anemia second-
ary to chronic blood loss, but for the most part they are indolent 
and difficult to diagnose. Abdominal pain and other obstructive 
symptoms such as nausea and vomiting are common late symp-
toms as tumors obstruct from infiltration with luminal narrow-
ing or mass effect. Anorexia and weight loss are also common 
symptoms. Infrequently, patients with ileal tumors may present 
with intussusception. Tumors located in the periampullary duo-
denum  or  ampulla  of  Vater  may  cause  obstruction  of  the 
common  bile  duct,  resulting  in  jaundice  and  other  signs  of 
biliary obstruction.

Differential diagnosis
The differential diagnosis of small bowel adenocarcinoma con-
sists of all other small bowel tumors as well as precursor lesions 
such as small bowel polyps (as discussed in this chapter). Small 
bowel  polyps  may  be  either  adenomas  and  fully  epithelial  in 
origin  or  with  connective  tissue  components  and  therefore 
hamartomatous (see previously). Further, a small bowel lesion 
may  be  a  metastatic  lesion  from  a  primary  of  a  distant  site, 
which may occur with pancreatic cancer via local extension or 
peritoneal  seeding,  or  other  primary  cancers  with  hematoge-
nous spread such as melanoma or breast cancer (see further on).

To  diagnose  small  bowel  adenocarcinoma  or  small  bowel 
polyps,  forward viewing esophagogastroduodenoscopy  (EGD) 
is sufficient for lesions within reach of the endoscope. For spe-
cific assessment of the ampulla, an area commonly affected in 
FAP,  a  side-viewing  endoscope  is  preferable.  The  histologic 
diagnosis is made by biopsy or polypectomy, if feasible.
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Figure 68.3 (a) Small bowel adenocarcinoma, gross specimen, (b) low 
power view, and (c) high power view.

(a)

(b)

(c)

For  patients  with  FAP,  an  index  EGD  with  a  side-viewing 
endoscope  is  suggested  at  age  20–25  with  follow-up  intervals 
dependent  on  the  presence  of  adenomas.  If  no  adenomas  are 
found,  repeating  the  screening  every  4  years  is  a  reasonable 

approach.  The  Spigelman  classification  (see  Chapter  79)  takes 
number  and  size  of  adenomas  into  account  to  determine  the 
frequency  of  endoscopic  screening.  Briefly,  one  to  four  small 
tubular adenomas (TAs) warrant a repeat endoscopy in 2 years, 
while <20 medium sized TAs call for a repeat endoscopy in 1 
year.  If  there are more  than 20 polyps, or  if a polyp  is greater 
than 1 cm, repeat endoscopy in 6 months is suggested. Surgical 
consultation  is  advised  for  unmanageable  lesions  and  high-
grade  dysplasia.  Ampullary  lesions  deserve  special  considera-
tion,  given  their  propensity  to  recur  and  cause  significant 
morbidity  via  obstruction  of  the  pancreatic  duct  (PD)  and/or 
common bile duct (CBD).

For more distal lesions, the initial modalities of choice remain 
radiologic:  either  a  small  bowel  series  or  CT  enterography  or 
enteroclysis. Historically, a  small bowel  series was used as  the 
first imaging evaluation, but with the use of more CT based and 
less operator dependent modalities, it is used less frequently. In 
addition, fewer radiologists are being trained in this technique 
due  to  the  lack  of  volume,  so  that  it  is  unavailable  in  many 
centers. CT enteroclysis involves the placement of a nasojejunal 
tube  to  instill  contrast  material  to  allow  rapid  filling  of  the  
small  bowel,  and  may  be  employed  if  patients  are  unable  to 
rapidly ingest the contrast, or when CT enterography does not 
provide  sufficient  resolution.  CT  enterography  has  a  reported 
sensitivity  of  84.7%  and  positive  predictive  value  (PPV)  of 
>90% [46]. Visualization of surrounding structures is another 
advantage of CT.

MR  enterography  (MRE)  or  MR  enteroclysis  both  offer  
some of the same advantages as CT enterography, but without 
radiation exposure, and further may delineate tumor types base 
on T1/T2 weighing [47]. Adenocarcinomas may appear either 
as an irregular intraluminal mass with extraluminal extension, 
or as a circumferential mass with obstruction [48]. The disad-
vantages  compared  to  CT  imaging  are  lower  resolution  and 
motion  artifacts,  as  well  as  limitations  if  the  patient  has  
hardware that precludes a magnetic resonance imaging (MRI) 
examination.

Video capsule endoscopy (VCE) allows luminal visualization 
of the entire small bowel and is currently the imaging of choice 
for obscure GI bleeding. It has recently been used in the detec-
tion  of  small  bowel  polyps  in  patients  with  genetic  syndrome 
such  as  FAP  or  Peutz-Jeghers.  Two  studies  found  VCE  to  be 
superior to small bowel series in both types of patients [49], or 
in  Peutz-Jeghers  alone  [50],  and  patient  tolerance  was  better 
with VCE. VCE was equivalent to MRE in detecting polyps in 
Peutz-Jeghers  and  FAP  patients;  VCE  was  better  at  detecting 
small polyps, though MRE better at localizing them [51].

A  high  Spigelman  classification  may  correlate  with  distal 
small  bowel  polyps  in  FAP  and  warrant  VCE  [52].  However, 
VCE  does  not  allow  identification  or  even  assessment  of  the 
ampulla  [52].  Screening  for  small  intestinal  tumors  in  Lynch 
syndrome is currently reserved for patients with warning signs 
such as unexplained abdominal pain or anemia, pending further 
studies [18].
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Malignant  tumors  of  the  terminal  ileum  are  treated  as  cecal 
tumors with terminal ileal resection and right hemicolectomy. 
Villous adenomas of the duodenum containing invasive carci-
noma and carcinomas of  the ampulla of Vater usually  require 
pancreatoduodenectomy (Whipple procedure).

In  a  recent  retrospective  review  of  over  9000  small  bowel 
adenocarcinomas, 63% of all patients underwent resection (80% 
with  nonmetastatic  disease),  19%  received  adjuvant  chemo-
therapy (23% with nonmetastatic disease) and 25% received no 
treatment/or  treatment  was  not  known  (13%  with  nonmeta-
static) [7].

Disease-specific survival for primary small bowel adenocar-
cinomas confined to the small intestine (local disease) was 47%, 
for  regional  disease  it  was  33%,  and  for  distant  disease  it  was 
3.9% [12]. Another study showed a 3-year survival of 66% after 
curative resection [66], and overall survival at 20 months with 
a 5-year survival of 25% [42]. Taken together, when compared 
to  other  small  bowel  malignant  tumors,  adenocarcinoma 
appears to have the worst 5-year survival [7].

Indicators  of  a  better  prognosis  included  cancer-directed 
surgery, early stage, and N0 (node-negative) stage [42].

The role of postoperative chemotherapy,  either  in  the adju-
vant setting or for unresectable lesions, has not been defined in 
patients  with  adenocarcinoma  of  the  small  intestine.  Small 
series  have  claimed  some  benefit  from  5-fluorouracil  (5-FU) 
[67],  and  combination  chemotherapy  with  5-FU  and  other 
agents  such  as  platinum  compounds  and  irinotecan  has  been 
advocated for advanced disease [68]. Various chemotherapeutic 
regimens are currently being used, mostly in combination with 
5-FU  and  recently  with  the  anti-EGFR  antibody  bevicizumab 
[69] that is used in refractory metastatic KRAS negative colon 
cancer. However, objective evidence of an impact on survival is 
lacking. Palliative radiation may have some role in controlling 
chronic  blood  loss  associated  with  duodenal  tumors,  but  it  is 
less  suitable  for  more  distal  small  bowel  tumors  because  of  a 
mobile mesentery and difficulty in localizing the target field.

Complications
Just as with colon cancer, small bowel cancers may lead to iron 
deficiency anemia, local obstruction, or perforation. Ampullary 
cancers may cause bile and/or pancreatic duct obstruction with 
jaundice and/or pancreatitis. The main source of morbidity and 
mortality  stems  from  tumor  invasion,  either  locally,  or  with 
distant metastases.

Prevention
In general terms, chemoprevention with aspirin and other non-
steroidal  antiinflammatory  drugs  (NSAIDs)  and  selective 
cyclooxygenase-2  (COX-2)  inhibitors  may  achieve  a  decrease  
in  intestinal  polyp  number  and  size  in  FAP  patients,  but  
there  is  no  data  on  small  intestinal  cancer  development  [70].  
In fact, there is concern that while there is shrinkage of polyps, 
the cancer risk may remain the same or may be heightened as 
the  index  lesions  are  more  difficult  to  detect.  Therefore, 

It appears that standard EGD is superior to VCE in detecting 
any  duodenal  polyps  [53].  Another  limitation  is  the  risk  of 
capsule  retention,  especially  with  large  polyps  or  obstructing 
tumors. A recent study found a 9.8% rate of capsule retention 
at the location of the tumor in patients with small bowel tumors, 
which  is  around  eightfold  increased  from  VCE  retention  in 
patients  with  other  indications  [54–56].  This  underscores  the 
need  for caution with  this  technique and consideration of  the 
using a patency capsule [57]. In addition, as there is a significant 
miss rate, a negative VCE does not fully rule out a small bowel 
mass; if the index of suspicion is high, another evaluation either 
by radiologic or endoscopic means (see further on) should be 
strongly considered [58].

Push enteroscopy offers the advantage of real-time visualiza-
tion and the ability to perform diagnostic as well as therapeutic 
maneuvers such as biopsies or polypectomies at the same time. 
The  reach  of  the  enteroscope  is  reliably  into  the  jejunum  and 
sometimes further [58].

For  even  more  distal  lesions,  double  balloon  enteroscopy 
(DBE)  may  be  considered.  This  enables  visualization  of  the 
entire small bowel  through  inflation and deflation of  two bal-
loons  that  allow  advancement  of  the  scope  via  an  overtube 
through  pleating  of  the  small  bowel  and  with  minimal  recoil 
[48]. This is associated with a significant gain in reach of 230 cm 
versus 80 cm for regular push enteroscopy [58]. The diagnostic 
yield  for DBE  is  similar  to  that of VCE around 60% [59], but 
DBE commonly identifies lesions missed by VCE [60] (see pre-
viously).  Not  surprisingly,  the  diagnostic  yield  of  a  histologic 
diagnosis is highest when there is preceding positive study using 
a different modality [61]. However, DBE is operator dependent 
in the sense that expertise needs to be acquired and maintained 
through  reasonably  high  volumes  [62].  Some  cases  may  not 
allow full visualization due to altered anatomy, and many cases 
are quite time consuming. As a result, DBE is usually found in 
only a few tertiary centers, and referral to such a center should 
be considered if reasonable.

Two techniques both based on DBE have recently emerged: 
Single  balloon  enteroscopy  uses  only  one  balloon  and  has 
shown  some  promise  in  early  studies  [63].  Spiral  enteroscopy 
utilizes an overtube with spiral ridges, allowing its advancement 
in a clock-wise rotating fashion. This may significantly decrease 
the procedure  time [64], but also has  the potential  to damage 
the  mucosa,  especially  if  there  is  mucosal  breakage  from  a 
tumor [65].

Therapy and management
Polyps of the small intestine should be removed by polypectomy 
unless the polyp burden is too large to accomplish eradication. 
Sessile  lesions may be amenable to endoscopic mucosal resec-
tion  (EMR).  Surgical  resection  is  the  treatment  of  choice  for 
adenocarcinoma of the small intestine and the only potentially 
curative treatment. Resection of the tumor with adjacent mesen-
tery and lymph nodes, with a wide margin of normal bowel on 
either  side,  is  practical  for  adenocarcinomas  of  the  jejunum. 
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as  there  is  a  higher  incidence  rate  in  first-degree  relatives  of 
patients with carcinoid tumors [78]. Additionally, patients with 
carcinoid tumors, particularly tumors of the small bowel, may 
have an increased incidence of coexisting noncarcinoid malig-
nant diseases [75,79,80] although this association is controver-
sial  [78,81].  The  noncarcinoid  neoplasms  are  mostly 
adenocarcinomas  of  the  gastrointestinal  tract  (50%),  followed 
in  frequency  by  lung,  cervix,  and  prostate  carcinomas  [75]. 
Overall, age is the most prominent prognostic factor for patients 
with carcinoid, with older patients showing a worse survival [7].

Pathogenesis
Carcinoid tumors are considered malignant by definition if they 
exhibit local and/or distant spread, even if the course is subclini-
cal.  Small  bowel  carcinoids,  in  particular,  are  often  associated 
with loco-regional spread or metastases at the time of diagnosis. 
The  tumors  rarely  ulcerate  into  the  lumen  of  the  bowel  and 
typically  grow  towards  the  serosa.  When  serosal  breach  has 
occurred,  an  intense  local  fibroblastic  reaction  is  commonly 
seen [82,83], which can be detected by imaging, especially MRI. 
Another characteristic feature of small bowel carcinoids is mul-
ticentricity: at the time of diagnosis, 35% of patients will have 
more than one tumor in the small intestine [75,84]. Tumor size 
varies  in  several  series, but most are 2 cm or  less  in diameter. 
This is important, as only 6% of small bowel carcinoids smaller 
than 1 cm have been associated with metastases, whereas 80% 
of  patients  with  tumors  larger  than  2 cm  will  present  with 
metastases [80,82–87]. Microscopically, sheets of uniform cells 
with  hyperchromatic  nuclei  are  arranged  in  characteristic 
clumps (Figure 68.4).

Carcinoid tumors can be classified in terms of the substances 
they secrete, and over 40 different secretory products have been 
identified  [88,89].  “Typical”  small  bowel  (midgut)  carcinoids 
secrete  serotonin  (5-hydroxytryptamine,  5-HT),  and  they 
contain the enzyme dopa decarboxylase (DDC), which converts 
5-hydroxytryptophan  (5-HPT)  to  5-HT.  The  5-HT  is  further 
metabolized  and  excreted  in  the  urine  as  the  metabolite 
5-hydroxyindoleacetic  acid  (5-HIAA).  “Atypical”  carcinoids 
(mostly  foregut and hindgut)  lack dopa decarboxylase and do 
not secrete 5-HT [90]. 5-Hydroxytryptophan is released into the 
blood and can be measured in platelets and urine. Some 5-HPT 
is decarboxylated in the kidney before excretion, and 5-HT can 
thus be detected in the urine, but not 5-HIAA [91].

Carcinoid tumors are staged based on the AJCC TNM staging 
system, summarized in Table 68.2.

The natural history of small bowel carcinoids is more favora-
ble  than  that  of  adenocarcinomas  of  comparable  stage,  with 
overall 5-year survival rates of 60% [92]. However, the 25-year 
survival of patients with regional spread  is reported to be  less 
than 20% [75]. Patients with liver metastases and the carcinoid 
syndrome  have  a  prognosis  similar  to  that  of  patients  with 
metastases who do not have the syndrome, but survival is lower 
for patients with carcinoid heart disease who develop valvular 
dysfunction [75,91].

chemoprevention  is  not  currently  recommended  to  prevent 
small intestinal adenocarcinoma.

Temporal/secular trends
While the incidence of small bowel adenocarcinoma appears to 
remain somewhat stable over recent years, utilization of adju-
vant chemotherapy, has increased from 8.1% in 1985 to 23.8% 
in 2005 [7]. Despite this trend, survival rates appear to be rela-
tively stable over  the  last 20 years, calling  for more aggressive 
detection, or novel therapeutic options.

Geographic variation
International  data  show  that  the  incidence  of  all  small  bowel 
cancers  is  higher  in  North  America,  Western  Europe  and 
Oceania than in Asia [71]. A Finnish cohort study on 2.3 million 
people between 45–69 years of age from 1971 to 1995 revealed 
a  higher  incidence  in  males  of  higher  socioeconomic  back-
ground  [72].  However,  another  study  on  cancers  of  the  small 
intestine  in  England,  Scotland  and  Wales  from  1975  to  2002 
found  no  differences  in  survival  in  different  socioeconomic 
groups [73].

Carcinoid tumors

Definition
Small  intestinal  carcinoid  tumors  are  slow  growing,  rarely 
metastasizing  neuroendocrine  tumors.  They  have  been  gener-
ally  assumed  to  originate  from  neureoendocrine  cells  of  the 
small intestinal tract, but this has not been confirmed and the 
possibility that they may arise from intestinal stem or progeni-
tor cells has not been excluded (see also Chapter 88).

Epidemiology (risk factors)
Carcinoid tumors may occur in many different tissues including 
ovary and lung, but they are most frequent in the GI tract. In 
the  small  intestine,  they  now  account  for  approximately 
35%–42% of cases and have surpassed adenocarcinoma of the 
small intestine as the most common malignancy [6–10]. In the 
United States, the incidence of carcinoid tumors has increased 
fourfold  between  1973  and  2004  [74],  but  the  5-year  survival 
still remains better (77%) than for adenocarcinomas of the small 
intestine (27%). It is quite likely that the actual incidence rate is 
much higher, as previous autopsy studies found a 10-fold higher 
rate of clinically silent carcinoids [75]. The frequency of duode-
nal carcinoids appears to be on the rise [7]. In terms of dietary 
risk factors, data do not support a role for red meat, but there 
may be an association with  saturated  fat and  the  incidence of 
carcinoids  [76].  Risk  also  appears  to  be  increased  in  black 
people  and  decreased  in  Hispanics  and  Asians/Pacific  [77]. 
Additional  putative  risk  factors  include  smoking  (odds  ratio 
[OR] 4.2), and alcohol (OR 3.1) [15]. Male sex, BMI and post-
menopausal hormone therapy have also been implicated as pos-
sible risk factors [17]. There may also be a familial component 
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Recently,  parallel  exome  sequencing  of  48  small  intestinal 
carcinoids  revealed  that  they  are  genetically  mostly  stable 
cancers.  Overall  the  mutation  rate  was  similar  to  pancreatic 
neuroendocrine tumors and some leukemias, but lower than in 
breast, prostate, or colon cancers [36]. A higher mutation rate 
in primary small bowel carcinoids was associated with concur-
rent liver metastases. In addition, single nucleotide variants in 
genes  with  possible  therapeutic  implications  as  well  other 
genetic  alteration  such  as  amplifications,  deletions,  including 
chromosomal losses, have been reported (summarized in Table 
68.1). These included targetable pathways such as TGFβ signal-
ing (by way of SMAD2/4 deletions) and PI3K/Akt/mTOR (via 
AKT1 or AKT2 amplifications) [36] (Table 68.1).

Clinical presentation and natural history
Carcinoid tumors can secrete amines and polypeptides, leading 
to  the  associated  carcinoid  syndrome  of  flushing,  diarrhea, 
abdominal  pain,  and  bronchospasm,  which  is  common  in 
serotonin-secreting  metastatic  carcinoids  of  the  midgut 
(jejunum to appendix). Although 86% of small bowel carcinoids 
secrete serotonin, carcinoid syndrome is rare [92]. Foregut car-
cinoids  may  secrete  histamine  and  present  with  pruritus  and 
less diffuse flushing. The most common presentation is intesti-
nal obstruction and/or abdominal pain [48].

While  carcinoid  of  the  appendix  is  the  most  common  gas-
trointestinal  (GI)  carcinoid,  most  of  the  clinically  significant 
carcinoid tumors are  located  in the small bowel. The majority 
(87%) of small bowel carcinoids are located in the ileum, espe-
cially  within  60 cm  of  the  ileocecal  valve,  although  it  appears 
that duodenal carcinoids are on the rise [7]. Carcinoid tumors 
of the small intestine frequently do not manifest clinically until 
regional  spread  has  occurred  or  metastatic  disease  is  present. 
Small,  localized  tumors are most often diagnosed  incidentally 

Figure 68.4 Carcinoid tumors of the small intestine. (a) A gross specimen 
of a nodular small intestinal carcinoid is demarcated by arrowheads. 
Carcinoid tumors develop deep in the mucosa and grow slowly, extending 
into the underlying submucosa and the overlying mucosa. (b) Histological 
section shows a small intestinal carcinoid tumor characterized by closely 
packed, round, regular, and monomorphous cell masses, buds, and 
islands. Lumena and rosette-like structures are also present. A 
desmoplastic reaction is responsible for many of the clinical findings of 
small intestinal carcinoid tumors.

(a)

(b)

Table 68.2 Features of the major gastrointestinal lymphomas.

Type Histology Immunohistochemistry Genotype

Diffuse large B-cell 
lymphoma

Diffuse growth of large lymphoma cells, 
often with necrosis

B markers (B1), +sIG Ig gene rearranged

Small noncleaved-cell 
lymphoma (includes Burkitt)

Medium-sized cells with many mitoses, 
“starry sky” appearance from histiocytes

B markers, +sIG, CD10+ Chromosomal translocation 
involving MYC

Low-grade B-cell MALT 
lymphoma

Centrocyte-like cells with formation of 
lymphoepithelial lesions

B markers, CD22+, LN-1+, CD5−, 
CD10−, CD23−

Ig genes rearranged, trisomy 
3 common

Multiple lymphoid polyposis 
(mantle cell lymphoma)

Monotonous small cells with irregular 
nuclei; epithelial invasion uncommon

B markers, CD5+, CD23−, cyclinD1+, 
often IgM+, IgD+

t(11:114) translocation with 
implication of bcl-1 oncogene

Enteropathy-associated 
T-cell lymphoma

Large cells with intense surrounding 
inflammation; adjacent atrophic mucosa

T-cell markers, CD103+, HML-1, 
CD4−, CD8−

T-cell receptor genes 
rearranged

IPSID Early: plasma cells, superficial B markers, KB61+, α-heavy chain 
paraproteinLate: atypical large lymphoma cells with 

bowel wall invasion

CD, cluster of differentiation; Ig, immunoglobulin; IPSID, immunoproliferative small intestinal disease; MALT, mucosa-associated lymphoid tissue; sIG, 
secretory immunoglobulin.
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puted tomography (CT) and MRI can provide  initial  localiza-
tion of carcinoid tumors or their metastasis; however, detection 
rates  and  sensitivities  are  lower  than  with  hormone-based 
imaging with indium-MIBG and octreotide. Radiographic find-
ings  include  mass  lesions  as  well  as  calcification  and  fibrosis. 
Radiating strands of fibrosis and spiculation are characteristic. 
Mesenteric  lymph  node  metastases  are  seen  on  CT  in  91% 
[100,101]; CT scans are also useful to detect hepatic metastases 
but are somewhat less sensitive than MRI examinations [102].

On  MRI  or  MRE,  carcinoids  may  appear  as  contrast-
enhancing smooth submucosal mass (similar to a luminal visual 
finding) or just as a luminal wall thickening [48].

Positron emission tomography (PET) may be useful in assess-
ing the response of metastatic carcinoid to treatment, but it has 
not been shown to be greatly superior to CT or MRI in detecting 
tumors  [101].  Scintigraphy  has  long  been  used  for  detecting 
neuroendocrine tumors. Radioiodine (131I- or 123I-labeled meta-
iodobenzylguanidine [I-MIBG]) has a sensitivity of 55%–70%, 
and a  specificity of 95% [103,104]. Somatostatin receptors are 
expressed by 87% of  carcinoid  tumors and are  therefore  ideal 
for detection using radiolabeled somatostatin analogs. Indium-
labeled  (111In)  pentetreotide  has  a  sensitivity  of  80%–90%  for 
detection  of  primary  carcinoid  and  metastatic  lesions  [105–
107]. [111In]pentetreotide is more sensitive than [123I]MIBG and 
conventional CT scanning [108]. Octreotide-labeled scintigra-
phy is useful for diagnosis, to predict who will respond to octre-
otide  therapy  and  to  locate  tumors  before  surgical  debulking 
[107,108]. PET using octreotide labeled with copper tetraazacy-
clotetradecane  is  as  sensitive  as  indium-labeled  pentetreotide 
scintigraphy for detecting metastatic carcinoids [109].

Endoscopy
Small  bowel  carcinoids  have  been  detected  endoscopically  in 
the  duodenum,  proximal  jejunum,  and  terminal  ileum.  The 
tumors generally appear as nodular, submucosal protuberances 
that are yellowish and shiny (Figure 68.5). Ulcerated lesions and 

during endoscopic or radiological examinations performed for 
unrelated reasons, or at the time of surgery for other abdominal 
disorders. Nodal involvement is more frequent in small intesti-
nal carcinoids compared to other small  intestinal tumors with 
41%  in  carcinoids  compared  to  31%  in  adenocarcinomas  and 
6% in GISTs [7], while metastatic disease upon presentation is 
less common in carcinoids (24% of adenocarcinomas and 16% 
of carcinoids). Presence of liver metastases specifically does not 
appear to factor into survival in patients with metastatic disease 
[7].  Compared  to  other  histologic  types  of  small  intestinal 
cancers,  small  intestinal  carcinoids  harbor  the  best  observed 
and relative 5-year survival at 65% and 79%, respectively [7].

Biochemical markers
Traditionally, urinary 5-HIAA was used to screen for carcinoid 
tumors. Most small bowel carcinoids secrete 5-HT, and urinary 
5-HIAA  is  consequently  high  [93].  Unfortunately,  it  is  not 
highly  specific or  sensitive  for  localized  tumors because other 
neuroendocrine  tumors  can  secrete  5-HT,  and  smaller  carci-
noids may secrete only minute amounts of 5-HT. In contrast to 
localized tumors, urinary 5-HIAA is highly sensitive and spe-
cific  for  the  carcinoid  syndrome  because  of  the  large  tumor 
burden necessary to produce the features of the syndrome [94]. 
Elevated levels of more than 30 mg of 5-HIAA in 24 hours with 
provocative testing are diagnostic of the syndrome. False posi-
tive 5-HIAA measurements can occur in diseases such as celiac 
disease, Whipple disease, and tropical sprue, and when 5-HT-
rich foods such as walnuts, bananas, and avocado are ingested 
[95]. False-negative 5-HIAA determinations have been reported 
with the use of aspirin, levodopa, and phenothiazines. Overpro-
duction  of  5-HT  can  also  be  assessed  by  measuring  platelet  
and  urinary  5-HT  levels,  which  are  not  affected  by  food  or 
medications [31]. Urinary 5-HIAA, platelet 5-HT, and urinary 
5-HT  levels  are  elevated  in  all  patients  with  small  bowel  
carcinoids [90].

Chromogranin  A  is  another  useful  biochemical  marker  of 
carcinoid tumors found in the serum. Chromogranin A is pro-
duced by most neuroendocrine tumors, and has a high sensitiv-
ity for all types of neuroendocrine tumors. The sensitivity of this 
substance for carcinoid tumors approaches 80% [96]. It can be 
used to monitor treatment response and recurrence, or for diag-
nostic purposes in patients who do not have elevated 5-HIAA 
urine measurements. Other biochemical markers such as brady-
kinin, substance P, neurotensin, neuropeptide PP, neuropeptide 
K,  and  human  chorionic  gonadotropin  (HCG)  have  been 
described; however, none are as specific or predictive as chrom-
ogranin A or 5-HIAA [97].

Radiological imaging
Conventional barium studies of the small intestine may identify 
the primary lesion as a smooth, semilunar filling defect in the 
lumen or, more often, as wall thickening, lumen angulation, and 
nonspecific mass effect. Enteroclysis is generally more sensitive 
than  conventional  small  bowel  barium  studies  [98,99].  Com- Figure 68.5 Duodenal carcinoid, endoscopic view.
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beyond  the  submucosa warrants  surgical  resection. Surgery  is 
effective for both local tumor manifestations (e.g., obstruction, 
bleeding), and symptoms caused by secretory products. Prior to 
surgery,  somatostatin  analog  therapy  can  prevent  carcinoid 
crisis due to spilling of vast amounts of mediator perioperatively 
[119]. In asymptomatic patients, it may be reasonable to observe 
with  serial  imaging/endoscopies. Symptomatic patients,  either 
before or after resection if residual tumor is present, may benefit 
from a somatostatin analog treatment [120]. The 5-year survival 
of patients with  local disease who undergo wide excision and 
removal of regional lymph nodes approaches 75% [121], while 
the overall rate for all small bowel carcinoids is 55%–60% [92]. 
Case series underscore the importance of excision of lymphatic 
and  peritoneal  metastases  as  5-year  survival  of  patients  with 
careful  excision  was  65%–71%  [122,123],  compared  with  a 
5-year survival of 38% for patients with incomplete removal of 
regional tumor spread [123] (Figure 68.6a–e).

Distant metastases
The approach to patients with metastatic small bowel carcinoids 
is  multimodal  [124].  The  goals  of  therapy  are  to  suppress  the 
symptoms  of  carcinoid  syndrome,  to  improve  quality  of  life, 
and, if possible, to prolong survival.

Patients  with  symptomatic  bowel  obstruction  can  undergo 
segmental  bowel  resection  or  enteroenteric  bypass  and,  if  
possible,  surgical  debulking  of  tumor  deposits  to  decrease 
symptoms  related  to  tumor  burden  [75,91].  Targeted  scinti-
graphic  therapies  may  be  more  successful  when  the  tumor 
burden is small [122,125,126]. Wedge resection or lobectomy of 
liver  metastases  can  reduce  symptoms  and  possibly  improve 
survival [127].

Hepatic  artery  occlusion  (e.g.,  ligation,  embolization)  has 
been  shown  to  decrease  symptoms  of  carcinoid  syndrome  in 
metastatic patients and lead to tumor regression in 65% of cases 
[128].  Embolization  combined  with  sequential  chemotherapy 
has been even more successful, with a reduction in tumor size 
noted in 78% of subjects [129]. Common complications include 
fever,  abdominal  pain,  nausea  and  vomiting,  and  transient 
transaminase elevations [130,131]. Cryosurgical debulking and 
radiofrequency  ablation  of  hepatic  metastases  have  been 
described, but have not been well studied [132].

Receptor-targeted  therapy  with  [131I]MIBG  and  [111In]pen-
tetreotide is variably successful for controlling the symptoms of 
metastatic  carcinoid  syndrome  [88,133–135].  These  therapies 
require patient isolation during treatment but have few adverse 
effects, produce some disease stabilization, and decrease octre-
otide requirements [136,137].

Symptom control is best achieved with octreotide, a somato-
statin analogue that inhibits 5-HT release. It decreases urinary 
5-HIAA  levels  in  about  70%  of  patients,  and  it  may  prevent 
further tumor growth in patients who respond symptomatically 
to octreotide [138]. The long-acting somatostatin analogue, lan-
reotide, can be injected once every 2–4 weeks, with comparable 
efficacy  to  that  of  daily  administered  octreotide  [139,140]. 

pedunculated  lesions have been reported as well  [110]. Endo-
scopic  biopsies  of  lesions  are  often  unrevealing,  because  the 
tumors  are  frequently  subepithelial.  Snare  polypectomy  or 
endoscopic mucosal resection of the lesion is much more suc-
cessful  for  obtaining  a  histological  diagnosis  [111].  Duodenal 
carcinoids as small as 2–3 mm [112] can also be diagnosed by 
endoscopic ultrasound (EUS). Small noninvasive lesions usually 
arise from the deep mucosa or submucosa, and in endosonog-
raphy  appear  as  moderately  hypoechoic  masses  in  the  second 
or  third  echo  layers  [113–116].  Determining  invasion  with 
endoscopic ultrasound can be useful for staging purposes [113], 
and to gauge the appropriateness of endoscopic resection as a 
therapeutic measure [115–117].

In terms of invasive diagnostic techniques, the same princi-
ples  generally  apply  to  the  detection  of  carcinoids  as  to  the 
detection  of  small  bowel  adenomas  or  adenocarcinomas  (see 
previously) To the authors knowledge, there is no data detailing 
the role of VCE in carcinoids, but the high miss rate for singular 
lesions should be kept in mind [58]. Missed lesions on VCE that 
were then found on DBE included carcinoids [98,118]. Biopsies 
from  DBE  can  be  useful  in  diagnosing  carcinoids  [118],  and 
diagnostic yield for carcinoids is highest in patients with previ-
ously  positive octreotide  scans  [61].  Data  on  the  use  of  spiral 
enteroscopy in the detection of carcinoids are still lacking.

Differential diagnosis
The differential diagnosis of small bowel carcinoids is similar to 
that  of  small  bowel  adenocarcinomas  as  discussed  previously, 
and includes precursor lesions such as small bowel polyps, both 
adenomas or hamartomas, or metastatic lesions from a primary 
of a distant site. As detailed previously, carcinoids are metaboli-
cally and histologically distinct, which aids  in  the clinical and 
histological  diagnosis,  respectively.  On  imaging,  whether 
directly through endoscopy or VCE. or noninvasively through 
CT or MRI,  the submucosal  location  is  typical  for both carci-
noids and GISTs and allows distinction from adenocarcinomas 
and  lymphomas, which typically show a break  in the mucosal 
surface. However, occasionally carcinoids may have ulcerations 
as well [48]. Lipomas also display an intact mucosa, but appear 
yellow in color, show a pillow sign upon probing with a forceps, 
and reveal fat upon biopsy.

Therapy and management
Overall,  therapy for carcinoids has remained fairly unchanged 
for many years.

Localized/locally advanced tumors
While endoscopic resection is evolving, it is fraught with a high 
complication rate and possible  recurrence rate due  to submu-
cosal involvement. Surgery is currently the only curative therapy 
for  intestinal carcinoid tumors [48]. However, small duodenal 
carcinoids  are  less  likely  to  metastasize,  and  can  possibly  be 
removed endoscopically, preferably after endosonographic veri-
fication  that  there  is  no  deep  tumor  invasion.  Any  spread 
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Figure 68.6 (a) Duodenal carcinoid, intraoperative view, (b) gross specimen, (c) low power view, (d) high power view, and (e) high power view with 
chromogranin stain.

(a)

(c)

(b)

(d)

(e)
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peristaltic contractions [155], but this has not been confirmed 
and  GISTs  also  share  a  number  of  features  in  common  with 
mesenchymal stem cell (MSC) [156].

Some  mesenchymal  tumors  represent  clear-cut  diagnostic 
entities (e.g., lipoma, ganglioneuroma), whereas most are more 
difficult  to  classify  into  any  specific  cell  lineage.  Tumors  may 
share overlapping features of several diagnostic entities, or they 
may be histologically heterogeneous. Most GISTs have a spindle 
cell  appearance,  but  electron  microscopy  and  immunostains 
indicate  that  most  GISTs  are  not  true  smooth  muscle  tumors 
[157,158].  It  has  been  suggested  that  up  to  94%  of  “smooth 
muscle” tumors in the older literature are actually not of muscle 
origin and would be classified today as GISTs [157,159].

Epidemiology (risk factors)
GISTs can occur anywhere in the gastrointestinal tract. Approx-
imately 30%–35% occur in the small bowel, while the majority 
are found in the stomach (50%–60%), and a small proportion 
in the colon and rectum (5%), and an even smaller number in 
the  esophagus  (<1%)  [160].  In  the  small  bowel,  GISTs  occur 
most frequently in the jejunum, followed by the ileum, and then 
the  duodenum.  Benign  GISTs  are  generally  less  than  5 cm  in 
diameter,  but  tumors  larger  than  20 cm  have  been  reported. 
Malignant GISTs are greater than 5 cm at time of diagnosis  in 
80% of patients [161–163]. In most cases, GISTs arise from the 
muscularis propria and generally grow extramurally, but benign 
GISTs of the duodenum are more likely to grow intralumenally, 
or  intramurally  [161].  Benign  GISTS  are  three  to  four  times 
more common than malignant GISTs [157,164,165]. Malignant 
GISTs  represent  11%–12.7%  of  all  small  bowel  malignant 
tumors, with an incidence of 1.2–1.5 cases per million persons 
[166–168].

GISTs  can  occur  at  any  age  but  most  (80%)  are  in  patients 
older than 50 years, with 63 years being the median age at diag-
nosis  [160,169].  In  patients  younger  than  20  years  GISTs  are 
frequently  associated  with  a  predisposing  syndrome.  The  fre-
quency of GISTs is similar among men and women.

Most GISTs are sporadic and there are no known risk factors, 
however,  there are  tumor  syndromes where GISTs occur with 
greater frequency. Familial GISTs can occur in individuals with 
a heritable mutation  in  the KIT  gene at exon 8, 11, 13, or 17, 
leading to a high risk for development of one or more gastric or 
small bowel GISTs, starting at a young age, as early as 18 years 
[170]. These patients may also have pigmented skin macules on 
the perineum, axilla, hands and face, and urticaria pigmentosa. 
Individuals with a germline mutation in PDGFRA exon 12 are 
also  at  increased  risk  for  GISTs  and  for  inflammatory  fibroid 
polyps in the stomach and small bowel [171].

A subset of patients with type 1 neurofibromatosis (von Reck-
linghausen’s neurofibromatosis) have an increased risk of devel-
oping one or more GISTs, mostly  in  the  small bowel, with an 
estimated prevalence of about 7% [172].

There are few other non-GIST mesenchymal tumors. Kaposi 
sarcoma is thought to result from a herpes-type virus [173,174]. 

Complications  of  prolonged  high-dose  octreotide  therapy 
include  steatorrhea,  gallstone  formation,  and  development  of 
resistance to the medication.

The role of systemic cytotoxic chemotherapy (5-FU, doxoru-
bicin,  actinomycin  D,  streptozocin,  and  dacarbazine)  in  the 
management of metastatic carcinoid is debated. Toxicity is sig-
nificant  and  response  rates  have  ranged  between  10%–40% 
[141–148].  At  present,  chemotherapy  is  reserved  for  patients 
who do not respond to the other treatment modalities described 
earlier.

A  combination  of  chemotherapy  and  immunotherapy  with 
interferon has been studied but has not been shown to be ben-
eficial [149,150]. The addition of interferon to octreotide mono-
therapy may improve symptom control [151], or it may lead to 
stabilization  of  tumor  progression  [151].  Combination  inter-
feron therapy and hepatic chemoembolization has been shown 
to  improve  the median survival of patients  treated with  inter-
feron alone [152].

Complications
The  main  complication  of  small  intestinal  carcinoid  is  small 
bowel obstruction. Spontaneous perforation due to serosal inva-
sion is possible, but rare. The remaining complications related 
to  invasive  diagnostic  or  therapeutic  measures  include  bowel 
perforation  from  DBE  endoscopy  or  attempted  submucosal 
endoscopic resection.

Prevention
No specific preventive measures are known other than avoiding 
environmental  risk  factors  that  are  not  carcinoid-specific. 
Screening is not recommended and genetic components are still 
unclear.

Temporal/secular trends
The  overall  incidence  of  small  bowel  carcinoids  increased  by 
340% from 2.1 in 1974 to 9.3/1 000 000 in 2004 [7]. Changes in 
outcome from 1985 to 2005 were seen for patients undergoing 
surgery with a modest increase from 78.9% to 87.4% [7].

Geographic variation
Geographic  variation  has  not  been  determined  for  carcinoids 
specifically and therefore is discussed for all small bowel tumors 
in the adenocarcinoma section previously.

Gastrointestinal stromal tumors (GISTs)

Definition
GISTs are the most common of the small bowel mesenchymal 
tumors  (Box 68.1).  GISTs  arise  from  the  mesenchymal  (non-
epithelial)  tissue  of  the  gastrointestinal  tract  [153].  Initially, 
these tumors were thought to originate from the interstitial cells 
of Cajal [154], which are located in the myenteric plexus of the 
gastrointestinal  tract  and  are  pacemaker  cells  responsible  for 
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during surgery. However, most patients will develop symptoms, 
the most common being gastrointestinal bleeding, anemia and 
abdominal pain. Other nonspecific symptoms include dyspep-
sia, nausea and vomiting, constipation, or diarrhea [185]. Acute 
gastrointestinal  bleeding,  perforation,  or  obstruction  may 
necessitate emergency surgical intervention.

Obstruction may present as recurrent abdominal pain, which 
can be crampy, localized to the epigastric or periumbilical areas, 
and postprandial  [186–188]. Gastrointestinal bleeding may be 
acute and overt, or more commonly chronic and occult.

Physical examination is usually unremarkable, but a palpable 
abdominal  mass  may  be  found  when  the  tumor  is  large.  In 
patients  with  advanced  metastatic  disease  there  may  be 
hepatomegaly, ascites, and cachexia [48].

Since  small  bowel  GISTs  are  uncommon  tumors  and  the 
symptoms  are  often  nonspecific,  a  high  index  of  suspicion  is 
needed  in  order  to  pursue  the  investigation  and  establish  a 
diagnosis.

The behavior of GISTs ranges from small lesions with benign 
behavior to aggressive and malignant tumors. GISTs may appear 
as submucosal masses, growing in an exocentric or endocentric 
manner,  and  may  be  ulcerated  (Figure  68.7).  Approximately 
40% of the tumors that are localized at the time of diagnosis will 
become  metastatic  [160],  while  10%–20%  of  patients  present 
with overt metastatic disease [189,190]. Most common sites of 
metastases include the liver, omentum, peritoneum, and other 
intraabdominal  sites.  Metastases  outside  of  the  abdomen  are 
uncommon [191].

A recent analysis of population-based data estimated that the 
5-year and 15-year recurrence-free survival rates for GISTs after 
surgical treatment were 70.5% and 59.9%, respectively. Only a 
few  tumors  recurred  after  10  years  of  follow-up,  thus  most 
patients (about 60%) are cured with surgery alone [160].

The  risk  of  an  aggressive  clinical  course  is  determined  by 
tumor  size and mitotic  count,  and  is  low  for  lesions  less  than 
2 cm, with mitotic count less than five per 50 high power fields, 
and is high for tumors larger than 10 cm, with a mitotic count 

Small bowel schwannomas can be seen in patients with neurofi-
bromatosis  [175].  Small  bowel  ganglioneuromas  have  been 
reported  in association with  the multiple  endocrine neoplasia 
type 2 syndrome [176].

Pathogenesis (genetics)
There are three morphological patterns that are seen in GIST’s: 
spindle  cell,  epithelioid,  and  mixed  [177].  There  is  overlap  of 
these patterns with other tumors that affect the gastrointestinal 
tract, such as non-GIST sarcomas, sarcomatoid carcinomas, and 
metastatic  melanoma.  Therefore,  immunohistochemical  stains 
are needed to confirm a suspected diagnosis of GIST. KIT, also 
known  as  CD  117,  and  anoctamin  1  (ANO1),  also  known  as 
DOG1, are the most sensitive and specific for GIST [178,179]. 
About 5% of GISTs are negative for KIT but may express ANO1.

Most GISTs contain gain-of-function mutations in the c-KIT 
oncogene,  resulting  in  activation  of  the  KIT  tyrosine  kinase 
[179].  Some  tumors  contain  mutations  in  the  platelet-derived 
growth factor α (PDGFRA) receptor tyrosine kinase. Activation 
of KIT is a crucial oncogenic mechanism in sporadic and famil-
ial GISTs. Mutations in KIT or PDGFRA are found in over 90% 
of  adult  GISTs,  and  predict  response  to  therapy  with  tyrosine 
kinase inhibitors.

The histological appearance of GISTs differs from that of true 
leiomyomas,  leiomyosarcomas,  and  schwannomas,  with  more 
cellularity and less cytoplasmic eosinophilia. Small bowel GISTs 
generally have a  spindle cell-like appearance, but  infrequently 
they can appear epithelioid [157]. Ultrastructural characteristics 
can  be  used  to  classify  GISTs  as  myoid,  neural,  or  ganglionic 
phenotypes,  but  the  frequent  presence  of  several  different 
ultrastructural phenotypes suggests a common origin to all sub-
types [159].

Ninety-four percent of GISTs express CD117, the product of 
the KIT protooncogene and a transmembrane receptor for the 
stem cell growth factor [180]; 70%–80% of GISTs express CD34, 
the  human  progenitor  cell  antigen  [181,182].  Less  frequently, 
GISTs stain positive for actin and desmin (implying myogenic 
differentiation),  but  seldom  are  they  S100  positive  (a  protein 
found  in  neuron-differentiated  cells)  [157].  True  leiomyomas 
and leiomyosarcomas are positive for actin and desmin, but do 
not express CD117 or CD34; and schwannomas express S100, 
but not CD117 or CD34. When spindle-cell tumors are excised, 
immunohistochemical  markers  should  be  used  to  determine 
whether the neoplasm is a GIST or not [158].

Several  chromosomal  changes  have  been  associated  with  
risk of progression of GISTs, including deletions on 14 q, 22 q, 
1p  and  9p  [155].  There  is  also  a  key  gene  on  chromosome  
9p that is commonly inactivated in GISTs [183]. Gains on chro-
mosomes  8q  and  17q  have  been  associated  with  metastatic 
behavior [184].

Clinical presentation and natural history
GISTs in the small bowel can develop and grow without clinical 
symptoms,  and  may  be  found  incidentally  with  imaging  or  Figure 68.7 Duodenal GIST, endoscopic view.
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greater than 10 per 50 high power fields [177]. Other pathologic 
features that confer an unfavorable prognosis include coagulat-
ive  necrosis,  ulceration,  diffuse  nuclear  atypia,  and  epitheliod 
cytology [192].

In a retrospective review, 5-year survival for stromal tumors 
was 39.9% [7]. Factors associated with a worse prognosis after 
primary resection included male sex, age greater than 55 years, 
tumor size greater than 7.5 cm, spread to lymph nodes or distant 
metastases, poorly differentiated tumors, and involved resection 
margins [7].

Other patient and tumor characteristics may have prognostic 
value.  Patients  with  a  PDGFRA  Asp842Val  mutation  usually 
have a more  favorable outcome, while findings of altered KIT 
exon  9  and  deletions  in  KIT  exon  11  are  associated  with  a 
greater risk of tumor recurrence [193–195].

Differential diagnosis
The differential diagnosis of small bowel GISTs includes all the 
other small bowel tumors described in this chapter, in addition 
to metastatic lesions from abdominal or distant primaries. The 
diagnosis of small bowel GISTs can be made using a combina-
tion of  techniques,  including  laboratory,  radiologic and endo-
scopic  approaches.  The  preferred  method  to  establish  a  tissue 
diagnosis  is by endoscopic biopsy,  rather  than  transcutaneous 
biopsy,  since  there  is  lower  risk  of  tumor  spillage  into  the 
abdominal cavity. When there are liver metastases, biopsy of an 
accessible metastasis can be used to confirm the diagnosis [196]. 
Endoscopic ultrasound (EUS) is a very useful modality to assess 
duodenal GISTs [197]. Imaging of the abdomen with contrast-
enhanced  CT  or  MRI  is  usually  sufficient  for  evaluation,  as 
metastatic disease is uncommon outside of the abdomen [196].

In addition to the methods discussed, CT enterography and 
enteroclysis  are  sensitive  techniques  to  detect  small  bowel 
GISTs, if adequate luminal distension is achieved with ingested 
or  instilled  contrast  [198,199].  Similarly,  magnetic  resonance 
(MR) enterography and enteroclysis can be used to detect small 
bowel  GISTs,  as  long  as  bowel  lumen  distension  is  achieved, 
with the advantage of avoiding radiation exposure [47]. Stromal 
tumors  may  appear  as  heterogeneously  enhancing  exophytic 
masses, with areas of necrosis [48]. PET can be used to follow 
GISTs for treatment response. VCE can also be utilized to detect 
GISTS.  However,  some  GISTs  may  be  missed  by  VCE  due  to 
cincturing of the bowel wall. Push enteroscopy, double balloon 
enteroscopy  (DBE),  single  balloon  enteroscopy  (SBE),  and 
spiral enteroscopy (SE) may all be used to diagnose GISTS. One 
limitation  to  reaching  more  distal  small  bowel  GISTs  with 
balloon-assisted enteroscopy is difficulty in advancing the endo-
scope  due  to  fixing  of  the  bowel  caused  by  the  weight  of  the 
tumor.

Therapy and management
GISTs that are 2 cm and larger should be resected, while smaller 
lesions  can  either  be  excised  or  monitored  periodically  with 
endoscopy, every 6–12 months [200].

The main goal of surgical treatment is the complete resection 
of the tumor, without rupturing the pseudocapsule enveloping 
it [201]. Lymph node dissection is usually not warranted because 
lymph node metastases are rare. However, in pediatric patients 
or those with a genetic syndrome, lymph node metastases occur 
more frequently (20%–49% of the time). Small bowel GISTs are 
usually resected with a bowel segment. When an extended pro-
cedure is planned (such as Whipple’s for treatment of duodenal 
GIST)  preoperative  imatinib  should  be  considered  (Figure 
68.8a–e).

Risk stratification
The  risk  of  GIST  recurrence  after  primary  surgical  treatment 
can  be  estimated,  using  National  Institutes  of  Health  (NIH) 
consensus criteria, Armed Forces Institute of Pathology (AFIP) 
criteria,  and  modified  NIH  criteria.  The  NIH  criteria  include 
tumor size and mitotic count. AFIP criteria also include tumor 
size,  mitotic  count,  and  tumor  site,  while  the  modified  NIH 
criteria  uses  tumor  size,  mitotic  count,  site  and  rupture.  The 
prognostic accuracy of these three methods is similar [160,202]

Imatinib  is  the  only  adjuvant  treatment  for  GIST  that  has 
been evaluated with randomized trials. Imatinib mesylate is an 
inhibitor  of  the  KIT,  ABL,  BCR–ABL,  and  PDGFR  tyrosine 
kinases. In a US study of 713 patients that underwent surgical 
treatment for GIST, imatinib significantly improved recurrence-
free survival compared to placebo (98% vs. 83% at 1 year) [203]. 
However, overall survival did not differ in the study arms. In a 
European study of 400 patients with either a high risk of recur-
rence by NIH classification or with a ruptured GIST, the patients 
were  randomly  assigned  to  receive  either  12  months  or  36 
months of treatment with imatinib. At 5-years, the group receiv-
ing imatinib for 36 months had a better recurrence free survival 
that the group assigned to 12 months (66% vs. 48%) [204].

Individuals at intermediate or high risk of recurrence by NIH 
or AFIP criteria can be considered for adjuvant therapy.

Specific  gene  mutations  are  known  to  confer  resistance  to 
imatinib, including the substitution mutation in PDGFRA exon 
18 (Asp842Val), which is present in up to 10% of patients with 
high  risk  GIST.  Most  of  the  infrequent  mutations  recorded  at 
the Asp842 locus are resistant.

For  patients  with  advanced  GISTs,  metastatic  disease  can 
cause  abdominal  pain,  bleeding  or  obstruction;  however, 
asymptomatic metastases may also be detected during regular 
follow-up imaging. First line treatment of metastatic disease is 
imatinib,  except  for  those  whose  tumor  is  imatinib  resistant. 
Imatinib is administered continuously until disease progression 
because stopping  treatment usually  leads  to GIST progression 
within 1 year [205]. Patients with KIT exon 11 mutant genotype 
tend to respond more often and better to imatinib, than those 
with a mutation in KIT exon 9, or with no mutation in KIT or 
PDGFRA [206].

For patients who are imatinib resistant (or do not tolerate it), 
sunitinib,  which  is  an  inhibitor  of  several  tyrosine  kinases 
including KIT, PDGFRs and VEGFRs, provides an alternative. 
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Figure 68.8 (a) Duodenal GIST, gross specimen, peritoneal view, (b) gross specimen, lumen view, (c) gross specimen, cross sectioned, (d) low power, 
and (e) high power.

(a)

(c)

(e)

(b)

(d)
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bowel  tumors  has  also  remained  stable  [7].  From  2001–2005, 
GISTs accounted for 7.1% of all small bowel tumors, and 85.6% 
of all stromal tumors [7]. In recent years, from 1985–2005, the 
proportion  of  patients  with  duodenal  stromal  tumors  has 
increased from 10.4% to 17.2%, with a corresponding decrease 
in  jejunal  and  ileal  tumors  [7].  While  utilization  of  surgical 
treatment has varied over time, there was a significant increase 
in the use of surgical resection with adjuvant systemic therapy 
between  2001–2005  from  10.7%  to  26.9%.  Although  only 
limited data are available there have been no significant changes 
in survival rates over the past 20 years.

Geographic variation
The  age-adjusted  incidence  of  GISTs  is  similar  in  the  United 
States  and  in  Europe,  seven  cases  per  million  [185,217].  The 
incidence may be higher in Korea and Hong Kong, with 16–22 
cases  per  million  per  year  [218,219].  The  incidence  of  GISTs 
worldwide  is  not  known,  but  prevalence  is  estimated  at  130 
cases per million [218].

Lymphomas

Definition
Primary small bowel lymphoma (PSBL) is characterized by the 
following:
•  absence of palpable peripheral lymphadenopathy
•  normal peripheral leukocyte count and differential
•  absence  of  mediastinal  lymphadenopathy  on  a  chest 

radiograph
•  involvement  of  only  the  organs  of  the  gastrointestinal  tract 

and proximal regional lymph nodes
•  no involvement of the liver or spleen, unless by direct exten-

sion from the primary gastrointestinal tumor [220–222].
Extranodal  lymphomas  of  the  intestine  can  be  classified 

according  to  the cell  lineage  (Box 68.1), or  according  to  their 
clinical  characteristics.  The  latter  method  categorizes  small 
bowel lymphomas into either PSBLs, which tend to be focal, or 
immunoproliferative small intestinal disease (IPSID), which is 
diffuse.

Lymphomas of the B-cell lineage include MALT lymphoma, 
diffuse large B-cell lymphoma, mantle cell lymphoma, follicular 
lymphoma  and  immunoproliferative  lymphoma  are  most 
common. T-cell lymphomas are less common and usually asso-
ciated with celiac disease.

Epidemiology (risk factors)
The GI tract is the most common site for extranodal lymphoma 
and one third of cases occur in the small intestine [48]. Overall, 
small  bowel  lymphomas  represent  1%–10%  of  all  extranodal 
lymphomas [220] and currently rank third in incidence among 
small bowel tumors in the United States [7]. Incidence rates of 
small bowel lymphomas range from 0.9 to 3.6 cases per million 
[166,167,220,223].  Population  registries  from  the  Middle  East 

In  a  study  comparing  sumatinib  to  placebo,  median  time  to 
disease  progression  was  6.3  months  on  sunitinib  versus  1.5 
months on placebo [207].

Recently,  a  randomized  controlled  trial  including  patients 
that  had  progressed,  or  were  intolerant  to,  imatinib,  and  also 
had progressed on sumatinib, found that the multikinase inhibi-
tor regorafenib was effective. Patients who received regorafenib 
had a median progression-free survival of 4.8 months compared 
to only 0.9 months for those on placebo [208].

Excision of metastases that progress during treatment can be 
considered; however, median progression free survival is short 
(8–9 months), and 2-year progression-free survival is very low, 
9.7% [209]

Chemotherapy and radiation therapy have not been benefi-
cial  for  patients  with  unresectable  metastases,  or  for  patients 
with tumor recurrence [210,211].

Palliation of liver metastases can be done with arterial embol-
ization, or chemoembolization [212,213], radiofrequency abla-
tion  [214],  and  selective  internal  radiation  therapy  with  Y 
microspheres.

Before imatinib was utilized, the medial survival for patients 
with  recurrent  or  metastatic  GISTs  was  only  10–20  months. 
Survival has increased substantially after the introduction of the 
tyrosine kinase inhibitors, as noted in two studies of imatinib, 
where median survival  for advanced GIST was 51–57 months 
[215,216]. Currently, the estimated proportion of patients with 
progression-free and overall survival at 9-years is 14%, and 35% 
respectively [208]. Those patients with tumor bulk in the lower 
quartile  when  starting  imatinib  had  the  best  progression-free 
and  overall  survival  proportions  (29%  and  58%,  respectively) 
[208].

Complications
Small  bowel  GISTs  can  cause  gastrointestinal  bleeding,  most 
commonly  manifest  as  iron  deficiency  anemia,  but  they  may 
also cause acute bleeding, requiring more urgent intervention. 
Obstruction and perforation may require surgical intervention. 
Much of the morbidity from advanced disease is related to the 
effects of locally invading tumors and distant metastases.

Prevention
Prevention  of  sporadic  GISTs,  which  are  by  far  the  most 
common type,  is not currently  feasible as  there are no known 
risk factors. Although there is an increased risk of small bowel 
GISTs among patients with certain tumor syndromes (familial 
GISTs and von Recklinghausen’s neurofibromatosis),  there are 
currently  no  prevention  or  screening  strategies  for  such 
individuals.

Temporal/secular trends
The  overall  incidence  of  small  bowel  stromal  tumors  in  the 
United States has been relatively stable in the last several years, 
1.8 per million in 1973, and 1.9 per million in 2004. The propor-
tion  of  patients  with  stromal  tumors  among  those  with  small 
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a gluten-free diet, but never returns to baseline compared with 
the general population [28,242,243,248]. Consistent with this, a 
higher degree of mucosal atrophy on biopsy results correlated 
with a higher risk of  lymphoma in a population-based cohort 
study in Swedish patients.

Additionally, Crohn’s disease is associated with an increased 
risk for lymphoma associated with male gender, longer disease 
duration, location in small bowel and evidence of severe inflam-
mation such as strictures and fistulas, although this risk is lower 
than for small intestinal adenocarcinoma [26].

Posttransplant  lymphoproliferative  disorder  (PTLD)  is  a 
known  complication  of  immunosuppressive  therapy  in  the 
setting of both solid organ and allogeneic stem cell transplanta-
tion.  PTLD  is  more  commonly  of  host  origin  in  cases  arising 
after  solid  organ  transplant,  and  of  donor  origin  in  stem  cell 
transplant recipients. The majority of cases (90%) are Epstein-
Barr virus (EBV) associated B-cell neoplasms. High degrees of 
T-cell  immunosuppression carry a higher risk of development 
of PTLD, for both solid organ and stem cell  transplant recipi-
ents.  The  risk  is  highest  during  the  first  year  after  transplant, 
when immune dysregulation is also highest. Among solid organ 
recipients the allograft type is also associated with incidence of 
PTLD, due  to both  the different  levels of  immunosuppression 
required  after  transplant  and  to  the  varying  amounts  of  lym-
phoid tissue transplanted with the allograft. The risk of PTLD 
is  highest  for  intestinal  transplant  recipients  (incidence  up  to 
30%),  followed  by  recipients  of  combination  heart-lung,  lung, 
heart, liver, pancreas, and kidney transplants [249].

Pathogenesis (genetics)
The ileum is the site most frequently affected by PSBLs, followed 
by the jejunum and then the duodenum [166,167,223]. They are 
generally  localized to one segment of  the bowel, except  in the 
case  of  mantle  cell  lymphoma  (multiple  lymphoid  polyposis; 
MLP). The tumors have many different appearances. They may 
be  large,  exophytic  masses  (Figure  68.9a),  polyp-like  (Figure 
68.9b),  ulcer-like,  or  nodular  [250]  (Figure  68.10a–e).  Tumor 
growth and extension are frequently intramural for a prolonged 
period.  Involvement  of  regional  lymph  nodes  is  present  in 
approximately 50% of patients with most types of PSBL, except 
low-grade  MALT  lymphomas,  in  which  lymph  nodes  are 
involved in only 30% of patients [250–253]. Immunoprolifera-
tive small intestinal disease tends to be a diffuse jejunal disease. 
Gross  findings  can  range  from  thickened  folds  to  discrete 
masses [254,255] affecting a significant portion of the intestine 
in a contiguous fashion [256]. This feature probably explains the 
different  clinical  presentation  of  IPSID  from  PSBL,  which 
usually  has  normal  mural  architecture  in  bowel  segments  not 
affected.

With the exception of EATL, most small bowel  lymphomas 
are  B-cell  derived.  The  different  histological  patterns  of  small 
bowel  lymphomas  are  summarized  in  Table  68.2.  The  diffuse 
large-cell type – the most common intestinal lymphoma – and 
the small noncleaved cell type are similar histologically to their 

suggest a higher incidence than in Europe or the United States 
[220,224,225] due to the predominance of IPSID. Studies from 
the  United  Kingdom  [224],  Germany  [223],  Denmark  [225], 
Ireland  [226],  and  the  United  States  [5]  show  an  increase  in 
incidence of 30%–50% since the early 1970s, but in the United 
States  the  incidence  appears  to  be  stable  [7].  Primary  small 
bowel lymphoma is typically diagnosed in the sixth and seventh 
decades of life and is more common in men than in women, at 
a ratio of 1.5 : 1; IPSID, however,  is generally diagnosed in the 
second  or  third  decades  of  life  and  affects  men  and  women 
equally [227].

Several  diseases  and  immunodeficiency  states  such  as 
acquired  immune  deficiency  syndrome  (AIDS)  and  IgA  defi-
ciency,  as  well  as  autoimmune  states  are  associated  with  an 
increased risk of developing PSBL. For  instance, patients with 
long-standing celiac disease have a 7% incidence of enteropathy-
associated  T-cell  lymphoma  (EATL)  [228,229].  Nodular  lym-
phoid hyperplasia is usually an incidental finding in the terminal 
ileum. Diffuse nodular lymphoid hyperplasia is seen in primary 
immunodeficiencies, and is associated with intestinal lympho-
mas  [230].  Rarely,  diffuse  nodular  hyperplasia  and  intestinal 
lymphoma can occur in the absence of immunodeficiency [231]. 
Some  authors  report  an  increased  incidence  in  patients  with 
inflammatory bowel disease using immunosuppressive medica-
tions [232]; some report an increased risk only in male patients 
with Crohn’s disease [233], while others report no increased risk 
at all [234,235]. Small bowel lymphoma has been associated with 
congenital and acquired immunodeficiency states [236]. Patients 
with AIDS have a 30% risk of developing lymphomas, of which 
10%–25% will be PSBLs [237]. Immunosuppression after solid 
organ  transplantation  has  been  associated  with  an  increased  
risk  of  lymphoma.  Most  extranodal  lymphomas  are  PSBLs.  
Risk seems to be correlated with the nature and dose of immu-
nosuppression. For example, 30% of small bowel, heart, or lung 
recipients will develop lymphoma, whereas only 5% of kidney 
recipients will acquire the disease [238].

Immunoproliferative  small  intestinal  disease  is  a  mucosa-
associated  lymphoid  tissue  (MALT)  subtype  considered  an 
infectious-pathogen-related lymphoma. Although the causative 
agent remains a subject of debate, molecular and immunohis-
tochemical studies have suggested an association with Campy-
lobacter jejuni [239]. The disease, sometimes called Mediterranean 
lymphoma, is most prevalent in the Middle East, Africa, South-
east Asia,  and South America,  regions  in which poor hygiene 
and  malnutrition  are  endemic.  Malnutrition  through  protein 
loosing enteropathy can impair the normally vigorous defenses 
of the bowel in a variety of ways [240]. In response to the abnor-
mal antigenic presentation, specific clonal lines of IgA-secreting 
B  cells  proliferate  in  the  lamina  propria  [164].  The  α-heavy 
chains  can  be  detected  in  the  blood  of  up  to  69%  of  patients 
with early-stage IPSID [241].

Celiac disease is associated with an increased risk for intesti-
nal lymphoma [28,242–247]. This may decrease over time, pre-
sumably as treatment leads to a decrease in inflammation with 
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The  adjacent  mucosa  displays  the  characteristic  findings  of 
celiac disease: villous atrophy, crypt hyperplasia, and abundant 
intraepithelial lymphocytes. Epithelial invasion is common, and 
the subsequent mucosal ulceration displays an intense inflam-
matory infiltrate [259]. The distinctive histological appearance 
of IPSID is characterized by a dense mucosal and submucosal 
cellular infiltrate throughout the length of the affected intestine. 
In  the early phase, plasma cells and small  lymphoid cells pre-
dominate. In the late phase, dysplastic changes in the small cells 
are noted, with an increase in the proportion of large cells evolv-
ing into a diffuse large cell lymphoma [254,255].

Specific point mutations typical in tumors of epithelial origin 
are  rare  in  lymphoma.  Chromosomal  rearrangements  typical 
for lymphoma subtypes are summarized in Table 68.1.

Clinical presentation and natural history
Traditionally, a modified version of the Ann Arbor system was 
used  for  staging  primary  GI  lymphomas  [2].  This  system  did 
not  account  for  tumor  histology,  bulk,  and  other  prognostic 
factors, and was replaced by a version of the Blackledge system 
(Box 68.3) [260].

Of the intestinal lymphomas, MLP, EATL, and IPSID (immu-
noblastic  stage)  tend  to  have  the  worst  prognosis  [261–265]. 
Patients  presenting  with  stage  I  PSBLs  or  low-grade  MALT 
PSBLs  have  median  5-year  survivals  of  50%–60%,  and  44%–
76%, respectively, and they have the best chance of being cured 
[266]. The median survival of patients with  stage  II disease  is 
only 20% [261–265].

In  addition  to  the  stage  at  presentation  and  the  cell  type, 
many criteria have been reported as being adverse prognostic 
factors for PSBL. These include a tumor larger than 7 cm, poor 
performance status, age greater than 70 years, the presence of B 
symptoms (fever, night sweats, and weight loss), mural invasion 
beyond  the  muscularis  propria,  distant  lymph  node  involve-
ment, unresectability of the tumor, elevated serum lactate dehy-
drogenase, elevated serum β2-microglobulin, and the presence 
of BCL-2 genomic alterations [261–265,267–272].

The  clinical  course  of  IPSID  is  different  from  that  of  other 
intestinal lymphomas and rarely involves extraabdominal sites. 
Hence,  two  different  staging  systems  have  been  proposed  for 
IPSID: (1) stages IPSID by the histological findings of prelym-
phomatous and lymphomatous stages [255], and (2) stages the 
disease  by  the  bulk  of  tumor  and  extent  of  distant  nodal  and 
organ involvement [256]. Neither system has been validated in 
large survival cohorts.

Clinical picture and diagnosis
The  symptoms  of  PSBL  are  usually  nonspecific  and  may  con-
tinue for 4–18 months before a diagnosis is rendered [261,263]. 
Abdominal  pain,  often  described  as  crampy,  is  reported  in 
65%–87%  of  patients  with  PSBL,  and  weight  loss  is  seen  in 
approximately  50%.  Each  of  the  other  symptoms  that  may  be 
associated are present in fewer than 30% of patients and include 
gastrointestinal hemorrhage, malaise, night sweats and fatigue, 

nongut counterparts [228]. Mucosa-associated lymphoid tissue 
lymphomas occur in nongut sites, but they are most common 
in  the  gastrointestinal  tract.  The  characteristic  cells  are 
centrocyte-like cells that resemble the small cleaved centrocyte 
cells of nodal follicular cell lymphomas [257]. Mantle cell lym-
phomas  (MLP)  show  monotonous  small  cells  with  irregular 
nuclei arranged in a pattern similar to the mantle zone of lymph 
node  follicles.  The  mucosa  and  submucosa  are  most  often 
involved. Despite the lack of deep invasion, MLP is an aggres-
sive  lymphoma  that  presents  frequently  with  distant  lymph 
node and bone marrow involvement [253,258]. EATL is a high-
grade lymphoma composed of large cells resembling histiocytes. 

Figure 68.9 Primary small intestinal lymphomas. (a) A gross specimen of 
a primary lymphoma extensively involving the small intestine. (b) Mantle 
cell lymphomatous polyposis of the intestine seen endoscopically. The 
mucosa is studded with elevated polypoid nodules.

(a)

(b)
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Figure 68.10 (a) Small bowel B-cell lymphoma, gross specimen, (b) high power view, (c) high power view with CD20 stain, (d) gross specimen, and 
(e) low power view.

(a)

(c)

(b)

(d)

(e)
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lymphoma),  the  role  of  endoscopic  ultrasound  in  staging  of 
duodenal  lymphomas  is not clear. Laparotomy for a diagnosis 
of lymphoma should be performed if the suspicion for IPSID is 
high despite normal endoscopic biopsies.

Patients  with  a  confirmed  diagnosis  of  small  bowel  lym-
phoma  should  undergo  several  studies  for  staging  purposes, 
including  a  physical  examination,  indirect  laryngoscopy  to 
exclude involvement of Waldeyer ring, CT scan of the abdomen 
and  chest  to  assess  distant  lymph  node  sites,  bone  marrow  
aspiration  and  biopsy,  and  lactate  dehydrogenase  and  β2-
microglobulin determinations [238].

Differential diagnosis
The  differential  diagnosis  includes  all  other  small  intestinal 
tumors  discussed  in  this  chapter  but  may  be  guided  by  any 
underlying inflammatory condition. Tissue sampling to include 
flow is crucial in delineating small bowel lymphoma from other 
small intestinal tumors.

Therapy and management
Currently, taken all together, a third of patients with small bowel 
lymphomas will undergo surgery; a third, surgery and systemic 
treatment; and a third will be treated nonsurgically [7].

Surgical  resection  is  the  mainstay  of  treatment  for  PSBL. 
Complete resection with lymph node sampling is recommended 
to avoid a further operation [238]. Complete resection is associ-
ated with an improved survival compared with retained tumor 
after  the  surgical  procedure  [278,279],  and  may  improve 
response to chemotherapy and radiotherapy [279–281].

Primary  small  bowel  lymphoma  that  cannot  be  completely 
resected is usually treated by chemotherapy, sometimes with the 
addition of radiotherapy. MALT lymphoma may be treated ini-
tially with H. pylori eradication [282]. Diffuse large B-cell lym-
phoma is typically treated with combination therapy to include 
cyclophosphamide,  doxorubicin,  vincristine,  prednisone,  and 
rituximab (CHOP-R) [283].

Aggressive  chemotherapy  causes  perforation  of  the  small 
bowel  in  5%–15%  of  patients.  For  some  patients  with  diffuse 
MLP and EATL, chemotherapy is the only option, but response 
to chemotherapy is usually poor. The 5-year survival for patients 
with stage I and II MLP and EATL is approximately 20%–25% 
[250,263,264,284].

Immunoproliferative small intestinal disease is less amenable 
to  surgical  resection  than  PSBL  because  of  the  diffuse  nature  
of the tumor and the low performance status of patients at the 
time of presentation. Nutritional support with total parenteral 
nutrition is essential, because malnutrition is often severe and 
likely  will  not  improve  unless  significant  tumor  regression  is 
possible. Patients with IPSID in the prelymphomatous stage can 
be  offered  a  trial  of  tetracycline  or  metronidazole  for  6–24 
months.  Complete  remission  rates  of  33%–70%  have  been 
reported  [227].  Patients  who  do  not  respond  to  antibiotics  or 
patients  already  in  the  lymphomatous  stage  may  benefit  from 
anthracycline-based  chemotherapy  [285].  Those  few  patients 

or acute abdominal pain resulting from bleeding, or perforation 
[256,261,262,264,265,269]. Small bowel obstruction is the pre-
senting symptom in 5%–12% of patients. Diarrhea and malab-
sorption are common in EATL. Patients with celiac disease who 
become  unresponsive  to  a  gluten-free  diet  should  be  investi-
gated aggressively  for small bowel  lymphoma [259]. The most 
common physical finding is a palpable abdominal mass, present 
in 30%–50% of patients.

The symptoms of IPSID differ from those of PSBL. Nearly all 
patients  with  IPSID  have  diarrhea,  weight  loss,  anorexia,  and 
abdominal pain. Emesis and fever occur in 50% of patients. The 
physical  examination  in  IPSID  reveals  clubbing  of  the  fingers 
and ankle edema in 50%–75% of patients. Later in the disease, 
ascites,  hepatomegaly,  and  a  palpable  mass  may  be  present 
[254–256]. Up to 70% of patients will have the α-heavy chain 
paraprotein in the serum.

VCE has been evaluated in patients with known small bowel 
lymphomas; however, diagnostic accuracy rates have not been 
determined [273]. VCE has successfully identified lymphoma in 
refractory  celiac  disease  patients  [274]  and  may  be  useful  in 
assessing efficacy of treatment of lymphoma [273].

In the past, most small bowel  lymphomas required  laparot-
omy  for  tissue  diagnosis;  however,  with  the  newer  techniques 
discussed  previously,  including  DBE  and  spiral  enteroscopy, 
deeper  small  intestinal  lesions  can  now  be  identified  and 
sampled for biopsy at enteroscopy to  include mantle cell  lym-
phoma, marginal cell  lymphoma and follicular cell  lymphoma 
[110,275–277]. Tissue should be sent both in formalin for path-
ologic  analysis  and  in  saline  for  flow  cytometry  to  determine 
subpopulations and possible monoclonality.

Characteristic  findings  at  endosonography  of  an  irregular 
hypoechoic mass disrupting the normal echo architecture may 
suggest the presence of a PSBL despite normal mucosal biopsies 
[114].  Unlike  primary  gastric  lymphomas  (especially  MALT 

Box 68.3 Staging system of primary gastrointestinal lymphoma.

Stage I

Tumor confined to the gastrointestinal tract
Single primary lesion or multiple noncontiguous lesions

Stage II

Tumor extending in the abdomen from a primary gastrointestinal site
Nodal involvement
II1: local (paragastric or paraintestinal)
II2: distant (mesenteric, paraaortic, paracaval, pelvic, inguinal)

Stage III

Penetration of serosa to involve adjacent organs or tissues

Stage IV

Disseminated extranodal involvement or a gastrointestinal tract lesion 
with supradiaphragmatic nodal involvement
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with resectable stage I and II disease have a 5-year survival of 
40%–47%, whereas most other patients whose tumors are unre-
sectable have a 5-year survival of only 0%–25% [286]. A com-
plete response rate of 62%–69% and a 3.5-year survival rate of 
58%–70% have been reported in small groups of patients receiv-
ing  anthracycline-based  combination  chemotherapy  with  or 
without tetracycline [287–289].

Despite  poor  survival  for  subtypes  such  as  EATL,  patients 
with lymphoma fare better overall than those with adenocarci-
noma or stromal tumors of the small intestine in terms of 5-year 
observed and relative survival [7]. Factors specifically associated 
with  poorer  survival  for  all  small  intestinal  subtypes  together 
include male gender, age >75 years, and possibly black ethnic-
ity,  while  surgery  and  systemic  therapy  together  yield  an 
improvement in survival [7].

Complications
There is an increased risk for perforation upon tissue sampling 
of ulcerating lymphoma.

Prevention
Treatment of inflammatory conditions such as Crohn’s disease 
and  celiac  disease,  while  not  proven,  should  conceptually 
decrease  the  risk  for  small  intestinal  lymphoma.  The  best  
current  preventive  measure  is  to  perform  extensive  tissue  
sampling in refractory celiac patients to determine the presence 
of  EATL  early,  although  this  has  not  been  shown  to  affect 
mortality.

Temporal/secular trends
The overall incidence of small intestinal lymphoma has remained 
fairly  stable  in  the  United  States  [7].  Location  also  remained 
fairly  stable  over  time  with  no  predilection  for  duodenum, 
jejunum, or ileum [7]. While lymphoma is quoted as the most 
common small intestinal tumor in developing countries [5,290], 
it  remains  the  third  most  common  in  the  United  States  after 
carcinoids and adenocarcinomas [7].

Secondary tumors
Metastatic cancers to the small bowel are more common than 
primary small bowel tumors [2]. The tumors may develop as a 
result of direct invasion from adjacent organs, as in the case of 
primary tumors of the pancreas, stomach, colon, ovary, uterus, 
cervix,  liver,  kidney,  adrenal,  or  mesentery.  They  may  also 
develop  as  distant  metastases,  in  the  case  of  melanoma,  lung, 
breast,  testes,  and  kidney.  Melanoma  is  the  most  common 
tumor  to  metastasize  to  the  small  bowel  and  accounts  for 

one-third  of  small  bowel  metastases  [291].  These  metastatic 
tumors  may  present  as  submucosal  nodules  and  may  grow  to 
form  intramural  masses.  They  may  be  difficult  to  distinguish 
from  primary  tumors  based  on  endoscopic  appearance.  Fea-
tures that suggest metastatic disease include evidence of primary 
cancer elsewhere, large protruding, or multiple lesions, or pres-
ence of extensive lymphatic involvement [292,293]. Complica-
tions include obstruction,  intussusception, or perforation. The 
tumors may also present as stenotic or infiltrative lesions simu-
lating Crohn’s disease.

References are available at  
www.yamadagastro.com/textbook

To access the podcast for this chapter, please go to 
www.yamadagastro.com/textbook

Podcast 68.1  The  podcast  discusses  how  tumors  of  the 
small bowel pose a substantial diagnostic and management 
dilemma since they are generally asymptomatic until small 
bowel obstruction occurs and, if malignant, the tumors are 
usually  unresectable.  Despite  the  fact  that  small  bowel 
cancers are the leading cause of death in patients with FAP 
with colectomy, little is known about the natural history of 
small bowel cancers.
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The diseases discussed in this chapter should be considered in 
patients presenting with gastroin testinal hemorrhage, abdomi-
nal pain, diarrhea, intestinal obstruction, or perforation that 
eludes diagnosis by routine gastroduodenal endoscopy and radi-
ographic studies. Topics include ulceration of the small intestine, 
small intestine complications of drug therapy, necrotizing ente-
rocolitis (NEC), and protein-losing gastroenteropathy (PLGE). 
Although most of these entities are infrequently encountered in 
clinical practice, differentiating them from diseases that are 
more common can yield important therapeutic benefits.

Advances in diagnostic techniques over the past few years 
allow improved visualization of the small bowel mucosa, leading 
to more frequent identification of small bowel pathology. Push 
enteroscopy is a useful adjunct for the diagnosis of small intes-
tine lesions in the proximal third of the small intestine [1–6]. 
With the advent of wireless capsule endoscopy, visual images can 
be captured from the entire small bowel, though localization of 
abnormal findings is not always accurate [7–17]. For videos 
demonstrating inflammatory and other small bowel lesions see 
reports by Baltes et al. and Monkemuller et al. [18,19]. Wireless 
capsule endoscopy is superior to push enteroscopy and ente-
roclysis for the detection of small intestinal ulcers because it 
allows evaluation of almost the entire small bowel mucosa 
[12,13,20–23]. When findings on wireless capsule endoscopy 
need further evaluation, deep small bowel enteroscopy for diag-
nosis, biopsies and therapeutic interventions is now possible 
using single-balloon, double-balloon, or spiral techniques. 

When combined with a retrograde approach complete small 
bowel visualization can sometimes be achieved [24–32]. 
Depending on the indication, the diagnostic yield of double-
balloon enteroscopy is as high as 80% in the hands of experi-
enced endoscopists [28,30,31,33–35]. Intraoperative enteroscopy 
with laparotomy or laparoscopy remains a valuable adjunct in 
difficult cases, or when findings on other tests suggest the need 
for resection of a diseased small bowel segment [36–38].

Radiological imaging techniques have also advanced in 
recent years, allowing better detail in evaluating the small bowel 
[39]. Enteroclysis, involving instillation of contrast agent into 
the duodenum through a nasoduodenal tube, has a better sen-
sitivity and specificity for luminal small bowel abnormalities 
compared to oral small bowel follow through imaging [40]. 
Multidetector row computed tomography (CT) enteroclysis or 
more commonly used CT enterography (i.e., distension of small 
bowel loops is achieved per orally without intubation) and mag-
netic resonance (MR) have largely supplanted the above men-
tioned techniques for evaluating the small intestine. Especially 
in small bowel inflammatory diseases, these modalities provide 
a greater degree of diagnostic accuracy in characterizing 
luminal, mucosal, intramural, and extramural abnormalities 
[41–43]. Magnetic resonance enteroclysis and enterography, 
which have the advantage of avoiding ionizing radiation, have 
been mostly studied in the evaluation of small bowel Crohn’s 
disease [44,45]. Using this imaging modality, deep ulcers and 
wall thickening can be easily identified in the small bowel in 
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enteropathy (GSE) or unclassified sprue, chronic ulcerative 
(nongranulomatous) jejunoileitis (CUJ), or lymphoma, can be 
as high as 75% [49]. Attempts to define the underlying cause  
of small intestine ulcers are therefore crucial for their 
management.

Primary (idiopathic) small bowel ulcers
Epidemiology and etiology
The diagnosis of primary small bowel ulcers is made after iden-
tifiable causes of small bowel ulcers have been eliminated and 
thus is unlikely to represent a distinct etiological entity. With 
increasing recognition of secondary causes of small intestine 
ulceration, fewer patients fall into this diagnostic category. The 
incidence of idiopathic small bowel ulceration is unknown. A 
review based on 59 patients (six were taking enteric potassium 
preparations) found an incidence of four small bowel ulcers per 
100 000 new patients [50]. Men and women were affected 
equally, and all age groups were affected (Table 69.1) [50–55]. 
These data suggest that primary small bowel ulceration is an 
uncommon disorder. However, because asymptomatic and 
uncomplicated intestinal ulcers are rarely detected, the true 
incidence of this entity may be higher than estimates. A distinct 
entity seen in Japan, chronic nonspecific multiple ulcers of the 
small intestine (CNSU), is characterized by persistent blood and 
protein loss and histologically nonspecific ulcers (reviewed in 
[56]). A genetic basis for CNSU is suggested by its apparent 
segregation in offspring from consanguineous marriages [57].

Clinical features
Symptomatic complications of small bowel ulcers include bleed-
ing, protein loss, perforation, and obstruction. The incidence of 
these complications is not known. Intestinal obstruction appears 
to occur more frequently than with duodenal ulcers. Intermittent 
crampy abdominal pain resulting from partial small bowel 

Crohn’s disease patients with active inflammation, suggesting 
that other small bowel mucosal inflammatory or neoplastic 
lesions can be similarly identified [45–48].

Ulcers of the small intestine

Many causes of small intestine ulcerations distal to the duode-
num have been identified (Box 69.1). Most of these produce 
solitary ulcers with sharp borders and normal surrounding 
mucosa. With surgical resection or removal of offending agents, 
these ulcers seldom recur and are associated with a benign clini-
cal course. The mortality from multiple ulcers occurring in an 
abnormal mucosa, as is occasionally seen with gluten-sensitive 

Box 69.1 Causes of small intestine ulceration.

Infectious: tuberculosis, typhoid, cytomegalovirus, syphilis, parasites, 
strongyloidosis hyperinfection, Campylobacter, yersiniosis
Toxic: acute jejunitis (β-toxin-producing Clostridium perfringens), 
arsenic
Inflammatory: Crohn’s disease, systemic lupus erythematosus with 
high serum antiphospholipid levels, diverticulitis
Mucosal: gluten-sensitive enteropathy (jejunoileitis)
Neoplastic: malignant histiocytosis, lymphoma (primary), 
adenocarcinoma, melanoma, Kaposi sarcoma (secondary)
Vascular: mesenteric insufficiency, giant cell arteritis, vasculitis, vascular 
abnormality, amyloidosis (ischemic lesion)
Hyperacidic: Zollinger–Ellison syndrome, Meckel diverticulum, stomal 
ulceration
Metabolic: uremia
Drug-related: potassium chloride, nonsteroidal antiinflammatory drugs, 
antimetabolites
Radiation-induced: therapeutic, accidental
Idiopathic: primary ulcer, Behçet syndrome

Table 69.1 Profile and presenting symptoms of primary small bowel ulcers.

Study and year Number of 
patients

Gender 
(male-to-
female ratio)

Age Small bowel 
obstruction 
(%)

Bleeding 
(%)

Acute 
abdomen 
(%)

Duration of 
symptoms

Davies and Brightmore, 
1970 [51]

8a 5 : 3 16–62 years 63 38 25 No data

Boydstun et al., 1981 [50] 59b 31 : 28 17–77 years 78 25 12 3 days–20 years

Reid et al., 1982 [52] 3 1 : 2 12–64 years 0 100 0 6 months–30 years

Glynn et al., 1984 [53] 2 1 : 1 57–71 years 0 100 0 No data

Thomas and Williamson, 
1985 [54]

6 4 : 2 4 months–76 years 66 83 17 No data

Ballantyne et al., 1986 [55] 3c 1 : 2 6 weeks–12 years 100 100 0 6 weeks–12 years

Matsumoto et al., 2004 [58] 9 2 : 7 12–53 years No data 89 No data 12 years (median)

a Included two subjects taking potassium chloride.
b Included six subjects taking potassium chloride.
c Included one subject taking nonsteroidal antiinflammatory drugs.
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There are no pathognomonic biochemical abnormalities, and 
the only laboratory tests that are useful for diagnostic purposes 
are those that help to establish an alternative diagnosis. Small 
intestine ulcers can be detected radiographically, endoscopi-
cally, with wireless capsule endoscopy, or at laparotomy.

Although small intestine ulcers cannot be detected by plain 
abdominal radiographs, small bowel dilation suggestive of 
obstruction and pneumoperitoneum indicative of perforation 
may be detected. Conventional contrast radiography of the 
small intestine rarely identifies primary ulcers of the small 
intestine [50]. Enteroclysis, CT or MR enteroclysis, and CT or 
MR enterography are superior radiological techniques for 
demonstrating small intestine mucosal lesions (see Chapters 
144, 147, and 148). Ileal ulcers can, on rare occasions, be 
detected if contrast material is refluxed into the terminal 
ileum; however, the yield from barium enemas does not 
justify their use for this purpose. Wireless capsule endoscopy 
used independently or to follow-up findings on radiological 
studies is an important tool for evaluating mucosal lesions 
and ulcerations in the small bowel [15–17,23]. The small risk 
of capsule obstruction at the site of a stricture makes use of 
contrast studies or a patency capsule a prerequisite in patients 
with obstructive symptoms [8,65]. Other radiographic tech-
niques, such as technetium 99m (99mTc)-labeled red cell scan-
ning and mesenteric angiography used for the evaluation of 
gastrointestinal bleeding, or 99mTc pertechnetate for the diag-
nosis of a Meckel diverticulum, may lead indirectly to the 
detection of small intestine ulcerations.

In the patient with persistent gastrointestinal blood loss  
and iron deficiency anemia or abdominal pain with evidence  
of small bowel obstruction, advanced imaging and/or endo-
scopic techniques should be attempted prior to proceeding  
to surgical exploration with or without intraoperative enteros-
copy [66,67]. However, despite improvements in small bowel 
imaging, symptomatic idiopathic small intestine ulcers may 
remain undetected prior to surgical intervention.

Therapy
The therapy for primary small intestine ulcers is dictated by the 
severity of complications. Emergency surgical intervention is 
required if an acute abdomen or pneumoperitoneum indicative 
of intestinal perforation is evident. Life-threatening intestinal 
bleeding is an indication for diagnostic and therapeutic 
mesenteric angiography or surgical exploration (see Chapter 
151). The best therapy for ulcers that present with less serious 
complications is also surgical resection. Detection of small 
bowel ulcers is usually readily accomplished at laparotomy, 
which can be facilitated by advanced imaging and endoscopic 
studies preoperatively. Intraoperative enteroscopy may be a 
useful adjunct [68,69]. Most ulcers can be managed by surgical 
resection with end-to-end anastomosis, providing adequate 
material for pathological analysis with a low incidence of com-
plications or ulcer recurrences. Simple oversewing of primary 
small bowel ulcers is not recommended. With such an approach, 

obstruction is the most frequent presenting complaint (63%–
100% of patients; see Table 69.1). Symptoms related to intermit-
tent partial small bowel obstruction have been reported for 3 
days to 20 years preceding presentation [50]. Patients with small 
intestine obstruction or perforation also can present with an 
acute abdomen. Although ulcers are more commonly seen in 
the ileum, perforated ulcers are more common in the jejunum 
(78% vs 11%) [50]. Because ileal ulcers, which are less likely to 
perforate, are more prevalent, the overall incidence of perfora-
tion is only 22%. Gastrointestinal bleeding is also common, 
especially in younger patients, who present with intestinal hem-
orrhage or with occult blood loss. In a series of nine patients 
with chronic nonspecific multiple ulcers of the small intestine 
undergoing surgical resection for gastrointestinal bleeding, 
multicentric stenoses were seen, with multiple, sharply demar-
cated ulcers without much inflammatory infiltrate [58]. In addi-
tion, patients presenting with gastrointestinal bleeding often 
have symptoms of intermittent intestinal obstruction. Significant 
weight loss leading to emaciation may also be seen [58]. The 
diagnosis of small intestine ulceration should be considered if 
intestinal bleeding and evidence of small intestine obstruction 
coexist.

Pathology
Most primary small intestine ulcers (75%) are located in the 
middle to distal ileum [49]. In one report, a solitary ulcer was 
found in 70%, two or three ulcers in 20%, and more than three 
in 10% of patients [50]. Ulcers typically have sharply demar-
cated borders and vary in diameter from 0.3 to 5 cm [50,58,59]. 
The pathological features are nonspecific and are identical to 
those of peptic ulcerations [60]. A marked eosinophilic or lym-
phoplasmacytoid infiltrate is sometimes present [61,62], but a 
nonspecific pattern of inflammatory cells may also be seen [58]. 
The surrounding mucosa is usually normal. Granulomata, sinus 
tracts, and pathological vascular changes are not seen. 
Granulation tissue and fibrosis that extend deep into the bowel 
wall may produce intestinal stenosis. Normal surrounding 
mucosa and absence of granulomata are features that help  
to distinguish idiopathic ulcers from those seen in Crohn’s 
disease or CUJ.

Diagnosis
Both evidence of intestinal ulceration and exclusion of known 
etiological agents are required to support a diagnosis of primary 
small bowel ulcers. A careful history is necessary to identify 
exposure to potentially ulcerogenic substances such as nonster-
oidal antiinflammatory drugs (NSAIDs) and enteric-coated 
potassium preparations. Prior abdominal surgery and other risk 
factors that predispose to intestinal ischemia should be identi-
fied. Assessment of immune status also may be useful. It is 
important to exclude cytomegalovirus infection in immuno-
compromised patients because of the propensity for cytomega-
lovirus ulcers to bleed or perforate. Other infectious causes, 
including Salmonella typhi, need to be excluded [63,64].
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randomized trial compared treatment with celecoxib to 
diclofenac slow release plus omeprazole in arthritis patients 
with a history of gastroduodenal ulceration and who were nega-
tive for Helicobacter pylori [91]. The study demonstrated the 
superiority of a Cox-2 selective NSAID over a nonselective 
NSAID combined with a proton pump inhibitor. Although the 
endpoint was all clinically significant upper and lower gastroin-
testinal events and not specifically small intestinal ulcers, clini-
cally significant anemia of presumed gastrointestinal origin 
including possible small bowel loss was much less frequent in 
the celecoxib group [91].

The epidemiology of NSAID-induced enteropathy is not well 
characterized. Up to 70% of patients who take NSAIDs have 
evidence of increased intestinal permeability or inflammation 
[76,92–96], but most are asymptomatic. In a small study of 41 
patients, wireless capsule endoscopy detected visual evidence of 
mucosal injury to the small bowel in as many as 71% of NSAID 
users, as compared to only 10% of controls [97]. Similar results 
were obtained in prospective controlled studies using wireless 
capsule endoscopy to assess the small bowel effects of adminis-
tered NSAIDs (e.g., [98–100]). An autopsy study showed the 
presence of nonspecific small intestine ulcers in 8.4% of 249 
patients who had NSAIDs prescribed during the 6 months 
before death, compared with an incidence of 0.6% in 464 
patients who had not used NSAIDs [101]. Three of the long-
term users of NSAIDs were found to have died of perforated 
nonspecific small intestine ulcers. Small intestine erosions or 
ulcerations were detected by small bowel enteroscopy in seven 
of 15 iron-deficient patients receiving long-term NSAID therapy 
for rheumatoid arthritis [102]. All the patients had negative 
results of upper and lower endoscopy. These studies indicate a 
high prevalence of unsuspected gastrointestinal lesions in 
patients taking NSAIDs. A metaanalysis of studies examining 
the association between NSAIDs and serious adverse gastroin-
testinal events indicated that NSAID users are at three times 
greater risk than are nonusers [101,103]. Independent risk 
factors seem to be age exceeding 60 years, previous NSAID 
complications, and concomitant steroid use. This study did not 
analyze small bowel effects independently, so it is not certain 
whether this risk profile is applicable to NSAID-induced small 
intestine enteropathy. Clinical strategies to reduce the gastrodu-
odenal complications related to NSAID therapy may predispose 
to increased NSAID-induced enteropathy [104]. Enteric coated 
formulations of acetylsalicyclic acid and other NSAIDs are more 
damaging to the intestine [104,105]. The concomitant use of 
H2-receptor antagonists and\or proton pump inhibitors with 
NSAIDs are gastroprotective but have been shown to worsen 
NSAID enteropathy [104,106–108]. Experimental data suggest 
that acid suppression induces changes in the intestinal micro-
biota that lower the resistance of the small intestine to NSAID-
induced ulceration (reviewed in [104]). PPI treatment of rats 
markedly reduced the numbers of Bifidobacteria and increased 
susceptibility to NSAID and this was reversed when Bifidobacteria 
were reconstituted [109].

the amount of material available for pathological analysis  
is limited, and the risk of ulcer recurrence is high. Medical 
management with antiinflammatory or immunosuppressive 
agents is not effective therapy for intestinal ulcers or stric -
tures. Furthermore, unsuspected perforation is often found at 
surgery [50].

There is no effective medical therapy to prevent postsurgical 
recurrence of symptomatic ulcers and strictures, which are 
common in patients with chronic nonspecific multiple ulcers of 
the small intestine [56].

Drug-induced small bowel ulcers
The entrapment of a pill or capsule before dissolution or the 
release of large concentrations of a drug in a segment of intes-
tine can result in localized ulceration because of physical pres-
sure or specific cytotoxic effect. NSAIDs remain the most 
common cause of drug-induced small intestine ulcers. In the 
1960s, enteric-coated potassium chloride (KCl) was introduced 
and was soon recognized to be an intestinal ulcerogen. Ferrous 
salts, digoxin, corticosteroids, zirconium, and clofazimine, 
chemotherapeutics, cocaine, and methamphetamine have all 
been implicated as ulcerogens as well [70].

Nonsteroidal antiinflammatory drugs
Nonsteroidal antiinflammatory drugs (NSAIDs) are a heteroge-
neous group of organic acids that inhibit prostaglandin synthe-
sis and have analgesic antiinflammatory and antipyretic 
properties [71]. Although they have been used for decades in 
the treatment of inflammatory arthropathies, their use now 
includes many nonrheumatological problems [71]. Many 
generic NSAIDs are available without prescriptions. As a result, 
NSAIDs are among the most commonly used drugs worldwide. 
Numerous publications have addressed the magnitude and cost 
of NSAID-associated gastrointestinal complications, which 
have been described as an emerging epidemic [72–82].

Because of the increased use of NSAIDs, the introduction of 
more potent NSAIDs, and improvements in small intestine 
diagnostic methods, small bowel enteropathy is a more fre-
quently diagnosed complication of NSAID use. Multiple ulcera-
tions, mucosal diaphragms, ileal strictures, and perforations 
have all been associated with NSAID use [76,83–87]. NSAID-
related small bowel ulcers can occur even in the absence of 
similar lesions elsewhere in the gut [88]. An ulcerating ileitis 
resembling Crohn’s ileitis has also been described [89]. 
Cyclooxygenase-2-selective inhibitors reduce the incidence of 
gastroduodenal ulcers. A prospective randomized comparison 
by wireless capsule endoscopy of healthy adults treated for 2 
weeks with celecoxib, naproxen with omeprazole, or placebo, 
suggests that the protection extends to the small intestine [90]. 
In this study the percentage of patients with mucosal breaks and 
the number of breaks per patient were significantly reduced in 
the celecoxib group compared to the naproxen with omeprazole 
group. However, both of these parameters were still significantly 
increased compared to the placebo group. A large double-blind 
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effects and suggest a pathogenic role for enteric bacteria. 
Additional studies indicate that NSAID-induced microvascular 
leakage also contributes to NSAID-induced enteropathy [124]. 
In rats, NSAID-induced plasma leakage requires induction of 
calcium-independent nitric oxide synthase and occurs only in 
the presence of gut bacteria [125]. The relative importance of 
local and systemic effects in the pathogenesis of NSAID-induced 
enteropathy was also addressed in human volunteers who 
received either indomethacin or the prodrug nabumetone. 
Because only indomethacin increased intestinal permeability, 
local effects of NSAIDs appear to be more important [126]. 
Another prodrug, sulindac, was compared with indometh -
acin, with similar results [127]. To date, clinical trials com -
paring cyclooxygenase-2-selective inhibitors with nonselective 
cyclooxygenase inhibitors have not had the power to address 
the comparative magnitudes of small intestinal enteropathy. A 
proposed cyclooxygenase-independent direct mechanism for 
NSAID damage is inhibition of glycolysis and the tricarboxylic 
acid cycle, leading to reduced cellular adenosine triphosphate 
production and uncoupling of oxidative phosphorylation 
[116,128,129]. Coadministration of glucose and citrate with 
indomethacin to humans was shown to prevent the increased 
permeability seen with indomethacin alone [128], a finding 
compatible with this hypothesized mechanism.

NSAID-associated intestinal injury primarily affects the 
distal small intestine. Intestinal ulcers induced by NSAIDs are 
pathologically identical to primary ulcers and to other drug-
induced ulcers. Strictures are seen in up to 5% of patients receiv-
ing long-term NSAID therapy for arthritis [76]. In addition to 
strictures that are indistinguishable from those seen in Crohn’s 
disease and other disorders, unique, diaphragm-like strictures 
have been described (Figure 69.1) [83,85,130–132]. These  

Pathophysiology
Increased intestinal permeability, which enhances susceptibility 
to luminal macromolecules and toxins, has been implicated in 
the pathogenesis of NSAID-induced enteropathy [110]. This 
defect in permeability is evident within hours after NSAID 
administration [76,111], and in rats it may be ameliorated by 
pretreatment or simultaneous treatment with glucocorticoids, 
sulfasalazine, or tetracycline [112]. The mechanisms by which 
NSAIDs injure the small intestine mucosa are unknown but are 
thought to include a role for enteric bacteria, the enterohepatic 
circulation, neutrophil infiltration, reduced intestinal mucus, 
microcirculatory disturbances, inflammatory cytokines, reac-
tive oxygen radicals, and suppression of prostaglandin synthesis 
(reviewed in [113–115]). Because cyclooxygenase-1-mediated 
synthesis of prostaglandins appears to be less important as a 
cytoprotective mechanism in the small intestine, NSAID-
mediated cyclooxygenase inhibition is not thought to be the 
major pathogenic mechanism in NSAID-induced enteropathy 
[116,117]. Furthermore, cyclooxygenase-1 knock-out mice had 
no apparent intestinal disorders [118]. Although nitric oxide 
derivatives of NSAIDs are equally potent suppressers of pros-
taglandin synthesis as their parent compounds, the magnitude 
of small intestinal injury is markedly attenuated with these 
agents [119–122].

In rats, diclofenac, but not nitrofenac (a nitric oxide deriva-
tive that does not undergo extensive enterohepatic circulation), 
caused increases in epithelial permeability, Gram-negative bac-
terial colonization, and intestinal ulceration [123]. In these rats, 
the increased bacterial load, which occurred after the changes 
in intestinal permeability, may have exacerbated the NSAID 
injury [114]. These studies suggest that NSAIDs primarily alter 
intestinal permeability through local rather than systemic 

Figure 69.1 Nonsteroidal antiinflammatory drug–induced small intestine strictures. (a) Diaphragm strictures of the small intestine are apparent in 
resected intestine. (b) Enteroclysis study in a patient taking nonsteroidal antiinflammatory drugs. Diaphragm strictures (arrows), which were found at 
surgery, are difficult to appreciate and resemble exaggerated plica circularis. Source: Bjarnason et al. 1993 [116]. Reproduced with permission of 
Elsevier.

(a) (b)
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Based on the observation that nabumetone and sulindac did not 
increase intestinal permeation to 51Cr-EDTA, switching to these 
or other prodrugs may be beneficial. Observations in rats indi-
cate that switching to NSAIDs that are less potent inhibitors of 
cyclooxygenase also may be helpful [147,148]. There is some 
evidence that cyclooxygenase-2-selective NSAIDs, by preserv-
ing the cytoprotective effects of prostaglandins synthesized by 
cyclooxygenase-1, may be less enteropathic than nonselective 
NSAIDs. A double blind crossover study demonstrated that 
unlike indomethacin, selective cyclooxygenase-2 inhibition 
with rofecoxib did not increase intestinal permeability in healthy 
subjects [149]. In another double-blind, crossover study, 
nimesulide, another selective cyclooxygenase-2 inhibitor, did 
not increase intestinal permeability or excretion of calprotectin, 
a marker of intestinal inflammation [150]. In contrast to the 
observed differences in inflammation and permeability, a large 
randomized trial comparing diclofenac to etoricoxib in arthritis 
patients failed to demonstrate significant differences in lower GI 
complications [151].

Delivery of NSAIDs encapsulated in liposomes was protec-
tive in a rat study [152]. The degree of ulceration in rats was 
related to the amount of active drug excreted in bile [147,148,153]. 
Human studies have not established that the incidence of small 
intestine enteropathy or upper gastrointestinal bleeding can be 
reduced by measures such as using prodrugs, NSAIDs with 
decreased biliary excretion of active drug, enteric coatings, or 
slow-release formulations [87].

Germ-free rats are resistant to indomethacin-induced intes-
tinal lesions [154], and antibiotics can reduce the incidence of 
indomethacin-induced small intestine ulcers in rats [155]. In 
humans, metronidazole [129] and sulfasalazine [156] reduce 
intestinal inflammation, a response not yet proven to corre-
spond to prevention of or recovery from NSAID-induced 
complications.

In studies using rats, pretreatment or concurrent treatment 
with glucocorticoids, sulfasalazine, tetracycline, sucralfate 
[157], pentagastrin [158], naloxone (tested because morphine 
potentiates the ulcerogenic effect of indomethacin) [159], clo-
nidine [160], or thromboxane synthetase inhibitors [112] 
reduced indomethacin-induced permeability and inflamma-
tory changes in rats. Drugs that exacerbated the intestinal 
toxicity of indomethacin in rats include cyclosporine [161] 
and morphine. Although prostaglandin E analogs such as 
misoprostol and enprostil prevent NSAID-associated injury of 
the stomach and duodenum [162–166], their effects in the 
remaining small intestine are not known. Protection was dem-
onstrated in animal models [167–169]. In human subjects, 
high-dose misoprostol prevented NSAID-induced permeabil-
ity changes in one study [170], but therapeutic doses did  
not [126].

Potassium chloride
The introduction of enteric-coated KCl tablets in the 1960s  
was associated with an unacceptably high incidence of small 

strictures encroach on and narrow the lumen to an opening as 
small as 1 mm in diameter [130]. They usually occur as multiple 
strictures separated by only a few centimeters of normal bowel 
[130]. Submucosal fibrosis replacing or merging with the mus-
cularis mucosae is characteristic [83,130]. Mild inflammation of 
the overlying mucosa is invariably present, with or without 
shallow ulceration [83]. The adjacent mucosa is usually com-
pletely normal. Despite the strong association with NSAID use, 
a single case report without apparent NSAID use suggests that 
diaphragm disease may be a nonspecific response to intestinal 
injury [133]. Patients with this “diaphragm disease" present with 
weight loss, hypoalbuminemia, anemia, and intermittent vague 
abdominal pain [130]. The diaphragm-like strictures are diffi-
cult to detect radiologically and can be missed at laparotomy 
unless an enterotomy is performed [130–132]. Small bowel 
enteroscopy, which is useful for detecting intestinal ulcers [102], 
may also be useful for detecting NSAID-related intestinal 
abnormalities [134].

Morphologically, the presentation of NSAID-related enter-
opathy is often similar to that of Crohn’s disease, with transmu-
ral injury that can cause stricture formation [116,129]. Some 
patients receiving long-term NSAID therapy do present with 
clinical features of Crohn’s disease, although most patients with 
NSAID-associated small intestine enteropathy are asympto-
matic [71]. In a prospective study, 10% of patients with colitis 
not due to Crohn’s disease were thought to have NSAID-induced 
colitis [135]. There is also evidence that NSAIDs may exacerbate 
Crohn’s disease and ulcerative colitis [74,136–142]. These 
studies emphasize the importance of obtaining an accurate drug 
history for all patients presenting with an illness resembling 
Crohn’s disease. Reports have also associated NSAIDs with a 
variety of other intestinal disorders, including collagenous 
colitis [143], nonceliac flattening of small intestinal mucosa 
[144–146], celiac sprue, intestinal malignant diseases [146], and 
perhaps diverticulitis [116]. However, the available data are not 
sufficient to establish a true cause and effect relationship between 
NSAID use and any of these conditions [129].

Therapeutic considerations
Wireless capsule endoscopy and double-balloon endoscopy are 
newer investigative techniques that have diagnostic utility in 
assessing NSAID effects on the small intestine, as an alternative 
to endoscopy or surgery [13,87,88,97]. Most patients who take 
NSAIDs appear to have intestinal inflammation by indium 111 
leukocyte scans and fecal excretion [93], and increased intesti-
nal permeability by chromium 51 (51Cr)-EDTA absorption. 
These abnormalities usually resolve after the medications are 
discontinued, but inflammation can persist for up to 16 months 
[76]. Discontinuation of NSAIDs should be sufficient for treat-
ment of uncomplicated ulcers. Surgical intervention is required 
for therapy of intestinal perforation or symptomatic strictures 
that cannot be managed endoscopically.

The optimal regimen for patients for whom there is no good 
alternative to continued NSAID use has not been established. 
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association with intestinal Behçet disease, suggesting that this 
chromosomal anomaly may play a role in some forms of Behçet 
disease [184]. Oral and genital ulcers are a common feature; 
intestinal ulceration has been described in fewer than 1% of all 
patients with Behçet syndrome [185]. The ileocecal region is 
most frequently involved [186]. Multiple deep ulcers in a back-
ground of minimally inflamed mucosa are characteristic; fold 
thickening, granular mucosa, and pseudopolyp formation have 
also been described [187]. The lesions predominate at sites coin-
ciding with intramucosal lymphoid tissue [188]. The ulcers 
bleed easily and are often penetrating [189,190]. The abnormali-
ties are readily differentiated from those of Crohn’s disease or 
ulcerative colitis [186,187,191].

The optimal treatment of Behçet syndrome has yet to be 
established. No medical treatment significantly alters the natural 
course of this syndrome. Immunomodulation with corticoster-
oids, methotrexate, colchicine, thalidomide [192,193], cytotoxic 
agents, cyclosporine, and tacrolimus (FK506) have been used 
for treatment of multisystem Behçet syndrome [194]. Intestinal 
Behçet disease may respond to prednisone but 6-mercaptopurine, 
azathioprine, and/or anti- tumor necrosis factor (TNF) thera-
pies should be considered for their potential steroid-sparing 
effects [195,196]. Recombinant interferon-α may benefit 
patients with systemic involvement including intestinal ulcers 
[197–200]. A retrospective review of 28 intestinal Behçet 
patients treated with infliximab demonstrated clinical remission 
rates of ∼40% at 54 weeks [201]. Multivariate analysis suggested 
that age at diagnosis ≥40 years, female sex, a longer disease 
duration (≥5 years), concomitant immunomodulator use, and 
achievement of remission at week 4 were predictive factors of 
sustained response [201]. Surgery with wide resection margins 
should not be delayed in patients with complicated intestinal 
cases, although ulcer recurrence is common postoperatively 
[186,202,203]. Most recurrences occur within 2 years of surgery 
and consist of one or two deep ulcers at or near the anastomotic 
site [192].

Collagen vascular diseases
Patients with systemic lupus erythematosus (SLE) can develop 
intestinal ulceration as an uncommon complication, thought to 
be secondary to microthrombosis and vasculitis [204]. Lupus 
mesenteric vasculitis can result in enteritis which may present 
with acute abdominal pain, nausea, vomiting, fever, diarrhea, 
and hematochezia [205–207]. This can progress to bowel infarc-
tion, which is associated with high mortality. The diagnosis 
should be suspected in patients with active SLE and confirmed 
by abdominal CT scan. Prompt treatment with high-dose ster-
oids can reduce the incidence of ischemia, necrosis, and perfo-
ration [207]. Mesenteric vasculitis presenting with small bowel 
ischemia and stricture has also been reported in patients with 
other inflammatory disorders [205], including rheumatoid 
arthritis, scleroderma, polyarteritis nodosa [208], Henoch–
Schönlein purpura, Wegener granulomatosis, giant cell arteritis, 
Churg–Strauss syndrome, and Sézary syndrome [209]. 

intestine ulceration, attributed to high luminal concentrations 
of KCl from rapid dissolution of the tablets in the small intes-
tine. Slow-release formulations using a wax-polymer matrix 
(dissolution in approximately 4 h) or microencapsulation (dis-
solution in 8–10 h) were developed to avoid this adverse effect; 
the incidence of gastrointestinal ulceration was reduced but not 
eliminated. Two cases of small intestinal ulceration occurred 
from 1970 through 1983 (3 in 100 000 patient-years of slow-
release wax matrix tablet use), compared with 56 cases from 
1960 through 1965 (65 in 100 000 patient-years of enteric prepa-
rations) [171]. Potassium salts that are now used have a much 
better safety profile. Regardless of the preparation used, the risk 
of ulceration is increased if intestinal transit is delayed by small 
bowel disease, concurrent medications, general debility, or 
advanced age [172].

The clinical presentation, diagnosis, and treatment of patients 
with KCl-induced small intestine ulcers or strictures are the 
same as those for patients with primary or NSAID-induced 
ulcers. Although the ulcers can occur anywhere along the  
gastrointestinal tract, they are most common in the distal  
ileum [173].

Other drugs
Parenteral gold therapy also has been associated with entero-
colitis, with edema and ulceration limited to the ileum [174–
176]. This rare complication, most common in middle-aged 
women, can occur shortly after the initiation of therapy with a 
high mortality rate; thus, prompt cessation of gold therapy is 
essential. Therapy includes bowel decompression and antibiot-
ics. Steroids are frequently used, although efficacy has not been 
proven. Octreotide was used successfully in one case [177].

Other drugs reported to cause small intestine ulcers or per-
foration include corticosteroids [178], cytarabine [179] and 
other chemotherapeutic agents, digoxin [180], ferrous sulfate 
preparations [70], and sodium polystyrene sulfonate (SPS, 
Kayexalate) [181,182]. A retrospective study of patients with 
SPS crystals in the intestinal mucosa identified 11 patients  
with confirmed intestinal necrosis and a temporal relationship 
with SPS administration. The patients were treated with SPS in 
sorbitol and developed intestinal ischemia within 3 h to 11 days 
of administration [182]. Patients may be susceptible even in the 
absence of end-stage renal disease, surgical intervention, or sig-
nificant comorbidity as only four of the patients had end-stage 
renal disease and only two were postoperative [182]. Two 
patients treated with sirolimus used for islet cell transplants 
developed small bowel ulcers that resolved with holding the 
medication [183].

Small bowel ulcers associated with systemic 
disorders (see Chapter 124)
Behçet syndrome
Behçet syndrome is a systemic inflammatory disease that affects 
the skin, joints, vascular system, central nervous system, and 
intestinal tract. Chromosomal trisomy 8 has been reported in 
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The typical histological features of CUJ are partial or total 
villus atrophy, mucosal ulceration, crypt hyperplasia, and an 
inflammatory cell infiltrate [223,224]. The loss of intestinal villi 
results in a marked decrease in the absorptive area of the intes-
tine, and the aborted maturation of the enterocytes results in 
lower levels of digestive enzymes on the intestinal brush border. 
The effects of these disturbances are malabsorption of all dietary 
components and a variable degree of PLGE. Although the 
mechanism is poorly understood, villus atrophy appears to be 
related to infiltration by activated T cells [225].

Etiology
CUJ without a prior history of GSE is usually more extensive in 
distribution and fails to respond to gluten withdrawal. CUJ and 
GSE are both associated with splenic atrophy of unknown cause 
[49,226–229].

Both GSE and CUJ may be complicated by malignant degen-
eration [230–234]. In contrast to primary small intestine lym-
phomas, the typical lymphomas associated with GSE and CUJ 
are derived from T cells [235–237]. EATLs, may be difficult to 
differentiate from those of CUJ. Histologically, both EATLs and 
CUJ exhibit villus atrophy, ulceration, and mucosal infiltration 
by activated T cells. Both disorders usually present with splenic 
atrophy. The major diagnostic difficulty results from the obser-
vations that EATL may be indolent in its early stages and 
patients with CUJ can develop lymphoma several years after 
diagnosis. In some cases, retrospective examination of biopsy 
samples obtained at the time of diagnosis of CUJ have revealed 
typical malignant cells [223,226,238]. Using the polymerase 
chain reaction, clonal rearrangements of the T-cell receptor 
were found in tumor specimens and in enteropathic bowel 
without evidence of tumor involvement from the same patients 
[239,240]. Analysis of intestinal biopsies from patients with 
CUJ and refractory GSE revealed that the monoclonal cyto-
logically normal, noninvasive intraepithelial T lymphocytes 
share an aberrant immunophenotype with EATL [241]. In one 
series, all patients with CUJ had metastatic disease at the  
time of diagnosis [223], but in another retrospective study  
no evidence of preexisting lymphoma was detected [242]. 
Chromosomal analysis in patients with EATL has demon-
strated loss of heterozygosity at chromosome 9p21 (a frequent 
site of deletions in patients who develop lymphomas), suggest-
ing that genetic abnormalities may participate in the develop-
ment of EATL [243]. These data indicate that CUJ is a significant 
risk factor for the development of lymphoma and that this 
development may be invariable.

Non-T-cell lymphomas, such as immunoproliferative small 
intestinal disease and Mediterranean (B-cell) lymphoma, can 
also be accompanied by mucosal atrophy and ulceration and 
may have all the features of CUJ (see Chapter 68). This group 
may have a dramatic response to antibiotics or cytotoxic agents 
[244–247]. These lymphomas cannot be differentiated solely 
based on morphology; thus, it is important to determine cell 
surface markers for proper diagnosis.

Spondyloarthropathies, too, have been associated with an 
increased incidence of ileal ulceration, although this is most 
often caused by concurrent inflammatory bowel disease [210]. 
Patients with acquired antiphospholipid antibodies and SLE or 
related autoimmune diseases are at increased risk of developing 
intestinal ischemia and hemorrhage related to mesenteric arte-
rial thrombosis [211,212].

Cryptogenic multifocal ulcerous stenosing enteritis is an idi-
opathic syndrome consisting of intermittent bouts of intestinal 
obstruction and ulcerative stenosis, and characterized by 
steroid responsiveness [213–216]. Patients present with multi-
ple jejunal and proximal ileal stenoses associated with superfi-
cial ulcers. They often have a chronic and relapsing course but 
share no other characteristics of Crohn’s disease [216–218]. For 
example cryptogenic multifocal ulcerous stenosing enteritis is 
not associated with granulomas, perianal disease, fistula forma-
tion, involvement of the stomach or colon, nor signs and symp-
toms suggestive of systemic inflammation. Furthermore the 
ulcers are confined to the mucosa and submucosa. Iron defi-
ciency anemia has also been reported [215]. The presence of 
systemic symptoms (weight loss, fever, malaise) in most 
patients, responsiveness to steroids, and demonstration of C2 
deficiency in one reported case suggested that this syndrome 
is a variant of polyarteritis nodosa or an unclassified independ-
ent vasculitis [213,214], though overt signs of vasculitis are not 
always present [214] and other authors have found no evidence 
of vasculitis nor complement deficiency (reviewed in [218]). 
The treatment of choice is systemic steroids or topical budeso-
nide with balloon dilatation or surgical resection of strictures 
[218]. Most patients become steroid dependent. Anti-TNF-α 
therapy with infliximab successfully induced remission in a 
reported case [219].

Diffuse small bowel ulceration and  
concurrent malabsorption
A rare syndrome consisting of malabsorption, abdominal pain, 
and multiple nonmalignant ulcers of the small intestine has 
been described [220]. Typically, these patients are in the sixth 
or seventh decade of life and have long-standing GSE. In such 
patients, the disorder is characterized by extensive villus atrophy 
and small bowel ulcerations that fail to improve on gluten with-
drawal. These patients are considered to have refractory celiac 
disease (RCD), and those with RCD type II (characterized  
by >20% intraepithelial lymphocytes with an aberrant T-cell 
phenotype; see Chapter 64) are at risk for development of 
enteropathy-associated T-cell lymphoma (EATL) type I [221]. 
There is also a distinct subgroup of patients who do not have 
GSE. The term chronic ulcerative (nongranulomatous) jejunitis 
(CUJ), or EATL type II, and previously applied synonyms such 
as idiopathic mucosal enteropathy, idiopathic chronic ulcerative 
enteritis, unclassified sprue, and malignant histiocytosis, have 
been applied to this latter group of patients. The nomenclature 
reflects the poor understanding of the etiology and pathophysi-
ology of CUJ [220,222].
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and the presence of intracellular erythrocytes, platelets, and cell 
debris is a common feature (Figure 69.3) [223]. Confusion with 
Hodgkin disease may occur because of similarities with Reed–
Sternberg cells [230,250,251]. The neoplastic cells are positive 
for CD3, CD8, CD56, and cytotoxic granule associated proteins, 
including granzyme and perforin, and are negative for CD4, 
CD5, and B-cell markers [221].

Diagnosis
The diagnosis of CUJ should be considered in patients present-
ing with malabsorption, intestinal ulceration, abdominal pain, 
and weight loss with or without a history of GSE. CUJ is essen-
tially a diagnosis of exclusion, whether or not a history of celiac 
disease is present, unless lymphoma is detected. Disorders pre-
senting with malabsorption and intestinal ulceration that must 
be excluded include Crohn’s disease, ischemic enteritis, radia-
tion enteritis, lymphoma, drug-induced ulceration, vasculitis, 
Zollinger–Ellison syndrome, and Whipple disease.

The patient with suspected CUJ should be assessed for mal-
nutrition, and a careful evaluation of the extent of disease 
should be undertaken. Malabsorption and PLGE account for 
hypoalbuminemia, and hypoglobulinemia and deficiencies of 
divalent cations, iron, and folate are common. Hyposplenism is 
often present [227]. Intestinal perforation should be ruled out 
if leukocytosis, with or without fever and peritoneal signs, is 
present.

The diagnosis of CUJ is rarely made radiographically. 
Evidence of bowel thickening and of complications such as 
small bowel perforation or obstruction may be present on plain 
films. Demonstration of small bowel strictures by contrast 
studies (Figure 69.4) or by computed tomography helps to dis-
tinguish CUJ from uncomplicated GSE; small bowel dilation is 
typical of the latter [252–254]. Bowel thickening, mesenteric 
lymphadenopathy, and splenic atrophy are consistent with CUJ. 

Clinical features
The age at diagnosis of CUJ tends to be older than it is for typical 
GSE. Childhood cases have not been reported. The onset of CUJ 
is indolent. Patients with CUJ with and without known GSE 
were symptomatic for a mean of 13 and 4.5 years, respectively. 
Most patients present with chronic symptoms that are typical of 
malabsorption syndromes. Midepigastric pain and weight loss 
associated with steatorrhea and diarrhea are common [242]. 
Shortly after presentation, 20%–30% of patients have ulcer com-
plications such as small bowel obstruction (30%), melena (25%), 
and perforation (22%). Along with symptoms caused by these 
complications, patients with CUJ may have low-grade fever and 
signs of malnutrition.

Pathology
Multiple superficial or deep ulcers are invariably present in the 
stomach, small bowel, and colon [242,248]. Splenic atrophy is 
often present. Lymphomatous infiltration of lymph nodes, liver, 
spleen, and bone marrow is common with concurrent lym-
phoma [223].

According to Isaacson [224], there are “variable degrees 
(usually severe) of villus atrophy, crypt hyperplasia, intraepithe-
lial lymphocytic infiltration, irregularity of surface enterocytes, 
and a dense lamina propria infiltrate consisting almost solely of 
plasma cells with a variable number of eosinophils and occa-
sional neutrophils.” Invasion of the epithelial layer may cause 
ulceration (Figure 69.2). Subepithelial collagen deposition, 
which is also seen in GSE, and marked fibrosis of the ulcer base 
may be present. Crypt hyperplasia and villus atrophy are seen 
in the adjacent mucosa, and the remaining mucosa is usually 
normal. It is imperative that multiple sections be exhaustively 
examined for malignant cells to avoid missing the diagnosis of 
lymphoma. Neoplastic cells are derived from T cells [235–
237,249]. They resemble histiocytes, with minimal or no atypia, 

Figure 69.2 The malignant chronic ulcerative nongranulomatous 
jejunoileitis cells have invaded the surface epithelium and produced an 
ulcer. An exuberant plasma cell infiltrate is seen in the subepithelial tissue 
(original magnification ×400). Source: Isaacson 1980 [224]. Reproduced 
with permission of BMJ Publishing Group.

Figure 69.3 Chronic ulcerative nongranulomatous jejunoileitis tumor cells 
show typical erythrophagocytosis (original magnification ×1000). Source: 
Isaacson and Wright 1978 [223]. Reproduced with permission of Elsevier.
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used in conjunction with oral prednisone (1 mg/kg/day) for a 
mean of 11 months [256].

Although CUJ does not respond to removal of dietary 
gluten, it is possible that this measure may impede the develop-
ment of lymphoma [257,258]. If a localized lymphomatous 
infiltrate is found, local excision is mandatory. Although some 
patients have been cured by resection alone [259], most remain 
symptomatic after the surgical procedure. Mortality in these 
patients is very high, presumably because of progression of the 
lymphoma. The impact of chemotherapy with or without adju-
vant radiation has not been evaluated in clinical trials. 
Disseminated T-cell lymphoma should be treated with aggres-
sive chemotherapy using combinations such as cyclophospha-
mide, hydroxydoxorubicin, vincristine, and prednisone that are 
used in the treatment of other lymphomas. In a retrospective 
study of 33 patients treated with high-dose chemotherapy regi-
mens, the 5-year survival rate was 19.7% and the disease-free 
rate was 3.2% [260]. Combination chemotherapy followed by 
autologous stem cell transplant has modestly improved sur-
vival [261,262].

Autoimmune enteropathy is another rare malabsorptive dis-
order that can present with chronic diarrhea and weight loss, 
and has been described in both children and adults [263–266]. 
Diagnosis is based on the presence of small intestinal villous 
atrophy, and circulating antienterocyte antibodies, which are 
pathognomonic for this disorder [265–267]. Associations 
include immunoglobulin deficiencies and thymomas; autoanti-
bodies to other gut organs may coexist, with gastritis, hepatitis, 
colitis, pancreatitis, and pernicious anemia in some instances. 
Autoimmunity against multiple sites in the gut have led to sug-
gestions that this may represent a generalized autoimmune gut 
disorder resulting from inappropriate T-cell activation and 
increased TNF-α production [268]. The mainstay of therapy is 
immunosuppression, using corticosteroids as first-line therapy; 
alternate agents that have been successfully used for mainte-
nance of immunosuppression include azathioprine, cyclosporine, 
and tacrolimus [268–271]. Two case reports outline use of  
infliximab infusions to induce and maintain remissions with 
success [265,272].

Drug-induced small bowel disease

Many of the drugs used today mediate various mechanisms of 
injury, including: erosive damage by NSAIDs and KCl; ischemic 
damage by cardiac drugs, cocaine, ergotamine alkaloids, and 
oral contraceptives; hematomas from anticoagulants; motility 
disorders from opiates; malabsorption; and inhibition of epithe-
lial cell turnover by chemotherapeutic agents. These adverse 
reactions may be reversible if the drug is discontinued, but some 
medications produce permanent effects. This section focuses on 
drugs that have a profound or permanent effect on the small 
intestine, except for those causing erosive damage, which were 
discussed earlier. The pathological and radiological features of 

However, lymphadenopathy in patients with GSE is not diag-
nostic of lymphoma.

Small bowel biopsies are essential for establishing the pres-
ence of CUJ. Although the yield from blind biopsies is poor, 
improvements in the ability to obtain endoscopic biopsy samples 
should markedly reduce the need for surgery to establish the 
diagnosis [254]. Biopsy samples obtained from ulcerated regions 
are the most desirable. As discussed earlier, it is essential that 
adequate tissue be obtained, sectioned extensively, and exam-
ined by an experienced pathologist before excluding the diag-
nosis of EATL type 1 or II. Immunohistology and T-cell flow 
cytometry may be useful adjuncts [224,255]. A careful search 
for disseminated lymphoma at the time of presentation is essen-
tial, using imaging techniques such as CT, MR, and positron 
emission tomography (PET) scanning [223,255]. It is also 
important to assess for the presence of B-cell surface markers 
because B-cell lymphomas and immunoproliferative small 
intestinal disease may be associated with villus atrophy. 
Polymerase chain reaction has been used to detect T-cell recep-
tor gene rearrangements in biopsies [244].

Therapy
No specific therapy has been shown to modulate the course of 
CUJ. Most patients have unresponsive malabsorption, and life 
expectancy at diagnosis is less than 2 years. Surgical resection 
of severely affected bowel has been of benefit in some cases 
[238,242]. Although patients with CUJ are at increased risk of 
intestinal perforation, prednisone therapy should be considered 
in all symptomatic patients with no evidence of lymphoma. The 
dose should be reduced to the minimum necessary to maintain 
a symptomatic response with tolerable side-effects. Azathioprine 
has been studied in small series, one study reporting clinical 
improvement in five of seven patients at doses of 2 mg/kg/day, 

Figure 69.4 Chronic ulcerative nongranulomatous jejunoileitis (CUJ). 
Thirty-minute small bowel follow-through shows prominent intestinal 
folds, thickening of the bowel wall, diffuse lumenal narrowing, and 
mucosal ulceration (arrows). Dilation, which is typical of gluten-sensitive 
enteropathy, is not a feature of CUJ. Source: Freeman and Cho 1984 [254]. 
Reproduced with permission of John Wiley & Sons.
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congestive heart failure. Antihypertensive agents and diuretics 
can induce intestinal ischemia secondary to hypotension and 
hypovolemia. Drugs with direct vasoconstrictive effects, such 
as norepinephrine, dopamine, and intraarterial or intravenous 
vasopressin, reduce intestinal blood flow and can cause 
mesenteric infarction [287,288]. Digitalis glycosides can 
further reduce splanchnic flow in patients with congestive 
heart failure. Intestinal ischemia resulting from digoxin use 
may be reversed with nitroprusside and calcium channel 
blockers [285,289].

Cocaine
Cocaine is a lipophilic drug that is readily absorbed by mucosal 
surfaces, including the intestinal mucosa. It has potent stimula-
tory effects on the central nervous system because of inhibition 
of presynaptic reuptake of norepinephrine, dopamine, and sero-
tonin (5-HT) as well as increased synthesis of norepinephrine 
and dopamine [290,291]. Excessive sympathetic stimulation 
produces peripheral vasoconstriction and tachycardia, which 
can cause hypertension and nonocclusive intestinal ischemia 
[292]. Rebound vasodilation after intense vasoconstriction can 
further compromise intestinal perfusion.

Gastrointestinal manifestations of cocaine use include appe-
tite suppression, nausea, vomiting and hyperperistalsis, perfo-
rated gastroduodenal ulcers (most common in crack users 
[293]), enterocolitis, and hepatotoxicity [294,295]. Intestinal 
ischemia is a rare but serious complication of cocaine and 
crack abuse, and carries a 50% mortality if peritonitis ensues 
[295–302]. Life-threatening gastrointestinal problems are 
more likely to be encountered by “body packers.” Such persons 
transport illicit drugs by ingesting drug-containing packets or 
condoms or by inserting them in the rectum [292,303,304]. 
Complications include mechanical intestinal obstruction and 
rupture of a packet, which can release a lethal quantity of 
cocaine [304,305]. Signs of drug toxicity, mechanical intestinal 
obstruction, or marked leukocytosis, which may indicate the 
presence of gangrenous bowel, are indications for laparotomy 

drug-related lesions of the intestinal tract have been reviewed 
[273–278].

Drugs causing ischemia
Mechanisms by which drugs and toxins can produce occlusive 
or nonocclusive intestinal ischemia include induction of arterial 
vasoconstriction, systemic or splanchnic hypotension, and 
thrombosis of mesenteric vessels (see Chapter 128). Regardless 
of cause, the mortality rate from small bowel ischemia progress-
ing to bowel infarction ranges from 70% to 90% [279,280]. 
Delays in presentation and diagnosis and coexistent health 
problems account for this high mortality. Patients with drug-
induced mesenteric ischemia usually present with severe, poorly 
localized abdominal pain, low-grade fever, and hematochezia. 
Signs of peritonitis or abdominal distention secondary to ileus 
may be present. Evidence of intestinal perforation, obstruction, 
or ileus can be obtained by radiographic studies. The demon-
stration of bowel wall edema and thumbprinting, pneumatosis 
intestinalis, or portal venous gas are consistent with mesenteric 
infarction (Figure 69.5) [279]. Computed tomography is a reli-
able diagnostic method [281,282]. Radiographic studies may be 
normal in patients with nonocclusive ischemia, such as occurs 
with digitalis-induced mesenteric spasm and antihypertensive 
medications [283,284]. Mesenteric angiography may be needed 
to document digitalis-induced ischemia [285].

Besides measures specific to the offending agent, general sup-
portive measures include administration of fluids and oxygen, 
correction of electrolyte and acid–base disorders, and antibiotic 
therapy [279]. Surgical resection of infarcted small bowel is 
necessary, although most patients are very high-risk surgical 
candidates.

Cardiac drugs
Intestinal ischemia or infarction may result from drugs that 
produce or potentiate arterial vasoconstriction or hypotension 
[286]. The incidence of these side-effects is greatest when  
the splanchnic circulation is already compromised, such as in 

Figure 69.5 Acute spontaneous mesenteric venous thrombosis. (a) Involved jejunum shows separation of loops and thumbprinting. (b) Blurring of 
mucosal folds is seen in a distal zone of involvement. (c) Barium study of a surgical specimen shows thickening of mucosal wall and folds, 
thumbprinting, and pseudomembrane formation (arrows). Source: Pringot and Bodart 1989 [527]. Reproduced with permission of Elsevier.

(a) (c)(b)
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Anticoagulants
Gastrointestinal hemorrhage is a common complication of anti-
coagulant therapy with heparin or warfarin. Antiplatelet therapy 
with ticlopidine has been associated with chronic severe diarrhea 
that is related to altered motility but not to hemorrhagic com-
plications [325,326].The incidence of bleeding depends on the 
intensity of therapy, the adequacy of monitoring and dosage 
adjustment, the route of administration, concurrent drug 
therapy, and the gender, age, and underlying condition of the 
patient. The incidence of gastrointestinal bleeding requiring 
transfusion for medical inpatients without predisposing illness 
in the Boston Collaborative Drug Surveillance Program was 
1.2% and 0.2% for heparin and warfarin, respectively [327]. 
Minor gastrointestinal bleeding occurred in 8.3% and 3.3%, 
respectively. Gastrointestinal bleeding should be thoroughly 
investigated, even if it is a minor symptom, and regardless of 
the prothrombin time [328–332]. Most episodes of gastrointes-
tinal bleeding in patients who are taking anticoagulants are 
attributable to a demonstrable gastric or intestinal lesion 
[331,332].

The most common hemorrhagic small intestine complication 
is spontaneous or trauma-induced intramural hematoma [333], 
usually in the jejunum, presenting as intestinal obstruction 
[334–337]. This has been reported with both oral and parenteral 
anticoagulants in the setting of supratherapeutic coagulation 
parameters. The relative fixation of the descending duodenum 
is responsible for a higher susceptibility to intramural hematoma 
in response to blunt abdominal trauma [333]. Hematomas may 
cause colicky abdominal pain and symptoms secondary to 
intestinal obstruction. Biliary symptoms or pancreatitis may 
result from obstruction of the biliary or pancreatic ducts. Minor 
intestinal bleeding is detected in 25%, and major bleeding 
occurs in 3.5% [338]. Patients may present with an acute 
abdomen that can be differentiated from other causes by the 
more gradual onset of symptoms and the acute decrease in 
hematocrit [339].

Abdominal tenderness, low-grade fever, and a palpable 
abdominal mass are common physical findings. Evidence of 
proximal small bowel obstruction may be present on plain 
abdominal radiographs. An upper gastrointestinal series may 
show the classical coiled-spring, picket-fence, or stack-of-coins 
sign (Figure 69.6), caused by extravasation of blood into the 
valvulae conniventes, narrowing the lumen with spike-like pro-
jections of barium outlining the normal caliber of the lumen 
[328,333]. CT scans provide an accurate diagnosis, and findings 
may include circumferential wall thickening, intramural 
hematomas, and luminal narrowing [335]. Serial ultrasound 
examinations can be useful for monitoring the behavior of the 
hematoma [340].

Conservative medical management is usually sufficient 
because most hematomas undergo spontaneous reabsorption, 
with resolution of symptoms within 3 weeks. Reversal of anti-
coagulation with fresh-frozen plasma and vitamin K, intrave-
nous hydration, and continuous nasogastric suction are 

[287]. Asymptomatic patients should be treated with activated  
charcoal to bind any leached drug and with mild cathartics  
to stimulate gastrointestinal transit [287,303]. Abdominal 
radiographs may reveal evidence of intestinal obstruction or 
ileus as well the pathognomonic “double-condom sign” 
[306–308].

Ergotamines
Ergot alkaloids such as ergotamine, dihydroergotamine, methy-
lergonovine, and methysergide are used in the symptomatic 
treatment or prevention of migraine headaches. However, due 
to side-effects, numerous contraindications and the introduc-
tion of more efficacious drugs, their clinical use has been sharply 
reduced [309]. Common intestinal complications of ergots 
include abdominal pain, nausea, and vomiting. There are several 
reports of bowel infarction after administration of large doses 
of ergots [310].

Oral contraceptives
Oral contraceptives have been reported to cause small intestine 
infarction and, more commonly, segmental colitis [311]. The 
mechanisms are not known, although mesenteric arterial occlu-
sion [312–315] or mesenteric venous thrombosis [316–320] is 
often present. Progestins cause arterial occlusion, whereas 
estrogens can produce both arterial and venous occlusion 
[321,322]. Mechanisms that have been implicated include 
hypercoagulability, reduced mesenteric venous blood flow, and 
endothelial proliferation [314,323]. The risk is increased by 
ancillary factors such as collagen-vascular disease, hypercoagu-
lable states, smoking, and hypertension [324]. The duration of 
contraceptive use is not an independent risk factor and does not 
correlate with the severity of symptoms [314].

The diagnosis should be considered in contraceptive users 
presenting with poorly localized colicky abdominal pain, 
bloody diarrhea, or hematochezia. Fever is often present, and 
presenting symptoms also may include nausea and vomiting 
[315]. Although abdominal pain may be present for several 
weeks or months, pain serious enough to warrant hospitaliza-
tion is usually of recent onset. Results of laboratory studies, 
including platelet count, prothrombin time, and partial throm-
boplastin time, are usually normal [315]. The diagnosis 
depends on the demonstration of intestinal ulceration or 
ischemia in contraceptive users. Abdominal radiographs may 
demonstrate bowel wall thickening or ileus. Ulceration, which 
may be detected with contrast studies, is usually continuous 
in involved segments [315]. The diagnosis of small intestinal 
infarction may rarely be made at exploratory laparotomy for 
an acute abdomen [320].

Oral contraceptives should be discontinued and supportive 
therapy initiated. Although mesenteric ischemia may be 
reversible, the mortality rate in severe cases is almost 50% 
[315]. The risk of thromboembolic complications decreases to 
normal levels within 1 month of discontinuation of oral con-
traceptives [323].



1358   PART 4 Gastrointestinal diseases

sufficient for management of most patients. Surgical interven-
tion may be required if there is complete intestinal obstruction 
or if conservative medical management fails to resolve intestinal 
bleeding, obstructive symptoms, or fever [330,338].

Drugs causing motility disorders
Drug-induced intestinal pseudoobstruction can occur as 
follows: with use of anticholinergic drugs; or with anticholiner-
gic effects such as phenothiazines and tricyclic antidepressants, 
as well as opioids, verapamil, and clonidine; and, occasionally, 
with initiation of cyclosporine therapy. Neurotoxicity induced 
by such drugs as vincristine can also produce intestinal pseu-
doobstruction [341], which frequently appears within 3 days of 
the initiation of therapy and resolves within 2 weeks after the 
cessation of therapy. Direct toxicity to the enteric nervous 
system is probable because evidence of peripheral nerve  
dysfunction is not always present in patients with this 
complication.

Opioid-induced bowel dysfunction includes constipation, 
nausea, vomiting, gastroesophageal reflux, delayed gastric 
emptying, and narcotic bowel syndrome [342,343]. The nar-
cotic bowel syndrome occurs with chronic use of narcotic 
analgesics and is characterized by chronic or recurring 
abdominal pain that may associated with intermittent vomit-
ing, weight loss, and other symptoms suggestive of intermit-
tent pseudoobstruction [344]. Poorly localized chronic 
abdominal pain that is colicky, with acute exacerbations, is 
typically the major symptom. Although the pain is initially 
responsive to narcotic analgesics, with continued narcotic use 
the syndrome is exacerbated by the need for progressively 
larger doses for pain relief. The differential diagnosis includes 
biliary colic, pancreatitis, peptic ulcer disease, and renal 
calculi; however, the history, physical examination, and labo-
ratory tests are usually not consistent with these entities. 
Abdominal radiographs typically are consistent with ileus and, 
on rare occasions, with mechanical small bowel obstruction 
[344]. The diagnosis of narcotic bowel syndrome is readily 
made with an intake history of more than 2 weeks of moder-
ate to heavy doses of narcotics and a workup that excludes 
more serious disorders [344].

Narcotic withdrawal is essential for treatment of narcotic 
bowel syndrome [345]. On withdrawal of these drugs, the 
patient may experience vomiting, diarrhea, and cramping 
resulting from increased intestinal motility [344]. These symp-
toms can be markedly reduced or abolished by the α2-adrenergic 
receptor agonist, clonidine [346,347]. Alternative analgesics are 
introduced and opiates are discontinued [345], and clonidine is 
gradually increased from 0.1 mg twice daily to 0.1 mg four times 
daily [346]. After 1 week of therapy, the dose is tapered over 3 
days. Narcotic bowel syndrome and withdrawal symptoms can 
be successfully treated in 90%–95% of patients with this regimen. 
Metoclopramide, narcotic antagonists, and rotating opioid use 
have been used with variable benefit in patients with cancer 
[348,349].

Figure 69.6 Small intestine intramural hematoma in a patient with a 
prothrombin time internationalized ratio of 14.6 due to coumadin 
therapy. (a) Abdominal CT scan demonstrating circumferential and 
homogeneous jejunal wall thickening. (b) Jejunal contrast study obtained 
5 days later demonstrating the “stack of coins” appearance due to 
thickened mucosal folds. (c) Endoscopic views obtained using double-
balloon enteroscopy demonstrate the erythematosus and edematous 
jejunal segment corresponding to the images in (a) and (b). Source: 
Beeken et al. 1972 [439]. Reproduced with permission of Springer 
Science + Business Media.

(a)

(b)

(c)
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unusual in that the onset of diarrhea often lags the initiation of 
therapy by several years [365].

Clofazimine, when used in high doses for the treatment of 
leprosy, can cause a distinctive enteropathy characterized by  
red brown birefringent crystals in the small bowel mucosa and 
submucosa as well as in the mesenteric lymph nodes [368]. 
Clofazimine enteropathy is associated with nonspecific clinical 
and radiological signs including diarrhea, abdominal pain, ano-
rexia, vomiting, and weight loss but not clinically significant 
malabsorption [369].

The clinical significance of drug-induced malabsorption is 
influenced by such variables as baseline nutritional status and 
dietary intake, underlying disorders that interfere with intesti-
nal function, and pharmacological considerations such as drug 
dosage and schedule and duration of therapy. Awareness of the 
nutritional consequences of drug therapy facilitates the preven-
tion and early detection of these disorders. For some drugs, 
prophylactic nutritional supplementation is reasonable. For 
example, patients treated on a long-term basis with sulfasala-
zine, phenytoin, or colestipol should receive folic acid, and 
patients receiving the latter two drugs should also receive 
vitamin D supplementation.

Chemotherapeutic agents
Most chemotherapeutic agents produce cytotoxic effects in 
normal cells because they have low therapeutic indices. Cells 
that have a high turnover rate, such as those of the small intes-
tine crypt epithelium, are particularly vulnerable to drugs that 
inhibit cell proliferation. The magnitude of gastrointestinal tox-
icity is highly variable and is affected by dose, duration of treat-
ment, specific agents used, concurrent radiotherapy, and 
nutritional status of the patient. Nausea and vomiting are 
common acute side-effects of antineoplastic drugs and are 
mediated in part by the chemoreceptor trigger zone in the brain. 
These symptoms predominate in the early stages of therapy. 
After a single course of therapy, intestinal mucosal damage is 
usually evident within the first 3 days. Regeneration and repair 
occur rapidly after cessation of therapy, with grossly normal 
mucosa present by 14 days, although inflammatory changes 
may be present for several weeks [370].

Erosive enteritis, with or without stomatitis, presents with 
abdominal pain, bleeding, vomiting, ileus, or diarrhea. It is most 
common with methotrexate therapy but is also seen with 
5-fluorouracil, irinotecan, actinomycin D, doxorubicin, cytara-
bine (cytosine arabinoside; Ara-C), bleomycin, and vincristine. 
These chemotherapeutic agents are also associated with other 
complications. Thus methotrexate is associated with malabsorp-
tion (discussed in the previous section), and irinotecan also 
causes cholinergically mediated diarrhea within hours of infu-
sion in ∼50% of patients [371], in addition to late-onset secre-
tory and exudative diarrhea (7–10 days posttreatment), possibly 
related to direct cytotoxicity mechanisms [372,373]. The erosive 
enteritis associated with cytarabine when it is used in combina-
tion regimens occurs within 8–11 days from the start of therapy 

Drugs causing malabsorption
Drug-induced malabsorption of nutrients, electrolytes, and 
concurrently used medications occurs by several different 
mechanisms [283,315,350,351]. These include intraluminal 
interactions that interfere with the solubilization, digestion, or 
transport of nutrients; increased rate of intestinal transit; 
mucosal injury; direct inhibition of absorptive processes; and 
inhibition of gastric, biliary, or pancreatic secretions. Drugs that 
impede nutrient assimilation by direct interaction include tet-
racycline, which chelates calcium ions; cholestyramine, which 
binds to bile salts, iron, and vitamin B-12; mineral oil, which 
reduces the solubilization of β-carotene and fat-soluble vita-
mins; and aluminum and magnesium hydroxide, which precipi-
tate calcium and phosphate ions. In addition, the therapeutic 
benefit of some drugs derives directly from their ability to 
impair digestion (e.g., α-glucosidase inhibitors such as acarbose 
and lipase inhibitors such as orlistat). Prokinetic agents and 
cathartics can impair fat absorption by increasing intestinal 
transit [352]. Mucosal injury resulting in diminished nutrient 
absorption has been reported with drugs such as colchicine, 
neomycin, and methotrexate. Colchicine inhibits mitosis and 
brush border disaccharidases and impairs absorption of fat, 
vitamin B-12, β-carotene, d-xylose, lactose, bile salts, and ster-
oids [353]. Neomycin is thought to cause brush border damage 
by inhibiting enterocyte protein synthesis [354,355], as well as 
to impair micellar solubilization of bile salts, cholesterol, fatty 
acids, and fat-soluble vitamins by directly binding to bile salts. 
Azotorrhea and decreased d-xylose absorption also can occur 
with neomycin. The degree of malabsorption with neomycin is 
dose related and can be seen with as little as 3 g/day [354]. 
Discontinuation of the drug typically reverses the malabsorp-
tion and diarrhea.

Methotrexate decreases the height of intestinal microvilli and 
brush border membrane protein and lipid content. Other drugs 
that produce histological changes in the jejunal mucosa associ-
ated with fat malabsorption include methyldopa [356], allopu-
rinol [357], and mefenamic acid [358]. The histological features 
of mefenamic acid enteropathy closely resemble those associ-
ated with celiac disease. Sodium aminosalicylate [359] and thi-
azide diuretics, which impair ileal vitamin B-12 and sodium 
transport, respectively, are examples of drugs that directly 
inhibit nutrient transport. A reported case study convincingly 
showed that azathioprine therapy induced small bowel villus 
atrophy that was associated with severe diarrhea, and malab-
sorption and was reversed with drug discontinuation [360]. The 
use of mycophenolate mofetil in renal transplant patients is 
frequently associated with diarrhea. Villus atrophy has been 
documented in some of these patients and colitis in others 
[361–364]. Similarly, the angiotensin receptor blocker olme-
sartan medoxomil has been associated with a severe sprue-like 
enteropathy characterized by late-onset diarrhea and weight 
loss with villus atrophy [365–367]. Patients often had micro-
scopic colitis and lymphocytic gastritis in addition to severe 
enteritis [365]. Olmesartan medoxomil-related diarrhea is 
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previous figures [382]. These observations have firmly estab-
lished that this organism is a causative agent of acute jejunitis. 
The agent has also been isolated from children in Bangladesh 
with nonnecrotizing diarrheal illnesses [395]. Nevertheless, 
there are patients who have an identical syndrome without evi-
dence of C. perfringens type C infection or the β-toxin [396]. C. 
perfringens type A, which does not produce the β-toxin, was 
implicated as the causative agent in adult patients with an NEC–
like illness involving the small bowel and colon [387,397]. A 
newer cytotoxin isolated from Bacillus cereus has been identi-
fied as another putative cause of acute jejunitis [398]. Additional 
factors associated with development of acute jejunitis include 
ingestion of foods containing trypsin inhibitors (e.g., sweet 
potatoes), reduced gastric acidity, and reduced gastrointestinal 
motility [386].

Acute jejunitis, with or without colonic involvement, occurs 
sporadically and in epidemics. Illness is characterized by bloody 
diarrhea, fever, and abdominal pain, with a high mortality rate 
(58%) [381]. Nonocclusive small intestinal ischemia resulting  
in necrosis of varying severity, with areas of full-thickness 
necrosis, is usually found. Early recognition, treatment with 
antibiotics, and surgical resection are essential for successful 
treatment.

Neonatal NEC is a disease of focal or diffuse small intestine 
ulceration and necrosis that is seen almost exclusively in pre-
mature infants and low-birth-weight neonates who have been 
fed enterally. Similar pathophysiological mechanisms may be 
operative in adult necrotizing enteropathies. The putative 
causes, clinical presentation, differential diagnosis, pathology, 
and management of NEC are discussed in several excellent 
reviews [399–412]. The key features and merits of the major 
NEC models was also the subject of a comprehensive review 
[413].

The cause of NEC is unknown, but several factors appear to 
be implicated, including disruption of the intestinal barrier 
related to prematurity, intestinal ischemia, infectious agents, 
and the introduction of enteral nutrition, which promotes bac-
terial proliferation [409,414,415]. However, a randomized trial 
and subsequent reviews [416,417] are at odds with earlier case–
control studies, suggesting that stressed infants are at greater 
risk of developing NEC if enteral feedings are advanced rapidly 
or if excessive volumes are used [418–421].

The pathogenesis of NEC is clearly multifactorial, and sus-
ceptibility of individual patients to NEC is probably also 
dependent on unidentified host factors [414,415]. For example, 
prospective studies that reported a reduced incidence and sever-
ity of NEC in neonates randomized to receive probiotics support 
a role for alterations of the gut flora in the pathogenesis and 
treatment of this disorder [422–426]. Based on observations 
such as these, the role of the gut microflora has been the subject 
of many recent studies [427–429]. Successful delineation of 
these factors and other pathogenic mechanisms should improve 
the ability to prevent and treat NEC and should provide insight 
into the mechanisms of similar disorders seen in adults.

and is associated with hypokalemia, hypocalcemia, PLGE, and 
a syndrome characterized by telangiectasis and intramural 
hematomas [374]. Recombinant interleukin-2, which is used for 
treatment of advanced renal cell carcinoma, has been associated 
with intestinal ischemia, necrosis, perforation, and diffuse 
bowel ulceration requiring surgery [375]. These complications 
have occurred with interleukin-2 alone or in combination with 
interferon-γ or lymphokine-activated killer cells. Cyclosporine-
induced vasoconstriction can contribute to the development of 
nonocclusive mesenteric ischemia in renal transplant recipients 
[376]. Vincristine can induce acute intestinal pseudoobstruc-
tion (as already discussed). Preconditioning for bone marrow 
transplantation with cyclophosphamide and total-body irradia-
tion produces diffuse intestinal injury. Symptoms, including 
crampy abdominal pain, watery diarrhea, and anorexia, are 
common within the first 3 weeks after transplantation. 
Symptoms that persist beyond 3 weeks should be investigated 
to rule out enteric infection or other intestinal disorders. 
Neutropenic enterocolitis or typhlitis is most frequently encoun-
tered after chemotherapy for leukemia or lymphoma. Diffuse 
patchy mucosal necrosis involving the ileocecal region is  
associated with nonspecific symptoms and fever, nausea,  
vomiting, right lower quadrant pain, and hematochezia.  
Colon complications resulting from these drugs are discussed 
in Chapter 74.

Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) is also referred to as pigbel, 
enteritis necroticans, darmbrand, nonspecific jejunitis, epidemic 
regional jejunitis, Pasini regional jejunitis, and necrotizing jeju-
nitis. Although there were numerous European outbreaks during 
and after World War II [377], acute jejunitis is largely a problem 
in nonindustrialized nations [378–380]. Outbreaks are most 
frequent in communities in which protein deprivation and poor 
food hygiene are prevalent [381]. The disease was a major cause 
of illness and death among children in the highlands of Papua 
New Guinea until immunization against the β-toxin of the caus-
ative organism, Clostridium perfringens, was begun in 1980 
[382]. Isolated cases continue to be reported from industrialized 
nations, although detection of the causative organism is not 
always reported [383–386]. Well-documented North American 
cases include a 12-year-old boy with poorly controlled diabetes 
who had eaten pig intes  tines (chitterlings) [386] and four previ-
ously healthy adult males [387].

C. perfringens type C (initially identified as C. welchii type F) 
is a heat-resistant bacterium that can often be isolated from the 
tissues, stool, and food of affected patients [388–392]. One sixth 
of healthy persons were shown to harbor a less pathogenic 
strain. A similar illness attributed to pathogenic strains of this 
organism has been described in certain animal species [393,394]. 
Immunization against the β-toxin resulted in a reduction in 
hospital admissions for acute jejunitis to less than one-fifth of 
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tinal carcinomas and inflammatory disorders such as Crohn’s 
disease and ulcerative colitis. Increased enteric protein loss and 
increased catabolism are the primary contributors to the 
hypoalbuminemia and reduced protein pools that are seen in 
these disorders. In the case of inflammatory bowel disease, the 
magnitude of enteric protein loss is most significant, and it is 
directly related to the extent and activity of mucosal inflamma-
tion [438,439].

Nonulcerative diseases such as Ménétrier disease [440], 
atrophic gastritis, tropical sprue, celiac disease, allergic gastro-
enteritis, eosinophilic gastroenteritis, collagenous colitis, and 
polyposis syndromes including Cronkhite–Canada syndrome, 
juvenile polyposis, and Peutz–Jeghers syndrome have also  
been associated with PLGE [440–449]. In addition to neu-
rological symptoms, defects in glycoprotein biosynthesis  
(the carbohydrate-deficient glycoprotein syndromes) can also 
present with severe PLGE [450].

Acute and chronic intestinal infections can result in PLGE, 
including acute staphylococcal, Salmonella [430], and Shigella 
[451] infections. The incidence of PLGE is species and strain 
dependent; for example, Shigella dysenteriae type 1 infections 
cause greater loss of enteric protein than do other strains [451]. 
Both pseudomembranous colitis and possibly asymptomatic 
colonization by C. difficile can result in enteric loss of protein 
[452,453]. In a study of elderly nursing home patients, PLGE 
was documented in all 12 patients with pseudomembranous 
colitis, in six of 14 with C. difficile diarrhea without pseu-
domembranes, and in six of 12 colonized with C. difficile without 
toxin or diarrhea [453]. However, in a prospective case–control 
study, PLGE was associated with symptomatic C. difficile infec-
tion (19 of 20 patients) but not with asymptomatic colonization 
(0 of 10 patients) [454]. Parasitic diseases with documented 
PLGE include Strongyloides stercoralis infection [455], schisto-
somiasis [456,457], and giardiasis [458–460]. Acute viral ill-
nesses, including cytomegalovirus, measles, and varicella, also 
have been linked to PLGE [461–465]. Small bowel bacterial 
overgrowth can also be associated with PLGE [466].

PLGE has been well documented in patients with SLE [467–
478]. It occurs most commonly in young women and it may be 
the initial clinical manifestation of SLE. Fifty percent of these 
patients present with steroid-responsive diarrhea without stea-
torrhea [479]. Mixed connective tissue disease [480,481], 
Henoch–Schönlein purpura [482], and other collagen-vascular 
diseases also can be complicated by PLGE [483]. Another cause 
of PLGE is secondary amyloidosis complicated by small intes-
tinal tract ulcers, resulting from arteriole and lymphatic infiltra-
tion with amyloid deposits [484,485]. PLGE also has been seen 
in association with mesenteric vascular changes resulting from 
neurofibromatosis [486] and idiopathic mesenteric throm-
bophlebitis [487].

Diseases that produce disruption of intestinal lymphatic 
vessels or obstruction of lymph flow are an additional cause of 
PLGE. Tortuous, dilated mucosal and submucosal lymphatic 
vessels are the hallmark of primary intestinal lymphangiectasia 

Protein-losing gastroenteropathy

Definition
Protein-losing gastroenteropathy (PLGE) is a syndrome charac-
terized by enteric loss of plasma proteins in abnormal amounts. 
Many intestinal and extraintestinal diseases may be associated 
with PLGE, and treatment is aimed almost exclusively at the 
underlying disorder. The recognition of PLGE mandates a 
careful search for an associated illness.

The defining characteristic of PLGE is hypoproteinemia 
resulting from gastric or intestinal losses. Studies of iodine 131-
labeled albumin secretion identified the stomach as the site of 
excessive protein loss in patients with hypertrophic gastritis and 
atrophic gastritis and the intestine as a site of loss in patients 
with inflammatory bowel disease.

Under physiological conditions, sloughed enterocytes, and 
pancreatic and biliary secretions account for almost all the 
endogenous protein that is found in the intestine. Most of these 
proteins are digested, and the constituent amino acids are rea-
bsorbed [430,431]. Gastrointestinal loss of serum proteins, as 
indicated by measuring serum albumin kinetics, accounts  
for less than 10% of daily protein catabolism [432–436]. 
Gastrointestinal losses may increase four- to fivefold in patients 
with PLGE. Hypoproteinemia results if the capacity to increase 
protein synthesis is not sufficient to compensate for increased 
intestinal protein losses. For example, albumin synthesis is 
increased no greater than twofold in patients with PLGE [437].

Etiology
Most gastrointestinal disorders associated with PLGE cause 
exudative protein losses secondary to ulcerative or nonulcera-
tive enteropathies or secondary to lymphatic obstruction  
or increased lymphatic hydrostatic pressure (Box 69.2). 
Enteropathies resulting in PLGE include ulcerating gastrointes-

Box 69.2 Causes of protein-losing enteropathy.

Increased interstitial pressure
Congenital intestinal lymphangiectasia, mesenteric lymphatic 
obstruction, tuberculosis, sarcoidosis, lymphoma, retroperitoneal 
fibrosis, increased central venous pressure, constrictive pericarditis, 
congestive heart failure, Fontan procedure

Ulcerative diseases
Erosive gastritis or enteritis, H. pylori-associated gastritis, neoplasia-
carcinoma or lymphoma, Crohn’s disease, pseudomembranous 
enterocolitis, acute graft-versus-host disease

Nonulcerative diseases
Giant hypertrophic gastropathy (Ménétrier disease), viral enteritides, 
bacterial overgrowth, parasitic diseases (malaria, giardiasis, 
schistosomiasis, helminth infections), cystic fibrosis, Whipple disease 
(see also lymphatic obstruction), allergic enteritis, eosinophilic 
gastroenteritis, gluten-sensitive enteropathy, tropical sprue, systemic 
lupus erythematosus



1362   PART 4 Gastrointestinal diseases

pressed because α1-antitrypsin is degraded at a pH below 3 
[501–503]. The α1-antitrypsin concentration in stool and the 
plasma clearance of α1-antitrypsin were compared in healthy 
persons and in consecutive patients with chronic diarrhea, mal-
absorption, or unexplained hypoalbuminemia [504]. The 
plasma clearance is the product of daily stool volume and stool 
α1-antitrypsin concentration divided by the serum α1-
antitrypsin concentration [505]. In contrast to earlier studies 
[506–508], there is ample evidence that analysis of fecal α1-
antitrypsin concentration is not a reliable substitute for meas-
urement of α1-antitrypsin clearance [504]. There is a highly 
significant correlation between α1-antitrypsin clearance and 
serum albumin concentration and fecal loss of radiolabeled 
albumin. When the α1-antitrypsin clearance was elevated more 
than threefold, serum albumin levels were less than 3.0 g/dL. 
α1-Antitrypsin clearance levels may be increased in otherwise 
healthy persons with diarrhea secondary to ingestion of  
lactulose, sorbitol, sodium sulfate, or phenolphthalein [504]. 
Clearance levels also may be overestimated if hematochezia or 
meconium is present.

Clinical studies indicate that PLGE can also be diagnosed and 
the sites of albumin loss can occasionally be determined scinti-
graphically using 99mTc-labeled albumin or dextran [509–514]. 
In a retrospective study, scintigraphy was more sensitive (100% 
vs 46%) and had a higher negative predictive value (100% vs 
63%) when compared to fecal α1-antitrypsin clearance in a 
cohort of 19 patients with suspected PLGE who had undergone 
both tests [515]. Alternative diagnostic methods employing 
radiolabeled substrates for quantitating enteric protein loss 
remain useful research tools, and they are seldom used for clini-
cal purposes.

Once the diagnosis of PLGE is established, conventional 
imaging modalities including esophagogastroduodenoscopy, 
CT scans, and small bowel enterography can often provide a 
diagnosis. Based on a study examining multiple modalities in 
25 patients with PLGE, the following diagnostic sequence was 
recommended: EGD and colonoscopy, followed by enteroclysis 
and videocapsule endoscopy, after confirmation of the absence 
of strictures, and finally double-balloon enteroscopy with biopsy 
[516]. The latter procedure yielded a diagnosis in 88% of the 
patients and of these 44% were not diagnosed by any of the 
other modalities.

Therapy
There is no specific therapy for PLGE. Optimal therapy of the 
primary illness is the only effective remedy. For example, PLGE 
associated with autoimmune diseases (e.g., CREST syndrome 
[calcinosis, Reynaud phenomenon, esophageal dysmotility, 
sclerodactyly, and telangiectasia] and SLE) has been successfully 
treated by aggressive immunosuppressive regimens including 
steroids, cyclosporine, azathioprine, and/or cyclophospha-
mide [467,476,477,517–519]. Octreotide and medium-chain 
triglycerides were beneficial when added to immunosuppres-
sive therapy in a patient with SLE [468]. Severe PLGE with 

(see Chapter 5). Most patients with this disease present by 30 
years of age with edema, diarrhea, hypoproteinemia, and lym-
phocytopenia resulting from epithelial leakage and lymphatic 
rupture [488]. A similar lesion has been implicated as the mech-
anism of enteric protein loss in some patients with systemic 
sclerosis and SLE [489,490].

A variety of retroperitoneal processes that also interfere with 
lymphatic flow for the intestine can result in PLGE. Inflammatory 
granulomatous diseases such as sarcoidosis and mesenteric 
tuberculosis cause PLGE [491,492], producing retroperitoneal 
lymph node enlargement or fibrosis. Similarly, Whipple disease 
[493,494], lymphoma [495], endometriosis of the small intes-
tine [496], and Crohn’s disease [438,497] impair lymphatic 
egress by causing mechanical obstruction or increased hydro-
dynamic pressure. Other retroperitoneal processes, including 
pancreatitis, pancreatic cancer, and other retroperitoneal 
tumors, also can present with PLGE.

PLGE can also result from processes that cause significant 
chronic elevation of venous pressure including right-sided con-
gestive heart failure, constrictive pericarditis, superior vena 
caval obstruction, and other causes of elevated central venous 
pressure [498,499].

Clinical features
The major clinical manifestation of PLGE is dependent edema 
resulting from decreased plasma oncotic pressure. Although all 
plasma proteins are usually lost, selective loss of low-molecular-
weight proteins may occur without lymphatic obstruction. 
Proteins with short circulating half-lives such as IgE and insulin 
are typically maintained at near normal levels. Proteins such as 
albumin, some immunoglobulins (IgM, IgG, and IgA), fibrino-
gen, ceruloplasmin, and α1-antitrypsin that have long circulat-
ing half-lives and a limited capacity for increased synthesis are 
most likely to exhibit depressed levels. Decreased levels of pro-
teins other than albumin are rarely symptomatic, although in 
the setting of lymphatic obstruction, symptomatic lymphopenia 
and steatorrhea may be present.

Diagnosis
Edema and hypoproteinemia resulting from enteric protein loss 
are presenting manifestations of PLGE, but they are often  
minor aspects of the underlying disease. The diagnosis should 
always be considered in hypoalbuminemic patients if other 
causes such as malnutrition or protein loss from other sites are 
not apparent.

If it is necessary to document intestinal protein losses, the 
preferred clinical method is to quantitate fecal α1-antitrypsin 
clearance. α1-Antitrypsin is particularly valuable because it con-
stitutes approximately 4% of serum proteins, has a molecular 
weight similar to that of albumin, is resistant to degradation by 
gut proteases, is not actively absorbed or secreted, is normally 
present in low quantities in stool, and is easy to assay [500]. For 
detecting protein-losing gastropathy, particularly in patients 
with Zollinger–Ellison syndrome, acid secretion must be sup-
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intractable diarrhea due to systemic AA amyloidosis has also 
been successfully treated with corticosteroids and octreotide 
[520]. In the case of Ménétrier disease, octreotide and eradica-
tion of Helicobacter pylori may reduce enteral protein losses 
[521,522]. Prophylactic measures to avoid complications result-
ing from peripheral edema should be instituted. In the setting 
of lymphangiectasia, reduction of lymphatic transport may 
reduce enteric protein loss. Low-fat diets supplemented with 
medium-chain triglycerides may be beneficial in this setting 
[523,524]. Surgical drainage of dilated lymphatic channels (lym-
phovenous anastomosis) is occasionally helpful [497,525]. 
Practical issues related to the diagnosis and management of 
PLGE of different etiologies were well-presented in a series of 
case studies [526].

References are available at www.yamadagastro.com/textbook
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Inflammatory bowel diseases (IBD) are chronic immune-
mediated diseases with their onset usually during young adult-
hood and a lifelong course characterized by periods of remission 
and relapse [1,2]. The two main forms of IBD are Crohn’s disease 
and ulcerative colitis. Crohn’s disease can involve any part of the 
gastrointestinal tract, but most commonly the ileum and proxi-
mal colon. It is represented histologically by transmural inflam-
mation and frequent presence of granulomas. Its course is 
characterized by progressive bowel damage, which leads to 
complications including the development of perianal fistulae, 
internal fistulae, strictures, and abscesses (Figure 70.1) [1,2]. In 
contrast, ulcerative colitis, despite having significant shared 
genetic risk with Crohn’s disease, is characterized primarily by 
inflammation that is limited in depth to the submucosa and is 
restricted to involvement of the colon alone, often with its onset 
in the rectum. Complications associated with transmural 
inflammation, such as strictures or fistulae, do not occur with 
ulcerative colitis.

The incidence of ulcerative colitis in North American and 
Europe ranges from 0.6 to 24.3 per 100 000 persons, with a lower 
incidence of 0.1–6.3 per 100 000 persons in Asia [2–5]. Crohn’s 
disease has a similar incidence, ranging from 0.3 to 20.2 per 
100 000 persons in North America and 0–5.0 per 100 000 
persons in Asia [2–5]. However, worldwide there is a trend 
towards increasing incidence of both ulcerative colitis and 

Crohn’s disease with a recent systematic review concluding that 
75% of the studies of Crohn’s disease and 60% of those with 
ulcerative colitis confirm a secular trend in incidence of disease 
[3]. Epidemiological trends in disease distribution offer insights 
into the pathogenesis of IBD. Regions, particularly in Asia,  
witnessing the most significant increase in incidence and  
prevalence are genetically distinct from regions traditionally 
considered high-risk, namely Europe and North America, sug-
gesting changing external or internal environment (microbi-
ome) along with genetics contribute to disease pathogenesis. 
The peak age of diagnosis of Crohn’s disease is 20–30 years, and 
about a decade later, 30–40 years, for ulcerative colitis. A 
bimodal peak in incidence has been described in some but not 
all studies. Ethnic differences in the incidence of both diseases, 
with a greater incidence in the Jewish population than non-
Jews, also suggest the role of heredity and genetics in the patho-
genesis of these diseases.

It is increasingly clear, based on progress made through many 
approaches in recent years, that a key pathogenic mechanism 
underlying development of IBD is the loss of tolerance and 
dysregulation of the immune response to commensal intestinal 
flora in genetically susceptible individuals. Thus, the pathogen-
esis of these complex diseases requires the interaction of host 
genetics, immune dysregulation, internal microenvironment 
(the gut microbiome), as well as the external environment. The 
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past decade has seen substantial advances in our understanding 
of the pathogenesis of IBD, and in particular the complex inter-
action with functional alternations in the immune system. 
Genome-wide association studies (GWAS) have identified 163 
distinct loci that confer risk of, or protection from, the develop-
ment of Crohn’s disease and ulcerative colitis, with a substantial 
portion of these loci common to both diseases [6]. The role of 
genetics in the development of these diseases appears greater 
for Crohn’s disease than ulcerative colitis. The concordance rate 
in monozygotic twins is 30%–35% for Crohn’s disease compared 
to only 10%–15% for ulcerative colitis. Nevertheless, family 
history remains the strongest predictor of IBD, although only 
10% of patients have an affected first-degree relative [7]. If one 
parent is affected with IBD, the risk of a child developing the 
disease ranges from 2 to 13-fold, the incidence in the general 
population. This risk increases to as much as 36% if both parents 
have IBD. However, risk varies both by type of IBD and ethnic-
ity. In a large study of 527 patients, the lifetime risk of develop-
ing IBD was 5.2% in relatives of probands with Crohn’s disease 
compared to 1.6% in those with ulcerative colitis [8]. However, 
both rates were higher among Jews (7.8% and 4.5%) than non-
Jews [8].

The overall limited concordance, even in monozygotic twins, 
along with the relatively rapid temporal changes in disease inci-
dence over the past six decades and the changes in disease risk 
with migration, suggest that environmental factors play an 
important role in disease pathogenesis. Smoking is the earliest 
and most consistently described risk factor, yet interestingly has 
a divergent effect on Crohn’s disease and ulcerative colitis [2,9], 
increasing the risk of the former and decreasing the risk of the 
latter. Other environmental influences have also been described 
and could potentially mediate their influence through their 
effect on immune function, such as between smoking and 
autophagy, or through influencing the pattern of intestinal 
microbiome, such as diet. Thus, complex interactions exist 

Figure 70.1 Progression of stricturing and penetrating complications in patients with ileal and colonic Crohn’s disease. Source: Cosnes et al. 2011 [2]. 
Reproduced with permission of Elsevier.
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between the different components involved in the pathogenesis 
of these diseases.

Serology in inflammatory bowel diseases

Most of the serological biomarkers identified in Crohn’s disease 
are antibodies directed against microbial targets. In contrast,  
the spectrum is much narrower in ulcerative colitis and is 
restricted to the perinuclear antineutrophil cytoplasmic anti-
body (pANCA). The most common antimicrobial antibody in 
Crohn’s disease is the anti-Saccharomyces cerevisiae antibody 
(ASCA IgA and IgG) first reported by Main et al. in 1988, which 
is directed against the cell wall of the yeast Saccharomyces [10]. 
They are present in 29%–69% of patients with Crohn’s disease 
and 0%–29% of patients with ulcerative colitis, but may also be 
seen in 0%–23% of patients with other gastrointestinal diseases 
limiting their utility in diagnosis and screening [11]. Additional 
antibodies offer clues regarding the role of the microbiome. The 
anti-OmpC antibody against the OmpC transport protein of 
Escherichia coli is seen in 24%–55% of patients with Crohn’s 
disease, consistent with studies demonstrating an increased 
prevalence of adherent-invasive E. coli (AIEC) in patients with 
ileal Crohn’s disease. The anti-CBir1 antibody identified in 
50%–56% of patients with Crohn’s disease is directed against the 
bacterial flagelin Cbir1. Less commonly found antibodies are IgA 
antibodies against the various carbohydrates present in the bac-
terial cell wall, including antilaminaribioside carbohydrate IgG 
antibodies (ALCA), antichitobioside carbohydrate IgA antibod-
ies (ACCA), and antimannobioside carbohydrate IgG antibodies 
(AMCA) [12]. These are found in smaller proportions of patients 
with Crohn’s disease (5%–20%), but these markers may have 
utility in patients who are negative for ASCA [11] (Table 70.1).

The development of the antibodies may precede the diagnosis 
of IBD [13]. In addition, higher titers of the antibodies and the 
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presence of multiple antimicrobial antibodies are associated 
with a more aggressive phenotype of Crohn’s disease, risk of 
penetrating and stricturing complications, and need for abdom-
inal surgery [14–16]. In indeterminate colitis, the serological 
profile can predict subsequent evolution in Crohn’s disease fol-
lowing surgery, while in ulcerative colitis, the antimicrobial 
antibody profile may predict development of chronic pouchitis 
following a total colectomy and J pouch surgery. However, there 
remain considerable limitations in the clinical use of the exist-
ing biomarkers as none of the serological markers are sufficient 
for establishing diagnosis noninvasive, and perform poorly in 
prediction of therapy response.

Genetics

Genes and pathways
Recent studies have shed considerable light on the role of genet-
ics in the pathogenesis of Crohn’s disease and ulcerative colitis. 
In a large international collaborative study including over 75 000 
patients with Crohn’s disease, ulcerative colitis, and healthy  
controls, 163 distinct genetic risk loci were identified that  
met genome-wide significance thresholds. However, even the 
expanded panel of genetic risk loci explained only a small frac-
tion of the variance in disease risk. All risk loci together con-
tributed to 13.6% of the risk of Crohn’s disease, and an even 
smaller fraction of disease risk (7.5%) in ulcerative colitis. 
Importantly, this study highlighted several principles driving 

Table 70.1 Clinical clues to the pathogenesis of Crohn’s disease and ulcerative colitis.

Crohn’s disease Ulcerative colitis

Distribution within the 
gastrointestinal tract

Mouth to anus Colon alone

Small bowel involvement Frequent Unusual except in the case of 
backwash ileitis

Rectal involvement Uncommon (<50% of those with colonic Crohn’s disease) Nearly universal

Perianal involvement Seen in one-third of patients Uncommon

Complications of progressive 
disease

Stricturing and/or penetrating disease is common Stricture or abscess formation is 
uncommon

Typical symptoms Diarrhea, abdominal pain, weight loss Bloody diarrhea, urgency

Endoscopic appearance Skip lesions with intervening normal mucosa, cobble-stoning, aphthous 
ulcerations

Usually contiguous inflammation 
with granular and friable mucosa

Histology Focal crypt architectural irregularity and inflammation; granuloma formation 
may be seen in 30%
Pyloric gland metaplasia seen in 2%–27%; focal enhanced gastritis may be 
seen in a subset

Crypt abscess, crypt architectural 
irregularity is more contiguous

Serological markers Predominantly antimicrobial antibodies: ASCA, anti-OmpC, anti-CBir1, 
anticarbohydrate antigens

pANCA

Depth of inflammation Transmural Mucosa and submucosa

ASCA, anti-Saccharomyces cerevisiae antibody; pANCA, perinuclear antineutrophil cytoplasmic antibody.

the genetics of these diseases. First, a substantial portion of 
these loci (110/163) confer risk of both diseases, suggesting 
common pathways of disease pathogenesis. Nearly half (50 loci) 
had identical effect sizes on both Crohn’s disease and ulcerative 
colitis, while the remaining were heterogeneous in their effect. 
Among the remaining 53 unique loci, 23 were specific to ulcera-
tive colitis and 30 to Crohn’s disease at the genome-wide signifi-
cance threshold, though when a lower threshold for significance 
is used, several of these loci appear to be shared as well. Two 
genes specifically have opposite effects on Crohn’s disease and 
ulcerative colitis; both PTPN22 and NOD2 confer increased risk 
of Crohn’s disease but protective effects against ulcerative colitis. 
Secondly, several of these loci can be grouped into important 
pathways, including the innate immune response, maintenance 
of intestinal barrier function, autophagy, endoplasmic reticu-
lum (ER) stress, microbial defense and antimicrobial activity, 
goblet cell function, epithelial restitution, generation of reactive 
oxygen species, pathways that determine tolerance and training 
of innate immune cells, and maintenance of balance between 
Th17 helper T cells and T-regulatory cells (Treg). For example, 
the risk loci HNF4A, CDH1, MUC19, ITLN1, ERRFI1, and 
GNA12 are all involved in processes related to the maintenance 
of epithelial barrier [17,18] while ATG16L1, NOD2, IRGM, 
DAP1, and LRRK2 influence autophagy. The risk loci also high-
light the importance of various cytokine signaling pathways, in 
particular those mediated by interleukin-10 (IL-10), IL-23, and 
IL-27. Several of the risk loci (JAK2, STAT3, ICOSLG, TYK2, 
and TNFSF15) play a role in the IL-23 signaling, highlighting 
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to that observed in patients with dyslipidemias, in which very-
early-onset and adult-onset disease share disease pathways but 
with differences in the mechanism of effect. Very-early-onset 
disease may result from complete loss of gene function while 
adult-onset disease may reflect more subtle alterations in gene 
functions through single nucleotide polymorphisms.

Shared pathogenic mechanisms with other 
autoimmune diseases
Epidemiologically, the cooccurrence of IBD with various 
immune-mediated diseases has been long recognized. There is 
an increased incidence of ankylosing spondylitis, rheumatoid 
arthritis, asthma, psoriasis, and multiple sclerosis among 
patients with IBD [27–29]. GWAS has demonstrated consider-
able sharing of risk alleles between all of them and substantial 
overlap between risk loci. Over two-thirds (113/163) of the IBD 
loci are shared with other immune-mediated diseases, suggest-
ing common pathways of disease development. The direction of 
effect may be different among the various diseases. For example, 
PTPN22 has opposite effects on the risk of Crohn’s disease com-
pared to rheumatoid arthritis and type 1 diabetes. Several of the 
ulcerative colitis risk loci are shared with PSC, including MST1, 
IL2, CARD9, and REL [30], suggesting a common genetic pre-
disposition to both diseases that commonly cooccur. Finally, 
GWAS also highlight shared pathogenic pathways between IBD 
and infectious diseases, particularly mycobacterial infections. 
Two IBD risk alleles of SLC11A1 and VDR have been associated 
with M. tuberculosis infection [31,32]. Other genes involved in 
innate immunity and intracellular processing of bacteria that 
confer risk of Crohn’s disease, including NOD2, C12orf31, and 
LRRK2, also confer susceptibility to M. leprae infection [33–36]. 
There is also an overlap in genetic susceptibility between 
primary immunodeficiency syndromes. Variants in STAT3 
[37,38], SP110/SP140, and CARD9 [25] result in primary immu-
nodeficiency states. Various IBD polymorphisms lead to immu-
nodeficiency states associated with reduced circulating T cells, 
or T-cells subsets including T-helper cells or regulatory T cells 
[6]. Conversely, many primary immunodeficiency states, in 
turn, are associated with a pattern of colitis or enteritis mimick-
ing IBD.

Noncoding variants
In addition to the effect exerted by coding variants at the risk 
loci, noncoding variants may also be involved in disease patho-
genesis by influencing gene expression and regulation of trans-
lation through mechanisms such as alternative splicing. In a 
study using acetylated histone 3 lysine 27 chromatic immuno-
precipitation and sequencing (Chip-Seq), Mokry et al. found 
that 45 out of the 163 risk loci overlapped with regulatory ele-
ments in immune and intestinal epithelial cells. This association 
of IBD risk loci with regulatory elements was threefold greater 
than what would be expected through random chance [39]. 
Noncoding RNAs, microRNAs, and large intervening noncod-
ing RNAs (lincRNAs) encoded by IBD risk loci all may play a 

the role of this pathway. These pathways may act in synergy with 
each other such that two processes (for example, autophagy and 
ER stress) acting on the same cell type could result in an envi-
ronment that promotes disease. Conversely, the same pathway 
may affect different mechanisms in distinct cell types leading to 
development of disease. For example, defects in autophagy in 
epithelial cells lead to impaired Paneth cell function while a 
similar autophagy defect in macrophages impairs IL-1β secre-
tion, resulting in a milieu that favors development of IBD. In 
addition, the synergy may be between a “first hit” represented 
by a defect in a pathway and a “second hit” from a microbial 
trigger. Variants in the HNF4A locus have consistently demon-
strated strong and specific associations with ulcerative colitis, 
which, along with the CDH1 variants, suggest a key role for 
epithelial barrier integrity in the pathogenesis of ulcerative 
colitis. Several genetic variants within the human leukocyte 
antigen (HLA) complex on chromosome 6p21 have been 
strongly associated with ulcerative colitis. The most consistent 
associations with increased risk of ulcerative colitis have been 
the DRB1*0103 and DRB1*1502 alleles while the DRB1*0401 
allele is found less commonly in ulcerative colitis.

Specific genetic variants may be associated with occurrence 
of extraintestinal manifestations in patients with IBD. Several 
HLA variants have been associated with arthropathy, uveitis, 
and primary sclerosing cholangitis (PSC) [19–21]. Type 1 
arthropathy was associated with HLA-DRB1*0103 in 33% of 
patients, DRB*35 in 30% and B-27 in 26% of patients [22]. In 
contrast, type 2 is associated primarily with HLA-B*44 in 62% 
of patients [22], while a majority of patients with IBD-associated 
ankylosing spondylitis (80%) are HLA-B27 positive. Genome-
wide association scans have identified several loci associated 
with PSC including those near the HLA-B location on chromo-
some 6p21, and rs9524260 at chromosome 13q31 [23], though 
the HLA-D variants associated with PSC may not overlap with 
those conferring risk of ulcerative colitis [23]. However, some 
of the ulcerative colitis loci (2q35 and 3p21) are also found 
associated with PSC, suggesting shared genetic risk [23]. 
Variants of IL8RA, PRDM1, USP15, and TIMP3 are associated 
with pyoderma gangrenosum while PTGER4, ITGAL, and 
ITGB3 are associated with erythema nodosum [24].

Very-early-onset IBD represents a distinct phenotype where 
inflammatory bowel disease develops in children within the first 
few months of life. This phenotype is associated with pancolonic 
inflammation and a high frequency of perianal involvement; it 
is often refractory to medical therapy. In a study by Glocker et 
al., including genetic linkage analysis and candidate gene 
sequencing in nine patients with early-onset disease, three dis-
tinct homozygous mutations in genes encoding the IL-10 recep-
tor (IL-10RA and IL-10RB) were identified [25], suggesting that 
distinct subtypes of IBD may be mediated through specific 
pathways. Other studies have replicated this association in 
larger series and confirmed sustained clinical remission after 
allogenic stem cell transplant for the treatment of this unique 
IBD subgroup [26]. These findings suggest a paradigm similar 
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system activation, particularly in the Th17 pathway [46]. 
Methylation changes have also been identified in colonic tissues 
of affected patients. Most methylation studies are limited by lack 
of focus on methylation changes in specific cellular compart-
ments (which may have greater functional implications), small 
sample size, and a restricted disease phenotype. In addition to 
methylation, there have been other epigenetic changes identi-
fied in IBD. Both increases and decreases of specific microRNA, 
including miR192, miR150, and miR196, have been observed in 
patients with ulcerative colitis compared to controls [45]. 
miRNA may influence susceptibility to intestinal inflammation 
through various means, including regulation of STAT3 expres-
sion [47] and disruption of ATG16L1-mediated autophagy 
function [48], and in turn be influenced by the gut bacteria [49] 
or susceptibility loci including the gene NOD2 [50].

The intestinal epithelial barrier

The gut epithelium plays an important role in maintaining the 
intestinal barrier and preventing entry of luminal antigens into 
the circulation. This barrier function is achieved partly through 
intercellular junctions and tight junctions, the immune regula-
tory functions of the intestinal epithelial cells (IEC), secretion 
of antimicrobial peptides, and production of mucus by goblet 
cells. Not only patients with inflammatory bowel disease, but 
also their first-degree relatives demonstrate an alteration in 
intestinal permeability [51–54]. Several of the IBD risk loci 
associated genes, including CDH1, HNF4A, GNA12, MUC19, 
and ITLN1, play an important role in the maintenance of the 
intestinal epithelial barrier. These polymorphisms influence 
disease risk through an effect on the integrity of the tight junc-
tions, more basally located adherens junctions, or the intestinal 
mucous layer. Polymorphisms at the CDH1 locus lead to a trun-
cated form of E-cadherin, resulting in defective localization to 
the plasma membrane and consequent cytosolic accumulation 
[55]. This is then associated with defective maturation of goblet 
cells and Paneth cells and reduced clearance of pathogenic bac-
teria from the intestinal lumen [56]. PTPN2, a member of the 
protein tyrosine phosphatase family, and GNA12, encoding the 
G protein Gα12, maintain tight junction integrity; PTPN2-
deficient mice demonstrate greater susceptibility to colitis [57]. 
PTPRS is another protein belonging to the protein tyrosine 
phosphatase family that maintains apical tight junction integ-
rity; disruption of the latter is associated with susceptibility to 
colitis in murine models [58].

Transcription factors involved in epithelial regeneration, such 
as HNF4A and NKX2-3, have also been associated with IBD in 
GWAS [59–61]. Deletion of Hnf4a causes spontaneous colitis 
in mice and increased susceptibility to DSS-colitis [62,63]. 
Intestinal biopsies from patients with Crohn’s disease or ulcera-
tive colitis demonstrate reduced expression of HNF4A [62]. 
Deep sequencing studies have identified other rare functional 
variants in RNF186, whose expression is upregulated in response 

role in disease pathogenesis through an effect on gene expres-
sion [40].

Deep sequencing studies and rare variants
Despite GWAS identifying risk loci, the causal gene(s) at many 
of these loci remain poorly understood with several candidate 
genes located in linkage disequilibrium with the disease-
associated SNP, which itself is rarely the causal variant. Current 
GWAS analyses allow for the identification of loci of modest 
effect sizes occurring at a frequency >1%. Deep sequencing and 
fine mapping of these loci allow for the identification of rare 
variants occurring at a frequency <1% but with potentially larger 
effect sizes. Rare variants identified through these approaches 
may be functional variants that extend our understanding of the 
pathways involved in disease development [41]. Targeted exome 
sequencing allows for the identification of such functional and 
potentially causal rare variants. A large study including pooled 
samples from patients with Crohn’s disease and healthy controls 
who had sequencing of the coding exons of 56 Crohn’s disease-
associated regions identified five novel rare variants in NOD2 in 
addition to the three common variants identified in GWAS 
studies [41]. Similar fine mapping studies have been carried out 
for other genetic risk loci such as LRRK2, CARD9, and RNF186 
leading to the identification of rare causal variants that may shed 
light on disease pathogenesis [42,43].

Protective variants
While most of the 163 loci identified confer increased risk of 
Crohn’s disease or ulcerative colitis, fine mapping studies have 
led to the identification of other variants that are protective 
against IBD. The CARD9 common variant is associated with a 
modest increase in risk of both Crohn’s disease and ulcerative 
colitis. It exerts its effect through regulation of Th17 and innate 
lymphoid cell mediated immune responses in the intestine [44]. 
However, deep sequencing of a large international cohort of 
Crohn’s disease patients identified a novel splice-site variant 
within the CARD9 locus that occurred in only 0.20% of cases 
but in 0.64% of controls, suggesting a strong protective effect 
[41]. Similar rare protective variants were also identified in the 
IL-23R locus, with effects similar to that of the more common 
protective variant identified in GWAS studies [41]. Functional 
analyses of protective variants additionally offer the potential 
for novel targeted therapies for the management of these 
diseases.

Epigenetic alterations
The role of epigenetic changes in the pathogenesis of IBD 
remains poorly established [45]. However, it is conceivable that 
epigenetic alterations secondary to environmental factors may 
influence the regulation and functioning of susceptibility genes. 
A whole blood DNA genome-wide methylation scan identified 
differential methylation at 50 loci when IBD patients were com-
pared to controls. Many of these loci were involved in immune 
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Polymorphisms in NOD2 or ATG16L1 result in Paneth cell 
defects and render an individual more susceptible to intestinal 
inflammation [78,79]. In surgical specimens, the proportion of 
abnormal Paneth cells in the intestinal epithelium correlates 
with the cumulative burden of NOD2 risk alleles of Crohn’s 
disease patients. High proportions of abnormal Paneth cells are 
associated with a shorter time to disease recurrence after 
surgery, emphasizing the key role of these cells in disease devel-
opment and behavior [79]. ATG16L1 defects are also associated 
with abnormal Paneth cell function; patients with the T300A 
mutation at this locus demonstrate defects in Paneth cell distri-
bution and function, including secretion of human defensins. 
The histone deacetylase 3 (HDAC3) is an important factor regu-
lating host–microbiome interaction. Mice deficient in intestinal 
epithelial cell HDAC3 demonstrate altered Paneth cell function 
and pattern of commensal intestinal microbiota [80].

Endoplasmic reticulum (ER) stress also has a significant 
impact on maintenance of intestinal barrier and Paneth cell 
response. The unfolded protein response (UPR) is a highly con-
served mechanism that alleviates cellular stress from accumula-
tion of misfolded proteins, thereby maintaining mucosal 
homeostasis [81,82]. Genetic variants that disrupt such protec-
tive mechanisms against ER stress are associated with IBD [83]. 
XBP1 is an important transcription factor involved in ER stress 
response [83]. Deletion of XBP1 in the intestinal epithelial cells 
of mice results in increased susceptibility to colitis and enteritis 
[83].

The immune response

As noted, the breakdown of homeostasis between the intestinal 
epithelial barrier, immune response, and gut microbiome 
appears to be the key underlying mechanism responsible for the 
development of IBD (Figure 70.2) [84]. Thus, alteration in  
the intestinal microbiome, other luminal antigens, disruption of 
the epithelial barrier resulting in exposure of the antigen to 

to intestinal pathogens. RNF186 interacts with HNF4A, sug-
gesting that the dual effect on intestinal barrier function and 
response to oxidative stress may increase susceptibility to devel-
opment of IBD [42]. Deletion of STAT3 from intestinal epithe-
lial cells increases susceptibility to chronic colitis through 
defective epithelial restitution [64]. In animal models, exoge-
nous administration of PTGER4 agonists prevents colitis 
[65,66]. The response of the intestinal epithelium to oxidative 
stress plays a role in the preservation of the intestinal barrier. 
Variants associated with hypoxia-inducible factors (HIF) are 
associated with development of colitis, an effect that may be 
mediated through the phosphocreatine kinase system [67]. 
HIF-2 regulates localization of creatine kinase to the apical 
intestinal epithelial cell adherens junctions and regulates the 
expression of iron-responsive genes [68]. Exogenous dietary 
creatine supplementation reduces inflammatory response and 
severity in animal models [67].

There is growing interest in the effect of vitamin D in regulat-
ing immune function and its potential role in the pathogenesis 
of IBD. One study using a validated regression model to predict 
plasma vitamin D level, based on race, physical activity, geogra-
phy of residence, diet, and supplement use, demonstrated an 
inverse correlation between plasma vitamin D and risk of inci-
dent Crohn’s disease [69]. Low vitamin D in patients with estab-
lished bowel disease is associated with greater severity of disease 
and normalization of such levels may be associated with an 
improvement in disease course and reduction in risk of relapse 
[70,71]. Evidence points towards the effect of vitamin D on 
intestinal epithelial cells as one mechanism for its effect. Colon 
biopsies from patients with Crohn’s disease and ulcerative colitis 
demonstrate reduced levels of vitamin D receptor (VDR) in  
the intestinal epithelium compared to normal colonic tissue. 
Interestingly, even within patients, epithelial VDR expression is 
lower in lesions compared to adjacent normal tissue. Transgenic 
mice that overexpressed human VDR in intestinal epithelial cells 
were less susceptible to colitis through preservation of epithelial 
tight junctions [72]. Reconstitution of human VDR in VDR-null 
epithelial cells resulted in improvement of severity of colitis.

Mucus glycoproteins and antimicrobial peptides contribute 
to another layer of intestinal barrier. There are two layers of 
mucous – an outer layer, which is more porous and is inhabited 
by commensal bacteria, and an inner thicker layer that is  
devoid of bacterial in healthy individuals [73]. Mucous  
production is regulated by the goblet cells present among the 
intestinal epithelial cells. Paneth cells located at the base of the 
intestinal crypts produce antimicrobial peptides such as human 
α-defensins (HD5 and HD6), lysozyme, and phospholipase A2. 
These exert antimicrobial effects through degradation of the 
bacterial cell membrane. IBD, in particular ulcerative colitis, is 
characterized by discontinuity in the colonic mucous barrier 
[74,75]. In contrast to healthy individuals, a substantial fraction 
of patients with IBD are found to have bacteria localized within 
the inner mucous layer, demonstrating disruption of this barrier 
[76,77].

Figure 70.2 A proposed pathogenesis of inflammatory bowel disease 
(IBD): breakdown of homeostasis between intestinal epithelium, gut 
microbiome, and immune response. Inflammatory bowel disease is caused 
by interaction between dysbiosis in the intestinal microbial community, 
maintenance of the intestinal barrier, and the immune system. Genetics 
and the external environment exert their influence on all these 
components.
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HLA class II molecules present on the surface of dendritic cells 
and macrophages, and in presentation with HLA activates the 
innate immune response. It is now well established that patients 
with Crohn’s disease have a defective innate immune response 
to luminal antigens, and several of the genetic variants associ-
ated with Crohn’s disease lead to a dysregulated innate immune 
response. NOD2 and the autophagy-related variant ATG16L1 
are two variants that are in particular associated with defects in 
the innate immune response.

NOD2 and IBD
NOD2 (nucleotide-binding oligomerization domain containing 
protein 2) on chromosome 16 was the first genetic variant asso-
ciated with Crohn’s disease, with three common polymor-
phisms, Arg702Trp, Gly908Arg, Leu1007fsX1008 [85,86]. Deep 
sequencing studies have identified an additional five rare vari-
ants [41]. The main function of NOD2 is to act as an intracel-
lular sensor of the peptidoglycan muramyl dipeptide (MDP) in 
the bacterial cell walls. Activation of NOD2 by its antigenic 
trigger results in a cascade of downstream activation, including 
nuclear factor-κB (NF-κB) and mitogen-activated protein 

macrophages and other antigen-presenting cells, altered regula-
tion of innate immune response to such antigens, and perturba-
tion of the control of the immune response by the adaptive 
immune system all contribute towards the development of 
Crohn’s disease and ulcerative colitis (Figure 70.3). Recent 
research has highlighted, in particular, the critical role of the 
innate immune response in the pathogenesis of IBD, supported 
by the cooccurrence of IBD in patients with primary immuno-
deficiency states associated with defective innate immune 
mechanisms.

Innate immune response
Innate immune responses are nonspecific immune responses to 
pathogens and represent the first line of defense against luminal 
antigens. Several types of cells are involved in innate immune 
responses, including dendritic cells, macrophages, intestinal 
epithelial cells, innate lymphoid cells, and myofibroblasts. Cells 
involved in innate immune responses sense gut microbiota 
through recognition of pathogen-associated molecular patterns 
(PAMPs). Once an antigen is exposed to the macrophage or 
antigen-presenting cell, it is recognized in conjunction with 

Figure 70.3 Perturbation in host immune responses in inflammatory bowel diseases. Alterations in the host genetics and environment results in chronic 
inflammation in inflammatory bowel diseases. DC, dendritic cell; IFN, interferon; IL, interleukin; ILC, intestinal lymphocytes; Th1, Th1 helper T cell; 
Th17, Th17 helper T cell; TNF, tumor necrosis factor; Treg, regulatory T cell. Source: Created for this book by Kavitha Narayan.
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alleles in influencing structural and functional perturbations in 
immune function [88]. In addition to its effect on Paneth cells, 
variants in the functioning and regulation of autophagy also 
influence goblet cell morphology [89,90]. Cumulative burden of 
variants in the NOD2 and ATG16L1 pathway act additively to 
influence Paneth cell distribution and function [79].

Oxidative stress and inflammatory bowel diseases
Oxidative stress leading to generation of reactive oxygen and 
nitrogen species also appears to play a role in the development 
of IBD. The maintenance of reduction–oxidation (redox) equi-
librium is controlled through various mechanisms, including 
glutathione peroxidase and glutathione-S-transferase enzymes, 
and in turn influences inflammatory pathways [91]. Colonic 
mucosa in animal models of colitis demonstrates increased 
reactive oxygen (ROS) and nitrogen (RNS) species formation, 
which correlates directly with disease severity. Reactive oxygen 
species, in turn, influence paracrine inflammatory cytokine pro-
duction, intracellular signaling, regulatory T-cell function, and 
antimicrobial activity. Consistent with this hypothesis, endog-
enous antioxidants are depleted in such tissues and exogenous 
antioxidants such as zinc superoxide dismutase ameliorate 
colitis [91]. Mice depleted in glutathione peroxidase-1 and 2 
(Gpx-1 and Gpx-2) spontaneously develop colitis. The sources 
of such reactive oxygen species appear to be diverse and include 
the intestinal epithelium. Loci containing GPX1 and GPX4 are 
associated with IBD. Other IBD risk genes, including NOD2, 
LRRK2, and CARD9, also influence production of ROS. 
Environmental factors conceivably exert some of their effect 
through this mechanism of action. In response to exposure to 
cigarette smoke, mononuclear cells from patients with Crohn’s 
disease but not ulcerative colitis or healthy controls demonstrate 
reduced protection from oxidative stress, through reduced pro-
duction of the heat shock protein Hsp70 [9].

Adaptive immune response
T-cells response
Much of the focus on the role of the adaptive immune response 
in IBD has been directed on CD4+ T-helper cells (Th cells). 
There are three types of Th cells involved in pathogenesis of IBD. 
Th1 and Th17 cells play a role in the development of Crohn’s 
disease. The intestinal mucosa of patients with Crohn’s disease 
manifests increased concentrations of TNF-α and interferon-γ 
(IFN-γ), which are the key proinflammatory cytokines pro-
duced in response to activation of CD4+ Th1 cells. Both TNF-α 
and IFN-γ contribute directly to epithelial injury, and IFN-γ 
increases intestinal permeability. Production of IL-1 leads to 
further T-cell activation, while IL-8 leads to neutrophilic infil-
tration. Increases in IL-2, IL-8, IFN-γ, and TNF-α are greater 
in patients with Crohn’s disease than ulcerative colitis [73,92]. 
In contrast, ulcerative colitis has historically been presented to 
be dependent on Th2-cell-mediated responses. Th2 cells are 
characterized by production of IL-4, IL-5, and IL-13 [93,94]. 
Mucosal T cells from patients with ulcerative colitis produce 

kinase signaling. This leads to production of inflammatory 
cytokines, including tumor necrosis factor-α (TNF-α) and 
IL-1β. NOD2 variants are present in 30% of individuals of 
European ancestry. However, neither NOD2 homozygosity nor 
heterozygosity, though associated with increased risk of Crohn’s 
disease, alone seems sufficient for development of the disease. 
NOD2 can also activate the T-cell response through MDP-
independent mechanisms, including through single-stranded 
RNA. Other innate immunity receptors involved in microbial 
sensing may also play a role in the development of IBD. NOD-
like receptors (NLR) and RIG-I-like receptors (RLRs) also acti-
vate inflammatory signaling in response to microbial sensing. 
Humans with the frameshift mutation in NOD2 and Nod2-
deficient mice both demonstrate impaired IL-23 production in 
response to costimulation by MDP and the cell surface innate 
immune receptor TLR2, suggesting cross-talk between NOD2 
and IL-23 pathways.

CARD9 and IBD
CARD9 is an adaptor protein that recognizes microbial patterns 
and activates various intracellular signaling pathways, including 
the NF-κB-mediated release of inflammatory cytokines. In par-
ticular, CARD9 recognizes fungal motifs in conjunction with 
the β-glucan receptor dectin-1, leading to NF-κB-mediated pro-
duction of TNF-α, IL-23, and IL-1β. Defects in the dectin-1/
CARD9 pathway increase susceptibility to mucocutaneous can-
didiasis [87]. Dectin-2, another C-type lectin present on den-
dritic cells, controls adaptive immune responses to fungal 
motifs through activation of c-rel, specifically a Th17 adaptive 
immune response. A common variant in CARD9 was first 
described to confer a modestly increased risk of Crohn’s disease. 
More recent deep sequencing studies have revealed an addi-
tional rare splice variant within CARD9 that confers strong 
protection [41], suggested complex regulation of its function 
and its relationship to Crohn’s disease pathogenesis.

Autophagy and inflammatory bowel diseases
Autophagy is a cellular process that is involved in the degrada-
tion of cytosolic contents and clearance of intracellular microbes. 
Polymorphisms in two loci involved in autophagy, ATG16L1 
and IRGM, appear to play important roles in the pathogenesis 
of Crohn’s disease. Mice with hypomorphic Atg16l1or with defi-
cient expression of Atg5 in the intestinal epithelial cells exhibit 
aberrant Paneth cell number and location, as well as deficient 
secretion of antimicrobial peptides. Similar defects are also 
observed in biopsies from patients with Crohn’s disease carrying 
the T300A variant of ATG16L1 but not healthy controls [78]. 
Defects in autophagy may interact with microbial triggers  
to induce an inflammatory response. Atg16L1 hypomorphic 
mice reared in a germ-free environment do not display the  
same Paneth cell abnormalities as conventionally reared mice. 
Exposure to murine norovirus infection in such mice results in 
abnormal Paneth cell number and function, suggesting that 
environmental triggers may interact with genetic susceptibility 
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B-cell response
The role of B cells in the development of IBD is less well under-
stood than that of T cells. While immunoglobulin A comprises 
the major intestinal secretory immunoglobulin class, patients 
with IBD exhibit reduced production of IgA and increased pro-
duction of IgG subclasses and IgM. Both proinflammatory and 
antiinflammatory functions of B cells play a role in animal 
models of colitis. Immunoglobulins themselves exert an antiin-
flammatory action and maintain B-cell tolerance through  
interaction with the dendritic-cell-specific ICAM3-grabbing 
nonintegrin (DC-SIGN) on myeloid cells and regulation of 
expression of FcγRIIβ. Defects in antiinflammatory regulatory 
B-cell (Breg) function are also seen in other inflammatory dis-
eases, such as lupus, and result in defective secretion of antiin-
flammatory cytokines such as IL-10. Patients with ulcerative 
colitis exhibit increased production of IgG1 and IgG3 compared 
to patients with Crohn’s disease, where there is increased produc-
tion of IgG2. In a cohort of 78 patients with inflammatory bowel 
disease, biopsies from patients with ulcerative colitis demon-
strated higher numbers of IgG4-positive plasma cells compared 
to Crohn’s disease [103]. Mucosal IgG4 cell infiltration may be 
associated with increased disease activity and coexistence of PSC 
in patients with IBD [104]. Breg cell defects, through perturba-
tion of IL-10 signaling, may result in suboptimal suppression of 
TNF-α and IFN-γ production by CD4+ T cells. However, to 
date, monoclonal antibodies to B lymphocytes, such as the 
anti-CD 20 antibody rituximab, have not proven effective in 
inducing remission in ulcerative colitis patients [105].

Role of intestinal vasculature and  
the enteric nervous system

Adhesion molecule (selectins, integrins) and chemokines are 
important in mediating entry of active leukocytes into intestinal 
tissues. Both TNF-α and IL-1 mediate upregulation of adhesion 
molecules and chemokines, enhancing leukocyte migration. 
Antiintegrin antibodies are effective in the management of both 
Crohn’s disease and ulcerative colitis with clinical trials demon-
strating efficacy of natalizumab (anti-α 4) in Crohn’s disease 
[106] and vedolizumab (anti-α4 β7) in both Crohn’s disease and 
ulcerative colitis [107,108].

Microvascular dysfunction and resultant ischemia and 
inflammation may also contribute to impaired mucosal healing 
and inflammation in IBD [109,110]. The role of nitric oxide 
(NO) in the pathogenesis of IBD is incompletely understood, 
but NO is found in mucosa of patients with IBD, along with 
reduced levels of inducible nitric oxide synthase [111]. In two 
independent cohorts of very-early-onset IBD, a polymorphism 
in the nitric oxide synthase gene NOS2 was associated with 
early-onset but not adult-onset IBD. This coding variant was 
also associated with higher NO production and colon biopsies 
from patients suggested greater nitrosative stress and tissue 
damage [112].

more IL-5 than cells from Crohn’s disease patients, and natural 
killer (NK) T cells from such patients also secrete greater 
amounts of IL-13 [73]. However, ulcerative colitis does not 
appear to be a purely Th2-mediated inflammatory disease in all 
instances, as low levels of IL-13 and a dominance of IFN-γ-
mediated inflammation has been observed in some patients 
with ulcerative colitis.

The Th17 cell, a newly described Th cell subtype, is another 
effector T cell important in the pathogenesis of Crohn’s disease. 
These cells secrete IL-17A, IL-17F, IL-21, and IL-22 and are 
activated by binding of IL-23 to surface IL-23 receptors. 
Secretion of IL-21, in turn, upregulates expression of the IL-23R, 
potentiating the inflammation. Mucosal biopsies from IBD 
patients demonstrate a higher number of Th17 cells and over-
expression of IL-17A. An additional type of Th cell subtype that 
secretes both IL-17A and IFN- γ (Th1/Th17) has been described, 
which may also be involved in the pathogenesis of IBD. Both 
risk and protective variants in the IL-23 receptor locus have 
been found, highlighting the important role of the IL-17/IL-23 
pathway in Crohn’s disease pathogenesis [95]. A monoclonal 
antibody against the p40 segment of the IL-23, ustekinumab, is 
currently undergoing phase III clinical trials in Crohn’s disease 
having demonstrated efficacy in large phase IIb studies [96]. 
IL-17A appears to have both pro- and antiinflammatory effects 
on the gut mucosa, as evidenced by the largely negative result 
in a trial using a monoclonal antibody against IL-17 for the 
treatment of IBD [97].

The proinflammatory milieu is regulated by regulatory T cells 
(forkhead box P3 [Foxp3+] Treg), which secrete soluble media-
tors such as transforming growth factor-β (TGF-β) and IL-10 
that downregulate the immune response by preventing the acti-
vation and effector function of Th cells [51]. In animal models, 
disruption of IL-10 or TFG-β signaling results in the develop-
ment of colitis. However, high doses of recombinant IL-10 were 
not effective for the treatment of Crohn’s disease in a clinical 
trial [98]. Peripheral blood from patients with IBD exhibits a 
reduction in the number of Treg cells while Treg cells are 
increased in intestinal biopsies from such patients. Disruption 
of TGF-β signaling in inflamed IBD mucosa significantly abro-
gates the regulatory effect of Treg cells by reducing the sensitiv-
ity of effector T cells to the regulatory function [99,100]. 
However, the gut mucosa also contains FOXP3− regulatory T 
cells that secrete IL-27. Several of the genetic risk loci for IBD, 
including CCR6 and STAT3, are involved in regulation of T-cell 
differentiation and localization. Similar alterations in the T-cell 
repertoire have been found in bile ducts from patients with PSC, 
as observed in intestinal intraepithelial lymphocytes [101]. 
Extrinsic antigens such as dietary factors may also influence this 
process. For example, dietary antigens through binding to the 
aryl hydrocarbon receptor (AHR) may modulate both IL-17 
and IL-22 production. The role of cytotoxic T lymphocytes in 
the pathogenesis of IBD has not been well defined, but treat-
ment of melanoma with CTLA4 antagonists results in develop-
ment of colitis in some patients [102].
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modified mice, such as IL10−/− or TCRα−/− mice, do not develop 
colitis in germ-free conditions. In other models of spontaneous 
colitis or ileitis (SAMP1/yit or IL2−/− mice), mice bred in a 
germ-free environment develop only attenuated inflammation. 
Furthermore, defects in pattern recognition receptors, such as 
toll-like receptors, result in attenuation of the colitis. As already 
noted, polymorphisms in NOD2 and ATG16L1, both of which 
are involved in pattern recognition of luminal microbial anti-
gens and activation of innate immune responses, result in aber-
rant Paneth cell function, impaired production of antimicrobial 
peptides and increased risk of IBD. In patients with Crohn’s 
disease, exposure to the fecal stream is essential for the develop-
ment of postoperative recurrence in patients after undergoing 
intestinal diversion procedures [118,119]. Furthermore, epide-
miological studies suggest an association between exposure to 
antibiotics in early life or adulthood and increased risk of devel-
opment of IBD [120].

Several distinct patterns have emerged regarding the micro-
biome in patients with IBD (Figure 70.4). First, many studies 
have demonstrated that patients with IBD have a reduced abun-
dance of gut microbiota. Patients with IBD demonstrate a 
reduction in diversity of microbiota compared to controls, pri-
marily attributable to loss of anaerobic bacteria like Bacteroidetes, 
an important component of normal commensal flora [121]. 
Mucosal biopsies from patients with Crohn’s disease and ulcera-
tive colitis demonstrate reduced abundance of Firmicutes  
and Bacteroidetes and an increase in Proteobacteria and 
Actinobacteria [122].

Apart from overall reduction in diversity, both increases and 
reductions of specific bacterial phyla have been reported. The 
relative abundance of Enterobacteriaceae is increased. In par-
ticular, enteroadherent invasive E. coli are found more com-
monly in ileal lesions of patients with Crohn’s disease [123]. 

The role of the enteric nervous system in the pathogenesis of 
IBD is poorly understood. Brun et al. examined the effect of 
polymorphisms in the toll-like receptor 2 (TLR2) on the enteric 
nervous system and intestinal inflammation, and found that 
Tlr2−/− mice, which are more susceptible to colitis, also demon-
strated alterations in the structure and function of the enteric 
nervous system that was corrected through administration of 
the glial cell line derived neurotropic factor (GDNF) [113].

The gut microbiome

The adult human microbiome contains 1014 bacterial cells and 
an estimated 1000 different bacterial species. There is substan-
tial variation in microbial distribution between individuals. 
Even monozygotic twins share less than 40% of the phyla in 
stool [114]. However, if analyzed at the functional level of the 
metagenome (i.e., study of the totality of all microbial genomes 
present in the intestine), there is a high degree of conservation 
across individuals [115]. Indeed perturbation of microbial func-
tion appears to be more dominant that disruption of genera in 
patients with IBD [116]. The largest microbial community in 
the human intestine is Bacterioidetes with a smaller proportion 
of Firmicutes. Other important groups are Proteobacteria, 
Actinobacteria, Fusobacteria, and Verrucomicrobia. The micro-
bial composition of an individual can be perturbed by environ-
mental factors. Diet, smoking, and use of antibiotics with 
long-term dietary patterns all influence host enterotypes [117]. 
Individuals with long-term high intake of protein and animal 
fat had higher levels of Bacteroides while a high carbohydrate 
diet was associated with predominance of Prevotella [117].

The importance of luminal flora in the development of IBD 
has been suggested by several lines of evidence. Genetically 

Figure 70.4 Gut microbial changes in inflammatory bowel diseases. Chronic inflammation in the intestinal epithelium has been associated with 
increased production of Th17 cells, impaired innate immune response, decreased mucosal barrier, impaired autophagy, and a decrease in antimicrobial 
agents. There is a complex network of potential interactions, in some cases involving feedback among impaired host immune functions, diet, and the 
taxonomic and functional dysbiosis of the gut microbiome. Source: Adapted from Knights et al. 2013 [137]. Reproduced with permission of BMJ 
Publishing Group.
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after intestinal inflammatory injury [134]. A mutation in the 
NCF4 risk allele for Crohn’s disease results in reduced reactive 
oxygen species in response to N-formyl-methionyl-leucyl-
phenylalanine in granulocyte macrophage-colony stimulating 
factor (GM-CSF) primed neutrophils [135].

Gut microbes can also influence the host immune system 
through their metabolites. Several bacterial species can break 
down dietary fiber into short-chain fatty acids (SCFAs). These 
SCFAs in turn can induce expansion of regulatory T cells. 
Studies have demonstrated a reduction in the abundance of 
butyrate-producing bacteria in patients with IBD, particularly 
Crohn’s disease [116] (Figure 70.5). Other studies have demon-
strated an increase in sulphite-reducing bacteria in IBD.  
Mice fed a high saturated fat diet derived from milk fat demon-
strated an increased abundance of a sulfite-reducing bacteria, 
Bilophila wadsworthia, expansion of the Th1 immune response, 
and development of colitis, an effect potentially mediated 
through production of taurocholic acid [136]. Metabolism of 
tryptophan is also important in the pathogenesis of IBD. 
Tryptophan is catabolized to kynurenine, catalyzed by indo-
lamine 2,3-dioxygenase, which in turn is induced by the aryl 
hydrocarbon receptor (AHR). Kynurenine appears to have anti-
inflammatory activity through its effect on the expansion of 
Th17 cells while tryptophan itself directly influences production 
of antimicrobial peptides [137]. Several of the IBD risk loci such 
as SLC22A5, GPR65, and GPR35 act as solute carriers that inter-
act with microbial metabolites in inducing an intestinal inflam-
matory response.

The intestinal microbiome and host immune response exhibit 
bidirectional effects. Alternations in microbial patterns can alter 
host immune response, and conversely impairment of host 
immune function can induces changes in the intestinal micro-
biome that may protect against or predispose to development 
of disease. For example, impairment of host toll-like receptor 
(TLR) signaling in nonobese diabetic (NOD) mice results in a 
gut microbial pattern that confers protection against diabetes 
[138]. In contrast, Tlr5−/− mice develop a pathogenic microbial 
pattern that predisposes to the development of colitis [139]. 
Ligands produced by Bacteriodes fragilis suppress IL-17 produc-
tion while segmental filamentous bacteria may promote IgA 
production and Th17 differentiation. In contrast, bacterial 
metabolites may also have an antiinflammatory effect. The lower 
abundance of Clostridium clusters IV and XIVa in patients 
with IBD results in reduced production of proteins such as 
Heligmosomoides polygyrus secretory, which promote expansion 
of regulatory T cells.

Bacteria are not the sole components of the gut microbiome 
influencing susceptibility to IBD. Specific gene–virus interac-
tions may also influence regulators of intestinal homeostasis, 
including Paneth cell function, and lead to the development of 
colitis in animal models [88]. There is also an increase in fungal 
diversity in IBD [140]. Further studies are necessary to better 
understand the role of these nonbacterial organisms in the 
pathogenesis of IBD.

While the inner mucous layer is usually free of bacteria in 
healthy individuals, bacteria can be found in this layer, in par-
ticular those belonging to enteroadherent invasive E. coli in IBD 
patients [124–126]. Other bacteria isolated more commonly in 
IBD patients are those belonging to the Fusobacterium nuclea-
tum species. While this is a common oral resident, studies have 
demonstrated that invasive strains of F. nucleatum can invade 
colonic epithelium, resulting in increased TNF-α and MUC2 
expression and mucin secretion [127]. Invasive species of F. 
nucleatum identified from inflamed mucosa of patients IBD are 
more invasive in cell lines than those isolated from adjacent 
healthy tissue or controls [128].

It should be noted that not all microbial phyla appear to be 
pathogenic in the development of IBD and some bacteria may 
actually have a protective effect against inflammation. Some 
species of bacteria belonging to the genera Bacteroides and 
Clostridium reduce intestinal inflammation through expansion 
and differentiation of regulatory T cells. Other mechanisms 
through which these bacteria exert protective effects may 
include prevention of pathogen colonization, competition with 
pathogenic bacteria, or regulation of inflammatory signaling 
pathways. Of interest, supernatants from Faecalibacterium 
prausnitzii cultures have antiinflammatory properties and 
patients with IBD have reduced abundance of F. prausnitzii 
[129,130]. Furthermore, a reduced abundance of F. prausnitzii 
from ileal biopsies of Crohn’s disease patients undergoing ile-
ocecal resection is associated with higher rates of relapse [131] 
and intragastric administration of F. prausnitzii in mice was 
associated with amelioration of colitis [132].

The composition of the microbiome is influenced by ongoing 
disease activity, mode and site of sampling, and use of antibiot-
ics, antiinflammatory (5-aminosalicylates), or immunosuppres-
sive treatments, in addition to the external environment. Thus, 
examination of microbiome changes in treatment-naive patients 
is essential to further our understanding of the changes in 
microbiome related to disease pathogenesis. The pediatric RISK 
collaborative assembled 447 patients with newly diagnosed 
Crohn’s disease who provided specimens for detailed analysis of 
the microbiome from stool and biopsies from ileum and rectum 
[133]. A diagnosis of Crohn’s disease was positively correlated 
with previously described taxa, including Enterobacteriaceae, 
but additionally novel taxa including Veillonellaceae, 
Neisseriaceae, and Fusobaceriaceae were identified. In addition, 
Bacteriodales, Clostridiales, and Bifeidobacteriaceae were 
reduced in patients with Crohn’s disease compared to controls. 
This overall microbial dysbiosis was exaggerated with use of 
antibiotics and more prominent on mucosal biopsies than stool. 
The dysbiosis also highlighted the role of oxidative stress in 
disease pathogenesis by demonstrating a shift towards aerotol-
erant taxa such as Proteobacteria [133]. The role of reactive 
oxygen species in disease pathogenesis is further highlighted by 
severe colonic injury and inflammation in mice deficient in a 
subunit of NADPH oxidate, p40phox. Mice deficient in p40phox 
also demonstrated defective neutrophil-mediated restitution 
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tion of the 163 distinct genetic risk alleles, considerable epide-
miological data supports a key role for the environment. Several 
cohorts have demonstrated a significant increase in the inci-
dence of IBD over the past five decades, a trend that cannot  
be explained by genetics. Furthermore, immigrants from low-
risk regions migrating to high-risk regions often assume the 
risk of disease associated with the country of residence. The 
emergence of IBD in areas where they were previously consid-
ered rare, paralleling the “westernization” of life style, also  
supports an important role for the environment in disease 
pathogenesis.

The earliest and most consistently described environmental 
factor impacting Crohn’s disease and ulcerative colitis incidence 
is smoking [141,142]. Current smokers have a twofold increase 
in risk of Crohn’s disease, with a more modest association in 
former smokers. In contrast, former smoking is associated with 
substantial increase in risk of ulcerative colitis within 1 year of 
quitting, while current smoking appears to be protective [143]. 
A similar divergent effect is also seen in its effect on established 
disease. Current smoking is associated with more aggressive 

Evidence suggests that neither genetics nor microbial pat-
terns alone are sufficient individually to be causal, and that 
microbial patterns are in turn linked to both early and adult life 
environmental influences, are dynamic, and prone to perturba-
tion through common influences such as dietary variations as 
well as less common events such as life stress and antibiotic 
exposure. Indeed, it is likely that development of disease requires 
an interaction between the two. While most current research 
focuses on identifying the potential associations in each of these 
spheres, a unified approach including microbiome-wide as well 
as GWAS (MWAS-GWAS) data and examining the interaction 
between the two holds significant promise in expanding our 
understanding of disease pathogenesis.

Environmental triggers for inflammatory 
bowel diseases

Although family history is the strongest risk factor for IBD and 
genes play an important role, as demonstrated by the identifica-

Figure 70.5 Proposed metabolic role of the gut microbiome in inflammatory bowel disease (IBD). Host-mediated processes (blue text) create an 
environment of oxidative stress in the intestine, which is more favorable to Enterobacteriaceae (increased abundance) than to clades IV and XIVa 
Clostridia (decreased abundance). The inferred IBD metagenomes include broadly increased oxidative metabolism, decreased SCFA production, and 
increased mucin degradation relative to healthy subjects. The resulting tissue-destructive environment provides nutrients such as nucleotides and amino 
acids, which allow for increased growth of auxotrophic “specialists.” Bacterial clades of interest are indicated in orange, bacterially mediated processes 
increased in IBD in red, and processes that decrease in green. Metabolic pathways different in IBD communities are contained in blue boxes. GSH and 
GSSG indicate reduced and oxidized forms of glutathione. LPS, lipopolysaccharide; NAG, N-acetyl galactosamine. Source: Morgan et al. 2012 [116].
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ticularly from fruits and vegetables, and risk of Crohn’s disease 
[150,151].

Other environmental factors that have been reported to have 
association with either Crohn’s disease or ulcerative colitis risk 
include depressive symptoms or life stress [152], nonsteroidal 
antiinflammatory drugs [153], oral contraceptive use [154], 
postmenopausal hormone therapy [155], and, less consistently, 
enteric infections (Table 70.2). Clostridium difficile infection, in 
particular, is more common in patients with IBD, and often 
triggering relapses of disease; it may also share underlying 
genetic mechanisms of susceptibility [156–158]. The specificity 
of the association of certain environmental factors may provide 
important clues regarding the differences between the patho-
genesis of Crohn’s disease and ulcerative colitis despite a sub-
stantial overlap in genetic risk loci.

Animal models of colitis

Several animal models of colitis allow examination of the patho-
genesis of colitis, identification of antigenic triggers, and per-
turbations in the immune responses to such triggers [159]. 
These can be classified as chemical-induced colitis models, 
adoptive transfer models, and animal models with knockout of 
gene variants associated with IBD.

Different chemical triggers have been used in animal models 
of colitis, predominantly in rodents. The two most widely used 
chemicals are dextran sodium sulfate (DSS) and 2,4,6, trini-
trobenzene sulfonic acid (TNBS). Both these chemicals mediate 

Crohn’s disease, greater need for therapy escalation, higher rates 
of surgery, and recurrence following surgical resection. In con-
trast, ongoing smoking appears to be associated with a milder 
course and reduced rates of surgery in ulcerative colitis. The 
reason for this divergent effect is unclear. Similarly, the appen-
dectomy when performed before the age of 20 years, the other 
factor consistently validated by epidemiological studies, appears 
to be associated with a reduced incidence of ulcerative colitis 
while having no effect on Crohn’s disease [144].

More recent studies have identified several novel environ-
mental risk factors associated with Crohn’s disease and ulcera-
tive colitis. As noted above, the intestinal microbiome of patients 
with IBD demonstrates a reduced diversity and is implicated in 
disease pathogenesis. Consequently, it is plausible that disrup-
tion of intestinal microbiome composition with the use of anti-
biotics, particularly early on in life, may modify disease risk. 
Indeed, in a nested case–control study of 36 pediatric-onset IBD 
patients, use of antibiotics within the first year of life was more 
common in those with IBD (58%) than controls (39%) [120]. 
Recent antibiotic use within 2–5 years of diagnosis was also 
associated with increased risk of adult-onset IBD [145], with 
increasing effect seen with greater number of antibiotic courses 
and exposure earlier in life [146]. The incidence of IBD in some 
cohorts also demonstrates a north–south gradient with higher 
incidence of disease in Northern latitudes associated with 
reduced UV exposure. This led some authors to postulate  
that vitamin D, with its known effect on the innate immune 
system and ability to mediate susceptibility to chemical  
models of colitis, may play a role in the pathogenesis of IBD. 
Ananthakrishnan et al. examined this association prospectively 
using the Nurses Health Study in an analysis that included 
72 719 women followed for 22 years, and found that higher 
predicted plasma vitamin D was associated with a reduced inci-
dence of Crohn’s disease (0.54, 95% CI 0.30–0.99) but not ulcer-
ative colitis [69]. Low vitamin D is also associated with increased 
risk of surgery and hospitalization in patients with Crohn’s 
disease, and normalization of vitamin D levels reduced likeli-
hood of surgery and disease relapse [70,71].

There has been longstanding interest in the role that diet 
might play in the pathogenesis of both Crohn’s disease and 
ulcerative colitis. However, high-quality evidence has proved 
hard to obtain due to the challenges of accurately studying 
preillness diet. Nevertheless, cohort studies from Europe and 
the United States have been able to provide high-quality evi-
dence in support of dietary associations. In analyses from the 
EPIC cohort, linoleic acid intake and dietary arachidonic acid 
intake were both associated with increased risk for ulcerative 
colitis [147,148]. While this association was not supported in a 
North American cohort, both cohorts demonstrated an inverse 
association between dietary n-3 poly unsaturated fatty acid 
intake, particularly that of long-chain n-3 poly unsaturated fatty 
acid, and risk of ulcerative colitis but not Crohn’s disease [149]. 
In contrast, both pediatric case–control and adult cohort studies 
showed an inverse association between dietary fiber intake, par-

Table 70.2 Environmental risk factors for inflammatory bowel disease.

Environmental factor Disease onset Disease course

Smoking:

 Crohn’s disease ++ ++

 Ulcerative colitis − −

Appendectomy +/− ?

NSAIDs + +

Infections ? + +

Diet:

 Fats ?− ?+ −

 Fiber − No data

Stress ? + +

Vitamin D ? − ? −

Antibiotics + +/−

Sleep ? ? +

+, increases risk; −, reduces risk; ?, inconsistent or no data; NSAIDs, 
nonsteroidal antiinflammatory drugs.
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is increasing recognition of heterogeneity in the course of these 
diseases, including the likelihood of development of complica-
tions and response to therapies. Advancing understanding of 
disease pathogenesis, including associations with microbiome 
changes as well as potentially causal disease variants, suggest that 
such data may help our ability to stratify Crohn’s disease and 
ulcerative colitis into clinically and biologically meaningful cat-
egories, such as those with very-early-onset disease or low pro-
pensity to progress to disease complications. Further, it is 
plausible that segregation of diseases into subtypes based on 
dominant mechanistic pathway may allow for therapies targeting 
specific molecular mechanisms for each patient rather than 
needing to resort to broadly immunosuppressive therapies. 
However, such clinically meaningful subclassifications require 
deeper understanding of the mechanisms behind the develop-
ment of diseases and deciphering the genetic as well as microbial 
components. It seems increasingly likely that development of 
IBD is a multistage process with both genetic and microbial 
associations, revealing key insights into the pathogenesis of these 
diseases. Thus, both spheres offer promising tools for early diag-
nosis, monitoring course, and predicting the natural history of 
IBD. These needed advances will depend on continued large col-
laborative studies encompassing a diverse patient population.

References are available at www.yamadagastro.com/textbook
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their effect through injury of the intestinal barrier. DSS models 
more closely resemble ulcerative colitis while TNBS more 
closely mimics Crohn’s disease due to deeper tissue damage 
resembling transmural inflammation. Mice treated with TNBS 
have high levels of interferon-γ (INF-γ) in the colon and anti-
bodies to IL-12 results in resolution of colitis, consistent with 
Th1-mediated inflammation [159].

Other models involve adoptive transfer of T cells from a 
mouse into a histocompatible host resulting in colitis. Examples 
of such models include transfer of CD45RBhi CD4+ T cells and 
heatshock protein (hsp60) specific CD8+ T cells into severe 
combined immunodeficiency (SCID) mice [160]. The colitis in 
such adoptive transfer models appears to mediate based on Th1 
profile of cytokines, transmural inflammation, and polymor-
phonuclear and mononuclear leukocyte infiltration. Supporting 
this hypothesis, administration of antibodies against IFN-γ to 
CD4+ T cell transfer SCID mice results in resolution of the 
colitis; antibodies to TNF-α also reduce colonic inflammation 
[161]. Th2 adoptive transfer models of colitis resembling ulcera-
tive colitis also exist, for example mice with a mutant T-cell 
receptor α gene demonstrate a decrease in IL-2 and increase in 
IL-4 levels [162]. Transgenic HLA-B27 rats develop not just 
colitis, but also gastritis and arthritis [163]. Adoptive transfer of 
enteric bacterial antigen-activated CD4+ T cells from CD3H/
HeJBir mice to SCID mice induces colitis, supporting the role 
of reactivity to enteric antigens [164].

Genetically based models that were developed to study the 
effect of specific polymorphisms comprise a third class. Several 
gene variant models have been described, including IL-2 recep-
tor knockout, T-cell receptor mutant mice, IL-22 knockout 
mice, IL-7 transgenic mice, IL-10 knockout, and NOD22939ic 
mice [159]. Some of the genetic mouse models require chemical 
triggers for onset of colitis, while in others mice spontaneously 
develop colitis. The IL10−/− mouse model has been extensively 
used in the study of inflammatory bowel disease [165]. IL10−/− 
mice spontaneously develop a chronic enterocolitis involving 
the entire intestinal tract with evidence of an inappropriate 
inflammatory response to normal intestinal flora as IL10−/− 
mice raised in germ-free conditions do not develop colitis. The 
SAMP1/Yit mouse produces a phenotype of spontaneous ileitis 
closely resembling Crohn’s disease. This effect is mediated in 
part by STAT3 activation [166]. Activation of the STAT3 signal-
ing pathway by IL-6 causes disease exacerbation while admin-
istration of soluble glycoprotein 130c, an inhibitor of IL-6 
signaling, suppresses STAT3 phosphorylation and ameliorates 
disease.

Conclusion

Considerable advances have been made in understanding the 
pathogenesis of diseases over the past few years. Clinically, there 

http://www.yamadagastro.com/textbook


Ulcerative colitis

Stephen B. Hanauer1 and Daniel K. Podolsky2

1 Northwestern Feinberg School of Medicine, Chicago, IL, USA
2 University of Texas Southwestern Medical Center, Dallas, TX, USA

1378

CHAPTER 71

Introduction

Ulcerative  colitis,  a  chronic  inflammatory  disease  of  the  gas-
trointestinal tract, is identified and diagnosed by clinical, endo-
scopic  and  histological  characteristics  [1–3].  In  contrast  to 
Crohn’s disease, the inflammatory response in ulcerative colitis 
is largely limited to the mucosa and submucosa and is confined 
to  the  colon  so  that  colectomy  is  curative.  Approximately  5% 
to 15% of  those with  inflammatory bowel disease (IBD), have 
characteristics  of  both  ulcerative  colitis  and  Crohn’s  disease, 
and  cannot  be  clearly  classified;  these  patients  are  considered 
to  have  indeterminate  colitis,  sometimes  known  as  IBD 
undetermined.

The pathophysiology of ulcerative colitis, as well as its coun-
terpart Crohn’s disease, is thought to be multifactorial including 
genetic,  environmental,  immunological,  and  microbiological 
factors.  The  genetic  basis  of  IBD  (i.e.  ulcerative  colitis  and 
Crohn’s disease) is being elucidated. It appears to be a multige-
netic  disease.  Patterns  of  family  aggregation  and  results  of 
genome wide association studies suggest that the genetic influ-
ence  largely  overlap  between  ulcerative  colitis  and  Crohn’s 
disease.  Relatives  of  patients  with  ulcerative  colitis  have  an 
increased  risk  for  the  disease  as  well  as  the  other  form  of  
IBD,  Crohn’s  disease  [4].  Epidemiological  studies  suggest  that 

smoking  may  be  protective  to  the  development  of  ulcerative 
colitis, and that diet and hygiene have differential roles as well. 
Immunological  and  microbiological  research  have  identified 
that patients with both types of IBD have a dysregulated immune 
response  against  intraluminal  microbiota,  which  are  also 
uniquely compromised in IBD. Medical management of ulcera-
tive colitis has also dramatically changed in the past decade with 
the advent of novel biologics.

Epidemiology

The  incidence  and  prevalence  of  ulcerative  colitis  (2–10  and 
35–100/100 000, respectively) vary greatly with geographic loca-
tion.  These  rates  are  for  Caucasian  populations  in  northern 
Europe and North America. The countries of greatest incidence 
and  prevalence  encompass  the  industrialized  world  [5].  Rates 
in central and southern Europe are somewhat  lower. In South 
America, Asia, and Africa, ulcerative colitis was uncommon but 
has been increasing in the past decades in some countries [6]. 
Within geographic areas, ethnic and racial variations exist in the 
incidence of IBD [7]. The incidence of ulcerative colitis is two 
to four times higher among Jews. The incidence among Israeli 
Jews,  however,  is  much  lower  than  among  American  and 
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Etiology and pathogenesis

(Please see Chapter 70 for detailed discussion of Etiology and 
Pathogenesis.)

Clinical findings and natural history
Ulcerative colitis is characterized by diffuse, superficial inflam-
mation  of  the  colonic  mucosa  that  begins  in  the  rectum  and 
extends to variable lengths proximally in a contiguous fashion. 
The small bowel is not involved, although the distal ileum may 
exhibit  similar  superficial  inflammation,  termed  backwash 
ileitis, usually in the setting of extensive colitis [9]. The extent 
of  colitis  usually  remains  constant  from  the  onset  with  the 
length  of  colonic  involvement  defining  the  classification  of 
ulcerative  colitis:  proctitis  (limited  to  the  rectum),  proctosig-
moiditis or left-sided colitis (extending up to the splenic flexure), 
or  pancolitis/extensive  colitis  (extending  into  the  transverse 
colon)  (Figure  71.1).  Proximal  extension  occurs  in  approxi-
mately one third of patients with distal disease, and regression 
from pancolitis  is also possible  [10,11]. The extent of  involve-
ment does not necessarily imply severity but does impact both 
prognosis (e.g., the risk of cancer) and treatment selection [12]. 
The symptoms and course of ulcerative colitis relate to both the 
extent  and  the  severity  of  inflammation  within  the  involved 
segment of colon.

Clinical manifestations
The  presenting  symptoms  of  ulcerative  colitis  are,  typically, 
insidious rather than abrupt; although the disease occasionally 

European  Jews.  Furthermore,  in  Israel  the  incidence  is  lower 
among  Sephardic  or  Oriental  Jews  of  Asian  or  African  origin 
than  among  Ashkenazi  Jews  of  European  or  American  origin 
[7].  In  the  United  States,  the  incidence  of  ulcerative  colitis  in 
the African-American population has been one-fifth to one-half 
that  in  the Caucasian population, but  in recent years  that gap 
appears to be narrowing [8]. The prevalence among Hispanics 
also appears to be lower.

Some of the apparent increases in incidence of IBD over time 
may reflect greater awareness of these diseases, better diagnostic 
studies, and improved reporting. Moreover, some patients now 
diagnosed as having Crohn’s colitis may have been diagnosed as 
having ulcerative colitis in the past. Despite these ambiguities, 
certain trends are apparent. In geographic areas where the inci-
dence of ulcerative colitis has been low, it is now increasing. In 
northern  Europe  and  North  America,  where  the  incidence  of 
both ulcerative colitis and Crohn’s disease has been substantial, 
the  incidence of ulcerative colitis has now  leveled, but  that of 
Crohn’s disease is still increasing [5].

The  peak  age  of  onset  for  ulcerative  colitis  is  between  15 
and 25 years.  In some but not all  series, a second,  lesser peak 
of incidence occurs between 55 and 65 years [8]. It may occur 
in childhood, although the incidence is much lower before the 
age  of  15  years  than  after.  Ulcerative  colitis  is  more  common 
than  Crohn’s  disease  in  children  younger  than  10  years.  Most 
series  show  an  approximately  equal  incidence  of  ulcerative 
colitis  in  males  and  females,  but  other  studies  show  an  inci-
dence  of  Crohn’s  disease  that  is  greater  in  females  by  up  to 
30% and an incidence of ulcerative colitis  that may be greater 
among males [8]. These gender differences of disease distribu-
tion may represent confounding environmental factors such as 
use of  tobacco.

One interesting factor among patients with ulcerative colitis 
is  the  incidence  of  smoking.  Among  patients  with  ulcerative 
colitis, the incidence of smoking is less than that in the general 
population. In several studies, the risk of developing ulcerative 
colitis was increased among nonsmokers compared with current 
smokers  and  increased  even  further  among  former  smokers 
compared  with  lifetime  nonsmokers.  Quitting  smoking  can 
provoke the onset of ulcerative colitis, though still much less of 
a risk than that of smoking on overall health. The active ingre-
dients in cigarette smoke that decreases the risk ulcerative colitis 
have not been defined, nor have the mechanisms of action. On 
the assumption that nicotine is the active ingredient in cigarette 
smoke, trials of transdermal nicotine and nicotine gum for the 
treatment of ulcerative colitis have been performed; in two trials 
transdermal  nicotine  was  somewhat  effective.  Other  evidence 
suggests  that  carbon  monoxide  in  the  inhaled  smoke  may  be 
mechanistically important.

Appendectomy, as well, strongly protects against the develop-
ment of ulcerative colitis. This effect in ulcerative colitis is noted 
particularly when appendectomy is performed for an inflamma-
tory problem, such as lymphadenitis or appendicitis and if done 
before the age of 21.

Figure 71.1 Extent of ulcerative colitis at time of initial disease 
presentation.
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Toxic megacolon Toxic megacolon, often overlapping with ful-
minant  colitis,  is  the  most  severe  manifestation  of  ulcerative 
colitis,  diagnosed  when  the  inflammation  extends  from  the 
superficial mucosa into the submucosal and muscular layers of 
the colon [17]. Toxic megacolon occurs more commonly in the 
setting of extensive colitis but can also occur with severe distal 
colitis.  The  manifestations  of  toxic  megacolon  include:  high-
grade  fever, prostration,  severe cramps, abdominal distension, 
and  abdominal  tenderness  that  may  be  localized,  diffuse,  or 
associated with rebound tenderness. These toxic manifestations 
result  from  transmural  extension  of  inflammation  producing 
circular  muscle  paralysis  and  precipitating  dilatation  of  the 
colon often resulting in a “tissue-paper” thin colonic wall.

The clinical severity of ulcerative colitis depends on both the 
length of colon involved and the intensity of colonic inflamma-
tion. The symptomatic criteria most commonly used to define 
the severity of disease were established by Truelove and Witts 
to assess improvement in the first clinical trial of cortisone for 
ulcerative colitis and remain useful to classify severity in clinical 
practice [18–21]. The criteria define “mild” and “severe” disease 
activity with “moderate” activity being present when there are 
intermediate symptoms. These criteria may also be modified to 
include “fulminant” colitis  (Table 71.1). Most patients present 
with “moderately” severe symptoms of ulcerative colitis and the 
course  is,  typically,  intermittent  with  the  majority  of  patients 
maintained  in  clinical  remission  or  having  mild  symptoms 
despite  a  90%  likelihood  of  relapse  if  medical  therapy  is  not 
maintained [22].

“Mild” symptoms are defined by patients with less than four 
bowel movements daily, minimal cramping and urgency. Typi-
cally, most of the bowel movements occur early in the day, and 
after the morning evacuations patients are able to proceed with 
activities of daily life.

“Moderate” ulcerative colitis severity is defined by symptoms 
of  four  to  eight  bowel  movements  daily,  typically  in  the  early 
morning and after meals, associated with rectal urgency. Blood 
and/or  mucopus  are  present  with  most  evacuations  and  noc-
turnal  awakening  for  bowel  movements  is  common.  The 

presents  acutely  after  infectious  colitis,  or  traveler’s  diarrhea 
[13]. Due to the presence of rectal inflammation and its involve-
ment  of  the  colonic  surface,  bleeding  is  the  most  consistent 
presenting feature and may be gross, or associated with evacu-
ation  of  mucopus.  Symptoms  of  rectal  urgency  and  tenesmus 
are  related  to  diminished  compliance  of  the  rectum  [14]. 
Increased  stool  frequency  is,  likewise,  related  to  decreased 
rectal  compliance  and  proximal  fecal  stasis  in  patients  with 
distal colitis and “bowel movements,” per se, should distinguish 
passage of mucopus without stool [15]. The greater the length 
of  inflamed  colon,  the  more  likely  patients  will  present  with 
diarrhea. Conversely, patients with proctitis often present with 
constipated bowel movements with interim passage of blood or 
mucus  [15].  Colicky  abdominal  pain  or  cramps  preceding 
bowel  movements  are  common,  whereas  localized  abdominal 
pain or tenderness (related to transmural inflammation) signi-
fies progressive, severe disease. In the setting of severe or fulmi-
nant  colitis,  systemic  symptoms  including  night  sweats,  fever, 
nausea  and  vomiting,  and  weight  loss  accompany  diarrhea. 
Most  often,  nausea  and  vomiting  occur  while  patients  are  on 
the  toilet  associated with  tenesmus. Extraintestinal manifesta-
tions  (see  further  on)  can  include  inflammation  of  the  eyes, 
skin, joints, and liver.

Ulcerative proctitis Ulcerative proctitis is defined by inflamma-
tion  limited  to  the distal 15–20 cm of  rectum and  is  the most 
common, and usually the mildest presenting extent of ulcerative 
colitis;  accounting  for  approximately  25%  to  30%  of  cases 
[10,15]. Patients with ulcerative proctitis typically present with 
hematochezia, a sense of rectal urgency, and constipated bowel 
movements  because  of  delayed  transit  of  fecal  material  in  the 
right colon [16]. Systemic manifestations are uncommon with 
proctitis, alone, but skin or joint symptoms can occur [15]. The 
disease usually remains confined to the rectum but may advance 
proximally in as many as 30% to 40% of patients [10,11,15].

Proctosigmoiditis Proctosigmoiditis  or  “left-sided”  colitis 
accounts for about 40% of ulcerative colitis cases is an interme-
diate syndrome in which patients may present with either con-
stipation  or  diarrhea  accompanied  by  tenesmus,  urgency,  and 
rectal  bleeding.  Colicky  left  lower  quadrant  pain  is  more 
common  than  with  proctitis,  as  are  extraintestinal  symptoms. 
The proximal disease margin usually remains fixed throughout 
the course but can spread more proximally or even retract dis-
tally [10,11,15].

Pancolitis Pancolitis  or  “extensive  colitis”  is  diagnosed  when 
inflammation extends into the transverse or right colon. In this 
setting, patients are more likely to present with diarrhea, due to 
diminished  absorptive  capacity  of  the  colon,  accompanied  by 
rectal bleeding, urgency and tenesmus [16]. Cramping abdomi-
nal pain may be diffuse or localized, and patients are more likely 
to have weight loss, systemic, or extraintestinal symptoms, and 
anemia [15].

Table 71.1 Modified Truelove and Witts’ clinical classification of ulcerative 
colitis severity.

Criteria Mild Severe Fulminant

Stools (# / day) <4 >6 >10

Blood in stool Intermittent Frequent Continuous

Temperature (°C) Normal >37.5 >37.5

Pulse (beats/minute) Normal >90 >90

Hematocrit (%) Normal <75% Transfusion

ESR* (mm/hour) <30 >30 >30

Source: Adapted from Truelove and Witts 1955 [18]. Adapted by 
permission from BMJ Publishing Group Limited.
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Most  studies  have  reported  an  increased  risk  of  colorectal 
cancer, but whether  there are  increased  risks of other  cancers 
remains controversial.

Diagnosis
In  the  absence  of  pathognomonic  features,  the  diagnosis  of 
ulcerative  colitis  is  made  on  the  basis  of  clinical,  endoscopic, 
and histological findings. There may also be overlapping patho-
physiology  between  ulcerative  colitis  and  postinfectious  IBS 
[28]. Thus, the first order of diagnostics is to determine whether 
there is an inflammatory process or whether symptoms (diarrhea 
and abdominal cramps) are related to IBS.

Subsequently,  the  differentiation  between  ulcerative  colitis 
and other forms of infectious and IBD is the priority for patients 
presenting  with  diarrhea.  Despite  all  diagnostic  efforts,  in  a 
small proportion of patients the inflammatory pattern remains 
“indeterminate” between ulcerative colitis and Crohn’s disease. 
At presentation, stool examination for fecal leukocytes suggests 
the  presence  of  an  “IBD”  and  cultures  and  other  appropriate 
tests  should  be  performed  to  rule  out  infectious  diseases  
that may mimic or complicate ulcerative colitis, such as infec-
tion  with  Salmonella, Shigella, Campylobacter,  hemorrhagic 
Escherichia coli, and, in particular, Clostridium difficile [9].

In  contrast  to  patients  presenting  with  diarrhea  alone,  the 
presence of  rectal bleeding  in  individuals below  the age of 40 
should  raise  the  suspicion of ulcerative colitis. Most often  the 
presentation is sub-acute or chronic, but may also be intermit-
tent or progressive over time [9].

Because ulcerative colitis always involves the rectum, inflam-
matory changes  should be visible with a  limited examination. 
Thus,  the  easiest  way  to  exclude  ulcerative  colitis  is  by  direct 
examination of the rectosigmoid colon with a proctoscope, or 
flexible sigmoidoscope. Radiographic examinations (e.g. barium 
enemas),  aside  from  plain  abdominal  radiographs  in  patients 
with  severe  presentations,  have  been  almost  completely  sup-
planted by more sensitive endoscopic examinations. Thus, it is 
now rare in clinical practice to encounter characteristic radio-
graphic findings of barium enema, such as granular appearance 
to the surface of the mucosa, loss of normal haustral markings, 
luminal narrowing and bowel shortening (lead pipe sign).

History and physical examination
A full history should include recent travel; recent infections; use 
of medications (in particular antibiotics and NSAIDs); past and 
current  smoking  history,  and  family  history  of  IBD,  other 
immune-mediated  inflammatory  diseases  (psoriasis,  eczema, 
arthritis, liver disease, multiple sclerosis, etc.), and colon polyps 
or cancer. While not of immediate necessity, these can give clues 
to potential long-term complications and risk factors (e.g. colon 
cancer). In addition to symptoms of bleeding and diarrhea the 
history  should assess  severity by  soliciting  for  the presence of 
nocturnal bowel movements, incontinence, weight loss, fevers, 
and other extraintestinal symptoms such as arthritis, back pain, 
skin lesions, eye inflammation and, oral ulcerations. In women 

disease  can  interfere  with  daily  work  or  school  activities  and 
social  life  [22].

“Severe”  ulcerative  colitis  is  manifest  by  more  than  eight 
bowel  movements  daily,  nocturnal  bowel  movements,  severe 
urgency  with  or  without  incontinence,  and  systemic  signs 
including  low-grade fever, night sweats, weakness, and weight 
loss. Abdominal tenderness, tachycardia, anemia, leukocytosis, 
and hypoalbuminemia are common [15].

Although not  included  in Truelove and Witts original  clas-
sification, patients with “fulminant” colitis have more  than 10 
bowel  movements  a  day,  nocturnal  bowel  movements,  severe 
abdominal pain or relentless tenesmus, rebound tenderness or 
distension with tympanic bowel sounds. They also have prostra-
tion,  high  fever,  and  hypotension.  Radiographic  studies  may 
show evidence of mucosal edema, intramural air (pneumatosis 
coli),  colonic  dilatation  (toxic  megacolon),  or  free  abdominal 
air (perforation) (see further on).

Disease course
The natural history of ulcerative colitis is modified by medical 
therapy. In a population’s series, the average duration of symp-
toms prior  to diagnosis was 4.5 months and  less  than 10% of 
patients  required  surgery  (colectomy)  in  the  first  year  [22] 
(Table  71.2).  Untreated,  more  than  90%  of  patients  will  have 
intermittent  or  relapsing  disease  activity  and  about  50%  will 
have  a  relapse  in  any  year.  A  small  minority  of  patients  have 
chronic,  continuous  disease  activity  [23].  More  than  90%  of 
patients are able to maintain the ability to work, or attend school 
[23]. Ultimately, up to a third of patients with extensive colitis 
will  require  a  colectomy  at  some  time  through  the  disease 
course and up to 30% of patients with disease severe enough to 
require corticosteroids will undergo colectomy within the sub-
sequent year [24]. However, mortality rates for ulcerative colitis 
are not significantly different from those of the general popula-
tion [25,26].

Table 71.2 Clinical course in ulcerative colitis.

Clinical course Number of patients %

Acute fulminating 20 8.0

Chronic intermittent 161 64.4

Chronic continuous 18 7.2

One attack only 45 18.0

Total colectomy in first attack 2 0.8

Died in first attack of other causes 1 0.4

Unknown 2 0.8

Total 249 100.0

Source: Edwards and Truelove 1963 [27]. Reproduced by permission 
from BMJ Publishing Group Limited.
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IBD [36,39,40]. Over the past decades advances have improved 
the sensitivity and/or specificity of antineutrophil cytoplasmic 
antibodies  (ANCA)  and  the  perinuclear  ANCA  (pANCA) 
determinations as well as the identification of targeted antigens 
of these markers pertaining to the diagnosis of ulcerative colitis 
[41]. Both the nuclear heterochromatin DNA-bound protein H1 
and  protein  epitopes  expressed  by  colonic  bacteria  as  well  as 
cathepsin G, elastase, lysozyme, lactoferrin, catalase, enolase and 
high-mobility group (HMG) nonhistone chromosomal proteins 
have been identified to cross-react with pANCA [40,42,43]. The 
prevalence of pANCA in patients with ulcerative colitis ranges 
from 50%–80% and titres usually remain stable throughout the 
course  of  the  disease.  Reported  differences  between  various 
populations may be related to ethnic differences, referral bias or 
methodological differences between assays [40,42]. pANCA can 
also be identified in up to 31% of patients with Crohn’s disease, 
especially  in  those  with  colonic  involvement  and  more  of  an 
“ulcerative colitis-like” endoscopic apperance [40,44,45]. In con-
trast to the predominance of pANCA in ulcerative colitis, anti-
body  to  the  baker’s  yeast  Saccharomyces cerevisiae  (ASCA)  is 
more  specific  for  patients  with  small  bowel  Crohn’s  disease, 
however, can be present in up to 20% of patients with ulcerative 
colitis [40]. The combination of positive pANCA and negative 
ASCA (and vice versa) can help distinguishing ulcerative colitis 
from  indeterminate  or  Crohn’s  colitis.  However,  this  is  rarely 
necessary  in  clinical  practice,  and  it  should  not  be  used  as  a 
primary tool in making the diagnosis. The sensitivity and spe-
cificity  of  positive  pANCA  and  negative  ASCA  in  ulcerative 
colitis are 44%–58% and 81%–98%, respectively. The combina-
tion  of  these  serological  markers  has  also  been  proposed  as 
predictors  of  development  of  ulcerative  colitis  (and  Crohn’s 
disease) in individuals from a low-risk population. Antinuclear 
antibodies (ANA) are present  in a wide range of autoimmune 
disorders and can also be present in healthy subjects. The preva-
lence of ANA in ulcerative colitis is 40%–50%, generally higher 
than  that  in  Crohn’s  disease,  and  might  be  associated  with 
steroid  dependence  [46].  Additional  serological  markers  to 
microbial  antigens  such  as  antibody  against  outer  membrane 
porin of E. coli cell wall (OmpC) or RNA-derived immunologi-
cally associated bacterial sequence of Pseudomonas fluorescens 
(I2 peptide) have been identified, but are much more prevalent 
in small bowel Crohn’s disease than in ulcerative colitis.

The utility of screening for IBD with serological markers has 
been mostly limited to the pediatric population where invasive 
testing  (i.e.  colonoscopy)  is  less  acceptable  and  more  costly 
[47,48].  In adult populations the ability  to diagnose ulcerative 
colitis  by  flexible  sigmoidoscopy  or  colonoscopy  is  less  of  an 
issue and offers immediate confirmation and access to histology 
such that serologic markers are unnecessary to screen for ulcer-
ative colitis.

Endoscopy
Ulcerative colitis can almost always be diagnosed by endoscopic 
examination of the rectum and sigmoid colon [9,49]. The disease 

a  menstrual  history  is  relevant  related  to  disease  activity  and 
potential therapies.

In  most  patients  with  mild  ulcerative  colitis,  the  physical 
examination is normal,  including the abdominal examination. 
There  may  be  mild  abdominal  tenderness  to  deep  palpation, 
particularly over the left colon, but significant abdominal find-
ings are limited to patients with moderate to severe disease, in 
whom  tenderness  is  more  prominent.  Abdominal  distension, 
tympany, diminished bowel sounds or rebound tenderness are 
ominous signs of fulminant colitis, or toxic megacolon. Despite 
frequent diarrhea, perianal manifestations are absent in ulcera-
tive colitis. Any significant perianal findings (e.g. skin tags, fis-
sures, abscesses, or fistulas) suggest Crohn’s disease rather than 
ulcerative colitis. Conjunctival or, nail bed, pallor are common 
signs of anemia. Patients may present with ocular inflammation, 
erythema  nodosum,  pyoderma  gangrenosum,  or  arthritis  of 
larger  joints  [29].  Low  back  pain  with  diminished  range  of 
motion, or sacroiliac tenderness, is uncommon, but can be seen 
in patients with spondyloarthropathy. Hepatomegaly, splenom-
egaly, or evidence of chronic liver disease is rare and limited to 
patients who have end-stage primary sclerosing cholangitis.

Laboratory investigations
Investigations  for  patients  with  suspected  ulcerative  colitis 
should include a complete blood count and differential. Assess-
ment  of  liver  enzymes  is  relevant  regarding  potential  hepatic 
complications and baseline kidney function is necessary for any 
patient for whom aminosalicylate therapy is planned. Microbio-
logical  testing  should  test  for  potential  causes  of  infectious 
diarrhea including ova and parasites, enteric pathogens and, in 
particular C. difficile [9].

Fecal markers
A hallmark of ulcerative colitis  is  the presence of neutrophilic 
infiltration into the epithelial crypts and lamina propria in con-
junction  with  exudation  of  fecal  leukocytes  into  the  colonic 
lumen. The absence of  fecal  leukocytes  rules out  the presence 
of an inflammatory diarrhea and focuses subsequent diagnostic 
strategies toward irritable bowel or structural abnormalities of 
the  colon.  In  addition  to  direct  examination  of  stool  for  fecal 
leukocytes with methylene blue, several fecal tests have become 
available to assist with the diagnosis of IBD and have the poten-
tial of contributing to quantification of disease activity [30].

“Calprotectin”  is  a  granulocyte-derived,  calcium-binding 
protein that has been evaluated as a diagnostic assay to identify 
inflammatory diarrhea and to quantify “inflammatory activity” 
[31–36].  Similarly,  “lactoferrin,”  a  neutrophil  granulocytic 
protein quantified by latex agglutination assay or by a polyclonal 
antibody-based  enzyme  linked  immunoassay  has  been  evalu-
ated to discriminate between active IBD and IBS [37,38].

Serologic markers
There has been considerable  interest  in  identifying serological 
and  other  biomarkers  for  diagnostic  and  prognostic  utility  in 
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Table 71.3 Colonoscopic mucosal features and their diagnostic specificity in 
inflammatory bowel disease.

Lesion Ulcerative colitis Crohn’s disease

Inflammation

Distribution

 Colon

  Contiguous +++ +

  Symmetric +++ +

 Rectum +++ +

Friability +++ +

Topography

 Granularity +++ +

 Cobblestoned + +++

Ulceration

Location

 Overt colitis +++ +

 Ileum 0 ++++

Discrete lesion + +++

Features

 Size >1 cm + +++

 Deep + ++

 Linear + +++

 Aphthoid 0 ++++

Bridging + ++

Specificity index range: 0 (not seen) to ++++ (diagnostic).
Source: Hogan et al. 1980 [51]. Copyright ©1980, Elsevier.

Figure 71.2 Endoscopic severity index for ulcerative colitis. Source:  Adapted from Sutherland et al. 1987 [52]. Reproduced by permission of Elsevier.
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presents as diffuse, continuous inflammation beginning in the 
rectum, with proximal extension that varies among individual 
patients. In most cases it is advisable to determine the proximal 
margin  of  disease,  for  the  purposes  of  prognosis  and  therapy 
[19,20,49].  To  avoid  confusion  with  trauma  or  inflammation 
from  administration  of  an  enema  or  oral  laxatives  the  initial 
examination  can  be  performed  without  enema  preparation  as 
patients with active mucosal inflammation rarely have any fecal 
material in the involved lumen. Complete colonoscopy into the 
cecum  and  terminal  ileum  is  most  helpful  in  distinguishing 
ulcerative colitis from Crohn’s disease [50] (Table 71.3).

Healthy  colonic  mucosa  is  smooth  and  glistening,  reflects 
light  back  from  the  scope,  and  demonstrates  a  branching 
mucosal  vascular  pattern.  With  inflammation,  the  mucosa 
becomes edematous, erythematous and more granular, breaking 
apart the light reflection (Figure 71.2). Mucosal granularity may 
be fine or coarse; the latter represents microscopic or pinpoint 
ulcerations and is associated with friability (either spontaneous 
or scope-induced contact hemorrhage from the mucosa). Exu-
dates  of  mucopus  are  a  common  associated  finding  whereas 
gross ulcerations  represent more  severe disease and,  although 
usually shallow, can progress to a total denudation of the mucosa 
with exposure of the underlying circular musculature. Prior to 
treatment these changes are continuous up to a distinct margin 
of normal appearing mucosa (Figure 71.3), or they may extend 
diffusely  to  the  cecum and, occasionally,  into  the distal  ileum 
referred to as backwash ileitis.

Examination and biopsies of the ileum in the setting of back-
wash  ileitis  can  differentiate  ulcerative  colitis  from  Crohn’s 
disease [49,50].  In  the setting of pancolitis,  the  ileocecal valve 
is usually patulous, allowing easy entry into the terminal ileum. 
Limited inflammatory changes in the cecum, especially around 
the  appendix  (periappendiceal  or  cecal  red-patch),  may  be 
present in patients with distal disease, in which case the focality 
is not assumed to be related to Crohn’s disease [53].
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changes as  the presence of deep ulcerations  represents a poor 
prognosis  for  medical  treatment  [56–58].  Colonoscopy  and 
with  biopsies  can  also  assist  in  the  exclusion  of  complicating 
infections,  including  C.  difficile  and  cytomegalovirus  [49,59]. 
However,  in  the  setting  of  severe  colitis  it  may  be  difficult  to 
differentiate infectious from idiopathic colitis [60].

Histology
The histological features of ulcerative colitis parallel the endo-
scopic appearance of a diffuse, continuous pattern of superficial 
inflammation  within  the  involved  mucosal  segments  and 
normal proximal mucosa. The principle components are disrup-
tion  of  glandular  architecture  and  an  inflammatory  infiltrate 
[61,62]. While there are no pathognomonic histological criteria 
for  the  diagnosis  of  ulcerative  colitis,  a  primary  distinction 
between chronic  IBD such as ulcerative colitis  and acute  self-
limited (infectious) colitis is architectural distortion [12] (Table 
71.4).  In  ulcerative  colitis,  the  normal  vertical  (“test-tube”) 
alignment of glands is distorted and, often branched or irregu-
larly shaped (Figure 71.6). The glands are separated by expanded 
lamina propria  lymphocytes, plasma cells,  and eosinophils,  as 
well  as  by  neutrophils,  which  normally  are  sparse.  The  neu-
trophilic infiltrate is localized to the base of the glandular crypts 
and invades into the crypts, producing crypt abscesses (Figure 
71.7). The presence of microabscesses in crypts is highly char-
acteristic but may also be seen in other inflammatory and infec-
tious  conditions  (Figure  71.8).  In  more  severe  disease,  the 
epithelial lining is destroyed, with denuding ulcerations over the 
lamina propria. The inflammatory changes are usually superfi-
cial, limited by the muscularis mucosae. In fulminant colitis, the 
muscular layers are breached by expanding inflammatory deep 
ulcerations that can leave the bowel wall tissue-paper thin and 
protected only by the serosa.

As the mucosa heals, the glandular crypts may become atro-
phied or shortened and irregularly shaped with a  thinned-out 
lamina propria. Inflammatory polyps are comprised of vascular 
granulation tissue with a thin colonic epithelium. In quiescent 

As ulcerative colitis heals, the mucosal changes may become 
more focal [54,55]. The colonic mucosa regenerates with granu-
larity  replacing  ulceration,  and  eventual  restitution  of  the 
mucosal vascular pattern which is chronically “distorted” with 
less  distinct  branching  or  irregular,  pruned-appearing  vessels 
(Figure  71.4).  In  areas  that  had  been  more  severely  inflamed, 
granulation  tissue  may  protrude  and  become  re-epithelialized 
as  postinflammatory,  “pseudopolyps”  (Figure  71.5).  These 
postinflammatory  changes  can  arise  in  a  variety  of  sizes  and 
shapes and often become fingerlike projections, or even mucosal 
bridges,  in  areas  that  had  severe,  undermining  ulcerations. 
Pseudopolyps have no neoplastic potential but can be difficult 
to  differentiate  from  adenomatous  polyps.  When  extensive, 
pseudopolyps can totally carpet the mucosa, making it impos-
sible to discern distinct, potentially neoplastic polyps.

In the setting of severe colitis colonoscopy can be performed 
safely,  in experienced hands,  to assess  the  severity of mucosal 

Figure 71.3 Colectomy specimen from patient with ulcerative colitis 
demonstrates sharp demarcation in the midtransverse colon between 
involved and uninvolved mucosa. Source:  Courtesy of Dr. Ira Kodner,  
St Louis, MO, USA.

Figure 71.4 Healing ulcerative colitis with residual edema, absent 
vasculature, and postinflammatory polyps in a tubular, ahaustral lumen. 
Source:  Courtesy of the Crohn’s and Colitis Foundation of America, New 
York, NY, USA.

Figure 71.5 Filiform pseudopolyps. Source:  Courtesy of Dr. Ira Kodner, 
St Louis, MO, USA.
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Table 71.4 Histological features that allow the physician to distinguish among acute self-limited colitis (ASLC), ulcerative colitis (UC), 
and Crohn’s disease (CD).

Feature ASLC
(n = 44)

UC
(n = 56)

ASLC vs. UC
(P*)

CD
(n = 26)

ASLC vs. CD
(P*)

UC vs. CD
(P*)

Distorted crypt architecture 0 32 <0.00001 7 <0.0005 0.01

Mixed lamina propria inflammation 0 15 <0.001 7 <0.001 NS

Villous surface 0 22 <0.00001 3 <0.047 <0.11

Granuloma 1† 3† NS 16 <0.0017 <0.00001

Crypt atrophy 0 16 <0.0001 3 <0.048 <0.047

Basal lymphoid aggregates 0 12 <0.0011 3 NS NS

Surface erosions 4 21 <0.0011 2 NS <0.007

Superficial isolated giant cell 7 3 NS 0 NS NS

Basal isolated giant cell 1 6 NS 3 NS NS

Polymorphonuclear cells in surface 
epithelium

9 19 NS 3 NS NS

Source: Surawicz and Belic 1984 [63]*. Copyright ©1984, Elsevier.
† rectal biopsy information was not used in the clinical categorization of cases.
NS = not significant.

Figure 71.6 Histology of quiescent ulcerative colitis, with branched 
colonic crypts but no active inflammatory infiltrate. Source:  Courtesy of 
Dr. John Hart, Chicago, Illinois, USA.

Figure 71.7 Histology of active ulcerative colitis, with distorted colonic 
crypts, inflammatory infiltrates, and crypt abscesses. Source:  Courtesy of 
Dr. John Hart, Chicago, Illinois, USA.

Figure 71.8 Crypt abscess. Source:  Courtesy of Dr. David Lacey, St Louis, 
MO, USA.



1386      PART 4 Gastrointestinal disease

proximal extent of disease (Figures 71.9 and 71.10). Other fea-
tures of ulcerative colitis that may be visible on barium enema 
are the loss of haustration in inflamed segments, foreshortening 
of the colon, and an increase in the space between the sacrum 
and  rectum  (Figure  71.11).  Barium  enema  examinations  are 
contraindicated in severely ill patients because of the potential 
for perforation or the induction of a toxic megacolon.

Scintigraphic  scanning with  indium-labeled or  technetium-
labeled leukocytes has been used, albeit rarely, to assess severely 
ill adults or children as relatively rapid determinants of extent, 
severity  and  continuity  of  inflammation  when  the  extent  of 
colitis  is uncertain, or when small bowel disease has not been 
excluded  [68].  Scintigraphy  is  noninvasive  and  occasionally 
helpful in discriminating ulcerative colitis from Crohn’s disease.

Computed  tomographic  (CT)  enterography  has  also  been 
evolving as a diagnostic technique for patients with IBD. In the 
patient with colitis, CT and magnetic  resonance  (MR) can be 
helpful  in  exclusion  of  small  bowel  disease  to  discriminate 
ulcerative  colitis  from  Crohn’s  Disease.  The  technique  uses  a 
negatively  charged  or  neutral  contrast  agent  (e.g.  water,  iso-
osmotic  mannitol,  or  methyl  cellulose)  to  enhance  mucosal 
viewing  and  allowing  improved  ability  to  diagnose  intestinal 
lesions  [69].  MR  enterography  is  also  an  evolving,  potentially 
helpful modality to detect histological inflammation in patients 

colitis, the architectural distortion is present but acute inflam-
mation (neutrophils and crypt abscesses) is absent. Both acute 
inflammation and regeneration of  the colonic epithelium pro-
duces cellular atypia that must be distinguished from epithelial 
dysplasia [64,65]. In regenerating mucosa, the glandular epithe-
lium  becomes  irregularly  shaped  and  hyperchromatic  with 
depletion of normal apical mucus. Stratification of nuclei or loss 
of polarity are manifestations of neoplastic transformation (e.g., 
dysplasia [see later]).

Imaging studies
Conventional barium radiography has been largely replaced by 
endoscopic  examinations  for  the  diagnosis  and  assessment  of 
ulcerative colitis, but radiologic examinations may be a valuable 
adjunct  to  endoscopy  in  specific  clinical  situations  [66]. Plain 
abdominal radiographs are useful in the setting of severe colitis 
where outlines of the air-filled colon can demonstrate the pres-
ence  or  absence  of  haustrations  or  dilatation  of  the  colon  (to 
rule  out  toxic  megacolon).  Extra-luminal  gas  under  the  dia-
phragm  (free  air),  pneumatosis  coli,  or  evidence  of  an  ileus 
pattern are additional features of severe colitis. Plain abdominal 
radiographs  also  provide  a  view  of  the  sacroiliac  joints  and 
lumbosacral spine as a gross assessment of sacroiliitis or anky-
losing spondylitis for patients presenting with low back pain.

Contrast barium studies, once the primary diagnostic modal-
ity, are less sensitive and specific than endoscopic examinations 
that  also  permit  histological  sampling  [19,67].  Air  contrast 
barium enemas demonstrate the fine or coarse mucosal granu-
larity of microscopic ulcerations or the diffuse, continuous and 
symmetric  pattern  of  ulceration  involving  the  rectum  to  the 

Figure 71.9 Air content barium enema in patient with ulcerative colitis 
showing diffuse continuous fine granularity and lack of haustra 
characteristics of Crohn’s disease. Source:  Courtesy of Dr. David Lacey, 
St. Louis, MO, USA.

Figure 71.10 Mild to moderate, left-sided, ulcerative colitis shows 
granularity of mucosa without ulceration. Source:  Courtesy of Dr. Dennis 
Balfe, St Louis, MO, USA.
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common  with  Crohn’s  colitis  than  ulcerative  colitis  and  is 
uncommon with Crohn’s disease confined to the small intestine. 
Most arthritic flares last only a few weeks, though recurrences 
are common with renewed disease flares and can last as long as 
the bowel is diseased. Deformity with radiologic changes occurs 
in  fewer  than 25% of  cases. Serology  for  rheumatoid  factor  is 
negative in these patients. Peripheral arthritis, uveitis, and ery-
thema nodosum are often seen together. Acetaminophen can be 
used  for  joint  discomfort.  NSAIDs  are  preferably  avoided  as 
they  may  induce  a  flare  or  worsening  of  the  colitis.  A  short 
course of COX-2 selective NSAID celecoxib may also be useful 
and safe [77]. Infiximab is useful in peripheral arthritis [78].

Axial arthritis
Ankylosing  spondylitis  is  seen  in  patients  with  IBD,  but  its 
activity does not follow that of the bowel disease [74,75]. Anky-
losing  spondylitis  presents  with  morning  stiffness,  low  back 
pain,  and  characteristic  stooped  posture.  Radiography  of  the 
spine in ankylosing spondylitis shows squaring of the vertebrae 
and  straightening  of  the  spine.  Syndesmophytes  appear  along 
the  lateral  and  anterior  portions  of  the  intervertebral  discs, 
giving the picture of “bamboo spine” (Figure 71.12).

Patients with ulcerative colitis have a 30-fold increase in the 
incidence of ankylosing spondylitis compared with the general 
population.  Even  though  there  is  no  increased  incidence  of 
HLA-B27  in ulcerative colitis, 80% of  those with both ulcera-
tive  colitis  and  ankylosing  spondylitis  are  B27  positive  [76]. 
IBD-associated  ankylosing  spondylitis  occurs  frequently  in 

Figure 71.11 Full-column barium enema in a patient with ulcerative 
colitis shows shortening of the colon and loss of haustral markings. 
Source:  Courtesy of Dr. Dennis Balfe, St Louis, MO, USA.

Figure 71.12 Sacroiliitis and ankylosing spondylitis demonstrating 
obliteration of the sacroiliac joints (large arrow) and bamboo spine with 
syndesmophytes (small arrow). Source:  Courtesy of Dr. Dennis Balfe,  
St Louis, MO, USA.

with suspected IBD but  the sensitivity and specificity  is  lower 
than  with  colonoscopy  [70–72].  CT  or  MR  can  be  useful  in 
patients  with  severe  disease  or  abdominal  complications  such 
as an abscess or perforation.

Wireless  capsule  endoscopy  was  initially  developed  to 
examine  the small bowel, but has  the potential  to exclude  the 
presence  of  Crohn’s  disease  in  patients  with  indeterminate 
colitis [69]. Recently, the indication of “wireless capsule endos-
copy” has been expanded to assess colonic disease, and its utility 
in ulcerative colitis warrants further investigation.

Extraintestinal manifestations

Although  ulcerative  colitis  primarily  involves  the  colon,  it  is 
associated with manifestations in other organ systems. For some 
patients, especially those with primary sclerosing cholangitis or 
ankylosing  spondylitis,  the  extraintestinal  manifestations  may 
be  more  problematic  than  the  bowel  disease.  Extraintestinal 
manifestations can be divided into two major groups: (1) those 
in  which  the  clinical  activity  follows  the  activity  of  the  bowel 
disease, and (2) those in which the clinical activity is unrelated 
to the clinical activity of the bowel disease.

Peripheral arthritis
The  most  common  extraintestinal  manifestation  of  IBD  is 
arthritis [73–75]. The arthritic complications of IBD are colitic 
or  peripheral  arthritis  and  ankylosing  spondylitis  or  axial 
arthritis. Peripheral arthritis  can be either pauciarthritis  (four 
or fewer joints), or polyarthritis (five or more joints) [76]. Pau-
ciarthritis  is  typically  asymmetric  and  predominantly  affects 
larger  joints  (elbow,  knees,  and  wrist)  whereas  polyarthritis 
which is less common is symmetric and predominantly affects 
smaller  joints.  The  activity  of  pauciarticular  arthritis  is  more 
likely  to  follow  the  activity  of  the  bowel  disease  whereas  in 
polyarticular  arthritis  joint  pain  can  be  independent  of  the 
activity  of  the  bowel  disease.  Peripheral  arthritis  is  more 
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and  citrate  supplementation  can  help  prevent  recurrence  of 
oxalate stones.

Dermatological manifestations
The two common dermal complications of IBD are pyoderma 
gangrenosum  and  erythema  nodosum.  Pyoderma  gangreno-
sum  is  seen  with  colitis  and  ileocolitis  and  is  associated  with 
extensive  long-standing  disease.  The  incidence  of  pyoderma 
gangrenosum  in  ulcerative  colitis  is  relatively  low  (1%–5%); 
however, 36% to 50% of all patients with pyoderma gangreno-
sum have IBD [86,87].The typical lesion is a discrete ulcer with 
a necrotic base, usually found on the lower extremities (Figure 
71.13) but may occur elsewhere. Lesions often occur at the site 
of previous injury (pathergy) and can develop around stomas. 
The  ulcers  may  drain  purulent  material,  but  the  drainage  is 
sterile on culture. These ulcers can become large and deep, with 
destruction  of  surrounding  soft  tissues.  Activity  of  pyoderma 
gangrenosum may or may not follow the activity of the bowel 
disease, but these lesions almost always develop during a bout 
of acute colitis. Usually, the lesions resolve with control of the 
colitis by use of oral corticosteroids. Alternatively, corticoster-
oids  can  be  injected  or  applied  directly  to  the  skin  lesions. 
Therapies with periactin, dapsone, azathioprine, tacrolimus and 
cyclosporine  can  be  considered  for  refractory  cases  [88–90]. 
Infliximab  has  also  been  reported  to  be  effective  in  a  rand-
omized controlled  trial  [91]. Topical  tacrolimus has also been 
effective [92].

Eye complications
The  ocular  complications  of  IBD  are  uveitis  and  episcleritis  
[93].  Uveitis  (iritis)  is  an  inflammatory  lesion  of  the  anterior 
chamber,  presenting  with  blurred  vision,  headache,  eye  pain, 
photophobia,  and  conjunctival  inflammation.  Diagnosis  is 
made by slit-lamp examination, which demonstrates perilimbic 

females  (perhaps  up  to  40%),  whereas,  ankylosing  spondylitis 
unassociated with intestinal disease occurs at a male-to-female 
ratio of nearly 9:1. In contrast to peripheral arthritis, which is 
episodic and usually nondeforming, ankylosing spondylitis can 
be  relentlessly  progressive  and  crippling.  The  results  have 
improved since the advent of anti-TNF therapies which benefit 
both. Physical therapy plays a major role in maintaining func-
tion. Pain management is a problem, and narcotic addiction is 
common. NSAIDs, though they reduce inflammation and pain 
in spondylitis and in colitic arthritis, do not halt the progression 
of  the  disease  and  may  exacerbate  intestinal  inflammation. 
Medical  treatment  of  IBD  and  colectomy  are  not  helpful  in 
managing  ankylosing  spondylitis.  Biologics  including  inflixi-
mab  are  effective  for  ankylosing  spondylitis  and  can  halt  the 
progression of joint deformity and their use should be consid-
ered in IBD-associated ankylosing spondylitis [78].

Sacroiliitis,  inflammation  of  the  joint  between  the  sacrum 
and  the  ileum,  can  be  seen  in  conjunction  with  ankylosing 
spondylitis  but  more  often  occurs  alone.  Over  20%  of  IBD 
patients, most of whom have no back pain, have radiographic 
evidence of sacroiliitis [79,80]. Some will present with low back 
pain which can be slowly progressive, not related to  intestinal 
inflammation. Radiographs of the pelvis reveal blurring of the 
margins of the sacroiliac joints, with patchy sclerosis.

Osteoporosis
Osteoporosis or osteopenia occurs in as many as half of patients 
with IBD [81]. The incidence of fractures in an IBD population 
was 40% higher than that of the cohort population. Numerous 
factors may contribute including malnutrition, malabsorption, 
and smoking. However, persistent inflammation and steroid use 
may  be  the  most  important  factors.  Tumor  necrosis  factor 
enhances  bone  resorption.  Although  osteopenia  may  occur 
independent  of  steroid  use,  steroids  worsen  the  problem.  In 
ulcerative colitis, the loss of bone density occurs more directly 
as  a  result  of  steroid  use.  Patients  with  primary  sclerosing 
cholangitis,  particularly  with  long  standing  disease,  can  have 
more  severe  osteoporosis.  The  therapeutic  options  include 
estrogen  replacement  therapy,  raloxifene,  calcitonin  and 
bisphosphonates.  Screening  patients  with  dual-energy  Radio-
graph absorptiometry  (DEXA)  is  recommended  in patients  at 
high risk [82]. Guidelines for the management of osteoporosis 
in IBD have been developed by the British Society of Gastroen-
terology  and  the  American  Gastroenterological  Association 
[82,83].

Renal complications
The  incidence  of  kidney  stones,  specifically  oxalate  stones,  in 
IBD  patients,  with  estimates  ranging  between  1%  to  25%,  is 
several  times  that  in  the  general  population  [84].  This  risk  is 
more pronounced in patients with small bowel Crohn’s disease 
as compared to ulcerative colitis due to fat malabsorption [85]. 
Measurement of 24-hour urinary oxalate, uric acid, and citrate 
may  be  useful  to  guide  therapy.  Dietary  restriction  of  oxalate 

Figure 71.13 Pyoderma gangrenosum (with stitches after biopsy). 
Source:  Courtesy of Dr. Ira Kodner, St Louis, MO, USA.
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of the intrahepatic and extrahepatic bile ducts; it occurs in 2% 
to 7% of patients with ulcerative colitis, which is slightly higher 
than the rate seen in Crohn’s disease [103]. On the other hand, 
60%  to  80%  of  patients  with  sclerosing  cholangitis  have  IBD. 
The  prevalence  of  IBD  is  so  high  in  patients  with  sclerosing 
cholangitis  that  colonoscopy  should  be  performed  even  on 
patients who are without intestinal symptoms. Endoscopic and 
histological  evidence  of  IBD  are  commonly  found  in  patients 
with  sclerosing  cholangitis  without  intestinal  symptoms. 
Patients with ulcerative colitis and sclerosing cholangitis have a 
higher  risk  of  colon  cancer  than  those  with  ulcerative  colitis 
alone  and  should  undergo  more  intensive  surveillance 
[20,103,104]. Indeed, surveillance should begin when primary 
sclerosing cholangitis  is diagnosed in the context of ulcerative 
colitis rather than defer for several years after onset of ulcerative 
colitis  in the absence of the former. Sclerosing cholangitis can 
affect intrahepatic bile ducts, extrahepatic bile ducts, or both. In 
patients with IBD and sclerosing cholangitis, usually both int-
rahepatic  and  extrahepatic  ducts  are  affected.  Early  in  the 
disease, liver biopsy shows enlargement of the portal tracts, with 
edema and bile duct proliferation. Later, biopsies show exten-
sion  of  fibrosis  out  of  the  portal  space,  eventually  leading  to 
cirrhosis.

Bile duct strictures and recurrent bacterial cholangitis are the 
major clinical problem in sclerosing cholangitis; strictures can 
occur  in both intrahepatic and extrahepatic bile ducts (Figure 
71.14).  Patients  may  be  asymptomatic  until  the  disease  is  far 
advanced  and  then  present  with  fever,  right  upper  quadrant 
pain,  and  jaundice.  More  often,  sclerosing  cholangitis  is  first 
recognized  in  the  evaluation  of  abnormal  laboratory  studies: 
elevated  alkaline  phosphatase,  bilirubin,  and  transaminases. 
The  differential  diagnosis  of  sclerosing  cholangitis  includes 
biliary tumors and common bile duct stones; diagnosis can be 
made  by  ERCP  or  transhepatic  cholangiography  but  MRCP, 
where available, is now preferred as it avoids the risk of intro-
duction  of  bacteria  into  the  ducts.  In  many  cases,  sclerosing 
cholangitis progresses to cirrhosis, hepatic failure, and death in 
five to ten years. Clinical features at presentation associated with 
a  poorer  prognosis  are  hepatomegaly,  splenomegaly,  elevated 
serum  alkaline  phosphatase,  advanced  histological  stage,  and 
age. Endoscopic balloon dilation or stenting of extrahepatic and 
intrahepatic strictures may be palliative. Cholestyramine, a bile 
salt–binding resin, may help to relieve pruritus. Colectomy and 
medical therapy of the bowel disease are without benefit in the 
management  of  sclerosing  cholangitis.  Ursodeoxycholic  acid 
can  decrease  levels  of  alkaline  phosphatase  and  transaminase 
but  does  not  alter  histological  progression  or  influence  the 
occurrence  of  clinically  important  outcomes  such  as  time  to 
transplant or death [105]. Liver transplantation has been used 
with success, and sclerosing cholangitis is now one of the most 
common  indications  for  liver  transplantation  in  adults  [105]. 
Cholangiocarcinoma develops  in 10% to 15% of patients with 
long-standing  sclerosing  cholangitis.  Differentiating  cholangi-
ocarcinoma from the benign strictures of sclerosing cholangitis 

edema and cells in the anterior chamber. Scarring and blindness 
can be prevented with local therapy of corticosteroids and atro-
pine, or other agents  that dilate  the pupil. Episcleritis  is a  less 
serious  problem,  presenting  with  burning  eyes  and  scleral 
inflammation. Treatment with topical steroids is effective. Inf-
liximab can be useful for refractory uveitis [94].

Thromboembolic complications
Thromboembolic complications, with arterial as well as venous 
events, occur in about 1% to 2% of patients with IBD [95–97]. 
Nonetheless, in half of IBD patients with thrombotic events no 
clotting defect can be identified [89]. Deep vein thrombosis and 
pulmonary emboli affect patients with active disease. In a popu-
lation study there was a three- to fourfold increase in the inci-
dence of deep venous thrombosis and pulmonary embolism in 
IBD patients compared with a control group (Z2 ref7). Throm-
boembolic events in the eye and in intracranial vessels also have 
been  described  [98,99].  These  thrombotic  events  should  be 
treated  with  anticoagulants  just  as  they  would  be  in  patients 
without IBD. Activation of clotting factors and thrombocytosis 
are common [99]. In patients with active disease, procoagulant 
factors tend to be increased and fibrolytic factors are decreased, 
potentially  generating  a  hypercoaguable  condition.  In  both 
ulcerative colitis and Crohn’s disease  increased  levels of  factor 
V,  factor  VIII,  and  fibrinogen  along  with  decreased  levels  of 
antithrombin III have been reported [96,99].

Hepatobiliary complications
The hepatic complications of IBD include fatty liver, pericholan-
gitis,  chronic  active  hepatitis,  and  cirrhosis.  The  biliary  tract 
complications are sclerosing cholangitis and gallstones. Choles-
terol  gallstones  occur  more  often  in  Crohn’s  disease  patients 
with ileal disease or ileal resections owing to malabsorption of 
bile  salts,  and  not  as  often  in  patients  with  ulcerative  colitis. 
Pericholangitis  is  the  most  common  hepatic  complication  of 
IBD, with prevalence as high as 50% to 80% reported [100,101]. 
Patients with pericholangitis are usually asymptomatic. Eleva-
tions of alkaline phosphatase are seen frequently; elevations of 
bilirubin are less common. Histologically, there is inflammation 
of the portal tracts, with lymphocyte and eosinophil infiltrates 
and  degenerative  changes  of  the  bile  ductules  [102].  In  more 
advanced disease, progressive fibrosis can develop. The relation-
ship between pericholangitis and primary sclerosing cholangitis 
is uncertain. Some studies have  suggested  that pericholangitis 
may be a part of the spectrum of sclerosing cholangitis, and the 
histological  manifestations  of  sclerosing  cholangitis  and  peri-
cholangitis  on  liver  biopsy  may  be  indistinguishable  [102]. 
Patients  diagnosed  on  liver  biopsy  as  having  pericholangitis 
may need to undergo endoscopic retrograde cholangiopancrea-
tography (ERCP) or magnetic resonance cholangiopancreatog-
raphy  (MRCP)  to  rule  out  sclerosing  cholangitis.  There  is  no 
effective therapy for pericholangitis.

Primary sclerosing cholangitis (see Chapter 90) is a chronic 
cholestatic liver disease characterized by fibrosing inflammation 
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quiescent disease) is ruling out infectious colitis [9,13,113]. An 
important  distinction  between  acute  bacterial  infections  and 
ulcerative colitis  is  that  the diarrhea  in  the  infectious diseases 
tends to be limited to a period of days to a few weeks, whereas 
the diarrhea of ulcerative colitis is typically of longer duration. 
Also  known  as  acute  self-limited  colitis  (ASLC),  a  number  of 
histologic features, summarized in Table 71.4, may help distin-
guish  ulcerative  colitis  from  ASLC  (and  Crohn’s  disease),  if  a 
rectal  biopsy  is  obtained.  In  patients  who  present  with  pro-
longed  diarrhea,  the  diagnosis  of  protozoal  diseases,  such  as 
giardiasis, must be considered. Stool cultures for enteric patho-
gens, ova and parasites and serologic tests for amebiasis help to 
distinguish  infectious  diarrhea  from  ulcerative  colitis.  Infec-
tions  with  Shigella,  amoeba,  Giardia,  E. coli  O157:H7,  and 
Campylobacter  organisms  can  all  cause  symptoms  similar  to 
those of ulcerative colitis, and the endoscopic findings of infec-
tions with Shigella or Campylobacter organisms can be identical 
to those seen in ulcerative colitis (or Crohn’s colitis). In contrast 
to  bacterial  infections  of  the  colon,  protozoal  infections  can 
produce  more  prolonged  symptoms.  Amebiasis  can  cause 
bloody  diarrhea  with  an  endoscopic  appearance  resembling 
ulcerative or Crohn’s colitis, but in amebiasis the ulcerations are 
usually scattered, 5 mm to 15 mm in diameter, and covered with 
a  yellow  exudate  that  contains  organisms.  These  ulcers  may 
occur  anywhere  in  the  colon  but  are  most  common  in  the 
cecum and ascending colon. Diarrhea secondary to Giardia  is 
not associated with rectal bleeding but can present with cramp-
ing abdominal pain, weight loss, and chronicity.

Sexual  transmission  of  enteric  pathogens  by  anal  inter-
course can lead to proctitis resembling ulcerative colitis [114]. 
Neisseria gonorrhoeae,  chlamydia  organisms  (lymphogranu-
loma venereum), herpes simplex, and Treponema pallidum can 
all  cause  proctitis.  The  increased  prevalence  of  the  human 
immunodeficiency  virus  (HIV)  has  broadened  the  number  of 
potential enteric pathogens to include Cryptosporidium and Iso-
spora species, Mycobacterium avium complex, and cytomegalo-
virus.  In  patients  without  risk  factors  for  HIV  infection,  the 
primary diagnostic studies needed to rule out infectious colitis 
are stool cultures for enteric pathogens, examination of stool for 
ova and parasites,  and  stool  examination  for C. difficile  toxin. 
Patients at risk for HIV infection require a more elaborate eval-
uation with viral culture and histological examination of biopsy 
specimens  to  identify  potential  cytomegalovirus  and  herpes 
virus. In addition, patients who are immunosuppressed due to 
therapy for ulcerative colitis may have superimposed cytomega-
lovirus infection.

Collagenous or lymphocytic colitis are chronic inflammatory 
diseases marked pathologically by the presence of a  thick col-
lagen deposition in the subepithelial layer of the colonic mucosa, 
lymphocyte infiltration, or both [115–117]. The clinical presen-
tation  is  chronic  watery  (secretory)  diarrhea  that  most  com-
monly occur in middle-aged women. These conditions are often 
associated with the use of NSAIDs or proton pump inhibitors 
and  may  be  seen  in  conjunction  with  other  “autoimmune”  

is difficult. ERCP with brushing, or cholangioscopy with biopsy, 
may help to make this distinction [106].

Differential diagnosis
Ulcerative  colitis  should  be  considered  in  any  patient  who 
presents with rectal bleeding or chronic diarrhea. Identification 
of  fecal  leukocytes  is  the  simplest  means  of  discerning  an 
“inflammatory” process of the intestine. Other causes of rectal 
bleeding are either traumatic or neoplastic.

Diarrhea  is nonspecific and has a  large differential  schema. 
The primary chronic diarrheal illness that requires differentia-
tion from ulcerative colitis (or Crohn’s disease) is IBS. However, 
IBS is never a cause of rectal bleeding and nocturnal symptoms 
or associated weight loss is rarely seen in IBS, alone. The pres-
ence of occult blood or fecal leukocytes excludes IBS. Although 
there is no evidence that IBS predisposes to IBD [107,108], the 
two conditions often, coexist and may be associated with depres-
sive  symptoms  [109].  In  addition  to  IBS,  diarrhea  and  rectal 
bleeding secondary to NSAID use is a common mimic of both 
types of IBD [110–112].

The most common problem in the differential diagnosis of an 
acute  presentation  of  ulcerative  colitis  (including  flare-ups  of 

Figure 71.14 Sclerosing cholangitis with segmental strictures (arrows) in 
common bile duct. There are also strictures in the intrahepatic bile ducts. 
Source:  Courtesy of Dr. Dennis Balfe, St Louis, MO, USA.
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Nutritional management

Malnutrition is an important clinical problem in IBD. For most 
patients with IBD, the only nutritional therapy required is the 
instruction  to  eat  adequate  amounts  of  a  well-balanced  diet. 
Patients often  look  for a nutritional basis  to  their disease and 
for  nutritionally  based  therapy  [125].  These  expectations  lead 
many  to  decide  that  exacerbations  of  pain  or  diarrhea  were 
caused by the foods they ate before the exacerbation, and con-
sequently,  they exclude from their diets a  lengthy list of  foods 
that were associated temporally with an exacerbation of disease. 
As  a  result,  these  patients  place  themselves  on  a  diet  that  has 
limited  variety  and  is  likely  to  be  nutritionally  unbalanced. 
Foods should be eliminated from the diet only if they consist-
ently and reproducibly result in symptoms. Some patients have 
lactose  intolerance  and  should  avoid  dairy  products  or  use 
lactase-containing  products,  such  as  Lactaid.  Crohn’s  patients 
with strictures should avoid fibrous and high-residue foods, but 
that  instruction  is  unnecessary  for  patients  with  ulcerative 
colitis.

Malabsorption  of  nutrients  is  not  a  problem  in  ulcerative 
colitis;  however,  diminished  food  intake  due  to  abdominal 
symptoms  is  common.  Patients  with  ulcerative  colitis  may 
decrease their food intake due to diminished appetite or because 
eating  worsens  their  diarrhea.  Nutritional  requirements  are 
increased in severe ulcerative colitis because of the catabolism 
associated with fever and inflammation. Total parenteral nutri-
tion (TPN) has been used to improve the nutritional status and 
reduce  the  symptoms  of  patients  with  severe  ulcerative  colitis 
[126]. This approach has been especially successful in improv-
ing the nutritional status of patients before colectomy is under-
taken.  Improved  nutritional  status  decreases  the  likelihood  of 
complications for surgical procedures, in general, and, presum-
ably, for IBD surgery in particular. No evidence has been found 
that TPN reduces the necessity for colectomy or that it is effec-
tive as primary therapy for the disease. Two studies compared 
the  rates  of  colectomy  in  ulcerative  colitis  patients  receiving 
TPN with  those on regular hospital  food.  In both studies,  the 
rates for colectomy were the same in the two groups [127,128]. 
Dietary supplementation with fish oil may have antiinflamma-
tory activity because  the n-3  fatty acids  in fish oil compete  in 
the substrate pool for the enzymes that synthesize prostagland-
ins  and  leukotrienes.  Supplementation  with  high-dose  fish  oil 
over a period of months reduced steroid requirements in ulcera-
tive colitis; however, it did not have advantage over placebo in 
inducing or maintaining remission [129].

Medical therapy for ulcerative colitis

Aminosalicylates
Formulations  of  5-aminosalicylic  acid  (5-ASA,  mesalamine, 
mesalazine)  have  been  the  primary  therapies  to  treat  mild  to 
moderately active ulcerative  colitis  and  to maintain  remission 

conditions such as celiac disease, rheumatoid arthritis, and thy-
roiditis.  The  endoscopic  appearance  of  the  colon  is  usually 
normal  or  mildly  edematous  and  the  histological  findings 
provide the diagnosis.

Ischemic colitis can also occasionally mimic ulcerative colitis 
in its clinical presentation and endoscopic appearance. However, 
the clinical context is often helpful as ischemic colitis is typically 
seen  in  elderly  patients  at  risk  for  low  perfusion  or  younger 
patients  exposed  to  drugs  with  vasoconstrictive  properties. 
However,  the  typical  distinction,  confined  to  the  “watershed” 
area  of  the  left  colon,  and  relative  lack  of  involvement  of  the 
rectum  also  help  distinguish  ischemic  colitis  from  ulcerative 
colitis (see Chapter 128).

Inflammatory diverticular disease (diverticulitis or diverticu-
lar  colitis)  may  be  difficult  to  separate  from  both  ulcerative 
colitis  and  Crohn’s  disease  especially  in  older  adult  patients 
[118]. There may also be shared pathogenesis as some cases of 
diverticular  colitis  evolve  into  a  more  chronic  pattern  of  IBD 
that  can  mimic  either  ulcerative  colitis  or  Crohn’s  disease, 
including the development of fistulae tracking along the sigmoid 
colon [119,120]. Often diverticular colitis presents with hema-
tochezia  or  gross  rectal  bleeding,  with  or  without  abdominal 
pain,  fever,  and  diarrhea.  The  presence  of  inflammation  away 
from  diverticula  or  the  presence  of  perianal  disease  suggests 
Crohn’s  disease  whereas  extension  of  sigmoid  colitis  into  the 
rectum determines an evolution to ulcerative colitis.

Diversion  colitis  occurs  in  the  presence  of  colon  excluded 
from the fecal stream and is due to lack of nutrients provided 
by bacterial production of short chain fatty acids to feed colono-
cytes  [121].  It  is  a  nonspecific  inflammation  of  segments  of 
colon excluded from the fecal stream and can occur in patients 
undergoing staged colectomy for ulcerative colitis or in patients 
who  have  had  surgery  for  Crohn’s  colitis  with  creation  of  a 
Hartmann pouch [122]. In these cases, diversion colitis may be 
difficult to differentiate from either ulcerative colitis or Crohn’s 
disease in the excluded segment. Many patients with diversion 
colitis have severe endoscopic findings with minimal symptoms. 
A  clinical  response  to  antibiotics  or  to  enemas  of  short-chain 
fatty  acids  should  differentiate  diversion  colitis  from  active 
Crohn’s disease.

Symptoms  of  mild  ulcerative  colitis  or  proctitis  in  which 
rectal  bleeding  is  the  primary  manifestation  are  sometimes 
attributed  to  hemorrhoids  or  anal  fissures.  The  presence  of 
urgency  or  diarrhea  is  more  consistent  with  ulcerative  colitis 
or  proctitis.  Sigmoidoscopy  should  easily  differentiate  ulcera-
tive  colitis  from  these  perianal  problems.  Solitary  rectal  ulcer 
is another mimic of  idiopathic proctitis that typically presents 
in young individuals with rectal urgency, bleeding and passage 
of mucus [123]. Most often the patient presents with a history 
of  constipation  or  prolonged  straining  on  the  toilet  and,  at 
sigmoidoscopy  there  is  a  semicircumferential  or  circumfer-
ential  ulceration,  often  with  heaped-up  margins  along  the 
first  rectal  fold.  Histological  features  are  those  of  mucosal 
prolapse  [124].
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Table 71.5 Currently available mesalamine (5-ASA) preparations in the United States.

Product Formulation How supplied Typical dosing Site of action

Canasa 5-ASA suppository 1000 mg q.d.–b.i.d. Rectum

Rowasa 5-ASA enema 4 g (60 mL) q.h.s. Rectum; distal colon

Azulfidine (sulfasalazine) 5-ASA linked to sulfapyridine 500 mg tablet 3–4 g; b.i.d.–q.i.d. Colon

Asacol 5-ASA coated with acrylic resin; 
release at pH ≥ 7

400 mg tablet 2.4–4.8 g; q.d.–b.i.d. Distal ileum; colon

Lialda 5-ASA coated with acrylic resin and 
multi-matrix; release at pH ≥ 7

1.2 g capsules 2.4–4.8 g; b.i.d.–t.i.d. Distal ileum; colon

Pentasa 5-ASA in ethylcellulose 500 mg capsules microgranules 3–4 g; b.i.d.–q.i.d. Small bowel; colon

Dipentum 5-ASA dimer 250 mg capsules 1–2 g; b.i.d. Colon

Colazal 5-ASA linked to inert carrier 750 mg capsules 6.75 g; b.i.d.–t.i.d. Colon

5-ASA, 5-acetylsalicylate; b.i.d., twice a day; t.i.d., three times a day; q.d., every day; q.i.d., four times a day; q.h.s., every bedtime.

Figure 71.15 Proposed location of release of 5-ASA (mesalamine) preparations currently available in the United States. 1Pentasa; 2Asacol or Lialda; 
3Colazal; 4Dipentum; 5Azulfidine; 6Rowasa; 7Canasa.

Moisture-release 5-ASA1

pH-release 5-ASA2

Balsalazide3

Olsalazine4

Sulfasalazine5

5-ASA enema6

5-
A

SA
 a

ge
nt

5-ASA suppository7

Small bowel Terminal ileum Right colon

Proposed location of 5-ASA release

Left colon Rectum

[130] (Table 71.5). These agents have a long history of clinical 
use and have been extensively studied in clinical trials [131].

Sulfasalazine, the prototype aminosalicylate formulation, was 
developed with the concept of providing both an antibacterial 
(sulfapyridine)  and  antiinflammatory  (5-  aminosalicylic  acid) 
agent into the connective tissues in rheumatoid arthritis [132]. 
Sulfasalazine had been the benchmark agent for the initial com-
parison trials with alternative 5-ASA agents, but it is now rec-
ognized that the 5-aminosalicylic acid moiety accounts for the 
primary  therapeutic  benefits  whereas  sulfapyridine  causes  the 
majority  of  side  effects  [133].  This  recognition  has  allowed 
development of a series of sulfa-free aminosalicylates that can 
be targeted to specific sites along the gastrointestinal tract [134] 
(Figure 71.15).

Sulfasalazine
Sulfasalazine (salazopyrine) is a compound linking sulfapyrid-
ine with 5-ASA via an azo-bond. Following oral administration, 
the  compound  remains  mostly  intact  with  minimal  enteric 
absorption  until  reaching  the  colon  where  the  azo-bond  is 
cleaved by indigenous colonic microbiota [135]. The sulfapyri-
dine is almost completely absorbed from the colon and under-
goes a genetically determined hepatic acetylation and subsequent 
renal  excretion  [134].  Slow  acetylators  achieve  higher  plasma 
concentrations  of  sulfapyridine  than  rapid  acetylators  which 
translate into a greater or lesser likelihood of intolerance to the 
compound.  In  contrast,  once  delivered  to  the  colon  5-ASA  is 
acetylated by colonic bacteria or within the colonic epithelium 
and is poorly absorbed. The majority of 5-ASA is eliminated as 
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Non-sulfa containing aminosalicylates
In  contrast  to  sulfasalazine,  5-ASA  (mesalamine)  is  rapidly 
absorbed  from  the  proximal  gastrointestinal  tract  depending 
upon local concentrations and  luminal pH [130]. A variety of 
approaches  have  been  taken  to  deliver  5-ASA  to  distal  sites 
along the intestine with the intent of “preventing” 5-ASA from 
proximal absorption without exposure to the toxicities associ-
ated with sulfapyridine (Table 71.5). Since initial studies dem-
onstrated that mesalamine is the active ingredient of sulfasalazine 
and that it works when topically applied to the rectum an initial 
approach was to formulate 5-ASA into suppositories or enemas 
for treatment of colitis confined to the rectum, and/or the  left 
colon [148,149]. Subsequently, oral formulations of 5-ASA have 
been developed  to deliver  sufficient  luminal  concentrations at 
distal sites  in the small and large  intestine (Figure 71.15). The 
latter  include  mesalamine  formulations  that  are  “protected” 
against  proximal  absorption  or  mesalamine  compounds  with 
5-ASA  linked  by  the  same  azo-bond  present  in  sulfasalazine, 
but instead, to an alternative carrier.

The  oral  formulations  of  mesalamine  vary  in  their  coating 
mechanisms to prevent proximal absorption and, hence,  inac-
tivation as 5-ASA is considered a topically active antiinflamma-
tory  [148,150,151].  Although  all  of  these  formulations  deliver 
“pure” mesalamine, there are pharmacologic differences in the 
release and intestinal delivery. However, no distinct differences 
of effectiveness between the pure mesalamine agents on a gram 
per gram basis have been identified when they are administered 
for ulcerative colitis [148,151–153].The Pentasa® formulation of 
5-ASA  utilizes  ethylcellulose  coated  granules  that  behave  as  a 
semipermeable membrane to release 5-ASA at pH 6 and above 
thus  delivering  approximately  50%  of  5-ASA  into  the  small 
bowel  and  the  remainder  into  the  colon.  Due  to  the  fact  that 
5-ASA is a zwitterion, dominantly anionic, and that absorption 
depends upon both local concentrations and pH, “release” does 
not equate with “absorption.” Only about 35% of mesalamine is 
absorbed  from  this  formulation,  independent  of  intestinal 
transit  time  [151].  Another,  recently  marketed  formulation  of 
mesalamine (Lialda®/Mezavant®) uses a “matrix” combination of 
pH-resistant coatings and semipermeable ethyl-cellulose (Multi 
Matrix  System®  [MMX])  to  deliver  5-ASA  primarily  into  the 
colon  [154].  Other  pure  mesalamine  formulations  utilize 
Eudragit  resins  to  provide  more  of  a  bolus-release  of  5-ASA 
targeted according to intestinal pH. Asacol® uses Eudragit-S, and 
dissolves at pH 7 or above, so that it releases 5-ASA primarily 
in the colon and terminal ileum, whereas Salofalk® (Mesasal®) is 
formulated with Eudragit-L that releases at pH 6. The latter, due 
to the proximal, bolus release leads to slightly more absorption 
and renal elimination.

The  azo-compounds  of  5-ASA  include  olsalazine  and  bal-
salazide. Olsalazine (Dipentum®) is a dimer of two 5-ASA mol-
ecules  covalently  bound  through  an  azo-bond  similar  to  that 
in  sulfasalazine.  Thus,  each  mole  of  olsalazine  provides  two 
moles  of  5-ASA  [155].  The  second  azo-compound  is  bal-
salazide (Colazal®),  in which 5-ASA is  linked via an azo-bond 

Ac-5-ASA  in  the  feces  [136].  The  small  amount  (∼15%)  of 
5-ASA absorbed from the colon is acetylated within the colonic 
mucosa or liver and is excreted from the kidneys, again prima-
rily as Ac-5-ASA. Thus, sulfasalazine functions, primarily, as a 
carrier of 5-ASA to distal sites in the intestinal tract.

A specific mechanism of action for sulfasalazine and 5-ASA 
has  yet  to  be  established  and  novel  antiinflammatory  and 
antineoplastic  effects  continue  to  be  elucidated  [136–140]. 
There  are  multiple  antiinflammatory  effects  including  inhibi-
tion  of  the  arachidonic  acid  cascade  involving  the  cyclooxy-
genase,  lipoxygenase  and  platelet  activating  factor  pathways 
[136]. In addition, the aminosalicylates are inhibitors of oxygen 
radical  production  and  scavengers  of  free  radicals.  They  also 
inhibit  lymphocyte  and  monocyte  function  as  well  as  plasma 
cell production of immunoglobulin. Sulfasalazine also has been 
shown to  inhibit  interleukin-1 production and nuclear  factor-
kappa  B  and  mesalamine  has  been  shown  to  activate  the 
gamma  form  of  peroxisome  proliferator-activated  receptors 
(PPARγ)  involved  in  the  control  of  inflammation,  cell  prolif-
eration,  apoptosis  and  metabolic  function  [139,141].  A  basic 
premise  regarding  the  aminosalicylates  is  that  the  effects  of 
5-ASA are topical (mucosal), not systemic, and that the active 
moiety  needs  to  be  delivered  to  the  site  of  intestinal  inflam-
mation  [142].

Side  effects  of  sulfasalazine  are  relatively  common  and  the 
majority of adverse reactions are related to plasma sulfapyridine 
concentrations  [140,143].  In  general,  the  side  effects  can  be 
divided into intolerance or allergy. Intolerance side effects from 
sulfasalazine (e.g., nausea, vomiting, malaise, anorexia, dyspep-
sia,  and  headaches)  are  dose-related  and  worse  in  genetically 
slow  acetylators.  Administration  with  meals  or  gradually 
increasing  the  dose  can  minimize  these  symptoms,  as  can 
administration of an enteric-coated formulation. Most of these 
side effects occur within the first few days or weeks of therapy 
and resolve with discontinuation.

In contrast to the dose-related intolerant side effects, allergic 
or  hypersensitivity  reactions  including  rash,  fever,  hemolytic 
anemia, agranulocytosis, hepatitis, hypersensitivity pneumoni-
tis, pancreatitis, or worsening of colitis, are not related to sul-
fapyridine  concentrations  and  are  far  less  frequent  [143,144]. 
Idiosyncratic pancreatitis, pneumonitis and worsening of colitis 
are related to the 5-ASA moiety while reversible sperm abnor-
malities and folate malabsorption are complications related  to 
sulfasalazine. Sulfasalazine interferes with folate absorption and 
may  contribute  to  macrocytic  anemia,  leading  to  the  recom-
mendation  of  folate  supplementation  during  therapy  [145]. 
Additional  drug  interactions  identified  with  sulfasalazine 
include  the potential  for warfarin  resistance and  inhibition of 
thiopurine methyl transferase that clinically has been shown to 
increase 6-thioguanine nucleotide levels with coadministration 
of sulfasalazine, mesalamine, or balsalazide leading to a risk of 
leukopenia  as  well  as  lowering  of  6-thioguanine  nucleotide 
levels  when  an  sulfasalazine  or  alternative  aminosalicylates  is 
withdrawn [146,147].
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creatinine and referral to a nephrologist is warranted to deter-
mine the etiology of abnormal kidney function.

Aminosalicylates in ulcerative colitis
Mild or moderate ulcerative colitis
Sulfasalazine and all of the oral aminosalicylates have been effi-
cacious in the treatment of mild to moderate ulcerative colitis 
as long as the active compound, 5-ASA, is delivered to the site 
of disease activity [164,165]. Oral aminosalicylates are effective 
for both proximal  and distal  colitis  and  the  topical  agents  are 
efficacious  for distal  colitis as  long as  the  formulation reaches 
the proximal extent of disease [165]. As mentioned previously, 
the  dose-response  for  sulfasalazine  is  often  compromised  by 
dose-related toxicity [130]. The dose-response for mesalamine 
formulations is not associated with dose-related toxicities up to 
the  maximum  tested  dose  of  4.8 g/day  [140,158].  Whereas  a 
dose-response  for  the oral aminosalicylates  is well defined for 
the  treatment  of  active  disease,  there  does  not  appear  to  be 
increasing  benefits  from  topical  formulations  (suppositories, 
foams,  or  enemas)  above  1 g  daily  [149,166].  In  comparison 
trials between sulfasalazine and the alternative agents, there is 
no advantage of one compound over another from a therapeutic 
standpoint  as  long  as  equal  amounts  of  5-ASA  are  delivered 
[152,153].  Similarly,  there  does  not  appear  to  be  a  significant 
difference  between  the  oral  aminosalicylates  regarding  their 
efficacy  in extensive or distal ulcerative colitis or  in  the phar-
macokinetic profiles [157].

The clinical  response  to sulfasalazine or an alternative ami-
nosalicylate for active mild to moderate ulcerative colitis aver-
ages  between  40%–80%,  but  varies  considerably  between 
clinical trials due to differing patient populations and end-point 
definitions of response [152,164,167]. There is a dose-response 
for sulfasalazine between 1 g and 4 g daily and in reports doses 
up to 6 g/day have been tested. Mesalamine is equally effective 
with a dose-response between 1.5 g/day and 4.8 g/day, the latter 
being the highest dose evaluated in clinical trials [158,167]. The 
azo-bond  compounds  olsalazine  and  balsalazide  have  been 
tested in doses up to 3 g/day and 6.75 g/day (comparable to 3 g 
and 2.4 g of mesalamine, respectively) [155,156,168,169]. While 
increasing  doses  of  sulfasalazine  (intolerance)  and  olsalazine 
(diarrhea)  are  associated  with  incremental  dose-related  side 
effects,  an  advantage  for  mesalamine  compounds  and  bal-
salazide  is  that, within  the  tested  therapeutic  range,  the dose-
response  is  not  compromised  by  dose-related  side  effects 
[153,168,169].

Rectal  formulations of mesalamine have been highly effica-
cious  for  the  treatment of distal colitis  [166,170]. Mesalamine 
suppositories reach the upper rectum (approximately 15–20 cm), 
and enemas or foams can theoretically reach up to the splenic 
flexure  or  distal  transverse  colon  according  to  volume  and 
disease  activity.  In  the  setting  of  distal  colitis  topical  (rectal) 
mesalamine has been more effective than corticosteroid enemas 
or equivalent doses of oral mesalamine and combination treat-
ment  with  oral  and  topical  mesalamine  is  superior  to  either 

to 4-aminobenzoyl-β-alanine, an inert carrier [156]. Similar to 
sulfasalazine and olsalazine, balsalazide releases 5-ASA entirely 
into the colon. In contrast to the pure mesalamine compounds, 
the  azo-compounds  have  the  potential  of  inducing  chloride 
secretion in the small intestine, resulting in watery diarrhea in 
5%  to  10%  of  patients  treated  with  olsalazine  at  1–2 g/day 
doses.  Sulfasalazine  and  balsalazide  are  less  likely  to  induce 
diarrhea  at  prescribed  doses  which  provide  smaller  amounts 
of 5-ASA (e.g. 4 grams of sulfasalazine provides 1.6 g of 5-ASA 
whereas  6.75 g  of  balsalazide  provide  approximately  2.4 g  of 
5-ASA)  [156].

In  contrast  to  sulfasalazine,  the  pure  mesalamine  and  azo-
compounds have relatively few side effects and in trials utilizing 
up to 4.8 g/day of delayed-release formulations, there have not 
been any dose-related toxicities [157–159]. Indeed, the primary 
advantage  of  the  non-sulfa  containing  aminosalicylates  is  the 
improved side effect profile compared with sulfasalazine [157]. 
Eighty percent of patients who are unable to tolerate sulfasala-
zine can tolerate a non-sulfa containing 5-ASA. Rare, idiosyn-
cratic  allergic  reactions  including  pancreatitis,  pericarditis, 
myocarditis, pancreatitis, pneumonitis, hepatitis, nephritis, and 
worsening of colitis have been reported [146,160].  In contrast 
to the idiosyncratic hypersensitivity reactions related to mesala-
mine, diarrhea related to olsalazine is dose-dependent, improved 
by  administration  with  food,  and  is  less  prevalent  in  patients 
with inactive colitis [155].

Two  potential  side  effects  of  all  5-ASA  products  deserve 
mention. Worsening of colitis has been described with all for-
mulations  and  is  a  rare,  presumably,  hypersensitivity  reaction 
[161]. Increasing symptoms of colitis (bleeding, diarrhea, rectal 
urgency) can be seen with administration of oral or rectal ami-
nosalicylates.  On  occasion,  5-ASA-induced  colitis  may  be 
masked by corticosteroid therapy and can become manifest as 
corticosteroids are tapered. Therefore, for patients with steroid-
refractory ulcerative colitis who have never been  in remission 
with 5-ASA agents, alone, a trial off of 5-ASA, with an alterna-
tive maintenance agent should be considered.

The other recognized, but rare, consequence of 5-ASA is an 
idiosyncratic,  presumed  hypersensitivity,  form  of  interstitial 
nephritis  [162].  Nephrotoxicity  is  not  dose-related,  has  been 
described with all 5-ASA agents (overall estimated risk ∼0.26% 
per patient year), and often presents gradually over months or 
years. The labeling of all 5-ASA agents warns against the poten-
tial for nephrotoxicity and recommends monitoring of kidney 
function.  However,  the  optimal  means  of  monitoring  has  not 
been  established.  Due  to  the  frequency  of  abnormal  urinary 
sediment findings in patients with IBD, measurement of base-
line or follow-up urinary sediments is not adequate and moni-
toring  of  blood  urea  nitrogen  (BUN)  and  serum  creatinine  is 
recommended  at  baseline,  after  3–6  months  of  therapy,  and 
yearly,  thereafter  [140,157,163]. Clinicians  should be aware of 
mild  elevations  of  serum  creatinine  in  young  individuals  that 
can  reflect  significant  reductions  in  renal  function.  5-ASA 
agents should be discontinued in the presence of rising serum 
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[174,175]. Most of the attention has been directed towards anti-
biotics targeting luminal bacterial species.

Antibiotics in ulcerative colitis
There  are  no  well-designed  clinical  trials  or  even  large  case 
series that document a convincing therapeutic role for antibiot-
ics in the treatment of ulcerative colitis, although some practi-
tioners advocate them in the setting of severe colitis to potentially 
decrease bacterial translocation, sepsis and other complications 
[128].  Combined  therapy  with  intravenous  tobramycin  and 
metronidazole  showed  no  benefit  over  placebo  in  clinical 
response,  incidence  of  complications,  or  need  for  emergent 
colectomy  in  patients  with  severe  colitis  [175].  Neither  oral 
vancomycin, oral ciprofloxacin, nor intravenous metronidazole 
were found to be effective in these patients [176–179].

There  may  be  a  role  for  antibiotics  for  patients  with  less-
severe colitis. However, a recent metaanalysis of 10 randomized 
placebo-controlled trials  including 530 patients suggested that 
antibiotics used as an adjunct to corticosteroids, or mesalamine, 
yielded  a  pooled  odds  ratio  of  2.14  (confidence  interval  [CI], 
1.48–3.09) favoring the use of antibiotics [180]. Clinical remis-
sion was higher in a pooled analysis of short-term therapy with 
antibiotics  (5–14  days),  (odds  ratio  [OR]  2.02;  CI,  1.26–3). 
Short-term  symptomatic  remission  rates  were  better  with  the 
addition of oral tobramycin (versus placebo) to corticosteroids 
in  84  patients  with  acute  relapsing  ulcerative  colitis  (74%  vs. 
43%,  respectively),  but  the  durability  of  these  responses  is 
unknown. The addition of ciprofloxacin to a regimen of corti-
costeroids  and  mesalamine  resulted  in  lower  6  month  failure 
rates  as  compared  to  placebo  (21%  vs.  44%)  [176].  Rifaximin 
has also  shown promise  in  some patients with corticosteroid-
refractory disease [181].

Antibiotics are first-line therapy in the treatment of pouchitis 
for patients with ulcerative colitis who have undergone an ileal-
pouch anal anastomosis. Ciprofloxacin and metronidazole are 
the two antibiotics with the most use and success; often one is 
started, and the other added in refractory cases [182,183]. For 
refractory cases, adding antibiotics such as rifaximin or combi-
nation  therapy  with  ciprofloxacin  and  tinidazole  have  proven 
efficacy [184–187]. Prophylaxis against pouchitis onset or pre-
vention  of  relapse  of  chronic  pouchitis  has  been  shown  in 
placebo-controlled  trials  using  a  probiotic  cocktail  containing 
viable  lyophilized  bacteria  of  four  strains  of  lactobacilli,  three 
strains of bifidobacteria, and one strain of Streptococcus salivar-
ius subsp. thermophilus [188–190] (see Chapter 73 on surgical 
treatment of IBD).

Corticosteroids
Corticosteroids have long been a mainstay of acute therapy for 
moderate to severe and fulminant ulcerative colitis. The mecha-
nisms  of  action  of  corticosteroids  continue  to  be  elucidated 
[191–194]. Glucocorticoid receptors are present on most human 
cells  and  their  concentration  is  autoregulated.  The  ubiquitous 
distribution accounts for the systemic effects and side effects on 

single approach [166,170]. Mesalamine enemas can also be used 
as adjunctive therapy for patients with extensive colitis to accel-
erate healing of the distal colon [20].

Severe ulcerative colitis
The aminosalicylates are not regarded to be effective as single 
agents for severe colitis and due to the frequency of gastrointes-
tinal intolerance, the small risk of worsening colitis, and inferior 
antiinflammatory  properties  compared  to  corticosteroids,  are 
not recommended until patient’s condition has stabilized [171]. 
These  agents  can  be  added  or  resumed  when  the  patient  has 
responded to treatment for severe disease with return of normal 
bowel habits [20]. Unlike corticosteroid enemas, rectal mesala-
mine  formulations  have  not  been  evaluated  in  severe  disease 
and clinical experience has shown that in this setting they may 
be less well tolerated than rectal corticosteroids.

Maintenance of remission
Prevention of relapse and prolongation of remission have been 
primary indications for all of the aminosalicylates [170,172]. In 
contrast to the evidence base for mild to moderate active ulcera-
tive colitis  there  is  less data regarding a dose-response  for  the 
aminosalicylates  for  maintaining  remission  [172,173].  Never-
theless, in the setting of quiescent colitis there is likely to be a 
similar  dose-response  although  there  is  no  consensus  on  an 
“optimal”  maintenance  dose  [173].  Similar  to  the  setting  in 
active  disease,  with  maintenance  therapy  all  of  the  non-sulfa 
containing  formulations  provide  comparable  efficacy  to  sul-
fasalazine  when  equimolar  doses  of  5-ASA  are  administered. 
Historically, the dose-related side effects of sulfasalazine led to 
the compromise in maintenance dosing based upon the efficacy 
and  side  effects,  and  recognition  that  many  patients  are  not 
compliant  with  prescribed  doses.  Therefore,  the  suggested 
maintenance dose for sulfasalazine has been 50% of the dose for 
active disease. However, this historical “dogma” does not apply 
to the non-sulfa containing aminosalicylates that are devoid of 
dose-related side effects and clinical experience has dictated that 
a substantial proportion of patients who require higher doses of 
an aminosalicylates to achieve remission will, similarly, benefit 
more  from  maintaining  the  same  induction  dose  to  maintain 
remission.

Topical  mesalamine  formulations  are  also  effective  at  pre-
venting  relapse  in  the  setting  of  ulcerative  proctitis  and  distal 
colitis and are more effective than oral treatment, though com-
pliance remains an issue [170]. Many patients with distal colitis 
who  require  topical  therapy  to  achieve  remission  will  require 
maintenance therapy with a rectal formulation [20].

Antibiotics
The  unknown  etiology  of  ulcerative  colitis,  along  with  the 
expanded  understanding  of  the  gut  immune  system’s  interac-
tions with the intestinal flora, have led not only to investigations 
into  the  role of  infectious agents as  initiators or  instigators of 
disease flares, but also into antimicrobials as potential therapies 
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coid signaling because of dysfunction at the level of the gluco-
corticoid  receptor;  and  constitutive  epithelial  activation  of 
proinflammatory  mediators,  including  nuclear  factor-κB, 
resulting  in  significant  inhibition  of  glucocorticoid  signaling, 
and decreased efficacy of glucocorticoids [194].

The  ubiquitous  side  effects  of  corticosteroids  are  the  major 
factor limiting their use in IBD [202–204]. Although the major-
ity of corticosteroid side effects are dose-dependent, there is a 
wide  range  of  patient  susceptibility  such  that  some  patients 
tolerate prolonged courses of high-dose corticosteroid therapy 
without  ill  effects,  but  others  develop  devastating  side  effects 
with short courses of relatively low-dose therapy. Patients taking 
more  than 10 mg of prednisone daily  for  longer  than 3 weeks 
should  be  viewed  as  having  a  suppressed  hypothalamic-
pituitary-adrenal axis  for 1 year after cessation of therapy and 
should  receive  supplemental  rescue  glucocorticoids  during 
surgery  or  severe  illness.  Patients  should  be  instructed  about 
adrenal  suppression  and  the  need  for  glucocorticoid  supple-
mentation for surgery and severe illness even after cessation of 
therapy.

Patients also need to be educated about the benefits and tox-
icities  of  glucocorticoids.  Common  predictable  side  effects 
include  increased  appetite,  central  obesity,  moon  facies,  acne, 
insomnia, increased risk of infection, and, in children, growth 
retardation. Less common problems requiring patient monitor-
ing  include  hypertension  and  glucose  intolerance.  Steroid-
induced glucose intolerance may require treatment with insulin 
or oral hypoglycemic agents and in patients with diabetes; ster-
oids may make blood-sugar control more difficult.

Sleep disorders are common along with mood swings. More 
profound psychiatric problems,  including depression and psy-
chosis, may become unmasked or exacerbated by steroid therapy. 
Osteonecrosis, particularly of the femoral heads, can be related 
to corticosteroid therapy or the underlying disease [202,203].

Osteoporosis  is  a  common  and  potentially  devastating  side 
effect of corticosteroid therapy when fractures occur. Virtually 
every  patient  treated  with  glucocorticoids  develops  negative 
calcium balance although there is a variation in risk of bone loss 
that typically occurs within the first months of therapy [204,205]. 
The  effects  of  corticosteroids  on  bone  include  both  enhanced 
bone  resorption  and  diminished  bone  formation.  Bone  loss 
characteristically  involves  trabecular  bone  in  ribs,  vertebrae, 
and distal radius. Rib fractures and vertebral compression frac-
tures are common. Patients with Crohn’s disease involving the 
small intestine are at greater risk for steroid-induced bone loss 
compared to those with ulcerative colitis due to malabsorption 
of calcium and vitamin D. The incidence of symptomatic bone 
loss also is higher in children and postmenopausal women. To 
minimize bone loss, the management of patients on corticoster-
oids should include the following [67,206]:
•  use of the lowest possible dose of corticosteroids (daily dose 

as well as duration)
•  use  of  steroid  sparing  agents  (immunomodulators  and  bio-

logics) where applicable

most organ systems. By binding to intracytoplasmic glucocor-
ticoid receptors found in most cell types, glucocorticoids acti-
vate glucocorticoid-responsive elements (GREs) that influence 
multiple signal transduction pathways. An important action is 
the  switching  off  of  multiple  activated  inflammatory  genes 
through  inhibition  of  histone  acetylase  activity  (HAT),  and 
recruitment  of  histone  deacetylases  to  the  inflammatory  gene 
transcriptional  complex  resulting  in  transrepression  of  proin-
flammatory  transcription  factors  (e.g.  nuclear  factor-κB),  and 
apoptosis  of  inflammatory  cells  and  activated  lymphocytes 
[194].  Glucocorticoids  also  activate  several  antiinflammatory 
genes and increase the degradation of mRNA encoding inflam-
matory proteins, resulting in a broad spectrum of effects on the 
immune  system  including  inhibition  of  the  recruitment  and 
proliferation  of  lymphocytes,  monocytes  and  macrophages, 
migration of neutrophils to sites of inflammation, and decreased 
production  of  soluble  inflammatory  mediators  including 
cytokines, leukotrienes, and prostaglandins [192].

There is a large variation in plasma concentrations of gluco-
corticoids after oral administration in both normal subjects and 
patients with IBD and the biological half-life of glucocorticoids 
is 18–36 hours compared with a 2–4 hour plasma half-life [192]. 
The most commonly used oral glucocorticoids are prednisone 
(or  prednisolone)  and  methyl-prednisolone.  The  potency  of 
prednisone/prednisolone  and  methyl-prednisolone  compared 
to hydrocortisone are 4:1 and 5:1, respectively [192]. In Europe 
prednisolone  metasulfobenzoate  has  been  used  to  minimize 
systemic absorption with oral delivery and enema formulations 
[195]. The bioavailability after  rectal administration of hydro-
cortisone is dependent upon disease activity and retention time, 
but  can  be  up  to  80%  of  an  administered  dose.  Nonsystemic 
corticosteroids have been developed for both topical and rectal 
administration  [195,196].  The  most  commonly  used  oral  and 
rectal formulation of a nonsystemic steroid is budesonide that 
has been targeted in an oral formulation to treat Crohn’s disease 
with  ileal  and  right  colonic  involvement  [196].  Budesonide 
MMX® distributes budesonide evenly to the entire colon and has 
recently  been  shown  to  be  effective  in  inducing  remission  of 
active ulcerative colitis without concerns for the side effects of 
systemic glucocorticoids [197]. A budesonide foam preparation 
(Uceris foam 2 g) has recently also been approved for use in the 
United States.

There have been conflicting reports describing glucocorticoid 
receptors in patients with IBD but it appears that mucosal glu-
cocorticoid receptors are decreased in patients compared with 
healthy controls [198]. Glucocorticoid-resistance has also been 
described  related  to  ligand-induced  down-regulation  of  the 
receptor, the dominant-negative inhibition by the β-isoform of 
the  receptor,  or  repression  by  the  transcription  factor  nuclear 
factor-κB  [194,199–201].  Other  potential  mechanisms  of 
steroid-resistance  include:  decreased  cytoplasmic  glucocorti-
coid  concentration  secondary  to  increased  P-  glycoprotein-
mediated efflux from target cells secondary to over-expression 
of the multidrug resistance gene (MDR1); impaired glucocorti-
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one-half were in remission and over 20% of patients required a 
colectomy (Figure 71.16).

Oral corticosteroids have neither been effective nor indicated 
for maintaining remissions of ulcerative colitis.  In distinction, 
steroid-dependence  is  common  [24].  Neither  cortisone  50 mg 
daily nor prednisone up to 15 mg daily were effective at prevent-
ing  relapse  [213,214].  While  high-dose  (40 mg)  alternate-day 
prednisone in addition to sulfasalazine did reduce relapse rates 
in  a  small,  24-patient  trial,  side  effects  of  oral  corticosteroids 
rarely justify long-term use [215].

Topical corticosteroids
Topical  corticosteroids  (i.e.  formulations  applied  per  rectum) 
have long been recognized as an important therapeutic approach 
in patients with ulcerative colitis, as either first-line therapy in 
patients  with  disease  limited  to  the  distal  colon  or  rectum,  as 
well  as  combination  therapy  in  patients  with  more  extensive 
colitis [67,216]. A metaanalysis described pooled odds ratios for 
symptomatic  and  endoscopic  improvement  at  0.21  (95%  CI, 
0.07–0.71), and 0.27 (95% CI, 0.10–0.77), respectively [217]. For 
proctitis,  corticosteroid-containing  suppositories  or  foam  are 
preferable.  Patients  with  proctosigmoiditis  may  find  improve-
ment with a foam or liquid enema preparation, while those with 
inflammation extending past the sigmoid colon are best-treated 
with the liquid enema formulation. Corticosteroid enemas are 
also useful as adjunctive therapy in patients with severe colitis. 
Estimates  of  systemic  absorption  of  the  corticosteroid  from  a 

•  smoking cessation, limitation of alcohol consumption, and 30 
to 60 minutes of weight-bearing exercise per day

•  history,  physical  examination,  and  laboratory  evaluation, 
including bone mineral densitometry (DEXA)

•  dietary  or  supplemental  calcium  (1500 mg/day),  vitamin  D 
(50 000 IU 1–3 times/week) or calcitriol (0.5 μg/day)

•  consideration  of  hormone  (estrogen)  replacement  therapy 
where appropriate

•  consideration of a bisphosphonate antiresorptive agent.
Posterior  subcapsular cataracts occur  frequently with corti-

costeroid therapy. Also related to dose and duration of therapy, 
increased  intraocular  pressure  can  occur  in  up  to  40%  of 
patients  that  on  rare  occasion  leads  to  irreversible  glaucoma 
and  blindness.  Periodic  ophthalmological  examinations  with 
measurements  of  intraocular  pressure  and  slit-lamp  examina-
tion should be performed for patients on long-term corticoster-
oid management.

While budesonide is generally associated with fewer adverse 
events  than prednisone, and  in short-term trials has a  similar 
side effect profile to placebo, monitoring for steroid-related side 
effects is warranted, particularly in long-term users [207]. With 
long-term use budesonide at doses up to 9 mg daily is unlikely 
to  induce  osteoporosis.  However,  since  patients  with  IBD  are 
already at increased risk, bone density monitoring and calcium 
and vitamin D supplementation are warranted.

Corticosteroids in ulcerative colitis
Oral corticosteroids
Oral  corticosteroids  are  indicated  for  the  treatment  of  outpa-
tients  with  moderately  severe  ulcerative  colitis  [67,208]. 
Although  the  original  trials  of  corticosteroids  in  ulcerative 
colitis evaluated 100 mg of oral cortisone daily there has since 
been a general consensus that prednisone or prednisolone are 
favored  preparations  related  to  their  pharmacokinetic  profiles 
and  ease  of  administration  on  a  once  daily  regimen  [18].  An 
open-labelled  study  demonstrated  a  dose-response  for  pred-
nisone from 20–60 mg daily, and, although there was a modest 
benefit  with  60 mg,  the  incidence  of  side  effects  were  slightly 
increased as compared to the lower doses [209]. Similarly, there 
is a scant evidence-base regarding dosing schedules with only a 
single  small  trial  that  compared  once  daily  dose  of  40 mg  of 
prednisone versus 10 mg administered four times a day [210]. 
In  the  45  patient  trial  there  was  no  difference  in  the  clinical 
outcomes over two weeks leading to the trend to use single daily 
dosing.  Recognizing  that  there  have  been  considerable  differ-
ences in outcome measures in clinical trials of ulcerative colitis, 
overall  oral  corticosteroids  have  been  effective  at  inducing 
remission  in  approximately  70%  of  patients  with  a  number 
needed to treat (NNT) of 2 [211,212]. Similarly, in population 
series approximately 50% of patients achieve a remission with 4 
weeks  of  treatment  and  an  additional  30%  attaining  a  partial 
response  [24].  Unfortunately,  once  initiating  steroid  therapy 
16%  of  patients  failed  to  respond  and,  after  1  year,  less  than 

Figure 71.16 One year outcomes after the first course of corticosteroids 
in 63 patients with ulcerative colitis. Source:  Data from Faubion et al. 
2001 [24].
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Azathioprine and 6-mercaptopurine
Often used interchangeably in the management of IBD, azathio-
prine  is  a  prodrug  which  undergoes  initial  conversion  to 
6-mercaptopurine [226]. Further hepatic metabolism results in 
the  formation  of  a  variety  of  metabolites;  the  6-thioguanine 
nucleotides  are  believed  to  be  the  primary  nucleotides  that 
account for the drugs’ efficacy. Increased intracellular concen-
tration  of  these  nucleotides  and  other  metabolites  inhibits 
purine metabolism, DNA synthesis and repair, resulting in inhi-
bition  of  cellular  proliferation  [227].  There  are  multiple  cell-
types whose activities are either directly or indirectly inhibited 
by these compounds, including lymphocytes, plasma cells, and 
natural killer cells [227–229].

Neither  azathioprine  nor  6-mercaptopurine  are  therapeuti-
cally active agents; rather, it is the various 6-thioguanine nucle-
otide metabolites of  these drugs  that  subsequently  impact  the 
body’s biological system [230]. One of the critical enzymes nec-
essary  for  the  metabolism  of  the  parent  drugs  is  thiopurine 
methyltransferase (TPMT) [231] (Figure 71.17). Genetic varia-
tions in the presence and activity of this enzyme are important 
to understand when dosing these drugs. Approximately 88% of 
the  population  is  a  wild-type  for  both  TPMT  alleles;  another 
11%  is  heterozygous,  and  0.3%  are  homozygous-deficient  for 
either allele [232,233]. Furthermore, mutant alleles can account 
for variation in the enzyme activity. Absence or low activity of 
the TPMT enzyme shunts much more of the parent drug towards 
the  production  of  6-thioguanine  nucleotides  (6-TGN)  (with 
little  or  no  production  of  the  6-methylmercaptopurine  nucle-
otide  [6-MMP]),  leading  to  toxicity  and  elevation  of  liver 
enzymes at seemingly very low doses of the parent compounds.

Erythrocyte TPMT has been shown to be an accurate reflec-
tion  of  the  enzymatic  activity  in  other  tissue,  allowing  for 
commercially-available  measurement  of  TPMT  genotype  and 
enzymatic activity by a simple blood draw [231]. This may be 
an important tool in determining the appropriate initial dosing, 
and subsequent evaluation of changes in hematologic or hepatic 
parameters  after  therapy  has  been  initiated.  For  example, 
patients who are wild-type for the TPMT enzyme, and/or have 
high  levels  of  TPMT  activity,  may  be  eventually  dosed  with 
azathioprine  at  2.0–3.0 mg/kg/day,  or  6-mercaptopurine  at 

corticosteroid  enema  preparation  range  from  40%  to  80% 
[218,219]. As a result,  long-term use of topical corticosteroids 
is  discouraged;  patients  should  preferentially  be  treated  with 
mesalamine-based  topical  products  when  possible,  for  which 
comparative analysis have  shown  them to be more efficacious 
than  the  corticosteroid-containing  agents  [220,221].  Novel 
topical corticosteroid preparations, such as budesonide, beclom-
ethasone dipropionate, and others, allow for  targeted mucosal 
release and effect with minimal systemic side effects [218,222].

Parenteral corticosteroids
Parenteral corticosteroids have been a mainstay of therapy for 
hospitalized  patients  with  severe-fulminant  ulcerative  colitis 
despite an absence of controlled  trial data  in  this complicated 
group of patients [67]. While placebo-controlled trials would be 
unethical  in  this  setting,  several  studies  have  compared 
parenteral  hydrocortisone  with  adrenocorticotropic  hormone 
(ACTH;  corticotrophin),  but  variations  in  response  between 
formulations  failed  to  define  an  “optimal”  approach  between 
hydrocortisone and ACTH [223]. Although the latter may have 
a  small  advantage  for  steroid-naïve  patients,  the  majority  of 
hospitalized patients will have been hospitalized due to failure 
of outpatient corticosteroid treatment. In addition, ACTH has 
been associated with adrenal hemorrhage and is no longer mar-
keted  as  a  therapy  in  the  United  States.  Thus,  most  clinicians 
have moved  to equivalent doses of prednisolone, methylpred-
nisolone or hydrocortisone, although the latter is less preferred 
due to higher mineralocorticoid effects and greater potassium 
loss. A dose-response for parenteral steroids has not been clari-
fied in clinical trials; there is no evidence to favor significantly 
higher doses than 48 mg/day of methylprednisolone [224]. Fur-
thermore,  it  does  not  appear  to  matter  whether  intravenous 
steroids  are  administered  as  a  bolus  infusion  or  as  a  24-hour 
continuous  infusion,  and  thus  it  is  generally  given  as  a  once 
daily or twice daily regimen [225].

Immunomodulators
The  term  “immunomodulators,”  often  used  interchangeably 
with  “immunosuppressants,”  refers  to  nonbiological  therapy 
that  directly  targets  the  immune  systems’  cellular  processes. 
These  agents  are  often  loosely  grouped  into  families  based 
upon  their  primary  proposed  mechanisms  of  action.  The 
common  families  include  the  antimetabolites  (azathioprine, 
6-mercaptopurine,  and  methotrexate),  and  the  calcineurin-
inhibitors  (cyclosporine,  tacrolimus). The  immunomodulators 
have traditionally been used in patients who are corticosteroid-
dependent,  or  refractory,  although  there  has  been  a  recent 
emphasis  on  starting  these  therapies  earlier  in  patients  with 
ulcerative colitis, particularly those with an initial moderately-
severe presentation. These agents require frequent safety moni-
toring,  and  thus  are  only  suitable  for  use  in  patients  who  
are  compliant  with  the  necessary  medical  testing,  and  should 
not  be  prescribed  by  practitioners  unfamiliar  with  their  use 
and  risks. Figure 71.17 Metabolism of azathioprine and 6-mercaptopurine.

Azathioprine 6-MP
6-Thiosonine

5′-Monophosphate

6-Thioguanine

nucleotides

HPRT

TMPTTMPT

6-Methyl-mercaptopurine 6-Methyl-mercaptopurine

ribonucleotides



Ulcerative colitis CHAPTER 71      1399

otide level [239]. A third scenario whereby one should consider 
the 6-TG and 6-MMP levels is when a patient’s transaminases 
increase while on therapy. Finding a 6-MMP level >5600 sug-
gests  that  simple dose  reduction might be  sufficient, although 
repeating the hepatic enzyme levels to ensure normalization is 
important.

An alternative approach to patients who are either intolerant 
to  the  purine  analogues,  or  preferentially  shunt  metabolism 
away  from  the  active  6-TG  nucleotide  towards  the  6-MMP 
nucleotide has been tried. 6-thioguanine is another agent in the 
purine  metabolic  chain.  Therapeutic  studies  of  6-thioguanine 
have  shown  the  agent  to  be  effective  in  Crohn’s  disease  and 
ulcerative  colitis  [240–242].  However,  overriding  safety  con-
cerns,  especially  the  development  of  nodular  regenerative 
hyperplasia  in  76%  of  patients  with  liver  function  test  abnor-
malities,  and  33%  of  those  with  normal  liver  chemistries,  has 
relegated this agent to experimental trials, or dosing under strict 
safety parameters, if at all [243–245].

The safety of the purine analogues when used appropriately 
in patients with IBD has generally been at a level acceptable to 
support their use, particularly as therapies sparing patients from 
the  toxicities  of  long-term  corticosteroids  [67,246,247].  Side 
effects  noted  upon  initial  introduction  of  therapy  (2  months) 
such as fevers, rash, back pain, headaches, diarrhea, pancytope-
nia, and pancreatitis are often a reflection of allergic sensitivi-
ties, or idiosyncratic reactions. Some of these reactions may be 
seen  with  azathioprine  but  not  6-mercaptopurine,  and  vice-
versa. Some patients may be successfully switched to the other 
agent without redevelopment of side effects, although pancrea-
titis and pancytopenia almost always recur in this setting, and 
should not lead to rechallenge with the other agent [248].

Adverse  events  that  may  develop  after  the  initial  dosing 
period (apparently 2 months) are expanded to include cytope-
nias, liver dysfunction, infections, and neoplasms (particularly 
nonmelanoma skin cancer and lymphomas) [247,249,250]. As 
these agents interfere with the purine synthesis pathway, any of 
the major blood cell lines may be adversely impacted by these 
drugs,  most  commonly  the  white  cell  lineage.  Bone  marrow 
toxicity has been thought to be primarily due to the activity of 
the  TPMT  enzyme;  however,  the  implication  that  a  normal 
TPMT  level  allows  for  unfettered  higher  dosing  in  patients 
without  concern  for  cytopenias  is  incorrect,  and  potentially 
dangerous.  One  investigation  into  myelosuppression  in  IBD 
patients treated with the purine analogues determined that 73% 
of  the  patients  who  experienced  myelosuppression  had  no 
known TPMT mutation, with onset reported in patients as late 
as 87 months after initiation of therapy. Hepatic toxicity is most 
commonly thought to be related to elevated levels of the 6-MMP 
nucleotide (>5600 pmol/8 × 108 erythrocytes), although drug-
induced cholestatic hepatitis, nodular regenerative hyperplasia 
and venoocclusive disease have been reported [251,252].

Infectious  concerns  with  use  of  the  purine  analogues  are 
greatest for opportunistic infections; serious infections are very 
rare  and  may  not  be  any  greater  than  those  seen  in  sick  IBD 

1.0–1.5 mg/kg/day.  However,  those  who  are  heterozygous  for 
the  TPMT  genotype,  and/or  have  only  intermediate  levels  of 
enzyme  activity  are  typically  targeted  at  50%  of  the  full  dose. 
Patients  who  are  homozygous  deficient  for  both  alleles,  or  in 
whom enzyme activity  is very  low, should not be treated with 
either agent [234].

It is recommended to check TPMT enzyme genotype or phe-
notype prior to or shortly after initiating therapy, and to adjust 
the initial and subsequent dosing appropriately [67]. However, 
it  is  important  to  realize  that  nearly  two-thirds  of  leucopenic 
events on these medications are due to events that are independ-
ent  of  the  TPMT  enzymes  [234].  As  a  result,  it  is  prudent  to 
start patients at low doses of these drugs (1.0 mg/kg of azathio-
prine; 0.5–0.75 mg/kg of 6-mercaptopurine) and monitor com-
plete  blood  counts,  platelet  count,  and  differential  every  2–3 
weeks  when  initiating  therapy  and  following  a  dose-increase. 
Once the doses are stable, it is advisable to follow the hemato-
logical studies every 3–4 months, and the liver function tests at 
least twice yearly.

The  utility  of  monitoring  levels  of  the  6-TG  and  6-MMP 
nucleotides  is  less  clear.  Retrospective  studies  have  suggested 
that  IBD  patients  with  6-TG  levels  of  235–250  or  greater  are 
more likely to be in remission than those with levels lower than 
that limit, although there were clearly patients in remission with 
“subtherapeutic”  levels  and  others  who  still  had  evidence  of 
active  disease  with  levels  exceeding  that  limit  [235,236].  The 
6-MMP nucleotide, while in some instances shown to also cor-
relate  with  drug  efficacy,  has  been  more  directly  linked  to  a 
higher risk of toxicity, and developing increased liver function 
test  abnormalities,  particularly  at  levels  greater  than  5600. 
However,  hepatotoxicity  can  occur  at  lower  levels,  and  many 
patients have 6-MMP nucleotide levels far higher than this limit 
without  evidence  of  hepatic  compromise.  Until  well-designed 
prospective trials reveal the true clinical relevance of monitor-
ing  these metabolite  levels  that would  justify measurement  in 
all  patients  receiving  these  agents,  there  are  a  few  scenarios 
where  one  could  gain  valuable  information  from  these  tests 
[67,235].

The  first  is  ensuring  patient  compliance  (or  absorption)  of 
these oral agents; low levels of both metabolites suggest that an 
adequate dose is either not being taken or absorbed. The second 
scenario is the patient in whom there is no apparent response 
to  therapy;  in  this  instance,  patients  who  preferentially  shunt 
towards the production of 6-MMP at the expense of a low 6-TG 
have been shown to be ill-served by dose increase, which simply 
drives up the 6-MMP level, with little effect upon the 6-TG level. 
Experimental  investigations  into  the  concomitant  administra-
tion of low dose allopurinol (100 mg) while drastically decreas-
ing the dose of the purine analogue to 25–50 mg daily has shown 
some very promising results, with increases of the 6-TG nucle-
otide,  low  levels  of  6-MMP,  and  more  importantly,  patient 
responses  [237,238].  However,  very  strict  monitoring  of  cell 
counts must be continually done, as there is a risk of profound 
pancytopenia  in some  individuals due  to elevated 6TG nucle-
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A 30 year survey of 662 patients treated with azathioprine in the 
Oxford IBD clinic reported a remission rate of 58% for ulcera-
tive  colitis;  that  rate  improved  to  87%  in  patients  receiving  at 
least  6  months  of  therapy  [247].  The  proportion  of  patients 
remaining in remission was 95% at 1 year, 69% at 3 years, and 
55% at 5 years. These rates were notably lower in patients who 
stopped their azathioprine (63%, 44%, and 35%, respectively). 
Similar  success  with  6-mercaptopurine  was  reported  in  a  20 
year retrospective survey from the Mount Sinai Hospital in New 
York,  with  a  complete  clinical  remission  rate  of  65%,  and  an 
additional  24%  of  patients  achieving  partial  remission  [271]. 
While  35%  of  patients  subsequently  had  a  relapse,  remission 
was  successfully  restored  in  88%;  relapse  rates  in  those  who 
stopped therapy were reported at 87%. These high success rates, 
and subsequently high relapse rates when the medications are 
discontinued, have strongly supported the use of  these purine 
analogues as long-term therapy in ulcerative colitis [272].

Frustrated  by  the  long  delay  until  these  therapies  become 
efficacious, attempts at accelerating onset of action by intrave-
nous  loading  have  been  unsuccessful,  and  potentially  toxic 
[273].  As  a  result,  most  of  the  studies  mentioned  above  have 
relied upon corticosteroids  to  induce an  initial  remission. For 
patients refractory or intolerant of high-dose corticosteroids, the 
purine analogues have shown success in maintaining remission 
induced by cyclosporine or tacrolimus therapy [274–276].

Methotrexate
Methotrexate is a competitive inhibitor of dihydrofolate reduct-
ase,  preventing  DNA  synthesis  and  purine  production  [277]. 
Methotrexate therapy decreases levels of many of the proinflam-
matory  cytokines  found  to  be  elevated  in  patients  with  IBD, 
such as  IL-1, TNF,  IFN-γ,  and others  [278,279]. Methotrexate 
dosing in IBD was “borrowed” from that used in psoriasis and 
rheumatoid  arthritis;  unlike  those  diseases,  only  parenteral 
methotrexate has been shown to be effective in clinical trials in 
IBD  [280].  This  may  be  due  to  variable  bioavailability  when 
dosed  orally,  as  compared  to  over  90%  bioavailability  when 
dosed subcutaneously or intramuscularly [281]. Methotrexate is 
delivered  weekly,  to  minimize  side-effects  and  hepatotoxicity, 
together with oral folic acid supplementation (1 mg daily).

Toxicity  is  relatively  common  with  methotrexate,  although 
the  lower doses used  in autoimmune diseases make  the agent 
safer than when it is used for hematologic malignancies. Most 
adverse events are due to allergic reactions or  intolerance, but 
some are due to the antimetabolic effects, similar to those seen 
in  patients  receiving  chemotherapeutic  agents  [281].  Hepatic 
fibrosis and cirrhosis is rare, leading to a withdrawal of earlier 
recommendations for a surveillance liver biopsy at 1.5 g cumu-
lative  dose,  unless  repeatedly  elevated  transaminases  or 
decreased serum albumin are detected [282–284].

Methotrexate in ulcerative colitis
Although  advocated  by  some  clinicians,  there  has  yet  to  be  a 
convincing  clinical  trials  proving  methotrexate’s  efficacy  in 

patients treated with corticosteroids or other agents [249,253]. 
However, patients must be monitored while on  therapy,  espe-
cially if on concomitant additional immunosuppressive agents. 
Concerns  over  the  development  of  Epstein–Barr  virus  related 
non-Hodgkin lymphomas has raised concern over the need for 
better  dosing  guidelines  with  these  agents  [254,255].  It  is  still 
not clear whether overall cancer and lymphoma rates are higher 
in IBD patients on the purine analogues, especially those neo-
plasms that are not virally-mediated [256–258]. A large retro-
spective series suggested an overall neoplasm rate of 3.1% [256]. 
Another  review  compared  cancer  rates  between  626  IBD 
patients treated for a mean duration of 27 months with azathio-
prine to 1578 IBD patients who did not receive the drug [259]. 
Rates of all cancers (4.5% vs. 4.5%, respectively), colon cancers 
/high  grade  dysplasias  (2.2%  vs.  2.8%),  and  lymphoma  were 
similar between the two groups. Sustained leucopenia has been 
identified as a risk factor for the development of neoplasms in 
IBD patients treated with these agents [260]. More recently, rare 
instances of hepatosplenic T cell lymphomas have been reported 
in  young,  almost  exclusively  male,  Crohn’s  disease  patients 
receiving concomitant therapy with a purine analogue and anti-
TNFα agent [261–263]. This rare, typically fatal lymphoma has 
been reported previously in patients solely receiving the purine 
analogues, and raises further concerns over the use of multiple 
immunosuppressants in these patients.

Azathioprine and 6-mercaptopurine in ulcerative colitis
Although these agents are now mainstays of therapy in the treat-
ment  of  patients  with  corticosteroid-dependent  or  refractory 
IBD,  surprisingly  few  well-designed  studies  supporting  their 
efficacy have been reported [264]. This may be due  in part  to 
their delayed-time  to efficacy,  shown by metaanalysis  to be at 
least 17 weeks, and initial overlap in many studies with a taper-
ing  course  of  corticosteroids  to  induce  the  initial  remission 
[265,266]. As a result, the drugs’ efficacy is typically not reflected 
in  1  month  outcomes,  but  rather  in  maintenance  of  a 
corticosteroid-induced  remission,  with  a  nearly  50%  benefit 
over  placebo  [267].  Double-blinded  withdrawal  trials  have 
shown  azathioprine  to  be  beneficial  compared  to  placebo  in 
preventing relapse (relapse rates 36% for azathioprine vs. 59% 
for  placebo),  with  subgroup  analysis  showing  the  benefit 
extended  to  those  previously  in  remission  for  greater  than  6 
months  (relapse rates 31% vs. 61%, respectively)  [268]. When 
given in a placebo-controlled trial as combination therapy with 
sulfasalazine  and  an  induction  course  of  corticosteroids  in 
patients with severe ulcerative colitis, remission induction rates 
were  similar,  but  relapse  rates  much  lower  with  azathioprine 
than  placebo  (23.5%  vs.  55.6%)  [266,269].  The  impact  of  the 
aminosalicylates  upon  azathioprine’s  success  in  maintaining 
remission  has  been  subsequently  shown  to  be  minimal,  with 
relapse rates of 0.21/year for combination therapy versus 0.19/
year for those on azathioprine alone [270].

Open-label long-term retrospective analyses also yield infor-
mation supportive of  the role of  the purine analogues  in IBD. 
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with chronic use of cyclosporine [295]. The most common side 
effects reported in center series of patients with IBD treated with 
cyclosporine  were  paresthesias,  hypertension,  hypertrichosis, 
renal insufficiency, infections, gingival hyperplasia, and seizures 
[274]. Seizures are more common in patients with hypocholes-
terolemia  and  thus  blood  cholesterol  should  be  determined 
prior  to  initiation  of  therapy.  Rare  opportunistic  infections, 
including  Pneumocystis carinii,  have  been  reported,  as  well  as 
patient  deaths.  Large-scale  experiences  with  tacrolimus  in 
ulcerative colitis are limited to certain centers, but the literature 
links the drug to higher rates of neurotoxicity, diarrhea, diabetes 
mellitus,  pruritis,  and  alopecia.  For  both  agents,  prophylaxis 
against Pneumocystis carinii is advocated.

Cyclosporine and tacrolimus in ulcerative colitis
Cyclosporine’s major role in ulcerative colitis has been its use as 
an  intravenous  infusion  in  patients  with  a  severe  flare  that  is 
refractory to intravenous corticosteroids. In the initial placebo-
controlled trial, 82% of the patients who received cyclosporine 
(4 mg/kg/day delivered as a continuous infusion) responded to 
therapy at a mean of 7 days, as compared to 0% of the placebo 
treated  patients  [290].  Of  note,  all  of  the  patients  were  still 
receiving intravenous corticosteroids and corticosteroid enemas. 
Retrospective open-label reports found similar initial response 
rates of 76%–86% [274,296,297]. It may be possible to use lower 
doses  of  intravenous  cyclosporine;  in  one  study,  patients  who 
were  randomized  to  receive  2 mg/kg  had  nearly  identical 
response  rates  to  those  who  received  4 mg/kg  (85%  vs.  84%, 
respectively), although only 55%–60% of the study participants 
were  true  failures  of  high  dose  corticosteroids  [291].  While 
lower  response  rates  have  been  reported  with  cyclosporine 
monotherapy  (64%),  this  approach  may  still  be  suitable  in 
patients in whom corticosteroids are contraindicated or poorly 
tolerated [292].

It  is  now  apparent  that  while  intravenous  cyclosporine  is 
highly effective in inducing remission of severe refractory ulcer-
ative colitis, maintenance therapy with oral cyclosporine is inef-
fective  [296,298–300].  Relapse  rates  resulting  in  surgery  are 
high, except in patients transitioned to one of the purine ana-
logues. Current treatment paradigms with cyclosporine use the 
agent  solely  as  a  “bridging  therapy”  to  the  slower  acting  but 
effective azathioprine or 6-mercaptopurine (Figure 71.18). The 
use of oral cyclosporine to induce a response or remission has 
not been formally investigated in clinical trials, although open-
label experiences suggest that it is an effective short-term strat-
egy [301].

Oral  tacrolimus  has  been  studied  in  steroid  refractory  and 
dependent  ulcerative  colitis  in  several  small  controlled  trials 
with  positive  short-term  results  [302,303].  Clinical  remission 
and response rates were superior to placebo, though it remains 
unknown  whether  maintenance  therapy  is  effective  or  safe 
[304]. Open-label experience in severe ulcerative colitis showed 
initial response rates of 70%, but a proportion of patients were 
unable to avoid colectomy long-term, despite the institution of 

ulcerative  colitis.  Although  five  of  the  seven  patients  in  the 
initial experience reported by Kozarek had a clinical response 
with  improvement  in  histological  scores,  none  had  mucosal 
healing [280]. Despite the experience of individual centers and 
case  reports  of  success  with  methotrexate,  a  recent  Cochrane 
analysis did not find convincing support for use of the drug, in 
part  due  to  lack  of  suitable  randomized  controlled  trials  in 
ulcerative colitis [285]. The only placebo-controlled trial found 
nearly identical remission rates with oral methotrexate 12.5 mg 
daily  (46.7%)  and  placebo  (48.6%)  [286].  Placebo  controlled 
trials with parenteral therapy are currently in progress.

Cyclosporine and tacrolimus
Cyclosporine (a polypeptide produced by the fungus Tolypocla-
dium inflatum)  and  tacrolimus  (a  macrolide  antibiotic)  both 
bind  specific  proteins  which,  in  turn,  inhibit  calcineurin,  an 
enzyme  required  for  activation  of  T  lymphocytes  [287,288]. 
Both are metabolized by the cytochrome P450 system, and care 
must be taken when dosing these agents with other medications 
or foods that interact upon the same pathway.

Cyclosporine  is  typically  administered  intravenously  to 
achieve a rapid response, and then patients are converted to oral 
dosing.  There  are  two  oral  formulations  that  differ  greatly  in 
intestinal  absorption  and  bioavailability:  a  cremaphor-based 
(Sandimmune®) and a microemulsion (Neoral®). It is important 
to  identify  which  agent  the  patients  are  receiving,  as  accurate 
dosing by blood levels is critical to allow for efficacy and to avoid 
toxicity  [289].  One  of  the  main  advantages  of  cyclosporine  is 
the rapid onset of response (typically within a few days), even 
in the most severely ill patients. Used mostly for corticosteroid-
refractory ulcerative colitis, cyclosporine is  typically added on 
to  the  corticosteroids  as  a  continuous  intravenous  infusion  at 
2–4 mg/kg/day,  with  dose  titration  to  achieve  whole  blood 
adjusted  RIA  or  HPLC  levels  of  250–400 ng/mL  [290–292]. 
Dose adjustments are often necessary due to side effects. Patients 
who are successful in achieving a complete clinical response are 
transitioned  to an oral  formulation of cyclosporine  (twice  the 
daily dose as was given intravenously, dosed twice a day), oral 
prednisone,  and  initiated  on  long-term  therapy  with  either 
6-mercaptopurine  or  azathioprine.  Over  the  subsequent  2–3 
months, the purine analogue dose is optimized, and the other 
agents tapered off [293].

Tacrolimus  is more potent  than cyclosporine, and has been 
used  intravenously  in  the  pediatric  population  in  the  same 
setting of severe refractory colitis, but more commonly is dosed 
orally  as  blood  levels  can  be  maintained  stably  even  in  the 
setting of severe ulcerative colitis [294]. Initial doses are 0.10–
0.15 mg/kg twice daily, titrated to trough levels of 10–15 ng/ml. 
Transitioning  patients  to  the  longer  acting,  safer  purine  ana-
logues is also typically the goal of therapy.

Cyclosporine and tacrolimus have formidable toxicities that 
limit  their  use  to  selected  patients,  and  for  limited  periods  of 
time. Most concerning is the nephrotoxic impact of these agents, 
with  decreases  in  creatinine  clearance  of  approximately  20% 
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whom history or physical examination suggests possible infec-
tion  with  tuberculosis,  should  not  receive  therapies  directed 
against TNF until they have received therapy for the infection. 
Although  some  experts  advise  completion  of  treatment  for 
latent  tuberculosis  before  beginning  anti-TNF,  others  believe 
the latter can begin after 1 to 2 months after the antituberculosis 
regimen has been initiated. Anti-TNF therapies should not be 
used in patients with known or suspected infections, neoplasms, 
demyelinating disease, or moderate to severe heart failure. Drug 
induced lupus, psoriatic skin reactions, and other rare disorders 
have also been reported with anti-TNF agents [312,313].

Infliximab
Infliximab is a monoclonal mouse/human chimeric IgG1 anti-
body  that  targets  TNF-α.  It  binds  both  free  and  membrane-
bound TNF, and causes apoptosis of TNF-producing cells [314]. 
Immune  processes  initiated  by  complement-fixation  and 
antibody-mediated cellular cytotoxicity are also possibly medi-
ated by interaction with infliximab and TNF [315]. Infliximab 
is delivered intravenously at an initial loading dose regimen of 
three  infusions at weeks 0, 2 and 6, and subsequently mainte-
nance infusions every 8 weeks (Figure 71.19). The standard dose 
is 5 mg/kg; higher doses up to 10 mg/kg are proven effective in 
patients  who  have  lost  response  to  the  5 mg/kg  dose.  Lower 
doses have not been shown to be effective in IBD.

Infliximab  was  initially  approved  for  Crohn’s  disease,  and 
following several small clinical trials, it was shown to be effec-
tive in inducing and maintaining remission of ulcerative colitis 
in the ACT-1 and ACT-2 (Active Ulcerative Colitis Trials 1 and 
2)  trials  [316–318].  Each  study  randomized  364  patients  to 
receive  intravenous  infusions  of  either  placebo  or  infliximab 
(dosed at 5 or 10 mg/kg) at weeks 0, 2, and 6, and then every 8 
weeks. The ACT-1 study continued for a total of 52 weeks, and 
yielded clinical response rates at week 8 of 37%, 69%, and 61%, 
respectively,  while  week  54  rates  were  20%,  55%,  and  45%, 
respectively (Figure 71.20). The ACT-2 study continued for 30 
weeks total, with week 8 response rates of 29%, 64%, and 69%, 
respectively, and week 30 rates of 26%, 47%, 60%, respectively 
(Figure 71.20). The infliximab treated patients also had superior 
mucosal healing rates, greater decreases in median corticoster-
oid  dosage,  and  comparable  safety  to  placebo.  These  studies 
ultimately led to approval of infliximab in the United States and 
elsewhere  for  the  induction  and  maintenance  of  remission  in 
patients with moderate to severely active ulcerative colitis who 
are refractory to other therapies. More recent findings indicate 
that  early  mucosal  healing  with  infliximab  is  associated  with 
improved long-term clinical outcomes in ulcerative colitis [319] 
(Figure 71.21).

The role of infliximab in patients with severe ulcerative colitis 
refractory  to  corticosteroids  was  less  clear.  In  a  subsequent, 
randomized blinded placebo-controlled  trial,  infliximab 5 mg/
kg was  shown  to be an effective  salvage  therapy, with  lower 3 
month  colectomy  rates  (29%  vs.  67%  for  placebo)  [321].  The 
utility of  infliximab as a successful  long-term option in severe 

concomitant  therapy  with  azathioprine  or  6-mercaptopurine 
[276]. Small studies in ulcerative or indeterminate colitis have 
shown initial  response rates of 47%–66%, with colectomies  in 
approximately one-third of patients [305].

Antitumor necrosis factor agents
The introduction of  therapies  that have activity against  tumor 
necrosis factor opened a new era in the treatment of IBD. The 
anti-TNF  antibodies,  infliximab  and  adalimumab,  have  been 
commercially available, and golimumab was recently launched. 
Thalidomide is also an agent believed to work through similar 
pathways but its use is extremely limited, due to toxicity [306]. 
Several additional anti-TNF blocking biologics have been tested 
with limited efficacy in IBD [307,308].

One of the overriding issues when using the biological anti-
TNF  agents  is  the  awareness  that  certain  rare  opportunistic 
infections have been directly linked to use, the most concerning 
of  which  is  reactivation  of  Mycobacterium tuberculosis  [309–
311]. Screening of all patients by the most appropriate tests for 
their reference population (purified-protein derivative skin test, 
chest Radiograph, or QuantiFERON test) is important prior to 
initiation of therapy. Patients whom either test positive, or for 

Figure 71.18 Predicted avoidance of colectomy over time in 42 patients 
with severe intravenous corticosteroid refractory ulcerative colitis treated 
with intravenous cyclosporine, followed by short-term oral cyclosporine 
and either long-term therapy with 6-mercaptopurine or azathioprine (6 
MP/aza) versus no long-term purine analogue. (P = 0.04 Mantel–
Haenszel χ2; P = 0.045 log rank χ2). Source:  Cohen et al. 1999 [274]. 
Reproduced with permission.
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as “HACA’s” (human antichimeric antibodies), or more appro-
priately,  “ATI” (antibodies  to  infliximab), as  they do not cross 
react with other chimeric antibodies or other anti-TNF antibod-
ies [325]. The likelihood of HACA formation is lower in patients 
receiving  maintenance  infusions  of  infliximab  or  those  with 
either pretreatment with hydrocortisone, or concomitant treat-
ment  with  azathioprine,  6-mercaptopurine,  or  methotrexate 
[326–328].  Until  recently,  coadministration  with  another 
immunosuppressant  has  been  strongly  advocated  to  improve 
the rate of clinical remission and mucosal healing; recent safety 
concerns have led some experts to advocate switching to mono-
therapy after maintenance  therapy has been established [329]. 
Other  studies  found  that  the  combination  of  infliximab  and 
azathioprine is superior to monotherapy [330]. Long hiatuses of 
therapy are discouraged, due to the development of a “serum-
sickness-like”  delayed  hypersensitivity  reaction  in  25%  of 

ulcerative colitis patients refractory to intravenous corticoster-
oids was evaluated in comparison with cyclosporine in a Euro-
pean  open  labelled  randomized  study  [322].  While  clinical 
response  at  day  7  was  similar  between  infliximab  and 
cyclosporine (84% vs. 86%; P = 0.76), the decreases in clinical 
activity  score  were  significantly  faster  in  infliximab  treated 
patients. All patients that responded by day 7 were transitioned 
to thiopurine therapy, and at day 98, treatment failure was noted 
in similar proportions of patients in both groups; 60% of patients 
given cyclosporine and 54% of those given infliximab (P = 0.52). 
Salvage  therapy  with  sequential  approach  in  patients  failing 
either  of  the  agents  is  associated  with  severe  risks  including 
death,  and  should  be  considered  carefully  in  only  selected 
patients [323,324]

Loss of efficacy, and some adverse events, have been  linked 
to the development of antibodies against infliximab, referred to 

Figure 71.19 Dosing regimen for infliximab in patients with ulcerative colitis. *HACA = human antichimeric antibodies; more accurately described as 
antibodies to infliximab (ATI).
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fevers or chills, 1% with cardiopulmonary reactions (chest pain, 
blood pressure changes, dyspnea), and less than 1% with pruri-
tis, urticaria, or a combination of symptoms. Serious reactions, 
such as anaphylaxis, convulsions, and hypotension occur in less 
than  1%.  The  most  common  side  effects  in  all  clinical  trials, 
similar in occurrence between patients receiving infliximab and 
those who received placebo, were upper respiratory infections, 
nausea,  headache,  and  other  gastrointestinal  and  respiratory 
complaints. In the ACT-1 trial, serious infections requiring anti-
biotic  treatment  were  seen  in  4.1%  of  the  patients  receiving 
placebo, 2.5% of the patients receiving infliximab 5 mg/kg, and 
6.6%  of  the  patients  receiving  infliximab  at  10 mg/kg  [334]. 
Regression  analysis  of  the  data  from  the  TREAT  registry  in 
patients with Crohn’s disease has linked serious infections with 

patients,  characterized  by  severe  arthralgias  and  loss  of  drug 
efficacy, along with very high titers of the “HACA” [331]. Early 
trough levels and ATI predict safety and success of reinitiation 
of infliximab therapy [332]. Maintenance infusions are typically 
given every 8 weeks; patients may be infused sooner if needed. 
The  infusion  interval  is  often  every  12  weeks  in  the  pediatric 
population,  but  that  is  not  a  common  practice  in  the  adult 
population [333].

Adverse  events  to  infliximab  can  be  categorized  as  those 
related to the infusion itself, and those thought independent of 
the  infusion  process.  Infusion-related  reactions  were  reported 
in 20% of all patients (all indications) in clinical trials (the rate 
was 10% in patients receiving placebo infusions) [316]. Among 
all  infliximab  infusions, 3% were accompanied by nonspecific 

Figure 71.20 (a) Percent of patients with moderate to severe ulcerative colitis who achieved a sustained response or (b) sustained remission after 
receiving randomized therapy with placebo, infliximab 5 mg/kg, or infliximab 10 mg/kg at weeks 0, 2, 6, and then every 8 weeks.
ACT-1 and ACT-2 (Active Ulcerative Colitis Trials 1 and 2) trials. Source:  Rutgeerts et al. 2005 [317]. Reproduced with permission from Massachusetts 
Medical Society.
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Figure 71.21 Outcomes in the trials of vedolizumab as induction and maintenance therapy. (a) Partial Mayo Clinic scores, which range from 0 to 9, 
with higher scores indicating more active disease. (b) Scores on the Inflammatory Bowel Disease Questionnaire (IBDQ), which range from 0 to 224, 
with higher scores indicating a better quality of life. I bars in Panels A and B indicate standard errors. (c) Median fecal calprotectin concentrations. 
I bars indicate the interquartile range. (d) The median change from week 6 in prednisone-equivalent doses. Patients receiving placebo during the trial of 
maintenance therapy received two doses of vedolizumab during the trial of induction therapy. For patients who withdrew early, the last observation was 
carried forward. Source:  Feagan et al. 2013 [320]. Reproduced with permission from Massachusetts Medical Society.
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week 0, 80 mg at week 2, and 40 mg every other week, or placebo, 
through to week 52 [342]. The ULTRA 2 study included patients 
(40% of the population studied) who had already experienced 
anti-TNFα agents, but with a wash out period of greater than 8 
weeks. The two coprimary endpoints were defined as the pro-
portion of patients achieving clinical remission (defined as full 
Mayo score ≤2 with no individual subscore >1) at week 8 and 
the proportion of patients achieving clinical remission at week 
52. Clinical remission (defined as full Mayo score ≤2 with no 
individual  subscore  >1)  at  week  8  was  achieved  in  16.5%  of 
patients in the adalimumab group and in 9.3% of patients in the 
placebo group (P = 0.019). Similar advantage was maintained 
through week 52 (17.3% vs. 8.5%; P = 0.004). Moreover, rates 
of clinical response and endoscopic remission were significantly 
greater with adalimumab as compared to placebo. Among anti-
TNFα  naïve  patients,  week  8  and  52  clinical  remission  rates 
were  significantly  greater  with  adalimumab  compared  to 
placebo,  whereas  a  significant  difference  in  clinical  remission 
was found only at week 52 in the anti-TNFα previously exposed 
patients.  The  efficacy  of  adalimumab  for  both  induction  and 
maintenance of clinical remission in patients with moderate to 
severe ulcerative colitis has been further validated in additional 
controlled trials [342].

Golimumab
Golimumab,  a  human  anti-TNFα  IgG1  monoclonal  antibody, 
was  initially  approved  for  rheumatoid  arthritis  and  psoriatic 
arthritis, but was recently studied in ulcerative colitis [343,344]. 
In a combined phase 2 and 3 study including more than 1000 
patients, golimumab was superior to placebo in inducing clini-
cal  response,  remission,  and  mucosal  healing.  In  a  follow-up 
study,  golimumab  maintained  clinical  response  through  week 
54  in  patients  who  responded  to  induction  therapy.  Based  on 
these results, golimumab recently gained approval for treatment 
of ulcerative colitis. Posthoc analysis showed that greater pro-
portions of patients with high serum golimumab concentration 
achieved clinical response compared to those with low concen-
trations. Antibodies  to golimumab were rare (2.9%). The pro-
portion  of  patients  who  were  positive  for  antibodies  among 
those who were receiving concomitant immunomodulators was 
lower compared with patients who were not receiving concomi-
tant immunomodulators.

Antiadhesion agents
As  discussed  in  Chapter  70,  progress  in  understanding  the 
immunopathogenesis underlying the development of the major 
forms of IBD have pointed to the key role of integrins, a class 
of  cell  surface proteins comprising dimers of various α  and β 
subunits, in the selective targeting of immune cell populations 
by mediating adhesion at specific sites. It is now clear that the 
α4β7 dimer plays a central role in recruitment of lymphocytes 
to  the  intestinal  mucosa.  The  first  therapeutic  agent  to  take 
advantage of this key step in pathogenesis was the monoclonal 
natalizumab which blocks the α4 subunit that is a component 

the  use  of  prednisone  and  of  narcotics,  as  well  as  infliximab 
usage  [335]. Mortality  rates were also higher with prednisone 
use, but not with infliximab [336].

The rates of neoplasms in patients treated with infliximab are 
similar  to  those  of  the  general  population  [337].  Lymphoma 
rates  are  higher  with  the  immunosuppressants  than  in  the 
healthy population; it is unclear whether the rates are elevated 
over patient cohort matched for severity and duration of disease 
[257,338]. As a result, there has been a change in practice pat-
terns  to avoid  long-term use of multiple  immunosuppressants 
in patients receiving infliximab. Several studies have found that 
withdrawal  of  immunosuppressants  is  feasible  after  achieving 
remission  with  combination  therapy  with  infliximab  and  an 
immunosuppressant  in Crohn’s patient  in  remission, however, 
whether  the  same  can  be  applied  in  ulcerative  colitis  remains 
uncertain [329].

Adalimumab
Adalimumab is a monoclonal human IgG1 antibody that targets 
TNF-α.  It  binds  both  free  and  membrane-bound  TNF,  and 
causes  apoptosis  of  TNF-producing  cells  [339].  In  contrast  to 
infliximab, it is administered by subcutaneous injection. Adali-
mumab  has  many  of  the  same  safety  concerns  as  infliximab, 
with the exception of infusion-related complications. Injection 
site  reactions  were  reported  in  20%  of  patients  in  the  clinical 
trials; other common adverse events in the clinical trials (similar 
in  occurrence  between  patients  receiving  adalimumab  and 
those who received placebo) were upper respiratory infection, 
injection  site  pain,  headache,  and  sinusitis  [340].  Whether 
antidrug antibody levels are clinically relevant has yet to be fully 
determined [341]. Similarly to infliximab, adalimumab was ini-
tially approved for Crohn’s disease, and based upon the results 
of  the  two  randomized  placebo-controlled  double-blind  trials 
(ULTRA  1  and  2),  it  was  approved  for  use  in  patients  with 
moderate-to-severe active ulcerative colitis and in those refrac-
tory  or  intolerant  to  conventional  medications  [340,342].  In  
the  ULTRA  1  trial,  patients  with  moderate-to-severe  active 
ulcerative  colitis  were  initially  randomized  to  adalimumab 
(160 mg/80 mg) or placebo at weeks 0 and 2, respectively [340]. 
Subsequently, a third arm with adalimumab at 80 mg/40 mg was 
included. All patients enrolled were naïve to anti-TNFα therapy 
and had active disease defined by a full Mayo score of 6–12 and 
endoscopic subscore of 2–3, despite stable doses of corticoster-
oids,  immunomodulators, or both. The primary endpoint was 
defined as  the proportion of patients achieving clinical remis-
sion (full Mayo score ≤2, with no individual subscore >1) by 
week 8  in each  treatment arm. Week 8  clinical  remission was 
achieved  in  18.5%  of  patients  in  the  adalimumab  160/80 mg 
group and in 9.2% of patients in the placebo arm (P = 0.031). 
The adalimumab 80/40 mg group showed no advantage over the 
placebo  group.  The  clinical  response  and  mucosal  healing 
among the three groups were not significantly different. In the 
ULTRA 2 trial, patients with moderate-to-severe active ulcera-
tive colitis were randomized to receive adalimumab 160 mg at 
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is important to determine whether the patient has inflammation 
limited to the rectum only (proctitis), to the rectum and sigmoid 
colon (proctosigmoiditis), extending up to 60 cm from the anal 
verge (left-sided colitis), or colitis extending beyond that bound-
ary  (extensive  or  pancolitis).  It  is  also  helpful  to  know  if  the 
normal appearing colonic mucosa that  is proximal to the area 
of colitis is indeed histologically normal, or if there is evidence 
of mild or quiescent colitis. One might choose to use more than 
just a topical  therapy in patients whose colitis reaches beyond 
the proximal extent of a rectally applied therapy, to help main-
tain quiescence in that area (although this  is a theoretical and 
not yet empirically proven strategy).

The severity of the colitis, both clinically and endoscopically, 
is a second critical factor in formulating a therapeutic plan. The 
mesalamine-based  therapies  have  their  greatest  efficacy  in 
patients with mildly active colitis, as well as some patients with 
moderately active disease (Table 71.1). Corticosteroids are often 
held in patients with mild disease, but play an important role in 
more  severe  disease.  Although  onset  of  benefit  for  the  purine 
analogue immunomodulators is prolonged, it may be reasona-
ble to start these in patients who are likely to require interven-
tions beyond the first-line agents, to avoid longer than necessary 
illness or corticosteroid exposure. Earlier use of infliximab may 
also be appropriate, particularly if the patient is ill and is either 
refractory to, or has a contraindication to, corticosteroid therapy. 
In the case of fulminant colitis, immediate surgical consultation 
as  well  as  consideration  of  cyclosporine  use  should  be 
considered.

A patient’s prior clinical course, previous response (good or 
bad) to therapies, and concomitant medical conditions are also 
factors  which  should  be  considered  when  designing  the  most 
efficacious  and  safe  therapeutic  approach  for  the  individual 
patient. In practice, some of the medical and surgical decisions 
may be swayed by a patient’s willingness or ability to commit to 
a  medical  or  surgical  treatment  plan,  and  by  their  financial 
constraints.

Whether  one  should  treat  the  patient’s  symptoms  alone,  or 
include the endoscopic findings in determining long-term ther-
apeutic decisions has been a hotly debated topic. The relevance 
of  mucosal  healing  is  implied,  but  not  proven.  Recent  studies 
linking mucosal healing to better patient outcomes, fewer hos-
pitalizations and surgeries, and possibly lower colorectal cancer 
rates may change these attitudes and guide therapy [353,354].

In patients with colitis who are not responding to therapy, or 
who develop new diarrhea (sometimes with blood) that differs 
from  their  usual  disease  presentation  should  be  tested  for  C. 
difficile infection. Coinfection with this organism is endemic in 
colitis patients, and repeated checks may be necessary with any 
relapse  in  the  treatment  course  [355].  Other  superimposed 
infections should also be excluded, as well as other mitigating 
factors that might cause a colitis flare, or similar symptoms, such 
as NSAIDs, new diets, sorbitol, or new prescription medications 
or  “alternative”  therapies.  Sicker  patients  should  have  full  
blood panels (complete blood and platelet counts, differential, 

of  at  least  two  integrin  dimers  (α4β1  and  α4β7).  The  antiin-
tegrin  inhibitor,  natalizumab  has  been  approved  for  active 
Crohn’s  disease  refractory  to  anti-TNF  agents  and  immu-
nomodulators, but it is not widely used due to the rare, typically 
fatal, side effect of progressive multifocal leukoencephalopathy 
(PML)  [345,346].  However,  agents  that  specifically  target  the 
α4β7 integrin pair have been demonstrated to have efficacy in 
the treatment of both ulcerative colitis and Crohn’s disease with 
acceptable side effect profile and specifically without conferring 
an increased risk of PML. Thus, vedolizumab is the first human-
ized  monoclonal  antibody  approved  for  clinical  use  in  the 
United States that exclusively targets the α4β7 integrin, and sup-
presses  inflammation  in  the  gastrointestinal  tract  without 
inducing  the  systemic  immunosuppression  that  characterizes 
the antiα4 integrin monoclonal antibody, natalizumab [320,347]. 
In the GEMINI (glycemic effects in diabetes mellitus: carvedilol-
metoprolol comparison in hypertensives)  trial, nearly twice as 
more  patients  with  active  ulcerative  colitis  achieved  clinical 
response  at  week  6  compared  to  placebo  (47.1%  vs.  25.5%; 
P  <  0.001).  At  week  52,  clinical  remission  was  observed  in 
41.8% and 44.8% of patients who were given vedolizumab every 
8 weeks and every 4 weeks,  respectively, but  in only 15.9% of 
patients given placebo (P < 0.001 and P < 0.001, respectively) 
[347]. Adverse reactions  including serious  infections were not 
increased  with  vedolizumab  treatment,  and  no  case  of  PML 
occurred.  Several  other  antiadhesion  antibodies  are  showing 
promise  in  clinical  texts.  Etrolizumab  has  shown  efficacy  as 
induction  therapy  for  ulcerative  colitis  in  a  randomized,  con-
trolled phase II trial [348]. AMG181 and PF-00547,659 are two 
additional agents also progressing through clinical development 
[349,350].

Other investigational agents
The “biological revolution” in the field of medicine has yielded 
an ever expanding list of agents that target the immune cascade 
that  drives  the  inflammation  in  IBD.  The  oral  JAK  inhibitor 
tofacitinib, currently approved for treating rheumatoid arthritis, 
also showed promise for ulcerative colitis  in a phase 2 clinical 
trial  [351].  By  inhibiting  the  JAK-1  and  JAK-3  Janus  kinase 
enzymes,  tofacitinib  blocks  activity  of  six  proinflammatory 
cytokines that promote activation of T and B cells  involved in 
autoimmune  diseases.  Nearly  80%  of  the  patients  given  the 
highest dose (15 mg twice a day) obtained a clinical response at 
week 8, compared with 42% of those receiving placebo. Clinical 
remission was seen in up to 48% of patients taking tofacitinib, 
whereas  only  10%  of  those  receiving  placebo  achieved 
remission.

Medical management of ulcerative colitis

Medical therapeutic decisions in treating patients with ulcera-
tive colitis should be based upon a number of important factors 
[67,352]. The first of these is the extent of the inflammation. It 
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safety  data  superior  to  corticosteroid  preparations  [221,358]. 
Suppository dosing  is  typically nightly (twice or  three  times a 
day in more refractory patients) (Table 71.5). Once in remission, 
many  patients  can  taper  to  alternate-day  or  twice-a-week 
dosing,  although  many  stop  therapy  altogether.  Subsequent 
relapse in symptoms often identifies those patients whom might 
benefit from maintenance dosing. Mesalamine foams, gels, and 
liquid  enemas  are  also  efficacious  in  patients  with  ulcerative 
proctitis. The choice of a formulation may be based on patient 
tolerance or preference.

Topical corticosteroids are also effective in ulcerative procti-
tis, and sometimes less irritating than the mesalamine products. 
Systemic  absorption  (with  subsequent  corticosteroid  side 
effects) is most pronounced for the liquid enema formulations. 
Adequate studies detailing the absorption of the various corti-
costeroid gels, foams, or suppositories have not been performed. 
Nevertheless, one might favor one of  the newer corticosteroid 
formulations with less systemic side effects, such as budesonide, 
beclomethasone,  or  prednisone-metasulfobenzoate,  although 
they are not available in many countries.

Although  many  patients,  and  perhaps  physicians,  prefer  to 
use  oral  mesalamine  agents  as  a  first-line  attempt  at  treating 
active ulcerative proctitis, they are not as effective as the topical 
agents [359]. Many clinical  trials of ulcerative colitis  therapies 
exclude patients who solely have proctitis, and adequate com-
parative studies of oral agents in treating proctitis have not been 
published.  Although  upon  achieving  remission  with  topical 
therapy  (either  alone  or  as  a  combination  with  oral  therapy) 
many  physicians  switch  patients  to  an  oral  mesalamine  agent 
alone in an attempt to maintain remission, placebo-controlled 
trials have not been published that prove this to be an effective 
therapeutic approach.

Patients  who  have  more  severe  or  refractory  proctitis  are 
treated  with  a  therapeutic  approach  similar  to  that  outlined 
further  on  for  patients  with  more  extensive  colitis.  However, 
patients should continue on topical therapies (if effective) while 
pursuing  other  agents,  as  they  help  decrease  the  tenesmus, 
urgency,  mucus  discharge,  and  blood  experienced  by  these 
patients.

Ulcerative proctosigmoiditis
There are not many trials that separate out patients with proc-
tosigmoiditis  for  treatment,  or  separate  out  the  results  in  this 
patient  subpopulation. Many of  the  same principles  that were 
discussed for proctitis can be applied to the patients with proc-
tosigmoiditis, with the topical  therapies being the mainstay of 
medical  approach,  either  alone  or  in  combination  with  oral 
agents  [359,360].  Since  suppositories  are  not  believed  to  ade-
quately  reach  above  the  rectum,  mesalamine  enemas,  foams, 
and gels are the preferred first-line agent. Enemas are typically 
dosed at bedtime  (Table 71.5); patients  should be  encouraged 
to empty their bladder before instilling the liquid formulation, 
and  lie with their  left-side down for at  least 20–30 minutes  to 

C-reactive protein, comprehensive metabolic panel, coagulation 
factors,  thyroid  stimulating  hormone,  cholesterol)  and  multi-
view abdominal radiographs to rule out megacolon or obstruc-
tion.  It  may  be  helpful  to  do  a  flexible  sigmoidoscopy  to 
document severity of disease in the rectum and sigmoid colon 
and exclude cytomegalovirus and other infections. Care should 
be taken to ensure a gentle examination, with limited insuffla-
tion, decompression of the bowel upon withdrawal, and minimal 
(if any) narcotics.

The inflammation in patients with ulcerative colitis is limited 
to  the  mucosal,  and  sometimes  submucosal,  layers.  While 
patients  with  longstanding  colitis  may  develop  a  tubular,  fea-
tureless  colon,  or  one  filled  with  inflammatory  pseudopolyps, 
these patients should not be forming true stenotic strictures of 
the colon. The finding of strictures signals either that the patient 
likely has Crohn’s colitis, or that they have possibly developed a 
colonic neoplasm. In the absence of evidence of Crohn’s disease, 
a  strictured  colon  in  ulcerative  colitis  should  be  considered  a 
likely colon cancer until proven otherwise by surgical removal 
(colectomy, proctocolectomy) [67].

The use of narcotic pain relievers is controversial in patients 
with ulcerative colitis. Studies  in  toxic megacolon have  impli-
cated narcotics as an  inciting event,  in addition  to other anti-
cholinergics  and  colonoscopy  [356,357].  Therapy  should  be 
directed to decreasing inflammation, not covering up warnings 
of a more severe colitic process. Patients with active colitis who 
are  having  severe  pain  should  receive  a  CT  scan  to  exclude 
fulminant colitis, abscess, vascular event, or Crohn’s disease, as 
well  as  evaluation  by  a  surgeon.  Patients  with  pain  severe 
enough to require narcotics require hospitalization and intensi-
fication of therapy, or surgery. There is no role for narcotics in 
the  outpatient  management  of  ulcerative  colitis.  Patients  with 
mild to moderate disease may benefit from the use of antispas-
motics,  antidiarrheals,  and  simethicone.  While  a  low-residue 
diet  is  advised  for  patients  with  diarrhea  and  colitis,  some 
patients find that fiber or cholestyramine provides more  form 
to their stool. Patients with distal disease and constipation may 
benefit  from  fiber  in  their  diets,  nonfermentable  fiber-based 
therapy, or polyethylene glycol based laxatives. A multivitamin 
with  iron (if needed and  tolerated), calcium supplementation, 
and avoidance of NSAIDs are recommended for all patients. The 
Crohn’s  and  Colitis  Foundation  of  America  website 
(www.ccfa.org)  provides  useful  information  for  patients  and 
links  covering  a  wide  range  of  topics  of  interest  to  healthcare 
professionals, patients, their families, and caregivers.

Ulcerative proctitis
Patients with ulcerative proctitis have inflammation limited to 
the  rectum;  as  a  result,  it  makes  good  clinical  sense  to  utilize 
topical therapies in the induction and maintenance of response 
and remission in these individuals, even if  they are also being 
treated with other agents. Mesalamine suppositories have been 
the  mainstay  of  treatment  in  these  patients,  with  efficacy  and 
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Pancolitis
Roughly  30%  of  ulcerative  colitis  patients  have  inflammation 
extending proximal to the splenic flexure [8,361]. Although all 
do  not  have  truly  “pan”  ulcerative  colitis,  the  same  treatment 
protocols apply to patients with extensive colitis and pancolitis. 
These are the patients most likely to ultimately require surgery, 
and  are  at  a  higher  risk  for  colorectal  cancer  [362];  new  data 
suggest that this risk may be decreased with medical therapies 
that reduce inflammation, particularly mesalamine.

Mild disease
First-line therapy for patients with pancolitis is oral mesalamine 
agents;  combined  therapy  with  topical  agents  is  often  helpful. 
Although  inexpensive,  many  practitioners  have  shied  away 
from using sulfasalazine due to high rates of patient allergy or 
intolerance. All of the mesalamine-based therapies are effective 
in the treatment of acute colitis and are used for maintenance 
therapy. Due to high relapse rates in patients that stop therapy, 
long-term,  indefinite, maintenance  therapy should be  the rule 
when treating these patients.

As detailed earlier in this chapter, the mesalamine agents are 
typically  categorized  by  their  release  mechanism  (Table  71.5, 
Figure  71.15)  [151,157].  Head-to-head  blinded  randomized 
studies  with  equimolar  doses  of  azo-bond  release  balsalazide 
and  pH-release  mesalamine  have  shown  superior  remission 
rates, earlier time to complete absence of symptoms, as well as 
other outcomes favoring balsalazide in some, but not all, studies 
[168]. Whether  this benefit extends  to other azo-bond release 
agents has not been firmly established. Patients with an inade-
quate response to a “standard” daily dose of mesalamine equiva-
lents (2–3 g) are often subjected to a dose escalation to 4.0–4.8 g. 
Adequate clinical trials subjecting such patients to higher dose 
have not been published. In fact, there is little data supporting 
a  role  of  oral  mesalamine  in  daily  doses  higher  than  2.4 g, 
although some trials have shown that sicker patients (e.g., mod-
erately  severe colitis) may have better  improvement rates  (but 
not remission rates) and endoscopic outcomes at a dose of 4.8 g 
[158,363]. Some patients who are not responding (or possibly 
worsening)  with  one  mesalamine-based  therapy  may  have 
success with another agent. Others are either intolerant, or their 
disease is too advanced, for these agents to work.

Moderate disease
Some  patients  will  have  success  with  high-dose  oral  mesala-
mine, or combination therapy with oral and topical mesalamine 
agents [364]. Corticosteroid enemas are also helpful in patients 
who cannot hold or are intolerant to mesalamine enemas. Those 
who fail those therapies are acutely treated with corticosteroids 
[67]. Prednisone 40 mg daily (or equivalent) is a typical starting 
dose;  some  patients  who  do  not  respond  may  require  60 mg, 
although the side effects are much higher at this dose. The goal 
of corticosteroid therapy is to induce remission, and then slowly 
taper  therapy  while  maintaining  patients  on  their  oral  and/or 
topical mesalamine, or the purine analogues (6-mercaptopurine 

let the enema have a chance to coat the sigmoid and left colon. 
The mesalamine enemas are retention enemas; that is, the intent 
is  to retain as  long as possible (at  least hours,  if not all night) 
before expelling. Some patients find it helpful to take an antidi-
arrheal (such as loperamide) or even a sleeping aid to assist in 
this effort. Foams and gels may be used multiple times a day; it 
is  difficult  for  many  patients  to  hold  the  liquid  enema  unless 
they  are  lying.  Combination  therapy  with  a  nighttime  enema 
and  morning  mesalamine  suppository  is  helpful  in  some 
patients as well.

The  corticosteroid-based  enemas,  foams,  and  gels  are  also 
useful  in  these  patients,  but  due  to  systemic  absorption,  typi-
cally  used  in  patients  who  are  allergic  or  intolerant  of  the 
mesalamine-based products. These steroid formulations may be 
easier  for  the  sick  colitis  patient  to  hold;  one  approach  is  to 
induce a  remission with  the  steroid-based products,  and  then 
transition  to  the  mesalamine  compounds.  Further  treatment 
approaches  to  patients  with  proctosigmoiditis  are  similar  to 
those discussed further on in the section on left-sided ulcerative 
colitis.

Left-sided ulcerative colitis
Seventy-percent  of  patients  with  ulcerative  colitis  have  their 
inflammation  limited  to  the  distal  colon  and  /or  rectum;  as  a 
result,  most  of  the  patients  a  physician  will  treat  will  benefit 
from the therapies discussed here and in the previous two sec-
tions [221,360]. Once again, topical mesalamine agents are the 
most  efficacious,  quickest,  and,  ironically,  most  often  over-
looked  therapies  for  these  patients  (Table  71.5).  Mesalamine 
enemas are superior to oral mesalamine, as well as to corticos-
teroid  enemas.  Combination  therapy  with  oral  mesalamine  is 
superior to oral mesalamine alone in the induction and main-
tenance  of  treatment  response  or  remission  [359].  Often  the 
topical  therapy  is  weaned  off  when  the  patients  are  well,  but 
some patients will require maintenance enema therapy. Dosing 
mesalamine enemas every second or third night is an effective 
maintenance strategy.

Corticosteroid  enemas  are  also  highly  effective  in  patients 
with left-sided ulcerative colitis, but due to systemic absorption 
estimated  at  40%–80%,  are  suitable  only  for  short-term  use. 
They are particularly useful  in patients with active colitis who 
cannot hold the mesalamine enemas, although transition back 
to  the  mesalamine  compound  should  be  attempted  once  the 
patient  is  well.  Corticosteroid  enemas  should  be  tapered  off 
when  used;  abrupt  cessation  is  not  recommended  in  patients 
who have been on long-standing therapy, as Addisonian crisis 
may result.

Oral  mesalamine  agents  are  typically  used  in  patients  with 
left-sided ulcerative colitis, either as sole-therapy or in combina-
tion with a topical agent. Sulfasalazine and all of the mesalamine-
based  therapies  (mesalamine,  balsalazide,  olsalazine)  are 
effective in the treatment of left-sided ulcerative colitis. Further 
differentiation between the agents and treatment of refractory 
colitis, will be discussed in the next section.
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An experienced surgeon should be consulted, and considera-
tion of the addition of infliximab (Figure 71.19) or intravenous 
cyclosporine (Figure 71.17) should be given. Prior to infliximab, 
exposure to tubercuolosis should be excluded by careful patient 
history, purified protein derivative (PPD) placement, QuantiF-
ERON®  test  (in  patients  whom  have  already  had  bacillus 
Camette–Guérin [BCG]), or chest X-ray. Prior to cyclosporine 
use, serum cholesterol must be checked, with dose decrease to 
1 mg/kg for levels around 100 mg/dL, and avoidance of the drug 
for levels below 100. Long-term results with cyclosporine have 
been disappointing in patients already established on adequate 
doses of the purine analogues; the drug should not be used in 
patients with renal disease, neurologic disorders, hypertension, 
or those who are noncompliant with therapy [298]. In contrast, 
infliximab has allowed salvage and avoidance of colectomy in a 
significant  population  of  patients  [369].  Patients  with  severe 
colitis should have near complete, if not complete, resolution of 
signs and symptoms of severe disease prior to discontinuation 
of  intravenous  therapy.  Careful  monitoring  of  these  patients 
after  hospital  discharge  is  mandatory,  as  relapse  is  common. 
Surgical intervention should not be withheld in the hope of an 
unlikely “miraculous” cure.

Fulminant colitis and toxic megacolon
Dilation of  the colon on radiograph (Figure 71.22) with signs 
of systemic compromise (e.g.,  fever,  tachycardia, hypotension) 
is  a  surgical  emergency;  patients  should  be  resuscitated  and 
taken for an emergency total abdominal colectomy with ileos-
tomy and Hartman’s pouch. Often intravenous broad spectrum 
antibiotics, as well as blood products and other supportive ther-
apies,  are  appropriate.  Subsequent  surgeries  for  completion 
proctectomy and creation of an ileoanal pouch anastomosis (if 
desired) can be done months later after full rehabilitation of the 
patient.  Narcotics,  anticholinergics,  and  colonoscopies  are 
contraindicated.

Maintenance of remission
The agent used to induce remission is often the one to initially 
try to maintain remission, with the exception of corticosteroid-
containing therapies [370]. In those instances,  the appropriate 
maintenance  therapy  is  started,  while  the  corticosteroids  are 
weaned off. The rate of weaning is dependent upon the duration 
and  dose  of  therapy,  experience  with  previous  attempts  at 
weaning, extraintestinal manifestations (especially joint pains), 
patient’s  age,  and  speed  at  which  the  maintenance  therapy  is 
expected  to  work.  For  example,  if  the  intent  is  to  maintain  a 
corticosteroid-induced remission with a slow acting agent such 
as azathioprine or 6-mercaptopurine, a more gradual taper will 
be used, as opposed to the patient who is started in infliximab, 
and may experience benefit within days [275]. Some extraintes-
tinal  conditions  such  as  erythema  nodosum  may  suddenly 
appear  with  a  quick  corticosteroid  taper.  Caution  should  be 
exercised  in  asthmatics  who  are  deriving  pulmonary  benefit 
from the steroid-therapies. Corticosteroid enemas should also 

or azathioprine). Patients who repeatedly relapse upon corticos-
teroid taper will need initiation or optimization of their purine 
analogue therapy, or initiate an anti-TNF agent, or vedolizumab 
(Figures  71.19  and  71.20).  Patients  who  do  not  respond  ade-
quately to high dose oral corticosteroids should be considered 
for treatment with an anti-TNF agent, vedolizumab, or hospi-
talization for intravenous corticosteroids (see further on). Oral 
tacrolimus  or  cyclosporine  are  other  options,  but  can  only  be 
used  with  strict  monitoring  and  with  the  intent  of  ultimately 
maintaining the patients on safer therapies [365].

Severe disease
Patients  with  severe  ulcerative  colitis  need  immediate  evalu-
ation  and  treatment,  in  part  to  initiate  efforts  to  avoid  pro-
gression  to  a  fulminant  or  toxic  state  [366].  Full  assessment 
of  laboratory  parameters,  serial  abdominal  films  to  exclude 
toxic  megacolon,  and  CT  scan  if  pain  is  a  dominant  factor 
should  be  performed.  Hospitalization,  aggressive  repletion  of 
fluid and electrolyte losses, and stool cultures to exclude patho-
gens  and  C. difficile  should  be  performed  (and  repeated  if 
symptoms  or  laboratory  parameters  worsen).  While  many  of 
these patients may have normal white blood cell counts, wors-
ening left-shift towards band forms is an indication for reeval-
uation (examination, abdominal Radiograph, stool examination 
for  C. difficile).  Intravenous  corticosteroids  in  divided  doses 
or continuous infusion (methylprednisolone 40–60 mg; hydro-
cortisone 200–300 mg)  should be  started after an  initial bolus 
dose.  Oral  mesalamine  agents  are  typically  held;  topical 
therapy  with  hydrocortisone  enemas  is  encouraged  if  helpful. 
Surgical  consultation  is  recommended,  as  well  as  nutritional 
assessment.

Patients  who  have  initial  signs  of  colonic  dilation,  but  are 
otherwise  not  toxic  (e.g.,  febrile,  hypotensive,  etc.)  need  to 
have  serial  abdominal  films  and  correction  of  fluid  and  elec-
trolytes  [366,367].  Surgical  consultation  is  necessary;  any 
worsening should lead to urgent colectomy. Cyclosporine, and, 
more  recently,  infliximab,  has  been  used  successfully  in  some 
cases.

Although initially patients are often kept nil-by-mouth, those 
who are improving and able to eat without worsening of symp-
toms are encouraged to consume a low-residue diet, often after 
an  initial  trial  of  clear  liquids.  Parenteral  nutrition  is  recom-
mended  for  patients  who  are  nutritionally  depleted,  but  line-
related thromboses are common and precautions must be taken. 
All hospitalized IBD patients should receive higher-dose proph-
ylaxis  with  heparin  5000 IU  delivered  three-times  daily,  or 
enoxaprin 40 mg subcutaneously daily.

Patients  who  do  not  show  any  response  to  corticosteroids 
within 3 days have a poorer prognosis in avoiding surgery. Reas-
sessment  of  clinical  status  with  radiographs,  stool  studies 
excluding C. difficile, and gentle unprepped sigmoidoscopy into 
the  rectum  and  rectosigmoid  colon  without  insufflation  to 
exclude  infections  such  as  cytomegalovirus  (biopsies  taken  of 
ulcers) is recommended [368].
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mended that subsequent maintenance doses stay at this higher 
level.  There  are  anecdotal  experiences  of  successful  dose-
reduction back to the 5 mg/kg level  in some patients who had 
flared  during  standard  therapy  and  regained  remission  in  the 
absence of neutralizing antibodies.

Complications of ulcerative colitis

General
Patients  who  are  acutely  ill  with  colitis  must  be  adequately 
monitored  for  dehydration,  electrolyte  abnormalities,  anemia, 
and  the  related  physiological  processes  that  can  result  from 
these  conditions,  such  as  renal  insufficiency,  kidney  stones, 
cardiac arythmias, ischemic events, and others. Rapid identifi-
cation and replacement of fluid  losses,  electrolytes,  and blood 
products  is  essential.  Chronically  ill  patients  may  suffer  from 
similar  consequences,  as  well  as  nutritional  deficiencies, 
acquired  coagulopathy  defects,  bone  mineralization  deficien-
cies, and hair and skin changes.

Toxic megacolon
One  of  the  most  feared  complications  of  severe  colitis  is  the 
development of a toxic megacolon. In this situation, the colonic 
lumen dilates to a diameter of 6 cm or greater, there is evidence 
of systemic toxicity (high grade fever, dehydration, hypotension, 
mental  status  change,  or  electrolyte  abnormalities)  and  the 
patient  has  at  least  three  of  the  following:  fever  (>38.6°C), 
tachycardia  (>120  beats  per  minute),  leukocytosis  (>10 500 
cells/mm3),  or  anemia  [372,373].  Physical  examination  often 
reveals a distended, tympanitic, diffusely tender abdomen, with 

be tapered, rather than stopped abruptly, if the patient has been 
using them for more than a few weeks.

Maintenance  with  oral  mesalamine-based  therapies  should 
initially  be  at  the  same  dose  used  to  induce  remission  [371]. 
Some patients may be able to subsequently decrease the dose to 
roughly  one-half  to  two-thirds  of  the  induction  dose;  relapse 
may occur, and patients who initially failed those lower doses, 
or  whom  were  difficult  to  induce  into  remission  should  be 
advised  to  stay  at  or  near  their  induction  doses.  Rectal-based 
mesalamine therapies should be continued if needed, although 
many patients fare well with every second or third-night dosing. 
Abrupt  cessation  is  not  recommended,  due  to  a  “rebound” 
relapse  that  has  been  noted  by  physicians  experienced  in  the 
care  of  these  patients.  Combination  therapy  with  oral  and 
topical mesalamine is superior to maintenance therapy with oral 
agents alone, at least in patients with distal colitis [221].

The recommended maintenance dosing with the purine ana-
logues is the same as the final induction dose, adjusted for any 
safety-related  matters.  Routine  dose-reduction  is  not  recom-
mended in patients with normal blood counts and liver chem-
istries, in the absence of other side effects. Prescribers need to 
be  aware  that  purine-analogue  related  cytopenias  and  blood 
dyscrasias have been reported years after initiation of therapy; 
as  a  result,  patients  need  blood  tests  and  office  examinations 
every few months, even on stable-dose therapy.

Infliximab should be given as a maintenance infusion every 
8  weeks  (earlier  if  necessary)  at  the  same  dose  necessary  for 
induction  of  remission  [316]  (Figure  71.20).  Some  patients 
require dose-escalation  to 10 mg/kg;  if  this was done due  to a 
loss of response and formation of antibodies, then it is recom-

Figure 71.22 Toxic megacolon. (a) Plain film radiograph shows colonic dilation. (b) Contrast radiography reveals large ulcerations. Source:  Courtesy of 
Dr. Dennis Balfe, St Louis, MO, USA.

(a) (b)
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Stress-dose corticosteroids  should be given  to patients who 
are already on these agents or at risk  for adrenal  insufficiency 
due to recent corticosteroid use. Patients who are not on corti-
costeroids should not be started on them, unless there is a need 
for decreasing inflammation in a patient with a sealed off per-
foration who is not a surgical candidate at the time.

Colonic stricture
Often considered a finding more consistent with Crohn’s colitis, 
colonic narrowing or strictures have been reported in up to 12% 
of surgical specimens for patients with ulcerative colitis [378]. 
Since ulcerative colitis by definition  is a disease only affecting 
the mucosal or submucosal linings, true strictures should raise 
suspicion for colonic neoplasm, Crohn’s disease, or in selected 
patients,  diverticular  or  ischemic  disease.  Patients  often  have 
long-standing colitis that has been characterized by either con-
tinuous  or  repeated  episodes  of  active  colonic  inflammation. 
Symptoms suggestive of a possible stricture may  include  focal 
pain, unpredictable diarrhea, and, in the case of rectal strictures, 
fecal incontinence. Ironically, some patients may enjoy an initial 
period  of  improvement  in  previously  difficult  to  control 
diarrhea.

Surgical management (see Chapter 73)

About 20% to 25% of patients with extensive ulcerative colitis 
eventually undergo colectomy, usually because their disease has 
not responded adequately to medical therapy [379,380] (Figure 
71.18). For some, the indications for colectomy are urgent and 
compelling,  but  more  commonly  the  decision  for  or  against 
colectomy is made at a time when the disease is active but stable. 
The decision between surgery and continued medical therapy is 
often  not  clear  and  in  many  cases  sensible  arguments  can  be 
made for either course. It is important in these cases to attempt 
to balance the risks and benefits of the two approaches. Exces-
sive  enthusiasm  for  or  avoidance  of  operative  therapy  by  the 
physician are both inconsistent with the patient’s best interests. 
At  the  time  of  first  diagnosis,  the  patient  may  reject  even  the 
consideration  of  eventual  colectomy.  However,  a  single  pro-
longed episode of severe colitis or multiple recurrent episodes 
of more moderate severity may increase the patient’s desire to 
eliminate this debilitating disease with its restrictions on activ-
ity, and  the prospect of colectomy  less  intolerable  to a patient 
previously resistant to this possibility.

In  ulcerative  colitis,  colectomy  is  a  curative  procedure,  in 
contrast to Crohn’s disease, in which there is a significant likeli-
hood of eventual recurrence after colectomy [381]. The assur-
ance of a permanent cure increases the appeal of colectomy to 
patients with ulcerative colitis. The development of the ileoanal 
anastomosis, eliminating the need for a permanent ostomy, has 
also colectomy conceptually more tolerable for many patients. 
The patient’s age, social circumstances, and duration of disease 

minimal or absent bowel sounds. Radiographic evidence of the 
dilation  may  be  pancolonic,  or  limited  to  segments  (Figure 
71.21).  The  transverse  colon  is  traditionally  involved,  perhaps 
due  to  the  distribution  of  the  bowel  gas  when  in  the  supine 
position. In fact, rolling the patient into the right-lateral decu-
bitus and subsequently prone position has been shown to tem-
porarily “deflate” the distended colon, but unlikely to improve 
outcome [374].

Factors  that  may  initiate  or  exacerbate  a  toxic  megacolon 
include the use of narcotic or anticholinergic drugs, electrolyte 
abnormalities,  discontinuation  of  corticosteroids,  barium 
enema, or colonoscopy [374,375]. These patients needs aggres-
sive repletion of fluids and electrolytes, blood products, discon-
tinuation of any inciting medications, and complete bowel rest. 
Gastrointestinal  pathogens,  especially  C. difficile,  should  be 
excluded. Decompression is recommended by both nasogastric 
and  rectal  tube,  as  well  as  by  repositioning  the  patient  as 
described  previously.  Intravenous  corticosteroids  and  broad 
spectrum  antibiotics  should  be  initiated,  and  an  experienced 
surgeon consulted, if not done already, for possible urgent colec-
tomy. Serial abdominal radiographs (every 6–12 hours) should 
be  performed;  signs  of  progressive  dilation,  and/or  systemic 
toxicity  require  surgery.  Patients  should  not  undergo  colono-
scopic examination or barium enema. Patients who are not ini-
tially taken to surgery should undergo colectomy if they do not 
improve within 24–48 hours [375]. Mortality rates due to per-
foration  fall  from  44%  to  only  2%  with  appropriately  timed 
surgery.  Patients  with  colonic  dilation  but  without  signs  of  
true toxicity can be managed as above; worsening of intestinal 
or  physiological  parameters  are  indications  for  surgery. 
Cyclosporine has been used successfully in select cases.

Perforation
Colonic perforation in severe colitis can occur in the absence of 
a megacolon [376]. Free perforations are often of abrupt onset, 
with evidence of peritoneal signs, fever, and subsequent decom-
pensation. Perforations may be seen in patients with new onset 
colitis that follows a fulminant course, as well as in patients with 
chronic  colitis,  where  suspicion  for  a  colonic  neoplasm  is 
heightened [377].

Subacute perforations, often sealed off at the serosal surface 
by a forming phlegmon or abscess, are more commonly seen in 
Crohn’s disease or in association with diverticular disease, but 
may also occur in patients with ulcerative colitis. Prompt resus-
citation  of  the  patient,  plain  film  radiographs  (and  often  CT 
scan),  and  evaluation  by  a  surgeon  are  required.  Broad  spec-
trum  intravenous  antibiotics  are  advised,  as  are  repletion  of 
other fluids, electrolytes, and blood products. In the instance of 
a sealed off abscess cavity, radiographic drainage of the abscess 
cavity may allow for improved surgical outcomes. Colonoscopy 
is  contraindicated  in  patients  with  a  presumed  perforation  or 
diverticulitis.  Since  the  vast  majority  of  these  patients  will 
require surgery, additional testing should only be conducted if 
it were to reasonably change treatment course of action.
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A  more  difficult  and  more  common  problem  is  the  patient 
who  requires  moderate  to  high  doses  of  corticosteroids  to 
control  disease  activity  but  who  has  had  no  specific  problem 
with the corticosteroid treatment. Although this is a decision in 
which factors specific to the individual patient play a large role, 
some  general  guidelines  may  be  useful.  In  patients  who  have 
taken large doses of prednisone (>15 mg/day) for more than 6 
months, even if no specific corticosteroid side effects are present, 
the  morbidity  of  continued  steroid  therapy  must  be  weighed 
against the morbidity of surgery. Ophthalmologic examination 
for cataract and bone densitometry may help to identify patients 
with clinically silent corticosteroid side effects. The  identifica-
tion  of  asymptomatic  but  clinically  important  corticosteroid 
side effects may make the decision to proceed with colectomy 
easier. Growth failure in children is another form of intractabil-
ity. Adequate nutritional support helps in most young patients, 
but  some  require  colectomy.  Surgical  intervention  should  be 
strongly  considered  if  growth  retardation  persists  despite 
maximal nutritional and medical therapy [382]. In such a case, 
it is important to initiate therapy before puberty and the closing 
of epiphyses.

Surgery  plays  a  relatively  small  role  in  the  management  of 
extraintestinal manifestation  in ulcerative colitis. Uveitis, pyo-
derma  gangrenosum,  and  arthritis  usually  resolve  with  colec-
tomy.  Some  other  extraintestinal  manifestations,  including 
ankylosing  spondylitis  and  sclerosing  cholangitis,  do  not.  The 
extraintestinal manifestations that respond to colectomy usually 
respond to medical management as well. Extraintestinal mani-
festations are an infrequent indication for colectomy.

In the past the standard operation for ulcerative colitis was a 
proctocolectomy  and  a  Brooke  ileostomy.  This  procedure  is 
definitive  and  curative  and  additional  surgery  is  seldom 
required. The patient’s  functional status can be predicted with 
confidence. Most patients make a remarkably good adjustment 
to the ileostomy and lead full, active and useful  lives. The dif-
ficulty with this procedure is the permanent ileostomy with the 
requirement for an appliance.

Although the proctocolectomy and ileostomy is still a reason-
able  choice  for  some  patients,  now  the  more  commonly  per-
formed  procedure  is  the  proctocolectomy  with  an  ileoanal 
anastomosis,  a  procedure  that  does  not  require  a  permanent 
appliance [383]. In this procedure, the colon is removed com-
pletely, but  the mucosa and submucosa of  the rectum are dis-
sected  from  the  muscularis;  the  mucosa  and  submucosa  are 
removed and the muscularis, including the internal and exter-
nal sphincters, is left in place [384]. A pouch is constructed from 
the  terminal  30 cm  of  ileum.  The  distal  end  of  the  pouch  is 
pulled through the anal canal, and the ileal mucosa is sewed or 
stapled to the dentate line. The advantage of the ileoanal anas-
tomosis  is  that  the  patient  has  no  ostomy  and  no  appliance; 
however,  a  proximal  temporary  diverting  loop  ileostomy  is 
commonly  used  to  protect  the  ileoanal  anastomosis  until  it 
heals. For several months after the creation of an ileoanal anas-
tomosis,  the  patient  has  numerous  bowel  movements.  The 

all influence the decision for or against colectomy. The morbid-
ity of severe ulcerative colitis in childhood and the morbidity of 
corticosteroids in childhood should prompt early consideration 
of colectomy as definitive therapy. For young adults with mod-
erately  severe  disease,  colectomy  may  be  more  acceptable  for 
those in stable marriages than for those who are single. The risk 
of developing malignancy enters  into  the equation when con-
sidering  colectomy  in  those  with  long-standing  ulcerative 
colitis; if the other indications are equivocal, the risk of malig-
nancy may tilt the balance in favor of colectomy.

Emergency colectomy may be required in toxic megacolon or 
in a  severe  fulminating attack without  toxic megacolon [373]. 
Although  colectomy  for  acute  attacks  of  ulcerative  colitis  is 
more commonly associated with toxic megacolon, it is clear that 
acute  fulminating  ulcerative  colitis  in  the  absence  of  colonic 
dilation also can proceed to perforation. The goal is to recognize 
the necessity for surgical intervention before perforation occurs. 
If perforation does occur, it is an absolute indication for surgery. 
Perforation  in  this  circumstance  is  a  medical  disaster,  with  a 
40% mortality rate [374]. For fulminant colitis,  in the absence 
of  toxic  megacolon,  the  general  indications  for  operation  are 
similar. Before the patient undergoes colectomy for intractable 
ulcerative colitis, it is important to rule out complicating condi-
tions  that  can  be  treated.  The  possibilities  of  infection  with 
Giardia  organisms,  amoebae,  C. difficile,  and  cytomegalovirus 
should be considered and, if indicated, testing for these organ-
isms  should  be  done.  The  presence  of  worsening  colitis  and 
especially  worsening  systemic  signs  (e.g.,  fever,  prostration, 
tachycardia, and hypotension) in the face of aggressive medical 
therapy  is  a  sign  that  surgical  intervention  may  be  indicated. 
Severe  hemorrhage  is  another  indication  for  emergency 
colectomy.

The failure of medical therapy to control the activity of ulcer-
ative  colitis,  resulting  in  an  unacceptable  lifestyle,  is  the  most 
common indication for colectomy in ulcerative colitis. There are 
several forms of intractability. In one variety, the disease enters 
a  chronic  continuous  phase  in  which  the  patient  no  longer 
achieves  remission  even  with  maximal  medical  therapy,  and 
chronic diarrhea is severe enough that the quality of life is sig-
nificantly  compromised.  Frequent  bowel  movements  prevent 
the patient from moving far from a bathroom and do not allow 
normal travel or employment. In some cases, the patient’s or the 
physician’s aversion to colectomy results in months or years of 
functional  disability  far  worse  than  would  have  existed  if  a 
colectomy had been performed. Another  type of  intractability 
occurs when adequate control of the patient’s symptoms requires 
high doses of corticosteroids over a long period. It is appropriate 
to attempt to reduce steroid requirements by administering aza-
thioprine or 6-MP. The side effects of corticosteroids are dose 
and  time  dependent  and  vary  considerably  from  patient  to 
patient.  Unacceptable  side  effects  (e.g.,  psychosis,  accelerated 
hypertension) occur in some patients even with modest doses 
given over a short period. In these cases, the preferable decision 
for surgery is clear.
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the risk of colorectal cancer in a population of chronic ulcerative 
colitis patients.

The  identified  risk  factors  for  colorectal  cancer  in  patients 
with ulcerative colitis include duration and extent of disease and 
the  presence  of  primary  sclerosing  cholangitis  [398–400].  A 
family history of colorectal cancer is an independent risk factor 
as well. The risk of developing colon cancer becomes appreci-
able 8–10 years after diagnosis of ulcerative colitis and increases 
with time. Age of onset of ulcerative colitis seems to have little 
impact on the  incidence of colon cancer. However,  the risk of 
malignancy  is  a  larger  issue  for  those  who  develop  ulcerative 
colitis earlier in life because they have a longer period in which 
they are at risk and thus a higher cumulative incidence of cancer. 
Colon  cancer  in  the  general  population  is  a  disease  of  late 
middle  and  older  age,  but  in  ulcerative  colitis  colon  cancer 
develops earlier and is commonly seen in the fourth decade of 
life. The risk of malignancy  is also a  function of  the anatomic 
extent of disease; the risk is much greater with pancolitis than 
with left sided colitis or proctosigmoiditis [64].

Patients  with  long  standing  ulcerative  colitis  are  at  risk  for 
developing cancer even if their symptoms have been relatively 
mild [353,400]. Patients are seen with colon cancer whose ulcer-
ative colitis has been quiescent for 10–15 years. The risk of colon 
cancer is much higher in individuals with ulcerative colitis and 
primary  sclerosing  cholangitis  than  in  those  with  ulcerative 
colitis alone [399,401].

Although the risk of colon cancer  is  increased  in ulcerative 
colitis, it is not high enough to recommend proctocolectomy for 
all patients at a certain time after diagnosis. However, the risk 
is high enough to consider screening ulcerative colitis patients 
to  identify  those  at  particular  risk  for  colon  cancer.  In  the 
general population, colon cancer commonly develops in polyps 
and  screening  colonoscopy  looking  for  cancer  and  polyps  is 
recommended for people over 50 years of age. This approach is 
less  effective  in  ulcerative  colitis  where  colon  cancer  usually 
develops  in  flat  mucosa  rather  than  in  polyps.  In  ulcerative 
colitis the tumor may be indistinguishable from the surround-
ing mucosa; it may appear as a flat, plaque-like lesion, or it may 
present  as  a  stricture  [402].  The  large  exophytic  masses  with 
sharp margins seen  in colon cancer  in  the general population 
are far less common in ulcerative colitis.

An effective approach to colonoscopic surveillance in ulcera-
tive  colitis  came  from  the  observation  that  colon  cancer  in 
ulcerative  colitis  is  associated  with  dysplasia  elsewhere  in  the 
colon [387,388]. Dysplasia  is an unequivocal neoplastic  trans-
formation in the epithelium without penetration to the lamina 
propria.  It  is  marked  by  nuclear  stratification,  loss  of  nuclear 
polarity,  and  nuclear  and  cellular  pleomorphism.  In  1967, 
Morson and Pang reported a group of nine patients with ulcera-
tive colitis who were  found to have dysplasia on rectal biopsy 
and  underwent  colectomy  [403].  Of  these  nine  patients,  five 
were found to have malignancies elsewhere in the colon. Other 
groups  have  confirmed  these  observations  and  it  is  now  clear 
that  the  vast  majority  of  colons  resected  for  malignancy  in 

number gradually declines so that, at 12 months, most patients 
are having five or six bowel movements per day [385]. Twelve 
months after operation, 75% of patients have complete daytime 
continence,  23%  have  daytime  seepage  (minor  staining  of 
underclothes),  and  2%  have  daytime  incontinence.  Twelve 
months after the operation, 48% of patients are completely con-
tinent at night, 47% have nighttime seepage, and 5% have night-
time incontinence. Results are better for patients younger than 
50 years than for older patients [384,386].

Colon cancer, dysplasia, and  
colonoscopic surveillance

Patients with extensive ulcerative colitis have an increased risk 
for  colon  cancer  compared  with  the  general  population 
[387,388]. The molecular pathway to the development of colon 
cancer in ulcerative colitis is different from that seen in sporadic 
colon cancers [389]. In the development of most sporadic colon 
cancers,  the  loss  of  adenomatosis  polyposis  coli  (APC)  is  an 
early event and is associated with the formation of adenomatous 
polyps. However,  in ulcerative colitis  the  loss of APC  is a  late 
event in carcinogenesis and polyps do not typically develop. In 
contrast,  p53  mutations  typically  occur  late  in  the  adenoma-
carcinoma sequence in sporadic colon cancers but occur early 
in the development of colon cancer in ulcerative colitis. These 
differences in the molecular events leading to colon cancer are 
associated  with  differences  in  presentation.  Ulcerative  colitis 
cancers are more likely to be submucosal, more likely to occur 
in flat mucosa and less likely to be associated with polyps [390]. 
In  sporadic  colon  cancers  multicentric  cancers  are  seen  in 
2%–3% of  individuals but more  than 20% of ulcerative colitis 
cancers are multicentric [391].

The magnitude of the risk of colon cancer in ulcerative colitis 
is uncertain. Early reports of extremely high incidences of colon 
cancer among patients with ulcerative colitis (50% cumulative 
risk at 30 years) were biased by the use of referral-based popula-
tions  that  were  not  representative  of  the  general  population 
[392,393]. Data from metaanalyses suggest that the risk of colon 
cancer in ulcerative colitis is approximately 2% after 10 years of 
disease,  8%  after  20  years  of  disease  and  18%  at  30  years 
[394,395]. Some subsets of chronic ulcerative colitis patients do 
not have an increased risk of colorectal cancer compared with 
the  general  population.  In  a  population-based  cohort  from 
Olmsted  County,  Minnesota,  the  cumulative  probability  of 
colorectal cancer was 0% at 5 years, 0.4% at 15 years and 2% at 
25 years after the diagnosis of ulcerative colitis [396]. It is pos-
sible  that  the  lower  rate  of  colorectal  cancer  seen  in  certain 
ulcerative  colitis  populations  may  relate  to  improved  medical 
management,  increased  use  of  chronic  5-ASA  therapy,  higher 
rates of surveillance colonoscopy with proctocolectomy for dys-
plasia,  and  higher  rates  of  proctocolectomy  for  medical  treat-
ment failures [397]. Each of these interventions might decrease 
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low-grade or high-grade dysplasia found in a discrete adenoma-
like  polyp,  but  nowhere  else,  can  be  safely  managed  with 
polypectomy  and  accelerated  surveillance.  When  a  polyp  is 
removed, separate biopsies should be taken from the flat areas 
around the base of  the polyp. If dysplasia  is  found in the area 
around  the  polyp  colectomy  is  recommended  because  of  the 
high  association  with  synchronous  cancer.  Dysplasia  of  any 
grade  found  in an endoscopically unresectable polyp or high-
grade dysplasia found in flat mucosa are both strong indications 
for proctocolectomy. High-grade dysplasia in a flat area is asso-
ciated  with  a  high-risk  of  synchronous  colorectal  cancer  else-
where  in  the  colon  and  a  colectomy  is  recommended.  The 
management  of  low-grade  dysplasia  found  in  flat  mucosa  is 
controversial.  Some  investigators  recommend  colectomy 
whereas  others  recommend  repeat  colonoscopy  within  6 
months. The controversy about  the management of  low-grade 
dysplasia  reflects  the  widely  varying  reports  of  the  predictive 
value  of  low  grade  dysplasia.  In  a  review  of  ten  surveillance 
studies,  low-grade  dysplasia  was  associated  with  synchronous 
cancer in 19% of patients [411]. In patients who were followed 
after  a  diagnosis  of  low-grade  dysplasia,  a  significant  number 
(16%–29%)  progressed  to  high-grade  dysplasia,  dysplasia-
associated lesion or mass, or to cancer [395]. However, in other 
studies only 3%–10% of patients with low-grade dysplasia pro-
gressed to more severe disease [412]. In any case in which the 
diagnosis of dysplasia will influence management, if possible, it 
is  reasonable  to  have  the  slides  reviewed  by  a  second  expert 
pathologist. Some have advocated the routine use of chromoen-
doscopy  though  the  clinical  significance  of  dysplasia  detected 
in this manner and its  implication for management remain to 
be clarified.

Assessing  the  value  of  surveillance  colonoscopy  is  difficult. 
No randomized prospective control trials have been done or are 
likely to be done. In one retrospective study, variables associated 
with colorectal cancer were assessed in 188 patients with ulcera-
tive  colitis-related  cancer  and  a  similar  number  of  matched 
patients  with  ulcerative  colitis  but  without  colorectal  cancer 
[413].  Fifty-five  of  the  colon  cancer  patients  had  undergone 
surveillance colonoscopy whereas 97 of the controls had under-
gone surveillance colonoscopy. These data suggest that the sur-
veillance colonoscopy reduces but does not eliminate the risk of 
colon  cancer.  The  largest  prospective  study  of  the  efficacy  of 
colonoscopic  biopsies  followed  600  ulcerative  colitis  patients 
who underwent 2627 colonoscopies during 5932 patient years 
of  follow-up  [414].  Seventy-four  patients  (12.3%)  developed 
neoplasia,  including  30  colorectal  cancers.  Sixteen  of  the  30 
cancers were interval cancers (i.e., they either presented after an 
initial negative colonoscopy or presented as advanced cancers 
at surveillance). The cumulative incidence of colorectal cancer 
by colitis duration in this group of individuals undergoing sur-
veillance was 2.5% at 20 years, 7.6% at 30 years, and 10.8% at 
40  years.  Although  this  is  the  largest  prospective  study  of  the 
utility  of  colonoscopic  surveillance  in  ulcerative  colitis,  the 
results  are  not  easily  interpreted.  There  was  no  control  group 

ulcerative  colitis  have  dysplasia  somewhere  in  the  specimen. 
These findings suggest that dysplasia may precede the develop-
ment of carcinoma and that dysplasia may be a marker to iden-
tify patients with ulcerative colitis who have developed or are at 
risk of developing carcinoma [404,405]. Dysplasia should there-
fore be viewed as not a marker for future cancer but indicative 
of a high-risk of concurrent cancer in the colon at that point in 
time  [406].  These  findings  have  led  to  the  suggestion  that 
patients with long-standing ulcerative colitis undergo periodic 
colonoscopy with biopsies and,  if  the biopsies show dysplasia, 
prophylactic  colectomy.  This  plan  of  action  has  several  prob-
lems.  The  first  is  that  dysplasia  is  not  easily  discovered  on 
colonic  biopsy,  and  interobserver  variation  is  considerable.  A 
group of pathologists have developed a classification of dyspla-
sia  that  should  help  to  resolve  this  problem  [407,408].  This 
classification divides biopsies into negative, indefinite, and posi-
tive groups; the positive group is further divided into those of 
high-grade  and  low-grade  dysplasia.  Even  in  major  academic 
centers, considerable interobserver variation occurs in diagnos-
ing low-grade dysplasia. A second problem is that it is often not 
possible to determine if dysplasia is present if there is concur-
rent  inflammation.  For  this  reason,  surveillance  colonoscopy 
should be done when the patient’s disease is quiescent. A third 
problem is that, although dysplasia may be extensive, it is more 
often patchy and can be missed entirely by standard screening 
protocols. Although the vast majority of carcinomas in ulcera-
tive colitis are associated with dysplasia elsewhere in the speci-
men,  this  random  colonoscopic  biopsy  may  not  sample  the 
dysplastic area.

Despite  these  limitations,  consensus  guidelines  for  colono-
scopic  screening  in  ulcerative  colitis  have  been  developed 
[67,387,388,409,410]. Screening  should begin 8–10 years after 
the onset of symptoms in patients with pancolitis or left sided 
colitis. Surveillance should be repeated at 1–2 year intervals. For 
patients with only proctosigmoiditis the risk of colon cancer is 
considerably lower than that for patients with left-sided disease 
or  pancolitis  and  in  this  population  the  recommendation  for 
colon cancer screening is the same as for the general population. 
For patients who have ulcerative colitis and primary sclerosing 
cholangitis,  there  is a markedly  increased risk of colon cancer 
compared with patients who have ulcerative colitis alone. Thus, 
yearly colonoscopic examinations are recommended beginning 
as  soon  as  the  diagnosis  of  primary  sclerosing  cholangitis  is 
made. The consensus recommendations for surveillance colon-
oscopy include four-quadrant biopsies taken every 10 cm begin-
ning  at  the  proximal  extent  of  disease;  however,  the  data 
supporting  these  recommendations  is  limited.  There  are  no 
large-scale  studies  comparing  different  schedules  for  colono-
scopies or different protocols for the number or distribution of 
biopsies. There are  some data  suggesting  that  in patients with 
dysplasia the larger the total number of biopsies the more likely 
dysplasia will be found.

Guidelines have been developed  for decision making based 
on the results of the surveillance biopsies [410]. A patient with 
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the  fetus  receives  amounts  adequate  for  normal  development. 
Up to 1 mg daily of folate supplementation is now recommended 
for all pregnant women to prevent congenital neural tube mal-
formations.  It  seems  reasonable,  therefore,  that  all  women 
taking  sulfasalazine  who  are  pregnant  or  contemplating  preg-
nancy should take 2 mg of folate daily to ensure absorption of 
adequate amounts, as the period surrounding conception is the 
most critical for neural tube development. The use of corticos-
teroids by pregnant women with IBD is not associated with an 
increased rate of fetal complications [425]. In general, it appears 
that the risks to the pregnancy of treatment with sulfasalazine 
or  corticosteroids  are  less  than  the  risks  of  allowing  disease 
activity to go untreated.

Most  data  on  azathioprine  and  6-mercaptopurine  in  preg-
nancy  come  from  the  transplant  literature  and  involve  higher 
doses  than  are  commonly  used  in  IBD  [423].  Reported  fetal 
effects in the transplant population include congenital malfor-
mations, immunosuppression, prematurity, and growth retarda-
tion. However, surveys of women with IBD taking azathioprine 
or 6- mercaptopurine during pregnancy have not demonstrated 
any increase in the number of birth defects [426]. It is reason-
able for a patient to continue maintenance therapy with azathio-
prine  and  6-mercaptopurine  during  pregnancy  [427].  Breast 
feeding  is  not  recommended  for  women  taking  these  drugs. 
Methotrexate  induces  abortions  and  should  not  be  used  in 
women  at  risk  for  pregnancy.  Metronidazole,  in  the  short 
courses used to treat trichomoniasis, appears to be safe in preg-
nancy; however, there are no data with the longer courses com-
monly used in IBD. The available data suggests that infliximab 
is safe in pregnancy [428]. Infliximab and adalimumab do not 
actively cross the placenta during the first trimester, but under-
goes placental transfer during the late second and third trimes-
ters  and  can  be  detected  in  the  newborn’s  serum  for  several 
months  [429,430].  This  raises  concerns  about  immunological 
risks  of  infection  and  response  to  vaccines.  The  long-term 
effects of infliximab exposure on the developing immune system 
are unknown as yet. Based on  limited data,  infants born with 
detectable levels of infliximab did not have an increased risk of 
infections during their first year of life and had normal responses 
to nonlive vaccines. A fatal case of disseminated mycobacterial 
infection has been reported in a newborn of a mother who had 
been  treated  with  infliximab  throughout  her  pregnancy  when 
the infant received BCG vaccine at 3 months of age [431]. Thus, 
live vaccines should be postponed in infants exposed to inflixi-
mab  in  utero,  until  serum  levels  are  undetectable  which  may 
require up to 6 months. The recently improved vedolizumab is 
considered to be a Class B agent.

A number of  studies have assessed  the effects of pregnancy 
on disease activity in IBD [432]. If the patient’s disease is inac-
tive  at  the  time  of  conception,  it  is  likely  that  it  will  remain 
inactive  during  the  course  of  the  pregnancy.  If  the  disease  is 
active at the time of conception, the course is more difficult to 
predict. Ulcerative colitis that is active at the time of conception 
tends to worsen.

and it is difficult to use historical controls because of the wide 
range  of  reported  rates  of  colorectal  cancer  in  populations 
where surveillance was not done. This study does demonstrate 
that even in a well-organized program of colonoscopic surveil-
lance involving expert pathologists, the incidence of colorectal 
cancer  in  ulcerative  colitis  patients  undergoing  surveillance  is 
still substantial. A recent technical review is the basis for guide-
lines developed by the American Gastroenterological Associa-
tion for the diagnosis and management of colorectal neoplasia 
in IBD including ulcerative colitis [387,388].

Chronic  use  of  5-ASA  compounds  as  maintenance  therapy 
for ulcerative colitis is associated with decreased risk of develop-
ing both dysplasia and colorectal cancer [415]. The relative risk 
reduction for colorectal cancer seen with 5-ASA use is 46%–81% 
in a series of retrospective studies. The chemoprevention effects 
of 5-ASA are dose-related with at least 2 g/day required for any 
effect [354]. The reported benefits of 5-ASA are for individuals 
who have not already progressed to dysplasia. There is no evi-
dence that initiating 5-ASA affects the progression of low-grade 
dysplasia.

Pregnancy (see Chapter 46)

Because IBD affects many women in early adulthood, the effect 
of IBD on pregnancy is an important clinical issue [416]. Fertil-
ity in women with IBD is normal or only minimally impaired 
[417].  Fertility  in  men  taking  sulfasalazine  is  diminished  but 
returns  to  normal  a  few  months  after  cessation  of  the  drug 
[418,419].

Most  pregnancies  in  women  with  IBD  produce  healthy 
babies.  The  incidences  of  stillbirth  and  developmental  defects 
are  similar  to  those  of  the  general  population  [420].  The  
incidence  of  spontaneous  abortion  is  higher  in  women  with  
IBD  (12.2%)  than  in  the  general  population  (9.9%).  There  is 
some  suggestion  that  the  incidence  of  fetal  complications  is 
somewhat higher in cases in which the mother’s disease is clini-
cally active,  irrespective of drug therapy [421]. The incidences 
of  prematurity  and  spontaneous  abortion  are  both  higher  in 
patients  with  more  active  disease.  Proctocolectomy  with  the 
creation  of  a  J-pouch  and  an  ileoanal  anastomosis  in  patients 
with  ulcerative  colitis  is  associated  with  markedly  decreased 
fertility [421,422].

Many women with IBD take medication on a chronic basis, 
and the possibility of the fetus suffering undesirable effects from 
the drugs  is  a matter of  concern  [418,423,424]. Many women 
have  taken  sulfasalazine  throughout  the  course  of  pregnancy 
with no evidence for its causing harm to the fetus or newborn. 
In one series of 174 patients, sulfasalazine had no effect on the 
spontaneous  abortion,  prematurity,  or  fetal  weight.  Pregnant 
women have an  increased requirement  for  folic acid, and sul-
fasalazine interferes with folate absorption. Women taking sul-
fasalazine who are pregnant or  considering pregnancy  should 
receive folate supplementation (1 mg twice daily) to ensure that 
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management of IBD in children with some practitioners using 
them as primary  therapy  [438]. Anti-TNF  (infliximab) agents 
offer a new option for treatment of children with moderate to 
severe ulcerative colitis as well [439].

Indications  for  colectomy  in  ulcerative  colitis  in  childhood  
are  the same as  for adults, with the addition of growth failure 
[385,440].  Corticosteroid  therapy  may  contribute  to  growth 
retardation but the major cause is uncontrolled disease activity.
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Ulcerative colitis in childhood and 
adolescence

Although  the  peak  incidence  of  ulcerative  colitis  is  in  young 
adulthood, 15% of patients present before 20 years of age. For 
the  most  part,  IBD  presenting  in  childhood  is  similar  to  the 
disease  in  adults  [433].  The  clinical  presentation  of  ulcerative 
colitis in childhood, as in adulthood, is marked by diarrhea and 
rectal bleeding. Abdominal pain, weight loss, and diarrhea are 
common in both adults and children, but extraintestinal mani-
festations  (e.g.,  arthritis,  iridocyclitis,  clubbing,  erythema 
nodosum) are more likely to be major components of the initial 
clinical presentation in children than in adults [434]. Psychoso-
cial  issues are an  important part of  the morbidity of pediatric 
IBD. Anxiety, depression, and antisocial behavior are common. 
Delayed  growth  and  maturation  and  the  cosmetic  effects  of 
steroid therapy contribute to the psychosocial burden of IBD in 
childhood and adolescence.

Whether cytokines and other factors produced during inflam-
mation contribute to the growth retardation is unknown. Cor-
ticosteroid  therapy  also  may  contribute  to  the  growth  failure. 
Growth retardation is less common in children with ulcerative 
colitis than in those with Crohn’s disease. Bone demineralization 
is also a more significant problem in the pediatric IBD popula-
tion  than  in adult patients  [435]. Decreased activity,  corticos-
teroid therapy and decreased intake and absorption of calcium 
and vitamin D all contribute to bone demineralization.

Medical management of IBD in childhood is largely the same 
as  in adulthood [436,437]. All  the major controlled studies of 
therapy  in  IBD  purposefully  excluded  children.  Treatment  in 
children is extrapolated from those studies. The indications for 
sulfasalazine  therapy  in children are  the  same as  in adults.  In 
children,  sulfasalazine  is  begun  at  25–40 mg/kg  daily  and 
increased  to 70 mg/kg daily. The indications  for corticosteroid 
therapy are also the same as for adults with IBD. Typical starting 
doses for moderate to severe disease would be 1–2 mg of pred-
nisone  per  kilogram  per  day.  Continuous  therapy  with  pred-
nisone in doses as low as 10 mg/day can inhibit normal growth. 
After acute symptoms are under control, an attempt should be 
made  to  convert  the  patient  from  prednisone  to  an  immu-
nomodulator. Over the last few years there has been a trend to 
introduce  azathioprine  and  6-mercaptopurine  earlier  in  the 
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Introduction

In his memoir, Dr. Burrill Crohn recalls being told by his 
medical school professor that “there are no recognizable dis-
eases of the small intestine except, perhaps, tuberculosis” [1]. 
He encountered his first case of “regional ileitis” in a 17-year-old 
boy who presented with diarrhea, fever, and a palpable mass in 
the right lower abdomen. Dr. Crohn had difficulty persuading 
a surgeon to operate on the patient despite multiple tests for 
tuberculosis showing no evidence of the organism. After the 
patient finally underwent surgical resection of an inflamed ter-
minal ileum, he was well for 25 years until he developed a mild 
recurrence. In a joint collaboration with Drs. Ginzburg and 
Oppenhiemer, a case series describing “regional ileitis: a new 
clinical entity” was presented in 1932 [2]. This clinical entity, 
which included descriptions of patients with granulomatous 
inflammation as well as enterocutaneous fistulae, describes 
intestinal inflammation with a predilection for the distal ileum 
but is in fact not a “terminal” condition with its consequent 
morbid connotations. This condition has subsequently been 
called “Crohn’s disease” after the first author of the 1932 publica-
tion in which the contributors were listed in alphabetical order.

In fact, the condition had been previously described in 
medical writings possibly dating back as early as 850 ad, with 
the affliction of King Alfred with postprandial pain and diarrhea 
beginning at age 20 and the cause of apparently much embar-

rassment [3]. Subsequent reports in the 17th through 19th cen-
turies of noninfectious intestinal ulcerative conditions may have 
also been describing inflammatory bowel diseases (IBDs). In 
1913, Dalziel published a series of 13 patients afflicted with 
noninfectious transmural intestinal inflammation leading to 
obstruction [4]. Despite these earlier reports and Dalziel’s 1913 
publication, the widespread publicity of the 1932 publication led 
to the general acceptance of “Crohn’s disease” in medical termi-
nology, and eventually came to include “regional ileitis,” “granu-
lomatous colitis,” and patients presenting with inflammatory, 
perforating, and obstructive complications of intestinal inflam-
mation in the absence of an infectious etiology.

Crohn’s disease refers to one of two types of IBD character-
ized by relapsing and remitting chronic intestinal inflammation 
in a genetically susceptible host. It is closely related to ulcerative 
colitis, but is distinguished by key features including anatomic 
disease location and clinical expression. There is significant het-
erogeneity in the clinical manifestations of Crohn’s disease, 
which may involve any part of the digestive tract, may include 
noncontiguous segments of inflammation (i.e., “skip lesions”) 
with intervening normal segments of bowel, and can lead to 
fibrostenosing and perforating complications from transmural 
inflammation. Crohn’s disease most commonly affects the ter-
minal ileum and colon, but can involve any portion of the GI 
tract from the mouth to the anus. About 20% of patients have 
isolated colonic involvement, which may present similarly to 
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ulcerative colitis [5,6]. About 30% of patients with Crohn’s 
disease have inflammation confined to the small bowel. Perianal 
disease manifests in about 25% of patients with Crohn’s disease, 
and may include perianal fissures, fistulae, and anal ulceration 
and strictures. Perianal Crohn’s disease is usually associated 
with inflammation in the distal colon or in the small bowel.

Crohn’s disease can result in a variety of symptoms, and  
significantly impacts quality of life. The varied manifestations 
of Crohn’s disease may reflect the extensive heterogeneity of 
genetic susceptibility, clinical expression, anatomic distribution, 
disease phenotype, natural history, and response to therapy.

The diversity of the clinical manifestations of Crohn’s disease 
likely has its underpinnings in the disease’s heterogeneous 
genetic profile (see Chapter 70). To date, over 150 susceptibility 
or protective genes have been associated with Crohn’s disease 
[7]. Several of these genes encode distinct proteins critical to 
epithelial barrier function, immunological pathways involved in 
cell-surface microbial recognition and antigen processing, 
intracellular signaling pathways implicated in immune activa-
tion, T-cell signaling, autophagy, and several other mechanisms 
of immune regulation. The complexity of this genetic heteroge-
neity is magnified when one considers the potential for gene–
gene and gene–environment interactions that may influence the 
clinical phenotypic expression of this disease, or perhaps more 
accurately, group of diseases termed “Crohn’s disease.”

Epidemiology

There is significant geographic variability in the incidence and 
prevalence of Crohn’s disease. In the United States, the preva-
lence of Crohn’s disease in adults is approximately 201 (95% CI 
197–204) per 100 000 people per year [8]. Although the inci-
dence has been increasing over the past several decades, the 
prevalence has been stable to slightly increasing over time [8–
10]. Several epidemiological observations point to the impor-
tance of environmental exposure in the development of IBD 
overall, and Crohn’s disease specifically (Table 72.1) [11]. In 
general, IBD is more prevalent in the industrialized world, with 
increasing prevalence in developing countries as they become 
industrialized. The highest rates of Crohn’s disease have been 
reported in North America, Europe and the UK, and Australia/
New Zealand [10–12] (Figure 72.1). An interesting and consist-
ent pattern has been observed in developing countries where 
the ulcerative colitis incidence rate increases first and is fol-
lowed by a rise in the incidence of Crohn’s disease [10]. Studies 
have demonstrated that immigrants from low-prevalence 
regions to higher-prevalence areas have increased risk for  
developing IBD [13,14], and that their children have the same 
incidence of developing IBD as the new host environment, sug-
gesting that environmental exposures during childhood devel-
opment play an important role in the etiology of IBD [14]. In 
addition to these global patterns of IBD, a north–south risk 
gradient (higher to lower) has been identified even within single 

European countries such as France, Italy, Spain, and Portugal 
[14–16]. Thus, environmental factors are thought to contribute 
to IBD susceptibility.

Many environmental factors have been implicated in suscep-
tibility toward or protection from the development of Crohn’s 
disease and/or ulcerative colitis [11]. The best studied of these 
risks are smoking and appendectomy, both of which seem to 
influence susceptibility to Crohn’s disease and ulcerative colitis 
in different ways. Active smoking has consistently been associ-
ated with an increased susceptibility for Crohn’s disease but 
decreased risk of ulcerative colitis [17,18]. Furthermore, smoking 
has been associated with a more complicated disease phenotype 
and disease course, and earlier recurrence of Crohn’s disease 
after surgical resection [19]. However, countries such as Canada 
and Sweden with low smoking rates have among the highest 
rates of Crohn’s disease, and nonindustrialized countries with 
high smoking rates have low rates of IBD overall [20]. 
Furthermore, among Israeli Jews, a genetically susceptible popu-
lation for Crohn’s disease, smoking did not increase the risk of 
Crohn’s disease susceptibility [21]. Thus, the association between 
smoking and Crohn’s disease susceptibility warrants further 
study of potential genetic influences of the effects of smoking or 
perhaps modulatory effects of smoking on disease manifesta-
tions [20].

Appendicitis may protect against the development of ulcera-
tive colitis, whereas appendectomy has been inconsistently 
associated with a risk for developing Crohn’s disease [22]. 
Similarly, a metaanalysis showed that the use of oral contracep-
tives has been associated with an increased risk for Crohn’s 
disease but a decreased risk for ulcerative colitis. Other medica-
tions have been implicated in susceptibility for IBD, including 
antibiotic exposure [23,24], nonsteroidal antiinflammatory 
drugs (NSAIDs), and aspirin [25]. Reports have suggested a 
possible association of isotretinoin, often used to treat acne after 
antibiotic treatments have proven unsuccessful, and IBD [26]. 
However, population-based studies have not demonstrated con-
sistent associations [27–29]. Dietary factors have not demon-
strated consistent associations with susceptibility or protection 
against IBD, though an increased risk has been potentially asso-
ciated with intake of refined sugars [30], fat [31], and animal 
proteins [25]. However, the accuracy of patient-reported dietary 
intake is subject to bias [32], rendering the conclusions of these 
kinds of studies difficult to interpret.

While there are undoubtedly environmental factors that con-
tribute to IBD susceptibility, the true impact of environmental 
factors in IBD is unlikely to be well understood without consid-
eration of host genetic susceptibility factors that interact with the 
environment and contribute to gut immune dysregulation. Both 
genetic variants and environmental risk factors may be associ-
ated with specific IBD phenotypes, and environmental factors 
such as diet may influence the gut microbiome, which may in 
turn trigger or alter mucosal immune pathways. Thus, consider-
ing the myriad of potential gene–gene and gene–environment 
interactions, the heterogeneity of the microbiome, and the  
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Table 72.1 Environmental risk factors for the inflammatory bowel diseases. Source: Frolkis et al. 2013 [341]. Reproduced with permission of 
Pulsus Group Inc.

Environmental risk factor Strength of associationa

Crohn’s disease Ulcerative colitis

Smoking

 Current Strong positive Strong negative

 Previous Strong positive Strong positive

 Never Negative Positive

Hygiene

 Multiple siblings Questionable negative Questionable negative

 Farm in childhood Questionable negative Questionable negative

Microorganisms

 Helicobacter pylori Negative Negative

 Helminths Negative Negative

 Mycobacterium avium spp. paratuberculosis Positive Not studied

 Dysbiosis Positive Not studied

Urban living environment Questionable positive Questionable positive

Medication

 Nonsteroidal antiinflammatory drugs Positive Positive

 Oral contraceptive pills Positive Positive

 Isotretinoin Questionable positive Questionable positive

 Antibiotics Questionable positive Questionable positive

Appendectomy Not associated Negative

Nutrition

 Fruits and vegetables Questionable negative Questionable negative

 Fat Questionable positive Questionable positive

 Sugar/sweeteners Questionable positive Questionable positive

 Animal protein Not studied Questionable positive

 Fiber Questionable negative Questionable negative

 Breastfeeding Questionable negative Questionable negative

Northern residence Positive Positive

Ambient air pollution

 Sulfur dioxide Questionable not associated Questionable positive

 Nitrogen dioxide in children Questionable positive Questionable not associated

 Nitrogen dioxide in middle-age adults Questionable negative Questionable not associated

Stress Questionable positive Questionable positive

a Strength of association based on information from included studies.

challenges associated with rigorously identifying environmental 
risk factors, the remarkable complexity of IBD clinical pheno-
types, and the inherent difficulties in identifying a single mecha-
nistic pathway to be targeted for treatment are not surprising (see 
Podcast 72.1).

Despite the multitude of factors associated with the develop-
ment of IBD, the majority of patients have no identifiable risk 
factors or family members with IBD. Thus, while associations 
with genetic and environmental factors may provide insight  
into the pathogenesis and even treatment of these diseases, the 
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practical implications of risk factor identification has, so far, 
been of limited clinical relevance.

Clinical presentation and natural history

Patient history and physical examination
The clinical presentation of patients with Crohn’s disease is 
diverse and heterogeneous, with symptoms that can range from 
silent, insidious progression of mid-small bowel inflammation 
that might be misdiagnosed for years as “irritable bowel syn-
drome,” to a more dramatic, acute presentation of gastrointes-
tinal hemorrhage, perianal abscess/fistula, intestinal obstruction, 
or profound diarrhea and/or weight loss. Crohn’s disease may 
in fact not present with any overt gastrointestinal symptoms 
unless there is extensive involvement, distal colonic involve-
ment, or with stricture, abscesses, or fistulae [11]. There are no 
hard and fast “rules” about patient clinical characteristics; while 
many patients with Crohn’s present with cachexia, some patients 
are obese [33]. Although the disease is more prevalent amongst 
Caucasians and Ashkenazi Jews, Crohn’s has been identified  
in people from diverse ethnic and geographic backgrounds. 
Patients typically present in their teens or twenties; however, 
patients can present at any age, with cases of presentation in 
some as young as 6 months and others over the age of 90.

Crohn’s disease is most commonly present in the terminal 
ileum, with at least 60% of patients having at least some ileal 
involvement [6]. Of these, about half have isolated small bowel 
involvement while the remainder will also have additional 
colonic involvement, usually affecting the right side greater than 
the left. About 20% of patients with Crohn’s disease have iso-

Figure 72.1 Global incidence of Crohn’s disease. Source: Ng et al. 2013 [20]. Reproduced with permission of BMJ Publishing Group.
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lated colonic involvement, which can sometimes present a chal-
lenge when trying to distinguish Crohn’s disease from ulcerative 
colitis. About 5% of patients have upper-tract involvement, 
which can affect the esophagus, stomach, duodenum, and/or 
jejunum in addition to the distal small bowel [34]. Symptoms 
may relate to the specific site of involvement, with dysphagia, 
odynophagia, nausea/vomiting, and epigastric pain seen in 
patients with upper-tract involvement. Perianal Crohn’s disease 
may occur in isolation or, more commonly, in association with 
disease elsewhere in the GI tract, usually a distal luminal site.

When obtaining a clinical history from patients with estab-
lished Crohn’s disease or ulcerative colitis, it is important to 
carefully elucidate the presenting symptoms and diagnostic tests 
that led to the diagnosis. It is also important to obtain a detailed 
understanding of symptoms that may have preceded a visit to a 
healthcare provider by months or even years that in retrospect 
might be attributable to Crohn’s disease, as the initial presenta-
tion of disease may be subtle and insidious, and not necessarily 
prompt patients to seek medical attention until relatively late in 
its evolution. In patients with isolated colonic inflammation, it 
is important to distinguish ulcerative colitis from Crohn’s 
disease in order to optimally tailor medical therapy, surgical 
options, and potential eligibility for clinical trials. In 5%–15% 
of patients with isolated colonic involvement, it may not be 
possible initially to distinguish between ulcerative colitis and 
Crohn’s disease; these patients are given a diagnosis of IBD-
unclassified (IBDU) [35]. Before making an IBDU determina-
tion, evaluation of these patients should have included especially 
careful clinical, radiographic, colonoscopic, and histological 
assessment for features more typical for Crohn’s disease. For 
examples, patients with Crohn’s disease are more likely to have 
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cholangitis) is important in order to understand the spectrum 
of inflammation, the need for referral to specialists (particularly 
in the case of ophthalmological involvement), and to recognize 
the need for treatment strategies that may warrant early biologi-
cal therapy. These extraintestinal manifestations may be present 
in up to 25% of patients, may sometimes even be the initial 
symptom, and may precede bowel inflammation and the diag-
nosis of Crohn’s disease or ulcerative colitis by months or even 
years. Some of these manifestations have been associated with 
specific phenotypes of bowel inflammation. For example, pyo-
derma gangrenosum, a skin dermatosis that presents with a 
sterile, ulcerated lesion with a violaceous border has been asso-
ciated with colonic disease, and is thus more prevalent among 
patients with ulcerative colitis as well as among patients with 
Crohn’s disease with colonic involvement [40]. Furthermore, 
patients with pyoderma gangrenosum and IBD are more likely 
to have specific polymorphisms in genes associated with inflam-
matory pathways, and may associate with other extraintestinal 
manifestations, including eye and joint inflammation. Thus, 
patients with IBD and extraintestinal manifestations may poten-
tially represent distinct phenotypic and genotypic subtypes, 
with opportunities for therapeutic interventions that may one 
day be tailored to a particular phenotype/genotype. Interestingly, 
some extraintestinal manifestations (such as oligoarticular 
arthropathy and erythema nodosum) may be responsive to 
treatment of underlying intestinal inflammation, while others 
(such as primary sclerosing cholangitis) do not respond to IBD 
therapy.

Musculoskeletal
The most common extraintestinal manifestations among 
patients with IBD relate to joints and bones, and include arthri-
tis (peripheral and axial) and metabolic bone disease. Arthritis 
may manifest in the periphery or in the axial joints, and is 
usually seronegative. Peripheral arthritis is common, affecting 
up to 20% of patients with Crohn’s disease and (as with many 
other extraintestinal manifestations) is more common among 
those with colonic involvement [41]. Peripheral arthritis can be 
classified as pauciarticular (type I, involving four or fewer 
joints), synovitis, or polyarticular (type II, involving five or 
more joints), which commonly affects the wrists, knees, and 
ankles, as well as the proximal interphalangeal and metatar-
sophalangeal joints [42]. Peripheral arthritis symptoms tend to 
wax and wane in association with bowel inflammation. However, 
symptoms of peripheral arthritis can be debilitating and may 
require additional arthritis treatment beyond treatment of the 
bowel inflammation. Sulfasalazine, but not mesalamine, can be 
effective for the treatment of inflammatory arthritis in the 
setting of IBD [43].

Axial arthritidies may occur in up to 10% of patients with 
IBD, and may or may not occur with bowel inflammation [41]. 
Affected joints include the spine and sacroileac joints. Many 
patients with IBD and axial arthropathies are HLA-B27 positive 
[44]. Ankylosing spondylitis can also be seen in patients with 

a family history of Crohn’s disease, have initial symptoms with 
nonbloody diarrhea and weight loss [36], endoscopic or histo-
logical patchiness of inflammation or rectal sparing, and sero-
logical markers for Crohn’s disease [37]. Younger patients may 
additionally have delay in growth or maturation, sometimes 
preceding a diagnosis of Crohn’s disease by several months or 
even years [38].

For patients with suspected Crohn’s disease, the medical 
history should include a detailed, chronological accounting of 
symptoms as well as antecedent travel, infections, exposure to 
nonsteroidal antiinflammatory drugs, history of appendectomy, 
and active and passive smoking history. For patients with estab-
lished disease being seen for a consultation or establishing care, 
it is additionally important to obtain a chronological account of 
the history of the disease, with emphasis on treatment doses and 
duration, response (or lack thereof) to treatments, an under-
standing of why treatments were discontinued (adverse effects 
or lack of response), hospitalizations, endoscopic and surgical 
procedures with histopathology, and diagnostics tests to cor-
roborate the diagnosis and to develop a tailored management 
plan for the individual patient.

When elucidating symptoms from a patient with suspected 
or established Crohn’s disease, one should solicit gastrointesti-
nal symptoms, including stool form, frequency, and whether 
nocturnal; urgency, incontinence, tenesmus, abdominal pain 
and its quality, location (focal or diffuse), nausea and/or vomit-
ing, and the impact of these symptoms on a patient’s quality of 
life. In patients with diarrhea, the quantification of bowel fre-
quency and intensity of urgency (i.e., how long can you hold  
it in when you get an urge to go?) can help patients track  
symptoms over time and potentially help clarify clinical response 
to therapy. The presence or absence of frank or trace amounts 
of blood in the stool at the time of presentation may help dis-
tinguish ulcerative colitis from Crohn’s disease involving the 
colon [39].

In addition to abdominal and intestinal symptoms, a compre-
hensive review of systems is important in order to exclude 
potential mimics of IBD, and to elucidate potential extraintes-
tinal manifestations. These include querying patients about 
fevers, weight loss, oral and genital ulcerations, eye pain or 
redness, arthralgias or gout symptoms, and skin rash or 
ulceration.

A sudden change in symptoms in patients with established 
IBD who have been in prolonged clinical remission for an 
extended period of time should prompt evaluation not only for 
reactivation of disease (i.e., a disease “flare”) but also for infec-
tions and cancer.

Extraintestinal manifestations and complications
Assessment for the presence of extraintestinal manifestations 
including eye inflammation (iritis, uveitis, episcleritis), joint 
involvement (axial or peripheral arthritis, sacroileitis), skin 
manifestations (pyoderma gangrenosum, erythema nodosum, 
and others), and biliary involvement (primary sclerosing 
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Skin
Skin lesions are found in up to 20% of patients with Crohn’s 
disease, and can be classified as reactive, associated, drug-
related, or intrinsic to the disease [55]. Reactive skin lesions 
include erythema nodosum, pyoderma gangrenosum, oral aph-
thous lesions, Sweet syndrome, and pyostomatitis vegetans. 
Associated lesions include other immune-mediated conditions 
such as psoriasis, psoriatic arthritis, eczema, and vitiligo, which 
are beyond the scope of this chapter. Drug eruptions may occur 
with any medication used to treat Crohn’s disease, although 
atypical psoriasis associated with anti-TNF agents warrants par-
ticular mention given the increased recognition of this immune-
mediated adverse reaction. Finally, intrinsic lesions include 
perianal or abdominal enterocutaneous fistulae, and oral or 
genital “metastatic” Crohn’s disease, referring to granulomatous 
skin lesions at sites distant from the gastrointestinal tract [56].

The most common reactive skin lesion is erythema nodosum, 
occurring in about 5% of patients [55]. Erythema nodosum is 
characterized by painful, raised, red lesions, usually on the legs. 
Erythema nodosum is not specific to IBD and usually improves 
with treatment of the underlying bowel inflammation. It can 
occur before worsening GI symptoms manifest a flare of the 
underlying Crohn’s disease. Pyoderma gangrenosum occurs in 
up to 2% of patients with IBD, and among patients with Crohn’s 
disease is more commonly found in those with colon involve-
ment. Pyoderma gangrenosum manifests as a sterile ulcer with 
raised edges, and may exhibit pathergy upon biopsy or debride-
ment (Figure 72.2). Treatment for pyoderma gangrenosum 
involves treatment of the underlying IBD although anti-TNF 
agents may be effective for the treatment of pyoderma gan-
grenosum even in the absence of IBD. In association with IBD, 
both erythema nodosum and pyoderma gangrenosum exhibit 

IBD, and may present with low back pain, morning pain, and 
stiffness, which may improve through the course of the day and 
straightening of the spine. While ankylosing spondylitis can 
occur independently from IBD, the incidence of coexisting 
ankylosing spondylitis among patients with IBD is higher than 
among the general population. About 5%–10% of patients with 
ankylosing spondylitis have IBD, and up to 6% of patients  
with IBD develop ankylosing spondylitis [45,46]. Many patients 
with ankylosing spondylitis in fact may have occult colonic 
inflammation endoscopically and histologically [47,48]. One 
study demonstrated increased levels of fecal calprotectin  
among patients with ankylosing spondylitis without bowel 
symptoms, suggesting common or overlapping pathophysiolog-
ical mechanisms between IBD and ankylosing spondylitis [49]. 
Asymptomatic sacroileitis may be found incidentally on cross-
sectional imaging of the abdomen in many patients with IBD 
[50], and may similarly present with low back pain. Patients 
with ankylosing spondylitis or sacroileitis and IBD may be 
excellent candidates for early antitumor necrosis factor (anti-
TNF) therapy, given the overlapping treatment effects for both 
disease processes.

Patients with Crohn’s disease are at increased risk for meta-
bolic bone disease, including osteopenia and osteoporosis. This 
is likely due to multiple factors including inflammatory disease 
activity, malabsorption, smoking, and exposure to corticoster-
oids. Evidence of low bone density and fractures can be identi-
fied even in young people, and at the time of disease presentation 
even before receipt of corticosteroids [51,52].

In patients with a history of chronic or prolonged corticos-
teroid use, osteonecrosis of the hip is a serious complication, 
which can result in destruction of the hip joint. Patients with 
IBD presenting with hip pain should therefore be promptly 
evaluated, with consideration for appropriate hip imaging.

Ocular
Extraintestinal manifestations of Crohn’s disease can involve 
inflammation in every part of the eye, including episcleritis, 
keratitis, conjunctivitis, and more serious uveitis and scleritis. 
Eye manifestations occur in up to 6% of patients with Crohn’s 
disease [53]. Episcleritis involves injection of the conjunctiva, 
usually in association with disease activity, and does not threaten 
visual acuity. It may present with otherwise asymptomatic con-
junctival erythematous injection, or with eye pain, burning, or 
irritation, In contrast, scleritis is painful, and involves the deeper 
layers of the eye. If untreated, scleritis can lead to permanent 
visual loss. Infliximab is effective in treatment of scleritis [54]. 
Uveitis involves inflammation in the fluid of the anterior or 
posterior chambers of the eye, and is diagnosed by slit lamp 
examination. Patients typically complain of eye pain, blurriness, 
or photophobia, and it too may lead to visual loss if untreated. 
Patients with Crohn’s disease who present with eye pain or 
redness should be promptly referred for ophthalmological 
evaluation.

Figure 72.2 Pyoderma gangrenosum (PG), seen here involving the face in 
a patient with extensive small bowel Crohn’s disease. Note raised, 
violaceous edges characteristic of PG. In this case, PG led to full-thickness 
ulceration and perforation, with evidence of underlying dentition.
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Older studies have identified pericholangitis in a majority of 
IBD patients, which may present asymptomatically or with mild 
elevations of liver enzymes, alkaline phosphatase, or bilirubin 
[60]. Many patients may have evidence of pericholangitis on 
liver biopsy, and pericholangitis may progress, but the relation-
ship between pericholangitis and primary sclerosing cholangitis 
(PSC) remains unclear. PSC is associated with colonic inflam-
mation, including ulcerative colitis and Crohn’s colitis [61,62]. 
While it is less commonly seen in Crohn’s disease, with an inci-
dence of about 0.4% compared to 2% in an ulcerative colitis 
population [23], it may be that phenotypic overlap between 
colonic Crohn’s disease and ulcerative colitis truly reflects an 
underlying pathogenesis related to inflammation of the colon, 
regardless of Crohn’s disease or ulcerative colitis classification. 
Progressive PSC can have devastating consequences including 
hepatic failure and cholangiocarcinoma. Patients can be initially 
screened for PSC with liver enzyme assessment, and those with 
abnormalities should be evaluated with serological tests (to 
exclude viral and autoimmune hepatitis) and imaging with 
ultrasound (to exclude cholelithiasis) and magnetic resonance 
cholangiopancreatography (MRCP), which can help make a 
diagnosis without the need for a more invasive endoscopic ret-
rograde pancreatogram (ERCP). Although earlier studies sug-
gested a role for ursodeoxycholic acid for the prevention of 
long-term complications of PSC, more recent studies have 
found that ursodeoxycholic acid does not prevent cholangiocar-
cinoma, and may in fact be associated with its development 
particularly when administered in high doses [63–65]. 
Unfortunately there is no known effective therapy for PSC, 
which can progress to cholangitis, cirrhosis, and hepatic  
failure within 10 years of diagnosis [66]. PSC has been associ-
ated with increased risks of cholangiocarcinoma and colon 
cancer, leading to recommendations for annual colonoscopic 
surveillance for colon cancer among patients with PSC and 
colonic inflammation, irrespective of the duration of colitis  
[67]. Patients with progressive biliary strictures can undergo 
ERCP with stenting of dominant strictures to facilitate bile flow 
and reduce risks of cholangitis, although those with advanced 
stricturing disease and associated liver failure may require liver 
transplantation.

Renal
The most common renal complication of Crohn’s disease is 
nephrolithiasis, which occurs in up to 20% of patients with 
Crohn’s disease [68]. Renal stones may result from a number of 
mechanisms, including dehydration and volume contraction, 
decreased urinary citrate and magnesium excretion (which nor-
mally inhibit calcium oxalate crystallization), and excess oxalate 
absorption due to binding of calcium (which can otherwise bind 
oxalate preventing absorption) to unabsorbed free fatty acids in 
the gut lumen [69]. Calcium oxalate stones are thus the most 
commonly encountered stones in patients with a functional 
colon, where oxalate is absorbed. In contrast, patients with ile-
ostomies and with high output have may be at risk for uric acid 

distinct genotypic and serological profiles that suggest underly-
ing mechanistic pathways, which may guide therapeutic 
approaches for these often debilitating entities in the future [40]. 
Sweet syndrome is characterized by red, painful lesions on the 
upper extremities, trunk, and/or face. Similar to pyoderma gan-
grenosum, Sweet syndrome has been associated with colonic 
disease and correlates with disease activity [57].

Pyostomatitis vegetans is an oral lesion characterized by pus-
tules and ulcerations along the lips, buccal mucosa, and gingiva, 
and is quite specific to IBD. In contrast, oral aphthous lesions 
are common even among the general population, but are more 
common among patients with Crohn’s disease (Figure 72.3). 
These painful erosions or ulcers can be treated with topical 
corticosteroid solutions, but usually resolve with treatment of 
the underlying Crohn’s disease.

Hepatobiliary
Hepatobiliary manifestations of Crohn’s disease include chole-
lithiasis, pericholangitis, and primary sclerosing cholangitis. 
Gallstones may be present in 25% of patients with Crohn’s 
disease, and patients with Crohn’s disease are at increased risk 
for cholecystectomy relative to non-IBD controls [58]. Increased 
gallstone formation is frequently due, at least in part, to altered 
ileal bile salt absorption, due to ileal disease or subsequent to 
ileal resection, leading to supersaturation of cholesterol in  
bile. Patients with IBD who undergo cholecystectomy may  
be at higher risk for postcholecystectomy complications than 
non-IBD counterparts [59].

Figure 72.3 Large, painful oral aphthous ulcer in a patient with 
ileocolonic Crohn’s disease.
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40%–70% [75]. Skin tags may associate with fissures and fistu-
lae, and may change in size in association with inflammatory 
activity. While often soft and asymptomatic, they may become 
indurated, edematous, firm, and painful. These manifestations 
will usually subside with medical treatment of underlying 
Crohn’s disease activity. Surgical removal of skin tags in patients 
with Crohn’s disease is generally not recommended due to risks 
of poor wound healing.

Anal ulcers can occur with a reported prevalence of up to 
10%. Patients will usually have anal pain, but may also have an 
exudative discharge, bleeding, and pruritus. When performing 
colonoscopy or sigmoidoscopy in patients with IBD, careful 
examination of the anal canal should be performed upon inser-
tion of the scope into the rectum, as anal ulcerations may be 
missed when not visible upon anal inspection. Treatment of 
anal ulcerations may warrant anti-TNF therapy, with retrospec-
tive data demonstrating a 72% long-term response rate [76].

Anal or low rectal strictures can lead to obstruction, pain, 
hematochezia, overflow diarrhea and incontinence, and tenes-
mus. Anal or rectal strictures are usually the consequence of 
longstanding anorectal inflammation. There are limited data on 
the treatment of rectal strictures, which can be treated medically 
with anti-TNF therapy, dilated digitally or with pneumatic dila-
tion, or with proctectomy and/or diversion. A small case series 
described successful use of infliximab endoscopically injected 
intralesionally into the stricture with favorable results [77].

Fistulizing disease
The prevalence of fistulizing Crohn’s disease is about 21% in 
population-based studies, and as high as 43% in referral centers. 
Frequently, perianal fistulae will be present at the time of  
diagnosis or may actually predate the diagnosis of Crohn’s 
disease by months or even years. Since fistulae can occur de 
novo, clinicians should have a heightened awareness of the pos-
sibility of Crohn’s disease in the absence of any other obvious 
etiology. Anal fistulae can arise de novo, or after radiation, 
anorectal tuberculosis, or malignancy involving the anus or 
rectum, including squamous cell cancer, adenocarcinoma, and 
lymphoma.

History and physical examination
Several aspects of the patient history may shed light on the etiol-
ogy of nonspecific symptoms and help clarify the need for 
further diagnostic evaluation; these include initial symptoms as 
well as current symptoms. The use of NSAIDs has been associ-
ated with inflammatory lesions throughout the gastrointestinal 
tract, including small bowel and colonic ulcers that can be dif-
ficult to distinguish from Crohn’s disease [78]. Thus it is critical 
to clarify whether a patient has been exposed to NSAIDs during 
periods of symptoms and at the time of diagnostic evaluation, 
and it would be prudent to perform endoscopic evaluations 
once a patient has reduced or eliminated NSAID exposure for 
a period of at least 2 weeks. Furthermore, the concurrent use of 
NSAIDs at the time of disease presentation may additionally 

stones due to increased urate precipitation in the setting of loss 
of alkaline fluids resulting in low-volume, acidic urine.

Rarer associations between IBD and intrinsic renal disease 
have been reported, including secondary amyloidosis, IgA 
nephropathy, glomerulonephritis, and interstitial nephritis 
[68,69]. Amyloidosis involves proteinaceous deposition in the 
kidneys and other organs, which can be irreversible and lead  
to severe complications including renal, hepatic, and cardiac 
failure. In addition to these renal metabolic complications, the 
ureters, bladder, and urethra can be affected by adjacent bowel 
inflammation leading to obstructive uropathy or fistula forma-
tion. In addition, ureteral strictures have been described in up 
to 6% of patients with Crohn’s disease [70].

Other
Crohn’s disease has been associated with manifestations in other 
organ systems as well. Pulmonary manifestations of Crohn’s 
disease can include parenchymal disease and pleuritis, as well 
as drug-associated pulmonary complications [71]. There are 
several case reports of pulmonary nodules identified at the time 
of or preceding diagnosis, which in the absence of infection may 
represent “metastatic” Crohn’s disease or idiopathic inflamma-
tion involving the lungs. Population-based studies have found 
an increased association with asthma [72,73]. Crohn’s disease 
can also affect the face/lips with orofacial granulomatous 
inflammation, an uncommon manifestation of Crohn’s disease 
often termed “metastatic” Crohn’s disease, which may respond 
to infliximab [56,74].

Perianal disease
Perianal Crohn’s disease is a frequently encountered, devastat-
ing complication of Crohn’s disease that causes significant mor-
bidity and can have a profound impact on quality of life. Perianal 
Crohn’s can be classified into nonfistulizing manifestations and 
fistulizing disease.

Nonfistulizing perianal disease
Nonfistulizing perianal manifestations include anal fissures, 
skin tags, anal ulceration, and strictures. Anal fissures are tears 
at the anal canal that can occur de novo or in the setting of 
Crohn’s disease. Typically, non-Crohn’s idiopathic fissures are 
single and are located in the posterior midline, whereas Crohn’s- 
associated fissures can be multiple and can be located eccentri-
cally. The prevalence of anal fissures among patients with 
Crohn’s disease has been reported to be as high as 35% [75]. 
Symptoms of fissures include bleeding, as well as severe dys-
chezia with pain and burning upon defecation, although fissures 
may also be asymptomatic. Anal fissures can be treated medi-
cally, with sitz baths (to relax the anal sphincter muscles) and 
topically applied vasodilators, including 0.4% nitroglycerin 
ointment or 2% diltiazem cream (to promote blood flow to the 
sphincter muscles).

Anal skin tags can occur de novo, but are quite common 
among patients with Crohn’s disease with a prevalence of 
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ated with Crohn’s disease. Digital examination should proceed 
cautiously if patients describe pain or a fissure is identified, and 
should specifically address the presence or absence of an anal 
stricture. If possible, stool evaluation for the presence of occult 
blood can be performed to assess for blood loss associated with 
inflammation; however, this test is neither sensitive nor specific 
for the diagnosis of IBD. In patients with perianal manifesta-
tions, surgical referral for an examination under anesthesia may 
be appropriate, to further evaluate and treat fistulae, and assess 
and treat anal or low rectal strictures. The skin, eyes, and joints 
should all be evaluated for extraintestinal manifestations, as 
described above.

Endoscopy
Colonoscopy with ileal intubation is generally required for the 
assessment of Crohn’s disease, and should include biopsies for 
histopathology assessment to exclude infection and lymphoma, 
and corroborate the severity of inflammation. In particular, the 
index or initial colonoscopy provides important information 
about anatomic extent of involvement, as these findings are 
unlikely to have been influenced by medical therapy. Endoscopy 
of the upper or lower tract for Crohn’s disease also offers the 
opportunity for therapeutic balloon dilation of strictures [82]. 
At the time of colonoscopy, a careful anal inspection should be 
performed to assess for perianal fissure, fistula, skin tags, or anal 
stricture prior to insertion of the colonoscope. Upon insertion 
of the colonoscope, attention should be paid to the anal canal 
in order to identify anal ulceration that might be missed during 
a physical examination and might be missed with insertion  
of the scope directly into the rectum. Colonoscopic findings 
include various manifestations of inflammation, including ery-
thema, erosions, ulceration, and stricturing. Ulcers are charac-
terized morphologically as aphthous, linear, or stellate (Figures 
72.4 and 72.5). If a stricture is encountered, the length of the 
stricture should be reported, and biopsies should be obtained 
to exclude malignancy. Short stenosis and anastomotic stric-
tures (less than 4 cm) may be amenable to endoscopic balloon 

complicate the diagnosis of Crohn’s disease as NSAIDs have 
variably been associated with the onset and diagnosis of Crohn’s 
disease, although this association has been challenged [25].

Understanding an individual’s family history may shed addi-
tional light on both the likelihood of Crohn’s disease as well as 
the phenotype and prognosis of Crohn’s disease that might be 
expected in a patient with a new diagnosis. While the overall 
prevalence of Crohn’s disease is low (less than 0.5% in the 
general US population) [8], the likelihood of Crohn’s disease in 
a first-degree family member is increased to approximately 
5%–10%, and in an individual with both parents with Crohn’s 
disease that risk may be as high as 25% [79,80]. Furthermore, 
clinical and serological phenotypes may associate in families, 
such that an individual diagnosed with IBD is more likely to 
have Crohn’s disease than ulcerative colitis if he/she has a family 
member with Crohn’s disease [81].

Physical examination of a patient with suspected Crohn’s 
disease involves a comprehensive assessment of a patient’s 
general wellbeing, intestinal and extraintestinal manifestations, 
and a careful rectal examination.

General well-being in patients with Crohn’s disease can be 
assessed through visual inspection for temporal wasting and 
cachexia, as well as general body mass index with height and 
weight. Head and neck examination should include visual 
inspection of the oral mucosa, with particular note of the pres-
ence or absence of aphthous stomatitis or oral candidiasis. 
Lymph node examination should be performed for evidence of 
chronic inflammation, infection, or lymphoma. The abdominal 
exam should evaluate for any tenderness and qualifiers thereof, 
including tenderness associated with a mass or fullness in the 
abdomen that could suggest an inflammatory mass, abscess, or 
neoplasm. Auscultation for bowel sounds should be performed. 
While not diagnostic, very loud bowel sounds with borborygmi 
suggests a narrowed area through which luminal contents rush 
at high velocity and indicates a potential stricture. Rectal exami-
nation should be performed, first with careful inspection of the 
anus for skin tags, fissures, or a fistula, all of which can be associ-

Figure 72.4 Colonoscopic images of Crohn’s ulcerations, which are morphologically characterized as linear (a), serpiginous (b), and stellate (c).

(a) (b) (c)
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The routine use of upper endoscopy in patients with sus-
pected Crohn’s disease has been advocated due to findings of 
upper-tract inflammation in up to 15% of adults with estab-
lished Crohn’s disease, which may be asymptomatic [85,86]. 
Studies of endoscopic findings in patients with Crohn’s disease 
have identified focal non-Helicobacter pylori gastritis, esophagi-
tis, and duodenitis (including asymptomatic ulcerations) as 
manifestations of upper-tract Crohn’s disease. Patients in whom 
celiac disease is suspected or who present with upper-tract 
symptoms (epigastric pain, nausea, vomiting) should undergo 
upper endoscopic evaluation in order to biopsy appropriately 
for celiac disease (see Chapter 64) and to exclude upper-tract 
Crohn’s disease, H. pylori infection, peptic ulcer disease, or 
other conditions affecting the upper tract.

Capsule endoscopy is a relatively new technology that has 
been found to be useful for the evaluation of patients with iron-
deficiency anemia and occult or obscure gastrointestinal bleed-
ing in cases where colonoscopy and upper endoscopy are 
nondiagnostic. Capsule endoscopy can identify small bowel 
Crohn’s disease with a high degree of accuracy [87]. Capsule 
endoscopy has been used for monitoring Crohn’s disease  
activity and assessment of response to therapy, particularly in 
patients where the disease is not amenable to colonoscopic 
evaluation due to disease location or patient factors. Capsule 
endoscopy is highly sensitive for the detection of mucosal 
lesions that could be missed on barium studies or even cross-
sectional enterography studies, but is limited by the risk of 
capsule retention, which is increased among patients with 
Crohn’s disease [88]. Another limitation of capsule endoscopy 
is the inability to biopsy mucosal lesions. The advent of double-
balloon enteroscopy has enabled complete endoscopic evalua-
tion of the small bowel without the need for surgery, and allows 
for biopsies and endoscopic interventions, such as balloon dila-
tion and hemostasis, to be performed deep in the small bowel 

dilation (Figure 72.6) [82]. Ileal intubation during colonoscopy 
should be attempted, but may not always be successful due to 
technical considerations or a stenotic ileocecal valve.

There are several instruments that have been developed for 
clinical trials to score Crohn’s endoscopic disease activity. The 
most commonly used indices include the Crohn’s Disease 
Endoscopic Index of Severity (CDEIS) and the Simple 
Endoscopic Score (SES), which correlate highly with one 
another [83] and score the presence, size, and extent of ulcera-
tion and inflammation in the ileum and individual colonic seg-
ments. In patients who have had an ileocolonic resection, the 
Rutgeerts score should be used to grade the anastomosis for 
endoscopic recurrence, in order to determine the prognosis for 
clinical recurrence and need for therapy (Figures 72.6 and 72.7) 
[84].

Figure 72.5 Multiple diffuse large confluent aphthous ulcerations in a 
patient with Crohn’s colitis.

Figure 72.6 Short, ulcerated ileocolonic anastomotic stricture seen on 
colonoscopy (Rutgeerts score i4).

Figure 72.7 An ileocolonic anastomosis that is widely patent without 
ulcerations (Rutgeerts score i0).
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Grossly, pathological evaluation of surgically resected speci-
mens shows a thickened intestinal wall, mesentery, and excess 
fat, particularly around an inflamed ileum (“creeping fat”) sug-
gests chronic inflammation. Characteristically, inflammation 
from Crohn’s disease is transmural, focal, and/or patchy, both 
grossly and microscopically. Histology can identify granulomas 
both in the intestinal layers as well as in the mesentery or lymph 
nodes.

Typically, a full assessment of the extent and severity of 
inflammation requires a combination of colonoscopic and his-
tological findings in combination with small bowel imaging, 
which can assess for Crohn’s inflammation and stricturing prox-
imal to the reach of the colonoscope. Furthermore, there can be 
a “disconnect” between endoscopic and histological findings, 
due to the focal/patchy nature of the disease both endoscopi-
cally and histologically.

Imaging
Historically, the mainstay of diagnostic radiological evaluation 
of Crohn’s disease has been barium small bowel follow through 
(SBFT). However, over the past decade or so, the development  
of cross-sectional imaging modalities (computed tomography 
[CT] and magnetic resonance imaging [MRI]) with enterogra-
phy protocols have largely replaced SBFT for the routine evalu-
ation of known and suspected Crohn’s disease. These modalities 
are first-line imaging techniques that can rapidly and accurately 
identify areas of mucosal inflammation, fibrostenotic and pen-
etrating complications, and many extraintestinal manifestations 
of Crohn’s disease (see Podcast 72.1). Furthermore, they may be 
used to detect changes in inflammation and response to treat-
ment [93]. Barium SBFT is still useful in some situations, includ-
ing the evaluation of complex fistula tracts and for the evaluation 
of obstruction (Figure 72.9). In addition, it remains a mainstay 
in the absence of access to CT or MRI technologies. Contrast-
enhanced small bowel ultrasound has also been shown to be useful 
for the evaluation of the small bowel, including penetrating com-
plications and postoperative anastomotic inflammation [94].

Enterography studies (CTE and MRE) are distinguished from 
routine cross-sectional techniques in that they require adequate 
distension of the small bowel to identify and characterize 
mucosal inflammation. One of the most common limitations to 
enterography is the variability in complete small bowel disten-
sion, which may be due to differing protocols of the timing of 
oral contrast administration, the ability of patients to drink the 
necessary quantities of oral contrast agents, and physiological 
motility differences. Intravenous contrast is also administered 
during these studies, in order to identify areas of mucosal 
hyperenhancement that is suggestive of active inflammation. 
Typical findings of active inflammation using enterography pro-
tocols include the “comb sign” [95], which refers to engorge-
ment of the vasa recta, and the “target sign,” which refers to the 
trilaminar enhancement of the layers of the bowel wall includ-
ing enhancing mucosa (bright), submucosal edema (dark), and 
enhancing serosa (bright) (Figures 72.10 and 72.11).

[89]. However, given the time, expense, and potential risks of 
double-balloon enteroscopy, it is generally reserved for evalua-
tion of the small bowel after capsule endoscopy has been per-
formed in order to obtain tissue diagnosis of suspicious lesions, 
or in cases warranting endoscopic balloon dilation in the deep 
small bowel in an effort to avoid surgery [89].

Histology
At the time of endoscopic evaluation, biopsies for histopatho-
logical evaluation can be helpful to establish the diagnosis, dis-
criminate between Crohn’s and ulcerative colitis, exclude certain 
infections (cytomegalovirus and other herpetic infections, 
amoebiasis, mycobacterial colitis, and others), and assess for 
dysplasia or malignancy [90]. Noncaseating granulomata are 
considered pathognomonic for Crohn’s disease in this setting, 
although they are only seen in about 15% of patients with 
Crohn’s disease (Figure 72.8). When present, granulomas can 
be seen in both inflamed and uninflamed areas, and should be 
distinct from a ruptured crypt in order to support a diagnosis 
of Crohn’s disease in a patient with colonic inflammation. 
Histological findings of chronic inflammation include lymphoid 
aggregates, mixed acute and chronic inflammatory infiltrates 
with lymphocytes and neutrophils, crypt abscesses, neuronal 
hypertrophy, Paneth cell metaplasia, and others. Gastric biop-
sies showing focal non-H. pylori-associated gastritis can raise 
suspicion for upper-tract Crohn’s disease, particularly in the 
absence of NSAIDs. In countries where tuberculosis is preva-
lent, it is particularly important to distinguish Crohn’s disease 
from intestinal tuberculosis; some have postulated that differ-
ences in granuloma size and ulcer morphology (among other 
clinical and radiological criteria) may help clarify the correct 
diagnosis [91,92].

Figure 72.8 Colonic granulomas seen at low magnification on 
hematoxylin and eosin staining. Source: Courtesy of Dr. Maha Guindi, 
Department of Anatomic Pathology, Cedars-Sinai Medical Center, Los 
Angeles, CA.
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Both CTE and MRE can identify small bowel inflammation 
with a high degree of accuracy [96]. However, there are several 
factors to consider when selecting one cross-sectional imaging 
modality over the other [97]. CTE offers rapid image acquisition 
and is generally cheaper than MRE. Because of the speed in 
which images are acquired, motion artifact is minimized. In 
contrast, MRE offers high-quality images without exposure to 
ionizing radiation, and is more sensitive for identifying soft 
tissue abnormalities including fistulae and perianal complica-
tions (Figures 72.12). Furthermore, MRE protocols acquire 
multiple images of the same location at different time points, 
which may allow for clarification of areas of questionable disten-
sion or enhancement. In addition, a validated scoring instru-
ment has been developed for MRE, which allows for quantitative 
serial assessments of changes in small bowel inflammation in 
response to treatment [98]. However, MRE is limited by its rela-
tive expense as well as longer image acquisition time than CTE, 
during which physiological bowel motion may result in image 
blurring. This can be somewhat mitigated by the administration 
of intestinal paralytics such as glucagon. Advances in both of 
these technologies will undoubtedly yield improvements, 
including lower radiation doses for CTE and shorter acquisition 
times for MRE. Another advantage to cross-sectional imaging 
over traditional barium small bowel series is the ability to inci-
dentally assess for and evaluate extraintestinal manifestations, 
including sacroileitis, pancreaticobiliary involvement, lower 

Figure 72.9 Barium small bowel follow through demonstrating a stricture 
at the terminal ileum, with proximal small bowel dilation. Source: 
Courtesy of Dr. Cindy Kallman, Department of Radiology, Cedars-Sinai 
Medical Center, Los Angeles, CA.

Figure 72.10 Computed tomographic enterography. Seen in cross section, 
the “target sign” is produced by the small inner ring of bright mucosal 
enhancement, which suggests severely active inflammation, separated 
from the outer ring of muscular and serosal enhancement by a low-
density layer of submucosal fat deposition consistent with inflammation 
of a more chronic nature. Source: Courtesy of Dr. Cindy Kallman, 
Department of Radiology, Cedars-Sinai Medical Center, Los Angeles, CA.

Figure 72.11 Computed tomographic enterography. Increased mesenteric 
vascularity with prominent vasa recta (arrows) at the mesenteric border 
of the affected segment produce the “comb sign,” which is highly specific 
for acute inflammation. Source: Courtesy of Dr. Cindy Kallman, 
Department of Radiology, Cedars-Sinai Medical Center, Los Angeles, CA.
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experience spontaneous remission of disease activity with a qui-
escent course for many years between disease exacerbations. 
Approximately 15% of patients may experience relentless, 
chronic disease activity, while the remainder experience fluctu-
ating periods of disease relapse and remission [100]. About 50% 
of patients relapse within a year of diagnosis, and these patients 
are more likely to relapse during the subsequent 5 years [100]. 
However, most patients with Crohn’s disease experience rela-
tively mild symptoms or are in clinical remission for the major-
ity of the time [100].

The disease phenotype of Crohn’s may also change over time, 
with the majority of patients at diagnosis having an inflamma-
tory disease phenotype but with progression to penetrating and 
stricturing complications over time [101]. This rate of develop-
ing disease complications may be confounded by the location 
of disease at the time of diagnosis. In a French cohort followed 
for over 30 years, patients with ileal disease developed fistulae 
and strictures at a much faster rate than patients with colonic 
disease, highlighting differences between Crohn’s phenotypes 
that may reflect underlying differences in pathogenesis and 
inflammatory pathways [101]. Unfortunately, there is little rela-
tionship between symptoms and progression of disease, unless 
there is colonic involvement, perianal disease, or a complication 
of stenosis or fistulization.

Several clinical factors have been associated with a more 
complicated disease course, disabling disease, and early need for 
surgery [11]. Recognizing these factors is important in order to 
help predict which patients are more likely to progress to require 
surgery, and thus may benefit from use of effective biological 
therapies earlier in the disease course. These factors include 

Figure 72.12 Characterization of perianal fistulizing disease is superior using magnetic resonance (MR) relative to computed tomography (CT), as 
shown here in the same patient. (a) Axial CT image shows soft tissue thickening along the right perianal region. (b) MRE provides superior contrast 
resolution between the sphincter components, fistula, and adjacent soft tissues and clearly shows a complex fistula (arrows) anterior to the anus with 
extension along the right obturator muscle. The fluid appears very bright within the fistula on fat saturated T2-weighted sequences. Source: Courtesy of 
Dr. Cindy Kallman, Department of Radiology, Cedars-Sinai Medical Center, Los Angeles, CA.

(a) (b)

lung abnormalities, ovarian pathology (which may confound 
clinical evaluation of the right lower quadrant), obstructive 
uropathy, and nephrolithiasis.

The use of ultrasound (US) to detect small bowel inflamma-
tion has the inherent advantages over cross sectional imaging 
of low cost, lack of radiation, ease of access, and speed. However, 
the quality of small bowel US is highly operator dependent. The 
utility of small bowel ultrasound is greatly enhanced with the 
use of intravenous contrast agents.

Ultimately, imaging techniques all provide a “roadmap” of 
disease extent and severity that enables clinical decision making. 
A comprehensive “bowel damage” score is being developed that 
will enable anatomic-specific assessments using imaging and 
endoscopic technology to optimally assess disease activity and 
progression [99]. Future development of imaging modalities 
will undoubtedly yield more precise measures of disease activ-
ity, enabling differentiation of medically susceptible inflamma-
tion from fibrostenosis requiring surgical intervention, and 
allow for noninvasive means of disease monitoring and assess-
ment of response to therapy.

Natural history
It is difficult to make generalizations about the natural history 
of Crohn’s disease, given the variability of disease characteris-
tics, phenotype, and response to therapy. Furthermore, most 
epidemiological studies of the natural history of IBD exclusively 
or largely predate the anti-TNF era, which began after the intro-
duction of infliximab in 1998.

Crohn’s disease is considered to be a lifelong, chronic, relaps-
ing and remitting condition. A small minority of patients may 
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of biopsy specimens. In addition, certain chronic enteric infec-
tions, such as mycobacterial infection with Mycobacterium 
avium complex or Mycobacterium tuberculosis, or intestinal 
amoebiasis, can involve the intestinal tract and look endoscopi-
cally identical to Crohn’s disease, and may be similarly compli-
cated by fistula and abscess formation. Characteristic features 
of these infections can help distinguish them from Crohn’s 
disease, and may include special stains of the histopathology 
specimens for acid-fast bacilli (to identify mycobacterial 
species), assessment for amoebiasis (with characteristic flask-
shaped ulcers), and immunohistochemical staining for cytome-
galovirus (with typical “owl’s eye” inclusion bodies seen on  
H&E stains) on colonic biopsies of inflamed and ulcerated 
tissue. Some infections can be transmitted via anal intercourse, 
and should be considered in patients with proctitis with appro-
priate cultures and stains of mucosal biopsies for spirochetes 
(Treponema pallidum), inclusion bodies (herpetic viruses), 
gonococcus and Chlamydia, and appropriate serological tests 
(for human immunodeficiency virus, HIV). Therefore, careful 
understanding of infectious risks is critical, based on geographic/
endemic risks, as well as patient-specific risk factors for these 
various infections.

Non-IBD inflammatory diseases can involve the intestinal 
tract and can mimic the symptoms and signs of IBD, and in 
some cases can be radiologically or endoscopically similar. 
Celiac disease can present with diarrhea, abdominal pain, and 
weight loss (see Chapter 64), and can be distinguished from 
Crohn’s disease on the basis of serological tests specific for celiac 
disease as well as biopsies of the duodenum demonstrating 
villous blunting and intraepithelial lymphocytosis. However, 
long-term complications of celiac disease include ulcerative 
jejunitis, which can mimic Crohn’s disease. Whipple disease 
involving the small bowel can present with diarrhea, weight loss, 
and anemia; Whipple disease can be diagnosed on the basis of 
duodenal biopsies stained with periodic acid–Schiff. Small 
vessel vasculitides, including Behçet disease, can involve the 
intestinal tract particularly in vulnerable “watershed” areas, 
including the distal ileum and the rectosigmoid and splenic 
flexures. Vasculitides can be distinguished from Crohn’s disease 
with histological evaluation of blood vessel walls and associated 
inflammation. Ischemic colitis can also mimic Crohn’s disease, 
and preferentially affect watershed areas in the splenic and rec-
tosigmoid flexures, but can also involve longer segments of the 
colon. Ischemic colitis may present with acute pain, diarrhea, 
and/or bleeding, with ischemic ulcerations endoscopically in an 
asymmetric pattern preferentially involving the antimesenteric 
side of the colonic lumen. Microscopic colitis can also mimic 
Crohn’s disease, with presenting symptoms that typically include 
chronic, watery diarrhea, with or without associated pain and/
or weight loss. Risk factors for microscopic colitis include older 
age, female gender, and NSAID use or other medication 
triggers.

The differential diagnosis of patients presenting with diarrhea, 
inflammation, weight loss, intestinal bleeding, and/or anemia 

younger age at presentation and at first surgery, presence of 
perianal disease, need for steroids at diagnosis, smoking, exten-
sive small bowel involvement, presence of fistulae, and having 
extraintestinal manifestations [102–105].

Mortality from Crohn’s disease is very slightly increased 
above that of age-matched controls [106], especially among 
those with an older age at diagnosis [107] potentially due more 
to adverse effects from therapy, in particular corticosteroids 
[108], as well as increased risks of cancers than the disease per 
se [109].

It is unclear whether the natural history of Crohn’s disease 
can be modified with medical intervention prior to the develop-
ment of complications, although it is logical to conclude that 
complications of longstanding inflammation can be ameliorated 
with healing of inflammation before complications occur. 
Epidemiological studies have not found that the introduction of 
thiopurines has impacted rates of surgery [110], although the 
timing of thiopurine introduction may have been too late. 
Studies have suggested that surgical rates have gone down in the 
years since the introduction and use of anti-TNF therapy, with 
individual randomized control trials demonstrating reduced 
risk of hospitalizations and surgery among patients with Crohn’s 
disease treated with anti-TNF therapy relative to placebo over 
a 1-year timeframe.

Differential diagnosis

Given the multitude of manifestations for Crohn’s disease, the 
differential diagnosis of Crohn’s disease is quite broad. The 
subtle onset of symptoms that can overlap with those of other 
common gastrointestinal disorders may result in prolonged 
delay in a patient’s decision to seek medical evaluation and  
the ultimate establishment of the correct diagnosis by the physi-
cian. At the time of Crohn’s diagnosis, some patients recall or 
describe a period of time preceding the diagnosis with the 
insidious onset of postprandial abdominal discomfort, loose 
stool, fatigue, or weight loss. Others may experience acute, 
intermittent abdominal pain, and yet others may have had a 
remote perianal fistula, episodes of iritis, or unexplained inflam-
matory arthritis.

The differential diagnosis of Crohn’s disease includes infec-
tions, malignancies, drug-associated, and functional gastroin-
testinal disorders. Infections for which patients presenting with 
diarrhea should be considered include Clostridium difficile, 
enteric bacterial infections, and parasitic infections including 
giardiasis and amoebiasis. Bacterial infections such as 
Salmonella, Shigella, Yersinia, and Campylobacter infections 
may additionally present with inflammation and wall thicken-
ing of the terminal ileum that can look like Crohn’s disease on 
cross-sectional imaging (e.g., computed tomographic enterog-
raphy) or colonoscopy. However, in order to distinguish Crohn’s 
disease from an acute infection, evidence of chronic (as opposed 
to just acute) inflammation should be sought on histopathology 
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period (number of loose bowel movements, patient well-being, 
abdominal pain), presence or absence of extraintestinal mani-
festations and abdominal mass, hemoglobin level, and body 
weight. However the CDAI is burdensome and time consuming, 
and correlates poorly with objective measures of inflammatory 
activity including serum and stool biomarkers and endoscopic 
assessments [111]. Simplified versions that may not require a 
7-day recall have been proposed, which are often used in 
research setting, including the Harvey–Bradshaw Index and 
others, although new endpoints that incorporate endoscopic 
and bowel damage assessments are being developed [112,113]. 
Other endpoints used in clinical trials that relate more directly 
to the patient experience of disease and health-related quality 
of life include the Inflammatory Bowel Disease Quality of Life 
Instrument (IBD-Q) [114], which is often used in conjunction 
with the CDAI for endpoint assessment in clinical trials.

Biomarkers of disease and activity
At the time of diagnosis, as well as periodically throughout the 
course of the disease, it is helpful to get a thorough understand-
ing of which markers of inflammation correlate with endoscopic 
disease activity in order to noninvasively track disease activity. 
The erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) are not uniformly elevated in all patients, thus it 
is helpful to check both as some patients may present with eleva-
tions in neither, one, or both of these markers. CRP has been 
correlated with clinical, endoscopic, and histological disease 
activity [115]. Other markers of acute inflammation include 
platelet count, white blood cells including neutrophil band 
count, ferritin, and albumin (which goes down with acute 
inflammation), as well as stool markers of inflammation includ-
ing calprotectin and lactoferrin. It is important to assess all these 
markers at baseline as well as in conjunction with imaging and 
endoscopic assessments in order to correlate the noninvasive 
biomarkers of inflammation with objective measures of disease 
activity that can be followed over time.

In addition to markers of inflammation, other blood tests that 
may be abnormal in patients with Crohn’s disease include a 
complete blood count and iron panel, chemistries, liver function 
tests, vitamin B-12 and vitamin D, 25. Hemoglobin and iron 
levels may be low due to occult blood loss from intestinal ulcera-
tion, as well as from disrupted iron metabolism and reduced 
intake or absorption of dietary iron [116,117]. Vitamin B-12 
absorption may be impaired in patients with ileal involvement 
or ileal resection, given that the terminal ileum is the site of 
vitamin B-12 absorption and may be of particular relevance 
among patients with vegetarian diets inherently low in dietary 
vitamin B-12. Vitamin D, 25 may be low in patients with Crohn’s 
disease due to insufficient dietary intake, insufficient sun expo-
sure, or perhaps due to potential metabolic influences on 
vitamin D production that may be influenced by inflammation 
[118].

Stool tests for inflammation, including stool calprotectin and 
lactoferrin, have been associated with serum CRP levels, as 

also includes malignancies. Malignancies that can more com-
monly mimic Crohn’s disease include cancers of the small bowel 
and colon. In particular, intestinal lymphoma and adenocarci-
noma can present with ulcerating lesions that can appear endo-
scopically inflamed and require histopathological confirmation 
of diagnosis.

Classification of Crohn’s disease

There are various ways in which Crohn’s disease can be classi-
fied, including categorization based on disease location, disease 
severity, the presence of perianal involvement, and the presence 
of stricturing or fistulizing disease. The Montreal classification 
includes age of diagnosis, disease location, and the presence of 
perianal disease and is among the most commonly used systems 
of Crohn’s disease classification in clinical research (Table 72.2) 
[35]. However, even this detailed classification system does not 
capture the nuances of phenotypic differences between patients 
that may reflect differences in pathophysiology or inflammatory 
pathways. The primary reason for disease classification is for 
research purposes, although some treatment decisions are made 
on the basis of disease classification by severity or presence of 
complications, such as fistulae or strictures with earlier use of 
biological therapy in patients with more severe disease or the 
presence of these complications.

Crohn’s disease severity is difficult to measure, and may rely 
on subjective patient symptom experience (e.g., the number of 
loose or liquid bowel movements a day) or treatment history 
(need for corticosteroids) [102]. The Crohn’s Disease Activity 
Index (CDAI) is an instrument used to measure disease activity 
as an endpoint in clinical trials and provides a composite score 
influenced by an aggregate of subjective symptoms over a 7-day 

Table 72.2 The Montreal classification of Crohn’s disease; for example, a 
patient diagnosed at age 23 with ileal, stenosing, nonpenetrating Crohn’s 
disease without perianal disease would be classified as A2L1B2. Source: 
Silverberg et al. 2005 [35]. Reproduced with permission of Pulsus Group Inc.

Age at diagnosis A1 below 16 years
A2 between 17 and 40 years
A3 above 40 years

Location L1 ileal
L2 colonic
L3 ileocolonic
L4 isolated upper diseasea

Behavior B1 nonstricturing, nonpenetrating
B2 stricturing
B3 penetrating
p perianal disease modifierb

a L4 is a modifier that can be added to L1–L3 when concomitant 
upper gastrointestinal disease is present.
b “p” is a modifier that is added to B1–B3 when perianal disease is 
present.
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infection, or may have inflammation triggered by an enteric 
infection [123,124]. Patients with IBD are particularly suscepti-
ble to the effects of enterocolitic infections, due to underlying 
alterations in intestinal immunity coupled with often chronic 
exposure to immunosuppressive therapies. Studies have shown 
that patients with IBD have an increased incidence of C. difficile 
infection, with a two- to threefold increase among those with 
Crohn’s disease over the past decade [125]. Furthermore, 
patients with underlying IBD hospitalized with C. difficile infec-
tion experience increased morbidity and mortality, with longer 
hospital stays and higher rates of colectomy and death com-
pared to matched subjects without IBD [126,127].

Serological tests for IBD can be helpful in the diagnosis, clas-
sification, and prognosis of IBD (see Podcast 72.1). Ten IBD-
associated serological markers have been described (Table 72.3). 
They can distinguish subjects with IBD from those without IBD, 
such as those with irritable bowel syndrome and infectious gas-
troenteritis, with generally high specificity of over 90% for most 
IBD-associated antibodies [128]. However, due to low sensitiv-
ity, screening for IBD in the general population is not appropri-
ate. The diagnostic accuracy is improved significantly when 
markers are assessed in combination with one another. When 
establishing a diagnosis of IBD, serological markers can provide 
adjunctive information in the context of clinical impressions, 
laboratory, radiological, and endoscopic findings. Abnormally 
increased immune responses can be detected even prior to the 

well as with endoscopic and histological evidence for inflam-
mation [119]. Changes in stool calprotectin have been posi-
tively associated with variability in the disease course, and 
calprotectin has been shown to increase above normal values 
several months before clinical signs of a disease flare are appar-
ent both in ulcerative colitis and in Crohn’s disease [120]. Thus, 
the potential utility of stool markers of inflammation for the 
noninvasive assessment of mucosal inflammation is particu-
larly relevant in the context of evolving changes in the treat-
ment paradigm of Crohn’s disease, including shifting from 
treatment of clinical symptoms to treatment of mucosal inflam-
mation as the goal of therapy. However, although these stool 
tests for inflammation may be more sensitive for detecting 
intestinal inflammation than blood tests, they are relatively 
nonspecific and can be elevated in a variety of conditions in 
addition to IBD, including infection and malignancy [121]. 
Fecal calprotectin has been shown to be equally effective for 
the detection of inflammation in both colonic and small bowel 
Crohn’s disease [122].

In addition to laboratory tests, patients presenting with 
diarrhea or loose stools, either at the time of diagnosis or at any 
point in their disease course, with an increase in stool fre-
quency, should undergo stool testing for superimposed infec-
tions, including specific assessment for Clostridium difficile [11]. 
While enteric infections should not generally cause chronic 
diarrhea, patients with IBD may present after a severe enteric 

Table 72.3 Serological antibodies in inflammatory bowel disease: presumed antigen and prevalence. Source: Prideaux et al. 2012 [128]. Reproduced with 
permission of Wolters Kluwer Health.

Antibody Presumed antigen CD 
prevalence %

UC 
prevalence %

OGD 
prevalence %

Healthy 
prevalence %

ASCA Carbohydrate epitopes in the cell wall of 
Saccharomyces cerevisiae

29–69 0–29 0–23 0–16

Anti-OmpC Outer membrane portion of transport protein of 
E. Coli

24–55 2–24 5 5–20

Anti-I2 Pseudomonas-associated sequence I2 38–60 42 15

Anti-CBir1 Bacterial flagellin CBir1 50–56 6 14 8

pANCA Protein of the nuclear envelope of neutrophils; 
Perinuclear antineutrophil cytoplasmic antibody

6–38 41–73 8 0–8

ACCAa Chitobioside 8–25 5–7 3–20 0.5–12

ALCAa Laminaribioside 19–27 3–8 9 2

AMCAa Mannobioside 12–28 7 8 9

Anti-La Laminarin 18–26 3–7 23 1–10

Anti-Ca Chitin 10–25 2–11 11 2–12

a Antiglycan antibodies against cell wall carbohydrate epitopes found in bacteria and fungi.
ALCA, antilamainaribioside carbohydrate IgG antibody; AMCA, antimannobioside carbohydrate IgG antibody; anti-OmpC, antiouter membrane porin C 
IgA antibody; anti-I2, anti-I2 IgA antibody; antiCBir1, anti-CBir1 IgG antibody; ACCA, antichitobioside carbohydrate IgA antibody; anti-C, antichitin 
carbohydrate IgA antibody; ASCA, anti-Saccharomyces cerevisiae IgA and IgG antibodies; CD, Crohn’s disease; OGD, other GI diseases; pANCA, 
perinuclear antineutrophil cytoplasmic antibody; UC, ulcerative colitis.
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underlying healing of inflammation or reduced risks of future 
penetrating and fibrostenosing complications that might require 
surgery. In contrast to symptom improvement, mucosal healing 
has been associated with a reduction in hospitalization and 
surgery, as well as a greater likelihood of maintaining remission 
off biological therapy among patients treated with combination 
therapy of both a biological and an immunomodulator [141]. 
Furthermore, mucosal healing may be associated with reduced 
need for future steroids, reduced likelihood of future hospitali-
zation and surgery [142], and theoretically a lower likelihood of 
colon cancer among patients with longstanding colonic inflam-
mation [143]. Thus, the concept of treating toward the goal of 
mucosal healing has inherent appeal, although the most mean-
ingful and practical criteria for mucosal healing (endoscopic or 
histological) remain to be clarified, given that mucosal inflam-
matory activity is itself a surrogate of future fibrosis/stenosis 
and irreversible bowel damage (Figure 72.13) [99].

Ultimately, the goal of treatment is to improve short-term and 
long-term health-related quality of life (HRQOL), which may  
be impacted by symptoms, complications of the disease, work 
productivity, the financial burden of the disease, the psychological/
emotional effects on the patient and their families/care provid-
ers, and the fear and reality of long-term complications, includ-
ing hospitalization, surgery, and cancer. Improvement in 
long-term quality of life warrants maintenance treatment to 
reduce the likelihood of such events even in patients who are 
feeling well.

Given the relapsing–remitting natural course of Crohn’s 
disease, there are two primary objectives to therapeutic inter-
vention. The first is to induce remission from a state of disease 
activity, which is generally categorized as mild, moderate, or 

onset of IBD, as seen in an Israeli cohort of healthy army recruits 
followed over time [129]. However, serological testing is insuf-
ficiently sensitive and specific to accurately diagnose IBD inde-
pendent of clinical, endoscopic, and histological criteria.

Patients with small bowel Crohn’s disease have been found to 
have higher levels of anti-Saccharomyces cerevisiae IgA and IgG 
antibodies (ASCA IgA, ASCA IgG), anti-CBir1 IgG antibody 
(anti-CBir1), antiouter membrane porin C IgA antibody (anti-
OmpC), and anti-I2 IgA antibody (anti-I2), while ulcerative 
colitis and Crohn’s disease involving the colon are associated 
with higher perinuclear antineutrophil cytoplasmic antibody 
(pANCA) levels [37]. Thus, these markers can help differentiate 
Crohn’s disease from ulcerative colitis.

In addition to their diagnostic utility, serological biomarkers 
can be useful in determining the prognosis of Crohn’s disease. 
Complicated Crohn’s disease behavior with stricturing and/or 
penetrating disease has been associated with both increased 
quantitative numbers of antibodies, as well as higher qualitative 
levels of each of the Crohn’s-associated markers [37,130,131]. 
Furthermore, these markers have been shown to predict future 
complicated disease when drawn at the time of diagnosis 
[132,133]. It should be noted that these studies were primarily 
performed in Caucasian patients with IBD and there is likely 
variability in antibody prevalence among ethnically diverse 
populations due to environmental and genetic influences on the 
immune response.

Serological profiles have also been associated with outcomes 
after surgery. For example, increased levels of ASCA IgA have 
been associated with the development of Crohn’s disease and 
fistulae after restorative proctocolectomy among patients with 
ulcerative colitis [134,135]. Genetic markers have also been 
associated with disease severity and progression to fibrostenotic 
disease, although currently these are of limited practical clinical 
utility [136–138].

Serological profiles have been associated with Crohn’s geno-
type as well, and may thus allow fine phenotyping of patients in 
ways that may ultimately lead to more precise therapy and man-
agement [132,139] . Increasingly abnormal quantitative immune 
responses have been associated with mutations in NOD2, an 
important susceptibility gene for Crohn’s disease [39]. Specific 
Crohn’s-associated serologies have also been associated with 
Crohn’s disease susceptibility genes [81,140].

Therapy and management

Medical management of Crohn’s disease
Goals of therapy
There are several goals of therapy in the treatment Crohn’s 
disease. For the patient suffering with debilitating symptoms, 
the primary goal may be relief of symptoms, including bowel 
frequency, urgency, bleeding, pain, fatigue, or debilitating 
extraintestinal manifestations. However, there is increasing evi-
dence that clinical remission of symptoms does not reflect 

Figure 72.13 The natural course of Crohn’s disease is characterized by 
relapsing and remitting periods of inflammation, which lead to fibrosis 
and penetrating complications of accumulated bowel damage. CDAI, 
Crohn’s Disease Activity Index; CDEIS, Crohn’s Disease Endoscopic Index 
of Severity; CRP, C-reactive protein. Source: Pariente et al. 2011 [99]. 
Reproduced with permission of Wolters Kluwer Health.
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toward the bottom of the pyramid, while potent immunosup-
pressants and surgery would be positioned toward the top. 
Patients are then “stepped up” the pyramid as their disease 
activity and response to milder agents dictates. However, this 
conceptual model has been challenged on several fronts. First, 
the concept of a broad-based pyramid implies that the majority 
of patients have mild, uncomplicated, and nonprogressive 
disease. While many patients will have mild disease 5 years after 
diagnosis, the long-term clinical course suggests gradual pro-
gression toward fibrostenotic and penetrating complications for 
the majority of patients over time [101,146]. Second, the model 
suggests that the “step up” approach be applied such that corti-
costeroids and immunomodulators are considered before bio-
logical agents and surgery. However, several lines of evidence 
suggest that earlier use of biological agents improves overall 
long-term complications requiring hospitalization and surgery, 
and that these agents are more effective when used earlier in the 
disease course [147,148]. Thus, more effective agents are being 
positioned earlier in the treatment paradigm to not only treat 
aggressive disease, but to potentially prevent bowel damage in 
patients identified at risk for progressive, disabling disease. 
Furthermore, surgical intervention might conceivably be an 
optimal early treatment, as in the case of a young individual 
with a short and narrow ileal stricture. In addition, risks from 
therapies lower down on the treatment pyramid are not insig-
nificant, and may confound the perceived increased risk of bio-
logical agents that are often used in combination with other 
drugs. For example, in the TREAT safety registry of patients 
treated with infliximab for Crohn’s disease, concomitant corti-
costeroid or narcotic use were each associated with increased 
mortality [149].

The medical management of Crohn’s disease requires an indi-
vidualized approach that considers the disease location and 
extent, disease severity, presence of fistulizing or suppurative 
complications, presence of extraintestinal manifestations, and 
an individual’s response and tolerance to previously adminis-
tered therapies [90]. Treatments specific to the anatomic disease 
location include oral 5-aminosalicylates (which generally target 
the colon), topical therapies (which target the distal colon and/
or rectum), and enteric-coated budesonide (which targets the 
terminal ileum and right colon); other therapies are systemic 
and thus do not preferentially target specific anatomic locations. 
Regardless of the therapeutic plan, patients should be evaluated 
for response to treatment within several weeks, and adverse 
effects of therapy should be monitored throughout. Treatment 
for active disease should continue past the point of symptomatic 
improvement before transitioning to a maintenance strategy, or 
to the point where continuation of the selected treatment strat-
egy would be considered futile for lack of efficacy. Typically, 
some evidence of clinical benefit should be apparent within 4 
weeks for induction therapies, and maximal benefit should be 
evident within 3–4 months for most therapies [90]. Grading of 
evidence for each therapeutic drug class discussed below is 
shown in Table 72.4.

severe based on a number of clinical, endoscopic, or inflamma-
tory biomarker (e.g., CRP) criteria. The second objective is to 
maintain steroid-free disease remission, whether remission was 
achieved through medical or surgical therapeutic interventions. 
From a regulatory standpoint, medications for the treatment of 
Crohn’s disease have been approved on the basis of their dem-
onstrated efficacy for inducing remission (usually over a period 
of 12 weeks or less), maintaining remission (usually over a 
period of 6–12 months), or both. However, most therapeutic 
studies for Crohn’s disease have relied on clinical parameters of 
remission as measured by the CDAI (see above), which may not 
necessarily correlate with biological or endoscopic markers of 
healed inflammation [83,144]. The notion of “deep remission” 
encompasses aspects of remission beyond symptoms, and 
includes normalization of inflammatory markers (i.e., CRP) and 
endoscopically observed and even histologically confirmed 
mucosal healing [145]. It has become apparent that in order to 
truly reduce long-term outcomes of Crohn’s disease, clinicians 
should aim to achieve not only symptomatic improvement but 
rather deep remission as a goal of therapy [145]. Therefore, 
when embarking on a course of therapy, it is critical to identify 
and establish with the patient the importance of following 
biomarkers, imaging, and/or endoscopy in order to clarify 
(beyond symptom improvement) that there is true improve-
ment and/or healing of inflammation.

Traditionally, therapeutic options for Crohn’s disease have 
been conceptualized as a pyramid representing disease severity 
(higher up on the pyramid represents increased disease sever-
ity), with corresponding therapeutic agents positioned accord-
ing to their efficacy for a given disease activity level (Figure 
72.14). Thus, agents effective for mild disease activity and with 
seemingly more favorable safety profiles would be positioned 

Figure 72.14 The traditional “treatment pyramid,” which involves 
“stepping up” therapy to treat more severe or medically refractory disease. 
AZA, azathioprine; 6-MP, 6-mercaptopurine.
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Table 72.4 Medical therapies for the treatment of Crohn’s disease.

Medication Mechanism of 
action

Mode of delivery Common adverse 
events

Rare (<1%) but 
serious adverse 
events

Safety during 
pregnancy 
(FDA class)

Aminosalicylates Antiinflammatory 
(mesalamine)

Oral with delayed 
release mechanisms; 
also as suppository, 
enema

Nausea, headache Interstitial nephritis, 
pancreatitis, 
pericarditis

B
C (Asacol ® 
due to DBP)

Sulfasalazine Reversible male infertility

Budesonide Antiinflammatory 
via multiple 
mechanisms

Ph-dependent ileal 
release, topical 
effects

Adrenal insufficiency, 
osteoporosis, 
hypertension, 
hyperglycemia, cataracts, 
infections

C

Systemic 
corticosteroids

Antiinflammatory 
via multiple 
mechanisms

Oral, intravenous, 
rectal enema/foam

Hyperglycemia, 
hypertension, 
osteoporosis, skin fragility

Cataracts, severe 
infections, 
thrombosis

C (rare risk of 
cleft palate in 
first trimester)

Thiopurines (AZA, 
6-MP)

Inhibits thiopurine 
synthesis

Oral Nausea, headache, body 
aches, pancreatitis, 
hepatotoxicity, bone 
marrow suppression

Severe infections, 
lymphoma, skin 
cancer

D

Methotrexate Folate inhibition Intramuscular Nausea, vomiting, 
hepatotoxicity, infection

Lung injury X

Anti-TNF: infliximab 
(IFX), adalimumab 
(ADA), certolizumab 
pegol (CZP)

Inhibits 
proinflammatory 
tumor necrosis 
factor-α

Intravenous (IFX), 
subcutaneous 
(ADA, CZP)

Infusion or injection-site 
reactions, psoriasis, 
infection

Severe allergic 
reaction, lymphoma

B (note that 
CZP less likely 
to cross 
placenta than 
IFX and ADA)

Natalizumab
Vedolizumab

Anti-α4 integrin, 
prevents lymphocyte 
trafficking to gut 
tissue

Intravenous Infection, allergic reaction Progressive multifocal 
leukoencephalopathy 
(if JC virus positive) 
for natalizumab

C

AZA, azathioprine; 6-MP, 6-mercaptopurine.
FDA Pregnancy categories: A: No evidence of fetal risk. B: Animal studies show no fetal risk, insufficient data in humans. C: Animal studies suggest 
potential harm to fetus, insufficient data in humans but potential benefits may outweigh risks. D: Human studies suggest potential harm to fetus, but 
potential benefits may outweigh risks. X: Studies demonstrate harm to fetus, and risks outweigh benefits.

Medical therapies for Crohn’s disease
The classes of medications used for the treatment of inflamma-
tory and fistulizing Crohn’s disease are presented in order of 
escalating efficacy, as well as in order of historical development 
and use. Mechanisms of action, trial data or metaanalyses of 
clinical trials, and adverse events are presented. In addition, 
predictors of response to individual therapeutic drugs or drug 
classes are discussed, in order to guide strategies for appropriate 
drug selection in an individual patient.

There are relatively few drugs available to treat Crohn’s disease 
at any stage or degree of severity. Therefore, it is critical that 
when the disease has been judged to be refractory or nonre-
sponsive to a particular medication or class of medications, that 
those therapies have been optimally dosed before deemed 
ineffective.

5-aminosalicylates
The mechanisms of action, safety concerns, and available  
formulations of 5-aminosalicylate (5-ASA) medications are 
reviewed in Chapter 71. The 5-ASAs have been extensively 
studied for the induction and maintenance of remission in 
Crohn’s disease.

A Cochrane systematic review of all available 5-ASA trials for 
the induction of remission or response in Crohn’s disease found 
that in patients with colonic inflammation, sulfasalazine was 
superior to placebo but inferior to corticosteroids for mild to 
moderate disease [150]. Mesalamine, regardless of dose, was  
not effective for induction of remission or response, and in a 
single trial was inferior to budesonide [150]. Similarly, another 
systematic review and metaanalysis showed no significant 
benefit to mesalamine or sulfasalazine relative to placebo for the 
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The addition of antibiotics to other treatment regimens  
has been evaluated in a limited number of studies. In patients  
with ileal Crohn’s disease treated with budesonide 9 mg  
daily, the addition of ciprofloxacin 500 mg and metronidazole 
500 mg twice daily did not improve remission rates at week  
8 [159].

Given the demonstrated requirement of enteric flora for  
the development of chronic intestinal inflammation in mouse 
models [160], researchers have searched for a causative organ-
ism for Crohn’s disease. Histopathological similarities between 
Crohn’s disease and intestinal mycobacterial infections, as well 
as the occurrence of Johne disease, a zoonotic infection (in 
cows) caused by Mycobacterium avium paratuberculosis, suggest 
a potential etiological role for Mycobacterium avium paratuber-
culosis or other mycobacterial infection for the development of 
Crohn’s disease. Mycobacteria spp. have been isolated from 
blood and tissues of adults and children with Crohn’s disease 
[161,162]. As a result, several clinical trials have evaluated the 
benefit of antimycobacterial antibiotic regimens for the treat-
ment of Crohn’s disease. A metaanalysis of seven randomized 
placebo-controlled trials concluded that there was no benefit  
to these antimycobacterial antibiotic treatment regimens for 
Crohn’s disease [157]. However, it is clinically reasonable to 
conclude that some patients who improve with antibiotic 
therapy may have symptomatic improvement due to treatment 
of bacterial overgrowth (see Chapter 66), or that there may be 
subpopulations of patients with Crohn’s disease that improve 
with antibiotic therapy due to disruption of host–microbial 
interactions that drive inflammation.

Given the apparent role of the microbiome in promoting 
intestinal inflammation, it is reasonable to try to manipulate the 
bowel flora not only with antibiotics but also with the alteration 
of the intestinal bacterial composition through the administra-
tion of probiotics in order to change the structure or function 
of the microbiome. Several studies have attempted to identify 
efficacious effects of probiotics among patients with Crohn’s 
disease. However, in contrast to patients prone to pouchitis, 
results have been disappointing and there remains no evidence 
to support their use in patients with Crohn’s disease [160]. 
Reasons for therapeutic failure of probiotics in Crohn’s disease 
may relate to the administration of the wrong microbe or 
combination(s) thereof, insufficient potency, inappropriate 
timing of administration in relation to the disease activity or 
patient age, or targeting the wrong mechanisms [163]. Further 
investigation of genotype-driven patient-specific mechanisms 
relating to host–microbial interactions and the role of luminal 
bacteria in triggering or perpetuating inappropriate gut inflam-
mation offer promise to lead to therapeutic targeted gut flora 
manipulation. However at this time there is no established role 
for probiotics in the treatment of Crohn’s disease.

Corticosteroids
Oral corticosteroids (including prednisone, methylpred-
nisolone, budesonide, and others) are used in many inflamma-

treatment of active Crohn’s disease [151]. Furthermore, neither 
sulfasalazine nor mesalamine were effective at maintaining 
remission in an intention-to-treat analysis, although a per pro-
tocol analysis did demonstrate that mesalamine modestly 
reduced the risk of relapse with a relative risk (RR) 0.79 (95% 
CI 0.66 – 0.95) [151]. Guidelines from the American College  
of Gastroenterology and the European Crohn’s and Colitis 
Organization hold that the use of 5-ASAs for the treatment of 
active Crohn’s disease or maintenance of medically induced 
remission is probably not much better than placebo [90,152]. 
However, the use of 5-ASAs for Crohn’s disease in clinical prac-
tice is, in fact, widespread, likely due to their relative safety and 
physician familiarity with these medications. However, they do 
not appear to be effective, and do not reduce complications of 
Crohn’s disease or rates of surgery [110]. Furthermore, drug 
expenditures for the treatment of Crohn’s disease using this 
therapeutic class are enormous, despite the fact that no 5-ASA 
products are FDA-approved for Crohn’s disease.

5-ASAs may have some benefit over placebo for the preven-
tion of postoperative Crohn’s disease in patients who have had 
an ileal resection [151]. However, alternative strategies, includ-
ing thiopurines and anti-TNF therapies, appear to be more 
effective (see Section Prevention of recurrence of postoperative 
Crohn’s disease).

Antibiotics and probiotics
Several lines of evidence implicate gut bacteria in the develop-
ment of or susceptibility to Crohn’s disease, including studies 
that demonstrate the necessary presence of various enteric bac-
teria for the development of gut inflammation in genetically 
susceptible mouse models of colitis [153,154]. Thus, the concept 
of manipulating or eliminating potential bacterial triggers of 
inflammation with antibiotics is inherently logical and, from a 
clinical standpoint, appealing given the relative safety and low 
cost of many available antibiotics.

Dozens of clinical trials of antibiotics have been performed, 
including assessments of specific antibiotics including metroni-
dazole, ciprofloxacin, rifaximin and others, as well as combina-
tions of antibiotics. The latter have included some regimens 
used for the treatment of mycobacterial infection [155–157]. A 
metaanalysis of antibiotic regimens for the induction of remis-
sion among patients with Crohn’s disease demonstrated a 
benefit of antibiotics relative to placebo, with a RR of 0.85  
(odds ratio [OR] 0.73–0.99) (macrolides, fluoroquinolones, 
5-nitroimidazoles, rifaximin, and antituberculosis therapy) 
[158]. Antibiotics for the treatment of perianal fistulae in 
Crohn’s disease using ciprofloxacin or metronidazole demon-
strated significant benefit for fistula drainage (RR 0.80; 95% CI 
0.66–0.98), with a number needed to treat (NNT) of five (95% 
CI 3–20) [158]. For patients with Crohn’s disease in remission, 
metaanalysis of three trials (all of which included antimycobac-
terial antibiotics) demonstrated a significant effect favoring 
antibiotics over placebo for the prevention of disease relapse 
(RR of relapse 0.62; 95% CI 0.46–0.84) [158].
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ing ongoing therapy. One trial evaluating 4-week versus 12-week 
taper after a 3-week induction period on methylprednisolone 
40 mg daily showed no significant differences in remission rates 
at 6 months [170].

In general, patients should be prescribed effective (higher) 
doses in order to be able to achieve remission and then a gradual 
steroid taper, rather than prescribing low doses with escalation 
to achieve response. Furthermore, tapering too quickly could 
lead to “rebound” flares of disease, thus patients should be grad-
ually tapered over a 4–12-week period.

Budesonide is a potent oral corticosteroid that is formulated 
for release in the terminal ileum and right colon, because of  
an outer coating (Eudragit-L) that dissolves at a pH of 5.5. 
Budesonide acts locally to reduce inflammation, after which it 
undergoes extensive first-pass metabolism in the liver with low 
systemic bioavailability and, accordingly, despite its local 
potency, reduced systemic toxicity as compared with orally 
administered systemically absorbed corticosteroids [171]. Oral 
ileal-release budesonide at 9 mg daily is more effective than 
placebo for the treatment of mild to moderate ileal Crohn’s 
disease. Although budesonide may be effective up to 6 months, 
it is not an effective maintenance strategy among patients 
treated over the course of 1 year [172] nor does it appear to be 
effective in patients with more severe disease. In metaanalyses, 
budesonide is more likely to induce remission than placebo or 
mesalamine, but less likely to induce remission than systemi-
cally absorbed prednisone [171]. The European Crohn’s and 
colitis guidelines recommend ileal-release budesonide 9 mg 
daily as a first-line agent in patients with mild to moderate ileal 
and right-sided colonic Crohn’s disease [152,173].

The need for corticosteroid therapy is itself a marker of  
poor prognosis [102], although it is not known whether this 
simply reflects severe disease, or whether steroid use induces 
alterations in the natural history of the disease and actually 
increases the likelihood of complications and surgery. Thus, 
patients who require a prolonged course or repeated courses  
of corticosteroids should be considered for maintenance  
therapy with an immunomodulator or biologic given the  
disease severity and desire to avoid future corticosteroid  
exposure [90].

Immunomodulators: thiopurines and methotrexate
Immunomodulators, including thiopurines (6-mercaptopurine, 
6-MP; azathioprine, AZA) and methotrexate (MTX) can be 
used as stand-alone agents to treat Crohn’s disease, or as adjunc-
tive concomitant therapy with anti-TNF drugs. AZA and 6-MP 
are thiopurine analogues that inhibit purine synthesis and 
reduce cell-mediated immunity through inhibition of suppres-
sor T cells and natural killer cells. AZA is metabolized nonen-
zymatically to 6-MP, after which it undergoes enzymatic 
conversion to active metabolites including 6-thioguanine 
(6-TG) nucleotides. The enzyme thiopurine methyltransferase 
(TPMT) shunts 6-MP metabolism toward production of 
6-methyl mercaptopurine (6-MMP).

tory conditions due to their potent antiinflammatory effects. 
They reduce inflammation through a variety of mechanisms, 
including inhibition of eicosanoid production, and reduction of 
proinflammatory IL-1 and NF-κB, and apoptosis of neutrophils 
and activated lymphocytes. They also interfere with chemotaxis 
of various leukocytes including monocytes, eosinophils, and 
neutrophils.

Common bothersome side-effects of corticosteroids include, 
but are not limited to, agitation, emotional lability, insomnia, 
increased appetite, and redistribution of body fat to the torso and 
face (i.e., truncal obesity and Cushingoid appearance, “moon 
facies”). Long-term toxic effects of steroids include osteoporosis 
and fractures, growth delay in children, cataracts, hypertension, 
diabetes, infections, abdominal striae, and osteonecrosis. In 
addition, patients treated with anti-TNF agents have an overall 
increased mortality rate when using concurrent corticosteroids 
[149]. Strategies to mitigate adverse effects of corticosteroids 
include daily weight-bearing exercise as well as daily calcium 
1000 mg and vitamin D 400 U, and appropriate risk stratification 
for osteoporosis with bone densitometry for those with pro-
longed (>3 months cumulative use) exposure. Studies suggest 
bone loss may be demonstrated as soon as 2 weeks after initiating 
therapy with 20 mg or more of prednisone.

Prednisone and prednisolone are effective for the rapid induc-
tion of remission in patients with moderate to severe Crohn’s 
disease with symptoms driven by inflammation [164]. Typical 
doses of systemically absorbed oral prednisone used in adults 
with Crohn’s disease are 40–60 mg daily; higher doses have not 
been shown to be more effective but are associated with more 
significant side-effects. Corticosteroids have been shown to be 
more effective than placebo, sulfasalazine, and elemental diets 
for the induction of Crohn’s remission in multiple studies [165–
167]. However, corticosteroids are not associated with mucosal 
healing despite the fact that they are effective at reducing symp-
toms [168]. Furthermore, steroids are not considered appropri-
ate long-term therapy for maintenance of remission due to lack 
of efficacy [159,165,169] and the significant toxicities associated 
with long-term corticosteroid exposure. Population-based 
studies have shown that about a third of patients with Crohn’s 
disease treated with corticosteroids for a disease flare will be 
steroid-dependent over the following year [100,164].

Corticosteroids may also improve symptoms associated with 
extraintestinal manifestations, including peripheral and axial 
arthritis, eye manifestations, and inflammatory skin lesions 
(erythema nodosum, pyoderma gangrenosum). Patients who 
are hospitalized with severe symptoms attributable to inflam-
mation or obstruction should be administered intravenous cor-
ticosteroids in divided doses of 60 mg methylprednisolone (or 
equivalent) daily [90]. Patients who respond to corticosteroid 
therapy and have inactive disease should not abruptly discon-
tinue therapy, but rather taper slowly over a time period of 
several weeks. A steroid taper allows for both mitigation of 
adrenal insufficiency as well as a gradual (rather than sudden) 
recurrence of symptoms in patients with active disease requir-
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heterozygosity and produce low levels of TMPT and should 
therefore be initiated at very low doses of thiopurines, which 
may be preferentially metabolized toward 6-thioguanine. Thus, 
pretreatment assessment of TPMT genotype or phenotype is 
appropriate to assess an individual’s risk of severe bone marrow 
suppression upon initiation of a thiopurine [181]. However, 
while TPMT deficiency is specific for myelosuppression, a 
normal genotype does not preclude bone marrow toxicity in a 
majority of patients with leukopenia, and thus even in the 
setting of a normal TPMT genotype a complete blood count 
should be obtained 1–3 weeks after initiation of 6-MP, and fol-
lowed at 1–3-month intervals for the duration of therapy. If 
TPMT testing is unavailable, frequent (weekly) assessment of 
complete blood count may be appropriate to monitor for severe 
anemia and leukopenia during the first month of therapy, fol-
lowed by monitoring every 3 months while on therapy.

Methotrexate inhibits purine synthesis through folate antago-
nism and exerts antimetabolite as well as antiinflammatory 
activities, although the specific cell targets of methotrexate are 
not established. Intramuscular and subcutaneously adminis-
tered methotrexate have been shown to be effective for the treat-
ment of active (steroid-dependent) Crohn’s disease at 25 mg 
weekly and the maintenance of Crohn’s disease in remission at 
15 mg weekly [182,183]. A Cochrane metaanalysis of rand-
omized, controlled trials confirmed that methotrexate was supe-
rior to placebo for the induction of remission at 25 mg weekly 
[184] and for maintenance of remission at 15 mg weekly [185], 
although withdrawal rates due to adverse events or intolerance 
to methotrexate are significant. Common side-effects from 
methotrexate include nausea, headache, and fatigue; some of 
these effects can be ameliorated with daily folate supplementa-
tion. Serious adverse events include hepatotoxicity with fibrosis, 
myelosuppression, infection, and rarely hypersensitivity pneu-
monitis (“methotrexate lung”). Methotrexate can be given via 
oral or parenteral (intramuscular or subcutaneous) routes, 
although all studies in Crohn’s disease that have demonstrated 
efficacy with methotrexate have used parenteral administration 
of 25 mg weekly, whereas lower-dose oral formulations have 
failed to demonstrate efficacy. Similar to thiopurine monitoring, 
patients treated with methotrexate should have regular com-
plete blood count and liver chemistry assessments. Despite 
theoretical hepatotoxic interactions between methotrexate and 
alcohol, evidence is lacking to guide recommendations for the 
quantification of alcohol consumption in patients receiving 
methotrexate. A liver biopsy is recommended for patients with 
persistently elevated liver enzymes on methotrexate who need 
to continue the drug, in order to exclude fibrosis. Methotrexate 
is absolutely contraindicated in patients who are pregnant (or 
may become pregnant) due to both abortefacient and tera-
togenic effects.

Optimizing response to thiopurines
A therapeutic window has been described for thiopurines effi-
cacy in Crohn’s disease [178]. Therefore, in patients treated with 

Orally administered 6-MP and AZA have been demonstrated 
to improve active Crohn’s disease in multiple controlled trials. 
In a metaanalysis of eight controlled trials in patients with active 
Crohn’s disease, 6-MP/AZA was more effective than placebo for 
the induction of remission, with a NNT of five patients to 
achieve remission in one patient [174]. However, a major draw-
back to the use of AZA/6-MP is its delayed onset of action, with 
greater efficacy noted after 17 weeks of treatment [174]. 
However, time to response is not improved with intravenous 
azathioprine loading [175].

6-MP/AZA is effective for the maintenance of remission, 
with a NNT of six and a modest steroid-sparing effect [174]. 
Therefore 6-MP/AZA is generally used as a maintenance strat-
egy in conjunction with rapidly acting induction agents such as 
corticosteroids or anti-TNF therapies. Furthermore, in patients 
in remission on azathioprine randomized to continuation or 
discontinuation of the drug, higher rates of relapse have been 
noted among those withdrawn from maintenance therapy 
[176]. In addition, there may be benefit from 6-MP/AZA in 
patients with perianal fistulizing disease (see below).

Toxicities associated with 6-MP/AZA include reversible 
headache, nausea, fatigue, body aches, flu-like symptoms, and 
hair loss. More significant adverse events relate to bone marrow 
suppression with leukopenia, pancreatitis, hepatotoxicity, lym-
phoma, serious infection, and nonmelanoma skin cancer. A 
metaanalysis calculated a number needed to harm (NNH) of 14 
[174]. Therefore, patients on 6-MP/AZA should undergo 
routine laboratory tests with a complete blood count and liver 
enzymes every 3 months once on a stable dose. In addition, 
patients exposed to thiopurines have an increased risk of non-
melanoma skin cancer and should be advised to use sun protec-
tion and undergo annual dermatological screening [177].

When used as monotherapy, immunomodulators should be 
optimally dosed in order to maximize their beneficial effects 
and minimize potential toxicity. Some have advocated weight-
based dosing, with optimal 6-MP doses of 1.0–1.5 mg/kg daily, 
or AZA 2.0–3.0 mg/kg daily. Alternatively, a therapeutic window 
has been defined for the 6-thioguanine active metabolite, above 
which patients receive limited incremental efficacy but may be 
at risk for leukopenia [178]. Metabolite levels can be determined 
as early as 3 weeks after starting therapy, at which time dose 
adjustments can be made to optimize therapeutic drug levels. 
Hepatotoxicity can be seen at any dose of 6-MP, but levels of the 
metabolite 6-MMP have been shown to positively correlate with 
them [179]. Some patients who “preferentially” metabolize 
6-MP/AZA may have high levels of 6-MMP with difficulty in 
achieving therapeutic levels of 6-TG due to shunting of 6-TG 
production toward 6-MMP. Other patients, particularly those 
deficient in TPMT production, may develop toxic mylosuppres-
sive levels of 6-TG with relatively normal 6-MMP. Absolute 
TPMT deficiency is seen in homozygotes for a mutated TPMT 
gene, a genotype seen in about 0.3% of the a Caucasian popula-
tion [180] and in whom thiopurines are therefore contraindi-
cated. An additional 11% of the population may carry TPMT 
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intestinal inflammation. Subsequently, two additional anti- 
TNF agents, adalimumab and certolizumab pegol, have been 
approved for Crohn’s disease. These antibodies differ in their 
structure and delivery mechanisms; infliximab is an intrave-
nously administered chimeric (75% human, 25% murine) anti-
body whereas adalimumab is a fully humanized subcutaneously 
IgG1 antibody. In contrast, certolizumab pegol is a subcutane-
ously administered pegylated anti-TNF Fab′ fragment, and 
lacks the Fc portion of the antibody. The mechanism of action 
of anti-TNF drugs includes binding and clearance of soluble 
TNF, as well as binding to TNF on the cell surface and induction 
of apoptosis (seen with infliximab and adalimumab, but not 
certolizumab pegol).

As individual drugs and as a class generally, anti-TNF thera-
pies have been shown to be effective for the induction of remis-
sion and maintenance of remission in Crohn’s disease. A 
metaanalysis of 14 randomized placebo-controlled trials dem-
onstrated superiority of anti-TNF therapy at 4 weeks among 
nearly 4000 patients with luminal inflammatory disease relative 
to placebo [193]. These drugs have also demonstrated efficacy 
in the maintenance of clinical remission [194,195]. All three 
anti-TNF therapies significantly improve patients’ health-
related quality of life and work productivity [196–199]. In addi-
tion, these medications have been shown to lead to significant 
rates of mucosal healing relative to placebo [142,200], and are 
associated with reductions in hospitalizations and surgery 
[201,202]. Infliximab was approved in the United States by the 
FDA for pediatric use in 2006 [148], and adalimumab has been 
shown to be safe and effective in children with Crohn’s disease 
[203]. In patients with fistulizing disease, infliximab has been 
shown to significantly improve rates of fistula closure [204]. This 
may be a class effect but controlled data with adalimumab and 
certolizumab pegol is more limited in that large trials specifi-
cally powered to address fistula healing have not been per-
formed using these agents [205]. In patients with perianal 
fistulizing disease, coadministration of ciprofloxacin with anti-
TNF therapy may improve healing rates [206]. Evidence from 
small trials also suggests that anti-TNF therapies are highly 
effective in the prevention of endoscopic recurrence of Crohn’s 
disease after ileal resection, although data from large trials are 
awaited [207]. Anti-TNF therapies have also been effective in 
the treatment of extraintestinal manifestations of IBD, including 
spondyloarthropathies, uveitis, and pyoderma gangrenosum 
[208,209].

The optimal use of anti-TNF agents has undergone evolution 
since their introduction. The SONIC trial evaluated over 500 
patients with Crohn’s disease randomized to receive azathio-
prine, infliximab, or a combination of the two. Patients who 
received the combined regimen had superior rates of corticos-
teroid- free clinical remission at 6 months relative to patients 
treated with azathioprine or infliximab alone (57% vs 44% vs 
30%) [210]. In addition, patients treated with combination 
therapy were more likely to achieve mucosal healing. Largely 
based on this trial, many experts recommend the routine use of 

thiopurines losing response to the drug, a thiopurine metabolite 
level can be helpful in understanding whether a particular  
dose may be too low, whether toxicity is associated with high 
metabolite levels, and whether a patient is adherent to his/her 
medication regimen. Dose adjustments can be made accord-
ingly, although about 11% of the population are “preferential 
metabolizers,” who shunt 6-MP metabolism toward excessive 
production of hepatotoxic 6-MMP metabolite and therefore 
have low levels of 6-thioguanine nucleotides (6-TGN). In these 
patients, alternative strategies have been proposed, including 
the cautious addition of allopurinol, a xanthine oxidase inhibi-
tor that inhibits 6-MMP metabolism and is thus effective at 
reducing 6-MMP metabolites and shunting 6-MP metabolism 
toward 6-TG production [186]. The addition of allopurinol  
warrants lowering of the 6-MP dose by 50%–75% and close 
monitoring of metabolites. Another strategy aimed at optimiz-
ing 6-TG levels in preferential metabolizers involves dose-
splitting the total 6-MP daily dose from once daily to twice  
daily, which leads to increased 6-TG and decreased 6-MMP 
levels [187].

Calcineurin inhibitors
Calcineurin inhibitors (cyclosporine and tacrolimus) reduce 
intestinal inflammation through inhibition of T-cell activation. 
Intravenous cyclosporine is effective treatment for steroid-
refractory ulcerative colitis in hospitalized patients (see Chapter 
71). Low-dose oral cyclosporine for Crohn’s disease has mainly 
been studied in the setting of severe, steroid-refractory disease 
with modest induction but not maintenance efficacy in placebo-
controlled clinical trials [188,189]. However, in a metaanalysis 
of oral cyclosporine for Crohn’s disease, these induction benefits 
were not found in other studies, and a higher risk of adverse 
events (in particular, nephrotoxicity) was noted [184]. Due to 
the availability of safer and more effective therapies, cyclosporine 
is not frequently used for Crohn’s disease.

Orally administered tacrolimus has been evaluated in several 
small open-label studies for luminal Crohn’s disease, with results 
demonstrating a modest effect. However, the poor methodo-
logical quality of these studies renders it difficult to draw con-
clusions about the efficacy of this potent drug [190]. A 
placebo-controlled study of oral tacrolimus for fistulizing peri-
anal Crohn’s disease showed effectiveness in fistula improve-
ment, but not fistula remission [191]. Topical tacrolimus was 
shown in a small placebo-controlled trial to improve anal ulcer-
ations [192].

Biological therapy
Antitumor necrosis factor therapy
The treatment of Crohn’s disease was revolutionized in the late 
1990s with the development and approval of infliximab, a mon-
oclonal IgG1 antibody engineered to block tumor necrosis 
factor-α, a proinflammatory cytokine involved in perpetuating 
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ing and penetrating complications [101,102]. As described 
above (see Section Natural history), a number of factors have 
been associated with a poor prognosis of disabling disease or 
need for surgery, including young age at diagnosis (<40 years), 
stricturing disease, initial need for steroids, presence of perianal 
disease, and having multiple or high levels of Crohn’s-associated 
serological markers [102]. Unlike conventional therapy with 
steroids and immunomodulators, biological therapy with anti-
TNF blockade is associated with complete healing of the mucosa 
in many patients, and has been shown to reduce future hospi-
talization and surgery. Thus, individuals with one or more of 
these poor prognostic markers are at high risk for future com-
plications and surgery, and may benefit from biological therapy 
early in their disease course to delay or avert these complica-
tions [205]. In geographic areas where access to anti-TNF 
therapy is restricted or limited, the earlier use of biologics may 
pose practical challenges and further economic analyses that 
demonstrate the cost effectiveness of this strategy are warranted 
[218].

Anti-TNF therapy is indicated for patients with moderate to 
severely active luminal disease which has been refractory to 
corticosteroids and/or immunomodulator therapy, or in patients 
intolerant to these conventional therapies. It is also indicated for 
those with perianal fistulizing disease [204].

Before starting anti-TNF therapy
Before starting biological therapy with an anti-TNF drug, 
patients should be assessed for active infection including 
intraabdominal or perianal suppurative complications of 
Crohn’s disease. Patients should be screened for latent tubercu-
losis with either a purified protein derivative skin test, or serum 
interferon-γ release assay; patients with positive results should 
undergo chest x-ray and potentially initiate antituberculosis 
therapy prior to starting an anti-TNF drug particularly if any 
risk factors for prior tuberculosis exposure are present. Patients 
must be screened for latent hepatitis B, ideally with serological 
evaluation for HBVSAb, HBVSAg, and HBVCAb, and those 
harboring latent hepatitis B should be treated or prophylaxed 
accordingly. Vaccination status should be reviewed and updated 
as necessary, according to guidelines [219,220]. Many of these 
pre-anti-TNF tests are mandated by third party payors and are 
quality performance measures [219]. Laboratory tests should be 
obtained, including complete blood counts, chemistries with 
liver enzymes, and inflammatory markers (sedimentation rate, 
CRP, fecal calprotectin) to establish baseline values prior to 
starting therapy and monitor during the course of treatment  
for response and safety. Varicella serology should be checked, 
especially if the patient cannot recall prior varicella infection  
or vaccination, or has occupational exposure risk to varicella 
(such as schoolteachers, healthcare workers [220]). A chest 
x-ray should be obtained in patients from geographic risk  
areas with potential prior exposure to tuberculosis or histoplas-
mosis. When active or latent infection is identified, immuno-
suppression should be deferred until appropriate treatment or 

concomitant thiopurine therapy when anti-TNF therapy is  
prescribed, although the potential gain of using combination 
therapy needs to be carefully weighed against the theoretical 
risk of using two immunosuppressive agents and associated 
risks of infection and malignancy [211,212]. A metaanalysis of 
patient-level data from the large pivotal randomized controlled 
trials of all approved anti-TNF therapies evaluated efficacy and 
safety among patients on an immunomodulator at the time of 
randomization to anti-TNF or placebo, and generally found no 
significant benefit to concomitant immunomodulator use in 
this setting. However, when analyzed by specific anti-TNF 
agent, patients treated with infliximab had greater efficacy and 
fewer infusion reactions when treated with a concomitant 
immunomodulator at the time of initiating infliximab therapy. 
Methotrexate can also be used as concomitant therapy with 
anti-TNF agents, although published data on its use in IBD  
are limited. Thus, the use of concomitant immunomodulators 
with anti-TNF agents requires considerations of drug-specific 
and patient-specific factors as “real-world” scenarios may  
not reflect patients treated in clinical trials that may be naïve  
to one or both therapies, or have had shorter duration of  
disease [213].

Adverse effects of anti-TNF drugs include infections, with 
greater risk when patients are treated with concurrent immu-
nomodulators, corticosteroids, or both [211]. In particular, reac-
tivation of latent tuberculosis has been a significant concern, and 
all patients starting anti-TNF therapy must be assessed for prior 
exposure to tuberculosis. Ideally, this should be done when 
patients are not receiving corticosteroids, due to high rates of 
anergy with skin purified protein derivative testing and indeter-
minate results using the quantiferon TB gold assay [214,215]. 
Systemic bacterial infections, opportunistic infections, and 
fungal infections have been reported and clinical suspicion for 
these infections should be increased in individuals on anti-TNF 
therapy presenting with cough, fever, or unexplained malaise. 
Other risks include infusion and hypersensitivity allergic reac-
tions, and immune-mediated reactions, for example lupus-like 
reaction, arthritis, and atypical psoriasis. Anti-TNF therapy is 
contraindicated in individuals with class III– IV heart failure due 
to worse outcomes seen in patients treated with infliximab 
10 mg/kg in a clinical trial evaluating the drug as treatment for 
heart failure [216]. Another “black box warning” (as mandated 
in the United States by the FDA) on anti-TNF labels includes risk 
of malignancy, in particular lymphoma and hepatosplenic T-cell 
lymphoma (discussed above). However, a metaanalysis of anti-
TNF trials including nearly 4000 patients with Crohn’s disease 
showed no increased risk of malignancies in anti-TNF-treated 
patients relative to controls [193].

Timing of anti-TNF therapy initiation
Some patients with Crohn’s disease will never need steroids or 
immune-suppressive therapy [217], although natural history 
studies have demonstrated that Crohn’s disease progresses over 
time from being primarily inflammatory phenotype to strictur-
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cell adhesion protein α4-integrin. This surface protein binds to 
the endothelial protein MADCAM1 and enables leukocyte 
migration from the bloodstream into lymphatic tissues in Peyer 
patches in the small and large intestine. Blockade of this interac-
tion by natalizumab, a selective adhesion molecule inhibitor, 
effectively impedes leukocyte migration into gut tissue thus lim-
iting intestinal inflammation, which is otherwise perpetuated 
by the persistent recruitment of lymphocytes to inflamed gut 
tissue. Natalizumab also inhibits leukocyte migration to the 
central nervous system, and is thus effective and approved for 
the treatment of multiple sclerosis. Natalizumab is the first drug 
in this class to be approved for Crohn’s disease, and there are 
currently several other selective antitrafficking antibodies being 
tested in clinical trials for Crohn’s disease and ulcerative colitis, 
including vedolizumab, an anti-α4β7 integrin that inhibits leu-
kocyte migration to the gut but not to the central nervous 
system. Vedolizumab was approved for Crohn’s disease in 2014.

Natalizumab has been studied in several large randomized 
placebo-controlled studies, and has been found to be effective 
for the treatments of both Crohn’s disease and multiple sclerosis. 
In the ENACT1 and 2 and ENCORE trials, natalizumab was 
found to be effective in inducing and maintaining clinical 
response (defined by CDAI decrease of at least 70 points) in 
patients with Crohn’s disease [230,231]. Natalizumab is approved, 
in the United States, but not in Europe, for the treatment of 
Crohn’s disease in patients who have failed or are intolerant of 
an anti-TNF agent.

The use of natalizumab for Crohn’s disease has been limited 
due to its association with progressive multifocal leukoencepha-
lopathy (PML), a generally fatal progressive demyelinating dis-
order, which results from reactivation of latent opportunistic JC 
virus. PML was reported in three of 3819 patients treated with 
natalizumab for multiple sclerosis or Crohn’s disease in clinical 
trials [232]. Subsequent postmarketing surveillance has identi-
fied 212 cases among 99 571 natalizumab-treated patients with 
multiple sclerosis, with an overall risk of 2.1 cases per 1000 
patients [233]. All patients for whom baseline JCV antibody 
status was available were found to have antibodies at baseline. 
Further evaluation of these patients has identified reactivation 
of preexisting JC virus (as opposed to de novo infection), dura-
tion of natalizumab therapy of greater than 2 years, and the use 
of concurrent immunosuppression as factors that increase this 
risk. The availability of JC virus antibody testing now allows for 
risk stratification of patients considering natalizumab therapy, 
such that individuals who are JC virus-antibody negative can 
more confidently initiate therapy, albeit with periodic screening 
for acquired de novo JC virus infection [205].

Optimizing response to biological therapy
Despite the fact that anti-TNF therapies have proven to be 
among the most effective treatments available for Crohn’s 
disease and have been clearly shown to achieve mucosal healing, 
only a minority of patients who begin an anti-TNF drug will be 
in steroid-free clinical and endoscopic remission at the end of 

prophylaxis has been initiated. Consultation with an infectious 
disease consultant may be warranted to clarify the timing of 
treatment of underlying infections in the context of initiation of 
immunosuppressive or biological therapy.

Predictors of response to anti-TNF therapy
Several studies have evaluated potential predictors of response 
to infliximab, including modifiable risk factors (such as smoking, 
immunomodulator use) and nonmodifiable risk factors (includ-
ing disease phenotype, serological and genetic associations). 
Clinically, however, no single factor or combinations of factors 
have yet been shown to effectively inform treatment decisions 
based on likelihood of response.

The only clinically modifiable factor definitively associated 
with an increased likelihood of response to induction and  
maintenance infliximab therapy is the concomitant use of aza-
thioprine in individuals with Crohn’s disease naïve to both thi-
opurine and anti-TNF therapy [145], with improved rates of 
steroid-free clinical remission and mucosal healing among 
patients treated with the combination of azathioprine and inf-
liximab relative to those treated with azathioprine or infliximab 
alone. It is unclear whether the mechanism of this finding 
relates to synergism of treatment efficacy or thiopurine medi-
cated reduction of antibody formation against infliximab. 
Patients treated with combination therapy did have lower levels 
of antiinfliximab antibodies and higher infliximab drug levels.

The effects of smoking on the likelihood of response to anti-
TNF therapy are less clear. Some have found that active smokers 
(more than five cigarettes daily for >6 months) were less likely 
to respond to infliximab (OR  =  0.09 [0.02–0.38]), whereas 
others have not found smoking to impact response to infliximab 
[221,222].

Studies have evaluated the predictive value of biological 
markers in Crohn’s disease. CRP has been shown to correlate 
with likelihood of response to infliximab [223,224]. This phe-
nomenon has been demonstrated in clinical trials [145], likely 
indicating that patients entering clinical trials for the treatment 
of active Crohn’s disease on the basis of clinical criteria alone 
may require additional confirmation of active disease, using 
disease-activity surrogates such as CRP. In a study of 226 
patients, baseline levels of serum TNF-α did not demonstrate 
an association with response to anti-TNF therapy [225].

Serological and genetic markers have also been evaluated to 
determine relationships to response to anti-TNF therapy. 
Increased levels of pANCA have been associated with a negative 
response to infliximab in several studies [226–228]. Several 
studies have also been conducted to assess the effect of TNF 
gene polymorphisms or other genetic predictors of infliximab 
response; however, few have been able to demonstrate signifi-
cant associations [225,229].

Anti-integrin therapy
Natalizumab is a humanized IgG4 monoclonal antibody that 
blocks T-cell migration to the intestinal tract by inhibiting the 
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to be present in as many as 65% of patients treated with episodic 
infliximab, and have been associated with infusion reactions 
and loss of response, presumably because of reduced drug con-
centrations [243]. Antidrug antibodies usually neutralize the 
monoclonal antibody drug (e.g., adalimumab and natalizumab) 
and have been associated with a decreased likelihood of remis-
sion, a shortened duration of clinical response, increased disease 
activity with higher levels of CRP, decreased anti-TNF drug 
concentrations, and an increased risk for infusion reactions 
[243,246–250]. When present at high levels, they can manifest 
as a loss of response or a more significant acute or delayed 
hypersensitivity reaction. However, when present at low levels 
these antibodies may have a minimal clinical impact and can 
potentially even disappear with repeated drug administration. 
The attenuation or prevention of antidrug antibodies can be 
achieved with the administration of intravenous corticosteroids 
[251], or the use of concomitant immunomodulators together 
with infliximab [145].

Anti-TNF drug concentrations can also be measured, along 
with the measurement of drug levels. There are several assays 
available for these measurements, rendering the acceptance of 
clinically meaningful threshold values difficult. While the meas-
urement of drug levels can be done at any time, the trough level 
(i.e., the level measured just prior to the next administration of 
drug) can help determine the degree of drug clearance regard-
less of the mechanism of that clearance. Higher trough levels 
have been associated with improved efficacy [145] but also 
immunological adverse effects [252], while low or undetectable 
trough levels have been associated with lack of clinical efficacy. 
While the optimal therapeutic windows have not yet been fully 
proven, infliximab concentrations ≥3 mg/mL and adalimumab 
concentrations ≥5 μg/mL have been associated with lower levels 
of CRP, a surrogate for disease activity [253,254]. Experts have 
suggested the following targets: for infliximab 8 week mainte-
nance, trough level (week 14–22) >3–7 μg/mL, and for adali-
mumab induction and maintenance, trough level (week 4–12) 
>6–9 μg/mL [255]. Measurement of drug concentration and 
antidrug antibody levels has been shown to be a cost-effective 
strategy given the ability to optimize treatment and potentially 
prevent Crohn’s-associated complications [256].

Based on the desire to optimize therapy, especially in the 
setting of loss of response, dose optimization by increasing the 
dose or changing the interval of anti-TNF administration is a 
common strategy to improve clinical outcomes. Infliximab 
maintenance dosing can be increased from 5 mg every 8 weeks 
to 10 mg every 8 week, 6 weeks, or even 4 weeks. Adalimumab 
can be increased from 40 mg every other week to 40 mg weekly. 
Patients initially responding to certolizumab pegol can undergo 
reinduction with a single dose of 400 mg [257] or be doubled 
from monthly dosing to dosing every 2 weeks [242,258]. 
Another option to optimize response in a patient receiving an 
anti-TNF drug as monotherapy might be the addition of an 
immunomodulator, although this strategy has not been pro-
spectively evaluated.

1 year. Given the potential variability in dosing, bioavailability, 
drug clearance, and antidrug antibody development, there is the 
potential to individualize therapy in order to overcome chal-
lenges faced by clinicians and patients with respect to their 
routine and optimal use (see Podcast 72.1). The lack of response 
to biological therapy is typically characterized as “primary non-
response” when the recipient has received minimal to no benefit 
from optimized drug exposure, and “secondary nonresponses,” 
when the patient has initially responded to the drug but that 
response was lost over time. In the pivotal maintenance trials 
for anti-TNF agents, the maximal response was generally 
observed between weeks 10 and 12 [234–236]. Therefore, a 
primary nonresponder should be clinically apparent by this 
time after initiation of any of the anti-TNF drugs. In contrast, 
a patient with an initial response but with a subsequently dimin-
ished therapeutic benefit from the drug would be classified as a 
secondary nonresponder. It is essential to clinically distinguish 
primary from secondary nonresponses in order to make 
informed decisions about continuation, escalation, or switching 
of therapeutic agents, given the relatively few medical treatment 
options available.

Many of the clinical trials evaluating maintenance of remis-
sion only randomized patients who had responded to an initial 
open-label or induction period, thus rendering estimates of 
long-term remission and response somewhat lower for the total 
population initiating an anti-TNF drug. Metaanalyses calculat-
ing loss of response in clinical trials have been performed. The 
risk of a loss of response to infliximab in patients with Crohn’s 
disease has been calculated at 13% per year [237]. The risk of 
dose escalation (suggesting a loss of response) among patients 
with Crohn’s disease treated with adalimumab was 24% per year 
[238]. Factors associated with loss of response have included 
prior anti-TNF exposure and lack of a concurrent immu-
nomodulator [239].

There may be several reasons for loss of response to a biologi-
cal agent [240,241], including the development of antidrug anti-
bodies, subtherapeutic drug levels (due to suboptimal dosing or 
increased drug clearance), and the theoretical induction of 
“escape” mechanisms of inflammation that bypass the therapeu-
tically targeted TNF-α pathway. Serum concentrations of 
monoclonal antibody agents vary widely, despite standardized 
induction load and maintenance dosing, and occur in both 
weight-based (e.g., infliximab) or fixed-dosing (e.g., adalimu-
mab or certolizumab pegol) regimens. This variability in drug 
concentrations reflects multiple factors, including pharmacoki-
netics of drug clearance [242]. Drug clearance may be influ-
enced by nonimmune mechanisms of antibody clearance 
including concomitant immunomodulator use, serum albumin, 
body surface area, age, and gender, or the formation of antidrug 
antibodies [243].

Antidrug antibodies can occur in recipients of any mono-
clonal antibody therapy (both anti-TNF and anti-integrin), 
regardless of whether the drug is chimeric, humanized, or fully 
human, and across indications [244,245]. They have been found 
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ence of symptoms). It is recommended that patients who 
undergo ileal or ileocolonic resection have a colonoscopy 6–12 
months after surgery in order to evaluate the anastomosis and 
stage the degree of endoscopic recurrence on the i0 through i4 
scale, even if clinically well without symptoms [84]. Patients 
with scores of i2 or higher have an increased risk of clinical 
recurrence and future surgery, and therefore should be consid-
ered for escalation of medical therapy with the goal of modify-
ing the natural course of disease progression.

Several drug classes have been evaluated in randomized clini-
cal trials for the prevention of postoperative recurrence. Two 
studies of budesonide and several studies looking at various 
probiotics have shown no benefit relative to placebo. In a metaa-
nalysis, mesalamine was found to have a mild protective effect 
relative to placebo for the prevention of clinical (not endo-
scopic) recurrence, with a NNT of 10, that is 10 patients would 
need to be treated in order to prevent one case of clinical recur-
rence [265]. Data from trials evaluating the use of antibiotics in 
the postoperative setting to prevent anastomotic recurrence 
demonstrate some efficacy. In one placebo-controlled study, 
metronidazole taken for 3 months at a dose of 20 mg/kg daily 
reduced endoscopic recurrence from 75% to 52% (P =  0.09), 
and clinical recurrence at 1 year from 25% to 4% [266]. Another 
study demonstrated that ornidazole taken daily after surgery for 
1 year improved clinical recurrence relative to placebo from 
37.5% to 7.9% at 1 year, but many patients dropped out of the 
antibiotic treatment group due to intolerance and adverse effects 
[267].

A metaanalysis of four studies looking at 6-MP/AZA com-
pared to either 5-ASA or placebo found that, compared to 
control groups, the NNTs for 6-MP/AZA to prevent clinical and 
endoscopic recurrence were 13 and seven, respectively, although 
6-MP/AZA was not effective at preventing severe endoscopic 
recurrence [268]. Based on these modest effects, some physi-
cians recommend that patients treated postoperatively with 
6-MP/AZA undergo an ileocolonoscopy 6 months after surgery 
to evaluate for endoscopic recurrence [269].

Anti-TNF therapies have been studied in the postoperative 
setting in small trials. In a randomized, placebo-controlled 
study of infliximab 5 mg/kg every 8 weeks started within 1 
month of surgery, 1/11 (9%) of patients treated with infliximab 
had endoscopic recurrence at 1 year relative to 11/13 (85%) of 
patients treated with placebo (P  <  0.001) [207]. Small open-
label studies of adalimumab have yielded similar results [270], 
and a small open-label study of infliximab used to treat early 
established endoscopic recurrence 6 months after surgery 
showed that 38% of patients were able to achieve endoscopic 
remission [271]. These data suggest a potentially valuable role 
for anti-TNF therapy in the postoperative setting, with more 
robust rates of endoscopic remission seen when anti-TNF 
therapy is initiated immediately after surgery rather than sub-
sequent to endoscopic recurrence after surgery. However, 
further data are needed to clearly define patient populations for 
whom the various postoperative treatment strategies are likely 

Prevention of recurrence of postoperative 
Crohn’s disease
The risk of surgery in patients with Crohn’s disease is significant, 
with 50%–70% of patients requiring surgery over 5–20 years 
after diagnosis, although this number may be decreasing over 
time [259,260]. Common operations for patients with Crohn’s 
disease include resection of bowel in cases of medically refrac-
tory disease, stenosing disease, or fistulizing disease (see Chapter 
73). Bowel-sparing stricturoplasty can be performed in patients 
with fibrotic strictures. However, recurrence of Crohn’s disease 
occurs rapidly, with evidence of histological recurrence evident 
as soon as 1 week after surgery [261] and endoscopic recurrence 
rates of 70%–90% have been reported as early as 1 year after 
surgery [261,262]. Endoscopic recurrence may or may not be 
accompanied by clinical recurrence with intestinal symptoms or 
obstruction. However, silent progression of disease recurrence 
often ultimately requires a second operation; 50% of those who 
have had surgery will require another operation for Crohn’s 
recurrence within 10 years [259].

Thus, while surgery is a rapid means of achieving clinical 
remission in patients with medically refractory disease, and may 
be the only treatment option in patients with suppurative com-
plications, it is not curative. Providers should therefore attempt 
to risk stratify all patients prior to surgery and initiate prophy-
lactic treatment or a postoperative monitoring plan for all 
patients undergoing bowel resection surgery for Crohn’s disease.

Several risk factors have been identified that are associated 
with postoperative recurrence. In a prospective study, Rutgeerts 
et al. evaluated 89 patients after ileocecal resection (with primary 
anastomosis) and described the endoscopic appearance of the 
anastomosis 1 year after resection in the context of clinical 
recurrence over time. The endoscopic findings at the time of this 
assessment were graded on a i0 through i4 scale (Figures 72.6 
and 72.7) and correlated strongly with risk of future clinical 
recurrence. Those with mild or minimal endoscopically visible 
anastomotic inflammation had a low risk (20%) of clinical 
recurrence over 3 years, whereas those with severe endoscopic 
inflammation had an over 90% risk of clinical recurrence during 
the same timeframe, and in many cases required surgery within 
5 years [84].

Of the several clinical factors associated with an increased 
likelihood of postoperative recurrence, smoking is perhaps the 
most strongly correlated with the likelihood of endoscopic and 
clinical recurrence. It has also been associated with a significant 
reduction in the time to a second surgery [263]. Patients who 
smoke should therefore be strongly encouraged to quit smoking 
in order to reduce the likelihood of future anastomotic recur-
rence and need for surgery. Other factors associated with post-
operative recurrence include having had surgery for penetrating 
disease, a prior history of smoking, progression to surgery 
despite immunomodulators and biologics, and younger age at 
the time of disease onset [264].

Recurrence of Crohn’s disease at the anastomosis can be clas-
sified as endoscopic recurrence or clinical recurrence (i.e., pres-
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patients with compromised immunity. In general, all nonlive 
vaccines should be administered to adults with IBD regardless 
of immunosuppressive status based on recommended vaccina-
tions schedules [277]. These include annual influenza vaccina-
tion with the trivalent inactivated influenza vaccine, 
pneumococcal vaccination, and consideration for hepatitis B in 
all adults. Given the increased risk for cervical dysplasia in 
women with IBD, especially those treated with immunosup-
pressants [69], the human papillomavirus vaccine should be 
considered for women and men under the age of 26 [220].

Although live vaccines are generally discouraged among 
patients receiving immunosuppressive therapy, there is mount-
ing evidence that the risk–benefit consideration may in some 
cases favor the administration of a live vaccine to individuals 
with IBD who are receiving these therapies. This is most rele-
vant to the varicella and zoster vaccines, given the severity of 
primary varicella infection among naïve individuals and the 
morbidity associated with shingles in the immunosuppressed 
host. The risk of herpes zoster is increased among patients with 
IBD, and may be associated with immunomodulator or corti-
costeroid therapies [275,276]. However, despite the fact that the 
zoster vaccine is a live virus vaccine, the preponderance of evi-
dence suggests that patients who may have inadvertently 
received the zoster vaccine while prescribed an ant-TNF agent 
suffered no ill effects of vaccine-associated infection and had 
protective effects from the vaccine with lower rates of subse-
quent herpes zoster [278,279].

Cancer in Crohn’s disease
Fortunately, the absolute risks of cancer in patients with Crohn’s 
disease is very low; however, the relative risks of small bowel and 
colon cancer [280] and hematological malignancies are increased 
[281]. Furthermore, the use of immunosuppressive therapies, 
including immunomodulators and anti-TNF agents, have been 
associated with small but increased risks of non-Hodgkin lym-
phoma and skin cancers [282,283]. While cancer may not be 
preventable, a heightened awareness of these risks and appropri-
ate screening and surveillance strategies can mitigate these risks 
and allow for early intervention when appropriate. Increased 
risks of cancer have been demonstrated both in referral center 
studies as well as in population-based studies [281,284].

Bowel cancer
The risk of colon cancer among patients with ulcerative colitis 
has been studied extensively and is reviewed in Chapter 71. It 
has become increasingly apparent that the risk of colon cancer 
is similar among patients with Crohn’s disease who have colonic 
involvement, particularly if there is a foreshortened colon, mul-
tiple pseudopolyps, longstanding uncontrolled inflammation, 
or a family history of colorectal neoplasia [67]. Patients with 
Crohn’s disease involving at least a third of the colon for 8  
years or more should be enrolled into colonoscopic surveillance 
programs for dysplasia, similar to recommendations for ulcera-
tive colitis, with colonoscopies every 1–3 years [67]. One 

to be most effective. A strategy for postoperative management 
of Crohn’s disease has been proposed [269,272], with stratifica-
tion of patients to various management strategies based on their 
likelihood of postoperative recurrence, whereby patients at low 
risk for recurrence (those with longstanding Crohn’s disease, 
short resected segment [<10 cm] for fibrostenosis without 
perforating disease) can be monitored without immediate post-
operative treatment, and patients at high risk (those with pen-
etrating disease, smokers, history of prior surgery, progression 
to surgery despite optimal immunomodulator or anti-TNF 
therapy) should be started on anti-TNF therapy shortly after 
surgery. Patients at moderate risk could initiate a thiopurine, 
with or without antibiotics. All patients, regardless of treatment 
modality, should have colonoscopic evaluation 6–12 months 
after surgery in order to evaluate the effectiveness of the chosen 
strategy, and to consider escalation or change in therapy for 
those not in endoscopic remission [269].

Complications

Complications in patients with Crohn’s disease can be attribut-
able directly to the disease (discussed above in the Section 
Natural history), to metabolic complications associated with the 
disease, and to therapies used to treat the disease. Some meta-
bolic complications, including gallstones, nephrolithiasis, and 
vitamin B-12 deficiency, may relate to the pathophysiology of 
nutrient absorption in the diseased bowel. Small intestinal bac-
terial overgrowth and associated nonspecific gastrointestinal 
symptoms of abdominal pain, bloating, and distension may 
develop proximal to strictures, or after intestinal surgery. Other 
associated complications occur at a higher frequency in indi-
viduals with Crohn’s disease than in the general population, 
including gastrointestinal and opportunistic infections, throm-
boembolic events, and bone fractures; many of these complica-
tions are potentially preventable (see Podcast 72.1).

Infectious complications of Crohn’s disease
Given the natural history and expected progression of untreated 
or under-treated Crohn’s disease, therapeutic interventions that 
may harbor small but real potential infection risks need to be 
considered. Patients with IBD have been found to have higher 
risks for bacterial pneumonia [273], Pneumocystis jaroveci 
pneumonia [274], and herpes zoster (shingles) infection relative 
to non-IBD controls [275,276]. The magnitude of the impact of 
chronic immunosuppression on these risks is variable; however, 
the risks of these preventable infections are increased with the 
use of corticosteroids.

Infections are the most common serious adverse event associ-
ated with immunosuppressive therapies, which include steroids, 
immunomodulators, and biological agents, and this risk 
increases with the number of concurrent therapies [211]. Many 
infections are potentially preventable with routine vaccinations 
targeted toward all adults or specific vaccines suggested for 
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increased among patients with IBD (incidence rate ratio [IRR] 
1.29; 95% CI 1.09–1.53), although the annualized absolute risk 
is only 57 per 100 000 patient/years relative to 46/100 000 among 
non-IBD controls [283]. This risk may be increased among 
patients treated with anti-TNF therapy [283].

The risk of nonmelanoma skin cancers (basal cell and squa-
mous cell carcinomas) appears to be associated with thiopurine 
use, as evidenced in case–control studies [294,295] as well as in 
a prospectively followed cohort [177]. In this cohort, 19 486 
patients with IBD were followed over a median of nearly 3 years, 
and 32 incident cases of nonmelanoma skin cancers were identi-
fied. Notably, not only current but also previous exposure to 
thiopurines increased the risk of nonmelanoma skin cancers 
[177]. This study was unable to determine any risk associated 
with anti-TNF therapy due to insufficient numbers of patients 
treated using anti-TNF drugs. Thus, based on an aggregate of 
the evidence, all patients with IBD with current or prior expo-
sure to thiopurines or biological agents should be counseled 
about limiting sun exposure, use of sunscreen, and protective 
clothing, and annual dermatological screening [296].

Drug monitoring for adverse events
Several adverse events associated with medications may be idi-
osyncratic or otherwise unpredictable. However, guidelines do 
suggest recommended intervals for routing laboratory assess-
ments in patients exposed to various medications in order to 
detect preventable complications. These include regular urine 
and serum monitoring for identifiable complications. Patients 
treated with mesalamine products should have annual creati-
nine assessment, and patients treated with immunomodulators 
(methotrexate, 6-mercaptopurine, or azathioprine) should have 
regular (every 3 months) evaluation of blood counts and liver 
enzymes [297].

Psychiatric complications
Patients with IBDs are commonly affected by psychiatric condi-
tions, including depression and anxiety. A relationship between 
psychosocial stressors and manifestations of the disease has also 
been described, leading to a need for understanding this rela-
tionship in the context of a biopsychosocial model (see Podcast 
72.1) [298].

Studies of stress and IBD suggest a mutual influence on one 
another. Several studies have demonstrated an association 
between stressful life events and exacerbation of existing IBD 
[299,300]. Others have described a negative impact of environ-
mental stressors, such as social difficulties and lack of adequate 
support, on gut inflammatory activity [301]. Intestinal inflam-
mation has also been associated with autonomic dysregulation, 
and disruptions of the hypothalamic–pituitary axis and the 
enteric nervous system [302], providing biological plausibility 
for this bidirectional relationship. In addition to the effects of 
the disease and its course on the psyche of the affected indi-
vidual, medications used to treat Crohn’s disease can also 
adversely impact mental health. In particular, corticosteroids 

Scandinavian population-based study has demonstrated that 
mortality from colorectal cancer has decreased several-fold 
from the 1960s through 2004 in patients with IBD, presumably 
due to surveillance [285].

The risk of small bowel cancer in Crohn’s disease appears to 
be significantly increased above that of the general population, 
although in absolute terms it is still uncommon; a pooled esti-
mate of five studies yielded a standardized incidence ratio (SIR) 
of 27.1 (95% CI 14.9–49.2) [280,286,287].

Risk of lymphoma in Crohn’s disease
The likelihood of patient with Crohn’s disease developing lym-
phoma can be influenced by a number of factors, including the 
patient’s age and gender, as well as exposure to thiopurines and anti-
TNF agents. Uncertainty remains regarding the relative contribu-
tions of risks attributable to the disease itself separately from the 
risks associated with therapy. It is important to distinguish among 
types of lymphoma, as their pathogenesis and prognosis differ,  
with most reported cases involving non-Hodgkin lymphoma. 
Hepatosplenic T-cell lymphoma (HSTCL), a more aggressive and 
universally fatal lymphoma, is associated with immunosuppressive 
therapies used in the management of IBD [288].

Several large independent population-based cohorts have 
evaluated the risk of lymphoma associated with Crohn’s disease 
[23,108,289]. None of these studies demonstrated an overall 
statistically significant increased risk. The risk of lymphoma 
among patients exposed to thiopurines has been evaluated rela-
tive to the risk of lymphoma reported in the Surveillance, 
Epidemiology and End Results (SEER) database, which has 
been estimated at 1.9 cases per 10 000 people annually [290]. 
The risk of lymphoma associated with thiopurine use may be 
related to Epstein–Barr virus, as has been reported in lympho-
proliferative disease [291]. In a prospectively followed French 
cohort of 20 802 patients followed for 3 years, 23 patients devel-
oped lymphoma. A metaanalysis of lymphoma risk in Crohn’s 
disease estimated a crude rate of 6.1 cases/10 000 patient-years 
[282]. When analyzed by age and gender, males between the 
ages of 20 and 54 appeared to have the highest risk, particularly 
when exposed to thiopurines and anti-TNF agents [290].

Hepatosplenic T-cell lymphoma (HSTCL) is an aggressive 
cancer that is universally fatal. This very rare form of non-
Hodgkin lymphoma was described in patients with Crohn’s 
disease treated with infliximab and azathioprine [292], and led 
to a black box warning label for anti-TNF therapies by the US 
FDA. Most reported cases have been in males, with an average 
age of 23. However, several cases of HSTCL have been reported 
among patients exposed to thiopurines alone [288]. Fortunately, 
this type of lymphoma is rare, with an SIR ranging from 0.3 
cases per million estimated from a population-based cohort 
[293], and an NNH of 1 : 75 488 patients per year [288].

Skin cancer
There has been increasing awareness of the risks of skin cancers 
in patients with IBD. The relative incidence of melanoma is 
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nutrition has been shown to be effective in inducing remission 
in ileal Crohn’s disease. However, high rates of relapse are asso-
ciated with resumption of normal feeding.

Nutritional deficiencies are commonly identified in patients 
with Crohn’s disease, and may be due to decreased oral intake, 
impaired intestinal absorption, intestinal loss of nutrients (due 
to rapid transit), hypermetabolism, and medication-related 
interactions. Decreased oral intake can result from a diminished 
appetite or fear of eating due to anticipated abdominal pain or 
diarrhea. Micronutrient absorption can be impaired by active 
inflammation or fibrosis or scarring in segments of the small 
bowel critical for nutritional absorption. For example, vitamin 
B-12 malabsorption may result from chronic ileal inflammation 
or resection of the terminal ileum due to its exclusive absorption 
in the distal 100 cm or so of the small intestine. Rapid transit 
and blood loss can result in the loss of protein and iron, and 
diminish the time for intestinal absorption of nutrients. Patients 
may have prolonged bleeding times due to reduced absorption 
of vitamin K [315]. Medication interactions can also result in 
micronutrient deficiencies, such as folate deficiency resulting 
from methotrexate or sulfasalazine mechanisms that lead to 
reduced absorption or activation of folic acid. Other micronu-
trient deficiencies can result from malabsorption and rapid 
transit. These include deficiencies of iron, vitamins C and D, 
selenium, zinc, and others. Patients with zinc deficiency may 
present with dysgeusia and cheilosis. Supplementation with 
vitamins, folate, and iron are often recommended to augment 
oral food nutritional intake, although there is little evidence 
demonstrating clinical benefit from supplementation other than 
for repletion.

Some patients with Crohn’s disease who have had extensive 
surgery with resection of long segments of small bowel may 
have significant malabsorption and develop short bowel syn-
drome (see Chapter 67). In these patients, bowel rehabilitation 
should be attempted, with adjunctive antimotility agents. 
Refractory patients will usually require long-term parenteral 
nutrition due to increased gastric emptying and functional 
intestinal failure due to inability to absorb sufficient water and 
nutrients. Treatment with teduglutide, a glucagon-like peptide 
2 analogue, has been shown to reduce reliance on parenteral 
nutrition through improved intestinal function and reduction 
of gastric emptying in patients with short bowel syndrome and 
is FDA-approved for this indication [316].

Crohn’s disease of the ileal pouch
The procedure of choice for the definitive treatment of medi-
cally refractory ulcerative colitis or ulcerative colitis with dys-
plasia is total proctocolectomy with ileal pouch–anal anastomosis 
(IPAA), or J-pouch (see Chapter 73). This complex procedure 
involves creation of a pseudorectum from the distal ileum that 
is brought down to the deep pelvis and anastomosed to the anus 
or a short rectal cuff. Patients with a J-pouch generally enjoy 
improved quality of life and significant improvement in bowel 
symptoms relative to active ulcerative colitis [317]. However, a 

can have profound short- and long-term effects on mood, sleep, 
anxiety, and emotional well-being.

The most common psychiatric disorders in patients with IBD 
include depression and anxiety, which can be present in chil-
dren, adolescents, and adults with both active and inactive 
disease activity. Rates of depression in patients with IBD are 
estimated at 25%–35%, which is twice the prevalence of the 
general population and also higher than rates seen in other 
chronic disorders [303]. Anxiety is also common in patients 
with IBD [304] and may relate to patient concerns about side-
effects from medications, the possibility of an ostomy, the 
uncertain nature of IBD, perceived social stigma, shame and 
embarrassment about using public restrooms, fear that the diag-
nosis will be discovered by peers, and guilt about monopolizing 
the time of caregivers [305–307]. These concerns negatively 
impact health-related quality of life [308]. Therefore, an optimal 
clinical assessment of patients with Crohn’s disease and ulcera-
tive colitis should include an exploration of health-related 
quality of life, psychosocial stressors, and the possibility of 
depression and/or anxiety [298].

The identification of these psychological perturbations or 
abnormal coping mechanisms should prompt referral to mental 
health specialists for further exploration and intervention. 
Effective and/or commonly used interventions include referral 
to support groups [309], psychotropic medications (with selec-
tive serotonin reuptake inhibitors), psychotherapy (with 
cognitive–behavioral therapy among the best studied and most 
effective), sleep treatments if sleep disturbance is present, and 
referral for pain management as needed (reviewed in reference 
[298]).

Nutritional complications
The increased incidence of IBD in industrialized nations impli-
cates environmental influences, including diet, in its etiology. 
Potential dietary factors include increased caloric intake, 
increased ingestion of animal fat, and food additives. Enteral 
feeding has been shown to be effective in inducing remission, 
although a metaanalysis favored corticosteroids over enteral 
feeding [310]. Despite the lack of evidence for consistent dietary 
recommendations for patients with Crohn’s disease, dietary 
factors and nutritional needs should be considered in the man-
agement of individuals with Crohn’s disease, including protein–
calorie malnutrition, micronutrient deficiencies, and growth (in 
children and adolescents). Nearly 10% of children have growth 
retardation and nearly a third of children have evidence of 
severe malnutrition at the time of diagnosis of Crohn’s disease 
[311]. Malnutrition is also evident in many adults with Crohn’s 
disease, although many adults and up to 20% of children with 
Crohn’s disease may be clinically overweight or even obese 
[312,313].

In children with jejunal and ileal inflammation, trials of 
exclusive enteral therapy have shown improvement in bowel 
inflammation and growth to a greater extent than trials involv-
ing partial enteral nutrition [314]. In addition, total parenteral 
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nancy, and lactation. There is a lack of high-quality evidence 
from randomized clinical trials given that pregnant women are 
excluded from investigational trials. However, increasing evi-
dence from retrospective and prospective registries has pro-
vided guidance for these important issues. Decision making in 
anticipation of pregnancy as well as during pregnancy may be 
complex, with the need to balance patient preferences, concerns 
for the effects of Crohn’s disease on pregnancy, obstetric con-
siderations for the optimal mode of delivery, and concerns for 
neonatal drug exposure and potential teratogenicity.

Goals of pregnancy in women with Crohn’s disease are to 
keep the mother healthy and well-nourished, off corticosteroids, 
and out of the hospital [330]. Retrospective studies have shown 
an association between increased disease activity at the time of 
conception with higher rates of fetal loss and preterm delivery 
[331], and disease activity during pregnancy with low birth 
weight and preterm birth [332–334]. However, population-
based studies have not clearly identified disease activity as a risk 
for adverse pregnancy outcomes [335,336].

In general, the greatest risks to pregnancy in women with 
Crohn’s disease relate to risks of active disease, not to risks of 
medications (with a few notable exceptions, including meth-
otrexate which is contraindicated in any stage of pregnancy) 
(Table 72.4). Anti-TNF-α agents are generally considered safe 
during pregnancy, classified as FDA Category B. Infliximab and 
adalimumab are IgG1 antibodies, with generally poor placental 
transfer during the first trimester but with efficient placental 
transfer during the third trimester of pregnancy [337]. This 
placental transfer during late pregnancy can lead to increased 
levels of infliximab in the newborn that may circulate for several 
months due to inefficient clearance of the drug, potentially 
impacting the newborn’s risks of infection, response to vaccines, 
and theoretical risk of infection from live vaccines. While no 
increased risks of infection or adverse pregnancy outcomes 
were observed in a prospective cohort [338], there is a case 
report of disseminated granulomatous infection in a newborn 
vaccinated with the live BCG vaccine after in utero exposure  
to infliximab [339]. Because of increased placental transfer of 
IgG1 antibodies during the third trimester, some advocate 
avoiding dosing of infliximab or adalimumab during the last  
8 to 10 weeks of pregnancy wherever possible, and resumption 
of these medications immediately after delivery [330]. However, 
women who require therapy to treat active disease during  
the third trimester should be treated with corticosteroids or 
anti-TNF therapy in order to reduce, the risk of preterm 
delivery.

Certolizumab pegol is an anti-TNF drug that is distinguished 
from the IgG1 infliximab and adalimumab by its pegylated Fab 
fragment that is not actively transported across the placenta 
during the third trimester. Drug concentrations are therefore 
very low or undetectable among newborns with in utero expo-
sure to certolizumab pegol [337].

Levels of infliximab, adalimumab, and certolizumab are very 
low or undetectable in the breast milk of lactating women [340]. 

minority of these patients with what has heretofore appeared to 
be ulcerative colitis will develop de novo Crohn’s disease involv-
ing the ileal pouch and/or proximal small bowel. Estimates of 
de novo Crohn’s disease after IPAA range from 5% to 10% 
[318,319]. Risk factors for the development of de novo Crohn’s 
disease of the ileal pouch include serological markers for 
Crohn’s, specifically ASCA IgA, and a family history of Crohn’s 
disease [134,320].

Crohn’s disease involving the ileal pouch has been classified 
into clinical subtypes, and includes inflammatory, perforating, 
and fibrostenosing phenotypes [320]. The development of 
pouch–anal fistulae must be considered in the context of timing 
from surgery, as postsurgical complications of pelvic sepsis and 
anastomotic leak can lead to fistulae unrelated to a diagnosis of 
de novo Crohn’s disease. Furthermore, NSAID use should be 
excluded before diagnosing Crohn’s of the pouch given the 
potential for NSAIDs to cause inflammation and ulceration in 
the distal small bowel.

The diagnosis of Crohn’s disease after IPAA generally is made 
in the presence of ulceration above the pouch in the afferent 
limb, or the presence of a fistula not thought to be a postopera-
tive complication (i.e., arising more than 3 months after take-
down of the temporary diverting ileostomy) [321].

Evidence for efficacy of treatments of Crohn’s disease of the 
ileal pouch is limited, and no drugs have a specific approved 
indication for the treatment of Crohn’s disease of the ileal 
pouch. In many cases, patients will already have been exposed 
to conventional immunosuppressive agents and anti-TNF 
therapy for what was presumed to be severe ulcerative colitis 
prior to colectomy, with such therapy proving ineffective or with 
adverse events. Thus, the clinical efficacy of reintroduction of 
previously failed therapies or therapeutic drug classes is likely 
to be less than precolectomy. There are small case series dem-
onstrating improvement in symptoms among patients with 
IPAA from infliximab and adalimumab [322–324]. Others have 
explored the use of budesonide in combination with antibiotics, 
although long-term effects of budesonide exposure limit chronic 
therapy [325].

Crohn’s disease involving the ileal pouch has a poor progno-
sis, with up to 50% of affected patients requiring ileal diversion, 
with or without pouch resection [326,327]; thus, patients with 
Crohn’s disease involving the colon have historically not been 
offered an ileal pouch–anal anastomosis due to the high poten-
tial for pouch failure. However, some have more recently chal-
lenged this assertion, given overall improved outcomes from 
appropriately selected patients (i.e., those with colonic inflam-
mation but without small bowel inflammation or perianal 
disease) [328,329].

Pregnancy and lactation in women with  
Crohn’s disease
Crohn’s disease often affects women during childbearing years, 
thus warranting special considerations during conception, preg-
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Regardless, oral ingestion of these monoclonal antibodies 
through breast milk should undergo digestion and not be sys-
temically absorbed in nursing infants [330].
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Crohn’s disease, ulcerative colitis, and indeterminate colitis rep-
resent a disease spectrum with protean manifestation and com-
plications. Although as many as half of the patients with 
inflammatory bowel disease require at least one surgical proce-
dure during their lifetime, the decision to operate is rarely an 
easy one. Such a decision should be the result of collaboration 
between the gastroenterologist and the surgeon, assisted by the 
radiologist and the pathologist. The age and general conditions 
of the patient, the extent of disease, the duration of disease and 
prior treatment, as well as any specific complication must be 
considered in making the decision. Once the need for surgical 
intervention has been established, other factors, specific to the 
individual, must be considered to choose the most appropriate 
surgical procedure.

Crohn’s disease

Crohn’s disease is a heterogeneous entity, which requires indi-
vidualized management due to the variability of intestinal seg-
ments affected and the different clinical manifestations of the 
disease. Initially, classification of Crohn’s disease patients was 
based on the anatomical locations of the disease [1]. Subsequently, 
Greenstein and Greenstein [2] proposed that perforating and 

nonperforating presentations might represent two different 
clinical forms of Crohn’s disease. Indeed, recurrent postopera-
tive disease usually follows the pattern of the initial presentation 
[2,3]. The Vienna Classification divides patients with Crohn’s 
disease into groups based on age at diagnosis, location of 
involved segment, and clinical behavior (nonstricturing and 
nonpenetrating, stricturing and penetrating) [4]. These distinc-
tions have proven implications for medical therapy, indication 
for surgery, and risk of postoperative recurrence.

The majority of patients presenting with uncomplicated 
active disease are initially treated with medical therapy. Although 
medical therapy has become more sophisticated with the adop-
tion of new biological agents, it has not generally changed the 
natural history of the disease [5,6]. Patients still tend to require 
surgery as time progresses: after 20 and 30 years of symptoms, 
78% and 90% of patients, respectively, require surgery [7].

Indications for surgery in Crohn’s disease
The chronic, unrelenting, and recurrent nature of Crohn’s 
disease brings these patients to the attention of the gastroenter-
ologist during the early phases of the disease [1]. In the absence 
of complications, the initial management is medical, until the 
treatment fails or a complication ensues. Box 73.1 lists the indi-
cations for surgical treatment.
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lengthy diseased segment and differ depending on the location 
of the disease in the gastrointestinal tract: delayed gastric emp-
tying in gastroduodenal disease; postprandial cramps in jeju-
noileitis; distention, pain, and diarrhea in colonic disease; 
laborious defecation in perianal Crohn’s disease. Intestinal 
obstruction, even when complete, is rarely an indication for 
urgent surgery. In general, it is advisable to let the obstruction, 
even if complete, resolve with nasogastric decompression, intra-
venous hydration, and medical therapy, and to postpone surgery 
until after resolution of the obstruction to allow for a definitive 
procedure (i.e., strictureplasty or resection).

Other less frequent complications requiring surgical treat-
ment include gastrointestinal hemorrhage, cancer, and toxic 
megacolon. Massive hemorrhage is a very rare complication 
occurring in less than 1% of patients [1,13]. Preoperative locali-
zation studies are mandatory to minimize the length of intestine 
resected. Cancer has been described in the small bowel [14] and 
the colon [15] and in a previous strictureplasty site [16]. The 
risk of cancer correlates with duration of the disease and may 
be higher in bypassed loops. Surgery for cancer in patients with 
Crohn’s disease follows the same oncological principles as for 
sporadic cancers. Fulminant colitis with or without toxic mega-
colon is a known complication of inflammatory bowel disease 
[17,18]. The surgical treatment of this condition is discussed in 
detail in Section Ulcerative colitis.

Crohn’s disease of the stomach and duodenum
Crohn’s disease may involve any portion of the gastrointestinal 
tract, from the mouth to the anus. About 2%–4% of patients 
with Crohn’s disease present with involvement of the stomach 
or duodenum [19]. The most common indications for surgical 
treatment include hemorrhage and obstruction [20] (Figure 
73.1). Indeed, in one review, 83% of 108 patients underwent 
surgery for this complication [21]. Multiple surgical procedures 
have been advocated for the treatment of gastroduodenal 
Crohn’s disease. Resectional antiulcer procedures, performed 
mostly in situations in which an ulcer was misdiagnosed, have 
been associated with high morbidity and mortality rates [19]. 
Bypass procedures, such as gastrojejunostomy with or without 
vagotomy, have been the procedures most often advocated. 
Based on the location of the disease, gastroduodenostomy or 
duodenojejunostomy have also been advocated. These proce-
dures are associated with good short-term outcome and accept-
able morbidity rates, although delayed gastric emptying occurs 
in up to 24% of patients [22], occasionally requiring reoperation 
[23]. Strictureplasty has been advocated as an alternative to 
bypass procedures in selected patients. Only two retrospective 
reports are available that compare strictureplasty with bypass 
surgery for treatment of gastroduodenal Crohn’s disease  
[22,23]. With a follow-up of between 42 and 192 months  
the strictureplasty-treated group had a lower rate of delayed 
gastric emptying (15% vs 24%), but suffered more anastomotic 
dehiscences (12% vs 6%) and had a higher rate of repeated 
surgical interventions: 11 of 26 patients (42%) required a second 

A significant number of patients with perforating Crohn’s 
disease present with septic complications as the first presenta-
tion or recurrence [2]. Not all the septic complications are an 
absolute indication for surgery; rather they are a marker of a 
severe and aggressive form of the disease. Fistulae are identified 
in one-third of patients with Crohn’s disease [8], but they are 
rarely the primary indication for surgery. Specific indications 
for surgical treatment include:
• enterocutaneous and enterovaginal fistulae, where the enteric 

drainage becomes a matter of personal embarrassment for the 
patient [9]

• enterovesical or colovesical fistulae, where the connection of 
the intestine to the genitourinary system causes repeated 
urinary tract infections and eventually impairment of renal 
function [10]

• enteroenteric fistulae that produce functional and anatomical 
bypass of a major segment of intestine with consequent mal-
absorption or profuse diarrhea.
Inflammatory masses and abscesses occur in as many as 20% 

of patients [8,11]. These patients should be treated with antibi-
otics, the abscesses drained percutaneously (if feasible), and 
surgery postponed until a definitive procedure can be safely 
performed. Primary free perforation is an unusual complication 
of Crohn’s disease: more commonly, the severity of the trans-
mural inflammation leads to the formation of adhesions, which 
wall-off the perforation resulting in an abscess. The secondary 
rupture of an abscess into the abdominal cavity requires prompt 
surgical intervention.

Medical treatment has failed and surgery may be necessary 
when:
• maximal medical therapy proves inadequate
• patients develop repeated recurrence of symptoms with 

tapering of the medications
• the disease progresses with worsening symptoms or a com-

plication arises while the patient is receiving maximal medical 
therapy

• there are significant treatment-related complications or 
growth retardation in children [12].

In one series, failure of medical therapy was the primary indica-
tion for surgery in 33.6% of patients [8]. Up to 22% of patients 
present to the surgeon with worsening obstipation [8]. 
Symptoms are caused by single or multiple strictures or a 

Box 73.1 Indications for surgery in Crohn’s disease.

Sepsis:
Inflammatory masses or abscesses
Fistulae
Perforation

Failure of medical therapy
Obstruction
Hemorrhage
Cancer
Fulminant colitis with or without toxic megacolon
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Figure 73.1 Upper gastrointestinal barium study showing Crohn’s disease of the third and fourth portions of the duodenum. Source: Block et al. 1993 
[349]. Reproduced with permission of Elsevier.

operation after strictureplasty, nine of them due to recurrent 
Crohn’s disease, compared with 24% in the bypass-treated group 
[22,23]. Based on these limited data, both bypass and stricture-
plasty procedures appear to have merit in appropriately selected 
patients.

Crohn’s disease of the small bowel
The jejunum and ileum, not including the terminal ileum, are 
affected by Crohn’s disease in 3%–10% of patients [8,24]. The 
two most common indications for surgical treatment of patients 
with disease in these locations are obstruction and sepsis; 
massive hemorrhage and carcinoma are much less common. 
Chronic, high-grade small bowel obstruction may be caused by 
single or multiple, short or long strictures. These patients 
present with postprandial abdominal pain, nausea, and vomit-
ing and often progress to a high-grade obstruction. When mul-
tiple tight strictures are present, the small bowel is transformed 
into a sequence of dilated saccular segments separated by tight, 
ring-like strictures (Figure 73.2). The dilated segments, which 
contain partially digested food particles, become the ideal envi-
ronment for bacterial overgrowth. Because of bacterial over-
growth and stagnation, patients report symptoms of occasional 
diarrhea, malabsorption, and vitamin B-12 deficiency.

Patients with this clinical picture have traditionally under-
gone resection of long segments of small bowel. Considering 
that Crohn’s disease is a recurrent disease and up to 30% of 
patients require a second operation [25], short bowel syndrome 
eventuates in 1.5%–12.6% of cases [26,27]. In an attempt to 
preserve bowel length, Lee and Papaioannou in 1982 [28], and 
subsequently Alexander-Williams and Haynes in 1985 [29], 
described the use of strictureplasty.

Many strictureplasty techniques have been described. The 
most popular are the Heineke–Mikulicz, the Finney, and the 
side-to-side isoperistaltic strictureplasties [30–38]. Generally 
for strictures less than 10–12 cm in length, a Heineke–Mikulicz 
strictureplasty is performed (Figure 73.3); for longer strictures 
either a Finney type (Figure 73.4) or a side-to-side isoperistaltic 
strictureplasty (Figure 73.5) is indicated. Prior to performing a 
strictureplasty, it is advisable to perform biopsy on all suspicious 
areas to rule out the presence of malignancy. Strictureplasty is 
contraindicated in the presence of active sepsis (peritonitis, 
abscess, or acute fistula), when the bowel wall is thickened and 
unyielding, when the stricture has undergone malignant degen-
eration, or in patients with severe weight loss and marked 
hypoalbuminemia [39].

In a review of 1124 strictureplasties in 314 patients with a 
median follow-up of 7.5 years [39], the overall morbidity rate 
was 18%, including a 2% rate of anastomotic dehiscence and 7% 
postoperative bleeding from the suture line requiring transfu-
sion [40]. These investigators reported a 34% surgical recur-
rence rate, which compares favorably with the results of resective 
surgery [41]. Age and weight loss were the only factors associ-
ated with postoperative morbidity, and younger age at diagnosis 
as the primary factor associated with early recurrence [39]. 
These results confirm the safety and efficacy of strictureplasty 
in selected patients. Of note, one patient developed adenocar-
cinoma at the strictureplasty site 7 years after the index opera-
tion. Septic complications, such as an inflammatory mass, 
abscess, and, occasionally, fistula, may be indications for surgi-
cal treatment of small bowel Crohn’s disease. As already dis-
cussed, fistulae usually reflect severe disease rather than an 
absolute indication for surgical treatment. Septic complications 
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Figure 73.3 Heineke–Mikulicz strictureplasty for short stenosis (up to 7 cm). Source: Fazio et al. 1989 [344]. Reproduced with permission of Wolters 
Kluwer Health.

Figure 73.2 Small bowel barium study showing extensive jejunoileal disease with strictures and saccular dilations. Source: Block et al. 1993 [349]. 
Reproduced with permission of Elsevier.

(a)
(b)
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intestinal bypass or leaving excluded intestinal segments in situ 
for a long time.

The surgical treatment of small bowel carcinomas in Crohn’s 
disease is segmental radical resection, when feasible. The prog-
nosis is poor, with survival rates reported between 23% at 3 
years [48] and 5% at 5 years [50]. Patients with cancers in a 
bypassed loop usually do not survive longer than 18 months 
[48].

Crohn’s disease of the terminal ileum
The terminal ileum is the most common gastrointestinal loca-
tion requiring surgery in Crohn’s disease and accounts for 

are discussed in further detail in Section Crohn’s disease of the 
terminal ileum.

Carcinoma of the small bowel in Crohn’s disease was first 
described in 1956, and since then there have been more than 
100 cases described in the literature [16,42–50]. Most cancers 
are adenocarcinomas [45] but, compared to de novo cancers, 
they present at a younger age, are more common in the distal 
small bowel, and may be multifocal or diffuse [46].

Cancer may occur in association with chronic perineal fistu-
lae and excluded loops of small bowel [46–49]. The increased 
risk of cancer development in a bypassed loop and the inability 
to image such a loop has deterred surgeons from performing 

Figure 73.4 Finney strictureplasty for single stenosis longer than 7 cm. Source: Sharif and Alexander-Williams 1992 [345]. Reproduced with permission 
of Elsevier.
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(a)

(b)

Figure 73.5 Isoperistaltic side-to-side strictureplasty for multiple sequential strictures and extensive jejunoileitis. (a) The mesentery of the diseased loop 
is divided at its midpoint, and the small bowel is severed between atraumatic intestinal clamps. The proximal intestinal loop is moved over the distal 
one in a side-to-side fashion. (b) The two loops are approximated by a layer of interrupted seromuscular Cushing stitches using nonabsorbable sutures. 
(c) A longitudinal enterotomy is performed on both loops and the intestinal ends are spatulated to avoid blind stumps (inset). (d) Both outer and inner 
suture lines are continued and finished anteriorly. The completed side-to-side isoperistaltic strictureplasty is shown in the inset. Source: Michelassi et al. 
2000 [32]. Reproduced with permission of Wolters Kluwer Health.



1456   PART 4 Gastrointestinal diseases

(c)

(d)

Figure 73.5 (Continued)
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abdominal cavity and the anastomosis. If a primary anastomosis 
is not advisable, a stoma needs to be brought out as a temporary 
end ileostomy. When the extent of the inflammatory reaction is 
massive and involves several adjacent loops of bowel, the pro-
cedure should be limited to draining the abscess and placing a 
proximal diverting stoma. In due time, after most of the acute 
inflammatory reaction has subsided, a limited resection of the 
diseased bowel can be performed, saving a significant amount 
of bowel that otherwise would have been resected at the time of 
the first exploration.

Psoas abscess occurs as a result of a retroperitoneal perfora-
tion of the ileocecal region. Clinical manifestations vary from 
mild sepsis to severe psoas spasm with hip pain, flexion, and 
external rotation of the thigh associated with an abdominal 
mass. The retroperitoneal process can compress the ureter and 
cause right hydronephrosis (Figure 73.9). Resection of the 
inflammatory mass and drainage of the abscess usually relieves 
the compression on the ureter and cures the hydronephrosis.

Fistulae are common in Crohn’s disease of the terminal ileum, 
but they rarely represent the only indication for surgical treat-
ment. In one series of 639 patients undergoing surgery for 
Crohn’s disease, 331 patients had disease in the terminal ileum. 
Of these, 217 patients (65.6%) were found to harbor 285 intraab-
dominal fistulae; yet these fistulae represented the primary indi-
cation for surgical treatment in only 6.3% of patients [52]. 
Enteroduodenal, enteroenteric, and enterocolic fistulae usually 

approximately 40% of patients with Crohn’s disease referred to 
the surgeon [1]. Classically, patients present with obstructive 
symptoms or with septic features suggesting either a contained 
perforation or an abscess with or without a fistula. Cancer and 
hemorrhage are infrequent indications to surgical resection.

For obstructive disease of the terminal ileum secondary to 
strictures (Figure 73.6) or an inflammatory mass (Figure 73.7), 
resection is the treatment of choice. An ileocecectomy usually 
suffices; if the disease extends into the colon, an ileocolectomy 
may be necessary.

Abscesses (Figure 73.8) and fistulae are two relatively common 
complications of Crohn’s disease of the terminal ileum. Their 
occurrence may influence the timing of surgery and signifi-
cantly increase its complexity. When feasible, these patients 
should be managed with image-guided drainage and antibiotics, 
with elective resection at a later time. This approach is feasible 
in approximately half of patients [51]. If percutaneous drainage 
is not successful or in the presence of a secondary free rupture 
of the abscess in the peritoneal cavity, open surgical exploration 
is necessary. The procedure should aim at draining the abscess, 
clearing the sepsis, and resecting the diseased intestinal segment. 
A primary anastomosis can then be fashioned if the patient’s 
hemodynamic and nutritional conditions allow it and if the final 
suture line can be placed away from the abscess cavity. It is also 
advisable to lay an omental flap on the residual wall of the 
abscess cavity to quarantine any residual infection from the 

Figure 73.6 Barium enema with reflux in the terminal ileum showing long stenosis, referred to as the “string sign.” Source: Bell et al. 1996 [346]. 
Reproduced with permission of Wolters Kluwer Health.
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Figure 73.7 Upper gastrointestinal series and computed axial tomography showing a large right lower quadrant inflammatory mass in a patient with 
disease confined to the terminal ileum. Note the displacement of several loops of small bowel in the right lower quadrant. Source: Michelassi et al. 1991 
[8]. Reproduced with permission of Wolters Kluwer Health.

Figure 73.8 Computed axial tomography showing a right lower quadrant abscess originating from Crohn’s disease of the terminal ileum and perforated 
through the abdominal wall into the subcut. Air–fluid level is evident. Source: Michelassi et al. 1991 [8]. Reproduced with permission of Wolters Kluwer 
Health.
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tract itself, are an indication for operation. Enterovaginal fistu-
lae are rare complications of Crohn’s disease and most often 
occur in women who have undergone a previous hysterec -
tomy. The vaginal discharge is cause for discomfort, social 
embarrassment, sexual dysfunction, and difficulty in maintain-
ing personal hygiene. Most patients readily accept surgical 
intervention.

Massive intestinal hemorrhage is a rare complication of ter-
minal ileitis [58]. Because the hemorrhage originates from 
active disease, patients with Crohn’s disease are likely to have 
repeated episodes ultimately requiring surgical intervention. If 
the extent of the disease is limited, as assessed by contrast radi-
ography, an elective resection should be considered after two 
episodes of self-limited hemorrhage. In the presence of an 
ongoing, unrelenting hemorrhage, an angiogram (usually pre-
ceded by a bleeding scan) should be obtained to localize the 
source of bleeding, especially in the presence of multiple sites 
of disease involvement [13]. The possibility of a life-threatening 
hemorrhage in patients with Crohn’s disease should not be 
underestimated. Five cases of exsanguinating gastrointestinal 
hemorrhage have been reported [59].

Malignant transformation of the terminal ileum is, fortu-
nately, rare, and its treatment based on oncological principles 
described in the previous section.

Controversies still persist about the timing of the operation. 
In view of the fact that 70%–90% of these patients require  
a resection in their lifetime [60,61], some authors have  

are asymptomatic and often discovered only during a careful 
abdominal exploration or at inspection of the resected specimen 
[53]. These fistulae require surgical treatment only if they cause 
massive diarrhea because of the bypass of a sizable length of 
intestine.

Enterocutaneous fistulae usually drain through a previous 
abdominal scar or through the umbilicus [54]. At times they 
result from surgical incision and drainage of a subcutaneous 
abscess complicating severe intraabdominal disease or from 
percutaneous drainage of an abdominal abscess [51]. The pres-
ence of an enterocutaneous fistula does not necessarily warrant 
immediate surgical intervention [9,55]. Patients may be reluc-
tant to undergo surgical treatment when the enterocutaneous 
fistula has a minimal output and the underlying disease is under 
satisfactory control. However, in most cases the difficulty  
in maintaining personal hygiene, the fear of social embarrass-
ment, the bothersome symptoms associated with the severely 
diseased segment that led to the formation of the fistula,  
and the skin excoriation, which invariably forms around the 
cutaneous opening of the fistula, results in the need for surgical 
treatment.

Enterovesical fistulae occur in 2%–5% of patients with 
Crohn’s disease [56,57]. Some controversy exists regarding the 
timing of surgical intervention in the presence of these fistulae. 
Nevertheless, most surgeons and gastroenterologists agree that 
the consequences of chronic urinary tract infections on renal 
function, in addition to the symptoms affecting the intestinal 

Figure 73.9 Complete right ureteral obstruction with hydronephrosis. Source: Michelassi et al. 1991 [8]. Reproduced with permission from Wolters 
Kluwer Health.
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advocated early resection to avoid possible septic complication 
associated with recurrent attacks and the side-effects of 
aggressive medical treatment [62,63]. However, in general, 
most physicians and surgeons recommend resection only after 
medical treatment has failed or a complication of the disease 
has arisen.

Overall, the results of resection are excellent. Large series 
have reported a surgical recurrence rate between 31% and 36% 
at 10 years, with 69% of patients requiring only one resection 
[60,62]. Several disease-related and patient-related factors asso-
ciated with high risk of recurrence have been identified. The 
presence of perianal disease, extensive ileal involvement, and 
cigarette smoking seem to be significantly associated with a high 
recurrence rate after ileocolic resection [60,64,65]. When 
Crohn’s disease recurs, it usually involves the ileum just proxi-
mal to the anastomosis; less frequently the colon just distal to 
the anastomosis or the anastomosis exclusively are involved. 
Strictureplasty has been used, with excellent results, for the 
treatment of anastomotic stricture secondary to recurrent 
Crohn’s disease after ileocolic resection [66,67].

Crohn’s colitis
The colon is affected by Crohn’s disease in up to 30% of patients 
[1,8,68]. The involvement can be limited to a segment or extend 
to the entire colon and rectum; furthermore, patients may 
present with associated anorectal or small bowel disease. In the 
presence of pancolitis without perineal or small bowel manifes-
tations of the disease, the differential diagnosis between Crohn’s 
disease and ulcerative colitis may be difficult, and many patients 
end up carrying a diagnosis of indeterminate colitis as a result 
of diagnostic uncertainty [69] or the wrong diagnosis [70–73]. 
With the advent of ileoanal pouch procedures this differentia-
tion has become crucial because pouch reconstruction in 
patients is contraindicated with Crohn’s disease, with a pouch 
failure rate of up to 40% [70–73].

The most common indication for surgery in patients with 
disease localized primarily to the colon is failure of medical 
therapy [8,74]. These patients present with persistent and often 
bloody diarrhea and abdominal pain not responding to medical 
therapy. With worsening conditions, toxic colitis with or without 
megacolon may develop. This complication is less frequently 
associated with Crohn’s disease than with ulcerative colitis, but 
it carries similar mortality rates (14%–16%). Factors affecting 
mortality include age (30% for patients older than 40 years old 
vs 5% for those younger than 40), gender (21% in women vs 
13% in men), and the occurrence of colonic perforation (44% 
for cases with perforation vs only 2% in those without perfora-
tion) [18]. In the absence of overt perforation, initial therapy 
consists of high-dose steroids, bowel rest, and antibiotics. Lack 
of improvement over a short period of time or any signs of 
worsening condition are indications for an urgent operation to 
avoid colonic perforation.

There is a 4–20 times increased risk of colorectal cancer in 
Crohn’s colitis [75,76], with an incidence between 1.4% and 

1.8% [15,43–45,77,78]. Carcinoma can arise in a long-standing 
benign stricture [79].

Routine surveillance colonoscopy should be considered after 
7–10 years of disease duration, with the recommendation to 
proceed with resection in the presence of dysplasia. Prophylactic 
colectomies should be performed for: tight strictures not allow-
ing passage of the endoscope and, therefore, interfering with a 
complete colonoscopy; a stricture difficult to survey; multiple 
pseudopolyps rendering surveillance difficult; and, as men-
tioned earlier, the presence of an excluded intestinal segment 
(retained rectal stump). Surgery for adenocarcinoma in Crohn’s 
colitis should be based on oncological principles and on the 
extent of the lumenal disease.

Septic complications occur in the form of inflammatory 
masses or, more infrequently, fistulae or abscesses. Inflammatory 
masses can be found in any segment of the colon and rectum 
with equal frequency. Transverse colon disease occasionally fis-
tulizes into the stomach. Abscesses occur most commonly in 
the descending colon at the junction with the sigmoid colon. 
These abscesses, which form in the left parietocolic gutter and 
lie over the psoas muscle, may be confused with a complication 
of diverticular disease. Usually, the age of the patient and other 
manifestations of Crohn’s disease help in arriving at the correct 
diagnosis.

Several different surgical approaches are available for the 
treatment of patients with Crohn’s colitis. The surgical plan 
depends on the location of the disease, the urgency of interven-
tion, the presence of complications, and the general condition 
of the patient. In Crohn’s colitis the need to preserve bowel 
length is less pressing than in small bowel Crohn’s disease, but 
still the extent of surgery should be carefully planned by the 
surgeon in conjunction with the gastroenterologist, the patholo-
gist, the radiologist, and, foremost, the patient.

Surgery for Crohn’s disease of the colon must encompass the 
entire gross disease. In patients with disease limited to the right 
colon, a right hemicolectomy will suffice (Figure 73.10); if the 
disease extends beyond the midtransverse colon, an extended 
right hemicolectomy may be necessary; for patients with disease 
involving the entire abdominal colon (Figure 73.11), an abdom-
inal colectomy will be needed. All these procedures can be 
performed in one stage. In the past, a diverting ileostomy was 
widely used as the sole initial step in patients too ill to tolerate 
definitive surgery [80–84]. A more contemporary approach 
consists of the appropriate colon resection with an end ileos-
tomy and delayed reconstruction of the gastrointestinal conti-
nuity. This procedure is also indicated in patients with a 
diagnosis of indeterminate colitis to preserve the option of an 
ileal pouch procedure if the diagnosis of ulcerative colitis is later 
confirmed or established.

Abdominal colectomy and ileorectal anastomosis, in one or 
two stages, is ideally suited for young patients with no sigmoid 
or rectal involvement and normal anal sphincter function [85]. 
In older adult patients, the decision in favor of an abdominal 
colectomy with ileorectal anastomosis is a difficult one and 
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ous flaps may further decrease the incidence of nonhealing peri-
neal wounds [92].

For left-sided Crohn’s colitis (Figure 73.13), segmental resec-
tion is a valuable alternative. It allows for restoration of bowel 
continuity and maintenance of the absorptive mucosa of the 
right colon, but patients are at risk of recurrence and additional 
surgery [93]. Small series have reported a recurrence rate of 62% 
at 5.5 years, requiring further surgery [94], but up to 86% of 
patients maintaining bowel continuity at 14 years [95].

Ileal pouch surgery is contraindicated for patients with 
Crohn’s colitis [71,73]. Despite the effort to correctly diagnose 
patients before surgery, some patients undergo surgery with a 
preoperative diagnosis of indeterminate colitis or ulcerative 
colitis and are found to have Crohn’s disease on final pathologi-
cal evaluation of the specimen [96]. Sagar and colleagues [97] 
and Deustch and associates [70], in two separate unselected 
series, reported a pouch failure rate of 45% at 10 years in patients 
with a preoperative diagnosis of mucosal ulcerative colitis who 
were subsequently proven to have Crohn’s disease. In another 
series [72], only one of nine patients with preoperative clinical 
features suggestive of Crohn’s disease had a functioning pouch, 
with complications consistently occurring within months of 

needs careful consideration of the degree of anal sphincter func-
tion and the possible debilitating high fecal frequency.

Total proctocolectomy and end ileostomy, in one or two 
stages, has been and still is the surgical therapy of choice in 
patients with Crohn’s pancolitis or in Crohn’s colitis with exten-
sive anorectal involvement or anal incontinence [86]. Recurrence 
of Crohn’s disease in the small bowel after total proctocolectomy 
has been reported in 3%–46% of patients [87,88], and it involves 
the distal 25 cm of ileum in up to 90% of patients [89]. If Crohn’s 
disease is limited to the rectum (Figure 73.12) or the patient is 
affected by severe anorectal disease or incontinence, an abdomi-
noperineal resection with a left-end colostomy is the procedure 
of choice.

In the presence of severe perineal sepsis, patients undergoing 
proctocolectomy or abdominoperineal resection are at risk of 
developing perineal wound problems. Large series have reported 
up to 34.4% of nonhealing perineal wounds after proctectomy 
in Crohn’s disease [89–91]. Subtotal colectomy or abdominal 
proctectomy with colostomy may be indicated as the first step 
to allow for appropriate drainage and healing of the perineal 
sepsis. Perineal proctectomy at a later time is still necessary to 
avoid the risks of a retained rectal stump. The use of myocutane-

Figure 73.10 Small bowel follow-through series showing Crohn’s disease of the ileal cecal valve and right colon. Source: Bell et al. 1996 [346]. 
Reproduced with permission of Wolters Kluwer Health.
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Figure 73.11 Barium enema showing Crohn’s colitis with sparing of the rectum and rectosigmoid. Source: Bell et al. 1996 [346]. Reproduced with 
permission of Wolters Kluwer Health.

Figure 73.12 Barium enema showing Crohn’s proctitis with loss of the rectal ampulla, several rectosigmoid fistulae, and an intervening perirectal 
abscess. Source: Bell et al. 1996 [346]. Reproduced with permission of Wolters Kluwer Health.
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Figure 73.13 Barium enema showing Crohn’s colitis limited to the proximal portion of the descending colon. Source: Bell et al. 1996 [346]. Reproduced 
with permission of Wolters Kluwer Health.

ileostomy closure. In contrast, 15 of 16 patients without preop-
erative features of Crohn’s disease had maintained their pouch, 
generally with good results. These studies suggest that the pelvic 
pouch procedure should not be performed in patients with 
clinical features of Crohn’s disease. Yet, it is possible that there 
is a subgroup of patients with Crohn’s colitis who might be 
candidates for an ileal pouch procedure. Thus Panis and col-
leagues [98] reported a series of 31 patients with Crohn’s disease 
with no evidence of perineal or small bowel disease who were 
specifically selected for ileoanal pouch as an alternative to ileos-
tomy. Of the 31 patients, only six (19%) experienced specific 
complications 9 months to 6 years after surgery, and at the 
5-year follow-up, there was no significant difference between 
patients with Crohn’s disease and patients with ulcerative colitis, 
in terms of stool frequency, continence, gas/stool discrimina-
tion, leak or need for protective pads, and sexual activity. In the 
future, more sophisticated diagnostic tests may allow selection 
of a subgroup of patients with Crohn’s disease appropriate for 
ileal pouch procedures.

Perianal Crohn’s disease
Anorectal Crohn’s disease may manifest with edematous skin 
tags, fissures, ulcers, abscesses, fistulae, strictures, and, as a com-
plication of chronic, long-standing inflammation, anal cancer. 
The reported incidence of perianal Crohn’s disease requiring 
surgery varies between 25% and 34% [92,99]. Crohn’s colitis is 

much more frequently associated with anal lesions than Crohn’s 
disease of the small bowel (52% vs 14%). When an anal lesion 
is the manifesting sign, Crohn’s disease will soon develop else-
where in the intestine [99]. Because these lesions frequently 
herald the onset of intestinal Crohn’s disease, the physician must 
always be aware of the possibility of inflammatory bowel disease 
when dealing with a suspicious anal lesion.

Skin tags, fissures, and ulcers rarely require surgical treat-
ment. The most common indications for surgery in perianal 
Crohn’s disease are septic in nature. The treatment plan should 
be based on the patient’s general condition, anal continence, and 
degree of colorectal involvement. In patients with a grossly 
normal rectal mucosa, an anal stenosis can be dilated, ischiorec-
tal abscesses can be drained, appropriate fistulectomies can be 
performed, and repair of complex fistulae or low rectovaginal 
fistulae can be attempted with every expectation of successful 
outcome. In patients with mild to moderate involvement of the 
rectal mucosa or transphicteric fistulae, treatment with biologi-
cal therapy may effect substantial improvement with dramatic 
decrease or cessation of drainage through the fistulous tract in 
as many as 55% of patients. In patients with severe perineal 
disease or incontinence, only a proctectomy with a permanent 
stoma may be expected to bring relief. Extensive perineal 
disease, although not a sole indication for proctectomy, usually 
is associated with destruction of the sphincter mechanism and 
incontinence, often dictating resection with a permanent stoma.
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sparing (77.6% vs 13.6%), and in the absence of rectal involve-
ment, patients with multiple complications had a significantly 
higher rate of proctectomy than patients with single complica-
tions (23% vs 10%) [118].

Medical prevention of Crohn’s recurrences
Despite major recent advances in medical therapy, approxi-
mately 70% of patients with Crohn’s disease will require a  
surgical procedure during the course of their disease [119]. 
Unfortunately, surgery is not a curative treatment of Crohn’s 
disease, as recurrences are common. The reported rate of post-
operative recurrence varies widely in the medical literature 
[120–125]. A year after the index procedure, and in the absence 
of prophylactic treatment, more than 70% of the patients  
will have endoscopic signs of recurrence [126], 30% will  
develop clinical symptoms of recurrence [123], and 15%–25% 
will require at least one additional surgical resection [120, 
121,124,125]. These data highlight the importance of strategies 
aimed at reducing the risk of postoperative Crohn’s disease 
recurrence.

Several studies aimed to identify potential risk factors for 
recurrence. Smoking approximately doubles the risk of postop-
erative symptomatic recurrence [127]. All patients should be 
encouraged to quit smoking after surgery for Crohn’s disease 
[128]. Perineal Crohn’s disease location was independently 
associated with a higher risk of postoperative recurrence, 
according to a multivariate analysis including more than 900 
operated Crohn’s disease patients [121]. Penetrating Crohn’s 
disease behavior was shown to increase the postoperative recur-
rence rate and risk of need for additional procedures in a recent 
metaanalysis [129]. Extensive surgical resection (more than 
50 cm) has been suggested to be associated with a higher risk of 
recurrence [121]. Prior intestinal surgery (including appendec-
tomy) at the time of first Crohn’s disease resection significantly 
increases the risk of postoperative Crohn’s disease recurrence 
[128,130]. Conflicting data exist regarding the influence of age 
at onset of disease [131–134], duration of disease before surgery 
[134,135], and type of surgery [121,136,137].

Several prophylactic medical therapies have been shown to 
be effective in reducing rates of postoperative recurrence in 
randomized controlled trials and metaanalyses.

Mesalazine
Mesalazine was, in the 1990s, the first postsurgical prophylactic 
medical therapy studied [138–142]. Several metaanalyses 
found a significant benefit, in terms of recurrence rates, of 
mesalazine as compared to placebo [143–146]. However, these 
studies also highlighted the limited effect of such medication. 
A metaanalysis from the Cochrane Group [144] concluded that 
even the observed difference between placebo and mesalazine 
should be interpreted with caution, given the risk of publica-
tion bias. Mesalazine might therefore be used in low-risk 
patients, since it is safe and well tolerated, with very low 
adverse events [144].

Patients presenting with an ischiorectal abscess require 
prompt incision and drainage. In the majority of patients, the 
incision will heal by secondary intention without any need for 
further intervention. In 35% of patients, a fistula-in-ano will 
develop [92].

Many surgeons mistakenly believe that perineal wounds do 
not heal in patients with Crohn’s disease and therefore have 
adopted a philosophy of therapeutic nihilism [100–104]. This 
attitude may result in the patient’s continued suffering and to 
the development of new abscesses and fistulae, progression to a 
“watering-pot” perineum, and destruction of the sphincter 
mechanism. Patients with Crohn’s disease with symptomatic 
low anal fistula involving minimum sphincter musculature can 
be treated safely with fistulotomy [105], with healing rates up to 
85% [106,107]. In patients with horseshoe abscesses and high 
fistulae, aggressive local surgical intervention aimed at drainage 
of sepsis and appropriate usage of setons permit preservation of 
the sphincter and good postoperative function [105,106,108,109].

Rectovaginal fistulae occur as a complication of anorectal 
Crohn’s disease in about 10% of patients [110,111] and require 
special mention. Most fistulae are truly anovaginal, with the 
internal opening located at the dentate line. These fistulae result 
from deep anterior anal ulceration and less commonly from a 
cryptoglandular source. These patients may be treated with a 
mucosal advancement flap [112–114]. This procedure entails 
performing a semicircular incision at the dentate line, with the 
internal opening of the fistula at its center. A 3–4-cm flap of 
mucosa, submucosa, and smooth muscle is elevated in a proxi-
mal direction. The tract is curetted and closed and the flap is 
advanced to the anoderm and sutured without tension. Several 
variations have been proposed when the rectal mucosa is sig-
nificantly diseased, including performing the repair from the 
vaginal side [115,116] and using an anocutaneous flap from the 
perianal skin [117]. Success rates with this approach have been 
reported around 70%–75% in relatively small series [112–114]. 
In the event of a failure, the advancement can be repeated, as 
reported by Joo and colleagues [114]. Anorectal complications 
also include stenosis and cancer. In the absence of severe rectal 
disease, anal stenosis can be dilated to achieve prolonged symp-
tomatic relief. Cancer may develop from the diseased anorectal 
mucosa, a chronic fistula-in-ano, or a retained rectal stump. In 
all cases, an oncological resection needs to be carried out. In the 
presence of a resulting large soft tissue and cutaneous perianal 
defect, the use of myocutaneous flaps may be the only way to 
achieve primary closure of the perineal wound (Figure 73.14).

An aggressive surgical approach should allow healing of the 
Crohn’s disease perineal septic complication with sphincter 
preservation in 62%–86% of patients [111,118]. In our series of 
224 consecutive patients, the reasons for proctectomy in 85 
patients included aggressive disease not responding to conserv-
ative measures in 66 patients, extensive fistular disease in 15 
patients, fecal incontinence in two patients, and tight anal ste-
nosis in two patients. Patients with rectal disease had a signifi-
cantly higher rate of proctectomy than patients with rectal 
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Four randomized controlled trials comparing thiopurines to 
placebo or mesalazine have been published [149–152]. The first 
trial compared the clinical recurrence rates of patients treated 
with placebo, mesalazine, or mercaptopurine [149]. Results 
showed recurrence rates 24 months after surgery of 77%, 58%, 
and 50% respectively, indicating a significant efficacy of mer-
captopurine. The overall analysis of the second trial suggested 
comparable rates of both clinical and surgical recurrences, com-
paring patients treated with mesalazine or azathioprine [150]. 
However, azathioprine was more effective in patients who had 
had previous intestinal resection [150]. More recently, Reinisch 
et al. suggested a lower rate of clinical recurrence in patients 

Antibiotics
Rutgeerts et al. published two trials comparing the effect of 
metronidazole versus placebo and ornidazole versus placebo on 
the postoperative Crohn’s disease recurrence rate [147,148]. 
These studies suggested a lower recurrence rate in the treatment 
group but their results were impaired by frequent side-effects 
and adverse events, limiting the usefulness of this strategy in 
routine practice.

Thiopurines
Azathioprine and mercaptopurine are widely recommended for 
reducing the recurrence risk after Crohn’s disease surgery [128]. 

Figure 73.14 (a) The superior epigastric vessels supply the rectus abdominis myocutaneous flap. (b) The flap includes skin, anterior fascia, and the 
rectus muscle. (c) The flap is delivered through the pelvis to the perineal defect. Source: Radice et al. 1999 [350]. Reproduced with permission of John 
Wiley & Sons.
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out the presence of malignancy, and obtain histological 
confirmation.

The majority of patients with ulcerative colitis present with 
bloody diarrhea, urgency, and fatigue; during an acute flare, 
they may present with fever and, possibly, abdominal distention. 
In absence of indications for immediate surgery, such as perfo-
ration or carcinoma, the patient should be treated initially with 
medical therapy [160–162]. However, a definitive treatment 
plan should be formulated after complete diagnostic evaluation, 
taking into account the extent and duration of the disease, the 
presence of dysplasia or cancer, medical therapy used, presence 
of side-effects due to the medical treatment, and the patient’s 
general condition and expectations. As in Crohn’s disease an 
optimal treatment plan requires input from the patient as well 
as the surgeon and the gastroenterologist, assisted by the radi-
ologist and pathologist.

Indications for surgery
The most common indication for surgical treatment of ulcera-
tive colitis is the failure of medical therapy [163] when:
• maximum medical therapy proves inadequate
• repeated recurrence of symptoms with tapering of the 

medications
• the patient develops significant treatment-related 

complications.
Patients with ulcerative colitis are known to have an increased 

risk of colorectal cancer [164,165]. Carcinoma was the indica-
tion for surgery in 2% of patients in one series [163]. The risk 
of cancer increases with the extent and the duration of the 
colitis. Gyde and associates [166] reported an overall eightfold 
increase in the risk of cancer in these patients, with a fourfold 
increase in the left-sided colitis and proctitis group and a 19-fold 
increase in the pancolitis group. In addition, the pancolitis 
group had a cumulative risk of 7.2% at 20 years and 16.5% at 30 
years from diagnosis.

Other indications for surgical treatment include the presence 
of a mass at colonoscopy, dysplasia on colonic biopsy, and 
dysplasia-associated lesions or masses (DALM). Colonoscopic 
detection of mucosal dysplasia is currently the best available 
surveillance tool for the detection of cancer. The presence of 
dysplasia has been reported in a much higher percentage of 
specimens of ulcerative colitis complicated by cancer than in 
ulcerative colitis without malignant transformation. Because the 
correlation between dysplasia and cancer is not constant, when 
dysplasia is found on surveillance colonoscopy, some suggest 
immediate colectomy, whereas others opt for continued surveil-
lance. Gorfine and colleagues [167] reviewed the pathology 
reports of 590 patients who underwent total proctocolectomy 
or restorative proctocolectomy for ulcerative colitis and found 
that cancers were significantly more common among specimens 
with dysplastic changes. Specimens with dysplasia of any grade 
were 36 times more likely to harbor invasive carcinoma. Stage 
III disease was found in association with indefinite or low-grade 
dysplasia in 19.2% of cases. More important, tumor stage did 

treated with azathioprine, compared to patients treated with 
mesalazine, but also suggested that azathioprine was less well 
tolerated, as medication discontinuation due to an adverse effect 
was observed in 22% of patients with azathioprine, and none of 
the patients with mesalazine [152]. Finally, D’Haens et al. com-
pared the association of azathioprine and metronidazole to met-
ronidazole only and found a lower endoscopic recurrence rate 
in the azathioprine groups (55% vs 78% at 1 year, respectively) 
[151]. A metaanalysis of these four studies [153] showed that, 
at 1 year, thiopurines resulted in a significant reduction of severe 
endoscopic recurrences (graded i2 to i4, according to the 
Rutgeerts classification) compared to both placebo and mesala-
zine. However, the authors found no difference in prevention of 
severe recurrence (graded i3 or i4). These results are also sup-
ported by a metaanalysis [146].

Other therapies
Infliximab was shown to be superior to a placebo treatment in 
reducing the 1-year endoscopic rate of recurrence (9% vs 85%, 
respectively) in a pilot study [154]. Results, however, were not 
significant regarding clinical recurrence rates. Results from two 
long-term studies are currently awaited. To date, no study has 
compared infliximab to azathioprine.

Two randomized controlled trials evaluated the effect of 
budesonide on the prevention of postoperative recurrence of 
Crohn’s disease and suggested no difference at 1 year, as com-
pared to placebo [155,156].

Finally, probiotics did not show any efficacy in three rand-
omized controlled trials [157–159] or a metaanalysis [146].

In conclusion, thiopurines (azathioprine and mercaptopu-
rine) are the most effective medication to prevent postopera-
tive recurrence of Crohn’s disease. Mesalazine has also  
proven its efficacy and is better tolerated, but its benefits are 
limited compared to thiopurines. Infliximab seems promising 
and further studies are awaited to delineate its long-term 
benefits.

Ulcerative colitis

In Crohn’s disease the surgical approach is palliative, with the 
more limited objectives of relieving the complications of the 
disease to improve the patient’s clinical status and preserving 
bowel length. In ulcerative colitis, removal of the colon and 
rectum eliminates and cures the disease.

Ulcerative colitis is a disease confined to the colon and 
rectum. A history of perianal sepsis or bowel obstruction should 
suggest the possibility of Crohn’s disease. On physical examina-
tion, the presence of active perianal sepsis and fistulae, healed 
scars, or anal stenosis should raise doubts about the diagnosis 
of ulcerative colitis. A complete preoperative evaluation should 
include: stool cultures to rule out an infectious etiology; small 
bowel radiographic series to exclude involvement of the small 
intestine; and colonoscopy to evaluate the extent of disease, rule 
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There are no absolute contraindications to this procedure, 
although, in the emergent setting, it is advisable to stage the 
procedure with an initial abdominal colectomy. This strategy 
avoids the morbidity associated with the rectal dissection, which 
can be potentially difficult and time consuming in an unstable 
patient, and maintains the option of an ileal pouch–anal anas-
tomosis as a second stage.

Preoperatively, the surgeon should have a thorough discus-
sion with the patient so that the latter has a full understanding 
of this procedure and its implications for body image and self-
perception. In addition, a stoma therapist, who will provide 
postoperative care of the stoma, should mark the abdominal site 
for the ileostomy (Figure 73.15). The appropriate site is the least 
inconvenient for the patient – generally away from bony promi-
nences and previous scars, and not prone to interfere with the 
patient’s clothing. The site is usually just lateral and inferior to 
the umbilicus midway between the midline and the right ante-
rior iliac spine.

Proctocolectomy is associated with low postoperative mor-
bidity. Delayed healing or nonhealing of the perineal wound is 
rare if the perineal dissection is performed in the intersphinc-
teric plane, between the internal and external anal sphincter. 
Primary closure is associated with an 80%–90% success rate 
[172–174]. In the event of perineal wound infection, drainage 
of the wound abscess and debridement usually are sufficient for 
secondary healing. Rarely, myocutaneous flaps or skin grafts are 
necessary to achieve closure of the perineal wound. Impotence 
is reported in 2%–3% of male patients after proctectomy for 
benign disease [174,175]. Impotence can occur secondary to 
injury of the autonomic nerves during pelvic dissection, and its 
occurrence is minimized by keeping the dissection close to the 
rectum and by choosing an intersphincteric plane for the most 
distal anorectal resection. In women, dyspareunia may occur 
due to the posterior displacement of the vagina. Fortunately, it 
is usually temporary [174,175]. Late complications are largely 
related to the stoma and include retraction, prolapse, paras-
tomal hernia, bleeding, stenosis, and varices. They usually 
require surgical revision. Other late complications are intestinal 
obstruction, urinary stone formation, and gallstone formation.

Restorative proctocolectomy with  
ileal pouch–anal anastomosis
Most patients with ulcerative colitis who are candidates for elec-
tive operation are suitable for proctocolectomy with ileal 
pouch–anal anastomosis. Exceptions include patients with low 
rectal cancers, patients with fecal incontinence, or patients who, 
for work-related or personal reasons, prefer not to have a pouch 
[171].

Obesity is considered a relative contraindication. A fatty ileal 
mesentery may cause the pouch to be rather bulky and ill fitting 
in a narrow pelvis; furthermore, the ileal pouch may not reach 
the upper anal canal despite operative techniques designed to 
lengthen the ileal mesentery [176]. A stapled ileoanal anasto-
mosis, as described later in the chapter, offers advantages over 

not correlate with dysplasia grade. These investigators con-
cluded that although dysplasia is an unreliable marker for the 
detection of synchronous carcinoma, when dysplasia of any 
grade is discovered at colonoscopy, the probability of a coexist-
ent carcinoma is high. Many believe that a histopathological 
diagnosis of dysplasia is a sufficient indication for colectomy.

Acute fulminant colitis with or without an acute abdomen 
develops in about 13% of patients [166]. About 60% of these 
patients fail to respond to medical therapy [160,168] or develop 
persistent abdominal pain, distention, diffuse abdominal ten-
derness, rebound tachycardia, and fever, suggesting an acute 
abdomen. The acute abdomen may be due to the development 
of a toxic megacolon or a walled-off or free perforation. These 
patients should undergo emergency surgical intervention after 
appropriate volume resuscitation.

Massive hemorrhage is another indication for urgent surgery. 
Persistent hemorrhage despite maximal medical treatment is a 
manifestation of severe disease. The hemorrhage originates 
from extensive mucosal ulcerations, rather than a definite arte-
rial source. As such, abdominal colectomy is necessary to 
remove the majority of the bleeding surface. A primary anasto-
mosis should be avoided in favor of an ileostomy and closure of 
the rectal stump. With fecal diversion obtained by placing the 
ileostomy, postoperative rectal bleeding is rare. When it happens, 
it usually responds to increased doses of systemic steroids, or 
administration of topical steroids or intrarectal tamponade with 
gauzes soaked in a diluted epinephrine (adrenaline) solution. 
Retention of the rectal stump maintains the option of a subse-
quent restorative procedure.

Proctocolectomy with Brooke ileostomy
Proctocolectomy with Brooke ileostomy was the standard surgi-
cal treatment of ulcerative colitis until the early 1980s when 
Utsonomiya popularized the ileo pouch–anal anastomosis 
[169]. Since then the role of proctocolectomy with Brooke ileos-
tomy in the surgical treatment of ulcerative colitis has become 
more limited, although it is still valuable in selected patients 
[170]. By removing all diseased epithelium, proctocolectomy 
cures patients of the disease, eradicates the risk of malignancy 
associated with it, and eliminates the need for costly medica-
tions and time-consuming lifelong follow-up. The disadvan-
tages of this operation include the presence of a permanent 
ileostomy, the potential for nerve injury during pelvic dissec-
tion, and the small risk of perineal wound healing problems.

Proctocolectomy is indicated in patients who are not candi-
dates for an ileal pouch–anal anastomosis or a Kock pouch, 
either because of advanced age, the presence of poor anal 
sphincter function, or obesity. The operation may also be indi-
cated if other medical problems make a more complex, longer 
operation too risky [171], or in the presence of a low rectal 
cancer in need of resection of the anal sphincter. Finally, proc-
tocolectomy should be considered in patients who desire a 
single operation for cure or whose work makes it easier to 
handle an appliance rather than frequent bowel movements. 
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patients without hepatobiliary complications of ulcerative 
colitis.

Although an age over 50 years was once considered a con-
traindication, this is no longer true. The clinical results in fit 
patients over the age of 50 are similar to those in younger 
patients [181–185]. Takao and colleagues [184] have shown that 
there are no significant differences among age groups relative to 
manometric results, frequency of bowel movements, inconti-
nence scores, or overall patient satisfaction. The same results 
were confirmed by others [181,183]. Jorge and associates [182] 
showed that the effect of ileoanal reservoir on anal sphincter 
function in patients older than 50 years is similar to that in 
younger patients. Although impairment of internal anal sphinc-
ter function is more pronounced after ileoanal reservoir in older 
patients, this appears to be transient.

Although there are small series showing that an ileal pouch–
anal anastomosis is feasible in fulminant ulcerative colitis [186], 
most patients with emergent indications to surgical treatment 
should undergo an initial colectomy with ileostomy followed by 
ileal pouch–anal anastomosis [187] several months later.

The ileal pouch–anal anastomosis is most commonly per-
formed in two stages. In the first stage, the colon and the rectum 

a conventional hand-sewn anastomosis in these challenging 
patients. Alternatively, patients may need to undergo an initial 
colectomy with ileostomy to allow for cessation of steroid 
therapy and a successful weight reduction program.

The presence of cancer of the colon or proximal rectum does 
not rule out the possibility of an ileal pouch–anal anastomosis, 
provided that the cancer can be completely resected during the 
operation [177–180]. In the presence of metastatic cancer and 
a short life expectancy, less extensive procedures, such as colec-
tomy and ileorectal anastomosis or Brooke ileostomy should be 
considered. Although pouch failure was more common in 
patients with cancer than others in one large registry (16% vs 
7%), there were no differences between cancer and noncancer 
groups in operative complications, median stool frequency, 
incontinence, pad usage, or pouchitis [177]. Another study con-
firmed these functional results and showed that quality of life 
of these patients is excellent and equal to that of patients who 
have a pouch for failure of medical therapy [177].

Patients with sclerosing cholangitis and cirrhosis are at 
increased risk of chronic pouchitis and pouch loss after an ileal 
pouch–anal anastomosis, but the operation usually can be per-
formed successfully and with morbidity rates similar to that in 

Figure 73.15 The stoma site is marked prior to surgery. The ileostomy should be located over the right rectus abdominis muscle on a flat area away 
from skin folds and bony prominences. Source: Hurst 1999 [347]. Reproduced with permission of Springer Science +Business Media.
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went an initial colectomy and ileostomy in the emergent setting 
or in elective circumstances (indeterminate colitis, obesity).

Several large series examining complications and long-term 
outcome have been published [188–191]. The Cleveland Clinic 
group reported their experience with 1005 ileal pouch–anal 
anastomoses, 858 of which had been performed for ulcerative 
colitis [189]. Although only one death (0.1%) was reported, the 
overall morbidity rate was high, with 630 patients (62.7%) expe-
riencing 1218 complications. Septic complications and reopera-
tion occurred in 6.8% and 24%, respectively. The ileal pouch was 
removed in 34 patients (3.4%) overall, but in only 15 patients 
(1.8%) with ulcerative colitis. Approximately 25% of patients 
developed pouchitis. Functional results and quality of life were 
good to excellent in 93% of patients. The Mayo Clinic series 
[188,191] of more than 1300 patients showed similar results. 
Three patients died as a consequence of the procedure. 
Postoperative pelvic sepsis rates decreased from 7% in the 
1981–85 period to 3% in the 1991–94 period. After mean 
follow-up of 6.5 years, the mean number of stools was five 
during daytime and one at nighttime. Frequent daytime and 
nighttime incontinence occurred in 7% and 12% of patients. 
The cumulative probability of suffering at least one episode of 
clinical pouchitis was 18% and 48% at 1 and 10 years, respec-
tively, and the cumulative probability of pouch failure at 1 and 
10 years was 2% and 9%, respectively [191]. The most common 
early postoperative complications were bowel obstruction 
(13%), pelvic sepsis (5%), wound sepsis (3%), transient urinary 
dysfunction (7%), and large enteric losses from the temporary 
loop ileostomy. Postoperative impotence and retrograde ejacu-
lation was noted in up to 3% of men; transient dyspareunia 
occurred in 11% of patients after operation [188]. Pregnancy 
and delivery are well tolerated by women with a pouch [188].

Late complications of the procedure include: anal fistulae and 
abscesses, which may need drainage and possibly temporary 
fecal diversion; stricture of the anastomosis, which can be 
repeatedly dilated or treated with pouch advancement in pres-
ence of dense scar tissue or inflammation of the mucosal cuff; 
and pouchitis, which is the most frequent late complication. 
Patients with pouchitis present with abdominal cramps, fre-
quent watery stools, urgency, incontinence, malaise, and fever. 
Of 120 patients who underwent ileal pouch–anal anastomosis 
for ulcerative colitis at the University of Chicago, 50 suffered at 
least one episode of pouchitis, and two-thirds of those had 
multiple episodes. Chronic pouchitis occurred in six patients, 
necessitating pouch removal in two [192]. In a prospective 
evaluation of 149 patients in Sweden [193], the risk of pouchitis 
was highest during the initial six postoperative months. The 
cumulative risk leveled off after 2 years but was substantial 
(51%) at 4 years. Similar to our data and those of the Mayo 
Clinic, fewer than 10% of the Swedish patients had severe 
chronic pouchitis, and only two patients (1.3%) had their pouch 
removed because of pouchitis.

The cause of pouchitis remains unknown. It may be due to 
bacterial overgrowth secondary to poor pouch emptying, or to 

are excised to the pelvic floor, an ileal pouch is constructed with 
the terminal ileum (Figure 73.16), an ileal pouch–anal anasto-
mosis is constructed, and a diverting loop ileostomy is fash-
ioned. The loop ileostomy is closed at a second operation about 
3 months later. The operation, or portions of it, can be accom-
plished using laparoscopic techniques.

Occasionally, a diverting ileostomy can be omitted after con-
struction of the ileal pouch. Omitting this transforms an elective 
ileal pouch–anal anastomosis into a single-stage procedure and 
avoids the need for a third stage in those patients who under-

Figure 73.16 Stapled J-pouch ileoanal anastomosis. Source: Michelassi 
et al. 1999 [348]. Reproduced with permission of Springer Science 
+Business Media.
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an immunological reaction to bacterial products or a chemical 
injury; ischemia and reperfusion injury has also been postu-
lated; or it may be a novel manifestation of inflammatory bowel 
disease. Patients who are positive for antineutrophil cytoplasmic 
antibody (ANCA) are more likely to develop pouchitis than 
those who are not [194]; also, patients with primary sclerosing 
cholangitis and extraintestinal manifestation of ulcerative colitis 
are at a higher risk of developing pouchitis, especially of the 
chronic type [195]. Pouchitis is rare in patients who have under-
gone ileal pouch–anal anastomosis for familial polyposis, an 
observation that seems to suggest that whatever causes colitis 
may predispose to pouchitis.

The activity of pouchitis can be scored using a Pouchitis 
Activity Index [196], which uses clinical, histological, and endo-
scopic criteria. The activity index may help with the medical 
treatment of pouchitis, which is based on oral antibiotics (met-
ronidazole and ciprofloxacin) in the majority of acute cases. For 
chronic pouchitis, defined as continuous pouchitis or more than 
five to six distinct episodes every year, treatment is based on 
chronic administration of one or more of the following thera-
peutic agents: probiotics, antibiotics, mesalamine, topical or 
systemic corticosteroids, immunomodulators, and even biologi-
cal therapy. Interestingly, chronic administration of probiotics 
or smoking may prevent pouchitis [197]. When chronic pou-
chitis cannot be managed with medical treatment, the pouch 
may have to be excised in favor of a permanent ileostomy. 
Chronic pouchitis represents the most common cause for pouch 
excision nowadays.

The risk of cancer in the ileal pouch is unknown. Over time, 
the mucosa eventually develops a pattern of persistent atrophy 
with severe inflammation [198]. These changes can progress to 
dysplasia [199,200]. The large number of proliferating cells and 
the frequent presence of inflammation conceptually provide 
fertile ground for carcinogenesis. Pouch surveillance is probably 
indicated, as the natural history of the pouch mucosal change 
remains unknown.

Controversies in ileal reservoir surgery
The technique of restorative proctocolectomy and ileal pouch–
anal anastomosis for adult patients was originally described by 
Parks and Nicholls [201] and Utsunomiya and colleagues [169]. 
Since these initial descriptions several modifications have been 
introduced into clinical practice; these mainly involve the con-
figuration of the pouch and the method of anastomosing the 
pouch to the anal canal (Box 73.2).

In the initial description by Parks and Nicholls [201], the ileal 
reservoir was fashioned as a triple-loop S-pouch (Figure 73.17) 
with a 5-cm-long exit conduit, which created problems with 
evacuation. Subsequently the limb was shortened to less than 
2 cm with significant functional improvement [202]. The two 
other pouch designs that are in use are the double-loop J-pouch 
[169] and the quadruple-loop W-pouch [203,204]. The lateral 
isoperistaltic H-pouch (Figure 73.18) is no longer used and it is 
of historical interest only [205].

Each pouch design has its own advantages, and no single 
configuration is ideal for every patient. The S-pouch with the 
long exit limb allows for further reach in tall male patients with 
short mesentery [206]. The W-pouch (Figure 73.19) has larger 
capacity and better compliance [203] and is ideal when part of 
the terminal ileum has been or needs to be resected. The J-pouch 
is technically easier and faster to perform [207,208]. When 
comparing the W-pouch with either the S-pouch [206] or the 
J-pouch [204,209,210], patients with the W-pouch have signifi-
cantly fewer bowel movements compared with the S-pouch or 
J-pouch group during the first 6–12 months after closure of the 
ileostomy. However, Keighley and colleagues [211], comparing 
the J-pouch with the W-pouch in a randomized prospective 
trial, did not confirm those findings, and Johnston and col-
leagues [212] showed that both types of pouches conferred the 
same functional results at 1 year. In our center, a J-pouch is 
performed for the vast majority of our patients because of the 
lower complication rate and the excellent functional results 
[163,192,207,208,213], the S-pouch is used for patients in whom 
it is a difficult “reach” to the anal canal, and the W-pouch for 
patients in whom a substantial portion of terminal ileum has 
been or needs to be sacrificed.

Controversy still exists on whether the ileoanal anastomosis 
should be stapled or hand sewn. The initial descriptions of ileal 
pouch–anal anastomosis included a mucosectomy to the dentate 
line [169,201,214]. The anal dilation necessary for a complete 
mucosectomy [215] or the eversion of the anorectum advocated 
by some authors [216,217] caused significant decrease in the 
maximum resting pressure [218] and increase of the threshold 
sensation, which correlated with increased number of episodes 
of incontinence [216,217]. Furthermore, removal of the most 
distal lower rectal–upper canal epithelium, the anal transitional 
zone (ATZ), resulted in the loss of the anoderm sensory capac-
ity, which, together with the rectoanal inhibitory reflex, allows 
for sampling of rectal contents and contributes to continence 
[219]. The technique of stapled ileal pouch–anal anastomosis 
was introduced to address some of the shortcomings of the 
hand-sewn technique. The potential advantages of the stapled 
technique include less tension on the anastomosis, ease of con-
struction, preservation of the lower rectal–upper anal canal, and 

Box 73.2 Controversies in pouch surgery.

Optimal pouch configuration
J
W
S

Treatment of the anal transition zone
Mucosectomy and hand-sewn pouch–anal canal anastomosis
Stapled pouch–distal rectal anastomosis

Role of diverting loop ileostomy
One-stage procedure
Multiple-stage procedure
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Figure 73.17 Construction of a triple loop S-pouch. Source: Michelassi et al. 1999 [348]. Reproduced with permission of Springer Science +Business 
Media.

Duodenum

1–2 cm
10 cm

less trauma to the sphincter mechanism. These advantages 
translate to a shorter operation with fewer anastomotic compli-
cations and, potentially, better long-term functional results.

Several comparative long-term studies have yielded better 
functional results for the stapled ileal pouch–anal anastomosis 
[218,220–223]. Gemlo and associates [218] evaluated 235 
patients with a mean follow-up of 70 months and found that 
elimination of a mucosectomy dramatically reduced nocturnal 
minor and major incontinence, daytime minor incontinence, 
and daytime protective pad use. Sagar and colleagues [223] 
studied anal physiological function in 20 patients up to 12 
months after stapled ileal pouch–anal anastomosis. Resting anal 
pressure, which decreased immediately after the surgical proce-
dure, was almost back to normal 12 months later, the rectoanal 

inhibitory reflex was present in 19 patients, and sampling was 
observed in 17 patients. The ability to discriminate flatus from 
feces was associated with the return of the rectoanal reflex and 
sampling. The functional results obtained following a stapled or 
hand-sewn ileal pouch–anal anastomosis were evaluated by 
several prospective randomized studies [224–226]. No statisti-
cally significant differences were detected, although the validity 
of the results of these studies is compromised by their small size 
and by the short follow-up.

Several studies have looked at the rate of anastomotic com-
plications after mucosectomy and hand-sewn ileal pouch–anal 
anastomosis. Preserving a short rectal cuff with the stapled tech-
nique lessens the tension on the anastomosis and reduces anas-
tomotic complications. In a retrospective study, among 238 
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The potential disadvantages associated with preserving the 
ATZ include persistence of ulcerative proctitis symptoms and 
risk of malignant degeneration. In a series from the Cleveland 
Clinic [228,229] symptomatic inflammation of the retained 
mucosa (cuffitis) occurred in 14.7% of their patients. Symptoms 
of cuffitis include fecal urgency, tenesmus, sensation of incom-
plete evacuation and incontinence. In the Cleveland Clinic 
series, surgical treatment was needed in 12.9% of patients with 
cuffitis, and in 10.6% of patients with cuffitis plus pouchitis. 
Such patients are usually treated with topical steroids or 
5-aminosalicylate (5-ASA), and when that fails and surgical 
treatment is needed, a transanal mucosectomy with ileal pouch 
advancement is performed, with excellent results.

Advocates of the mucosectomy argue that the entire diseased 
anorectal mucosa, including the ATZ, must be removed to 

hand-sewn ileal pouch–anal anastomosis patients, 25 (10.5%) 
had 32 septic complications, and 24 required 89 reoperations. 
In seven patients, the pouch was excised. In contrast, among 
454 receiving stapled ileal pouch anal anastomosis, 21 patients 
(4.6%) had 23 septic complications, 14 required 40 reoperations, 
and one pouch was excised. Patients with hand-sewn anastomo-
ses experienced more early septic complications and more 
pouch excisions related to those complications than patients 
with stapled ileal pouch–anal anastomosis [227]. Yet, when 
these complications were evaluated in prospective randomized 
studies, no difference was noted [224–226].

Figure 73.18 Isoperistaltic H-pouch. Source: Michelassi et al. 1999 [348]. 
Reproduced with permission of Springer Science +Business Media.

Figure 73.19 Quadruple loop W-pouch. Source: Michelassi et al. 1999 
[348]. Reproduced with permission of Springer Science +Business Media.
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as a one-stage procedure without ileostomy, over a mean 
follow-up of 5.1 years [242], anastomotic leaks occurred in 12% 
(23 patients), with nine patients requiring a diverting ileostomy; 
ileal pouch–anal anastomosis function was excellent in 19 of 
these patients, although two required permanent ileostomies. 
Daytime stool control was 95% and nighttime control was 90%. 
Steroid use did not affect the complication rate.

Similar results were reported by Mowschenson and col-
leagues [243]. Among 102 patients they reported an anasto-
motic leak and subsequent diverting ileostomy in 9.8%. Overall 
74.8% of their patients reported total satisfaction, and 84.7% 
regarded themselves as being in perfect health. Once again 
patients on steroids did not experience a higher complication 
rate.

These results contrast with several studies where patients on 
steroids either had a higher incidence of anastomotic complica-
tion [244–246] or were not even considered candidates for a 
one-stage procedure [247].

As a result, some major centers advocate a two- or three-stage 
operation, especially in patients who are taking more than 
20 mg of prednisone [188,189,244,245]. When comparing the 
procedures, these studies reported septic complications in up to 
22% of the nondiverted group [244], and it was noted that half 
of the nondiverted patients with septic complications required 
reexploration for diversion and drainage, whereas none of the 
patients in the diverted group with septic complications required 
surgery of any kind [245]. A select group of patients may benefit 
from the avoidance of a temporary stoma and its associated 
complications [245]. Healthy young patients, not on immuno-
suppressants or steroids, whose surgery was uneventful and 
who show minimal tension on the anastomosis, may be better 
served by a one-stage procedure. Leaving a rectal tube in these 
patients for a few days avoids pouch distention and perianal 
skin irritation due to the initial diarrhea.

Proctocolectomy with continent ileostomy
Proctocolectomy with continent ileostomy, or Kock pouch, 
offers an alternative to an ileal pouch–anal anastomosis for a 
few selected patients with ulcerative colitis, who are best referred 
to a specialized center with experience in this relatively little 
used procedure. Specifically, this operation might be offered to:
• patients with a locally advanced low rectal cancer who will 

need adjuvant therapy postoperatively
• patients who already have a Brooke ileostomy, after procto-

colectomy, and wish to have a continent ileostomy
• patients who are not candidates for an ileal pouch–anal anas-

tomosis because of poor sphincter function
• patients who prefer a continent ileostomy to an ileal pouch–

anal anastomosis as a personal choice
• patients who have failed an ileal pouch–anal anastomosis but 

prefer a continence-preserving procedure to a Brooke ileos-
tomy [248,249].

Contraindications to this procedure include older age, Crohn’s 
disease, obesity, critical illness, and poor psychological fitness. 

eliminate the risk of future dysplasia and cancer. In a series of 
210 patients with at least 5 years (median 77 months) of 
follow-up [230], dysplasia developed in seven patients (3.3%) at 
a median of 11 months postoperatively. Patients with history of 
cancer or dysplasia in the colon or rectum were at a higher risk 
of developing dysplasia. Two patients, each with low-grade dys-
plasia detected on three separate occasions, underwent muco-
sectomy 29 and 38 months after detection of low-grade dysplasia 
and, fortunately, no cancer was found. The five other patients 
with dysplasia on one or two occasions were treated expectantly 
and were apparently dysplasia-free for a median of 72 months. 
More important, preservation of the ATZ did not lead to the 
development of cancer after 5–10 years of follow-up.

The actual extent of the ATZ is highly variable and mucosec-
tomy does not ensure its complete removal. Fenger [231], using 
Alcian blue staining, found that the mean span of the ATZ was 
8.9 mm (range 0–20 mm), starting up to 6 mm below the dentate 
line. By contrast, Thompson-Fawcett and colleagues [232] 
measured the ATZ by two techniques: whole-mount Alcian blue 
staining and a computer map of the histological findings based 
on longitudinal sections taken every 3 mm. They found that the 
Alcian blue technique overestimates the length of the ATZ, 
which usually commences just above the dentate line. The 
median length of the ATZ measured from computer maps of 
the histology was only 4.5 mm. Due to this variability, mucosec-
tomy does not reliably remove the entire rectal mucosa [233]. 
Small islets of residual rectal mucosa have been identified in up 
to 14% of patients; in 7% at the ileoanal anastomosis [233].

The presence of residual mucosa probably explains why the 
reported cases of cancer after a pouch procedure are all in 
patients who had a mucosectomy [234–236], except in one case, 
where the cancer was detected 16 months after stapled ileal 
pouch–anal anastomosis following long-standing ulcerative 
colitis complicated by a cancer in the upper rectum [237]. It is 
likely that this cancer represents a local recurrence rather than 
a metachronous cancer originated in the ATZ.

No hard data exist to support the superiority of one technique 
over the other, and there is a role for both procedures in clinical 
practice [163,207]. There is an advantage in preserving the ATZ 
in older patients with borderline sphincter function, and in tall 
or obese patients to decrease tension on the anastomosis. 
Mucosectomy may be advisable in presence of dysplasia or 
cancer in the colon or rectum in the pediatric population [238] 
and in patients with primary sclerosis cholangitis, known to 
have a high risk of dysplasia and cancer [239]. If the ATZ is 
preserved, surveillance anoscopies with biopsies are performed 
on an annual basis to detect dysplasia and indicate the need for 
a completion mucosectomy.

With the perception that anastomotic complications are 
reduced by the stapled ileal pouch–anal anastomosis technique, 
the need for a diverting ileostomy has been questioned [240]. 
Stapled ileal pouch–anal anastomosis without diverting ileos-
tomy was first performed in the early 1980s [241,242]. Among 
patients who underwent a stapled ileal pouch–anal anastomosis 
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tioned earlier, this procedure may also be indicated in the obese 
patient as a first step toward an ileal pouch–anal anastomosis. 
In these patients, total abdominal colectomy with Brooke ileos-
tomy eradicates most of the active disease, allows for decrease 
and eventual cessation of any steroid therapy, and for the pos-
sibility of successful weight reduction.

The abdominal colectomy with ileostomy entails resection of 
the entire colon with exteriorization of the terminal ileum as an 
end ileostomy. Distally the colon is usually transected at the 
level of the distal sigmoid or upper rectum, based on the surgeon 
preference. Controversy persists regarding the management of 
the rectal stump. Some surgeons prefer to place it as a closed 
rectal stump into the subcutaneous tissue of the midline abdom-
inal incision, whereas others leave it as an open mucous fistula 
through a separate abdominal wound [255]; the majority prefer 
closure of the intestinal stump and intrapelvic placement 
(Hartmann pouch) [255,257]. Only small comparative studies 
have examined this issue. Carter and associates [258] suggested 
that exteriorization of the closed rectal stump following total 
abdominal colectomy is associated with fewer pelvic septic 
complications and minimal local morbidity, facilitates subse-
quent pelvic dissection, and is not associated with increased 
disease activity in the retained rectum. Yet, the increased inci-
dence of wound infections mitigates against this strategy as 
routine. A surgeon will be well served by choosing appropriately 
from the different options after having evaluated the patient’s 
general condition, the presence or absence of generalized peri-
tonitis, and the local status of the rectosigmoid.

The removal of the vast majority of the diseased intestine and 
the diversion of the fecal stream from the residual disease allow 
these patients to recover from the debilitating effects of high-
dose medications [257], malnutrition, and sepsis. Delaying the 
ileal pouch–anal anastomosis does not affect postoperative 
functional results [256].

Colectomy with ileorectal anastomosis
Colectomy with ileorectal anastomosis is performed in only a 
few selected patients. The obvious advantages of this procedure 
are its relative simplicity, the preservation of the anal route of 
defecation, and the maintenance of fecal continence in all but 
the most debilitated patient. In addition, the risk of pelvic nerve 
dysfunction and perineal wound problems is virtually elimi-
nated. Yet, this operation does not excise the diseased rectum, 
which maintains a risk of neoplastic transformation and may 
continue to cause symptoms. Indications for this conservative 
approach include patients with relative rectal sparing at high 
medical risk or older patients who are not good candidates for 
ileal pouch–anal anastomosis; in addition, patients with meta-
static colon carcinoma in ulcerative colitis are good candidates 
due to their limited life expectancy [85].

Contraindications include severely diseased rectum, dyspla-
sia or nonmetastatic rectal carcinoma, and poor sphincter  
function; noncompliant patients are subject to lifelong surveil-
lance [171].

This procedure has also been performed in the pediatric popu-
lation with satisfactory results [250,251].

The distal 30 cm of the terminal ileum are used to form the 
internal Kock pouch. Intussuscepting the terminal ileum back-
ward into the pouch and anchoring the intussusceptum in place 
with staples creates a valve that prevents distal outflow from the 
pouch. The end of the terminal ileum is brought to the skin 
surface as a flash stoma. The patient empties the pouch intermit-
tently by passing a catheter through the stoma and valve into 
the pouch. Between intubations, the pouch is continent to both 
gas and stool.

Kock pouch procedures have fallen out of favor because the 
majority of patients with ulcerative colitis are better served by 
an ileal pouch–anal anastomosis. The largest series reporting on 
the Kock pouch were published in the late 1970s [248,252,253]. 
Overall long-term follow-up showed excellent results, between 
70% and 89% continence for gas and stool, with 95% of these 
patients free from wearing an appliance [248,252,253]. The two 
main long-term problems with continent ileostomy are mal-
function of the valve and pouchitis. Malfunction of the valve 
causes incontinence and difficult intubation of the pouch, 
resulting in reoperation. Between 11% and 20% of patients 
developed this problem [248,252,253], precipitating the need 
for valve revision. The incidence of pouchitis is nearly identical 
to that after ileal pouch–anal anastomosis, and management is 
similar.

Kohler and colleagues [254] evaluated quality of life in 406 
patients with Brooke ileostomy, 313 with Kock pouches, and 298 
with ileal pouch–anal anastomosis. They found that patients 
with ileal pouch–anal anastomosis had fewer restrictions in 
sports and sexual activity than the Koch pouch group, who in 
turn had fewer restrictions in these activities, but more travel 
restrictions than patients with Brooke ileostomy. Overall, as 
regards social life, recreation, work, and family activities, there 
was no difference between those groups and more than 90% of 
patients in each group were satisfied with the results [254].

Total abdominal colectomy with  
Brooke ileostomy
In patients who are too ill to withstand a definitive procedure 
for ulcerative colitis, total abdominal colectomy with end ileos-
tomy is warranted [255,256]. Acute toxic colitis nonresponsive 
to medical therapy [257] with or without megacolon or perfora-
tion or hemorrhage is the primary indication for total abdomi-
nal colectomy–end ileostomy, and either rectal or rectosigmoid 
Hartmann stump or mucous fistula. This procedure eradicates 
the disease, requires no bowel anastomosis or pelvic dissection, 
and allows the patients to be weaned off medications.

Among potential candidates for total abdominal colectomy 
are those patients who carry a diagnosis of indeterminate colitis 
(see Section Indeterminate colitis). This preliminary step allows 
the pathologist to obtain a final diagnosis after reviewing the 
resected colon, thus avoiding performance of an ileal pouch–
anal anastomosis in a patient with Crohn’s disease. As men-
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conversion rates even in the hands of surgeons with docu-
mented experience in IBD surgery and laparoscopic skills 
[270,271].

Crohn’s disease
Potential panintestinal involvement and the high occurrence of 
inflammatory complications, along with the additional risk for 
postoperative complication carried by aggressive medical treat-
ment, often make Crohn’s disease patients poor laparoscopic 
candidates [272]. Concerns have been raised about missing 
occult segments of disease and critical strictures due to the 
limits of visualization, technical difficulty due to fragility of 
inflamed bowel, and the existence of adhesions, fistulas, and 
abscesses. While minimally invasive surgery for Crohn’s disease 
remains technically demanding and requires specific training 
and longer operating time [273], efficacy in terms of postopera-
tive pain, cosmesis, return to normal activity, and, more impor-
tantly, surgical recurrence rates have been reported [274]. 
Despite these advantages, the vast majority of Crohn’s disease 
patients are still undergoing open conventional surgery, with a 
minimal invasive approach mostly reserved for younger (<35 
years old), female patients, admitted to a teaching hospital, with 
lower-stage ileocecal disease [275]. In a study by Lesperance et 
al. of 49 609 patients admitted for Crohn’s disease that required 
surgical treatment, only 6% of patients underwent a laparo-
scopic resection [275].

Terminal ileal Crohn’s disease
The early series of laparoscopic resections for ileocolonic Crohn’s 
disease reported conflicting results due to the small sample size 
along with selection biases [273,276–279]. In a series of well 
selected consecutive patients with terminal ileal Crohn’s disease, 
patients treated with a laparoscopic approach had faster postop-
erative recovery and similar operating times compared to the 
open cohort, without increased complication and recurrence 
rates [280]. Young-Fadok et al. showed significantly lower direct 
and indirect costs in the laparoscopic group in a case-match 
study comparing 33 cases of laparoscopic ileocolic resections 
with 33 open procedures [281]. Two more prospective rand-
omized trials have been conducted enrolling highly selected 
patients. In the trial by Maartense et al., where patients with a 
fixed palpable inflammatory mass, prior median laparotomy, 
earlier bowel resection, or pregnancy were excluded, the laparo-
scopic approach showed longer median operating time, but 
shorter hospital stay and lower 30-days postoperative morbidity. 
Quality of life, the primary endpoint of this study, was the same 
as with open ileocolic resection [282]. After a median follow-up 
of 6.7 years and primary outcomes, there were no differences in 
recurrence rate or need for reoperation between the open and 
laparoscopic groups, with a 58% relapse-free rate. No patients in 
the laparoscopic group required reoperation for incisional 
hernia or adhesive small bowel obstruction [283]. These data 
contrast with the previous observations of Thaler and colleagues, 
who had found that long-term quality of life is significantly 

Based on the patient’s medical condition and presentation, 
colectomy and ileorectal anastomosis may be performed as a 
one-stage procedure or as a two-stage procedure in those 
requiring emergency surgery. This operation can also be done 
by laparoscopic techniques.

The presence of pelvic anastomosis puts these patients at risk 
of septic complications due to an anastomotic leak, which 
occurs in about 4% of patients [83]. Dehiscences can manifest 
themselves in the immediate postoperative period as diffuse 
peritonitis, or later as abscess or fistula. When diffuse peritonitis 
occurs, patients need to be emergently reexplored, drained, and 
diverted; if the dehiscence manifests itself as a pelvic abscess, 
this can be treated by percutaneous, transrectal, transvaginal, 
transabdominal, or transperineal drainage, depending on the 
location of the abscess, and, possibly, proximal fecal diversion. 
Patients who have suffered an anastomotic dehiscence have 
worse functional results, with more than eight stools per day, 
continued need for steroids, and incontinence. Eventually, 
12%–56% of these patients require proctectomy within a few 
years [81,259,260].

Long-term poor function can also be due to recurrent or 
worsening proctitis. Endoscopy and biopsy can guide in the 
diagnosis and treatment. Persistent disease requires either 
topical or systemic therapy and, ultimately, proctectomy may be 
necessary [172].

The risk of cancer in the rectal remnant has been reported to 
be 15.3% at 12 years [81], but it varies considerably among series 
[259,260] due to the difference in follow-up rates. The risk, 
however, is very significant, considering that most of these 
patients are relatively young.

More than 90% of patients with a functioning ileorectal anas-
tomosis considered their health status to be better than before 
surgery [81]. Comparative studies, however, have shown no 
major benefit of colectomy and ileorectal anastomosis over ileal 
pouch–anal anastomosis in terms of postoperative morbidity, 
mortality, and long-term function [261,262].

Laparoscopic surgery in Crohn’s disease  
and ulcerative colitis

The advent of biological therapy for both ulcerative colitis and 
Crohn’s disease has significantly increased remission rates, 
while the actual rate of surgery appears relatively unchanged. 
Some have expressed concerns that biological therapy may 
negatively impact surgical outcomes [6,263]. In this setting, 
minimally invasive surgical techniques have provided helpful 
options [264,265]. Laparoscopic surgery is now widely accepted 
for the treatment of benign and malignant colorectal disease, 
with advantages in short-term outcomes over open surgery, and 
comparable safety and long-term results [266–269]. However, 
laparoscopy is not as widely utilized in inflammatory bowel 
disease (IBD) patients, due to the complexity of the procedures 
and the frailty of severely inflamed tissues, resulting in high 



1476   PART 4 Gastrointestinal diseases

stay and postoperative complication rates [293]. In one series of 
125 patients in which 44% underwent colectomy for Crohn’s 
disease by the laparoscopic approach, the conversion rate was 
10.9%. The median operative time, blood loss, return of bowel 
function, and length of postoperative stay improved with lapar-
oscopy, while postoperative complications and disease recur-
rence were similar between groups, suggesting that laparoscopic 
colectomy for colonic Crohn’s disease may be a safe and effective 
technique in the hands of experienced surgeons [294].

Ulcerative colitis
Laparoscopic-assisted ileal pouch–anal anastomosis was first 
described in the early 1990s [295,296]. Since then, numerous 
series have been reported both in adult and pediatric ulcerative 
colitis patients [297–299], mostly as single institution series 
with short follow-up [265,300]. Initial studies showed that the 
laparoscopic approach takes longer; however, Araki et al., who 
used vessel transection and rectal mobilization carried out 
through a minilaparotomy, found operating time essentially 
equivalent to the full open technique [296,301–304]. A similar 
technique was employed in other studies, except for the series 
reported by Marcello and colleagues, where a totally laparo-
scopic techniques was adopted, reserving a minilaparotomy 
only for specimen extraction [298]. In a study from the 
Netherlands, where patients were randomized to hand-assisted 
or laparoscopic restorative proctocolectomy with ileal pouch–
anal anastomosis, there were no statistically significant differ-
ences in terms of morbidity, postoperative stay, quality of life at 
3 months after surgery, and overall cost, but the operative time 
for laparoscopy was significantly longer [305]. In a subsequent 
analysis of that study group, Polle et al. observed that female 
patients reported better body image and cosmesis scores com-
pared to the open group, while there were no differences in 
functional outcome, morbidity, and overall quality of live [306]. 
Similar results were obtained in another smaller series by 
Dunker et al. [302].

While there may be advantages in terms of body image and 
cosmesis in this relatively young patient population, studies so 
far have not documented other significant benefits [300,305,306]. 
A Cochrane metaanalysis encompassing 607 patients from 12 
trials (only one randomized), showed that laparoscopic ileal 
pouch–anal anastomosis is associated with a significantly longer 
operating time, but found no differences in complications, mor-
tality, readmission and reoperation rates, and no real expected 
short-term benefits [307]. Follow-up in studies was inadequate 
to evaluate long-term outcomes. Similar mixed results were 
obtained in a subsequent metaanalysis of 16 trials (only one 
randomized) [308]. In a large single-institution series compar-
ing 73 laparoscopic proctocolectomies with ileal pouch–anal 
anastomosis, after a mean follow-up of 24 months, the mini-
mally invasive approach was associated with a statistically sig-
nificant earlier return of bowel function and resumption of diet, 
lower intraoperative blood loss, and incidence of incisional 
hernias compared to 106 open ileal pouch–anal anastomosis, 

reduced in patients with Crohn’s disease compared to general 
healthy population, irrespective of the surgical approach, with 
recurrence identified as the only significant predictor of quality 
of life [284]. In the only other randomized trial, which was 
carried out by Milsom et al., enrollment was limited to patients 
with isolated Crohn’s disease of the terminal ileum with or 
without cecal involvement. The laparoscopic approach yielded 
faster recovery of pulmonary function, fewer minor complica-
tions, and a trend towards shorter length of stay compared with 
conventional surgery, though there were no differences in the 
amount of morphine equivalents, return of bowel function, and 
length of hospitalization [285]. After a mean follow-up of 10.5 
years there were no significant differences between groups with 
regard to use of medication to treat Crohn’s disease, and recur-
rence rates. The incidence of incisional hernia repair was 4% in 
the laparoscopic group versus 14% in the open [286]. Dasary  
et al. conducted a metaanalysis and found that laparoscopic 
patients had a trend towards less frequent wound infection and 
shorter hospital stay, with comparable incidence of other post-
operative complications, duration of postoperative ileus, inci-
dence of anastomotic leak and intra abdominal abscess, 30-day 
reoperation rate, and actuarial disease recurrence rate [287]. 
Metaanalyses comparing laparoscopic and open surgery for ile-
ocolonic Crohn’s disease have found that laparoscopic surgery is 
associated with prolonged operative time, shorter duration of 
postoperative ileus, shorter hospital stay, and lower incidence of 
early postoperative complications [288–290]. There was a trend 
toward lower overall costs with laparoscopic surgery [288], and 
no difference in the rate of disease recurrence [289].

To date, laparoscopic surgery has been primarily reserved for 
treatment of uncomplicated Crohn’s disease. Seymour and 
Kavic analyzed 17 patients managed with laparoscopic approach 
for complicated Crohn’s disease, and observed that when con-
version to open procedures was required, as expected, operative 
time and postoperative hospital stay were longer, with major 
complications occurring in 18% of patients [291]. There are very 
limited data on the treatment of recurrent and complicated 
Crohn’s disease laparoscopically. In a study of 62 reoperations 
for Crohn’s disease recurrence in 57 patients, 29 were performed 
laparoscopically and no differences between the two groups 
were observed in terms of use of a temporary stoma, mean 
operating time, postoperative mortality (nil in both groups), 
overall morbidity rate, severe complications, median hospital 
stay, and conversion rates, but a higher number of intraopera-
tive intestinal injuries was reported in the laparoscopic group 
(5 vs 0) (P = 0.01). The occurrence of fistulizing disease was a 
risk factor for conversion, and the conversion did not affect 
morbidity [292].

Crohn’s colitis
There is limited reported experience of laparoscopic treatment 
of the colon. Hamel et al. observed a higher rate of intraopera-
tive complications in patients treated by laparoscopic subtotal 
colectomy compared to ileocolic resection, but similar hospital 
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specimen has been analyzed [65,338–341]. These patients are 
classified as having indeterminate colitis. The fear that many of 
these patients with indeterminate colitis may actually harbor 
Crohn’s disease [342] has created challenges in making treat-
ment recommendations [65]. In the largest series of patients 
with indeterminate colitis with a long-term follow-up after ileal 
pouch–anal anastomosis [341], the authors evaluated 82 patients 
with indeterminate colitis with a median follow-up of 83 
months. They found that 15% of patients with indeterminate 
colitis compared to only 2% of patients with ulcerative colitis, 
had their original diagnosis changed to Crohn’s disease. At 10 
years, patients with indeterminate colitis had significantly more 
episodes of pelvic sepsis, pouch fistula, and pouch failure (27%) 
than patients with ulcerative colitis [341]. Marcello and col-
leagues [338] also reported a 13% incidence of Crohn’s disease 
in patients with an initial diagnosis of indeterminate colitis and 
a 37% pouch failure rate in this group.

Considering that approximately 15% of patients with indeter-
minate colitis will develop Crohn’s disease over time, Bodzin 
and colleagues [343] advocated ileorectal anastomosis over ileal 
pouch–anal anastomosis in patients with indeterminate colitis. 
Yet, because approximately 85% of patients with indeterminate 
colitis will remain free of Crohn’s disease, unless there are pre-
operative signs suggestive of Crohn’s disease [92], ileal pouch–
anal anastomosis, rather than ileorectal anastomosis, should be 
considered as an option in the treatment of these patients. 
Patients should be informed preoperatively that they face a 
higher risk of development of Crohn’s disease, but should also 
be reassured that, in the absence of development of Crohn’s 
features, they will experience long-term outcomes identical to 
those of patients with ulcerative colitis [341] after ileal pouch–
anal anastomosis.
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with no differences in overall complication rate, pouch function, 
and quality of life [309].

Whether a multistage approach or a single-stage laparoscopic 
procedure is optimal also remains unsettled. In a study of 59 
patients who underwent laparoscopic proctocolectomy for 
ulcerative colitis, only nine were given a diverting stoma at the 
primary procedure based on the surgeon’s judgment, while nine 
patients, all on high-dose immunosuppressors or elevated body 
mass index, required a secondary ileostomy for postoperative 
complications [310]. In another series, only one of 32 patients 
experienced an anastomotic leak requiring secondary diversion 
after one-stage laparoscopic restorative proctocolectomy [311]. 
Clearly, results are influenced by patients selection because 
pelvic sepsis is reported to occur in up to 23% of patients after 
ileal pouch–anal anastomosis for ulcerative colitis [312–316]. 
Because long-term functional outcomes after ileal pouch–anal 
anastomosis are threatened by the occurrence of pouch-related 
septic complications, every effort should be made to identify 
patients at risk for pouch-related sepsis [314]. In a study of 
ulcerative colitis patients treated with a minimally invasive 
approach, a three-stage approach (laparoscopic abdominal 
colectomy followed by pouch surgery with a diverting loop 
ileostomy) was compared with a two-stage approach (laparos-
copy colectomy with ileal pouch–anal anastomosis and divert-
ing stoma at the initial operation), and a significantly higher rate 
of septic complications was found in the two-stage group (38.2% 
vs 21%, P < 0.05) [317].

The role of laparoscopy in the treatment of ulcerative colitis 
in the emergency setting is also unclear. In one series, among 
18 patients who underwent laparoscopic-assisted restorative 
proctocolectomy for fulminant colitis, 33% had a postoperative 
complication, though the length of stay at 5.0 days was shorter 
compared to the 8.8 days reported for the six open cases ana-
lyzed in the study [318]. Marcello et al. reviewed the data from 
19 laparoscopic and 29 conventional total colectomies with end 
ileostomy and buried mucous fistula for acute (but not fulmi-
nant) ulcerative colitis, demonstrating a longer operative time 
(210 vs 120 min) but less complications (16% vs 24%), earlier 
return of bowel function (1 vs 2 days), and shorter length of stay 
(4 vs 6 days) for the laparoscopic group [310].

As yet, only a few cases of single-incision surgery for ulcera-
tive colitis have been described, likely due to the technical dif-
ficulties often presented by these patients [264,319–336]. 
Preliminary results with the adoption of a well-standardized 
single-incision approach to total abdominal colectomy using 
the site of futures stomas confirm the potential of this technique 
to improve the postoperative recovery in selected patients, 
without significant increases in operative time and costs [337].

Indeterminate colitis

A definitive pathological diagnosis is not feasible in 5%–20% of 
patients with pancolitis, even after the entire proctocolectomy 
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Microscopic colitis

Definition
Microscopic colitis  is a clinical and histopathological disorder 
characterized  by  chronic  watery  diarrhea  and  encompasses  
the  entities  of  lymphocytic  colitis  and  collagenous  colitis. 
Collagenous colitis was first described in 1976 in a patient with 
chronic  watery  diarrhea  and  a  normal  sigmoidoscopy  and 
barium enema [1]. Biopsies showed an increased intraepithelial 
inflammatory  infiltrate  and  a  thickened  subepithelial  collagen 
band.  In  1989,  lymphocytic  colitis  was  proposed  in  a  similar 
clinical context, without the associated thickened collagen band 
[2].  The  term  “microscopic  colitis”  was  coined  in  1980  to 
describe patients with chronic diarrhea and normal endoscopic 
evaluation with minor histological changes, and today it is the 
term used to describe both collagenous and lymphocytic colitis 
[3]. It is likely that these two conditions represent a spectrum of 
a single disorder, as the clinical characteristics are indistinguish-
able between the two subgroups, and one can often see mixed 
histological features of both conditions in the same patient [4].

In the past two decades, the incidence and our awareness of 
this condition have expanded [5], and microscopic colitis is now 
recognized along with ulcerative colitis and Crohn’s disease as 
a common form of inflammatory bowel disease.

The diagnosis of microscopic colitis is obtained by a combi-
nation of history and endoscopic evaluation with biopsies of the 
colon. The hallmark histological feature in collagenous colitis is 
a  mixed  inflammatory  infiltrate  in  the  lamina  propria  and  a 
thickened subepithelial collagen band. In normal subjects,  the 
collagen band is 5–7 μm, but in collagenous colitis, this band is 
abnormally thickened to >10 μm (Figure 74.1). The inflamma-
tory infiltrate in the lamina propria includes plasma cells, lym-
phocytes,  and  eosinophils.  Although  neutrophils  are  usually  
not  present,  they  can  be  seen  in  30%–40%  of  patients  with 
microscopic  colitis.  Although  crypt  architecture  is  preserved, 
other surface epithelial damage  is present,  including a “moth-
eaten”  appearance  and  detachment  of  the  surface  epithelium, 
despite  normal  appearance  on  endoscopy  [6].  In  lymphocytic 
colitis,  there  is a similar but usually more pronounced  lamina 
propria  infiltrate, with >20  intraepithelial  lymphocytes  (IELs) 
per 100 epithelial cells as a criterion for the diagnosis, compared 
to five  IELs per 100 epithelial  cells  in normal colonic mucosa 
(Figure  74.2).  In  equivocal  cases,  CD3  staining  can  be  used  
to help quantify IELs. Intraepithelial lymphocytes are not con-
fined to the colon in patients with microscopic colitis. Although 
the clinical significance is unknown, increased IELs in the ter-
minal ileum are seen in 37%–78% of patients with microscopic 
colitis [7,8].
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[9].  Similarly,  the  term  microscopic  colitis  incomplete  (MCi) 
has been described as an increased lamina propria infiltrate with 
an  abnormally  thickened  collagen  band  <10 μm  or  elevated 
number of IELs but <20 per 100 epithelial cells. In one study, 
the MCi group had similar clinical characteristics and responded 
similarly  to  medical  therapy,  suggesting  that  including  these 
patients who did not fulfill strict criteria for microscopic colitis 
would reduce risk of missing patients with a treatable cause of 
diarrhea [4].

Endoscopic evaluation of the colon is almost always normal; 
however, one can sometimes see erythema and edema, as well 
as proximal mucosal  tears  (Figure 74.3). The reliability of sig-
moidoscopy  in  making  a  diagnosis  of  microscopic  colitis 
remains controversial. Lymphocytic infiltration in lymphocytic 
colitis has been reported to be greater in the right than the left 
colon, and collagen band thickening in collagenous colitis has 
similarly  been  reported  to  be  decreased  in  the  rectosigmoid 
colon [10]. In one of the first, small case series of collagenous 
colitis patients, biopsies limited to the rectum and to the rectos-
igmoid would have missed 73% and 29% of patients with  the 
disease,  respectively  [11].  However,  a  larger  study  has  since 
reported more uniform ability  to diagnose microscopic colitis 
throughout the colon, with 95% of collagenous colitis and 98% 
of  lymphocytic  colitis having diagnostic histology  in both  the 
left and right colon [4].  In our own experience, biopsies  from 
the sigmoid or descending colon were able to make the diagno-
sis of microscopic colitis in 73 of 74 (98.6%) cases. However, the 
diagnosis may have been missed if biopsies were only taken in 
the  rectum  (18%–25%  of  cases)  [12].  In  patients  with  unex-
plained  diarrhea,  a  colonoscopy  should  be  performed  to  rule 
out  neoplasia  or  other  forms  of  inflammatory  bowel  disease. 
However,  in patients  that may have had a recent colonoscopy, 
the diagnosis of microscopic colitis can be obtained reliably at 
sigmoidoscopy with multiple biopsies in the sigmoid or descend-
ing colon.

Fecal  calprotectin  has  been  evaluated  as  a  noninvasive 
measure for collagenous colitis activity. However, in one study, 
38%  of  patients  had  a  normal  fecal  calprotectin,  limiting  its 
utility as an inflammatory marker in microscopic colitis [13].

Epidemiology
In contrast to ulcerative colitis and Crohn’s disease, microscopic 
colitis is most commonly seen in older individuals, with mean 
ages in the sixth and seventh decades in most studies. However, 
a wide age range has been reported,  including pediatric cases. 
In  addition,  there  is  a  significant  female  predominance  in 
microscopic colitis, with female to male ratios typically around 
3–4 : 1 but as high as 20 : 1. While some studies have suggested 
that  the  gender  difference  is  less  pronounced  in  lymphocytic 
colitis  compared  to  collagenous  colitis,  most  have  described 
similarly  increased  female  to male  ratios  in both  lymphocytic 
colitis and collagenous colitis.

Overall, the epidemiology of microscopic colitis is less well-
characterized than that of ulcerative colitis and Crohn’s disease. 

Figure 74.1 Collagenous colitis. Hematoxylin–eosin (H&E) staining 
showing a dense collagen band underlying the luminal surface, which 
focally entraps subluminal capillaries (arrows). There is a chronic 
inflammatory infiltrate in the lamina propria. Source: Courtesy of Dr. 
Thomas Victor, MD, Department of Pathology, North Shore University 
Health System, Chicago, IL, USA.

Figure 74.2 Lymphocytic colitis. H&E staining showing a chronic 
inflammatory infiltrate of mostly lymphocytes in the lamina propria. The 
surface mucosa is typically flattened, with mucin depletion. In both 
collagenous and lymphocytic colitis, there is no crypt architecture 
distortion. Source: Courtesy of Dr. Thomas Victor, MD, Department of 
Pathology, North Shore University Health System, Chicago, IL, USA.

The terms microscopic colitis not otherwise specified (MC-
NOS)  and  paucicellular  lymphocytic  colitis  (PLC)  have  been 
proposed to describe a subgroup of microscopic colitis patients 
with diarrhea and milder increases in cellular infiltrate not ful-
filling the full diagnostic criteria of microscopic colitis. However, 
one  study  suggested  that  PLC  may  be  a  separate  entity  from 
lymphocytic colitis, due to differences in expression of regula-
tory T cells that are involved in a variety of immune responses 
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studies  [25–28].  In  addition,  numerous  case  studies  have 
reported  improved  clinical  and  histological  findings  with  dis-
continuation of NSAIDs [29–31], as well as recurrence of col-
lagenous colitis with NSAID rechallenge [32]. However, larger 
case–control  studies  have  not  confirmed  this  association.  For 
example,  in  one  of  the  largest  studies,  there  was  an  increased 
risk of collagenous colitis (not  lymphocytic colitis)  in patients 
on NSAIDs [33]. However, NSAID use in this study was lower 
than  rates  of  NSAID  use  in  the  United  States,  reported  to  be 
5.1%–6.2% of this study population, compared to an average of 
40%  of  patients  under  age  40  who  use  aspirin  in  the  United 
States [34]. In addition, patients with microscopic colitis often 
have associated arthralgias, so the association with NSAID use 
may be confounded rather than causal.

Other medications have been implicated in the development 
of microscopic colitis, including proton pump inhibitors (PPIs), 
H2-receptor  antagonists,  beta-blockers,  statins,  and  selective 

This  may  be  due  to  the  fact  that  microscopic  colitis  is  not 
included  as  a  distinct  clinical  entity  in  the  International 
Classification of Diseases (ICD) 9th or 10th revision, and thus 
larger  insurance payer-based studies cannot be used  to define 
the  true  numbers  and  costs  of  this  disorder.  However, 
population-based studies  in the United States [14,15], Sweden 
[16,17],  Spain  [18,19],  Denmark,  Iceland  [20],  and  Canada 
[21,22]  have  shown  a  significant  increase  in  the  incidence  of 
microscopic colitis over the past two decades (Figure 74.4). For 
example,  the  incidence  of  microscopic  colitis  in  Olmsted 
County, Minnesota increased from 0.8/100 000 in 1985–1989 to 
19.1/100 000  in  1998–2001  [15],  numbers  which  approach  or 
surpass incidence rates for both Crohn’s disease and ulcerative 
colitis [23]. This is likely the result of numerous factors, includ-
ing an increased awareness of this disease, a higher frequency 
of colonoscopy with biopsies in the evaluation of patients with 
diarrhea, and an aging population, in whom this disease process 
is most common. Changes in exposure to environmental factors 
also  potentially  play  a  role  in  this  increased  frequency.  In  the 
same Olmsted County study, 798 cases with biopsies performed 
to evaluate chronic diarrhea were  reexamined, and only  three 
cases (0.4%) were reclassified as microscopic colitis, suggesting 
that  increased  awareness  among  pathologists  was  not  a  con-
tributor to this increased incidence.

Risk factors
Certain  medications  have  been  proposed  as  potential  risk 
factors  for  developing  microscopic  colitis.  While  there  have 
been  efforts  to  link  these  medications  to  microscopic  colitis, 
causality is difficult to determine. For example, one study used 
the  term  “drug-induced  microscopic  colitis”  and  developed  a 
scoring system using chronological and clinical criteria to estab-
lish  causality  of  medications  in  microscopic  colitis  [24].  One 
class of medications commonly considered to have a “high like-
lihood” of triggering microscopic colitis is nonsteroidal antiin-
flammatory drugs (NSAIDs). NSAID use has been reported in 
34%–71%  of  patients  with  microscopic  colitis  in  published 

Figure 74.3 Microscopic colitis. On endoscopy, the mucosa almost always appears normal (a). However, in rare cases, proximal mucosal tears can be 
seen (b). While this can often be confused with Crohn’s colitis, the histology should demonstrate features consistent with microscopic colitis. Source: 
Courtesy of Dr. Thomas Victor, MD, Department of Pathology, North Shore University Health System, Chicago, IL, USA.

(a) (b)

Figure 74.4 The rising incidence of microscopic colitis. Population-based 
studies in the United States, Sweden and other countries (Iceland, 
Canada, France and Spain) had shown a significant rise in the incidence 
of collagenous colitis (CC) and lymphocytic colitis (LC) from the 1980s to 
2000, which now appears to be stabilizing. Data from [14–22].
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abnormal  immunological  response  to  a  luminal  antigen, 
although characterization of the lymphocytic response has not 
revealed any insight as to the nature of the responsible antigen. 
For  collagenous  colitis,  excessive  collagen  deposition  from 
myofibroblast dysfunction is also a contributing factor.

Given the association with celiac disease, diabetes, and other 
rheumatological  conditions,  autoimmunity  likely  plays  a  role. 
Further, more women than men develop microscopic colitis, as 
in  other  autoimmune  disorders.  To  date,  there  are  no  reliable 
serological  markers  for  microscopic  colitis.  While  elevated 
higher serum IgM level and a trend towards increased antinu-
clear antibodies compared to controls have been reported, there 
was  no  increase  in  other  autoimmune  markers,  including 
antineutrophil cytoplasmic antibodies, rheumatoid factor, ant-
ismooth muscle, or antimitochondrial antibodies [41].

Increased  inflammatory  mediators,  including  nitric  oxide 
(NO), prostaglandins, and transforming growth factor-β (TGF-
β), have been reported in microscopic colitis [44–46]. Increased 
NO  may  result  from  an  increase  in  inducible  NO  synthase 
(NOS) and contribute to the symptoms of microscopic colitis, 
as  one  study  showed  that  N(G)-monomethyl-l-arginine  (l-
NMMA), an  inhibitor of NOS, decreased fluid  secretion  [46]. 
Increased  intraluminal and mucosal prostaglandin  levels have 
also been demonstrated in microscopic colitis, with one study 
reporting increased active chloride secretion possibly associated 
with increased prostaglandin E2 production [47].

TGF-β1 and vascular endothelial growth factor (VEGF) have 
both  been  implicated  in  microscopic  colitis.  In  patients  with 
collagenous  colitis,  TGF-β1  expression,  which  mediates  tissue 
collagen  production,  was  higher  than  that  found  in  controls 
[48].  VEGF  plays  a  role  in  the  regulation  of  the  extracellular 
matrix,  and  was  found  to  be  increased  in  the  epithelium  and 
lamina propria of patients with collagenous colitis compared to 
controls [49].

Excessive collagen deposition and abnormalities in collagen 
production, as well as impairment of matrix degradation, have 
also been reported  in patients with collagenous colitis.  In one 
study of 12 patients, balance between fibrogenesis and fibrolysis 
was assessed. The superficial collagen layer contained increased 
levels of collagen types I, III, and VI, and tenascin, but reduced 
levels of matrix metalloproteinase (MMP)-1 and 13 messenger 
RNA. Tissue inhibitor of metalloproteinase (TIMP-1) transcript 
levels were also  increased.  Increased procollagen and TIMP-1 
expression  with  restricted  MMP-1  expression  suggested  that 
deposition  of  an  immature  interstitial  matrix,  in  combination 
with  local  impairment  of  fibrolysis,  were  likely  factors  in  the 
pathogenesis of collagenous colitis [50].

Fibroblasts and myofibroblasts beneath the colonic crypt epi-
thelium normally deposit collagen in the basement membrane 
and maintain the structure and function of the colonic mucosa 
[51–53].  Excessive  collagen  deposition  in  collagenous  colitis 
appears to be caused by alterations in subepithelial myofibrob-
last function [54]. The abnormal structure and function of the 
pericryptal myofibroblast sheath in microscopic colitis is likely 

serotonin reuptake inhibitors, among others. However, for most 
drugs, there is usually only circumstantial evidence to support 
a link, and rarely is drug withdrawal and rechallenge reported. 
Further,  both  NSAIDs  and  PPIs  can  cause  diarrhea,  and  they 
may bring otherwise mild cases of microscopic colitis to clinical 
attention  rather  than  being  causal.  Despite  the  lack  of  solid 
evidence  demonstrating  a  link  between  medications  and  the 
development of microscopic colitis, it is appropriate to obtain a 
thorough  medication  history,  and  encourage  alternatives  to 
NSAID use while considering potential contributing effects of 
other medications the patient may be taking.

Cigarette smoking  is an  important modifiable risk  factor  in 
the  development  of  both  lymphocytic  and  collagenous  colitis. 
In  the  largest  case–control  study,  both  former  and  current 
smokers  were  associated  with  higher  risks  for  microscopic 
colitis (odds ratio [OR] 2.12). This risk was more prominent in 
current smokers (adjusted OR 5.36, 3.81, and 4.37 for collagen-
ous  colitis,  lymphocytic  colitis,  and  all  microscopic  colitis, 
respectively).  Smoking  and  the  development  of  microscopic 
colitis affected both genders equally [35]. A prospective cohort 
study from Spain similarly showed that smoking was independ-
ently  associated  with  the  risk  of  both  forms  of  microscopic 
colitis  [36].  Another  study  from  the  same  group  in  Spain 
reported that active smokers with microscopic colitis developed 
diarrhea  onset  more  than  12  years  prior  to  nonsmokers  with 
microscopic colitis [37].

Microscopic colitis is seen in association with other autoim-
mune  conditions,  including  thyroid  dysfunction,  rheumatoid 
arthritis, and psoriasis. Celiac disease is a common autoimmune 
disorder affecting approximately 1% of the Western population 
[38]. However, celiac disease  is seen much more frequently  in 
microscopic  colitis  than  the  general  population.  In  two  large 
cohort studies from the United States and Canada, microscopic 
colitis was associated with celiac disease 50–72 times more com-
monly  than  in  the  general  population  without  celiac  disease 
[22,39].  In  patients  with  celiac  disease,  microscopic  colitis 
should be considered in cases where clinical symptoms are not 
responsive  despite  a  strict  gluten-free  diet  [40].  Similarly,  in 
patients with microscopic colitis, celiac disease should be con-
sidered  in  treatment  refractory  cases  and  those  with  other  
features of malabsorption such as significant weight loss, steat-
orrhea,  metabolic  bone  disease,  and  iron  deficiency  anemia. 
Some data  suggest  that  celiac  serologies may not be  sufficient 
diagnostic tests, with lower positivity rates among patients with 
microscopic  colitis  than  in  the  general  population  [41–43]. 
Small bowel biopsy is the test of choice in patients with micro-
scopic colitis who are suspected of having celiac disease.

Pathogenesis
The etiology and underlying mechanisms of microscopic colitis 
are not clearly understood, as hypotheses are derived from small 
and sometimes conflicting studies. It is likely that the etiology 
is  multifactorial,  and  no  dominant  mechanism  has  emerged. 
The  increase  in  T  lymphocytes  in  the  epithelium  suggests  an 
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Clinical presentation and natural history
Patients with microscopic colitis typically present with chronic 
or  intermittent  watery  diarrhea.  While  symptoms  in  many 
patients are mild, the diarrhea can be severe, with up to 22% of 
patients having >10 bowel movements per day [64]. Nocturnal 
diarrhea, abdominal pain, and weight loss also occur in approxi-
mately 50% of patients. Rectal urgency is very common, occur-
ring in up to 74% of patients, and incontinence is reported in 
more  than  one-third  of  patients  [4].  Incontinence  is  more 
common in patients with more severe diarrhea.

Collectively,  symptoms  can  significantly  impact  a  patient’s 
quality  of  life.  In  one  study  of  collagenous  colitis  patients, 
quality of life scores were lower than patients with anal fissures, 
severe chronic constipation, and gastroesophageal reflux disease 
requiring  surgery  [65–67].  A  proposed  definition  of  clinical 
remission in collagenous colitis is an average of fewer than three 
stools per day and fewer than one watery stool per day, averaged 
over  a  week,  based  on  a  survey  of  patients  who  reported  this 
frequency of stools as a “break-point” of symptoms that would 
impact their health-related quality of life [68].

The natural history of microscopic colitis is widely variable. 
Earlier studies reported spontaneous remission rates of 59% in 
lymphocytic colitis and 34% in collagenous colitis after 6 months 
of follow-up [69], although other studies have reported higher 
and  lower  rates.  Further,  in  clinical  trials  reported  to  date, 
placebo response rates after 6–8 weeks were 12%–20% in col-
lagenous  colitis  [70–72],  and  48%  in  lymphocytic  colitis  [73]. 
Finally,  60%–80%  of  patients  receiving  placebo  in  controlled 
maintenance trials had a relapse of symptoms within 2–8 weeks 
of stopping therapy,  indicating that flare-ups of symptoms are 
common without some maintenance therapy [74,75].

Histological inflammation correlates with symptom severity 
in patients with microscopic colitis. In randomized trials study-
ing  the  use  of  budesonide  in  the  treatment  of  patients  with 
collagenous colitis, there were significant improvements in the 
inflammatory  cell  infiltrates  in  the  lamina  propria  as  well  as 
restoration of the degenerated surface epithelium in responders 
compared to nonresponders. However, improvements in colla-
gen  layer  thickness  were  not  consistently  seen  in  successfully 
treated patients [74]. In a randomized trial of budesonide, 73% 
of  patients  with  lymphocytic  colitis  who  received  the  drug 
showed  histological  remission,  compared  to  31%  receiving 
placebo (P = 0.030) [73].

Differential diagnosis
The  differential  diagnosis  in  patients  with  microscopic  colitis 
(beyond the distinction between lymphocytic colitis and colla-
genous colitis), includes irritable bowel syndrome (IBS), gluten-
sensitive  enteropathy  (GSE),  and  the  major  forms  of 
inflammatory bowl disease (IBD) (ulcerative colitis and Crohn’s 
disease). While the symptoms of the major forms of IBD may 
overlap  with  microscopic  colitis,  the  absence  of  imaging  or 
endoscopic  abnormalities  can  distinguish  microscopic  colitis 
from these entities. As discussed above, GSE may be a discrete 

to  be  a  secondary  response  to  colonic  mucosal  inflammatory 
mediators.  In  one  study,  subepithelial  myofibroblasts  and 
tenascin  were  seen  in  greater  numbers  in  collagenous  colitis 
compared  with  other  chronic  diarrheal  conditions,  including 
lymphocytic colitis [55], suggesting that matrix overproduction 
plays a role in the development of microscopic colitis.

Mechanisms of diarrhea in collagenous colitis have also been 
explained. One study reported reduced net sodium and chloride 
absorption as well as active chloride secretion [56]. In another 
report,  inflammation  in  the  lamina  propria,  rather  than  the 
thickness of the collagen band, correlated with symptom sever-
ity  in  patients  with  microscopic  colitis,  suggesting  that  the 
diarrhea  is  inflammatory  in  etiology.  However,  another  study 
found that the collagen band was a diffusion barrier and that the 
downregulation of the tight junction components, occludin and 
claudin-4, also contributed to diarrhea [57]. However, in rand-
omized controlled trials, improvements in collagen layer thick-
ness  in  patients  with  collagenous  colitis  were  not  consistently 
seen in successfully treated versus nonresponders of treatment.

Several  series have  investigated  the  role of bile  acid malab-
sorption (BAM) in microscopic colitis, as ileal inflammation is 
seen in a portion of patients. While positive testing for BAM is 
common,  this did not correlate with abnormal colon histopa-
thology  or  response  to  bile  acid  binders.  Reports  using  a  bile 
acid breath test showed little or no evidence for BAM [26], while 
others  using  a  direct  test  of  BAM  (selenium-75-homocholic 
acid  taurine  [SeHCAT]  retention)  found  malabsorption  in 
approximately 44% of patients with microscopic colitis [56,58]. 
However,  there  does  not  seem  to  be  a  difference  in  response 
rates with cholestyramine in patients with or without BAM. In 
open-label  studies,  those  with  an  abnormal  SeHCAT  test 
respond to cholestyramine in 59%–86% of cases, but up to 67% 
of  those  with  a  normal  test  also  respond  [58].  Further,  a 
follow-up study of  treated collagenous colitis patients demon-
strated  that  colonic  histopathology  improved  independent  of 
BAM.  As  the  SeHCAT  test  is  not  typically  performed  in  the 
United States, a trial of bile acid sequestrants usually is under-
taken on an empiric basis [59].

Familial clusters of microscopic colitis have been described, 
suggesting  a  genetic  component  to  this  disease  [60–63]. 
However,  this  may  be  due  to  common  environmental  factors 
rather  than  a  genetic  predisposition,  particularly  given  the 
paucity of familial cases. In one study comparing human leuko-
cyte  antigen-DQ  (HLA-DQ)  associations  in  celiac  disease, 
microscopic  colitis,  and  controls,  HLA-DQ2  or  DQ1,3  were 
seen more frequently in both patient groups relative to controls, 
which  may  partly  explain  the  clinical  overlap  between  celiac 
disease and microscopic colitis [42].

In  summary,  the  etiology  of  microscopic  colitis  is  poorly 
understood, and several potential mechanisms have been pro-
posed.  However,  as  it  is  unclear  whether  all  forms  of  “micro-
scopic colitis” represent a single continuum of one disease, it is 
reasonable to suspect that the underlying mechanisms involved 
in the pathogenesis of this disorder are multifactorial.
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Given  their  efficacy  in  mild  to  moderate  ulcerative  colitis, 
aminosalicylates  are  commonly  used  empirically  in  clinical 
practice.  However,  several  large  retrospective  series  have 
reported  benefit  in  fewer  than  half  of  patients  [25,64,80]. 
Another  study  reported  efficacy  in  a  majority  of  patients  in  a 
controlled  trial  of  mesalazine  (mesalamine)  compared  to 
mesalazine with cholestyramine [81]. However, a recent rand-
omized placebo-controlled study found no difference between 
mesalamine  and  placebo  in  patients  with  collagenous  colitis 
[82]. Whether this agent can be used for maintenance of remis-
sion or in lymphocytic colitis remains to be determined.

Budesonide is currently considered to be first-line therapy for 
patients  with  moderate  to  severe  microscopic  colitis  and  for 
patients  that  do  not  respond  to  other  treatments.  Budesonide 
has  been  assessed  in  three  randomized,  controlled  induction 
studies in collagenous colitis [70,71,83] and two in lymphocytic 
colitis [73,84]. In each of these studies, budesonide, 9 mg daily, 
was superior to placebo for short-term treatment (6–8 weeks). 
A metaanalysis of published studies reported a significant short-
term  response  to  budesonide  compared  to  placebo  (risk  ratio 
[RR], 3.07; 95% confidence interval [CI], 2.06–4.57) and long-
term clinical response (RR, 3.22; 95% CI, 1.05–9.89) [85]. In one 
open-label  study, budesonide was as good as prednisone [86], 
and prednisolone demonstrated a nonsignificant response com-
pared to placebo in another small randomized controlled trial 
[87].  Budesonide  offers  the  benefit  of  fewer  side  effects  than 
conventional steroids and should be used instead of prednisone. 
Unfortunately,  although  budesonide  is  effective  for  induction, 
the relapse rate is high once this medication is discontinued. In 
a retrospective cohort study from Olmsted County, Minnesota, 
70%  of  patients  had  a  recurrence  of  symptoms  after  stopping 
any  steroid,  but  the  relapse  rates  were  lower  with  budesonide 
than with prednisone [88].

For steroid-dependent patients, immunomodulators such as 
azathioprine  or  mercaptopurine  can  be  useful,  with  approxi-
mately  41%  of  patients  in  one  study  responding  to  long-term 
thiopurines [89]. However, azathioprine was poorly tolerated by 
many patients;  long-term,  low-dose (3–6 mg/day) budesonide 
in  these  patients  is  an  alternative  to  immunomodulators. 
Maintenance budesonide has been assessed in two randomized 
controlled  trials,  both  of  which  showed  that  budesonide  was 
superior  to  placebo  for  chronic  treatment,  at  least  through  6 
months. In the placebo groups, 60%–80% patients in these trials 
had relapse of symptoms within 2–8 weeks of stopping budeso-
nide [74,75].

Antitumor necrosis factor agents have been used with some 
reported success in patients who have failed to respond to ster-
oids [90]. However, these patients should constitute a very small 
percentage of  the microscopic colitis population  (1.3%  in one 
study), as steroid nonresponse is uncommon.

Finally, surgery can be considered for microscopic colitis in 
treatment-refractory  or  steroid-dependent  cases.  Diversion  of 
the fecal stream has induced both clinical and histopathological 
remission  in  collagenous  colitis  [91],  so  an  ileostomy  with  or 

or associated disorder. A diagnosis of GSE can be established by 
serological markers and small bowel biopsy.

As microscopic colitis presents with chronic diarrhea and is 
often accompanied by abdominal pain, clinicians often need to 
distinguish between this disorder and IBS. IBS is characterized 
by abdominal discomfort associated with altered bowel habits, 
and  is diagnosed on  the basis of  symptom-based criteria. The 
prevalence of IBS in North America is approximately 10%–20% 
[76], approximately 100 times greater than microscopic colitis. 
In  the  first  prospective  study  addressing  the  yield  of  colonos-
copy  in  the  evaluation  of  IBS  symptoms,  patients  undergoing 
colonoscopy with rectosigmoid biopsies found an overall preva-
lence  of  microscopic  colitis  in  1.5%  of  the  study  cohort,  and 
2.3% in patients over age 45 [77], although as noted above the 
sensitivity of distal biopsies  for diagnosing microscopic colitis 
may be limited.

Previous  retrospective  studies  reported  that  up  to  56%  of 
patients diagnosed with microscopic colitis fulfill Rome II cri-
teria  for  IBS,  and  a  diagnosis  of  IBS  was  initially  given  to 
11%–33% of patients with microscopic colitis. In a prospective 
study  assessing  the  prevalence  of  clinical  criteria  for  IBS  in 
patients  with  known  microscopic  colitis,  38%–58%  of  micro-
scopic colitis patients met either Manning or Rome I/II criteria 
for IBS. Microscopic colitis patients meeting IBS criteria tended 
to be younger and more  likely female than those who did not 
meet IBS criteria [78].

Findings of “benign intraepithelial lymphocytosis” on colono-
scopic biopsy can represent a diagnostic dilemma, as this is seen 
in a variety of conditions, including other autoimmune diseases 
such as gluten sensitive enteropathy and in association with the 
medications such as PPIs as well as microscopic colitis [78].

Therapy and management
Therapy  for microscopic colitis  is based on symptom severity. 
While there are a few potential modifiable risk factors for colitis, 
a  discussion  should  be  initiated  on  smoking  cessation  and 
removal of potential offending medications, such as NSAIDs if 
relevant to the individual patient.

For  those  with  mild  symptoms,  bismuth  subsalicylate  or 
other antidiarrheal therapies such as loperamide or diphenoxy-
late/atropine  can  be  used  to  improve  the  frequency  of  bowel 
movements and quality of life. In an open-label study, treatment 
with bismuth subsalicylate (eight chewable 262-mg tablets per 
day for 8 weeks) resulted in response in nearly all patients and 
long-term response in 9/12 patients followed for 7–28 months 
[79]. The average time to response was 2 weeks.

As  discussed  above,  patients  with  microscopic  colitis  often 
have bile acid malabsorption, so bile acid sequestrants may be 
effective  [56,58].  Reported  response  rates  in  retrospective 
studies range from 57% to 78% [25,64,80], including up to two-
thirds of patients who do not have evidence of bile acid malab-
sorption on testing. If tolerated, cholestyramine or colesevelam 
may  represent  a  potentially  effective  long-term  nonsteroid 
therapy for controlling symptoms.
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[100]. However, the Crohn’s cohort represented a younger pop-
ulation, whereas microscopic colitis patients are usually women 
over age 65, a group at high risk for osteoporosis. Microscopic 
colitis patients on chronic steroid therapy should have routine 
bone mineral density measurement and should be considered 
for vitamin D and calcium supplementation.

Geographic variation
A potential geographic distribution of microscopic colitis  that 
is distinct from other forms of IBD may exist. In one study using 
a  large  pathology  database  in  the  United  States,  diagnoses  of 
ulcerative colitis and Crohn’s disease were seen with increased 
distribution in the Northeast and North Central United States, 
whereas  microscopic  colitis  was  increased  in  the  South  and 
Southwest United States [101]. This suggested that environmen-
tal factors play a role in the etiology of IBD, but that a different 
set of risk factors affected microscopic colitis compared to ulcer-
ative colitis and Crohn’s disease. However, as this study used a 
pathology  database  with  specimens  from  private  outpatient 
endoscopy  centers,  this  may  not  reflect  the  true  geographical 
differences  across  the  entire  population.  A  potential  north–
south gradient has also been proposed  for microscopic colitis 
based on studies from Spain and Sweden [19,102].

Other miscellaneous inflammatory and 
structural disorders of the colon

Eosinophilic colitis
Eosinophilic colitis (EC) is the least common among a hetero-
geneous group of eosinophilic gastrointestinal diseases (EGIDs) 
that also includes eosinophilic esophagitis.

EC can be categorized into primary (idiopathic) and second-
ary forms. Primary EC is most commonly seen in the pediatric 
population,  primarily  in  infants  and  young  children,  and  has 
been  referred  to  as  “allergic  colitis  of  infancy”  or  “dietary 
protein-induced proctocolitis of  infancy syndrome” [103]. For 
adults and older children, primary EC is very uncommon, but 
has been described following solid organ transplantation [104] 
as well as bone marrow transplantation [105].

Secondary causes of EC are common in the adult population 
and a variety of underlying causes need to be excluded before a 
diagnosis  of  primary  EC  is  made  (Box  74.1).  Tissue-invading 
parasites,  including  Schistosoma  spp,  Strongyloides stercoralis, 
and  Trichuris trichiura,  commonly  elicit  a  dense  eosinophilic 
infiltrate in the colonic mucosa [106–108]. Medications can also 
lead to EC, with case reports in patients taking NSAIDs, cloza-
pine,  carbamazepine,  rifampicin,  tacrolimus,  and  therapeutic 
gold compounds [109].

Eosinophils have also been described as part of the spectrum 
of  findings  in  inflammatory  bowel  disease,  and  eosinophilic 
infiltration of the colon has been described to precede [110] or 
overlap with the diagnosis of IBD [111].

without a colectomy is an option. While ileal pouch anal anas-
tomosis has been reported [92,93], patients are at risk for devel-
opment of collagenous pouchitis [94], and the procedure may 
not otherwise be appropriate based on a patient’s age and clini-
cal  status.  A  proposed  algorithm  for  treatment  is  provided  in 
Figure 74.5.

Complications
While chronic ulcerative colitis and Crohn’s disease of the colon 
have been associated with an increased risk of colorectal cancer, 
there is no association with colon cancer in microscopic colitis 
based on numerous cohort studies. Indeed the largest study to 
date  reported  a  decreased  risk  of  colon  adenoma  and  cancer 
[95]. A similar finding of decreased colorectal cancer risk has 
been reported in patients with celiac disease [96], a disease that, 
as  noted  above,  is  often  seen  concurrently  in  patients  with 
microscopic colitis. Perhaps the presence of increased intraepi-
thelial  lymphocytes  (IELs),  in  both  microscopic  colitis  and 
celiac disease, may provide immune surveillance that confers a 
decreased risk of colorectal cancer [97,98]. In addition, agents 
such  as  budesonide  may  affect  dysplasia  risk  in  microscopic 
colitis  patients  [99].  As  these  studies  were  retrospective  in 
nature,  a  temporal  relationship  between  microscopic  colitis 
diagnosis  and  decreased  colorectal  neoplasia  has  not  been 
firmly established, so any explanation for this benefit is specula-
tive.  However,  given  the  available  literature,  it  is  sufficient  to 
recommend  average-risk  screening  for  colorectal  cancer,  as 
opposed  to  more  intensive  surveillance  recommended  for 
patients with long-standing ulcerative and Crohn’s colitis.

In patients who require long-term therapy with budesonide, 
monitoring  of  blood  glucose,  blood  pressure,  cataracts,  and 
bone density is recommended. To date, no studies have exam-
ined the long-term risk of osteoporosis in patients on budeso-
nide for microscopic colitis. A study in Crohn’s disease over a 
2-year  period  did  not  show  any  difference  in  bone  mineral 
density in steroid-free compared to budesonide-treated patients 

Figure 74.5 An algorithmic approach to the treatment of microscopic 
colitis. 6-MP, 6-mercaptopurine; NSAIDs, nonsteroidal antiinflammatory 
drugs.
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in  the  stool  [120],  although  either  or  both  of  these  can  be 
lacking.

The treatment of EC in infants usually involves withdrawal of 
the offending protein, which usually  leads to resolution of the 
symptoms.  Possible  secondary  causes  of  colonic  eosinophilia 
should be evaluated and treated, and can include drug-induced 
EC,  parasitic  infection,  IBD,  connective  tissue  disorders,  and 
vasculitis. Primary EC has been most commonly  treated with 
steroids, including budesonide and prednisone in doses ranging 
from 10 to 40 mg daily [121,122], as well as immunomodulators 
[113], but randomized controlled trials for EC are lacking.

Mast cell colitis
While their exact function is not completely understood, mast 
cells are  involved  in a broad spectrum of processes,  including 
neuronal  functions  such  as  peristalsis  and  pain,  regulation  of 
tissue homeostasis such as epithelial secretion and permeability, 
and  immune  host  defense  and  inflammation  in  normal  and 
abnormal conditions,  such as  food allergy,  infection, and IBD 
[123,124].

Mast cells are found in the periphery of most organs, such as 
the skin and the gastrointestinal mucosa, and have been associ-
ated with functional GI disorders [125]. For example, in patients 
with systemic mastocytosis, patients present clinically with skin 
lesions and GI  symptoms, which  include diarrhea,  abdominal 
pain, and nausea. In severe cases, peptic ulcer can occur, as well 
as  malabsorption  and  liver  fibrosis  with  portal  hypertension. 
Increased  numbers  of  mast  cells  can  be  found  in  association 
with  ulcerative  colitis  [126],  collagenous  colitis  [127,128], 
gluten-sensitive  enteropathy  [129,130],  and  all  forms  of  IBS. 
Whether increased mast cells are the result of their diffuse resi-
dence in the GI tract rather than a specific diagnosis, is still of 
some debate.

Malignancies can also be associated with an increase in intes-
tinal  eosinophils.  Systemic  mastocytosis  and  chronic  eosi-
nophilic  leukemia  are  classic  but  rare  causes  of  eosinophilic 
infiltration. Tissue eosinophilia has also been reported in colon 
adenocarcinoma and lymphoma [112].

The pathogenesis of EC in infants  is mostly associated with 
allergy to cow’s milk and soy proteins [113], although it has also 
been  described  in  breast-fed  infants  [114].  However,  less  is 
known about  the pathogenesis of EC  in adults. About 80% of 
patients  with  EGIDs  have  a  concomitant  atopic  disease,  and 
62% have food sensitivities, suggesting an allergic component. 
In addition, 16% of patients with EGIDs have a family member 
with  the  similar  disorder,  suggestive  of  a  genetic  association 
[115]. In adults, EC has been postulated to arise from a non-IgE 
associated pathway, acting via a CD4+ Th2-lympocyte-mediated 
response [116].

EC  can  manifest  in  three  forms:  mucosal,  transmural,  and 
serosal. The clinical features of EC depend on the depth of colon 
involvement.  When  the  mucosa  alone  is  involved,  diarrhea  is 
the  most  common  symptom,  although  abdominal  pain  and 
weight  loss  can  also  be  present  [117].  Transmural  disease 
presents as a thickened colonic wall on imaging studies, leading 
to  obstruction  and  occasionally  volvulus.  Serosal  involvement 
can lead to eosinophilic ascites [103].

Primary  EC  is  a  diagnosis  of  exclusion,  as  colonic  eosi-
nophilia may occur with other conditions as discussed above. 
On endoscopic exam, there may be mild inflammatory changes 
of edema, patchy erythema, and loss of vascular pattern. Colon 
biopsies will  typically reveal an eosinophilic  infiltration of  the 
lamina  propria  with  extension  into  the  muscularis  mucosa  
and  submucosa  (Figure  74.6).  In  a  healthy  colon,  eosinophils 
number from five to 35 per high powered field, with more eosi-
nophils  in  the  right  colon  [118,119].  There  are  currently  no 
consensus  criteria  or  specific  eosinophil  count  that  defines  
the diagnosis, so it  is  important to show evidence of excessive 
infiltration  in  more  than  one  segment  of  the  colon  in  order  
to establish the diagnosis of EC with confidence. Other findings 
may  include  peripheral  blood  eosinophilia  and  eosinophils  

Box 74.1 Specific causes of eosinophilic colitis.

Parasites (Schistosoma spp, Strongyloides stercoralis, Trichuris trichiura)
Inflammatory bowel disease (Crohn’s disease, ulcerative colitis)
Celiac disease
Medications (nonsteroidal antiinflammatory drugs, tacrolimus, 

clozapine, gold, rifampicin, carbamazepine)
Lymphoma
Connective tissue disease
Vasculitides (Churg–Strauss syndrome, polyarteritis nodosa)
Graft versus host disease
Systemic mastocytosis
Hypereosinophilic syndrome

Figure 74.6 Eosinophilic colitis. H&E staining showing eosinophilic 
infiltration of the lamina propria and surface epithelium, with some 
eosinophils infiltrating the crypts. Source: Courtesy of Dr. Thomas Victor, 
MD, Department of Pathology, North Shore University Health System, 
Chicago, IL, USA.
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2-week  course  of  the  H1-antigonist  cetirizine  hydrochloride 
(10 mg  daily)  and  the  H2-antagonist  ranitidine  hydrochloride 
(300 mg twice a day). In 8/33 patients (24%), cromolyn sodium 
was given for 4–6 weeks (200 mg four times a day). At follow-up, 
22 of 33 (67%) of study patients who received therapy showed 
cessation of diarrhea or a 50% improvement in stool frequency 
or consistency [136].

Randomized studies using mast cell stabilizers and antihista-
mines  in  groups  of  patients  with  chronic  diarrhea  with  and 
without  a  predominance  of  mast  cells  in  the  colon  should  be 
performed before these medications are used in routine clinical 
practice.

Segmental colitis associated with diverticulosis
Segmental colitis associated with diverticulosis (SCAD), some-
times referred to as diverticular colitis, is a poorly defined dis-
order of the colon. This condition was initially described in the 
late 1960s, and was referred to as “Crohn’s-like lesions” compli-
cating diverticulosis [137].

SCAD  is  a  chronic  colitis  that  is  confined  to  a  segment  of 
colon  containing  diverticula,  usually  the  sigmoid  colon.  Most 
patients  present  with  hematochezia,  but  abdominal  pain  and 
diarrhea  can  also  occur.  In  the  absence  of  specific  diagnostic 
criteria, the incidence of SCAD is unknown, and this entity is 
likely under-reported, as SCAD is often seen incidentally during 
screening colonoscopy among otherwise asymptomatic patients. 
Men are affected more often than females, and the initial onset 
of symptoms is usually after the age of 60, which is distinct from 
Crohn’s colitis.

Colon mucosa proximal and distal to the site of SCAD should 
be  endoscopically  and  histologically  normal.  In  the  affected 
segment there is evidence of nonspecific mucosal inflammation 
in the presence of diverticulosis, which can appear as erythema, 
ulceration,  loss  of  vascular  pattern,  and  subepithelial  hemor-
rhage (Figure 74.7). Histologically, biopsy specimens can show 
features  of  chronic  inflammation,  including  inflammatory 
expansion  of  the  lamina  propria,  distortion  of  crypt  architec-
ture,  cryptitis,  and Paneth cell metaplasia  (Figure 74.8)  [138]. 
The segmental involvement may lead to confusion with Crohn’s 
colitis.

It is not clear if SCAD is a form of IBD occurring by chance 
close  to  the  diverticula  or  a  truly  distinct  clinical  entity.  Two 
studies  have  reported  increased  mucosal  tumor  necrosis 
factor-α expression in the biopsies of patients affected by SCAD, 
similar to what is seen in Crohn’s disease, suggesting that SCAD 
be considered an atypical form of IBD [139,140]. The etiology 
of  SCAD  is  not  known.  Diverticulosis  is  a  common  entity, 
usually  seen  on  routine  endoscopic  or  radiographic  imaging, 
but  why  segmental  colitis  develops  and  the  risk  factors  for 
development of SCAD are yet to be determined.

In contrast  to Crohn’s disease,  the natural history of SCAD 
usually follows a uncomplicated course. Some case series with 
SCAD  report  complete  spontaneous  resolution  of  symptoms 
without  therapy,  but  most  others  improved  substantially  with 

In  the  GI  tract,  mast  cells  are  found  in  close  proximity  to 
nerves and perivascular areas,  suggesting a  role as  an effector 
cell of the brain–gut axis in the intestinal mucosa [131,132]. In 
animal  models,  mast  cell  activation  has  been  shown  to  cause 
increased  excitability  of  enteric  neurons,  resulting  in  visceral 
hypersensitivity  and  abnormal  intestinal  motor  function 
[133,134].

In  patients  with  IBS,  there  is  an  increase  in  mast  cells  and 
mast cell mediators in the colon in up to 75% of patients, and 
mast cells have been proposed as a mediator of pain perception 
and bowel function. However, not all studies have shown con-
sistent  increase  in mast cells  in IBS. Mast cell  infiltration may 
also be gender dependent; one  study has  found  that mast cell 
infiltration was 43% greater in females than males, which may 
contribute to the higher prevalence of IBS in females [124].

Increased mast cell infiltration can be detected by immuno-
histochemical  staining  for  mast  cell  tryptase  (MST).  Serum 
tryptase  is usually normal, as the effect of mast cell mediators 
is  local  [135].  Toluidine  blue  is  another  staining  method  that 
can be used to depict mast cell granules, although MST is  felt 
to  be  more  specific.  Hematoxylin  and  eosin  (H&E)  staining 
does not stain the granules of mast cells and thus makes routine 
visualization of mast cells in the colon difficult. In a small pro-
portion of IBS patients, a slight increase in eosinophils or mixed 
inflammatory cells can be seen  in  the  lamina propria. Besides 
the  increased  mast  cells,  there  is  no  crypt  architecture  distor-
tion, cryptitis, granulomas, or findings  typically  seen  in colla-
genous or microscopic colitis. Whether immunohistochemical 
staining for MST should be routinely used in the evaluation of 
patients with diarrhea remains unsettled.

The term “mast cell colitis,” or “mastocytic enterocolitis,” has 
been felt by some to be a distinct entity, but it remains unclear 
if  this actually represents a  feature simply associated with IBS 
[126,136]. In a subset of patients with chronic diarrhea, increased 
mast cells have been seen as the primary morphological abnor-
mality.  For  example,  Jakate  et  al.  described  47  patients  with 
diarrhea, and otherwise normal colonic and duodenal biopsies, 
and 70% of these patients had increased mast cells when stained 
for MST, compared to 0% of subjects with other forms of chronic 
diarrhea  (inflammatory  bowel  disease,  microscopic  colitis,  or 
celiac disease) [136]. While “mastocytic enterocolitis” may not 
be  a  distinct  disorder,  these  authors  note  that  the  histological 
findings  help  guide  a  treatment  approach  distinct  from  that 
usually employed for patients with IBS with diarrhea.

Because tryptase and histamine are two of the major inflam-
matory  mediators  released  during  mast  cell  degranulation, 
treatment for mast cell colitis has often relied on use of an anti-
histamine  together  with  a  mast  cell  stabilizer.  The  latter  has 
included cromolyn sodium, although studies have shown incon-
sistent results in patients with IBS [127–129]. Tricyclic antide-
pressants with known antihistaminic effects have also been used 
to improve symptoms in functional GI disorders [130].

In an uncontrolled study, patients with chronic diarrhea and 
increased mast cells (>20 per high powered field) were given a 
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Figure 74.9 Diversion colitis. H&E staining shows inflammation confined 
to the mucosa, and is described as a diffuse lymphoplasmacytic infiltrate 
with minimal crypt architecture distortion, and lymphoid follicular 
hyperplasia lining up along the muscularis mucosa. Source: Courtesy of 
Thomas C. Smyrk, MD, Division of Anatomic Pathology, Mayo Clinic, 
Rochester, MN, USA.

Diversion colitis
Diversion colitis is a nonspecific inflammatory disorder that can 
develop  in  bowel  that  has  been  defunctionalized  by  surgical 
diversion  of  fecal  stream  away  from  the  affected  colorectal 
mucosa. Diversion colitis can occur irrespective of the nature of 
the  original  disorder  for  which  the  surgery  was  performed, 
including  for  bowel  perforation,  diverticular  disease,  tumor, 
iatrogenic injury, and IBD. Although this entity was described 
in 1972, the term “diversion-related colitis” was coined in 1981 
by  Glotzer  and  colleagues  in  a  case  series  of  patients  with 
mucosal inflammation in the diverted colon [142].

Endoscopically, findings of diversion colitis are  rather non-
specific,  including erythema, granularity, subepithelial hemor-
rhage, and aphthous ulceration. On histology, the inflammation 
is confined to the mucosa, and is described as a diffuse lympho-
plasmacytic  infiltrate  with  minimal  crypt  architecture  distor-
tion, and  lymphoid  follicular hyperplasia, which  is  thought  to 
be the hallmark of this disease (Figure 74.9).

Symptoms  include  rectal  bleeding,  tenesmus,  and  mucous 
discharge. While findings of diversion colitis are seen in almost 
all  patients  with  this  type  of  surgery,  symptoms  occur  with 
varying  frequencies,  which  does  appear  to  depend  on  the 
underlying  reason  for  surgery.  In  one  prospective  study,  evi-
dence of diversion colitis was seen in 91% of cases, but symp-
toms were reported in only 6% [143]. However, in patients with 
a subtotal colectomy for ulcerative colitis, 87% of patients from 
one  study  had  rectal  symptoms  from  the  defunctionalized 
stump,  suggesting  that patients with underlying  immune dys-
regulation may be at increased risk for symptomatic diversion 
colitis [144].

The pathogenesis of this disorder is not fully understood. The 
lack of short chain fatty acids (SCFA) in the diverted segment 

high  fiber  diets,  antibiotics,  or  mesalamine  [138].  The  typical 
response  to  mesalamine  resembles  that  more  commonly 
observed in patients with ulcerative colitis than Crohn’s colitis. 
Rarely,  symptoms  are  severe  and  refractory,  and  surgery  has 
been required in cases of chronic blood loss anemia or stricture 
with obstruction. In contrast to the frequent need for reopera-
tion in patients with Crohn’s disease, the need for repeat surgery 
for  recurrent  segmental  colitis  has  not  been  reported  [141]. 
Thus, while SCAD shares some histological features in common 
with conventional  forms of  IBD,  the clinical presentation and 
natural  history  generally  permit  distinction  from  Crohn’s 
disease and ulcerative colitis.

Figure 74.7 Segmental colitis associated with diverticulosis. Endoscopic 
views showing nonspecific findings of edema, erythema, and focal 
ulceration in the sigmoid colon, in an area of diverticulosis. This 
particular patient was asymptomatic, with these findings seen incidentally 
on routine screening colonoscopy.

Figure 74.8 Segmental colitis associated with diverticulosis. H&E staining 
showing features of acute and chronic inflammation, including 
inflammatory expansion of the lamina propria, distortion of crypt 
architecture, and crypt abscess. Source: Courtesy of Dr. Thomas Victor, 
MD, Department of Pathology, North Shore University Health System, 
Chicago, IL, USA.
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result  is  chronic  rectal  mucosal  hypoperfusion,  which  then 
leads  to  local  ischemia, ulceration,  and fibrosis. The causes of 
the  ischemia  may  include  replacement  of  blood  vessels  by 
fibroblasts,  venous  congestion  from  increased  rectal  pressure, 
and  pressure  from  the  anal  sphincter  leading  to  necrosis  of 
prolapsed  mucosa.  Rectal  mucosal  blood  flow  is  reduced  in 
SRUS.

Presenting  symptoms  vary  among  patients,  with  the  most 
common symptom being passage of blood or mucous, reported 
in 82% of patients in one study [155]. Other symptoms include 
chronic constipation, sensations of incomplete evacuation, and 
abdominal  or  pelvic  pain.  Of  note,  SRUS  is  often  diagnosed 
incidentally on endoscopy and up to 26% of patients are asymp-
tomatic [156].

Endoscopic  findings  also  vary,  from  mild  erythematous 
mucosa, to single or multiple ulcerations of differing depth and 
size, to polypoid lesions. As mentioned previously, despite the 
name, solitary lesions were reported in only 68% of cases, and 
ulcers were seen in only 78% of cases in one study, illustrating 
the variability in presentation [155]. These lesions are typically 
5–10 cm from the anal verge on the anterior wall of the rectum. 
Ulcers can range from 0.5 to 4 cm in diameter. It  is  important 
to  obtain  biopsies  from  this  area  to  exclude  other  potential 
diagnoses,  including  IBD,  carcinoma,  medication-induced 
colitis, endometriosis, and infections. Infections that can mimic 
SRUS include amebiasis, lymphogranuloma venereum, and sec-
ondary syphilis. Since both clinical and endoscopic features can 
vary widely, the diagnosis of SRUS can be delayed, and should 
be  considered  in  the  differential  diagnosis  when  evaluating 
patients with these findings.

Defecography can be as a useful tool for demonstrating inter-
nal  prolapse.  One  study  reported  abnormal  findings  in  13/15 
patients with SRUS including intussusception of the rectal wall, 
external  prolapse,  and  failed  relaxation  of  the  puborectalis 
[157]. However, with the availability of endoscopy and charac-
teristic findings on biopsy, defecography is seldom necessary to 
establish  a  diagnosis,  but  can  be  considered  for  preoperative 
assessment [158].

Diagnosis in SRUS is usually based on hallmark histopathol-
ogy. The key histological feature is fibromuscular obliteration in 
the  lamina  propria,  or  replacement  of  the  lamina  propria  by 
smooth muscle and collagen, with hypertrophy of the muscula-
ris mucosa and splaying of the muscularis upwards towards the 
crypts (Figure 74.10). Distortion of the crypt architecture is also 
present and resembles that seen in other mucosal prolapse syn-
dromes  such  as  rectal  prolapse,  colitis  cystica  profunda,  and 
inflammatory cloacogenic polyp. Colitis cystica profunda, also 
referred  to  as  “proctitis  cystica  profunda,”  is  a  disorder  of 
mucous-filled cysts, usually found in the rectum.

The  clinical  course  of  SRUS  depends  on  the  clinical  symp-
toms  but  it  is  typically  benign.  While  there  are  no  published 
treatment  guidelines,  patient  education  and  a  conservative 
approach with the goal of symptom improvement are the main-
stays  of  management.  A  high-fiber  diet  with  use  of  bulking 

has been proposed to play a role. SCFAs are normally produced 
from bacterial breakdown of complex carbohydrates by resident 
bacteria,  and  they  serve  as  an  important  energy  source  for 
colonocytes,  especially  in  the  distal  colon.  This  decrease  in 
mucosal  nutrition  is  thought  to  lead  to  inflammation,  but 
changes  in  the bacterial flora may also affect mucosal  inflam-
mation [145,146].

Restoration of fecal continuity usually leads to resolution, but 
symptoms  of  diarrhea  and  impairment  in  quality  of  life  may 
persist  and  are  often  related  to  the  severity  of  the  diversion 
colitis  [147].  Medical  treatment  in  symptomatic  patients  with 
diversion  colitis  has  included  primarily  SCFA  enemas,  which 
showed improvement in a small study that reported four patients 
with diversion colitis  [148]. However,  a  follow-up prospective 
placebo-controlled study showed no improvement in histology 
or endoscopic findings with this treatment [149]. SCFA enemas 
did not alter the bacterial composition in diversion colitis, sug-
gesting that bacterial dysbiosis  independent of SCFAs is  likely 
involved in the pathogenesis of diversion colitis [150,151].

In patients with a history of ulcerative or Crohn’s colitis pre-
senting with colitis in a diverted segment of colon, the distinc-
tion between active IBD and diversion colitis may be difficult, 
although the histological findings may be highly suggestive. In 
symptomatic  patients,  treatment  with  topical  mesalamine  or 
steroids is a reasonable initial approach to medical therapy. In 
cases where surgical restoration of continuity is not feasible and 
response to medical therapy is suboptimal, rectal resection can 
be considered [152].

Solitary rectal ulcer syndrome
Solitary rectal ulcer syndrome (SRUS) is a chronic, benign dis-
order  affecting  the  rectum.  This  entity  was  first  described  in 
1830,  and  has  been  widely  recognized  since  1969  when  the 
distinct  histological  characteristics  were  described  in  a  large 
case  series  [149].  While  the  pathogenesis  of  this  condition  is 
poorly understood, it is often related to straining or disordered 
defecation. The term is a bit of a misnomer, as ulcers are found 
in only 40% of patients and most cases involve more than one 
ulcer. Further, the lesions can vary from ulcerations to polypoid 
lesions and have also been described in the sigmoid colon [153].

Epidemiological  data  on  SRUS  are  scarce,  with  estimated 
incidence in the 1980s of 1 in 100 000 persons per year. This is 
likely a vast underestimate of the true incidence, as our use of 
endoscopy and our understanding of the heterogeneity of this 
condition  have  improved.  SRUS  is  typically  seen  in  younger 
adults, most commonly in men in their 30s and women in their 
40s.  However,  this  condition  has  also  been  described  in  the 
pediatric and geriatric literature.

The  pathogenesis  of  SRUS  is  not  entirely  established,  but 
several  factors  have  been  described.  The  combination  of 
increased abdominal pressure from straining and contraction of 
the puborectalis muscle have been thought to exert pressure on 
the upper anal canal leading to occlusion [154]. Direct trauma 
from straining and rectal prolapse may also play a role. The end 
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However, 50% of those who had an early response to biofeedback 
maintained that benefit at a median of 3 years [165].

Finally,  for  those  requiring  rectopexy  for  SRUS,  one  large 
retrospective  study  reported  satisfactory  outcomes  in  55%  of 
patients over a median follow-up of 90 months. However, 30% 
of patients in this study ultimately required a stoma for contin-
ued constipation and/or failed surgery [162].

Stercoral ulceration
Stercoral ulcers are another uncommon cause of colonic ulcera-
tion  resulting  from  local  tissue  ischemia  (Figure  74.11).  This 
condition typically afflicts the elderly with chronic constipation. 
Fecal impaction in the colon can cause a pressure necrosis and, 
in  worst  cases,  this  can  progress  to  a  stercoral  perforation. 
Presenting  symptoms  of  stercoral  ulcer  are  usually  lower 
abdominal pain with hematochezia in a patient with a history 
of chronic constipation.

Stercoral perforation has been described in case reports and 
case series. Chronic constipation and its associated conditions 
are  present  in  almost  all  cases.  Use  of  opiates,  NSAIDs,  and 
tricyclic  antidepressants,  and  conditions  such  as  diabetes, 
hypothyroidism, and hemiparesis that can contribute to consti-
pation  are  associated  with  stercoral  perforation.  The  location 
most commonly involved is the sigmoid or rectosigmoid colon 
(74%  of  cases),  as  this  is  the  narrowest  part  of  the  colon  and 
where stool is in its most solid form [166]. A CT scan can iden-
tify  almost  all  cases  of  stercoral  perforation,  with  the  most 
common findings being fecal impaction, extraluminal air, peri-
colic fat stranding, and extraluminal feces.

Emergent surgery for stercoral perforation is usually associ-
ated  with  a  high  mortality,  so  prevention  with  a  daily  bowel 

agents, avoidance of straining or long periods on the commode, 
and avoidance of digital trauma should be recommended [153]. 
Several therapies thought to be beneficial include topical medi-
cations, behavior modification supplemented by fiber and bio-
feedback, and surgery. Topical steroids and mesalamine enemas 
are largely ineffectual. Sucralfate enemas and fibrin glue applied 
to the ulcer bed with benefit have been described in small case 
series; the fibrin glue is purported to stimulate growth of vessels 
and lead to more rapid healing of ulcers [159].

Biofeedback interventions have been described in SRUS with 
the goal of reducing excessive straining with defecation by cor-
recting pelvic floor dysfunction and improving relaxation of the 
puborectalis muscle. In one study, 12/16 patients reported sub-
jective  symptomatic  improvement  after  biofeedback  therapy 
and, in subjects who felt better, there was a significant increase 
in mucosal blood flow in the rectum [160].

Surgery should be considered in patients who do not respond 
to  conservative  management  or  biofeedback  therapy. 
Preoperative  defecography  can  help  to  determine  the  best 
course of action for patients who require surgery. For patients 
with prolapse and SRUS, rectopexy and resection have improved 
symptoms,  at  least  in  several  retrospective  studies  [161–163]. 
For  external  prolapse,  mucosal  resection  or  perianal  proctec-
tomy have been described [162].

The natural history of SRUS varies with symptom severity. For 
mild  symptoms,  fiber  supplementation  resulted  in  complete 
ulcer healing in 15 of 21 patients over an average period of 10.5 
months  [164].  In  another  study,  biofeedback  either  before  or 
immediately after  surgery decreased recurrence rates of SRUS 
more than a nonbiofeedback group. While biofeedback improved 
the  symptoms  of  SRUS,  this  benefit  deteriorated  with  time. 

Figure 74.10 Solitary rectal ulcer syndrome. H&E staining showing 
replacement of the lamina propria by smooth muscle and collagen, with 
hypertrophy of the muscularis mucosa and splaying of the muscularis 
upwards towards the crypts. Source: Courtesy of Dr. Thomas Victor, MD, 
Department of Pathology, North Shore University Health System, 
Chicago, IL, USA.

Figure 74.11 Stercoral ulceration. Endoscopic view of a patient with 
stercoral ulceration in the distal rectum. This patient had a history of 
chronic constipation and presented with hematochezia. Source: Courtesy 
of Louis M. Wong Kee Song, MD, Department of Gastroenterology and 
Hepatology, Mayo Clinic, Rochester, MN, USA.
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The gastrointestinal tract has been the most frequent site of 
extrapelvic  endometriosis,  with  bowel  involvement  present  in 
5%–12% of women with endometriosis. The rectosigmoid colon 
is  the most common  location  for bowel endometriosis,  as  the 
anterior rectum is opposed to the posterior vagina. While over 
90% of  lesions are  found  in  the  rectum or  sigmoid colon,  the 
appendix can also be involved in 9%–20% of cases [174–177]. 
Other  areas  of  bowel  endometriosis  have  been  described,  but 
represent <5% of reported cases.

The pathogenesis of endometriosis is not well established, but 
it  is  hypothesized  to  arise  from  a  few  etiologies.  Retrograde 
menstruation  is  the  most  common  theory,  a  process  where 
endometrial  cells  are  shed  into  the  uterus  and  transported 
through  the  fallopian  tubes. These cells can  then  implant  into 
the  pouch  of  Douglas,  which  is  located  superior  to  the  rec-
tovaginal septum and anterior to the rectum. Spread of endome-
trial  cells  through  lymphatics  and  blood  vessels  is  thought  to 
result in endometriosis in areas outside of the pelvis. Endometrial 
implants  can  lead  to  an  inflammatory  response  and  a  fibrotic 
nodule,  and  the  surrounding  fibrosis  can  infiltrate  the  rectal 
wall. Typically, the serosa and muscularis propria are involved, 
with a smaller portion of lesions infiltrating to the depth of the 
submucosa  and  mucosa  (38%  and  6%,  respectively,  in  one 
study) [173,178].

It  is presumed that the vast majority of patients with bowel 
endometriosis are asymptomatic. In those requiring surgery, the 
most  common  symptoms  included  pelvic  pain,  dyspareunia, 
changes  in  bowel  habits,  and  rectal  bleeding.  Gastrointestinal 
bleeding is thought to arise from swelling of the intestinal wall 
implants during menses, which may cause breaks in the mucosa. 
In severe cases of obstruction, bleeding can be caused by local 
ischemia.  While  symptoms  may  be  cyclical,  bowel  symptoms 
can occur on a chronic or intermittent basis independent of the 
menstrual cycle.

Acute  bowel  obstruction  is  rare  in  patients  with  bowel 
endometriosis  (<1%).  However,  chronic  and  partial  bowel 
obstructive  symptoms  have  been  reported  in  up  to  23%  of 
patients  with  intestinal  endometriosis,  especially  in  patients 
with  small  intestinal  (usually  terminal  ileum)  involvement 
[179].  Intestinal  perforation  is  also  very  rare,  but  has  been 
described in patients with appendiceal endometriosis.

The diagnosis of endometriosis is guided by a patient’s symp-
toms.  Physical  exam  findings  are  usually  nonspecific,  as  the 
differential  diagnosis  for  GI  endometriosis  is  vast,  including 
irritable  bowel  syndrome,  inflammatory  bowel  disease,  infec-
tion, malignancy, and appendicitis. However, a bimanual exam 
can  sometimes  detect  a  tender  nodule  in  the  rectovaginal 
septum,  or  fibrotic  uterosacral  ligaments.  Imaging  studies  are 
often ordered as part of an evaluation for pain, but are of limited 
utility in bowel endometriosis. Transvaginal ultrasound (TVUS) 
can  be  useful  in  cases  of  suspected  endometriosis  if  there  is 
rectosigmoid  involvement,  with  a  reported  sensitivity  of  91% 
and specificity of 98% in a systematic review [180]. In cases of 
rectosigmoid  endometriosis,  rectal  endoscopic  ultrasound 

regimen and identification of the populations at risk for severe 
constipation should be the focus.

Medication-induced colonic injury
While  uncommon,  medications  can  cause  colonic  injury 
through a variety of mechanisms. For example, several medica-
tions  have  been  associated  with  ischemic  colitis.  Cocaine  and 
ergotamine  can  lead  to  severe  mesenteric  vasoconstriction 
while  oral  contraceptives  can  produce  a  hypercoaguable  state 
and mesenteric venous  thrombosis. Symptoms of medication-
induced ischemia often depend on the severity of the insult, but 
abdominal pain, hematochezia, and fevers are common present-
ing symptoms [167].

Drug-induced  colitis  can  result  from  medications  as  well. 
While  it  is well known that NSAIDs can cause damage  in  the 
upper GI tract, NSAIDs can also induce colonic ulceration. In 
one study, 74% of patients with a new diagnosis of colitis had 
been on NSAIDs or salicylates prior to diagnosis, compared to 
30% of  controls  [168]. Most patients presented with diarrhea, 
with or without abdominal pain or blood loss. Endoscopic find-
ings  vary,  from  superficial  erosions  to  flat  ulcers  to  ring-like 
strictures  in  the  colon  [169].  While  ulcerations  have  been 
described  throughout  the  colon,  NSAID  ulcers  typically  are 
seen in the right colon and ileocecal valve [170].

Gold  compounds,  more  frequently  used  in  the  past  for  the 
treatment  of  rheumatoid  arthritis,  commonly  cause  diarrhea, 
with numerous reports of colitis in the literature. Mycophenolate 
mofetil is a commonly used immunosuppressive agent in solid 
organ transplant and other autoimmune disorders. Diarrhea is 
a  common  side  effect,  and  histological  changes  have  been 
reported to mimic graft versus host disease and IBD, with crypt 
architectural  distortion  and  evidence  of  mildly  active  and 
chronic  inflammation,  and  focal  presence  of  dilated  and 
inflamed  crypts.  It  is  important  to  recognize  the  association 
between mycophenolate mofetil and histological changes mim-
icking Crohn’s disease, and to consider changes to immunosup-
pression  in  patients  presenting  with  diarrhea  and  these 
histological findings [171,172].

Rectal administration of medications has also been noted to 
cause colonic toxicity. This includes detergent enemas, barium, 
formalin,  and  radiographic  contrast,  as  well  as  other  less 
common agents. Mechanisms of injury include caustic toxicity 
(detergent enemas), osmotic flows due to hypertonicity (radio-
graphic contrast), and cross-linking of extracellular and intrac-
ellular proteins (formalin) [167].

Endometriosis
Endometriosis is a common gynecological condition in which 
cells  from  the  lining  of  the  uterus  are  found  outside  of  the 
uterine cavity, typically in the pelvis. Less commonly, extrapel-
vic endometriosis occurs in almost all parts of the body, includ-
ing the  lungs, skin, and central nervous system and can affect 
the colon [173].
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perhaps related  to  its distensibility and relatively  lesser vascu-
larization compared to the rest of the colon.

Patients  present  with  right  lower  quadrant  pain  and  fever. 
Symptoms typically appear 10–14 days after cytotoxic therapy, 
and usually when neutropenia is the most significant (absolute 
neutrophil counts <500 cells/μL). Other symptoms can include 
watery or bloody diarrhea, as well as peritonitis and sepsis.

The diagnosis of typhlitis is usually made clinically, with the 
assistance of imaging. Plain films of the abdomen often reveal 
cecal dilation with bowel wall thickening or thumb printing, but 
have been associated with  false-negative rates as high as 48%. 
Abdominal CT is the most commonly used modality, and find-
ings  of  typhlitis  can  include  right-sided  dilation  and  colonic 
wall thickening, pericolic inflammation, pneumatosis intestina-
lis, and ascites [186].

Management of  typhlitis depends upon prompt recognition 
and  supportive  care,  including  broad-spectrum  antibiotics, 
bowel rest, nasogastric suction, volume and nutritional support, 
and  potential  use  of  granulocyte  colony-stimulating  factor 
(G-CSF). Antibiotics should cover bowel flora, including anaer-
obes, and treatment for Clostridium difficile should be consid-
ered  if  pseudomembranous  colitis  has  not  been  excluded. 
Fungal involvement should also be considered, as the frequency 
of fungal typhlitis is 6.2%, with 92% of cases involving Candida 
species  [187]. Antifungal  therapy should certainly be  initiated 
if  fevers  or  typhlitis  findings  persist  despite  adequate  broad-
spectrum  antibiotic  coverage.  Surgery  is  usually  reserved  for 
severe cases with perforation, bowel necrosis, or severe bleed-
ing, and, due to the underlying prognosis, is usually associated 
with high mortality  rates. Early  recognition and prompt non-
surgical management are paramount in the care of patients with 
typhlitis.

Pneumatosis intestinalis
Pneumatosis intestinalis (PI) is a term that describes gas within 
the bowel wall. PI is a not a distinct disease, but rather a clinical 
sign seen in a variety of settings, from harmless incidental finding 
to life threatening. Many names have been used to describe PI, 
including pneumatosis cystoides intestinalis, intestinal emphy-
sema, intramural gas, pneumatosis coli, bullous emphysema of 
the intestine, and peritoneal lymphopneumatosis.

The epidemiology of PI is difficult to determine, as most cases 
are  asymptomatic  and  are  often  found  on  routine  imaging  or 
endoscopy. When seen in infants, PI is usually associated with 
necrotizing enterocolitis and is associated with a high mortality. 
In  adults,  PI  typically  occurs  in  patients  over  age  40,  and  an 
increased male : female ratio of 3 : 1 has been reported [188].

The pathogenesis of pneumatosis intestinalis is  likely multi-
factorial,  as  PI  is  seen  in  a  variety  of  conditions.  Mechanical 
causes have been proposed in which gas enters the wall of the 
bowel  either  from  the  luminal  surface  from  breaks  in  the 
mucosa, or via the serosal surface along the mesenteric vessels. 
This  is  supported  by  the  fact  that  PI  is  seen  in  conditions  
where the mucosal integrity is compromised, such as ischemia, 

(EUS) had similar sensitivity and specificity as compared to that 
of TVUS. Clinically, EUS is commonly used as an adjunct study 
if lesions are found on TVUS to determine the depth of infiltra-
tion and distance from the anus, typically to obtain more infor-
mation  prior  to  rectal  surgery  [181,182].  Colonoscopy  or 
sigmoidoscopy  are  useful  in  ruling  out  inflammatory  bowel 
disease or a malignancy, but are of very little utility in gastroin-
testinal  endometriosis,  given  that  few  endometriosis  lesions 
invade the mucosa.

As most patients with bowel involvement usually have other 
sites of endometriosis, bowel findings can sometimes be found 
during  laparoscopy  to  evaluate  pelvic  pain  or  infertility. 
Laparoscopy is the gold standard for pelvic endometriosis, but 
rectovaginal or rectosigmoid disease may be difficult to visual-
ize due to posterior cul-de-sac adhesions.

Medical  therapy  for  bowel  endometriosis  mirrors  that  of 
pelvic endometriosis, but has been mostly anecdotal, and more 
data are needed  in patients with endometriosis outside of  the 
pelvis. Therapies include danazol, and use of combination estro-
gens and progestin or progestin alone. While most studies have 
involved patients with pelvic endometriosis, relief of gastroin-
testinal symptoms has not been rigorously studied. In one trial 
of patients with  rectovaginal  endometriosis,  a progestin alone 
(norethindrone,  2.5 mg  daily)  was  associated  with  improve-
ments  in  diarrhea,  rectal  bleeding,  and  pain  with  defecation. 
This therapy tended to have greater benefits if the gastrointesti-
nal symptoms were related to the menstrual cycle [183].

Surgery has been advocated for cases of bowel endometriosis 
refractory to medical therapy or in cases of bowel obstruction. 
In  one  study  of  130  women  who  had  surgery  for  colorectal 
endometriosis, 86% of patients with bowel resection and bilat-
eral  salpingo-oophorectomy  had  near  complete  resolution  of 
symptoms; 76% of women with a fertility-preserving operation 
had relief at 5 years. There were no significant long-term com-
plications following surgery in this cohort [174].

Typhlitis
Typhlitis, or neutropenic enterocolitis, is a rare complication of 
chemotherapy, and is characterized by a transmural inflamma-
tion of the bowel wall, most commonly the ileocecal region. The 
true incidence of typhlitis is unknown. However, in an autopsy 
study, the postmortem incidence rate of typhlitis in acute leuke-
mia was 24%. Typhlitis has been described mostly in hemato-
logical  malignancies  including  acute  leukemia,  multiple 
myeloma,  and  aplastic  anemia,  but  has  also  been  reported  in 
cases of drug-induced neutropenia and after immunosuppres-
sive therapy in patients with transplants and solid organ malig-
nancies. All patients had myelosuppression [184,185].

The pathophysiology of typhlitis is not well understood, but 
is thought to occur through a combination of factors, including 
mucosal injury from cytotoxic drugs and infection of the bowel 
in patients who are immunocompromised. The cecum is typi-
cally affected and is usually dilated with ulceration and necrosis, 



Microscopic colitis and other miscellaneous inflammatory and structural disorders of the colon CHAPTER 74      1493

from mesenteric ischemia and infarction. In one study, findings 
of  portal  venous  gas,  metabolic  acidosis,  elevated  lactate,  or 
elevated serum amylase predicted potential bowel necrosis and 
need  for  surgery  [191].  In  symptomatic  patients  without  an 
intraabdominal  emergency,  antibiotics  and  treatment  of  the 
underlying  disease  is  usually  recommended.  Elemental  diets 
have also been used [192] in an attempt to alter the colonic flora. 
Finally, hyperbaric and inhaled oxygen therapy can potentially 
inhibit the gas formation from anaerobic bacteria. In addition, 
supplemental  oxygen  may  increase  the  partial  pressure  of 
oxygen in the venous blood, and decrease the partial pressure 
of other gases, creating a diffusion gradient across the cystic wall 
favoring  the  nonoxygen  gas  to  exit  out  of  the  cysts  [193]. 

inflammatory  bowel  disease,  necrotizing  enterocolitis,  and 
infection. In addition, patients with chronic obstructive pulmo-
nary  disease  (COPD)  can  track  air  along  the  blood  vessels  in 
the mediastinum and eventually into the mesenteric root. Once 
inside  the  bowel  wall,  air  can  track  along  the  mesentery  at 
numerous  sites.  Gas-forming  pathogenic  bacteria  have  been 
hypothesized  to  enter  the  submucosa  from  the  lumen  of  the 
bowel  in  some  patients  with  PI.  Finally,  it  has  been  proposed 
that the excessive production of hydrogen gas from commensal 
bacteria can force gas into the submucosa and become trapped, 
leading to findings of PI [189].

Pneumatosis  intestinalis  is  present  in  almost  all  cases  of 
necrotizing enterocolitis, but  is  also  seen  in a variety of other 
disorders.  PI  associated  with  pulmonary  diseases  has  been 
reported in asthma, COPD, and pulmonary fibrosis. In obstruc-
tive pulmonary disorders, the pneumatosis usually involves the 
left  colon  and  is  typically  asymptomatic  and  chronic.  PI  has 
been reported in a variety of other disorders including pyloric 
stenosis,  peptic  ulcer,  intestinal  pseudoobstruction,  collagen 
vascular disease, cystic fibrosis, and graft versus host disease. PI 
has  also  been  reported  following  endoscopy  with  or  without 
biopsy, supporting the mechanical theory as an etiology. More 
concerning,  PI  can  be  seen  in  cases  of  mesenteric  infarction, 
and  severe  infection  with  gas-forming  bacteria,  such  as 
Clostridium perfringens, can complicate PI in this setting. PI is 
often seen  in association with  the use of medications,  such as 
chemotherapeutic agents and corticosteroids, but whether  the 
medications or the underlying disease causes PI is unknown.

Patients  with  pneumatosis  intestinalis  usually  are  asympto-
matic,  but  when  symptomatic,  PI  can  be  associated  with  life-
threatening  illness  such  as  intestinal  ischemia  or  necrotizing 
enterocolitis.  Symptoms  of  PI  are  generally  dependent  on  the 
location  affected,  and  can  be  related  to  obstruction  from  the 
cysts, intussusception, or volvulus. Diarrhea and bloody stools 
are also reported.

The diagnosis of PI is usually made on imaging. Plain films 
sometimes detect intramural gas, but CT scans are more sensi-
tive and can potentially determine the underlying cause of the 
PI. Typical findings include circular collections of gas that run 
parallel  to  the  bowel  wall,  or  linear  collections,  which  may 
suggest a worse prognosis, especially in patients with mesenteric 
ischemia  [190].  The  finding  of  portal  venous  gas  is  especially 
serious  and  suggestive  of  a  mesenteric  infarction  or  life-
threatening infection. PI can also be seen on endoscopy when 
the cysts are submucosal. Typical findings on endoscopy include 
diffuse pale-blue  submucosal  cysts  that usually  rapidly deflate 
when  biopsied  (Figures  74.12  and  74.13).  More  importantly, 
endoscopy can distinguish PI from other luminal filling defects 
in the colon, including adenomas or malignancy.

The management of pneumatosis intestinalis depends prima-
rily on  the  severity of presentation.  In  incidental or asympto-
matic  cases,  observation  is  recommended.  However,  in 
symptomatic patients, a decision must be made quickly whether 
there is an intraabdominal emergency requiring surgery, usually 

Figure 74.12 Pneumatosis intestinalis. On endoscopy, there are diffuse 
collections of gas in the submucosa that appear soft and often deflate on 
biopsy.

Figure 74.13 Pneumatosis intestinalis. H&E staining showing cystic 
collections of gas seen in the submucosa, underneath a normal mucosal 
layer. Source: Courtesy of Dr. Thomas Victor, MD, Department of 
Pathology, North Shore University Health System, Chicago, IL, USA.
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Definition

Irritable bowel syndrome (IBS) is a functional gastrointestinal 
disorder (FGID) that is characterized by abdominal pain associ-
ated with alterations in stool form and/or frequency. IBS is 
frequently diagnosed in both primary care and specialty prac-
tice [1].

While we will continue to refer to IBS as one of the FGIDs, 
the reader is encouraged to reconsider the traditional dichot-
omy between “functional” and “organic.” There is a biochemi-
cal basis for all symptoms and the complex interactions 
between the host and environment is affected by peripheral 
and central inputs. One could view IBS as multiple “organic” 
diseases [2]. Despite the increasing identification of distinct 
pathophysiology, there is not a unifying putative mechanism 
and patients are grouped clinically by symptoms, so that IBS 
is appropriately designated as a syndrome rather than a 
disease.

IBS can also be grouped into the functional somatic syn-
dromes. The diagnostic criteria are focused on gastrointestinal 
(GI) symptoms, but it should be noted that extraintestinal 
symptoms are common in IBS and cluster analysis suggests that 
disorders such as IBS, temporomandibular joint disorder 

(TMD), chronic pelvic pain, tension headache, fibromyalgia, 
and chronic fatigue syndrome (CFS) among others coexist more 
frequently than would occur by chance [3].

Epidemiology

Prevalence
IBS has a very high prevalence, though it varies based on geo-
graphical region, diagnostic criteria and population studied 
(e.g., healthcare seeking versus community). A systematic 
review and metaanalysis of prevalence found values ranging 
from 1% to 45% [4]. Higher prevalence was reported when IBS 
was diagnosed using the Manning criteria [5] in comparison to 
the Rome II criteria [6] (14% and 9.4% with 95% confidence 
intervals [CI] 10%–17% and 8%–11%, respectively) [4].

Many studies on prevalence use data from healthcare seeking 
individuals, but this represents the tip of the iceberg as up to 
70% with IBS symptoms do not seek healthcare [7,8]. When 
studies were restricted to population-based studies using the 
Rome criteria (described in the section on diagnosis) [9–12], 
the pooled prevalence (total n = 32 638) was 7% with a 95% CI 
of 6%–8% [13].
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odds of having IBS were higher among women with an odds 
ratio (OR) of 1.7 and a 95% CI of 1.5–1.8 [20]. The increased 
prevalence was stable across geographic regions. Women with 
IBS were more likely to have IBS-C, with an OR of 2.38 (95% 
CI 1.45–3.92), and less likely to have IBS-D, with an OR of 0.45 
(95% CI 0.32–0.65) [20]. Gender differences are also discussed 
in the section of this chapter on natural history. IBS is more 
commonly diagnosed in patients under the age of 50 [9–11], 
and is more prevalent among those with lower income [9,11].

Geographic variation
Prevalence may be affected by the methodology of epidemio-
logical studies as well as language and understanding of cultural 
differences in normal bowel habits and the description of bowel 
habits. International researchers are currently working on ways 
to improve multinational research in IBS [21]. The effect of dif-
ferences in regional diets and exposures to microbes in food and 
water on global prevalence is not clear. The apparent lack of 
correlation between incidence of infectious gastroenteritis and 
IBS in developing countries highlights the need for more 
research on geographic trends in IBS. There are also cultural 
differences in the threshold for reporting a symptom as painful 
and what constitutes normal stool frequency or consistency 
[22]. The diagnostic approach may vary by region as well, based 
on the prevalence of other disorders, such as infectious gastro-
enteritis (specifically parasitosis), celiac disease, and inflamma-
tory bowel disease (IBD).

Current literature on the global prevalence of IBS is sum-
marized in Figure 75.1 [4]. Some regional differences include 
the predominance of bloating as a prominent symptom in 
Asia [23]. IBS patients in Asia may also be more likely to 
describe discomfort or pain in the upper GI region as opposed 
to the lower abdomen in western countries, and incomplete 

What influences healthcare seeking? In a study of patients 
and nonpatients with IBS, pain and diarrhea were most associ-
ated with healthcare seeking, and healthcare seekers were more 
likely to view illness as disruptive to their lives [14,15]. IBS 
patients are also more likely to seek healthcare and incur costs 
for symptoms not related to IBS and the propensity to seek care 
may relate to illness behaviors [16,17]. Healthcare seeking is 
also likely associated with access to care. In the USA, persons 
with full or part-time jobs were more likely to report that they 
had seen a doctor for their GI symptoms than those who were 
unemployed [18]. In addition, in Australia, where everyone in 
the population has covered access to healthcare, 73% of a 
population-based sample had sought care for IBS, while the rate 
was 46% in a population-based sample from the USA, where 
the proportion with healthcare coverage is lower [18].

It is difficult to draw conclusions about the prevalence of the 
different bowel habit subtypes as studies use different criteria in 
different populations. One systematic review found that the 
prevalence among predominant bowel habits were similar in 
population-based studies from the USA using the Manning cri-
teria, while European studies using Rome I or II criteria showed 
a greater prevalence of IBS with constipation (IBS-C) or IBS 
with alternating symptoms (IBS-A), which is currently referred 
to as IBS with mixed symptoms (IBS-M) if the bowel habits 
alternate within days or weeks, compared to IBS with diarrhea 
(IBS-D). The prevalence of IBS-A was higher in primary care-
based studies, whereas IBS-C and IBS-D were more prevalent 
in studies from GI clinics [19].

Demographic factors: gender, age, 
socioeconomic status
IBS is more prevalent in women. In a metaanalysis that pooled 
data from population-based studies (total n  =  188 229), the 

Figure 75.1  Global prevalence of IBS. The prevalence of IBS is shown according to country. Source: Lovell and Ford 2012 [4].

0%–4.9%

5.0%–9.9%

10.0%–14.9%

15.0%–19.9%

>20.0%



Irritable bowel syndrome CHAPTER 75   1497

Healthcare utilization
IBS accounts for significant healthcare costs. According to a 
report by the National Commission on Digestive Diseases, in 
2004, there were 3.1 million ambulatory care visits with IBS 
noted as a diagnosis and 52.5% listed IBS as the first diagnosis. 
The rate of visits for women was 4.4 times the rate for men 
[41,42]. In 2004, the indirect and direct costs for IBS totaled 
$1.01 billion [42]. IBS accounts for 10% to 15% of primary care 
visits and 25% to 50% of gastroenterology visits [15].

In a study of data from a large health maintenance organiza-
tion (HMO) collected between 1995 and 2005, the 141 295 
patients with IBS were more likely to have blood tests, radio-
logical tests, endoscopic procedures, and abdominal or pelvic 
surgeries than those without IBS. They were also more likely 
to have comorbid chronic pain conditions, anxiety, and depres-
sion [43].

What accounts for the degree of healthcare utilization? 
Despite guidelines and data to suggest that multiple diagnostic 
interventions are not necessary [44,45] or beneficial to the 
patient [46] (discussed further in the section on diagnosis), 
national data from the US show that, from 2000 to 2002, almost 
a quarter of colonoscopies performed in patients under the age 
of 50 were for IBS. In a large retrospective multivariate analysis 
of data from an HMO, a diagnosis of IBS was an independent 
predictor of rates of cholecystectomy, appendectomy, hysterec-
tomy, and back surgery [47], and in a prospective study of 430 
patients who underwent emergency surgery for suspected 
appendicitis, a diagnosis of IBS was an independent predictor 
of a negative appendectomy with an OR of 2.17 and 95% CI of 
1.14–4.24 [48]. Some of the costs may be accounted for by the 
increased number of non-GI physical complaints (e.g., head-
aches, myalgias) in IBS patients [49], as IBS patients use more 
healthcare services than the general population even for non-
GI-related concerns [17,50].

Comorbidities
IBS patients with comorbid somatic disorders report more 
severe IBS symptoms and lower HRQOL [51]. Comorbid 
somatic disorders fall across a broad range of diagnoses. In a 
study of data from a large HMO, over 3000 IBS patients were 
compared with age-matched controls [3]. Disorders with odd 
ratios (OR) of occurring in IBS versus controls of greater  
than 2 included: cystitis (3.60), urethritis (3.30), pelvic pain, 
vulvodynia (3.50), prostatitis (2.65), muscle spasm (2.58), 
pyelonephritis (2.47), trigeminal nerve dysfunction (2.47), 
fibromyalgia (2.44), bladder retention (2.42), headache (2.40), 
endometriosis (2.36), tinnitus (2.36), chronic fatigue (2.35), 
muscle weakness (2.25), myofacial pain syndrome (2.23), vagin-
itis/vulvitis (2.20), skin sensation/paresthesias (2.20), chest pain 
(2.09), sleep disorder (2.07), allergies (2.06), costochondritis 
(3.24), degenerative disk disease (2.25), and upper respiratory 
infection (2.07) [3]. Psychiatric disorders were also more 
common in IBS, including: bruxism (5.93), attention deficit 
(3.95), generalized anxiety (3.76), panic attacks (3.00), stress 

evacuation is the most common way of describing constipa-
tion [23]. Constipation seems to predominate in Asia, western 
Europe, and North America (including Mexico), whereas 
alternators predominate in Brazil and IBS-D and IBS-M pre-
dominate in India and Bangladesh [22]. Finally, the increased 
prevalence among women in North America and Europe is 
not found in South Asia, South American, or African studies 
[20], and in India, IBS is more common among men than 
women [24].

Morbidity and costs of irritable bowel syndrome
Patients with IBS have been consistently shown to have poor 
health-related quality of life (HRQOL). Impairment in HRQOL 
is comparable to other chronic disorders such as gastroesopha-
geal reflux disease (GERD), diabetes, hypertension, and depres-
sion [25–27]. In comparison to patients with end-stage renal 
disease dependent on dialysis, patients with IBS score lower on 
domains assessing bodily pain, energy/fatigue, and social func-
tioning [26]. Detriments in HRQOL are severe enough that 
there is an increased risk of suicidal ideation in IBS that is 
independent of psychological diagnoses, though studies evalu-
ating this were performed in tertiary centers and may represent 
populations with more severe disease [28,29].

Severity of abdominal pain has been demonstrated to be a 
strong predictor of poor HRQOL [30,31]. In a study, while 
severity of abdominal pain was the strongest predictor of poor 
HRQOL, for patients with IBS-D, higher frequency of diarrhea 
was also a significant predictor [30]. Another important pre-
dictor of HRQOL is psychological distress, which was shown 
in one study to be a stronger predictor of HRQOL than GI 
symptoms [32]. Spiegel and colleagues included a myriad of 
factors in a multivariate regression model and found that inde-
pendent predictors of physical HRQOL (physical component 
score of the SF-36 [33]) included: more than five physician 
visits per year, tiring easily, feeling low in energy, more severe 
symptoms, predominance of pain as a symptom, endorsing a 
feeling that there is “something seriously wrong with body,” 
and symptom flares lasting longer than 24 h [34]. Independent 
predictors of mental HRQOL (mental component score of the 
SF-36 [33]) included: feeling tense, nervous, or hopeless, dif-
ficulty with sleep, tiring easily, having low sexual interest, inter-
ference of IBS symptoms with sexual function, and having low 
energy [34].

In addition to direct medical expenses, costs to society come 
in the form of work absenteeism and impaired work productiv-
ity. In a large study in Canada, IBS patients reported 5.6% work 
absenteeism (percentage work time missed due to health) and 
31.4% presenteeism (percentage of time productivity was 
impaired while at work due to health) [35]. Studies in the USA 
have shown similar results [36–39]. In one study, IBS was asso-
ciated with a 21% reduction in work productivity [36]. Predictors 
of impaired work productivity among IBS patients included the 
presence of comorbid extraintestinal diagnoses such as fibromy-
algia or interstitial cystitis and more disease-related fears [40].
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a difference between monozygotic and dizygotic twins [62]. In 
another study, while the prevalence was higher among monozy-
gotic twins than dizygotic twins, the presence of IBS in the 
mother was also a strong predictor [63]. The parental response 
to a child’s abdominal pain may also be influential [64–67]. 
Somatization [68], which is the tendency to experience and 
communicate psychological distress in the form of physical 
symptoms and to seek medical help for them, also demonstrates 
familial aggregation, and this may explain some of the familial 
aggregation of IBS [69].

Prior gastrointestinal infection
Postinfectious IBS (PI-IBS) is the acute onset of IBS in an indi-
vidual without history of IBS immediately following an acute 
illness characterized by two or more of the following: fever, 
vomiting, diarrhea, or a positive bacterial stool culture [1]. GI 
infection is an important risk factor for IBS, increasing the risk 
twofold. The risk is even greater in those with preexisting GI 
conditions such as GERD or dyspepsia, a history of more severe 
diarrheal illness, younger age, female gender, chronic stressful 
life events, or psychological comorbidities [70]. PI-IBS is most 
often characterized by diarrhea or mixed bowel habit [71,72]. 
The incidence varies from 3.7% to 36% [73]. Some studies have 
suggested that it occurs more frequently after an bacterial infec-
tions associated with mucosal ulceration such as infections due 
to Campylobacter jejuni or Escherichia coli O157 : H7 and less 
frequently after viral gastroenteritis [73,74], but another study 
revealed a 13% prevalence of PI-IBS following a norovirus out-
break [75]. PI-IBS has also been associated with parasitic infec-
tions, such as giardiasis [76] and trichinellosis [77]. The highest 
incidence was from a study following contamination of drink-
ing water that caused an outbreak of gastroenteritis, and was 
greatest among those infected with both C. jejuni and E. coli 
O157 : H7 [78]. Preliminary evidence suggests that diverticulitis 
may also increase the risk of subsequent new-onset IBS [79].

Stressful life events
There is an association between IBS symptoms and current life 
stress for many patients with IBS [80]. The development of 
PI-IBS is also associated with stressful life events [81]. IBS 
patients have a higher prevalence of early adverse life events 
(EALs), or traumatic experiences during childhood including, 
but not limited to, maladjusted relationships with a parent or 
primary caregiver, severe illness or death of a parent, and physi-
cal, sexual, or emotional abuse [82,83]. EALs associated with 
IBS range from perinatal gastric suctioning [84] and childhood 
abuse [85] to exposure to wartime conditions [86]. Patients with 
IBS have a higher prevalence of general trauma, physical pun-
ishment, emotional abuse, and sexual events; emotional abuse 
was the strongest predictor of IBS in one study [83].

IBS has also been identified as a component of the “Gulf War 
Syndrome.” In a study of Gulf War era US Navy Seabees, a group 
known to be among the most symptomatic Gulf War veterans, 
Seabees who had been deployed to the Persian Gulf were over 

reaction (2.69), somatization disorder (2.35), depression (2.31), 
adjustment reaction (2.22), and substance abuse (1.33) [3]. 
Comorbid somatic disorders were more common among IBS 
patients with psychiatric disorders, but comorbidity was 
increased even in IBS patients without psychiatric diagnoses 
[3]. While the median number of comorbid disorders in IBS was 
higher than controls (seven vs four), only 16% of IBS patients 
had a number of comorbid disorders that exceeded the upper 
limit of the 95% CI for controls (13 disorders) [3]. Of note, 
disorders occurring more frequently in IBS are not limited to 
other chronic pain disorders, such as fibromyalgia, but includes 
diagnoses such as infections and stroke. However, an earlier 
systematic review by the same authors did show a strong asso-
ciation between IBS and other chronic pain disorders such as 
chronic pelvic pain and fibromyalgia, but much of the data were 
from tertiary referral centers [52]. In this study, many disorders 
common in the general population were more common in IBS. 
The authors hypothesize that the comorbidity does not result 
from any specific disease associations, but rather from “hyper-
vigilance for noticing somatic sensations and a lower threshold 
for consulting a physician.” [3]

There is a higher prevalence of psychiatric disorders in the 
IBS population than in controls. This is true in the community 
(prevalence of 18%) [53], in clinics (prevalence of 40%–60%) 
[54], and in referral centers (prevalence for lifetime history of 
94%) [53]. Although comorbidity is highest in the healthcare–
seeking population, the prevalence in IBS nonpatients (i.e., indi-
viduals who have not sought healthcare for their IBS symptoms) 
is greater than that seen in the general population, which sug-
gests that psychiatric disorders influence healthcare seeking, but 
are not the primary cause.

In IBS patients, somatization is associated with greater psy-
chiatric comorbidity, more severe symptoms, and a poorer 
response to treatment [55]. In one study, IBS patients with 
increased somatization did not have increased numbers of 
healthcare visits compared with other IBS patients, but they did 
incur more expenditures, which suggests that somatization dis-
order is an important factor in healthcare use by IBS patients 
and that increased healthcare use may be mediated by health-
care providers [56].

Family history
Several studies suggest that IBS aggregates in families [57–59]. 
Most studies are based on patient reports of the health status 
of family members, which may not be accurate [58].  
One research group collected information from both the 
patients and family members [57]. In this case–control study 
of 477 IBS patients and 1492 of their first-degree relatives 
compared to 297 controls and 936 of their first-degree rela-
tives, 50% of IBS relatives had IBS compared to 27% of control 
relatives, which corresponded to an OR of 2.75 (95% CI 2.01–
3.76) [57].

While twin studies suggest heritability [60,61], there is also 
likely a strong influence of environment. One study did not find 
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Mechanical, chemical, and other stimuli are detected in the 
gut by primary afferent neurons, which are extrinsic, intrinsic, 
or intestinofugal. The primary nociceptors in the colon and 
rectum are the spinal primary afferent neurons [91]. Studies in 
mice have shown that the response to colonic distention is 
mediated primarily by pelvic spinal primary afferents [92]. 
Spinal afferents have variable thresholds for activation, which 
can change in response to injury and inflammation and there 
are also silent nociceptors, responding only in the presence of 
injury or inflammation [93]. The process of increased sensitivity 
of primary afferent neurons is referred to as peripheral sensiti-
zation, and it can occur via mediators released by various cell 
types including platelets, lymphocytes, mast cells, and epithelial 
cells, and may also occur via alterations in second messenger 
systems or changes in gene expression [94,95].

Spinal primary afferent neurons have cell bodies in the dorsal 
root ganglion [96]. Their central processes synapse in the dorsal 
horn, and input is conveyed along the ipsilateral dorsal column 
to the contralateral ventroposterolateral nucleus of the thala-
mus. The CNS can modulate the response to visceral input and 
can change the responsiveness of reflexes controlling gut func-
tion in response to input from visceral afferents [90]. The degree 
to which input results in conscious sensation can also be moder-
ated. For example, injury or inflammation, in addition to 
increasing sensitivity of primary afferent neurons, can change 
the sensitivity of central circuits [97]. This central sensitization 
leads to decreased thresholds for sensation and increased 
responsiveness [98].

Enhanced visceral perception
Enhanced perception of visceral stimuli (Figure 75.2) can occur 
in IBS patients either as a result of greater sensitivity of visceral 
afferent pathways or as central amplification of visceral afferent 
input [99]. As will be discussed in more detail, this phenome-
non may represent dysfunction in any, or even a combination 
of, the components involved in gut sensation, including signal 
transmission from the gut, signal transmission to the CNS, and 
modulation and processing of sensation by the CNS [94].

Enhanced visceral perception is a reproducible finding in a 
significant subset of patients with IBS [100]. Increased percep-
tion to rectal and/or colonic balloon distention using a compu-
terized distention device (barostat) was first described as a 
feature of IBS in 1973 [101]. Increased visceral perception is 
based on having decreased pressure thresholds to pain and other 
sensations, and/or increased sensory ratings and viscerosomatic 
referral areas to barostat distension. It has been confirmed in 
many studies [100,102–108], with demonstrated reproducibility 
between centers though there is high intraindividual variation 
[109]. While visceral perception is usually evaluated using a 
mechanical stimulus (barostat), IBS patients also have increased 
perception to chemical stimuli such as capsaicin [110]. The 
prevalence of this feature in IBS ranges from 8% [111] to over 
60% [103]. Some studies have shown that patients, in particular 
those with IBS-C, have reduced perception of rectal distention 

three times more likely to have IBS when compared with Seabees 
deployed elsewhere or not deployed [87]. In another study of 
Persian Gulf veterans, those with chronic GI symptoms were 
found to exhibit hypersensitivity to visceral and somatic stimuli 
[88]. It is not clear if the military personnel who developed 
chronic GI symptoms had a predeployment history of GI symp-
toms or other chronic pain disorders.

Pathogenesis

Our understanding of the pathogenesis of IBS has evolved over 
recent years, but is still far from complete. A unifying theme is 
that the symptoms of IBS result from dysregulation of the 
“brain–gut axis,” which manifests as enhanced visceral percep-
tion. There is not a consensus on the underlying etiology of this 
dysregulation, and the disorder may represent a combination of 
factors. Evidence suggests that the symptom constellation of IBS 
may arise from several etiologies that can differ within sub-
groups of patients. There is currently no single biomarker that 
can exemplify the different pathophysiological mechanisms of 
IBS. While a biomarker such as colonic transit time predicts 
treatment response in phase IIB or III clinical trials, this would 
mainly be applicable to medications that normalize bowel habits 
but likely would not be an optimal biomarker for interventions 
that target pain relief [89].

Structure of this section The major concepts discussed in this 
section of the chapter are listed below. There is significant 
overlap and interplay among these concepts.

1.	 Visceral sensitivity, peripheral/central sensitization, endog-
enous pain modulation

2.	 The stress response system including the hypothalamic–
pituitary–adrenal (HPA) axis, corticotropin-releasing 
factor (CRF), and the autonomic nervous system (ANS)

3.	 Early adverse life events (EALs)
4.	 Immune activation
5.	 GI transit, motility, and secretion
6.	 Serotonin
7.	 Microbiota
8.	 Postinfectious IBS
9.	 Genetics

10.	 Bile acid processing

Visceral sensation
For context, a brief summary of gut sensation is provided here 
but the reader is referred to Chapters 14 and 15 for a full descrip-
tion. Gut sensation and function is influenced by the state and 
activity of multiple domains, including the gut lumen, mucosa, 
enteric nervous system (ENS), and central nervous system 
(CNS), as well as communication between these domains. A 
unifying theory in the pathogenesis of IBS and other FGIDs is 
that there is a dysregulation in the complex interplay among 
these domains that results in altered sensation and motility [90].
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ioral therapy improves GI symptoms even though the changes 
in brain imaging as a result of effective treatment are in cortical–
limbic regions, suggesting that treatment effect is related to 
changes in hypervigilance and regulation of emotion [123]. 
Stress and emotion can influence sensation via effects of the 
HPA axis and the ANS either via increased sensitivity of primary 
afferents or via central sensitization.

Central sensitization
Central sensitization is hypothesized to occur at both the spinal 
cord and brain level. The important brain regions can be 
grouped into those associated with visceral sensation (in healthy 
controls as well), those involved in endogenous pain modula-
tion, and those involved in emotional circuits. A quantitative 
metaanalysis of brain regions activated in response to rectal 
distention in IBS patients and controls revealed that IBS patients 
showed increased activation of areas associated with emotional 
arousal (pregenual anterior cingulate cortex [ACC], amygdala) 
as well as a midbrain cluster associated with endogenous pain 
modulation, while controls showed more consistent activation 
of the medial and lateral prefrontal cortex [124]. Studies have 
shown that patients without enhanced visceral perception, 
despite having similar symptoms to patients with enhanced per-
ception, have brain activation patterns that are more similar to 
healthy controls [125]. In addition to changes in brain activity, 
changes in brain structure have been associated with IBS. These 
changes include thinning of the ACC, insula, and thalamus 
[126] and reduced density of the prefrontal cortex (PFC) [127].

Endogenous pain modulation
Areas associated with endogenous pain modulation have con-
sistently shown altered activation in response to rectal disten-
tion in IBS. For example, in animal models [128] and among 
IBS patients, rectal distention results in reduced activation of 
areas involved in pain inhibition, such as the PFC [129,130]. 
One way to test these systems is by applying a painful stimulus 
to another anatomical region (heterotopic stimulation), which 
in healthy controls reduces pain ratings for rectal distention and 
is associated with activation of certain brain regions involved in 
pain inhibition. In one experiment, heterotopic stimulation did 
not reduce pain ratings in IBS patients or result in the changes 
in brain activation seen in healthy controls [130]. These findings 
have been replicated in other studies [131–133]. In addition, in 
response to an anticipated visceral stimulus, healthy controls 
showed greater inactivation of the brain regions associated with 
visceral sensation than IBS [134].

Peripheral contributions to visceral 
hypersensitivity
In the setting of tissue damage, release of inflammatory media-
tors results in peripheral sensitization via reduction in the 
threshold for firing of mucosal projections of primary afferent 
neurons as well as activation of so-called silent nociceptors, 
which only transmit signals in the presence of tissue damage 

[111,112]. However, another study showed that even patients 
initially without enhanced perception develop it from repetitive 
noxious visceral stimulation, and that this does not occur in 
healthy controls [113]. This variability, as well as the fact that 
perception does not change in concert with symptom improve-
ment [114–117], limit the use of visceral perception measured 
by the barostat as a biomarker.

Mood and cognition: important mediators of 
altered visceral perception
Perception of pain is complex and subjective [118,119]. There 
is good evidence suggesting that experimental findings of 
increased sensitivity to rectal distention are influenced by stress 
and psychological factors. Brain imaging studies suggest that 
the presence of differences in visceral perception between IBS 
and controls is dependent on emotional factors [120]. There is 
also evidence to support that the response to rectal distention 
in IBS is not due to changes in true sensation but rather either 
hypervigilance to visceral stimuli [121] or an increased ten-
dency to report sensations as painful [122]. Supporting this, 
brain imaging has shown that treatment with cognitive behav-

Figure 75.2  Enhanced visceral perception. Peripheral sensitization, central 
sensitization, and descending pain modulation can result in altered 
visceral perception.
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microbiota also participates in brain–gut interactions. These 
topics are discussed below.

Early adverse life events
Many chronic disorders are associated with EALs, including 
chronic obstructive pulmonary disease, autoimmune disorders, 
obesity, and mood disorders [157,158]. There is a large body  
of evidence linking early life stress to the development of  
anxiety behaviors and visceral hypersensitivity. Most studies use 
maternal separation as an animal model of EALs, by removing 
pups their mothers during the early postnatal period [159–161]. 
As adults, these rats show evidence of visceral hypersensitivity 
following water avoidance stress. The study of maternally sepa-
rated animals has helped to identify networks that may be 
involved in the pathogenesis of IBS including the HPA axis and 
the microbiota [162], as well as intestinal permeability [163]. 
Serotonin signaling has also been implicated both in animal 
models of maternal separation and in humans with IBS 
[164,165]. The changes are also not isolated to maternally sepa-
rated animals as visceral hypersensitivity was found with early 
shock stress as well [166].

[135]. Other evidence for the role of luminal factors in visceral 
sensitivity is that sensitivity can be reduced by intrarectal lido-
caine [136] and can be increased by rectal glycerol [137]. Some 
studies have shown increased nerve fibers in IBS patients com-
pared with controls, in particular those expressing receptors for 
substance P and transient receptor potential vanilloid type 
1(TRPV-1) [138]. Other studies have implicated cannabinoid 
receptors [139] and protease-activated receptors (PAR) [140].

Enhanced perception to somatic stimuli
Changes in brain activation are also present in response to 
somatic stimuli [132,141–143]. Evidence regarding the presence 
of somatic hyperalgesia in IBS is more conflicting, with some 
studies reporting hyperalgesia [144,145] and some decreased 
sensitivity [146,147]. However, an analysis of a large population-
based sample revealed reduced cold-pressor tolerance, increased 
cold-pressor pain intensity ratings, and lower heat-pain thresh-
olds [148]. Results remained significant after controlling for 
psychological symptoms and comorbid chronic pain condi-
tions. Furthermore, hyperalgesia to somatic stimuli was greatest 
in the subgroup with the most severe abdominal pain [148]. 
There is also evidence that somatic hyperalgesia is a feature of 
IBS patients with comorbid pain conditions such as fibromyal-
gia [149].

Changes in the stress response system
Acute and chronic stress is a normal part of life and it is useful 
to think of the stress response as an integrated and coordinated 
physiological process that can result in physiological adaptation 
or pathological maladaptation. The term allostasis has been used 
to describe the process by which stability is maintained in the 
face of stress [150]. Systems involved in maintaining allostasis 
include the ANS, HPA axis, cardiovascular, metabolic, and 
immune systems. Allostatic load refers to the potentially damag-
ing effects of overuse or dysregulation of allostatic systems and 
may cause fatigue and irritability among other visceral and 
somatic symptoms [151], which are commonly reported in 
patients with IBS [52].

There is both preclinical and clinical evidence to support the 
link between chronic stress and IBS. Chronic stressful life 
events affect clinical outcome in IBS [152]. Postinfectious IBS 
(PI-IBS) is predicted by psychological symptoms and stress 
[81,153]. Furthermore, experimental stress increases visceral 
sensitivity [154,155] and gut permeability. In addition, patients 
with IBS have an exaggerated increase in motility in response 
to stress [156].

The effect of stress on gut function and sensation likely results 
from alterations in the brain–gut axis (also see Chapter 14). The 
“brain–gut axis” describes the bidirectional communication 
between the enteric, autonomic, and central nervous systems 
and is depicted in Figure 75.3 [90]. The nature of this commu-
nication is complex and multidimensional. In addition to com-
munication via neurons, communication occurs via humoral 
mediators of the HPA axis, ANS, and immune system. The 

Figure 75.3  The brain–gut axis. The hypothalamic–pituitary–adrenal 
(HPA) axis, immune system, and nervous system all participate in the 
complex and bidirectional communication between the gut and the 
central nervous system. Source: modified from Kennedy et al. 2012 [491].
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The autonomic nervous system
Changes in autonomic tone are associated with bowel symp-
toms in IBS. IBS-D patients show evidence of enhanced adren-
ergic activation and IBS-C patients show decreased vagal tone 
[178]. Both result in an imbalance favoring sympathetic over 
parasympathetic activity. While differences in comparison to 
healthy controls may not be present, these differences between 
bowel habit subtypes have been replicated in other studies [179]. 
The changes are predominantly seen in patients with more 
severe symptoms [180]. ANS changes were present during sleep 
as well, suggesting that these are independent of mood and 
emotion [179,181].

While these changes are hypothesized to contribute to the 
pathogenesis of IBS, it is important to remember that the brain–
gut axis is bidirectional. Evidence in an animal model of chronic 
neuropathic pain (sciatic nerve constriction) suggests that 
chronic pain can generate changes in the ANS manifested by 
increased expression of tyrosine hydroxylase and the noradren-
aline transporter as well as an increase in alpha 2A adrenergic 
receptors in the locus ceruleus [182]. These changes were asso-
ciated with a decrease in the pain threshold over time and the 
development of a depressive-like state, which was not present 
prior to pain induction, providing a good example of the bidi-
rectionality of pathways involved in pain disorders.

Transit and motility
Alteration in colonic motility has long been recognized as a 
factor in IBS and in early studies it has been associated with 
psychological and physical stress [183]. Changes have included 
increased number of rapid contractions in response to balloon 
distention [101] and increased transit in IBS-D [184]. Patients 
with IBS have increased motor activity in fasting states, in 
response to meals, and in response to cholecystokinin octapep-
tide (CCK-8) [185].

While transit differs between bowel habit subtypes, abnormal 
transit is more likely to be present in patients with IBS-D [186]. 
In one study using the more accurate and detailed scintigraphic 
measurement, colonic transit assessed at 24 and 48 h was accel-
erated in 48% of IBS-D patients and delayed in 21% of IBS-C 
patients [111].

Altered colonic transit has also been associated with the 
symptom of bloating (see Chapter 40). Prolonged transit was 
correlated with visible abdominal distention in one study but 
not with the subjective reporting of the bloating symptoms 
[187]. In another study in which motility was assessed with 
manometry, decreased phasic motor activity was associated 
with increased abdominal distention and dissatisfaction with 
bowel habits in IBS-C [188]. There is also likely more overlap 
between IBS and dyssynergic defecation (see Chapters 42  
and 81), than previously thought and outlet obstruction may 
play a role in symptoms of IBS-C for a number of patients 
[189]. While symptoms do not clearly distinguish IBS patients 
with and without dyssynergic defecation [190], dyssynergia  
is an important cause of constipation symptoms to consider 

The long-term effects of EALs may result from epigenetic 
programming. Epigenetics refers to modification in gene expres-
sion resulting in a change in phenotype without a change to the 
genetic sequence (genotype). The most well-studied forms of 
this modification are DNA methylation and histone modifica-
tion. These changes can be passed down meiotically and can 
permanently alter the expression of genes in somatic cells, an 
effect referred to as epigenetic programming [167]. Meaney and 
colleagues showed that methylation of the glucocorticoid recep-
tor (GR) promoter in rodents was associated with perinatal 
stress, a phenomenon that they subsequently linked to a pro-
longed HPA axis via a decreased negative feedback response in 
the adult animals [168]. Likewise in humans, fetal exposure to 
cortisol resulted in reduced expression of the glucocorticoid 
receptor (GR) in the hippocampus, and a prolonged HPA axis 
response [169]. In addition, a study of human autopsy speci-
mens revealed decreased hippocampal GR expression and 
increased methylation of the neuron-specific GR gene promoter 
in suicide victims with a history of childhood abuse when com-
pared with suicide victims without abuse as well as controls 
without abuse who died from unrelated causes [170]. These 
findings have since been replicated in another study [171]. 

The hypothalamic–pituitary–adrenal axis
The HPA axis is the primary neuroendocrine system in the 
stress response. Activation of the HPA axis results in synthesis 
and release of CRF in the paraventricular nucleus of the hypoth-
alamus. CRF stimulates release of adrenocorticotropin hormone 
from the anterior pituitary, which leads to the release of cortisol 
from the adrenal glands. Cortisol in turn attenuates the response 
via negative feedback at the level of the hypothalamus and the 
pituitary. CRF also acts as a neurotransmitter and activates the 
ANS, resulting in an integrated response to stress. The HPA axis 
can effect changes in the immune response.

CRF is released into the circulation and has direct effects on 
many tissues. A large body of research in animal models has 
established an important role for central and peripheral effects 
of CRF on gut transit, motility, and secretion [173], as well as 
in the local gut immune response in addition to the changes in 
visceral sensitivity that occur in the context of tissue injury and 
inflammation.

The HPA axis has been linked to visceral sensitivity via 
central sensitization. In rats, implants releasing corticosterone 
in the amygdala resulted in increased anxiety-like behavior and 
visceral hypersensitivity that persisted for 28 days following 
implantation [174]. In another study in rodents, cortisol acted 
directly on the dorsal root ganglion to cause visceral hypersen-
sitivity [175]. Research regarding changes in peripheral markers 
of HPA axis activity in humans has yielded conflicting results 
[176], but the association of changes in the HPA axis response 
with a history of EALs suggests a role for the HPA axis as a 
component of the changes in allostatic systems that increase the 
risk for IBS among other stress-related disorders [177].
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lymphocytes in the blood [197] or mucosa [198–200]. Studies 
have also found increased mucosal mast cells in IBS 
[138,201,202], and in one study the proximity of mast cells to 
sensory neurons was associated with increased severity and fre-
quency of abdominal pain and discomfort [201]. In another 
study, mast cells were increased in IBS and were associated with 
increased colonic permeability, and symptoms of diarrhea, but 
were not related to disease severity [203]. However, other studies 
have found similar numbers of mucosal immune cells in IBS 
and controls [204–207], and one study found decreased mast 
cells, T cells, and macrophages in IBS [208]. This study also did 
not find an association between immune cell number and vis-
ceral sensitivity by barostat or symptoms [208].

Studies have shown alteration in the cytokine profiles in IBS 
patients, but there has been more evidence for blood levels than 
colonic mucosal levels [197]. In comparison with controls, IBS 
was associated with lower serum interleukin 10 (IL-10) and 
higher serum tumor necrosis factor alpha (TNF-α) levels [209], 
and increased levels of the proinflammatory cytokines inter-
leukins 6 and 8 (IL-6, IL-8) [210]. Another study that measured 
immunological markers (serum cytokine levels, colonic mucosal 
mRNA levels of cytokines, mucosal immune cell counts) and 
neuroendocrine markers associated with mucosal inflammation 
(CRF- and neurokinin (NK)-related ligands and receptors, EC 
cells) in biopsies from the sigmoid colon, found only lower 
IL-10 and NK-1 receptor mRNA expression among females but 
not males with IBS compared to controls, and no markers were 
associated with symptoms or severity [206].

Other evidence for alterations in immune activity include 
studies showing changes in markers of immune activity such as 
increased serum C-reactive protein [211], increased serum 
levels of toll-like receptors [212], and increased expression of 
toll-like receptors in colonic epithelium [213,214]. In addition, 
polymorphisms of in the genes encoding proinflammatory 
cytokines including IL-6 [215] and IL-10 [216] have been found 
to be associated with IBS.

Disciplines such as neuroimmunology and neuroendocrinol-
ogy have emerged as a result of the growing body of knowledge 
describing the complex network in which the nervous system, 
immune system, and endocrine system, particularly the HPA 
axis, interact in both health and disease. Circulating hormones 
such as CRF and cortisol can exert effects on tissue throughout 
the body as can cytokines, which regulate the immune response 
but also have effects on other systems. There are several findings 
suggesting that these interactions may play a role in the patho-
genesis of IBS.

The cytokine IL-6 has been linked to stress-induced changes 
in colonic secretion animal models [217]. Dinan and colleagues 
showed that serum elevations in the proinflammatory cytokine 
IL-6 were enhanced in IBS patients compared to controls in 
response to administration of pyridostigmine, which stimulates 
cholinergic neurons [218]. In another study, the same group 
showed that IL-6 levels were enhanced in concert with an exag-
gerated response of the HPA axis to CRF [219].

particularly in patients refractory to standard treatment meas-
ures. Physiological testing of anorectal function should be per-
formed in these patients.

Serotonin
The majority of serotonin (5-HT) is found in the gut. It is pri-
marily stored in enterochromaffin (EC) cells, but is also con-
tained in serotonergic neurons of the myenteric plexus [191]. 
EC cells release 5-HT in response to a variety of stimuli such as 
mechanical distention. Serotonin is a neurotransmitter and 
binds to receptors on primary afferent neurons in the lamina 
propria in a paracrine fashion. These neurons may include 
extrinsic nerves and mucosal projections of intrinsic primary 
afferent neurons, which initiate gut reflexes affecting motility 
and secretion. Serotonin does not diffuse back into cells and it 
is not degraded enzymatically. The effects are mitigated by 
reuptake into cells via transporter proteins, such as the serot-
onin reuptake transporter, SERT.

Evidence supports a role for serotonin processing and signal-
ing in the motility and transit alterations associated with IBS. 
Studies have shown increased concentration of 5-HT in the 
platelet-depleted plasma of IBS patients compared to controls, 
particularly in IBS-D [192,193]. In another study, colonic transit 
times correlated with the level of 5-HT in platelet-depleted 
plasma in IBS patients, with elevated levels predicting acceler-
ated transit [193]. There also appears to be changes in serotonin 
signaling in IBS. For example, while IBS-C patients had similar 
numbers of EC cells to controls, EC cells had increased serot-
onin content, which might suggest impaired release [192].

Serotonin has been linked to enhanced visceral perception. 
Tryptophan is the amino acid from which serotonin is synthe-
sized and one way in which serotonin is studied in humans is 
via acute tryptophan depletion (ATD), in which ingestion of a 
solution containing all amino acids results in an increase in 
protein synthesis and a temporary decrease in tissue levels of 
tryptophan. ATD resulted in increased pain and urge scores 
during rectal distention in both patients with IBS-D and healthy 
controls [194]. A brain imaging study in healthy controls and 
women with IBS-C showed that ATD resulted in an increased 
response of emotional arousal brain circuits during rectal dis-
tention [195]. This suggests a role for serotonin signaling in 
central sensitization.

Altered immune reactivity
Low-grade inflammation or immune activation is hypothesized 
to play a role in the pathophysiology of IBS through effects on 
visceral sensitivity and gut epithelial function. The strongest 
evidence comes from patients with PI-IBS. In PI-IBS, studies 
have shown increased numbers of T lymphocytes in the lamina 
propria compared to controls [81], and increased expression of 
the proinflammatory cytokine interleukin-1β (IL-1β) [196].

Studies in unselected IBS patients have yielded less consistent 
results. Some have found that patients with IBS have increased 
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colons were colonized with human fecal microbiota, increased 
dietary fermentable oligosaccharides increased gut transit  
time and resulted in alteration in the microbiota. In addition, 
nondietary changes in transit also resulted in changes in the 
microbiota. Under both conditions, there was an increase in 
bacteroides species [250].

Microbes contribute to the bidrectional communication that 
forms the brain–gut axis. Both prenatal stress and postnatal 
stress in the form of maternal separation have been shown to 
affect gut microbiota in animal models [162,251,252]. Stress 
may affect the gut microbiota via changes in immune activation, 
permeability and ANS-mediated changes in mucus secretion 
[253]. Microbes have influence on the central nervous system 
as well. In one study, changes in the microbiota altered levels of 
expression of brain-derived neurotrophic factor (BDNF) [254]. 
There is preliminary evidence that mood affects gut microbiota 
and vice versa in humans [255].

Postinfectious irritable bowel syndrome
Postinfectious irritable bowel syndrome (PI-IBS) provides a 
good example of the interactions between stress and the immune 
system. PI-IBS is associated with increased gut lymphocytes and 
EC cells [227] and increased expression of IL-1β [196]. PI-IBS 
is also associated with increased gut permeability [223,227].

Who develops PI-IBS among those with infectious gastroen-
teritis? The most important predictors are chronic life stress and 
anxiety and depression [81,153]. In a likely analogous manner, 
psychological symptoms are related to GI symptoms and disease 
activity in IBD [256]. In both PI-IBS and IBD, there is evidence 
that the influence of stress on disease is mediated by the HPA 
axis via action of CRF in the gut [257].

In an interesting study [175], mice were infected with C. 
rodentium, which produces a self-limited colitis. Twenty-one 
days following the infection, a group of mice was subjected to 
9 days of water avoidance stress. These mice had serum corti-
costerone and epinephrine levels that were two- and threefold 
higher than mice exposed to infection alone without chronic 
stress. The mice exposed to stress also showed visceral hyper-
sensitivity and increased visceromotor response to colorectal 
distention; patch-clamp studies revealed greater excitability of 
colonic primary afferent neurons and greater activity in response 
to balloon distention. While the levels of proteases were 
increased in postcolitis mice regardless of exposure to stress, 
protease inhibition did not affect the changes in neuron excit-
ability in the stressed mice. This suggests that protease signaling 
may play a role in increased sensitivity following infection but 
not the further augmented response seen with chronic stress 
following infection. In additional studies, epinephrine and cor-
tisol increased the excitability of dorsal root ganglion neurons 
from the gut [175]. Potentially more interesting was the fact that 
while protease-activating peptides had no effect on the excita-
bility of neurons in control mice, neurons from mice exposed 
to chronic stress showed a marked increase in excitability by 
PAR activating peptides. These findings in an animal model 

Increased gut permeability
Intestinal barrier function is discussed in Chapter 18. Gut per-
meability is frequently measured in experimental setting by 
ingestion of molecular probes that are excreted and can be 
measured in the urine [220]. Increased gut permeability may 
play a role in the interaction between stress, immune activation, 
dysbiosis, and hypersensitivity within the gut in IBS.

Several studies have found small intestinal [221–223] and 
colonic permeability in IBS patients [224], and increased para-
cellular permeability in colonic biopsies [225]. This has been 
corroborated by a study showing altered expression and cellular 
distribution of tight junction proteins in patients with IBS-D 
[226]. Permeability has been linked to abdominal pain [225] 
and enhanced visceral perception [222] in patients with IBS. 
The association between increased permeability and IBS is 
strongest in PI-IBS [227] and IBS-D [221,222,228], and small 
bowel permeability has been shown to be affected by dietary 
gluten in IBS-D patients, particularly in those who carry the 
HLA DQ2 or 8 genotype [229].

Permeability is affected by experimental stress in animal 
models [230]. Stress-induced permeability is associated with 
changes in mucosal cellularity including increased mast cells 
counts and activation [231]. The process is also mediated by 
CRF [232], particularly in maternally separated rat models of 
visceral hypersensitivity [233]. Increased permeability may also 
be related to the gut microbiota, possibly through the ability of 
bacteria to release proteases and activate PARs [234].

Gut microbiota
The microbes that inhabit the human body are referred to as 
microbiota (see Chapter 32) [235]. There is evidence that the 
microbiota may play a role in IBS.

The role of small intestinal bacterial overgrowth (SIBO) in 
IBS is controversial. This partially stems from the fact that 
methods available to diagnose SIBO have not been validated. 
Results of studies comparing fecal microbiota in IBS and con-
trols have been inconsistent [236]. Some studies have shown 
fewer Lactobacillus [237] and Bifidobacterium [238] in IBS, but 
this may be related to the frequency of lactose intolerance in 
IBS patients as these organisms thrive on dairy products.

Additional evidence for the role of microbiota comes from 
studies of probiotics [239] and antibiotics [240] in the treatment 
of IBS, as well as the observation that IBS has been associated 
with antibiotic use [241]. Probiotics affect visceral sensitivity 
[242], motility [243], intestinal permeability [244], and immune 
activity [245,246].

Diet can affects IBS symptoms and this may be related to 
changes in the microbiota. The microbiota can be altered sig-
nificantly by changing the intake of fiber and fermentable oligo-, 
di-, and monosaccharides and polyols (FODMAPs) [247,248].

The microbiota has been linked to motility and transit in 
animal models. For example, germ-free rats have delayed gastric 
emptying, intestinal transit and altered motility that resolved 
with introduction of normal gut flora [249]. Also, in mice whose 
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sequestrant, colsevelam, was effective in patients possessing 
SNPs associated with increased bile acid synthesis [274].

Clinical presentation and natural history

Gastrointestinal symptoms
The key symptom of IBS is chronic or recurrent abdominal pain 
and/or discomfort associated with altered bowel habits. The 
Rome III criteria for the diagnosis of IBS were published in 2006 
and are listed in Box 75.1, along with other supporting symp-
toms that are suggestive but not currently required for the diag-
nosis of IBS [1]. It should be noted that diagnostic criteria, 
including the Rome III criteria, have limited diagnostic accu-
racy to distinguish IBS from organic disease [283].

IBS is subgrouped by predominant bowel habit. Because 
stool form was found to be the best predictor of predominant 
bowel habit in IBS, stool form rather than frequency deter-
mines bowel habit subclassification according to the Rome III 
criteria [1]. These criteria are outlined in Table 75.1. Bowel 
symptoms fluctuate frequently for many patients with IBS. In 
one study in which participants completed stool diaries for 90 
days, 78% of patients reported both loose/watery and hard/ 
lumpy stools with an average of three fluctuations between 
these extremes per month [284]. There was, however, stability 
from month to month for individual patients [284]. Studies 
over longer periods of time show more stability of stool  
form [285].

Patients with IBS commonly report symptoms of gas, bloat-
ing, abdominal pain or fullness, and fullness in the rectum 

Box 75.1  Rome III criteria and supportive symptoms. Source: 
Longstreth et al. 2006 [1]. Reproduced with permission from Elsevier.

The symptom-based Rome III criteria for the 
diagnosis of IBS

These criteria should be filled for the last 3 months with symptom 
onset at least 6 months prior to diagnosis.

Recurrent abdominal pain or discomfort* at least 3 days per month 
in the last 3 months that is associated with 2 or more of the 
following:
1.  Improvement with defecation
2.  Onset associated with a change in frequency of stool
3.  Onset associated with a change in form (appearance) of stool.
* Discomfort means an uncomfortable sensation not described as 
pain.

Supportive symptoms (nondiagnostic)

• Abnormal stool frequency (<3 bowel movements per week or >3 
bowel movements per day)

• Abnormal stool form (lumpy/hard stool or loose/watery stool)
• Defecation straining, urgency, or a feeling of incomplete evacuation
• Passing mucus
• Bloating

suggest that prior infection and chronic stress lead to alterations 
in the brain–gut axis characterized by increased sensitivity of 
peripheral neurons to mediators of both the stress and inflam-
matory response [175].

Genetics
At least 60 genes have been studied in IBS [258]. One of the 
best-studied polymorphisms that has been linked to IBS is in a 
region of the serotonin transporter gene known as 5-HTTLPR. 
This region has also been studied in psychiatric disorders. 
Overall, results have been inconclusive with high-quality studies 
and a metaanalysis that do not support the association of this 
gene with IBS [259,260], but several more recent studies found 
an association [261,262]. In one study, the polymorphism was 
shown to result in altered expression of the SERT mRNA and 
protein, with higher expression in the colonic mucosa for the 
L/L genotype, which is more common in the IBS-C subtype 
[261]. Increased expression of SERT would lead to lower levels 
of 5HT, which has prokinetic activity, and could explain symp-
toms of constipation. There is also evidence linking single 
nucleotide polymorphisms (SNPs) in the genes encoding several 
of the serotonins receptors to IBS [263–265]. Polymorphisms 
that have been associated with IBS have also been found in the 
genes for CRF receptor 1(CRF-1R) [266], cannabinoid receptors 
[267], a catechol-O-methyltransferase (COMT) those associated 
with increased degradation of catecholamines [268], inter-
leukins and TNF-α [269–271], and ion channels [272]. Genetic 
polymorphisms have been linked to differential treatment 
responses to certain agents, such as the 5-HT3 antagonist, alo-
setron [273], and the bile acid sequestrant colesevelam [274]. 
The reader is referred to references [275] and [258] for a more 
comprehensive discussion of genetic associations and IBS.

Bile acid processing
Bile acids are absorbed in the terminal ileum via active trans-
port. Absorption of bile acids is influenced by small intestinal 
transit. The presence of bile acids in the colon and rectum  
is known to increase secretion, motility [276], and visceral  
sensitivity to rectal distention [277]. A systematic review sug-
gests that adult-onset bile acid malabsorption may contribute to 
the symptoms of IBS-D in a significant portion of patients [278]. 
It should be noted that the pooled estimate of the prevalence of 
bile acid malabsorption in IBS was based on studies that were 
quite small and less than half of the studies specifically included 
subjects with IBS, with only one of these using accepted diag-
nostic criteria [279]. A study using 23-seleno-25-homo-tauro-
cholic acid (SeHCAT) scanning showed that bile acid 
malabsorption was present in 51% of patients with chronic 
diarrhea. About 20% of these patients had IBS-D, and 27% of 
this subgroup had evidence of bile acid malabsorption [280]. 
Thus, increased levels of colonic bile acids may be a relevant 
mechanism in some patients. IBS-D patients have been shown 
to have increased fecal bile acids in comparison to IBS-C and 
healthy controls [281,282], and treatment with the bile acid 



1506   PART 4 Gastrointestinal diseases

[286]. Some patients experience chest pain and nausea as well 
[286]. Most patients describe the pain as crampy and localized 
to the lower abdomen [287]. Postprandial symptoms are 
common in IBS. In one study, 63% endorsed that symptoms 
were related to meals [288]. These symptoms were frequently 
flatulence and abdominal pain, which were more often triggered 
by foods rich in carbohydrates or fats, as well as coffee, alcohol, 
and spicy foods [288]. Among patients with frequent pain 
attacks (>3 per month), the median frequency was 5.4 attacks 
per month [289]. Attacks occurred more frequently in patients 
with IBS-D and the median duration was 2.8 h [289]. IBS-C and 
IBS-D patients have different symptom profiles, with IBS-C 
patients reporting more overall symptoms (both lower and 
upper abdominal pain) and particularly bloating [290]. Pain 
associated with bowel movements is more common in IBS-D 
patients than IBS-C patients [284].

Extraintestinal symptoms
More than half of the additional visits and costs incurred by IBS 
patients are for non-GI concerns [51]. Non-GI symptoms that 
are more common in IBS than controls include the following 
(prevalence): headache (23%–45%), back pain (27%–81%), 
fatigue (36%–63%), myalgia (29%–36%), dyspareunia (9%–
42%), urinary frequency (21%–61%), other urinary symptoms, 
and dizziness (11%–27%) [51]. The increased prevalence of 
some of these symptoms may be due to coexisting dyssynergic 
defecation [189]. Extraintestinal and psychological symptoms 
occur more frequently in women than in men with IBS [291]. 

Patients with IBS-C may be more likely to report musculoskel-
etal symptoms and sleep disturbances [292].

Gender
Compared with men with IBS, women with IBS report greater 
overall IBS symptom severity, intensity of abdominal pain and 
bloating, impact of symptoms on daily life, and lower HRQOL 
[293,294]. It is not known if this is caused by differences in the 
sensation of pain, cognitive response to pain, or reporting  
bias [295]. Women also report more extraintestinal symptoms, 
such as nausea, urinary urgency, and dyspareunia, and are  
more likely to report symptoms of constipation and bloating 
[290,296–299].

Symptoms in women vary according to the menstrual cycle, 
with increased reporting of GI symptoms in the late luteal and 
menses phases compared with the midfollicular phase [300]. In 
a systematic review of 13 studies, IBS-type symptoms were more 
frequent during menses in both healthy women and women 
with IBS [301]. In particular, women report looser stools and 
more GI symptoms just before and during menses and rectal 
sensitivity has been shown to be greater in women with IBS in 
menses compared with women with IBS in other phases of the 
menstrual cycle [302].

Severity
The Rome Foundation has proposed categorizing IBS patients 
into severity subgroups [303]. Patients with mild IBS have 
symptoms that are low in intensity and a good HRQOL [18]. 
Moderate severity IBS patients have more persistent symptoms 
with more discomfort and some impairment of HRQOL. 
Patients with severe IBS have increased frequency, intensity, and 
persistence of symptoms and experience impaired HRQOL. 
They also have more psychosocial comorbidity, are more fre-
quently seen by specialists, and undergo more diagnostic testing. 
The prevalence of severe IBS ranges from 3% to 69% [303]. The 
prevalence varies with type of clinical practice. A lower propor-
tion of patients from community and primary care practices 
have severe IBS and this percentage increases in GI practices 
and is highest in tertiary care referral centers. Women are more 
likely to report more severe symptoms than men, but one study 
did not find this among patients attending a primary care clinic 
[294]. Severity did not correlate well to the finding of visceral 
hypersensitivity [304], nor did it predict the development of 
hypersensitivity to repeated distention [286]. In a large cross-
sectional study (n = 755), the independent predictors of patient-
assessed illness severity, which was determined by asking 
patients to rate overall severity of their IBS on a 0–20 point scale 
were: abdominal pain, the belief that “something serious is 
wrong with body,” straining with defecation, myalgias, urgency 
with defecation, and bloating [305]. With regards to pain, inten-
sity, frequency, constancy, and predictability were all independ-
ent predictors of overall illness severity [306].

Table 75.1  Irritable bowel syndrome (IBS) subtypes by bowel habit. Source: 
Longstreth et al. 2006 [1]. Reproduced with permission from Elsevier.

Percent of stools that meet the criteria 
(over the preceding 3 months)

Subtypea Hard or lumpy 
stools
(Bristol type 1–2)

Loose or watery 
stools
(Bristol type 6–7)

IBS with constipation 
(IBS-C)

≥25% <25%

IBS with diarrhea 
(IBS-D)

<25% ≥25%

Mixed IBS (IBS-M)b ≥25% ≥25%

Unsubtyped IBS 
(IBS-U)

<25% <25%

a The word with is preferred to predominant due to symptom 
instability.
b Patients with both diarrhea and constipation that may alternate 
within hours or days, were previously classified as IBS-A according to 
the Rome II criteria, but should now be referred to as IBS-M. The 
category of alternating IBS (IBS-A) should be reserved for patients with 
bowel habits that have changed over time, e.g., weeks to months.
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The Manning criteria, published in 1978, were the first set of 
symptom-based criteria [5]. Subsequent criteria have included 
Rome I [308], Rome II [6], and the Rome III criteria in 2006 
[1]. The Rome III criteria are currently the most widely used 
criteria for diagnosis of IBS and are accepted by regulatory 
agencies including the Food and Drug Administration (FDA). 
They are listed in Box 75.1.

In the absence of a biomarker, diagnosis is based on symp-
toms. The rationale for the use of symptom-based criteria are 
that patients present to healthcare providers with symptoms, 
not physiological dysfunction [309,310] and are comprised of 
symptom clusters that are consistent across clinical samples and 
in population studies [311]. Consistent symptom clusters asso-
ciated with IBS have been confirmed by factor analysis [312]. In 
contrast, individual symptoms have poor sensitivity and specifi-
city for IBS (Figure 75.4) [313]. A study evaluated the sensitivity 
of the Rome III criteria in relation to a general practitioner-

Diagnostic approach and  
differential diagnosis

Recommendations from clinical guidelines are provided where 
applicable. In most cases, these recommendations come from 
the most recent set of guidelines composed by the American 
College of Gastroenterology (ACG) Task Force on IBS [13]. 
These guidelines used a well-accepted grading system, which is 
outlined in Table 75.2 [307].

Symptom-based criteria
The differential diagnosis for the symptoms of IBS (Box 75.2) is 
very broad. However, use of the symptom-based Rome III cri-
teria [1] and evaluation for alarm signs or symptoms, as well as 
excluding celiac disease in some populations, is sufficient to 
make the diagnosis of IBS.

Table 75.2  Grading recommendations. Source: Brandt et al. 2009 [13]. Reproduced with permission from Nature Publishing Group.

Grade of recommendation, 
description

Benefit vs risk and burdens Methodological quality of 
supporting evidence

Implications

1A. Strong recommendation, 
high-quality evidence

Benefits clearly outweigh risk 
and burdens, or vice versa

RCTs without important limitations 
or overwhelming evidence from 
observational studies

Strong recommendation, can apply to 
most patients in most circumstances. 
Further evidence is unlikely to change 
our confidence in the estimate of 
effect

1B. Strong recommendation, 
moderate-quality evidence

Benefits clearly outweigh risk 
and burdens, or vice versa

RCTs with important limitations 
(inconsistent results, 
methodological flaws, indirect, or 
imprecise) or exceptionally strong 
evidence from observational studies

Strong recommendation, can apply to 
most patients in most circumstances. 
Higher-quality evidence may well 
change our confidence in the estimate 
of effect

1C. Strong recommendation, 
low-quality or very 
low-quality evidence

Benefits clearly outweigh risk 
and burdens, or vice versa

Observational studies or case series Strong recommendation can apply to 
most patients in most circumstances. 
Higher-quality evidence is very likely to 
change our confidence in the estimate 
of effect

2A. Weak recommendation, 
high-quality evidence

Benefits closely balanced with 
risks and burden

RCTs without important limitations 
or overwhelming evidence from 
observational studies

Weak recommendation, best action 
may differ depending on 
circumstances or patients’ or societal 
values. Further evidence is unlikely to 
change our confidence in the estimate 
of effect

2B. Weak recommendation, 
moderate-quality evidence

Benefits closely balanced with 
risks and burden

RCTs with important limitations 
(inconsistent results, 
methodological flaws, indirect, or 
imprecise) or exceptionally strong 
evidence from observational studies

Weak recommendation, best action 
may differ depending on 
circumstances or patients’ or societal 
values. Higher quality evidence may 
well change evidence our confidence 
in the estimate of effect

2C. Weak recommendation, 
low-quality or very 
low-quality evidence

Uncertainty in the estimates 
of benefits, risks, and burden; 
benefits, risk, and burden 
may be closely balanced

Observational studies or case series Very weak recommendations; other 
alternatives may be equally 
reasonable. Higher quality evidence is 
likely to change our confidence in the 
estimate of effect

RCT, randomized controlled trial.
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years (OR 2.65) and the report of blood on the toilet paper (OR 
2.7); however, the positive predictive value for structural disease 
was poor at 31.8% [318]. According to the ACG Task Force on 
IBS, alarm features include rectal bleeding, weight loss, iron 
deficiency anemia, nocturnal symptoms, and a family history of 
colon cancer, IBD, or celiac disease [13]. Regarding the utility 
of alarm features in the diagnosis of IBS, the task force’s recom-
mendations reflect what the data have shown, which is that the 
absence of alarm features (rectal bleeding, nocturnal pain, 
anemia, weight loss, and a family history of colorectal cancer, 
inflammatory bowel disease, or celiac sprue) is more helpful 
than their presence (Grade 2B evidence) [13].

Diagnostic testing
Most clinicians are able to recognize the symptoms of IBS and 
feel comfortable making the diagnosis [319]. Despite the avail-
ability of guidelines such as those from the ACG Task Force, 
over 70% of clinicians who are not experts in IBS still believe 
that IBS is a diagnosis of exclusion (72% compared to 8% among 
experts) [320].

Broadly speaking, the decision to order a diagnostic test for 
a patient is based on: (1) the belief that the patient’s symptoms 
indicate a higher likelihood of the disease being tested for, and 
(2) the understanding that the diagnostic test being ordered will 
provide useful information regarding the presence of the 
disease. The prevalence of organic disease, with the exception 
of celiac disease and lactose intolerance [321], in the population 
with symptoms of IBS (particularly in those without alarm fea-
tures) is similar to that in the general population [13,322].

Routine	blood	tests,	stool	studies		
and	abdominal	imaging
While routine blood tests, such as a complete blood count, 
metabolic panel, thyroid function tests, and inflammatory 
markers, such as erythrocyte sedimentation rate and C-reactive 
protein, are relatively inexpensive, their use to exclude other 
diagnoses in IBS is not recommended by the ACG Task Force 
(Grade 1C) [13]. Studies have shown that these tests are rarely 
abnormal in patients presenting with symptoms of IBS, and 
rarely lead to alternative diagnoses [323]. Testing stool for ova 
or parasites in the absence of recent travel to endemic areas and 
performing abdominal imaging is also not recommended 
(Grade 1C) [13]. Tests for the presence of certain neutrophil-
derived proteins in the feces, such as lactoferrin and calprotec-
tin, are sensitive and specific for gut inflammatory activity and 
are unlikely to be elevated in IBS [324,325]. These markers may 
be useful in excluding active IBD [326], but the cost-effectiveness 
of this strategy in patients with symptoms of IBS has not been 
evaluated.

Celiac	disease
Celiac disease, discussed in Chapter 64, is a chronic enteropathy 
due to an immune response to gluten with a prevalence in  
the USA of about 1% [327]. While a metaanalysis found that 

based clinical diagnosis of IBS [314]. In almost 500 patients 
diagnosed by practitioners with IBS, the Rome III criteria were 
fulfilled in 75% (95% CI 71%–79%). Patients who met Rome III 
criteria reported more frequent disturbed defecation, greater 
symptom burden, and lower disease-specific HRQOL than 
patients who did not meet Rome criteria. In a prospective  
study of 1848 adult patients with gastrointestinal symptoms, the 
positive and negative likelihood ratios (95% CI) for the Rome 
III criteria in identifying patients without organic gastrointesti-
nal disease were 3.35 (2.97–3.79) and 0.39 (0.34–0.46), respec-
tively [283]. While inclusion of the absence of alarm features 
modestly improves the positive likelihood ratio to 3.92 (2.85–
5.38), it comes at the cost of an increase in the negative likeli-
hood ratio to 0.86 (0.83–0.91) [283]. Scoring systems based on 
symptoms and results of blood tests have also been developed 
[315,316]. These have either not been well-validated or have not 
held up in tests of validation [315].

Alarm features
While the presence of “red flags” or alarm signs and symptoms 
may indicate a need for further diagnostic workup, patients with 
red flag symptoms should not be excluded from the diagnosis 
of IBS. In one systematic review, 83% of patients reported at 
least one alarm symptom. On average, IBS patients report the 
presence of at least 1.65 red flag symptoms but these have a low 
positive predictive value for organic disease [317]. Nocturnal 
symptoms (40%) and onset over the age of 50 (32%) are the 
most common alarm signs. The most helpful alarm signs for 
discriminating IBS from other diagnoses were age of onset >50 

Box 75.2  Differential diagnosis of irritable bowel syndrome (IBS).

IBS with constipation (IBS-C)

• Hypothyroidism

IBS with diarrhea/mixed symptoms (IBS-D/M)

• Carbohydrate maldigestion
• Bile acid malabsorption
• Chronic pancreatitis
• Gastrointestinal infection
• Inflammatory bowel disease (IBD)
• Hyperthyroidism
• Carcinoid tumor

IBS-multiple subtypes

• Celiac disease
• Food intolerance
• Small intestine bacterial overgrowth
• Enteric neuropathy or myopathy
• Malignancy
• Medication side effects
• Gynecological conditions (e.g., endometriosis)
• Psychological conditions (e.g., depression, anxiety)
• Other functional gastrointestinal disorders (e.g., functional 

abdominal pain syndrome, functional dyspepsia)
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toms of IBS and no alarm features (Grade 1B) [13]. This is based 
on the low pretest probability of Crohn’s disease, ulcerative 
colitis, and colonic neoplasia in this group [44]. Additionally, a 
negative finding on colonoscopy is not associated with an 
increased sense of reassurance in patients with IBS [46].

Colonoscopy is recommended in patients with alarm features 
and in patients over the age of 50 for colorectal cancer screening 
(Grade 1C) [13]. Additionally, since the prevalence of micro-
scopic colitis is higher in older, nonconstipated patients with 
IBS (particularly women) [44], random biopsies are recom-
mended when colonoscopy is performed in patients with IBS-D 
(Grade 2C) [13].

Testing	for	small	intestinal	bacterial	overgrowth
While antibiotics are effective for treating symptoms of IBS in 
clinical trials (see the section of this chapter on therapy and 
management), the connection between small intestinal bacterial 
overgrowth (SIBO) and IBS remains controversial. The ACG 

biopsy-confirmed celiac disease was more common in individu-
als with suspected IBS than healthy controls (OR of 4.34 and 
95% CI 1.78–10.6), a more recent multicenter study in the USA 
by Cash and colleagues found the prevalence of biopsy-
confirmed celiac disease among nonconstipated IBS patients 
diagnosed by Rome II criteria to be similar to that in asympto-
matic controls (2/492 [0.4%] with IBS vs 2/458 [0.4%] controls, 
P  >  0.99) [328]. Nonetheless, cost-effectiveness studies have 
determined that testing for celiac disease in nonconstipated IBS 
patients is a cost-effective approach when the prevalence of 
celiac disease is at least 1% [329,330], and it is the recommenda-
tion of the ACG Task Force to test for celiac disease in IBS-D 
and IBS-M patients [13], although this was recommended prior 
to the results of the study by Cash et al. [328].

Colonoscopy
The ACG Task Force on IBS recommends not performing 
colonoscopy in patients under the age of 50 with typical symp-

Figure 75.4  Diagnostic accuracy of 
individual symptoms. Source: Mearin and 
Lacy 2012 [492].
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Visceral	sensation,	motility,	and	transit
Tests of motility and visceral sensation are commonly used in 
research studies in IBS, but their clinical use in IBS is limited. 
Overall, the barostat-mediated distension of the human colon 
and rectum, also discussed earlier, is a valid approach to test 
perception of visceral sensation and changes in visceral percep-
tion. However, the perceptual thresholds and ratings obtained 
in this invasive test only modestly correlate with global or even 
specific IBS symptoms (such as pain) [345–347]. Furthermore, 
only about 40% to 60% of patients demonstrate evidence of 
visceral hypersensitivity, and therefore it currently is not in 
clinical practice [348].

Testing for abnormal colonic transit is not recommended in 
routine practice as the majority of IBS patients have normal 
colonic transit and the results are not likely to change initial 
clinical management [349]. If a patient with IBS-C has had  
poor response to laxatives and reports symptoms suggestive  
of a coexisting defecatory disorder (see Chapters 42 and 81), 
anorectal manometry and balloon expulsion test are the initial 
diagnostic tests to pursue, according to updated guidelines from 
the American Gastroenterological Association (AGA) [350]. 
Use of colonic transit time to measure responses to drugs in 
development can be very predictive of efficacy in phase III clini-
cal trials if the predominant effect in IBS is to normalize bowel 
habits [351].

Therapy and management

Introduction
Assessing severity and impact of the symptoms on the patient’s 
HRQOL is important, as this will shape the management strat-
egy. An approach to management of IBS is outlined in Figure 
75.5. Although IBS is characterized by altered stool frequency 
and/or consistency, the astute clinician will not assume that the 
patient seeks care primarily for the relief of these symptoms. 
Some patients seek care out of fear that they have a life-
threatening illness such as colon cancer. These patients may find 
relief in receiving a positive diagnosis, reassurance, and educa-
tion and may not require pharmacotherapy. However, patients 
with moderate to severe symptoms often require pharmacologi-
cal and/or psychological therapies.

Patient-centered care
A good healthcare provider–patient relationship is the corner-
stone of effective care of the patient with IBS. The quality of this 
relationship has been shown to improve patient outcomes [352]. 
In fact, in an innovative study design, patients with IBS were 
randomized to acupuncture or sham acupuncture with or 
without a supportive patient–practitioner interaction, and while 
there was no difference between true and sham acupuncture, 
patients treated in the context of a supportive interaction 
showed improvement in global outcomes and adequate relief 

Task Force has concluded that “there are insufficient data to 
recommend breath testing for small intestinal bacterial over-
growth in IBS patients (Grade 2C)” [13]. Some studies have 
shown an increased prevalence of SIBO in IBS as diagnosed by 
a positive lactulose or glucose breath hydrogen test [331], but 
other studies have failed to find significant differences in breath 
test positivity for SIBO in IBS patients and healthy controls 
[332,333]. Furthermore, the criteria for a positive lactulose 
hydrogen breath test vary amongst studies. Additionally, the 
results of breath tests are influenced by gut transit and the 
abnormal result in IBS patients may reflect more rapid transit 
and fermentation by colonic bacteria rather the presence of 
SIBO [334].

When the presence of SIBO was defined as >105 CFU/mL in 
jejunal aspirates, the prevalence was similar between IBS and 
healthy controls in one study [335]. In a more recent study in 
which aspirates were cultured from patients undergoing upper 
endoscopy and SIBO was defined as >103 CFU/mL colonic 
aerobic bacteria, SIBO (see Chapter 66) was present in 62 of 320 
subjects, and 68% of patients with SIBO met criteria for IBS 
compared with 27% of non-SIBO patients [336,337]. However, 
there is significant potential for selection bias and confounding 
factors in this study, given that all subjects were undergoing 
upper endoscopy for clinical reasons and the presence of SIBO 
cannot be directly linked to IBS. Among the patients with SIBO, 
35% were taking proton pump inhibitors (PPIs), which have 
been associated with SIBO [338]. The comorbidity of GERD 
with IBS [339] and the use of PPIs has been hypothesized as  
an explanation for the increased rate of SIBO in IBS in some 
studies [340].

Testing	for	carbohydrate	intolerance
Lactose intolerance is common in the general population [341]. 
In an metaanalysis of seven studies, the pooled prevalence of 
lactose maldigestion by lactose hydrogen breath testing in IBS 
was 35% (95% CI 17%–56%) [13]. However, subjective lactose 
intolerance is not always associated with true maldigestion 
[342], and true maldigestion is often asymptomatic [343]. 
Furthermore, symptoms in IBS may be more influenced  
by increased visceral perception than lactose intolerance.  
Due to the prevalence of lactose intolerance, inquiring about 
food-related symptoms is encouraged and if symptoms seem to 
be related to diet, this can be investigated through use of a food 
diary and/or a trial of an elimination diet. Lactose breath testing 
can be considered when lactose maldigestion remains a concern 
despite dietary modification (Grade 2B) [13]. The same reason-
ing and approach applies for fructose maldigestion.

Testing	for	food	allergy
As many as 70% of IBS patients report subjective food intoler-
ance [288,344]. There is poor correlation between positive tests 
for food allergens and symptoms, and testing for food allergies 
is not recommended by the ACG Task Force (Grade 2C) [13].
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School” consisting of six 2-hour sessions, which led to a 
reduction in symptom severity at 6-month follow-up [355]. In 
a follow-up study, a shorter intervention was found to be just 
as effective [356].

Diet
Many patients report an inconsistent symptom response to 
certain foods, and a 1- to 2-week food and symptom diary can 
aid in careful analysis of potential food triggers. While most 
patients cannot completely control symptoms through diet 
alterations alone, including elimination diets, diet-related exac-
erbations may be minimized. Common food triggers include 
high-fat foods, raw fruits and vegetables, and caffeinated bever-
ages. The ACG Task Force did not recommend exclusion diets 
due to insufficient evidence [13], although there has been evi-
dence more recently that dietary interventions can reduce 
symptoms in IBS [229,357].

when compared to those randomized to the same intervention 
without a supportive interaction or those assigned to the waiting 
list [353].

Elements of a good provider–patient relationship include a 
nonjudgmental patient-centered interview, a careful and cost-
effective evaluation, inquiry into the patient’s understanding of 
the illness, patient education, and involvement of the patient in 
treatment decisions. As IBS is a chronic condition, it is impor-
tant to assess specific reasons for the current visit, which may 
differ among patients (e.g., concern about cancer, worsening 
pain, lack of response to treatment). An intrinsic part of the 
clinical assessment is the psychosocial interview, which is 
usually quite relevant in IBS patients. Addressing psychosocial 
factors may improve health status and treatment response [354].

There is some evidence that structured patient education 
can improve quality of life. This was studied in a randomized 
controlled trial (RCT) in which the intervention was “IBS 

Figure 75.5  Treatment algorithm. This flowchart represents an approach to treatment of IBS. A nonpharmacological approach is recommended initially 
and the use of medication should not preclude trials of nonpharmacological therapies; a combination of both may be required. Source: Modified from 
Videlock and Chang [493].
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both IBS patients and healthy controls, and among patients this 
was associated with GI symptoms [360].

Physical activity
Physical activity has been shown to be beneficial in chronic pain 
disorders such as fibromyalgia [361]. It has also been shown to 
improve intestinal gas transit [362]. There has been one small 
(n  =  102) RCT of physical activity IBS, which showed that 
20–60 min of moderate-to-vigorous activity three to five times 
weekly resulted in lower symptom severity after 12 weeks in 
comparison to usual activity [363]. Patients in the intervention 
group were also less likely to have experienced a worsening of 
their IBS symptoms.

Pharmacological therapies
Pharmacological therapies are outlined in Tables 75.3, 75.4, and 
75.5. Where available, the grade of recommendation from 
guidelines published by the ACG are provided [13]. A key to 
the grading is shown in Table 75.2. The ACG Task Force included 
experts in the field from Europe and Canada as well as from the 
USA, and all therapies were considered without regard to where 
their use was approved by regulatory agencies. Results from 
systematic reviews and metaanalyses are presented; the value of 
pooled effect reflects the decision of the review authors to cal-
culate either the proportion of patients that improved or the 
proportion that did not improve. For example, a treatment is 
superior to placebo if the relative risk (RR) of improving on the 
treatment compared to placebo is >1.0 or if the RR of symptoms 
persisting on the treatment compared to placebo is <1.0.

Therapies for irritable bowel syndrome  
with constipation
Dietary	bulking	agents
Bulking agents have often been used as initial management of 
IBS. These include psyllium, methylcellulose, corn fiber, calcium 
polycarbophil, and ispaghula husk. A systematic review and 
metaanalysis published by the Cochrane Collaboration con-
cluded that there was no benefit from the use of bulking agents 
for the treatment of IBS [364]. The review included 12 studies; 
six used soluble fiber (all used ispaghula or psyllium) and six 
used insoluble fiber (wheat bran, fruit fiber). Of the 11 studies 
that reported improvement of global assessment of symptoms, 
the RR of improvement with fiber versus placebo was 1.10 with 
a 95% CI of 0.91–1.33. The RRs and 95% CIs for soluble and 
insoluble fiber were 0.95 (95% CI 0.76–1.19) and 1.28 (95% CI 
0.91–1.78; 321 patients), respectively [364]. In a prior systematic 
review and metaanalysis, a subgroup analysis pooling six  
trials (total n  =  321) did find a benefit for ispaghula (RR of 
symptoms persisting: 0.78; 95% CI 0.63–0.96); however, when 
the analysis was limited to the five higher-quality studies, there 
was no difference between ispaghula and placebo [365]. Based 
on this result, the ACG Task Force gave a conditional recom-
mendation (Grade 2C) for psyllium hydrophilic muculloid 

A group in the United Kingdom conducted an RCT of food 
elimination based on IgG levels [358]. IBS patients were given 
either a list of foods to which they had increased levels of IgG 
or a sham diet of similar foods to eliminate. Twenty-eight 
percent of patients adhering to the true diet had global improve-
ment of symptoms versus 16.7% on sham diets. This difference 
was statistically significant and corresponded to a number-
needed-to-treat of nine. A larger percentage of patients who 
fully adhered to the diet had improved symptoms (54% versus 
15% of strict adherers to the sham diet), corresponding to a 
number-needed-to-treat of 2.5. Additionally, resumption of the 
regular diet caused a worsening of symptoms in a greater per-
centage of those following the true diet than the control diet. 
There was not a significant effect on HRQOL. It has been sug-
gested that the effect seen in this study was a result of diet alone 
regardless of IgG levels. IgG levels have not been shown to be 
predictive of food intolerance and a large percentage of patients 
in the true diet treatment group eliminated milk and wheat, 
which are known to affect symptoms in IBS. Modification of 
diet may affect symptoms regardless of whether or not there is 
true food intolerance.

An area that has received particular attention is that of non-
celiac disease wheat sensitivity. While this is the preferred name 
because it has not been established that gluten is the component 
responsible for the sensitivity; it is often referred to as gluten 
sensitivity and gluten is the component that has been focused 
on in clinical trials. In one double-blinded study of 4 weeks 
duration, gluten withdrawal led to improved symptoms in 
IBS-D patients with positive celiac serology or HLA-DQ2 status 
[359]. In another study, IBS patients who had symptomatically 
responded to a gluten-free diet were randomly assigned to a 
3-day rechallenge of gluten-containing bread and a muffin 
versus gluten-free bread and muffin. Thirteen of 19 (68%) in the 
gluten group compared to six of 15 (40%) in the gluten-free 
group did not have adequate symptom control (P  =  0.0001) 
[357]. Interestingly, the patients on the gluten group reported 
increasing tiredness while the gluten-free group did not. In 
another trial, a gluten-free diet improved stool frequency in 
IBS-D patients, particularly among patients who were positive 
for HLA-DQ2/8 [229].

Some patients may have symptoms related to excess fructose 
and short-chain fatty acids as well as sugar alcohols. These enti-
ties include fermentable oligosaccharides, disaccharides, mon-
osaccharides, and polyols, which are collectively referred to by 
the acronym FODMAPs. A high-FODMAP diet can result in 
increased gas from bacterial fermentation and can cause a laxa-
tive effect. In one trial, patients who responded to a low-
FODMAP diet were randomly assigned to challenge with drinks 
containing either fructans, fructose, a fructan and fructose mix, 
or glucose, which served as the control, and the patients who 
received fructose, fructans, or the combination were more likely 
to report that their symptoms were no longer adequately con-
trolled [248]. Diets high in FODMAPs have been shown to 
result in increased hydrogen and methane gas production in 
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Table 75.3  Evidence-based pharmacological treatment of IBS with constipation.

Agent (class) Dose NNT (95% CI) Grade of 
recommendationb [13]

Comment

Psyllium/ispaghula (bulking 
agent)

20–25 g/day 6 (3–50) a pooled from 6 
studies (n = 321) [365];
4 (2–10) for the Bijerk et al. 
study alone (n = 178) [366]

2C All studies recruited patients 
regardless of predominant 
symptom

Polyethylene glycol
(osmotic laxative)

13.8 g PEG 3350+E 
in 125 mL water, 
1–3 times/day

NNT: 5 (3–28) [370] 2C The larger trial of PEG [370] 
was published after the 
guidelines and was not 
included in the evidence 
grading

Lubiprostone
(chloride channel activator)

8 µg twice daily NNT for global improvement: 
12 (7–44) [376]

1B Also available in 24 µg twice 
daily for CIC

Linaclotide
(guanylate cyclase C 
agonist)

290 µg daily NNT for composite pain and 
bowel symptom endpoint: 7 
(5–11) [383]

NA Also approved for the 
treatment of CIC at a dose 
of 145 µg daily

a To prevent one additional patient from having persistent symptoms NNT has been recalculated where necessary so that all are provided as the 
number needed to achieve the positive outcome.
b See Table 75.2.
IBS, irritable bowel syndrome; NNT, number needed to treat; CI, confidence interval; NA, not available; CIC, chronic idiopathic constipation.

Table 75.4  Evidence-based pharmacological treatment of IBS with diarrhea.

Agent 
(class)

Dose NNT (95% CI) Grade of 
recommendationbb [13]

Comment

Loperamide
(antidiarrheal)

Up to 4 mg four 
times daily

Studied in 2 poor-quality trials with total 
n of 42

2C (for reducing stool 
frequency and improving 
consistency)

Studied in 2 poor-quality trials 
with total n of 42

Rifaximin
(antibiotic)

550 mg 3 times 
daily for 10 days

NNT (95% CI) for adequate relief of IBS: 
10 (6–16). Pooled from 5 studies, total 
n = 1733, majority non-C IBS [387].

1B (for short-term course 
of treatment)

Retreatment studies are 
ongoing

Alosetron 
(5-HT3 
agonist)

0.5–1 mg twice 
daily

8 (5–17)a [490] 1B for benefits 
outweighing risks in 
women with severe IBS-D

In the USA, only available under 
a risk management program 
women with severe IBS-D

a To prevent one additional patient from having persistent symptoms.
b See Table 75.2.
IBS, irritable bowel syndrome; NNT, number needed to treat; CI, confidence interval.

(ispaghula husk), but did not recommend wheat bran or corn 
bran (Grade 2C) [13].

Subsequent to these analyses, there has been one high-quality 
trial assessing psyllium and bran in IBS patients meeting Rome 
II criteria and using a validated global outcome measure of 
adequate relief of IBS symptoms, with a responder defined as 
reporting adequate relief for at least 2 weeks in the preceding 
month [366]. This trial found a benefit for psyllium over placebo 
during the first and second months of treatment (57% vs 35% 
and 59% vs 41%). For the third month, there was a trend for 
psyllium over placebo but this was not statistically significant. 
Bran was only effective in the third month and only in the per 

protocol analysis. Of note, early dropout was most common in 
the bran group and the primary reason for dropout was worsen-
ing of IBS symptoms. The addition of the intention-to-treat 
results from the third month of treatment from this study to the 
results from the studies identified as high-quality in the metaa-
nalysis by Ford and colleagues [365] results in a statistically 
significant pooled RR of not improving on psyllium versus 
placebo: RR 0.87; 95% CI 0.78–0.97 (calculated by the author 
using RevMan v5.2 [367]). This corresponds to a number 
needed to treat (NNT) of 9 (95% CI 5–100). Of note, all studies 
were in IBS and not specifically IBS-C, and no study reported 
results by predominant bowel habit. Anecdotal experience is 
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Table 75.5  Evidence-based pharmacological treatment of various irritable bowel syndrome subtypes.

Agent (Class) Dose NNT (95% CI)a Grade of recommendationb [13]

Bifidobacterium infantis 
35624 (probiotic)

1 × 108 CFU daily Improved pain and bowel symptoms in 
comparison to placebo (total n = 182, 
treatment duration 4 weeks), same effect 
not seen for higher dose 1 × 1010 CFU but 
this may have been due to properties of 
formulation [420]
In an 8-week trial, superior to placebo and 
Lactobacillus salivarius in treating pain and 
discomfort (total n for 3 arms = 77) [246]

2C

Other probiotics Pooled results from 10 studies (total 
n = 918) reporting dichotomous outcome 
for pain or global symptoms: 4 (2–13) [423]

Selective serotonin reuptake 
inhibitors (SSRIs)
(e.g., fluoxetine, sertraline, 
paroxetine, citalopram)

10–100 mg daily In pooled results from 4 studies (total 
n = 227), NNT for improvement of global 
symptoms was 3 (2–25) [364]

1B for global symptoms

Tricyclic antidepressants (TCAs) 
(e.g. amitriptyline, imipramine, 
doxepin, desipramine, 
nortriptyline)

10–200 mg daily In pooled results from 8 studies (total 
n = 523), NNT for improvement of global 
symptoms was 4 (2–7), and in pooled results 
from 4 studies (total n = 320), NNT for 
improvement of abdominal pain was 4 
(6–25) [364]

1B for global symptoms

Hyoscine/scopolamine 
(antispasmodic)

10 mg three times daily 3 trials enrolling a total of 426 patients. 
Outcome was global assessment of 
symptoms. NNT 3 (2–25)a [365]

2C for short-term relief of pain/ 
discomfort

Alverine citrate 
60 mg + simethicone 300 mg
(antispasmodic)

Three times daily Studied in one trial enrolling Rome II IBS 
patients (n = 409): For ≥ 50% decrease in 
abdominal pain: 8 (4–33) [409]

Otilonium bromide
(antispasmodic)

40 mg three times daily 
before meals

In an RCT in Rome II IBS (total n = 339). 
NNT for improvement of pain frequency 
score by 1 point on a 0–3 scale at week 15 
compared to baseline: 7 (4–40) [410]
When included in metaanalysis for 
improvement in pain or symptoms (5 studies, 
total n = 774): 5 (3–10) [365,410]

Peppermint oil
(antispasmodic)

∼200 mg three times 
daily

Pooled results from 4 trials (total n = 392), 
NNT for improvement in pain or global 
symptoms: 2 (2–3)a [365]

2C for short-term relief of pain/ 
discomfort

a To prevent one additional patient from having persistent symptoms.
b See Table 75.2.
IBS, irritable bowel syndrome; NNT, number needed to treat; RCT, randomized controlled trial; CI, confidence interval; NA, not available; CC, chronic 
constipation.

that bulking agents are more effective in IBS-C than other sub-
types of IBS.

Other commercially available bulking agents have not  
been well studied. One RCT that evaluated calcium polycar-
bophil enrolled only 23 patients, and there was a benefit over 
placebo [368]. Bulking agents can cause bloating, abdominal 
pain, and discomfort. Hence, gradual initiation of the dose, 
particularly in patients eating a low-fiber diet, may minimize 
side effects.

Laxatives
Osmotic laxatives, such as polyethylene glycol (PEG) or 
magnesium-containing products, are generally safe and well 
tolerated but require titration. In two trials, PEG was effective 
in treating constipation symptoms in IBS-C but not abdominal 
pain [369,370]. It was given a Grade 2C recommendation for 
treatment of stool frequency by the ACG task force on IBS [13].

Lactulose and sorbitol are also osmotic laxatives that may also 
increase stool frequency but are often associated with the side 
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the cystic fibrosis transmembrane conductance regulator. In 
animal models, linaclotide also reduced visceral nociception 
[379,380]. In clinical trials, linaclotide has shown efficacy in the 
treatment of bowel and abdominal symptoms in patients with 
chronic idiopathic constipation [381] and IBS-C [382]. The FDA 
approved dose of linaclotide for chronic idiopathic constipation 
is 145 µg per day and for IBS-C it is 290 µg per day.

Pooled results from three high-quality trials of linaclotide in 
IBS-C support efficacy of linaclotide for bowel symptoms, 
abdominal pain, and global relief of IBS symptom [383]. Based 
on the endpoint recommended by the US FDA (an increase 
from baseline of 1 or more CSBM/week and a 30% or more 
reduction from baseline in the weekly average of daily worst 
abdominal pain scores for 50% of the treatment weeks), the RR 
for response to treatment with 290 µg linaclotide, compared to 
placebo, was 1.95 (95% CI 1.3–2.9) and the NNT was 7 (95% 
CI, 5–11) [383]. Linaclotide was safe and well-tolerated with the 
most common adverse effect being diarrhea, which occurred on 
linaclotide compared to placebo with a RR of 4.7 (95% CI 2.8–
7.9). In post hoc analyses, the development of diarrhea was not 
associated with decreased treatment satisfaction in IBS-C or 
chronic constipation patients [384,385].

Therapies for irritable bowel syndrome  
with diarrhea
Antidiarrheals
Antidiarrheal agents are frequently used in IBS with diarrheal 
symptoms. The only agent that has been evaluated in RCTs is 
loperamide, which acts directly on intestinal smooth muscle via 
the opioid receptor to inhibit peristalsis and prolong transit 
time. It had no effect on global IBS symptoms or pain but was 
effective in reducing stool frequency. The ACG guidelines con-
cluded that loperamide “is not more effective than placebo at 
reducing pain, bloating, or global symptoms of IBS, but it is an 
effective agent for the treatment of diarrhea, reducing stool fre-
quency, and improving stool consistency (Grade 2C).” [13] 
Although antidiarrheals can be used regularly with doses up to 
4 mg four times daily, they are more commonly used on an 
as-needed basis such as before leaving the house, a long car trip, 
a meal, or a stressful event.

Antibiotics
SIBO and dysbiosis have been theorized to play a role in IBS 
(discussed in the section of this chapter on pathophysiology) 
[331]. Rifaximin is an antibiotic that has very low systemic 
absorption and broad-spectrum activity against Gram-positive 
and Gram-negative aerobes and anaerobes. Rifaximin at a dose 
of 400 mg three times per day for 10 days was superior to 
placebo in improving global symptoms (mean improvement of 
36.4% vs 21.0%) as well as bloating (but not abdominal pain, 
diarrhea, or constipation). The effects were present throughout 
the 10-week follow-up of the study [240]. Two phase III RCTs 
showed significant improvement for the primary endpoint of 
the adequate relief of IBS symptoms in patients with non-IBS-C 

effects of bloating and/or cramping in IBS patients. The efficacy 
of stimulant laxatives such as senna, cascara, or bisacodyl  
have been studied more in chronic (functional) constipation 
[371] than IBS-C but they may be useful on an intermittent 
basis, though they frequently cause cramping, loose stools, and 
urgency.

5-HT4	agonists
Several large and well-designed trials have shown tegaserod, a 
selective 5-HT4 partial agonist, to be more efficacious than 
placebo in improving symptoms of IBS-C (Grade 1A) [372,373] 
and IBS-M (Grade 1B) [13,374]. However, tegaserod was sus-
pended by the FDA because of the higher incidence of cardio-
vascular ischemic events in patients taking (0.11%), versus 
placebo (0.01%).

Prucalopride is a 5-HT4 agonist that is approved and effective 
in chronic constipation. It was not studied in IBS but there is 
significant overlap in the two disorders. There are no known 
cardiovascular effects [375].

Chloride	channel	activator
The chloride channel (ClC-2) activator lubiprostone acts lumi-
nally to increase intestinal secretion. Two 12-week, RCTs evalu-
ated the efficacy of lubiprostone at a dose of 8 µg twice daily in 
patients with IBS-C [376]. The primary efficacy endpoint was 
assessed using a Likert scale with stringent responder definition. 
Responder rates for both lubiprostone and placebo were lower 
than is typically seen in IBS clinical trials, but they were signifi-
cantly higher in patients receiving lubiprostone compared to 
those on placebo (17.9% vs 10.1%). Lubiprostone also improved 
stool consistency, straining, abdominal pain/discomfort, health-
related quality of life, and constipation severity. The ACG IBS 
Task Force concluded that “Lubiprostone in a dose of 8 µg twice 
daily is more effective than placebo in relieving global IBS 
symptoms in women with IBS-C (Grade 1B).” [13]

The most common side effects of lubiprostone are nausea and 
diarrhea, which occurred in 8% and 6% of participants on lubi-
prostone in the two phase III trials and 5% withdrew due to 
adverse events [376]. There was also a report of “chest tightness” 
or “difficulty taking a breath” that occurred within an hour of 
taking the first dose and resolved but did recur with subsequent 
doses, which was more frequent in those receiving 24 µg twice 
daily (the dose for chronic constipation) [377]. An open-label 
extension of the trial for up to 52 weeks showed a lasting benefit 
and that the drug was well-tolerated, and while nausea did 
occur in 11%, most who experienced nausea had only a single 
episode [378].

Guanylate	cyclase	C	agonist
Linaclotide is a minimally absorbed, 14-amino acid peptide that 
binds to and activates guanylate cyclase C on the luminal surface 
of the intestinal epithelium, increasing levels of intra- and extra-
cellular cyclic guanosine monophosphate (cGMP), which results 
in increased luminal secretion of chloride and bicarbonate via 
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Alosetron can be prescribed for women with severe IBS-D 
under a REMS program, which involves restricting prescribing 
to women with severe IBS-D symptoms who have symptoms 
refractory to traditional treatments, starting at lower dose 
(0.5 mg twice daily) and monitoring closely for symptoms or 
signs of ischemic colitis. After 1 month, the dose of alosetron 
can be increase if needed to the originally FDA approved  
dose of 1 mg twice daily. The ACG Task Force concluded that 
benefits of therapy with alosetron may outweigh risks in women 
with severe IBS-D who have not responded to conventional 
therapies [13].

Ramosetron is a 5-HT3 receptor antagonist that is available 
in Japan. In a phase II clinical trial, ramosetron was more effec-
tive than placebo for global IBS symptoms and abdominal pain 
and discomfort and was not associated with ischemic colitis or 
serious complications of constipation [399]. Ramosetron has 
been studied in a head-to-head trial with the antispasmodic 
mebeverine and efficacy was similar for the two agents [400]. In 
comparison, when alosetron was studied head-to-head with 
mebeverine, alosetron was found to be superior [401].

Therapies for multiple subtypes of  
irritable bowel syndrome
Antispasmodics
Antispasmodics work by a direct effect on intestinal smooth 
muscle (e.g., mebeverine, papaverine, pinaverine, peppermint 
oil) or via their anticholinergic or antimuscarinic properties 
(e.g., dicyclomine, hyoscyamine, hyoscine, cimetroprium, 
pirenzepine). Hyoscyamine is also known as atropine and hyo-
scine is also known as scopolamine. While hyoscyamine is one 
of the more commonly used antispasmodic agents that is avail-
able in the USA, it has not been studied in IBS [402].

Pirenzepine is a tricyclic drug which has a similar structure 
to imipramine and also has activity in acid suppression by 
blocking receptors on parietal cells [403]. Dicyclomine is a weak 
muscarinic receptor antagonist. Muscarinic antagonists reduce 
tone, amplitude, and frequency of peristaltic contractions [403].

Cimetroprium, otilonium, and pinaverium bromide are 
among newer antimuscarinic agents known as quaternary 
ammonium derivatives. They are minimally absorbed and act 
locally in the gut [404]. Otilonium also binds tachykinin NK-2 
receptors and can reduce activation of afferent nerves transmit-
ting sensory signals to the CNS [404]. Trimebutine may also 
have weak mu opioid agonist effects and has also been shown 
to modulate activity of primary afferents to the CNS [405].

Mebeverine and alverine are smooth muscle relaxants that 
work directly on myocytes. Mebeverine also has antimuscarinic 
effects and local anesthetic effects and alverine has been shown 
to reduce visceral mechanoreceptor responsiveness [406]. 
Alverine’s antinociceptive effects may also involve serotonin sig-
naling as it has been shown to bind to and antagonize 5HT1A 
receptors [407].

A Cochrane Group systematic review and metaanalysis 
pooled results from 29 studies (2333 total patients) and found 

who were treated with 550 mg of rifaximin three times daily 
compared to placebo [386].

A systematic review and metaanalysis pooling data from five 
studies comparing rifaximin at a dose of 550 mg three times 
daily to placebo in IBS found rifaximin to be more efficacious 
than placebo for global IBS symptom improvement (OR 1.57; 
95% CI 1.22–2.01; NNT = 10.2) [387]. Rifaximin was also sig-
nificantly more likely to improve bloating than placebo (OR 
1.55; 95% CI 1.23–1.96; NNT = 10) [387]. Adverse effects were 
similar among patients receiving rifaximin or placebo in all 
studies, with the most common being headache, upper respira-
tory infection, nausea, nasopharygitis, diarrhea, and abdominal 
pain [387]. Prior to the completion of the phase III trials, the 
ACG Task Force concluded that “a short-term course of a non-
absorbable antibiotic is more effective than placebo for global 
improvement of IBS and for bloating (Grade IB). There are no 
data available to support the long-term safety and effectiveness 
of nonabsorbable antibiotics for the management of IBS symp-
toms.” [13] Randomized placebo-controlled trials to evaluate 
the efficacy of retreatment with rifaximin in IBS-D patients who 
experienced symptom response with an initial course of rifax-
imin are currently ongoing.

5-HT3	antagonists
5-HT3 receptor antagonists have both central and peripheral 
effects and slow gut transit and reduce visceral hypersensitivity 
[388,389]. In high-quality RCTs, alosetron, the best-studied 
5-HT3 antagonist in IBS, consistently improved abdominal 
pain and GI symptoms in IBS-D patients [390–394]. It is one of 
the only agents with evidence for long-term efficacy [395]. 
There is evidence for efficacy in women (Grade 2A) and in men 
(Grade 2B) with one trial showing an increased rate of adequate 
relief of IBS symptoms in men during 8 weeks of treatment  
with 1.0 mg alosetron twice a day (53%) compared to placebo 
(40%) [391].

Alosetron is currently available under a risk evaluation and 
mitigation strategy (REMS) for women with severe IBS-D. This 
restriction is due to the occurrence of GI-related serious adverse 
events including ischemic colitis and serious complications of 
constipation. These events occurred at a rate of 1.1 per 1000 
patient years for ischemic colitis and 0.66 per 1000 patient years 
for serious complications of constipation [396]. All of the 
alosetron-using patients with ischemic colitis had a reversible 
colopathy without long-term sequelae and most cases occurred 
within the first month of treatment [396]. Analysis of safety data 
under this program demonstrates a stable rate of ischemic 
colitis and complications of constipation but fewer serious out-
comes with all cases improving on discontinuation of alosetron 
[397]. Adjudication of reports of ischemic colitis and serious 
complications of constipation over 9 years of the REMS has 
been performed [398]. The incidence rates of ischemic colitis 
(1.03 cases/1000 patient years) and serious complications of 
constipation (0.25 cases/1000 patient years) are low.
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matory effects. In an animal model of colitis, Bifidobacterium 
resulted in reduced expression of proinflammatory cytokines 
TNF-α, and IL-12 [418], and in patients with IBS, Bifidobacterium 
infantis restored the IL-10/IL-12 ratio from a proinflammatory 
to a normal state in addition to alleviating symptoms [246]. 
Even in healthy volunteers, B. infantis increased secretion of the 
antiinflammatory cytokine IL-10 [419].

While many species of probiotics subjectively reduced flatu-
lence and bloating, the only one that showed good evidence for 
global improvement in IBS symptoms was B. infantis [246,420]. 
Other species for which there is an evidence of improvement in 
symptoms, particularly gas, bloating, and flatulence, are 
Lactobacillus salivarius [246], VSL# 3, which is a combination 
of three species of Bifidobacteria, four species of Lactobacilli, 
and Streptococcus salivarius ssp. Thermophilus [415], another 
probiotic mixture (Lactobacillus rhamnosus GG, L. rhamnosis 
LC705, Bifidobacterium breve Bb99, and Propionibacterium 
freudenreichii ssp. shermanii JS) [421], and Bifidobacterium ani-
malis DN-173 010 [422].

When the results of ten RCTs of probiotics in IBS that 
reported dichotomous global outcomes were pooled, the RR of 
symptoms persisting with probiotics versus placebo was 0.71 
(95% CI 0.57–0.88) corresponding to a NNT of 4 (95% CI 3–12) 
[423]. When Lactobacilli, Bifidobacteria, and Streptococci were 
analyzed separately, all showed a trend toward benefit. A 
concern that was noted in this metaanalysis was the presence of 
possible publication bias as suggested by asymmetry of the 
funnel plot. There have been other metaanalyses of probiotics 
in IBS with similar findings [424,425].

It should be noted that the there is considerable heterogeneity 
among trials. Many trials are small or of poor quality and the 
question remains as to whether it is even appropriate to pool 
the results of trials of different probiotics species. The conclu-
sion of the ACG Task Force is that Bifidobacteria demonstrate 
some efficacy in IBS (Grade 2C) [13]. Guidelines published by 
the European Society for Primary Care Gastroenterology also 
concluded that Bifidobacteria were effective in treating overall 
symptom burden and abdominal pain in IBS [426]. These 
guidelines, which were developed by systematic review and a 
modified Delphi process to develop consensus statements from 
a group of primary care physicians with an interest in gastroen-
terology, also recommended Bifidobacteria animalis subsp. 
lactis DN-173 010 (Activia) for reduction of bloating and dis-
tension in IBS, and Bifidobacterium bifidum MIMBb75 (Bifantis) 
and Escherichia coli DSM17252 for overall symptoms and 
abdominal pain [426].

Antidepressants
The rationale for using antidepressants in IBS is that these 
agents may alter pain perception via a central modulation of 
visceral afferent input, alter gastrointestinal transit, decrease 
firing of primary sensory afferent nerve fibers, and treat comor-
bid psychological symptoms. Antidepressants that have been 
studied in IBS include tricyclic antidepressants (TCAs),  

that there was a beneficial effect for antispasmodics over placebo 
for improvement of abdominal pain (RR 1.32; 95% CI 1.12–
1.55; NNT = 7), global assessment (RR 1.49; 95% CI 1.25–1.77; 
NNT  =  5), and symptom score (RR 1.86; 95% CI 1.26–2.76; 
NNT = 3) [364]. Subgroup analyses for different types of anti-
spasmodics found statistically significant benefits for cimetro-
pium/dicyclomine, peppermint oil, pinaverium, and trimebutine 
[364]. Similar results were found with the systematic review and 
metaanalysis performed by the ACG [365]. Of 13 studies report-
ing adverse events which were included in the systematic review 
by Ford and colleagues, the most common were dry mouth, 
dizziness, and blurred vision, and the relative risk of experienc-
ing an adverse effect in comparison to placebo was 1.62 (95% 
CI 1.05–2.5), which corresponds to a number needed to harm 
(NNH) of 18 (95% CI 7–217) [365].

Interpretation of the results of these metaanalyses should take 
into consideration that most trials were of poor quality and did 
not use validated outcome measures. Also, there were not good 
data on safety and treatment emergent adverse effects. The ACG 
Task Force concluded that “certain antispasmodics (hyoscine, 
cimetropium, pinaverium, and peppermint oil) may provide 
short-term relief of abdominal pain/discomfort in IBS (Grade 
2C). Evidence for long-term efficacy is not available. Evidence 
for safety and tolerability is limited (Grade 2C).” [13]

However, since publication of these guidelines and other 
metaanalyses pointing out the limited quality of data on anti-
spasmodics [408], there has been an effort to better study the 
efficacy of antispasmodics. Alverine was studied in an RCT in 
2010 that randomized 412 patients meeting Rome III criteria 
for IBS to either alverine citrate/simethicone (an antispasmodic 
that has been available in Europe since 1990), or matching 
placebo [409]. The response rate (>50% decrease in visual 
analog scale [VAS] score at week 4 compared to week 0) was 
46.8% in the treatment group and 34.3% in the placebo group 
(OR 1.3; 95% CI 1.06–1.59; P = 0.01) [409]. There was also a 
RCT of otolinium bromide, which showed a small but statisti-
cally significant beneficial effect over placebo for the treatment 
of pain [410]. In head-to-head trials, mebeverine performs 
similarly to otolinium bromide [411] and the 5-HT3 antagonist 
ramosetron [400], but was inferior to alosetron [401].

Peppermint oil has smooth muscle relaxant properties and 
has been studied in IBS. Pooled data from four studies including 
a total of 392 patients revealed a RR of symptoms persisting with 
peppermint oil compared to placebo of 0.43 (95% CI 0.32–0.59), 
corresponding to a NNT of 2.5 (95% CI 2–3) [365].

Probiotics
Probiotics are live organisms that when administered in ade-
quate quantities, confer a health benefit to the host [412]. There 
is evidence that they have effects that may target some of the 
pathophysiological mechanisms involved in IBS, such as vis-
ceral hypersensitivity [239,413], altered motility [243,414,415], 
gut permeability [244,416], and the composition of the micro-
biota [417]. Probiotics have also been shown to have antiinflam-
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lower antihistamine effect. Amitriptyline has more muscarinic 
antagonist effects than other TCAs [403].

SSRIs are generally better tolerated than TCAs and they are 
commonly used in IBS, though most trials have been small. 
While the benefit of SSRIs appears to be for global symptoms, 
as described above, diarrhea may be a side effect and therefore 
they may be more useful in patients with constipation.

Other psychotropic agents such as the SNRIs duloxetine 
[436] and venlafaxine [437] and the atypical antipsychotic 
quetiapine [438] have been studied in FGIDs in small trials but 
there is not enough evidence to provide general recommenda-
tions for their use in IBS.

Nonpharmacological therapies
Psychological	therapies
The rationale behind psychological treatments is based on the 
knowledge that symptoms exacerbations are triggered by 
stressful life events in many patients, the high prevalence  
of comorbid psychiatric disorders, and the influence of the 
brain over perception of visceral pain [439]. Five treatment 
modalities that have been tested in RCTs are: cognitive behav-
ioral therapy (CBT), hypnosis, psychodynamic interpersonal 
therapy, relaxation training, and biofeedback [439]. The ACG 
task force on IBS concluded that cognitive therapy, dynamic 
psychotherapy, and hypnotherapy, but not relaxation therapy, 
were more effective than usual care in relieving global symp-
toms of IBS (Grade 1C) [13].

Cognitive behavioral therapy
Cognitive behavioral therapy (CBT) is a short-term, goal-
oriented form of psychotherapy that focuses on the role that 
maladaptive thoughts play in determining behaviors and emo-
tional responses, which can exacerbate physical symptoms. 
For example, a patient’s anxiety about experiencing symptoms 
(i.e., symptom-specific anxiety) may actually worsen symp-
toms. Therapy focuses on examining the connection between 
thought and feelings and symptoms and also on developing 
effective coping strategies. CBT is the best-studied psychologi-
cal therapy and has been assessed in IBS in 18 RCTs, the 
majority of which found a benefit over other interventions 
[439]. For example, CBT was superior to the TCA desipramine 
[432], stress reduction and education [440], the antispasmodic 
mebeverine [441], internet-based stress reduction [442],  
and waiting list or usual medical care [443–445]. Studies 
including long-term follow-up have shown that benefits  
can last up to 2 years after treatment [440,444,446]. Notably, 
several trials demonstrate efficacy when CBT was self-
administered [442–445].

Hypnotherapy
Gut-directed hypnotherapy is hypnosis that is directed toward 
relaxation and control of intestinal motility by repeated sugges-

selective serotonin reuptake inhibitors (SSRIs), and to a  
lesser extent serotonin–norepinephrine reuptake inhibitors 
(SNRIs).

There is some evidence that antidepressants affect GI transit. 
For example, the SSRI fluoxetine has been shown to decrease 
orocecal and whole gut transit times and the TCA imipramine 
has been shown to prolong these times [427]; however, a more 
recent study did not show an effect of amitriptyline on gastric 
motor function [428]. The effect of antidepressants on visceral 
sensation is less clear. The SNRI venlafaxine has been shown to 
reduce colonic compliance and cause colonic relaxation in 
healthy individuals [429], though the SSRI fluoxetine was not 
shown to affect visceral sensitivity [115]. Evidence supports a 
role for TCAs in central modulation of pain [430].

Results of the systematic review and metaanalysis published 
by the Cochrane group showed a beneficial effect for antide-
pressants over placebo for improvement of abdominal pain 
(RR 1.49; 95% CI 1.05–2.12; NNT = 5), global assessment (RR 
1.57; 95% CI 1.23–2.00; NNT  =  4), and symptom score (RR 
1.99; 95% CI 1.32–2.99; NNT = 4) [364]. Another metaanaly-
sis by Ford and colleagues found similar results and found 
significant benefit for both TCAs and SSRIs [431]. Based on 
these results, the ACG Task Force on IBS concluded that TCAs 
and SSRIs are more effective than placebo in relieving global 
IBS symptoms (Grade 1B) [13]. However, others have made the 
observation that the results obtained by metaanalysis for anti-
depressants in the treatment of IBS should be interpreted with 
caution as the largest study, which was well-designed and used 
validated inclusion criteria and endpoints, did not find a sig-
nificant benefit for the TCA desipramine in the intent-to-treat 
analysis [432] and, on observation of the Forest plot, the 
pooled RR appears to be influenced by several much smaller 
studies with very positive results [433]. Furthermore, some of 
these studies have features that bring into question the gener-
alizability of their results, such as the placebo response rate of 
10% in one study, which is quite unusual in IBS trials [433]. 
Another way of interpreting the results of the trials is to con-
clude that TCAs are effective when tolerated. Over a quarter 
of the patients in the treatment arm of the desipramine study 
dropped out due to side effects and a per protocol analysis of 
the results did reveal a 20% effect size margin [432]. While the 
presence of the desipramine in the blood was associated with 
a clinical response, there was no correlation between the level 
and the outcome scores, and therefore, we recommend using 
the lowest effective dose [434].

The most common side effects associated with TCAs include 
dry mouth, constipation, and drowsiness. However, a study that 
assessed general symptoms in IBS patients prior to enrolling in 
a clinical trial of desipramine, revealed that many symptoms 
reported as side effects were present prior to initiating the medi-
cation [435]. Nevertheless, initiating the drug at the lowest 
available dose and increasing it gradually can minimize adverse 
events. Desipramine and nortriptyline are less sedating than 
others in the same family, such as amitriptyline, due to their 
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Emerging therapies
Agents	affecting	serotonin	pathways	and	synthesis
LX-1031 binds to and inhibits the activity of the enzyme tryp-
tophan 5-hydroxylase resulting in reduced peripheral synthesis 
of serotonin. In a phase II clinical trial of LX-1031 in noncon-
stipating IBS, the proportion of patients reporting adequate 
relief of symptoms was greater for LX-1031 than placebo but 
the difference was only statistically significant in the first week 
[459]. There is a recently completed phase II trial studying  
the efficacy of a similar compound, LX-1033, in patients  
with IBS-D.

Other agents that have been studied include the antidepres-
sant tianeptine, which enhances serotonin reuptake, and was 
noninferior and better tolerated in comparison to amitriptyline 
in IBS-D [460]. An antagonist of the 5-HT1A receptor was not 
found to be beneficial and led to CNS side effects, such as hal-
lucinations [461].

Agents	targeting	bile	acid	processing	and	delivery
Sodium chenodeoxycholate (CDC) a bile acid that used to be 
used for gallstone disease (but has since been replaced by the 
better-tolerated ursodeoxycholic acid), has been studied in one 
RCT in IBS and improved stool transit, consistency, and ease of 
passage but was associated with abdominal cramping [462].

Elobixibat, also known as A3309, is an ileal bile acid trans-
porter inhibitor. It increases delivery of bile acids to the colon 
and thereby reduces colonic transit time by enhancing motility 
and secretion. It has shown efficacy in chronic idiopathic con-
stipation and a phase III trial is in progress [463–465]. Clinical 
efficacy studies in IBS-C are also being planned.

Colsevelam, a bile acid sequestrant, may slow colonic transit 
in a subset of IBS-D patients but the most promising results 
were seen in patients with a specific genetic polymorphism 
associated with increased bile acid synthesis [274].

Agents	targeting	inflammation
Despite evidence for the role of immune activation in IBS, ther-
apies targeted toward these pathophysiological mechanisms 
have overall not shown promising results. The mast cell stabi-
lizer ketotifen was studied in one trial and reduced visceral 
sensitivity in hypersensitive patients and showed benefit over 
placebo for pain, bloating, and diarrhea, but did not show 
changes in rectal mast cell counts or levels of the mast  
cell mediator tryptase. Further studies are needed [204]. 5- 
aminosalicylic acid reduced inflammatory markers in one small 
trial, but had no benefit on pain or bowel symptoms [466]. 
Prednisolone was also studied in postinfectious IBS and was 
found to be ineffective for treatment of symptoms despite reduc-
ing the number of lymphocytes found in the lamina propria in 
rectal biopsies [467].

Other	agents
Ibodutant Ibodutant is a neurokinin 2 (NK2) receptor antago-
nist. In a 12-week, dose-finding RCT enrolling 559 patients with 

tion of control over symptoms followed by ego strengthening. 
During gut-directed hypnotherapy, a hypnotic state is induced 
by guided relaxation and increasing of focus. Following this, the 
hypnotherapist uses verbal suggestions and imagery targeted 
toward improving symptoms. For example, the patient may be 
encouraged to visualize the gut with a strong protective coating 
or imagine being able to speed or slow transit through the  
gut [439].

Hypnotherapy in IBS has been evaluated in seven RCTs. 
Hypnotherapy was superior to: supportive therapy and placebo 
pills [447], supportive therapy [448], nonhypnotic audiotapes 
[449], and waiting list or usual medical care [450–452]. Only 
one of the seven trials did not show a statistically significant 
benefit but did show a trend for benefit over waiting list [448]. 
In an assessment of the long-term effects of hypnotherapy, 
Lindfors and colleagues contacted 244 patients who had received 
hypnotherapy between 2000 and 2006 [453]. Of the 208 patients 
(85%) that responded to the survey, 103 were “responders,” 
defined as reporting that IBS symptoms were “very much better” 
or “moderately better,” and among the responders, 75% reported 
that they improved further, compared to 53% of the nonre-
sponders [453]. Seventy-three percent of responders and 47% 
of nonresponders reported still actively using the hypnotherapy 
techniques, and responders were also more likely to report 
reduction of physician visits [453].

Relaxation training and mindfulness therapies
Relaxation training describes interventions designed to reduce 
arousal and lessen stress reactivity. There have been seven RCTs 
of relaxation training in IBS. Most have been small. Two out of 
three of the larger trials found relaxation training to be superior 
to medical treatment or placebo [454] and usual medical care 
[455]. The third, larger trial enrolling 105 patients did not find 
a benefit of relaxation training over CBT, usual medical care, 
stress management, placebo, or medical treatment [456].

Mindfulness is a technique that encourages regulation of 
attentional focus to thoughts, feelings, and bodily sensations. 
There is not enough evidence to draw conclusions on its efficacy 
in IBS, but one RCT in women with IBS did show that mindful-
ness therapy improved bowel symptoms and HRQOL in com-
parison to the control intervention, which was participation in 
a support group [457].

Other	nonpharmacological	therapies
Anorectal biofeedback
Biofeedback is a modality of physical therapy that aids in relaxa-
tion of the pelvic floor and is effective in treating dyssynergic 
defecation (see Chapter 81). There is more overlap between def-
ecatory disorders and IBS than previously thought. For patients 
experiencing symptoms of dyssynergic defecation, biofeedback 
may be beneficial. Evidence suggests that the presence of IBS-C 
does not impact the efficacy of biofeedback for constipation 
related symptoms, and, in addition, treatment of a coexisting 
defecatory disorder may improve global IBS symptoms [458].
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global scores over placebo for patients treated either with stand-
ard or individualized Chinese herbal medicine. Only those who 
received individualized Chinese herbal medicine treatment 
maintained a more sustained relief of their IBS symptoms. Other 
alternative or herbal medicines that have been studied are extract 
of artichoke [477], carmint [478], the herbal mixture STW 5 
[479], and melatonin [480,481]. Due to the limited evidence and 
concerns about toxicity, the ACG Task Force for IBS did not 
make recommendations on acupuncture or herbal therapy [13].

Prevention
Potential ways to prevent IBS can only be inferred from what 
we know about risk factors for the development of IBS. As 
described elsewhere in this chapter, stress is an important risk 
factor in the development of IBS following infectious enteritis 
[153]. There have been several other prospective studies assess-
ing for risk factors that identify illness behaviors associated with 
hypochondriasis, in addition to psychological symptoms, as a 
risk factor for IBS [482,483] and abdominal pain [484]. In a 
prospective study, 2456 subjects without IBS were evaluated 
after 15 months and independent predictors of developing IBS 
were high levels of illness behavior (OR 5.2; 95% CI 2.5–11.0), 
anxiety (OR 2.0; 95% CI 0.98–4.1), sleep problems (OR 1.6; 95% 
CI 0.8–3.2), and somatic symptoms (OR 1.6; 95% CI 0.8–2.9) 
[483]. This fits with theories that illness behavior is learned and 
evidence that parental attitudes toward GI symptoms may be 
related to the development of IBS [67].

For the patient with IBS, strategies to prevent symptom flares 
may include avoidance of dietary triggers and life stress and 
learning to manage symptoms in order to develop an increased 
perceived sense of control over them. Having a social support 
system can also be beneficial to patients as suggested by a study 
that found an association between greater perceived social 
support and lower severity of pain and overall symptoms in a 
cross-sectional sample. Other than specific therapies, there are 
a few studies investigating factors that contribute to reduced 
severity [485].

Temporal/secular trends
The prevalence of IBS in population studies remains stable over 
time (Figure 75.1) [486]. This indicates a rate of disease disap-
pearance in addition to onset. In a systematic review of longi-
tudinal studies, over a median follow-up period of 2 years, 
disappearance occurred in 12%–38% of patients [487]. Symptom 
remission with aging is also supported by the lower disease 
prevalence among those over 65 years of age [27]. This may be 
related to changing symptoms rather than disappearance of 
symptoms. In one population-based study, 55% of subjects 
meeting IBS criteria did not meet criteria at follow-up, but most 
met criteria for another FGID, and the majority who met crite-
ria for any FGID continued to experience symptoms at least 10 
years later [488]. Temporal trends in PI-IBS were studied by 
reevaluation of 742 subjects who suffered gastroenteritis 8 years 
prior during an outbreak caused by contamination of drinking 

IBS-D, the proportion meeting the outcome of satisfactory relief 
of overall symptoms as well as improvement in pain scores was 
greater in those receiving ibodutant, but this was only statisti-
cally significant among women (n = 333), which was a prespeci-
fied subgroup [468].

Peripheral opioid receptor agonists The concept of attenuating 
visceral nociception with therapies targeted at peripheral opioid 
receptors led to development of asimadoline, a selective κ-opioid 
receptor agonist. κ-opioid receptors are involved in the inhibi-
tion of visceral nociception [469]. A large clinical trial enrolling 
596 patients only showed symptom improvement in subgroup 
analyses for IBS-D [470]. A trial in which asimadoline was used 
on demand for acute pain attacks also did not show efficacy 
except for patients with IBS-M [471]. A phase III trial in IBS-D 
patients with moderate to severe pain has been completed 
(NCT01100684).

Solabegron Solabegron is a beta-3 adrenergic agonist found on 
enteric neurons. It showed some efficacy in women with IBS 
[472]. It is currently being developed as a treatment for overac-
tive bladder [473].

Crofelemer Crofelemer, an extract from the Croton lechleri tree 
in South America, inhibits the cystic fibrosis transmembrane 
conductance regulator and also has antiinflammatory and anal-
gesic properties. It is approved by the FDA for treatment of 
noninfectious diarrhea associated with antiretroviral treatment 
for HIV/AIDS. In a phase IIb trial in IBS-D, crofelemer did not 
improve stool consistency, frequency, or urgency, but in females, 
there was a small improvement in the number of pain- and/or 
discomfort-free days [474]. Crofelemer has not been further 
studied in patients with IBS-D.

Complementary and alternative  
medicine approaches
Because even the most effective treatments for IBS do not help 
all patients, many turn to complementary and alternative medi-
cine for relief. Furthermore, many patients prefer complemen-
tary and alternative medicine treatments because they view 
them as natural and time tested. In addition, complementary 
and alternative medicine treatments often provide a more holis-
tic approach and meaningful clinician–patient relationship than 
western medicine. It is important for clinicians to have an 
understanding of these treatments and whether there is any 
evidence for their efficacy.

Acupuncture has been a popular therapy for IBS patients. A 
Cochrane review concluded that acupuncture was likely no 
better than sham acupuncture for IBS [475].

Herbal medicine is another area of complementary and alter-
native medicine in which patients express interest. Theoretically, 
this is more amenable to rigorous randomized and controlled 
study designs, but few high-quality studies have been published. 
The best evidence is for Chinese herbal medicine. Bensoussan 
and colleagues [476] showed an improvement in symptoms and 
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water. The prevalence of PI-IBS declined from 28.3% after  
2–3 years to 15.4% after 8 years. Risk factors for persistent 
PI-IBS included female gender, younger age, prior anxiety or 
depression, and fever or weight loss during the acute enteric 
illness [489].
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Definitions

Diverticulosis of the colon is characterized by the protrusion of 
the colonic mucosa through the bowel wall at points of weak-
ness where the vasa recta enter [1,2] (see Chapter 6). The pres-
ence of one or more diverticulum without attributable symptoms 
is known as diverticulosis (Table 76.1). Their presence when 
associated with symptoms such as left iliac fossa pain and altera-
tion of bowel habit is known as diverticular disease. These diver-
ticula can become inflamed, which is termed acute diverticulitis 
and typically presents with left (or less commonly right) iliac 
fossa pain, tenderness, and fever. A number of complications 
can occur in association with colonic diverticulosis such as 
bleeding, fistulation into adjacent viscera (most commonly the 
bladder and vagina), stricture formation, and abscess formation 
(which can be paracolic or pelvic in nature). Perforation can 
also occur, either localized or free perforation with significant 
peritoneal contamination either with pus or fecal material. The 
presence of one or more of these complications is termed com-
plicated diverticular disease. This chapter will set out to describe 
the epidemiology, pathogenesis, clinical presentation, and man-
agement of these individual conditions. Each section has been 
divided into colonic diverticulosis, diverticular disease, acute 

diverticulitis, and complicated diverticular disease for ease of 
reading.

Epidemiology (risk factors)

Colonic diverticulosis
The risk factors for the development of diverticulosis of the 
colon are yet to be fully defined. An interplay between diet, 
colonic structure, colonic motility, and ageing has been sug-
gested but the exact mechanisms leading to the development of 
diverticulosis remains unclear [3].

Painter and Burkitt first hypothesized that western diets 
lacking in dietary fiber and high in refined carbohydrates pre-
disposed to the formation of colonic diverticulosis [4]. They 
based this on observational studies showing the much lower 
incidence of diverticulosis in Africa, associated with a very high 
dietary fiber intake and much greater stool weight than in the 
United Kingdom, along with evidence from animals and a small 
randomized trial of bran therapy. A subsequent small, cross-
sectional study supported a dietary origin by showing that, in 
the United Kingdom, diverticulosis is more common in non-
vegetarians [5]. The evidence from these studies was based on 
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losis discovered incidentally at colonoscopy in California 
between 1996 and 2011 [14]. Understanding of why these symp-
toms develop is limited. An interplay between dietary factors, 
colonic motility, muscular dysfunction, visceral hypersensitiv-
ity, inflammation, and changes in the colonic microbiota has 
been suggested. However, understanding of the mechanisms 
responsible for these symptoms is incomplete [15,16].

Because both irritable bowel syndrome (IBS) and diverticu-
losis are common, it is inevitable that these will overlap and 
cause confusion [17,18]. A secondary care study of 744 patients 
presenting to gastroenterology outpatient clinics or those sched-
uled for a colonic examination with either barium enema or 
colonoscopy found no difference in the proportion of patients 
reporting abdominal pain, constipation, or diarrhea between 
those with and without the presence of diverticulosis [17], sug-
gesting that for many patients it is an incidental finding. 
However, a significant subgroup of patients report recurrent 
episodes of short-lived pain associated with changes in bowel 
habit [19], which persist over time [12]. Early theories formu-
lated to explain the cause of symptoms in these patients focused 
on the probability that a low-residue diet results in small hard 
stools with increased viscosity needing high pressures to propel 
the contents distally and leading to herniation of the bowel 
mucosa through points of weakness [15]. The recurrent abdom-
inal pain in diverticulosis is suggested by recent studies to be 
temporally associated with high-pressure colonic contractions 
[20]. Similar contractions in healthy volunteers go unnoticed 
indicating that visceral hypersensitivity may be important in 
understanding why some individuals with diverticulosis experi-
ence no pain but others experience severe recurrent bouts of 
short-lived pain. Visceral hypersensitivity is due to lowered 
thresholds for pain so that normal physiological stimuli are 
experienced as painful [21]. This may explain the poor correla-
tion between the anatomical severity of diverticulosis and 
symptoms [22]. The likely causes of this hypersensitivity are: 
prior inflammation; alterations in neural signaling due to 
peripheral or spinally mediated changes in response to inflam-
mation; or psychological factors leading to altered central pain 
processing and hence altered perception [15,21,23]. Symptomatic 
diverticular disease (SDD) patients report a significantly 
increased somatic symptom burden as assessed by the Patient 
Health Questionniare-12 somatic symptom score (PHQ-12SS) 
compared to asymptomatic patients, reflecting a widespread 
lowered pain threshold which must originate in central pain 
processing pathways [24]. These central and peripheral factors 
are summarized in Figure 76.1.

Postinflammatory visceral hypersensitivity
It has been previously reported that episodes of documented 
acute diverticulitis are frequently followed by episodes of recur-
rent short-term abdominal pain [15,19]. A large trial confirmed 
that after well-documented episodes of acute diverticulitis, 
recurrent left iliac fossa pain was reported on about 20% of days 
over the next 48 weeks [25]. Studies in the UK, and confirmed 

association, which was confounded by the many other differ-
ences in health, demographics, and environment between 
Africa in the 1950s and the western world, and does not prove 
a causative link [6]. While rodents can be made to develop 
diverticular disease by giving a very low fiber diet, the restric-
tion is so severe that its relevance to human disease is uncertain 
[7]. No association study can exclude the possibility of reverse 
causation whereby exacerbation of the symptoms of diverticular 
disease by dietary fiber leads sufferers to reduce intake. However, 
it appears clear that the striking worldwide differences in the 
incidence of diverticulosis is attributable to environmental 
factors because immigrants moving from low- to high-risk areas 
acquire the risks of diverticulosis characteristic of the country 
in which they have migrated to in proportion to their length of 
stay [8]. Furthermore, as countries with a traditionally low inci-
dence industrialize and change to a westernized diet the inci-
dence of diverticulosis rises [9]. The development of diverticulosis 
is likely multifactorial and larger prospective studies document-
ing diet and other risk factors are required to improve our 
understanding of how to treat it and prevent its development 
[6,10].

Diverticular disease
Diverticular disease, meaning symptoms attributable to the 
presence of colonic diverticulosis, was reported in the 1960s to 
occur in up to 20% of individuals with colonic diverticulosis 
[11]. A more recent study supported this conclusion, finding 
that pain developed in 19% of patients with asymptomatic 
diverticulosis over a 6-year follow-up [12]. Diverticular disease 
severe enough to result in hospitalization is less common. 
Population-based studies in Sweden report an incidence of 1.5% 
over a 28-year period in an age group in which around half 
would be predicted to have diverticulosis [13], indicating that 
3%–5% of all cases would expect hospitalization over three 
decades.

The most frequently attributed symptoms are pain and altera-
tion in bowel habit. Chronic pain may be the sequela of acute 
diverticulitis, which develops in around 6 per 1000 patient years 
as estimated in a retrospective survey of patients with diverticu-

Table 76.1 Definitions of terms related to diverticulosis.

Term Definition

Diverticulosis The presence of asymptomatic diverticula

Diverticular disease Symptoms associated with the presence of 
diverticula

Acute diverticulitis This condition occurs when a diverticulum 
becomes acutely inflamed

Complicated 
diverticular disease

An associated complication which include 
abscess formation, fistulae, perforation, stricture, 
or hemorrhage
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Psychological stress has also been shown to increase visceral 
hyperalgesia in experimental models, suggesting that inflamma-
tion and psychological factors interact to determine visceral 
sensitivity [35]. Previous studies of patients developing PI-IBS 
following Campylobacter infection have demonstrated that both 
inflammation-induced changes in the bowel, namely increased 
enteroendocrine cells and lymphocytes, and elevated depression 
and anxiety scores contribute nearly equally to the risk of devel-
oping PI-IBS [28]. Similarly, a follow-up study of patients with 
diverticulosis showed that both peripheral and central factors 
contribute to the risk of developing chronic pain [12].

The pathophysiology of symptoms in patients with diverticu-
lar disease who remain symptomatic despite the resolution of 
macroscopic inflammation is poorly understood. Improving the 
understanding of the interplay between abnormal colonic 
motility, inflammation, psychological abnormalities and vis-
ceral hypersensitivity is key to understanding mechanisms and 
allowing the development of more effective treatments [15].

Other lifestyle factors
A weak association between smoking and the development  
of symptomatic disease was reported from the Swedish 
Mammography Cohort, with a 23% increase in the risk of devel-
oping symptomatic disease in current smokers [36]. However, 
this was not found in the Health Professionals Follow-up Study 

by studies in California, have shown that acute diverticulitis is 
often followed by episodic recurrent pain [12,19], a condition 
termed “postdiverticulitis IBS” [26]. The temporal association 
suggests that the etiology of this pain was visceral hypersensitiv-
ity secondary to inflammation induced neural changes. 
Hypersensitivity can persist owing to changes in spinal neuro-
transmission including upregulation of substance P, which may 
persist even after the initial inflammation has subsided [23,27]. 
This mechanism may be relevant to many patients because those 
developing diverticulosis in their 60s can now expect to live 
another 20–30 years. Thus despite the low annual incidence of 
diverticulitis (6/1000), 12%–18% would be expected to develop 
diverticulitis and potentially postinflammatory visceral hyper-
sensitivity. Postinflammatory hypersensitivity is not unique to 
diverticular disease and has also been well described in patients 
with postinfectious irritable bowel syndrome (PI-IBS) in whom 
similar symptoms of abdominal pain, diarrhea, and bloating 
develop after infectious gastroenteritis [28].

A few patients with diverticulosis (0.25%–1.5% of all colono-
scopies) show persisting local inflammation but information 
regarding symptoms associated with the condition is sparse 
[29–32]. In patients undergoing colonic resection for recurrent 
pain associated with diverticular disease it has been noted that 
between 41% and 76% of patients had histological evidence of 
acute or chronic inflammation at the time of resection [33,34].

Figure 76.1 Central and peripheral factors that may be important in developing visceral hypersensitivity.
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ticulitis. There is evidence that the majority of the patients 
presenting with these complications have not suffered prior epi-
sodes of acute diverticulitis and in fact they may well represent 
separate clinical entities or the severe end of a spectrum of 
disease [51,52]. Diverticular bleeding is a common complica-
tion of diverticulosis and is thought to account for around one-
third of all hospitalizations for lower GI bleeding, giving an 
incidence of 1/100 000 person years in California [53]. It is 
proposed that traumatic factors induce intimal proliferation 
within the vasa recta along with duplication of the internal 
elastic lamina near the bleeding point in resection specimens. 
These associated changes within the vasa recta predispose them 
to rupture into the diverticula and thus produce the associated 
fresh rectal bleeding [54,55].

The risk factors for the development of complicated diver-
ticular disease can be divided between lifestyle factors, such as 
body mass index (BMI), smoking and physical activity, pre-
scription medications, and acute diverticulitis.

The development of complicated diverticular disease, such as 
perforation and bleeding, has been linked to the use of certain 
prescription medications, most notably steroids, opiate analge-
sics, and nonsteroidal antiinflammatory drugs (NSAIDs) [56–
59], with aspirin cited as a potential risk factor for both 
diverticulitis and diverticular bleeding [60]. Aspirin and 
NSAIDs impair mucosal barrier function, while steroids inhibit 
inflammation and impair protective mechanisms promoting 
free perforation, as does the increased colonic pressures associ-
ated with use of opiate analgesics. Early studies reporting these 
associations were small, nonpopulation based and relied on self-
reported medication use [56,58]. These studies demonstrated a 
twofold increased risk of perforation associated with current use 
of an opiate analgesic as well as a fourfold increase in risk in 
those currently using an NSAID, and a sixfold increased risk for 
those using a corticosteroid. A subsequent larger UK population-
based study reported a similar association with opiate analgesic 
use but a reduced association between the risk of steroid use 
and perforation, with only a threefold increase in risk, and no 
increased risk associated with current use of low-dose aspirin 
or NSAIDs [59]. However, this larger study may have underes-
timated use of NSAIDs due to over-the-counter use, which is 
common practice in the UK. While these studies confirm a pos-
sible relationship between perforation and the use of these 
medications, the overall number of patients using these medica-
tions is low with just 2% of 899 patients with diverticulosis being 
current users of a steroid and 6% using a current opiate analge-
sic in the largest study to date [59]. The largest study detailing 
the excess risk in bleeding reported a modest 1.74 (95% CI 
1.21–2.39) increased risk of bleeding associated with regular use 
of aspirin and a similar increase in those using NSAIDs (hazard 
ration (HR) 1.74; 95% CI 1.15–2.64) [60]. Again, the absolute 
number of bleeding episodes associated with the use of these 
medications is small and so the risk of stopping them has to be 
weighed against the risk of cardiovascular complications for 
which their use may have been initiated.

[37], although consumption of red meat did increase the risk 
[38]. Obesity has been reported to increase the likelihood of 
diverticular disease in American men [39]. A Swedish cohort 
study of 7494 men who were followed by record linkage also 
found that those with a body mass index (BMI) of 30 kg/m2 or 
greater had a fourfold increase in the risk of hospitalization [13]. 
This may be associated with a sedentary lifestyle, which is asso-
ciated with an increased risk of developing SDD [40].

Acute diverticulitis
The development of inflammation in diverticula results in acute 
diverticulitis. It has been suggested that fecal matter becomes 
trapped in the diverticula and abrasion of the mucosa allows 
access of bacterial products, leading to hyperplasia of the lym-
phoid tissue in the mucosa at the base of the diverticulum in 
the same way that obstruction by fecal material may cause 
appendicitis [15,41]. This results in acute inflammation of the 
mucosa, usually at the apex of the diverticulum, associated with 
acute inflammation of the mesenteric and pericolic fat. The 
peritoneal involvement leads to a systemic response with fever 
and leukocytosis and pain. Observational data suggests that 
patients with uncomplicated disease lacking systemic signs of 
sepsis often resolve without any antibiotic treatment [42]. 
Ultrasonography has shown in selected cases the sequence of 
fecolith obstruction, pus formation, followed by expulsion of 
the fecolith, which may account for spontaneous resolution in 
many cases [43]. This obstructional theory has been questioned 
and morphological studies often show microperforations of the 
fundus of the diverticulum, leading to inflammation without 
obstruction [44–46]. It may well be the inflammation arises 
from a combination of both. A more detailed understanding of 
the pathogenesis of the condition and its natural history may 
allow us to optimize treatment strategies on an individualized 
basis.

Increased BMI (>30 kg/m2) has been reported to be associ-
ated with an increased risk of the development of acute diver-
ticulitis in a small study and a study using a cohort of male 
patients from the Health Professionals Follow-up Study (relative 
risk 1.78; 95% confidence interval [CI], 1.08–2.94) [39,47]. 
Other dietary factors such as seeds, nuts, and popcorn have 
been reported to be associated with an increased risk of devel-
opment of acute diverticulits [48]. However, this was not sup-
ported by an analysis of the Health Professionals Follow-up 
Study [49]. Increased risk for the development of acute diver-
ticulitis has been reported in a cohort of Danish inpatients with 
alcoholism, and attributed to the immunosuppressive effect of 
alcoholism but the potential for ascertainment bias in the diag-
nosis given the increased follow-up and investigation of these 
patients means this requires further confirmation before any 
conclusion can be drawn [50].

Complicated diverticular disease
Progression to complicated disease with fistula, abscess, or per-
foration is seen in only a minority of patients with acute diver-
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showing changes in matrix remodeling enzymes matrix meta-
loproteases (MMPs) and their inhibitors [70] but these may all 
be secondary to inflammation rather than a primary cause [71].

Colonic motility
Colonic motility is complex. The most common motor pattern 
is quiescence or tonic segmenting and phasic contractions 
mixing colonic chyme, which is interrupted approximately four 
to six times a day by high-amplitude propulsive contractions 
that propel contents distally and may be followed by defecation 
(see Chapter 21). Studies have shown that phasic contractions 
occur for a greater percentage of time in the sigmoid compared 
to descending and transverse colon, and tend to increase imme-
diately after eating. They are also more frequent in patients with 
SDD and often associated with pain in patients while similar 
contractions cause no symptoms in healthy subjects [20]. 
Painter demonstrated that these segmenting contractions pro-
duced by the circular muscle divided the lumen into a series of 
compartments, which he termed “bladders”. These compart-
ments resulted in high associated colonic pressures due to 
obstruction of outflow and inflow into the area and this process 
of segmentation was thought to be necessary for the develop-
ment of diverticulosis [3]. Alterations in colonic motility have 
also been demonstrated in vitro using myoelectrical studies 
with impaired response to cholinergic stimuli and predomi-
nately slow waves being recorded, which would favor this seg-
mentation process and diverticula formation [72]. These 
changes have not been found from in vivo studies, with both 
unaltered [73] and increased slow wave activity having been 
recorded [74]. More recent manometric studies using 24-hour 
recordings have suggested increased postprandial contractions 
[75], often of higher amplitude in the sigmoid colon of patients 
with SDD [76,77], which may account for postprandial pain in 
these patients.

Alteration in enteric nerves
Any explanation of the pathogenesis of diverticulosis must 
account for the very strong effect of increasing age. Numerous 
animal studies report loss of cholinergic neurons with aging 
[78] and degenerative changes in vagal afferent endings within 
the myenteric plexus [79]. Human studies are limited but one 
study reported decreased numbers of neurons [80] and increased 
fibrosis in the myenteric plexus of subjects >65 years. Patients 
undergoing sigmoid resection for chronic SDD have reductions 
in neural density [81] and glial cell staining [80] in the mye-
nteric plexus. There is also a reduction in the interstitial cells of 
Cajal, key mediators of neuromuscular coordination in the 
colon [80]. Some patients develop symptoms after acute diver-
ticulitis. Inflammation in both animal models [82] and humans 
[27] may be followed by changes in nerve morphology and 
neurochemical coding. This may be linked to visceral hypersen-
sitivity, which is an important feature in SDD. Some studies 
have suggested the loss of innervation involves selective reduc-
tion in nitrergic neurons [83], which are important in muscular 

Lifestyle factors are also thought to play a role in the develop-
ment of complicated diverticular disease. Observational studies 
have suggested a correlation between an increased BMI and the 
development of complicated diverticular disease. A small retro-
spective study of 61 patients with complicated diverticular 
disease reported a significantly lower BMI in a control popula-
tion [61]. A larger UK study of patients with diverticular fistula, 
abscess/perforation, and those with stricture reported a higher 
proportion of patients with a BMI >30 kg/m2 in those with a 
complication compared to the control population (16.9% vs 
12.1%) [51]. Smoking is also a risk factor for the development 
of complicated diverticular disease. Observational studies have 
reported an increased risk of developing diverticular stricture, 
perforation/abscess, or fistula in association with smoking 
[36,51,62,63].

Acute diverticulitis has previously been thought to be impor-
tant in the development of complicated disease and this belief 
has formed the basis of advice to resect affected areas of colon 
after two attacks of acute diverticulitis [64]. However, observa-
tional studies have found that the majority of patients have no 
prior episodes of acute diverticulitis before presenting with 
complicated disease [51,65] and that the recurrence rate of acute 
diverticulitis is actually much less than previously reported [66]. 
In the case of diverticular bleeding, resection specimens have 
not been noted to contain areas of acute diverticulitis [55].

Pathogenesis

Structurally, the colon consists of the mucosa, submucosa, and 
muscularis propria, consisting of an inner complete circular 
layer and an outer layer which is condensed into three bands or 
taeniae coli (see Chapter 6). Thickening of the muscularis 
propria has been reported in patients with diverticulosis. The 
cause of this thickening varies by the layer studied, with the 
taeniae being thickened due to excess elastin deposition associ-
ated with shortening and thickening of the circular layer. This 
produces the characteristic concertina-like folds seen in the 
circular layer and the development of redundant mucosal folds. 
This increase in elastin deposition in an abnormally contracted 
state is thought to maintain the taeniae in the contracted state, 
which may be the initial insult predisposing to higher colonic 
pressures [1].

Changes in connective tissue
Several pieces of evidence point to structural and functional 
changes in connective tissue of diverticular patients with 
increased cross-linking of collagen, a feature likely to weaken it 
[67]. Colons from older subjects are more likely to rupture 
under distension stress, and colons from Africans, in whom the 
incidence of diverticulosis is low, are less likely to rupture com-
pared to Scottish colons [68]. Several studies report changes in 
collagen composition with increased collagen III and decreased 
collagen type 1 [69]. There have also been conflicting reports 
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overlap with those of IBS and the diverticulosis may be coinci-
dental. However, more detailed definition of the pain suggests 
some subtle differences. Patients who experience pain associ-
ated with their diverticulosis often describe it as short lived, 
occurring on a median of 5 days per month for 3 hours [19]. 
This pain often persists for years, though in a study of 261 
patients with barium enema-proven diverticulosis it was shown 
to improve in 40% while 19% of asymptomatic patients went on 
to develop pain over the next 7 years [12]. Of these patients, 
only 5.6% could be diagnosed with IBS because the pain did not 
improve with defecation or was not linked to changes in bowel 
habit as required by the Rome criteria. The majority of these 
patients will present to and be managed by their primary care 
physician and not be referred to secondary care.

Acute diverticulitis
Approximately 10%–25% of patients with colonic diverticulosis 
experience an episode of acute diverticulitis during their life-
time [11]. Patients typically present with left lower quadrant 
abdominal pain. Occasionally, due to a long sigmoid loop, the 
inflamed colon can lie across the midline and over to the right 
causing suprapubic or right-sided abdominal pain and, occa-
sionally, dysuria secondary to irritation of the bladder. The pain 
may be more generalized, which usually signifies a more severe 
form of the disease and should raise the suspicion of a complica-
tion of diverticular disease such as a perforation or abscess [93]. 
In a study of 741 patients presenting to hospital with acute 
diverticulitis, associated features included nausea in 38%, vom-
iting in 16%, and a change of bowel habit in 37% [93]. The most 
common change in bowel habit was diarrhea in 23% and con-
stipation in 14.0%. Constipation was associated with an increase 
in severity based on computed tomography (CT) findings [93]. 
The patient may complain of a fever or rigors. On examination 
the patient may be tender in the left lower quadrant and, 
dependent on the degree of inflammation, localized rigidity and 
guarding may be present. Patients with right-sided diverticulitis 
represent a diagnostic challenge and can present with right 
lower quadrant tenderness and a picture similar to acute appen-
dicitis. It has been suggested that these patients are less likely to 
present with nausea, vomiting, and anorexia than those with 
appendicitis. The point of maximal tenderness may also vary 
[94]. Generalized peritonitis with a rigid, board-like abdomen 
indicates the presence of more severe disease, often with associ-
ated complications such as perforation or abscess formation. An 
inflammatory mass may be present and bowel sounds may be 
reduced or increased. Rectal exam may be normal or elicit ten-
derness if a pelvic abscess is present. The patient often has a 
fever and tachycardia.

The majority of patients with acute diverticulitis can be effec-
tively managed with conservative measures. Those who do not 
improve quickly with conservative means warrant further inves-
tigation with cross-sectional imaging to identify associated 
complications such as perforation or abscess formation so that 
appropriate treatments can be initiated. The recurrence of  

relaxation. The finding of cholinergic hypersensitivity with 
upregulation of muscarinic receptors in diverticular disease 
supports the possibility of vagal denervation [84]. Reduced 
responsiveness to exogenous substance P may also be seen but 
the precise significance of this is unclear [85].

Genetic factors
Several reports of familial clustering of complicated diverticular 
disease at an early age suggest a genetic component [86,87]. An 
epidemiological study using the Swedish Twin Registry showed 
a concordance rate of 11% in monozygotic twins compared to 
6% in dizygotic twins, suggesting heritability to be around 40% 
[88]. Possible relevant genes include those related to the strength 
of the colonic wall, namely collagen and elastin. There have been 
reports of an increased occurrence of diverticulosis in patients 
with known genetically determined collagen disorders such as 
Ehlers–Danlos syndrome type IV and Marfan syndrome. A 
genetic defect in collagen production has been identified in the 
vascular subtype IV of the Ehlers–Danlos syndrome in which 
perforation of colonic diverticula can occur at a young age [89]. 
This is caused by a mutation in the type 3 collagen gene COL3A1 
[90]. Other subtypes of this syndrome include mutations in 
genes that control collagen subtype V, COL 5A or COL 5A2, or 
the extracellular matrix protein tenascin-X, leading to skin 
hyperextensibility, abnormal wound healing, joint hypermobil-
ity, and, rarely, diverticulosis. Williams–Beuren syndrome is 
another rare genetic disorder characterized by elastin deficiency 
with premature ageing and early complicated diverticular 
disease, often needing surgery [91]. Patients with polycystic 
kidney, another genetically determined disease, appear to have 
an increased incidence of diverticulitis, possibly related to 
immunosuppression at the time of renal transplant. Whether 
they have an increased prevalence of diverticulosis is unclear 
[92].

Clinical presentation and natural history

Diverticulosis
Diverticulosis is an asymptomatic condition. It is often identi-
fied on endoscopic or radiological investigations for other 
symptoms such as rectal bleeding, change in bowel habit or 
abdominal pain, or, increasingly, during screening for colorectal 
cancer. The majority of patients (approximately 80%) remain 
asymptomatic.

Diverticular disease
Patients become aware of their diverticular disease when they 
are investigated for abdominal pain and change in bowel habit 
with either constipation or, more frequently, loose stool [19]. 
The pain is not associated with overt inflammation and there-
fore while abdominal tenderness may be present, no features of 
peritonitis will be present and the patients will not exhibit signs 
of systemic inflammation. As detailed above, these symptoms 
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who fail initial conservative management for suspected acute 
diverticulitis and develop hectic or persistent fever. This should 
prompt further investigation with cross-sectional imaging.

Diverticular bleeding
The majority of patients with diverticular bleeding present with 
sudden-onset painless rectal bleeding in the absence of any 
inflammatory symptoms. The bleeding can range from light 
spotting to life-threatening hemorrhage [102,103]. There is an 
absence of inflammatory symptoms in the majority of patients. 
Rectal examination reveals fresh red blood and examination 
should include proctoscopy and sigmoidoscopy to exclude an 
anorectal cause of bleeding. The majority of patients, 80%, 
resolve without any intervention, while 20% require further 
investigation to determine the source of bleeding and definitive 
management. The recurrence rate of bleeding is 9% at 1 year 
and 25% by 4 years [104]. Studies reporting the mortality associ-
ated with diverticular bleeding are small and give limited esti-
mates of the mortality of the condition. However, it appears over 
time mortality has improved with early studies reporting an 
overall mortality of 8% compared to more recent studies that 
report rates as low as 2% [103,104].

The majority of patients in the West have left-sided diverticu-
losis and present with fresh red bleeding. However, patients 
with bleeding from right-sided diverticulosis may manifest 
altered blood, at times seemingly melenic [105]. Although 
overall bleeding from right-sided diverticulosis is significantly 
less common than from the left side (likely reflecting the greater 
prevalence in the latter), it may be seen in patients of Asian 
descent in particular.

Diverticular stricture
Patients with diverticular stricture present with symptoms sug-
gestive of colonic obstruction and the degree of luminal con-
striction determines the acuteness of the presentation. Those 
with impending obstruction present with a change in bowel 
habit and colicky abdominal pain. Those with complete obstruc-
tion present with symptoms suggestive of colonic obstruction, 
typically with absolute constipation and abdominal pain. 
Findings on examination are determined by the severity of the 
obstruction and range from a normal examination to diffuse 
peritonitis in those with obstruction and perforation. These 
patients generally have not had a significant number of prior 
episodes of acute diverticulitis [106]. There is a 2.4-fold excess 
mortality (HR 2.4; 95% CI 1.86–3.11) compared to the general 
population at 1 year following diagnosis with a diverticular 
stricture [106].

Diverticular fistula
Fistula can form to the vagina, bladder, small bowel, or skin in 
patients with diverticular disease. The most common presenta-
tions are colovesical followed by colovaginal fistulae [107]. In 
those patients presenting with a colovesical fistula the most 
common presenting symptom are pneumaturia, faecaluria, 

diverticular disease is difficult to determine due to a lack of 
available data. Parks originally reported a 26% recurrence rate 
based on his 521 cases presenting to hospital, of whom 297 were 
treated medically. The majority of recurrences occurred in the 
first year following the index admission. Other studies detailing 
cohorts from secondary care have estimated rates from 18% to 
36%. However, these studies are small and not population based 
and may not have captured all recurrent episodes [22,95–97]. A 
population-based study of 314 patients treated medically for 
acute diverticulitis reported a recurrence rate of 13.3% over a 
mean follow-up of 9 years, with patients less than 50 years and 
those with significant comorbidities having the greatest risk of 
recurrence [66]. Patients with recurrent episodes of acute diver-
ticulitis were thought to be more prone to the development of 
complicated diverticular disease. However, a number of studies 
have not confirmed this supposition [65,98,99]. Furthermore, 
the majority of patients presenting with complicated diverticu-
lar disease do so without a prior history of acute diverticulitis 
[51,100].

Complicated diverticular disease
The presenting symptoms of complicated diverticular disease 
are determined by the nature of the complication.

Diverticular perforation
Typically, these patients present with a short history of abdomi-
nal pain which is sudden in onset and severe. The pain may be 
localized to the left iliac fossa initially but then progresses in 
cases of free perforation to involve the entire abdomen as peri-
tonitis develops. The patients often have associated nausea and 
vomiting. The bowel habit may change but due to the short 
duration of the history is often normal. They may complain of 
an associated fever. On examination the patient is often lying 
still due to peritonitis and looks systemically ill. Abdominal 
palpation may reveal localized peritonitis in the left iliac fossa 
in the early stages or with a localized perforation or board-like 
rigidity throughout the entire abdomen. Bowel sounds may be 
reduced.

Perforation often presents in patients without a prior history 
of diverticular disease. One large population-based study of 
patients with perforated diverticular disease found only 39% 
(367/953) patients had a prior history and a subsequent study 
identified that 75% of patients had no prior episodes of acute 
diverticulitis [51,100]. Diverticular perforation is associated 
with a significant mortality [101] and in a large population-
based cohort was associated with a 30-day mortality of 9.5% and 
a 1-year mortality of 19%, which represented a sixfold increase 
in mortality compared to the general population [100].

Diverticular abscess
Patients with diverticular abscess present with lower abdominal 
pain associated with fever. They may have an altered bowel habit 
with either diarrhea due to irritation of the rectum or constipa-
tion. Progression to an abscess should be suspected in patients 
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about the condition and reassured that the majority of patients 
will not develop symptomatic disease or complications.

Diverticular disease
Laboratory investigations such as a full blood count and C reac-
tive protein should be performed to exclude overt inflammation 
of the colon as a cause of recurrent episodes of abdominal pain 
in patients with diverticulosis. Fecal calprotectin has excellent 
sensitivity for excluding active inflammatory bowel disease 
[111] as well as inflammation associated with acute diverticuli-
tis and SDD [112]. There are no specific diagnostic features seen 
at endoscopy or radiologically of diverticular disease that dif-
ferentiate it from diverticulosis. However, investigation with an 
abdominal and pelvic CT is important in this group of patients 
to exclude other complications of diverticular disease, such as 
abscess formation or acute diverticulitis, before proceeding with 
any treatment for diverticular disease.

The evidence base for the treatments for diverticular disease 
is poor [113]. The mainstay of treatment for this group of 
patients has been dietary manipulation with fiber and use of 
fiber supplements, based on the hypothesis that the condition 
was due to lack of dietary fiber.

A small double-blind controlled trial of 18 patients found a 
benefit to symptoms of a high-fiber regimen compared to con-
trols over a 3-month period [114]. A further double-blind ran-
domized cross-over trial of 76 patients recently diagnosed with 
diverticular disease, randomized participants to have bran 
crispbreads, or placebo, or ispaghula and placebo, or placebo 
powder and biscuits. At 16 weeks there was an improvement in 
straining, increased stool weight, and stool softening favoring 
the treatment group but no improvement in symptom or pain 
scores. In total, 24% (18/76) of those starting the trial withdrew 
and there was little information about the number of patients 
receiving each treatment [115].

Use of methylcellulose and lactulose has also been studied in 
the treatment of patients with diverticular disease. A small ran-
domized trial of methylcellulose versus placebo found no dif-
ference in mean symptom scores at 3 months [116]. A study of 
43 people using lactulose compared to a high-fiber diet found 
no improvement in symptoms in the lactulose group at 12 weeks 
compared to the high-fiber group; both arms of the study 
reported an improvement in symptoms from baseline [117]. 
Again both of these studies are small. Therefore, while fiber 
supplementation and laxatives may benefit some patients others 
report a worsening of symptoms and this needs to be clearly 
explained at the consultation along with an assessment of 
current symptoms and dietary fiber intake [118].

As our understanding of the potential etiology of these symp-
toms has shifted to involve mediation of the inflammatory 
process, attention has moved to either broad-spectrum nonab-
sorbable antibiotics or antiinflammatory agents, most notably 
mesalazine.

The use of rifaximin, a poorly absorbed antibiotic, plus 
dietary fiber has been assessed in three randomized trials. Two 

abdominal pain, and recurrent urinary tract infections 
[108,109]. Occasionally, patients present with overt sepsis. 
Those with a colovaginal fistula present with passage of feces 
per vagina and often have had a prior hysterectomy [107]. 
Patients with a fistula are more likely to present having had a 
prior episode of acute diverticulitis in contrast to other compli-
cations of diverticular disease [106,107]. Patients with a diver-
ticular fistula often have significant other comorbidities and 
present at a later age than other complications [106]. There is a 
2.5-fold increase in mortality (HR 2.6; 95% CI 1.5–4.6) follow-
ing a diagnosis with a diverticular fistula in the first year follow-
ing diagnosis compared to the general population [106].

Differential diagnosis

The differential diagnosis of each of the clinical presentations of 
diverticulosis is substantial and largely specific to that presenta-
tion. Table 76.2 summarizes the common differential diagnosis 
of each of the conditions associated with colonic diverticulosis.

Therapy and management

Patients across the spectrum from diverticulosis to complicated 
diverticular disease present at an age and in a fashion that may 
mimic colonic cancer and therefore often warrant investigation 
to exclude an underlying neoplasm. These investigations should 
include a full blood count, iron and other relevant hematinics 
when anemia is suspected, renal function tests, and radiological 
and endoscopic investigation tailored to the patient.

Diverticulosis
Patients are often diagnosed with diverticulosis indirectly at the 
time of radiological or endoscopic examination for other colonic 
symptoms or as part of colorectal cancer screening. The typical 
features of diverticulosis found at endoscopy are demonstrated 
in Figure 76.2a,b, with a blind-ending mucosal outpouching, 
which may have impacted stool within it. Diverticulosis can be 
demonstrated on single or double barium contrast enemas as 
barium-lined mucosal pockets projecting from the colon. Often 
the segment involved is concentrically narrowed with accompa-
nied muscle hypertrophy leading to a saw-tooth appearance 
[110]. CT scanning has now largely superseded barium enemas 
as the investigation of choice for those presenting with sus-
pected colonic symptoms. The advantage of CT is that it allows 
both intra- and extraluminal disease to be seen along with an 
assessment of nearby organs and distant organs such as the liver. 
CT scanning demonstrates mucosal outpouchings that are air 
filled, projecting away from the colonic lumen (Figure 76.3).  
No further investigations are required in patients with 
diverticulosis.

As the majority of patients with diverticulosis are asympto-
matic there are no specific treatments required for the condi-
tion. Patients should be given verbal and written information 
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Table 76.2 Differential diagnosis of conditions associated with diverticulosis.

Condition Differential diagnosis

Gastrointestinal Genitourinary Gynecological/other

Diverticular disease Infective colitis
Inflammatory bowel disease
Ischaemic bowel
Sigmoid volvulus
Malignancy
Constipation
Omental infarction

Urinary tract infection
Renal colic
Prostatitis

Ovarian cysts
Ectopic
Salpingitis
Hernia
Psoas abscess

Acute diverticulitis Infective colitis
Inflammatory bowel disease
Ischaemic bowel
Sigmoid volvulus
Malignancy
Constipation
Omental infarction
Appendicitis
Pancreatitis

Urinary tract infection
Renal colic
Prostatitis

Ovarian cysts
Ectopic
Salpingitis
Hernia
Psoas abscess

Diverticular bleeding Infective colitis
Inflammatory bowel disease
Ischaemic bowel
Piles
Anal fissure
Angiodysplasia
Polyps
Upper GI bleeding

– –

Diverticular 
perforation/abscess

Infective colitis
Inflammatory bowel disease
Ischaemic bowel
Sigmoid volvulus
Malignancy
Constipation
Omental infarction
Appendicitis
Pancreatitis
Perforated peptic ulcer/small bowel

Urinary tract infection
Renal colic
Prostatitis

Ovarian cysts
Ectopic
Salpingitis

Diverticular fistula Inflammatory bowel disease
Malignant fistula

Urinary tract infection
Bladder malignancy

–

Diverticular stricture Colonic malignancy
Ischaemic stricture

– –

of these trials were open-label studies and hence subject to 
strong placebo effects. The first of these studies used symptom-
free or mildly symptomatic patients comparing rifaximin 
400 mg twice daily for 7 days a month with glucomannan 2 g 
daily plus placebo twice daily for 7 days a month. The authors 
reported 68.9% to be symptom free or mildly symptomatic at 
12 months compared to 39.5% in the placebo/glucomannan 
arm [119]. A second open-labeled randomized controlled trial 
of 968 patients with uncomplicated diverticular diseased com-
pared fiber supplementation with 4 g/day glucomannan alone 
(n = 346) to 4 g/day glucomannan plus 400 mg rifaximin twice 
daily for 7 days every month (n  =  558). The outcomes were 
assessed using a global symptom score at baseline, 4 and 12 
months. The global symptom score decreased from 6.5 to 1 in 

the rifaximin arm compared to 6.3 to 2 in the glucomannan 
arm, significantly lower in the rifaximin treated group [120]. A 
further randomized controlled trial of 307 patients with uncom-
plicated diverticular disease with only a month of prior symp-
toms randomized patients to 2 years of rifaximin (400 mg twice 
daily for 7 days every month) plus dietary fiber supplementation 
(at least 20 g/day) or dietary fiber supplementation alone assess-
ing symptoms 2 monthly [121]. Both treatments resulted in a 
marked reduction in symptom scores but the reduction was 
significantly greater with rifaximin. These trials are of low 
overall quality being, open label, having limited data on rand-
omization, and relying on subjective symptom scores as end-
points. None of the trials compare the antibiotic to placebo 
alone and the justification of the cyclical dosing is not clear. 
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presence of low-grade inflammation within the colonic mucosa 
that may drive peripheral sensitization of the colon and visceral 
hypersensitivity. Two poor-quality open-label studies compared 
mesalazine given for 10 days to rifaximin given for 10 days a 
month for 3 and 12 months, respectively. These studies reported 
their results using global symptom scores and found a reduction 
in symptom scores with up to 800 mg of mesalazine given twice 
a day. These trials were open label, not placebo controlled, and 
used nonvalidated physician-rated symptom scales as end-
points. Furthermore they did not justify the cyclical dosing of 
mesalazine, which is normally given as a continuous prescrip-
tion. Subsequently, results from a double-blind placebo-
controlled multicenter 6-week trial, in which participants were 
randomized to placebo or mesalazine 1000 mg three times daily, 
have been reported [123]. The primary endpoint was change in 
lower abdominal pain. Both per protocol and intention to treat 
analysis found no significant difference in lower abdominal pain 
but a trend towards a greater reduction was noted in favor of 
mesalazine in both analyses. A combined symptom score also 
showed a trend towards a reduction in the mesalazine arm. 
Mesalazine therefore showed some potential benefits but a 
definitive trial and further mechanistic study is needed to 
understand the nature of the reduction in inflammatory 
infiltrate.

Acute diverticulitis
Patients presenting with suspected acute diverticulitis should 
have a full assessment, including a full blood count, renal func-
tion, C reactive protein, liver function tests, and amylase or 
lipase, as indicated by the presenting complaint. Those with a 
fever greater than 38°C require blood cultures. An erect chest 
radiograph should be taken in those with suspected perforation. 
The current Association of Coloproctologists of Great Britain 
and Ireland (ACPGBI) position statement recommend CT or 

While there does appear to be some benefit to the use of rifax-
imin, further double-blind placebo-controlled randomized 
studies with validated outcomes are required to determine the 
true efficacy of the treatment. A metaanalysis of the above 
studies including a further open-label trial by the same authors 
of the trial including 168 patients and concluded that that rifax-
imin plus fiber supplementation may be of benefit in diverticu-
lar disease but further well-designed studies were required 
[122].

The use of the antiinflammatory agent mesalazine has been 
proposed as a treatment for patients with symptomatic diver-
ticular disease. The rationale behind use of mesalazine is the 

Figure 76.3 CT of pelvis showing diverticulosis marked with a white 
arrow.

Figure 76.2  (a) Endoscopic appearance of a wide-mouthed diverticulum. (b) Fecal pellet impacted in a colonic diverticulum.

(a) (b)
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aging mild acute diverticulitis without antibiotics resulted in no 
increase in adverse events compared with those patients treated 
with antibiotics, though the latter were generally sicker with 
more severe CT grading [42]. A subsequent prospective rand-
omized controlled trial from Sweden reported no difference in 
complications such as abscess or perforation between those 
treated with or without antibiotics, with a median length of stay 
in both groups of 3 days [127]. This study, however, was criti-
cized for excluding patients with sepsis, though no definition of 
sepsis was provided, and for problems with possible selection 
bias, given that not all patients eligible for the study were 
recorded. It remains to be seen if these results are generalizable. 
Further trials in this area are required and the results of the 
DIABOLO trial, a multicenter randomized clinical trial investi-
gating the cost effectiveness of treatment strategies with or 
without antibiotics for uncomplicated acute diverticulitis, are 
awaited [128]. The study randomizes patients to admission with 
supportive measures and 48 hours of intravenous antibiotics or 
a liberal strategy without antibiotics and admission only if 
needed on clinical grounds.

Complicated diverticular disease
Diverticular perforation
The patient with diverticular perforation may present with fea-
tures suggestive of acute diverticulitis or evident peritonitis and 
are moribund. They require the same hematological investiga-
tions as those presenting with acute diverticulitis and also 
require typing for potential blood transfusion in the event of 
surgery. An erect chest radiograph identifying free perforation 
in a patient with suspected diverticular perforation is a clear 
indication for surgery. If no free air is present the patient should 
have a contrast-enhanced CT scan. The CT findings vary from 
localized perforation to gross free air throughout the peritoneal 
cavity (Figure 76.5) [110]. The management of patients with 
perforated diverticular disease has changed markedly over the 
last decade. Those patients with localized perforation and 

ultrasound based on local expertise, which in most centers will 
mean CT to confirm the diagnosis on the acute admission [124]. 
CT is also recommended as the investigation of choice by 
current American guidelines [125]. The typical findings of acute 
diverticulitis on CT scan are bowel wall thickening, increased 
soft tissue density within the pericolic fat secondary to inflam-
mation, and soft tissue masses representing either phlegmon or 
abscess (Figure 76.4) [110]. The degree of peritoneal contamina-
tion can be assessed using the Hinchey classification (Box 76.1). 
Following discharge from hospital, after a delay of 8 weeks a 
flexible sigmoidoscopy or colonoscopy depending on the site of 
disease should be performed to ensure the diagnosis is con-
firmed and any other pathology such as an incidental cancer is 
identified [124,125].

Conservative treatment of acute diverticulitis normally 
includes bowel rest with intravenous fluids, antibiotics, and 
appropriate analgesia. Over recent years, there has been a chal-
lenge to the traditional treatment of acute diverticulitis with 
antibiotics [113]. Previous trials had largely focused on com-
parison of different antibiotic regimens [126]. However, an 
initial publication of a retrospective review of 311 patients 
admitted to a single hospital in Sweden demonstrated that man-

Figure 76.4 CT showing acute diverticulitis with bowel wall thickening, 
soft tissue edema, and phlegmon marked with a white arrow.

Box 76.1 The Hinchey classification of diverticulitis.

Grade I – localized abscess
Grade II – pelvic abscess
Grade III – purulent peritonitis
Grade IV – feculent peritonitis Figure 76.5 Perforated diverticular disease with free air marked with a 

white arrow.
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Scottish Intercollegiate Guidelines Network (SIGN) guidelines 
suggest first excluding a cause of upper GI bleeding in those 
with risk factors for upper gastrointestinal bleeding, which 
occurs in approximately 10% of those patients presenting with 
an apparently lower gastrointestinal bleed [133]. Then the 
bleeding site should be identified with either colonoscopy or CT 
angiography. Such bleeding can be difficult to investigate endo-
scopically in the acute setting as blood in the colon and the 
diverticula themselves make colonoscopy challenging and can 
impede safe progress [134]. Even when a full preparation of the 
colon is undertaken the evidence that endoscopic intervention 
is of use is conflicting. Observational data, primarily from the 
United States where this practice is often employed even in 
nonsevere cases [104,135–137], suggests that shorter length of 
stay can be achieved by emergency colonoscopy and therapeutic 
colonoscopy with either epinephrine injection, bipolar coagula-
tion, or clipping of the diverticula vessel [138]. However, two 
randomized controlled trials in patients with severe bleeding 
have shown no benefit in terms of length of hospital stay, inten-
sive care stay, transfusion requirements, and early or late 
rebleeding [139–141]. Outside the USA, there have been only a 
handful of studies that have quantified the problem of diverticu-
lar bleeding. In the UK, CT angiography is the first-line choice 
for localization of bleeding, followed by formal mesenteric angi-
ograph and embolization. If embolization fails, segmental colec-
tomy of the identified bleeding can be undertaken instead of 
blind subtotal colectomy [105]. When endoscopic and radio-
logical means fail to identify and control bleeding, surgery will 
be the next step with a subtotal colectomy and end ileostomy 
being the procedure of choice as blind segmental colectomy is 
associated with worse outcomes. Patients taken to surgery 
without a clear bleeding site identified may require on-table 
small bowel enteroscopy to exclude a small bowel origin.

Diverticular stricture
Patients with a diverticular stricture may be identified in an 
outpatient clinic with change in bowel habit or following endo-
scopic and radiological investigation with colonoscopy and CT. 
They will often require an elective resection to exclude a malig-
nancy, which can be undertaken either as a laparoscopic or open 
procedure. Patients with a stricture may also present as an emer-
gency with large bowel obstruction. The two available options 
in the latter setting are endoscopic stenting as a bridge to surgery 
or surgery alone. The extent of surgery will be determined by 
operative findings and the physiology of the patient but may 
include a Hartmann procedure or primary resection and anas-
tomosis if surgical experience and patient factors favor this 
approach.

Diverticular fistula
Diverticular fistula may be demonstrated on CT scans with  
air in the bladder associated with diverticulitis or divertic-
ulosis (Figure 76.6a,b). The area in question should be exam-
ined endoscopically to exclude an underlying cancer. The 

minimal clinical signs can be managed conservatively with 
bowel rest and intravenous antibiotics. These patients require 
repeated serial examinations to ensure there is no deterioration 
in their clinical condition. Any such deterioration should 
prompt immediate surgical intervention. There has been a move 
away from the use of open surgery and resection of the affected 
segment in cases of purulent peritonitis to the use of laparos-
copy and lavage with drain placement. The initial study pre-
sented by Myers et al. showed promising results in 100 
consecutive patients with Hinchey grade III disease or less while 
proceeding with a Hartmann procedure in those having Hinchey 
grade IV disease [129]. A subsequent systematic review of peri-
toneal lavage for perforated colonic diverticular disease con-
cluded that further high-quality studies were required but that 
current reports had shown promise [130]. The results of the 
LADIES trial, which has randomized patients between laparo-
scopic lavage or resectional surgery, are pending and initial 
indications are that the trial was stopped early due to poor 
outcomes in the laparoscopic lavage group [131]. In those 
patients not suitable for laparoscopic lavage the choice at surgery 
lies between a sigmoid resection and colostomy or a resection 
and primary anastomosis. This choice is dictated by the respon-
sible surgeon and the physiological status of the patient.

Diverticular abscess
Patients with an abscess present either as an initial presentation 
or in 15% of cases following medical management for acute 
diverticulitis. The initial hematological investigations are as 
described above and a CT scan will demonstrate the typical 
findings of an associated abscess, which will be pericolonic, 
mesocolic, or pelvic in location. Abscesses less than 2 cm will 
usually resolve without further intervention [125]. Those 
patients who are systemically unwell or exhibit peritonitis may 
require surgical drainage of the abscess but in the majority of 
cases percutaneous drainage can be performed. In the setting of 
percutaneous drainage there is debate as to the optimum surgi-
cal strategy with some authors suggesting no need for an elec-
tive resection of the diverticular segment. In those with a pelvic 
abscess, long-term follow-up of a group of patients initially 
treated conservatively suggested 71% required an eventual oper-
ation and therefore pelvic abscesses will generally require 
surgery [124,132].

Diverticular bleeding
The initial assessment of the patient with diverticular bleeding 
requires adequate resuscitation and full history and examina-
tion, including protoscopy to exclude an anorectal cause of 
bleeding. The hematological investigations are the same as for a 
patient with acute diverticulitis with a cross match of 4 units of 
blood in those with hemodynamic instability. The majority of 
these patients will resolve with bed rest and require no further 
investigation as an inpatient but can be discharged with an early 
colonoscopy to confirm the diagnosis. Those with severe bleed-
ing require localization of the source of bleeding. The current 
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rent attacks of acute diverticulitis. Studies to date have generally 
been of poor methodological quality and so deriving clear guid-
ance from these is difficult. Several systematic reviews have 
concluded that the evidence for these interventions is weak and 
further high-quality randomized controlled trials are required 
to prove efficacy [150–153]. One poor-quality randomized con-
trolled trial of 166 patients assigned to mesalazine 400 mg twice 
daily or no additional treatment for 8 weeks reported a reduc-
tion in recurrence of acute diverticulitis in the mesalazine arm 
at 4 years. The trial had many methodological problems, includ-
ing a high drop out rate, the administration of antibiotics to 
both groups prior to treatment allocation, and limited definition 
of what recurrence constituted. More recently, a large well-
designed randomized controlled trial examined the effect of 48 
weeks of mesalazine 3 g daily versus placebo in patients with a 
recent attack of acute diverticulitis on the incidence of recur-
rence rigorously defined as recurrent abdominal pain associated 
with CT or ultrasound evidence of diverticulitis plus raised 
inflammatory markers (either leucocytosis or elevated C reac-
tive protein). There was no significant difference in recurrence, 
which was 32.1% on active treatment versus 25.6% on placebo 
[25]. A randomized controlled trial compared mesalazine 
versus mesalazine plus Bifidobacterium infantis 35624 for 12 
weeks followed up for 9 additional months. Global symptom 
scores were assessed over the 52 weeks of follow-up. No statisti-
cal difference in symptom scores were found; however, those 
receiving mesalazine did have a consistent trend in reducing 
symptoms. The addition of a probiotic failed to increase the 
efficacy of mesalazine [154]. Further large, well-designed studies 
are required to assess the proper role if any of antibiotics and 
5-aminosalicylates in the prevention of recurrent attacks of 
acute diverticulitis.

Complicated diverticular disease
Prior episodes of acute diverticulitis have long been thought to 
predispose to the development of complicated diverticular 
disease and therefore guidance stated that following two  
episodes of acute diverticulitis prophylactic resection was  

management of patients with diverticular fistula may be difficult 
given these patients are often elderly with multiple medical 
comorbities [106]. In those patients with a colovesical fistula 
who are not fit for surgical intervention, prophylactic antibiotics 
can be administered to reduce the occurrence of repeated 
urinary tract infections. In those in whom a comorbidity 
excludes a primary anastomosis, a Hartmann procedure can be 
performed. However, the procedure of choice is a resection back 
to undiseased bowel with a primary anastomosis, which can be 
performed with acceptable risks [108,109,142].

Complications

The specific complications of diverticular disease have been dis-
cussed in detail through each section. There are, however, some 
associations with other conditions that warrant particular atten-
tion. The population of patients affected by colorectal cancer are 
similar to those with diverticular disease. There have been 
reports suggesting an increased risk of colorectal cancer and 
polyps in patients with diverticular disease [143–146]. However, 
other endoscopic studies have not confirmed this [147,148]. 
Three of the studies reporting an increased risk used the same 
cohort of patients, from Central Sweden, and reported the 
greatest risk in the first 2 years following diagnosis [143]. A 
case–control study of all patients with colon cancer from the 
Swedish Cancer Registry reported the risk was greatest in the 
first 6 months following a diagnosis of diverticular disease 
[149]. Therefore, the authors recommended screening for color-
ectal cancer in newly diagnosed patients with diverticular 
disease, which is in line with current guidance and identifies 
concurrent presentation of both [125].

Prevention

Acute diverticulitis
There has been growing interest in the role of antibiotics, 
5-aminosalicylates, and probiotics in the prevention of recur-

Figure 76.6 (a) Colovesical fistula with diverticulosis around the dome of the bladder marked with a white arrow. (b) Air in bladder of the same patient 
from colovesical fistula marked with a white arrow.

(a) (b)
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(1%–2%) of patients with diverticulosis are ever hospitalized 
because of it. However, a significant increase in admissions for 
both men (16%) and women (12%) over a 10-year period 
(1989–1990 to 1999–2000) has been reported [160]. A subse-
quent study of English hospital admissions using the same data 
also reported an increase in admissions from 0.56 to 1.20 per 
1000 population/year (1996–2006) [161]. A study using linked 
data from the European Prospective Investigation into Cancer 
and Nutrition (EPIC) Oxford cohort and the Hospital Episodes 
Statistics (HES) data reported an overall incidence of hospital 
diagnosis of 148 per 100 000 person years of follow-up [162]. It 
is likely these reports reflect an increase in disease burden asso-
ciated with diverticular disease. However ICD-10 coding for 
diverticular disease is limited and does not allow distinction of 
all of SDD from the other complications of diverticular disease. 
Furthermore, these studies represent secondary care data and 
the majority of patients with symptomatic care will be treated 
in the primary care setting. Therefore, the true incidence of 
symptomatic disease remains uncertain.

Acute diverticulitis
The disease burden associated with acute diverticulitis is likely 
to be seen in both primary and secondary care. The majority of 
studies have reported on changes of the incidence of hospitaliza-
tion over time associated with the condition. Two studies using 
data from the United States Nationwide Inpatient Sample (NIS) 
have reported an increasing disease burden over time associated 
with the condition. Over the time period 1998 to 2005 a 26% 
increase in admissions was reported, from 0.59 to 0.71 per 1000 
population, and in a second study there was an increase from 
61.8 to 75.5 per 100 000 population [163,164]. A further study 
of NIS data reported a 9.5% year on year increase in admissions 
from 2002 to 2007 [165]. There was a suggestion that the 
increasing hospitalization was due to increasing use of CT scan-
ning, allowing detection of milder disease because over the 
same period rates of emergency surgery and length of stay fell 
[165]. These studies represent only changes in hospitalized 
patients and the true disease burden over time may well have 
changed more as a substantial number of patients will be treated 
in primary care for acute diverticulitis with oral antibiotics. 
However, these studies do suggests an increase in health-care 
burden of diverticular disease over time.

Complicated diverticular disease
There are limited data on the occurrence of complicated diver-
ticular disease over time. The majority of studies have focused 
on the occurrence of perforation. The incidence of perforated 
diverticular disease was estimated from a small study of hospital 
confirmed cases from four hospitals in East Anglia (UK) as 4 
per 100 000 population but the authors were not able to detail 
trends over time [166]. A study from Northern Finland reported 
an increase in the prevalence of perforated diverticular disease 
from 2.4 per 100 000 in 1986 to 3.8 per 100 000 in 2000 [167], 
and a later study using data from the UK General Practice 

indicated [64]. Subsequent studies have disputed this because 
recurrence of acute diverticulitis is low [66], the majority of 
patients presenting with complicated diverticular disease have 
no prior history of acute diverticulitis [65,155], and the out-
comes for those with two prior episodes of acute diverticulitis 
are no worse than those with fewer episodes [98]. Therefore it 
has been suggested that the indications for elective surgery 
should not be unduly influenced by the number of prior epi-
sodes of acute diverticulitis with each patient being assessed on 
an individual basis [99,156,157]. This stance has been reflected 
in the current guidelines from the American Society of Colon 
and Rectal Surgeons [125] along with a position statement made 
by the ACGBI [124].

Temporal/secular trends

Diverticulosis
Because the condition is asymptomatic and requires invasive 
procedures with inherent risk associated with them it is unlikely 
that large studies to establish the occurrence of the condition 
will be performed. Two small studies used a barium follow-
through technique to identify cases of diverticulosis in asymp-
tomatic patients in Oxford. These studies reported an increasing 
incidence with age such that 33% (88/264) had diverticulosis 
over the age of 45 years [5]. The prevalence increased with age, 
with 25% (36/144) under the age of 60 years and 43% (52/120) 
in those older than 60 years [5]. Autopsy studies have also con-
firmed this increase with age, with a reported prevalence of up 
to 40% in those over the age of 65 years [158]. Although the two 
studies of asymptomatic patients attempted to investigate 
patients who did not have symptomatic disease, the exact mech-
anism of how these patients were identified was not reported. 
Studies relying on radiological, endoscopic, and autopsy studies 
all have the inherent bias of patients presenting with sympto-
matic disease. It is clear that diverticulosis becomes increasingly 
prevalent with increasing age and an increase in disease burden 
is likely as the population ages [159].

Diverticular disease
The occurrence of SDD is difficult to define. Observational data 
from patients referred to secondary care for investigation sug-
gests that those with barium enema-proven diverticulosis may 
experience recurrent short-lived abdominal pain in 36% 
(92/261) cases, which may persist over several years [12,19]. The 
incidence of pain was influenced by the indication for the 
barium study, being less (10%) in those referred for nonpainful 
conditions like anemia compared to those referred because of 
pain(unpublished data) and it is probably even less in those who 
never seek investigation. Data using hospital admissions based 
on International Classification of Disease (ICD) codes reported 
hospital admission rates of 28.0 per 100 000 population. Given 
that the overall population prevalence of diverticulosis is 
approximately 2000 per 100 000, plainly only a minority 
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data on the development of complications and how they might 
change by geographical location. These differences, especially 
the low incidence in some countries, encourage the belief that 
with better understanding this condition is largely preventable, 
something that should encourage research in this rather 
neglected area.
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Research Database reported a doubling in the incidence of per-
forated diverticular disease from 1990 to 2005, with an overall 
rate of 2.7 per 100 000 person years of follow-up. A small 
population-based study of rectal bleeding from California esti-
mated the incidence of bleeding to be 22.0 per 100 000 popula-
tion with 42% of cases being due to diverticular disease [104].

Geographic variation

Along with the observation of Painter that there is a relative 
paucity of colonic diverticulosis in African compared to western 
countries, there are other clear geographical differences in the 
distribution of diverticulosis along the colon. In the western 
world the predominant distribution is of left-sided diverticulo-
sis with a predominance for right-sided disease reported from 
studies from Asia [158,168,169]. There are few data on how 
patterns of acute diverticulitis change with geographical loca-
tion. A study using NIS data reported a geographical difference 
in hospital admissions for acute diverticulitis with the highest 
rates in the northeast of the United States and the west having 
both the lowest rates of hospitalization and smallest percentage 
increase in admissions [164]. The authors reported little change 
in the ethnicity of the patients in these areas over time but did 
not have data for as many as a quarter of cases. These differences 
in rates may reflect different thresholds for admission or differ-
ing levels of invasive testing between the regions. There are few 
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Introduction

In  the  simplest  terms,  a  polyp  is  a  discrete  growth  of  tissue 
arising  from  the  lining  of  the  colon  or  rectum.  Collectively, 
colorectal  polyps  comprise  a  heterogeneous  group  of  lesions 
that exhibit marked variability  in size, morphology, molecular 
alterations,  and  cellular  origin.  Polyps  can  range  in  size  from 
diminutive to very large and obstructing. In general, polyps are 
not associated with clinical symptoms and most are  identified 
during screening examinations of the colon. The most compel-
ling  clinical  feature  associated  with  certain  polyp  subtypes  is 
their  risk  of  malignancy.  Although  there  are  several  different 
ways  to  classify  polyps,  a  histopathologically  based  approach 
offers  the  most  useful  clinical  information.  Colorectal  polyps 
can first be divided into two categories depending upon whether 
they arise from the mucosal epithelium or from deeper submu-
cosal  layers,  and  then  further  classified  by  their  predominant 
histological features (Table 77.1).

Mucosal polyps

Adenomatous polyps
Approximately  90%  of  polyps  detected  at  colonoscopy  are 
mucosal in origin, and 75% of these are adenomas. Adenomatous 
polyps and most other polyps exhibit two general morphologi-
cal  growth  patterns:  pedunculated  polyps  are  tethered  to  the 
colon  by  a  vascular  stalk,  whereas  sessile  polyps  are  flat  and 

laterally  spreading  (Figure  77.1).  Adenomas  have  become  the 
most studied type of polyp because of their malignant potential. 
Because  many  of  the  principles  underlying  the  pathogenesis, 
diagnosis,  and  treatment  of  polyps  have  been  established 
through the study of adenomatous polyps, much of this chapter 
will focus on this polyp type. Most polyps can be safely removed 
at the time of colonoscopic diagnosis, and the removal of adeno-
matous polyps is associated with a significant reduction in the 
risk of developing and dying from colorectal cancer (CRC). In 
the  USA,  the  widespread  adoption  of  screening  colonoscopy 
over  the past  several decades has coincided with a decreasing 
incidence  of  CRC,  in  contrast  to  lung,  breast,  and  prostate 
cancers [1].

Epidemiology
Estimates of the prevalence of colorectal adenomas are derived 
from  either  autopsy  studies  or  colonoscopic  series.  Autopsy 
surveys have reported adenoma prevalence rates ranging from 
12%  to  63%  of  subjects  [2–4],  although  there  are  important 
demographic  and  methodological  differences  in  these  studies 
that account for the wide range of estimates. In one of the largest 
autopsy  studies, nearly 50% of  subjects were  found  to have at 
least one adenoma [5], and the average size as well as multiplic-
ity of adenomas increased with age.

Independent estimates of the prevalence of large bowel ade-
nomas  in  average  risk,  asymptomatic  populations  have  also 
been revealed with the widespread adoption of colonoscopy as 
a CRC screening tool. Approximately 27%–32% of average-risk 
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Anatomic distribution of adenomatous polyps
Adenomas  can  develop  in  any  segment  of  the  colon.  Early 
reports  suggest  that  adenomas  occur  more  commonly  in  the 
distal  colon.  However,  these  were  based  largely  on  surgical 
studies in which distal  lesions tended to be larger and present 
with symptoms, thereby increasing the likelihood of their detec-
tion [10,11]. In general, adenomas larger than 1 cm show a distal 
predominance, but colonoscopic series in asymptomatic adults 
have  revealed  a  relatively  uniform  distribution  of  adenomas 
<1 cm throughout the colon [12]. Autopsy studies have largely 
confirmed this observation, although some have reported that 
up  to  two-thirds  of  adenomas  may  be  found  in  the  proximal 
colon [5,13].

The  relationship  between  distal  adenomas  and  the  risk  for 
synchronous proximal neoplasms has been the subject of much 
interest  [6,14–17]. Overall,  the presence of one or more distal 
adenomas  increases  the  risk  of  proximal  neoplasia,  including 
polyps with advanced features, and this risk increases with more 
advanced histology of the distal polyp, male gender, and advanc-
ing age. Individuals with one or more tubular adenoma <1 cm 
had a relative risk (RR) of 2.09 (1.42–3.07) for a proximal neo-
plasm, and  the RR  increased  to 7.49  (5.09–10.90)  if  the distal 
adenoma had advanced features [18].

Multiple studies have also suggested a trend towards increas-
ing  incidence  of  proximal  adenomas  with  advancing  age 
[6,13,14,19–21].  In  a  review  of  1177  average-risk  subjects 
undergoing screening colonoscopy, the prevalence of proximal 
neoplasia  without  distal  lesions  was  higher  in  patients  65–75 
years  old  (60%)  compared  to  those  50–64  years  of  age  (43%) 
[22].  The  factors  that  may  account  for  the  observed  shift  of 
adenomatous polyps to the proximal colon are not well under-
stood, but it is possible that the underlying molecular pathogen-
esis of polyps may change with age.

Of note,  the specific prevalence of colorectal adenomas can 
depend upon age, gender, family history, ethnicity, and geogra-
phy, but in each case, and consistent with compelling data that 
adenomas are precursors to CRCs, the prevalence of adenoma-
tous polyps  in any specific group reflects  the background rate 
of CRC in that population [23].

Age
Age is the single most important determinant of adenoma prev-
alence.  In  contrast  to  a  prevalence  of  approximately  30%  in 
individuals 50 years and older [7–9], the prevalence of adeno-
mas in asymptomatic, average-risk individuals between 40 and 
49 years falls to 8.7% [7] and decreases to approximately 1%–5% 
in those between 30 and 39 years who have undergone colon-
oscopy [24]. In a large cohort study of 44 350 subjects, the preva-
lence of adenomas was 16.1% among men and women 50–59 
years old, 22.5% for those 60–69 years old, and 25% for those 
70–79 years old [24]. Advancing age is also associated with an 
increased  likelihood  of  multiple  adenomas  and  adenomas  
with more severe dysplastic features. For example, 9% of indi-
viduals with polyps under 60 years presented with three or more 

Figure 77.1 Endoscopic images of colonic polyps. Representative images 
of polyps identified at colonoscopy. The two key morphological patterns 
are illustrated: (a) pedunculated and (b) sessile.

(a) (b)

persons over age 50 will harbor adenomas, and 6%–10% of these 
patients  will  have  advanced  adenomas  [6–9],  defined  as  size 
>1 cm  in  diameter,  or  exhibiting  villous  features,  high-grade 
dysplasia, or invasive cancer. There are several factors that may 
account  for  the  lower adenoma prevalence rates derived  from 
colonoscopy  studies,  and  these  are  largely  attributable  to  the 
superior ability to examine the colon ex vivo under magnifica-
tion in autopsy series.

Table 77.1 Classification scheme of colorectal polyps.

Mucosal polyps Submucosal 
polyps

Adenomatous Lipoma
Carcinoid
Colitis cystica 

profunda
Pneumatosis 

cystoides coli
Gastrointestinal 

stromal tumor 
(GIST)

Metastatic 
neoplasms 
(melanoma)

Lymphoid 
aggregate, 
malignant 
lymphoid lesions

Fibroma
Neurofibroma, 

ganglioneuroma
Leiomyoma, 

leiomyosarcoma
Granular cell 

tumors
Hemangioma

 Tubular
 Villous
 Tubulovillous
 Malignant polyp

Low grade dysplasia
High grade dysplasia

Serrated

 Hyperplastic polyp
  Microvesicular hyperplastic polyp (MVHP)
  Golblet cell hyperplastic polyp (GCHP)
  Mucin-depleted
 Sessile serrated adenoma/polyp (SSA/P)
 Traditional serrated adenoma (TSA)
 SSA/P with adenoma-like dysplasia (mixed 

hyperplastic/adenomatous)

Hamartomatous

 Juvenile
 Peutz-Jeghers

Miscellaneous

 Inflammatory/pseudopolyp
 Cap polyp
 Prolapse
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genotoxic stress in already genetically susceptible cells, aberrant 
proliferation in response to chronic inflammation or infection, 
or exposure  to mutagenic environmental  factors. The result  is 
dysplasia, which  is  the abnormal enlargement or architectural 
distortion of a tissue due to proliferation of abnormal cells.

Dysplastic  epithelium  is  present  by  definition  in  adenoma-
tous  colorectal  polyps.  The  histological  features  of  dysplasia 
include  hypercellularity,  enlarged  and  hyperchromatic  nuclei 
with abundant, darkly stained DNA, and decreased cytoplasmic 
volume  (Figure  77.2a,b).  The  number  of  apoptotic  cells  is 
decreased in dysplastic tissue, whereas the number of mitotic or 
actively dividing cells is increased [38,39]. These cellular abnor-
malities  can  be  mild,  moderate,  or  severe.  In  mild  dysplasia, 
nuclei  remain basally  located and uniform  in  size, but appear 
enlarged and hyperchromatic. The tissue architecture is mildly 
distorted,  with  crypt  branching  and  crowding.  As  dysplasia 
progresses to become high-grade, nuclei lose their polarity, take 
on a stratified appearance and begin to display variability in size 
and shape; goblet cells appear progressively mucin-depleted and 
gland crowding becomes prominent (Figure 77.2c,d). The his-
tological changes in severe or high-grade dysplasia have some-
times  been  termed  intraepithelial  carcinoma  or  carcinoma  in 
situ [40,41].

A  number  of  chromosomal,  genetic,  and  epigenetic  altera-
tions underlie  the molecular pathogenesis of adenoma forma-
tion. These reflect the multiple overlapping proliferative controls 
that are continually at work in maintaining epithelial homeos-
tasis. The genetic alterations that lead to the activation of spe-
cific  oncogenes  or  inactivation  of  specific  tumor  suppressor 
genes constitute some of the earliest events in adenoma forma-
tion (Figure 77.3). Inactivating mutations or allelic deletions of 
the APC  (adenomatous polyposis coli)  tumor suppressor gene 
are the key initiating event in the development of most adeno-
mas  that  arise  sporadically  as  well  as  those  associated  with  
the  familial  adenomatous  polyposis  (FAP)  syndrome  [42]. 
Inactivation of APC stimulates the Wnt signaling pathway and 
confers a proliferative advantage over neighboring cells.

Activating mutations in the oncogene KRAS further promote 
tumorigenesis.  KRAS  is  a  GTPase  that  plays  a  crucial  role  in 
multiple signal transduction pathways, including the epidermal 
and transforming growth factor (EGF and TGF) pathways. The 
vast majority of KRAS mutations occur in codons 12 or 13 [43]. 
KRAS mutations are identified in fewer than 10% of adenomas 
smaller than 1 cm but up to 58% of adenomas larger than 1 cm. 
This pathway that depends upon mutations in APC and KRAS 
has  been  designated  the  “chromosomal  instability”  (CIN) 
pathway  because  of  the  frequent  aneuploidy  observed. 
Interestingly, KRAS mutations in the absence of an APC muta-
tion usually result  in benign, hyperplastic  tissue proliferations 
that  do  not  progress  to  malignancy  [44,45],  underscoring  the 
importance of APC mutations as the initiating molecular event 
[46].

A  second  pathway  for  adenoma  formation  was  identified  
in  the  early  1990s.  The  so-called  “microsatellite  instability 

adenomas, and this increased to 17% for those 60–74 years of 
age and 28% for those over 75 years [5]. In addition, a similar 
trend was noted for increasing age and likelihood of adenomas 
with  more  advanced  features  (defined  as  size  >1 cm,  villous 
histology,  or  high-grade  dysplasia),with  14%  of  those  over  80 
years  old  having  one  or  more  polyp  with  advanced  features 
compared to 3.2% in the 50 to 54-year-old group [25].

Sex
Both autopsy studies and colonoscopic series have confirmed a 
higher  risk  of  colorectal  polyps  in  men  compared  to  age-
matched women. In one large autopsy series, 36.9% of men had 
at  least one adenoma compared to 28.7% of women [26], and 
several series have suggested that men have a RR for adenomas 
of  approximately1.5  compared  to  age-matched  women  [27]. 
Among 44 350 asymptomatic Austrian participants undergoing 
screening colonoscopy,  the prevalence of adenomatous polyps 
in men between the ages of 50 and 54 years was 18.5% compared 
to  10.7%  in  age-matched  women  [24].  An  additional  striking 
finding was the similarity in prevalence of advanced adenomas 
in  men  between  45  and  49  years  old  (3.8%,  95%  confidence 
interval  [CI]  2.3–6.1)  to  rates  in  women  between  55  and  59 
years old (3.9%, 95% CI 3.3–4.5).

Family history
Genetic  factors  are  postulated  to  account  for  roughly  30%  of 
adenomas  [28–31],  and  multiple  studies  have  confirmed  that 
the prevalence of adenomas is increased in patients with a first-
degree relative with CRC or adenoma [32]. Consistent with the 
principle that adenomas are precursors to colon cancer, analyses 
of  families  with  clustering  of  CRC  that  do  not  have  a  known 
hereditary  CRC  syndrome  have  revealed  a  2–3-fold  increased 
incidence of adenomatous polyps in relatives of those with CRC 
compared to unrelated spouses [28,29,33,34]. The identities of 
the specific genes that may confer this increased risk are incom-
pletely defined.

Pathogenesis of adenomas
The colonic epithelium consists of a single-cell layer of colum-
nar epithelial cells that undergo continuous cycles of differentia-
tion, proliferation, apoptosis, and shedding [35]. The epithelium 
undergoes renewal and complete turnover approximately every 
5 days. A small number of putative stem cells are located at the 
base  of  the  colonic  crypts  [35].  These  stem  cells  have  only 
recently been characterized, but appear to exist as small prolif-
erative cells that are marked by Lgr5 [36] and EPHB2 [37]. As 
a  newly  divided  stem  cell  differentiates,  it  migrates  vertically 
along the crypt axis and commits to one of several genetic pro-
grams  that  eventually  lead  to  its  final  differentiation  into  a 
mature colonocyte, mucin-secreting goblet cell, or enteroendo-
crine  cell.  The  highly  dynamic  nature  of  epithelial  renewal 
requires  frequent cell division, and multiple proliferative con-
trols must operate to prevent abnormal cell growth. These pro-
liferative  checks  can  fail  for  a  number  of  reasons,  including 
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Figure 77.2 Histology of adenomatous polyps. (a) Tubular adenoma. Note the dark, hypercellular, dysplastic glands on the right of the polyp in contrast 
to the mucin-rich glands lined with a single layer of epithelial cells on the left. (b) Villous adenoma. Note the frond-like growth pattern of the dysplastic 
glands. (c) Adenoma with high-grade dysplasia. A focus of high-grade dysplasia is present in the center of the adenoma. Note the crypt complexity, 
hyperchromasia, crowding of crypts with cribiforming, and epithelial budding. (d) High-power view of focus of high-grade dysplasia in (c). Source: 
Courtesy of Lawrence R. Zukerberg, MD, Massachusetts General Hospital, Boston, MA, USA.

(a) (b)

(c) (d)

Figure 77.3 Molecular pathways of colorectal adenoma formation and progression to carcinoma. Three major pathways are recognized: chromosomal 
instability (CIN), microsatellite instability (MSI), and CpG island methylator phenotype (CIMP). The key genetic events associated with progression 
from normal tissue to adenoma to cancer are illustrated.
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Another retrospective study of 779 average-risk patients under-
going  screening  colonoscopy  also  reported  that  BMI  was  not 
associated with the risk of adenoma, and there was no evidence 
of a trend with increasing BMI [72]. However, several additional 
studies and large metaanalyses suggest that obesity does increase 
the  risk  of  colorectal  adenomas.  A  comprehensive  analysis  of 
data  pooled  from  36  published  studies  revealed  that  a  5-unit 
increase in BMI is associated with a 19% increased risk of color-
ectal  adenoma  [73].  Another  systematic  review  of  23  studies 
found that subjects with a BMI of ≥25 had a significantly higher 
prevalence of colorectal adenomas (odds ratio [OR] 1.24, 95% 
CI  1.16–1.33)  compared  with  those  with  BMI  <25,  and  con-
firmed a linear association between higher BMI categories and 
adenoma  rates  [74].  Some  professional  societies  now  identify 
obese individuals as a high-risk group for CRC and recommend 
initiation of CRC screening as early as 45 years to be beneficial 
and cost effective [75].

Diabetes
There is growing evidence that type II diabetes mellitus (DM) 
is  a  risk  factor  for  colon  adenomas  and  cancer.  Patients  with 
type II DM have hyperinsulinemia and elevated levels of insulin-
like growth factors, which may play a role in promoting epithe-
lial  proliferation.  In  a  large  retrospective  case–control  study, 
type  II  DM  was  significantly  associated  with  colon  adenomas 
(OR 1.45, 95% CI 1.05–2.01), as was exposure  to  insulin  (OR 
1.73,  95%  CI 1.13–2.65)  or  thiazolidinediones  (OR  2.83,  95% 
CI 1.28–6.26) [76]. While neither the level of hemoglobin A1C 
nor  type  of  antidiabetic  medication  predicted  the  presence  of 
high-risk adenomas, other studies have suggested that poor gly-
cemic control in the year prior to the diagnosis of adenomatous 
polyps is an independent risk factor for a more aggressive clini-
cal course. Patients with poorly controlled type II DM, defined 
by  HbA1c  >7.5%,  had  a  significantly  increased  incidence  of 
right-sided  adenomas,  as  well  as  a  presentation  with  multiple 
adenomas of more advanced histological grade and a younger 
age  of  diagnosis  [77].  The  increased  risk  of  advanced  polyps 
suggests  that  diabetic  patients  receiving  insulin  or  other 
hypoglycemic agents may need heightened colon cancer screen-
ing [78–80].

Alcohol
A  majority  of  cohort  and  case–control  studies  have  demon-
strated an association between alcohol intake and increased risk 
of CRC, and heavy drinking is associated with more advanced 
adenomas at  the  time of diagnosis. A pooled analysis of eight 
cohort  studies  revealed  a  RR  of  1.41  (95%  CI  1.16–1.72)  for 
subjects who consumed three or more alcoholic drinks per day 
[81]. The association between alcohol and elevated cancer risk 
appears  strongest  for certain subgroups of drinkers,  including 
men with low dietary folate and thiamine [82]; this risk is syn-
ergistic with smoking [83,84]. Alcohol may promote the devel-
opment  of  colorectal  neoplasms  through  its  metabolism  by 
alcohol dehydrogenase (ADH) to the carcinogen acetaldehyde. 

(MSI)”  pathway  is  characterized  by  insertions  or  deletions  in 
microsatellite  DNA  tracts  and  underlies  the  development  of 
approximately  15%  of  CRCs  [47–49].  A  specialized  set  of 
proteins—including  MLH1,  MSH2,  MSH6,  PMS2—serves  to 
correct DNA mismatch errors that accumulate during replica-
tion  of  microsatellite  sequences  [50–53].  Tumors  progress  as 
mutations accumulate in specific target genes with microsatel-
lite DNA sequences. For example, over 80% of MSI-associated 
colorectal  tumors  have  inactivating  mutations  in  the  gene 
encoding the receptor for TGFBR2 [54], although more than 30 
genes,  including  those  encoding  MSH6  and  the  receptor  for 
insulin-like  growth  factor  2  (IGF2R),  have  been  identified  as 
targets in the MSI pathway [55,56]. Germline mutations in one 
of  the  DNA  mismatch  repair  genes  are  responsible  for  Lynch 
syndrome (see Chapters 47 and 79) [49,57].

A third pathway contributing to adenoma formation and pro-
gression  to  carcinoma  involves  epigenetic  mechanisms  that 
transcriptionally silence tumor suppressor or DNA repair genes 
through  promoter  hypermethylation.  Up  to  50%  of  sporadic 
CRCs display hypermethylation and loss of expression of genes 
such as HPPI, encoding a transmembrane protein with EGF-like 
domains  [58],  MGMT,  a  DNA  repair  gene  [59],  CDKN2A,  a 
tumor suppressor [60], and SLC5A8, a sodium transporter [61]. 
Methylation  of  promoter  DNA  commonly  occurs  at  CpG 
dinucleotide-rich  regions,  leading  to  the  term  CpG-island-
methylator  phenotype  (CIMP)  [62–64].  Because  widespread 
aberrant promoter hypermethylation may affect a large number 
of genes, the CIMP pathway may overlap with the above path-
ways  and  can  be  found  in  both  MSI  and  non-MSI  tumors. 
Although the CIMP pathway is implicated in the development 
of conventional adenomas, it is increasingly recognized to play 
a central role in the growth of serrated polyps and progression 
through  the  serrated  neoplasia  pathway  (see  Section  Serrated 
polyps).

Environmental risk factors for adenomas
Obesity and physical activity
Multiple epidemiological studies have demonstrated an associa-
tion  between  obesity  and  increased  risk  of  CRC  [65–68].  The 
mechanisms underlying the association between obesity, weight 
gain, and physical activity and the development of CRC are not 
fully  understood,  but  obesity  may  create  a  subclinical  inflam-
matory state in which increased levels of tumor necrosis factor 
(TNF), interleukin-6 (IL-6), C-reactive protein, and various adi-
pokines  lead  to  insulin  resistance,  hyperinsulinemia,  and  ele-
vated  levels  of  insulin-like  growth  factor  1  (IGF-1)  [69,70]. 
Although  adenomas  are  recognized  as  precursor  lesions  to 
colon  cancer,  the  specific  link  between  obesity  and  colorectal 
adenomas is less clear. The Polyp Prevention Trial assessed body 
mass index (BMI) changes over a 4-year period in 1826 patients 
with  at  least  one  colorectal  adenoma.  At  the  end  of  the  trial, 
neither weight loss nor gain seemed to affect the risk of adenoma 
recurrence, and weight loss alone did not therefore appear to be 
an effective intervention for reducing adenoma recurrence [71]. 
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intake had a 27% lower risk of adenomas compared with those 
who had the lowest fiber intake [101]. Case–control studies of 
patients  with  polyps  of  varying  sizes  also  revealed  that  those 
with  larger adenomas tended to consume a significantly more 
calcium-  and  cholesterol-rich  diet,  while  consuming  fewer 
fruits, vegetables, and fiber [102,103].

Despite strong evidence that fat and fiber intake influence the 
risk of colorectal adenomas, prospective intervention trials of a 
low-fat diet, with or without supplemental fiber, have failed to 
demonstrate a reduction in new or recurrent adenoma forma-
tion [104–106]. In the largest such trial, over 2000 patients with 
at  least  one  colorectal  adenoma  were  assigned  to  either  their 
usual diet or intense counseling to adopt a diet low in fat (20% 
of  total  calories)  and  high  in  fiber  (18 g  of  fiber  per  1000 kcal 
consumed), fruits, and vegetables. After approximately 4 years, 
the  rate  of  adenoma  recurrence  did  not  differ  significantly 
between the two groups [104]. It  is possible that the effects of 
diet on polyp growth become evident only after longer periods 
of time.

Histological features of adenomas
Polyps are typically characterized by their size, histological fea-
tures, and degree of dysplasia. Because of the important correla-
tion between size and malignant potential, polyps are usefully 
divided into those less than 1 cm, 1–2 cm, and greater than 2 cm. 
Very small, diminutive polyps are defined as less than 5 mm.

Approximately  80%  of  adenomas  smaller  than  1 cm  are 
tubular adenomas that display only mild dysplasia [41,107]. The 
histological features of a tubular adenoma consist of a complex 
network  of  tubular,  neoplastic  glands  that  can  be  bunched  or 
extensively  branching  (Figure  77.2a).  The  abnormal  epithelial 
cells  do  not  extend  beyond  the  muscularis  layer  and  appear 
hyperchromatic and depleted of normal mucin content. In con-
trast, villous adenomas, which comprise 3%–16% of polyps less 
than 1 cm but approximately 60% of polyps greater than 2 cm, 
are  characterized  by  adenomatous  glands  that  extend  straight 
down  from  the  surface  in  long,  finger-like  projections  to  the 
center  of  the  polyp  (Figure  77.2b).  In  practice,  a  polyp  with 
100% villous histology is rare, and adenomas are generally clas-
sified  as  villous  if  they  display  at  least  80%  villiform  features. 
Tubulovillous  polyps  display  mixed  features,  and  comprise 
8%–16% of adenomas. The transition to high-grade dysplasia is 
characterized by loss of nuclear polarity, a stratified appearance, 
mucin depletion, and gland crowding (Figure 77.2c,d).

The  distinction  between  tubular  and  villous  adenomas  is 
clinically  important  as  it  influences  management  decisions 
regarding  subsequent  surveillance.  Although  the  relevance  of 
villous histology and the magnitude of the risk is still debated 
[108,109], villous adenomas overall tend to exhibit more aggres-
sive biological behavior, have a higher risk of harboring malig-
nant  foci,  and  are  associated  with  a  greater  likelihood  of 
advanced  metachronous  lesions  [110].  Whereas  carcinoma  is 
found in only 1.3%–1.6% of adenomas smaller than 1 cm, this 
rises  to  approximately  10%  in  similarly  sized  polyps  with  a 

Caucasian patients who consume more than 30 g of alcohol per 
day and who are homozygous for high-risk polymorphisms in 
ADH1C or ADH3 have an odds ratio  for colorectal neoplasia 
of 1.67 and 1.8, respectively [85,86]. A large case–control study 
identified the rs1573496(C) allele, a polymorphism in ADH7, to 
be associated with an odds ratio of 2.13 for CRC in heavy drink-
ers  compared  to  subjects  with  low  alcohol  consumption  who 
carry the wild type allele [87].

Smoking
Tobacco smoking increases the risk for multiple types of cancers, 
and  the  majority  of  well-designed  case–control  and  cohort 
studies have demonstrated a significant  increase  in  the risk of 
colorectal  adenomas  [88–90].  Both  intensity  and  duration  of 
tobacco use are positively associated with an increased risk for 
colorectal  adenomas.  Subjects  who  smoke  one  to  two  packs 
(20–40 cigarettes) per day or who have a cumulative history of 
20–40 cigarette pack-years of cigarette use have a 2–3-fold risk 
of  colorectal  adenoma,  with  some  studies  suggesting  up  to  a 
fivefold increased risk [91–95].

Although  the  influences  of  dose  and  duration  are  closely 
related and difficult to separate, several studies have confirmed 
that duration of tobacco use also increases the risk for colorectal 
adenomas.  Only  subjects  who  had  smoked  for  more  than  30 
years had a demonstrable increased risk (RR 1.60; 95% CI 1.02–
2.62)  but  not  less  (RR  1.10,  95%  CI  0.69–1.84)  [96].  Another 
case–control study in men found that the overall RR for adeno-
mas among subjects who smoked was 2.2 (95% CI 1.1–4.3), but 
for men who smoked less than 9 years this fell to 1.3 (95% CI, 
0.5–3.26);  in  contrast,  those  who  smoked  >19  years  had  an 
elevated OR of 2.5  (95% CI, 1.3–4.9)  for colorectal  adenomas 
[93].

Cigarette smoking induces a large number of specific muta-
tions  that promote neoplasia  in specific  tissues  [97,98].  In  the 
colon, smoking may also promote polyp formation by increas-
ing the conversion of dietary heterocyclic amines to oncogenic 
metabolites though the induction of hepatic CYP1A2 [99].

Diet
The link between diet and development of colorectal polyps and 
cancers  has  been  the  subject  of  numerous  epidemiological 
studies  and  several  interventional  trials.  In  particular,  dietary 
fat and fiber have attracted attention. A large prospective cohort 
study  found  that  men  in  the  highest  quintile  of  saturated  fat 
intake had a RR for colorectal adenomas of 2.0 (95% CI 1.2–3.2) 
compared  to  those  in  the  lowest  quintile  after  controlling  for 
total caloric  intake; conversely, higher dietary fiber intake was 
protective (RR 0.36, 95% CI 0.22–0.60). For men whose diet was 
both high in saturated fat and low in fiber, the RR was 3.7 (95% 
CI 1.5–8.8) compared with those on a low-saturated fat, high-
fiber diet  [100]. The protective  effect of dietary fiber was also 
confirmed by analysis of dietary data from patients in the pro-
spective  Prostate,  Lung,  Colorectal,  and  Ovarian  (PLCO) 
Cancer  Screening  Trial.  Those  subjects  with  the  highest  fiber 
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predominantly  villous  component  [107].  Accordingly,  villous 
histology  is  one  of  the  three  features,  along  with  size  greater 
than 1 cm or  the presence of high-grade dysplasia,  that define 
an  advanced  adenoma,  sometimes  termed  adenoma  with 
advanced pathology (AAP). Individuals with AAP at their base-
line  colonoscopy  should  have  surveillance  exams  at  shorter 
intervals (Table 77.2).

Presentation of adenomatous polyps
Patients  with  colorectal  adenomas  are  most  often  asympto-
matic,  and  adenomas  are  typically  discovered  during  routine 
screening colonoscopy or as incidental findings during testing 
for unrelated gastrointestinal symptoms [111,112]. Polyps that 
produce symptoms tend to be larger than 1 cm, and may result 
in occult or apparent rectal bleeding. Using quantitative immu-
nochemical methods, patients with even small adenomas have 

Table 77.2 US Multi-Society Task Force on Colorectal Cancer 2012 consensus recommendations for colonoscopic surveillance after polypectomy.

Baseline colonoscopy: 
most advanced finding(s)

Recommended 
surveillance interval (y)

Quality of evidence supporting 
the recommendation

New evidence 
stronger than 2006

No polyps 10 Moderate Yes

Small (<10 mm) hyperplastic 
polyps in rectum or sigmoid

10 Moderate No

1–2 small (<10 mm) tubular 
adenomas

5–10 Moderate Yes

3–10 tubular adenomas 3 Moderate Yes

>10 adenomas <3 Moderate No

One or more tubular 
adenomas ≥10 mm

3 High Yes

One or more villous 
adenomas

3 Moderate Yes

Adenoma with HGD 3 Moderate No

Serrated lesions

 Sessile serrated polyp(s) 
<10 mm with no dysplasia

5 Low NA

 Sessile serrated polyp(s) 
≥10 mm

3 Low NA

 OR

 Sessile serrated polyp with 
dysplasia

 OR

 Traditional serrated 
adenoma

Serrated polyposis syndromea 1 Moderate NA

NOTE: The recommendations assume that the baseline colonoscopy was complete and adequate and that all visible polyps were completely removed.
NA, not applicable.
a Based on the World Health Organization definition of serrated polyposis syndrome, with one of the following criteria: (1) at least 5 serrated polyps 
proximal to sigmoid, with 2 or more ≥10 mm; (2) any serrated polyps proximal to sigmoid with family history of serrated polyposis syndrome; and (3) 
>20 serrated polyps of any size throughout the colon.
Source: Lieberman et al. 2012 [320]. Reproduced with permission of Elsevier.

been shown to have higher fecal hemoglobin levels than normal 
controls  [113],  although  anemia  due  to  sporadic  adenomas  is 
rare [114]. Other, less common presentations include a change 
in  bowel  pattern,  or  rarely,  intermittent  intussusception  or 
obstruction if the polyp is large [115]. A rare secretory subtype 
of large villous adenoma is classically associated with electrolyte 
hypersecretion  and  watery  diarrhea  that  can  lead  to  life-
threatening hyponatremia and renal failure [116,117].

Natural history of adenomas
Precise descriptions of the growth rate of adenomas are limited 
by the fact  that polyps are routinely removed during colonos-
copy,  effectively  interrupting  the  polyp–carcinoma  sequence, 
and  prospective  studies  of  untreated  adenomas  would  be 
unethical.  However,  information  about  the  natural  history  
of  adenomas  can  be  inferred  from  the  small  number  of  
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ment  and  appears  critical  for  the  progression  to  carcinoma 
[44,162].

Diagnosis of adenomatous polyps
Fecal occult blood testing
Fecal occult blood  tests  (FOBT) were originally designed as a 
screening  tool  for  colon  cancer  based  upon  the  premise  that 
malignancies will intermittently bleed into the lumen and detect 
the heme moiety present in hemoglobin. Systematic reviews of 
guaiac-based, FOBT in asymptomatic individuals have defined 
a 7%–33% reduction in mortality from CRC [163–166]. While 
detection  of  fecal  occult  blood  has  a  sensitivity  reported  any-
where between 25% and 80% for CRC, the specificity of FOBT 
is  as  low  as  15%–30%  [167].  Dietary  sources  of  heme,  plant-
based peroxidase enzymes, and sources of bleeding other than 
CRC all contribute to the low positive predictive value of FOBT. 
FOBT is not a useful screening test for detection of adenomas, 
as  small  adenomatous polyps do not  tend  to bleed and blood 
loss  from  larger  polyps  may  be  intermittent  and  not  always 
detectable in a single sample. A positive FOBT result often leads 
to a colonoscopy in order to rule out the presence of neoplasia, 
and up to 80% of these patients will have a negative colonoscopy 
[167].

Fecal immunohistochemical testing
Fecal  immunochemical  occult  blood  tests  (FITs)  specifically 
detect human hemoglobin in stool utilizing an antibody-based 
assay. Several studies have reported that the performance of FIT 
is superior to the standard guaiac fecal occult blood test for the 
detection of CRC and advanced adenomas  [168,169]. Using a 
threshold of 50 μg/g,  the reported sensitivity and specificity of 
FIT  for advanced neoplasia was 38% (95% CI 29%–47%) and 
93%  (95%  CI  92%–95%),  respectively.  In  a  randomized, 
population-based  trial  comparing  FIT  to  FOBT,  at  a  cut-off 
value  of  75 ng/mL,  the  detection  rate  of  advanced  neoplasms 
was  two  times  higher  for  FIT  than  FOBT  (FIT:  2.5%;  FOBT: 
1.2%,  P  <  0.001)  [169].  Because  FIT  is  specific  for  human 
hemoglobin, there  is no interference from dietary peroxidases 
or exogenous sources of heme [170]. Studies have compared the 
performance  of  FIT,  either  alone  or  in  combination  with  sig-
moidoscopy, with conventional colonoscopy for CRC screening 
[171,172]. In a large randomized, controlled trial in average-risk 
adults, one-time colonoscopy and biennial FIT detected similar 
numbers  of  CRCs  (0.1%).  However,  colonoscopy  discovered 
significantly more adenomas (4.2% in the colonoscopy group vs 
0.4% in the FIT group), though FIT performed somewhat better 
in  the detection of  advanced adenomas  (1.9% vs 0.9%)  [171]. 
Although FIT may increase patient participation in CRC screen-
ing programs and may have a role for the detection of advanced 
adenomas,  it  has  low  sensitivity  for  the  detection  of  small 
adenomas.

Fecal DNA testing
DNA  is  shed  continuously  from  neoplastic  lesions  in  the  
colon and is stable in feces. Testing of fecal DNA for a panel of 

retrospective  reports  of  patients  with  untreated  adenomas  as 
well as epidemiological studies comparing the age distribution 
of  those  diagnosed  with  adenomas  versus  carcinomas.  These 
studies  suggest  that  adenomas  progress  to  carcinomas  slowly 
[118].  In one  report of 14 persons with unresected adenomas 
(four with adenomas and 10 with villous adenomas), it took at 
least 5 years, and typically more than 10 years, for these lesions 
to progress to cancer [107]. Older reports from several decades 
ago indicated that less than 5% of small rectal polyps increased 
in  size  over  a  3  to  5-year  period,  and  the  majority  remained 
unchanged or decreased in size [119,120].

Inferences  can  also  be  made  about  the  time  it  takes  for  an 
adenomatous polyp to progress to a malignant lesion by exam-
ining the age distribution for adenomas and carcinomas within 
the  population  as  a  whole.  In  a  single-center  study  of  3002 
patients who had a total of 4483 benign and malignant colorec-
tal  tumors,  adenomatous  polyps  were  recognized  on  average 
about  4  years  before  cancer  (58.1  years  for  adenomas  vs  62.1 
years for carcinomas) [107]. The 4-year interval is very likely to 
be  an  underestimate  of  the  time  it  takes  for  an  adenoma  to 
evolve  to  cancer  because  adenomatous  polyps  are  most  often 
discovered during routine screening exams or exams for unre-
lated  symptoms  [111,112]  and  are  likely  to  have  been  present 
for  some  time  prior  to  their  diagnosis.  From  these  epidemio-
logical data  it has been  inferred  that  the  time  required  for an 
adenoma  to  progress  to  carcinoma  is  at  least  5  years,  if  not 
longer. In addition, autopsy studies suggest that the majority of 
adenomas  do  not  progress  to  carcinomas  during  the  normal 
lifespan. In these studies, the prevalence of adenomatous polyps 
at autopsy is as high as 50%, whereas the cumulative incidence 
of colorectal carcinomas is less than 5% [4,26,121]. Collectively, 
these data suggest that 5% of adenomas progress to malignancy. 
Determining which benign adenomas may progress  to cancer 
is not currently possible.

Perhaps the most compelling mechanistic data in support of 
the polyp–carcinoma sequence come from molecular analyses 
of colorectal neoplasms at various stages in their development. 
Although  the  minority  of  adenomas  progress  to  malignancy, 
there is good evidence that those adenomas that progress do so 
through the accumulation of a set of well-defined genetic altera-
tions [42,122,123]. Among the earliest detectable abnormalities 
during the formation of small adenomas are mutations or dele-
tion of the APC tumor suppressor gene, which result in increased 
WNT/β-catenin signaling [124].

KRAS mutations are another key molecular event identified 
in  the  early  stages  of  adenoma  development  and  progression, 
and  their  frequency  increases  as  polyp  size  increases.  By  the 
time  subtle  aberrant  crypt  foci  or  microadenomas  have  pro-
gressed  to  1 cm  in  size,  more  than  50%  have  acquired  KRAS 
gene  mutations,  primarily  in  codon  12  [125–158].  As  the 
adenoma increases  in size and degree of cytological dysplasia, 
tumor  cells  also  display  aneuploidy  and  progressive  genomic 
instability [159–161]. Loss of function of the tumor suppressor 
gene P53 on chromosome 17 occurs late in adenoma develop-
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for  screening  colonoscopy  that  may  correlate  with  interval 
colon  cancer  rates  [129],  and  current  guidelines  suggest  that 
adenoma detection rates should be at least 15% in women and 
25% in men [130]. Low adenoma detection rates are associated 
with a higher risk of developing interval cancer after such “nega-
tive”  colonoscopies  [129]. Adenoma detection  rates decreased 
from  28.3%  to  11.8%  when  colonoscope  withdrawal  time  fell 
below 6 min  [131,132],  and multiple approaches have  focused 
on modifying withdrawal time and other performance charac-
teristics of  endoscopists  to maximize  rates of  adenoma detec-
tion [133–135].

Computed tomography colonography
CT colonography utilizes helical or spiral CT scanning with air 
or carbon dioxide insufflation of the colon after standard bowel 
preparation.  Digital  software  reconstructs  images  to  produce 
three-dimensional  views  of  the  entire  colon  [136].  Multiple 
studies  have  compared  the  performance  characteristics  of  CT 
colonography for colorectal polyp detection to standard optical 
colonoscopy  [137].  High  levels  of  sensitivity  for  detection  of 
large  polyps  in  asymptomatic  screening  populations  can  be 
achieved. When performed by skilled radiologists, CT colonog-
raphy  has  a  sensitivity  of  over  90%  for  polyps  larger  than 
1 cm,78%–86%  for  polyps  5  to  9 mm  [8,138,139],  but  consist-
ently  low  rates  of  detection  for  diminutive  polyps  (<0.5 cm) 
[138].  Overall,  adenoma  miss  rates  for  CT  colonography  are 
similar to optical colonoscopy; in one study, 6.2% of polyps 1 cm 
or  larger,  and  18.2%  of  polyps  6–9 mm,  were  missed  by  CT 
colonography  [140].  Despite  comparing  favorably  to  optical 
colonoscopy,  drawbacks  to  CT  colonography  include  the 
requirement for a subsequent colonoscopy to remove detected 
polyps  [140],  exposure  to  ionizing  radiation  [141],  frequent 
incidental extracolonic findings [141], lower sensitivity for flat 
lesions, and  lack of widespread access  to experienced radiolo-
gists and state-of-the-art software [142,143]. New strategies for 
prepless  CT  colonography  exams  may  increase  uptake  in  the 
future [144].

Biopsy and histological interpretation
The previously described diagnostic tests permit the discovery 
of polyps but  cannot differentiate adenomas  from carcinomas 
or nonneoplastic mucosal polyps. Therefore, the definitive diag-
nostic  test  is  histopathological  review  of  resected  or  biopsied 
polyps.  Colorectal  polyps  can  be  sampled  or  removed  com-
pletely for histological examination by a variety of methods (see 
Section Therapy and management of adenomas), but published 
reports  indicate  that  failure  to  retrieve  a  specimen  occurs  in 
between 2% and 16.5% of polypectomies [145–147]. Along with 
size and number of resected adenomas, histology influences the 
timing of postpolypectomy surveillance  [148], and  in patients 
with multiple or advanced polyps, helps to characterize patient 
phenotype  and  guide  appropriate  genetic  testing  [149]. 
Increasingly,  molecular  testing  adds  valuable  information  on 
genetic risk; for example, polypectomy specimens from patients 

CRC-specific gene mutations has acceptable sensitivity and spe-
cificity  as  a  screening  test  for  CRC.  In  a  prospective  trial  of 
average-risk adults aged 50–75, fecal DNA testing had a sensi-
tivity and specificity for CRC of 52% and 94%, respectively [9]. 
In this study, DNA testing was shown to be twice as effective at 
detecting  adenomas  with  high-grade  dysplasia  than  a  single 
Hemoccult II sample. Fecal DNA testing, however, remains rela-
tively expensive and current tests are not sensitive enough for 
the detection of most adenomatous polyps [9,173]. Newer gen-
erations of stool DNA tests are under development.

Barium radiography
Before  colonoscopy  became  available  in  the  1970s,  barium 
enema was the primary method for detecting colorectal polyps, 
and  distinguishing  between  benign  and  malignant  lesions 
required laparotomy [174]. The performance of barium radiog-
raphy for the detection of colorectal polyps is largely inferior to 
colonoscopic  visualization.  In  the  National  Polyp  Study,  862 
paired colonoscopic and double-contrast barium enema exami-
nations were analyzed. The performance of barium radiography 
depended upon adenoma size, with a detection rate of 32% for 
polyps  less  than  0.5 cm  and  48%  for  polyps  larger  than  1 cm 
[175].  Inadequate  cleansing  of  the  colon  contributes  to  a 
5%–10%  false-positive  rate,  while  diverticulosis  and  poor 
mucosal  coating  of  barium  result  in  a  10%  false-negative  rate 
[176–178]. The use of barium enema for colon cancer screening 
has been largely supplanted by colonoscopy or computed tom-
ography (CT) colonography.

Colonoscopy
Colonoscopy is a safe and highly effective method for the detec-
tion  of  colorectal  polyps,  and  in  most  cases  also  serves  as  a 
therapeutic modality  for  the removal of polyps. Despite supe-
rior  diagnostic  accuracy  compared  to  double-contrast  barium 
enema,  colonoscopy  with  polypectomy  carries  some  risk, 
including hemorrhage and perforation [179,180], and has some 
important  limitations  [181].  Tandem  colonoscopy  studies 
suggest that a routine colonoscopy misses up to 6% of adenomas 
larger  than  1 cm  and  up  to  approximately  25%  of  adenomas 
0.5 cm or smaller [182,183]. A miss rate of up to 12%–17% for 
polyps  larger  than  1 cm  has  been  reported  in  comparisons 
between  standard  optical  colonoscopy  and  CT  colonography 
[184,185].  Potential  explanations  for  these  missed  lesions 
include difficulty in visualizing polyps behind colonic folds or 
with flat morphological growth patterns.

Quality  of  bowel  preparation,  cecal  intubation  rate,  and 
colonoscope withdrawal time are important, modifiable factors 
that may potentially  influence the performance characteristics 
of  colonoscopy  [125].  Several  studies  have  demonstrated  that 
up to 5% of patients diagnosed with CRC have had a colonos-
copy within the prior 3–5 years [126–128]. Minimizing rates of 
these  “postcolonoscopy  colon  cancers”  or  “interval  colon 
cancers”  is  an  important  goal  of  CRC  screening  programs. 
Adenoma detection rate has been proposed as a quality measure 
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mechanical  or  electrosurgical  cutting  as  the  snare  is  retracted 
into the catheter. Snares come in a range of working lengths and 
wire gauges [190], and the diameter of the fully deployed snare 
can vary from 10 mm (minisnare) to 6 cm (a jumbo hexagonal 
snare).  Snare  polypectomy  of  small  polyps,  with  or  without 
electrocautery, carries very low risks of hemorrhage and perfo-
ration (<0.5%) [191,192].

Removal  of  large,  sessile  polyps  by  snare  polypectomy  may 
be  facilitated  by  a  tangential  submucosal  injection  of  liquid. 
Injection  of  agents  such  as  saline,  50%  dextrose,  glycerol,  or 
methylcellulose [193,194] elevates the target lesion, facilitating 
its  complete  ensnarement  while  also  limiting  the  depth  of 
potential  thermal  injury  to  the  colon  by  creating  a  plane  of 
separation  between  the  mucosa  and  deeper  submucosa.  The 
addition of dilute epinephrine and methylene blue to the injec-
tion solution can improve hemostasis and help to better demar-
cate resection margins [195]. In the case of sessile polyps greater 
than 1 cm treated with piecemeal removal, the polypectomy site 
should  be  tattooed  with  sterile  carbon-based  ink  to  facilitate 
follow-up localization either endoscopically or intraoperatively 
if the lesion cannot be completely removed [196].

Endoscopic  mucosal  resection  (EMR)  is  a  modification  of 
conventional snare polypectomy that may be appropriate for the 
resection  of  sessile  lesions  that  are  too  large  to  remove  with 
standard  snare  techniques  [197]  and  some  carcinomas  in  situ 
[198].  EMR  is  accomplished  by  elevating  the  lesion  with  an 
injection of saline or other suitable liquid to create a submucosal 
fluid cushion, followed by en bloc or sequential piecemeal snare 
resection. Accumulating data indicate that when performed by 
experienced endoscopists in select referral centers, EMR is safe 
and has high  long-term efficacy  for  the  resection of  large, flat 
colorectal lesions [199–202].

Endoscopic  polypectomy  is  generally  safe  when  performed 
by  an  experienced  endoscopist.  The  risk  of  postpolypectomy 
bleeding has been reported to range from 2.2 to 11.3 per 1000 
procedures  [203–205].  Colonic  perforation  is  frequently  cited 
as the most serious complication of colonoscopy, but the overall 
rate  of  perforation  remains  low.  A  large  retrospective  cohort 
study reported a perforation rate of 0.6 per 1000 colonoscopies 
with polypectomy, versus 0.3 per 1000 colonoscopies in which 
no  polypectomy  was  performed  [206].  This  low  rate  of 
polypectomy-related  perforation  is  similar  to  other  published 
studies  [205,207,208].  Adverse  cardiovascular  events  (most 
commonly arrhythmias) are also an infrequent complication of 
endoscopic polypectomy [205].

Ablation
Argon plasma coagulation (APC) applies high-frequency elec-
trical current through a jet of ionized argon gas that results in 
coagulation and tissue destruction  limited to a depth of a  few 
millimeters [209,210]. This technique is especially useful for the 
rapid  destruction  of  large  numbers  of  small  polyps,  and  the 
limited depth of action makes this preferable to laser ablation, 
particularly  in  the  thin-walled  right  colon  where  the  risk  of 

in whom Lynch syndrome is suspected can be tested for micro-
satellite  instability  or  loss  of  expression  of  MMR  proteins  by 
immunohistochemistry  [150,151].  Additional  special  tissue 
stains,  including s100, vimentin, keratins, and smooth muscle 
markers,  can  be  useful  in  differentiating  adenomatous  polyps 
from  a  variety  of  uncommon  mesenchymal  proliferations 
involving the mucosa or submucosa [152].

Therapy and management of adenomas
Once an adenomatous polyp is identified, the treatment plan is 
twofold:  complete  removal  or  destruction  of  adenomatous 
tissue,  and  surveillance  for  the development of metachronous 
lesions in the future.

Polypectomy
Endoscopic polypectomy is a safe method for curative resection 
of colorectal polyps [153,154,186], and should be performed on 
all polyps encountered during colonoscopy. Complete excision 
of polyps  is  recommended because  it  is not possible  to deter-
mine  the histological  subtype of a polyp, or  to be certain  that 
there  is  no  focus  of  carcinoma  present  based  solely,  on  visual 
appearance.  Polyp  removal  can  be  accomplished  through  a 
variety of techniques depending on the position and size of the 
polyp.

Biopsy forceps can be used for the removal of small polyps, 
or sampling of larger lesions to obtain a histological diagnosis 
in cases where complete endoscopic excision may not be pos-
sible.  Options  include  both  standard,  cold  biopsy  devices,  as 
well as monopolar and bipolar hot forceps that allow the appli-
cation of electrocautery to achieve better hemostasis as well as 
ablation  of  adjacent  tissue.  While  forceps  polypectomy  is  an 
appealing method because of its ease of use and low complica-
tion  rate,  concerns  have  been  raised  about  the  adequacy  of 
polyp removal with this technique. In one study examining the 
removal of diminutive polyps with cold biopsy forceps, nearly 
30%  of  patients  had  residual  neoplastic  tissue  at  the  polypec-
tomy  site  during  a  repeat  examination  3  weeks  later  [155]. 
Additional  studies  comparing  the  performance  of  hot  biopsy 
forceps suggested that the rate of residual polyp tissue was lower 
than cold forceps, although still as high as 17% [156]. Incomplete 
polyp  resection  may  account  for  a  subset  of  “interval  colon 
cancers” that develop within a few years of a colonoscopic exam. 
Although the overall risk of complications during polypectomy 
with hot biopsy  forceps  is  low [157],  this  techniques carries a 
risk  of  perforation,  which  has  been  observed  to  occur  more 
commonly  in  the  thin-walled  right  colon  [158,187].  Animal 
studies indicate that the risk of transmural injury is significantly 
higher  with  monopolar  biopsy  forceps  compared  to  bipolar 
current  [188]  and  that  hot  biopsy  devices  consistently  induce 
deeper tissue injury than that produced with an electrocautery 
snare, regardless of snare diameter [189].

A polypectomy snare consists of a monofilament or braided 
wire loop passed through a catheter. When deployed, the snare 
encircles the polypoid tissue, which is then transected via either 
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recurrence rates in individuals with prior adenomas or cancer. 
All have demonstrated a modest chemoprotective effect with a 
RR for new adenomas over a period of up to 3 years that ranged 
from  0.65  to  0.81  [221–224].  In  addition,  the  use  of  81 mg 
aspirin daily was associated with a reduced risk of developing 
advanced neoplasms (RR 0.59, 95% CI 0.38–0.92). These results 
contrast with a large prevention trial conducted in over 22 000 
US male physicians assigned to either aspirin or placebo; after 
5  years  of  regular  aspirin  use  there  was  no  reduction  in  the 
incidence of advanced adenomas or colon cancer [225]. Because 
of potential adverse events including significant GI hemorrhage, 
aspirin  or  NSAIDs  are  not  routinely  recommended  for  polyp 
prevention in average-risk individuals.

In addition to NSAIDs and COX-2 inhibitors, other potential 
agents  for  polyp  and  CRC  chemoprevention  include  calcium, 
selenium, vitamin E and folate supplements [226–229], ursode-
oxycholic acid [230], and inhibitors of ornithine decarboxylase 
[231–233] and HMG-CoA reductase (statins) [234,235].

Malignant polyps
Up to 5% of adenomatous polyps will contain a focus of carci-
noma, with higher rates observed in larger and more dysplastic 
polyps and polyps with villous histology [122,161]. When car-
cinoma penetrates through the muscularis mucosae, the lesion 
is designated a malignant polyp. The management of malignant 
polyps  should  be  individualized.  Completeness  of  excision, 
judged by the endoscopist and pathologist, is perhaps the most 
important factor in deciding whether additional endoscopic or 
surgical  resection  is  warranted  [236].  In  general,  complete 
endoscopic  excision  of  malignant  polyps  is  more  successful 
when they are pedunculated rather than flat lesions. One surgi-
cal series of 22 patients in whom secondary surgical resection 
was performed after endoscopic polypectomy found no residual 
foci of cancer in any patients who originally had pedunculated 
malignant  polyps,  whereas  the  majority  of  patients  with  flat 
lesions had residual carcinomas [237]. In addition to gross mor-
phology, advanced histological features, extension of neoplastic 
cells to within 2 mm of the resection margin, and microscopic 
evidence of venous or lymphatic invasion also increase the risk 
of  incomplete  resection  and  may  influence  the  decision  to 
proceed with a definitive surgical procedure [238–243].

Serrated polyps
Histological and molecular analyses have recently defined a new 
polyp category: the serrated polyp. Serrated polyps are broadly 
recognized by  their  sawtooth or “serrated” appearance micro-
scopically. The nomenclature for serrated lesions has not been 
consistent.  There  are  several  distinct  types  of  serrated  polyps, 
and they are listed below.
1. Hyperplastic polyp
2. Sessile serrated polyp (also called sessile serrated adenoma)
3. Traditional serrated adenoma
4. Mixed  hyperplastic/adenomatous  polyp  (also  called  sessile 

serrated polyp with cytological or adenoma-like dysplasia).

perforation  may  be  higher.  However,  even  in  the  absence  of 
perforation, up to 1.2% of patients treated with APC will experi-
ence  localized inflammation and pain due to transmural burn 
[211,212]. APC may be most useful as an adjunctive modality 
for destroying any residual adenomatous tissue at the edges of 
a large polypectomy site [211].

Ablation  with  the  neodymium : yttrium–aluminum–garnet 
(Nd : YAG) laser is also an effective and safe alternative for the 
definitive  treatment  of  small  polyps  [213–216],  but  carries  a 
complication rate of approximately 5% [213]. Ablative methods 
for  polyp  treatment  all  share  the  drawback  that  they  are,  by 
definition, destructive methods and do not provide tissue speci-
mens for polyp phenotyping or histological examination for foci 
of invasive malignancy.

Surgery
Surgical  resection  is  occasionally  indicated  for  very  large  and 
sessile polyps that cannot be removed endoscopically. Surgery 
may  also  be  indicated  in  cases  where  invasive  carcinoma  is 
found within a polypectomy specimen (see malignant polyps) 
[217,218]. Polypectomy can be considered definitive therapy in 
some  of  these  cases,  but  surgery  may  be  necessary  when  the 
carcinoma  is  poorly  differentiated,  exhibits  lymphovascular 
invasion, extends to or within 2 mm of the polypectomy margin, 
or involves the submucosa.

Postpolypectomy surveillance
Surveillance guidelines are continually evolving and are based 
upon the observation that individuals who have had an adeno-
matous  polyp  are  likely  to  develop  recurrent  adenomas.  This 
risk  for  metachronous  lesions  is  higher  in  individuals  with 
larger or multiple adenomas removed at baseline. The prospec-
tive  National  Polyp  Study  defined  an  overall  adenoma  recur-
rence  rate  between  32%  and  42%  at  3  years  after  initial 
polypectomy  [1].  Others  have  estimated  rates  as  high  as  50% 
over  an  8-year  follow-up  interval  [219].  Current  multisociety 
guidelines are outlined in Table 77.2.

Chemoprevention
Chemoprevention  of  colorectal  adenomas  takes  advantage  of 
compounds that modulate molecular pathways involved in the 
development of adenomas, thereby targeting some of the molec-
ular  events  in  the  adenoma-to-carcinoma  sequence  to  block 
adenoma  formation  or  progression.  A  number  of  naturally 
occurring and synthetic agents have been studied, but the most 
effective  are  aspirin  and  nonsteroidal  antiinflammatory  drugs 
(NSAIDs), both of which are potent inhibitors of cyclooxygenase-1 
and -2 [220]. Cyclooxygenase-2 (COX2) is  induced in inflam-
matory or neoplastic states and is overexpressed in 43% of colon 
adenomas and nearly 90% of colon cancers. Multiple retrospec-
tive studies have consistently defined a benefit of regular aspirin 
or NSAID use by reducing the risk of developing or dying from 
colon  cancer.  Prospective  interventional  trials  of  aspirin  or 
COX2-selective agents have been designed  to assess  adenoma 
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calcium  intake,  elevated  body  mass  index,  and  alcohol  and 
tobacco use have all been linked to higher risk of hyperplastic 
polyps [264]. The overlapping risk factors for hyperplastic and 
adenomatous  polyps  has  made  clarifying  the  association 
between hyperplastic polyps and synchronous or metachronous 
adenomas and CRCs difficult [265–267].

Sessile serrated adenomas/polyps and  
the serrated neoplasia pathway
The  terms  “sessile  serrated  adenoma”  and  “sessile  serrated 
polyp”  (SSA/P)  are  essentially  synonymous  and  used  inter-
changeably  [249].  They  account  for  approximately  20%  of  all 
serrated lesions and 2% of all mucosal polyps in the colon. SSA/
Ps can occur anywhere in the colon, but over 80% are localized 
to the proximal colon [268]. They are more commonly identi-
fied in older individuals [269], and their prevalence is roughly 
equivalent in men and women. As their name implies, they are 
sessile  in  morphology  and  do  not  present  as  pedunculated 
lesions.

Two salient clinical features of SSA/Ps are their newly recog-
nized  premalignant  potential  and  the  difficulty  in  endoscopi-
cally identifying these polyps. SSA/Ps appear as pale, flat lesions 
with indistinct borders and can therefore be a challenge to rec-
ognize  (Figure  77.4e).  Histologically,  they  display  a  unique 
pattern of dilated crypts in the deep mucosa, horizontal bending 
of crypts  (sometimes described as boot- or L-shaped), as well 
as crypt branching and budding that is confined above the mus-
cularis mucosae [270,271] (Figure 77.4f). These broad architec-
tural  abnormalities  are  considered  dysplastic.  Nuclear  atypia 
may be present (enlarged nuclei,  irregular nuclear membrane, 
prominent nucleoli), but overt epithelial  cell dysplasia  is  typi-
cally lacking [250]. When epithelial cell dysplasia similar to an 
adenomatous polyp is also present,  the polyp is designated an 
“SSA/P with cytological or adenoma-like dysplasia” and is con-
sidered a high-grade dysplastic lesion. SSA/Ps may also display 
increased  gastric  mucins  (MUC5A,  MUC6)  [272,273],  which 
can help to distinguish them from pure hyperplastic polyps.

Evidence  for a  link between SSA/Ps and cancer  include  the 
relatively frequent occurrence of malignant foci within SSA/Ps 
and  observations  of  an  increased  risk  of  synchronous  cancer 
when serrated polyps are identified. For example, there is an OR 
of 4.8 for a proximal colon cancer when a large serrated polyp 
(>1 cm) is also present [274].

Molecular  phenotyping  has  also  suggested  a  stepwise  pro-
gression from MVHP to SSA/P to serrated adenocarcinoma, the 
so-called “serrated neoplasia” pathway.

The serrated neoplasia pathway  starts with  the hyperplastic 
polyp. Hyperplastic polyps commonly exhibit mutations in the 
BRAF or KRAS oncogenes. These mutations typically result in 
mitogen-activated  protein  kinase  (MAPK)  pathway  activation 
and are thought to promote the initial development of aberrant 
serrated crypt foci [275] and small MVHPs or GCHPs. A subset 
of  hyperplastic  polyps  will  progress  through  more  advanced 
stages  of  serrated  neoplasia  to  form  SSA/Ps  or  traditional  

Several  of  these  subtypes  are  now  recognized  to  harbor 
malignant  potential.  In  addition,  the  molecular  mechanisms 
that underlie malignant transformation in these serrated polyps 
are  distinct  and  now  comprise  an  independent  pathway  (the 
“serrated pathway”) to neoplasia.

Hyperplastic polyps
Overall, typical hyperplastic polyps (HPs) account for the vast 
majority  (>80%)  of  all  serrated  lesions  discovered  during 
colonoscopy [244–246]. Hyperplastic polyps are nonneoplastic 
and are usually diminutive, flat lesions that are grossly indistin-
guishable  from  adenomatous  polyps  and  other  small  mucosal 
polypoid lesions. Histologically, they are characterized by elon-
gated,  straight  crypts,  which  extend  from  the  surface  of  the 
polyp  to  the  muscularis  layer.  These  crypts  are  lined  with 
in-folded epithelium, which can take on a varying degree of a 
characteristic  sawtooth  or  serrated  appearance,  and  there  is  a 
prominent tufting near the luminal surface [38,247,248]. Based 
on their predominant histological features, hyperplastic polyps 
can be further subdivided into microvesicular, goblet cell, and 
mucin-poor subtypes [249]. Microvesicular hyperplastic polyps 
(MVHPs) exhibit a serrated contour, which is more prominent 
near the polyp surface compared to the base of the crypt, with 
scattered  goblet  cells  and  numerous  intracytoplasmic  mucin 
droplets within individual cells (Figure 77.4a). This is the most 
common  type  of  hyperplastic  polyp  and  correlates  with  the 
lesion generally considered to be the typical HP of the rectos-
igmoid colon [250]. In contrast, goblet cell hyperplastic polyps 
(GCHPs)  lack  microvesicular  mucin,  are  composed  almost 
entirely of mucin-laden goblet cells, and tend to exhibit a lesser 
degree of serration (Figure 77.4b). A third type of hyperplastic 
polyp, mucin-depleted or mucin-poor, exhibits serration similar 
to  MVHPs,  but  little  or  no  mucin  (Figure  77.4c).  Mucin-
depleted HPs tend to exhibit more nuclear atypia than MVHPs 
[250]. Although  true sporadic hyperplastic polyps are consid-
ered to have little malignant potential, there is uncertainty about 
their possible evolution  to more advanced polyps.  It has been 
proposed  that  the  MVHP  subtype  represents  the  precursor 
lesion  to  a  sessile  serrated  adenoma/polyp  [251]  (SSA/P,  see 
below),  but  this  is  not  firmly  established.  There  is  also  some 
evidence that GCHPs may represent a precursor lesion of tra-
ditional  serrated adenomas  (TSA;  see Section Traditional  ser-
rated adenoma) [252,253].

The  prevalence  of  hyperplastic  polyps  increases  with  age 
[254], and colonoscopic studies have demonstrated that approx-
imately 11%–34% of adults have at least one hyperplastic polyp 
[255–259]; similar [260–262] or slightly higher [19] prevalence 
estimates have been derived from autopsy studies. Hyperplastic 
polyps are not distributed uniformly throughout the colon, but 
are more common in the distal colon, where they constitute the 
majority  of  all  diminutive  polyps  removed  from  the  sigmoid 
colon and rectum [263].

Hyperplastic  polyps  share  many  common  risk  factors  with 
adenomas  and  carcinomas.  Low  dietary  fiber,  higher  fat  and 
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mutations,  they also  share an  increased  susceptibility  to aber-
rant CpG island promoter methylation (CIMP) [277,279,280]. 
CIMP-related hypermethylation results in the silencing of many 
gene  promoters,  and  microsatellite  instability  develops  when 
methylation-induced  silencing  of  MLH1  occurs  in  SSA/Ps. 
There  is also a second molecular signature  in serrated  tumors 
in  which  microsatellite  instability  is  not  a  prominent  feature 
(Figure  77.5).  In  these  tumors,  hypermethylation  of  distinct 
gene  promoters,  such  as  the  DNA  repair  gene  MGMT  (O6-
methylguanine-DNA methyltransferase), may be important for 

serrated adenomas (Figure 77.5). MVHPs typically carry BRAF 
mutations,  and  the  vast  majority  (78%–90%)  of  SSA/Ps  also 
have BRAF mutations,  in striking contrast to the lower preva-
lence  in  conventional  adenomas  (<5%)  and  the  goblet  cell-
rich  subtype  of  hyperplastic  polyps  (approximately  20%) 
[244,276–278].

Although the relationship between MVHPs and SSA/Ps is not 
precisely  defined,  there  is  growing  evidence  that  they  may  be 
part of a histological continuum. In addition to the observation 
that  both  MVHPs  and  SSA/Ps  frequently  exhibit  BRAFV600E 

Figure 77.4 Serrated polyps. (a) Microvesicular hyperplastic polyp (MVHP). Note the serrated contour, which is more prominent near the polyp 
surface compared to the base of the crypt, with scattered goblet cells and numerous intracytoplasmic mucin droplets within individual cells. (b) Goblet 
cell HPs tend to exhibit a lesser degree of serration, lack microvesicular mucin, and are composed almost entirely of mucin-laden goblet cells. (c) 
Mucin-poor HPs exhibit serration similar to MVHPs but little or no mucin. (d) Traditional serrated adenoma. Note the elongated, plump villi, and 
hyperproliferative and budding crypts, which become perpendicularly oriented to the villous axis. (e) Endoscopic and (f) histological appearance of 
sessile serrated adenoma/polyps (SSA/Ps). These exhibit dilated crypts in the deep mucosa, horizontal bending of crypts (boot- or L-shaped), and crypt 
budding confined to above the muscularis mucosae. Source: Lauwers and Chung 2006 [319]. Reproduced with permission of Elsevier.
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Sessile serrated adenoma/polyp with adenoma-like 
dysplasia (mixed hyperplastic/adenomatous polyp)
Between  4%  and  16%  of  sessile  serrated  polyps  will  exhibit  a 
focus  of  tubular  or  tubulovillous  adenomatous  change 
[59,245,278].  Such  polyps  have  been  termed  SSA/P  with  
dysplasia  or  mixed  hyperplastic/adenomatous  polyps.  There  
are  typically  discrete  areas  of  dysplastic  epithelial  elements 
mixed  with  serrated  crypts,  and  mounting  molecular  genetic 
evidence suggests that these polyps do not represent “collisions” 
of  independently  arising  adenomas  and  serrated  polyps,  
but  rather  their  biology  may  be  governed  by  a  “mixed  polyp 
pathway” and represent progression toward carcinoma. Mixed 
hyperplastic/adenomatous  polyps  frequently  display  loss  
of mismatch repair activity of MLH1 and microsatellite instabil-
ity  within  the  foci  of  dysplasia  but  not  in  the  nondys-
plastic  serrated components [285]. Precise distinction between 
sessile  serrated  polyps,  serrated  adenomas,  and  mixed  
hyperplastic/adenomas  has  been  hampered  by  ambiguity  
in nomenclature and previous studies that classify morphologi-
cally  distinct  subtypes  in  the  same  categories.  These  lesions  
are  generally  considered  to  be  high-grade  with  respect  to  the 
level of dysplasia.

Hamartomatous polyps
Hamartomatous polyps are disorganized tissue growths that are 
composed  of  the  cellular  elements  known  to  normally  reside 
within  that  tissue. They are generally considered to be benign 
and  only  rarely  associated  with  malignancy  when  they  occur 
sporadically.  Hamartomatous  polyps  are  less  common  than 

the  progression  from  GCHP  to  TSA  to  serrated  cancer  (see 
Section Traditional serrated adenoma) [281].

The recognition that SSA/Ps are premalignant lesions that can 
evolve to serrated adenocarcinomas has prompted more aggres-
sive  surveillance  recommendations  when  compared  to  other 
serrated lesions such as hyperplastic polyps. Specifically, current 
guidelines suggest follow-up intervals for colonoscopic surveil-
lance that are similar to those recommended for adenomatous 
polyps [249].

Traditional serrated adenoma
The  term  “traditional  serrated  adenoma”  (TSA)  is  used  to 
describe  adenomatous  polyps  with  a  hyperserrated  contour 
[282], and comprise less than 3% of all adenomas and 2%–7% 
of serrated polyps overall [245,278]. Histologically, TSAs exhibit 
elongated, plump villi and characteristically hyperproliferative 
and  budding  crypts  lined  by  overtly  dysplastic  epithelial  cells 
that become perpendicularly oriented to the villous axis [283] 
(Figure 77.4d). In contrast to SSA/Ps, TSAs have a predilection 
for distal colon and rectum.

Consistent with other types of serrated polyps, the majority 
of  TSAs  display  global  hypermethylation  characteristic  of  
CIMP.  TSAs  differ  from  conventional  adenomas  in  that  that 
they  infrequently  carry  APC  mutations,  but  tend  to  develop 
P53 mutations early, particularly if a BRAF mutation is present 
[284].  Compared  to  SSA/Ps,  TSAs  display  KRAS  mutations 
more  frequently  (27%  for  TSAs  vs  3%  for  SSA/Ps)  [276].  
Like  conventional  adenomatous  polyps,  TSAs  are  considered 
premalignant.

Figure 77.5 Serrated neoplasia pathway. The two primary routes to the development of a serrated cancer are illustrated. Both are CIMP-positive. One 
route is characterized by the acquisition of a BRAF mutation and high levels of microsatellite instability (MSI). An alternate route is characterized by 
the acquisition of a KRAS mutation and absence of MSI.
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juvenile  polyps  can  indicate  the  hereditary  juvenile  polyposis 
syndrome  (JPS).  JPS  is  caused  by  a  germline  mutation  in  the 
SMAD4  [289,290]  or  BMPR1A  tumor  suppressor  gene  and  is 
associated with a higher risk of colon cancer [291] (see Chapters 
47 and 79).

Peutz–Jeghers polyps
Histologically, the Peutz–Jeghers hamartoma displays a network 
of  well-developed  smooth  muscle  that  is  contiguous  with  the 
muscularis  mucosae  layer  and  projects  radially  toward  the 
surface of the polyp (Figure 77.6b). The prominent arborization 
of smooth muscle underlying the glandular epithelium distin-
guishes  Peutz–Jeghers  polyps  from  juvenile  polyps.  Peutz–
Jeghers  syndrome  is  a  rare  autosomal  dominant  disorder 
characterized  by  gastrointestinal  Peutz–Jeghers  polyps,  hyper-
pigmented macules on the lips, buccal mucosa, and extremities, 
and a high  risk of multiple  cancers  including colon,  stomach, 
pancreas, and breast [292,293] (see Chapters 47 and 79).

Miscellaneous polyps
Inflammatory/pseudopolyps
In  contrast  to  adenomatous  and  serrated  polyps,  which  result 
from specific genetic alterations, inflammatory polyps typically 
represent regenerative mucosal  tissue  in  the healing phases of 
ulcerative inflammation. Inflammatory polyps can be seen in a 
number of diverse inflammatory processes of the colon, includ-
ing  idiopathic  inflammatory bowel disease  (IBD, Crohn’s, and 
ulcerative colitis)  [294,295],  chronic  ischemia or  severe diver-
ticular  disease,  as  well  as  in  the  setting  of  infections  such  
as  amebiasis,  strongyloides,  schistosomiasis,  or  tuberculosis 
[296,297]. Residual  islands of  relatively normal,  intact colonic 
epithelium in an area of extensive surrounding mucosal ulcera-
tion  may  sometimes  take  on  the  appearance  of  a  polyp-like 
protrusion, and in this case the term pseudopolyp is used.

Cap  polyposis  is  another  rare  condition  characterized  by 
inflammatory polyps with elongated crypts, a mixed inflamma-
tory infiltrate in the lamina propria, and a surface cap of fibri-
nopurulent exudate [298]. Cap polyposis most often occurs in 
the rectum and is thought to be caused by mucosal prolapse.

Mucosal (prolapse) polyps
Occasionally,  the  colonic  submucosa  elevates  the  overlying 
normal tissue, and these lesions are biopsied or removed during 
colonoscopy. When the histological examination reveals normal 
colonic epithelium, such lesions are designated mucosal polyps, 
and are clinically insignificant.

Submucosal polyps

Submucosal polyps arise  from  the  lamina propria, muscularis 
mucosae, submucosa, or muscularis propria layers and cause an 
elevation  of  the  overlying  normal  mucosal  surface.  There  are 
multiple  types  of  submucosal  lesions  including:  lymphoid 

adenomatous or serrated polyps. Two of the commonly encoun-
tered types are juvenile and Peutz–Jeghers polyps.

Juvenile polyps
Juvenile polyps, also known as retention polyps, are more com-
monly encountered  in  infants and children, but have a preva-
lence of 0.15% in adults [286]. The majority are pedunculated 
lesions that are found predominantly in the rectosigmoid colon 
and  are  endoscopically  indistinguishable  from  adenomas. 
Histologically, this type of hamartomatous polyp is made up of 
cystically  dilated,  mucus-filled  glands,  with  bands  of  fibrous 
stroma and a prominent inflammatory cell infiltrate, edematous 
lamina propria, and a rich vascular network (Figure 77.6a).

Because juvenile polyps frequently have a stalk with a gener-
ous vascular  supply and  tend  to occur  in  the distal colon and 
rectum,  they  may  present  with  hematochezia  and  significant 
blood loss, prolapse,  torsion with hemorrhage,  infarction, and 
sloughing [286,287], and their removal is recommended. When 
solitary,  this  type of polyp carries no malignant potential  and 
there  is  no  increase  in  the  subsequent  risk  of  developing  or 
dying from CRC [288].

It has been suggested that juvenile polyps arise from a cycle 
of mucosal ulceration and reactive epithelial glandular changes. 
Mucosal  ulceration  or  inflammation  is  the  initiating  event, 
which  leads  to  blockage  of  colonic  glands,  proliferation  and 
cystic  dilation  of  obstructed  glands,  followed  by  formation  of 
granulation  tissue  and  stromal  proliferation  [287].  Epide-
miological  evidence  supports  the  hypothesis  that  juvenile 
polyps are acquired lesions, as they are almost never present in 
the  first  year  of  life  [287].  However,  the  presence  of  multiple 

Figure 77.6 Histological images of hamartomatous polyps. (a) Juvenile 
polyp. Note the prominent expansion of the lamina propria by 
inflammatory cells. (b) Peutz–Jeghers polyp. Note the prominent 
branching muscular layer underlying the glandular structure. Source: 
Courtesy of Lawrence R. Zukerberg, MD, Massachusetts General 
Hospital, Boston, MA, USA.

(a) (b)
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dilated, mucous-filled epithelial cysts arising from the muscu-
laris mucosae. There is no dysplasia present.

Pneumatosis cystoides coli
Pneumatosis  cystoides  coli  is  characterized  by  gas-filled  cysts 
within the submucosa that track along the contour of the bowel. 
Affected  individuals  are  usually  asymptomatic  and  there  is  a 
characteristic radiological and endoscopic appearance of intra-
mural air-filled pockets  that deflate when punctured or  fenes-
trated with a biopsy forceps. Pneumatosis has been described in 
association with chronic obstructive pulmonary disease (COPD) 
[309],  autoimmune  disorders  including  scleroderma  and 
Sjögren disease [310], as well as in case reports associated with 
acarbose  [311]  and  α-glucosidase  inhibitor  treatment  [312]. 
Treatment with supplemental oxygen therapy can result in reso-
lution of this condition [313,314].

Carcinoid tumors
Carcinoid tumors are slow-growing, well-differentiated tumors 
of enterochromaffin cells. Although they most commonly occur 
in  the  appendix,  ileum,  and  respiratory  tract,  carcinoids  can 
arise in any location in the gastrointestinal tract and are encoun-
tered rarely as small submucosal polyps in the colon and rectum 
[315]. The majority of colorectal carcinoids are incidentally dis-
covered during screening colonoscopy and not associated with 
the  carcinoid  syndrome  [316,317].  The  rectum  is  the  most 
common site of involvement in the colon, and the prevalence of 
rectal  carcinoids  in adults undergoing  screening endoscopy  is 
estimated to be 0.05%–0.07% [318]. The risk of malignancy is 
correlated with size, and lesions <1 cm are rarely malignant and 
can be easily resected endoscopically (see Chapter 68).

aggregates,  malignant  lymphoid  lesions,  lipomas,  carcinoids, 
metastatic  neoplasms  (melanoma),  fibromas,  neuromas,  neu-
rofibroma, ganglioneuroma, leiomyomas, granular cell tumors, 
hemangiomas,  endometriosis,  and  gastrointestinal  stromal 
tumor (GIST).

Lipomas
Lipomas are common, benign adipose tumors that can arise in 
any organ in the body, and the colon is the most common site 
for gastrointestinal lipomas. The vast majority of these tumors 
are located in the submucosa, although approximately 10% have 
a  subserosal  or  intramucosal  origin  [299].  The  incidence  of 
colonic  lipomas  in  healthy  adults  has  been  reported  to  be  as 
high as 4.4% [300]. Although the majority of colorectal lipomas 
are asymptomatic and discovered incidentally during screening 
examinations,  approximately  75%  of  patients  with  lipomas 
>4 cm can present with abdominal pain and change  in bowel 
pattern  [301,302],  and  large  lipomas  are  the  most  common 
colonic tumor associated with intussusception [303].

Colonic lipomas tend to occur more commonly in the right 
colon  [304],  and  they  display  a  characteristic  signal  intensity 
identical  to  that  of  the  subcutaneous  adipose  tissue  on  radio-
graphic imaging, which can aid in their diagnosis [305]. Removal 
of these lesions is usually not necessary (Figure 77.7).

Colitis cystica profunda
Colitis  cystica profunda  is  an uncommon  lesion  that  tends  to 
occur in the rectum in the setting of inflammatory colitis, rectal 
prolapse,  or  prior  surgery  [306–308].  The  lesion  takes  on  a 
sessile,  polypoid  appearance,  which  can  be  radiographically 
indistinguishable  from  multiple  polyps  or  carcinoma.  Histo-
logically, colitis cystica profunda is characterized by clusters of 

Figure 77.7 Lipoma. Gastrointestinal lipomas are composed of well-differentiated adipose tissue that originates in the submucosa. (a) Endoscopically, 
lipomas display a characteristic yellowish pale hue. (b) The classic “pillow sign” of a lipoma: the polyp is soft on probing with a blunt instrument. 
Courtesy of Peter B. Kelsey, MD, Massachusetts General Hospital, Boston, MA, USA.

(a) (b)
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Despite established screening strategies, colorectal cancer 
remains a common disease with significant morbidity and mor-
tality. Globally, colorectal cancer is the second most diagnosed 
cancer, with 1 million new cases worldwide each year [1]. In the 
United States, colorectal cancer is the third leading incident 
cancer in men and women, with 142 820 estimated new cases in 
2013 [2]. At current rates, approximately 5% of individuals will 
develop colorectal cancer within their lifetime [3]. Although 
colorectal cancer is the second leading cause of cancer death in 
the United States, accounting for an estimated 50 830 deaths in 
2013 [2], mortality rates have declined by 3% over the past 
decade [4]. Furthermore, survival rates for colorectal cancer 
continue to improve, with over 60% of treated patients surviving 
5 years [5]. These favorable trends parallel advances in our 
understanding of the molecular pathogenesis of colorectal 
cancer and are likely related to improved screening and surveil-
lance as well as therapeutic advances.

This chapter will review the most up to date information 
regarding colorectal cancer epidemiology, pathogenesis, clinical 
presentation and complications, and treatment modalities. 
Furthermore, data regarding chemoprevention will be dis-
cussed. Other malignant tumors of the colon, including lym-
phoma, Kaposi sarcoma, gastrointestinal stromal tumors, and 
neuroendocrine tumors, will also be reviewed. Although the 
molecular pathways that lead to colorectal cancer are reviewed 
in this chapter, the basic biology of gastrointestinal neoplasia is 

discussed in Chapter 31. In this chapter, hereditary colorectal 
cancer syndromes, including Lynch syndrome, are presented; a 
more detailed review of the polyposis syndromes are reviewed 
in Chapter 79. Finally, colorectal cancer screening and surveil-
lance is covered in Chapter 80.

Epidemiology

Multiple personal and lifestyle factors have been associated  
with colorectal cancer (Box 78.1). Advanced age is a risk factor 
for colorectal cancer. The likelihood of developing a neoplastic 
cell capable of progression to malignancy increases with time 
and duration of exposure to carcinogens. Accordingly, inci-
dence and death rates for colorectal cancer increase with age. 
Overall, 90% of new cases and 94% of deaths occur in individu-
als over the age of 50 [6]. This provides the rational for the 
initiation of screening at age 50 in average-risk individuals 
(refer to Chapter 80).

Additionally, colorectal cancer risk differs according to 
gender. Men are more likely to develop colorectal cancer than 
women similar in age [7]. A study revealed that the incidence 
of colorectal neoplasia observed in men at a specific age was 
found in women approximately 10 years later in life [8]. Because 
women tend to enjoy a longer life expectancy than men, the 
overall lifetime risk for colorectal cancer in women may be 
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lesions. Nonetheless, there is compelling evidence to suggest 
that the gradual shift favoring greater incidence in the proximal 
colon is not fully explained by changes in screening behavior.

Geographic variation
Colorectal cancer is a major public health problem throughout 
the world; however, incidence rates of colorectal cancer vary 
significantly by country. The majority of colorectal cancers con-
tinue to occur in industrialized countries, such as the United 
States, compared to lower incidence rates in developing coun-
tries [16]. Interestingly, the incidence rates are rapidly rising in 
less-developed nations as they increasingly adopt features of a 
Western lifestyle [17] (Figure 78.2).

Migration studies also demonstrate a higher lifetime inci-
dence of colorectal cancer among immigrants to high-incidence, 
industrialized countries compared to residents remaining in 
their native, low-incidence countries. For example, foreign-
born Chinese men living in the USA have about the same inci-
dence of colorectal cancer as US-born white men [18]. These 
data highlight the importance of environmental risk factors in 
the pathogenesis of colorectal cancer.

The epidemiology of rectal cancer does not exactly parallel 
that of colon cancer. Several countries, including Japan, have 
lower incidence rate ratios of colon to rectal cancer than the 
United States. This distinction may in part be related to differ-
ences in the underlying pathogenesis of tumors according to 
anatomic site. Similar to colon cancer, mortality from rectal 
cancer appears to be slowly declining [19,20].

Dietary patterns
Given the observed geographic variation in incidence rates of 
colorectal cancer, much attention has been directed toward 
assessing the potential role of diet in colorectal carcinogenesis. 
Emerging data suggest that a so-called Western diet, which 
consists of large amounts of red meat and highly refined carbo-
hydrates, increases the risk for colorectal cancer as compared to 
more “prudent” diets with only limited red meat and refined 
carbohydrates [21–24]. The potential anticancer benefit of 
“prudent” dietary patterns might be related to a reduction in 
insulin secretion and inflammation, although the exact mecha-
nism remains unclear [25].

In addition to overall dietary patterns, the contributions of 
specific food groups and nutrients in altering the risk for devel-
oping colorectal cancer have been investigated. These studies 
have improved our understanding of modifiable risk factors that 
might guide additional primary prevention strategies and 
further reduce the risk for cancer development.

Red meat
The influence of red meat (e.g., beef, pork, or lamb) has been 
examined in many epidemiological studies; the overwhelming 
majority associate an increase in colon cancer or adenoma risk 
with greater intake of red meat [26–43]. The mechanism for  
this association is unknown. However, certain data suggest  

similar to that of men. Additionally, colorectal cancer incidence 
in postmenopausal women approaches that of age-matched 
men, suggesting a possible protective benefit for sex hormones 
(see Section Sex hormones). Race also appears to influence 
colorectal cancer risk. African-Americans are at higher risk for 
colorectal cancer than Whites, with recent data revealing higher 
age-adjusted colorectal incidence rates for African-Americans 
than whites (48 per 100 000 and 39 per 100 000, respectively) 
[6]. This difference is not fully explained by access to screening, 
suggesting a possible unidentified biological mechanism [9].

Temporal trends
Before the 1900s, colorectal cancer was relatively uncommon in 
the USA. Its incidence rose dramatically during the 20th century 
in parallel with economic development, suggesting the potential 
importance of environmental exposures in influencing colorec-
tal carcinogenesis. More recently, incidence rates have declined 
2%–3% per year. Screening strategies aimed at removing pre-
cancerous lesions likely are contributing to this decline [10]. 
Many other western countries have seen stable or slightly 
increased rates during this period [11] (Figure 78.1).

Over time, there has also been a gradual shift toward greater 
incidence of proximal colon cancers. Incidence rates for cancers 
of the cecum and ascending colon have increased, while rates 
for cancers of the rectum have decreased [12–15]. In the US 
Caucasian population, the prevalence of cancer is highest in the 
cecum and ascending colon. This trend may in part reflect use 
of flexible sigmoidoscopy, as opposed to colonoscopy, for 
screening in certain patient populations, resulting in the detec-
tion and removal of more distal adenomas and precancerous 

Box 78.1 Personal and lifestyle factors associated with 
colorectal cancer.

Well-established risk factors

Increasing age
Consumption of red meat
Alcohol use (heavy)
Smoking
Obesity/overweight
Lack of physical activity
Personal history of inflammatory bowel disease
Personal history of hereditary colorectal cancer syndrome
Personal history of acromegaly
Family history of colorectal cancer or adenomatous polyps

Possible risk factors

Male sex
Calcium deficiency
Folate deficiency
Vitamin B-6 deficiency
Vitamin D deficiency
Lack of dietary fiber
Lack of dietary selenium



Figure 78.1 Trends in incidence of 
colorectal cancer in selected countries. (a) 
Age standardized rate per 100 000 men. (b) 
Age standardized rate per 100 000 women. 
Source: Ferlay et al. GLOBOCAN 2012 [1]. 
Reproduced with permission of the 
International Agency for Research on 
Cancer.
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the colon, has been shown to reduce intestinal tumor burden in 
animal models [56,57]. Accordingly, many studies have exam-
ined the effect of high fiber intake on colon cancer risk. Results 
from case–control studies, which have shown a marked benefit 
for fiber, have conflicted with the largely negative prospective 
studies [28,58–64]. The reasons for the apparent inconsistencies 
between the encouraging results from case–control studies and 
the largely null findings of cohort studies may be due to a greater 
tendency toward differential recall of diet in cases compared to 
controls. Furthermore, several randomized, placebo-controlled 
intervention trials have shown no benefit to fiber supplementa-
tion in decreasing the risk for recurrent adenomas [65–67]. A 
resistant starch preparation of fiber also was not effective in 
reducing the risk of colorectal cancer in a randomized control-
led trial of patients with the hereditary colon cancer syndrome 
known as Lynch syndrome [68]. Taken together, these data 
suggest that increasing fiber intake, including concentrated 
sources of particular types of fiber, is unlikely to prevent a sig-
nificant proportion of colorectal cancers.

Calcium and vitamin D
Large prospective studies have demonstrated an inverse associa-
tion between calcium intake and colorectal cancer risk. There 
are also data suggesting a protective benefit of calcium supple-
mentation in reducing the risk for recurrent adenomas [69–72]. 
The mechanism for this protective benefit has not been defini-
tively shown but some have attributed it to calcium’s ability to 
bind potentially toxic secondary bile acids and ionized fatty 
acids as well as its ability to protect colonic epithelial cells from 
uncontrolled, undifferentiated growth [73–75].

Vitamin D is increasingly being shown to have potent anti-
inflammatory properties. As more evidence accumulates for the 
role of inflammation in cancer development, vitamin D is 
gaining attention as a possible anticancer agent. Furthermore, 
vitamin D may have multiple other antineoplastic properties, 
including its ability to promote cell differentiation and apoptosis 
as well as inhibit cell proliferation and angiogenesis [75,76]. In 
a metaanalysis including 535 colorectal cancer cases, individu-
als with serum levels of 25(OH) ≥33 ng/mL (82 nmol/L) had a 
50% lower incidence of colorectal cancer than individuals with 
levels less than 12 ng/mL (30 nmol/L) [77]. However, the data 
on the effectiveness of combined vitamin D and calcium sup-
plementation for colorectal cancer prevention have been incon-
sistent. The Women’s Health Initiative (WHI), a randomized 
placebo-controlled trial of 400 IU vitamin D plus 1000 mg/day 
of calcium in 36 282 postmenopausal women, did not demon-
strate a protective benefit for supplementation [78]. However, 
these data must be interpreted with caution given the low dose 
of vitamin D used in the study, the high baseline calcium intake 
of the participants, and the short follow-up time.

B vitamins
Folate and vitamin B-6 play critical roles in the methylation  
of DNA, and it has been well accepted that abnormal DNA 

prolonged cooking of meat produces potentially mutagenic het-
erocyclic amines [33,37,44]. Indeed, several studies have associ-
ated higher levels of heterocyclic amines with increased cancer 
risk, and genetic polymorphisms that modulate metabolism of 
heterocyclic amines also appear to be linked with an increased 
risk of malignancy [45–50].

Fish
The increased risk for colorectal cancer derived from red meat 
does not appear to be related to protein intake, as alternative 
sources of animal protein have not been associated with 
increased colorectal cancer rates [27–29,51,52]. In fact, lower 
incidences of colorectal cancer have been described in geo-
graphic regions where marine fish is a major component of the 
diet. The mechanism of this association may be related to the 
high level of unsaturated fatty acids, including n-3 fatty acids, 
found in fish, which may counteract inflammation that pro-
motes colorectal carcinogenesis [53]. However, to date, clinical 
trials have not confirmed a role for n-3 fatty acid intake in 
reducing colorectal neoplasia [54].

Fiber
The potential anticarcinogenic properties of fiber have been well 
studied. Mechanistically, fiber has been shown to absorb fecal 
carcinogens, modulate colonic transit time, alter bile acid 
metabolism, and reduce colonic pH [55]. Starch, which is a form 
of fiber preferentially fermented into short-chain fatty acids in 

Figure 78.2 Geographic trends in colorectal cancer in incidence and 
mortality. Source: Ferlay et al. GLOBOCAN 2012 v1.0 [1]. Reproduced 
with permission of the International Agency for Research on Cancer.
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tive cohort studies, which included nearly 500 000 participants, 
yielded a colorectal cancer risk of 1.24 (95% confidence interval 
[CI] 1.07–1.42) for consumption of ≥30 g/day of alcohol (about 
two drinks per day) compared to low intake [104]. Emerging 
data suggest that alcohol is also more strongly associated with 
rectal than colon cancers and with microsatellite instability-low 
(MSI-L) compared with microsatellite instability-high (MSI-H) 
tumors [105]. Although the mechanism for this association is 
unclear, modulation of folate levels by alcohol likely plays a role. 
In fact, data have revealed folic acid fortification may mitigate 
increased risk for colorectal cancer associated with alcohol use 
[106].

Smoking
Tobacco releases a range of carcinogenic compounds, including 
polynuclear aromatic hydrocarbons, heterocyclic amines, nitro-
samines, and aromatic amines, that promote dysplasia through 
direct interaction with colonic epithelial cells. Accordingly, 
smoking has been associated with colorectal cancer develop-
ment. Studies of population-attributable risks in the USA have 
estimated that approximately 15%–20% of colorectal cancer can 
be attributed to smoking [107,108]. Patients with a smoking 
history have a 20% higher risk for colorectal cancer than for 
patients who have never smoked [109]. Studies also approxi-
mate a twofold increase in risk of being diagnosed with an 
adenoma and a higher risk of colorectal cancer mortality associ-
ated with current smoking. Interestingly, certain data also 
suggest a strong risk of colorectal cancer in past smokers, con-
sistent with the initiation of an irreversible early event, such as 
genetic damage. However, a more recent prospective study sug-
gests that past smokers who quit for at least 31 years no longer 
had an increased risk for colorectal cancer [110]. Based on this 
data, smoking cessation as a means to reduce the risk for color-
ectal cancer in addition to its other health benefits should be 
considered, especially in adolescents and young adults.

Body mass index
Clinical studies have consistently associated excess body weight 
(or body mass index [BMI]; kg/m2) with an increased risk of 
colorectal cancer. A metaanalysis found a 40% increased risk for 
colorectal cancer in patients who had a BMI greater than 30 
compared with individuals with a BMI of less than 23 [111]. A 
potential mechanism that underlies this association is hyperin-
sulinemia associated with obesity, which may promote colorec-
tal carcinogenesis [112].

Physical activity
An association between higher physical activity and lower 
colorectal cancer incidence has been shown consistently in mul-
tiple studies. A metaanalysis revealed physically active individu-
als had a 20%–30% lower risk of colorectal cancer compared to 
less active individuals [113]. The mechanism for this reduction 
is not clear but might involve reduction in obesity (see Section 
Body mass index). Interestingly, multiple lines of evidence 

methylation may lead to cancer. Accordingly, the relationship of 
folate and vitamin B-6 status to colorectal cancer risk has been 
investigated. Observational studies have suggested a protective 
benefit for folic acid against colorectal cancer [79], especially 
with p53-mutated cancers [80]. More recent, large prospective 
studies have further supported the inverse association between 
total folate and colorectal cancer risk [81,82]. The protection 
offered by folate repletion appears to be most pronounced in the 
early stages of cancer development (i.e., adenoma formation) 
and in those patients with a low baseline serum folate level 
[83,84]. These observations may explain the negative results 
obtained from several randomized controlled trials of folic acid 
supplementation [83,85,86]. These trials studied patients, a sig-
nificant percentage of which had normal baseline folate levels, 
with a prior history of adenomas. These characteristics may 
have attenuated the benefit of folic acid supplementation.

The data for vitamin B-6 are less robust. Most studies have 
associated higher intake of vitamin B-6 or higher levels of pyri-
doxal 5′-phosphate (PLP), the main circulating form of B-6, 
with a 30%–40% decrease in risk of colorectal cancer [87–92]. 
However, there are no interventional clinical studies to date 
examining whether vitamin B-6 reduces the incidence of color-
ectal cancer.

Selenium
Selenium is a trace element that has been investigated for cancer 
prevention, given its ability to limit free radical-induced DNA 
damage and oxidative stress [93]. Most studies have demon-
strated an inverse association between colorectal adenomas and 
selenium levels, with upwards of a 50% reduction in colorectal 
cancer incidence [94–100]. However, a randomized, placebo-
controlled trial of oral selenium (200 μg/day) and vitamin E 
(400 IU/day), given alone or in combination to men, did not 
find any reduction in risk in colorectal cancer [101]. Given these 
findings, the role of selenium supplementation in reducing the 
risk for colorectal cancer is uncertain.

Vitamins A, C, and E
Randomized, placebo-controlled trials of patients with prior 
adenoma have not demonstrated a benefit for β-carotene, a 
combination of vitamins C and E with β-carotene, or a diet 
supplemented with antioxidant rich fruits and vegetables in  
preventing recurrent adenomas [65,102,103]. Furthermore, a 
metaanalysis of randomized trials of antioxidant supplements, 
including vitamins A, C, and E, did not find that these nutrients 
reduced incidence of gastrointestinal cancers [94]. Thus, the use 
of antioxidant supplements, including vitamins A, C, and E, is 
not currently recommended as a means to reduce colorectal 
cancer risk.

Lifestyle factors
Alcohol intake
Multiple studies highlight alcohol use as a risk factor for color-
ectal cancer development. A pooled analysis of eight prospec-
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Medications
The effect of multiple medications on the risk for developing 
colorectal cancer has been examined. The strongest data asso-
ciating a decreased risk for colorectal cancer exists for aspirin 
and nonsteroidal antiinflammatory drugs (NSAIDs). These data 
convincingly reveal a strong protective benefit for aspirin use 
against colorectal cancer. This will be discussed in more detail 
in the Section Chemoprevention. Other potential agents associ-
ated with modifying colorectal cancer risk include statins [131–
135] and bisphosphonates [136–138], although data are limited.

Clinical conditions predisposing to  
colorectal cancer
Lynch syndrome (hereditary nonpolyposis  
colorectal cancer)
Lynch syndrome (Table 78.1) is the most common hereditary 
colon cancer syndrome, accounting for 3%–5%, or around 1 in 
20, of all colorectal cancers [139]. Management of cancers asso-
ciated with Lynch syndrome differs from sporadic tumors; 
therefore, appropriate recognition of these patients is critical.

Patients with Lynch syndrome are at a 60% increased risk for 
the development of colorectal cancer. Interestingly, men with 
Lynch syndrome have an increased risk for colorectal cancer 
compared to women with Lynch syndrome. In this dominantly 
inherited condition, patients can develop tumors at very young 
ages; however, the average age of diagnosis is in the early 60s. 
Some of the variability in age of presentation is likely explained 
by the specific gene mutated. Patients with mutations in the 
MLH1 gene develop tumors at a younger age than patients with 
mutations in MSH2 [140]. Lynch syndrome patients present 
with a variable number of adenomas, although usually fewer 
than 10. Most commonly, these adenomas occur in the right 
colon, tend to be flat, and are associated with rapid progression 
to dysplasia and cancer [141]. These patients have an extremely 
high likelihood of developing metachronous colorectal tumors, 
with mean annual cumulative rates reported to be 3%–5% [142]. 
Given this, a more extensive colonic resection for management 

support an association between increased physical activity and 
lower risk of colorectal cancer, even in the absence of significant 
weight loss, suggesting a protective mechanism independent of 
BMI reduction.

Sex hormones
Among women, the risk for colorectal cancer increases more 
steeply following menopause [114]. Mechanistic data show that 
estrogen, through alteration of bile acid composition and reduc-
tion in levels of mitogenic insulin-like growth factor-1, may 
have anticarcinogenic properties [115]. Indeed, most prospec-
tive studies show an inverse association between use of post-
menopausal hormones and risk of adenoma development and 
colorectal cancer [116–122]. Moreover, the ratio of serum levels 
of estradiol to testosterone is inversely associated with colorectal 
cancer risk in women, suggesting a possible protective effect for 
estrogen [123]. The Women’s Health Initiative trial of estrogen 
plus progestin demonstrated a 40% lower risk for colorectal 
cancer in the treatment group compared with the placebo group 
[124,125].

There are, however, conflicting data with respect to the type 
of hormone preparation (estrogen alone vs estrogen plus pro-
gestin) and association with colorectal cancer [126]. Additionally, 
certain data associate estrogen use with more advanced colon 
cancers [124]. These observations, combined with the other 
potentially harmful effects of hormone therapy (increased risk 
for breast cancer and cardiovascular disease), preclude a recom-
mendation for use of hormone therapy as a means to prevent 
colorectal cancer [127].

Testosterone has been shown to have proapoptotic properties 
and has been inversely associated with obesity [128,129]. Men 
with higher testosterone levels have been found to be at 
decreased risk for colorectal cancer and men treated with 
androgen deprivation therapy for prostate cancer have an 
increased risk for colorectal cancer [130]. Taken together, these 
data suggest a protective role for testosterone against colorectal 
cancer.

Table 78.1 Hereditary colorectal cancer syndromes.

Syndrome Pattern of 
inheritance

Lifetime risk of 
colorectal cancer

Median age of diagnosis 
of cancer (years)

Gene(s) implicated

Lynch Autosomal dominant 53%–69% Early 60s MSH2, MLH1, MSH6, 
PMS2, EpCAM

Familial adenomatous polyposis (FAP) Autosomal dominant 100% 40 APC

Attenuated FAP Autosomal dominant 69% 56 APC

MUTYH-associated polyposis Autosomal recessive 80% 50 MYH

Peutz–Jeghers Autosomal dominant 39% 45 LKB1/STK11

Juvenile polyposis Autosomal dominant 10%–38% 34 MADH4, BMPR1A, ENG

PTEN hamartoma (Cowden 
syndrome)

Autosomal dominant Modest Unclear PTEN
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guidelines survey for broader features in the clinical history, 
including colorectal cancer in young patients or strong familial 
clustering of colon cancer with or without other Lynch-
associated cancers. Consequently, the Bethesda guidelines are 
more sensitive, though less specific, than the traditional 
Amsterdam criteria in identifying patients with Lynch 
syndrome.

In addition to clinical criteria, genetic testing should be per-
formed as a means to secure the diagnosis of Lynch syndrome. 
Lynch syndrome is caused by a germline mutation in one of 
several genes involved in mismatch repair (MMR), including 
MSH2, MLH1, MSH6, PMS2, and EpCAM. MMR is the mecha-
nism by which errors occurring during normal cell division are 
corrected (see Section Pathogenesis). Errors in the MMR system 
can have deleterious effects. Interestingly, it is increasingly rec-
ognized that the specific gene mutated can predict the likeli-
hood of particular Lynch syndrome phenotypes (Table 78.2). 
For example, women with MSH6 mutations appear to be at 
particularly high risk of endometrial cancer compared to 
women with other mutations. Individuals with PMS2 mutations 
also appear to have somewhat lower risk of developing any 
Lynch-associated cancers compared to those with MLH1 muta-
tions. Accordingly, immunohistochemistry (IHC) of tumor 
samples using antibodies directed against the protein products 
of MMR genes can be used as a diagnostic tool for Lynch syn-
drome. Loss of immunoreactive MSH2 or MLH1, for example, 
strongly suggests Lynch syndrome [147]. Errors in MMR also 
occur in regions of repeats of nucleotides, termed microsatellite 

Figure 78.3 Sebaceous gland neoplasms in a patient with Muir–Torre 
syndrome. Muir–Torre syndrome is a rare variant of Lynch syndrome 
characterized by multiple sebaceous gland neoplasms in addition to the 
features of Lynch.

Box 78.2 Clinical guidelines for the diagnosis of Lynch syndrome.

Modified Amsterdam criteria

1. Three or more relatives with Lynch syndrome-associated tumors,a 
one of whom is a first-degree relative of the other two and in 
whom familial adenomatous polyposis has been excluded

2. Lynch syndrome-associated cancers involving at least two 
generations

3. One or more cancers diagnosed before the age of 50

Revised Bethesda guidelines

1. Colorectal cancer diagnosed prior to age 50
2. Presence of synchronous, metachronous Lynch-associated tumorsa

3. Colorectal cancer with MSI-H histologyb diagnosed in a patient 
who is less than 60 years of age

4. Colorectal cancer diagnosed in two or more first- or second-degree 
relatives with Lynch-related tumorsa

5. Colorectal cancer diagnosed in one or more first-degree relatives 
with a Lynch-associated tumor, with one of the cancers diagnosed 
prior to the age of 50

a Lynch-associated tumors: colorectal, endometrial, ovarian, urological, 
small bowel, brain, sebaceous gland adenomas, biliary tract.
b MSI-H histology is characterized by the presence of tumor infiltrating 
lymphocytes, Crohn’s-like reaction, mucinous or signet-cell 
differentiation, or a medullary growth pattern.of a Lynch-associated colorectal tumor compared to a sporadi-

cally occurring malignancy is likely indicated.
Lynch syndrome is associated with an increased risk for 

several extracolonic malignancies. Endometrial cancer is most 
common, occurring in 54% of women with Lynch syndrome. 
Women with Lynch are also at an increased risk for ovarian 
cancer. In both men and women, gastric cancer is also associ-
ated with Lynch syndrome. In fact, the first family to be identi-
fied with Lynch syndrome, “family G,” was noted to have an 
usually high number of endometrial and gastric cancers. 
Although absolute lifetime risk is relatively low compared to 
colon or endometrial cancer, individuals with Lynch syndrome 
have substantially higher risk for cancer of the pancreas, brain, 
kidney, and bile ducts compared to the general population. 
Emerging data suggest that the risk for breast cancer is also 
increased in patients with Lynch syndrome who have endome-
trial cancer [143,144]. Muir–Torre syndrome is a rare variant of 
Lynch syndrome characterized by multiple sebaceous gland 
neoplasms in addition to the features of Lynch syndrome 
(Figure 78.3). Importantly, these extracolonic tumors can 
precede the development of colonic adenomas [145].

The diagnosis of Lynch syndrome should be suspected clini-
cally and confirmed with a genetic test (see Chapter 47). The 
clinical diagnosis has been traditionally defined by the 
Amsterdam criteria. These criteria, revised in 1999, include: 
three relatives with Lynch-associated cancers, one of whom is a 
first-degree relative of the other; two successive generations 
involved; and one cancer diagnosed before age 50. This so-called 
“3-2-1” rule for identification of Lynch syndrome was found to 
have a disappointing low sensitivity [146]; therefore, the 
Bethesda guidelines were established to help identify patients 
who should be considered for genetic testing (Box 78.2). The 
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Given the emergence of molecular diagnostic techniques 
coupled with doubts regarding the sensitivity of clinical criteria 
for the diagnosis of Lynch syndrome, some leading authorities 
have advocated universal screening of all colorectal tumors for 
MMR mutations. Moreira and colleagues compared the per-
formance characteristics of the Bethesda guidelines with 
molecular-based tumor MMR testing of all colorectal cancer 
patients (universal screening). The investigators found that use 
of the revised Bethesda guidelines alone missed approximately 
12% of cancer cases due to Lynch syndrome. Furthermore, the 
use of a selective criteria (performing tumor MMR testing only 
on tumors diagnosed at 70 years or younger or fulfilling one 
criterion of the Bethesda guidelines) missed approximately 5% 
of cases [149]. These data, coupled with evidence suggesting 
universal screening will be cost effective, support the use of 
universal screening of patients with colorectal cancer to increase 
identification of individuals with Lynch syndrome [150]. The 
identification of patients with Lynch syndrome is critical for 
multiple reasons. First, recommendations for screening and 
surveillance for colorectal and other Lynch-associated cancers 
differ substantially among individual with Lynch compared to 
the general population. Second, the management of Lynch-
associated versus sporadic tumors (see Section Treatment) 
differs. Finally, identification of Lynch syndrome carriers has 
broad implications for testing, screening, and surveillance of 
family members [150].

Lynch syndrome patients require aggressive cancer surveil-
lance, given their increased risk for colonic and extracolonic 
tumors. Colonoscopy should be initiated in their early 20s or  

regions, resulting in microsatellite instability (MSI) (see Section 
Pathogenesis). This feature can be exploited for the diagnosis of 
Lynch syndrome by using polymerase chain reaction to test for 
alterations in repetitive sequences in the tumor tissue compared 
to the normal mucosa [148]. Tumors are classified as MSI-high 
if instability is seen at greater than 30% of five predetermined 
genetic loci, thus raising suspicion for Lynch syndrome. MSI-
high tumors have been associated with various histological sub-
types (Figure 78.4). The use of these molecular-based methods 
has greatly enhanced the ability to identify patients with Lynch 
syndrome.

Figure 78.4 Histological features associated 
with colorectal cancers with microsatellite 
instability: (a) medullary adenocarcinoma,  
(b) mucinous adenocarcinoma, (c) Crohn’s-
like reaction, (d) tumor-infiltrating 
lymphocytes. Source: Courtesy of Catherine 
Hagen, MD.

(a) (b)

(c) (d)

Table 78.2 Lynch-associated genes and lifetime risk for cancers of different 
organ sites.

Cancer Lifetime risk of cancer (%)

MSH6 MLH1 MSH2 PMS2

Colorectal 20–44 52–69 52–69 15–20

Endometriala 44–71 50–60 50–60 15

Ovariana 12 12

Urological 1–4 12–28

Small bowel 4 6

Gastric 6 2

Brain 1–2 2.5

a Denotes percentage amongst women only.
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gressive involvement of the distal to proximal colon over time. 
FAP patients inevitably develop colorectal adenocarcinoma, 
typically by age 40. This contrasts with sporadic colorectal 
cancers that are usually diagnosed after age 50 [154,155]. Small 
bowel adenomas, gastric fundic gland polyps, and cancers of the 
duodenum, ampulla, and periampullary region have been asso-
ciated with FAP [156–158]. FAP is also associated with several 
extraintestinal malignancies, including cancers of the thyroid, 
central nervous system (Turcot syndrome), and pancreas 
[159–161].

Attenuated FAP (AFAP) is inherited in an autosomal domi-
nant fashion, with affected individuals typically developing less 
than 100 polyps, which can sometimes pose a challenge in dis-
tinguishing these individuals from those who develop sporadic 
adenomas or cancer. Additionally, clinical presentation is often 
delayed into the sixth decade of life. The lifetime risk of develop-
ing colorectal cancer is estimated to be 69%, considerably lower 
than the nearly universal risk of cancer in individuals with FAP. 
Notably, AFAP individuals tend to develop cancers in the right 
colon. Although AFAP individuals are also at increased risk for 
upper gastrointestinal cancers, they are less likely to develop 
extraintestinal malignancies than individuals with FAP 
[162,163].

MUTYH-associated polyposis (MAP) is the first described 
colon cancer syndrome inherited in an autosomal recessive 
pattern. Although polyp number is highly variable, the vast 
majority of MAP patients develop between 10 and 100 polyps. 
As in AFAP, MAP patients, are usually diagnosed between 45 
and 55 years of age. The estimated lifetime risk for developing 
colon cancer is estimated to be 80% [164]. Extracolonic mani-
festations in FAP and AFAP patients have also been seen in 
MAP patients [165,166].

Hamartomatous polyposis syndromes
Peutz–Jeghers syndrome (PJS), juvenile polyposis syndrome 
(JPS), and PTEN hamartoma syndrome (PTHS) are the three 
major hamartomatous polyposis syndromes associated with 
colorectal cancer. Overall these syndromes are rare, accounting 
for less than 1% of colon cancers seen in the USA. The syn-
dromes are discussed in more detail in Chapter 79.

PJS is an extremely rare autosomal dominant condition 
linked to an alteration in STK11 located on chromosome 19. PJS 
patients typically develop characteristic pigmented mucocuta-
neous lesions in addition to gastrointestinal polyps. PJS signifi-
cantly increases individual predisposition to cancer, with a 93% 
lifetime risk for any malignancy. The most common cancers 
observed in PJS are colorectal, breast, small bowel, gastric, and 
pancreas [167]. The lifetime risk for colon cancer in patients 
with PJS is 39% [168], with a mean age of diagnosis of 45 years 
[168].

Isolated juvenile polyps, defined histologically by their char-
acteristic cystically dilated glands and inflammatory stroma, are 
not considered to be precancerous. However, the presence of 
multiple polyps in the colon, polyps in the gastrointestinal tract 

10 years prior to the youngest age at diagnosis of cancer in an 
affected family member (whichever occurred first) and per-
formed every 1–2 years thereafter. More aggressive colorectal 
cancer screening has been shown to decrease the colorectal 
cancer incidence and overall mortality in these patients [151]. 
Intensified screening for endometrial cancer with an annual 
transvaginal ultrasound and endometrial biopsy should also be 
considered, as should an annual urinalysis surveying for urothe-
lial cancer and skin examination for associated dermatological 
malignancies. Endoscopic surveillance of the upper gastrointes-
tinal tract should be considered although data are as yet insuf-
ficient to prove a benefit. Screening for pancreatic cancer is 
currently not recommended given the absence of screening 
modalities that are effective in reducing the risk of death from 
pancreatic cancer.

In addition to enhanced screening, multiple efforts to decrease 
the risk for adenomas and colorectal cancer in patients with 
Lynch syndrome have been investigated. Chemoprevention 
with agents such as aspirin appears effective based on the  
findings of randomized placebo-controlled trial (see Section 
Chemoprevention).

The surgical management of Lynch-associated colorectal 
cancer has been controversial, but the high rate of metachronous 
tumors seen in these patients favors more extensive operative 
treatment rather than a limited surgery. A study showed that 
total or subtotal colectomy with ileorectal anastomosis was 
more protective against further cancer development than seg-
mental colon resection. In fact, the authors reported a 31% risk 
reduction for colon cancer for every 10 cm of bowel removed 
[152]. Such results favor more aggressive surgery for treatment 
of Lynch-associated colorectal cancers compared to the more 
limited approach typically employed for sporadic tumors.

Patients with familial colorectal cancer syndrome type X 
fulfill the Amsterdam criteria for Lynch syndrome but molecu-
lar testing of their tumors does not identify defects in MMR. 
These patients are at an increased risk for colorectal cancer, 
albeit lower than Lynch syndrome patients, and do not appear 
to have a higher likelihood for developing extracolonic malig-
nancies [153]. Therefore, syndrome X appears distinct from 
Lynch syndrome even though its molecular pathogenesis is not 
currently understood.

Colonic adenomatous polyposis syndromes
The adenomatous polyposis syndromes include familial adeno-
matous polyposis (FAP), attenuated familial adenomatous poly-
posis (AFAP), and MUTYH-associated polyposis (MAP). These 
are genetic syndromes that markedly increase one’s risk for 
developing colorectal and other cancers. These syndromes are 
discussed in more detail in Chapters 47 and 79.

FAP is the most common polyposis syndrome, resulting from 
a mutation in the adenomatous polyposis coli (APC) gene on 
chromosome 5. This autosomal dominant syndrome leads to the 
development of thousands of polyps throughout the colon, with 
polyposis uniformly beginning in the rectum followed by pro-
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studies estimated the risk of colorectal cancer to be 1.7 times 
higher at 10 years for IBD patients compared to the general 
population [176]. In contrast to an earlier metaanalysis suggest-
ing a cumulative risk of colorectal cancer of 2% at 10 years, 8% 
at 20 years, and 18% at 30 years of disease [172], a more recent 
metaanalysis reported a cumulative risk of less than 1.0% at 10 
years, 0.4%–2% at 15 years, and 1.1%–5.3% at 20 years [177]. 
The observed decrease in colorectal cancer incidence in IBD 
patients may be due to improved control of inflammation with 
better therapeutics and institution of dysplasia surveillance pro-
grams [178,179]. Additionally, earlier studies reporting higher 
cancer risk were largely based on estimates from referral centers 
that likely were skewed towards a subpopulation of patients with 
more complicated disease.

Moreover, as data accumulates on colorectal cancer risk in 
the setting of IBD, it is becoming apparent that certain factors 
appear to be associated with greater risk of colorectal cancer, 
include male sex, earlier age of diagnosis, longer duration of 
disease, greater anatomic extent of colitis, presence of a family 
history of colorectal cancer, and the development of inflamma-
tory polyps [177,180,181]. Additionally, UC patients with coex-
istent primary sclerosing cholangitis (PSC) are more likely to 
develop colorectal cancer than patients with UC alone, even 
after liver transplantation. Further information regarding cancer 
risk in IBD can be found in Chapter 71.

Personal history of adenomatous polyps or cancer
Individuals with adenomatous polyps have an increased risk  
for the development of subsequent colorectal cancer. Specifically, 
over a 4-year period following polypectomy of an adenoma,  
1 in 10 patients will develop an advanced adenoma and 1 in  
150 patients will develop colorectal cancer [182]. Notably,  
larger adenomas (greater than 1 cm) and an increased adenoma 
number are more strongly associated with an increase in risk 
for colorectal cancer [183]. Therefore, patients with a history  
of adenomas, particular those with a high number or large 
adenomas, require more intensive surveillance for colorectal 
cancer than those without a history. Further information 
regarding the risk of cancer development from polyps can be 
found in Chapter 77.

Patients with a history of colorectal cancer are at increased 
risk for developing a second colon cancer (a so-called meta-
chronous tumor), often at sites distant from the initial lesion. 
An estimated 5% of patients will develop a second cancer after 
the removal of a primary tumor over a mean of 5–7 years [184]. 
Thus, patients with a prior history of colorectal cancer require 
more intensive endoscopic surveillance. However, the optimal 
interval for such surveillance is not clear, with expert panels 
recommending different surveillance intervals based on cancer 
stage. The National Comprehensive Cancer Network (NCCN) 
suggests performing a surveillance colonoscopy 1 year follow-
ing surgical resection for all colon cancer patients, assuming a 
preoperative colonoscopy was done. Further surveillance colon-
oscopies are performed at 3 years and then 5 years, unless 

outside of the colon, or polyps in a patient with a family history 
of JPS suggests a diagnosis of JPS. Although juvenile polyps are 
more common in childhood, JPS can occur at any age. JPS is 
associated with mutations in genes related to the TGF-β/SMAD 
signaling pathway. Patients with JPS have 10%–38% lifetime risk 
of colorectal cancer with a mean age of diagnosis of 34 years. 
These patients also have an increased risk for gastric and duo-
denal cancers [169].

The PTEN hamartoma syndromes (PTSH), which encompass 
Cowden syndrome, is a rare autosomal dominant disorder 
resulting from a mutation in the tumor suppressor gene PTEN 
on chromosome 10. PTSH patients are at particularly increased 
risk of developing cancers of the breast, thyroid, and uterus. 
PTSH patients also develop polyps throughout their gastrointes-
tinal tract. Most commonly these polyps are characterized his-
tologically as hamartomatous or juvenile polyps, although 
adenomatous and inflammatory polyps have been described. 
Nevertheless, an excess risk of colorectal cancer among patients 
with PTSH is not well described and appears to be modest [169].

Serrated polyposis syndrome
It is generally accepted that sporadic hyperplastic polyps, which 
tend to be small (less than 5 mm) and located in the distal 
sigmoid and rectum, harbor no malignant potential nor predict 
future neoplasia [169]. However, it is becoming apparent that 
patients with a large number of proximal or large hyperplastic 
polyps may be at increased risk for colorectal cancer. Serrated 
polyposis syndrome (SPS) is defined by the presence of either: 
(1) five or more hyperplastic polyps proximal to the sigmoid 
colon, two of which are greater than 1 cm; (2) the presence of a 
hyperplastic polyp proximal to the sigmoid colon in a patient 
with a family history of SPP; or (3) the presence of 20 or more 
hyperplastic polyps throughout the colon [169,170]. Frequently 
characterized by somatic activating BRAF mutations and less 
commonly KRAS mutations, these polyps may account for 
approximately 15%–25% of all colon cancers. The lifetime risk 
for colon cancer in this patient population is 36%, and first-
degree relatives of these patients have a fivefold elevated risk of 
colon cancer and a 30% chance of developing serrated polyps 
themselves.

Inflammatory bowel disease
Traditionally, ulcerative colitis (UC) and Crohn’s disease (CD) 
have been thought to markedly increase one’s risk for develop-
ing colorectal cancer. The initial literature investigating this 
association suggested at least a twofold relative risk of colorectal 
cancer [171], with absolute lifetime risk approaching 20% in 
individuals with long-standing inflammatory bowel disease 
(IBD) [172,173]. However, more recent data challenge the 
strength of this association. A population-based study from 
Denmark actually found no overall association between UC or 
CD and risk of colorectal cancer, whereas a study of an IBD 
population in California found a 1.6-fold higher relative risk 
[174,175]. A metaanalysis of nine population-based cohort 
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cancer development [195,196]. Although this initial model of a 
stepwise accumulation of genetic alterations does appear 
broadly correct, it has become apparent that the molecular 
pathogenesis of colorectal cancer is considerably more complex. 
For example, only a small percentage of colorectal cancers 
exhibit mutations in APC, KRAS, and TP53 [197]. In addition, 
although the hallmark of colorectal cancer pathogenesis is 
genomic instability, several lines of evidence have defined three 
separate molecular pathways by which cancers evolve [198]. 
Although cancers that emerge from each pathway are associated 
with distinct features, some tumors can harbor characteristics 
of multiple pathways [199].

Molecular pathways that lead to  
colorectal cancer
Multiple molecular pathways involved in colorectal cancer 
pathogenesis have been identified (Figure 78.5). The following 
discussion reviews the most commonly implicated and novel 
pathways associated with colorectal cancer.

Chromosomal instability pathway
Chromosomal instability (CIN) is the most common pathway 
associated with genomic instability in colorectal cancer, account-
ing for 65%–70% of cases of sporadic colorectal cancer. CIN 
refers to alterations of whole or large portions of chromosomes 
resulting in an aneuploidy, genomic amplifications, and a high 
frequency of loss of heterozygosity (LOH) [200,201]. Defects in 
chromosome segregation, DNA damage response, and telomere 
function likely play a role in CIN [201]. The CIN pathway is 
characterized by these karyotypic abnormalities together with 
mutations in specific oncogenes and tumor suppressor genes. 
Although the list of suspected genes continues to grow (see 
Section Other genes), the most commonly associated and well-
established genes are summarized below.

Adenomatous polyposis gene (APC) Germline mutations in the 
APC gene on chromosome 5 are implicated in the pathogenesis 
of FAP (see earlier) and up to 70% of sporadic adenomas and 
tumors of the colon exhibit APC mutations [202,203]. Its high 
prevalence in adenomas suggests its involvement at an early 
stage of cancer development. For this reason, the APC gene has 
been referred to as the gatekeeper gene for colorectal neoplasia. 
Mechanistically, the APC gene product plays a role in multiple 
steps involved in cell homeostasis. One critical role is its interac-
tion with glycogen synthase kinase-3β and β-catenin, both of 
which are essential components of the Wnt signaling pathway. 
The Wnt pathway is intimately involved in epithelial renewal. 
The APC gene product is able to downregulate the Wnt pathway 
through its interaction with glycogen synthase kinase-3β and 
β-catenin; a mutated APC gene product leads to unregulated 
β-catenin and promotion of tumor growth [204].

KRAS Mutations in the oncogenic KRAS gene have been 
reported in 30%–50% of colorectal cancers [205]. The KRAS 

follow-up colonoscopies reveal concerning findings, such as an 
advanced adenoma [185].

Family history of cancer or adenomas
An estimated 5% of US adults report having a first- or second-
degree relative with colorectal cancer [186]. The best available 
data suggest a twofold higher risk of developing colorectal 
cancer in patients who have a first-degree relative with colorec-
tal cancer [187,188]. Therefore, even in the absence of a known 
familial genetic colorectal cancer syndrome, a family history of 
colorectal cancer is a well-established risk factor for colorectal 
cancer development.

A family history of adenomas has traditionally been consid-
ered to indicate an increase in personal risk for colorectal 
cancer. However, a recent analysis highlights the limited litera-
ture that specifically addresses this question, identifying only 
two studies that investigated the risk for colorectal cancer in 
first-degree relatives of adenoma patients. Although these 
studies did show an increased risk for cancer development, 
methodological limitations restrict the generalizability of their 
findings [189]. Given this uncertainty, divergent recommenda-
tions exist regarding screening this population. The NCCN sug-
gests performing colonoscopy beginning at age 50 or at the age 
of adenoma diagnosis in the first-degree family member and 
every 10 years thereafter [185]. In contrast, the American 
Gastroenterology Association recommends colonoscopy at 40 
years or 10 years prior to the diagnosis of an adenoma in the 
first-degree relative (whichever is earlier) and 5 years thereafter 
[190]. The American College of Gastroenterology suggests 
increased surveillance in only those patients with a family 
history of an advanced adenoma (greater or equal to 1 cm in 
size, or with high-grade dysplasia or villous elements) diag-
nosed prior to the age of 60 and in those with two or more 
first-degree relatives with an advanced adenoma [191].

Acromegaly
Individuals with acromegaly have an estimated threefold higher 
risk for colon cancer [192]. The mechanism for this association 
is not well established, but may be due to increased levels of 
insulin-like growth factor, which can act as a mitogen. Based on 
these data, guidelines from the Acromegaly Consensus Group 
suggest increased endoscopic surveillance for colorectal cancer 
in patients with acromegaly [193].

Pathogenesis of colorectal cancer

The vast majority of colorectal cancers develop through a 
sequence of events that transform normal mucosa into an ade-
nomatous polyp and then cancer. In 1990, Fearon and Vogelstein 
[194] suggested that a mutation in a critical tumor suppressor 
gene, the adenomatous polyposis coli (APC) gene, initiated the 
formation of an adenoma, and, over time, mutations in other 
critical genes, such as KRAS and TP53, occurred that led to 
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heterozygosity of 18q. One such gene on 18q, the DCC (deleted 
in colorectal cancer) gene, is intimately involved in cell adhe-
sion, migration, and apoptosis [210,211]. Clinical data suggest 
that cancers with mutations in this gene exhibit a poorer 
prognosis.

Microsatellite instability pathway
Mismatch repair (MMR) is the mechanism by which errors 
occurring during normal cell division are corrected and defi-
ciencies in MMR can lead to the development of mutations that 
result in cancer. Cancers that develop through defects in MMR 
manifest a characteristic molecular signature known as micro-
satellite instability (MSI). Microsatellites are short repeated 
DNA sequences found throughout the genome that are particu-
larly prone to errors in base-pair matching. A high prevalence 
of such base-pair mismatches in microsatellites as a result of 
defective MMR leads to a state characterized as MSI. Defects in 
MMR and MSI are the hallmark of cancers that develop in 
patients with the Lynch syndrome.

The four most commonly mutated genes in Lynch syndrome, 
MSH2, MLH1, MSH6, and PMS2, are MMR genes that monitor 
for errors in repeats of certain nucleotides. The increased muta-
tion rate promotes carcinogenesis by altering nucleotide repeats 
in not only the DNA MMR genes themselves but also critical 
genes involved in controlling cell growth, cell cycle regulation, 
and apoptotic cell death. Beyond Lynch syndrome, 15%–20% of 
sporadic colorectal cancers also arise through the MSI pathway. 
However, in contrast to tumors in Lynch syndrome that  
arise from germline mutations in MMR genes, MMR-deficient 

gene product is involved in multiple homeostatic cellular pro-
cesses, such as growth, differentiation, apoptosis, and prolifera-
tion [201]. A mutation in the KRAS gene, which leads to a 
constitutively active gene product, promotes unregulated cell 
growth. Two important observations imply KRAS mutations are 
involved in the adenoma to cancer progression as opposed to 
the very early events in carcinogenesis. First, the overwhelming 
majority of hyperplastic crypt foci harbor a KRAS mutation 
[206,207]. Second, KRAS mutations have been observed in 
larger adenomas, suggesting this gene may be involved in the 
growth and progression of adenoma [196].

TP53 p53 mutations are known as one of the most penetrant 
tumor-promoting genetic alterations. p53 mutations are evident 
in approximately 50% of invasive adenomas and 50%–75% of 
colorectal cancers, suggesting involvement of this gene in the 
progression from adenoma to carcinoma [208]. As opposed to 
APC mutations, which are more commonly nonsense muta-
tions, p53 mutations tend to be missense [209]. Because p53 
encodes proteins that act as tumor suppressors, the relation 
between p53 and malignancy formation is not unexpected. 
Furthermore, p53 encodes proteins intricately involved in 
normal cell homeostasis, such as cell cycle regulation, immune 
response, angiogenesis, cell differentiation, and apoptosis [201].

DCC and SMAD genes Multiple tumor suppressor genes are 
located on the long arm of chromosome 18; therefore, loss of 
this critical genetic component can have profound effects. In 
fact, 50%–70% of all colorectal cancer tumors exhibit loss of 

Figure 78.5 Molecular pathways leading to colorectal cancer.
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iogenic factors [221]. Animal and human data further support 
the role for overexpression of COX-2 in colorectal cancer car-
cinogenesis, as COX-2 inhibition reduces the risk for adenoma 
and cancer formation (see Section Chemoprevention) [222]. 
Many, though not all, studies suggest that COX-2 overexpres-
sion is associated with somewhat worsened survival [223].

Recently, there has been identification of several additional 
other genes involved in the multiple pathways leading to color-
ectal cancer. For example, mutations in the oncogene BRAF, a 
downstream mediator of RAS, have been implicated in colorec-
tal carcinogenesis as well as other cancers, including melanoma. 
BRAF mutations appear to be specifically linked to the develop-
ment of sessile serrated adenomas and CIMP-high colorectal 
cancers (see Section CpG island methylator phenotype pathway). 
Mutations of BRAF (BRAF V600E) occur in 34%–70% of spo-
radic MSI-H colorectal cancers and 10% of unselected colorec-
tal cancers [224].

Epigenetics
The most widely accept model for genetic pathogenesis in 
cancer is the accumulation of mutations that alter protein amino 
acid sequence, resulting in perturbations in gene function. More 
recently, it has become apparent that gene function can also be 
altered through multiple pathways that do not involve changes 
in gene sequence. This discovery, referred to as epigenetic regu-
lation of gene function, has greatly enhanced our understanding 
of colorectal cancer pathogenesis.

For example, DNA methylation at promoter sites can lead to 
gene silencing by disrupting the interaction between these sites 
and transcription factors. DNA methylation of CpG sites of one 
of the two X chromosomes in female mammalian cells is a 
normal physiological process that leads to the formation of the 
Barr body [216]. However, hypermethylation of certain CpG 
sites in promoter sequences can lead to inactivation of tumor 
suppressor genes, as observed in colorectal cancers that arise 
through the CIMP pathway.

Histone modification and chromatin remodeling, which also 
influence gene activity, similarly appear to play a role in color-
ectal cancer development. For example, histone deacetylation 
and methylation of specific lysine and arginine residues can 
participate in the silencing of tumor suppressor genes. These 
histone-induced modifications are mediated through transcrip-
tional repressors known as polycomb group proteins, which 
have been specifically implicated in colon cancer pathogenesis 
[225]. Alterations in histone-modifying enzymes have been 
reported in a subset of colorectal cancers [216].

MicroRNAs (miRNAs) are noncoding RNAs that bind to  
messenger RNA and block their translation into functional pro-
teins. Several miRNAs have been described that have either 
tumor suppressor or oncogenic properties. Accordingly, altered 
expression of these miRNAs can impact many of the pathways 
involved in colorectal carcinogenesis. For example, miR-147 and 
miR-145, two miRNAs with known tumor-suppressive proper-
ties, have been shown to be significantly reduced in colorectal 

sporadic tumors typically develop as a result of hypermethyla-
tion of the promoter of the MLH1 gene [212,213]. Additional 
characteristic features that may differentiate MMR-deficient 
sporadic colorectal cancers from mismatch-repair deficient 
cancers in Lynch syndrome include a greater prevalence of addi-
tional epigenetic changes (see Section CpG island methylator 
phenotype), diploid tumors, mutations in BRAF, a tendency for 
clinical presentation at an older age, and generally more favo-
rable prognosis [214].

CpG island methylator phenotype pathway
Methylation of gene promoter regions can result in gene silenc-
ing and loss of function (see Section Epigenetics). Many genes 
involved in colorectal carcinogenesis, such as APC and MLH1, 
can be silenced through this mechanism, thereby promoting the 
development of colorectal cancer. CpG island methylator phe-
notype (CIMP)-positive tumors are those that exhibit hyper-
methylation at multiple CpG islands [215]. Certain markers 
have been developed to define tumors as CIMP-high [212]. It is 
now estimated that 15%–20% of sporadic colorectal cancers are 
CIMP-high. Notably, CIMP-high tumors are more commonly 
associated with MSI-high non-Lynch syndrome tumors. These 
tumors tend to be right-sided, poorly differentiated, and arise 
more frequently in elderly females. They are also more likely to 
be associated with activating mutations in the BRAF oncogene, 
whereas CIMP-low tumors are more likely to harbor KRAS 
mutations [216]. Sessile serrated adenomas, which commonly 
arise as flat lesions in the right colon, are believed to serve as 
the precursor lesion for the vast majority of these tumors [198].

Other genes and pathways
Several other genes and pathways have been implicated in the 
molecular pathogenesis of colorectal cancer. These alterations 
appear to occur at varying prevalence within the context of each 
of the three major pathways outlined above, highlighting the 
complexity of the pathogenesis of colorectal neoplasia as well as 
the molecular heterogeneity of the disease.

Transforming growth factor-beta (TGF-β) The TGF-β signaling 
pathway has been implicated in colorectal carcinogenesis 
[217,218] and mutations in genes that affect this pathway likely 
increase the risk for neoplasia. Two such genes, SMAD2 and 
SMAD4, are found on chromosome 18 and have been impli-
cated in colorectal cancer development. Additionally, mutations 
in the TGF-β receptor II gene are more prevalent in MSI-
positive tumors compared to MSI-negative tumors [219], sug-
gesting TGF-β receptor II is a target for mutation in colorectal 
cancer with MSI.

Cyclooxygenase-2 Cyclooxygenase-2 (COX-2) alteration has 
been implicated in nearly half of all adenomas and 86% of all 
colorectal cancers [220]. Overexpression of COX-2 increases the 
production of prostaglandin E2. This affects cell cycle homeos-
tasis in multiple ways, including induction of certain proang-
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single nucleotide polymorphisms (SNPs) across the entire 
genome are specifically tested for associations with colorectal 
cancer. Identification of these SNPs potentially can point to 
genes with a mechanistic importance in carcinogenesis and help 
direct future research.

Since 2007, GWAS have uncovered over 30 SNPs associated 
with a risk for colorectal cancer (Table 78.3). Among the most 
strongly associated SNPs associated with colorectal cancer are 
rs6983267 on chromosome 8q24 and rs4939827 on chromo-
some 18. Each of these SNPs appears to be proximate to genes 

tumors compared to normal colon [226]. A number of studies 
have since identified over 40 differentially expressed miRNAs in 
colorectal cancer [216]. The reason for this alteration in miRNA 
expression is unclear but may involve epigenetic mechanisms, 
such as hypermethylation and histone modifications.

Other novel pathways
Genome-wide association studies (GWAS) have provided 
further mechanistic insight into colon cancer pathogenesis. 
These studies used an unbiased approach in which variation in 

Table 78.3 Single nucleotide polymorphisms (SNPs) associated with colorectal cancer.

SNP Chromosome Associated gene(s) Associated risk estimate (95% confidence interval)

rs10911251 1 LAMC1 1.09 (1.06–1.13)

rs6687758 1 Unknown 1.09 (1.06–1.12)

rs6691170 1 Unknown 1.06 (1.03–1.09)

rs11903757 2 NAPB1 1.16 (1.10–1.22)

rs10936599 3 MYNN 0.93 (0.91–0.96)

rs647161 5 PITX1 1.11 (1.08–1.15)

rs1321311 6 Unknown 1.10 (1.07–1.13)

rs16892766 8 EIF3H 1.25 (1.19–1.32)

rs6983267 8 MYC 1.24 (1.17–1.33)

rs719725 9 TPD52L3BC031880/LOC3899 1.10 (1.05–1.15)

rs10795668 10 36 0.89 (0.86–0.91)

rs3802842 11 COLCA2 1.11 (1.08–1.15)

rs3824999 11 Unknown 1.08 (1.05–1.10)

rs10774214 12 CCND2 1.09 (1.06–1.13)

rs11169552 12 ATF1 0.92 (0.90–0.95)

rs3217810 12 CCND2 1.20 (1.12–1.28)

rs3217901 12 CCND2 1.10 (1.06–1.14)

rs59336 12 TBox3 1.09 (1.06–1.13)

rs7136702 12 MED13L 1.06 (1.04–1.08)

rs1957636 14 BMP4 1.08 (1.06–1.11)

rs4444235 14 BMP4 1.09 (1.06–1.12)

rs11632715 15 CRAC1/HMPS/GREM1 1.12 (1.08–1.16)

rs16969681 15 CRAC1/HMPS/GREM1 1.18 (1.11–1.25)

rs4779584 15 CRAC1/HMPS/GREM1 1.23 (1.14–1.34)

rs9929218 16 CDH1 0.91 (0.89–0.94)

rs4939827 18 SMAD7 0.85 (0.80–0.91)

rs10411210 19 RHPN2 0.87 (0.83–0.91)

rs2423279 20 TBX3/HAO1/PLCB1 1.10 (1.06–1.14)

rs4813802 20 BMP2 1.09 (1.06–1.12)

rs4925386 20 LAMA5 0.93 (0.91–0.95)

rs961253 20 BMP2 1.11 (1.09–1.15)

rs5934683 X SHROOM2 1.07 (1.04–1.10)
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cancer patients compared with healthy controls [247]. More 
recent data demonstrate upregulation of Fusobacteria in adeno-
mas and colorectal tumors compared to normal tissue controls 
[248,249].

The mechanisms through which changes in the microbiome 
promote colorectal cancer are not clear but may include microbe-
induced inflammation (Figure 78.6). Enhanced microbe or 
microbial-product translocation into tumor tissue may drive 
production of inflammatory cytokines, such as IL-23, that 
promote cancer progression [250]. Microbe-induced production 
of CCL5 promotes IL-6 production, epithelial cell proliferation, 
and possibly carcinogenesis [251]. More recent data examining 
the role of Fusobacterium nucleatum in an animal model of 
colorectal cancer suggest that a component of the microbe 
induces an inflammatory and oncogenic response by binding to 
E-cadherin and activating β-catenin signaling [252].

Clinical manifestations and natural history

Clinical symptoms and signs associated with 
colorectal cancer
Symptoms from colorectal cancer occur when the cancer has 
progressed to an advanced stage and result from tumor out-
growth into the bowel lumen, invasion into adjacent structures, 
or metastases to other organs. Accordingly, data suggest patients 
presenting with symptomatic colorectal cancer are less likely  
to have a favorable outcome compared to asymptomatic  
patients diagnosed during routine screening procedures [253]. 
Paradoxically, delay in diagnosis of symptomatic patients may 
not strongly affect prognosis [254–257].

Rectal bleeding occurs in most patients with colorectal 
cancer. Overt bleeding is more frequent in patients with distal 
cancers, whereas occult bleeding, possibly with subsequent 
anemia-related symptoms (shortness of breath, fatigue, palpita-
tions, and weakness) is more likely with cecal and ascending 
colonic tumors. This occult nature of the blood reflects degrada-
tion as it transits through the colon and mixes with stool, as 
right-sided colonic tumors actually tend to result in overall 
more blood loss than distal tumors [258].

The distal colon has a narrower diameter than the proximal 
colon; as a result tumor-related luminal obstruction is more 
common with rectosigmoid tumors than cecal tumors. 
Colorectal cancer patients with partial obstruction typically 
present with abdominal pain, distention, and constipation. 
These patients can also present with diarrhea as only loose or 
liquid stool is able to bypass an area of partial obstruction. 
Accordingly, a change in bowel habits should raise concern for 
the possibility of underlying malignancy. Colorectal cancer 
rarely causes complete luminal obstruction and perforation; 
however, this can occur if the tumor grows to a sufficient size 
or leads to intussusception or volvulus. If the obstruction is 
complete, symptoms include severe abdominal pain, nausea and 
emesis, and possibly fever.

that have putative functions relevant to colorectal carcinogen-
esis. The 8q24 SNP appears to affect binding of the TCF7L2 
transcriptional effector of Wnt signaling whereas rs4939827 
may be associated with the transforming growth factor-β path-
ways [227–237]. A proportion of these SNPs also appear to 
serve as markers for variation in genes that have not previously 
been implicated in colon carcinogenesis. For example, a large 
GWAS identified an SNP on chromosome 2q32.3 near the 
nucleic acid binding protein 1 (NABP1) gene [238]. This gene 
encodes a single-strand DNA protein, a family of proteins that 
have been shown to be critical in cell homeostasis; disruptions 
of this protein may increase genomic instability and contribute 
to cancer pathogenesis.

Finally, integrative analysis of genomic DNA from colorectal 
tumors has also identified novel genes and pathways that may 
be associated with colorectal carcinogenesis. Specifically, recur-
rent mutations in FAM123B, ARID1A, and SOX9 appear to be 
present in the vast majority of colorectal cancers [239]. FAM123B 
is a negative regulator of the Wnt signaling pathway [240]. 
ARID1A is a tumor-suppressor gene that has been implicated in 
certain gynecological malignancies and is involved in MYC 
transcription [241]. The SOX9 gene, which has not been previ-
ously implicated in any cancer, is critical for cell differentiation, 
and its protein product assists in β-catenin degradation; there-
fore, its involvement in carcinogenesis is likely mediated through 
the Wnt signaling pathway [242].

Inflammation and colorectal cancer development
Multiple lines of evidence implicate chronic inflammation in 
the pathogenesis of colorectal cancer. First, patients with inflam-
matory bowel disease with long-standing inflammation of the 
colon are probably more likely to develop colorectal cancer (see 
Section Inflammatory bowel disease in Clinical conditions pre-
disposing to colorectal cancer). Second, some data have associ-
ated elevated plasma levels of certain inflammatory markers 
with an increased risk for colorectal cancer development 
[243,244]. Last, intake of antiinflammatory medications, such 
as NSAIDs and aspirin, are consistently associated with a lower 
risk for colorectal cancer (see Section Chemoprevention).

Mechanisms by which inflammation can lead to carcinogen-
esis include induction of vascular remodeling and angiogenesis, 
inhibition of apoptosis, stimulation of epithelial proliferation, 
and promotion of epigenetic modifications of tumor suppressor 
genes [245]. More recent data also implicate inflammatory-
driven changes in the intestinal microbiota in the colorectal 
cancer pathogenesis (see Section Microbiome) [246].

Microbiome
There is rapidly increasing evidence that intestinal microbial 
content, or the gut microbiome, plays a role in colorectal car-
cinogenesis. A few studies have observed changes in intestinal 
microbial content in colorectal cancer patients compared to 
healthy controls. For example, one study found an increased 
proportion of Bacteroides and Prevotella species in colorectal 
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shortness of breath and hemoptysis. Central nervous system 
metastases can lead to focal neurological defects; bone metas-
tases commonly lead to pain and symptoms associated with 
hypercalcemia. Occasionally, unexplained fevers in the absence 
of concurrent gastrointestinal symptoms occur in patients with 
colorectal cancer [261].

Colorectal cancer can be manifest by a number of findings 
on physical examination. Digital rectal examination can identify 
overt and occult intestinal blood loss, and palpation of a rectal 
mass suggests rectal cancer. Less commonly, Blumer shelf, a 
firm mass or shelf-like structure caused by perirectal extension 
of the primary tumor, can be detected anteriorly on digital rectal 
examination [262]. Findings associated with advanced iron-
deficiency anemia, such as cheilosis (fissures at the corners of 
the mouth) and koilonychia (spooning of the fingernails), in 
addition to the more common manifestation of pallor, can be 
seen in patients with colorectal cancer. Less commonly, a pal-
pable abdominal mass, hepatomegaly from liver metastasis, and 
temporal wasting from cancer-related cachexia will be present. 
Signs typically associated with metastatic gastric cancer can be 
present in advanced colorectal cancer, including the periumbili-
cal Sister Mary Joseph node and Virchow node in the left supra-
clavicular space [262].

Concomitant iron-deficiency anemia from tumor bleeding  
is common in colorectal cancer patients. Its presence, in  
the appropriate clinical setting, should raise the suspicion for 

Unintentional weight loss is reported in as many as half of 
patients presenting with colorectal cancer [259]. This may be 
related to abdominal symptoms that decrease appetite or make 
it more difficult to eat. Additionally, more advanced malignan-
cies can lead to cancer cachexia, a syndrome characterized by 
weight loss, decreased muscle mass, and anorexia. Cancer 
cachexia is characterized by loss of both adipose tissue and 
skeletal muscle, distinct from the loss of primarily adipose tissue 
observed in noncancer-related weight loss. The mechanism for 
cancer-related cachexia is unclear but likely involves interac-
tions between the tumor, host metabolism, and proinflamma-
tory responses including especially tumor necrosis factor [260].

Penetrating and more advanced rectal cancer leads to a dis-
tinct constellation of symptoms that usually portend a poorer 
prognosis. Rectal tumors can cause tenesmus if confined to 
muscularis propria. If more advanced, rectal tumors can pene-
trate the bladder, leading to pneumaturia or urinary obstruction, 
or adjacent pelvic organs, resulting in perineal or sacral pain.

Symptoms related to tumor metastasis depend on the loca-
tion of tumor spread. The colonic venous system drains via the 
portal vein into the hepatic circulation; therefore, hepatic 
metastasis is common in colon cancers. Accordingly, right 
upper quadrant pain and jaundice can be seen in patients with 
hepatic metastases, usually when extensive. The rectal venous 
system, however, drains via the inferior vena cava into the pul-
monary system. Thus, metastatic rectal cancer can present with 

Figure 78.6 The role of the microbiome in the pathogenesis of colorectal cancer. Emerging data have implicated changes in the microbiome in 
colorectal carcinogenesis. Although the mechanism remains uncertain, it is suggested that the microbiome induces an inflammatory and oncogenic 
response thereby increasing the host’s susceptibility to cancer. ROS: reactive oxygen species. Source: Plottel and Blaser 2011 [483]. Reproduced with 
permission of Elsevier.
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Adenocarcinomas arise from colonic epithelial cells and are 
characterized by glandular formation. These glands produce 
mucin, which can be identified microscopically with the 
Periodic acid–Schiff stain. Tumor grading is based upon the 
degree of glandular formation. In well-differentiated tumors, 
more than 95% of the tumor has glands, whereas in poorly dif-
ferentiated tumors, less than 50% of the tumor is comprised of 
glands. Poorly differentiated tumors account for 20% of color-
ectal cancers and typically portend a worse prognosis, inde-
pendent of tumor stage.

Additional histological subtypes of colorectal carcinomas 
have been described. Tumors with high extracellular mucin 
content (greater than 50% of the tumor volume) are termed 
mucinous adenocarcinomas. The prognosis of mucinous adeno-
carcinomas compared to standard adenocarcinomas is not clear 
but likely depends upon other factors, such as the degree of 
microsatellite stability [264,265]. Signet ring cell adenocarci-
noma refers to a tumor with high intracellular mucin content 
(greater than 50% of the tumor volume), displacing the nucleus 
to the periphery (Figure 78.8). These tumors confer a worse 
prognosis than other histological variants of adenocarcinoma 
[266,267]. The World Health Organization also categorizes less 
common histological subtypes, including squamous cell (epi-
dermoid), adenosquamous, small-cell, medullary, and undif-
ferentiated carcinoma.

Natural history of colorectal cancer
Colorectal cancer arises from mucosal polyps or areas of flat 
dysplasia. The “dwell time,” which characterizes progression 
from adenoma to cancer, is variable, and depends on the type 
and size of the polyp in addition to environmental and genetic 
factors. Nonetheless, this progression likely takes years. A ret-
rospective review, which followed patients with polyps greater 
than 1 cm, found the cumulative risk of cancer at the polyp site 
to be 2.5% at 5 years, 8% at 10 years, and 24% at 20 years [268]. 
In contrast, endoscopic surveillance of over 215 polyps (both 
adenomas and hyperplastic polyps) less than 5 mm revealed no 
significant growth or progression to dysplasia or carcinoma over 

colorectal cancer. Even so, in the majority of individuals affected 
with iron-deficiency anemia the condition is unrelated to color-
ectal cancer. Electrolyte abnormalities, such as hypokalemia, are 
seen in patients with profound diarrhea and/or emesis uncom-
monly associated with colorectal cancer. Hypoalbuminemia, 
related to poor nutritional status, can also be present. Abnormal 
liver biochemical tests, both hepatocellular and cholestatic in 
pattern, suggest potential liver metastasis.

Overall, the presence of these clinical symptoms and signs 
has low sensitivity and specificity for the diagnosis of colorectal 
cancer. A metaanalysis of 15 studies encompassing nearly 20 000 
patients observed that the presence of alarm symptoms (rectal 
bleeding, weight loss, abdominal mass, anemia, change in bowel 
habits, diarrhea) were associated with a low sensitivity (5%–
64%) for colorectal cancer diagnosis. Interestingly, dark red 
rectal bleeding and the presence of an abdominal mass on clini-
cal examination had high specificity [263].

Gross pathology
The gross pathological appearance of colorectal cancer can be 
quite variable, with some tumors forming large, ulcerated masses 
while others are more subtle and can be relatively inconspicuous 
compared to surrounding flat mucosa (Figure 78.7). Tumors of 
the cecum and ascending colon tend to be larger and prone to 
necrosis and ulceration as a result of outgrowing their blood 
supply. In contrast, distal tumors are more likely to result in 
obstruction and when concentric form a characteristic apple-
core lesion, as originally defined by appearance on barium enema 
examination. This is especially true in the sigmoid colon, which 
has the narrowest diameter in the colon. Historically, distal 
colorectal cancers have been more common than proximal 
tumors; however, the incidence rates for cancers of the cecum 
and ascending colon have increased while rates for cancers of the 
rectum have decreased (see Section Temporal trends).

Microscopic pathology
Adenocarcinomas are the most common histological type of 
colorectal tumors, accounting for 90%–95% of all tumors. 

Figure 78.7 Endoscopic images of colorectal cancer: (a) a polypoid, nonobstructing rectal adenocarcinoma, (b) a frond-like/villous nonobstructing and 
friable adenocarcinoma of the sigmoid colon, (c) an ulcerating and nodular adenocarcinoma that carpets the mucosa of the cecum.

(a) (b) (c)
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Prognostic features associated with  
colorectal cancer
Stage at the time of diagnosis is the most well-established prog-
nostic characteristic feature of the disease (Table 78.4). The first 
staging system, developed by Cuthbert Dukes in 1929, classified 
rectal tumors as either limited to the bowel wall (Dukes A), 
extending through the bowel wall (Dukes B), or involving 
regional lymph nodes, (Dukes C). This staging system was later 
adapted to colon as well as rectal tumors and was expanded to 
include cancers associated with distant metastases (Dukes D). 
This staging system has been largely superseded by the more 
refined tumor–node–metastasis (TNM) system developed by 
the American Joint Committee on Cancer (AJCC).

a 2-year period [269]. A more detailed discussion of the natural 
history of polyps can be found in Chapter 77.

Colon cancer progresses from carcinoma in situ (cancer 
restricted to the mucosa) to invasion into the muscularis 
propria, regional lymph nodes, and finally distant lymph nodes. 
This pattern of progression forms the basis for colorectal cancer 
staging systems (see Section Staging for colorectal cancer). 
Colorectal cancer also spreads via the blood supply, by direct 
invasion, or through the peritoneum. The lymphatic drainage 
system parallels the vascular system; therefore, colon cancer is 
most likely to metastasize to the liver via the portal system. 
Given the dual venous drainage of the rectum, rectal cancer can 
also metastasize to the pulmonary system via the inferior vena 
cava. Rectal cancer is also more likely to spread by infiltrating 
adjacent organs.

The natural history of colorectal cancer is more difficult to 
study. Most patients initiate treatment when diagnosed, and 
those who opt to forego treatment rarely are followed prospec-
tively. One study that retrospectively reviewed radiological data 
from patients with early colorectal cancer found shorter dou-
bling times for cancers involving the submucosa versus the 
mucosa (25.8 vs 31.2 months). The most rapid doubling times 
were for more advanced tumors, regardless of morphology 
(nonpolypoid vs polypoid) [270]. A case report of a patient with 
an untreated sigmoid cancer who underwent prospective endo-
scopic surveillance reported morphological change during the 
first 4 months of observation (flat to sessile) with subsequent 
ulceration and accelerated growth [271].

Figure 78.8 Histological subtypes of 
colorectal adenocarcinoma: (a) well-
differentiated adenocarcinoma, (b) poorly 
differentiated adenocarcinoma, (c) 
mucinous adenocarcinoma, (d) signet ring 
cell adenocarcinoma. Source: Courtesy of 
Catherine Hagen, MD.

(a) (b)

(c) (d)

Table 78.4 Prognostic features associated with poor outcome in colorectal 
cancer patients.

Factor Prognosis

Microsatellite instability high (MSI-H) Favorable

Advanced stage Not favorable

Histological grade (poorly differentiated) Not favorable

KRAS mutation Not favorable

BRAF mutation Not favorable

Serum CEA level (greater than 5.0 ng/mL) Not favorable
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showing a substantially diminished overall survival for the BRAF-
mutated versus BRAF wild-type patients [280].

GWAS have also provided further prognostic insight in color-
ectal cancer. A study examining the relationship between previ-
ously identified colorectal cancer-associated single nucleotide 
polymorphisms (SNPs) and survival after colon cancer diagno-
sis found the SNP rs4939827 to be associated with reduced 
overall survival [281]. Interestingly, this SNP is associated  
with SMAD7 and the TGF-β pathway and has previously been 
shown to decrease the risk for developing colorectal cancer.  
The seemingly opposing characteristics of this SNP in disease 
incidence compared with progression may be a reflection of  
the complexity of the role of the TGF-β pathway in colorectal 
carcinogenesis.

The influence of epigenetic changes on colorectal cancer 
prognosis has also been examined. Overexpression of some 
histone-modifying molecules, especially p300, has been associ-
ated with a worse prognosis [282]. Further, expression levels of 
certain microRNAs (miRNAs) may provide prognostic insight 
[283–285]. Increased miR-21 in serum of colorectal cancer 
patients and colorectal tumor tissues were associated with 
tumor size, distant metastasis, and poor survival [286].

Data suggest MMR and MSI status also affect prognosis of 
colorectal cancer patients. MSI-high tumors are associated with 
longer survival and a lower likelihood for metastases than 
MSI-low or MSS tumors. This stage-dependent correlation 
applies to both Lynch syndrome-associated and sporadic tumors 
[287–289]. The presence of a BRAF mutation helps differentiate 
between sporadic MSI tumors that arise from promoter hyper-
methylation of MMR genes and Lynch-associated tumors 
caused by germline mutations in MMR. Interestingly, KRAS and 
BRAF mutations appear to be mutually exclusive [290]. As dis-
cussed above, BRAF and KRAS mutations are associated with a 
poorer prognosis in MSS tumors.

Tumor grade also predicts mortality in patients with colorec-
tal cancer, independent of tumor stage. Poorly differentiated 
tumors with gland formation less than 50% of its volume carry 
a worse prognosis than well-differentiated tumors. Patients with 
signet-ring cell adenocarcinomas also have a poorer prognosis 
compared to those with other histological forms.

The prognostic significance of several other variables has 
been documented. Venous, lymphatic, and perineural invasion 
by colorectal cancer [291,292], tumor DNA aneuploidy includ-
ing chromosome 18q allele loss [293,294], and peritumoral 
inflammation [295–297] likely affect the prognosis of colorectal 
cancer patients. Certain clinical characteristics, such as bowel 
obstruction or perforation related to cancer, also portend wors-
ened prognosis. Although measurement of circulating carci-
noembryonic antigen (CEA) levels is not recommended for 
diagnostic purposes, preoperative CEA concentrations of 
greater than 5.0 ng/mL predicts a worse prognosis, independent 
of tumor stage [298,299]. Persistent elevation of CEA following 
resection likely indicates occult disease and is associated with 
poorer survival.

The TNM system uses both clinical and histopathological 
data to stage colorectal cancers. Histological determination of 
tumor invasion (T) is based upon pathological analysis of surgi-
cally resected specimens and is classified as Tis (confined to the 
mucosa), T1 (submucosal invasion), T2 (muscularis propria 
invasion), T3 (invasion through the muscularis propria into 
pericolorectal tissues), or T4 (invasion into the peritoneum or 
adjacent organs). Nodal involvement (N) is stratified based 
upon the number of regional lymph nodes involved. N0, N1, 
and N2 denote involvement of no lymph nodes, one to three 
lymph nodes, and four or greater lymph nodes, respectively. In 
order to determine the correct N stage, inspection of at least 12 
lymph nodes is preferred, as data suggest improved patient sur-
vival depends on the number of nodes examined [272]. 
Metastasis (M) is defined by the presence of extraregional 
lymph nodes or involvement of distant organs. M0 denotes no 
metastases, while M1 refers to evidence for distant metastases. 
Clinical and radiographic data also play a role in defining 
metastasis. Serological testing may reveal abnormal liver bio-
chemical tests related to hepatic metastasis. Abdominal and 
chest imaging with CT scan and possibly other modalities 
should be obtained to evaluate for distant metastasis. Liver MRI 
has been shown to have greater accuracy for diagnosing hepatic 
metastasis than CT, suggesting its possible use as a first-line 
imaging modality [273].

Each component of the TNM system provides prognostic 
value. However, overall TNM staging provides the most accu-
rate prognostic value for colorectal cancer. Patient prognosis is 
progressively worse in the five TNM stages (0 through IV), and 
detection of tumors at an earlier stage significantly improves 
5-year morbidity and mortality.

The most recent AJCC staging guidelines (7th edition) have 
further refined staging as follows: (1) T4 lesions are subdivided 
into T4a (tumor perforates the visceral peritoneum) and T4b 
(direct invasion or adherence to other organs and/or struc-
tures); (2) stage II lesions are subdivided into IIA (T3N0), IIB 
(T4aN0), and IIC (T4bN0); (3) the number of involved nodes 
is subdivided into N1 (one to three nodes) and N2 (greater than 
three nodes); (4) N1c disease is redefined as T1 and T2 lesions 
that lack regional lymph node metastasis but have tumor 
deposit(s); (5) stage III disease is subdivided based upon prog-
nostic stratification; and (6) M1 is subdivided into M1a for 
single metastatic site and M1b for multiple metastatic sites 
[274]. These changes provide improved prognostic capability 
compared to previous guidelines [275].

Molecular genetic testing has also provided valuable insight 
into the prognosis of certain colorectal cancers. Mutations in 
KRAS and BRAF are consistently associated with worse progno-
sis, especially in microsatellite-stable (MSS) tumors [276–278]. A 
metaanalysis of studies found a twofold increased risk of mortal-
ity in colorectal cancer patients with BRAF mutations; however, 
significant heterogeneity in the analysis limits the strength of this 
finding [279]. However, recent data further strengthen the nega-
tive prognostic value of BRAF mutations in colorectal cancer, 
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In contrast to KRAS mutations, the presence of BRAF muta-
tions in tumor samples does not appear to predict response  
to anti-EGFR therapy. Thus patients harboring BRAF-mutated 
tumors who received standard cytotoxic chemotherapy, 
FOLFIRI/FOLXFOX plus cetuximab, did equally well in terms 
of progression-free and overall survival compared to those 
receiving chemotherapy alone [280]. Surprisingly, and in  
sharp contrast to the significant benefit resulting from selective 
BRAF inhibitor therapy in patients harboring a BRAF-mutated 
melanoma, there was no positive impact in patients with a 
BRAF-mutated colorectal cancer [312].

The role of PIK3CA mutations as predictive biomarkers for 
response to anti-EGFR therapy is not clear [313–315]. Data 
suggest that a specific mutation in exon 20 of the PIK3CA gene 
is a negative predictor in patients who harbor a wild-type KRAS 
tumor, whereas a mutation in exon 9 results in a poor response 
in those with mutated KRAS tumors [316]. PIK3CA mutations 
may also predict responsiveness to aspirin therapy. Analysis of 
close to 1000 colorectal cancer patients enrolled in the Nurses’ 
Health Study and the Health Professionals Follow-up Study 
cohorts showed that regular use of aspirin after diagnosis was 
associated with longer survival among patients with mutated-
PIK3CA colorectal cancer, but not among patients with wild-
type PIK3CA cancer [317].

Differential diagnosis

Clinical presentations among patients with colorectal cancer are 
variable and include signs and symptoms that are frequently 
also seen in benign conditions. Identification of clinical features 
suggestive of colorectal cancer is critical to avoid unnecessary 
testing. Accordingly, an appreciation of risk factors for colorec-
tal cancer (see Section Epidemiology) is imperative. Generally, 
patients who develop symptoms consistent with colorectal 
cancer who also harbor risk factors for the disease should 
undergo evaluation for colorectal cancer. Abdominal pain and 
change in bowel habits are commonly seen in the general popu-
lation. Suspicion for colorectal cancer should arise if accompa-
nying risk factors for malignancy exist, such as patients who 
have a family history of cancer or personal history of inflamma-
tory bowel disease (IBD). Additionally, patients with unex-
plained systemic signs, such as iron-deficiency anemia, should 
undergo further testing. Rectal bleeding is commonly caused by 
benign conditions such as ischemia, hemorrhoids, and angiod-
ysplasia; however, rectal bleeding associated with colorectal 
cancer accounts for 3%–11% of all lower gastrointestinal bleeds 
[318–320]. Given this, rectal bleeding should almost always 
prompt further investigation in patients at risk for colorectal 
cancer.

If colorectal cancer is suspected, prompt evaluation should 
be pursued. Historically, air-contrast barium enema was used in 
the diagnostic evaluation for colorectal cancer. However, this 
test is no longer routinely used given its low sensitivity and  

Predictive factors associated with  
colorectal cancer
Predictive biomarkers for colorectal cancer help identify patients 
who will benefit from a specific treatment (Table 78.5). A useful 
biomarker is one that predicts a significant effect (or absence of 
effect) of treatment for those with the marker compared to those 
without the marker. The search for predictive biomarkers to 
guide therapy for colorectal cancer patients is rapidly progress-
ing in parallel with advances in understanding of the molecular 
mechanisms involved in colorectal carcinogenesis.

Although patients with MSI-high tumors may have a more 
favorable prognosis, several studies suggest that fluorouracil-
based chemotherapy does not offer any benefit for patients with 
MSI-high tumors. For example, response rates for fluorouracil-
based chemotherapy in patients with stage II or III colorectal 
cancer were found to differ significantly based on MSI status, 
with patients harboring MSI-high tumors receiving no benefit 
from chemotherapy in terms of disease-free or overall survival 
[300]. However, more recent data suggest that such differential 
response to chemotherapy in MSI tumors may not be uniform. 
It is possible that patients harboring tumors with a germline 
mutation in MMR (e.g., Lynch syndrome) will likely respond 
more favorably to fluorouracil-based adjuvant chemotherapy 
than those with sporadic cancers that arise through promoter 
hypermethylation [301]. In contrast, there are inconsistent data 
regarding the correlation of CIMP-positive tumors and respon-
siveness to fluorouracil-based chemotherapy [302–304].

Mutations in KRAS have been associated with poor response 
to anti-epidermal growth factor receptor (anti-EGFR) therapies, 
such as cetuximab and panitumumab. Multiple studies, includ-
ing prospective trials, have found no treatment benefit for anti-
EGFR therapies either alone or in combination with standard 
chemotherapy in patients with metastatic colorectal cancer who 
harbor tumors with KRAS mutations in exon 2 [305–310]. More 
recent data suggest patients harboring other RAS mutations are 
less likely to respond to anti-EFGR therapies [311]. However, 
these therapies appear to offer benefit for colorectal cancer 
patients with KRAS wild-type tumors [280].

Table 78.5 Predictive biomarkers associated with colorectal cancer.

Marker Percent of 
sporadic tumors

Prognosis

Microsatellite 
instability high 
(MSI-H)

15–20 Poor response to 
fluorouracil-based 
chemotherapy

KRAS mutation 30–50 Poor response to 
biological therapy

BRAF mutation 10–15 Unable to predict 
response to 
biological therapy

PIK3CA 
mutation

15–20 Favorable response 
to aspirin
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occasional patients in whom colonoscopy cannot be performed 
or completed.

A mass lesion suggests the presence of colorectal cancer in 
the appropriate clinical setting. However, inflammatory mass 
lesions related to diverticulitis, infection (such as tuberculosis 
and certain fungal infections), ischemia, or inflammatory bowel 
disease can mimic malignant conditions such as colorectal 
cancer. Primary malignancies of the colon distinct from adeno-
carcinoma are less common and should be considered in the 
differential diagnosis of a mass in the colorectum (Box 78.3). 
Other malignant conditions are described in further detail 
below.

Colorectal lymphoma
Colorectal lymphoma accounts for only 1% of all colorectal 
malignancies. However, the gastrointestinal tract is the most 
common extranodal site for lymphoma, with most tumors 
arising in the stomach [324]. Lymphomas of the colorectum 
account for about 10% of extranodal lymphomas [325–328].

Immunodeficiency syndromes, including human immunode-
ficiency virus (HIV), have been shown to increase the risk for 
developing gastrointestinal lymphoma [329]. The incidence  
of HIV-related gastrointestinal lymphomas has significantly 
declined since the advent of highly active antiretroviral therapy 
[325]. A number of autoimmune diseases, including rheumatoid 
arthritis, Sjögren syndrome, systemic lupus erythematosus, and 
Wegener granulomatosis, have also been associated with an 
increased risk for gastrointestinal lymphomas. Immune-
suppressive therapy in the setting of organ transplantation has 
also been associated with gastrointestinal lymphoma, although 
the absolute risk is low. There are also data to suggest an increased 
risk for lymphoma in IBD patients, which may be further height-
ened by immune-suppressive therapy; however, these data are 
derived mostly from studies performed at tertiary care centers 
and likely include patients with more advanced disease that are 
undergoing more aggressive and prolonged therapy [330].

Gastrointestinal lymphomas are most commonly non-
Hodgkin lymphomas and can be classified into diffuse large  
cell, extranodal mucosa-associated lymphoid tissue (MALT), 
Burkitt, peripheral T cell, mantle cell, or follicular cell. Diffuse 
large B-cell lymphoma is the most common subtype seen in the 
colon, accounting for 60% of the cases. Burkitt and MALT lym-
phoma account for 15% of colorectal lymphomas [331].

The clinical presentation of patients with colorectal lympho-
mas can be quite variable and nonspecific. In retrospective 
reviews, the most common symptoms reported by patients were 
abdominal pain, weight loss, anorexia, and blood per rectum 
[332,333]. Patients with colorectal lymphoma frequently present 
with advanced locoregional disease and require emergent oper-
ative intervention [334]. Colorectal lymphomas are more com-
monly seen proximal to the hepatic flexure, occurring most 
frequently in the cecum [335,336].

Colonoscopic abnormalities can be quite variable. Reported 
findings include single or multiple polypoid or ulcerated lesions, 

need for follow-up colonoscopy if a suspicious lesion is detected. 
Other radiographic techniques, such as CT colonography, are 
emerging and appear more sensitive than barium enema [321]. 
Nonetheless, endoscopic evaluation remains the gold standard. 
Colonoscopy allows for visualization and biopsy of the lesion as 
well as for inspection of the entire colon for possible synchro-
nous lesions. A multicenter trial randomized over 1500 patients 
with symptoms suggestive of colorectal cancer to either colon-
oscopy or CT colonography. In total, both procedures were 
almost identical in detection of colorectal cancer or large polyps. 
However, more patients in the CT colonography arm under-
went additional colonic investigation as compared to patients 
undergoing colonoscopy as the initial diagnostic test (30.0% vs 
8.2%). CT colonography missed 1 of 29 colorectal cancers and 
colonoscopy missed 0 of 55 [322]. CT colonography may detect 
extracolonic findings of unknown significance, some of which 
require further investigation and lead to more health costs 
[323]. These data reinforce colonoscopy as the preferred stand-
ard diagnostic test in patients suspected to have colorectal 
cancer. CT colonography appears a reasonable option for those 

Box 78.3 Lesions that mimic colorectal cancer.

Mass lesions

Benign tumors
Diverticulitis
Inflammatory masses

Ulcerative colitis
Crohn’s colitis
Tuberculosis
Amebiasis
Fungal masses (e.g., mucormycosis)
Schistosomiasis
Viral lesions (CMV, LGV)
Cronkhite–Canada syndrome

Fatty ileocecal valve
Colitis cystica profunda
Surgical anastomoses
Solitary rectal ulcer syndrome
Endometriosis
Appendectomy stump
Lymphoma
Neuroendocrine tumors
Kaposi sarcoma
Metastatic lesions
Gastrointestinal stromal tumor

Obstructing lesions

Strictures
Late sequelae of inflammation
Radiation
Ischemic colitis

Volvulus
Extrinsic compression

Endometriosis
Pancreatitis
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roendocrine tumors are nonfunctioning, and the classic carci-
noid syndrome is rare. Patients with colonic neuroendocrine 
tumors without metastases are managed similarly to patients 
with colonic adenocarcinoma. Partial colectomy and regional 
lymphadenectomy are recommended, given the advanced stage 
of presentation for most of these patients. Rectal carcinoid 
tumor management depends upon tumor size and degree of 
invasion. Small rectal tumors (less than 1 cm) can be removed 
endoscopically, whereas tumors greater than 2 cm, those that 
invade into or beyond the muscularis propria, and those with 
regional lymph node metastases are treated operatively (low 
anterior resection or abdominoperineal resection) [345,346]. 
Prognosis is best ascertained through TNM tumor staging.

Kaposi sarcoma
Kaposi sarcoma is the most common malignancy associated 
with the acquired immune deficiency syndrome (AIDS) [347]. 
It frequently involves the skin and lymph nodes but can also 
affect the gastrointestinal tract. The colorectum is less often 
involved than the stomach and duodenum [348]. Patients with 
advanced AIDS and lower CD4 counts, as well as men who have 
sex with men, appear to be at higher risk for developing Kaposi 
sarcoma [349]. Most patients are asymptomatic but advanced 
lesions can produce bleeding, diarrhea, and abdominal pain 
[350]. Kaposi sarcoma is characterized by submucosal nodules 
with a characteristic deep red-purple color. Kaposi sarcoma can 
rarely progress to bulky mass lesions in the colon [351]. Biopsy 
of these lesions will show proliferation of spindle cells with 
vascular hemorrhage. Most often supportive therapy is suffi-
cient, but with more advanced disease local and/or systemic 
therapy with chemotherapeutic agents may be indicated.

Mesenchymal tumors of the colorectum
Gastrointestinal stromal tumors (GISTs) are the most common 
mesenchymal tumors of the intestinal system. They are more 
commonly seen in the stomach and jejunum; however, 10%–15% 
of cases occur in the colorectum [352]. The pathophysiological 
hallmark for GIST is a mutation in the KIT protooncogene, 
which is found in 80% of tumors. These tumors are usually found 
incidentally on endoscopic examination, appearing as subepi-
thelial nodules with central ulceration. However, more advanced 
lesions can ulcerate and cause rectal bleeding. Treatment is based 
upon stage of disease but usually includes surgery and possibly 
imatinib, an inhibitor of Bcr-Abl tyrosine kinase.

Metastatic disease to the colorectum
Metastatic disease from other sites to the colorectum is  
rare. Metastasis from melanoma, lung, ovary, prostate, and 
stomach cancers have all been reported [353–357]. The  
endoscopic appearance of metastatic lesions is variable; however, 
the mucosa around the periphery of an ulcerated metastatic 
lesion will likely appear normal without the edema, erythema, 
friability, or an exophytic pattern typical for primary 
adenocarcinoma.

apthous ulcerations, submucosal nodules, and strictures [337]. 
Colorectal lymphomas rarely involve the colon diffusely. 
Radiographic findings can help differentiate lymphoma from 
adenocarcinoma [338,339], although pathological examination 
of a biopsy specimen secures the diagnosis.

Treatment and prognosis differs considerably in colorectal 
lymphoma compared with adenocarcinoma; therefore, appro-
priate diagnosis is critical. Prognosis and treatment are depend-
ent not only on the type of lymphoma but the stage at 
presentation. The reported 5-year mortality rate attributed to 
colorectal lymphoma ranges from 33% to 58% [337]; however, 
the mortality rate seen in advanced disease is much higher. 
Treatment for early-stage disease usually involves surgery with 
curative intent and chemotherapy and/or radiation. In contrast, 
in advanced disease, operative intervention is pursued only for 
diagnosis or in the management of a complication (perforation, 
obstruction, bleeding). Because treatment generally involves 
several different modalities, a multidisciplinary approach  
should be considered for all patients diagnosed with colorectal 
lymphoma.

Colorectal neuroendocrine tumors
Among neuroendocrine tumors, 55% originate in the gastroin-
testinal tract, derived from enterochromaffin cells that are 
capable of producing a wide variety of hormones and autacoids. 
Carcinoid tumors generally refer to well-differentiated neuroen-
docrine tumors and do not include poorly differentiated  
neuroendocrine tumors, which are much less common. The 
age-adjusted incidence for primary nonpancreatic gastrointes-
tinal tract carcinoid tumors is 4.7 per 100 000, suggesting an 
increased incidence over time [340]. This observed increase is 
partially attributable to greater incidental detection of these 
tumors by endoscopic and radiographic methods. They most 
commonly occur in the small intestine, although 31% arise in 
the colorectum [341]. Interestingly, there are data suggesting a 
difference in distribution of neuroendocrine tumors based on 
geographic location. For example, patients in Japan appear to 
have a greater proportion of colorectal neuroendocrine tumors 
compared to Western countries [342].

Colonic neuroendocrine tumors are found more commonly 
in the cecum than more distal locations, such as the sigmoid 
colon [343,344]. Given their more proximal location, they 
usually grow to significant size (on average 5 cm) before becom-
ing clinically apparent [344]. Unfortunately, given their lack of 
clinical signs or symptoms, patients with neuroendocrine 
tumors of the right colon typically present at a more advanced 
stage and suffer a worse prognosis than patients with rectal 
tumors. Even rectal neuroendocrine tumors are usually asymp-
tomatic, although rectal bleeding and a change in bowel habits 
have been reported. Rectal carcinoids are often incidentally  
discovered at the time of colonoscopy for other indications. 
They appear as yellowish "collar button" submucosal nodules. 
However, more advanced lesions, particularly those seen in the 
proximal colon, can mimic adenocarcinoma. Most colonic neu-
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mended. In fact, this has been adopted as a quality measure for 
the treatment of colon cancer by the American College of 
Surgery, the American College of Pathology, the National 
Comprehensive Cancer Network, and the American Society of 
Clinical Oncology.

Surgical treatment for localized rectal cancer
There are several surgical approaches that can lead to cure of 
resectable rectal cancer. Regardless of technique, total mesorec-
tal excision, defined by the removal of tumor along with the 
node-bearing mesorectum surrounding the rectum, is advo-
cated given its favorable outcomes in local tumor control and 
patient survival. For T1 lesions, or small (less than 3 cm) well-
differentiated tumors with no evidence for lymphovascular or 
perineural invasion, local excision using a transanal endoscopic 
approach achieves acceptable cure rates and is the recom-
mended approach [364,365]. For T2 and T3 tumors, transab-
dominal resection, as opposed to transanal resection, is advised 
given the risk of mesorectal nodal spread. Recurrence rates fol-
lowing local excision for resectable tumors are around 15% 
[366]. These rates are higher following local excision of T2 and 
T3 lesions and additional therapy (chemoradiation) should be 
considered in these circumstances.

For tumors located 5–16 cm from the anal verge, sphincter-
sparing surgeries (low anterior resection or coloanal anastomo-
sis) for resectable rectal cancer are an option for tumors invading 
beyond the submucosa. This approach maintains anal function. 
Abdominoperineal resection is commonly used when negative 
distal margins of resection cannot be achieved with sphincter-
sparing procedures. This surgery entails removal of the sigmoid 
colon, rectum, and anus with formation of a colostomy. Data 
suggest that 5-year recurrence rates (around 3%–5%) and 
quality of life following abdominoperineal resection and 
sphincter-sparing surgeries are comparable [367–369].

Surgical complications
Surgical morbidity and mortality associated with colorectal 
surgery can be considerable. Reported mortality rates range from 
2% to 7.5% [370,371]. However, advances in surgical technique 
and perioperative management have improved outcomes follow-
ing surgery for colorectal cancer. For example, recent data report 
an observed decrease in complications when operations are per-
formed laparoscopically rather than as open procedures [372]. 
Additionally, identification of risk factors predicting a poorer 
outcome following surgery help identify appropriate candidates 
for surgery and limit those who may suffer greater harm than 
benefit from operative intervention. Patient characteristics, such 
as advanced age and the presence of cardiopulmonary comor-
bidities, have been associated with worse surgical outcome [373].

Prompt recognition of operative complications is imperative 
to ensure successful management of colorectal cancer patients. 
Acute complications can include bleeding, infection, ileus, 
pneumonia, anastomotic leaks, and perforation. Later compli-
cations include wound dehiscence as well as eventual stricture 

Treatment for colorectal cancer

Over the last decade, there have been significant advances in the 
treatment of colorectal cancer, leading to substantial improve-
ments in outcome. Many of these advances reflect greater 
understanding of colorectal carcinogenesis, enabling a more 
targeted approach to therapy. Therapy may include several 
options in surgery, radiation, and chemotherapy usually war-
ranting a multidisciplinary approach for individual patients.

Surgical treatment for localized colon cancer
The principal treatment for localized colon cancer is surgery, 
which is often curative. Accordingly, every colon cancer patient 
with limited disease and without significant medical comorbidi-
ties that preclude surgery should be offered operative interven-
tion with curative intent. The goal of surgery is to remove the 
tumor-containing bowel, generally achieving at least a 5-cm 
margin from the tumor, as well as adjacent mesentery and 
draining lymph nodes. Typically, tumors in the cecum and 
ascending colon are treated with a right colectomy, transverse 
colon tumors are treated with a transverse colectomy, and 
tumors arising in the descending or sigmoid colon are treated 
with a left hemicolectomy. In all cases, the goal is to maintain 
bowel continuity postoperatively through the creation of a 
primary anastomosis. In certain circumstances, more extensive 
surgery is recommended. Patients with inflammatory bowel 
disease or hereditary colon cancer syndromes who develop a 
colorectal cancer may undergo a total colectomy given their 
significantly heightened risk for metachronous cancers. When 
the tumor infiltrates an adjacent organ, en bloc resection of the 
involved colon and adjacent organ is indicated [358]. Tumors 
can be removed either laparoscopically or via an open approach, 
with the exception of tumors invading adjacent organs or per-
forated tumors, in which an open approach is preferred [359].

Endoscopic therapy alone may be warranted when carcinoma 
is confined within a polyp. Obtaining 2-mm negative margins 
from the cancer has been associated with a more favorable 
outcome [360]. Follow-up colonoscopy with a short time frame 
(e.g., 3 months) is recommended to evaluate for residual tumor. 
Certain tumor characteristics, such as poorly differentiated his-
tology and lymphovascular invasion, predict a poor outcome 
from endoscopic therapy alone and indicate the need for surgery 
[361,362].

Adequate sampling of adjacent lymph nodes during surgery 
is critical. Data have illustrated a positive association between 
the number of lymph nodes evaluated and patient survival 
[272]. The presumed mechanism for this association is that a 
greater number of lymph nodes examined lowers the likelihood 
for understaging cancer and offering inadequate treatment. 
However, more recent data challenge this hypothesis by showing 
that the temporal trend in increased number of lymph nodes 
examined from colon cancer patients has not correlated with  
an increase in diagnosis of higher-staged cancers [363]. 
Nonetheless, examination of at least 12 lymph nodes is recom-
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however, these tools do not accurately predict response to 
chemotherapy [382,383]. Two metaanalyses investigating the 
benefit of 5-FU-containing regimens for stage II colon cancer 
found a benefit in terms of 5-year disease-free survival but no 
change in overall survival [384,385]. A more recent metaanaly-
sis suggested a benefit in overall survival, but this analysis 
included studies that utilized heterogeneous chemotherapeutic 
regimens, some of which are not recommended for use in stage 
II disease [386]. A recent analysis of over 24 000 patients with 
stage II colon cancer using the Surveillance, Epidemiology, and 
End Results (SEER)-Medicare database found no benefit for 
adjuvant chemotherapy [387]. The addition of oxaliplatin to 
5-FU-based therapies (FOLFOX) also does not appear to sig-
nificantly increase survival in stage II patients, although some 
data suggest a benefit in patients with high-risk disease (T4 
tumors, poorly differentiated, perforation, obstruction, or <10 
nodes in the surgical specimen) [380]. Taken together, these 
data do not support universal institution of chemotherapy for 
stage II colon cancer but suggest a possible benefit in certain 
high-risk patients [388].

For patients with either stage II or III disease, the addition of 
other chemotherapeutics, such as irinotecan to 5-FU and leu-
covorin, does not improve disease-free or overall survival 
[389,390]. Moreover, in contrast to its use in rectal cancer,  
adjuvant radiotherapy for colon cancer has yet to show clear 
benefit [391]. The most recent guidelines from the National 
Comprehensive Cancer Network (NCCN) do suggest use of 
adjuvant chemoradiotherapy in patients with a high risk for 
recurrence, specifically those with T4 disease or those present-
ing with recurrent disease [185].

Adjuvant therapy for rectal cancer
Patients with stage I rectal cancers have an excellent prognosis 
with surgical resection alone and do not require further treat-
ment. For stage II and III rectal cancers, adjuvant therapy is 
generally recommended due to the high rates of recurrence. 
Compared to colon cancer, local recurrence of rectal cancer 
occurs at a much higher frequency likely due to the difficulty of 
achieving wide negative margins with resection given the prox-
imity of the rectum to other pelvic organs and the lack of a 
surrounding serosa [185]. Although adjuvant radiation therapy 
alone reduces local recurrence rates for rectal cancer, it does not 
change overall mortality [392]. More favorable outcomes, 
including disease free and overall survival, are seen in patients 
receiving postoperative radiation therapy with concurrent 
chemotherapy as compared to postoperative radiation therapy 
or surgery alone [393,394]. Thus, adjuvant therapy for stage II 
and III rectal cancer consists of both concurrent chemotherapy 
and radiation therapy followed by chemotherapy alone. 
Although overall survival does not appear to differ whether 
chemoradiotherapy is delivered pre- or postoperatively [395], 
preoperative (neoadjuvant) therapy has significant advantages. 
First, neoadjuvant radiation or chemoradiation can reduce the 
size of tumors adjacent to the anal sphincter and facilitate 

and fistula formation. Genitourinary complications, such as 
urinary and sexual dysfunction, can also follow rectal surgery, 
although the use of more advanced surgical techniques has sig-
nificantly reduced the likelihood for these unwanted adverse 
outcomes [374].

Adjuvant therapy for nonmetastatic colon cancer
Although surgical treatment for colon cancer has the potential 
for cure for patients with nonmetastatic colorectal cancer, 
recurrent disease remains a significant risk, particularly among 
patients with stage III disease. Recurrence is likely related to 
micrometastases not visualized during primary surgical therapy. 
Adjuvant chemotherapy may help eradicate these micrometas-
tases and reduce the likelihood of recurrent disease. Prompt 
initiation of chemotherapy is recommended. A metaanalysis of 
10 eligible studies involving 15 410 patients found that a 4-week 
delay in initiation of adjuvant chemotherapy significantly nega-
tively impacted disease-free and overall survival [375].

The strongest data for benefit of adjuvant chemotherapy in 
nonmetastatic colon cancer exists for stage III disease (node-
positive). The IMPACT (International Multicenter Pooled 
Analysis of Colon Cancer Trials) investigators reported a sig-
nificant reduction in 3-year mortality in patients with Duke B 
and C colon cancer (which incorporates stage III disease), par-
ticularly among those with node-positive disease, who received 
intravenous 5-fluorouracil (5-FU) and leucovorin compared to 
patients who underwent surgery alone [376]. Multiple trials 
have since strengthened the observed benefit for 5-FU and leu-
covorin in stage III colon cancer [377,378]. Oral fluorinated 
pyrimidines are available for patients who do not tolerate intra-
venous 5-FU. One such drug, capecitabine, has equivalent effi-
cacy and may be better tolerated compared to bolus 5-FU and 
low-dose leucovorin in stage III colon cancer patients [379].

Data have shown that the addition of oxaliplatin to 5-FU/
leucovorin further improves outcome for stage III disease. The 
MOSAIC trial reported significant improvement in disease-free 
survival in patients receiving oxaliplatin and 5-FU (FOLFOX) 
compared to 5-FU/leucovorin alone (66% vs 59%, HR 0.78, 
P = 0.05) [380]. This improvement in disease-free survival was 
subsequently confirmed by another randomized controlled trial 
[381]. Accordingly, the therapeutic regimen consisting of 5-FU, 
leucovorin, and oxaliplatin has become standard-of-care for the 
treatment of stage III colon cancer.

In contrast to stage III colon cancer, the role for adjuvant 
chemotherapy for stage II colon cancer (node negative) is less 
clear. Stage II patients generally do quite well following primary 
surgical resection of their tumor; however, around 25% develop 
recurrence [382]. Predictors of recurrence within patients with 
stage II colon cancer patients include tumor stage, degree of 
differentiation, lymphovascular or perineural involvement, the 
presence of obstruction or perforation on presentation, and MSI 
status. Tools to predict recurrence in stage II patients have been 
developed and are based on these tumor characteristics in addi-
tion to selected gene expression from the original tumor; 
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for adjuvant chemotherapy after surgical tumor resection [407]. 
Nonetheless, recent NCCN guidelines support the use of a short 
course of adjuvant chemotherapy following potentially curative 
resection [185].

The treatment goal for unresectable metastatic disease is not 
cure but improvement in quality of life and prolonged survival. 
Recent advances in treatment have achieved this goal, extending 
survival by approximately 18 months compared to supportive 
care alone. Although 5-FU and leucovorin alone was the earliest 
adjuvant regimen used, multiple studies have shown that the 
addition of either irinotecan or oxaliplatin to this regimen can 
improve progression-free and overall survival [408–410].

Biological therapies for metastatic  
colorectal cancer
Over the past decade, advances in our understanding of color-
ectal carcinogenesis have driven the development of new bio-
logical therapies that target specific pathways in colorectal 
cancer. These targeted biological agents are usually combined 
with 5-FU-containing regimens in the treatment of metastatic 
cancer. The EGFR signaling pathway plays a critical role in the 
pathogenesis of colorectal cancer (see Section Pathogenesis of 
colorectal cancer). Cetuximab and panitumumab, recombinant 
monoclonal antibodies that bind specifically to EGFR and com-
petitively inhibit the binding of EGF and other ligands, appear 
to increase the efficacy of current chemotherapeutic regimens 
used to treat metastatic colorectal tumors [411]. However, the 
approximately 40% of patients with colorectal cancers that 
harbor a KRAS-activating mutation do not appear to benefit 
from EGFR inhibitors [311,412]. Cetuximab can lead to an 
infusion-related reaction; both cetuximab and panitumumab 
have been associated with rash, certain electrolyte disorders 
such as magnesium-wasting and hypokalemia, and venous 
thromboembolism [413].

An adequate blood supply is critical for tumor growth. 
Vascular endothelial growth factor (VEGF) plays an important 
role in angiogenesis, and therapies aimed at blocking VEGF 
have been developed for treatment of advanced colorectal 
cancer. Bevacizumab, a human monoclonal antibody that 
targets VEGF, improves progression-free and overall survival 
when added to irinotecan- and oxaliplatin-containing regimens 
without significantly impacting tolerability of the regimens 
[414,415]. However, bevacizumab is associated with severe 
adverse reactions, including the nephrotic syndrome, hyperten-
sion, bleeding, gastrointestinal tract perforation, and throm-
boembolism. This therapy may also impair surgical wound 
healing. Nonetheless, data suggest bevacizumab may still be 
used safely in the neoadjuvant setting [416]. Two additional 
therapies targeting the VEGF pathway, aflibercept (intravenous) 
and regorafenib (oral), have been recently approved for treat-
ment of refractory metastatic colorectal cancer [417,418]. There 
are data to suggest an advantage to combining bevacizumab and 
cetuximab with irinotecan, although there is insufficient evi-
dence to support combination use of these agents outside of a 

sphincter-sparing surgical removal of the tumor. Additionally, 
patients who present with locally advanced unresectable rectal 
cancer may also respond sufficiently to neoadjuvant therapy to 
permit surgical resection.

The choice of chemotherapeutic regimen to combine with 
radiation as adjuvant therapy for rectal cancer continues to be 
investigated. 5-FU, given either as a prolonged infusion or as a 
bolus, in addition to radiation therapy has been an effective 
adjuvant strategy for reducing disease recurrence and mortality 
[396,397]. A metaanalysis of 21 randomized trials involving 
over 9000 patients found a significant decrease in disease relapse 
and death from rectal cancer in patients receiving adjuvant 
5-FU-based chemotherapy versus surgery alone [398]. Oral 
capecitabine and intravenous 5-FU also appears to achieve 
similar 5-year survival rates when combined with radiation 
[399]. Based on extrapolation of findings in patients with colon 
cancer, the addition of oxaliplatin to fluorouracil-based regi-
mens (FOLFOX) may improve pathological response rate, 
although long-term survival data is not yet available [400].

Treatment for metastatic colorectal cancer
Approximately a quarter of colorectal cancer patients present 
with metastases, most commonly to the liver. In addition, half 
of all colorectal cancer patients will develop metastases during 
the course of the disease [185]. The 5-year overall survival rates 
initially reported with metastatic colorectal cancer were less 
than 5% [401]. However, over the past decade, the survival rate 
has markedly improved.

Complete resection of tumor metastases offers the best 
chance for cure; therefore, an important initial consideration in 
the treatment of metastases is whether the metastatic disease is 
resectable or may become resectable with neoadjuvant therapy. 
Five-year survival rates for isolated hepatic metastases from 
colorectal cancer following surgical resection are now reported 
to be over 40% [402]. Whether to provide neoadjuvant chemo-
therapy prior to surgical resection remains unclear. The results 
of the EORTC trial, in which 364 patients with hepatic metas-
tases were randomly assigned to liver resection with or without 
FOLFOX chemotherapy, suggest a trend of improvement in 
5-year progression-free survival in patients receiving chemo-
therapy [403]. Tumor progression during neoadjuvant chemo-
therapy for potentially resectable disease portends a poor 
prognosis and identifies patients who likely will not benefit from 
surgery [404]. However, conversion of an initially unresectable 
tumor to a resectable lesion following chemotherapy (so-called 
conversion chemotherapy) has been well-reported in the setting 
of liver metastases and may offer benefit [405].

Information on the potential benefit of adjuvant chemother-
apy following potentially curative surgical resection of tumor 
metastases is limited. An analysis of 278 patients suggested an 
improvement in progression-free survival in patients receiving 
chemotherapy following surgery versus patients treated with 
surgery alone (27.9 vs 18.8 months, respectively) [406]. In con-
trast, a more recent randomized trial did not suggest a benefit 
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an increased risk for colorectal cancer-related death, although 
this was not statistically significant [432].

Emerging data support the use of aspirin in reducing recur-
rence in patients with colorectal cancer. Several observational 
studies have shown that regular use of aspirin is associated with 
improved colorectal cancer-specific and overall survival among 
patients with colorectal cancer, with some data supporting a 
particularly pronounced benefit among patients with cancers 
that overexpress PTGS-2 (cyclooxygenase-2 [COX-2]) or harbor 
PIK3CA mutations [317]. Randomized trials investigating the 
adjuvant use of either aspirin or COX-2 selective inhibitors for 
colon cancer are currently in progress.

Chemoprevention

Screening is the cornerstone of colorectal cancer prevention. 
Advances in screening have contributed to reductions in color-
ectal cancer rates and mortality [10,433,434]. Multiple screen-
ing modalities, both noninvasive (fecal blood testing with 
guaiac- and immunohistochemical-based methods, fecal DNA 
testing, double-contrast barium enema, and CT colonography) 
and invasive (flexible sigmoidoscopy, colonoscopy), are now 
available. Furthermore, intensified surveillance in certain high-
risk populations, such as those with a personal or family history 
of adenoma or colorectal cancer, has helped lower the morbidity 
and mortality associated with colorectal cancer. For a more 
detailed discussion regarding colorectal cancer screening, please 
refer to Chapter 77.

Identification of risk factors for colorectal cancer and an 
improved understanding of colorectal carcinogenesis have stim-
ulated interest in the primary prevention of the disease. 
Chemoprevention, defined as the use of a drug or natural agent 
to prevent, halt, or reverse malignant changes in cells, has been 
the subject of increasing focus. Emerging data also suggest a 
potentially important role for dietary and lifestyle modifications 
in the prevention of colorectal cancer.

Aspirin/nonsteroidal antiinflammatory drugs
Considerable evidence demonstrates that NSAIDs, including 
aspirin, may reduce the risk of colorectal cancer. Mechanistically, 
NSAIDs may inhibit carcinogenesis as a direct result of block-
ade of prostaglandin–endoperoxidase synthase (PTGS), also 
known as cyclooxygenase (COX), resulting in decreased pro-
duction of prostaglandins, which have been implicated in tumor 
angiogenesis, cell proliferation, inhibition of immune surveil-
lance, and apoptosis, possibly in a β-catenin-dependent manner 
[435,436] (Figure 78.9). Expression of the PTGS-2 (COX-2) 
isoenzyme is upregulated in colorectal cancer tissue and has 
been associated with an increased risk for metastases [220,437]. 
NSAIDs have also been shown to increase the rate of apoptosis, 
reduce platelet production of growth and angiogenic factors, 
modulate insulin-related neoplastic pathways, and inhibit  
pathways that activate nuclear factor-κB [438–442]. Data also 

clinical trial [419]. Data from ongoing clinical trials will likely 
shed further insight into the use of combined biological therapy 
for metastatic colorectal cancer in the next few years.

Importantly, studies examining the role for biological thera-
pies directed against VEGF or EGFR have failed to show an 
improvement in survival for stage II and III colorectal cancer 
patients [420–422]. Therefore, bevacizumab and cetuximab cur-
rently have no role as adjuvant treatment for stage II or III colon 
cancer.

Diet, lifestyle, and colorectal cancer survival
There are limited studies investigating the benefit of dietary 
modifications in modulating outcome for colorectal cancer 
patients. One study found an association between recurrence 
and death in colorectal cancer patients and consumption of the 
so-called “western” diet, which included increased amounts of 
red meats, desserts, and refined grains, as compared to a more 
prudent diet of fruits, vegetables, fish, poultry, and whole grains 
[423]. Additionally, colorectal cancer patients with a higher 
dietary glycemic load are at increased risk for colorectal cancer 
recurrence [424]. Randomized trials examining the effect of 
dietary modifications postdiagnosis are needed to validate these 
observed benefits.

Increased physical activity may not only decrease risk for 
developing colorectal cancer but also lower the risk for cancer-
associated mortality. In a study of nearly 700 men with non-
metastatic colorectal cancer, participation in more than 27 
metabolic equivalent task (MET) hours per week of physical 
activity was associated with a significantly reduced risk for 
colorectal cancer-associated mortality compared to those who 
engaged in 3 or less MET hours per week [425]. The apparent 
benefit associated with greater physical activity has been con-
firmed by a more recent study, which also suggested increased 
leisure time spent sitting increases mortality risk [426]. The 
practical importance of these findings is unclear given that 
many colorectal cancer patients do not adhere to recommenda-
tions to increase physical activity [427].

Generally consistent with these findings, obesity appears to 
have a detrimental impact on survival. Data from the Cancer 
Prevention Study II Nutrition cohort demonstrate a poorer 
overall and cancer-specific survival for those patients with a 
prediagnosis BMI of greater than 30 [428]. Unfortunately, there 
are limited and conflicting data regarding the benefit of weight 
loss on cancer mortality following diagnosis [429,430].

The use of hormonal therapy and colorectal mortality has 
been investigated in multiple trials. One study reported a sig-
nificant reduction in both colorectal cancer-related and overall 
survival in postmenopausal women taking estrogen within 5 
years of their cancer diagnosis [431]. A more recent analysis of 
the Women’s Health Initiative, in which postmenopausal women 
were randomized to either estrogen and progestin or placebo, 
found that patients on hormonal therapy were significantly 
more likely to develop a higher-stage colorectal cancer than 
those taking placebo. Further, women on hormone therapy had 
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aspirin in reducing the incidence of colorectal cancer [448,449]. 
However, both studies used alternate-day, as opposed to daily 
aspirin, which conceivably could differ in biological efficacy. 
Additionally, the initial follow-up period of the trials may have 
been too short to observe a significant benefit for aspirin against 
colorectal cancer. In fact, a recent update of the Women’s Health 
Study demonstrated a reduced risk of colorectal cancer risk 
among women randomized to aspirin (HR 0.80; 95% CI 0.67–
0.97) after 18 years of follow-up [450]. Of note, some studies 
suggest that regular aspirin use is primarily associated with a 
lower risk of COX-2 positive and/or BRAF-wild-type colorectal 
cancers [443,451].

The use of aspirin to prevent adenoma and cancer occurrence 
in high-risk populations has also been studied. Patients with 
familial adenomatous polyposis treated with daily aspirin 
(600 mg/day) showed a statistically nonsignificant trend towards 
a reduced polyp count and size [452]. Although the initial 
results of a randomized, controlled trial reported no reduction 
in risk of adenoma or colorectal cancer with 600 mg of daily 

suggest a possible role for aspirin in modulating the RAF-
MAPK pathway [443].

Aspirin is the agent with the most compelling human data 
supporting a chemopreventative benefit. A large number of 
observational studies have consistently found a lower risk of 
colorectal cancer associated with aspirin use [444]. A meta-
analysis revealed that regular aspirin is associated with a statisti-
cally significant reduced risk of colorectal cancer (relative risk: 
0.73, 95% CI 0.67–0.79) [445]. These data have been corrobo-
rated by four randomized controlled trials of aspirin among 
patients with a history of adenoma that have demonstrated a 
6.7% absolute reduction in risk of recurrent adenoma [446]. 
More recently, a pooled secondary analysis of randomized trials 
of aspirin originally conducted for the prevention of cardiovas-
cular disease found that patients randomized to daily aspirin 
had a 24% lower risk of colorectal cancer after a delay of 8–10 
years [447]. Yet, neither the Women’s Health Study or the 
Physicians’ Health Study, the two largest randomized trials of 
aspirin for primary prevention, demonstrated a benefit from 

Figure 78.9 The cyclooxygenase pathway in 
colorectal carcinogenesis. Considerable 
evidence demonstrates that nonsteroidal 
antiinflammatory drugs (NSAIDs), 
including aspirin, may reduce the risk of 
colorectal cancer. The speculated 
mechanism involves inhibition of 
procarcinogenic pathways induced by the 
prostaglandin–endoperoxide synthase 
(COX) pathways. EGFR, epidermal growth 
factor receptor; EP, prostaglandin E 
receptor; IL-6, interleukin-6; NF-κB, nuclear 
factor-κB; PG, prostaglandin; TXA2, 
thromboxane A2; VEGF, vascular 
endothelial growth factor. Source: Chan and 
Giovannucci 2010 [484]. Reproduced with 
permission of Elsevier.
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side-effect profile. These characteristics have led to great interest 
in statins as potential chemopreventative agents [473].

Multiple observational studies (both cohort and case–control) 
have examined the relationship between statin use and colorec-
tal cancer risk. Metaanalyses of these observational studies have 
found a marginal, but statistically significant, risk reduction for 
colorectal cancer risk in statin users [474–476]. Residual con-
founding by variables that affect both statin use and colorectal 
cancer incidence, such as socioeconomic status and NSAID use, 
likely impact the results from these trials. Furthermore, rand-
omized trials have been unable to demonstrate a benefit for 
statin use in colorectal prevention. A recent metaanalysis of 27 
randomized trials found no difference in the incidence of color-
ectal cancer in statin and nonstatin users over a median 
follow-up of 4.8 years [477]. Long-term follow-up of patients 
receiving statins have also failed to demonstrate a benefit 
[478,479].

The use of statins to prevent adenoma and colorectal cancer 
in high-risk populations has been investigated. An analysis of 
patients with history of an adenoma showed a significant reduc-
tion in the incidence of recurrent adenomas in statin users 
[480]. However, more recent data found no evidence to support 
a chemopreventive effect of statin use, and in fact suggested 
statin use of more than 3 years was associated with an increased 
risk of adenoma recurrence [481]. Additional trials are under-
way to clarify the role for statins in the prevention of recurrent 
adenomas.

Other medications
Several other candidate chemopreventative agents have been 
studied. Although a recent metaanalysis suggested a benefit for 
bisphosphonates in colorectal cancer prevention, a large pro-
spective study found no association between long-term use of 
bisphosphonates and risk of colorectal cancer after accounting 
for multiple lifestyle factors [138]. Observational studies have 
also suggested that metformin is associated with a decreased 
risk for colorectal cancer [482]. Further studies of both bisphos-
phonates and metformin for cancer prevention are currently 
underway.
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aspirin among patients with Lynch syndrome, a preplanned 
long-term postintervention follow-up over a median of 55 
months found that patients treated with aspirin for at least 2 
years did have a significantly lower risk of colorectal cancer as 
well as other Lynch-associated tumors [453,454].

Trials investigating the role of nonaspirin NSAIDs for 
adenoma and colorectal cancer prevention have also been  
conducted. In patients with familial adenomatous polyposis, 
sulindac leads to adenoma regression; however, sulindac does 
not delay the age of onset for adenomas or definitively alter  
the risk for colorectal cancer in these patients [455–457]. 
Additionally, a small randomized controlled trial demonstrated 
that the combination of sulindac and the ornithine decarboxy-
lase inhibitor, difluoromethylornithine, markedly reduced the 
risk of recurrent adenomas among patients with a history of  
a sporadic adenoma [458]. However, any enthusiasm for the  
use of difluoromethylornithine in the prevention of colorectal 
cancer needs to be tempered by its association with hearing  
loss at higher doses [459] and possible cardiovascular side 
effects [460].

The COX-2 selective inhibitor celecoxib was shown in clinical 
trials to reduce polyp number in patients with familial adeno-
matous polyposis [461,462]. This was corroborated by a large 
randomized clinical trial of patients with a history of sporadic 
adenoma that showed that the COX-2 selective inhibitor 
rofecoxib reduced the risk of recurrent adenoma by 14% [463]. 
These encouraging results are offset by the increase in risk for 
adverse cardiovascular events attributed to COX-2 inhibitors 
that emerged from these clinical trials of polyp prevention. 
More recent data suggest that this increase in risk of cardiovas-
cular events may be confined to the subgroup of patients with 
prior cardiovascular disease [464] or those with an elevated 
serum level of high-sensitivity C-reactive protein [465]. Further 
research is needed to better clarify if there are specific subgroups 
of patients for which the potential chemopreventive benefits of 
celecoxib outweigh potential risks.

Taken together, the data support a significant benefit for 
NSAIDs, particularly aspirin, in the prevention of colorectal 
cancer. Moreover, emerging data suggest that aspirin may also 
be associated with a lower risk of other cancers and cancer-
related deaths. Further studies and guidelines are currently 
being developed to define the populations for which the long-
term benefits of aspirin may outweigh the risks, which include 
gastrointestinal bleeding.

Statins
Statins lower endogenous cholesterol synthesis through inhibi-
tion of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 
reductase, the enzyme that catalyzes the rate-limiting step 
leading to mevalonic acid formation. In addition to their 
cholesterol-lowering properties, statins influence pathways 
involving apoptosis, inflammation, immune regulation, angio-
genesis, and oxidation, each of critical importance in cancer 
pathogenesis [466–472]. Additionally, statins have a favorable 
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The polyposis syndromes are a group of conditions in which 
multiple gastrointestinal (GI) polyps occur in the lumen of the 
gut (Box 79.1). Most of these syndromes are inherited, and most 
exhibit an increased risk for colon cancer and other GI malig-
nancies. Many benign and malignant extraintestinal manifesta-
tions are also observed. The polyposis syndromes have 
traditionally been categorized according to polyp histology and 
clinical phenotype. Identification of the responsible genes has 
allowed more precise disease categorization and a much 
improved understanding of the pathogenesis, phenotypes, and 
cancer risks. The clinical importance of the syndromes relates 
to their inheritance as well as to their benign and malignant 
manifestations. Prevention of cancer is often possible with 
proper surveillance of patients and families. Molecular genetic 
investigation of the syndromes has been of central importance 
to understanding their genetic and molecular etiologies and 
also has contributed immensely to the knowledge of cancer 
pathogenesis and cell biology in general.

Familial adenomatous polyposis

Definition
Familial adenomatous polyposis (FAP) is the most common and 
best characterized of the polyposis syndromes. The first reports 
of FAP appeared in the medical literature in 1861 and 1873 

[1,2]. The hereditary nature of this disease was recognized by 
1882, and cases of associated malignancy were published in 
1887 and 1890. The autosomal dominant inheritance pattern of 
the disease was clearly established by 1934.

FAP is characterized by hundreds to thousands of colonic 
adenomatous polyps that typically begin to emerge in the 
second and third decades of life [3–5]. Development of colon 
cancer is inevitable if the colon is not removed. FAP includes 
Gardner syndrome, about two-thirds of Turcot syndrome fami-
lies, and attenuated FAP (AFAP). FAP and its variants arise from 
mutations of the adenomatous polyposis coli (APC) gene. 
Inheritance is autosomal dominant with nearly complete pen-
etrance. Synonymous historical terms for FAP include adeno-
matous polyposis coli and familial polyposis coli.

Epidemiology
Estimates of the prevalence of FAP vary from 1 in 6850 to 1 in 
31 250 live births (2.29 to 3.2 cases per 100 000 persons) [1,6–
11]. The frequency is fairly constant throughout the world, with 
men and women being affected equally. Up to one-third of 
newly diagnosed cases not belonging to previously identified 
families appear to represent either de novo germline mutations 
or mosaicism [1,12–16]. About 0.5% of all colon cancer cases 
historically have arisen in the setting of FAP [6], although the 
figure may now be as low as 0.07%, likely owing to surveillance 
and cancer prevention in FAP families [7].
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Genetics
FAP arises from germ-line mutations of the APC gene on chro-
mosome 5q21 [17,18]. APC is a tumor suppressor gene; thus 
gene inactivation occurs only after both alleles are mutationally 
damaged. In FAP, one allele is inherited in a mutated form. 
Adenoma formation is initiated when the second allele is 
damaged or lost by a somatic event. The progression of adenoma 
to carcinoma after APC inactivation is similar in FAP and the 
sporadic setting in that mutations accumulate in additional rel-
evant genes, including K-ras, p53, a gene or genes on chromo-
some 18, and possibly others [19].

The APC protein is a scaffolding protein, which is directly or 
indirectly involved with a number of cellular functions includ-
ing cell proliferation, inhibition of DNA replication, apoptosis, 
differentiation, adhesion, migration, cell cycle control, stabiliza-
tion and assembly of microtubules, and maintenance of cell 
polarity [17,19–22]. Various functional domains have been 
determined [23] as shown in Figure 79.1. The APC gene is part 
of the Wnt signaling pathway in which activation favors cell 
growth, suppression of apoptosis, loss of differentiation, and 
loss of cell cycle control. Loss of APC function causes this acti-
vation to be constant and unregulated, that is, constitutive. The 
APC protein also binds to microtubules and can promote 
microtubule assembly, which is part of the normal migration 
mechanism of the colonocyte up the colonic crypt [17,20,21]. 
Mutated APC also causes disruption of normal cellular posi-
tioning in the crypt, consistent with present models of carcino-
genesis. APC also appears to play a role in cell polarity, which 
is important to proper cell growth, differentiation, and migra-
tion [24,25].

More than 90% of APC germ-line mutations that cause 
FAP results in a truncated protein product [18]. The causative 

Box 79.1 Polyposis syndromes.

Familial adenomatous polyposis (FAP)
Gardner syndrome (GS)
Two-thirds of Turcot syndrome families
Attenuated familial adenomatous polyposis (AFAP)

MUTYH associated polyposis (MAP)
Serrated polyposis syndrome (SPS) (previously hyperplastic polyposis 
syndrome)
Peutz–Jeghers syndrome (PJS)
Juvenile polyposis syndrome (JPS)
PTEN hamartoma tumor syndrome (PHTS)

Cowden syndrome (CS)
Bannayan–Riley–Ruvalcaba (BRR) syndrome
Lhermitte–Duclos disease (LDD)

Polyposis syndromes with neural polyp histology
Neurofibromatosis type 1 (NF1)
Multiple endocrine neoplasia type 2B (MEN 2B)
Isolated intestinal neurofibromatosis of the colon

Polyposis syndromes with inflammatory polyps
Inflammatory bowel disease
Mucosal prolapse syndrome

Polyposis conditions arising from lymphoid tissue
Nodular lymphoid hyperplasia (NLH)
Multiple lymphomatous polyposis (MLP)
Immunoproliferative small intestinal disease (IPSID)

Miscellaneous rare polyposis syndromes and conditions
Constitutional mismatch repair deficiency syndrome (CMMRDS)
Hereditary mixed polyposis syndrome (HMPS)
Cronkhite–Canada syndrome (CCS)
Gorlin syndrome (GS)
McCune–Albright syndrome (MAS)
Leiomyomatosis
Lipomatous polyposis
Multiple lymphangiomas
Pneumatosis cystoides intestinalis

Figure 79.1 APC gene showing certain DNA characteristics as well as protein binding sites of the resultant protein. Also shown are the locations of 
disease-causing mutations in the APC gene correlated with colonic polyp density, congenital hypertrophy of the retinal pigment epithelium (CHRPE), 
and desmoid tumors. In general, colonic polyp numbers in attenuated familial adenomatous polyposis (AFAP) range from five to 100, those with 
“intermediate FAP” range from 100 to 1000, and those with profuse FAP range from 1000 to 5000. There is considerable overlap, however, depending 
on age of the patient and also between individual family members with AFAP. Other than colonic polyp density, CHRPE, and desmoid tumors, the 
phenotypic manifestations of FAP have not consistently correlated with APC gene mutation locations. Source: Nieuwenhuis et al. 2007 [145]. 
Reproduced with permission of Elsevier.
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tion) essentially rules it out. Such individuals then need only 
average risk screening for colon cancer. Embryo testing for pre-
implantation is now available at specialized centers.

Clinical manifestations
Colonic polyposis
The clinical diagnosis of FAP is made with the presence of at 
least 100 colonic adenomatous polyps or fewer polyps and an 
immediate relative with FAP [3,4]. The number of adenomatous 
polyps in a person with fully expressed FAP averages 1000, with 
some people exhibiting more than 5000 polyps (Figures 79.1 
and 79.2). Fewer adenomas are seen early in the disease and in 
AFAP (see Section Attenuated familial adenomatous polyposis). 
The number of polyps in individuals and families depends to 
some extent on the location of mutation in the APC gene (Figure 
79.1). Attenuated FAP, that is fewer than 100 polyps, correlates 
with mutations at the far proximal and distal portions of the 
APC gene. Persons with greater than 1000 polyps exhibit muta-
tions in the mid portion of the gene [23,35]. Mutations between 
these locations associate with an intermediate phenotype (100–
1000 polyps).

Polyps begin to appear most often in the second or  
third decade of life. The mean age of polyp occurrence is  
15.9 years (range 8–34 years) [36]. The average age of FAP 
diagnosis in patients presenting with symptoms is 35.8 years 
(range 4–72 years) in the St. Marks FAP registry in London [1]. 
The age of symptom presentation correlates with gene mutation 
location, which, in turn, correlates with colonic polyp density 
[35,37,38].

Adenomatous polyps are usually distributed evenly through-
out the colon, with a slight distal colonic excess. The size of the 
polyps depends on the stage at which the patient is examined. 
Even in fully developed cases, however, 90% of adenomas are 
less than 0.5 cm in diameter, and less than 1% of polyps are 
larger than 1 cm. Polyps may either carpet the colon with myriad 

mutations introduce a premature stop codon by nonsense muta-
tions (30%), frameshift mutations (68%), or large deletions (2%) 
[20]. The actual frequency of large deletions, however, may be 
as high as 15% as many studies have not included detection 
methods for large deletions [26–28]. The most common germ-
line APC mutation observed in multiple unrelated families is a 
5-bp deletion that results in a frameshift mutation at codon 
1309. Although mutations have been found scattered through-
out the gene, most are located in the 5′ end of exon 15, often 
called the mutation cluster region [29,30]. The location of muta-
tions in the APC gene correlate to some degree with colonic 
adenoma number, desmoid tumor occurrence, and congenital 
hypertrophy of the retinal pigment epithelium, as shown in 
Figure 79.1 [23].

DNA sequencing is presently the most common means to 
identify APC mutations. Large rearrangements and large dele-
tions are often not detected by sequencing so Southern blotting 
and multiplex ligation-dependent probe amplification (MLPA) 
are applied for this purpose [18,31,32]. A number of clinically 
typical FAP families are not found to have APC mutations by 
these methods. Various genetic causes of this failure are posited 
including mosaicism, cryptic mutations, both intronic and/or 
intragenic, different genes, promoter mutations, and others. 
Newer approaches to mutation identification are on the horizon 
and will likely change the decision-making process on when 
genetic testing should be offered.

A number of genetic testing laboratories now perform genetic 
testing for FAP and other inherited conditions. These laborato-
ries can be identified at a website (http://www.ncbi.nlm.nih.gov/
gtr/). Genetic counseling and informed consent is an essential 
part of genetic testing [18,33]. Important medical and psycho-
social issues surround asymptomatic genetic testing [34] (see 
Chapter 47). The physician must either be familiar with the 
issues or use trained genetic counselors.

There are four settings in which to consider genetic testing 
for FAP [18]: (1) testing a person with some features of FAP, but 
where the clinical diagnosis is not certain; (2) testing a person 
with clinically defined FAP, but the mutation is not known in 
the family; (3) testing relatives in an FAP family once the muta-
tion is known; and (4) embryo testing for preimplantation 
genetic diagnosis. The first setting is usually defined as a person 
with at least 10 to 20 cumulative adenomas but no known family 
history of FAP. Finding a mutation confirms the diagnosis of 
FAP or attenuated FAP and allows relatives to be tested with a 
high degree of accuracy. Failure to identify a mutation in an 
index case does not rule out FAP, as mutations cannot always 
be detected. Genetic testing in the second situation is similar, 
but the patient has more than 100 adenomas and the likelihood 
of finding a disease-causing mutation is much higher. Failure to 
find a mutation means that all close relatives must still be 
screened as if they have FAP. In the third setting, relatives of a 
person with a known APC disease mutation are tested for the 
presence or absence of that mutation. A positive test indicates 
the diagnosis of FAP, whereas a negative test (absence of muta-

Figure 79.2 Fully developed colonic polyposis in profuse familial 
adenomatous polyposis. Source: Courtesy of Karen Kim, MD.
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plastic, fundic gland polyps may rarely progress to cancer [48–
50]. Almost half of FAP patients with fundic gland polyps will 
have superficial dysplasia in some of those polyps [51]. Dysplasia 
sometimes becomes severe and progresses to gastric cancer 
[48,52–55]. Fundic gland polyps are observed in up to 2% of  
the general population sporadically, but may be much more 
common with chronic use of proton pump inhibitors [45]. 
Sporadic fundic gland polyps arise from mutations of β-catenin, 
while those in FAP arise from APC inactivation [56–58]. 
Helicobacter infection with resultant atrophic gastritis may be 
protective of fundic gland polyps in FAP [51,59].

Adenomatous polyps occur in the stomach of about 10% of 
patients with FAP. They are most often confined to the antrum 
but are occasionally found in the body and fundus [60,61]. The 
lifetime risk for gastric cancer in FAP is about 0.6%, believed to 
be from both fundic gland polyps and adenomatous polyps.

Duodenum and small bowel
Endoscopically visible duodenal adenomas are found in more 
than half of FAP patients [30,46,62] (Figure 79.3). The polyps 
are most commonly 1–10 mm in diameter and multiple. Most 
patients have numerous small adenomas scattered throughout 
the duodenum, particularly in the second and third areas, 
whereas in others, the polyps are restricted to the periampullary 
area. Adenomas may progress, often slowly, and there is evi-
dence of an adenoma–carcinoma sequence similar to that 
observed in the colon [30]. Adenomas sometimes grow large, 
exhibit villous histology and increasing degrees of dysplasia, 
and may cause symptoms. A scoring system has been developed 
to evaluate the severity of duodenal polyposis and is now  
widely applied as the Spigelman staging system [63] (Table 79.1). 
The risk for duodenal cancer increases to 36% within 10 years 
for Spigelman stage IV patients [64]. The risk of exhibiting 

small lesions or occur as more distinct and somewhat larger 
lesions. Striking heterogeneity of polyp number and growth rate 
has been observed [39].

Histopathology demonstrates tubular adenomas, indistin-
guishable from common or sporadic adenomas. Villous and 
tubulovillous histologies are also seen, but much less frequently 
and usually in larger polyps. A histological feature of FAP not 
observed in the general population is dysplastic or adenomatous 
epithelial cells in single crypts or even portions of single crypts. 
These are called microadenomas and are often seen in FAP 
biopsy specimens of normal-appearing mucosa [1]. Budding of 
dysplastic epithelium from normal crypts can be observed and 
aberrant crypt foci have been reported to occur with increased 
frequency in FAP [40]. These lesions are similar to microadeno-
mas but are identified with methylene blue staining of the 
colonic mucosal surface.

Colon cancer
Colonic adenocarcinoma is the inevitable consequence of FAP 
unless the colon is removed. In the St. Mark’s series, the average 
age at cancer diagnosis was 39 years. By 45 years of age, 87% 
had developed cancer, and by 50 years, 93%. Colon cancer has 
been reported as early as 9 years of age, although the occurrence 
of malignancy before adolescence is very unusual. Multiple 
colonic malignancies were present in about 48% of those with 
cancer (41% synchronous, 7% metachronous). Eighty-four 
percent of malignancies were at or distal to the splenic flexure, 
a fraction almost identical to that found in their series of 
random colorectal malignancies at that time. Average life 
expectancy after diagnosis of cancer was 2.6 years. Survival is 
remarkably improved in relatives of probands who undergo 
screening [6,9,10,41,42]. Polyp number correlates with cancer 
risk. One study found a 2.3-fold increase in cancer risk at diag-
nosis for those with more than 1000 colonic polyps compared 
with those with fewer than that number [43]. There is a 25% 
incidence of colon cancer in newly diagnosed FAP patients not 
belonging to known families, which remains common because 
of the high frequency of de novo germline mutations [12,44].

Upper gastrointestinal polyps and cancer
Stomach
Gastric polyps occur in 23%–100% of FAP patients [3,30,45,46]. 
In the gastric fundus and body, the polyps are most often fundic 
gland polyps, considered hamartomas. These polyps are histo-
logically seen to consist of simple hyperplasia of the fundic 
glands with microcysts. Endoscopically, the polyps are multiple 
sessile lesions, most often 1–10 mm in diameter and are the 
same color as surrounding mucosa [47]. Considerable variation 
in size and number is observed. The polyps are sometimes so 
numerous that they coalesce, forming areas of irregular, matted 
surface mucosa. Fundic gland polyps rarely cause symptoms.

Fundic gland polyps have been observed to occur as early as 
8 years of age. Size and number may gradually increase, remain 
static, or even decrease. Although they are considered nonneo-

Figure 79.3 Duodenal polyposis in familial adenomatous polyposis.
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found most commonly on the skull and mandible but may occur 
on any bone of the body [85–87]. The size ranges from imper-
ceptible to several centimeters in diameter, and they number 
from one to dozens. Osteomas may occur in children who are 
at risk for FAP before the onset of colonic polyposis [88], but 
they can continue to occur throughout life [89]. Osteomas have 
no malignant potential and are not a clinical problem except for 
occasional cosmetic concern. They occur most often when the 
APC mutations are between codon 767 and 1513 [87]. Subtle 
radiopaque jaw lesions are often evident by panoramic dental 
radiographs in patients with FAP and no other apparent extrain-
testinal lesions of Gardner syndrome [90,91]. Various dental 
abnormalities also have been described in FAP, including 
unerupted teeth, supernumerary teeth, dentigerous cysts, and 
odontomas [84,86,88,92,93]. These all may precede the develop-
ment of colonic polyposis, and the prevalence is estimated at 
17%, compared with 1%–2% in the general population.

Cutaneous lesions
Epidermoid cysts, sebaceous cysts, fibromas, lipomas, and pilo-
matricomas have all been described as a part of FAP 
[85,87,88,94–99]. Epidermoid cysts occur most commonly on 
the legs, face, scalp, and arms, in that order, but they may appear 
anywhere on the body surface [96]. They range in size from 
millimeters to several centimeters. Although common in the 
general population, they often occur in FAP before puberty, 
with an average age of 13 years, and may precede the onset of 
colonic polyposis. Sebaceous cysts in one study were reported 
to occur in 51% of FAP patients and with no mutation–location 
correlation [87]. Fibromas, ranging in size from millimeters to 
centimeters, are found most commonly on the cutaneous 
surface of the scalp, shoulders, arms, and back. All of the cuta-
neous lesions are benign but may cause cosmetic problems 
requiring removal. Cysts occasionally become infected. 
Pilomatricoma, also known as a calcifying epithelioma of 
Malherbe, is a benign skin tumor derived from the hair matrix. 

Spigelman stage IV duodenal polyposis is 43% by age 60 years 
and 50% by age 70 years [65].

The lifetime risk for duodenal cancer is 3%–5% but in some 
series has been even higher [1,4,30,46,66]. The age of duodenal 
cancer diagnosis ranges from 17 to 81 years, with a mean 
between 45 and 52 years. About half of duodenal cancers are 
ampullary or periampullary while others are elsewhere in the 
duodenum [67]. Duodenal cancer is one of the leading causes 
of death in FAP patients who have had prophylactic colectomy 
[67–70].

The presence or severity of duodenal polyposis has been asso-
ciated with germline and somatic mutations after codon 1400 
to codon 1580 [30], although a more proximal mutation area 
has been suggest in another study [71]. Mutations downstream 
from codon 1051 have also been associated with severe periam-
pullary lesions [66]. A number of mechanisms have been sug-
gested for the frequent clustering of adenomas and cancer in the 
periampullary area [30,61].

Adenomas may occur throughout the small bowel but are 
concentrated for the most part in the proximal jejunum (50% 
of cases) and distal ileum (20% of cases) [72–74], and are associ-
ated with a modest increased risk of small bowel cancer [75]. 
Adenomatous polyps are known to occur in the distal ileum 
after subtotal colectomy, colectomy with ileostomy, and colec-
tomy with ileal pouch anal anastomosis [76,77]. Distal ileal 
cancer also has been reported in these settings, but it is very 
unusual [77,78]. Prominent lymphoid polyps occur frequently 
in the terminal ileum of younger patients with FAP and should 
be differentiated from adenomas by biopsy.

Gallbladder, bile ducts, and pancreas
Both adenomatous change and cancer have been reported in the 
gallbladder, bile ducts, and pancreas [5,72,79–82]. Biliary and 
pancreatic duct obstructions have arisen from both benign and 
malignant lesions. The cancer risks are shown in Table 79.2.

Benign extraintestinal growths
Osteomas and dental abnormalities
Multiple osteomas were the first extracolonic lesion to be associ-
ated with FAP [1,83,84]. These lesions are benign bone growths 

Table 79.1 Duodenal adenomatosis staging system. Source: Spigelman 
et al. 1989 [63]. Reproduced with permission of Elsevier.

Polyps 1 Point 2 Points 3 Points

Number <4 5–20 >20

Size 0–4 mm 5–10 mm >10

Histology Tubular Tubulovillous Villous

Dysplasia Mild Moderate Severe

Stage I, 4 or fewer points; stage II, 5–6 points; stage III, 7–8 points; 
stage IV, 9–12 points.

Table 79.2 Extracolonic desmoid and cancer risks in familial adenomatous 
polyposis. Source: Galiatsatos and Foulkes 2006 [5]. Reproduced with 
permission from John Wiley & Sons.

Malignancy Relative risk Absolute lifetime risk (%)

Desmoid 852.0 15.0

Duodenum 330.8 3.0–5.0

Thyroid 7.6 2.0

Brain 7.0 2.0

Ampullary 123.7 1.7

Pancreas 4.5 1.7

Hepatoblastoma 847.0 1.6

Gastric – 0.6
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Congenital hypertrophy of the retinal pigment epithelium
Multiple and bilateral patches of congenital hypertrophy of the 
retinal pigment epithelium (CHRPE), also called pigmented 
ocular fundus lesions, have been described as a common mani-
festation of FAP [126]. The lesions are discrete, darkly pig-
mented, round, oval, or kidney shaped and range in size from 
0.1 to 1.0 disc diameters. The presence of bilateral or multiple 
(more than four) lesions is highly specific (94%–100%) but only 
moderately sensitive (58%–84%) for FAP [127]. The lesion 
appears to be congenital, has been detected in a 3-month-old 
at-risk infant, and may be the earliest clinically detectable lesion 
of FAP. Careful slit-lamp examination is often required for 
detection. The presence of CHRPE correlates closely with muta-
tions in specific areas of the APC gene [23,71].

Adrenal adenomas
Adrenal adenomas have been reported in FAP [128,129]. Two 
studies found their occurrence to be significantly higher than 
in the general population, 7% and 13%, respectively, versus 3% 
[130,131]. Several cases of functioning adrenal adenomas and 
adrenal carcinomas have also been noted in these same series, 
but association of these more advanced lesions with FAP is 
uncertain. Most adrenal masses in FAP are found incidentally 
on computed tomography (CT). It has been recommended that 
adrenal lesions be managed similarly to those in the general 
population, which is hormonal investigation if relevant symp-
toms are present and needle biopsy if a simple adenoma is not 
confirmed by CT or if the lesion is 5 cm or larger [130–132].

These lesions consist of anucleate squamous cells, benign viable 
squamous cells, and multinucleated giant cells. The presence of 
calcifications is common. Multiple pilomatricoma are rare, but 
are sometimes seen associated with FAP [99].

Desmoid tumors
Desmoid tumors (also called desmoid fibromatosis) are benign 
fibrous growths that occur rarely in the general population (5–6 
per 1 million persons per year [100,101]) but frequently in FAP, 
affecting between 3.6% and 25% of patients [102–108]. The peak 
incidence of desmoids in FAP is between 28 and 31 years, with 
80% occurring before age 40 years [108]. Independent predic-
tors for desmoids include an APC mutation 3′ of codon 1399, 
family history of desmoids, female gender, and early colectomy 
(see Figure 79.1) [23,71,106,109,110]. They most commonly 
occur following surgery after an average of 4.6 years and more 
often after surgery if the APC mutation is more 3′ or if there 
were preexisting abdominal or extraabdominal desmoids [111–
113]. Desmoid tumors are one of the most common causes of 
morbidity and mortality in FAP patients who have had prophy-
lactic colectomy [4,70,114,115].

Desmoids may arise in musculoaponeurotic structures 
throughout the body. They are most common in the mesentery 
and abdominal wall in patients with FAP, but most common in 
extraabdominal locations in the sporadic setting [104,116,117]. 
They do not metastasize but may infiltrate adjacent structures, 
extend along facial planes, attach to and erode bones, and may 
engulf and compress bowel, blood vessels, nerves, ureters, and 
other hollow organs of the abdomen. Severe and even fatal clini-
cal problems are sometimes caused by these tumors, especially 
if mesenteric vessels or other abdominal organs are obstructed. 
Other complications include bowel perforation, fistulization, 
bleeding, and ureteral obstruction [102,118]. In the abdomen 
of FAP patients, mesenteric plaque-like lesions occur that  
may progress to mesenteric fibromatosis and finally desmoid 
tumors, often stimulated by surgery [119]. Desmoid tumors 
usually enlarge very gradually and sometimes stop growing 
altogether. Although the most common symptom is abdominal 
pain, only about one-third of abdominal desmoids cause pain. 
Intraabdominal desmoids sometimes become massive, occupy-
ing much of the abdominal cavity and encasing many segments 
of viscera. Extraabdominal desmoid tumors may also be a sig-
nificant cause of morbidity in FAP [120,121] (Figure 79.4).

Desmoid tumors may be the first manifestation of FAP in 
some patients and families. Furthermore, some families with 
APC mutations exhibit desmoids as their only disease manifes-
tation [122,123]. A distinctive histopathology has been demon-
strated in desmoid tumors of young FAP patients, whose first 
manifestation of the condition was often this lesion [124]. 
Desmoids in FAP are monoclonal growths of hyperproliferative 
fibroblastic cells with APC inactivation [125]. Excess cell growth 
appears to occur on the basis of this APC inactivation and sub-
sequent accumulation of β-catenin. Sporadic desmoids exhibit 
β-catenin rather than APC mutations.

Figure 79.4 Large desmoid tumor overlying the neck in familial 
adenomatous polyposis.
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third of cases come from mutations of the mismatch repair 
genes and are thus a part of hereditary nonpolyposis colorectal 
cancer (HNPCC) or Lynch syndrome. The CNS malignancies 
in Lynch syndrome-related Turcot syndrome are glioblastoma 
multiforme tumors, and affected patients also exhibit fewer 
adenomatous polyps, typical of Lynch syndrome [148]. The risk 
for cerebellar medulloblastoma in FAP is calculated to be 92 
times that of the general population [147].

Attenuated familial adenomatous polyposis
Attenuated FAP (AFAP) arises from APC mutations at either 
the far proximal (5′) end of the gene, the far distal (3′) end of 
the gene, or in certain locations of exon 9 (see Figure 79.1) 
[23,149]. Whole or partial gene deletions may also give an atten-
uated phenotype [35]. Patients with AFAP have many fewer 
colonic adenomas than those with typical FAP, averaging 25 
(range 0–470) in one study and exhibiting a more proximal 
colonic preponderance than in typical FAP [149–151]. The 
polyp number is extremely variable within many kindreds. The 
cumulative risk of colorectal cancer by age 80 in two large care-
fully studied kindreds was estimated to be 69%, with an average 
age at cancer diagnosis of 58 years (range 29–81 years) [149]. 
In another study, the average age at symptomatic presentation 
was 52 years [38]. The emergence of adenomas and cancer is 
also delayed 10–20 years compared to typical FAP. In contrast, 
the expression of upper GI polyps, both gastric and duodenal, 
does not appear to be attenuated in number, age at emergence, 
or cancer risk [50,151].

AFAP may be difficult to diagnose without genetic testing 
because some patients exhibit very few adenomas even at 
advanced ages [149]. AFAP accounts for 10% of persons with 
20–99 adenomas and 5% of those with 10–19 adenomas [152]. 
A founder mutation for AFAP has been described that accounts 
for many affected individuals throughout the USA [153]. 
Genetic and molecular mechanisms for the phenotype of AFAP 
continue to be identified, including APC mosaicism, whole gene 
deletion, large gene rearrangements, multiple APC mutations, 
and MUTYH gene mutations (see Section MUTYH-associated 
polyposis) [13,14,31,154–158].

The phenotype of AFAP or MUTYH-associated polyposis 
(MAP) is also associated with POLE and POLD1 genes. Germline 
mutations that affect the proofreading domains of these genes 
give rise to a phenotype of multiple adenomas (5–100) or very 
large adenomas, and young-age colorectal cancer [159]. The 
frequency, the extracolonic phenotype, and genetic testing 
guidelines for this dominantly inherited condition are yet to be 
determined, although the POLD1 variant is also associated with 
endometrial and possibly brain tumors.

Differential diagnosis
All of the polyposis syndromes reviewed in this chapter are 
included in the differential diagnosis of a patient found to have 
GI polyposis. Lynch syndrome must occasionally also be distin-
guished, particularly from AFAP [160]. Histology is paramount 

Nasopharyngeal angiofibroma
Nasal angiofibromas have been correlated with FAP in a number 
of patients [133]. The APC gene acts as a tumor suppressor in 
nasopharyngeal angiofibromas [134].

Extracolonic malignancies
A number of malignancies outside the colon are known to 
exhibit an increased lifetime risk in patients with FAP, as shown 
in Table 79.2. There have been case reports of other rare tumors, 
such as myoepithelial carcinoma and intraductal papillary and 
mucinous pancreatic tumor [135,136].

Up to 12% of FAP patients have thyroid cancer and 80% have 
nodular thyroid [137]. The mean age of diagnosis of thyroid 
cancer is 28 years, ranging from 12 to 62 years [138–140]. A 
female preponderance is observed, and the histology is pre-
dominantly papillary, commonly with a cribriform pattern. 
Familial aggregation has been observed, and mutation analysis 
has revealed that most mutations in FAP patients with thyroid 
cancer are identified outside the mutation cluster region [140]. 
Annual thyroid palpation and ultrasound have been recom-
mended for thyroid screening in FAP [137].

Hepatoblastoma occurs in only 1.6% of FAP patients, exhibits 
a male predominance, and associates somewhat with mutations 
in the 5′ end of the APC gene. This malignancy most often 
occurs in the first 5 years of life, with some risk up to 15 years 
of age [141]. Up to 10% of children with hepatoblastoma will be 
found to have FAP [142–144]. Screening for serum α-fetoprotein 
every 3 to 6 months and liver ultrasound also every 3 to 6 
months for the first 5–10 years in FAP patients has been sug-
gested but is still debated.

Syndromes related to familial  
adenomatous polyposis
Gardner syndrome
In the early 1950s, Gardner and colleagues described a large 
kindred that exhibited typical FAP, but also very prominent 
extracolonic growths, especially osteomas, epidermoid cysts, 
and fibromas [84]. All of the other extracolonic lesions of FAP 
noted previously were eventually added to the phenotype of 
Gardner syndrome. Discovery of the APC gene led to the con-
clusion that FAP and Gardner syndrome arise from mutations 
of the same gene. Further, the expression of extracolonic mani-
festations correlates to some extent with location of the APC 
gene mutation [71,87,145] (see also Figure 79.1). The term 
Gardner syndrome is thus mainly of historical interest but will 
likely continue to be used for families with frequent and obvious 
extraintestinal manifestations of the condition [87].

Turcot syndrome
Turcot syndrome is characterized by colonic polyposis and 
central nervous system (CNS) tumors [146]. About two-thirds 
of Turcot syndrome cases arise from mutations of the APC gene 
and exhibit medulloblastoma-type CNS tumors as well as some 
anaplastic astrocytomas and ependymomas [5,147,148]. These 
cases usually exhibit typical colonic polyposis of FAP. The other 
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and cancer are nonspecific and include abdominal pain, weight 
loss, GI blood loss, palpable mass, and luminal obstruction.

The average life expectancy of patients with untreated FAP 
has been estimated to be 42 years, but approaches that of the 
general population up to 18 years after colectomy [161]. The 
major causes of death after colectomy are duodenal cancer (par-
ticularly periampullary), desmoid tumors, usually intraabdomi-
nal, and rectal cancer if a subtotal colectomy was done 
[4,70,162–164]. Other cancers are occasionally observed, such 
as pancreatic, biliary, adrenal, and small bowel. The cumulative 
probability of an FAP patient developing extracolonic cancer of 
any type after colectomy in the St. Mark’s Registry was found to 
be 11% by 50 years of age and 52% by 75 years [165]. This overall 
risk was significantly higher than the compared risk in the 
general population of about 4% and 22% at ages 50 and 75 years, 
respectively.

Management
Diagnosis
The diagnosis of FAP is made by finding characteristic clinical 
manifestations, specifically more than 100 colonic adenomas at 
any age; finding adenomas in a younger first-degree relative of 
a person with known FAP; and finding a disease-causing muta-
tion in the APC gene in a person suspected of having FAP 
[3,18,166]. Fewer polyps can give rise to suspicion of AFAP 
[3,149]. A constellation of other findings, such as typical upper 
GI polyps and osteoma, can lead to a high suspicion of FAP. 
Clinical diagnosis virtually always involves colonoscopic exami-
nation with biopsy of the colon and frequently genetic testing.

Screening and surveillance
The primary goal of FAP management is to prevent cancer. In 
view of the extreme cancer risk in the colon and emerging 
knowledge of other cancer risks, empiric screening guidelines 
have been suggested on the basis of these risks and the likely 
ages of cancer development (Table 79.3).

to specific diagnosis because most of the polyposis syndromes 
have histologically characteristic polyps. The colonoscopic 
appearance of myriad 1- to 5-mm polyps is characteristic of 
FAP, although lymphoid hyperplasia and serrated polyposis 
(previously hyperplastic polyposis) may mimic this appearance. 
Additional parameters to be considered in differentiating the 
various polyposis conditions include: polyp distribution 
throughout the GI tract; polyp number and size; the presence 
of extraintestinal growths or malignancy; and the family history 
of any of these features. Finally, genetic testing is a powerful tool 
that can now be used to make a definitive syndrome diagnosis 
in most syndrome cases. Mutation-specific genetic testing can 
then be done in family members after the relevant mutation is 
found in an index case. Each of the polyposis syndromes in this 
chapter is characterized in terms of these parameters. MAP is 
often only distinguishable from FAP or AFAP by genetic testing, 
as many MAP patients present as typical FAP or AFAP.

Clinical course and complications
Most individuals with FAP remain asymptomatic until colon 
cancer occurs. There are usually only a few minute polyps when 
adenomas are first detected. Polyp number and size increase 
gradually over ensuing years. Symptoms from the colonic 
disease are seldom experienced if a timely colectomy is per-
formed. Left untreated, nonspecific symptoms eventually 
develop from the polyposis or colon cancer. The most common 
symptoms include rectal bleeding (79%), diarrhea (70%), and 
abdominal pain (40%) [1]. The average age at onset of symp-
toms is 32.8 years. Sixty-six percent of individuals who present 
with symptoms have already developed cancer. Presymptomatic 
screening and appropriately timed colectomy is the favored 
approach in FAP.

Upper GI polyps are also usually asymptomatic unless cancer 
occurs, with the exception of polyps at the duodenal papilla or 
in the bile or pancreatic ducts. Such polyps may cause obstruc-
tive jaundice or pancreatitis. Symptoms from upper GI polyps 

Table 79.3 Screening recommendations in familial adenomatous polyposis.

Cancer Age to begin screening (years) Screening interval (years) Screening procedures

Colon 10–12 late teens if AFAP 1 Sigmoidoscopy or colonoscopy if AFAP

Duodenal or periampullary 20–25 1–3 EGD also with “sideviewing” exam of the 
duodenal papilla

Pancreatic – – None given

Thyroid 10–12 1 Physical examination, possibly ultrasound

Gastric 20–25 1–3 Same as for duodenal

Central nervous system, usually 
cerebellar meduloblastoma 
(Turcot syndrome)

First decade 1 Annual physical examination, possibly 
periodic MRI scan of head in affected 
families

Hepatoblastoma 6 months 3–6 months Possibly liver palpation, hepatic ultrasound, 
α-fetoprotein during first decade of life

AFAP, attenuated familial adenomatous polyposis.
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cancers have occurred in relatives. Screening is not done for 
desmoids, but evaluation is done for palpable masses or symp-
toms. Periodic abdominal imaging is not generally recom-
mended, but may be considered if desmoids have been an issue 
in family members. Careful questioning is done for CNS symp-
toms and periodic head magnetic resonance imaging is recom-
mended if any family member has had CNS malignancy. The 
value of screening for hepatoblastoma is debatable but if done 
should include serum α-fetoprotein every 3 to 6 months, liver 
ultrasound, and liver palpation, probably from birth and con-
tinuing throughout the first decade [142]. Specific biliary evalu-
ation is done only for abnormal laboratory tests or symptoms. 
The small bowel should probably be examined periodically by 
CT enterography, push or balloon enteroscopy, or capsule 
endoscopy if upper endoscopy demonstrates severe duodenal 
polyposis, although the value of this approach is uncertain [74]. 
Capsule endoscopy is not helpful in the duodenum, but appears 
to be more reliable in the jejunum and ileum if small bowel 
lesions past the duodenum are suspected [69,174,175].

Ileal pouch and rectal screening after colectomy
Adenomas may develop in the ileal pouch after colectomy with 
ileal pouch–anal anastomosis surgery, or they may develop in 
the small segment of remaining rectal epithelium after restora-
tive proctocolectomy [76,176,177]. There appears to be a small 
but real risk for cancer in ileal pouch [76–78]. Advanced dys-
plasia and cancer may occur at the anal transition zone, either 
from rectal tissue unexpectedly remaining with ileoanal anas-
tomosis, or from the short segment of rectum often remaining 
with restorative proctocolectomy [70,178,179]. Screening of the 
pouch and anal transition zone should be done within 2 years 
of surgery and then every 6 months to 3 years, depending on 
the presence and number of adenomas.

When subtotal colectomy with ileorectal anastomosis (IRA) 
is performed, rectal adenomas often initially regress [180]. They 
almost always recur, however, and are associated with a cancer 
risk as high as 32% [78,181,182]. Cancer risk is higher when 
APC mutations are in areas that give rise to dense polyposis 
[183]. Sigmoidoscopy with ablation of recurrent adenomas is 
believed to minimize and delay cancer occurrence and is sug-
gested every 3–6 months, depending on the rate of adenoma 
recurrence [4,73].

Treatment
Colon and rectum
An appropriately timed colectomy remains the cornerstone of 
colon cancer prevention in FAP [4,5,184]. Surgery should be 
considered once adenomas emerge. Indications for colectomy 
include multiple adenomas, usually over 25, larger adenomas, 
≥1 cm, and any villous histology or increased dysplasia. Most 
colectomies are done between the ages of 15 and 25 years. The 
primary surgical options include colectomy with IRA and 
restorative proctocolectomy with ileal pouch–anal anastomosis 
(IPAA). Proctocolectomy with ileostomy is rarely needed. 

Colon screening
Colon screening with subsequent surgery has been definitively 
shown to decrease and almost eliminate mortality from large 
bowel malignancy [4,41,161,167].

Colon screening should be performed in those with a clinical 
or genetic diagnosis of FAP or in first-degree relatives of those 
with FAP if genetic testing is uninformative or has not been 
done. The generally accepted colon screening guideline for 
typical FAP is sigmoidoscopy every 1 to 2 years, beginning at 
10–12 years of age [3,4,168–170]. Those initially screened at an 
older age should probably have colonoscopy for the first exami-
nation. If surgery is delayed longer than a year after polyps 
emerge, annual colonoscopy should be used for surveillance. 
For AFAP, colonoscopy should always be used for screening, in 
view of more proximal colonic polyp distribution. Onset of 
examination in AFAP can reasonably be delayed until the late 
teens to mid-20s and be performed every 1–2 years. Colon 
surveillance in families with both FAP and AFAP appears to be 
much lower than indicated [171]. Reasons included lack of phy-
sician recommendation, lack of insurance, and a belief that risk 
was not increased, underscoring the importance of both physi-
cian and patient education.

Upper gastrointestinal screening
Upper GI screening has not been demonstrated to improve 
prognosis but is nonetheless recommended in view of the 
cancer risk and expectation that mortality can be improved 
[4,46,62,65–67,172]. The most common recommendation is to 
begin screening at the age of 25–30 years, although some recom-
mend an initial examination at the time of diagnosis and earlier 
screening if other family members have exhibited advanced 
duodenal disease at an earlier age [30]. Standard upper endos-
copy should be supplemented with a side-viewing instrument 
to visualize the duodenal papilla. Endoscopic ultrasound or 
endoscopic retrograde cholangiopancreatography may also be 
indicated, depending on endoscopic findings or symptoms. A 
1- to 5-year interval for examination is given as follows: (1) 
every 5 years for Spigelman stage 0 or I; (2) every 3 years for 
stage II disease; (3) every 1–2 years for stage III disease; and (4) 
every 6–12 months for stage IV disease and/or consider surgery 
[4,30] (see Table 79.1). Another approach to screening is endos-
copy at 3-year intervals if adenomas are not found and annually 
if they are. The stomach should be examined during endoscopy 
and any polyps judged to be of concern because of size, color, 
or gross appearance biopsied. A pediatric study concluded that 
all pediatric patients should have upper GI screening at the 
onset of colonic screening [173].

Screening for other malignancies and desmoids
Screening for the other associated cancers and for desmoids is 
empiric. The thyroid should be examined by palpation annually, 
starting at age 10–12 years, in view of risk and ease of examina-
tion. Annual thyroid ultrasound has also been recommended 
[137]. Other sites should be evaluated for symptoms or if these 
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scopic ablation or polypectomy, surgical polypectomy, endo-
scopic or surgical papillectomy, surgical duodenectomy, and 
pancreaticoduodenectomy (Whipple procedure) [4,186]. In 
view of their malignancy potential, removal or ablation of duo-
denal adenomas should be considered if they become large 
(1–2 cm) or exhibit villous histology or advanced dysplasia. 
Single, large, pedunculated adenomas can usually be removed 
endoscopically, whereas large sessile polyps with advanced dys-
plasia may require surgical duodenotomy. Severe, diffuse duo-
denal adenomatosis may require duodenectomy (if the papilla 
is spared) or the Whipple procedure, particularly if advanced 
dysplasia is present.

A review of duodenal polyp endoscopic therapies in FAP 
found recurrence to be high (>50%) and complications to be 
high (17%), including perforation, hemorrhage, and pancreati-
tis [187]. Additionally, Spiegelman stage IV patients who are 
downstaged by treatment appear to return to stage IV rapidly 
[188]. Duodenal cancers detected during regular surveillance 
usually, but not always, have a good outcome [67,68]. Duodenal 
papillectomy, either endoscopic or surgical, should be consid-
ered for ampullary adenomas >1 cm, with villous component 
or advanced dysplasia, or that have become symptomatic 
(biliary or pancreatic obstruction) [67]. Papillectomy should be 
considered if surgery is not indicated by other findings in the 
duodenum. Curiously, advanced Spiegelman criteria predict 
cancer risk in the duodenum, but not for the duodenal papilla 
[67]. Cancer risk of the papilla relates more to the criteria noted 
above for papillectomy. Finally, the rate of jejunal polyp occur-
rence following duodenectomy or Whipple surgery is low and 
growth is gradual when polyps do occur [4]. Nonetheless, the 
Roux limb should be constructed so that it can be reached 
endoscopically for surveillance. In view of combined experi-
ence, duodenal treatment approaches must be carefully weighed, 
considering complications, accomplishment of surgical delay, 
and prevention of cancer. Referral to a center of excellence is 
recommended, especially for patients with advanced Spiegelman 
stages [4].

Desmoid tumors
Evaluation and treatment for desmoids is undertaken for symp-
toms, cosmetic issues, functional disruption, or imminent risk 
to adjacent structures. Extraabdominal and abdominal wall 
desmoids are best treated by surgery with adequate resection of 
margins [4,101,120]. Less than half of tumors so treated recur, 
and further therapy with radiation and repeat excision is usually 
successful.

Surgery is difficult and often impossible in cases of intraab-
dominal desmoids but remains an important option in selected 
cases [4,101,116,189]. Because intraabdominal desmoids often 
involve the mesentery or encase vessels or organs, medical ther-
apies are usually first attempted. The most consistently applied 
initial therapy for abdominal desmoids appears to be the NSAID 
sulindac and the antiestrogen tamoxifen. Both given separately 
result in a better than 50% response after 3–6 months of therapy 

Colectomy with IRA is a single-stage procedure with slightly 
less morbidity than the IPAA surgery, but some rectal cancer 
risk remains and regular follow-up must be assured [183,185]. 
Possible morbidities from either surgery include increased 
bowel frequency, incontinence, some loss of fertility in women, 
and some loss of sexual function in men. Colectomy with IRA 
is considered in patients with fewer than 10 rectal adenomas 
and when follow-up can be assured. APC mutation location, 
allowing prediction of severity of rectal polyposis and likelihood 
of future completion proctectomy, has been suggested as a 
factor to consider in determining which procedure should be 
done [183]. A laparoscopic approach is now used most often for 
both surgical approaches. Conversion from IRA to IPAA may 
occasionally be needed due to development of numerous or 
advanced rectal adenomas.

Patients with AFAP are almost always best treated with colec-
tomy and IRA. Some can even be managed for many years with 
colonoscopic polypectomy and may possibly never need colec-
tomy [149]. In general, this approach should be reserved for 
AFAP patients who exhibit only small numbers of millimeter-
sized adenomas. After colectomy with IRA in a large series of 
patients with AFAP, an average of 3.4 recurrent polyps (range 
0–29) and only one cancer was found in the postcolectomy 
rectal remnant over a mean follow-up of 7.8 years (range 1–34 
years) [149]. Proctocolectomy with IPAA is almost never needed 
for persons with AFAP because of rectal sparing of polyps.

Much attention and effort has been given to examining che-
moprevention for colonic and duodenal polyps in FAP [4]. 
Considerable regression and prevention of colonic and rectal 
adenomas has been demonstrated with sulindac, but cancer 
prevention is less certain. Celecoxib appears to have a more 
modest affect in the colon and rectum, but some affect in duo-
denal adenoma regression as well. Celecoxib was approved for 
use in the USA for several years for FAP, but this indication has 
now been removed. Concern over cardiovascular side effects of 
long-term COX-2 inhibitors has dampened enthusiasm for 
their use in FAP. In view of the uncertainty of cancer prevention 
with sulindac, it is not considered a substitute for colectomy but 
has shown utility in rectal surveillance by substantially decreas-
ing the number of adenomas needing removal at periodic exam-
ination. Chemoprevention studies examining nonsteroidal 
antiinflammatory drugs (NSAIDs) and other agents continue in 
the hopes that colectomy might be delayed.

Upper gastrointestinal tract
The need for intervention for gastric polyps is unusual. Discrete 
adenomas should be endoscopically removed. The development 
of high-grade dysplasia in fundic gland polyps can lead to the 
consideration of partial or total gastrectomy [54].

Duodenal polyposis of Spiegelman stage I and II have a low 
risk of cancer and need only regular surveillance and selected 
endoscopic treatment of polyps. Spiegelman stage III and IV 
exhibit a cancer risk up to 36% over time and require more 
aggressive therapy [46,64]. Possible therapies include endo-
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population-based case–control study from Scotland, 0.8% of 
colorectal cancer cases <55 years and 0.54% of all cases had 
biallelic mutations [203]. Biallelic MUTYH mutations were not 
found in 693 patients with one to 13 adenomatous polyps, in 47 
patients with colorectal cancer diagnosed <40 years and less 
than 20 polyps, or in 42 patients with colorectal cancer and less 
than 20 polyps meeting Lynch syndrome testing criteria [204]. 
Although biallelic mutations have been found in individuals 
with early-onset colorectal cancer and few to no polyps, and in 
individuals with less than 10 adenomas without colorectal 
cancer, this is uncommon [204]. Biallelic MUTYH mutations 
are infrequently found in early-onset or familial colorectal 
cancer cases, or in patients with a low number of adenomas (one 
to 10) [204]. MAP is more commonly found in patients present-
ing with 20–100 adenomas [205,206].

Genetics
MUTYH gene
MAP arises from biallelic mutations of the MUTYH base exci-
sion repair gene. This gene accomplishes DNA oxidative damage 
repair. Inactivation of the MUTYH gene by mutation gives rise 
to frequent G : C to T : A tansversions, which are thought to 
somatically affect the APC gene and thereby give rise to polyp 
and cancer predisposition [194,196,207]. Polyp and cancer pre-
disposition occur with germline MUTYH mutations, but 
somatic MUTYH mutations do not appear to play a role in the 
pathogenesis of colon cancer [206,208]; and although APC 
mutations are frequent and likely the first mutated gene in the 
MUTYH associated tumor pathogenesis, there appears to be 
some molecular pathway differences [209]. A specific and char-
acteristic K-ras mutation is frequently observed in MAP adeno-
mas and cancers.

MUTYH mutations
Monallelic MUTYH mutations are found in 1%–2% of the 
general population [206]. Monallelic MUTYH mutation carriers 
may have a slightly elevated risk of colorectal cancer, though 
many studies have failed to find this [206]. The two most preva-
lent MUTYH mutations, occurring in >80% of persons of 
European ancestry with MAP, are two missense mutations 
Y179C and G396D (previously referred to as Y165C and G382D, 
respectively) [194,196,199,200,202,208]. Other population-
specific MUTYH mutations have been found [206]. 
Approximately 90% of “western” population MAP patients have 
at least one of these two mutations; however, many distinct 
MUTYH mutations have been reported [206].

Eligibility and process for MUTYH genetic testing
Genetic testing of MUTYH is recommended for patients with 
over 10 adenomas [210]. APC genetic testing is often recom-
mended prior to or at the same time as MUTYH genetic testing. 
MAP is also associated with hyperplastic and sessile serrated 
polyps. There is no consensus as to whether these types of 
polyps should be included in the polyp count when considering 

and are effective in stabilizing the tumors even if shrinkage does 
not occur [4]. A combination of the two, often the initial choice, 
may be even better. Sulindac is usually given at 150 mg twice a 
day, while the tamoxifen starts at 20 mg per day and is some-
times increased to as much as 120 mg per day. If this therapy 
fails initially or later in the course, combination chemotherapy 
is offered next and has a good record of success in those con-
sidered unresectable. Doxorubicine with dacarbazine has been 
shown effective in small trials as has methotrexate with vinblas-
tine [4,189–191]. Radiation is also effective in many abdominal 
desmoids but is usually considered after failure of chemotherapy 
[192].

There remains considerable debate concerning the role of 
initial surgery for both large abdominal wall and mesenteric-
based desmoids. Several groups indeed consider initial surgery 
appropriate in selected cases. A multidisciplinary and multimo-
dality approach to desmoids treatment is encouraged so that 
consideration of surgery, sulindac and tamoxifen, combination 
chemotherapy, and radiation therapy can be made and most 
effectively sequenced [4,101,107,116,189]. As a last resort, intes-
tinal transplantation can be considered and has been used suc-
cessfully in a number of cases of unresectable intraabdominal 
desmoids [193].

MUTYH-associated polyposis

Definition
In 2002, an attenuated polyposis syndrome was described in 
three siblings affected with multiple adenomas and/or colorectal 
cancer [194]. Biallelic (homozygous or compound hetero-
zygous) mutations in the MUTYH base excision repair gene, a 
gene involved in DNA oxidative damage repair, were found in 
all three siblings [194]. This recessive condition is referred to as 
MUTYH-associated polyposis (MAP) and is characterized by 
an increased risk for colorectal cancer and multiple adenoma-
tous polyps that can mimic FAP or AFAP.

Epidemiology
MAP accounts for less than 1% of all colorectal cancers [195]. 
Biallelic MUTYH mutations are found in 7.5%–12.5% of patients 
with greater than 100 adenomas in whom a disease-causing 
APC mutation is not found [196,197] and in from 16% to 40% 
of patients with 15–100 colonic adenomas but not FAP 
[196,198–201]. MAP was found in zero out of 400 individuals 
with fewer than four adenomas, two of 444 (0.5%) unselected 
colorectal cancers, and zero of 62 microsatellite instability (MSI) 
high colorectal cancers [197]. Similar frequencies among 
patients with polyps and colorectal cancer have been found in 
other studies.

In a study from Finland, 0.4% of 1042 population-based 
colorectal cancer cases had biallelic MUTYH mutations [202]. 
All those with mutations were found to have adenomas, ranging 
from three to 100. In a large (2239 cases, 1845 controls) 
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hyperplastic/sessile serrated polyps [212]. In addition, there was 
a higher rate of G : C to T : A transversion mutations in K-ras in 
MAP (94%) compared to sporadic (29%) hyperplastic/sessile 
serrated polyps [212]. These findings further support an asso-
ciation between MAP and hyperplastic/sessile serrated polyps. 
However, in a larger study of 126 patients with serrated polypo-
sis, only one biallelic MUTYH mutation carrier was found 
[213].

Extracolonic phenotype
The lifetime risk of extracolonic tumors in MAP is not as well 
defined as the colorectal phenotype. In a large study of 276 MAP 
patients, 17% had extracolonic lesions, with an estimated 38% 
lifetime risk of extracolonic malignancy, which is approximately 
double the risk in the general population [214]. Similar to FAP 
and AFAP, the lifetime risk of duodenal cancer in MAP has been 
estimated to be 4% [214]. Although gastric lesions have been 
found in up to 11% of patients with MAP, data are currently 
lacking to support an increased risk of gastric cancer [206].

Other cancers such as endometrial, breast, ovarian, bladder, 
various skin, and thyroid have been reported in patients with 
MAP [206], although it is still not clear if the lifetime risk for 
these malignancies is increased. Although rare, other findings 
seen in patients with MAP have included sebaceous gland ade-
nomas, carcinomas and epitheliomas, lipomas, CHRPE, osteo-
mas, desmoid tumors, epidermoid cysts, and pilomatrixomas 
[206].

Differential diagnosis
Unlike FAP and AFAP, which have a dominant mode of trans-
mission, MAP is autosomal recessive. Inheritance pattern may 
not be helpful, however, because of the substantial frequency  
of de novo APC germline mutations causing FAP/AFAP and 
because many small families will not sufficiently exhibit a reces-
sive pattern even if MAP is present in the family. In addition, 
FAP may mimic a recessive pattern of inheritance. This occurs 
when gonadal APC mosaicism results in families with affected 
siblings, but unaffected parents [15].

The colonic phenotype of MAP is difficult to distinguish from 
patients with multiple adenomas, AFAP or FAP. MAP is usually 
more similar to AFAP in presenting with fewer adenomas. It 
also presents at later ages, mid-50s, although is has been reported 
as young as age 16 years [207]. Polyp numbers from zero to 
hundreds have been observed. Unlike AFAP and FAP, individu-
als with MAP frequently also have hyperplastic/sessile serrated 
polyps and may even meet criteria for serrated polyposis [212]. 
It is uncommon for patients with serrated polyposis to have 
biallelic MUTYH mutations, however [213]. Even though duo-
denal and gastric polyps are more common in FAP and AFAP, 
they still occur in 17% and 11% of MAP patients, respectively, 
and extraintestinal manifestations, although rare, are possible, 
as noted above [206]. Taking all of these factors together, genetic 
testing of APC and MUTYH is necessary to differentiate MAP 
from AFAP, FAP, and patients with multiple adenomas.

MUTYH genetic testing. When there is a clear recessive pattern 
of inheritance, MUTYH genetic testing may precede APC 
genetic testing. Testing usually starts with evaluation for the two 
most commonly observed mutations. There have been over 100 
distinct MUTYH mutations reported; therefore, full gene 
sequencing is now more commonplace in patients suspected of 
having MAP [206]. Large deletions are rare in MUTYH, though 
they are possible, and therefore large rearrangement analysis of 
MUTYH may also be performed. A diagnosis of MAP is made 
when biallelic MUTYH mutations are found in a patient.

Siblings of a patient with MAP are recommended to have 
site-specific genetic testing for the known biallelic mutations 
found in the index case. Children of a parent with MAP are 
recommended to have site-specific genetic testing for the famil-
ial mutation/s and if positive for only one MUTYH mutation, 
full gene analysis of MUTYH is recommended. Full sequencing 
of MUTYH may be considered in an unaffected parent when 
the other parent has MAP. If the unaffected parent is found to 
not have a MUTYH mutation, genetic testing in the children is 
unnecessary. If the unaffected parent is found to have a MUTYH 
mutation, testing for the familial mutations in the children is 
recommended. If the children and/or siblings are found to have 
biallelic MUTYH mutations, increased colorectal and duodenal 
cancer screening is recommended (see Surveillance and 
Management section below). If the siblings and/or children do 
not have biallelic mutations, general population screening rec-
ommendations apply.

Clinical presentation and natural history
Colonic phenotype
MAP patients most commonly have between 20 and 100 polyps 
[205,206] and rarely have more than 500 polyps, though the 
colonic phenotype can vary significantly [197,198,206]. In eight 
population-based studies, 35% of MAP cases with colorectal 
cancer had no concurrent polyps [206]. The risk of colorectal 
cancer by age 50 is 19% and by age 60 is 43%, with an average 
age of onset of 48 years [206]. Colorectal cancer has been 
present at MAP diagnosis in approximately 60% of cases [206]. 
Colorectal cancers in MAP have been predominantly distal 
colonic in some studies [207] and proximal in others [195]. One 
study found that MAP colorectal cancer patients have a higher 
survival than sporadic cases after adjusting for age, stage, sex, 
and other factors [211].

Although the predominant polyp type in patients with MAP 
is adenoma, it is now well known that multiple hyperplastic 
and/or sessile serrated polyps (also referred to as sessile serrated 
adenomas) may occur. In a small study of 17 patients with MAP, 
eight (47%) had at least one hyperplastic and/or sessile serrated 
polyp, three (∼18%) met criteria for serrated polyposis (previ-
ously referred to as hyperplastic polyposis, see Serrated Polyposis 
section below for additional details), and one patient had over 
100 hyperplastic and sessile serrated polyps [212]. Somatic 
K-ras mutations were found in 70% of the hyperplastic/sessile 
serrated polyps in MAP patients, but in only 17% of sporadic 
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20 serrated polyps of any size, but distributed throughout the 
colon [217,218].

Epidemiology
The true prevalence of SPS is not known, though it has been 
estimated to be as low as 1 in 100 000 [219]. The National Health 
Service Bowel Cancer Screening Programme (NHSBCSP) 
reviewed all pathology and colonoscopy records for guaiac 
fecal-occult blood test (gFOBT) positive patients presenting for 
index screening colonoscopy [220]. Out of 755 patients, five 
(0.66%) met SPS criteria 1 and/or 3 [220]. Therefore, 1 in 151 
patients in the NHSBCSP met SPS criteria during their index 
colonoscopy, which is a much higher rate than previous reports 
of SPS in the general population [220]. In a study from Barcelona, 
the prevalence of SPS in patients undergoing colonoscopy after 
a positive fecal immunochemical testing (FIT) was eight out of 
2355 (0.34%) [221]. Based on these two studies, the prevalence 
of SPS in patients undergoing index colonoscopies due to posi-
tive fecal tests is 1/151 to 1/294 [221].

Although the mechanisms are not entirely clear, there seems 
to be a strong association between smoking and SPS [222]. It is 
speculated that smoking, although not the cause of SPS, intensi-
fies the phenotypic expression and therefore may be a modifi-
able risk factor for colorectal lesions [222].

Genetics
The genetic etiology of SPS remains largely unknown [218]. In 
one of the largest studies to date of 126 patients with SPS, only 
one (0.8%) patient with biallelic MUTYH mutations was identi-
fied [213]. However, in a smaller study of patients with con-
firmed biallelic MUTYH mutations, three (18%) met criteria for 
SPS [212]. Therefore, patients with MAP have a reasonable 
chance of meeting criteria for SPS, although it is uncommon for 
patients with SPS to have biallelic MUTYH mutations.

Various studies have shown that a family history of colorectal 
and other cancers is common and even increased in patients 
with SPS. Some have suggested that this supports a hereditary 
etiology to SPS [223,224]. However, nongenetic causes, referral 
bias, and chance occurrence should not be overlooked as sub-
stantial factors in these studies [225].

Clinical presentation and natural history
Colonic phenotype
Although originally thought to have little clinical significance 
when first described in the 1970s, it is now well established that 
SPS is associated with an increased risk for colorectal cancer 
[226]. The specific lifetime risk of colorectal in SPS is not well 
defined. It has been estimated that the lifetime colorectal cancer 
risk is greater than 50%, though this is likely an overestimate 
[219]. Colorectal cancer was diagnosed in five of 77 (6.5%) SPS 
patients after a median follow-up time of 1.3 years [227]. Four 
of five of these colorectal cancer were actually found in serrated 
polyps less than 20 mm [227]. Boparai and colleagues estimated 

A few studies, noted above, have demonstrated that patients 
with MAP may present with colorectal cancer but no colonic 
polyps, similar to how Lynch syndrome patients present. 
Nonetheless, there is still no consensus as to whether individu-
als with early-onset colorectal cancer and few to no polyps 
should be evaluated for MAP. Sebaceous gland tumors, which 
are seen in close to 10% of patients with Lynch syndrome [215], 
have been found in a number of patients with MAP [206]. 
Genetic testing of MUTYH is not currently recommended for 
patients with sebaceous gland tumors.

Surveillance and management
Surveillance and disease management of the colon in MAP 
should be similar to patients with multiple adenomas, AFAP, 
and FAP [210]. Thus colonoscopy should be used for screening, 
surveillance, and polyp removal beginning at age 25–30 years 
and repeated every 2–3 years, depending on the adenoma 
number and rate of recurrence [210]. If polyps cannot be 
managed colonoscopically, or multiple advanced adenomas 
(>1 cm, villous histology, or high-grade dysplasia) are encoun-
tered, then colectomy should be considered. Similar to AFAP, 
FAP and some multiple adenoma patients, subtotal colectomy 
with close subsequent surveillance would seem to be the best 
option for those with relative rectal sparing. Restorative proc-
tocolectomy is indicated if the rectum is substantially involved. 
Given that the risk of duodenal cancer in MAP is similar to that 
of AFAP and FAP, upper gastrointestinal endoscopy with added 
side viewing duodenoscopy should be considered starting 
around age 30 and repeated at intervals similar to AFAP and 
FAP, again depending on duodenal findings [210]. Currently, 
there is no consensus as to whether monallelic MUTYH muta-
tions warrant increased colorectal cancer screening.

Serrated polyposis syndrome (hyperplastic 
polyposis syndrome)

Definition
Serrated polyposis syndrome (SPS), previously referred to as 
hyperplastic polyposis syndrome, is characterized by a predis-
position to sessile serrated polyps. SPS is diagnosed solely based 
on clinical criteria as the genetic etiology remains elusive. 
Originally, hyperplastic polyps were the only lesion included in 
the diagnostic criteria for hyperplastic polyposis [216]. The 
updated World Health Organization (WHO) diagnostic criteria 
for SPS now includes hyperplastic polyps, sessile serrated polyps 
(also referred to as sessile serrated adenomas), and traditional 
serrated adenomas (all three are types of serrated polyps) [217]. 
Diagnostic criteria include any one of the following: (1) at least 
five serrated polyps proximal to the sigmoid colon with two or 
more of them larger than 10 mm in diameter; (2) any number 
of serrated polyps proximal to the sigmoid colon in an indi-
vidual who has a first-degree relative with SPS; or (3) more than 
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The frequency and age of initiation of colonoscopic screening 
in at-risk family members of patients with SPS is less clear. 
Oquinena and colleagues recommended that colonoscopy in 
first-degree relatives start at age 35 (or 10 years before the 
youngest age of SPS onset in the family, whichever comes first) 
and then every 3–5 years if no polyps are found [234]. If the 
first-degree relatives are found to meet SPS criteria 1 or 3, 
annual surveillance should be performed, or every 2 years if 
only SPS criteria 2 is met [234]. In contrast, the National 
Comprehensive Cancer Network (www.nccn.org) recommends 
that first-degree relatives should have colonoscopy at the earliest 
of the following: (1) age 40; (2) same age as the youngest SPS 
diagnosis in the family; (3) 10 years prior to colorectal cancer 
in the family in a patient with SPS [235]. Further work is 
ongoing to better define the cancer risks in probands and their 
relatives so that more accurate risk stratification and screening 
recommendations can be made.

Peutz–Jeghers syndrome

Definition, epidemiology, and clinical 
characteristics
Peutz–Jeghers syndrome (PJS) is an autosomal dominantly 
inherited syndrome that includes histologically distinctive 
hamartomatous polyps of the GI tract and characteristic muco-
cutaneous pigmentation [236–239]. Its incidence is estimated at 
between 1 in 50 000 and 1 in 200 000 births [240]. A high risk 
for both GI and non-GI cancers is integral to this condition 
[237,241].

The mucocutaneous melanin pigment spots are seen in more 
than 95% of cases (Figure 79.5). They are 1–5 mm in diameter 
and most commonly occur in the perioral area and on the buccal 
mucosa (94%). Pigment spots on the lips are distinctive in that 
they cross the vermilion border and are often much darker and 

that the 5-year risk of colorectal cancer in SPS patients under 
surveillance was 7% [227].

In one of the largest studies to date, the mean age of onset 
among 100 patients was 48 years (17–69 years). Pancolonic 
distribution of serrated polyps occurred in 89%, and colorectal 
cancer was present in 42%, almost all of which were present at 
the time of SPS diagnosis [228]. The rate of BRAF mutation was 
significantly higher in proximally located sessile serrated polyps 
compared with distally located polyps (91% vs 67%, respec-
tively), which often exhibit KRAS mutations [218,228]. 
Synchronous adenomas are found in the majority of patients 
with SPS [218,226,229]. Conventional adenomas were more fre-
quently found in patients with colorectal cancer than those 
without [228]. In a study of colorectal cancers from SPS patients, 
18 of 39 (46%) had the BRAF V600E mutation, two of 40 (5.0%) 
had KRAS mutations, and 17 of 45 (38%) had loss of immuno-
histochemistry expression of MLH1 and PMS2 [230].

Extracolonic phenotype and family history
Very limited data exist as to whether extracolonic polyps or 
cancers are associated with SPS. In 22 patients with SPS who 
underwent an upper endoscopy, none were found to have ser-
rated or adenomatous polyps [231]. Out of 115 patients with 
SPS, 32 (28%) had a personal history of extracolonic cancer, 
whereas 61 (54%) had a family history of extracolonic cancers 
[223]. It is still not clear whether the history of extracolonic 
cancer reported in this study [223], or other studies [224], is 
associated with SPS. The reported increased risk of CRC for 
first-degree relatives of patients with SPS is as high as fivefold 
[232] and the range of family history of colorectal cancer 
reported in patients of SPS has been from 0% to 59% [229]. Win 
and colleagues found a significantly elevated risk for both color-
ectal and pancreas cancer in relatives of SPS patients [224]. 
However, pancreatic cancer was not found in any of the 115 
patients with SPS in the study by Kalady and colleagues [223]. 
In a study of 105 patients with SPS and 341 first-degree relatives, 
no increased risk of extracolonic malignancies was seen in 
patients or their relatives [233].

Familial cases of SPS have been reported, albeit infrequently 
in most studies. However, a recent prospective study of 78 first-
degree relatives of patients with SPS found that the incidence of 
SPS in them was 32% [234].

Surveillance and management
Management of patients with known SPS includes colonoscopy 
with polypectomy until all polyps ≥5 mm are removed. 
Complete clearance of all polyps is preferred, but not always 
feasible. Colonoscopy should be repeated every 1–3 years, 
depending on the number and size of serrated and adenomatous 
polyps. Subtotal colectomy with ileorectal anastomosis should 
be considered if polyposis cannot be controlled endoscopically 
or if there is a diagnosis of histologically advanced polyps or 
colon cancer. Data do not support extracolonic cancer screening 
at this time.

Figure 79.5 Typical perioral melanin pigmentation in Peutz–Jeghers 
syndrome. Source: Courtesy of Asadur J. Tchekmedyian, MD.
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Benign complications from the polyps predominate in the 
first three decades of life. The average age at diagnosis is 22 years 
in men and 26 years in women [242]. One-third of patients 
experience symptoms in the first decade of life, and 50%–60% 
before the age of 20 years [244]. The clinical course of PJS is 
characterized in many patients by repeated surgeries for com-
plications of small bowel polyps, particularly intussusception. 
Malignant complications become a common cause of clinical 
problems after 30 years of age [242] with an average age of 43 
years for cancer diagnosis of any type. Numerous studies and 
reviews have now reported a high risk of both GI and extrain-
testinal cancer in PJS [3,237,238,240,241,245–249]. The malig-
nant risk in PJS includes colorectal, breast, pancreatic, 
gynecological, small bowel, lung, and gastroesophageal cancers 
in that order of risk [250]. The overall risk of developing any 
cancer at ages 20, 30, 40, 50, 60, and 70 years is 1%, 3%, 19%, 
32%, 63%, and 81%, respectively. The combined risks for gas-
troesophageal, small bowel, colorectal, and pancreatic cancers 
at 30, 40, 50, and 60 years is 1%, 10%, 18%, and 42%, respec-
tively. Individual risks by cancer site are given in Table 79.4, 
along with screening recommendations. Mainly because of 

more densely clustered than common freckles. These spots also 
occur on the face, forearms, digits, palms, soles, perianal area, 
and rarely on the intestinal mucosa. The pigment appears in 
infancy and may fade with age, but less so on the buccal mucosa.

GI polyps occur in 88%–100% of patients. Their frequency 
by segment is: stomach, 24%; small bowel, 96%; colon, 27%; and 
rectum, 24% [238,242]. Between one and 20 coarsely lobulated 
polyps are usually found per GI segment. Polyp sizes range from 
0.1 to 3 cm in diameter. Polyp growth begins in the first decade 
of life, but patients typically do not develop symptoms until the 
second or third decade [243,244]. Symptoms arise from larger 
polyps, which may infarct, ulcerate, bleed, and cause intestinal 
obstruction and intussusception. PJS polyps are histologically 
distinct. They are nondysplastic, have normal overlying epithe-
lium specific to the GI segment in which they are found, and 
exhibit an arborizing pattern of growth with muscularis mucosae 
extending into branching fronds of the polyp. Epithelial infold-
ing may result in what is termed pseudoinvasion, which can lead 
to an incorrect diagnosis of cancer. Adenoma and cancer may 
occur in PJS polyps [242]. The progression has been referred to 
as the hamartoma–adenoma–carcinoma sequence.

Table 79.4 Cancer risks and surveillance recommendations for Peutz–Jeghers syndrome. Data from references [3,237,238,248,249].

Cancer Cancer risk to 
age 64 years

Mean age of 
diagnosis (years)

Age to begin 
surveillance (years)

Surveillance 
interval (years)

Surveillance procedures and 
comments

Colon 39% 46 8, 18a 3 Colonoscopya

Stomach 29% 30 8, 18a 3 Esophagogastroduodenoscopya

Small bowel 13% 42 8, 18a 3 Video capsule endoscopya

Pancreas 36% 41 30 1–2 Endoscopic ultrasound, validity 
of screening uncertain

Breast 54% 37 25 1 Annual self-exam starting age 
18, annual MRI and/or 
mammogram starting at age 25

Ovarian 21% 28 25 1 Pelvic exam and pelvic or 
transvaginal ultrasound, CA-125 
probably not helpful

Uterus 9% 37 25 1 Pelvic exam and pelvic or 
transvaginal ultrasound

Cervix (adenoma malignum) 10% 34 25 1 Pap smear

SCTAT 20% 40 25 1 Same as uterine and ovarian; 
Almost all women develop 
SCTAT, but 20% become 
malignant

Testicular (Sertoli cell tumor) 9% 9 Birth to teenage 
years

1 Testicular exam, ultrasound if 
abnormalities palpated or if 
feminization occurs; 10%–20% 
of benign Sertoli cell tumors 
become malignant

Lung 15% 51 – – No screening recommendations 
given

a Start at age 8. If polyps present, repeat every 3 years; if no polyps, repeat at age 18, then every 3 years, or earlier if symptoms occur.
SCTAT, sex cord tumors with annular tubules.
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bowel polyps, starting at a young age, and continuing  
throughout life [244]. Surveillance and treatment of the small 
bowel are based in large part on prevention of this complication. 
In a study by van Lier et al [244], the initial episode of intus-
susception occurred at a median age of 16 years (range 3–50 
years) with 50% of first episodes presenting by age 20 years. 
Eighty percent of all intussusceptions presented as an acute 
abdomen and the average polyp size causing this complication 
was 3.5 cm (range 15–60 cm). When small bowel intussuscep-
tions occur surgery is often necessary and should include  
careful examination of the entire small bowel to eliminate all 
significant polyps. Intraoperative endoscopy is often a helpful 
adjunct to accomplish extensive polyp removal. This is also an 
appropriate time to examine and remove gastric and duodenal 
polyps of significant size [257]. The advent of VCE, double 
balloon enteroscopy, and CT enterography is changing diagnos-
tic and management approaches to PJS by allowing earlier 
detection of polyps and nonoperative removal in many cases 
[258–261].

Chemoprevention approaches to decrease polyp burden in 
PJS are under study but not yet a reality. PJS polyps exhibit over 
expression of cyclooxygenase-2 (COX-2), suggesting that 
COX-2 inhibitors may be useful in reducing polyps [262]. 
Hyperactivation of the mammalian target of rapamycin (mTOR) 
has been associated with PJS. In addition mTOR inhibition in 
a PJS mouse model has demonstrated decreased polyp burden 
[263]. Everolimus, an mTOR inhibitor, is under study as a 
potential agent for treatment of PJS [237].

Differential diagnosis
Langier–Hunziker syndrome
The differential diagnosis of hyperpigmented lesions of the oral 
mucosa includes Laugier–Hunziker syndrome. This syndrome 
is an acquired condition that can mimic the hyperpigmented 
macules seen in PJS [264]. But unlike PJS, Laugier–Hunziker 
syndrome typically presents in adulthood and fingernail involve-
ment is common (up to 60%) [265]. The risk of malignancy or 
polyps is not increased in Laugier–Hunziker syndrome.

McCune–Albright syndrome
McCune–Albright syndrome (MAS) may also mimic PJS as four 
patients with MAS were found to have Peutz–Jeghers type 
polyps and three of these also had perioral freckling [266]. 
However, MAS is sporadic and characterized by café-au-lait 
macules, polyostotic fibrous dysplasia of bone, and various 
endocrinopathies [266].

Juvenile polyposis syndrome

Definition, epidemiology, and clinical 
characteristics
Juvenile polyposis syndrome (JPS) is an autosomal dominantly 
inherited condition arising from mutations of the SMAD4 gene 

cancer, the overall survival of PJS patients is significantly shorter 
than age- and gender-matched controls [251].

Distinctive tumors in women with this condition include: 
ovarian sex cord tumors with annular tubules (SCTAT), which 
are benign, although approximately 20% become malignant; 
mucinous tumors of the ovary; and well-differentiated adeno-
carcinomas of the uterine cervix, called adenoma malignum 
[242]. Nine percent of males develop large cell calcifying Sertoli 
cell tumors of the testes resembling SCTAT, which have a 
10%–20% chance of becoming malignant [252]. Feminization 
may occur with the benign testicular tumors.

Genetics and pathophysiology
PJS arises from mutations of the STK11 gene, a tumor suppres-
sor seronine/threonine kinase gene, previously called LKB1, on 
chromosome 19p [237,238]. As high as 94% of PJS families have 
mutations of STK11 with up to a third of disease-causing muta-
tions representing large deletions [253,254]. About 25% of 
newly diagnosed PJS patients represent de novo mutations 
[238]. There do not appear to be genotype–phenotype correla-
tions with mutation location in the STK11 gene [255].

STK11 gene function includes effects on p53-dependent 
apoptosis, suppression of cell proliferation, β-catenin phospho-
rylation (thus the Wnt signaling pathway), and cell polarity 
[256]. Loss of the wild-type allele of STK11 by mutation, loss of 
heterozygosity, or promoter hypermethylation has been found 
in PJS polyps and cancers, verifying the central role of STK11 
as the disease-causing gene of PJS. Genetic testing is commer-
cially available and a standard part of clinical practice.

Diagnosis, surveillance, and treatment
Diagnosis is based on the finding of typical melanin pigment 
spots and characteristic GI polyps. Management first involves 
GI and extraintestinal surveillance as outlined in Table 79.4. 
Surveillance guidelines for PJS are empiric and based on the risk 
for GI complications and cancer. A consortium review group 
has recommended that upper GI endoscopy (EGD) and colon-
oscopy be done first at age 8 [237]. If polyps are found, both 
examinations should be repeated every 3 years. If none are 
found, a second baseline examination should be done at age 18 
and then every 3 years thereafter. Similar surveillance is given 
for the small bowel, that is first examine the small bowel by 
video capsule endoscopy (VCE) at age 8, but then repeat this 
surveillance every 3 years from that age if polyps are present. 
Modern CT enterography is accurate at detecting small bowel 
polyps, particularly those 1 cm or larger in diameter, but 
repeated X-ray exposure is problematic.

Treatment involves EGD and colonoscopic removal of polyps 
(probably all those larger than 0.5 or 1 cm in diameter) [240]. 
Colectomy is sometimes necessary to control colonic polyps 
and should be considered if colonoscopic management is diffi-
cult and especially if neoplastic change is found in colonic 
polyps. Intussusception is the primary complication of small 
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include malrotation of the gut, cardiac and cranial abnormali-
ties, cleft palate, polydactyly, and genitourinary defects [268].

The risk of colon cancer is 17–22% by age 35 and approaches 
68% by age 60 years [238,275]. The mean age of colon cancer is 
34 years, with a range of 15–68 years. The risk of gastric cancer 
is up to 29% in those who have gastric polyps [238,267]. 
Pancreatic and periampullary cancers are also reported [268]. 
The average age of upper GI carcinoma is 58 years, with a range 
of 21–73 years [276,277]. The cancer risk in JPS is believed to 
arise from adenomatous tissue within the juvenile polyp, as up 
to 50% of juvenile polyps in JPS contain areas of adenomatous 
change. Villous and malignant foci may be seen in larger polyps. 
Cancers of the duodenum, pancreas, and biliary tree have also 
been reported in JPS [276].

Genetics and pathophysiology
Up to 60% of persons with clinically defined JPS are now found 
to exhibit mutations of the SMAD4 or BMPR1A genes [274]. 
Fourteen percent of mutations are large deletions and 10% pro-
moter mutations [274,278,279]. Both genes are tumor suppres-
sor genes involved in the TGF-β signaling family and directly 
or indirectly affect cell growth inhibition and apoptosis. There 
is evidence that normal BMP signaling also suppresses Wnt 
signaling to ensure a balanced control of stem cell self-renewal 
[280]. Biallelic gene inactivation has been noted both in stromal 
cells and epithelial cells of polyps [268,281].

Diagnosis, screening, and treatment
Diagnosis of JPS is based on recognition of the disease charac-
teristics and on genetic testing, especially in families. Genetic 
testing is particularly important in JPS, both to confirm the 
diagnosis in a proband and to test relatives. Testing is also 
important to separate JPS from other conditions in which  
juvenile polyps form, especially CS and BRR syndrome. 
Approximately 25% of newly diagnosed cases are sporadic and 
thus represent new or de novo mutations, while 75% will have 
a family history [238].

Colorectal screening consists of colonoscopy starting with 
symptoms or at age 12 if no symptoms have occurred. It should 
be repeated every 1–3 years depending on polyp severity [267]. 
Similarly, upper GI endoscopy should be done every 1–3 years 
beginning at age 12 years, or earlier for symptoms, and be 
repeated every 1–3 years, depending on severity. The small 
bowel past the duodenum should be examined if duodenal 
polyposis is present, or if there is unexplained anemia, protein-
losing enteropathy, or other small bowel symptoms. Periodic 
small bowel examination by CT enterography, push enteros-
copy, capsule endoscopy, or even double balloon enteroscopy 
may also be appropriate in selected patients. Patients with 
limited numbers of polyps in any area of the gastrointestinal 
tract can usually be managed with endoscopic polypectomy. 
Other screening should include annual complete blood count, 
cardiovascular examination, and HHT protocol evaluation if 
SMAD4 mutation is present [267].

(also called the MADH4 gene), and the BMPR1A gene [267]. 
Multiple juvenile polyps are found in the colorectum (98%), 
stomach (14%), jejunum and ileum (7%), and duodenum (7%) 
[238,267–269]. There is also a very high risk for colon cancer 
and an increased risk for gastric, duodenal, and pancreatic 
cancers. The incidence of JPS is between 1 in 100 000 and 1 in 
160 000 individuals [267].

The generally accepted clinical criteria for JPS include the 
following: (1) at least five juvenile polyps in the colorectum; (2) 
juvenile polyps in other parts of the GI tract; or (3) any number 
of juvenile polyps in a person with a known family history of 
juvenile polyps [267]. Inherited syndromes that exhibit the GI 
phenotype of JPS must also be ruled out, including Cowden 
syndrome (CS), Bannayan–Riley–Ruvalcaba (BRR) syndrome, 
and Gorlin syndrome.

The polyps in JPS vary in size from small sessile nodules to 
pedunculated lesions that are 3 cm or larger in diameter. Most 
large polyps are pedunculated, but small polyps, especially those 
in the stomach, are sessile. Grossly, most polyps exhibit a surface 
that is smooth, rounded, reddish-colored, and without fissures 
or lobulations; large polyps may appear to be multilobulated. A 
white exudate is often seen on the polyp surface. On cut section, 
there are cystic spaces filled with mucin. Microscopically, there 
is abundant lamina propria with benign but often elongated and 
cystically dilated glands and lack of a smooth muscle core. 
Excess chronic inflammatory cells are sometimes present. The 
epithelial lining of the surface and cysts is nondysplastic and 
reflects the area of the GI tract where the polyp is located.

Polyps begin to appear in the first decade of life, and dozens 
to many hundreds of polyps are present in the fully developed 
syndrome. Most patients develop symptoms in the first two 
decades of life. The average age at diagnosis is 18.5 years but 
may be later. Rectal bleeding with anemia is the most common 
presenting symptom, followed by abdominal pain, diarrhea, 
passage of tissue per rectum, and intussusception [238,268]. The 
majority of colonic polyps, 70% in one study, occurred in the 
proximal colon [267].

A rare and often lethal form of the disease can be observed 
in infancy. It includes large numbers of juvenile polyps, GI 
bleeding, protein-losing enteropathy, and significant morbidity 
and even mortality [268]. This condition can arise from hetero-
zygous mutation of two contiguous genes, PTEN and BMPR1A, 
probably explaining the severity of the presentation [270]. JPS 
is also now known to co-occur in persons with hereditary hem-
orrhagic telangiectasia (HHT) in JPS patients who have a 
SMAD4 mutation. This combination, like HHT, includes a risk 
for aortic aneurysm, pulmonary thrombosis, digital telangecta-
sias, arteriovenous malformations, and digital clubbing [271]. It 
has recently been found that most, if not all, PJS patients with 
a SMAD4 mutation also have HHT [272,273]. Gastric polyposis, 
sometimes massive, and a risk of gastric cancer also occur with 
SMAD4 mutations, but rarely with BMPR1A [267,274]. Other 
associated congenital birth defects are found in 15% of cases, 
most commonly in those cases with no family history, and 
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In JPS patients with large numbers of colonic polyps, anemia, 
and/or protein-losing enteropathy, polyps with advanced dys-
plasia or the presence of invasive adenocarcinoma, colectomy 
with ileorectal anastomosis, or total restorative proctocolec-
tomy is indicated, depending on the number of rectal polyps 
[238,268]. Surveillance of the remaining rectum or pouch is 
necessary [282]. Fully half of patients with rectal preserving 
surgery require later proctectomy [282]. Complete or partial 
gastrectomy may also be necessary for patients with advanced 
dysplasia, gastric cancer, or even massive gastric polyposis that 
cannot be effectively controlled endoscopically [238,268].

PTEN hamartoma tumor syndrome

Definition, epidemiology, and clinical 
characteristics
PTEN hamartoma tumor syndrome (PHTS) includes several 
autosomal dominant disorders that arise from mutations of the 
PTEN gene. The clinical phenotypes overlap considerably and 
the conditions appear to be a spectrum of a single disease [283–
286]. The disorders include CS, BRR syndrome, and adult 
Lhermitte–Duclos disease. Primary features include multiple 
hamartomas of the skin, mucous membranes, gastrointestinal 
tract, and other organs as well as an increased risk of cancers of 
a number of sites. The lifetime risks of associated malignancies 
from a large data base include: breast, 85%; thyroid, 35%; 
endometrium, 28%; colon, 9%; kidney, 34%; and melanoma, 
6%; with substantially elevated standardized incidence ratios 
for: breast, 25; thyroid, 51; endometrium, 43; colon, 10; kidney 
31; and melanoma, 9 [287,288]. PHTS is rare, occurring in 
about 1 in 200 000 individuals, although it is believed to be 
considerably under diagnosed [285].

The genetic testing criteria have recently been outlined as part 
of NCCN guidelines [289] and are provided in Box 79.2. The 
hallmark of the syndrome is the presence of multiple facial 
trichilemmomas. Verrucous skin lesions of the face and limbs 
and cobblestone-like hyperkeratotic papules of the gingiva, 
tongue, and buccal mucosa are common. Biopsy examination 
has demonstrated that facial lesions are most often trichilem-
momas, oral mucosal lesions are fibromas, and all hand and foot 
lesions are hyperkeratoses. By the third decade of life, 99% of 
affected patients have developed mucocutaneous stigmata of the 
disease [290].

Other frequent manifestations of the disease include macro-
cephaly, macular pigmentation of the glans penis, autism spec-
trum disorder, diffuse esophageal glycogenic acanthosis, 
multiple cutaneous lipomas, mental retardation, thyroid 
adenoma and multinodular goiter, renal cell carcinoma, testicu-
lar lipomatosis, and vascular anomalies including multiple 
intracranial developmental venous anomalies.

Colonic polyps are found in up to 95% of CS patients under-
going colonoscopy [291,292]. Polyps are few to numerous (even 
hundreds) and are distributed throughout the colon. The natural 

Box 79.2 NCCN guidelines ® for genetic testing criteria for PTEN 
hamartoma (Cowden) syndrome. Source: Adapted with permission 
from the NCCN Clinical Practice Guidelines in Oncology (NCCN 
Guidelines®) for Genetic/Familial High-Risk Assessment: Breast and 
Ovarian V.3.2013 [289]. © 2013 National Comprehensive Cancer 
Network, Inc. All rights reserved. The NCCN Guidelines® and 
illustrations herein may not be reproduced in any form for any 
purpose without the express written permission of the NCCN. To view 
the most recent and complete version of the NCCN Guidelines, go 
online to www.NCCN.org. National Comprehensive Cancer 
Network®, NCCN®, NCCN Guidelines®, and all other NCCN Content 
are trademarks owned by the National Comprehensive Cancer 
Network, Inc.

Individual from a family with a known PTEN mutation
Individual meeting clinical diagnostic criteria [288] for Cowden 
syndrome (CS)
Individual with a personal history of any of the following:

Bannayan–Riley–Ruvalcaba syndrome (BRRS)
Adult Lhermitte–Duclos disease
Autism spectrum disorder and macrocephaly
Two or more biopsy-proven trichilemmomas
Two or more major criteria (one must be macrocephaly)
Three major criteria, without macrocephaly
One major and ≥three minor criteriaa
≥Four minor criteria

At-risk individual with one major or two minor criteria and a relative 
with a clinical diagnosis of CS or BRRS for whom testing has not been 
performed

Major criteria

Breast cancer
Endometrial cancer
Follicular thyroid cancer
Multiple gastrointestinal hamartomas or ganglioneuromas
Macrocephaly (megalocephaly, ≥97th percentile)
Macular pigmentation of glans penis
Mucocutaneous lesions alone if:

One biopsy proven trichilemmoma, or
Multiple palmoplantar keratoses, or
Multifocal or extensive oral mucosal papillomatosis, or
Multiple cutaneous facial papules (often verrucous)

Minor criteria

Autism spectrum disorder
Colon cancer
Esophageal glycogenic acanthosis (≥3)
Lipomas
Mental retardation (i.e., IQ ≤ 75)
Papillary or follicular variant of papillary thyroid cancer
Thyroid structural lesions (e.g., adenoma, nodule(s), goiter)
Renal cell carcinoma
Single gastrointestinal hamartoma or ganglioneuroma
Testicular lipomatosis
Vascular anomalies (including multiple intracranial developmental 
venous anomalies)

a If an individual has two or more major criteria, such as breast cancer 
and nonmedullary thyroid cancer, but does not have macrocephaly, 
one of the major criteria may be included as one of the three minor 
criteria to meet testing criteria.
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glans penis [301]. Similar to CS, intestinal polyps are primarily 
juvenile polyps, and some contain ectopic ganglion cells [302]. 
BRRS is now known to be allelic with CS, with up to 60% of 
BRRS cases arising from germline mutations of the PTEN gene 
[286]. Furthermore, identical mutations can lead to either BRRS 
or CS [290]. BRRS is thus now considered to be a part of PHTS 
[283].

Genetics
Approximately 30%–35% of clinically defined CS cases and 55% 
of BRRS cases can be found to have underlying germline PTEN 
mutations [286,299]. PTEN is a ubiquitously expressed dual-
specificity phosphatase, which acts as a tumor suppressor gene. 
It regulates cellular processes, such as cell cycling, translation, 
and apoptosis by blocking activation of Akt, a serine–threonine 
kinase involved in cell growth and survival [285]. Only 10%–15% 
of diagnosed cases have an affected parent [238].

Surveillance and management
Management of PHTS involves prevention and early detection 
of the associated cancers through surveillance. Surveillance rec-
ommendations are provided in Table 79.5. Recommendations 
are all expert opinion based rather than evidence based, and 
derived from screening guidelines of the relevant cancers in 
other settings but adjusted for the malignancy risks observed in 
PHTS.

Polyposis syndromes with neural  
polyp histology

Neural elements can be observed in the juvenile polyps of CS 
and BSS, and when found, are somewhat distinctive for those 
diagnoses. Multiple GI polyps with histological neural elements 
can also be found in neurofibromatosis type 1 (NF1), in multiple 
endocrine neoplasia type 2B (MEN 2B), and independently in 
families without any known syndromes.

Neurofibromatosis type 1
Neurofibromatosis type 1 (NF1), also called von Recklinghausen 
disease, is an autosomal dominant condition caused by muta-
tions of the tumor suppressor gene, NF1. The incidence of NF1 
is estimated at 1 in 3000 [303]. A diagnosis of NF1 is made 
based on specific clinical manifestations of the disease. The 
diagnostic criteria for NF1 from the National Institutes of 
Health require two or more of the following features in a patient 
[304]:
• Six or more café-au-lait macules over 5 mm in greatest diam-

eter prepubertal, and over 15 mm in greatest diameter in 
postpubertal

• Two or more neurofibromas of any type or one plexiform 
neurofibroma

• Axillary or inguinal freckling
• Optic glioma

history of polyps is not well characterized, although polyps may 
occur at a young age. Hamartomatous polyps are the most 
common histological type, occurring in up to 29% in one study 
[291]. Polyp types include juvenile polyps, ganglioneuromas, 
adenomas, inflammatory polyps [291,293,294], and less com-
monly leiomyomas, lipomas, and lymphoid polyps [295]. 
Hyperplastic polyps have also been reported as an association, 
but have not been observed in all studies [291,294]. The major-
ity of CS patients have multiple synchronous histological types 
at colonoscopy.

Colon cancer has not been associated with CS historically 
[238], although recent studies have indeed shown increased risk 
for this malignancy. One multicenter study found 13% of PTEN 
mutation carriers to have colon cancer, all younger than 50 years 
of age [291]. Investigations have now indicated a 9%–16% life-
time risk for large bowel cancer [287,292,296]. It is uncertain 
whether colon malignancy arises from adenomatous and/or 
hamartomatous polyps in PHTS although there is little doubt 
as to the increased risk and possibility of young age of onset.

A frequent finding in the esophagus is diffuse glycogenic 
acanthosis [284,297]. One or several such lesions may occasion-
ally be observed in patients undergoing EGD for various 
reasons, but diffuse, sometimes many hundreds of lesions are 
observed in 80% or more of those with PHTS [294]. It has been 
suggested that diffuse esophageal glycogenic acanthosis com-
bined with colonic polyposis should be considered pathogno-
monic for CS [284].

Several investigations report the frequent finding of multiple 
hamartomatous polyps in the stomach, duodenum, and small 
bowel [238,291,297]. Similar to the colon, histologies include 
hamartomas, hyperplastic polyps (different from colonic hyper-
plastic polyps), ganglioneuromas, adenomas, and inflammatory 
polyps. An upper GI study of 10 PTEN mutation-positive 
patients found all 10 to have multiple hyperplastic gastric polyps 
and three to have multiple hamartomatous polyps in that loca-
tion [294]. One patient had a single hamartomatous polyp in 
the duodenum while three had adenomatous polyps. There are 
two reports of gastric cancer in CS patients, one 67 and one 73 
years of age [238,298].

Related syndromes
Lhermitte–Duclos disease
The rare occurrence of a benign hamartomatous overgrowth of 
ganglion cells in the cerebellar cortex (called dysplastic ganglio-
cytoma of the cerebellum) is called Lhermitte–Duclos disease 
(LDD). Adult LDD has a known association with PHTS 
[286,299]. The large majority of adult cases of LDD occur as a 
part of PHTS [300].

Bannayan–Riley–Ruvalcaba syndrome
Bannayan–Riley–Ruvalcaba syndrome (BRRS) is a rare con-
genital disorder characterized by macrocephaly, intestinal 
hamartomatous polyps, delayed psychomotor development, 
lipomatosis, hemangiomatosis, and pigmented macules of the 
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total, 76 cases were reported and the most common tumor types 
were somatostatinoma (40%), GIST (34%), adenocarcinoma 
(8%), carcinoid (6%), neurofibroma (5%), schwannoma (4%), 
and gangliocytic paraganglioma (3%) [305]. The most common 
tumor locations were duodenum (60%) and ampulla (31%) 
[305].

Management/screening
The most common symptoms in patients with NF1 and duode-
nal/periampullary neoplasms are jaundice, weight loss, and GI 
bleeding or anemia [305]. A consensus has not been reached 
regarding GI screening recommendations for NF1. However, GI 
symptoms should be thoroughly evaluated for NF1-related 
lesions due to the complication rate and risk of malignancy 
associated with these tumors [305,308].

Differential diagnosis
Constitutional mismatch repair deficiency syndrome 
(CMMRDS) is a rare childhood cancer predisposition that may 
be misdiagnosed as NF1 [310] (see Section Constitutional mis-
match repair deficiency syndrome for details of CMMRDS). The 
genetic defect in CMMRDS, biallelic mismatch repair muta-
tions, is thought to cause somatic inactivation of the NF1 gene 
resulting in various NF1 features [311].

Multiple endocrine neoplasia type 2B
Multiple endocrine neoplasia 2B (MEN 2B), also known as the 
mucosal neuroma syndrome, is characterized by nearly a 100% 
risk for medullary thyroid cancer, a 50% risk for pheochromo-
cytoma, marfanoid body habitus (elongated face and limbs, and 
large hands and feet) in 65%–75%, and ganglioneuromatoses 

• Two or more Lisch nodules (iris hamartomas)
• A distinctive osseous lesion such as sphenoid dysplasia or 

tibial pseudarthrosis
• A first-degree relative with NF1 using the above criteria.

The risk for gastrointestinal (GI) tumors in NF1 is quite vari-
able [303]. Estimating the true incidence of GI-related findings 
in NF1 has been challenging as less than 5% are symptomatic 
[305]. Up to 25% of NF1 patients exhibit multiple intestinal 
polypoid neurofibromas and less frequently ganglioneuromas 
[306,307]. Diffuse neurofibromatosis and ganglioneuromatosis 
involving the entire GI tract may occur, though the small bowel 
is the most common polyp location, followed by the stomach and 
then the colon [303]. Isolated neurofibromatosis of the colon (see 
Isolated intestinal neurofibromatosis section for more details) 
without any additional syndromic features has also been reported 
in the literature and these cases are unlikely related to NF1 [303].

Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal GI manifestation in NF1 and approxi-
mately 1.5% of all GISTs occur as part NF1 [305]. In an autopsy 
study, 25% of patients with NF1 had GISTs, whereas in a retro-
spective review, 7% had GISTs [303,305]. Unlike sporadic 
GISTs, which typically occur in the stomach, GISTs associated 
with NF1 are mainly located in the small bowel [308]. Almost 
none of the GISTs in NF1 demonstrate the KIT or PDFGRA 
mutations, usually observed in sporadic GISTs [305]. Instead 
somatic inactivation of the wild type NF1 allele appears to be 
the pathogenesis of GISTs in NF1 [309]. Other characteristics 
features of GISTs in NF1 include multiplicity and younger age 
of onset than sporadic GISTs [308].

In 2010, Relles and colleagues reported on a 20-year review 
of periampullary and duodenal neoplasms in NF1 [305]. In 

Table 79.5 Cancer risks and screening in PTEN hamartoma (Cowden) syndrome.a Data from [238,287,288,290–292].

Cancer Cancer risk Age to begin 
screening (years)

Screening interval (years) Screening procedures and 
comments

Colon 9%–13%
Polyps in 95%

15 2 Colonoscopy, intervals may increase or 
decrease, depending on findings

Upper GI tract and 
small bowel

Possibly increased 15 2–3 EGD,b examination of the small bowel 
if duodenal polyposis is present, repeat 
depending on number of polyps

Thyroid 3%–35% Adolescence 1 Thyroid exam and baseline ultrasound

Breast 25%–80% 25 Monthly Self breast exam

30 1 Mammography

Uterine 5%–28% 35 1 Annual endometrial sampling or 
vaginal ultrasound

Renal cell Up to 34% 18 1 Urine analysis with cytology and 
possibly renal ultrasound

Melanoma 6% By 18 1 Physical cutaneous examination

a Baseline physical examination at diagnosis and annual targeted history and physical examination thereafter.
b Esophagogastroduodenoscopy or upper gastrointestinal endoscopy.
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polyposis, rectal prolapse, proctitis cystica profunda, inflamma-
tory cloacogenic polyps, inflammatory myoglandular polyps, 
and gastric antral vascular ectasia [315–317]. There are many 
common features of these conditions while distinguishing fea-
tures likely represent a spectrum of phenotypic presentations. 
All are thought to arise from mucosal damage associated with 
internal mucosal prolapse and reaction to that damage.

The mucosal prolapse conditions often exhibit multiple 
inflammatory polyps, especially in the rectosigmoid, although 
these polyps may occasionally be observed higher in the colon 
and even in the stomach [315,318,319]. Histologically, the 
polyps are inflammatory, with elongated tortuous crypts. There 
is also the presence of smooth muscle and elastin in the mucosa.

The condition can occur at any age, including in children 
[319,320]. Clinically, patients with mucosal prolapse syndrome 
(including any of the subtypes) may have diarrhea, rectal  
bleeding, rectal prolapse, rectal mucous discharge, the sensation 
of incomplete evacuation and protein-losing enteropathy 
[316,317,319]. A history of straining at stool is often elicited 
[315]. Ulcers are often observed in solitary rectal ulcer syn-
drome, while in the condition termed cap polyposis patients are 
found to have polyps covered by a “cap” of granulation tissue. 
Endoscopic characteristics can be classified as: ulcerative, 55%; 
polypoid, 24%; and flat, 21% [317,321]. Ulcer lesions may be 
solitary or multiple. Up to 44% of persons with this condition 
exhibit polypoid lesions, usually multiple. Polyp numbers may 
range from single to >100 and polyps may be sessile to semi-
pedunculated. They can be pink or erythematous and range 
from 1 mm to several centimeters.

Medical treatment, with variable success, has included met-
ronidazole, Helicobacter pylori antibiotics, immunosuppressive 
agents, and avoidance of intraluminal trauma by avoiding con-
stipation and straining at stool [319]. Solitary polyps can be 
removed endoscopically, while patients with multiple polyps 
may require surgical resection of the involved colonic segment 
if conservative treatment or medical therapies are unsuccessful 
[315]. As there is no malignant potential, most patients can 
probably be periodically observed if symptoms do not require 
intervention.

Polyposis conditions arising from  
lymphoid tissue

Nodular lymphoid hyperplasia
Nodular lymphoid hyperplasia (NLH) is a rare polyclonal lym-
phoproliferative disorder of unknown cause that, in most cases, 
is not related to a distinct disease [322]. It can mimic FAP 
endoscopically, but is easily distinguished histopathologically 
[323,324]. It is found in about 20% of patients with common 
variable immunodeficiency syndrome, specific IgA and IgG 
deficiencies [325,326], as a rare association with intestinal lym-
phoma [327], and in some otherwise healthy children and some 
adults [328,329]. It has been suggested that hyperplasia of the 

[312]. MEN 2B is caused by mutations in the RET gene and 
mutations are found in up to 95% of cases [238]. About half of 
cases are considered to represent new mutations.

Ganglioneuromatosis of the GI tract occurs in about 40%  
of MEN 2B cases [238]. Ganglioneuromatous polyps occur 
throughout the GI tract, from lip to anus, but most commonly 
in the colon and rectum [313]. GI symptoms, including diarrhea 
and constipation, are common (more than 90% of cases) and 
arise from dysmotility of the GI tract secondary to the underly-
ing, often transmural, ganglioneuromatoses [238]. Symptoms 
often begin in the first months of life and may present as 
megacolon.

Isolated intestinal neurofibromatosis
Neurofibromatous colon polyps are benign neural lesions that 
may be the first manifestation of NF1 or MEN 2B [314]. In NF1, 
GI neurofibromas occur with other features, most notably café-
au-lait macules, axillary or inguinal freckling, and Lisch nodules 
[314]. In MEN 2B, medullary thyroid cancer and pheochromo-
cytoma may be accompanied by ganglioneuromas. The term 
isolated intestinal neurofibromatosis is used when neurofibro-
mas of the GI tract occur without other syndromic features 
[314]. Other terms used in association with neurofibromatous 
lesions of the colon have been variable, including ganglioneu-
romatosis, neuronal intestinal dysplasia, and others [314].

Symptoms due to colonic neurofibromatosis are in part 
dependent on their size, location, multiplicity, and involvement 
with adjacent structures [314]. These lesions often vary in size, 
are white, firm, and solid [314]. Diarrhea, abdominal pain, GI 
obstruction, and even palpable abdominal masses may occur 
[314]. The lesions most often occur in the colon, though cases 
of isolated neurofibromas of the upper GI tract have been 
reported [314]. Treatment is typically dependent on sympto-
mology and may include palliative resection of the affected 
portion of the GI tract [314].

Polyposis syndromes with  
inflammatory polyps

Inflammatory bowel disease
Multiple inflammatory polyps are frequently found in both 
ulcerative colitis and Crohn’s disease. The polyps represent 
remaining normal tissue, with inflammatory elements that 
persist during the healing phases of the diseases. The polyps 
themselves have no malignant potential, although both ulcera-
tive colitis and Crohn’s disease have a colon malignancy risk that 
parallels the extent of colonic involvement and the duration of 
the disease.

Mucosal prolapse syndrome
Mucosal prolapse syndrome includes several unusual acquired 
polyposis conditions that likely represent a common patho-
physiology. These include solitary rectal ulcer syndrome, cap 
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Mucosa-associated lymphoid tissue lymphomas, follicular 
lymphomas, and primary T-cell lymphomas have now also been 
described that are morphologically similar to MLP in that they 
exhibit a multiple polypoid appearance in the GI tract and are 
thus considered types of MLP [337,346,347].

Immunoproliferative small intestinal disease
Immunoproliferative small intestinal disease (IPSID), previ-
ously called both Mediterranean-type lymphoma and α-heavy 
chain disease, can also exhibit multiple nodular lesions of the 
small bowel [348]. IPSID is a mucosa-associated lymphoid-
tissue (MALT) lymphoma variant characterized by infiltration 
of the bowel wall with a plasma-cell population that secretes  
a monotypic, truncated immunoglobulin α-heavy chain 
lacking an associated light chain [348,349]. Evidence indicates 
that most cases arise from infection with Campylobacter 
jejuni [348–350]. IPSID most commonly occurs in people living 
in the Middle East and Africa regions in the second or third 
decade of life. Symptoms include malabsorption, chronic 
diarrhea, weight loss, and abdominal pain. Small intestinal 
endoscopy may variously show thickened mucosal folds, diffuse 
nodularity, ulcers, a mosaic pattern, and nondistensibility from 
infiltration.

Histologically, IPSID begins as an intense proliferation of 
plasma cells in the lamina propria. It eventually proceeds to an 
overt malignant lymphoma with extension beyond the lamina 
propria and sometimes the occurrence of multiple nodular 
lesions. The process may remain in deeper intestinal layers, 
however, requiring full-thickness biopsy for diagnosis. An 
abnormal paraprotein is frequently present, which represents 
the α-chain fragment of immunoglobulin A. Unlike MLP, it is 
confined to the gut and is most often present in the small bowel, 
particularly the proximal small bowel. The endoscopic appear-
ance of IPSID includes diffuse nodularity, cobblestone appear-
ance, and sometimes small superficial ulcerations, particularly 
of the duodenum and proximal small intestine [350–352].

Early-stage IPSID responds to antibiotics, resulting in a 
30%–70% rate of complete remission [348]. Treatment has 
included tetracycline or metronidazole and ampicillin/tetracy-
cline. Early-stage patients who do not respond to antibiotic 
therapy after 6 months should then receive combination chemo-
therapy. Antibiotics and chemotherapy should be given together 
for more advanced cases. Most untreated IPSID patients 
progress to lymphoplasmacytic and immunoblastic lymphoma 
invading the intestinal wall and mesenteric lymph nodes, also 
possibly invading distant organs [348]. This type of lymphoma 
shares clinical, morphological, and molecular features with 
MALT lymphoma, lymphoplasmacytic lymphoma, and plasma 
cell neoplasms [348]. Although this is a rare condition, the treat-
ability in early stages but poor outcome in later stages requires 
that gastroenterologists be familiar with IPSID as a cause of 
proximal small bowel nodularity, malabsorption, and other gen-
eralized symptoms.

lymphoid nodules occurs as a local immune response to anti-
gens in the gut lumen. It has also been suggested that cellular 
immune dysfunction, as well as immunoglobulin deficiency, 
must be present for NLH to be present [329,330].

The hyperplastic lymphoid nodules of NLH are most often 
found in the small bowel but also may occur in the stomach and 
colon. They are numerous, typically 3–6 mm in diameter, and 
exhibit the same color as surrounding mucosa. Occasionally, 
nodules may reach 10 mm in diameter and even larger. The 
enlarged lymphoid follicles are morphologically indistinguish-
able from lymphoid follicles that occur normally in the GI tract. 
The nodules themselves do not usually cause symptoms.

The primary clinical challenge is distinguishing NLH from 
normal lymphoid tissue, where follicles range in size from 0.6 
to 3 mm in diameter throughout the gut [331]. Colon imaging 
may reveal lymphoid follicles without evidence of disease in up 
to 50% of patients younger than 30 years of age and in up to 
17% of those older. Normal lymphoid tissue is also frequently 
observed endoscopically, especially with melanosis [332]. 
Lymphoid hyperplasia of the terminal ileum is found in almost 
half of patients examined by colonoscopy [333]. Follicles range 
in size from 1 to 10 mm or more, and are often larger, more 
numerous, and more frequent in younger individuals. 
Immunohistochemistry staining and tissue genotyping is used 
to distinguish malignant changes of lymphoid tissue and NLH 
[334]. NLH as an entity does not require therapy.

Multiple lymphomatous polyposis
About 30% of primary extranodal lymphomas occur in the GI 
tract. Most of these present as a single lesion, although about 
10% exhibit GI polyposis, including multiple lymphomatous 
polyposis (MLP) and immunoproliferative small intestinal 
disease (see Section Immunoproliferative small intestinal 
disease) [335–337].

MLP is a rare intestinal malignancy characterized by the  
presence of numerous GI polypoid lesions of malignant lym-
phoma. It is a non-Hodgkin B-cell lymphoma that is the GI 
counterpart of mantle cell lymphoma [338–341]. MLP arises 
from a malignant transformation of lymphocytes that exhibit 
homing receptors for lymphoid tissue of the GI tract, thus 
giving rise to a diffuse polyposis presentation [342]. The polyps 
range from a few millimeters to several centimeters in size, and 
involve the small and large bowel in 80%–90% of cases and the 
stomach or duodenum in 50% of cases [327,341,343]. Polyps 
may even occur in the esophagus [344]. This condition occurs 
predominantly in middle age and older men (88%) [345]. 
Symptoms are nonspecific, including weight loss, fatigue, 
diarrhea, abdominal pain, anemia, occult GI bleeding, and even 
intussusception [346]. The condition often exhibits extraab-
dominal dissemination, especially to peripheral lymph nodes. 
Chemotherapy is the treatment of choice, although the overall 
prognosis is poor [340]. Diagnosis can usually be made by 
endoscopic biopsy.
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Cronkhite–Canada syndrome
Cronkhite–Canada syndrome (CCS) is an acquired condition 
characterized by generalized GI polyposis, cutaneous hyperpig-
mentation, hair loss, and nail atrophy [360–362].The syndrome 
has a worldwide distribution. Sixty percent of reported cases 
occur in men, and the average age at symptom onset is 59 years, 
with a range of 31–86 years. No familial occurrences have been 
observed. The etiology of CCS remains unknown.

Polyposis in CCS is present throughout the GI tract except 
for the esophagus [363]. Hundreds of polyps are observed, with 
polyp size ranging from a few millimeters to 3 cm in diameter. 
Colonic polyps are almost always sessile, even when large, 
which can often differentiate them from juvenile polyps. 
Ulceration and friability are surface features of some of the 
polyps. Microscopically, the polyps are almost identical to juve-
nile polyps. In contrast to JPS, however, the mucosa between 
polyps is also histologically abnormal, with edema, congestion, 
and inflammation of the lamina propria and focal glandular 
ectasia. IgG4 staining has been observed in many patients [364]. 
Polyps may appear over several years or several months. They 
usually resolve after remission of symptoms, but they may 
persist for years. Adenomatous polyps can be seen in up to 71% 
of cases and colon cancer in as high as 25% [360]. Carcinoma 
of the stomach is also reported as a consequence of CCS.

A number of extraintestinal ectodermal manifestations  
are observed in almost all patients with CCS. Nails of the  
fingers and toes exhibit various degrees of dystrophy, compris-
ing thinning, splitting, and partial separation from the nail bed 
(i.e., onycholysis). Hair loss occurs over a few weeks on the 
scalp, eyebrows, face, axillae, pubic area, and extremities. 
Hyperpigmentation appearing as dark, brownish macules, 
ranging from a few millimeters to 10 cm in diameter, occurs 
over the upper extremities, followed by the lower extremities, 
face, palms, soles, neck, back, chest, and scalp, in that order. The 
nail, hair, and pigmentation abnormalities are all reversible on 
remission of the disease.

Hypogeusia is the dominant initial symptom in most patients, 
which is soon followed by diarrhea, abdominal discomfort, ano-
rexia, and weight loss [364]. Variable degrees of fat, protein, and 
disaccharide malabsorption occur because of a decreased 
absorptive surface. Other common symptoms include fatigue, 
weakness, edema, nausea, and vomiting.

The disease often exhibits a fairly acute onset and a rapidly 
progressive course. Weight loss and edema ensue, and ectoder-
mal changes occur over a few weeks or months. GI bleeding also 
may occur and can be severe. Intussusception from small bowel 
polyps has been reported but is unusual. The diarrhea and 
protein-losing enteropathy may be extremely severe, resulting 
in profound malnutrition. Complications resulting from mal-
nutrition are a major cause of morbidity and mortality in this 
syndrome. They include severe cachexia, anemia, congestive 
heart failure, and impaired immunity, resulting variously in 
pneumonia, sepsis, and septic shock. The disease may be fatal 

Miscellaneous rare polyposis syndromes 
and conditions

Constitutional mismatch repair  
deficiency syndrome
Constitutional mismatch repair deficiency syndrome 
(CMMRDS) is a rare condition characterized by an exception-
ally high risk for various cancers, onset predominately in child-
hood, and many features of NF1 (most notably café-au-lait 
macules) [310]. Persons with this condition have biallelic mis-
match repair (MMR) gene mutations that cause inactivation of 
the NF1 gene, thus the related findings [311]. GI manifestations 
include colonic polyposis, but predominantly adenomas rather 
than neuromas [353], and colorectal cancer [310]. In one series 
of CMMRDS, 31% presented with GI manifestations, 20% had 
multiple colorectal cancers (range from two to 10 primaries), 
with a mean age of cancer diagnosis of 19 years [311]. Colonic 
polyposis may be the first sign of CMMRDS [354]. Other mani-
festations of NF1 in CMMRDS include multiple café-au-lait 
macules, axillary/inguinal freckling, and Lisch nodules, with 
some patients meeting diagnostic criteria for NF1. There is also 
an increased risk for leukemia, lymphoma, brain, small bowel, 
and other malignancies [311].

It has been recommended that pediatric patients with GI 
adenomas and/or cancers should be examined for features 
associated with NF1 [311]. If any are found, tumor tissue 
testing, and/or genetic testing of the MMR genes should be 
considered. No consensus guidelines have been reached regard-
ing surveillance guidelines for CMMRDS. Annual colonos-
copy, EGD, and capsule endoscopy starting as young as age 3 
years old have been recommended [355]. Whole-body MRI 
has also been considered as a screening tool in this setting 
[355]. Others have recommended that GI screening start at age 
6–8 years old [311]. Screening for other Lynch syndrome 
tumors, such as endometrial and urinary tract cancers, starting 
in adulthood, has been recommended [355].

Hereditary mixed polyposis syndrome
Hereditary mixed polyposis syndrome (HMPS) is a  
condition that was originally described in a large Ashkenazi 
Jewish family with multiple colorectal polyps and cancer  
[356]. Affected patients exhibited mixed juvenile–adenomatous 
polyps and also adenomatous, hyperplastic, serrated adenomas, 
and mixed hyperplastic–adenomatous polyps and adenocarci-
nomas. Mean age of polyp occurrence in one family was  
28 years [357]. HMPS may be misdiagnosed as JPS or SPS  
[356].

Even though HMPS linked to a locus on chromosome 
15q13.3-q14 in a number of families, which includes the  
CRAC1 gene, the etiology remains elusive [358]. A duplication 
40 kb upstream of the GREM1 gene locus at chromosome 15 
was found in two individuals with HMPS [359].
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odular submucosal tumor appearance is observed lumenally, 
which reflects single or multiple benign growths of smooth 
muscle of the bowel wall. Leiomyomatosis of the esophagus has 
been related to Li–Fraumeni syndrome and to Alport syndrome 
in some cases.

Lipomatous polyposis
Lipomatous polyposis is also rarely observed [370,371]. In one 
case, between 700 and 1000 lipomatous polyps were observed, 
but about 60 adenomatous polyps were also present. Polyps 
were 2–50 mm in diameter, were found throughout the colon, 
but were more dense in the left colon [370]. In another case, 
dense colonic lipomatous polyposis was observed together with 
lipomas of the peritoneum [372]. A third patient was found to 
have multiple lipomas throughout both the small and large 
intestine and a presentation of intussusception [373].

Lymphangiomatous polyposis
Lymphangiomas are unusual solitary lesions in the colon, rep-
resenting dilation or overgrowth of lymphatic channels. Clusters 
of elevated but apparent submucosal colonic polypoid lesions 
have been observed colonoscopically with a diagnosis of lym-
phangiomatosis [374,375].

Pneumatosis cystoides intestinalis
Pneumatosis cystoides intestinalis is characterized by multiple 
air-filled cysts of the wall of the GI tract that can have the 
appearance of polyposis by imaging and colonoscopy [376,377]. 
There are many etiologies and the diagnosis is made by abdomi-
nal radiography or colonoscopic biopsy [377].
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within a few months, although a more protracted course is also 
possible, especially if the patient responds to therapy or remits 
spontaneously.

A number of spontaneous remissions have been reported in 
CCS, and partial or complete remissions have resulted from 
several different interventions [364]. Therapies have included 
corticosteroids, immunosuppressants, antibiotics, colectomy, 
parenteral nutrition, and combinations of these, each with vari-
able success. In one study steroids achieved an initial remission 
of 94% with long-term remission in many of those by institution 
of long-term azathioprine treatment [360]. Present recommen-
dations are for aggressive supportive therapy, including enteral 
or intravenous alimentation. Corticosteroid therapy is under-
taken as initial therapy in severe cases and if deterioration 
occurs. Antibiotic therapy may be attempted, although its use-
fulness is questionable. Surgery is most often used to treat com-
plications, including bleeding, malignancy, intussusception, and 
sometimes protein-losing enteropathy. Colonoscopy should be 
performed, if feasible, to consider the possibility of malignancy. 
Periodic examination of the colon and stomach seems to be 
indicated in long-term survivors with persistent polyps to 
screen for adenomatous change and colon cancer.

Gorlin syndrome
Gorlin syndrome, also called nevoid basal cell carcinoma syn-
drome, is an exceptionally rare autosomal dominant disorder 
that occurs secondary to mutations of the PTCH gene on chro-
mosome 9q. The primary clinical findings include multiple 
basal cell carcinomas, mandibular bone cysts, characteristic pits 
in the skin of the palms and soles, intracranial calcification, 
large head circumference, and congenital skeletal anomalies 
[238]. Although gastric hamartomatous polyps have been 
reported in patients with Gorlin syndrome, polyps are uncom-
mon and are not included in the diagnostic criteria for Gorlin 
syndrome [238].

McCune–Albright syndrome
McCune–Albright Syndrome (MAS) is a rare syndrome caused 
by postzygotic activating mutations in the GNAS gene. MAS is 
sporadic in nature with no vertical transmission and therefore 
future generations are not at risk [266]. The characteristic fea-
tures of MAS include café-au-lait macules, polyostotic fibrous 
dysplasia of bone, and various endocrinopathies [266]. It has 
been discovered that MAS also has features that overlap with PJS, 
particularly perioral freckling and GI polyps, especially duode-
nal, with typical branching pattern with prominent cores of 
smooth muscle fibers that are similar to those seen in PJS [266].

Of note, GNAS mutation have been found in PJS-related 
polyps and cancers.

Other reported rare polyposis conditions
Leiomyomatous polyposis
A number of reports have been made of leiomyomatosis of the 
colon and other segments of the GI tract [365–369]. A multin-
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Introduction

Screening decreases colorectal cancer incidence and mortality. 
In many countries where colorectal cancer is a leading cause of 
cancer-related death [1], screening has become a public health 
imperative. Population-level screening is a massive undertaking 
that is applied to asymptomatic persons – most of whom will 
never develop the target disease. This mandates careful consid-
eration of benefits, risks, quality assurance, and costs.

Screening and surveillance

Screening is the search for a disease or its precursor in asymp-
tomatic people, with the aim of decreasing morbidity or mortal-
ity in a population. Surveillance is more intensive testing applied 
to higher-risk persons. For screening to be of potential value, 
key requirements must be satisfied:
1.	 The disease must be common.
2.	 There must be a long asymptomatic phase during which the 

disease or its precursor can be detected by available tests.
3.	 Screening must lead to interventions that improve clinical 

outcomes.

4.	 The risks of screening must be low.
5.	 Screening must be feasible and affordable (cost-effective).

Colorectal cancer is an excellent target for screening. Most 
colorectal cancers arise from adenomas [2], and a smaller frac-
tion from serrated lesions [3,4]. These asymptomatic precursors 
may dwell for many years. Multiple tests can detect early-stage 
asymptomatic colorectal cancer or its precursors, yielding early 
detection or cancer prevention. As depicted in Figure 80.1, the 
natural history of colorectal cancer in a population can be 
modeled without and with screening.

Currently, in many countries, colorectal cancer screening is 
offered to “average risk” persons at age 50 or older. Surveillance 
is offered to persons with a history of multiple or advanced 
adenomas (adenomas ≥1 cm, or with villous features, high-
grade dysplasia, or cancer) [5], chronic inflammatory colitis, 
family history of colorectal cancer [6], or high-risk genetic syn-
dromes (e.g., Lynch syndrome [7]).

The term “colorectal cancer screening” conceals an important 
debate. Should the primary target of screening be asymptomatic 
cancer, or its precursors? The rationale for targeting both precur-
sors and early cancers is to decrease colorectal cancer incidence 
as well as mortality. Thus, in many contexts, “colorectal cancer 
screening” in fact refers to “colorectal neoplasia screening.”

Colorectal cancer screening
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parable to those of Western countries, prompting calls for 
national screening programs [16].

Screening tests and their impact on 
colorectal cancer incidence and mortality

The principles underlying colorectal cancer screening tests 
include detection of a signal in stool that is associated with 
colorectal neoplasia (blood or abnormal DNA), radiographic 
detection of colorectal abnormalities (barium enema, computed 
tomography colonography [CTC]), direct visualization of color-
ectal neoplasia (sigmoidoscopy, colonoscopy, capsule endos-
copy), or detection of a signal in peripheral blood associated 
with colorectal neoplasia (biomarkers, e.g., methylated Septin-9 
DNA).

Colonoscopy was initially reserved for persons with symp-
toms or with abnormal screening results on another test. Over 
time, screening colonoscopy has been accepted in several coun-
tries. Sigmoidoscopy and colonoscopy can incorporate polypec-
tomy – the intervention by which screening decreases colorectal 
cancer incidence.

In randomized controlled trials, screening with a guaiac-
based fecal occult blood test (gFOBT) has resulted in decreases 
in colorectal cancer mortality, and a decrease in incidence in 
one study. In randomized controlled trials, screening flexible 
sigmoidoscopy has resulted in decreases in colorectal cancer 
incidence and mortality, limited almost exclusively to the distal 

Opportunistic screening versus population 
screening programs

Screening may occur opportunistically, or as part of an organ-
ized program [8,9]. In opportunistic screening, an individual 
may request screening or a healthcare provider may recom-
mend it, and shared decision making may inform the choice of 
screening modality. In population-level screening, invitations 
for screening are usually issued from centralized registers. The 
focus of organized programs is mortality and morbidity reduc-
tions at the population level – rather than at the individual level. 
Organized programs may not always offer the most sensitive test 
or optimal testing intervals. However, organized programs 
usually take responsibility for quality assurance, minimization 
of harms, and cost-effectiveness. The existence of opportunistic 
versus organized screening in different countries reflects con-
trasting philosophies regarding healthcare delivery [8].

In the USA, colorectal cancer screening is primarily oppor-
tunistic, with some exceptions [10]. In contrast, several other 
countries and regions have launched organized screening pro-
grams [8,9,11,12], such as the UK’s National Bowel Cancer 
Screening Programme [13,14], and fecal immunochemical 
testing (FIT) programs in various Canadian provinces [15]. 
Historically, colorectal cancer incidence has been substantially 
higher in Europe, North America, and Australia/ New Zealand 
than in Africa, South America, and other parts of Asia [1]. 
However, colorectal cancer incidence has been rising rapidly in 
many Asian countries, and in some it has reached levels com-

Figure 80.1 Schematic of the natural history of colorectal cancer (CRC) in an average risk population, and the possible consequences of screening. 
(A) Without screening, 5%–6% of persons develop colorectal cancer (light and dark blue) and 2%–3% die from colorectal cancer (dark blue).  
(B) Screening persons with adenomas that would develop into colorectal cancer may result in cancer prevention through polypectomy (Screen 1) or 
early cancer detection (Screen 2), both of which may result in prevention of colorectal cancer death. (C) Screening persons with adenomas that would 
not have developed into colorectal cancer may result in polypectomy, but no impact on colorectal cancer incidence or mortality. (D) Screening persons 
with a normal colon yields no colorectal-related benefit. The population-wide benefits of screening must outweigh the risks.
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colorectum. No randomized controlled trials of colonoscopy or 
FIT with colorectal cancer incidence and mortality as outcomes 
have been completed, but trials are ongoing. No such trials have 
been completed for other modalities.

Guaiac-based fecal occult blood tests
Guaiac-based fecal occult blood tests (gFOBTs) use cards 
impregnated with guaiac, which is oxidized by hydrogen perox-
ide; this reaction is catalyzed by hemoglobin, but also by plant 
peroxidases and heme in red meat [15,17]. gFOBT manufactur-
ers recommend avoiding red meat and high intake of vitamin 
C (which blocks the peroxidase reaction) before and during 
stool collection, but diet effects appear to be minimal in practice 
[17]. Typically, two samples per stool are collected from three 
stools on different days using wooden sticks to apply smears of 
stool on test card windows (“dry method”), which improves 
sensitivity because bleeding from colorectal neoplasia may be 
intermittent, low volume, and not spread homogeneously 
throughout the stool [15,17]. The cards are developed using a 
peroxide-containing developer, and read by looking for color 
change. In two of the major gFOBT trials (Table 80.1) [18–25], 
cards were rehydrated. Rehydration is not currently recom-
mended because it decreases specificity. In theory, requiring one 
or more windows to be positive in order to constitute a “positive 
screen” provides a means to adjust the positivity rate that is 
acceptable in a program [17].

Four randomized controlled trials of screening with the 
Hemoccult II gFOBT (biennial in the Funen, Denmark [26–28], 
Goteborg, Sweden [18–21], and Nottingham, UK [29–32] 
studies; annual and biennial in the Minnesota, US study [22–
25]) have demonstrated a reduction in colorectal cancer mortal-
ity in the screening arms (Table 80.1). Three trials were 
population based (Funen, Goteborg, Nottingham), and one 
invited volunteers (Minnesota). A metaanalysis combining the 
trials found a 16% reduction in the risk of colorectal cancer 
mortality in the screening versus control arms (relative risk 
0.84; 95% confidence interval [CI] 0.78–0.90) [33]; the esti-
mated reduction was 15% (relative risk 0.85; 95% CI 0.78–0.92) 
in the three trials that used biennial screening [33]. Through 30 
years of follow-up, the relative risk of colorectal cancer death in 
the annual gFOBT arm of the Minnesota Colon Cancer Control 
Study was 0.68 (95% CI 0.56–0.82) [25]. gFOBT screening did 
not reduce all-cause mortality in any trial, with a combined 
relative risk of 1.00 (95% CI 0.99–1.02) [25,33].

Screening reduced colorectal cancer incidence only in the 
Minnesota study, in which most gFOBTs were rehydrated and 
colonoscopy utilization was high (at least one colonoscopy in 
38% and 28% of persons in the annual and biennial screening 
arms, respectively). In that study, colorectal cancer incidence 
was 20% and 17% lower in the annual and biennial screening 
arms, respectively, than in the control arm after 18 years [23] 
(Table 80.1). In contrast, approximately 5% of screened subjects 
had colonoscopy in the Nottingham study [32]. gFOBT screen-
ing did not affect colorectal cancer incidence despite removal of 

two to four times as many large adenomas in the screening arms 
of the population-based trials [28], and some have interpreted 
this as evidence that the adenoma–carcinoma sequence can take 
over 15 years [32].

Screening shifted the cancer stage distribution towards earlier 
stages in all trials. Dukes stage A cancers accounted for 20%–30% 
and Dukes stage D cancers for 9%–22% of cases in the interven-
tion arms, compared with 9%–22% and 17%–24%, respectively, 
in the control arms [33]. Disease-specific survival after colorec-
tal cancer diagnosis was better in the screening versus control 
arms. The results were more dramatic in those who were actu-
ally screened (per protocol analyses). Thus, gFOBT screening 
decreases colorectal cancer mortality primarily through early 
cancer detection.

The magnitude of benefit is related to the degree of participa-
tion. For example, in the Funen study, the relative risk of color-
ectal cancer death was 0.57 (95% CI 0.48–0.68) in subjects who 
participated in nine screening rounds, and 0.67 (95% CI 0.57–
0.79) in those who participated in only one round, with a nearly 
linear relationship between benefit and participation [28]. In the 
metaanalysis of the four studies, the relative risk for colorectal 
cancer mortality was 0.75 (95% CI 0.66–0.84) in those attending 
one or more screening rounds [33]. Adherence with full colonic 
investigation after a positive gFOBT was 83%–93% in the trials 
[33]. Reported rates in clinical practice are lower [34–36]. 
Because gFOBT alone can have no impact, it is imperative to 
ensure appropriate follow-up.

Sustained adherence over time can be difficult to achieve in 
practice [35]. With longer follow-up, the degree of colorectal 
cancer mortality reduction in the Funen and Nottingham 
screening arms has decreased [26–32] (Table 80.1). This is due 
to decreases over time in the fraction of persons screened, and 
not aging or a change in the female : male ratio of remaining 
subjects [31].

The absolute benefit of screening must be kept in perspective. 
In the Nottingham study at 20 years [32], the absolute reduction 
in colorectal cancer mortality in the screening arm was 1.7/1000 
persons, while overall all-cause cumulative mortality was  
53%. The number needed to be invited for screening for 6  
years to prevent one death over 20 years was 602 persons (95% 
CI 339–2648), and the number needed to screen to save one  
life was 300 [32]. Based on data from the four trials, it has  
been estimated that 10.3 (6.0–16.4) years passed before one 
death from colorectal cancer was prevented per 1000 patients 
screened [37].

The results of several nonrandomized studies of gFOBTs have 
been similar to those of the randomized studies [17]. In a large 
study in France, with allocation to screening by geographic 
region, initial adherence was 53%, and 54%–58% in successive 
rounds, and the colorectal cancer mortality ratio was 0.84 (95% 
CI 0.71–0.99) in the screening versus control arm, and 0.67 
(95% CI 0.56–0.81) for screening participants [38]. In a pilot 
study in Scotland, participation was 61% and the rate ratio for 
colorectal cancer mortality was 0.90 (95% CI 0.83–0.99) in the 
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screening versus control arm, and 0.73 (95% CI 0.65–0.82) for 
screening participants [39].

The gFOBT randomized controlled trials provided some evi-
dence on test performance characteristics [33]. In these trials, the 
positivity rate was 0.8%–3.8% (Funen), 1.2%–2.7% (Nottingham), 
and 1.4%–5.3% (Minnesota) without rehydration, and 1.7%–
14.3% (Goteborg) and 3.9%–15.4% (Minnesota) with rehydra-
tion [33]. The estimated sensitivity for colorectal cancer (which 
requires defining a negative gFOBT followed by colorectal cancer 
within 1 to 2 years as a false-negative screen) was 55% (Funen), 
57.2% (Nottingham), and 80.8% (Minnesota) without rehydra-
tion, and 82% (Goteborg) and 92% (Minnesota) with rehydra-
tion [33]. Positive predictive value ranged from 0.9%–6.1% 
(Minnesota, rehydrated) to 9.9%–17.1% (Nottingham) for color-
ectal cancer, and from 6.0%–11.0% (Minnesota, rehydrated) to 
42.8%–54.5% (Nottingham) for adenoma [33].

Fecal immunochemical tests
Many fecal immunochemical tests (FITs) are available, and  
different FITs are available in different countries [15]. All use 
antibodies against human globin, the protein component of 
hemoglobin, and are more sensitive for lower than upper gas-
trointestinal bleeding because globin is digestible [15]. Typically, 
one or more samples are collected with sticks or brushes and 
either applied to a card (“dry method”) or placed into a vial 
(“wet method”). Most manufacturers recommend one sample 
and no dietary restrictions [15]. Qualitative tests are read by eye, 
and “quantitative” tests provide a numerical result, thus allowing 
the selection of a desired cut-off (e.g., ≥100 ng hemoglobin/ 
100 mL buffer), which determines sensitivity and specificity. 
Quantitative, automated tests with high throughput are favored 
for population-based screening [15,17]. Sample instability at 
higher temperatures has implications for handling, mailing, and 
timely analysis [15].

There are no completed randomized controlled trials of FIT 
versus no screening with colorectal cancer mortality as the 
outcome. Randomized controlled trials of FIT versus colonos-
copy are ongoing [40–42]. It has been proposed that studies of 
an emerging test’s accuracy, combined with existing evidence 
from randomized controlled trials of existing tests, can be  
used in some circumstances to evaluate the emerging test 
[43,44]. Many experts accept this as a sound basis for evaluating 
FITs [15,17,45–49]. Direct comparisons to FOBT are shown in 
Table 80.2.

Ontario’s FIT Guidelines Expert Panel has evaluated system-
atically the test performance characteristics and acceptability of 
various FITs [15], based on one-time testing in high-quality 
studies [50–58]. Because of differences between tests and 
studies, a quantitative summary is not possible, but general 
conclusions can be drawn (Table 80.2). The sensitivity of FIT 
for colorectal cancer and advanced adenoma compared with a 
standard gFOBT was assessed in one relatively small study with 
colonoscopy as the gold standard [55], in which FIT proved 

superior (Table 80.2). Compared with standard gFOBT, FIT’s 
positivity and advanced neoplasia (colorectal cancer and 
advanced adenoma) detection rates are higher, and specificity 
is slightly lower (Table 80.2). The sensitivity was not signifi-
cantly different, the positivity rate was lower, and the specificity 
and advanced neoplasia detection rates were higher for FIT 
versus a more sensitive gFOBT (Hemoccult SENSA) [50]. As 
the FIT cut-off level increases, the positivity rate and sensitivity 
decrease, and the specificity and positive predictive value 
increase.

A different set of FIT studies was considered in a targeted 
systematic review for the US Preventive Services Task Force 
(USPSTF) [46]. In some studies, all patients underwent colon-
oscopy as a gold standard, while registry follow-up for FIT-
negative patients was undertaken in others. Overall, compared 
with nonrehydrated Hemoccult II gFOBT, FITs were found to 
have higher sensitivities for colorectal cancer (61%–91% vs 
25%–38%), advanced neoplasia or large adenomas (27%–67% 
vs 16%–31%), and polyps ≥10 mm (67% vs 31%), and lower 
specificities (91%–98% vs 98%–99%) [46]. A prospective screen-
ing study of six different qualitative FITs demonstrated wide 
variability in test performance [59]. Other studies have con-
firmed the greater sensitivity of FIT over gFOBT, especially for 
advanced adenomas [17].

Three randomized controlled trials have shown higher par-
ticipation rates (i.e., compliance or uptake) with FIT versus 
gFOBT [15]: 59.6% versus 46.9% (P < 0.01) [51], 68% versus 
55% (P = 0.01) [58], and 61.5% versus 49.5% (P < 0.05) [53]. 
This may be attributable to the requirement of fewer samples, 
less stool handling, simpler collection, no need for disposal of 
used sticks, and no dietary restriction with FIT [15].

The first interim analysis of the COLONPREV study, which 
compares colonoscopy versus the quantitative OC-Sensor FIT, 
reported higher participation in the first FIT round versus 
uptake of colonoscopy (34.2% vs 24.6%, P  <  0.001) [40]. 
Colorectal cancer was found in 0.1% of persons in each arm, 
advanced adenomas were found in 1.9% in the colonoscopy 
group versus 0.9% in the FIT group (odds ratio 2.30; 95% CI 
1.97–2.69), and nonadvanced adenomas in 4.2% versus 0.4% 
(odds ratio 9.80; 95% CI 8.10–11.85). In this study, biennial FIT 
offers are continuing, which is expected to improve the pro-
grammatic performance of the FIT arm.

In a Dutch pilot program, in the second-round FIT-after-FIT 
group versus the first-round FIT group, FIT positivity rate 
decreased (7.4 vs 8.1%, P = 0.34), as did the positive predictive 
values for advanced neoplasia (44% vs 55%, P  =  0.017) and 
colorectal cancer (4% vs 8%, P = 0.024) [60]. Cancer stage at 
diagnosis did not differ between rounds or interval cancers. 
Thus, although FIT yield may decrease with subsequent rounds, 
it appears to remain substantial in a second round.

FIT positivity rates decrease with increases in ambient tem-
perature [57]. FIT-based programs must be able to cope with 
the more stringent requirements regarding storage, transport, 
and time to processing compared with gFOBT [15,49].
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Flexible sigmoidoscopy
Initial endorsements of endoscopic screening were based on 
observational data, including case–control studies of sigmoidos-
copy [61–65]. Three large randomized controlled trials from  
the UK (UK Flexible Sigmoidoscopy trial) [66], Italy (SCORE 
trial) [67], and the USA (PLCO trial) [68] have now demon-
strated substantial reductions in colorectal cancer mortality 
(22%–31% by intention to treat with screening attendance  
rates of 58%–84%) in the flexible sigmoidoscopy arms (Table 
80.3). Two trials compared invitation for once-only screening 
versus no invitation [66,67], and one trial included possible 
repeat screening in the intervention arm versus a usual care 
control [68]. The interim 7-year results of a fourth randomized 
controlled trial from Norway (NORCCAP trial) show a trend 
towards reduced colorectal cancer mortality in the screening 
arm (hazard ratio 0.73; 95% CI 0.47–1.13), and significantly 
reduced colorectal cancer mortality in screening attenders 
versus controls (hazard ratio 0.41; 95% CI 0.21–0.82; P = 0.011) 
[69].

In contrast with the results of all but one of the gFOBT trials, 
flexible sigmoidoscopy screening has yielded substantial reduc-
tions in colorectal cancer incidence (18%–23% by intention to 
treat) [66–68] – demonstrating convincingly for the first time 
in prospective, randomized, controlled studies the potential of 
endoscopic screening and polypectomy to prevent some color-
ectal cancers (Table 80.3). A smaller study in Telemark, Norway 
[70] had previously reported a relative risk of colorectal cancer 
incidence of 0.2 (95% CI 0.03–0.95) in the sigmoidoscopy 
versus control arm, along with a nonsignificant decrease in 
colorectal cancer mortality [71], and a significant increase in 
overall mortality (relative risk 1.57; 95% CI 1.03–2.4). The 
reduction in colorectal cancer incidence in these trials provides 
experimental support for the hypothesis that many colorectal 
cancers arise from potentially detectable precursors. As depicted 
in Figure 80.2, in the aggregate, flexible sigmoidoscopy screen-
ing trials demonstrate an impact on colorectal cancer incidence 
as well as mortality.

In all three recent trials, sigmoidoscopy’s benefit was almost 
exclusively in the distal colorectum (reductions of 27%–50% in 
distal colorectal cancer mortality and 24%–36% in distal color-
ectal cancer incidence) (Table 80.3) [66–68]. Only the PLCO 
trial reported a significant decrease in proximal colon cancer 
incidence (relative risk 0.86; 95% CI 0.76–0.97), but not mortal-
ity (relative risk 0.97; 95% CI 0.77–1.22) [68]. The interim 
NORCCAP results showed a significant reduction in distal 
colorectal cancer mortality in screening attenders versus con-
trols (hazard ratio 0.24; 95% CI 0.08–0.76) [69].

A metaanalysis of the five trials reported pooled estimates for 
the relative risks for the screening versus control arms, by inten-
tion to treat analysis, of 0.72 (95% CI 0.65–0.80) for colorectal 
cancer mortality, 0.82 (95% CI 0.73–0.91) for colorectal cancer 
incidence, 0.67 (95% CI 0.59–0.76) for left-sided colorectal 
cancer incidence, and 1.00 (95% CI 0.80–1.36) for right-sided 
colorectal cancer incidence [71]. The numbers needed to screen 

were 850 to prevent one colorectal cancer death, and 361 to 
prevent one colorectal cancer case.

The per-protocol benefits in screening attenders were more 
substantial [66–69], but this must be interpreted with caution 
because of possible selection bias. In the metaanalysis, the 
pooled estimates reflecting the benefit for those who were actu-
ally screened were 0.50 (95% CI 0.35–0.64) for colorectal cancer 
mortality, and 0.68 (95% CI 0.47–0.89) for colorectal cancer 
incidence [71].

There was a trend towards reduced overall mortality in the 
screening versus control arm (hazards ratio 0.97; 95% CI 0.94–
1.0) and in persons screened versus controls (hazards ratio 0.95; 
95% CI 0.91–1.0) in the UK study, the largest of the major trials 
[66], and no significant differences between study arms in non-
colorectal cancer deaths in the Italian SCORE and US PLCO 
trials [67,68]. These results allay concerns raised by the Telemark 
study that reassurance about colorectal cancer mortality risk in 
the screening arm could paradoxically lead to worse health-
related behaviors and increased overall mortality [70].

Flexible sigmoidoscopy combined with  
fecal testing
The long-term merits of a sigmoidoscopy/ fecal testing combi-
nation strategy remain uncertain. In some studies of fecal 
testing, test performance has been better in the proximal colon 
[26]. In a colonoscopy study, considering distal colonoscopic 
findings as a surrogate for one-time sigmoidoscopy identified 
70.3% of subjects with advanced neoplasia, and adding one-
time gFOBT identified 75.8% [72]. In a one-time colonoscopy 
and FIT study, emulating sigmoidoscopy with colonoscopy 
referral for distal adenomas, the sensitivities in detection of 
advanced proximal neoplasia were 22.3%, 16.3%, and 31.7% for 
FIT, sigmoidoscopy, and FIT/sigmoidoscopy, respectively; the 
respective sensitivities for proximal invasive cancer were 22.3%, 
16.3%, and 31.7% [73].

Colonoscopy: effectiveness
Colonoscopy’s place in screening has evolved over time, and 
differs around the world. It remains the follow-up test of choice 
after any other abnormal screening, and the preferred surveil-
lance test.

The current evidence supporting screening colonoscopy 
includes studies of its yield, observational studies of outcomes, 
and extrapolation from randomized controlled trials of gFOBT 
and flexible sigmoidoscopy. Randomized controlled trials of 
colonoscopy versus FIT (COLONPREV in Spain [40] and 
CONFIRM in the US Veterans Administration system [42]) and 
colonoscopy versus no screening (the multinational NordICC 
study in Europe [41]) are expected to report on colorectal 
cancer mortality in the early to mid 2020s.

The preventive potential of colonoscopic polypectomy has 
been appreciated for decades. In the National Polyp Study, 
which used a rigorous protocol, postpolypectomy colorectal 
cancer incidence was 76%–90% lower than expected without 
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and mortality, but probably lower than suggested by the National 
Polyp Study, and that while it can have benefit in the proximal 
colon, it is currently a lesser benefit than in the distal color-
ectum, and dependent on the quality of colonoscopy 
[74,75,96,97,99–107] (Table 80.4). The results of a pooled analy-
sis of data from the Nurses’ Health Study and the Health 
Professionals Follow-up Study suggest a greater benefit of 
colonoscopy compared to sigmoidoscopy in both the proximal 
colon and distal colorectum (Table 80.4). The analysis also indi-
cated that negative lower endoscopy identifies persons with 
lower than average risk of subsequent colorectal cancer, and that 
polypectomy indeed decreases subsequent colorectal cancer 
incidence when compared to no lower endoscopy [107].

When a patient presents with colorectal cancer in the initial 
years after colonoscopy (interval, or postcolonoscopy, colorectal 
cancer), the question is whether neoplasia developed after the 
colonoscopy, whether cancer was missed at screening, or 
whether a cancer precursor was missed or incompletely resected. 
Thus, colonoscopy’s differential benefit proximally versus dis-
tally may relate to tumor biology, the properties of colonoscopy 
(including operator dependence), or interactions between these. 
Compared with noninterval cancers, interval cancers are more 
likely to be proximal, smaller, to occur within previous polypec-
tomy regions, and to show microsatellite instability and the CpG 
island methylator phenotype [107–110]. It has been suggested 
that a large fraction of interval colorectal cancers may be due to 
technical factors that are potentially addressable [100,111–114] 
(see Section Colonoscopy: Quality, adenoma detection rate, 
interval cancer).

Colonoscopy: neoplasia after baseline exam, 
screening, and surveillance intervals
In discussing colonoscopy’s “protective effect,” one must distin-
guish between a high-quality negative colonoscopy, which iden-
tifies a person at low risk for subsequent neoplasia but does not 
affect natural history, and a high-quality colonoscopy that 
detects and removes consequential polyps or flat lesions, which 
identifies a person at higher risk and also disrupts the adenoma–
carcinoma or serrated lesion–carcinoma sequence.

Colorectal cancer risk appears to remain below average for 
many years after a negative colonoscopy, with a more profound 
effect in the distal colorectum. In a population-based study 
from Manitoba, the standardized incidence ratio for colorectal 
cancer was 0.28 (95% CI 0.09–0.65) at 10 years after a negative 
colonoscopy [115]. A second Canadian study reported a relative 
risk of colorectal cancer of 0.25 (95% CI 0.12–0.37) compared 
to the Ontario population at 14 years after a negative colonos-
copy [114]. Both studies suggested a greater effect in the distal 
colorectum. A study from Germany reported decreased risk of 
colorectal cancer for >20 years after negative colonoscopy (e.g., 
odds ratios of 0.12 [95% CI 0.08–0.19] at 3–4 years and 0.40 
[95% CI 0.24–0.66] at ≥20 years); the effect was greater in the 
distal colorectum, but remained significant in the long term in 
the proximal colon [116].

polypectomy based on three historical reference groups [74]. 
Longer follow-up suggests a 53% reduction in colorectal cancer 
mortality [75].

The recognition that 46%–52% of asymptomatic adults with 
proximal advanced neoplasia would not have this neoplasia 
detected if only those with adenomas at sigmoidoscopy were 
referred to colonoscopy [76,77] bolstered the case for screening 
colonoscopy [78]. A later study of colonoscopy in asymptomatic 
women reported that 65% of advanced neoplasia would be 
missed with sigmoidoscopy [79]. Following the inclusion of 
colonoscopy in US screening guidelines [45,47,80–82], and its 
acceptance for average-risk screening by Medicare in 2001, 
colonoscopy has become the most common colorectal cancer 
screening test in the USA [83–95].

Observational studies published in 2009 and 2010 questioned 
whether colonoscopy has any protective effect in the proximal 
colon [96,97] (Table 80.4), challenging the rationale for promot-
ing screening colonoscopy over sigmoidoscopy [78,98]. The 
balance of current evidence suggests that colonoscopy is associ-
ated with substantial reductions in colorectal cancer incidence 

Figure 80.2 Idealized representation of the impact of screening flexible 
sigmoidoscopy on colorectal cancer incidence and mortality. Curves with 
these shapes were observed in all five randomized controlled trials of 
screening flexible sigmoidoscopy versus no screening or usual care 
[66–70]. Screening initially detects prevalent colorectal cancers, resulting 
in more cases diagnosed than with no screening. Subsequent annual 
colorectal cancer incidence becomes low after screening, initially due to 
detection of prevalent cancers but then also due to cancer prevention by 
polypectomy. After some years, cumulative colorectal cancer incidence 
with and without screening become equal. Thereafter, cumulative 
colorectal cancer incidence after screening becomes lower than without 
screening, and rises little with time, reflecting protection that is relatively 
long-lasting. Cumulative colorectal cancer mortality with screening 
diverges from that without screening after a few years, due to early 
detection as well as prevention, an effect that is accentuated over time.

Colorectal cancer incidence - Control

Colorectal cancer mortality - Control

Colorectal cancer incidence - Screening

Colorectal cancer mortality - Screening
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many as 53%–86% of colorectal cancers after colonoscopy 
might represent missed cancers or cancer precursors, or incom-
plete precursor resection [111,112,131]. Factors associated with 
interval cancers include older patient age, diverticular disease, 
comorbidity, proximal location, colonoscopy in an office or 
nonhospital setting, index procedure by a nongastroenterolo-
gist, and index procedure by an endoscopist with lower cecal 
intubation rate, lower polypectomy rate, or higher colonoscopy 
volume [104,129,130,132].

While no screening modality or program can be expected to 
prevent all colorectal cancers, these findings constitute a call to 
action to address the modifiable risk factors for interval color-
ectal cancer, many of which seem to relate to the skill and 
technique of the endoscopist [133,134].

Flexible sigmoidoscopy and colonoscopy: 
complications in screening trials and  
community practice
The reported complication rates in gFOBT screening trials were: 
three perforations among 2108 sigmoidoscopies (0.14%), and 
two perforations and one hemorrhage among 190 colonoscop-
ies (1.6%) [135]; four perforations and 11 serious hemorrhages 
among 12 246 colonoscopies (0.12%) [22]; and seven serious 
complications among 1474 colonoscopies (0.48%) (five perfora-
tions, one major hemorrhage, one snare entrapment) [30]. In 
the two trials that used primarily colonoscopy to follow up 
abnormal gFOBT [22,30], the combined perforation rate was 
nine per 13 720 colonoscopies (0.07%).

The reported complication rates in the flexible sigmoidos-
copy screening trials were: one perforation (0.003%) and 12 
admissions for bleeding (0.03%) among 40 332 sigmoidoscop-
ies, and four perforations (0.17%) and nine admissions for 
bleeding (0.39%) among 2337 colonoscopies [136]; one perfora-
tion among 9911 sigmoidoscopies (0.01%), and one perforation 
and one postpolypectomy hemorrhage among 775 colonoscop-
ies (both 0.13%) [137]; and three perforations among 107 236 
sigmoidoscopies (0.003%), and 19 perforations among 17 672 
colonoscopies (0.1%) [68].

The serious harm rates in a community setting have been 
estimated as 0.34 (95% CI 0.06–1.9)/1000 sigmoidoscopies and 
2.8 (95% CI 1.5–5.2)/1000 colonoscopies [138].

Other tests: fecal DNA testing, barium enema, 
computed tomography colonography, capsule 
endoscopy, blood-based biomarkers
Tumor cells are shed into stool, and methods have been devel-
oped to detect abnormal DNA [17]. High sensitivity is required 
to identify the very small fraction of DNA in stool that is of 
human origin. Compared with a colonoscopy gold standard  
in a large prospective trial, a first-generation multimarker  
fecal DNA test and gFOBT detected 51.6% and 12.9% of color-
ectal cancers, respectively, and 18.2% and 10.8% of advanced 
neoplasia, respectively [139]. Later-generation fecal DNA tests 
have yielded improved test performance in smaller studies 

Several studies have explored the risk of subsequent advanced 
neoplasia as a function of baseline findings. In the National 
Polyp Study, adenomas with advanced histology were detected 
in 3.3% of patients with postpolypectomy surveillance at either 
3 years, or at both 1 and 3 years [117]. In the US Veterans 
Administration screening colonoscopy study, the rates of 
advanced neoplasia found at repeat colonoscopy within 5.5 
years were 2.4% after no baseline neoplasia, 6.1% after baseline 
small (<10 mm) adenomas, 15.5% after baseline adenoma 
≥10 mm, 16.1% after baseline villous adenoma, and 17.4% after 
baseline adenoma with high-grade dysplasia [118]. In another 
US cohort study, repeat colonoscopy at 5 years after negative 
baseline colonoscopy detected advanced adenomas in 1.3% of 
patients [119].

Colonoscopy: quality, adenoma detection rate, 
interval cancer
The dimensions of colonoscopy quality include process meas-
ures, but ultimately it is clinical outcomes that matter – reduc-
tions in cancer incidence and mortality, and minimization of 
complications. Pre-, intra- and postprocedural quality indica-
tors have been enumerated [120], and a standardized reporting 
system has been proposed [121]. Quality indicators include 
adequate bowel preparation, cecal intubation, adenoma detec-
tion in ≥25% of men and ≥15% of women, and mean with-
drawal time ≥6 min in normal colons [120].

The impact of colonoscopy depends on the ability to detect 
lesions, including flat lesions [122], and on complete lesion 
removal. Pooled estimates for adenoma miss rates by size in 
tandem colonoscopy studies are 2.1% (95% CI 0.3%–7.3%) for 
≥10 mm, 13% (95% CI 8.0%–18%) for 5–10 mm, and 26% (95% 
CI 21%–30%) for 1–5 mm lesions [123]. Detection rates for 
proximal serrated lesions vary widely by endoscopist [124]. 
Even in a study in which endoscopists were aware that com-
pleteness of resection was the study outcome, neoplastic polyps 
were often resected incompletely, with wide variability between 
endoscopists [125].

In a provocative study, colonoscopists with mean withdrawal 
times of ≥6 min had higher detection rates for any neoplasia 
(28.3% vs 11.8%, P < 0.001) and advanced neoplasia (6.4% vs 
2.6%, P  =  0.005) than those with shorter withdrawal times 
[126]. Higher adenoma detection rates were subsequently asso-
ciated with lower rates of interval colorectal cancer – validating 
adenoma detection rate as a quality indicator [127]. However, 
most interventions designed to improve endoscopists’ adenoma 
detection rates have not been successful, including those aimed 
at lengthening withdrawal time [128]. This suggests that with-
drawal technique and the ability to recognize lesions are more 
important than withdrawal time.

Approximately 2%–8% of all colorectal cancers may be inter-
val cancers [109,129,130]. While these “screening failures” may 
be due to biology (e.g., rapidly growing tumors) or limitations 
of the screening technology or operator (e.g., missed lesions, 
incompletely removed lesions), it has been estimated that as 
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city for polyps ≥6 mm were 89% (95% CI 70%–97%) and 76% 
(95% CI 72%–88%), respectively, and for polyps ≥10 mm 88% 
(95% CI 56%–98%) and 89% (95% CI 86%–90%), respectively 
[153,154].

Blood-based biomarkers of colorectal neoplasia are under 
investigation [155]. The reported sensitivities in many biomar-
ker studies have been higher than might be expected in the 
screening setting, due to high proportions of advanced cancers 
[156]. A biomarker discovery process focusing on methylated 
DNA targets identified plasma methylated Septin 9 DNA as a 
marker of CRC [157–159]. In a large prospective study in 
average-risk persons undergoing screening colonoscopy in the 
USA and Germany, a plasma methylated Septin 9 DNA assay 
showed an overall standardized sensitivity of 48.2% (95% CI 
32.4%–63.6%) for colorectal cancer and a specificity of 91.5% 
(95% CI 89.7%–93.1%) [160]. Blood-based biomarkers with 
these test performance characteristics would need to achieve 
much higher participation rates than the alternatives in order 
to deliver comparable effectiveness [161].

Effectiveness = participation × efficacy

The “comparative efficacy” of alternative screening modalities 
depends primarily on test performance characteristics and 
appropriate follow-up. At the population level, participation in 
screening is a key determinant of “comparative effectiveness.” 
Barriers to screening exist at the level of the individual, health-
care provider, and healthcare system. Predictors of screening 
behavior include an individual’s level of knowledge, beliefs and 
risk perception, whether or not a healthcare provider recom-
mends screening, and access to care [8,162–164].

Centralized databases, reminders including call–recall 
systems, small media, provider audit and feedback, timed 
appointments on specified dates, and invitation letters increase 
screening uptake [8,165,166]. Personalized risk communication 
may increase the rate of informed decision-making, but the 
effect on screening uptake appears modest at best [167].

When too many choices are available, the result may be inac-
tion [168]. However, in a randomized US study, participants 
who were recommended colonoscopy completed screening at a 
lower rate (38%) than those who were recommended FOBT 
(67%, P < 0.001) or those given a choice between these modali-
ties (69%, P  <  0.001) [169]. Nonwhite participants adhered 
more often to FOBT, and white participants to colonoscopy, 
suggesting that different strategies may be preferred by different 
subpopulations [169]. Offering FIT to those who declined invi-
tation to sigmoidoscopy increased overall screening uptake in 
population-based screening programs in Turin and Verona 
[170].

Patient preferences may influence screening behavior [171]. 
In a randomized trial, uptake was greater with FIT versus 
gFOBT [56]. In the COLONPREV study, first-round FIT par-
ticipation was higher than colonoscopy uptake [40]. In a Dutch 

[140–144]. At present, it is not clear whether fecal DNA testing 
has superior test performance characteristics than FIT, and it is 
much more costly. The results of the large Detection of Colorectal 
Advanced Adenomatous Polyps and Cancer (DeeP-C) screen-
ing trial, which evaluated a later-generation fecal DNA test 
versus FIT, are awaited.

Barium enema is now rarely used for screening or surveil-
lance, given its inferiority to colonoscopy [145] and CTC 
(sometimes referred to as virtual colonoscopy).

Experienced CTC readers can achieve sensitivities for color-
ectal neoplasia that are similar to those of colonoscopy [146]. 
Comparative studies have used “segmental unblinding,” in 
which colonoscopic segmental inspection is first done without 
knowledge of CTC results, and then after unblinding. The “gold 
standard” includes all lesions found at colonoscopy before and 
after unblinding. Using three-dimensional reconstruction, 
experienced CTC readers achieved sensitivities of 93.8% and 
88.7% for ≥10 mm and ≥6 mm adenomas, respectively, com-
pared with colonoscopy sensitivities of 87.5% and 92.3%, 
respectively; CTC specificity was 96.0% and 79.6% for ≥10 mm 
and ≥6 mm polyps, respectively [146]. A metaanalysis of older 
studies estimated CTC sensitivity and specificity of 70% (95% 
CI 55%–84%) and 93% (95% CI 91%–95%) for polyps 6–9 mm, 
respectively, and 85% (95% CI 79%–91%) and 97% (95% CI 
96%–97%) for polyps >9 mm, respectively [147]. In the 
American College of Radiology Imaging Network (ACRIN) 
trial that included 15 centers and radiologists trained in CTC, 
the mean perpatient sensitivity and specificity for adenomas 
≥10 mm were 90 ± 3% and 86 ± 2%, respectively, and perpolyp 
sensitivity for adenomas ≥10 mm or cancer was 84 ± 4%; per-
patient sensitivity for adenomas ≥6 mm was 78 ± 7% [148]. A 
metaanalysis estimated CTC sensitivity for colorectal cancer of 
96.1% (95% CI 93.8%–97.7%) compared with colonoscopy sen-
sitivity of 94.7% (95% CI 90.4%–97.2%) [149].

Radiation doses with CTC have been reduced over time, but 
concerns over cumulative radiation with a CTC screening 
program remain. Other concerns and questions include the rate 
of extracolonic findings (prompting additional testing of uncer-
tain value and possibly resulting in complications), the referral 
rate to colonoscopy, the appropriate interval for repeat screen-
ing, and the benefits and risks of CTC surveillance for smaller 
lesions. Studies with noncathartic preparation are promising 
[150]. Cost-effectiveness analyses suggest that CTC would need 
to achieve a higher participation rate and/or cost substantially 
less than colonoscopy to be cost-effective relative to screening 
colonoscopy [151].

Capsule endoscopy is being investigated as a minimally inva-
sive method for direct mucosal inspection. Compared with 
colonoscopy, a first-generation capsule’s sensitivity and specifi-
city for polyps ≥6 mm were 64% (95% CI 59%–72%) and 84% 
(95% CI 81%–87%), respectively, and for advanced adenoma 
73% (95% CI 61%–83%) and 79% (95% CI 77%–81%), respec-
tively; the sensitivity for cancer was 74% (95% CI 52%–88%) 
[152]. With a second-generation capsule, sensitivity and specifi-
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aged tests that detect both adenomas and colorectal cancer [45]. 
The Council of the European Union recommended implemen-
tation of population-based screening programs using evidence-
based tests for colorectal cancer in 2003, and by 2010, it had 
recommended only FOBT [9]. A detailed recent European 
guideline [9] provides guiding principles and evidence-based 
recommendations for implementing screening programs using 
the various available modalities [9]. The Asia Pacific consensus 
recommendations endorse gFOBT, FIT, flexible sigmoidoscopy, 
and colonoscopy [16]. Differences regarding the recommended 
ages and modalities for screening are illustrated by various US 
guidelines (Table 80.5). While some details differ between 
US-based recommendations and those from the Asia/Pacific 
region and Europe, the general principles are similar.

More intensive testing is recommended for higher-risk 
persons, such as colonoscopy every 5 years starting at age 40 
years or 10 years before the youngest case of colorectal cancer 
in the immediate family for those with a family history of color-
ectal cancer [45,48,175,176]. Specific recommendations apply to 
persons with inherited cancer-predisposition syndromes, such 
as colonoscopy every 1–2 years starting at age 25 for persons 
with mutations in specific Lynch syndrome-associated genes 
[45,47,48,175,176].

Colonoscopic surveillance recommendations depend on per-
sonal history of neoplasia. Updated US Multisociety Task Force 
guidelines recommend surveillance at 5–10 years for baseline 
findings of one to two small (<10 mm) adenomas; at 5 years for 
sessile serrated polyps <10 mm with no dysplasia; at 3 years for 
three to ten adenomas, adenoma ≥10 mm, villous adenoma, 
adenoma with high grade dysplasia, sessile serrated polyp 
≥10 mm or with dysplasia, or traditional serrated adenoma 
[180]. These guidelines propose subsequent intervals based on 
findings at second examination [180].

European guidelines identify patients with one to two small 
adenomas as low risk, and recommend returning to regular 
screening; patients with three to four small adenomas or 
adenoma 10–19 mm (and possibly villous adenoma or high-
grade neoplasia) as intermediate risk, and recommend surveil-
lance at 3 years, then at 5 years after one negative exam, and 
routine screening after two consecutive normal exams; and 
patients with ≥5 adenomas or adenoma >20 mm as high risk, 
and recommend surveillance within 12 months to check for 
missed lesions, then at 3 years, and at 5 years after two consecu-
tive normal exams [9]. UK guidelines resemble the European 
guidelines [181,182].

Decision analytic modeling

Decision analytic modeling can address questions about com-
parative effectiveness and cost-effectiveness that have not been 
answered in randomized controlled trials. Modeling can explore 
tradeoffs between positive and negative attributes of screening 
alternatives [44]. It can inform future research by identifying 

randomized trial of invitation to noncathartic CTC or screening 
colonoscopy, 34% of CTC invitees versus 22% of colonoscopy 
invitees participated (relative risk 1.56; 95% CI 1.46–1.68) [172]. 
The yield per participant was higher for colonoscopy, but the 
yields for advanced neoplasia per invitee were comparable 
(1.9/100 invitees for colonoscopy vs 2.1/100 invitees for CT 
colonography; relative risk 0.91; 95% CI 0.66–2.03) [172].

These studies suggest that choice may increase screening 
uptake, and that acceptance is a key determinant of population-
level benefit. Because patient choice and test acceptance are 
complex matters, caution is necessary before extrapolating spe-
cific study results to different settings.

Population-level data in the context of 
screening trends

Randomized controlled trials may not reflect practices outside 
these formalized efforts. If widespread screening were effective, 
epidemiological trends should reflect the benefits of screening.

Epidemiological studies suggest that decreases in colorectal 
cancer incidence over time in the USA may be associated with 
screening practices. A study using data from the Nationwide 
Inpatient Sample [173] found that the distal colorectal cancer 
resection rates decreased by 1.2% (95% CI 0.1%–2.3%) annually 
from 1993 to 1999, followed by larger annual decreases of 3.8% 
(95% CI 3.3%–4.3%) from 1999 to 2009. In contrast, the proxi-
mal colon cancer resection rate decreased significantly by 3.1% 
(95% CI 2.3%–4.0%) annually only after 2002. Colorectal cancer 
resection rates decreased for adults of age 50 years and older, 
but increased for younger adults. A second study using data 
from the Surveillance, Epidemiology, and End Results (SEER) 
Program [174] found that distal colorectal cancer incidence 
rates decreased from 1992 to 2008 in men and women, while 
proximal colon cancer incidence rates decreased only after 1999 
in men and after 2000 in women. In the context of data on 
screening utilization, including the introduction of screening 
colonoscopy [173], these findings are consistent with the 
hypothesis that, in the USA, screening in general has contrib-
uted to decreases in distal colorectal cancer incidence, while 
screening colonoscopy specifically has contributed to decreases 
in proximal colon cancer incidence.

Colorectal cancer screening and  
surveillance guidelines

Multiple groups from different continents and countries have 
issued colorectal cancer screening and surveillance guidelines 
[9,15–17,45,47–49,175–179]. In the USA, the USPSTF first 
endorsed FOBT and flexible sigmoidoscopy in 1996, and colon-
oscopy in 2002 [47,82]. Screening colonoscopy was endorsed by 
the American Cancer Society and US gastroenterology societies 
in 1997 [80,81], and the 2008 multisociety guidelines encour-
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Models have informed guidelines [187], and have been used 
to estimate national clinical and economic consequences and 
resources demand [188], the population-wide impact of screen-
ing [189], the potential of emerging tests [161,190–193], the 
impact of uptake and adherence [161,194], and the effects of 
individualizing screening by race and sex [195].

The future

Colorectal cancer screening practice could be affected by tech-
nical or societal changes.

key variables in need of further study, and it can inform policy 
when results are robust.

Multiple decision analyses suggest that colorectal cancer 
screening with a variety of tests and programs is cost-effective 
[183,184]. As the cost of disseminated cancer care has risen in 
the USA, many screening strategies have been estimated to be 
cost-saving [185,186]. The specific ranking of strategies is not 
consistent across models, and this reflects underlying assump-
tions. In concluding that colorectal cancer screening is associ-
ated with acceptable costs/life-years gained, models assume that 
preventing colorectal cancer death lengthens lifespan, on 
average.

Table 80.5 Colorectal cancer screening guidelines originating in the USA.

US Preventive 
Services Task Force 
[47]

American Cancer 
Society, US Multi-
Society Task Force on 
Colorectal Cancer,
and American College 
of Radiology [45]

American  
College of 
Gastroenterology 
[48]

American 
College of 
Physicians 
[175]

National 
Comprehensive 
Cancer Network 
[176]

Ages for average-
risk screening

Ages 50–75; 
recommendation 
against routine 
screening for ages 
76–85, and against 
screening for age >85

Ages 50 and older Ages 50 and older, 
and 45 and older 
in African 
Americans

Ages 50–75, 
and 40–75 in 
African 
Americans (with 
10 years 
life-expectancy)

Ages 50 and older

Tests and intervals for average-risk screening

Guaiac-based fecal 
occult blood test 
(gFOBT)

Annual high sensitivity 
FOBT

Annual high sensitivity 
FOBT

Annual Hemoccult 
SENSA

Annualb Annual 
(±sigmoidoscopy 
every 5 years)

Fecal 
immunochemical 
test (FIT)

Annual high sensitivity 
FOBT

Annual high sensitivity 
FIT

Annual (preferred 
cancer detection 
test)

Annualb Annual 
(±sigmoidoscopy 
every 5 years)

Fecal DNA test Insufficient evidence 
to assess benefits and 
harms

Fecal DNA test with high 
sensitivity for cancer, 
interval uncertain

Every 3 years Interval 
uncertainb

Not recommended 
as first-line test; 
interval uncertain

Flexible 
sigmoidoscopy

Every 5 years (may 
add high-sensitivity 
FOBT every 3 years)

Every 5 years (with 
insertion to 40 cm or 
splenic flexure)a

Every 5–10 years Every 5 yearsb Every 5 years

Colonoscopy Every 10 years Every 10 yearsa Every 10 years 
(preferred strategy)

Every 10 yearsb Every 10 years 
(preferred if 
available)

Barium enema Not recommended Every 5 yearsa Not recommended Not 
recommended

Reserved for cases 
in which 
colonoscopy 
cannot be 
completed

Computed 
tomography 
colonography

Insufficient evidence 
to assess benefits and 
harms

Every 5 yearsa Every 5 years Not 
recommended 
directly

Every 5 years

a Encouraged as tests designed to detect both early cancer and adenomatous polyps, based on the opinion that colorectal cancer prevention should be 
the primary goal of screening.
b Individualized risk assessment and shared decision-making recommended.
FOBT, fecal occult blood test; FIT, fecal immunochemical test.
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Glossary

Adenoma: Neoplastic lesion in the colorectum; most adeno-
mas never progress to colorectal cancer, but the majority 
of colorectal cancers are believed to arise from 
adenomas.

Adenoma detection rate: Fraction of persons undergoing 
screening colonoscopy in whom at least one adenoma is 
detected.

Advanced adenoma: According to most authors, an adenoma 
that is ≥10 mm, has substantial villous component, or has 
high-grade dysplasia.

Advanced colorectal neoplasia: A term that usually encom-
passes advanced adenomas and colorectal cancer.

Computed tomography colonography (CTC): Radiographic 
test designed to image the colon noninvasively (sometimes 
called virtual colonoscopy).

Distal colorectum: Commonly defined as the descending 
colon, sigmoid colon, and rectum.

Fecal immunochemical test (FIT): A type of fecal occult 
blood test based on antibodies against human globin, 
which is more sensitive and slightly less specific than 
guaiac-based tests.

Guaiac-based fecal occult blood test (gFOBT): Test for occult 
blood in stool, consisting of cards impregnated with guaiac, 
which is oxidized by hydrogen peroxide in a reaction cata-
lyzed by hemoglobin.

Intention to treat analysis: Analysis in which all randomized 
patients are considered, including those who did not ulti-
mately participate in the study, crossed over to an alterna-
tive treatment, or were lost to follow-up.

Interval colorectal cancer: A colorectal cancer that is diag-
nosed in the interval between screening rounds (some-
times referred to as postcolonoscopy colorectal cancer 
when the preceding test was colonoscopy).

Lynch syndrome: Hereditary cancer predisposition syndrome 
that confers high risk for colorectal, endometrial, and 
other cancers.

Opportunistic screening: Screening that occurs outside of an 
organized screening program; in opportunistic screening, 
an individual may request screening or a healthcare pro-
vider may recommend it, and shared decision-making may 
inform the choice of screening modality.

Organized screening program: Programs that are usually 
population-based and employ registers as the basis for 
screening invitations; the focus is mortality and morbidity 
reductions at the population level.

Per-protocol analysis: Analysis in which only patients who 
actually received the intended treatment are considered.

Polypectomy: Removal of a polyp, usually at colonoscopy; the 
term is sometimes applied to removal of any potentially 
precancerous colorectal lesion, including pedunculated 
polyps (polyps with a stalk), sessile polyps (polyps with a 
broad base), as well as minimally elevated or flat lesions.

Screening effectiveness might improve if testing intensity 
were adjusted according to risk. Family history and genetic syn-
dromes are already taken into account [6,7,45]. Multiple other 
risk factors for colorectal cancer have been identified, including 
age, gender, smoking, diet, obesity, physical activity, and ethnic-
ity [196–202]. Several models have been developed to predict 
risk of colorectal neoplasia [203–213]. For most models that 
have defined risk tiers, the difference in risk for the highest 
versus lowest risk tier ranges from twofold to fourfold. These 
models may not have adequate discriminatory power to tailor 
screening recommendations in practice. It is conceivable that 
predictive biomarkers could be used instead of, or in combina-
tion with, clinical factors to personalize screening.

The age-specific prevalence of colorectal neoplasia in women 
is shifted by approximately a decade later compared with men 
[214–216]. It is not clear whether different sex-specific recom-
mendations would be accepted by society. There is no consensus 
on whether subgroups with higher colorectal cancer incidence 
and mortality, such as African Americans, should start screen-
ing earlier than the rest of the population [45,47,48,175,176] 
(Table 80.5). One modeling study suggests that individualiza-
tion of screening by sex and race might produce marginal 
improvements [195].

Rising healthcare costs are a concern around the world. US 
employers are exploring ways to control colonoscopy-related 
expenditures [217]. The appropriateness and costs of anesthesia 
associated with colonoscopy have come under scrutiny [218–
220]. US medical groups and professional organizations are 
developing bundled pricing for colonoscopy [221,222]. Screening 
might be implemented very differently in accountable care 
organizations, whose perspective approaches that of a national 
health service, than in fee-for-service systems.

“Optical biopsy” has been proposed as means to decrease the 
costs of polypectomy, and possibly decrease complication rates 
[223]. Experts have achieved high accuracy rates in optical 
biopsy of polyps with narrow-band imaging [224]. It remains to 
be demonstrated that acceptable performance can be achieved 
in general practice [225].

Future considerations
Unexpected discoveries could lead to new screening methods. 
For instance, a provocative study of colorectal cancer scent 
detection in breath and stool by a specially trained Labrador 
retriever [226] suggests that volatile substances may serve as 
novel biomarkers – although for this purpose only, a well-
calibrated machine would be preferred over talented canines.

The ideal colorectal cancer screening test would be noninva-
sive, easy to administer, inexpensive, highly sensitive and spe-
cific, and widely accepted. Ideally, colorectal cancer risk would 
be predicted based on genetics, biomarkers and/or clinical 
factors, and screening would be tailored to risk. Technologies 
that fulfill these demanding specifications could profoundly 
change approaches to screening.
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Proximal colon: Commonly defined as the ascending colon 
and transverse colon.

Screening: The search for a disease or its precursor in asymp-
tomatic people, with the aim of decreasing morbidity or 
mortality in a population.

Serrated lesions: These lesions include benign hyperplastic 
polyps as well as sessile serrated adenomas, which can 
progress to colorectal cancer through an epigenetic hyper-
methylation mechanism.

Surveillance: A testing program that is more intensive than 
screening, and is applied to higher-risk persons.

Test performance characteristics: Sensitivity and specificity of 
a screening test; may also include positivity rate, positive 
predictive value, and negative predictive value (these 
depend on lesion prevalence).
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Anorectal examination

A  careful  anorectal  examination  is  an  important  part  of  the 
gastrointestinal evaluation, particularly in patients with consti-
pation or anorectal complaints. Step-by-step explanation, reas-
surance,  and  gentle  technique  help  to  minimize  patient 
embarrassment and discomfort. The patient should be placed in 
the left lateral decubitus position with the hips and knees flexed 
and the buttocks protruding just beyond the edge of the exam-
ining table. The prone jackknife position is ideal but requires a 
specialized examining  table and places  the patient  in a  some-
what  unfamiliar  position.  The  buttocks,  sacral  region,  and 
thighs are observed for signs of pilonidal disease, dermatologi-
cal  conditions,  and  infections.  The  buttocks  are  then  firmly 
retracted with both hands to permit inspection of the perianal 
region. Fistulous openings, fecal or mucus soiling, and excoria-
tions or chronic skin changes give clues  to underlying disease 
processes.  Anal  pathology  such  as  tumors,  skin  tags,  anal  fis-
sures,  and  prolapsing  hemorrhoids  should  be  described  with 
regard to their anatomical location.

Perianal digital palpation may reveal induration, tenderness, 
or the cord of a fistulous tract. Thereafter, the lubricated index 

finger is gently inserted into the anus. Anal resting tone can be 
assessed when the patient relaxes after insertion of a finger into 
the  anal  canal.  A  patulous  sphincter  raises  the  possibility  of 
neurogenic injury. Puborectalis function is assessed by palpat-
ing the muscle with the ventral aspect of the examining finger; 
when patients squeeze (or contract) this muscle, the examining 
finger is lifted upward and anteriorly. Conversely, when subjects 
are asked to expel the examining finger, the puborectalis should 
relax  and  the  perineum  should  descend  by  approximately 
2–3 cm. The digital examination should also evaluate for rectal 
polyps, tumors, feces, and foreign bodies. The presacral area, the 
prostate, and even the cul-de-sac region may be palpated. The 
impression of the cervix or an indwelling tampon on the ante-
rior  rectum  should  not  be  confused  with  pathology.  The  anal 
“wink” reflex is assessed by observing for sphincter contraction 
(i.e.,  a  “wink”),  in  response  to  gentle  stroking  of  the  perianal 
region or to perianal pinprick.

Findings  in  fecal  incontinence  may  include  reduced  anal 
resting tone, weak squeeze pressures, or a reduced puborectalis 
“lift” when patients squeeze this muscle. Defecatory dysfunction 
may be suggested by reduced (i.e., <2 cm) or increased (>4 cm) 
perineal  descent  during  simulated  defecation.  Moreover,  the 
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orrhoidal plexuses freely communicate to drain into the inferior 
vena cava through the internal pudendal veins.

Pathogenesis
Histologically,  hemorrhoids  consist  of  three  important  parts: 
the  lining  (rectal  mucosa  or  squamous  epithelium),  stroma 
(blood vessels,  smooth muscle,  supporting connecting  tissue), 
and anchoring connective tissue, which secures hemorrhoids to 
the sphincter apparatus. With age or other aggravating factors, 
the  anchoring  and  supporting  connective  tissue  deteriorates, 
causing hemorrhoids to bulge and descend, leading eventually 
to  symptoms  [4]. This  sequence of  events  is  supported by  the 
increased  incidence  of  hemorrhoids  in  patients  with  chronic 
constipation, diarrhea, pregnancy, or pelvic tumors – conditions 
that chronically or recurrently increase pelvic venous pressure. 
In some individuals, the internal anal sphincter becomes hyper-
trophic  and  the  anal  outlet  becomes  functionally  narrowed. 
During straining, the fecal bolus acts as an obturator in forcing 
the  hemorrhoidal  cushions  to  descend  through  the  hyper-
trophic sphincter, enlarge, and become symptomatic.

Definitions
External  skin  tags  are  redundant  folds  of  skin  that  arise  from 
the anal verge when thrombosed external hemorrhoids resolve 
spontaneously.  Internal  hemorrhoids  may  be  classified  as 
follows:
•  Grade  I hemorrhoids bulge  into  the  lumen of  the anorectal 

canal on anoscopy but do not prolapse.
•  Grade II hemorrhoids prolapse out of the anus with defeca-

tion or straining but reduce spontaneously.
•  Grade III hemorrhoids prolapse with defecation or straining 

and require manual reduction.
•  Grade  IV  hemorrhoids  are  irreducibly  prolapsed  and  are  at 

risk for strangulation [5].
The  clinical  presentations  and  recommended  therapies  for 

these groups of hemorrhoids are discussed later.

Diagnosis and treatment
External skin tags
Following thrombosis of an external hemorrhoid, the overlying 
skin becomes redundant and this excess skin remains after the 
underlying  clot  resolves.  Skin  tags  may  also  arise  de  novo  in 
cases of inflammatory bowel disease. Symptoms include a pal-
pable  growth  near  the  anus  and  difficulty  with  anal  hygiene, 
which may be associated with pruritus ani. Skin tags are rela-
tively easy to distinguish from anal cancer or condylomata acu-
minata by their gross appearance as normal skin and their soft, 
fleshy texture on palpation. Treatment is conservative and surgi-
cal  excision  is  considered  only  in  cases  of  poor  hygiene  or 
because of patient anxiety.

External hemorrhoids
Thrombosis of an external hemorrhoid can cause extreme pain 
due to distention of overlying perianal skin and inflammation 

puborectalis  or  anal  sphincter  muscle  may  contract  (i.e.,  dys-
synergia) or fail to relax when patients try to expel the examin-
ing finger. The anal “wink” reflex may be absent in patients with 
a  large  fecal  impaction,  but  persistence  of  this  absence  after 
disimpaction  suggests  nerve  impairment.  If  the  history  or 
examination raise the possibility of a rectal prolapse, pouch of 
Douglas hernia, or excessive perineal descent that is not appar-
ent in the lateral recumbent position, patients should be exam-
ined  in  the  seated  position  on  a  commode.  Occasionally, 
adequate examination is impossible except under anesthesia.

Anoscopy  is  the  best  means  of  examining  the  anal  canal. 
Fistulous openings and anal canal lesions can be identified, and 
internal hemorrhoids may be visible just above the dentate line, 
particularly  when  the  patient  is  asked  to  bear  down.  Fissures 
and  perianal  lesions  may  be  appreciated  as  the  instrument  is 
withdrawn below the dentate line. Rigid proctosigmoidoscopy 
completely evaluates the distal sigmoid colon and rectum. The 
rigid  instrument  is  particularly  useful  for  preoperative  docu-
mentation  of  rectal  cancer,  obtaining  large-bite  rectal  biopsy 
specimens  for  diagnosis  of  Hirschsprung  disease,  removal  of 
foreign  bodies,  and  evaluation  of  the  mucosa  if  fiberoptic  or 
video  endoscopic  equipment  is  unavailable.  For  most  other 
indications, the flexible instrument is preferred.

Hemorrhoids

Anatomy and epidemiology
Hemorrhoids result  from dilation of  the superior and  inferior 
hemorrhoidal veins. These veins  form hemorrhoidal plexuses, 
or cushions,  in  the submucosal  layer of  the  lower rectum and 
are  essential  to  the  normal  function  of  the  anal  canal.  In  the 
United  States,  estimates  of  symptomatic  hemorrhoids  range 
from 4.4% of the general population to as high as 50% of adults 
over  the  age  of  50  years  [1].  Symptoms  of  constipation  (i.e., 
excessive  straining  at  defecation,  sense  of  incomplete  evacua-
tion,  and  repeated  toilet  visits),  but  not  self-defined  constipa-
tion, are associated with hemorrhoidal disease [2,3].

Hemorrhoids are either internal or external. Internal hemor-
rhoids  arise  from  the  superior  hemorrhoidal  venous  plexus 
above  the  mucocutaneous  junction,  or  dentate  line,  of  the 
anorectum. They are covered with rectal mucosa and occur in 
three primary locations: right anterior, right posterior, and left 
lateral,  although  anatomical  variability  is  common.  The  end 
branches of the superior and middle hemorrhoidal arteries ter-
minate in the submucosa above the dentate line, with an ante-
rior and posterior branch on the right and a single lateral branch 
on the left. The right posterior and left branches give off two end 
branches to form potentially secondary hemorrhoids. External 
hemorrhoids  arise  from  the  inferior  hemorrhoidal  venous 
plexus below the mucocutaneous  junction and are covered by 
squamous epithelium. The perianal squamous epithelium con-
tains numerous pain receptors,  so  that  thrombosis of external 
hemorrhoids causes significant pain. Internal and external hem-
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All degrees of internal hemorrhoids may be associated with 
mild discomfort, but only strangulated hemorrhoids cause sig-
nificant pain. Strangulation occurs secondary to prolapse with 
subsequent lack of blood supply. Progression to gangrene with 
resultant infection is life threatening and will occur if immedi-
ate  surgical  therapy  is  not  instituted.  In  contrast  to  complete 
rectal  prolapse,  strangulated  hemorrhoids  lack  concentric 
mucosal folds and cannot be reduced.

Topical agents are effective for most first- and second-degree 
hemorrhoids, including those that bleed intermittently. A high-
fiber diet and adequate fluid intake helps to promote passage of 
soft  bulky  stools  to  minimize  straining  [8].  Some  patients 
benefit  from  the  addition  of  hydrophilic  bulk-forming  agents 
such  as  psyllium  extracts  or  mucilloids.  Excessive  and  pro-
longed  defecatory  straining  should  be  discouraged.  Many 
patients also benefit from warm sitz baths twice daily and atten-
tion  to  proper  anal  hygiene.  A  number  of  proprietary  agents, 
such  as  suppositories,  ointments,  and  hydrocortisone  or 
anesthetic-containing  preparations  (benzocaine,  lidocaine, 
pramoxine  [pramocaine],  dibucaine)  offer  short-term  relief 
from  pruritus,  burning,  and  soreness,  although  firm  efficacy 
data are  lacking. Purified flavonoids derived from citrus fruits 
or as a traditional medicine derived from the ginkgo tree have 
been reported to be effective for the short-term relief of acute 
bleeding [9]; they are advocated as a short-term bridge to more 
definitive therapies.

If  conservative  therapy  does  not  suffice,  a  definitive  proce-
dure  is necessary  (Table 81.1). These are classified  into office-
based  treatments  and  surgical  hemorrhoidectomy.  In  general, 
grade I and II hemorrhoids can be treated without removal of 
redundant hemorrhoidal tissue, whereas grade III and IV hem-
orrhoids usually require a form of therapy that results in both 
thrombosis of the hemorrhoid and removal of redundant tissue.

Rubber-band ligation
First described as a rapid, simple, effective device for the treat-
ment  of  internal  hemorrhoids  in  the  outpatient  setting  [10], 
rubber-band ligation (RBL) is associated with both thrombosis 
of the hemorrhoid and removal of redundant mucosal tissue. By 
inducing submucosal scarring, development of new hemorrhoi-
dal tissue is prevented. This procedure is effective for refractory 
grade I hemorrhoids, all grade II, and selected grade III hemor-
rhoids.  Grade  IV  hemorrhoids  are  not  well  treated  by  this 
method.

After  an  anorectal  evaluation,  the  anoscope  is  inserted  and  
a  hemorrhoidal  cushion  is  selected  for  band  application.  No 
anesthetic is required if care is taken to place the band at least 
0.5 cm  above  the  dentate  line.  Some  authors  recommend 
banding  of  only  one  column  per  session  to  minimize  tissue 
necrosis, but up to four ligations may be performed with accept-
able morbidity.

In a metaanalysis of 18 prospective  randomized  trials, RBL 
was  the  most  effective  of  the  office-based  procedures,  with  a 
lower recurrence rate than other procedures without anesthesia 

associated with the process of thrombosis. Bleeding may occur 
after  the  overlying  perianal  skin  ulcerates  and  the  resolving 
liquefied hematoma extravasates. External hemorrhoids should 
be  distinguished  from  strangulated  internal  hemorrhoids, 
which tend to be larger and more circumferential, encompass-
ing the entire anus.

Many thrombosed external hemorrhoids can be treated with 
warm  sitz  baths  two  to  three  times  per  day.  Stool  softening 
agents, such as psyllium, synthetic mucilloides, and the sodium 
or calcium salts of dioctyl sulfosuccinate, can minimize strain-
ing at stool and prevent aggravation of the pain and thrombosis 
[5]. Topical anesthetic ointments and witch hazel-impregnated 
pads  may  provide  additional  relief.  Attribution  of  clinical 
improvements  to  medical  therapy  must  be  tempered  by  the 
knowledge that most thrombosed external hemorrhoids resolve 
within 48–72 h.

If pain is severe and the patient is seen within 72 h of symptom 
onset, surgical evacuation or excision of the thrombosed exter-
nal  hemorrhoid  can  be  performed  under  local  anesthesia  or 
occasionally in the operating room; it offers the most rapid relief 
from  symptoms,  a  lower  incidence  of  recurrence,  and  longer 
remission intervals than conservative therapies [6]. The throm-
bosis should be excised along with overlying skin to leave a wide 
open  wound  rather  than  simply  excised  and  drained  which 
allows local recurrence. After the thrombus has organized or if 
more than 72 h have elapsed,  it cannot be evacuated and con-
servative therapy is required.

Internal hemorrhoids
Internal  hemorrhoids  may  be  associated  with  discomfort,  
pruritus  ani,  fecal  soiling,  or  varying  degrees  of  prolapse. 
Bleeding, however, is the typical complaint that brings patients 
to the physician. Hemorrhoidal bleeding is described as bright-
red spotting on the toilet tissue or dripping into the toilet bowl. 
It  most  often  occurs  at  the  end  of  defecation  and  is  separate 
from  the  stool. Rarely,  acute  severe bleeding  requires  transfu-
sion and, occasionally, ongoing chronic  losses cause iron defi-
ciency  anemia  [7].  Importantly,  hemorrhoids  should  not  be 
considered  the  source  of  hematochezia  until  other  potential 
bleeding  sources  in  the  colon  and  rectum  have  been  investi-
gated.  With  the  possible  exception  of  a  young  patient  with  a 
bleeding pattern  typical of hemorrhoids, a flexible  sigmoidos-
copy  or,  if  clinically  appropriate,  a  full  colonoscopy  should  
be  performed.  Occult  bleeding  should  never  be  attributed  
to hemorrhoids.

Prolapse  of  hemorrhoids  manifests  along  a  continuum  of 
symptoms ranging from difficulty with anal hygiene to painful 
strangulation. Prolapsed hemorrhoids should be distinguished 
from rectal mucosal prolapse and from prolapse of rectal polyps 
or  cancer.  Sigmoidoscopy  with  biopsy  of  suspicious  lesions 
should be carried out if appropriate. Anal condylomas and anal 
cancer are easily differentiated from prolapsing internal hemor-
rhoids, and thrombosed external hemorrhoids cause pain as a 
presenting symptom.
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Compared with RBL, patient satisfaction is less and local com-
plications more frequent [5].

Electrocoagulation
Both direct and bipolar current are particularly useful in grade 
I,  II,  and  III  hemorrhoids.  The  advantage  of  bipolar  current 
(Bicap) is that applications last only several seconds (vs 8–10 min 
with  direct  current)  and  thermal  injury  to  remote  sites  is 
avoided. Both techniques are associated with minor complica-
tion rates of 10% and recurrence rates of 25%–35% [16].

Photocoagulation
Infrared  light and  lasers have been used  to  treat  symptomatic 
hemorrhoids by stimulating fibrosis of the submucosal layer to 
cause  tissue  coagulation  and  necrosis.  Advocates  of  photoco-
agulation  cite  the  lack  of  electrical  contact  with  the  patient’s 
body  and  a  more  controlled  application  of  destructive  force 
compared  with  electrocoagulation.  Infrared  devices  are  much 
less expensive  than  laser devices but both are more expensive 
than  equipment  for  RBL  or  injection  sclerotherapy.  The  inci-
dence of discomfort and complications compares favorably with 
those of RBL and injection sclerotherapy. Rubber-band ligation 
produces more posttreatment pain than infrared photocoagula-
tion, but fewer patients are likely to need retreatment for symp-
tomatic  recurrences,  especially  in  the  presence  of  substantial 
prolapse.

Hemorrhoidectomy and hemorrhoidopexy
Fewer  than  10%  of  patients  with  symptomatic  hemorrhoids 
require  surgical  intervention.  Hemorrhoidectomy  is  reserved 
for patients who relapse or fail office procedures, as well as most 
grade  III  and  all  grade  IV  and  strangulated  hemorrhoids. 

[11]. The ability to perform RBL in the clinic setting makes this 
a  popular  treatment  option  for  patients  with  hemorrhoids. 
Inexpensive,  plastic,  single-handed  ligators  have  been  devel-
oped  to  capture  the  hemorrhoidal  tissue  for  band  placement 
[12,13]. A Cochrane review concluded that RBL is the treatment 
of  choice  for  grade  II  hemorrhoids,  while  reserving  hemor-
rhoidectomy for grade III hemorrhoids or for recurrences after 
RBL [14].

Injection sclerotherapy
The  use  of  sclerosants,  such  as  sodium  morrhuate  or  sodium 
tetradecyl  sulfate,  is  an  accepted  treatment  for  grade  I  and  II 
bleeding hemorrhoids. The sclerosant  is  injected into the sub-
mucosal  space  but  not  into  symptomatic  hemorrhoids.  An 
intense inflammatory reaction results in fixation of the mucosa 
to the underlying muscle, thus obliterating the submucosal layer 
where  hemorrhoids  form.  Complications  are  mucosal  slough, 
prostatic  infection,  contact  hypersensitivity,  and  rectal  infec-
tion. A refinement of sclerotherapy uses a flexible endoscope to 
inject  saline  through  a  sclerotherapy  needle  into  the  hemor-
rhoidal cushion. Sclerotherapy provides good short-term ben-
efits but with  long-term benefits  in only 28% of patients  [15]. 
Thus,  RBL  appears  to  be  a  superior  choice  for  grade  II 
hemorrhoids.

Cryosurgery
Special cryoprobes activated by liquid nitrogen, carbon dioxide, 
or nitrous oxide have been used to destroy local tissue by freez-
ing and subsequent necrosis. If deep freezing of the submucosal 
hemorrhoidal  cushions  does  not  occur,  symptoms  persist. 
Tissue damage is uncontrolled and wound healing is accompa-
nied  by  prolonged  anal  drainage,  late  bleeding,  and  pain. 

Table 81.1 Nonoperative procedures for internal hemorrhoids.

Modality Grade Advantages Disadvantages

Rubber band ligation (RBL) I, II, some III Lowest recurrence rate Discomfort. Rare local complications 
especially if immunocompromised

Removes redundant tissue

Injection sclerotherapy I, II, some III Minimal discomfort Rare local complications. Poor 
long-term benefits

Technically easy

Infrared coagulation I, II, III Minimal discomfort Several applications required. More 
expensive than RBL

Laser photocoagulation I, II, III Minimal discomfort Expensive

Electrocoagulation I, II, III Long application time. Recurrence 
rates: 25%–35%

Cryosurgery I, II, III None Pain and complications common. 
Less patient satisfaction
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Anorectal abscess and fistula

Anorectal  abscess  and  fistula  represent  the  acute  and  chronic 
manifestations of suppurative anorectal  infection, respectively. 
An anorectal abscess is an undrained collection of perianal pus, 
whereas  a  fistula  is  an  abnormal  communication  between  the 
anorectal canal and the perianal skin. In most cases, the under-
lying pathophysiology is thought to be the same and the treat-
ment is essentially surgical.

Etiology and differential diagnosis
The  most  common  cause  of  anal  sepsis  is  an  infection  of  the 
anal glands and ducts, perhaps secondary to fecal bacterial plug-
ging  of  the  ducts  and  obstruction  (i.e.,  the  cryptoglandular 
theory). These glands arise  from the anal  canal at  the  level of 
the  crypts  of  Morgagni,  and  often  penetrate  into  the  inter-
sphincteric  space  (Figure  81.1)  [28].  Anal  trauma,  diarrhea, 
hard  stools,  or  foreign  bodies  may  predispose  to  glandular 
obstruction or sepsis. Anal sepsis most frequently affects people 
in the third and fourth decades [29].

The  most  common  bacterial  isolates  are  Escherichia coli, 
Enterococcus species, and Bacteroides fragilis. Histological speci-
mens from patients with anorectal fistula revealed infected anal 
glands 70%–90% of the time. Other conditions associated with 
anal  sepsis  include  Crohn’s  disease,  malignancy,  tuberculosis, 
actinomycosis, lymphogranuloma venereum, radiation-induced 
proctitis, leukemia, and lymphoma. Other disease states in the 
differential  diagnosis  of  suppurative  anorectal  conditions  are 
infected presacral epidermal  inclusion cysts, hidradenitis  sup-
purativa, pilonidal disease, and Bartholin abscesses.

Classification
Anorectal  abscesses  may  be  classified  according  to  the  site  of 
the suppurative process. Perirectal abscesses inferior to the pub-
orectalis  and  levator  ani  are  classified  as  low  intermuscular 
abscesses  (i.e.,  perianal,  submucosal,  intersphincteric,  and 
ischiorectal  abscesses)  [30].  Deep  postanal  and  supralevator 
abscesses  are  categorized  as  high  intermuscular  abscesses.  A 
suppurative process may involve multiple perirectal spaces. For 
example, the classical “horseshoe” abscess originates in the pos-
terior  midline  and  extends  through  the  intersphincteric  and 
deep postanal spaces to one or both ischiorectal spaces.

The Parks classification system is derived from the cryptog-
landular hypothesis and is the system most widely used to clas-
sify  anorectal  fistulae  [30]  (Figure  81.1).  Based  on  the  course 
taken  by  the  main  tract,  fistulae  are  characterized  as  inter-, 
trans-,  supra-,  or  extrasphincteric.  The  most  common  type  is 
intersphincteric, in which the fistula ramifies between the inter-
nal and external anal sphincters. Transsphincteric fistulae pass 
from the intersphincteric plane through the external sphincter 
and  into  the  ischiorectal  fossa.  Suprasphincteric  fistulae  pass 
upward  in  the  intersphincteric  plane,  over  the  puborectalis 
muscle, and into the ischiorectal fossa. Extrasphincteric fistulae 
pass  from  the  perianal  skin  through  the  ischiorectal  fat  and 

Hemorrhoidectomy is the most effective of available treatments 
but has the highest complication rate and the most postopera-
tive disability [5].

The development of stapled hemorrhoidopexy [17] has been 
a major advance in the treatment of symptomatic internal hem-
orrhoids.  Its  advantages  include  less  postoperative  pain  and 
shorter  recovery  times,  but  long-term  recurrence  rates  are 
higher  compared  to  those  of  surgical  hemorrhoidectomy 
[18,19]. It is therefore considered by some to be the procedure 
of  choice  for  symptomatic  internal hemorrhoids and prolapse 
[5]. It is not effective for large external hemorrhoids and should 
be avoided in patients who engage in anoreceptive intercourse, 
because staples occasionally remain in the area and may cause 
discomfort [20].

Ablation of the internal anal sphincter
Two strategies have been employed to decrease the abnormally 
high resting anal pressure found in some patients with hemor-
rhoids.  Forceful  anal  dilation  under  general  anesthesia  (Lord 
procedure) causes variable and uncontrolled damage to the anal 
sphincters  with  resulting  fecal  incontinence.  It  is  less  optimal 
than the more controlled disruption achieved with lateral inter-
nal sphincterotomy (see Section Anal fissure).

Anorectal varices

Histological studies have shown that anorectal varices and hem-
orrhoids  are  unrelated  [21].  Rectal  varices  represent  enlarged 
portosystemic collaterals that correlate with portal hypertension 
and develop from hepatofugal portal venous flow through the 
inferior  mesenteric  vein  to  the  superior  hemorrhoidal  veins 
[22]. Rectal varices represent the communication between the 
superior hemorrhoidal veins (portal circulation) and the middle 
and  inferior hemorrhoidal veins  (systemic circulation), which 
in  turn connect by  the  femoral vein  to  the  inferior vena cava. 
The distinction of anorectal varices from external hemorrhoids 
may  be  difficult.  Often,  patients  with  anorectal  varices  have 
other manifestations of portal hypertension such as esophageal 
varices and ascites. Anorectal varices are usually discrete,  ser-
pentine, submucosal veins, which, in contrast to external hem-
orrhoids, are compressible and refill rapidly. They extend from 
the squamous portion of the anal canal across the dentate line 
and into the rectum. Nearly 45% of patients with cirrhosis have 
anorectal  varices  on  endoscopic  examination,  and  the  preva-
lence  increases  to  75%  using  rectal  endosonography  [23]. 
Bleeding may occur from any portion of the varix and can be 
massive and life threatening [24].

The  optimal  management  of  anorectal  varices  is  unknown. 
Treatment by underrunning the variceal columns with absorb-
able suture achieves primary control in most cases and has a low 
rate of morbidity [24]. Inferior mesenteric vein embolization or 
ligation  has  been  reported  [25].  Ultimately,  surgical  or  tran-
sjugular  intrahepatic portosystemic  shunting may be  required 
[26,27].
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demarcated induration are the most frequent findings. Because 
of profound granulocytopenia, fluctuant masses are not usually 
seen in leukemic patients receiving chemotherapy. Necrosis and 
tissue breakdown may proceed rapidly with extension into the 
genitalia and pelvis.

Ischiorectal  abscesses  may  present  as  small  localized  swell-
ings. More frequently, the ischiorectal space may accumulate a 
large volume of purulent material manifest as an erythematous 
and indurated mass in the buttock. Fever and leukocytosis are 
common.  A  large  ischiorectal  abscess  frequently  represents  a 
horseshoe extension.

Supralevator abscesses may be caused by an upward exten-
sion of a collection in the distal anal canal, or a pelvic abscess 
secondary  to  intraabdominal  or  pelvic  pathology  (i.e.,  diver-
ticulitis,  appendicitis,  or  pelvic  inflammatory  disease).  The 
patient may be systemically ill. A pelvic mass may be identified 
by rectal or vaginal examination.

Intersphincteric  and  postanal  abscesses  may  be  difficult  
to  diagnose  because  they  are  frequently  not  associated  with 

levator muscles into the rectum. Division of the entire tract of 
either  suprasphincteric  or  extrasphincteric  fistulae  results  in 
total division of the muscles of continence.

Clinical manifestations
Anorectal abscess
Common  symptoms  include  the  slow,  gradual  onset  of  pain, 
increasing in intensity to the sensation of pressure and fullness. 
The pain may be exacerbated by sitting, movement, or defeca-
tion.  Constitutional  symptoms  include  malaise  and  fever. 
Approximately 20%–33% of all patients will have had a previous 
episode of anorectal sepsis [31].

The physical findings depend on the location of the abscess. 
An examination under general anesthesia may be necessary to 
confirm  the  diagnosis.  A  perianal  abscess  generally  manifests 
with  localized  swelling,  hyperemia,  induration  or  fluctuance, 
and perianal tenderness. Purulent discharge reflects spontane-
ous drainage. Patients may have fever or malaise, but usually do 
not  have  systemic  symptoms.  Point  tenderness  and  poorly 

Figure 81.1 Classic location of several fistulae and their relationship to pelvic musculature depicted schematically. Anorectal anatomy: EAS, external 
anal sphincter; IAS, internal anal sphincter; LA, levator ani; PR, puborectalis.
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in patients with Crohn’s disease,  is not  sufficiently accurate  to 
be clinically helpful and is rarely performed.

Treatment
Anorectal  abscesses  are  surgical  emergencies  and  should  be 
drained expeditiously. Depending on the patient’s condition or 
preferences, this can be done in the office, emergency room, or 
operating  room.  The  need  for  drainage  is  underscored  by  the 
observation  in one  series  that  the  time  interval  from onset of 
primary anorectal abscess to necrotizing anorectal infection was 
up to 5 days, with mortality in excess of 50% [34]. Patients who 
are neutropenic are particularly susceptible to serious anorectal 
infection; early diagnosis and aggressive surgical drainage may 
be  life-saving,  with  improvement  in  mortality  rates  to  below 
10%  [35,36].  With  the  exception  of  intersphincteric  and  pos-
tanal abscesses with horseshoe extensions, anorectal abscesses 
may  be  drained  by  a  simple  drainage  procedure  or  by  a  fis-
tulotomy. Perianal and ischiorectal abscesses are drained exter-
nally,  whereas  submucosal  and  intersphincteric  abscesses  are 
drained internally. For postanal abscesses with horseshoe exten-
sions  or  intersphincteric  abscesses,  the  drainage  technique 
involves sphincterotomy and fistulotomy in which the infected 
anal  gland  is  destroyed.  Drainage  of  supralevator  abscesses  is 
guided by the track taken by the abscess. Those that result from 
upward  extension  of  an  intersphincteric  process  should  be 
drained  transrectally.  By  contrast,  supralevator  collections 
resulting  from cephalad extension of a  transsphincteric fistula 
or an ischiorectal collection should be drained transperineally 
through the ischioanal fossae.

After  a  simple  drainage  procedure,  the  risk  of  a  recurrent 
abscess and subsequently an anorectal fistula varies  from 11% 
to 66% [37]. A primary fistulotomy might avoid the need for a 
second procedure in patients who develop a recurrent abscess 
or fistula after a simple procedure, with a slightly increased risk 
for  fecal  incontinence.  Perhaps  fistulotomy  should  be  consid-
ered in patients who have a history of previous anorectal sepsis 
or  who  present  with  an  ischiorectal  abscess  with  an  obvious 
internal opening. If the physician waits for an abscess to point 
or become ripe, he or she must realize that the risks of necrotiz-
ing  infection  and  extension  into  previously  uninfected  spaces 
rise dramatically.

Routine  administration  of  antibiotics  is  unnecessary  except 
in special circumstances (i.e., valvular heart disease,  immuno-
suppression,  extensive  associated  cellulitis,  and  diabetes). 
Antibiotics  that provide Gram-negative aerobic and anaerobic 
coverage  (i.e.,  ticarcillin/clavulanate,  piperacillin/tazobactam, 
or a broad-spectrum cephalosporin) are recommended. Wound 
isolates are usually polymicrobial with Escherichia coli, Proteus 
vulgaris, Bacteroides  species,  streptococci,  and  staphylococci 
predominating [38]. A high proportion of necrotizing anorectal 
infections contains Clostridium species [34]. Immunosuppressed 
patients often demonstrate Pseudomonas aeruginosa [36].

Anorectal fistulae  should be  treated  surgically because  they 
rarely heal spontaneously. Conservative surgical techniques are 

inflammatory  skin  changes.  An  examination  under  general 
anesthesia may be required to diagnose these abscesses, particu-
larly  because  intersphincteric  abscesses  cause  considerable 
discomfort.

Anorectal fistulae
Patients usually present with intermittent or persistent purulent 
or  serosanguinous  discharge  from  an  external  opening  in  the 
perianal area. The classical symptoms are increasing pain, slight 
fever, and pain on defecation followed by mucopurulent drain-
age and a reduction in pain. Chronic discharge may irritate the 
skin and cause pruritus. Most patients have a previous history 
of anorectal suppuration.

Fistulous tracts are fibrous inflammatory tubes lined by gran-
ulation  tissue,  with  a  diameter  of  5–7 mm.  The  assessment 
should characterize internal and external openings, the course 
of primary and any secondary tracts, and presence of underly-
ing disease. The external opening  is  typically a  small, perhaps 
draining pit located close to (i.e., for intersphincteric tracts) or 
further  away  from  (i.e.,  for  transsphincteric  tracts)  the  anal 
verge.  Multiple  external  openings  suggest  multiple  complex 
tracts, often caused by Crohn’s disease or hidradenitis suppura-
tiva. The internal opening may be felt as an indurated nodule, 
most often at the dentate line. Most fistulae can be delineated by 
gentle probing with anorectal probes or crypt hooks, preferably 
in  the  operating  room,  and  with  caution  to  avoid  creation  of 
false tracts, which can complicate evaluation and management.

Diagnostic tests
All patients with anorectal fistulae should undergo sigmoidos-
copy to identify the internal opening and associated disease (i.e., 
inflammatory bowel disease or neoplasms).

Pelvic  magnetic  resonance  imaging  (MRI),  endoanal  ultra-
sound, and surgical examination under anesthesia were of com-
parable accuracy (87%–91%) for classifying perianal fistulae in 
a study of 34 patients with perianal Crohn’s disease [32]. When 
any  two modalities were combined,  the accuracy  increased  to 
100%. Whereas the 7-MHz linear scanning probe is particularly 
useful  for  imaging  perianal  fistulae,  radial  scanning  provides 
complementary information and rarely may reveal fistulae not 
identified by  the  linear probe. For MRI,  the phased-array coil 
provides better resolution than the body coil. The choice among 
these modalities is primarily guided by the need for a surgical 
therapeutic intervention. If, as is often the case, surgical inter-
vention  is  required,  then  surgical  evaluation  combined  with 
ultrasound  or  MRI  is  appropriate.  The  choice  between  ultra-
sound and MRI depends on  local  institutional expertise. MRI 
achieves a concordance of 90% with the operative examination, 
is at least as good as the best ultrasound exam and is less opera-
tor dependent [33]. When the suspicion of a perianal lesion is 
low,  combining  ultrasound  and  MRI  may  prevent  an  invasive 
exam under anesthesia.

Imaging  of  perianal  fistulae  with  fistulography  in  patients 
with fistula-in-ano, or with pelvic computed tomography (CT) 
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scribed  for  Crohn’s  disease,  based  only  on  uncontrolled  case 
series [45,46]. Uncontrolled data and metaanalysis suggest that 
azathioprine  (2–2.5 mg/kg) and 6-mercaptopurine  (1.5 mg/kg) 
are modestly effective, reasonably safe, and relatively inexpen-
sive [46]. One approach is to treat with antibiotics and azathio-
prine  for  8  weeks  in  patients  who  are  not  toxic  or  miserable, 
adding  infliximab  at  8  weeks  if  fistulae  have  not  closed  com-
pletely. For markedly symptomatic patients, infliximab may be 
started sooner (i.e., at 4 weeks). A controlled trial using inflixi-
mab (5 mg/kg) (biweekly [BW]) at 0, 2, and 6 weeks improved 
68% and healed 55% of patients compared with those receiving 
placebo  (26%  and  13%,  respectively)  [47].  Thereafter,  mainte-
nance infliximab (5 mg/kg every 8 weeks) was more effective for 
keeping  fistulae  closed  [48].  At  54  weeks,  fistulae  remained 
closed in 19% of patients who received placebo and in 36% of 
patients who received infliximab (for details of infliximab usage, 
see Chapter 72).

A review concluded that anti-TNF-α agents are the medical 
treatment  of  choice  together  with  surgery  in  the  presence  of 
complex fistulae. Antibiotics and immunomodulators have not 
been demonstrated to produce sustained closure and are rele-
gated to second-line medical treatment [49].

Rectal prolapse

Rectal mucosal prolapse refers to abnormal descent of the rectal 
mucosa (Figure 81.2). Complete rectal prolapse, or procidentia, 
indicates intussusception of all layers of the rectal wall through 
the anus. Occult rectal prolapse refers to internal intussuscep-
tion without protrusion through the anus. A pouch of Douglas 
hernia originates in the cul de sac of Douglas and protrudes, via 
the anterior rectal wall, through the anus.

Mucosal prolapse – hemorrhoids
Symptoms
Initially, the mucosal prolapse is small, occurs only after defeca-
tion, and reduces spontaneously. Later, the protrusion becomes 
larger and may require manual reduction or becomes irreduc-
ible, causing seepage of mucus and staining of the underclothes. 
Erosion and ulceration of the protruding mucosa lead to bleed-
ing. The protruding mass has radiating furrows, which are often 
associated with internal hemorrhoids. By contrast, a true pro-
cidentia has circular  furrows. Proctosigmoidoscopic examina-
tion  is  required  to  exclude  tumor,  polyps,  intussusception,  or 
procidentia.

Treatment
Predisposing or aggravating factors (i.e., constipation, diarrhea, 
polyps,  obstructive  uropathy)  should  be  addressed.  Rubber-
band ligation is effective when prolapsing hemorrhoids are not 
responsive to medical management (see Section Hemorrhoids). 
In the presence of anal incontinence, the results of hemorrhoid-
ectomy are unsatisfactory.

usually adequate to drain abscesses, reduce inflammation, and 
provide relief of symptoms [39]. Surgical diversion of the fecal 
stream, usually in conjunction with resection of diseased intes-
tine or a local anorectal procedure, is used in selected instances 
(i.e., in patients with a rectovaginal fistula or complex multiple 
anal fistulae with considerable inflammation) [40].

For patients with Crohn’s disease, medical measures intended 
to heal perineal fistulae and for more proximal lumenal disease 
are often used (see Chapter 72). The three essential aspects of 
surgical management for anorectal fistulae are fistulotomy, use 
of  a  seton,  and  endorectal  advancement  flaps.  Most  anorectal 
fistulae may be adequately treated by a fistulotomy. If the fistu-
lous  tract  is  distal  to  a  majority  of  the  external  sphincter,  the 
tract  is  opened  by  cautery.  However,  fistulotomy  should  be 
avoided  if  it  is  likely  to  damage  a  significant  portion  of  the 
sphincter, and particularly for anterior fistulae. In these circum-
stances, or when there is an appreciable risk of incontinence or 
poor  healing  (i.e.,  patients  with  Crohn’s  disease,  chronic 
diarrhea, incontinence, or compromised immunity), setons are 
useful. A seton refers to any foreign material (i.e., silk, Penrose 
drains) that can be inserted into the fistula tract to encircle the 
sphincter muscles [41]. Setons may be used for marking, cutting, 
draining,  or  staging  a  fistula.  A  marking  seton  allows  the 
surgeon to assess the amount of muscle located above the fistula 
tract, thereby guiding the decision to proceed with fistulotomy. 
A draining seton may be used as a bridge to or constitute defi-
nite surgical therapy. In the latter circumstance, setons may be 
left in place for long periods of time permitting epithelialization 
of  tracts.  A  cutting  seton  is  used  gradually  to  transect  the 
sphincter muscle promoting fibrosis of  the tissue surrounding 
the  seton.  The  muscle  is  divided  by  gradually  tightening  the 
seton,  thereby  subjecting  the  muscle  to  ischemic  necrosis.  By 
dividing the proximal portion of the tract, a “high” fistula may 
be converted to a “low” fistula leaving the distal tract encircled 
with a seton for division at a later date.

An  advancement  flap  consists  of  mucosa,  submucosa,  and 
part of the internal sphincter, which after debriding the underly-
ing fistula tract, is sutured over the internal defect. Advancement 
flaps offer a one-stage procedure with quicker healing, limited 
damage to the sphincter, and minimal risk of anal canal deform-
ity. Fibrin glue has also been used to plug fistula tracts, primarily 
long  fistulous  tracts  with  an  external  opening  amenable  to 
closure, and not caused by Crohn’s disease [42].

Postoperative  management  consists  of  frequent  wound 
inspection, warm sitz baths, measures to facilitate soft, formed 
stools – fiber supplementation, osmotic laxatives (e.g., sorbitol) 
–  and  judicious  analgesia.  Wound  healing  after  fistulotomy 
usually  takes  4–8  weeks.  The  incidence  of  recurrent  fistula  is 
about 3%–7% [29,43], and  the  incidence of anal  incontinence 
after fistulotomy is 18%–52% [44].

Management  of  anal  fistulae  in  Crohn’s  disease  requires  a 
judicious blend of surgical and medical  therapy (see Chapters 
72 and 73). Metronidazole (typically 750–1500 mg/day) or cip-
rofloxacillin (1000 mg/day) for up to 3–4 months are often pre-
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There  is  usually  a  feeling  of  bearing  down,  or  of  incomplete 
evacuation,  and  often  of  passage  of  mucus  and  bleeding.  A 
majority  of  patients  have  constipation,  diarrhea,  or  both.  At 
physical examination, a full-thickness prolapse can be identified 
by  observation  and  palpation.  Although  anal  resting  tone  is 
generally preserved in patients with mucosal prolapse, it is often 
reduced in patients with procidentia [53]. Denervation of stri-
ated  musculature  on  electromyogram,  perineal  descent,  and 
absence of the anocutaneous reflex are also common findings. 
If the prolapse is not evident in the left lateral decubitus posi-
tion,  the  patient  should  be  examined  when  straining  while 
seated  on  the  toilet.  Proctosigmoidoscopy  reveals  congestion 
and  edema  of  the  distal  rectal  mucosa,  sometimes  associated 
with a rectal ulcer (see Section Solitary rectal ulcer).

Attempts should be made to manually reduce a persistently 
prolapsed  rectum  to  avoid  potential  complications  such  as 
strangulation, ulceration, bleeding, and perforation. Intravenous 
sedation  may  facilitate  manual  reduction.  Placing  granulated 
sugar  on  the  prolapsed  mucosa  often  eliminates  edema  and 
allows  reduction  [54].  Gangrene  of  the  anterior  rectal  wall,  a 
surgical emergency, is occasionally associated with evisceration 
of small bowel onto the perineum.

Procidentia
Etiology and pathophysiology
Rectal procidentia begins with circumferential intussusception 
of  the  rectum  that  progressively  increases  over  time. 
Cinedefecographic  observations  suggest  that  the  leading  edge 
of the intussusception may be located at 6–8 cm or at 15–18 cm 
from the anal verge. Factors that may predispose to procidentia 
include  excessive  straining  during  defecation,  perhaps  due  to 
pelvic  floor  dysfunction,  and  anatomical  factors  (i.e.,  abnor-
mally low descent of the peritoneum covering the anterior rectal 
wall, loss of posterior fixation of the rectum to the sacral curve, 
and  lengthening  and  downward  displacement  of  the  sigmoid 
and rectum) [50]. Other conditions associated with procidentia 
include  pelvic  neuropathies.  The  role  of  obstetric  trauma  is 
uncertain  because  40%–50%  of  women  requiring  surgery  for 
this condition are nulliparous [51]. Rectal procidentia is rare in 
men older than 45 years and in women younger than 20 years 
[52].

Symptoms and diagnosis
The prolapsing mass  is  initially noticeable with straining only, 
but over time, the prolapse tends to occur with minimal effort. 

Figure 81.2 Diagram of a coronal section of the rectum, anal canal, and adjacent structures. The pelvic barrier includes the anal sphincters and pelvic 
floor muscles. Source: Bharucha 2003 [107]. Reproduced with permission of Elsevier.
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Patients with chronic anal fissure have increased anal resting 
pressure. Moreover, spontaneous relaxation of the internal anal 
sphincter occurs less frequently [58]. As the anoderm receives 
part of  its blood supply  from arterioles  that cross  the  internal 
anal  sphincter,  it  was  hypothesized  that  elevated  anal  resting 
pressure  could  reduce  perfusion  to  the  anoderm  and  lead  to 
local  ischemia  [59,60].  Doppler  ultrasound  techniques  to 
measure blood flow  in  the anodermal area demonstrated  that 
the posterior midline of the anal canal had the lowest perfusion 
of  all  four  quadrants  [61].  Subsequently,  it  was  shown  that 
lateral  sphincterotomy  normalized  both  elevated  sphincter 
pressures and blood flow to the anodermal area in these patients 
[62].

Clinical manifestations
Severe pain associated with scant, bright-red rectal bleeding is 
the hallmark of anal fissure. Pain occurs both during and after 
defecation  (“like  passing  razor  blades  or  broken  glass”)  and 
seems disproportionate to the clinical findings. Severe pain may 
make anoscopy impossible, and even digital examination is dif-
ficult without topical anesthesia. The fissure is best identified by 
simple  inspection  after  spreading  the  buttocks.  Acute  fissures 
are small linear tears oriented perpendicular to the dentate line 
in  the  posterior  or  anterior  midline.  Off  the  midline  fissures, 
especially multiple painless fissures, should prompt a search for 
a secondary etiology including an examination under anesthe-
sia with biopsy and cultures as appropriate [57].

If an acute anal fissure does not heal promptly, certain char-
acteristic secondary features develop, which include a proximal 
hypertrophic  papilla  and  a  sentinel  pile  or  fibrotic  nubbin  of 
skin found at the anal verge (i.e., the classic triad of chronic anal 
fissure).

Treatment
Acute anal fissures
More than 90% of acute anal fissures quickly heal with simple 
measures. High-fiber diet, stool softeners, and warm sitz baths 
following  bowel  movements  may  provide  symptomatic  relief 
[63].  Although  topical  anesthetic  creams  have  been  used  to 
relieve pain, they may delay healing when compared with bran 
supplements  or  topical  hydrocortisone  [64].  In  a  randomized 
trial comparing three treatments (sitz baths with bran supple-
ment, 2% hydrocortisone cream only, and 2% lignocaine [lido-
caine] ointment only) in patients with acute posterior midline 
fissures,  initial  healing  rates  at  3  weeks  were  88%  for  the  sitz 
bath  and  bran  group,  82%  for  the  hydrocortisone  group,  and 
60% for the lignocaine group [64].

Chronic anal fissures
The  development  of  a  chronic  anal  fissure  with  its  associated 
anal  hypertonicity  requires  measures  designed  to  reduce  the 
tone  of  the  internal  anal  sphincter  (IAS).  This  is  because  less 
than  10%  will  heal  with  conservative  measures.  Theoretically, 
reduction of IAS tone permits easier passage of the fecal bolus 

Treatment
Because  rectal  prolapse  is  generally  secondary  to  excessive 
straining,  and  is  often  secondary  to  defecatory  dysfunction, 
conservative measures  (i.e., pelvic floor  retraining by biofeed-
back therapy, a bowel-care regimen) often suffice to ameliorate 
symptoms  of  occult  rectal  prolapse  and  should  be  integrated 
with surgical management. Surgical treatment of rectal prolapse 
is necessary to avoid complications and ongoing damage to the 
pelvic  floor  and  sphincter  muscles.  The  surgical  approach  is 
guided  by  the  severity  of  prolapse,  surgical  risk,  and  the  sur-
geon’s expertise. Combined abdominal proctopexy and sigmoid 
resection eliminates two of the presumed causes of rectal pro-
lapse  by  fixing  the  rectum  to  the  sacral  hollow  by  means  of 
nonabsorbable  sutures  and  removing  the  redundant  sigmoid 
colon [52]. Although internal anal sphincter pressures and con-
tinence may improve after rectopexy [53], about 40% of patients 
do  not  regain  continence  [51].  A  systematic  review  suggested 
that residual fecal incontinence was less common after abdomi-
nal (vs perineal) approaches, and that division (vs preservation) 
of  the  lateral  ligaments  during  rectopexy  was  associated  with 
less  recurrent  prolapse  but  at  the  price  of  more  constipation 
[55].  There  appears  to  be  no  significant  differences  in  recur-
rence, constipation, or fecal incontinence between laparoscopic 
and open abdominal rectopexy [56].

Anal fissure

An anal fissure is a longitudinal tear in the lining of the distal 
anal canal below the dentate line, occurring most commonly in 
the  posterior  midline.  It  can  affect  individuals  of  all  ages  and 
both genders. Clinical symptoms include anal pain during and 
after defecation, often accompanied by bright-red rectal bleed-
ing  and  pruritus  ani.  Acute  fissures  have  sharply  demarcated, 
fresh  mucosal  edges  and  may  have  granulation  tissue  in  the 
base. When fissures fail to heal within 6 weeks, they are gener-
ally designated as chronic. Chronic fissures have raised edges, 
characteristically exposing the horizontal fibers of the internal 
sphincter  muscle  at  its  base.  Other  findings  associated  with 
chronic fissures are external skin tags (“sentinel piles”), hyper-
trophied anal papillae proximal to the fissure, and, occasionally, 
anal stenosis. Fissures may also occur secondary to an underly-
ing  disease  such  as  inflammatory  bowel  disease  (especially 
Crohn’s  disease),  HIV/AIDS,  leukemia,  anal  carcinoma,  and, 
rarely,  syphilis  or  tuberculosis.  Secondary  fissures  are  usually 
found in a more lateral “off the midline” position [57].

Pathophysiology
The elliptical arrangement of the anal sphincter fibers offers less 
muscular support to the anal canal posteriorly. This predisposes 
the posterior anal canal to traumatic tears during passage of a 
large, hard stool. Many fissures heal rapidly but others do not 
heal and therefore become chronic.
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group (96% vs 60%), and resting anal pressures decreased to a 
greater extent in the botulinum toxin group than in the glyceryl 
trinitrate group (29% vs 14%) at 2 months. Approximately 20% 
of patients in the glyceryl trinitrate group reported moderate to 
severe headaches associated with treatment, but no side effects 
were  noted  in  the  botulinum  toxin  group.  Long-term  results 
suggest that treatment with botulinum toxin is both successful 
and durable  in many patients  [75],  although  in one  study  the 
healing rate at 3 years was only 47% [76].

Botulinum  toxin  injections  are  generally  well  tolerated  but 
are contraindicated in pregnancy and during breast feeding and 
should  be  used  with  caution  in  patients  with  neuromuscular 
disorders [77]. Some believe that botulinum toxin, because it is 
less expensive and easier to perform than surgical treatment and 
does not require anesthesia, should be a first-line treatment for 
chronic  anal  fissure  [77].  There  is  no  consensus  on  dosage, 
precise site of administration, number of injections or efficacy 
[78].

Surgery
Surgery is often reserved for patients with persistent symptoms 
who have failed medical therapy; but in fact it has the highest 
cure  rate  of  any  form  of  therapy  available  [79].  The  most 
common  procedure  is  lateral  internal  anal  sphincterotomy 
(LIS), involving division of the IAS from its most distal end for 
a distance equal to that of the fissure or to the dentate line. More 
than 90% of patients heal after LIS, and recurrence rates of anal 
fissures  are  between  0%  and  25%  [57].  The  most  important 
determinant of outcome appears to be the extent of sphincter-
otomy. One study used anal ultrasonography to show a high rate 
of incomplete sphincterotomy in those patients who developed 
symptomatic  recurrence  [80].  Open  and  closed  techniques 
produce similar reductions of anal pressure and rates of healing 
[57,81]. The major concern with LIS is the development of fecal 
incontinence. Approximately 45% of patients experience some 
degree of incontinence immediately after surgery – flatus (31%), 
mild  fecal  soiling  (39%),  and  gross  incontinence  (23%). 
However, in a follow-up study, only 6% had minor fecal soiling 
and 1% experienced loss of solid stool 5 years after surgery [82].

Anal dilation was initially advocated for anal fissures in 1964, 
and success rates of 87%–100% have been reported [83]. It has 
been  criticized  for  being  poorly  controlled  and  capable  of 
causing significant anal sphincter damage; others report better 
outcomes  using  carefully  standardized  dilation  under  local 
sedation [84]. The consensus is that LIS is safer, and at least as 
effective as manual dilation, with better healing and less incon-
tinence [85].

Anal stenosis

Anal  stenosis  is  defined  as  narrowing  of  the  anal  canal.  This 
narrowing may result from a true anatomical stenosis (stricture) 
or  a  functional  (i.e.,  muscular)  stenosis.  The  most  common 

through  the  anal  canal  to  decrease  repetitive  tearing  of  the 
fissure,  but  the  primary  rationale  is  to  improve  vascular  per-
fusion to the anoderm near the fissure. These treatments involve 
either pharmacological agents or surgical procedures.

Topical nitrates
The  use  of  topical  nitrates  is  predicated  on  the  principle  that 
nitric oxide is a critically important nonadrenergic, noncholin-
ergic  neurotransmitter  that  mediates  relaxation  of  the  IAS. 
Nitrates are donors of nitric oxide, and topically applied nitrates 
have been shown to decrease resting anal pressures and increase 
anodermal blood flow [65].

Although several studies have shown that 0.2% glycerol trini-
trate  ointment  is  superior  to  placebo  [66],  other  studies  have 
been less impressive [67], and several methodological concerns 
have been raised [57]. Moreover, headaches and light-headedness 
are  common,  and  some  patients  cannot  tolerate  treatment. 
Overall success rates range from 27% to 85% with follow-ups of 
1–29 months [57]. A Cochrane review of medical treatment of 
chronic  anal  fissure  concluded  that  topical  nitroglycerine 
remains  only  marginally  better  than  placebo  in  healing  anal 
fissures  [68].  Long-term  follow-up  has  been  lacking  in  many 
studies,  and  there  is  no  commercially  available  glyceryl  trini-
trate product in the United States.

Calcium channel blockers
Calcium channel blockers also reduce IAS tone and have fewer 
side effects than do topical nitrates. Two randomized (but not 
placebo-controlled) trials reported healing rates of 95% over 3 
weeks  for  0.2%  nifedipine  [69]  and  65%  after  8  weeks  for  2% 
diltiazem  [70].  In  another  study,  the  healing  rate  was  higher 
with nifedipine (89%) compared with glyceryl trinitrate (58%) 
[71]. Treatment side effects (headache, flushing) were more fre-
quent with glyceryl trinitrate (40%) compared with nifedipine 
(5%). At 3–4 months, the recurrence rate (approximately 30%–
40%) was similar for both agents. Because topical diltiazem has 
a  lower  incidence  of  headache  and  fissure  recurrence  than 
topical nitroglycerin, it may be the preferred topical treatment 
[72].

Botulinum toxin
In  a  randomized  placebo-controlled  study,  30  patients  with 
chronic anal fissure received two injections of botulinum toxin 
(20  units  into  the  IAS),  which  inhibits  acetylcholine  release 
from  nerve  endings,  or  saline  injection  [73].  After  2  months, 
patients  who  received  botulinum  toxin  showed  significantly 
greater healing rates (73% vs 13%). Four patients in the botuli-
num toxin arm who did not heal were retreated, and they then 
healed  within  2  months.  No  recurrences  were  observed  at  16 
months  of  follow-up.  Botulinum  toxin  (20  units  injected  into 
the IAS on each side of the anterior midline) was also compared 
with  topical  glyceryl  trinitrate  (0.2%  b.d.  [twice  daily])  in  a 
randomized trial of 50 patients with chronic anal fissure [74]. 
Healing rates were significantly higher in the botulinum toxin 
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localized erythematous or nodular area of mucosa rather than 
a discrete ulcer. Initial misdiagnosis is common as lesions may 
be mistaken for inflammatory bowel disease or neoplasia [89]. 
Characteristic histological changes seen on biopsies taken from 
abnormal mucosa or ulcer margins include fibrous obliteration 
of the lumina propria, disorientation and thickening of the mus-
cularis mucosae, and regenerative changes in the crypt epithe-
lium  [90].  Although  most  commonly  seen  in  adults,  this 
syndrome also occurs in children [91].

Pathogenesis
Prolonged  straining  at  stool  forces  the  anterior  rectal  mucosa 
into the anal canal leading to mucosal congestion, edema, and 
ulceration.  Although  patients  with  SRUS  infrequently  have 
clinically apparent rectal prolapse, sigmoidoscopy or defecogra-
phy demonstrates subtle forms of mucosal prolapse and delayed 
evacuation during defecation in 90% of these patients [92,93]. 
Patients with SRUS have higher sphincter pressures and thicker 
rectal walls (primarily muscularis propria) than do patients with 
complete  rectal  prolapse  [94,95].  The  anterior  wall  mucosa 
(7–10 cm  proximal  to  the  anal  margin)  is  often  the  first  and 
largest part of  the  intussusceptum as  it descends  into the anal 
canal. This corresponds to the usual location of ulceration seen 
clinically. SRUS also has been associated with the use of ergot-
amine suppositories and may occur after radiotherapy, support-
ing a pathogenic role for ischemia [96,97].

Treatment
Complications  of  massive  bleeding,  rectal  stricture,  and  even 
ulcer  penetration  into  the  prostate  gland  have  been  reported, 
but are so uncommon that patients should be reassured that the 
condition is benign [98,99]. Because the prolapsing mucosa is 
repeatedly  traumatized  during  defecation,  it  is  appropriate  to 
begin treatment by counseling against anal digitation, eliminat-
ing straining, and improving bowel habits by increasing dietary 
fiber intake or administering osmotic laxatives such as polyeth-
ylene glycol [100]. Biofeedback therapy to improve pelvic floor 
coordination  during  defecation  should  be  considered  as  first-
line therapy for those who fail conservative measures [101]. For 
patients with associated rectal prolapse, rectopexy or other pro-
cedures  to  eliminate  prolapse  may  be  considered  [102].  For 
patients with occult prolapse, surgery is problematic and should 
be considered only  for  those with  severe complications  [103]. 
Argon plasma coagulation (APC) has been used successfully to 
treat  hemorrhage  from  SRUS;  continued  treatment  with  APC 
has been associated with symptomatic and endoscopic improve-
ment  [104].  Sucralfate  enemas  and  human  fibrin  sealant  have 
also been effective in small studies [105].

Fecal incontinence

Introduction
Fecal  incontinence  (FI)  is  defined  as  recurrent  uncontrolled 
passage of fecal material in an individual with a developmental 

cause for anal stenosis, accounting for 88% of cases in one series, 
is hemorrhoidectomy [86]. Excessive excision of anoderm and 
hemorrhoidal rectal mucosa during hemorrhoidectomy leads to 
scarring  and  a  progressive  stricture.  When  the  mucosa  is 
anchored  to  the  anal  verge,  the  stricture  is  accompanied  by  a 
mucosal  ectropion,  referred  to  as  the  “Whitehead  deformity.” 
However,  the  incidence of  stenosis with almost all  techniques 
of  hemorrhoidectomy  is  low  (i.e.,  0%  to  <1.5%)  [87].  Other 
causes  of  benign  anal  stenosis  include  recurrent  anal  fissure, 
recurrent abscess and fistula requiring surgical treatment, anal 
Crohn’s disease, radiation, excision of perianal skin lesions as in 
Paget  or  Bowen  disease,  tuberculosis,  actinomycosis,  lym-
phogranuloma,  and  congenital  abnormalities  [86].  Malignant 
causes of anal stenosis include anal and rectal cancers, and, less 
commonly, transmural invasion of the anorectum by a urogeni-
tal malignancy.

Difficult  evacuation  of  stool  is  the  most  troublesome 
symptom. Other symptoms include narrow stools, painful def-
ecation, anal digitation during defecation, bleeding from recur-
rent  anal  tears,  and  constipation  or  obstipation.  Digital  rectal 
examination may reveal the stricture, or cause considerable dis-
comfort to the patient. Under the latter circumstance, examina-
tion  under  anesthesia  may  be  necessary.  Functional  but  not 
structural anal stenosis will open easily under anesthesia alone.

Treatment  is based on  the  severity and  location of  the anal 
stenosis.  Medical  therapy  combines  bulking  of  the  stool  with 
anal dilation  in  the office or at home using  the finger or cali-
brated  rubber  dilators  and  topical  anesthetics.  Dilation  is  an 
ideal  treatment  for  patients  with  Crohn’s  disease  or  high-risk 
patients  with  otherwise  weakened  external  sphincters  [87]. 
Repeated dilation and steroid suppositories may prevent early 
recurrence,  but  there  are  no  well-controlled  trials  addressing 
this approach. Surgical treatments of anal stenosis include LIS, 
an advancement flap, or a colostomy [88]. It has been suggested 
that LIS is used to treat mid and low anal stenosis. However, it 
does not treat the ectropion, and the procedure may have to be 
repeated.  A  variety  of  flaps,  formed  with  mucosa  or  skin,  are 
used to manage anal stenosis. Some of these flaps also address 
the problem of ectropion. Cure rates in excess of 90% are usually 
seen [86].

Solitary rectal ulcer syndrome

Solitary  rectal  ulcer  syndrome  (SRUS)  is  an  uncommon  and 
often underdiagnosed chronic benign disorder related to abnor-
mal  defecation.  The  usual  presenting  symptoms  are  excessive 
straining  at  defecation  (often  with  the  passage  of  mucus  and 
blood)  and  feelings  of  incomplete  evacuation.  The  classic 
description is that of a shallow, discrete ulcer with a hyperemic 
margin  located  7–10 cm  from  the  anal  verge  on  the  anterior 
rectal wall. However, ulcers may be located between a few and 
13 cm from the anus, and are occasionally found on the poste-
rior wall. Furthermore, there may be multiple ulcers or only a 
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the  desire  to  defecate  prompts  voluntary  contraction  of  the  
EAS and pelvic floor, particularly the puborectalis muscle. The 
desire  to  defecate  dissipates  as  the  rectum  accommodates  to 
hold more stool.

Pathophysiology of fecal incontinence
Fecal  incontinence  is  a  heterogeneous  disorder,  and  patients 
often suffer from more than one deficit of various factors main-
taining  continence  [111,112].  Besides  disordered  anorectal 
functions,  other  factors  contributing  to  FI  include  disturbed 
stool consistency, impaired cognition, and decreased mobility.

Impaired pelvic barrier
Anal  resting  or  squeeze  pressures  may  be  reduced  in  FI. 
Common causes of anal sphincter weakness  include sphincter 
damage, neuropathy, or reduced input from the cerebral cortex 
or spinal cord (Box 81.1). Although there is a tendency to focus 
on the anal sphincters, many patients with FI also have general-
ized pelvic floor weakness, particularly affecting the puborecta-
lis [112–114].

Another  manifestation  of  pelvic  floor  weakness  is  the 
descending perineum syndrome, which results from a combina-
tion of obstetric trauma, chronic straining, or neuropathy [113]. 
The  clinical  manifestations  of  the  descending  perineum  syn-
drome are characterized initially by constipation-predominant 
symptoms and  subsequently by FI. Excessive  straining during 
evacuation  may  contribute  to  pelvic  floor  weakness  [115]. 
Ultimately, excessive descent causes a stretch-induced pudendal 
neuropathy and widens the anorectal angle, impairing the flap 
valve that normally maintains continence when intraabdominal 
pressure  increases.  Although  sphincter  pressures  are  lower  in 
incontinent compared with continent patients with descending 
perineum  syndrome  [116],  sphincter  pressures  do  not  always 

age of at  least 4 years. The prevalence of FI in the community 
ranges from 2% to 15%. Differences among surveys are perhaps 
explained  by  differences  in  the  definition  of  FI,  survey  tech-
niques, and the age distribution of the population. The preva-
lence is similar in men and in women [106], but higher in the 
elderly and in nursing home residents [107]. Fecal incontinence 
can substantially  impair quality of  life and contribute to  insti-
tutionalization  [108,109].  Unfortunately,  physicians  may  not 
always  appreciate  the  devastating  consequences  of  FI  because 
patients are often embarrassed to discuss their symptoms.

Physiology of continence and defecation
Several factors act in concert to maintain continence. Anatomical 
factors  include  the  anal  sphincters  and  levator  ani  (i.e.,  the 
pelvic  floor),  rectal  curvatures,  and  transverse  rectal  folds 
(Figure  81.2).  The  anal  canal  is  3–4 cm  long  and  normally 
remains closed as an anteroposterior slit by tonic contractions 
of the surrounding musculature. Spongy vascular tissues within 
the canal play a minor, fine-tuning role in fecal continence by 
assisting with anal closure. The IAS comprises smooth muscle 
and maintains 70% of  the anal resting  tone. The external anal 
sphincter (EAS) comprises striated muscle, which also contrib-
utes  to  resting  sphincter  tone.  The  puborectalis  maintains  the 
rectoanal angle at rest and contracts further to reduce the angle 
when subjects squeeze. Stool is often transferred into the rectum 
by colonic high-amplitude propagated contractions, which tend 
to  occur  after  awakening  or  meals  [110].  Rectal  distention 
induces reflex relaxation of the IAS. If defecation is convenient, 
the rectum is evacuated by increased intrarectal pressure coor-
dinated with relaxation of the anal sphincters and pelvic floor 
muscles (Figure 81.3). The relative importance of rectal contrac-
tion  and  abdominal  wall  contraction  to  increased  intrarectal 
pressure  is  unclear.  Conversely,  if  defecation  is  inconvenient,  

Figure 81.3 Anorectum and puborectalis muscle at rest (a) and during defecation (b). The puborectalis and anal sphincters relax allowing opening of 
the anal canal and perineal descent during defecation.

Rest

(a) (b)

Defecation
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relationship between structural abnormalities and FI is unclear 
because such abnormalities are often observed in asymptomatic 
subjects. For example, up to one-third of all women have anal 
sphincter defects after vaginal delivery [126], but the incidence 
of  postpartum  FI  is  low,  ranging  from  0%  to  10%  [107,126]. 
Clinical  observations  suggest  that  many  patients  with  long-
standing anal sphincter weakness are asymptomatic until  they 
develop diarrhea. Indeed, among women living in the commu-
nity,  the  median  age  of  onset  of  FI  is  55  years  [108].  Among 
community women with FI, 38% had one or more bowel dis-
turbances (i.e., IBS) without rectal urgency, and 14% had rectal 
urgency  with  or  without  bowel  symptoms  [127].  Disordered 
bowel  habits  are  more  important  risk  factors  for  FI  than  a 
history  of  obstetric  or  surgical  anorectal  trauma  [127–129]. 
Although diarrhea is a stronger risk factor for FI, severe consti-
pation with fecal retention may lead to overflow FI. It is conceiv-
able  that  other  factors  (i.e.,  aging,  menopause,  and  chronic 
straining) may also predispose to FI in this population.

In men, FI is frequently attributable to local causes (i.e., hem-
orrhoids, fistula, poorly healed surgical  scars,  sphincterotomy, 
or proctitis after radiotherapy for prostate cancer). Male FI may 
also reflect seepage of stool retained in the rectum secondary to 
a  rectal  evacuation  disorder  [130,131]  or  associated  with  iso-
lated IAS dysfunction. Several neurological disorders are associ-
ated with FI, including diabetic neuropathy, multiple sclerosis, 
scleroderma, and spinal cord lesions at or below T12. Although 
anal  squeeze  pressures  are  often  reduced  in  multiple  sclerosis 
and diabetic neuropathy, resting pressures are more likely to be 
reduced in diabetic neuropathy than in multiple sclerosis [132].

Clinical evaluation
A carefully elicited history can help to identify the etiology and 
pathophysiology of FI,  establish  rapport with  the patient,  and 
guide  diagnostic  testing  and  treatment.  Bowel  habits,  stool 
form, and consistency may be characterized by pictorial  stool 
scales [133]. Semiformed or liquid stools pose a greater threat 
to continence than do formed stools.

The terms staining, soiling, and seepage may be used to char-
acterize FI [106]. Soiling  indicates more  leakage than staining 
of  underwear,  whereas  seepage  refers  to  leakage  of  small 
amounts  of  stool.  The  circumstances  surrounding  FI  may  be 
characterized as “urge” and “passive” FI. Exaggerated (“urge” FI) 
or no awareness of  the desire  to defecate (“passive” FI) before 
the incontinent episode are associated with more severe weak-
ness of the EAS and IAS, respectively [134]. In addition, rectal 
urgency  may  be  associated  with  reduced  rectal  capacity  and 
increased rectal sensitivity [112,120,135].

The  severity  of  FI  can  be  measured  by  scales  that  quantify 
frequency of stool loss [136]. Because severity may not correlate 
with quality of life, separate scales have been devised to address 
these  issues.  A  population-based  study  demonstrated  that  the 
severity  of  FI  can  be  rated  by  a  simple  scale  (Table  81.2). 
Symptom  severity  rated  by  this  scale  strongly  correlated  with 
the impact of FI on quality of life [108,109].

Box 81.1 Common causes of fecal incontinence.

Anal sphincter weakness
Traumatic: obstetric, surgical (e.g., hemorrhoidectomy, internal 

sphincterotomy)
Nontraumatic: scleroderma, internal sphincter degeneration of 

unknown etiology, pudendal neuropathy
Disturbances of pelvic floor

Rectal prolapse, descending perineum syndrome
Inflammatory conditions

Radiation proctitis, Crohn’s disease, ulcerative colitis
Central nervous system disorders

Dementia, stroke, brain tumors, multiple sclerosis, spinal cord 
lesions

Diarrhea
Irritable bowel syndrome, postcholecystectomy diarrhea

Other
Fecal retention with overflow, behavioral disorders

distinguish  continent  from  incontinent  subjects  (see  below  in 
this  section),  underscoring  the  contributions  of  disordered 
rectal compliance, rectal sensation, and stool consistency to FI.

Rectal compliance and sensation
Several studies have demonstrated reduced rectal sensation  in 
some patients with FI. Reduced sensation allows stool to enter 
the  anal  canal  and  perhaps  leak  before  the  EAS  contracts 
[111,117].  Conversely,  other  patients  with  FI  have  increased 
rectal sensation [111,112]. Increased sensation may be attribut-
able to a less compliant or smaller rectum as a consequence of 
radiation  or  ulcerative  proctitis,  but  is  also  found  in  some 
women with idiopathic FI. The rectal capacity (i.e., the balloon 
volume at the maximum imposed pressure), is also reduced in 
a subset of women with idiopathic FI [112]. Moreover, a smaller 
rectal reservoir (i.e., reduced capacity or compliance) is associ-
ated with the symptom of urgency and with rectal hypersensi-
tivity  in  FI  [118–120].  In  irritable  bowel  syndrome  (IBS), 
increased rectal sensation has been associated with an exagger-
ated contractile response to rectal distention [121–123]. These 
observations support in vitro studies indicating that perception 
of distention  is related not  to distention but  to  the contractile 
response induced by distention [124].

Transient anal sphincter relaxation during or independent of 
rectal distention enables the anal lining to periodically “sample” 
and  ascertain  whether  rectal  contents  are  gas,  liquid,  or  stool 
[125]. There is some evidence to suggest that anal sampling is 
impaired in FI [125].

Etiology of fecal incontinence
A variety of diseases affect continence mechanisms to cause FI 
(Box  81.1).  In  women,  FI  is  often  imputed  to  obstetric  anal 
sphincter injury when endoanal ultrasound reveals IAS or EAS 
lesions  (i.e.,  scars,  thinning,  or  defects).  However,  the  causal 
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server variability. The extent to which clinically occult isolated 
EAS  defects  are  responsible  for  fecal  incontinence  is 
uncertain.

Evacuation proctography (defecography)
During evacuation proctography, anorectal anatomy and pelvic 
floor  motion  are  recorded  on  video  with  the  patient  at  rest, 
coughing,  squeezing,  and  straining  to  expel  barium  from  the 
rectum. This allows identification of excessive perineal descent, 
internal  rectal  intussusception,  rectoceles,  sigmoidoceles,  or 
enteroceles,  and  puborectalis  dysfunction  [138].  However, 
methodology and interpretation are incompletely standardized, 
and  some  abnormalities  (i.e.,  a  small  rectocele)  are  relatively 
common  in  asymptomatic  older  women  [137,139].  Despite 
these  limitations,  evacuation  proctography  may  be  useful  in 
some incontinent patients.

Pelvic magnetic resonance imaging (MRI)
With  rapid  imaging  sequences,  MRI  can  visualize  both  anal 
sphincter anatomy and global pelvic floor motion in real time, 
without  radiation  exposure  [112,140].  Dynamic  images  are 
acquired  as  patients  squeeze  their  sphincters  or  try  to  expel 
ultrasound gel from the rectum, providing a unique assessment 
of global pelvic floor motion. In contrast to IAS evaluation, MRI 
performed  the  same  or  better  than  ultrasound  for  the  assess-
ment of the EAS [141]. In one study, 25% of patients, but only 
5% of controls, had EAS atrophy [112]. Atrophy of the puborec-
talis muscle was also more frequent in fecal incontinence (16%) 
compared  with  controls  (5%).  In  a  small  series,  patients  with 
EAS  atrophy  did  not  fare  as  well  as  patients  without  atrophy 
after  undergoing  anal  sphincteroplasty  for  sphincter  defects 
[142].

Pudendal nerve terminal motor latency
Delayed  pudendal  nerve  terminal  motor  latency  (PNTML)  is 
widely used to ascertain if anal sphincter weakness is associated 
with  pudendal  nerve  injury  [137].  However,  the  validity  of 

The  digital  rectal  examination  assesses  for  anal  sphincter 
defects, anal resting pressure, and voluntary contraction of the 
EAS  and  puborectalis  when  subjects  squeeze.  Conversely,  the 
puborectalis should relax, and the perineum should descend by 
2–4 cm  when  patients  try  to  expel  the  examining  finger. 
Examination in the seated position on a commode may reveal 
rectal prolapse or excessive perineal descent that is not evident 
when the patient is supine.

Diagnostic testing
Diagnostic  testing  is  tailored  to  probable  etiological  factors, 
response to conservative medical management (i.e., loperamide 
or  stool  softeners),  and availability of  tests. The strengths and 
limitations of these tests [107,137] are discussed briefly below.

Endoscopy
Endoscopy to evaluate the rectosigmoid mucosa should be con-
sidered in most patients, particularly those with constipation or 
diarrhea;  a  colonoscopy  may  be  desirable  in  certain  circum-
stances and after age 50 for screening purposes.

Anal manometry
Anal  pressures  at  rest  and  during  squeeze  are  measured  with 
perfused  or  solid-state  transducers  using  the  station  pull-
through method (Figure 81.4). Anal pressures should be com-
pared with normal values obtained in age- and gender-matched 
controls  using  the  same  technique  [137].  Other  factors  (i.e., 
disordered stool consistency, rectoanal sensation, or rectal com-
pliance)  should  be  considered  in  incontinent  patients  with 
normal sphincter pressures.

Endoanal ultrasound
Endoanal  ultrasound  (US)  identifies  sphincter  thinning  and 
defects  that  are  often  clinically  unrecognized  or  amenable  to 
surgical  repair  (Figure 81.5c).  Interpretation of EAS  images  is 
more  subjective,  operator-dependent,  and  confounded  by 
normal anatomical variations; and there is substantial interob-

Table 81.2 Assessing symptom severity in fecal incontinence.

Symptom severity score

Symptoms 1 2 3 4

Frequency < 1/month > 1/month to several 
times/week

Daily

Composition Mucus/liquid stool Solid stool Liquid and solid stool

Amount Small (i.e., staining only) Moderate (i.e., requiring 
change of underwear)

Large (i.e., requiring 
change of all clothes)

Urgency or passive 
incontinence

Neither Passive incontinence Urge incontinence Combined (i.e., passive 
and urge) incontinence

Source: Bharucha et al. 2005 [108], Reproduced with permission of Elsevier.
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sensation  by  manually  distending  a  latex  balloon.  Rectal 
pressure–volume relationships are more accurately assessed by 
barostat-driven  distention  of  a  polyethylene  balloon,  a  tech-
nique that is available at selected centers only [144].

In FI, rectal sensation may be normal, reduced, or increased 
[111,112]. When  rectal  sensation  is  reduced, EAS contraction 
in  response  to  rectal distention may be delayed;  these deficits 
are amenable to biofeedback therapy. Conversely, about 45% of 
patients  with  FI  have  increased  rectal  sensation  [111],  which 
may be partly attributable to reduced rectal capacity and explain 
the symptom of urgency [112,120,135].

Recommendations
Endoscopy to identify mucosal pathology is probably necessary 
for incontinent patients with recent-onset diarrhea or constipa-
tion; the extent of examination (i.e., sigmoidoscopy or colonos-
copy) is also guided by the patient’s age and comorbidities. The 

measuring PNTML is questionable. There are inadequate nor-
mative data, test reproducibility is unknown, and sensitivity and 
specificity  are  poor.  A  consensus  committee  of  the  American 
Gastroenterological  Association  recommended  that  PNTML 
not be used to evaluate for neurogenic injury in FI [137].

Needle electromyography
Electromyographic (EMG) mapping of the EAS has been sup-
planted by endoanal US for identifying sphincter defects. Anal 
sphincter EMG is useful for identifying neurogenic injury in the 
EAS,  particularly  for  patients  in  whom  the  clinical  features 
suggest a proximal neurogenic process (i.e.,  in the spinal cord 
or sacral roots) [112,143].

Rectoanal sensation and compliance
Rectal  sensation  and  compliance  can  be  assessed  by  progres-
sively  distending  a  rectal  balloon.  Most  laboratories  assess  

Figure 81.4 Anal sphincter pressures assessed on three separate occasions by four circumferentially oriented transducers stationed 1 cm from the anal 
verge; transducers were located in separate quadrants. The maximum squeeze pressure is the highest pressure recorded by all four transducers during 
one of three maneuvers; the average squeeze pressure is calculated by averaging pressures across all four maneuvers. In this example, resting and 
squeeze pressures were comparable in all four quadrants. Source: Bharucha 2004 [247]. Reproduced with permission of Elsevier.
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Figure 81.5 Endoanal fast spin-echo T2-weighted (a) and spin-echo T1-weighted (b) magnetic resonance (MR) images demonstrate marked atrophy of 
the external anal sphincter (arrowheads) in a 75-year-old incontinent patient, making the internal anal longitudinal muscle prominent (black arrows). 
Corresponding endoanal ultrasound images (c) identified patchy thinning of the internal sphincter also seen on the MR images (white arrows), but not 
external sphincter atrophy. Bharucha et al. 2005 [112]. Reproduced with permission of BMJ Publishing Group.
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tive in decreasing FI scores, frequency of bowel movements, and 
amplitude  of  rectal  motor  complexes  [150].  The  serotonin 
(5-hydroxytryptamine)  5-HT3  receptor  antagonist  alosetron 
may reduce diarrhea and improve fecal continence in patients 
refractory to other measures [151]. Patients with constipation, 
fecal  impaction, and overflow incontinence often benefit from 
a regular evacuation program, using digital stimulation or bisa-
codyl/glycerol suppositories, fiber supplementation, and selec-
tive oral laxatives [152,153]. Even without pelvic floor retraining, 
these conservative approaches, usually provided in the “control 
arm”  of  controlled  trials,  effectively  improve  symptoms  in 
25%–50% of patients with FI [154–156].

Direct pharmacological approaches
Topical application of the α1-adrenergic agonist phenylephrine 
to the anal canal increases anal resting pressure. However, in a 
randomized  double-blind  placebo-controlled  cross-over  study 
of 36 FI patients, phenylephrine did not significantly  improve 
FI or resting anal pressure compared with placebo [66].

Biofeedback therapy
Biofeedback is based on the principle of operant conditioning. 
Using  a  rectal  balloon–anal  manometry  device,  patients  are 
taught to contract the EAS when they perceive balloon disten-
tion; perception may be reinforced by visual tracings of balloon 
volume and anal pressure, and the procedure  is repeated with 
progressively  smaller  volumes.  A  controlled  trial  randomized 
171 patients with FI to four groups: standard medical/nursing 
care (i.e., advice only); advice plus verbal instruction on sphinc-
ter exercises; hospital-based computer-assisted sphincter pres-
sure  biofeedback;  or  hospital  biofeedback  plus  use  of  a  home 
EMG biofeedback device [154]. Overall, there was no significant 
difference  between  the  groups,  with  54%  reporting  improved 
symptoms in the biofeedback groups and 53% in the advice only 
group.  Improvement  was  sustained  at  1  year  after  therapy; 
symptoms, resting, and squeeze pressures improved to a similar 
degree in all four groups. These results emphasize the utility of 
conservative measures (i.e., patient teaching, emotional support, 
lifestyle modifications  including diet  and fluids) and manage-
ment  techniques  such as  improvement of evacuation, a bowel 
training  program,  and  antidiarrheal  medication  for  FI.  In 
another  RCT  of  108  patients,  22%  responded  to  conservative 
therapy  (without  pelvic  floor  retraining)  for  4  weeks  [155]. 
Among the remainder, response rates were better in those who 
received six biweekly  sessions with EMG-assisted biofeedback 
and pelvic floor exercises (i.e., 77% reported adequate relief and 
66%  were  completely  continent)  than  pelvic  floor  exercises 
alone  (i.e.,  41%  reported  adequate  relief  and  48%  were  com-
pletely continent).

Surgical approaches
Sphincteroplasty is reserved for a small number of patients with 
FI, optimally when anal sphincter injury is recognized shortly 
after  an  obstetric  event.  Consensus-based  guidelines  recom-
mend surgical repair of incidentally recognized anal sphincter 

indications  for and extent of diagnostic  testing  in  incontinent 
patients  are  evolving.  For  ambulatory,  otherwise  healthy 
patients,  anorectal  manometry  and  endoanal  ultrasounds  can 
document  the  severity  of  weakness  and  identify  abnormal 
sphincter  morphology.  Pelvic  MRI,  combining  static  and 
dynamic  imaging  without  radiation  exposure,  is  particularly 
useful  for  identifying  external  sphincter  atrophy  and  pelvic 
organ prolapse but is relatively expensive and not widely avail-
able. Anal sphincter EMG should be considered for incontinent 
patients with an underlying disease associated with a neuropa-
thy (i.e., diabetes mellitus, clinical suspicion of a proximal neu-
rogenic  process,  or  sphincter  weakness  unexplained  by 
morphology as visualized by ultrasound). Pudendal nerve laten-
cies are not useful for investigating FI [137].

As  advanced  tests  (i.e.,  pelvic  MRI,  anal  sphincter  EMG, 
assessment of rectal compliance and sensation) are not widely 
available,  independently  living  patients  with  moderate–severe 
fecal incontinence should be referred to specialist centers under 
the following circumstances:
•  when  symptoms  cannot  be  explained  by  routine  diagnostic 

tests
•  prior to repair of external sphincter defects in older women 

because surgical repair is not always successful; careful con-
sideration  of  other  factors  contributing  to  incontinence, 
perhaps  supplemented  by  pelvic  MRI  to  identify  external 
sphincter atrophy may be useful

•  for  patients  who  have  symptoms  of  an  evacuation  disorder 
and fecal incontinence, biofeedback therapy to improve coor-
dination  between  abdominal  contraction  and  pelvic  floor 
relaxation is necessary

•  for  selected  patients  who  have  medically  refractory  fecal 
incontinence; sacral nerve stimulation is an FDA (Food and 
Drug Administration)-approved procedure [145].

Management
The management of FI must be  tailored  to clinical manifesta-
tions and includes treatment of underlying diseases.

Bowel habit modification
Modifying bowel habits  is often central  to managing FI effec-
tively. A detailed dietary history may  identify excessive  inges-
tion of natural (i.e., prunes) and processed foods (i.e., beverages) 
that contain fructose and sorbitol and may cause or aggravate 
diarrhea [146].

Loperamide reduces diarrhea and slightly increases IAS tone, 
thereby reducing FI [147]. It  is  important that adequate doses 
are given (i.e., 2–4 mg, 30 min before meals, up to 16 mg/day). 
Taking loperamide prior to social occasions is helpful to avoid 
an accident outside the home. In patients with both constipation 
and diarrhea, finding the optimal dose to reduce diarrhea but 
avoid  constipation  can  be  challenging.  Diphenoxylate  is  an 
alternative option for diarrhea [148]. Cholestyramine resin may 
improve  postcholecystectomy  diarrhea  [149].  A  small  open-
label trial showed that amitriptyline (20 mg p.o. daily) was effec-
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[NASHA Dx]) are now FDA-approved for the treatment of FI. 
In these studies, response was defined by a ≥50% reduction in 
the number of incontinent episodes per week. SNS is a staged 
procedure, that is when symptoms respond to temporary stimu-
lation for 3 weeks, the device is implanted subcutaneously (i.e., 
“permanent  stimulation).  In  the  pivotal  US  multicenter  trial, 
90% of 120 patients proceeded  from temporary  to permanent 
stimulation [165]. Five-year follow up was available in 76 of 120 
(63%)  patients;  36%  reported  complete  continence  and  89% 
were deemed a therapeutic success [145].

However, most  studies with SNS were uncontrolled.  In one 
cross-over  study  of  34  patients,  the  number  of  episodes  of  FI 
declined by 90% during stimulation versus 76% without stimu-
lation [166]. The discrepancy between symptom improvement 
and relatively minor effects on anorectal  functions  is puzzling 
[167]. Similar to antidiarrheal agents, the colonic motor effects 
of SNS may be anticipated to delay colonic transit [167].

For NASHA Dx, the pivotal trial with 206 patients observed 
a higher 6 month response rate for active treatment (52%) than 
sham injections (31%); the number needed to treat (NNT) was 
4  [168].  With  two  exceptions  (i.e.,  rectal  abscess,  prostatic 
abscess),  most  adverse  events  were  minor.  Treatment  did  not 
significantly improve FI quality of life; data for complete conti-
nence and effects on anorectal physiology or imaging were not 
provided  [169,170].  Hence,  the  magnitude  of  benefit,  mecha-
nisms  of  action,  long-term  effects,  and  factors  that  predict 
response to therapy merit further study.

Application of radiofrequency energy to the anal canal (the 
Secca procedure) is not effective for FI [171].

Pruritus ani

Pruritus  ani  is  an  annoying  itchy  sensation  of  the  anus  and 
perianal skin that is often associated with burning and soreness. 
It may be transient or chronic, unrelenting, and difficult to treat. 
Periods of intense itching are characteristically most disturbing 
at  night  when  daytime  distractions  are  removed.  It  affects 
1%–5% of the population, with a male-to-female predominance 
of 4 : 1 [172].

Pathogenesis
Pruritus ani may occur as a symptom of a specific disease affect-
ing the perianal skin or, more commonly, as an idiopathic con-
dition possibly related  to residual  fecal material  (Box 81.2). A 
number  of  anorectal  diseases,  including  fissures,  fistulae,  and 
hemorrhoids, make  local hygiene especially difficult,  and  irri-
tated  macerated  skin  may  develop.  Pruritus,  discomfort,  and 
mucus drainage are more common in those suffering from hem-
orrhoids  than  in  a  control  population,  and  often  resolve  with 
treatment of the hemorrhoids [173]. Anal malignancies, includ-
ing  Bowen  disease,  epidermoid  cancers,  and  extramammary 
Paget disease, may rarely present as pruritus ani and should be 
considered even if symptoms have existed for years [174].

defects, often found by imaging years after the presumed obstet-
ric  insult.  In  the  short  term,  overlapping  anterior  sphinctero-
plasty  improves  FI  in  up  to  85%  of  patients  with  sphincter 
defects. However, continence deteriorates thereafter, and far less 
than 50% of patients  remain continent up  to 5 years after  the 
operation [157].

Dynamic graciloplasty involves continuous electrical stimu-
lation of the gracilis muscle transposed around the anal canal; 
electrical stimulation facilitates anal tone by converting type II 
(fast-twitch,  fatigue-prone)  to  type  I  (slow-twitch,  fatigue-
resistant)  muscle  fibers.  Dynamic  graciloplasty  is  approved  in 
Europe but not  in  the United States. Although FI was  signifi-
cantly improved in roughly 60% of implanted patients, this pro-
cedure  was  associated  with  significant  morbidity,  including 
infections  (28%), device problems  (15%),  and  leg pain  (13%), 
which may require reoperation [158,159]. Moreover, up to 50% 
of  patients  with  functioning  graciloplasties  may  have  clinical 
features of obstructed defecation.

Experience with the artificial anal sphincter is similar; 99 out 
of  112  implanted  patients  from  a  US  multicenter  report  had 
device-related  adverse  effects  [160,161].  Fifty-one  patients 
required 73 operations to revise the device, and it was explanted 
in 41 patients  (37%). Fecal  incontinence scores and quality of 
life improved; the outcome was successful in 85% patients with 
a functioning device, and the intention-to-treat success rate was 
53%.  A  systematic  review  of  the  artificial  sphincter  observed 
that most studies were case series with little or no follow-up of 
patients in whom the device failed [161]. However, most patients 
with  a  functioning  device  reported  clinically  significant 
improvement in continence and quality of life [161]. It is con-
ceivable that the utilization and outcomes with both procedures 
will increase over time.

A colostomy is the last resort for patients with severe FI; the 
impact of a colostomy on quality of life in FI has not been for-
mally assessed.

Incontinence products
A Cochrane review concluded that disposable bodyworns with 
superabsorbent  materials  (i.e.,  diaper-type  garments  or  pads) 
performed better than nondisposable bodyworns in preventing 
skin condition problems, but  these  studies  focused mainly on 
urinary incontinence rather than FI [162].

Anal plugs are used for FI in Europe but are not commercially 
available in North America [163]. In one study, 64% of patients 
were continent for feces when they used the plug [163]. However, 
the plug occasionally was displaced in 43%, and 71% experienced 
discomfort to a varying degree. Plugs need to be removed before 
bowel movements and are probably not suitable for patients with 
frequent bowel movements. An inflatable plug with an infrared 
sensor that detects stool has also been described [164].

New approaches
Sacral nerve stimulation (SNS) and anal submucosal  injection 
of a “bulking agent” (dextranomer in stabilized hyaluronic acid 
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clinic  had  a  dermatosis,  particularly  psoriasis,  as  the  most 
common cause of pruritus ani [177]. A variety of local irritants, 
allergens,  and  chemicals  that  contact  the  perianal  skin  may 
cause  pruritus.  Perfumes  and  dyes  in  toilet  paper  and  soaps, 
personal  hygiene  products,  irritating  fabrics,  laundry  deter-
gents, and even topical anal creams or suppositories are exam-
ples. Even certain chemotherapeutic agents have been implicated 
[178]. Clinical experience and elimination diets have implicated 
certain  dietary  products  such  as  coffee,  cola,  beer,  tomatoes, 
chocolate,  tea,  and  citrus  fruits,  although  the  mechanism  is 
unknown  [179].  Food  products  such  as  lactose  that  cause 
diarrhea  may  lead  to  pruritus  ani  simply  because  of  frequent 
fecal contamination of the perianal region.

Idiopathic pruritus ani is usually caused by a combination of 
perianal  skin  fecal  contamination  and  trauma.  Ambulatory 
monitoring of the anorectum has shown exaggerated transient 
internal sphincter relaxations, which likely predispose to subtle 
fecal leakage in idiopathic pruritus ani [180]. Acute diarrhea in 
an otherwise healthy person may irritate the perineum because 
of frequent wiping. Tiny amounts of feces repeatedly contami-
nate  the  perianal  skin  leading  to  further  irritation.  An  itch–
scratch cycle develops, which perpetuates skin trauma. Patients 
with chronic pruritus ani often suffer from frequent loose stools 
or some degree of  fecal  incontinence or seepage. The perianal 
area is repeatedly traumatized from vigorous wiping or scratch-
ing, and adequate healing can never occur. Pruritus  is  further 
exacerbated by inadequate perianal hygiene or excessive mois-
ture caused by perspiration, airtight clothing, severe obesity, or 
a particularly deep-set anus.

Treatment
Most  causes  of  pruritus  ani  can  be  successfully  treated. 
Dermatological diseases and infectious causes should be treated 
in  the  usual  manner.  Anorectal  disorders  that  impede  good 
perianal  hygiene,  such  as  prolapsing  internal  hemorrhoids  or 
anal fissures, should be corrected. Fecal leakage or incontinence 
must be aggressively managed to avoid soiling of perianal skin. 
For  the same reason,  frequent  loose stools may be minimized 
with antidiarrheal agents if appropriate. Foods or beverages that 
produce diarrhea or pruritus in a particular  individual should 
be  discontinued.  Patch  testing  may  identify  agents  that  may 
cause  contact  dermatitis  [181].  Blanket  recommendations  to 
discontinue or curtail coffee, beer, citrus fruits, and other foods 
reported to cause pruritus ani lack firm support, but elimination 
diets may be appropriate in particular cases.

The  key  to  management  of  pruritus  ani  is  to  keep  the  anal 
area clean and dry while minimizing trauma caused by wiping 
and scratching [172]. The patient should be instructed to cleanse 
gently  the  anal  skin  with  a  premoistened  pad  or  tissue  after 
defecation.  Witch  hazel  preparations  or  soothing  lanolin-
containing lotions always remove more residual feces than does 
dry  wiping  alone.  The  area  should  then  be  dried  with  a  blow 
dryer or soft tissue using gentle dabbing without rubbing. Those 
with small amounts of fecal discharge are instructed to insert a 

Box 81.2 Causes of pruritus ani.

Gastroenterological and anorectal disorders
Diarrhea
Anal incontinence
Hemorrhoids
Fissures
Fistulae
Rectal prolapse

Infectious
Fungal: candidiasis, dermatophytes
Parasitic: pinworms, scabies
Venereal: herpes, gonococcus, syphilis, condylomata acuminata

Local irritants
Moisture: obesity, excessive perspiration
Soaps: hygiene products
Toilet paper: perfumed, dyed
Underwear: irritating fabrics, detergents
Anal creams, suppositories
Dietary: coffee, beer, acidic foods
Drugs: mineral oil, ascorbic acid, hydrocortisone sodium succinate, 

quinidine, colchicine
Dermatological diseases

Psoriasis
Atopic dermatitis
Contact dermatitis
Seborrheic dermatitis
Lichen planus, lichen simplex chronicus, lichen sclerosus et 

atrophicus
Malignancy: Bowen disease, epidermoid cancer, and perianal Paget 

disease
Systemic disease

Diabetes mellitus
Leukemia and lymphoma
Obstructive jaundice

Candida albicans  and  dermatophytic  infections  appear  as 
characteristic  localized  erythematous  rashes  but  may  also  be 
cultured from the perianal area even if skin lesions are absent. 
C. albicans  is more  likely  to be  identified by random cultures, 
but dermatophyte infections tend to be associated with pruritus 
ani  [175].  Pinworm  (Enterobius vermicularis)  causes  pruritus 
ani that is characteristically nocturnal. Children are most com-
monly affected, but adults, especially those exposed to children, 
may  occasionally  become  infected.  Diagnosis  is  best  made  by 
applying adhesive cellophane tape to the perianal skin early in 
the  morning  in  an  effort  to  detect  eggs.  Scabies  (Sarcoptes 
scabiei) and pubic lice (Phthirus pubis) can also cause pruritus 
ani. Itching in the genital region and identification of organisms 
or eggs on pubic hair lead to the proper diagnosis.

A controlled study failed to provide a bacteriological basis for 
this  condition  [176].  Sexually  transmitted  diseases  associated 
with  pruritus  ani  include  herpes  simplex,  gonorrhea,  syphilis, 
condyloma  acuminatum,  and  molluscum  contagiosum  [172]. 
Dermatological conditions, such as psoriasis, eczema, and seb-
orrheic  dermatitis,  must  also  be  considered.  One  series  of 
patients referred  to a combined colorectal and dermatological 
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Chronic  proctalgia  may  be  further  characterized  as  levator 
ani  syndrome  if  posterior  traction  of  the  puborectalis  muscle 
elicits tenderness, whereas if there is no tenderness, a diagnosis 
of  “possible”  levator  syndrome  or  unspecified  pain  is  consid-
ered. It has been estimated that 6%–7% of the general popula-
tion have symptoms consistent with levator ani syndrome, but 
only 29% of affected individuals consult a physician [183].

Pathophysiology
Levator  ani  syndrome  is  hypothesized  to  result  from  overly 
contracted  pelvic  floor  muscles.  One  study  suggests  that  ele-
vated anal canal pressures or EMG levels may constitute a useful 
quantitative  sign  for  the  diagnosis  [186].  Grimaud  and  col-
leagues found elevated anal resting pressures  in all 12 of  their 
patients with levator ani syndrome [186]. Moreover, anal canal 
pressures  normalized  in  association  with  pain  relief  after  bio-
feedback therapy. These observations need to be confirmed in 
a controlled study with a larger number of patients. The patho-
physiology  of  unspecified  functional  anorectal  pain  is  poorly 
understood.

Treatment of chronic proctalgia
The most frequently recommended treatments are biofeedback, 
electrogalvanic stimulation (EGS), and massage of the puborec-
talis muscles to relax these muscles. The results of these treat-
ments  are  inconsistent.  A  large  trial  randomized  157  patients 
with at least weekly rectal pain to nine sessions of biofeedback, 
EGS,  or  massage.  Each  treatment  arm  included  psychological 
counseling [187]. Prior to randomization, patients were strati-
fied based on whether  they  reported  tenderness with  traction 
on  the  pelvic  floor.  Among  patients  with  tenderness,  87% 
reported adequate relief  following biofeedback versus 45% for 
EGS, and 22% for massage. However, patients with no tender-
ness on digital  examination did not benefit  from any of  these 
modalities.  This  improvement  was  maintained  at  12-month 
follow-up. Muscle relaxants such as methocarbamol, diazepam, 
and cyclobenzaprine, digital massage of the levator ani muscles, 
and sitz baths have also been tried [63]. A double-blind placebo-
controlled  study  showed  no  efficacy  of  intrasphincteric  injec-
tion of botulinum toxin A in levator ani syndrome [188].

Except as noted above, these therapeutic trials were uncon-
trolled, and patient  selection criteria were variable.  If  circum-
stances  require  that  treatment be undertaken,  the only advice 
that can be offered is to do no harm, that is, to select a treatment, 
such  as  biofeedback,  which  has  no  significant  adverse  conse-
quences. Surgical procedures such as division of the puborecta-
lis  muscle  should  be  avoided  because  they  do  not  correct  the 
functional disorder and may lead to fecal incontinence [189].

Proctalgia fugax
Proctalgia  fugax  is  characterized  by  sudden,  episodic,  severe 
pain in the rectal area that lasts for several seconds or minutes 
before disappearing completely. The pain has been described as 
aching, gnawing, cramping, or stabbing. In contrast  to  levator 

thin cotton pledget just outside the anal canal, which should be 
changed frequently throughout the day. Excessive perspiration 
is corrected with application of baby powder and avoidance of 
tight,  nonporous  clothing.  Irritating  fabrics,  perfumed  toilet 
paper,  hygiene  products,  and  soaps  should  be  avoided.  A  1% 
hydrocortisone  cream  may  be  applied  sparingly  twice  daily 
during the acute phase of pruritus ani but should not be used 
for longer than 2 weeks to avoid skin atrophy. Applying a protec-
tive ointment (zinc oxide) over the antiinflammatory agent may 
facilitate healing. For severe nocturnal symptoms, a nighttime 
dose  of  a  systemic  antipruritic  such  as  diphenhydramine  is 
appropriate.  Capsaicin  cream  was  effective  in  70%  of  patients 
with  chronic  pruritus  ani  in  a  randomized,  double-blind, 
placebo-controlled  cross-over  study  [182].  Dermatophytes 
should always be considered pathogenic and treated appropri-
ately. In contrast, Candida species are infrequently pathogenic 
but  treatment  should  be  considered  in  patients  who  are 
immunosuppressed.

Proctalgia syndromes

Anorectal  pain  (proctalgia)  is  associated  with  a  variety  of 
organic conditions but also occurs in patients in whom organic 
conditions are not identified. The two common functional dis-
orders –  chronic proctalgia  and proctalgia  fugax – are distin-
guished by the duration and frequency of painful episodes and 
by  the  absence  of  physical  findings  in  asymptomatic  patients 
with  proctalgia  fugax  [183].  Chronic  proctalgia  must  also  be 
distinguished  from  other  disorders  of  chronic  anorectal  pain 
(i.e.,  coccygodynia,  rare  genetic  syndromes  of  familial  rectal 
pain, and other gynecological causes of chronic pain). In both 
entities,  reports  of  effective  therapy  are  largely  anecdotal,  and 
therapeutic modalities have not been examined rigorously with 
controlled trials.

Chronic proctalgia
The  diagnosis  of  chronic  proctalgia  is  made  by  the  clinical 
history, physical examination, and exclusion of other disorders 
that can produce chronic anorectal pain. The pain is described 
as a dull or pressure-like discomfort in the rectum that lasts for 
several hours or longer. Both prolonged sitting and defecation 
may precipitate the pain; in addition, symptoms of difficult def-
ecation or a sense of incomplete evacuation have been described 
[184,185]. A common clinical finding is palpable tenderness of 
overly  contracted  levator  ani  muscles  as  the  examining  finger 
moves from the coccyx posteriorly to the pubis anteriorly. The 
tenderness  is  often  asymmetric  and  is  most  commonly  found 
on  the  left  [184].  An  international  committee  has  proposed 
diagnostic criteria, consisting of chronic or recurrent episodes 
of rectal pain or aching lasting for 20 min or longer for at least 
3  months  in  the  absence  of  other  causes,  such  as  ischemia, 
inflammatory bowel disease, cryptitis, intersphincteric abscess, 
anal fissure, hemorrhoids, and coccygodynia [185].



Anorectal diseases CHAPTER 81      1649

be protected by having the patient sit in a position that lessens 
pressure on the coccyx or on a doughnut-shaped pillow [200]. 
Local injection of corticosteroids into the area may benefit those 
who do not  respond  to conservative  therapy. Manipulation of 
the coccyx under anesthesia  to stretch the  ligaments has been 
reported to be beneficial. Cryoanalgesia of the posterior rami of 
the lower sacral nerve roots and the coccygeal nerve has been 
advocated  for  patients  who  obtain  temporary  pain  relief  with 
local anesthetic injections [201]. Rarely, coccygectomy may be 
performed  for  severe  and  unresponsive  organic  coccygodynia 
[200].

Rectal foreign bodies and trauma

The insertion and incarceration of foreign objects into the anus 
and rectum is a well-described phenomenon and can no longer 
be considered rare [202,203]. These objects are inserted for pur-
poses of medical treatment, concealment, assault, or most com-
monly, eroticism. In an attempt to cope with an embarrassing 
situation, patients may claim the object was inserted to obtain 
relief from a particular discomfort or symptom. Frequently, the 
patient may complain of pain or bleeding without admitting to 
a foreign body insertion [204]. A directed interview and careful 
abdominal and rectal examination are necessary to identify the 
foreign  body  and  the  potential  risk  of  rectal  trauma. 
Anteroposterior and lateral radiographs should be obtained to 
determine the object’s outline and location and to detect pneu-
moperitoneum if present. Less commonly, a patient may unwit-
tingly swallow a toothpick or piece of bone that later impacts in 
the anal canal and may mimic an abscess or fissure.

Management  involves  the  safe  retrieval of  the object. Many 
can be removed transanally without resorting to surgery. Even 
if the object is easily palpable, removal under direct vision is the 
best way to avoid iatrogenic injury [205]. The location of foreign 
bodies  may  be  classified  as  “low”  if  in  the  rectal  ampulla  or 
“high”  if  at  or  proximal  to  the  rectosigmoid  junction  [205]. 
Many small, low-lying objects can be retrieved transanally using 
an operative anoscope. Removal of larger objects, such as vibra-
tors or rubber phalluses, may require regional anesthesia, anal 
dilation,  and  a  grasping  forceps.  Large,  bulky  objects,  such  as 
glass bottles and lightbulbs, require special care. After adequate 
anesthesia, several Foley catheters are inserted past the object. 
Air  insufflation  through  the  catheters  relieves  the  proximal 
vacuum  effect  that  may  occur  during  attempted  withdrawal. 
Gentle  manipulation  coupled  with  slow  traction  using  the 
inflated Foley balloons successfully extricates  the bulky object 
in  most  cases.  An  obstetrical  vacuum  extractor  has  also  been 
used to remove a glass foreign body. If a glass object is broken 
accidentally during attempted removal, laparotomy is required.

High-lying  foreign  bodies  are  best  managed  using  spinal 
anesthesia  and  the  lithotomy  position.  By  palpating  the 
abdomen, the object may be pushed distally and then simulta-
neously  grasped  with  forceps  through  the  sigmoidoscope  to 

ani syndrome, patients who are asymptomatic during examina-
tion exhibit no characteristic physical findings. As a result, the 
diagnosis  relies  entirely  on  the  clinical  description,  and  the 
exclusion of other diseases that can produce proctalgia. In one 
survey, about 14% of a healthy population reported at least one 
episode of proctalgia fugax, and 5% reported having at least six 
episodes  yearly.  Less  than  20%  of  affected  individuals  had 
sought medical attention [190].

Pathophysiology
The pathophysiology of the pain in proctalgia fugax is unknown. 
Early  reports  of  anal  sphincter  spasm  or  contractions  of  the 
puborectalis  and  external  anal  sphincter  muscles  [191]  have 
never  been  substantiated.  An  autosomal  dominant  inherited 
myopathy of the IAS associated with both proctalgia fugax and 
constipation  in  members  of  two  affected  families  has  been 
described [192,193] but cannot be assumed to be the cause of 
most cases of proctalgia fugax. The potential role of psychologi-
cal factors in proctalgia fugax is uncertain.

Treatment of proctalgia fugax
Treatment consists of an explanation of the disorder and reas-
surance, as episodes of pain in most patients are brief and infre-
quent.  There  have  been  scattered  reports  of  benefits  with 
clonidine [194], inhaled salbutamol [195], nitrates and diltiazem 
[196], and caudal epidural blocks [197].

The psychological findings in patients who consult for proc-
talgia  include  anxiety,  depression,  and  a  tendency  towards 
hypochondriasis.  When  these  symptoms  are  present,  antide-
pressant or anxiolytic medications or behavioral therapies may 
be indicated. However, there are no studies on the outcome of 
such treatments for proctalgia fugax.

Coccygodynia

Coccygodynia refers to rectal pain that arises from the coccyx 
[198].  It  is  often  described  as  an  aching  or  gnawing  that  is 
sometimes  sharp  and  may  radiate  into  the  buttocks. 
Coccygodynia may be caused by known causes (i.e., dislocation, 
fracture, arthritis, presumed injury during vaginal delivery), or 
it  may  be  functional  [183].  Pain  may  also  be  referred  to  the 
coccyx  from  the  lumbosacral  spine,  sacrum,  anus,  rectum, 
pelvis,  and  genitourinary  tract.  The  key  to  diagnosis  is  the 
reproduction of pain when the coccyx is manipulated; this dis-
tinguishes  coccygodynia  from  other  chronic  proctalgia  disor-
ders.  Lateral  radiographs  have  shown  two  distinct  findings  in 
many patients with coccygodynia [199]. In the “luxation” group, 
posterior  luxation  occurs  during  sitting  and  disappears  while 
the patient is standing. In the “hypermobility” group, the coccyx 
flexes abnormally while the patient is sitting.

Treatment
The  initial  treatment  of  coccygodynia  is  conservative  and 
includes moist heat and analgesics. The painful coccyx should 
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Palefsky  et  al.  characterized  the  natural  history  of  AIN  in  
346 HIV-positive and 262 HIV-negative men who had sex with 
men [216]. Among HIV-positive men who were normal at base-
line,  52%  progressed  to  anal  squamous  intraepithelial  lesions 
(ASIL) within 2 years compared with 17% of HIV-negative men. 
An even higher proportion of HIV-positive and HIV-negative 
men  (70%  and  31%,  respectively)  progressed  to  ASIL  when 
diagnosed  with  atypical  squamous  cells  of  uncertain  signifi-
cance at baseline. A high proportion of those with LSIL at base-
line  progressed  to  HSIL  (62%  and  36%,  respectively.)  Other 
studies have shown that AIN grade 2 or 3 rarely regresses, even 
in HIV-negative individuals [217], and can progress to invasive 
cancer. In two studies, approximately 5% of AIN grade 3 lesions 
became malignant over two decades [217–219]. Anal cytology 
screening  may  be  cost-effective  in  homosexual  and  bisexual 
men [220].

Clinical features, diagnosis, and management
Patients may present with symptoms of perianal irritation. The 
perianal  skin  appears  abnormal  but  the  diagnosis  of  AIN 
requires  a  high  index  of  suspicion  [221].  AIN  lesions  do  not 
have  a  specific  appearance;  suspicious  areas  are  raised,  scaly, 
white,  erythematous,  pigmented,  or  fissured.  Anal  cytology 
requires highly trained cytopathologists and is not a % sensitive 
screening  test.  In  experienced  hands,  anoscopy  is  useful  for 
detecting  AIN.  However,  histopathology  is  necessary  to  diag-
nose and stage AIN. The optimal management of AIN is unclear 
because the natural history and malignant potential of AIN are 
uncertain and few studies have compared therapeutic options. 
Patients with AIN grades 1 or 2, should be monitored, perhaps 
every  12  months  for  HIV-negative  patients  and  every  4–6 
months  for HIV-positive patients  [221]. All  suspicious  lesions 
should  be  biopsied  or  excised.  Grade  3  lesions  are  preferably 
excised.  The  extent  of  excision  depends  on  the  extent  of  anal 
disease.  Unfortunately,  HIV-positive  patients  frequently  have 
persistent  or  recurrent  high-grade  AIN  after  treatment  of  the 
initial  lesion.  Topical  immunomodulatory  therapies  (imiqui-
mod  cream,  cidofovir  gel)  appear  promising  but  more  long-
term data are necessary  [221]. Recurrence rates are high after 
ablative therapy. In contrast to anal cancer, there is no evidence 
for chemoradiotherapy in AIN without invasion.

Anal carcinoma

Anal  carcinomas  comprise  1%–2%  of  all  colonic  cancers. 
Squamous  cell  carcinoma  accounts  for  85%  of  all  cases. 
Adenocarcinoma  comprises  10%  and  other  tumors  (i.e., 
basaloid,  also  known  as  transitional  cell  or  cloacogenic), 
mucoepidermoid, and small cell anaplastic type account for the 
remainder [222]. The mean age at presentation of patients with 
anal cancer is approximately 60 years [223]. Perianal and rectal 
carcinomas are more common  in men, but anal canal  tumors 
are nearly twice as common in women [223].

coax it into the rectal vault, from which it may be removed. If 
the object cannot be delivered to within reach of the rigid sig-
moidoscope manually or after 12 hours of observation, laparo-
scopic assistance can be used to push the object distally to assist 
with  removal  [206].  In  a  large  review,  76%  of  patients  with 
objects  in  the  rectum  had  a  successful  bedside  extraction, 
whereas  55%  of  patients  with  foreign  objects  in  the  sigmoid 
colon required laparotomy [205]. Proctosigmoidoscopy should 
be performed after all foreign body retrievals to rule out retained 
objects, lacerations, hematomas, and perforations. If peritonitis 
develops, urgent laparotomy is required.

Other  causes  of  rectal  trauma  include  penetrating  injuries 
(usually  gunshot  wounds),  blunt  trauma  (motor  vehicle  acci-
dents),  impalement  injuries  (criminal  assaults),  homosexual 
activities (fist  fornication), and iatrogenic  injuries (endoscopy, 
enemas,  surgical  procedures)  [207].  Surgical  management  of 
major rectal trauma usually includes a diverting colostomy, pre-
sacral  drain  placement,  distal  rectal  irrigation,  and  maximum 
preservation of sphincter musculature [208].

Anal intraepithelial neoplasia

Anal intraepithelial neoplasia (AIN) is believed to be a precursor 
of anal squamous cell cancer. Its incidence is rising in high-risk 
groups, particularly those infected with the human immunode-
ficiency  virus  (HIV).  This  condition  is  subclassified  into  low-
grade anal squamous intraepithelial lesion (LSIL), equivalent to 
AIN  grade  1,  and  high-grade  anal  squamous  intraepithelial 
lesion (HSIL), equivalent to AIN grades 2 and 3. The term Bowen 
disease of the anus is sometimes used to denote AIN grade 3, 
which reflects full-thickness involvement of the epithelium and 
represents high-grade dysplasia or carcinoma in situ.

Etiology
These tumors are strongly associated with receptive anal inter-
course  in homosexual men and with sexually transmitted dis-
eases,  especially  genital  warts,  in  both  genders  [209].  Anal 
cancer shares several similarities with cervical cancer. First, the 
incidence  of  anal  cancer  in  men  who  practice  anoreceptive 
intercourse is 35 per 100 000, which is higher than the incidence 
of cervical cancer of 8 per 100 000 [209,210]. Second, persistent 
human  papillomavirus  infection  (HPV),  particularly  type  16, 
plays a causal role in both cancers [211,212]. While anal HPV 
infection  is  relatively  common  even  in  HIV-negative  women 
with high-risk behavior, most infections are cleared, which may 
partly  explain  why  the  incidence  of  anal  cancer  is  lower  than 
cervical  cancer  [213].  Third,  both  originate  from  a  precursor 
lesion (i.e., squamous intraepithelial lesions). Four, a quadriva-
lent HPV vaccine  reduced  the  incidence of AIN,  including of 
grade 2 or 3,  in men who have sex with men [214]. Smoking, 
HIV infection, multiple sexual partners, cervical neoplasia, and 
immunosuppression  after  organ  transplantation  are  other 
important risk factors [215].
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noncancer-related  deaths.  In  large  studies,  5-year  disease-free 
survival rates after combined therapy range from 60% to 86%. 
The addition of MMC to radiotherapy and 5-FU improves local 
control, colostomy-free rate, tumor progression, and cancer-free 
survival.  The  incidence  of  acute  hematologicalm  toxicity  is 
greater  with  combined  chemoradiotherapy  using  5-FU  and 
MMC than with radiotherapy plus 5-FU. Anal cancers regress 
slowly after chemoradiotherapy. Six months after therapy, a large 
part of the residual mass contains nonmalignant tissue. Frequent, 
multiple biopsies should be performed to identify residual malig-
nant tissue, which is eminently curable with radical surgery, most 
frequently an abdominoperineal resection.

Nonepidermoid anal malignancies

Adenocarcinomas may arise in the distal rectum and invade the 
anal canal. Rarely, adenocarcinomas may arise in the anal canal, 
either from the anal glands or from malignant transformation 
of  a  long-standing  fistula-in-ano,  such  as  in  Crohn’s  disease 
[223]. Despite radical abdominoperineal resection, recurrences 
are typical.

Paget disease is an extremely rare lesion of the perianal skin. 
Older patients (mean age 60s) commonly complain of pruritus, 
occasionally with bleeding, a lump, soiling, or a change in bowel 
habits. Examination reveals an erythematous, well-demarcated 
eczematoid plaque with well-demarcated edges, and occasion-
ally  with  ulceration.  The  characteristic  Paget  cells  are  large, 
rounded epithelial cells of apocrine origin with pale cytoplasm 
and  a  large  nucleus.  The  presence  or  absence  of  apocrine 
markers on staining is used to differentiate between low-grade 
and high-grade malignant lesions respectively. The workup for 
an  associated  malignancy  includes  at  least  a  colonoscopy. 
Treatment is by surgical excision guided by the extent of disease; 
the role of chemoradiation therapy is unclear [233].

Melanomas account for 1% of all anal tumors and most com-
monly present with rectal bleeding. The lesion often mimics a 
thrombosed  external  hemorrhoid.  However,  up  to  25%  are 
amelanotic. These tumors tend to metastasize early with 5-year 
survival rates of only 15%–20% [234]. Radical resection offers 
no clear advantage over wide local excision [235,236].

Basal cell carcinoma of the perianal skin is a rare lesion that 
produces rolled skin edges with central ulceration. The progno-
sis is good after adequate local excision or radiotherapy [237].

Miscellaneous conditions

Pilonidal disease
This is a common skin lesion of the gluteal cleft seen most fre-
quently  in  young  men,  who  complain  of  recurrent  drainage, 
swelling, or pain [238]. Although once thought to be congenital, 
it  is an acquired disorder in which vacuum and pulling forces 
in  the  natal  cleft  are  thought  to  draw  hair  into  the  follicles, 

Clinical manifestations
Bleeding, pain, pruritus,  and discharge are  the most  common 
symptoms of anal cancer. These relatively nonspecific symptoms 
are often attributed to common benign anorectal disorders, as 
previously  discussed.  Consequently,  the  tumor  is  often  diag-
nosed  when  patients  develop  additional  symptoms  such  as 
incontinence,  change  in  bowel  habits,  pelvic  pain,  or  a  rec-
tovaginal  or  rectovesical  fistula,  which  suggest  an  advanced 
malignancy. The tumor may be discovered incidentally in speci-
mens obtained for benign anorectal disease [224,225]. However, 
benign anal lesions do not appear to cause anal cancer [226]. At 
presentation, 15%–30% of patients have metastases to pelvic or 
inguinal lymph nodes, and 10% have distant spread to the liver 
or  lungs  [222].  Rarely,  a  palpable  metastatic  inguinal  lymph 
node is the sole presenting manifestation. High-grade dysplasia 
identified by screening cytology must be confirmed by biopsy 
and may be present before visible lesions exist [227].

The  physical  examination  and  clinical  investigations  are 
directed  toward  establishing  the  diagnosis  and  staging.  For 
small lesions, it is important to ascertain the site of origin (i.e., 
the anal canal or anal margin). For large lesions that overlap the 
canal and the margin, this distinction may not be possible and 
is probably less important because therapy is guided by sensitiv-
ity to radiotherapy and chemotherapy as determined by histo-
logical  type.  The  assessment,  if  necessary  under  general 
anesthesia, includes digital examination to evaluate the size and 
mobility  of  the  mass,  invasion  of  surrounding  structures,  and 
the presence of pararectal or inguinal lymph nodes; biopsies are 
also obtained. A colonoscopy is recommended to exclude color-
ectal carcinoma. Paraaortic lymph nodes can be identified by a 
CT scan of  the abdomen and pelvis whereas pararectal nodes 
can  be  biopsied  by  endoanal  ultrasound.  Lesions  originating 
from the anal canal tend to be undifferentiated and more aggres-
sive, in contrast to those arising from the anal margin [228]. A 
poor prognosis  is portended by squamous cell  tumors greater 
than 2 cm in size (especially those >5 cm), basaloid or anaplas-
tic carcinomas, sphincter muscle invasion, or spread to regional 
pelvic or inguinal lymph nodes [222].

Treatment
Local  excision  is  the  primary  modality  for  well-differentiated 
carcinoma less than 2 cm in diameter (T1 NO) at the anal margin 
[229]. For other lesions, chemoradiotherapy has replaced surgery 
as the primary therapeutic modality [230–232]. Anal squamous 
cell carcinoma (SCC) is more radiosensitive than SCC arising in 
other  locations.  Chemotherapy  enhances  the  effect  of  radio-
therapy, improves tumor control, and minimizes severe compli-
cations.  Even  large,  locally  advanced  tumors  are  amenable  to 
initial  chemoradiotherapy.  Prospective  randomized  or  multi-
center  trials  demonstrate  that  compared  with  radiotherapy 
alone,  chemoradiotherapy  with  5-fluorouracil  (5-FU)  and 
mitomycin-C (MMC) provides superior local control, colostomy-
free  rate,  progression-free  survival,  and  cancer-free  survival 
without  significantly  increasing  late  complications  and 
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has  been  associated  with  mutations  in  genes  whose  products 
comprise  gamma  secretase  (e.g.,  NCSTN  and  PSEN1).  This 
complex  is  essential  for cleavage of Notch, and normal Notch 
signaling  is  necessary  for  normal  maturation  and  division  of 
hair follicle cells.

Warm wet compresses, systemic antibiotics, and topical anti-
septics  are  appropriate  for  early  disease.  Surgical  treatment  is 
the  most  effective  treatment  modality  for  those  who  do  not 
respond  to  conservative  therapy  [245].  Infliximab,  a  chimeric 
monoclonal antitumor necrosis factor (TNF) antibody, has been 
reported  to  be  effective  in  several  patients  [246].  Other  treat-
ments reported to have had some success are combined antian-
drogen  and  antiestrogen  therapy  and  the  5-alpha  reductase 
inhibitor, finasteride [245].

References are available at www.yamadagastro.com/textbook
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which  in  turn  become  blocked  by  the  hair  and  keratin. 
Subsequently, a  foreign body reaction, abscess, and rupture of 
follicles  begin  the  process  by  which  pilonidal  sinus  disease 
forms [239].

The  first  line  of  treatment  is  incision  and  drainage  of  any 
abscesses followed by routine wound care until healing is com-
plete.  This  is  followed  by  regular  and  meticulous  shaving  and 
hair  removal  from  the  midline  area  of  involvement  until  the 
wound has closed [240]. Conservative treatment alone is effec-
tive if patients present with pain and occasional drainage but no 
infections or abscess. The use of antibiotics and drains has not 
been shown to be helpful. If conservative measures fail, multiple 
surgical  options  have  been  reported,  none  of  which  has  been 
demonstrated  to  be  completely  definitive  [241].  One  study 
reported that rhomboid excision and Limberg flap closure was 
superior  to  simple  excision  and  primary  closure  [242].  Other 
treatments include the addition of a gentamycin collagen fleece 
to aid healing after primary closure [243] and fibrin tissue glue 
injection after curettage [244].

Hidradenitis suppurativa
This is a chronic suppurative condition of the follicular epithe-
lium most often involving the axillary and inguinoperineal skin 
regions. Hormonal influences may be significant as the disease 
is  not  seen  before  adolescence  and  rarely  begins  after  middle 
age [245]. Genitofemoral and perineal involvement are seen in 
nearly one-third of those with the disease, especially in women. 
Recognized  risk  factors  are  female  gender,  obesity,  and  acne, 
although perspiration and mechanical  trauma to  the skin and 
hair  of  the  anogenital  region  may  also  predispose  to  perianal 
hidradenitis  [245].  In  some  patients,  hidradenitis  suppurativa 
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History and definition

The early death of Alexander the Great 2400 years ago (356–323 
bc) has been ascribed to acute necrotizing pancreatitis. At that 
time, the disease of acute pancreatitis – much less the gland 
itself – was not known. The first clinical description of acute 
pancreatitis has been attributed to the Dutch anatomist Nicolaes 
Tulp, who reported in 1652 on a young man who died of an 
illness that was characterized by persistent fever and pastiness. 
On autopsy, the pancreas in this patient was “swollen with dirty 
pus and filled with an excess of viscous mucus”, and he com-
pared the pancreas to “Pandora’s box” [1,2].

The first systematic analysis of acute pancreatitis was pre-
sented in 1889 by Reginald Huber Fitz, who reviewed the clini-
cal symptoms in 53 cases of pathologically documented acute 
pancreatitis. He detailed the various hemorrhagic, suppurative, 
and gangrenous changes in acute pancreatitis and their patho-
logical differentiation. He not only described pancreatic abscess, 
splenic vein thrombosis, and pseudocyst of the pancreas as 
associated complications of acute pancreatitis, but also pro-
posed a relationship between pancreatic hemorrhage and pan-
creatitis, as well as disseminated fat necrosis and acute 
pancreatitis. His observations were quite accurate and helped 
define the pathological classification of this disease [3].

Pathological definitions
Acute pancreatitis defines an inflammatory process of the pan-
creas [4,5]. Inflammation can remain localized to the gland, or 
can involve other regional tissues or distant organ systems. Most 
patients with acute pancreatitis experience abdominal pain, 
usually in the epigastrium, with radiation to the back in approx-
imately half of cases. The onset may be swift, with pain reaching 
maximum intensity within 30 min, frequently unbearable, and 
characteristically persists without relief for more than 24 h. The 
pain is often associated with nausea, vomiting, fever, tachycar-
dia, leukocytosis, and elevated pancreatic enzyme levels in the 
blood and/or urine. Physical examination usually reveals mod-
erate to severe upper abdominal tenderness often associated 
with guarding. These clinical findings parallel pathological 
changes with microscopic interstitial edema and fat necrosis of 
the pancreas. These alterations can extend to large areas of pan-
creatic and peripancreatic necrosis and hemorrhage [4].

Acute pancreatitis is divided into two pathological types: 
interstitial edematous pancreatitis and necrotizing pancreatitis. 
In interstitial edematous pancreatitis the gland is diffusely 
enlarged due to inflammatory edema. On macroscopic analysis 
scattered foci of fat necrosis are found. The latter consist of 
chalk-like white-yellowish material containing calcium soaps, 
which precipitate when calcium binds to glycerol that has been 
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the upper limit of normal; and (3) characteristic findings of 
acute pancreatitis on transabdominal ultrasound, contrast-
enhanced computed tomography (CT) scan or magnetic reso-
nance imaging (MRI). This definition allows for the possibility 
that an amylase and/or lipase might be less than three times the 
upper limit of normal in acute pancreatitis [7]. In a patient with 
abdominal pain characteristic of acute pancreatitis and serum 
enzyme levels that are lower than three times the upper limit of 
normal, a CT scan must be performed to confirm a diagnosis 
of acute pancreatitis. In addition, this definition allows for the 
possibility that the presence of abdominal pain cannot be 
assessed in some patients with severely altered mental status due 
to acute or chronic illness [7–9].

Several reasons strongly argue for importance of clear defini-
tion and stratification of the severity of acute pancreatitis.
1.	 The rate of mortality in severe acute pancreatitis is about 

20%–50% versus none in the mild acute pancreatitis group.
2.	 Patients with potentially severe acute pancreatitis require 

intensive monitoring and therapy.
3.	 Clear definition and stratification by severity of acute pan-

creatitis facilitates early transfer of patients from secondary 
care setting to a specialized tertiary centers.

4.	 Early identification of severe acute pancreatitis allows for 
timely intervention with targeted therapy.

Three degrees of severity were defined in the 2013 revision of 
the so-called Atlanta Criteria: mild acute pancreatitis, moder-
ately severe acute pancreatitis, and severe acute pancreatitis. 
This classification includes criteria of transient organ failure, 
persistent organ failure, and local or systemic complications [9].

Mild acute pancreatitis is characterized by the absence of organ 
failure and the absence of local or systemic complications. 
Patients with mild acute pancreatitis respond to appropriate 
fluid administration with prompt normalization of physical 
signs and laboratory values. These patients can usually be dis-
charged during the early phase.

freed up by lipase-mediated cleavage of fatty acids. Hemorrhage 
and necrosis are absent, and changes resolve partially or com-
pletely over the course of 1 week. Microscopically, collections 
of fibrin and neutrophils are present in the swollen interlobular 
septa. Some ducts are often dilated. Fat necrosis is characterized 
by ghost-like outlines of necrotic adipocytes, which contain 
opaque material consisting of birefringent saponification 
crystals.

The key gross features of necrotizing pancreatitis are necrosis 
and hemorrhage (Figure 82.1) [6]. The lesion is often patchy in 
distribution, with confluent areas of varying extent and foci of 
relatively spared pancreatic tissue flanking zones of necrosis and 
hemorrhage. This inflammatory process involves both peripan-
creatic tissue and peripheral pancreatic parenchyma, while a 
core of viable pancreas tissue remains in the center of the gland. 
Likewise, fat necrosis is not only present in and around the 
pancreas, but also develops at distant sites. Necrosis is usually 
associated with hemorrhage, and may extend into the surround-
ing tissues, for example the mesentery and pararenal space, and 
from there to the subcutaneous tissues leading to discoloration 
of the flank (Grey Turner’s sign) or periumbilical area (Cullen’s 
sign). This destructive inflammation produces a large collection 
of peripancreatic fluid, which is mostly flocculent in appearance 
and fetid in odor. Because many of the constituent cells (acinar, 
ductal, and islet cells) and tissues (stroma, fat) of the pancreas 
are affected, severe inflammation leads to significant organ loss 
with a reduction in both exocrine and endocrine function. Neu-
trophils dominate the inflammatory cell infiltrate and increase 
over time. Blood vessels can be involved in the necrotic process 
or can develop thrombosis within severely affected areas of the 
pancreas.

Clinical definitions
The diagnosis of acute pancreatitis requires two of the following 
three features: (1) abdominal pain characteristic of acute pan-
creatitis; (2) serum amylase and/or lipase three or more times 

Figure 82.1 (a) Macroscopic and (b) microscopic appearance of acute pancreatitis. Note the fat necrosis within the pancreas (arrow). Strong infiltration 
and accumulation of immune cells are detectable around pancreatic lobules in acute pancreatitis (*).

* 

(a) (b)
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Moderately severe acute pancreatitis presents with transient 
organ failure or local or systemic complications in the absence 
of persistent organ failure. Peripancreatic fluid collection defines 
a local complication, resulting in prolonged abdominal pain, 
leukocytosis and fever, and potentially preventing the imple-
mentation of enteral nutrition. This form of acute pancreatitis 
may resolve without intervention or it may require prolonged 
specialist care. Mortality of moderately severe acute pancreatitis 
is far less than that of severe acute pancreatitis.

Severe acute pancreatitis is defined by persistent organ failure 
and/or local complications, such as necrosis, abscess, or pseu-
docyst. In addition to the typical abdominal findings of increased 
tenderness, rebound, distention, and reduced or absent bowel 
movement, additional signs such as flank ecchymosis (Grey 
Turner’s sign) or periumbilical ecchymosis (Cullen’s sign) may 
be seen in patients with severe acute pancreatitis. These patients 
may experience excessive systemic stimulation of the immune 
system, known as systemic inflammatory response syndrome 
(SIRS), which contributes to severe organ dysfunction. When 
SIRS is prolonged, the transition into persistent organ failure is 
very likely, requiring aggressive resuscitation.

Progression to persistent organ failure may involve more than 
one organ system, and is usually associated with one or more 
local complications. The development of persistent organ failure 
within the first few days of the disease correlates with increased 
mortality (36%–50%). Infection of necrotic tissue in patients 
with persistent organ failure further worsens the overall prog-
nosis and is associated with an extremely high mortality.

To evaluate patients for the presence or absence of organ 
failure, an assessment of the respiratory, cardiovascular, and 
renal systems is required using one of several standard scoring 
systems. Transient organ failure is defined as organ failure that 
is present for <48 h. Persistent organ failure is defined as organ 
failure that persists for >48 h. If organ failure affects more than 
one organ system, it is termed multiple organ failure.

Mortality in acute pancreatitis has two incidence peaks, with 
one occurring within the first week (early phase), followed by a 
second peak which lasts for weeks to months (late phase). Atten-
tion to the distinct complications that characterize each of these 
two phases is important, as they require different approaches 
with respect to diagnosis and therapy.

During the early phase the immune system is excessively 
activated (SIRS) as a result of the host response to local pancre-
atic damage. The mobilization of proinflammatory cytokines 
into the circulatory system likely contributes to the develop-
ment of organ failure. The risk of developing organ failure 
increases as long as SIRS has not resolved, and such organ 
failure can be persistent [10].

The main determinant of the disease course in the late phase 
of acute pancreatitis is the persistence of organ failure without 
resolution of SIRS. The late phase occurs only in patients with 
moderately severe or severe acute pancreatitis, and typically 
these patients also develop local complications. During this late 

phase, excessive stimulation of the immune system may induce 
a compensatory, antiinflammatory response syndrome [11], 
which can facilitate superinfection of necrosis as well as a gener-
ally increased susceptibility to infections [12].

In the revised Atlanta classification, morphological altera-
tions in and around the pancreas were defined by contrast-
enhanced CT. Because acute fluid collections occur early in the 
course of acute pancreatitis, are located in or around the pan-
creas, and always lack a wall of granulation or gibrous tissue, 
the revised Atlanta classification made an important differentia-
tion between collections comprising fluid alone versus those 
that contain solid necrotic components [9] (Table 82.1):

Acute peripancreatic fluid collection (APFC) defines fluid col-
lections that usually develop in the early phase of pancreatitis. 
This kind of fluid collection lacks a defined wall, appears 
homogenous on imaging studies, is surrounded by normal 
fascial planes in the retroperitoneum, and may occur at multiple 
sites. Such APFCs are normally sterile and in most cases resolve 
spontaneously. If such a fluid collection persists beyond 4 weeks, 
the development of a pancreatic pseudocyst is very likely.

Acute necrotic collection (ANC) contains fluid and necrotic 
tissue, occurs during the first 4 weeks, and arise from necrotiz-
ing pancreatitis. While it may be difficult to differentiate an 
APFC from an ANC within the first week of the disease, the 
distinction between these two types of collections becomes clear 
over time, with evidence of peripancreatic collection associated 
with pancreatic parenchymal necrosis.

Necrotic collections with an enhanced wall of reactive tissue 
are defined as walled-off necrosis (WON). With a latency usually 
≥4 weeks after the onset of necrotizing pancreatitis, this encap-
sulated collection consists of pancreatic and/or necrotic peri-
pancreatic tissues. WONs may be infected, may be multiple, and 
may develop at sites distant from the pancreas.

The presence of gas within the collection of an ANC or WON 
seen on CT imaging should lead to a suspicion of infected necro-
sis. Such a superinfection of necrosis is often associated with 
clinical deterioration.

Epidemiology (risk factors)

In most patients (75%–85%) with acute pancreatitis, the etiol-
ogy of their disease can be determined (Table 82.2). In indus-
trialized countries, gallstones and alcohol abuse are the most 
frequent reasons for acute pancreatitis [13–15].

Biliary pancreatitis
Gallstone disease is one of the most common biliary tract dis-
orders worldwide. The prevalence among patients with acute 
pancreatitis ranges from 3.1%–10.7% in Asia to 5.9%–21.9% in 
Western countries. In most cases gallstones are previously clini-
cally silent [16]. However, migration of gallstones into the 
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Table 82.1 Morphological alterations in acute pancreatitis determined on contrast-enhanced computer tomography (CECT).

Definition Morphology CECT criteria

Interstitial edematous 
pancreatitis

Acute inflammation of the pancreatic 
parenchyma and peripancreatic tissues, but 
without recognizable tissue necrosis

Pancreatic parenchyma enhancement by intravenous contrast agent
No findings of peripancreatic necrosis

Necrotizing pancreatitis Inflammation associated with pancreatic 
parenchymal necrosis and/or peripancreatic 
necrosis

Lack of pancreatic parenchymal enhancement by intravenous 
contrast agent and/or
Presence of findings of peripancreatic necrosis (see ANC and WON 
below)

APFC (acute peripancreatic 
fluid collection)

Peripancreatic fluid associated with 
interstitial edematous pancreatitis with no 
associated peripancreatic necrosis. This 
term applies only to areas of peripancreatic 
fluid seen within the first 4 weeks after 
onset of interstitial edematous pancreatitis 
and without the features of a pseudocyst

Occurs in the setting of interstitial edematous pancreatitis
Homogeneous collection with fluid density
Confined by normal peripancreatic fascial planes
No definable wall encapsulating the collection
Adjacent to pancreas (no intrapancreatic extension)

Pancreatic pseudocyst An encapsulated collection of fluid with a 
well defined inflammatory wall usually 
outside the pancreas with minimal or no 
necrosis. This entity usually occurs more 
than 4 weeks after onset of interstitial 
edematous pancreatitis to mature

Well circumscribed, usually round or oval
Homogeneous fluid density
No nonliquid component
Well defined wall; that is, completely encapsulated
Maturation usually requires >4 weeks after onset of acute 
pancreatitis; occurs after interstitial edematous pancreatitis

ANC (acute necrotic 
collection)

A collection containing variable amounts 
of both fluid and necrosis associated with 
necrotizing pancreatitis; the necrosis can 
involve the pancreatic parenchyma and/or 
the peripancreatic tissues

Occurs only in the setting of acute necrotizing pancreatitis
Heterogeneous and nonliquid density of varying degrees in different 
locations (some appear homogeneous early in their course)
No definable wall encapsulating the collection
Location – intrapancreatic and/or extrapancreatic

WON (walled-off necrosis) A mature, encapsulated collection of 
pancreatic and/or peripancreatic necrosis 
that has developed a well defined 
inflammatory wall. WON usually occurs >4 
weeks after onset of necrotizing 
pancreatitis.

Heterogeneous with liquid and nonliquid density with varying 
degrees of loculations (some may appear homogeneous)
Well defined wall, that is, completely encapsulated
Location: intrapancreatic and/or extrapancreatic
Maturation usually requires 4 weeks after onset of acute necrotizing 
pancreatitis

the upper limit) on admission should strongly suggest a diag-
nosis of biliary pancreatitis. Nevertheless, approximately 
15%–20% of patients with biliary acute pancreatitis have normal 
serum concentrations of hepatic enzymes. Most likely, biliary 
pancreatitis is precipitated by the transient or persistent obstruc-
tion of the papilla by a stone. In most cases, obstruction is 
transient with stone passage usually occurring on the day of 
attack, but persistence of stones in the bile duct or ampulla can 
occur, leading to prolongation of pancreatitis and exacerbation 
of pancreatic injury [17].

Crystals or aggregates of crystals in bile, referred to as micro-
lithiasis, may also cause recurrent episodes of acute pancreatitis 
[18]. In patients with intact gallbladders, it has been estimated 
that up to 60%–80% of acute idiopathic pancreatitis are due to 
microlithiasis. Some centers have found a much lower incidence 
of 6%–8% of “missed gallbladder disease” in patients with unex-
plained acute pancreatitis, which may be due to technical limita-
tions of crystal analysis. The requirement for duodenal aspiration 
of bile or direct common bile duct aspiration at endoscopic 
retrograde cholangiography (ERCP) after cholecystokinin 
(CCK) stimulation has limited the utility of this approach for 

common bile duct can trigger acute pancreatitis through several 
mechanisms. Impaction of gallstones at the ampulla can increase 
the pressure in the main pancreatic duct, leading to uncon-
trolled activation of digestive enzymes; alternatively, common 
bile duct stones can facilitate the reflux of bile into the pancre-
atic duct, thereby triggering enzyme activation and autodiges-
tion of the pancreas. Gallstones that migrate into the bile duct 
and trigger acute pancreatitis tend to have a diameter of less 
than 5 mm, while gallstones that have a diameter of >8 mm 
more often remain in the gallbladder. Biliary pancreatitis should 
be suspected in patients with previous history of biliary colic. 
The peak incidence is between 50 and 60 years and more women 
than men are affected, given that gallstones are far more 
common in women, although pancreatitis occurs more fre-
quently in men with gallstones. In the majority of patients with 
biliary pancreatitis, stones are found in the gallbladder but not 
in the common bile duct. The presence of an impacted stone in 
the distal common bile duct is reported in only 3%–5% of 
patients with acute pancreatitis. In patients with acute pancrea-
titis, the presence of increased serum liver function tests (alanine 
aminotransferases [ALT] concentration more than three times 
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inducing acute pancreatitis is equal for all alcoholic beverages 
(wine, beer, or spirits) [13,15,20].

Acute pancreatitis may also result from other less common 
causes. Poisoning by a sting of Tityus trinitatis, the most 
common scorpion found in Trinidad, results in asymptomatic 
hyperamylasemia or acute pancreatitis with abdominal pain. Its 
venom acts directly on the pancreas, stimulating exocrine pan-
creatic enzyme secretion and contraction of the sphincter of 
Oddi. In most cases recovery is uneventful [21]. Acute pancrea-
titis may also follow the oral ingestion of several organophos-
phates, including parathion, malathion, difonate, coumaphos, 
and diazinon, and after cutaneous exposure to dimethoate. In 
most of the cases acute pancreatitis is mostly asymptomatic and 
diagnosed either by hyperamylasemia/hyperlipasemia or CT 
scan [22,23].

Pancreas divisum
The most common congenital pancreatic ductal anatomic 
variant is termed pancreas divisum. This abnormality results 
from incomplete fusion of the dorsal and ventral system during 
the sixth to eighth weeks of gestation. Pancreas divisum occurs 
in approximately 4%–14% of the population in most autopsy 
series, 3%–8% at ERCP, and 9% at magnetic resonance cholan-
giopancreatography (MRCP). While these latter series represent 
a selective group of patients referred for gastrointestinal symp-
toms, epidemiological analyses suggest an incidence of 4%–8 % 
of pancreas divisum in the general population [24]. The main 
features of this variant include the dorsal pancreatic duct in 
direct continuity with the duct of Santorini, which drains into 
the minor ampulla, and a ventral duct that does not communi-
cate with the dorsal duct but joins with the distal bile duct to 
enter the major ampulla. Whether pancreas divisum is clinically 
relevant and a common cause of acute pancreatitis remains 
controversial, because most patients with pancreas divisum are 
asymptomatic. However, in a subset of patients, this anomaly 
appears to be associated with recurrent episodes of pancreatitis. 
Of those patients with unexplained recurrent pancreatitis, 
12%–26% have pancreas divisum as opposed to 3%–9% of the 
general population. It is hypothesized that in pancreas divisum, 
the duct of Santorini and the minor ampulla are too small to 
accommodate the total volume of pancreatic secretions. Thus 
normal drainage of pancreatic secretions is potentially compro-
mised, leading to increased intraductal pressure and the devel-
opment of acute pancreatitis [24,25].

Sphincter of Oddi dysfunction
A similar mechanism involving obstruction of the pancreatic 
main duct is suggested in patients with sphincter of Oddi dys-
function (SOD). In patients with SOD, obstruction can be either 
passive, due to fibrosis and/or inflammation of the sphincter, or 
active, as a result of sphincter muscle spasm. Both mechanisms 
can lead to functional obstruction at the level of the sphincter 
of Oddi. The clinical appearance of patients with SOD is some-
what variable, as patients can present with persistent or 

diagnosis of microlithiasis. Endoscopic ultrasound (EUS) has 
become a useful alternative, due to its higher sensitivity for 
microlithiasis and sludge. Therapy for microlithiasis/sludge is 
controversial. Laparoscopic cholecystectomy is sometimes rec-
ommended, although endoscopic biliary sphincterotomy or 
long-term treatment with ursodeoxycholic acid are alternatives, 
particularly for patients who are poor operative candidates 
[18,19].

Alcoholic pancreatitis and other toxins
Biliary tract disease is the predominant etiology for acute  
pancreatitis in women, while excess alcohol consumption is  
the most common cause in men. Overall, alcohol abuse is the 
second most frequent cause of acute pancreatitis in adults. The 
risk of developing acute pancreatitis increases with higher doses 
of alcohol and with the duration of alcohol abuse. The typical 
case history of a patient with alcohol-induced acute pancreatitis 
reveals a consumption of large quantities of alcohol for 5–10 
years prior to the first attack. Sometimes, acute pancreatitis 
occurs after a shorter exposure to alcohol. Acute pancreatitis is 
observed in all populations. Because acute pancreatitis develops 
in only 10% of chronic alcohol abusers (>80 g daily intake), 
both genetic and environmental factors likely modulate the sus-
ceptibility to pancreatic inflammation. Generally, the onset of 
alcoholic pancreatitis occurs in the fourth decade in males with 
an average of alcohol consumption of 150 g/day for a period of 
10–15 years. It is unclear whether the occasional bout of heavy 
alcohol intake (>80 g/day) in patients who are otherwise 
abstainers or moderately drinkers is also a risk factor for acute 
pancreatitis. Furthermore, it is unknown whether the risk of 

Table 82.2 Etiology of acute pancreatitis.

Causes of acute pancreatitis

Obstruction Bile duct stones, pancreatic or biliary tumor, 
pancreatic anomalies (pancreas divisum, anulare), 
sphincter Oddi dysfunction, periampullary duodenal 
diverticulae

Toxins Alcohol, scorpion bite (Tityus trinitatis), 
organophosphate

Genetics PRSS1, SPINK1, CFTR, CTRC

Infections Bacterial (e.g., Mycoplasma, Legionella, Leptospira, 
Salmonella), viral (e.g., mumps, coxsackie, hepatitis B, 
cytomegalovirus, varicella zoster, herpes), or parasitic 
(e.g., Ascaris, Cryptosporidium, Toxoplasma) infections

Medical 
Interventions

ERCP, postoperative, coronary bypass and abdominal 
surgery, pancreatic biopsy

Metabolism Hypercalcemia, hyperlipidemia

Drugs Class I–IV drugs

Autoimmune 
syndrome

Autoimmune pancreatitis, systemic lupus 
erythematosus, Sjögren syndrome

Others Trauma, ischemia, pregnancy, idiopathic
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Finally, class IV drugs have one case report without rechallenge 
data [31]. Drug-induced acute pancreatitis can be either dose-
dependent or dose-independent (hypersensitivity reaction), but 
most drug reactions are idiosyncratic (Table 82.3) [32].

Hyperparathyroidism/hypercalcemia
Clinical evidence of pancreatitis is present in approximately 7% 
of patients with primary hyperparathyroidism. All types of 
acute and chronic pancreatitis have been described. The mecha-
nism by which primary hyperparathyroidism induces acute 
pancreatitis has been attributed to hypercalcemia, which stimu-
lates pancreatic enzyme secretion in humans and animals. Vir-
tually all causes of hypercalcemia (hyperalimentation, infusions 
associated with cardiac bypass, multiple myeloma) have been 
linked to hyperamylasemia [33]. However, the incidence of pan-
creatitis is low in patients with chronic hypercalcemia. There-
fore, additional factors are most likely needed to induce a 
full-blown pancreatitis attack.

Hyperlipidemia/hypertriglyceridemia
Hyperlipidemia with hypertriglyceridemia or chylomicronemia 
is a well-accepted cause of acute pancreatitis, and the most 
common etiology after gallstones and alcohol, accounting for 
7% of the cases. Typically, hypertriglyceridemia-induced pan-
creatitis occurs in a patient with a preexisting lipid abnormality, 
along with the presence of a secondary precipitating factor (e.g., 
poorly controlled diabetes, obesity, hypothyroidism). Alcohol 
abuse and treatment with β-blockers can also transiently increase 
serum triglyceride concentrations. Typically, patients with acute 
pancreatitis brought on by hyperlipidemia show triglyceride 
levels of more than 1000–2000 mg/dL, such as those present in 
patients with type I, III, IV, and V hyperlipoproteinemia (Frie-
drickson’s classification). The attacks of pancreatitis are usually 
mild. More severe attacks can be successfully treated by heparin 
and insulin (which stimulate lipoprotein lipase), plasma- and/
or lipidapheresis, especially in pregnant women [34–36].

Autoimmune pancreatitis
Autoimmune pancreatitis (AIP) is a rare, heterogeneous, 
fibroinflammatory disease of the pancreas [35] (see Chapter 83). 
Clinically, it may mimic pancreatic cancer, cholangiocarcinoma, 
primary sclerosing cholangitis, and pancreatitis. AIP is a benign 
disease, occurs predominantly in elderly males, and tends to be 
highly responsive to corticosteroids. Severe abdominal pain and 
clinically evident acute pancreatitis is rare; the major presenting 
complaint is painless obstructive jaundice due to associated 
sclerosing cholangitis. Two distinct subtypes of AIP have been 
recognized and designated types 1 and 2; lymphoplasmacytic 
sclerosing pancreatitis is the histological pattern in type 1 and 
idiopathic duct-centric pancreatitis is seen in type 2. While 
these subtypes share many common features, type 2 AIP seems 
to be a pancreas-specific disorder, while type 1 is a multiorgan 
disease in which the pancreas is only one of the many organs 
affected. A further important feature that discriminates both 

recurrent biliary pain following cholecystectomy in the absence 
of structural abnormalities, or biliary pain in the presence of an 
intact gallbladder but without cholelithiasis. Some patients with 
SOD present with an acute idiopathic pancreatitis. In fact, 
several studies have demonstrated a high frequency (30%–65%) 
of sphincter hypertension in patients with acute idiopathic pan-
creatitis, and a 50%–87% frequency in those with chronic pan-
creatitis [26]. Whether this pancreatic duct obstruction is the 
cause of the initial injury or instead is the result of prior pan-
creatic inflammation is unknown. Although the gold standard 
for the diagnosis of SOD is sphincter of Oddi manometry 
during ERCP, biliary manometry is itself associated with an 
increased risk of acute pancreatitis, particularly in patients with 
SOD, and consequently is not routinely performed at many 
centers [27].

Endoscopic retrograde cholangiography
Acute pancreatitis may occur after ERCP, with or without endo-
scopic sphincterotomy. During these procedures, the pancreas 
is subjected to many types of potential injury: mechanical, 
chemical, hydrostatic, enzymatic, microbiological, and thermal. 
The frequency of post-ERCP pancreatitis varies between 1% and 
9% in average-risk patients. Impaired drainage of the pancreatic 
duct leading to acinar injury is a commonly accepted mecha-
nism of injury. Asymptomatic hyperamylasemia occurs in 
35%–70% of patients after the procedure [28], and thus routine 
measurement of serum amylase is probably not useful. ERCP 
has a higher risk of inducing acute pancreatitis when it is per-
formed to treat SOD than to treat choledocholithiasis. Other 
risk factors for post-ERCP pancreatitis include young age, 
female gender, number of attempts to cannulate papilla, and 
poor emptying of pancreatic duct after opacification. Post-
ERCP pancreatitis in high-risk patients may be prevented by 
placing a temporary pancreatic stent [29] and possibly by rectal 
indomethacin [30].

Drug-induced acute pancreatitis
Ever since the first reports of cortisone and thiazides inducing 
acute pancreatitis, a large number of single-case reports have 
been published on drug-induced acute pancreatitis. However, 
in general, drugs are an uncommon cause of acute pancreatitis 
(1.4%–2%), and most reports of drug-induced pancreatitis 
include only a few cases. More than 80 drugs have now been 
identified as potential trigger of acute pancreatitis. Classifica-
tions are based on the number of case reports, available rechal-
lenge data, consistent latency period, and ability to exclude 
other causes of acute pancreatitis. Class Ia includes drugs with 
at least one case report, evidence of a positive rechallenge, and 
exclusion of other causes of acute pancreatitis. Class Ib is similar 
to class Ia, but in this class, other causes of acute pancreatitis 
could not be ruled out. Criteria for class II drugs include at least 
four case reports with a consistent latency period for at least 
75% of the cases. Class III drugs have at least two case reports 
but do not have rechallenge data or a consistent latency period. 
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Tumors
In a small percentage of patients, pancreatic cancer can present 
with acute pancreatitis [39]. Tumor arising from the pancreas 
(pancreatic cancer, intraductal papillary-mucinous neoplasms, 
mucinous/serous cystic lesions, neuroendocrine tumors, etc.) 
or metastasizing to the pancreas (from tumors of the uro-
genital tract, gastric carcinoma, melanoma, tumors of the 
tonsillar gland, non-Hodgkin lymphoma) can induce inflam-
matory responses and thus are potential causes of recurrent 
acute pancreatitis. Even small tumors in the pancreas can 
obstruct the duct and induce repetitive episodes of acute pan-
creatitis. However, such small lesions may be overlooked in 
the acutely inflamed pancreas. Therefore, a 2-month follow-up 
of patients >40 years of age with unexplained idiopathic acute 
pancreatitis should be considered to rule out pancreatic tumors 
[40]. EUS is highly sensitive in diagnosing very small tumors 
and is the modality of choice after negative cross-sectional 
imaging [41].

types of AIP is associated with increased gamma globulin 
(hypergammaglobulinemia) or gamma globulin 4 (IgG4) and 
elevated autoantibody titers. Diffuse enlargement of the pan-
creas and effacement of the lobular contour of the pancreas in 
imaging of the pancreas, the so-called “sausage-like” appear-
ance, is a typical finding in AIP. As fibroinflammatory changes 
involve the peripancreatic adipose tissue, a capsule-like rim sur-
rounding the pancreas, is specifically detected in some AIP 
patients [37]. Although typical features of AIP (narrow stricture 
of more than one-third the length of the pancreatic duct, lack 
of upstream dilatation from the stricture, multiple strictures, 
side branches arising from the stricture site) have been defined 
by ERCP, the role of ERCP in the diagnostic algorithm of 
patients with acute pancreatitis is not settled [38].

While recurrent acute pancreatitis has also been reported in 
patients with other autoimmune diseases, such as systemic 
lupus erythematosus and Sjögren syndrome, the strength of 
association and the underlying mechanisms are unclear.

Table 82.3 Drugs associated with acute pancreatitis.

Class la Class lb Class II Class III Class IV

a-Methyldopa All-Trans-Retinoid-Säure Acetaminophen Aledronate ACTH Octreotide

Azodisalicylate Amiodarone Chlorthiazide Atorvostatin Ampicillin Penicillin

Bezafibrate Azathioprine Clozapine Carbamazepin Bendroflumethiazide Phenophtalein

Cannabis Clomiphen DDI Captoprile Benzapril Propoxyphen

Carbimazole Dexamethason Erythromycin Ceftriaxone Betamethazon Ramipril

Codeine Ifosfamide Estrogen Chlorothalidone Capecitabine Ranitidine

Cytosine Lamivudine L-Asparaginase Cimetidine Cisplatin Rifampin

Arabinosid Losartan Pegasparagase Clarithromycin Colchicin Risperidon

Dapsone Lynesterol/metho- Propofole Cyclosporine Cyclophosphamide Ritinovir

Enalapril xyethinylestradiol Tamoxifen Gold Cyproheptidine Roxithromycin

Fuosemid 6-MP Hydrochlorothiazide Danazol Rosuvostatine

Isoniazid Meglumin Indomethacin Diazoxid Sertalin

Mesalamine Methamizol Interferon/Ribavirin Diclofenac Strychnin

Metronidazol Nelfinavir Irbesartan Dephenoxylate Tacrolimus

Pentamidine Norethindronate/ Isotretinoin Doxorubicin Vigabatin/

Pravastatin mestranol Ketorolac Ethacrynsaure lamotrigin

Procainaraid Omeprazole Lisinopril Famciclovir Vincristin

Pyritinole Premarine Metalozon Finasterid

Simvastatine Sulfamethazole Metformin S-Fluorouracil

Stibogluconat Trimethoprim- Minocyclin Fluvastatine

Sulfamehoxazole sulfamethazol Mirtazapin Gemfibrocil

Sulindac Naproxen Interleukin-2

Tetracycline Paclitaxel Ketoprofen

Valproic acid Predniso(lo)n Lovastatine Mefanamic 
acid Nitrofurantoine
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creatitis disease is well documented, and low CD4 cell counts 
are associated with an increased risk of pancreatitis. There is 
evidence of an association with higher HIV viral loads, suggest-
ing that those with more advanced disease are at greater risk, as 
well as female gender. Beyond the pancreatic tropism of the HIV 
virus, pancreatitis can also develop secondary to antiretroviral 
therapy. While nucleoside reverse transcriptase inhibitors affect 
the pancreas through direct damage of the mitochondria, pro-
tease inhibitors can promote hyperlipidemic pancreatitis 
through the induction of hypertriglyceridemia [42].

Genetic
Mutations in a number of genes (e.g., cationic trypsinogen, 
chymotrypsinogen C, serine protease inhibitor Kazal type 1, 
anionic trypsinogen) have been identified in patients with unex-
plained recurrent acute and chronic pancreatitis, and several 
have been localized to genes whose encoded proteins are 

Duodenal disorders
While acute pancreatitis may result in swelling of the  
duodenum, duodenal disorder themselves can also trigger 
inflammation in the pancreas. Periampullary polyps of the duo-
denum can be a cause of recurrent acute pancreatitis. The asso-
ciation of periampullary diverticula with biliary/pancreatic 
disease is inconsistent, but an association between acute pan-
creatitis and periampullary diverticula has been reported. 
Endoscopic sphincterotomy is the treatment of choice for acute 
relapsing pancreatitis associated with periampullary diverticula 
(Figure 82.2).

Infections
Many infectious agents (Table 82.2) are associated with acute 
pancreatitis. However, few microorganisms have been identified 
within the pancreas, or shown to infect the pancreas directly. 
Nevertheless, an association between HIV infection and pan-

Figure 82.2 Periampullary duodenal diverticulae (PDA) (arrow) in a patent with recurrent acute pancreatitis. A large periampullary duodenal 
diverticulum next to the duodenum leads to a deviation of the pancreatic main duct (*). After stimulation with secretin the PDA becomes more visible.

*

*
*
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and even extraabdominal procedures, have been associated with 
postoperative hyperamylasemia or acute pancreatitis. In most 
cases, the increases in serum amylase are nonspecific and unre-
lated to clinically overt pancreatitis. In rare cases, though, pan-
creatitis can occur in such patients and may be severe.

Coronary artery bypass and vascular diseases
Acute pancreatitis has also been reported to occur following 
cardiac surgery, including cardiopulmonary transplantation. 
Studies have revealed a direct correlation between the elevation 
of pancreatic enzymes and the amount of calcium administered 
to patients during cardiac bypass. Calcium is known to be 
important for the intraacinar activation of pancreatic enzymes. 
And yet, overt pancreatitis is uncommon. The blood supply in 
the pancreas is characterized by highly efficient collateral 
vessels, and therefore extrapancreatic or systemic disease only 
rarely leads to significant involvement by the pancreas. Choles-
terol emboli may cause acute pancreatitis separately in patients 
with general atherosclerotic vascular disease, especially after 
cardiac catheterization. Vasculitis associated with systemic 
autoimmune diseases (systemic lupus erythematosus, Sjögren 
syndrome) may also cause pancreatitis.

Pathogenesis (genetics)

Ever since Hans Chiari first proposed the concept of autodiges-
tion within the pancreas more than a century ago, it is believed 
that premature and uncontrolled activation of digestive enzymes 
in acinar cells is the inciting event for acute pancreatic inflam-
mation [49]. Acinar cells are filled with vesicles containing 
digestive enzymes, called zymogen granules. The digestive 
enzymes in the zymogen granules are stored in an inactive  
form and secreted in response to food entering the gut,  
followed by activation within the lumen of the gut [47] (see also 
Chapter 25).

Under physiological conditions, zymogen granules are fused 
to the apical membrane and the inactive enzymes are released 
into the pancreatic duct via excytosis. This process depends on 
cytosolic calcium signals. In pancreatic acinar cells, fluid and 
enzyme secretion are separate processes and follow parasympa-
thetic cholinergic and hormonal input. Among the hormones, 
CCK stimulates pancreatic acinar cells to secrete large quantities 
of digestive enzymes. As chyme floods into the small intestine, 
CCK is released into blood stimulating secretion in acinar cells. 
Fluid secretion is dependent on ion channels and pumps and is 
thought to be initiated by the opening of calcium-dependent 
chloride channels in the apical membrane. Efflux of chloride out 
of the cell moves sodium into the lumen via a paracellular route. 
Accumulation of sodium and chloride attracts water into the 
lumen osmotically, creating net unidirectional fluid flow. The 
human pancreatic ductal epithelium secretes an alkaline fluid 
that may contain up to 140 mM NaHCO3. The first step in 
HCO3− secretion is the accumulation of HCO3− inside the cell, 

involved in acinar cell function (see Chapter 85). Most of these 
mutations are found in genes that encode for pancreatic 
enzymes, supporting the model that an inappropriate and 
uncontrolled activation and inactivation of pancreatic zymogens 
initiates the inflammatory process in the pancreas [43,44].

Idiopathic
Although many established and potential etiological factors that 
have been identified over recent decades, the cause of acute 
pancreatitis in some patients remains obscure. Identification of 
new genetic mutations, characterization of new disease entities 
in the pancreas, and improved imaging techniques should 
further decrease the percentage of patients in this idiopathic 
group.

Trauma
Acute pancreatitis can occur after penetrating and blunt abdom-
inal pain. The degree of injury may range from mild contusion 
to disruption of the ductular, vascular, and parenchymatous 
integrity and subsequent extravasation of enzymes, thus initiat-
ing acute pancreatitis.

Pancreatic biopsy
Acute pancreatitis as a complication of endoscopic ultrasound-
guided fine-needle aspiration (EUS-FNA) of pancreatic lesions 
is rarely observed. Pancreatitis after pancreatic EUS-FNA occurs 
in 2 % of patients, with additional cases showing only silent 
hyperamylasemia [45].

Pancreatic ischemia
Pancreatic ischemia represents a rare cause of acute pancreatitis. 
This form of acute pancreatitis is mainly observed after cold 
ischemia during pancreas transplantation and cardiopulmonary 
bypass or vascular surgery. Triggers for ischemic acute pancrea-
titis are hypotension and shock of any origin, macro- or micro-
vascular occlusion, pharmacological interventions such as 
catecholamine therapy, and cold ischemia during pancreas 
transplantation. Elevation of pancreatic enzymes and abdomi-
nal pain after hypoperfusion or vessel occlusion with exclusion 
of other etiologies are indicative for pancreatic ischemia. Small 
series of patients suggest that the clinical course of ischemia-
induced acute pancreatitis seems to be severe with a high mor-
tality rate [46].

Penetrating peptic ulcer disease
The prevalence of peptic ulcer disease in patients with acute 
pancreatitis is relatively high, and the cause of may be related 
to the stressful condition of the underlying pancreatitis. 
However, antral or duodenal ulcers can erode the wall, pene-
trate into the pancreas and induce acute pancreatitis [47,48].

Postoperative
A variety of intraabdominal procedures, including biliary tract 
operations, gastric resections, colectomies, and splenectomies, 
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these organelles, cathepsin B, a trypsin-like lysosomal enzyme 
with an acidic pH optimum, plays a central role in the conver-
sion of trypsinogen to trypsin. This concept is also known as 
the colocalization hypothesis [54]. Although widely accepted, 
this theory has not been proven [55], but predicts a number of 
correlations, many of which have been confirmed. However, 
deficiency of cathepsin B did not result in decrease or preven-
tion of trypsin activation in experimental models [56], raising 
early suspicion that other factors, such as cathepsin L, might be 
critical for conversion of trypsinogen to trypsin in the acinar 
cell. Based on ultrastructural studies, basolateral exocytosis was 
proposed more than two decades ago [57]. According to this 
concept, exocytosis occurs not only at the apical surface but also 
at the basolateral region of the acinar cell. Thus, activated pan-
creatic enzymes are directly secreted in the pancreatic intersti-
tial space. How or whether these two processes of colocalization 
and basolateral exocytosis are related to the onset of inflamma-
tion is unclear. Activated pancreatic enzymes not only trigger 
autodigestion, leading to acinar cell injury or death, but also 
initiate the pancreatic inflammatory response that characterizes 
acute pancreatitis.

The central role of activated digestive enzymes in the onset 
of inflammation in the pancreas has been corroborated by 
genetic analysis. In 1996, Whitcomb and colleagues described 
the association of mutations in genes that encode the digestive 
enzyme cationic trypsinogen (also referred to as serine protease 
1, PRSS1) and hereditary pancreatitis [58] (see Chapter 85).

Variants of the cystic fibrosis transmembrane conductance 
regulator (CFTR) have also been found to be associated with 

which is driven by basolateral channels, transporters ATPases. 
This alkaline fluid preserves digestive enzymes in their inactive 
form and prevents premature activation (see Chapter 25).

Enzymes released in the lumen of the pancreatic duct are 
transported into the duodenum where they are activated 
through the membrane-bound enterokinase. The enterokinase 
triggers the activation cascade through the cleavage of the key 
enzyme trypsinogen to trypsin. Trypsin, in turn, is capable of 
activating several other digestive enzymes that are required for 
proper digestion of proteins, sugars, and fats.

Activation of digestive enzymes within the pancreas is pre-
vented in a number of ways. First, some digestive enzymes are 
stored in the acinar cells as inert zymogens, and theoretically 
are only activated after secretion into the lumen of the duode-
num. Second, within the acinar cell, the zymogen granules 
remain physically separate from the lysosomal granules enclosed 
in membrane-bound organelles. Lysosomal enzymes are pro-
duced on ribosomes attached to rough endoplasmic reticulum 
in the same manner that zymogens are produced, but addition-
ally are glycosylated and phosphorylated as they pass through 
the Golgi complex. These two enzyme groups are kept physically 
apart throughout all stages of their production. Third, pancre-
atic secretory trypsin inhibitor (PSTI) within the acinar cells 
allows for immediate inhibition of trypsin should it be activated 
within the acinar cells. PSTI is produced and stored in the same 
cellular location as the digestive enzymes. Finally, should any 
activated trypsin be released into the circulation, larger antipro-
teases in the blood theoretically have the capacity to deactivate 
some circulating trypsin (Figure 82.3) [13,43,44,50,51].

Autodigestion
Numerous experimental studies demonstrate that the earliest 
event in pancreatitis is activation of trypsinogen to trypsin 
within the acinar cell (Figure 82.4). The proposed mechanism 
for trypsinogen activation in these models involves early colo-
calization of zymogen granules with lysosomes [52,53]. Within 

Figure 82.3 Activation cascade of digestive enzymes. Conversion of 
trypsinogen to trypsin by the membrane-bound enzyme enterokinase 
triggers the activation of various digestive enzymes that are involved in 
digestive processes.
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creatitis severity have been performed in an attempt to identify 
surrogate biomarkers as predictors for complicated acute pan-
creatitis. Serum levels of interleukin-6 (IL-6) and the IL-6-de-
pendent acute phase protein C-reactive protein (CRP) were 
identified as the most reliable predictors of severe acute pan-
creatitis. IL-6 is not only a relevant predictor for the severity of 
acute pancreatitis, it also has a direct impact on the course of 
this disease [63]. IL-6 directly regulates by NF-κB and Stat3, 
transcription factors that are key regulators of the production 
of many cytokines/chemokines. IL-6 signals are then mediated 
via gp130 either through IL-6 engagement of IL-6R or through 
binding with soluble IL-6R (sIL-6R), which is termed IL-6 
trans-signaling. Because IL-6R is only minimally expressed 
(mainly on hepatocytes and leukocytes), IL-6 trans-signaling 
dramatically increases the number of potential IL-6 target cells. 
These receptor complexes activate Jak-2 kinase, leading to acti-
vation of the proinflammatory transcription factor Stat3, which 
further amplifies inflammation by upregulating additional 
proinflammatory factors. Persistent STAT3 activation results in 
increased expression of CXCL1 in mice (and IL-8 in humans) 
that mediates granulocyte infiltration into the inflamed tissues. 
Cytokines and chemokines in the systemic circulation induce 
further secretion of acute-phase proteins in the liver, and acti-
vate complement factors and bradykinin-kinin systems, thus 
increasing capillary permeability leading to hypovolemia and 
edema [52,64] (Figure 82.6).

Chemokines and cytokines are produced and released by 
macrophages, neutrophils, and lymphocytes, but also by acinar 
cells, endothelial cells, and activated pancreatic stellate cells. A 
specific class of dendritic cells (MHC II+CD11c+DC) is 
increased 100-fold in pancreas of mice with acute pancreatitis. 
These dendritic cells appear to both galvanize the inflammatory 
response to injury, by producing high levels of proinflammatory 

idiopathic and alcoholic chronic pancreatitis. As an autosomal 
recessive inherited disorder, cystic fibrosis [59] is characterized 
by chronic endobronchial infection, pancreatic insufficiency, 
male infertility, and elevated sweat chloride concentrations [60]. 
However, approximately 1%–2% of patients with cystic fibrosis 
have recurrent attacks of pancreatitis, making latent cystic fibro-
sis an important diagnostic consideration in patients with acute 
pancreatitis. CFTR mutations can be divided into five or six 
general classes, reflecting their known or predicted molecular 
dysfunction, ranging from severe impairment (class I–III muta-
tions) to mild impairment (class IV/V mutations). The CFTR 
variants found in chronic pancreatitis patients are in most cases 
“mild” variants with residual CFTR function, and in all CFTR 
compound heterozygotes at least one “mild” CFTR allele was 
present [61].

Inflammation
Acinar cell damage leads to a local inflammatory response but 
the inflammatory mediators also enter the general circulation. 
These mediators play a key role in acute pancreatitis and the 
resultant multiple organ dysfunction or multiple organ failure 
syndrome, which is the primary cause of death in patients with 
acute pancreatitis. The severity of an attack of acute pancreatitis 
appears to be determined by the magnitude of the resultant 
systemic inflammatory response (Box 82.1). While excessive 
stimulation of the immune system (hyperinflammatory status, 
SIRS) accounts for the early systemic complication, immune 
paralysis, also termed compensatory antiinflammatory response 
syndrome [11], contributes to the local and septic problems in 
the late phase. Although these definitions are largely nonspe-
cific, they are useful in clinical and research settings [12] 
(Figure 82.5).

The pathophysiology of severe acute pancreatitis with multi-
ple organ failure is poorly understood. Researchers have long 
hypothesized that severe acute pancreatitis results from exces-
sive activation of pancreatic enzymes. As noted, inherited muta-
tions in genes encoding for digestive enzymes have been found 
in patients with a hereditary form of pancreatitis [43], but these 
patients tend to develop chronic pancreatitis, rather than severe 
acute pancreatitis. In recent years, systemic complications 
during acute pancreatitis have been suggested to result from 
uncontrolled activation of the immune system [62]. Association 
studies correlating cytokines and chemokines with acute pan-

Box 82.1 Criteria to define systemic inflammatory response syndrome 
(SIRS).

Core temperature <36°C or >38°C
Heart rate >90 beats/min
White blood count <4000 or >12000/mm3

Respirations >20/min or PCO2 >32 mm Hg

SIRS defined by presence of two or more criteria.

Figure 82.5 Immune response in severe acute pancreatitis. After excessive 
stimulation of the immune system, a paralysis of the immune system 
occurs during the course of acute pancreatitis. ARDS, acute respiratory 
distress syndrome; MOF, multiorgan failure.
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cytokines (e.g., TNF-α, IL-6, and MCP-1), and also protect the 
pancreas upon cellular stress. The physiological or molecular 
switch that governs dendritic cell functionality has yet to be 
determined in acute pancreatitis [65]. Dendritic cells play a role 
in the induction of CD4+CD25+Foxp3+ Tregs, and inhibition 
of Tregs results in uncontrolled inflammation, because Tregs can 
both inhibit the proinflammatory function of macrophages and 
direct their differentiation toward the “alternatively activated”, 
or M2, antiinflammatory phenotype [66].

The importance of proinflammatory cytokines in pancreatitis 
has been highlighted by a study of 84 patients with acute pan-
creatitis who were screened for known polymorphisms in TNF-
α, IL-1, IL-1 receptor antagonist (IL1RN), IL-6, and IL-10. The 
study demonstrated that the TNF-α −238 AG genotype, but not 
the TNF-α −308 single nucleotide polymorphism (SNP), was 
associated with organ failure (shock and/or respiratory failure) 
during acute pancreatitis. However, subsequent studies failed to 
demonstrate an association of this SNP with acute pancreatitis 
susceptibility, etiology, or severity [43].

Mitochondrial dysfunction
Acinar cells of the pancreas synthesize and secrete large quanti-
ties of protein (Figure 82.7). Mitochondria are the key organelles 

Figure 82.6 Local injury in acinar cells triggers an immune response with recruitment of inflammatory cells into the pancreas. This further results in 
direct or indirect activation of adjacent noninjured acinar cells, which amplify the immune response (systemic inflammatory response syndrome). 
Released cytokines and chemokines circulate in the organism and mediate directly or indirectly organ damage which potentially results in multiorgan 
failure (MOF).
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Autophagy can function in two aspects of cellular homeostasis. 
Bulk autophagy provides energy substrates and building blocks, 
important for survival under low nutrient conditions. It can 
occur at low rates as part of the basal homeostatic machinery 
of the cell, or at higher rates after nutrient depletion. Selective 
autophagy is required for the specific removal of damaged 
organelles (e.g., mitochondria, endoplasmic reticulum etc.) or 
protein aggregates. This type of autophagy is induced by stress 
stimuli (e.g., endoplasmic reticulum stress, reactive oxygen 
species, DNA damage, etc.) [68].

Specimens from patients with acute pancreatitis exhibit an 
accumulation of autophagic vesicles in acinar cells [69]. 
Autophagy has therefore been proposed to play an important 
role in pancreatitis. Inactivation of autophagy in mature acinar 
cells resulted in no visible phenotype and significant protection 
when mice were subjected to experimental acute pancreatitis 
[70]. The process of autophagy seems to be directly linked to 
trypsinogen activation and the onset of acute pancreatitis. 
Although the mechanism for autophagy induction during acute 
pancreatitis is not yet clear, insufficient recruitment of zymo-
gene granule membranes during inflammation may account for 
it. Under physiological conditions, digestive enzymes in the 
exocrine pancreas are directed to the secretory compartment, 
and fusion of lysosomes with digestive zymogens does not occur 
[71]. However, during autophagy, autophagosomes containing 
intracellular components fuse with endosomes and lysosomes 
to form autolysosomes. Given its involvement in trypsin activa-
tion during acute pancreatitis, this role for autophagy fits well 
with both the colocalization hypothesis and autoactivation 
hypothesis.

Obstruction
It is widely accepted that once a gallstone begins to migrate 
through the biliary tract, it poses a risk for the development of 
acute pancreatitis. The question remains as to how gallstones in 
the bile duct (choledocholithiasis) cause pancreatitis during 

responsible for this energy-transducing process, which trans-
forms chemical energy delivered from substrate oxidation into 
an electrochemical proton gradient across their inner mito-
chondrial membrane potential (ΔΨm). The mitochondrial 
membrane potential can be used for adenosine triphosphate 
(ATP) synthesis and for storing calcium. Because ATP is 
required for virtually every energy-dependent step in pancreatic 
acinar cell metabolism, mitochondrial dysfunction has been 
implicated in pancreatitis [67].

High, sustained cytosolic concentrations of calcium can lead 
to depolarization of the mitochondrial membranes blocking 
ATP synthesis. However, oscillatory elevations of calcium regu-
late exocytosis of the zymogen into the pancreatic duct. Impair-
ment of the outer mitochondrial membrane permits leakage of 
larger proteins from the space between the inner and outer 
membranes (including cytochrome C) thus initiating apoptosis 
(Figure 82.8). Massive apoptosis or extensive damage of acinar 
cells also leads to a collapse of the inner mitochondrial mem-
brane potential. Subsequent energy depletion triggers acinar 
cell and tissue necrosis. While apoptosis results in acinar  
cell death without uncontrolled release of active digestive pro-
teases and cytokines into the interstitial space, necrosis in the 
pancreas incites an inflammatory response with recruitment of 
immune cells.

Autophagy
Autophagy is a lysosomal-mediated, cellular degradation 
pathway and can be divided into macroautophagy, microau-
tophagy, and chaperone-mediated autophagy. Macroautophagy 
involves homeostatic or stress-induced uptake of long-lived 
proteins, aggregates, and organelles by double-membrane 
autophagosomes. Subsequent fusion with lysosomes generates 
single-membrane autolysosomes, responsible for degrading and 
recycling cellular material. Autophagosomes can also fuse with 
endosomes to produce amphisomes, providing a point of con-
vergence between the autophagic and endosomal pathway. 

Figure 82.8 Electron microscopy of normal (black arrow) and damaged mitochondria (white arrow) during pancreatitis. Zymogen granules (*) are 
localized next to damaged mitochondria.

*
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Alcohol and its metabolites
The pancreas possesses the ability to metabolize alcohol in a 
manner similar to the liver. Thus, both enzymes for ethanol 
oxidation – alcohol dehydrogenase (ADH) and cytochrome 
P450 2E1 (CYP2E1) – are present and can generate toxic metab-
olites and mediators of inflammation. These metabolites are 
toxic to acinar cells and can also lead to intracellular enzyme 
activation [75]. Alcohol metabolism also involves nonoxidative 
ethanol oxidation. Fatty acid ethyl ester (FAEE) synthase,  
which is several-fold higher in the pancreas than in the liver, 
catalyzes the esterification of ethanol with fatty acids to form 
fatty acid ethyl esters. These fatty acid esters can destabilize lyso-
somes and granules through downregulation of the pancreatic 
glycoprotein GP2, and promote colocalization of zymogen 
granules and lysosomes, thereby triggering activation of diges-
tive enzymes within the acinar cell. Furthermore, alcohol 
induces endoplasmic reticulum stress, which also appears to  
be linked to zymogen granules and induction of apoptosis. 
Finally, acetaldehyde – the main metabolite of ethanol – blocks 
exocytosis by covalently binding to proteins of the acinar 
cytoskeleton.

Geographic variation
The incidence of acute pancreatitis, as well as the rate of hospi-
talization for acute pancreatitis, is reported to be increasing 
significantly. In Western population, the incidence rate of acute 
pancreatitis ranges from 10 to 80 per 100 000 inhabitants annu-
ally. The increasing incidence of obesity likely contributes to 
some of this increase, given that obesity is a risk factor for gall-
stone formation, the most common cause of acute pancreatitis. 
Some of this increase could be due to an increase in ascertain-
ment as a result of more widespread and routine testing of 
pancreatic enzymes in patients presenting with abdominal pain 
at emergency departments. In emergency rooms in the United 
States, the use of tests to measure serum pancreatic enzyme 
levels reportedly increased by more than 60% over a 10-year 
period [8,76].

In one European study, the mean age of patients with acute 
pancreatitis was reported to be 60 ± 16 years, and among these 
patients 53% were men and 47% were women. The most fre-
quent etiologies of acute pancreatitis in this study were gall-
stones (60%) and alcohol abuse (19%). Gallstone pancreatitis 
appeared to be more common in white women >60 years of 
age, especially among patients with microlithiasis. Alcoholic 
pancreatitis is seen more frequently in men.

Regional differences with regard to the precipitating cause 
exist. Population studies have been mostly reported from the 
United States, Europe, and Japan, but data are now emerging 
from other regions. In Finland and the United States, the main 
cause of acute pancreatitis is alcohol, whereas studies from 
Hong Kong, England, Italy, and Greece have found biliary acute 
pancreatitis to be more common. Generally, alcohol-related 
pancreatitis is more common in the West and Japan compared 
with most Asian countries.

their passage towards the duodenum. In 1901, Eugene Lindsay 
Opie described a case of a patient who died of biliary pancrea-
titis due to an impacted stone at the ampulla Vateri [1]. Although 
more than 100 years have since elapsed, the precise mechanism 
remains ill defined. Two hypotheses have been most commonly 
proposed: (1) obstruction of the pancreatic duct by the impacted 
gallstone leads to blocked pancreatic secretion and triggers pan-
creatitis (ductal hypertension hypothesis); and (2) a gallstone 
lodged in the ampulla might occlude both the common bile 
duct and the pancreatic duct, thus forming a "common channel" 
that allows the reflux of bile into the pancreatic duct with activa-
tion of pancreatic enzymes and pancreatitis (common-channel 
hypothesis) [55].

The possible validity of the ductal hypertension hypothesis 
has been proven in several experimental models demonstrating 
that pancreatic outflow obstruction alone is sufficient to induce 
necrotizing pancreatitis. The initial events seem to involve 
acinar cells [72]. Observations in patients have confirmed that 
transient or persistent obstruction of the pancreatic duct can be 
a sufficient trigger for acute pancreatitis, including endoscopic 
retrograde cholangiopancreatography-induced pancreatitis and 
even pancreatic cancer, and that bile reflux into the pancreas is 
neither required nor likely to occur. Further, combined ligation 
of the common biliary/pancreatic channel, in comparison to 
mere ligation of the pancreatic duct, did not result in enhanced 
severity of pancreatitis. Mechanistically, pancreatic ductal 
hypertension leads to blocked secretion of acinar enzymes, 
elevated ductal pressure, and subsequent intraacinar enzyme 
activation.

The common channel hypothesis was proposed based on 
experiments in dogs that developed acute pancreatitis following 
forced injection of bile into the pancreatic duct [73]. Experi-
mental evidence has confirmed that bile acids have specific 
effects on acinar cells. In particular, taurolithocholic acid 
3-sulfate sodium salt triggers pathological changes in pancreatic 
acinar cells by interacting with the widely expressed 
G-protein−coupled cell surface bile acid receptor, Gpbar1, at 
the lumenal cell [74]. This interaction is required to increase 
intracellular Ca2+ concentration, facilitating trypsinogen activa-
tion and mediating relevant pathological alterations in the 
acinar cell. Biliary acute pancreatitis may thus be a “receptor-
mediated” disease. However, this hypothesis has a number of 
weaknesses. First, more than one-third of the population do not 
have a common (bilary–pancreatic) channel at the level of the 
papilla. These patients would in theory never suffer from biliary 
pancreatitis, which is likely not the case. Second, the common 
bile duct is frequently so short that an impacted stone com-
pletely obstructs the common channel preventing biliary reflux. 
Finally, the pressure in the pancreatic duct is normally two to 
three times higher than in the bile duct, favoring reflux of pan-
creatic fluid into the biliary tract system and not vice versa. 
With all these limitations, it would seem that biliary pancreatitis 
should be a rare entity, rather than one of the most frequent 
cause of acute pancreatitis.
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abdominal discomfort or pain and does appear not severely ill. 
In severe pancreatitis, the patient is seriously ill with a sinus 
tachycardia and hypotension. Electrolyte derangements and aci-
dosis often lead to confusion or disorientation.

The clinical presentation of acute pancreatitis always includes 
abdominal pain. In most cases, there is a sudden onset of 
abdominal pain, which peaks after a few minutes. Rarely, the 
onset of pain increases in intensity more gradually and reaches 
a maximum after hours. The intensity of abdominal pain is 
frequently scored 10 when using a linear scale with the lowest 
pain being scored one and the maximal pain being scored 10. 
In addition, the pain is usually not fluctuating in intensity and 
tends to stay relatively steady for days. Usually, the patient has 
difficulty finding a comfortable position in bed and frequently 
moves around. Pain usually starts in the epigastrium in the 
upper abdomen before radiating to the back. Occasionally it 
begins diffusely throughout the abdomen.

Other symptoms of acute pancreatitis include vomiting and 
nausea, which occur frequently in severe acute pancreatitis. 
These could be caused by abdominal pain or by obstruction due 
to an enlarged head of the pancreas, or by inflammation in the 
posterior wall of the pancreas.

In severe pancreatitis, the patient can present with cyanosis 
and shallow rapid respirations due to limited diaphragmatic 
excursions secondary to abdominal pain. In addition, fluid col-
lections around the pancreas and in the pleural space may also 
result in compromised oxygenation. Subcutaneous necrosis in 
the flanks and in the umbilical region might appear as Grey–
Turner sign or Cullen’s sign, respectively.

Laboratory parameters
Amylase
The measurement of serum amylase is a long established and 
still useful test. A measured value of at least three times greater 
than the upper limit of normal is suggestive of the diagnosis of 
acute pancreatitis. However, a mild elevation of amylase is not 
sufficient for the diagnosis acute pancreatitis. Amylase concen-
trations generally rise in the serum within 2–12 h after the onset 
of symptoms, the level peaks at 12–72 h, and usually returns to 
normal values within 5 days [78]. In some patients, when the 
serum amylase concentration is high and the clinical presenta-
tion is not consistent with acute pancreatitis, nonpancreatic 
causes of hyperamylasemia should be examined. Amylase activ-
ity might remain within normal range at the time of presenta-
tion or admission. Thus, amylase concentrations can be high for 
reasons other than acute pancreatitis. These include macroamy-
lasemia (a syndrome characterized by the formation of large 
molecular complexes between amylase and abnormal immu-
noglobulins), and in patients with decreased glomerular filtra-
tion, diseases of salivary glands, or with extrapancreatic, 
inflammatory abdominal diseases, such as acute appendicitis, 
cholecystitis, intestinal obstruction or ischemia, and peptic 
ulcer [79,80]. Once the diagnosis has been made, the measure-
ment of serum amylase levels has no clinical value for predicting 

There are also important differences in disease susceptibility 
and case fatality rates with respect to age and race: the incidence 
is higher in blacks than in whites, and mortality is higher in 
older patients than in younger patients.

With more than 280 000 hospitalizations each year in the 
United States, acute pancreatitis ranks first on the list of causes 
for hospital admission. The mean costs per hospitalization and 
per hospital day are USD $9870 and USD $1670, respectively. 
The average length of stay for acute pancreatitis at US hospitals 
in 2010 was estimated to be 5 days. With an estimated total cost 
for acute pancreatitis admissions in the United States. of USD 
$2.2 billion, this disease poses a significant economic burden on 
society.

Rare complications of acute pancreatitis
A number of complications statistically associated with acute 
pancreatitis can require a “step-up” in management. Among 
these complications are fistulas and penetrations of necrotic 
collections into the small bowel and colon. Furthermore, a 
number of vascular complications have been reported, includ-
ing the generally increased risk of thrombosis such as deep vein 
thrombosis of the legs as well as portal vein thrombosis. Fur-
thermore, spontaneous bleeding from intestinal vessels with or 
without previous formation of (pseudo-) aneurysms has been 
reported [77].

Diagnosis and differential diagnosis

Patients with acute pancreatitis typically have abdominal pain. 
Accompanying symptoms frequently include nausea and vomit-
ing. An accurate diagnosis is important because many other 
diseases present with similar symptoms, including choledocho-
lithiasis, acute cholangitis, acute cholecystitis, liver abscess, sub-
phrenic abscess, and gastric/duodenal ulcers. The differential 
diagnosis that present with similar symptoms but are potentially 
life-threatening include perforated gastric or duodenal ulcers, 
perforated gall bladder, ischemic bowel, obstructive ileus, rup-
tured aortic aneurysm, aortic dissection, or inferior myocardial 
infarction.

Atlanta classification [9]
The diagnosis of acute pancreatitis requires at least two of the 
following criteria: (1) typical abdominal pain; (2) elevation of 
lipase and/or amylase in the serum at least three times greater 
than the upper limit of the normal range; and (3) characteristic 
findings on abdominal imaging. Standard imaging procedures 
include transabdominal ultrasonography and contrast-enhanced 
CT; in the case where there is a contraindication to contrast-
enhanced CT, MRI is widely used.

Symptoms
The overall severity of illness correlates with the severity of 
pancreatitis. In mild pancreatitis, the patient presents with 
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complications that may develop during the course of the disease. 
Noninvasive imaging is required for guiding the clinical man-
agement, particularly in critical ill patients. Abdominal ultra-
sound is a widely used noninvasive diagnostic tool in patients 
with acute abdominal pain. In some patients, ultrasound is suf-
ficient to both diagnose acute pancreatitis and clarify its etiol-
ogy [82]. However, in the majority of patients, abdominal 
ultrasound is of limited value due the presence of overlying 
bowel gas or obesity. Contrast-enhanced CT is the most fre-
quently used imaging technique to diagnose acute pancreatitis, 
determine etiology, and evaluate for complications. Contrast-
enhanced CT is widely available and the examination time is 
very fast compared with MRI. Contrast-enhanced CT is feasible 
even in critical ill patients. However, in patients with a contrain-
dication for contrast-enhanced CT, MRI represents an excellent 
alternative.

Transabdominal	ultrasound
Transabdominal ultrasound is a readily available, inexpensive, 
and noninvasive diagnostic approach for patients with abdomi-
nal pain. The pancreas parenchyma appears hypoechoic, het-
erogeneous, and enlarged in patients with acute pancreatitis. 
Peripancreatic fluid appears as an anechoic collection. The pres-
ence of echoes may suggest necrotic material. However, obesity 
or excessive bowel gas (e.g., due to ileus) often mask charac-
teristic findings of acute pancreatitis. Transabdominal ultra-
sound may allow the detection of gallbladder and common 
bile duct stones. Furthermore, a dilated bile duct indicative of 
biliary obstruction may be visible. In patients without acute 
pancreatitis, the accuracy of transabdominal ultrasound for 
detecting gallbladder stones is high, with reported sensitivities 
of more than 90% [83], but in the setting of acute pancreatitis, 
the sensitivity for detection of gallstones drops to 67%–87% 
[84,85]. The ability to detect sludge or stones in the common 
bile duct, particular in the prepapillary region, is limited in 
this acute setting. Additionally, the presence of dilated bile 
ducts without visible stones during abdominal ultrasound does 
not provide sufficiently strong evidence for a diagnosis of 
biliary pancreatitis, because normal variants of dilated bile 
ducts or diseases such as choledochocele could account for the 
finding. Similarly, the absence of visible stones in the gallblad-
der or in the common bile duct does not exclude biliary 
pancreatitis.

Contrast-enhanced	computed	tomography
In patients with interstitial edematous pancreatitis, contrast-
enhanced CT typically demonstrates diffuse or localized 
enlargement of the pancreas, with normal homogeneous 
enhancement or slightly heterogeneous enhancement of the 
pancreatic parenchyma due to edema [86].

A contrast-enhanced CT is not necessary in all cases of acute 
pancreatitis. In patients with clinical and laboratory signs of 
mild pancreatitis and prompt clinical improvement, a contrast-
enhanced CT is probably not indicated.

and/or following the clinical course of patients with acute pan-
creatitis as decreasing values may reflect improvement or pro-
gressively complete destruction of the pancreas.

Lipase
The measurement of serum lipase is also a well-established labo-
ratory test. Similar to amylase, a serum lipase value of at least 
three times greater than the normal range is suggestive of the 
diagnosis of acute pancreatitis. Serum lipase concentrations 
remain high for a longer period of time compared with serum 
amylase concentrations, which is an advantage over amylase 
measurement in patients with a delayed presentation. Usually, 
serum lipase levels rise within 4–8 h after the onset of symp-
toms, peak at 24 h, and return to normal after 8–14 days [78]. 
Furthermore, serum lipase is more pancreas specific than serum 
amylase. However, nonspecific elevations in serum lipase levels 
have been reported in patients without acute pancreatitis 
[79,80]. It is important to note that serum lipase concentrations 
do not correlate with the severity of acute pancreatitis. Even 
patients with normal or mildly elevated serum levels of lipase 
and amylase can suffer from severe pancreatitis with fatal 
outcome. Falling lipase values during follow-up can again reflect 
an improvement or worsening of the disease. Thus, the meas-
urement of serum lipase levels has no clinical value for predict-
ing and following the course of acute pancreatitis.

Other	laboratory	parameters
In addition to serum lipase and/or serum amylase, white blood 
cells, hematocrit, calcium, sodium, potassium, total protein, 
creatinine, urea, ALT, aspartate aminotransferase (AST), alka-
line phosphatase, γ-glutamyl transferase, bilirubin, serum 
glucose, coagulation parameters, pH, lactate dehydrogenase 
(LDH), and CRP should also be determined.

The differentiation of biliary pancreatitis from other etiolo-
gies of acute pancreatitis should be given top priority, because 
it has important implications for further testing and treatment. 
Usually, laboratory parameters and imaging techniques, includ-
ing abdominal ultrasound, EUS and MRCP, can be used to 
distinguish between biliary and nonbiliary pancreatitis.

Elevated biochemical cholestasis parameters (bilirubin, alka-
line phosphatase, γ-glutamyl transferase) and aminotransferases 
(AST, ALT) may point to biliary pancreatitis but need to be 
interpreted with caution. However, almost 15%–20% of patients 
with acute biliary pancreatitis exhibit normal liver function tests 
[81]. Conversely, elevated parameters of cholestasis and ami-
notransferases are not specific for a biliary pancreatitis, and may 
be caused by many other diseases. Hence, the clinicians should 
not necessarily include or exclude a biliary etiology solely on 
the basis of liver function tests [81].

Imaging
Abdominal imaging plays an important role in the evaluation 
and management of the patient with suspected acute pancrea-
titis. In addition, it can help to clarify the etiology and assess 
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homogeneous without solid components, are confined by 
normal fascial planes in the retroperitoneum, and may be mul-
tiple [9]. APFCs are usually seen immediately next to the pan-
creas. In most cases, APFCs are sterile and resolve spontaneously 
without intervention, but can persist beyond 4 weeks [87]. In 
such cases, APFC potentially develop into pancreatic pseudo-
cysts. However, overall, only a minority of APFCs are not rea-
bsorbed and develop into pseudocysts [87].

Pancreatic pseudocyst
The development of a pseudocyst is uncommon in acute pan-
creatitis. Pancreatic pseudocysts are usually round or oval peri-
pancreatic fluid collections, surrounded by a well-defined wall. 
Pseudocysts appear homogeneous on imaging and contain no 
solid material or detritus within the fluid collection (Figure 
82.9). Contrast-enhanced CT is the most commonly used 
imaging technique to assess fluid collections, but in some cases 
abdominal ultrasound, EUS, or MRI may be required to confirm 
the absence of solid material or detritus. Due to communication 
to the pancreatic ductal system, the fluid of pseudocysts con-
tains increased activity of lipase and amylase. The presence of 
gas within the fluid collection during contrast-enhanced CT 
scan suggests an infected pseudocyst. A definitive diagnosis 
should made by FNA, which reveals purulent liquid and the 
presence of microorganisms. Overall, infection of a true pan-
creatic pseudocyst is uncommon [9,86].

Acute necrotic collection
In the early phase of acute pancreatitis (≤4 weeks), a collection 
of variable amounts of fluid and necrotic tissue is called acute 
necrotic collection (ANC). ANC does not show a definable wall 
encapsulating the collection. The necrosis can involve pancre-
atic parenchyma, peripancreatic tissues, or both. ANC occurs 
in necrotizing pancreatitis and is different from APFC. Within 
the first week of the disease, it may be difficult or impossible to 
differentiate ANC from APFC, because both types of collections 

If the diagnosis of acute pancreatitis is established by typical 
abdominal pain and increased serum levels of amylase and 
lipase, a contrast-enhanced CT is not usually required for diag-
nosis at admission to the hospital for three reasons. First, the 
presence and extent of pancreatic and peripancreatic necrosis 
may not be defined clearly on imaging during the first days of 
disease. When necessary, a contrast-enhanced CT 5–7 days after 
admission is more reliable in establishing the presence and 
extent of pancreatic necrosis. Second, the extent of morphologi-
cal changes and necrosis is not directly proportional to the 
severity of organ failure. Third, even if imaging during the first 
week identifies the presence of peripancreatic fluid collections 
or pancreatic necrosis, in general no specific treatments are 
required for these conditions at that time.

Contrast-enhanced CT plays an important role in the mor-
phological classification of acute pancreatitis. According to the 
revised Atlanta classification, contrast-enhanced CT is the 
primary imaging technique to assess complications and to eval-
uate the response to treatment [9]. Additionally, the revised 
Atlanta classification allows standardized reporting of data [9].

In the revised Atlanta classification, an important distinction 
is made between collections that are composed of fluid alone 
versus those that arise from necrosis and contain a solid com-
ponent [9]. The reason for this distinction is that there is a 
different therapeutic management of liquid and nonliquid col-
lections. Most nonliquid components need to be removed by 
endoscopic and/or percutaneous necrosectomy, and in rare 
cases by minimally invasive laparoscopic or conventional open 
surgery. In contrast, collections with only liquid components 
can usually be treated effectively by endoscopic and/or percu-
taneous drainage.

Acute peripancreatic fluid collections
Fluid collections that develop in the early phase of pancreatitis 
are termed acute peripancreatic fluid collections (APFC). On 
contrast-enhanced CT, APFCs do not have a definable wall, are 

Figure 82.9 Contrast-enhanced CT of a pseudocyst (*) in a patient with pancreatitis. Corona (a) and axial (b) reconstruction obtained 6 weeks after 
onset of acute pancreatitis. The pseudocyst has a well-defined rim representing the capsule.

*

*

(a) (b)
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picious for infection (Figure 82.11). FNA might be performed 
to ascertain the diagnosis and to gain a specimen for culture. 
However, a FNA is dispensable if definitive drainage of WON 
is considered [9].

Magnetic	resonance	imaging
In patients with acute pancreatitis on T1-weighted MRI, diffuse 
or focal enlargement of the pancreatic gland can be seen. In 
addition, the margins of the pancreas may be blurred. The signal 
intensity of the pancreatic parenchyma is hypointense relative 
to the liver on T1-weighted images, and hyperintense on 
T2-weighted images as the result of pancreatic edema. Absence 
of enhancement of pancreatic parenchyma on contrast-
enhanced MRI indicates the presence of necrosis. Magnetic 
resonance tomography in combination with MRCP offers some 
potential advantages over contrast-enhanced CT. In contrast to 
CT, MRI does not use ionizing radiation. Thus, MRI is advo-
cated in cases where multiple follow-up examinations are 
needed, particularly in young patients. MRI offers a superior 
tissue characterization of pancreatic parenchyma, and MRCP 
enables evaluation of the pancreatic duct and the biliary tract. 
Hence, MRCP helps to clarify the etiology of acute pancreatitis 
(e.g., biliary pancreatitis, pancreas divisum, etc.) as exemplified 
by Figure 82.12, which demonstrates a bile duct stone using 
MRCP in a patient with biliary pancreatitis. Additionally, MRI 
may differentiate fluid collections from solid necrotic material, 
as illustrated by Figure 82.13, which shows an MRI of a pseu-
docyst in a patient with pancreatitis. However, the use of MRI 
has limitations. MRI is a more operator-dependent procedure 
with wide variability in quality and technical execution. Fur-
thermore, the availability of MRI is more limited, and the 

may appear as areas with homogeneous fluid density without 
contrast enhancement. Usually, the distinction on contrast-
enhanced CT images becomes feasible after the first week. At 
this time, ANC appears inhomogeneous and solid material or 
detritus becomes visible within the collection. Contrast-
enhanced CT is the standard imaging technique to evaluate 
pancreatic and/or peripancreatic collections. However, in some 
patients, further imaging techniques such as abdominal ultra-
sound, EUS, or MRI are needed to detect or exclude solid mate-
rial or detritus in the collections. An ANC may be infected or 
sterile [9,86].

Walled-off necrosis
If a contrast-enhancing nonepithelialized wall of reactive tissue 
develops around necrotic pancreatic areas, then this collection 
is termed walled-off necrosis (WON) (Figure 82.10). WON 
usually occurs 4 weeks after onset of necrotizing pancreatitis. 
The encapsulated collection of necrosis can involve pancreatic 
parenchyma, peripancreatic tissues, or both. WON may be mul-
tiple and may be present at sites distant from the pancreas. 
Contrast-enhanced CT is the standard imaging tool to assess 
encapsulated pancreatic and/or peripancreatic collections. But 
contrast-enhanced CT may not readily distinguish fluid from 
solid content, and, for this reason, pancreatic and peripancreatic 
walled-off necrosis may be misdiagnosed as a pancreatic pseu-
docyst. For this purpose, abdominal ultrasound, EUS, and MRI 
may be required to distinguish between fluid and solid content 
[9]. Demonstrating a communication of the walled-off necrosis 
with the pancreatic duct is not needed in the revised Atlanta 
classification, but such a communication may change manage-
ment [86]. Such WON develops from pancreatic or peripancre-
atic necrosis, and may or may not be infected. The presence of 
gas within the collection seen on contrast-enhanced CT is sus-

Figure 82.10 Contrast-enhanced CT scan of a walled-off necroses (*) 5 
weeks after the onset of acute pancreatitis.

*

Figure 82.11 Contrast-enhanced CT scan of a walled-off necroses 8 weeks 
after the onset of acute pancreatitis. The presence of gas bubbles (arrows) 
within the collection is suspicious for infection. Fine needle aspiration 
was performed to obtain material for microbiological analysis. 
Enterococcus faecalis, Enterococcus faecium, and Bacteroides species were 
identified.
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close proximity to the biliary tract (particularly the prepapillary 
region) during examination, is considered superior to transab-
dominal ultrasound. The sensitivity and specificity of EUS for 
the detection of common bile duct stones are 97% and 98%, 
respectively [88]. In acute biliary pancreatitis, performing EUS 
before ERCP can be useful for better selection of patients for 
therapeutic endoscopic intervention, thereby avoiding unneces-
sary ERCPs. A metaanalysis compared the diagnostic accuracy 
of EUS and MRCP for the detection of choledocholithiasis in 
patients with suspected biliary disease and showed a high degree 
of accuracy without statistical difference between the two [89] 
for both diagnostic modalities. Thus, the choice of imaging 
method depends on other factors such as availability and local 
expertise. However, EUS does provide the opportunity to evalu-
ate pancreatic and peripancreatic fluid collections or necrosis. 
EUS is very efficient in detection of solid material within a fluid 
collection. Thus, EUS may help to differentiate an APFC or 
pseudocyst from an ANC or WON. APFC and pseudocysts 
appear homogeneous and contain no solid material or detritus 
within the fluid collection. Moreover, EUS-FNA of a pseudocyst 
or necrosis allows microbiological analysis. A diagnostic algo-
rithm for patients with suspected acute pancreatitis is presented 
in Figure 82.14.

Prediction of severity

Early assessment of the severity and expected prognosis of acute 
pancreatitis is of paramount importance because most of the 
therapeutic approaches are aimed at symptomatic relief rather 
than addressing causation. Therefore, close monitoring and 
appropriate symptomatic therapy should be initiated as early as 
possible in cases of severe pancreatitis.

Difficulties in determining the prognosis of 
acute pancreatitis
Current data on assessing the prognosis of patients with pan-
creatitis are conflicting due to three major obstacles:
1.	 Given that there are a wide variety of etiologies and multiple 

endogenous (e.g., genetics, age) and exogenous disease mod-
ifying factors, the predictive capability of a single predictor 
is necessarily limited. This is also reflected by the numerous 
prognostic scores that have been used.

2.	 There are inconsistencies in the predictive capabilities of 
most parameters and scores used in different studies for 
prediction of acute pancreatitis. The prognostic capability of 
most predictors depends on the stage of acute pancreatitis, 
and different approaches to staging have been employed over 
time [90]. Overall, three prognostic scenarios have been 
defined (Box 82.2). These prognostic scenarios in the strict-
est sense should be clearly differentiated from approaches to 
classify severity of pancreatitis later in the course of pancrea-
titis or even “ex-post”. While the above-mentioned prognos-
tic scenarios are important for early triage and allocation to 

duration of an examination is far longer than contrast-enhanced 
CT, an important consideration in critical ill patients who need 
clinical monitoring. Due to abdominal pain, pleural fluid, or 
other pulmonary complications, many patients have difficulties 
with the breath-hold sequences, leading to a limited image 
quality.

Endoscopic	ultrasound
Endoscopic ultrasound can clarify the etiology of pancreatitis, 
particularly when it is uncertain whether there is a stone in the 
common bile duct. EUS, with its high-image resolution and 

Figure 82.12 Magnetic resonance cholangiopancreatography (MRCP) of a 
patient with common bile duct stone (arrow). This biliary stone was not 
visible during transabdominal ultrasound.

Figure 82.13 Magnetic resonance imaging (MRI) of a pseudocyst (*) in a 
patient with pancreatitis. The pseudocysts appear homogeneously and 
contain no solid material or detritus within the fluid collection, 
furthermore the pseudocyst has a well-defined rim representing the 
capsule.

*



1672   PART 4 Gastrointestinal diseases

comparison of data from different studies. Poor predictive 
capabilities of CT [92] early in the course of acute pancrea-
titis and the time required for microbiological analyses, 
including cultivation of aspirates, obviously preclude the use 
of these classifications for early prognosis.

3.	 Systematic comparison of prognostic capabilities is fre-
quently impeded by different endpoints and outcome 
measures.

Parameters and scores used to assess prognosis 
in acute pancreatitis
The most commonly used scoring systems are the Ranson score 
and the APACHE-II score. Other useful parameters include CT 
imaging and laboratory tests, as outlined below.

The Ranson score [93], defined 40 years ago, combines base-
line and follow-up parameters. Five parameters are determined 
on admission, and the score completed by another six param-
eters determined after 48 h. While the baseline parameters allow 
for prognosis in the early emergency department setting, 
follow-up parameters also reflect the early reevaluation 2 days 
after admission (Table 82.4). A severe course of pancreatitis is 
indicated by >3 points.

The APACHE-II score [94] (Acute Physiology and Chronic 
Health Evaluation) is an ICU score based on 12 clinical or 

early treatments, classifications such as the revised Atlanta 
classification and Determinant-Based Classification of Acute 
Pancreatitis Severity are particularly useful to decide on 
more delayed treatment options such as interventional 
approaches and surgery [9,91]. Despite limited clinical rel-
evance for early assessment of prognosis, these classifications 
are predominantly based on radiology and microbiology 
findings and allow for epidemiological analysis and facilitate 

Figure 82.14 Diagnostic algorithm of acute pancreatitis. ARDS, acute respiratory distress syndrome; BUN, blood urea nitrogen; CRP, C-reactive protein; 
EUS, endoscopic ultrasound; ICU, intensive care unit; SIRS, systemic inflammatory response syndrome.

Anamnesis
(e.g. alcohol,

gallstones, drugs
etc.)

Laboratory tests
e.g. Lipase, Amylase

Physical examination
e.g. band-like abdominal pain,

vomiting, paralytic (sub-)ileus, fever
“Rubber belly” 

Lipase, Amylase > 2-3 fold elevation

Acute Pancreatitis

Ultrasound, EUS
e.g. gallstone, bile duct dilation,

ascites 

Chest X-ray
Pleural effusion, ARDS

SIRS, HAPScore positive,
Hemtocrit > 44 %, Serum-Glucose

125 mg/dL, BUN > 22 mg/dL,
APACHE-II-Score ≥ 8, Ranson-

/BISAP - Score > 3CRP >15mg/dL

+ +

+ –

Potentially severe
acute pancreatitis

Fluid resuscitation and ICU
Exclusion of acute

pancreatitis

Differential
diagnosis

etc. cholecystitis,
Ulcus ventriculi,

Myocardial infarction

Box 82.2 Prognostic scenarios in the course of pancreatitis.

Early stage within 24 h of onset of pain
emergency department scenario
triage ICU versus normal ward versus discharge
based on history and biometric data, standard laboratory data

Scenario of early reevaluation (∼48 h after the onset of pain)
reevaluation of sensitive predictors with low specificity
step-down in case of over-triage
step-up in case of deterioration
inclusion of changes of parameters over time (e.g., Ranson 48 h)

Prognostic parameters in case of ICU admission
availability of more elaborate monitoring of organ failure
scores restricted to ICU patients (POP Score, Harrison)
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Early	predictors	of	severity
A number of clinical and laboratory markers have been dem-
onstrated to serve as early predictors of pancreatitis severity. The 
time from onset of pain to presentation in the emergency 
department is important, because patients with severe pancrea-
titis more frequently present within 24 h of onset of pain com-
pared to patients with mild pancreatitis [99]. An increase in 
blood sugar represents the functional loss of endocrine pan-
creas, a classical sign of inflammation, and increased blood 
glucose is included in the Ranson criteria [93]. A study has 
demonstrated a high sensitivity (83%) and a high negative pre-
dictive value (NPV: 92%) for hyperglycemia [100]. Similarly, 
elevation in hematocrit has been associated with poor outcome 
in several studies (see Section Blood counts/hematocrit). Eleva-
tion of hematocrit >43% (male) or >39.6% (female) had a 
sensitivity of 74% and a NPV of 88% for severe pancreatitis [95]. 
This was confirmed by another trial demonstrating a high pre-
dictive value for a hematocrit >44% [99]. Nevertheless, it has 
to be considered that some parameters, particularly hyperglyc-
emia, may have a high sensitivity and NPV but low PPV. Thus, 
not every patient with hyperglycemia or elevated hematocrit 
will develop severe pancreatitis, but there is low probability of 
severe pancreatitis if neither hematocrit nor glucose are 
elevated.

Among the broadly available laboratory markers, blood urea 
nitrogen (BUN) has high and early predictive value. In an analy-
sis of 17 992 cases of acute pancreatitis, elevation of BUN 
>25 mg/dL was the only laboratory parameter determined 
within 24 h after admission that was significantly associated 
with mortality [101]. By contrast, all other parameters included 
in the Ranson score failed to show much predictive power [101]. 
Despite the retrospective design of these studies, the data has 
substantial impact due to the large number of patients included. 
Furthermore, these data were confirmed by a second analysis of 
18 256 patients and by the PROST study, which examined the 
epidemiological features of acute pancreatitis in Germany [102]. 
The PROST trial demonstrated that an increase in BUN >42 mg/
dL was the most predictive parameter regarding mortality 
(receiver operating characteristic-area under the curve [ROC-
AUC] = 0.918) [102]. Finally, the study of Wu et al. combined 
BUN and four other parameters to generate the BISAP score 
(Box 82.3) [101].

Among biometric and biographic data, older age – albeit  
with different thresholds between 55 years (Ranson criteria 
[93]) and 75 years – has been repeatedly associated with a poor 
outcome.

While the current scoring system(s) are useful, improve-
ments are needed, with more attention to temporal dependency 
of the model [90], and the time frame for the measurement of 
specific parameters. Based on these considerations, a secondary 
analysis of the PROST data provided a simple model, adjusting 
the elevation of fast reacting serum lipase and slow reacting 
CRP for time to onset of pain [103]. Figure 82.15 demonstrates 
the predictive capability of prognostic parameters over time.

laboratory parameters of acute physiology (each providing up 
to four points, with exceptions acute renal impairment up to 
eight points and neurological impairment up to 12 points), and 
additional scoring points for older age (up to six points) and 
chronic disease (Table 82.5). An APACHE-II score ≥8 is pre-
dictive for severe pancreatitis. Although initially designed as a 
prognostic score for the day of admission, appropriate predic-
tive capabilities regarding severity of pancreatitis cannot be 
expected before 48 h after the onset of pain; on admission sen-
sitivity and positive predictive value (PPV) were as low as 36% 
and 36%, respectively [95].

CT visualizes necrotic tissue by lack of contrast enhancement 
within necrotic tissue [96]. Serial CT scans demonstrated insuf-
ficient predictive capabilities by CT on day 2, but appropriate 
prediction of severity by CT on day 7 [92]. CT on day 2 did not 
show necrosis in 88% of patients with a severe course and in 
88% of patients with mild pancreatitis. By contrast, necrosis 
could be found in 79% versus 38% (P <0.001) on day 7 in 
patients with severe and mild pancreatitis, respectively. Despite 
a low prognostic value in early pancreatitis, CT may be useful 
in a small number of patients to rule out other etiologies of 
acute abdomen. However, given that a reliable diagnosis of pan-
creatitis can be made by clinical criteria and simple laboratory 
data in most cases, the risks (contrast-induced nephropathy) 
and benefits of CT should be carefully weighed.

CRP is a commonly used clinical marker of inflammation. 
Increase in CRP above 15 mg/dL or 150 mg/L predicts severe 
pancreatitis [97]. CRP is broadly available and several studies 
have demonstrated predictive capabilities superior to IL-1, IL-8, 
and TNF, and comparable to IL-6 [98]. The clinical usefulness 
in the assessment of early prognosis in pancreatitis remains to 
be demonstrated prospectively. With a typical peak elevation 
3–4 days after onset CRP, has limited use in the emergency 
department scenario.

Table 82.4 Ranson score. Source: Ranson et al. 1974 [93]. Copyright © 
1974, Elsevier.

Baseline After 48 h

Age >55 years
Leukocytes >16 g/L
AST >250 U/L
LDH >350 U/L
Blood glucose >200 mg/dL)

Volume deficiency >6 L
Increase in BUN >5 mg/dL
Base deficit >4 mmol/L
Decrease in PaO2 <60 mmHg)
Decrease in serum calcium below 
2.0 mmol/L
Decrease in hematocrit >10%

Mortality 0–2 points <1%
3–4 points 15%
5–6 points 40%
>6 points 100%

AST, aspartate aminotransferase; BUN, blood urea nitrogen;  
LDH, lactate dehydrogenase.
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Table 82.5 APACHE-II-Score. Source: Knaus et al. 1985 [94]. Reproduced with permission of Wolters Kluwer Health.

Parameter 4 points 3 points 2 points 1 points 0 points

Temperature (rectal) (°Celsius) ≥41
≤29.9

39–40.9
30–31.9

32–33.9 38.5–38.9
34–35.9

36–38.4

Mean arterial pressure (mmHg) ≥160
≤49

130–159 110–129
50–69

70–109

Heart rate (per minute) ≥180
≤39

140–179
40–54

110–139
55–69

70–109

Respiratory rate (per minute) ≥50
≤5

35–49 6–9 25–34
10–11

12–24

Oxygenation:
F1O2≥0.5:
AaDO2
or
FIO2<0.5: PaO2

≥500
<55

350–499
55–60

200–349 61–70 <200
>70

pH arterial or HCO3−(only if 
arterial pH is not available) 
(mmol/L)

≥7.7
<7.15
≥52
<15

7.6–7.69
7.15–7.24

41–51.9
15–17.9

7.25–7.32
18–21.9

7.5–7.59
32–40.9

7.33–7.49
22–31.9

Serum sodium (mmol/L) ≥180
≤110

160–179
111–119

155–159
120–129

150–154 130–149

Serum potassium (mmol/L) ≥7
<2.5

6–6.9 2.5–2.9 5.5–5.9 3–3.4 3.5–5.4

Serum-creatinine (mg/dl) ≥3.5 2.0–3.4 1.5–1.9
<0.6

0.6–1.4

Hematocrit ≥60
<20

50–59.9
20–29.9

46–49.9 30–45.9

Leukocytes (G/L) ≥40
<1

20–39.9
1–2.9

15–19.9 3–14.9

Glasgow Coma Scale (GCS): points: 15-GCS

Age (years) 65–74:5 points
>75:6 points

55–64 45–54 <44

Chronic health scone: in case of 
chronic organ failure:
– liver cirrhosis
– NYHAIV
– severe COPD
– chronic dialysis
– immuno-suppression

5 points for medical patients 
and emergency surgery

2 points in case of elective 
surgery

Box 82.3 BISAP score. Source: Data from [101].

One point for the presence of each of the following criteria:
BUN >25 mg/dL
Impaired mental status
SIRS (systemic inflammatory response syndrome): SIRS in case of ≥2 

of the following criteria
heart rate >90/min
respiratory rate >20/min or PCO2 <32 mmHg
temperature >38° or <36°
leukocytes >12 G/L or <4 G/L

Age >60 years
Pleural effusion

Figure 82.15 Predictive capabilities of prognostic parameters over time.
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• Peripancreatic fluid collections and ascites further enhance 
fluid depletion.

Collectively, growing evidence indicates that early fluid deple-
tion and hypovolemia, contributes to organ failure and contrib-
ute to the poor outcome of patients with severe acute pancreatitis. 
While the prognostic value of other markers of inflammation 
such as procalcitonin (PCT), IL-1, IL-6, and lipopolysaccharide 
binding protein [104] is still a matter of debate, very simple 
markers of hypovolemia and impending organ failure have been 
established as reliable and early prognostic markers.

Blood counts/hematocrit
With capillary leakage being critical to the pathophysiology of 
early severe acute pancreatitis, along with other causes for intra-
vascular volume depletion (e.g., vomiting, reduced fluid intake, 
etc.), an increase in hematocrit is a marker of disease severity. 
Several clinical studies have demonstrated the prediction value 
of an elevated hematocrit in severe pancreatitis [99]. Lankisch 
and coworkers observed a high sensitivity (74%) and a high 
NPV (88%) of severe pancreatitis for a hematocrit >39.6% and 
>43%, for female and male patients, respectively [100]. Simi-
larly, Brown et al. demonstrated a NPV of 93% for a hematocrit 
>44% with respect to necrotizing pancreatitis [99]. In this 
study, the NPV further increased to 97% if an increased hema-
tocrit was also present after 24 h. A “high NPV” does not imply 
that every patient with an elevated hematocrit will develop 
severe pancreatitis, but does indicate that if hematocrit is not 
elevated, then a severe course is unlikely. With regard to early 
triage and decision-making in the emergency department, a 
high PPV is important in order to avoid unnecessary ICU trans-
fer. Interestingly, the Brown study demonstrated that elevation 
of the hematocrit on the day of admission had a poor PPV, while 
elevation of the hematocrit at 24 h after admission had a 100% 
PPV [99]. The findings from these studies suggest that intravas-
cular volume depletion is a major risk factor for a poor outcome, 
and that early efforts should be directed towards fluid repletion 
in order to prevent persistent hematocrit elevation.

Blood	urea	nitrogen
The prognostic implication of increased BUN in acute pancrea-
titis was recognized early by Ranson and coworkers, who 

Therapy and management

Current therapy for acute pancreatitis remains directed at relief 
of symptoms, rather than the underlying pathophysiology, with 
the exception perhaps of sphincterotomy/gallstone extraction 
for treatment of gallstone pancreatitis. The most important 
goals are appropriate fluid replacement and glucose repletion/
nutrition (including enteral feedings), along with analgesia.

Prediction of severity is difficult, as discussed in Section Pre-
diction of severity. Most of the early markers, such as elevated 
hematocrit, blood glucose, or BUN, as well as the BISAP score, 
provide high sensitivity and NPV, but lack specificity and PPV. 
Necessarily, the need for a transfer to the ICU is difficult to 
determine. With regard to the brief time frame and limited 
options to modulate the inflammatory response, patients that 
are at high risk should be transferred early on to the ICU. This 
includes patients with elevated hematocrit, BUN, or glucose, as 
well as patients with a BISAP score of at least 2. To limit “over-
triage”, severity should be reassessed after 48–72 h.

Fluid and electrolyte therapy is aimed at several goals; first, 
the pathophysiology of acute pancreatitis resembles severe 
burns and multiple trauma, and is characterized by the SIRS. 
Among the classical signs of inflammation, severe pain is the 
leading symptom, but signs and symptoms reflecting loss of 
pancreatic function are only occasionally seen in acute pancrea-
titis. However, when present, management of hyperglycemia is 
a key component of overall treatment.

Despite the absence of a primary microbial agent, pancreatitis-
induced SIRS results in hemodynamic and fluid imbalances 
similar to sepsis. Due to overwhelming release of predomi-
nantly vasodilating cytokines and other mediators, patients 
clinically present as “warm shock” with warm skin (low after-
load, decreased systemic vascular resistance) and elevated 
cardiac output, which is further increased by an elevated heart 
rate. Decreased systemic vascular resistance results in periph-
eral vasodilation, decentral blood pooling, and decreased 
venous return.

In addition, similar to sepsis, severe acute pancreatitis is char-
acterized by a capillary leakage syndrome with intravascular 
fluid loss, with movement of fluid from the intravascular space 
to the interstitial compartment. In this setting, leg edema and 
anasarca are sometimes misinterpreted as signs of fluid over-
load. On the contrary, leg edema is the result of intravascular 
fluid loss and treatment with diuretics can be devastating with 
regard to organ perfusion.

In addition to peripheral vasodilation and capillary leakage, 
there are a number of other factors contributing to intravascu-
lar hypervolemia and decreased venous return in the early 
phase of acute pancreatitis (Box 82.4), which include the 
following.
• Paralytic ileus with impaired motility and function of the 

bowel results in decreased fluid and energy absorption.
• Vomiting is a common symptom of pancreatitis, resulting in 

additional fluid loss and reduced fluid intake.

Box 82.4 Reasons for early volume depletion in acute pancreatitis

Nausea, reduced fluid intake
Vomiting
Paralytic ileus
Ascites
Pleural effusion
Inflammatory (peri)pancreatic edema
Exudation, fluid collections
Capillary leakage due to systemic inflammatory response syndrome 

(SIRS)
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against the risks of volume overload, with resulting respiratory 
failure, increased abdominal pressure, and septic complications. 
Therefore, similar to sepsis [109], acute pancreatitis requires 
careful management, with early and goal-directed therapy.

Clinical	assessment
Clinical assessment of volume status has to consider at least 
three compartments: the intravascular space (the major deter-
minant for organ perfusion), the interstitium and the third 
space (pleural effusions, ascites, fluid collections). In general, 
the interstitium is the most accessible compartment for clinical 
diagnosis. Leg edema related to capillary leakage can be misin-
terpreted as general fluid overload. The same applies for pleural 
effusions, which are frequently found in early pancreatitis and 
emphasized in the definition of the BISAP score [105], which 
includes pleural effusions as one of five criteria of poor outcome. 
Assessment of the intravascular volume is particularly difficult 
in patients with abdominal pathology.

Filling	pressures:	central	venous	pressure	and	
pulmonary	capillary	wedge
The filling pressures, central venous pressure (CVP) and pul-
monary capillary wedge pressure (PCWP), have long been pre-
sumed to be the most useful surrogates for venous return and 
preload. Both have been demonstrated to reflect preload and its 
changes in healthy individuals and in pathological conditions. 
However, under more complex disease states, particularly in the 
ICU setting, numerous studies have demonstrated poor predic-
tive value regarding volume responsiveness, that is increase in 
cardiac output and/or mean arterial pressure after fluid admin-
istration. In particular, increased intraabdominal pressure and/
or increased intrathoracic pressure related to mechanical venti-
lation can result in increased CVP values, irrespective of preload. 
This might be illustrated by the Valsalva maneuver (attempted 
exhalation against closed airways), which increases intratho-
racic pressure, jugular vein filling, and CVP, but reduces venous 

included a rise in BUN of >5 mg/dL within 48 h after admission 
as one of 11 criteria of their score [93]. However, the need to 
calculate this score at 48 h after admission reduces its usefulness 
in the emergency department. A number of studies demonstrate 
strong predictive value for an elevated BUN on admission. A 
retrospective analysis of 17 992 cases of acute pancreatitis dem-
onstrated that a BUN >25 mg/dL was the only laboratory 
parameter measured within 24 h after admission that was sig-
nificantly associated with mortality, whereas all other parame-
ters included in the Ranson score were not predictive [101]. 
Albeit retrospective, this study was multicenter and included a 
large number of patients, and the findings were later confirmed 
by another study of 18 256 patients [105]. The importance of 
BUN as predictor was confirmed by the German PROST trial, 
an population-based epidemiological study of 3 000 000 carried 
out before, during, and after the Munich Oktoberfest [102]. 
Among the various parameters studied, BUN had the largest 
ROC-AUC (0.918) with respect to mortality, with a cut-off on 
the admission day of 42 mg/dL. The increase in BUN in early 
acute pancreatitis is probably multifactorial, and reflects dehy-
dration, prerenal impairment, as well as malnutrition. The 
potential presence of all these conditions in severe pancreatitis 
might explain the strong and consistent role of BUN as early 
predictor. Consequently, an increase in BUN is a key criterion 
of the BISAP score [105].

After admission to the ICU, BUN remains an important pre-
dictor of outcome. In a large UK trial in 2462 ICU patients, 
BUN was among the four most predictive parameters regarding 
mortality [106]. Among these other predictors, low pH and 
decreased mean arterial pressure were clearly associated with 
impaired circulation and organ perfusion.

Diagnostic and therapeutic approaches  
to resuscitation
In patients with severe acute pancreatitis, the need for early 
resuscitation is usually clear. Similar to the approach for other 
ischemic organs, a major goal is to limit the degree of necrotic 
tissue by preserving circulation in regions with borderline per-
fusion (Figure 82.16). Nevertheless, the precise approach to be 
used in each patient remains to be clearly defined. However, the 
high a priori probability of early volume depletion in acute 
pancreatitis suggests the need for standard resuscitation regi-
mens without more complex algorithms. One retrospective 
study demonstrated the beneficial effects for the application of 
more than one-third of the total 3-day volume supply within the 
first day, compared to patients receiving more than two-thirds 
on day 2 and day 3, with a significant reduction of mortality (0% 
vs 18%; P = 0.033) [107]. In contrast, two Chinese studies 
demonstrated detrimental effects of aggressive early resuscita-
tion, with increased mortality in the group with aggressive fluid 
supply of 10–15 mL/kg/h (i.e., ∼1000 mL/h for a 70-kg patient) 
compared to the group receiving 5–10 mL/kg/h (mortality 
30.6% vs 10%; P = 0.03) [108]. These data emphasize that the 
potential benefits of early resuscitation have to be weighed 

Figure 82.16 Penumbra concept: Grey shaded areas with borderline 
perfusion which can be prevented from necrosis in case of optimized 
resuscitation.
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bolus is performed with a conventional central venous catheter 
and does not require a pulmonary artery catheter. TPTD enables 
measurement of global end-diastolic volume (GEDV) and 
intrathoracic blood volume (ITBV), markers of preload, and 
extravascular lung water (EVLW), which reflects pulmonary 
edema. In a study in ICU patients with acute pancreatitis, base-
line values and changes over time in ITBV correlated with 
cardiac output better than CVP [111]. Several other studies 
demonstrated the usefulness of GEDV and ITBV to guide 
hemodynamic measurement in other conditions with increased 
intraabdominal pressure, such as cirrhosis with ascites and the 
hepatorenal syndrome [111].

Dynamic	parameters	of	preload	and		
volume	responsiveness
Among the new hemodynamic parameters, the best predictive 
capabilities regarding volume responsiveness were found for 
“dynamic” parameters such as stroke volume variation and 
pulse pressure variation. Numerous hemodynamic devices are 
able to calculate variations of arterial pressure curve induced by 
mechanical ventilation (Figure 82.18). Because both controlled 
mechanical ventilation and sinus rhythm are prerequisites for 
the applicability of these parameters, their use is restricted to 
ventilated ICU patients. The usefulness of these parameters in 
this setting is underscored by an animal study demonstrating 
reduced mortality when stroke volume variation was used to 

return, preload, and central blood volume. In theory, CVP 
should represent the pressure difference between inside and 
outside the superior vena cave but, for practical reasons, only 
the intravascular pressure is measured as the outside pressure is 
assumed to be the atmospheric pressure. This is acceptable 
when the intrathoracic pressure is close to the atmospheric pres-
sure, for example in spontaneously breathing healthy subjects. 
However, when increased intrathoracic pressure is present, CVP 
measured within the superior vena cave will overestimate 
preload. Increased intraabdominal pressure and mechanically 
ventilation are frequently found in pancreatitis. The same con-
siderations apply to PCWP. Numerous studies [110] that include 
patients with severe acute pancreatitis [111] have demonstrated 
low predictive value for CVP and/or PCWP with respect to 
cardiac output and fluid responsiveness.

Volumetric	parameters
Hemodynamic monitoring has been one of the most rapidly 
developing fields in intensive care. In particular, pulse contour 
analysis and transpulmonary thermodilution (TPTD) appear to 
facilitate monitoring of cardiac output and other hemodynamic 
parameters. Similar to pulmonary arterial catheter cardiac 
output measurements, TPTD is based on thermodilution using 
a bolus of cold saline for indicator dilution (Figure 82.17). 
However, changes of blood temperature are not detected in the 
pulmonary artery but in the aorta. Injection of the indicator 

Figure 82.17 Transpulmonary thermodilution and pulse contour analysis: principles of measurement. Source: Images courtesy of Pulsion Medical 
Systems SE, Feldkirchen, Germany.
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containing solutions should be used with caution in patients 
with acute renal failure, there is some recent evidence that these 
solutions, including Ringer’s lactate, might reduce the risk of 
metabolic acidosis compared to chloride-rich solutions such as 
saline [116]. A 40-patient trial suggested reduced systemic 
inflammation in acute pancreatitis for resuscitation with lac-
tated Ringer’s solution compared to saline [117].

Nutrition
Enteral	nutrition
Many patients with acute pancreatitis develop paralytic ileus, 
nausea, and vomiting. In these patients early fluid resuscitation 
should be initiated parenterally. However, for nutritional 
support, enteral feedings should still be considered as early as 
possible. Despite the absence of evidence from prospective con-
trolled studies, prolonged “gut rest”, prohibiting enteral intake 
to avoid stimulation of pancreas secretion has been a corner-
stone of therapy in acute pancreatitis for decades [118]. Never-
theless, numerous studies [119] and metaanalyses [118] have 
demonstrated that in a substantial number of patients with 
acute pancreatitis, enteral nutrition is feasible and improves 
outcome. A Cochrane review analyzing eight randomized trials 
encompassing 348 patients with severe pancreatitis demon-
strated that nasoenteric tube feeding reduced the rate of 

guide fluid management instead of CVP in a model of severe 
pancreatitis [112]. Restriction of stroke volume variation and 
pulse pressure variation to ventilation to ventilated patients sug-
gests that volumetric parameters such as GEDV, ITBV, and 
EVLW should be used in early stages of severe acute pancreati-
tis. In non-ICU patients, echocardiography combined with 
passive leg raising might be the method of choice, which is also 
supported by evidence on cardiac impairment in acute pancrea-
titis [113].

In summary, several analyses demonstrated additional mor-
tality for limited and late volume resuscitation [107] as well as 
for excessive overhydration [108]. Given the risks of under- and 
overestimation of volume status, and the rapid changes in fluid 
demands during the course of disease, it is clear that individual-
ized and tailored approaches should be based on algorithms that 
include modern hemodynamic approaches [111].

Types	of	fluid	used	for	resuscitation
Despite theoretical advantages of hyperoncotic and colloid 
fluids, there is evidence for the nonsuperiority [114], or even 
detrimental effects [115], of colloids compared to crystalloids. 
Therefore, crystalloids should be used for resuscitation. In 
general, the type of crystalloid should also take into account 
specific electrolyte needs of the patient. Whereas potassium-

Figure 82.18 Transpulmonary thermodilution and pulse contour analysis. Parameters derived: CO, cardiac output; GEDV, global end-diastolic volume; 
ITBV, intrathoracic blood volume; EVLW, extravascular lung water; RAEDV, right atrial end-diastolic volume; RVEDV, right ventricular end-diastolic 
volume; PBV, pulmonary blood volume; LAEDV, left atrial end-diastolic volume; LVEDV, left ventricular end-diastolic volume; ITTV, intrathoracic 
thermo volume. Source: Images courtesy of Pulsion Medical Systems SE, Feldkirchen, Germany.
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neutrophil function and increase the risk of infections, leading 
to worse outcomes [127]. Hypertriglyceridemia with serum 
triglyceride levels >1000 mg/dL is more often the cause than the 
result of acute pancreatitis in a subset of patients with type IV 
or V hyperlipidemia. In selected cases, hypertriglyceridemia 
may require extracorporeal elimination [126,127].

Pain management
Severe abdominal pain is usually the most urgent symptom in 
patients presenting with acute pancreatitis. While primarily an 
inflammatory pain due to local mediator release, it may be 
exacerbated by abdominal ischemia due to fluid loss and 
hemoconcentration.

Opioids
Despite studies of a number of nonopioid medications, includ-
ing nonsteroidal antiinflammatory agents and even intrave-
nously applied local anesthetics such as procaine, there are no 
convincing data that the use of opioids can be avoided or 
reduced in the setting of acute pancreatitis [128]. The opioid of 
choice has been a matter of debate, because morphine has been 
reported to increase sphincter of Oddi pressure [129], thus 
potentially worsening acute pancreatitis. Based on this ration-
ale, meperidine as well as buprenorphine pentazocin have been 
recommended, despite the absence of clear superiority in 
humans [127]. Furthermore, meperidine has a relative short 
half-life and repeated doses can lead to accumulation of the 
neurotoxic metabolite normeperidine. For these reasons, fenta-
nyl or hydromorphone are usually preferred.

Epidural	anesthesia
Although there are not controlled clinical data, epidural anesthe-
sia is an another option for analgesia in ICU patients [130]. In 
an uncontrolled trial in 121 patients, epidural anesthesia pro-
vided sufficient analgesia without the need for further analgesics 
on 72% of treatment days [130]. Epidural anesthesia offers 
several potential advantages; sympathicolysis reduces paralytic 
ileus and increases vasodilation, which may improve perfusion 
in the perinecrotic areas around the pancreas. In an experimen-
tal animal study, epidural anesthesia reduced the necrotic area, 
amylase concentrations, and metabolic acidosis [131]. The 
vasodilation effect is not always trivial. In the study by Bern-
hardt et al. [130] of 121 patients receiving local anesthetic injec-
tions, 8% were associated with a hemodynamic reaction that 
required pharmacological intervention. Given the invasiveness 
of the procedures, and the potential of systemic vasodilation in 
patients with borderline hypotension, this type of anesthesia if 
used, should be limited to an ICU setting [132].

Therapeutic approaches without high-grade 
evidence of efficacy
In addition to fluid supply, enteral/ parenteral nutrition and 
pain control, a number of additional therapeutic strategies have 
been used.

infections and mortality, as compared with total parenteral 
nutrition [120]. Despite the small sample size and multiple end-
points of some of these studies, there is substantial evidence for 
a reduction in septic complications and in particular of catheter-
associated infections when enteral feedings are used instead of 
parenteral nutrition [121]. In addition to a reduction in bacter-
emia and sepsis, benefits of early enteral feeding include better 
maintenance of the intestinal barrier and prevention of bacterial 
translocation from the gut, which may be the predominant 
source of local (infected pancreatic necrosis) and systemic 
(sepsis) complications.

Enteral nutrition can be performed via a nasogastric or a 
nasojejunal tube. From a theoretical viewpoint, application of 
enteral nutrition beyond the ligament of Treitz (i.e., nasojejunal 
tube) might be preferable, because several animal [122] and 
human [123] studies have demonstrated that jejunal feeding 
minimizes stimulation of enzyme, bicarbonate, and volume 
release from the pancreas. However, data comparing jejunal to 
gastric enteral nutrition are scarce and to date have not clearly 
favored the jejunal route [124]. A metaanalysis in critical care 
patients did not demonstrate beneficial effects of postpyloric 
instead of gastric feeding [125]. This might also be related to 
inadequate tube position because, despite initial correct posi-
tioning beyond the ligament of Treitz, the tube is frequently 
dislocated to the stomach. Nevertheless, pyloric obstruction due 
to inflammatory edema or fluid collections can occasionally 
occur in acute pancreatitis, so that nasojejunal feeding might be 
advantageous.

With respect to the timing of enteral feeding, in a multicenter 
trial, early nasoenteric tube feeding within 24 h after randomi-
zation was not superior as compared with an oral diet after 72 h, 
as judged by infection or death in patients with severe acute 
pancreatitis (mean APACHE-II of 11). However, both groups 
were predominantly enterally fed and mortality rate was low (18 
out of 204 patients; 8.8%) [126]. Finally, despite the absence of 
large controlled trials on the type of enteral nutrition, most 
guidelines recommend low-fat semielemental formulas, assum-
ing a reduction in the pancreatic enzyme secretion and function 
in the setting of pancreatic injury [126,127].

Parenteral	nutrition
Despite the advantages of enteral nutrition, in severe acute pan-
creatitis, central venous access might be indicated for a number 
reasons. First, early fluid resuscitation is impeded by nausea, 
vomiting, and paralytic ileus in a substantial number of patients. 
Furthermore, electrolyte imbalances such as hypocalcemia and 
hypomagnesemia may require parenteral supplementation. In 
addition, predominant enteral nutrition might not be feasible 
in a number of patients with high-grade reflux or prone posi-
tioning due to acute respiratory distress syndrome (ARDS). 
Therefore, in patients with multiorgan failure due to severe 
acute pancreatitis, combined enteral and parenteral nutritional 
support is frequently required. Overfeeding with concomitant 
persistent hyperglycemia should be avoided because it impair 
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of antibiotic prophylaxis was not able to reduce the rate of surgi-
cal interventions (RR 0.93; 95% CI 0.72–1.20) [142]. Hence, the 
routine use of prophylactic antibiotics for patients presenting 
acute pancreatitis or even severe acute pancreatitis is not recom-
mended. According to American College of Gastroenterology 
(ACG) guidelines [10], empiric antibiotics should be restricted 
to patients with: (1) an extrapancreatic infection, such as 
cholangitis, catheter-acquired infections, bacteremia, urinary 
tract infections, or pneumonia; and (2) necrotizing pancreatitis 
and suspected infection with fever, leukocytosis, and/or organ 
failure. Morphological imaging may provide signs of infections 
such as the presence of gas within the collection of an ANC or 
WON. However, definite diagnosis of infection can only be 
established by sterile puncture (i.e., FNA). Broad-spectrum 
antibiotics with good penetration in the pancreas (i.e., carbap-
enems) are the therapy of choice [10]. Although ACG does not 
recommend routine administration of antifungal agents along 
with prophylactic or therapeutic antibiotics [10], the initiation 
of an antifungal treatment should be considered for patients 
with risk factors for fungal infections, in particular when anti-
microbial treatment does not result in clinical improvement.

Endoscopic retrograde cholangiography in  
biliary pancreatitis
In industrialized countries, an impacted stone in the prepapil-
lary region of the bile duct and alcohol abuse are the two most 
common causes of acute pancreatitis. About 60% are gallstone 
induced [143]. The differentiation of biliary and nonbiliary pan-
creatitis should be given high priority because of its manage-
ment implications. In patients with biliary pancreatitis, ERCP 
is an important therapeutic approach (Figure 82.19). However, 
among international societies, there is no clear consensus as to 
when an ERCP with sphincterotomy should be performed in 
biliary pancreatitis [97,141,144–148].

In general, when there is significant suspicion of concomitant 
cholangitis or biliary sepsis, ERCP should be performed as soon 
as possible, usually within 24 h [149]. The typical clinical sign 
of cholangitis is characterized by the Charcot triad of jaundice, 
abdominal pain, and fever. However, in some cases, particularly 
in elderly and immunodeficient patients, clinical symptoms 
such as fever and abdominal pain may be less pronounced or 
even absent. Sometimes it is difficult to differentiate a SIRS due 
to acute pancreatitis from biliary sepsis. When in doubt, early 
ERCP within 24 h is recommended.

The impact of an urgent ERCP with sphincterotomy in biliary 
pancreatitis without accompanying cholangitis is not clear. A 
metaanalysis demonstrated that early ERCP in patients with 
predicted mild and severe biliary pancreatitis without acute 
cholangitis did not lead to a significant reduction in the rate of 
complications and mortality [149]. However, ERCP/
sphincterotomy should ideally be performed within 72 h after 
onset of symptoms [148].

If stone extraction upon successful bile duct cannulation is 
not possible or only partially successful, an alternative approach 

The	4	antis:	antisecretory,	antiinflammatory,	antioxidant,	
and	antiprotease	therapy
In addition to restricting feedings and making patients nil per 
os, a number of other antisecretory strategies to “rest the pan-
creas” have been extensively investigated. Among the many 
antisecretory drugs that have been studied (including 
H2-receptor antagonists, proton pump inhibitors [PPI] and 
atropine) the largest number of studies has been performed on 
somatostatin and octreotide [133]. However, to date there has 
been no clear evidence for beneficial effects of these agents. PPIs 
should be used according to the guidelines for stress ulcer 
prophylaxis and not as a therapy for acute pancreatitis. The 
increased risk of Clostridium difficile infection associated with 
PPI use should be considered in deciding whether to use these 
agents [134]. Similar considerations apply to antiproteases [135] 
and antioxidants [136]. Antiinflammatory drugs have shown 
some efficacy in the prevention of post-ERCP pancreatitis 
rather than in therapy of established acute pancreatitis [137].

Antibiotic prophylaxis and therapy
Diagnosis of infection in the setting of acute pancreatitis is a 
major challenge. Laboratory infection parameters of patients 
with acute pancreatitis can either be elevated due to SIRS or an 
infection. Overly aggressive use of antibiotics promotes antimi-
crobial resistance as well as microbial selection (i.e., the selec-
tion of Candida spp). Both may complicate the treatment of a 
late-onset infection [12]. However, an early initiation of ade-
quate antimicrobial treatment is essential when sepsis is present 
[138]. Early fatality in patients with severe acute pancreatitis is 
most often due to multiple organ failure, while late mortality 
(e.g., >2 weeks) is usually a consequence of septic complications 
[139]. Gram-negative enteric microorganisms account for most 
infections of pancreatic necrosis and subsequent sepsis. Intesti-
nal permeability is increased in patients with severe acute pan-
creatitis and correlates with endotoxemia, which suggests 
translocation from the gut as the likely mechanism. The patho-
genesis of the deranged function of the gut mucosal barrier and 
the possible sites of increase in intestinal permeability have been 
reviewed [140]. Approximately one-third of patients with 
necrotizing pancreatitis develop infected necrosis, usually after 
∼10 days of illness [141]. Because the infection of pancreatic 
necrosis is associated with an increase in mortality, spurring the 
discussion of whether or not prophylactic antibiotic administra-
tion could be beneficial. Numerous studies have been performed 
to assess prophylactic antibiotic administration in acute pan-
creatitis; the majority concluded that prophylactic antibiotics 
had no significant effect on infection of pancreatic necrosis and 
clinical outcome. A metaanalysis of 14 randomized controlled 
trials with a total of 841 patients suggested that antibiotic proph-
ylaxis is not associated with a statistically significant reduction 
in mortality (relative risk [RR] 0.74; 95% confidence interval 
[CI] 0.50–1.07), in the incidence of infected pancreatic necrosis 
(RR 0.78; 95% CI 0.60–1.02), or the incidence of nonpancreatic 
infections (RR 0.70; 95% CI 0.46–1.06). Furthermore, the use 
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In cases of an endoscopically inaccessible duodenum (e.g., 
patients with gastric outlet obstruction) or in patients with inac-
cessible bile ducts, percutaneous transhepatic cholangiography 
and stone removal offers an alternative approach. If necessary 
due to persistent obstruction, a percutaneous transhepatic 
biliary drainage can be established. However, the complication 
rate of an initial percutaneous transhepatic approach, especially 
in patients with nondilated intrahepatic bile ducts, is consider-
able [163]. Thus, percutaneous transhepatic therapy is consid-
ered to be a second-line option.

In cases of biliary pancreatitis without a visible common bile 
duct stone on imaging and decreasing or improving parameters 
of cholestasis, an immediate ERCP is not mandatory because 
biliary stones often pass spontaneously into the duodenum [164]. 
When it is uncertain whether there is a stone in the common  
bile duct, EUS and MRCP can play important diagnostic roles. 
An overall goal of these diagnostic approaches is to avoid unnec-
essary ERCPs, because of the adverse effects of ERCP-related 
complications on the natural course of acute pancreatitis.

In patients with a previous endoscopic sphincterotomy, air in 
the common bile duct (pneumobilia) is a common finding. 
Under these conditions, exclusion of a common bile duct stone 
using EUS or MRCP is difficult or even impossible. Therefore, 
in cases with previously endoscopic sphincterotomy and stable 
pancreatitis, close follow-up of liver function tests (LFT) is rec-
ommended. In cases of improving LFTs, interventional endo-
scopic procedures can be deferred. However, if the LFTs do not 
reach normal values or instead show signs of worsening, ERCP 
should be performed, and any detectable common bile duct 
stones removed by a basket or balloon.

Invasive treatment of necrotizing pancreatitis 
(ANC and WON)
In about 10%–20% of patients with acute pancreatitis, the clini-
cal course is complicated and patients develop necrosis of the 

is the placement of a temporary biliary stent. This procedure 
allows for sufficient biliary drainage for short periods of time, 
and thus the risk for an additional bacterial cholangitis is mini-
mized. In acute cholangitis, this procedure is established and 
well evaluated by randomized controlled trials and several 
cohort studies [150–155]. In the setting of biliary pancreatitis, 
this procedure is not as well validated by randomized studies, 
but seems to be a useful approach.

Standard ERCP, in the hand of experienced physicians, is 
successful in visualizing the common bile duct and pancreatic 
duct in about 90% of patients [156]. However, in some patients, 
biliary cannulation can be difficult because of special anatomi-
cal features, inflammatory processes, or periampullary diver-
ticulum. Therefore, in patients with difficult bile duct 
cannulation, several techniques have developed to manage this 
problem. Needle-knife papillotomy has been used since the 
1980s. This technique is highly successful when performed by 
an expert endoscopist. However, a disadvantage of this tech-
nique is a higher rate of complications compared to standard 
ERCP. Overall complication rates range from 6% to more than 
20% [157–159]. The “freehand” needle knife, by which an inci-
sion is made starting at the orifice and extended in the cranial 
direction for a variable distance, is most widely used [157]. 
Transpancreatic precut sphincterotomy is another technique for 
difficult bile duct cannulation [160]. The first step of this tech-
nique is a selective cannulation of the pancreatic duct with a soft 
guide wire. Subsequently, a small precut using a standard 
sphincterotome is directed toward the bile duct through the 
septum between the bile duct and pancreatic duct. When a 
transpancreatic precut sphincterotomy is performed, complica-
tions are relatively frequent. However, given the need and cir-
cumstances surrounding a difficult ERCP, with failed initial 
attempts and a presumably inaccessible bile duct, the rate of 
complications is acceptable and likely lower compared with 
needle-knife papillotomy [161,162].

Figure 82.19 ERC(P) in a patient with biliary pancreatitis. (a) Cholangiogram demonstrate a prepapillary stone (arrow) without passage of contrast 
fluid into the duodenum. (b) After endoscopic sphincterotomy (EST) the stone was removed by using a Dormia basket. (c) Endoscopic view of the 
extracted stone, the Dormia basket, and the papilla vateri after EST.

(a) (b) (c)
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procedure-related complications were reported [170], particu-
larly bleeding complications with this blind puncture approach. 
With the development of EUS, it became possible to guide 
access to the pseudocyst [171], minimizing bleeding complica-
tions by avoiding puncture of interposed blood vessels. Further-
more, smaller pseudocysts that did not bulge into the stomach 
or duodenum could be drained. The placement of plastic stents 
or pigtails allowed for continuous drainage of a pseudocyst or 
fluid collection. In the mid-1990s, the first endoscopic drainage 
of extensive organized pancreatic necrosis was reported [172]. 
Four years later, the first fenestration of the gastric wall and 
debridement of infected necrosis by direct retroperitoneal 
endoscopy was performed [173], using endosonographic 
balloon dilation. This created a transmural tract into the retro-
peritoneal space, allowing the necrotic material to be removed 
under endoscopic guidance as exemplified by Figure 82.20, 
which shows a contrast-enhanced CT of a walled-off necrosis 
before (Figure 82.20a) and after eight sessions of transgastric 
necrosectomy 4 weeks later (Figure 82.20b).

Endoscopic approaches have a number of advantages com-
pared to surgery and percutaneous procedures. EUS-guided 
transmural access to fluid collections or necrotic tissue is less 
invasive than surgery, and therefore does not require general 
anesthesia. Morbidity is lower, recovery faster, and costs lower 
[174,175]. Endoscopic approaches can avoid local complica-
tions related to percutaneous drainage. Because the endoscope 
is placed in the gut lumen immediately adjacent to the fluid or 
necrotic collection, it can achieve direct access to the fluid or 
necrotic cavity through the gastric or duodenal wall, and drain-
age then occurs internally. In contrast, percutaneous drainage 
requires penetration of the skin and the abdominal wall, fol-
lowed by prolonged external drainage that can occasionally lead 

pancreatic parenchyma, peripancreatic tissue, or more distant 
sites. In up to 70% of these patients, necrotic collections subse-
quently become infected [165]. With the development of such 
necrotic collections, particularly those that become infected, 
drainage procedures and necrosectomies are required. In 
general, surgical, percutaneous or endoscopic procedures are 
available [143,166,167]. In the 1970s and 80s, open surgical 
necrosectomy played a major role in the management of severe 
necrotizing pancreatitis. However, since the 1990s, minimally 
invasive approaches have become increasingly important, with 
numerous studies demonstrating good results using percutane-
ous and endoscopic procedures [143,167]. Endoscopic proce-
dures are currently the preferred therapeutic approach for 
symptomatic pancreatic/peripancreatic fluid or necrotic collec-
tions. In contrast, percutaneous procedures are favored for 
management of fluid and necrotic collections at a distance from 
the pancreas, for example in the paracolic or pelvic region. 
Multidisciplinary approaches are needed for optimal manage-
ment. Critically ill patients should be managed by a multidisci-
plinary team of gastroenterologists, surgeons, and interventional 
radiologists.

Endoscopic	approach	to	fluid	collections	and		
pancreatic	necrosis
The first attempts at endoscopic transmural drainage of pancre-
atic fluid collections or pseudocysts were made in the 1980s. 
Treatment consisted initially in transgastric or transduodenal 
access to pancreatic pseudocysts using a needle knife [168–170]. 
In the 1980s, endoscopic transmural drainage involved a “blind” 
puncture; the visible presence of the pseudocyst bulging into the 
stomach or duodenum was a prerequisite, and the pseudocyst 
was punctured at the site of maximum bulging. Significant 

Figure 82.20 Contrast-enhanced CT scan of a walled-off necroses (*) before (a) and after eight sessions of transgastric necrosectomy 4 weeks later (b). 
(b) Two transgastric pigtails (arrow) in situ.

*

(a) (b)
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When transgastric or transduodenal necrosectomy is com-
pleted, the self-expanding metal stent should be removed by 
using a standard snare or biopsy forceps under endoscopic 
guidance. The use of covered SEMSs for drainage of pancreatic 
fluid collections, and transgastric/transduodenal necrosectomy 
has been previously reported [184–186]. While the insertion of 
the SEMS is successfully achieved in the majority of patients, 
stent migration is common. Stent migration has been addressed 
in part by the development of novel lumen-apposing stents, 
which are fully covered, nitinol, braided stents with bilateral 
anchor flanges, a luminal diameter of 10 mm, a flange diameter 
twice that of saddle section, and designed to hold tissue layers 
in apposition [187,188] (Figure 82.21). Early studies suggest 
that these novel stents show a low rate (1 in 15) of stent migra-
tion [188]. A major limitation of endoscopic debridement is the 
presence of fluid collections, necrotic collections, or abscesses 
at sites distant from the upper gastrointestinal tract (e.g., in the 
paracolic or pelvic region), which require adjunctive methods 
such as percutaneous drainage.

A systematic review indicated that endoscopic necrosectomy 
of pancreatic necrosis is effective and relative safe in patients 
with acute necrotizing pancreatitis [167]. The rate of complete 
resolution of pancreatic necrosis with an endoscopic approach 
alone was 76%, with a mortality of 5% and a procedure-related 
morbidity of 27% [167].

In conclusion, endoscopic necrosectomy offers a minimally 
invasive technique in patients with severe necrotizing pancrea-
titis. The insertion of a transmural self-expanding metal stents 
may allow easier access to pancreatic and peripancreatic necro-
sis. However, due to the technical difficulty of endoscopic 
necrosectomy and the high rate of procedure-related complica-
tion, it is recommended that this endoscopic treatment be per-
formed in specialized centers with a high level of expertise.

Invasive treatment of interstitial edematous 
pancreatitis (APFC and pseudocyst)
In most cases APFCs are sterile and resolve spontaneously, such 
that endoscopic or percutaneous drainage is usually not neces-
sary. However, in some cases APFC can persist beyond 4 weeks 
and develop into pancreatic pseudocysts. Leakage of pancreatic 
duct(s) might also induce pseudocyst formation. Pancreatic 
pseudocysts are surrounded by a well-defined wall and do not 
contain solid material or detritus. The presence or absence of 
pseudocyst communication with the pancreatic duct is impor-
tant, because it may help determine the optimal management. 
In general, a pseudocyst can be diagnosed by contrast-enhanced 
CT, but MRCP is usually more reliable to identify or exclude a 
pseudocyst communication with the pancreatic duct(s).

Some pseudocysts disappear spontaneously, and thus expect-
ant approach is warranted in selected patients. However, symp-
tomatic (gastric outlet obstruction, duodenal obstruction, 
biliary obstruction, bleeding, persistent pain) or infected pseu-
docysts require some type of drainage [189]. A drainage proce-
dure is also indicated if the pseudocyst continues to increase in 

to a percutaneous fistula. In addition, transmural access to the 
fluid or necrotic cavity achieved endoscopically is less painful 
and heals more quickly, compared to greater wound pain and 
prolonged healing that occurs after surgery or percutaneous 
procedures. Recovery is quicker with EUS-guided drainage and, 
hence, thrombotic, pulmonary, and other complications associ-
ated with immobilization are reduced.

The main complications of EUS-guided puncture and subse-
quent endoscopic transmural necrosectomy are bleeding and 
perforation. Injuries to adjacent organs, septic complications, 
and air embolism have all been reported [176–178]. Due to this 
risk of potentially serious complications, it is recommended that 
this procedure be performed only in specialized centers with 
appropriate expertise. Interventional radiologists and surgeons 
with expertise in pancreatic interventions should also be avail-
able on site.

Endoscopic debridement of pancreas necrosis can be per-
formed using a transgastric approach, a transduodenal approach, 
or both. Transgastric necrosectomy is generally easier and safer. 
First, EUS is used to visualize the fluid or necrotic collections 
and identify a suitable transmural access. The use of Doppler 
ultrasound can help to avoid puncture of interposed blood 
vessels. The initial procedure includes EUS-guided puncture of 
the fluid or necrotic collection with a needle. The types of 
needles that can be used include a cystotome, a 19-gauge FNA 
needle, and specific puncture kits [176,179–183]. The initial 
puncture is followed by the insertion of a guide wire into the 
collection under fluoroscopic guidance, which needs to be sta-
bilized, followed by dilation of the transmural tract with a 
balloon. Thereafter, lavage of purulent liquefied material and/or 
debridement of nonliquefied material can be performed. Necro-
sectomy can be done in similar fashion with baskets and/or 
forceps; lavage of liquefied material is best done with a water 
jet. During this endoscopic procedure, the use of carbon dioxide 
instead of air for insufflation is recommended in order to 
prevent air embolism. Complete debridement of all necrotic 
material is desirable, especially in infected necrosis. In most 
cases numerous endoscopic procedures are necessary. Endo-
scopic necrosectomy two to three times a week until all necrotic 
material is removed and healthy granulation tissue has replaced 
it is a reasonable approach. The placement of several pigtail 
catheters or plastic stents is common to maintain patency of the 
pancreaticogastrostomy. In the case of liquefied necrotic or 
purulent material, the additional placement of a nasocystic tube 
for rinsing is useful.

Pigtail catheters and plastic stents have the disadvantage of a 
relatively small lumen diameter, which can limit the rate of 
drainage and leads to more rapid occlusion. To overcome these 
problems, covered self-expanding metal stents (SEMS) are used 
by some interventionalists. SEMS have a significant larger 
lumen diameter (≥10 mm), and thus passage of a standard 
endoscope (diameter of 7 mm) through the self-expanding 
metal stent into the necrotic cavity is feasible. If the SEMS do 
not expand fully, dilation with a balloon may be performed. 
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absence of a pseudocyst communication with the pancreatic 
duct(s), either transpapillary or transmural (transgastric, trans-
duodenal) drainage is usually feasible. To minimize the risk of 
complications such as bleeding or perforation, only pseudocysts 
with a mature wall and proximity to the gastrointestinal lumen 
should undergo endoscopic drainage [176] (Figure 82.22).

In conclusion, transmural EUS-guided or transpapillary 
drainage represents an effective, minimally invasive approach to 
pancreatic pseudocysts. However, invasive drainage should be 
considered carefully, because a variety of pseudocysts disappear 
spontaneously. In situations with endoscopically inaccessible 
pseudocysts, percutaneous drainage remains an important 
alternative and/or adjunctive treatment modality. Surgical 
therapy of pseudocysts should be performed only in exceptional 
cases.

size or does not resolve after 6 weeks. Controversy exists regard-
ing the drainage of large asymptomatic pseudocysts. Most 
experts recommend drainage of pseudocysts larger than 6 cm 
[176]. In general, surgical, percutaneous, or endoscopic proce-
dures are available, and all have shown reasonable efficacy. 
While surgical drainage played an important role in the man-
agement of pseudocysts prior to 1990, since that time minimally 
invasive approaches, such as percutaneous or endoscopic drain-
age, have been increasingly important. To date, no randomized 
controlled trials have compared percutaneous and endoscopic 
approaches, and the exact approach tends to vary based on local 
expertise. However, EUS-guided endoscopic drainage is becom-
ing the preferred approach because it is less invasive than 
surgery and avoids local complications related to percutaneous 
drainage [189]. Depending on localization and the presence or 

Figure 82.21 Placement of a transgastric AXIOS® stent into a purulent necrotic collection. The EUS-guided puncture of the purulent necrotic collection 
is followed by the insertion of a 0.035-inch Jagwire (arrow) (a). A stable position of the guidewire is mandatory in order to reduce the risk of 
inadvertent loss of the transmural access. The next step includes dilation of the transmural tract with a balloon (*) (b). After dilation of the transmural 
tract, purulent material (*) flows spontaneously into the stomach (c). Thereafter, a transgastric AXIOS® stent is placed using the Jagwire under 
fluoroscopic and endoscopic control. Finally, the transgastric AXIOS® stent is correct in situ (d).

*

*

(a) (b)

(c) (d)
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Furthermore, in cases of large fluid or necrotic collections, com-
bined percutaneous and endoscopic (transgastric or transduo-
denal) drainages allow a continuous irrigation from the external 
to the internal drains (Figure 82.24). Liquid and semiliquid  
collections are particularly suitable for continuous irrigation 
using these methods. However, it is important to note that con-
tinuous irrigation during a combined percutaneous and endo-
scopic transmural approach may result in serum electrolyte 

Percutaneous	approach
Symptomatic fluid or necrotic collections in the setting of acute 
necrotizing pancreatitis can also be treated with percutaneous 
drainage (Figure 82.23). Drainage of an infected fluid or necrotic 
collection can lead to clinical improvement in seriously ill 
patients, and obviate the need for a surgical necrosectomy [165]. 
The insertion of more than one percutaneous drain enables a 
continuous irrigation to mobilize pus and necrotic material. 

Figure 82.22 Placement of transgastric pigtails into a pseudocyst. The endoscopic ultrasound-guided transgastric puncture of the pseudocyst is followed 
by the insertion of a 0.035-inch Jagwire (arrow). The next step includes dilation of the transmural tract with a balloon. Thereafter, transgastric pigtails 
(double arrow) are placed using the Jagwire under fluoroscopic (a) and endoscopic control. Finally, the pigtails are visible in the stomach (b).

(a) (b)

Figure 82.23 Contrast-enhanced CT scan of a walled-off necroses (*) before (a) and immediately after CT-guided placement of a percutaneous pigtail 
drainage (b).

*

(a) (b)
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imbalances. Therefore, frequent testing of serum electrolytes, 
such as sodium, potassium, and calcium, is important. Using 
percutaneous drainage or a hybrid percutaneous–endoscopic 
technique can make it possible to avoid open surgical necrosec-
tomy in the majority of patients [165,190].

By sequential dilation and insertion of a large-bore percuta-
neous drainage, a stable tract can be created. This stable tract 
allows subsequent percutaneous access for necrosectomy using 
a flexible endoscope. A variant of this method is the placement 
of a SEMS in order to gain access to the necrotic cavity [191], 
although further studies are needed to evaluate this novel treat-
ment modality. Percutaneous access to fluid collection or 
necrotic cavity is less invasive than surgery, with a lower mor-
bidity rate [143], faster recovery, and lower costs. The initial 
placement of a percutaneous drainage into an infected fluid 
collection is fast, typically does not require general anesthesia, 
and is a preferred approach in critically ill patients. However, a 
major disadvantage of percutaneous therapy is the need for an 
indwelling catheter, which results in a high risk for percutane-
ous fistula formation, as well as possible secondary infection of 
a sterile pancreatic or peripancreatic collection. Indeed, a study 
has suggested that initially culture-negative collections are more 
frequently infected by indwelling percutaneous drainage than 
after FNA [192]. Percutaneous procedures are more painful 
compared to transmural endoscopic procedures, carry the risk 
of inadvertent puncture of adjacent viscera, and have a slower 
recovery time compared to endoscopic drainage.

In most cases, CT-guided percutaneous drainage is placed 
into a fluid or necrotic collection using the guide wire tech-
nique. The preferred route for drainage of pancreatic and peri-
pancreatic collections is through the retroperitoneum on the left 
side. If this route is not possible, the transperitoneal access offers 
an alternative route. In selective patients, transabdominal 
ultrasound-guided puncture offers an alternative to CT-guided 
puncture [193]. In cases of a nonliquefied necrotic collection, 
dilation of the percutaneous tract up to 18–24 French is recom-
mended. Then, percutaneous necrosectomy may be performed 
under guidance with an endoscope (e.g., with a pediatric gas-
troscope or a standard gastroscope). CT-guidance is not manda-
tory during routine exchanges of the percutaneous drainages. 
The use of contrast fluid under fluoroscopic control is usually 
sufficient. However, the use of a guide-wire for every exchange 
of the drainage is recommended. Additionally, in patients with 
repeated necrosectomies, we recommend the use of soft plastic 
drainages (e.g., Yamakawa drainage), which are generally more 
convenient for patients (Figure 82.25).

A major limitation of percutaneous drainage or necrosec-
tomy is the localization of a fluid or necrotic collections  
behind an intestinal loop or other organs impairing access. 
Another major limitation may be adjacent blood vessels, which 
increases the risk for procedure-related bleeding and other 
complications.

A systematic literature review evaluating the role of percuta-
neous drainage in patients with infected necrotizing pancreatitis 

Figure 82.24 (a) Contrast-enhanced CT scan of an infected (gas bubbles) 
walled-off necroses with a transgastric AXIOS® stent (arrow) and a 
percutaneous Yamakawa drainage in situ (double arrow). These combined 
transmural endoscopic and percutaneous drainages allow a continuous 
irrigation from extern to intern. (b) Endoscopic view through the AXIOS® 
stent show solid necrotic material (#) and the tip of the percutaneous 
Yamakawa drainage (*). (c) Necrosectomy under endoscopic guidance by 
using a basket.

*

#

(a)

(b)

(c)
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modality in patients when fluid or necrotic collections cannot 
be accessed endoscopically (e.g., in the paracolic gutter or in the 
pelvic region) (Figure 82.26), or when the wall of the collections 
is immature.

Surgery
In the past, surgical necrosectomy was considered the treatment 
of choice in severe necrotizing pancreatitis. However, open sur-
gical necrosectomy for infected necrosis carries substantial 
risks, with reported mortality rates of more than 50%, especially 

encompassed 384 patients in 11 studies, including one rand-
omized controlled trial [167]. Infected necrosis was found in 
70% of patients, and surgical necrosectomy after percutaneous 
drainage was performed in 44% of the included patients. Com-
plications occurred in 21% of patients; the majority of complica-
tions were pancreaticocutaneous and pancreaticoenteric fistulas. 
The overall mortality rate in patients with necrotizing pancrea-
titis undergoing percutaneous drainage was 17% [165]. Thus, 
percutaneous drainage alone or in combination with percutane-
ous necrosectomy remains an important adjunctive treatment 

Figure 82.25 (a) Percutaneous 16 F pigtail drainage of a necrotic collection (*). With the use of contrast fluid the necrotic cavity is visible. (b) The 
exchange of the drainage was performed by the Seldinger technique using a guide wire (arrow) under fluoroscopic control. In this patient a soft plastic 
drainage (18 F Yamakawa prosthesis) was inserted. This soft Yamakawa prosthesis is more convenient.

*

(a) (b)

Figure 82.26 (a) Contrast-enhanced CT scan of a large infected fluid collection in the pelvic region 12 weeks after the onset of acute pancreatitis. 
(b) Therapeutic placement of a 10 F pigtail drainage into the fluid collection.

(a) (b)
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clinical outcome with open necrosectomy in patients with 
necrotizing pancreatitis and suspected or confirmed infected 
necrotic tissue. The minimally invasive surgical step-up 
approach involves, as a first step, percutaneous or endoscopic 
transgastric drainage. If there was no clinical improvement after 
72 h, and if the position of the drain was inadequate or other 
fluid collections could be drained, a second drainage procedure 
is performed. If this is not possible, or if there is no clinical 
improvement after an additional 72 h, the second step, video-
assisted retroperitoneal debridement with postoperative lavage, 
is performed. Compared to primary open necrosectomy, the 
reported mortality was 19% in the step-up approach group, 
compared to 16% in the open necrosectomy group. This differ-
ence was not significant, but the study was not powered to 
demonstrate a difference in the rate of death between the two 
treatment groups. The most common cause of death was mul-
tiple organ failure in both groups [143]. Nonetheless, the authors 
suggest that the minimally invasive step-up approach reduced 
the rate of the composite end point of major complications or 
death, as well as long-term complications, healthcare resource 
utilization, and total costs.

Table 82.6 demonstrates the various therapeutic strategies  
for management of selected local complications of acute 
pancreatitis.

Therapy of autoimmune pancreatitis
Indications for steroid therapy in autoimmune pancreatitis (see 
also Chapter 83) include obstructive jaundice due to associated 
sclerosing cholangitis and the presence of symptomatic extra-
pancreatic lesions. Pain per se is not an indication, as this 
symptom can be adequately treated with standard analgesics. 
Because diabetes mellitus seen in the acute presentation of 
autoimmune pancreatitis sometimes improves with steroid 
therapy, diabetes mellitus coincidental with autoimmune pan-
creatitis paradoxically may be an indication for steroid therapy. 
Serological tests and imaging studies should be done 2 weeks 
after the commencement of steroid therapy. A rapid response to 

when surgery was performed early in the course of acute pan-
creatitis [194,195]. Therefore, since the 1990s, less invasive 
therapeutic approaches such as endoscopic or percutaneous 
necrosectomies have become more widely used. Nevertheless, 
in some patients with severe complications such as an intestinal 
perforation, unremitting bleeding, or abdominal compartment 
syndrome [196], surgical intervention remains the preferred 
option.

In addition, surgical treatment can become necessary when 
endoscopic and/or percutaneous necrosectomy are unsuccess-
ful. Surgical treatment usually includes removal of necrotic 
material and placement of a percutaneous drainage. The more 
the necrosis has separated and become demarcated from the 
surrounding tissues, the more easily it can be distinguished 
from healthy vital tissue, and the more successful the surgical 
necrosectomy. A clear demarcation of necrotic tissue reduces 
the risk of bleeding during surgery procedure, the loss of vital 
pancreatic tissue, and the risk of exocrine and endocrine pan-
creatic insufficiency. Therefore, surgical necrosectomy should 
be performed as late as possible, and not earlier than 10–14 
days after the onset of pain [197]. The optimal timing of surgery 
is considered approximately 3–4 weeks after onset of acute 
pancreatitis [146,147,195]. In summary, surgical necrosectomy 
is indicated only in select cases, and surgical necrosectomy 
should be strongly avoided early in the course of acute 
pancreatitis.

Recently, minimally invasive surgical procedures have been 
used in the treatment of necrotizing pancreatitis as an alterna-
tive to open necrosectomy. However, there is no randomized 
study comparing minimally invasive with conventional open 
surgery. Advantages of minimally invasive approach have been 
attributed to reduced incisional trauma, as well as a lowered 
metabolic and immune response to injury.

Step-up	approach
A randomized controlled trial [143] has demonstrated an inter-
esting minimally invasive step-up approach and compared its 

Table 82.6 Management of selected local complications of acute pancreatitis.

Complication Imaging Management

APFC (acute peripancreatic fluid collection) CT scan Conservative management

ANC (acute necrotic collection) CT scan Conservative management

WON (walled-off necrosis) CT scan Percutaneous/endoscopic drainage and 
necrosectomy, surgical necrosectomy if indicated

Pancreatic pseudocyst CT scan or EUS Endoscopic or surgical drainage, if indicated

Pancreatic fistula ERCP, CT scan, MRCP PD stenting, somatostatin, surgery

Pseudoaneurysm formation CECT, angiography, MRA Angiographic embolism of feeding artery

CECT, contrast enhanced computed tomography; EUS, endoscopic ultrasound; MRA, magnetic resonance angiography; MRCP, magnetic resonance 
cholangiopancreatography; PD, pancreatic duct.
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evaluated in future clinical studies include peripapillary diver-
ticulum, emergency procedures, Billroth II gastrectomy, and the 
type of contrast medium.

In general, ERCP should be reserved for patients with clear 
and precise indicators in order to avoid the scenario of severe 
complications from an unnecessary ERCP. With the develop-
ment of modern imaging techniques such as MRCP, there is 
much less of a need for diagnostic ERCP. Furthermore, EUS is 
able to exclude the presence of a retained common bile duct 
stones or sludge in patients with suspect biliary pancreatitis.

Indomethacin
Nonsteroidal antiinflammatory drugs (NSAIDs) are potent 
inhibitors of phospholipase A2, cyclooxygenase, and neutrophil–
endothelial interactions, all believed to play an important role 
in the pathogenesis of acute pancreatitis [207,208]. A multi-
center, randomized, controlled trial showed that one prophylac-
tic dose of 100 mg rectal indomethacin given immediately after 
ERCP significantly reduced the incidence of post-ERCP pan-
creatitis in patients at elevated risk for this complication [30]. 
Additionally, the authors found that prophylactic indomethacin 
decreased the severity of post-ERCP pancreatitis [30]. The effect 
of indomethacin in low-risk patients is not known. Further 
studies will be necessary to address this question.

Placement	of	a	prophylactic	pancreatic	stent
A relevant mechanism of post-ERCP pancreatitis is believed to 
be pancreatic outflow obstruction as a result of edema, papillary 
spasm, or local injury. Increased pressure in the pancreatic duct 
may lead to premature intracellular activation of proteolytic 
enzymes, which results in further damage and enhanced local 
inflammation. A pancreatic stent can bridge the sphincter, 
allowing pancreatic juice to flow through the stent and thus 
preventing pancreatic outflow obstruction (Figure 82.27). 
Several studies have demonstrated that placement of a pancre-
atic stent decreases the risk of post-ERCP pancreatitis [209–
212]. A metaanalysis of eight randomized controlled trials 
assessed a pooled odds ratio of 0.22 for development of post-
ERCP pancreatitis in patients with pancreatic stent placement 
[213]. Pancreatic stents lowered the risk of mild, moderate, and 
severe post-ERCP pancreatitis [213]. Another metaanalysis of 
five prospective studies also found an overall benefit of pancre-
atic duct stenting in patients at increased risk for post-ERCP 
pancreatitis [214]. Patients in the no stent group had a threefold 
higher odds of developing pancreatitis compared with the stent 
group [214].

Controversy exists regarding material, size, and length of 
pancreatic stents. The ideal pancreatic stent should prevent 
outflow obstruction, deploy easily, should not dislodge prema-
turely, and should not cause stent-induced pancreatic injury. 
Soft material is more difficult to deploy and kinking may 
decrease the drainage effect, whereas stiff material may induce 
pancreatic duct or parenchyma trauma. In clinical studies most 

steroids is reassuring and generally confirms the diagnosis of 
autoimmune pancreatitis. For relapsed autoimmune pancreati-
tis, readministration or increased doses of steroids are effective. 
Patient with autoimmune pancreatitis that is refractory to ster-
oids and 6-mercaptopurine has been successfully treated with 
rituximab, a monoclonal antibody directed against the CD20 
antigen on B lymphocytes.

Prevention

Both primary and secondary prevention of acute pancreatitis 
may be important and should be sharply distinguished. An 
important example of primary prevention is avoidance of a 
post-ERCP pancreatitis. The main focus of secondary preven-
tion is to avoid recurrent events of pancreatitis. An example of 
secondary prevention is a cholecystectomy in a patient with a 
history of biliary pancreatitis, or permanent alcohol abstinence 
in a patient with a history of acute alcoholic pancreatitis.

Primary prevention
Prophylaxis	of	post-ERCP	pancreatitis
Complications of ERCP (see also Chapter 135) include acute 
pancreatitis, acute cholangitis, bleeding, and perforation. Acute 
pancreatitis is the most common major complication of ERCP 
[159]. In most patients, post-ERCP pancreatitis is mild or mod-
erate in severity, but may be severe in about 10% of patients 
[159]. Based on a metaanalysis, three patient-related and two 
procedure-related parameters are considered definite independ-
ent risk factors for post-ERCP pancreatitis [198]. These definite 
risk factors include sphincter of Oddi dysfunction, female 
gender, previous pancreatitis, precut sphincterotomy, and con-
trast injection of the pancreatic duct. In addition, likely risk 
factors include younger age, nondilated extrahepatic bile ducts, 
absence of chronic pancreatitis, normal serum bilirubin, high 
number of cannulation attempts, pancreatic sphincterotomy, 
sphincter dilation with a balloon, and failure to clear biliary 
stones. The risk of post-ERCP pancreatitis conferred by these 
factors is additive [159,198–202]. Moreover, the above risk 
factors are likely not exhaustive because the metaanalysis per-
formed by Masci et al. [198] did not attempt to analyze all 
potential risk factors. For example, there have been several 
reported cases of acute pancreatitis after endoscopic snare exci-
sion of the major duodenal papilla [203–205]. The volume of 
ERCPs performed at an endoscopy center does not seems to 
affect the risk of post-ERCP pancreatitis. In a large Italian pro-
spective multicenter study, the rate of post-ERCP pancreatitis 
did not differ between high- and low-volume centers [206], a 
finding confirmed by other prospective studies [159,199,200,202]. 
However, high-volume centers tend to treat a larger proportion 
of patients with difficult procedures (e.g., altered anatomy, failed 
cannulations) that are at a potentially higher risk for post-ERCP 
pancreatitis. Additional potential risk factors that need to be 



1690   PART 4 Gastrointestinal diseases

Although numerous studies strongly suggest that pancreatic 
stenting reduces the incidence of post-ERCP pancreatitis, place-
ment of a pancreatic stent also has disadvantages and potential 
complications. These include stent migration into the duct, 
infection, perforation of the pancreatic duct, and morphological 
changes of the pancreatic duct and parenchyma [216,217]. 
Finally, the role of pharmacological agents, for example 
indomethacin, in combination with pancreatic stents has not 
been adequately studied.

Secondary prevention
More than 20% of patients with acute pancreatitis have a repeat 
episode within the first several years after the initial attack [218]. 
Therefore, it is important to prevent recurrence of acute pan-
creatitis. Recurrent biliary complications, continued alcohol 
consumption, and smoking are the major risk factors for disease 
recurrence.

Cholecystectomy
In patients with acute pancreatitis who have documented chole-
lithiasis and common bile duct stones, a cholecystectomy is 
generally recommended to reduce the risk of recurrent bile duct 
stones, and therefore the risk of biliary pancreatitis. Therefore, 
cholecystectomy should be performed as early as possible after 
resolution of pancreatitis [144,146,219], usually within 3 months 
of acute pancreatitis. In mild pancreatitis, this can still be done 
during hospitalization. In severe pancreatitis, cholecystectomy 
should be performed after completion of treatment of pancreatic/
peripancreatic fluid and necrotic collections [220]. Usually 
laparoscopic cholecystectomy is performed. A prophylactic 
endoscopic sphincterotomy also reduces the risk of recurrence 
of pancreatitis and can be justified as the only measure if the 
patient is not a good surgical candidate or if the patient refuses 
surgery [148]. However, endoscopic sphincterotomy alone is 
not as effective as cholecystectomy in reducing further biliary 
complications [221]. In the majority of the patients, gall bladder 
sludge is asymptomatic. However, there is some evidence that 
sludge can lead, at least rarely, to biliary pancreatitis [222]. 
Therefore, in patients with pancreatitis and gall bladder sludge, 
a cholecystectomy is generally recommended. As in patients 
with gallbladder stones, laparoscopic cholecystectomy can be 
performed.

Alcohol	abstinence
Alcohol is considered an important major factor associated with 
the development of acute pancreatitis. Many patients with 
alcohol-associated acute pancreatitis develop recurrent pan-
creatitis during long-term follow-up [223,224]. Abstinence 
offers good protection against recurrent acute pancreatitis, but 
in clinical practice it is difficult to achieve. A working group 
from Finland demonstrated that repeated counseling sessions at 
6-month intervals are more effective than a single counseling 
session in promoting alcohol abstinence and reducing the fre-
quency of recurrent acute pancreatitis [225].

of the authors used polyethylene stents, which tend to be some-
what stiff [213]. However, further studies are needed to address 
the question of ideal stent material. It is unclear which diameter 
and length are the best; most authors used stents with a diam-
eter of 3F–7F and a length of 2–8 cm. Short unflanged stents 
with a small diameter tend to dislodge prematurely and thus 
may not protect against post-ERCP pancreatitis in high-risk 
patients. Regarding stent length and the use of flanged/unflanged 
stents, no significant difference was shown in previous studies. 
However, these results are based on studies with a relatively 
small number of patients. Further studies are necessary to 
address this question [213]. The duration of pancreatic duct 
stenting is unclear. Too long a duration may lead to stent-
induced pancreatic alterations (e.g., through mechanical irrita-
tion, bacterial translocation from the duodenum), whereas too 
short a duration may not be protect against post-ERCP 
pancreatitis.

The indications for placement of a prophylactic pancreatic 
stent are still not settled. A survey of expert biliary endoscopists 
in the United States revealed variation in patient selection and 
stent placement technique [215]. Almost all (96%) biliary endo-
scopists used prophylactic pancreatic stents in patients with 
high risk of post-ERCP pancreatitis [215]. The majority of 
experts surveyed considered appropriate indications in patients 
with ampullectomy, pancreatic sphincterotomy, precut sphinc-
terotomy, minor papillotomy, suspected or confirmed sphincter 
of Oddi dysfunction, and previous post-ERCP pancreatitis 
[215]. However, disagreement remained over several other 
potential indications for stent placement [215].

Figure 82.27 Prophylactic pancreatic stent in a 59-year-old patient with 
difficult bile duct cannulation. The pancreatic stent bridges the sphincter, 
thus pancreatic juice flows through the stent into the duodenum. 
Therefore, pancreatic outflow obstruction is prevented.
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Smoking	abstinence
In contrast to its role in chronic pancreatitis, smoking was not 
found to be a risk factor for recurrent episodes after the first 
attack of acute pancreatitis [226].
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Introduction

Autoimmune  pancreatitis  (AIP)  is  a  unique  form  of  chronic 
pancreatitis, which typically presents with obstructive jaundice, 
and is characterized histologically by the presence of a lympho-
plasmacytic infiltrate with fibrosis and therapeutically by a dra-
matic  response  to  steroid  treatment.  Two  distinct  subtypes  of 
AIP,  referred  to  as  type  1  and  type  2  AIP,  are  recognized;  in 
addition to histological differences, the two forms have distinct 
clinical  phenotypes.  Type  1  AIP  is  much  more  commonly 
encountered  and  better  understood;  type  2  AIP  is  less  com-
monly recognized and may represent a separate disease entity. 
The following discussion primarily concentrates on type 1 AIP, 
often simply referred to as AIP, followed by a contrast with the 
distinguishing features of type 2 AIP.

Type 1 autoimmune pancreatitis

Historical perspective
The  earliest  description  of  AIP  is  traced  to  a  report  by  Sarles  
et al.  in 1961 who described a  series of 10 patients with what 
they suggested was a unique chronic disease of the pancreas [1]. 
They noted associations with hypergammaglobulinemia,  jaun-
dice,  and  significant  lymphoplasmacytic  inflammation  with 
fibrosis.  They  hypothesized  that  this  was  a  “noninfectious 
inflammatory  disease  (autoaggression?)”  that  was  caused  by 

“self-immunization,”  alluding  to  an  autoimmune  mechanism. 
The phrase “autoimmune pancreatitis” was not proposed until 
the mid-1990s as its clinical profile appeared to be analogous to 
that  of  autoimmune  hepatitis,  including  its  responsiveness  to 
steroid therapy [2,3]. In 2001, Hamano et al. made a landmark 
breakthrough, demonstrating an association of elevated serum 
IgG4 in subjects with AIP [4]. This discovery led to significant 
advances in diagnosis and understanding of this disease as the 
result of an increase in the number of patients who were diag-
nosed  and  the  realization  that  previously  noted  “associations” 
with AIP (e.g., salivary gland disease) were actually manifesta-
tions of the same disease occurring in different organs.

Definition
It is now recognized that type 1 AIP represents the pancreatic 
manifestation  of  a  multiorgan  syndrome,  referred  to  as  IgG4-
related  disease  (IgG4-RD).  IgG4-RD  is  a  fibroinflammatory 
condition  characterized  by  frequent  elevations  of  serum  IgG4 
levels, tissue infiltration in involved organs with abundant IgG4-
positive  staining  plasma  cells,  multiorgan  involvement,  and 
response  to  steroid  treatment  [5].  While  individually  each  of 
these  features  is  not  specific  for  IgG4-RD,  the  combination  is 
highly  suggestive.  Within  the  current  nomenclature,  disease 
involving a particular organ is referred to as “IgG4-related  . . . ” 
According to this nomenclature, type 1 AIP can be referred to 
as “IgG4-related pancreatitis”; however, this change in terminol-
ogy for AIP has not been widely accepted.
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cytotoxic  T  lymphocyte-antigen  4  (CTLA-4),  tumor  necrosis 
factor-α (TNF-α), and Fc receptor-like 3 (FCRL3) [14].

Molecular mimicry
Some evidence suggests molecular mimicry is an inciting event 
of  the  inflammatory cascade  in those with genetic predisposi-
tion.  Antibodies  to  plasminogen-binding  protein,  a  protein 
found in Helicobacter pylori, were found in most patients with 
AIP, but is not specific for AIP and was also found in patients 
with pancreatic cancer [15].

Clinical presentation
AIP presents most  commonly as painless  jaundice  in associa-
tion  with  radiographic  evidence  of  a  diffusely  enlarged  pan-
creas. Other pancreatic manifestations can include a pancreatic 
mass, acute pancreatitis, hyperglycemia, and steatorrhea (Figure 
83.1). In addition to symptoms directly attributable to pancre-
atic involvement, many other symptoms attributable to involve-
ment  of  other  organs  may  also  be  present.  Depending  on  the 
imaging study used, other organ  involvement  is  seen  in up  to 
90%  of  patients;  PET  scans  show  extrapancreatic  disease  in  a 
high  proportion  of  patients.  The  most  common  sites  of  other 
organ involvement are the proximal biliary tree and salivary or 
lacrimal glands [16]. Other extrapancreatic disease manifesta-
tions  include  retroperitoneal  fibrosis,  lymphadenopathy,  and 
orbital swelling; however, essentially any organ can be involved. 
Similar disease activity in these related organs, as for the pan-
creas, tends to be steroid responsive.

Diagnostic criteria
Since  the  first  publication  of  characteristic  features  of  AIP, 
numerous  diagnostic  criteria  have  been  proposed  by  groups 
from around the world. Of these, the two most commonly used 
diagnostic criteria were those proposed by the Japan Pancreas 
Society  and  from  Mayo  Clinic  (HISORt  criteria)  [17,18].  An 
international working group has formulated consensus diagnos-
tic  criteria,  for  both  type  1  and  type  2  AIP,  to  facilitate  both 
clinical management and research. The result of these efforts is 
the International Consensus Diagnostic Criteria (ICDC), which 
includes  the  following  criteria:  histology,  pancreatic  duct 
imaging  (i.e.,  endoscopic  retrograde  pancreatography  [ERP]), 
pancreatic parenchymal imaging, serum IgG4 level, other organ 
involvement, and response to steroid therapy [19].

Histology
Although histology is generally not useful to delineate specific 
etiology in patients with chronic pancreatitis, AIP provides an 
exception. Pathologists can make a definitive diagnosis of AIP 
using pancreatic resection specimens or adequate core biopsies 
of  the  pancreas  [20].  Therefore,  histology  remains  the  gold 
standard  for  diagnosis  of  AIP.  Tissue  can  be  obtained  using 
endoscopic ultrasound (EUS)-guided core biopsy or percutane-
ous CT-guided core biopsy. However, both approaches are tech-
nically challenging and carry the potential for complications of 

Epidemiology
AIP tends to present in late middle age (mean age at diagnosis 
is  61  years)  and  has  a  3 : 1  male  predominance  [6].  Although 
rare, AIP is a globally recognized disease, with the largest pub-
lished series originating from Asia, Europe, and North America. 
The  largest  multinational  study,  consisting  of  23  institutions 
from 10 countries, enrolled just over 1000 subjects [6]. Although 
AIP  is  considered  rare,  there  is  only  one  study  describing  its 
prevalence. Using extrapolated survey data, the estimated prev-
alence of AIP in the Japanese population is 0.82 per 100 000 [7]. 
Before AIP was a well-recognized disease, many patients under-
went surgical resection unnecessarily. It is estimated that type 1 
AIP  accounted  for  at  least  20%  of  pancreatic  resections  for 
unsuspected  benign  disease  [8].  Risk  factors  for  this  disease 
have not been systematically evaluated and are therefore poorly 
understood.

Pathogenesis
The pathogenesis of both  types of AIP remains poorly under-
stood.  While  there  is  generally  a  combination  of  both  T-  and 
B-cell  lymphocytes  present  in  the  affected  organs  in  humans, 
the  primary  inciting  factor  of  immune  dysfunction  remains 
unidentified. Detection of abnormally high IgG4 antibody levels 
in the serum and IgG4-positive staining plasma cells in affected 
organs of patients with AIP have been consistently found.

IgG4 antibodies
The IgG4 subclass is unique amongst IgG subclasses in that the 
Fab arms are able to exchange and recognize multiple antigens 
(the so-called Fab arm exchange) [9]. The consequence is that 
these bispecific (although functionally monovalent) molecules 
cannot  cross-link  with  antigens  to  form  immune  complexes, 
and are unable to activate the complement pathway. Although 
the antibodies are not  felt  to be directly pathogenic,  they pre-
sumably provide a clue to the underlying pathogenesis of AIP. 
There  is  ongoing  discussion  whether  T-helper  (Th)  1  or  Th2 
responses predominate. One leading hypothesis to explain the 
selective  induction  of  IgG4  is  that  a  modified  Th2  response 
results in activation of regulatory T-cells (Tregs), which produce 
IL-10 that promotes B cells to preferentially produce IgG4 [10]. 
The ability to induce disease remission in patients by adminis-
tration  of  rituximab,  an  anti-CD20  antibody,  suggests  B-cell 
dysfunction is a critical step in pathogenesis [11].

Genetic susceptibility
There  is  some  evidence  suggesting  that  genetic  susceptibility 
contributes to the risk of AIP. However, findings have not been 
consistent  across  different  ethnic  groups,  suggesting  that,  if 
present, these susceptibility factors differ based on ethnicity. For 
example,  in  Japanese  patients  there  is  increased  susceptibility 
for AIP in those with HLA haplotype DRβ1*0405-DQβ1*0401, 
but this was not observed in a Korean population [12,13]. Other 
studies have investigated the potential role of single-nucleotide 
polymorphisms,  including  those  in  the  genes  encoding  
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Pancreatic parenchymal imaging
The so-called “sausage-shaped pancreas”, a characteristic cross-
sectional imaging feature of AIP, is the result of a diffuse enlarge-
ment of the pancreas with loss of the lobu lated contour of the 
pancreas.  Additionally,  the  parenchyma  is  generally  hypoat-
tenuating  and  manifests  delayed  enhancement.  It  is  seen  in 
40%–50% of patients at the time of acute presentation (Figure 
83.4). The “capsule sign”, a rim-like enhancement along the edge 
of the pancreas, is seen in ~30% of AIP and is felt to repre sent 
an inflammatory rind. Although present in only a minority of 
patients,  the capsule sign is not seen in pancreatic cancer and 
is, therefore, helpful to diagnose AIP when present [21]. Other 
parenchymal  imaging  abnormalities  include  a  focal  enlarge-
ment  (single  or  multifocal)  or  “normal”  pancreas  on  cross-
sectional  imaging.  Atypical  features  at  initial  presentation 
include a low-density mass, main pancreatic duct dilation, and 
distal atrophy. These findings should prompt a thorough evalu-
ation  to  exclude  malignancy.  However,  these  features  are 
common  in  those  presenting  months  to  years  after  initial 
symptoms.

These  findings  are  also  detectable  with  magnetic  resonance 
imaging (MRI). The parenchyma is hypointense on T1-weighted 
images,  somewhat  hyperintense  on  T2-weighted  images,  and 
there is delayed enhancement during the late phase of contrast 
enhancement [22]. EUS can identify parenchymal changes and 
allows for fine-needle aspiration (FNA) to exclude cancer and 
core biopsy for definitive diagnosis of AIP. The diagnostic utility 
of sonographic abnormalities alone has not been systematically 
evaluated.

The  morphological  abnormalities  of  AIP  on  cross-sectional 
imaging respond within weeks to steroid therapy [23]. As sug-
gested in the ICDC, patients undergoing a steroid trial ought to 
undergo  repeat  imaging  within  2  weeks  after  starting  steroid 
treatment in order to confirm a treatment response. Failure to 

pancreatitis  and  pancreatic  duct  leak.  There  are  two  distinct 
histological subtypes of AIP, previously referred to as lympho-
plasmacytic sclerosing pancreatitis  (currently  type 1 AIP) and 
idiopathic duct centric pancreatitis (type 2 AIP). Both subtypes 
feature prominent periductal lymphoplasmacytic inflammation 
[20]. Type 1 AIP is further characterized by obliterative phlebi-
tis,  dense  swirling  fibrosis  (termed  storiform  fibrosis),  and 
abundant  (>10/hpf)  IgG4  positive-staining  plasma  cells 
(Figures 83.2 and 83.3). The histological pattern in type 1 AIP 
can be seen in other affected organs, but the complete spectrum 
of changes is not seen in all organs (e.g.,  lymph nodes, orbital 
tissue, kidneys, and the lacrimal glands).

Figure 83.1 Diagram demonstrating pancreatic and extrapancreatic 
disease presentations of autoimmune pancreatitis (AIP). CBD, common 
bile duct.  

Clinical Presentations
of type 1 AIP

Pancreatic

Acute Subacute/Chronic
• Biliary strictures*
• Salivary gland
   enlargement
• Retroperitoneal
   fibrosis
• Lymph-
   adenopathy
• Inflammatory
   pseudotumors

• Pancreatic mass
• Steatorrhea
• Calcifications/
   pseudocyst
• Asymptomatic

*Located superior to
the intrapancreatic
portion of the CBD

• Jaundice
• Pancreatic mass
• Pancreatitis

Extrapancreatic

Figure 83.2 Low-power view of H&E stain of a resected pancreas 
specimen of type 1 AIP. The lymphoplasmacytic inflammation obscures a 
vein (*) (called obliterative phlebitis). Storiform fibrosis is also prominent 
in the upper half of the image.

Figure 83.3 Immunohistochemical stain for IgG4 of a resected pancreas 
specimen of type 1 autoimmune pancreatitis (AIP). Abundant IgG4-
positive plasma cells are present in this high-power field.
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[15,25–29]. In a multinational study of patients with histologi-
cally  confirmed  disease,  35%  (56/160)  of  type  1  AIP  patients 
had  normal  serum  IgG4  levels  [16].  Although  they  are  often 
obtained simultaneously,  total  IgG and  the other  IgG subclass 
levels  (IgG1,  IgG2,  and  IgG3)  are  not  currently  recognized  as 
meaningful tests for diagnosis. The low positive predictive value 
of elevated serum IgG4 for AIP limits the use of this test as the 
sole basis for diagnosis. Importantly, elevated serum IgG4 levels 
can  be  seen  in  up  to  10%  of  patients  with  pancreatic  cancer, 
primary  sclerosing  cholangitis,  and  cholangiocarcinoma 
[30–35].

Serum IgG4 status (elevated vs normal) and the magnitude 
of  elevation  do  not  appear  to  correlate  with  the  response  to 
therapy or likelihood of disease relapse [28,36]. IgG4 levels may 
be normal in about 25% of patients, between one and two times 
the  upper  limit  of  normal  (ULN)  in  25%  and  more  than  two 
times ULN in 50% of patients. Elevations of 20 times ULN have 
been observed, though the clinical relevance of marked eleva-
tions of IgG4 is unknown. In patients with elevated serum IgG4 
who are treated with steroids, only 35% will have normalization 
of IgG4 levels, and the failure to normalize has not been consist-
ently shown to increase the risk for relapse [36,37]. IgG4 levels 
can become elevated in the absence of other disease activity, so 
patients should not be treated for relapse based on elevated IgG4 
levels alone. In summary, elevated serum IgG4 levels are char-
acteristic,  but  not  diagnostic,  of  AIP,  and  are  most  useful  for 
establishing a diagnosis of AIP when other supportive findings 
are  present.  Levels  are  unreliable  for  predicting  response  to 
treatment or monitoring disease activity.

Differential diagnosis
The primary differential diagnosis for AIP is pancreatic cancer. 
Pancreatic cancer can generally be distinguished from AIP with 
pancreatic imaging, serum IgG4 levels, and evaluation for other 
organ  involvement. While  the  typical  imaging  features of AIP 
are  not  easily  confused  with  pancreatic  cancer,  patients  with 
focal  enlargement or atypical  imaging  features are more chal-
lenging to diagnose. Findings of delayed parenchymal enhance-
ment and  the capsule  sign are highly  specific  for AIP and are 
not  found  in association with pancreatic cancer  [21,38,39].  In 
the absence of other supporting information, serum IgG4 levels 
are  not  reliable  for  discriminating  between  AIP  and  cancer 
because mild elevations occur in approximately 10% of patients 
with  pancreatic  cancer  [32].  Similarly,  the  presence  of  typical 
other organ involvement associated with AIP should be consid-
ered as collateral, not confirmatory, evidence when present. The 
combination  of  imaging,  serum  IgG4  levels,  and  other  organ 
involvement can distinguish between AIP and pancreatic cancer 
in  most  patients.  However,  the  diagnosis  could  not  be  estab-
lished without a pancreatic core biopsy,  steroid  trial, or at  the 
time of surgery  for suspected malignancy  in almost one-third 
of patients [21].

A current approach for discriminating between AIP and pan-
creatic cancer utilizing ICDC is summarized in Table 83.1. The 

respond  to  treatment  should  raise  concern  for  an  alternative 
diagnosis,  and  additional  diagnostic  evaluation  should  be 
pursued.

Pancreatic ductal imaging
Endoscopic retrograde pancreatography (ERP) can also provide 
supportive  evidence  to  diagnose  AIP.  Supportive  findings 
observed on ERP include: (1) a long (more than one-third the 
length  of  the  pancreatic  duct)  stricture;  (2)  lack  of  upstream 
dilation from the stricture (<5 mm); (3) multiple strictures; and 
(4) side branches arising from a strictured segment. These find-
ings have moderate specificity (83%) for a diagnosis of AIP and 
can  be  identified  with  fair  interobserver  agreement  [24]. 
Although patients with suspected AIP are not recognized to be 
a high-risk population for post-ERCP pancreatitis, some clini-
cians elect to reserve ERP for those in whom additional collat-
eral  diagnostic  evidence  is  needed  to  avoid  this  potential 
complication. In addition to evaluating pancreatic parenchyma, 
MRI offers  the advantage  that when combined with magnetic 
resonance  cholangiopancreatography  (MRCP)  sequencing, 
simultaneous evaluation of main pancreatic duct is also possi-
ble.  Although  similar  pancreatic  ductal  abnormalities  can  be 
seen  on  MRCP,  its  performance  has  not  been  compared  with 
ERP and therefore cannot be recommended as a substitution at 
this time.

Serum IgG4
In  their  initial  report, Hamano and colleagues  found elevated 
serum  IgG4  levels  in  95%  (19/20)  of  their  AIP  patients  [4]. 
However, there has been considerable variability in the reported 
sensitivity  in  subsequent  series,  ranging  from  45%  to  95% 

Figure 83.4 CT scan of the abdomen with contrast in a subject with type 1 
AIP. The pancreas is hypoattenuating, diffusely enlarged, and a capsule-like 
rim is present. A biliary stent and right renal cyst can also be seen.
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organ  involvement  associated  with  AIP,  it  is  not  possible  to  
differentiate  these  diagnoses.  Therefore,  in  PSC  patients  with  
an elevated serum IgG4 it is important to consider imaging of 
the  pancreatic  parenchyma  and/or  main  pancreatic  duct  (i.e., 
MRI/MRCP,  ERP,  or  endoscopic  ultrasound)  to  look  for  evi-
dence of pancreatic involvement, which is the strongest predic-
tor  of  IgG4-related  sclerosing  cholangitis.  In  those  with  a 
dominant biliary presentation, the pancreatic involvement can 
be atypical with beading of the pancreatic duct and atrophy as 
the only signs.

Otherwise,  nonpancreatic  manifestations  of  IgG4-RD  must 
be  distinguished  from  other  autoimmune,  malignant,  or  idio-
pathic conditions. In patients with established AIP (i.e., IgG4-
RD)  it  is  reasonable  to  monitor  the  response  of  these 
manifestations to steroid treatment; however, if the diagnosis is 
not secure, additional testing is required. For example, Sjögren 
syndrome  is  clinically  similar  to  IgG4-related  involvement  of 
the salivary glands, but serum IgG4, autoantibody status (anti-
SS-A and anti-SS-B), histology, and response to steroid therapy 
can  differentiate  the  two  conditions.  This  distinction  is  even 
more  important  for  patients  presenting  with  tissue  masses. 
IgG4-related pseudotumors have been reported in a variety of 
organs including the orbits, breast, liver, lung, and kidney. These 
lesions are  radiographically  indistinguishable  from  the organ-
specific cancers, and therefore often require biopsy to determine 
the  correct  diagnosis;  the  pseudotumors  are  generally  fibrotic 
and often have abundant  infiltration of  IgG4-positive  staining 
plasma cells.

Natural history
The  natural  history  of  untreated  disease  has  not  been  clearly 
determined, as there are many factors involved in the decision 
to  not  treat  patients  with  steroids  (e.g.,  age,  comorbidities, 
symptoms,  and  severity  of  disease  manifestations).  However, 
multiple  studies  have  demonstrated  that  spontaneous  remis-
sions can occur in untreated patients, but is not universal and 
may  take  longer  than  steroid-induced  remission  [6,37,40]. 

initial step  is  to consider  the  likelihood of AIP based on pan-
creatic  parenchymal  imaging.  When  typical  imaging  (i.e., 
diffuse  pancreatic  enlargement)  is  present  any  collateral  evi-
dence (elevated serum IgG4 or presence of other organ involve-
ment) will establish an AIP diagnosis, so other measures (e.g., 
steroid trial or core biopsy of pancreas) to support the diagnosis 
are  unnecessary.  However,  if  the  pancreatic  imaging  shows 
focal/segmental  enlargement  or  has  indeterminate  or  atypical 
features  (e.g.,  low-density  mass,  pancreatic  duct  dilation,  or 
distal  atrophy)  the  subsequent  evaluation  is  dictated  by  the 
strength of  the collateral  evidence.  If  there  is  strong collateral 
evidence (serum IgG4 more than two times ULN and convinc-
ing presence of other organ involvement (histologically proven 
involvement  or  radiographic  presence  of  proximal  biliary 
disease  or  retroperitoneal  fibrosis),  then  the  diagnosis  of  AIP 
can  be  confirmed  without  additional  measures.  Conversely,  if 
the collateral evidence is only modest (e.g., serum IgG4 elevated 
less than two times ULN or the demonstration of other organ 
involvement is less specific, such as symmetrically enlarged sali-
vary glands), FNA is first recommended to rule out cancer and 
a steroid treatment trial is needed to secure the AIP diagnosis. 
Finally, regardless of pancreatic imaging features, if there is no 
supportive collateral evidence for AIP, an FNA is recommended 
to exclude cancer and a core biopsy of the pancreas is needed 
to reach an AIP diagnosis.

One  of  the  most  challenging  dilemmas  in  the  differential 
diagnosis is distinguishing primary sclerosing cholangitis (PSC) 
from  biliary  involvement  of  the  intrahepatic  and/or  proximal 
extrahepatic common bile duct related to AIP (i.e., IgG4-related 
sclerosing cholangitis). Because approximately 10% of patients 
with  PSC  have  elevated  serum  IgG4  levels,  and  tissue  IgG4 
infiltration can be seen in both conditions, this marker is inad-
equate to distinguish the two entities [33]. Additionally, there is 
a  subset  of  patients  with  PSC  who  have  steroid-responsive 
disease irrespective of serum IgG4 levels, suggesting these dis-
eases  may  overlap,  and  the  boundaries  are  not  clearly  under-
stood. In the absence of pancreatic involvement or typical other 

Table 83.1 Approach for determining the appropriateness of fine-needle aspiration (FNA) to rule out cancer, and additional measures to establish the 
diagnosis of autoimmune pancreatitis (AIP) according to International Consensus Diagnostic Criteria.

Pancreatic 
imaging

Strength of 
collateral evidence*

FNA 
recommended

Steroid trial needed 
for AIP diagnosis

Pancreas histology 
needed for AIP diagnosis

Diffuse enlargement Any N N N

Focal enlargement/
indeterminate

Strong N N N

Focal enlargement/
Indeterminate

Modest Y Y N

Diffuse or focal 
enlargement

None Y N Y

* Collateral evidence: serum IgG4 levels or other organ involvement.
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weeks  [23].  On  the  other  hand,  some  radiographic  findings, 
such as retroperitoneal fibrosis or stricturing of the intrahepatic 
biliary ducts, may have a  less complete response, and in some 
cases there will be persistent imaging abnormalities, presumably 
due  to  fibrosis,  that  do  not  resolve  despite  other  evidence  of 
complete  clinical  remission.  As  previously  discussed,  serum 
IgG4 levels may remain elevated even in the presence of com-
plete  resolution  of  symptoms  and  imaging  abnormalities,  and 
therefore normalization of serum IgG4 levels is not considered 
necessary for disease to be in remission.

Steroids
There are two common approaches for administering steroids, 
which primarily differ in the duration of treatment. During the 
induction phase, high-dose steroids, either a daily fixed dose (30 
or 40 mg) or weight-based dose (0.6 mg/kg) of prednisone, are 
used. In one approach the high dose is continued for 3 months 
duration, and then tapered to a low dose (2.5–5 mg/day), which 
is continued for up to 3 additional years. This approach reflects 
Japanese  treatment  guidelines  and  is  utilized  in  many  other 
Asian countries as well [44]. The alternative approach consists 
of  a  shorter  duration  (4  weeks)  of  high-dose  steroids,  with  a 
rapid taper (5 mg every 1–2 weeks following demonstration of 
clinical improvement) without maintenance steroids. The later 
approach  is more commonly utilized  in  the United States and 
other Western countries [36,42].

Regardless of the strategy used, remission rates are essentially 
100% [6]. A large, multicenter study from Japan demonstrated 
that patients continued on maintenance steroids were less likely 
to have a relapse during follow-up than those patients in whom 
maintenance  steroids  were  discontinued  (23%  vs  34%, 
P = 0.045) [37]. It should be noted that this study was observa-
tional  and  therefore  did  not  account  for  the  distribution  of 
patients with proximal biliary disease. A randomized, control-
led  trial  comparing  maintenance  steroids  versus  no  mainte-
nance steroids would be required to clarify whether this strategy 
prolongs relapse-free survival.

Adjuvant therapy
In  addition  to  treatment  of  the  underlying  disease,  adjuvant 
therapy  for  other  complications,  including  jaundice,  diabetes 
mellitus, and steatorrhea, needs to be considered. In general, the 
vast majority of patients with jaundice are treated with biliary 
stenting at  initial diagnosis  to either  treat or prevent develop-
ment of cholangitis [6]. On the other hand, only about 50% of 
patients with diabetes mellitus receive treatment with oral med-
ications  or  insulin  treatment.  Hyperglycemia  is  an  important 
side  effect  of  high-dose  steroid  therapy  that  can  be  treatment 
limiting, so glucose levels should be monitored periodically and 
treated  appropriately.  The  prevalence  of  pancreatic  exocrine 
insufficiency  at  disease  presentation  is  not  well  characterized, 
but  pancreatic  enzyme  replacement  therapy  can  generally  be 
reserved  for  those  with  persistent  steatorrhea  despite  steroid 
treatment.

Regardless of whether or not patients are treated with steroids, 
there  is  risk  for  future relapse or disease-associated complica-
tions  (pancreatic  insufficiency  and  possibly  cancer).  However, 
when compared to the general population, there was no differ-
ence in mortality for subjects with AIP who died of unrelated 
causes [28].

Disease relapse
Type  1  AIP  is  a  chronic  relapsing  disease  with  relapse  rates 
ranging from 15% to 60% [6,27,28,36,37,41]. Relapses typically 
involve the pancreas and/or biliary system, but can also exclu-
sively  involve  other  organs  not  affected  at  the  time  of  initial 
diagnosis.  The  strongest  and  most  consistent  risk  factor  for 
disease relapse is the presence of proximal biliary tract disease 
(i.e., proximal to the intrapancreatic portion of the common bile 
duct)  [42].  There  are  inconsistent  data  regarding  the  risk  of 
relapse in those with focal mass-forming versus diffuse pancre-
atic  enlargement  [28,43].  It  has  been  observed  that  patients 
initially treated with pancreaticoduodectomy (due to suspected 
malignancy) are  less  likely  to have a  subsequent  relapse com-
pared  to  those  medically  treated;  however,  the  proportion  of 
patients  with  surgically  treated  disease  is  decreasing  [28]. 
Because  relapses  can  be  medically  managed  and  pancreatic 
surgery  has  considerable  morbidity,  surgery  is  reserved  for 
patients who do not respond to steroid treatment and in whom 
malignancy cannot be ruled out.

Therapy and management
The primary goals of treatment are the relief of symptoms and 
amelioration of acute inflammation. At this point, it is unclear 
if  early  institution  of  therapy  can  prevent  end-organ  damage 
due to fibrosis. Long-term goals of therapy include early detec-
tion, treatment, and prevention of relapses.

There have been no randomized, controlled treatment trials 
in AIP. Therefore our current understanding of AIP treatment 
is based on observational studies and expert opinion. Since an 
early description of disease resolution with steroids, these agents 
have remained the mainstay of treatment [3]. More recently, the 
use  of  immunomodulatory  agents,  such  as  azathioprine  and 
rituximab, has been described.

Disease activity, and therefore remission, can be considered 
from  several  perspectives  including  clinical  (symptoms),  bio-
chemical (liver enzyme levels), serological (serum IgG4 levels), 
radiographic  (imaging findings), and histological  (presence of 
inflammatory  cells).  Of  these,  biochemical  and  radiological 
parameters  are  practical  and  objective  measures.  Symptoms 
without  biochemical  or  radiological  evidence  are  not  reliable 
indicators  of  disease  activity.  Serological  abnormalities  can 
persist despite absence of any other evidence of disease activity. 
Histological evidence of disease activity is rarely used due to the 
need to repeat biopsies.

In general, symptoms and radiographic abnormalities of the 
pancreas  and  secondary  strictures  of  the  distal  common  bile 
duct are rapidly responsive to steroid treatment within a couple 
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relapses are generally retreated with steroids and maintenance 
treatment (either low-dose steroids or an immunomodulator), 
or rituximab. There are currently no randomized trials to guide 
treatment decisions. The authors’ current strategy for managing 
disease relapses is outlined in Figure 83.5.

Complications
Complications of AIP include those related to acute inflamma-
tion,  secondary  end-organ  damage,  and  treatment-related 
adverse events. The syndrome of cholangitis secondary to biliary 
strictures is one of the most serious causes of morbidity. Although 
the symptoms and liver biochemical abnormalities can resolve 
with steroid therapy, most clinicians  initially treat with biliary 
stenting  and  antibiotics  until  the  infectious  process  has  been 
stabilized, then initiate steroid treatment. Signs and symptoms 
related to acute inflammation within involved organs can include 
visual  changes,  salivary  gland  dysfunction,  steatorrhea,  and 
hyperglycemia, among others. In general these symptoms resolve 
with  steroid  treatment.  In  contrast,  permanent  organ  damage 
can develop as the result of fibrosis mediated by chronic inflam-
mation. Examples of this include cirrhosis secondary to IgG4-
related  sclerosing  cholangitis,  or  ureteral  obstruction  from 
retroperitoneal fibrosis. Medication-related adverse effects can 
develop in the setting of acute or chronic prednisone use, and 
with the use of other immunomodulators.

Pancreas-specific  sequelae  include  pancreatic  insufficiency 
(endocrine and exocrine) and the formation of pancreatic duct 
stones.  Pancreatic  atrophy  commonly  occurs  following  treat-
ment, and is less frequent in those who receive steroid treatment 
compared to no steroids. However,  the functional significance 
of this finding is unknown. Pancreatic duct stones are a known 
complication of other forms of chronic pancreatitis. They have 
been reported in approximately 10% of AIP patients at follow-up, 
and are more common in those patients who have had at least 
one disease relapse compared to those without a relapse (14% 
vs 4%, P < 0.001) [6].

An increased risk for developing cancer is a potential compli-
cation that is common to many chronic inflammatory disorders. 
There  are  numerous  reports  of  patients  developing  pancreatic 
and  other  forms  of  cancer  after  AIP  diagnosis.  Collectively, 
there are only about 15 reports of patients diagnosed with pan-
creatic  cancer  a  median  36  months  after  AIP  diagnosis  [47]. 
However,  because  cancer  induced  by  chronic  inflammation  is 
generally  thought  to  take  decades  to  develop,  the  relatively 
limited follow-up of AIP patients to date is inadequate to accu-
rately  assess  this  risk  and  longer  observational  studies  are 
needed. Three studies have systematically evaluated the risk of 
any cancer in patients with AIP, although follow-up intervals for 
all studies was relatively short. Two studies from Japan showed 
an increased risk for developing cancer, while a study from the 
United States showed no  increased risk. The first,  reported an 
increased risk (standardized incidence ratio 3.8) in 106 patients 
with IgG4-RD (10 of these patients had pancreatic involvement) 
[48]. The second, exclusively evaluating subjects with pancreatic 

Treatment of relapse
There are several approaches for management of disease relapse. 
As  previously  discussed,  relapses  can  occur  in  the  organ(s) 
involved  at  disease  presentation  or  in  different  locations. 
Currently, treatment of relapses does not differ on the basis of 
organs  involved,  although  more  aggressive  management  for 
patients with proximal biliary involvement is reasonable because 
this can result in serious infections and rapidly progress to cir-
rhosis.  Options  for  treating  relapses  include:  (1)  a  tapering 
course  of  high-dose  steroids  without  maintenance  treatment; 
(2)  a  tapering  course  of  high-dose  steroids  with  maintenance 
treatment  (low-dose  steroids  or  immunomodulators);  or  (3) 
rituximab. Remission rates for using steroids to reinduce disease 
control  remain  >95%;  however,  it  is  unclear  whether  or  not 
maintenance steroids remain equally effective [6].

Immunomodulators
The concern  for  long-term complications of  steroid  treatment 
led  to  the  consideration  of  using  immunomodulatory  agents 
(e.g.,  azathioprine,  6-mercaptopurine,  and  mycophenolate 
mofetil)  for maintenance of  remission.  Initial  series presented 
promising data regarding the ability to maintain remission with 
these agents  [36,45]. However,  in  the  largest  series of patients 
(n = 41) treated with immunomodulators, the relapse-free sur-
vival  following the first relapse was similar  in those who were 
treated  with  steroids  and  immunomodulators  versus  steroids 
alone without maintenance treatment [11]. Similar to previous 
observational treatment studies, this was uncontrolled and type 
2 error is possible due to the small sample size, so a definitive 
conclusion cannot be made regarding  the effectiveness of  this 
strategy.

Rituximab
The use of rituximab, an anti-CD20 antibody, for the induction 
and  maintenance  treatment  of  AIP  has  been  described  [46]. 
When administered as a series of infusions over 2 years, using 
a  protocol  similar  to  that  used  for  treatment  of  B-cell  lym-
phoma,  a  convincing  and  complete  remission  of  disease  was 
achieved in 10 of 12 patients with no relapses during treatment 
[11].  These  patients  included  many  difficult-to-treat  patients 
who  had  had  multiple  relapses,  including  some  who  relapsed 
during maintenance treatment with steroids or immunomodu-
lators. Currently, a phase I/II trial treating patients with IgG4-RD 
(with  or  without  pancreatic  involvement)  using  a  two-dose 
rituximab  protocol  is  underway,  and  will  hopefully  provide 
additional  understanding  of  the  optimal  dosing  protocol 
(NCT01584388).

In  summary,  steroids  consistently  induce  remission  in  AIP 
both at the initial presentation and disease relapse. For patients 
without  a  rapid  response  to  steroids,  alternative  diagnoses 
should be considered. The optimal induction dosing and dura-
tion of steroid treatment is unknown. Options for the mainte-
nance phase include low-dose steroids, immunomodulators, or 
close  observation  without  maintenance  treatment.  Disease 
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initiation  of  treatment  or  closer  monitoring  to  prevent  the 
development  of  severe  symptoms,  especially  cholangitis. 
Otherwise, in patients with pancreatic involvement we regularly 
monitor  for  evidence  of  glucose  intolerance  and  fat-soluble 
vitamin deficiencies. Patients receiving maintenance treatment 
require  monitoring  for  long-term  drug-related  toxicities  and 
complications.

Geographic variation
The  primary  geographic  difference  in  disease  features  is  the 
distribution of subtypes. Essentially, all AIP in Asia is type 1 AIP 
(>95%),  whereas  in  other  centers  type  1  AIP  represents 
85%–90% of cases. This difference may simply reflect different 
diagnostic approaches utilized. Otherwise, the general approach 
to steroid treatment varies between Asian countries compared 
to the United States and European countries. As previously dis-
cussed, Asian centers tend to use low-dose maintenance steroids 
following induction of remission, while non-Asian centers are 
more likely to treat with high-dose steroids followed by a rapid 
taper and no maintenance steroids [6].

involvement,  showed  an  increased  risk  that  was  most  pro-
nounced in the first 2 years following diagnosis [49]. In contrast, 
the  only  single-center  study,  which  is  from  the  United  States, 
showed the risk for developing cancer after diagnosis of AIP was 
similar compared to non-AIP controls (HR 0.64, 95%CI 0.27–
1.51) [47]. The differences in results may be explained by study 
design,  ethnic differences,  intensity of medical  evaluations, or 
other confounding factors. Nevertheless, additional follow-up is 
necessary to determine if there is a cumulative increased risk of 
cancer  in  these  patients,  and  ongoing  clinical  vigilance  for 
development of cancer remains prudent.

Prevention
To date, no modifiable risk factors for AIP have been identified. 
Rather, efforts have been directed at preventing disease-related 
morbidity.  The  biliary  tree  and  pancreas  are  the  two  most 
common  locations  for  disease  relapse,  so  it  is  important  
to  monitor  for  early  disease  relapse.  Annual  cross-sectional 
imaging  and  regular  monitoring  of  liver  tests  (i.e.,  every  
3–6  months)  is  recommended.  Abnormalities  prompt  either 

Figure 83.5 Algorithm for treating disease relapses of confirmed AIP, following exclusion of malignancy. IM, immunomodulator. Source: Adapted from 
Hart et al. 2013 [11]. Reproduced with permission of BMJ Publishing Group.
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positive pancreatitis. Each name describes a portion of the his-
tological  findings.  Similar  to  type  1  AIP,  there  is  robust 
lymphoplasmacytic  inflammation  that  particularly  surrounds 
small interlobular pancreatic ducts. However, storiform fibrosis, 
obliterative phlebitis, and tissue infiltration with IgG4-positive 
staining plasma cells are generally not seen in type 2 AIP [53]. 
Rather, the pathognomonic histological feature of type 2 AIP is 
the granulocytic epithelial lesion (Figure 83.6). This describes a 
collection of neutrophils that are seen in medium to small-sized 
ducts and can lead to duct destruction and obliterated lumen.

The radiographic features of the pancreatic parenchyma and 
pancreatic duct in type 2 AIP are similar to those seen in type 
1 AIP, but elevated serum IgG4 level is distinctly less common 
than in type 1 AIP. In a relatively large study, only 11/47 (23%) 
subjects  with  histologically  proven  type  2  AIP  had  elevated 
serum IgG4 levels [16].

Therapy and management
Similar to type 1 AIP, symptoms, liver biochemistries, and radi-
ographic  abnormalities  in  type  2  AIP  rapidly  and  predictably 
respond to steroid treatment. In contrast, few (<10%) patients 
with  type  2  AIP  experience  a  relapse  of  the  disease  [6,28,41]. 
When they do occur, relapses are isolated to the pancreas and 
remain  steroid  responsive.  Because  relapses  are  uncommon, 
maintenance treatment with either steroids or other immuno-
suppressive agents is unwarranted.

Geographic variation
An international, multicenter study of 1064 patients with AIP 
showed the proportion of subjects with type 2 AIP was lowest 
in Asian academic centers (3.7%), compared to those in Europe 
(12.9%),  or  the  United  States  (13.7%)  [6].  This  discrepancy  is 
likely explained by the increased use of pancreatic core biopsy 

Type 2 autoimmune pancreatitis

Historical perspective and definition
Type 2 AIP is now recognized as an entity distinct from type 1 
AIP. The first report of  type 2 AIP was published by Ectors et 
al.  in  1997  [50].  The  authors  described  a  series  of  12  patients 
with a histological picture they referred to as “nonalcoholic duct 
destructive  pancreatitis.”  Later,  review  of  resected  pancreatic 
specimens from Mayo Clinic permitted identification and clas-
sification of the distinct histological features of this disease com-
pared  to  type  1  AIP  [51].  These  findings  were  subsequently 
confirmed  by  other  European  and  American  investigators 
[41,52].  Clinicopathological  studies  have  repeatedly  demon-
strated  differences  in  the  epidemiology,  likelihood  of  IgG4 
abnormalities, distribution of disease, and likelihood for devel-
oping disease relapse between the two subtypes [6,16,28,41,52]. 
As  a  result  of  these  differences,  particularly  the  lack  of  IgG4 
abnormalities seen in the serum and tissue, type 2 AIP is gener-
ally not considered to be within the IgG4-RD spectrum.

Epidemiology
The mean age at diagnosis  for type 2 AIP is approximately 40 
years,  which  is  significantly  younger  than  that  for  type  1  AIP 
(mean  age  at  diagnosis  61  years)  [6].  Unlike  type  1  AIP,  the 
gender  distribution  is  roughly  equal  (55%  male,  compared  to 
75% male in type 1 AIP). The prevalence of type 2 AIP has not 
been  defined,  but  the  entity  appears  to  be  exceedingly 
uncommon.

Pathogenesis
There are currently no hypotheses to explain the relative lack of 
IgG4 elevations in serum and tissue of subjects with type 2 AIP, 
and rather this has contributed to the suggestion to exclude this 
disease from IgG4-RD. Otherwise, as in type 1 AIP, there are no 
proven disease precipitants or risk factors.

Clinical presentation
Because disease is localized to the pancreas in type 2 AIP, typical 
clinical  presentations  indicate  acute  pancreatitis,  abdominal 
pain without biochemical evidence for pancreatitis, or jaundice 
secondary  to extrinsic compression of  the distal common bile 
duct.  Although  there  is  no  associated  extrapancreatic  organ 
involvement per se, approximately 15% of subjects have concur-
rent  inflammatory  bowel  disease,  most  frequently  chronic 
ulcerative colitis [16].

Diagnosis/histology/imaging/serum  
IgG4/disease relapse
Because serum IgG4 elevations and other organ involvement are 
absent in type 2 AIP, the only means of definitively confirming 
a diagnosis is histological evaluation of a core tissue biopsy or 
resected pancreatic specimen. Type 2 AIP has been previously 
described as  idiopathic duct-centric pancreatitis, nonalcoholic 
duct-destructive pancreatitis, and granulocyte epithelial lesion-

Figure 83.6 Low-power view of H&E stain of a resected pancreas 
specimen of type 2 AIP. A collection of neutrophils (*), termed a 
granulocytic epithelial lesion (GEL), is present within a medium-sized 
pancreatic duct.
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ficult  to  control  disease.  However,  our  understanding  of  the 
pathogenesis  remains  elementary,  and  although  IgG4  abnor-
malities are frequently encountered, the role of these antibodies 
remains unclear. Additional investigations are needed to iden-
tify  more  reliable,  serum  and  tissue  biomarkers.  Importantly, 
further controlled studies are needed to determine optimal regi-
mens  for  maintenance  of  remission  and  treatment  of  disease 
relapses.  Finally,  ongoing  follow-up  is  needed  to  accurately 
identify the risk for disease sequelae.
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in the West, which is the only nonsurgical means of confirming 
a type 2 AIP diagnosis. In many Asian centers, additional col-
lateral evidence for diagnosis is often obtained from ERP in lieu 
of histology.

Summary

In conclusion, AIP is a form of chronic pancreatitis, which has 
characteristic histological abnormalities, as well as findings on 
pancreatic  parenchymal  and  ductal  imaging,  to  support  the 
diagnosis. Inflammatory changes generally respond rapidly and 
dramatically to steroid treatment. There are two distinct clinical 
and  histological  subtypes  of  AIP,  whose  features  are  summa-
rized in Table 83.2. Type 1 AIP is the pancreatic manifestation 
of the multiorgan disease called IgG4-RD, while the disease is 
localized to the pancreas in type 2 AIP. Significant advances in 
our understanding of AIP have occurred over the  last decade, 
including the recognition of the broader spectrum of IgG4-RD, 
histological and clinical subtypes of AIP, propensity for disease 
relapse, and use of rituximab for treatment of patients with dif-

Table 83.2 Comparison of type 1 and type 2 autoimmune pancreatitis (AIP) 
[16,53].

Type 1 AIP Type 2 AIP

Age at onset, mean 7th decade 5th decade

M : F ratio 3 : 1 1 : 1

Serum IgG4 
elevation

∼66% ∼25%

Other organ 
involvement

Frequently No

Histological 
findings:

Lymphoplasmacytic
infiltration

++ ++

Periductal 
inflammation

++ ++

Storiform fibrosis ++++ +

Obliterative phlebitis ++++ +

IgG4 tissue staining Abundant
(>10 cell/hpf)

Scant

Granulocytic epithelial  
lesion (GEL)

– +++

Response to steroids ∼100% ∼100%

Risk for relapse High Very low

Associated with 
IgG4-RD

Yes No

IgG4-RD, IgG4-related disease.
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CHAPTER 84

Introduction

To provide detailed knowledge on chronic pancreatitis, it seems 
reasonable to rely on the latest S3-consensus guidelines on defi-
nition,  etiology,  diagnosis,  and  management  of  this  disease 
[1–3]. These guidelines were developed by the German Society 
of  Digestive  and  Metabolic  Diseases  (DGVS)  in  cooperation 
with  other  societies.  For  most  of  the  following  statements,  
the  level  of  scientific  evidence  will  be  provided  as  detailed  in 
Box 84.1.

In 1761, Jean-Baptista Morgagni reported on the first autopsy 
case of chronic pancreatitis, but it took another 60 years before 
Kuntzmann made the connection between fatty stools (steator-
rhea) and this disease of the pancreas. Even in the 21st century, 
the  time  lag  between  onset  of  symptoms  and  establishing  the 
diagnosis  of  chronic  pancreatitis  remains  disproportionately 
long. The reasons for this delay may be the absence of specific 
laboratory parameters and the nonspecific symptoms that often 
characterize  the  clinical  picture.  The  first  modern  method  of 
establishing the diagnosis of pancreatic disorders originated in 
1929,  when  Elman  introduced  the  measurement  of  serum 
amylase [4]. Following this discovery, Comfort and coworkers 
succeeded in describing the natural course of chronic pancrea-
titis,  based  on  clinical  observations,  surgical  procedures,  and 
autopsy  studies  [5].  Henri  Sarles  from  Marseille,  France  and 

Rudolf Ammann from Zurich, Switzerland reported an associa-
tion with prolonged alcohol consumption, the frequent occur-
rence of the disease in the third and fourth decades of life, and 
typical complications such as loss of the exocrine and endocrine 
function of the pancreas [6–8].

Since the formulation of the first German consensus recom-
mendations  [9],  our  understanding  of  chronic  pancreatitis, 
from its basic principles to its management, has improved con-
siderably. Significant advances have been achieved in the clari-
fication of pathogenetic mechanisms responsible for the disease. 
Furthermore,  a  larger  number  of  validated  epidemiological 
observations as well as prospective, therapeutic trials are avail-
able. This chapter will summarize, evaluate, and provide practi-
cal recommendations based on the current level of knowledge 
with respect to definition, etiology, diagnosis, and management 
of all forms of chronic pancreatitis in adults.

Definition

Chronic  pancreatitis  is  a  disease  in  which  pancreatic  paren-
chyma  is  replaced  by  fibrotic  tissue  as  a  result  of  recurring 
inflammation.  Abdominal  pain  is  the  leading  symptom  in 
patients  with  chronic  pancreatitis.  Complications  include  the 
formation  of  pseudocysts,  pancreatic  duct  stenosis,  duodenal 
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assumed to be a risk for the development of chronic pancreati-
tis. However, it is not possible to specify a threshold value. The 
type  of  consumed  alcohol  has  no  influence  on  the  increased 
risk. The time between the start of excessive alcohol consump-
tion  and  the  development  of  pancreatitis  is  around  18  ±  11 
years. The prevalence of chronic pancreatitis correlates with the 
amount of alcohol consumed in the society [8,20].

Smoking accelerates disease progression. However, at present 
smoking cannot be regarded for certain as a sole initiating cause 
of the development of the disorder. Large cohort studies involv-
ing up to 695 patients show that smoking leads to exacerbation 
of pancreatic pain and  to calcifications  [8,16–18,20–25]. Even 
with abstinence of alcohol, continued smoking results in a more 
rapid  progression  of  chronic  pancreatitis  [22].  Yadav  et  al. 
showed that patients without a history of alcohol but with 21–35 
pack years of  smoking have an  increased risk of chronic pan-
creatitis (P <0.05, odds ratio [OR] 3.26) [26]. Thus, it is prob-
able that  in future studies smoking will become established as 
an independent risk factor.

Chronic  pancreatitis  is  generally  not  caused  by  cholecysto-
lithiasis or choledocholithiasis (evidence 4). However, gallstones 
have been linked to acute pancreatitis, and cholecystectomy is 
indicated in patients with proven gallstone pancreatitis or when 
otherwise  unexplained  pancreatitis  develops  in  a  patient  who 
has  gallstones  after  an  episode  of  acute  pancreatitis  [27,28]. 
Untreated  microlithiasis/sludge  in  the  common  bile  duct  can 
result  in  recurrent  episodes  of  pancreatitis.  Signs  of  chronic 
pancreatitis,  such  as  calcifications  or  higher-grade  ductal 
changes, have so far not been reported in this setting [19,29].

Primary  hyperparathyroidism  (pHTP)  can  lead  to  chronic 
pancreatitis,  with  or  without  calcifications  (evidence  4).  Case 
series of patients with pHTP substantiate an  increased rate of 
pancreatitis (acute and chronic). A causal connection is assumed 
to exist with raised serum calcium levels [30]. According to one 
study,  about  1%  of  patients  with  pancreatitis  also  have  pHTP 
and  12%  of  patients  with  pHTP  also  have  pancreatitis  [31]. 
Overall, patients with pHPT seem to have a 28-fold  increased 
risk of developing pancreatitis [30,31].

Diabetes mellitus type 1 or 2 is not an independent risk factor 
for chronic pancreatitis. Diabetes (sometimes described as type 
3c) can be a consequence of chronic pancreatitis (evidence 4). 
Destruction  of  the  islets  of  Langerhans  by  the  progressive 
inflammatory  reaction  results  in  the  loss  of  expression  and 
secretion of insulin, glucagon, and somatostatin. Thus, diabetes 
is the result of chronic pancreatitis, but not its cause [32].

Whether  pancreas  divisum  is  a  risk  factor  for  the  develop-
ment  of  chronic  pancreatitis  is  controversial.  The  presence  of 
pancreas  divisum  without  additional  risk  factors  tends  not  to 
lead  to  chronic  pancreatitis  (evidence  3b).  Pancreas  divisum 
develops from an incomplete fusion of the dorsal (ductus San-
torini) with the ventral (ductus Wirsungianus) main pancreatic 
ducts  during  embryonic  development.  As  a  result,  both  ducts 
drain  into  the  duodenum  via  separate  papillae  (major  and 
minor  duodenal  papillae).  Pancreas  divisum  is  the  most 

stenosis, vascular complications, compression of the distal bile 
duct, malnutrition, and a chronic pain syndrome. Chronic pan-
creatitis  is also a risk factor for the development of pancreatic 
cancer. Chronic pancreatitis reduces both the overall quality of 
life and life expectancy.

Epidemiology

The incidence of  chronic pancreatitis  increases proportionally 
with alcohol consumption in the general population [10]. The 
incidence  worldwide  is  reported  to  be  between  1.6  and 
23/100 000  with  an  increasing  prevalence  in  countries  with  a 
high  alcohol  consumption  [11].  Although  most  patients  with 
chronic pancreatitis are treated as outpatients, in the year 2008 
there were 10 267 (ICD-10: K86) hospital admissions for chronic 
pancreatitis  in  Germany  alone  (Federal  Statistics  Office).  This 
does not include those patients who were coded as acute pan-
creatitis  due  to  an  acute  exacerbation  of  chronic  pancreatitis 
(50 673 cases). These data substantiate the high socioeconomic 
burden of the disease.

Etiology and risk factors

Ethanol is a proven cause of chronic pancreatitis (evidence 3b). 
Patients with chronic pancreatitis who smoke should be urged 
to  enroll  in  a  nicotine  abstinence  program,  because  nicotine 
abuse accelerates the progression of the disease (evidence 3b). 
Retrospective case–control studies with sufficient case numbers 
are  available,  which  suggest  a  causal  relationship  between 
alcohol abuse and chronic pancreatitis  [6,7,12–18].  In a  study 
from Marseille in 1978, a logarithmic relationship between the 
relative risk of developing pancreatitis and the quantity of con-
sumed  alcohol  and  protein  has  been  demonstrated  [19].  A 
minimum of 80 g alcohol per day over a period of 6–12 years is 

Box 84.1 Evidence levels.

1a Systematic review of randomized controlled trials (RCT)
1b One appropriately planned RCT
1c All-or-none principle
2a Systematic review of well designed cohort studies
2b One well designed cohort study/RCT of mediocre quality 

(e.g., <80% follow-up)
2c Outcome research studies
3a Systematic review of well designed case–control studies
3b One case–control study
4 Case series/cohort– and case–control studies of mediocre 

quality
5 Expert opinion without critical evaluation or opinion 

based on physiological models, laboratory research results 
or “first principles”
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fibrosis.  Cystic  fibrosis,  a  disease  with  an  autosomal  recessive 
inheritance  pattern  and  an  estimated  incidence  of  1 : 2500 
amongst  Caucasians,  is  characterized  by  pancreatic  insuffi-
ciency  and  chronic  lung  disease.  Pancreas  involvement  varies 
from a complete loss of exocrine and endocrine function to an 
almost normal pancreatic function. Recurrent episodes of pan-
creatitis are observed in 1%–2% of pancreatic-sufficient patients 
and  are  also  extremely  rare  in  pancreatic-insufficient  patients 
[56]. In comparison with the normal population, patients with 
idiopathic  pancreatitis  have  about  twice  as  many  molecular 
changes in their CFTR gene [55,57–60]. While a study suggests 
that CFTR as risk factor for chronic idiopathic pancreatitis may 
have been overestimated [61], the evidence overall indicates that 
CFTR mutations are one of the most important risk factors for 
this disease.

Patients  with  chymotrypsin  C  (CTRC)  mutations  have  an 
elevated  risk  to  develop  chronic  pancreatitis  (evidence  3b). 
Since the first report of mutations of the chymotrypsin C gene 
[62], the association with idiopathic chronic pancreatitis, alco-
holic chronic pancreatitis, and hereditary pancreatitis has been 
reproduced  in  independent  cohorts  [63,64].  Mutations  of  the 
CTRC gene occur in 3.3% of patients with idiopathic pancrea-
titis.  Under  experimental  conditions,  CTRC  gene  mutations 
lead to endoplasmatic reticulum stress in acinar cells, which is 
considered to be the cause of the cell damage [63,64]. Endoplas-
matic reticulum stress  is also a pathogenetic  factor  in chronic 
pancreatitis associated with mutations of carboxypeptidase A 1 
[65].

Autoimmune pancreatitis  is  a  systemic fibrosing  inflamma-
tory disease in which the pancreas is one of the affected organs. 
Autoimmune pancreatitis was first reported by Henri Sarles in 
1961 [66]; the concept of the clinical entity “autoimmune pan-
creatitis” was first described by Yoshida et al. in 1995 [67]. The 
largest  comparative  study  comprised  731  cases  [68].  Men  are 
affected more often than women (2 : 1) [68]. In Asia, the preva-
lence of autoimmune pancreatitis is 5%–6% of all patients with 
chronic  pancreatitis.  About  5%  of  patients  operated  for  sus-
pected  pancreatic  carcinoma  had  histological  confirmation  of 
autoimmune pancreatitis [69]. Clinical symptoms include dis-
crete abdominal pain,  jaundice  (50%), and recurrent episodes 
of pancreatitis leading to chronic injury and a form of chronic 
pancreatitis (see Chapter 83 for complete discussion). Chronic 
pancreatitis in childhood, its diagnosis, and therapy will not be 
discussed in this chapter. Besides genetic causes, that is heredi-
tary chronic pancreatitis, and further genetic associations, there 
are numerous rare causes and associated risk factors for chronic 
pancreatitis in childhood.

In summary there are no population-based data from Europe 
on  the  etiology  of  chronic  pancreatitis.  Alcohol  abuse  is  the 
predominant  predisposing  cause  during  adulthood  in  about 
50%–84%  of  all  cases.  The  second  most  common  group  is  so 
called idiopathic, that is sporadic pancreatitis with up to 28%. 
Genetic susceptibility factors play a role in up to 45% of cases 
of sporadic pancreatitis.

common  congenital  malformation  of  the  pancreas.  Autopsy 
studies report the frequency of pancreas divisum to be between 
5% and 10%. It is found in 6%–26% of patients with idiopathic 
chronic pancreatitis  [33–42].  If a  further risk  factor  is present 
(e.g., alcohol or SPINK-1 mutations), then chronic pancreatitis 
frequently occurs. Those cohorts that attribute an increased risk 
for  chronic  pancreatitis  to  pancreas  divisum  were  often  not 
examined for other risk factors (e.g., genetic). Endoscopic inter-
vention may be appropriate in individual cases. The occurrence 
of  an  acute  idiopathic  pancreatitis  during  childhood  should 
prompt  an  etiological  search  for  abnormalities  of  the  hepato-
pancreaticobiliary system [37].

Individual case reports show an association between a papil-
lary tumor and recurrent exacerbations of pancreatitis. Resec-
tion of papillary tumors that trigger attacks of pancreatitis may 
prevent chronic disease [43], although chronic pancreatitis has 
so far not been reported in this setting.

Up  to  66%  of  patients  with  hereditary  pancreatitis  have  a 
mutation of the PRSS1 gene. The prevalence of hereditary pan-
creatitis is approximately 0.3/100 000 (for further details please 
see Chapter 85 and reference [44]). Mutations of the trypsino-
gen gene lead to chronic pancreatitis (penetrance rate of up to 
80%;  autosomal  dominant  inheritance)  (evidence  1c).  Three 
analyses  published  in  1996  demonstrated  linkage  between  a 
locus on chromosome 7q35 and hereditary pancreatitis [45,46]. 
Further genetic analyses revealed an association of the disease 
with  mutations  in  the  trypsinogen  gene  (PRSS1)  (p.N29I  and 
p.R128H)  [45].  Clinical  data  from  the  European  Registry  of 
Hereditary  Pancreatitis  and  Familial  Pancreatic  Cancer 
(EUROPAC)  collaborative  register  substantiate  an  association 
between  trypsinogen  mutations  and  the  occurrence  of  the 
disease  [47]. Several  studies established an autosomal  inherit-
ance  in  the  causal  relationship  between  PRSS1  mutations  and 
the  development  of  chronic  pancreatitis  [45–51].  Mutations 
within the SPINK1 gene (serine protease inhibitor type Kazal) 
also  predispose  to  idiopathic  (sporadic)  chronic  pancreatitis 
(evidence 1a). A metaanalysis of 2431 patients and 4857 con-
trols published  in 2008  substantiated with an OR of 11.0  that 
the N34S mutation in the gene encoding SPINK1 is associated 
with chronic pancreatitis. The OR for idiopathic pancreatitis is 
reported to be 14.97. More rare mutations in the SPINK1 gene 
are also associated with the development of chronic pancreatitis. 
It is possible that SPINK1 mutations provide additional risk in 
those who consume excess alcohol. An OR of 4.98 for the N34S 
mutation  is  calculated  for  the  group  of  alcohol-induced  pan-
creatitis. Altogether, mutations of the SPINK1 gene occur in as 
many as 30% of all patients with idiopathic chronic pancreatitis 
[52,53], but only in 1%–2% of the general population.

Approximately 25%–30% of patients with idiopathic pancrea-
titis carry germline alterations in the cystic fibrosis transmem-
brane conductance regulator (CFTR) gene as compared to about 
15% in the healthy population [54,55]. Thus, CFTR mutations 
confer risk for the development of chronic idiopathic pancrea-
titis (evidence 1a), even in the absence of clinical signs of cystic 



Chronic pancreatitis CHAPTER 84      1705

apparent when exocrine and endocrine insufficiency progresses, 
resulting in steatorrhea and diabetes.

Acute relapse
The most common cause of an acute exacerbation is continued 
alcohol abuse or dietary triggers. Acute exacerbation of chronic 
pancreatitis manifests in two forms, irrespective of underlying 
etiology:  acute  interstitial  edematous  pancreatitis  (75%–85%) 
with a mortality of below 1% and acute hemorrhagic necrotizing 
pancreatitis (15%–25%) with mortality between 10% and 24%. 
Patients with acute pancreatitis should be admitted to a hospital 
to ensure adequate treatment. The need for frequent follow-up 
assessment of clinical findings, the laboratory parameters, and 
imaging are necessary in patient treatment for optimal care. At 
the  time of admission  into hospital,  it  is often difficult  to dif-
ferentiate  between  the  majority  of  patients  with  a  mild  and 
uncomplicated course (about 80%) and those patients who will 
experience a severe course associated with multiple organ com-
plications (about 20%).

Apart from the physical examination by an experienced phy-
sician, various parameters have been  identified  for prognostic 
assessment. A complicated course  is usually  to be expected  in 
patients with three or more signs of organ complication in the 
Ranson or Imrie score, or with clinical signs of a systemic com-
plication (e.g., respiratory or renal failure), or with the identifi-
cation of pancreatic necrosis in the contrast-enhanced computed 
tomography  (CT)  scan.  Nowadays,  C-reactive  protein  (CRP), 
serum urea, hematocrit, and persistent (>48 h) organ failure are 
considered to be parameters of high prognostic significance for 
predicting the severity of both acute pancreatitis and an acute 
relapse  superimposed  on  chronic  pancreatitis.  Diagnosis  and 
treatment  of  an  acute  relapse  does  not  essentially  differ  from 
acute pancreatitis (for further details see Chapter 82).

Pain syndrome
Clinical  symptoms  are  often  unspecific.  Symptoms  such  as  a 
belt-like upper abdominal pain and vomiting,  together with a 
more than threefold rise in serum amylase or lipase levels above 
normal, point the way to the diagnosis of either acute pancrea-
titis or a relapse of chronic pancreatitis. Initially, it may not be 
possible to differentiate acute alcohol-induced pancreatitis with 
the  potential  for  full  recovery  from  an  attack  of  previously 
unrecognized, yet already established chronic pancreatitis. The 
pain syndrome – either acute relapses of pain, chronic pain, or 
relapses of pain with decreasing pain severity during the course 
of  the  disease  –  has  been  extensively  described  by  Rudolf 
Ammann et al. [24]. In their prospective long-term study, they 
found that the course of early stage chronic pancreatitis is char-
acterized by episodes of relapsing pain. Chronic pain was often 
associated  with  local  complications  such  as  pseudocysts.  In 
advanced  chronic  pancreatitis,  all  patients  achieved  complete 
pain relief. This observation by the Zurich group has not been 
completely confirmed by others. However, in some patients pain 
may  remit  spontaneously  due  to  the  chronic  inflammatory 

Pathogenesis

The  pathogenesis  of  chronic  pancreatitis  is  still  only  partially 
understood. Up to now there exists no convincing animal model 
to study the pathogenesis of chronic pancreatitis [70]. Ethanol-
induced  hyperviscosity  of  the  protein-rich  digestive  enzyme 
secretion  from  the  pancreas  may  be  a  factor.  Protein  plaques 
with secondary calcifications are characteristic for chronic pan-
creatitis. These protein plaques may lead to ductal hypertension 
with resulting acinar atrophy. CFTR mutations could be respon-
sible  for  a  decrease  of  secretion  of  bicarbonate  and  water  by 
ductal cells. This may increase the viscosity and acidity of acinar 
secretions. Activation of zymogens within the ducts is facilitated 
by a decrease of pH. The genetic abnormalities both in heredi-
tary and sporadic pancreatitis support the hypothesis of prema-
ture  activation  of  trypsinogen.  Alcohol  is  the  most  important 
risk factor and the most common cause of chronic pancreatitis 
during adulthood. Alcohol leads to various alterations of meta-
bolic cascades within the acinar cell. However, most alcoholics 
do not develop chronic pancreatitis. Thus, there must be other 
cofactors. For progression of chronic inflammation within the 
pancreas,  smoking  appears  to  be  an  important  factor  [71,72]. 
The  role  of  cellular  stress  due  to  oxygen-derived  free  radicals 
requires  further  study  [73,74].  Both  alcohol  and  smoking 
increase the concentration of free radicals within the acinar cell. 
Chronic  ischemia  due  to  arteriosclerosis  as  a  consequence  of 
smoking may also be a cofactor. The interplay between genetic 
and environmental factors in various forms of chronic pancrea-
titis is shown in Figure 84.1.

Clinical presentation and natural history 
including prognosis

In  alcoholic  chronic  pancreatitis,  the  first  symptoms  usually 
develop  in  the  fourth  decade  of  life.  A  minority  of  patients 
experience painless chronic pancreatitis and become clinically 

Figure 84.1 Interplay between genetic and environmental risk factors in 
chronic pancreatitis. ACP, alcoholic chronic pancreatitis; HP, hereditary 
chronic pancreatitis; ICP, idiopathic chronic pancreatitis; TCP,  
tropical chronic pancreatitis. Source:  Data courtesy of Heiko Witt, MD, 
Professor of Pediatrics, Technical University of Munich, Germany.
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pancreatic etiology of these pleural effusions can be verified by 
measurement of lipase/amylase in the pleural fluid. Formation 
of fistulas during acute exacerbations or due to rupture of pseu-
docysts with connection to the  jejunum,  ileum, and colon are 
also possible.

Late complications: exocrine and endocrine insufficiency
The  clinical  symptoms  and  diagnostic  approach  to  exocrine 
pancreatic insufficiency are described below in Section Diagno-
sis. With ongoing destruction of pancreatic acini and pancreatic 
ducts, the reduction in pancreatic drainages and the inhibition 
of outflow of digestive enzymes leads to further destruction of 
the  islets  of  Langerhans,  and  thus  the  development  of  both 
exocrine and endocrine  insufficiency. Destruction of  exocrine 
acini  and  endocrine  islets  does  not  proceed  in  a  uniform  or 
parallel manner. As a result, exocrine insufficiency may precede 
the  development  of  diabetes  or  vice  versa.  However,  most 
patients  with  long-standing  chronic  pancreatitis  develop 
so-called type 3c diabetes.

Other diseases due to chronic alcohol and nicotine abuse
The  simultaneous  presence  of  both  chronic  pancreatitis  and 
liver  cirrhosis  is  surprisingly  uncommon.  However,  many 
patients with chronic pancreatitis due to alcohol also have some 
parenchymal  liver  damage,  that  is  fatty  liver,  which  will  be 
aggravated due to cholestasis. Nicotine-related diseases such as 
lung cancer or cancers of  the  throat have  to be kept  in mind. 
Furthermore,  squamous  cell  cancer  of  the  esophagus  due  to 
smoking and chronic consumption of “high percentage” alco-
holic  beverages  is  not  so  rare.  Chronic  pancreatitis  is  a  risk 
factor for pancreatic cancer.

Prognosis
Mortality  from  chronic  pancreatitis  is  reported  to  be  12.8%–
19.8%, with a mean observation period of 6.3–9.8 years [8,75,76]. 

destruction  of  the  pancreas  (“burn  out”).  A  relief  of  chronic 
pain is sometimes achieved by surgery.

Complications
Pseudocysts
Complications are frequent in patients with chronic pancreati-
tis,  and pseudocysts  are among  the most  common. Compres-
sion of the duodenum or gastric outlet by a pseudocyst leads to 
pain and postprandial vomiting. Rupture of a pseudocyst  into 
the  abdominal  cavity  leads  to  pancreatic  ascites;  however, 
rupture of an infected pseudocyst results in peritonitis. A pseu-
docyst in the pancreatic head may lead to pain and jaundice due 
to bile duct obstruction; slow development of a pseudocyst may 
produce painless jaundice. In rare cases, pseudocysts perforate 
into the duodenum and “heal” spontaneously.

Inflammatory tumor
An  inflammatory mass of  the pancreatic head may also cause 
pain and jaundice. Jaundice is accompanied by a dark color of 
urine and acholic stools. The obstruction of the distal bile duct 
may be incomplete and detected only by laboratory parameters 
indicating  cholestasis,  such  as  an  elevation  of  alkaline  phos-
phatase  and  γ-glutamyl  transferase,  and/or  by  ultrasound 
showing dilated bile ducts without clinically evident jaundice.

Obstruction of pancreatic ducts
Obstruction of the outflow of exocrine secretions by an inflam-
matory mass,  calcified protein plaques  in pancreatic ducts, or 
narrowing  of  ducts  by  inflammatory  scars,  usually  causes 
chronic pain. In this setting, some patients  try  to relieve their 
pain  by  using  a  heat  pad.  Rarely,  this  may  be  reflected  in  the 
findings  on  physical  examination  of  a  brownish  color  of  the 
underlying skin, that is chronic burning (in Latin “erythema ab 
igne”).  This  sign  (Figure  84.2)  is  highly  specific  for  chronic 
pancreatitis.

Bleeding
Rare complications in chronic pancreatitis include severe upper 
gastrointestinal  hemorrhage  due  to  rupture  of  fundic  varices 
secondary  to  portal  and/or  splenic  vein  thrombosis,  resulting 
from  the  adjacent  pancreatic  inflammatory  process.  Both  the 
pancreatic inflammatory process itself and repeated stenting of 
the biliary tract (see Section Endoscopic treatment of bile duct 
obstruction) are risk factors for the development of a portal vein 
thrombosis.  A  very  rare  symptom  may  be  a  life-threatening 
arterial bleeding due to an aneurysm of the splenic artery, which 
lies  immediately behind  the pancreas and can be damaged by 
the  pancreatic  inflammation.  Rarely,  one  may  see  endoscopi-
cally  the  presence  of  blood  emerging  from  the  papilla  Vateri 
(“hemosuccus pancreaticus”).

Fistula, pleural effusions
Another rare complication is the development of a fistula to the 
pleura, which can lead to pleural effusions causing dyspnea. The 

Figure 84.2 Erythema ab igne. Brownish color of the underlying skin due 
to chronic burning by using a heat pad because of chronic abdominal 
pain.



Chronic pancreatitis CHAPTER 84      1707

Serum glucose
The criteria to diagnose diabetes in chronic pancreatitis do not 
differ from other forms of diabetes.

Genetic testing
In 1952, Comfort and Steinberg reported on a hereditary form 
of pancreatitis with an autosomal dominant inheritance pattern 
[78]. Patients with chronic pancreatitis and a family history of 
the same in first- or second-degree relatives should be offered 
molecular testing to check for mutations of the PRSS1 gene asso-
ciated with hereditary pancreatitis, especially in cases when the 
first manifestations of  the disease  in relatives started  in child-
hood or adolescence (evidence 3b) (see also Chapter 85). Patients 
with trypsinogen (PRSS1) mutations have an increased risk of 
developing pancreatic carcinoma [79]. This may not be due to 
the  mutations  itself,  but  rather  due  to  the  prolonged  chronic 
inflammatory processes. The cumulative risk of developing pan-
creatic  carcinoma  in  patients  with  hereditary  pancreatitis  is 
approximately 49% by their 75th year of life, a risk that is signifi-
cantly  higher  than  for  all  other  known  etiologies  of  chronic 
pancreatitis. The optimal approach to tumor screening for this 
high-risk group is remains unresolved, but there are no available 
blood tests adequate for this purpose, including Ca-19-9.

Mutation analysis of the SPINK-1, CFTR, and chymotrypsin 
C genes may be performed, though currently they do not have 
a major role for clinical management (evidence 3b). There is no 
proven  increased  risk  of  tumor  development  in  patients  with 
mutations in these susceptibility genes as opposed to other eti-
ologies  of  chronic  pancreatitis.  It  may  be  assumed  that  these 
genetic  alterations  are  susceptibility  factors  that  predispose  to 
the disease, but on their own do not cause it. The detection of 
mutations  in  these  genes  does  not  allow  a  definite  etiological 
classification of chronic pancreatitis and does not generally lead 
to  specific  therapeutic  interventions  [47,48,53,59,62].  Aspects 
regarding  healthcare  providers  should  be  discussed  with  the 
patient or his  relatives. Prior  to performing  the genetic  test, a 
detailed  discussion  with  the  patient  and/or  his  relatives  is 
required, so that he or she fully understands the testing proce-
dure,  the benefits and  limitations of  the  test,  and  the possible 
outcomes  and  consequences  of  the  test  results  (i.e.,  informed 
consent). Genetic testing of nonaffected family members should 
not be undertaken outside research projects [80].

Diagnosis of exocrine pancreatic insufficiency
Definition of exocrine insufficiency
Exocrine  pancreatic  insufficiency  results  from  a  decrease  of 
pancreatic enzyme and bicarbonate secretion to the point it  is 
inadequate  to  fully  digest  dietary  intake.  The  main  causes  of 
exocrine pancreatic insufficiency in adults are chronic pancrea-
titis, pancreatic carcinoma, and a previous pancreas resection. 
A  functional  decrease  of  exocrine  pancreatic  function  is  also 
expected  after  subtotal  gastrectomy,  some  forms  of  bariatric 
surgery, as well as in patients with marked protein deficiency or 
cystic  fibrosis.  Rare  causes  include  Shwachman–Diamond 

Total mortality in the same studies was reported to be 28.8%–
35%. Continued alcohol consumption results in a significantly 
reduced  survival  rate.  33%  of  patients  suffering  from  chronic 
pancreatitis are no longer able to pursue their profession [75]. 
The number of patients who become unemployed due to pro-
longed periods of illness or continued alcohol consumption or 
become either unfit for work or enter retirement in the course 
of the disease amounts to 40% [76]. Mortality is increased 3.6-
fold compared to the general population. The 10-year survival 
rate is approximately 70% and the 20-year survival rate 45%, in 
comparison with 93% and 65%, respectively, for an age-adjusted 
cohort.  Continued  alcohol  abuse  has  a  negative  effect  on  the 
prognosis of the disease with a hazard ratio (HR) of 1.6, smoking 
with a HR of 1.4, and cirrhosis with a HR of 2.5 [21]. Smoking-
related diseases such as lung cancer or squamous cell cancer of 
the esophagus have to be considered as well as causes of early 
mortality.

Diagnosis

The diagnosis of chronic pancreatitis  is based on complemen-
tary clinical, morphological, and functional parameters. Clini-
cal  symptoms  such  as  belt-like  upper  abdominal  pain  and 
vomiting,  together  with  a  more  than  threefold  rise  in  serum 
amylase or lipase levels above normal, are a prerequisite for the 
diagnosis of acute pancreatitis or a relapse of chronic pancrea-
titis. However, relapses of pain in chronic pancreatitis may also 
be  possible  without  a  marked  elevation  of  serum  lipase.  As 
mentioned in Section Clinical presentation and natural history 
including  prognosis,  there  are  numerous  causes  for  pain,  not 
only  an  acute  inflammatory  process.  Thus,  with  serum  lipase 
values below the threefold normal value, the revised criteria of 
the Atlanta Classification of 1994 suggest the use of an imaging 
technique  to  establish  the  diagnosis  (e.g.,  contrast-enhanced 
CT) [77].

Laboratory tests

Serum lipase/serum amylase
As  in acute pancreatitis,  acute  relapses of  chronic pancreatitis 
are  usually  characterized  by  increases  of  serum  lipase  and 
amylase that are more than threefold the upper value of normal. 
Measurement  of  serum  lipase  is  preferred  due  to  its  higher 
specificity. The degree of elevation of these pancreatic digestive 
enzymes  does  not  correlate  with  the  severity  of  the  disease. 
Measurement  of  serum  lipase  does  not  discriminate  between 
acute pancreatitis and a relapse of chronic pancreatitis. In late-
stage chronic pancreatitis, values of serum lipase may decrease 
due to the loss of exocrine tissue. However, serum lipase values 
do not correlate inversely to the degree of exocrine pancreatic 
insufficiency. There are no single or combinations of parameters 
that  can  be  easily  measured  in  serum  that  provide  a  reliable 
correlation to the severity of the disease.
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(evidence 1b–2b). Previous studies have shown a virtually com-
plete  concordance  between  normal  morphology  and  normal 
exocrine function, but also severe changes with regard to both 
parameters (evidence 1b) [89]. In the majority of patients with 
chronic pancreatitis, there is a correlation between the extent of 
morphological  and  functional  disturbances.  Discordant  find-
ings  with  varying  degrees  of  morphological  and  functional 
changes are to be found in about one-quarter of patients [90,91]. 
Even in the presence of normal morphological findings, 28% of 
patients  examined  had  exocrine  pancreatic  insufficiency,  as 
verified by measuring enzymatic activity in duodenal contents 
(evidence 2b) [92,93]. Exocrine pancreatic insufficiency despite 
normal morphological findings may be particularly common in 
so-called  “small  duct  disease”  type  chronic  pancreatitis  (evi-
dence 1b–2b) [91].

Invasive (“direct”) and noninvasive (“indirect”) 
pancreatic function tests (see Chapter 156)
In  many  countries,  the  secretin  test  is  the  “gold  standard”  to 
measure  directly  exocrine  pancreatic  function.  This  test  has 
been used as a reference point for evaluation of new tests (evi-
dence 1b). Noninvasive function tests are often preferred for the 
initial  clinical  evaluation  and,  due  to  its  simplicity,  the  fecal 
elastase  test  (using  specific  antibodies)  has  mainly  been  used 
[94]. As an alternative, breath tests using 13C-labelled lipids can 
also  be  employed  (evidence  5).  When  a  diagnosis  of  chronic 
pancreatitis is made, a pancreatic function test is recommended 
(evidence 1b–2b). In cases of new or worsening symptoms sug-
gesting  exocrine  pancreatic  insufficiency,  pancreatic  function 
testing  should  be  repeated  when  a  prior  function  test  was 
normal (evidence 2b). Diabetics have an increased risk for exo-
crine  pancreatic  insufficiency.  Thus,  pancreatic  function  tests 
should be performed in cases of symptoms typical for exocrine 
pancreatic insufficiency (evidence 2b).

Measuring fecal elastase levels in a random stool sample is a 
widely used pancreatic  function test. The following pancreatic 
function  tests  are  also  clinically  available:  measurement  of  
fecal  fat  excretion,  measurement  of  chymotrypsin  activity  in 
stool,  breath  test  with  13C-labelled  substrates  (preferentially 
13C-labelled mixed triglycerides), and the secretin test. Measur-
ing the quantitative amount of fat secreted in the feces is rarely 
performed  nowadays  because  of  the  effort  involved  and  the 
unpleasant  procedure  of  collecting  and  processing  stool.  The 
secretin–pancreozymin  test  (or  the  secretin–caerulein  test), 
while  the most  exact  technique  for quantifying exocrine pan-
creatic function, is no longer practical because the only available 
cholecystokinin analogue ceruletide  (TakusTM) has been with-
drawn from the market. The remaining option is to perform a 
tube test, stimulating only with secretin, which normally results 
in  a  sharp  rise  in  pancreatic  bicarbonate  secretion.  However, 
this  examination  is  both  expensive  and  laborious,  requiring 
insertion  of  a  nasoduodenal  tube.  It  is  therefore  reserved  for 
specialist centers and for strictly selected indications. The endo-
scopic variation of  the  secretin  test, with repeated endoscopic 

syndrome,  Johanson–Blizzard  syndrome,  and  congenital 
enzyme deficiencies such as trypsinogen, amylase, lipase, enter-
opeptidase (enterokinase), or α1-antitrypsin deficiencies.

Development and clinical features of exocrine  
pancreatic insufficiency
Typical  symptoms  of  exocrine  insufficiency  are  abdominal 
symptoms such as cramps, gas, bloating, flatulence, steatorrhea, 
and signs of malnutrition. The development of steatorrhea and 
other symptoms of exocrine pancreatic  insufficiency are  to be 
expected  once  the  diagnosis  of  chronic  pancreatitis  has  been 
made. In patients with alcoholic chronic pancreatitis, clinically 
manifest  exocrine  pancreatic  insufficiency  usually  appears 
approximately 10–15 years after development of the first symp-
toms  such  as  abdominal  pain.  In  patients  with  early  onset  of 
idiopathic or hereditary chronic pancreatitis, exocrine pancre-
atic  insufficiency  may  develop  after  even  longer  periods.  The 
relatively late manifestation of exocrine insufficiency, well after 
pancreatic tissue destruction has begun, reflects the large func-
tional reserve capacity of the pancreas. It is widely agreed that 
decompensation  associated  with  steatorrhea  and  creatorrhea 
(abnormal  excretion  of  muscle  fibers  in  the  feces)  does  not 
occur  until  secretion  of  the  corresponding  enzymes  has  been 
reduced by more than 90%–95% [81] (evidence 1b–2b). There 
are  patients,  however,  who  present  primarily  with  signs  and 
symptoms of exocrine insufficiency, such as malnutrition and/
or abdominal symptoms (diarrhea, steatorrhea, abdominal dis-
tension, gas, pain). There is no clinical symptom that unequivo-
cally confirms exocrine pancreatic insufficiency or, conversely, 
excludes  it  (evidence 1b–2b). Clinically, steatorrhea cannot be 
reliably  detected.  Inspection  of  the  stools  can  be  misleading, 
even  when  performed  by  an  experienced  practitioner  [82]. 
Absence of clinical symptoms of steatorrhea is even less reliable 
in making a diagnosis; the negative predictive value is only 31% 
[83].  Moreover,  the  etiology  of  diarrhea  and  other  abdominal 
symptoms in patients with chronic pancreatitis  is often multi-
factorial, and pancreatic insufficiency is often not the only cause 
of malnutrition. Additional causes include pain-related reduc-
tion of  food intake, continued alcohol consumption as well as 
an  increased  metabolic  rate  [84].  Exocrine  pancreatic  insuffi-
ciency, even without symptomatic steatorrhea, can have a nega-
tive  effect  on  nutrition  parameters  such  as  body  weight  [85] 
(evidence  2b).  Moreover,  there  are  studies  that  substantiate 
reduced absorption of fat-soluble vitamins in patients with only 
mild to moderate exocrine insufficiency [86–88]. Reports have 
detected  significantly  reduced  fecal  elastase  levels  in  patients 
with  osteoporotic  fractures,  which  correlate  with  low  vitamin 
D-3 levels [88]. There appears to be a clearly increased risk of 
osteoporosis and fractures even with subclinical disease, that is 
mild to moderate exocrine insufficiency.

Exocrine  pancreatic  function  and  morphological  signs  of 
chronic  pancreatitis  usually,  but  not  always,  run  in  parallel. 
However,  exocrine pancreatic  insufficiency  is possible even  in 
the absence of morphological evidence of chronic pancreatitis 
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aspiration  of  duodenal  juices  after  secretin  stimulation,  is 
increasingly favored in the USA, and can in principle be carried 
out in any standard endoscopy unit [95]. However, the proce-
dure  is rarely used due the cost and invasiveness of  the endo-
scopic procedure, and the rather long examination time (up to 
60 min). Magnetic resonance imaging (MRI)-based techniques 
allow semiquantitative assessment of exocrine pancreatic func-
tion by determining fluid secretion into the duodenum during 
a secretin-enhanced magnetic resonance cholangiopancreatog-
raphy  (MRCP)  [96–98].  The  sensitivity  and  specificity  of  the 
available pancreatic function tests is listed in Table 84.1 [99].

Following the diagnosis of chronic pancreatitis, a pancreatic 
function  test  should  be  performed  (evidence  1b–2b)  because 
even  when  unequivocal  laboratory  and  imaging  findings  are 
sufficient to make the diagnosis, clinical symptoms (history and 
inspection of the stools) are unreliable for recognizing exocrine 
insufficiency,  and,  conversely,  the  possible  causes  of  diarrhea 
and other abdominal symptoms are manifold, even in patients 
with  chronic  pancreatitis.  In  the  case  of  new  or  worsening 
symptoms, which could be due to exocrine pancreatic  insuffi-
ciency, diagnostic evaluation of pancreatic  function should be 
repeated  if previous  results were unremarkable  (evidence 2b). 
The development of symptoms due to exocrine pancreatic insuf-
ficiency in a patient with known chronic pancreatitis can occur 
at  any  time,  even  though  steatorrhea  usually  develops  several 
years after the appearance of initial symptoms.

Diabetics have an increased risk of developing exocrine pan-
creatic insufficiency. Pancreatic function tests, therefore, should 
be  performed  for  clinical  symptoms  of  exocrine  pancreatic 
insufficiency (evidence 2b). A significant proportion of patients 
with  type  1  and  type  2  diabetes  mellitus  suffer  from  exocrine 
pancreatic insufficiency [100,101] due to a deficient insuloaci-
nar axis and extensive exocrine atrophy.

Diagnostic imaging
Transabdominal ultrasound, endoscopic ultrasound, and 
endoscopic retrograde cholangiopancreatography
A transabdominal ultrasound scan is usually appropriate as the 
initial  imaging  modality  (Figure  84.3).  If  signs  of  pancreatitis 
are equivocal (i.e., inhomogeneous gland but normal-diameter 

Table 84.1 Sensitivity and specificity of the available pancreatic function tests. Source: Siegmund et al. 2004 [99]. Reproduced with permission, © Georg 
Thieme Verlag KG.

Test Mild exocrine 
insufficiency
Sensitivity (%)

Moderate exocrine 
insufficiency
Sensitivity (%)

Severe exocrine insufficiency Level of evidence grade

Sensitivity (%) Specificity (%)

Fecal elastase 1 54 75 95 85 1a/b

Qualitative fecal fat test 0 0 78 70

Chymotrypsin activity in stool <50 approx. 60 80–90 80–90 1a/b

13C (mixed triglyceride) breath test 62–100 90–100 80–90 1b/2b

Direct invasive pancreatic function tests (secretin and secretin–pancreozymin tests) were used as reference methods. Sensitivity and specificity are 
therefore not stated for these.

Figure 84.3 Inflammatory tumor of the pancreatic head. Transabdominal 
sonography: inflammatory tumor of the pancreatic head (short arrow) 
and dilated main pancreatic duct (long arrow).

pancreatic  duct),  yet  there  is  still  a  strong  clinical  suspicion, 
endoscopic  ultrasound  (EUS)  should  be  performed  (Figures 
84.4  and  84.5).  In  diagnosis  of  chronic  pancreatitis,  EUS  has 
generally the highest, or at least equal, accuracy when compared 
with endoscopic retrograde cholangiopancreatography (ERCP) 
or  MRCP/MRI  [102–110].  In  a  prospective  comparison  of 
radial and linear endoscopic ultrasound for diagnosis of chronic 
pancreatitis,  the  two  methods  had  a  similar  sensitivity  [111]. 
EUS-guided  fine-needle  biopsy  can  also  provide  a  cytological 
and/or histological diagnosis of  focal  lesions. In IgG4-positive 
autoimmune  pancreatitis  in  combination  with  autoimmune 
cholangitis, biopsy of the papilla of Vater may be sufficient for 
diagnosis.  CT  and  MRI,  as  well  as  MRCP,  are  supplementary 
diagnostic techniques for equivocal pancreatic changes detected 
on  ultrasound  or  EUS  (Figure  84.6).  MRCP  should  be  per-
formed when more detailed  information about  the pancreatic 
ductal system is necessary (evidence 2a).

Magnetic resonance cholangiopancreatography and 
computed tomography
In  a  prospective  study  comparing  MRCP  with  ERCP,  MRCP 
demonstrated a higher sensitivity (84% vs 70% for ERCP) with 
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Figure 84.4 Pancreatic duct alterations in chronic pancreatitis. 
Transabdominal ultrasound: dilated irregular main pancreatic duct.

Figure 84.5 Irregularities and slight dilation of the main pancreatic duct. 
Radial endoscopic ultrasound: slightly dilated irregular main pancreatic 
duct.

equal  specificity  (94%)  for  the  diagnosis  of  pancreatic  cancer 
[112]. Thus, MRCP has generally replaced diagnostic ERCP for 
this  purpose.  Comparative  studies  between  MRCP  and  EUS 
showed  a  better  discriminatory  power  for  EUS,  especially  in 
early forms of chronic pancreatitis [107].

Sensitivity and specificity of the individual imaging techniques 
for the diagnosis of chronic pancreatitis are listed in Table 84.2. 
There are no prospective randomized studies comparing EUS, 
ultrasound,  and  CT  for  diagnosing  chronic  pancreatitis.  Pro-
spective comparative studies are only available comparing ERCP 
with EUS, MRCP with EUS, and ultrasound with ERCP [104–
108,111,112]. It has been shown that EUS is superior to ERCP, 
especially  for  assessing  early  forms  of  chronic  pancreatitis. 
Patients  with  changes  on  EUS,  but  initially  an  unremarkable 
ductal  anatomy  by  ERCP,  will  in  time  probably  develop 

pathological changes in their ductal system typical for chronic 
pancreatitis or demonstrate histological changes of chronic pan-
creatitis [107,108]. Thus, diagnostic imaging starts with transab-
dominal ultrasound. In cases when ultrasound is either normal 
or reveals inadequate imaging of the pancreas due to overlying 
gas, the higher spatial resolution of EUS will enable detection of 
early parenchymal changes indicative of chronic pancreatitis. CT 
scanning still has an essential role in preoperative planning.

Elastography
At the moment, elastography cannot be recommended for diag-
nosing  chronic  pancreatitis  (evidence  4).  However,  it  may  be 
helpful  for  the differential diagnosis of  focal  lesions  (evidence 
3b).  So  far,  single-center  studies  involving  elastography  have 
examined patients with space-occupying lesions of the pancreas 
[113–115]. Two studies have suggested that elastography is able 
to differentiate between malignant and benign focal lesions, with 
rather good sensitivity and specificity [114,115]. The number of 
patients  studied  so  far  is  too  small  and  the  diseases  too 

Figure 84.6 Inflammatory mass of the pancreatic head. Computed 
tomography: inflammatory mass of the pancreatic head with calcifications 
(arrow). Source:  Courtesy of Thomas Kahn MD, Professor of Radiology, 
Institute of Radiology, University Hospitals of Leipzig.

Table 84.2 Sensitivity and specificity of the individual imaging techniques in 
diagnosis of chronic pancreatitis.

Examination Sensitivity 
(%)

Specificity 
(%)

Level of 
evidence

Literature

CT n/a n/a 2b [104]

ERCP 70–80 80–100 2a [102–105]

MRCP 88 98 2b [109,112]

Ultrasound 60–81 70–97 2a [104]

EUS 80–100 80–100 2a [102–110]

n/a, not analyzed. CT, computed tomography; ERCP, endoscopic 
retrograde cholangiopancreatography; EUS, endoscopic ultrasound; 
MRCP, magnetic resonance cholangiopancreatography.



Chronic pancreatitis CHAPTER 84      1711

inhomogeneous to allow definitive conclusions on the value of 
elastography. It remains an unsolved challenge to diagnose early 
pancreatic cancer arising in chronic pancreatitis. EUS elastogra-
phy  currently  has  no  significant  value  for  diagnosing  chronic 
pancreatitis, although one study suggests that elastography may 
be helpful in diagnosing autoimmune pancreatitis [116].

Classification of morphological findings
The criteria for diagnosing chronic pancreatitis in adults using 
different imaging techniques should be applied according to the 
Cambridge classification (evidence 2a), as outlined in Box 84.2 
(Figure  84.7).  The  Cambridge  classification  based  on  ERCP 
[117,118] and its adaptation for sectional imaging (ultrasound, 
EUS, CT/MRCP) should be used  for diagnosing chronic pan-
creatitis in adults (evidence 3a). Whereas the Cambridge crite-
ria only describe the pancreatic ductal system, it is possible to 
include both  the ductal  system and  the adjacent parenchymal 
structures with the above-mentioned imaging techniques. The 
Rosemont classification is widely accepted for interpreting EUS 
findings  without  relying  on  clinical  findings  [119,120].  The 
Cambridge classification is particularly useful for MRCP [118]. 
Early changes of chronic pancreatitis are only detectable using 
EUS. Comparisons of the individual imaging techniques render 
it  appropriate  to  adopt  the  Cambridge  classification  for  ultra-
sound, CT, and MRCP in order to achieve a standardization of 
nomenclature. The morphological findings of chronic pancrea-
titis  can be assessed using  the classification  systems  shown  in 
Box 84.3. The Manchester classification combines imaging find-
ings of chronic pancreatitis with clinical findings and converts 
them into a simple classification for chronic pancreatitis [121]. 
In this system, the dominant criterion for the severity of pan-
creatitis is evidence of exocrine or endocrine insufficiency and/
or  evidence  of  complications,  while  imaging  findings  play  a 
more minor role.

The ABC system of Ramesh and Büchler represents a com-
parable  form  of  classification  [122,123].  It  requires  positive 
imaging findings  for all stages, while  the presence of exocrine 
or endocrine insufficiency and/or complications alone is deci-
sive for the severity of chronic pancreatitis.

The  M-ANNHEIM  classification  attempts  to  characterize 
patients according to etiology, clinical stage, and severity [124]. 
The  severity  of  the  inflammatory  reaction  is  evaluated  using 
clinical symptoms and therapeutic interventions. Complex clas-
sification  criteria  are  used  to  generate  a  point  system  (0–25 
points), which defines the severity of chronic pancreatitis.

As yet, these classification systems have not been validated in 
prospective  randomized  studies.  The  target  criterion  must  be 
the calculation of morbidity and mortality in order to measure 
the effects of treatment.

Selection of imaging method
The  choice  of  an  imaging  technique  depends  largely  on  the 
expected complications  (evidence: ultrasound 3a; EUS 2a, CT 
4, MRI 3a).

Box 84.2 Adaptation of Cambridge Criteria for various imaging 
procedures. Data from [117,118].

ERCP
Cambridge 0 Good quality imaging of the main pancreatic duct 

and side branches without any abnormal signs
Cambridge 1 Less than 3 abnormal side branches, main duct 

normal
Cambridge 2 More than 3 abnormal side branches, main duct 

normal
Cambridge 3 3 or more abnormal side branches plus abnormal 

main pancreatic duct
Cambridge 4 As 3 plus cysts, duct calculi, duct obstruction 

(stricture), involvement of adjacent organs

Transabdominal ultrasound:
Cambridge 0 Normal organ, duct <2 mm, regular contour
Cambridge 1 Echo-dense gland contour, gland enlarged (up to 

1.5-fold), duct <3 mm, lobular honeycomb appearance
Cambridge 2 Contour irregularities, irregular hyperechoic main 

pancreatic duct >3 mm, lobular texture with 
echo-dense septations

Cambridge 3 As 2 plus cysts, focal calcifications
Cambridge 4 As 3 plus duct stones, duct obstruction, tumorous 

enlargement of the gland >2-fold, splenic vein 
thrombosis

Endoscopic ultrasound:
Cambridge 0 Normal pancreas
Cambridge 1 Lobular honeycomb appearance – duct <3 m
Cambridge 2 Hyperechoic duct, hyperechoic foci, hyperechoic 

contour, duct <3 mm
Cambridge 3 Lobular honeycomb appearance, septated, 

hyperechoic foci, duct >3 mm, irregular duct, no duct 
calculi

Cambridge 4 As 3 plus calcifications, duct calculi, cysts

CT/MRCP:
Cambridge 0 Normal pancreas
Cambridge 1 Not possible to diagnose on CT/MRCP using current 

methods
Cambridge 2 Two or more of the following pathological changes:

Pancreatic duct between 2 and 4 mm in the 
pancreatic body
Mild pancreatic enlargement
Heterogeneous parenchymal structure
Small cystic changes (<10 mm)
Duct irregularities
Pathological side branches >3

Cambridge 3 All changes listed under 2 plus pathological main 
duct (>4 mm)

Cambridge 4
One of the changes listed under 2 or 3 plus one or 
more of the following:
Cystic structures >10 mm
Parenchymal calcifications
Intraductal filling defects (calcifications)
Duct obstruction (strictures)
Major duct irregularities
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Figure 84.7 Endoscopic retrograde pancreatography, stage 4, according to 
the Cambridge classification (see Box 84.2).

Box 84.3 Morphological findings of chronic pancreatitis assessed by 
various classification systems.

1. Manchester classification [121]:

Mild CP:
ERP, CT, ultrasound, EUS – evidence of chronic pancreatitis, no 

peripancreatic complications, preserved endocrine and exocrine 
function; abdominal pain; no regular analgesia

Moderate CP:
ERP, MRI, CT, ultrasound, EUS – evidence of chronic pancreatitis, 

pain despite analgesics, defective endocrine or exocrine function
Severe CP:

As for moderate (with or without abdominal pain) plus: biliary 
stricture, portal hypertension, duodenal stenosis, plus exocrine or 
endocrine insufficiency

2. ABC system (Ramesh, modified according to 
Büchler) [122,123]:

Stage A:
Pain, positive imaging on ultrasound, ERP, MRI, EUS, no exocrine or 

endocrine insufficiency
Stage B:

Pain, positive imaging, no exocrine or endocrine insufficiency, plus 
complications: (obstruction CBD, duodenum, pseudocyst, fistula, 
etc.) but without exocrine and endocrine insufficiency

Stage C:
Pain, positive imaging, with exocrine (C1) or endocrine dysfunction 

(C2), with or without complications

3. Rosemont classification with the aid of 
endoscopic ultrasound [119,120]:

In addition to parenchymal changes (hyperechoic foci with +/− 
shadowing, honeycomb-type lobularity, cysts, hyperechoic strands), 
ductal changes (main pancreatic duct calculi, irregular duct, dilated 
side branches, hyperechoic duct wall) are also described.

4. M-ANNHEIM classification [124]:

Pain, pain control, need of surgery, exocrine insufficiency, endocrine 
insufficiency, morphology (according to Cambridge criteria), gland 
complications and imaging based on CT or ultrasound or MRI or EUS.

CBD, common bile duct; CT, computed tomography; ERP, endoscopic 
retrograde pancreatography; EUS, endoscopic ultrasound; MRI, 
magnetic resonance imaging.

Necrosis  Contrast-enhanced ultrasound is capable of detecting 
necrosis to the same degree as contrast-enhanced CT. This is of 
particular advantage in patients with impaired kidney function. 
However, quantification of the degree of severity is not possible 
with contrast-enhanced ultrasound [125,126]. An ultrasound- 
or CT-guided fine-needle biopsy can be performed if  infected 
necrosis  is  suspected.  CT,  contrast-enhanced  MRI,  and  echo-
enhanced  ultrasound  can  detect  necrotic  pancreatic  tissue 
[127,128].

Pseudocysts  Pseudocysts  are  well  detected  with  the  aid  of 
transabdominal  ultrasound  [129,130]  or  EUS  (Figure  84.8). 
Their criteria are clearly defined: echo-free, tangential artefact, 
and  dorsal  acoustic  enhancement.  Pseudocysts  with  atypical 
appearances do occur. Here, cystic neoplasm should be included 
in the differential diagnostic considerations. The most reliable 
differentiation  of  cystic  pancreatic  lesions  is  achieved  by  EUS 
and  MRI/MRCP.  Cystic  neoplasms  can  be  well  differentiated 
from pseudocysts or periintestinal fluid accumulations with the 
aid  of  EUS  und  MRI/MRCP.  In  ambiguous  cases,  EUS-fine-
needle aspiration (FNA) with sampling of cystic fluid (cytology, 
lipase, carcinoembryonic antigen [CEA], and CA 19-9 determi-
nation) may be the method of choice.

Pseudoaneurysm  On  detection  of  cystic  changes  within  the 
pancreas, ultrasound should be performed in combination with 
color Doppler ultrasonography in order to reliably detect per-
fusion in the cyst as an indication of a pseudoaneurysm and is 
obligatory  before  any  interventions.  CT-angiography  and 
MR-angiography  are  also  capable  of  identifying  pseudoaneu-
rysms. There are no studies comparing diagnostic accuracy of 
imaging studies for detecting pancreatic pseudoaneurysm.

Carcinoma  Once  chronic  pancreatitis  has  been  diagnosed, 
ultrasound  and  EUS  are  only  able  to  distinguish  to  a  limited 

degree  between  carcinoma  and  inflammation.  In  equivocal 
cases,  EUS-FNA  should  be  performed.  Histological  and  cyto-
logical examinations may raise the sensitivity up to 85% with a 
rather  good  specificity  [131,132].  The  probability  of  false-
negative findings is reported to be between 5% and 10%. Thus, 
in a patient with a  suspected  tumor,  surgery  is  recommended 
even without prior FNA. A sensitivity of 84%, with a specificity 
of  97%,  has  been  reported  for  MRI  combined  with  MRCP  in 
diagnosing pancreatic cancer. A sensitivity of 93%, with a spe-
cificity of 75%, has been calculated for differentiating between 
chronic pancreatitis and pancreatic carcinoma [133]. However, 
this does not apply when a carcinoma develops within chronic 
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Figure 84.8 Pancreatic pseudocyst. Endoscopic ultrasound: large 
pancreatic pseudocyst.

pancreatitis. Even after application of all diagnostic techniques, 
sensitivity for detecting a tumor within the chronically inflamed 
pancreas is only about 67%, and the specificity only 45%. More 
recent studies involving contrast-enhanced ultrasound and EUS 
show  that  both  necrosis  and  pancreatic  carcinoma  appear  as 
demarcated as hypoperfused focal lesions [118,119,134–137]. In 
the  presence  of  chronic  pancreatitis,  focal  necrosis  has  to  be 
differentiated from carcinoma. An EUS-FNA of the focal lesion 
may  be  appropriate,  although  a  considerable  rate  of  false-
negative findings has to be expected [138]. Cytological or his-
tological  FNA  can  be  recommended  to  differentiate  between 
autoimmune  pancreatitis  and  other  pancreatic  diseases  (evi-
dence 2c).

In  summary,  besides  history  and  physical  examination, 
transabdominal  ultrasonography  is  the  preferred  first-line 
imaging test.  If findings remain  inconclusive (inhomogeneous 
organ,  main  pancreatic  duct  not  dilated)  but  there  is  strong 
clinical suspicion, EUS should be performed. EUS-guided fine-
needle puncture enables cytological and histological evaluation 
of focal lesions. CT and MRI as well as MRCP are complemen-
tary procedures  in equivocal findings of ultrasound and EUS. 
MRCP  is  the  preferred  method  for  evaluation  of  pancreatic 
ducts (evidence 2a).

Differential diagnosis

Early in the course of the disease it is often not possible to dif-
ferentiate  between  alcohol-induced  acute  pancreatitis  and  an 
attack  superimposed  on  an  already  chronic  inflammatory 
process. The differentiation between acute relapsing pancreatitis 
and attacks of chronic pancreatitis is only possible when typical 
signs  of  chronic  pancreatitis  can  be  detected  by  imaging,  
such  as  an  inflammatory  tumor  of  the  pancreatic  head  with 

calcifications. The most important differential diagnosis is pan-
creatic cancer. Usually it is not difficult to differentiate chronic 
pancreatitis  (with  the  exception  of  autoimmune  pancreatitis) 
from a pancreatic cancer mass at initial diagnosis, which often 
leads to some patients to undergo surgery to rule out a malig-
nancy. Despite all of the sophisticated imaging techniques avail-
able, early diagnosis of pancreatic cancer in preexisting chronic 
pancreatitis  is almost  impossible. The development of chronic 
pancreatitis is very unlikely to result from biliary disorders. In 
alcohol-associated  pancreatitis  relapses  that  occur  despite 
having  discontinued  alcohol  ingestion,  the  relapses  are  most 
likely due  to chronic pancreatitis. Relapsing acute pancreatitis 
rarely may be due to sphincter of Oddi dysfunction, and even 
after a papillotomy some of these patients may develop chronic 
pancreatitis [139]. In patients with clinical signs of maldigestion 
but without abdominal pain, a wide spectrum of diseases has to 
be considered. Whether so-called “early chronic pancreatitis” in 
the  absence  of  imaging  abnormalities  may  cause  abdominal 
pain without an elevation of serum lipase is controversial. There 
is no convincing explanation for the pathogenesis of pain in a 
patient with normal findings on imaging and without signs of 
acute  pancreatitis,  characterized  by  an  elevation  of  serum 
amylase/lipase. The argument that in these patients the diagno-
sis of chronic pancreatitis can only be established by pancreatic 
exocrine function tests is not persuasive. Furthermore, the spe-
cificity of the secretin test in this setting is suboptimal. Irritable 
bowel  syndrome  may  be  the  underlying  cause  of  abdominal 
pain.  Thus,  in  some  cases  of  chronic  pancreatitis,  a  definitive 
diagnosis  requires  patient  observation  to  determine  the  pres-
ence of any underlying pathology.

Therapy and management of complications

The same principles are applicable to the management of acute 
exacerbations of chronic pancreatitis, recurrent acute pancrea-
titis, and acute pancreatitis, but are less useful for management 
of  chronic  calcifying  pancreatitis.  Management  of  acute  pan-
creatitis  and  its  complications  is  addressed  in Chapter 82. An 
acute  exacerbation  of  chronic  pancreatitis  is  one  of  the  most 
common disorders in gastroenterology.

Intensive care
Rapid and adequate fluid replacement is essential  in the man-
agement of acute relapses of chronic pancreatitis (evidence 2b) 
[140–142].  Prerenal  kidney  failure  within  the  first  48 h  after 
admittance to hospital correlates with increased mortality. Any 
increase of serum urea  levels by 5 mg/dL raises mortality by a 
factor  of  2.2  [143,144].  However,  excessive  administration  of 
fluid  results  in  local  complications,  global  respiratory  failure, 
and an  increased rate of sepsis.  In order  to establish adequate 
fluid replacement, the clinical strategy of fluid replacement was 
examined in a prospective randomized study including patients 
with  severe  acute  pancreatitis  (APACHE-II  score  >14).  One 
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Nutrition in acute pancreatitis or in acute 
relapses of chronic pancreatitis
Clinical symptoms may require withholding oral intake (NPO) 
(evidence 4). Fasting has a positive effect on the course of para-
lytic  ileus  that  often  occurs  secondary  to  acute  pancreatitis. 
Many patients experience some relief from their nausea, vomit-
ing,  and  pain  with  fasting.  However,  studies  have  found  no 
positive effect of  fasting on the clinical course or prognosis of 
acute pancreatitis itself. Experimental and clinical studies have 
demonstrated  that  exocrine  secretion  is  blocked  during  the 
course  of  pancreatitis,  thus,  contrary  to  earlier  assumptions, 
there is no additional benefit in terms of suppression of secre-
tion for fasting [160,161].

Enteral  tube  feeding  is  superior  to  parenteral  nutrition  in 
acute pancreatitis. Ten prospective randomized clinical studies 
[162–169] have demonstrated that enteral nutrition is superior 
to parenteral nutrition in acute pancreatitis. The reasons lie not 
only in the cost of parenteral nutrition (six times more expen-
sive  than enteral  tube  feeding), but  in  the potential complica-
tions of parenteral nutrition. Apart from the risk of an additional 
source of infection by the central venous catheter, animal studies 
have shown the development of intestinal villous atrophy within 
a few days of exclusively parenteral nutrition (see Chapter 114). 
Villous  atrophy  facilitates  bacterial  translocation.  In  patients 
with necrotizing pancreatitis,  the  translocated bacteria prefer-
entially colonize pancreatic necrosis and cause one of the most 
serious complications of pancreatitis,  that  is  infected necrosis. 
Enteral nutrition administered via a nasojejunal tube or, accord-
ing  to  most  recent  studies,  with  the  same  effectiveness  via  a 
nasogastric tube, may counteract translocation and has proven 
an alternative to parenteral nutrition [170,171]. The administra-
tion of total caloric requirement via an enteral nutrition tube is 
not  possible  in  all  patients  with  necrotizing  pancreatitis,  and 
additional intravenous supplementation is occasionally required 
to prevent catabolism. Nevertheless, calories should be admin-
istered by the enteral route whenever possible to prevent intes-
tinal villous atrophy. Imrie et al. were able to demonstrate that 
the rate of pulmonary complications is also significantly reduced 
by enteral nutrition [161]. However, a Dutch trial did not find 
superiority of early nasoenteric tube feeding as compared with 
an oral diet after 72 h in reducing the rate of infection [172].

Return to oral nutrition should be  initiated as early as pos-
sible (evidence 2b). Studies indicate that oral feeding may have 
a  positive  effect  on  the  course  of  mild  acute  pancreatitis  in 
comparison with fasting. Oral food intake should start as early 
as possible  in  the pain-free patient according to a multicenter 
cohort  study  on  symptom  relapse  in  acute  pancreatitis.  Levy  
et al. found that approximately 20% of patients suffer recurrence 
of  pain  upon  oral  refeeding.  The  probability  of  recurrence 
depends on the extent of necrosis [173], a finding confirmed by 
a  metaanalysis  of  three  studies  [174].  The  value  of  so-called 
“pancreas  diets”  or  “bland”  diets  for  pancreas  patients  is 
unproven.  Indeed,  a  randomized  trial  suggested  that  initial 
fasting  for  mild  acute  pancreatitis  is  no  longer  recommended 

group  received  10–15 mL/kg/h  until  the  fluid  deficit  was  cor-
rected, measured by reaching two or more of the criteria: heart 
rate  <120/min,  mean  arterial  pressure  65–85 mmHg,  urine 
output  >1 mL/kg/h,  hematocrit  <35%.  The  second  group 
received less fluid replacement with 5–10 mL/kg/h. In the group 
receiving 10–15 mL/kg/h, 94.4% of the patients had to be arti-
ficially  ventilated  in  comparison  with  65%  in  the  group  with 
5–10 mL/kg/h.  Mortality  in  the  group  that  received  the  more 
aggressive  amount  of  volume  was  significantly  increased,  as 
were local complications such as abdominal compartment syn-
drome or sepsis [145]. Volume administration is best monitored 
by  a  thermodilution  system  [146].  When  invasive  monitoring 
of fluid deficits is not possible, treatment with 5–10 mL/kg/h is 
recommended  (evidence  1b).  Neither  hematocrit  nor  central 
venous  pressure  have  proven  being  adequate  for  assessing 
volume deficits [147]. Based on the findings of the VISEP study 
on  sepsis  management,  crystalloid  solutions  and  not  colloid 
solutions should be used for fluid replacement [148]. There is a 
general consensus that rapid and adequate fluid resuscitation is 
of prognostic significance [140,141,149,150].

The insertion of a nasogastric tube may not be necessary in 
the absence of small bowel obstruction or vomiting (evidence 
4). The insertion of a nasogastric  tube  is  indicated as prophy-
laxis  and  therapy  of  a  paralytic  ileus.  However,  nasogastric 
suction of gastric  juices has no benefit on the pancreas per se 
[151–154].

Acid suppression for stress ulcer prophylaxis is recommended 
for  the  severely  ill  (evidence  3a).  Controlled  studies  on  stress 
ulcer prophylaxis are not available. Nevertheless, prophylaxis is 
generally recommended.

Any required intensive care management is based on stand-
ardized principles, which apply in particular to the treatment of 
sepsis,  systemic  inflammatory response syndrome (SIRS), and 
multiple organ failure.

Treatment of pain
Adequate pain management is essential (evidence 2b). Patients 
with  an  acute  exacerbation  of  pancreatitis  often  suffer  from 
severe  visceral  pain.  Analgesia  is  therefore  one  of  the  most 
important  and  urgent  aims  of  treatment.  The  argument  that 
morphine  or  its  analogues  possibly  cause  contraction  of  the 
duodenal  papilla,  thus  creating  an  additional  obstruction  for 
pancreas secretion, is obsolete (evidence 2b). Papillary contrac-
tion either does not occur in the majority of analgesics users or 
is so inconsequential that it does not play any clinical role [155–
157]. Some morphine analogues have been successfully used for 
pain control both in acute and chronic pancreatitis. Tramadol 
is  generally  not  preferred  because  it  often  causes  nausea  and 
vomiting  in  patients  with  acute  pancreatitis.  Some  centers  
have  achieved  good  results  by  the  use  of  thoracic  epidural  
analgesia (EPA) [158,159]. This not only leads to rapid analgesia 
but, in addition, prevents or treats paralytic ileus. A prerequisite 
for  the  use  of  EPA  is  an  alert  patient  and  coagulopathy  a 
contraindication.
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primarily  performed  via  gastric  or  jejunal  tube  feeding  (evi-
dence, 2b).

Treatment of necrosis (see Chapter 82)
Physical  examination,  laboratory  parameters,  and  contrast-
enhanced  CT  together  can  provide  findings  suggestive  of 
infected necrosis. Necrotic infection suspected on clinical and/
or  imaging grounds can be confirmed by FNA and microbio-
logical studies (evidence 2b) [149,190]. Individual parameters, 
such as procalcitonin, cannot confirm necrotic infection.

Conservative  treatment  should  be  followed  initially  for 
infected necrosis. Interventional endoscopic therapy should be 
given preference over an open surgical procedure (see Section 
Further  indications  for  interventional  endoscopic  or  surgical 
therapy).  When  interventional  endoscopic  or  surgical  proce-
dures are necessary they should be started as late as possible in 
the disease course (evidence 1b). A surgical approach for acute 
necrotizing pancreatitis is only indicated for confirmed infected 
necrosis and not for sterile necrosis. Over the last two decades, 
the therapeutic concept has changed from an aggressive surgical 
approach to a rather “conservative”, interventional management. 
Originally,  an  indication  for  necrosectomy  was  assumed  once 
multiple organ failure had occurred. This approach was associ-
ated with a mortality rate of up to 65%. Even in 2003, the mor-
tality  rate  for  open  surgery  was  around  47%  [190].  Thus,  the 
benefits  of  a  surgical  approach  have  been  questioned.  Open 
necrosectomy  should  therefore  be  avoided  whenever  possible 
because the surgical trauma induces SIRS, which is very difficult 
to treat [191]. A study by Mier et al. substantiates that a surgical 
approach within 2 weeks after onset of the disease is associated 
with significantly higher mortality [192]. A combined conserva-
tive and interventional approach is at least equal to the surgical 
approach,  even  in  the  presence  of  infected  necrosis  [193].  A 
number  of  studies  have  shown  that  minimally  invasive  thera-
peutic  approaches  such  as  percutaneous  CT-guided  drainage 
(Figure  84.9)  or  laparoscopic-assisted  necrosectomy  can  be 
effective [194,195]. The minimally invasive “step-up approach” 

[175]. Thus, a reduction in the length of hospital stay and a more 
rapid recovery can be achieved through early oral feeding [176].

Antibiotics
Routine prophylactic  administration of  antibiotics  is not war-
ranted (evidence 1a). Studies have convincingly shown that in 
general antibiotic prophylaxis does not offer any advantages and 
only contributes to the selection of resistant organisms. However, 
patients  with  proven  infected  pancreatic  necrosis  may  profit 
from antibiotic treatment. A metaanalysis of prophylactic anti-
biotic administration, which also includes the data of the Mero-
penem  Study  by  Dellinger  et  al.  [177],  incorporating  seven 
studies with a total of 467 patients,  found no reduction of the 
rate  of  infected  necrosis  [178].  Mortality  was  also  not  signifi-
cantly reduced in the antibiotic therapy group. Numerous older 
studies and metaanalyses were unable to substantiate in severe 
pancreatitis  a  significant  advantage  of  antibiotic  prophylaxis 
with  regard  to  extrapancreatic  infection,  infected  pancreatic 
necrosis, and mortality. A significant advantage with regard to 
infected  necrosis  was  demonstrated,  however,  for  the  beta-
lactam antibiotic  imipenem but not  for mortality. All of  these 
studies had methodological weaknesses, and most were inade-
quately powered. Given the high mortality rate of severe necro-
tizing  pancreatitis,  the  administration  of  antibiotics  that 
penetrate  infected  necrotic  tissue  in  the  pancreas  (e.g.,  beta-
lactams, quinolones, etc.) is still assumed to be beneficial in this 
subgroup [179–184].

Probiotics should not be given. They tend to have an unfavo-
rable effect on the course of pancreatitis (evidence 1b). Probiot-
ics are  living microorganisms, which are assumed by many to 
have  a  number  of  positive  effects  on  health.  Olah  et  al.  con-
ducted  two randomized controlled  studies on  the prophylaxis 
of  infected  necrosis  in  patients  with  acute  pancreatitis.  Both 
studies suggested that the use of probiotics lowers the incidence 
of  infectious complications  [185,186]. The PROPATRIA study 
of  the  Dutch  Pancreatitis  Study  Group  did  not  confirm  these 
positive  effects.  In  a  double-blind  placebo-controlled  study 
involving 298 patients with severe acute pancreatitis, adminis-
tration of a probiotic preparation was associated with a signifi-
cant  increase  in mortality,  caused predominantly by  intestinal 
necrosis  [187].  The  administration  of  probiotics  for  the  treat-
ment of acute pancreatitis should therefore no longer be recom-
mended [187–189].

In  the  absence  of  symptoms  of  small  bowel  obstruction  or 
ileus with vomiting, placement of a gastric tube is not manda-
tory (evidence 4). Inhibition of gastric acid secretion for proph-
ylaxis  of  stress  ulcers  may  be  recommended  in  patients  with 
severe  pancreatitis  (evidence  3a).  Adequate  therapy  of  pain  is 
mandatory.  Restriction  from  oral  nutrition  may  be  necessary 
according  to  the clinical  situation  (evidence 4).  Intensive care 
may be necessary. Therapy is based on standard principles with 
emphasis  on  therapy  of  sepsis,  SIRS,  and  multiorgan  failure 
(evidence  5).  The  initiation  of  oral  nutrition  should  not  be 
delayed  (evidence  2b).  In  severe  cases,  nutrition  should  be 

Figure 84.9 Extended pancreatic and retroperitoneal necrosis. Computed 
tomography-guided drainage of an extended retroperitoneal necrosis due 
to necrotizing pancreatitis.
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Exocrine  pancreatic  insufficiency  as  the  only  presenting 
symptom of chronic pancreatitis is not an indication for surgical 
or interventional treatment. Exocrine pancreatic insufficiency is 
usually treatable with pancreatic enzyme replacement therapy. 
There are to date no convincing studies showing that exocrine 
pancreatic function is improved by endoscopic intervention or 
surgery. Thus, surgical procedures cannot be recommended for 
the treatment of exocrine pancreatic dysfunction. There are vir-
tually no studies available on endoscopic treatment for exocrine 
insufficiency.  Results  of  exocrine  pancreatic  function  after 
Beger’s, Kausch–Whipple’s, or Frey’s procedures are highly vari-
able in their final outcome [213].

Endocrine  pancreatic  insufficiency  as  the  only  presenting 
symptom  of  chronic  pancreatitis  is  also  not  an  indication  for 
surgical  or  interventional  treatment  of  chronic  pancreatitis. 
There are a few case series reporting an improvement in glucose 
control after resection of a carcinoma, but randomized studies 
showing a positive effect on diabetes after resection for chronic 
pancreatitis are not available. Case series do not justify a recom-
mendation for surgery undertaken to improve endocrine insuf-
ficiency [214].

Gastric outlet obstruction or duodenal stenosis secondary to 
chronic  pancreatitis  should  be  corrected  by  interventional  or 
surgical means. Unfortunately, there are no comparative studies 
available  that  could  answer  which  modality  among  resection 
surgery,  bypass  surgery,  or  endoscopic  insertion  of  self-
expanding metal stents may be superior [215].

Between 30% and 60% of all patients with chronic pancrea-
titis will require intervention at some point in the course of their 
disease. In at  least 30% of patients, conservative management, 
supplemented by endoscopic therapeutic interventions, appears 
to  be  sufficient  while  in  10%–40%  of  patients,  stenosis  of  the 
common bile duct (CBD) will develop, which requires interven-
tion (Figure 84.10). In the presence of an inflammatory tumor 
of  the  pancreatic  head,  ERCP  for  bile  duct  obstruction  with 
insertion of a stent into the bile duct should be performed fol-
lowed by duct dilatation. However, if after endoscopic stenting 
symptoms or cholestasis persist, then surgical resection should 
be  performed  (evidence  2b).  A  retrospective  analysis  of  all 
patients  treated  with  an  average  observation  period  of  45 
months demonstrated that stent therapy for bile duct obstruc-
tion  due  to  chronic  pancreatitis  does  not  produce  a  lasting 
benefit  beyond  1  year  [216].  A  prospective  study  showed  a 
poorer long-term effect of stent management of distal bile duct 
obstruction if calcifications were associated with chronic pan-
creatitis [217].

Stenosis of the pancreatic duct  is another complication that 
affects many patients with chronic pancreatitis  (Figure 84.11). 
There are no prospective controlled studies available that have 
demonstrated a positive effect of stent drainage of a dominant 
stenosis in the duct of Wirsung. Some studies suggest that the 
insertion of a stent into the pancreatic duct can actually induce 
secondary changes due to the stent with subsequent fibrosis and 
stricture  [218,219].  Removal  of  the  obstruction  of  the  main 

results in a significantly better clinical course, as shown in the 
PANTER study (combined endpoint: mortality and severe com-
plications) [196,197].

Transgastric or transduodenal endoscopic necrosectomy is a 
new  and  much  less  invasive  therapeutic  approach.  To  date, 
approximately 250 treated cases have been reported in the  lit-
erature. The indication was either confirmed infected necrosis 
or  pancreatic  abscess.  Technical  success  rate  in  this  highly 
selected group of patients was 92.1%, with complications such 
as colonic fistula, hemorrhage, prosthesis dislocation, pain after 
more  than  24 h,  perforation,  or  gravitation  abscess  being 
reported in 19.6% of cases. Mortality in this patient group was 
5.6%, long-term treatment success was 81.2%, and the number 
of interventions was a median of 2.3 [198–201].

Thus,  these  procedures  provide  a  promising  therapeutic 
approach for some patients [193–206]. Intervention should start 
between 2 and 3 weeks after onset of disease at the earliest [207].

Further indications for interventional endoscopic 
or surgical therapy
Band-like  upper  abdominal  pain  is  a  cardinal  symptom  of 
chronic pancreatitis, together with weight loss, steatorrhea, and 
diabetes mellitus. In the absence of therapeutic approaches that 
are  able  to  address  the  underlying  causation,  treatment  is 
restricted to symptom control by means of enzyme replacement, 
pain  therapy,  and  optimal  control  of  endocrine  insufficiency. 
Between  30%  and  60%  of  patients  develop  complications  of 
their  disease,  including  strictures  of  the  common  bile  duct, 
inflammatory space-occupying masses, pancreatic pseudocysts, 
or pancreatic ductal stones, which require interventional or sur-
gical treatment.

Interventional  or  surgical  treatment  should  be  undertaken 
for  chronic  severe  pain  requiring  analgesics  (evidence  2b). 
Severe pain in chronic pancreatitis that requires analgesics can 
sometimes be effectively treated by either endoscopic or surgical 
procedures (evidence 2b/3b) [208]. Surgical procedures (drain-
age) are superior to endoscopic procedures with regard to long-
term pain reduction; however, they are associated with higher 
mortality but lower morbidity. There have been several studies 
with a level of evidence grade 2b or 3a that have addressed the 
treatment  of  pain  from  chronic  pancreatitis  by  endoscopy, 
extracorporeal  shock  wave  lithotripsy  (ESWL),  thoracoscopic 
splanchnicectomy, surgical resection, and draining procedures. 
A  direct  comparison  between  surgery  and  endoscopy  was 
carried out in only two studies, with level of evidence grade 1b 
[209,210]. Both studies demonstrated a long-term advantage for 
surgical approaches.

If a resectable pancreatic carcinoma is suspected, then surgery 
should be performed. (evidence 2b). If a space-occupying lesion 
of the pancreas is present and suspected (resectable) pancreatic 
carcinoma cannot be excluded, then surgical resection is indi-
cated.  Without  surgery,  life  expectancy  for  patients  with  pan-
creatic carcinoma is less than 1 year; after successful resection 
it may be more than 5 years in 20%–25% (evidence 1a) [211,212].
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pancreatic  duct  is  often  effective  for  pain  management  in  the 
shorter  term,  and  success  rates  of  between  37%  and  94%  are 
reported [220]. Thus, stenting of a prepapillary stenosis of either 
the common bile duct or  the main pancreatic duct or both as 
initial  treatment  is  employed  by  many  groups  (Figure  84.12). 
Metabolic  side-effects  of  stenting  the  pancreatic  duct  over  a 
longer period of time have not been reported.

ESWL can be used for treatment of stones in the main pan-
creatic duct. Before the introduction of ESWL in 1989, surgery 
was often the only option for removing pancreatic duct stones 
that  cannot  be  removed  by  endoscopic  means.  Several  retro-
spective  studies  have  addressed  the  question  of  the  clinical 
benefit of ESWL for pancreatic duct stones. For further reading 
see reference [221].

Therapy of pseudocysts
Pancreatic pseudocysts are a frequent complication of acute and 
chronic pancreatitis. Symptomatic pseudocysts should undergo 
treatment. The endoscopic or  surgical  treatment of  a  sympto-
matic  pseudocyst  should  be  carried  out  regardless  of  its  size 
(evidence 2a). Pseudocysts that have resulted in complications 
such as gastric outlet obstruction, hemorrhage, pain, cholesta-
sis, or vascular stenosis should undergo endoscopic or surgical 
treatment. The surgical procedures to treat pseudocysts tend to 
have higher success rates, but carry a somewhat higher mortal-
ity rate than the endoscopic pseudocyst drainage into either the 
duodenum or more often the stomach. In cases where a pseu-
docyst  is  connected  to  the  main  pancreatic  duct,  endoscopic 
transpapillary drainage may be possible. The decision in whom, 

Figure 84.10 Dilated bile duct. Transabdominal ultrasound: dilated bile duct shown at liver hilus (arrow) due to an inflammatory mass of the 
pancreatic head in chronic pancreatitis.

Figure 84.11 Dilated main pancreatic duct with prepapillary stenosis. 
Endoscopic retrograde pancreatography reveals prepapillary stenosis of 
main pancreatic duct and a duct stone probably not responsible for duct 
dilation.
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of  the  data  are  based  on  retrospective  case  series  [223–228]. 
Despite  the  limited  data  available,  there  are  three  systematic 
reviews [229–231]. Pain relief will be achieved in a majority of 
patients, whether treatment is by a surgical, endoscopic, or per-
cutaneous  drainage  technique.  Given  that  a  high  rate  of  pain 
relief was achieved in these retrospective series (about 80%), all 
three systematic reviews came to the conclusion that, although 
conservative management of chronic pancreatitis also results in 
pain  relief  in  a  certain  percentage  of  patients,  percutaneous, 
endoscopic, or surgical drainage is still the more effective form 
of  pain  management.  The  relative  merits  of  these  different 
approaches in this setting have not been defined. Thus, it may 
be assumed from the scant literature available that pseudocyst 
drainage improves pain. In cases of obstruction of the bile duct 
or  pancreatic  duct  by  pancreatic  pseudocysts,  the  pseudocyst 
should  be  treated.  When  cholestasis  does  not  improve  after 
drainage of the pseudocyst alone, stent placement into the bile 
duct or a resection procedure may be indicated.

Further  complications  that  render  endoscopic  or  surgical 
treatment of the pseudocyst necessary include compression of 
large abdominal vessels, clinically relevant gastric outlet obstruc-
tion or duodenal stenosis,  infection of a pseudocyst, and pan-
creaticopleural fistula formation. Nausea and vomiting are quite 
common  symptoms  of  pancreatic  pseudocysts.  Endoscopic 

when, and by which procedure pancreatic pseudocysts should 
be treated has been controversial. The prevalence of pancreatic 
pseudocysts  in  chronic  pancreatitis  ranges  between  20%  and 
40% [222]. Pancreatic pseudocysts occur most often in patients 
with alcoholic chronic pancreatitis (70%–78%) [8] and are less 
common  in  idiopathic  chronic  pancreatitis  (6%–16%)  and 
biliary pancreatitis (6%–8%) [222]. Within the first 6 weeks after 
an  acute  exacerbation  of  pancreatitis,  40%  of  the  pseudocysts 
resolve spontaneously, while in 20% of cases complications such 
as  infection, obstruction of adjacent organs, cystic rupture, or 
persistent pancreatitis render an intervention necessary. Spon-
taneous  remission  of  pseudocysts  after  12  weeks  is  very  rare, 
and complications are observed in up to two-thirds of cases. The 
increase in size of pseudocysts to over 5 cm in diameter is asso-
ciated with an increased risk of complications. In symptomatic 
pseudocysts,  either  surgery  or  percutaneous  or  endoscopic 
drainage can be performed. All of these procedures demonstrate 
comparable results regarding technical success and recurrence 
rates. Endoscopic drainage should have first preference because 
it is less invasive for the patient.

If a pancreatic pseudocyst causes complications, an interven-
tional or surgical form of treatment should be undertaken (evi-
dence 2a). The literature on interventional therapy of pancreatic 
pseudocysts as a form of pain management is very limited. Most 

Figure 84.12 (a, b) Distal bile duct and main pancreatic duct stenosis treated by stents. One plastic stent is placed via endoscopic retrograde 
cholangiopancreatography after papillotomy into the bile duct and another one in the main pancreatic duct.

(a)

(b)
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If diagnostic needle aspiration of the cyst confirms an infection 
of  its  content,  then  drainage  is  indicated.  Surgical  treatment 
should be carried out not only when malignancy is detected but 
when suspected as well. Diagnostic needle aspiration of a pseu-
docyst  with  the  aid  of  EUS  helps  in  differentiating  between 
cystic malignancies and pseudocysts. When EUS-guided needle 
aspiration  of  a  cyst  reveals  a  CEA  >400 ng/mL,  a  variably 
increased or low amylase (lipase), high viscosity, mucin, or epi-
thelial cells in the cyst contents, then the presence of a mucinous 
cystic neoplasm must be assumed. This kind of tumor is more 
prevalent  in  women  aged  between  30  and  50  years,  located 
usually  in the pancreatic tail and demonstrates mural nodules 
on  imaging.  A  so-called  eggshell  pattern  of  calcification  is 
typical. Prognosis after surgery is good in the absence of tumor 
invasion. A malignant lesion may be assumed with a CEA value 
>6000 ng/mL.  Aspiration  biopsy  of  an  mucinous  cystic  neo-
plasm differs only little from an intraductal papillary mucinous 
neoplasm (IPMN). IPMN is regarded as a precancerous lesion. 
Its malignant potential depends on  its  location  (main duct or 
side branch duct) and the size of the lesion as well as its solid 
parts.  An  IPMN  originating  from  the  main  pancreatic  duct 
should always be resected because in 52%–92% of cases a car-
cinoma develops from this lesion within a period of 8 years. For 
lesions of the side-branch ducts this amounts to 6%–46% [236]. 
Lesions less than 1 cm on MRI or EUS and originating from a 
side-branch duct may be  followed-up by  imaging after 1 year. 
Side-branch  lesions  that  are  between  1  and  3 cm  in  size  and 
exhibit  no  solid  components  should  be  followed  up  after  6 
months. In contrast, lesions that are larger than 3 cm or exhibit 
mural nodules or cytology with higher-grade dysplasia should 
be  resected.  IPMN  may  be  multifocal,  in  which  case  a  more 
aggressive course can be expected  [237].  In contrast,  a  serous 
cystadenoma  is  diagnosed  as  pancreatitis  in  30%  of  cystic 
lesions and virtually never turns malignant. In this case, aspira-
tion of the cyst is negative for mucin, CEA, and amylase. Cytol-
ogy reveals glycogen-rich epithelium (see Chapter 86 for more 
details).

A surgical approach should be chosen for a suspected malig-
nant  cystic  lesion  (evidence  4).  In  1%  of  all  CT  scans  of  the 
abdomen,  a  cystic  lesion  of  the  pancreas  is  discovered  as  an 
incidental finding [238]. More than two-thirds of these lesions 
are congenital cysts or pancreatic pseudocysts. The prevalence 
of pancreatic pseudocysts in chronic pancreatitis ranges between 
20% and 40%. Of the cystic lesions that are not pancreatic pseu-
docysts  but  genuine  cystic  neoplasms,  30%  are  benign  serous 
cystadenomas; 45% of the resected lesions are mucinous-cystic 
neoplasms and 25% intraductal papillary mucinous neoplasms. 
Solid  pseudopapillary  tumors  or  cystic  acinar  cell  carcinoma  
are  rare.  In  assessing  cystic  tumors  found  in  asymptomatic 
patients,  a  connection  to  the  pancreatic  duct  (IPMN  and  
pancreatic  pseudocysts)  and  the  size  of  the  cystic  lesion  
(indication  for  resection  in  the  case  of  IPMN  or  therapeutic 
indication  for  pseudocyst)  are  essential  considerations.  Diag-
nostic  needle  aspiration  of  a  pseudocyst  with  EUS  guidance 

interventional  therapy of  a hemorrhagic pseudocyst  is  associ-
ated with a high risk of  further bleeding. Thus,  these pseudo-
cysts should be treated surgically.

Initial  therapy  for  symptomatic  pancreatic  pseudocysts  can 
be endoscopic drainage of the pseudocyst followed by surgery 
should the pseudocyst recur (evidence 3a). The choice between 
endoscopic and operative pseudocyst drainage should be deter-
mined  by  the  location  of  the  cyst  and  the  type  of  additional 
morphological  changes  (evidence  3b).  Endoscopic  procedures 
draining  a  pancreatic  pseudocyst  are  less  prone  to  complica-
tions than surgical procedures. However, not all pseudocysts are 
successfully treated by endoscopic drainage alone. Studies com-
paring endoscopy with surgery are not available, but a multidis-
ciplinary  approach  may  be  appropriate  for  long-term  patient 
management [232].

Asymptomatic  pancreatic  pseudocysts,  which  have  reached 
the size of more than 5 cm in diameter and which do not resolve 
within 6 weeks, can be treated (evidence 2a). Pancreatic pseu-
docysts that show already a fibrous wall of more than 5 mm on 
imaging are particularly suited for endoscopic or surgical drain-
age. In a multivariate analysis, a pseudocyst size <4 cm in diam-
eter  was  the  only  favorable  factor  for  spontaneous  resolution 
[233]. Untreated cysts larger than 5 cm may have a higher risk 
of complications such as rupture, infection, jaundice, or hemor-
rhage [234].

Drainage of pseudocysts can be carried out by  transgastric, 
transduodenal,  or  transpapillary  approaches.  Percutaneous 
drainage is also possible, but is associated with the risk of exter-
nal fistula formation (evidence 4). One should select the access 
route  for  endoscopic  transmural  drainage  of  pseudocysts  by 
endoscopic ultrasound assessment. The access route depends on 
the size, vessels in the vicinity, and location of the pseudocyst. 
Comparative  studies  assessing  the  optimal  superiority  of  the 
endoscopic access route, either through the stomach or duode-
nal  wall,  are  not  available.  Transcutaneous  drainage  carries  a 
risk of persistent cutaneous fistula formation, adversely affect-
ing  the  patient’s  quality  of  life.  Thus,  endoscopic  transmural 
drainage is preferred [232].

Transmural  drainage  should  be  done  under  EUS  guidance 
(evidence 3). EUS is the best measure to assess the appearance 
of  the  pseudocyst  wall,  content,  location,  and  relationship  to 
adjacent blood vessels. EUS guidance possibly reduces the rate 
of failed puncture attempts and complications [235], although 
a  direct  comparison  of  the  complication  rate  for  transmural 
needle  drainage  without  ultrasound  guidance  is  not  available. 
The success rate in the 1126 published patients with transmural 
drainage  of  a  pancreatic  pseudocyst  is  reported  to  be  79.2%, 
with more recent studies reporting success rates of significantly 
over 85%. These results are comparable with surgery. The mor-
tality rate in larger series involving over 30 patients was 0.2%. 
The recurrence rate is reported to be around 8% and the com-
plication rate 13%.

A diagnostic needle aspiration of the cyst may be performed 
for suspected infection or for suspected neoplasm (evidence 4). 
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or pancreatic ductal stones is a relative indication for the treat-
ment of pseudocysts, because in these cases the rate of sponta-
neous regression, even of small cysts, is at most 10%–26% due 
to continued inflammation [233]. Treatment of pancreatic duct 
obstruction  can  be  undertaken  in  patients  with  a  pancreatic 
pseudocyst, prestenotic duct dilatation or fistula formation (evi-
dence 4). Pancreatic pseudocysts are maintained by pancreatic 
duct obstruction in the presence of prestenotic duct dilatations 
or  fistulae,  if  these  stenoses  impede  pancreatic  secretions.  In 
these  cases,  removal  of  the  pancreatic  duct  obstruction  is 
recommended.

Therapy of vascular pseudoaneurysms
Vascular  pseudoaneurysms  secondary  to  chronic  pancreatitis 
should be treated. There are no studies available that compare 
active  treatment  of  vascular  pseudoaneurysms  with  watchful 
waiting. Furthermore, there are no studies examining the best 
time  point  for  treatment  of  vascular  pseudoaneurysms.  Both 
surgical  and radiological  interventional approaches have been 
used  in  the  treatment  of  pseudoaneurysms.  Angiographic 
embolization  is  the  method  of  first  choice  for  active  hemor-
rhagic pseudoaneurysms (evidence 3a). According to a system-
atic review of case series available the success rate of angiographic 
treatment was 66% [240], and the complication rate is lower as 
compared to surgery and hospital stay is shorter [240]. Surgery 
should  be  reserved  for  patients  in  whom  an  operation  is  also 
indicated for other complications of chronic pancreatitis.

Therapy of pancreatic duct stenoses and ductal stones
In patients with chronic pancreatitis,  the pressure  in  the pan-
creatic duct is initially increased, regardless of etiology and dila-
tion  of  the  duct  of  Wirsung  [241].  Ductal  and  interstitial 
hypertension  and  possible  relative  pancreatic  ischemia  are 
thought to play a role in the genesis of pain. The aim of endo-
scopic  and  surgical  decompression  therapy  in  patients  with 
chronic pancreatitis and pain and/or clinical episodes of acute 
pancreatitis is to remove the obstruction to the outflow (Figure 
84.12).  Techniques  such  as  sphincterotomy,  dilatation,  ESWL 
and stent insertion have been modified for treatment of pancre-
atic ductal  lesions. The endoscopic procedure can precede the 
surgical procedure, as an alternative to surgery, with low mor-
bidity and low mortality. Endoscopic interventions do not inter-
fere with subsequent surgery. Furthermore, clinical success after 
endoscopic reduction of the intraductal pressure does provide 
some indication of the potential effectiveness of surgical drain-
age or a resection procedure.

Pancreatic ductal  stones may cause pain by obstructing  the 
outflow  of  pancreatic  juice,  induce  recurrent  exacerbations, 
maintain a pseudocyst or fistula, or cause other complications. 
Stones can be treated by endoscopic or surgical means (evidence 
4). Pancreatic ductal stones are typically the result and not the 
initial cause of chronic pancreatitis. However, they can lead to 
an  obstruction  of  the  outflow  of  pancreatic  secretions  in  the 
ducts and duodenum and thus maintain pseudocysts or fistulae. 

helps in differentiating between premalignant cystic neoplasms, 
cystic malignancies, and pseudocysts.

Visualization of the pancreatic ducts can be performed before 
endoscopic or surgical drainage of a pseudocyst (Figure 84.13) 
(evidence  3b).  Whether  an  ERCP  with  attempted  pseudocyst 
drainage via the papilla should be performed instead of trans-
gastric or transduodenal drainage is still a matter of controversy. 
Drainage of the pseudocyst via a stent in the pancreatic duct is 
the  “most  physiological”  form  of  drainage.  According  to  one 
study,  22%–57%  of  pancreatic  pseudocysts  have  a  connection 
with  the  pancreatic  ductal  system  [226].  Thus,  an  endoscopic 
retrograde  pancreatography  (ERP)  can  precede  endoscopic 
transmural  drainage  in  order  to  detect  a  connection  with  the 
duct or to exclude a rupture of pancreatic ducts (8% after acute 
necrotizing pancreatitis). Transmural drainage in the presence 
of an undetected rupture of the pancreatic duct or a connection 
of the pancreatic pseudocyst with an obstructed pancreatic duct 
often  yields  disappointing  long-term  outcomes.  However,  the 
success rate of an attempted transpapillary drainage  is usually 
less  than  60%.  Furthermore,  these  attempts  carry  a  risk  of 
ERCP-induced pancreatitis. Direct transgastric or transduode-
nal  cyst  drainage  is  very  effective  and  usually  associated  with 
few complications [233]. The procedure-related incidence of an 
infection of a pseudocyst and the risk of development of a pan-
creas abscess increases if undertaken without antibiotic prophy-
laxis [239].

In patients with advanced pancreatic duct changes, especially 
pancreatolithiasis, any pseudocyst treatment should be part of 
a  general  therapeutic  plan  (evidence  2b).  The  presence  of 
chronic pancreatitis with respective pancreatic duct anomalies 

Figure 84.13 Pseudocyst in the pancreatic tail. Endoscopic retrograde 
pancreatography: visualization of a pseudocyst in the pancreatic tail.
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plete  pain  relief  in  32%  [209]  and  65%  [210],  respectively, 
whereas this was achieved in 75% [209] and 86% [210], respec-
tively, by pancreaticojejunostomy. The disparate success rates of 
endoscopic  therapy  in  the  two  studies are possibly due  to  the 
longer duration of stent therapy in the study by Dité et al. There 
are currently no  reliable data available  regarding  the duration 
of stent therapy, and thus no general recommendations can be 
made about  the necessary duration of  stent  therapy (evidence 
4).  Some  authors  recommend  treatment  over  1  year  with  an 
exchange of the stent at least every 3 months.

When surgery is not possible, a coated self-expandable metal-
lic  stent  can  be  inserted  into  the  duct  of  Wirsung  for  pain 
control  (evidence  4),  an  approach  supported  by  a  few  case 
reports and small case series. Their potential advantage versus 
plastic stents is due to their longer period of patency. Long-term 
results  showing  clear  benefit  are  not  available.  Uncoated  self-
expandable  metallic  stents  are  not  recommended  due  to  the 
rapid proliferation of duct epithelium as a reaction to the metal 
mesh [253,254].

Pancreatic ductal stones, which cause pain by obstructing the 
ducts, may be treated by ESWL, which can alleviate the obstruc-
tion.  There  is  some  evidence  that  the  subsequent  endoscopic 
removal of the pancreatic ductal stones or their fragments is not 
a prerequisite for the effectiveness of the procedure [255]. The 
treatment of pain in patients with diffuse calcifications by means 
of  ESWL  has  not  been  substantiated  in  any  studies  (evidence 
2b).  A  metaanalysis  demonstrated  significant  pain  reduction; 
however,  results  were  highly  variable  [256].  The  metaanalysis 
included only case studies without untreated or sham-operated 
control groups. In a cohort study, a better technical result was 
reported  regarding  the  complete  removal  of  stones  by  using 
ESWL with subsequent endoscopic stone retrieval in compari-
son with ESWL alone [257]. Only one randomized controlled 
study has been published comparing ESWL with and without 
subsequent ERP to remove fragments from the main pancreatic 
duct.  In  this study, endoscopic stone extraction subsequent  to 
ESWL had no influence on pain relief after 2 years [255].

Endoscopic treatment of bile duct obstruction
Obstruction of the CBD will develop in 10%–44.6% of patients 
with chronic pancreatitis and require intervention. Indications 
for  endoscopic  intervention  include  significant  cholestasis, 
exacerbations  of  cholangitis,  prevention  of  secondary  biliary 
cirrhosis,  and  determining  the  cause  of  pain  (obstruction  of  
the CBD vs chronic pancreatitis). Several studies have assessed 
the efficacy and cost effectiveness of endoscopic drainage of the 
CBD. A long-term success rate was achieved in only a third of 
the patients. Thus, in most patients endoscopic therapy is only 
indicated as an interim or temporizing procedure prior to defin-
itive  surgery,  for  example  as  an  acute  intervention  in  septic 
patients,  or  in  nonoperable  patients  or  in  those  unwilling  to 
undergo  surgery.  In  principle,  there  is  a  risk  of  developing 
cholangitis after endoscopic drain placement. The administra-
tion of prophylactic antibiotics  together with ursodeoxycholic 

They can also cause recurrent exacerbations or contribute to the 
pathogenesis of pain. Under these conditions, treatment of pan-
creatic ductal stones appears appropriate. However, there are no 
studies available that have compared the treatment of pancreatic 
ductal  stones  with  a  sham  intervention.  Case  series  and  one 
metaanalysis are available that show improvement of pain after 
treatment  of  pancreatic  ductal  stones,  although  comparative 
studies involving the spontaneous course or randomized studies 
have  not  been  published.  Endoscopic  treatment  appears  par-
ticularly  suitable  for  treating  solitary  stones  and  obstructions 
close  to  the  papilla.  Surgical  drainage  procedures  have  been 
shown  to  be  superior  for  distal  obstructions.  There  are  no 
studies available comparing either endoscopic or surgical pro-
cedures with untreated cohorts or in direct comparison with the 
natural course of  the disorder.  In  two studies,  in which endo-
scopic  treatment  was  compared  with  surgery,  that  is  drainage 
operation, the results after surgery were significantly better with 
respect to long-term pain reduction [209,210].

Pancreatic duct obstructions, which may be  responsible  for 
pain,  recurrent  exacerbations,  maintenance  of  a  pseudocyst, 
fistula,  or  other  complications,  can  be  treated  by  endoscopic 
dilatation and  stent placement  (evidence 4). Studies  involving 
dilatation of pancreatic duct obstructions in comparison with a 
sham intervention are not available. In a prospective nonrand-
omized study, rapid improvement of symptoms was achieved by 
insertion of a pancreatic stent in nonoperable patients, although 
further  interventions  were  frequently  necessary  [242].  Some 
studies report that the insertion of a prosthesis into the pancre-
atic duct can induce secondary changes due to the stent, includ-
ing subsequent fibrosis and strictures [218,219]. Removal of the 
obstruction of the pancreatic duct is effective for the treatment 
of pain in the short term. Success rates between 37% and 94% 
have been reported. In the largest hitherto examined cohort of 
1021 patients, long-term reduction of pancreas-related pain was 
achieved in 84% of cases [243]. However, in 79% of the patients, 
stent  therapy  for  control  of  pain  had  to  be  repeated  within  1 
year and in 97% within 2 years. Metabolic side-effects have not 
been examined over the long term.

Endoscopic placement of a stent into the pancreatic duct may 
be performed if pancreatic ductal stones or stenosis of the pan-
creatic duct near the papilla causes obstruction to flow. Benign 
strictures of the duct of Wirsung can develop as a complication 
of  an  impacted  stone  or  as  the  result  of  acute  inflammatory 
parenchymal changes with compression or stricture of the duct 
[244].  The  success  of  stent  placement  has  been  assessed  in 
several studies [245–252]. Pancreatic stent placement is techni-
cally  successful  in  about  70%  of  patients.  Patients  in  whom  a 
pancreatic fistula or a pseudocyst is maintained by an obstruc-
tion especially benefit from this approach. Endoscopic drainage 
with stone extraction and stent therapy is an effective measure 
to control pain in some patients with a dilated duct of Wirsung 
[228]. However, better pain management was achieved by pan-
creaticojejunostomy  in  two  randomized  controlled  studies 
[209,210].  Endoscopic  therapy  led  to  pain  reduction  or  com-
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exocrine pancreatic insufficiency, endocrine pancreatic insuffi-
ciency, pain, and recurrence rate [271–273]. If there is an indica-
tion  to  treat  cholestasis  by  surgery,  preoperative  endoscopic 
insertion of a stent into the bile duct should only be undertaken 
if:  (1)  surgery  cannot  be  done  promptly  or  (2)  cholangitis  is 
present  (evidence  2a).  A  multicenter  prospective  randomized 
study  examined  the  effect  of  preoperative  endoscopic  stent 
insertion into the CBD for mechanical cholestasis secondary to 
carcinoma  of  the  head  of  the  pancreas  before  pancreas  resec-
tion.  Preoperative  drainage  significantly  increased  the  rate  of 
complications  [274].  A  short  individual  life  expectancy  of  a 
patient, a high comorbidity, and a technically difficult operation 
(e.g., marked collateral  circulation  secondary  to portal hyper-
tension),  all  favor  endoscopic  treatment  of  bile  duct 
obstruction.

Pain management
Pain  is  the  predominant  clinical  symptom  for  80%–95%  of 
patients.  Studies  on  the  natural  course  of  the  disease  reveal  
that the intensity of pain often declines with increased duration 
of the disease (“burn-out of pain”) [24]. In the majority of cases, 
the reduction of pain intensity correlates with the development 
of  calcifications  and  the  loss  of  exocrine  and  endocrine  func-
tion. In the USA, the annual costs caused by pain due to chronic 
pancreatitis amounts to $638 million [275]. The cause of pain is 
multifactorial. Pancreas-related causes of pain  include  inflam-
matory infiltration of the parenchyma and nerve sheaths, espe-
cially sensory nerves. Obstruction to outflow due to scars and 
stones can be responsible for a rise in pressure. However, drain-
age of the duct or reduction of secretion with the aid of drugs 
(somatostatin  analogues)  does  not  always  result  in  adequate 
pain  reduction.  Increased  pancreatic  parenchymal  pressure 
causes pain due to tension in the pancreas, similar to pain due 
to  pancreatic  pseudocysts.  In  addition,  neuropathy  may  con-
tribute [276]. Extrapancreatic causes of pain include concurrent 
and secondary disorders, such as gastric or duodenal ulcers and 
meteorism  or  bloating,  caused  by  gaseous  distention  due  to 
abnormal  bacterial  colonization  of  the  intestine  secondary  to 
maldigestion.

Pain score
A validated pain score, such as that published by Bloechle et al. 
in 1995 or the visual analogue scale (VAS), should be used as a 
tool  for  quantifying  pain  (evidence  1b).  There  are  only  two 
studies  that  have  validated  a  pain  scale  [277,278].  The  older 
study assessed a pancreatitis-specific pain score [277]. Rated on 
a scale from 0–100 are: frequency of pain attacks (0 never, 100 
daily),  intensity of pain on the VAS (1–100), use of analgesics 
(100 morphine, 1 acetylsalicylic acid), and pain-related absence 
from work  (100 permanent,  0 not  in  the  last  year). The more 
recent study compared the SF-12 with the SF-36 Quality of Life 
Questionnaire [278]. Both studies included aspects of pain that 
have  an  effect  on  the  quality  of  life.  An  explicit  pain  score, 
assessed  independently  of  the  quality  of  life  data,  was  not 

acid has not been proven effective [258–263]. The most common 
complications include stent occlusion by cellular detritus, bac-
teria, or extracellular, fibrillar material.

If  chronic  pancreatitis  causes  bile  duct  obstruction  and  if 
there  are  clinical  signs  of  cholangitis,  then  immediate  endo-
scopic drainage of the obstruction should be carried out. Treat-
ment of mechanical cholestasis as part of therapy for cholangitis 
is  important  and  well  substantiated  by  clinical  experience.  If 
chronic  pancreatitis  causes  distal  obstruction  of  the  bile  duct 
with  cholestasis  or  jaundice,  then  either  surgical  treatment  or 
endoscopic stent  therapy should be performed (Figure 84.12). 
If calcifications are present in the pancreas, then surgical treat-
ment should be favored (evidence 4). Cholestasis due to obstruc-
tion  may  be  treated  by  either  endoscopic  or  surgical  means, 
although  endoscopic  stent  therapy  has  lasting  success  beyond 
12  months  in  only  a  third  of  patients.  A  prospective  study 
showed an even worse long-term effect of stent management for 
distal bile duct obstruction in patients with calcifying pancrea-
titis (long-term effect 9%) [217]. In these cases, surgical treat-
ment is preferred. A retrospective analysis of all patients treated 
with an average observation period of 45 months demonstrated 
that stent therapy for obstruction of the CBD in patients with 
chronic  pancreatitis  has  no  additional  benefit  beyond  1  year 
[216]. Surgical treatment should therefore be pursued for recur-
rence of CBD obstruction after 1 year of stent therapy.

Treatment by insertion of several plastic stents for distal bile 
duct  obstruction  can  be  recommended  (evidence  3b).  The 
placement  of  multiple  plastic  stents  into  the  bile  duct  to  treat 
bile  duct  obstruction  in  patients  with  chronic  pancreatitis  is 
superior to both insertion of solitary plastic stents and that of 
uncoated metal mesh stents. In a prospective, nonrandomized 
single-center study, the long-term success rate after insertion of 
four or five stents into the CBD was higher than after a single 
stent [264]. The insertion of coated metal stents can be under-
taken for distal bile duct obstruction (evidence 4). Good results 
have  been  reported  for  coated  metal  stents  in  case  series. 
However,  there  are  no  randomized  studies  comparing  coated 
metal stents with singular or multiple plastic stents [265,266].

Endoscopic treatment for distal common bile duct obstruc-
tion  should  not  extend  beyond  12  months.  Stent  exchange 
should be undertaken every 3 months at most because other-
wise occlusion of the stent may cause cholangitis (evidence 4). 
Long-term  success,  defined  as  an  exchange  of  stents  no  more 
frequently  than  at  3-month  intervals  without  recurrence  of 
cholestasis,  is  achieved  in  only  about  a  third  of  patients 
[252,267–269].  The  exchange  interval  is  less  critical  with  the 
insertion of multiple stents [270].

The  management  of  chronic  bile  duct  obstruction  after 
unsuccessful attempts at endoscopic treatment should be surgi-
cal (evidence 1b). Surgical resection to treat bile duct obstruc-
tion in patients with chronic pancreatitis is effective and often 
has lasting success. The long-term results of the various surgical 
procedures such as Beger, Büchler, Kausch–Whipple, and Frey 
do  not  differ  from  each  other  with  regard  to  quality  of  life, 
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measured by the VAS. The double-blind crossover study com-
paring  octreotide  with  saline  administration  was  unable  to 
detect reduction in pain or analgesic requirement, while effec-
tively blocking pancreatic secretion [280]. The unblinded cross-
over  study  showed  no  difference  between  octreotide  and 
octreotide  long-acting  release  with  regard  to  pain  reduction. 
Thus, the potential role of octreotide in treatment of pain associ-
ated with chronic pancreatitis remains uncertain.

Inhibition of exocrine pancreatic secretion by porcine 
pancreatic extracts (negative feedback inhibition)
Pancreatic enzymes should not be used primarily to treat pain 
associated  with  chronic  pancreatitis  (evidence  1a)  [282,283]. 
The rationale behind pancreatic enzyme therapy for pain relief 
is based on the assumption of a negative feedback mechanism 
for  the  release  of  cholecystokinin  releasing  peptides.  This  in 
turn  leads  to  a  reduced  release  of  cholecystokinin  and  in  this 
way  to  reduced  exocrine  pancreas  secretion.  In  a  systematic 
review  of  the  Cochrane  Collaboration  published  in  2009,  ten 
RCTs with a total of 361 patients were identified, which exam-
ined  the  various  aspects  of  the  effectiveness  of  pancreatic 
enzyme supplements [283]. Six of the studies compared enteric 
encapsulated  preparations  with  placebo,  one  compared  an 
unencapsulated preparation with placebo, two examined differ-
ent preparations, and one study examined different dosage regi-
mens. The heterogeneity of the selected dependent variables and 
the  lack of statistical characteristic variables did not allow the 
data  to  be  pooled.  Three  of  five  studies  using  a  pain  score 
showed a significant reduction in pain; two on the other hand 
did  not.  One  of  four  studies  that  quantified  analgesic  usage 
reported a reduction in the consumption of analgesics. No study 
examined  long-term  effects  of  the  various  types  of  treatment. 
One may conclude, therefore, that the use of pancreatic enzyme 
supplements has no proven positive effect on pain symptoms. 
Furthermore, no improvement in the quality of life was detected. 
Another randomized controlled study (25 patients with pancre-
atic enzymes, 29 with placebo) confirmed the lack of an effect 
of pancreatic extracts on pain reduction [284]. Due to different 
inclusion criteria, which are in part not clearly explained in the 
studies,  it  is not possible to deduce whether the cause of pan-
creatitis,  the  presence  of  exocrine  pancreatic  insufficiency,  or 
the  specific  formulation  used  was  responsible  for  the  lack  of 
therapeutic success. Finally, the negative feedback inhibition of 
exocrine pancreatic secretion may either not exist in humans or 
does not play a major role in the pathogenesis of pain [285].

Antioxidants
Increased  levels of  free oxygen  radicals have been detected  in 
the serum and pancreatic juice of patients with chronic pancrea-
titis.  Based  on  this  knowledge,  treatments  using  antioxidants 
could help to reduce cellular damage from pancreatitis and thus 
in theory prevent pain. One initial study involving patients with 
recurrent acute and chronic pancreatitis demonstrated a signifi-
cant improvement in the number of acute exacerbations as well 

included in the evaluation. Both the SF-12 and the SF-36 have 
been assessed as valid, albeit only for the assessment of quality 
of  life.  The  pain  score  published  in  1995  is  therefore  the  only 
validated  score  explicitly  for  pain  in  patients  with  chronic 
pancreatitis.

Pain medication
Pain management in patients with chronic pancreatitis should 
follow the World Health Organization (WHO) three-step anal-
gesic  ladder  (evidence  5).  There  have  been  four  randomized 
controlled  studies  published  addressing  pain  management  in 
chronic pancreatitis but  these  involved only 10  to 40 patients. 
Unfortunately, the WHO pain management plan was not con-
sistently used in any of these studies. Only the effectiveness of 
various  morphine  derivatives  has  been  examined.  Thus,  the 
effectiveness  of  the  WHO  pain  management  plan  cannot  be 
answered at present. Analgesics are  indicated  to  treat patients 
with  pain  from  chronic  pancreatitis  in  order  to  achieve  pain 
relief or reduction of pain until definitive treatment (e.g., endos-
copy or surgery).

The  duration  of  trial  therapy  with  various  combinations  of 
pain relievers can be decided on a case-by-case basis. However, 
reevaluation should be made regularly when treatment remains 
unsuccessful in order to augment the treatment with an endo-
scopic or surgical procedure (evidence 5). There are no data to 
guide the duration of pain therapy using conservative means or 
when endoscopic or surgical treatment is indicated. Most clini-
cians regard obstruction of the duct of Wirsung as an indication 
for endoscopic or surgical  intervention. However, a retrospec-
tive cohort study demonstrated good pain control after pancrea-
ticojejunostomy  even  in  patients  without  obstruction  of  the 
duct of Wirsung [279].

Weaning patients from pain medication can follow the WHO 
three-step  analgesic  ladder  in  reverse  order,  reassessing  the 
patient’s pain relief at each step (evidence 5). Conservative pain 
management  follows  the  WHO  three-step  analgesic  ladder, 
although  its  effectiveness  has  not  been  specifically  tested  in 
chronic  pancreatitis.  Superiority  or  inferiority  over  another 
graduated  plan  or  over  simply  discontinuing  pain  medication 
has again not been examined.

A validated pain score, as discussed above, should be used to 
guide reduction of pain therapy.

Inhibition of exocrine pancreatic secretion by 
somatostatin analogs
Octreotide should not be used primarily to treat pain associated 
with chronic pancreatitis (evidence 1b). Because pain may also 
be due to an increased pancreatic parenchymal and ductal pres-
sure,  the  approach  of  reducing  exocrine  pancreatic  secretion 
and thus lowering pressure seems pathophysiologically reason-
able. However, apart from single case reports and retrospective 
case series, there is one double-blind crossover study [280] and 
one  unblinded  crossover  study  comparing  octreotide  with 
octreotide  long-acting release [281].  In both studies, pain was 
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pancreatic denervation was suggested for the first time in 1943 
by Mallet-Guy, and the procedure was introduced in practice in 
1993, and modified into a minimally invasive procedure by the 
introduction  of  video-assisted  thoracoscopy.  A  prospective 
long-term study demonstrated adequate pain control by bilat-
eral splanchnicectomy with a perioperative morbidity of 7% in 
patients who respond well to epidural anesthesia [297]. A case–
control study reported that the results of splanchnicectomy after 
previous use of opioids are worse than in therapy-naive patients, 
although thoracoscopic splanchnicectomy showed significantly 
better  results  as  compared  with  control  patients  with  purely 
symptomatic treatment [298].

In  conclusion,  celiac  plexus  block  for  pain  associated  with 
chronic  pancreatitis  is  only  effective  in  the  short  term  (a  few 
months at most) and is clearly inferior to surgical management. 
Splanchnicectomy is, to a certain extent, a modification of celiac 
plexus  block,  which  can  be  performed  by  thoracoscopy.  It 
showed  good  results  in  individual  cases,  albeit  the  data  are 
sparse.  Thus,  celiac  plexus  block  should  only  be  pursued  in 
patients  who  cannot  be  offered  a  reliable  long-term  effective 
pain control, that is patients who cannot be operated on due to 
various  reasons  such  as  an  unfavorable  prognosis  or  a  worse 
general  condition.  If  there  are  no  contraindications,  celiac 
plexus block should be done as a bilateral injection under endo-
scopic  ultrasound  guidance  (evidence  1b).  In  a  randomized 
controlled  study  comparing  endoscopic  guidance  with 
CT-guided  plexus  block,  superiority  of  the  endoscopic  ultra-
sound  guidance  has  been  demonstrated  with  30%  of  patients 
still benefiting  from it after 24 weeks as opposed to 12% after 
CT-guided  injection  [299].  When  celiac  plexus  block  is  com-
pared with pancreaticogastrostomy, the latter provides superior 
pain relief [300]. Endoscopic ultrasound guidance is superior to 
needle guidance using fluoroscopy [301]. A cohort study exam-
ined  the  central  single  endoscopic  ultrasound-assisted  plexus 
block in comparison with the bilateral approach. Pain reduction 
after bilateral injection was better after 7 days than after a single 
central injection (70% vs 46%) [302].

Surgery for treatment of pain
Surgical  treatment  should  be  performed  as  the  most  effective 
long-term  form  of  pain  therapy  for  chronic  pancreatitis  (evi-
dence  1a)  [303,304].  Randomized  controlled  trials  achieved 
better pain management by surgical treatment such as pancrea-
ticojejunostomy  or  pancreatic  head  resections  in  comparison 
with endoscopic treatment (for further literature see ref. [305]).

Therapy of exocrine pancreatic insufficiency
The  indication  for  pancreatic  enzyme  replacement  therapy  is 
weight loss of more than 10% of body weight, steatorrhea with 
fecal fat excretion of more than 15 g/day, or dyspeptic symptoms 
with  severe  gas  or  diarrhea.  The  majority  of  enzyme  supple-
ments  contain  pancreatin,  a  pulverized  extract  from  porcine 
pancreas with four main components: lipase, amylase, trypsin, 
and  chymotrypsin.  Pancreatin  is  not  absorbed  from  the 

as  in chronic pain. However, per protocol analysis, only 20 of 
the initial 28 patients could be assessed [286]. In another study, 
an improvement in pain could also be demonstrated. However, 
the  number  of  patients  that  could  be  analyzed  was  much  too 
low  to  draw  any  firm  conclusions  [287].  In  a  double-blind 
placebo-controlled  study  from  India,  71  patients  were  treated 
with antioxidants and 56 with placebo over a period of 6 months. 
There  was  a  reduction  of  the  days  with  pain  in  the  treatment 
arm [288], but these results were not confirmed in a controlled 
trial  carried out  in  the USA [289]. Thus, convincing evidence 
that  antioxidants  have  a  role  in  the  treatment  of  pain  from 
chronic  pancreatitis  is  still  lacking.  Furthermore,  in  all  of  the 
studies  mentioned,  the  preparations  used  contained  beta-
carotene;  application  of  beta-carotene  may  be  associated  with 
the development of bronchial carcinoma in smokers who com-
prise the majority of patients with alcoholic chronic pancreatitis 
[290,291].

Electroacupuncture and transcutaneous electrical  
nerve stimulation
Electroacupuncture  and  transcutaneous  electrical  nerve  
stimulation (TENS) is not effective for treatment of pain associ-
ated  with  chronic  pancreatitis  (evidence  2b).  Information 
regarding  complementary  or  other  new  forms  of  treatment  is 
often  only  available  as  case  reports.  Altogether,  only  three 
studies  have  been  identified  in  which  a  sufficient  number  of 
patients were examined  in a  standardized manner. No benefit 
was  observed  from  electroacupuncture  and  TENS  in  a  rand-
omized trial [292].

Inhibition of leukotrienes and radiotherapy
Montelukast  should  not  be  used  to  treat  pain  associated  with 
chronic pancreatitis  (evidence 2b). A 3-month treatment with 
the  leukotriene  receptor antagonist, montelukast,  also  showed 
no significant reduction in pain [293]. Radiotherapy cannot be 
recommended  for  treatment  of  pain  (evidence  4).  In  a  pilot 
study, significant reduction in pain and avoidance of acute exac-
erbations were achieved with one session of radiotherapy in 12 
of 15 patients  [294]. However,  in view of  an  increased  risk of 
developing pancreatic cancer in chronic pancreatitis, radiation 
may have the potential to increase this risk.

Celiac plexus block or thoracoscopic splanchnicectomy
Celiac plexus block or thoracoscopic splanchnicectomy may be 
considered for treating pain associated with chronic pancreatitis 
(evidence 4). There are no randomized controlled trials availa-
ble  comparing  celiac  plexus  block  with  placebo.  However, 
metaanalyses  [295,296], which examined  the efficacy of celiac 
plexus block in a  large patient population,  found reduction in 
pain  in  about  50%  of  patients.  This  pain  reduction  did  not 
persist for more than a few weeks. If pain is the only principal 
symptom and no significant secondary complications of chronic 
pancreatitis  are  detected  by  imaging,  thoracoscopic  splanch-
nicectomy  may  be  another  treatment  option.  The  concept  of 
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Pancreatin  should  be  taken  with  meals  (evidence  1b).  The 
effectiveness  of  pancreatic  enzyme  supplements  presupposes 
mixing  of  pancreatin  and  chyme.  If  more  than  one  capsule/
tablet per meal is to be taken, it may be beneficial to take one 
part of the dose immediately at the beginning of, and the rest 
distributed throughout, the meal [314].

Preparations with acid protection should be used in patients 
with preserved gastric acid secretion, owing to the acid instabil-
ity of pancreatic enzymes (evidence 2b). Lipase activity in par-
ticular is irreversibly destroyed at pH values below 4 [315]. Such 
low values are present in the stomach during most of the post-
prandial period and, in patients with exocrine insufficiency, also 
in the duodenum due to limited bicarbonate secretion. Without 
concomitant  acid  suppression,  preparations  with  acid  protec-
tion  lower  fecal  fat  excretion  more  than  those  without  [316]. 
Because mixing of chyme and pancreatin is required for optimal 
effectiveness,  preparations  should  be  chosen  that  consist  of 
acid-protected  particles  with  a  diameter  of  ≤2 mm  (evidence 
2b). This critical value is in principle only relevant for patients 
with  a  preserved  pylorus  [307].  However,  small  particle  sizes 
may  also  facilitate  and/or  accelerate  gastric  emptying.  The 
release of enzymes from small particles may be accelerated even 
after  distal  gastric  resection.  However,  there  are  no  double-
blind, prospective, randomized trials comparing the efficacy of 
acid-protected  microtablets  or  microspheres  with  larger  acid 
protected  tablets/capsules.  In  a  randomized  study  of  patients 
with chronic pancreatitis and steatorrhea, the coefficient of fat 
absorption  was  measured  after  application  of  either  acid-
protected minimicrospheres (>90% diameter <1.25 mm, range 
0.7–1.6 mm)  with  minispheres  (>70%  diameter  >1.25 mm, 
range 1–2 mm). Both preparations were efficacious and roughly 
equivalent [317]. The number of patients studied was not large 
enough to determine whether minimicrospheres are superior to 
minispheres.

The  administered  pancreatin  dose  should  contain  adequate 
enzymatic activity for the digestion of one meal (evidence 1b). 
The dose of pancreatin preparations is based on lipase activity: 
20 000 to 40 000 units (Ph. Eur.) per main meal should be admin-
istered as an initial dose; approximately 10 000 (to 20 000) lipase 
units  for  the  digestion  of  smaller  in  between  meals  (evidence 
1b).  The  enzyme  dose  should  be  doubled,  and  if  necessary 
tripled, if the effect is inadequate. Pancreatin powder or granu-
late should be combined with a PPI (proton pump inhibitor) if 
the effect is still inadequate (evidence 2b). If this does not result 
in  the  desired  treatment  outcome,  then  another  cause  of  the 
persistent symptoms should be sought. The clinical efficacy of 
pancreatin preparations is determined by the administered dose, 
the time point of intake, acid protection and size of the pancrea-
tin particles, specific biochemical properties of the preparation, 
which  depend  on  its  origin,  as  well  as  past  and  concomitant 
disorders  of  the  patient  to  be  treated.  The  latter  refers  to,  
for  example,  postoperative  conditions  with  alterations  to  the 
gastrointestinal anatomy (e.g., after gastric resection); concomi-
tant  medications  can  also  affect  efficacy  (e.g.,  treatment  with 

gastrointestinal tract, but is inactivated by enteric bacteria and 
digestive juices and eliminated in the feces. Encapsulated micro-
sphere  formulations,  which  protect  the  enzymes  from  gastric 
acid, clearly  improve efficiency of  these replacement enzymes. 
The  measure  of  success  of  treatment  is  improvement  of  the 
disease symptoms.

Pancreatin  supplements  should  be  given  to  patients  who 
experience unequivocal  steatorrhea or  in whom  it  is  assumed 
(evidence  1b).  The  indication  for  pancreatic  enzyme  replace-
ment  is  established  for  steatorrhea  with  fecal  fat  excretion  of 
more  than  15 g/day.  Pancreatin  supplements  should  also  be 
given  even  when  the  increase  in  fecal  fat  excretion  is  modest 
(7–15 g/day)  if  there  are  signs  of  malabsorption  (e.g.,  weight 
loss) or  if  the patient presents with abdominal symptoms that 
can be attributed to maldigestion and malabsorption (evidence 
1b) [59]. As quantitative measurements of fecal fat are often no 
longer  performed,  the  indication  for  replacements  include  an 
abnormal pancreatic function test in combination with clinical 
signs  of  malabsorption  [81,306–308],  which  might  include 
weight  loss,  dyspepsia,  severe  gas,  or  diarrhea.  Therapy  with 
pancreatin as an empiric trial for up to 4–6 weeks may also be 
beneficial if the source of symptoms is uncertain.

During replacement therapy, reducing malabsorption by suf-
ficient  oral  nutrition  (essential  nutrients  and  vitamins)  and 
treatment  of  the  abdominal  symptoms  should  be  pursued. 
Complete normalization of digestion and absorption of nutri-
ents  is  usually  not  attainable  (evidence  2b).  Untreated  severe 
exocrine pancreatic insufficiency results in a severe malabsorp-
tion  syndrome.  Clinically,  this  manifests  itself  mainly  in  the 
form of steatorrhea, deficiency of fat-soluble vitamins together 
with its sequelae, and weight loss, even to the extent of cachexia 
[83–88,309].  Malabsorption  itself  can  also  lead  to  abdominal 
symptoms, and  these  symptoms may also be  the consequence 
of intestinal motility disorders caused by maldigestion and mal-
absorption [307].

The  success  of  pancreatin  replacement  therapy  should  be 
monitored  primarily  using  clinical  parameters  (weight  gain, 
long-term normalization of the vitamin status, disappearance of 
abdominal  symptoms)  (evidence  2b).  If  there  is  doubt  as  to 
whether persistence of symptoms can be explained by a lack of 
efficacy of enzyme replacement, then fecal fat excretion or pan-
creatic  function  tests  to  measure  nutrient  digestion  under 
therapy  (e.g.,  breath  tests  with  13C-labelled  lipids)  should  be 
applied  (evidence  2b).  The  disappearance  of  clinical  signs  of 
malabsorption  is  the most  important criterion  for  the  success 
of pancreatic enzyme therapy, and is associated with an overall 
improvement  of  the  quality  of  life  [310].  Several  studies  have 
shown that breath tests with 13C-labelled lipids provide a good 
measure of fat digestion and fecal fat excretion and are therefore 
suitable for monitoring the effectiveness of pancreatin therapy 
[311–313]. Success of replacement therapy cannot be assessed 
by measuring the fecal concentration of elastase, because only 
the natural human enzyme and not the therapeutically admin-
istered enzyme are measured.
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of  counter-regulatory  islet  hormones  such  as  glucagon  and 
somatostatin; (2) postprandial serum glucose levels depend on 
adequate food digestion, which is dependent on the efficiency 
of treatment with porcine pancreatic enzymes; and (3)  lack of 
compliance, especially in alcoholics, may compromise efforts to 
control blood  sugar. Thus  in patients whose daily  food  intake 
varies due to their life style or to abdominal pain, treatment with 
insulin has to be done carefully. The risk of late complications 
as a consequence of insufficient treatment of diabetes has to be 
counterbalanced by the risk of severe hypoglycemia. Intensified 
insulin therapy by self-monitoring of fasting serum glucose and 
individual selection of the appropriate dosage of insulin may not 
be possible in many of these patients. However, in patients with 
good adherence, as is usually the case in patients with hereditary 
and  idiopathic  chronic pancreatitis  and patients with a  rather 
stable disease course, may be managed with an intensified dia-
betic regimen. The life expectancy of heavy smokers with alco-
holic pancreatitis is usually not determined by late complications 
of  diabetes.  Unfortunately,  there  are  no  evidence-based  data 
regarding treatment of diabetes type 3c in patients with alcohol 
induced chronic pancreatitis.

Nutrition for patients with chronic pancreatitis
Malnutrition in patients with chronic pancreatitis may not only 
be  the  result  of  exocrine  pancreatic  insufficiency,  but  is  also 
complicated by reduced food intake secondary to pain or con-
tinued alcohol consumption. In addition, some patients have an 
increased  basal  metabolic  rate  (evidence  3b).  Patients  with 
chronic pancreatitis and clinically manifest exocrine pancreatic 
insufficiency,  that  is  weight  loss,  should  receive  pancreatic 
enzyme replacement therapy together with an individually tai-
lored nutritional support in order to prevent further deteriora-
tion of their metabolic status. Nutritional treatment should try 
to provide an adequate supply of nutrients, vitamins, and trace 
elements, as well as an individual match for their daily energy 
requirements,  in order  to avoid a  catabolic  state  (evidence 5). 
Malnutrition and underweight in chronic pancreatitis are asso-
ciated with increased mortality [331]. Patients should in prin-
ciple  receive  a  normal  isocaloric  diet  together  with  adequate 
pancreatic enzyme replacement. To  improve  the response,  the 
nutrition  intake  should  be  distributed  over  appropriately  four 
to six smaller meals (evidence 2b). A normal balanced,  isoca-
loric  diet  according  to  patient’s  preferences  is  recommended; 
there is no established or pancreas-specific diet [84]. Data from 
animal  studies  indicate  that  diets  with  a  high  fat  and  protein 
content  plus  adequate  enzyme  replacement  can  improve  the 
effectiveness of  fat  absorption  [332]. A  low-fat diet  cannot be 
generally  recommended.  Only  when  clinical  symptoms  of  fat 
maldigestion  occur  with  further  progression  of  exocrine  pan-
creatic insufficiency, despite adequate oral enzyme replacement, 
should  the  amount  of  oral  fat  may  be  reduced,  depending  on 
tolerability (evidence 5). Fat is important as a central source of 
energy for avoiding and treating catabolism. If the fat intake has 
to  be  reduced  for  reasons  of  intolerability,  despite  adequate 

PPIs  in  patients  taking  nonsteroidal  antiinflammatory  drugs) 
[283,284,307,312,314,316–323]. The recommended initial dose 
is about 5%–10% of the cumulatively secreted lipase activity into 
the duodenum after a normal meal and should therefore suffice 
to  prevent  malabsorption  and  steatorrhea.  However,  some 
patients will require doubling or tripling this dose. If secretion 
of gastric acid is suppressed, then unprotected pancreatin can be 
administered. This may be particularly beneficial because action 
of digestive enzymes is not delayed by the time needed for the 
protective  coat  to  dissolve.  Patients  with  chronic  pancreatitis 
frequently have an abnormal bacterial colonization [324], which 
may be another cause of persistent symptoms.

Almost all pancreatic enzyme supplements available contain 
porcine pancreatin. Pancreatic enzyme products from cattle are 
a theoretical alternative, but in practice this is irrelevant due to 
their  low  lipase  activity.  Preparations  with  fungal  (Rhizopus 
oryzae,  Aspergillus oryzae)  enzymes  have  less  favorable  bio-
chemical properties (higher acid stability, but rapid deactivation 
in the presence of low bile acid concentrations) and are there-
fore of only limited clinical value. Bacterial enzymes and human 
lipase produced using gene technology are not yet of relevance 
in the treatment of exocrine pancreatic insufficiency. Given that 
some  religions  prohibit  the  consumption  of  pork,  the  patient 
should be made aware of the origin of the preparations.

When administering pancreatic enzyme supplements, atten-
tion should be paid to abdominal symptoms (in <10% abdomi-
nal  pain,  bowel  movement  changes,  nausea/vomiting)  and 
allergic reactions (in <1% of patients) as possible adverse reac-
tions (evidence 3b). Very high doses of enzymes (>10 000–20 000 
units of lipase per kg body weight per day) should be avoided if 
possible.  Fibrosing  colonopathy,  a  rare  disorder,  has  been 
reported  to  occur  after  the  administration  of  extremely  high 
doses of pancreatin in children with cystic fibrosis [325], but an 
association has not been established and is unlikely [326–329].

In  patients  with  diabetes  mellitus  and  newly  initiated  or 
increased  pancreatic  therapy,  blood  glucose  levels  should  be 
monitored more closely for a short time because the improved 
uptake of carbohydrates can result in hyperglycemia (evidence 
2b). Patients with chronic pancreatitis and associated diabetes 
mellitus may encounter more significant problems with control-
ling their blood sugar levels if pancreatin therapy is initiated or 
discontinued.  This  includes  emergency  situations  requiring 
treatment. In a study by O’Keefe et al., symptomatic hypoglyc-
emia developed during placebo treatment and ketoacidosis after 
recommencing pancreatic therapy [330].

Therapy of endocrine insufficiency
Endocrine insufficiency in chronic pancreatitis has been desig-
nated diabetes type 3c. Endocrine insufficiency will eventually 
develop at some point in most cases as the inflammatory pro-
cesses progress. There is some correlation with the development 
of exocrine insufficiency. Therapy of this type of diabetes is often 
more difficult due to several reasons: (1) besides a lack of insulin 
due to the inflammatory destruction of islets, there is also a lack 
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[208,336].  Because  endoscopic  techniques  may  also  be  
applied  for  these  indications,  an  early  interdisciplinary  
discussion is essential to determine the best-suited therapeutic 
approach  for  the  individual  patient.  The  ideal  time  point  
for surgery is difficult to determine and remains controversial. 
Evidence  is  increasing  that  timely  surgical  intervention  
may  delay  progression  to  pancreatic  insufficiency.  Apart  
from the success rate, complications and in particular mortality 
of  the  therapeutic  procedures  should  also  be  included  in  the 
decision-making  process.  Historically,  pancreatic  surgery  was 
associated  with  a  high  morbidity  and  mortality  rate,  but  has 
made dramatic improvements in recent decades by advances in 
surgical techniques, perioperative management, and the devel-
opment  of  “high  volume”  pancreas  centers  of  excellence 
[336–341].

Surgery should be undertaken when malignancy is suspected 
in a patient with known pancreatitis. Surgery is indicated after 
failed endoscopic or interventional therapy for ongoing pain, or 
local  complications  such  as  symptomatic  obstruction  of  the 
pancreatic ducts, bile duct or duodenum. Surgery can be recom-
mended  for  pseudocysts  with  concomitant  ductal  alterations 
(evidence 3). There is no therapeutic potentially curative alter-
native to surgical resection for suspected malignancy. Whereas 
the  median  survival  rate  in  the  presence  of  pancreatic  carci-
noma is merely 6 months, a 5-year survival rate of over 20% and 
a  median  survival  rate  of  approximately  24  months  can  be 
achieved  by  resection  [212,341].  Resection  of  the  pancreatic 
head seems also to be the most effective therapeutic option for 
treating  pain  associated  with  pancreatitis  and  local  complica-
tions [336,342].

The  standard  surgical  procedure  for  chronic  pancreatitis 
associated with an inflammatory pseudotumor of the pancreatic 
head is pancreatic head resection. A variation of the duodenum-
preserving  pancreatic  head  resections  (Beger,  Frey,  Berne, 
Hamburg  procedures)  or  the  Kausch–Whipple  procedure  (in 
the  classical  or  pylorus-preserving  variation)  should  be  per-
formed  (evidence  1a).  Pancreatic  head  resection  is  the  most 
effective  surgical  procedure  for  an  inflammatory  mass  of  the 
pancreatic head and is superior to a mere surgical drainage or 
endoscopic  interventions.  Duodenum-preserving  pancreatic 
head resections (DPPHR) seem to be superior to the Whipple 
procedure  in  the  short  and  medium  term  over  a  follow-up 
observation period of up to 2 years [339,340,342,343]. The three 
variations of DPPHR are equal in their treatment effectiveness 
[344].  The  long-term  outcomes  after  Whipple  procedure  and 
after  DPPHR  seem  to  be  comparable.  Intraoperative  internal 
drainage  of  the  CBD  is  indicated  in  preoperative  cholestasis 
(evidence 1c). Whereas in the classical and pylorus-preserving 
Whipple  procedure  a  choledochojejunostomy  anastomosis  is 
always  performed  to  drain  the  bile  duct,  this  is  not  routinely 
done in DPPHR. By resecting the pancreatic head, the bile duct 
is freed of pancreatic substance in all DPPHR variation proce-
dures  (Beger, Frey, Berne, Hamburg). The bile duct  should be 
opened within the pancreatic head in patients with preoperative 

enzyme replacement therapy, it is necessary to ensure that sub-
sequently  the  compensatory  oral  supply  of  other  sources  of 
energy (carbohydrates, proteins) are appropriately increased to 
maintain isocaloric nutrition.

Medium-chain triglycerides (MCT) can be absorbed without 
prior digestion by lipase. MCT may improve fat absorption in 
patients  with  exocrine  insufficiency  not  receiving  enzyme 
replacement  therapy.  However,  MCT  should  not  be  recom-
mended in conjunction with enzyme administration (evidence 
2b). In a small study on patients with severe steatorrhea, MCT 
alone were not superior to regular fat intake together with pan-
creatic enzyme application [333].

Additional nutritional supplements given either orally via an 
enteral  tube  or  parenterally  may  be  necessary  for  patients  
with advanced exocrine pancreatic insufficiency (evidence 2b). 
Supplementary  oral  liquid  nutrition  is  required  by  about 
10%–15%  of  all  patients,  enteral  tube  feeding  is  necessary  in 
approximately 5%, and parenteral nutrition in  less than 1% of 
cases  [84]. The  indication  is usually not  for  treatment of  exo-
crine pancreatic insufficiency, but rather for patients with com-
plications  of  the  disease,  such  as  gastric  outlet  obstruction  or 
enteric fistula. This is usually a temporary measure before defin-
itive surgical management.

Alcohol  consumption  should  as  a  rule  being  avoided  in 
chronic pancreatitis (evidence 2b). Alcohol consumption is an 
important  pathogenetic  factor  for  the  progression  of  exocrine 
pancreatic insufficiency [334]. As there are currently no data on 
the  question  of  whether  in  the  presence  of  existing  chronic 
pancreatitis the consumption of small amounts of alcohol (e.g., 
daily amount <20 g/day) is damaging, it would be appropriate 
to recommend complete abstinence from alcohol.

Deficits of vitamins and trace elements should be specifically 
replaced  (evidence 2b). Patients with chronic pancreatitis and 
exocrine pancreatic insufficiency usually have an intake of vita-
mins and trace elements less than recommended for daily con-
sumption. Thus, deficiencies of the fat-soluble vitamins A, D, E, 
and  K  as  well  as  of  calcium,  magnesium,  zinc,  thiamine,  and 
folic  acid  are  often  detected.  A  reduced  intake  has  also  been 
reported for riboflavin, choline, copper, manganese, and sulfur. 
The ingestion of vitamin C and selenium was within the recom-
mended  daily  doses,  but  was  less  than  in  healthy  controls 
[84,335]. The indication to replace vitamins and trace elements 
should be established  in adults primarily according  to clinical 
symptoms of deficiency. Additional monitoring of serum levels 
is  only  required  in  individual  cases.  A  routine  monitoring  of 
these parameters in adults cannot be recommended due a lack 
of data.  In children,  the  indication  for  replacement  should be 
established before development of clinical deficiency symptoms. 
In children, subclinical deficiency states can develop and be a 
cause for failure to thrive.

Surgical procedures and their indications
Surgery is indicated for some patients with chronic pancreatitis 
suffering  from  intractable  pain  and/or  local  complications 
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technical simplification of Beger’s DPPHR [353,354]. In patients 
with  portal  venous  thrombosis  and  cavernous  transformation 
of the portal vein, procedures that do not transect the mesenter-
icoportal axis are preferred (such as Hamburg, Berne). The indi-
cation  for  surgery  in  this  situation  requires  especially  an 
interdisciplinary discussion because the mortality rate is signifi-
cantly increased. Nevertheless, complete pain relief and return 
to  work  can  also  be  achieved  in  this  group  of  patients 
[352,354,355].

In patients with segmental inflammatory pancreatic changes 
(e.g., traumatic lesions of the head), segmental pancreatic resec-
tion or, if necessary, even a left-sided pancreatic resection may 
be performed (evidence 4). Indications for segmental pancreatic 
resection include segmental inflammatory alterations located in 
the  transition  area  between  pancreatic  corpus  and  head  or  in 
the pancreatic corpus. The main argument for segmental pan-
creatic  resection  lies  in  the  lower  postoperative  morbidity  in 
comparison  with  partial  pancreaticoduodenectomy.  Because 
less viable pancreatic parenchyma is removed, the development 
of postoperative diabetes mellitus or exocrine pancreatic insuf-
ficiency is also less frequent [356–365].

Very  rarely,  cases  of  chronic  pancreatitis  are  also  seen  in 
which the main pancreatic duct is not dilated. These cases are 
defined  as  so-called  “small  duct  disease”.  The  frequency  of  
this disease manifestation is very controversial. In recent years, 
an  increasing  number  of  patients  are  being  diagnosed  with 
autoimmune  pancreatitis,  which  is  characterized  morphologi-
cally by inflammation of the parenchyma without dilatation of 
the  duct.  It  is  therefore  important  in  these  cases  to  exclude 
autoimmune  pancreatitis.  Surgical  therapy  of  “small  duct 
disease” by pancreatic head  resection or a pure duct drainage 
procedure does not lead to satisfactory results [366,367], so the 
technique of the V-shape excision was developed for this clinical 
situation  (evidence  3)  [353,368].  In  a  prospective  study,  this 
technique  achieved  long-term  pain  relief,  together  with  a  sig-
nificant improvement in the quality of life in more than 85% of 
patients [368].

A  Whipple  procedure  or  one  of  the  various  forms  of  
DPPHR  may  be  performed  for  obstruction  of  the  superior 
mesenteric  vein  or  even  portal  vein  (evidence  4).  A  Whipple 
procedure or a Beger DPPHR procedure can achieve improve-
ment of portal venous flow in cases of obstruction of the portal 
vein  and  superior  mesenteric  vein.  Success  depends  on  the 
degree  and  duration  of  obstruction.  The  technical  operability 
depends on the formation of collaterals and inflammatory adhe-
sions [213].

Suspected  malignancy  secondary  to  chronic  pancreatitis 
often cannot be excluded preoperatively. Therefore, if pancreatic 
cancer  is  suspected,  surgery  should  be  undertaken  (evidence 
1b).  A  thorough  preoperative  medical  history  should  be 
obtained and any new symptoms such as weight loss, fever, or 
night sweats  (B-symptoms) noted. CT or MRI and  the results 
of  previous  examinations  should  be  available.  Laboratory 
parameters  should  include baseline CA19–9  for postoperative 

cholestasis and reinserted into the resection cavity. This internal 
bile  duct  drainage  may  be  performed  in  all  modifications  of 
DPPHR. A T-drain to divert bile during the postoperative phase 
until  the  anastomosis  has  healed  can  be  placed.  However,  a 
Whipple  [345]  procedure  (classical  or  pylorus-preserving) 
should  be  performed  if  malignancy  of  the  pancreatic  head  is 
suspected (evidence 1c).

Frey’s procedure or a drainage operation can be undertaken 
if  there  is  no  inflammatory  mass  of  the  pancreatic  head  but  
the  pancreatic  duct  is  obstructed  (evidence  3).  Pure  drainage 
procedures  such  as  the  lateral  pancreaticojejunostomy 
(Partington–Rochelle  procedure)  or  Frey’s  procedure  with 
limited  pancreatic  head  resection  have  good  primary  success 
rates [346–348]. Drainage operation is better  than endoscopic 
therapy, but yields less-good long-term outcome in comparison 
with pancreatic head resection procedures [349,350]. Further-
more, drainage procedures seem to be only successful if a very 
wide  ductal  system  (>7 mm)  without  inflammatory  tumor  of 
the pancreatic head is present. They are therefore an option for 
less than 10% of cases [350]. However, the majority (>85%) of 
patients present with an inflammatory enlarged pancreatic head 
and  a  secondary  obstruction  of  the  pancreatic  duct.  These 
patients  hardly  ever  experience  improvement  of  their  clinical 
symptoms from a pure drainage procedure. Thus resection pro-
cedures are preferable.

In patients with portal hypertension and formation of venous 
collaterals, the various modifications of DPPHR, which do not 
presuppose  division  of  the  pancreas,  may  be  employed  (evi-
dence  4).  In  the  DPPHR  procedure  of  Beger  et  al.  [351],  the 
pancreas is transected above the portal vein and the inflamma-
tory  space-occupying  mass  in  the  pancreatic  head  resected, 
leaving behind a 5–8 mm wide parenchymal collar on the wall 
of the duodenum. In some cases, this may result in restoration 
of portal venous flow, which also applies to the Whipple proce-
dure, although this usually does not succeed due to the chronic 
obstruction. However, Bloechle et al. have shown that,  in seg-
mental nonocclusive portal hypertension secondary to chronic 
pancreatitis,  portal  venous  flow  can  be  restored  by  a  decom-
pressing  removal  of  the  obstruction  [352].  Reconstruction  is 
achieved  by  a  Roux-en-Y  diversion  using  a  jejunal  loop  and 
end-to-side anastomosis  to the pancreatic corpus and side-to-
side anastomosis to the cored out pancreatic head. A precondi-
tion for the long-term success of this technique is a pancreatic 
duct to the left, which allows probe insertion without obstruc-
tion. If the bile duct obstruction is impassable, the bile duct may 
be opened and connected to the head of pancreas as an internal 
bile duct  anastomosis. Frey et  al. developed a modification of 
the Beger procedure in which a circumscribed “coring out” of 
the pancreatic head is combined with a longitudinal pancreati-
cojejunostomy, corresponding to Partington–Rochelle drainage 
operation [347,348]. This procedure appears appropriate in the 
absence  of  a  large  inflammatory  space-occupying  mass  in  the 
pancreatic head combined with ductal obstructions in the left-
sided  pancreas.  The  Hamburg  and  Berne  variations  are  a 
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and is usually the result of a bile duct leak that has healed with 
scar  formation.  Whereas  initially  an  endoscopic  or  interven-
tional dilatation and/or stent therapy may be appropriate, revi-
sion surgery is necessary for persistence of the problem [378]. 
Persistent postoperative pain should be treated according to the 
WHO  pain  treatment  ladder  (evidence  2a).  Postoperatively, 
pain is significantly reduced in approximately 90% of all patients 
after pancreatic head resection. Postoperative persistent pain is 
treated as for preoperative pain with analgesics according to the 
WHO pain plan. Causes of persistent pain reflect a chronic pain 
syndrome unrelated to further pancreatic inflammation. Recur-
rence of pain after initial pain relief can, however, also develop 
as a result of a recurrence of the inflammatory pancreatic tumor 
and renewed pancreatic duct obstruction. In these cases, revi-
sion  surgery  is  possibly  indicated,  involving  renewed  DPPHR 
or Whipple’s procedure  [379]. Residual pancreatectomy  is not 
indicated for persistent pain or completely atrophic or calcified 
pancreas [373]. Residual pancreatectomy is only indicated as a 
last  resort  for  postoperative  septic  complications  after  unsuc-
cessful interventional therapy (evidence 3) [380,381].

However, revision surgery may be undertaken if medication 
or endoscopic procedures to treat recurrence following primary 
surgery  fail  (evidence  3a).  Revision  operations  belong  to  the 
most difficult  abdominal operations.  If pain persists or  recur-
rent cholestasis cannot be successfully treated by percutaneous 
transhepatic  cholangiographic  drainage  or  endoscopic  means, 
the most promising therapy is resection surgery.

Monitoring and follow-up of chronic pancreatitis
During  chronic  pancreatitis,  treatable  complications  may 
develop, such as endocrine or exocrine insufficiency, acute exac-
erbations,  pseudocysts,  cholestasis,  and  an  increased  risk  of 
pancreatic  carcinoma.  For  this  reason,  monitoring/follow-up 
should be undertaken after establishing the diagnosis. Prospec-
tive studies, which substantiate the benefits of follow-up reviews, 

follow-up  measurements.  Endoscopic  ultrasound  should  be 
performed because  it provides better  local resolution. Bearing 
in mind that the indication for surgery for suspected pancreatic 
carcinoma  in  chronic  pancreatitis  is  an  absolute  one  and  the 
surgical  technique  is  predetermined,  preoperative  diagnostic 
investigations should not be prolonged. There is an indication 
for  a  Whipple  procedure  or  a  pylorus-preserving  pancreatic 
head resection [369–371]. A DPPHR should not be performed 
for  suspected  pancreatic  carcinoma  as  dissemination  of  the 
tumor could occur from incision of the tumor, thus precluding 
any potential cure.

Treatment of postoperative complications
Pancreas  surgery  has  progressed  from  high-risk  operations, 
which  in  earlier  days  were  often  regarded  as  heroic  interven-
tions,  to  operations  with  a  manageable  perioperative  risk 
[372,373].  Mortality  has  also  been  reduced  in  recent  years  at 
highly specialized centers. This is especially the case for surgical 
treatment  of  chronic  pancreatitis  because  a  fibrotic  hard  pan-
creas is less vulnerable and reconstructions tend to heal better. 
A standardized surgical technique and improved perioperative 
management  of  the  patients  have  contributed  significantly  to 
this. Pancreatic fistulae development remains a potential com-
plication, but the majority of patients can be treated conserva-
tively or endoscopically. The choice of therapy depends on the 
clinical state of  the patient (evidence 3). The critical operative 
steps during a pancreaticoduodenectomy or left-sided pancre-
atic resection are pancreatic anastomosis and pancreatic stump 
closure [343]. The consensus definition for postoperative pan-
creatic fistula (POPF) of the International Study Group for Pan-
creatic Fistula (ISGPF) is dependent on the amylase concentration 
in the drainage fluid: POPF is defined as an amylase content in 
the  drain  output  greater  than  three  times  the  serum  amylase 
level on or after the third postoperative day. Three grades, A to 
C, reflect  the clinical  impact on the patient after development 
of a POPF (Table 84.3). An initial validation and a multicenter 
study performed a retrospective calculation that the prevalence 
of POPF as defined by  the  ISGPF  is  approximately 30%, with 
grade A fistula  [374–377]. Unlike fistulae after  left-sided pan-
creatic resection, which do not result in activation of pancreatic 
juice by the intestinal enzyme enterokinase, the pancreatic fis-
tulae which in rare cases develop after pancreatic head resection 
are  potentially  more  dangerous.  Diagnostic  examinations  for 
fistulae are performed by determining amylase and lipase levels 
via  an  intraabdominal  drain,  CRP  measurements,  as  well  as 
ultrasound sectional imaging.

Prevention and follow-up

Follow-up after surgical management
Interventional or surgical therapy may be indicated with recur-
rent  cholestasis  after  surgery  (evidence  3).  CBD  obstruction 
after  a  Whipple  procedure  is  defined  as  recurrent  cholestasis 

Table 84.3 International Study Group for Pancreatic Fistula consensus 
definition of postoperative pancreatic fistulae. Source: Data from [369].

Grade Clinical 
state, CT 
result

Adjustment of 
management, 
intervention

Hospital stay

A Well, no fluid 
accumulation

No, consider CT 
investigations

Not prolonged

B Often well, 
peripancreatic 
fluid

Yes, no invasive 
intervention

Usually 
prolonged

C Critical, 
peripancreatic 
fluid

Yes, percutaneous 
drainage or revision 
laparotomy

Prolonged

Definition Output via an operatively placed drain of any 
measurable volume of drain fluid on or after 
postoperative day 3, with an amylase content greater 
than 3 times the upper normal serum value
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techniques  can  exclude  operable  cancer  within  preexisting 
chronic  pancreatitis  with  reasonable  certainty.  A  combination 
of imaging techniques may be necessary if there is clinical sus-
picion. Currently, endoscopic ultrasound appears to be superior 
to  other  imaging  techniques,  such  as  MRI  and  CT.  Tumor 
markers  should  not  be  used  for  follow-up  controls  (evidence 
2a).  Tumor  markers  are  unsuitable  as  screening  tests  for  the 
presence of pancreatic carcinoma in patients with chronic pan-
creatitis.  Falsely  high  values  are  often  seen  in  patients  with 
cholestasis.  Diagnostic  sensitivity  and  specificity  of  tumor 
markers for differentiating a space-occupying mass in the pan-
creas are not adequate to justify its use. Further diagnostic work 
up is necessary to evaluate unexplained weight loss, new-onset 
diabetes mellitus, change in pain character, cholestasis without 
an acute painful episode, and recurrent exacerbations of pan-
creatitis of unknown origin  (evidence 4). Unfortunately,  there 
are no controlled studies evaluating the significance of an early 
diagnosis of the disease or its complications and early interven-
tion [392,393] (see Chapter 87).

Prophylactic total pancreatectomy in patients at high risk of 
pancreatic  carcinoma  (hereditary  pancreatitis)  should  not  be 
performed  (evidence  4).  No  prospective  studies  on  total  pan-
createctomy for prevention of cancer are available. Median sur-
vival  following  total  pancreatectomy  in  patients  with  benign 
disease is only around 8 years. The average 5-year survival rate 
seems to be only 50% [394].
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are not available. Mortality in patients with chronic pancreatitis 
is  increased by 38.4% 20 years after establishing the diagnosis 
in  comparison  with  an  age-adjusted  control  cohort  [21].  The 
risk of developing pancreatic carcinoma is increased 16-fold in 
patients with chronic pancreatitis and by 25-fold in those who 
also  smoke.  The  relative  risk  for  developing  pancreatic  carci-
noma  as  calculated  in  a  recent  metaanalysis  for  chronic  pan-
creatitis  is  13.3  (95%  CI  6.1%–28.9%)  and  69  for  hereditary 
pancreatitis  (95%  CI  56.4–84.4)  [382].  The  lifetime  risk  for 
developing pancreatic carcinoma in patients with chronic pan-
creatitis  is  at  a  maximum  of  5%  (evidence  2b)  [21,382–384]. 
Clinical experience supports the value of yearly follow-up (clini-
cal  findings,  transabdominal  ultrasound,  laboratory  tests 
including HbA1c).

The risk of hypoglycemia is increased in patients with diabe-
tes due to injury or removal of the pancreas (so-called pancre-
oprivic  diabetes  type  3c).  This  results  in  increased  mortality. 
Glucose metabolism should  therefore be monitored (evidence 
3b). Eight years after establishing the diagnosis of chronic pan-
creatitis, 50% of patients suffer from diabetes mellitus requiring 
therapy. Episodic hypoglycemia occurs in up to 79% and severe 
hypoglycemia in up to 41%. Patients with diabetes type 3c may 
also develop late complications such as retinopathy [385–389]. 
Mortality  in  patients  with  diabetes  mellitus  is  significantly 
increased.  Median  survival  is  8.7  years  after  establishing  the 
diagnosis of pancreoprivic diabetes. The various difficulties  to 
treat  diabetes  in  chronic  pancreatitis  adequately  have  already 
been  discussed  above  (see  Section  Therapy  of  endocrine 
insufficiency).

The development of exocrine insufficiency leads to malnutri-
tion  and  secondary  complications  such  as  osteoporosis.  A 
regular check-up to prevent or detect early these problems have 
also  already  been  discussed  (see  Section  Therapy  of  exocrine 
pancreatic insufficiency).

Follow-up  evaluations  should  be  undertaken  at  intervals  of 
6–12 months (evidence 5). The aim of follow-up includes diag-
nosis  and  treatment  of  exocrine  or  endocrine  insufficiency, 
intervention for patients with cachexia or pain, as well as treat-
ment  of  local  complications  (gastric  outlet  obstruction,  pseu-
doaneurysms,  pseudocysts).  However,  medical  adherence  of 
chronic alcoholic pancreatitis patients is often problematic. One 
study  showed  that  even  patients  with  bile  duct  stents  did  not 
show up for regular stent replacement [390].

Apart  from  clinical  and  laboratory  examinations,  patients 
may benefit from several transabdominal ultrasounds as a non-
invasive  technique  to  monitor  the  disease  (evidence  2b).  The 
sensitivity  of  the  case  history,  physical  examination,  and 
transabdominal  ultrasound  reaches  94%.  Specificity  can  be 
increased by subsequent examination techniques such as EUS, 
MRCP,  or  CT.  Transabdominal  ultrasound  therefore  appears 
suitable as an initial examination. An additional imaging modal-
ity may be necessary to confirm the diagnosis [391]. The “gold 
standard” for detecting complications of chronic pancreatitis is 
contrast-enhanced  CT.  However,  none  of  the  actual  imaging 
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Introduction

The medical terms “acute pancreatitis” (AP) and “chronic pan-
creatitis” (CP) describe combinations of clinical and pathologic 
features that occur together and define related pancreatic dis-
eases. These definitions tell us what, but not who, when, where, 
or why; nor do they have definite prognostic implications for 
the individual patient.

To manage pancreatic diseases and optimize the health and 
well-being of individual patients, physicians must move away 
from a descriptive definition of a syndrome and focus on the 
mechanisms of disease, the state of progression and predict the 
trajectory, with or without interventions in individual patients. 
This focus should include factors driving progression from an 
asymptomatic state to potential irreversible damage, and end-
stage outcomes such as loss of organ function, inflammation, 
fibrosis, various pain syndromes, and risk of cancer. This chapter 
provides a framework for understanding pancreatic disease 
from a “mechanistic” perspective and discusses the importance 
of genetic variants. This approach may be superior for prevent-
ing the development of severe disease complexes which cur-
rently are not effectively treated.

Technical advances of the late 20th century provide new 
opportunities to change the practice of medicine. These advances 

are needed to tackle chronic pancreatitis and other pancreatic 
disorders. The most important technologies are next generation 
sequencing (NGS), providing detailed genetic information at 
low costs, “omics” technologies providing detailed information 
on massive numbers of different molecules, and high speed 
computers linked to major databases. DNA sequencing can elu-
cidate genetics, which determine life-time risk of disease, 
including susceptibility and modification of normal stress or 
injury responses. The omics technologies (and others) provide 
ongoing biomarkers of normal function or disorder-associated 
activity or surrogate end-points. Computers allow for multiple 
risk factors to be included in dynamic models with predictive 
outputs that are tested, calibrated and refined using omics and 
other data. Thus, rather than only defining the “what” (e.g. 
irreversible damage to the pancreas), it is becoming possible to 
“predict” future damage through simulation models, conceptu-
ally allowing interventions that may prevent undesirable 
outcomes.

Genetic variants that disrupt organ development may result 
in congenital diseases. If they are involved in the stress or injury 
response to a functioning organ, then they tend to associate 
with adult-onset disorders that are often complex due to multi-
ple genes and disease modifiers. In the pancreas, end-stage 
disease requires a sequence of events linked to variant pathways 
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that begins with a significant injury to the pancreas followed by 
factors that modify the healing and regeneration process (Figure 
85.1).

Environmental factors are important contributors to pancre-
atic diseases. The two primary environmental risk factors, 
ethanol and cigarette smoking, have been recognized for many 
years, with the influence of alcohol sometimes being exagger-
ated, and the role of smoking often under-appreciated. Three 
large studies [2–4] published in 2009 (reviewed in [5]), all dem-
onstrated that only a minority of patients with pancreatitis were 
alcoholics (35% to 45%), that smoking was a strong “independ-
ent” risk factor, and the effects of smoking and alcohol were 
synergistic. Yadav et al. [3] demonstrated that alcohol conferred 
a risk of pancreatitis only when consumed in excess of 5 drinks 
per day.

In the past efforts focused on the identification of active 
inflammation or early damage defined by a pathologic process 
without clear knowledge of the underlying etiology or mecha-
nism. Not understanding the mechanisms driving the process 
or altering the normal responses limited the ability to halt 
disease progression or allow for possible regeneration. 
Mechanistic genetic modeling approach is attractive because it 
minimizes diagnostic testing by identifying the risk pathway, 
avoiding expensive therapeutic and supportive care for advanced 
and chronic diseases. This should result in substantial cost 
savings as well as improvement in the patients’ well being.

Definitions

Acute pancreatitis (AP): is defined as a clinical syndrome in 
response to the sudden onset of pancreatic inflammation associ-
ated with two of the three clinical features [2]: characteristic 
abdominal pain [3]; elevation of pancreatic amylase and/or 

Figure 85.1 SAPE Hypothesis model of chronic pancreatitis. (a) Individuals with various susceptibility factors to pancreatitis and it’s complications have 
normal pancreas structure and function for years until a stochastic injury or stress initiates the first (sentinel) acute pancreatitis event (SAPE). (b) Acute 
pancreatitis is immune system activating, and the degree of injury and inflammation may affect recovery. The normal response to pancreatitis is 
complete recovery (Resolve). (c) The presence of disease modifiers that affect the various cell types and processes in the pancreas may lead to variable 
degrees of complications including fibrosis, acinar cell loss leading to maldigestion, islet loss leading to Type 3c diabetes mellitus, chronic pain 
syndromes or metaplasia and pancreatic cancer. Source: Whitcomb 2013 [1]. Reproduced with permission from Elsevier.
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lipase to >3X upper limit of normal [4]; characteristic signs of 
pancreatic inflammation on abdominal imaging examinations.

Chronic pancreatitis (CP): does not have a consensus defini-
tion. In general it is considered a clinical syndrome of pancreatic 
inflammation lasting for more than 6 months and associated 
with irreversible damage to the gland resulting in functional 
impairment, anatomic changes and/or chronic pain. Diagnosis 
of chronic pancreatitis using histology (i.e. a pathologic diagno-
sis) is impractical because of the risks associated with obtaining 
a pancreatic biopsy.

Complex pancreatitis: is acute, recurrent acute or chronic 
pancreatitis associated with two or more pathogenic genetic 
variants, although strong gene-environment interactions could 
also be considered complex pancreatitis cases. A common 
complex gene combination is a CFTR F508del + SPINK N34S 
genotype.

Epistasis, : in the context of pancreatic disease, refers to the 
functional interaction of different genetic variables that together 
cause specific pathologic risk. Epistasis between seemingly 
independent factors is common in complex pancreatitis.

Familial pancreatitis: is used to describe pancreatitis arising 
in kindreds in whom more members are affected than expected 
statistically, based on the frequency of pancreatitis in the general 
population, regardless of etiology.

Hereditary pancreatitis: is a subset of familial pancreatitis in 
that the pattern of pancreatitis in the family tree suggests an 
autosomal dominant pattern. Thus, there must be at least two 
(or three) confirmed cases in at least two generations that follow 
an autosomal dominant pattern. The only genetic variants that 
are known to cause hereditary pancreatitis are “gain-of-func-
tion” variants in the cationic trypsinogen gene (protease, serine, 
1; PRSS1). An individual with pancreatitis and a disease-causing 
PRSS1 genetic mutation is also considered to have hereditary 
pancreatitis, regardless of family history.
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crine pancreas consist of two principle cell types: the acinar cell, 
which makes digestive pro-enzymes, and the duct cells, which 
generate a bicarbonate-rich fluid that flushes the pro-enzymes 
out of the pancreas and into the duodenum. The pancreas has 
a rich blood supply, and is heavily innervated by both the sym-
pathetic and parasympathetic nervous systems. In humans, the 
pancreatic exocrine secretion is primarily and dynamically con-
trolled by the nervous system, with high-level integration of 
local, regional and systemic signals in the brainstem so that the 
stimulatory output is synchronized with digestion and other 
events.

Acinar cells
Pancreatic exocrine secretion is linked to excitation-secretion 
coupling through second-messenger systems that use calcium. 
Calcium concentrations are tightly regulated within the pan-
creas through ATP-dependent calcium pumps. Calcium is also 
the major regulator of trypsinogen activation and sustained 
trypsin survival, and dysregulation of calcium concentrations 
leads to dysregulation of trypsin activity. Dysregulation of 
trypsin within the pancreas is believed to be the critical factor 
initiating pancreatic injury and AP, as well as predisposing to 
chronic pancreatitis. The importance of trypsin is highlighted 
by the observation that the only genetic variants that result in 
autosomal dominant forms of pancreatitis are in the trypsino-
gen gene (PRSS1), and specifically in the domains linked to 
calcium regulation of trypsin.

Duct cells
Pancreatic duct secretion is more broadly regulated than acinar 
cell secretion, with activation occurring through neural, hormo-
nal and activation of environment-sensing receptors on the cell 
surface. The duct cells are epithelial cells that actively secrete 
anions such as chloride and bicarbonate through channels and 
transporters on the apical (luminal surface). The primary anion 
channel is the CF transmembrane conductance regulator 
(CFTR). Severe loss-of-functions variants in CFTR on both 
chromosomes results in the autosomal recessive syndrome CF. 
The primary phenotype of CF is chronic pancreatitis, beginning 
in utero. No other genetic syndrome of ion transport is associ-
ated with pancreatitis. However, any factor that impairs the 
ability of duct cells to flush digestive enzymes out of the duct 
will increase risk of trypsinogen activation inside the duct, trig-
gering AP. Thus, duct dysfunction can be upstream (e.g. patho-
genic CFTR variants), or down-stream (e.g. a gallstone or 
stricture).

AP – molecular etiology
Most cases of AP are likely caused by inappropriate activation 
of trypsin. In a subset of patients with hypertriglyceridemia 
from any cause, pancreatitis may be triggered by leakage of 
lipase into the interstitium or plasma compartments to act on 
triglycerides and generate toxic free fatty acids that cause injury 
and inflammation [7].

Idiopathic chronic pancreatitis (ICP): encompasses patients 
with chronic pancreatitis in whom no known significant envi-
ronmental risk factors or family history of pancreatitis are iden-
tified despite careful evaluation. There is a bi-modal distribution 
of ICP according to the age of onset, with younger patients more 
likely to develop pain, and other complications. Idiopathic 
chronic pancreatitis is the second most common form of chronic 
pancreatitis after alcohol-associated chronic pancreatitis. 
Growing evidence indicates that ICP has a strong complex 
genetic basis.

Minimal change chronic pancreatitis: is a variant of chronic 
pancreatitis in which clinically observed anatomical changes are 
minimal and pain is the dominant pathologic feature. It is sus-
pected that there is subclinical inflammation without fibrosis. 
However, in the absence of pancreatic biopsy, this feature is 
difficult to demonstrate. There is no consensus definition of 
minimal change chronic pancreatitis.

Modifier genes: are genetic variants that are not disease 
causing, but that alter the clinical features or clinical course of 
disease caused by other factors. Modifier gene variants typically 
have large minor allele frequencies (MAF) (e.g. 20%) so that the 
random overlap between a disorder and a modifier gene is 
common enough to be detected repeatedly in association with 
specific features in the patient population.

Monogenetic familial pancreatitis syndromes: are a second 
subtype of familial pancreatitis caused by a single causative gene 
following a recessive pattern. Two genes are known to cause 
monogenetic familial pancreatitis syndromes: cystic fibrosis 
(CF) / CFTR-associated disorders, and bi-allelic loss of function 
pathogenic variants in the pancreatic secretory trypsin inhibitor 
gene (Serine Peptidase Inhibitor, Kazal Type 1; SPINK1).

RAP-CP syndrome: is the group of clinical signs and symp-
toms that reflect the underlying pathogenic processes linked to 
acute and chronic inflammation. It encompasses the spectrum 
of early symptoms of RAP or CP and extends to end end-stage 
disease. It also acknowledges the interrelationship between 
acute and chronic inflammation. It can be used interchangeable 
with the unqualified term “pancreatitis”.

Recurrent acute pancreatitis (RAP): is defined as more than 
one episode of acute pancreatitis AP.

Sporadic pancreatitis: Sporadic pancreatitis (acute or 
chronic) in an individual with no family history of pancreatitis 
is referred to as a simplex case [6]. The etiology of pancreatitis 
in a simplex case may be due to environmental, metabolic and/
or genetic factors. If no etiology is identified, it is referred to as 
idiopathic sporadic pancreatitis [6].

Pancreatic structure, function, and 
molecular pathogenesis (see Chapters 12, 25, and 83)

The pancreas
The pancreas is a digestive gland that is divided by functional 
criteria into exocrine and endocrine compartments. The exo-
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Specific genetic disorders of the pancreas

Several well-described familial syndromes affecting the exo-
crine pancreas have been identified. The most common and 
important ones will be discussed here. In addition, complex 
genetic syndromes are often identified in patients otherwise 
presumed to have sporadic RAP-CP cases in which detailed 
genotyping reveals combinations of these major risk genes and 
other modifier genes [6].

Hereditary pancreatitis
Overview
Hereditary pancreatitis (HP) is an “autosomal dominant” disor-
der characterized by recurrent AP, high risk of chronic pancrea-
titis and increased risk of pancreatic adenocarcinoma later in 
life. Most affected families are of European ancestry, although a 
few cases in East Asia and other locations have been reported. 
Early estimates in the United States was approximately 1000 
cases based on known families [9], although the prevalence may 
be higher as cases without clear family history are discovered 
by genetic testing. In France the prevalence is estimated to be 
0.3 per 100 000 persons [10]. In the North American Pancreatitis 
Study II (NAPS2) pathogenic PRSS1 variants were found in 3% 
of all RAP and CP patients [11]. In Denmark, pathogenic PRSS1 
variants are found in nearly 2% of all CP cases, and nearly 15% 
of otherwise idiopathic CP cases [12].

The age of onset varies from 1 to ∼40 years of age, with a 
median of 10 years [10,12,13]. About 80% of individuals with 
the disease-causing mutation have AP by age 20 [13]. 
Approximately half of patients with RAP will develop end-stage 
CP, and ∼ 40% of those with CP develop pancreatic adenocar-
cinoma by 70 years of age [13]. However, the true risk of pan-
creatic cancer as a result of a pathogenic PRSS1 mutation alone 
is likely to be much smaller. Smoking, diabetes, and other 
factors clearly increase the risk of pancreatic cancer [13–15], so 
absence of these factors markedly decreases risk. In earlier 
reports of risk the effects of smoking was prominent (50% of 
the risk) [14]. The lifetime risk of pancreatic adenocarcinoma 
in nonsmokers and without diabetes appears to be less than 20% 
[10,14]. Furthermore there is wide variation in frequency of 
pancreatic cancer among HP kindreds, suggesting other risk 
factors are important. In Denmark, for example, only 5% of HP 
families had a history pancreatic cancer [12].

Genetics
The vast majority of HP cases are attributable to pathogenic 
variants in the cationic trypsinogen gene (PRSS1) located on 
chromosome 7 [16]. The two most common pathogenic variants 
are p.R122H and p.N29I followed by a weak variant p.A16V 
[17]. The trypsinogen enzymes generated from the PRSS1 gain-
of-function variants are more easily activated, or are resistant to 
destruction in concert with chymotrypsin C (CTRC) [16,18]. 
Pancreatitis risk is increased by pathogenic variants that alter 
protein processing, possibly through the unfolded protein 

In the majority of patients, susceptibility to AP implies that 
external or internal factors have pushed the pancreatic trypsin 
regulatory systems beyond the threshold for trypsin activation 
and/or persistent activity. Using this logic, any factor that pro-
motes the activation of trypsin, or prevents the inactivation of 
trypsin, or alters the localization of trypsin to an unprotected 
environment will increase susceptibility to AP.

It is also clear that patients with genetic susceptibility to pan-
creatitis generally do not develop AP. Instead, attacks appear to 
be triggered by environmental stresses in some instances (e.g. 
alcohol), or subclinical, stochastic events in others, as exempli-
fied by the risk of chronic pancreatitis associated with patho-
genic variants in the carboxypeptidase 1 (CPA1) gene. These 
variants apparently trigger the unfolded protein response rather 
than activating trypsin [8]. A better understanding of these 
events is needed so that targeted interventions or therapies can 
be developed to reduce and minimize these risks.

Chronic pancreatitis – the sentinel AP event (SAPE) 
hypothesis model
The SAPE hypothesis model was developed as a “two-hit” pro-
gressive model to organize and study risk factors, the role of the 
immune system and complications of chronic pancreatitis over 
time. Figure 85.1 provides a conceptual framework of the pro-
gression from asymptomatic risk to end-stage chronic pancrea-
titis with multiple common complications including atrophy, 
fibrosis, diabetes mellitus, pain, and cancer. The “sentinel event” 
refers to the first clinically recognized incident that alerts the 
physician of inflammation in the pancreas, such as an episode 
of AP. The term “sentinel event” was coined in recognition of 
sub-clinical pancreatitis that occurs in a subset of patients, but 
also as an event that, looking forward, provided early warning 
of a recurrent or chronic inflammation process that may be 
diminished or avoided with appropriate treatment.

In the SAPE model, each of the complications represents 
dysfunction of a different cell type or system that responds to 
inflammation and stress in variable ways. Investigations are 
underway to understand the pathways and the drivers of each 
of these features, since patients with similar proximal risk and 
stressors do not progress at the same rate or to the same degree. 
This may allow investigators to identify specific disease modify-
ing risk factors that predict which patient is most likely to 
develop each type of complication.

The clinical course of individuals with pancreatic inflamma-
tion is variable. In some patients, possibly the majority, acute 
inflammation resolves and the pancreas heals and/or regener-
ates over time. In others, intrinsic and extrinsic factors modify 
and alter the inflammatory process resulting in chronic inflam-
mation, fibrosis, acinar cell loss, islet cell loss, chronic pain 
syndromes and/or cancer development [1]. Each of these abnor-
mal outcomes can be linked to specific cells within the pancreas, 
and mechanisms within the cells. Early genetic testing of each 
of these potential pathologic pathways will provide early 
warning and possible targets for preventative therapy.



1736   PART 4 Gastrointestinal diseases

pancreas [23]. Thus, the PRSS1 R122H presents a major risk, 
but requires some perturbation or stochastic event to initiate the 
pancreatitis event. These findings parallel the human disease, 
where PRSS1 R122H carriers typically do not have pancreatitis, 
but develop episodic pancreatitis.

Clinical course
The signs, symptoms and clinical course of hereditary pancrea-
titis overlap other forms of RAP and CP, which is often complex 
and highly variable. On careful examination of tissue, pathology 
features such as fibrosis and fatty replacement of the pancreatitis 
are common and the amount of inflammation may be less than 
other forms of pancreatitis [23]. Among patients with patho-
genic PRSS1 variants there is wide variation in the onset and 
severity of complications such as persistent inflammation, fibro-
sis, exocrine failure, endocrine failure, severe pain, and cancer 
(Box 85.1). These observations highlight the importance of 
environmental factors such as alcohol intake and smoking, 
modifying genes, and likely epigenetic factors.

Twin studies highlight the interplay between genetic and 
environmental factors. Among seven sets of identical twins with 
the pathogenic PRSS1 gene, three siblings of affected patients 
who had the mutation had no phenotypic features (79% disease 
penetrance) [24]. Among twins that were affected, the age of 
onset and disease severity was highly similar, suggesting that the 
factors mediating complications were tightly linked to genetics 
and/or environmental factors. AP and CP patients can signifi-
cantly affect the quality of life of these patients, but does not 
appear to shorten life expectancy unless they develop pancreatic 
cancer [25]. Life expectancy may be shorter than in patients 
with other forms of pancreatitis such as alcohol-related, but this 
may reflect more lifestyle and other comorbidities than pancrea-
titis. Risk of pancreatic cancer was increased by smoking and 
diabetes [25].

Diagnosis
Careful consideration should be given before initiating the 
work-up and diagnosis of hereditary pancreatitis, since the dis-
covery of pathogenic PRSS1 variants with high penetrance has 
life-long implication for the patient as well as their family espe-
cially including children [26]. Consultation with a genetic coun-
selor is recommended if the physician is not familiar with the 
process of providing individuals and families with information 
on the nature, inheritance, implications of genetic disorders, 

response which increases cell stress – especially with high abun-
dance proteins such as trypsinogen. Many of the uncommon 
pathogenic PRSS1 variants may cause chronic pancreatitis 
through this mechanism [8] (Table 85.1).

Recently, genetic variants in the noncoding region of the 
PRSS1-PRSS2 locus that decrease trypsinogen expression have 
been identified (e.g. c.1-408C>T) [19]. People with variants 
that reduce pancreatic trypsin expression appear to be partially 
protected from trypsin-associated acute and chronic pancreati-
tis. Thus, increased trypsin activity increases risk of pancreatitis 
while decreased trypsinogen expression decreases risk.

Disease mechanisms
The biology of PRSS1 gene mutations has been thoroughly 
reviewed [17]. Multiple transgenic animal models including 
insertion of the PRSS1 R122H variant have been generated to 
study the relationship between trypsinogen and RAP-CP [20–
22]. There is variability in the amount of spontaneous acute and 
chronic pancreatitis between these models (as there is among 
people). However, in all cases, mice with the PRSS1 R122H 
variant appear to be more sensitive to initiation of AP, have 
more pancreatic damage, and progress to chronic pancreatitis 
more rapidly than control mice. Deletion of the mouse equiva-
lent of the cationic trypsinogen gene (mouse T7 deletion) 
resulted in a marked decrease in the severity of AP, but it was 
possible to drive fibrosis with continued stress/injury to the 

Table 85.1 Pathogenic variants in PRSS1.

Region Nucleotide 
change

Amino acid 
change

Effects

5′ c.1-408C>T Protective

exon-2 c.47C>T p.A16V Mild GOF

exon-2 c.86A>T p.N29I Strong GOF

exon-2 c.86A>C p.N29T Strong GOF

exon-2 c.116T>C p.V39A Strong GOF

exon-3 c.235G>A p.E79K Mild

exon-3 c.346C>T p.R116C UPR

exon-3 c.365G>A p.R122H Strong GOF

exon-3 c.364C>T p.R122C Strong GOF

exon-3 c.415T>A p.C139S UPR

exon-5 c.623G>C p.G208A UPR

PRSS1 duplication Strong GOF

PRSS1 triplication Strong GOF

PRSS1 variants that have been reported in more than three 
documented cases.
c., cDNA nucleotide exchange; GOF, gain of function; p., indicates 
nucleotide change; URP, unfolded protein response. Source: Schnur  
et al. 2013 [8] with permission from BMJ Publishing Group and 
Sahin-Toth pancreasgenetics.org (July 2014).

Box 85.1 The cumulative risk of complications by 50 years of age:

• exocrine failure 37%
• endocrine failure 48%
• pancreatic resection for pain 18% (lower for females)
• pancreatic cancer 44.0% (at 70 years from symptom onset)

Data from Howes et al. [13].
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variant, a common mild-variable CFTR variants (R117H), and 
strong environmental risk (smoking) [33].

Management
Once a diagnosis of PRSS1-associated hereditary pancreatitis is 
established, several factors should be considered. Much of the 
management is similar to more typical RAP-CP (see also 
Chapter 84; Chronic pancreatitis). Once the primary etiologic 
mechanism has been identified, further evaluation for diagnosis 
or possible etiologies is unnecessary. Since the etiology cannot 
be changed, the focus should be on managing the patient’s con-
dition to minimize progression and prevent complications (Box 
85.2 and Box 85.3). Counseling the patient against cigarette 
smoking and alcohol use is an immediate priority and the 
patient should be offered specialized counselors, clinics or pro-
grams as needed.

A positive genetic test from a reliable molecular laboratory 
settles the question of etiology. Patients with combined patho-
genic PRSS1 and CFTR, SPINK1, or CTRC variants have been 
reported, and may influence risk for recurrence and progression 
to other complications.

Management planning
After the diagnosis is established, determination of the stage of 
progression of the chronic pancreatitis syndrome is a priority 
(Figure 85.2) with special attention to the duration and compli-
cations of the disease prior to the diagnosis so that future com-

and to help patients make informed medical and personal 
decisions.

The diagnosis of PRSS1-associated hereditary pancreatitis is 
made with a combination of documentation of a pathogenic 
PRSS1 variant or gene duplication (see Table 85.1) and the pres-
ence of clinical features of the RAP or CP syndrome. HP is 
usually suspected based on a family history of RAP, CP and 
pancreatic cancer, but also can be found in patients without a 
family history who are thought to be idiopathic or alcohol  
pancreatitis patients. HP should be strongly considered in  
children or young adults with unexplained RAP or CP, espe-
cially if they have a family history of pancreatic disease. Caution 
must be taken in interpreting genetic testing results for patho-
genic PRSS1 variants, since there are multiple trypsinogen iso-
forms (i.e. PRSS2, PRSS3), and pseudogenes in which the 
predicted sequence at a key amino acid in one or more of the 
homologous genetic regions is pathogenic when inserted into 
PRSS1 [27]. The results of these gene conversions from other 
trypsinogen sequences into PRSS1 results in A16V, N29I and 
R122H [27]. Recognition of these subtle variances is very 
important in interpreting next generation sequencing (NGS) 
results, because this technique uses massive parallel shotgun 
sequencing of short reads that are assembled using computer 
algorithms, and are susceptible to misalignment. A special 
process is required in a CLIA-certified laboratory (e.g. 
www.pancreas.org).

Definite identification of a pathogenic PRSS1 variant or 
duplication has implications for the patient and family. Most 
immediately, identification of the etiologic factor normally pre-
cludes further diagnostic evaluation. Patients usually find it 
helpful to know the basis of their symptoms, and the diagnosis 
can serve to help modify life priorities and plans based on this 
knowledge [26,28]. It is also recommended that the blood rela-
tives at risk for PRSS1-associated HP be informed of the familial 
risk, are offered genetic counseling, and genetic testing [28–30]. 
The testing can be confined to the single pathogenic variant 
found in the proband. If a family member is symptomatic, more 
extensive testing may be indicated (see further on). Each child 
of an individual with PRSS1-related HP has a 50% chance of 
inheriting the mutation, but 20% of these will never have any 
symptoms, and many carriers have a rather mild clinical course. 
Testing of children should be done with the assistance of a quali-
fied genetic counselor. Recommendations for HP and complex 
genotypes have been published [6,31,32].

Some kindreds that appear to have autosomal hereditary pan-
creatitis do not have a single high penetrant pathogenic variant, 
but rather complex genotypes with multiple pathogenic variants 
in multiple risk genes. In one report, next generation sequenc-
ing (NGS) was used to examine a family that appeared to have 
autosome dominant hereditary pancreatitis in which no 
common PRSS1 variants were found, and linkage analysis failed 
to identify a single locus. The family was found to have patho-
genic variants in multiple pancreatitis risk genes, including a 
PRSS1 copy number variants (CNV), a rare pathogenic SPINK1 

Box 85.2 Evaluation of patients with pathogenic PRSS1 variants.

A. Prognostic questions in patients with early 
diagnosis of pancreatitis syndromes

1. Has the etiology been established?
2. Is the patient at risk for frequent recurrent acute pancreatitis?
3. Is the patient at risk for rapid pancreatic fibrosis?
4. Is the patient at risk for pancreatogenic (Type 3c) diabetes mellitus?
5. Is the patient at risk of a disabling pain syndrome?
6. Is the patient at risk of pancreatic cancer?
7. Are other organs at risk?

B. Disease state and systematic monitoring

1. Pancreas anatomy – CT scan with and without contrast with 
pancreatic volume measures if available.

2. Pancreatic exocrine function – fecal elastase 1 (minimal) or formal 
pancreatic function testing with a secretin-stimulation tests.

3. Pancreatic endocrine function – see recommendations in text.
4. Pain measure – a validated pain instrument should be used with 

each visit and include the frequency and pattern of pain (e.g. 
episodic or constant), severity and nature.

5. Family history of diabetes and pancreatic cancer.

C. The TIGAR-O etiologic classification system

1. See Box 85.3 for the TIGAR-O classification systemthat is used to 
identify all combinations of risk factors related to recurrent acute 
and chronic pancreatitis.
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Box 85.3 TIGAR-O classification of pancreatitis etiology.

Toxic-metabolic

Alcoholic
Tobacco smoking
Hypercalcemia

– Hyperparathyroidism
Hyperlipidemia
Chronic renal failure
Medications

– e.g. Phenacetin abuse (possibly from to chronic renal insufficiency)
Toxins

– e.g. Organotin compounds (e.g. di-n-butyltin dichloride (DBTC))

Idiopathic

Early onset
Late onset
Tropical

– Tropical calcific pancreatitis
– Fibrocalculous pancreatic diabetes

Other

Genetic

Autosomal dominant
– PRSS1

Autosomal recessive
– CFTR
– SPINK1

Compound-complex
– CFTR
– SPINK1
– CTRC
– CaSR
– GGT1

Other
– CLDN2-locus
– Rare syndromes that include pancreatitis: UBR1
– Syndromes that include pancreatic insufficiency: SBDS

Protective
– PRSS2
– PRSS1-PRSS2 – locus

Autoimmune

Type 1
Type 2

Recurrent and severe acute pancreatitis associated 
chronic pancreatitis

Postnecrotic (severe acute pancreatitis)
Recurrent acute pancreatitis
Vascular diseases / ischemic
Postirradiation

Obstructive

Pancreatic divisum
Sphincter of oddi disorders
Duct obstruction (e.g. tumor)
Preampullary duodenal wall cysts
Posttraumatic pancreatic duct scars

Source: Modified from Etemad and Whitcomb 2001. Reproduced with 
permission from Elsevier [34].

Figure 85.2 Diagram of the CFTR molecule illustrating major structural domains. The molecule is oriented to the apical cell membrane with 
extracellular fluid at the top and intracellular at the bottom. Two membrane spanning domains, each with 6 transmembrane motifs form the ion 
channel. Intracellular regulatory domains are targets for phosphorylation and other signals. Nucleotide binding domains (NBD1 and NPD2) regulate 
anion flux after ATP binding and hydrolysis. CFTR is anchored by a PDZ binding motif (TRL) on the C terminus, which interacts with PDZ domain 
containing cytoskeletal proteins such as NHERF1 and CAL.
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Upon making the diagnosis of the RAP-CP syndrome, the 
physician should begin tracking islet function. Initial evaluation 
should include fasting glucose and HbA1c [40]. If they are 
within normal range they should be repeated annually. 
Impairment in either fasting glucose or HbA1c should be 
further evaluated by a standard 75 gram oral glucose tolerance 
test or a mixed meal tolerance test with the measurement of 
pancreatic polypeptide – a biomarker of T3cDM [40]. Patients 
with pancreatic diabetes should undergo a careful multidiscipli-
nary evaluation to optimize pancreatic enzyme replacement 
therapy in relation to nutrient intake and nutritional status to 
maximize foregut digestion, and to consider alternatives to 
incretin therapies, especially if maldigestion is present and 
GLP-1 levels are already elevated as occurs in CP [38,40,41].

Pain management
Pain is the primary feature of CP and contributes to poor quality 
of life, disability, and health care resource utilization. Although 
most people with HP have similar pathogenic PRSS1 variants, 
pain is highly variable in pattern, character, severity, and 
response to treatment. In a recent study of 512 patients with CP 
from many etiologies, 17% had “no” pain, with the remaining 
reporting pain as intermittent and/or constant, and from mild 
to severe [42,43]. Compared to intermittent pain, constant pain 
was strongly correlated with disability, hospitalizations, pain 
medication usage, and lower quality of life [42,44]. In the same 
cohort it was shown that delays in therapy (endoscopic or surgi-
cal) were associated with diminished treatment effectiveness 
[45]. Some patients continue to have central or “phantom” pan-
creatic pain after major surgeries or pancreatectomy [45–48]. 
Although there are multiple known and hypothetical causes of 
pain [49–53], delineation of the mechanism of pain in indi-
vidual patients with CP has been elusive.

Management of pain requires a multidisciplinary team of 
gastroenterologist, interventional endoscopists, surgeons and 
often pain specialists. Clinical management of pain should be 
addressed at each visit using validated instruments to assess 
character, frequency and intensity of pain, and recording the 
type and dose of medications, and any endoscopic, surgical, or 
other interventions for pain. New onset or worsening pain 
should be addressed promptly, since delay in treatment lowers 
the effectiveness of eventual treatment, possibly due to periph-
eral or central sensitization. Specific complications such as 
development of a stricture, an obstructing pancreatic duct 
stone, or a cancer, should be considered. Patients who report 
constant pain, regardless of severity should be assessed for psy-
chological comorbidities such as anxiety, depression, opiate 
abuse, since these factors worsen every aspect of the disease. 
Cognitive behavioral therapy (CBT) may be useful to help the 
patients cope with a chronic, painful and unpredictable condi-
tion as demonstrated for inflammatory bowel disease [54]. 
Multiple validated questionnaires are available with the Short 
Form 12 (SF12, or SF12v2), or 36 (SF-36) being most widely 

plications can be minimized. Biomarkers of disease activity and 
stage at regular intervals are used to determine the trajectory of 
the disease, with or without intervention in each of potentially 
affected organs. A comprehensive evaluation may be done at 
least annually.

AP
In general, treatment for HP is similar to treatment for other 
forms of acute and chronic pancreatitis. There are no proven 
medical treatments specific to hereditary pancreatitis, although 
there is a case report that antioxidants may be helpful in reduc-
ing the frequency and severity of symptoms [35]. Endoscopic 
and surgical treatment of complications provides benefits 
similar to the benefits seen with similar complications in other 
types of chronic pancreatitis.

Nutrient digestion
The exocrine pancreas produces pancreatic digestive enzymes, 
and loss of function leads to maldigestion. There are no ideal 
biomarkers of exocrine function (see also Chapter 156; Tests of 
gastric and exocrine pancreatic function and absorption), since 
there are many types of macromolecules that pancreatic diges-
tive enzymes act on, and dietary habits and nutritional needs 
are variable. The goal is to maintain health, not just to prevent 
steatorrhea. Thus, at least annual measure of weight, nutrition, 
and symptoms of maldigestion are appropriate. Tailoring dietary 
recommendations and support of digestion with pancreatic 
enzyme replacement therapy (PERT) is a balance with continual 
readjustment as pancreatic function progressively diminishes. 
With complete loss of pancreatic exocrine function the average 
man will need 90 000 to 100 000 United States pharmacopia 
(USP) units of lipase per meal for digestion (earlier publications 
recommending at least 30 000 units of lipase using International 
units (IU), where 1 IU  =  3 USP units). Low fat diets are no 
longer recommended and fat-soluble vitamin supplements 
(ADEK) are often given. Formal function testing has not been 
standardized in the US or Europe, although efforts to develop 
consensus are underway.

Diabetes
Diabetes secondary to chronic pancreatitis or pancreatic resec-
tion should be recognized as pancreatogenic diabetes (type IIIc 
diabetes, T3cDM) [36–38]. The etiology is progressive destruc-
tion of the islet cells, resulting in the loss of beta cells and 
insulin, as in type I diabetes (T1DM), but also glucagon, pan-
creatic polypeptide and somatostatin. This results in loss of 
counter regulatory hormones, brittle diabetes, and shortened 
life expectancy. Regulation of digestion and assimilation of 
nutrients is further complicated with pancreatic exocrine insuf-
ficiency due to asynchrony between nutrients entering the duo-
denum and residual insulin release, and release of hind-gut 
“ileal brake” hormones such as peptide YY which further 
diminish pancreatic secretory function [39,40].
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(CBAVD), and liver injury. A variety of CFTR-associated disor-
ders, including RAP-CP have been recognized as well [64]. 
Indeed, CFTR variants are among the most common genetic 
risk factors in CP. In patients with bi-allelic severe CFTR muta-
tions and CF, specific and aggressive treatment of pancreatic 
insufficiency with pancreatic enzyme replacement therapy 
(PERT), good nutrition, antibiotic, and lung therapy has 
improved the prognosis for survival from <5 years to >50 
years. Because of the treatment successes by the pediatricians, 
about half of all CF patients are now adults.

Normal pancreatic function is dependent on CFTR function, 
especially for bicarbonate secretion. Because of the tight cor-
relation between pancreatic health and CFTR function, classifi-
cation of the severity of CFTR pathologic variants has been 
based largely on the effects on the pancreas. Individuals with 
mild or variable CFTR variants that diminish, but do not destroy 
CFTR function do not develop typical CF, but rather scattered 
disorders in the various organs involved in CF, called atypical 
CF [65,66] or CFTR-related disorders [64].

Genetics
CFTR is a regulated anion channel for chloride and bicarbonate 
that is expressed on epithelial cells of the airways, intestinal 
tract, bile ducts, pancreatic ducts, vas deferens, and strongly 
contributes to fluid secretion. CF is the syndrome caused by 
pathogenic variants that alters or destroys function of the CFTR 
channel. Nearly 2000 genetic variants are known, but the risk of 
CF is known for fewer than 100. Pathogenic variants are classi-
fied by their known or predicted effects on protein expression, 
processing, and localization and on channel function. Major 
pathogenic variants in “both” CFTR alleles are required for loss 
of nearly all CFTR function and classical clinical symptoms. 
Pathogenic variants in other genes (modifier genes) alter the 
character or severity of pathology in different organs.

CFTR mutations have been classified by their effect on 
protein synthesis, maturation, activation, conductance, and 
abundance (Table 85.2). Most cases of CF have Class I-III patho-
genic variants on both alleles. Patients with genotypes involving 
at least one allele with only a Class IV or Class V mutation are 
more likely to have a CFTR-associated disorder phenotype.

used [42,44,55–57]. Specific therapies will not be considered 
here except for total pancreatectomy.

Total pancreatectomy with islet autotransplantation
There is growing use of “pancreatectomy and islet autotrans-
plantation” (TPIAT) in patients with hereditary pancreatitis 
[58–61]. The primary indication is disabling pain in the young. 
The best outcomes (pain free and insulin free) are in patients 
with the highest yield of islets, at a stage before the inflamma-
tory process has destroyed the islets [47]. Fear of pancreatic 
cancer in adults is a more controversial indication [60]. There 
is concern that the precancerous lesions in the pancreas of these 
subjects may be transferred back to the patient along with the 
islets. However, to date, no cases of pancreatic cancer have been 
reported in older patients with hereditary pancreatitis and islet 
autotransplantation.

The experience with TPIAT is limited, and better evaluation 
and long-term follow-up is needed. The procedure has a number 
of potential life-threatening dangers, is irreversible, alters gas-
trointestinal structure and function leading to motility disor-
ders in some patients, and necessitates a life-long commitment 
to full dose PERT [60,62]. Other options are available. However, 
in correctly selected patients TPIAT can be life-changing for the 
better [47]. Guidance for physicians caring for these patients are 
now available [60,62].

Pancreatic cancer risk
Pancreatic cancer is one of the major long-term risks and con-
cerns in patients with HP. Unfortunately, no effective screening 
or surveillance method has been developed to detect early pan-
creatic cancer. Even if there were effective measures, the primary 
strategy should be to minimize risk with healthy life-style, and 
especially to avoid smoking. The development of glucose intol-
erance can be a warning sign of early cancer, and careful evalu-
ation in a center of excellence with ongoing research programs 
is encouraged and recommended [10,14,38,60,63].

Nonpancreatic organ involvement
PRSS1-associated HP is a syndrome that only affects the pan-
creas directly. Other organs that are affected by the inflamma-
tory response fall within the realm of the RAP-CP syndrome 
and are managed accordingly.

CF and CFTR-related pancreatitis

Overview
CF is an “autosomal recessive” disease caused by severe patho-
genic variants in the CF transmembrane conductance regulator 
(CFTR) gene. CF is a syndrome characterized by pancreatic 
insufficiency in infancy, elevated concentrations of sodium 
chloride in sweat, and progressive pulmonary disease in child-
hood. Other common complications are meconium ileus, male 
infertility from congenital bilateral absence of the vas deferens 

Table 85.2 Classification for CFTR pathogenic variants, and pancreatic 
dysfunction.

Class Mutation 
(example)

Defect Pancreatic 
Dysfunction

I W1282X Synthesis Severe

II ΔF508 Maturation Severe

III G551D Activation Severe

IV R117H, R75Q Conductance Mild

V IVS8 5T Abundance Mild
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ity, plus an additional 715 healthy controls. A review of the 
literature from 1998 to 2010 was undertaken to identify all 
CFTR variants that were reported in patients with CP. From a 
panel of 81 variants, 9 variants (CFTR R74Q, R75Q, R117H, 
R170H, L967S, L997F, D1152H, S1235R, and D1270N) not 
associated with typical CF were associated with pancreatitis 
(Odds Ratio [OR] 1.5; p = 0.002) [68].

Each of these variants were cloned into cultured cells, and 
CFTR was expressed in the normal amount, form and with 
normal chloride conductance [68]. The cells were then stimu-
lated after activation of the WNK1-SPAK pathway, a sensor-
signaling pathway within epithelial cells to regulate ion and 
water transport. This pathway targets CFTR so that it undergoes 
conformational changes to become a bicarbonate-preferring 
anion channel. Compared to wild-type CFTR, none of the 
mutants were able to conduct bicarbonate at the predicted 
levels. This means that they have normal chloride secretion but 
defective bicarbonate secretion..

The specific variants that affected bicarbonate conductance 
are scattered throughout the linear gene sequence. But when the 
three-dimensional protein structure was evaluated, the mecha-
nisms underlying the altered function were revealed. Molecular 
dynamic analysis of the CFTR structure in silico suggests that 
there were multiple ways to disrupt bicarbonate transport. 
These include physical restriction of the CFTR channel (Figure 
85.3) and altered dynamic channel regulation to impede transi-
tion to a bicarbonate preferring conformation [68].

It is known that at least two other organs use CFTR for bicar-
bonate secretion; the sinuses, where bicarbonate is critical for 
hydration of mucus after secretion from goblet cells, and the 
male reproductive system, where bicarbonate is critical for 
organ development and/or sperm function. Since pancreatic 
patients and a subset of controls were phenotyped for rhinosi-
nusitis and male infertility, it was possible to determine if the 
subset of CP subjects with the bicarbonate conductance defec-
tive CFTR variants have a higher than expected rate of these 
disorders. Comparing pancreatitis patients and controls, the 
bicarbonate conductive defective CFTR variants increased risk 
for both rhinosinusitis (OR 2.3; p < 0.005) and male infertility 
(OR 395; p  <  0.0001) [68]. This indicates that two CFTR-
associated syndromes must be considered; one affecting all 
organs that use CFTR for either chloride or bicarbonate con-
ductance, and a second affecting all organs that use CFTR pri-
marily for bicarbonate conductance.

Clinical features
CF is diagnosed within the first year of life in over 70% of 
patients, and in over 85% by age of 5 years, but 8% remain 
undiagnosed until after the age of 10 years. Median survival is 
now over 40 years with >95% living past age 15 years [71]. The 
life expectancy of newly diagnosed children is >50 years. 
Chronic pancreatitis is the most predictable feature (nearly 
100% with <15% having residual function), with lung disease 
and digestive complications being more variable.

Genotype-phenotype correlations have been challenging 
because many of the phenotypic features, such as lung disease, 
require infection, inflammation and possibly modifier genes. 
Pancreatic disease phenotyping has been challenging because 
the pancreas is relatively inaccessible and severity is linked to 
destruction of the pancreatic parenchyma and loss of digestive 
enzymes (pancreatic insufficiency, PI) rather than duct func-
tion. Attempts are underway to develop more accurate genotype-
phenotype correlation through the CFTR-2 project (http://
www.cftr2.org).

Two CFTR-related pancreatitis issues deserve particular con-
sideration: Patients with CF who are at risk of AP, and patients 
with AP due to pathogenic variants in CFTR who are “not” at 
risk of typical CF.

About 15% of individuals with CF have enough residual pan-
creas to digest food, and are considered pancreatic sufficient 
(PS), while the remainder generally require PERT to maintain 
nutritional goals and are PI. CF patients who are PS are at 2.4 
times higher risk of AP than patients with PI [67]. The PS phe-
notype is linked to genotypes (combination of pathogenic vari-
ants on both alleles) with two mild variants (e.g. Class IV or V, 
Table 85.2), or one mild variant and one severe variant. 
Individual CFTR variants can be classified according to the rela-
tive prevalence of PI and PS among those patients with the 
variant (the pancreatic insufficiency prevalence [PIP] score 
[67]). Patients with PS and low PIP scores have later onset CF 
and a 50% cumulative incidence of AP by age 50 years [67]. 
Patients with more severe CFTR genotypes, higher sweat chlo-
ride, earlier age of CF diagnosis, higher PIP scores and more 
rapid progression to PI have progressively lower likelihood of 
AP.

Multiple CFTR variants have been identified that affect bicar-
bonate secretion, but not chloride [68]. These variants are path-
ogenic to organs such as the pancreas that utilize CFTR for 
bicarbonate secretion, but not organs such as the sweat glands 
that utilize CFTR for chloride absorption or secretion. The pro-
totype example is CFTR p.R75Q, which is associated with an 
increased risk of pancreatitis when found with another patho-
genic CFTR variant such as p.F508del, or as part of a complex 
genotype with the SPINK1 N34S haplotype [69]. Of note, CFTR 
is dynamically regulated in character as well as activity, and 
activation by intracellular signals can change the ion selectivity 
from a chloride-preferring channel to a bicarbonate-preferring 
channel [70]. However, this subset of CFTR variants are cur-
rently classified as benign with respect to CF, and are not 
included on CFTR variant detection panels.

Mechanism of pancreas-targeting CFTR mutations
A recent multi-center, multidisciplinary study identified mecha-
nisms underlying pancreas-targeting pathogenic variants of 
CFTR [68]. The centers participating in the North American 
Pancreatitis Study II (NAPS2) phenotyped 984 pancreatitis 
cases and 467 unrelated control subjects for features of pancrea-
titis and CF, including sinusitis, lung disease, and male infertil-
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plays a critical role in secretion of fluid, which flushes pancreatic 
enzymes out of the pancreatic duct and into the duodenum. 
Pathogenic variants that completely destroy CFTR function 
(e.g. W1282X, F508del), or pathogenic variants that disrupt 
CFTR-mediated bicarbonate secretion (e.g. R75Q) [68], to 
impair flushing of pancreatic digestive zymogens from the duct, 
increasing the chance of premature activation to digestive 
enzymes, and the risk of recurrent acute and chronic pancrea-
titis. With two severe CFTR pathogenic variants, pancreatic 
gland self-destruction begins in utero, while with less severe 
pathogenic variants the onset of injury and dysfunction may  
be delayed. If one of the two CFTR variants is bicarbonate 

The overall clinical picture in an individual case depends on 
the nature of the combined CFTR pathogenic variants, modifier 
genes, and environmental factors. About 70% of Caucasian 
patients with CF have a 3 base pair deletion of the phenylalanine-
coding codon 508 (p.F508del). If one or both of the chromo-
somes have a mild CFTR variant (Class IV or V, see Table 85.2) 
then the patient will have mild or atypical CF, in which some  
of the organs affected by the CF syndrome remain fully 
functional.

The pancreas is the most sensitive organ to CFTR dysfunc-
tion. The CFTR molecule is normally expressed on the apical 
surface of the proximal (upstream) pancreatic duct cells and 

Figure 85.3 Molecular modeling and simulations of CFTR WT and variants. Panels (a) and (b) display the side and bottom views, respectively, of the 
WT CFTR, where the two nucleotide-binding domains and the two membrane-spanning domains are labeled as NBD and MSD. The shaded region 
indicates the location of the lipid bilayer. Panel (c) shows the charge distribution around D1152H: this negatively charged residue (left; shown in red 
space-filling representation) is surrounded by several positively charged residues (green), especially on its side of the cavity, creating an attractive force 
that keeps the residue from extending into the cavity. Also shown are other negatively charged residues (red stick or space-filling representation), 
including D385, diametrically opposite to D1152. Panel (d) shows the corresponding scene for the variant residue, D1152H (cyan), which can move 
toward the center of the cavity, thus leading to a constriction in the channel diameter. Source: LaRusch et al. 2014 [68]. Reproduced by permission.
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bioelectrical responses should be abnormal on two separate 
days before the diagnosis is “confirmed” by one of these methods 
[79]. Genetic testing is also commercially available to confirm 
the clinical diagnosis (two severe pathogenic variants must be 
identified), but these results cannot be interpreted apart from 
the clinical context and functional testing especially in cases 
with atypical symptoms. Mutational screening of the entire 
CFTR gene should be considered in atypical cases. When genetic 
screening is used for evaluation of the RAP-CP syndrome and 
a pathogenic CFTR genotype involving both alleles is detected, 
then referral to a CF center for formal testing should be 
considered.

Management
The treatment of CF centers on providing adequate nutrition 
(PERT and a healthy diet), lung therapy (often provided by the 
family), and vigilance in treating pulmonary infections. PERT 
is often calibrated to symptoms of abdominal pain and/or  
stool consistency, while diet is calibrated to growth and body 
mass index (BMI) (>22 in women and >23 in men) [80]. 
Multidisciplinary care is needed, and should be coordinated 
with a CF Center.

New medical treatments are in trials with drugs classified as 
“CFTR Correctors” [81]. These agents do not correct the genetic 
defect, but rather allow the CFTR molecule to survive, mature 
and function.

SPINK1-associated familial pancreatitis

Overview
Serine Peptidase Inhibitor, Kazal Type 1 (SPINK1), formally 
Serine Protease Inhibitor, Kazal Type 1, or pancreatic secretory 
trypsin inhibitor (PSTI), is a specific trypsin inhibitor that is 
expressed in the pancreatic acinar cells. SPINK1 is an “acute 
phase protein”, with minimal expression under normal condi-
tions, but at high levels after pancreatic injury to minimize 
continued damage by trypsin [82]. SPINK1 is a disease modifier 
because it makes the effect of trypsin-activating factors worse 
by thwarting the natural feedback response of up-regulating 
trypsin inhibitors to reduce trypsin activity. SPINK1 may also 
have an important role in recovery from injury as it has been 
shown to bind to, and activate epidermal growth factor (EGF) 
receptors [83].

Genetics
Pathogenic variants in SPINK1 confer significant risk for the 
development of the RAP-CP syndrome, but may not be a risk 
factor for an initial attack of AP [84,85]. Risk is associated with 
loss of function variants including promoter variants, splice 
variants, frameshift variants, gross deletions, and the p.M1T 
variant on the initiation codon [86]. The most common patho-
logic variant is a high-risk allele, defined by SPINK1 N34S, 
and is present in ∼1% to 2% of various racial populations 

defective, then organ dysfunction is limited to organs using 
CFTR for bicarbonate secretion.

The clinical course of pancreatic diseases in patients with 
pathogenic CFTR-associated pancreatitis is similar to that of 
other types of chronic pancreatitis. Chronic pancreatitis leads 
to the multiple complications noted above, including pancreatic 
exocrine insufficiency and endocrine insufficiency (pancrea-
togenic diabetes, type 3cDM [72,73]). Glucose intolerance has 
been reported in 30% to 75% of patients with CF, and diabetes 
mellitus occurs in up to 10% of young patients [74,75]. At 20 
years of age, 30% of CF patients will require insulin and 40% 
require insulin by age 30 [76]. Guidelines for evaluating glucose 
intolerance and management recommendations have been pub-
lished [73,77].

The intestine utilizes CFTR for chloride and bicarbonate 
secretion. Loss of CFTR leads to dysfunction of intestinal 
content hydration and risk of obstruction. Meconium ileus is 
obstruction of the intestine at birth with thick, sticky meco-
nium. It is the presenting symptom in 10% to 20% of infants 
with CF and appears to be related, in part, to genotype. Distal 
intestinal obstruction syndrome (DIOS) refers to intestinal 
impaction and obstruction occurring in patients with CF. The 
incidence of DIOS is estimated to be as high as 10% among 
patients with CF. Vigorous medical therapy includes regular oral 
doses of pancreatic enzymes and stool softeners and various 
types of laxatives such as polyethylene glycol.

Fibrosing colonopathy is another intestinal complication that 
was first recognized in 1994 and nearly disappeared by 1996, 
possibly due to a dose reduction in pancreatic enzyme replace-
ment and/or a modification of the enteric coating of some of 
the commercial products. It usually develops as an ascending 
colon stricture causing intestinal obstruction and appears path-
ologically as postischemic ulceration with fibrosis, possibly 
related to pancreatic enzyme replacement therapy.

Other digestive organs are also commonly affected in CF. 
Mildly abnormal liver function tests are common, but most 
patients with mild liver abnormalities do not progress and 
usually resolve [78]. Nevertheless, approximately 10% of patients 
develop some degree of fibrosis later in life, especially prior to 
or during puberty [78].

Maldigestion due to exocrine pancreatic insufficiency (PI) 
leads to malnutrition both at the macronutrient and micronu-
trient levels. Vitamin deficiencies may develop as a consequence 
of fat maldigestion and malabsorption and therefore patients 
with CF are at risk. Nearly half of all newly diagnosed CF 
patients have a deficiency of vitamins A, D, E and/or vitamin K.

Diagnosis
The consensus of a Cystic Fibrosis Foundation panel suggested 
a diagnosis of CF “could” be made by the presence of one or 
more characteristic clinical features, plus a history of CF in a 
sibling, or a positive newborn screening test result with confir-
mation by laboratory evidence of CFTR dysfunction [79]. 
Furthermore, they suggested that either sweat chloride or nasal 
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of life, and are linked to pancreatic exocrine insufficiency and 
failure to thrive. Unlike CF, there is no overt inflammation or 
destruction of the pancreas, and sweat chloride is normal. SDS 
is the second most common cause of pancreatic insufficiency in 
children (after CF).

Genetics
The genetic defect is in the Shwachman-Bodian-Diamond syn-
drome gene (SBDS), which codes for a 29-KDa protein that 
appears to be involved with ribosomes and initiation of transla-
tion [95–97]. Genetic mouse models demonstrate that the 
protein is required for normal pancreatic development and 
function [98]. The genetic defect in most cases of SDS is caused 
by gene conversion between the normal SBDS gene with a non-
functional pseudogene designated SBDSP [99]. The SBDSP 
pseudogene sequence is 97% identical to the SBDS sequence, 
but contains sequence deletions and pathogenic variants that 
render the SBDS gene product nonfunctional if key parts of the 
SBDSP sequence are spliced into the SBDS gene and is expressed 
susceptible cell types, including pancreatic acinar cells.

Clinical features
The major features of SDS are provided in Table 85.3. Clinical 
phenotype is variable in severity, and the age of diagnosis can 

world-wide (i.e. ∼70 000 000 people). In Asian populations, but 
not South Asian (e.g. India), or European populations, the 
SPINK1 IVS3+2T>C variant is common and associated with 
risk of chronic pancreatitis [87–90]. This suggests that hetero-
zygous SPINK1 pathogenic variants are benign, unless the 
patient also has a pathogenic variant in another trypsin activity-
associated gene such as CFTR (see further on) [69]. Homozygous 
SPINK1 N34S or compound heterozyous genotypes are seen in 
individuals and families (autosomal recessive inheritance 
pattern) with early onset CP but have not been seen in control 
populations, suggesting that these genotypes alone can be 
disease-causing.

Disease mechanisms
The first successful animal model of genetic risk for pancreatic 
disease focused on the pancreatic secretory trypsin inhibitor, 
SPINK1. Deletion of the mouse equivalent of SPINK1 (i.e. 
SPINK3) results in rapid autophagic cell death of the pancreatic 
acinar cells [91]. In contrast, overexpression of SPINK1 in mice 
makes them resistant to secretagogue-induced AP [92]. These 
studies clearly demonstrate the critical role of controlling 
trypsin in pancreatic acinar health – and in the initiation of AP.

Clinical course
Since the SPINK1 gene is expressed primarily within the pan-
creas, the clinical phenotype is typically one of the RAP-CP 
syndrome without involvement of other organs. SPINK1 patho-
genic variants are associated with multiple etiologies [93]. Risk 
increases with known recurrent trypsin-activating etiologies 
[94]. In general, the presence of SPINK1 pathogenic variants is 
believed to accelerate the inflammation-associated destruction 
of the pancreas.

Diagnosis
Genetic testing for SPINK1 pathogenic variants is available. In 
a person with recurrent AP, test results predict progression from 
recurrent AP to CP. The finding of a SPINK1 mutation in an 
individual who has never had pancreatitis has almost no prog-
nostic significance since these pathogenic variants are so 
common.

Management
There are no specific treatments for limiting risk and progres-
sion of the RAP-CP syndrome in patients with SPINK1 variants. 
The care of these patients is therefore similar to management of 
pancreatitis from other causes.

Shwachman-Diamond syndrome

Overview
Shwachman-Diamond syndrome (SDS), an autosomal recessive 
disorder, is characterized by pancreatic insufficiency, cyclic neu-
tropenia, metaphyseal dysostosis, and growth retardation. Like 
CF, the clinical manifestations often occur within the first years 

Table 85.3 Clinical features of Shwachman-diamond syndrome.

Pancreatic Exocrine pancreatic hypoplasia 91–100%

Steatorrhea 55–88%

Diabetes mellitus <5%

Hematologic Cyclic neutropenia 88–100%

Anemia 42–66%

Thrombocytopenta 24–34%

Pancytopenia 44%

Leukopenia 52%

Myelodysplastic syndromes 8–33%

Leukemia 12%

Skeletal Metaphyseal dysostosis –

Long bone tubulation defects 44%

Short or flared ribs –

Thoracic dystrophy 32%

Growth Short statue (normal growth 
velocity)

common

Other Psychomotor delay common

Mental retardation 33%

Renal tubular dysfunction <5%

Abnormal liver biochemical tests common

Myocardial abnormalities 50% (autopsy)

Source: Modified from Whitcomb and Lowe 2010 [102]. Reproduced 
with permission from Elsevier.
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maturity onset diabetes of the young (MODY) related to car-
boxyl ester lipase (CEL) variants [108], and mitochondrial dele-
tions resulting in Pearson marrow-pancreas syndrome [109]. 
Box 85.4 provides a list of reported genetic factors, organized 
by apparent inheritance patterns and genetic findings.

Pancreatitis with complex genotypes

There continues to be rapid progress in understanding the 
genetic basis of pancreatic diseases. Knowledge of the genotype 
is useful because it establishes risk of RAP-CP syndrome when-
ever there is stress or injury to the pancreas. This information 
is helpful in the evaluation of patients with pancreatitis-like 
symptoms because it limits the need for repeated abdominal 
imaging procedures to identify anatomic causes of symptoms 

range from early childhood into adulthood. Severe pancreatic 
insufficiency with steatorrhea and failure to thrive are the typical 
presenting features [100,101]. The molecular defect affects the 
acinar cell, so duct cell and islet cell function are normal. On 
biopsy and abdominal imaging studies the pancreatic histology 
is one of fatty replacement of the acinar cells. However, with age 
some pancreatic function returns or fluctuates, especially for 
proteolytic enzymes such as trypsin.

Cyclic neutropenia
Cyclic neutropenia is the other common feature of SDS. 
Resulting clinical features are recurrent infections such as otitis 
media, sinusitis, pneumonia, osteomyelitis, urinary tract infec-
tions, skin infections and lymphadenitis [103]. Other myeloid 
lineages may also be affected (Table 85.3).

Patients with SDS often have characteristic skeletal features 
including metaphyseal chondrodysplasia and dysostosis affect-
ing the femoral head, proximal tibia, and thorax with sort flared 
ribs [104,105]. Males are more often diagnosed with SDS, likely 
due to a higher rate of medical evaluates in males for short 
stature than females.

Diagnosis
The diagnosis of SDS is made from the combination of clinical 
features and genetic testing for mutations in the SBDS gene. 
Family history can be very helpful, but it is not necessary.

Treatment
Treatment for patients with SDS is directed toward the affected 
organs. Pancreatic insufficiency is treated with pancreatic 
enzyme replacement therapy with each meal and snacks. Fat-
soluble vitamin supplements may also be needed.

Antibiotics may be required during periods of granulocyto-
penia, especially if fevers arise. More heroic measures of stimu-
lating granulocyte production have been reported, but not 
systematically studied. Anemia may require transfusions.

Patients should also be monitored for myelodysplastic syn-
dromes and myeloid leukemias. In one study more than 10% of 
patients with SDS developed acute myeloid leukemia or other 
leukemias over a 10 year period [106].

Johanson-Blizzard syndrome

Johanson-Blizzard syndrome is a rare autosomal recessive dis-
order comprising pancreatic insufficiency, nasal alar hypoplasia, 
teeth abnormalities, short stature, psychomotor retardation, 
congenital deafness and ectodermal scalp defects. Approximately 
100 cases have been reported. The gene appears to be associated 
with altered ubiquination and elimination of proteins, and is 
associated with ER stress [107].

Other genetic factors
A growing number of genetic factors are being identified as risk 
factors for pancreatic dysfunction. In addition to the syndromes 
listed above, pancreatic dysfunction is present in patients with 

Box 85.4 Pancreatitis-associated genetic risk factors.

1 Disorders of the exocrine pancreas with 
mendelian inheritance pattern

Hereditary pancreatitis (PRSS1) – autosomal dominant
Familial, CFTR-Related (CFTR) – autosomal recessive
Familial, SPINK1-related (SPINK1) – autosomal recessive
Familial, CPA1-related – autosomal dominant and/or complex
Shwachman-Diamond syndrome (SBDS) – autosomal recessive
Johanson-Blizzard syndrome (UBR1) – autosomal recessive
MODY, carboxyl ester lipase (CEL) – autosomal dominant
Pearson marrow-pancreas syndrome – mitochondrial defect
Hypertriglyceridemia syndromes [110,111]
Familial, complex
Familial, idiopathic

2 Sporadic pancreatitis

PRSS1-related
CFTR-related
SPINK1-related
CPA1-related
Complex
• multigenic (e.g. CFTR + SPINK1)
• gene-environment (e.g. alcohol, CLND2, CTRC)
• compound-complex (three or more factors)
Idiopathic with unclear risk or mechanism
• single variant with small effect (e.g. CTRC, CaSR, GGT1)
Idiopathic (no identified environmental genetic risk)

3 Pancreatitis disease modifiers

Acute pancreatitis severity
• MCP1 [112]
• TNFA [113]
Recurrent acute pancreatitis to chronic pancreatitis progression
• CLND2 [19]
• CTRC [114]
• SPINK1
Pain
Diabetes
Cancer
• GGT1 [115]
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Although CTRC variants are associated with pancreatitis, the 
independent risk appears to be very low, and pancreatitis cases 
with pathogenic CTRC variants are typically found to have 
complex genotypes with variants found in combination with 
PRSS1, SPINK1, or CFTR pathogenic variants [128,129]. The 
same scenario of low independent risk but association with 
pancreatitis are seen with CaSR variants [129]. Multiple GGT1 
single nucleotide polymorphisms are associated with pancrea-
titis [125], as well as pancreatic cancer [130]. The mechanism 
of risk for these GGT1 variants is unknown.

Pancreatitis risk gene associated with alcohol 
– CLDN2 locus
The first genome-wide association study for pancreatitis identi-
fied a high-risk locus on the X chromosome, designated the 
CLND2-locus since it contained the claudin 2 gene (CLND2) 
[19]. The risk appears to be outside of the coding region for 
CLND2, and was associated with a large haplotype. The high-
risk haplotype is very common (minor allele frequency of 0.26). 
The risk did not appear to be for pancreatitis susceptibility, but 
rather for progression from acute (or recurrent acute) pancrea-
titis to CP, and is seemingly related to abnormal expression of 
CLDN2 during inflammation resulting in a destructive immune 
system interaction. The effect was strongly, but not exclusively 
associated with alcohol consumption. The variant acted as a 
recessive trait in women (two variant copies needed), but in 
men, who have only one X chromosome, the effect acted as a 
dominant trait. Since about 16% of men and 10% of women are 
drinkers, the population risk for men is 40 per 1000 (0.16 × 0.26), 
while the population risk of women is only 7 per 1000 
(0.10 × 0.26 × 0.26). This may explain why alcoholic CP is more 
common in men than women.

CPA1-associated pancreatitis
Mutations in the carboxypeptidase A1 gene (CPA1) are linked 
to patients with nonalcoholic CP, usually with early age of onset 
[131]. Carboxypeptidase A1 is pancreatic digestive enzyme that 
hydrolyzes C-terminal peptide bonds in dietary polypeptides 
that are exposed by chymotrypsins and elastases. It is the most 
abundant digestive enzyme after trypsin, and contributes up to 
10% of total protein. Risk of CP is unrelated to trypsin activa-
tion mechanisms, and over thirty-five different rare mutations 
have been identified. Functional studies demonstrated that 
many of the variants had less than 20% of expected activity and 
were not secreted from experimental cells [131]. This suggests 
that the mutated peptides are misfolding, causing stress inside 
the endoplasmic reticulum. The low-activity mutants were 
found in 3.1% of cases compared to 0.1% of controls (OR = 25). 
The finding has been repeatedly replicated and found to be 
especially prevalent in children. The clinical course and treat-
ment options have not been delineated.

References are available at www.yamadagastro.com/textbook

and provides strong rationale for avoidance of the environmen-
tal factors to which the patient will be hypersensitive (i.e. 
alcohol, smoking).

One of the important concepts in understanding the RAP-CP 
syndrome is that RAP does not always progress to CP, and that 
a number of risk factors have been identified that increase the 
risk of progression. The practical importance is that recognition 
of RAP provides the opportunity for the physician to review risk 
for CP, and implement strategies to reduce progression. Patients 
with RAP from any etiology may, but will not always develop 
CP. A number of studies indicate that RAP precedes CP by two 
to five years, but the rate of progression is highly variable 
[13,116–118], indicating both a sequenced process and the effect 
of modifying factors. About a quarter of patients with CP do not 
have clinically recognized AP prior to diagnosis [114], but the 
fact that the majority of CP patients do have a history of RAP 
indicate that this is a major pathologic pathway as envisioned in 
the sentinel acute pancreatitis event (SAPE) model [1,5,119].

The RAP-to-CP sequence occurs in genetic disorders such as 
hereditary pancreatitis [10,13], and this sequence has been rep-
licated in population-based epidemiological studies of non-
genetic etiologies, such as alcoholic AP and idiopathic AP. After 
an episode of AP, the risk of developing CP over the next 10 
years is five times higher in patients with RAP then those 
without RAP [118], indicating that RAP is a major risk factor 
for the later development of CP [117,118,120,121].

Other pancreatitis susceptibility and 
modifier genes

Several genes have been associated with risk of pancreatitis 
when found in conjunction with other pancreatitis susceptibil-
ity factors as part of a complex geneotype. The best studied is 
chymotrypsinogen C (CTRC) gene [18,114,122]. Others include 
the calcium sensing receptor (CaSR) gene [123,124]and the 
gamma-glutamyltransferase 1 (GGT1) gene [125].

Chymotrypsinogen C is a pancreatic digestive protease that 
is synthesized and processed along with other pancreatic 
zymogens. It appears to play a critical protective role in activat-
ing and degrading trypsin. In solutions with low concentrations 
of calcium trypsin is rapidly degraded at Arg-122–Val-123 by 
other trypsin molecules, and CTRC digests trypsinogen and 
trypsin at Leu-81–Glu-82, leading to rapid inactivation [18,126], 
and protection from further trypsin-mediated damage. 
Inactivating mutations in the CTRC gene increases the risk of 
sustained trypsin activation and pancreatitis [122,127]. A recent 
study found that pathogenic CTRC variants linked to a haplo-
type defined by G60G results in a high risk of CP in patients 
who drink alcohol, and especially who smoke, but did not 
increase risk of recurrent AP [114]. This suggests that CTRC 
acts as a modifier gene for progression to fibrosis in concert with 
other susceptibility factors that are susceptibility factors for 
recurrent AP.

http://www.yamadagastro.com/textbook
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CHAPTER 86

Introduction

Cystic neoplasms of the pancreas (CNP) were once considered 
extremely rare with the assumption that fewer than 10% of 
cystic lesions of the pancreas were neoplasms (Table 86.1). The 
distinction between serous and mucinous pancreatic cystic neo-
plasms was made about 40 years ago and the nomenclature 
defining intraductal papillary mucinous neoplasms (IPMNs) is 
only 20 years old. The increasing frequency of these lesions is 
in part related to increased awareness of their existence, but 
even more the increased use of cross-sectional imaging, which 
has led to incidental discovery of many pancreatic cysts. Studies 
using computed tomography (CT) and magnetic resonance 
imaging (MRI) have shown that the prevalence of pancreatic 
cysts (in individuals without history of symptoms of pancreatic 
disease) is about 2.5% [1,2], and that this increases with age with 
pancreatic cysts found in 10% of persons 70 years or older [1]. 
Most of these asymptomatic incidental pancreatic cysts are 
likely to be small branch duct IPMNs, but firm pathologic proof 
is lacking. Nonetheless, because of the known malignant poten-
tial, their identification generates need for subsequent imaging, 
and sometimes invasive testing or surgery.

This chapter provides an overview of the most common pan-
creatic cystic neoplasms, including management, especially 
focusing on branch duct IPMNs (which likely represent a sig-
nificant majority of CNP), and the role of endoscopic ultra-
sound (EUS) in the diagnosis and management of the patient 
with an incidentally-discovered pancreatic cyst.

Mucinous cystic neoplasm

Mucinous cystic neoplasm of the pancreas (MCN) is a relatively 
uncommon tumor that comprises about a quarter of all resected 
CNPs in large surgical series [3]. This tumor is predominantly 
seen women (>95%) in the distal pancreas (>95%), and, unlike 
branch duct IPMNs, is always a solitary lesion [4–6].

Macroscopically, MCNs present as a round large mass 
(ranging up to 35 cm) with a fibrous pseudocapsule of variable 
thickness and frequent calcifications. Although typically uniloc-
ular, they can be multilocular, which in addition to the presence 
of internal papillary projections and/or mural nodules, corre-
lates significantly with malignancy [7,8]. The presence of a 
dense ovarian-like stroma surrounding the tumor and an inner 
epithelial layer with tall, mucin-producing cells are pathogno-
monic histologic findings. This ovarian-like stroma stains posi-
tively for vimentin, smooth muscle actin, progesterone receptors 
(PR), and estrogen receptors (ER). In addition to the various 
degrees of atypia, ranging from noninvasive to invasive carci-
noma, the epithelium can display areas with pseudopyloric, 
gastric foveolar, small and colonic intestinal differentiation, 
with scattered neuroendocrine cells. Based on the highest 
degree of architectural and cytologic atypia, noninvasive MCNs 
are subcategorized into MCN with low-grade dysplasia, moder-
ate dysplasia, or high-grade dysplasia (carcinoma-in situ). Up 
to one-third of MCN in surgical resection series are associated 
with an invasive cancer, which resembles the typical pancreatic 
ductal adenocarcinoma; colloid carcinoma is very rare [9]. The 

Chapter menu

Introduction, 1748

Mucinous cystic neoplasm, 1748

Serous cystadenoma, 1750

Solid pseudopapillary neoplasm, 1750

Cystic pancreatic endocrine neoplasm, 1751

Intraductal papillary mucinous neoplasm, 1751

Role of imaging, EUS, and cyst fluid analysis in the differential 
diagnosis and treatment of CNP, 1757

Surgical treatment, 1760

Further reading, 1760

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


Cystic lesions of the pancreas CHAPTER 86   1749

Mutations in p53 and SMAD4 typically occur in high-grade 
dysplasia and invasive carcinomas [13,14]. RNF43, a suppressor 
gene that codes for a protein with intrinsic E3 ubiquitin ligase 
activity, is also mutated in both MCNs and IPMNs. GNAS muta-
tions are found in many IPMNs but are not seen in MCNs [14].

The predominance in women, the predilection for the pan-
creatic tail, and the shared clinical and pathologic features with 
mucinous cystic neoplasms in the liver and retroperitoneum, 
suggests a distinct pathogenesis. The left primordial gonad and 
the dorsal pancreatic anlage (which gives rise to the pancreatic 
body and tail) and a portion of the head of the pancreas, lie 
in close proximity at an early (fourth to fifth week) stage of 
development [7,15]. It has been proposed that ectopic ovarian 
stroma in the pancreas tail, biliary tree and retroperitoneum, 
may release hormones and growth factors, stimulating local 
endodermally-derived epithelium to proliferate and form cystic 
tumors.

The median age of diagnosis is 45 and 48 years (range 16–84), 
and most patients present either incidentally or with vague 
symptoms. About 10% of patients present with acute pancrea-
titis and 12% with a palpable mass [4,5]. The typical radiologic 
presentation is that of a thick-walled single cyst located in the 
neck, body, or tail of the pancreas, often with septations, and 
occasionally with nodules or calcifications [6]. Both MCN and 
IPMN typically have elevated cyst concentrations of CEA, 
which can be used to differentiate these lesions from macro-
cystic serous cystadenoma [16,17]. However, it can be difficult 
preoperatively to differentiate MCN from IPMN [16,17]. While 
the absence of communication between the main pancreatic 
duct and the cyst favors the diagnosis of MCN over IPMN, 
communication between the main pancreatic duct and the cyst 
on endoscopic retrograde cholangiopancreatography (ERCP) 
has been seen in up to 15% of pathologically confirmed MCN 
[5]. Similarly, underfilling of the branch ducts with contrast at 
ERCP, due to mucin plugs may also been seen in cases of IPMN.

The risk of malignancy in MCN is 17.5%. In one surgical 
series, all malignant tumors had either nodules, or were greater 
than 4 cm in size [4]. Because malignant MCNs are significantly 
larger (8.2 cm vs. 4.5 cm) and are diagnosed in older patients 
(49.5 years vs. 44 years), it is presumed that the tumor evolves 
slowly over time; however, the relatively low frequency of cancer 
suggests that not all MCNs progress, and identifying those 
patients who are not at risk and could potentially be spared an 
operation is a desirable goal.

Currently, treatment is surgical resection. The basis for this 
universal recommendation of surgery is based on the fact that 
the majority of the patients are young and would otherwise 
require lengthy surveillance; most of the lesions are located in 
the body and tail of the pancreas where surgical management 
in high volume experienced centers carries negligible mortality 
and low morbidity; and unlike IPMN, MCN do not require 
surveillance after surgical resection (unless there is evidence of 
invasive cancer) [18]. Patients with small presumed MCNs 
(unilocular, pancreatic body/tail location, female gender, middle 

epithelial markers include endomysial antibody (EMA), carci-
noembryonic antigen (CEA), cytokeratins [7,8,10,11] and the 
gastric foveolar type markers MUC5AC, with MUC1 are present 
in high-grade MCNs and invasive carcinoma. SMAD4 protein 
is typically intact in noninvasive MCNs but may be absent in 
areas of invasive carcinoma [7].

Similar to studies of preinvasive pancreatic ductal adenocar-
cinoma, KRAS mutations in codon 12 have been described in 
early low-grade dysplastic MCNs, and increase in frequency 
with advancing degrees of dysplasia and invasive cancer [12]. 

Table 86.1 Classification of cystic neoplasms of the pancreas (including 
similar lesions).*

Epithelial neoplasms

Serous cystadenoma

Mucinous cystic neoplasm (MCN) and MCN-associated carcinoma

Intraductal papillary mucinous neoplasm and IPMN-associated 
carcinoma

Solid pseudopapillary neoplasm

Pancreatic ductal adenocarcinoma with cystic degeneration

Cystic pancreatic endocrine neoplasm (CPEN)

Acinar cystadenoma and cystadenocarcinoma

Dermoid cyst (cystic teratoma)

Intraductal papillary variant of acinar cell carcinoma

Intraductal tubulopapillary neoplasm

Nonepithelial

Lymphangioma

Epidermoid cyst in intrapancreatic spleen

Cystic pancreatic hamartoma

Mesothelial cyst

Lesions resembling pancreatic cystic neoplasms

Pseudocyst

Lymphoepithelial cyst (epidermoid cyst)

Mucinous nonneoplastic cyst

Enteric duplication cysts

Endometrial cyst

Hydatid cyst

Retention cyst

Accessory splenic cyst

Cystic pheochromocytoma

Cystic gastrointestinal stromal tumor

Retention cyst

Squamoid cyst

*Clinically common and important diseases highlight in bold text.
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peripheral cysts on imaging such as EUS, and the low CEA level, 
support the diagnosis of a oligocystic serous cystadenoma [16].

Up to 12% of patients with von Hippel–Lindau (VHL) syn-
drome may have multiple oligocystic SCA [32]. These VHL-
related SCA follow a benign course, with resection again being 
reserved primarily for symptomatic patients [33]. Sporadic SCA 
have genetic alterations, including VHL mutations and overex-
pression of vascular endothelial growth factor (VEGF), that are 
also seen in the VHL syndrome [34]. Up to 40% of sporadic 
SCA have allelic loss in chromosome 3, the site of the VHL gene 
[35]. As in other VHL-related clear cell tumors, there is a promi-
nent capillary network immediately adjacent to the epithelium 
of SCA, confirming that a clear cell-angiogenesis association is 
also valid for this tumor type. Molecules implicated in clear cell 
tumorigenesis (e.g. CD31, VEGF, hypoxia-inducible factor 
[HIF]-1-α) are also consistently expressed in SCA. This may 
have biologic and therapeutic implications, especially consider-
ing the rapidly evolving drugs targeting these pathways [36].

Solid pseudopapillary neoplasm

Solid pseudopapillary neoplasm of the pancreas (SPN) is a very 
uncommon lesion that comprises less than 4% of resected pan-
creatic cystic tumors. Prior to its inclusion in the World Health 
Organization (WHO) classification, it had been known by a 
variety of different names including papillary epithelial neo-
plasm of the pancreas, solid and cystic tumor of the pancreas, 
adenocarcinoma of the pancreas of childhood, papillary-cystic 
tumor and solid and papillary epithelial neoplasm [37]. It pre-
dominantly affects women (>80%), and the median age has 
been between 30 and 38 years, although 20%–25% of cases are 
found in the pediatric population [38–40].

SPNs can be located anywhere in the pancreas, and can be an 
incidental finding or present with a variety of symptoms, includ-
ing abdominal pain, pancreatitis, jaundice, or a palpable mass. 
Due to its slow growth, SPN often remain asymptomatic until 
the tumor has enlarged considerably. Radiologically, it presents 
as a well-demarcated heterogeneous mass with solid and cystic 
components, with a peripheral capsule which shows calcifica-
tion on rare occasions. EUS-guided fine needle aspiration 
(FNA) or core biopsy is often diagnostic, showing uniform cells 
forming microadenoid structures, branching, papillary clusters 
with delicate fibrovascular cores. Immunohistochemical analy-
sis can be used to confirm the diagnosis [41]. Some SPN show 
reactivity with S-100 and weak reactivity with epithelial markers 
such as AE1/AE3 and CAM 5.2 (CK8). Progesterone receptor 
positivity and abnormal nuclear and cytoplasmic β-catenin 
expression are also commonly seen. Neuroendocrine markers 
such as synaptophysin show focal reactivity. The additional 
presence of galectin-3 and CD10 are used to differentiate SPN 
from endocrine neoplasms. Overall, the proliferation (Ki-67) 
index is low (<5%), consistent with the slow growth of the 
tumor. SPN is genetically distinct from ductal adenocarcinoma, 

age, elevated cyst fluid carcinoembryonic antigen (CEA)) that 
are devoid of nodules, and elderly patients, can potentially be 
managed with observation, but life-long close surveillance is 
mandatory.

The prognosis is excellent unless there is invasive carcinoma 
with either extracapsular or diffuse intracapsular infiltration 
[4]. The overall 5 year survival of invasive mucinous cystaden-
ocarcinoma is 62%, being worse in patients over the age of  
50 years of age, and those with tumor wall and peritumoral 
invasion [5].

Serous cystadenoma

Serous cystadenoma of the pancreas (SCA) is a benign, slow-
growing tumor that predominantly affects women (∼75%); the 
mean age of patients undergoing resection has been 62 years 
[10,11,19,20]. SCA account for about 16% of resected cystic 
tumors of the pancreas. Morphologically, the typical SCA is a 
tumor formed by many tiny cysts lined by a cuboidal epithelium 
that is glycogen rich, and has a “honeycomb” appearance. A 
variant that is oligocystic or macrocystic has also been described 
in about 10% of cases [10,21]. Very few cases of malignant 
serous cystadenoma (on the basis of presence of concomitant 
tumors in the liver or other extrapancreatic sites) have been 
described, and represent <1% of patients [19,22,23]. In one 
pathology series, head location and large size were predictive of 
aggressive behavior, defined as direct invasion into adjacent 
organs or blood vessels, or metastasis to lymph nodes or other 
organs [24]. SCA can be located anywhere in the pancreas. Most 
are currently diagnosed incidentally, but depending on their 
location and size, they can occasionally cause jaundice, pancrea-
titis, abdominal pain, or present as a palpable mass. Because this 
is a benign tumor, treatment, which is surgical resection, should 
be driven by the presence of symptoms, rather than the very low 
risk of malignancy. Patients managed nonoperatively may be 
monitored with imaging at periodic intervals to ensure that 
rapid growth (making likelihood of symptoms higher and also 
potentially leading to a bigger or more complex operation) is 
not occurring [10,25–27].

Management by observation with or without serial imaging 
is dependent on having a secure diagnosis. This is sometimes 
derived from a classical radiologic appearance, which is that of 
a “spongy” multilobular mass, often with a central calcification. 
However, central calcification is only seen in about 30% of cases. 
The radiologic finding can on occasion be confused with a solid 
pancreatic endocrine neoplasm [28–30]. For this reason, EUS-
guided biopsy and aspiration of fluid may be needed to support 
the diagnosis [31]. Fluid from SCAs characteristically have very 
low CEA levels (typically <5 ng/mL), but can often be difficult 
to acquire from the microcystic variant compared with the oli-
gocystic variant. The oligocystic variant is more difficult to diag-
nose as its radiologic features overlap with MCN and branch 
duct IPMN. In this clinical situation, the presence of small 
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CPENs are less likely to demonstrate tumor necrosis, perineural 
invasion, vascular invasion, regional lymph node metastasis, 
and synchronous distant metastasis [53]. Several series have 
demonstrated CPEN with malignant potential [59–61]. Like all 
endocrine pancreatic tumors, malignancy is difficult to predict 
based on biopsy alone (either cytology or core biopsy), or even 
with examination of the resected tumor at the time of surgical 
resection. Currently, surgical resection is recommended for all 
patients, and long-term survival is excellent (>85%) [49–51].

Both solid and cystic pancreatic endocrine tumors are being 
discovered incidentally with increasing frequency. While con-
ventional wisdom has been to resect all of these lesions (given 
their uncertain behavior), this has been challenged. A recent 
paper described observation alone in a cohort of 77 patients 
with small, nonfunctioning PENs yielded comparable surgical 
management [62]. Whether this extends as well to CPEN is 
unclear.

Intraductal papillary mucinous neoplasm

The term “mucinous ductal ectasia” was used for many years to 
describe an entity characterized by gross dilation of the pancre-
atic duct due to overproduction of mucus from a proliferative 
epithelium with papillary growth. The tumor occasionally 
eroded into the duodenum or bile duct, and patients often had 
had pancreatitis-like symptoms for years. While cancer was 
often present in the tumor, it was often confined to the duct or 
was minimally invasive. This disease is now recognized to be an 
advanced form of main-duct intraductal papillary mucinous 
neoplasm (MD-IPMN), and we now also recognize that this 
neoplastic proliferation can involve the side branches of the 
pancreatic ductal system, either alone (branch duct IPMN or 
BD-IPMN), or in combination (mixed or combined IPMN) 
[63]. The risk of malignant transformation in mixed IPMNs is 
similar to that of MD-IPMN, and they are managed in a similar 
manner. Although carcinomatous invasion is reported in 30% 
to 50% of MD-IPMN or mixed-IPMN, the sensitivity of preop-
erative imaging is imperfect, with less than 80% of invasive 
cancers detected preoperatively [64–67]. The branch duct 
variant (BD-IPMN) for a long time was confused with muci-
nous cystic neoplasms; it has a different epidemiology and risk 
of cancer compared to main and combined type IPMN (both of 
which as noted share most features), based primarily on differ-
ing histologic subtypes which can only be determined by surgi-
cal pathology [68,69]. The overall risk of carcinomatous 
transformation in BD-IPMN is 24% in surgically resected series, 
and is estimated to be between 1% to 2 % per year in surveil-
lance studies [18,70].

IPMN are increasingly detected, and accordingly, the number 
of patients with IPMN undergoing surgical resection is increas-
ing, now accounting for up to 50% of all resected pancreatic 
cysts (compared with 3% before 1990) [3,71]. With the increased 
use of cross-sectional imaging for the work-up of pancreatic and 

and is characterized by activation of the β-catenin pathway, with 
β-catenin mutations, alterations of the Wnt pathway and disor-
ganization of E-cadherin detected in up to 90% of SPN [42–45]. 
Cyclin D1, a downstream transcriptional target of β-catenin, is 
over expressed in most cases [46]. The common expression of 
progesterone and the strong predilection for females suggests a 
hormone dependent tumor. However, estrogen receptors are 
not typically found [47].

Most SPNs exhibit a benign behavior, and even those that 
have vascular or perineural invasion, lymph node involvement 
or liver metastases (<20%) can have a very indolent course 
[38–40]. Rarely, presentations including multicentric tumors in 
the pancreas and extrapancreatic sites, such as mesocolon, ret-
roperitoneum, omentum, liver and duodenum, possibly due to 
synchronous spread, have been seen. Although the Ki-67 pro-
liferation index has been suggested as a potential malignant 
indicator, clear-cut criteria for malignancy have not been estab-
lished, and it is not possible to predict behavior and natural 
history of SPN based on size or histologic criteria [41]. Hence, 
treatment is surgical resection. Tumor enucleation and incom-
plete tumor resection are to be avoided due to the high-risk of 
tumor dissemination and higher recurrence rate. Chemother-
apy or radiotherapy in the adjuvant, neoadjuvant or metastatic 
setting have no defined role in the management of this disease 
[48]. The overall 5 year survival is close to 97% in patients 
undergoing surgical resection. Death caused directly by the 
tumor is rare, and long-term survival has been described even 
in the presence of asymptomatic disseminated disease.

Cystic pancreatic endocrine neoplasm

Cystic pancreatic endocrine neoplasms (CPEN) represent about 
8% of resected cystic tumors of the pancreas [3], and between 
10% and 17% of resected pancreatic neuroendocrine tumors 
[49–51]. Most CPEN are discovered incidentally and nonfunc-
tional, but rarely can be functional (see also Chapter 88). CPENs 
are more likely to occur in patients with multiple endocrine 
neoplasia type I (MEN I), and have also been reported in VHL 
and Wermer syndromes [51,52]. While typically unifocal, rarely 
they have been reported to be multifocal [53]. There is no 
gender predilection, and the mean age of diagnosis is in the 
sixth decade [53–56]. Radiologically, they present as a cystic 
lesion, often with a hypervascular rim and occasionally with 
septation or a solid component within it [49]. Microcystic 
degeneration of large solid pancreatic endocrine neoplasms may 
occur, but they may also arise in a thin-walled cyst, which may 
be morphologically indistinguishable from MCNs and contain 
variable degrees of focal or concentric wall thickening [57]. 
Many CPEN are indistinguishable from other pancreatic cystic 
neoplasms on preoperative CT or MRI imaging [53]. Fluid aspi-
rated by EUS characteristically has very low CEA levels and the 
yield of FNA cytology is high, compared with other CNPs (73% 
vs. 20%) [54,58]. In comparison with their solid counterparts, 
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and poor prognosis as PDAC. It has been hypothesized that 
pancreatic duct glands give rise to both PanIN (pancreatic 
intraepithelial neoplasm, the precursor of PDAC) and gastric 
type BD-IPMN, to account for the similar biology and outcome 
[45,77,81]. This concept is supported by the increased preva-
lence of pancreatic cysts (presumed BD-IPMN) in high-risk 
pancreatic cancer families [82]. In fact, the differentiation of 
gastric IPMNs from PanIN-1 is based only on the size and cystic 
dilatation. Both gastric IPMNs and PanIN lesions can be associ-
ated with foci of lobular fibrosis, and immunostain for 
MUC5AC. These observations raise the question of whether 
gastric-type IPMNs are features of diffuse PanIN-1 disease 
rather than a distinct entity [83].

Pancreaticobiliary-type IPMNs are less common, typically 
involve the main pancreatic duct, have cells that are MUC1 and 
MUC5AC positive, and MUC2, MUC6 and CDX2 negative. 
They are usually associated with high-grade dysplasia. Invasive 
carcinomas associated with this subtype have features of PDAC 
[79,84]. Oncocytic-type IPMNs arise most frequently in 
MD-IPMN and can extend into the branch ducts. They are 
characterized by the presence of oncocytic cells (an epithelial 
“cell” characterized by an excessive amount of mitochondria, 
resulting in an abundant acidophilic, granular cytoplasm) and 
typically show severe atypical or carcinoma-in-situ, being dif-
fusely positive for MUC6 and focally positive for MUC1 [85].

The tubulopapillary-type (ITPM) is the most recently defined 
variant of IPMN. within contrast to other IPMNs, there is no 
macroscopically or microscopically detectable mucin, the 
growth pattern is solid with multiple well-circumscribed neo-
plastic nodules, two-thirds have high-grade dysplasia with inva-
sive cancer, and they do not present the sequential progression 
usually seen with intestinal type. Immunohistochemically, the 
cells of the tubulopapillary-type (ITPM) are MUC6-positive 
and focally MUC-1 positive [86].

The molecular alterations seen in IPMN are similar to those 
seen in PDAC, including KRAS, p16/CDKN2A, SMAD4 and 
TP53, but at a lower frequency. KRAS mutations tend to occur 
early, and TP53 mutations occur in patients with more advanced 
disease, with 9.1% of intermediate-grade IPMNs, 38.1% of high-
grade IPMNs and 75% of invasive cancer associated with TP53 
mutations, and none seen in low-grade IPMNs [87]. KRAS (17% 
vs. 58%) and TP53 mutations (11% vs. 58%) occur less fre-
quently in oncocytic type of IPMN than the pancreaticobiliary 
type, possibly accounting for the lower rates of invasion, nodal 
metastases and better outcomes in oncocytic compared with 
pancreaticobiliary type IPMN [88]. It has been recently noted 
that over 96% of all IPMNs have either a GNAS or KRAS muta-
tion, with more than half having a mutation in both [14,89]. The 
GNAS gene encodes a G protein alpha subunit (G alphas or 
Gsα), which is a ubiquitously expressed signal transducer that 
transmits hormonal and growth factor signals to effector pro-
teins. A specific GNAS mutation hotspot (codon 201) is seen in 
IPMN, but not conventional PDAC, suggesting it is driving an 
IPMN specific pathway [14,89]. GNAS mutations tend to be 

nonpancreatic conditions, the most common presentation of 
IPMNs has changed over the years, with most IPMNs, especially 
BD-IPMNs, found incidentally. Overall, symptoms are present 
in only 2%–20% of patients and include abdominal pain, pan-
creatitis and jaundice [3,72,73]. The 5 year survival rate for 
surgically resected noninvasive IPMNs is 90% to 100%, while 
that for surgically resected invasive IPMNs is 31% to 60%. 
Colloid type carcinoma has a better prognosis than tubular type. 
However, overall IPMN-associated cancers have a better prog-
nosis than regular pancreatic ductal adenocarcinoma (PDAC) 
when matched for pathologic features, until lymph nodes 
become involved, at which stage both IPMN associated cancer 
and PDAC share a similar poor prognosis [74].

Microscopically, the epithelial component of the IPMN, 
either the lining of the main ecstatic duct or the cystically 
dilated branch ducts, is divided into noninvasive or invasive 
neoplasms. The noninvasive IPMNs are graded on the basis of 
the greatest degree of dysplasia, and classified into low-grade, 
moderate-grade and high-grade dysplasia or carcinoma-in-situ. 
Invasive IPMNs are either colloid or tubular, with the latter 
having a worse prognosis, similar to conventional PDAC [75–
77]. Further histologic subtyping of epithelial differentiation is 
based on the cell lineage, the morphology of the papillae and 
the immunophenotype, and include classification into intesti-
nal, gastric, pancreaticobiliary and oncocytic subtypes 
[64,75,77–79]. Differentiating these epithelia subtypes is clini-
cally relevant because of the specific risk of malignant transfor-
mation associated with each subtype. Early IPMNs show pure 
lineage features as well as a single grade of differentiation, 
whereas the more advanced neoplasms exhibit a mixture of cell 
lineage, heterogeneous grade of differentiation, and coexpress 
different immunohistochemical markers. For example, the 
gastric subtype of epithelium can be seen in association with the 
pancreaticobiliary type of IPMNs, whereas is it uncommon to 
find intestinal and pancreaticobiliary epithelium within the 
same IPMN.

The epithelial lining of most MD-IPMNs has an intestinal 
phenotype, and expresses the typical intestinal lineage markers 
CDX2 and MUC2, as well as the foveolar marker MUC5AC. 
They do not express MUC1 and MUC6 [63]. MD-IPMNs 
exhibit marked heterogeneity of dysplasia within the tumor 
(similar to villous adenomas of the colon). The risk of harboring 
malignancy is high, with invasive carcinoma found in 45% of 
cases, and high-grade dysplasia (i.e. carcinoma-in-situ) in an 
additional 20% [68]. Invasive carcinomas arising from intestinal 
type IPMN are often of the colloid variety, which has a more 
indolent behavior [45,75,77].

The majority of BD-IPMNs have a gastric type epithelium 
and are MUC5AC-positive but MUC1-negative, with MUC2 
highlighting only the scattered goblet cells, but other histologic 
BD-IPMN subtypes (oncocytic, intestinal and pancreaticobil-
iary) do exist [77,79,80]. Gastric type BD-IPMNs are typically 
low-grade, with a small percentage developing usually a tubular 
type adenocarcinoma, which has the same histologic features 
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pressure from frank neoplastic invasion. Over time, the pancre-
atic acinar parenchyma surrounding and retrograde to the 
MD-IPMN can be replaced by fibrous tissue due to pancreatitis 
from long-standing ductal obstruction.

ERCP can often visualize the filling defects from the tumors 
or mucus, and allows for brushings and fluid aspiration, and if 
pancreatoscopy is done it can sometimes visualize the papillary 
or villous growths (Figure 86.3). EUS demonstrates the dilated 
pancreatic duct, provides morphologic detail of the solid com-
ponents within it, and allows for targeted biopsies [63]. Treat-
ment is surgical resection. It is very important to localize the 
tumor well preoperatively although this is often difficult because 
the entire ductal system is dilated. Liberal use of frozen section 

seen more commonly in the intestinal subtype of IPMN (100% 
of all intestinal IPMNs in one study) and KRAS mutations are 
seen more commonly in the pancreaticobiliary subtype [90]. 
The presence of multiple KRAS and GNAS mutations in a single 
patient support the concept of the polyclonal origin of IPMNs, 
and that multifocal IPMNs are independent lesions, underscor-
ing the need for continued surveillance of the remaining pan-
creas after partial resection for IPMN, in order to identify early 
new independent lesions [91]. Less common mutations in 
IPMN include PIK3CA and BRAF.

Loss of expression of tumor suppressor genes, including p16/
CDKN2, CDKN1C and ppENK, due to hypermethylation, is 
seen at a greater rate in IPMN compared with PDAC. There is 
an increasing number of hypermethylated loci with higher 
grades of IPMN dysplasia [92,93]. Evolving data suggests a role 
for microRNA (miRNA), small noncoding RNA molecules that 
function in the posttranscriptional regulation of gene expres-
sion in the pathogenesis of IPMN. Certain miRNAs, including 
miR-155, -21, and -122, have been reported to be up-regulated 
in most noninvasive IPMN, with increased overexpression in 
high-grade IPMNs [94–96].

The etiology of IPMNs is unclear. However there does appear 
to be a genetic component. The familial predisposition to pan-
creatic cancer is associated with the development of IPMNs, 
with the frequency of IPMNs detected in patients with familial 
pancreatic cancer ranging from 10% to 18% [82]. Of interest, 
IPMN involves three generations without a history of familial 
pancreatic cancer, and no alterations in BRCA2, p16, or 
CDKN2A, has been reported [97].

MD-IPMN
Main and combined type IPMN occur more frequently in men 
throughout the world, but the male-to-female ratio is highest in 
Asia (3:1) [98]. In one large series, the median age at diagnosis 
was 66 years, with a range of 31 to 87 [68]. The most common 
presenting symptom is abdominal pain (55%), followed by 
weight loss (45%), jaundice (17%), and acute pancreatitis (15%); 
in about 17% of patients, the diagnosis is made incidentally [68]. 
In two-thirds of patients, the tumor is located in the proximal 
pancreas (i.e. head), and in 8% it affects the entire gland. Radio-
logically, there is dilation of >6 mm of the main pancreatic duct, 
often extending into secondary branches. Solid components can 
be observed within the lumen or duct wall, as well as calcifica-
tions. The pancreas can be either enlarged or appear atrophic 
(Figures 86.1 and 86.2) [63]. Endoscopically, a bulging papilla 
extruding mucus can be seen in about a third of cases of 
MD-IPMN, and is considered pathognomonic of this entity. 
This feature tends to be more consistently seen in advanced 
stages of the disease, being found in 73% of patients with 
carcinoma-in situ or invasive cancer, but only 39% of patients 
with hyperplasia and adenoma [99]. In advanced cases, IPMN 
can create fistulas with adjacent organs such as the stomach, 
duodenum and bile duct [100]. In these circumstances, it is 
important to differentiate a primary fistula due to mechanical 

Figure 86.1 Computed tomography (CT) scan shows a diffusely enlarged 
main pancreatic duct and atrophic pancreas suggestive of main-duct 
intraductal papillary mucinous neoplasm (IPMN).

Figure 86.2 Endoscopic ultrasound (EUS) shows a dilated main 
pancreatic duct with a 15 mm intraductal epithelial nodule in the head of 
the pancreas.
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(range 1.4%∼36.7%) [18]. However, in surveillance studies of 
presumed BD-IPMNs, the actuarial risk of developing cancer 
has been reported to be as high as 20% over a 10 year period 
(about 2% per year) (Table 86.2). Estimates of cancer risk may 
be compounded as Japanese investigators have reported the 
development of concomitant PDAC independent from 
BD-IPMNs within the pancreas. In one study of 183 resected 
invasive cancers seen in patients with IPMN, 66% were classi-
fied as PDAC derived from IPMN and 17% as PDAC concomi-
tant with IPMN. These findings support the concept of a 
pancreas “field defect” which may give rise to both IPMN and 
PDAC, and the importance of carefully reviewing the entire 
pancreatic parenchyma in addition to the cyst [101]. One study 
suggested that the BD-IPMNs associated with concomitant 
PDAC were predominantly of the gastric subtype [102].

Clinical evaluation of presumed BD-IPMN
Diagnosis and cancer-risk stratification are the two main clini-
cal challenges for management of patients with BD-IPMN. 
While the presence of multiple pancreatic cysts in the setting 
of a normal pancreatic duct is strongly suggestive of a multifo-
cal BD-IPMN, the presence of a solitary pancreatic cyst of any 
size is a diagnostic challenge. The presence of ductal commu-
nication on MRI may favor a BD-IPMN over an MCN, but 
this is not always seen; and a clinical history of pancreatitis 
may be seen with both solitary pseudocyst and BD-IPMN. 
Although additional imaging with EUS with identification of 
ductal communication, internal significant nodules, and ele-
vated cyst fluid CEA level may be helpful, patients with pre-
sumed BD-IPMNs are often managed in the absence of a 
definite diagnosis. The difficulty in preoperative diagnosis is 
highlighted by a recent study demonstrating that many patients 
undergoing surgery for presumed BD-IPMN, were found to 
have main pancreatic duct involvement or an alternate diag-
nosis on pathologic review [103].

Guidelines for management of presumed BD-IPMN
For patients with a definite diagnosis of BD-IPMN or those with 
a strong suspicion of a presumed BD-IPMN, risk-stratification 
for cancer development, a crucial determinant of either opera-
tive or nonoperative (surveillance) management, remains a 
major challenge. The original Sendai guidelines published in 
2006 suggested that surgical resection is indicated for patients 
with definite or presumed BD IPMN, cysts greater than 3 cm, 
or for cysts less than 3 cm with symptoms, a dilated main pan-
creatic duct greater than 6 mm, or nodule [104]. The guideline 
suggested that the remainder of patients can be managed non-
operatively with routine surveillance. Evaluation of these origi-
nal Sendai guidelines on retrospectively collected surgical 
BD-IPMN patients showed a low positive predictive value 
(PPV) of ∼20%, meaning that for every five surgical resections, 
only one patient had an advanced lesion; and whereas initial 
studies suggested a high negative predictive value (NPV), 
meaning no cancers are missed. More recent studies have 

margins and intraoperative pancreatoscopy and/or ultrasound 
is recommended to ensure no tumor with high-grade dysplasia 
or more advanced lesion remains [63]. Many elderly patients 
with a history of recurrent pancreatitis extending over 20 years 
or more. The consequences of a pancreatic resection in these 
elderly or frail individuals need to be weighed carefully against 
the potential benefit.

BD-IPMN
BD-IPMNs account for the majority of asymptomatic incidental 
pancreatic cysts [2]. However, BD-IPMNs can occasionally be 
symptomatic, including presenting with pancreatitis. Imaging 
features of BD-IPMNs range from an isolated subcentimeter 
pancreatic cyst to larger multicentimeter solitary collections of 
pancreatic cysts. With improved imaging and pathologic assess-
ment, BD-IPMNs manifest a diffuse multifocal disease with 
21% to 41% of patients having multiple BD-IPMNs (>2) of 
varying sizes scattered throughout their pancreas. This “field 
defect” has implications not only for diagnosis but also for post-
operative surveillance; unlike MCN, surveillance of the residual 
pancreas after resection of a noninvasive BD-IPMN is required 
due to the risks of progression of residual BD-IPMNs, and the 
development of new BD-IPMN and concomitant PDAC.

BD IPMN and risk of malignancy
BD-IPMNs are all considered premalignant, but the risk varies 
based on the size, associated features, (e.g. nodules), multiplic-
ity, and the underlying epithelial subtype. The mean frequency 
of malignancy (defined as high-grade dysplasia and invasive 
cancer) in surgically resected BD-IPMN is 25.5% (range 
6.3%∼46.5%) and the mean frequency of invasive cancer 17.7% 

Figure 86.3 Endoscopic image of gaping “fish-mouth” major ampulla 
(left) and prominent minor papilla (right) suggestive of main-duct 
intraductal papillary mucinous neoplasm (IPMN).
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cyst basis rather than on the collective cysts. Partial pancreate-
ctomy is the preferred method of treatment for disease confined 
to just one area of the pancreas, or of the area deemed to be at 
highest risk of developing malignancy; postoperatively, surveil-
lance of the residual pancreas remains important. Rarely, total 
pancreatectomy is necessary [112].

Surveillance strategies
With the accepted low but persistent risk of malignancy in the 
majority of BD-IPMNs, the role of surveillance in the nonopera-
tive management of presumed BD-IPMNs has been further 
refined. In cumulative series of surveillance for presumed 
BD-IPMN, the surgical intervention rate is <10% and the risk 
of finding an associated malignancy is <5%, suggesting that the 
overall risks are very low even in these highly selected surveil-
lance patients. In addition to the level of anxiety this surveil-
lance can cause patients, it also represents a large economic cost, 
without evidence of improved long-term outcome or quality of 
life. It is generally agreed that MRI/MRCP is the preferred 
method of surveillance (over CT), due to enhanced ability to 
see nodules and ductal communication, but also due to reduced 
radiation exposure over time [113].

The exact interval of surveillance is uncertain. For surveil-
lance, patients without high-risk stigmata, as defined by new 

questioned this finding [105–109]. Recommendations for 
surgery for presumed BD-IPMNs in individual patients needs 
to take into account several additional factors, including age, 
overall medical condition, operative risk and location of the 
cyst. It has been suggested that for younger patients (<65 years), 
a threshold of 2 cm may be used to determine surgical resection 
due to the cumulative effect of cancer risk during the patients’ 
lifetime [110]. Since a size of BD-IPMN >3 cm is a weaker 
indicator of malignancy than the presence of mural nodule and 
positive cytology, BD-IPMN greater than 3 cm without these 
signs can be observed without immediate resection, particularly 
in elderly patients [111]. A Fukuoka guideline was recently pub-
lished giving more specific updated recommendations for surgi-
cal resection and surveillance (Figure 86.4). These newer 
guideline’s utility in the clinical setting needs to be further vali-
dated prospectively [18].

Multifocal BD-IPMN
Up to 25% to 41% of all BD-IPMNs are multifocal (>2 lesions) 
and with increasing experience, guidelines for the management 
of these multifocal BD-IPMN are being established. Large surgi-
cal series suggest that multifocal BD-IPMN may represent a 
lower risk BD-IPMN than solitary BD-IPMN, and decisions 
about surgery and surveillance should be made on an individual 

Table 86.2 Outcomes for surveillance of presumed branch duct intraductal papillary mucinous neoplasm (BD-IPMN) (Data from Farrell J. [70]).

Study Year N Follow-up 
(mths)

Imaging Progression 
(%)

Malignancy/Surgery 
(%)

Kobayashi 2005 47 41 1 (2) 0/1 (0)

Carbognin 2006 36 27 2 (5) 0/1 (0)

Levy 2006 31 60 0 0

Salvia 2007 89 32 5 (6) 0/5 (0)

Lee 2007 45 27 10 (22) 1/10 (10)

Pelaez-Luna 2007 81 41 11 (14) 1/11 (9)

Salvia 2007 131 40 1 (2.5) 1/1 (100)

Tanno 2008 61 61 4 (5) 1/4 (25)

Ratou 2008 121 33 12 (10) 4/8 (50)

Pausawasdi 2009 97 44 n.a. 2/22 (9)

Woo 2009 124 41 7 (6) 2/19 (11)

Sawai 2010 103 59 29 (28) 6/11 (54)

Kang 2011 201 28 39 (19) 8/35 (23)

Uehara 2011 100 97 5 (5) 1/1 (100)

Khannoussi 2012 53 84 15 (28) 2/3 (67)

Maguchi 2012 349 44 62 (17.8) 9/22 (40)

Ohno 2012 142 42.5 30 (21) 9/30 (30)

Cauley 2012 244 35 30 (12) 2/28 (7)

Bae 2012 152 12.7 18 (12) 1/18 (5)

Total 2207 50/228
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preference have chosen heightened surveillance over resection 
[18]. Shorter interval surveillance should also be performed for 
IPMN patients with a family history of hereditary PDAC (i.e., 
>1 first degree relatives with PDAC), although whether these 
patients are susceptible to more aggressive IPMNs remains 
unclear [114]. Whether rapid growth rate correlates with 
increased risk of malignancy is also not known, but closer sur-
veillance including use of EUS is recommended in such patients 
[115]. For patients undergoing surgical resection for noncancer-
ous BD-IPMNs, the overall prognosis is excellent, but these 
patients are always at risk of developing significant meta-
chronous cysts in the remaining pancreas, as well as concomi-
tant PDAC, necessitating ongoing postoperative surveillance 
[45,116].

Fukuoka guidelines, (symptoms/signs related to IPMN, pres-
ence of mural nodules, dilation of the MPD [>10 mm] or posi-
tive pancreatic juice cytology) should undergo a short interval 
(3–6 months) pancreatic MRI-MRCP (or CT) to establish sta-
bility, followed by annual surveillance [18]. Concerns over the 
development of concomitant PDAC in the pancreas harboring 
IPMN has prompted some investigators to continue surveil-
lance at close intervals [113]. However, for subcentimeter cysts, 
surveillance every 2–3 years seems reasonable [113].

Patients with high-risk stigmata detected on surveillance, if 
fit, should undergo resection. Shorter interval surveillance (3–9 
months) should be considered in patients whose IPMN 
progresses towards these indicators or who already have high-
risk stigmata and for reasons of operative risk or personal 

Figure 86.4 The Fukuoka Guidelines for the management of presumed BD-IPMN and MCN. Source: Tanaka et al. 2012 [18]. Reproduced with 
permission from Elsevier. CT, computed tomography; EUS, endoscopic ultrasound; MRI, magnetic resonance imaging.
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(iii) main pancreatic duct ≥10 mm in size
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a. Pancreatitis may be an indication for surgery for relief of symptoms.
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�ow. Features of true tumor nodule include lack of mobility, presence of Doppler �ow and FNA of nodule showing tumor tissue.
c. Presence of any one of thickened walls, intraductal mucin or mural nodules is suggestive of main duct involvement. In their absence main duct
involvement is inconclusive.
d. Studies from Japan suggest that on follow-up of subjects with suspected branch-duct intraductal papillary mucinous neoplasm (BD-IPMN) there is
increased incidence of pancreatic ductal adenocarcinoma unrelated to malignant transformation of the BD-IPMN(s) being followed.
However, it is unclear if imaging surveillance can detect early ductal adenocarcinoma, and, if so, at what interval surveillance imaging should be
performed.
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mural nodule, (iv) abrupt change in caliber of pancreatic duct with distal pancreatic atrophy.
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triglyceride level. If the fluid aspirated is serous and only has a 
mildly elevated triglyceride level then it may be difficult to dif-
ferentiate from other pancreatic cystic neoplasms [121,122]. 
Solid pancreatic tumors may present with cystic degeneration. 
PDAC rarely undergoes cystic degeneration, up to 1.6% in one 
series. Typically PDAC grows to a large size (mean of 7 cm) 
before undergoing cystic degeneration [123].

Role of imaging, EUS, and cyst fluid analysis 
in the differential diagnosis and treatment 
of CNP

Before evaluating a CNP with EUS, with or without FNA and 
cyst fluid aspiration, the likely impact of this intervention on 
diagnosis, management and patient outcome needs to be consid-
ered. This is best done in a multidisciplinary setting, after discus-
sion of the patient’s presentation and operative risk, as well as 
expert review of high-quality CT or MR examinations [124].

CT and MRI alone can be useful in the diagnosis and man-
agement of CNP when the classic features of certain CNPs are 
present. For example, a microcystic pancreatic lesion with a 
central stellate calcification on CT imaging is pathognomonic 
of a benign serous cystadenoma; a tortuous dilated main pan-
creatic duct with associated cysts is suggestive of a main duct 
IPMN; and multiple diffuse pancreatic cysts associated with a 
normal caliber main pancreatic duct is likely multifocal 
BD-IPMN. However, in studies comparing the preoperative 
imaging diagnosis with surgical pathology, CT (accuracy: 24%–
61%) and MRI (accuracy 74%) alone have been insensitive in 
correctly identifying the type of pancreatic cyst [20,22,24,125].

EUS imaging
There are several CT and MRI findings of CNPs where the 
diagnosis and the risk of associated malignancy are unclear. For 
example, a multiple macrocystic pancreas lesion in the body and 
tail of the pancreas may represent a benign macrocystic serous 
cystadenoma, or a premalignant mucinous lesion such as a 
MCN or BD-IPMN [16]. The isolated single pancreatic cyst of 
any size seen on CT or MRI remains the most challenging clini-
cal problem, especially in the absence of pancreatitis; with the 
differential including BD-IPMN, benign pseudocyst and more 
worrying solid degeneration of a solid neoplasm such as PDAC 
or an endocrine neoplasm. Studies have shown that distinguish-
ing mucinous from nonmucinous pancreas lesions by high 
quality CT or MRI imaging can be difficult. Although EUS is 
an operator dependent invasive imaging modality, it offers 
higher resolution imaging of the pancreas (to detect ductal 
communication, additional cyst, nodules and associated masses) 
and the ability to sample the cyst contents for cytologic and fluid 
analysis.

EUS of the pancreas can often detect a communication 
between a pancreatic cyst and a normal main pancreatic duct, 
suggesting a diagnosis of a BD-IPMN, although this finding is 

One controversial question with surveillance is when to stop 
surveying patients with presumed BD-IPMNs, but generally 
should not be undertaken in someone who is not a candidate 
for surgery. Arbitrarily, the age of 85 years has been used as a 
cutoff, but it is really a function of the patient’s overall medical 
condition. The concept of stopping surveillance for small cyst 
which shows stability after 2 years, in any age group, has been 
also suggested by the American College of Radiology, but there 
are not sufficient long-term data to validate this approach [113]. 
The notion of stopping surveillance of BD-IPMN is countered 
by anecdotal stories of patients with chronically stable pre-
sumed BD-IPMN that grow and develop cancer after long 
periods of stability, and the persistent risk of the development 
of concomitant PDAC in patients with a history of IPMN [117].

Other rare cystic neoplasms
Lymphoepithelial cysts of the pancreas are rare lesions seen in 
middle-aged men comprising 0.5% of all pancreatic cysts. The 
average size at presentation is 6 cm (range: 1 cm to more than 
15 cm). These cysts are mostly multiloculated or unilocular with 
septations, often contain focal calcification, and typically involve 
the tail [118]. Lymphoepithelial cysts are considered true cysts, 
since they are lined by stratified squamous epithelium and sur-
rounded by mature lymphocytes. A variety of theories exist 
about the origin of lymphoepithelial cysts including squamous 
metaplasia of an obstructed intrapancreatic duct, which subse-
quently protrudes into a peripancreatic lymph node; the devel-
opment from ectopic pancreatic tissues in the peripancreatic 
lymph nodes; or misplaced branchial cleft cysts. These cysts can 
be difficult to differentiate preoperatively from other pancreatic 
cysts such as true cystic neoplasms and pseudocysts, and so 
avoid surgical diagnosis. On CT and MRI imaging, lymphoepi-
thelial cysts are more often seen as extrapancreatic compared 
with other pancreatic cysts. In-phase and out-of-phase MRI 
scans can distinguish lymphoepithelial cysts from other cystic 
lesions of the pancreas. On EUS and EUS- FNA, lymphoepithe-
lial cysts typically appear as hypoechoic cystic lesions which are 
either unilocular or multilocular, with intracystic hyperechoic 
debris internally seen rarely. EUS-FNA aspirate showing squa-
mous epithelial materials rich in lymphocytes strongly support 
the diagnosis of lymphoepithelial cyst [119]. Despite these 
imaging and biopsy features, surgical excision with pathological 
examination is still often undertaken to confirm the diagnosis.

Cystic lymphangioma of the pancreas is a rare benign neo-
plasm, which is typically discovered incidentally in asympto-
matic individuals. Lymphangiomas are benign lesions that 
originate from lymphatic vessels and occur most commonly  
in children. Histologically, pancreatic cystic lymphangiomas 
consist of interconnecting cysts separated by septa, lined by 
epithelial cells, and contain serous, serosanguineous, or chylous 
fluid [120]. EUS imaging of pancreatic cystic lymphangiomas 
can be similar to mucinous lesions of the pancreas, but the 
diagnosis of pancreatic cystic lymphangioma is made if the 
aspirated fluid is chylous in appearance and has an elevated 
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that presumed small MCNs (unilocular, pancreatic body/tail 
location, female gender, middle age, elevated cyst fluid CEA) 
without nodules on EUS can be monitored closely without 
operative intervention.

EUS and pancreatic cyst fluid analysis
The other major strength of EUS in the evaluation of CNP, when 
compared with CT or MRI, is the ability to safely perform cyst 
fluid aspiration and analysis of cytology and tumor markers 
[127]. Whereas the specificity for EUS FNA cytology is close to 
100%, it has a very poor sensitivity (30%–50% for detecting 
mucinous cysts, and 20% for the diagnosis of a malignant muci-
nous cyst). This is due to a combination of factors including 
poor cellular yield, insufficient samples, and gastrointestinal 
wall cellular contamination [128]. Although a variety of strate-
gies have been used to improve sensitivity, including targeting 
FNA biopsy, the use of brush cytology, different sample prepara-
tion, and the use of cytopathology expertise, the results remain 
poor. One additional strategy has been to include high-grade 
atypical epithelial cells (which recognizes epithelial cells with 
cellular atypia that is quantitatively and qualitatively insufficient 
for a definite cancer diagnosis) as a positive diagnosis. When 
these criteria are used, the accuracy is increased to 85% [128].

The role of existing and newer pancreatic cyst fluid markers 
continues to be evaluated. Measuring cyst fluid CEA helps in 
differentiating mucinous from nonmucinous pancreatic cysts. 
For example, a very low CEA (<5 ng/mL) carries a positive 
predictive value (PPV) of 94% and an accuracy of 70% for 
diagnosing a serous cystadenoma or pseudocyst over a muci-
nous CNP. Similarly a very high CEA (>800 ng/mL) carries a 
PPV of 94% and an accuracy of 79% for diagnosing a mucinous 
CNP over a serous cystadenoma or a pseudocyst [129]. However, 
the exact cut-off for pancreatic cyst fluid CEA concentrations 
distinguishing mucinous from nonmucinous lesions remains 
unclear. In a prospective pancreatic cyst cooperative study, a 
cut-off of 192 ng/ml was associated with an accuracy of 80% in 
distinguishing mucinous from nonmucinous, the best operating 
characteristic of any fluid marker or cytology in that particular 
study [17]. More importantly, pancreatic cyst fluid CEA level 
does not correlate with the risk of malignancy. Even though very 
high concentrations of cyst CEA (>6000 ng/mL) were seen in 
patients with malignant mucinous lesions in one study, the abso-
lute concentration of the CEA was not a greater predictor of 
cancer, the development of cancer over time, or the increase in 
cyst size over time [17,130]. Pancreatic cyst fluid CEA measure-
ment can therefore be helpful in evaluating macrocystic lesions 
of the pancreas where the differential diagnosis includes a 
benign macrocystic serous cystadenoma (very low CEA and 
associated satellite microcysts) and a precancerous mucinous 
cystic neoplasm (high CEA, unilocular cyst in body tail of the 
pancreas with internal septations), or a precancerous BD-IPMN 
(high CEA, communication with the main pancreatic duct) [16].

Molecular DNA analysis of pancreatic cyst fluid is also  
now available commercially. However one multiinstitutional 

not always present and can also be seen in patients with pseu-
docyst. When prospectively compared, EUS and MRI are equiv-
alent at detecting pancreatic cyst-main-duct communication 
[126]. Sometimes, MRI or CT imaging raises concern about 
involvement of the main pancreatic duct by the CNP, suggesting 
a possible mixed or main duct IPMN rather than a BD-IPMN. 
This important distinction can be clarified using EUS rather 
than a diagnostic ERCP pancreatogram, which is not routinely 
recommended in the evaluation of CNPs.

The presence of multiple pancreatic cysts on CT or MRI 
imaging favors an underlying diagnosis of a multifocal type 
BD-IPMN. EUS’s superior imaging can also detect smaller cysts 
throughout the pancreas, which would support this diagnosis. 
However, in prospective studies comparing high quality CT, 
MRI and both linear and radial EUS for the identification of 
pancreatic cyst, MRI and EUS are equivalent and clearly supe-
rior to CT for the detection of smaller additional cysts.

The presence of nodules on surgically resected BD-IPMNs is 
associated with increased risk of advanced pathology (high-
grade dysplasia or invasive cancer). In one study, 3% of 
BD-IPMN with low- or intermediate-grade dysplasia had a 
nodule on pathologic review compared with 60% of BD-IPMN 
with high-grade dysplasia or carcinoma. Interestingly, none of 
the patients with low-grade dysplasia had evidence of a nodule 
on pathologic examination, and on occasion, the significant 
advanced pathology finding of either high-grade dysplasia or 
invasive cancer was remote from the nodule in the cyst. In addi-
tion, not all nodules detected are precancerous. For example, 
the nodules seen in lymphoepithelial cysts are keratinizing 
squamous pearls, and mucin globules account for a large per-
centage of “nodules” seen on imaging of IPMN cysts.

Given these considerations, finding and characterizing CNP 
mural nodules on preoperative imaging is very important. 
Although the definitions governing mural nodules on CT/MRI 
and EUS imaging lack standardization in the literature, a metaa-
nalysis suggests that finding a mural nodule on CT or MRI 
imaging of presumed BD-IPMN is associated with an increased 
risk of advanced pathology (high-grade dysplasia/invasive 
pathology) (odds ratio [OR] of 9.3; 95% confidence interval 
[CI], 5.3–16.1). However, when looking at mural nodules iden-
tified solely by EUS, the risk of an advanced pathology is lower 
(OR 3.2; 95% CI, 2.03–5.04). This discrepancy is likely related 
to the over-diagnosis of nonpathologic “mucin” globule by EUS. 
On EUS, mucin globules are hypoechoic with a smooth edge 
and hyperechoic rim, and move with patient repositioning or 
EUS FNA. Using a pathologic gold standard and endosonogra-
pher trained to distinguish mucin globules from real nodules, a 
recent study showed that EUS was more sensitive than CT in 
detecting significant cystic nodules. Although it has been pro-
posed that finding a pathologic nodule in a cyst on EUS should 
favor surgical management, it is unclear if there is a nodule size 
threshold, below which surgery could be avoided. Data supports 
surveying patients with large presumed BD-IPMN greater than 
3 cm who do not have nodules [111]. It has also been suggested 
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multiple subcentimeter pancreatic cysts in the setting of a 
normal pancreatic duct are unlikely to benefit from additional 
EUS evaluation, as the likely diagnosis here is a BD-IPMN, with 
the chances of having a cancer or developing an invasive cancer 
before the next interval noninvasive surveillance being very low. 
For patients with the classic radiologic features of a microcystic 
serous cystadenoma, including a central stellate scar, the addi-
tion of EUS seldom alters diagnosis, management or outcome. 
Rarely, the CT/MR and even EUS imaging of a microcystic 
serous cystadenoma can be mistaken for a solid pancreatic 
endocrine neoplasm, which would warrant an EUS-guided core 
biopsy to confirm the diagnosis [31].

EUS has benefit in other select patients with CNP. As previ-
ously mentioned, if the clinical presentation and imaging raises 
concerns about differentiating between a macrocystic serous 
cystadenoma and a mucinous neoplasm (MCN or BD-IPMN), 
then EUS and cyst fluid aspiration may be helpful. When multi-
disciplinary evaluation and expert review of high quality CT 
and MR raises the possibility of a solid component or focal or 
diffuse main duct involvement of a solitary cyst, then EUS can 
help clarify these findings and enhance the diagnostic certainty. 
This can be especially important in patients with chronic pan-
creatitis or recurrent acute pancreatitis, where focal or diffuse 
main duct abnormalities may represent main duct IPMN rather 
than the features of chronic pancreatitis. EUS may also be useful 
in the select evaluation of patients with presumed BD-IPMN 
greater than 3 cm. Although current guidelines would favor sur-
gical management based on size alone, for patients who are 
elderly, poor operative candidates or simply reluctant to undergo 
surgery in the absence of a more definite diagnosis of high-
grade dysplasia or invasive cancer, the lack of nodules on EUS 
in cysts greater than 3 cm may help determine a subgroup of 
patients with presumed BD-IPMN who are suitable for close 
surveillance rather than surgery.

EUS may have a role in the evaluation of patients with solitary 
or multifocal cysts between the sizes of 1 cm and 3 cm, especially 
those without worrisome features on CT or MRI imaging even 
though the newer Fukuoka guidelines question the value of EUS 
for cyst less than 2 cm without worrisome features. Most of 
these are presumed to be single or multifocal BD-IPMNs and 
are typically managed with surveillance in the absence of wor-
risome features on CT or MRI imaging. Prior to initiating a 
long-term, noninvasive surveillance strategy which may include 
MRI or CTs every 1 to 2 years, a single EUS can be helpful to 
rule out associated masses (e.g. CPEN), assess for internal 
nodules and assess a cyst fluid cytology and CEA to confirm the 
diagnostic suspicion of a mucinous cyst. In a surveillance 
program, imaging with EUS may prove to be useful for cysts, 
which are increasing in size to rule out an associated malig-
nancy. Although there is limited data, a rapid increase in cyst 
size has been associated with increased risk of advanced pathol-
ogy. The propensity for benign serous cystadenomas to increase 
in size must be considered and EUS may be able to differentiate 
these two entities.

prospective study (the PANDA study) and several retrospective, 
single institutional studies, have failed to convincingly show its 
usefulness [34,131–139]. Whether the presence of a KRAS 
mutation, the presence of allelic imbalance, or the quantity/
quality of DNA is used, alone or in combination with CEA, to 
differentiate between mucinous or nonmucinous cysts, or 
between benign or malignant pancreatic cysts, the operating 
characteristics of these molecular analysis remains poor with 
low sensitivity and specificity.

The prospective evaluation of both pancreatic cyst fluid CEA 
and molecular analysis is further compounded by the apparent 
lack of applicability of the results from these studies to patients 
typically seen in regular clinical practice. In both the Pancreatic 
Cyst Cooperative Study and the PANDA study, 35% to 43% of 
the patients had a final diagnosis of a malignant cyst, which is 
much higher than would expect in a regular patient population. 
Furthermore, the types of pancreatic cyst which gastroenterolo-
gists need most help with, were not represented well in these 
studies. For example, the number of patients with cysts less than 
2 cm ranged from 27% to 40% of the entire study group, and for 
those with a final mucinous pathology only 29% to 40% were 
less than 2 cm in size. Reevaluation of the operating character-
istic of these markers is needed in the patient population which 
gastroenterologist and surgeons in community practice typi-
cally see and have the greatest difficulty in managing. Newer 
pancreatic cyst fluid markers such as GNAS or microRNA may 
assist in improved diagnosis and cancer risk prediction, as well 
as further refining stratification for patients in pancreatic cyst 
surveillance programs, but additional validation is needed 
[95,132].

Therapeutic EUS
EUS guided ablation of pancreatic cysts, with either ethanol or 
ethanol followed by paclitaxel for large unilocular cyst without 
obvious ductal communication or high-risk pancreatic cysts 
where the patient refuses surgery or is considered too high risk, 
has been proposed [140–144]. Although associated with com-
plications including pancreatitis (2%–10%), abdominal pain 
(2%–20%) and splenic vein obliteration, follow-up for these 
patients has shown CT-confirmed resolution of the cysts [145]. 
Information about degree of cyst ablation is available on a 
smaller number of patients who underwent surgical resection; 
complete cyst epithelial ablation occurred in between 0% to 
100% of patients. However, due to concerns about incomplete 
destruction of premalignant tissue, uncertainty about impact on 
natural history of CNPs, persistent risk of concomitant PDAC, 
and lack of long-term outcomes, this approach is still consid-
ered experimental and should be performed under a research 
protocol.

Which patients with CNP benefit from EUS?
After expert multidisciplinary discussion and review of CT or 
MRI imaging, can we determine which patients benefit from 
further EUS evaluation? Patients with solitary subcentimeter or 
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of existing IPMNs and the 15% to 25 % risk of developing new 
IPMNs in residual pancreas, all patients with proven IPMN 
should undergo surveillance, not just for existing or new IPMN, 
but also because of the increased risk of concomitant pancreatic 
ductal adenocarcinoma. Patients with invasive IPMN should be 
managed and monitored as per PDAC guidelines (see Chapter 
87). Patients with noninvasive IPMN should be monitored 
based on the findings of the residual pancreas. The largest 
remaining cyst should dictate surveillance strategies per recent 
guidelines. For patients without cysts in the residual pancreas, 
then surveillance imaging at an interval of 2 years is recom-
mended. For those, who also had low-grade or moderate-grade 
dysplasia at the resection margin, imaging every 6 months is 
warranted.
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Surgical treatment

Surgical resection is the treatment of choice for symptomatic 
patients with cystic neoplasms of the pancreas and for those 
with incidentally-discovered tumors that are deemed to have a 
high likelihood of malignancy (i.e. mucinous cystic neoplasms, 
CPEN, solid pseudopapillary neoplasm, and main- [and com-
bined-] duct IPMN). The type of resection depends on the loca-
tion of the lesion. In a recent series comprising 851 resected 
cystic tumors, 44% required a distal pancreatectomy, 43% a 
pancreatoduodenectomy (Whipple procedure), 7% a middle 
pancreatectomy (where the end of the pancreas towards the 
duodenum is closed, and the one coming from the tail is anas-
tomosed to either the stomach or jejunum), and the remaining 
were enucleations (usually reserved for small lesions with low 
risk of malignancy), other atypical pancreatic resections, and 
total pancreatectomies [3]. The extent of pancreatic resection, 
especially for IPMN, should be guided by intraoperative frozen 
section examination until disease free margins are obtained. If 
high-grade dysplasia or invasive cancer are present at the surgi-
cal margin, then further resection is warranted [146]. This and 
other series show that operative mortality when these opera-
tions are done in specialty centers can be kept under 1%, but 
that complications still occur in over 40% of patients [3,147]. In 
many centers, laparoscopic resections, particularly distal pan-
createctomies, are being increasingly performed for cystic neo-
plasms of the pancreas. In addition to the morbidity of the 
operation, long-term sequelae of the loss of pancreatic paren-
chyma (i.e diabetes, exocrine insufficiency, and effects on quality 
of life) need to be weighed carefully in clinical management 
decisions.

Postoperative surveillance
In the absence of histologic evidence of invasive cancer, patients 
with surgical resection of pancreatic cystic endocrine neoplasm, 
serous cystadenoma and mucinous cystic neoplasm, do not 
require additional surveillance. However, due to malignant risk 
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Pancreatic duct adenocarcinoma (PDAC) is a malignant neo-
plasm of the pancreas that exhibits duct-like glandular architec-
ture. While the cell of origin is most widely felt to reside in the 
exocrine pancreas, this remains an area of active investigation. 
PDAC accounts for greater than 80% of pancreatic neoplasms 
and therefore will be referred to generically as pancreatic cancer 
in the context of this chapter. In the last decade, our understand-
ing of the genetics and biology underlying pancreatic cancer has 
rapidly increased. Unfortunately, this has not yet been translated 
into marked improvement in survival for pancreatic cancer 
patients. Today, pancreatic cancer remains the most challenging 
common malignancy to treat, and is the fourth leading cause of 
cancer-related death in the US and the eighth worldwide [1]. In 
2013, there will be an estimated 46 000 new cases of pancreatic 
cancer that will claim an estimated 44 000 lives in the US [1]. 
The need to develop markedly improved strategies for the detec-
tion and therapy for pancreatic cancer are therefore quite clear.

Epidemiology

The American Cancer Society estimates 45 220 new cases and 
38 460 deaths from pancreatic cancer in the US for 2013 [2]. As 
per the Surveillance, Epidemiology, and End Results (SEER) 13 

database, the annual percentage change based on rates age 
adjusted to the US Standard Population, has increased to 1.5 for 
the dates reviewed 1992 through 2001, compared to 2002–2009 
which is statistically significant (P <  0.05). Pancreatic adeno-
carcinoma accounts for 86.0% of the histologically categorized 
tumors arising from the pancreas. From 2006 to 2010, the 
median age at diagnosis was 71 years of age, 2.6% were diag-
nosed under the age of 44; 9.7% between 45 and 54; 20.8% 
between 55 and 64; 26.0% between 65 and 74; 27.4% between 
75 and 84; and 13.5% >85 years of age.

Pancreatic cancer ranks 10th in cancer incidence in the US 
for men and women, yet as noted is the fourth leading cause of 
cancer-related mortality [1]. The age-adjusted incidence rate 
was 12.2/100 000 men and women per year, based on cases 
diagnosed in 2006–2010 from 18 SEER geographical areas. The 
incidence rates by race and sex vary considerably, ranging from 
17.6 cases/100 000 African American males, to 8.9 cases/100 000 
Asian/Pacific Islander females, and directly parallels the death 
rates of 15.3 deaths/100 000 men in African American males to 
7.1 deaths/100 000 Asian/Pacific Islander females. Overall, for 
the period between 2006 and 2010, the median age at death for 
cancer of the pancreas was 73 years of age. The overall 5-year 
relative survival for 2003–2009 from 18 SEER geographical 
areas was 6.0%. Only 9% of patients presented with disease 
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CI 1.11–1.29), with the risk persisting for a minimum of 10 
years after cessation [10,11]. Other forms of tobacco, including 
pipes and smokeless (chewing), have been associated with an 
increased risk as well [12,13]. Environmental exposure to 
smoking (ETS) has not shown an association in metaanalyses; 
however, pancreatic cancer risk was increased among never 
smokers daily exposed to ETS (for many hours) during child-
hood (HR 2.61, 95% CI 0.96–7.10) and exposed to ETS at home 
and/or work (HR 1.54, 95% CI 1.00–2.39) in a recent European 
study [14,15].

Diabetes mellitus
The relationship between pancreatic cancer and diabetes mel-
litus has been long recognized, but difficult to define. A recent 
study prospectively examined the association between diabetes 
and the risk of pancreatic adenocarcinoma in pooled data from 
the National Cancer Institute (NCI) pancreatic cancer cohort 
consortium (PanScan). Data from 1621 pancreatic adenocarci-
noma cases and 1719 matched controls from 12 cohorts using 
a nested case–control study design were analyzed. Subjects who 
were diagnosed with diabetes near the time (<2 years) of pan-
creatic cancer diagnosis were excluded from all analyses to 
exclude resultant diabetics, with appropriate adjustments made 
for age, race, gender, study, alcohol use, smoking, body mass 
index, and family history of pancreatic cancer. Self-reported 
diabetes was associated with a 40% increased risk of pancreatic 
cancer (OR 1.40, 95% CI 1.07, 1.84). Of note, the association 
was to a degree inversely related to the duration of diabetes. Risk 
was highest for those with a duration of diabetes for 2 to 8 years 
(OR 1.79, 95% CI 1.25, 2.55) and no association for those with 
greater than 9 years of diabetes (OR 1.02, 95% CI 0.68, 1.52) 
[16]. In a metaanalysis of 36 studies, the overall relative risk for 
the development of pancreatic cancer in a diabetic patient was 
1.82 (95% CI 1.66–1.89) [17]. Twenty case–control and cohort 
studies were reviewed in another metaanalysis to ascertain 
whether there was an increased frequency among persons  
with long-standing diabetes and pancreatic cancer. The pooled 
RR and 95% CI of pancreatic cancer for diabetics relative to 
nondiabetics was 2.1 (1.6–2.8). There was a tendency for a 
higher RR for the nine cohort studies (RR 2.6; 95% CI 1.6–4.1) 
than for the 11 case–control studies (RR 1.8; 95% CI 1.1–2.7). 
With diabetes duration of at least 5 years, this resulted in an RR 
of 2.0 (95% CI 1.2–3.2) [18]. Thus the increased risk of pancre-
atic cancer in the setting of diabetes is complex. However, the 
risk appears established, and may lead to inferior outcomes 
when compared to cancer patients without good glycemic 
control [19].

In the last several years, there has been interest in pancreatic 
cancer risk conferred by drugs used to treat diabetes. Earlier 
epidemiological studies suggested a link between diabetic 
patients with a history of insulin or insulin secretagogs (sulfo-
nylureas and meglitinides) use and an increased risk of pancre-
atic cancer compared with nonusers [20,21]. Metaanalysis of 11 
studies (6 cohort, 3 case–control, and 2 randomized controlled 

confined to the pancreas, 27% with regional disease with spread 
to regional lymph nodes, and the remaining majority of patients 
had distant metastatic disease at diagnosis. For patients with 
localized disease, there was an overall 5-year survival of 24.1% 
versus 2% for all others. Based on rates from 2007 to 2009, 
1.47% of men and women born today or 1/68 people will be 
diagnosed with cancer of the pancreas at some time during their 
lifetime.

Risk factors

Obesity
Overweight or obesity during early adulthood has been associ-
ated with a greater risk of pancreatic cancer and a younger age 
of disease onset, and at an older age, was associated with lower 
overall survival in patients with pancreatic cancer [3]. Results 
have suggested a positive association between obesity/high 
body mass index and pancreatic cancer risk that has been con-
firmed in three recent large pooled analyses and confirmed in 
two of three metaanalyses [4–8].

Age
As described, age appears to be a significant risk factor for the 
development of pancreatic cancer with a median age at diagno-
sis of 71 years of age, and approximately 88% diagnosed over 
the age of 55 [2].

Gender
As per the SEER database, the incidence rate of pancreatic 
cancer in males is 13.9 cases/100 000 people compared with 10.9 
cases in women [2]. The death rates are similar in that for males: 
the death rate is 12.5/100 000 and 9.6/100 000.

Race
The incidence rate of pancreatic cancer in African Americans  
is 17.6 cases/100 000 people compared with 13.8/100 000  
cases in Caucasians [2]. The death rate is also higher in the 
African American population for both sexes. The reason(s) for 
these differences remains unknown and an active area of 
investigation.

Cigarette smoking
In a retrospective review of nearly 120 000 patients representing 
2116 229 person-years, the RR of pancreatic cancer for current 
smokers versus nonsmokers was 2.5 (95% CI 1.7–3.6) [9]. This 
study also concluded that smoking cessation helped lower the 
risk of pancreatic cancer as, 10 years after quitting, former 
smokers had the same risk as those who never smoked. Smoking 
appears to be one of the most consistent environmental risk 
factors for the development of pancreatic cancer. In a metaa-
nalysis of 82 studies, the overall risk of pancreatic cancer esti-
mated from the combined results for current and former 
smokers was, respectively, 1.74 (95% CI 1.61–1.87) and 1.2 (95% 
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of alcohol use in the etiology of pancreatic cancer is equivocal 
[32–34]. Methodological difficulties affecting many studies 
have included small sample size, reverse causation, and selec-
tion, recall, and proxy reporting biases, as well as a narrow 
range of alcohol consumption in the study populations and  
the confounding variables of smoking. The NIH-American 
Association of Retired Persons (AARP) Diet and Health Study 
prospectively examined the relation between alcohol use and 
the risk of pancreatic cancer among 470 681 participants who 
were aged 50–71 years in 1995–1996 and addressed many of 
these methodological issues. Multivariate Cox proportional 
hazards regression models were used to calculate relative risks 
with the referent group being light drinkers (<1 drink/day). 
The relative risks of developing pancreatic cancer were 1.45 
(95% CI 1.17, 1.80; P trend  =  0.002) for heavy total alcohol 
use (≥3 drinks/day, ∼40 g of alcohol/day) and 1.62 (95% CI 
1.24, 2.10; P trend = 0.001) for heavy liquor use. An increased 
risk for pancreatic cancer with heavy total alcohol use was seen 
in never smokers (RR 1.35, 95% CI 0.79, 2.30) and participants 
who quit smoking 10 or more years ago before baseline (RR 
1.41, 95% CI 1.01, 2.00). These findings suggest a moderately 
increased pancreatic cancer risk with heavy alcohol use, par-
ticularly liquor. However, residual confounding by cigarette 
smoking cannot be excluded [35].

Chronic pancreatitis
There is a strong link between antecedent chronic pancreatitis 
and pancreatic cancer. In a metaanalysis of 10 cohort and 12 
case–control studies, a statistically significant increase of pan-
creatic cancer risk for all types of pancreatitis, with summary 
RRs (95% CI) of 5.1 (3.5–7.3) for unspecified pancreatitis,  
13.3 (6.1–28.9) for chronic pancreatitis, and 69.0 (56.4–84.4)  
for hereditary pancreatitis [36,37]. The single study on tropical 
pancreatitis provided an even higher RR of 100.0 (95% CI  
37.0–218.0) [36]. Other studies have also demonstrated an 
increased risk of pancreatic cancer in patients with chronic 
pancreatitis [38].

Diet
A Mediterranean dietary pattern, when combined with other 
factors indicative of a healthy lifestyle, was found to be protec-
tive against pancreatic cancer in a large cohort study, while 
consumption of red meat, especially cooked at high tempera-
tures, increased the risk of pancreatic cancer [39,40]. Based on 
data from more than 500 000 persons in 10 countries, the con-
sumption of fruit and vegetables does not decrease the risk of 
pancreatic cancer, and a recent study displayed a statistically 
significant trend detailing the inverse association between pan-
creatic cancer and nutrient/supplement groupings in a dose-
dependent manner including magnesium, potassium, selenium, 
α-carotene, β-carotene, β-cryptoxanthin, lutein and zeaxanthin, 
niacin, total α-tocopherol, total vitamin A activity, vitamin B6, 
and vitamin C [41,42]. It is a challenge to establish a link 
between diet and cancer, in that there are inherent biases 

trials) reported 1770 cases of pancreas cancer in 730 664 patients 
with diabetes mellitus showed no significant association between 
metformin (n = 9 studies; adjusted OR 0.76, 95% CI 0.57–1.03, 
P = 0.073), insulin (n = 7 studies; adjusted OR 1.59, 95% CI 
0.85–2.96, P  =  0.144), or thiazolidinediones (n  =  4 studies; 
adjusted OR 1.02, 95% CI 0.81–1.30, P = 0.844) use and risk of 
developing pancreas cancer. Use of sulfonylureas was associated 
with a 70% increase in the odds of pancreas cancer (n  =  8 
studies; adjusted OR 1.70, 95% CI 1.27–2.28, P  <  0.001). 
Considerable heterogeneity was seen between studies likely 
related to confounding by indication and reverse causality. The 
randomized control trials were noted to be underpowered with 
nonsignificant results. Although sulfonylurea seemed to be 
associated with increased risk of pancreatic cancer, metaanalysis 
of existing studies did not support a protective or harmful asso-
ciation between antidiabetic medication use and risk of pan-
creas cancer in patients with diabetes mellitus [22].

Metformin, a biguanide oral hypoglycemic drug used to treat 
diabetes mellitus, was compared in a hospital-based case–
control study of 973 patients with pancreatic cancer. A protec-
tive effect was seen in users of metformin who had a significantly 
lower risk of pancreatic cancer, compared to those that had not 
taken metformin (OR 0.38; 95% CI 0.22–0.69; P = 0.001) with 
adjustments for demographic, clinical, and risk factors [23]. A 
metaanalysis looking at metformin use among multiple cancer 
types displayed, for pancreatic cancer, a significant inverse rela-
tionship between metformin use and cancer incidence, with  
a risk reduction equal to 46% in metformin users (SRR 0.54; 
95% CI 0.35–0.83) [24]. In a small retrospective study of 302 
patients, metformin use was associated with improved outcome 
of patients with diabetes and pancreatic cancer [25]. Prospective 
controlled trials will ultimately be required to clarify the effects 
of metformin on pancreatic cancer risk and progression.

Most recently, there has been controversy surrounding the 
effects of new diabetic therapies, designed around the action of 
glucagon-like peptide 1 (GLP-1). Two classes of drugs, GLP-1 
agonists, which enhance insulin secretion, and dipeptidyl pepti-
dase 4 (DPP-4) inhibitors that elevate GLP-1 levels are in wide-
spread use in the clinic. There are conflicting reports regarding 
the association of these agents with the risk of pancreatitis 
[26,27]. Some limited autopsy and murine studies have sug-
gested that they may also be associated with the development 
of preneoplastic changes in the pancreas [28,29]. Large pooled 
analyses from clinical studies have failed to reveal any difference 
in adverse events associated with the use of these agents. A 
recent National Institutes of Health (NIH) consensus confer-
ence concluded that there is insufficient data at present to 
support a link between GLP-1 agonists or DPP-4 inhibitors and 
pancreatic cancer [30,31].

Alcohol
As the most common cause of acute and chronic pancreatitis, 
alcohol abuse is a logical candidate for pancreatic cancer risk 
association. However, the epidemiological evidence for the role 
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imaging (MRI). No consensus exists, however, regarding the age 
to initiate or stop screening and the optimal intervals for 
follow-up or surgical prophylactic procedures. Nevertheless, 
most experts recommend involvement in empiric screening and 
surveillance programs to high-risk individuals [48,49].

Patients with sporadic and familial pancreatic cancer may 
have classic infiltrating ductal (tubular) adenocarcinoma 
although some inherited syndromes are associated with a spe-
cific histological type. In hereditary nonpolyposis colorectal 
cancer, the medullary phenotype is observed with prominent 
infiltration of lymphocytes, and in individuals with Peutz–
Jegher syndrome, histology displays intraductal papillary muci-
nous neoplasms (IPMN), and a strong degree of fibrosis noted 
in hereditary pancreatitis patients. Histology may at times be 
the first clue to a genetic predisposition [50].

Pathology

Pancreatic intraepithelial neoplasia is now recognized as a 
microscopic precursor lesion to frank pancreatic carcinoma 
[51,52]. Pancreatic intraepithelial neoplasia collectively is 
defined as neoplastic epithelial proliferations in the small-
caliber pancreatic ducts. The nomenclature for these different 
distinguishing types is pancreatic intraductal neoplasia type 1A 
(PanIN-1A), PanIN-1B, PanIN-2, and PanIN-3, and are all 
characterized based on the composition of the epithelial lesion 
architecture, nuclear pleiomorphism, nuclear atypia, and hyper-
chromatism, ranging from a relatively benign appearing lesion 
in PanIN-1A to that of carcinoma in situ in PanIN-3 (Figure 
87.1) [52].

Ductal adenocarcinoma of the pancreas accounts for greater 
than 90% of diagnosed malignancies originating in the pan-
creas. Grossly, they are firm, yellow-to-white lesions. Of cases, 
60%–70% arise in the pancreatic head, with approximately 15% 
arising in the body or tail, and the remainder involving several 
foci or the gland entirely [53]. As seen in Figure 87.2a, a pro-
found desmoplastic stroma is present which is a signature char-
acteristic of pancreatic cancer. This is thought to be secondary 
to a dramatic increase in α-smooth muscle actin-positive 
fibroblast proliferation, as well as an increased deposition of 
many extracellular matrix components (ECM). These compo-
nents, including collagen and hyaluronan, have been implicated 
in chemoresistance mechanisms such as resistance to apoptosis, 
enhanced cellular proliferation, reduced drug penetration, 
resulting ultimately in decreased drug perfusion [54]. This dep-
osition of ECM proteins may be driven by pancreatic stellate 
cells [55]. Figure 87.2b displays a resected pancreatic adenocar-
cinoma displaying the characteristic histology of infiltrating 
small glands lined with low columnar mucin-containing cells. 
The tumor cells demonstrate nuclear pleomorphism, hyper-
chromasia and loss of polarity, as well as prominent nucleoli 
[56]. Ductal adenocarcinomas frequently display perineural 
invasion as seen in Figure 87.2c,d. Increased nerve density and 

present: case–control studies (the most common type of epide-
miological studies) are prone to recall bias, and cohort studies 
in which dietary information is collected before subjects develop 
cancer are more reliable but have not provided consistent evi-
dence for an association [43].

Hereditary factors
The first studies to suggest an inherited genetic component to 
pancreatic cancer risk were case reports of families in which 
there were multiple members afflicted by pancreatic cancer [44]. 
Observational epidemiological studies including case–control 
and cohort studies have found that individuals with a family 
history of pancreatic cancer are at an increased risk of develop-
ing pancreatic cancer themselves, with odds 1.9- to 13-fold 
higher when compared with healthy controls [45,46].

Several germline mutations have been reported that result in 
inherited risk for pancreatic cancer, some in the context of other 
known familial cancer syndromes. The most important genes 
with variants increasing risk for pancreatic cancer include 
BRCA1, BRCA2, PALB2, ATM, CDKN2A, APC, MLH1, MSH2, 
MSH6, PMS2, PRSS1, and STK11 (Table 87.1) [47]. The term 
“familial pancreatic cancer” characterizes families with at least 
two first-degree relatives with confirmed exocrine pancreatic 
cancer [48]. Most screening protocols for at-risk patients utilize 
endoscopic ultrasonography (EUS) and magnetic resonance 

Table 87.1 Most common cancer syndromes associated with pancreatic 
cancer risk.

Syndrome Genes involved Increased risk of 
pancreatic cancer

Lynch 
syndrome

hMSH2, hMLH1, 
hPMS1, hPMS2, 
hMSH6/GTBP

8.6×: 3.68% lifetime 
risk of pancreatic cancer 
by age 70 [210]

Hereditary 
pancreatitis

PRSS1, SPINK1 53× increased risk for 
developing pancreatic 
cancer and a lifetime 
risk (age 70) of 
pancreatic cancer of 
30–40% [211,212]

Peutz–Jeghers 
syndrome

STK11/lkb1 132×: the lifetime risk 
of pancreatic cancer 
11–32% [213]

Familial atypical 
multiple mole 
melanoma 
syndrome

CDKN2A/p16 15% estimated lifetime 
risk of pancreatic cancer 
[70,214]

Hereditary 
breast and 
ovarian cancer

BRCA2 5–10% estimated 
lifetime risk of 
pancreatic cancer 
[70,214]

Family X Unidentified 80% estimated lifetime 
risk of pancreatic cancer 
[70]
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Figure 87.1 Pancreatic intraepithelial neoplasia: precursors to pancreatic 
ductal adenocarcinoma. (a) Reveals a pancreatic intraductal neoplasia 
type 1A (PanIN-1A) characterized by columnar epithelium with apical 
mucin expression and regular polarized nuclei. In contrast, (b) reveals a 
PanIN-2, characterized by nuclear pleiomorphism and crowding with 
papillary configuration (blue arrow), although areas of the lesion reflect 
its evolution from PanIN-1B (red arrow) where the nuclei are more 
regular and less pleiomorphic. (c) Demonstrates invasive carcinoma with 
several foci of surrounding PanIN.

(a)

(c)

(b)

nerve hypertrophy are also common and perineural invasion is 
a poor prognostic factor. Invasion into the vascular/lymphatic 
compartments and lymph nodes, respectively, are also common 
and are poor prognostic factors as well (Figure 87.2e,f).

Several features can be used to distinguish between benign 
and reactive glands and infiltrating ductal adenocarcinoma. In 
invasive adenocarcinoma, there is a haphazard growth pattern 
with glands growing adjacent to blood vessels, perineural inva-
sion, intravascular invasion, significant nucleolar variation, with 
evidence of intraluminal necrosis and incomplete gland forma-
tion, as well as glands touching adipose tissue, which is not seen 
in benign glands [57]. Tumors may be characterized by histo-
logical grading. Grade 1 typically consists of a well-differentiated 
duct forming glands with intense mucin production with equal 
or less than 5 mitoses per 10 high power field with little pleo-
morphism and polar arrangement in the nuclear atypia. Grade 
2 lesions display moderately differentiated duct-like structures 
and tubular glands with irregular mucin production and 
approximately 6–10 mitoses per high power field with moderate 
nuclear pleomorphism. High grade or grade 3 lesions display 
poorly differentiated glands with mucoepidermoid and pleo-
morphic structures with vacuolization and mucin production, 

with greater than 10 mitoses per high power field and marked 
pleomorphism and increased nuclear size [58]. Immuno-
histochemical staining can help identify suspected infiltrating 
ductal adenocarcinoma. PDACs stain with periodic acid–Schiff 
stain, as well as mucicarmine. Most PDACs also express cytok-
eratin CK7, -8, -13, -18, and -19 [59–61]. It has been reported 
that CK17 is expressed by 50% of infiltrating ductal adenocar-
cinoma and CK20 by less than 20% with the majority also 
expressing carcinoembryonic antigen, mesothelin, and carbo-
hydrate antigen 19-9 [57].

Pathogenesis

Over the last 15 years, many insights into the genetics and 
biology of pancreatic cancer have been realized. These have 
been the result of advances in genetics, genomics, as well as the 
development of relevant model systems including genetically 
engineered mice and human tissue derived xenografts. The new 
knowledge gained has led to the identification of multiple puta-
tive targets for therapy, many of which are currently under 
evaluation.

Studies of human pancreatic cancer tissues led to the identi-
fication of three pathways to adenocarcinoma. Adenocarcinoma 
can arise following progression of IPMNs or from mucinous 
cystic neoplasms (MCN) (see Chapter 86). IPMNs can be of 
multiple histological subtypes and anatomically arise from the 
main or branch ducts. IPMNs extending from the branch ducts 
to the main duct are known as mixed duct. Currently, it is 
believed that main duct lesions confer a higher risk of progres-
sion to PDAC. The indications for surgical resection of IPMN 
are continually evolving but primarily relate to the presence of 
symptoms, duct dilation, presence of mural nodules, cellular 
atypia, size, and rate of growth. MCN occurs more frequently 
in women and in the pancreatic tail, and is characterized by the 
presence of ovarian-type stroma, and generally is felt to progress 
slowly. Molecular studies of both IPMN and MCN are ongoing 
and directed at identifying biomarkers that could provide guid-
ance as to the need for surgical management versus observation. 
The precursor to the majority of pancreatic adenocarcinomas, 
however, is via progression of so-called PanIN that is found in 
association with nearly all invasive pancreatic cancers [52,62]. 
The study of genetic alterations associated with PanIN first 
revealed their clear relationship to invasive disease that was 
subsequently demonstrated definitively by genetically engi-
neered mouse models [63,64]. Pancreatic cancer is character-
ized by marked chromosomal instability. Nearly all tumors 
possess abundant copy number gains/losses, amplifications, 
deletions, and translocations [65]. Recent studies of the pancre-
atic cancer genome demonstrate an average of 63 somatic muta-
tions per tumor [66]. Despite the vast number of mutations, 
numerous studies have revealed pathway alterations common 
to most pancreatic cancers, with two alterations occurring in 
nearly every case (Table 87.2) [66].
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Figure 87.2 Histopathology of pancreatic ductal 
adenocarcinoma. (a) Depicts the intense desmoplasia 
characteristic of pancreatic cancer (arrowheads). (b) 
Reveals the characteristic infiltrating glands with 
tumor cells demonstrating nuclear hyperchromatism, 
pleiomorphism, and prominent nucleoli (outlined 
area). (c, d) Demonstrate perineural invasion by 
pancreatic cancer cells (arrowheads). (e, f) Reveal 
pancreatic cancer cells invasive of vascular and 
lymphatic vessels and lymph nodes (arrowheads).

(a) (b)

(c)

200x 400x

400x 200x

200x 400x

(d)

(e) (f)

Table 87.2 Most common genetic mutations in pancreatic cancer.

Gene Class/function Common alterations Incidence (%)

KRAS Oncogene/membrane-bound GTPase Substitutions 95

CDKN2A Tumor suppressor/cell cycle regulator Homozygous deletion
Intragenic mutations with LOH
Epigenetic promoter silencing

98

TP53 Tumor suppressor/checkpoint regulator Missense mutations 70

SMAD4 Tumor suppressor/TGF-β pathway regulator Homozygous deletions
Missense mutations

55

BRCA2 Tumor suppressor/DNA repair Nonsense mutations 7

GTPase, guanosine triphosphate; LOH, loss of heterozygosity; TGF, transforming growth factor.

Commonly mutated genes in pancreatic cancer
The K-ras gene, the most commonly mutated oncogene in 
human cancer, is mutated in nearly all pancreatic cancers. The 
gene encodes a guanosine triphosphate (GTP)-binding hydro-
lytic enzyme that functions as a second messenger protein 

downstream of multiple growth factor receptors. The K-ras 
protein is active when bound to GTP. Mutations occurring in 
codons 12, 13, and 61 effect conformational changes in the 
binding pocket that disrupt the hydrolysis of GTP and therefore 
render the protein constitutively active. K-ras is mutated in 95% 
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and Wnt signaling pathways in pancreatic carcinogenesis 
[66,74,75].

Hedgehog proteins are secreted ligands capable of both auto-
crine and paracrine signaling. Sonic hedgehog (Shh) is a key 
regulator of pancreatic development and epithelial proliferation. 
Shh is overexpressed in most pancreatic cancers with its upregu-
lation observed initially in PanIN [76]. Recent evidence suggests 
Hedgehog signaling plays a key role in regulating stromal pro-
liferation that is so characteristic of pancreatic cancers [77]. 
Numerous Hedgehog pathway inhibitors have now been devel-
oped and are in early phase trials in pancreatic cancer.

Notch proteins are transmembrane receptors for membrane 
bound ligands that are known as key development regulators. 
Typically, Notch functions to maintain cells in an undifferenti-
ated state during development, a function that has been pro-
posed to be significant during carcinogenesis as well. Notch 
activation is largely absent in the adult pancreas, with the excep-
tion of activity seen in centroacinar cells. Expression of the 
Notch target gene Hes1, is observed in centroacinar cells and is 
increasingly observed during acinar duct metaplasia and the 
development of PanIN and pancreatic cancer [75]. The role of 
Notch in pancreatic cancer progression remains under investi-
gation, but drugs targeting γ-secretase, a regulator of Notch 
signaling, are currently in early phase clinical trials [78].

Wnt proteins are a family of secreted ligands that play numer-
ous roles in embryonic development. Dysregulation of Wnt 
signaling has long been known to play a significant role in the 
development of cancer of the colon and in several other tissues. 
Canonical Wnt signaling occurs via accumulation of the 
β-catenin protein that can act as cotranscriptional activator 
along with the TCF/LEF family of proteins. Downstream targets 
include regulators of proliferation and survival such as cyclin D, 
c-myc, and survivin. Wnt signaling can act to maintain cells  
in the undifferentiated state, important for maintenance of  
the stem cell niche. In the pancreas, Wnt signaling is critical for 
the development of the exocrine pancreas suggesting that, in the 
pancreas, it may be important for the expansion of exocrine 
precursors [79]. More recent studies have demonstrated that 
inhibition of Wnt signaling in pancreatic cancer cells can inhibit 
growth and suggests targeting Wnt signaling as a potential 
avenue for pancreatic cancer therapy [80,81]. Wnt signaling is 
quite complex, as noncanonical effects mediated by intracellular 
calcium signaling may play a role as well as the fact that Wnt 
ligands are quite promiscuous protein partners, making analy-
ses challenging.

Tumor microenvironment
A signature characteristic of pancreatic cancer is the profound 
stromal proliferation that accompanies the malignant epithelial 
cell to form the tumor mass. In recent years, there has been an 
increasing recognition that this unique tumor microenviron-
ment plays a critical role in tumor growth, metastasis, and thera-
peutic resistance. The stroma consists of a diverse cell population 
including cancer-associated fibroblasts (variously termed as  

of pancreatic cancers with mutations in the glycine residue at 
codon 12 representing more than 95% of these [67,68].

When mutant, K-ras activates numerous signaling pathways 
associated with growth, apoptotic resistance, and other onco-
genic phenotypes. The relevance of K-ras mutation to pancreatic 
carcinogenesis has been borne out by genetically engineered 
mouse models. Activation of K-ras in the murine pancreas  
gives rise to PanIN that slowly progress to invasive PDAC that 
is histologically nearly indistinguishable from the human 
disease [63].

The CDKN2A (p16) tumor suppressor gene is also altered in 
greater than 95% of pancreatic cancers. Unlike K-ras, however, 
p16 protein function is disrupted in a variety of ways, including 
homozygous deletion (∼50%), mutational inactivation and loss 
of heterozygosity (LOH) (∼33%), and epigenetic silencing 
(∼17%) [69]. The p16 tumor suppressor regulates cell cycle pro-
gression by inhibiting cyclin D-CDK4/6, the complex responsi-
ble for induction of the G1/S transition. Germline mutations in 
p16 are associated with the familial atypical multiple mole 
melanoma (FAMMM) syndrome, which confers a 38-fold 
increase in lifetime risk of pancreatic cancer [70]. In mice bearing 
mutant K-ras, mutation of p16 greatly accelerates progression to 
invasive cancer and metastasis, thereby demonstrating the rele-
vance of this alteration to pancreatic carcinogenesis [64].

The p53 tumor suppressor gene is the most commonly 
mutated gene in human cancer and, not surprisingly, it is fre-
quently altered in pancreatic cancer as well. Studies suggest 
50%–70% of pancreatic cancers harbor loss of function altera-
tions in the p53 protein, which is responsible for transcription-
ally activating genes capable of responding to DNA damage and 
other cellular stressors. Loss of p53 function is commonly asso-
ciated with chromosomal instability. Pancreatic carcinogenesis 
is greatly accelerated when p53 is inactivated in mice harboring 
mutant K-ras and the resultant cancers are marked by chromo-
somal instability similar to the human disease [71,72].

Inactivation of the tumor suppressor SMAD4 is seen in 
approximately 55% of pancreatic cancers. The SMAD4 protein 
functions as part of the transforming growth factor β (TGF-β) 
pathway to suppress growth inhibition. SMAD4 loss has been 
implicated in the development of pancreatic cystic neoplasia as 
well. Other genetic mutations have been implicated in pancre-
atic cancer including BRCA2, PALB2, BRCA1, STK11, and mis-
match repair genes (hMSH2, hMLH1, hPMS1, hPMS2, and 
hMSH6/GTBP) [70]. Genes inducing hereditary pancreatitis, 
PRSS1 and SPINK1, have not been implicated as directly respon-
sible for pancreatic carcinogenesis, but patients who develop 
pancreatitis as a result of these mutations are at a 53-fold life-
time risk of pancreatic cancer [37,73].

Embryonic signaling pathways
Over the past decade, it is has become increasingly clear that 
during carcinogenesis, reactivation of signaling pathways 
important during embryogenesis is a common event. Abundant 
evidence has accumulated to implicate the Hedgehog, Notch, 
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next most common site of metastatic disease is the peritoneal 
surfaces. The extent of disease at diagnosis is typically character-
ized as localized (resectable), localized (borderline resectable), 
locally advanced (locally unresectable), and metastatic. 
Unfortunately, owing to the absence of any early detection strat-
egies, the majority of patients present late in the course of their 
disease, i.e., in year 13 or 14 of this putative 15-year timeline. 
As such, approximately 85% of patients have either clinically 
evident metastatic disease (∼45%) or locally advanced tumors 
that preclude the possibility of surgical resection (∼35%) and a 
mere 15% appear to have localized potentially operable disease 
at diagnosis. The most common signs and symptoms include 
weight loss, anorexia, epigastric pain (often with radiation to the 
back), fatigue, and depressed mood. These symptoms are gener-
ally associated with advanced stage disease. Another common 
presentation, painless jaundice, is more often associated with 
the potential for surgical resection. Weight loss in pancreatic 
cancer patients is multifactorial, stemming from a combination 
of anorexia, malabsorption occurring secondary to biliary and 
pancreatic duct obstruction, and from underlying changes in 
calorie utilization induced as a paraneoplastic syndrome of the 
disease itself. Pain often reflects perineural invasion by tumor 
cells and is a strong negative predictor of operability. New onset 
diabetes is another common finding in pancreatic cancer 
patients and often will predate the diagnosis by months to even 
a year or more. Physical findings, aside from that associated 
with weight loss and jaundice, are uncommon, though can 
include the late stage findings of ascites or palpable mass sec-
ondary to peritoneal metastases, and supraclavicular adenopa-
thy. It is important to note that cancers arising in the pancreatic 
head more typically present with obstructive jaundice, whereas 
cancer of the body and tail more often present with nonspecific 
symptoms such as weight loss or abdominal pain. This differ-
ence in presentation is significant in that pancreatic head 
cancers account for 85% of resectable lesions despite accounting 
for approximately two-thirds of all cancers. This demonstrates 
that the early onset of symptoms translates into diagnosis at an 
earlier stage of disease. History and physical assessment of pan-
creatic cancer patients is a critical part of treatment planning, 
as performance status and the presence of comorbidities will 
determine their suitability of surgery as well as nonsurgical 
therapy. The Eastern Cooperative Oncology Group (ECOG) 
status assists in grading the level of functional capacity as shown 
from 0, fully functional, to 5, expired (Table 87.3). The distinc-
tion is relevant as patients with poor performance status, 2–4, 
are unlikely to benefit from intensive chemotherapy. ECOG 
status is a major prognostic factor associated with poorer sur-
vival in all stages of pancreatic cancer.

Differential diagnosis and staging

The diagnosis of pancreatic cancer is generally suspected  
based on the clinical presentation and/or on findings from 

stellate cells), immune cells including macrophages, T and B 
cells, and mast cells. In addition, there are abundant cellular 
matrix proteins such as collagens and hyaluronan [82]. Each of 
these stromal components has been implicated in various aspects 
of pancreatic carcinogenesis but two major themes have emerged: 
(1) the development of an immunosuppressive growth-
promoting microenvironment; and (2) the creation of a barrier 
to tumor blood flow and drug delivery. Recent work has sug-
gested that reprogramming the tumor microenvironment can 
result in an enhanced immune response and improved response 
to chemotherapy [83,84]. Multiple approaches to modulating the 
immune response within the pancreatic cancer microenviron-
ment are now being advanced to the clinic.

Other studies have demonstrated that agents targeting 
hyaluronan can improve drug delivery by reduction intratu-
moral hypertension, allowing previously collapsed blood vessels 
to open [54,85]. These effects were associated with profound 
survival benefit in a relevant genetically engineered mouse 
model of pancreatic cancer. Two randomized phase II trials are 
currently in development comparing systemic therapy regimens 
with and without a pegylated form of hyaluronidase (PEGH20) 
in patients with stage IV pancreatic cancer.

Pancreatic cancer stem cells
The concept that only a subset of tumor cells retains the capacity 
for self-renewal and differentiation are key tenets of the cancer 
stem cell hypothesis. Cancer stem cells are likewise thought to 
be more resistant to standard cancer therapies such as chemo- 
and radiotherapy, and thereby serve as the source of relapse 
following cancer treatment. Several groups have described 
markers of pancreatic cancer stem cells (PCSC) [86–90]. The 
first report described PCSCs as CD24+, CD44+, and ESA+ 
[86]. Subsequent reports have identified CD133+ as a PCSC 
marker and that CXCR4 marked a subset of PCSC with meta-
static potential [89]. Expression of the ALDH1 enzyme and the 
c-met protein has similarly been associated with the capacity for 
tumorigenesis in pancreatic cancer cells [87,91]. It remains 
unclear whether expression of these proteins is of functional 
significance or simply phenotypic markers. Numerous ongoing 
studies are aimed at better characterizing PCSC and developing 
the means to target them for pancreatic cancer therapy.

Clinical presentation and natural history

While it has long been assumed that pancreatic cancer progresses 
rapidly, recent studies based on cancer genetics suggest the 
disease may take in the range of 15 years to progress from the 
initial malignant cell to patient death from disease [65]. Recent 
studies in mouse models raise the question as to whether dis-
semination may actually occur before histological evidence of 
invasive disease [92]. Pancreatic cancer typically invades locally 
and spreads via the lymphatics to locoregional lymph nodes, 
and hematogenously to the liver in the majority of patients. The 



Adenocarcinoma of the pancreas CHAPTER 87   1769

surgery as the ability of CT to determine vascular invasion is 
the single best predictor of resectability. The goal of the hepatic 
phase is to differentiate between normal hepatic parenchyma 
and hypovascular metastases. Reports suggest that up to 11% of 
pancreatic cancers are isoattenuating on the pancreatic and 
hepatic phases making it potentially difficult to distinguish 
tumor from surrounding normal parenchyma unless other 
signs such as ductal dilatation or mass effect are present 
[95–97].

Although MRI has not been demonstrated to be superior to 
CT scan based on a metaanalysis showing a sensitivity of 84% 
for MRI compared to 91% for CT scan, selected cases such as 
evaluation of an isoattenuating tumor may show benefit in using 
MRI as an adjunct to CT scan [98]. MRI is perhaps most effica-
cious in the evaluation of suspicious hepatic lesions that are 
<1 cm as seen on CT scan. CT is often unable to discriminate 
between benign and malignant lesions at this size but MRI has 
been shown to accurately differentiate between the two in 
greater than 90% of patients [99].

Historically, endoscopic retrograde cholangiopancreatogra-
phy (ERCP) was frequently utilized for diagnosis of pancreatic 
cancer. The “double-duct sign” defined as distal narrowing and 
proximal dilation of the common bile duct and pancreatic duct 
was the most typical finding (Figure 87.3). ERCP brushings 
may be utilized to obtain tissue for diagnosis and endoscopic 
stenting can be accomplished at the same setting for decom-
pression of the biliary tree and relief of jaundice. Given the  
low sensitivity of ERCP-derived cytology, and the advent of 
EUS, ERCP has been somewhat marginalized as a diagnostic 

cross-sectional imaging. In the past, evaluation of jaundice  
uniformly started with transabdominal ultrasound. More 
recently, the initial study performed in most patients pre  -
senting with jaundice, abdominal or back pain is the computed 
tomography (CT) scan which is widely available as a screening 
tool for nonspecific abdominal complaints. The differential 
diagnosis of periampullary masses includes other neoplasms 
such as cholangiocarcinoma, adenocarcinoma of the duodenum 
and ampulla of Vater, or other less common tumors. Benign 
etiologies of periampullary masses include chronic pancreatitis, 
choledocholithiasis, and autoimmune pancreatitis (see Chap -
ters 84, 89 and 83).

The most common appearance of PDAC on CT is that of a 
low-density mass within the pancreas. Associated findings 
include pancreatic gland atrophy, dilation of the pancreatic and 
common bile ducts, and contour irregularity of the pancreatic 
surface. When a mass is identified and is suspicious for malig-
nancy, the additional CT findings are critical to assess the poten-
tial for surgical resection. The sensitivity of detecting pancreatic 
cancer on CT scan varies from 67% to 100% depending on the 
size of the primary lesion [93,94]. Ideally, CT scan protocols 
should be “pancreas specific” in which images are acquired at 
multiple phases of contrast enhancement. Typically, the first is 
immediately after the arterial phase but prior to the hepatic 
phase of enhancement, referred to as the pancreatic phase, with 
the second phase correlating to the venous enhancement of the 
liver. The pancreatic phase allows optimal distinction between 
normal pancreatic parenchyma and a pancreatic mass while 
enabling evaluation of peripancreatic vessels in order to deter-
mine the extent of tumor involvement. The diagnostic accuracy 
of CT for lymph node metastasis is very poor as it is generally 
based on size criteria alone. Enlarged lymph nodes may be reac-
tive, particularly following biliary stenting, while normal-sized 
nodes may harbor micrometastasis. Enlarged peripancreatic 
lymph nodes should therefore not preclude a patient from 

Table 87.3 Eastern Cooperative Oncology (ECOG) performance status.

Grade Characteristics

0 Fully active, able to carry on all predisease performance 
without restriction

1 Restricted in physically strenuous activity but ambulatory 
and able to carry out work of a light or sedentary nature, 
e.g., light house work, office work

2 Ambulatory and capable of selfcare, but unable to carry 
out any work activities. Up and about more than 50% of 
waking hours

3 Capable of only limited selfcare, confined to bed or chair 
more than 50% of waking hours

4 Completely disabled. Cannot carry out any selfcare. Totally 
confined to bed or chair

5 Dead

Figure 87.3 Endoscopic retrograde cholangiopancreatography (ERCP) 
reveals obstruction of both the common bile duct and pancreatic duct 
(circled area). The so-called double-duct sign is highly suspicious for the 
presence of pancreatic cancer. The role of ERCP is now largely in the 
palliation of jaundice as endoscopic ultrasound has become the preferred 
staging tool and means of tissue acquisition.
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samples can be obtained safely [104,105]. Since EUS-FNA is 
highly accurate, not surprisingly, the diagnostic accuracy of 
larger biopsies has been equivalent, not better. No studies have 
yet addressed the ability of larger cores to enable molecular 
diagnostics, however.

Although other technologies, such as positron emission tom-
ography, are available and have been utilized in the evaluation 
of a patient with known or suspected pancreatic cancer, their 
utility is limited to circumstances of diagnostic uncertainty or 
in the setting of clinical research [106].

Diagnostic laparoscopy
As described, the ability of CT scan to accurately stage patients 
is limited by its inability to detect hepatic metastasis <1 cm or 
peritoneal metastasis. In the setting of pancreatic cancer, the 
main source of debate relates to which pancreatic cancer patients 
should undergo laparoscopy to detect occult metastases. The 
morbidity associated with a diagnostic laparoscopy for staging 
is very low ranging from 0 to 4% with most literature reporting 
a mortality rate of 0 [107]. Several prospective randomized trials 
have not only reaffirmed the ability of laparoscopy to prevent a 
certain subset of patients from undergoing an unnecessary 
laparotomy but have also suggested it may be economically 
beneficial. In an early study, Warshaw et al. evaluated 40 patients 
with histologically confirmed pancreatic cancer who were felt 
to have potentially operable disease after standard preoperative 
evaluation [108]. All patients underwent laparoscopy and 14/40 
(35%) demonstrated metastatic disease at the time of laparos-
copy. The remaining 26 patients had a negative laparoscopy; at 
subsequent laparotomy 3 of the 26 were found to be inoperable 
(82% positive predictive value). Two of the false-negative cases 
were due to inadequate exposure during laparoscopy while the 
third case resulted from the metastatic lesion located within the 
liver parenchyma and discovered only during manual palpation. 
Therefore, 43% of the original cohort had occult metastatic 
disease not detected by CT scan, and 82% of these were detect-
able by laparoscopy. This study was performed prior to the 
availability of current high-resolution helical CT scans. It can 
be argued therefore that such numbers would not be duplicated 
if more modern CT scans were used. In a more recent study by 
Maithel et al., a prospectively gathered database was retrospec-
tively analyzed and 491 pancreatic cancer patients were identi-
fied with tumors potentially amenable to surgical resection by 
dual phase CT scan or MRI [109]. Patients with borderline 
resectable disease as identified by tumor extension to the celiac 
axis, abutment of the superior mesenteric artery, or short 
segment involvement of the portal or superior mesenteric veins 
(SMV) were excluded as were any patients with suspicion for 
distant metastasis. These 491 patients then underwent diagnos-
tic laparoscopy with detailed examination of the liver, peritoneal 
surfaces, and transverse colon mesentery. Ninety-six patients 
were unresectable at the time of laparoscopy because of metas-
tasis to the liver (62%), peritoneum (17%), or locoregional 
spread (22%). The authors then went on to determine if CA 19-9 

modality but remains an important tool for the placement of 
endoscopic stents.

In contrast, EUS evaluation is an important diagnostic tool, 
highly valuable for tumors that are either not visible, or are 
poorly defined on CT scan. EUS provides a minimally invasive, 
accurate method of defining the extent of the primary tumor/
vessel relationships and evaluating surrounding lymph nodes 
(Figure 87.4). It has become the modality of choice to obtain a 
pathological diagnosis of pancreatic masses. Numerous reports 
have clearly documented the safety and accuracy of EUS-guided 
biopsy in the evaluation of pancreatic cancer [100–102]. 
Pretreatment biopsy to confirm malignancy is required for 
patients with suspected locally advanced or metastatic pancre-
atic cancer as these patients will be treated nonoperatively. A 
tissue diagnosis to document adenocarcinoma histology is also 
mandatory for patients who will receive neoadjuvant therapy 
and acquisition of pretreatment tissue is an increasingly impor-
tant part of pancreatic cancer research [103]. For patients pre-
senting with a low-density solid mass in the pancreas and who 
have resectable disease by CT criteria, a histological diagnosis 
of malignancy is not required. The advent of next generation 
sequencing and other molecular diagnostics has led to increased 
interest in obtaining larger samples of tissue than are typically 
procured by fine-needle aspiration (FNA) [103]. Several groups 
have now compared the use of Trucut biopsy needles to FNA. 
These studies have mostly demonstrated that larger tissue 

Figure 87.4 Endoscopic ultrasound (EUS) assists in pancreatic cancer 
staging. This EUS image demonstrates pancreatic cancer invasion of the 
portal vein (PV) (outlined area). EUS-guided biopsy is now the preferred 
means of tissue acquisition in pancreatic cancer and, as demonstrated 
here, can provide excellent visualization of tumor–vessel relationships 
necessary to evaluate for potential surgical resection. CBD, common bile 
duct; GB, gallbladder.
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and metastatic). Thus, as discussed, imaging and the patient’s 
clinical condition most directly guide disease management.

Preoperative biliary drainage
Since the majority of pancreatic cancers are located in the pan-
creatic head, the primary tumor will often constrict the intra-
pancreatic portion of the common bile duct resulting in 
obstruction and jaundice. Preoperative biliary drainage is often 
employed in order to alleviate the symptoms of pruritus or in 
the setting of neoadjuvant therapy in which surgical treatment 
will be delayed. Previously, the use of preoperative biliary  
diversion was routinely performed due to concerns about peri-
operative morbidity in a jaundiced individual undergoing pan-
creaticoduodenectomy (aka Whipple procedure). However, 
recent randomized trials have proven these concerns unfounded. 
This raised the question as to the importance of preoperative 
drainage and whether it was a source rather than a means of 
preventing perioperative morbidity. Povoski et al. studied 240 
consecutive patients at Memorial Sloan-Kettering Cancer 
Center from 1994 to 1997 who underwent pancreaticoduo-
denectomy [112]. Eighty percent of the pancreaticoduodenec-
tomies were performed for adenocarcinoma of the pancreas or 
periampullary region. Of the 240 total patients, 175 (73%) 
underwent preoperative biliary instrumentation defined as can-
nulation of the biliary tract by surgical or nonsurgical tech-
niques (percutaneous transhepatic cholangiography, endoscopic 
retrograde cholangiopancreatography, or common bile duct 
exploration). A cohort of 126 patients subsequently underwent 
biliary drainage preoperatively (endoscopic stents, percutane-
ous drains/stents, or surgical drainage procedure). The overall 
surgical morbidity was 48% (114/240) with a postoperative 
mortality of 5% (12/240). Overall infectious complications were 
seen in 34% (81/240) of patients while 14% (33/240) developed 
as intraabdominal abscess. Preoperative biliary stenting, but not 
instrumentation, was determined to be the only statistically sig-
nificant factor associated with overall complications (P = 0.025), 
infectious complications (P  =  0.014), intraabdominal abscess 
(P = 0.022), and postoperative death (P = 0.037). Despite the 
heterogeneity of the patient population, an evaluation of patients 
who underwent resection for pancreatic cancer or periampul-
lary adenocarcinoma still determined that biliary drainage  
was the only statistically significant predictor of postoperative 

levels correlated with unresectability in this patient population. 
The median preoperative CA 19-9 level for those patients who 
were resected was 131 U/mL compared to 379 U/mL in those 
who had disease precluding curative resection (P  <  0.003). 
Utilizing multivariate regression analysis, a CA 19-9 value 
greater than 130 U/mL preoperatively was a predictor of tumor 
unresectablility (HR 2.7). Some groups have sought to increase 
the sensitivity of laparoscopy for detecting unresectable pancre-
atic cancer by carrying out a more extensive peripancreatic and 
periportal dissection or through the use of intraoperative ultra-
sound to detect occult hepatic metastasis [110,111]. In general, 
such procedures are time consuming and the small additional 
yield has not generated widespread acceptance. In order to opti-
mize the utility of staging laparoscopy for pancreatic cancer, it 
should follow a pancreatic protocol CT scan and be used only 
in selected cases of patients who are at high risk for metastatic 
disease such as those with larger primary tumors, CA 19-9 levels 
of at least 4 times normal, or equivocal findings of locally 
advanced or metastatic disease on CT scan.

Therapy and management

The American Joint Commission on Cancer Staging (AJCC) 
TNM staging system for pancreatic cancer is based on both 
pathological and clinical criteria (Table 87.4a,b), yet manage-
ment is actually based on the so-called clinical stages (localized/
potentially resectable, borderline resectable, locally advanced, 

Table 87.4a TNM staging of exocrine pancreas as per the American Joint 
Commission on Cancer Staging 7th Edition. Reproduced from Winner et al. 
2012 [107]. Reproduced with permission of the authors under the Creative 
Commons Attribution License.

Primary tumor

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor limited to pancreas, ≤2 cm

T2 Tumor limited to pancreas, >2 cm

T3 Tumor extends beyond the pancreas but 
without involvement of the celiac axis or 
the superior mesenteric artery

T4 Tumor involves the celiac axis or SMA

Regional lymph nodes

N0 No regional lymph node metastases

N1 Regional lymph node metastases

Nx Cannot be assessed

Distant metastasis

M0 No distant metastasis

M1 Distant metastasis

Table 87.4b Anatomical stage/prognostic groups.

Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

Stage III T4 Any N M0
Stage IV Any T Any N M1
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frequently changed. However, earlier practices favored plastic 
stents in those who would undergo definitive surgery as it was 
thought metal stents created an inflammatory reaction that 
made the surgical dissection difficult. These claims have been 
largely unfounded, as the preoperative use of expandable metal 
stents prior to pancreaticoduodenectomy has not been shown 
to significantly increase operative time, operative blood loss, or 
perioperative mortality [115,116]. For these reasons, expanda-
ble metallic stents are an appropriate means of preoperative 
biliary decompression in the patient who will undergo 
pancreaticoduodenectomy.

Surgical resection
As discussed, high-quality imaging is an essential part of the 
evaluation of patients with suspected pancreatic cancer. It is 
perhaps even more critical as a tool to determine suitability for 
pancreatic surgery. This imaging begins the staging process for 
the disease as well as influences the decision to offer a surgical 
resection. Surgical resection remains a necessary part of cura-
tive therapy for pancreatic cancer. Approximately two-thirds of 
pancreatic cancers occur in the pancreatic head, although the 
head location accounts for 85% of operable tumors. Cancers 
occurring in the body and tail of the gland are more often 
present with clinically evident metastatic disease owing to a lack 
of symptoms, whereas tumors in the head of the gland may 
obstruct the common bile duct and therefore present earlier in 
the course of the disease. Tumors in the pancreatic head are 
managed with pancreaticoduodenectomy, while body and tail 
lesions require distal subtotal or “left” pancreatectomy, generally 
with concomitant splenectomy. The decision to proceed with 
pancreatectomy is based on several factors: (1) determination 
that that disease is clinically localized; (2) that the patient is 
medically fit; and (3) imaging suggests the potential for resec-
tion with pathologically negative margins.

Pancreaticoduodenectomy, while a complex procedure, can 
be broken down into two primary phases, tumor extirpation 
and reconstruction (Figure 87.5a,b). The initial phase of the 
operation is typically performed in a “clockwise” manner as 
described by Evans et al. [117]. After exploration and determi-
nation that there is no evidence of metastatic disease, the lesser 
sac is entered through the gastrocolic omentum to expose the 
pancreas. The transverse colon is mobilized to expose the duo-
denum and pancreatic head and the duodenum is medially 
mobilized (Kocher maneuver). At this point the infrapancreatic 
portion of the SMV is exposed to be certain that an adequate 
length is free of tumor such that vascular control could be 
obtained. If so, the portal dissection is carried out wherein the 
gallbladder is removed and the common bile duct and the gas-
troduodenal artery are divided. The portal vein (PV) is exposed 
above the neck of the pancreas. Next, the stomach is divided 
proximal to the pylorus or the pylorus may be spared and the 
duodenum divided just beyond it. Randomized trials have dem-
onstrated no differences in outcomes between the two tech-
niques [118–120]. The jejunum is then divided distal to the 

infectious complications (P  =  0.038), intraabdominal abscess 
(P = 0.001), and death (P = 0.01).

A study performed by Sohn et al. evaluated preoperative 
biliary stenting in 567 patients who underwent pancreaticoduo-
denectomy. In contrast, they did not discover an overall increase 
in major morbidity or mortality in patients who underwent 
preoperative biliary drainage compared to patients who did not 
[113]. The only statistically significant difference was in the rates 
of wound infection and pancreatic fistula formation between 
the two groups. The overall complication rate (35% vs 30%, 
respectively) and mortality rate (1.7% vs 2.5%, respectively) 
between stented and unstented was not statistically significant. 
However, the rate of wound infection in the stented group was 
10% compared with a 4% incidence in the unstented group 
(P  =  0.02), corroborating the findings of Povoski et al. One 
additional finding of interest was the increased incidence of 
pancreatic fistula formation in the stented group (10%) versus 
the unstented group (4%) that was significant (P = 0.02). This 
particular difference, however, was not significant when evalu-
ating patients who had periampullary adenocarcinoma (9% vs 
3% in stented vs unstented, P =  0.07). Pisters et al. evaluated 
their experience of 300 patients who underwent pancreaticodu-
odenectomy (PD) for malignancy or suspected malignancy with 
60% of patients having pancreatic cancer on final histology 
[114]. A total of 93 patients (31%) did not undergo any preop-
erative biliary decompression while 172 patients (57%) did. Of 
this cohort, the drainage procedure consisted of 81% endobil-
iary stents, 16% percutaneous transhepatic catheter, or 2% 
undergoing other forms of biliary drainage (T-tube, Wallstent, 
or cholecystostomy tube). Despite a difference in wound infec-
tion rates between patients undergoing preoperative biliary 
stenting and those who did not (13% vs 4%, respectively, 
P  =  0.028), there was no statistically significant difference 
between the groups when compared to overall complications, 
major complications, anastomotic leak, or perioperative death. 
In contrast to the increase in wound infection seen in these 
three studies, several prospective randomized trials of preopera-
tive biliary stenting have not shown such a difference. As such, 
it is most prudent that preoperative biliary diversion be reserved 
for patients who will undergo neoadjuvant therapy for pancre-
atic cancer and thus have a delayed surgical intervention or for 
those with severe symptoms who will have a delay in surgical 
treatment, being cognizant that a slightly increased risk of post-
operative wound infections may be present.

Metallic versus plastic biliary stents
Some debate has existed over the type of material used for a 
biliary stent as metal stents have a longer patency rate that is 
ideal in patients who are not surgical candidates and therefore 
offer a more definitive option for biliary decompression during 
chemotherapy treatment. In addition, the longer patency of 
metal stents would benefit those undergoing neoadjuvant 
therapy for pancreatic cancer in order to avoid the complica-
tions of stent occlusion and necessity of having a plastic stent 
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resections, there is potential for benefit as long-term outcomes 
appear similar to patients undergoing standard pancreaticoduo-
denectomy [131,132]. Inappropriate patient selection, however, 
has likely led to much of the controversy in the literature, 
wherein some series demonstrate poor outcomes for patients 
undergoing such procedures. This area of controversy has led to 
the evolution of the concept of borderline resectable pancreatic 
cancer, discussed in further detail later in this section.

Outcomes for pancreatic surgery have been related to both 
surgeon and hospital volume [133–137]. It is clear that as these 
operations have become increasingly common, short-term out-
comes with operative mortality rates in the low single digits 
should be the standard. Efforts to reduce perioperative morbid-
ity and length of stay continue and prompted the development 
of minimally invasive pancreatectomy [138].

Adjuvant therapy
Surgical resection of clinically localized disease is the corner-
stone of potentially curative therapy for pancreatic cancer. 
Unfortunately, no greater than 20% of patients are eligible for 
surgery at presentation and at least 80% of patients will ulti-
mately relapse and die even after resection of all grossly visible 
tumor. As a consequence, since the 1980s, multiple phase III 
trials of adjuvant therapy have been conducted aimed at dra-
matically improving the dismal outcomes seen after surgery 
alone (Table 87.5). In 1985, the Gastrointestinal Tumor Study 
Group first reported that adjuvant therapy, consisting of 
5-fluorouracil (5-FU) chemotherapy plus radiation therapy 
given as a split course, improved median survival to 20 months, 
as compared to 11 months for patients undergoing surgery 
alone [139]. Despite the fact that this trial consisted of only 43 
patients and took 8 years to accrue, it formed the basis for 
adjuvant chemoradiation being adopted as a standard in the US. 
These findings, however, were not confirmed by the European 
Organization for Research and Treatment of Cancer (EORTC)-
40891 or the European Study Group for Pancreatic Cancer 

ligament of Treitz and the mesentery divided until the small 
bowel can be delivered behind the mesenteric vasculature to the 
patient’s right. At this point, the pancreatic neck is divided over 
the superior mesenteric–PV confluence. The pancreatic head 
and uncinate are then dissected from the SMV-PV and superior 
mesenteric artery, and the specimen is removed. The dissection 
of this so-called “SMA or uncinate margin” is perhaps the most 
important part of the operation from an oncological perspec-
tive. It is this surgical margin that is most often positive owing 
to the invasion of retroperitoneal soft tissues by tumor cells. It 
is critical that the dissection be carried out to the right lateral 
border of the SMA to maximize tumor clearance.

Reconstruction of the gastrointestinal tract, bile duct, and 
pancreas is conducted in a counter clockwise manner. The prox-
imal jejunal limb is typically brought through a rent in the 
transverse mesocolon and the pancreatic anastomosis is per-
formed first – either to the jejunum, or to the stomach. 
Randomized studies demonstrate no differences in outcomes 
between these two techniques. Leakage from the pancreatic 
anastomosis remains the major source of morbidity that is spe-
cific to pancreaticoduodenectomy, occurring in anywhere from 
3% to 30% of cases. Most randomized studies put the rate of 
pancreatic leak in the range of 10%–15% [121–123]. Following 
the pancreatic anastomosis, the bile duct anastomosis and 
gastro- or duodenojejunostomies are constructed. The need for 
routine use of surgical drains is typically surgeon specific and 
remains controversial [124–126].

Areas of particular controversy in pancreatic surgery have 
revolved around the benefit of extended lymphadenectomy and 
the use of vascular resection during pancreaticoduodenectomy. 
Randomized trials have revealed no evidence of benefit for 
extended node dissection, and mathematical modeling suggests 
such benefit would be extremely unlikely given pancreatic 
cancer biology [127–130]. Groups with sufficient experience 
can perform resection and reconstruction of the SMV-PV safely. 
For patients in whom such resections result in negative margin 

Figure 87.5 Surgical reconstruction following 
pancreaticoduodenectomy (Whipple procedure). 
(a) Depicts a tumor in the pancreatic head. 
Following resection of the pancreatic head, 
duodenum, distal stomach, gallbladder, and 
distal bile duct, three anastomoses are 
constructed. (b) Demonstrates the postresection 
reconstruction consisting of 
pancreaticojejunostomy, hepaticojejunostomy, 
and gastrojejunostomy.

Hepatico-
jejunostomy

Pancreatico-
jejunostomy

(a) (b)

   Gastro-
jejunostomy
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otherapy alone arms of the ESPAC-1 and CONKO studies, again 
raising the question as to the role of chemoradiation in this 
disease.

More recently, the role of adjuvant chemoradiation given 
with an aggressive combination of 5-FU/cis-platin and 
α-interferon was evaluated in a phase II trial by the American 
College of Surgeons Oncology Group (ACOSOG) 5031, as well 
as a small randomized phase II trial, CapRI-2 [145]. Both of 
these studies found this regimen to be associated with marked 
toxicity; grade 3/4 toxicity was 95 and 85%, respectively. 
Unfortunately, while median survivals were better than expected 
in the CapRI-2 study, the 28-month median survival of the 
experimental arm was essentially identical to that observed  
in the much less toxic control arm of 5-FU and 5-FU 
chemoradiation.

The Japanese Adjuvant Study of Pancreatic Cancer (JASPAC)-
01 study compared the oral fluoropyrimidine S-1, to gemcitab-
ine in a study designed to show noninferiority of S-1 as an 
adjuvant treatment [146]. Surprisingly, S-1 was superior to gem-
citabine with a hazard ratio for survival of 0.56, and a 2-year 
survival of 70%, compared to 53% for the gemcitabine arm. S-1 
has increased toxicity in Caucasians as compared to Asians and 
thus is not approved in the US or Europe at present.

Currently, there are two large adjuvant trials ongoing, the 
ESPAC-4 trial and RTOG-0848. The former is comparing gem-
citabine to a gemcitabine/capecitabine combination; RTOG-
0848 represents a cross continental collaboration between the 
US and cooperative groups and the EORTC. The study is exam-
ining two questions: (1) the value of erlotinib, added to gemcit-

(ESPAC)-1 trials [140,141]. The latter concluded that while 
adjuvant 5-FU chemotherapy improved survival, the use of 
5-FU based chemoradiation actually reduced survival, whereas 
combination therapy was inferior to chemotherapy alone. This 
trial was widely criticized, however, given the use of split course 
radiation schema and a lack of radiation quality control that was 
associated with a high rate of local recurrence.

The Charité Onkologie Clinical Studies in Gastrointestinal 
Cancers (CONKO)-001 randomized 354 patients to receive 
adjuvant gemcitabine or observation following potentially cura-
tive surgery. Patients receiving adjuvant gemcitabine had sig-
nificantly longer median times of disease-free survival than 
patients who did not receive the drug (13.4 vs 6.9 months) and 
overall survival time (22.8 vs 20.2 months), thus clarifying the 
benefit of adjuvant chemotherapy [142].

The ESPAC-3 trial compared the effects of adjuvant 5-FU 
with that of gemcitabine in 1088 patients. There was no differ-
ence in median survival time (23.0 for 5-FU vs 23.6 months for 
gemcitabine) or quality of life. Gemcitabine therapy, however, 
was associated with significantly fewer serious adverse events 
[143]. The Radiation Therapy Oncology Group (RTOG) 97-04 
trial also compared 5-FU to gemcitabine, but in the context of 
each group receiving 5-FU based chemoradiation as well [144]. 
The median survival time was 20.5 months for those that 
received gemcitabine and 16.9 months for those that received 
5-FU which revealed a significant trend toward longer overall 
survival time among patients with pancreatic head cancers who 
received gemcitabine. Notably, however, survival of the com-
bined modality therapy group was nearly identical to the chem-

Table 87.5 Phase III adjuvant trials in pancreatic cancer.

Study n Regimen Median OS (m) Summary

GI Tumor Study 
Group (1985) [139]

21
22

5-FU/XRT/5-FU
Observation

20
11

Adjuvant 5-FU and radiation therapy improved survival for 
resected pancreatic cancer

EORTC (1997) [140] 59
55

XRT
Observation

17.1
12.6

Adjuvant 5-FU based chemoradiation did not result in an 
improvement in overall survival

ESPAC-1 (2000) [141] 73
75
72
69

5-FU/XRT
5-FU/XRT/5-FU
5-FU
Observation

13.9
19.9
21.6
16.9

Systemic chemotherapy improved survival, no benefit for 
chemoradiation observed

CONKO (2007) [142] 179
179

Gemcitabine
Observation

22.8
20.2

Adjuvant gemcitabine improved survival

RTOG 97-04 (2010) 
[144]

221
230

Gem/XRT/Gem
5-FU/XRT/5-FU

20.5
16.9

No difference between adjuvant 5-FU and adjuvant gemcitabine

ESPAC-3 (2010) [143] 544
544

Gemcitabine
5-FU

23.6
23

No difference between adjuvant 5-FU and adjuvant gemcitabine

CapRI (2012) [145] 53
57

5-FU/cisplatin/IFN/XRT
5-FU

26.5
28.5

Addition of cisplatin, IFN-α and XRT did not improve survival 
compared to 5-FU alone

JASPAC-01 (2013) 
[217]

191
187

Gemcitabine
S-1

25.9
Not reached

S-1 improved survival compared to gemcitabine

5-FU, 5-fluorouracil; XRT, radiation therapy; Gem, gemcitabine; IFN, interferon-α.
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tion that a subset of tumors that cannot be clearly categorized 
as resectable or locally unresectable. The functional definition 
of these so-called “borderline resectable” pancreatic cancers is 
that while technically resectable, there is a high likelihood of 
positive margins. The exact definition of borderline resectable 
has been the source of debate, as experts have struggled to craft 
a definition that is objective and accurately codifies the intent 
of defining such a category in the first place. Moreover, a con-
sistent, objective, and standardized definition of borderline 
resectable pancreatic cancer is required to design and conduct 
meaningful clinical trials. Variations in definition have made it 
a challenge to compare data from published trials or retrospec-
tive analyses.

In 2006, Varadhachary et al. introduced a definition of bor-
derline resectable pancreatic cancer based on a number of cri-
teria from CT, in the absence of metastatic disease [152]. These 
criteria are: (1) superior mesenteric artery abutment, with 
≤180° involvement of the circumference of the vessel; (2) 
common hepatic artery abutment or short segment encasement 
that is amenable to vascular resection and reconstruction; and 
(3) SMV, PV, or SMPV confluence short segment occlusion, 
with a suitable option for venous reconstruction due to the 
presence of normal PV above and SMV below the area of tumor 
involvement. The National Comprehensive Cancer Network 
(NCCN) has endorsed a modified version, described in a con-
sensus statement from the Americas Hepatopancreatobiliary 
Association, the Society of Surgical Oncology, and the Society 
for Surgery of the Alimentary Tract [153]. The imaging charac-
teristics of resectable, borderline resectable, and locally advanced 
pancreatic cancers are depicted in Figure 87.6.

There is increasing consensus that patients with borderline 
resectable tumors should be treated with induction chemother-
apy, followed by chemoradiation and restaging (based on results 
from CT), before they receive surgery, preferably in the context 
of a clinical trial. This strategy could increase rates of R0 resec-
tion and also provide patients with the benefits of neoadjuvant 
therapy. However, the ideal neoadjuvant regimen has yet to be 
determined.

Katz et al. have used this strategy, and published results from 
the largest series of borderline resectable pancreatic cancers 
[154]. In their study, 160/2454 patients had pancreatic cancers 
that were classified as borderline resectable – 84 because they 
fit the anatomical imaging criteria (type A), 44 due to concern 
for, but not confirmation of, metastatic disease (type B), and 32 
due to poor performance status (type C). These patients were 
treated initially with chemotherapy, chemoradiation, or both; 
125 completed neoadjuvant therapy and their tumors were 
restaged. Based on restaging, 79 patients went to surgery and 66 
had their tumors surgically resected. Among these, 18 required 
vascular resection; the R0 rate was 94%, and pathological evi-
dence of treatment response was identified in 37 specimens. The 
median survival time was 40 months for patients who com-
pleted all therapy vs 13 months among the 94 patients who did 
not undergo surgery. Although neoadjuvant therapy was at least 

abine as systemic therapy; and (2) the value of 5-FU or 
capecitabine-based chemoradiation in patients who are disease 
free after systemic chemotherapy. The study is powered for the 
chemoradiation endpoint and will accrue nearly 1000 patients.

Thus, at present, adjuvant therapy is a standard of care for 
resected pancreatic cancer. It is clear that systemic chemother-
apy with 5-FU or gemcitabine provides a modest benefit over 
surgery alone, while the role of chemoradiation remains con-
troversial. In general, based on the known higher risk for local 
recurrence in patients with microscopically positive margins, 
T3 tumors, lymph node metastases, and extensive perineural 
invasion, it is certainly reasonable to consider adjuvant radia-
tion therapy. The greatest hope for improving outcomes of 
resected patients lies in the discovery of more active systemic 
regimens. The ideal setting for assessing the potential of such 
regimens may lie in the neoadjuvant setting.

Neoadjuvant therapy
Although adjuvant therapy has been associated with a survival 
benefit for pancreatic cancer patients, in general the results 
have been disappointing, showing very modest clinical benefit 
and little progress beyond survival achieved in the very first 
Gastrointestinal Tumor Study Group (GITSG) trial. Surgery 
for pancreatic cancer is associated with significant morbidity 
and a real albeit decreasing mortality rate. Building on the 
experience in other disease sites, neoadjuvant strategies have 
been explored since the 1990s. The rationale for neoadjuvant 
therapy includes the hypothetical benefit of the early treatment 
of occult micrometastatic disease, the ability to deliver therapy 
to a more well-vascularized tumor, and the opportunity to 
assess therapeutic activity in vivo. Neoadjuvant treatment also 
provides a period of biological assessment to insure that 
patients with rapidly progressive disease are spared a nonthera-
peutic morbid operation. Finally, neoadjuvant therapy also 
appears to improve the likelihood that patients will receive all 
components of multimodal therapy as it has been observed 
that due to delay in surgical recovery, many patients experience 
either significant delays to or never recover enough to receive 
adjuvant therapy. The challenges of neoadjuvant therapy 
include the need for a pretreatment tissue biopsy, the general 
need for durable biliary decompression, and the necessity of 
close multimodality treatment planning and care. In general, 
these studies validate some of the concepts underlying a neo-
adjuvant strategy, namely that patients completing therapy and 
going on to resection have high rates of R0 resection and more 
favorable survival than seen in most adjuvant trials, while 
patients who progress during treatment have survival rates 
similar to those with advanced disease [147–151]. Unfortunately, 
no randomized comparisons of the neo- and adjuvant strate-
gies have been performed to date.

Borderline resectable pancreatic cancer
A significant development in the clinical management of pan-
creatic cancer over the last several years has been the recogni-
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amenable to resection and reconstruction; (3) celiac axis; (4) 
hepatic artery not amenable to resection and reconstruction; or 
(5) aortic invasion or encasement.

Treatment options for locally advanced pancreatic adenocar-
cinoma have evolved to include systemic chemotherapy and 
radiation therapy, but the optimal sequencing of these two 
modalities has yet to be identified. Table 87.1 details some of 
the active chemotherapy regimens in both locally advanced and 
metastatic disease according to most recent NCCN guidelines 
to be used in patients with preserved performance status.

Early studies demonstrated that radiation therapy alone does 
not offer optimal tumor control. Local failure rates of over 70% 
were observed in a study of 159 patients treated with intraopera-
tive and external beam radiation therapy [156]. Review of the 
pattern of disease progression in that study demonstrated that 
peritoneal and hematogenous metastases occurred frequently as 

partly responsible for the high R0 rate, it was unlikely to down-
stage the tumor in anatomical terms.

In a separate study, Katz et al. found that only 1/122 patients 
with borderline resectable cancer who received neoadjuvant 
therapy had a tumor that was downstaged to resectable status 
[155]. An Intergroup trial led pilot study, A021101, will test the 
feasibility of induction therapy with FOLFIRINOX (5-FU, leu-
covorin, oxaliplatin, and irinotecan) and 5-FU based chemora-
diation for patients with borderline resectable pancreatic cancer.

Locally advanced pancreatic adenocarcinoma
Locally advanced pancreatic adenocarcinoma is defined objec-
tively by the absence of demonstrable evidence of metastatic 
disease, in the presence of a primary tumor that involves any of 
the following: (1) the superior mesenteric artery over greater 
than 180° of its circumference; (2) SMV/portal occlusion not 

Figure 87.6 Computed tomography (CT) imaging guides the management of pancreatic cancer. (a) Reveals a low-density mass in the pancreatic head. 
The white and black arrows demonstrate the superior mesenteric vein and artery, respectively, that are separated from the tumor by a fat plane. This 
primary tumor is potentially resectable. In contrast, (b) reveals involvement of the superior mesenteric vein by tumor (white arrow), but the superior 
mesenteric artery remains uninvolved. Complete excision of this tumor will require resection/reconstruction of the superior mesenteric vein–portal 
vein confluence but this should still be considered in the category of potentially resectable. (c) Demonstrates a tumor that now involves both the 
superior mesenteric vein and the superior mesenteric artery. The arterial involvement is less than 180° of circumference and thus this tumor is classified 
as borderline resectable. Finally, (d) reveals a tumor that encases both the superior mesenteric vein (which is occluded and not visualized) and the 
superior mesenteric artery. This tumor is classified as locally advanced/unresectable.

(a) (b)

(c) (d)
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strategy. This allows early treatment of occult systemic disease, 
which is present in most patients and allows radiation therapy 
to be delivered to patients who do not rapidly progress at 
distant sites [164–166]. This approach allows the assessment of 
disease biology, as well as the assessment of chemotherapy tol-
erance and responsiveness. The sequencing of systemic chemo-
therapy (i.e., agents, number of cycles) prior to consideration 
for consolidative local therapy continues to evolve. Clinical 
trials using FOLFIRINOX based on the regimen’s response rate 
and overall survival in the metastatic setting are underway, and 
preliminary results displayed an encouraging response rate of 
27.3%, with some patients even able to undergo R0 resections 
following neoadjuvant FOLFIRINOX and CRT; however, tox-
icities were concerning [166,167]. This approach is also sup-
ported by the Groupe Cooperateur Multidisciplinaire en 
Oncologie (GERCOR)-LAP-07 phase III clinical trial, which 
calls into question the role of radiation therapy. In this study, 
patients were randomized patients to gemcitabine alone or plus 
erlotinib 100 mg/day for 4 months (R1). Patients with control-
led disease were then randomized to 2 additional months of 
chemotherapy (Arm 1) or CRT (Arm 2) using 54 Gy and 
capecitabine 1600 mg/m2/day (R2). Patients receiving erlotinib 
at the first randomization had maintenance with this drug after 
protocol completion. Overall survival in R2 patients was 16.5 
months [15.5–18.5] and 15.3 months [13.9–17.3] in arms 1 and 
2, respectively (HR 1.03 [0.79–1.34], P = 0.83). The study con-
cludes administering CRT is not superior to continuing chem-
otherapy in patients with controlled disease after 4 months of 
chemotherapy [168].

Metastatic pancreatic adenocarcinoma
The goals in the treatment of metastatic disease are palliative in 
nature and include improvement in overall survival, reduction 
in pain, and improvements in quality of life. Pancreatic cancer 
patients are at risk for rapid clinical decompensation due to 
biliary obstruction, sepsis, venothromboembolic phenomena, 
pain, nausea, vomiting, anxiety, depression, ascites, and malnu-
trition and all warrant close follow-up. Numerous phase II trials 
have now been conducted to evaluate the optimal therapy for 
patients with stage IV pancreatic cancer (Table 87.6).

Gemcitabine supplanted the use of 5-FU based on the 
results of a phase III trial of 126 patients with metastatic pan-
creatic cancer. The primary endpoint was clinical benefit 
response (CBR), which was a composite of measurements of 
pain (analgesic consumption and pain intensity), Karnofsky 
performance status, and weight, which lead to its approval by 
the American Food and Drug Administration (FDA). CBR 
was experienced by 23.8% of gemcitabine-treated patients 
compared with 4.8% of 5-FU treated patients (P  =  0.0022), 
with median survival durations of 5.65 and 4.41 months for 
gemcitabine-treated and 5-FU treated patients, respectively 
(P  =  0.0025) [169]. The addition of erlotinib to gemcitabine 
demonstrated a small but statistically significant improvement 
in overall survival versus gemcitabine alone, with a HR of 0.82 

well; and thus the need for radiation modulation and systemic 
therapy options to improve both local and systemic disease 
control were recognized. Early studies through the GITSG eval-
uated the radiation therapy alone to 6000 rad, 6000 rad plus 
5-FU, and 4000 rad plus 5-FU. Overall survival was the primary 
study endpoint. Both 4000 rad plus 5-FU and 6000 rad plus 
5-FU were each associated with significantly longer survival 
than 6000 rad alone with respective median survivals of 36 
weeks, 40 weeks, and 20 weeks, and a nonstatistically significant 
difference between 4000 rad plus 5-FU and 6000 rad plus 5-FU 
[157]. ECOG performed a study of 114 patients comparing 
radiation alone, and the addition of concurrent mitomycin-C at 
10 mg/m2 and infusional 5-FU at 100 mg/m2 [158]. There were 
no differences observed in median disease-free survival time 
(DFS) or overall survival time (OS) between the combination 
and radiation therapy alone arms: 5.1 vs 5.0 months, respec-
tively, for DFS (P = 0.19) and 8.4 vs 7.1 months, respectively, 
for OS (P = 0.16).

A metaanalysis compared chemoradiation therapy (CRT) fol-
lowed by chemotherapy (combined modality therapy) versus 
best supportive care; radiotherapy versus CRT; radiotherapy 
versus combined modality therapy; chemotherapy versus com-
bined modality therapy; and 5-FU based combined modality 
treatment versus another-agent-based combined modality 
therapy for patients with locally advanced pancreatic cancer. 
The primary endpoint was overall survival, and 11 trials with 
794 patients met the trials inclusion criteria. Overall survival 
with CRT was increased compared with radiotherapy alone (HR 
0.69; 95% CI 0.51–0.94), but chemoradiation followed by chem-
otherapy did not lead to a survival advantage over chemother-
apy alone (HR 0.79; CI 0.32–1.95). However, a large confidence 
interval in the latter could not rule out clinical benefit from 
chemotherapy [159,160].

Gemcitabine has been evaluated as a radiation sensitizer in 
locally advanced pancreatic cancer [161]. Participants were ran-
domized to 1 of 2 groups: gemcitabine 1000 mg/m2 3 times 
weekly every 4 weeks for 7 cycles; or gemcitabine 600 mg/m2 6 
times weekly concurrent with radiation, followed by 5 cycles of 
gemcitabine 1000 mg/m2 3 times weekly every 4 weeks. Patients 
in the gemcitabine plus radiation group had better overall sur-
vival than those in the gemcitabine only group (11.0 vs 9.2 
months; P  =  0.034). However, no benefit was seen for 
progression-free survival (6.3 vs 6.1 month). Capecitabine has 
also been utilized in radiation sensitization along with cetuxi-
mab, along with pretreatment with gemcitabine and oxaliplatin 
[162]. Median overall survival time was reported of 19.2 months 
(95% CI, 14.2–24.2 months), and 1-year, 2-year, and 4-year 
actuarial overall survival rates observed of 66.0%, 25.02%, and 
11.3%, respectively. In this patient population, multiple discipli-
nary evaluation is mandated, with second look at high-volume 
centers highly desirable, to reassess surgical consideration [163].

Presently, for patients with biopsy-proven locally advanced 
pancreatic adenocarcinoma with preserved performance status, 
chemotherapy as initial treatment has emerged as a leading 
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had a majority of ECOG stage 0 and 1 patients, 56.3% located 
in the pancreatic body and tail.

In a review of available experience with FOLFIRINOX 
outside clinical trials in metastatic and locally advanced pancre-
atic cancer patients, multiple retrospective and prospective het-
erogeneous series have confirmed the similar efficacy and 
toxicity profiles in European and US populations outside the 
clinical trial setting, with data lacking in the Asian population 
[178–180]. Dose modifications and growth factor support was 
common.

The MPACT (Metastatic Pancreatic Adenocarcinoma Clinical 
Trial) was an international phase III open-label study in which 
861 patients were randomly assigned to receive nab-paclitaxel 
plus gemcitabine or gemcitabine. The median overall survival 
was 8.5 versus 6.7 months (P = 0.000015) favoring the combina-
tion arm [181]. A 59% increase in survival at 12 months 
(P = 0.00020) and 78% increase at 18 months (P = 0.00803), 
an improved overall response rate of 23% vs 7% both favored 
the combination, respectively. More grade 3/4 adverse events 
were observed with the combination, most commonly neutro-
penia (38% vs 27%), fatigue (17% vs 7%), and neuropathy (17% 
vs 1%); however, the neuropathy was reported as transitory. 
Overexpression of protein secreted protein acidic and rich in 
cysteine (SPARC) has been reported in pancreatic cancer and 
its peritumoral stroma and its presence associated with poorer 
outcomes. SPARC expression level was correlated in patients 
receiving gemcitabine and nab-paclitaxel [182]. A significant 
improvement in overall survival was noted in high-SPARC 
group compared to the low-SPARC group (median overall sur-
vival: 17.8 vs 8.1 months, respectively; P  =  0.0431) [43,183]. 
Further validation of SPARC expression and response to nab-
paclitaxel will be derived form correlative studies from the 
MPACT trial.

(95% CI 0.69–0.99; P  =  0.038, adjusted for stratification 
factors and median survival of 6.24 months versus 5.91 
months, respectively [170].

Gemcitabine has been combined with numerous agents with 
discouraging results in individual trials. A metaanalysis was 
performed to evaluate randomized trials comparing gemcitab-
ine versus gemcitabine + X (X = cytotoxic agent) evaluating 15 
trials including 4465 patients [169]. In patients with preserved 
performance status, a significant survival benefit was demon-
strated when gemcitabine was either combined with platinum 
analogs or fluoropyrimidines. Phase III trials using the combi-
nation of gemcitabine plus cisplatin, or oxaliplatin have not 
shown a statistically significant survival benefit over that of 
single agent gemcitabine, however [171–175]. Phase III trials 
using agents targeting vascular endothelial growth factor and 
epidermal growth factor signaling using bevacizumab and 
cetuximab, respectively, in combination with gemcitabine were 
also negative [176,177].

Two recent trials have provided significant advances in the 
treatment of metastatic pancreatic cancer. FOLFIRINOX, an 
anachronym for the infusional components of the regimen, con-
sisting of 5-FU, irinotecan, and oxaliplatin, displayed an objec-
tive response rate of 31.6% in the FOLFIRINOX group versus 
9.4% in the gemcitabine group (P < 0.001). The median overall 
survival was 11.1 months in the FOLFIRINOX group compared 
with 6.8 months in the gemcitabine group (HR for death, 0.57; 
95% CI 0.45–0.73; P < 0.001). However, FOLFIRINOX group 
also experienced more adverse events with 5.4% of patients in 
this group having febrile neutropenia. At 6 months, 31% of the 
patients in the FOLFIRINOX group had a definitive degrada-
tion of the quality of life versus 66% in the gemcitabine group 
(HR 0.47; 95% CI 0.30–0.70; P < 0.001), which is important to 
note in a palliative intent treatment. This largely European trial 

Table 87.6 Selected phase III trials in advanced pancreatic adenocarcinoma.

Author Regimen Number of patients enrolled Median survival (months)

Moore et al, NCIC (2007) [156] Gemcitabine vs 
gemcitabine + erlotinib

569 6.2 vs 5.9 (P = 0.038, HR = 0.82)

Poplin et al. ECOG E6201 (2009) 
[161]

Gemcitabine vs gemcitabine FDR 
vs gemcitabine + oxaliplatin

832 4.9 vs 6.2 (P = 0.04, HR = 0.83) 
vs 5.9 (P = 0.22, HR = 0.88)

Cunningham et al. (2009) [215] Gemcitabine + capecitabine vs 
gemcitabine

533 7.1 vs 6.2 (P = 0.08, HR = 0.86)

Van Cutsem et al. (2009) [216] Gemcitabine + erlotinib vs gemcit
abine + erlotinib + bevacizumab

607 7.1 vs 6.0 (HR = 0.89, P = 0.21)

Kindler et al. CALGB 80303 (2010) 
[162]

Gemcitabine vs 
gemcitabine + bevacizumab

602 5.8 vs 5.9 (P = 0.95)

Philip et al. SWOG S0205 (2010) 
[163]

Gemcitabine vs 
gemcitabine + cetuximab

745 6.3 vs 5.9 (HR = 1.06, P = 0.23)

Conroy et al. (2011) [164] FOLFIRINOX vs gemcitabine 342 11.1 vs 6.8 (P < 0.001, HR = 0.57)

Von Hoff et al. (2013) [168] Gemcitabine plus nab-paclitaxel 
vs gemcitabine

861 8.5 vs 6.7 (HR 0.72; P = 0.000015)
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a predictive biomarker in pancreatic cancer patients treated 
with gemcitabine [182,193–195]. In a recent retrospective 
review of the ESPAC study, high hENT1 immunohistochemis-
try expression was associated with improved survival with gem-
citabine, with low hENT1 linked to improved survival with 
5-FU rather than gemcitabine [196].

Presently, the use of molecular profiling to direct patient care 
has not been incorporated into treatment guidelines. Inclusion 
of molecular correlates in clinical trial design should be a prior-
ity. Unfortunately, clinically validated biomarkers have not been 
established, nor have methodologies (e.g., microarray, deep 
gene sequencing, proteomics, gene expression), to identify 
them, been agreed upon. No central laboratory exists for testing. 
The differential response of patients to treatment mandates the 
search for personalized therapeutic options, and identification 
of predictive and prognostic biomarkers.

Complications

The complications of pancreatic cancer may be divided into 
those associated with disease presentation and those associated 
with disease progression. Unfortunately, given that pancreatic 
cancer is most often diagnosed in its latter stages, many of these 
disease-associated complications are present at diagnosis and 
throughout the remainder of these patients’ lives. In locally 
advanced and metastatic disease, treatment is rendered without 
curative intent. An informed discussion with the patient regard-
ing the goals of treatment, expected outcomes regarding sur-
vival, palliative intent of therapy, and treatment-related toxicities 
are essential. Management of disease complications, including 
pain, biliary obstruction, duodenal obstruction, anxiety and 
depression, prophylaxis, treatment of venothromboembolic 
disease, gastric outlet obstruction, and malnutrition, become of 
utmost concern, both related to disease and to toxicities from 
treatment. The importance of timely involvement of palliative 
care and supportive services cannot be overstated.

A major tenet of pancreatic cancer surgery is to perform 
resection only if there is a high likelihood of cure since perform-
ing bypass procedures or R2 resections offer little benefit to the 
patient and result in unwarranted hospitalization. For those 
patients who undergo a laparotomy with the goal of palliation, 
the median hospital stay is greater than 10 days in most series 
[197,198]. In patients who present with advanced pancreatic 
cancer and biliary/gastric obstructive symptoms, the utility  
of operative bypass procedures is debatable as these patients 
typically have a prolonged hospitalization and may take  
months to recover back to their baseline quality of life. However, 
in the appropriate individual with a good performance status 
and a predicted life expectancy of over 1 year, palliative surgery 
is a reasonable option. Endoscopic or biliary decompression 
may be performed with its inherent risks and benefits. Several 
randomized controlled trials have attempted to address the 
issue of palliative gastrojejunostomy alone or combined with 

S-1, an oral fluoropyrimidine combining tegafur – a prodrug 
of 5-FU, 5 chloro-2,4-dihydroxypyridine (CDHP); a reversible 
inhibitor of dihydropyrimidine dehydrogenase (DPD), and 
potassium oxonate – is not available in the US. However, there 
have been response data in the Asian population in which it has 
been evaluated. In 834 enrolled patients, including both locally 
advanced and metastatic patients, median overall survival was 
8.8 months in the gemcitabine group, 9.7 months in the S-1 
group, and 10.1 months in the gemcitabine plus S-1 group. The 
noninferiority of S-1 to gemcitabine was shown with HR 0.96; 
97.5% CI 0.78–1.18; P < 0.001 for noninferiority [184].

Second-line chemotherapy regimens have been studied in 
stage IV pancreatic cancer and the results of select studies are 
displayed in Table 87.7 [179,185–190]. Response rates are gen-
erally low, and median survival is 4–5 months; survival time of 
best supportive care is 2.3 months. No standard therapy options 
exist in this setting and clinical trial assessment should be con-
sidered for the motivated patient with preserved performance 
status.

Biomarker correlatives and  
future trial design

Molecular subtypes of pancreatic cancer have been identified 
with varying responses to chemotherapy based on their genetic 
microarray signature [191]. Recent formation of a pancreatic 
biomarker compendium represents advances in identifying 
biomarkers for pancreatic cancer in a global and systematic 
fashion [192]. One such biomarker, human equilibrative trans-
porter 1 (hENT1), thought to partly mediate cellular entry of 
cytotoxic chemotherapy, has been suggested as having a role as 

Table 87.7 Studies of second-line therapy for metastatic pancreatic cancer.

Study Regimen n RR PFS OS

Pelzer et al. [172] OFF vs BSC 46 6 2.8 4.82/2.3

Xiong et al. [173] XELOX 41 2 2.3 5.3

Kulke et al. [174] CAPE + erlotinib 30 10 3.4 6.5

Assaf et al. [166] FOLFIRINOX 27 20 NA 8.5

Isayama et al. [175] GEMOX 22 0 NA 6.8

Yoo et al. [176] FOLFIRI.3 vs 
mFOLFOX

61 NA NA 4.2/3.7

Yi et al. [177] Irinotecan 33 9 2.0 6.6

BSC, best supportive care; CAPE, capecitabine; 5-FU, 5-fluorouracil; 
FOLFIRI, 5-FU + folinic acid + irinotecan; FOLFOX, 5-FU + 
leucovorin + oxaliplatin; GEMOX, gemcitabine + oxaliplatin; n, patient 
number; OFF, oxaliplatin + folinic acid + 5-FU; OS, overall survival in 
months; PFS, progression-free survival in months; RR, partial 
response + complete response (PR + CR %); XELOX, 
capecitabine + oxaliplatin.
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stimulants such as dronabinol and Megace are generally rela-
tively ineffective and/or associated with increased risk of hyper-
glycemia and thromboembolic events.

Prevention

Addressing the modifiable risk factors previously detailed 
would be a logical strategy to reduce the risk of pancreatic 
cancer. Smoking cessation, alcohol cessation, adoption of 
Mediterranean dietary principles, incorporating fruits and veg-
etables into dietary routine, avoidance of red meat, increased 
exercise, weight optimization, and potential supplementation  
of vitamin D may decrease the risk of developing pancreatic 
cancer [204–208]. Careful attention to a patient’s family history, 
histological subtype, timing of onset of diabetes, and social and 
environmental factors, should be clues to the physician for 
primary screening by imaging, endoscopy, or genetic testing 
even if there are no controlled data defining the most effective 
approach to these.

Secular trends

In contrast to other common malignancies, the incidence of 
pancreatic cancer has risen slightly in recent years. Because of 
its nearly uniformly fatal prognosis, this has been associated 
with a simultaneous increase in the death rate [1]. If current 
trends continue, pancreatic cancer could become the second 
leading cause of death in the US by 2020. The economic burden 
of pancreatic cancer in the US was studied in Medicare patients 
from 2000 to 2007. Estimated mean total direct medical costs/
per patient were $65 500. Mean total costs were greater for 
patients with resectable disease ($134 700) than unresectable 
locoregional or distant disease ($65 300 and $49 000, respec-
tively). Hospitalizations and procedures accounted for the 
largest fraction of healthcare costs, with the cost of care noted 
to increase over the time periods. Given newer more complex 
drug treatments such as FOLFIRINOX and nab-paclitaxel, and 
the resultant improvements in patient survival associated with 
these therapies, these costs will likely escalate markedly in the 
coming years.

Geographical variation

Worldwide, pancreatic cancer is a disease of Western industrial-
ized nations. Northern and central Europeans have a higher 
incidence of pancreatic cancers compared to persons living in 
southern Europe. The highest incidence of pancreatic cancer 
has been reported among the native Maoris of New Zealand, 
amongst native Hawaiians, and in black Americans. India and 
Nigeria are the nations with the lowest reported incidence of 
pancreatic cancer [209].

hepaticojejunostomy. Lillemoe et al. showed a similar length of 
stay and postoperative morbidity between 44 patients who 
underwent palliative gastrojejunostomy and 43 patients who 
did not. The mean survival between the two groups was similar 
(8.3 months) but 19% of patients who did not undergo bypass 
developed gastric outlet obstruction all requiring therapeutic 
intervention (gastrojejunostomy in 7 and endoscopic duodenal 
stent in 1, P < 0.01) [198]. Van Heek et al. found similar results 
when comparing patients who underwent either single pallia-
tive bypass procedure (hepaticojejunostomy alone) or double 
palliative bypass (gastrojejunostomy combined with hepaticoje-
junostomy) [199]. Operative morbidity, mortality, and hospital 
stay were similar between the two groups with similar median 
survival (8.4 vs 7.2 months, respectively; P = 0.15). After pallia-
tion, symptoms of gastric outlet obstruction were present in 
5.5% of the double bypass group and 41.4% of the single bypass 
group (P  =  0.0001). One patient in the double bypass group 
(2.8%) and 6 patients in the single bypass group (20.7%) 
required (re)gastrojejunostomy (P  =  0.04). The absolute risk 
reduction for reoperation in the double bypass group was 18% 
with a number needed to treat of 6. These trials demonstrate 
that in the appropriate individual, enteric bypass can alleviate 
symptoms of gastric outlet obstruction and limit hospitalization 
in these individuals. For patients with poor performance status, 
endoscopic palliation of duodenal obstruction is now an alter-
native to decompressive gastrostomy tube [200].

Palliation of pancreatic cancer pain should be given the 
utmost priority. The staple of care remains narcotic analgesics, 
which are generally highly effective, albeit with the many known 
adverse effects most prominent being altered sensorium, nausea, 
and constipation [201]. There are no clear advantages of a single 
regimen over another, but generally pain management is most 
effective through the use of a long-acting opioid to control basal 
pain and a secondary short acting opioid for so-called break-
through. Additional measures to manage pancreatic cancer pain 
include celiac plexus neurolysis and radiotherapy that have 
varying success and are generally reserved for the minority of 
instances where medical therapy is inadequate.

Cancer cachexia is a universal feature of advanced pancreatic 
cancer. The majority of weight loss is secondary to the still poorly 
understood paraneoplastic effects of the tumor on metabolism 
and calorie utilization. Agents targeting various cytokines such 
as interleukin-1α (IL-1α), thought to contribute to cachexia are 
now being evaluated in the clinic [202]. For pancreatic cancer 
patients, pancreatic enzyme supplementation should be pro-
vided as this helps with the absorption of nutrients. Pancreatic 
exocrine insufficiency is a result of the loss of pancreatic paren-
chyma, pancreatic ductal obstruction, decreased pancreatic 
stimulation, or acid-medicated inactivation of pancreatic 
enzymes. Clinical manifestations are abdominal cramps, bloat-
ing, steatorrhea, and malnutrition with resultant weight loss. 
Fecal fat quantification and 13C-triglyceride breath test, are diag-
nostic. Oral administration of exogenous pancreatic enzymes is 
considered standard therapy [203]. Currently available appetite 
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CHAPTER 88

Introduction

Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) 
are a heterogeneous group of cancers that arise in or around the 
pancreatic islets of Langerhans and the gastrointestinal epithe-
lium, although the precise cells of origin are unknown. The 
multiple hormones and neuropeptides secreted by these cells 
normally play a role in the regulation of gastrointestinal physiol-
ogy and metabolism. Many GEP-NETs exhibit well-differentiated 
features and the ability to synthesize and secrete these hormones 
is preserved. However, this process is often dysregulated such 
that hormone hypersecretion results and dramatic clinical syn-
dromes emerge [1]. GEP-NETs that arise from different organ 
sites or express different hormones behave in highly divergent 
ways. Even among tumors from the same tissue origin, the 
natural history is highly variable. Some behave aggressively but 
many remain indolent for years. This heterogeneity makes GEP-
NETs particularly challenging to study and treat. The focus of 
this chapter will be the epidemiology, presentation, and treat-
ment of pancreatic NETs (PNETs). NETs of the GI tract and 
gastrinomas are discussed separately in Chapter 68, and will be 
referred to only briefly here.

Epidemiology

Although GEP-NETs are considered to be rare tumors and indi-
vidual types of GEP-NETs may be quite uncommon, they are 

collectively more common than generally appreciated. Because 
of the long survival of many patients, the prevalence of GEP-
NETs is higher than many other GI cancers, including esopha-
geal, gastric, pancreatic, and hepatobiliary cancer [2]. PNETs 
remain rare but represent 1.7% of all invasive pancreatic tumors 
[3]. Several considerations arise when reviewing reports of GEP-
NETs. The variable terminology that has been used since their 
discovery makes comparisons between historical and current 
reports of incidence and prevalence difficult. Until recently, 
unified pathological diagnostic criteria were lacking, resulting 
in differences in classification between clinical sites. Before the 
era of large national patient registries, the sample size of many 
reports was small and the power to analyze limited. Furthermore, 
GEP-NETs are a highly heterogeneous group of tumors that vary 
in site, pathophysiology, and behavior. They occur both as spo-
radic tumors and as manifestations of genetic syndromes, and 
this background frequently influences their behavior.

Older population-based studies in the United States and 
Europe have defined incidence rates for PNETs of less than 1 
case per 100 000 person-years [3–9]. Pancreatic tumors were 
outnumbered by NETs arising from the GI tract, and the most 
common sites in these series were the appendix (36%–44%), 
rectum (12%–15%), and ileum (11%–14%). Autopsy-based 
studies of PNETs reveal a much higher incidence of 8.4 per 
100 000 person-years [10,11]. This discrepancy suggests that a 
significant number of tumors remain undetected and may be 
clinically inconsequential.
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frequently associated with other paraneoplastic syndromes. 
Typical carcinoids can be observed in association with GEP-
NETs in the context of the MEN1 syndrome (see Section MEN1 
syndrome).

PNETs represented 3598 of the NETs tracked in the SEER 
database, accounting for only 12% of tumors in this series. 
Consistent with earlier reports, PNETs were much less common 
than tumors in the small intestine, colon, and rectum. The inci-
dence of PNETs has increased more slowly than other NETs but 
the rate of increase has accelerated over the past decade. Between 
1973 and 2000, incidence increased by 0.05 cases per million 
per year in the USA [2,15]. However, the incidence jumped 
from 0.24 to 0.43 per 100 000 between 1993 and 2007, resulting 
in annual increases of 0.16 cases per million per year during the 
first half of this period and 0.22 during the second half [2] 
(Figure 88.1). A similar trend has also been seen in a large 
European series and a Japanese survey [16,17]. Over 90% of  
the 1483 pancreatic NETs enrolled in SEER (1973–2000) were 
nonfunctional. Of the remainder, 4.2% were gastrinomas, 2.5% 
insulinomas, 1.6% glucagonomas, and 0.9% VIPomas [15].  
No functional somatostatinomas were identified. The more 
common use of imaging during this period may be driving these 
trends in PNET incidence. However, considering the large 
number of asymptomatic NETs diagnosed in autopsy series,  
it is difficult to distinguish between the contributions of a true 
rise in GEP-NET incidence and improved diagnosis due to 
changes in clinical practices. It should also be noted that the 
SEER registry only tracks malignant NETs and may underesti-
mate the incidence of tumors with more benign behavior  
[18]. This is particularly important when considering PNETs 
because the SEER registry does not track benign tumors such 
as insulinomas.

Trends in the stage of tumors have also been shown from 
SEER data. PNETs were increasingly found to be metastatic at 
the time of diagnosis [2]. In contrast, NETs from other sites 
showed opposite trends with small intestinal NETs, for example, 
increasingly being diagnosed with only local or regional spread. 
Improvements in the sensitivity of imaging of NETs and changes 
in the use of endoscopy may be contributing to these trends.

The incidence of PNETs increases dramatically with age. 
Only 15% of PNETs are diagnosed in patients under the age of 
50 years [2,15]. The peak incidence of these cancers is seen in 
patients in between 60 and 80 years old.

There appear to be racial differences in the incidence of GEP-
NETs. The SEER registry (2000–2004) revealed that their inci-
dence was higher in African Americans compared with whites, 
Asians, and Native Americans (4.9 vs 2.7, 2.1, and 2.2 per 
100 000) [19,20]. The differences in PNET incidence are small, 
with 0.25 per 100 000 in African Americans and 0.22 in whites 
[15]. Most of the racial disparity in GEP-NET incidence is 
driven by duodenal and colorectal NETs, which are two to four 
times more common in African Americans.

Gender exerts a small effect on the incidence of GEP-NETs 
and is variable depending on site. American and Norwegian 

Since the early 1970s, the Surveillance Epidemiology and End 
Results (SEER) program of the National Cancer Institute has 
tracked the incidence, prevalence, and survival of patients  
with GEP-NETs in the USA. The most recent analysis included 
29 664 patients with multiple malignancies including GEP-
NETs reported between 1973 and 2004 [2]. Several trends have 
emerged. The incidence of GEP-NETs has consistently increased 
throughout the past several decades. Incidence of all GEP-NETs 
has risen from 1 case per 100 000 during the period from 1973 
to 1977 to 3.65 cases per 100 000 between 2003 and 2007. 
Dramatic differences in the anatomic location of tumors were 
also seen when compared to pre-SEER data. In contrast to the 
large number of appendiceal NETs reported previously, pan-
SEER data (1973–2007) show these tumors to account for only 
9% of GEP-NETs. In contrast, NETs of the small intestine were 
the most common (31%), followed by rectal (26%) and colonic 
(18%); and in the most recent SEER period from 2003 to 2007, 
rectal NETs have overtaken all other sites as the most common 
location for GEP-NETs (29%). Within the SEER era, appendi-
ceal NET incidence has remained relatively stable compared to 
other sites. The increasing use of imaging and endoscopic exams 
to evaluate patients in combination with decreasing rates of 
appendectomy is likely contributing to these trends [2,12].

Interestingly, the lung is the most common site of origin for 
NETs and these tumors account for 25% of all primary lung 
neoplasms (Figure 88.1). Pulmonary/bronchial NETs are classi-
fied into four major types: small cell lung cancer (20% of lung 
cancers), large cell neuroendocrine carcinoma (3%), typical  
carcinoid (2%), and atypical carcinoid (0.2%) [13]. In contrast 
to gastrointestinal NETs, pulmonary carcinoids rarely cause 
functional syndromes. However, small cell lung cancers are  

Figure 88.1 Increasing incidence of gastroenteropancreatic 
neuroendocrine tumors (GEP-NETs). The incidence of GEP-NETs has 
increased dramatically over the course of the past several decades. The 
rise in the incidence of NETs has been driven primarily by increases in 
tumors of the rectum, small intestine, and stomach. The rate of increase 
in tumors from other sites has been slower. The expanding use of upper 
endoscopy and colonoscopy over this time period may be contributing to 
these trends. Source: Modlin et al. 2008 [14]. Reproduced with permission 
of Elsevier.
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tion of preexisting endocrine cells, although reappearance of 
endocrine progenitor cells has been reported under conditions 
of extreme injury [23,24]. However, while a neural crest origin 
for normal gastrointestinal and pancreatic endocrine cells has 
been excluded, the origin of NETs within the gut and pancreas 
remains undefined. Studies analyzing tissue from patients with 
multiple endocrine neoplasia type 1 (MEN1) have argued for a 
duct, acinar, or islet origin of PNETs based on the proximity of 
presumed precursor lesions to these structures [25,26]. However, 
studies of mouse models of MEN1 (in which both copies of  
the gene have been conditionally deleted using a rat insulin 
promoter driven Cre recombinase) have shown that islet cell 
adenomas can arise from pancreatic epithelial cells and specifi-
cally from the mature endocrine cells of the islet of Langerhans, 
albeit with a long latency [27–29]. This finding suggests that 
adult endocrine cells might also be the origin in humans as  
well. However, given the steady turnover and slow proliferation 
rates of mature endocrine cells, and the long time frame needed 
for tumor development, the possibility remains that NETs  
may arise from a longer-lived stem or progenitor cell. Questions 
also remain regarding the possibility that poorly differenti-
ated tumors may originate from a different source than well-
differentiated ones.

Among the four Mendelian genetic disorders that predispose 
to GEP-NETs, MEN1 or Wermer syndrome is the prototype 

females have lower rates of all GEP-NETs and this difference is 
particularly evident in the pancreas, with a male to female ratio 
of 1.29–1.85 [15,16].

Pathogenesis

The pathogenesis of GEP-NETs continues to be elucidated and 
has benefited from studies of genetic syndromes that predispose 
to the development of NETs as well as analysis of sporadic 
tumors. These studies have highlighted multiple pathways that 
can be simultaneously activated in tumors. However, research 
on these uncommon tumors has been hindered by small sample 
sizes and the heterogeneous nature of tumors from different 
anatomical locations and of different hormonal subtypes.

Paralleling the debate over the embryological origin of the 
cells that comprise the pancreatic and GI neuroendocrine 
system, several competing theories of the cell of origin of PNETs 
have arisen. Murine lineage-tracing models have demonstrated 
that normal endocrine cell differentiation in the pancreas occurs 
from a transient epithelial multipotent progenitor cell in the 
embryonic pancreas that disappears after birth [21,22]. These 
findings refute an earlier concept that endocrine cells in this 
organ derive from neural crest lineages. In adult animals, home-
ostasis of pancreatic endocrine cells is primarily from replica-

Table 88.1 Genetic syndromes associated with gastroenteropancreatic neuroendocrine tumors (GEP-NETs).

Syndrome Gene Role Signs/symptoms

Multiple endocrine 
neoplasia type 1 
(Wermer syndrome)

Multiple endocrine 
neoplasia 1
(MEN1)

Transcriptional regulation, 
epigenetics, cell cycle, 
genome stability

Primary hyperparathyroidism
Pancreatic/duodenal NETs (50%–80%): nonfunctional NET, gastrinoma, 
insulinoma
Pituitary tumors
Adrenal hyperplasia/adenomas
Skin tumors: angiofibromas, collagenomas, café-au-lait macules, lipomas
CNS tumors: meningiomas, ependymomas, schwannomas
Smooth muscle tumors: leiomyomas, leiomyosarcomas
Thyroid tumors

VHL syndrome von Hippel–Lindau 
tumor suppressor
(VHL)

E3 ubiquitin ligase that 
regulates proteolysis of 
hypoxia inducible factor

Retinal, cerebellar, or spinal hemangioblastomas
Renal cell carcinoma
Pheochromocytoma
Pancreatic cysts
Pancreatic NETs (11%–17%)

Neurofibromatosis 
type 1 (von 
Recklinghausen 
disease)

Neurofibromin 1 (NF1) Inhibitor of Ras and 
mTOR pathway signaling

Skin lesions: café-au-lait spots, axillary freckling, Lisch nodules
Neurofibromas
Optic pathway gliomas
Skeletal dysplasia
Duodenal NETs (1%)

Tuberous sclerosis 
(Bourneville disease)

Tuberous sclerosis 1/
hamartin (TSC1) or
Tuberous sclerosis 2/
tuberin (TSC2)

Inhibitor of RHEB and 
mTOR pathway signaling

Cortical tubers causing epilepsy, mental retardation, autism
Skin lesions: facial angiofibromas, ungual fibromas, shagreen patches, 
hypopigmented macules
Other CNS lesions: subependymal nodules, giant cell astrocytomas, 
retinal hamartomas
Cardiac rhabdomyomas
Renal angiomyolipomas
Pulmonary lymphangiomyomatosis
Pancreatic NETs (rare)



Neuroendocrine tumors of the pancreas CHAPTER 88   1785

caused by mutations in either TSC1 encoding hamartin or TSC2 
encoding tuberin [47,48]. These mutations are spontaneous and 
de novo in approximately 70% of patients, and such patients 
thus lack a family history of TSC [48]. As a heterodimer, the 
tuberin/hamartin tumor suppressor complex inactivates the Ras 
homologue RHEB, resulting in inhibition of mTOR activity and 
regulation of cell growth and proliferation [49,50].

Although the study of genetic syndromes associated with 
GEP-NETs has provided some insight into pathogenesis, under-
standing is incomplete. Approaches focusing on sporadic 
tumors have documented the occurrence of chromosomal 
losses and gains in pancreatic (loss at 1p, 1q, 3p, 6q, 10q, 11p, 
and 11q; gain at 7p, 7q, 9p, 9q, 17q, and 20q) and gastrointesti-
nal NETs (loss at 18q, 9p, and 16q; gain of 14q) [51–58]. Among 
pancreatic NETs, nonfunctional tumors were found to have the 
highest frequency of genetic lesions and benign insulinomas 
and gastrinomas the lowest. In addition, malignant pancreatic 
NETs had more alterations than benign tumors of the same 
type, consistent with the concept that progressive genetic altera-
tions drive malignant behavior [58].

Not surprisingly, mutations in MEN1 are some of the most 
common abnormalities and have been found in 13%–44% of 
sporadic pancreatic NETs, including gastrinomas, insulinomas, 
glucagonomas, VIPomas, and nonfunctional tumors (Box 88.1) 
[59–64]. Of the other genes related to NET tumor syndromes, 
VHL mutations have not been identified but VHL promoter 
hypermethylation and haploinsufficiency have been described 
and may correlate with tumor progression [62,65,66]. Mutations 

(Table 88.1). This autosomal dominant disease is caused by 
mutations in the MEN1 gene on chromosome 11. The disorder 
is rare, occurring in 1 in 20 000–40 000 people, though autopsy 
studies have described at least a fivefold higher rate [30]. The 
Menin protein encoded by MEN1 is a 610-amino acid nuclear 
protein that acts as a tumor suppressor. Over 1000 distinct 
mutations have been identified in the MEN1 gene; the majority 
are inactivating frameshift, nonsense, or missense mutations 
[31]. Tumors arise following loss of heterozygosity at this locus, 
resulting in loss of function of both alleles. In a small fraction 
of patients presenting clinically with classic MEN1 syndrome, a 
mutation in the MEN1 gene has not been identified, suggesting 
a causative change may have occurred in regulatory regions of 
MEN1 or in another gene entirely. Indeed, mutations in cyclin 
dependent kinase inhibitor 1B (CDKN1B) have been found in 
such a kindred [32].

Menin is a multifunctional protein with roles in transcrip-
tional regulation, epigenetic control of gene expression, cell 
cycle control, and genome stability. Menin directly interacts 
with multiple transcription factors, including AP-1, JunD, and 
nuclear factor κB (NFκB) family members, and SMAD proteins 
downstream of both transforming growth factor-β (TFG-β) and 
bone morphogenetic protein signaling. More recently, Menin 
was found to be a subunit of a histone 3 lysine 4 methyltrans-
ferase (H3K4) complex, which deposits an epigenetic regulatory 
mark associated with active gene transcription [33]. In pancre-
atic beta cells, this complex regulates the expression of cyclin-
dependent kinase inhibitors [34,35]. In addition, Menin may 
control the cell cycle by interacting with NM23H1/nucleoside 
diphosphate kinase and inhibiting the activator of S-phase 
kinase [36–38]. Finally, a role in maintaining genome stability 
is suggested by its interactions with RPA2 and FANCD2, two 
proteins involved in DNA repair [39,40].

Three other genetic syndromes are less commonly associated 
with NETs: von Hippel–Lindau (VHL) syndrome, neurofi-
bromatosis type 1 (NF1), and tuberous sclerosis complex (TSC). 
VHL syndrome is caused by an autosomal dominant mutation 
in the VHL tumor suppressor gene on chromosome 3. It is a 
rare disorder with a prevalence of 1 in 53 000 persons [41]. The 
232 amino acid VHL protein is a component of an E3 ubiquitin 
ligase complex that mediates proteolysis of hypoxia inducible 
factor (HIF).

NF1, or von Recklinghausen disease, is an autosomal domi-
nant disorder that primarily involves the nervous system and is 
relatively common, affecting 1 in 2000–5000 persons [42,43]. 
NF1 is caused by mutations in the NF1 gene on chromosome 
17 encoding neurofibromin 1, a 2845-amino acid inhibitor of 
the Ras signaling pathway [44–46]. Loss of heterozygosity at  
this locus activates the downstream mitogen activated protein 
kinase (MAPK) and mammalian target of rapamycin (mTOR) 
pathways, resulting in increased cell proliferation.

Finally, the multisystem hamartomatous disorder, TSC, or 
Bourneville disease, is associated with pancreatic NETs. TSC is 
a relatively common (1 in 6000) autosomal dominant disease 

Box 88.1 Molecular pathways associated with gastroenteropancreatic 
neuroendocrine tumors (GEP-NETs).

Epigenetic regulation ATRX mutation
DAXX mutation
MEN1 mutation

mTOR pathway Activation of downstream mediators 4EBP1, 
S6K and eIF4E
PTEN and TSC2 downregulation and mutation

Cell cycle regulators Amplification of negative regulators of TP53 
(MDM2, MDM4, WIP1)
Mutation of TP53 (poorly differentiated NETs)
CDKN2a inactivation
CDK4/6 overexpression
Cyclin D1 overexpression
RB1 mutation (poorly differentiated NETs)

Growth factor 
receptors

EGFR, HER2, IGF1R, HGFR KIT PDGFR, VEGFR 
overexpression
SMAD4 mutation (poorly differentiated NETs)

Ras pathway Constitutive activation of ERK1/2
Promoter hypermethylation of RASSF1

Miscellaneous Apoptosis- BCL2 overexpression
CMYC overexpression
src family kinases- LCK overexpression
Hypoxia inducible factor (HIF) pathway- VHL 
promoter hypermethylation/haploinsufficiency
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PNETs [86]. Finally, the oncogenic transcription factor CMYC 
is expressed in a large percentage of GEP-NETs [85,87].

There is growing appreciation that epigenetic mechanisms 
may play a key role in NET formation and progression. As 
discussed above, one of the functions of the Menin protein 
involves recruitment of enzymes that modify epigenetic marks 
on chromatin that may regulate gene transcription. More 
recently, mutations in either the ATRX or DAXX genes, two 
components of a chromatin remodeling complex that protects 
genome stability, have been found in as many as 43% of PNETs 
in one series [63]. ATRX and DAXX mutations are associated 
with alternative lengthening of telomere activation, a telomerase-
independent mechanism for telomere stabilization that involves 
homologous recombination [88]. This process results in elon-
gated as well as truncated telomeres, which can lead to chromo-
somal instability. Indeed, loss of ATRX or DAXX is associated 
with chromosomal instability in pancreatic NETs [89,90]. 
However, the effect of mutations in these genes on disease  
progression and survival is unclear [63,90].

NETs express the receptors for a variety of growth factors and 
signaling, through these receptors may also play a role in tumor 
progression. Several studies have described roles for epidermal 
growth factor receptor (EGFR), HER2/neu/ERBB2, insulin-like 
growth factor 1 receptor (IGF1R), hepatocyte growth factor 
(HGFR), stem cell factor receptor KIT, and platelet-derived 
growth factor receptor (PDGFR) [68,91–93]. Mutations in  
the receptors themselves are uncommon, but HER2/neu/ERBB2 
gene amplifications occur in a subset of gastrinomas [70,94]. 
The importance of growth factor receptor expression is exempli-
fied by the finding that staining for EGFR, HGFR, or IGF1R in 
gastrinomas is associated with an aggressive course, metastasis, 
and poor prognosis [92,95]. Furthermore, positive KIT staining 
is an independent risk factor of poor prognosis in pancreatic 
NETs [68,96]. The role of vascular endothelial growth factor 
receptor (VEGFR) signaling in NETs, however, is unclear, with 
some studies reporting a correlation of ligand and receptor 
expression with tumor aggressiveness while others do not 
[97–99].

Gene and microRNA expression profiling have also been 
applied to the analysis of GEP-NETs. The results of these studies 
have not shown high reproducibility, presumably due to small 
sample sizes, heterogeneity of tumor samples, and divergent 
analysis techniques [67,86,100–108]. However, these reports 
have identified pathways that may ultimately reveal therapeutic 
targets or prognostic markers.

Classification and pathology

Classification
Many different classification systems have been utilized for 
GEP-NETs, and this has created significant difficulty in compar-
ing tumors across organ sites and between clinical centers. 
Classification of tumors was originally based on anatomic site 

in genes that regulate the mTOR pathway are not common but 
have been observed at both the phosphatase and tensin homolog 
(PTEN) and TSC2 genes [63]. However, activation of the mTOR 
pathway has been reported. Downregulation of TSC2 and 
PTEN expression or staining for phosphorylation of the down-
stream effectors 4EBP1, S6K, and eIF4E is seen particularly  
in tumors of the pancreas, stomach, and duodenum [67–69]. 
Evidence of active signaling and the response of tumors to 
mTOR inhibitors (see Section Medical therapy) distinguish this 
pathway as a critical driver of tumorigenesis.

Mutations in several tumor suppressor genes and oncogenes 
with well-described functions in other cancers have been 
notably rare in NETs. However, there is growing evidence  
that the regulation of these pathways is nonetheless abnormal 
and may play an important role in NET development. For 
example, the model tumor suppressor gene TP53 is infrequently 
mutated in well-differentiated GEP-NETs [70–73]. However, 
TP53 protein activity may be inhibited by gene amplification  
of negative regulators such as MDM2, MDM4, and WIP1, and 
such abnormalities were found in 70% of pancreatic NETs [74]. 
In contrast, almost all poorly differentiated pancreatic NETs 
lose TP53 expression due to inactivating mutations, highlight-
ing a fundamental difference in tumor biology [75]. Mutations 
in the oncogenes KRAS and BRAF have been identified only 
rarely. In contrast, a downstream effector of this pathway,  
extracellular signal-related kinase (ERK) 1/2 was constitutively 
active in almost all NETs examined in one series [76]. Epigenetic 
inactivation by promoter hypermethylation of the tumor sup-
pressor gene RASSF1 could provide an alternative means of 
driving the Ras pathway in some NETs [77]. The Wnt–β-catenin 
signaling pathway has also been evaluated. Mutations in 
β-catenin were not found in a large sample of GEP-NETs and 
activation of the pathway was infrequent [78]. The SMAD4 
gene implicated in pancreatic ductal adenocarcinoma is rarely 
mutated in well-differentiated pancreatic NETs but may play a 
role in poorly differentiated tumors [73,75,79,80].

In addition to TP53, several other genes involved in cell cycle 
checkpoints are dysregulated in NETs. Phosphorylation and 
inactivation of the tumor suppressor gene retinoblastoma (RB1) 
by a complex of cyclin D1 and cyclin dependent kinase (CDK) 
4/6 is a critical regulatory step in cell cycle progression. Similar 
to TP53, RB1 is mutated in a high percentage of poorly differ-
entiated pancreatic NETs but not in well-differentiated tumors 
[65,75]. However, a majority of PNETs overexpress cyclin D1 or 
CDK4, resulting in phosphorylation of RB1 and inappropriate 
cell cycle progression [81–83]. In addition, the cell cycle regula-
tor cyclin-dependent kinase inhibitor (CDKN) 2A is variably 
inactivated in GEP-NETs and loss may be more common in 
functional tumors [64,73,84].

Overexpression of several oncogenes without the presence of 
a gene mutation has been reported in GEP-NETs. The antiap-
optotic protein BCL2 is frequently overexpressed in well and 
poorly differentiated GEP-NETs [75,85]. Overexpression of the 
src family kinase LCK was found in advanced nonfunctional 
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benign and uncertain behavior [110,111]. Subsequent schemes 
proposed by the European Neuroendocrine Tumor Society 
(ENETS) in 2006 and 2007, and largely adopted by the North 
American Neuroendocrine Tumor Society (NANETS) in 2010, 
categorized GEP-NETs into prognostic classes using both a 
grading system based on proliferation index and a site-specific 
tumor/node/metastasis (TNM) based staging system [18,112–
120]. These guidelines could be applied even in advanced cases 
not amenable to surgical resection and formed the foundation 
of the updated 2010 WHO classification system, which is based 
on histological grade and tumor extent (Table 88.2) [121]. 
Grading is determined by replication rate assessed by a Ki-67 
labeling index (Figure 88.2) and mitotic count, with well-
differentiated NETs having low indices (≤2% Ki-67+ cells and 
<2 mitotic cells per 10 high power fields [hpf]) whereas inter-
mediate grade and poorly differentiated neuroendocrine carci-
nomas exhibit higher indices (3%–20% or 2–20 mitoses/10 hpf 
and >20% or 20 mitoses/10 hpf, respectively) [122]. Staging 
criteria are site specific and based on a modified tumor, node, 
metastasis classification [112,113,123]. An important advance 

of origin in the foregut (respiratory tract, stomach, duodenum, 
proximal jejunum, and pancreas), midgut (distal jejunum, 
ileum, appendix, and ascending colon), and hindgut (trans-
verse, descending, sigmoid colon, and rectum), and this  
classification has been used extensively despite the variable 
characteristics of the tumors within each of these locations. 
PNETs have historically been designated “islet cell tumors.”

Histopathological parameters such as tumor differentiation, 
grade, stage, and functionality have clinical value in determin-
ing GEP-NET behavior and have formed the basis for modern 
classification systems. Differentiation describes the similarity of 
tumor cells to nonneoplastic endocrine cells based on charac-
teristic arrangement of cells on histology as well as the presence 
of secretory granules that stain for neuroendocrine markers 
such as chromogranin A, synaptophysin, and specific hor-
mones. Tumor grade refers to the aggressiveness of the tumor 
and is assessed by the proportion of cells undergoing mitosis. 
In general, low-grade NETs are well differentiated and have a 
more indolent course while high-grade tumors are poorly dif-
ferentiated and aggressive. While the terms neuroendocrine 
tumor and neuroendocrine neoplasms are equivalent, neuroen-
docrine carcinoma should be reserved for poorly differentiated 
high-grade neoplasms. Tumor stage refers to the extent of 
disease as described by the size of the tumor, degree of local 
invasion, and presence of distant metastasis.

In addition, GEP-NETs can be broadly classified into func-
tioning and nonfunctioning tumors based on the presence of 
symptoms caused by the secretion of metabolically active hor-
mones or neurotransmitters. Although nonfunctioning tumors 
are not associated with a hormone-related syndrome, many do 
produce detectable levels of various bioactive substances. The 
term carcinoid is problematic in this respect because it refers to 
both nonfunctional tumors as well as those that cause carcinoid 
syndrome. Furthermore, there has been criticism that the term 
carcinoid implies lower potential for malignant behavior. 
Finally, the distinction between benign and malignant disease 
does not depend upon any specific histological parameters but 
only on whether or not distant metastases are present. To mini-
mize confusion, PNETs will be described in this chapter based 
on functionality.

As mentioned previously, it is important to recognize when 
a NET arises in the context of an inherited disorder because the 
natural history and treatment may differ. Adding to the com-
plexity in their presentation is the heterogeneous behavior of 
these tumors, with some tumors progressing slowly over time 
and others becoming highly malignant.

The creation of a rational, universally accepted classification 
system that could help to predict the behavior of these diverse 
tumors has been a long-standing goal. In 2000, the World 
Health Organization (WHO) proposed the first set of guidelines 
that used pathological and clinical characteristics to categorize 
GEP-NETs as benign, malignant, or of uncertain behavior 
[109]. However, the use of this system was limited by the  
need for surgical resection to distinguish between tumors of 

Table 88.2 WHO classification of gastroenteropancreatic neuroendocrine 
tumors (GEP-NETs).

Differentiation Grade Ki-67 index Mitoses per hpf

Well-differentiated G1 ≤2% <2

G2 3%–20% 2–20

Poorly differentiated G3 >20% >20

Figure 88.2 Ki-67 immunostaining of a poorly differentiated 
neuroendocrine tumor (NET). The proliferative rate has been shown to  
be one of the most important prognostic markers for NETs and is the 
foundation of the WHO grading system. A Ki-67 index greater than 20% 
of nuclei or mitotic count over 20 per hpf defines a NET as a poorly 
differentiated endocrine carcinoma and predicts a poor prognosis. Source: 
Courtesy of Dr. Vikram Deshpande.
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Poorly differentiated neuroendocrine carcinomas, however, 
have few granules and chromogranin A staining is weak or 
absent. Well-differentiated rectal NETs also fail to express 
chromogranin A, even in the presence of strong staining  
for hormones such as pancreatic polypeptide. Synaptophysin  
is a protein component of the small synaptic vesicles present  
in all neuroendocrine cells. Other neuroendocrine markers, 
such as neuron specific enolase, protein-gene-product 9.5 
(PGP9.5), chromogranin B, CD56/neural cell adhesion mole-
cules (NCAM), and CD57 (leu7), are less specific [124]. Staining 
of a primary tumor for specific hormones is only recommended 
in the presence of a clinical hormonal syndrome (Figure 88.5). 
Nonfunctional NETs frequently express multiple hormones, but 
they are either not secreted or not expressed at high enough 
levels to cause symptoms. Functionality is defined by the pres-
ence of symptoms, not immunohistochemical staining for spe-
cific hormones.

Immunohistochemical staining for mitotic index using Ki-67 
provides essential prognostic information (Figure 88.2). As dis-
cussed in the section on classification, an assessment of the 
replication rate of a NET by counting mitotic figures or Ki-67-
positive nuclei is central to the WHO grading system and is the 
strongest predictor of prognosis. The Ki-67 staining rate of 
metastases has good concordance with that in the primary 
tumor and can be used for grading [125,126]. Tumors classified 
as grade 3 (G3) endocrine carcinomas are highly aggressive 
while G1 tumors follow a more indolent course. Although  
the WHO guidelines specify a Ki-67 labeling index of 2% for 
the cut off between G1 and G2 tumors, there is some debate 

Figure 88.3 Hematoxylin and eosin staining of an insulinoma. Well-
differentiated neuroendocrine tumors (NETs) typically grow in an 
organoid pattern with nesting, trabecular, or gyriform arrangements of 
relatively homogeneous cells. Tumor cells are small to medium sized with 
eosinophilic cytoplasm and uniform, round to oval, stippled nuclei. 
Source: Courtesy of Dr. Vikram Deshpande.

in the recent classification systems is the recognition that the 
behavior of NETs varies depending on the site of origin and that 
all NETs are potentially malignant.

Pathology
Histopathological analysis of resected tumors and biopsy speci-
mens is critical both to diagnose NETs and to provide prognos-
tic information about the behavior of these variable tumors. 
Histology can be used to help classify tumors as well- or poorly 
differentiated. The appearance of well-differentiated tumors is 
similar regardless of site of origin. Well-differentiated NETs are 
composed of uniform, small to medium-sized cells growing in 
an organoid pattern with nests or in a trabecular/gyriform 
pattern (Figure 88.3) [124]. The tumor cells have eosinophilic, 
finely granular cytoplasm due to the abundant neurosecretory 
granules, and centrally located uniform, round nuclei. The chro-
matin has a finely stippled salt and pepper appearance and 
nucleoli are inconspicuous or absent. In well-differentiated 
tumors, mitotic figures are rare and necrosis is absent. In con-
trast, poorly differentiated NETs display a small-cell pattern of 
diffuse growth of small cells with scant cytoplasm or a large-cell 
pattern of nests of cells with moderate to abundant cytoplasm, 
large nuclei, and prominent nucleoli. Mitotic figures are more 
abundant and necrosis is frequently present.

Immunohistochemical staining is critical to confirming the 
neuroendocrine nature of a tumor, determining the site of 
origin in metastatic disease, and assessing prognosis. Staining 
for chromogranin A and synaptophysin is required to make the 
diagnosis of any tumor suspected of being a NET (Figure 88.4). 
Chromogranin A is a protein integral to the membrane of neu-
rosecretory granules and is expressed in the majority of NETs. 

Figure 88.4 Synaptophysin immunostaining of a neuroendocrine tumor 
(NET). Synaptophysin is an integral membrane protein of small synaptic 
vesicles that is expressed in all normal and neoplastic neuroendocrine 
cells. Immunohistochemistry for synaptophysin and chromogranin A is 
critical for the diagnosis of NETs. Synaptophysin staining is positive in all 
well and poorly differentiated NETs. In contrast, chromogranin A is 
absent in poorly differentiated tumors and many well-differentiated 
tumors of the rectum. Source: Courtesy of Dr. Vikram Deshpande.
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imaging with somatostatin receptor scintigraphy (SRS) and 
response to treatment with somatostatin analogues (see Section 
Medical therapy). Inappropriate activation of signaling trans-
duction, such as through the mTOR pathway, underlies the 
development of NETs. Testing for markers of active signaling 
may in the future help to predict which patients are the most 
likely to respond to treatment with specific inhibitors, such as 
everolimus in the case of the mTOR pathway.

Clinical presentation and natural history

Because of the variety of syndromes caused by the hormones 
secreted by tumors, there is no single presentation for PNETs. 
Early symptoms are often related to functional syndromes 
caused by secretion of bioactive substances, while later presen-
tations are associated with tumor burden, infiltration into  
adjacent structures, or distant metastasis when no functional 
hormonal syndrome is present. The mean age of patients at 
diagnosis of a PNET is 58.5 years but the diagnosis is often 
delayed by several years due to the small size of the tumors  
and nonspecific symptoms [136–138]. Although most well-
differentiated PNETs will stain immunohistochemically for one 
or more hormones, they do not necessarily cause symptoms 
related to hormone secretion. Thus, the functionality of a tumor 
is defined clinically by signs and symptoms characteristic of 
inappropriate secretion of a specific hormone, not by immunos-
taining of the tumor or elevated hormones levels in serum. 
Rarely, multiple clinical syndromes can be superimposed, one 
example being the overlap of gastrinoma and Cushing syn-
drome [139–141]. As presentations often differ based on the 
functionality of the tumor, PNETs will be discussed below based 
on hormonal syndrome and grade, with genetic syndromes pre-
sented separately (Table 88.3).

Nonfunctional pancreatic neuroendocrine tumors
Many pancreatic NETs may stain for a variety of hormones  
but cause no hormonally mediated clinical syndrome. These  
are designated nonfunctional PNETs. Overall, nonfunctional 
tumors account for 15%–60% of PNETs [142–144]. The most 
recent series have shown nonfunctional tumors to be the most 
common type of pancreatic NET (60%), a trend that may reflect 
the increasing rates of abdominal imaging and incidental dis-
covery of NETs [145,146]. Nonfunctional PNETs can secrete 
multiple hormones, including pancreatic polypeptide, neuro-
tensin, calcitonin, and uncommonly ghrelin [5,147]. Although 
there are reports of diarrheal syndromes associated with  
pancreatic polypeptide, neurotensin, and calcitonin-secreting 
tumors and elevated body mass index in ghrelin-secreting 
tumors, conclusive evidence for functional syndromes is lacking 
[147–157]. These nonfunctional PNETs typically present 
between 40 and 60 years of age with a slight female predomi-
nance [158]. Tumors can present as an abdominal mass (7%–
40%) or be found incidentally during surgery or imaging 

Figure 88.5 Immunostaining of an insulinoma. Detecting the expression 
of a specific hormone is helpful in confirming the diagnosis of a 
functional syndrome in the presence of appropriate clinical signs and 
symptoms. This well-differentiated pancreatic neuroendocrine tumor 
(PNET) stained positively for insulin, consistent with insulinoma 
syndrome in a patient presenting with hypoglycemic episodes. However, 
nonfunctional NETs frequently stain for a variety of hormones, and 
staining alone should not be taken as evidence of a functional tumor in 
the absence of a clinical syndrome. Source: Courtesy of Dr. Vikram 
Deshpande.

regarding the appropriate value. The designation of higher 
grade may affect the aggressiveness of initial therapy, chance of 
recurrence after resection, and intensity of follow-up. A higher 
cut-off of 5% has been proposed to be more predictive of recur-
rence of metastatic tumors and need for chemotherapy [127–
131]. Immunohis tochemical staining for E-cadherin, p53, p27, 
VEGF, and the mTOR pathway have been studied for their 
prognostic value but do not currently have a defined role in the 
evaluation of GEP-NETs [124,132].

The presence of metastatic disease is the second most impor-
tant prognostic factor in NETs and the site-specific TNM staging 
system captures this information [20,133–135]. Both ENETS 
and the American Joint Committee on Cancer have published 
staging systems. Although there is a great deal of overlap 
between the two guidelines, differences exist particularly in 
regard to pancreatic, appendiceal, and gastric NETs. For PNETs, 
the definitions of the tumor parameter and the final staging 
resulting from TNM values differ [124]. Because these differ-
ences could result in confusion, pathology reports should 
contain a descriptive histopathological diagnosis that can be 
transformed into either TNM system. One large series has 
reported that the ENETS staging system may have better clinical 
performance [131].

With the availability of an expanding arsenal of targeted 
therapies, immunohistochemical stains also hold promise as 
markers to predict response to treatment. Expression of soma-
tostatin receptor subtypes is already used to predict successful 
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the most common presentation and include lethargy, head-
aches, dizziness, vision changes, irritability, confusion, amnesia, 
paresthesia, coma, and seizures [166–168]. In response to the 
hypoglycemia, adrenergic activation causes anxiety, palpita-
tions, weakness, fatigue, headache, tremor, nausea, and sweat-
ing. Many patients experience weight gain either as a result of 
overeating to prevent hypoglycemic symptoms or the anabolic 
properties of insulin. Symptoms are often triggered by fasting 
or exercise, and this correlation can be helpful in diagnosis. 
However, because early symptoms are nonspecific, diagnosis is 
delayed by a mean of 3 to 5 years [164,169]. Insulinomas are 
almost exclusively found within the pancreas, and are evenly 
distributed in the head, body, and tail [164,168]. They are typi-
cally small solitary tumors and over 80% are under 2 cm in 
diameter [164]. Representative histological features are illus-
trated in Figures 88.3 and 88.5. Tumor multiplicity is associated 
with MEN1 and has been reported in fewer than 10% of patients 
[164,168]. Sporadic insulinomas have the lowest rate of malig-
nancy of all pancreatic NETs, with only 5% metastatic at pres-
entation [170].

VIPoma
VIP secreting tumors are found primarily in the pancreas  
and cause dramatic diarrheal symptoms. VIPomas present at a 
mean age of 42–51 years, without a clear gender predominance 
[171–178]. The classic presentation is severe watery diarrhea, 
hypokalemia, and achlorhydria, giving rise to the name “WDHA 
syndrome.” It is also known as Verner–Morrison syndrome or 
pancreatic cholera [171]. VIP binds to its receptors on intestinal 
epithelial cells and stimulates electrolyte and fluid secretion. A 
severe secretory diarrhea is almost universal but initially can be 

(16%–35%). Symptoms are related primarily to tumor burden 
and include abdominal pain (27%–78%), jaundice (8%–50%), 
weight loss (17%–35%), and anorexia and nausea (27%–45%) 
[144,158–160]. Sporadic nonfunctional PNETs are large and 
average over 4 cm in diameter (Figure 88.6) [158]. These solitary 
lesions are found most commonly in the head of the pancreas 
and 30%–83% are malignant [144,158]. In contrast to sporadic 
tumors, PNETs in patients with MEN1 tend to be smaller and 
multiple [161,162]. Histologically, nonfunctional PNETs cannot 
be distinguished from functional tumors and frequently stain 
for a variety of hormones including insulin, glucagon, pancre-
atic polypeptide, and somatostatin.

Insulinoma
Insulinomas are insulin-secreting tumors of the pancreas and 
are the most common functional pancreatic NET, accounting 
for 60% of such tumors [145]. The mean age of presentation is 
in the fifth decade with a female predominance [164]. Four to 
6% of insulinomas are associated with MEN1 [164,165]. Insulin 
plays a critical role in the homeostasis of blood glucose by acting 
in various organs to regulate glucose uptake and metabolism. 
In insulinomas, hormone release is dysregulated and this results 
in symptomatic hypoglycemia. Neuroglycopenic symptoms are 

Table 88.3 Clinical features of functional neuroendocrine tumor (NET) 
syndromes.

Syndrome Tumor Signs and symptoms

Carcinoid 
syndrome

Metastatic small 
bowel 
enterochromaffin 
cell NET

Flushing
Diarrhea
Bronchoconstriction
Pellagra
Valvular heart disease

Insulinoma 
syndrome

Insulinoma Neuroglycopenic symptoms
Adrenergic symptoms
Weight gain

Verner–Morrison 
syndrome
WDHA

VIPoma Severe watery diarrhea
Hypokalemia
Achlorhydria

Glucagonoma 
syndrome

Glucagonoma Necrolytic migratory 
erythema
Glucose intolerance or 
diabetes
Deep vein thrombosis and 
pulmonary embolism

Somatostatinoma 
syndrome

Somatostatinoma Glucose intolerance
Steatorrhea
Cholelithiasis

Acromegaly GHRHoma Enlarged hands and feet
Facial changes

Cushing syndrome ACTHoma Obesity
Facial changes

WDHA, severe watery diarrhea, hypokalemia, and achlorhydria.

Figure 88.6 Gross appearance of a pancreatic neuroendocrine tumor 
(PNET). A distal pancreatectomy and splenectomy was performed to 
remove this well-differentiated NET found in the pancreatic tail. The 
tumor demonstrates a well-demarcated border with the surrounding 
normal pancreatic tissue. Source: de Wilde et al. 2011 [163]. Reproduced 
with permission of Macmillan Publishers Ltd.
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the diagnosis of the tumor and may require treatment with oral 
hypoglycemics or insulin [184,185,187]. In contrast to other 
NETs, glucagonomas have a greatly increased risk of venous 
thromboembolism (4%–33%), including deep vein thrombosis 
and pulmonary embolism [184,187,193]. Profound weight loss 
is found in 54%–83% [185,187,191,193]. Other characteristics 
of the glucagonoma syndrome include hypoaminoacidemia, 
normocytic anemia, hypocholesterolemia, renal glycosuria, and 
psychiatric disorders. Tumors are frequently large at diagnosis 
with over 60% greater than 3 cm in diameter and are located 
almost exclusively in the pancreas [184,185]. They are single 
tumors in the vast majority of cases and metastatic to liver, 
lymph nodes, bone, or mesentery in 42%–78% [184,185].

Somatostatinoma
Somatostatin-secreting tumors of the intestine or pancreas are 
rare and cause a distinctive syndrome of glucose intolerance, 
steatorrhea, and cholelithiasis. It is important to note that many 
nonfunctional NETs have been reported in the literature as 
somatostatinomas based on immunostaining, but only a small 
fraction of these (0%–19%) resulted in a clinical somatostati-
noma syndrome [194–196]. In addition, somatostatinomas 
arising from the pancreas are much more likely to cause the 
clinical syndrome than those in the duodenum (19% versus 3%) 
[196]. In contrast to pancreatic tumors, symptoms caused by 
duodenal tumors are principally related to tumor growth and 
include abdominal pain, GI bleeding, biliary obstruction, jaun-
dice, and pancreatitis [197]. Somatostatinomas most commonly 
present between the ages of 40 and 70 years and are found 
equally in men and women [195,196]. Duodenal tumors, and 
less commonly those in the pancreas, have a strong correlation 
with NF1 (43% and 6%–21%, respectively) [195,196]. Under 
physiological conditions, somatostatin secreted by gastric, duo-
denal, and pancreatic D/delta cells inhibits the release of other 
gastrointestinal hormones, gastric acid secretion, bile secretion, 
and gall bladder contraction [198]. In addition, it inhibits  
pancreatic enzyme and bicarbonate secretion and intestinal 
absorption of amino acids, sugars, and calcium. Inhibition of 
insulin secretion by somatostatin causes diabetes in over a third 
of patients [199]. The severity of glucose intolerance varies  
from mild cases controlled by oral hypoglycemics to severe 
cases requiring insulin therapy [200,201]. Cholelithiasis is very 
common and found in 16%–64% of patients as a result of soma-
tostatin’s inhibitory effect on cholecystokinin release and gall-
bladder contraction [195,196,199]. Steatorrhea is common and 
is due to the inhibition of pancreatic enzyme and bicarbonate 
secretion, gallbladder emptying, and lipid absorption. Weight 
loss is possibly related to malabsorption and occurs in 20%–30% 
of cases. Somatostatin inhibits gastric acid secretion and can 
result in hypochlorhydria. In addition, mild anemia is common.

Somatostatinomas are found equally in the pancreas and the 
gastrointestinal tract, and the most frequent sites are the duo-
denum, followed by the pancreatic head and tail [196,201]. 
Twenty percent are periampullary, and many of these have a 

intermittent. The diarrhea is frequent and large volume, often 
more than 6–8 liters daily [177]. It is described as having a weak 
tea appearance without steatorrhea and persists during fasting. 
The unremitting diarrhea can result in weight loss in three-
quarters of patients and volume depletion in nearly half [177]. 
Electrolyte imbalances are common, with severe hypokalemia 
(often <2.5 mEq/L), metabolic acidosis, and mild hypercal-
cemia. The hypokalemia is multifactorial and induced by both 
fecal potassium losses as well as secondary hyperaldosteronism 
due to the stimulatory effect of VIP on renin secretion [179]. 
VIP promotes hepatic glycogenolysis, resulting in glucose intol-
erance [180,181]. Achlorhydria is the result of VIP’s inhibitory 
effects on gastric acid secretion [182]. A minority will also 
develop an erythematous rash over the head or trunk as a result 
of VIP’s vasodilatory activity [183]. Eighty to 90% of VIPomas 
are found in the pancreas, but they have also been reported in 
the intestine and several sites outside of the GI tract. They are 
large solitary lesions that have a tendency to arise in the tail of 
the pancreas and are frequently metastatic (50%–89%) [177].

Glucagonoma
Glucagon-secreting NETs of the pancreas are associated with a 
characteristic rash and glucose intolerance. They develop pri-
marily in patients over the age of 50 with a slight female pre-
dominance [184–186]. Although most are sporadic, around 
10% of patients with glucagonomas have MEN1 [185,187]. 
Many of the symptoms caused by glucagonomas are related to 
the role of glucagon in regulating metabolism during fasting. 
Glucagon induces hepatic glycogenolysis, gluconeogenesis, 
ketogenesis, and lipolysis in addition to inhibiting pancreatic 
and gastric secretions and gastrointestinal motility [188]. A 
characteristic dermatitis, necrolytic migratory erythema, is one 
of the most common presentations, occurring at diagnosis in 
70% of cases, and eventually is present almost universally 
[187,189,190]. The rash often precedes the diagnosis of gluca-
gonoma by years and because of the rarity of these tumors, is 
often misdiagnosed [191]. The dermatitis begins as a periorofa-
cial or intertriginous erythema and can progress more distally 
[189,191,192]. Lesions progress through a cycle of 1–2 weeks. 
Early erythematous macules and papules expand into confluent 
plaques with superficial scale and a well-defined border that 
continues to spread outward. Central superficial bullae develop 
and rupture, forming erosions that crust and heal with hyper-
pigmentation. Lesions appear asynchronously, resulting in areas 
at various stages of progression, and eruptions follow a relapsing 
and remitting course without clear precipitants. The findings on 
skin biopsy are heterogeneous and nonspecific. They can include 
a perivascular lymphocytic infiltrate, superficial spongiosis, 
necrosis of the superficial epidermis, diffuse parakeratosis, sub-
corneal and midepidermal bullae, and often fusiform keratino-
cytes with pyknotic nuclei. Other dermatological findings 
include angular cheilitis, stomatitis, glossitis, alopecia, and dys-
trophic nails. Glucose intolerance or frank diabetes mellitus 
develops in 22%–90% of patients an average of 5 years prior to 



1792   PART 4 Gastrointestinal diseases

is excreted by the kidneys [214]. Although the primary amine 
produced by EComas is serotonin, it is likely that additional 
bioactive compounds, including tachykinins such as substance 
P and prostaglandins, may mediate some of the symptoms of 
classic carcinoid syndrome.

The most common symptoms associated with classic carci-
noid syndrome are cutaneous flushing and diarrhea [215]. The 
violaceous flush occurs in 65% of cases and is most prominent 
over the face and neck. It typically lasts for minutes and can be 
associated with an uncomfortable sense of warmth, lacrimation, 
itching, palpitations, and facial or conjunctival edema. Stress, 
alcohol, foods such as cheese or highly spiced dishes, and medi-
cations including catecholamines, calcium, and pentagastrin 
can precipitate the flush, but it can also occur spontaneously.  
It is unclear whether serotonin is the primary mediator as  
enterochromaffin cell tumors secrete multiple other vasoactive 
substances. Diarrhea occurs in 73% of patients and typically 
occurs in association with the flushing. Stools are described as 
frequent and watery and are often associated with steatorrhea 
with most patients having less than 1 liter of stool daily. The 
pathophysiology may be related to both increased colonic 
motility with shortened transit time and secretory or absorptive 
disturbances. Unlike the flushing, serotonin does appear to 
underlie the diarrhea of carcinoid syndrome, consistent with its 
established role in GI motility [216,217]. Bronchoconstriction 
causing wheezing and asthma-like symptoms has been reported 
in 8% of patients. As tryptophan is critical for niacin synthesis, 
the characteristic skin lesions of pellagra occur in 3%–20% 
[218,219]. Biochemical niacin deficiency may be seen in over a 
quarter of patients. Patients with chronic flushing can also 
develop telangiectasias that resemble rosacea. Profibrotic medi-
ators secreted by the tumor can exert distant effects on cardiac 
valves and, in fewer than 10% of patients, cause scleroderma-
like skin fibrosis [219].

The chronic elevations in systemic serum serotonin and neu-
ropeptide levels can result in the right-sided heart failure des-
ignated carcinoid heart disease. Historically, over half of patients 
with classic carcinoid syndrome developed heart disease with a 
mean lag in diagnosis from the initial presentation of 1.5 years 
[220,221]. More recently, the incidence has decreased to less 
than 5% of patients, a change likely related to better medical 
treatment to inhibit hormone secretion. In carcinoid heart 
disease, endocardial plaques of fibrous tissue affect the tricuspid 
valve, pulmonary valve, vena cava, right atrium, right ventricle, 
and pulmonary artery. Histology of diseased valves reveals pro-
liferation of myofibroblasts and collagen deposition. Fibrosis 
distorts the valves resulting in regurgitation, stenosis, or both 
and eventually leads to right heart failure. Most of the bioactive 
compounds that mediate the fibrosis appear to be metabolized 
during passage through the lungs, and involvement of the left 
side of the heart is uncommon. Left sided disease has been 
related to patent foramen ovale, bronchial carcinoids, or very 
high hepatic tumor burden [222]. Serotonin receptors are 
expressed on the subendocardial cells of heart valves and may 

more aggressive course [202,203]. Histologically, duodenal 
tumors display psammoma bodies that are rare in pancreatic 
somatostatinomas and other GI NETs. Tumors are almost 
always solitary and the presence of multiple tumors should 
suggest the possibility of MEN1. The mean size for pancreatic 
somatostatinomas is 5–6 cm, in contrast to duodenal tumors 
that are typically smaller with a mean size of 2 cm [195]. 
Metastatic disease to the liver, lymph nodes, or bone range from 
37% to 90% and are correlated with tumor size [195,196].

Enterochromaffin cell tumor
Carcinoid syndrome is uncommonly caused by pancreatic NETs 
that produce serotonin. Pancreatic carcinoids or enterochroma-
ffin cell tumors (EComas) are reported to account for 0.8%–
2.2% of all gastrointestinal carcinoids [204,205]. In these series 
carcinoids were defined histologically based on staining for 
serotonin and only a quarter of these tumors were associated 
with a clinically evident carcinoid syndrome.

In comparison, 98% of jejunoileal NETs are EComas and they 
vastly outnumber those of the pancreas. These tumors represent 
the majority of classic carcinoids and while serotonin secretion 
is a defining characteristic, a plethora of other secreted peptides 
and neuroamines such as tachykinins are also released. A small 
percentage will express additional hormones including gastrin, 
glucagon, cholecystokinin, calcitonin, somatostatin, and adren-
ocorticotropin (ACTH) but they are typically not functional 
clinically. Although small bowel EComas are the most frequent 
cause of carcinoid syndrome (evident in 5%–20% of cases with 
metastatic disease), they typically present with nonspecific 
symptoms such as abdominal pain, GI bleeding, or weight loss 
[206,207]. A unique desmoplastic reaction is induced by these 
tumors because of excessive secretion of profibrotic growth 
factors. Fibrosis of the adjacent mesentery results in small bowel 
obstruction in 21%–46% and compression of the vasculature 
can result in bowel ischemia and infarction [208,209]. Finally, 
high rates of synchronous neoplasms have been reported with 
small bowel NETS in 18%–41% of patients in case series and 
22% of patients in the SEER registry [205,210–213]. The major-
ity were adenocarcinomas of the GI tract (25% colon, 14% 
rectum, 7% small intestine, 7% stomach), but cancers were also 
observed in the lung (7%), prostate (7%), and cervix (7%) [213].

Carcinoid syndrome is the functional disorder caused by 
excessive secretion of bioactive compounds by metastatic ente-
rochromaffin cell tumors. Carcinoid syndrome is only present 
in patients with liver metastases because tumor-derived hor-
mones can be released directly into the systemic circulation and 
bypass hepatic metabolism. In EComas, tryptophan hydroxy-
lase converts tryptophan to 5-hydroxytryptophan (5-HTP) and 
is the rate-limiting step for hormone production. 5-HTP is 
rapidly metabolized to 5-hydroxytryptamine, or serotonin, by 
dopa decarboxylase and stored in secretory granules before 
release into the serum. The metabolism of circulating serotonin 
by monoamine oxidase and aldehyde dehydrogenase results in 
the formation of 5-hydroxyindoleacetic acid (5-HIAA), which 
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reports have suggested functional syndromes as a result of 
secretion of pancreatic polypeptide, neurotensin, calcitonin, 
and ghrelin, but definitive evidence that these hormones cause 
discrete syndromes is lacking [151,154,156].

Poorly differentiated pancreatic  
endocrine carcinoma
Poorly differentiated endocrine carcinomas of the pancreas are 
rare, highly malignant tumors with a very poor prognosis, as 
they tend to be large and metastatic at diagnosis. The mean age 
at diagnosis is 59 years and they demonstrate a slight male 
predominance [245]. Poorly differentiated tumors are not asso-
ciated with hereditary NET syndromes. Tumors are most com-
monly identified in the head of the pancreas with a median 
tumor size of 4 cm [245]. They are defined histologically by a 
high Ki-67 labeling index (>20%) or mitotic count (>20 per 
10 hpf) and include small-cell and large-cell subtypes. Over 80% 
of poorly differentiated PNETs are composed purely of endo-
crine cells, but the remainder are admixed with other histologi-
cal tumor types, including ductal adenocarcinoma, intraductal 
papillary mucinous neoplasm, and squamous cell carcinoma. 
Although they express endocrine markers such as neuron spe-
cific enolase, PGP9.5, chromogranin A, and synaptophysin, 
they typically do not stain for specific hormones and rarely 
cause functional syndromes. The presentation of poorly differ-
entiated endocrine carcinomas is dominated by systemic symp-
toms such as weight loss, fever, and anorexia or effects of tumor 
mass including abdominal pain, bleeding, obstruction, and 
jaundice [246]. Metastatic disease to lymph nodes or liver is 
present at diagnosis in 88% and distant disease in the brain, 
lung, mediastinum, adrenal gland, and kidney is rare [245]. 
Consistent with this aggressive behavior, median survival is  
only 11 months with 2- and 5-year survival rates of 23% and 
16% [245].

MEN1 syndrome
The presentation of MEN1-associated PNETs differs from that 
of sporadic tumors. The MEN1 syndrome is highly penetrant 
and most commonly presents with primary hyperparathy-
roidism, duodenal or pancreatic NETs, and/or a pituitary tumor. 
Presentation before the age of 5 years is rare but rapidly increases, 
with 52% penetrance by the age of 20 and 98% by 40 years old 
[247]. Hyperparathyroidism is the most common manifestation 
of the syndrome and is seen in 90% of cases. Elevated serum 
parathyroid hormone levels are caused by benign multifocal 
parathyroid hyperplasia or adenomas. Of patients diagnosed 
with primary hyperparathyroidism, 1%–18% will have MEN1 
[248]. In contrast to primary hyperparathyroidism unrelated to 
MEN1, it presents at an earlier age and lacks a female predomi-
nance [249]. It may present as asymptomatic hypercalcemia  
or with nephrolithiasis, osteitis fibrosa cystica, or nonspecific 
symptoms such as polyuria, constipation, and fatigue. It is 
important to note that hypercalcemia can potentiate hormone 

increase TGF-β secretion to stimulate growth, differentiation, 
and extracellular matrix secretion [223–225]. The iatrogenic 
right heart disease associated with the anorectic medication 
fenfluramine, a serotonin modulator, supports a causative role 
for serotonin in this condition [226]. Roles for tachykinins and 
various profibrotic growth factors, such as connective tissue 
growth factor and TGF-β, have also been suggested [227,228]. 
Carcinoid heart disease is a significant cause of mortality, but 
with improved medical and surgical care, outcomes have 
improved over time [221]. The development and progression of 
carcinoid heart disease is related to tumor burden and circulat-
ing hormone concentrations.

Carcinoid crisis is an acute, life-threatening exacerbation of 
carcinoid syndrome. Surgical manipulation of the tumor, induc-
tion of anesthesia, or treatment-related tumor necrosis can 
trigger a massive release of bioactive compounds from these 
tumors. Clinical symptoms include profound flushing, severe 
hyper- or hypotension, tachyarrhythmias, refractory bronchos-
pasm, and mental status changes [229]. Pretreatment with 
somatostatin analogues perioperatively is required to decrease 
the risk of carcinoid crisis.

Serotonin-expressing pancreatic tumors are most commonly 
found in the head with an average size of 6.9 cm and are meta-
static in 67% of cases. In contrast, small bowel EComas are 
smaller with a mean size of 2.5 cm and a range from 0.3 to 
5.5 cm. They occur as primary solitary lesions in three-quarters 
of cases and the frequency increases more distally in the small 
intestine [230]. Pancreatic tumors are associated with a poor 
5-year survival (29%) compared to those of the small intestine 
or appendix (63%–90%) [204,207].

Miscellaneous pancreatic neuroendocrine tumors
Rare reports of additional types of PNETs causing unique func-
tional syndromes have been described. Growth hormone releas-
ing hormone (GHRH) secreting tumors causing acromegaly are 
rare. The average age of presentation is 39 years old with three-
quarters of tumors arising in females. Excessive GHRH secre-
tion stimulates growth hormone release from the anterior 
pituitary and causes the typical acromegalic features of enlarged 
hands and feet, facial changes, skin changes, headache, and 
peripheral nerve entrapment. The vast majority of GHRHomas 
occur in patients with MEN1. Pancreatic GHRHomas account 
for most of these tumors in the GI tract and are metastatic in 
two-thirds of cases [231]. Adrenocorticotropic hormone secret-
ing tumors (ACTHomas) have been described and are respon-
sible for a small percentage of ectopic Cushing syndrome 
[139,232–235]. Parathyroid hormone related protein-secreting 
tumors cause hypercalcemia [236,237]. A handful of patients 
have presented with renin-secreting PNETs causing hyperten-
sion, erythropoietin-producing tumors causing polycythemia 
vera, luteinizing hormone releasing tumors resulting in viriliza-
tion in women and loss of libido in men, and glucagon-like 
peptide 1 or insulin-like growth factor 2 secreting tumors 
causing islet hypertrophy and hypoglycemia [238–244]. Some 
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[258–260]. Pancreatic NETs have been reported in 11%–17% of 
patients with VHL syndrome and are typically nonfunctional 
[259,261].

The diagnostic findings in NF1 include café-au-lait spots, 
axillary freckling, Lisch nodules, neurofibromas, optic pathway 
gliomas, and skeletal dysplasia. In addition, 1% of NF1 patients 
will develop duodenal NETs, with a majority presenting as peri-
ampullary tumors that come to clinical attention due to biliary 
obstruction, pancreatitis, or bleeding [262–270]. Although 
these tumors stain for somatostatin and reportedly account for 
over a quarter of duodenal somatostatinomas, they rarely cause 
the somatostatinoma syndrome [266]. They behave more like 
sporadic duodenal somatostatinomas than pancreatic ones and 
have similarly smaller size (2.8 vs 5.9 cm), lower rates of metas-
tases (30% vs 71%), and higher rates of psammoma bodies (61% 
vs 0%) [265]. Gastrinomas, insulinomas, and nonfunctional 
pancreatic neuroendocrine tumors have also been reported in 
NF1 but are exceedingly rare [271–273].

The clinical presentation of TSC is dominated by neurological 
disorders caused by cortical tubers such as epilepsy, mental 
retardation, and autism as well as dermatological manifestations 
including facial angiofibromas, ungual fibromas, shagreen 
patches, and hypopigmented macules. Multiple organs are 
affected by tumors or abnormal cell proliferations including 
subependymal nodules, giant cell astrocytomas, retinal nodular 
hamartomas, cardiac rhabdomyomas, renal angiomyolipomas, 
and pulmonary lymphangiomyomatosis [47]. Infrequent case 
reports have documented insulinomas, gastrinomas, and non-
functional pancreatic NETs in TSC patients, and these appear 
predominantly in those with TSC2 mutations [274,275].

Differential diagnosis

Once the diagnosis of a GEP-NET is suspected, the workup is 
focused primarily on determining whether a functional syn-
drome is present, defining whether there is an underlying 
genetic syndrome, and localizing the tumor. Rigorous testing is 
required because symptoms are often nonspecific and the small 
size of many tumors may make them difficult to detect using 
standard imaging techniques.

Nonfunctional pancreatic neuroendocrine tumors
Well-differentiated nonfunctional NETs may produce nonspe-
cific neuroendocrine peptides. Serum chromogranin A may be 
elevated depending on the tumor type but may also be high in 
patients using proton pump inhibitors or those with renal insuf-
ficiency or chronic atrophic gastritis [276]. Although pancreatic 
polypeptide does not cause a distinct hormonal syndrome, 
elevated serum levels can be detected in many NETs, including 
nonfunctional ones [149]. However, use of this as a marker to 
detect tumors has not been validated and many other conditions 
are also associated with high levels, including advanced age, 
history of bowel resection, alcohol abuse, infections, chronic 

release and exacerbate symptoms related to coincident func-
tional NETs [250].

Pancreatic and duodenal NETs occur in 50%–80% of patients 
with MEN1 and in contrast to sporadic tumors are frequently 
multiple [161,251]. One-tenth of all PNETs are associated with 
MEN1, most commonly nonfunctional tumors that are seen in 
80%–100% of patients with pancreatic lesions [170]. However, 
the vast majority of these are small and asymptomatic. The most 
common functional NETs are gastrinomas, accounting for 54% 
of symptomatic tumors [170]. Unlike sporadic gastrinomas, 
those associated with MEN1 tend to be multiple and primarily 
located in the duodenum [252]. Insulinomas are common in 
MEN1 patients and account for 18% of NETs [170]. Less 
common tumors include gastric ECLoma (7%–35%), gluca-
gonoma (3%), VIPoma (3%), GRFoma (<1%), and somatostati-
noma (<1%) [170]. Even in the absence of frank tumors, 
pancreatic microadenomatosis is frequently reported [253]. 
NETs can develop infrequently outside of the gastrointestinal 
tract in MEN1 patient, and have been found in the bronchi and 
thymus [170].

MEN1 patients are predisposed to develop other tumor types. 
The classic anterior pituitary tumor is seen in 54%–65% of cases 
and is most frequently prolactin secreting, although growth 
hormone and ACTH-secreting tumors are also common. 
Bilateral adrenal cortical hyperplasia or adenomas are found in 
27%–36%. Skin tumors such as angiofibromas, collagenomas, 
café-au-lait macules, and lipomas are seen in 40%–80% of 
patients [254]. CNS tumors (meningiomas, ependymomas, 
schwannomas), smooth muscle tumors (leiomyomas, leiomy-
osarcomas), and lung or thyroid carcinoids occur but are 
uncommon [255–257].

Distinguishing NETs related to MEN1 syndrome from spo-
radic NETs is critical for management decisions. The diagnosis 
of a NET should prompt further evaluation for MEN1 because 
a significant number of NETs are caused by this syndrome.  
For example, 10%–54% of patients with Zollinger–Ellison syn-
drome, 5%–17% of those with glucagonomas, and 4% of those 
with insulinomas have been reported to have underlying MEN1 
[189,248]. NETs arising in the background of MEN1 have a 
different clinical presentation as discussed above in this section. 
In addition, the approach to diagnosis and treatment of the 
tumor, the need for evaluation of other endocrine disorders 
related to the syndrome, and the chance of surgical cure  
differ. Finally, a diagnosis of MEN1 implies an increased risk  
of developing additional tumors in the future and should 
prompt screening of asymptomatic family members at risk (dis-
cussed in Section MEN1-associated pancreatic neuroendocrine 
tumors).

Other genetic syndromes
VHL syndrome is defined by the presence of retinal, cerebellar, 
or spinal hemangioblastoma, renal cell carcinoma, pheochro-
mocytoma, and pancreatic tumors. Pancreatic lesions occur in 
56%–77% of patients and the vast majority are benign cysts 
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Factitious use of insulin can be detected by measuring C-peptide 
along with insulin levels, and C-peptide concentrations should 
be at least 0.6 ng/mL. Because commercial insulin preparations 
contain no C-peptide, surreptitious insulin injections will result 
in high insulin but low C-peptide levels. Factitious use of oral 
hypoglycemics can also result in symptomatic fasting hypogly-
cemia. In these patients, proinsulin, insulin, and C-peptide 
levels will be normal and specific testing for sulfonylureas is 
needed. Finally, rare cases of autoantibodies that bind to and 
activate the insulin receptor have been reported [281].

Glucagonoma
The diagnosis of glucagonoma is suggested when patients 
present with the classic rash or a pancreatic mass with weight 
loss and diabetes. However, necrolytic migratory erythema is 
not specific for glucagonoma. Many other conditions have been 
associated with this dermatitis including myelodysplastic  
syndrome, short gut syndrome, hepatitis B virus infection, mal-
nutrition, cirrhosis, celiac disease, various other cancers, mal-
absorption, nutritional deficiencies, and inflammatory bowel 
disease [282,283]. The diagnosis of glucagonoma syndrome also 
requires measurement of an elevated fasting serum glucagon. 
Most studies of patients with glucagonomas have documented 
fasting glucagon levels greater than 500 pg/mL, far above the 
normal upper limit of 120 pg/mL [187]. Mild elevations in 
fasting glucagon levels are associated with many other illnesses 
such as cirrhosis, chronic renal insufficiency, diabetic ketoaci-
dosis, starvation, acute pancreatitis, acromegaly, hypercortiso-
lism, sepsis, severe burns, trauma, celiac disease, familial 
hyperglucagonemia, and danazol use [284,285]. Attempts to 
design provocative assays such as a secretin stimulation test 
have not been successful.

VIPoma
VIPomas present with a large-volume diarrhea associated with 
elevated serum VIP levels. The chronic diarrhea is often over 
6–8 liters daily [175,176]. It is a secretory diarrhea that neither 
abates during fasting nor exhibits a stool osmotic gap. As with 
other functional syndromes, there can be a delay in diagnosis 
of several years if the diarrhea is not severe. Because diarrhea is 
a common complaint, other conditions that can cause large-
volume diarrhea, such as gastrinoma, laxative abuse, malab-
sorption, and celiac sprue, should be thoroughly evaluated. 
Fasting serum VIP levels in patients with VIPomas can be 
markedly elevated with values up to 7200 pg/mL, and the major-
ity of these patients have levels several times the upper limit of 
normal of 75–190 pg/mL [176]. Because VIP concentrations can 
fluctuate, samples should only be drawn at times when a patient 
is experiencing diarrhea. The positive predictive value of serum 
VIP levels for VIPoma in patients with chronic diarrhea is poor 
and prolonged fasting, inflammatory bowel disease, small bowel 
resection, radiation enteritis, and chronic renal insufficiency 
can all cause falsely elevated values [286].

inflammatory disorders, acute diarrhea, chronic renal insuffi-
ciency, diabetes, chronic pancreatitis, hypoglycemia, and post-
prandial state [159]. A meal stimulatory test or suppression with 
atropine may help to improve the specificity. Alpha chorionic 
gonadotrophin can also be secreted by NETs and is associated 
with poorly differentiated tumors [277]. In addition to some 
site-specific imaging characteristics, more specialized exams 
such as somatostatin receptor scintigraphy (SRS) can distin-
guish NETs from other tumor types (discussed in Section 
Functional imaging).

Functional syndromes
Insulinoma
The evaluation of a suspected insulinoma is focused on docu-
menting hypoglycemia as the cause of symptoms and excluding 
other causes. Historically, Whipple’s triad of hypoglycemic 
symptoms, hypoglycemia of less than 50 mg/dL, and relief of 
symptoms after administration of glucose has been used as diag-
nostic criteria [278,279]. However, the specificity of this triad 
has been found to be poor. The documentation of hypoglycemia 
while fasting is critical to the diagnosis. Several conditions asso-
ciated with postprandial hypoglycemia, such as gastric bypass 
surgery, Billroth gastrectomy, and mild type 2 diabetes, should 
be excluded. A 72-h fast with glucose, insulin, and C-peptide 
levels measured every 3–6 h or when hypoglycemic symptoms 
develop is the most appropriate diagnostic test for insulinoma 
[278,279]. Prolonged fasting is required to increase the sensitiv-
ity of this assay. Most normal subjects will have a serum glucose 
over 70 mg/dL after an overnight fast and 20% of patients with 
insulinomas will also fail to develop hypoglycemia. In contrast, 
a positive test is seen in 90% after 48 h and over 98% after 72 h 
[164]. In healthy individuals, serum insulin concentrations 
should fall below 6 μU/mL when serum glucose is less than 
40 mg/dL [278]. Calculating the ratio of plasma insulin to 
glucose provides a metric to determine if insulin levels are 
appropriate for a given level of glycemia. A ratio greater than 
0.3 is consistent with insulinoma syndrome. However, false-
positive values will be found in obese patients because insulin 
resistance requires an elevated fasting insulin to maintain a 
normal fasting glucose levels. False-negative results have also 
been reported depending on the assay used to quantitate insulin. 
Insulin is produced in an immature form, proinsulin, that 
requires proteolytic processing in the endoplasmic reticulum 
and Golgi apparatus to form mature insulin and the by-product 
C-peptide. Both of these peptides are packaged into the secre-
tory granules of beta cells. Most insulinomas do not efficiently 
process proinsulin into mature insulin and assays that do not 
react with proinsulin will return falsely low insulin levels. 
Indeed, the combination of a proinsulin >5 pM and fasting 
glucose <45 mg/dL may be more reliable than elevated serum 
insulin in making the diagnosis [280]. In addition, it is impor-
tant to rule out other causes of fasting hypoglycemia. Pancreatic 
islet disease such as adenomatosis associated with MEN1, nesid-
ioblastosis, and islet cell hyperplasia can increase beta cell mass. 
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MEN1 patients compared to those with sporadic tumors [296–
298]. The diagnosis of MEN1 can be reached in several ways: 
clinically in patients with two MEN1-associated endocrine 
tumors; based on family history in patients with one MEN1-
associated tumor and a first-degree relative diagnosed with 
MEN1; or based on genetic testing in asymptomatic individuals 
who are found to carry MEN1 mutations. A detailed family 
history of endocrine disorders is critical in the initial evaluation, 
but de novo mutations account for 10% of MEN1 patients so 
even in the absence of relatives with MEN1-associated tumors, 
this diagnosis cannot be excluded [31].

Genetic counseling followed by genetic testing for MEN1 
mutations is indicated in patients with a clinical diagnosis of 
MEN1 and in asymptomatic first-degree relatives of known 
MEN1 mutation carriers [249]. Mutation analysis can also be 
considered for young patients (<40 years old) presenting with 
multiple pancreatic NETs or a single endocrine tumor highly 
associated with MEN1 mutations such as gastrinoma. Testing 
of first-degree relatives should occur before the age of 5  
years because of the early presentation of many MEN1 tumors 
[297]. Guidelines recommend that MEN1 mutation carriers 
undergo biochemical screening with serum calcium, parathy-
roid hormone (PTH), fasting GI hormones (insulin, glucagon, 
VIP, and pancreatic polypeptide) and glucose, chromogranin A, 
prolactin, and IGF-1 yearly [249]. Radiological screening should 
include cross-sectional imaging of the pituitary, abdomen, and 
chest every 1–3 years.

Tumor localization
NETs can be associated with dramatic clinical syndromes that 
are seemingly disproportionate to the small size of the tumor. 
Localization of primary tumors that are often less than 1 cm in 
size can be challenging, but accurate staging is critical to deter-
mine the proper treatment for PNETs. Multiple modalities are 
employed to localize tumors and to define tumor extent. In 
addition, certain NETs can be particularly small at diagnosis 
and this has made the development of more sensitive imaging 
techniques an important goal.

Computed tomography and magnetic resonance imaging
Cross-sectional imaging with computed tomography (CT) or 
magnetic resonance imaging (MRI) is routinely indicated as 
part of the initial evaluation. NETs appear as hypervascular 
lesions with arterial-phase enhancement on CT (Figure 88.7). 
Up to 80% of PNETs are detected by CT, but the sensitivity 
depends on the size and location of the tumors [299–301]. 
Tumors less than 1 cm are more likely to be missed, but 95% of 
those greater than 3 cm can be identified by cross sectional 
imaging [302]. The overall sensitivity of CT for localizing a 
PNET has been reported to be 84%, but it falls to 54% for small 
insulinomas [303]. Less than half of tumors in the pancreatic 
tail are detected, but sensitivity for tumors in the head and body 
rises to over 80% [300,304]. These modalities are particularly 
important for defining metastatic disease to the lymph nodes or 

Somatostatinoma
The diagnosis of a somatostatinoma is often incidental after the 
discovery of a tumor during imaging or surgery but should also 
be suspected in patients with the triad of glucose intolerance, 
steatorrhea, and cholelithiasis. Because many nonfunctional 
NETs stain for somatostatin, elevated levels in the serum are 
critical to diagnose somatostatinoma syndrome. In particular, 
intestinal NETs that stain for somatostatin rarely cause a hor-
monal syndrome and most cases with this hormonal syndrome 
originate from the pancreas [195,201]. Provocative testing with 
arginine or tolbutamide does not aid in diagnosis.

Carcinoid syndrome
When classic carcinoid syndrome is suspected in a patient with 
flushing and diarrhea, serotonergic excess can be confirmed by 
measuring metabolic by-products secreted in the urine. A 24-h 
urine collection showing elevated 5-HIAA levels is 52%–68% 
sensitive and 89%–98% specific, depending on the cutoff used 
[287]. Normal urinary excretion is up to 8 mg/day. Although 
serum and platelet serotonin levels can be measured, they 
exhibit considerable variability, and the urinary 5-HIAA appears 
to be superior [288,289]. However, false positives have been 
reported in patients eating foods that are rich in serotonin such 
as avocado, pineapple, banana, or walnuts, taking serotonergic 
drugs, or with untreated inflammatory bowel disease or malab-
sorption [290–294]. Falsely low levels have been found in 
patients with renal impairment, on hemodialysis, or taking 
medications that interfere with serotonin production or metab-
olism. Less commonly, other secreted products such as tachyki-
nins can be detected in the serum. Because carcinoid heart 
disease is common in patients with typical carcinoid syndrome, 
causes significant morbidity, and is treatable, transthoracic 
echocardiogram should be part of the initial evaluation once the 
diagnosis is confirmed.

GHRHoma
GHRHoma should be suspected in patients who present with 
acromegaly without a pituitary adenoma. Elevations in the 
serum concentrations of GHRH above the upper limit of normal 
(100 pg/mL) are typical and the specificity of levels greater than 
300 pg/mL is 100% [231,295]. In addition, serum IGF-1 levels 
are elevated. Growth hormone levels are pulsatile and in patients 
with GHRHoma should paradoxically fail to be suppressed by 
an oral glucose or thyroid releasing hormone challenge.

MEN1-associated pancreatic  
neuroendocrine tumors
Determining whether a NET is sporadic or arises in the context 
of an inherited syndrome is a key aspect of the initial workup. 
Tumors associated with genetic disorders can differ in presenta-
tion, prognosis, and management. Tumors are often multiple  
in MEN1 patients, a finding that is unusual in sporadic cases. 
Furthermore, diagnosis of a NET occurs at a younger age in 
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(a)

(b)

(c)

liver (Figure 88.8) and monitoring tumor response to treatment. 
MRI is increasingly used to identify NETs and has similar or 
higher sensitivity compared to CT. Tumors typically exhibit low 
signal intensity on T1-weighted images and high signal intensity 
on T2-weighted images (Figure 88.9). The sensitivity of MRI to 
detect primary islet cell tumors is high (>90%) as is its sensitiv-
ity for liver metastases [305–307]. Similar to CT, the sensitivity 
of MRI imaging is directly correlated with the size of the tumor. 
The presence and type of functional syndrome caused by a NET 
does not have a significant effect on the sensitivity of CT and 
MRI independent of tumor size. As insulinomas and gastrino-
mas are typically small at diagnosis, they can be particularly 
difficult to detect.

Functional imaging
Functional imaging studies take advantage of the unique bio-
logical properties of neuroendocrine cells to aid in their locali-
zation. The modality with the longest history in the diagnosis 
of NETs is SRS. This technique utilizes radiolabeled somatosta-
tin analogues to detect lesions that express high levels of the 
somatostatin receptor. There are five receptors for somatostatin 
and several are highly expressed on the surface of normal endo-
crine cells. Many NETs also express high levels of these recep-
tors but expression is dependent on tumor type. For example, 
over 80% of small bowel NETs express somatostatin receptor  
2 (SSTR2) and over half express SSTR5 [308–310]. SSTR2 
expression is more variable among PNETs (50%–80%) with 
high expression in glucagonomas, VIPomas, and nonfunctional 
PNETs, but low expression in insulinomas [311]. Poorly  
differentiated tumors typical fail to express these receptors. 
Radiolabeled somatostatin analogues, such as 111In-pentetreotide 
(111In-diethylene triamine penta-acetic acid-d-Phe1-octreotide, 
111In-DPTA-octreotide, OctreoScan; Table 88.4), preferentially 
bind to cells expressing SSTR2 and SSTR5. Because metastatic 
disease preserves the SSTR expression of the primary tumor, 
SRS is very effective at detecting distant disease in lymph nodes, 
liver, and bone (Figure 88.10) [312–315]. Expression of SSTRs 
is not specific to GEP-NETs and binding of somatostatin ana-
logues can result in a positive signal in central nervous system 

Figure 88.7 Computed tomography (CT) of pancreatic neuroendocrine 
tumor (PNET) primary lesions. (a) Coronal contrast-enhanced CT 
demonstrates an insulinoma in the head of the pancreas (arrow). 
Characteristic findings include small size and avid enhancement on the 
arterial phase. The sensitivity of CT to detect pancreatic NETs depends on 
the size and location of the lesion. (b) A complex solid/cystic lesion (large 
arrow) with focal calcifications (arrowhead), irregular thick enhancing 
wall and inner septa (thin arrow) is seen incidentally in the pancreatic 
head. Histology demonstrated a well-differentiated NET with foci of 
poorly differentiated neuroendocrine carcinoma. (c) Axial CT imaging 
incidentally detected a large (5.5 cm) nonfunctioning PNET in the tail of 
the pancreas (arrow). This lesion shows extensive cystic changes with 
enhancing inner septa and focal calcifications in the wall. Source: 
Courtesy of Dr. Dushyant Sahani.
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small tumors more accurately. In general, though, the lower 
number of receptors on NETs less than 1 cm in size can limit 
detection of these small tumors.

Meta-iodobenylguanidine (MIBG) scintigraphy has also 
been used to localize GEP-NETs but is less effective than SRS. 
MIBG is concentrated in endocrine cells by the norepinephrine 
reuptake pathway. However, the sensitivity is low and it detects 

tumors, lymphomas, breast cancer, and small cell lung cancer 
[309]. In addition, false-positive results have been reported in 
thyroid disorders, chronic inflammation, and granulomatous 
diseases such as tuberculosis and sarcoidosis [316]. The role of 
SRS in staging tumors is highlighted by the fact that results alter 
clinical management in up to half of GEP-NET cases [317–320]. 
Combining cross-sectional imaging with SRS may also locate 

Figure 88.8 Metastatic pancreatic neuroendocrine tumor (PNET). 
(a) A 61-year-old female presented with 2 weeks of gastroesophageal 
reflux symptoms, abdominal pain, nausea, and diarrhea. Axial contrast-
enhanced computed tomography (CT) showed an infiltrating arterially 
enhancing mass involving the head, body, and proximal part of the 
pancreatic tail (thick arrow). This lesion encases the splenic artery, 
invades the portal vein, and leads to partial dilation of the main 
pancreatic duct (arrow heads). A metastatic lesion is seen in segment IV 
of the liver (thin arrow). (b) In a 57-year-old man with a nonfunctional 
PNET, axial contrast enhanced MRI demonstrates the presence of several 
enhancing lesions in the liver (thin arrows). The largest metastases are 
partially necrotic (thick arrows). An enhancing 7cm neoplastic mass was 
also seen in the head of the pancreas (not shown). Source: Courtesy of 
Dr. Dushyant Sahani.

(a)

(b)

Figure 88.9 Magnetic resonance imaging (MRI) of a nonfunctional 
pancreatic neuroendocrine tumor (PNET). A large (8 cm) solid mass in 
the head of the pancreas (large arrow) was identified on axial contrast-
enhanced (a) and coronal T2-weighted MR images (b). This tumor is 
characteristically homogeneously enhancing and hyperintense on 
T2-weighted sequences. Coronal images further demonstrate dilatation of 
the main pancreatic duct (arrowhead) and of the intrahepatic bile ducts 
(thin arrow) due to the mass effect of the main lesion. Similar to CT, the 
sensitivity of MRI in detecting NETs is correlated with the size of the 
tumor but not the tumor type. Source: Courtesy of Dr. Dushyant Sahani.

(a)

(b)
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only 50%–70% of GI NETs, 9% of pancreatic NETs, and 43% of 
liver metastases [321,322].

Positron emission tomography (PET) can localize NETs 
based on their functional properties. Several different tracers 
have been employed to detect tumors based on their metabolic 
properties. PET using the glucose analogue 18F-deoxyglucose 
(FDG-PET) can detect highly metabolically active tumors.  

As a result, it can be useful in localizing poorly differentiated 
NETs that have a high proliferation rate, but is not effective in 
slower-growing well-differentiated tumors [321]. Radiolabeled 
dopamine (18F-l-dopa) or tryptophan (11C-5-HTP) tracers take 
advantage of the uptake of these amino acids by tumor cells for 
hormone synthesis. 18F-l-dopa PET is more sensitive than 
FDG-PET, SRS, and conventional imaging at detecting GI 

Table 88.4 Somatostatin analogues used in imaging and medical therapy of neuroendocrine tumors (NETs).
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NETs, but results for PNETs have been variable [323–327]. 
Similarly, 11C-5-HTP appears to be a sensitive tracer for GI 
NETs, and outperformed 18F-l-dopa PET in the detection of 
PNETs [328,329]. However, the experience using this tracer in 
pancreatic tumors is limited.

PET/CT with gallium-labeled somatostatin analogues (68Ga-
DOTA-Tyr3-octreotide [68Ga-DOTA-TOC, 68Ga-edotreotide], 
68Ga-DOTA-Nal3-octreotide [68Ga-DOTA-NOC], and 68Ga-
DOTA-Tyr3-octreotate [68Ga-DOTA-TATE ]; Table 88.4) has 
emerged as a promising new imaging modality (Figure 88.11). 
PET imaging with these analogues is based on the same con-
cepts as SRS and subject to the same limitations. Expression of 
SSTRs is necessary for detection, and certain types of PNETS, 
such as insulinomas and poorly differentiated PNETs, do not 
display this receptor. However, the higher spatial resolution of 

PET imaging allows more accurate detection of small primary 
tumors and higher sensitivity for metastatic lesions. It has been 
shown to outperform conventional SRS, CT, and 18F-L-DOPA 
PET, and is as sensitive as endoscopic ultrasound (EUS) in 
detecting PNETs [330–332]. 68Ga-octreotide PET/CT has a 
demonstrated sensitivity of 93% and specificity of 96% in detect-
ing GEP-NETs [333,334]. Similar to SRS, PET/CT altered man-
agement in more than half of patients compared to conventional 
imaging [335].

Imaging of PNETs that lack significant expression of SSTRs 
such as insulinomas remains a challenge. New tracers, such as 
radiolabeled glucagon-like peptide 1 (GLP-1), bind strongly to 
cognate receptors highly expressed by pancreatic beta cells and 
insulinomas, and have shown promise in preliminary clinical 
trials [336,337].

Analogue SSTR specificity Structure Uses
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Table 88.4 (Continued)
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Figure 88.10 Octreoscan of metastatic pancreatic neuroendocrine 
tumors (PNETs). (a) A large focus of 111In-pentetreotide uptake in the 
epigastrium just to the right of the midline highlights a primary 
nonfunctional NET (thick arrow). Additionally, multiple foci of increased 
radiotracer uptake in the liver demonstrate hepatic metastases (thin 
arrows). Physiological uptake is seen in the liver, spleen, kidneys, and 
bladder. (b) In contrast, an octreotide scan performed on a patient with 
metastatic insulinoma showed no focal areas of uptake within the 
pancreas or liver. The sensitivity of somatostatin receptor scintigraphy 
(SRS) for insulinomas is generally lower due to reduced expression of 
somatostatin receptors on the cell membrane. Source: Courtesy of  
Dr. Dushyant Sahani.

(a)

(b)

Angiography
Because tumors are characteristically hypervascular, angiogra-
phy can aid in the detection of primary PNETs. However, the 
invasiveness of this technique limits its widespread application. 
Transhepatic catheterization of portal vein tributaries also 
allows selective venous sampling for elevated levels of hormones 
secreted by tumors, but the rate of complications is high and 
this technique is not currently in wide use. Provocative testing 

with intraarterial injection of secretagogues followed by portal 
vein sampling can give equivalent results with fewer complica-
tions. Calcium infusion, for example, can localize 88% of insuli-
nomas compared to 17% for CT and 43% for MRI [338]. This 
technique may be especially useful in patients with MEN1 and 
a functional syndrome. Because multiple pancreatic tumors are 
common, it cannot be assumed that a lesion seen on imaging is 
the site of ectopic hormone production; provocative testing can 
help clarify.

Ultrasound
Both endoscopic and intraoperative ultrasound have important 
roles in localizing NETs. Abdominal ultrasound has poor sen-
sitivity for the diagnosis of primary tumors [302]. In contrast, 
endoscopic ultrasound (EUS) allows close proximity of the 
ultrasound probe to pancreatic lesions, resulting in high sensi-
tivity (Figure 88.12). EUS detects more than 80% of PNETs with 
a specificity of 95% [339,340]. Sensitivity for pancreatic head 
and body tumors is higher than for those in the pancreatic tail 
or duodenal wall [341]. EUS is particularly useful in localizing 
tumors with poor expression of SSTRs such as insulinomas that 
are often missed by SRS. Because of its higher sensitivity for 
small pancreatic lesions in comparison to conventional imaging, 
EUS may play an important role in monitoring small lesions 
that arise in the context of MEN1 [161,342]. Although EUS can 
image adjacent lymph nodes, it is poorly suited to detection of 
distant metastasis to the liver. Another clear advantage for EUS 
is the ability to perform fine-needle aspirations and permit cyto-
logical confirmation of the diagnosis. Finally, intraoperative 
ultrasound plays a critical role in identifying small NETs if 
preoperative imaging techniques are unsuccessful [343].

Therapy and management

Effective treatment of GEP-NETs focuses on both eradicating 
the tumor itself and controlling the symptoms caused by exces-
sive hormonal secretion. Depending on the extent and grade of 
the tumor, treatments to control growth include surgery, chem-
otherapy, and biologically targeted approaches.

Surgical treatment
The surgical excision of a GEP-NET is the only treatment with 
the possibility of cure and should always be considered as first-
line therapy. The approach to the various tumor types is highly 
individual and dictated by the location, tumor stage and grade, 
and natural history of the tumor. However, by the time patients 
become symptomatic from a functional syndrome or tumor 
burden, many are no longer candidates for curative resection. 
Even in these cases, palliative or debulking surgery should be 
considered in patients with severe functional syndromes or 
symptoms caused by local or metastatic disease. However, the 
role of cytoreductive surgery is controversial.
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lesions in the head requiring a Whipple pancreaticoduodenec-
tomy and those in the tail being treated with distal pancreatec-
tomy and splenectomy [344–347]. Resection of adjacent organs 
and major vessels may also be required. Small benign tumors 
less than 2 cm can also be removed by enucleation if they are 
distant from the pancreatic duct [348].

Insulinomas are considered separately from other functional 
and nonfunctional pancreatic NETs because tumors are typi-
cally small and benign despite being associated with a dramatic 
clinical syndrome. Because of this divergent natural history,  
the goal of surgery is to completely remove the tumor without 
resecting a large amount of normal tissue. For this reason, pre-
operative localization studies are critical to ensure the smallest 
adequate resection is performed [168]. As insulinomas are often 
benign, surgery is curative in over 90% of cases.

In contrast, the majority of glucagonomas, VIPomas, soma-
tostatinomas, and nonfunctional PNETs are metastatic at diag-
nosis and curative surgery is typically not possible. However, 
surgery should be considered in all patients without metastatic 
disease or in cases where radical resection of the primary and 
liver metastases is possible. Complete removal may prolong sur-
vival but the rate of recurrence is high [349–352]. In patients 
with somatostinoma without metastasis, 5-year survival after 
resection is 100% [196]. Aggressive resection of locally advanced 
pancreatic glucagonomas, VIPomas, and nonfunctional PNETs 
can achieve over 60% 10-year survival, 90% 5-year survival, and 

Figure 88.11 68Ga-DOTA-TOC positron emission tomography/computed tomography (PET/CT) imaging of a pancreatic neuroendocrine tumor 
(PNET). PET/CT using gallium-labeled somatostatin analogues is a newer modality that has demonstrated high sensitivity and specificity in the 
detection of NETs. (a) A soft tissue mass is seen in the tail of the pancreas on the CT images. (b, c) PET and overlayed PET/CT images from this study 
show intense uptake of 68Ga-DOTA-TOC in this lesion. Like other imaging technologies that use somatostatin analogues, only tumors that express 
somatostatin receptors can be detected. This lesion was an insulinoma, an unusual finding as this subtype typically expresses these receptors poorly. 
Source: Kumar et al. 2011 [331]. Reproduced with kind permission of Springer Science and Business Media.

(a) (b) (c)

Figure 88.12 EUS-guided fine needle aspiration of a pancreatic 
neuroendocrine tumor. EUS is particularly sensitive at detecting small 
pancreatic lesions such as this insulinoma. In addition, it allows sampling 
of lesions for pathological diagnosis, as demonstrated here. Source: 
Courtesy Dr. William Brugge.

Surgical resection is indicated in patients with localized 
disease and those with metastatic disease when at least 90% of 
the tumor can be removed [118]. However, this represents only 
5%–15% of patients with metastatic PNETs. The surgical 
approach is determined by the location of the tumor with 
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SSTR5 [308–310]. Consistent with the generally inhibitory role 
of somatostatin, its analogues can effectively inhibit hormone 
secretion from tumors as well as limit their growth to a certain 
extent. Several analogues are available including octreotide and 
lanreotide, which have a higher affinity to SSTR2 and SSTR5 
(Table 88.4) [355]. Because subcutaneous injections of octre-
otide have a half-life of only 100 min, longer acting depot for-
mulations have been developed: octreotide/sandostatin-LAR 
(i.m. injections monthly), lanreotide i.m. depot/somatuline-LA 
(i.m. every 2 weeks), and lanreotide s.c. depot/somatuline s.c. 
depot (s.c. once monthly). Pasireotide is a newer somatostatin 
analogue that binds a broader range of SSTRs with higher affin-
ity [356,357]. Because somatostatin receptors are expressed in a 
variety of organs, side-effects include abdominal discomfort, 
delayed gastric emptying, bloating, and steatorrhea. These 
symptoms can improve with prolonged usage, but gallstones as 
well as fat-soluble vitamin and vitamin B-12 deficiency can 
eventually develop.

Insulinoma
Because the vast majority of insulinomas are solitary benign 
tumors, curative surgical resection is the treatment of choice. 
However, for preoperative control of hypoglycemia and in 
patients with unresectable disease, medical therapy does play a 
role. The neuroglycopenic and adrenergic symptoms of the 
insulinoma syndrome can be mitigated through a combination 

80% 5-year survival respectively [173,185,353]. A role for adju-
vant or neoadjuvant therapy in GEP-NETs has not been dem-
onstrated. In patients with poorly controlled humoral syndromes 
or severe symptoms related to tumor burden, surgical debulking 
can be considered for symptomatic relief [159].

Patients with MEN1 frequently develop both pancreatic and 
duodenal NETs, but the surgical management of these lesions 
differs from their sporadic counterparts. Because tumors are 
often multiple and have spread to lymph nodes at the time of 
diagnosis, radical surgery is often not curative. Because liver 
metastasis is the strongest predictor of survival and PNETs less 
than 2–3 cm infrequently metastasize, surgery for tumors 
smaller than 2 cm is generally not recommended [278,354]. 
Surgery is advised for tumors larger than 2 cm to prevent hepatic 
metastases and in functional tumors such as insulinomas to 
effectively control hypoglycemia. However, some guidelines 
suggest a more aggressive approach with resection of tumors 
larger than 1 cm or those that rapidly increase in size [249]. 
Optimal treatment of MEN1-associated gastrinomas is contro-
versial and discussed elsewhere (see Chapter 68).

Medical therapy
Somatostatin analogues form the foundation of the medical 
treatment of most functional syndromes (Tables 88.4 and 88.5). 
Although somatostatin receptor expression varies based on 
tumor type, the majority of GEP-NETs express SSTR2 and 

Table 88.5 Medical therapies for gastroenteropancreatic neuroendocrine tumors (GEP-NETs).

Agent Use Mechanism

Diazoxide Treat insulinoma syndrome Nondiuretic benzothiazide analogue that 
prevents beta cell insulin secretion

Somatostatin analogues
(octreotide, lanreotide)

Treat functional syndromes
control well-differentiated GEP-NET progression

Bind to and activate SSTR

Everolimus Treat insulinoma syndrome
control well-differentiated PNET progression

mTOR inhibitor

Sunitinib Control well-differentiated PNET progression Multiple tyrosine kinase inhibitor

Interferon-α2a and 2b Treat carcinoid syndrome
control well-differentiated GEP-NET progression

Multiple mechanisms

Streptozotocin Control well-differentiated PNET progression Glycosamine nitrosurea toxic to pancreatic 
endocrine cells

5-fluorouracil Control well-differentiated PNET progression
used with STZ

Pyrimidine analogue

Doxorubicin Control well-differentiated PNET progression
used with STZ

Anthracycline antibiotic

Temozolomide ± capecitabine Control well-differentiated PNET progression Alkylating agent and 5-fluorouracil prodrug

Cisplatin + etoposide Control poorly differentiated GEP-NET progression Alkylating agent and topoisomerase II inhibitor

90Y- or 177Lu- DOTA-TATE or DOTA-TOC Peptide receptor radionuclide therapy
Control well-differentiated GEP-NET progression

Radiolabeled somatostatin analogues

DOTA-TATE, 68Ga-DOTA-Tyr3-octreotate; DOTA-TOC, 68Ga-DOTA-Tyr3-octreotide; mTOR, mammalian target of rapamycin; PNET, pancreatic 
neuroendocrine tumor; SSTR, somatostatin receptor 2; STZ, streptozotocin.
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ity of the diarrhea, large volumes of i.v. fluid and potassium 
supplements are often necessary. Somatostatin analogues are 
highly effective at decreasing VIP secretion and can eliminate 
the diarrhea in half of patients [173,175,371]. Furthermore, a 
large proportion of the remaining patients experience a decrease 
in stool volume. The effect appears to be durable but may require 
dose escalation. Other medical therapies have been used histori-
cally including antimotility agents and high-dose corticoster-
oids, but are less effective than somatostatin analogues and 
poorly tolerated [372].

Somatostatinoma
Therapy for somatostatinoma syndrome focuses on nutrition 
and control of diabetes. Malnutrition as a result of steatorrhea 
can be severe and may require hyperalimentation [372]. The 
severity of the diabetes is variable and can be controlled with 
oral hypoglycemic agents or insulin. Paradoxically, treatment 
with somatostatin analogues has shown some benefit at decreas-
ing somatostatin release and mitigating the diarrhea and diabe-
tes [373].

GRFoma
Similar to most other functional tumors, somatostatin ana-
logues have efficacy against GRFomas. They can reduce levels 
of growth hormone and IGF-1 [295,374]. Unlike other causes 
of acromegaly, bromocriptine is not effective at decreasing GRF 
levels.

Carcinoid syndrome
Somatostatin analogues play a central role in the treatment of 
carcinoid syndrome. Somatostatin analogues block the release 
of both serotonin as well as other bioactive peptides such as 
tachykinins and bradykinins. As a result, they can prevent flush-
ing in 20%–30% of cases and reduce the severity of symptoms 
in 50%–79% [375–377]. They are similarly effective at treating 
diarrhea with resolution in 16%–30% and improvement in 
40%–76% of patients. The usual dose of octreotide is 150–250 μg/
day s.c. t.i.d., or octreotide LAR 20–30 mg i.m. every 4 weeks. 
Tumors can lose response to somatostatin analogues over time, 
necessitating dose escalation. The new high-affinity analogue 
pasireotide may have a role in treating carcinoid syndrome in 
patients that have failed other formulations [356]. Pasireotide is 
usually given at 600–1200 μg s.c. twice a day [378], or a pasire-
otide LAR 60 mg i.m. every 4 weeks.

Serotonin antagonists including ondansetron and cyprohep-
tadine have a dichotomous effect on diarrhea and flushing in 
carcinoid syndrome. Consistent with serotonin’s role in bowel 
motility, antagonists improve the diarrhea [379]. However, sero-
tonin antagonists are ineffective at controlling the flushing 
typical of carcinoid syndrome.

Interferon-α2a and 2b are a second-line approach to control-
ling symptoms in carcinoid syndrome, but their use is limited 
by side-effects. Interferon as a daily s.c. injection or pegylated 

of lifestyle modifications and medications that inhibit insulin 
secretion. Frequent carbohydrate-rich snacks are important to 
prevent blood sugar from dropping between meals, and the 
ingestion of rapidly absorbed carbohydrates should be avoided 
unless needed to treat symptomatic hypoglycemia [164]. 
Diazoxide and somatostatin analogues form the basis of medical 
treatment for the insulinoma syndrome. Insulin release by beta 
cells and insulinomas is triggered by intracellular glucose 
metabolism that results in closing of ATP-sensitive potassium 
channels, membrane depolarization, opening of voltage-gated 
calcium channels, and insulin granule exocytosis. Diazoxide is 
a nondiuretic benzothiazide analogue that opens potassium 
channels and thereby prevents the membrane depolarization 
that normally triggers insulin secretion [358]. It is only moder-
ately effective with just over half of patients responding 
[359,360]. Side-effects include edema, nausea, hirsutism, and 
renal dysfunction. Somatostatin analogues are less useful at con-
trolling insulinoma syndrome than other hormonal syndromes 
because fewer than 40% of these tumors express somatostatin 
receptors. In addition, somatostatin analogues can suppress 
secretion of counter-regulatory hormones, such as glucagon, 
and may worsen hypoglycemia. Despite these caveats, they  
are effective at controlling symptoms and hypoglycemia in  
a third to a half of patients [251,361]. For patients with persist-
ent hypoglycemia, the mTOR inhibitor everolimus has been 
effective in normalizing serum glucose at least temporarily 
[362,363]. Beta blockers, calcium channel blockers, phenytoin, 
and glucocorticoids have all been reported to prevent sympto-
matic hypoglycemia in a subset of insulinoma patients through 
a variety of mechanisms [364–368]. Uncommonly, refractory 
cases require continuous i.v. dextrose infusions or enteral 
feeding. Because the hypoglycemia can be so dramatic and  
often difficult to control, surgical approaches must always be 
considered.

Glucagonoma
Somatostatin analogues are effective at controlling some aspects 
of the glucagonoma syndrome [193,369,370]. A decrease in glu-
cagon levels is seen in most patients with a small fraction even 
reaching normal levels. Necrolytic migratory erythema can 
improve in the majority of patients and amino acid infusions 
and topical or oral zinc may also be beneficial [193]. However, 
somatostatin analogues are less effective in controlling the 
weight loss, diabetes, and risk of thromboembolism. As the 
weight loss can often be severe, restoring adequate nutritional 
status is critical and may require hyperalimentation. Management 
of hyperglycemia requires oral hypoglycemics or insulin injec-
tion [184,185,187]. Prophylactic treatment for thromboembo-
lism such as aspirin or low dose heparin is recommended.

VIPoma
Effective treatment of the VIPoma syndrome involves support-
ive management of the fluid and electrolyte losses as well as 
administration of somatostatin analogues. Because of the sever-
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debulking surgery to remove distant metastases can be per-
formed for palliation in patients with severe symptoms related 
to tumor burden or hormone excess. Up to 70% of the total liver 
volume can be resected if hepatic function is otherwise normal. 
Surgical resection can also be combined with other ablative 
techniques such as radiofrequency ablation and portal vein 
embolization to preserve normal tissue and achieve a more 
complete destruction of tumor tissue. However, no randomized 
trials have been conducted to assess the role of curative liver 
surgery or palliative debulking [159].

Liver transplantation can be considered in young patients 
with an excellent performance status, unresectable liver metas-
tases, intractable symptoms, and well-differentiated tumors. 
Although symptomatic response is high, 5-year recurrence free 
survival is low, ranging from one-quarter to one-half [396–398]. 
Because of the low long-term cure rates even in this highly 
selected patient population, liver transplantation for metastatic 
NETs is more likely to be palliative rather than curative and not 
routinely pursued.

Cytotoxic therapy of metastatic 
gastroenteropancreatic neuroendocrine tumors
One of the most challenging aspects of treating metastatic GEP-
NETs is their unpredictable behavior. Because of better treat-
ments for hormone-associated symptoms, survival is primarily 
related to the rate of tumor growth and metastasis. However, 
even pathologically similar tumors can behave divergently and 
exhibit growth patterns ranging from indolent to aggressive. As 
a result, with the exception of those with rapidly progressive 
disease, there is little consensus on which patients benefit from 
treatment with chemotherapy and the appropriate time to start 
treatment.

In comparison to well-differentiated GI NETs, pancreatic 
NETs are more likely to respond to cytotoxic agents. 
Streptozotocin is a glycosamine nitrosourea compound that is 
directly toxic to pancreatic endocrine cells. It is effective as a 
single agent to treat advanced unresectable progressive well-
differentiated PNETs and can induce responses in 36% of 
patients [399]. When combined with the pyrimidine analogue 
5-fluorouracil, response rates rise to 63%, and 33% have a com-
plete response [399]. The combination of streptozotocin and 
doxorubicin, an anthracycline antibiotic, has also been found  
to be effective with improved rates of tumor regression and 
survival [400–402]. This combination results in a 36%–69% 
response rate and 2-year survival of 50%–72%. The addition of 
newer therapies such as the alkylating agent temozolomide has 
the potential to further increase response rates. In combination 
with capecitabine or other chemotherapeutic agents, temozolo-
mide has shown response rates of 33%–70% [403–406]. 
Although randomized controlled trials are lacking, temozolo-
mide, with or without capecitabine, is an accepted alternative to 
streptozotocin-based regimens in advanced PNETs [118,407].

Cytotoxic chemotherapy is generally recommended for treat-
ment of poorly differentiated GEP-NETs because of their 

interferon as a weekly s.c. injection exerts antitumor effects by 
inhibiting growth, inducing apoptosis, and inhibiting hormone 
synthesis [380,381]. However, the side-effects of flu-like symp-
toms, anorexia, weight loss, fatigue, bone marrow toxicity, 
autoimmune disorders, and depression make interferon difficult 
to tolerate. Modifying lifestyle to avoid precipitants of the car-
cinoid syndrome like exercise, ethanol, and trigger medications 
can also be helpful.

Preemptive treatment is required to avoid the life-threatening 
hypotension of carcinoid crisis. Interventions including surgery, 
embolization, and endoscopy can trigger massive release of 
vasoactive compounds from the tumor and large doses of soma-
tostatin analogues are required prior, during, and after any pro-
cedure to prevent this complication [382,383]. Carcinoid crisis 
is treated with additional somatostatin analogues and i.v. fluids 
[384]. Vasopressors that activate the sympathetic nervous 
system should be avoided because they can increase the release 
of hormones from the tumor and exacerbate the hypotension. 
Administration of steroids may also play a role in treating car-
cinoid crisis.

Ablative therapies for metastatic pancreatic 
neuroendocrine tumors
Radiofrequency ablation is an effective technique to control 
hepatic metastases. Symptom relief is achieved in most patients 
immediately after the procedure, and tumor control is seen  
in almost three-quarters [385,386]. However, development of 
local recurrence, new liver lesions, and extrahepatic disease is 
common (22%, 63%, and 59%, respectively, after median 
follow-up of 30 months). The procedure is limited to patients 
with lesions less than 5 cm in diameter and most successful 
when lesions are less than 3 cm [387]. In addition, anatomical 
location of the tumor in relation to adjacent organs or vascular 
structures can limit the use or effectiveness of radiofrequency 
ablation.

Transhepatic arterial embolization (TAE) and chemoemboli-
zation (TACE) are other options in cases with multiple liver 
metastases and those that are not candidates for hepatic resec-
tion. The procedure can be performed with occlusive particles 
alone or with particles impregnated with a chemotherapeutic 
agent (doxorubicin or streptozotocin) or the radioisotope 
yttrium-90. However, it is unclear whether chemoembolization 
is more effective [388]. Although no trials have shown pro-
longed survival after TAE or TACE, relief of symptoms and a 
decrease in tumor markers is seen in a majority of patients and 
a third show complete or partial tumor response [389–395]. The 
duration of symptomatic response is 1–2 years. Embolization is 
contraindicated in patients with portal vein thrombosis and 
hepatic insufficiency. Postembolization syndrome consisting of 
fever, nausea, vomiting, and pain is common for several days 
after the procedure. Adverse events such as liver abscess, cholan-
gitis, and hepatic failure can uncommonly occur.

Curative resection in patients with PNETs metastatic to the 
liver is pursued in only a small minority of patients. However, 
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patients with advanced or metastatic PNETs and progressive 
disease extended progression-free survival from 5.5 to 11.4 
months when compared to placebo [430]. Improved overall 
survival and tumor response were also seen, but objective 
remission rates remained low at 9.3% in the sunitinib group.

The mTOR inhibitor everolimus has also shown promising 
results in phase III trials. Patients with locally advanced or 
metastatic well-differentiated PNETs receiving everolimus had 
a progression-free survival of 11 months compared with 4.6 
months for those randomized to placebo [431]. This correlated 
to a 65% reduction in the risk of tumor progression or death. 
This improvement was seen even in patients with prior use  
of somatostatin analogues or chemotherapy, but the rate of 
tumor response was again low. This modest response rate  
to single agents has spurred interest in treating NETs with  
combinations of targeted therapies. Indeed, the addition of 
everolimus to octreotide LAR in patients with carcinoid syn-
drome extended progression free survival from 11.3 months to 
16.4 months [432].

Peptide receptor radionuclide therapy (PRRT) using radiola-
beled somatostatin analogues is increasingly being applied to 
inoperable and metastatic GEP-NETs. Similar to other uses  
of somatostatin analogues, this new therapy is only effective 
against tumors that express appropriate somatostatin receptors 
and positive somatostatin receptor imaging is a prerequisite. 
The beta emitters yttrium-90 and lutetium-177 have been most 
commonly conjugated to DOTA-TATE or DOTA-TOC (Table 
88.4). Multiple small, uncontrolled trials have reported disease 
stabilization in 44%–81%, partial remission in 4%–29%, and 
rare complete remission in GEP-NET patients treated with 
yttrium-90-labeled analogues [433–441]. Lutetium-177 conju-
gates have shown similar efficacy with stable disease in 26%–
50%, partial response in 17%–38%, and rare complete remission 
[442–445]. Side-effects include renal toxicity and myelodysplas-
tic syndrome. Randomized controlled trials to demonstrate effi-
cacy of this promising therapy are warranted.
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aggressive behavior. Platinum-based regimens are first line and 
cisplatin along with etoposide have shown promising initial 
response rates of 31%–67% [408–411]. However, the duration 
of response is short and median survival remains poor. An 
elevated Ki-67 labeling index may have prognostic value. GEP-
NETs with Ki-67 labeling indices under 55% had a lower 
response rate to platinum-based chemotherapy (15% vs 40%) 
but a better overall survival (14 vs 10 months) [411]. Second-
line therapies for poorly differentiated NETs have not been well 
defined, but temozolomide-based regimens and oxaliplatin with 
capecitabine have shown some activity [412,413].

Biological and targeted therapies
In addition to effectively controlling symptoms of hormonal 
syndromes, somatostatin analogues have direct effects on 
GEP-NET growth. Stabilization of progressive disease has been 
noted in half of patients with a median duration of 18–30 
months, but a radiographic response occurs in only 5% of 
patients [377,414–417]. Dose escalation can be beneficial to 
prolong control of tumor growth if response is lost [418,419]. A 
randomized controlled trial has confirmed a direct antitumor 
effect of octreotide LAR in patients with well-differentiated 
small intestinal NETs with a median time to progression of 14.3 
months compared to 6 months in controls [420]. Lanreotide has 
been shown to prolong progression-free survival in pancreatic 
as well as small intestinal NETs [421]. In a randomized control-
led trial of patients with metastatic, nonfunctional, grade 1 or 2 
NETs and stable disease prior to the study, estimated progression-
free survival at 24 months was 65% for the group receiving 
lanreotide depot compared to 33% for the placebo arm. This 
decrease was seen in both pancreatic and small intestinal NETs 
and was not affected by tumor grade or hepatic tumor volume. 
These findings strengthen the evidence for early use of somato-
statin analogues in the treatment of metastatic GEP-NETs.

Similarly, interferon-α has shown activity in slowing tumor 
growth as well as controlling functional syndromes. The mecha-
nism of action is complex and is probably related to inhibition 
of cyclin B expression and cell cycle blockade, induction of 
apoptosis, and an antiangiogenic effect [380,381]. A decrease  
in GEP-NET tumor volume in 4%–10% of patients and disease 
stabilization in 26%–76% has been reported [422–425]. 
Interferon has been combined with somatostatin analogues in 
several small GEP-NET trials but despite a promising trend 
towards improved survival in some studies, no significant 
advantage has been conclusively demonstrated [426–429]. The 
side-effects of flu-like symptoms, anorexia, weight loss, fatigue, 
bone marrow toxicity, autoimmune disorders, and depression 
make interferon difficult to tolerate.

Recently, interest has grown in therapies that target other 
specific pathways involved in tumor growth. The tyrosine kinase 
inhibitor sunitinib blocks signaling by vascular endothelial 
growth factor receptors, platelet-derived growth factor recep-
tors, and stem-cell factor receptor that are expressed by NETs. 
In a large randomized controlled trial, sunitinib therapy in 
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Definition

Gallstones are solid conglomerates of different sizes made of 
cholesterol crystals, mucin, calcium bilirubinate, and proteins, 
forming inside the gallbladder. Three types of gallstones develop 
in the gallbladder and bile ducts, distinguished by their chemi-
cal composition: pure cholesterol, pure pigment, and rare 
stones, which contain small amounts of bilirubin salts and 
calcium (Figure 89.1). In industrialized countries cholesterol 
gallstones account for about 75% of stones, black pigment 
stones for 20%, and brown pigment stones for 5% [1–4].

Epidemiology

Gallstone disease (GSD) is one of the most prevalent and costly 
digestive diseases in Western countries. The prevalence of GSD 
in adults ranges from 10% to 15% [5–8] and is apparently rising, 
with around one million new cases diagnosed each year in the 
USA [9]. According to the third National Health and Nutrition 
Examination Survey (NHANES III), about 6.3 million men and 

14.2 million women aged 20 to 74 in the USA have gallbladder 
disease [7]. Medical expenses for treating gallstones costs $4–6.2 
billion [8,10] and rise to $6.5 billion when surgical complica-
tions occur [11]. Most of the costs are due to the large number 
of cholecystectomies performed every year, surpassing 700 000 
in USA [12].

Cholesterol gallstones are often associated with common 
metabolic abnormalities, such as obesity, dyslipidemia, type 2 
diabetes, hyperinsulinemia [5,13], and the metabolic syndrome 
[14–19]. There are marked ethnic variations in the prevalence 
of gallstones [7]. Gallstone prevalence is high in western 
Caucasians (in a large Italian ultrasonographic epidemiological 
study, the prevalence was 19% in women and 10% in men) [4]; 
and in native Americans, the prevalence was 73% in female 
Pima Indians older than 25 years [20] and 30% in men [21]. 
In Hispanics, the prevalence is 9% in men and 27% in women 
[7], while in Chilean Mapuche Indians, who migrated from 
Asia, the prevalence is 35% [22]. The prevalence is low in 
eastern Europeans, African Americans (5% and 14% among 
men and women, respectively) [23,24], and in Japanese popu-
lations [25].
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Figure 89.1 (a) Appearance of human 
cholesterol gallstones. Pure cholesterol 
stones with smooth (i), rough (ii), and 
morular (iii) surface. Cut surface of stones 
with pure cholesterol content (iv), or a small 
(v) or a large (vi) pigment center. A large 
cholesterol stone, likely made of aggregated 
stones is shown (vii). Multiple gallstones  
are shown as pure cholesterol  
(viii, x), or with a pigment center (ix).  
(b) Appearance of human mixed cholesterol 
solitary (i), twin (ii), and multiple (iii–vi) 
multifaceted gallstones. (c) Top: Appearance 
of human pigment stones. Brown pigment 
stones removed from the common bile duct. 
Black pigment stones removed from the 
gallbladder. Bottom: Photomicrographs of 
mucin gel as well as solid and liquid 
crystals, sandy stones, and true gallstones  
as observed by polarizing light microscopy 
in gallbladder bile of gallstone-susceptible 
C57L mice during a 56-day period  
of feeding a lithogenic diet.  
(A) nonbirefringent amorphous mucin gel; 
(B) small nonbirefringent liquid crystals; 
(C) aggregated nonbirefringent liquid 
crystals; (D) fused liquid crystals with 
Maltese cross birefringence and focal conic 
textures; (E) arc-like (possible anhydrous 
cholesterol) crystals; (F) filamentous 
crystals; (G) tubular crystal fracturing at 
ends to produce plate-like cholesterol 
monohydrate crystals with notched corners; 
(H) a typical cholesterol monohydrate 
crystal, with 79.2° and 100.8° angles;  
(I) agglomerated cholesterol monohydrate 
crystals; (J and K) disintegrable amorphous 
sandy stones surrounded by mucin gel, with 
individual cholesterol monohydrate crystals 
projecting from the edges; and  
(L) gallstones exhibiting rounded contours 
and black centers from light scattering/
absorption. Source: Adapted from Wang et 
al. 1997 [83]. Reproduced with permission 
of the American Society for Biochemistry 
and Molecular Biology.
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Risk factors

A positive family history of gallstone disease is present in many 
patients, suggesting a role for genetic factors in the development 
of gallstones [26,27]. Genetic factors (beside cultural and life-
style habits) might also be important in specific ethnic groups, 
as shown in Pima Indians [20]. A rare syndrome associated with 
ABCB4 mutations is referred to as low phospholipid-associated 
cholelithiasis (LPAC): young patients display recurrent chole-
lithiasis, sludge, and lithiasis in the intrahepatic and extrahe-
patic biliary tract even after cholecystectomy [28,29]. Mutations 
of ABCG8 and UGT1A1 predispose to cholesterol [30,31] 
and pigment stones, respectively. Nongenetic risk factors pre-
disposing to gallbladder stones of different types are listed in 
Table 89.1.

Pathophysiology

Chemical species of lipids in bile
Bile is mainly composed of water, organic solutes, inorganic 
electrolytes, and trace amounts of proteins and elements.

Cholesterol accounts for more than 95% of the total sterols by 
weight and is present solely in the unesterified form in bile. The 
remaining 5% of sterols are cholesterol precursors and dietary 
sterols from plant, animal, and shellfish sources. The major phos-
pholipids are lecithins (phosphatidylcholines) that account for 
more than 95% of total phospholipids by weight. The remainder 
(<5%) includes phosphatidylethanolamines (cephalins) and a 
trace amount of sphingomyelin. The primary bile acids are the 
catabolic products of cholesterol in the liver and include cholic 
acid and chenodeoxycholic acid. The secondary bile acids are 
derived from the 7α-dehydroxylation of the primary bile acids 
by intestinal bacteria in the ileum and colon and are com -
posed of deoxycholic acid, ursodeoxycholic acid (UDCA), and 
lithocholic acid. Another important secondary reaction is the 
7α-dehydrogenation of chenodeoxycholic acid to form 7α-oxo-
lithocholate. This bile acid does not accumulate in bile, but is 
metabolized to a “tertiary” bile acid by hepatic or bacterial reduc-
tion to form chenodeoxycholic acid, mainly in the liver, or its 
7β-epimer, UDCA, primarily by colonic bacteria.

The principal bile pigments are conjugated bilirubins: 80% of 
bilirubin is secreted as diglucuronide, 18% is secreted as 
monoglucuronide, and less than 2% is unconjugated. Most of 
the bilirubins in bile are ultimately metabolized in the small 
intestine by bacteria and eliminated in feces.

In bile, albumin is the most abundant protein, followed by 
immunoglobulins G and M, apolipoproteins (APO)-AI, AII, B, 
CI, and CII, transferrin, and α2-macroglobin. Bile contains inor-
ganic ions that are responsible for most of the osmotic activity.

Physical states of biliary lipids
Because bile is an aqueous solution and cholesterol is virtually 
insoluble in water, the mechanisms for solubilization of choles-

terol in bile are complex. Micelles and vesicles are two main 
types of macromolecular aggregates in bile, which greatly 
enhance the solubilization of cholesterol in bile [32–34].

Biliary micelles
The hydrophilic (polar) areas of bile acids are formed by the 
hydroxyl groups and conjugation side chain of either glycine or 
taurine, and their hydrophobic (nonpolar) area is the ringed 
steroid nucleus [35]. They are soluble in aqueous solutions. 
When a critical micellar concentration is exceeded, bile acid 
monomers can aggregate spontaneously to form simple micelles 
(∼3 nm in diameter). Also, simple micelles are capable of solu-
bilizing and incorporating phospholipids to form mixed micelles 
(∼4–8 nm in diameter). Compared to simple micelles, mixed 
micelles can solubilize at least three times the amount of cho-
lesterol. The shape of a mixed micelle is that of a lipid bilayer 
with the hydrophilic groups of the bile acids and phospholipids 
aligned on the “outside” of the bilayer and the hydrophobic 
groups on the “inside.” Therefore, cholesterol molecules can be 
solubilized on the inside of the bilayer, away from the aqueous 
areas on the outside.

Biliary vesicles, nonmicellar carriers of  
cholesterol in bile
In some healthy subjects without gallstones, gallbladder bile is 
supersaturated with cholesterol, implying that cholesterol con-
centrations exceed what can be solubilized by the micellar 
system and that other lipid carriers could exist that contribute 
to the solubilization of cholesterol in bile [36,37]. A more 
complex mechanism for cholesterol solubilization in bile has 
been identified in model bile systems and human and animal 
bile [38–41]. Biliary vesicles were first reported in the 1980s 
[42], and these vesicles (40–100 nm in diameter) are unilamellar 
spherical structures and contain phospholipids, cholesterol, and 
little, if any, bile acids. Vesicles are secreted by the hepatocyte 
and are present in large quantities in hepatic bile. The vesicle is 
a transport particle responsible for solubilizing biliary choles-
terol in excess of what could be solubilized in simple and mixed 
micelles.

Coexistence and interconversion of micelles  
and vesicles in bile
Because bile is gradually concentrated within the biliary tree, 
flowing from the liver to the gallbladder, bile acids approach 
their critical micellar concentrations. When this occurs, bile 
acids begin to modify the structure of phospholipid-rich vesi-
cles. These alterations are the start of a complex series of molec-
ular rearrangements of biliary lipids. Ultimately, simple and 
mixed micelles are formed in concentrated gallbladder bile. 
Interconversion of micelles and vesicles is affected by the feeding 
or fasting states as a result of alterations in hepatic secretion of 
biliary lipids. During meals, hepatic output of biliary bile acids 
is higher so that more cholesterol is solubilized in micelles. In 
contrast, during the fasting period, hepatic output of biliary bile 
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Table 89.1 Nongenetic risk factors for gallbladder stones. Data from Portincasa et al. [5,175] and Grünhage and Lammert [453].

Risk factor Stone composition Prevalent mechanism(s) References

Increasing age Cholesterol, pigment Metabolic risks, hemolytic anemia [217,456]

Female gender Cholesterol Pregnancies, steroid hormones, hepatic 
hypersecretion

[2,20,457]

Pregnancy Cholesterol Steroid hormones, gallbladder stasis, hepatic 
hypersecretion

[289,294,295,458,459]

Obesity Cholesterol Hepatic hypersecretion, gallbladder stasis [5,193,217,218,259, 
460–469]

Metabolic syndrome, insulin resistance Cholesterol Obesity, hepatic hypersecretion, dyslipidemia [19,155,160,415, 
470,471]

Rapid weight loss (bariatric surgery of morbid 
obesity, very low calorie diet)

Cholesterol Hypersecretion of biliary mucin, hepatic 
hypersecretion, gallbladder stasis

[159,259,435,472–
479]

Physical inactivity (especially in men) Cholesterol Hepatic hypersecretion, intestinal and 
gallbladder hypomotility, decreased excretion 
of bile acids, increased serum triglycerides 
and insulin release

[416,480–487]

Westernized diet: high-calorie, low-fiber, 
high-refined carbohydrate, high-lipid

Cholesterol Hepatic hypersecretion, associated metabolic 
factors, gallbladder stasis

[5,466,488–502]

Smoking Cholesterol/pigment Metabolic factors? Others? [503]

Hypertriglyceridemia Cholesterol Association with other metabolic abnormalities, 
hepatic hypersecretion of cholesterol

[278,504–509]

Hemolytic anemia, sickle cell disease Black pigment Increased calcium bilirubinate concrements, 
gallbladder stasis

[2,510–512]

Liver cirrhosis Black pigment/ 
cholesterol

Gallbladder stasis, hyperestrogenism, bile salt 
malabsorption, increased enterohepatic 
circulation of bilirubin

[513–520]

Cystic fibrosis Black pigment Increased biliary concentration of conjugated 
and unconjugated bilirubin and calcium, 
increased enterohepatic circulation of bilirubin

[516]

High alcohol intake Black pigment Liver damage, reduced bile acid synthesis [428,464,494,514, 
515,521]

Gallbladder stasis (total parenteral nutrition, 
total gastrectomy with lymph node dissection, 
vagotomy, spinal cord injury, somatostatinoma, 
octreotide)

Cholesterol Increased bile concentration and precipitation/
crystallization of cholesterol

[5,203,204,218,430, 
512,522–540]

Estrogens and oral contraceptives Cholesterol Hepatic hypersecretion, gallbladder stasis [314–316,541–551]

Drugs: fibrates, octreotide, ceftriaxone, 
calcineurin inhibitors (tacrolimus, ciclosporin)

Cholesterol Precipitation in bile (ceftriaxone), hepatic 
hypersecretion, inhibition of hepatic bile salt 
export pump, bile concentration

[504,552–556]

Diabetes mellitusa Cholesterol Metabolic abnormalities, gallbladder stasis, 
autonomic neuropathy

[155,470,504,505,535, 
557–562]

Crohn’s disease, extended ileal resection Cholesterol/black 
pigment

Increased biliary concentration of conjugated 
and unconjugated bilirubin and calcium, 
increased enterohepatic circulation of bilirubin

[516,563,564]

Infections (e.g., biliary strictures, duodenal 
diverticula, cholangitis, pancreatic insufficiency)
Bile duct (Clonorchis sinensis, Ascaris 
lumbricoides, Opistorchis viverrini)

Black pigment/
brown pigment

Bacterial β-glucuronization with 
biotransformation of conjugated to 
unconjugated bilirubin, precipitation together 
with calcium and long-chain fatty acids

[2,127,519,565–570]

Vitamin B-12/folic acid-deficient diet Black pigment Hemolytic anemia [571]

Micronutrients abnormalities: low serum 
magnesium

Cholesterol Insulin resistance and deranged serum LDL- 
and HDL-cholesterol

[572–574]

a Conditions especially associated with gallbladder stasis.
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cholesterol to less cholesterol-rich vesicles or to micelles, or may 
fuse or aggregate to form much larger (∼500 nm in diameter) 
multilamellar vesicles (i.e., liposomes or liquid crystals). Liquid 
crystals are inherently unstable and can form solid plate-like 
cholesterol monohydrate crystals, a process termed cholesterol 
nucleation and crystallization.

Major sources of cholesterol for biliary secretion
The major sources of cholesterol for the formation of lithogenic 
bile are the liver and small intestine. Increased hepatic secretion 
of biliary cholesterol could result from increases in (1) intestinal 
absorption, (2) hepatic biosynthesis, and (3) hepatic uptake of 
HDL from plasma, as well as decreases in (4) the conversion of 
cholesterol into bile acids, and (5) the esterification of choles-
terol [43]. Although HDL cholesterol is a principal source of 
biliary cholesterol in the basal state, chylomicron remnant cho-
lesterol can be a major contributor to hepatic hypersecretion of 
biliary cholesterol during diet-induced gallstones in animal 
models. Hepatic cholesteryl ester stores are less involved in 
biliary cholesterol secretion. Thus, hepatic cholesterol from 
three sources can be utilized for biliary secretion: plasma lipo-
proteins, newly synthesized cholesterol, and intestinal absorp-
tion (Figure 89.2).

acids is relatively low. The ratio of cholesterol to bile acids is 
increased and cholesterol is carried more in vesicles than in 
micelles. When the concentration of bile acids is relatively  
low, especially in dilute hepatic bile, unilamellar vesicles are 
relatively stable, and few vesicles are converted to micelles. By 
contrast, when gallbladder bile is concentrated, bile acid con-
centrations are markedly increased, enhancing transformation 
of vesicle into mixed micelles.

In cholesterol-supersaturated bile, there are two pathways for 
forming cholesterol-rich vesicles from phospholipid-rich vesi-
cles that are secreted at the canalicular membrane of hepato-
cytes. Because bile acids solubilize phospholipids more efficiently 
than cholesterol, cholesterol-rich vesicles may form when bile 
acids preferentially extract phospholipid molecules from 
phospholipid-rich vesicles. The second possibility is rapid dis-
solution of phospholipid-rich vesicles by bile acids. This altera-
tion produces unstable mixed micelles with excess cholesterol. 
Consequently, structural rearrangements of these unstable 
micellar particles could result in the formation of cholesterol-
rich vesicles. Because more phospholipids are transferred from 
vesicles to mixed micelles compared to cholesterol, the resulting 
residual vesicles are enriched in cholesterol relative to phos-
pholipids. These cholesterol-rich vesicles may transfer some 

Figure 89.2 Cholesterol metabolism at the hepatocyte level. The hepatic uptake of cholesterol is mediated by scavenger receptor class B type I (SR-BI) 
for high-density lipoprotein (HDL), by the low-density lipoprotein (LDL) receptor (LDLR) for LDL, and by the chylomicron remnant receptor (CMRR) 
for chylomicron remnants (CMR). Hepatic cholesterol synthesis is regulated by the rate-limiting enzyme 3-hydroxy-3-methylglutaryl-coenzyme A 
reductase (HMGCR). Part of the cholesterol molecules are esterified by acylcoenzyme A : cholesterol acyltransferase (ACAT) for storage in the liver. 
Some of the cholesterol is used for the formation of very-low-density lipoprotein (VLDL), which is secreted into the blood. Also, cholesterol is used for 
the synthesis of bile acids via the classical and the alterative pathways, as regulated by two rate-limiting enzymes cholesterol 7α-hydroxylase (CYP7A1) 
and sterol 27-hydroxylase (CYP27A1), respectively. Hepatic secretion of biliary cholesterol, bile acids, phospholipids, and bilirubin across the 
canalicular membrane is determined by four ATP-binding cassette (ABC) lipid transporters, ABCG5/G8, ABCB11, ABCB4, and ABCC2, respectively. 
The Niemann–Pick C1-like 1 (NPC1L1) protein may have a weak role in taking cholesterol back from hepatic bile to the hepatocyte. This diagram 
shows cholesterol balance across the liver, indicating the major sources for cholesterol entering the hepatocyte (red arrows) and the main pathways for 
its disposition from the hepatocyte (blue arrows).
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plasmic (outer) leaflet of the canalicular membrane bilayer of 
hepatocyte. Mutations of the ABCB4 gene are responsible for 
type 3 progressive familial intrahepatic cholestasis (PFIC) [61].

For biliary secretion, bile acids include those that are newly 
synthesized in the liver and those that undergo enterohepatic 
cycling. The transporter ABCB11, also called the bile salt export 
pump, has a key role in the regulation of hepatic secretion of 
biliary bile acids [62–64]. Mutations of the ABCB11 gene 
are responsible for type 2 PFIC, a rare autosomal recessive  
disorder [65].

Genetic studies of sitosterolemia have found that biliary cho-
lesterol secretion is determined by the sterol transporters 
ABCG5 and ABCG8 [66–69]. Mutations of either ABCG5 or 
ABCG8 reduce biliary cholesterol secretion in patients with 
sitosterolemia [70,71]. Despite a reduced prevalence in mice 
with either double or single knockout of Abcg5 and Abcg8 genes, 
gallstones still occur [72–74]. This implies an ABCG5/
G8-independent pathway responsible for hepatic secretion of 
biliary cholesterol and this pathway may have a role in choles-
terol gallstone formation. In addition, the Niemann-Pick 1-like 
1 (NPC1L1) protein is expressed on the canalicular membrane 
of hepatocyte (in addition to the apical membrane of entero-
cyte). However, its expression levels are significantly lower in 
the liver than in the small intestine in humans. This suggests 
that hepatic NPC1L1 has a small role in regulating biliary cho-
lesterol secretion [75].

The role of ABCC2 in hepatic secretion of bilirubin is dis-
cussed in Section Pathogenesis of the formation of pigment 
gallstones. Mutations of the ABCC2 gene are found in patients 
with Dubin–Johnson syndrome, who display jaundice and 
benign conjugated hyperbilirubinemia [76].

Pathogenesis of the formation of  
cholesterol gallstones
The formation of cholesterol gallstones represents a failure of 
biliary cholesterol homeostasis in which the physical–chemical 
balance of cholesterol solubility in bile is disturbed [77]. 
Accumulating evidence has shown that five defects (Figure  
89.3) play critical roles in the pathogenesis of cholesterol gall-
stone formation [78]: (1) genetic factors and LITH genes; (2) 
hepatic hypersecretion of biliary cholesterol leading to the for-
mation of lithogenic bile, which may or may not be accompa-
nied by normal, high, or low secretion rates of biliary bile acids 
or phospholipids; (3) accelerated phase transitions, leading to 
rapid cholesterol nucleation and crystallization; (4) gallbladder 
hypomotility accompanied by hypersecretion of mucins and 
accumulation of mucin gel in the gallbladder, as well as immune-
mediated gallbladder inflammation; and (5) increased amounts 
of cholesterol of intestinal origin going to the liver for biliary 
secretion due to increased cholesterol absorption and/or slow 
intestinal motility. Sluggish intestinal transit also aids “hydro-
phobe” absorption and enhances “secondary” bile acid synthesis 
by the anaerobic microflora. Of note, supersaturation with  
cholesterol is the primary pathophysiological defect leading to 

Plasma HDL rather than other lipoproteins such as VLDL 
and LDL preferentially provides unesterified cholesterol to the 
liver for biliary secretion [44]. HDL is crucial to reverse choles-
terol transport because it promotes cholesterol transport from 
peripheral tissues to the liver [45]. The HDL receptor, scavenger 
receptor class B type I (SR-BI) plays a pivotal role in unloading 
HDL cholesterol to hepatocytes [46–48]. Despite the impor-
tance of SR-BI on regulating plasma HDL and biliary cholesterol 
secretion in the basal state, hepatic uptake of chylomicron rem-
nants is the major contributor to biliary cholesterol hypersecre-
tion during diet-induced cholelithogenesis in mice [49]. 
However, whether hepatic SR-BI may play a role in gallstone 
formation still needs to be investigated further.

In the absence of dietary cholesterol, biliary cholesterol is 
derived mainly from de novo synthesis. However, biliary cho-
lesterol reabsorbed by the small intestine is delivered to the 
liver via enterolymphatic circulation for resecretion into bile 
[50]. In the basal steady state, the contribution of de novo 
synthesis to biliary cholesterol secretion is approximately 15% 
[51–53]. When dietary cholesterol intake is increased, these 
values are proportionately reduced because cholesterol synthe-
sis is suppressed by the negative feedback regulatory mecha-
nism in the liver. Furthermore, the liver responds to an 
increased amount of dietary cholesterol by: (1) enhancing 
secretion of cholesterol into bile; (2) converting cholesterol 
into bile acids, followed by their secretion into bile; (3) down-
regulating cholesterol biosynthesis; (4) increasing cholesterol 
esterification and storage; and (5) enhancing lipoprotein 
secretion into the circulation.

The small intestine is a unique organ providing both dietary 
and reabsorbed biliary cholesterol to the body. Careful studies 
performed to investigate chylomicron remnant metabolism and 
its role in biliary lipid secretion underscore the importance of 
chylomicron remnant cholesterol in murine cholelithogenesis 
[54]. High dietary cholesterol through the chylomicron pathway 
provides an important source of excess cholesterol for inducing 
supersaturation of bile with cholesterol [55].

Hepatic secretion of biliary lipids
Four members of the adenosine triphosphate-binding cassette 
(ABC) transporter family located on the canalicular membrane 
of hepatocyte play critical roles in determining biliary lipid 
secretion: ABCGB4 for phospholipids, ABCB11 for bile acids, 
ABCG5/G8 for cholesterol, and ABCC2 for bilirubin (Figure 
89.2). Bile acids enter canalicular spaces as monomers, whereas 
biliary phospholipids and cholesterol enter as unilamellar vesi-
cles [56–58].

In mice with the deletion of the Abcb4 gene, hepatic secretion 
of biliary phospholipids is absent and the secretion of vesicles 
is reduced on the outer surface of the canalicular membrane of 
hepatocyte [59,60]. This implies that ABCB4 leads to the forma-
tion of phospholipid-rich microdomains within the outer mem-
brane leaflet and it may be responsible for the translocation, or 
“flip,” of phospholipids from the endoplasmic (inner) to ecto-
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crystallization from the isotropic phase of gallbladder bile could 
distinguish the lithogenic bile of gallstone patients from super-
saturated bile of control subjects. Based on the phospholipid-
to-bile acid ratio, total lipid concentration, bile acid species 
(hydrophilic and hydrophobic properties), temperature, and 
CSI, five crystallization pathways have been identified in  
model bile systems and confirmed in human and animal bile 
[81–83].

There are five distinct crystallization pathways designated 
regions, A to E (Figure 89.4), with each representing a different 
sequence of phase transitions, including an anhydrous choles-
terol pathway and a liquid crystalline pathway leading to the 
formation of cholesterol monohydrate crystals [81]. In bile with 
the lowest phospholipid contents (region A), arc-like crystals 
with a density (d  =  1.030 g/mL) consistent with anhydrous 

cholesterol gallstone formation. This could be induced by mul-
tiple LITH genes, with insulin resistance as part of the metabolic 
syndrome working with cholelithogenic environmental factors 
to cause the phenotype.

Hepatic hypersecretion of biliary cholesterol
The key hepatic defect is hypersecretion of biliary cholesterol, 
leading to the formation of lithogenic bile [79]. Because bile 
acids and phospholipids are essential for cholesterol solubiliza-
tion in bile, supersaturated bile by definition contains choles-
terol that cannot be solubilized, at equilibrium, by bile acids and 
phospholipids. Thus, lithogenic bile can be formed by: (1) exces-
sive hepatic secretion of biliary cholesterol; (2) decreased 
hepatic secretion of biliary bile acids and/or phospholipids with 
relatively normal cholesterol secretion; or (3) a combination of 
hypersecretion of cholesterol and hyposecretion of the solubiliz-
ing lipids.

Accelerated phase transitions
Cholesterol crystallization is a critical process by which solid 
plate-like cholesterol monohydrate crystals precipitate from 
supersaturated bile [80]. Because gallstone patients and some 
normal controls often have bile that is supersaturated with  
cholesterol, cholesterol saturation index (CSI) is not a reliable 
predictor of gallstones. However, rapid in vitro cholesterol  

Figure 89.3 Five defects play critical roles in the pathogenesis of 
cholesterol gallstones: (1) genetic factors and LITH genes; (2) hepatic 
hypersecretion; (3) gallbladder hypomotility; (4) rapid phase transitions; 
and (5) intestinal factors. Hepatic hypersecretion of biliary cholesterol is 
the primary defect and is the outcome of a complex genetic predisposition 
working with cholelithogenic environmental factors. Lithogenic bile is 
induced by persistent hepatic hypersecretion of biliary cholesterol. Source: 
Adapted from Portincasa and Wang 2012 [175]. Reproduced with 
permission of John Wiley & Sons.
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Figure 89.4 Equilibrium phase diagram of cholesterol–phospholipid 
(lecithin)–mixed bile salt system (37°C, 0.15 M NaCl, pH 7.0, total lipid 
concentration 7.5 g/dL) showing positions and configuration of 
crystallization regions. The components are expressed in moles percent. 
The one-phase micellar zone at the bottom is enclosed by a solid 
angulated line, and above it, two solid lines divide the two-phase zones 
from a central three-phase zone. Based on the solid and liquid 
crystallization sequences present in the bile, the left two-phase and central 
three-phase regions are divided by dashed lines into regions A to D. The 
number of phases given represents the equilibrium state. The phases are 
cholesterol monohydrate crystals and saturated micelles for crystallization 
regions A and B; cholesterol monohydrate crystals, saturated micelles, and 
liquid crystals for regions C and D; and liquid crystals of variable 
composition and saturated micelles for region E. Of note, decreases in 
total lipid concentration (7.5 g/dL→2.5 g/dL), bile salt hydrophobicity 
(3α,12α→3α,7α→3α,7α,12α→3α,7β hydroxylated taurine conjugates), 
and temperature (37°C→4°C) progressively shift all crystallization 
pathways to lower phospholipid contents, retard crystallization, and 
reduce micellar cholesterol solubilities. These changes generate a series of 
new condensed-phase diagrams with an enlarged region E. Source: 
Adapted from Wang and Carey 1996 [81]. Reproduced with permission of 
the American Society for Biochemistry and Molecular Biology.
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saturated bile; and (2) as a scaffolding for the deposition of solid 
cholesterol crystals during stone growth.

Gallbladder mucins, a heterogeneous family of O-linked 
glycoproteins, are divided into two classes: epithelial and gel-
forming mucins. The epithelial mucins, which are produced by 
mucin gene 1 (MUC1), MUC3, and MUC4, are integral mem-
brane glycoproteins located on the apical surface of epithelial 
cells [101–104]. The gel-forming mucins, MUC2, MUC5AC, 
and MUC5B, which are secreted by specialized gallbladder 
mucin-producing cells, provide a protective coating on the 
underlying mucosa [101–104]. The synthesis of mucin glyco-
proteins may be regulated by mucosal prostaglandins that are 
derived from arachidonic acid-containing biliary phospholip-
ids. Mucin often forms disulfide-stabilized oligomers or poly-
mers, a phenomenon that accounts for their viscoelastic 
properties. In lithogenic bile, the carbohydrate groups of the 
polymers of mucins avidly bind water to form gel. The hydro-
phobic polypeptides in the core of mucin glycoproteins also can 
bind bilirubin and calcium. The resulting water-insoluble 
complex of mucin glycoproteins and calcium bilirubinate pro-
vides a surface for cholesterol crystallization and a matrix for 
the growth of solid cholesterol crystals and stones. However, the 
lithogenic mechanism of the epithelial mucins could be differ-
ent from that of the gel-forming mucins [105,106]. Inhibiting 
the secretion and accumulation of both the gel-forming mucins 
and the epithelial mucins in the gallbladder may prevent gall-
stone formation.

In addition, several glycoproteins that bind reversibly to con-
canavalin A-Sepharose have the capability to expedite choles-
terol crystallization in vitro. In contrast, bile may contain several 
inhibitors of cholesterol crystallization [107–109]. Of note, 
although many biliary proteins, besides mucin gel, have been 
proposed either as pronucleating or antinucleating agents to 
accelerate or retard cholesterol crystallization in bile, their in 
vivo roles, if any, in the pathogenesis of cholesterol gallstone 
formation remain unclear.

Dysfunctional gallbladder motility
Studies by combined cholescintigraphy and ultrasonography 
have found that after a meal the gallbladder immediately empties 
and subsequently refills, a process repeated many times during 
the day. An increased fasting gallbladder volume, as well as 
incomplete emptying and high residual gallbladder volume, are 
often observed in patients with cholesterol gallstones [110]. 
However, inflammation in the gallbladder wall is usually mild 
and cannot account for the impaired dynamics of the gallblad-
der. The poor interdigestive gallbladder filling is consistent with 
delivery of a greater percentage of lithogenic bile from the liver 
directly into the small intestine, leading to increased recycling 
of bile acids and hydrophobicity of the bile acid pool [111]. The 
degree of impairment of gallbladder emptying has been found 
to increase in proportion to the cholesterol content of gallblad-
der bile. These findings imply that due to supersaturated bile 
and increased gallbladder absorption of biliary cholesterol, 

cholesterol appear first and evolve via helical and tubular crys-
tals to form cholesterol monohydrate crystals (d = 1.045 g/mL) 
[84,85]. With higher phospholipid contents (region B), choles-
terol monohydrate crystals appear earlier than arc-like crystals 
and other transitional crystals. With typical physiological phos-
pholipid contents (region C), early liquid crystals (d = 1.020 g/
mL) are followed by cholesterol monohydrate crystals; subse-
quently, arc-like and other intermediate crystals appear. With 
still higher phospholipid contents (region D), liquid crystals are 
followed by cholesterol monohydrate crystals only. At the 
highest phospholipid mole fractions (region E), liquid crystals 
are quite stable and no solid crystals form. Reductions in total 
lipid concentration (7.5 g/dL→2.5 g/dL), bile salt hydrophobic-
ity (3α,12α→3α,7α→3α,7α,12α→3α,7β hydroxylated taurine 
conjugates), and temperature (37°C→4°C) progressively shift 
all crystallization pathways to lower phospholipid contents, 
decrease micellar cholesterol solubilization, and retard choles-
terol crystallization [81].

Based on observations by video-enhanced polarized light 
microscopy, biliary vesicles have to aggregate and fuse to 
produce crystalline cholesterol monohydrate [86–88]. Because 
cholesterol crystallization is apparently initiated in vesicles, the 
stability of vesicle determines the stability of bile [89–91]. 
Crystallization of solid cholesterol crystals also occurs directly 
from supersaturated micelles because in the presence of deoxy-
cholate with the high detergent property, bile does not contain 
vesicles or liquid crystalline phase [92–94]. Because transient 
arc-like crystals are consistent with crystalline anhydrous cho-
lesterol and are characteristic of regions A and B, they may 
originate from unilamellar, but not multilamellar vesicles. The 
critical nucleus may be a unilamellar vesicle that contains liquid 
anhydrous cholesterol molecules in its core and these early 
vesicular “nuclei” may already have initiated the nucleation 
cascade by the time bile enters the gallbladder.

Imbalance of pronucleating and antinucleating  
factors in bile
Cholesterol crystallization is significantly faster in gallbladder 
bile of gallstone patients as compared to control subjects even 
though their CSI values are similar [80]. This implies that: (1) 
lithogenic bile may contain pronucleating agents that accelerate 
cholesterol crystallization; (2) normal bile may have antinucle-
ating agents that inhibit cholesterol crystallization; and (3) bile 
may contain both accelerators and inhibitors and an imbalance 
leads to rapid cholesterol crystallization in gallstone patients 
[95–97].

Hypersecretion of gallbladder mucin is a prerequisite for gall-
stone formation [98]. Mucin in gallstones has been found to 
extend from the amorphous center to the periphery in a radial 
or laminated fashion because it acts as a matrix for stone growth 
[99]. Gallbladder mucin is also a major component of biliary 
sludge that is a precursor of gallstones [100]. Therefore, mucin 
could have two roles in gallstone formation: (1) as a pronucleat-
ing agent for accelerating cholesterol crystallization from super-
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Growth of gallstones
Solid cholesterol crystals can be detected in duodenal bile of 
some healthy subjects and obese patients. Some patients have 
cholesterol monohydrate crystals but no gallstones in the gall-
bladder, showing that growth of cholesterol crystals into stones 
may represent another critical stage in gallstone formation. 
When the gallbladder contains multiple gallstones and these 
stones are equal in size, this implies that cholesterol crystalliza-
tion for this family of stones occurred simultaneously and the 
stones grew at the same rate. In contrast, stones in various sizes 
could represent different generations. During gallstone forma-
tion, mucin could provide a matrix on which the growth of 
stones occurs. Because cholesterol monohydrate crystals often 
aggregate randomly in amorphous groupings and layer radially 
and concentrically, cholesterol stones consist of radially or hori-
zontally oriented cholesterol crystals embedded within an 
organic matrix [130]. In animal models, when bile becomes 
unsaturated due to treatment of UDCA or ezetimibe, stone 
growth discontinues and may be dissolved [131,132].

Pathogenesis of the formation of  
pigment gallstones
Black and brown pigment gallstones form due to abnormalities 
in bilirubin metabolism in the gut–liver axis [133]. Although 
each type of stone has a distinctive pathogenesis, the bile of 
patients with pigment stones often contains an excess of uncon-
jugated bilirubin [134]. The formation of pigment gallstones is 
not as well understood as that of cholesterol gallstones, but 
significant progress has been made on susceptibility genes for 
pigment stone formation (Table 89.2).

A variant in the gene encoding UDP-glucuronosyltransferase 
1 family, polypeptide A1 (UGT1A1) has been identified as a 
major risk factor for pigment gallstone disease by a genome-
wide association study [31]. Due to an abnormality in the pro-
moter region of the UGT1A1 gene, patients with Gilbert 
syndrome have mild, chronic unconjugated hyperbilirubinemia 
in the absence of liver disease or overt hemolysis [135]. The 
variant in the UGT1A1 promoter enhances susceptibility to the 
formation of pigment gallstones in patients with sickle cell 
disease or cystic fibrosis [136–139]. Serum bilirubin levels and 
the prevalence of pigment stones are strongly associated with 
the number of UGT1A1 promoter [TA] repeats in patients 
with sickle cell disease, with each additional repeat correlating 
with an increase in serum bilirubin levels of 21% and cholelithi-
asis risk of 87% [136]. Patients with cystic fibrosis display a 
higher prevalence (10%–30%) of black pigment gallstones than 
age-matched control subjects (<5%) mostly due to mutations 
in the cystic fibrosis transmembrane regulator (CFTR) gene.

Black pigment stones
Black pigment stones consist of either pure calcium bilirubinate 
or polymer-like complexes with unconjugated bilirubin, calcium 
bilirubinate, calcium, and copper. A regular crystalline structure 
is not present. Black pigment stones are often formed in sterile 

excess cholesterol molecules in the gallbladder wall act as myo-
toxic agents [112–114]. The unesterified cholesterol molecules 
rapidly diffuse to the muscularis propria because the gallbladder 
lacks an intervening muscularis mucosae and submucosa. 
Because the gallbladder does not synthesize lipoproteins for 
exporting cholesterol to plasma, excess cholesterol molecules 
are removed from gallbladder mucosa and muscle only by ester-
ification and storage or back diffusion into bile [115]. In the 
lithogenic state, back diffusion of cholesterol molecules into bile 
is blocked because gallbladder bile is continuously saturated. As 
a result, gallbladder mucosal acylcoenzyme A : cholesterol acyl-
transferase (ACAT) esterifies most, but not all, cholesterol mol-
ecules. Thus, mucosal and muscle membranes apparently 
become saturated with cholesterol and coexist with stored 
cholesteryl ester droplets. Accordingly, signal transduction in 
response to CCK is diminished and this alteration may lead to 
impaired gallbladder motility function. Excess cholesterol mol-
ecules absorbed from the lithogenic bile may stimulate prolif-
eration and inflammation in the mucosa and lamina propria of 
the gallbladder [110]. In turn, gallbladder motility function is 
further impaired during the inflammatory process.

Intestinal factors
Cholesterol gallstones are prevalent in cultures consuming a 
Western diet [13]. Before the 1960s, cholesterol gallstones were 
rare in Asia, but over the past 50 years, with adoption of Western 
eating habits, the incidence has increased markedly [116–120]. 
Moreover, the high efficiency of intestinal cholesterol absorp-
tion correlates significantly and positively with the prevalence 
of gallstones in inbred mice [54]. These results demonstrate that 
high dietary cholesterol intake and high efficiency of intestinal 
cholesterol absorption are two independent risk factors for gall-
stone formation.

Sluggish small intestinal transit is associated with increased 
intestinal cholesterol absorption, biliary cholesterol secretion, 
and gallstone formation in cholecystokinin-1 receptor (CCK-
1R) knockout mice [121]. Impaired colonic motility is associated 
with increased biliary deoxycholate levels in some patients with 
gallstones. Acromegalic patients treated with octreotide show 
prolonged colonic transit times, high biliary deoxycholate con-
centrations, and rapid precipitation of cholesterol crystals [122–
125]. High levels of biliary deoxycholate are associated with 
increased amounts of Gram-positive anaerobic bacteria and 
higher activity of 7α-dehydroxylase in the cecum of gallstone 
patients [126]. Biliary deoxycholate and cholesterol concentra-
tions can be lowered by antibiotic treatment that results in 
reduced fecal 7α-dehydroxylation activity. Distal intestinal 
infection with a variety of enterohepatic Helicobacter species 
(but not Helicobacter pylori) may have an effect on cholesterol 
crystallization from supersaturated bile in mice [127,128]. These 
Helicobacter species also have been identified in the bile and 
gallbladder tissue of Chilean patients with chronic cholecystitis 
[129]. Whether chronic intestinal infection has a direct patho-
genic role in gallstone formation requires further investigation.
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Table 89.2 Human gallstone (LITH) genes and gene products that have been identified as of 2013. Source: Krawczyk et al. 2011 [160]. Reproduced with 
permission, © Georg Thieme Verlag KG.

Gene 
symbol

Gene name Chromosome 
location

Gene variants Inheritance pattern Potential mechanisms

Rare 
monogenic

Familial 
oligogenic

Common 
polygenic

Cholesterol stones

(i) Lipid membrane transporters

ABCG5/G8 ATP-binding cassette 
transporters G5/G8

2p21 ABCG8
p.D19H
(rs1188753)

(−) (−) (+) ↑ Biliary cholesterol 
secretion

ABCB4 ATP- binding cassette 
transporter B4

7q21.1 Multiple (−) (+) (−) ↓ Biliary phospholipid 
secretion

ABCB11 ATP-binding cassette 
transporter B11

2q24 Multiple (+) (−) (−) ↓ Biliary bile acid secretion

SLC10A2 
(IBAT)

Solute carrier family 
10, member 2 (Ileal 
sodium-dependent bile 
salt transporter)

13q33 c.378-105A > G 
(rs9514089)

(−) (+) (+) ↓ Intestinal bile acid 
absorption

SLCO1B1 
(OATP1B1)

Solute carrier organic 
anion transporter 
family, member 1B1

12p12 p.P155Thr 
(rs11045819)

(−) (−) (+) ↓ Intestinal bile acid 
absorption

(ii) Lipid regulatory enzymes

CYP7A1 Cholesterol 
7α-hydroxylase 
(Cytochrome P450 
7A1)

8q11-q12 Promoter SNP 
-204A > C

(+) (−) (+) ↓ The rate-limiting enzyme 
for bile salt biosynthesis of 
the classical pathway

(iii) Intracellular lipid regulatory transporters

CETP Cholesteryl ester 
transfer protein

16q12-q21 RFLP (−) (−) (+) ↑ Hepatic cholesterol 
uptake from increased HDL 
catabolism

(iv) Lipid regulatory transcription factors

NR1H4 
(FXR)

Nuclear receptor 1H4 
(Farnesoid X receptor)

12q23.1 Promoter SNPs 
-1G > T and 
-20647T > G, IVS7 
-31 A > T

(−) (−) (+) ↓ Conversion of cholesterol 
into bile acids
↑ Biliary cholesterol 
secretion

(v) Lipoprotein receptors and related genes

APOA1 Apolipoprotein A1 11q23-q24 -75G > A, RFLP (−) (−) (+) ↑ Biliary cholesterol 
secretion secondary to 
increased reverse cholesterol 
transport

APOB Apolipoprotein B 2p24-p23 c.2488C > T, 
c.4154G > A

(+) (−) (+) ↑ Biliary cholesterol 
secretion secondary to 
reduced hepatic VLDL 
synthesis
↑ Intestinal cholesterol 
absorption

APOC1 Apolipoprotein C1 19q13.2 RFLP (−) (−) (+) ↑ APOC1 remnant-like 
particle cholesterol

LRPAP1 Low-density lipoprotein 
receptor-related 
protein associated 
protein 1

4p16.3 Intron 5 insertion/
deletion 
(rs11267919)

(−) (−) (+) ↑ Hepatic cholesterol 
uptake from chylomicron 
remnants via LRP

Continued
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Gene 
symbol

Gene name Chromosome 
location

Gene variants Inheritance pattern Potential mechanisms

Rare 
monogenic

Familial 
oligogenic

Common 
polygenic

(vi) Hormone receptors

CCK1R 
(CCKAR)

Cholecystokinin 1 
receptor 
(Cholecystokinin A 
receptor)

4p15.1-p15.2 RFLP (+) (−) (+) ↓ Gallbladder and small 
intestinal hypomotility

ESR2 (ERβ) Estrogen receptor 2 14q23.2 c.1092 + 3607(CA)n (−) (−) (+) ↑ Hepatic cholesterol 
biosynthesis

AR Androgen receptor Xq12 c.172(CAG)n (−) (−) (+) ↓ Gallbladder hypomotility

ADRB3 β3 Adrenergic receptor 8p12 p.R64W (rs4944) (−) (−) (+) ↓ Gallbladder hypomotility

Black pigment stones

ANK1 Ankyrin 1 8p11.1 Multiple (−) (+) (−) Spherocytosis → hemolysis

CFTR 
(ABCC7)

Cystic fibrosis 
transmembrane 
regulator

7q31.2 ΔF508 (+) (−) (−) ↑ Enterohepatic circulation 
of bilirubin
↓ bile pH
↑ fecal bile acid excretion

G6PD Glucose-6-phosphate 
dehydrogenase

Xq28 Multiple (+) (+) (+) ↑ hemolysis

GPI Glucose-6-phosphate 
isomerase

19q13.1 p.Leu339Pro TBD TBD

PKLR Pyruvate kinase 1q21 p.R510Q TBD TBD

HBA1/2 Hemoglobin alpha 
chain complex

16p13.3 HbH (−) (+) (+) α-Thalassemia/β-thalassemia 
intermediate/minor/sickle 
cell anemia → hemolysis

HBB Hemoglobin beta chain 
complex

11p15.5 p.E26K (HbE)
p.E6V (HbS)

TBD TBD

UGT1A1 Bilirubin UDP 
glucuronosyltransferase

2q37 Promotor 
A(TA)7TAA

(−) (−) (+) ↑ Hepatic bilirubin 
conjugation

Biliary tract stones

COMT Catechol-O-
methyltransferase

22q11.21 Exon4 -76C > G 
(rs4818)

(−) (−) (+) ↑ Estrogen levels

CXCR2 chemokine (C-X-C 
motif) receptor 2

2q35 c.811C > T 
(rs2230054) 
c.1235T > C 
(rs1126579)

(−) (−) (+) TBD

IL8 Interleukin 8 4q13-q21 -351A > T (rs4073) (−) (−) (+) ↑ IL8 expression → 
inflammation

NOS2 Nitric oxide synthase 2 17q11.2-q12 Exon16 + 14C > T 
(rs2297518)

(−) (−) (+) TBD

RNASEL Ribonuclease L 1q25 Exon1 -96A > G 
(rs486907)

(−) (−) (+) TBD

HDL, high-density lipoprotein; LRP, low-density lipoprotein receptor-related protein; RFLP, restriction fragment length polymorphism; SNP, single 
nucleotide polymorphism; TBD, to be determined; UDP, uridine diphosphate; VLDL, very-low-density lipoprotein.

Table 89.2 (Continued)
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is induced by infestation of parasites such as Clonorchis sinensis, 
roundworms, and their ova [144]. Parasites in the bile ducts 
promote the formation of brown pigment stones by the calcified 
overcoat of the parasite eggs, which may serve as a nidus and 
increase precipitation of calcium bilirubinate. Since the 1950s, 
the incidence of brown pigment gallstones in Japan has fallen 
from 60% to 24% and similar improvements have been reported 
from other Asian countries because the incidence of biliary 
infections has reduced [119,145–148].

Enteric bacteria play a critical role in the pathogenesis of 
brown pigment gallstones because they produce β-glucuronidase, 
phospholipase A1, and conjugated bile acid hydrolase. β-
Glucuronidase produces unconjugated bilirubin from bilirubin 
glucuronide; phospholipase A1 liberates palmitic and stearic 
acids from phospholipids; and bile acid hydrolase promotes the 
production of unconjugated bile acids from glycine or taurine-
conjugated bile acids. As a result, unconjugated bilirubin, par-
tially ionized saturated fatty acids, and unconjugated bile acids 
may precipitate as calcium salts. More importantly, mucin gel 
can trap these complex precipitates and facilitate their growth 
into macroscopic brown pigment stones.

Genetic analysis of gallstone disease
Based on geographic and ethnic differences, as well as on family 
and twin studies, genetic mechanisms of cholesterol gallstone 
disease have been investigated [20,26,27,149–153]. Because the 
Pima Indians and certain other North and South American 
Indians show the highest (∼48%) prevalence rate of gallstones 
in the world, a genetic predisposition is present in these popula-
tions [20,149,150]. By contrast, the lowest prevalence rate 
(<5%) is observed in African populations. The overall preva-
lence of gallstones is about 20% in American (whites) and 
European populations and 5%–20% in Asian populations [13]. 
Also, gallstones are more frequent in siblings and other family 
members of affected persons and in first-degree relatives of 
index patients compared to spouses or unrelated controls 
[26,152]. Correlation of cholesterol synthesis rates, bile satura-
tion levels, and gallstone prevalence rates are significantly 
higher in monozygotic than in dizygotic male twins [153]. 
Although some independent risk factors, such as gender, parity, 
obesity, insulin resistance, aging, rapid weight loss, and some 
drugs, have been studied [154–159], none of them could explain 
the differences in prevalence rates of gallstones among different 
populations, thereby highlighting a genetic contribution to the 
etiology of gallstone disease. Table 89.2 summarizes recent 
progress in identifying LITH genes and candidate genes for the 
formation of cholesterol and pigment gallstones in humans 
[6,78,160].

Based on the genetic susceptibility to symptomatic gallblad-
der disease in a Mexican American population of 32 families, 
the heritability was estimated to be 44% [161]. Based on a vari-
ance component analysis in 1038 individuals taken from 358 
families in the USA, the heritability of symptomatic gallbladder 
disease was calculated to be 29% [162]. A large study of 43 141 

gallbladder bile of patients with chronic hemolytic anemia and 
ineffective erythropoiesis. In addition, excess amounts of bile 
acids can be spilled into the large intestine in patients with ileal 
diseases (e.g., Crohn’s disease) and extended ileal resections. 
These patients usually suffer from black pigment stones due to 
higher colonic bile acid concentrations that greatly increase the 
solubilization of unconjugated bilirubin and subsequently 
bilirubin concentrations in bile [140]. The resulting unconju-
gated bilirubin precipitates as calcium bilirubinate that is a 
major component of black pigment stones.

For hepatic secretion, bilirubin is first mono- or diglucuroni-
dated by UGT1A1 and subsequently secreted by the ABC trans-
porter C2 (ABCC2), also called multidrug-resistance associated 
protein 2 (MRP2), on the canalicular membrane of hepatocyte. 
Under normal physiological conditions, unconjugated bilirubin 
cannot be secreted into bile. Although bilirubin glucuronides 
are hydrolyzed by endogenous β-glucuronidase, the activity of 
this enzyme is often inhibited by β-glucaro-1,4-lactone in the 
biliary system. Therefore, unconjugated bilirubin concentra-
tions are quite low in bile [141,142].

The formation of black pigment gallstones is mainly induced 
by hepatic hypersecretion of bilirubin conjugates (especially 
monoglucuronides) into bile. In the presence of hemolysis, 
hepatic secretion of these bilirubin conjugates is increased. 
Unconjugated monohydrogenated bilirubin is formed by the 
action of endogenous β-glucuronidase, which coprecipitates 
with calcium because of supersaturation in bile. Increased 
hydrolysis rate often leads to a high concentration of unconju-
gated bilirubin that exceeds the solubility of bilirubin in bile. A 
defect in acidification of bile may also be induced by gallbladder 
inflammation or the reduced buffering capacity of sialic acid 
and sulfate moieties in the mucin gel. The reduction in buffering 
capacity facilitates the supersaturation of calcium carbonate and 
calcium phosphate because it would not occur at a more acidic 
pH. All of these alterations promote the formation of black 
pigment stones.

Brown pigment stones
Brown pigment gallstones are primarily composed of calcium 
salts of unconjugated bilirubin, with varying amounts of cho-
lesterol, pigment fraction, fatty acids, and mucin glycoproteins, 
as well as small amounts of bile acids, phospholipids, and bacte-
rial residues. These stones are formed not only in the gallblad-
der, but also in other portions of the biliary tree, especially in 
intrahepatic bile ducts.

The formation of brown pigment gallstones usually requires 
the presence of bile stasis associated with biliary infection, espe-
cially with Escherichia coli. This type of stone is quite common 
in Asia where Clonorchis sinensis and roundworm infestations 
are prevalent and parasitic elements have been considered to be 
kernels of brown pigment stones [143]. Bile stasis predisposes 
to the bacterial infection and the accumulation of mucins and 
bacterial cytoskeletons in the bile ducts and gallbladder. Bile 
stasis may be caused by bile duct stenosis and bacterial infection 
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Natural history, clinical presentation,  
and diagnosis

Natural history
Gallstones remain asymptomatic in the majority of patients 
[193–197]. The incidence of symptomatic gallstones is low and 
estimated to be between 1% and 4% per year [193,198], as 
shown by long-term follow-ups [193,198]. About 10% of 
patients develop symptoms within 5 years, and 20% of patients 
within 20 years [199]; thus, the rate of symptomatic disease in 
those previously asymptomatic appears to be 1%–2% per year. 
Complications over 5 years are also relatively uncommon in 
asymptomatic patients, including those with diabetes [200]. 
When typical symptoms of gallstones have developed, the prob-
ability is higher that symptoms will become recurrent or that 
complications will arise. The National Cooperative Gallstone 
Study found that about two-thirds of symptomatic patients 
display recurrent symptoms within 24 months [201]. This 
finding has been confirmed [202]. Gallbladder hypomotility 
occurs in a subgroup of gallstone patients [5,203,204] and may 
play a protective role for the appearance of symptoms [205]. In 
those who have an episode of biliary colic, the risk of needing 
an emergency procedure might increase progressively with time 
after 20 weeks (from less than 1% before week 20 to about 6% 
at 40–52 weeks) [206] (1.1 Grading 2C. Note: Grading of 
strength of recommendation and quality of evidence of each 
statement are numbered in the text; see Section Grading of 
strength of recommendations and quality of evidences.)

Symptomatic gallstone disease
One or more episodes of pain attacks alone, generated by gall-
stones, are typical of the uncomplicated form of gallstone 
disease (Table 89.3). Diagnosis will depend on typical history 
[207,208]. Neither nausea and vomiting, heartburn, flatulence, 
acid regurgitation, bloating, nor belching are specifically related 
to symptomatic gallstones [203,209–213]. The combination of 
biliary colic with nausea, vomiting, fever, jaundice, and leuko-
cytosis suggests complicated biliary pain. Physical examination 
of a patient with uncomplicated gallstones may be negative 
(except occasionally a residual abdominal tenderness following 
the colicky pain). If the pain is mild, the physical examination 
will not be revealing, and additional signs such as fever  
and tachycardia are absent. In the absence of gallbladder wall 
inflammation, the pain will be totally visceral and often dull, 
with a negative Murphy sign [214] during deep inspiration by 
the patient.

In general, laboratory test abnormalities are found either 
during an attack of uncomplicated biliary colic or between 
attacks. Evaluation for the relevant differential diagnosis should 
include serum transaminases, alkaline phosphatase and 
bilirubin (for liver disease), a complete blood count (searching 
for elevated white blood cells), serum amylase and lipase to 
exclude pancreatitis, and urine analysis to exclude renal/ureteral 
involvement.

twin pairs in Sweden found that concordance rates are signifi-
cantly higher in monozygotic twins than in dizygotic twins, 
with genetic factors accounting for 25% of the phenotypic vari-
ation [163]. A genome-wide association study in a large cohort 
of patients with gallstones in Germany [30] and a linkage study 
in affected sibling pairs [164] have identified a common variant 
(D19H) in ABCG8 as a risk factor for gallstone formation. 
Other ABCG8 variants (T400K, A632V, M429V, and C54Y) 
and ABCG5 variants (Q604E) are found to be associated with 
gallstone formation in European, Asian, and Chilean Hispanic 
populations [165–171]. Missense mutations in the ABCB4 
gene, which encodes the phosphatidylcholine transporter in 
the liver, are the basis for a particular type of cholelithiasis. 
This disorder is characterized by intrahepatic sludge, gallblad-
der cholesterol gallstones, mild chronic cholestasis, a high 
cholesterol-to-phospholipid ratio in bile, and recurrent symp-
toms after cholecystectomy [28,172,173]. A large case–control 
study has found that abnormal metabolic traits including 
increased hepatic biosynthesis and fecal excretion of choles-
terol could precede cholesterol gallstone formation, which may 
be key features in some ethnic groups at high risk for gallstones 
[174]. Thus, inhibiting both hepatic synthesis and intestinal 
absorption of cholesterol to reduce its biliary output may be a 
therapeutic target for genetically defined subgroups of at-risk 
individuals [175–177].

Genetic variation in CCK-1R may be associated with a risk 
of developing gallstones, and an aberrant splicing of CCK-1R, 
which is predicted to induce a nonfunctional receptor, was 
found in some obese patients with gallstones [178–180].

APOE polymorphisms have been extensively studied in 
patients with gallstones [181–185]. The ε2 allele may protect 
against gallstones, but a protective role of the ε4 allele against 
gallstones has not been found consistently. In addition, the effi-
ciency of dietary cholesterol absorption in the small intestine 
varies with the APOE isoform (ε4 > ε3 > ε2). The fecal excre-
tion of cholesterol tends to be higher in individuals with the 
APOE2 phenotype than in those with the APOE3 or APOE4 
phenotypes [186]. Furthermore, several polymorphisms in the 
APOB, APOAI, and cholesteryl ester transfer protein (CETP) 
gene are associated with cholesterol gallstones [187]. A link has 
been found between the X+ allele of the APOB gene and an 
increased risk of cholesterol gallstones [188].

When expression levels of the genes encoding the ileal apical 
sodium-dependent bile acid transporter (ASBT), the cytosolic 
ileal lipid binding protein (ILBP), and organic solute transport-
ers α and β (OSTα and β) are reduced, these changes contribute 
to gallstone formation due to decreased ileal bile acid reabsorp-
tion and an altered bile acid composition in female nonobese 
patients with gallstones [189,190]. A single nucleotide polymor-
phism (SNP) rs9514089 in the apical sodium-dependent bile 
acid transporter (SLC10A2) gene has been identified as a sus-
ceptibility variant for cholelithiasis in humans [191]. However, 
its effect on gallstone risk was not found [192]. Further analyses 
in a larger cohort are required.
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Therapy and management

As recurrence rates of cholesterol gallstones are high following 
medical dissolution, the role of medical therapy in gallstone 
patients is very limited [5]. The overall management of gallstone 
disease is depicted in Figure 89.6.

Asymptomatic cholelithiasis
Due to the benign natural history of asymptomatic gallstones 
and the overall costs and risks of surgery (morbidity and mor-
tality), asymptomatic gallstone patients, the large majority of 
those with gallstones, or patients with atypical symptoms (e.g., 
dyspepsia) should be managed expectantly [230–232]. As noted 
previously, the risk of developing typical biliary pain is low 
(2.0%–2.6% per year [198,199,201,202]), and the overall rate 
risks for complications (yearly incidence 0.3%) and gallbladder 
cancer (0.02%) are very low [233,234]. However, treatment is 
required if biliary pain or other complications appear.

Therapy of the biliary colic
First-line therapy includes fast-acting narcotic analgesics such 
as nonsteroidal antiinflammatory drugs (NSAIDs) (i.m. or i.v. 
ketorolac 30–60 mg or ibuprofen 400 mg p.o., diclofenac 75 mg 
i.m.) (2.1 Grading 1A).

NSAIDs are superior to antispasmodics [235,236] and an 
early approach reduces the risk of subsequent acute cholecystitis 
[235,237–239]. A valid alternative to NSAIDs are the opioids 

Diagnosis of gallstones
Diagnosis of gallstones requires imaging [215] (Figure 89.5). 
Ultrasonography is the most useful first-line test with an esti-
mated sensitivity and specificity of 84% and 99%, respectively 
[216–222]. Both stone(s) and biliary sludge are seen at ultra-
sonography [223,224]. Oral cholecystography has been almost 
abandoned due to the use of radiation and the availability of 
ultrasonography [216]. Computed tomography (CT) uses radia-
tion, is expensive and, compared to ultrasonography, will not 
show gallstones if the concretment is isodense with bile [225]. 
Computed tomography and quantitative assessment of stone 
density may be used to select patients in whom there is a better 
likelihood of successful stone dissolution for bile acid therapy 
[226–228].

Magnetic resonance cholangiopancreatography (MRCP) has 
diagnostic utility for determining the level and presence of 
biliary obstruction, although may be less sensitive for detecting 
stones [229].

Differential diagnosis

The assessment of typical biliary colic requires consideration of 
other causes of abdominal pain, especially in the right upper 
quadrant pain (Table 89.4). It is essential to distinguish simple 
biliary colic from acute cholecystitis and other higher-risk  
conditions [215].

Table 89.3 Specific features of biliary colic.

Feature Comment

Pathogenesis Visceral pain caused by the impaction of the stone/microlithiasis/sludge in cystic duct or the ampulla of Vater, followed by 
distension and contraction of the gallbladder and/or biliary tract
Subsequent intermittent increase of intragallbladder pressure with activation of visceral sensory neurons [575]
Pain relieved if the stone returns into the gallbladder lumen or passes through the ampulla into the duodenum or migrates 
back to the common bile duct [5,575]

Onset Pain can be postprandial (about 2 h after a heavy meal) but also unrelated to the meal
Can have a characteristic timing and pattern for each patient [576,577]
Typically intermittent with intervals ranging from hours to years [578]

Intensity Increase to a steady plateau, with a maximum visual analogue scale of 9 cm on a 0–10 cm scale
Moderate pain may occur in some patients and be ignored

Localization Most frequently right upper quadrant of the abdomen and/or the epigastrium (representative dermatomes T8/9)
Rarely starts as chest pain (differential diagnosis with cardiac and esophageal pain or peptic ulcer)

Duration Generally longer than 15–30 min
Can last several hours and then slowly subsides
Can be associated nonspecific symptoms of indigestion

Radiation Angle of the right scapula and/or shoulder (about 60% of cases), retrosternal area (less than 10% of cases) [575,579]

Associated features Urgency to walk [580] (two-thirds of patients), nausea, vomit [575,578,580], and diaphoresis
Not relieved by flatus or bowel movements [578]

Relief If the stone returns into the gallbladder lumen, passes through the ampulla of Vater into the duodenum, or migrates back to 
the common bile duct [268]
Normal physical exam after the attack (persistence of mild abdominal tenderness is possible)

Data from [2,260,274,298].



Figure 89.5 Different diagnosis of gallstones by imaging. (a) Sonographic appearance of a gallstone. A 1.2-cm echogenic, gravity-dependent spot is seen 
(large arrow) in the gallbladder infundibulum. A clear posterior acoustic shadow is visible. A slightly thickened gallbladder wall (0.4 cm) is indicated by 
the triangle. The 1-cm scale is shown on the side. L, liver. (b) Ultrasonographic appearance of gallbladder sludge. Within the gallbladder taken on a 
longitudinal transabdominal scan, finely echogenic, gravity-dependent, mobile, biliary sludge is seen (thick arrows). Echogenicity changes with position. 
No stones or posterior acoustic shadow is present and the patient is asymptomatic. Source: Courtesy of F. Minerva, MD. (c) Computed tomography 
scan showing an enlarged gallbladder in the fasting state, with a thin wall. A solitary gallstone (2.5 cm in diameter) is indicated (arrowhead) with a 
circular calcified rim. The aorta’s wall is partially calcified as well. Ao, aorta; GB, gallbladder. (d) Plain abdominal radiograph of the right 
hypochondrium showing a calcified fundus and wall of the gallbladder (white arrows) appearing as a large plaque-like area. A 2.0 ×1.5 cm calcified 
gallstone (GS) with a “bull’s eye” appearance is visible within the infundibulum. A radiopaque disk (ROD) of 0.5 cm is taken as a reference. (e) 
Endoscopic retrograde cholangiopancreatographic study showing one large proximal stone and one small distal stone (arrows) within the common bile 
duct. Source: Courtesy of G. Scaccianoce, MD. (f) Magnetic resonance cholangiopancreatography shows two filling defects in the gallbladder 
infundibulum and neck (arrowhead) and one in the main bile duct (arrow), due to gallstones. Source: Courtesy of A. Scardapane, MD.
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Table 89.4 Differential diagnosis of biliary colic versus abdominal pain syndromes.

Cause Characteristics

Acute cholecystitis Due to prolonged or recurrent cystic duct blockage, can progress to total obstruction
Pain characteristically steady and severe, lasting for more than 4–6 h, elevated white cell blood count, fever, tachycardia, 
nausea, vomiting, anorexia
Positive Murphy sign
Can evolve to peritoneal irritation and peritonitis (with voluntary and involuntary abdominal guarding) (see [319,321])

Acute cholangitis Stasis (biliary stones or strictures) and infection (bacterial) in the biliary tract
Increased intrabiliary pressure, migration of bacteria from portal circulation, and duodenum into biliary tree and from 
bile into systemic circulation
Risk of septicemia [581]
Bacteria E. coli (Gram negative), Enterococcus (Gram positive)
Clinical manifestations: fever, jaundice, and abdominal pain [582], confusion and hypotension
Laboratory: leukocytosis, cholestatic pattern (increased serum GGT, AP, total and conjugated bilirubin); acute hepatitis 
likely if increased aminotransferases appear; if hyperamylasemia is present, an associated pancreatitis should be 
considered
Diagnosis: abdominal ultrasonography (late dilatation of the common bile duct and large gallstones), MRCP for stone 
identification in the common bile duct [583,584], ERCP (for diagnosis confirmation and sphincterotomy and stone 
extraction), stent insertion, endoscopic ultrasound if available and as alternative to unsuccessful or not feasible ERCP (see 
[358])

Acute biliary pancreatitis Occurs when a gallstone becomes impacted within the ampulla of Vater, occluding drainage of the pancreatic duct
Steady pain, midepigastrium, right upper quadrant, diffuse or left side (infrequent). May last days, with maximum 
intensity within 20 min
Possible band-like radiation to the back; relief on bending forward
Association with agitation, nausea, and vomiting for several hours
The biliary colic may anticipate or progress to acute pancreatitis
Diagnosis based on: abdominal ultrasonography, MRCP, abdominal CT scan, endoscopic ultrasound, ERCP, intraoperative 
cholangiography

Biliary dyskinesia Pain in the absence of gallstones or biliary inflammation
Can occur postcholecystectomy but also in patients whose gallbladder is intact

Dyspepsia Functional disorder [585]
Persistent or recurrent abdominal pain or abdominal discomfort centered in the upper abdomen

Hiatus hernia Severe chest and epigastric pain (requires emergency surgery)
Symptoms may follow surgery involving the diaphragm (e.g., partial gastrectomy, fundoplication, bariatric surgery) [586]

Pneumonia Abdominal pain is secondary to the involvement of the lower lobe of the lung and irritation of the diaphragm
Respiratory symptoms may be present
Findings at imaging of the lung are present

Myocardial infarction Usually chest pain and irradiated to the left arm
Misleading if irradiated to the epigastrium
ECG recommended in patients with high cardiovascular risk

Acute appendicitis Typically periumbilical pain irradiating to the lower quadrant
Less frequently may start as epigastric pain or a pain that is generalized

Ruptured abdominal 
aortic aneurism

Diffuse or localized abdominal symptoms
Sudden, important deterioration of vital signs

Peritonitis Can start in the region close to the involved organ (e.g., inflamed gallbladder) and rapidly spread to the entire abdomen
Pain is intense and physical examination is suggestive of irritation, tenderness, wall rigidity due to activation of primary 
afferent visceral and cutaneous pain receptors [587]

AP, alkaline phosphatase; GGT, γ-glutamyl transpeptidase; ECG, electrocardiography; ERCP, endoscopic retrograde cholangiopancreatography; MRCP, 
magnetic resonance cholangiopancreatography.

(meperidine [240], butorphanol [241], hydromorphone), espe-
cially for patients in which NSAIDs are contraindicated or inef-
fective [236]. During acute pain, fasting is necessary to avoid 
release of endogenous cholecystokinin and stimulation of gall-
bladder contraction.

Cholecystectomy
Elective cholecystectomy is the definitive treatment of  
“symptomatic and uncomplicated” gallstones [242–244]. The 
procedure is generally safe, and has reduced costs overall (3.1 
Grading 1A).
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24–72 h in patients with acute cholecystitis, and within 48 h in 
patients with acute pancreatitis. Delayed surgery is recom-
mended in the presence of severe acute pancreatitis or chole-
cystitis [245,246] (3.4 Grading 1A).

Open cholecystectomy should be reserved for patients  
for whom the laparoscopic approach confers extra risk, 
in cluding those with Child class C cirrhosis, untreated coagu-
lopathy, suspected gallbladder cancer, late third trimester  
pregnancy, or difficult laparoscopic approach [245,246] (3.5 
Grading 1B).

Conversion of laparoscopy to laparotomy is currently not 
considered as a complication, and surgeons should know when 

Cholecystectomy can be performed by laparoscopy, small-
incision, or open operation [245,246]. Laparoscopic cholecys-
tectomy and small incision cholecystectomy (<8 cm in length) 
[244] are safe with similar mortality rates (0.1%–0.7%) [243,247]. 
Both procedures are cost-effective compared with open chole-
cystectomy [243] in terms of shorter hospital stay, convales-
cence, and overall costs [247] (3.2 Grading 1A).

Currently, robot-assisted laparoscopic cholecystectomy does 
not offer any significant advantages over conventional laparo-
scopic cholecystectomy [248] (3.3 Grading 2C).

The morbidity of cholecystectomy is decreased if surgery is 
performed within 24 h in patients with biliary colic, within 

Figure 89.6 The flowchart depicts the step-by-step approach to therapies of gallstone disease. At the top left corner a gallbladder containing stones is 
shown. The initial decision is independent from gallstone composition (i.e., cholesterol-enriched stones or pigment stones) and size, but rather depends 
on presence/absence of typical biliary symptoms or complications.

The green area is reserved to asymptomatic patients. According to current guidelines, the best choice is expectant management, that is watch-and-see 
policy. The prophylactic cholecystectomy can be considered in selected subgroups of patients.

The red area is reserved to symptomatic gallstone patients with or without complications. Following immediate medical attention and treatment of 
pain, metaanalyses indicate that surgery (cholecystectomy) is the gold standard for treating symptomatic gallstones [243,244]. When surgery is not 
possible (i.e., surgical risk, patient’s choice, mild symptoms), a careful evaluation of stone type, size, and gallbladder function is required to plan the 
medical treatment in the subgroup of patients with uncalcified small cholesterol-enriched stones and a functioning gallbladder with a patent cystic duct. 
Eventually, the overall recurrence risk should be considered after successful gallstone dissolution resulting in a gallstone-free gallbladder back in the 
green area. Large, or pigment, or calcified (radiopaque) gallstones are not amenable to oral litholysis. For further details see text and references 
[5,274,298,453,454]. CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; HIDA, 99mTc-N- (2,6-dimethylacetanilide)-
iminodiacetic acid; HU, Hounsfield unit (an arbitrary unit of x-ray attenuation used for CT scans. Each voxel is assigned a value on a scale in which air 
has a value of −1000; water, 0; and compact bone, +1000); TUDCA, tauroursodeoxycholic acid; UDCA, ursodeoxycholic acid; US, abdominal 
ultrasonography.
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oping gallstone-related complications. Children with asympto-
matic gallstones [254] (e.g., sickle cell disease [255,256], 
spherocytosis, and elliptocytosis [256]) are indeed exposed to 
biliary pain and complications, although the natural history of 
gallstones is poorly known [257]. Prophylactic cholecystectomy 
is an option, but a study suggests that clinically silent gallstones 
in children and infants are associated with low rates of compli-
cations and can be therefore managed conservatively [256]  
(3.13 Grading 1B).

Prophylactic cholecystectomy
Prophylactic cholecystectomy should be considered in sub-
groups of gallstone patients bearing a high risk of becoming 
symptomatic (i.e., because of long-term exposure to the pres-
ence of gallstones, morbid obese undergoing rapid weight loss 
following bariatric surgery, increased risk of gallbladder cancer 
or pancreatitis, and presence of chronic hemolysis) Table 89.5 
[258–265].

Oral litholysis with bile acids
This option is currently reserved for a subgroup of patients who 
cannot undergo surgery because of overall operative risk, refuse 
surgery, or have mild/moderate symptoms (i.e., less than two  
to three episodes of biliary pain every month, which are control-
led by oral analgesic) and stones amenable to dissolution. 
Complications of gallstones must be absent (Figure 89.6). Oral 
litholysis requires long-term compliance and careful selection 
of patients; furthermore, patients remain at risk of stone recur-
rence following stone dissolution if therapy is discontinued  
(4.1 Grading 2B).

conversion is required [245,246] (3.6 Grading 1B). The rate of 
conversion from laparoscopic to open cholecystectomy is not 
different between robot-assisted laparoscopic cholecystectomy 
and human-assisted laparoscopic cholecystectomy [248]. 
Prophylactic antibiotic use is not helpful in decreasing the rate 
of perioperative infection [249], but is suggested in patients at 
high risk (e.g., age >60 years, diabetes, acute cholecystitis, jaun-
dice, cholangitis, acute colic 1 month prior to operation). 
Regimens include cefazolin 1–2 g i.v., clindamycin plus gen-
tamicin, levofloxacin, ciprofloxacin, and aztreonam [245,246] 
(3.7 Grading 1A; 3.8 Grading 1B).

In low-risk patients, spinal anesthesia is a safe and effective 
alternative to general anesthesia for laparoscopic cholecystectomy 
depending on patient acceptance [245,250] (3.9 Grading 1B).

Bile duct injury is a potential complication of cholecystec-
tomy; the prevalence is 0.1%–0.3% [250–252] and similar 
between laparoscopic and open cholecystectomy [243,247]. 
Intraoperative cholangiography is valuable, reducing the risk 
and the severity of bile duct injury, and improving injury rec-
ognition [245,246] (3.10 Grading 2B). Use of drains following 
laparoscopic cholecystectomy appears to be useful only in com-
plicated cases [245,246] (3.11 Grading 2C).

It is not clear if nonoperative expectant treatment carries a 
low risk of complications in patients with uncomplicated symp-
tomatic cholelithiasis. The “watchful waiting” option appears  
to avoid cholecystectomy in half of the patients [253] (3.12 
Grading 2B).

In patients with asymptomatic gallstones, prophylactic chole-
cystectomy is only warranted in specific conditions, that is in 
patients bearing a high risk of becoming symptomatic or devel-

Table 89.5 Indications for “prophylactic” cholecystectomy (i.e., asymptomatic gallstone patients bearing a high risk of becoming symptomatic).

Group Comment

Children with gallstones Exposure to the long-term physical presence of stones [254]

Morbid obese patients prior to bariatric surgery High risk to grow cholesterol gallstones and to become symptomatic 
during rapid weight loss [259]
Cholecystectomy controversial in gallstone-free patients and in 
asymptomatic gallstone patients [588, 589]
Controversial in gallstone-free patients, asymptomatic gallstone 
patients [586,587]

Patients with large gallstones (i.e., greater than 3 cm) [261,262] Increased risk for gallbladder cancer [260]

A “porcelain” gallbladder [263] (especially incomplete gallbladder wall 
calcification [401]) (Figure 89.5d) or gallbladder polyps rapidly growing or 
larger than 1 cm

Increased risk for gallbladder cancer [260] (controversial [402])

Asymptomatic gallstones (even small) plus gallbladder polyps (even <1 cm) Combined risk of gallbladder cancer [389–391]

Native Americans with gallstones (risk of gallbladder cancer 3%–5%) [264] Increased risk for gallbladder cancer [260]

Gallstone patients with sickle cell anemia Formation of calcium bilirubinate gallstones due to chronic hemolysis
Patients may become symptomatic with recurrent episodes of 
abdominal pain [265]

Coexistence of small gallstones and gallbladder dysmotility Increased risk of pancreatitis [258]

Refer also to [3,260,274,298].
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The hydrophilic (less cytotoxic) trihydroxy bile acid UDCA, 
first used in 1975 [266], or its tauro-conjugated TUDCA 
(10–14 mg/kg body weight/day) are employed for oral litholysis 
in patients with small (≤5 mm in diameter), radiolucent (i.e., 
uncalcified) cholesterol gallstones in a “functioning” gallbladder 
and “patent” cystic duct [267]. Less than 10% of patients with 
cholesterol-enriched gallstones fulfill the criteria for eligibility 
for oral dissolution with bile acids [5,268]. UDCA increases  
in bile, decreases hepatic secretion of biliary cholesterol and 
desaturates gallbladder bile [81,269–273]. Screening should 
include gallbladder ultrasonography [203,219,222,232,274–
280], abdominal plain radiography, or a CT scan [227,281] to 
exclude the presence of calcified stones [3]. The expected stone 
dissolution rate is estimated to about 1 mm decrement in diam-
eter per month [282] and the complete disappearance of stones 
with a diameter of less than 5 mm has been reported by 6 
months on UDCA in about 90% of cases [283]. Dissolution is 
less than 40%–50% after 1 year of the treatment in patients with 
larger or multiple stones [233,284]. Gallstone recurrence (about 
10% per year and up to 45%–50% recurrence rate by 5 years 
[285,286]) and surface calcification on cholesterol gallstones 
during bile acid therapy (10% of cases) [287] are major limita-
tions for oral litholysis (especially in patients with multiple gall-
stones [288]). Oral litholysis might also have a role in specific 
subgroups of patients, that is symptomatic biliary sludge and 
patients at high risk for cholecystectomy (4.2 Grading 2C; 4.3 
Grading 2C).

Monoterpenes, contact dissolution, and extracorporeal shock 
wave lithotripsy in gallstone disease are no longer appropriate 
treatment options. The use of statins, ezetimibe, and agonists/
antagonists of nuclear receptors for cholesterol gallstone dis-
solution awaits further confirmations (4.4 Grading 2C).

Special therapeutic decisions:  
gallstones in pregnancy
The risk of gallstone disease is increased in pregnancy [289]. 
Whereas the majority of pregnant women with symptomatic 
gallstones can be treated conservatively, a subgroup of patients 
will require surgery for recurrent biliary colics or complica-
tions. It is unclear if the overall outcome is better with surgery, 
compared with conservative treatment [290,291], which is 
associated with recurrent biliary symptoms and frequent emer-
gency department visits [292]. Early laparoscopic cholecystec-
tomy is advised for acute cholecystitis: surgery is feasible, safe, 
and brings no increased risk of preterm delivery or fetal mor-
tality [293]. Pain control in pregnant women is achieved with 
meperidine (or acetaminophen in mild pain) rather than 
NSAIDs which put the fetus at risk for complications. UDCA 
during pregnancy is not indicated. Pregnancy is a risk factor 
for biliary sludge and gallstones [294]; both sludge and small 
stones, however, may dissolve after delivery due to bile unsatu-
ration [295] and management includes the reevaluation of 
those patients treated conservatively. Cholecystectomy is war-
ranted shortly after delivery to prevent future symptoms and 
complications if sludge and stones persist and the patient is 

Table 89.6 Groups of patients at increased risk of complications from 
gallstones.

Group Complication /comment

Diabetes mellitus Increased risk of gangrenous 
cholecystitis [317]
Asymptomatic patients treated 
conservatively

Native Americans [395], large 
gallbladder adenomas [590], 
porcelain gallbladder [402,591], 
choledochal cysts, Caroli disease, 
pancreatic ductal draining into the 
common bile duct, chronic S. typhi 
carriage [592]

Cholangiocarcinoma, 
gallbladder cancer
Consider prophylactic 
cholecystectomy [593]

Chronic hemolysis (sickle cell disease, 
hereditary spherocytosis

Pigment stones
Consider prophylactic 
cholecystectomy and 
splenectomy (hereditary 
spherocytosis)

Bariatric surgery Patients undergoing gastric 
bypass surgery
Increased mobilization of body 
cholesterol during weight loss
Up to 30% incidence of 
cholesterol gallstone formation 
[479,594]

planning further pregnancies. If complications such as choledo-
cholithiasis and cholangitis occur, endoscopic retrograde 
cholangiopancreatography (ERCP) and endoscopic sphincter-
otomy require experienced operators to minimize morbidity 
[296,297]. A gallstone pancreatitis can form during pregnancy 
and surgery should be planned early [293]. The standard surgi-
cal approach in pregnant women will be laparoscopic cholecys-
tectomy as first-choice procedure, with open cholecystectomy 
reserved for patients in whom that cannot be successfully 
accomplished (5.1 Grading 2C; 5.2 Grading 1B; 5.3 Grading 
2C; 5.4 Grading 1B).

Complications

The gallstones may be responsible for a variety of complications 
[2,245,260,274,298–309]. A subgroup of patients is at increased 
risk for these, especially those with diabetes mellitus, gallblad-
der or biliary duct abnormalities, chronic Salmonella typhi car-
riage, and chronic hemolysis, as well as Native Americans and 
obese individuals undergoing bariatric surgery (Table 89.6).

Acute cholecystitis
Acute cholecystitis is usually a consequence of gallstone disease, 
due to obstruction of the cystic duct by gallstones or biliary 
sludge. In contrast to acalculous cholecystitis (see below), acute 
cholecystitis due to gallstones is a less (<15%) life-threatening 
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is given intravenously and excreted by the liver (meaning cystic 
duct obstruction due to edema by acute cholecystitis) [309]. In 
a systematic search, it was concluded that cholescintigraphy  
has the highest diagnostic accuracy of all imaging modalities 
(i.e., ultrasonography, magnetic resonance pancreatography 
[MRCP], and CT) in detection of acute cholecystitis [322] (6.3 
Grading 1B).

MRCP is being evaluated in clinical trials, and provides infor-
mation especially if gallstones are likely passed in the common 
bile duct [324] (moderate accuracy [322]) (6.4 Grading 1B).

CT often demonstrates gallbladder wall edema, perichole-
cystic fluid, and other complications [325]. The sensitivity for 
acute cholecystitis is 94% but specificity is only 59% [322,326] 
(6.5 Grading 2B).

The algorithm for the management of acute cholecystitis is 
depicted in Figure 89.7 [303,309,319,321]. Supportive care is 
required and antimicrobial scheme will follow culture and sen-
sitivity results [305,319]. Monitoring of respiratory function 
and hemodynamics, and appropriate organ support are neces-
sary when signs of severe inflammation, acute renal injury, 
shock, liver injury, and disseminated intravascular coagulation 
(DIC) are observed [302,321] (6.6 Grading 1C).

If the patient  with acute cholecystitis fulfills the criteria for 
surgery, early laparoscopic cholecystectomy should be per-
formed during initial hospitalization (within 1 week) because of 
shortened hospital stay without increased rate of serious com-
plications compared to delayed laparoscopic cholecystectomy 
[245,246,327–329] (6.7 Grading 1A). If early cholecystectomy 
(within 1 week) is not possible (i.e. late diagnosis or high risk 
of surgery), the best timing for cholecystectomy would be after 
another 6 weeks due to a higher morbidity observed  between 
7 and 45 days, compared with early cholecystectomy [330].

Patients critically ill with organ dysfunction, or those who 
will not respond to medical treatment, might require biliary 
drainage by different techniques including percutaneous tran-
shepatic gallbladder drainage or open cholecystostomy plus 
drainage and percutaneous gallstone extraction, followed by 
delayed cholecystectomy. Endoscopic nasobiliary gallbladder 
drainage is reserved for patients too ill for urgent/early chole-
cystectomy. Diclofenac given intramuscularly and possibly 
other NSAIDs appear to reduce the risk of acute cholecystitis in 
patients with biliary colic [238] (6.8 Grading 2B).

Gallstone ileus
Recurrent episodes of cholecystitis in patients with gallstones 
may lead to the development of a biliary enteric fistula (i.e., 
cholecystoduodenal, cholecystocolonic, cholecystogastric fistu-
las) (<0.5% of gallstone patients), with entry of stones into the 
bowel. Mechanical bowel obstruction can result when the stone 
reaches the ileocecal valve and carries high rates of morbidity 
and mortality, especially in elderly patients [331].

Chronic cholecystitis
Chronic cholecystitis results from longstanding presence of 
gallstones inducing mechanical irritation of the gallbladder wall 

condition [310]. Predisposing factors exist [311–313] (Box 
89.1). Postmenopausal women on estrogen therapy as hor -
monal replacement therapy have increased risk of biliary tract 
disease, including gallstones and cholecystitis [314–316] (6.1 
Grading 1A).

Complications of acute cholecystitis include gallbladder 
empyema (bacterial infection by E. coli, Pseudomonas, strepto-
cocci, Klebsiella, staphylococci). Gangrene occurs in up to 20% 
of cases and subsequent perforation (either resulting in a peri-
cholecystic abscess or a true peritonitis) [317]. An infected gall-
bladder may evolve to emphysematous cholecystitis [318] due 
to gas-producing microrganisms (Clostridium welchii), gallblad-
der perforation, cholecystenteric fistulae, and gallstone ileus. 
The diagnosis of acute cholecystitis should be suspected in gall-
stone patients with distinct clinical features (Table 89.4) 
[319,320]. Severity correlates with the platelet count, bilirubin, 
blood urea nitrogen, creatinine, prothrombin time-international 
normalized ratio (PT-INR), and arterial blood gas analysis 
[303,321].

The selection of imaging for the diagnosis of acute cholecys-
titis should be guided by local access to technology, experience, 
and clinical history. Abdominal ultrasonography is usually the 
first-line procedure, which can reveal incarcerated gallstone(s), 
gallbladder wall thickening (>4 mm), sonolucent “double wall 
sign”, a positive “sonographic” Murphy sign, enlarged gallblad-
der size, pericholecystic fluid collection, or abscess and intralu-
minal debris echoes. Ultrasonography sensitivity (88%–90%) 
and specificity (80%) for acute cholecystitis, however, is moder-
ate [216,309,322,323] (6.2 Grading 1B).

Hepatobiliary scintigraphy (by technetium iminodiacetic 
acid or hydroxyiminodiacetic acid) has high sensitivity and spe-
cificity (≈90%–95%) but is not always available. The test is 
positive if the gallbladder does not visualize after the compound 

Box 89.1 Conditions associated with increased risk of acute 
cholecystitis.

Biliary sludge
Gallstones
Multiple trauma
Acute nonbiliary diseases
Severe burns
Major surgery
Cardiovascular disease, history of ischemic stroke, cerebral 
hemorrhage
Total parenteral nutrition, long-term fasting
Acute renal failure
Systemic vasculitis
Diabetes mellitus
Male gender
Age >60 years
Sepsis
Immunocompromised illness
Infections (hepatitis B virus, ascariasis in developing countries)
Hypertriglyceridemia
Hormonal replacement therapy
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Figure 89.7 Management of acute cholecystitis. GB, gallbladder; Lap, laparoscopic; LC, laparoscopic cholecystectomy. Source: Adapted from Miura et al. 
2013 [321]. Reproduced with permission of the Journal of Hepato-Biliary-Pancreatic Sciences.
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or from recurrent attacks of acute cholecystitis [332]. The gall-
bladder wall will become thick, hard, and fibrotic, as detected 
by ultrasonography and CT scan. The differential diagnosis 
includes gallbladder cancer, but chronic cholecystitis per se does 
not increase the risk of other morbidities [333]. Even the risk of 
biliary colic may decrease due to reduced gallbladder motility 
[205]. The management of chronic cholecystitis is therefore 
similar to that of a gallbladder containing stones.

Choledocholithiasis
The presence of gallstones in the common bile duct is referred to 
as primary cholelithiasis (i.e., formation of stones exclusively in 
the common bile duct) or secondary to migration of gallstones 
from the gallbladder into the common bile duct (Table 89.7). 
Biliary obstruction is usually incomplete (at variance with 

malignant strictures of the common bile duct). Prolonged biliary 
obstruction may expose patients to the risk of secondary biliary 
cirrhosis, portal hypertension, and liver failure in about 5 years 
[334]. Patients should be stratified based upon their risks of 
having common bile duct stones [335], and may follow different 
treatment strategies [336]. The diagnosis of choledocholithiasis 
relies on several imaging modalities and choosing among them 
is based on invasiveness, accuracy, cost-effectiveness, and local 
availability. Abdominal ultrasonography is usually the first pro-
cedure but has low sensitivity because of interfering intestinal 
gas with the distal part of the bile duct [337–341]. MRCP is 
noninvasive and has high sensitivity and specificity for choledo-
cholithiasis [342,343] (Figure 89.5f). Endoscopic ultrasonogra-
phy (EUS) provides high sensitivity and specificity but is invasive 
(although less than ERCP) [342,343]. ERCP has 80%–90% sen-
sitivity and 100% specificity with both diagnostic and therapeu-
tic advantages. However, its invasiveness puts patients at risk of 
complications (pancreatitis, bleeding, perforation), and is there-
fore performed in patients with high risk of choledocholithiasis 
or with an established diagnosis, when cholangitis is associated, 
and when biliary drainage is required (Figure 89.5e). Additional 
imaging modalities may include CT scan using i.v. contrast and 
a helical cholangiography protocol [344]. Percutaneous transhe-
patic cholangiography is sometimes necessary, if ERCP is not 
possible or has failed. Laparoscopic cholecystectomy with intra-
operative cholangiography, with or without postoperative ERCP, 
appears to be the most cost-effective approach (Figure 89.8). 
Preoperative biliary drainage may increase the rate of serious 
adverse events [345] (7.1 Grading 2B).

Table 89.7 Factors leading to choledocholithiasis.

Condition Mechanisms

Primary 
choledocholithiasis

Formation of stones in the common bile duct
Less frequent
Bile stasis (elderly with periampullary 
diverticulas or enlarged bile duct, cystic 
fibrosis, recurrent biliary infection frequent in 
Asia)
Often complicated with recurrent infected 
cholangitis and intrahepatic stones

Secondary 
choledocholithiasis

Migration of gallstones from the gallbladder 
into the common bile duct
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The hospitalization length is shorter and costs lower if laparo-
scopic cholecystectomy is combined with laparoscopic common 
bile duct exploration [346].

A metanalysis has shown that among patients undergoing 
laparoscopic choledochotomy for common bile duct stones, 
primary closure of the common bile duct is superior to T-tube 
drainage but not superior to various internal or external drain-
age techniques [347] (7.2 Grading 2B).

Previous randomized clinical trials of prophylactic cholecys-
tectomy versus wait-and-see approach after endoscopic clear-
ance of common bile duct stones have been inconclusive. Recent 
consistent analyses, however, suggest that prophylactic chole-
cystectomy should be offered to patients who have been treated 
initially by endoscopic sphincterotomy and common bile duct 
clearance, instead of leaving the gallbladder in situ (wait-and-
see approach). This choice decreases mortality and a number of 
complications [348–351] (7.3 Grading 1A).

Intraoperative endoscopic sphincterotomy is associated with 
reduced complications and hospital stay compared to preopera-
tive sphincterotomy [352] (7.4 Grading 1B).

Prophylactic antibiotics in patients undergoing ERCP reduce 
bacteremia and seem to prevent cholangitis and septicemia in 
severely ill patients [353] (7.5 Grading 1B).

Cholestatic jaundice
Cholestatic jaundice develops when stones cause bile duct 
obstruction. Both conjugated and unconjugated bilirubin can 

Figure 89.8 Management of patients with choledocholitiasis. The combination of clinical features, laboratory tests, and abdominal ultrasound contribute 
to define the predictors into very strong (bile duct stone, cholangitis, hyperbilirubinemia), strong (dilated bile duct, hyperbilirubinemia), and moderate 
(other abnormal liver biochemical tests, age >55 years, gallstone pancreatitis). By grouping the predictors, patients are stratified into three different 
levels of risk of having choledocholithiasis (low, intermediate, high). This status dictates the subsequent therapeutic approach. Laparoscopic 
cholecystectomy with intraoperative cholangiography ± postoperative ERCP is the most cost-effective approach [336]. CBD, common bile duct; 
ERCP: endoscopic retrograde cholangiopancreatography; EUS: endoscopic ultrasound; IOC: intraoperative cholangiogram; Lap, laparoscopic; MRCP: 
magnetic resonance cholangiopancreatography. Source: Maple et al. 2010 [335]. Reproduced with permission of Elsevier.
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be increased in the serum through effects on specific transport-
ers in the hepatocyte [354]. The Mirizzi syndrome occurs  
when an impacted stone in the cystic duct or in the Hartmann’s 
pouch leads to compression and obstruction of the common 
hepatic duct or common bile duct [355]. Gallstone ileus can 
complicate the Mirizzi syndrome when a cholecystoenteric 
fistula develops.

Acute cholangitis
Cholangitis occurs after bacterial translocation from intestine, 
vascular, and lymphatic system occurs in conjunction with asso-
ciated risk factors (i.e., renal and hepatobiliopancreatic diseases 
liver failure, and advanced age) [356]. Diagnosis and determina-
tion of severity depend on signs of systemic inflammation, 
cholestasis, imaging, and dysfunction of different organs/
systems [321,357,358]. Management usually requires some 
combination of medical therapy [359], organ support, and sur-
gical procedures [302,303,307,309,360].

Acute biliary pancreatitis
Gallstones, including microlithiasis, are one of the most fre-
quent and severe causes of acute pancreatitis (see Chapter 82), 
accounting for 35%–40% of cases [361,362]. Patients with small 
gallstones have increased risk of pancreatitis [258]. Biliary pan-
creatitis follows bile reflux into the pancreatic duct during tran-
sient ampullary gallstone obstruction, ampullary obstruction 
consequential to stone(s), and edema due to gallstone passage 
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Cholesterolosis and gallbladder polyps
Gallbladder polyps are excrescences developing from the gall-
bladder mucosa wall. Up to 5% of healthy population have 
gallbladder polyps [384] classified as benign or malignant [385]. 
Cholesterolosis occurs when lipid droplets accumulate in the 
mucosa of the gallbladder wall, and is the most common form 
of gallbladder polyps (prevalence of 9%–26% in surgical studies 
[386] and 12% at autopsy [387]). On ultrasonography, choles-
terol polyps appear as multiple and pedunculated fixed hyper-
echogenic foci not casting a shadow, and are usually less than 
10 mm in size. Hyperechogenic spots and a mulberry-like 
surface can be detected. Cholecystectomy should be performed 
in patients with large (>1 cm) polyps, symptoms, suspicion of 
malignancy, or gallbladder polyps (any size) plus gallstones 
(even if silent) [388–391].

Gallbladder carcinoma and porcelain gallbladder
Gallbladder cancer is a rare, but highly fatal complication of 
gallstones due to its high grade of malignancy and late diagno-
sis. The tumor can be found incidentally during cholecystec-
tomy (1%–2% of cases) [392,393]. Gallstones per se are 
associated with a prevalence of gallbladder cancer in 5–30 per 
1000 patients. Box 89.2 shows the most important risk factors 
for gallbladder carcinoma. Chronic gallbladder irritation due to 
inflammation plays an important pathogenetic role [394,395], 
as seen in patients with large (>3 cm) stones and longer expo-
sure to the physical presence of stones [396]. Diagnosis of gall-
bladder cancer can be made first by a combination of abdominal 
ultrasound (irregular intragallbladder mass, a large polyp, a 
thickened/calcified wall, liver invaded by the gallbladder wall) 
and endoscopic ultrasound via the gastric wall [397]. CT scan 
and magnetic resonance imaging help to better define liver inva-
sion, nodal involvement, and the presence of metastases. 
Pretherapeutic assessment should include tumor staging (the 
TNM system is preferred) [398,399]. The only radical therapy 
for gallbladder cancer is complete surgical resection, but 5- 
year survival rates are very low (5%–10%). Exploration and 
re-resection in patients with incidental discovery of gallbladder 

[361]. The diagnosis relies on clinical signs, increased serum 
amylase/lipase levels, and imaging studies [364–368] (Table 
89.4). An elevated serum alanine aminotransferase (ALT) con-
centration (more than three times) in the presence of acute 
pancreatitis is highly predictive of a biliary etiology. The risk for 
common bile duct stones is low if bilirubin level normalizes 
after 2 days of hospitalization for gallstone pancreatitis [369] 
(8.1 Grading 2A).

Abdominal ultrasound has low sensitivity for common bile 
duct stones but reliably identifies common bile duct dilation, a 
finding often associated with choledocholithiasis. Abdominal 
CT scan and MRCP can detect gallstones or dilatation of the 
common bile duct due to choledocholithiasis in gallstone pan-
creatitis [370–374].

Endoscopic ultrasound is less costly and carries a lower risk 
of complications than ERCP. Thus, endoscopic ultrasound or 
MRCP are preferred imaging modalities to detect bile duct 
stones in gallstone pancreatitis patients at risk of choledocho-
lithiasis and without cholangitis or biliary obstruction. EUS 
and MRCP are also useful in selected patients who would 
benefit from ERCP, including pregnant patients. If a cholecys-
tectomy is planned, intraoperative cholangiography can be 
performed to assess for choledocholithiasis [335,370,371] (8.2 
Grading 1B).

Early (within 24 h of admission) ERCP with papillotomy to 
remove bile duct stones is recommended in patients with acute 
biliary pancreatitis and concomitant cholangitis, given the 
observed benefits in morbidity and mortality [333] (8.3 Grading 
1A). In patients with acute biliary pancreatitis and clinical evi-
dence of persistent biliary obstruction but without cholangitis, 
the need for urgent ERCP is debated, although an ERCP may 
be needed for the treatment of biliary obstruction [375].

Cholecystectomy should be performed in all patients who 
have had an episode of gallstone pancreatitis to avoid recurrence 
of acute pancreatitis and risk of cholecystitis or cholangitis, 
which may occur in up to 30% of the patients [376,377]. Surgery 
should usually be performed after recovery in all operable 
patients [245,361,376,378].

If pancreatitis is mild, cholecystectomy is advisable after 
symptoms and laboratory abnormalities have normalized, 
usually within 7 days and during the same hospitalization (8.4 
Grading 1B).

In severe necrotizing pancreatitis, cholecystectomy should be 
delayed until active inflammation subsides and fluid collections 
have resolved or stabilized [379].

Severe pancreatitis associated with ongoing multisystem 
organ failure requires immediate clearance of any biliary 
obstruction followed by supportive care until the patient recov-
ers sufficiently to tolerate cholecystectomy (8.5 Grading 1B).

When no clear cause of acute pancreatitis is found, biliary 
sludge should be investigated in patients presenting with an 
attack of acute pancreatitis associated with a transient elevation 
in liver tests. If biliary sludge is found, cholecystectomy is rec-
ommended [380–383].

Box 89.2 Risk factors for gallbladder carcinoma.

Gallstones
Porcelain gallbladder (particularly when gallbladder wall is partially 
calcified)
Polyps of the gallbladder
Infections: Salmonella, Helicobacter species (H. bilis)
Mirizzi syndrome
Biliary cysts
Abnormal junction of the pancreatobiliary duct
Drugs (scarce evidences): oral contraceptives, methyldopa, isoniazid
Carcinogens (smoking, certain compound of manufacturing industries)
Diabetes (uncertain)
Obesity
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Primary prevention
Healthy lifestyles affect some pathogenetic mechanisms of cho-
lesterol gallstone formation, that is one or more factors of the 
metabolic syndrome [160,415]. Physical activity reduces bile 
stasis and triglyceridemia and increases serum HDL-cholesterol 
levels. Ideal body weight and physical exercise should be pro-
grammed [416]. Reduction of body weight (max. 1.5 kg/week) 
[417–419] in obese subjects decreases excessive de novo biosyn-
thesis and biliary cholesterol excretion. A high-fiber and high-
calcium diet reduces biliary hydrophobic bile acids and regular 
eating patterns decreases gallbladder stasis [416]. Additional 
dietary factors including caffeine and coffee [420–422], fruit 
and vegetables [423], vitamin C [424,425], poly- and monoun-
saturated fats [426], nuts [427,428], and small doses of alcohol 
[428] may be protective by influencing biliary lipid metabolism. 
The ultimate long-term effect of such preventive measures 
requires further observations at a translational level. Patients 
with biliary sludge, during total parenteral nutrition, or  
prolonged fasting benefit from prevention [276,429], while res-
toration of a normal diet decreases biliary stasis and sludge 
[295,430–431] (improved gallbladder emptying and sludge 
clearance [432,433]). UDCA can prevent cholesterol gallstone 
formation following bariatric surgery (rapid weight reduction 
[434–439]) and long-term therapy with somatostatin or ana-
logues [440–443]. Prophylaxis is not advised in pregnancy 
because of its transient characteristics.

cancer with T1b and T2 stages are associated with increased 
survival [400] (9.1 Grading 1B; 9.2 Grading 2B).

A porcelain gallbladder (likely due to chronic irritation  
and precipitation of calcium carbonate salts) is another risk 
factor for gallbladder adenocarcinoma [401], with a prevalence  
of 2%–3% [402,403]. Prophylactic cholecystectomy should  
be considered in patients with a porcelain gallbladder (9.3 
Grading 2C).

Recurrent pyogenic cholangitis
Recurrent pyogenic cholangitis is characterized by recurrent 
bouts of cholangitis, which ultimately will result in stricture of 
the biliary tree and biliary obstruction. The disease is found in 
Southeast Asia or in people who have emigrated from that 
region, and is equally prevalent in both sexes [148]. Bile stric-
tures are followed by proximal bile stasis leading to recurrent 
cholangitis and pyogenic inflammation of bile ducts. De novo 
formation of intrahepatic pigment stones can follow. A factor 
facilitating infection is the transient portal bacteremia trans-
ferred to the biliary ducts with progressive stone formation. E. 
coli, Klebsiella, Proteus species, and Pseudomonas or anaerobes 
can be detected. Defects of hepatic phospholipid transporters 
might be another cause [402]. Extra- and intrahepatic ductal 
dilatation, focal stenotic areas of the intrahepatic bile ducts, 
presence of purulent bile enriched in bile pigments and debris, 
bacteria, and intrahepatic stones at all levels (right and left lobes, 
and extrahepatic ducts) are clinical features.

Patients with recurrent pyogenic cholangitis can experience 
sepsis, biliary inflammation, and liver cirrhosis. Cholan-
giocarcinoma might be more frequent [405].

Acalculous cholecystitis
Acalculous cholecystitis is an acute necroinflammatory disease 
of the gallbladder in the absence of demonstrated calculi, which 
comprises approximately 10% of all cases of acute cholecystitis 
and exhibits greater morbidity and mortality rates than calcu-
lous cholecystitis. It typically occurs in patients with serious 
medical comorbidity, as seen in patients in the ICU setting. 
Major risk factors, shown in Box 89.3 [406–412], are responsible 
for gallbladder stasis and ischemia, concentration of bile salts, 
and local inflammatory response in the gallbladder wall. 
Necrosis of gallbladder tissue and perforation may develop. 
Clinical features may be similar to acute calculous cholecystitis 
[413]. Mortality depends on underlying medical and surgical 
conditions, and ranges from 90% in critically ill patients to 10% 
in community-acquired cases [310,413].

Prevention and protective factors

Gallstone disease is responsible for high healthcare costs, and 
strategies for prevention are advisable in the general population, 
as well as in specific high-risk groups [414].

Box 89.3 Predisposing factors for acute acalculous cholecystitis.

Critically ill patients
Mechanical ventilation
Sepsis/hypotension
Severe burns
Severe trauma
Total parenteral nutrition
Multiple transfusion
Cardiopulmonary resuscitation
AIDS
Major trauma

Chronic condition
Diabetes
Vasculitis

Surgery
Childbirth
Percutaneous transhepatic catheter in the bile duct obstructing the 
cystic duct

Serious illness
Immunosuppression
Cholesterol emboli
Congestive heart failure
Severe systemic infections
Cancer
End-stage renal disease

Drugs
Opiates
Sunitinib
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Grading of strength of recommendations 
and quality of evidences

The authors have adopted the classification of the international 
GRADE (Grading of Recommendation Assessment, Devel-
opment, and Evaluation) workgroup [447–449] used by several 
scientific societies [450–452]. Recommendations are based on 
grade of strength (1, strong; 2, weak) and grade of quality of the 
evidence (A, high; B, moderate; C, low) (Table 89.8).

References are available at www.yamadagastro.com/textbook

Prevention of biliary colic
Incidental gallstones are frequently seen during ultrasound 
examination for other reasons. Asymptomatic patients should 
follow healthy lifestyle but, in general, do not require medical 
or surgical therapy; a “wait-and-see” approach is the best [5].

Prevention of gallstone recurrence
Following oral litholysis, the risk of stone recurrence is high. 
Dietary and lifestyle recommendation are advisable. Continuous 
bile acid therapy prevents cholesterol gallstones recurrence 
[281] but this approach is expensive [444–446] and should be 
reserved for distinct subgroups (e.g., in patients with low 
phospholipid-associated cholelithiasis [29]).

Table 89.8 Grading of strength of recommendation and quality of evidence for patients with gallstone disease.

Topic /statement Strength of  
recommendation

Quality of  
evidence

1. Natural history

1.1. The risk of needing emergency procedure increases progressively after 20 weeks among patients 
with biliary colic awaiting elective cholecystectomy

2 C

2. Biliary colic

2.1. Analgesia of the biliary colic can be achieved satisfactorily with NSAIDs and opioids (both superior 
to antispasmodics)

1 A

3. Cholecystectomy

3.1. Elective cholecystectomy is the “gold standard” for the treatment of symptomatic uncomplicated 
gallstones

1 A

3.2. Outcome of laparoscopic cholecystectomy is equal to small incision cholecystectomy and better 
than open cholecystectomy in terms of hospital stay, and convalescence. Similar mortality or 
complications

1 A

3.3. Robot-assisted laparoscopic cholecystectomy seems to offer a significant advantage over 
human-assisted laparoscopic cholecystectomy

2 C

3.4. Early cholecystectomy is associated with decreased morbidity in patients with biliary colic (within 
24 h), mild acute cholecystitis (within 24–72 h), and gallstone pancreatitis (within 48 h)

1 A

3.5. Open cholecystectomy must be restricted to cases when the laparoscopic approach is not possible 
or risky

1 B

3.6. Conversion of laparoscopic to open cholecystectomy is not a complication. Surgeons should 
watchfully manage this requirement

1 B

3.7. Prophylactic antibiotics prior to cholecystectomy is not required in low-risk patients 1 A

3.8. Prophylactic antibiotics prior to cholecystectomy is useful in high-risk patients (acute cholecystitis) 1 B

3.9. Spinal anesthesia is safe and effective in low-risk patients undergoing laparoscopic cholecystectomy 1 B

3.10. Intraoperative cholangiography reduces the risk and the severity of bile duct injury, and improves 
injury recognition

2 B

3.11. Postcholecystectomy drains is not required in uncomplicated cases, since they might increase the 
complication rates

2 C

3.12. The “watchful waiting” option in uncomplicated symptomatic cholelithiasis appears to avoid 
cholecystectomy in half of patients

2 B

3.13. Prophylactic cholecystectomy is not warranted in most asymptomatic patients. Few exceptions exist 
in patients at increased risk of stone formation, symptoms, complications, and gallbladder cancer

1 B

http://www.yamadagastro.com/textbook
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Table 89.8 (Continued)

Topic /statement Strength of  
recommendation

Quality of  
evidence

4. Oral litholysis

4.1. Oral litholysis of cholesterol gallstones is possible in a small subgroup of well-selected 
symptomatic gallstone patients

2 B

4.2. Dietary changes and bile acid therapy can be considered in patients with symptomatic biliary 
sludge, and without complications or a picture suggestive of acalculous cholecystitis

2 C

4.3. Long-term (costly) bile acid therapy is an option as tertiary prevention of recurrent gallstones in 
the subgroup of patients who cannot undergo high-risk cholecystectomy

2 C

4.4. Oral litholysis with statins, ezetimibe, and agonists/antagonists of nuclear receptors for cholesterol 
gallstones has a rationale but requires controlled studies

2 C

5. Pregnancy

5.1. In pregnancy, conservative treatment (not oral bile acids) is an option after one episode of biliary 
colic

2 C

5.2. In pregnancy, laparoscopic cholecystectomy is better than laparotomic cholecystectomy 1 B

5.3. Cholecystectomy advisable in pregnant women when biliary colics become recurrent 2 C

5.4. Early cholecystectomy advisable in pregnant women with acute cholecystitis (less recurrences) 1 B

6. Acute cholecystitis

6.1. The risk of biliary tract disease, including gallstones and cholecystitis, is increased among 
postmenopausal women using hormonal replacement therapy

1 A

6.2. The sensitivity and specificity of ultrasound is moderate for the diagnosis of acute cholecystitis 
(not for gallstones)

1 B

6.3. The diagnostic accuracy of hepatobiliary scintigraphy for detection of acute cholecystitis is 
superior to ultrasonography and other imaging modalities

1 B

6.4. The diagnostic accuracy of magnetic resonance cholecystography for detection of acute 
cholecystitis is moderate

1 B

6.5. The results of computed tomography for detection of acute cholecystitis require caution, since 
low specificity has been reported

2 B

6.6. Early treatment of acute cholecystitis is based on sufficient infusion, therapy with analgesic, and 
antibiotics, while monitoring respiratory hemodynamic and planning further management of the 
patient

1 C

6.7. Cholecystectomy is indicated during initial hospitalization (within 1 week) in acute cholecystitis 
patients fitting the criteria. If this is not possible, best timing for cholecystectomy would be after 
another 6 weeks

1 A

6.8. Diclofenac i.m. might reduce the risk of acute cholecystitis in patients with biliary colic 2 B

7. Choledocholithiasis

7.1. In obstructive jaundice awaiting surgery, preoperative biliary drainage is associated with increased 
risk of serious morbidity

2 B

7.2. T-tube free versus T-tube drainage after laparoscopic common bile duct exploration for 
uncomplicated choledocholithiasis is superior to T-tube drainage in terms of postoperative and 
biliary complications, operative time and hospital stay

2 B

7.3. Prophylactic cholecystectomy after endoscopic sphincterotomy reduces mortality (and biliary pain, 
cholecystitis, ERCP and cholangiography, and need for cholecystectomy)

1 A

7.4. Intraoperative endoscopic sphincterotomy is associated with reduced complications and hospital 
stay compared to preoperative sphincterotomy in patients having laparoscopic cholecystectomy

1 B

7.5. In patients undergoing ERCP, prophylactic antibiotics prevent cholangitis and septicemia but do 
not appear to reduce mortality

1 B

Continued
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Topic /statement Strength of  
recommendation

Quality of  
evidence

8. Gallstone pancreatitis

8.1. The risk for common bile duct stones is low if bilirubin levels normalize after 2 days of 
hospitalization for gallstone pancreatitis

2 A

8.2. EUS or MRCP are useful for identifying the presence of bile duct stones in gallstone pancreatitis 
and for selecting patients for ERCP at intermediate risk for choledocholithiasis

1 B

8.3. Early ERCP (within 24 h of admission) is recommended in patients with acute biliary pancreatitis 
and concomitant cholangitis

1 A

8.4. When pancreatitis caused by gallstones is mild and self-limited, cholecystectomy should be 
performed after symptoms have subsided and laboratory values have normalized (within 7 days, 
usually during the same hospital admission)

1 B

8.5. Severe pancreatitis with ongoing multisystem organ failure requires immediate clearing of any 
biliary obstruction followed by supportive care until patient recovers sufficiently to tolerate 
cholecystectomy

1 B

9. Gallbladder cancer and porcelain gallbladder

9.1. Exploration and re-resection should be performed in patients with incidental discovery of 
gallbladder cancer at cholecystectomy, stage ≥T2

1 B

9.2. Exploration and re-resection should be considered in patients with incidental discovery of 
gallbladder cancer at cholecystectomy, stage ≥T1b

2 B

9.3. The incidence of gallbladder carcinoma in patients with a calcified gallbladder is 2%–3%. Such 
incidence might be higher in patients with selective gallbladder wall calcification (prophylactic 
cholecystectomy suggested), compared with patients with complete wall calcification (general 
indication of cholecystectomy followed)

2 C

ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasonography; MRCP, magnetic resonance cholangiopancreatography; 
NSAIDs, nonsteroidal antiinflammatory drugs.

Table 89.8 (Continued)
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Primary sclerosing cholangitis (PSC) is a chronic cholestatic 
liver disease characterized by inflammation and fibrosis of the 
intra- and extrahepatic bile ducts. Histological characteristics 
include the presence of portal tract inflammation, periductal 
fibrosis, and loss of small bile ducts. Disease progression is 
almost universal, resulting in biliary cirrhosis, hepatic failure, 
and possibly cholangiocarcinoma. Genetic predisposition and 
immune-mediated events are contributing factors to PSC 
pathogenesis [1].

Epidemiology

With the increasing use of endoscopic retrograde cholangio-
pancreatography (ERCP) and magnetic resonance ERCP 
(MRCP), a better understanding of the clinicopathological fea-
tures of PSC has emerged. Population-based epidemiological 
investigations of PSC have revealed annual incidence and  
cross-sectional prevalence rates of 0.9–1.3 and 8.5–20/100 000 
population in the US and Northern Europe [2,3]. However, 
geographical areas outside of these regions have reported PSC 
at lower rates, albeit using less well-defined methods [4,5]. The 
accuracy of prevalence data is limited by several factors includ-
ing the failure to identify asymptomatic patients, those with 
fluctuations in liver biochemical parameters such as serum 
bilirubin, and those without coexisting inflammatory bowel 

disease (IBD). Fifty to seventy percent of affected individuals 
are of male gender with an average age of 40 years at diagnosis 
[4–8]. A close association between PSC and IBD is well estab-
lished. Among Northern Europeans, 70%–80% of PSC patients 
have chronic ulcerative colitis (UC) [9], although lower preva-
lence rates of IBD in PSC have been noted elsewhere [10,11]. 
These wide variations do not appear to be related to variability 
in clinical practice. The use of surveillance colonoscopy with 
mucosal biopsy assessment is required for accurate prevalence 
estimates for IBD in PSC given the potential for subclinical IBD. 
No meaningful difference in PSC-related survival has been 
observed among patients with or without IBD [7]. Ulcerative 
pancolitis or colonic Crohn’s disease (without small intestine 
involvement) imparts the greatest risk for PSC [8,9]. Conversely, 
about 4% of patients with UC [8] and approximately 3% with 
Crohn’s disease [9] will develop PSC. From an estimated preva-
lence rate of 40–225 cases/100 000 United States population for 
UC, the prevalence of PSC with UC is estimated between 2 and 
11 cases/100 000 persons [8].

A Norwegian investigation into the familial occurence of PSC 
revealed a 9–39-fold increased risk in first-degree relatives of 
patients with PSC [12] suggesting a strong genetic susceptibility. 
A negative relationship between smoking history and UC activ-
ity is well established [13]. Comparing UC patients with age- 
and sex-matched controls, a lower prevalence rate of PSC (4.9%) 
was also observed among individuals who smoked compared to 
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nocytes [21]. IL-21 signals via the Janus kinase (JAK)–Signal 
Transducer and Activator of Transcription (STAT) pathway, 
specifically via JAK1 and JAK3, which results in STAT3 activa-
tion, but also STAT1 and STAT5. IL-21 is a critical regulator of 
Th17 development, in particular by inducing expression of 
IL-23R in naïve CD4+ T cells [22–24]. To date, despite genetic 
or functional studies of Il21 and Il2, it is unclear which of the 
two loci might indeed be related to PSC development.

Another recent study identified a SNP located downstream 
of the BCL2L11 gene that is associated with PSC [16]. BCL2L11 
encodes the proapoptotic Bcl-2 homolog BIM (Bcl-2 interacting 
mediator of cell death) and is expressed by most lymphoid cells, 
myeloid cells, epithelial cells, and certain additional cell types 
[25]. Bcl2l11−/− mice exhibited mononuclear cell infiltration 
around bile ducts, which was not present in age- and gender-
matched Bcl2l11+/+ mice [16]. In the context of the contribution 
of BIM to T-cell selection and deletion mechanisms, the 
BCL2L11 genetic association with PSC might be perceived 
along the same lines as the IL2 and IL2RA associations. These 
observations further substantiate the view of a key role for T 
cells in maintaining immunological tolerance in this disease.

In a recent GWAS in PSC, the most robust associations 
outside the HLA complex were detected at chromosome 3p21 
[16]. This same region has previously been found to be associ-
ated with susceptibility to Crohn’s disease and UC [26]. The 
main association signal in PSC stretches across approximately 
350 kb and 11 genes. Among these genes MST1 (rs3197999) [27] 
or the neighboring BSN gene [28], are plausible candidates for 
a role in PSC pathogenesis. MST1 encodes macrophage-
stimulating factor-1 (also known as hepatocyte growth factor-
like), a 80–95-kDa single-chain protein secreted from the liver 
and abundantly present in serum [29]. GPX1 encodes ubiqui-
tously expressed glutathione peroxidase 1, one of the most 
important antioxidant enzymes. GPX1 plays a major role in the 
detoxification of hydrogen peroxide and fatty acid hydroperox-
ides [30]. Consistent with the generally accepted key role of 
reactive oxygen species in the induction and the propagation of 
inflammation, Gpx1−/−Gpx2−/− double knockout mice sponta-
neously develop ileocolitis after weaning, whereas single-
knockouts of either gene are phenotypically normal [31,32].

The GPBAR1 locus is another non-HLA region of impor-
tance to PSC pathogenesis. It encodes the G protein-coupled 
bile acid receptor-1 (also termed TGR5), which is important in 
biliary bicarbonate secretion, as well as in Kupffer cell inhibi-
tion. In a recent deep sequencing study, six nonsynonymous 
SNPs in GPBAR1 were identified, and functional studies of the 
variants demonstrated that five of the SNPs result in reduced 
TGR5 function [33]. In addition, several nonsynonymous SNPs 
of GPBAR1 caused alterations in plasma membrane localization 
of the protein, with one variant resulting in retention in the 
endoplasmic reticulum [33].

TGR5 is highly expressed in myeloid cells, including Kupffer 
cells, liver sinusoidal endothelium, biliary epithelium, brown 
adipose tissue, and muscle, and exerts pleiotropic effects in 

nonsmoking controls (26.1%). Thus, the coexistence of UC with 
PSC does not explain the association between nonsmoking 
status and PSC indicating that the protective effect of smoking 
is independent of UC [14].

Pathogenesis

The primary target of injury in PSC is the biliary epithelium 
(i.e., the cholangiocyte). PSC is another complex disease that 
results from the interaction between genetic elements and non-
genetic (i.e., environmental) exposures. As noted above, the 
increased familial risk of PSC suggests genetically determined 
factors significantly contribute to the development of PSC. 
Immune-mediated processes, whether or not genetically deter-
mined, have contributed to the development of PSC and 
progression.

Genetic factors
Genetic loci that contribute to PSC pathogenesis have been 
largely implicated by Genome-Wide Association Studies 
(GWAS).

Human leukocyte antigen region
The human leukocyte antigen (HLA) locus provides the strong-
est genetic association with PSC. Based on recent GWAS, the 
heritability of HLA in PSC pathogenesis is twofold greater than 
all the remaining contributory loci combined. Recent studies 
have demonstrated significant single-nucleotide polymor-
phisms (SNPs) associations across the entire extended HLA 
region [15,16], with the strongest associations in the area of the 
HLA class I genes HLA-B and HLA-C. The possibility that 
HLA-B and HLA-C variants with a low affinity for correspond-
ing killer immunoglobulin receptors (KIRs) increases the risk 
of PSC is plausible [17], yet functional studies are lacking. 
Variants of genes in the region neighboring tumor necrosis 
factor-α (TNF-α) have also been strongly associated with PSC 
[18]. Given the high density of genes in the HLA region and the 
fact that this area of the genome has greatly conserved stretches 
of DNA, it has not yet been possible to obtain unambiguous 
confirmation of the casual role of any of these variants [18].

Non-HLA region
Several associated SNPs implicate the IL2/IL21 locus in the 
pathogenesis of PSC [16]. IL2 encodes the 15-kDa cytokine 
interleukin-2 (IL-2) predominantly secreted by antigen acti-
vated T cells. IL-2 signals in specific T cells through three recep-
tor subunits. IL21 encodes a cytokine primarily derived from 
CD4+ T cells (in particular Th17 cells) and CD1d-restricted 
natural killer T (NKT) cells [19]. It acts through a heterodimeric 
receptor, where the γc chain subunit is shared with other recep-
tors including IL-2R, and a specificity-conferring IL-21R chain 
[20]. Its receptor is broadly expressed in CD4+ and CD8+ T 
cells, B cells, NK cells, dentritic cells, macrophages, and kerati-
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nisms may play a role in the development of PSC, the nature of 
their contribution to pathogenesis remains to be determined.

Environmental factors
To date, environmental exposures that contribute to the patho-
genesis of PSC remain elusive. Given that alterations in diseased 
bowel mucosa facilitate portal bacteremia, it has been specu-
lated that the association between PSC and IBD is attributable 
to a contribution of bacteria [50]. However, it is notable that 
patients with IBD and PSL typically exhibit very mild – some-
times clinically asymptomatic – colonic inflammation and may 
occur in patients after total proctocolectomy for refractory UC 
[51]. Eksteen et al. found that T cells activated in the gut are 
recruited to the liver by aberrant expression of gut-specific 
chemokines, and that these lymphocytes can persist for years, 
potentially explaining the delayed onset of PSC despite colec-
tomy in some patient [52]. Bjornsson et al. were unable to dem-
onstrate a role for small bowel bacterial overgrowth and 
increased intestinal permaeability in the pathogenesis of PSC 
[53]. Interestingly, viral infections such as cytomegalovirus in 
immunocompromised hosts suffering from human immunode-
ficiency virus (HIV) can result in PSC-like changes [54]. Finally, 
direct toxicity or ischemia to bile ducts has been hypothesized 
to cause PSC but supportive evidence is limited [55].

Clinical manifestations

Asymptomatic increases in serum liver biochemistries or the 
development of nonspecific symptoms such as fatigue (75%) 
and pruritus (70%) are common presentations in patients with 
PSC. Jaundice (60%) and weight loss (40%) are less common 
and should raise the suspicion of advanced disease or a compli-
cation related to PSC [6]. Fever and abdominal pain in a patient 
with PSC suggests the possibility of bacterial cholangitis and 
may be manifest at initial presentation [56]. A previous history 
of IBD and elevated serum liver biochemistries should prompt 
evaluation to exclude PSC. PSC may develop subsequent to total 
proctocolectomy in patients with underlying UC [51].

Asymptomatic primary sclerosing cholangitis
While symptomatic PSC is commonly manifest by jaundice 
and/or pruritus, an increasing number of patients who are 
asymptomatic have been recognized. Asymptomatic patients 
did represent 15%–25% of past observational cohorts examined 
[4,7]. Recent reports, however, have observed prevalence rates 
of greater than 40% for asymptomatic PSC [6,57]. Progression 
of liver disease occurs among asymptomatic patients but the 
data on the frequency of this progression are conflicting. Over 
a 6-year period, the evidence for advancing liver disease was 
noted among 34 of 45 (76%) asymptomatic subjects and a 31% 
rate of liver transplantation or death. Minimal histological 
abnormalities (stage I–II) on liver biopsy were found in the 
majority of subjects at study entry [2,57]. Estimated median 

various tissues [34–36]. Specifically, it has been suggested that 
bile acid-activated TGR5 limits inflammatory cytokine release 
from activated macrophages [35].

Immune-mediated alterations
Evidence that PSC may be immune mediated is circumstantial, 
and largely due to associations with other autoimmune pro-
cesses [37]. Cellular immune abnormalities have been described 
focusing primarily on the significance of lymphocyte function. 
CD4 T-cell recognition of antigens found on biliary epithelia is 
hypothesized to initiate the immune-mediated histological 
damage seen in PSC [38,39]. T-cell reactivity studies have dem-
onstrated activation of both suppressor and cytotoxic lym-
phocyte populations with exposure to major histocompatibility 
antigens in vitro [39]. Several years ago, a study using freshly 
isolated liver-derived T cells found that cell proliferation and 
the function of these T cells is impaired in PSC patients com-
pared with normal controls and patients with other autoim-
mune liver diseases. No normal cytotoxic activity was detected 
among liver-derived T cells and natural killer cells from these 
patients, which was thought to reflect exposure (perhaps 
chronic) to high levels of TNF-α in vivo. The liver-derived lym-
phocytes obtained from PSC patients showed increased expres-
sion of intracellular TNF-α. Interestingly, the addition of 
anti-TNF antibodies restored the diminished proliferative 
responses of the T cells in vitro [40]. Increased numbers of 
hepatic B-cell lymphocytes reported among PSC patients with 
advanced histological disease is not recognized with earlier 
stages of disease, suggesting that cellular infiltration may be 
secondary to chronicity [41].

Many studies have demonstrated the presence of multiple 
humoral immune markers in the sera of patients with PSC. 
Nonspecific markers such as immunoglobulins G and M, anti-
nuclear antibody (ANA), and antismooth muscle antibody 
(ASMA) are often present in low but detectable titers. Elevated 
levels of circulating immune complex molecules have also been 
reported in up to 80% of PSC cases and other HLA B8 DR3-
associated immune-mediated diseases [42]. Selected cross-
reactive antibodies among PSC patients with and without IBD 
were no different suggesting a shared mechanism for immune-
mediated damage in these diseases [43]. Perinuclear antineu-
trophil cytoplasmic antibodies (pANCA) are present in the 
serum of 26%–85% of PSC subjects and 70% of UC patients 
without PSC [44–46]. These are “atypical” pANCAs and are 
distinct from the pANCA associated with microscopic polyan-
gitis, with the target antigen possibly a neutrophil nuclear enve-
lope protein. Because it is not a cytoplasmic protein, the term 
peripheral antineutrophilic nuclear antibody (pANNA) has 
been suggested [47]. However, the role of pANCA in pathogen-
esis is unknown [48]. Seropositivity for ANCA in PSC has been 
reported with extensive involvement of the biliary tree, hepatic 
dysfunction and severe cholestasis and titers tends to remain 
unchanged after liver transplantation [49]. In summary, 
although both innate and adaptive immune-mediated mecha-
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Clinic, a 41% combined rate for liver failure, cholangiocarci-
noma, and need for transplantation was observed over 6.25 
years of follow-up. Median survival for the entire cohort was 
11.9 years [60] . For symptomatic patients with PSC, the median 
survival was reduced to about 9 years [60] . Similar results were 
reported from Kings College [4] where a median survival of 12 
years among 126 subjects was observed.

Biochemical features
Serum liver tests usually reflect a cholestatic profile. Elevation 
of alkaline phosphatase values usually up to three times the 
upper limit of normal are found in 95% of cases [4–7]. Although 
serum alanine (ALT) and aspartate (AST) transaminase levels 
can also be found between 2 and 3 times the upper limit of 
normal, these are less common [6,7,56]. Serum total bilirubin 
is normal in 60% of individuals [56]. Total bilirubin often fluc-
tuates in PSC; a persistent elevation suggests advanced disease. 
No significant differences in serum liver biochemistry profiles 
have been seen among asymptomatic and symptomatic indi-
viduals at diagnosis. Normal serum albumin and prothrombin 
time levels reflecting preserved hepatic synthetic function are 
found in the majority of cases at diagnosis [4–7].

Serological features
Serum immunoglobulin and the presence of autoantibodies are 
associated with PSC. Elevations in immunoglobulin G (IgG) 
and M (IgM) are observed in up to 40% and 60% of PSC indi-
viduals [5]. ANA and smooth muscle antibody (SMA) can also 
be detected but are in lower titers compared to autoimmune 
hepatitis (AIH) [5,61]. Antimitochondrial antibodies (AMA) 
are exceedingly rare in PSC [5,61]. Atypical perinuclear antineu-
trophilic antibodies (pANCA, see above) are detected in the 
serum of 30%–80% of PSC patients [44,46] but lack specificity 
as they are also observed in primary biliary cirrhosis (PBC), and 
AIH, as well as UC with PSC [46,62]. Angulo et al. [63] have 
observed a greater rate of seropositivity for ANA, anticardioli-
pin, antithyroperoxidase, ANCA, and rheumatoid factor among 
PSC patients compared to control subjects. Ninety-seven 
percent of PSC patients were found to have one or more autoan-
tibodies while 81% had three or more. The presence or absence 
of IBD was not significantly associated with autoantibody 
profile.

Radiographic features
Cholangiography
The diagnosis is most usually made by some form of PSC 
cholangiography. Endoscopic retrograde ERCP, MRCP, and per-
cutaneous transhepatic cholangiography (PTC) have all been 
used for diagnostic purposes. PSC commonly affects the entire 
biliary tree in a heterogeneous manner. Intrahepatic duct 
involvement is nearly universal among patients with PSC. While 
only 15%–20% of patients will have hilar duct involvement with 
sparing of the remaining extrahepatic duct. Segmental fibrosis 
of both intrahepatic and extrahepatic ducts with subsequent 

survival for asymptomatic patients without liver failure was 
65%–75% at 7–10 years versus 96% for comparable age- and 
sex-matched healthy individuals [2]. Helzberg and colleagues 
reported that 11 of 13 asymptomatic individuals followed for a 
mean duration of 37 months remained symptom free, resulting 
in an overall survival rate of 75% at 9 years [58]. No significant 
decompensation over a 4.4-year period among 27 asymptomatic 
subjects was found in another series [59].

Despite the initial presentation, many asymptomatic PSC 
patients become symptomatic over time. Fatigue, pruritus, jaun-
dice, or abdominal discomfort develop in 60% of patients [4,6]. 
The similar frequencies in clinical deterioration among asymp-
tomatic and symptomatic patients emphasizes the lack of pre-
dictive significance of subjective complaints at diagnosis [4]. It 
is possible that differences in criteria used to define the asymp-
tomatic state may explain the discrepancy in published results. 
Fatigue and weight loss have been reported in up to 30% and 
24% of asymptomatic subjects, respectively. In addition, 
advanced histological features are present in 30%–43% of sub-
jects considered asymptomatic at diagnosis.

Symptomatic primary sclerosing cholangitis
The majority of subjects are symptomatic at the time of diagno-
sis [4–7] (Table 90.1). Helzberg et al. reported an 18% mortality 
rate among patients with PSC over a mean follow-up period of 
56 months, and all deaths occurred in symptomatic individuals 
[58]. A similar mortality rate of 14% over 51 months has been 
observed with a reduced median survival for symptomatic indi-
viduals as well (112 months vs 144 for the entire cohort, sug-
gesting a better survival for asymptomatic patients) [6]. Two 
larger series suggest a more aggressive disease course for symp-
tomatic PSC. Among 174 PSC subjects followed at the Mayo 

Table 90.1 Symptoms and signs at initial presentation in primary sclerosing 
cholangitis.

Finding Prevalence (%)

Symptom

Fatigue 75

Pruritus 70

Jaundice 65

Weight loss 40

Fever 35

Asymptomatic 10

Sign

Hepatomegaly 55

Jaundice 50

Splenomegaly 30

Hyperpigmentation 25

Xanthelasma 4
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ing liver are often seen in cirrhotic-stage PSC probably due to 
the anatomy of the bile ducts [67]. As observed for other etiolo-
gies of cirrhosis, the presence of confluent hepatic fibrosis and 
resulting regenerative nodule formation may resemble hepato-
cellular carcinoma (HCC). With MRI, the presence of abnormal 
T2-weighted signal intensity from periportal areas is common 
and correlates with fibrosis [66]. Enlarged areas (greater than 
1.5 cm) of abnormal T2 signal within portal areas are considered 
suspicious for cholangiocarcinoma [68].

New diagnostic procedures being investigated include the use 
of dynamic three-dimensional biliary scintigraphy (99mTc-HIDA 
SPECT) for differentiating parenchymal and ductal contribu-
tions to deranged liver function [69]. Duodenal endoscopic 
ultrasound may be able to provide additional diagnostic evi-
dence for extrahepatic disease, but the clinical utility is uncer-
tain [70]. Although limited currently by lack of availability, 
transpapillary cholangioscopy may help to distinguish between 
malignant and benign dominant bile duct stenoses in patients 
with PSC [71]. In addition, cholangioscopy detects stones 
missed by cholangiography in upwards of 30% of PSC patients 
referred for dominant strictures or stones [72].

Histological features
Liver biopsy is required for staging disease severity and deter-
mining prognosis in PSC. Periductal fibrosis with inflamma-
tion, bile duct proliferation alternating with obliteration, and 
ductopenia constitute the main histological findings [73]. Fibro-
obliterative cholangiopathy, which is considered the most diag-
nostic finding on liver biopsy to diagnose PSC, is present in only 
10% of all cases [74] (Figure 90.2). Moreover, similar findings 
may occur in varying stages of other conditions such as PBC, 
AIH, or chronic extrahepatic bile duct obstruction. The histo-
logical abnormalities in PSC are classified into four stages. Stage 
I (portal stage) is associated with a nonspecific inflammation 
confined to the limiting plate which surrounds the portal tract. 

saccular dilatation of normal intervening areas results in the 
characteristic “beads on a string” appearance seen with cholan-
giography in PSC (Figure 90.1). Bile duct strictures are of 
varying lengths but can be up to several centimeters. The ser-
rated appearance of bile duct walls and an occasional diverticu-
lum are also identified in extrahepatic portions of the biliary 
tree in 25% of cases [64]. Advantages for MRCP over ERCP and 
transhepatic cholangiogram (THC) include visualization of bile 
ducts proximal to obstructed areas and hepatic parenchymal 
assessment for features of cirrhosis and portal hypertension or 
lobar atrophy. Anecdotally, the inclusion of subjects with 
advanced PSC and overestimation of stricture length by MRCP 
have been observed as potential biases for both investigations.

Cross-sectional imaging
Computed tomography (CT) [65] and magnetic resonance 
imaging (MRI) [66] have been used in the evaluation of patients 
with PSC. Radiological features of PSC detected by cross-
sectional imaging include segmental dilatation alternating with 
narrowing of intrahepatic bile ducts and a paucity of increasing 
dilatation toward the hilum due to structuring [65]. Gallstones 
are found in up to 25% of patients with PSC while asymmetric 
thickening of the gallbladder wall independent of cholelithiasis 
may also be observed. Marked hypertrophy of the right and 
caudate hepatic lobes and simultaneous atrophy in the remain-

Figure 90.1 Cholangiographic features in primary sclerosing cholangitis. 
Multifocal strictures with intervening saccular dilation (“beads-on-a-
string” appearance) of both intrahepatic and extraheaptic bile ducts are 
shown.

Figure 90.2 Histological features of primary sclerosing cholangitis. Portal 
tract expansion with chronic nonspecific inflammation, edema, and 
periportal fibrosis consistent with stage II disease is shown.
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elevated serum ANA and/or ASMA titers; (3) extensive inter-
face and/or lobular lymphoplasmacytic inflammation in biopsy; 
and (4) normal cholangiography [77]. In children, the initial 
presentation of PSC often resembles AIH; thus cholangiography 
is necessary for accurate diagnosis [78]. Overlap syndromes 
between AIH and PSC among pediatric and adult populations 
have been recognized in 2%– 20% of cases based on various 
definitions [61,79,80]. Cholangiography in these patients must 
demonstrate features of PSC before consideration of an overlap 
state is made. Corticosteroid therapy may potentially benefit 
some of these patients.

Autoimmune pancreatitis (AIP) is a recently proposed disease 
entity that frequently involves the bile ducts causing a sclerosing 
cholangitis, a variant which is designated AIP-SC, manifesting 
similar radiographic and histological features as PSC. AIP-SC 
generally causes stenosis of the distal ducts, but both intrahe-
patic and extrahepatic changes have been described in up to 
50% of cases. AIP-SC liver biopsy specimens were indistin-
guishable from PSC patient biopsy specimens. AIP is steroid 
responsive, whereas PSC is not, and this confers a better overall 
prognosis [81,82].

The development of pyogenic hepatic abscesses with invasion 
of adjacent bile ducts can result in irregularities suggestive of 
PSC [83]. Frequent attacks of ascending cholangitis in individu-
als living in or from Southeast Asia are consistent with the 
diagnosis of recurrent pyogenic cholangitis (oriental cholan-
giohepatitis). Cholangiography reveals dilatation of intra- and 
extrahepatic ducts, decreased arborization with tapering of 
peripheral ducts (“arrowhead sign”), and straightening of the 
intrahepatic ducts from periductal fibrosis [84]. Systemic fungal 
infection may colonize or invade the biliary tree resulting in 
cholangiographic features resembling PSC [85]. Acquired 
immunodeficiency syndrome (AIDS) cholangiopathy presents 
with striking elevations in serum alkaline phosphatase with or 
without symptoms of jaundice and abdominal pain. Extrahepatic 
bile duct dilatation and papillary stenosis are most commonly 
observed. Thickened bile duct walls rather than saccular  
dilatations in AIDS cholangiopathy distinguish this entity from 
PSC [86].

Choledochal cyst involvement of intrahepatic bile ducts can 
also resemble PSC. Ultrasonography usually shows marked 
areas of ductal dilatation, and cholangiography is almost invari-
ably diagnostic [87]. Cystic fibrosis, which involves intrahepatic 
bile duct cystic dilatation, can produce a cholangiogram quite 
typical of PSC [88].

Diffuse abnormalities of the biliary tree without discrete ext-
rahepatic stricturing may also be observed in patients with cir-
rhosis or intrahepatic HCC. In cirrhosis, the presence of distal 
duct tapering is noted when cholangiography is performed. 
Cross-sectional imaging and liver biopsy (if indicated) will 
confirm the presence of cirrhosis or hepatic neoplasia when 
suspected [89].

Cholangitis glandularis proliferans [90] (a rare disorder 
similar to adenomyomatosis of the gallbladder) and eosinophilic 

Fibrosis is usually not seen at this stage. Stage II (periportal 
stage) is associated with inflammation extending beyond the 
limiting plate with expansion of the portal tracts. Fibrosis is 
seen involving portal and periportal areas. Stage III (septal 
stage) is characterized by septal or bridging fibrosis spanning 
portal tracts in conjunction with bridging necrosis. Stage IV or 
cirrhosis is when complete septal fibrosis is present in associa-
tion with evidence for nodular regeneration [73].

Differential diagnosis (Box 90.1)

The identification of serum hepatic biochemical elevations  
consistent with cholestasis in a male patient with concurrent 
IBD is strongly suggestive of PSC. Structural causes for  
biliary obstruction, including choledocholithiasis, should be 
excluded by use of ultrasonography or cross-sectional imaging. 
Cholangiography (MCRCP, ERCP, or THC) is considered the 
gold standard for the diagnosis of PSC. While liver biopsy is not 
mandatory for confirming the diagnosis of PSC, its perform-
ance is helpful for staging and excluding other causes of chronic 
cholestasis.

Other forms of liver disease may also, at times, resemble PSC 
on presentation. PBC more commonly affects women than men 
(9 : 1 ratio) and is rarely associated with IBD. The diagnosis is 
confirmed by elevated serum titers of antimitochondrial anti-
body (AMA). Early histological involvement is characterized by 
lymphoplasmacytic portal infiltration or granulomatous inflam-
mation (“florid duct lesion”) [75]. AMA-negative PBC or 
autoimmune cholangitis is clinically similar to PSC. With 
normal biliary tree visualization, a liver biopsy is required to 
distinguish this condition from small duct PSC where ductular 
fibrosis is more prominent [76].

Autoimmune hepatitis is distinguished from PSC by (1) pre-
dominant elevations in serum aminotransferase levels com-
pared to alkaline phosphatase and bilirubin; (2) the presence of 

Box 90.1 Differential diagnosis of primary sclerosing cholangitis.

Extrahepatic biliary tract obstruction
• choledocholithiasis
• strictures

Malignancy
Primary biliary cirrhosis
Autoimmune hepatitis
Autoimmune pancreatitis
Pyogenic hepatic abscesses
Fungal cholangitis
Acquired immunodeficiency syndrome cholangiopathy
Choledochal cyst
Cystic fibrosis
Liver cirrhosis
Intrahepatic hepatocellular carcinoma
Cholangitis glandularis proliferans
Eosinophilic cholangitis
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Metabolic bone disease
Metabolic bone disease in PSC is primarily osteopenia rather 
than osteomalacia (defective bone mineralization) among 
North American patients [103]. Decreased bone formation 
(osteoporosis) [104] and some degree of increased resorption 
[105] both contribute to the pathogenesis of bone disease. 
Calcium and vitamin D metabolism is usually abnormal among 
anicteric patients with PSC [106]. Improved bone mineral 
density found approximately 6 months after liver transplanta-
tion suggests the contribution of an as yet unidentified mecha-
nism responsible for osteopenia [107]. Approximately 50% of 
PSC patients have osteopenia (i.e., a Z score less than –1.0 by 
lumbar spine bone mineral densitometry) while osteoporosis 
(i.e., Z score less than –2.5) is less common than in PBC (10% 
vs 35%) [108,109]. Reasons for this difference include a greater 
proportion of male patients with PSC with higher baseline bone 
mass and a slower rate of bone loss compared to women. 
However, only 23% of patients with advanced cholestatic liver 
disease have normal bone density by the time of transplantation 
[110], and as many as 50% of liver transplant recipients have 
bone mineral densities below the fracture threshold. Risk factors 
for osteoporosis in PSC are low body mass index, older age, 
postmenopausal status, muscle wasting, high alkaline phos-
phatase, low serum albumin, and a long duration of IBD [108–
110], but bone density is not clearly related to the severity of the 
hepatic disease [111].

Adequate intake of calcium (1000–1200 mg daily) and weight-
bearing activity is recommended as an initial treatment for all 
individuals. The presence of vitamin D deficiency is variable 
among patients with metabolic bone disease. Serum vitamin D 
levels should be measured in all patients with PSC. Oral replace-
ment therapy is indicated if measured serum levels are reduced 
compared to local normal values. The 25-hydroxylation of 
vitamin D is intact among PSC patients; therefore, vitamin D 
rather than 1,25-dihydroxyvitamin D or 25-hydroxyvitamin D 
can be used. Dosing is generally between 25 000 and 50 000 IU, 
two to three times per week. The efficacy of bisphosphonate 
therapy in PSC remains unknown. No benefit from calcitonin 
compared to placebo was observed among PSC patients after 
liver transplantation [107].

Steatorrhea
Impairment in bile acid delivery resulting in insufficient critical 
micellar concentrations in the small intestine is the most 
common cause of steatorrhea with advanced hepatic disease 
from PSC. The coexistence of celiac disease with PSC has been 
reported in an increasing number of PSC patients [112,113]. 
Exocrine pancreatic insufficiency has also been observed as a 
cause of steatorrhea related to overall glandular dysfunction, 
which may be associated with chronic pancreatitis [114,115]. 
Determining the exact cause is important as specific therapeutic 
options can be employed for symptom relief. In patients with 
decreased bile acid concentrations, the oral replacement of 
medium-chain triglycerides for long-chain triglycerides is 

cholangitis [91] can present with nonstricturing intrahepatic 
duct dilatation resembling sclerosing cholangitis.

Disease-related complications

Fatigue
The frequency of fatigue reported by individuals affected by PSC 
averages between 60% and 70% [56,66]. Its level of intensity 
appears independent of histological and cholangiographic 
disease severity [4–6]. Reported fatigue has been associated 
with reductions in health-related quality of life in PSC [92]. The 
mechanism responsible for fatigue in PSC remains unknown.

Pruritus
In PSC, the prevalence of pruritus ranges from 40% to 60% on 
average in reported observational cohort studies [4–6]. Proposed 
mechanisms underlying the symptom have included bile salt 
retention with skin deposition [93] and the accumulation of 
endogenous opioid ligands and receptors within the central 
nervous system [94]. As with fatigue, the severity of pruritus in 
PSC appears to be independent of histological stage although 
extrahepatic stricturing can influence symptom intensity 
[4–6].

A number of medical therapies have been evaluated for 
symptom relief from pruritus. Initial therapy with antihista-
mines is often associated with residual sedation and only limited 
success [75]. Cholestyramine (a bile-acid binding resin) may 
decrease the intensity of pruritus but rarely yields complete 
relief [95]. Among subjects with intact gallbladders, the use of 
4 g before and/or after breakfast is thought to maximize bile acid 
sequestration resulting in symptom alleviation. Divided doses 
over 24 h in subjects postcholecystectomy are more effective 
than once or twice daily dosing. Administration of cholesty-
ramine several hours apart from other medications is recom-
mended to prevent elimination without gastrointestinal 
absorption.

Hepatic enzyme inducers including phenobarbital [96] and 
rifampin [97–99] have been associated with improvements in 
bile acid flow experimentally and used in the treatment of pru-
ritus. Excessive sedation at higher doses has limited the clinical 
utility of phenobarbital [96]. Rifampin in doses of 300–600 mg 
daily is associated with a rapid onset of action and symptom 
relief in PSC [99]. Although well tolerated, this medication is 
also associated with cholestatic liver injury and bone marrow 
aplasia in up to 10% of cases [98]. Ursodeoxycholic acid (UDCA) 
at doses of 13–15 mg/kg/day has not been shown to be effective 
in the treatment of pruritus [97]. Other therapeutic options 
used for pruritus in PSC including oral naltrexone [100], acti-
vated charcoal hemoperfusion [101], and plasmaphersis [102] 
have been sporadically applied with good results. Among 
patients with intractable pruritus refractory to medical therapy, 
liver transplantation is the only reliably effective therapeutic 
option [75].
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nature and extent of existing strictures [121]. Balloon dilation 
of identified stenoses by endoscopic [118] or radiological [121] 
approaches often provides significant clinical improvement. For 
patients with incomplete response to balloon dilation alone, the 
use of endoscopic stents for 3–6 months duration to prevent 
recurrent stricture formation has been advocated [122,123]. 
However, reports of infectious complications have raised ques-
tions about the efficacy of this approach [124]. Cytological 
brushings with pinch biopsies of all dominant strictures is 
required to help exclude the presence of cholangiocarcinoma 
[125]. Cholangioscopic evaluation may be better able to predict 
benign versus malignant dominant strictures, but access to this 
procedure is limited [71].

Bacterial cholangitis
Bacterial cholangitis in PSC is most commonly associated 
with a previous history of biliary tract surgery [56] bile duct 
calculi [117], or ductal obstruction from a dominant stricture 
[121]. Once suspected, empiric broad-spectrum intravenous 
antibiotic therapy should be initiated. Cholangiography (with 
ERCP if possible) should then be considered to exclude  
biliary obstruction and provide biliary decompression. The 
use of prophylactic antibiotic therapy (oral fluoroquinolone, 
trimethoprim-sulfamethoxazole) especially in the setting of 
short-term biliary stent placement may reduce the risk for 
recurrent cholangitis. Recurrent episodes of bacterial cholan-
gitis in PSC can be an indication for liver transplantation [56].

Cholangiocarcinoma
About 7%–13% of patients with PSC will develop cholangiocar-
cinoma as a complication of the disease [4–7,126]. Also, about 
30% of individuals with PSC will be diagnosed with cholangi-
ocarcinoma at the time of liver transplantation [23,127–130] 
and autopsy [131]. PSC may be simultaneously present in 
30%–50% of cases of diagnosed cholangiocarcinoma. The ana-
tomical distribution of cholangiocarcinoma in PSC primarily 
involves the hilum (75% of cases), intrahepatic ducts (16%), and 
gallbladder (8%) [132].

Risk factors for cholangiocarcinoma in PSC include concom-
itant IBD, chronic liver disease, cirrhosis, alcohol use, smoking, 
HIV, and diabetes [133]. No association with the stage of hepatic 
disease in PSC is observed with coexisting cirrhosis affecting 
only 20% of patients with cholangiocarcinoma [132,134]. 
Advanced age and longer duration of IBD have also been cited 
[131]. Previous or current cigarette smoking has been suggested 
to be associated with cholangiocarcinoma in some studies [135]. 
The presence of colorectal dysplasia/carcinoma in patients with 
PSC and UC has been noted as a possible risk factor for cholan-
giocarcinoma [131].

Biliary dysplasia appears to be a precursor to cholangiocarci-
noma. Oncogenic mutations, inactivation of tumor suppressor 
genes, and altered apoptosis have been postulated as mecha-
nisms underlying the development of cholangiocarcinoma in 
PSC. K-ras mutations found in the biliary secretions of PSC 

usually of benefit. A gluten-free diet and pancreatic enzyme 
replacement therapy are recommended for patients affected by 
celiac disease and pancreatic insufficiency, respectively.

Micronutrient deficiency
Malabsorption of fat-soluble vitamins is common with advanced 
hepatic disease due to PSC. Intrahepatic cholestasis and 
impaired bile acid delivery to the small intestine are putative 
causes. Vitamin A deficiency observed in 20%–50% of cases is 
often clinically asymptomatic. When symptomatic, night blind-
ness is observed, the deficiency should be corrected by oral 
replacement therapy with 25 000–50 000 IU two to three times 
a week. As discussed previously, vitamin D deficiency can occur 
and is the next most common fat-soluble vitamin deficiency, 
occurring in 15%–50% of cases [106].

Vitamin E deficiency is a rare occurrence in PSC. When 
present, it may lead to ataxia due to neuropathic involvement 
of the posterior vertebral columns of the spinal cord. Oral 
replacement therapy is indicated even in asymptomatic  
patients [116].

Vitamin K deficiency is most commonly the result of severe 
cholestasis, cholestyramine treatment for pruritus, or significant 
hepatic dysfunction from end-stage PSC. The initiation of 
water-soluble oral vitamin K at 5 mg daily with repeat measure-
ment of prothrombin time is effective in determining the extent 
of malabsorption. If the test dose corrects prothrombin time, 
daily oral doses between 5 and 10 mg/day will maintain the 
benefit.

Biliary calculi
Biliary calculi are found in up to 40% of patients with PSC [56]. 
Cholelithiasis is common and often requires cholecystectomy 
when symptomatic biliary colic occurs in nonadvanced hepatic 
disease. Choledocholithiasis is reported at frequencies between 
5% and 15% and more commonly among symptomatic indi-
viduals with biliary strictures. The majority of calculi are  
pigmented in nature and involve both central and peripheral 
bile ducts [117]. The symptomatic calculi causing intractable 
abdominal pain and/or recurrent bacterial cholangitis have 
been successfully treated using endoscopic [118] or percutane-
ous [119] methods to provide biliary decompression and  
stone extraction. Biliary surgery including stone extraction  
and bilioenteric anastomosis [120] may be required in cases 
refractory to endoscopic and percutaneous approaches.  
Given the potential complications of such surgeries to disease 
outcome, such patients with PSC should be evaluated for liver 
transplantation.

Dominant stricture
Dominant strictures or stenoses occur in 15%–20% of PSC 
patients [121]. Manifestations include a sudden increase in 
serum alkaline phosphatase and/or bilirubin in the asympto-
matic patient, progressive jaundice, or symptoms of bacterial 
cholangitis [56]. Cholangiography is required to determine the 



Primary sclerosing cholangitis CHAPTER 90   1843

early-stage (stage I–II) perihilar cholangiocarcinoma that is 3 
cm or less by cross-sectional imaging should be considered for 
liver transplantation [147,150]. These patients should receive 
neoadjuvant therapy with external beam radiation plus radio-
sensitizing chemotherapy, and endoscopic brachytherapy plus 
oral capecitabine is given prior to exploratory laparotomy to 
verify candidacy before liver transplantation [151]. The 5-year 
recurrence-free survival was 65% after 5 years [150].

Colonic dysplasia/carcinoma
The association between an increased risk of colonic dysplasia/
carcinoma and PSC in the setting of UC remains controversial. 
Decreased bile acid secretion and increases in secondary bile 
acid exposure to colonic mucosa are considered potential mech-
anisms. A greater proportion of right-sided colon neoplasia has 
been observed in UC patients with PSC vs UC alone [152–154]. 
Absolute cumulative risks for colorectal dysplasia/carcinoma of 
5% (at 10 years), 31% (20 years), and 50% (25 years) have been 
observed in patients with PSC and UC vs 2%, 5%, and 10% risks 
for UC alone, respectively [131]. Other studies, however, have 
failed to confirm that PSC confers significant risk for developing 
colorectal dysplasia/carcinoma [155,156]. A metaanalysis of 11 
studies found a significantly increased risk of colorectal neopla-
sia in patients with UC with and without PSC [157]. The cumu-
lative risk of developing colorectal carcinoma is further 
increased post transplantation in PSC patients. In patients with 
an intact colon and IBD at the time of transplant, the risk was 
14% and 17% after 5 and 10 years, respectively [158]. Patients 
with pancolitis longer than 10 years are at highest risk. Given 
the potential association between bile acid exposure and color-
ectal neoplasia, the use of UDCA was strongly associated with 
a decreased risk for colonic dysplasia among 59 PSC patients 
undergoing colonoscopic surveillance for UC. This association 
remained after adjustment for duration and severity of PSC. 
However, a younger age at IBD onset was also associated with 
an increased dysplasia risk in one study [159] and confirmed in 
a controlled trial [160]. In the absence of proctocolectomy,  
surveillance colonoscopy with biopsy is recommended in 
patients with PSC and UC, especially after liver transplantation 
[23,155,161,162].

Pregnancy
Women with PSC tend to be of child-bearing age. In a study 
involving 13 pregnancies in 10 PSC patients (four with cirrho-
sis), pregnancy did not seem to have a negative effect on the 
disease process, nor did mothers or babies show any ill effects 
from the PSC [163].

Disease-modifying therapies

Liver transplantation is the only effective treatment for end-
stage hepatic disease resulting from PSC. Due to the variable 
nature of disease progression, the development of randomized 

patients have been associated with cholangiocarcinoma 
[136,137]. Aberrations of the p53 tumor suppressor gene occur 
in 30%–80% of PSC cases complicated by cholangiocarcinoma 
[138]. Chromosomal loss of 9p21 and p16 tumor suppressor 
gene inactivation have also been reported [139].

The diagnosis of cholangiocarcinoma in PSC remains chal-
lenging despite recent technological advances. Although not yet 
independently confirmed, the incidence of biliary tract malig-
nancy was significantly associated with model risk scores  
>4.4 independent of clinical status using the Mayo PSC model 
among 48 subjects undergoing liver transplantation [140]. 
Cholangiocarcinoma may appear as marked bile duct dilatation 
in association with a polypoid mass-like structure >1 cm on 
cholangiography. However, the distinction between benign and 
malignant biliary strictures when the findings are less studied 
remains difficult. Ultrasound (US), CT, and MRI do not reliably 
distinguish between PSC patients with and without cholangi-
ocarcinoma [141]. Emerging techniques such as positron emis-
sion tomography (PET) which show initial promise require 
further examination [142].

Serum tumor markers including carbohydrate antigen 19-9 
(CA 19-9) have been employed for the early detection and diag-
nosis of cholangiocarcinoma. CA 19-9 levels over 100 U were 
found to have a sensitivity of 52%–89% and specificity of 
76%–86% for detecting cholangiocarcinoma in PSC [143].

Endoscopic biopsy and cytological brushing have good spe-
cificity (90%–100%) but poor sensitivity (4%–20%) for the diag-
nosis of cholangiocarcinoma [125,144]. False-positivite cytology 
with cellular atypia from chronic inflammation may occur 
[144]. DNA aneuploidy detection by flow cytometry has been 
reported in 80% of individuals with cholangiocarcinoma vs 12% 
with benign strictures [145]. Fluorescence in-situ hybridization 
(FISH) can detect malignancy in cytological specimens other-
wise negative for malignant cells by conventional techniques 
[146]. Coupled with cytological examination, FISH improves 
the overall sensitivity to 35%–60% while maintaining the high 
specificity. The 2010 American Association of the Study of  
Liver Disease (AASLD) guidelines on cholangiocarcinoma  
in PSC do not comment on screening. However, they recom-
mend diagnostic imaging and assessment of CA19-9 based on 
clinical presentation (deterioration in either clinical status or 
liver tests) [147].

Therapeutic options for cholangiocarcinoma in the setting of 
PSC are limited. For extrahepatic biliary resection, operative 
complication and morality rates exceed 30% and 6% respec-
tively, in the absence of bile duct cancer [148]. Selected patients, 
however, may derive benefits from surgical resection [149]. 
Curative attempts with liver transplantation alone have resulted 
in poor outcomes from residual tumor at surgical margins and 
local hepatic lymph node involvement [127,129].

A minority of highly selected patients with perihilar cholan-
giocarcinoma may be recognized through exceptional criteria 
established by the United Network of Organ Sharing and receive 
liver transplantation. Specifically, patients with unresectable 
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options for therapeutic intervention are possible including 
endoscopic sphincterotomy, hydrostatic balloon dilation, naso-
biliary tube drainage, and biliary stent placement. The current 
use of endoscopic dilatation with sphincterotomy and/or stent-
ing is associated with clinical reponse rates from 70% to 90% 
[119,165].

Among 53 patients requiring ERCP for the evaluation of 
biliary obstruction, a technical performance success rate of 88% 
was observed, with 15 (28%) subjects experiencing procedure-
related complications. Twenty-eight patients (56%) reported 
symptomatic improvement following ERCP for a median of 31 
months. However, no change in cholangiographic findings was 
seen in over 50% of cases. In the largest series reported to date 
of 106 PSC patients [166], dominant stenoses were observed in 
43 instances over a median follow-up of 5 years. The majority 
of these stenoses were treated using balloon dilation. 
Complications included pancreatitis (5.2%), cholangitis (3.3%), 
and bile duct perforation (0.5%). Survival after balloon dilation 
of the first recognized stenosis was significantly better when 
compared to predicted survival using the Mayo multicenter 
prognostic model.

Nasobiliary tube (NBT) placement for drainage and saline 
irrigation has been employed to prevent recurrent biliary 
obstruction [167]. Among 12 asymptomatic patients with high-
grade strictures treated initially by hydrostatic balloon dilation 
followed by NBT irrigation [168], an improvement in clinical, 
biochemical, and cholangiographic features was documented in 
75% of cases over 23 months. One patient had no change in 
clinical status from unresponsive disease. Progressive disease in 
three subjects required treatment by liver transplantation. 
Further use of NBT irrigation among symptomatic patients has 
not been reported.

A retrospective examination of 25 symptomatic patients 
treated by biliary stent placement noted an endoscopic success 
rate of 84% [123]. Clinical and biochemical improvement in all 
cases was noted after 6 months. Additional procedures for stent 
exchange were associated with a complication rate of 14% over 
a 29-month period. During follow-up, only 12 patients (57%) 
remained asymptomatic with normal hepatic biochemistries. 
The use of short-term stenting (mean, 11 days) of dominant 
strictures among 32 patients has been associated with an 83% 
improvement rate from symptomatic cholestasis (fatigue, pru-
ritus) and biochemical improvement over 4 years [122]. 
Re-intervention rates were 80% at 1 year and 60% at 3 years. 
Aggressive stricture dilatation and/or stenting combined with 
UDCA therapy in PSC an uncontrolled trial setting appears to 
benefit some patients [169].

Liver transplantation
Among patients with end-stage liver disease from PSC, the 
current treatment of choice is liver transplantation. PSC is the 
fourth most common indication for liver transplantation in  
the US, accounting for 5%–10% of all procedures. Indications  
for liver transplantation are similar to other hepatic diseases 

clinical trials for the assessment of therapies has been difficult. 
As a result, no effective medical therapy for the treatment of 
PSC has been identified (Table 90.2).

Endoscopic therapy
Endoscopic therapy in PSC has been successful in alleviating 
cholestasis aggravated by mechanical biliary obstruction. 
Because of the limited numbers of patients reported and vari-
erty of endoscopic methods utilized, the safety and efficacy of 
ERCP remains controversial. Among PSC patients undergoing 
diagnostic ERCP, a 2% complication rate has been reported 
compared to 14% among patients with jaundice or cholangitis 
[164]. With advances in endoscopic techniques, a number of 

Table 90.2 Medical therapies evaluated in primary sclerosing cholangitis.

Medication Primary action Therapeutic 
benefit

Controlled trials

D-penicillamine Cupuretic None

Colchicine Antifibrotic None

Cyclosporine Immunosuppressive None

Methotrexate Immunosuppressive Biochemical, 
histological (?)

UDCA Immunomodulatory Biochemical, 
histological (?)

Uncontrolled trials

Corticosteroids Immunosuppressive Clinical, 
biochemical, 
histological

Azathioprine Immunosuppressive None

Mycophenolate mofetil Immunosuppressive None

Tacrolimus Immunosuppressive Biochemical

Pentoxifylline TNF inhibition None

Etanercept TNF inhibitor None (?effect 
on pruritus)

Nicotine Immunomodulatory None

Silymarin Antifibrotic None

Budesonide Immunosuppressive Biochemical but 
osteopenia

Combination therapy Compared to

UDCA + methotrexate UDCA monotherapy Similar to UDCA 
alone

Corticosteroids + 
colchicine

Historical controls Biochemical

UDCA + mycophenolate 
mofetil

UDCA monotherapy Similar to UDCA 
alone

UDCA + 
metronidazole

UDCA monotherapy Biochemical, 
clinical

TNF, tumor necrosis factor; UDCA, ursodeoxycholic acid.



Primary sclerosing cholangitis CHAPTER 90   1845

PSC and it is not clear that the two entities are mutually exclu-
sive [173]. Kuglemas et al. have suggested that patients who 
received maintenance corticosteroids or orthoclone (OKT3) 
post transplant appeared at higher risk of recurrent PSC, but 
recurrence did not appear related to other immunosuppressants 
[177]. PSC is a risk factor for cholangiocarcinoma but the risk 
in recurrent PSC is unknown [178]. The diagnosis of recurrent 
PSC requires exclusion of known causes of stricturing including 
ABO incompatibility, chronic ductopenic rejection, early and 
late hepatic artery thrombosis, prolonged cold ischemic time, 
and infectious causes (Table 90.4). Differentiating recurrent  
intrahepatic (small duct) PSC from chronic ductopenic  
rejection is fraught with difficulty and requires experienced 
pathologists and supporting clinical and radiographic evidence. 
Differentiating recurrent disease from other biliary complica-
tions is dependent on the clinical picture and the timing and 
location of of the biliary strictures (see the liver transplantation-
related cholangiopathies section below for further transplant-
related issues).

Natural history and prognosis

The majority of published investigations support the contention 
that PSC is a progressive disease which can ultimately lead to 
liver failure or death. A median survival of 9–12 years in the 
absence of liver transplantation appears independent of geo-
graphic and environmental influences [4,7,8]. Subsets of patients 
with PSC appear to follow different patterns of disease progres-
sion. Patients can be categorized as small duct versus large duct 
disease, symptomatic versus asymptomatic, and with or without 
coexistent IBD. Symptomatic patients may do more poorly than 
asymptomatic, but this may also reflect lead-time bias. Patients 
with small duct disease may have less rapidly progressive disease 
[179,180]. Because of this significant variation in natural history, 
the use of mathematical prognostic models has allowed for 
improvements in estimating risks for disease progression and 
PSC-related survival independent of liver transplantation.

Subject age, serum total bilirubin, hemoglobin, a history of 
IBD, and histological stage on liver biopsy were observed as 

including complications from portal hypertension (ascites, 
variceal bleeding, encephalopathy). Significant impairments in 
health-related quality of life from fatigue, pruritus, and painful 
osseous fractures may also be indications for liver transplanta-
tion. Unusual circumstances prompting liver transplantation 
referral for PSC include recurrent cholangitis despite medical 
therapy, severe extrahepatic biliary obstruction among individu-
als with advanced hepatic disease precluding operative repair, 
and uncontrolled peristomal variceal bleeding. Reports from 
single centers performing liver transplantation in PSC described 
patient survival rates between 90% and 97% at 1 year and 83% 
and 88% at 5 years (Table 90.3). Improvements in operative 
technique and immunosuppression have greatly contributed to 
improvements in patient survival. Long-term graft survival has 
been affected by a higher incidence of rejection (acute cellular 
and chronic ductopenic) and hepatic artery thrombosis, in addi-
tion to recurrence of PSC in these patients [170].

Among patients with coexistent UC undergoing liver trans-
plantation, gastrointestinal symptoms may also improve with 
the initiation of immunosuppressive therapy. However, exacer-
bations of UC are reported in up to 30%–50% of patients with 
some individuals requiring proctocolectomy for disease control 
[171]. An increased prevalence of pouchitis among PSC patients 
after liver transplantation compared to UC patients transplanted 
for other hepatic disease states has also been reported [172]. As 
detailed above, patients with intact colons appear to be at 
increased risk for colorectal neoplasia after liver transplantation 
[23]. The cumulative incidence for colonic dysplasia was 15% 
over 5 years and 21% at 8 years in patients transplanted for PSC 
at the Mayo Clinic, and the cumulative risk for colorectal cancer 
was calculated at 1% per year [152].

Recurrent PSC occurs in 9%–20% of patients transplanted 
with underlying PSC by 5 years [173–176]. A combination of 
cholangiographic findings of intrahepatic and/or extrahepatic 
strictures and beading along with histological findings includ-
ing biliary fibrosis/cirrhosis, fibro-obliterative lesions, cholangi-
tis plus/minus ductopenia are required for accurate diagnosis of 
recurrent PSC [175]. Risk factors for recurrent disease have not 
been clearly delineated. A metaanalysis of 18 published studies 
showed underlying IBD was not a risk factor for recurrence 
[174]. Chronic rejection is difficult to discern from recurrent 

Table 90.3 Patient survival following liver transplantation for primary 
sclerosing cholangitis.

Site No. of 
patients

1 year 2 years 5 years

UCSF [135] 37 97 92 88

UCLA [138] 127 90 86 85

UNOS [220] 2178 91— 83

Sweden [221] 47 86 82 –

UCLA [166] 150 94 92 86

Table 90.4 Etiology of biliary strictures or cholangiopathy after liver 
transplantation.

Early (<6 months) Late (>6 months)

Hepatic artery thrombosis Chronic rejection (intrahepatic)

Preservation injury (warm/cold 
ischemia)

Biliary tract infection (including 
bacterial, cytomegalovirus)

ABO blood group 
incompatibility

Recurrent primary sclerosing 
cholangitis

Anastomotic stricture Cholangiocarcinoma

Bile leak Cholelithiasis
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Variant primary sclerosing  
cholangitis syndromes

Small duct primary sclerosing cholangitis
A subset of patients with typical features of PSC may have 
normal appearing intra- and extra-hepatic bile ducts by cholan-
giography [6,76,179,180,189]. The diagnosis of small duct PSC 
is based on (1) serum biochemical profile consistent with chole-
static liver disease; (2) the presence of IBD; (3) normal cholangi-
ogram; and (4) appropiate findings on liver histology. 
Characteristic features of liver histology include mild portal 
mononuclear inflammation, ductular proliferation, and nonsup-
purative fibrous obliterative cholangitis [76]. Fibro-obliterative 
cholangitis, while considered pathognomic for PSC, occurs in 
only 10%–40% of these patients [73]. Granulomatous cholangi-
tis (more commonly seen in primary bilairy cirrhosis) is seen in 
8% of cases. Disease progression is characterized by periportal 
fibrosis, ductopenia, and eventual biliary cirrhosis [73], or pro-
gression to large duct involvement. Previously termed “peri-
cholangitis,” the prevalence of small duct PSC is estimated 
between 6% and 35% among adults with UC [76,180,189]. As 
many as 33% of patients with future development of large duct 
PSC were presented initially with normal cholangiograms and 
histological evidence for PSC. Isolated small duct involvement at 
diagnosis with eventual recognition of large duct PSC occurs in 
12%–40% of cases [179,180,189,190]. While uncommon, the 
progression to end-stage liver disease requiring hepatic trans-
plantation has been associated with small duct PSC [127,180,190]. 
There is currently no medical therapy recommended for small 
duct PSC. The natural history of small duct PSC appears to 
portend a better prognosis than large duct disease [179,180,190], 
although cholangiocarcinoma has been rarely observed among 
patients with small duct PSC [180,189,190].

Autoimmune hepatitis
Patients with PSC and clinical features reminiscent of AIH are 
classified as having an “overlap syndrome” between the two 
conditions [61,79,80,191]. Greater than expected serum ami-
notransferase elevations (5–10 times) and increased titers of 
serum autoantibodies including ANA, ASMA, and pANCA are 
observed in most cases [61,79,80]. The presence of typical 
biliary stricturing and dilation seen with PSC is often accompa-
nied by increased lymphoplasmacytic portal or periportal infil-
trates consistent with AIH on liver biopsy. In PSC, the presence 
of overlap with AIH was previously thought to range between 
35% and 54% using the original International Autoimmune 
Hepatitis Group (IAHG) scoring system criteria (11–12) [191], 
but using the revised IAHG scoring system, a decrease in preva-
lence of AIH-PSC overlap to a range from 1.4% and 11% has 
been reported by some [61,79]. In contrast, van Buurnen and 
colleagues observed similar prevalence rates of AIH-PSC 
overlap using either conventional diagnostic criteria (23%) or 
the revised IAHG scoring system (19.5%) [80]. Empiric immu-

independent predictors of death among PSC patients at the 
Mayo Clinic. A similar prognostic index including subject age, 
hepatomegaly, splenomegaly, elevated serum alkaline phos-
phatase, and advanced histological stage has also been reported 
[4]. To address variations in independent populations, a multi-
center prognostic model was developed using 426 patients from 
five centers [181]. Subject age, serum bilirubin, splenomegaly, 
and histological stage emerged as independent predictors of 
death in PSC. A revised version of the original Mayo PSC model 
has eliminated histological stage in favor of variceal bleeding 
history, avoiding the need for invasive liver biopsy for estimat-
ing prognosis [182].

Examination of the Child–Turcotte–Pugh (CTP) classifica-
tion as a prognostic model in PSC has yielded mixed results 
[183]. Significant differences in 7-year survival have been  
demonstrated between CTP class A (89.8%), class B (68%), and 
class C (24.9%) patients with PSC. Subject age and CTP classi-
fication were independent predictors of mortality. However, 
limitations of CTP in predicting survival in class B and C 
patients were observed in a subsequent investigation of 147 
patients [180]. CTP classification was not observed as an inde-
pendent predictor of death in this cohort in contrast to the 
Mayo PSC risk score. Once a patient develops decompensated 
disease the model for end-stage liver disease (MELD) score 
more accurately predicts survival and is used for liver transplan-
tation listing [184].

Attempts at defining the optimal timing for liver transplanta-
tion in PSC have examined the application of existing prognos-
tic models. Among 216 PSC patients who underwent liver 
transplantation between 1981 and 1990 [127], a dramatic sur-
vival benefit was observed compared to predicted survival using 
the Mayo PSC model (73% vs 28% at 5 years, P < 0.001). Long-
term survival between subjects grouped by risk score was 
similar. The occurrence of cholangiocarcinoma was associated 
with a significant decline in survival independent of pretrans-
plant Mayo risk score. The presence of ascites, previous upper 
abdominal surgery, elevated serum creatinine, IBD, and history 
of biliary tree malignancy have been found to predict reduced 
posttransplant survival as well [185].

Additional investigations surrounding outcomes after liver 
transplantation in PSC have focused on outcomes such as 
health-related quality of life and resource utilization [186,187]. 
Among 436 patients with cholestatic liver disease including 
PSC (n  =  208), the independent predictors of postoperative 
morbidity were subject age, renal failure (defined as serum 
creatinine >2 mg/dL), Child–Pugh classification, and United 
Network for Organ Sharing (UNOS) status [187]. Increased 
resource utilization based on hospital charges has been asso-
ciated with a Karnofsky score <40, poor nutritional status, 
and renal failure [186]. Interestingly, the CTP classification 
was a significantly better predictor of clinical and economic 
outcomes than the Mayo risk score in a multicenter study 
[188].
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Summary

PSC is an idiopathic, progressive cholestatic hepatobiliary 
disease that affects mainly young men and has a strong associa-
tion with UC. The disease advances over time resulting in duc-
topenia, end-stage liver disease and frequent development of 
cholangiocarcinoma. Currently, there is no effective medical 
therapy for PSC. OLT remains the treatment of choice for many 
patients and has proven to extend life expectancy. More basic 
and clinical studies are needed to better define the genetic and 
environmental interaction that contributes to the development 
PSC to serve as a basis for the development of more effective 
therapy and prevention.
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nosuppressive therapy for potential benefit among patients with 
AIH-PSC overlap has been recommended [191,192].

Idiopathic adulthood ductopenia
Idiopathic adulthood ductopenia (IAD) is a syndrome charac-
terized by the presence of (1) biochemical parameters consistent 
with cholestasis; (2) histological evidence of ductopenia involv-
ing >50% of bile ducts; (3) absence of evidence for the diag-
noses of PSC and IBD; and (4) the exclusion of other known 
etiologies for cholestasis including PBC and drug-induced 
hepatotoxicity [193]. Variation in the extent of bile duct loss 
likely reflects a spectrum in natural history [76]. Other consid-
erations in the differential diagnosis include an unidentified 
chronic viral cholangitis, small duct PSC in the absence of IBD 
after colonoscopic investigation, or advanced AMA-negative 
PBC with resulting ductopenia [193].

Among 29 reported cases of IAD [76,193], a median age of 
27 years (range, 15–67 years) at diagnosis was observed. Male 
to female gender distribution is estimated at 2 : 1. Jaundice and 
pruritus are seen at initial presentation in 33% of cases. Disease 
progression reported among 10 patients occurred over a median 
duration of 4 years (range, 5 months to 15 years). Seven of 23 
(30%) patients with follow-up greater than 6.5 years died from 
liver disease while four patients required liver transplantation. 
Corticosteroid or UDCA therapy was associated with clinical 
improvement in three of four cases. Among subjects with fea-
tures similar to IAD despite <50% bile duct loss [194], a benign 
course in 3/24 individuals using sequential liver biopsies over 
12 years was reported. Four of five patients treated with UDCA 
had normalization of serum liver biochemical parameters.

http://www.yamadagastro.com/textbook
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Cystic dilatations can occur throughout the liver and biliary 
system. Cystic dilatations of the biliary system most commonly 
affect the common bile duct (CBD), but cystic dilatations 
involving the intrahepatic ducts alone or in combination with 
other cystic abnormalities of the extrahepatic ducts are increas-
ingly recognized. Biliary cysts are distinct from polycystic liver 
disease (PLD), which is a condition characterized by the pro-
gressive development of >20 fluid-filled cysts in the liver. This 
chapter reviews current understanding of cystic diseases of the 
biliary tract and PLD.

Cystic diseases of the biliary tract

Epidemiology
Biliary cysts are rare, with a higher incidence in Asia (1–10/10 000 
births) than in the West (1/150 000 births) [1–3]. While most 
cases were initially reported from Japan, many large series have 
emerged from China, Korea, Vietnam, Australia, and the Pacific 
Rim of North America [4–8]. The incidence is much higher 
among women, with a female to male ratio of 3 or 4 : 1. While 
choledochal cysts have been primarily described in children, 
more recent series indicate that the numbers in adults are much 
higher than previously appreciated [1].

Classification
Choledochal cysts were likely first described by Vater and Ezler 
in 1723. Alonzo-Lej et al. classified cysts into three types [9]. 
Later, Todani and associates proposed the most complete and 

practical classification that defines five types of bile ducts cysts 
based on morphology (Figure 91.1) [10].
• Type I cysts include choledochal cysts in a narrow sense; 

extrahepatic segmental, diffuse, or cylindrical choledochal 
dilatations. Seventy percent to 85% of cases are type I [8,11,12].

• Type II or diverticulum cysts are small cystic outpouchings 
from the extrahepatic ducts and comprise 1%–3% of reported 
cases [12].

• Type III or choledochocele cysts are also rare; they represent 
1%–5% of cases. These are cystic dilatations >1 cm in size 
involving only the intraduodenal portions of the CBD [13].

• Type IV cysts involve multiple dilatations of the biliary tree. 
In type IVA, multiple cysts in the intrahepatic and extrahe-
patic ducts account for 10%–15% of all reported cases [14]. 
In type IVB, multiple cysts occur only in the extrahepatic duct 
and are much less common.

• Type V intrahepatic bile duct cyst (single or multiple) are also 
quite rare (1–5%) and is also known as Caroli disease.
Forme fruste choledochal cyst is used to describe children 

with anomalous pancreaticobiliary ductal union (APBDU) but 
who otherwise have a normal nondilated biliary tree [15].

Todani et al. proposed that class I be divided into type Ia for 
cystic, Ib for segmental, and Ic for fusiform dilatation [16]. 
Sarris and Tsang proposed that choledochoceles be subclassified 
as type A in which the bile duct opens into the choledochocele 
and type B (diverticular) in which the bile duct opens into the 
duodenum and the choledochocele communicates with the 
distal bile duct. Type A is further classified based on the orien-
tation of the pancreatic duct (see Atlas) [17]. Serena and  
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pancreaticobiliary union. They found that in many patients, the 
CBD entered the pancreatic duct at an abnormally long dis-
tance (>2 cm) from the ampulla of Vater and at an aberrant 
angle (Figure 91.2). This abnormal anatomy impaired normal 
sphincteric function at the pancreaticobiliary junction. Because 
the maximal secretory pressure of the pancreas exceeds that of 
the biliary system, pancreatic juice flows into the bile duct in 
the absence of a sphincter mechanism. This anomaly is associ-
ated with recurrent cholangitis, edema, fibrosis, obstruction of 
the bile ducts, and carcinoma. This is thought to occur as the 
result of chronic reflux of pancreatic juice, with precipitation 
of proteinaceous material, formation of obstructing stones, and 
activation of various pancreatic proteinases and lipases to 
weaken the ductal wall and promote malignant degeneration 
[28–32].

Anomalous pancreaticobiliary ductal union occurs in 
65%–80% of patients with choledochal cysts [20]. However, 
only a fraction of individuals with APBDU have choledochal 
cysts [33]. Approximately 10%–25% of patients with choledo-
chal cyst develop biliary cancer [12]. Surprisingly, those with 
APBDU without choledochal cyst also have an increased risk of 
biliary tree cancer. Among those with APBDU and a normal 
nondilated biliary tree, the prevalence of gallbladder cancer was 
36% and cholangiocarcinoma 9% [34]. These results have led 

colleagues proposed a type VI biliary cyst, which is cystic dilata-
tion of the cystic duct with otherwise normal biliary tree [18,19].

Pathogenesis
The cause of biliary cysts has been disputed. The major debate 
concerns whether cysts are congenital or acquired. Early inves-
tigators favored the congenital malformation theory [20]. 
Antenatal diagnosis of biliary cyst, as early as 15 weeks’ gesta-
tion, has been reported. There are also many associated anoma-
lies of the biliary system, such as biliary atresia, double CBD, 
double gallbladder, multiseptate gallbladder, congenital hepatic 
fibrosis, and annular pancreas [21,22]. Genetic factors may be 
involved as familial occurrence has been reported [23]. However, 
discordance has been observed in at least one set of monozy-
gotic twin studies show that it is not under single gene control 
[24]. Choledochal cysts have been associated with several 
genetic syndromes including familial adenomatous poly -
posis [25], Simpson–Golabi–Behmel [26], Meckel, 12p15p16.1 
microdeletion, and various congenital anomalies [24–26], sug-
gesting that mutations in these respective genes may have con-
tributed to the development of choledochal cysts.

Of the theories proposing acquired cysts, that of Babbitt and 
associates has received the most attention [27]. They proposed 
that choledochal cysts develop because of anomalous/distal 

Figure 91.1 Todani’s classification of biliary 
cysts based on location. Shaded areas 
represent cystic dilatations. GB, gallbladder.
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activated protein kinase signaling pathway may play a role in 
the development of the hepatobiliary abnormalities [46,47].

Clinical presentations
Type I and type IV choledochal cysts
Patients with choledochal cysts present with two typical clinical 
constellations correlated mostly with the patient’s age at presen-
tation [48]. In infancy, jaundice with or without acholic stools 
is the most common finding, occurring in 70%–80% of patients 
[1,48]. The presentation is often indistinguishable from biliary 
atresia [22]. Pain may or may not be a factor, but vomiting and 
failure to thrive have been reported in as many as 50% of 
patients [48]. A palpable abdominal mass is found in 30%–60% 
[48]. The mass is usually in the right hypochondrium, soft, 
elastic, round, mobile laterally, and may follow the movements 
of the diaphragm [10]. Nonetheless, the classic clinical triad of 
pain, jaundice, and a palpable abdominal mass has been found 
only in a minority of cases [48]. Frequently, biliary cirrhosis and 
portal hypertension complicate the management of infants [22].

The noninfantile form (>2 years) covers a wide age range, 
with the oldest patient reported in the eighth decade. Chronic 
and intermittent pain is reported in up to 98% of patients 
[1,8,49]. Given the more nonspecific symptoms and broader 

experts to recommend prophylactic cholecystectomy in patients 
with APBDU [34].

Many other factors including viral infection have also been 
proposed to contribute to the development of choledochal cysts 
[35–43]. Tyler and coworkers found reovirus in 7 of 9 tissues 
from patients with choledochal cysts, which is much more 
common than patients with other hepatobiliary diseases [40]. 
Interestingly, reovirus can produce a disease in weanling  
mice with pathological features similar to human choledochal 
cysts [40].

Several studies have advanced our understanding of the 
pathogenesis of Caroli syndrome (type V biliary cysts in  
association with congenital hepatic fibrosis). First is the identi-
fication of impaired protein N-glycosylation due to phospho-
mannose isomerase deficiency as a cause of congenital hepatic 
fibrosis, a disorder of ductal plate malformation often associ -
ated with type V cysts [44,45]. In addition, an animal model 
with features of autosomal recessive polycystic kidney disease 
(ARPKD), multiple intrahepatic bile duct dilatations and con-
genital hepatic fibrosis has been developed to facilitate the study 
of pathogenesis [46,47]. Studies using this model suggest 
remodeling defects in immature bile ducts associated with the 
imbalance of cell kinetics and overexpression of the mitogen-

Figure 91.2 Choledochal cyst – anomalous ductal relationship. (a) Cystic enlargement of the common bile duct (C) with associated dilatation of the 
common hepatic and intrahepatic ducts. The abnormal junction of pancreatic (small arrows) and common bile duct and long common channel (large 
arrow) is displayed. (b) A large cyst involves the common hepatic and common bile duct accompanied by intrahepatic ductal dilatation. A long 
common channel (arrow) results from the abnormally high junction with the pancreatic duct.

(a) (b)
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with the biliary tree. In Caroli disease and syndrome, cysts com-
municate with the biliary tree. Portal hypertension is rare in 
PLD and the prognosis is determined by the effect of cystic 
disease on the kidneys and not the liver [60]. The incidence of 
malignant transformation in the intrahepatic parenchymal cysts 
of PLD is 1.3%, compared with 7%–10% in Caroli disease [8,61].

Caroli disease and syndrome are rare entities, and males and 
females are equally affected [61]. Symptoms due to recurrent 
cholangitis usually appear in early adult life [56,57]. Caroli syn-
drome may present similarly or alternatively as a reflection of 
the sequelae of portal hypertension, most commonly bleeding 
esophageal varices [58,61].

Diagnosis
Biliary cyst should be included in the differential diagnosis of 
recurrent abdominal pain, pancreatitis, obstructive jaundice, or 
cholangitis. Biochemical tests only reflect the degree of biliary 
obstruction and infection. Correct diagnosis depends on the use 
of imaging studies. Ultrasonography is the best screening 
method for choledochal cysts even in the neonatal period 
[2,48,62]. The major drawback to ultrasonography is that it 
provides limited anatomical or functional information. 
Choledochal cysts can be confused with other cystic lesions, 
such as hepatic cysts, pancreatic pseudocysts, enteric duplica-
tion cysts, hepatic artery aneurysms, and hydatid cysts [63]. 
Thus, when a choledochal cyst is suspected on ultrasonography 
further imaging is warranted to confirm the diagnosis.

Hepatobiliary scintigraphy is a sensitive, noninvasive tool for 
the diagnosis of choledochal cyst [64]. The characteristic find-
ings are biliary tract dilatation and tracer retention after 24 h 
[64]. Eventual passage of tracer into the duodenum enables the 
differentiation of choledochal cyst from biliary atresia [41]. 
Ultrasonography and scintigraphy are complementary and 
provide a sound basis for preoperative diagnosis in patients 
younger than 2 years of age. For older patients, computed tom-
ography (CT) has been advocated by some to be superior to 
ultrasound [64]. Nevertheless, while CT enables identification 
of cystic lesions it does not delineate connections between these 
lesions and the ducts as well as magnetic resonance cholangio-
pancreatography (MRCP) or endoscopic retrograde cholangio-
pancreatography (ERCP).

Percutaneous transhepatic cholangiography (PTC), ERCP, 
and intraoperative cholangiography provide the most detailed 
examinations. Unfortunately, these procedures are invasive and 
can result in complications including pancreatitis, cholangitis, 
hemorrhage, bile leaks, and peritonitis. Because MRCP is non-
invasive and not operator dependent, it is the imaging study of 
choice to confirm the diagnosis of choledochal cyst. However, 
MRCP may be inadequate for visualizing the terminal CBD, 
ABPDU, and choledochoceles [48,65,66]. In a cohort of patients 
with choledochal cyst, APBDU was confirmed in 20% of patients 
by MRI compared to 68% by ERCP [67]. Delineation of the 
precise anatomy preoperatively may be critical in preventing 
injury, especially to the pancreatic duct, because of the high 

differential diagnosis, choledochal cyst is more challenging to 
diagnose in adults than children, and the diagnosis is often 
made only after years of symptoms [8,50]. Intermittent jaundice 
and recurrent cholangitis are less frequently encountered; pal-
pable masses are seen in only 10%–20% [1,51]. Pancreatitis is 
encountered in up to 33% of the patients in the noninfantile 
form [49,52]. With the increased use of cross-sectional imaging 
and laparoscopic surgery, one third of choledochal cysts may  
be discovered as incidental findings [3]. Nonetheless, given 
reported cases of bile duct cancer in asymptomatic patients 
these patients should also be managed by cyst excision [5].

Type II or diverticulum cysts
Presenting symptoms of diverticulum cysts generally reflect the 
compression of nearby structures by the cyst [52,53] and 
includes abdominal pain and jaundice, as well as recurrent 
cholangitis.

Type III or choledochocele cysts
The majority of patients with choledochocele type III are older 
than 20 years of age, with a female to male ratio of 1.1–1.5 : 1 
[13]. Common presenting symptoms include intermittent epi-
sodes of abdominal pain and obstructive jaundice. Abdominal 
mass is not found. Pancreatitis is much more common than in 
other types of choledochal cyst and is reported in 30%–70% of 
these patients, presumably caused by reflux of bile or obstruc-
tion [13]. Stones in the choledochocele or the CBD are also 
much more common [52,54]. Rarely, intestinal (duodenojeju-
nal) intussusception may be the presenting feature of choledo-
chocele [55].

Type V cysts or Caroli disease and syndrome
Caroli and coworkers originally described this disease as a con-
genital malformation of intrahepatic bile ducts associated with 
an increased incidence of biliary lithiasis, cholangitis, and liver 
abscesses but not cirrhosis and portal hypertension [56,57]. 
After the first report, Caroli recognized that two distinct disease 
entities are associated with intrahepatic duct cysts: the simple 
type, Caroli disease, and the association of cysts with congenital 
hepatic fibrosis, Caroli syndrome [58]. Congenital hepatic fibro-
sis refers to a unique congenital liver histology characterized by 
bland portal fibrosis, hyperproliferation of interlobular bile 
ducts within the portal areas with variable shapes and sizes of 
bile ducts, and preservation of normal lobular architecture 
[57,59]. Despite the presence of portal hypertension, hepatic 
function is usually well preserved. Both Caroli disease and syn-
drome are associated with renal diseases including medullary 
sponge kidney, ARPKD, autosomal dominant polycystic kidney 
disease (ADPKD), and medullary cystic disease [59].

The aforementioned forms of intrahepatic biliary cystic 
disease should be differentiated from PLD (see below under 
Polycystic liver disease). PLD is an autosomal dominant genetic 
defect, but the manner of inheritance of Caroli disease remains 
poorly defined [44]. Polycystic liver cysts do not communicate 
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biliary atresia. Portal fibrosis develops as a function of age; it is 
present in 27% of patients <12 years old compared to 40.4%–
87.5% of older patients [20,74]. Other abnormal findings include 
liver abscesses, especially in cases of Caroli disease and sludge 
or stones in the CBD. In newborn patients with biliary cysts, 
the histology is usually normal or shows mild bile duct prolif-
eration consistent with biliary obstruction [20].

Treatment
Biliary cyst treatment is surgical with complete cyst excision as 
the procedure of choice (Table 91.1). Internal drainage proce-
dures, such as cystojejunostomy, are no longer recommended 
due to high morbidity rates, need for reoperation, and risk of 
malignant degeneration [22,48]. Morbidity rate can be up to 
88% with internal drainage procedures, compared with 2%–8% 
with cyst excision [22]. In a large series, 13%–70% of patients 
have required reoperations after internal drainage compared to 
0%–10% after cyst excision [22,75]. The fundamental reason for 
poor outcome after internal drainage is that diseased tissue 
remains. Biliary stasis persists and predisposes to recurrent 
cholangitis, stone, and stricture formation. Additionally, risk of 
malignant transformation is not diminished after an internal 
drainage procedure and may actually be promoted by these 
procedures, which permit enteric contents to freely reflux into 
the cyst cavity [10].

Total cyst excision with Roux-en-Y hepaticojejunostomy is 
the recommended procedure to treat type I and IV choledochal 
cysts. Ono et al. reported that after a median follow-up of 17 

frequency of the anomalous union [6,48]. Choledochoceles are 
difficult to visualize by ultrasound, CT, or MRCP. ERCP is inte-
gral in the evaluation of choledochoceles. The typical cholangi-
ographic features are the “clubbed” appearance of the distal 
CBD and a round, cyst-like, appearance of the terminal CBD, 
which often protrudes into the duodenal lumen (Figure 91.3). 
Endoscopic ultrasound (EUS) has also been utilized as an addi-
tional modality to visualize extrahepatic biliary cysts and 
ABPDU [68]. On EUS the wall of a choledochal cyst appears as 
a thin multilayer structure surrounding an anechoic cavity con-
tiguous with the bile duct lumen [69]. EUS may be used to 
differentiate choledochal cysts from duodenal duplication cysts 
and cystic tumors and it is particularly useful in choledochocele 
evaluation [69–71].

Pathology
The wall of the cyst is usually thickened because of fibrosis and 
inflammation. Histologically, dense connective tissue, fibrocol-
lagenous and sometimes smooth muscle, and elastic elements, 
are seen. There is no epithelial lining, but islets of cylindrical or 
columnar epithelium may be preserved. A case of biliary papil-
lomatosis arising in a choledochal cyst wall was reported [72]. 
Duodenal mucosa covers choledochoceles externally but the 
internal surface of choledochoceles is variably lined by duode-
nal mucosa (63% of cases), bile duct mucosa (21% of cases), or 
unclassified glandular epithelium (13%) [73].

Liver biopsy is abnormal in 60% of patients with biliary cysts, 
demonstrating biliary cirrhosis, portal fibrosis, or evidence of 

Figure 91.3 Choledochocele – type III cyst. (a) Cholangiography reveals a club-shaped enlargement of the distal common bile duct bulging into the 
duodenum. (b) Upper gastrointestinal series reveals a smoothly rounded filling defect in the second portion of the duodenum.

(a) (b)
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risk of malignancy is lower than other choledochal cysts, it is 
greater than the general population at 2.5% and surveillance is 
advised [13]. Carcinoma is typically found in choledochoceles 
lined internally by biliary or undifferentiated epithelium rather 
than duodenal epithelium. Thus biopsy of the cyst interior may 
be helpful [83].

The management of Caroli disease cyst depends on the degree 
of involvement. In those with Caroli disease limited to one 
region of the liver, the majority may be cured by partial hepa-
tectomy with or without hepaticojejunostomy [56]. If both lobes 
are involved, some have advocated establishing a permanent-
access hepaticojejunostomy in which a loop of jejunum is 
secured near the abdominal wall to enable easy percutaneous 
biliary tree access when necessary [84]. Chronic antibiotic 
therapy and ursodeoxycholic acid are frequently used in multi-
lobar Caroli disease although the long-term benefit is unproven 
[56]. Ultimately, if attacks of cholangitis are frequent and quality 
of life poor, if feasible, hepatic transplantation should be 
considered.

While choledochal cysts are best treated surgically, endo-
scopic and percutaneous therapy may be used for temporary 
management [56]. ERCP with decompression is critical in the 
stabilization of patients with all types of cysts who present with 
cholangitis as the morbidity of emergency surgery in this setting 
is 44%–84% and mortality is 20%–40% [56]. Additionally, 
ERCP may be used to manage patients deemed to be at prohibi-
tively high risk for surgery such as pregnant patients and those 
with excessive comorbidities [85]. Nonetheless, endoscopic 
therapy is a temporary and not curative measure; interval biliary 
malignancy and fatal cyst rupture have been reported in patients 
undergoing endoscopic management [85].

Children with forme fruste choledochal cysts who under-
went extrahepatic duct excision were found to have significant 
histological bile duct changes, including mucosal ulceration 
and fibrosis, despite minimal cystic dilatation [15]. These  
pathological changes are similar to those found in choledochal 
cysts and likely place these children at high risk of malig -
nancy. Similarly, cholangiograms of children with APBDU 
without choledochal cyst revealed subtle abnormalities in -
cluding dilated common channels as well as distal stenosis. 
Cholecystectomy may not prevent clinical complications 
related to these anomalies [86,87]. Shimotakahara et al. recom-
mended extrahepatic duct excision followed by Roux-en-Y 
hepaticojejunostomy for all children with forme fruste choledo-
chal cysts [15]. However, the best course of management of this 
variant in adults is still controversial.

The timing of surgery has been the subject of recent investiga-
tion with overall earlier diagnosis as a result of the increased use 
of prenatal ultrasound. Significantly lower rates of surgical com-
plications have been reported in patients younger than 1 year 
old compared to older patients [74,88,89]. Potentially less severe 
inflammation and fibrosis favor better technical outcomes and 
operating earlier also avoids complications related to the biliary 
cysts and the development of liver disease [88]. Laparoscopic 

years, overall survival was 96% and symptom-free survival  
was 89% in patients with type I and IV cysts who underwent 
resection [76]. Some groups have reported that cyst excision 
without a partial hepatectomy leads to resolution of intrahepatic 
duct dilatation in the majority of patients with type IVA. 
Nevertheless the concern for intrahepatic carcinoma remains 
and this approach is controversial [77,78]. Among 58 cases of 
biliary cancer following cyst excision, 84% occurred near the 
biliary-enteric anastomosis [79]. In patients with type IV 
disease, cancer was found in the intrahepatic system so segmen-
tectomy or lobectomy should be considered if cystic disease is 
confined to one segment [79]. In those with severe distal biliary 
disease or recurrent pancreatitis, these procedures may need to 
be combined with a pancreaticoduodenectomy [31]. In cases in 
which complete resection is not possible, excision of the mucosa 
of the residual cyst wall has been used with promising short-
term results [80].

Type II cysts should be excised but the remainder of the 
biliary tree usually left intact. Given low malignant potential 
relative to other types of choledochal cysts, endoscopic sphinc-
terotomy to unroof the choledochocele is successful in the 
majority of patients [13]. In the diverticular type choledo-
chocele (type B) in which the cyst connects to the bile duct 
proximal to its junction with the duodenum, endoscopic treat-
ment may not enable adequate cyst drainage [81] and surgical 
treatment may be necessary. An alternative approach in diver-
ticular cysts is to perform an endoscopic snare resection with 
or without an endoscopic ampullectomy [81,82]. Though the 

Table 91.1 Suggested treatment for biliary cysts.

Type of biliary cyst Suggested treatment

Type I Cyst excision with Roux-en-Y 
hepaticojejunostomy

Type II Excision if possible

Type III Endoscopic retrograde 
cholangiopancreatographic examination 
with papillotomy

Surgical excision and ductal reinsertion or 
sphincteroplasty for unsuccessful endoscopic 
therapy

Type IV Type A, extrahepatic cyst excision with 
biliary reconstruction as in type I; and type 
B, lobectomy or segmentectomy if 
intrahepatic cyst is confined to one lobe or 
segment

Pancreaticoduodenectomy for distal 
neoplasm or recurrent pancreatic symptoms

Transplantation in selected cases

Type V Hepatic resection for localized disease with 
or without biliary reconstruction. 
Transplantation in selected cases
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Polycystic liver disease

Polycystic liver disease is an inherited disorder characterized  
by the presence of numerous cysts within the liver, in the 
absence of infectious or traumatic causes. PLD occurs in two 
inherited disorders: isolated cystic PLD (PCLD) and autosomal 
dominant polycystic kidney disease (ADPKD). Over the past 
few years, significant progress has been made in the under-
standing of the pathogenesis of these disorders, and this has 
enabled the development of mechanistically targeted medical 
treatments.

Epidemiology
The prevalence of PLD in autopsy studies is 0.05%–0.13% 
[100,101]. PCLD is rare, with an approximate prevalence of 
1 : 158 000. The much more common form of PLD coexists with 
ADPKD, the most common genetic cause of end-stage renal 
disease, has a worldwide prevalence of 0.1%–0.2% [102]. 
Regardless of the etiology of the PLD, the natural history is 
similar [103]. Gabow and colleagues observed that the develop-
ment of hepatic cysts lags behind renal disease in ADPKD 
patients [104]. The hepatic cysts are rarely detected before 
puberty, but approximately 80% of patients with renal cysts have 
liver cysts by the fifth decade of life. They are more prevalent 
and prominent in women, and increase dramatically in number 
and size through the child-bearing years [104]. A similar female 
preponderance is observed in PCLD [103].

Pathogenesis
Liver cysts are believed to originate from malformation of the 
ductal plate during embryonic development of the liver, leading 
to discrete intralobular bile ductules called von Meyenburg 
complexes that progressively dilate and lose connection with the 
biliary tree [105,106]. The cyst epithelium displays features of 
cholangiocytes, which are the only ciliated cells in the liver 
[107]. Primary cilia are mechanosensory organelles that can 
affect intracellular signaling pathways when bent by bile flow 
and in response to changes in bile osmolarity and composition 
[107]. PLD is presumably a member of a larger and varied  
group of disorders affecting many other organs designated 
ciliopathies.

Polycystic liver disease that coexists with ADPKD is associ-
ated with mutations of PKD1 or PKD2 (polycystic kidney 
disease 1 or 2) [102,104,105,108]. Germline mutations in the 
PKD1 gene are found in 85%–90% of patients with ADPKD. 
Mutations in PKD2 gene are found in the remainder [109]. 
Patients with mutations in PKD2 have later onset of disease 
[110]. The PKD1 gene, which encodes polycystin-1, is localized 
to the short arm of chromosome 16p13.3-p13.12 [111]. The 
PKD2 gene which encodes polycystin-2 has been linked to chro-
mosome 4q21-q23 [112]. Polycystin-1 is a transmembrane 
protein located in the primary cilium, plasma membrane,  
and adherens junctions [113]. Polycystin-2 is also a transmem-
brane protein and it interacts with polycystin-1 through their 

approaches are increasingly used to manage choledochal cysts. 
While they may increase procedure time, magnification and 
ability to modify angles of view enable superior visualization 
[90]. Laparoscopic approaches have comparable and likely 
lower morbidity and length of hospitalization than conventional 
approaches [6].

Clinical course and complications
Complications of biliary cysts include recurrent cholangitis, 
stone formation, stenosis, pancreatitis, biliary cirrhosis, portal 
hypertension, liver abscess, especially in Caroli disease, cyst 
rupture, and cancer (see Clinical presentation) [22,91]. 
Pregnancy can precipitate or aggravate symptoms of choledo-
chal cyst, specifically cyst rupture. Temporizing approaches 
such as percutaneous or endoscopic drainage should be used 
and complete cyst excision performed after parturition [92]. 
After surgical intervention of choledochal cysts, early complica-
tions include bile leak and cholangitis [14], and late complica-
tions include pancreatitis and malabsorption [14].

The most serious complication is malignancy [93,94]. The 
mean age for detecting carcinoma at the initial surgery for 
biliary cyst was 50 years, two decades earlier than in the general 
population [93]. The incidence of biliary carcinoma increases 
steadily with age; it is 14%–18% in patients >20 years, 50% by 
50 years, and 75% by 80 years [2,11]. In contrast, the overall 
incidence of biliary carcinoma is <0.5% in the general popula-
tion [95]. Carcinomas occur not only in the cyst wall; the 
remainder of the hepatobiliary and pancreatic tree can also be 
affected [93]. Adenocarcinoma constitutes 70%–84% of all 
malignancies. Other histological types found include squamous 
(4%–9%), undifferentiated, and anaplastic (7%–21%) [93,96]. 
Numerous studies have found that APBDU is a risk factor for 
biliary tract carcinoma [97]. Progressive injury resulting in 
mutational events in the cyst lining presumably lead to the 
development of histological metaplasia, followed by dysplasia 
and finally localized or multifocal carcinoma [80,98,99]. This 
process may involve the deleted in pancreatic cancer, locus 4 
(DPC-4), K-ras, and p53 genes [15].

The prognosis of carcinoma related to biliary cysts is unfa-
vorable; the overall 5-year survival for cholangiocarcinoma 
following resection is 40% and it is <10% for those presenting 
with stage II disease [12]. Cyst resection decreases the risk of 
biliary tract malignancy (cholangiocarcinoma and gallblad-
der) from 9.8% to 0.6% [12]. Cyst excision does not com-
pletely eliminate the future risk of carcinoma because the rest 
of the pancreaticobiliary tree is also predisposed to malignant 
change. Additionally, it is often extremely difficult to remove 
all biliary cystic tissue particularly in its proximal or distal 
aspects where it passes through the liver and pancreas [80]. 
Given the risk of recurrent cancer following surgery, lifelong 
surveillance is suggested after resection [6,76]. MRCP may be 
a good diagnostic modality in the surveillance of cholangi-
ocarcinoma, but a surveillance protocol has not yet been 
established [65].
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explain the varied clinical presentation of patients even within 
the same family.

At the cellular level, cyst formation is linked to two key 
abnormalities in intracellular signaling – altered Ca2+ homeos-
tasis and increased production of cyclic adenosine monophos-
phate (cAMP) [113]. Intracellular Ca2+ in cyst epithelium is 
consistently reduced while cAMP is increased. Reduced 
polycystin-2 function may reduce extracellular Ca2+ entry to 
lower intracellular Ca2+ level, which in turn can lead to activa-
tion of several adenylyl cyclases to increase cAMP production 
[113]. In normal cholangiocytes, cAMP stimulates proliferation 
via the protein kinase A (PKA)/Src/Raf/MEK/ERK1/2 cascade 
and fluid secretion. In cystic cholangiocytes, other factors also 
participate to increase ERK1/2 activity. ERK activation can 
stimulate mammalian target of rapamycin (mTOR), which can 
also increase cholangiocyte growth. mTOR induces hypoxia-
inducible factor 1-α, which induces the expression of vas -
cular endothelial growth factor (VEGF) and VEGF receptor-2 
(VEGFR2). Polycystin-2 represses this cascade. In addition, 
increased expression of estrogen receptor and insulin-like 
growth factor-1 (IGF-1) receptor has been reported in cyst epi-
thelium, which explains the sensitivity to the proliferative effects 
of estrogen and IGF-1 [107]. Taken together, these abnormali-
ties lead to increased cyst proliferation and fluid secretion and 
also form the basis of medical therapy.

Clinical presentation
Most patients with PLD are asymptomatic [103]. The cysts 
range in size from <1 mm to >10 cm and may be diffuse or 
involve only one lobe [127]. Liver cysts grow slowly over time 
and the estimate of annual growth rate varies from 0.9% to 3.2% 
from several studies, with associated risk factors being advanc-
ing age, female gender, exogenous estrogen use, multiple preg-
nancies, and large renal cyst volume [102,105]. Exogenous 
estrogen does not affect renal cysts [102]. Symptomatic patients 
typically present about 50 years of age and the most common 
presenting symptom is abdominal pain, with or without disten-
sion [128,129]. Other symptoms, such as dyspnea and restricted 
mobility, are related to mass effect from massive hepatomegaly 
[130]. Complications of PLD include hepatic cyst hemorrhage, 
rupture, or infection [130]. Rarely, patients can develop 
advanced liver disease with portal hypertension [105,130]. 
ADKPD is associated with other medical conditions including 
mitral valve prolapse (25%), diverticulosis, inguinal hernias, 
and cerebral aneurysms [107,131]. These associated conditions 
occur rarely in PCLD [107]. Cysts in other epithelial organs, 
such as seminal vesicle (40%–60% in men), pancreatic (5%), 
and arachnoid cysts (8%), also occur in patients with ADPKD 
but their prevalence in PCLD is unknown [102].

Diagnosis
Laboratory tests are nonspecific as most patients have preserved 
hepatic function; some have slightly elevated serum alkaline 
phosphatase and total bilirubin and lower total cholesterol and 

C-terminus to form a signaling complex [114]. At the plasma 
membrane, polycystin-1 functions as a mechanoceptor that 
senses changes in apical flow and stimulates polycystin-2- 
mediated Ca2+ signaling [113]. The polycystin proteins help 
mediate cell–cell adhesions in ciliated cells within the liver and 
kidney [115]. In addition, polycystin-1 is involved in the control 
of cell size and the cleaved fragment of polycystin-1 cytoplasmic 
tail can translocate to the nucleus to bind and inhibit β-catenin 
signaling [116,117]. The bulk of polycystin-2 is localized in the 
endoplasmic reticulum (ER) as a nonselective Ca2+ channel, and 
its major function is to regulate cytoplasmic and ER Ca2+ home-
ostasis [113].

Autosomal dominant PCLD is an entity that is distinct from 
ADPKD [101]. Mutations in two genes (protein kinase C sub-
strate 80K-H or PRKCSH, and SEC63) have been found in about 
21% of PCLD patients [118–122]. PRKCSH (locus 19p13.2) 
encodes for hepatocystin, the noncatalytic β-subunit of glucosi-
dase II in the ER, which is involved in the quality control of 
newly synthesized glycoproteins. SEC63 (locus 6q21) encodes 
for Sec63 protein, which is a component of the molecular 
machinery regulating translocation and folding of newly  
synthesized membrane glycoproteins [107]. As of 2010, 48 
mutations associated with PCLD have been identified [123]. 
Nevertheless, 79% of the 464 PCLD subjects screened did not 
have mutation in either PRKCSH or SEC63 so the genetic basis 
for most of the PCLD patients remains unknown [123].

How mutations in ciliary proteins share a common pheno-
type with mutations of ER proteins involved in glycoprotein 
processing and translocation was an enigma. Elegant work from 
Fedeles et al. used genetically engineered mouse models to 
provide important insight [124]. They hypothesized that defec-
tive translocation and quality control machinery in the ER 
would affect transmembrane proteins such as the polycystins. 
Indeed, they found that both hepatocystin and Sec63 are 
required for adequate expression of polycystin-1 and 
polycystin-2, with polycystin-1 being the rate-limiting compo-
nent and determinant of disease severity. This study suggests a 
dosage-sensitive network for polycystic liver and kidney disease 
where “second-site modifiers” can contribute to the disease phe-
notype. This contrasts with a “two-hit” model postulated by 
others in which both ADPKD and PCLD are thought to largely 
originate from germline mutations to one allele combined with 
somatic mutation (loss of heterozygosity or LOH) to the other 
allele to result in a recessive two-hit disease at the cellular level 
[125]. In support of this model, 76% of patients with PCLD with 
a heterozygous germline mutation in PRKCSH have secondary 
somatic mutations in the cyst epithelia [125]. However, this 
model cannot explain why some individuals with germline 
defects in both parental alleles fail to develop cyst in every renal 
tubular cell or nephron [126]. These observations support a 
more complex model, where the second hit mutation to the 
other disease allele may act as a modifying factor that boosts 
the risk of cyst development and/or drives cyst progression 
rather than initiates cyst formation [126]. This also helps to 
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(such as cystadenoma or cystadenocarcinoma) [105]. 
Asymptomatic patients do not require surveillance imaging for 
monitoring. However, ADPKD patients over 30 years of age 
should have MR angiography to rule out intracranial aneurysm 
[107].

The Gigot criteria for classification of the severity and distri-
bution of cysts in patients with PLD have served as a useful 
guide for therapy (Figure 91.5). These criteria include the 
number and size of liver cysts and the amount of remaining liver 
parenchyma [102].
• Gigot type I – patients with <10 cysts (>10 cm).
• Gigot type II – multiple medium-sized cysts with large areas 

of noncystic liver parenchyma remaining.
• Gigot type III – large number of small and medium-sized 

liver cysts spread diffusely throughout the liver parenchyma 
so only a few areas of normal liver parenchyma are present.
Strictly speaking, Gigot type I does not meet the criteria for 

PCLD since it is <10. However, it is a useful guide for therapy 
(see Figure 91.5).

Treatment
While there are no approved medical treatments for PLD, 
improved understanding of the pathogenesis of PLD has led to 
the development of several mechanistically targeted medical 
therapies, specifically somatostatin analogs which lower cAMP 
level, mTOR inhibitor, and VEGF antagonist. Lanreotide and 
octreotide are somatostatin analogs that bind to somatostain 
receptors 2, 3, and 5 which are expressed in the epithelia that 
line cysts as well as many other tissues. They reduce cAMP level 
by activating signaling cascades through the Gi α-subunit. In 
one trial, 54 patients with PLD received monthly injection of 
lanreotide (120 mg) for 6 months. Liver volume reduced by 
2.9% compared with an increase of 1.6% in the placebo group 
[134]. Two other trials used octreotide (40 mg monthly) reduced 
the liver volume by 4.4% and 5% after 6 and 12 months, respec-
tively, whereas liver volume increased by 1.2% and 0.9% in 
patients who received placebo [135,136]. Two of these trials 
extended to 1 or 2 years. The effect of lanreotide was greatest in 
the first 6 months of therapy (∼4%), and the reduction was 

triglycerides [132]. Carbohydrate antigen (CA) 19.9 may be 
elevated in 45% of patients without evidence of malignancy 
because it is produced by the abnormal cyst epithelium [107]. 
Conventional radiological imaging such as abdominal ultra-
sound, CT scans, and MRI are excellent in the detection of 
hepatic cysts (Figure 91.4), and frequently, hepatic cysts are 
found incidentally on routine imaging [130]. MRCP is also a 
useful modality for better visualizing intrahepatic ductal dilata-
tions and distinguishing PLD from other lesions such as biliary 
hamartomas and Caroli disease [133]. Diagnosis of PLD is made 
when there are >20 cysts in the liver, or if there are more than 
four cysts in the liver plus a family history of PCLD or ADPKD 
[107]. Cysts are smooth walled and anechoic on ultrasound; 
nonenhancing and distinct from liver parenchyma on contrast 
CT. If cysts have irregular thickening, septations, or changes in 
attenuation or echogenicity, consideration should be given to 
possible complication such as bleeding, infection, or neoplasm 

Figure 91.4 Polycystic liver disease. Small and large cysts fill the liver of a 
patient without polycystic kidneys.

Figure 91.5 Gigot criteria for polycystic liver disease. Type I are patients with <10 cysts, some of which are large (>10 cm). Type II are patients with 
multiple (>20) medium-sized cysts but still have large areas of noncystic liver parenchyma. Type III are patients with large number of varying sized 
liver cysts spread diffusely throughout the liver.

Gigot type I Gigot type II Gigot type III
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effusion, bleeding, and biliary leakage. Laparoscopy is preferred 
over laparotomy because of reduced complication rate (29% vs 
40%) although cranially located cysts may be difficult to reach 
via laparoscopy [102,105].

Segmental hepatic resection is an option in Gigot type II 
patients with at least one segment of unaffected liver paren-
chyma. This is often done in combination with fenestration of 
the remaining segment. Although relief of symptoms is 
achieved in 86%, the procedure is associated with high mor-
bidity (51%) and mortality (3%). Segmental resection for PLD 
is not widely performed, and there are very few centers  
of expertise [105]. Moreover, distortion of the intrahepatic 
vasculature and biliary system, and the risk of subsequent 
adhesions are of concern as they may complicate future liver 
transplantation [102].

Liver transplantation is the only curative treatment for 
patients with severe PLD who have extremely disabling symp-
toms, reduced quality of life, untreatable complications, and 
nutritional deficiency [102]. Countries that use the model for 
end-stage liver disease (MELD) criteria include exceptions for 
PLD since these patients do not meet MELD criteria. Survival 
rate is 92% at 5 years in patients with PLD, which is higher than 
the 75% survival for other indications [102]. In those with 
ADPKD who have end-stage renal disease and severe PLD, a 
combined liver–kidney transplantation from the same organ 
donor should be the standard of care, yielding superior out-
comes compared to those receiving the grafts sequentially from 
two different donors [105].
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maintained during the remaining 6 months of therapy (0.7%) 
[102]. The other extension trial used octreotide, and adding 
another year did not reduce liver volume further [137]. These 
trials showed that these agents halt polycystic liver growth for 
up to 2 years but discontinuation of therapy resulted in immedi-
ate recurrence of liver growth so that maintenance treatment 
may be necessary [102]. In addition, there was significant indi-
vidual variability in treatment response. Side effects included 
injection site granuloma, abdominal cramps, and mild diarrhea, 
which disappeared after repeated injections or after administra-
tion of pancreatic enzymes [102]. Several issues regarding the 
use of somatostatin analogs in the treatment of PLD remain to 
be resolved. These include the variability in response (15% do 
not respond at all) and safety of lifelong therapy. The high cost 
of the therapy is also a concern [102]. Potentially suitable 
patients for this therapy are those with moderate PLD who are 
symptomatic but in whom the risk for surgical therapy is pro-
hibitive or technically too difficult. Identification of factors that 
predict response to somatostatin analog therapy is needed.  
The effects of mTOR inhibitor and VEGF antagonist in patients 
with PLD remain to be investigated but of interest, patients with 
ADPKD and PLD who had renal transplantation treated with 
sirolimus (mTOR inhibitor) experienced a reduction in liver 
volume by 11.9% after an average of 19.4 months, whereas those 
treated with tacrolimus had an increase in liver volume by 
14.2% [138].

For patients with advanced PLD, treatment modalities include 
cyst aspiration-sclerotherapy, cyst fenestration, segmental 
hepatic resection, and liver transplantation [102]. Aspiration-
sclerotherapy is performed under image guidance and is ideal 
for those patients with a dominant cyst (>5 cm). The procedure 
entails aspiration followed by injection of a sclerosing agent that 
causes destruction of the epithelial lining of the cyst wall, 
thereby impairing fluid generation. Ethanol is the most common 
agent used, but minocycline and tetracycline are good alterna-
tives. A review that included 34 articles with a total of 292 
patients that underwent aspiration-sclerotherapy showed 22% 
had total regression and another 19% partial regression. 
However, cysts recurred in 21% over a wide variation in the 
period of follow-up. A continuous decrease in the volume of the 
liver cyst was seen over the course of 4–6 months in a small 
series, suggesting that treatment should not be scheduled at an 
interval less than every 6 months [102].

Fenestration involves both aspiration and surgical unroofing 
of multiple superficial large cysts to achieve a reduction in the 
volume of the liver. This is suitable for Gigot type I–II livers and 
is indicated after repeated failure to respond to aspiration-
sclerotherapy. The advantage is that multiple cysts can be treated 
in a single procedure. In 92% of patients, laparoscopic fenestra-
tion resulted in the reduction in the severity of symptoms but 
cysts recurred in 24% with recurrent symptoms in 22%. Also, 
complications occurred in 23% and included ascites, pleural 
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Benign tumors

Benign tumors of the biliary tract
Benign tumors of the intra- and extrahepatic biliary tract  
are very uncommon (Box 92.1). They are important as they  
may present with bile duct polyps or strictures and resemble 
cancers [1].

Extrahepatic bile duct adenomas
These are the most common benign tumors observed in the 
ductal system. These can be single or occur at multiple sites. 
Pathologically, they are tubular, papillary, or mixed. Their clini-
cal presentation is similar to that of choledocholithiasis with 
pain, jaundice, and, less commonly, cholangitis or pancreatitis. 
They appear as intraluminal polypoid masses on ultrasound 
(US) or cholangiography. The differential diagnosis is distal 
cholangiocarcinoma.

Biliary cystadenomas
These are multilocular or rarely unilocular cystic neoplasms [2]. 
The majority of cystadenomas occur within the liver, but rarely 
they can be present in the extrahepatic ductal system. They are 
histologically benign but can recur after excision. Dysplastic 
change is seen in ∼13% of cystadenomas and there is a potential 
for malignant transformation into a biliary cystadenocarcinoma 
[3]. They can grow to a large size and cause mass effects on 

adjacent organs or bile ducts. Differentiation of benign cystad-
enoma from cystadenocarcinoma cannot be reliably made on 
imaging studies. Differential diagnosis includes hepatic abscess, 
hemorrhagic bile duct cysts or echinococcal cysts, or other 
cystic neoplasms.

Biliary papillomatosis
This is a rare condition in which multiple and recurrent papil-
lary adenomas occur in the biliary tract. Although the extrahe-
patic bile duct is involved most often, lesions can occur 
throughout the biliary tract. Patients present with biliary 
obstruction, and local recurrence is common even after com-
plete surgical excision. There is a risk of malignant transforma-
tion, and it may be considered as a form of low-grade intraductal 
carcinoma [4,5].

Non-epithelial tumors
Granular cell tumors are rare benign tumors of Schwann cell 
origin, and account for 10% of all benign biliary tumors. They 
are predominantly found within the extrahepatic bile ducts 
where they may present with obstructive jaundice. Granular cell 
tumors should be considered in the differential diagnosis of 
biliary tract disease in young patients, and particularly African-
American women [6,7]. The malignant potential of these lesions 
is unknown. Benign tumors of mesenchymal origin, such as 
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It may be localized, segmental, or diffuse, and all types may  
be confused with malignancy. However, it is not considered to 
be malignant or to have premalignant potential. When local-
ized, the site is usually in the fundus, producing the character-
istic fundal adenomyoma. When diffuse, it produces wall 
thickening with intramural diverticula that manifest as cystic 
spaces within the wall. Adenomyomatosis can be differentiated 
from cancer by characteristic appearances on ultrasound or 
cholangiography.

Gallbladder adenomas
These occur in 0.5% of cholecystectomy specimens. An increased 
prevalence occurs in patients with Peutz–Jeghers syndrome and 
familial adenomatous polyposis. They are usually asympto-
matic. Histologically, they may be tubular, papillary, or mixed 
tubulopapillary. Fifty to sixty-five percent of adenomas are  
associated with stones, and approximately 10% are multiple.  
On ultrasound, they appear as intraluminal polypoid masses. 
On CT scans, they may be difficult to distinguish from stones. 
Treatment is laparoscopic cholecystectomy when the mass  
is symptomatic and less than 1 cm in diameter. For larger 
tumors, open cholecystectomy could be considered because  
of the possibility of malignancy. The differential diagnosis 
includes more common conditions such as cholesterol polyps 
or adenomyomatosis.

Xanthogranulomatous cholecystitis
This is a rare form of chronic cholecystitis that is mostly seen 
in elderly women [10]. It presents with right upper quadrant 
pain, vomiting, and leukocytosis. A palpable mass and a positive 
Murphy sign may be present. Ultrasound may reveal hypoe-
choic bands or nodules within the gallbladder wall representing 
focal inflammation. The differential diagnosis is gallbladder 
cancer, and distinction is often made only at the time of 
cholecystectomy.

Other lesions
Benign mesenchymal tumors are also rare and include leio-
myoma, hemangioma, and lipoma.

Overview of biliary tract cancers

Definition
Cancers associated with the biliary tract are listed in Box 92.3. 
These cancers may be associated with biliary tract epithelia 
along the entire biliary tract from the intrahepatic ductules to 
the ampulla of Vater.

Cholangiocarcinomas (CCA) are cancers of the biliary tract 
that are associated with the intrahepatic or extrahepatic bile 
ducts. The term cholangiocarcinoma encompasses three dis-
tinct tumor types that vary in their risk factors, presentation, 
natural history, and management, as separately described below 
[11,12]. Other cancers arising from the biliary tract epithelia  

neurofibromas, lipomas, leiomyomas, and neurilemomas, have 
also been reported.

Benign tumors of the gallbladder
Benign tumors of the gallbladder are uncommon (Box 92.2). 
However, they are often considered in the differential diagnosis 
of gallbladder cancers because they may resemble malignant 
tumors. Symptoms are uncommon, but these tumors can 
present with biliary colic, presumably caused by temporary 
obstruction of the cystic duct from shed tumor.

Cholesterol polyps
Approximately 50% of all gallbladder polyps are cholesterol 
polyps. A small number of these may be associated with cho-
lesterolosis, a disease of unknown etiology in which cholesterol 
accumulates focally, segmentally, or diffusely in the gallbladder 
[8]. They are highly echogenic on ultrasound, and adherent to 
the wall of the gallbladder. The echogenicity may be useful to 
distinguish these from adenomas or gallbladder adenomas or 
cancer. They may not be visualized on unenhanced computed 
tomography (CT) scans, but detected on enhanced scans due to 
vascularity in the polyp. The differential diagnosis includes non-
shadowing adherent stones. There is no malignant potential. 
Surgery is necessary only if symptomatic and can be performed 
laparoscopically.

Adenomyomatosis
This occurs in 8.7% of cholecystectomy specimens and consists 
of nonneoplastic ingrowth of gallbladder glands into the wall of 
the gallbladder that can even result in penetration of the wall 
[9]. Other synonyms used for this condition are adenomyoma-
tous hyperplasia, adenomyoma, or cholecystitis cystica. The 
cause is unknown. The condition is more common in women. 

Box 92.1 Benign tumors of the intrahepatic and extrahepatic biliary 
tract.

Bile duct adenoma
Biliary papillomatosis
Biliary cystadenoma
Granular cell tumor
Rare: mesenchymal tumors, e.g., leiomyoma, lipoma, neurofibroma, 

paraganglioma

Box 92.2 Benign tumors of the gallbladder.

Cholesterol polyp/cholesterolosis
Inflammatory polyp
Adenomyomatosis/adenomatous hyperplasia/adenomyoma
Xanthogranulomatous cholecystitis
Gallbladder adenoma
Rare: cystadenoma, papillomatosis, heterotopia, mesenchymal tumors
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Risk factors
Common risk factors for biliary tract cancers include infections, 
conditions resulting in chronic biliary tract inflammation, 
drugs/toxins, or congenital causes (Box 92.4). Liver flukes that 
are associated with these cancers are highly prevalent in certain 
geographic regions, such as Northeast Thailand. Their geo-
graphic restriction has resulted in a highly variable disease 
prevalence in different parts of the world. The International 
Agency for Research on Cancer has classified the parasitic liver 
flukes Opisthorchis viverrini and Clonorchis sinensis as group I 
carcinogens [14]. Liver fluke-associated cholangiocarcinoma is 
a leading cause of death in Thailand, whereas all types of CCA 
account for less than 1% of all malignancies in the United States. 
Liver fluke infection with O. viverrini or C. sinensis species is 
associated with ingestion of raw fish containing the larva of liver 
flukes. Infestation is reversible with treatment with praziquan-
tel. The risk of CCA is proportional to the degree of infestation 
as measured by stool egg count. Liver fluke infestation is associ-
ated intrahepatic stones, as well as with elevated nitrates, and 
animal and human studies suggest that N-nitroso compounds 
may be involved in carcinogenesis.

Others risk factors are more widely distributed, but are less 
common, for example primary sclerosing cholangitis (PSC). 

are gallbladder cancer and some ampullary cancers but are not 
designated as cholangiocarcinoma. Periampullary tumors can 
arise from pancreatic, duodenal, or ampullary tissues. In most 
instances, the tissue of origin is obscure or requires pathological 
examination after excision. Distal CCA can occasionally present 
as periampullary tumors. The presentation, evaluation, and 
management of periampullary tumors of biliary tract origin are 
identical to those of any of the other types of periampullary 
tumors, namely pancreatic, duodenal, or ampullary tumors, and 
will not be described in detail in this chapter (see Chapters 68 
and 87).

Nomenclature
Cholangiocarcinoma arising from the intrahepatic biliary tract 
beyond the second order ducts are termed as intrahepatic 
cholangiocarcinoma (iCCA). Cholangiocarcinoma occurring in 
the common hepatic duct beyond the papilla, and extending up 
to the junction with the cystic duct are termed distal extrahe-
patic cholangiocarcinoma (dCCA). Cancers arising between the 
second-order ductal division within the liver and the large 
extracellular ducts up to the confluence with the cystic duct are 
termed perihilar cholangiocarcinoma (pCCA).

Perihilar cholangiocarcinomas arise from the extrahepatic 
ducts and are amongst the commonest malignancies of the 
biliary tract encountered in many parts of the world. Although 
distinctive molecular and pathological differences have yet to be 
described, a distinction between perihilar cholangiocarcinoma 
(pCCA) and nonhilar distal extracellular cholangiocarcinoma 
(dCCA) is justified and appropriate because of their distinctive 
presentation, staging, and treatment.

Classification of these cancers has varied over time and a 
consistent nomenclature has not been used in the past. As an 
example, epidemiological reports have either included perihilar 
tumors with iCCA or as extrahepatic tumors, and reports on 
primary tumors of the liver have variably included iCCA as well 
as hepatocellular cancers. Because of the failure to recognize the 
different tumor types, the true incidence, prevalence, and 
natural history are not well established. The relative distribution 
of tumors within the biliary tract is also unclear. In one study, 
only 10% of cholangiocarcinomas seen were iCCA [13], but 
these data do not accurately reflect disease distribution because 
they are not supported by clinical observations in practice and 
are from a single center series and influenced by referral 
patterns.

Box 92.3 Biliary tract cancers.

Intrahepatic cholangiocarcinoma
Perihilar cholangiocarcinoma
Distal cholangiocarcinoma
Gallbladder cancers
Ampullary cancers
Rare: cystadenocarcinomas, mixed hepatocellular–cholangiocellular 

cancers

Box 92.4 Risk factors for biliary tract cancers.

General
Cirrhosis
Obesity
Diabetes
Alcohol
Smoking

Infectious
Opisthorchis viverrini
Clonorchis sinensis
Hepatitis C
Hepatitis B

Congenital or anatomical changes
Bile duct cystic disease
Caroli disease
Congenital hepatic fibrosis
Anomalous pancreatic–biliary duct
Biliary–enteric anastomosis

Inflammatory
Primary sclerosing cholangitis
Hepatolithiasis
Gallstones or biliary tract stones

Toxins and chemicals
Thorotrast
Dioxin
Vinyl chloride
Nitrosamines
Asbestos
Organic solvents

The contribution of several of these risk factors for specific types of 
biliary cancers has not been confirmed.
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in activation of inflammatory signaling, such as those involving 
IL-6, iNOS, and COX-2 [25]. These then provide a proliferative 
stimulus to epithelial cells involving endothelial growth factor 
receptor (EGFR), RAS/mitogen-activated protein kinase 
(MAPK), IL-6, or MET signaling. Malignant transformation 
occurs in the setting of genetic alterations and epigenetic 
changes on this background, and results in deregulation of 
several signaling pathways that can enhance malignant cell 
growth, apoptosis, and tumor cell behavior. Tumors likely arise 
from malignant transformation of biliary epithelial cells, but 
may also arise from progenitor cell populations or transdiffer-
entiation of hepatocytes.

Several genetic and epigenetic alterations and deregulated sig-
naling pathways have been identified [26]. Alterations in inflam-
matory signaling pathways are recognized. IL-6 is an important 
contributor, and has been associated with several molecular events 
such as alterations in EGFR, p38, and p42/44 MAPK and altered 
let-7 microRNAs [25]. Alterations in the EGFR family have been 
implicated, and overexpression of EGFR and HER-2/neu occur. 
Similarly, hepatocyte growth factor/MET signaling has also been 
associated with malignancy. Genetic alterations include activating 
mutations of KRAS, loss of TP53, mutations in IDH2 and IDH1, 
and rarely alterations in BRAF, NRAS, and PI3K. Epigenetic 
changes include alterations in promoter methylation of SOCS-3, 
RASSF1A, p14ARF, and p16INK4A as well as changes in some micro-
RNAs such as miR-21 and miR-200c. Genomic studies have started 
to identify distinctive subgroups of iCCA based on gene expres-
sion profiles. However, these need to be validated and their clinical 
applications defined [27].

Although the specific molecular pathogenesis of pCCA 
tumors is unknown, it is postulated that tumorigenesis results 
from a similar sequence of events to that described above with 
the additional contribution of cholestasis. The reasons for the 
predilection of these tumors to occur in the hilar region are not 
clear. Morphologically and genetically, pCCA more closely 
resemble extrahepatic dCCA than iCCA. The pathogenesis of 
pCCA and dCCA is presumed to be similar to that described 
for iCCA, with an additional contribution of cholestasis. Some 
of these tumors may originate from progenitor cell populations 
in the submucous glands, and in tumors that have maintained 
differentiation, mucin production may be prominent. A subtype 
of iCCA may arise from a progenitor cell within the liver that 
results in tumors with histological and genetic features of mixed 
hepatocellular carcinoma–cholangiocellular carcinoma.

Complications
Large ductal tumors typically present with biliary tract obstruc-
tion, which can also arise as a result of bulky intrahepatic 
disease causing extrinsic compression. Cholangitis is uncom-
mon, unless the biliary tract has been cannulated. Bile duct 
cancers have a tendency to spread along the bile duct, and the 
longitudinal extent of cancers along the bile duct is often diffi-
cult to determine by gross examination. In a histological study 
of 29 cases of resected dCCA, the mean distance of microscopic 

Cholangiocarcinoma can occur in 5%–10% of patients with PSC 
[15] and occurs more frequently in patients with chronic ulcera-
tive colitis than in the general population [16]. A high incidence 
of cholangiocarcinoma occurs in patients with coexisting PSC 
and ulcerative colitis [17]. Up to 50% of patients with PSC are 
diagnosed with CCA within a year of their initial diagnosis with 
PSC [18].

Biliary tract cystic diseases are associated with an increased 
risk of malignancy, which can arise in noncystic portions of the 
biliary tract. Tumors can occur in patients with untreated 
choledochal cyst disease and in those with an anomalously high 
pancreatic duct–bile duct junction [19,20]. Intrahepatic stones 
are also associated with an increased risk for cholangiocarci-
noma. Cancers may develop even after stone removal, poten-
tially related to stasis and cholangitis related to fibrosis induced 
by stone disease [21].

Epidemiological studies indicate that occupational exposure 
to asbestos or to certain volatile compounds used in the printing 
industry, such as 1,2-dichloropropane, may increase the risk of 
cancer [22,23]. Exposure to dioxin has also been implicated 
although the data are not conclusive. Thorotrast is a vascular 
contrast agent that is associated with an increased risk of cancer, 
but has not been used since the 1940s.

A metaanalysis identified liver cirrhosis as a risk factor for 
iCCA [24]. Consistent with this observation, risk factors for 
cirrhosis such as chronic hepatitis C, chronic hepatitis B, and 
alcohol are also associated with a higher risk for iCCA [24]. 
Because these are also dominant risk factors for hepatocellular 
cancers, these observations suggest potential common risk 
mechanisms of tumorigenesis in liver epithelia.

Pathogenesis
The gross morphology can be exophytic, mass forming, intra-
ductal, or periductal infiltrating (or sclerosing). Mass-forming 
and periductal infiltrating (or both combined) are the most 
common types encountered. Intraductal tumors are less 
common, and can encompass a range of lesions from preneo-
plastic to invasive carcinomas. In some patients, dCCA may 
present only as a thickened bile duct wall involved in a dense 
fibrous scar. Polypoid or papillary cancers have the best prog-
nosis. Histologically, tumors of the biliary tract are almost 
exclusively epithelial adenocarcinomas. Other histological vari-
ants include well-differentiated, pleomorphic, giant cell, ade-
nosquamous, oat cell, and colloid carcinoma. These cancers 
usually spread by direct extension to involve adjacent organs 
and tissues. Hilar cancers may directly invade the liver whereas 
extrahepatic distal cancers in the common bile duct or cystic 
duct may directly invade the gallbladder. Regional lymph node 
metastases and perineural invasion common with pCCA and 
dCCA. Distant metastases can occur but are unusual.

The mechanism and events responsible for neoplastic trans-
formation in the biliary tract are not well understood. It is 
postulated that chronic inflammation and infection in biliary 
epithelia and their interactions with other stromal cells results 
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Clinical presentation and natural history
Patients with iCCA may be asymptomatic, with the initial pres-
entation being a mass lesion within the liver. Typical clinical 
presentations are with nonspecific right upper quadrant pain, 
weight loss, and nausea. An iCCA located within the central 
area of the liver may occasionally present with jaundice due to 
extrinsic compression of the main ducts. Rare presentations 
include mucobilia or tumor embolizing into the extrahepatic 
bile ducts, an event that may cause pain, jaundice, or even pan-
creatitis [32] (Figure 92.1).

Differential diagnosis
Diagnosis involves demonstrating a mass lesion within the liver 
using abdominal CT or magnetic resonance imaging (MRI) 
[33]. On CT scan, the lesion is usually of low attenuation with 
only mild enhancement seen with contrast [34]. On T1-weighted 
MRI, iCCA are usually of low intensity, but may have high 
intensity on T2-weighted images. Local vascular invasion is 
often seen by CT, MRI, or angiography, and ductal dilation is 
often present peripheral to the tumor [35,36]. Centripetal filling 
in after gadolinium administration has been noted.

Both HCC and iCCA should be considered in the differential 
diagnosis of any intrahepatic mass occurring in cirrhosis. 
Typical features of iCCA that distinguish it from HCC are slow 
uptake of contrast, particularly in highly desmoplastic tumors, 
and a peripheral rim of enhancement. Liver biopsy should be 
considered for diagnosis if the tumor is inoperable due to exten-
sive spread or if other lesions such as focal nodular hyperplasia 
are strongly suspected. Otherwise, in potentially resectable 
cases, further staging studies including laparoscopy would be 
considered.

Grossly, iCCA may be well or poorly demarcated, single or 
multiple. Mucin production, fibrosis between the acini of tumor 

invasion beyond the gross margin was 16.8 mm toward the liver 
and 6.5 mm toward the duodenum [28]. Tumor growth and 
spread, along with the effects of chronic cholestasis can result 
in significant morbidity and mortality.

Prevention
In regions of high fluke endemicity such as northeast Thailand, 
prevention of liver fluke infections offers an approach to reduc-
ing the incidence of cholangiocarcinoma. Public health meas-
ures, avoiding ingestion of raw fish, and strategies for appropriate 
preservation and preparation of fish may be beneficial at reduc-
ing new infections. Stool examination and serology may be 
helpful for the detection of individuals with asymptomatic liver 
fluke infection who may be candidates for treatment. In other 
regions, public health measures targeting risk factors for chronic 
hepatitis B and C, cirrhosis, alcohol, and obesity may reduce the 
incidence of new cancers. Other potential preventive approaches 
include minimizing exposure to dioxins and asbestos and 
ensuring adequate ventilation for individuals working with 
volatile organic compounds.

Temporal/secular trends
The true incidence of biliary tract cancers is difficult to determine 
because epidemiological reports of incidence, prevalence, and 
survival have been inconsistently combined with other cancers 
such as hepatocellular cancers, gallbladder, or pancreatic cancers. 
Epidemiological studies indicate that the incidence of iCCA is 
increasing in the USA. Similar trends have been noted in other 
parts of the world [29]. Some but not all of this increase can be 
attributed to misclassification of pCCA as intrahepatic tumors 
prior to 2001. The incidence of extrahepatic CCA increased with 
the introduction of a new classification that included pCCA as 
an extrahepatic cholangiocarcinoma [30]. In addition, some int-
rahepatic tumors may also have been misclassified as hepatocel-
lular cancer (HCC) if they occurred in the setting of cirrhosis 
because of the higher prevalence of the latter in cirrhosis.

Geographic variations
There are marked geographic variations in the incidence of CCA 
worldwide. This arises as a result of differences in risk factors, 
and particularly liver fluke infections. The highest incidence was 
reported from northeastern Thailand (71 per 100 000 in men and 
31 per 100 000 in women), followed by eastern China (10 per 
100 000 in men and 5 per 100 000 in women). The incidence of 
CCA in the West was reported as much lower (1–2 per 100 000) 
than in certain parts of Asia (5–71 per 100 000) [31].

Intrahepatic cholangiocarcinoma

Definition
Intrahepatic cholangiocarcinomas (iCCA ) are cancers of the 
biliary tract that arise from intrahepatic bile ducts beyond the 
second-order ductal system within the liver.

Figure 92.1 Endoscopic retrograde cholangiogram showing a bullet-
shaped filling defect in the left hepatic duct. At surgery, this was found to 
be a tumor embolus from an intrahepatic cholangiocarcinoma. This 
patient presented with pancreatitis, presumably due to the embolus.
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Liver transplantation
The outcomes from liver transplantation for iCCA, unlike those 
for hilar cholangiocarcinoma have been disappointing, with a 
greater than 70% rate of recurrence within 5 years after trans-
plant. As a result of these poor outcomes, liver transplantation 
is not generally offered for this indication in the setting of 
reduced availability of donor organs and mortality while on the 
wait list.

Locoregional therapies
Locoregional therapy for unresectable iCCA include transarte-
rial chemoembolization (TACE), transarterial radioemboliza-
tion (TARE), radiofrequency ablation (RFA), or microwave 
ablation They may be used for palliation and local control in 
persons with a good performance status. A median survival 
time of 20 months with TACE and 43.7 months with TARE have 
been reported in case series. For tumors smaller than 3 cm, RFA 
resulted in a median survival time of 38.5 months. Most tumors 
present with large bulky tumor precluding complete ablation 
and there is a potential risk of biliary complications arising from 
bile duct damage.

Chemotherapy
Although many studies have been performed with chemother-
apy, most of the reported studies have included mixed popula-
tions of biliary tract cancers, have been limited by a small 
sample size, and have been nonrandomized making them dif-
ficult to interpret. Results from the Advanced Biliary Cancer 
(ABC)-02 study reported an increased survival time by ∼3 

tissue, and a more overtly glandular pattern are the main dif-
ferentiating characteristics from HCC. Immunohistochemical 
staining for specific cytokeratins may also be helpful. Unlike 
HCC, some cholangiocarcinomas stain positively for CA19-9 or 
carcinoembryonic antigen (CEA). It may be difficult to distin-
guish iCCA from a liver metastasis of extrahepatic origin if 
cytological analysis shows adenocarcinoma, but the diagnosis 
of iCCA should be presumed if a primary site cannot be 
identified.

Therapy and management
Most treatment information has been derived from small series 
gathered over several years, with variable definitions of disease 
used, and therefore the best approaches to treatment remain 
uncertain. Consensus guidelines have been proposed for man-
agement [37,38]. An algorithm for the management of these 
cancers is shown in Figure 92.2.

Surgery
The goal is to resect tumor with an adequate margin of normal 
tissue, and to obtain microscopically free resection margins, 
while retaining enough liver tissue behind for the patient to 
have adequate liver function after surgery. Resection may vary 
from nonanatomic resections to segmental anatomic resections. 
The median survival is ∼36 months. The 5-year survival rate 
with a curative R0 resection is ∼60%, but curative resections are 
possible only in about 30% of patients. The presence of underly-
ing advanced cirrhosis with portal hypertension may preclude 
surgical resection.

Figure 92.2 Diagnosis and management of 
intrahepatic cholangiocarcinoma (iCCA). 
For unresectable disease, a biopsy should be 
obtained to confirm the diagnosis. For 
localized disease, treatment with 
locoregional approaches such as 
transarterial chemoembolization (TACE), 
transarterial radioembolization (TARE), or 
systemic therapy can be considered. HCC, 
hepatocellular cancer.
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83% to 93%, for portal vein invasion from 86% to 98%, and for 
lymph node metastasis it is in the range of 74%–84% [41,42].

Biliary tract imaging (cholangiography) with cytology is used 
to establish the diagnosis (Figure 92.4). Tissue biopsies can be 
obtained under fluoroscopic guidance, or using cholangioscopy 
during endoscopic retrograde cholangiopancreatography 
(ERCP). Cholangioscopy may allow direct visualization but 
often provides a smaller amount of tissue for analysis [43–46]. 
Peroral cholangioscopy using the spyglass system may be asso-
ciated with a higher rate of cholangitis. Confocal laser endomi-
croscopy is an emerging technique that may be helpful. Specific 
criteria (Miami criteria) for the diagnosis of malignancy within 
a stricture using this technique have been proposed, but need 
to be further validated and the specificity improved [47]. 
Endoscopic ultrasound (EUS) with fine-needle aspiration 
(FNA) may also be helpful for diagnosis, or to predict unre-
sectability by detecting nodal spread.

Differential diagnosis
Establishing a tissue diagnosis of pCCA is extremely difficult. 
This is related to the highly desmoplastic nature of these tumors, 
which limits cellular material that may be obtained for diagno-
sis. Furthermore, pCCA are less accessible than other distal 
cholangiocarcinoma for sampling. The diagnostic sensitivity of 
tissue or cytology examination remains poor. Benign disease 
has been noted in about 10% of surgical resections performed 
for presumed pCCA [48–50]. Positive diagnosis with brush 
cytology ranges from 44% to 80% [51–53], with pooled data 
from over 800 CCA patients reporting sensitivity of 42%, spe-
cificity of 98%, and positive predictive value (PPV) of 98% 
among patients with confirmed cancer [51,52]. Brush cytology 

months in patients with inoperable CCA receiving gemcitabine 
and cisplatin over those receiving gemcitabine alone [39]. 
However, the study did not include patients with cirrhosis.

Perihilar cholangiocarcinoma

Definition
Perihilar cholangiocarcinomas (pCCA) are cancers developing 
within the extrahepatic biliary tract from the second-order 
ducts to the origin of the cystic duct.

Tumors that cause ductal obstruction at the hilar region are 
occasionally referred to as Klatskin tumors. However, the series 
reported in the classical paper by Klatskin included both intra-
hepatic and extrahepatic cancers, and was reported in an era in 
which the biliary tract was inaccessible to preoperative imaging. 
Thus the use of the term Klatskin tumor to describe perihilar 
cholangiocarcinoma is inaccurate and best avoided.

Clinical presentation and natural history
Diagnosis is usually based on history, cholangiography, and 
cytology or tissue analysis. The clinical presentation of pCCA is 
indistinguishable from other malignancies causing large bile 
ductal obstruction such as dCCA or pancreatic cancer. Most 
patients present with painless jaundice and its clinical sequelae 
of dark urine, light stool, and pruritus. Nonspecific gastrointes-
tinal symptoms such as anorexia and nausea, as well as mild 
weight loss and fatigue, are not unusual. Tumor markers such 
as CA19-9 are of limited value because levels of CA19-9 can also 
increase with cholangitis or cholestasis.

pCCA often arises and can progress to obstruction of one of 
the main bile ducts at the hilum before involving the other main 
duct. Unilateral obstruction results in atrophy of the affected 
side of the liver and hypertrophy of the other side. This atrophy–
hypertrophy phenomenon will also occur if there is unilateral 
portal vein occlusion. Because atrophy–hypertrophy results in 
axial rotation of structures in the hepatoduodenal ligament, its 
effects need to be considered when interpreting imaging studies 
or in planning hepatic resections [40].

Any patient who has a perihilar stricture, without evidence 
of ductal disease elsewhere in the biliary tree suggestive of PSC, 
and who has not had previous biliary surgery that might have 
resulted in stricture, is considered to have pCCA. Diagnosis and 
evaluation of these tumors depends on the available diagnostic 
technologies and expertise. The goals are to: (1) ascertain the 
nature and extent of obstruction, (2) obtain tissue for diagnosis 
if possible, and (3) staging to determine spread and metastasis 
to guide therapy. Abdominal ultrasound will confirm the pres-
ence of biliary obstruction. Additional testing with either CT or 
MRI/magnetic resonance cholangiopancreatography (MRCP) 
(Figure 92.3) is needed to identify potential spread and for 
staging if malignancy is suspected. The accuracy of CT and MRI 
with MRCP for prediction of the extent of ductal involvement 
ranges from 84% to 91%, for hepatic arterial invasion from  

Figure 92.3 Magnetic resonance cholangiogram showing extrahepatic and 
intrahepatic biliary tract. Narrowing of bile duct produced by a hilar 
tumor is shown (arrow). GB, gallbladder; CBD, common bile duct. 
Source: Courtesy of Dr. Joseph T. Ferrucci, Department of Radiology, 
Boston University School of Medicine.



Tumors of the biliary tract CHAPTER 92   1865

at times. Vascular invasion has been assessed by MRI/MR angi-
ography, angiography, or Doppler ultrasound. MRI is useful to 
assess liver invasion or vascular involvement not clearly identi-
fied on CT. CT or MR angiography are replacing the need for an 
invasive angiography to assess vascular involvement. Color-flow 
Doppler ultrasound is very dependent on the operator, but can 
be effective in evaluating portal vein involvement and in some 
cases hepatic artery involvement [57] (Figure 92.6). Positron 
emission tomography (PET)/CT, intraductal US, and EUS have 
all been used for staging. EUS with FNA may also be helpful for 
diagnosis by detecting distal lymph node involvement. A staging 
laparoscopy with or without ultrasound can identify tumor 
spread beyond that detected on cholangiography, vascular 
encasement, or lymph node involvement (Figure 92.7).

Liver transplantation
Liver transplantation has emerged as a viable option for  
the treatment of perihilar cholangiocarcinoma. In carefully 
selected patients, a multimodality approach combining preop-
erative chemoradiation, staging laparoscopy, and orthotopic 
liver transplantation has resulted in overall 5-year survival rates 
of up to 82%. The long-term survival is superior to resection. A 
study of the combined experience of several centers showed an 
overall survival of 53% on an intention-to-treat analysis, with a 
65% recurrence-free survival after 5 years [58]. Living donor 
liver transplantation (LDLT) may overcome some of the limita-
tions of organ availability for this indication as 5-year survival 
after LDLT was 69% compared with 63% after deceased donor 
transplantation. The outcomes are better in patients with pCCA 
arising in the setting of PSC, with a 72% 5-year survival com-
pared with 51% in non-PSC patients. Furthermore, patients 
with pCCA undergoing neoadjuvant chemoradiation and liver 

is diagnostic and very useful when positive but of little value 
when negative. In a study of 74 patients with pancreaticobiliary 
strictures, the sensitivity and specificity of brush cytology were 
56% and 100%, and the PPV was 100% [54]. Intraductal tissue 
biopsy also has a low diagnostic yield, with a pooled sensitivity 
of 56%, specificity of 97%, and PPV of 97%. The use of multiple 
sampling techniques should be considered to improve the diag-
nostic yield of sampling.

Mucobilia on ERCP is an uncommon finding that is highly 
suggestive of a papillary cholangiocarcinoma. Papillary tumors 
could be either intrahepatic or extrahepatic [54]. FNA is also 
useful if a mass can be seen on ultrasound examination or on 
CT scan.

Therapy and management
A suggested approach to the diagnosis and management of 
pCCA in patients presenting with obstructive jaundice is pre-
sented in Figure 92.5. Disease staging in pCCA requires an 
assessment of the extent of involvement of the liver parenchyma, 
lymph node or vascular involvement, and distant metastases, in 
addition to the extent of ductal involvement. A classification for 
hilar tumors was introduced and modified by Bismuth based on 
the level of ductal involvement. It provides a guide to surgical 
resection and is not a true staging system, and has low accuracy 
[55]. A registry of pCCA has been initiated and may serve as a 
resource to guide future staging classifications [56].

The local extent of the disease along the biliary tree can be 
determined by direct or imaging defined cholangiography – 
either ERCP, MRCP, or percutaneous transhepatic cholangiog-
raphy (PTC). PTC or MRCP may be more useful than ERCP in 
establishing the upper extent of disease. MRCP is less invasive 
but may need to be supplemented with direct cholangiography 

Figure 92.4 Cholangiogram shows a 
perihilar cholangiocarcinoma. The 
intrahepatic bile ducts are dilated whereas 
the size of the common bile duct (CD) is 
normal.
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involvement of both branches of the portal vein or bilateral 
involvement of the hepatic artery and portal vein, or a combina-
tion of vascular involvement on one side of the liver with exten-
sive bile duct involvement on the other [40]. With vascular 
replacement, it may be possible to resect some tumors previ-
ously considered unresectable.

The results of surgical resection depend highly on whether 
negative resection margins are achieved [61–66]. Frozen sec-
tions are used to evaluate tumor margins at the time of surgery 
and to guide the extent of resection. However, the desmoplastic 
nature of these tumors often restricts accurate determination of 
the presence of tumor in frozen sections. Median survival of 
patients with tumor-free margin is ∼3.4 years with a 5-year 
survival rate from 11% to 43%. However, when margins are 
positive, median survival is 1 to 1.2 years and 5-year survival is 
almost zero [62,63,66,67]. Other negative prognostic variables 
include tumor stage, nodal disease, tumor grade, bilirubin con-
centration, and absence of mucobilia [66–68].

transplantation have a quality of life that is similar to those for 
patients undergoing transplantation for other indications [59]. 
If liver transplantation is being considered, FNA of the hilar 
lesion by EUS should be avoided because of the risk of tumor 
seeding.

Surgery
The goals of surgical resection are to remove the tumor and 
achieve cancer-free resection margins. Excision of the bile ducts 
may be possible up to the first-order branches of the right and 
left bile ducts. If the tumor extends beyond this on one side, 
partial hepatectomy may be needed, and a Roux-en-Y recon-
struction performed. A caudate lobe resection is often routinely 
performed because invasion of the caudate ducts may occur. 
Bilateral biliary involvement to the point that all four sectional 
ducts are involved precludes curative resection [60]. Other  
indicators of unresectability include bilateral intrahepatic bile 
duct spread, involvement of the main trunk of the portal vein, 

Figure 92.5 Diagnosis and management of perihilar cholangiocarcinoma (pCCA). Endoscopic retrograde cholangiography (ERC) with tissue sampling 
should be performed. If diagnostic for malignancy, a staging endoscopic ultrasound (EUS) should be considered for sampling lymph nodes. EUS 
fine-needle aspiration (FNA) of the tumor should not be attempted in patients who are potential candidates for transplantation because of the risk of 
seeding. Surgical resection may be considered for localized resectable disease. If unresectable, and does not meet criteria for transplantation, intrabiliary 
photodynamic therapy (PDT) or radiofrequency ablation (RFA) may be attempted. Systemic chemotherapy with gemcitabine, or if performance status is 
poor with 5-fluorouracil, regimens could be considered for unresectable advanced or recurrent disease. FISH, fluorescence in situ hybridization; LN, 
lymph node.
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There is a role for preoperative biliary drainage in some, but 
not all, patients. Although there may be a benefit for patients 
with severe obstructive jaundice, renal dysfunction, or pruritus, 
preoperative decompression can increase complications during 
or after surgery [69–72]. It may be appropriate if hemihepatec-
tomy for cholangiocarcinoma is planned in a jaundiced patient 
or if a pancreaticoduodenectomy is to be done in a patient with 
longstanding or severe jaundice. Other preoperative prepara-
tions include correction of vitamin K deficiency and bowel 
preparation.

Palliation
For unresectable tumors, palliation may be performed by per-
cutaneous or endoscopic stent placement or by surgical bypass. 
Plastic stents typically clog within 2–6 months, whereas metal 
stents last longer, for up to 8–10 months.

Endoscopic metallic stenting should be performed by an 
experienced biliary endoscopist. The goal is to enable drainage 
of greater than 50% or more of the liver volume, irrespective of 
whether one or more stents are used, or one or more segments 
drained. Imaging-based volumetric assessment may be useful  
to determine whether drainage will be adequate. A guided 
approach using MRCP may be beneficial to routine bilateral 
stenting. If bilateral stents are placed, they may be used side-by-
side or by contralateral stenting through the mesh of the first 
stent (stent-in-stent).

Percutaneous biliary drainage is more appropriate for drain-
age of intrahepatic ducts. Both internal and external biliary 
drainage are possible. Either plastic or metallic stents may be 
used, with one study reporting a longer survival and lower com-
plication rates with the latter [73]. Surgical biliary enteric bypass 
to segment III (Bismuth–Corlette cholangiojejunostomy), may 
be performed for palliation when other approaches have failed, 

Figure 92.6 Doppler ultrasonograms showing encasement of right portal 
vein by tumor. A stent that had been placed through the tumor can also 
be seen. Color flow Doppler studies can indicate venous compression by 
demonstrating regions of higher-velocity flow in such regions.
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Figure 92.7 Laparoscopic ultrasonogram showing encasement of the 
hepatic artery (HA) and bile duct (BD). An enlarged lymph node that 
contains tumor is also seen.
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Clinical presentation and natural history
dCCA often presents with obstructive jaundice, similar to 
pCCA. Cholangitis is uncommon unless the biliary tree is 
instrumented. In the case of tumors arising below the insertion 
of the cystic duct, the gallbladder may be palpable. Laboratory 
tests suggest extrahepatic biliary obstruction with elevations in 
serum bilirubin, alkaline phosphatase, and γ-GT levels and mild 
elevation of transaminase levels. The presence of cholangitis or 
biliary obstruction from other causes can result in increased 
CA19-9 levels and thus the diagnostic accuracy of this tumor 
marker is low. In patients with PSC, a cutoff of 100 IU has a 
sensitivity of 89% and specificity of 86% for cholangiocarci-
noma in PSC [89]. The King’s College group recommend the 
use of an index that incorporates both CEA and CA19-9 values 
and that has attained similar sensitivities for cholangiocarci-
noma in PSC [90]. Bile CEA levels are reportedly elevated in 
cholangiocarcinoma, but not in benign diseases, other than int-
rahepatic stones [91].

Evaluation involves abdominal ultrasound and body imaging 
with CT or MRI, as well as biliary tract imaging with ERCP. 
Ultrasound is cheap, noninvasive, and is the best initial test for 
detection of biliary stones or for ductal dilation that can occur 
with long-standing obstruction. Abdominal imaging with either 
a CT or MRI scan should be obtained for the patient with pain-
less jaundice in whom malignancy is suspected. MRI has the 
advantage that an MRCP could also be performed at the same 
time. CT scans can identify mass lesions, but if no mass lesions 
are noted, an ERCP or MRCP may be needed to evaluate for the 
site and nature of biliary obstruction.

In patients without PSC and no visible mass lesions, detection 
of a single stricture by ERCP is taken as evidence of a malig-
nancy. In patients with PSC, malignancy may be associated with 
deterioration of clinical status and liver function tests. However, 
dCCA may also present in these patients without any change in 
liver biochemistries. Although screening of patients at risk, such 
as those with PSC, using CT scans or MRI/MRCP with the 
CA19-9 tumor marker is often considered in clinical practice, 
there are no data to determine the efficacy, timing, or effective-
ness of screening for malignancy [90]. The diagnosis of malig-
nancy in patients who have a biliary tract stricture can be  
very difficult. Because of the dense associated stroma, well-
differentiated cancers with little invasion are difficult to differ-
entiate from the bile duct that has a fibrotic scar or stricture 
from PSC or other prior biliary injury. Perineural invasion (i.e., 
malignant cells within nerve sheaths), a prominent feature of 
bile duct cancers, is not present in PSC and is an important 
diagnostic criterion of malignancy.

Differential diagnosis
The differential diagnosis includes any cause of painless obstruc-
tive jaundice such as choledocholithiasis, pCCA, or pancreatic 
cancer. Cancers of the lower bile ducts may not be readily dis-
tinguished from ampullary, duodenal, or pancreatic cancers. 

or an unresectable locally advanced tumor is identified at 
laparotomy. Surgical approaches have not been shown to be 
superior to percutaneous or endoscopic biliary drainage. Bypass 
to right-sided ducts may be challenging [74,75]. Surgical 
implantation of large-bore tubes through the tumor has been 
used in the past but is rarely employed now.

Other approaches
Photodynamic therapy with stenting was shown to improve 
survival, reduce cholestasis, and improve quality of life com-
pared to stenting alone in a randomized trial [76–78]. In one 
study, survival time with PDT and stenting was 16 months 
compared to 3 months with stenting alone. EUS-guided biliary 
drainage through a transgastric approach is feasible, but even in 
experienced hands the complication rates such as bile leakage 
and peritonitis are as high as 20% [79–83]. Endobiliary radiof-
requency ablation (RFA) may provide an additional approach 
but experience with this has been limited [84]. Radiation 
therapy has been used alone or in combination with other tech-
niques. Its value is unclear because most series are small and no 
randomized comparisons exist. External-beam irradiation was 
successful in clearing jaundice in 10 of 11 patients; no other 
decompressive measures were used [85]. Brachytherapy has 
been applied through percutaneous tubes, with a median sur-
vival of 23 months [86]. The combination of surgery and radio-
therapy was reported to provide a median survival of 14 months 
in unresectable or recurrent disease [87]. However, other series 
have reported no benefit with radiation [88].

Chemotherapy
Chemotherapy regimens used are similar to those for other 
extrahepatic or intrahepatic tumors. The ABC-01 and ABC-02 
studies showed an improved survival benefit for the combina-
tion of gemcitabine and cisplatin [39]. A distinction was not 
made in these studies between hilar or distal cholangiocarci-
noma and other biliary tract cancers.

Multimodality approaches including chemotherapy with 
xeloda, or other agents combined with external beam radiation 
therapy or intrabiliary brachytherapy and liver transplantation, 
have shown good results, as discussed above.

Distal cholangiocarcinoma

Definition
Distal cholangiocarcinoma (dCCA) comprises cancers arising 
from the distal common hepatic duct between the junction of 
the cystic duct and the papilla, but not involving either the cystic 
duct or the ampulla of Vater.

Tumors arising from the extrahepatic ducts at the liver hilum 
are considered separately as pCCA whereas those arising from 
the cystic duct are considered along with other gallbladder 
cancers.
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Staging
If a tumor is suspected, preoperative staging is necessary to 
identify the extent of tumor spread and relationship to portal 
vein and superior mesenteric artery in order to determine 
resectability. EUS with FNA may be useful in determining the 
extent of tumor spread and involvement of local lymph nodes 
[93]. A staging laparoscopy with or without ultrasound may 
enable direct visualization of the peritoneal surfaces for meta-
static implants, as well as detect vascular or nodal invasion, any 
of which would preclude resection for cure [60,94,95] (Figure 
92.9). PET scanning for staging has been proposed but benefit 
has not yet been shown [96].

Surgery
For localized dCCA, and for periampullary lesions, pancreati-
coduodenectomy should be considered. The 5-year survival 
rates after an R0 resection is 27%, with a median survival time 
of 25 months. The procedure can be complicated by morbidity 
due to biliary fistulas in about 2% of patients or a fistula from 
the pancreatic–jejunal anastomosis in 5%–10% of patients. 
Short-term outcomes or quality of life are similar between the 
pylorus-preserving and standard types of pancreaticoduo-
denectomy [97,98]. Thus, resection of part of the stomach is not 
necessary. Although many patients require pancreatic enzyme 
replacement after this procedure, few develop diabetes.

Although the presentation and approach to these cancers may 
be similar to that for dCCA, establishing a diagnosis is helpful 
because dCCA are less likely to metastasize widely and may 
have a more favorable outcome with aggressive treatment. As 
with pCCA, dCCA must be differentiated from benign fibroin-
flammatory strictures such as from IgG4 cholangiopathy or 
sclerosingcholangitis [92]. The former can occur in the extrahe-
patic and intrahepatic ducts, and can be diagnosed by elevated 
IgG4 in the serum, or by an increased number of IgG4-positive 
cells in histological samples. These strictures may respond to 
steroids. The failure to appreciate these diagnoses may lead to 
inappropriate therapies, such as long-term stenting or hepatic 
resection.

Therapy and management
A suggested approach to the diagnosis and management of the 
patient with suspected dCCA presenting with obstructive jaun-
dice is presented in Figure 92.8.

Biliary decompression
Therapeutic decompression of the biliary tree by ERCP or per-
cutaneous stenting may be performed at the time of the initial 
evaluation if ductal dilation extending into the lower bile ducts 
is noted. Brushings should be obtained at ERCP even if no 
masses have been seen on abdominal imaging studies.

Figure 92.8 An approach to the diagnosis and 
management of distal cholangiocarcinoma 
(dCCA). ERC, endoscopic retrograde 
cholangiography; EUS, endoscopic ultrasound; 
FISH, fluorescence in situ hybridization; LN, 
lymph node.
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Risk factors for GBC include genetic characteristics, gallstone 
disease, bile composition, calcification of the gallbladder wall, 
congenital biliary cysts or ductal anatomy, some infections, 
environmental carcinogens, and drugs. Geographic differences 
may reflect racial, cultural, and genetic differences.

Gallstone disease is associated with GBC, but the mechanism 
is unknown. Cholecystolithiasis is present in 70%–90% of 
patients with GBC, and the incidence of GBC in patients  
with cholecystolithiasis ranges from 0.5% to 3% [100]. The  
risk of GBC was increased in a prospective cohort study of 
patients with gallstones although the incidence (9 per 10 000 per 
person-years) and the absolute number of cases of GBC (five of 
2583 people) in this population was low [101]. Duration of 
gallstone disease, patient age, size of gallstones, and possible 
carcinogenic effects of gallstones, such as from the chemical 
composition or bacteria within the stones, may be important, 
although in one study patients with cancers did not have larger 
stones, nor were their stones of higher cholesterol content 
[102,103].

There is a high incidence of biliary tract cancer in patients 
with an anomalous pancreatic–biliary duct junction (APBJ). 
Studies from Japan have linked APBJ to GBC and to CCA [104]. 
About 2% of Japanese patients examined had APBJ, with about 
75% of these cases associated with a choledochal cyst and duct 
dilation. The rest were noted to have normal-caliber bile ducts 
[104,105]. Patients with APBJ get cancer at a younger age than 
patients with sporadic GBC. Children with APBJ frequently 
have epithelial hyperplasia of the gallbladder [106].

GBC has been associated with partial or complete calcifica-
tion of the gallbladder wall (porcelain gallbladder). The associa-
tion is controversial, with some studies reporting an incidence 
of up to 25%, and other studies disputing the association 
[107,108]. Salmonella typhi carriage, exposure to toxic environ-
mental factors in the automotive, rubber, textile, and metal 
industries, previous gastric operations, and elevated body mass 
index have been associated with GBC [102,109,110].

Palliation
For unresectable CCA, palliation by stenting for biliary decom-
pression by itself, or in combination with chemotherapy, may 
be considered. Radiation therapy can result in biliary tract com-
plications. A randomized trial of surgical bypass versus endo-
scopic intubation favored the latter [99]. Unresectability can 
often be determined preoperatively, but if unresectability is 
determined only at the time of an open exploration, a palliative 
bypass for biliary decompression and jejunal bypass may be 
performed.

Gallbladder cancer

Definition
Gallbladder cancers (GBC) are cancers arising from the gall-
bladder mucosa.

Most malignant neoplasms of the gallbladder are adenocar-
cinomas. A classification of malignant lesions of the gallbladder 
is shown in Box 92.5. Sixty percent of GBC occur in the fundus, 
30% in the body, and 10% in the neck of the gallbladder. They 
may be isolated tumors or involve the gallbladder through intra-
mural spread analogous to linitis plastica of the stomach.

Epidemiology (risk factors)
The incidence of GBC in the United States is 1–2 per 100 000. 
The incidence of GBC increases with age, with the greatest 
incidence in persons aged 65 or older. GBC affects women three 
to four times more often than men, and is more common in 
Caucasians than in blacks.

Figure 92.9 High-resolution laparoscopic ultrasound image 
demonstrating a 2.5 to 3-cm inhomogeneous hypoechoic mass that abuts 
the superior mesenteric vein (SMV) and portal vein (PV) posteriorly 
behind the neck of the pancreas, which itself appears to be normal.  
No evidence of actual vascular invasion is seen. At laparotomy, an 
adenocarcinoma was resected. Source: Callery et al. 1997 [60]. 
Reproduced with permission of Elsevier.
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in the gallbladder within 6 months [116]. Although K-ras muta-
tions are not commonly observed in lesions associated with 
gallstones, they are frequently identified in dysplastic lesions 
associated with APBJ. The differences in presentation, morphol-
ogy, and molecular changes indicate that there are at least two 
distinct pathways to gallbladder carcinogenesis associated with 
either stone disease or with APBJ [117].

Clinical presentation and natural history
Patients with gallbladder cancer are often asymptomatic, and 
the diagnosis may be made at the time of imaging or cholecys-
tectomy for other indications. When symptoms are present, 
they are nonspecific. As a result, most patients with gallbladder 
cancer present with symptoms at an advanced stage of disease.

In early stage-disease, symptoms can mimic those of chole-
lithiasis and cholecystitis or they may be related to associated 
cholelithiasis. Pain may be dull and aching, colicky, sharp, con-
stant, or intermittent, with radiation to the back and associated 
with nausea, vomiting, and anorexia. In later stages, malaise, 
weight loss, jaundice, hepatomegaly, a palpable mass, or ascites 
may develop. Jaundice can result from obstruction of extrahe-
patic bile ducts by direct tumor growth or from metastatic 
disease. Jaundice is a poor prognostic sign and 85% of patients 
with jaundice have unresectable tumors [100]. Mirizzi syn-
drome, in which compression of the common hepatic duct 
results from an impacted stone in the gallbladder neck, can be 
a presentation of GBC. Rarely, duodenal or colonic obstruction, 
cholecystoenteric fistula, or evidence of extraabdominal metas-
tases such as palpable mass, ascites, or paraneoplastic syn-
dromes such as acanthosis nigricans may occur. These indicate 
an advanced malignancy and unresectable disease. Laboratory 
findings are not diagnostic. Patients may have increased alkaline 
phosphatase and bilirubin levels related to ducal obstruction. 
Serum CEA or CA19-9 may be elevated. These findings are not 
diagnostic as they may have other causes.

The usual initial diagnostic study for biliary tract disease is 
ultrasound. Patients who are undergoing evaluation for biliary 
tract disease should be screened for GBC. Findings on ultra-
sonography that are suggestive, but not diagnostic, of GBC 
include thickening of the wall, a mass projecting into the lumen, 
calcification of the gallbladder, multiple masses, or a mass that 
is fixed in the gallbladder, extending into the liver, or is extrac-
holecystic. A comparison between patients with unsuspected 
GBC and those with benign gallbladder disease found that a 
solitary stone or displaced stone, or an intralumenal or invasive 
mass were more commonly associated with cancer [118]. 
Mucosal thickening should be viewed with suspicion. US will 
detect polyps, which may represent nonmalignant lesions such 
as adenomas, papillomas, or cholesterolosis in addition to GBC. 
An invasive cancer is more likely in polyps greater than 1 cm in 
diameter. The accuracy of US for staging disease extent or 
spread is low, 38% in one study. EUS is useful for further diag-
nosis of polyps or gallbladder wall thickening. EUS has a higher 
sensitivity (92% vs 54%) and specificity (88% vs 54%) for GBC 

Pathogenesis
In the presence of gallstones, chronic mucosal irritation predis-
poses to malignant transformation. The chemical composition 
of stones or bile may be related to development of gallbladder 
cancer. Bile from high endemic areas is more mutagenic than 
that from low endemic areas [111]. Thus, it is postulated that 
dietary or chemical metabolite substances excreted within bile 
may be potentially carcinogenic, with bile acids acting as cocar-
cinogens. Cholesterol stones are the most common type associ-
ated with gallbladder cancer. There are no conclusive data 
linking bile composition of bile acids to GBC.

Cancers arising from gallbladder mucosa behave similar to 
other adenocarcinomas of the gastrointestinal tract. Premalignant 
to invasive malignant changes can be found, metastatic spread 
occurs by lymphatic and vascular routes, diagnosis is often 
delayed, and survival is related to stage. Interestingly, at the 
population level, mortality is also inversely related to cholecys-
tectomy rates [112]. GBC originates as mucosal lesions and, as 
growth progresses, invades the wall of the gallbladder. The lack 
of a well-defined muscularis leads to early entry of invasive 
gallbladder cancer into the perimuscular connective tissue. 
Lymphatic, neural, and hematogenous invasion occur earlier 
with gallbladder cancer than with other cancers of the gut.

Adenocarcinomas progress from metaplasia–dysplasia to 
carcinoma in situ to cancer. Chronic inflammation may play a 
role in development of premalignant lesions [113]. Two types 
of metaplasia, intestinal and squamous, have been found in 
patients with gallbladder cancer. The relation of intestinal meta-
plasia to subsequent development of GBC has not been deter-
mined. Squamous metaplasia, in which squamous epithelium 
replaces the normal gallbladder epithelium, is a rare premalig-
nant lesion that has been found with squamous cell cancer of 
the gallbladder. Cholecystitis follicularis, a rare type of inflam-
mation, has been reported in a few cases of GBC, but its pre-
malignant potential is unclear [113]. Progression from dysplasia 
to carcinoma in situ to invasive cancer in the gallbladder epi-
thelium can take about 15 years [114]. Dysplastic changes are 
found in adjacent mucosa in most GBC. Gallbladder adenomas 
are rarely encountered or associated with dysplasia.

The erbB2 oncoprotein is expressed in a significant fraction 
of GBC and, transgenic mice that express erbB2 in the gallblad-
der epithelium develop GBC. Although expression of ras and 
myc has been described in GBC, the data are conflicting. Point 
mutations involving the K-ras gene appear to be less common 
in GBC than in CCA. p53 overexpression is noted in about 
two-thirds of GBC, but not in adenomas.

The malignant potential of APBJ is quite high and this ana-
tomical variant is associated with premalignant histological 
changes of epithelial hyperplasia with a papillary or villous 
appearance. The nonmalignant areas of the gallbladder of 
patients with APBJ-associated gallbladder cancer show increased 
hyperplastic changes in the gallbladder mucosa compared with 
patients with sporadic GBC [115]. In a cat model, side-to-side 
biliary–pancreatic anastomosis produced hyperplastic changes 
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physical contact between the tumor and port-site tissues during 
extraction, or can be related to positive-pressure pneumoperi-
toneum [124]. The tissue surrounding the trocar ports is excised 
because seeding may have occurred. Early reoperation may be 
necessary if the tumor is discovered on later pathological exami-
nation, or with uncertainty about residual tumor. Stage I gall-
bladder carcinomas with clear resection margins may not 
require further surgical treatment.

Differential diagnosis
Gallbladder polyps may be malignant but are rarely so when 
they are smaller than 1 cm in diameter. In a series of patients 
with gallbladder polyps, none was malignant if less than 1 cm 
in diameter, but 23% of polyps larger than 1 cm were malignant 
[125]. In another series, 88% of polyps larger than 1 cm in 
diameter were malignant, and polyps larger than 1.8 cm were 
more likely to contain a more advanced stage of cancer [126]. 
FNA is an accurate way of distinguishing between polyps due 
to cholesterolosis and neoplastic polyps [127], especially for 
polyps that are larger than 1 cm in diameter [128]; however, it 
is much less accurate in determining whether a neoplastic polyp 
is an adenoma or carcinoma [128]. Doppler ultrasound imaging 
of blood flow within a neoplastic polyp may also be useful in 
distinguishing these lesions from benign polyps.

Therapy and management
Most studies of treatment approaches for GBC are from small 
case series, or are heterogeneous studies that include other 
biliary tract cancers. As a result, the optimal approaches to 
surgical approaches or palliative therapy with chemoradiation 
are unknown. The stage of the disease determines treatment 
approach and prognosis [120]. Diagnosis of GBC usually occurs 
at advanced stages TNM III or IV, and most patients in advanced 
stages are not resectable [129,130].

Surgery
Surgery is the only potentially curative option for GBC. Absolute 
contraindications to surgery include distant metastases, vascu-
lar involvement, or nodal spread beyond the hepatoduodenal 
ligament. When GBC is suspected, an open cholecystectomy is 
preferable to laparoscopic excision to minimize the potential 
impact of tumor implantation due to gallbladder perforation 
and bile spillage that are more frequent with the latter. An 
extraserosal cholecystectomy excises the gallbladder on a deeper 
plane than a standard cholecystectomy, so that the gallbladder 
and all connective tissue down to actual liver tissue are removed. 
The extent of resection will depend on the extent of disease 
spread. For T1 lesions where the tumor has not penetrated the 
muscularis mucosa and margins are negative, cholecystectomy 
is sufficient and can be curative. Direct tumor growth into the 
liver or duodenum or colon is not a contraindication to surgery, 
but the extent of spread will guide the extent of resection for 
these T2 to T4 lesions. Thus, wedge resection of the liver, portal 

than US. It can also enable FNA of any suspicious masses or 
aspiration of bile for cytology. If tumor is present, EUS can be 
useful for staging by assessing tumor wall invasion or distant 
nodal spread.

Abdominal CT or MRI can identify intraluminal polyps,  
gallbladder wall thickening, mass lesions, hepatic involvement, 
nodal enlargement, or other distant spread (Figure 92.10). MRI 
may be helpful in determining vascular invasion and nodal 
involvement. There is little role for cholangiography using 
ERCP or PTC, although these may occasionally be needed to 
plan surgical resection by determining extent of ductal involve-
ment or spread [119]. PET scanning has low sensitivity for 
extrahepatic disease. However, PET scanning may identify 
disease that has not been radiologically apparent, and resulted 
in a change in stage and treatment in 17%–23% of cases with 
presumed localized respectable disease in one study. As for 
CCA, a staging laparoscopy may be helpful [60,95].

Survival of patients with GBC is related to stage and histo-
logical type of cancer. Lymph node involvement is rare in stage 
T1 tumors [120,121]; that is, lymph node involvement almost 
never occurs until the muscularis has been penetrated. After 
that lymph node involvement is common, occurring in about 
50% of stage II patients and in 70%–80% of patients in stage  
III and IV. There is a close correlation between lymph node 
involvement and prognosis. Most long-term survivors are 
patients with well-differentiated tumors that were minimally 
invasive. These are usually found incidentally at, or immediately 
after, cholecystectomy.

GBC may be identified incidentally at the time of cholecys-
tectomy; the incidence ranges from 0.3% to 1%. If this occurs 
during a laparoscopic procedure, the potential for port-site 
implantation should be considered [122,123] and the gallblad-
der extracted in a plastic bag. Implantation can arise due to 

Figure 92.10 Computed tomography scan of patient with carcinoma of 
the gallbladder (GB) showing invasion of hepatic parenchyma (arrow).
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Complications
Tumor spread can involve the liver and the extrahepatic biliary 
tree by direct spread. Liver metastases without full-thickness 
invasion of the gallbladder wall occurs in less than 10%. Lymph 
node metastasis to the cystic, pericholedochal, peripancreatic, 
and celiac nodes occurs early, and are present at the time of 
diagnosis in more than half of patients. Direct invasion of the 
duodenum or colon, intraperitoneal spread, Krukenberg tumors 
(i.e., ovarian metastases), and hematogenous dissemination can 
also occur [141].

Prevention
The low incidence of GBC in many countries may be related to 
the rate of cholecystectomy performed for gallstone disease. 
However, prevention of GBC is not considered as a sole indica-
tion to perform cholecystectomy in patients who have asymp-
tomatic gallstones.

Temporal/secular trends
GBC is the fifth most common malignancy of the gastrointes-
tinal tract. The incidence of GBC correlates with the prevalence 
of cholelithiasis. Patients with gallstones for longer than 40 years 
have a significantly higher incidence of GBC than those who 
have had gallstones for a shorter time. It has been postulated 
that 1% of patients aged 65 years or more with gallstones would 
develop GBC, and this may reflect the duration of stone disease 
[142].

Geographic variation
There is a notable geographic variation in the incidence of this 
cancer. The highest incidence of GBC occurs in Chileans and 
Bolivians [109]. Mortality from GBC in Chile is 5.2%, the 
highest in the world [143]. In Bolivia, differences are related to 
tribal origin [144]. The incidence of GBC is high in Native 
American, Hispanic American, Latin American, Japanese, and 
Zimbabwean women [144]. Lower rates of GBC occur among 
Nigerians, New Zealand Maoris, and Chinese natives and immi-
grants [144]. In the United States, GBC is the most common 
cancer of the biliary tract. In contrast to the general population, 
the incidence of GBC is much higher in Native Americans in 
the Southwest and in Mexican Americans. In Mexico, the 
highest incidence of GBC is in mestizos, people of mixed ances-
try. The incidence of GBC in Spain, Cuba, and Puerto Rico is 
low, suggesting that the geographic and ethnic variations noted 
in GBC incidence in North and South America may be related 
to Native American rather than Spanish heritage.

References are available at www.yamadagastro.com/textbook
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AFIP. Benign tumors and tumorlike lesions of the gallbladder and 

lymph node dissection and extrahepatic bile duct resection, or 
even pancreaticoduodenectomy may be needed in addition to 
cholecystectomy. If there is obvious penetration to the serosal 
layer on the deep surface of the gallbladder, or if margins are 
positive, or the muscularis has been penetrated, resection of at 
least liver segments 4b and 5, and a lymph node dissection are 
performed. If the cystic duct resection margin is positive, then, 
in addition, the extrahepatic bile duct is excised to clear margins. 
A more extensive liver resection may be required if the tumor 
has penetrated further into the liver. If negative resection 
margins are achieved, 5-year survival rates are 90% in stage I 
disease, 80% in stage II, 40% in stage III, and 15% in stage IV. 
Lymph node involvement portends a worse prognosis than local 
hepatic invasion alone [130,131]. A pancreaticoduodenectomy 
may be considered for T2 to T4 disease but the results remain 
poor in advanced stages [132].

Randomized studies did not show a benefit of preopera-
tive biliary decompression for jaundiced patients [133–135]. 
However, these studies were performed in an era in which surgi-
cal intervention mostly involved palliative bypass of the biliary 
tree, and the potential benefits of preoperative decompression 
prior to either pancreaticoduodenectomy or liver resection are 
not defined.

Palliation
The goals of palliative treatment for patients with unresectable 
disease are to prevent biliary and bowel obstruction and to 
relieve pain. Relief of obstructive jaundice by stenting by per-
cutaneous or endoscopic approaches are preferred over surgical 
bypass because the median survival is low. Palliative chemo-
therapy may be considered for patients with advanced, unre-
sectable GBC who may be able to tolerate it. A standard of  
care for initial treatment has not yet been defined. A combina-
tion of gemcitabine alone (if performance status is poor) or  
with either cisplatin or capecitabine (if performance status is 
good) may be considered. The National Comprehensive Cancer 
Network (NCCN) guidelines recommend a gemcitabine and/or 
a 5-fluorouracil (5-FU)-based regimen. An oxaliplatin-based 
regimen or 5-FU/leucovorin may be used as second-line agents 
if a gemcitabine-based regimen has failed. Molecular targeted 
therapies with erlotinib and bevacizumab have been reported 
but their role is not yet established and advantages over 
gemcitabine-based therapies remain to be shown [136,137].

External beam radiation therapy may be considered for 
symptomatic patients, but the limited data available suggest that 
tumor control is rarely possible although some GBC may be 
radiosensitive, and spread is mainly by locoregional growth 
[138,139]. However, radiation therapy may be considered for 
palliation of jaundice in some cases, or may be used in multi-
modality approaches combining external beam radiation 
therapy with a 5-FU-based treatment. The latter approach is 
supported by consensus guidelines from the European Society 
of Medical Oncology and the NCCN [140].
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CHAPTER 93

Introduction

The sphincter of Oddi (SO) was first described by a 23-year-old 
Italian medical student named Ruggero Oddi in the late 19th 
century (1887) after extensive research on the physiology of 
dogs and detailed histological examination of many species, 
including humans. Following this, Oddi was promoted to the 
Chair of Physiology at the University of Genoa but then sank 
into a world of depression, narcotic abuse, and homeopathic 
medicine before dying anonymously and mysteriously in 
Tunisia in 1913 [1]. Like Oddi himself, the sphincter he 
described has remained an item of intrigue, mystery, and con-
troversy. A relatively recent editorial referred to sphincter of 
Oddi dysfunction (SOD) as the “most misunderstood and 
abused diagnosis in gastroenterology” [2]. This chapter aims to 
clarify (as much as possible) what is known concerning nomen-
clature, diagnosis, and treatment of SOD.

Definitions

SOD refers to a benign, noncalculous obstruction to bile or 
pancreatic exocrine secretions through the SO [3]. This may be 

secondary to a fixed structural lesion, referred to as SO stenosis, 
or secondary to a motility disorder or spasm, with resultant SO 
dyskinesia. Other terms used to describe SOD include papillary 
stenosis, sclerosing papillitis, biliary spasm, biliary dyskinesia, 
and postcholecystectomy syndrome. It is often difficult (or 
impossible) to completely distinguish between stenosis and dys-
kinesia so the term SOD is used to incorporate both groups of 
patients.

Anatomy

The SO is a complex muscular sheath consisting of circular and 
longitudinal muscle fibers that surround the distal common bile 
duct, the main pancreatic duct of Wirsung, and the common 
channel (ampulla of Vater) before emptying into the second 
portion of the duodenum. It is divided anatomically into four 
distinct components:
1.	 the biliary sphincter (sphincter choledochus), which consists 

of circular muscle fibers surrounding the distal common bile 
duct proximal to its junction with the pancreatic duct

2.	 the pancreatic sphincter (sphincter pancreaticus), which con-
sists of the short annular muscle surrounding the distal 
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Two types of motor activity have been detailed in association 
with SO: baseline tonic pressure (approximately 5–15 mmHg 
above the common bile duct pressure and 10–33 mmHg above 
duodenal pressure), and superimposed phasic contractions 
(occurring every 8–15 s and lasting 4–5 s) [7,8].

Sphincter regulation is under both neural and hormonal 
control, although the exact mechanisms of that control are not 
clearly elucidated. Three regulatory systems have been described 
in relation to SO activity:
1.	 synchrony with gastric and duodenal motor activity during 

the interdigestive period (reflex regulation)
2.	 hormonal control, with cholecystokinin (CCK) in particular 

believed to play a major role
3.	 neural control primarily through cholinergic parasympa-

thetic fibers.
The maximal contractive activity of the SO occurs during phase 
III of the migrating motor complex [9–11]. Both intraduodenal 
acidity and food content have been shown to affect SO activity. 
In some animals, gastric distention has been shown to cause an 
increase in SO activity; however, in humans that does not 
appear to be the case [12]. CCK reduces the baseline pressure 
and decreases the phasic contractile activity of the SO in 
humans; however, in other species (opossum and prairie dog), 
CCK increases the phasic activity of the SO without affecting 
the baseline pressure [4]. In general, the following hormones are 
believed to have a stimulatory effect on SO motility: gastrin, 
secretin, motilin, bombesin, galanin, neuropeptide Y, peptide 
YY, pancreatic polypeptide, and substance P; whereas the fol-
lowing hormones are believed to be inhibitory: cholecystokinin, 
glucagon, secretin, calcitonin gene-related peptide, nitric oxide, 
and cerulein [4]. In addition, numerous pharmacological agents 
appear to have varied effects on SO motility. Morphine, fenta-
nyl, pentazocine, ethyl alcohol, bethanechol, and physostigmine 
have stimulatory function; atropine, nitroglycerin, nifedipine, 
amyl nitrate, and barbiturates are inhibitory. The regulation of 
SO motility is complex and not completely understood [4].

Diagnosis and classification

The diagnosis of SOD rests on the presence of typical clinical 
symptoms in the setting of associated radiographic and labora-
tory abnormalities.

Milwaukee Biliary Group classification
Several classification schemes have been proposed; however, the 
classic (“Milwaukee Biliary Group Classification”) criteria, pro-
posed by Hogan and Geenen in 1988, remain the best studied 
[13]. Under this system, three groups of patients with pain sug-
gestive of biliary etiology are recognized. These patients are 
divided as follows:
• type I patients fulfill the following three criteria:

º pain associated with abnormal serum aminotransferases 
(alanine aminotransferase and aspartate aminotransferase 

intraduodenal segment of the main pancreatic duct (of note, 
this is located in only 30% of the population)

3.	 sphincter ampullae, which consists of a thick sheath of lon-
gitudinal muscle fibers overlying thinner circular muscle 
surrounding the ampulla of Vater; and

4.	 fasciculi longitudinales, which consists of short muscle fibers 
connecting the distal end of the joined ducts [4,5].

The intramural length of the SO is 7–22 mm; the common distal 
segment (which may not exist in 15% of individuals) is 1–9 mm, 
and the extramural length of the sphincter is about 5 mm [6]. 
The high-pressure zone is typically 4–10 mm in length. The 
embryological, anatomical, and physiological features of this 
musculature are separate from that of the surrounding duode-
nal musculature (Figure 93.1).

Physiology

The exact role of the SO remains unclear. Some investigators 
propose an active role of the SO in propelling bile into the 
duodenum whereas others suggest that the SO functions only 
as a regulated resistor of bile flow. The available evidence sug-
gests a role for the SO in the following three areas:
1.	 regulating bile flow and maintaining a low intraductal 

pressure
2.	 diverting the hepatic bile into the gallbladder during the 

interdigestive period
3.	 preventing reflux of duodenal contents into the biliary 

tree [4].

Figure 93.1 Anatomy of sphincter of Oddi. Source: Reproduced with 
permission from the Johns Hopkins Division of Gastroenterology and 
Hepatology (www.hopkinsmedicine.org/gi).
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Functional biliary SO disorder was defined as typical pain 
(meeting all the features detailed above) in conjunction with 
normal amylase and lipase measurements. Elevated serum ami-
notransferases, alkaline phosphatase, or conjugated bilirubin 
temporally related to at least two pain episodes was considered 
to be a supportive criterion. Functional pancreatic SO disorder 
was defined as typical pain in conjunction with elevated amylase/
lipase [17].

Clinical presentation and demographics

SOD is estimated to affect approximately 13% of patients with 
unexplained right upper quadrant pain following cholecystec-
tomy and 0.9% of all individuals undergoing cholecystectomy 
[18,19]. Although SOD may occur in patients of any age, the 
classical presentation is typically a middle-aged woman [20].

In terms of clinical presentation, abdominal pain is the sine 
qua non of this disorder. The pain is typically located in the 
epigastrium or right upper quadrant, lasts for from 30 min to 
several hours, and may be disabling. In some patients the pain 
is continuous with intermittent exacerbations. It may radiate to 
the back or shoulder. Associated nausea and vomiting may be 
present. The pain may begin following a cholecystectomy; 
however, this is not required and patients may also present with 
biliary-type pain that is not relieved with cholecystectomy. 
Jaundice, fevers, and chills are not typically observed and should 
prompt consideration of an alternative diagnosis [21]. Physical 
examination is characterized by the absence of objective abnor-
malities with the most common finding being nonspecific 
abdominal tenderness on palpation.

Following the initial history and physical examination, initial 
diagnostic evaluation should focus on etiologies typical of pan-
creatobiliary symptomatology. Initial evaluation should include 
standard liver chemistries, serum amylase or lipase, and abdom-
inal ultrasonography or computed tomography (CT) scan. If 
possible, laboratory evaluation should be obtained during bouts 
of pain. Mild elevations in aminotransferases (less than twice 
the upper limits of normal) are frequently observed in SOD; 
however, significantly greater abnormalities are more suggestive 
of other etiologies, such as tumors, stones, and parenchymal 
liver disease. CT scans can often be normal in SOD, although 
mild ductal dilation is not uncommonly observed and is sup-
portive of a diagnosis of SOD. More common gastrointestinal 
disorders such as gastroesophageal reflux and peptic ulcer 
disease should also be evaluated and treated concurrently. In the 
presence of typical biliary-type pain and the absence of improve-
ment with treatment of more common disorders, further 
work-up for possible SOD is warranted.

Diagnosis via noninvasive imaging

Sphincter of Oddi manometry (SOM) is considered to be the 
gold standard for diagnosis of SOM and stratification of therapy. 

more than twice the normal value on at least two 
occasions)

º a common bile duct dilated more than 10 mm on ultra-
sound or 12 mm on endoscopic retrograde cholangiopan-
creatography (ERCP)

º delayed drainage of contrast from the common bile duct 
after more than 45 min in the supine position

• type II patients have typical biliary-type pain and, in addition, 
fulfill one or two of the above criteria

• type III patients have typical biliary-type pain but fulfill none 
of the above criteria [13].

When manometry is considered to be the gold standard, the 
predictability of SOD varies among these three groups with the 
following values: type I, 65%–95%; type II, 50%–63%; type III, 
12%–28% [14]. Given the logistical difficulties in assessing 
delayed drainage times, this criterion is often excluded in clini-
cal practice and research studies, resulting in the modified 
Hogan–Geenen classification scheme [15]:

In addition, three classification groups have also been devel-
oped for pancreatic SOD. These are as follows:
• type I patients fulfill the following three criteria:

º abnormal pancreatic enzymes on two occasions
º pancreatic duct dilated more than 6 mm
º delayed drainage of pancreatic duct after ERCP by more 

than 8 min
• type II patients present with typical pancreatic-type pain and, 

in addition, fulfill one or two of the above criteria
• type III patients present with typical pancreatic pain but do 

not fulfill any of the above objective criteria [13,16].

Rome III criteria
In 2006, the Rome III Committee established three gallbladder 
and biliary sphincter disorders, referred to as functional gall-
bladder disorder, functional biliary SO disorder, and functional 
pancreatic SO disorder. The hallmark of all three disorders is 
episodic pain located in the epigastrium or right upper quadrant 
and all of the following:
• episodes lasting 30 min or longer
• recurrent symptoms occurring at different intervals (not 

daily)
• the pain builds up to a steady level
• the pain is moderate to severe enough to interrupt the patient’s 

daily activities or lead to an emergency department visit
• the pain is not relieved by bowel movements
• the pain is not relieved by postural change
• the pain is not relieved by antacids
• exclusion of other structural disease that would explain the 

symptoms.
Supportive criteria are: associated nausea and vomiting, radia-
tion of pain to the back or right subscapular region, and awak-
ening from sleep in the middle of the night.

Functional gallbladder disorder was defined as the above 
symptoms in the context of an intact gallbladder and normal 
liver enzymes, conjugated bilirubin, and amylase/lipase. 
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overall sensitivity” [34]. Dynamic MRCP with secretin admin-
istration has been examined for noninvasive diagnosis [27,35–
38]. Initial results have been encouraging with concordance 
between dynamic MRCP and ERCP reported to be 86% in one 
study; however, long-term data with larger patient populations 
and multiple centers are needed before this test can enter the 
clinical arena as anything other than a supportive research tool. 
Given these factors, dynamic imaging with transcutaneous 
ultrasound, endoscopic ultrasound, and MRCP are possibly 
useful clinical adjuncts to diagnosis but data do not support 
their use as an exclusive means of diagnosis.

Hepatobiliary scintigraphy
Quantitative hepatobiliary scintigraphy assesses bile flow 
through the biliary tract using radionucleotide imaging (Figure 
93.2). Functional or structural obstruction results in impaired 
radionucleotide flow and can support a diagnosis of SOD. 
However, the precise criteria used to define an abnormal study 
remain controversial with commonly measured variables 
including: the time taken to the maximal count over the biliary 
tree (TMAX), the time taken for 50% of the tracer to accumulate 
over the biliary tree (T½), the duodenal appearance time (DAT), 
the hilum-to-duodenum transit time (HDTT), and prolonged 
excretion of tracer from the biliary tree. Among these measure-
ments, the most common criteria for diagnosis consist of a DAT 
longer than 20 min and an HDTT greater than 10 min [39–48]. 
Results of clinical studies have been mixed; some studies have 
reported sensitivities and specificities of 100% [49] while others 
have reported poor concordance between scintigraphic results 
and subsequent manometric studies [48]. Although scintigra-
phy has enormous appeal as an adjunct to diagnosis, its status 
in the management of SOD remains unclear.

Diagnosis via ERCP with SOM

ERCP with SOM is the gold standard for diagnosis of SOD and 
the only means to directly measure SO motor activity [44]; 
however, because of the technical challenges and risk of com-
plications inherent to this procedure, the decision to perform 
ERCP with manometry is not made lightly. In general, ERCP 
with SOM should not be considered as a pure diagnostic test 
unless the severity of the symptoms is such that sphincterotomy 
would be performed if the results of manometry were 
abnormal.

Technique
SOM is typically performed at the same time as ERCP. A side-
viewing duodenoscope is inserted and advanced to the papilla 
at which time retrograde cannulation of the sphincter is achieved 
with a pressure-transducing manometry catheter. All medica-
tions that inhibit (anticholinergics, nitrates, calcium-channel 
blockers, glucagon) or stimulate (narcotics, cholinergics) the 
sphincter should be avoided for 8–12 h before manometry. 

However, this procedure is not without risk and most series 
suggest an increased rate of post-ERCP pancreatitis in this 
patient population with values ranging from 17% to 31% [22,23]. 
Given this, most centers would recommend that the diagnostic 
evaluation begin with noninvasive imaging unless the clinical, 
laboratory, and radiographic evidence clearly suggests SOD. 
This point is particularly emphasized in the Rome III guidelines 
published in 2006 [17]. After initial laboratory analysis and 
ductal imaging, consideration should be given to the tests listed 
below.

Morphine–prostigmin provocation test  
(Nardi test)
The Nardi test represents historical precedent more than estab-
lished clinical care. Morphine has been shown to cause SO 
contraction (measured manometrically). Prostigmin (neostig-
mine) is a cholinergic secretory stimulant. Given together, mor-
phine (10 mg) and prostigmin (1 mg) should theoretically 
induce increased biliary and pancreatic flow in tandem with SO 
contraction. A positive test has been defined as reproduction of 
the patient’s typical pain in tandem with a fourfold increase in 
aspartate aminotransferase, alanine aminotransferase, alkaline 
phosphatase, amylase, or lipase levels [24,25]. However, the 
clinical utility of this test is questioned given that specificity and 
sensitivity have been poor when the Nardi test has been com-
pared to results of biliary manometry or outcome after endo-
scopic sphincterotomy. This test has been largely replaced by the 
subsequent studies listed below [26].

Secretory imaging studies
Ductal diameter is felt to be a significant predictor of SOD and 
is listed as one of the classic “Milwaukee” criteria. Provocation 
imaging tests have been postulated as a noninvasive means of 
increasing specificity for the diagnosis of SOD. The theory 
behind this is as follows: following a lipid-laden meal or CCK 
injection, the gallbladder contracts, hepatocyte-induced biliary 
flow increases, and the SO relaxes; similarly, after a lipid-laden 
meal or secretin administration, pancreatic exocrine output 
increases and the SO relaxes. Therefore, if there is SOD, increased 
ductal dilation may be more preferentially seen after increased 
secretory output. In normal subjects, the bile duct diameter 
should remain constant or decrease with stimulation. Normative 
values are not clearly established but most studies define an 
increase of more than 1 mm to be abnormal and suggestive of 
possible SOD [27,28]. Studies have included patients with and 
without intact gallbladders. Provocatory ductal diameter has 
been measured using several different imaging modalities: tran-
scutaneous ultrasound, endoscopic ultrasound, and magnetic 
resonance cholangiopancreatography (MRCP).

Transcutaneous ultrasound has been studied in several small 
studies with variable correlation when compared with SOM 
[29–33]. Endoscopic ultrasound with secretin stimulation has 
also been compared to ERCP with SOM with results suggesting 
“excellent negative and positive predictive values but poor 
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cagon is needed for cannulation, at least an 8–10 min waiting 
period is required to allow the basal sphincter pressure to return 
to baseline before the manometry.

A 5-French, triple-lumen manometry catheter should be 
used because most standard parameters have been based on this 
catheter size. Aspiration catheters (in which one port is sacri-
ficed to permit end-hole and side-hole aspiration of intraductal 
fluid and perfusate) are recommended because of the decreased 
risk of associated pancreatitis [23]. A minimally compliant 
pneumohydraulic capillary infusion system is used to perfuse 
the catheters. The usual rate of perfusion is 0.25 mL/channel; 
however, lower rates are used at some centers. Typically, a lower 
rate will convey an accurate basal sphincter pressure; however, 

Benzodiazepines are not thought to affect SO pressure in 
humans and are felt to be acceptable for sedation. Likewise, 
current evidence suggests that meperidine does not affect basal 
sphincter pressure (although it does affect phasic contraction) 
if used at a dose less than or equal to 1 mg per kg body weight 
[50]. Given that basal sphincter pressure is typically the only 
parameter used to guide SOD therapy, meperidine has been 
used frequently for conscious sedation at the dosing detailed 
above. Propofol has also been used for SOM. Although the data 
showing that propofol does not affect basal sphincter pressure 
in vivo are limited [51], there are in vitro data showing that 
propofol has less manometric effect than meperidine [52] – 
making it “standard of care” for SOM at our institution. If glu-

Figure 93.2 Technique of biliary scintigraphy for diagnosis of sphincter of Oddi dysfunction. Source: Reproduced with permission from the Johns 
Hopkins Division of Gastroenterology and Hepatology (www.hopkinsmedicine.org/gi).
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Before performing manometry, it is necessary to either “zero” 
the baseline readings with the catheter in the duodenum or to 
record continuous intraduodenal pressure with a separate man-
ometry catheter attached to the outside of the endoscope. After 
this baseline has been established, at least two separate station 
pull-through should be obtained from both sphincters – 
although for practical purposes it is often possible to use one 
pull-through if these results are felt to be of good manometric 
quality. The highest basal pressure that is sustained for 30 s 
should be identified. At that point, the four lowest amplitude 
points in that zone are identified. The mean of these four record-
ings is labeled as the basal sphincter pressure for that particular 
lead. The average of the basal sphincter pressures for all inter-
pretable leads is then calculated as the final basal sphincter 
pressure. Once the basal sphincter pressure is calculated, the 
amplitude of phasic wave contractions is measured. This con-
sists of the pressure increase from the basal pressure to the peak 
of the contraction wave. Four sample waves are taken from each 
lead with the mean pressure representing the phasic amplitude. 
The duration of phasic waves and frequency per minute can also 
be computed. However, most authorities rely solely on the basal 
sphincter pressure for diagnosis of sphincter of Oddi dysfunc-
tion as this measurement is more stable over time [16], has 
stronger interobserver reliability [59], is more reproducible with 
repeat testing [60], and is associated with response to therapy 
[16,61]. In addition, there is some evidence to suggest that basal 
sphincter pressure correlates with biliary pressure (which is 

the phasic wave information may not be as accurate. Distilled 
water is generally the perfusate of choice because saline has been 
known to crystallize in the capillary tubing and requires fre-
quent flushing.

Selective cannulation of the common bile duct and pancreatic 
duct is required for accurate manometry. It is possible to distin-
guish reliably between the two ducts by gently aspirating: 
yellow-colored fluid signifies entry into the common bile duct; 
clear liquid signifies entry into the pancreatic duct. On achiev-
ing selective cannulation, the next step is to obtain a cholangi-
ogram and pancreatogram before performing SOM because this 
may provide additional information obviating the need for 
manometry. It has been demonstrated that obtaining a cholan-
giogram before manometry does not significantly alter the man-
ometry results [53]. However, no such data are available for 
pancreatography.

Following selective cannulation, the manometry catheter is 
withdrawn across the sphincter at 1-mm to 2-mm intervals by 
a standard station pull-through technique. If possible, manom-
etry should be studied in both the pancreatic duct and common 
bile duct because there are data that suggest that abnormal pres-
sure may be detected on only one side in approximately 35%– 
64% of patients [15,54–58]. According to at least one report, the 
manometric abnormality is more likely to be in the pancreatic 
sphincter in patients with recurrent pancreatitis and is more 
likely to involve the biliary sphincter in patients with biliary-
type pain and elevated liver function tests [55] (Figure 93.3).

Figure 93.3 Technique of biliary manometry. Source: Reproduced with permission from the Johns Hopkins Division of Gastroenterology and 
Hepatology (www.hopkinsmedicine.org/gi).
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be a specific acupoint that affects the hepatobiliary system, it 
was possible to significantly decrease the SO basal pressure as 
well as the amplitude, frequency, and duration of phasic wave 
contractions. Moreover, this decrease correlated with an increase 
in CCK plasma levels. These changes were noted to be partially 
reversible on discontinuation of acupuncture. However, the 
study only examined SO pressure for 10 min after the acupoint 
stimulation, raising questions as to the long-term benefit and 
clinical relevance of these findings [71]. No long-term studies 
using acupuncture as therapy for SOD have been published.

Surgery
Surgical therapy for SOD is possible and was historically the 
mainstay of therapy. The traditional surgical approach includes 
a transduodenal biliary sphincteroplasty with a transampullary 
septoplasty (pancreatic septoplasty). There are two theoretical 
benefits to this approach over endoscopic therapy. First, surgery 
may reduce the chance of recurrent stenosis due to scarring. 
Second, a surgical approach may be more effective at relieving 
pancreatic duct stenosis because of the endoscopic difficulty of 
severing the transampullary septum without risking duodenal 
perforation [72,73]. Reported data suggest that between 50% 
and 60% of patients with biliary-type pain or recurrent pancrea-
titis treated with surgical sphincterotomy experienced clinical 
benefit [74–82]. However, there has been some suggestion that 
patients with pancreatitis may do worse than patients with 
recurrent biliary-type pain [79].

Despite these benefits, surgical therapy has largely been 
replaced by endoscopic therapy for numerous reasons: similar 
clinical outcomes, decreased morbidity, decreased mortality, 
cosmetic benefits, and increasing endoscopic expertise. Surgical 
therapy has been reserved for patients with restenosis following 
endoscopic sphincterotomy and when endoscopic evaluation is 
not technically feasible [44]. Nevertheless, in some centers, 
operative therapy continues to be the standard of care because 
of local expertise [14,83].

Endoscopy
Endoscopic sphincterotomy is the standard of care for patients 
with sphincter of Oddi dysfunction. Sphincterotomy has been 
extensively evaluated for different subsets of patients based on 
the Milwaukee classification and sphincter subset (biliary versus 
pancreatic). These categories will be addressed below.

Biliary	sphincter	of	Oddi	dysfunction
Consensus opinion holds that endoscopic sphincterotomy 
without sphincter of Oddi manometry is the standard of care 
for type I SOD. This argument is based on the supposition that 
type I SOD implies a fixed stenosis in the sphincter; hence 
explaining the ductal dilatation, prolonged drainage, and abnor-
mal laboratory parameters in the context of symptomatology. 
In addition, because of the possibility of small tumors in the 
intrapapillary region leading to a fixed stenotic defect, sphinc-
terotomy is recommended to ensure adequate visualization and 

markedly easier to calculate); however, this evidence needs to 
be substantiated in larger trials before it can enter into the realm 
of standard clinical care [62].

Data establishing normal values for SOM are limited. Perhaps 
the best data come from Guelrud and associates [63], who eval-
uated 50 asymptomatic patients for the purposes of measuring 
intraductal pressure, basal sphincter pressure, and phasic wave 
parameters. Manometry was then repeated on 10 subjects to 
establish reproducibility. However, because of the risks inherent 
with SOM, this study is unlikely to be repeated in a larger 
sample. At the present time, most authorities use a value of 
35 mmHg or 40 mmHg as the upper limit of normal for mean 
basal sphincter pressure. As stated above, most authorities rely 
solely on basal sphincter pressure for the diagnosis of SOD.

Therapy

The goal of therapy in SOD is to improve the impaired flow of 
biliary or pancreatic secretions into the duodenum. This can be 
accomplished by pharmacological, endoscopic, and surgical 
means. The success of therapy rests on the strength of clinical 
diagnosis. The various treatment options available will be dis-
cussed below.

Pharmacological therapy
Medical therapy for SOD has received little focused attention. 
Given that SOD is felt to result from increased sphincter pres-
sure, theoretical consideration has been given to muscle-relaxing 
agents such as calcium-channel blockers and nitrates. Nifedipine 
has been shown to reduce basal SO pressure in volunteers and 
patients with SOD [64,65]. In a single small placebo-controlled 
crossover trial, nifedipine was associated with statistically sig-
nificant decreases in the severity and frequency of pain along 
with emergency room visits and narcotic usage [66]. However, 
in vivo studies in the opossum model have shown that nifed-
ipine has greater effects on blood pressure than SO pressure at 
low doses [67]. A subsequent study showed that nifedipine use 
was statistically associated with vascular side-effects and was no 
more efficacious than placebo [68].

Nitrates have been shown to decrease SO tone in animal 
models and in humans [69]. A potential role for nitrates as 
therapy for SOD was suggested by one case report in which 
recurrent pain was relieved with nitrate administration; in this 
particular case, pain resolution was associated with a decrease 
in both basal and phasic SO activity [70]. To date, there have 
been no controlled trials of nitrate therapy for SOD.

Acupuncture
Intriguing data from a single pilot study suggests that electroa-
cupuncture may be of therapeutic benefit in relaxing the SO. 
With selective stimulation of GB34 (Yanglingquan), a specific 
electroacupuncture site located on the lateral surface of the right 
leg below the head of the fibula, known in Oriental medicine to 
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81 patients with primarily type II SOD. Sphincterotomy resulted 
in clinical improvement at 2 years in 11 of 13 (85%) patients 
with elevated basal sphincter pressures as opposed to only five 
of 13 (38%) patients who underwent a sham procedure; sphinc-
ter hypertension was the only statistically significant predictor 
of improvement. As reported in an abstract, Sherman and col-
leagues evaluated 23 patients with manometrically documented 
type II SOD [91]; their data show clinical improvement in five 
of six (83%) patients treated with endoscopic sphincterotomy 
and eight of 10 (80%) patients treated with surgical sphinctero-
plasty as opposed to only one of seven (14%) patients treated 
with sham sphincterotomy. However, data from smaller non-
randomized clinical series have been less definitive for patients 
with type II SOD with several studies showing less impressive 
results to manometrically guided sphincterotomy [92,93], no 
significant correlation between manometry and clinical outcome 
[84,94], or clinical improvement to empiric sphincterotomy 
without manometry [85,95,96]. Given the discordance in data, 
there is considerable debate as to whether patients with type II 
SOD should undergo manometrically guided therapy versus 
empiric sphincterotomy [97]. It is hoped that additional long-
term prospective studies will further address this issue.

Type III SOD by definition consists of pain in the absence of 
abnormal objective measurements. It is unclear if this truly 
represents dysfunction of the sphincter itself as opposed to gen-
eralized intestinal dysmotility, visceral hyperalgesia, somatiza-
tion disorders, or other functional abnormalities. Up until 
recently, data in this subset were scarce [98] and supported 
clinical improvement in approximately 30%–60% of patients 
with manometrically documented sphincter hypertension 
[91,92,99]. However, in a recent multicenter, sham-controlled, 
randomized trial (EPISOD) in which the investigators at seven 
referral centers randomized 214 patients with type III SOD to 
sphincterotomy or sham, there was no statistical difference 
between patients who received sham injection versus sphincter-
otomy. They also found no association between manometry 
results and clinical outcomes [100]. Based on this study, the 
authors suggest that ERCP, manometry, and sphincterotomy 
should no longer be recommended for patients with type III 
SOD.

Recurrent pancreatitis
The differential diagnosis of acute recurrent pancreatitis is 
broad and includes gallstones, microlithiasis, subclinical chronic 
pancreatitis, alcohol, structural lesions, tumor, drugs, pancreas 
divisum, and hypertriglyceridemia. Once these entities have 
been appropriately excluded, the possibility of SOD becomes 
significantly more likely. Studies by Coyle and colleagues [101], 
Sherman and colleagues [102], and Geenen and Nash [103] 
demonstrated SOD in 31%, 33%, and 31% of cases of idiopathic 
acute recurrent pancreatitis, respectively. Toouli and associates 
identified manometric abnormalities in 25 of 28 patients with 
idiopathic acute recurrent pancreatitis after an extensive evalu-
ation which was otherwise unrevealing [104]. Most recently, 

suitable biopsy specimens. Nevertheless, this opinion is based 
on relatively scant clinical evidence and there are no rand-
omized or controlled trials specifically evaluating therapy for 
type I SOD. In a small retrospective study evaluating 31 patients 
with type I SOD treated with sphincterotomy, Thatcher and 
colleagues noted clinical improvement in 87% of patients at a 
3-month interval [84]. Boender and colleagues evaluated 
empiric endoscopic sphincterotomy without manometry in 11 
patients with type I SOD and found clinical improvement in 
100% of patients at a 2-year follow-up [85]. Similarly, a retro-
spective study identified 117 patients with type I SOD who 
underwent endoscopic sphincterotomy and reported resolution 
of symptoms in all patients [86]. Rolny and associates described 
17 patients with classic type I SOD who underwent manometry 
followed by sphincterotomy (although two of the 17 patients 
underwent surgical rather than endoscopic sphincterotomy) 
[87]. Although all had significant clinical improvement, man-
ometry was normal in 35%. Finally, Cicala and colleagues pro-
spectively evaluated 30 patients with type I or type II SOD using 
manometry and scintigraphy [47]. Of the eight patients with 
type I SOD, six accepted endoscopic sphincterotomy and all 
were clinically improved at follow-up of at least 10 months. 
Interestingly, when performed in the setting of type I SOD, 
manometry is normal in a sizeable percentage of cases (ranging 
from 13% to 65%) and does not appear to correlate with clinical 
outcome to sphincterotomy [87–90]. Therefore, at the present 
time, the available evidence for type I SOD indicates that 
sphincterotomy should be performed empirically because man-
ometry data do not appear to impact clinical outcome and may 
even falsely exclude patients who would otherwise benefit clini-
cally from therapy.

The data for optimal management in biliary type II SOD 
patients are not as clear. Theoretically, whereas the etiology for 
type I SOD patients can be viewed as a fixed stenotic process, 
type II SOD patients likely represent more of a transient, dyski-
netic picture with less convincing evidence (based on radio-
graphic and laboratory data) for SO obstruction. Three 
randomized controlled trials have been published on type II 
SOM management (although one only in abstract form). In a 
landmark study by Geenen and colleagues [16], 47 patients with 
type II SOD were randomized to sham sphincterotomy or endo-
scopic sphincterotomy. At 1-year follow-up, clinical improve-
ment was noted in 65% of patients who underwent 
sphincterotomy compared with only 30% of patients who had 
undergone a sham procedure. An abnormal basal sphincter 
pressure was found to be the strongest predictor of benefit and 
when patients were stratified based on a basal pressure cutoff of 
40 mmHg, 91% of patients with abnormal basal pressures expe-
rienced clinical improvement with sphincterotomy as opposed 
to only 25% with normal sphincter pressures. After a cross-over 
period, 17 of 18 patients with elevated pressures at study entry 
treated with sphincterotomy were clinically improved after a 
follow-up of 4 years. Toouli and associates [61] evaluated clini-
cal outcomes to sphincterotomy versus sham sphincterotomy in 
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viscosity may have a more direct impact on pancreatic duct 
pressure than sphincteric pressure [114,115]. The relationship 
between SOD and chronic pancreatitis was explored by Tarnasky 
and associates [116]. One hundred and four patients with pre-
sumptive biliary SOD (of whom 68 had confirmed sphincteric 
hypertension) underwent evaluation with endoscopic ultra-
sonography, pancreatography, and secretin stimulation intra-
ductal function testing. Chronic pancreatitis was demonstrated 
in 29% of patients with confirmed sphincter hypertension as 
opposed to only 7% of those without SOD. At the present time, 
it is unclear if SOD directly leads to chronic pancreatitis or if 
changes associated with subtle chronic pancreatitis may induce 
alteration of the sphincteric pressure. It is hoped that this rela-
tionship will be clarified in subsequent studies. There is no 
clearly defined role for SOM in chronic pancreatitis.

Stenting, balloon dilatation, and  
botulinum toxin injection
Balloon dilatation of the SO was postulated to be of benefit in 
treating SOD under the supposition that it would be less inva-
sive than sphincterotomy and may preserve anatomical func-
tion. However, the complication rate with this procedure was 
shown to be unacceptably high and there is no role for balloon 
dilatation in the management of sphincter of Oddi dysfunction 
[117]. Likewise, biliary stent placement has been evaluated for 
symptom relief in this disorder with similarly unacceptable 
complication rates [118]. Neither balloon dilatation nor stent 
placement (as an alternative to sphincterotomy) can be sup-
ported for the treatment of SOD.

Botulinum toxin (Botox) is a potent inhibitor of acetylcholine 
release that has been studied extensively in various motility 
disorders in the gastrointestinal tract, including achalasia and 
gastroparesis. In a pilot study, botulinum toxin injection into 
the SO resulted in a significant decrease in basal sphincter pres-
sure and improved biliary flow [119]. In a subsequent study, 
response to botulinum toxin in type III SOD was used as a vari-
able to predict response to sphincterotomy [120]. In this study, 
22 patients with manometrically documented type III SOD 
underwent botulinum toxin injection into the intraduodenal 
sphincter segment. Of the patients with a clinical response to 
botulinum toxin injection, 11 of the 12 patients later benefited 
from endoscopic sphincterotomy. Of the 10 patients who did 
not experience clinical improvement with botulinum toxin 
injection, only two of the 10 had clinical improvement with 
subsequent sphincterotomy. Botulinum has also been explored 
as a means to decrease post-ERCP pancreatitis following 
sphincterotomy. In a randomized controlled study of 26 patients 
who underwent SOM with sphincterotomy, postsphincterot-
omy injection of botulinum toxin resulted in a trend towards 
decreased post-ERCP pancreatitis [121]. However, this did not 
reach clinical significance and the rate of post-ERCP pancreati-
tis in this study appears to be higher than generally reported, 
raising questions as to the applicability of these results. More 
clinical data are needed before botulinum toxin can enter into 

Fischer and colleagues reported SOD in 40.3% of 1241 patients 
undergoing ERCP for idiopathic pancreatitis [105].

Data regarding sphincter ablation for pancreatic SOD are 
largely limited to retrospective case series. However, these data 
indicate a response rate to sphincterotomy of approximately 
50%–80%. Guelrud and colleagues evaluated 16 patients with 
type II pancreatic SOD [106]. After biliary endoscopic sphinc-
terotomy and 6-month follow-up, nine of the 16 patients (56%) 
were asymptomatic. Stone and colleagues evaluated 30 patients 
treated with sphincter ablation (endoscopic or surgical) for idi-
opathic acute pancreatitis [107]. In patients with documented 
sphincter hypertension, clinical improvement was seen in 15 of 
18 patients (83%) whereas improvement was only seen in four 
of 12 patients (33%) without documented manometric abnor-
malities. The groups of Catalano [108] and Sherman [102] 
reported clinical improvement in 70% and 75% of patients with 
acute idiopathic pancreatitis and documented sphincteric 
hypertension treated with sphincter ablation, respectively. 
Guelrud and colleagues reported clinical improvement in only 
five of 18 patients (28%) with documented type II pancreatic 
SOD treated with biliary sphincterotomy alone whereas dual 
sphincterotomy of both the biliary and pancreatic sphincter 
(either in one session or two) resulted in improvement in 86% 
and 77% of patients, respectively [109]. Wehrman and associ-
ates reported improvement in eight of nine patients (89%) 
treated with dual sphincterotomy for idiopathic recurrent pan-
creatitis and documented sphincter hypertension [99]. Coyle 
and colleagues reported improvement in 20 of 21 patients at 
6-month follow-up [101]. However, the studies mentioned 
above have all been small case series (most of which were pub-
lished only in abstract form).

Cote and colleagues performed a randomized trial of ERCP 
with SOM for patients with idiopathic recurrent acute pancrea-
titis. Patients with pancreatic SOD confirmed by manometry 
were randomized to either biliary sphincterotomy or dual 
pancreatic/biliary sphincterotomy. Of the 69 patients with SOD, 
48.5% of the patients who underwent biliary sphincterotomy 
and 47.2% of the patients who underwent dual sphincterotomy 
had recurrent acute pancreatitis during the follow-up period, 
suggesting no difference between the two groups. Patients with 
confirmed pancreatic SOD on ERCP with SOM had a higher 
risk for acute recurrent pancreatitis than patients without ele-
vated pancreatic ductal pressures on manometry [110]. Based 
on the information above, the current standard of care is to 
perform manometry and subsequent sphincterotomy if the 
manometric values are abnormal. However, further studies are 
needed to guide therapy in this complicated area.

Chronic pancreatitis
Data evaluating pancreatic duct pressure and SOM in patients 
with chronic pancreatitis have been conflicting. Sphincter pres-
sure has been reported to be normal [111,112], abnormal 
[54,113], or abnormal only in response to dynamic testing 
[114]. Moreover, there are data indicating that pancreatic juice 
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Eversman and associates reported abnormal pancreatic sphinc-
ter pressure in 90% of patients with pancreatitis or persistent 
pain after biliary sphincterotomy [135]. Likewise, Soffer and 
Johlin reported abnormal pancreatic sphincter pressure in 25 of 
26 patients with SOD who failed to respond to biliary sphinc-
terotomy [136]. Finally, Elton and colleagues performed pan-
creatic sphincterotomy on 43 patients with type I or type II SOD 
who failed to respond to biliary sphincterotomy alone [137]. 
Following this procedure, 72% of the patients were asympto-
matic. These studies have led many experts to recommend dual 
sphincterotomies rather than biliary sphincterotomy alone. 
Research into this issue is ongoing.

A fourth possibility is that certain patients with presumed 
SOD may in fact have subtle hitherto-undiagnosed chronic pan-
creatitis. Chronic pancreatitis is clearly associated with SOD 
and this may either cloud the diagnosis of SOD or explain an 
apparent lack of response to seemingly appropriate therapy. 
Tarnasky and colleagues demonstrated the presence of chronic 
pancreatitis in 20 of 69 patients with confirmed sphincter 
hypertension [116]. Moreover, patients with chronic pancreati-
tis have been shown to have a significantly decreased clinical 
response compared to control patients with SOD and no evi-
dence of chronic pancreatitis. This was illustrated by Okolo and 
associates in a retrospective case series in which a significantly 
higher rate of recurrent pain was seen in patients with SOD and 
chronic pancreatitis (42%) when compared with patients with 
SOD but no evidence of chronic pancreatitis (27%) [138].

A final possibility is the presence of an obstructing lesion not 
previously identified such as a tumor, stricture, or stone either 
leading to an initial misdiagnosis or developing since the initial 
work-up. Given this possibility, further evaluation of the biliary 
tree is recommended.

Controversies

Although it has been almost 40 years since the advent of biliary 
manometry [139] there is still much that remains unknown 
with regards to the appropriate diagnosis, treatment, natural 
history, and outcome of SOD. Whereas consensus is reasonably 
clear with regard to type I SOD, considerable debate exists 
regarding the optimal management of the remaining categories. 
Should patients with type II SOD undergo mandatory manom-
etry before sphincterotomy? When therapy is offered, should 
the initial therapy of choice be a dual sphincterotomy, biliary 
sphincterotomy, or selective sphincterotomy depending on the 
nature of the presenting symptoms? Given that manometry is 
abnormal in approximately one-third of patients with type I 
SOD, how reliable is manometry using a single time-point in 
the remaining, less objectively defined categories? Is there a way 
to increase the diagnostic yield of manometry either at a single 
temporal interval or through the development of a safe ambula-
tory technique to optimize the diagnostic yield? Is there a way 
to better predict which patients will respond to invasive therapy 

the armamentarium of treatment for SOM and its use remains 
experimental within the context of clinical trials.

Complications
Pancreatitis is the most common major complication following 
SOM with reported rates as high as 31% with use of a standard 
perfusion catheter [22,23,122,123]. These numbers emphasize 
the risk associated with manometry and they have limited the 
widespread application of this diagnostic modality. Several 
methods have been proposed to decrease the incidence of post-
manometry pancreatitis, including the use of an aspiration cath-
eter, gravity drainage of the pancreatic duct after manometry, 
decrease of the perfusion rate to 0.05–0.10 mL/lumen/min, 
limitation of pancreatic duct manometry time to less than 
2 min, and use of a nonperfused manometry system [124–126]. 
Moreover, if manometry is abnormal and sphincterotomy is 
performed, routine temporary stenting of the pancreatic duct 
has been shown to decrease resultant pancreatitis [127]. As has 
been detailed above, botulinum toxin has also been studied in 
this context. Using an aspiration catheter (allowing aspiration 
of the perfused fluid from end and side holes while simultane-
ously recording pressure from the two remaining side-ports), 
Sherman and associates were able to decrease the risk of 
manometry-induced pancreatitis from 31% to 4% in a series of 
76 patients [23]. Using many of the above modifications and 
careful patient selection criteria, more recent quotations of post-
ERCP pancreatitis for patients with SOD undergoing manom-
etry and sphincterotomy have been in the realm of 8% [128]. In 
the EPISOD study evaluating 214 patients with type III SOD, 
the rate of post-ERCP pancreatitis in the sphincterotomy group 
was 11% and in the sham group was 15% [100].

Approaches to treatment failure
There are several potential explanations for an apparent failure 
of adequate biliary sphincterotomy in a patient with well-
documented SOD. First, the pain may not be of pancreatobiliary 
etiology. There are increasing data linking SOD with altered 
gastrointestinal motility, functional bowel disorders, hyperalge-
sia, somatization, depression, and anxiety as compared to 
control subjects [129–133]. This is especially true for type III 
SOD, where there is now good data to suggest that neither 
manometry nor endoscopic sphincterotomy affect outcomes, 
presumably due to an underlying etiology not related to the SO 
[100].

Second, the biliary sphincterotomy may have either been 
inadequate or the site may have restenosed. Data on the inci-
dence of restenosis are extremely limited; however, the one 
study to examine this issue reported a rate of 4.7% over a 
follow-up period of 7 years [134]. In these cases, the standard 
of care is to repeat sphincter ablation; however, there are no data 
available concerning the symptoms of these patients compared 
to control patients without restenosis.

A third possibility is pancreatic sphincter hypertension  
in cases where a dual sphincterotomy was not performed. 
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sphincterotomy affect clinical outcomes. Given the high rate of 
post-ERCP pancreatitis in this population, all efforts should be 
made to exclude other diagnoses before considering SOM and 
the procedure should only be performed by a practitioner who 
is skilled in the technical aspects of this disorder.
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before subjecting those patients to the risks of manometry and 
sphincterotomy? How reliable are noninvasive diagnostic 
studies and is there a way to optimize these modalities? Should 
evaluation for this disorder even be considered in patients with 
an intact gallbladder? The last several years have seen some 
clarification though with respect to type III SOD in particular 
because the EPISOD study, but many questions still remain 
regarding this challenging condition [100].

These questions need to be addressed through randomized 
controlled studies. With this information, it is hoped that a 
universal standard of care can be developed to better guide 
management of this difficult disorder.

Conclusion

SOD is a complicated disorder that is challenging to diagnose 
and treat. At the present time, although numerous questions 
remain, the following general conclusions can be offered. Patients 
should be stratified according to the Milwaukee criteria after 
more common causes of recurrent postprandial abdominal dis-
comfort have been eliminated. Patients with type I SOD should 
be offered sphincterotomy. There is debate regarding the neces-
sity of manometry in type II SOD patients but we believe that 
manometry should be offered before therapy given the results of 
randomized controlled trials. With the recent publication of the 
EPISOD trial, ERCP should no longer be offered to patients with 
type III SOD as this study suggests that neither manometry nor 

http://www.yamadagastro.com/textbook


Acute viral hepatitis

Marc G. Ghany and T. Jake Liang
National Institute of Diabetes, Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD, USA

1886

H 

Introduction

Five viral agents have been associated with acute hepatitis. 
These viruses were denominated A, B, C, D, and E in order of 
their discovery. They are a genetically diverse group of viruses 
linked by their tropism for the liver, their primary site of replica-
tion, rather than their molecular structure. They all cause acute 
hepatitis, which can range in clinical severity from an asympto-
matic illness to fulminant hepatitis. Hepatitis B, C, and D viruses 
have the propensity to progress to chronic hepatitis. These hepa-
totrophic viruses account for 90%–95% of all cases of acute viral 
hepatitis in the United States [1]. Data from the Centers for 
Disease Control and Prevention (CDC) National Notifiable 
Disease Surveillance System indicated that hepatitis B virus 
(HBV) was the cause for almost 60% of reported cases, hepatitis 
A virus (HAV) a third, hepatitis C virus (HCV) 15%, and the 
remainder to non-A, non-C viruses [2]. In the United States, 
acute viral hepatitis has a low case fatality rate of 1%–2%, but is 
associated with substantial morbidity. Death from end-stage 
liver disease, a long-term consequence of acute viral hepatitis, 
is among the 10 most common causes of mortality in the United 
States.

Other viruses from the families Arenaviridae (e.g., Lassa 
fever virus), Bunyaviridae (e.g., Rift Valley fever and Hanta 

viruses), Flaviviridae (e.g., yellow fever and dengue viruses), 
Filoviridae (e.g., Marburg and Ebola viruses), and Herpesviri-
dae may cause hepatitis as part of a systemic illness but are not 
primary hepatotrophic viruses.

Epidemiology

Overview
The hepatotrophic viruses are found worldwide, and there are 
distinct geographic regions where each virus is highly endemic. 
The global distribution of each virus is closely linked to its mode 
of transmission. Enterically transmitted viruses, HAV and hepa-
titis E virus (HEV), are more common in regions of the world 
that lack proper sanitation and have limited access to fresh 
water. In contrast, parenterally transmitted viruses, HBV, HCV, 
and hepatitis D virus (HDV), predominate in areas of the world 
where social or customary practices facilitate their transmis-
sion, explaining the high rate of HCV infection in injection 
drug users in the United States and HDV in the Mongolia and 
South American Indians of the Amazon basin where there is a 
high rate of vertical transmission of hepatitis B. Since the imple-
mentation of universal vaccination and public health measures 
to educate the general public on transmission risks, the number 
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[9]. However, experimental transmission studies performed in 
human volunteers and chimpanzees revealed that viremia may 
persist for long periods during the convalescent phase of the 
illness [8–10]. This suggests that blood obtained during the 
convalescent phase may be potentially infectious. Furthermore, 
the virus could be demonstrated by reverse transcriptase 
polymerase chain reaction (RT-PCR) in convalescent stool and 
may be the cause of infection in sporadic cases.

Viral titers in serum are about twofold lower than those of 
stool; as a result, parenteral spread is not a significant route of 
transmission. Transmission has been reported occasionally in 
blood transfusion recipients, patients who require clotting 
factors, and injection drug users who share needles [11–13].

Hepatitis A is shed in the saliva during an acute illness. 
However, transmission has not been associated with saliva, 
semen, or urine [7]. Sexual transmission of hepatitis is reported 
in both heterosexuals and men who have sex with men. Out-
breaks in men who have sex with men seem to be related to 
oral–anal contact during the sexual encounter [14,15]. Nosoco-
mial spread from undiagnosed cases has been reported [16].

Historically, in the United States the highest rates of spread 
were reported in household contacts, in intimate contacts of an 
index case, and in child day-care centers (person-to-person 
spread) [17]. Data from the Viral Hepatitis Surveillance Program 
at the CDC in 1995 showed that contact with another person 
with hepatitis A was overall the most frequently identified risk 
factor. Attendees or employees of day-care centers accounted for 
10%–15% of cases. However, in 2007, the most frequently iden-
tified risk factor was international travel (18%) and more than 
two-thirds of cases reported no known risk factor [4]. It has 
been suggested that transmission from an asymptomatic infant 
or child may account for most of the adult cases of HAV infec-
tion [18]. Outbreaks of HAV have been associated with inges-
tion of shellfish [19,20], raw onions [21,22], salads [23], and 
frozen strawberries [24], but these account for a small number 
of cases overall.

Hepatitis B virus
Prevalence
Hepatitis B occurs worldwide; the areas of highest prevalence 
are China, Southeast Asia, sub-Saharan Africa, and Alaska. 
Almost 50% of the world’s population live in these regions, 
where the prevalence of hepatitis B surface antigen (HBsAg), a 
serological marker of chronic infection, can exceed 8% [25]. 
Another 40% of the world’s population live in areas with inter-
mediate prevalence, (3%–5%), such as Japan and India. In low-
prevalence areas such as the United States, Western Europe, and 
Australia, the rate of HBsAg positivity is 0.1%–2%. In endemic 
areas, most infections occur in children, whereas in areas of low 
seroprevalence, most infections occur in adults.

An accurate assessment of the prevalence of HBsAg has been 
difficult to achieve due to under-representation of populations 
with higher rate of HBsAg positivity in epidemiological surveys 
such as persons who are foreign born, persons of certain ethnic 

of cases of acute viral hepatitis has declined substantially in 
recent years.

Hepatitis A virus
Prevalence
Hepatitis A virus infection occurs worldwide. The prevalence of 
antibody to hepatitis A (anti-HAV) correlates inversely with the 
socioeconomic status and the prevailing standard of hygiene of 
a region. In highly endemic areas, the prevalence of anti-HAV 
is almost universal by 5 years of age, whereas in industrialized 
nations, it is generally less than 5% for all age groups sampled. 
This finding has important public health implications. Out-
breaks of HAV infection are more common in low-prevalence 
areas because the population is susceptible, and rare in endemic 
areas because of natural herd immunity. This explains the cyclic 
epidemics observed every 10–15 years in areas of intermediate 
prevalence, such as the United States. Additionally, a paradoxi-
cal increase in the number of cases of clinical hepatitis is 
observed in low- and intermediate-prevalence areas owing to a 
greater number of adult infections.

About one-third of the US population has serological evi-
dence of past HAV infection. According to data obtained from 
the Third National Health and Nutrition Examination Survey 
(NHANES-III, 1988–1994) [3], seroprevalence was found to be 
associated with increasing age, being born outside the USA and 
Mexican-American ethnicity. The relationship with age can be 
explained by infections that occurred during childhood when 
sanitary conditions were poorer than present-day standards and 
by travel to endemic regions by adults. The age-adjusted preva-
lence of anti-HAV was highest in Mexican Americans (70%) 
and lowest in non-Hispanic whites (23%). This difference is 
probably related to socioeconomic factors rather than racial 
susceptibility to infection. The incidence of acute HAV infection 
in the United States had remained fairly constant over the past 
several decades with cyclical peaks occurring every 10–15 years. 
However, since the introduction of vaccination, there has been 
a dramatic decline in the incidence of HAV infection. The most 
recent figures indicate that the rate of hepatitis A has declined 
92% from a peak of 12/100 000 in 1995 to 1.0/100 000 in 2007, 
the lowest rate yet recorded [4]. A decline in mortality attribut-
able to hepatitis A has been coincident with the declining inci-
dence rate, underscoring the importance of vaccination [5].

Transmission
Hepatitis A virus is primarily transmitted by the fecal–oral route 
through person-to-person contact or ingestion of contaminated 
food or water. Because HAV lacks a lipid envelope and is readily 
secreted by hepatocytes into bile and the intestinal tract [6], 
viral titers are highest in stool and can reach 108 virions per 
milliliter [7]. The virus is detected in stool during the incubation 
period, and the viral titer peaks 2 weeks before the onset of 
symptoms [8]. Therefore, the highest period of infectivity is 
before the onset of symptoms. In most cases, viremia is unde-
tectable after the peak of alanine aminotransferase (ALT) values 
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children between the ages of 4 and 6 years, presumably through 
close physical contact or intrafamilial spread. The reason for the 
lower rate of vertical transmission in the African population 
may be due to the low prevalence of hepatitis B e antigen 
(HBeAg) in the serum of females of childbearing potential [30].

Healthcare workers were at major risk for exposure in the 
1980s; however, widespread use of the hepatitis B vaccine has 
reduced the incidence of acute hepatitis markedly, from 9% in 
1985 to 0.8% in 1994–95 [31]. Nosocomial infection continues 
to remain a source of infection, and transmission has been 
reported from physician to patient, from contaminated multi-
use vials and medical instruments, in hemodialysis units, and 
through organ transplantation, especially in the case of antibody 
to hepatitis B core antigen (anti-HBc)-positive donors after 
orthotopic liver transplantation (OLT).

Hepatitis C virus
Prevalence
Hepatitis C virus infection occurs worldwide, and it is estimated 
that 3% of the world’s population is infected based on blood 
donor studies [32,33]. The geographic prevalence of antibody to 
HCV (anti-HCV) is fairly consistent throughout the world, 
ranging from 0.5% to 2%. However, the prevalence of HCV is 
disproportionately high in Egypt and Japan. In Egypt, this has 
been explained by the use of mass parenteral therapy for schis-
tosomiasis with reusable glass syringes during the period 
between 1961 and 1985 and in Japan through the use of blood 
transfusions during the Second World War [34–36].

Data from the NHANES study between 2003 and 2010 found 
a prevalence of anti-HCV of 1.0% in the general US population 
[37]. Prevalence was highest in injection drug users and in 
African-Americans. Overall, the rate of anti-HCV was twice as 
high in African-Americans as in whites. Groups with higher 
prevalence than the general population included hemophiliacs, 
injection drug users, patients receiving hemodialysis, and >10 
lifetime sexual partners. Currently, injection drug users are at 
highest risk for acute HCV infection.

Since 1989, the incidence of acute HCV infection in the USA 
has been on the decline, primarily owing to screening of the 
blood supply and a decrease in injection drug use. In 2013, the 
overall rate was 0.7 cases per 100 000. Among acute cases, injec-
tion drug use remains the most common risk factor (62%), 31% 
reported having multiple sex partners, and 16% were men who 
have sex with men [4].

Transmission
Hepatitis C virus is transmitted by percutaneous, sexual, and 
perinatal routes. The highest viral titers are seen in blood and 
serum. Before the introduction of blood-screening procedures 
(anti-HBc and ALT levels were used as surrogate markers for 
non-A, non-B hepatitis beginning in 1985 until they were 
replaced by anti-HCV testing in 1991), transfusion of blood or 
blood products was a major source of infection, accounting for 
up to 20% of cases of infection. HCV is efficiently transmitted 

minorities, the incarcerated population, and the homeless. The 
prevalence of HBsAg was lowest in the US-born civilian nonin-
stitutionalized population (0.1 per million persons) and highest 
among foreign-born persons (1.0–2.6 per million). Using mul-
tiple sources of data it was estimated that 800 000–1.4 million 
persons in the United States have chronic HBV infection. 
Approximately 0.3%–0.5% of US residents are chronically 
infected with HBV; 47%–70% of these persons were born in 
other countries [26].

The incidence of acute HBV infection has declined dramati-
cally in the United States from 11.5 cases per 100 000 population 
in 1985 to 1.5 per 100 000 population in 2007 [4]. This decline 
has been attributed to the implementation of a universal vac-
cination program.

Transmission
Hepatitis B is transmitted primarily by percutaneous and sexual 
routes, including mucous membrane exposure to bodily fluids. 
Not surprisingly, the highest titers of virus are seen in serum 
and blood; intermediate titers are seen in semen, vaginal fluid, 
and saliva; and lowest titers are observed in tears, urine, feces, 
and breast milk. The infectivity of other body fluids is 100- to 
1000-fold less compared with blood.

Transfusion of blood products used to be the major route of 
transmission before the introduction of blood screening in 
1985. Studies of multitransfused hemophiliac patients before 
1985 indicated that 40%–50% had markers of previous or active 
HBV infection [27]. Transfusion-related HBV infection has 
been virtually eliminated by screening of blood donors.

The vehicles of transmission of hepatitis B vary between 
endemic and nonendemic regions. In the United States and 
Western Europe, areas of low endemicity, injection drug use and 
sexual exposure to an acute case or chronic carrier are the major 
modes of transmission. Data from the CDC Viral Hepatitis 
Surveillance Program showed that sexual exposure was the pre-
dominant risk factor in the United States; 38% of cases reported 
sexual contact with a person known to have HBV. Injection drug 
use (15%) and having had surgery (12%) were was the next most 
common [4]. The risk for sexual transmission was directly 
related to the number of lifetime sexual partners, men who have 
sex with men, paid sex, and prior history of sexually transmitted 
diseases. The risk for transmission appears to be greater from 
men to women.

In contrast, in endemic regions, perinatal (vertical transmis-
sion) and person-to-person spread (horizontal transmission) 
are more common modes of spread. Perinatal spread is respon-
sible for the high rate of infection seen in China and Southeast 
Asia [28]. Perinatal spread is more efficient if the mother is 
HBeAg-positive and in mothers infected with genotype C due 
a longer period to HBeAg seroconversion [29]. Fetal exposure 
to blood during passage through the birth canal is thought to 
be the cause of infection rather than transplacental spread. In 
sub-Saharan Africa, another highly endemic area, the major 
route of spread is horizontal transmission, occurring in young 



Acute viral hepatitis CHAPTER 94   1889

Hepatitis D virus
Prevalence
Hepatitis D virus, the infectious agent of delta hepatitis, is found 
throughout the world. Its prevalence mimics that of HBsAg 
owing to its dependency on HBV for its life cycle [64]. It is 
estimated that 5% of HBsAg carriers are coinfected with HDV 
[65]. However, there are areas where there is discordance 
between the prevalence of HDV and HBV, such as in China, 
where the rate of HBV infection is high but HDV low. The 
reason for this is unknown. HDV is endemic in Mongolia, 
southern Mediterranean, Amazon basin, and tropical and sub-
tropical Africa. Prevalence of HDV is low in the United States 
[66]. Studies indicate that the seroprevalence of HDV in south-
ern Europe is declining. Studies in Italy confirmed a decrease 
in incidence of acute cases from 3.1 per 100 000 population in 
1987 to 1.2 per 100 000 population in 1992 [67,68]. This decline 
was attributed to the introduction of hepatitis B vaccination 
programs and a decrease in injection drug use [67].

Transmission
Hepatitis D is transmitted in a similar fashion to hepatitis B. The 
single most important factor influencing transmission of HDV 
is the HBsAg status of an individual. HDV cannot be transmit-
ted in the absence of HBsAg. Exposure to blood and blood 
products used to be the major route of transmission, but this 
has been virtually eliminated by screening of blood for HBV 
[64]. In developed countries, injection drug use and sexual 
transmission are the major routes of spread. The mode of spread 
in populations from Mongolia, Africa, and the Amazon Basin 
is not well understood, but tribal practices or cultural customs 
that expose individuals to blood or sexual exposure may play a 
role. Perinatal transmission is rare.

Hepatitis E virus
Prevalence
Hepatitis E virus is the major causative agent of enteric non-A, 
non-B hepatitis and the primary cause of sporadic hepatitis in 
the developing world [69,70]. HEV is found worldwide, and the 
highest prevalence is found in areas of the world where there is 
inadequate sanitation. It is endemic in Southeast and Central 
Asia. Epidemics of HEV infection, usually involving many thou-
sands of people, occur in endemic areas. In endemic areas, the 
prevalence of antibody appears to increase with age; about 5% 
of children younger than 10 years old have antibody to HEV, 
but 10%–40% of adults are seropositive [71,72]. This suggests 
that HEV infection does not occur frequently in children in 
endemic areas. This discrepancy may be in part due to the 
limited sensitivity of the test used for serological testing. The 
seroprevalence of anti-HEV in the United States was reported 
to be 21% from a population-based survey [73] but more recent 
data report a rate of 6% [441]. 

Transmission
Hepatitis E virus is transmitted by the fecal–oral route. Highest 
attack rates are seen in individuals aged 15–40 years [72]. In 

by blood. Sixty to 95% of hemophiliacs who received clotting 
factor before 1985 tested positive for anti-HCV [38,39]. With 
the introduction of screening measures, the risk for acquiring 
hepatitis C through blood transfusion in the United States is 
now estimated to be 1 in 1 million blood transfusions [40]. 
Transmission of HCV through the blood supply still occurs in 
countries where testing for HCV is not routinely performed. 
Injection drug use is a highly efficient means of transmission 
and is now the major route of transmission of HCV in the 
United States. The prevalence of anti-HCV in active injection 
drug users who share needles is 70% after 1 year and greater 
than 90% after 8 years. Prevalence of anti-HCV in this group 
has been shown to be associated with duration of injection drug 
use and sharing needles with a long-time drug user. Intranasal 
cocaine use has been suggested as a mode of transmission [41]. 
A cross-sectional study of volunteer blood donors in the United 
States reported that a history of intranasal cocaine use was inde-
pendently associated with anti-HCV positivity [41].

Hepatitis C virus can be transmitted sexually but not very 
efficiently. Epidemiological case–control and cross-sectional 
studies report independent associations between HCV infection 
and exposure to an infected sex partner, increasing number of 
sex partners, failure to use a condom, and sexual activities 
involving trauma [42,43]. The presence of other sexually trans-
mitted diseases (e.g., herpes and syphilis) has been shown to 
facilitate the transmission of HCV. The rate of sexual transmis-
sion from an infected case to a partner is low in monogamous 
relationships, about 0.07%–1.5%, but increases with duration of 
the partnership to an average of 3%–5% in persons married 
longer than 50 years [44–46]. The risk of transmission is higher 
in those with multiple sexual partners [47]. The rate of sexual 
transmission appears to be increasing among men who have sex 
with men and persons with HIV may be at increased risk for 
acquiring and transmitting HCV infection [48,49]. Overall, 
sexual transmission accounts for a relatively small percentage of 
acute cases, less than 10%.

Perinatal transmission of HCV occurs but the rate is low and 
is significantly lower than HBV. The rate of transmission is 
estimated to be 3%–5% for mothers not infected with HIV-1 
and increases to 12%–14% in HIV-1-positive women [50,51]. 
Risk factors for perinatal transmission include high maternal 
viral load, HIV/HCV coinfection, and vaginal delivery [51–53]. 
It was suggested that cesarean section may be associated with a 
lower rate of perinatal transmission [54]. Transmission of HCV 
through breast feeding has not been reported [55]. Mother-to-
child transmission occurs but is uncommon [51,56].

Nosocomial transmission of HCV occurs and is emerging as 
an increasing source of new infections [57–59]. Transmission 
through contaminated multidose vials, endoscopes, from physi-
cian to patient, unsafe therapeutic injections, organ transplanta-
tion, and surgical procedures were identified as potential sources 
of infection [60–63]. Needle-stick injury is a risk factor for 
healthcare workers (see Section Hepatitis B and C and needle-
stick injury).
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(UTR) is the most conserved segment of the genome [80] and 
contains an internal ribosomal entry site that functions to initi-
ate protein synthesis from two in-frame AUG codons [81]. 
Mutations in this region appear to enhance the adaptation of 
virus growth in cell culture but do not seem to affect in vivo 
virulence [82].

Cleavage within the P1, P2, and P3 domains of the polypro-
tein gives rise to the individual viral proteins. Four capsid pro-
teins, designated 1A to 1D, are encoded in P1, with the P2 and 
P3 regions encoding proteins 2A to 2C and 3A to 3D, respec-
tively. The 3B protein covalently attaches to the 5′ terminus of 
the genome and serves as the primer for replication [78]. The 
functions of 2A, 2B, and 3A are unclear. The 3C is probably a 
serine proteinase [83] involved in cleavage of the polyprotein. 
3D is the putative viral RNA polymerase [84].

The replication process of HAV has been inferred from 
studies of other picornaviruses [85]. Entry of the virus into the 
host is mediated by a cell surface receptor, which has been pro-
posed to be a mucin-like class 1 integral membrane glycoprotein 
[86]. Viral entry is followed by uncoating and initiation of viral 
protein synthesis [87]. Viral RNA synthesis proceeds from nega-
tive to plus strand and occurs in the cytoplasm. Viral assembly 
follows a sequence similar to that of picornaviruses in a cellular 
membrane compartment [88].

endemic areas, consumption of contaminated water accounts 
for most new cases of HEV. Person-to-person spread is rare, and 
secondary attack rates appear to be distinctly uncommon, 
occurring in 0.7%–2.2% of household contacts of hepatitis E, 
compared with rates of 50%–75% in susceptible household con-
tacts of hepatitis A [72]. There is no evidence for parenteral or 
sexual transmission. Vertical transmission is known to occur 
but accounts for only a small number of cases [74]. HEV is 
responsible for sporadic outbreaks of hepatitis in industrialized 
countries. However, the reservoir of HEV responsible for spo-
radic outbreaks is unclear. Data based on the detection of HEV 
in the feces of domestic swine in Nepal and the United States 
and Anti-HEV in sera of pigs, cattle, sheep, and rodents suggest 
that HEV may be a zoonotic infection [75–77]. Cases of HEV 
infection in the United States are usually associated with a 
history of travel to an endemic area, consumption of liver and 
organ meat, and having a dog or cat as a pet at home [73].

Virology

The five known hepatitis viruses, A to E, belong to entirely dif-
ferent virus families. Although all of them can cause acute hepa-
titis, only HBV, HCV, and HDV infection can lead to chronic 
infection. The virological characteristics of each virus are sum-
marized in Table 94.1 and described in detail in this section.

Hepatitis A virus
Hepatitis A virus is classified in the Hepatovirus genus within 
the Picornaviridae family. It has one serotype but multiple geno-
types. The virus is nonenveloped and stable to acid and heat 
treatment. The HAV has a linear, positive-sense, single-stranded 
RNA genome of about 7.5 kilobases (kb). The genome has a 
protein covalently attached to its 5′ end and a poly A tail at the 
3′ end [78]. The genome is organized similarly to other picor-
naviruses in that it codes for a single polyprotein of about 2235 
amino acids [79] (Figure 94.1). The polyprotein is divided into 
three main functional domains from the 5′ end, P1, P2, and P3. 
Individual proteins are cleaved from the functional domains, 
with P1 encoding the viral capsid proteins, whereas P2 and P3 
encode the nonstructural proteins. The 5′ untranslated region 

Table 94.1 Human hepatitis viruses.

Virus Genome Genome size (kb) Envelope Classification

Family Genus

HAV RNA Positive sense, single stranded, linear 7.5 − Picornaviridae Hepatovirus

HBV DNA Partially double stranded, circular 3.2 + Hepadnaviridae

HCV RNA Positive sense, single stranded, linear 9.6 + Flaviviridae Hepacivirus

HDV RNA Positive sense, single stranded, linear 1.7 + Unclassified (viroid) Deltavirus

HEV RNA Positive sense, single stranded, linear 7.5 − Hepeviridae Hepevirus

Figure 94.1 Structure of the hepatitis A virus and genetic organization. 
The top line represents the hepatitis A virus RNA genome. Translation of 
the genome yields the polyprotein; the lower diagram illustrates the three 
regions of the polyprotein and the individual protein products.
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feature of the S and C genes, which give rise to functionally 
distinct proteins. HBeAg and the viral nucleocapsid HBcAg are 
translated from initiation at the precore and core regions, 
respectively (Figure 94.3). The core protein has the intrinsic 
ability to self-assemble into a capsid-like structure and contains 
a highly basic cluster of amino acids at its C terminus with 
RNA-binding activity [95]. The precore ORF codes for a signal 
peptide that directs the translation product to the endoplasmic 
reticulum, where the protein is further processed to form the 
secreted HBeAg. The role that HBeAg serves is still unknown 
because mutations inactivating the precore region do not appear 
to affect viral replication [96]. It has been speculated that HBeAg 
functions as an immune tolerogen, seeming to promote persist-
ent infection [97]. The polymerase (pol) is a large protein (about 
800 amino acids) and has three functional domains: the termi-
nal protein domain (TP), which is involved in encapsidation 
and initiation of minus-strand synthesis; the reverse tran-
scriptase domain, which catalyzes genome synthesis; and the 
RNase H domain, which degrades pregenomic RNA and facili-
tates replication. HBX is a 16.5-kDa protein with multiple 
attributed functions, including signal transduction, direct tran-
scriptional activation, DNA repair, and inhibition of protein 
degradation [98–100]. The mechanism of this activity and the 
biological function of HBX in the viral life cycle remain largely 
unknown. However, it is well established that HBX is essential 
in HBV infection in vivo [101,102] and may contribute to the 
oncogenic potential of HBV [103].

Other functionally important elements within the HBV 
genome include two direct repeats (DR1 and DR2) in the 5′ 
ends of the minus and plus strands, which are required for 
strand-specific synthesis during replication [104]. Two enhancer 

Figure 94.2 Genome structure and organization of hepatitis B virus. The 
hepatitis B virus open reading frames: pre-C and C (precore and core 
proteins), P (polymerase protein), pre-S1, pre-S2, and S (L, M, and S 
surface envelope proteins), and X protein are shown. The viral genome 
structure is composed of the full length (−)−DNA strand and variable 
length (+)−DNA strand (solid followed by dashed line). The pol protein 
is covalently attached to the 5′ of the (−) strand and a capped 
oligoribonucleotide (angulated line) to the (+) strand. Direct repeats 1 
and 2 (small rectangular boxes) are shown on the genome. The outer lines 
represent the four transcripts all terminating at a common 
polyadenylation site.
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Hepatitis B virus
Hepatitis B virus has been classified into eight genotypes, A to 
H, based on sequence divergence [89,90]. Three types of viral 
particles are visualized in infectious sera under electron micro-
scopy. Two of the viral particles are smaller spherical structures 
with a diameter of 20 nm and filaments of variable length with 
a width of 20 nm, both of which vastly outnumber the Dane 
particles, which reflect the whole virus in infectious serum [91]. 
The spheres and filaments are composed of HBsAg and host-
derived lipids and are noninfectious owing to the absence of 
nucleic acid [92]. The infectious HBV virion (Dane particle) has 
a 42-nm spherical, double-shelled structure, consisting of a lipid 
envelope containing HBsAg that surrounds an inner nucleocap-
sid. The HBcAg complexes with viral-encoded polymerase and 
viral DNA genome to form the nucleocapsid [93]. The genome 
of HBV is a partially double-stranded circular DNA of about 
3.2 kb pairs. The viral polymerase is covalently attached to the 
5′ end of the minus strand [94].

The viral genome encodes four overlapping open reading 
frames (ORFs) (Figure 94.2). The S ORF encodes the viral 
surface envelope proteins, the HBsAg, and comprises the pre-S1, 
pre-S2, and S regions. The core gene consists of precore and core 
regions. Multiple in-frame translation initiation codons are a 
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cotransporter polypeptide has been shown to be an important 
entry factor for HBV [111]. Mechanisms of viral disassembly 
and intracellular transport of viral genome into the nucleus are 
not well understood and probably involve modification of 
nucleocapsid core protein [112]. After entry of viral genome 
into the nucleus, the single-stranded gap region in the viral 
genome is repaired by the viral pol protein, and the viral DNA 
is circularized to the covalently closed circular form [112]. This 
form of HBV DNA serves as the template for transcription of 
several genomic and subgenomic RNAs. Structurally, the tran-
scripts are unspliced, polyadenylated, and possess a 5′ cap struc-
ture. The 3.5-kb genomic transcripts consist of two species with 

elements, designated En I and En II, confer liver-specific expres-
sion of viral gene products [105]. A glucocorticoid-responsive 
sequence within the S domain [106], a polyadenylation signal 
within the core gene [107], and a posttranscriptional regulatory 
element overlapping En I and part of HBX ORF have been 
described [108].

The HBV replication pathway has been studied in great detail 
and is summarized in Figure 94.4. The initial phase of HBV 
infection involves the attachment of mature virions onto host 
cell membranes, likely involving the pre-S domain of the surface 
protein [109]. Carboxypeptidase D has been shown to play an 
essential role in viral entry for duck HBV [110]. Na taurocholate 

Figure 94.4 Replication of hepatitis B virus. Infectious virions attach to hepatocytes through the sodium taurocholate cotransporter polypeptide. Upon 
entering, the nucleocapsid is delivered to the nucleus, and the viral genome is repaired to the covalently closed circular form (cccDNA). Viral 
transcripts are translated in the cytoplasm, and the core and polymerase proteins interact with the genomic length RNA to form the nucleocapsids. 
Reverse transcription occurs, and the mature virions are assembled in the endoplasmic reticulum (ER), where they acquire the surface proteins. The 
virion is then secreted through vesicular transport. The encapsidation signal (dark box) and posttranscriptional regulatory element (light box) on the 
HBV transcripts are shown as rectangular boxes.
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complex with immunoglobulins and lipoproteins [119,120]. It 
is a member of the Flaviviridae family and has a positive-sense, 
single-stranded RNA genome about 9.6 kb in length with a 
single large ORF and highly conserved UTRs at the 5′ and 3′ 
ends [121–123] (Figure 94.5). The 5′ UTR contains an internal 
ribosomal entry site that mediates translation. The 3′ UTR has 
a variable length with a 5′ to 3′ sequence followed by a polypy-
rimidine tract and finally by a highly conserved 98 nucleotide 
sequence [123]. The 3′ UTR is also predicted to have extensive 
secondary structures that probably play a role in viral replica-
tion. In the large ORF, the structural genes for core and two 
envelope glycoproteins, E1 and E2, are located at the N-terminal 
end and the nonstructural genes for NS2, NS3, NS4A, NS4B, 
NS5A, and NS5B at the C-terminal end.

The HCV polyprotein of about 3000 amino acids is processed 
co- and posttranslationally by cellular and viral proteases to 
produce the individual gene products [124,125]. Cellular pro-
teases in the endoplasmic reticulum catalyze the cleavage of the 
structural proteins, whereas viral encoded proteases cleave the 
nonstructural proteins [126].

The highly conserved core protein is the putative viral nucle-
ocapsid and encompasses the first 191 amino acids of the poly-
protein. The E1 and E2 are envelope glycoproteins with 
C-terminal hydrophobic transmembrane domains [127]. The 27 
N-terminal amino acids of E2 have been designated the hyper-
variable region 1, owing to significant amino acid variations 
among all isolates [128]. Studies have suggested that sequence 
variations of the hypervariable region 1 result from immune 
pressure as a mechanism to evade host immune response.

The NS2 region encodes a metalloproteinase that requires cell 
membrane and N-terminal NS3 for efficient function [129]. The 
NS2-3 protease mediates autocatalytic cleavage between the 
NS2 and NS3 (Figure 94.5). The NS3 region encodes a multi-
functional protein with an N-terminal serine protease and a 
C-terminal RNA helicase and nucleotide triphosphatase 

different 5′ ends: the pregenomic and the precore RNAs. The 
pregenomic RNA (pgRNA) serves as the template for reverse 
transcription and the mRNA for core and polymerase; the 
precore RNA directs the translation of the precore gene product 
[113]. The polymerase is initiated at the pol start codon of the 
pgRNA, probably as a result of a ribosomal scanning mecha-
nism [114]. The large HBsAg (LHBsAg) protein is translated 
from the 2.4-kb subgenomic RNA, the middle (M) and small 
HBsAg (SHBsAg) proteins from the 2.1-kb RNA, and the HBX 
protein from the 0.7-kb RNA.

The S protein accounts for most S gene products, with the L 
protein constituting 1%–2% and the M protein 5%–15%. Each 
surface protein has a glycosylation site in the S domain. Addi-
tional modifications of the M and L proteins occur with an 
N-linked oligosaccharide at the pre-S2 domain and a myristic 
acid at the aminoterminal glycine residue of the pre-S1 domain 
[115]. The distribution of the three envelope glycoproteins 
varies among the types of viral particles, with little M and L 
protein in the 20-nm particles but relatively more L protein in 
the Dane particles.

Assembly of HBV begins with encapsidation of the genome. 
The packaging signal is a cis-acting element referred to as 
epsilon, which contains a stem–loop structure [116]. The termi-
nal protein of the pol interacts with the epsilon and in concert 
with the core protein forms the nucleocapsid [117]. After encap-
sidation, the pol mediates the reverse transcription of the 
pgRNA to minus-strand DNA and subsequent positive-strand 
synthesis. The circular form of the DNA is completed through 
complicated steps of strand transfer [118]. The nucleocapsid 
then interacts with the envelope proteins in the endoplasmic 
reticulum to assemble into mature virions.

Hepatitis C virus
Hepatitis C virus is an enveloped virus and has been classified 
into six genotypes, 1 to 6. The virus circulates predominantly in 

Figure 94.5 Genome organization of hepatitis C virus. The 5′ and 3′ untranslated regions (UTR) flanking a polyprotein open reading frame are shown 
at the top. Numbering refers to nucleotide positions of genes, based on the sequence of an HCV genotype 1a infectious clone. The middle panel shows 
HCV polyprotein processing with cleavage sites of host signal peptidase (open arrows), NS2-3 protease (gray arrow), and NS3 serine protease (thin 
arrows). Numbering denotes amino acid position upstream of cleavage sites. The processed HCV proteins are shown at the bottom.
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understood. The process involves lipoprotein metabolism, espe-
cially ApoE or B [137].

Hepatitis D virus
Hepatitis D virus requires coinfection with HBV for replication 
[138]. Delta antigen is the inner ribonucleoprotein (RNP) com-
ponent of a subviral particle that is enveloped by HBsAg. HDV 
has many features in common with viroids, the subviral agents 
of plants [139]. The RNP complex consists of small (SHDAg) 
and large (LHDAg) delta antigens and a single-stranded circular 
RNA genome 1.7 kb in length, which has extensive self-
complementation to form a rodlike structure (Figure 94.7). 
HDV attachment to the host cell is mediated by HBsAg [140]. 
The HDV genome uses host RNA polymerase II to carry out 
RNA-directed RNA synthesis that is dependent on the small 
delta antigen [141,142]. Both genomic and antigenomic RNAs 
possess ribozyme activities that catalyze RNA self-cleavage and 
self-ligation. Similar to plant viroids, transcription and replica-
tion are integrated into a single process using a double rolling-
circle mechanism [139]. After entry into cells, HDV genome 
serves as a template for replication, resulting in the production 
of multimeric antigenomes. Nascent antigenomes, through 
their intrinsic ribozyme activities, form circular monomeric 

(NTPase) [130]. The NS3 protease, distinct from NS2-3 protease 
activity, is involved in processing the downstream polyprotein 
[131]. The NS4A interacts with and acts as a cofactor for the 
NS3 protease [132]. NS3 protease has a trypsin-like structure 
but becomes more chymotrypsin-like when cocrystalized with 
NS4A [133]. NS4B is thought to function in the formation of 
replicative complex in a membranous compartment [134]. 
NS5A interacts closely with NS5B in viral replication and has 
multiple other functions in the viral life cycle [135]. The NS5B 
is the RNA-dependent RNA polymerase that mediates viral rep-
lication. Similar to replication of other Flaviviridae family 
members, HCV replicates in the cytoplasm, presumably in a 
membrane-associated compartment (Figure 94.6). The NS5B 
recognizes a structure in the 3′ UTR and initiates minus-strand 
RNA synthesis in a primer-independent template-specific 
process [136]. The synthesis of plus strand is presumably carried 
out by NS5B in a similar manner. HCV replication in vivo 
occurs in the context of multiple viral nonstructural proteins. 
The process of viral assembly begins in the lipid droplet (LD) 
where core interacts with replicating viral genomes from the 
membranous web structure that are closely associated with the 
LD [135]. How the core-viral genome complex is assembled into 
mature virions enveloped by E1 and E2 glycoproteins is poorly 

Figure 94.6 Replication of hepatitis C virus. The virion attaches and enters the susceptible cell through pathways that are not yet completely defined. 
The viral genome is then directed to a membranous component in the perinuclear endoplasmic reticulum (ER) region and serves as template for HCV 
protein synthesis. The nonstructural proteins form a membranous replication complex with the genomic RNA and direct RNA replication (to negative 
and then plus strands). The structural proteins, which are retained in the endoplasmic reticulum, interact with the progeny genomes and assemble into 
virions. The assembly process requires intimate interactions with lipid droplets and lipid proteins. The virions are then secreted through an undefined 
exocytotic pathway, likely without passing through the Golgi compartment.
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The genome is organized into three overlapping ORFs flanked 
by noncoding regions (Figure 94.8). ORF 1 appears to encode 
the nonstructural gene products, ORF 2 the capsid protein, and 
ORF 3 a protein with possible nucleocapsid function [152]. 
Based on sequence analysis and comparison with other viral 
genomes, ORF 1 contains several functional domains: methyl 
transferase, papain-like cysteine protease, helicase, and an 
RNA-dependent RNA polymerase [153]. ORF 2 begins 38 
nucleotides downstream from the 3′ terminus of ORF 1 and 
contains arginine-rich regions believed to be involved in genome 
encapsidation. ORF 3 overlaps one 3′ nucleotide of ORF 1 and 
extends into ORF 2.

The replication of HEV has not been defined both because of 
a lack of similarity to other viruses and a lack of efficient cell 
culture systems. The mechanisms of viral attachment, entry, and 
uncoating are unknown. The virus likely uses the host transla-
tion machinery to synthesize its gene products. Processing of 
the ORF 1 polyprotein is carried out by either cellular proteases 
or a viral papain-like proteinase encoded by ORF 1. The viral 
encoded polymerase mediates synthesis of plus- and minus-
strand genomes as well as subgenomic RNA species, which 
serve as templates for translation of viral antigens. The mecha-
nism of viral assembly is unknown but probably involves the 
capsid function of ORF 2 and ORF 3.

Pathogenesis

Acute infection with hepatitis viruses can result in a spectrum 
of liver diseases and systemic manifestations, ranging from 
asymptomatic infection, to self-limited hepatitis, to fulminant 
hepatitis. In addition, three of the viruses (B, C, and D) are 
associated with persistent infection and chronic hepatitis whose 
clinical manifestations are variable. The outcome, extent, and 
severity of acute viral hepatitis depend on a variety of viral and 
host factors. Although host responses play a major role in viral 

RNAs that, in turn, serve as templates for the production of 
HDV genomes. Alternatively, the elongating product can be 
cleaved and released as polyadenylated mRNAs, which then 
direct delta antigen synthesis [143].

Translation of HDV mRNA yields the small and large delta 
antigens, which differ by the addition of 19 amino acids in the 
C-terminal end of LHDAg [144]. The small and large delta 
antigens have distinct functions during HDV replication. The 
additional C-terminal amino acids of the LHDAg contain an 
isoprenylation signal that appears to be important for interac-
tion with HBsAg during viral assembly [145]. The RNA editing 
process results in two mRNA species coding for the two forms 
of HDAg and involves the double-stranded RNA-activated ade-
nosine deaminase [146]. This RNA editing activity results in the 
C-terminal extension of the LHDAg [147].

Hepatitis D virus assembly begins with the association of 
the delta antigens with the newly synthesized genome to yield 
an RNP complex [148]. The RNP complex is transported from 
nucleus to cytoplasm, presumably mediated by the nucleocy-
toplasmic shuttling function of delta antigens. The LHDAg of 
the RNP interacts with HBsAg to facilitate assembly. Large 
delta antigen is required for particle assembly, whereas small 
delta antigen is copackaged but not required for particle forma-
tion [149].

Hepatitis E virus
Hepatitis E virus is a nonenveloped virus and the sole member 
of the genus Hepevirus in the family Hepeviridae [150].The viral 
genome is a single-stranded, positive-sense RNA genome of 
about 7.5 kb. It is polyadenylated and has a capped 5′ end [151]. 

Figure 94.7 Genomic organization of hepatitis D virus. The RNA genome 
has a rodlike structure and contains an RNA editing and a self-cleavage 
site (circle). The antigenome is synthesized from the genomic RNA and is 
the template for HDV mRNA encoding the delta antigens. The 
antigenome also serves as the template for genome synthesis. The 
estimated copy numbers of the RNA species in the infected liver are 
shown below.
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the successful formulation of HAV (probably HEV as well) and 
HBV vaccines based on the capsid and envelope proteins, 
respectively. In HAV, HBV, HDV, and HEV, immunoglobulin M 
(IgM) class of antibodies is produced first and serves as a useful 
marker for acute infection. IgA has been detected in HAV and 
HEV infections, but its implication in viral clearance and pro-
tective immunity remains unknown [164]. On the other hand, 
neutralizing antibodies probably play minor, if any at all, role in 
viral clearance during acute HCV infection [167,168]. A clearly 
defined anti-HCV IgM response has not been identified, and 
the antibody response [169], especially against the envelope 
proteins, tends to occur much later than other hepatitis viral 
infections [170].

Antibody response to the envelope proteins of HBV is T-cell-
dependent [171]. HBV infected patients fail to produce antien-
velope antibodies, contributing to the establishment of persistent 
infection. This deficiency results from T-cell nonresponsiveness, 
probably reflecting tolerance or anergy induction toward the 
HBV proteins [172]. However, the molecular mechanisms 
underlying this deficiency are largely undefined. For HAV infec-
tion, whether the relapsing or prolonged phase is secondary to 
transient failure of humoral immune response is unknown. On 
the other hand, antiviral antibodies may play a role in viral 
pathogenesis. Cell surface forms of viral antigens on infected 
hepatocytes could be a potential target for antibody-directed 
cell cytotoxicity [173,174]. However, this mechanism has not 
been shown to be a cause of hepatocellular injury associated 
with any of the viral infections. In contrast, immune complex 
diseases with complement fixation, reflecting abnormally acti-
vated antibody response to viral antigens, can result in extrahe-
patic manifestations of HBV and HCV infections, including 
glomerulonephritis, vasculitis, and cryoglobulinemia.

The other arm of immune response, cell-mediated immunity 
(CMI), is critical for the long-term control of viral infections, 
including the hepatitis viruses. Although this aspect has only 
been studied in great detail for HBV and HCV, it is not unrea-
sonable to suspect that CMI may play a role in viral clearance 
and pathogenesis for HAV, HDV, and HEV. Information on 
CMI for hepatitis B has been largely gleaned from studies in 
mouse models, chimpanzees, and infected humans [161,172]. 
Nonprimate animal models that are susceptible to hepadnaviral 
infection (woodchucks, ground squirrels, ducks) have also pro-
vided insight. In acute HBV infection, individuals can mount a 
vigorous, multispecific, and polyclonal cellular immune 
response to HBV. In contrast, chronically infected patients have 
a weak or barely detectable CD4 and CD8 anti-HBV responses 
[172]. In virtually all patients during acute hepatitis B infec-
tions, a vigorous HLA class II–restricted, CD4+, helper T-cell 
response to multiple epitopes of HBc/eAg predominates. 
Response to HBV envelope antigens is much less evident. Class 
II-restricted, CD4+ T cells specific for nucleocapsid play an 
important immunoregulatory role in control of viral infection 
[172,175]. This CD4+ helper T-cell population may direct the 
initial antiviral response by helping B cells produce neutralizing 

clearance and disease pathogenesis, the outcome of infection is 
often determined by a variety of viral adaptive mechanisms. The 
pathogenesis of acute viral hepatitis involves a complicated set 
of virus–host interactions and reflects diverse host immunologi-
cal responses to the viral infection. In this section, the patho-
genesis of acute viral hepatitis is discussed in both the general 
context of viral infection and host responses and with respect 
to relevant issues specific to each of the viruses. Among the 
hepatitis viruses, the pathogenetic mechanisms have been more 
well defined for HBV and HCV than the others. Furthermore, 
the pathogenesis of acute hepatitis is often inferred from the 
studies of chronic infection (for B, C, and D).

Primary infection
After gaining entry into a susceptible host, the hepatitis viruses 
are carried by the blood to the liver. For HAV and HEV, the 
viruses enter through the gastrointestinal epithelium, and the 
uptake mechanisms remain largely unknown. It is possible that 
a round of local replication may occur at the site of entry before 
the virus spreads to the liver through the portal circulation. 
Because HBV, HDV, and HCV have been reported to infect 
nonhepatocytes, the existence of an intermediate compartment 
of replication before infection of the liver has also been pro-
posed but remains controversial [154,155]. Many initial events 
of the viral infection have been characterized in animal models. 
It appears that HBV and probably HCV replicate in a noncyto-
pathic manner (i.e., without causing injury to hepatocytes). The 
cytopathicity of other viruses is unknown.

Immune responses
Initial viral infection is associated with activation of innate 
immunity in the liver. In acute HCV infection, hepatocytes 
mount a predominantly type III interferon response [156] as the 
first line of host defense. However, HCV has evolved several 
mechanisms to counteract this response, including cleavage of 
MAVS and TRIF, important molecules in interferon induction 
[157,158]. Recognition of infected hepatocytes by resident 
natural killer or natural killer T cells leads to activation of these 
cells and induction of antiviral cytokines [159,160]. This leads 
to initial control of viral replication. Because this antiviral 
response occurs in parallel with noncytopathic effects of the 
virus itself, little or no hepatocellular injury is evident.

Overall, acute HBV infection is not associated with a strong 
activation of innate immunity [161]. However, innate immune 
response also plays a critical role in the activation of the adap-
tive immunity, including humoral and cellular responses [162]. 
Induction of humoral immune response with production of 
neutralizing antibodies prevents viral spread and leads to sub-
sequent elimination of circulating viruses [163]. This is particu-
larly relevant for HAV and HBV infections because of the high 
level of viral replication and viremia. Neutralizing antibodies 
against the capsid (for HAV and HEV) or envelope (for HBV) 
can be induced and lead to viral clearance and protection from 
subsequent exposure [164–166]. This constitutes the basis for 
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to acute hepatitis [185,186]. CTLs first target the liver through 
interaction between HBV-specific T-cell receptors and antigen-
presenting HLA class I molecules on the hepatocytes and cause 
scattered apoptosis of hepatocytes. Interferons and other 
cytokines secreted by CTLs recruit a variety of antigen-
nonspecific inflammatory cells into the liver, resulting in more 
extensive necroinflammatory injury of the liver that resembles 
acute hepatitis B in humans. Macrophages, the predominant 
infiltrating effector cells probably mediate most of the hepato-
cellular injury in this model [187]. Although not primarily 
responsible for most of the hepatocellular injury, in this model 
CTLs initiate the cascade of immunological events leading to 
hepatitis. A major consequence of these immunological events 
is the marked inhibition of hepatocellular HBV gene expression 
and viral replication [188]. Although CTLs may contribute to 
inhibition by direct cytolysis of HBV-expressing hepatocytes, a 
noncytolytic mechanism likely plays a substantial role in this 
effect [188]. Interferon-α and tumor necrosis factor-α produced 
by activated CTLs and other effector cells are the key cytokines 
involved in this mechanism [188]. Studies in chimpanzees [161] 
also provide support to the noncytopathic mechanism as the 
major antiviral mechanism responsible for viral clearance 
during acute hepatitis. As discussed previously, the resident 
natural killer or natural killer T cells provide the first line of 
defense; CTLs, together with other inflammatory cells and pro-
duction of antiviral cytokines, constitute the subsequent assault 
on the virus. The CTL response appears to be long-lived because 
patients recovered from acute HBV infection harbor HBV-
specific CTLs many years after viral clearance [178]. CTLs have 
been postulated to persist as a result of continuous stimulation 
by low-level viral replication while keeping the infection in 
check. It is not clear how prevalent occult HBV infection is, but 
low-level HBV virus can be frequently detected in patients with 
serological evidence of recovery [189–191]. Furthermore, active 
HBV infection can be reactivated in these patients upon immu-
nosuppressive therapy, and their serum or organs are capable of 
transmitting HBV infection [192–194].

In HCV infection, long-term persistence of virus-specific T 
cells has also been demonstrated despite apparent recovery 
[195]. However, low-level viral infection is likely not the reason 
for this persistence. Rather, virus-specific memory T cells may 
have unusual longevity in vivo and can be rapidly activated 
upon viral antigen stimulation years after infection. Whether 
these virus-specific T cells offer protective immunity to subse-
quent viral infection is unknown. The observation that chim-
panzees can be reinfected despite recovery from previous 
infection [196,197] suggests that protective immunity may not 
persist after viral clearance. On the other hand, partial protec-
tive immunity has been demonstrated in both humans and 
chimpanzees after repeated exposure to HCV [198–200].

The cellular immune responses to HAV, HDV, and HEV are 
largely unknown. Although HAV-specific CD8 CTLs have been 
detected in liver biopsies during acute hepatitis A, their role in 
viral clearance and pathogenesis remains undefined [201,202].

antienvelope antibodies and activating HBV-specific cytotoxic 
T lymphocytes (CTL). During chronic HBV infection, the once 
strong nucleocapsid-specific CD4+ T-cell response becomes 
barely detectable, presumably owing to a switch to T-cell exhaus-
tion or nonresponsiveness. During exacerbation or successful 
treatment of chronic hepatitis B, these nucleocapsid-specific 
T-cell responses can reemerge [176,177].

In most viral infections, activation of virus-specific CD8+ 
CTLs is critical for viral clearance. These cells can detect and 
eliminate or cure virus-infected cells through recognition of 
viral peptides in the context of HLA class I molecules. CTL 
responses to HBV in humans have been studied extensively 
using short synthetic peptides mimicking processed viral anti-
gens and cells genetically engineered to express viral proteins 
[172]. These studies indicate that patients acutely infected with 
HBV develop a strong, polyclonal, HLA class I-restricted CTL 
response that is directed against multiple epitopes on all viral 
proteins. Similar to the class II-restricted CD4 responses in a 
minority of infected people, the class I-restricted CTL responses 
disappear and are barely detectable during the chronic phase of 
HBV infection [175,178].

Studies of immune responses in HCV revealed that both CD4 
and CD8 responses can be detected against various viral pro-
teins during acute infection, but the vigor and character of these 
responses appear to be directly correlated with the outcome of 
the viral infection [167]. A vigorous and multispecific CD4 and 
CD8 response is associated with viral clearance in both human 
and experimental chimpanzee infections [179,180]. In contrast, 
antibodies against the envelope proteins, presumably contain-
ing neutralizing activities, arise much later in the infection and 
do not appear to play a major role in viral clearance [181]. 
During acute HCV infection, those who progress to chronic 
infection exhibit weaker CMI than those who recover. Studies 
have pointed to a defect in antigen presentation by dendritic 
cells, presumably as a result of infection of these cells by HCV 
[182], but these observations require confirmation. Other 
mechanisms, such as the immunomodulatory effects of HCV 
core protein and the interferon inhibitory property of the NS5A 
protein, may also contribute to an overall weak immunity to 
HCV infection [183,184].

The detection of virus-specific CD4 and CD8 cells, albeit with 
low frequency and weak activities, in the peripheral blood and 
liver of chronically infected individuals suggests a pathogenic 
relationship between the indolent cellular immune response 
and necroinflammatory liver disease associated with chronic 
HBV and HCV hepatitis [172]. Thus, vigorous CMI response 
leads to viral clearance, whereas ineffective response results in 
chronic hepatocellular injury.

The molecular and cellular mechanisms of HBV viral clear-
ance and hepatocellular injury have been elucidated in animal 
models, including both transgenic mice and chimpanzees 
[161,172] (Figure 94.9). Adoptive transfer of murine CD8+, 
class I–restricted HBsAg-specific CTLs into syngeneic trans-
genic mice expressing HBV envelope protein in the liver leads 
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Figure 94.9 The immunopathogenesis of hepatitis B. See text for details. CTL, cytotoxic T lymphocyte; HBV, hepatitis B virus; NK, natural killer cell; 
NKT, natural killer T cell; TH, thymocyte.
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Clinical manifestations

Symptoms related to acute viral hepatitis are variable and non-
specific. It is generally not possible to distinguish one form of 
acute viral hepatitis from another based solely on clinical fea-
tures. The clinical course of hepatitis varies widely from an 
asymptomatic phase manifested only by elevation in ami-
notransferase levels to fulminant hepatitis with frank jaundice 
and hepatic coma [203–205]. About 20% of cases of acute hepa-
titis present with jaundice. There is a variable incubation period 
for each virus, ranging from 1 week to 6 months. The initial 
presentation is dependent on age at exposure, integrity of the 
host immune system, presence or absence of underlying liver 
disease, and the level of viral inoculum. Overall mortality is low. 
An overview of the clinical features of each of the five hepa-
totrophic viruses is given in Table 94.2.

Before the onset of symptoms, a prodromal phase lasts from 
1 day to 2 weeks and averages 5 to 7 days, during which there 
are nonspecific constitutional symptoms. By far the most 
common symptom reported is loss of appetite. Patients report 
a distinct aversion for food that may worsen as the day progresses 
[206]. They may also lose the taste for tobacco and alcohol. 

Fatigue and weakness are common symptoms reported by 90% 
of patients and may be severe enough to confine them to bed. 
Before the onset of jaundice, two-thirds to three-quarters of 
patients complain of low-grade fever and flu-like symptoms. 
Mild headache is reported by 50%–70% of patients. Vomiting 
and nausea are experienced by some patients but are not pre-
dominant features of acute viral hepatitis, and their continued 
presence should alert one to consider alternative diagnoses. 
Diarrhea is not a common feature of acute hepatitis and occurs 
in less than 25% of cases of HAV infection. Patients often com-
plain of a dull ache under the right rib cage or even frank pain. 
Closer to the onset of jaundice, the urine may begin to darken.

The prodromal phase is followed by the icteric phase. The 
onset of jaundice usually coincides with the peak of the serum 
ALT. The duration of jaundice is variable, ranging from 4 days 
to several months, but averages 2 to 3 weeks. Patients initially 
notice a yellow discoloration of the mucous membranes and 
sclera, followed later by a sallow discoloration of the skin. The 
urine becomes intensely dark due to the release of conjugated 
bilirubin from dead hepatocytes, and stools become pale owing 
to an inability of the hepatocytes to conjugate bilirubin to  
its secretory form. During this phase, half of patients may 
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Table 94.2 Clinical overview of the five viral hepatitides.

Virus

A B C D E

Source Stool Blood Blood Blood Stool

Transmission Enteric Percutaneous / 
permucosal

Percutaneous / 
permucosal

Percutaneous / 
permucosal

Enteric

Epidemics Yes No No Yes Yes

Incubation period (days) 15–45, mean 25 30–180, mean 75 15–160, mean 50 30–180, mean 35 14–60, mean 40

Acute hepatitis Yes Yes Yes Yes Yes

Acute infections  
(× 1000)/year, USA

125–200 140–320 35–180 6–13 ?

Fulminant hepatitis Yes Yes Yes Yes Yes

Fulminant deaths/year, 
USA

100 150 ? 35 ?

Risk for chronic hepatitis No Yes Yes Yes Yes

Risk for hepatocellular 
cancer

No Yes Yes Yes No

Prevention Pre/postexposure 
immunization

Pre/postexposure 
immunization

Blood donor screening; 
risk behavior 
modification

Pre/postexposure 
immunization; risk 
behavior modification

Safe drinking water? 
Immunization

experience itching, which is usually mild and transient. Weight 
loss of 2–10 kg is not uncommon. A minority of patients experi-
ence depression.

During the convalescent phase, most symptoms resolve. 
Jaundice disappears, with a return of normal skin, urine, and 
stool color. Return of appetite and weight gain are favorable 
signs indicating recovery. Fatigue may persist for up to 2–6 
months.

The physical examination during acute viral hepatitis may be 
normal, but almost all patients have some degree of hepatic 
tenderness. Most patients have mild hepatomegaly (12–14 cm), 
and the liver edge should feel soft and smooth. On occasion, it 
may feel firm to the examining hand, but it should never feel 
hard or nodular. If these findings are elicited, underlying cir-
rhosis should be suspected and an acute on chronic hepatitis 
considered. Splenomegaly and spider angiomas are not common 
in association with acute hepatitis, but they occur rarely. Jaun-
dice is present in icteric cases, involving the mucous mem-
branes, sclera, and skin. The total bilirubin usually has to be 
greater than 2.5 mg/dL before jaundice is clinically evident.

Extrahepatic manifestations
Extrahepatic manifestations may occur in patients with acute 
viral hepatitis and result from direct infection of another organ 
or as the result of an immune-mediated injury. A serum 
sickness-like syndrome may affect 5%–15% of patients with 
acute HBV infection and a smaller proportion of those with 
HCV infection. It presents as a low-grade fever, rash, arthral-
gias, and angioneurotic edema [207,208]. The rash is usually 
urticarial but may be maculopapular. The arthralgias tend to 

involve the large joints, such as the elbows, wrists, knees, and 
ankles. Symptoms are thought to be immune complex mediated 
and resolve with clinical onset of hepatitis.

Polyarteritis nodosa (PAN) is well described in association 
with HBV infection. In one series, PAN occurred in almost 
one-third of newly diagnosed cases of HBV [209]. PAN is 
thought to result from the deposition of antigen–antibody com-
plexes in the intima of the vessel wall; HBsAg is the suspected 
antigen [210,211]. Symptoms include arthralgias, fever, abdom-
inal pain, renal disease, mononeuritis, and skin rash. PAN 
occurs more often with chronic HBV infection; the mortality 
rate ranges from 30% to 50% [212].

Essential mixed cryoglobulinemia (EMC) is a systemic vas-
culitis characterized by palpable purpura, arthralgias, and 
weakness. EMC has been linked to hepatitis A, B, and C based 
upon the high prevalence of liver disease in patients with EMC 
and upon the detection of viral antigens, antibody, and virus in 
the cryoprecipitate and the vascular lesions [213–215]. The 
association of EMC and viral hepatitis is strongest with HCV 
infection [216]. The prevalence of HCV in ECM ranges from 
80% to 98% [216,217]. Cryoglobulins are serum proteins that 
precipitate at temperatures below 37°C [218,219]. They usually 
consist of polyclonal IgG complexed with monoclonal IgM with 
crossreactivity against rheumatoid factor [220]. The prevalence 
of cryoglobulins in unselected patients with hepatitis C is 
unknown. Studies from referral centers report a prevalence 
ranging from 29% to 54% [213,221]. Most cases of HCV-related 
EMC are associated with chronic infection and do not correlate 
with viremia or genotype but appear to be related to the dura-
tion of infection and to more advanced stages of liver disease.
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CDC case definition of acute viral hepatitis is an acute illness 
with a discrete onset of any sign or symptom consistent with 
acute viral hepatitis (e.g., fever, headache, malaise, anorexia, 
nausea, vomiting, diarrhea, and abdominal pain), and either (1) 
jaundice or (2) elevated serum aminotransferase (ALT or aspar-
tate aminotransferase [AST]) levels [235]. The clinical symp-
toms associated with viral hepatitis were described in the 
previous section and are nonspecific for etiology. As the clinical 
features are similar for all the hepatotrophic viruses, specific 
diagnosis depends on the results of serological testing. By the 
time patients become symptomatic, the sensitivity of current 
serological assays should allow the etiology of acute viral hepa-
titis to be established in almost all cases. In circumstances when 
there may be a late or weak antibody response, sensitive RNA 
and DNA assays may be helpful in the diagnosis.

Serology
In the setting of a known exposure and appropriate symptoms 
with elevated serum aminotransferases, acute hepatitis A is 
diagnosed by the detection of immunoglobulin M (IgM) anti-
body to HAV (anti-HAV IgM) and the absence of other viral 
markers in serum [236,237]. Anti-HAV IgM is usually present 
in serum 5–10 days into the incubation period and remains 
detectable for up to 6 months after infection, when IgG type 
antibody rises to high titer and persists for life [238] (Figure 
94.10). Commercial assays for total anti-HAV measure both IgG 
and IgM, and thus a positive test result is not helpful in distin-
guishing acute from chronic infection. A past history of HAV 
infection is diagnosed by the detection of anti-HAV IgG. HAV 
RNA can also be detected in serum and stool during the incuba-
tion phase but is primarily used as a research tool rather than 
for routine diagnostic purposes. These molecular techniques are 
particularly helpful in characterizing the epidemiology of HAV 
infection and in identifying the source of an outbreak.

Renal disease is often seen in patients with acute viral hepa-
titis. Specific pathology has been best characterized for HBV 
and HCV. Manifestations of renal involvement range from mild 
proteinuria and abnormal urinary sediment, including red 
blood cell and hyaline casts, to frank glomerulonephritis with 
renal failure. The renal lesion is thought to result from the depo-
sition of immune complexes in the glomerular basement mem-
brane. HBsAg, HBeAg, and HCV antigen have been 
demonstrated in immune complexes from the glomerular base-
ment membrane [222–224]. The most common renal lesions 
seen in HBV infection were membranous [225] and membrano-
proliferative glomerulonephritis [226]. Membranous glomeru-
lonephritis occurs mainly in children from endemic regions. 
The natural history of membranous glomerulonephritis is not 
well defined [227]. Nephrotic syndrome and proteinuria are the 
most common presentations. Children are more likely to be 
asymptomatic and to have spontaneous resolution of the neph-
rotic syndrome [225]. In contrast, progressive renal failure 
usually develops in adults. Most patients with glomerulonephri-
tis have evidence of active viral replication, but the severity of 
the renal disease does not correlate with the activity of the liver 
disease or viral concentration in serum. Membranoproliferative 
glomerulonephritis is the most common renal lesion seen in 
HCV infection, usually in association with EMC [228]. In the 
presence of cryoglobulins, 98%–100% of patients with mem-
branoproliferative glomerulonephritis have detectable anti-
HCV. In the absence of cryoglobulinemia, patients with chronic 
HCV infection may have a variety of renal lesions suggestive of 
primary glomerular disease, including nephrotic syndrome and 
nonnephrotic proteinuria.

Papular acrodermatitis (Gianotti syndrome) has been 
described in children with acute hepatitis B [229,230]. The syn-
drome is most commonly seen in young children aged 1–6 
years. It is characterized by erythematous papules on the arms, 
legs, and face with truncal sparing and lymphadenopathy. The 
mucous membranes are spared. It usually runs a benign course, 
improving with the clinical onset of hepatitis.

Other organ systems affected during viral hepatitis, although 
rarely, include the heart and gastrointestinal and nervous 
systems. Cases of myocarditis, pericarditis and bradycardia, and 
pericardial and pleural effusions have been described. Pancrea-
titis is often reported, especially in children [231], and may be 
due to direct infection of the gland in the case of HAV infection. 
Neurological manifestations have included encephalitis, menin-
goencephalitis, mononeuritis multiplex, transverse myelitis, and 
Guillain–Barré syndrome [232–234]. A variety of hematological 
disorders may follow viral hepatitis, including red cell aplasia, 
pancytopenia, aplastic anemia, and hemolytic anemia.

Diagnosis and differential diagnosis

The diagnosis of acute hepatitis is based on the constellation of 
clinical, biochemical, histological, and serological findings. The 

Figure 94.10 Typical serological course of acute hepatitis A virus (HAV) 
infection. ALT, alanine aminotransferase; IgM, immunoglobulin M.
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have a cutoff of 20 international units per milliliter of blood, but 
routine testing for HBV DNA is not required for diagnosis of 
acute hepatitis B [242]. Persistently high levels of HBV DNA in 
the setting of decreasing serum aminotransferases may be indic-
ative of a failure to control the infection and risk for chronic 
infection.

Acute hepatitis C infection is difficult to recognize because 
fewer than 20% of cases present with jaundice [243]. Anti-HCV 
can be detected as early as 4 weeks after acute infection and in 
the majority of cases remains detectable lifelong [244,245] 
(Figure 94.12). The diagnosis of acute hepatitis C infection 
should be based on a history of exposure, absence of prior liver 
disease, negative tests for other hepatitis viruses, and a positive 
test for anti-HCV [246]. A supplemental confirmatory nucleic 
acid test (e.g., RT-PCR) should be performed. HCV RNA is 
detectable within 2 weeks of established infection and may also 
be used to diagnose acute infection [247]. It is recommended in 
the evaluation of immunocompromised patients who may have 
a low or absent antibody response.

Acute delta hepatitis may occur in two settings: simultane-
ously with HBV (coinfection) or after infection of a chronic 
hepatitis B carrier (superinfection). The serological pattern 
differs in each case. During coinfection, markers of HBV are 
usually detected first, followed later by serological markers for 
HDV. The presence of anti-HBc IgM is an important finding of 
HDV coinfection and a discriminating marker for distinguish-
ing HDV coinfection from superinfection. Early in the course 
of coinfection, hepatitis D antigen (HDAg) is not detectable 
unless the hepatitis is severe, but within 1–2 weeks, antibody to 
hepatitis D (anti-HDV) IgM should be detectable (Figure 
94.13). Anti-HDV IgG is usually delayed for several weeks after 
the onset and in some cases is present only transiently during 
the convalescent phase. The late and poor antibody response in 

A number of viral antigens and their respective antibodies 
can be detected in serum following infection with HBV, and 
their interpretation is often the source of confusion for both 
physicians and patients. HBsAg and HBeAg are the first viral 
proteins detected in serum [166] (Figure 94.11). HBsAg may be 
detected as early as 1–2 weeks and as late as 11–12 weeks after 
infection; its persistence over time is a marker of chronicity. 
HBeAg is an indicator of HBV replication and infectivity and 
useful for assessing risk of hepatitis B transmission [239]. The 
level of HBcAg in serum is usually too low to detect but can be 
visualized by immunostaining of liver tissue. A cytoplasmic 
distribution of HBcAg in hepatocytes was shown to correlate 
with disease activity.

Antibodies to three of the viral proteins (HBsAg, HBeAg, and 
HBcAg) can be detected in convalescent sera. Anti-HBc, IgM 
class is the first to appear, followed by antibody to HBeAg (anti-
HBe), and finally antibody to HBsAg (anti-HBs), which is the 
hallmark of recovery. Anti-HBc IgG type persists after recovery 
and is a useful marker for prevalence studies of past exposure 
to HBV [240]. It should not be used to diagnose acute or chronic 
infection. HBsAg and anti-HBc IgM are the most frequent 
markers present during the symptomatic phase of the illness 
[166,241]. In rare individuals, HBsAg is rapidly cleared from 
serum, and anti-HBc IgM may be the only marker detectable 
during acute HBV infection; this particular scenario is referred 
to as the “window” period. This may also be seen during the 
convalescent phase of the illness when HBsAg and aminotrans-
ferase levels are declining and anti-HBs is not yet detectable. 
Given the sensitivity of current assays for HBsAg, this window 
period is rarely observed in clinical practice.

Diagnosis of acute hepatitis B rests on the demonstration of 
anti-HBV IgM and HBsAg and negative tests for anti-HAV and 
anti-HCV. HBV DNA is present during the incubation and 
symptomatic phases of infection. Like HBeAg, it correlates with 
disease activity and infectivity. Current real-time PCR assays 

Figure 94.11 Typical serological course of acute hepatitis B virus (HBV) 
infection. HBeAg, hepatitis Be antigen; HBsAg, hepatitis surface antigen; 
IgM, immunoglobulin M.
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Figure 94.12 Typical serological course of acute hepatitis C virus (HCV) 
infection. ALT, alanine aminotransferase.
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titer. Diagnosis of acute delta superinfection thus rests on the 
detection of anti-HDV and HBsAg and absence of anti-HBc 
IgM.

Diagnostic tests for antibody to HEV (anti-HEV) are now 
available although none are FDA approved. These tests have 
performed well in detecting anti-HEV in known positive sera. 
However, when used in panels of blood donor sera yield dis-
cordant results, making them unreliable for clinical use [248]. 
In outbreak settings due to HEV, anti-HEV IgM is detectable in 
greater than 90% of patients’ sera during the symptomatic phase 
and remains detectable for a period of 2 months after the onset 
of illness (Figure 94.15). Anti-HEV IgG persists after recovery 
and appears to be protective against reinfection, at least in the 
short term. In the appropriate setting, diagnosis of acute hepa-
titis E is confirmed by the demonstration of anti-HEV IgM and 
presence of HEV RNA.

Laboratory features
The laboratory hallmark of acute viral hepatitis is an elevation 
in the serum aminotransferase levels [249,250]. The serum ALT 
level is more specific for hepatocyte necrosis and is usually 
higher than the serum AST level. During an acute hepatitis, 
levels range from 10 times the upper limit of normal to greater 
than 20 times the upper limit of normal and peak with the onset 
of jaundice. The height of the ALT or AST elevation usually 
correlates with the degree of hepatocyte destruction but not 
with clinical outcome. The serum alkaline phosphatase level, a 
marker of biliary epithelial cell damage, may rise to two to three 
times the upper limit of normal but in most cases remains in 
the normal range. The conjugated and unconjugated serum 
bilirubin fractions are usually elevated. The level is dependent 
on the extent of hepatocyte damage but typically ranges from 
85 to 340 μmol/L (5 to 20 mg/dL). In fulminant cases, laboratory 

acute delta coinfection makes the diagnosis difficult. It is advis-
able to perform repeat testing for anti-HDV IgM to confirm 
HDV coinfection. HDV RNA can be detected early in the 
course of coinfection, but commercial assays are not currently 
available. Thus, the diagnosis of acute delta coinfection depends 
on the detection of anti-HDV IgM, HBsAg, and anti-HBc IgM.

Acute delta superinfection occurs in the setting of chronic 
hepatitis B. HDAg and HDV RNA can be detected early in the 
course of infection by experimental assays. In contrast to HDV 
coinfection, anti-HDV IgM and IgG are both present early 
during the symptomatic phase of acute delta superinfection 
(Figure 94.14). Anti-HBc IgM is usually absent or present in low 

Figure 94.13 Typical serological course of acute hepatitis D virus (HDV) 
coinfection. ALT, alanine aminotransferase; HBsAg, hepatitis B surface 
antigen; IgM, immunoglobulin M.
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Figure 94.14 Typical serological course of acute hepatitis D virus (HDV) 
superinfection. ALT, alanine aminotransferase; HBsAg, hepatitis B surface 
antigen; IgG, immunoglobulin G; IgM, immunoglobulin M.
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Figure 94.15 Typical serological course of acute hepatitis E virus (HEV) 
infection. ALT, alanine aminotransferase; IgG, immunoglobulin G; IgM, 
immunoglobulin M.
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markers of hepatic function become markedly abnormal: the 
prothrombin time prolongs, serum albumin falls, and higher 
bilirubin levels are seen. These are ominous signs that indicate 
impending hepatic failure and should prompt early patient 
referral to a liver transplantation center. During the acute phase 
of the illness, leucopenia with neutropenia and lymphopenia 
may be observed. Rarely, aplastic anemia may complicate acute 
viral hepatitis.

Histology
A liver biopsy can distinguish acute from chronic hepatitis and 
viral from nonviral causes but is rarely necessary to establish the 
diagnosis. Regardless of the etiology, acute viral hepatitis has 
certain characteristic findings.

There is an acute inflammatory response involving the entire 
liver [251,252]. Hepatocyte damage is greatest near the terminal 
hepatic venules (zone 3). Here, the classic histological features 
of acute hepatitis are observed. The hepatocytes appear swollen 
(ballooning change). Ballooned hepatocytes have a granular, 
pale-staining cytoplasm with enlarged nuclei and are occasion-
ally multinucleated. Numerous perivenular hepatocytes undergo 
acidophil change as a result of apoptosis. Their cell cytoplasm 
becomes densely stained and irregular in shape with pyknotic 
nuclei. These cells are thought to be the precursor of the acido-
phil body (Councilman body). The acidophil body is not spe-
cific for viral hepatitis but is a characteristic feature when 
present in abundance. The remaining hepatocytes show regen-
erative hyperplasia. The combination of cell swelling, cell 
shrinkage, apoptotic body formation, and cell loss gives rise to 
disruption of the liver cell plate pattern or lobular disarray 
[253]. When only a few hepatocytes are involved, the damage is 
designated focal necrosis. When groups of adjacent hepatocytes 
are involved, it is termed confluent necrosis.

Inflammatory cells are present within the hepatic lobule, 
among the damaged cells. Lymphocytes and macrophages are 
the major cell types. Plasma cells, neutrophils, and eosinophils 
are present to varying extent. Kupffer cell hyperplasia is 
observed. The mononuclear cell infiltrate also involves the 
portal tract. The inflammatory infiltrate may spill out of the 
portal tract, but this should not be confused with piecemeal or 
interface necrosis, a feature of chronic viral hepatitis. Despite 
the extensive destruction of liver tissue, the reticulin framework 
of the liver remains remarkably preserved. Cholestasis may or 
may not be present. Bile ductular proliferation may be seen but 
is not a prominent feature. Mild fatty change is seen more fre-
quently with HCV infection. Liver fibrosis is generally absent 
but may be seen if the biopsy is done late in the course of the 
illness.

In some cases, the confluent necrosis is severe enough to 
involve the entire central zone of the acinus. The necrotic cells 
are replaced by the condensed reticulin framework and inflam-
matory cells, predominantly macrophages forming central-to-
portal bridging necrosis. This entity may be the precursor to 
fulminant hepatitis, and, in one series, its presence was associ-

ated with a poorer outcome [254]. In extreme cases, there may 
be involvement of all zones of the acinus, referred to as massive 
necrosis with total loss of hepatocytes. The parenchyma is 
replaced by the collapsed reticulin framework and inflamma-
tory cells. This is a manifestation of severe hepatitis seen in the 
clinical setting of fulminant hepatitis and coma.

The histological changes associated with acute viral hepatitis 
persist for several weeks after onset. Thus, a nearly normal liver 
biopsy 2–3 weeks after an episode of jaundice effectively rules 
out acute hepatitis. Late biopsy findings include a decrease in 
the degenerative changes, macrophages that stain intensely with 
periodic acid–Schiff stain, and numerous mitotic figures.

Staining the liver tissue with antibodies for hepatitis B surface 
and core antigens in the case of hepatitis B and delta antigen for 
delta hepatitis can help with the identification of the etiological 
agent of the hepatitis. Staining for hepatitis C antigen in liver 
tissue is currently not very reliable [255,256].

Differential diagnosis
An array of diseases may mimic acute viral hepatitis and should 
always be considered in the differential diagnosis while awaiting 
the results of serological testing. As with any acute medical ill-
nesses, more rapid diagnosis permits the prompt institution of 
specific therapy that may prevent an adverse outcome. The dif-
ferential diagnosis of acute viral hepatitis is summarized in 
Table 94.3.

The prevalence of drug-induced liver disease is probably 
underestimated in clinical practice. Drug-induced liver disease 
should be considered in every case of acute hepatitis until  
the etiology is firmly established. A wide variety of over-the-
counter drugs are associated with hepatic toxicity, which may 
result in a clinical picture indistinguishable from acute viral 
hepatitis. Therefore, it is mandatory to obtain a detailed drug 
history from every patient who presents with acute hepatitis. 
Clinical clues to the etiology of the acute hepatitis are the timing 
of the rise in serum aminotransferase in relation to the onset of 
jaundice and presence of a serum eosinophilia. In drug-induced 
hepatitis, the jaundice tends to lag behind the rise in ami-
notransferases, whereas in viral hepatitis, the serum ami-
notransferase level tends to peak with the onset of jaundice. The 
concomitant finding of a serum eosinophilia may be suggestive 
of a drug-induced hepatitis.

Autoimmune hepatitis may present as an acute hepatitis in 
up to 30% of cases [257,258]. The typical presentation is that of 
a young woman with a high titer of antinuclear antibody and 
smooth muscle antibody or anti-LKM with other clinical evi-
dence of autoimmune disorders such as arthralgias and autoim-
mune hemolytic anemia. The globulin level may not be elevated 
during an acute presentation. Testing for the HLA markers A1, 
B8, and DR3 may provide substantiating evidence for confirm-
ing the diagnosis of autoimmune hepatitis (see Chapter 99).

Wilson disease is “the great imitator” and has diverse presen-
tations, including that of acute hepatitis [259]. The diagnosis is 
difficult to confirm during an acute presentation and requires a 
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hepatocyte destruction with serum aminotransferase levels 
greater than 20-fold the upper limit of normal, mimicking the 
presentation of an acute viral hepatitis. Bilirubin levels usually 
are only mildly elevated despite the degree of aminotransferase 
elevation. The history of hypotension and aminotransferase 
levels that rapidly normalize should establish the diagnosis.

Given the vast number of metabolic functions carried out by 
the hepatocyte, it is surprising that toxic injury is not seen more 
commonly. Mushroom poisoning from ingestion of Amanita 
phalloides and exposure to carbon tetrachloride are the best 
examples of toxic injury leading to markedly elevated ami-
notransferase levels. The diagnosis depends on a careful medical 
history indicating ingestion or exposure.

Rarely, biliary tract obstruction (choledocholithiasis or acute 
cholecystitis) can be confused with acute hepatitis [261]. 
Usually, other clinical features are present to suggest the diag-
nosis, such as a more pronounced elevation of serum alkaline 
phosphatase and more intense right upper quadrant pain.

Finally, in special populations such as bone marrow trans-
plant recipients, unique diseases should be considered during 
the investigation of an acute rise in serum aminotransferase 
levels. These include acute graft-versus-host disease, which typi-
cally occurs within the first 28 days after bone marrow 

high index of suspicion. It is important to establish the diagnosis 
early because of an extremely high mortality rate. In a series of 
fulminant hepatitis, no patients with Wilson disease referred to 
a transplantation center survived despite undergoing OLT 
[260]. The usual diagnostic criteria may be normal during an 
acute presentation. Ceruloplasmin level may be normal because 
of widespread release from necrotic hepatocytes, and urinary 
copper excretion may be low owing to altered renal clearance. 
Diagnostic clues may be the young age of the patient, a low 
alkaline phosphatase level, and the presence of a hemolytic 
anemia.

The liver may be an innocent bystander in infections that 
have multisystem involvement. Yellow fever, malaria, and Q 
fever may involve the liver and cause a hepatitis-like picture. 
Epstein–Barr virus (EBV), cytomegalovirus (CMV), herpesvi-
ruses, and adenoviruses may cause severe hepatitis in immuno-
compromised patients and those at the extremes of age. These 
agents should be suspected when routine serological testing is 
negative in an immunocompromised patient or when a history 
of recent travel to an endemic area is obtained from the patient.

Acute cardiovascular failure with hypotension from pump 
failure or sepsis can result in ischemic injury to the liver, 
so-called shock liver. In this setting, there can be massive 

Table 94.3 Acute viral hepatitis: differential diagnosis, diagnostic testing and specific therapy.

Condition Distinguishing diagnostic feature Specific treatment

Drug toxicity, e.g., isoniazid, acetaminophen, 
phenelzine, halothane (Chapter 97)

Complete drug history including over-the-counter 
and complementary alternative medications
Acetaminophen level >10 mg/dL

Withdraw offending agent
N-acetylcysteine for acetaminophen 
toxicitya

Autoimmune hepatitis (Chapter 99) ANA, SMA Prednisone 60 mg/day

Wilson disease (Chapter 102) Serum ceruloplasmin, 24-hour urinary copper D-penicillamine (if diagnosed early)

Ischemic liver injury (Chapter 111) Clinical evidence of hypotension Correct hypotension

Toxic injury, e.g., Amanita phalloides poisoning 
(Chapter 98)

History of mushroom ingestion None

Infections (non-A–E hepatitis), e.g., Q fever, 
yellow fever, malaria (Chapter 45)

Culture and serology, history of travel to endemic 
area

Treat specific infection

Choledocholithiasis (Chapter 89) Ultrasound, cholestatic laboratory features Antibiotics and drainage

Special hosts

Bone marrow transplant recipients (Chapter 111)

 Acute graft-versus-host disease Liver biopsy Prednisone

 Venoocclusive disease Liver biopsy None

 Adenovirus, CMV, HSV, EBV Serology and culture Acyclovir for HSV and EBV; gangcyclovir 
for CMV; cidofivir for adenovirus

Pregnancy (Chapter 46)

 Acute fatty liver Third trimester Delivery

 HELLP syndrome Evidence of preeclampsia, thrombocytopenia, 
hemolysis

Delivery

a N-Acetylcysteine is administered orally in a loading dose of 140 mg/kg followed by 70 mg/kg every 4 h for 15–20 doses.
ANA, antinuclear antibody; CMV, cytomegalovirus; SMA, smooth muscle antibody.
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compared with the first phase [272]. Steroid therapy during  
the early phase of the illness and alcohol consumption have 
been identified as potential risk factors for relapsing HAV  
infection [271].

Despite these complications, complete resolution is the rule. 
Serological evidence of HAV IgM in serum during recrudes-
cence of the illness and detection of HAV in stool during relapse 
are helpful tests for excluding other cause of hepatitis. The 
pathophysiology of these atypical presentations is currently 
unknown. A study in children reported an association between 
the protracted form of hepatitis A and HLA-DRB1*1301, a 
marker for pediatric autoimmune hepatitis [273]. Case reports 
have described that acute hepatitis A infection apparently trig-
gering the onset of autoimmune hepatitis in adults [274,275].

Other atypical courses of viral hepatitis have been described, 
which sometimes lead to diagnostic confusion. A biphasic 
pattern of hepatitis may also be observed after hepatitis D coin-
fection. It is important to distinguish reactivation from acute 
infection or nonviral causes of hepatitis because management 
differs. The diagnosis of reactivation can be challenging. In most 
cases, the clinical picture is recognizable by elevated ami-
notransferase levels with detectable HBsAg and absent anti-
HBV IgM in serum. However anti-HBV IgM may be detectable 
in 25% of cases of reactivation, leading to confusion with acute 
hepatitis B. The only way to resolve this dilemma is to obtain a 
history from the patient of previous HBV infection or to 
perform a liver biopsy, which should demonstrate changes of 
both acute and chronic hepatitis in the case of reactivation.

Complications
Fulminant hepatitis is a complication of acute hepatitis charac-
terized by a rapid progression to hepatic failure with associated 
hepatic encephalopathy. Only 1%–2% of all cases of acute viral 
hepatitis result in fulminant hepatitis, but 75% of fulminant 
cases are caused by viral hepatitis. Fulminant hepatitis has been 
reported with all of the hepatotrophic viruses [276–279]. Ful-
minant hepatitis has an extremely high mortality rate; fortu-
nately, survival has improved with better ICU care and with the 
availability of OLT [280].

Risk factors for fulminant hepatitis A include older age at 
infection [281,282]. The risk of fulminant hepatitis A with 
underlying chronic hepatitis C has been found in some studies 
but not others [281–284].

Epidemics of fulminant hepatitis B have been reported with 
variant strains of the virus. The precore mutant, which is defec-
tive in HBeAg synthesis, has been reported to cause outbreaks 
of fulminant hepatitis [285–288]. However, other studies found 
no relationship of this mutation with fulminant hepatitis B 
[289–291]. This mutation was also found to arise de novo in 
patients with chronic HBV infection who did not develop ful-
minant hepatitis B, suggesting that other factors probably play 
a role in this association [292]. Fulminant hepatitis B has also 
been reported with emergence of the YMDD variant under 
lamivudine therapy [293,294].

transplantation, and venoocclusive disease, which occurs within 
the first 2 to 3 weeks [262–264]. In pregnancy, acute fatty liver 
and the HELLP syndrome (hemolysis, elevated liver enzymes, 
and low platelets) should be considered [265,266].

Clinical course and complications

Clinical course
Most cases of acute hepatitis are uncomplicated and resolve 
without sequelae. This is the expected outcome in 99% of 
instances after infection with HAV or HEV. One percent to 2% 
of cases are complicated by a fulminant course associated with 
a high mortality rate. Hepatitis B, hepatitis C, and delta hepatitis 
may progress to a chronic hepatitis in 10%–90% of cases 
depending on the infecting virus, age at exposure, and immune 
status of the host. Host genetics involved with the immune 
response appear to be important for resolution of acute hepatitis 
C. Genes encoding the inhibitory NK cell receptor KIR2DL3 
and its human leukocyte antigen C group 1 (HLA-C1) ligand 
directly influence resolution of hepatitis C virus (HCV) infec-
tion [267]. In addition, a specific polymorphism of the IL28b 
gene that encodes interferon lambda, a type III interferon with 
antiviral properties, has been shown to be strongly associated 
with spontaneous clearance of acute hepatitis C [268]. Subjects 
with the favorable genetic trait were three times more likely to 
clear the infection compared to those without the trait [268]. 
Hepatitis E has been reported to cause chronic infection in 
immunocompromised individuals such as those who are pos-
torgan transplant and infected with HIV.

Chronic hepatitis is defined as persistent elevation in the 
aminotransferase levels 6 months after the onset of infection 
and detection of specific serological or virological markers. It is 
best assessed by liver biopsy. Occasionally, acute hepatitis may 
have a prolonged course over 4 months and up to 1 year, the 
classic example being a prolonged course of HAV infection. 
This variant presentation needs to be differentiated from 
chronic hepatitis, and the most appropriate means of doing so 
is watchful waiting until the aminotransferase levels return to 
normal.

The prolonged form of HAV infection is characterized by 
pruritus, fever, diarrhea, and weight loss with serum bilirubin 
levels greater than 10 mg/dL and a clinical course lasting a 
minimum of 12 weeks [269,270]. It is seen more commonly in 
males and older individuals. Importantly, all patients recover 
without lasting sequelae. Some patients with this variant of 
hepatitis A may benefit from corticosteroid therapy [270].

In addition to the prolonged variant of HAV infection, a 
relapsing form is seen in up to 20% of HAV cases, distinguish-
able from the protracted form by its biphasic presentation [271]. 
Patients initially present with an acute hepatitis followed by 
apparent recovery only to have a recrudescence of hepatitis 
5–10 weeks later. The second phase tends to be associated with 
higher bilirubin levels and to have a more prolonged course 
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response to other live attenuated vaccines, and these vaccines 
should be postponed for about 2 weeks [308].

Active immunization
Two commercially inactivated hepatitis A vaccines are available 
in the United States: HAVRIX and VAQTA. Both vaccines are 
highly immunogenic in adults, adolescents, and children, with 
94%–100% achieving protective levels of antibody 1 month after 
a single dose of vaccine [309]. The lower limit of antibody 
required to prevent HAV infection is unknown, but in vitro 
studies indicate that concentrations of less than 20 mIU/mL can 
be neutralizing [309,310].

The efficacy of both vaccines was demonstrated in clinical 
trials. HAVRIX was shown in a large double-blind randomized 
controlled trial to have an efficacy of 94% after two doses  
1 month apart [311]. Similarly, VAQTA was evaluated in a 
double-blind, placebo-controlled, randomized trial and had an 
efficacy of 100% after one dose of vaccine [312]. The vaccine 
was compared to immune globulin in the postexposure setting. 
A randomized trial showed that hepatitis A vaccine was as effi-
cacious in preventing symptomatic infection with HAV in sub-
jects who were susceptible to acquiring infection [313]. Among 
1090 subjects, the rate of acute hepatitis A was 4.4% among 
those who received hepatitis A vaccine compared to 3.3% 
among those who received immune globulin as postexposure 
prophylaxis [313].

Protective levels of anti-HAV persist in greater than 97% of 
subjects 15–17 years after primary vaccination. The vaccine 
appears to confer long-term protection against infection with 
no cases of acute hepatitis identified from during 15–17 years 
follow-up [314,315]. These data suggest that booster doses of 
hepatitis A are not required. Hepatitis A vaccination is recom-
mended for people who are at increased risk for HCV infection 
and for anyone wishing to obtain immunity, such as those who 
travel to endemic regions. HAV vaccine should also be offered 
to those with chronic hepatitis B or C [316]. Individuals who 
are at increased risk for hepatitis A infection and who should 
be routinely vaccinated are summarized in Box 94.1. Both vac-
cines appear to be quite safe. In Europe, Asia, and the United 
States, about 8 million doses of hepatitis A vaccine have been 
administered, and serious events, anaphylaxis, Guillain–Barré 
syndrome, brachial plexus neuropathy, transverse myelitis, mul-
tiple sclerosis, encephalopathy, and erythema multiforme have 
been reported but are rare [311].

Fulminant hepatitis may occur more frequently with HDV 
coinfection [295,296]. In addition, periodic epidemics of a 
severe fulminant form of delta hepatitis have been described in 
the Amazon basin, referred to locally as LaBrea hepatitis [297]. 
This finding may be related to HDV genotype 3 [298].

Fulminant hepatitis E occurs at surprisingly high rates in 
pregnant women during the third trimester, ranging from 
15%–25% [299,300]. The reason for this is currently unknown. 
Survival is poor.

A hepatitis-associated aplastic anemia and pure red cell 
aplasia may complicate acute hepatitis and is associated with a 
high mortality rate [301–303]. The cause of aplastic anemia and 
hepatitis is unknown. It appears to be more common in the Far 
East and in adolescent boys and young men [304].

Chronic hepatitis is a complication seen with HBV, HCV, and 
HDV and rarely HEV. Rates of chronic infection depend on 
immune status of the host and age at time of infection and vary 
from 10% to 90%. The causes of chronicity are unknown but 
undoubtedly involve a failure of the cellular immune response.

Other long-term complications of acute viral hepatitis  
include hepatocellular carcinoma, especially in the case of  
HBV and HCV infection, and lymphoma associated with HCV 
infection.

Prevention and immunoprophylaxis

Hepatitis A virus
Hepatitis A infection can be prevented by three strategies: active 
immunization through vaccination, which has the advantage of 
lifelong immunity; passive immunization through the adminis-
tration of antibody made from pooled human sera processed by 
cold ethanol fractionation; and a combination of the two 
strategies.

Passive immunization
Immune globulin provides protection against hepatitis A infec-
tion by the passive transfer of antibody. It can be used to provide 
immunity before and after exposure. The recommended dose is 
0.02 mL/kg of immune globulin administered intramuscularly 
for both preexposure and postexposure prophylaxis. If used for 
preexposure prophylaxis, a dose of 0.02 mL/kg provides protec-
tion for less than 3 months. A higher dose of 0.06 mL/kg will 
provide protection for about 5 months. For postexposure 
prophylaxis, administering immune globulin within 2 weeks of 
the exposure is greater than 85% effective [305]. Later adminis-
tration is ineffective in preventing infection but will attenuate 
the course of disease [306]. Serious adverse events are rare after 
administration of immunoglobulin, but anaphylaxis has been 
reported after repeat administration to patients with known IgA 
deficiency [307]. It is safe to administer during pregnancy or 
breast feeding and can be coadministered with inactivated vac-
cines, oral polio vaccine, and yellow fever vaccine [308]. 
However, immune globulin can interfere with the immune 

Box 94.1 Hepatitis A vaccine indicators.

Group at risk
People traveling to or working in countries that have high or 
intermediate endemicity of infection
Men who have sex with men
Illegal drug users
People who have occupational risk factors for infection
People who have clotting factor disorders
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between the first and second doses of HBV vaccination has little 
effect on immunogenicity or final antibody titer. The third dose 
confers optimal protection. Longer intervals between the second 
and third doses result in higher final titers of anti-HBs [327]. 
Administration of hepatitis B vaccine does not interfere with 
the antibody response to other vaccines [328]. The immune 
response is comparable to a standard course of vaccination if 
the product of one manufacturer is used with that of another. 
Hemodialysis patients usually require a higher dose or a greater 
number of vaccinations to achieve an adequate immune 
response [329,330]. Response rates among HIV-positive indi-
viduals were reported to be lower when compared to HIV-
negative individuals; rates ranged from 33% to 56% and were 
related to CD4 count [321]. In one study, doubling the dose of 
HBV vaccine increased the response rate from 34% to 47% but 
this strategy was only effective in those with CD4 counts greater 
than 300 cells/mm3 [331]. This probably also applies to immu-
nocompromised individuals but has not been confirmed.

Clinical trials in the United States and other countries have 
shown that the hepatitis B vaccine is 80%–95% effective in pre-
venting HBV infection in susceptible people [326,332–334]. If 
a protective antibody response is elicited, then the vaccine is 
100% effective. Factors associated with nonresponse are a 
genetic predisposition, immunosuppression and certain chronic 
illnesses, age over 30 years, HIV infection, obesity, alcoholism, 
and male sex [335]. Studies suggest that even patients who fail 
to develop an adequate immune response to the vaccine (anti-
HBs titer less than 10 mIU/mL) are probably protected against 
infection. Likewise, individuals who lose detectable antibody 
are probably protected because of lasting immunological 
memory. The vaccine appears to afford long-term protection. 
Studies in which the plasma-derived vaccine was used indicate 
that 13%–60% of patients may lose antibody after 9 years of 
follow-up [336–338]. Long-term follow-up studies conducted 
in children from Taiwan and Alaska, reported that levels of anti-
HBs fall below 10 mIU/mL (>10 IU is considered a protective 
level) in 17%–50% of children vaccinated with the plasma-
derived vaccine 15 years earlier [339,340]. Surprisingly, anti-
HBc was detected in 33% of the children from Taiwan but 
HBsAg, the marker of chronic infection, was found in only one 
child. In the Alaskan study, among 1578 native Alaskans the 
geometric mean concentration of anti-HBs measured 6 months 

The hepatitis A vaccine can be safely coadministered with the 
hepatitis B vaccine without affecting the immunogenicity of 
either vaccine or increasing the frequency of side-effects [317]. 
Safety has not been evaluated in pregnancy, but because the 
vaccine is inactivated, the risk to the fetus is expected to be low. 
Similarly, no special precautions are required when vaccinating 
immunocompromised patients [318]. The vaccine is safe and 
effective when administered to patients with chronic liver 
disease [319,320]. Response to HAV vaccination in HIV-positive 
men is variable but appears to be reduced in those with low CD4 
counts compared to HIV-negative men. Rates of anti-HAV 
range from 47% to 88% in HIV-positive individuals [321]. Anti-
body titers were also noted to be lower in those with HIV infec-
tion [322]. Prevaccination serological testing for susceptibility 
is not recommended because of the additional costs and because 
vaccination poses no risk to a person with a history of hepatitis 
A infection. Postvaccination testing is not recommended 
because of the high rate of response. A combined hepatitis A 
and B vaccine (HEPAB, Twinrix) is commercially available. It 
appears to be safe, effective and also associated with durable 
antibody responses [323,324].

Hepatitis B virus
The goals of vaccination against hepatitis B are similar to those 
for hepatitis A: to prevent infection in susceptible individuals 
and to prevent spread of infection and chronic liver disease. 
Additionally, vaccination against hepatitis B can prevent infec-
tion with delta virus and prevent hepatocellular carcinoma 
related to HBV infection. HBV infection can be prevented by 
passive or active immunization or a combination of the two.

Passive immunization
Hepatitis B immune globulin (HBIG) is prepared from plasma 
that contains high-titer anti-HBs. In the United States, HBIG 
has an antibody titer of more than 100 000 IU/mL by radioim-
munoassay. HBIG is used in conjunction with hepatitis B vac-
cination for postexposure prophylaxis to prevent transmission 
of HBV from an HBsAg-positive mother to her child or alone 
to prevent reoccurrence of HBV infection after OLT.

Active immunization
Two yeast-derived recombinant hepatitis B vaccines are avail-
able in the United States. A plasma-derived vaccine that was 
licensed for use in the United States in 1982 is no longer avail-
able. The vaccine is part of the routine immunization program 
in many countries and is very effective in reducing the incidence 
of HBV infection in endemic areas of the world.

The recommended schedule is a series of three intramuscular 
doses of hepatitis B vaccine into the deltoid muscle of adults and 
anterolateral thigh of neonates and infants; see Box 94.2 for 
recommended schedules. The recommended dosing schedule 
induces an antibody response (anti-HBs titer higher than 
10 mIU/mL) in more than 90% of adults and more than 95% of 
children and adolescents [325,326]. Increasing the interval 

Box 94.2 Recommended vaccine schedules for hepatitis B vaccine.

0, 1, and 6 months
0, 1, and 4 months
0, 2, and 4 months
0, 1, 2, and 12 months

All schedules are applicable to single antigen hepatitis B vaccines; 
Twinrix® (combined hepatitis A and B vaccine) may be administered 
at 0, 1, and 6 months.
A four-dose schedule of Engerix-B® is licensed for all age groups.
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acquiring HBV infection should receive hepatitis B vaccination 
and are listed in Box 94.3. The recommendations for use of the 
hepatitis B vaccine in the postexposure setting are outlined in 
Table 94.4. These recommendations have been updated. The 
major changes were to improve prevention of perinatal and 
early childhood HBV transmission and to improve vaccine cov-
erage of children and adolescents who were not primarily vac-
cinated. Readers are referred to the following reference for a 
complete list of all the updated recommendations [356].

Vaccination is not contraindicated in pregnant women or in 
those who are breast feeding. Postvaccination testing is not rec-
ommended after routine vaccination of children or adolescents. 
Testing for immunity is advised only for people whose subse-
quent management depends on their immune status, such as 
infants born to HBsAg-positive mothers, dialysis patients and 
staff, and patients with HIV infection [338]. Currently, a booster 
dose is not recommended for previously vaccinated individuals, 
nor is routine serological testing to determine immune status, 
unless a person was exposed to the virus. Revaccination of 
nonresponders to a primary course of vaccine should be con-
sidered because 15%–25% develop an adequate antibody 
response after one additional dose and 30%–50% after three 
doses of vaccine [336]. For hemodialysis patients, vaccine-
induced immunity may wane, and patients should probably 

after the third dose decreased from 822 IU/L to 27 IU/L over 15 
years [341]. Sixteen asymptomatic breakthroughs and eight pos-
sible breakthroughs were observed. Factors associated with 
higher titers of anti-HBs at 15 years included high initial serum 
anti-HBs level, male sex, and vaccination at an older age [341].

The efficacy of the hepatitis B vaccine to prevent transmission 
of HBV was shown in several studies after introduction of 
vaccine programs in endemic regions. Before vaccination, the 
carrier rate of HBV infection in Taiwan was estimated to be 
15%–20%. A program of universal vaccination was initiated in 
1984. This program was highly effective in reducing the rate  
of chronic HBV infection. Over the next decade, the rate of 
chronic HBV infection fell from 10.5% to 1.7% in children aged 
6 years, and the annual incidence of hepatocellular carcinoma 
fell from 0.7 per 100 000 to 0.36 per 100 000 [342–344]. These 
findings were confirmed by other studies from other endemic 
regions [345].

Variant viruses, with “escape mutations” in the immunodo-
minant “a” determinant region of the HBsAg gene after vaccina-
tion, have been described [346]. These variants have been 
reported worldwide. Therefore, a theoretical concern of hepati-
tis B vaccination is the replacement of wild-type virus by the 
variant strain to which vaccinated individuals in the community 
will be susceptible. A report from the Taiwan vaccination 
program described an increased prevalence of vaccine escape 
variants from 8% to 28% over a 10-year period, lending cre-
dence to this concern [347]. However, this finding has not been 
confirmed in other studies and to date the emergence of vaccine 
escape mutants has not been shown to have a negative impact 
on any country’s immunization program [348–350]. Further-
more, chimpanzees vaccinated with commercial hepatitis B vac-
cines were protected from infection after challenge with an 
infectious strain of the variant virus [351].

Pain and fever are the most common side-effects associated 
with HBV vaccination; however, in placebo-controlled trials, 
these side-effects occurred no more frequently than with 
placebo [325,326,332,334]. Over 1 billion doses have been 
administered worldwide, and serious adverse events occur 
rarely [25]. A possible association between the plasma-derived 
vaccine and Guillain–Barré syndrome and demyelinating dis-
eases has been reported [352]. Two large studies failed to 
confirm such an association between hepatitis B vaccine and 
multiple sclerosis [353,354]. In addition, there are large differ-
ences in the geographic prevalence of HBV and incidence of 
multiple sclerosis. Furthermore, analysis of postmarketing 
studies in the United States showed no increase in multiple 
sclerosis after hepatitis B vaccination, and reanalysis of the 
French data by the Viral Hepatitis Prevention Board and World 
Health Organization concluded there was no association 
between hepatitis B vaccination and multiple sclerosis [355].

Hepatitis B vaccination is recommended for the prevention 
of perinatal HBV infection, in infants born to HBsAg-positive 
mothers, and as part of the universal vaccination of all preschool-
aged children [338]. Individuals who are at high risk for 

Box 94.3 Hepatitis B vaccine indicators.

Group at risk
People with occupational risk
Clients and staff of institutions for the developmentally disabled
Hemodialysis patients
Recipients of clotting factor concentrates
Household contacts and sex partners of HBV carriers
Adoptees from countries where HBV infection is endemic
International travelers
Injection drug users
Sexually active men and women
Inmates of long-term correctional facilities

Table 94.4 Recommendations for postexposure immunoprophylaxis for 
hepatitis B.

Exposure Recommendation

Perinatal Vaccination + HBIG

Sexual (acute case) HBIG ± vaccination

Sexual (chronic carrier) Vaccination

Household (acute case) None

Household (acute case, known exposure) HBIG ± vaccination

Household contact (chronic carrier) Vaccination

Inadvertent percutaneous/permucosal Vaccination ± HBIG

HBIG, hepatitis B immunoglobulin.
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Immunoglobulin has not been evaluated for postexposure 
prophylaxis.

Pre- and postexposure prophylaxis
Hepatitis A
In 2007, the Advisory Committee on Immunization Practices 
(ACIP) updated their recommendations on pre-and postexpo-
sure prophylaxis due to the availability of data comparing the 
efficacy of hepatitis A vaccine versus immunoglobulin for pos-
texposure prevention [371]. A single dose of hepatitis A vaccine 
was compared to standard immunoglobulin prophylaxis among 
over 1000 subjects who were susceptible to HAV infection to 
evaluate postexposure efficacy. Acute hepatitis A occurred in 
4.4% of vaccine recipients compared to 3.3% of immunoglobu-
lin recipients, a difference that was not statistically significant. 
The ACIP recommends that persons who have been recently 
exposed to HAV and who have not previously received hepatitis 
A vaccine should be administered a single dose of single-antigen 
hepatitis A vaccine or immunoglobulin (0.02 mL/kg) as soon as 
possible [371]. For healthy persons aged 12 months to 40 years, 
the ACIP favored hepatitis A vaccine for postexposure prophy-
laxis due to its ability to induce active immunity and provide 
long-term protection, greater ease of administration, higher 
acceptability, and widespread availability [371]. For persons 
aged >40 years, immunoglobulin is preferred due to limited 
data on vaccine efficacy in this age group; vaccine can be used 
if immunoglobulin is not available.

The ACIP also now recommends a single dose of HAV 
vaccine for healthy international travelers aged ≤40 years 
regardless of their scheduled dates for departure as the preferred 
preexposure prophylaxis (see Box 94.4) [371]. Similar to updated 
recommendations for postexposure prophylaxis, the ACIP rec-
ognized that, for certain international travelers (e.g., older 
adults or those with underlying medical conditions), the per-
formance of vaccine alone is unknown and clinical manifesta-
tions of hepatitis A tend to be more severe. Hence, for optimal 
protection, immunoglobulin can be considered in addition to 
vaccine for older adults, immunocompromised persons, and 
persons with chronic liver disease or other chronic medical 
conditions who are traveling to an area within 2 weeks.

Hepatitis B and C and needle-stick injury
Transmission of blood-borne pathogens through needle-stick 
injury is an important issue for healthcare workers. It is a sig-
nificant contributor to job-related injuries and emotional stress 
for healthcare workers. Each year, about 600 000 to 800 000 
needle-stick injuries occur in the United States. Infection with 
HBV, HCV, or HIV constitutes the major risk for the healthcare 
worker after needle-stick injury.

The risk for HBV infection is primarily related to the degree 
of contact with blood in the work environment and to the 
HBeAg status of the source. In studies of nosocomial transmis-
sion of HBV through needle-stick injury, the risk for clinical 
hepatitis if the source was HBsAg and HBeAg positive was 

undergo testing for antibody levels annually and receive a 
booster dose if anti-HBs levels fall below 10 mIU/mL [338].

Hepatitis C virus
No effective vaccine is available to prevent hepatitis C infection. 
This is due primarily to a lack of neutralizing antibody, the high 
mutation rate of the viral genome, existence of viral quasispe-
cies, and relatively limited knowledge about protective immu-
nity. Protection against infection after challenge with a 
homologous strain has been demonstrated in chimpanzees 
using hyperimmune serum against region 1 of the E2 protein 
but not against heterologous strains [357–359]. The discovery 
of natural immunity to the hepatitis C virus and the results of 
several vaccine studies in chimpanzees hold promise for the 
development of a HCV vaccine [168]. Current strategies have 
been more successful in preventing acute infection from pro-
gressing to chronic infection rather than preventing acute infec-
tion [168]. Two vaccine candidates have progressed to human 
trials. One is a recombinant adenoviral vaccine encoding the 
nonstructural region of HCV, which in chimpanzees was able 
to elicit effective immunity against heterologous virus challenge 
[360]. This vaccine has been tested in humans and demon-
strated strong induction of HCV-specific immune responses 
[361]. The other consisting of recombinant E1-E2 glycoproteins 
and the adjuvant MF59 appeared to be safe and immunogenic 
in healthy volunteers and, more importantly, to induce antibod-
ies that neutralize HCV in vitro [362,363].

Studies in the late 1970s showed that use of immunoglobulin 
failed to prevent non-A, non-B hepatitis (HCV) [364,365]. 
Intravenous infusions of immunoglobulin may attenuate the 
severity of non-A, non-B hepatitis (HCV) [366,367]. It has been 
demonstrated that neutralizing antibodies to HCV are present 
in immune globulins derived from anti-HCV positive plasma 
[368]. Enrichment of such plasma containing broadly reactive 
neutralizing antibodies may provide a strategy for preventing 
HCV infection. Until further studies are carried out, use of 
immunoglobulin as postexposure prophylaxis for HCV infec-
tion cannot be recommended.

Hepatitis D virus
The dependence of HDV replication on HBV means that the 
same preventative and postexposure measures used to prevent 
HBV infection can be employed to prevent hepatitis D coinfec-
tion. Risk behavior modification is the only current measure to 
prevent HDV superinfection.

Hepatitis E virus
Two recombinant vaccines for HEV were evaluated in Nepal 
and China, respectively. Both were shown to be >95% effica-
cious at preventing acute hepatitis E [369,370]. Development of 
the recombinant vaccine tested in Nepal was stopped due to 
concerns about long-term efficacy and development costs. The 
HEV 239 vaccine, Hecolin, gained approval in China in 2012. 
Indications for the vaccine have not been established. 
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workers should be educated concerning the risk for and preven-
tion of blood-borne infections, including use of personal pro-
tective equipment and vaccination against HBV. Healthcare 
workers were required to adopt universal precautions regula-
tions that were introduced in 1987 [375]. Despite these recom-
mendations, needle-stick injuries continue to occur. Regulations 
to prevent needle-stick injury should be enforced in the 
workplace.

General management after a needle-stick injury involves 
washing the wound with soap and water for a minimum of 
15 min. Postexposure management should include prompt 
reporting, evaluation, counseling, treatment as necessary, and 
follow-up. The person whose blood was the source of exposure 
should be evaluated for evidence of HBV, HCV, and HIV infec-
tion. No special precautions are necessary to prevent secondary 
transmission during the follow-up period. However, exposed 
people should refrain from donating blood, plasma, organs, 
tissue, and semen. The exposed person does not need to modify 
sexual practices or to avoid becoming pregnant. Employers 
should follow all federal and state requirements for recording 
and reporting occupational injuries and exposures [376,377].

Specific recommendations for postexposure management are 
outlined by the US Public Health Service [378]. Any unvacci-
nated person who sustains a needle-stick injury should receive 
the hepatitis B vaccine series. The recommendations for man-
agement of exposure based on HBsAg status of the source  
and vaccine status of the exposed individual are shown in Table 
94.5. HBIG and hepatitis B vaccine can be administered 
simultaneously.

No specific therapy is available for prevention of HCV infec-
tion after needle-stick injury. Recommendations for postexpo-
sure management are intended to achieve early identification of 
chronic cases and, if present, to refer to a specialist for treatment 
options. The source of exposure should be tested to determine 
anti-HCV status. Baseline anti-HCV and ALT testing should be 
performed on the exposed individual and repeated in 4–6 
months. Testing should be extended to 12 months for HIV–
HCV coinfected sources. If desired, HCV RNA testing can be 
performed after 4–6 weeks. All positive anti-HCV tests should 
be confirmed by nucleic acid testing. Immunoglobulin admin-
istration is not recommended because of the absence of neutral-
izing antibody and the failure of immunoglobulin to prevent 
transmission of HCV [364,367]. Antiviral agents are currently 
not recommended for postexposure management. Counseling 
should be provided to exposed people.

Hepatitis D
The recommendations for postexposure prophylaxis for hepati-
tis D are the same as for hepatitis B.

Hepatitis E
Given the low person-to-person transmission rates of HEV, 
there are no established postexposure recommendations for 
HEV.

22%–31%; the likelihood for serological evidence of HBV infec-
tion was 37%–62%. In contrast, the risk for developing clinical 
hepatitis from a contaminated needle from an HBsAg-positive, 
HBeAg-negative individual was 1%–6%, and the likelihood for 
HBV seroconversion 23%–37% [372]. Although percutaneous 
exposure is an efficient mode of transmission of HBV, it pres-
ently accounts for a relatively small number of nosocomial 
infections as a result of increased hepatitis B vaccine use in 
healthcare workers.

Hepatitis C virus is not transmitted efficiently by needle-stick 
injury. The rate of seroconversion to anti-HCV after needle-
stick injury averages 1.8% per injury and ranges from 0% to 7% 
[373,374]. About 2.4% of new cases of HCV infection are due 
to needle-stick injury. A deep injury, use of a hollow-bore 
needle, and visible blood on the needle have been identified as 
risk factors for transmission of HCV [373].

Exposure prevention is the primary strategy to reduce HBV 
and HCV transmission by needle-stick injury. Healthcare 

Box 94.4 Recommendations for prevention of hepatitis A after 
exposure to hepatitis A virus and in departing international travelers.

Postexposure prophylaxis

Persons who have recently been exposed to HAV and who have not 
previously received hepatitis A vaccine should be administered a single 
dose of single-antigen hepatitis A vaccine or immune globulin (IG) 
(0.02 mL/kg) as soon as possible.
• For healthy persons aged 12 months to 40 years, single-antigen 

hepatitis A vaccine at the age-appropriate dose is preferred.
• For persons aged >40 years, IG is preferred; vaccine can be used if 

IG cannot be obtained.
• For children aged <12 months, immunocompromised persons, 

persons who have had chronic liver disease diagnosed, and persons 
for whom vaccination is contraindicated, IG should be used.

International travel

All susceptible persons traveling to or working in countries that have 
a high or intermediate hepatitis A endemicity should be vaccinated or 
receive IG before travel. Hepatitis A vaccine at the age-appropriate 
dose is preferred to IG. The first dose of hepatitis A vaccine should be 
administered as soon as travel is considered.
• One dose of single-antigen hepatitis A vaccine administered at any 

time before departure can provide adequate protection for most 
healthy persons.

• Older adults, immunocompromised persons, and persons with 
chronic liver disease or other chronic medical conditions planning to 
depart to an area in ≤2 weeks should receive the initial dose of 
vaccine and also simultaneously can be administered IG (0.02 mL/kg) 
at a separate anatomic injection site.

• Travelers who elect not to receive vaccine, are aged <12 months, or 
are allergic to a vaccine component should receive a single dose of 
IG (0.02 mL/kg), which provides effective protection for up to 3 
months.

Note: Previous recommendation remain unchanged regarding (1) 
settings in which postexposure prophylaxis is indicated, and (2) timing 
of administration of postexposure prophylaxis.
Data from [371].
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plantation unit. The monitoring of serum aminotransferase 
levels is not helpful for assessing hepatic function because levels 
may return to normal in fulminant hepatic failure after massive 
destruction of hepatocytes. Antiemetics can be used to improve 
symptoms of nausea. Patients who exhibit clinical features of 
fulminant hepatitis should be rapidly referred to a liver trans-
plantation unit for management. OLT can be a life-saving pro-
cedure for patients who decompensate after acute hepatitis (see 
Chapter 108). It is not necessary to isolate patients with acute 
hepatitis. People caring for patients with acute HAV and HEV 
infection should wash their hands with soap and water. Close 
contacts of people with acute HAV or HBV infection should 
receive vaccination.

Specific therapy
The rationale for antiviral therapy in acute viral hepatitis is to 
prevent fulminant hepatitis ameliorate symptoms and to prevent 
progression to chronic hepatitis. The indications for antiviral 
therapy in acute hepatitis B have not been clearly delineated. 
Interferon-α was compared with placebo in retrospective 
fashion for the treatment of acute prolonged hepatitis B [381]. 
A higher rate of clearance of HBsAg and HBeAg and loss of 
HBV DNA were observed in the group that received interferon-α, 
(80% versus 54%). Therapy was well tolerated, but the concern 
remains that interferon therapy may worsen the hepatitis. A 
randomized, placebo-controlled trial of 3 million versus 10 
million units three times weekly for 12 weeks in subjects with 
acute hepatitis B showed no difference in rates of HBsAg loss 
among the three groups [382]. Use of interferon-α should be on 
a case-by-case basis using sound clinical judgment.

Lamivudine, a nucleoside analogue, was shown to be effective 
in treatment of chronic HBV infection and may hold promise 
as a therapeutic agent for acute fulminant infection. This is 
based on the benefit described in a few case reports in the 

Treatment

Treatment of acute viral hepatitis is largely supportive and 
directed to ensuring adequate nutrition and hydration and to 
monitoring patients for the development of fulminant hepatitis. 
Drug therapy is rarely indicated for acute viral hepatitis A and 
E because up to 99% of patients are expected to ultimately 
recover without sequelae. Therapy of acute hepatitis B has not 
been well studied. However, given the high recovery rate of 
90%–95% in adult cases, therapy is not currently recommended. 
Based on the high response rate to interferon therapy, it may be 
reasonable to treat patients with clearly documented acute HCV 
[379].

General recommendations
Most patients with acute hepatitis can be managed outside of 
the hospital setting as long as they can maintain adequate hydra-
tion and intake of calories. The old recommendation of bed rest 
is no longer advocated unless the patient experiences severe 
fatigue [380]. No specific dietary measure or supplement has 
been shown to be effective. Protein should be restricted only in 
patients exhibiting clinical signs of hepatic encephalopathy. 
During the convalescent phase, a high-protein diet may be nec-
essary to aid in recovery. Alcohol should be avoided, and use of 
medications should be kept to a minimum. Drugs that are 
metabolized by the liver, such as benzodiazepines, should be 
avoided or doses reduced if they are absolutely essential. Patients 
should be assessed weekly during the early phase of the illness 
and followed through recovery. They should be monitored for 
symptoms and signs of encephalopathy, such as increased som-
nolence, drowsiness, and asterixis, and, if any of these are 
present, assessed with serial trail tests. Monitoring of the serum 
prothrombin time is a useful marker for assessing hepatic 
decompensation and for deciding when to refer to a liver trans-

Table 94.5 Recommendations for postexposure prophylaxis for healthcare workers following exposure to HBV.

Vaccination and antibody 
status of exposed 
healthcare worker

Source and treatment

HBsAg positive HBsAg negative Unknown/not available for testing

Unvaccinated HBIGa × 1 and initiate hepatitis B 
vaccine series

Initiate hepatitis B 
vaccine series

Initiate hepatitis B vaccine series

Previously vaccinated

 Known responder No treatment No treatment No treatment

 Known nonresponder HBIG × 1 and initiate hepatitis B 
vaccine series or HBIG × 2

No treatment No treatment

 Antibody response 
unknown

Test exposed person for anti-HBs. 
If titer >10 mIU/mL, no treatment 
is necessary
If inadequate, administer HBIG × 1 
and vaccine booster

No treatment Test exposed person for anti- HBs
If titer >10 mIU/mL, no treatment is 
necessary
If inadequate, administer vaccine booster 
and recheck titer in 1–2 weeks

a Dose of HBIG is 0.06 mL/kg intramuscularly.
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in 43/44 (98%) of patients when treatment was initiated within 
a mean of 89 days from the onset of infection, suggesting that 
early therapy was highly effective at clearing virus [379]. The 
argument against early treatment of acute hepatitis C is based 
on the fact that a substantial proportion of acute cases (25%–
30%) resolve spontaneously and that treatment during the acute 
phase is problematic. Three studies from Germany highlight 
these issues. In the first study, 24/46 (52%) of patients presenting 
with symptomatic, acute hepatitis C spontaneously cleared 
virus, usually within 12 weeks after the onset of symptoms 
[399]. All asymptomatic patients (n = 9) progressed to chronic 
hepatitis C. It was noteworthy that delaying the start of treat-
ment beyond 3 months did not markedly impact on SVR, with 
a reported rate of 80% [399]. The second study treated 89 
patients with acute hepatitis C using pegylated interferon-α2b, 
1.5 μg/kg/week for 24 weeks [400]. The SVR rate was only 71%, 
much lower than other studies had previously reported. Adher-
ence to therapy was suboptimal as only 73% of patients received 
80% of the dose for 80% of the prescribed duration. Psychiatric 
side-effects were common (27% of patients), and one patient 
committed suicide [400]. The third study compared immediate 
treatment with pegylated interferon-α2b treatment for 24 weeks 
to delayed treatment with pegylated interferon-α2b plus ribavi-
rin (for 24 weeks) starting 12 weeks after randomization if HCV 
RNA remained positive [401]. Immediate treatment yielded a 
numerically higher SVR rate (67%) compared to delayed treat-
ment (54%) but the drop-out rate was high and use of two dif-
ferent regimens affected interpretation of the results.

Delaying therapy beyond 1 year appears to be undesirable 
based upon the results of a Japanese study that compared early 
treatment (within 8 weeks of onset of acute hepatitis) versus 
delaying therapy by 1 year [402]. Delaying therapy decreased 
the SVR rate from 87% to 53% [402]. However, it remains to be 
proved whether antiviral therapy initiated during the acute 
stage is superior to treatment started shortly after the infection 
becomes chronic. Additionally, the best regimen is yet to be 
determined. Based on available data, a reasonable approach 
would be to monitor symptomatic patients for a period of 8–12 
weeks after onset of hepatitis to identify patients who will clear 
virus spontaneously. If the patient fails to clear virus, treatment 
should be discussed with the patient and probably should not 
be delayed beyond 24 weeks of presentation. For asymptomatic 
patients, treatment could be offered immediately. Alternatively, 
genetic testing for the IL28bB genotype could be performed; 
those with the favorable genetic trait could defer therapy for 
8–12 weeks and all others treated immediately. While the agent 
and duration have not been determined, pegylated interferon is 
favored over standard interferon for 24 weeks because of ease 
of administration. Addition of ribavirin to the treatment 
regimen should be considered for subjects who delay therapy or 
in whom the exact duration of infection is unknown as some of 
these patients may be transitioning to chronic infection. Data 
on long-term efficacy is not available from any of the published 
series.

setting of subfulminant or fulminant hepatitis B, and reports of 
success in treating reactivation of hepatitis B after chemother-
apy and acute hepatitis B after OLT [383–386]. Two uncon-
trolled studies of patients with clinically severe acute hepatitis 
B showed benefits with lamivudine treatment [387,388] Two 
randomized, placebo controlled studies of lamivudine for acute 
hepatitis B have been conducted. The first study showed no 
benefit of lamivudine. At 1 year, biochemical and clinical 
improvement were similar between the treated and untreated 
groups and, importantly, the rate of HBsAg loss was not differ-
ent (94% in the lamivudine-treated group and 97% in the 
placebo-treated group). The second study reported significantly 
better biochemical improvement and lower mortality rates in 
the lamivudine-treated patients (7.5%, compared to the placebo-
treated patients 25%), although HBsAg seroconversion rates 
were lower in the treated cohort compared to the untreated 
cohort (63% versus 88%) [388]. Given the lack of consistency 
among studies and the high spontaneous resolution rate among 
untreated subjects, lamivudine cannot be recommended for all 
cases of acute hepatitis B until more data are obtained. Based 
on uncontrolled data it might be appropriate to consider lami-
vudine therapy for cases of acute hepatitis B presenting with a 
fulminant picture, those with a protracted course, and perhaps 
in immunocompromised subjects. Therapy should be continued 
until clearance of HBsAg is achieved. Entecavir, tenofovir, or 
telbivudine are acceptable alternatives to lamivudine. Studies on 
therapy of acute delta hepatitis are not available. Until further 
data are available, specific antiviral therapy is not recommended 
for acute HBV or HDV infection. Lamivudine should be used 
to prevent reactivation in patients receiving chemotherapy or 
high-dose immunosuppressive therapy [389,390].

Therapy for acute hepatitis C is controversial. The rationale 
for treatment of acute hepatitis C includes a high rate of chro-
nicity, ranging from 50% to 85%, and the relatively low response 
rate of 54%–56% when treatment is initiated in the chronic 
phase [391–393]. However, the decision to institute therapy 
early must be weighed against spontaneous viral clearance and 
the risks of therapy. Small published studies indicate that treat-
ment of acute hepatitis C using interferon monotherapy reduces 
severity of the acute hepatitis and reduces the rate of chronic 
infection [394–397]. The sustained loss of HCV RNA ranged 
from 39% to 64%, compared with 0% to 20% in untreated con-
trols. A metaanalysis of 12 controlled trials, which included 414 
patients, assessed the efficacy of interferon versus no therapy for 
posttransfusion or sporadic acute hepatitis C [398]. The overall 
rate of chronicity in untreated subjects was high, ranging from 
65% to 75%. Using a sustained virological response (SVR) 
defined as undetectable HCV RNA 6 months after stopping 
therapy as the outcome, interferon therapy significantly 
increased SVR with a risk difference of 49% in comparison to 
no treatment [398]. Delaying treatment by 8–12 weeks after the 
onset of disease did not compromise the SVR rate. An uncon-
trolled study of interferon-α2b, 5 MU daily for 4 weeks followed 
by 5 MU thrice weekly for 20 weeks, was associated with a SVR 
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immunostaining is recommended for rapid diagnosis [409]. 
Real-time PCR may enable diagnosis in 3 hours [410].

There have been no clinical trials evaluating therapy for acute 
HSV hepatitis. Acyclovir, 5–10 mg/kg every 8 h, is the treatment 
of choice based on the success of numerous case reports [411]. 
Therapy should be initiated promptly while awaiting diagnostic 
tests because of the high mortality rate of >90%. Successful 
resolution has been reported with vidaribine, and it may be used 
as an alternative agent to acyclovir. OLT may be a life-saving 
procedure [412]. Rapid institution of treatment preliver trans-
plant was reported to be associated with improved survival 
postliver transplant [413].

Epstein–Barr virus
Epstein–Barr virus occurs worldwide. Most cases in childhood 
are asymptomatic, whereas in adults, the typical symptoms of 
infectious mononucleosis are present: fever, malaise, headache, 
and cervical and axillary lymphadenopathy. The virus is lym-
photrophic, and after initial infection and replication in epithe-
lial cells of the pharynx, infects B lymphocytes. The liver is 
frequently involved in primary infection, but in contrast to HSV 
1 and 2 infections, the hepatitis is usually mild and subclinical. 
Severe hepatitis has been described in immunosuppressed indi-
viduals but is uncommon. Most severe cases are due to reactiva-
tion of latent infection.

The clinical features of EBV-related hepatitis in adolescents 
and adults include fever, malaise, pharyngitis, abdominal pain, 
and mild adenopathy. The aminotransferase level is mildly ele-
vated and peaks during the second to fourth week of infection 
[414]. No pattern is specific for EBV. Occasionally, the serum 
alkaline phosphatase level may be markedly elevated, greater 
than 15 times the upper limit of normal. A dissociation between 
the serum alkaline phosphatase and bilirubin, with an elevated 
alkaline phosphatase and normal serum bilirubin, has been 
observed. Jaundice is present in about 10% of cases and is 
usually mild (bilirubin less than 5 mg/dL). The coexistence of a 
hemolytic anemia may lead to higher than usual bilirubin levels. 
Most cases resolve in a few weeks, but aminotransferase levels 
may remain elevated for several months. Splenomegaly is fre-
quently detected in primary infection (50%) and hepat-
osplenomegaly in 25% of cases. EBV hepatitis has been described 
after OLT but is infrequent and not a major cause of graft loss 
[415]. It may be associated with use of antilymphocyte prepara-
tions in the OLT setting. Chronic EBV hepatitis has not been 
reported. Cases of fulminant hepatitis rarely occur but are asso-
ciated with a high mortality rate, 87% [416].

For practical reasons, the virus is not cultured in diagnostic 
laboratories, and primary infection is diagnosed by demonstra-
tion of nonspecific heterophile antibody using Paul–Bunnell or 
slide agglutination reactions (monospot test). Heterophile anti-
bodies may only be detected after the second week of infection 
and may be present only for a short period. This test has been 
replaced by the monospot test, which is quite specific and sensi-
tive for EBV. If more specific and sensitive tests are required, 

Other viruses

Other nonhepatotrophic viruses can cause hepatitis as part of a 
generalized systemic infection. Members of the Herpesviridae 
family are covered here because of their worldwide prevalence 
and their special role in bone marrow transplant recipients, 
patients receiving chemotherapy, and post-OLT patients. The 
identification of other putative hepatotrophic viruses and their 
role in acute hepatitis are briefly discussed.

Herpes simplex virus types 1 and 2
Infection with herpes simplex virus (HSV) occurs worldwide 
and affects people of all ages [403]. The clinical manifestations 
of primary disease depend on the age and immune status of the 
individual. Primary infection in children tends to be a mild and 
subclinical illness in almost all cases. Severe infections occur 
more frequently in infants and immunocompromised patients. 
HSV 1 classically causes infection above and HSV 2 below the 
waist. The clinical manifestations of primary disease include 
vesicular and ulcerative gingivostomatitis and anogenital ulcer-
ation [403]. Hepatitis due to HSV 1 and 2 infections tends to 
occur in the setting of generalized primary infection or reactiva-
tion. HSV hepatitis is not a major cause of non-A to non-E 
hepatitis [404]. The clinical outcome of HSV hepatitis is often 
severe with three-quarters of cases progressing to acute liver 
failure. Rates of fulminant hepatitis and mortality are highest in 
infants, patients receiving chemotherapy, bone marrow trans-
plant recipients, and women during the third trimester of preg-
nancy [405–407]. Herpes simplex virus superinfection in 
patients with chronic liver disease has been reported to cause 
fulminant hepatitis [408].

Fever and abdominal pain are the major symptoms of hepatic 
involvement, and patients frequently appear ill. The character-
istic mucocutaneous lesions usually seen in primary infection 
are present in less than one-third of cases; therefore, a high 
index of suspicion is required to make the diagnosis. Herpes 
simplex should be considered in cases of fulminant hepatitis 
presenting in immunocompromised and sexually active indi-
viduals. Hepatomegaly may be present on clinical examination. 
There is often discordance between the aminotransferase levels 
and serum bilirubin level, with marked elevations in ami-
notransferases but minimal jaundice. There may be an associ-
ated leucopenia, thrombocytopenia, and coagulopathy. Liver 
biopsy shows nonspecific hepatocellular necrosis and a mild, 
scattered inflammatory infiltrate. Multinucleated hepatocytes 
and nuclear inclusion bodies are specific for the disease.

The diagnosis depends on positive viral cultures from body 
fluids and PCR detection of viral DNA from serum. Serology is 
not helpful because the prevalence of antibody is high in the 
general population. A fourfold rise in IgG titer between acute 
and convalescent titer is diagnostic but is not practical in acutely 
ill patients. Immunostaining or PCR analysis of liver tissue is 
rapid and specific for the diagnosis. When the diagnosis is sus-
pected in acutely ill patients, liver biopsy for culture and 
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immunological detection of immediate to early gene expression, 
is the test of choice. IgM is sensitive for the detection of CMV 
macroglobulins but does not reliably indicate acute infection. 
Presence of IgG antibody is not specific for acute infection. A 
fourfold rise in IgG antibody between acute and convalescent 
sera is diagnostic but is seen in less than 50% of cases. Liver 
tissue can be stained with monoclonal antibody against CMV 
early and late antigen, and PCR techniques can yield a faster 
diagnosis than routine culture [427,428].

There are no controlled trials of therapy for CMV hepatitis. 
There are several case reports citing the benefits of gancyclovir 
for severe hepatitis. Patients with normal immunity generally 
have a mild course and do not require treatment. Treatment 
should be reserved for immunocompromised patients because 
of associated toxicity.

Recently discovered viruses
Studies indicate that in 10% of cases of transfusion-related hepa-
titis, 50% of cases of fulminant hepatitis, and 20% of community 
hepatitis no cause can be identified [429]. This has led to the 
search for other hepatotrophic viruses. Three candidate viruses 
have been discovered using molecular techniques. Hepatitis G 
virus (HGV) or GB virus C (GBV-C), essentially the same virus, 
was the first described, TT virus (TTV) (named after the initials 
of the patient from whom it was discovered) was the second, 
and SEN virus (SENV) the third.

Hepatitis G virus/GB virus C
Hepatitis G virus is a member of the Flaviviridae family and is 
distantly related to hepatitis C. Based on blood donor studies, 
the virus appears to have worldwide prevalence, with a rate of 
viremia of 1%–2%. It can be transmitted by blood transfusion, 
and other modes of transmission, such as the percutaneous 
route, may be possible. It appears to have a high rate of persist-
ence (91%). Initial studies suggested this was a causative agent 
of non-A to non-E hepatitis, but this has not been substantiated 
in other studies [430,431]. Rates of HGV infection appear to be 
similar in transfusion recipients who developed hepatitis and 
those in whom hepatitis was not seen [430]. Additionally, most 
cases were not associated with a rise in aminotransferases. HGV 
may not even be hepatotrophic because inoculation studies in 
a chimpanzee failed to demonstrate liver disease. Based on these 
studies, it has been concluded that HGV is not a cause of acute 
or chronic hepatitis. However, HGV/GBV-C has been shown to 
positively impact the course of HIV infection by delaying onset 
of immunodeficiency [432–434].

TT virus
TT virus was initially discovered in 1997 from the serum of a 
patient with non-A to non-G hepatitis [435]. TTV is a single-
stranded DNA virus belonging to the Circovirus family. Studies 
of multitransfused individuals and blood donors suggest a 
worldwide prevalence, with rates of viremia ranging from 5% to 
90% [435–437]. Initial studies from Japan indicated that the 

immunofluorescent tests for detection of specific antibodies to 
EBV proteins are available. Antiviral capsid antigen IgM and 
IgG antibodies are usually present at the time of onset of clinical 
symptoms. EBV DNA can be detected in blood but is measured 
primarily as a research tool. The liver biopsy shows a mononu-
clear cell infiltrate involving the portal area and sinusoids with 
minimal hepatocyte necrosis and Kupffer cell proliferation. The 
liver biopsy findings may be nonspecific. To aid histological 
diagnosis, liver tissue can be stained for EBV nuclear antigen 1 
or probed for EBV-encoded small nuclear RNA by in situ 
hybridization [417,418].

No controlled trials have been done to assess treatment of 
EBV hepatitis because of the mild nature of the hepatitis. Suc-
cessful outcome of severe cases has been reported with acyclo-
vir, gancyclovir, or valgancyclovir [419,420]. Based on these 
case reports, acyclovir, gancyclovir, or valgancyclovir could be 
tried in severe cases of EBV hepatitis. OLT can be life-saving 
when medical management fails. In the post-OLT setting, EBV 
hepatitis should be managed with reduction in immunosup-
pressive medication and judicious use of intravenous immu-
noglobulin [421].

Cytomegalovirus
Cytomegalovirus infection occurs worldwide. In cross-sectional 
studies, more than 50% of the population exhibited past evi-
dence of infection with CMV [422]. Most infections are asymp-
tomatic, especially in children. Routes of transmission are 
intrauterine, perinatal, and sexual through contact with blood, 
genital fluid, or saliva.

In infants, CMV infection can cause a neonatal hepatitis syn-
drome characterized by jaundice, hepatomegaly, hemolytic 
anemia, and thrombocytopenic purpura with mild elevations in 
aminotransferase level. The diagnosis may sometimes be con-
fused with extrahepatic biliary atresia, and indeed CMV infec-
tion has been proposed as a causative agent of the latter [423]. 
Most cases resolve without long-term sequelae.

Primary infection in adults presents with symptoms similar 
to those of infectious mononucleosis. The liver is commonly 
involved in primary infection, but the hepatitis tends to be mild; 
jaundice is rarely present [424]. Patients at risk for severe hepa-
titis include neonates, bone marrow and liver transplant recipi-
ents, and those receiving chemotherapy. In severe cases, the 
level of aminotransferases may mimic acute hepatitis. Distin-
guishing features are prolonged fever and atypical mononuclear 
cells on peripheral smear. Fibrosing cholestatic hepatitis has 
been reported to occur with CMV infection [425].

The liver biopsy usually shows multinucleated giant cells in 
neonatal hepatitis. Intranuclear inclusions are observed in hepa-
tocytes, Kupffer cells, and biliary epithelial cells. Hepatic lobular 
microabscesses are reported in liver transplant recipients [426].

The presence of atypical mononuclear cells on peripheral 
blood smear may suggest the diagnosis. More definitive diagno-
sis rests on recovering the virus from infected body fluids. The 
shell vial assay, which uses a combination of viral culture and 
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nonviral liver disease. SENV, another transfusion-transmitted 
virus, may lead to persistent infection, but more definitive 
studies are awaited before it can be added to the hepatitis 
alphabet.
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virus was related to hepatitis in three of five patients after blood 
transfusion, suggesting that it was the cause for non-A to non-E 
hepatitis [435]. However, a study of blood donors and prospec-
tively followed transfusion recipients with and without hepatitis 
indicated a similar rate of newly acquired TTV infection in 
patients with (23%) and without (22%) hepatitis [437]. Trans-
mission using serum and stool from two infants with acute TTV 
infection was observed in chimpanzees, but clinical and histo-
logical evidence of hepatitis was not demonstrated [438]. These 
data support the conclusion that TTV is not a hepatotrophic 
virus.

SEN virus
SEN virus is the most recently identified candidate virus as a 
potential cause for non-A to non-E hepatitis. SENV is a single-
stranded DNA virus, probably belonging to the Circovirus 
family, and distantly related to TTV. Five strains have been 
identified (A, B, H, D, and E), but only strains SENV-D and 
SENV-H had low enough rates in donor populations and high 
rates in transfusion-related hepatitis to qualify as potential 
agents of acute hepatitis. Preliminary data supporting SENV as 
an infectious hepatitis agent included a high prevalence of 
SENV in injection drug users and multitransfused patients, and 
the prevalence of SENV was high in cases of non-A to non-E 
hepatitis but low in control populations [439]. In a prospective 
study of transfusion-related hepatitis, there was a strong asso-
ciation between SENV with transfusion-associated non-A to 
non-E hepatitis (92%), compared with transfused controls who 
did not develop hepatitis (24%) [440]. Persistent viremia was 
demonstrated for up to 12 years, and chronic elevation of ami-
notransferases was observed, but chronic hepatitis was not 
documented by liver biopsy. However, most patients with SENV 
infection did not have hepatitis, and replication within the liver 
has not been established [440]. These data suggest that SENV-D 
and SENV-H may have a causative role in non-A to non-E 
hepatitis.

In summary, HGV and TTV are not causative agents of 
non-A to non-E hepatitis. They can be transmitted by blood 
transfusion, but it is debatable whether they cause liver disease 
after infection or are hepatotrophic at all. It is possible they may 
cause liver disease in certain settings, as in immunocompro-
mised patients infected with CMV and EBV, but this remains to 
be proved. They do not appear to worsen underlying viral or 

http://www.yamadagastro.com/textbook


1916

Chapter menu

Introduction, 1916

Clinical presentations and disease phases, 1917

Epidemiology, 1921

Hepatitis B virus variants and mutants, 1923

Clinical manifestations and laboratory tests, 1925

Differential diagnosis, 1926

Course and complications, 1927

Coinfection, 1927

Treatment, 1929

Genotypic resistance of hepatitis B virus to nucleoside analogues, 1936

Management of special populations, 1937

Further reading, 1938

Introduction

More than 400 million persons worldwide are estimated to be 
infected with hepatitis B virus (HBV) [1]. The prevalence of 
chronic HBV infection varies depending on the geographical 
region. In the Western world, hepatitis B is most often an adult-
acquired disease with a prevalence ranging from 0.2% to 1% of 
the population and is responsible for less than 10% of chronic 
liver disease. In Asia, Africa, and the Middle East, chronic hepa-
titis B (CHB) is acquired typically at birth or early in life, has a 
prevalence of 5%–20%, and is among the leading causes of death 
in these regions. At least 20%–30% of chronically infected 
persons will die of complications of chronic liver disease, 
including cirrhosis and hepatocellular carcinoma (HCC) [2,3], 
and the World Health Organization (WHO) ranks CHB in the 
top 10 causes of death worldwide [4]. In the United States, the 
estimated viral burden is approximately 1.25–2 million people, 
concentrated in high-HBV-prevalence ethnic subgroups and in 
populations with high-risk behaviors [5]. Although the United 
States is considered an area of low HBV prevalence, the annual 
incidence of new cases, the prevalence of chronic infection, and 
the burden of acute and chronic disease maintains hepatitis B 
among the important communicable diseases [6–10]. Despite a 
relatively low HBV prevalence, in the United States, the annual 
healthcare costs of managing CHB exceed $350 million [11].

In 1991, hepatitis B vaccination was incorporated into the 
universal childhood vaccine schedule in the United States. In 
parallel, between 1990 and 2002, the incidence of acute hepatitis 
B fell by 67% in the United States and Canada [12], as compared 
with a marked increase during the 1980s [13], when hepatitis B 
vaccination was confined to high-risk populations. In the 1980s, 
the estimated number of new (acute) cases of hepatitis B in the 
United States was more than 430 000 per year; by 1997 only 
185 000 new cases per year [14], and by the mid-2000s, just 
78 000 cases per year [15]. Still, at the end of the 20th century, 
the annual toll of HBV infection was 27 000–42 000 chronic 
infections, 17 000 hospitalizations, 4000–5500 deaths associated 
with cirrhosis and HCC, and 350 liver transplantation proce-
dures [16–18], with their high morbidity and costs.

The risk of progression to chronic HBV infection after acute 
infection ranges from 1% to 5% for healthy adults to greater 
than 90% for infants born to HBV-infected mothers with  
high-level viral replication (i.e., with hepatitis B e antigen 
[HBeAg], a secreted protein detectable in the bloodstream 
when wild-type hepatitis B virus is replicating actively and/or 
with high-level circulating HBV DNA). Persistence of HBeAg 
beyond the first 3 month after acute infection indicates a  
strong likelihood of failure to clear HBV infection; in such cases, 
consideration should be given to intervention with antiviral 
therapy [19].
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with chronic liver disease, and staff and prisoners of correc-
tional facilities [26–28]. Hepatitis B vaccination is highly effec-
tive in preventing hepatitis B and is cost effective [29,30]. 
High-efficacy antiviral therapy is available for the management 
of patients with CHB (see Section Treatment) [31].

Important features in the assessment and monitoring of 
patients with CHB are histological necroinflammatory activity 
(grade) and progression (stage of fibrosis), which in the past had 
been obtained primarily through percutaneous liver biopsy. 
Although such biopsies are relatively safe (risk of serious com-
plications <1 : 2000 and of death <1 : 12 000) [32,33], their role 
in the evaluation of patients has been declining, superseded  
by clinical and laboratory monitoring and, potentially, in the 
future, by noninvasive tests based on serological markers of liver 
fibrosis or imaging assessment of liver elasticity. Appreciation 
of disease activity and fibrosis stage contributes to decisions 
about the frequency of monitoring for biochemical activity and 
viral replication, the necessity and urgency of treatment, the 
presence of or risk of progression to cirrhosis, and the need and 
frequency of screening for HCC and portal hypertension. The 
factor that appears to drive progression of liver injury (and the 
risk for HCC, cirrhosis, and death) most profoundly is the level 
of HBV replication as reflected by serum HBV DNA [34–37] 
(Figures 95.2 and 95.3).

While antiviral therapy of hepatitis B began in the 1970s with 
interferon, oral antivirals with negligible side-effects have been 
available for almost two decades (since the mid-1990s). Whereas 
the earliest of these oral agents, lamivudine and adefovir, inhib-
ited HBV replication moderately well, they were associated with 
a progressively higher rate of resistance over time (see Section 
Treatment). Fortunately, later-generation antivirals that are 
more potent inhibitors of HBV replication and that have a very 
high barrier to resistance have supplanted these first-generation 
antivirals, and resistance has become much less of a clinical 
problem. In patients with CHB, antiviral therapy has been 
shown to reduce hepatic inflammatory activity, retard the pro-
gression of fibrosis, reduce already established fibrosis and, in 
some cases, even cirrhosis, and to improve outcomes for patients 
with advanced liver disease and impending liver failure. The 
most potent agents with the lowest documented rates of resist-
ance are entecavir and tenofovir, the two oral agents recom-
mended as first-line therapy for treatment of CHB. Whereas 
combination antiviral therapy is the rule for many chronic viral 
infections, for CHB, monotherapy with entecavir or tenofovir 
suffices; combination therapy is indicated, however, for patients 
with preexisting resistance acquired during antiviral therapy 
with one of the early-generation drugs (see Sections Polymerase 
gene mutations and Treatment).

Clinical presentations and disease phases

CHB is defined as hepatic necroinflammatory activity resulting 
from the persistent presence of HBV infection. Patients with 

Understanding of the prevalence and pattern of HBV infec-
tion, which patients are at risk, clinical presentations, serologi-
cal (Table 95.1) and molecular tests, as well as the current 
standards of monitoring and treatment are all essential parts of 
practice for physicians.

The consequences of end-stage liver disease and HCC associ-
ated with HBV infection are serious; death or liver transplanta-
tion occurs in 25%–30% of patients with CHB [20–24]. Testing 
patients at risk for HBV infection, interpreting serological tests 
judiciously, disseminating patient education (and helping them 
understand the importance of monitoring and/or therapeutic 
intervention), and providing appropriate follow-up monitoring 
are all important steps in the management of infected patients. 
Vaccination, the key step in eliminating this global scourge 
(Figure 95.1), is recommended for all infants [25], household 
contacts of HBV-infected persons, healthcare workers and 
public-safety workers, residents and staff of institutions for the 
developmentally disabled, persons who are sexually active with 
more than one sexual partner or who have a sexually transmit-
ted disease, men who have sex with men, injection drug users, 
persons born in countries with a prevalence of HBV infection 
of 2% or higher or travelers to such countries, persons with 
diabetes mellitus (all those younger than age 60, at the discre-
tion of the physician for those aged 60 or older), persons with 
end-stage renal disease, persons with HIV infection, persons 

Table 95.1 Interpretation of serological/virological hepatitis B virus tests.

Serological/
virological marker

Clinical meaning

HBsAg Infected and infectious

Anti-HBs Immune (in the absence of HBV DNA)

Anti-HBc Exposed

 IgM anti-HBc  Recent or acute infection

 IgG anti-HBc  Historical exposure (with possible 
current infection)

 or false positive

 or low-level carrier

HBeAg High replication

Anti-HBe May indicate low replication or presence 
of precore/BCP mutant

HBV DNA quantitative Presence of HBV DNA and level of 
replication

Anti-HDV Recent or current infection with hepatitis 
D (delta) hepatitis virus

HDAg/HDV RNA Replication of hepatitis D (delta) hepatitis 
virus

BCP, basal core promoter; HBc, hepatitis B core (antigen); HBeAg, 
hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, 
hepatitis B virus; HDAg, hepatitis D (delta) antigen; HDV, hepatitis D 
(delta) virus; IgG, immunoglobulin G; IgM, immunoglobulin M.
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normal body mass index [38–40]) over periods of 6 months or 
longer. The WHO case definition of CHB requires the detection 
in serum of HBsAg on two occasions over a 6-month period. 
Such patients have evidence on liver biopsy (when available) of 
moderate-to-severe liver injury, predominantly periportal and 
lobular inflammation, and variable levels of fibrosis.

CHB have circulating HBsAg, HBV DNA serum levels greater 
than a threshold of 2000–20 000 IU/mL, and, although not rou-
tinely assessed, hepatitis B core antigen (HBcAg) staining in the 
liver. Serum aminotransferase levels are either persistently or 
intermittently elevated (alanine aminotransferase [ALT] exceed-
ing 17–20 IU/mL in women and 25–30 IU/mL in men with a 

Figure 95.1 Global status of hepatitis B immunization policy. Source: Adapted from World Health Organization website available at: www.who.int/
immunization_monitoring/diseases/HepB_map_schedule.JPG

158 countries introduced in national infant immunization schedule

HepB3 ≥ 80% (119 countries or 62%)
HepB3 < 80% (36 countries or 19%)
HepB vaccine introduced but no coverage data reported (3 countries or 1%)
HepB* vaccine not introduced (34 countries or 18%)
* Four countries introduced HepB in adolescent immunization schedule

Figure 95.2  Hepatocellular carcinoma mortality curves by viral load category at study entry. RR, relative risk. Source: Chen et al. 2006 [213]. 
Reproduced with permission of John Wiley & Sons.
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phase, “nonreplicative” phase, “reactivation” phase; however, 
not all patients progress through all of these phases, progression 
is not linear, and these distinctions represent an oversimplifica-
tion of the actual levels of immunological tolerance or intoler-
ance to HBV that change over a lifetime. Still, an understanding 
of the differences over time in the level of relative immunologi-
cal tolerance to HBV helps frame indications for antiviral treat-
ment, which is indicated during periods of relatively reduced 
immunological tolerance accompanied by increased liver injury.

Phases of disease after neonatal acquisition of 
HBV infection
Period of relatively high immunological tolerance – early 
decades of life
When HBV infection is acquired perinatally, HBV replication 
and expression on hepatocyte surface membranes go relatively 
unchecked by immune-mediated cytolytic injury and hepatic 
inflammation. This is a period during life when the level of 
immunological tolerance to HBV is very high. During these 
early decades, persons with HBV infection tend to have detect-
able HBeAg and high levels of HBV DNA (≥2 × 105 IU/mL and 
as high as 107–109 IU/mL) but persistently normal or near-
normal ALT activity. Such persons have been categorized as 
being “immunotolerant” and typically have normal liver histol-
ogy. However, although minimal liver injury is the norm, up to 
a third of persons in this disease phase have been found to have 
histological evidence of necroinflammatory activity and fibro-
sis. These persons are relatively immunological tolerant, to be 
sure, but a more nuanced description of the dichotomy between 
immunological tolerance and liver injury is that, in this sub-
group, tolerance tends to prevail over injury. This pattern is seen 
frequently among Asian patients infected at birth or when they 
are very young; this pattern prevails during childhood, adoles-
cence, and into early adulthood.

Hepatitis B e antigen (HBeAg) is a secreted soluble protein 
that is detectable in the bloodstream when wild-type HBV is 
replicating actively; however, mutant strains of HBV that repli-
cate without producing HBeAg occur commonly. Thus, patients 
with CHB can be divided into two subgroups, HBeAg-positive 
(wild-type) and HBeAg-negative (basal core promoter and 
precore mutants), as detailed in Section Hepatitis B virus vari-
ants and mutants. Patients with normal ALT levels but high 
levels of HBV DNA and necroinflammatory activity on liver 
biopsy are also considered to have active CHB, and the natural 
history of their disease is similar to that of patients with elevated 
ALT levels [20,22–24]. “Flares” of hepatitis B occur in some 
patients and are defined as intermittent elevations of serum 
aminotransferase levels to more than twice baseline and/or 10 
times the upper limit of normal (ULN) [41]. These events have 
been observed in up to 10%–15% of patients each year but may 
be asymptomatic and undetected. Patients with recurrent flares 
are at risk of progressive liver disease and should be considered 
as candidates for treatment.

Healthy adults who acquire HBV infection tend to experience 
an acute illness characterized by high-level HBV replication, 
clinical and biochemical evidence for inflammatory injury of 
the liver (robust immunological response to HBV-infected/
HBV-expressing hepatocytes), followed in all but a small minor-
ity of cases (1%–5%) by resolution of infection and liver injury. 
In persons who acquire HBV infection at birth or very early in 
life, the virus is relatively highly tolerated as “self,” a robust 
immunological response to virus-infected hepatocytes does not 
occur, and HBV persistence becomes well established in ∼90% 
of these individuals. In this setting, virological and clinical fea-
tures of CHB tend to proceed through a series of phases defined 
by the relative level of immunological tolerance to the virus. 
Some authorities prefer to define very discrete distinctions in 
disease expression – “immunotolerant” phase, “immunoactive” 

Figure 95.3 Chronic liver disease mortality curves by viral load category at study entry. RR, relative risk. Source: Chen et al. 2006 [213]. Reproduced 
with permission of John Wiley & Sons.
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HBV DNA is already integrated by this time into host hepato-
cyte nuclear DNA, these patients have a much reduced risk of 
progressive liver injury and HCC compared to patients in whom 
high levels of HBV DNA and liver injury are sustained. Still, in 
these patients continued clinical, biochemical, and virological 
monitoring is warranted, as is continued HCC surveillance.

Reactivation of chronic infection
Rarely, persons with virologically and biochemically inactive 
CHB experience reactivation spontaneously. Typically, reactiva-
tion occurs in persons with relatively nonreplicative HBV infec-
tion that are HBeAg-negative and anti-HBe-positive in whom 
ALT and HBV DNA (≥1 log10 IU/mL) levels become elevated 
again in a pattern consistent with active hepatitis. Levels of ALT 
may be persistently elevated and stable, elevated but fluctuating, 
or only intermittently elevated. Levels of HBV DNA can also 
vary from high to undetectable, making serial testing necessary 
to reliably identify patients with reactivation of CHB. In a  
proportion of cases, HBeAg becomes detectable again (serore-
version). In some patients, IgM anti-HBc may be detectable 
again, and, in most patients, hepatic histological activity is 
increased; the HAI tends to be ≥4 [42]. Reactivation can occur 
naturally, rarely, or in association with immunosuppressive 
therapy, more commonly. Such reactivation tends to be con-
fined to older patients who have been infected longer; if reacti-
vations recur frequently, progression to more advanced liver 
disease may be associated with a higher likelihood of adverse 
clinical outcomes.

Resolved infection
Resolution of HBV infection is common after adulthood-
acquired acute hepatitis B but relatively infrequent after a pro-
longed course of CHB. Patients with resolved hepatitis B have 
undetectable HBsAg, HBeAg, and HBV DNA as well as normal 
aminotransferase and histological activity. Their anti-HBs and 
anti-HBc (IgG) remain detectable indefinitely, and they are no 
longer infectious for contacts. Very rarely, persons with a recov-
ery serological pattern may reactivate after immunosuppressive 
cytotoxic chemotherapy; similarly, very rarely, organs from an 
anti-HBc-reactive donor may harbor sufficient residual HBV to 
transmit infection to an immunosuppressed allograft recipient. 
In the setting of immunosuppressive therapy in an anti-HBc-
reactive person or immunosuppression in the recipient of an 
anti-HBc-reactive donor allograft, close virological/biochemical 
monitoring is indicated, and prompt antiviral therapy should be 
initiated as soon as reactivation is identified. However, the likeli-
hood of reactivation is too low to justify prophylactic antiviral 
therapy.

Serological and molecular diagnosis
The principal screening assay for acute hepatitis B and CHB, as 
well as for the screening of blood and organ donors, is detection 
of the HBsAg in serum [43]. In addition to serological markers, 
molecular testing with advanced nucleic acid amplification 

Period of increased disease activity –  
early-to-middle adulthood
In the second or third decades of life, the level of immunological 
tolerance tends to fall, creating a permissive environment for 
the emergence of liver inflammatory injury. In this setting, 
HBeAg reactivity and high-level HBV DNA are accompanied 
by elevated aminotransferase activity and histological evidence 
of moderate-to-severe necroinflammatory activity and progres-
sive fibrosis, that is chronic hepatitis. This period of relative 
reduction in immunological tolerance to HBV may be accom-
panied by sufficiently effective cytolytic immunological clear-
ance of HBV-infected hepatocytes and by adequate immune 
containment of HBV expression to result in spontaneous loss of 
HBeAg and acquisition of anti-HBe reactivity (HBeAg serocon-
version) and a concomitant, durable reduction in HBV replica-
tion (HBV DNA below a ∼103–104 IU/mL threshold), infectivity, 
and liver injury, that is, a relatively nonreplicative state as an 
“inactive carrier.” Again, the conversion from relatively immu-
nologically “tolerant” during early decades to “intolerance” 
during middle decades is not absolute and distinct. Although 
they become relatively less tolerant to the presence of hepatic 
expression of HBV, persons in the middle decades still retain a 
high level of relative immunological tolerance to HBV and  
only rarely achieve resolution of HBV infection (loss of HBsAg 
and acquisition of anti-HBs, i.e., HBsAg seroconversion) and 
usually not until the later decades of life, even with successful 
antiviral therapy (see Section Treatment). Although most 
persons who present in early-to-middle adulthood with CHB 
marked by high-level HBV replication and moderate-to-severe 
liver injury are HBeAg-reactive, a subset may not express 
HBeAg but still have other virological/clinical features of liver 
injury – “HBeAg-negative CHB” (see Section Mutants affecting 
HBeAg production).

Relatively nonreplicative chronic infection
As alluded to above, after the dampening in HBV replication 
and liver injury that follows activation of liver injury in early-
to-middle adulthood, patients enter a relatively quiescent, non-
replicative phase of chronic HBV infection that represents an 
inactive carrier state. This period is characterized by the pres-
ence of HBsAg in serum, absence of detectable HBeAg, levels 
of HBV DNA below the threshold of 2 × 103 to 2 × 104 IU/mL, 
persistently normal ALT levels, and normal to near-normal liver 
histology (albeit with residual HBsAg [but not HBcAg] staining 
of hepatocytes). Liver biopsies are performed rarely in such 
patients, but histological activity in this setting is minimal; the 
histological activity index (HAI) is typically <3 on a 1–22 scale 
(see Chapter 154) on liver biopsy and histology scoring systems. 
The clinical course of patients in this phase is affected by the 
level of liver damage prior to HBeAg seroconversion and the 
durability of this phase. These patients remain at risk, albeit low, 
for reactivation to active liver disease and HBV replication, 
especially during periods of spontaneous (e.g., illness-associated) 
or pharmacological immunological perturbation. Although 
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risk behavior. In populations that acquire HBV infection as 
adults, heterosexual contact (42%), men having sex with men 
(15%), and injection drug use (21%) represent the most common 
modes of acute transmission. Perinatal transmission is consid-
ered to be the leading cause of HBV spread worldwide; however, 
other modes of transmission involving iatrogenic routes and the 
application of folk medicine in young populations are important 
[46]. These other identified risks notwithstanding, perinatal 
transmission accounts for more than 60% of all childhood-
acquired disease and for the vast majority of all chronic HBV 
infections.

Nosocomial/occupational exposure is also an important 
mode of transmission. Healthcare workers exposed to patients 
with CHB have an increased risk of HBV infection; although, 
theoretically, patients exposed to chronically HBV-infected 
medical personnel are at risk, in practice, the risk is miniscule, 
except when infectious-agent precautions are ignored and/or 
invasive procedures are involved [47,48]. Patients with renal 
failure undergoing hemodialysis are, historically, considered a 
high-risk group for acquiring or transmitting HBV infection, 
because many have had extensive blood exposure in the dialysis 
setting [49]. Because the risk of transmission from health 
worker to patient is so small, HBsAg-reactive health workers 
who follow standard infection-control precautions are not 
restricted from clinical practice unless they participate in 
exposure-prone invasive procedures; even in such health 
workers, expert review panels can be convened to assess indi-
vidual risk [50]. Healthcare workers who are exposed or poten-
tially exposed to needle-stick injuries or blood-splash exposure 
are at risk (∼30%) of acquiring HBV infection [51]. The most 
important steps in preventing such exposures are preventive 
vaccination before risk exposure (recommended for all health 
workers with potential exposure to blood, body fluids, and 
blood-contaminated needles and instruments), immediate 
testing for immunity to hepatitis B if exposure takes place, and 
prophylaxis with hepatitis B immune globulin (HBIG) and HBV 
vaccine if a nonimmune healthcare worker is exposed to blood 
or contaminated sharps [47,50,51]. Elimination of the practice 
of reusing needles and of recapping used needles has contrib-
uted to a reduction in the transmission of HBV and other infec-
tions in healthcare settings.

Household exposure to a person with hepatitis B is associated 
with a risk of HBV transmission [16,52,53]. Although the route 
of household exposure is not clear, HBV is a DNA virus that can 
exist outside the body for prolonged periods on fomites and 
surfaces. Household utensils that may carry blood, such as 
toothbrushes and razor blades, should not be shared. The trans-
mission of HBV by means of common kitchen items and  
food sharing has not been described, however. All household 
members living with an HBsAg-positive person should be 
tested for evidence of HBV infection and vaccinated if not 
immune. Studies have even suggested that bed bugs can be a 
source of HBV transmission [54], although insect-vector trans-
mission of HBV infection is unusual.

assays, particularly polymerase chain reaction (PCR), is a valu-
able tool in assessment of patients and in monitoring their 
response to antiviral therapy. The typical serological profiles 
found in current or past HBV infection are shown in Table 95.1. 
Antibody to hepatitis B core antigen of the IgG class (IgG anti-
HBc), which is almost always present in the serum of patients 
with CHB, does not appear to be neutralizing or to influence 
viral replication. Generally, the detection of IgM anti-HBc is 
diagnostic of acute HBV infection [44] but may recur occasion-
ally in patients with reactivation of CHB. Most patients with 
underlying inflammatory activity in the liver show evidence of 
viral infection with one or more of the available tests. Typically, 
HBV DNA is detected and measurable by molecular techniques 
[45]. Although, historically, levels of HBV DNA were reported 
as copies per mL, based on WHO recommendations, HBV 
DNA levels are now reported as international units (IU/mL); 
1 IU/mL is equivalent to approximately 5.5 copies/mL (varying 
slightly depending on the assay used). Although levels of HBV 
DNA may be high in the setting of relatively quiescent liver 
injury during the early decades of neonatally acquired CHB, 
once a patient enters the period of active liver injury, the level 
of viral replication correlates with the degree of liver injury. 
Similarly, in long-term observational studies, progression to the 
dreaded outcomes of CHB, that is cirrhosis and HCC, correlate 
with levels of baseline but especially sustained HBV DNA. 
Therefore, serum level of HBV DNA can be used for prognosis 
[34–37] (Figures 95.2 and 95.3).

Epidemiology

Prevalence
The distribution of chronic HBV infection varies widely across 
the globe, from regions high to intermediate, to low endemicity. 
High levels of endemicity (≥8% of population infected) affect 
more than 45% of the world’s population; intermediate rates of 
infection (2–7% prevalence) affect another 43% of the popula-
tion; and low prevalence (<2%) occurs in the other 12%. In the 
United States, the prevalence of current HBV infection is 0.1%–
0.2% (∼1.25–2 million), and 5% of the US population has evi-
dence of either present or past HBV infection. Although fewer 
than 1 in 200 people in the United States are infected with HBV, 
some ethnic subgroups and immigrant populations have preva-
lence rates of 7%–20%, which approximate faithfully the rates 
in their countries of origin. The prevalence of HBV infection is 
amplified in subgroups with increased risk of exposure to blood 
and tissues, for example injection drug users, persons with mul-
tiple sexual partners and with sexually transmitted diseases, 
healthcare workers, etc.

Transmission
Modes of transmission vary depending on: the country of 
origin; ethnic background; local, traditional, and Western medi-
cine practices; and, most importantly in developed countries, 
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HDV-endemic areas to low-HDV-prevalence industrial areas 
resulted in the efficient introduction and dissemination of HDV 
superinfection in the substrate of susceptible HBsAg-reactive 
persons in the “recipient” population [61].

Prevention
Vaccination is the only medical intervention to date that can 
markedly change the incidence and prevalence of this disease, 
and most countries have adopted a broad-based hepatitis B 
vaccine program (Figure 95.1) [17,62–64]. Vaccination has 
already resulted in a marked decline in childhood prevalence of 
HBV infection in Taiwan and, more importantly, has yielded a 
major fall in HCC even in this young age group [65,66] – the 
ultimate in cancer treatment: prevention through vaccination. 
In addition to universal childhood immunization, the following 
high-risk groups should be vaccinated against HBV infection:
• individuals who are exposed to blood or blood products
• those who plan to travel to developing countries
• people who live in a household with or have intimate contact 

with a chronically infected individual
• those who work in a healthcare setting with patient or blood 

contact
• children born to HBsAg-positive mothers
• patients with chronic liver disease
• public-safety workers
• residents and staff of institutions for the developmentally 

disabled
• persons who are sexually active with more than one sexual 

partner or who have a sexually transmitted disease
• men who have sex with men
• injection drug users
• persons born in countries with a prevalence of HBV infection 

of 2% or higher
• persons with diabetes mellitus (all those younger than age 60, 

at the discretion of the physician for those aged 60 or older)
• persons with end-stage renal disease
• persons with HIV infection
• staff and prisoners of correctional facilities.

Safe sexual practices, needle and syringe exchange programs 
or nonreusable needles, thorough blood screening, and medical 
instrument sterilization are all essential components of a pre-
vention program.

For children born to HBV-infected mothers, prevention of 
perinatal (from mother to baby at birth) and early horizontal 
(between children) transmission with a combination of HBIG 
and hepatitis B vaccine is the standard of care in most parts of 
the world [67], although the expense of these interventions 
limits their deployment in resource-poor countries. Even 
without HBIG, vaccination appears to protect more than 
80%–90% of infants when administered at birth, but the first 
injection must be followed by two additional doses at 1 and 6 
months. Intramuscular injection of HBIG (0.5 mL) combined 
with hepatitis B vaccine has an even higher efficacy, protecting 
more than 98% of infants. Vaccination for hepatitis B in infancy 

Hepatitis B is also a sexually transmitted disease, the risk of 
which increases with the number of different sexual partners 
[16]. Persons attending clinics for sexually transmitted diseases 
commonly have evidence of exposure to HBV as indicated by 
the presence in serum of anti-HBs and anti-HBc and, in a 
subset, HBsAg.

Blood transfusion is an unlikely source of HBV infection in 
developed countries where effective screening of blood takes 
place. Screening of all blood units for HBV as well as predona-
tion screening of donors for risk behavior is standard practice 
in developed countries but may fall below par in some develop-
ing countries, posing a risk to patients who undergo blood-
product transfusion in those countries. Currently, donated 
blood is screened for HBsAg, anti-HBc, and HBV DNA by 
nucleic acid testing (NAT) in the United States [55–58], where 
the risk of acquiring HBV through a blood transfusion is <1 in 
400 000 units.

Approximately 20%–35% of persons with adult-acquired 
HBV infection in the United States have no known, or easily 
identifiable, risk factor [16]. Possible transmission through 
sexual contact, medical or dental treatment, injection drug use, 
household exposure, or blood exposure in an occupational 
setting must all be considered.

Understanding of risk factors and intervention aimed at each 
of the major routes of transmission is important for preventing 
HBV transmission. The combination of education, prevention 
strategies, and full implementation of vaccination recommen-
dations has the potential to lead to eradication of the disease 
[59].

Coinfection: risk groups
In patients who are infected with HBV, coinfection with HCV 
[60] or HIV occurs more frequently in certain risk groups, 
especially adults with high-risk behavior. All patients with HBV 
infection should be tested for HCV infection; if a history of 
high-risk sexual exposure or injection drug use is discovered, 
HIV infection testing is also recommended. Infection with HIV 
influences the response to hepatitis B vaccine and treatment as 
well as the risk of progression. On the one hand, hepatitis D 
(“delta”) virus (HDV) coinfection can result in more severe liver 
disease and in a higher rate of progression to cirrhosis and 
HCC. On the other hand, simultaneous acute HBV and HDV 
infection, although resulting in more severe acute hepatitis, 
does not contribute to a higher frequency of chronic hepatitis, 
because the perpetuation of HDV infection is limited by the 
duration of acute HBV infection, which, in the vast majority of 
adult-acquired infections, is self-limited. Acute simultaneous 
HBV/HDV coinfection and HDV superinfection in patients 
with CHB occur most commonly in injection drug users, but 
HDV infection can be transmitted within families to HBsAg-
positive persons and is highly prevalent in certain regions, such 
as Amerindians in South America as well as high-risk popula-
tions in the Mediterranean area and the Pacific islands. In 
Mediterranean countries, migration of populations from rural 
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viruses, resembling more closely retroviruses such as HIV. The 
prevalence or number of nucleotide substitutions found in the 
viral genome varies depending on the duration and stage of liver 
disease. The natural evolutionary rate for the HBV genome in 
CHB is approximately 1.4–3.2  ×  10−5 substitutions per site 
per year. In the setting of liver transplantation, this mutation 
rate increases by up to 100-fold, because of increased viral rep-
lication, resulting in a 1–2 log10 average increase in HBV DNA 
IU/mL. This higher level of virus replication is associated with 
the immunosuppressive regimen to prevent allograft rejection 
and, especially, the use of corticosteroids, which have a  
positive enhancing effect on the HBV glucocorticoid-responsive 
element (GRE) located in the viral genome. Mutant viruses 
represent subpopulations or quasispecies of HBV that emerge 
in the face of immunological and/or pharmacological selection 
pressure.

Mutants affecting HBeAg production
The pre-C/C gene or open reading frame (ORF) encodes the 
core protein (p21) and the precore (p25) protein/HBeAg (p14–
17). The core protein is the major polypeptide of the nucleocap-
sid and is expressed as HBcAg. The C ORF is preceded by a 
short, upstream in-phase ORF known as the precore region, 
transcription and translation of which are required for synthesis 
of soluble HBeAg. Both HBcAg and HBeAg proteins are targets 
for immune-mediated viral clearance mechanisms. The two 
major groups of mutations that affect HBeAg synthesis are 
precore region mutations (nucleotide G1896A), which block 
translation, and mutations in the basal core promoter (BCP), 
which reduce transcription, usually at nucleotides 1762 and 
1764; these mutations result in diminished HBeAg synthesis, 
usually as a consequence of increased host immune pressure. 
Precore mutations occur frequently in temporal relation to core 
gene mutations/deletions. Patients with precore mutations typi-
cally have approximately 1–2 log10 lower levels of serum HBV 
DNA compared to patients with “wild-type” HBeAg-positive 
CHB. Mutations in the BCP can increase viral replication and 
enhance disease activity, especially in genotype-C HBV-infected 
patients [77,78]. The presence of precore/BCP mutations in 
HBeAg-positive patients may predict a higher likelihood of 
interferon-associated HBeAg seroconversion, on the one hand, 
but a higher level viremia after seroconversion, on the other 
hand [79,80].

X gene mutants
X is a nonstructural protein encoded by the X gene, which is 
involved in transactivating a variety of cellular and viral pro-
moters and signaling pathways [81]. X has been reported to 
interact with a number of nuclear proteins involved in cell-cycle 
regulation, DNA repair, and transcription. Persistently high 
levels of the HBx expression have been associated with the 
development of liver tumors in transgenic mice, and mutations 
in the X gene are associated strongly with the development of 
hepatocellular carcinoma in humans [81].

appears to be durable for decades [68]. Because of durable pro-
tection even after loss of detectable vaccine-induced anti-HBs, 
booster vaccination for healthy adults in the United States is not 
necessary or recommended; however, in patients undergoing 
chronic hemodialysis, booster vaccination is recommended 
when anti-HBs levels fall below 10 mIU/mL.

Some special populations have a low or exceedingly low 
response to conventional vaccines, which has led to the develop-
ment of more immunologically active vaccines or adjuvants to 
promote an increased response rate. Examples of such popula-
tions include older patients, organ allograft recipients, patients 
undergoing chronic hemodialysis, and immunosuppressed 
populations, including patients coinfected with HIV. Hepatitis 
A vaccination is recommended for all patients with chronic liver 
disease, including patients with CHB, because of the high mor-
tality rate for acute hepatitis A virus (HAV) superinfection, as 
demonstrated in outbreaks such as that reported in Shanghai 
[69].

The likelihood of acquiring anti-HBs after childhood vacci-
nation is so high that postvaccination testing is not recom-
mended; however, for adults at risk of HBV infection, for 
example healthcare workers, postvaccination testing is helpful 
to confirm vaccine-induced immunity. Revaccination in initial 
hepatitis B vaccine nonresponders results in an antibody 
response in more than 30% [70], but anti-HBs levels in this 
setting tend to be low and nondurable. Postvaccination anti-
HBs levels remain above the value regarded as protective 
(10 mIU/mL) in approximately 50% of vaccinees for up to 15 
years; however, even after anti-HBs levels fall and become unde-
tectable, successfully vaccinated persons can mount an amnestic 
response and be protected from HBV infection [71–73]. Despite 
fears raised to the contrary, no evidence exists to implicate hepa-
titis B vaccine in any form of arthritis, autoimmune, or neuro-
logical sequelae [74–76]. Vaccination has no role in the treatment 
of the patient with CHB.

Children are a special subgroup who need to be considered 
at risk of chronic infection if they are born to a mother who is 
HBsAg-positive and do not receive hepatitis B vaccination (with 
or without HBIG) at birth. Also, all children who originate from 
orphanages in developing countries should be tested for HBsAg, 
and all immigrants from developing countries with a prevalence 
of HBV of ≥2% need to be screened for HBsAg. Travelers to 
developing countries are at risk for HBV infection and should 
be tested if they have evidence of liver disease.

Hepatitis B virus variants and mutants

Although a DNA virus, HBV replicates through an RNA  
intermediate requiring an active viral reverse transcriptase/
polymerase enzyme. The polymerase (reverse transcriptase) of 
HBV lacks a conventional proofreading function found in most 
higher-order DNA polymerases. Therefore, HBV exhibits a 
mutation rate more than 10-fold higher than that of other DNA 
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rare HBsAg-positive recipients of transplant-liver allografts in 
whom the evolutionary pressure of treatment with hepatitis B 
immune globulin and of immunosuppression converged. Now 
that such allograft recipients receive both hepatitis B immune 
globulin and antiviral therapy with a nucleoside analogue, such 
escape mutations are very rare. The prevalence of escape mutants 
is higher in HIV–HBV coinfected patients treated with lamivu-
dine as compared with those treated with the more potent teno-
fovir, likely because of the inadequate control of viremia 
characteristic of long-term lamivudine therapy [87].

Polymerase gene mutations
The polymerase ORF is the longest within the HBV genome, 
covering almost 80% of the whole genome and overlapping  
the other three ORFs. The HBV polymerase protein mediates 
encapsidation of the pregenomic RNA into the core particle and 
synthesizes the HBV DNA genome therein. HBV DNA polymer-
ase has four enzymatic activities: DNA synthesis priming  
activity; RNA-dependent reverse transcriptase (RT) activity; 
DNA-dependent DNA polymerase activity; and RNaseH (RNA 
degradation) activity. Hepatitis B virus quasispecies with muta-
tions in the polymerase gene have been detected in patients 
undergoing oral antiviral therapy. The major mutations associ-
ated with the antivirals lamivudine, adefovir, entecavir, telbivu-
dine, and tenofovir (Figure 95.4) decrease the sensitivity of the 
polymerase to inhibition by nucleoside/nucleotide analogues 
[88]; generally, lamivudine, telbivudine, and entecavir have 
similar resistance profiles, while adefovir and tenofovir share 
different resistance profiles, and the two groups are not cross-
resistant. Because their inhibition of HBV replication is so pro-
found and their barrier to resistance so high, neither entecavir 

Pre-S/S gene mutants
The S envelope gene contains three in-frame start codons that 
divide the gene into the three surface proteins of HBV: the 
pre-S1 region, the pre-S2 region, and the S region. Three cor-
responding mRNAs serve for the synthesis of these proteins. 
The pre-S1 promoter (SPI) is located upstream of the S gene, 
whereas transcription of the pre-S2 and S mRNAs is directed by 
the S promoter (SPII), which is located within the pre-S1 region. 
Surface mutations have obvious clinical relevance in the preven-
tion of HBV because of their impact on prophylactic vaccina-
tion as well as laboratory-based diagnosis [29,82,83]. Several 
large hepatitis B vaccination programs in endemic regions have 
revealed a 2%–3% frequency of vaccine escape mutants result-
ing from alterations in the HBsAg protein, although such has 
not been the case in most experiences. Generally, the amino 
acid substitution Gly145Arg of the S protein renders this epitope 
unlikely to bind to anti-HBs generated by exposure to wild-type 
HBsAg. The HBsAg “a” determinant is a peptide sequence 
located between amino acids 99 and 170 of the S protein, which 
represents the major immunological target of anti-HBs; anti-
body reactivity is directed mainly against the second loop of this 
determinant, comprising amino acids 139–147. In patients with 
HBsAg mutations affecting the “a” determinant, the mutant 
HBsAg may not be detectable by commonly used HBsAg assays, 
especially if based on monoclonal antibody “capture” reagents. 
As a result, potentially, these mutants could represent a public 
health problem, because patients harboring HBV infection with 
these surface mutants could remain infectious without express-
ing readily detectable HBsAg, permitting them to escape diag-
nosis [14,84–86]. Again, in practice, this concern has not been 
realized. Viral HBsAg escape mutants have been described in 

Figure 95.4 Mutation locations associated with antivirals. ADV, adefovir; ETV, entecavir; LdT, telbivudine; LMV, lamivudine; POL/RT, polymerase/
reverse transcriptase; TDF, tenofovir. Source: Adapted from Locarnini 2004 [214]. Reproduced with permission, © Georg Thieme Verlag KG.
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genotypes other than A (e.g., B, C, D, and E) often present with 
anti-HBe rather than HBeAg. These patients are infected with 
the precore G1896 stop codon precore mutation (“precore 
mutant”) or basal core promoter mutants A1762T+G1764A. 
Almost all patients with genotype A CHB are HBeAg-reactive.

Clinical manifestations and laboratory tests

Clinical manifestations of chronic HBV infection range from no 
signs or symptoms of disease (the majority of patients) to the 
warning signs of end-stage liver disease [90]. Although patients 
with chronic hepatitis may be asymptomatic, a proportion expe-
riences fatigue, malaise, and other nonspecific systemic com-
plaints. The clinical manifestations of end-stage liver disease are 
the same as those seen in patients with other causes of liver 
failure. Even patients with cirrhosis can remain clinically stable 
and compensated, but progression of end-stage liver disease 
may manifest as complications of hepatic synthetic function, 
portal hypertension, and hepatic encephalopathy (including 
early and subtly with changes in sensorium, memory, and 
insomnia/sleep disorders). The signs of progressive abnormali-
ties in liver synthetic function (low albumin, prolonged pro-
thrombin time/international normalized ratio [INR]), hepatic 
excretory function (elevated bilirubin/jaundice), and signs of 
portal hypertension are not peculiar to patients with HBV infec-
tion (see Chapter 106). The presence of portal hypertension is 
manifested by splenomegaly and hypersplenism (thrombocyto-
penia, leukopenia, anemia), ascites and edema (occasionally 
associated with hydrothorax), and gastroesophageal varices (or 
varices elsewhere in the splanchnic circulation). Coagulopathy 
may be multifactorial, related to elevated prothrombin time and 
both splenic sequestration of platelets and reduced synthesis of 
thrombopoietin. Acute, often symptomatic, flares of virological, 
biochemical, and histological activity are more common in 
patients with cirrhosis caused by hepatitis B than in patients 
with other causes of cirrhosis, such as hepatitis C, or autoim-
mune diseases (in which the inflammatory process this late in 
the disease may be “burned out”). In some patients with CHB, 
extrahepatic manifestations of infection develop, including 
arthritis, polyarteritis nodosa (generalized vasculitis), mem-
branoproliferative glomerulonephritis, and leukocytoclastic 
(cutaneous) vasculitis, with damage of target organs (e.g.,  
joints, kidney, skin) caused by immune-complex deposition 
[91,92].

The term “liver function tests” has been used imprecisely to 
include laboratory assessments that do not actually reflect 
hepatic function. Aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) are intrahepatic enzymes that leak into 
the systemic circulation when hepatic membranes are rendered 
porous in the setting of inflammation; these tests do not reflect 
the function of the liver at all. The upper limit of normal for 
ALT is estimated to be <19 IU/mL for women and <30 IU/mL 
for men [39], although individual laboratories may establish 

nor tenofovir has been associated in practice with significant 
antiviral resistance (see Section Treatment).

Genotypes and serotypes
Hepatitis B virus has a number of genetic variants described as 
serotypes (adw, ayw, adr, and awr) and genotypes (A, B, C, D, 
E, F, G, and H) [41]. Our understanding of the clinical signifi-
cance of HBV genotypes is evolving (Table 95.2). For example, 
patients with genotype A are the most likely to experience 
HBeAg seroconversion during interferon or nucleoside ana-
logue therapy; genotype C is associated with higher risk for 
HCC; and genotype D carries an increased risk of resistance  
to antiviral therapy with adefovir. Genotype assessment and 
nucleic acid sequence analysis may allow epidemiologists to 
track the transmission and movement of HBV strains through 
the world or regions of the world, to establish patterns of epi-
demiological behavior of HBV infection, including the investi-
gation of common-source outbreaks [89], and to establish 
clinical features linked to one genotype over others.

Genotyping is accomplished by sequencing the HBV genome 
with a line probe assay (capture hybridization) or by serological 
antibody testing. Routine genotype testing before initiation of 
antiviral therapy has been advised by some experts; however, 
HBV genotype has not been shown to predict treatment differ-
ences to the newer, more potent antiviral agents. Therefore, 
HBV genotyping has not been recommended as part of routine 
clinical practice.

Depending on the predominant HBV genotype in the par-
ticular geographical setting, patients infected with CHB and 

Table 95.2 Hepatitis B virus genotypes and associations.

Genotype Associations

A Spontaneous HBsAg seroconversion

Interferon and nucleoside-analogue responsive

B Spontaneous HBeAg seroconversion

Better response to lamivudine

C Increased rate of HCC

Increased rate of perinatal transmission

D High rate of adefovir resistance

E

F Unstable HBeAg seroconversion

High HCC rate

Fulminant hepatic failure

G Unable to secrete HBeAg

H

HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; 
HCC, hepatocellular carcinoma.
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of excessive alcohol use, dietary exposure to aflatoxins, a family 
history of HCC, or coinfection with HCV, HIV, or HDV [94–
97]. Because hepatitis B vaccine can prevent acute and chronic 
hepatitis B, successful vaccination programs in endemic areas 
have been documented to reduce the frequency of HCC, that is 
HCC can be prevented by vaccine, as noted above. Similarly, 
because antiviral therapy can reduce HBV replication pro-
foundly, successful antiviral therapy should reduce the risk of 
cirrhosis, hepatic decompensation (documented in a controlled 
clinical trial), and HCC (see Section Treatment). Patients with 
CHB should undergo HCC screening, currently recommended 
via hepatic imaging every 6 to12 months [41].

Differential diagnosis

All patients with abnormal liver tests should be screened for 
HBV and HCV infection, fatty liver, drug-induced liver injury, 
elevated iron, and excessive alcohol use. Other considerations 
include: autoimmune liver disease (autoimmune hepatitis, 
primary biliary cirrhosis, primary sclerosing cholangitis); such 
genetic disorders, in addition to hemochromatosis, as α1-
antitrypsin deficiency and Wilson disease; such infiltrative dis-
orders, in addition to fatty liver, as granulomatous disease (e.g., 
sarcoid, amyloid, mycobacterial, or of unknown cause) and 
malignancy; vascular disorders (e.g., hepatic vein occlusion, 
hypoperfusion injury, passive congestion); and extrahepatic 
biliary obstruction, which, acutely, can resemble hepatocellular, 
rather than biliary, injury. The differential diagnosis of chronic 
HBV infection includes acute HBV infection, which usually can 
be differentiated by the presence of IgM anti-HBc (Table 95.1), 
except, rarely, during acute flares superimposed on CHB. 
Patients with elevated liver test results and detectable serum 
anti-HCV can be evaluated more definitively by testing for HCV 
RNA. If HBV DNA is not measurable and HCV RNA is detect-
able, HCV is likely to be the dominant disease, and therapy 
should focus on the HCV infection. Autoimmune disease rarely 
occurs concomitantly with CHB, although reports suggest that 
autoimmune hepatitis can be triggered by acute viral hepatitis. 
Biliary obstruction and infiltrative disorders should be consid-
ered if alkaline phosphatase elevations predominate, and, even 
when laboratory-test patterns suggest hepatocellular injury, a 
baseline ultrasound is helpful in all patients with abnormal liver 
tests. When autoimmune hepatitis is suspected, testing for 
nuclear antibodies and smooth muscle antibody is important, 
especially if serum globulin levels are greater than 4 g/dL; exam-
ination of the liver biopsy for plasma cells and characteristic 
features of periportal and lobular injury contribute to the diag-
nosis. Patients with HBsAg reactivity and elevated ALT and/or 
AST may also have superimposed acute hepatitis A or D (very 
rarely acute hepatitis C or E) [61,98] or other types of superim-
posed acute liver injury (see Section Clinical manifestations and 
laboratory tests).

more local norms. In CHB, aminotransferase levels may be 
normal or elevated, a fairly faithful reflection of levels of hepatic 
necroinflammatory activity, as they are in patients with other 
causes of liver disease. Generally, in patients with CHB, antiviral 
therapy is indicated if HBV replication is accompanied by eleva-
tions of aminotransferase activity (see Section Chronic hepatitis 
B treatment in practice).

Tests that actually reflect liver function include albumin and 
prothrombin (hepatic synthetic function) and bilirubin (hepatic 
excretory function). Ammonia can be elevated in patients with 
hepatic encephalopathy, but correlations between ammonia 
levels and altered mental status or between ammonia levels and 
hepatic function are tenuous at best. Elevations of prothrombin 
time (prothrombin half life of ∼3 days) and reductions in 
albumin (half life of ∼20 days) reflect rapid and longer-duration 
reductions in hepatic synthetic function. Abnormalities in ami-
notransferase levels and in prothrombin, albumin, and bilirubin 
can occur in CHB, cirrhosis, and in flares of hepatitis superim-
posed on chronic liver disease. In patients with CHB, such flares 
are thought to represent an enhanced cytolytic immune response 
to HBV-infected hepatocytes. Such a flare of disease activity in 
patients with hepatitis B can also represent superimposed infec-
tion with another hepatitis virus (e.g., hepatitis A, C, or D) or, 
potentially, progression to end-stage liver disease. When results 
of liver synthetic tests become abnormal in a patient with CHB, 
a clinician should consider referring the patient to a transplan-
tation center and initiating (if not already being treated) 
nucleoside/nucleotide analogue antiviral therapy, which may 
retard the progression of, or even reverse, decompensated liver 
disease. In the setting of liver synthetic abnormalities and other 
clinical signs of hepatic decompensation, interferon-based anti-
viral therapy is contraindicated, because of an unacceptably 
high frequency of life-threatening adverse effects.

Laboratory surrogates to assess for the severity of liver disease 
include signs of hypersplenism, such as a low platelet or low 
white blood cell (WBC) count. An elevated α-fetoprotein 
(AFP), adopted in the past as a marker of HCC, is elevated so 
nonspecifically in patients with chronic liver disease that it is no 
longer recommended as a test for HCC screening [93]. A high 
ferritin and iron saturation should arouse suspicion of hemo-
chromatosis, although abnormalities in biochemical markers of 
iron overload are also common in patients with marked fibrosis 
or cirrhosis. In patients with viral hepatitis, a “reversed” AST/
ALT ratio, in which the AST is higher than the ALT, tends to be 
associated with advanced fibrosis or cirrhosis.

The risk of hepatocellular carcinoma looms in persons with 
chronic HBV infection (see Chapter 109). In a landmark study 
of HBsAg-reactive male Taiwanese government workers, inves-
tigators observed a lifetime risk of death associated with end-
stage liver disease of 40%, the vast majority of which was related 
to HCC. This risk is seen primarily in persons with cirrhosis but 
can occur even in young people and in the absence of cirrhosis; 
the strongest risk factor is high and sustained levels of HBV 
DNA (Figure 95.2); other contributing factors include a history 
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tivity) as well as anti-HDV and HDV RNA (Table 95.1). Although 
IgM and IgG antibodies to HDV can be detected, they do not 
distinguish between acute and chronic infection, respectively, 
and are not of clinical relevance; therefore, such testing is not 
done routinely. When liver tissue is available, HDV antigen can 
be detected in hepatocyte cytoplasm by immunohistochemical 
staining. In patients with CHB, testing for HDV coinfection is 
not done routinely but should be considered for patients with 
more severe or rapidly progressive liver disease, for patients with 
risk factors (e.g., injection drug use), or for patients from areas 
of the world where HDV infection is prevalent.

In the United States, HDV infection occurs predominantly 
among injection drug users and their sexual contacts in large 
cities [61]. Ethnic populations with HBV infection from the 
Mediterranean region, the Pacific islands, Greenland, the Middle 
East, or the Orinoco River Valley in South America are candi-
dates to be tested for HDV infection as well. Hepatitis D can lead 
to more severe liver disease (fulminant hepatitis in ∼5%) in 
patients who acquire HDV and HBV simultaneously compared 
to patients with acute HBV infection alone (see Chapter 94) 
[100]; however, often simultaneous HBV/HDV coinfection and 
HBV infection alone are clinically indistinguishable. If they 
survive, patients with acute HBV/HDV coinfection have a high 
rate of clearance of both viruses, because persistence of HDV 
infection relies absolutely on the presence of HBV infection, and 
almost all cases of acute hepatitis B in healthy adults are self-
limited; coinfection evolves to chronicity in only 2% of cases 
[100]. When new HDV infection is superimposed on chronic 
HBV infection, typically, the liver disease accelerates and cir-
rhosis develops in a much shorter time; however, many patients 
evolve to a more quiescent process after several years. Compared 
to patients with CHB, patients with HDV and HBV coinfection 
also appear to have a higher risk of HCC [101,102].

The manner in which HDV causes liver injury remains con-
troversial. Histological observations of microvesicular steatosis 
and cytoplasmic eosinophilia in the absence of a mononuclear 
cell or lymphocytic infiltrate in liver biopsy specimen of patients 
with acute HDV infection are consistent with a direct cytopathic 
effect of HDV. In vitro molecular studies have supported this 
view, with experimental evidence that the smaller form of 
HDAg (S-HDAg) expression in cells results in the production 
of pyknotic nuclei and shrunken eosinophilic cytoplasm as well 
as reduced cellular nucleic acid synthesis. In general, however, 
in most patients, the liver injury is so reminiscent of that in 
other forms of viral hepatitis that immune-mediated cytolysis 
is also the most likely culprit in the pathogenesis of hepatitis D.

Suppression of markers of HBV replication during HDV 
superinfection, probably reflecting competition by HDV and 
interference with HBV for hepatic viral replicative capacity, has 
been observed in humans as well as in the woodchuck and chim-
panzee animal models. In over 90% of patients with CHB super-
infected with HDV, HBeAg, high-level serum HBV DNA, and 
intrahepatic HBcAg expression are absent; most such patients 
have circulating anti-HBe (Table 95.1). On rare occasions, HDV 

Course and complications

The clinical course of CHB is variable and affected by patient 
factors (e.g., current age and age at time of infection, gender, 
immunological competence, genetics, coinfection with other 
viruses, and habits such as alcohol consumption) and virus 
factors (replication level, genotype, and molecular variants). 
Patients with persistent HBV infection, elevated HBV DNA 
levels, and elevated ALT/AST levels have the greatest risk of 
progression to cirrhosis and its subsequent complications; 
however, sustained high-level HBV DNA has been shown to be 
the variable that has the largest impact on progression of liver 
disease and risk of HCC. Patients with CHB and periodic clinical/
reactivation flares (HBV DNA levels >104 IU/mL) are also at risk 
for progressive liver disease and its sequelae. In such patients, 
repeated cycles of liver injury are thought to result from immune 
activation against, and an attempt (albeit ineffective) to clear, 
HBV-expressing hepatocytes. During these immune “attacks” or 
flares, ongoing hepatocellular damage occurs as well as progres-
sive fibrosis. Spontaneous seroconversion from HBeAg to anti-
HBe occurs at a rate of up to 10% per year in patients with CHB, 
but seroconversion from HBsAg to anti-HBs, with clearance of 
HBV from the liver (serological pattern of resolved HBV infec-
tion), is uncommon (≤0.5%–1% per year) [99]. The rate of 
HBsAg seroconversion is higher in patients with more active 
liver disease but is generally <15% over any 3-year interval and 
occurs more commonly in genotype A [21,22]. Clinical assess-
ment for progressive liver disease and screening for HCC should 
also take place more frequently in patients with established cir-
rhosis compared to those with mild or no fibrosis and in older 
(≥40 years) compared to younger patients.

The patient with CHB who has a persistently normal ALT 
levels (<19–30 IU/mL) and HBV DNA levels <200 IU/mL has 
a much lower risk for progressive liver disease and HCC, 
although the risk for HCC is above that in uninfected popula-
tions. Surveillance for HCC is recommended every 6–12 
months; however, in patients with higher risk (e.g., age >40, 
cirrhosis, family history of HCC, etc.), screening every 6 months 
is preferable.

Regular testing over time of ALT, quantitative HBV DNA, 
HBeAg, and anti-HBe can establish if a precore or a BCP mutant 
virus has emerged (HBeAg-negative CHB). The presence of 
these viral mutants is suggested by moderate (>2000 IU/mL) to 
high serum HBV DNA levels in the absence of HBeAg; specific 
testing for precore and BCP mutations is rarely necessary for 
clinical management but may be obtained from specialized 
laboratories.

Coinfection

HBV coinfection with hepatitis D (“delta”) virus
The patient with dual HBV and HDV infection has a typical 
serological profile of HBsAg and anti-HBe (rarely HBeAg posi-
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effective nucleoside analogues as the backbone for most HIV 
treatment regimens, single-agent HBV therapy could leave the 
coinfected patient with few options for durable HIV suppression. 
Lamivudine, emtricitabine, and entecavir all select for the devel-
opment of the M184V mutation. Medications used in the treat-
ment of HBV and/or HIV that are known to have activity against 
both viruses include lamivudine, adefovir, emtricitabine, ente-
cavir, and tenofovir (several of these are components of single-pill 
combinations with other HAART drugs). In light of the delayed 
recognition that entecavir has activity against HIV, which resulted 
in the treatment of some HIV/HBV-coinfected patients with 
entecavir monotherapy [109], very careful evaluation for possible 
anti-HIV activity would be necessary for all future hepatitis B 
medications proposed for use in coinfected patients.

Coinfected patients should be treated with combination 
therapy for HBV to preempt the development of HBV resistance 
and limit the risk of a clinical hepatitis flare in the setting of 
HAART-induced immune reconstitution [41]. Because of the risk 
of a hepatitis flare during discontinuation of HBV therapy, 
patients who need changes in their HAART regimens should not 
discontinue medications with HBV activity without the substitu-
tion of other agents that can suppress HBV effectively, unless 
HBeAg seroconversion has already occurred and been followed 
by an adequate course of consolidation treatment [41]. In one 
study of HIV/HBV-coinfected patients, half of the 110 patients 
treated with a tenofovir-based regimen experienced HBeAg sero-
conversion over 5 years of treatment, and 25% lost HBsAg [110].

For coinfected patients in whom HIV treatment is not an 
option, HBV treatment should be limited to medications that 
do not have clinically relevant dual activity. Of the antiviral 
agents currently approved for the treatment of HBV, only telbi-
vudine has no known activity against HIV; however, telbivu-
dine, which is not a recommended first-line antiviral for 
hepatitis B (see Section Chronic hepatitis B treatment in clinical 
practice), should not be used as monotherapy in HIV/HBV-
coinfected patients because of the risk of selection of the M204I 
mutation in the YMDD motif [41]. In such cases, adefovir, 
which has minimal HIV activity at the approved HBV dose of 
10 mg per day, could be used with telbivudine, or pegylated 
interferon therapy, which is not associated with drug-resistant 
HIV or HBV, could be selected.

Other challenges in the treatment of HIV/HBV-coinfected 
patients include the immune reconstitution inflammatory syn-
drome that occurs when an effective HAART regimen restores 
immune function and increases the capacity to mount an 
inflammatory response, which can cause a hepatitis flare. 
Another concern is drug hepatotoxicity caused by one or more 
of the HAART-regimen agents in common use, which can occur 
in up to 30% of patients. In an analysis of 5272 HIV-infected 
patients (30% female, 39% injection drug users, and nearly 48% 
HCV/HBV coinfected) with 18 259 person-years of follow-up, 
investigators found that HAART did not increase the risk of 
liver test elevations significantly, but HBV or HCV coinfection 
did [111].

superinfection has even been associated with termination of 
HBsAg reactivity and seroconversion to anti-HBs.

Infection with HDV can be treated with interferon or 
pegylated interferon, although results are disappointing. 
Therapy requires at least a year of treatment, and sustained 
clearance of HDV infection is rare. Therapy with oral nucleoside 
analogues (see Section Treatment) does not suppress HDV 
infection. Liver transplantation for patients with hepatitis D 
may be followed by milder liver disease if HBV and HDV infec-
tions persist. Moreover, after liver transplantation and immu-
nosuppression, HDV expression has been observed in the 
absence of recurrent HBV infection – a unique situation in 
which HDV infection does not appear to be reliant on HBV 
infection. Hepatitis B immune globulin infusions, which have 
been very effective in preventing HBV reinfection of liver allo-
grafts, can also prevent HDV infection of the new graft [103]. 
Finally, no vaccine is available to prevent acute hepatitis D, but, 
in hepatitis-B susceptible persons, hepatitis B vaccination is also 
protective against hepatitis D.

HBV coinfection with HIV
Coinfection of HIV with HBV results in more aggressive liver 
disease with faster progression of fibrosis to cirrhosis and even 
liver failure in approximately one-third of patients. Other patients 
have minimally active liver disease with little or no evidence of 
progressive liver disease [104–106]. Why certain patients have 
progressive liver disease in this setting and others do not is unclear 
and is not correlated with any specific clinical or recognized labo-
ratory factor, although the emergence of nucleoside-analogue 
resistant (e.g., lamivudine resistant) HBV has been implicated 
[104]. The distinction between the subset who progress and the 
subset who do not may be explained by differences in interaction 
between host immune responsiveness, predominant T-cell types 
present (Th1 vs Th2), host factors that promote fibrosis, and levels 
of HBV and HIV replication. In the current era of highly active 
antiretroviral therapy (HAART), among persons with HIV/AIDS, 
advanced liver disease associated with chronic viral hepatitis is 
now the leading cause of death [7].

According to HIV treatment guidelines, antiretroviral therapy 
is indicated for HIV/AIDS regardless of CD4 count [107]. In 
HBV/HIV-coinfected persons, a fully suppressive antiretroviral 
regimen covering both HIV and HBV disease should be used 
to prevent antiretroviral resistance [107,108]. The combination 
of tenofovir with either emtricitabine or lamivudine is the pre-
ferred nucleoside analogue backbone (for HBV coverage), along 
with the addition of the other antiretroviral agents required to 
create an effective anti-HIV regimen.

Treatment of hepatitis B in HIV-coinfection with an agent 
known to have activity against HIV should only be done in the 
context of an HIV-suppressive HAART regimen. Use of a single 
agent known to have activity against both viruses would represent 
antiretroviral monotherapy and lead to rapid selection of 
medication-resistant HIV strains. Because of the high level of 
cross-resistance among many antiretrovirals and the need for 
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DNA still detectable by 24–48 weeks was felt to merit a change 
in therapy; however, now that the more potent antiviral agents 
entecavir and tenofovir are available, the likelihood of complete 
HBV DNA suppression increases with treatment duration, and 
failure to achieve these early endpoints no longer mandates  
an immediate change in therapy. Unlike early-generation oral 
agents, these two drugs are very potent (suppressing HBV DNA 
by ≥6 log10 IU/mL) and have a very high barrier to resistance. For 
patients who were treated initially with less potent, early-
generation agents (lamivudine, adefovir) and in whom inade-
quate HBV DNA suppression was achieved, switching to a more 
potent agent (entecavir, tenofovir, respectively) should be con-
sidered. For such patients who received early-generation antivi-
rals and in whom antiviral resistance developed, a second agent 
with a complementary resistance profile should be added and the 
two agents continued indefinitely.

In patients with HBeAg-positive CHB, in addition to suppres-
sion of HBV DNA and a return to normal of ALT activity, HBeAg 
to anti-HBs seroconversion is a treatment goal and a potential 
endpoint, that is a high proportion of patients are able to discon-
tinue antiviral therapy after HBeAg seroconversion (followed by 
a 6–12-month period of consolidation therapy). Although the 
frequency of HBeAg seroconversion (∼30%) was higher in one 
registration trial [120] after a year of pegylated interferon therapy 
than after a year of lamivudine nucleoside analogue treatment 
(∼20%), HBeAg seroconversion frequencies increase with con-
tinued nucleoside/nucleotide therapy beyond a year, surpassing 
rates achieved with 1 year of pegylated interferon within 1.5–2 
years and increasing progressively thereafter.

The primary treatment endpoint for HBeAg-negative CHB is 
durable HBV DNA suppression and biochemical “remission.” 
Ideally, the treatment endpoint should be HBsAg clearance, 
which, however, is relatively infrequent.

In clinical trials, histological improvement was quantified by 
reductions in the histological activity index (necroinflammatory 
score reduced by ≥2 points) and fibrosis score (reduced by ≥1 
point) based on either the Ishak [121] or METAVIR [122] 
scoring systems.

In most successfully treated patients with CHB, the result is 
a transformation from chronic virus-induced hepatitis to an 
inactive carrier state. The ideal outcome of antiviral therapy in 
CHB is suppression of HBV DNA, normal ALT, and HBsAg 
seroconversion, consistent with recovery from HBV infection. 
After such resolved infection, the risk of progressive liver 
disease and HCC are reduced markedly, albeit not to zero. 
While “cure” can be achieved after successful treatment of 
chronic hepatitis C, true cures are rare after antiviral therapy 
for CHB. Typically, the HBV transcriptional template exists in 
the nucleus of the infected hepatocyte as a population of cova-
lently closed circular (ccc) DNA molecules organized into a 
viral minichromosome. These molecules of HBV cccDNA have 
a long intracellular half-life (Figure 95.5). All effective antivirals 
have been shown to reduce, but none to clear, intrahepatic 
cccDNA.

HBV coinfection with HCV
Coinfection with HCV and HBV results in increased risk of 
both cirrhosis and HCC, although only one of the two is the 
dominant viral disease. In such cases, treatment, when indi-
cated, should be targeted at the dominant virus [112–117]. 
Interferon therapy has the advantage of being effective against 
both viruses, but oral regimens available currently for hepatitis 
B and soon to be available for hepatitis C tend to be more 
appealing for patients.

HBV coinfection with hepatitis A virus
When superimposed acute hepatitis A virus (HAV) infection 
complicates chronic HBV infection, severe, even fatal liver 
disease may ensue [118]. Therefore, hepatitis A vaccination is 
advocated for all patients with chronic HBV infection [118].

Treatment

Definitions of response to treatment
The goals of antiviral therapy in patients with hepatitis B are as 
follows:
• biochemical – a decrease in levels of serum aminotransferase 

levels into the normal range
• virological – suppression of viral replication, preferably to a 

level undetectable by highly sensitive, molecular amplifica-
tion assays (e.g., PCR)

• serological – HBeAg to anti-HBe seroconversion as well as 
HBsAg to anti-HBs seroconversion

• histological – improvement in liver biopsy scores, with histo-
logical activity index improving by at least 2 points and no 
worsening of fibrosis

• clinical – reduction/prevention of progressive liver disease, 
including hepatic decompensation (end-stage liver disease, 
HCC, liver transplantation, death)
These responses can be initial (occurring during therapy), 

end of therapy (ETR), or sustained after completion of therapy 
(e.g., maintained for at least 6–12 months following cessation of 
therapy).

Currently, either pegylated interferon or oral nucleoside/
nucleotide agents are approved for the treatment of CHB. With 
the advent of highly potent oral antiviral agents that can sup-
press HBV DNA to undetectable levels (below the sensitivity 
threshold of the most current amplification assays, ≤101–102 IU/
mL), full and durable HBV DNA suppression is emerging as the 
goal of antiviral therapy. The risks of both cirrhosis and HCC 
increase proportionally with sustained elevations of HBV DNA; 
therefore, the risks of these outcomes of CHB should be reduced 
by durable HBV suppression [34], as documented in at least one 
landmark clinical trial [119].

When antiviral therapy was limited to early-generation 
nucleoside/nucleotide analogues, reductions in level of HBV 
DNA <1 log10 from baseline every 3 months or any residual HBV 
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Figure 95.5 Life cycle of covalently closed circular DNA (cccDNA). HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBx, hepatitis B 
x antigen; pgRNA, pregenomic RNA; POL, “polymerase” (reverse transcriptase); S, S envelope protein.
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synthetase and protein kinase, results in effective antiviral 
mechanisms within the cell, blocking viral replication at the 
translational (PKR, protein kinase R) and transcriptional 
(RNase L) levels. By enhancing major histocompatibility antigen 
(MHC) expression, interferons have the potential to render 
HBV-infected hepatocytes more susceptible to both cytolytic 
and noncytolytic viral clearance. Interferon-induced activation 
of natural killer (NK) cells and dendritic cells are other key steps 
in viral clearance. Interferons have direct antiviral activity in 
CHB, but whether these properties of interferon contribute to 
the treatment effect remains unknown [124].

Both patients with HBeAg-positive and HBeAg-negative 
CHB benefit from interferon treatment (now utilizing long-
acting peglyated interferon) [120,125,126], demonstrated by 
improved outcomes in randomized controlled clinical trials 
[127]. The best patient candidates for interferon are character-
ized by: higher ALT levels, which are thought to reflect their 
being primed for a more active, effective immune response; 
lower HBV DNA levels; and genotype A. One year of treatment 
with pegylated IFN-α results in HBeAg clearance in ∼30% of 
patients and HBsAg clearance in ∼3% of patients [120]; HBsAg 
loss increases over time, as shown after long-term follow-up 
[128].

In several large randomized trials of pegylated IFN-α in 
patients with CHB [120,126,129,130], investigators compared 
the safety and efficacy of pegylated IFN-α2a or IFN-α2b admin-
istered either alone or in combination with lamivudine. 
Although suppression of HBV DNA during pegylated IFN 
therapy is modest (up to 4.5 log10 reduction), 6 months after a 
full-year course of weekly injections, HBeAg seroconversion 
frequencies of ∼30% have been reported [120,130], approxi-
mately 10% higher than in patients followed 6 months after 
stopping therapy following a year of lamivudine treatment 
[120]; even though the combination of pegylated IFN and lami-
vudine resulted in more profound suppression of HBV DNA (by 
7.2 log10) than pegylated IFN alone (by 4.2 log10) the HBeAg 
seroconversion rate after combination therapy was lower than 
that for pegylated IFN monotherapy, that is combination 
therapy has no advantage over pegylated IFN therapy. HBeAg 
response rates after pegylated IFN-α2b varied by HBV geno-
type; 47% for genotype, 44% for genotype B, 28% for genotype 
C, and 25% for genotype D [130]. This genotype-related 
response was less clear for patients in clinical trials of pegylated 
IFN-α2a [120].

The dose of pegylated interferons administered by weekly 
subcutaneous injections for 48–52 weeks varies according to the 
manufacturer. Interferon therapy is associated with bothersome 
side-effects, including flu-like symptoms (fatigue, malaise, 
fever), bone marrow suppression, psychiatric disturbances, alo-
pecia, nausea, weight loss, and autoimmune reactions (most 
commonly, autoimmune thyroiditis).

In HBeAg-positive CHB, the advantage of pegylated IFN 
therapy is the higher rate of HBeAg seroconversion after a year 
of therapy than can be achieved with any of the oral agents as 

Antiviral drug resistance testing
As discussed in depth for individual agents in Section Genotypic 
resistance of hepatitis B virus to nucleoside analogues, the issue 
of drug resistance reduces the likelihood of long-term viral 
control with most of the early-generation oral agents. The devel-
opment of antiviral resistance to a specific antiviral agent can 
also limit the effectiveness of similar-class agents due to cross-
resistance. Resistance was a particular problem with the first of 
the oral nucleoside analogues, lamivudine, and with its similar 
descendent telbivudine, neither of which is recommended cur-
rently as a first-line agent. Although the current first-line agent 
entecavir has a very high barrier to resistance in treatment-naïve 
persons, prior lamivudine resistance is associated with cross 
resistance to entecavir. Theoretically, lessons learned from HIV 
resistance assays and the need for combination antiviral therapy 
should apply to HBV resistance and translate into more effective 
management of CHB; however, in patients treated with current 
agents, entecavir and tenofovir, which have very high barriers 
to resistance, resistance is encountered rarely, if at all, and mon-
otherapy suffices. Thus, in contrast to the value of genotypic and 
phenotypic assays for antiretroviral resistance in HIV-infected 
patients, similar assays for drug-resistance testing in CHB, 
although commercially available, are rarely necessary for clini-
cal management. Antiviral resistance testing should be consid-
ered in treatment-compliant patients with a primary nonresponse 
to antiviral medication or virological breakthrough during 
therapy [41,123]. In patients who achieve complete or near-
complete HBV DNA suppression during antiviral therapy but 
acquire resistance variants and break through, an elevation in 
HBV DNA of ≥1 log10 is almost as reliable as drug resistance 
testing in supporting the presence of resistance. Unlike in HIV/
AIDS, in CHB, preemptive, baseline testing for resistance vari-
ants in treatment-naïve patients is not indicated.

Therapeutic agents
Algorithms for the treatment of CHB are updated regularly. 
Recommendations discussed below are based on the most 
recent guidelines by professional societies [41,123]. In this 
section, information is summarized on the individual agents 
approved for treatment of CHB.

Interferons
Interferons are a large family of naturally occurring peptides 
that are included within an even larger group of molecules 
termed cytokines. Interferons, which have antiviral, antiprolif-
erative, and immunomodulatory properties, are often involved 
in the host’s control or elimination of acute and chronic viral 
infections. Interferons reduce viral replication directly by inter-
ference with DNA and RNA replication at the genome level and 
indirectly by modulation of viral replication and viral protein 
synthesis through activation of other immune pathways and 
modulation of the level of other cytokines. Activation of the 
JAK/STAT pathway, responsible for triggering increased synthe-
sis of antiviral signals and enzymes, such as 2′,5′-oligoadenylate 
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HBeAg seroconversion, HBV DNA suppression, and ALT nor-
malization, compared with placebo. Lamivudine is approved 
throughout the world for the treatment of CHB. Lamivudine 
therapy, 100 mg daily, is associated with up to 5.5 log10 suppres-
sion in HBV DNA, HBeAg seroconversion in 16%–21% at 1 
year of therapy [28,136–138], and up to 40%–50% by year 4–5 
of therapy. Treatment with lamivudine has been shown to 
improve histology, retard the progression of fibrosis, and even 
to be associated with reversal of cirrhosis [136]. In a landmark, 
placebo-controlled trial in patients with CHB and advanced 
fibrosis or cirrhosis, at 36 months, lamivudine was superior to 
placebo in preventing hepatic decompensation and nearly supe-
rior to placebo in reducing the frequency of HCC (the trial was 
terminated prematurely, because hepatic decompensation was 
so much lower in lamivudine-treated than in placebo-treated 
subjects; at the time, the trend in the reduction of HCC was 
near, but just short of, statistical significance) [119]. Subsequent 
reports support the impact of lamivudine therapy on reducing 
HCC [139]. Unfortunately, resistance to lamivudine is common; 
after 1 year of treatment, resistance occurs in 15%–30%, and by 
5 years of therapy, the frequency of resistance rises to 70% or 
higher [140]. In the trial of lamivudine versus placebo among 
patients with advanced fibrosis/cirrhosis, the benefit at 36 
months of lamivudine therapy was reduced substantially among 
lamivudine-treated subjects with drug resistance (progression 
to hepatic decompensation occurred in 13%), approximately 
halfway between the benefit observed in subjects who retained 
wild-type HBV infection (5% progression) compared to 
placebo-treated subjects (21% progression) [119]. A similar 
degradation in the prevention of HCC by lamivudine treatment 
has been attributed to resistance in another study [139]. 
Resistance to lamivudine reduces the sensitivity to the other 
cross-resistant nucleoside analogues (telbivudine and entecavir) 
but can be overcome by the addition of one of the nucleotide 
analogues, adefovir or, preferably, the more potent tenofovir. 
Because of its unfavorable resistance profile, lamivudine is con-
sidered second-line therapy. Resistance to this agent is consid-
ered in more detail in Section Lamivudine resistance.

Adefovir
Adefovir (adefovir dipivoxil) is a nucleotide analogue of adenine 
that has a high binding affinity for HBV DNA polymerase. 
Adefovir is FDA-approved for the treatment of HBeAg-negative 
and HBeAg-positive CHB as well as the treatment of lamivudine-
resistant hepatitis B. At a dose of 10 mg daily, adefovir is the least 
potent of the oral agents, suppressing HBV DNA by up to 
3.5 log10 and, after 48 weeks of therapy, resulting in HBeAg 
seroconversion in only 12%. Like lamivudine, adefovir therapy 
is associated with marked histological (in up to 68% of HBeAg-
positive and 64% of HBeAg-negative CHB) and biochemical (in 
up to 61% and 77%, respectively) improvement after 48 weeks 
of therapy [141,142]. After extended adefovir treatment in 
HBeAg-negative patients, Ishak fibrosis scores improved com-
pared with baseline in 35%, 55%, and 71% of patients after 48, 

well as the absence of drug resistance; however, oral agents 
require no injections, are free of interferon adverse effects and 
the need for close laboratory monitoring, and can achieve 
HBeAg seroconversion rates equal to and surpassing those of 
pegylated IFN after extension of therapy beyond the first year. 
Moreover, antiviral drug resistance has not been a clinical issue 
in patients treated with later generation nucleoside/nucleotide 
analogues. These considerations explain the overwhelming 
adoption of nucleoside/nucleotide analogues as first-line 
therapy, except in a small number of treatment centers.

If pegylated IFN is chosen to treat CHB, low pretreatment 
levels of HBsAg as well as the rate of decline in quantitative 
HBsAg during therapy may be helpful in predicting likelihood 
of response. If HBsAg does not decline within the first 12–24 
weeks or if HBsAg levels exceed 20 000 IU/mL at week 24 of 
pegylated IFN therapy, a therapeutic benefit is unlikely, and 
therapy can be discontinued [131,132]. In patients with chronic 
hepatitis C, IL28B haplotypes (CC versus CT or TT alleles) are 
predictive of spontaneous recovery from acute hepatitis C and 
of a sustained virological response to pegylated IFN-based 
therapy. Similarly, in patients with HBeAg-negative CHB, geno-
type D, treated with pegylated IFN, the IL28B CC haplotype has 
been shown to be associated with HBsAg loss/conversion over 
the 11 years following therapy [133]. The link between IL28B 
and antiviral response to pegylated IFN has been reported as 
well for patients (not limited to HBV genotype D) with HBeAg-
positive CHB; patients with the CC haplotype were more likely 
than those with non-CC haplotypes to experience HBeAg sero-
conversion and HBsAg loss [134].

Nucleoside and nucleotide analogue antivirals
Modified nucleosides such as adenosine arabinoside (ara-A), 
ganciclovir, famciclovir, and other nucleoside analogues have 
been studied extensively over the last several decades. Treatment 
with ara-A, the first nucleoside analogue studied for HBV, 
resulted in a decrease in serum HBV DNA but was associated 
by untoward side-effects including, in some patients, an irre-
versible peripheral neuropathy. Toxicity and weak antiviral 
effects accounted for the failure of many similar antiviral agents 
for hepatitis B. For example, fialuridine (FIAU), a fluorinated 
nucleoside studied in the early 1990s, caused mitochondrial 
toxicity that resulted in pancreatitis, acidosis, liver failure, and 
death. Clinical trials of lobucavir were halted when this agent 
was associated with neoplasia in animals, and development of 
clevudine, a promising nucleoside analogue, was discontinued 
because of myopathy in treated patients [135]. Currently, five 
oral antiviral medications are approved for the treatment of 
CHB in the United States and around the world: lamivudine, 
adefovir dipivoxil, entecavir, telbivudine, and tenofovir, all of 
which are generally safe and well tolerated.

Lamivudine
Lamivudine (3-thiacytidine, 3TC) was the first FDA-approved 
oral medication with proven efficacy against HBV, as shown by 
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>6 log10 copies/mL of HBV DNA and high ALT levels) devel-
oped; HBV DNA was undetectable by month 3 in all patients 
with only genotypic resistance compared with only 46% of 
patients with phenotypic resistance [149]. At 2 years, the rates 
of virological response were 100% in those when adefovir was 
added after genotypic resistance only compared with 78% in 
those when the addition was made after the appearance of  
phenotypic resistance. In patients with adefovir resistance 
(rtA181T/V + rtN236T), entecavir add-on therapy may be the 
best option, even though tenofovir retains some activity in 
adefovir-resistant CHB. In lamivudine-resistance, tenofovir has 
more potent antiviral effect than adefovir when used in add-on 
combination therapy.

Entecavir
Entecavir is a novel oral deoxyguanosine analogue that has 
demonstrated potent activity against HBV when used in doses 
of 0.5 mg daily for treatment-naïve patients and 1.0 mg daily for 
lamivudine-experienced patients [150–152]. The potency of 
entecavir is derived from its efficient cellular phosphorylation, 
high intracellular concentration, and competitive inhibition of 
HBV polymerase at three levels: priming, positive-strand syn-
thesis, and negative-strand synthesis [153,154].

In nucleoside-naïve HBeAg-positive patients at 48 weeks, 
entecavir (0.5 mg daily) was superior to lamivudine (100 mg 
daily) for histological improvement (72% of entecavir-treated 
patients vs 62% of lamivudine-treated patients), reduction of 
HBV DNA to undetectable (67% for entecavir vs 36% for lami-
vudine), and ALT normalization (68% for entecavir vs 60% for 
lamivudine), but comparable to lamivudine for HBeAg serocon-
version (21% for entecavir vs 18% for lamivudine) [151]. 
Similarly, in a study of nucleoside-naïve patients with HBeAg-
negative CHB, entecavir (0.5 mg daily) was superior to lamivu-
dine (100 mg daily) in histological improvement (70% of 
entecavir-treated patients vs 61% of lamivudine-treated 
patients), reduction of HBV DNA to undetectable (90% for 
entecavir vs 72% for lamivudine), and ALT normalization (78% 
for entecavir vs 71% for lamivudine) [155]. Improvement in 
Ishak fibrosis score was similar between both treatment groups 
(36% for entecavir vs 38% for lamivudine). The 2- and 3-year 
data for both of these populations continue to show improve-
ment in ALT, increases in the number of patients with undetect-
able HBV DNA, and, in HBeAg-positive patients, higher rates, 
44%, of HBeAg seroconversion [156–158].

The safety and efficacy of entecavir and lamivudine were 
evaluated as well in lamivudine-refractory patients with HBeAg-
positive CHB [159]. At 48 weeks, entecavir (1.0 mg daily) was 
superior to lamivudine in achieving histological improvement 
(55% of entecavir-treated patients vs 28% of lamivudine-treated 
patients); a composite endpoint of HBV DNA <0.7 Meq/mL by 
branched-chain DNA (bDNA) assay and ALT <1.25  ×  ULN 
(55% for entecavir vs 4% for lamivudine); HBV DNA <60 IU/
mL (21% for entecavir vs 1% for lamivudine); mean reduction 
in HBV DNA (−5.1 log10 copies/mL for entecavir vs −0.5 log10 

192, and 240 weeks, respectively [143]. At 240 weeks, serum 
HBV DNA levels were ≤1000 copies/mL in 67% of patients, and 
ALT was normal in 69%.

Renal injury caused by adefovir and the related compound 
tenofovir is uncommon at the approved/licensed therapeutic 
doses, occurring at a rate of about 1%–2% per year in the first 
2 years and rising to only 3% after 5 years of adefovir mono-
therapy [143]. Creatinine monitoring should be done routinely, 
per the product insert, at 6-month intervals or with any sus-
pected changes in renal status or coadministration of medica-
tions that may affect renal status.

Cumulative data with HBeAg-positive populations support 
improved HBeAg seroconversion with each additional year of 
adefovir use and stable long-term HBV DNA suppression (up 
to 90%) off therapy in patients with HBeAg seroconversion. 
Maintenance of seroconversion was reported to be as high as 
91% over a median off-treatment follow-up period of 3 years 
[144]. The duration of therapy after seroconversion appears to 
affect the durability of seroconversion. No meaningful differ-
ence in viral suppression of HBeAg seroconversion has been 
observed among HBV genotypes, and HBsAg loss during ade-
fovir therapy is unlikely.

Resistance to adefovir is low in the first few years of mono-
therapy (0%, 3%, and 11% in HBeAg-negative patients at 1, 2, 
and 3 years, respectively [145]) but rises to 29% after 240 weeks 
in HBeAg-negative patients [143] and 42% after 235 weeks in 
HBeAg-positive patients [141]. Resistance to adefovir is associ-
ated with the rtN236T  +  rtA181T/V mutations (rt, reverse 
transcriptase).

In patients with preexisting lamivudine resistance who are 
given adefovir monotherapy, adefovir resistance develops much 
more rapidly. After 48 weeks of adefovir treatment, adefovir 
resistance has been seen in 18% of lamivudine-resistant patients 
compared with 0% in treatment-naïve patients [146]. At 2 years, 
the cumulative incidence of resistance in lamivudine-resistant 
patients treated with adefovir monotherapy was 25.4% [147].

Much better results are seen when adefovir is added to lami-
vudine (add-on therapy). In one study of patients with virologi-
cal and clinical breakthrough during lamivudine monotherapy, 
patients who were switched to adefovir monotherapy were com-
pared with those given adefovir in combination with lamivu-
dine [148]. At 12 months, the two treatment groups were 
indistinguishable, with undetectable serum HBV DNA in 71% 
and ALT normalization in 90% of all patients. However, at a 
median treatment duration of 40 months, responses were main-
tained in all patients with adefovir/lamivudine combination 
therapy, whereas adefovir resistance and resulting virological 
and biochemical breakthroughs occurred at 15–18 months of 
treatment in 21% of patients given adefovir monotherapy.

The timing of adding adefovir in lamivudine resistance 
appears to be important. In one study, adding adefovir when 
“genotypic resistance only” developed (defined as 3–6 log10 
copies/mL of HBV-DNA and normal ALT levels) was compared 
to the adding adefovir when “phenotypic resistance” (defined as 
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substitutions associated with tenofovir resistance were detected 
over the entire 5-year treatment period. These favorable results 
applied also to individuals starting therapy with high viral levels 
(HBV DNA ≥9 log10 copies/mL). Tenofovir has also proven to 
be of value for use as salvage therapy in patients with multiple 
drug resistance or treatment failures and appears to retain 
potency, both as a monotherapy for treatment failure and as 
add-on therapy for drug resistance [164,165].

Significant histological improvement as well as regression of 
cirrhosis was observed in a study of patients taking long-term 
tenofovir therapy [166]. Of the 348 patients who had baseline 
and week-240 (5-year) biopsies in tenofovir treatment trials, 
histological improvement occurred in 87% and regression of 
fibrosis in 51%. Of the 96 (28%) patients with cirrhosis (Ishak 
stage 5 or 6) at the start of the trial, 74% were no longer con-
sidered cirrhotic by Ishak score after 5 years of tenofovir therapy, 
and more than half of these subjects had a decrease in fibrosis 
score by 3 points or more [166]. Among HBeAg-positive sub-
jects, by year 5, 49% lost HBeAg, and 40% achieved HBeAg 
seroconversion; fewer than 4% of HBeAg-positive subjects had 
lost HBsAg at the 5-year observation milestone. Creatinine 
elevations above normal occurred in only 1% of 585 tenofovir-
treated persons over 5 years [166].

Tenofovir also has the advantage of being listed as pregnancy 
class B, making it an excellent option for the treatment of CHB 
in women of child-bearing potential and during pregnancy. In 
a study of two nursing rhesus macaques, tenofovir was found to 
be transferred to breast milk, but with peak concentrations only 
approximately 2%–4% of those detected in serum [167]. In five 
lactating HIV-positive women who were taking emtricitabine–
tenofovir combination therapy, the concentration of tenofovir 
in breast milk was 0.03% of the oral dose proposed for treatment 
of neonates [168]. No additional data on the safety of tenofovir 
during breastfeeding have been reported.

Emtricitabine (FTC) is another nucleoside analogue used in 
HIV–HBV coinfection, but its therapeutic profile is similar to 
that of lamivudine. Therefore, emtricitabine has no role and is 
not approved for HBV monotherapy. Because emtricitabine is 
part of an approved combination pill with tenofovir for use in 
HIV/AIDS, some have used this combination for lamivudine-
resistant CHB.

Currently, no new nucleoside/nucleotide analogues are being 
developed for the treatment of CHB. Because current-generation 
antivirals for hepatitis B are of limited efficacy in achieving true 
recovery in the vast majority of patients, efforts are underway 
to identify approaches that can modify the immunological rela-
tion between host and virus and overcome host immunological 
tolerance to HBV.

Chronic hepatitis B treatment in practice
Treatment of CHB is recommended for both HBeAg-positive 
and HBeAg-negative patients with high HBV DNA, high ALT 
(>2  ×  ULN), and/or moderate-to-severe necroinflammatory 
activity and/or fibrosis on biopsy. The recommended HBV DNA 

copies/mL for lamivudine;); and serum ALT ≤1 × ULN (61% 
for entecavir vs 15% for lamivudine), but HBeAg seroconver-
sion was not significantly different between the two groups (8% 
for entecavir and 3% for lamivudine). Entecavir, like other effec-
tive oral agents, has been shown to retard the progression of 
fibrosis and to reverse cirrhosis.

The safety profiles of entecavir and lamivudine were compa-
rable, and fewer patients in the entecavir group than in the 
lamivudine group discontinued therapy because of adverse 
events. In addition, fewer ALT elevation “flares” occurred 
among entecavir-treated patients than among lamivudine-
treated patients, during both on-treatment and off-treatment 
periods. While entecavir resistance occurs in only approxi-
mately 1% of treatment-naïve patients after 5 years of continu-
ous treatment, in lamivudine-experienced patients, entecavir 
resistance emerges in over 30% after 3 years. Therefore, although 
approved for treatment of lamivudine-resistant CHB, entecavir 
should be avoided in this category of patients.

Telbivudine
Telbivudine (l-deoxythymidine, LdT) is FDA-approved in the 
United States for treatment of CHB in adults. Although telbivu-
dine (600 mg daily) is superior to lamivudine (100 mg daily) at 
both 1 year [160] and 2 years [161] in achieving HBeAg sero-
conversions and undetectable HBV DNA for HBeAg-positive 
CHB as well as undetectable HBV DNA for HBeAg-negative 
CHB, telbivudine resistance increases within 2 years to 20% in 
HBeAg-positive and 9% in HBeAg-negative CHB [161]. As an 
l-nucleoside completely cross-resistant with lamivudine, telbi-
vudine has an unfavorable resistance profile that has limited its 
adoption, and it is not recommended as first-line treatment.

Tenofovir
Tenofovir was FDA-approved in the United States for use in 
CHB in 2008. Like lamivudine, tenofovir was developed for 
HIV and was found to have activity against HBV when used in 
HIV-HBV coinfected patients. In HBeAg-positive patients, oral 
tenofovir 300 mg daily as compared to adefovir 10 mg daily for 
48 weeks resulted in undetectable HBV DNA in 76% versus 
13%, ALT normalization in 68% versus 54%, and HBeAg sero-
conversion in 21% versus 18%; HBsAg loss occurred in 3% of 
patients on tenofovir but none on adefovir [162]. In HBeAg-
negative patients, 48 weeks of daily tenofovir 300 mg as com-
pared to adefovir 10 mg resulted in a significantly greater rate 
of undetectable HBV DNA (93% vs 63%), with similar rates of 
ALT normalization and histological response. No HBeAg-
negative patient lost HBsAg [162].

After 240 weeks (5 years) of therapy in a group of patients 
with HBeAg-positive and HBeAg-negative CHB, tenofovir-
treated patients (for the full 5 years) had a shorter time to 
undetectable viremia as compared to adefovir-treated patients 
(adefovir for 1 year, followed by tenofovir for 4 years), and all 
tenofovir-treated patients had undetectable viremia (<400 
copies/mL) by the end of the study period [163]. No amino acid 
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barrier to resistance were used more commonly, a “roadmap” 
approach to CHB treatment was suggested – failure to have full 
HBV DNA suppression at 24 weeks of treatment merited chang-
ing to a more potent agent or adding a second drug [170]. With 
use of tenofovir and entecavir, slow HBV DNA decay and the 
emergence of resistance are of less concern, and a “roadmap” 
approach is irrelevant in patients being treated with these potent 
agents. During 5 years of treatment, complete HBV DNA sup-
pression was achieved in 94% of entecavir-treated patients and 
97% of tenofovir-treated patients, and the rates of genotypic 
resistance over the same time period were 1.2% for entecavir 
and 0% for tenofovir. In light of these data, the use upfront of 
combination therapy for CHB, as is required for HIV treatment, 
is unnecessary.

For patients being treated with pegylated IFN primarily, 
quantitative assessment of HBsAg before and during the course 
of therapy may be a helpful predictor of treatment response and 
of prognosis. A high baseline HBsAg level (>1000 IU/mL) 
appears to be an important predictor of disease progression, 
particularly in HBeAg-negative patients with low-level viremia 
[171]. In pegylated IFN-treated HBeAg-positive patients, 
patients achieving HBsAg levels <1500 IU/mL by week 12 had 
a rate of HBeAg seroconversion of 45%, as compared to a rate 
of seroconversion of 6% in patients with HBsAg >20 000 IU/mL 
at week 12 [172]. As noted above, if HBsAg does not decline 
within the first 12–24 weeks or if HBsAg levels exceed 20 000 IU/
mL at week 24 of pegylated IFN therapy, a therapeutic benefit 
is unlikely, and therapy can be discontinued [131,132]. The 
value of quantitative HBsAg in patients being treated with oral 
agents is less compelling. In a 2013 study of more than 300 
Chinese patients who had successful virological control during 
10 years of lamivudine therapy, the 10% of patients who cleared 
HBsAg had lower baseline HBsAg levels and a higher rate of 
reduction in quantitative HBsAg levels during therapy [173]; 

threshold for treatment differs between the American 
Association for the Study of Liver Diseases (>20 000 IU/mL) 
and the European Association for the Study of the Liver  
(>2000 IU/mL) [41,123,169] (Table 95.3). This approach does 
not include the use of antiviral therapy for highly immunologi-
cally “tolerant” young patients who acquired HBV infection at 
birth or early childhood; studies in this subpopulation are in 
progress. Because treatment is so clearly effective and indicated 
for patients with elevated HBV DNA (>20 000 IU/mL) and ALT 
(>2 × ULN), liver biopsy is not necessary in decision making 
about such patients; however, liver biopsy may be helpful in 
determining the need for treatment in patients in whom bio-
chemical and virological criteria are borderline, for example 
HBeAg-negative patients with HBV DNA >2000 IU/mL and 
ALT 1 to >2 × ULN or patients with HBeAg-positive CHB and 
HBV DNA between 2000 and 20 000 IU/mL [41,123] The rec-
ommended first-line therapies for both HBeAg-positive and 
HBeAg-negative disease are entecavir, tenofovir, or pegylated 
interferon; however, most authorities favor one of the two oral 
agents. Because of relatively weaker antiviral activity and poor 
resistance profiles, lamivudine, adefovir, and telbivudine are not 
recommended as first-line therapies [123]. In resource-limited 
areas where only lamivudine is available, a policy of early 
sequential add-on therapy for resistance may be a practical 
approach. Patients with cirrhosis (and advanced fibrosis) who 
have any level of hepatitis B viremia should be treated with an 
oral agent, a therapeutic intervention that has been shown to 
reduce the likelihood of hepatic decompensation [119,138,169].

While on antiviral therapy, serum ALT, HBV DNA, and 
HBeAg/anti-HBe (in HBeAg-positive patients) should be moni-
tored every 3 months. Serum creatinine levels should also be 
monitored in patients taking adefovir or tenofovir. HBV DNA 
may decline slowly, particularly in patients with high HBV DNA 
levels at the onset of therapy. When agents with a lower genetic 

Table 95.3 Treatment guidelines for HBV infection. Source: Adapted from Dienstag 2008 [169]. Reproduced with permission of Massachusetts 
Medical Society.

HBeAg status HBV DNA
(IU/mL)

ALT
(× ULN)

Potential first-line treatments

Positive >20 000 ≤2 Do not treat
Low efficacy of current therapy

Positive >20 000 >2 Treat with entecavir, tenofovir, or pegylated interferon

Negative >20 000 >2 Treat with entecavir or tenofovir or pegylated interferon

Negative >2000 1 to >2 Consider liver biopsy to aid decision

Negative ≤2000 ≤1 Observe

Positive or negative ≥10 to 100 Cirrhosis Treat if liver is compensated with HBV DNA >2000 IU/mL or if ALT elevated with DNA 
<2000 IU/m; treat if decompensated at any ALT level
Use entecavir or tenofovir

Treatment recommendations adapted from AASLD guidelines. EASL guidelines suggest treatment consideration with HBV DNA level ≥2000 IU/mL in 
both HBeAg-positive and HBeAg-negative CHB.
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One pattern is associated with two amino acid substitutions 
(rtL180M  +  rtM204V), whereas a second pattern involves a 
single substitution (rtM204I) [180,182]. A variety of other 
mutations, which cluster mainly in the polymerase A (rtL80V/I), 
B (rtV173L and rtL180M), and C motifs, have also been 
described in association with rtM204V/I [196,197]. In a small 
number of cases, lamivudine resistance can be caused by  
selection of the rtA181T/V (B domain) change, which is  
cross-resistant with adefovir and partially cross-resistant with 
tenofovir.

Nucleotide changes that produce the rtM204V/I polymerase 
mutations also alter codons in the overlapping surface antigen 
open reading frame and could result in reduced anti-HBs 
binding, which, in theory, but not in practice, could have public 
health implications for hepatitis B vaccines or immune escape. 
The nucleotide change responsible for the rtM204V change also 
results in an isoleucine to methionine substitution at residue 195 
(SI195M) of HBsAg. Depending on the specific rt204I polymer-
ase nucleotide substitution, three HBsAg alterations are possible: 
a tryptophan-to-serine change at position 196 (SW196S), a 
tryptophan-to-leucine change at position 196 (SW196L), or the 
introduction of a stop codon, which would truncate the HBsAg 
(envelope) protein. These HBsAg changes, although unlikely to 
affect drug resistance, could, potentially, affect antigenicity and 
subsequent binding of anti-HBs, either natural antibody or ther-
apeutic HBIG directed at the HBsAg/”a” determinant. Mutations 
rtL80V/I or rtL180M do not affect the HBsAg open reading 
frame; however, rtV173L does result in sE164D in HBsAg, which 
is within the neutralization domain of the envelope and results 
in reduced anti-HBs binding. Again, concerns about the poten-
tial effects of lamivudine-associated variants on HBsAg expres-
sion have not been realized in practice.

Adefovir and tenofovir resistance
Initially, resistance to adefovir dipivoxil is limited in treatment-
naïve patients during adefovir monotherapy but increases over 
time – none during the first year, approximately 3% after 2 years, 
and 11% after 3 years [143]. At week 192, the cumulative prob-
ability of adefovir resistance is 15%–18% [198,199], increasing 
by 240 weeks to 29% in HBeAg-negative CHB and to 42% in 
HBeAg-positive CHB [143,145]. Adefovir resistance is con-
ferred by substitution of threonine for asparagine at codon 236 
(rtN236T), which is located in the D domain of the polymerase, 
a change that does not affect sensitivity to lamivudine. However, 
another adefovir mutation, rtA181T/V, located in the B polymer-
ase domain, does affect lamivudine sensitivity. The mechanism 
of rtN236T-induced resistance is indirect perturbation of the 
triphosphate binding site, whereas indirect steric hindrance 
accounts for resistance caused by rtA181T/V [200]. The cumu-
lative incidence of adefovir resistance in patients who are lami-
vudine resistant is 6.4% at 12 months but substantially higher, 
25.4%, at 24 months [147].

Resistance to tenofovir is possible in HIV–HBV coinfected 
patients who are receiving both lamivudine and tenofovir as 

however, because quantitative HBsAg decay during therapy 
with the more potent first-line agents entecavir and tenofovir 
does not predict treatment response, such quantitative HBsAg 
testing is not necessary.

Patients with CHB, especially those with high-level HBV 
DNA, have a particularly high risk of HCC and should be 
screened appropriately (Chapter 109). HBV DNA level has been 
shown to be the strongest predictor of the risk of HCC, and 
HBV DNA suppression with long-term antiviral therapy appears 
to reduce the risk of HCC [139,174].

Genotypic resistance of hepatitis B virus to 
nucleoside analogues

As discussed previously, HBV variants that are resistant to nucl-
eoside analogues emerge during treatment as a result of genetic 
mutation or the expansion of preexisting resistant quasispecies 
that, prior to treatment, had been marginalized by dominant 
wild-type HBV. The discussion that follows concerns important 
amino acid changes in the HBV polymerase (POL) sequence 
that have been detected in clinical isolates and shown to confer 
or modify resistance to nucleoside/nucleotide analogues. A 
standardized numbering system for the HBV POL was pro-
posed by Stuyver et al. [175] and adopted widely.

Lamivudine resistance
In initial early clinical trials of lamivudine in CHB, after rapid 
and substantial decreases in viremia, a proportion of patients 
experienced a rebound in HBV DNA during treatment because 
of the emergence of drug resistance [176–179]. This resistance 
was observed at a higher frequency and earlier time point in 
immunosuppressed patients, such as after liver transplantation 
[180–182] and in patients with HIV-HBV coinfection [183–
186] who were receiving lamivudine as part of their HAART 
[187–189]. The incidence of resistance over time correlates with 
the duration of treatment; during the first year of lamivudine 
therapy, resistance develops in ∼15%–30% of cases [190–192], 
and this rate rises to 70% by year 5 of therapy [185].

The site in the HBV reverse transcriptase or “polymerase” 
most commonly associated with lamivudine resistance is the 
YMDD motif in the C domain (rtM204V/I). These substitutions 
change the conserved YMDD tetrapeptide in motif C to YIDD 
or YVDD, analogous to the base substitutions causing the 
amino acid substitution M184V in the HIV reverse tran-
scriptase, which, likewise, confers lamivudine resistance [193]. 
Three-dimensional models of the HBV polymerase predict that 
substitution of methionine by either isoleucine or valine – both 
of which are smaller than methionine – increases the size of the 
deoxyribonucleotide triphosphate (dNTP) binding pocket and 
decreases binding affinity for lamivudine triphosphate [194,195].

Numerous different mutational patterns appear to be respon-
sible for lamivudine resistance, but the majority of cases of HBV 
resistance to lamivudine affect the rtM204 codon (Figure 95.4). 
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lamivudine; this substitution has been found in all telbivudine-
treated patients with confirmed virological breakthrough.

Management of special populations

Alcohol use in patients with CHB increases the risk for progres-
sion to cirrhosis, results in more rapidly progressive end-stage 
liver disease, and also increases the risk of HCC [29,203]. 
Patients with chronic liver disease should avoid alcohol.

Persons with renal failure undergoing hemodialysis should 
be tested for evidence of HBV infection, and those found to be 
susceptible should be vaccinated with a double dose of vaccine, 
often repeatedly, to maintain levels of anti-HBs above 10 mIU/
mL. Historically, patients with renal failure and CHB were iso-
lated from other patients in dialysis centers, but, because of 
advances in sterile technique and precautions to prevent the 
transmission of blood-borne agents as well as routine hepatitis 
B vaccination of all patients undergoing hemodialysis, isolation 
of such patients is no longer mandated.

Decisions to treat for CHB in hemodialysis patients should 
be informed by clinical and histological evidence of progressive 
liver disease; aminotransferase levels are notoriously unreliable 
in this patient group. Interferon has reduced efficacy in hemo-
dialysis patients, related perhaps to their relative state of immu-
nosuppression. Therefore, oral antiviral therapy is preferred, but 
dose adjustments must be made because of the dominant renal 
clearance of these medications. After renal transplantation, 
interferon has been linked to an increase in allograft rejection. 
The potential renal toxicity of tenofovir (and adevovir) should 
be considered in selecting treatment for renal transplant recipi-
ents, in whom entecavir is the most attractive option [123].

The management of HBV infection after liver transplantation 
is complex [29]. The most important step is to prevent graft 
infection or reinfection. Recipients who are HBsAg-positive 
should be screened for HBV DNA replication, and HBV DNA 
should be suppressed with a nucleoside or nucleotide analogue 
preoperatively. Perioperative and postoperative HBIG therapy 
is used to bind circulating HBV [204] and results in improved 
survival and a much lower rate of HBV graft infection, thereby 
preventing aggressive liver disease. Lamivudine maintains viral 
replication at a low level and, when used in combination with 
HBIG, results in a risk of less than 5%–20% for graft infection 
in compliant patients [205]. Because of the high rate of lamivu-
dine resistance, newer nucleoside and nucleotide analogues are 
better choices for treatment of hepatitis B posttransplantation. 
Indeed, studies suggest that the use of two oral agents may 
obviate the need for the costly use of HBIG [206].

Organ donors should be screened for markers of hepatitis B 
infection including HBsAg and anti-HBc. Transmission of HBV 
from the donor to the recipient occurs in nearly 100% of cases 
if the donor is HBsAg-positive. Organ donation is rarely per-
formed in this circumstance, unless the recipient is also HBsAg-
positive. The presence of anti-HBc in the donor poses a small 

part of HAART [201]. The profile of tenofovir resistance includes 
rtA194T + rtL180M + rtM204V, and the backbone of lamivu-
dine resistance (rtL180M + rtM204V) is required in order for 
the rtA194T to be associated with drug resistance; fortunately, 
the convergence of these mutations is unlikely. In treatment-
naïve, HBV-monoinfected patients, no tenofovir resistance has 
appeared in patients treated for up to 5 years.

Entecavir resistance
Resistance to entecavir in treatment-naïve patients is uncom-
mon in the first 2 years and just over 1% by year 5; however, in 
lamivudine-experienced patients, entecavir resistance emerges 
quickly and exceeds 30% by year 3. Entecavir resistance requires 
three mutations in total: rtL180M +  rtM204V plus one other 
mutation of rtT184, rtS202, or rtM250. Overcoming this high 
barrier to resistance is extremely unlikely in treatment-naïve 
patients but facilitated in patients in whom one or more of these 
mutations emerged during previous lamivudine treatment – the 
accumulation of additional mutations in preexisting lamivudine-
resistant HBV polymerase is required for expression of resist-
ance to entecavir [158,202]. Thus, at least three point mutations 
in most, and up to four or five point mutations in some, are 
necessary before a rise in HBV DNA levels occurs during ente-
cavir treatment. In patients with preexisting 180 and 204 muta-
tions, the rate of resistance is over 30% at 3 years [157]. The data 
from the phase II dose-ranging study in lamivudine-refractory 
patients [152] and the phase III lamivudine-refractory study 
[159] were the basis for the dosage recommendations of 1.0 mg/
day for patients with previous exposure to lamivudine and evi-
dence of lamivudine resistance. The higher effective circulating 
entecavir level achieved would be expected to exceed the higher 
drug levels needed to inhibit less responsive variant HBV. As 
expected, entecavir at this higher dose in lamivudine refractory 
patients was found to induce a 5.1 log10 decrease in HBV DNA 
and to render HBV DNA undetectable in 20% of patients,  
treatment responses comparable with or better than those 
observed in lamivudine-resistant patients treated with adefovir. 
Unfortunately, resistance to entecavir (rtI169T [B domain], 
rt184G [B domain], rtS202I [C domain], and rtM250V [E 
domain] in various combinations of rtL180M  +  rtM204V 
[202]) emerges in a prohibitively high frequency of lamivudine-
resistant patients; therefore, practically, entecavir has not been 
adopted as rescue therapy for lamivudine-resistant HBV. 
Tenofovir is the drug of choice to be added for this indication.

Telbivudine resistance
Telbivudine is the β-l-isomer of thymidine. After 24 weeks of 
therapy, telbivudine treatment results in a 4–6 log10 drop in HBV 
DNA levels with a daily oral dose of 600 mg. The cumulative 
rates of genotypic resistance at 2 years have been reported as 
21.6% for HBeAg-positive patients and 8.6% for HBeAg-
negative patients [161]. Resistance results from the selection of 
the rtM204I mutation, that is telbivudine is cross-resistant with 
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disease can be reduced, and hepatitis B can be removed from 
the “top 10” list of causes of death worldwide.
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(<3%) risk of HBV transmission for organ transplant recipients 
other than liver recipients, but the risk in liver allograft recipi-
ents is substantial, ranging up to 70% [207,208]. Therefore, 
long-term antiviral therapy is recommended for patients receiv-
ing a liver allograft from an anti-HBc-positive donor. Other 
transplant recipients, including bone marrow, heart, and kidney 
recipients, are at risk for reactivation of HBV disease after organ 
transplantation and immunosuppression [209–211].

Patients with chronic HBV infection undergoing cytotoxic 
chemotherapy or other therapies that perturb immunological 
competence (e.g., anti-TNF therapies) are at risk of disease reac-
tivation that can be severe and even life-threatening. These 
patients should receive an oral HBV antiviral agent preemp-
tively before chemotherapy is begun and for at least a year after 
chemotherapy. Finally, both organ-transplant recipients and 
other immunosuppressed patients who are anti-HBc-positive 
(without HBsAg) can reactivate “latent” HBV infection when 
immunosuppression is initiated [212]. Liver allograft recipients 
who have isolated anti-HBc and persons with isolated anti-HBc 
who undergo conventional chemotherapy should have HBV 
DNA monitored carefully and have antiviral therapy instituted 
immediately for HBV reactivation. [123].  For patients receiving 
rituximab-based combination chemotherapy, antiviral prophy-
laxis should be given for any prior hepatitis B exposure.

In summary, chronic HBV infection continues to pose a 
serious healthcare problem worldwide. Emerging molecular, 
clinical, and treatment information has already enhanced mark-
edly our ability to manage patients with CHB and to prevent 
liver cancer, death, and liver transplantation. As universal infant 
vaccination becomes more generalized, and as antiviral therapy 
of patients with CHB is applied broadly, the toll of this deadly 
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Definition

Hepatitis C virus (HCV) is a single-stranded RNA virus of the 
genus Hepacivirus in the Flaviviridae family. Humans are the 
only known host for HCV infection, although chimpanzees can 
be experimentally infected with HCV. Transmission occurs pri-
marily through exposure to HCV-infected blood and blood 
products, and secondarily through sexual and perinatal routes. 
Approximately 70%–80% of exposed individuals develop 
chronic HCV infection, which can result in progressive liver 
fibrosis leading to cirrhosis, liver failure, and/or hepatocellular 
carcinoma. In the United States, mortality from HCV now 
exceeds mortality from HIV [1]. The seroprevalence of HCV 
infection has been estimated at 130–184 million individuals 
worldwide with a global prevalence of approximately 2.2%–
2.8% [2,3].

Epidemiology (risk factors)

Incidence
Accurate estimates of the global incidence of HCV infection are 
challenging to obtain. This is in large part because most indi-
viduals who become chronically infected with HCV are asymp-

tomatic during the acute phase of infection, and because there 
are few nationally representative surveys designed to measure 
HCV incidence. However, estimates of incidence based on age-
specific seroprevalence data and surveillance programs for 
acute HCV infection indicate that the incidence of HCV infec-
tion has fallen substantially in industrialized nations over the 
past ∼25 years. In the United States, the National Health and 
Nutrition Examination Survey (NHANES) has been an ongoing 
cross-sectional national survey that has included testing for 
HCV (initially for anti-HCV antibodies alone, later for HCV 
RNA as well), thus providing nationally representative, age-
specific seroprevalence data. In addition, the United States 
Centers for Disease Control and Prevention (CDC) imple-
mented a program of population-based surveillance for cases of 
acute symptomatic viral hepatitis in four to six counties from 
1982 to 2006 (total population approximately 4.5 million 
persons) termed the Sentinel Counties Study of Viral Hepatitis. 
Based on these two sources, the annual incidence of HCV in the 
United States peaked in the 1980s, estimated by one model at 
approximately 380 000 cases per year [4], followed by a greater 
than 90% decline in HCV incidence after 1989, remaining rela-
tively stable after the mid-1990s [5]. The incidence of HCV 
infection in the United States was estimated at 17 000 new cases 
in 2010 [6].
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among those aged 40–49, and declining to 1.6% and 0.9% in 
persons aged 50–59 and 60 or older, respectively. Anti-HCV 
prevalence was significantly higher among non-Hispanic 
African-Americans (3.0%) than among non-Hispanic whites or 
in Mexican-Americans (1.5% and 1.3%, respectively); however, 
this difference was almost entirely attributable to differences 
among older adults and was not significant among those under 
the age of 40. Non-Hispanic black African-American men aged 
40–49 in 1999–2002 comprised the group with the highest HCV 
seroprevalence at 13.6%.

Modes of transmission
Humans are the only known host for HCV infection. The prin-
cipal mode of HCV transmission is through direct percutane-
ous blood exposure. As the risk of transmission from blood 
product transfusion has been virtually eliminated since 1990 
due to screening, injection drug use has become the dominant 
mode of HCV transmission in industrialized nations. However, 
in many areas, the use of improperly sterilized glass syringes 
and nosocomial infections remain important modes of trans-
mission [10,11].

Injection drug use
HCV seroprevalence is high among injection drug users (IDUs). 
A systematic review of the global epidemiology of HCV among 
current or recent IDUs in 77 countries reported a median HCV 
seroprevalence of 67%, ranging from 9.8% to 97.4% [12]. HCV 
seroprevalence among current/recent IDUs was estimated to be 
60%–80% in 25 countries (including the United States, China, 
Russia, Brazil, Germany, and France) and ≥80% in an addi-
tional 12. Surveillance of cases of symptomatic acute hepatitis 
C reported in four to six United States counties from 1982–2006 
(Sentinel Counties Study of Viral Hepatitis) identified recent 
injection drug use as the risk factor most highly associated with 
HCV infection in all study intervals. Among 270 patients with 
acute HCV infection between 1994 and 2006 who were inter-
viewed, 46.7% of individuals reported IDU within 6 months 
prior to the onset of illness [5].

In the United States, there has been a large decrease in the 
incidence of HCV associated with IDU over the past 25 years. 
In the Sentinel Counties study, there was an 84% decrease in the 
annual incidence of IDU-associated acute HCV cases between 
the 1982–1989 period and the 1994–2006 period [5]. Possible 
reasons cited for this observation include saturation of the IDU 
population with HCV infection, and programs to reduce 
transmission.

Blood product transfusion
The incidence of HCV transmission by blood product trans-
fusion has fallen dramatically since the 1980s in developed  
countries. Three key strategies to reduce the risk of transmission 
have been donor screening, donation testing, and pathogen 
reduction/inactivation methods. Donor screening has included 
elimination of payment for whole blood donation and medical 

Prevalence
There is marked geographic variation in the global prevalence 
of HCV infection. As with incidence data, global estimates of 
HCV prevalence are generally not derived from nationally rep-
resentative population surveys, and are therefore susceptible to 
sampling bias. Additionally, estimates of HCV prevalence are 
based largely on seroprevalence data – that is, on the presence 
of anti-HCV antibodies, which does not distinguish between 
current (chronic) infection and past (resolved) exposure. With 
these limitations in mind, a metaanalysis concluded that the 
highest prevalence (>3.5%) of anti-HCV could be found in 
North Africa, the Middle East, Central Asia, and East Asia, the 
lowest (<1.5%) in North America, the Asia-Pacific region, and 
Tropical Latin America, and moderate prevalence elsewhere [3]. 
This study also estimated the global anti-HCV prevalence at 184 
million cases (2.8%) in 2005. Egypt has the highest seropreva-
lence of HCV in the world, estimated at nearly 15% among 
individuals 15–59 years of age in 2008, and reaching >25% 
among people over the age of 50 [7].

In the United States, the most comprehensive data on HCV 
prevalence have come from NHANES. The prevalence of anti-
HCV among 15 079 participants between 1999 and 2002 who 
gave a blood sample suitable for testing was 1.6%, which cor-
responds to an estimated 4.1 million cases in the United States 
[8]. Based on HCV RNA testing of anti-HCV-positive partici-
pants, the nationwide prevalence of chronic HCV infection was 
estimated to be 1.3%. An important limitation of NHANES is 
that it does not sample certain populations with high HCV 
prevalence, namely the incarcerated, homeless, and institution-
alized, so it is likely that these figures underestimate the extent 
of the epidemic.

Demographic characteristics
There is no population that is unaffected by chronic HCV infec-
tion. However, as with incidence and prevalence, the demo-
graphic characteristics of chronic HCV infection exhibit 
geographic variation. For example, the age group of peak HCV 
prevalence varies depending on the local epidemiology of viral 
transmission [3]. In the United States and in many other coun-
tries, for example, there is a “cohort effect” in which the  
prevalence of chronic HCV infection is low among younger 
individuals, rising to a peak prevalence among middle-aged 
adults born between 1945 and 1965, and then declining among 
older adults [3,8,9]. In contrast, age-specific seroprevalence data 
in Australia and New Zealand suggest a bimodal peak preva-
lence, with one peak among those aged 20–24 (in 2005) in 
addition to a second peak among those aged 55–64 [3].

The most comprehensive national demographic data on HCV 
infection come from the United States NHANES population [8]. 
For the period 1999–2002, anti-HCV prevalence was signifi-
cantly higher among men (2.1%) than women (1.1%). As men-
tioned above, there was a strong cohort effect in the age-specific 
seroprevalence data, with a prevalence of 1.0% among those 
aged 20–29 (in 1999–2002), rising to a peak prevalence of 4.3% 
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resulting in widespread transmission of HCV [7]. It has been 
estimated that two million HCV infections occurred in the year 
2000 as a result of unsafe injections [21].

Occupational exposure
Accidental needlestick injuries have been a documented route 
of HCV transmission [22–24]. However, HCV is inefficiently 
transmitted by occupational exposure to blood; a consensus 
statement by the US Public Health Service estimated the average 
incidence of HCV seroconversion following accidental needle-
stick injury at 1.8% [25]. Consistent with the low risk of occu-
pational HCV transmission is the finding that the seroprevalence 
of anti-HCV among healthcare workers is similar to that of the 
general population [26–28]. Risk factors for HCV transmission 
by accidental needlestick injury include deep injury and proce-
dures involving placement of a hollow-bore needle into a blood 
vessel [23,29]. While cases of HCV transmission attributed to 
conjunctival exposure to HCV-contaminated blood have been 
reported [30,31], they have not been confirmed by sequencing 
and phylogenetic analysis.

Postexposure prophylaxis is not currently recommended for 
occupational exposure to HCV [25]. However, the HBV, HCV, 
and HIV infection status of the exposure source should be 
determined. If the source is confirmed to be anti-HCV positive, 
baseline (anti-HCV) and follow-up testing (anti-HCV and/or 
HCV RNA) of the exposed person is recommended, as early 
treatment of acute HCV may be associated with high rates of 
virological clearance (see Section Therapy and management).

Although semen, vaginal secretions, cerebrospinal fluid, syn-
ovial fluid, pleural fluid, peritoneal fluid, pericardial fluid, and 
amniotic fluid should be considered potentially infectious, the 
risk of HCV transmission by these fluids is unknown. Other 
fluids and secretions (sputum, saliva, urine, stool) are thought 
to pose extremely low risk for HCV transmission unless they 
contain blood [25].

Sexual transmission
While sexual activity has been cited as a mode of HCV trans-
mission based on early case–control studies [32], more recent 
prospective and cross-sectional studies using genotyping and 
phylogenetic methods to exclude outside sources of infection 
have indicated that HCV is inefficiently transmitted in monoga-
mous heterosexual relationships [33–35]. Estimates of HCV 
transmission risk between monogamous heterosexual couples 
in three studies were very low, ranging from 0% to 0.07% per 
year. These results support current recommendations by the 
CDC that HCV-infected individuals in long-term monogamous 
relationships should discuss with their partner the need for 
counseling and testing, but need not change their sexual prac-
tices [36]. Cases of HCV infection attributed to sexual activity 
are, in many cases, likely due to underreporting of other risk 
factors.

On the other hand, the risk of HCV transmission appears  
to be increased among men who have sex with men (MSM), 

history interviews to identify potential donors at elevated risk 
for chronic HCV infection. In the United States, donation testing 
with alanine aminotransferase (ALT) was introduced in 1986 as 
a surrogate marker for carriers of non-A, non-B hepatitis (of 
whom over 90% were found to be due to chronic HCV after the 
discovery of HCV in 1989), followed in 1990 by anti-HCV 
testing, and finally in 1999 by nucleic acid testing of donated 
blood minipools for HCV RNA. ALT is no longer used for blood 
donation testing in the United States.

Current estimates for the residual risk of HCV transmission 
by blood transfusion are approximately 1 in 2 million units 
transfused in the United States and Canada, which represent a 
significant improvement from the estimated risk of 1 in 276 000 
with ALT and anti-HCV testing alone [13,14].

In contrast to whole blood, human plasma is still often 
obtained from paid donors and thousands of individual units  
of plasma are typically pooled for fractionation. As a result, 
HCV and HIV transmission was widespread among individuals 
with hemophilia who received factor concentrates before the 
introduction of pathogen reduction/inactivation methods in 
1985. These techniques include solvent/detergent treatment, 
heating, and nanofiltration. Since the introduction of pathogen 
reduction/inactivation methods and anti-HCV/nucleic acid 
testing, the risk of HCV transmission by plasma product trans-
fusion has been virtually eliminated. In parallel, the commercial 
development of recombinant coagulation factors has decreased 
the use of plasma-derived factor concentrates in developed 
countries.

Chronic hemodialysis
HCV seroprevalence is substantially higher among patients 
receiving chronic hemodialysis. Routine testing for anti-HCV 
on admission and every 6 months was recommended by the 
CDC in 2001 [15]. In 2002, the seroprevalence of HCV was 7.8% 
among patients at the US hemodialysis centers that routinely 
tested for anti-HCV [16], which was nearly five times greater 
than the 1.6% seroprevalence of HCV in the general population 
[8]. The reasons for this difference are not completely under-
stood, but may reflect increased exposures to HCV in the hemo-
dialysis unit [17] as well as in nondialysis healthcare settings. 
Regular screening for HCV and adherence to infection control 
practices have been recommended to reduce the risk of HCV 
transmission in hemodialysis centers [15,17]; unfortunately, 
these recommendations are not universally followed [18].

Other healthcare settings
In the United States, a number of outbreaks of HCV have been 
documented in hospital and nonhospital healthcare settings 
such as dental offices [17,19,20], the majority of which were 
attributed to lapses in aseptic technique resulting in unsafe 
injections. Unsafe injection practices have been and continue to 
be an important mode of HCV transmission in developing 
countries. In Egypt, mass campaigns to control schistosomiasis 
in the 1960s and 1970s used improperly sterilized glass syringes, 
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sense RNA genome is translated into a single large polyprotein 
that is cleaved by host signal peptidase and signal peptide pepti-
dase, as well as by the viral proteases NS2 and NS3/4A, to release 
10 viral proteins. The three viral structural proteins (core and 
the envelope glycoproteins E1 and E2) are encoded by the 
amino-terminal portion of the viral polyprotein, followed by p7, 
a membrane ion channel, and then the six nonstructural (NS) 
proteins NS2, NS3, NS4A, NS4B, NS5A, and NS5B [54,55].

Of particular relevance to HCV antiviral therapeutic develop-
ment are the nonstructural proteins NS3/4A, NS5A, and NS5B. 
NS3 is a multifunctional protein with an amino-terminal serine 
protease domain and a C-terminal RNA helicase domain; com-
plete folding and protease activity require the association of NS3 
with the small NS4A protein [56,57]. NS3/4A protease activity 
is required for cleavage at the NS3-4A, NS4A-4B, NS4B-5A, and 
NS5A-5B junctions [56,58].

NS5A is a phosphoprotein with no known enzymatic activity, 
but is required for both HCV genome replication as well as for 
virion assembly. The precise functions of NS5A have yet to be 
fully elucidated, but appear to be carried out at least in part by 
its ability to interact with multiple host proteins [59]. NS5B 
encodes the RNA-dependent RNA polymerase (RdRp) and has 
a typical “right-handed” structure [60] with the active site com-
pletely surrounded by “fingers” and “thumb” subdomains 
extending from a “palm” subdomain that contains catalytic resi-
dues for RdRp activity.

During HCV replication, a negative-sense RNA intermediate 
is transcribed and used as a template for the production of 
positive-sense HCV genomes. Replication is believed to occur 
on altered host membranes, likely derived from the endoplas-
mic reticulum [61,62], although the location of viral replication 
complexes within these membrane alterations remains to be 
fully defined. Similarly, the site of virion assembly remains 
uncertain, but is likely to occur at or in the vicinity of cellular 
lipid droplets [63].

Assembled virions are secreted through the endoplasmic 
reticulum and Golgi apparatus, where the envelope proteins E1 
and E2 are glycosylated. It is believed that HCV virions become 
associated with host apolipoproteins including apoE and pos-
sibly apoB [64–67]. This is consistent with the finding that a 
significant proportion of HCV RNA isolated from the plasma 
of infected patients cofractionates with very-low-density lipo-
protein (VLDL) and low-density lipoprotein (LDL) particles 
[68,69].

Genotypes and quasispecies
Phylogenetic analysis of HCV sequences from around the world 
has led to their classification into six distinct viral genotypes, 
numbered 1 through 6, each of which can be subdivided into 
more closely related subtypes [70,71]. Genotypes differ from 
one another by ∼30% at the nucleotide level, compared to 
20%–25% at the subtype level [71]. This classification is impor-
tant both for the purposes of HCV treatment as well as for the 
study of HCV transmission. Molecular epidemiology studies 

particularly those with HIV infection [37,38]. Rising HCV 
prevalence and phylogenetic studies demonstrating HCV trans-
mission among HIV-positive MSM [39] have been reported, 
even among those who deny injection drug use. Mucosal trauma 
and use of noninjected recreational drugs such as intranasal 
methamphetamines during sex appear to be risk factors for 
HCV transmission in this population. Counseling and routine 
HCV screening among HIV-infected MSM have been recom-
mended [37].

Vertical transmission
Vertical, or mother-to-infant, transmission is believed to be the 
dominant route of HCV infection in children. The risk of HCV 
transmission for an HCV-monoinfected mother to her infant 
has been estimated to range from 2% to 8% but is substantially 
higher (up to 15%–25%) among HIV-HCV coinfected mothers 
[40–44]. Routine screening for HCV infection is not recom-
mended in pregnancy, as no intervention, including elective 
cesarean delivery, has yet been shown to consistently reduce the 
risk of HCV vertical transmission in HCV-monoinfected 
mothers [45]. Among HIV-HCV coinfected mothers, however, 
elective cesarean delivery reduces the risk of HIV transmission 
[46]. While antiviral therapy could, in theory, reduce the risk of 
vertical HCV transmission, treatment of HCV in pregnancy 
with current regimens is contraindicated due to the teratogenic-
ity of ribavirin (RBV) (see Section Therapy and management).

The mechanisms by which HCV is transmitted to the infant 
are unclear but likely involve both intrauterine and intrapartum 
routes. In the absence of HIV coinfection, maternal HCV infec-
tion is not considered a contraindication to breastfeeding as 
long as the nipples are not cracked or bleeding.

Because anti-HCV antibodies passively cross the placenta 
from the HCV-infected mother to her infant, infants born to 
HCV-infected mothers will invariably be anti-HCV positive for 
up to 12 months after delivery regardless of their HCV infection 
status. Children born to HCV-infected mothers should undergo 
HCV RNA testing on two occasions between the ages of 2 and 
6 months, and/or anti-HCV testing after 15 months of age [47].

Pathogenesis (genetics)

Molecular virology of hepatitis C virus
Hepatitis C virus is an enveloped positive-sense, single-stranded 
RNA virus and the only member of the genus Hepacivirus, in 
the Flaviviridae family, which also includes dengue virus, West 
Nile virus, and yellow fever virus. Although the existence of 
HCV as a cause of transfusion-associated acute hepatitis other 
than hepatitis A or B was suspected, beginning in the 1970s 
[48], it was not until 1989 that the HCV genome was cloned and 
sequenced [49].

Cell entry is dependent on several host receptors, including 
CD81, scavenger class B type 1 receptor (SR-B1), claudin-1, and 
occludin [50–53]. After HCV entry, the ∼9.6 kilobase positive-
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HCV genome, such as those found at the 5′ and 3′ untranslated 
regions, act as PAMPs. Recognition of HCV double-stranded 
RNA is mediated by the cellular proteins RIG-I and probably 
also by toll-like receptor 3 (TLR3) [90–93]. Activation of these 
pathways leads to phosphorylation of interferon regulatory 
factor 3 (IRF-3) [94], which then translocates to the nucleus and 
induces the transcription of interferon-β (IFN-β) and a subset 
of interferon-stimulated genes (ISGs). Secreted IFN-β binds to 
the type I interferon receptor on the infected and neighboring 
cells, leading to activation of JAK/STAT signal transduction 
pathways, which in turn induce the transcription of multiple 
ISGs and interferon-α (IFN-α), collectively triggering an anti-
viral state in the infected cell and its uninfected neighbors 
[95–97].

HCV has several methods of attenuating the host innate 
immune response. Perhaps the best characterized is the ability 
of the NS3/4A serine protease to cleave and inactivate the pro-
teins TRIF and MAVS, which are adaptor proteins for TLR3  
and RIG-I, respectively [90,98–100]. Somewhat paradoxically, 
however, patients with chronic HCV infection who respond 
poorly to IFN-α therapy have higher pretreatment mRNA levels 
of ISGs and do not have further increases in ISG expression with 
treatment, while those with rapid virological responses to inter-
feron therapy have relatively low pretreatment ISG expression 
but are able to upregulate ISG level with interferon treatment 
[101,102]. The mechanisms underlying these observations have 
yet to be defined.

Natural killer (NK) cells are innate immune effectors that also 
appear to play a role in the immune response to HCV infection. 
NK cells are activated in acute HCV infection [103], and NK 
cell activation correlates with response to pegylated interferon 
(PEG-IFN) and RBV treatment [104,105]. Furthermore, the 
killer cell immunoglobulin-like receptor KIR2DL3 and its 
ligand HLA-C1 are associated with spontaneous clearance of 
HCV infection [105].

Adaptive immunity: humoral and cellular responses
The adaptive immune response to HCV infection is, in most 
individuals, unable to prevent the development of chronic infec-
tion. Using third-generation enzyme-linked immunosorbent 
assay (ELISA), anti-HCV antibodies are detectable as early as 
10 weeks after exposure [106]. The great majority of HCV-
infected individuals are able to generate antibodies against  
HCV structural and nonstructural proteins; in addition, some 
of these antibodies have been shown to be able to block HCV 
infection in vitro. However, whether the development of such 
neutralizing antibodies is associated with viral clearance is 
uncertain; indeed, neutralizing antibodies can be identified in 
many patients with chronic HCV infection [107,108], demon-
strating that the presence of such antibodies is not sufficient  
to control infection. Possible explanations for the failure of 
humoral immunity to clear HCV infection include selection for 
viral escape mutants that are not recognized by neutralizing 
antibodies [109], shielding of epitopes on HCV envelope  

have demonstrated significantly higher genetic diversity in 
regions of sub-Saharan Africa and in south/southeast Asia, sug-
gesting the long-term presence of HCV in these regions, com-
pared to the lower genetic diversity in Western countries, which 
may reflect recent and rapid transmission of a limited number 
of founder variants through new modes of transmission (e.g., 
blood product transfusion, unsafe injections, and injection drug 
use) and risk groups [71,72].

The most prevalent genotypes in much of the world are geno-
types 1, 2, and 3. In the United States, genotype 1 HCV accounts 
for about 70%–75% of all infections, with the majority of these 
cases being subtype 1a and the remainder 1b [73,74]. In con-
trast, the majority of genotype 1 cases in Europe and East Asia 
are subtype 1b [75,76]. Approximately 15% and 5% of cases in 
the United States are associated with genotype 2 and 3 infection, 
respectively. Genotype 4 is found predominantly in the Middle 
East and central Africa, genotype 5 in South Africa, and geno-
type 6 in southern China, Hong Kong, and Southeast Asia.

The HCV-infected individual harbors many closely related but 
genetically distinct variants that are known as quasispecies [77]. 
The HCV NS5B RNA polymerase is highly error prone and has 
been estimated to introduce one error, or mutation, per 104 to 
105 bases [78]. It has been estimated that the HCV-infected indi-
vidual produces on the order of 1012 new virions daily [79]; 
therefore, it has been calculated that all possible single and 
double mutants are generated multiple times daily [80]. The 
existence of HCV quasispecies within the infected host with 
preexisting mutations may contribute to viral evasion of adaptive 
immune responses [81], and may explain the rapid selection for 
viral resistance mutations by directly acting antiviral agents [82].

Pathophysiology and host immune response
While the hepatocyte is the primary cell type infected by HCV, 
whether this virus infects other cell types has been controver-
sial. Although some groups have reported the presence of 
negative-sense HCV RNA, a marker of active viral replication, 
in extrahepatic cell types such as peripheral blood mononuclear 
cells and lymphocytes [83–85], other groups have failed to find 
evidence of HCV replication in these cell types [86,87]. HCV 
infection has also been reported in brain endothelial cells [88]. 
It is not known whether extrahepatic HCV infection (if present) 
plays a significant role in HCV pathogenesis. Treatment-induced 
sustained virological response (SVR), defined as an undetecta-
ble HCV viral load 12–24 weeks after the cessation of treatment, 
is associated with a very low rate of virological relapse [89], 
suggesting that extrahepatic reservoirs of HCV infection, even 
if present, are unlikely to be clinically relevant to treatment 
outcomes.

Innate antiviral immunity
Innate immune responses defend the host cell from viruses and 
other pathogens by recognizing molecules containing motifs 
known as “pathogen-associated molecular patterns” or PAMPs. 
In the case of HCV, double-stranded RNA segments within the 
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a mononuclear portal tract infiltrate, composed predominantly 
of lymphocytes, which often form aggregates or even distinct 
lymphoid follicles with germinal centers, and occasional plasma 
cells and eosinophils. There may be evidence of interlobular bile 
duct damage. Interface hepatitis, formerly known as “piecemeal 
necrosis,” is characterized by chronic inflammation extending 
beyond the limiting plate of the portal tract and is also com-
monly seen in HCV. Lobular activity can consist of acidophil 
bodies, chronic inflammation, and occasional epithelioid-cell 
granulomas; confluent necrosis is not typically seen. An increase 
in stainable iron is often found, although hepatic iron content 
is not quantitatively elevated in the majority of cases. Another 
common finding in chronic HCV infection is hepatic steatosis, 
particularly with genotype 3 infection [123].

In contrast to the inflammation grade, the fibrosis stage is 
considered important for assessing prognosis and making clini-
cal decisions. Chapter 105 discusses fibrosis staging systems in 
more detail.

Clinical presentation and natural history

Diagnosis of HCV infection
Serological tests
Screening for anti-HCV IgG antibodies is now performed with 
second- and third-generation enzyme immunoassays (EIA) that 
include multiple recombinant HCV antigens; the second-
generation EIA includes recombinant proteins derived from  
the core, NS3, and NS4 regions, while the third-generation  
EIA adds a recombinant protein derived from NS5. The diag-
nostic sensitivity and specificity of third-generation assays 
exceed 99% [106,124,125], and the window period between 
infection and anti-HCV seroconversion has been shortened  
to approximately 7–10 weeks, from 16 weeks for the first-
generation EIA [126,127].

Despite the high sensitivity and specificity of third-generation 
anti-HCV EIA, false-positive results may be obtained in popula-
tions with a low prevalence of HCV infection, such as volunteer 
blood donors [128]. In addition, false-negative anti-HCV testing 
can occur in those on chronic hemodialysis [129], or in immu-
nocompromised patients, such as those with advanced HIV 
infection or hypogammaglobulinemia [130].

Because of the lower specificity of the earlier anti-HCV EIA 
assays, recombinant immunoblot assays (RIBA) [131] were 
developed as more specific tests for confirmation of anti-HCV 
antibodies detected on screening assays. RIBA assays employ 
recombinant HCV antigens, similar to those used for EIA, 
immobilized as individual bands on a membrane. A positive 
RIBA test requires at least two reactive bands, while a single 
reactive band is interpreted as indeterminate. Like anti-HCV 
EIA, RIBA only detects the presence of anti-HCV antibodies, 
and therefore cannot distinguish between chronic (current)  
and resolved (past) infection; moreover, RIBA does not offer 
increased sensitivity over anti-HCV EIA. As a result, HCV RNA 

glycoproteins by glycans [110], association of HCV with serum 
lipoprotein particles [69], and evasion of neutralizing antibod-
ies by direct cell–cell transfer of infection between neighboring 
hepatocytes [111].

In contrast to the uncertain role of humoral immunity in 
HCV clearance, there is good evidence that robust and sus-
tained CD4+ and CD8+ T-cell responses are associated with 
spontaneous viral clearance [112–115]. Furthermore, experi-
mental CD8+ T-cell depletion in a chimpanzee that had previ-
ously been able to rapidly clear HCV infection, upon HCV 
rechallenge, led to prolonged HCV infection that then resolved 
with CD8+ T-cell recovery [116]. A similar experiment involv-
ing CD4+ T-cell depletion in previously immune chimpanzees 
resulted in persistent, low-level HCV infection despite the pres-
ence of functional intrahepatic, HCV-specific CD8+ T cells 
[116]. In patients who fail to spontaneously clear HCV infec-
tion, evidence points to functional impairment and/or deletion 
of HCV-specific CD8+ and CD4+ T cells [117–121].

It is generally thought that HCV-specific cytotoxic CD8+ T 
cells not only have a role in HCV clearance but also promote 
hepatocyte damage in chronic HCV infection. However, there 
is relatively little direct evidence that virus-specific cellular 
immune activity contributes to liver fibrosis progression in 
chronic HCV infection.

Direct viral cytopathicity
There is evidence that at least some of the liver injury caused by 
HCV infection may be due to direct cytopathicity. Cell culture-
adapted HCV has been shown to be cytopathic to human 
hepatoma cell lines in vitro [122]. Fibrosing cholestatic hepatitis 
(FCH) is an extreme example of direct viral cytotoxicity caused 
by HCV in humans. FCH is a rare, severe, and rapidly progres-
sive form of liver damage seen in severely immunosuppressed 
patients, particularly liver and kidney transplant recipients, with 
HCV or HBV infection. These patients typically have extremely 
high circulating viral loads and viral antigen expression in the 
liver. More rapid liver fibrosis progression is also observed 
among HCV-infected patients with lesser degrees of immuno-
suppression (e.g., HIV-HCV coinfection and liver transplant 
recipients). However, the degree to which direct viral cyto-
pathicity contributes to HCV pathogenesis in immunocompe-
tent individuals is uncertain. Classic viral cytopathic features 
are not seen in liver biopsy specimens, and the very slow time 
course of liver damage caused by HCV renders the measure-
ment of viral cytopathicity in vivo very difficult.

Histopathology
The histopathological findings in chronic HCV infection are 
subdivided into inflammatory (grade) and fibrotic (stage) com-
ponents for the purpose of assessing the degree of histological 
injury. The degree or pattern of inflammation does not generally 
influence clinical decision making. However, the histological 
features may be helpful in evaluating for other possible causes 
of chronic hepatitis. In chronic HCV infection, there is typically 
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A number of commercial HCV genotyping assays, using  
different technologies, have been developed. One method 
(TRUGENE HCV, Siemens) directly sequences an amplification 
product from the 5′ noncoding region (NCR) [136]. Because of 
the high conservation of the 5′ NCR, sequencing may not reli-
ably discriminate between 1a/1b subtypes and among genotype 
2 subtypes [136,137]. Reverse hybridization line probe assay 
(VERSANT HCV genotype assay 2.0 [LiPA], Innogenetics/
Siemens) is another method in which PCR products amplified 
from HCV sequences are hybridized to immobilized oligonu-
cleotide probes from the 5′ NCR and core regions of all six HCV 
genotypes, and the pattern of hybridization is used for genotyp-
ing. The addition of sequence information from the core region 
to 5′ NCR analysis permits more accurate 1a/b subtyping and 
discrimination of genotype 6 from 1 [138,139]. A third genotyp-
ing method (RealTime HCV Genotype II, Abbott) is based on 
genotype-specific probes binding to amplification products 
from the 5′ NCR and NS5B regions generated using genotype- 
and subtype-specific primers; the addition of NS5B sequence 
data allows for accurate 1a/1b subtyping [140]. A final method 
(Invader HCV Genotyping Assay, Third Wave Technologies) is 
capable of rapid genotyping, but not subtyping, based on ampli-
fied 5′ NCR products [141].

Until recently, there has not been a clinical need for accurate 
genotype 1 subtyping, as responses to PEG-IFN and RBV 
therapy are similar between genotype 1a and 1b. However, with 
the development of direct antiviral agents (DAAs), it has become 
apparent that patients with genotype 1a infection have lower 
rates of response than those with genotype 1b infection to some 
DAA regimens. Accurate subtyping therefore has an important 
role in the treatment of HCV in the era of DAAs.

Screening for HCV infection
As the majority of individuals with chronic HCV infection have 
minimal or no symptoms, most people with chronic HCV do 
not know that they are infected. Screening for HCV in the 
United States has been recommended for high-risk populations 
(Box 96.1). The CDC has recommended that all adults in the 

testing has largely supplanted RIBA for the confirmation of 
positive anti-HCV screening results. RIBA may be useful to 
evaluate a suspected false-positive EIA result (e.g., anti-HCV 
EIA positive and HCV RNA negative in an individual with no 
risk factors for HCV infection).

More recently, commercial quantitative core antigen assays 
have been developed but are not yet approved in the United 
States. Core antigen levels correlate well with quantitative HCV 
RNA testing [132]. As they are faster and less expensive to 
perform than HCV RNA quantitation, HCV core antigen assays 
may become useful to confirm HCV infection and/or to guide 
treatment in resource-constrained settings [133].

Nucleic acid testing
Nucleic acid testing (NAT) of serum or plasma for HCV RNA 
is currently the most sensitive test for the diagnosis of active 
HCV infection. As HCV RNA is usually detectable within 
10–14 days after initial infection [127], patients with acute HCV 
infection will have detectable viral RNA for weeks before sero-
conversion; moreover, HCV RNA testing will distinguish 
between active and resolved infection in anti-HCV-positive 
individuals. Both qualitative and quantitative HCV RNA assays 
have been developed; qualitative assays report the presence or 
absence of detectable HCV RNA, while quantitative assays are 
also able to measure the amount of HCV RNA present in a 
sample. Quantitative assays are used to monitor HCV RNA 
levels during therapy to assess virological treatment response. 
Until relatively recently, qualitative HCV RNA testing was rec-
ommended to confirm the presence or absence of active HCV 
infection in individuals with a positive screening anti-HCV EIA 
result, because earlier quantitative HCV RNA assays were less 
sensitive than the qualitative assays. For example, quantitative 
assays based on branched DNA and competitive PCR methods 
have a lower limit of detection of 600–615 IU/mL, while qualita-
tive assays have lower limits of detection of 10–50 IU/mL. Very 
low-level HCV viremia, therefore, could theoretically be missed 
by a quantitative HCV RNA test.

More recently, commercial ultrasensitive quantitative HCV 
RNA assays, based on real-time quantitative RT-PCR technol-
ogy, have been approved, with sensitivities comparable to quali-
tative assays (lower limits of detection ranging from 12 to 25 IU/
mL) and broad dynamic ranges. Where available, these assays 
have obviated the need for qualitative HCV RNA testing and 
can be used to confirm active HCV infection in individuals with 
a positive anti-HCV test. The magnitude of HCV viremia is not 
associated with fibrosis progression [134,135], and therefore the 
HCV RNA viral load should not be routinely followed in chron-
ically infected patients outside the treatment setting.

Genotyping
Identification of HCV genotype is important for treatment deci-
sions as it determines the specific antiviral regimen to be used, 
and as it is one of the most important predictors of treatment 
response.

Box 96.1 Recommendations for HCV testing in high-risk populations.

• All adults born between 1945 and 1965
• People who have ever injected illegal drugs, even only once
• HIV-infected individuals
• History of receiving clotting factor concentrates produced before 

1987
• Any history of chronic hemodialysis
• Unexplained abnormal alanine aminotransferase levels
• History of receiving blood, blood product transfusion, or organ 

transplant before 1992
• Children born to HCV-positive mothers
• Healthcare, emergency medical, and public safety workers after 

percutaneous or mucosal exposures to HCV-positive blood
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include female gender, young age, and symptomatic, icteric 
illness. A number of immunogenetic factors also appear to track 
with likelihood of spontaneous clearance, consistent with the 
importance of the immune response in determining infection 
outcome. Genome-wide association studies have identified a 
strong association between the likelihood of sustained virologi-
cal response to PEG-IFN and RBV therapy and single-nucleotide 
polymorphisms (SNPs) located near the IL28B gene, which 
encodes interferon-γ3 (IFN-γ3) [147–149]. In parallel, an 
IL28B-associated SNP was also strongly associated with an 
increased likelihood of spontaneous clearance of HCV follow-
ing acute infection [150].

Natural killer cells also play a role in clearance of acute HCV. 
Expression of the inhibitory NK cell receptor KIR2DL3 and its 
HLA-C1 ligand have been shown to be associated with sponta-
neous clearance [105]. A unique study of nearly 200 German 
mothers who were infected with HCV-tainted anti-D globulin 
at the time of delivery confirmed the relative importance of 
these factors. Those mothers with the favorable IL28B CC geno-
type had 56%–60% clearance rates with or without jaundice, 
respectively. In contrast, jaundice (presumptive proxy for a vig-
orous immune response) was a much stronger predictor of 
outcome in persons with non-CC IL28B genotype, and was 
associated with HCV clearance in 43% of cases, as compared to 
a rate of only 14% among those without jaundice [151]. Thus, 
these data suggest that anicteric persons with acute HCV infec-
tion would benefit from IL28B genotyping, in that an unfavora-
ble genotype (CT or TT) might justify earlier initiation of 
antiviral therapy for HCV, with higher expected rates of success. 
Further study is required to define the optimal use of IL28B 
genotyping in acute hepatitis C, particularly as the success of 
antiviral regimens continues to improve.

Chronic HCV infection
Chronic HCV infection is usually either asymptomatic or asso-
ciated with nonspecific symptoms. Fatigue is the most common 
symptom associated with HCV [152–154] and has been reported 
in about 50%–60% of patients with chronic HCV. However, such 
studies have been conducted only among people who are aware 
of their diagnosis. There may be a reduction in fatigue scores 
among patients who respond to antiviral therapy [152,155], 
although the unblinded design of these studies makes it difficult 
to know whether fatigue reduction is due exclusively to viral 
eradication. Other associated symptoms can include vague right 
upper quadrant discomfort, arthralgias, and myalgias.

The first clinical presentation of chronic HCV infection may 
be with signs or symptoms of advanced liver disease, such as 
ascites, jaundice, or portal hypertensive gastrointestinal bleed-
ing. There are usually no abnormalities noted on physical exam-
ination of patients with chronic hepatitis C until advanced liver 
disease develops, at which time typical stigmata such as spider 
angiomas, palmar erythema, gynecomastia/testicular atrophy 
(in men), Terry’s nails, splenomegaly, or ascites may be noted. 
In rare cases, extrahepatic manifestations of HCV infection, 

United States born between 1945 and 1965 should be screened 
[9] based on the high HCV seroprevalence in this population 
(3.3%) and on models that suggest this approach to be cost 
effective for the United States [142,143]. Indeed, HCV infec-
tions among this cohort account for approximately three-
quarters of all chronic HCV infections in the United States [9]. 
This recommendation is not applicable to other countries 
without this strong cohort effect.

Screening should be performed by testing for anti-HCV anti-
body. In most cases, no further testing is required for a negative 
result. In the appropriate clinical context, those who are severely 
immunocompromised (e.g., HIV/AIDS, hypogammaglobuline-
mia) or on chronic hemodialysis may need HCV RNA testing 
to exclude chronic HCV infection. Those with a recent exposure 
to HCV may not have seroconverted and may also need HCV 
RNA testing to exclude acute HCV infection. A positive anti-
HCV test should be followed up by an HCV RNA test (qualita-
tive or ultrasensitive quantitative test); a positive HCV RNA test 
indicates active infection, while a negative HCV RNA test indi-
cates spontaneously resolved infection or possibly a false-
positive anti-HCV result. In rare instances, during acute HCV 
infection, HCV RNA may become transiently undetectable, so 
follow-up HCV RNA and anti-HCV testing are advisable if 
HCV exposure is strongly suspected. All patients diagnosed 
with HCV infection should be screened and counseled to avoid 
excessive alcohol consumption, with additional intervention as 
needed for possible alcohol dependence.

Acute HCV infection
Acute infection with HCV is usually asymptomatic or pau-
cisymptomatic and therefore is often missed and its frequency 
underestimated. In those who do have symptoms, a wide range 
of nonspecific suggestions, including fatigue, nausea, right sided 
abdominal pain, mild fever, anorexia, myalgias, and arthralgias 
may occur. These constitutional symptoms may be followed by 
jaundice. Fulminant hepatic failure following HCV infection 
has been reported but is extremely rare [144,145]. The incuba-
tion period from inoculation to onset of symptoms ranges from 
2 to 12 weeks, with an average of 6–7 weeks [145]. Serum HCV 
RNA is detectable within 7–21 days after an acute infection. 
HCV RNA levels rise rapidly following infection, with a lag  
in rise of serum aminotransferases 4 weeks post inoculation. 
The time to anti-HCV seroconversion is highly variable (20 to 
150 days after inoculation) but typically occurs within 8–10 
weeks; seroconversion may be delayed in immunocompromised 
persons [146].

Spontaneous resolution versus chronicity
Following acute infection, HCV will spontaneously clear in a 
minority (about 25%) of patients by 3–6 months postinfection. 
HCV RNA will clear, ALT will normalize, and anti-HCV will 
persist, often indefinitely. In about 10% of cases, antibody levels 
may wane to below limits of detection and falsely imply nonex-
posure to HCV. Factors associated with spontaneous clearance 
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progression to cirrhosis at a population level. However, there 
are limited data on the risk of progression to cirrhosis for dura-
tions of infection much beyond 20 years.

Several host factors appear to be associated with fibrosis pro-
gression among those infected with HCV [163–166]. The most 
consistently associated factors have been excessive alcohol con-
sumption, older age at the time of infection, and male gender. 
On the other hand, viral factors (genotype or viral load) have 
not been consistently shown to be associated with fibrosis pro-
gression [134,135]. HIV coinfection is generally thought to 
accelerate liver fibrosis from HCV, although the evidence to 
support this is somewhat mixed [131,167–170].

Because of the long lag time between infection and the devel-
opment of cirrhosis, in nations with a strong birth cohort effect 
such as in the United States, the prevalence of HCV-related cir-
rhosis continues to rise despite a dramatic fall in the incidence 
of HCV infection. A model has projected that the prevalence of 
HCV-related cirrhosis and HCV-related mortality in the United 
States will continue to rise until they peak in 2020 and 2022, 
respectively [171]. HCV-related mortality already exceeds HIV-
related mortality in the United States [1]. Therefore, the burden 
of disease from chronic HCV is expected to remain substantial 
for the next two to three decades.

Differential diagnosis

The diagnosis of chronic HCV infection by anti-HCV and HCV 
RNA testing is typically straightforward. However, diagnostic 
confusion can be engendered by the presence of HCV-associated 
autoantibodies and by elevated serum iron indices. As discussed 
below in Section Extrahepatic manifestations of HCV infection, 
chronic HCV is frequently associated with serum autoantibod-
ies, including antinuclear antibody (ANA), smooth muscle anti-
body (SMA), and occasionally antiliver kidney microsomal type 
1 antibody (LKM-1) [172,173]. These autoantibodies, coupled 
with the increased IgG levels usually seen in chronic HCV infec-
tion, can raise the question of coexisting autoimmune hepatitis. 
However, in chronic HCV, autoantibody titers are usually low 
(≤1 : 80) and antisoluble liver antigen (SLA) antibodies are 
uncommon [174].

Chronic HCV infection can also be associated with elevations 
in serum iron indices (serum iron, transferrin saturation, and 
ferritin) in the absence of true iron overload [175–178]. HFE 
gene mutation testing and/or liver biopsy with quantitative iron 
determination may be needed to exclude coexisting hereditary 
hemochromatosis or iron overload (see Podcast 96.1).

Therapy and management

The pace of HCV drug discovery has accelerated dramatically 
over the past few years, most notably in the development of 
small molecules that directly inhibit viral proteins. These 

such as porphyria cutanea tarda, may be apparent on physical 
examination.

Progression to HCV-related cirrhosis
The natural history of HCV infection has been challenging to 
define for a number of reasons. First, the onset of infection is 
typically not known with certainty because of the minimal or 
absent symptoms associated with the majority of acute HCV 
infections. Second, the protracted duration between infection 
and major clinical endpoints (e.g., cirrhosis, hepatic decompen-
sation, death) requires long durations of follow-up. Third, there 
are a number of host and environmental factors that signifi-
cantly affect the disease course. As a result, estimates of the rate 
of HCV progression to cirrhosis have varied greatly depending 
on the study design and the specific population being studied 
[156].

At one extreme are long-term follow-up data of two cohorts 
of women who received HCV-contaminated lots of anti-D 
immunoglobulin in the late 1970s. These cohorts were generally 
composed of young, healthy women at the time of infection. In 
one cohort from Ireland [157] exposed to contaminated anti-D 
in 1977–78, 704 women out of nearly 63 000 women screened 
from 1994 to 1997 had anti-HCV antibodies. Of the 704, 390 
(55%) were also positive for HCV RNA; 363 of these viremic 
women underwent a liver biopsy at approximately 17 years after 
infection, of whom only seven (2%) had cirrhosis; 49% had no 
fibrosis and an additional 34% had minimal (periportal or 
portal) fibrosis. In a second cohort from the former East 
Germany [158], 1018 patients were followed up at 20 years after 
exposure; 220 of the 500 women with detectable viremia under-
went liver biopsy and none had cirrhosis. Similar to the Irish 
cohort, 51% had no fibrosis and an additional 36% had only 
minimal [139] fibrosis. Strikingly, both cohorts had high rates 
of apparent spontaneous clearance at long-term follow-up. In 
the Irish cohort, 45% of anti-HCV positive women were HCV 
RNA negative at ∼17 years postinoculation, while in the East 
German cohort, 42% with documented acute hepatitis follow-
ing anti-D inoculation were HCV RNA negative at long-term 
follow-up.

At the other extreme are cross-sectional studies involving 
patients referred to subspecialty liver clinics at tertiary medical 
centers for their known HCV infection, reporting much higher 
prevalences of cirrhosis, ranging from 17% to 55%, after varying 
durations of long-term infection [156,159–161]. However, the 
high prevalence of cirrhosis observed in these studies is likely 
to be affected by ascertainment bias.

A systematic review of natural history studies found a much 
lower estimate of the mean prevalence of cirrhosis after 20 years 
of HCV infection among studies involving community-based 
(including the two anti-D cohorts discussed above) and blood 
donor cohorts (approximately 6% and 4%, respectively) com-
pared to those involving liver clinic and posttransfusion cohorts 
(approximately 28% and 24%, respectively) [162]. It is likely that 
these lower estimates more accurately represent the true risk of 



1948   PART 4 Gastrointestinal diseases

tion of RBV to IFN-α led to a significant improvement in SVR 
rates [197–199]. In these trials, patients with genotype 1 or 
nongenotype 2/3 HCV had SVR rates of 23%–31% with 48 
weeks of IFN-α plus RBV, compared to 7%–11% with 48 weeks 
of IFN-α monotherapy. SVR rates among patients with geno-
type 2/3 infection were substantially higher, ranging from 50% 
to 66%.

The mechanism of RBV’s activity against HCV remains 
uncertain. One hypothesis is that ribavirin monophosphate 
inhibits the cellular enzyme inosine monophosphate dehydro-
genase (IMPDH), leading to a decrease in intracellular GTP 
concentrations; however, IMPDH inhibitors other than RBV 
have only minimal effects on HCV replication in vitro [200] and 
did not increase SVR rates among prior nonresponders to 
PEG-IFN/RBV [201]. Another potential mechanism, called 
“error catastrophe,” proposes that ribavirin triphosphate is 
incorporated into nascent viral RNA and acts as a viral mutagen, 
leading to the accumulation of lethal mutations in progeny viral 
genomes [202–204]. However, studies in humans have not been 
able to detect a sustained mutagenic effect of RBV on the HCV 
genome [205–207]. The most recent proposed mechanism is 
that RBV potentiates the effect of exogenous interferon by stim-
ulating interferon-stimulated gene transcription [208,209].

The next step in the evolution of HCV therapy was the devel-
opment of pegylated interferon-α (PEG-IFN-α), which was 
approved by the FDA for the treatment of HCV in 2001. 
Conjugation of polyethylene glycol (PEG) to IFN-α prolongs 
the circulating half-life and allows it to be administered once 
weekly instead of three times weekly for standard IFN-α. More 
importantly, the combination of PEG-IFN and RBV was found 
to be superior to standard IFN-α and RBV [210,211]; 42%–46% 
of genotype 1-infected individuals receiving PEG-IFN/RBV for 
48 weeks achieved an SVR, compared to 33%–36% receiving 
standard IFN/RBV, and only 21% receiving PEG-IFN mono-
therapy. Those with genotype 2 or 3 infection had SVR rates of 
76%–82% with 48 weeks of PEG-IFN/RBV and 61%–79% with 
standard IFN/RBV. The combination of PEG-IFN and RBV is 
currently still used for the treatment of chronic genotype 1 HCV 
infection, with the addition of NS5B polymerase inhibitors or 
NS3/4A protease inhibitors.

Predictors of treatment response
There are a number of pretreatment host and virological factors 
that have been associated with treatment response with 
interferon-based regimens. Whether all of these factors will also 
be associated with treatment response to regimens that contain 
DAAs, including interferon-free regimens, remains to be fully 
determined.

With regards to virological factors, HCV genotype is clearly 
associated with treatment response. Historically, those with 
genotype 2/3 infection experienced significantly higher rates of 
SVR to interferon-based therapy than those with other geno-
types. Higher baseline viral loads (variably defined as a thresh-
old ranging from 400 000 to 800 000 IU/mL) have also been 

directly acting antivirals (DAAs) are expected eventually to 
result in all-oral, interferon-free regimens with high rates of 
viral clearance.

Aims of antiviral therapy
The primary goal of HCV antiviral therapy is to improve clinical 
outcomes through eradication of the infection. Unlike HIV, 
hepatitis B virus, and herpes viruses, HCV is thought to lack a 
nonreplicating latent form (e.g., integrated DNA or closed cir-
cular DNA). Therefore, it is generally believed that it is possible 
to completely eradicate HCV from the infected individual. 
Sustained virological response (SVR), defined as an undetectable 
serum HCV RNA using a test with a detection threshold of 
≤50 IU/mL, and ideally ≤15 IU/mL, at 12 weeks or more after 
the completion of therapy, is the parameter most often used to 
identify patients who have successfully cleared infection. SVR 
appears to be a reasonable marker for virological eradication as 
it correlates well with loss of detectable intrahepatic HCV RNA 
[179], and because SVR is durable [89,180], with <1% of indi-
viduals who achieved an SVR subsequently testing positive for 
serum HCV RNA.

More importantly, treatment-induced SVR is associated with 
improved clinical outcomes in patients with advanced fibrosis. 
In this population, those who achieve SVR experience signifi-
cant reductions in various outcomes, including all-cause mor-
tality, liver-related mortality, risk of liver transplantation, and 
hepatic decompensation, compared to nonresponders [181–
184]. SVR may also be associated with a reduced risk for hepa-
tocellular carcinoma [185–188]. Because of the very long lag 
time between infection and the development of cirrhosis, as well 
as uncertainty regarding the natural history of HCV infection, 
there is limited evidence regarding the clinical benefit of viral 
eradication among patients with minimal or no hepatic 
fibrosis.

Historical perspectives on treatment for chronic 
HCV infection
Even before the molecular cloning of HCV in 1989, a pilot study 
demonstrated that IFN-α could normalize serum alanine ami-
notransferase levels among individuals with chronic non-A, 
non-B hepatitis [189], most of whom were later found to be 
infected with HCV. IFN-α monotherapy for chronic HCV 
infection was approved by the United States Food and Drug 
Administration (FDA) in 1991 based on two clinical trials of 
IFN-α treatment for 6 months among patients with chronic 
HCV and elevated ALT [190,191]. Sustained biochemical 
responses (ALT normalization) were uncommon with 6 months 
of IFN-α monotherapy but could be improved from a mean of 
14% to 27% by extending the duration of therapy to 12–24 
months [192,193].

RBV is a nucleoside analog resembling a ribosyl purine that 
has activity against multiple RNA and DNA viruses in cell 
culture [194]. Although RBV monotherapy does not lower HCV 
RNA levels in humans with chronic HCV [195,196], the addi-
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rates with this regimen are less than ideal: approximately 45% 
among treatment-naïve Caucasians, and substantially lower 
among those of Hispanic and African descent, as well as among 
those with HIV coinfection or cirrhosis. Another important 
problem with PEG-IFN and RBV is their side-effect profile, as 
described below in greater detail [222].

Because of the suboptimal SVR rates and side-effect profile 
of PEG-IFN/RBV treatment, much effort has been spent in 
developing more effective and better-tolerated therapies for 
chronic HCV. The development of systems to study HCV rep-
lication in cell culture [223,224] and the determination of the 
three-dimensional structure of the NS3/4A protease [57,225] 
paved the way for the development of directly acting antivirals 
(DAAs) that selectively inhibit NS3/4A protease activity. BILN 
2061, the first NS3/4A protease inhibitor (PI) to reach a clinical 
trial in humans, achieved >2 log10 reductions in viral load when 
dosed for 2 days as monotherapy [226].

Unfortunately, hopes that PI monotherapy would be suffi-
cient to clear HCV infection were dashed when a phase 1 study 
of a 14-day course of telaprevir monotherapy found that some 
patients had on-treatment virological breakthrough even within 
the 14-day treatment period [227]. Furthermore, virological 
breakthrough was associated with the emergence of viral muta-
tions known to confer telaprevir resistance in vitro [228]. This 
rapid emergence of DAA resistance is consistent with predic-
tions that all viable single and double HCV mutant genomes are 
generated daily in the infected host [80]. Therefore, drug resist-
ance mutations are likely present at very low frequency as qua-
sispecies prior to DAA therapy and can therefore be selected for 
by DAA treatment as long as the resistance mutation does not 
impose an excessive fitness cost.

Therefore, PIs have been combined with PEG-IFN/RBV to 
reduce the likelihood of treatment failure. Telaprevir and 
boceprevir were the two PIs initially approved for the treatment 
of genotype 1 HCV infection in combination with PEG-IFN and 
RBV [229–234] with the more recent approval of the second-
generation PI simeprevir. All of their treatment regimens use 
the concept of response-guided therapy, in which on-treatment 
viral kinetics are used to determine the treatment duration, as 
well as stopping rules for discontinuing therapy. In clinical trials 
among treatment-naïve patients, response guided PI/PEG-IFN/
RBV triple therapy has been associated with SVR rates of 
72%–75% for telaprevir, 67% for boceprevir, and 80% for 
simeprevir [230,231,233]. Of note, SVR rates for genotype 1a 
patients treated with simeprevir are substantially lower for those 
with a Q80K polymorphism in NS3 than without (58% versus 
84%).

For treatment-experienced patients, the recommended treat-
ment regimens and their expected SVR rates differ significantly 
depending on their prior virological response to PEG-IFN/RBV. 
Patients who relapsed with previous HCV therapy had an unde-
tectable HCV RNA at the end of treatment but became detect-
able after therapy ended. Prior relapsers to PEG-IFN/RBV dual 
therapy have SVR rates similar to treatment-naïve patients 

consistently associated with lower rates of SVR among patients 
with genotype 1 infection treated with PEG-IFN and RBV, 
including those treated with the addition of the NS3/4A pro-
tease inhibitor boceprevir [147,210,212,213].

Many host factors are also predictive of treatment response 
to interferon-based regimens. A detailed discussion of selected 
populations (acute HCV infection, HIV coinfection, African-
Americans, chronic kidney disease, and posttransplant HCV 
infection) and their management is presented below. Hepatic 
steatosis, obesity, and insulin resistance have also been associ-
ated with a lower rate of SVR [214–216]. Advanced fibrosis 
(bridging fibrosis or cirrhosis) correlates negatively with SVR 
rate [210,217]; however, as discussed above, clinical outcomes 
are clearly improved in this population if SVR can be achieved.

As discussed in Section Spontaneous resolution versus chro-
nicity, genome-wide association studies have identified a strong 
association between likelihood of SVR and single-nucleotide 
polymorphisms (SNPs) located near the IL28B gene, which 
encodes interferon-λ3 (IFN-λ3) [147–149]. The favorable CC 
polymorphism at rs12979860 is associated with a roughly twofold 
increase in SVR rate to PEG-IFN and RBV therapy in European, 
African, and Hispanic populations [147,218]; moreover, differ-
ences in the frequency of this polymorphism among these popu-
lations account for much of the observed difference in SVR rates 
between people of African and European ancestry.

Clinical trials of interferon-based treatment regimens have 
identified important on-treatment predictors of response. For 
dual PEG-IFN/RBV therapy, the virological predictor of 
response most widely used in clinical practice has been early 
virological response (EVR), defined as an undetectable serum 
HCV RNA or a ≥2 log (100-fold) decrease compared to baseline 
RNA levels at week 12 of therapy. For genotype 1 infection, 
those who fail to reach an EVR on PEG-IFN/RBV have only a 
0%–3% chance of achieving an SVR [211,219], and thus should 
stop therapy. EVR is almost always attained in patients with 
genotype 2/3 infection, however, and is less useful in this popu-
lation. With the approval of NS3/4A protease inhibitors,  
analogous “stopping rules” have been developed (see Section 
Genotype 1 infection) but have been dropped with increasingly 
effective DAA regimens requiring shorter durations of therapy.

Another virological predictor of on-treatment response is 
rapid virological response (RVR), defined as an undetectable 
serum HCV RNA at week 4 of therapy using an ultrasensitive 
quantitative or qualitative HCV RNA assay with a sensitivity of 
<50 IU/mL. RVR is associated with high rates of SVR (80%–
90%) to PEG-IFN/RBV therapy regardless of genotype 
[218,220,221]. However, SVR rates remain significant among 
patients who do not attain RVR; for example, Caucasians with 
a non-RVR and genotype 1 HCV treated with PEG-IFN/RBV 
had a 41% SVR rate in one study [218].

Genotype 1 infection
The combination of PEG-IFN/RBV has been used for the treat-
ment of genotype 1 HCV infection since 2001. However, SVR 
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ABT-450, the NS5A inhibitor ombitasvir, the NS5B NNI dasa-
buvir, and RBV (see “Investigational therapies”).

Treatment of chronic HCV other than genotype 1
The protease inhibitors telaprevir, boceprevir, and simeprevir 
are not approved for the treatment of nongenotype 1 chronic 
HCV infection. However, those with genotype 2 or 3 infection 
can be treated with 12 or 24 weeks, respectively, of an interferon-
free combination of sofosbuvir and RBV. For treatment-naïve 
patients, 12 weeks of sofosbuvir/RBV was associated with SVR 
rates of 93%–97% among genotype 2 patients [235,238], while 
24 weeks of this combination was associated with a 93% SVR 
rate among genotype 3 patients [239]. SVR rates among geno-
type 2 patients are only minimally affected by cirrhosis or  
prior relapse/breakthrough, but are lower among treatment-
experienced patients with cirrhosis and among prior null 
responders [238,239]. Among genotype 3 patients, SVR rates 
are also significantly lower among treatment-experienced 
patients with cirrhosis [238], and in this population the use of 
sofosbuvir/PEG-IFN/RBV could be considered. In resource-
constrained settings, another option for the treatment of geno-
type 2/3 infection is PEG-IFN/RBV for 24 weeks, with an 
expected SVR rate of approximately 75%–80% among treat-
ment-naïve individuals [210,211,214,220].

There are relatively limited data to guide treatment of geno-
types 4, 5, and 6. Patients have been usually treated with 48 
weeks of PEG-IFN/RBV with SVR rates in treatment-naïve 
patients of approximately 50%–70% for genotypes 4 and 5 and 
71%–86% for genotype 6 [240–246]. Treatment should be dis-
continued for failure to attain an EVR or detectable HCV RNA 
at treatment week 24. More recently, the combination of 
sofosbuvir/PEG-IFN/RBV has been approved for the treatment 
of genotype 4 HCV, and a 12-week course has been associated 
with an SVR rate of 96% [235]. In a randomized, open-label trial 
of sofosbuvir/RBV in patients of Egyptian descent with geno-
type 4 infection, SVR rates were 79% and 100% among 28 
treatment-naïve patients receiving 12 or 24 weeks of therapy, 
respectively; SVR rates were 59% and 87% among 32 treatment-
experienced patients receiving 12 or 24 weeks of therapy, 
respectively [247] .

Side-effects of HCV treatment
PEG-IFN-based treatment regimens for chronic HCV infection 
are associated with a wide range of side-effects. Common side-
effects of PEG-IFN include fatigue, flu-like symptoms (head-
ache, pyrexia, myalgia, arthralgia), nausea, and anorexia. 
PEG-IFN is also associated with a variety of neuropsychiatric 
side-effects including irritability, emotional lability, depression, 
and, rarely, psychosis or suicidality and thus poorly controlled 
psychiatric illness is a contraindication to PEG-IFN therapy.

PEG-IFN therapy has also been associated with leukopenia. 
Although neutropenia due to myeloablative chemotherapy for 
cancer is associated with an increased risk of bacterial infection, 
it is less clear whether this is also true of PEG-IFN-associated 

when retreated with PI-containing triple therapy. In contrast, 
prior partial responders are defined as having achieved an EVR 
during a prior attempt at treatment but did not have an unde-
tectable HCV RNA at week 24 of treatment, and prior null 
responders did not achieve an EVR. As expected, poorer response 
kinetics to prior PEG-IFN/RBV therapy are associated with 
lower SVR rates for all PI-based triple therapy regimens despite 
the use of 44–48-week fixed-course treatment regimens in prior 
partial or null responders [229,234]. In the case of simeprevir, 
67% of prior partial responders and 45% of prior null respond-
ers attained SVR with retreatment.

In addition to PIs targeting NS3/4A, inhibitors of the NS5B 
RNA-dependent RNA polymerase have been developed. One 
broad class of NS5B inhibitors, nucleos(t)ide inhibitors (NIs), 
bind to the enzyme active site in the palm subdomain and cause 
chain termination of the nascent RNA. The NS5B NI sofosbuvir 
has been approved for treatment of genotype 1 HCV infection 
in combination with PEG-IFN/RBV. In clinical trials, a fixed 
12-week regimen was associated with an overall SVR rate of 
89% in treatment-naïve patients and 80% in those with cirrhosis 
[235]. This regimen has not been directly studied in treatment-
experienced patients with genotype 1 infection. The advantages 
of this regimen over PI-based triple therapy include shorter 
duration of therapy, increased efficacy (at least for treatment-
naïve patients and likely also for prior relapsers), fewer drug–
drug interactions, and a more favorable side-effect profile (see 
Section Side-effects of HCV treatment).

The interferon-free, all-oral combination of the nucleotide 
inhibitor sofosbuvir and the NS5A inhibitor ledipasvir has also 
been approved for the treatment of genotype 1 infection. In a 
phase 3 trial of treatment-naïve patients with genotype 1 infec-
tion, the combination of sofosbuvir/ledipasvir, with or without 
RBV, for 12 or 24 weeks, was associated with SVR rates of 
97%–99% [236]. Of note, SVR rates were equally high regardless 
of duration of treatment or the use of RBV, even among cirrhotic 
patients or those of African descent. In a second phase 3 trial 
of treatment-experienced patients with genotype 1 infection, 
SVR rates were 94% and 96% in the groups that received 12 
weeks of ledipasvir–sofosbuvir without and with RBV, respec-
tively, and 99% in both 24-week treatment groups regardless of 
RBV use [237]. Roughly half of the patients had failed prior 
therapy with a protease inhibitor-containing regimen; SVR rates 
were not significantly different across the treatment arms among 
those who had received prior triple PI/PEG-IFN/RBV versus 
those who had received dual PEG-IFN/RBV therapy. In contrast 
to results observed in trials of PI/PEG-IFN/RBV regimens, SVR 
rates with sofosbuvir/ledipasvir were similarly high across all 
four treatment arms when comparing those who had experi-
enced prior relapse or virological breakthrough to those with 
prior partial or null response. However, SVR rates were lower 
among those with cirrhosis treated for 12 weeks (82%–86%) 
compared to those treated for 24 weeks (95%–100%). A second 
interferon-free regimen for genotype 1 HCV likely to be 
approved soon is the combination of the ritonavir boosted PI 
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specifically to RBV dose reduction. In fact, treatment-associated 
anemia was associated with higher SVR rates, even among those 
who had RBV dose reduction. On the other hand, SVR rates 
were not associated with ESA use among those who developed 
anemia after 8 weeks of treatment. Post hoc analyses of HCV PI 
clinical trials have also suggested that RBV dose reduction is not 
associated with lower SVR rates [255]. In the absence of a pro-
spective study, these data support the current recommendations 
to use RBV dose reduction as the primary strategy to manage 
HCV treatment-associated anemia. ESA use should be limited 
to the management of early-onset anemia that does not respond 
to RBV dose reduction, and the target hemoglobin should be 
near 10 g/dL. HCV PI doses should not be reduced. If RBV must 
be held for severe anemia in patients taking a PI, it should be 
held for the shortest duration possible (a few days); permanent 
RBV discontinuation requires concomitant PI discontinuation, 
as the risk of virological breakthrough is significantly increased 
in the absence of RBV.

RBV has been demonstrated to be highly teratogenic and 
embryocidal in animal studies and is therefore contraindicated 
in pregnancy. A negative pregnancy test should be obtained 
immediately prior to treatment initiation among all women of 
childbearing age. In addition, two simultaneous forms of effec-
tive contraception are recommended during treatment of 
women or their male partners and for 6 months after treatment 
completion, due to the long half-life of RBV in erythrocytes.

PEG-IFN and RBV therapy has also been associated with 
opthalmopathy (ischemic retinopathy with cotton-wool spots, 
retinal hemorrhages, rarely retinal arterial or venous occlusion). 
While common, it is typically asymptomatic and only rarely 
requires discontinuation of HCV therapy [257]. However, any 
new ophthalmological complaints on PEG-IFN and RBV 
therapy should be evaluated promptly, and patients with diabe-
tes or hypertension may benefit from ophthalmological exami-
nation at baseline and during treatment [258]. Finally, PEG-IFN 
has been associated with the precipitation or exacerbation of 
several autoimmune conditions including autoimmune thyroid 
disease, psoriasis, and autoimmune hepatitis, as well as with 
sarcoidosis. PEG-IFN can induce autoimmune thyroiditis in up 
to 5% of treated patients, and is more frequent in patients with 
preexisting thyroid antibodies, though interferon itself can 
induce the formation of antithyroid antibodies. Affected patients 
may present with hypothyroidism, often preceded by a transient 
bout of hyperthyroidism. Discontinuation of PEG-IFN is usually 
accompanied by resolution of the thyroid disorder. Thyroid 
function tests are typically monitored during PEG-IFN therapy, 
and unexplained transaminase elevations during PEG-IFN 
treatment may prompt evaluation for autoimmune hepatitis. 
Poorly controlled psoriasis and sarcoidosis at baseline may  
be relative contraindications to the initiation of PEG-IFN 
treatment.

There are additional side-effects associated with NS3 protease 
inhibitors. Boceprevir can cause dysgeusia, diarrhea, and 
nausea. Rash and pruritus occur in about half of patients taking 

neutropenia. Several studies have failed to identify an associa-
tion between bacterial infections during HCV treatment and 
neutropenia [248–251]. Options for the management of 
treatment-associated neutropenia include close clinical moni-
toring, PEG-IFN dose reduction, and hematopoietic growth 
factors. Finally, PEG-IFN may cause or worsen thrombocytope-
nia, particularly among patients with baseline depressed platelet 
counts due to cirrhosis and hypersplenism. While the risk of 
clinically significant bleeding due to PEG-IFN-associated 
thrombocytopenia is probably low with appropriate monitoring 
[252], severe thrombocytopenia may necessitate PEG-IFN dose 
reduction or discontinuation. Eltrombopag, an oral throm-
bopoietin receptor agonist, stimulates platelet production and 
has been approved by the FDA for patients whose thrombocy-
topenia prevents the initiation or maintenance of PEG-IFN 
therapy for chronic HCV [253]. However, eltrombopag has also 
been associated with a risk of hepatotoxicity as well as an 
increased risk of thrombotic and thromboembolic adverse 
events.

Anemia is a very common side-effect of HCV treatment. 
Around 10%–15% of patients treated with PEG-IFN and RBV 
develop a nadir hemoglobin of less than 10 g/dL, and the mean 
maximal decrease in hemoglobin is around 3.5 g/dL [211]. The 
mechanism of anemia is primarily due to RBV-induced hemoly-
sis with additional suppression of erythropoiesis by PEG-IFN. 
Erythrocytes accumulate ribavirin triphosphate, which leads to 
depletion of intracellular adenosine triphosphate, erythrocyte 
membrane damage, and extravascular hemolysis. Because RBV 
is renally cleared, the risk of severe hemolytic anemia increases 
in those with chronic kidney disease. RBV is generally contrain-
dicated for patients with glomerular filtration rate (GFR) 
<50 mL/min or those on chronic hemodialysis, though pilot 
studies have reported the use of low-dose RBV with close moni-
toring in these populations [254]. The incidence of treatment-
related anemia is further increased by either boceprevir or 
telaprevir, and the fall in hemoglobin with triple therapy may 
be more abrupt than with dual therapy [255]. At a minimum, a 
complete blood count (CBC) should be obtained at baseline and 
every 2 weeks until week 8, and then monthly thereafter.

Options for the management of HCV treatment-associated 
anemia include RBV dose reduction and the use of erythropoi-
esis stimulating agents (ESAs). However, ESAs may be associ-
ated with an increased risk of stroke and myocardial infarction 
among patients with chronic kidney disease, particularly if the 
hemoglobin level exceeds 10–11 g/dL. A retrospective analysis 
of approximately 3000 patients in a clinical trial comparing 
standard-dose with low-dose PEG-IFN-α2b and fixed-dose 
PEG-IFN-α2a, all with weight-based RBV in patients with gen-
otype 1 infection, identified an association between ESA use 
and higher SVR rates among patients who developed anemia 
within 8 weeks of treatment initiation compared to those with 
early anemia who did not receive an ESA [256]. However, this 
difference was attributed chiefly to higher rates of treatment 
discontinuation among those who did not receive an ESA, not 
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prior null responder), if the patient is undecided about the need 
for treatment, or if there are one or more relative contraindica-
tions to therapy. The finding of advanced fibrosis on liver biopsy 
is likely to increase the expected benefit of treatment, and also 
increases the probability of clinical decompensation or the 
development of hepatocellular carcinoma prior to the availabil-
ity of newer HCV therapies.

Selected populations
Acute hepatitis C
Delaying treatment for 12 weeks from onset of suspected inocu-
lation or onset of symptoms, if inoculation time is not known, 
may prevent unnecessary antiviral treatment of patients who will 
clear the virus spontaneously and does not diminish the likeli-
hood of SVR. In a metaanalysis of 22 studies comprising 1075 
patients, the mean time to spontaneous clearance was 9.7 weeks 
[260]. Thus, patients should be allowed the opportunity to spon-
taneously clear within a 12-week period. As with chronic HCV, 
the treatment of acute hepatitis C has evolved. The reported 
efficacy of treatment for acute HCV with standard IFN given 
daily to three times weekly ranges from 22% to 98% [261–268], 
and for PEG-IFN weekly ranges from 57% to 95% [263,269–273]. 
It is unclear whether the addition of RBV adds meaningfully to 
efficacy. Treatment with PEG, RBV, and DAAs or combinations 
of DAAs has not been evaluated in acute HCV. Duration of 
therapy has not been definitively established, but most studies 
have examined 24 weeks of therapy for genotype 1 infection, and 
this duration is recommended. For genotypes 2, 3, or 4, SVR rates 
approach 100% with 12 weeks of treatment.

HIV coinfection
Because of their shared routes of transmission, HCV coinfec-
tion is frequent among persons with HIV. About 30% of  

telaprevir, compared to about a third of patients taking 
PEG-IFN/RBV. The rash is typically maculopapular or eczema-
tous, and if mild to moderate can be managed with topical 
corticosteroids and/or oral antihistamines. However, severe 
dermatological complications, including Stevens-Johnson syn-
drome, toxic epidermal necrolysis, and drug rash with eosi-
nophilia and systemic symptoms (DRESS), have been rarely 
associated with telaprevir. Anorectal discomfort is common 
with telaprevir and can usually be managed with topical therapy. 
Simeprevir is associated with an increased risk of photosensitiv-
ity, rash, or hyperbilirubinemia. In comparison, the NS5B 
inhibitor sofosbuvir has been generally well tolerated, with 
increased rates of anemia among those taking sofosbuvir/
PEG-IFN/RBV compared to those taking PEG-IFN/RBV dual 
therapy [235].

Finally, telaprevir and boceprevir are both substrates and 
inhibitors of the cytochrome P450 enzyme CYP3A4. As a result, 
there are numerous known and potential drug–drug interac-
tions with these PIs that are beyond the scope of this chapter to 
list in detail [259]. All patients should have their medications 
reviewed prior to initiating PI therapy, preferably with the 
assistance of a clinical pharmacist, in order to identify and miti-
gate potential drug–drug interactions.

Selection of patients for HCV treatment
Current HCV treatment regimens are expensive and can be 
associated with significant side-effects, variable rates of SVR, 
and treatment durations of up to 48 weeks. In addition, HCV-
associated liver disease typically progresses slowly over several 
decades. Therefore, discussions regarding HCV treatment must 
be individualized, taking into account the patient’s likelihood of 
attaining SVR, expected benefit from attaining SVR, ability to 
tolerate side-effects, and the presence or absence of contraindi-
cations to therapy.

The probability of attaining SVR can be estimated from the 
HCV genotype, history of and response to prior treatment, the 
presence of modifying characteristics such as cirrhosis, African 
descent, and HIV coinfection, and, in selected cases, from the 
IL28B genotype. Absolute and relative contraindications to 
therapy (Box 96.2) should be identified and mitigated prior to 
treatment whenever possible. The patient should be evaluated 
for evidence of cirrhosis by physical examination, laboratory 
testing, and the results of upper endoscopy and imaging studies 
(if available), as the presence of cirrhosis increases both the 
urgency and the expected benefit of HCV treatment. Finally, the 
patient’s motivation to be treated should be assessed.

Routine pretreatment liver biopsies are not necessary for 
average-risk patients with high expected SVR rates (e.g., treat-
ment-naïve patients with genotype 2/3 infection, or treatment 
of patients with all-DAA regimens). Although the development 
of more efficacious treatment regimens has greatly diminished 
the role of pretreatment liver biopsies for patients with genotype 
1 infection, a liver biopsy may be helpful in selected cases where 
the expected SVR rate is low to intermediate (e.g., genotype 1 

Box 96.2 Contraindications to HCV treatment.

Peginterferon

• Uncontrolled psychiatric illness
• Decompensated cirrhosis outside of the pretransplant setting
• Comorbidities that significantly limit life expectancy
• Nonadherence to prior therapy or with pretreatment appointments
• Uncontrolled autoimmune disorders such as autoimmune hepatitis 

or psoriasis
• Solid-organ transplant recipient (other than liver)
• Ongoing alcohol abuse or dependence
• Ongoing injection drug use (relative contraindication)

Ribavirin (if contraindicated, peginterferon 
monotherapy can be considered)

• Glomerular filtration rate <50 mL/min or chronic hemodialysis
• Inability to tolerate anemia (e.g., severe cardiopulmonary disease)
• Pregnancy: planned pregnancy in patient or partner, or 

unwillingness to comply with contraception during therapy and for 
6 months after completion of therapy
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frequency in African-American versus Caucasian-American 
populations [147]. This difference in favorable IL28B allele fre-
quency is thought to explain approximately half of the observed 
disparity between the two racial groups. The underlying basis 
for the remainder of the observed disparity is unknown. The 
recent introduction of NS3/4A protease inhibitors has improved 
SVR rates for all populations, including African-Americans. In 
the PEG/RBV and boceprevir pivotal trial for genotype 1, 
African-American and Caucasian-American populations were 
stratified. SVR rates in the Caucasian-American population 
were 67% as compared to 42% for African-Americans, in con-
trast to the PEG/RBV control arms, with SVR rates of 40% and 
23%, respectively [230]. Thus, the relative gap in SVR rates is 
partially bridged, but the absolute difference in SVR rates 
remains. It will be of great interest to assess whether combina-
tions of DAAs can further close this gap.

Patients with chronic kidney disease
As previously discussed, there is a high prevalence of HCV 
among patients on hemodialysis. A randomized open label 
study compared PEG-IFN-α2a at 135 and 90 μg weekly in 85 
HCV-infected hemodialysis patients [287]. Sustained virologi-
cal response was observed in 39% and 35% of patients treated 
with the higher or lower dose, respectively. Decreases in hemo-
globin to less than 8.5 g/dL occurred in 26% and 21% of patients 
who received the higher and lower PEG-IFN doses. Because 
RBV is eliminated by the kidneys and not effectively removed 
by hemodialysis [288], its use is generally not recommended 
among those with a GFR of <50 mL/min outside of clinical 
trials due to the high risk of severe hemolytic anemia. Trials 
with DAAs are underway in patients with renal impairment. 
The current recommendation is to treat with PEG-IFN-α2a 
monotherapy at 135 μg weekly plus RBV 200 mg daily. Patients 
with end-stage renal disease represent a group at continued 
unmet need.

Patients with chronic HCV and end-stage renal disease who 
are being considered for renal transplantation should be evalu-
ated for possible HCV treatment prior to transplantation, 
although wait times for HCV+ donor organs may be substan-
tially shorter and treatment with DAA-based regimens may  
be reasonably deferred until after transplantation. Interferon 
therapy is generally contraindicated after kidney transplanta-
tion because of an association between interferon treatment and 
allograft rejection [289,290]. However, posttransplantation 
treatment of HCV with DAAs will provide an effective IFN-free 
alternative in this group of patients.

Recurrent HCV infection post liver transplantation
End-stage liver disease due to chronic hepatitis C is the leading 
indication for liver transplantation worldwide. Reinfection of 
the allograft with HCV is universal, and recurrent allograft 
hepatitis C represents the greatest threat to graft and patient 
survival in transplant medicine today. While most cases of allo-
graft HCV are relatively indolent during the first 5 years, about 

HIV-infected individuals are HCV-coinfected, whereas about 
10% of HCV-infected persons are HIV-coinfected. Since the 
introduction of active antiretroviral therapy in 1996, HIV has 
successfully been converted from a fatal condition to a manage-
able chronic infection for most individuals. In this context, pro-
gressive liver disease, principally attributable to HCV, has 
emerged as the leading non-AIDS cause of mortality among 
HIV-infected persons [274]. Compared with HIV negative 
persons, HCV-related liver disease in HIV-coinfected persons 
is associated with: (1) higher rates of chronicity; (2) significantly 
higher HCV RNA levels [275]; (3) increased fibrosis progres-
sion rates and progression to end-stage liver disease [276]; (4) 
more rapid decompensation in patients with cirrhosis; and (5) 
decreased rates of response to PEG-IFN and RBV treatment 
[277–279]. The basis for the accelerated natural history of HCV 
liver disease in HIV coinfection is likely multifactorial, but 
experimental evidence suggests that the cytokine environment 
accompanying HIV infection enhances stellate cell activation 
and fibrogenesis [280], that HIV itself signals through hepato-
cytes to enhance oxidative stress and cytokine production [280], 
and enhance hepatocyte apoptosis [281]. HIV-associated micro-
bial translocation may also augment fibrogenic signals in the 
liver [282].

In view of the progressive nature of HCV liver disease, treat-
ment of HCV in HIV coinfected persons should be undertaken, 
particularly if there is evidence of significant fibrosis and/or 
inflammation on liver biopsy. Fortunately, treatment with IFN-
free regimens is now possible in HIV coinfection. A trial of 
sofosbuvir with RBV has been completed for genotype 1, 2, and 
3 HCV in HIV coinfected persons. The duration of therapy was 
24 weeks for genotype 1 and 12 weeks for genotypes 2 and 3. 
SVR rates were 76%, 88%, and 67% for genotypes 1, 2, and 3, 
respectively, putting the results on par with this regimen in 
HCV-monoinfected persons [283]. On the basis of these data, 
the FDA included treatment of HCV-HIV coinfection in its 
approval of sofosbuvir. Because response rates in genotype 3 
HCV monoinfection have been shown to be improved with 
extension of sofosbuvir and RBV to 24 weeks [239], it would 
appear prudent to treat genotype 3 coinfection with this dura-
tion as well. The absence of major drug–drug interactions with 
contemporary antiretroviral regimens makes this all-oral DAA 
regimen particularly attractive.

African-Americans
A definitive randomized clinical trial, Virahep-C, confirmed the 
findings of earlier studies that African-Americans with geno-
type 1 chronic HCV are less likely than white Americans to 
respond to PEG-IFN/RBV combination therapy [284–286], 
with SVR rates of 28% in African-Americans versus 52% in 
Caucasian-Americans. These differences were not explained by 
differences in adherence or tolerability of the regimens. With 
the discovery of the central importance of IL28B genotype to 
response to IFN-based treatment, it was found that the favorable 
C allele at the rs12979860 SNP is found at a significantly lower 
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mens) should be considered for the management of recurrent 
allograft HCV.

Investigational therapies
While substantial progress has been made in the treatment  
of HCV infection, there is still a need for improved SVR  
rates, particularly among “difficult-to-treat” subgroups such  
as prior null responders, patients with cirrhosis, those of  
African descent, and HIV-coinfected individuals. Furthermore, 
PEG-IFN and, to a lesser extent, RBV are associated with sig-
nificant side-effects that can force treatment discontinuation or 
preclude treatment initiation. Other disadvantages include the 
need for subcutaneous injection of PEG-IFN, as well as multiple 
daily dosing and extensive drug–drug interactions of first-
generation PIs.

Because of the rapid pace of HCV drug discovery and clinical 
development, the discussion here focuses on classes of investi-
gational therapies as well as on providing a conceptual frame-
work to understand how they might be used in the future. The 
majority of investigational drug development has focused on 
genotype 1 HCV, given its high prevalence in industrialized 
nations and lower SVR rates with dual PEG-IFN/RBV therapy 
compared to genotype 2/3 infection; however, investigational 
compounds with activity against other genotypes in clinical 
trials will be highlighted.

The NS3/4A PIs telaprevir, boceprevir, and simeprevir have 
already been discussed. As a class, NS3/4A PIs have low genetic 
barriers to viral resistance. However, second-generation PIs 
(e.g., simeprevir, faldaprevir, asunaprevir, danoprevir, ABT-450, 
and GS-9451) are more potent than the first-generation PIs 
telaprevir and boceprevir, which may overcome at least some of 
the commonly observed PI resistance mutations, and offer more 
favorable pharmacokinetics, permitting daily dosing of most of 
these PIs [299–301].

Another important viral target is the NS5A nonstructural 
protein. While the precise functions of NS5A are not fully 
understood, a chemical library screen identified a compound 
that specifically inhibited HCV replication and bound to the 
NS5A protein [302]. NS5A inhibitors (for example, daclatasvir, 
ombitasvir, and ledipasvir) have extremely high potency, but 
also impose a low barrier to the development of virological 
resistance [303].

A third viral target is the NS5B RNA-dependent RNA 
polymerase. Two broad classes of NS5B inhibitors have been 
developed. Nucleos(t)ide inhibitors (NIs) such as sofosbuvir 
have been described above, while nonnucleoside inhibitors 
(NNIs) bind to sites located away from the catalytic active site 
and allosterically inhibit polymerase activity. NNI binding sites 
include two in the thumb subdomain and two in the palm sub-
domain [304]. NNIs (e.g., VX-222, GS-9669, dasabuvir, ABT-
072, and setrobuvir) as a class are generally selective for genotype 
1 NS5B, though their relative efficacies for genotype 1a and 1b 
subtypes may vary. NNIs generally possess a low barrier to 
resistance. In contrast, NIs (e.g., sofosbuvir, mericitabine, and 

20% will develop graft cirrhosis by 5 years. In rare instances, a 
highly aggressive fibrosing cholestatic variant may develop, 
characterized by very high HCV RNA levels and a noninflam-
matory, fibrotic allograft biopsy. Risk factors for severe recur-
rence include high pretransplant and peritransplant HCV RNA 
levels, long warm and cold ischemic times, older donor age 
(>50 years), and receipt of pulse corticosteroids and antilym-
phocyte therapy for management of acute cellular rejection.

Antiviral treatment should be given to persons with proven 
allograft hepatitis with necroinflammation, fibrosis, or both. 
There is no role for preemptive therapy with IFN-based regi-
mens because they are associated with high rates of intolerabil-
ity, particularly in the early postliver transplantation period, and 
are associated with very low SVR rates [291]. Unfortunately, 
SVR rates with a reactive strategy using PEG-IFN/RBV have 
been inferior to those observed in nontransplant patients (about 
25%–50% overall) [292–296]. Most studies have been small, 
with significant variations among protocols and liberal dose 
reduction or discontinuation provisions. The introduction of 
HCV PIs has provided hope to bridge the gap for persons 
undergoing liver transplantation for HCV. Unfortunately, inhi-
bition of the CYP3A4 enzyme by the PIs boceprevir and telapre-
vir impairs metabolism of the calcineurin inhibitors cyclosporine 
A (CsA) and tacrolimus (TAC), thereby necessitating significant 
dose adjustments and careful monitoring of CsA and TAC drug 
levels. Moreover, both calcineurin inhibitors aggravate the 
already formidable adverse effect profile of PEG-IFN, RBV, and 
telaprevir/boceprevir, with high rates of anemia often requiring 
transfusion and/or ESAs. In postliver transplantation patients, 
the use of IFN has uncommonly been associated with the devel-
opment of a picture of plasma cell hepatitis, which shares his-
tological features with autoimmune hepatitis and allograft 
rejection. Plasma cell hepatitis can take a particularly aggressive 
course. Thus, the introduction of triple therapy using boceprevir 
or telaprevir had limited effect in the postliver transplantation 
population.

Fortunately, two studies revealed that an IFN-free regimen of 
sofosbuvir and RBV could be successfully applied to the pre- 
and postliver transplantation populations. The first study treated 
persons with model for end-stage liver disease (MELD) score 
<15 who were listed for liver transplantation with hepatocel-
lular carcinoma (HCC) under Milan criteria. Patients were 
given sofosbuvir and RBV until the time of their liver transplan-
tation up to 48 weeks of treatment. For those patients who had 
no detectable viremia (93% of the 61 patients) at the time of 
liver transplantation, 62% remained free of HCV postliver 
transplantation [297]. The FDA included this population in the 
label for sofosbuvir. The second study treated allograft HCV 
(genotypes 1–4) in 40 patients with sofosbuvir and RBV for 24 
weeks whose MELD was less than or equal to 17. The SVR rate 
12 and 24 weeks after completion of therapy was 70%, and the 
regimen was well tolerated without adverse effects on cal-
cineurin inhibitor levels [298]. On the basis of these data,  
sofosbuvir and RBV (and other highly effective all-DAA regi-
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treatment-experienced patients with genotype 1 infection found 
that those treated for 12 weeks had an overall SVR rate of 92% 
versus 96% among those treated for 24 weeks, a difference that 
was not statistically significant [313]. Prior null response and 
genotype 1a infection were associated with a lower likelihood of 
SVR by multivariate analysis. Finally, a third phase 3 trial evalu-
ated SVR rates to a 12-week course of this combination among 
noncirrhotic patients who had failed prior treatment with dual 
PEG-IFN/RBV. SVR rates were similarly high regardless of prior 
response: 95% among prior relapsers, 100% among prior partial 
responders, and 95% among prior null responders [314].

It appears likely, therefore, that interferon-free oral DAA 
combination therapy will become standard therapy for nearly 
all patients with chronic HCV infection in the near future, 
including those with prior treatment experience and those with 
cirrhosis. Given the high cost of currently available all-DAA 
regimens, there may still be a role for PEG-IFN and RBV in 
resource-constrained settings.

Complications

The most common complications of chronic HCV infection are 
related to the development of advanced fibrosis and cirrhosis. 
Once cirrhosis develops, there is a risk of decompensation, 
defined as the development of certain complications of cirrhosis 
such as ascites, portal hypertensive GI bleeding, jaundice, and 
hepatic encephalopathy (see Chapters 105–107).

HCV and hepatocellular carcinoma
Another common complication of HCV and advanced fibrosis 
is hepatocellular carcinoma (HCC). The annual incidence of 
HCC among those with HCV-related cirrhosis has been esti-
mated to range from 1.5% to 7% [315], and HCC is the leading 
cause of death among patients with HCV-related cirrhosis. 
While the risk of HCC is clearly increased among individuals 
with HCV and cirrhosis, there may also be an increased risk of 
HCC among those with HCV and bridging fibrosis [316]. 
Therefore, all patients with HCV-related cirrhosis should 
undergo regular screening for HCC as discussed in Chapter 109.

Evidence is accumulating that treatment-induced HCV clear-
ance is associated with a reduction in HCC risk among those 
with compensated cirrhosis [183,185,317]. However, the risk of 
HCC remains elevated among patients with HCV-related cir-
rhosis who have achieved an SVR, and therefore HCC screening 
should be continued indefinitely in this population.

Extrahepatic manifestations of HCV infection
While its only confirmed locus of replication is the liver, HCV 
is capable of producing systemic complications, in large measure 
due to its predilection for formation of immune complexes. 
These extrahepatic manifestations are relatively infrequent and 
mostly mild, but can occasionally be associated with major mor-
bidity and even mortality.

ALS-2200) generally have activity against multiple HCV geno-
types due to the high conservation of the NS5B enzyme active 
site. Even though single amino acid substitutions (e.g., S282T) 
confer NI resistance, NIs tend to have high barriers to virologi-
cal resistance because these resistance mutations are associated 
with substantially reduced viral “fitness” compared to wild-type 
virus [305].

Finally, another antiviral strategy may be to target host cellular 
factors that support the HCV life cycle. HCV, like all other 
viruses, depends on a host cell for its propagation by exploiting 
cellular proteins, membranes, and other factors. Inhibiting a 
required host factor or its interaction with HCV proteins/RNA 
might also be useful for the treatment of HCV infection. The 
theoretical advantages of host-directed therapies could include 
pan-genotypic activity as well as a high barrier for virological 
resistance. For example, host cyclophilin A is required for  
HCV replication. Nonimmunosuppressive synthetic cyclophilin 
inhibitors (alisporivir, SCY-635) have activity against HCV  
in vivo [306,307]. Another example is targeting of host 
microRNA-122, which increases the accumulation and transla-
tion of HCV RNA by direct interaction with the 5′ NTR [308,309].

All of the investigational drugs to date are being studied in 
combination therapy regimens in order to overcome virological 
resistance. One strategy has been to combine one or two DAAs 
with PEG-IFN/RBV. Although these regimens still contain 
PEG-IFN with all of its associated side-effects, they could 
potentially result in high SVR rates, particularly among patients 
with negative predictors of treatment response (prior null 
response, unfavorable IL28B genotype, cirrhosis, etc.). For 
example, of 10 patients with genotype 1 infection and a prior 
null response to PEG-IFN/RBV who were treated with the 
NS5A inhibitor daclatasvir, the NS3/4A PI asunaprevir, PEG-
IFN, and RBV for 24 weeks, nine achieved an SVR [310].

Another and much more appealing strategy has been to 
develop interferon-free regimens using combinations of DAAs, 
with or without RBV. Although not currently FDA-approved in 
combination for the treatment of genotype 1 infection, the com-
bination of the nucleotide inhibitor sofosbuvir and the protease 
inhibitor simeprevir is effective, with or without RBV. In a ran-
domized, open-label trial, simeprevir/sofosbuvir was associated 
with SVR rates of 90% among 72 prior null responders without 
advanced fibrosis and 94% among 82 treatment-naïve patients 
with advanced fibrosis or compensated cirrhosis [311]. Although 
limited by its small size, SVR rates did not appear to be affected 
by the use of RBV or by treatment duration for 12 versus 24 
weeks.

Another interferon-free regimen in advanced clinical devel-
opment is the combination of the ritonavir-boosted PI ABT-450, 
the NS5A inhibitor ombitasvir/ABT-267, the NS5B NNI 
dasabuvir/ABT-333, and RBV. In a phase 3 trial of treatment-
naïve, noncirrhotic patients with genotype 1 infection, a 12-week 
course of this combination was associated with an overall SVR 
rate of 96% [312]. A phase 3 trial comparing 12 with 24 weeks of 
this four-drug regimen in cirrhotic treatment-naïve and 
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pathogenetic driver. The most common HCV-related renal 
lesion is type I membranoproliferative cryoglobulinemic 
glomerulonephritis (MPGN). MPGN I is classically associated 
with type II cryoglobulinemia.

The treatment of renal disorders associated with chronic 
HCV infection parallels treatment of cryoglobulinemia. In 
general, successful treatment of HCV can reduce or control 
proteinuria, but has little effect on renal function once azotemia 
has supervened.

Endocrine disorders
Infection with HCV may contribute to the development of type 
II diabetes mellitus as assessed by population surveys [328,329]. 
While hepatic cirrhosis itself increases hepatic insulin resistance 
and predisposes patients to diabetes mellitus, the observed 
increase in the prevalence of type II diabetes mellitus by  
HCV appears to be independent of cirrhosis [329]. Transgenic 
mouse models overexpressing HCV proteins have increased 
peripheral insulin resistance; this may be a consequence of 
cytokine production (particularly tumor necrosis factor-α) 
[330]. Interestingly, successful clearance of HCV is associated 
with decreased insulin resistance and even resolution of diabe-
tes [331].

Autoimmune thyroiditis can also be associated with HCV-
related liver disease [332]. Antithyroid antibodies are found in 
up to 13% and autoimmune thyroiditis can present with 
hypothyroidism in up to 6% of patients with chronic hepatitis 
C [333]. Sicca complex is common in HCV-infected individuals, 
but viral antigens are not directly seen in affected glands.

Cutaneous and mucosal lesions
Skin involvement is commonly seen with chronic hepatitis C 
[334]. Cutaneous or oral lichen planus is associated with HCV, 
with seroprevalence rates of 4%–6% [334,335]. Other lesions 
noted in association with HCV infection include porphyria 
cutanea tarda, necrotizing cutaneous vasculitis, and Mooren 
corneal ulcer [334,336]. A contributory role for HCV in por-
phyria cutanea tarda, along with iron overload and alcohol, is 
suggested by the resolution of the characteristic bullous lesions 
with successful clearance of infection [336].

Miscellaneous extrahepatic manifestations
A number of other autoimmune disorders have been associated 
with chronic hepatitis C, including polyarteritis nodosa-type 
vasculitis [337], idiopathic thrombocytopenic purpura [336], 
celiac disease [338]; Sjögren syndrome [337], polymyositis 
[339]; polymyositis [339], systemic sclerosis [340], and systemic 
lupus erythematosus [341]. However, the evidence for HCV 
causality with these systemic disorders is lacking.

Lymphoproliferative diseases
The participation of HCV infection in the pathogenesis of lym-
phoproliferative diseases has been suggested by several studies 
reporting high prevalence of HCV in patients with certain 

Autoantibodies
There is a high frequency of low-titer autoantibodies associated 
with chronic HCV infection. Antinuclear, antismooth muscle, 
or antithyroid antibodies are detectable in one-third to two-
thirds of patients with chronic HCV infection [172,318]. Most 
of these autoantibodies are not clinically significant, with the 
exception of antiliver–kidney–microsomal type 1 antibodies 
(anti-LKM1) [172,319]. Patients with anti-LKM1 can be dif-
ferentiated into two categories, anti-HCV-positive and anti-
HCV-negative [320,321]. The more conventional type 2 
autoimmune hepatitis is attended by high anti-LKM1 titers and 
negative anti-HCV, affects young women with occasionally 
marked elevation of ALT, and is steroid responsive. In contrast, 
patients with chronic HCV infection associated with a positive 
anti-LKM1 have mild elevations of ALT levels, low anti-LKM1 
titers, and respond to antiviral therapy [322]. In addition, 
persons with the more classic type 1 autoimmune hepatitis may 
harbor false-positive anti-HCV [323,324].

Rheumatological disorders
Rheumatological disorders associated with chronic HCV infec-
tion include mixed cryoglobulinemia, vasculitis, sicca complex, 
arthritis, and fibromyalgia [325]. In particular, chronic hepatitis 
C is associated with type II and type III cryoglobulinemia. Type 
II cryoglobulinemia is predominantly associated with HCV 
infection and is characterized by monoclonal IgM with rheuma-
toid factor activity, mixed with polyclonal IgG. Type III cryoglob-
ulinemia is associated with a host of chronic infections, including 
HCV, and is composed of polyclonal IgM and polyclonal IgG 
species. That HCV is the principal cause of cryoglobulinemia is 
borne out by selective concentration of HCV RNA and antibod-
ies in cryoprecipitates [326]. Cryoglobulinemia is clinically asso-
ciated with a small-vessel immune complex vasculitis with 
manifestations that include arthralgias, fatigue, rash, peripheral 
neuropathy, and a membranoproliferative glomerulonephritis. 
Less commonly, the vasculitis may affect other organ systems. 
Treatment of cryoglobulinemia is directed at removal of the 
offending antigen, HCV. Parallel improvements between HCV 
RNA, cryocrit, and clinical manifestations of cryoglobulinemia 
can be observed. For persons nonresponsive to, or ineligible for, 
interferon therapy for HCV, alternative approaches include 
reduction of antibody with cytotoxic agents or rituximab, or 
plasmapheresis to remove circulating immune complexes. With 
the anticipated approval of IFN-sparing regimens for HCV, 
direct acting antiviral therapy will become an increasingly viable 
treatment for HCV-related cryoglobulinemia.

Renal disorders
Immune complex disease associated with HCV, particularly 
cryoglobulinemia, may cause renal complications [327]. Patients 
may present with proteinuria, microscopic hematuria, neph-
rotic syndrome, or even acute renal failure [327]. Deposition of 
circulating immune complexes in the subendothelial space and 
mesangium in the glomeruli is thought to be the principal 
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CD8+ T-cell response, and so a prophylactic or therapeutic 
HCV vaccine may also need to elicit T-cell responses.

Passive immunization with neutralizing antibodies could, in 
theory, prevent reinfection of the donor liver during liver trans-
plantation. While neutralizing antibodies have been described 
in models of HCV infection [345,346], none have yet been able 
to prevent HCV infection when administered to humans 
[347,348].

Current strategies to develop prophylactic and therapeutic 
vaccines for HCV are based on induction of HCV-specific T-cell 
responses. Candidate vaccines have been able to induce such 
responses in humans [349–351]. However, therapeutic vaccine 
candidates have not yet been shown to be able to significantly 
reduce HCV viral loads [350,351], and no prophylactic vaccine 
has demonstrated efficacy in a clinical trial.
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forms of B-cell non-Hodgkin lymphoma [342–344], including 
marginal zone lymphomas. There is strong evidence that these 
lymphoproliferative disorders arise from expansion of a B-cell 
clone under chronic antigenic stimulation, because there is a 
high frequency of low-grade B-cell lymphoproliferative disease 
in type II cryoglobulinemia [342]. Indeed, there is evidence that 
lower-grade B-cell lymphomas can regress with successful clear-
ance of HCV [342].

Prevention

Prevention of HCV transmission
There is no effective prophylactic vaccine against HCV, and anti-
viral therapy of chronic HCV infection is costly and often unsuc-
cessful. Therefore, global control of HCV must focus not only on 
HCV treatment but also on the prevention of HCV transmission. 
Primary prevention efforts include measures to reduce the risk 
of blood product transmission as discussed above, risk-reduction 
counseling for those at high risk of infection (e.g., injection drug 
users, MSM), and infection control practices, such as in hemo-
dialysis units. Secondary prevention seeks to identify individuals 
with chronic HCV infection so that they can receive appropriate 
counseling and medical management [36]. HCV-infected indi-
viduals should be advised not to share toothbrushes, dental or 
shaving equipment, and to stop using illicit drugs. Those who 
continue to inject drugs should be counseled on practices to 
lower the risk of HCV transmission.

HCV vaccine development
Three general immunization strategies that are relevant to HCV 
are passive immunization, where presynthesized immune ele-
ments are transferred to an individual to prevent infection, pro-
phylactic vaccination, where the individual’s immune system is 
primed to prevent or ameliorate the course of infection with a 
future exposure, and therapeutic vaccination, where the immune 
system is stimulated to clear an existing infection. Major barri-
ers to the development of any of these three strategies include 
the lack of a relevant small animal model of HCV infection, the 
high sequence diversity among the different HCV genotypes 
and subtypes, and the potential for the emergence of viral 
escape mutations. As previously discussed, spontaneous HCV 
clearance is associated with a robust and diverse CD4+ and 
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CHAPTER 97

Epidemiology

Drug-induced hepatotoxicity is a frequent cause of acute liver 
injury. It may be extremely severe and is responsible for more 
than 50% of all cases of acute liver failure (ALF) in the United 
States [1,2]. Hepatotoxicity has been described for a large 
number of drugs [3], although the number of cases is low given 
the number of prescriptions written.

Different agents cause liver injury through a variety of mech-
anisms that occur at varying rates. Most reactions are directed 
against hepatocytes but biliary injury, as well as combined 
hepatocyte/biliary injury or damage to specific organelles (e.g., 
mitochondria), occur and produce the different disease patterns 
observed. While some agents such as isoniazid cause liver injury 
in as many as 1 in 100 people and fatality in 1 in 10 000, other 
agents result in liver damage in only 1 in 50 000 or may never 
cause liver injury.

Few data on the epidemiology of drug-induced liver disease 
are available. A population-based study from France performed 
between 1997 and 2000 demonstrated an annual incidence of 
∼13.9 per 100 000 with significantly more cases found in people 
over 50 years of age [4]. Cases with a fatal outcome are more 
limited and most studies are hampered by underreporting [5]. 
An analysis has suggested that the incidence may be as high as 
19/100 000 per year [6]. In developing parts of the world, drug-
induced liver disease is much less common and attributed to a 

small number of drugs [7]. However, probably only a small 
fraction of actual cases are reported, and a true estimate of the 
incidence of drug-induced liver disease may be impossible to 
obtain. This is due both to the difficulty in establishing the 
diagnosis, as well as to inadequate reporting systems.

Although the exact number of drug-induced liver injuries per 
year is unknown, the severity of many of these cases and the 
tragedy involved in a presumed preventable injury makes it 
imperative that all sensible precautions be taken to avoid such 
incidents.

Drug metabolism and mechanisms  
of hepatotoxicity

The liver, functionally situated between the absorptive surface 
of the gastrointestinal tract and the target of drug effects 
throughout the body, is central to the metabolism of foreign 
substances. Because hepatocyte metabolism is required for vir-
tually every drug, it is remarkable how seldom injury to liver 
cells occurs. Most drugs and xenobiotics cross the intestinal 
brush border because they are lipophilic. Biotransformation is 
the process whereby lipophilic therapeutic agents are rendered 
more hydrophilic by the hepatocyte, resulting in excretion of 
the drug in urine or bile. In most instances, biotransformation 
changes a nonpolar compound to a polar compound through 
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Enzyme polymorphism
The rarity of drug toxicity begs the question of how an infre-
quent event (1 in 10 000 or less) occurs. Genetically variant CYP 
isoenzymes, such as are observed with the metabolism of 
debrisoquine, partially explain the observed individual varia-
tion. Debrisoquine is an antihypertensive drug marketed in 
Europe that is hydroxylated by CYP2D6, an isoform that is 
absent in 5% of healthy individuals, greatly prolonging the half-
life of the parent compound in those individuals [10]. Fast and 
slow acetylator patterns affect whole populations, and have been 
implicated in isoniazid metabolism, which includes an acetyla-
tion step [11]. Genetic variants, which occur relatively fre-
quently, cannot explain the formation of a toxic intermediate in 
only a rare individual. Other explanations are necessary.

Most drugs are small organic compounds that are unlikely to 
evoke an immune response. While some toxic drug reactions 
are associated with an obvious allergic response, most are not. 
Nevertheless, immune mechanisms not associated with sys-
temic allergic immunoglobulin E (IgE) reactions or skin hyper-
sensitivity might be involved. Studies suggest that the products 
of CYP metabolism, the highly reactive intermediates formed 
within the microsomes, covalently bind to the enzyme itself to 
form a drug–hapten adduct that disables the enzyme and injures 
the cell [12]. Haptenization then evokes an immune response 
directed against the newly formed antigen or neoantigen. P450s 
have been shown to traffic to the plasma membrane allowing 
the P450–drug adduct to become the target of a subsequent 
cytolytic attack (Figure 97.2). Whether these adducts or smaller 
peptides that are processed and presented by way of the major 

several steps. Foremost is an oxidative pathway (e.g., hydroxyla-
tion) mediated by members of the cytochromes P450 family 
(CYPs). This is typically followed by esterification to form sul-
fates and glucuronides, which results in the addition of highly 
polar groups to the hydroxyl group. These two enzymatic steps 
are referred to as phase I (P450 oxidation) and phase II (esteri-
fication). Although other important metabolic pathways exist, 
and include glutathione S-transferase, acetylating enzymes, and 
alcohol dehydrogenase, the principal metabolic pathways for 
most pharmacological agents involve P450 and subsequent 
esterification.

The exact mechanisms of liver injury remain unclear for most 
drugs. A single drug may cause its toxic effects in several ways. 
An oversimplified model suggests that high-energy unstable 
metabolites of the parent drug, the result of P450 activation, 
bind to cell proteins or DNA and disrupt cell function. Perhaps 
the best example is acetaminophen. Although taken safely by 
untold individuals for nonnarcotic pain relief, acetaminophen 
taken in large quantities causes profound centrilobular necrosis 
[8]. The metabolic pathway for acetaminophen involves both 
phase I and phase II reactions, glutathione detoxification, and 
the formation of reactive intermediates (Figure 97.1). Glucuro-
nidation and sulfation occur as the initial detoxifying step 
because the parent compound contains a hydroxyl group. 
Because glucuronidation and sulfation capacity greatly exceeds 
daily needs, even patients with far-advanced liver disease con-
tinue to have adequate glucuronidation capacity, which explains 
why no obvious enhancement of toxicity is observed in most 
patients with cirrhosis who are taking acetaminophen [9].

Figure 97.1 Metabolic pathway for acetaminophen. NAPQI, N-acetyl-p-benzoquinoneimine.
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Such a combined toxic/immunological mechanism is involved 
in the liver injury caused by halothane. Halothane is a fluori-
nated hydrocarbon anesthetic that causes severe, often fatal, 
liver injury after multiple exposures [14]. Other fluorinated 
hydrocarbons also occasionally produce the same response 
[15–17]. While halothane has never been withdrawn, its use has 
been limited by the advent of safer agents. Both direct cytotoxic-
ity and immune-mediated toxicity are observed in keeping with 
the clinical observations that ever more severe halothane toxic-
ity occurs with repeat exposures. Still, evidence of injury can 
usually be identified within a week of the first exposure. As 
befits an immune reaction, the interval to toxicity is shortened 
and the damage is more severe with each successive exposure.

Specific genetically determined components of the immune 
response also might be important. For example, the binding of 
peptides for antigen presentation depends on human leukocyte 
antigen (HLA) configurations that are genetically determined. 
This variation among individuals is thought to underlie the 
diverse responses observed in patients encountering the hepa-
titis B virus. The highly variable severity of reactions observed 
depends on the fit of antigen peptides in the HLA groove. A 
specific HLA haplotype has been associated with amoxicillin–
clavulanate-induced hepatitis, being found in 57.1% of patients 
compared with 11.7% of controls [18]. Polymorphisms have 
also been identified for the interleukin-10 (IL-10) promoter and 
for tumor necrosis factor-α (TNF-α). These variations in 
immune responsiveness could modulate the severity of the 
responses observed. For example, different IL-10 promoter phe-
notypes are recognized. A C-to-A substitution at position 627 
is linked to severe asthma and, by inhibiting IL-10 secretion, 
upregulation of T helper type 2 immune reactions. This same 
phenotype has been associated with hepatitis C-related liver 
injury and the severity of alcoholic liver injury [19,20]. Variant 
TNF-α phenotypic expression has been implicated in determin-
ing the severity of drug reactions related to acetaminophen [21]. 
A multistep, immune-based mechanism would best explain 
both the rarity of idiosyncratic reactions, and their severity, as 
well as the findings of mild, nonprogressive liver injury in some 
patients – those with “protective” phenotypes.

Studies suggest that, for specific agents, genetic markers can 
be identified that associate with the toxic reaction. Such phar-
macogenomic observations may eventually be clinically useful, 
particularly for high-risk drugs [22]. Genome-wide association 
studies have implicated specific HLA haplotypes that predispose 
to injury [23], but these findings have been limited to date. 
While an immunological explanation for many reactions is 
plausible, the exact mechanism to account for most drug reac-
tions remains obscure. Both cell necrosis and apoptosis have 
been recognized, and sinusoidal lining cells as well as Kupffer 
cells may also be affected. Evidence has suggested a role for 
drug–albumin adducts and possibly for autoantibodies directed 
either at the drug moiety bound to cell proteins or directed at 
the CYP metabolizing enzyme, but activated, presumably, by the 
drug–enzyme interaction [24,25].

histocompatibility complex class I and class II schemes are the 
targets remains unclear. Still, the association of neoantigens, 
autoantibodies, and hepatotoxic drugs implicates an immuno-
logical mechanism.

Whether the drug causes significant cell necrosis or not, the 
P450–drug adducts can evoke an immune response. Any sub-
sequent P450–drug adduct present on the hepatocyte surface 
would evoke a further response. Responses may be antibody-
mediated or occur from direct cytolytic attack by primed T cells 
[12,14] (Figure 97.3).

Figure 97.2 Modification of host P450 enzymes renders them 
immunogenic. Autoantibodies can be detected, which recognize the 
enzyme–metabolite adducts and the enzyme itself. CYP1A2, cytochrome 
P1A2. Source: Adapted from Robin et al. 1997 [13]. Reproduced with 
permission of Elsevier.

Tienilic acid

Reactive metabolite

Metabolite-CYP2C

Anti-LKM2

autoantibodies

Dihydralazine

Reactive metabolite

Metabolite-CYP1A2

Anti-LM

autoantibodies

Halothane

Reactive metabolite

Metabolite-CYP2E1

Anti-2E1

autoantibodies

Figure 97.3 Possible models of liver injury due to drugs. Direct toxicity 
may play a role but immune mechanisms are also operative. In this 
model, rechallenge or continuing to receive the same drug would simply 
elicit a preformed cytolytic response. IgG, immunoglobulin G; MHC, 
major histocompatibility complex. Source: Robin et al. 1997 [13]. 
Reproduced with permission of Elsevier.

Quiescent

autoreactive

B lymphocyte

Dying hepatocyte

P450
Metabolite

Internalization

P450

Membrane lgG

MHC class II

Alkylated peptide

Recognition by helper T cells

Autoantibody Antiadduct antibody

Clonal expansion and maturation

of the B lymphocyte into plasmocyte

Quiescent

antiadduct

B lymphocyte

Internalization



Drug-induced liver disease CHAPTER 97   1961

whereas several canalicular export pumps have been identified 
[34]. Estrogen may cause multiple canalicular membrane trans-
port changes [35], affecting, among others, the canalicular bile 
salt pump [36].

Uncoupling or inhibition of mitochondrial respiration may 
in some instances lead to microvesicular steatosis [37]. Mito-
chondrial β-oxidation of fatty acids is impaired and this may 
decrease the cellular energy supply, leading to severe liver 
dysfunction.

Drug-induced liver injury may be modulated and enhanced 
by inflammatory mediators that trigger hepatocyte apoptosis. 
Hepatocyte apoptosis is complex and may be controlled by the 
intracellular energy status [38,39] and by the redox state of the 
cell [40]. How the specific drugs involved in hepatotoxicity 
affect hepatocyte apoptosis remains to be determined.

As noted above, new techniques of pharmacogenomics may 
be helpful in predicting an individual’s risk of hepatotoxicity for 
a given drug based on the discovery of genetic susceptibility 
profiles associated with liver injury [41].

Classification of hepatotoxic agents

Two main categories of drugs can produce liver disease. One 
group consists of intrinsic (predictable) drugs, whereas a second 
group consists of idiosyncratic (unpredictable) drugs. Unfortu-
nately, the vast majority of drugs involved in liver disease belong 
to the idiosyncratic, and so unpredictable, group.

Intrinsic (dose-dependent) agents
Hepatotoxins of this group produce liver disease in most 
patients in a dose-related fashion if toxic amounts of the drug 
are ingested. Furthermore, similar lesions can often be found in 
animal models [42]. Hepatotoxicity may be caused by the drug 
itself or, most frequently, by toxic effects of its metabolites. Table 
97.1 provides a list of known dose-dependent drugs.

Until recently, occupational hepatotoxic agents, such as 
carbon tetrachloride [43] and yellow phosphorus [44], were 
frequently encountered. However since 1980, these agents have 
rarely been seen. Instead, acetaminophen (paracetamol) has 
emerged as the most dominant intrinsic hepatotoxic drug. 
Taken in small doses (4 g or less per day) acetaminophen is an 
extremely safe drug. However, its therapeutic index is low 
because as little as 10–12 g may cause extensive hepatic necrosis 
[45,46].

In acetaminophen metabolism, the phase II reactions pre-
dominate, with only a small fraction of acetaminophen metabo-
lized by CYP450. When the quantity of acetaminophen exceeds 
phase II capacity, significant amounts of a toxic intermediate, 
N-acetyl-p-benzoquinoneimine (NAPQI), are formed, prima-
rily through CYP2E1 (see Figure 97.2) [47,48]. NAPQI binds 
covalently to cell macromolecules disrupting mitochondrial and 
nuclear function [42]. Nitrotyrosine residues can be detected by 
immunohistochemistry as evidence of oxidative stress in the 

The metabolic fate of any compound is a complex process. 
Important environmental and host variables are outlined in Box 
97.1. Often multiple factors are at play simultaneously, including 
drug interactions, either induction of metabolizing enzymes or 
competition as substitutes for enzymatic metabolism. Common 
inducing agents include ethanol, phenobarbital, and phenytoin. 
Cigarette smoke is also a potent inducer of certain P450 species. 
Induction or substrate competition for available enzyme may 
not result in hepatotoxicity but strongly impacts plasma drug 
levels, increasing the risk of other toxicities. The quantity of 
drug ingested is also very important. While idiosyncratic reac-
tions are said to not be dose-related, analyses have pointed out 
that most drugs leading to liver injury are prescribed in doses 
of >100 mg/day and most are lipophilic as well [32,33]. Thus, 
antibiotics, a common cause of hepatotoxicity, are nearly always 
used in quantities of a gram or more. The more medication 
needed to produce a beneficial effect, the lower its potency and 
the more likely that an “off-target” effect, such as rash or gas-
trointestinal side-effects, will be observed. More detailed discus-
sion of idiosyncratic reaction is provided below.

Other mechanisms
Disruption of specific transport proteins, or processes in hepa-
tocytes or cholangiocytes may be the event that results in drug-
induced cholestasis (see Chapter 26). Bile salt transport from 
plasma into the hepatocytes is accomplished by two basolateral 
(sinusoidal) transport systems: the sodium–taurocholate 
cotransporter, and the organic-anion transporting polypeptide, 

Box 97.1 Factors influencing the metabolic fate of drugs.

Age: drug reactions appear to impact the elderly more often, P450s 
vary [26]. Adults are more susceptible than children to injury from 
some agents (acetaminophen, halothane, isoniazid) and less 
susceptible to others (e.g., aspirin, valproic acid)

Gender: females are more prone to drug reactions, but the 
mechanisms are unknown

Size/weight: effects on women relate to intrinsic gender differences 
but also to size and drug concentration differences

Pregnancy: differential effects of drugs in pregnancy have been poorly 
studied

Preexisting liver disease: hepatic disease may protect against 
idiosyncratic reactions and may enhance toxicity in dose-dependent 
hepatotoxins (such as acetaminophen) [27]

Renal disease: delayed disappearance of parent compounds yields 
higher concentrations, and affects P450 [28]. Tetracycline 
hepatotoxicity is enhanced in renal disease

Certain foods: grapefruit has an unknown substance that inhibits 
some CYP members [29–31]

Concomitant drugs: drug–drug interactions are common causes of 
adverse effects usually because of their impact on each other’s 
metabolism (e.g., valproate and chlorpromazine together lead to 
enhanced cholestasis)

Genetic factors: enzyme polymorphisms (e.g., enhanced phenytoin 
liver disease in patients with defective epoxide hydrolase activity), 
human leukocyte antigen phenotypes (nitrofurantoin susceptibility)
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(i.e., survival without liver transplantation) of approximately 
57% [1], it is still the leading cause of fatal acute liver failure in 
the United States [2].

Except for acetaminophen-induced liver disease, intrinsic 
drug-induced hepatotoxicity is rare.

Idiosyncratic reactions
Most drug reactions are idiosyncratic, occurring from 1 in 1000 
to 1 in 50 000 patients. The etymology of “idiosyncratic” from 
the Greek loosely translated is “the unique composite of the 
self ” – the particular features of a given individual. This places 
the emphasis appropriately on the patient’s characteristics rather 
than on the drug itself. Idiosyncratic reactions are not the result 
of the drug itself because almost everyone can tolerate them, 
but of something unique about the patient who ingests them 
and has a toxic reaction. Theories abound to explain these reac-
tions. Any theory of pathogenesis must “explain” the features 
shown in Box 97.2. The proportion of drug-induced liver disease 
varies greatly among drug classes as evidence of class effect. 
Nonsteroidal agents, antibiotics, and anticonvulsants are highly 
associated with drug-induced liver disease, whereas hormones, 
antihypertensive drugs, digoxin, and antiarrhythmic drugs are 
rarely associated. Idiosyncratic reactions occur in small numbers 
such that some drugs continue to be available when their overall 
utility or uniqueness makes the risk acceptable, for example 
isoniazid [62]. Some 15%–20% of individuals receiving isoni-
azid as a single agent for tuberculosis prophylaxis may develop 
increased transaminases, but these usually stabilize or improve, 
so that less than 1% may develop severe hepatic necrosis [63]. 
More recently, an even lower estimate of severe liver injury of 1 
in 1000 has been given for isoniazid from a large tuberculosis 
public health clinic [64], where only 11 of 11 141 patients devel-
oped isoniazid-induced liver disease. This is still a high rate of 
injury compared to other idiosyncratic drug reactions but the 
usefulness of the drug has precluded its withdrawal.

Aside from isoniazid, nonsteroidal analgesics may be the 
most commonly associated drug class capable of inducing  
idiosyncratic reactions [65]. This includes the newer 
cyclooxygenase-2 (COX-2) inhibitors [66,67]. It is important to 
recognize that certain classes, principally antibiotics and nons-
teroidal antiinflammatory drugs (NSAIDs), are known to be 

livers of patients (or experimental animals) demonstrating tox-
icity [49]. These residues are formed by the rapid reaction of 
superoxide and nitric oxide (formed by the Kupffer cells) to 
form peroxynitrite, unless covalent bonding of NAPQI is pre-
vented by its conjugation (via glutathione S-transferase) to form 
mercapturic acid, a harmless water-soluble product excreted by 
the kidney [50]. Depletion of glutathione lowers this last defense 
against the formation of NAPQI-related intracellular adducts. 
Starvation and chronic alcohol intake by depleting glutathione 
enhance toxic injury [51–55], whereas N-acetylcysteine, by 
replenishing glutathione, protects against acetaminophen-
induced injury [56]. This direct toxic reaction occurs predicta-
bly in all individuals and is not an allergic reaction. The final 
step leading to cell death remains unclear but may involve an 
increase in levels of cytosolic calcium altering the cytoskeleton 
and membrane integrity, leading to “blebbing” of the cell mem-
brane and loss of its integrity [57]. Dose-related necrosis (lysis) 
of hepatocytes occurs but apoptotic pathways are also impli-
cated. A finding that peroxisomal proliferator activation pre-
vents the liver injury associated with acetaminophen links this 
liver damage to apoptosis but does not preclude a combined 
necrosis/apoptosis effect [58,59].

Acetaminophen overdose is the most common cause of acute 
liver failure with hepatic encephalopathy in several Western 
countries, including the United Kingdom and the United States 
[46,60,61]. Although the prognosis for acetaminophen-induced 
acute liver failure is relatively good, with a spontaneous survival 

Table 97.1 Drugs/toxins in which a dose–response effect is observed.

Drug Response

Acetaminophen Total dose, single versus multiple 
time points

Amiodarone Total dose over time

Bromfenac Toxicity only after extended use

Cocaine Dose-related vascular collapse

Cyclophosphamide Dose-related, worse with prior ALT 
elevations

Cyclosporine Cholestasis with toxic blood levels, 
CYP3A phenotype

Methotrexate Aminotransferase elevations/fibrosis; 
single dose/total dose

Niacin Large doses yield vascular collapse

Oral contraceptives Prolonged usage yields hepatic 
adenomas

Tetracycline Total dose, worse with renal 
dysfunction

Toxins (yellow phosphorus, 
carbon tetrachloride, amanita 
toxin, bacterial toxins)

Total dose

ALT, alanine aminotransferase; CYP3A, cytochrome P3A.

Box 97.2 Features of idiosyncratic drug reactions.

Occur rarely, not dose related, but daily dose usually >100 mg
A pattern consistent for each drug
When similar drugs exhibit similar features, called “class effects”
Individual drugs in a class still vary considerably
Reactions occur at varying time intervals after first ingestion
Reactions vary in severity, but typically severe and fatal if drug 

continued
Mild injury can sometimes disappear with continued use
Rarity of most reactions suggests possibility of multiple steps
Rechallenge is often met with greater severity, shorter latency
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ALT and AP are more than twice the ULN and the ALT/
ULN : AP/ULN ratio is between 2 and 5.

Hepatocellular reactions
Hepatocellular reactions constitute up to 90% of cases of drug-
induced liver disease [71]. Many drugs have been implicated in 
hepatocellular type drug-induced liver disease (Box 97.4). 
Usually, improvement occurs quickly after discontinuation of 
the drug (1–2 months), and only a few patients develop fulmi-
nant, acute liver failure with hepatic encephalopathy [72].

Histological findings include necrosis and cellular infiltration 
(Figure 97.4). Necrosis may be zonal (e.g., acetaminophen-
induced or CCl4-induced) or diffuse (e.g., halothane-induced), 
and the inflammatory response consists of lymphocytes or eosi-
nophils. Massive necrosis may cause acute liver failure and 
death – the exact quantity of remaining hepatocytes necessary 
to support life has not been established [8].

Acetaminophen has been the best-understood example of 
direct hepatocyte toxicity. Liver injury occurs predictably after 
intentional suicidal overdose [61], and during unintentional 
excessive ingestion for pain relief [51,73]. Enhanced toxicity 
occurs as a result of enzyme induction and glutathione deple-
tion by alcohol as well as of fasting, as outlined previously [52]. 
Acetaminophen toxicity is the most common cause of acute 
liver failure observed in the United States [2]. In a medical 
record review from an urban county hospital in the United 
States, 71 patients admitted in a 39-month period had actual or 
potential hepatotoxicity due to acetaminophen [60]. Those who 
ingested acetaminophen accidentally, without suicidal intent, 
fared worse because they did not realize that they had done 
anything harmful and presented for treatment late. This group 
was more likely to develop severe liver injury and to die from 
the episode. By contrast, those with suicidal intent took larger 
doses, presented to a hospital earlier, where they received 
N-acetylcysteine, an effective antidote. One-fifth of the suicidal 
cases had severe injury and the potential for a fatal outcome 
should not be underestimated. Key features in the accidental 
group were excessive chronic alcohol intake (usually more than 
six drinks daily), and the use of acetaminophen for a specific 
pain problem, but generally exceeding the package recommen-
dations. The extremely elevated aminotransferase values (often 

associated with toxic injury whereas for others an association is 
much less clear.

Adaptation
Many drugs that cause rare idiosyncratic reactions are more 
frequently associated with aminotransferase elevations that are 
limited and resolve even if administration of the suspected 
agent continues [68]. This was known to be true for isoniazid 
but is recognized as a common feature of the cholesterol-
lowering “statin” drugs. How this nascent liver injury is abro-
gated or modulated by the host remains unclear. Of interest, 
acetaminophen appears to cause significant aminotransferase 
elevations in up to 40% of users within the first 2 weeks, if they 
take the recommended maximum of 4 g/day [69].

Types of drug reactions,  
clinical presentations

While most liver injury involves direct hepatocyte necrosis/
apoptosis, some drugs primarily injure the bile ducts or canal-
iculi, causing cholestasis without significant hepatocyte damage. 
Others affect sinusoidal cells or present a particular pattern of 
liver injury affecting multiple cell types (mixed type). Drug 
reactions can be categorized broadly as hepatocellular, choles-
tatic, or mixed, but these are only general terms and do not 
apply in all circumstances. An additional way to categorize drug 
reactions emphasizes the histological changes involved as well 
as the cell type (Box 97.3).

A distinction between the various types of liver injury can be 
made based on the liver tests for alanine aminotransferase 
(ALT) and alkaline phosphatase (AP) [70]. The liver injury is 
considered hepatocellular when ALT alone is more than twice 
the upper limit of normal (ULN) range, or when the ratio (ALT/
ULN) : (AP/ULN) is greater than or equal to 5. The liver injury 
is termed cholestatic if AP alone is more than twice the ULN, 
whereas the term mixed designates a situation in which both 

Box 97.3 Types of drug reactions, with examples.

Hepatocellular: isoniazid, trazodone, diclofenac, nefazodone, 
venlafaxine, lovastatin

Cholestatic: chlorpromazine, estrogen, erythromycin
Mixed: amoxicillin/clavulanate, carbamazepine, herbs, cyclosporin, 

methimazole
Immunoallergic: halothane, phenytoin, sulfamethoxazole
Granulomatous: allopurinol, diltiazem, nitrofurantoin, quinidine, sulfa 

drugs
Steatohepatitis: amiodarone, perhexiline maleate, tamoxifen
Autoimmune: nitrofurantoin, methyldopa, lovastatin
Fibrosis: methotrexate, vitamin A excess
Vascular collapse: nicotinic acid, cocaine, ecstasy, adriamycin, 

pazopanib
Venoocclusive disease: busulfan, melphalan, oxaliplatin, herbal 

medicines

Box 97.4 Agents that may cause liver injury of hepatocellular type.

Acetaminophen
Carbon tetrachloride
Cloxacillin
Diclofenac
Halothane
Isoniazid
Lovastatin
Nefazodone
Trazodone
Venlafaxine
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Figure 97.4 Histopathology of a variety of drug-induced liver insults. These microscopic sections reveal the spectrum of injuries that may be seen. (a) 
Hepatocellular injury–panlobular necrosis due to halothane. Portal tracts are close to each other due to massive collapse. Trichrome stain, 4×. (b) Less 
severe hepatocellular injury due to an herbal preparation. There is widespread cellular injury with prominent lymphocytic infiltrate. H&E stain, 4×. 
C, central vein; PT, portal tracts. (c) Autoimmune hepatitis picture with prominent interface hepatitis and abundant plasma cells throughout the lobule 
with hemorrhage in the pericentral region. H&E 10×. C, central vein; DR, ductular reduplication; PT, portal tracts. (d) Microvesicular fat accumulation 
in the setting of use of didanosine. PAS stain, 30×. (e) Cholestatic liver injury with bile duct damage due to levofloxacin. There is permanent loss of 
biliary ducts in the two portal tracts shown. H&E, 10×, 30×. (f) Nodular regenerative hyperplasia causing noncirrhotic portal hypertension with 
esophageal varices, 5 years after oxaliplatin therapy for colon cancer. H&E, 4×, 10×, 30×. At low power, areas of atrophy alternate with areas of high 
flow and sinusoidal dilation leading to nodule formation nearby. At higher power, the portal tracts appear devoid of portal veins. Source: Courtesy of 
Jay Lefkowitch, Columbia University, and Lan Peng, UT Southwestern Medical Center.
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greater than 6000 IU/L and sometimes as high as 30 000 IU/L) 
observed in suicidal and accidental acetaminophen ingestion 
help to distinguish these cases from viral hepatitis or other drug 
injury [60]. N-Acetylcysteine should be given by nasogastric 
tube on admission, and for the ensuing 72 h, to provide glutath-
ione substrate. In Europe, intravenous N-acetylcysteine is the 
standard treatment [46]. Expected survival is greater than 80%, 
although liver transplantation is occasionally indicated. The 
incidence of acetaminophen poisoning varies widely through-
out the world, but it is becoming more frequent and widespread, 
as indicated by a report from Taiwan [74,75]. As in adults, two 
forms are seen in children: teenagers may overdose with suicidal 

intent, but more ominous are instances of inappropriate over-
dosing of acetaminophen in small infants because of the parents’ 
ignorance of the risks involved.

The US Acute Liver Failure Study Group, a national registry 
established in 1998, reviewed the experience with 275 patients 
who developed ALF, defined as altered mentation and coagu-
lopathy, as a result of acetaminophen toxicity [61,76]. The 
majority (79%) were women, although the gender breakdown 
for other etiological categories of ALF is similar, and accidental 
overdose comprised 48% of patients, compared to 44% who 
were considered suicides; for 8% the type of overdose could not 
be determined. More than one-third of patients ingested more 
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(e)

(f)

Figure 97.4 (Continued)
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tatic hepatitis is histologically characterized by cholestasis 
(dilated canaliculi, brown granules in the cytoplasm of hepato-
cytes) and some degree of liver cell necrosis as well as bile duct 
injury and inflammatory infiltration with polymorphonuclear 
leukocytes. Drugs related to this type of reaction include levo-
floxacin, carbamazepine [82], trimethoprim-sulfamethoxazole 
[83], captopril [84], and ticlopidine [85].

Generally, drug-induced cholestasis needs a longer time to 
resolve than the hepatocellular type of drug reactions [3]. In 
some instances progressive destruction of segments of the int-
rahepatic biliary tree may occur, the so-called vanishing bile 
duct syndrome [86], which occurs after a protracted course 
(more than 6 months) of drug-induced cholestasis. The result is 
a state of chronic cholestasis, resembling primary biliary cir-
rhosis [87]. Approximately 30 drugs have so far been implicated 
in the vanishing bile duct syndrome, including chlorpromazine 
[88] and quinolones [89].

A sclerosing cholangitis-like syndrome with jaundice  
caused by intrahepatic and extrahepatic strictures of the bile 
ducts is sometimes observed in patients receiving intraarterial 
floxuridine chemotherapy for hepatic metastases of colorectal 
cancer [90].

Immunoallergic reactions
Drugs may be associated with reactions that are definitely aller-
gic in nature. Hypersensitivity reactions such as fever, eosi-
nophilia, or rash are common. Halothane induces fever, 
eosinophilia, and antimitochondrial antibodies [14]. Halothane 
was formerly widely used as an inhalation anesthetic. However, 
it has been implicated in a high number of very severe cases of 
liver disease [91]. Halothane causes a hepatocellular injury and 
still is mentioned in large reviews [92].

Phenytoin (Dilantin), although less in use in the past decade, 
induces a classic hypersensitivity syndrome: fever, rash, lym-
phadenopathy, or eosinophilia [93]. The mechanisms responsi-
ble for the combined allergic and hepatotoxic reaction are 
unknown, but the slow resolution of the illness suggests that the 
allergen remains on the hepatocyte surface for weeks or months. 
With phenytoin, a mononucleosis-like picture may also be seen 
and is frequently confused with a viral illness or streptococcal 
pharyngitis [94]. When the offending agent is not discontinued 
promptly, a severe Stevens–Johnson drug eruption and pro-
longed fever may result [95]. As with any therapeutic agent, 
rapid recognition of the presence of a toxic drug reaction and 
immediate discontinuation of the compound are the keys to 
limiting hepatic damage. It is important to remember that fea-
tures of an allergic reaction may not be obvious. Even in the 
absence of systemic signs of allergy, eosinophilia or granulomas 
may be present on liver biopsy.

Sulindac is an NSAID that causes immunoallergic liver 
disease with a cholestatic pattern of injury in two-thirds of liver 
injury cases [96]. Sulindac may also cause hepatocellular liver 
injury and is more frequently implicated in drug-induced liver 
disease than other NSAIDs, such as ibuprofen.

than one acetaminophen-containing compound simultane-
ously. Two-thirds of the unintentional overdose patients were 
taking a narcotic-containing acetaminophen compound. Both 
of these observations suggest that patients are frequently 
unaware of the preparations they are ingesting or of the poten-
tial for toxicity.

One advance in our understanding that may be useful clini-
cally is the recognition that the reactive metabolite of acetami-
nophen bound to cell proteins can be measured reliably in 
plasma from patients with acetaminophen toxicity. This can be 
of value in patients for whom no history of overdose is given 
[77]. Acetaminophen adducts bound to the sulfhydryl group of 
cell proteins are found in serum, long after the parent acetami-
nophen compound has been metabolized. The presence of 
adducts is a sensitive and specific biomarker test for liver injury 
due to acetaminophen, which can identify adult as well as pedi-
atric patients who were not previously suspected of having 
acetaminophen related injury [78,79]. The clinical setting that 
is nearly unique to severe acetaminophen injury is a “hypera-
cute” picture: very high aminotransferases, often exceeding 
10 000 IU/L, with a low serum bilirubin, usually in the 3–5 mg/
dL range. Patients with unclear cause of liver failure who dem-
onstrate this pattern should be presumptively treated for aceta-
minophen poisoning [78]. A point of care assay for measurement 
of acetaminophen adducts is under development.

Cholestatic reactions
Cholestatic reactions have been described for a number of 
drugs, some of which are listed in Box 97.5. Cholestasis is best 
defined as a failure of bile to reach the duodenum [80], and 
common symptoms are jaundice and pruritus. Pure cholestasis 
with no signs of hepatocellular necrosis is almost exclusively 
seen in patients taking oral contraceptives, anabolic steroids, or 
sex hormone antagonists such as tamoxifen [81]. Acute choles-

Box 97.5 Some drugs causing cholestatic drug reactions.

Pure cholestasis
Anabolic steroids
Tamoxifen
Estrogens
Cholestatic hepatitis
Allopurinol
Amoxicillin/clavulanate
Azathioprine
Captopril
Carbamazepine
Chaparral (herbal)
Clindamycin
Erythromycin
Gold salts
Phenytoin
Ticlopidine
Trimethoprim–sulfamethoxazole
Levofloxacin



Drug-induced liver disease CHAPTER 97   1967

toms include rapidly accumulating ascites, painful hepatomeg-
aly, and jaundice occurring shortly after the conditioning 
regimen has been instituted. A chronic form of this injury has 
been recognized to result from oxaliplatin, a frequent compo-
nent of treatment for metastatic colon cancer. It appears to cause 
portal venular injury and obliteration resulting in presinusoidal 
portal hypertension and esophageal varices [106–108]. Rarely, 
herbal medicines may cause venoocclusive disease [109].

Treatment

Prompt discontinuation of a suspected drug is mandatory. 
General supportive therapy may be necessary as dictated by the 
clinical condition of the patient, ranging from none through 
intravenous fluid replacement to the intensive monitoring and 
treatment of patients with acute liver failure with hepatic 
encephalopathy [70,110,111]. Intravenous N-acetylcysteine 
may be considered for treatment of drug-induced liver injury 
in those experiencing early-stage hepatic failure. This agent has 
been recommended for the treatment of several types of 
nonacetaminophen-related liver failure, including that due to 
drugs, based on a randomized controlled study [112]. However, 
this agent is not currently US Food and Drug Administration 
(FDA) approved in the United Stated for this indication. Liver 
transplantation is performed in more than 50% of patients with 
idiosyncratic drug-induced acute liver failure because sponta-
neous survival in this setting is less than 20% [1].

Criteria for causal assessment of  
drug-induced liver injury

How do we decide whether a certain drug is responsible for the 
liver disease encountered in a certain patient? It is important to 
understand that we are always trying to assess a possible asso-
ciation from the past, unlike most other scoring models that try 
to predict the future [113]. A standardized reporting form 
developed by an international panel working in France provides 
a useful causality assessment scoring system [68], called the 
RUCAM (Roussel Uclaf causality assessment method) (Box 
97.7). These guidelines outline the steps that an experienced 
clinician uses to assess the likelihood of drug reactions [114]. 
Causality assessment methods typically include temporal rela-
tionship, course after cessation of drug, risk factors, considera-
tion of concomitant drug usage, a search for nondrug causes 
(viral hepatitis), previous information concerning the drug, and 
response to rechallenge, which is usually not available. Valida-
tion of the RUCAM scoring system suggests that a RUCAM 
score could be classified as highly probable (RUCAM score 
greater than 8), probable (score 6–8), possible (score 3–5), 
unlikely (score 1–2), or excluded (score ≤0) [114]. A Spanish 
comparison study in 215 patients suggested that the RUCAM 
system is more accurate than other proposed models [115].

Steatohepatitis
Steatosis in the liver can be present either in a microvesicular 
or in a macrovesicular pattern. Macrovesicular steatosis is the 
most common form and is histologically characterized by hepa-
tocytes containing a single vacuole of fat filling up the hepato-
cyte and displacing the nucleus to the cell’s periphery [35]. 
Macrovesicular steatosis is typically caused by alcohol, diabetes, 
or obesity. Drugs such as corticosteroids or methotrexate can 
cause similar hepatic changes [97].

In microvesicular steatosis, hepatocytes contain numerous 
small fat vesicles, not displacing the nucleus [35]. These lesions 
are associated with disruption of mitochondrial DNA with 
resulting anaerobic metabolism leading to lactic acidosis in the 
most severe cases. Not uncommonly, macrovesicular and 
microvesicular lesions are observed concomitantly and in these 
cases the microvesicular lesions are more significant because 
they are associated with a more severe prognosis [36]. Hepato-
cellular necrosis may also be present. Acute fatty liver of preg-
nancy [98] and Reye syndrome [99] are two examples of severe 
liver diseases caused by microvesicular steatosis.

Drugs causing microvesicular steatosis include valproate 
[100], tetracycline [101], fialuridine [102] (Box 97.6). Use of 
aspirin in children has been associated with Reye syndrome 
[103] and the incidence of Reye syndrome has decreased since 
warnings concerning aspirin use in children were issued [104]. 
The exact causal relationship between aspirin and microvesicu-
lar steatosis remains to be studied [99]. Although statin agents 
used to lower cholesterol may be associated with elevations in 
aminotransferase levels, they appear to be remarkably safe and 
can be used without monitoring liver enzyme levels in patients 
with or without fatty liver disease [105].

Other drug reactions
There are several other types of less common drug reactions 
involving the liver. These include granulomatous reactions, 
fibrosis, ischemic injury, and chronic autoimmune liver injury 
(see Box 97.2). The type of reaction observed can be helpful in 
determining the probable agent because most drugs have a spe-
cific injury profile.

A pattern of venoocclusive disease with obliteration of small 
intrahepatic veins, sinusoidal congestion, and necrosis is fre-
quently observed in patients receiving chemotherapy (e.g., 
busulfan, melphalan) following bone marrow transplant. Symp-

Box 97.6 Agents that may cause microvesicular steatosis of the liver.

Aspirin
Ethionine
Fialuridine
Nucleoside analogues
Valproic acid
Tetracycline (intravenous administration)
Troglitazone
Tamoxifen
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Box 97.7 Scoring system for assessing causality for hepatocellular 
types of reactions: a positive score of 6 or more represents a strong 
causal relationship. Source: Adapted from Danan and Benichou 1993 
[114]. Reproduced with permission of Elsevier.

Temporal relationship of start of drug to start of illness
Initial treatment 5–90 days; subsequent treatment course:  
1–15 days

+2

Initial treatment <5 or >90 days; subsequent treatment 
course: >15 days

+1

From cessation of drug: ≤15 daysa +1

Course
ALT decreases ≥50% from peak within 8 days +3
ALT decreases ≥50% from peak within 30 days +2
If the drug is continued, inconclusive 0

Risk factors
Alcoholb +1
No alcoholb 0
Age ≥55 years +1
Age <55 years 0

Concomitant drug
Concomitant drug with suggestive time of onset −1
Concomitant drug known hepatotoxin with suggestive  
time of onset

−2

Concomitant drug with further evidence of involvement  
(e.g., rechallenge)

−3

Nondrug causes: six are primary: hepatitis A, B, or C, biliary 
obstruction, alcoholism (AST ≥2× ALT), recent hypotension (heart 
disease)

Secondary group: underlying other disease; possible CMV, EBV, or HSV 
infection
In this category, all causes ruled out +2
Four or five causes ruled out +1
Fewer than four causes ruled out −2
Nondrug cause highly probable −3

Previous information on hepatotoxicity of the drug in question
Package insert mention +2
Published case reports but not in package label +1
Reaction unknown 0

Rechallenge
Positive (ALT doubles with drug alone)c +2
Compatible (ALT doubles, compounding features)c +1
Negative (increase in ALT but ≤2×ULN)c −2
Not done 0

For cholestatic reactions:
a ≤30 days
b Alcohol or pregnancy
c Read alkaline phosphatase (or total bilirubin) instead of ALT
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CMV, 
cytomegalovirus; EBV, Epstein–Barr virus; HSV, herpes simplex virus; 
ULN, upper limit of normal.

The US Drug-Induced Liver Injury Network (DILIN) has 
developed a causality method based on expert opinion. The 
process is arduous and not suitable for daily clinical use, because 
it involves a formal adjudication by three experts, as well as final 

decision-making, using a five-point likelihood scale, by a larger 
committee [116,117].

Lessons from drugs withdrawn from  
the market

Bromfenac and troglitazone were both withdrawn because of 
severe and fatal liver injury. There are important lessons to be 
learned from each one, illustrating the difficult issues surround-
ing drug-induced liver injury. NSAIDs as a class are associated 
with considerable hepatotoxicity [118,119]. Bromfenac was an 
NSAID marketed as Duract, and introduced in 1997 as a short-
term analgesic for orthopedic pain. Aminotransferase eleva-
tions were noted during clinical testing of bromfenac, but no 
instances of severe toxicity were reported. However, increased 
aminotransferases were associated with longer use, although the 
total number of patients exposed to long-term treatment was 
small. No instances of ALF were observed, but fewer than 1000 
patients were studied. There were concerns that long-term use 
might be hazardous so approval was given with the limitation 
that the drug should only be used for intervals of 10 days or less. 
Once released, bromfenac was associated with more than 50 
cases of severe liver injury and the drug was withdrawn in June 
1998. All patients in whom toxicity was observed had taken the 
drug for more than 8 weeks [120,121]. With hindsight, it should 
have been anticipated that a drug that effectively relieved pain 
would be used for longer than a 10-day period by some patients. 
The risk to benefit ratio must be an important consideration in 
the approval process for any new drug – bromfenac offered little 
new therapeutically, relative to already available agents, and on 
that basis should have expected to meet an even stricter test for 
safety.

Troglitazone (Rezulin) was approved by the FDA in January 
1997, the first of a new class of compounds, the thiazolidinedi-
ones. As an agonist of the peroxisomal proliferator activator 
receptor-gamma (PPAR-γ), troglitazone reduces insulin resist-
ance and increases insulin-stimulated glucose disposal, result-
ing in improved glycemic control for patients with type II 
diabetes. In clinical trials, reversible elevations of aminotrans-
ferase levels were observed, occasionally reaching more than 
eight times the ULN but no instances of ALF occurred. However, 
after approval, several reports of severe and fatal liver injury 
appeared [122–125]. Troglitazone has a variable time frame for 
manifesting toxicity, from a few days to several months [126]. 
The pathogenesis is not understood. Unlike bromfenac, trogli-
tazone was not immediately removed. As a new agent, its ben-
efits were initially thought to outweigh the risks. The drug was 
recalled in the United Kingdom in 1999. The renewed warning 
in the package insert (in a black box) mandated monthly moni-
toring during the first 6 months of use. However, the number 
(>90) and severity (68 fatal, 10 transplanted) of these cases, as 
well as doubts over the efficacy of monitoring, led to drug with-
drawal in 2000, 3 years after its approval. A factor in the FDA 
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Preclinical testing, which may take 5–6 years to complete, is still 
a crude technique and no substitute for clinical trials in humans. 
The use of massive dosing in animals may in part compensate 
for metabolic differences between species, but human trials  
are ultimately needed. Toxicogenomics offers some promise  
of early identification of “toxicity” gene expression profiles (i.e., 
signatures).

Clinical trials
In phase I testing, progressively larger doses of the test medica-
tion are given to healthy volunteers. Routine monitoring 
includes vital signs, electrocardiogram, assessment of reported 
side-effects, and blood measurements including serum aspar-
tate aminotransferase/ALT, amylase, and creatine phosphoki-
nase. In phase II testing, patients are exposed for the first time 
and the emphasis shifts from safety alone to safety and efficacy. 
Depending on the intended use of the medication and the prev-
alence of the disease to be treated, from 500 to 5000 study 
patients may test the medication for periods of up to a year. In 
early phase II trials, a progressive dosing scheme identifies the 
maximal dose that is effective and still safe. If a given dose is 
effective, it is then determined if there are any short- or long-
term side-effects. Several NSAIDs have made it to phase II trials 
only to be withdrawn because of frequent aminotransferase 
level increases. However, this step is where safety concerns 
regarding idiosyncratic reactions founder. It is easy to pick up 
common reactions but hard to pick up the truly rare drug 
injury during the preapproval process. A “signal” of ami-
notransferase elevations is often associated with more severe 
toxicity, as can be observed with isoniazid and possibly ximela-
gatran, but most aminotransferase elevations do not lead to 
severe injury.

Any drug that in phase II or III testing demonstrates not only 
aminotransferase elevations, but increases in bilirubin or jaun-
dice, will likely lead to ALF when larger numbers of patients are 
exposed, as first promulgated by Dr. Hyman Zimmerman, who 
suggested that 10% of patients susceptible to injury from a spe-
cific drug will develop ALF [97]. This sounds like an imprecise 
“rule” but it has served well over the years, and there does not 
seem to be anything better.

How can we be certain that clinical studies identify instances 
of liver injury? First, all studies are conducted according to 
previously established guidelines of good clinical practice. In 
each clinical study, a detailed assessment of liver biochemical 
parameters is part of every New Drug Application (NDA) filing. 
Data supporting the safety of the drug include placebo-
controlled trials where the incidence of abnormalities must be 
shown to be similar to that observed in the placebo group. 
Aminotransferases exceeding three times the ULN generally 
require discontinuation of the drug. Increased aminotransferase 
levels without bilirubin elevations may not lead to discontinua-
tion during a phase III trial, but frequent or more severe ami-
notransferase increases (more than eight times the ULN) or 
accompanying increases in bilirubin will likely bring a new drug 

decision was the availability of two new PPAR-γ agonists, ros-
iglitazone (Avandia) and pioglitazone (Actos) approved in 1999. 
Although of the same class, these agents do not seem to have 
the same degree of toxicity. So far, neither drug has shown the 
1 : 50 000 incidence of severe hepatotoxicity seen with troglita-
zone [126].

Two additional drugs found to have significant toxicity were 
ximelagatran (Exanta) and telithromycin (Ketek). The first was 
licensed in Europe as a thrombin inhibitor that would work in 
a manner similar to warfarin. Unfortunately, aminotransferase 
elevations were observed in 7.9% of patients in preapproval 
trials and examples of toxicity were observed as long as several 
weeks after the drug had been discontinued. Approval was 
denied in the United States and the sponsor withdrew the drug 
from the European market [127]. Ketek was approved in the 
United States and Europe in 2004 as the first in a new class of 
antibiotics, the ketolides, that have activity against penicillin-
resistant and erythromycin-resistant pneumococci. After more 
than 50 reports of serious liver injury, the drug has been given 
more severe restrictions on its use and is to be used only as a 
“second-tier” drug [128,129]. In the past decade there have been 
few if any withdrawals or black box warnings, suggesting that 
industry and the FDA are becoming more skilled (or risk averse) 
during the preapproval process in preventing potentially hepa-
totoxic drugs from reaching approval.

The drug approval process

How can new drugs get through the drug approval process and 
still lead to so many deaths that they are ultimately withdrawn? 
In brief, drug development is divided into three stages: initial 
research and development, clinical testing for new drug applica-
tion (NDA), and the postmarketing experience.

Research and development
The initial stage of drug development includes drug discovery 
and initial testing for efficacy or toxicity in animals or in vitro 
model systems. Most new compounds fail to make it through 
this stage, either because of toxicity or lack of efficacy. Com-
pounds may be “discovered” in several ways: synthesized to 
resemble previous compounds, discovered in the field by puri-
fication of naturally occurring peptides (e.g., cyclosporin A), or 
generated by computer modeling. A compound shown to have 
a desirable effect in vitro or in vivo then undergoes extensive 
preclinical testing in a variety of animals using doses up to 50 
times that predicted to be useful in humans to ascertain the 
types of toxicity that might be expected. While metabolic path-
ways differ in some specific aspects, the similarities between 
lower mammals and humans are notable. Animals are eutha-
nized after short-term experiments and all their organs are 
examined; those dying during experiments undergo necropsy 
to determine the cause of death. Long-term exposure studies are 
performed looking for carcinogenicity or other delayed effects. 
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by the National Institutes of Health in conjunction with the 
National Library of Medicine (www.livertox.nih.gov). This site 
provides detailed unbiased information on over 600 drugs and 
herbal medications, including examples of clinical cases, refer-
ences to past articles and case series, and a form for entering 
new cases into a national registry [131].

Hepatotoxicity in the patient with  
chronic liver disease

Hepatologists are frequently asked whether preexisting liver 
disease increases the susceptibility to drug-induced liver injury. 
Intuitively, this makes sense, but hepatotoxic reactions repre-
sent the culmination of hepatic enzyme activity. If liver func-
tion is impaired, one might predict diminished activity of 
certain enzyme systems. However, patients with liver disease do 
not appear to be at increased risk for hepatic injury compared 
with their counterparts without underlying liver problems. Dr. 
Zimmerman put it best [97]: “A stubborn [misconception] has 
been the view that patients with preexisting hepatic disease are 
more likely than others to suffer hepatic injury on exposure to 
drugs that cause liver damage. There is virtually no evidence for 
this view.” What do we know of the liver function of patients 
with cirrhosis? Many enzyme systems are well preserved even 
in advanced disease. For example, patients with terminal alco-
holic hepatitis still are able to conjugate most of their bilirubin. 
Therefore, enzyme activity in many instances exceeds the daily 
requirement, so that even severe liver injury does not predis-
pose to an adverse drug reaction. In general, phase I reactions 
may be diminished but this is not uniformly so. In severe liver 
disease, the activity of CYP2C19 is greatly decreased whereas 
that of CYP2D6 is intact [132]. In nonalcoholic steatohepatitis, 
the enzyme CYP2E1 is increased, particularly in the centrilobu-
lar region, so that acetaminophen toxicity should be enhanced 
in patients with nonalcoholic steatohepatitis [133]. So far, this 
has not been appreciated clinically; further support in an 
animal model of nonalcoholic steatohepatitis has been pre-
sented [26].

Drug metabolism in patients with cirrhosis can be reduced 
by as much as 50%. Whether the cells in a patient with cirrhosis 
are impaired or simply reduced in number is not clear. It appears 
that the physiological changes seen with fibrosis along the 
hepatic sinusoids results in a widening of the barrier between 
the bloodstream and the hepatocyte. In support of this, patients 
with cirrhosis with comparably diminished metabolism of 
acetaminophen and theophylline normalize theophylline dis-
posal, but not acetaminophen, with oxygen supplementation 
[134]. The metabolism of theophylline uses CYP1A1 and 
CYP1A2, which requires oxygen as substrate, unlike acetami-
nophen conjugation (phase II). The limitation to metabolism is 
the barrier to oxygen absorption. These studies support the 
“intact hepatocyte/sick membrane” hypothesis. In summary, 

trial to a halt. If any case of ALF occurs, the trial is discontinued, 
as was the case with fialuridine.

The FDA now approves relatively few new drugs each year. 
The approval process takes between 6 months and 1 year, once 
the NDA is filed. Approval brings with it widespread, intense 
marketing efforts and the necessity for all US pharmacies to 
stock the drug. It is only after approval in large markets that the 
likelihood of encountering very infrequent toxicity goes up sub-
stantially. Idiosyncratic events occurring in only 1 in 50 000 
patients are not recognized in a study of 4500 patients. The “rule 
of threes” applies: to reliably identify a single case of liver injury 
due to a drug with 95% confidence, there must be three times 
the number of patients studied as the incidence of the drug 
reaction. In other words, a 1 in 1500 reaction requires 4500 
patients to reliably detect a single case; a 1 in 50 000 reaction 
would require 150 000 patients. No clinical trial will reliably pick 
up rare drug reactions. Approval by the FDA and European 
Union authorities provides a wider experience than the limited 
exposure of the carefully controlled clinical trial. It should not 
be surprising, therefore, that drug reactions are observed in the 
postmarketing period and not before. However, postapproval 
drug recall still takes time to evolve while the drug continues to 
be prescribed despite the recognition of adverse events.

Postmarketing surveillance
The greatly increased number of patients receiving a new drug 
ensures that untoward or unusual drug effects will be observed. 
In addition, a wider range of patients than the defined clinical 
trial population is exposed. For example, most studies address-
ing other clinical needs do not include patients with renal 
failure, heart failure, HIV/AIDS, pregnant women, the elderly, 
or children. Any of these groups may show enhanced toxicity. 
Even the best-randomized controlled clinical trial is not a “real-
life” experience. The difficulty is in identifying these drug reac-
tions quickly and accurately, once the product is released. 
During clinical trials and the after-market period, pharmaceuti-
cal companies must report serious adverse events to the FDA 
within 24 h. A serious adverse event is any unexpected medical 
occurrence that at any dose results in death, is life threatening, 
requires hospitalization, or results in permanent disability or a 
birth defect. Pharmaceutical manufacturers maintain a safety 
monitoring force that gathers reports, assesses likelihood of the 
reaction being attributed to their product, and issues a report 
to the FDA and to clinical investigators if there is still an ongoing 
trial [130].

There are several additional shortcomings to the effectiveness 
of postmarketing surveillance. First, the reporting system is 
passive. Physicians and pharmacists are under no obligation to 
report adverse events. It is estimated that less than 10% of severe 
adverse drug reactions are reported to the company or the FDA 
so a passive reporting system is inadequate. Nevertheless, the 
main source of information is the Medwatch system, plus case 
reports. A recent innovation is the LiverTox website developed 
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agent, improvement should be rapid, within days. Cautious 
rechallenge may be made only if the toxicity observed was 
highly questionable and if no other after-market drug is avail-
able for a serious problem. If jaundice, coagulopathy, or any 
degree of encephalopathy is present initially, then hospitaliza-
tion is required because drug reactions worsen quickly, and fatal 
outcomes are common.
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dosage adjustments may need to be made in patients with  
cirrhosis, but these individuals do not appear to have an abnor-
mally sensitive hepatic metabolic system, just less reserve if a 
hepatotoxic insult were to occur [134,135].

In general, patients with liver disease suffer more renal than 
hepatic insults. They are particularly prone to nephrotoxicity as 
the result of the altered renal circulation of the cirrhotic patient. 
Nephrotoxicity of aminoglycosides, radiocontrast, and prostag-
landin inhibitors such as indomethacin are a frequent problem 
for patients with cirrhosis, but doses of antibiotics, antipsychot-
ics, and others, are seldom adjusted, although any medication 
with sedating effects result in problems if metabolism is slowed.

Avoiding further liver injury in the patient with preexisting 
liver disease is a difficult task. Antituberculous therapy cannot 
be withheld from patients just because they have alcoholic cir-
rhosis. In these instances, frequent monitoring is required, but 
the value of this monitoring has not been proven, is seldom 
adhered to, and is expensive. Nevertheless, a healthy regard for 
the possibility of increased hepatotoxic reactions in patients 
with preexisting liver disease, and the use of periodic surveil-
lance during treatment, should help to avoid prescribing drugs 
that are harmful.

Clinician’s guide to handling new drugs

The best advice in prescribing new pharmaceutical agents is to 
prescribe them with caution, especially during their first year of 
introduction, particularly if they demonstrate no unique advan-
tages over accepted formulations. Physicians must strive to 
instill in their patients a healthy level of alertness with regard to 
drug-induced liver injury, particularly for agents with known 
hepatotoxicity. Physicians and pharmaceutical companies 
should strike a careful balance between alerting patients to the 
potential for severe reactions without frightening them so that 
they avoid needed medications. Monitoring blood aminotrans-
ferase levels is suggested for known hepatotoxins, such as iso-
niazid or diclofenac, on a monthly basis, but is unlikely to be 
cost-effective when an adverse reaction occurs very infre-
quently. Because many drug reactions develop within days, 
monitoring provides no guarantee [136]. Most fatal drug reac-
tions could be prevented if the offending agent were withdrawn 
immediately, at the first sign of illness. The patient most likely 
to be harmed is the one who believes in the complete safety of 
drugs, does not realize that drug-induced injury is possible, or 
is encouraged to be compliant when signs of toxicity are 
beginning.

Some agents implicated in acute liver necrosis are listed in 
Box 97.8. The diagnosis of drug-induced liver injury necessi-
tates determining the precise timing of the drug ingestion, 
making a careful record of all drugs ingested, and being particu-
larly suspicious of known hepatotoxic agents begun within 3 
months of the onset of illness. After withdrawal of the offending 

Box 97.8 Current drugs reported to cause severe toxicity.

Atorvastatin [137]
Agent orange [138]
Carbamazepine [81]
Celecoxib [66]
Clarithromycin [139]
Coumarin compounds [140]
Cyproterone acetate [141]
Fosinopril [142]
Fluconazole [143]
Fluoxetine [144]
Indinavir [145]
Levofloxacin [146]
Losartan [147]
Mesalazine [148]
Metformin [149]
Nefazodone [150]
Norfloxacin [151,152]
Paroxetine [153]
Pemoline [154]
Pravastatin [155]
Ranitidine [156]
Risperidone [157,158]
Telithromycin [128]
Terbinafine [159]
Ticlopidine [84]
Tolcapone [160,161]
Trazodone [162]
Trovafloxacin [163,164]
Valproate [165,166]
Venlafaxine [167]
Voriconazole [168]
Many different herbal and dietary supplements [109]
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Introduction

Acute liver failure (ALF) is an uncommon clinical syndrome 
resulting from rapid loss of hepatocyte function, affecting only 
an estimated 2000 patients annually in the USA. ALF com-
mands attention disproportionate to the frequency because of 
its severity, impact on healthcare resources, and proclivity to 
occur in young people. ALF is a remarkably reproducible syn-
drome that represents the culmination of severe liver cell injury 
despite a variety of disparate causes. Because of its rarity, 
research in this area has been limited. However, since 1998, the 
Acute Liver Failure Study Group (ALFSG), sponsored by the US 
National Institutes of Health, has utilized a multicenter network 
approach to gather detailed clinical data and biosamples from 
2300 patients at more than 20 US tertiary-care medical centers. 
The present review will cover in detail the history, epidemiology, 
pathogenesis, and clinical management of this interesting con-
dition, as well as some future considerations.

Definition and history

Acute liver failure (sometimes referred to as fulminant hepatic 
failure) is most commonly defined by the onset of coagulopathy 

(international normalized ratio [INR] ≥1.5) and encephalopa-
thy (any degree of altered mentation) in a patient without pre-
existing liver disease or cirrhosis [1]. The typical interval from 
onset of symptoms to onset of encephalopathy is 1–2 weeks, but 
cases evolving more slowly, up to 6 months, may still be included 
in the definition. A clinical feature that is virtually unique to 
ALF is cerebral edema, which may produce herniation of the 
uncus through the falx cerebrum, yielding brain stem compres-
sion and death [2]. The mortality due to ALF recorded in small 
case series in the pretransplant era was extremely high, often 
exceeding 90%. The causes of death typically include multiorgan 
failure, hemorrhage, infection, and cerebral edema. Fortunately, 
these dire outcomes have diminished somewhat due to changes 
in the causes of ALF over the past 40 years, which include more 
benign etiologies, as well as the availability of liver transplanta-
tion [3,4]. Patients have been designated as hyperacute, acute, 
and subacute in presentation, depending on the interval from 
onset of disease to onset of encephalopathy. Different etiologies 
typically have a specific time frame. For example, acetami-
nophen cases are considered hyperacute while those demon-
strating a slower onset (acute or subacute) are typically the 
result of viral hepatitis, idiosyncratic drug reactions, or indeter-
minate cause [5]. Most etiologies are closely linked to a specific 
time course, either a rapid evolution or a much slower one. 
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center with specialized expertise is advised; detailed guidelines 
for management have been published although much is based 
on expert opinion rather than randomized controlled trials 
[7,8]. Consideration for liver transplantation is mandatory once 
any degree of mental alteration occurs, because rapid dete-
rioration may occur over a few hours once encephalopathy is 
present.

Acute liver failure has a characteristic clinical presentation 
regardless of the etiology, representing the final common 
pathway of organ failure, different from cirrhosis but specific to 
the liver (Figure 98.1). Patients typically will be hypotensive and 
vasodilated with low systemic vascular resistance, and evolve to 
a picture of multisystem failure that resembles in some ways that 
of Gram-negative sepsis or end-stage liver disease patients. 
Portal hypertension and ascites are usually absent unless the 
condition has been present for several weeks. Renal failure 
resembling hepatorenal syndrome may develop and is reversible 
with return of hepatic function. Infection is very common in 
ALF, presumably signifying the role of the liver in innate immu-
nity. Gram-positive infections are most common, in part due to 
frequent invasive procedures [9,10]. Cardiac failure and acute 
respiratory distress syndrome are unusual but may be seen in 
late-stage disease.

Epidemiology

In an earlier era (1950s to 1980s), viral hepatitis, in particular 
hepatitis B, was the predominant cause of ALF in the Western 
world. With disease control through improved recognition via 
blood bank testing and vaccination, both hepatitis A and hepa-
titis B are much less frequent in North America and Europe, 

Whether there is a distinct difference in outcome based solely 
on length of illness itself remains unclear; however, the etiologi-
cal diagnosis per se appears to be the strongest determinant of 
outcome.

Recognition of the condition

The diagnosis of ALF must be considered in any patient present-
ing with recent onset of an hepatic illness where the prothrombin 
time (PT) becomes prolonged. Mental alterations are part of 
virtually all definitions and the changes may be subtle, includ-
ing, initially, agitation and confusion, but then rapid progres-
sion to deeper coma grades. With nondescript presenting 
symptoms, the diagnosis is often missed by the initial medical 
contact. Agitation in a young person may suggest to the emer-
gency room physician ingestion of a central nervous system 
(CNS) stimulant and the need for sedation; however, sedation 
is not appropriate in most instances, because endogenous seda-
tion is already occurring and the liver will not effectively metab-
olize additional CNS depressants. Patients receiving sedation 
will quickly become unresponsive, likely requiring intubation 
for airway protection. Trends over time in mentation and PT/
INR are the best indicators of overall prognosis at the bedside. 
In establishing the diagnosis, the combination of coagulopathy 
and encephalopathy is unique provided that underlying cirrho-
sis has been excluded. The presence of any degree of encepha-
lopathy in a patient with acute hepatitis indicates a severe, 
life-threatening condition that requires immediate hospitaliza-
tion. Patients are best managed within an intensive care setting 
and specialty units devoted to acute liver failure where available 
[6]. Rapid evaluation and prompt transfer to a transplantation 

Figure 98.1 Overall view of acute liver failure. Different etiologies lead to a final common pathway. Although different pathogenetic mechanisms may 
be involved, the final clinical picture is remarkably similar. DILI, drug induced liver injury; HELLP, hemolysis, elevated liver enzymes and low platelets; 
Hep A, hepatitis A; Hep B, hepatitis B; HSV, herpes simplex virus.
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the patient in any detail about risk factors and medications. 
Under these conditions, family members must supply details 
supplemented by questions from the initial medical contact. 
Often, determination of the etiology must rest on serological 
tests for hepatitis and the clinical scenario. The principal etiolo-
gies will be discussed, allowing for comparisons and contrasts 
that help the experienced clinician identify the cause of illness 
in most patients. Whenever possible determination of the 
underlying cause is important because etiology, in large part, 
determines the outcome and affects candidacy for transplanta-
tion. As already noted, there are two main patterns of injury: 
hyperacute and subacute. Hyperacute liver injury includes pri-
marily acetaminophen-induced injury and ischemic hepatopa-
thy, evolving over hours or, at most, 1–3 days, with equally rapid 
resolution unless the patient succumbs. Most hyperacute cases 
are characterized by very high aminotransferase levels and low 
serum bilirubin values. By contrast, subacute liver injury evolves 
more slowly and is equally slow to resolve, with lower ami-
notransferases and much higher bilirubins observed. The suba-
cute etiologies include drug-induced liver injury, those cases of 
autoimmune hepatitis that develop a fulminant picture and 
hepatitis B, as well as most indeterminate cases.

Acetaminophen-related liver injury
Acetaminophen products are among the most commonly used 
nonprescription medications and, in combination with opioids, 
are also among the most common prescription drugs world-
wide. Acetaminophen has a relatively narrow therapeutic index; 
liver injury may develop with ingestion of as little as twice the 
recommended dose, and sometimes less. Liver injury reliably 
occurs in a dose-related fashion for all mammalian species. 
Most but not all cases are associated with ingestion of amounts 
in excess of package labeling recommendations. Generally, no 
more than 4 g should be ingested over any 24-hour period. 
Although acetaminophen was approved for use in the 1950s, 
hepatotoxicity leading to liver failure was not recognized in 
significant numbers in the USA prior to 1980. When aspirin use 
was linked to the development of Reyes syndrome in children 
around that time, acetaminophen was viewed as a safer alterna-
tive for children and adults. Cases were reported during the 
1980s when the association of unintended acetaminophen poi-
soning with alcohol was made [13]. Although true incidence 
studies were (and are) not available, no large case series of acute 
liver failure patients included acetaminophen until a retrospec-
tive study from the ALF Study Group, covering the period 
1994–96, found that 20% of cases were related to acetaminophen 
[14]. Similar data were reported in 2000, in which 28% of trans-
plant registry cases were believed related to acetaminophen 
during a 13-year retrospective study from a single institution 
[15]. However, in the first prospective US study, 39% of all ALF 
cases were found to be due to acetaminophen between 1998 and 
2001 [11], and 51% in 2004 (Figure 98.1). These figures repre-
sent the proportion of cases due to acetaminophen and may  
not be equated to actual incidence figures. Nevertheless, the 

currently representing 7.1% and 1.8% of cases in the Acute Liver 
Failure Study Group registry. In the modern era, drugs have 
replaced viruses as the most common cause, with acetami-
nophen (paracetamol) representing the most common etiology 
in North America and Europe. Current estimates for the USA 
are that nearly 50% of all ALF is due to acetaminophen, while 
the percentages approach 70% in Western Europe. Idiosyncratic 
reactions to prescription drugs and complementary and alterna-
tive medications (CAMs) are quite common in the developed 
world but still constitute only 11% of ALF in the USA. In the 
developing world, hepatitis E is the dominant etiology, particu-
larly in North Africa and South Asia. In China and the Far East, 
hepatitis B is the prevalent etiology, although ALF due to herbal 
medications is equally frequent in certain countries [11,12].

Etiology

After acetaminophen and drug-induced liver injury, the next 
most likely causes are autoimmune hepatitis, and a miscellane-
ous group that includes Wilson disease, Budd–Chiari syndrome 
(hepatic vein thrombosis), pregnancy-related ALF, heat stroke, 
and malignancy (Figure 98.2). For 12%, the etiology remains 
unclear despite extensive assessment and these cases are termed 
indeterminate. Regardless of the cause, the final common 
pathway is highly similar: worsening coma associated with a 
propensity for bleeding, infection, and renal failure leading to 
poor overall survival without transplantation. The inability to 
identify the cause of the liver injury is sometimes the result of 
the patient’s inability to provide a history at the time of presenta-
tion due to altered mentation. By the time patients are trans-
ferred to a transplant center, they are often already in advanced 
coma so that the tertiary care facility seldom is able to question 

Figure 98.2 Etiologies of acute liver failure in the USA over the past 15 
years (adult registry, n = 2000). Acetaminophen (APAP) is the most 
common cause, followed by idiosyncratic drug reactions (Drug) and the 
indeterminate (Indeter) group, where a cause cannot be determined. 
Other includes malignancy, heat stroke, and other viruses. Source: ALF 
Study Group, Jan. 2013.
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also consumed alcohol, hypnotics, or illicit drugs in com-
bination, undoubtedly clouding judgment and often delaying 
hospitalization. So-called convenience combinations, such as 
diphenhydramine combined with acetaminophen (Tylenol PM, 
for example) are not abused but may slow referral for care 
because of drowsiness.

Toxicologists have subdivided the unintentional group into 
subgroups that are truly unintentional (misreading the label, for 
example or taking multiple preparations without realizing they 
all contain acetaminophen), and instances of evident misuse 
(willfully taking larger doses than recommended) or abuse 
(ingestion of increasing doses of opioid combinations because 
of habituation to the opioid product) [22]. Abuse of opioid 
combinations is rising rapidly and, combined with willful 
misuse, constitutes a much larger proportion of cases reported 
to poison control centers than label misreads or multiple 
preparations.

Since 2006, opioid combinations have been the most fre-
quently prescribed drug in the USA. Excessive use of these 
compounds appears to increase gradually over days or weeks 
prior to onset of liver injury, suggesting that habituation to the 
opioid leads to tolerance to both the opioid and to the acetami-
nophen, followed by exhaustion of the compensatory acetami-
nophen protective mechanisms. Some degree of tolerance has 
been observed in animals fed increasing acetaminophen doses 
[23]. The exact events and dosing prior to clinical presentation 

increases are striking with current estimates remaining constant 
at around 46% of all ALF cases per year through 2012.

Estimates provided by CDC and the US FDA suggest that 
there are more than 100 000 calls to poison control centers, 
56 000 emergency room visits, 26 000 hospitalizations, and more 
than 400 deaths annually due to acetaminophen poisoning [16].

Clinical presentation
Acetaminophen toxicity can be the result of an intentional act 
of self-harm or unintentional overdose. Unintentional overdose 
can result from use of multiple preparations all containing 
acetaminophen or inappropriately increasing dosing because of 
failure to achieve pain relief, and chronic abuse of opioid based 
combination medications. In a study of 71 consecutive acetami-
nophen overdose patients admitted to a large urban hospital 
over a 39-month period, 50 were considered suicidal with only 
one resulting in ALF and death, whereas six deaths occurred 
among 21 unintentional overdoses [17]. Only the seven patients 
who died had developed acute hepatic failure, and only 10 of 50 
suicidal patients had aminotransferase levels ≥1000 IU/L. Thus, 
suicidal patients with a single time-point ingestion most often 
seek help and receive care, and have a better overall outcome 
than the patients who unintentionally consume excess doses 
over several days seeking pain relief, not recognizing that any-
thing untoward is happening until liver injury is fully devel-
oped. Most suicidal patients typically receive medical care 
within 4 h of ingestion, and are protected from liver injury by 
administration of the acetaminophen antidote, N-acetylcysteine 
(NAC). Unintentional ingestions, referred to in Europe as “stag-
gered overdoses” are associated with ingestion over several  
days, a specific cause of pain, and denial of suicidal intent. Thus, 
late presentation is characteristic of the unintentional group 
because there is no understanding of possible harm; medical 
attention is sought only after symptoms of toxicity such as 
nausea and vomiting have developed. Previous studies have sug-
gested a strong association with excess alcohol in this group; 
however, this remains controversial [18–20]. Data from the 
Acute Liver Failure Study Group differs from that described 
above in terms of severity of disease, because it pertains only to 
those developing coagulopathy and encephalopathy, and not to 
the whole spectrum of patients hospitalized with potential or 
actual toxicity.

Unintentional acetaminophen-related acute liver failure
The US ALF study has provided a more detailed picture of  
all acetaminophen-related cases [21], and in particular the 
unintentional group. Thirty-eight percent of these patients  
were simultaneously taking more than one acetaminophen-
containing preparation and 62% were taking an opioid combi-
nation, most commonly hydrocodone and acetaminophen 
(Vicodin® and others; Table 98.1). The total quantities con-
sumed over several days approximate those used in the suicidal 
cases (median ∼24 g) and are the apparent result of repeated 
overdosing when pain relief is inadequate. Many individuals 

Table 98.1 Data from the Acute Liver Failure Study Group registry where 
patients (n = 606) with acetaminophen toxicity have been divided into 
those with apparent suicidal intent and those with unintentional overdoses 
(in addition 56 were unknown). Most features are similar in the clinical 
presentation of the two groups; however, the unintentional cases appear to 
have more frequent use of opioid-containing or multiple acetaminophen 
products. Source: Adapted from Larson et al. 2005 [21]. Reproduced with 
permission of John Wiley & Sons.

Intentional Unintentional P value

(n = 251) (n = 296)

Female (%) 77 71 NS

Age 35 39 <0.001

APAP dose (g) 38/38 47/7.5 NS

Coma (% ≥3) 39 55 <0.026

ALT (IU/L) 6053 4207 <0.0001

Alcohol use/abuse (%) 50/18 50/17 NS

Antidepressant 39 34 NS

History of depression 45 24 <0.001

Opiod/APAP  
compound (%)

18 63 <0.001

Multiple preparations 5 38 <0.001

Spontaneous survival (%) 70 65 NS

APAP, acetaminophen; ALT, alanine aminotransferase.
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Table 98.2 Clinical and laboratory features across the 2000 patients in the Acute Liver Failure Study Group (ALFSG) registry, demonstrating the hyperacute 
pattern (APAP) versus most other categories. Those with hyperacute injury have rapid onset and recovery with better survival without transplantation. 
Hepatic ischemia patients (not shown) have similar early recovery pattern. By contrast, hepatitis B, drug-induced liver injury, and others have poor survival 
without transplantation. Source: Unpublished data, ALFSG.

APAP Drug Indeterminate Hep A/Hep B All others

(n = 916) (n = 220) (n = 245) (n = 36/142) (n = 441)

Age (median) 37 46 39 49/43 45

Sex (% F) 76 69 59 44/44 71

Jaundice (days) 1 11.5 11 4/8 7

Coma ≥3 (%) 53 35 48 56/52 38

ALT 3773 639.5 865 2275/1649 681

Bilirubin (median) 4.3 19.8 21.1 12.3/18.4 13.9

Transplantation (%) 9 40 42 33/39 32

Spontaneous survival (%) 63 24 22 50/21 31

Overall survival (%) 70 58 60 72/55 58

ALT, alanine aminotransferase; APAP, acetaminophen; Hep A, hepatitis A; Hep B, hepatitis B.

with toxicity are often unclear but the biochemical picture 
(aspartate aminotransferase/alanine aminotransferase [AST/
ALT] elevations/bilirubin levels) in these “chronic” patients is 
just as acute, suggesting that patients may tolerate both drugs, 
then experience “breakthrough” for unclear reasons. It is pos-
sible that fasting due to an intercurrent illness or simply increas-
ing the dose once too often is responsible. Because patients with 
unintentional toxicity frequently exhibit signs of polysubstance 
abuse they may come to hospital later, and are less likely to 
receive a liver transplant. There is no recognized chronic injury 
due to acetaminophen, leading to fibrosis or cirrhosis for 
example, and once recovery begins it is generally complete 
barring the rare development of permanent renal or cerebral 
injury.

Use of NAC orally or more commonly as an intravenous 
preparation (Acetadote®) is highly effective when given early but 
is also recommended when patients present late after ingestion 
when efficacy is more uncertain. Given within 12 h of a single 
time point ingestion, NAC precludes serious injury and has 
prevented a large number of deaths [24]. Time to first NAC dose 
is a strong determinant of outcome in suicidal ingestions; 
however, because unintentional overdoses have not occurred at 
a single time point, time to NAC is irrelevant and cannot be 
calculated effectively [25]. Because there are few safety con-
cerns, NAC may provide some measure of protection against 
fatal injury even when administered during the peak of illness 
but this is difficult to prove.

Traditionally, acetaminophen poisoning carries a very good 
prognosis, even if hepatic failure has developed. However, one-
third of those reaching the threshold of encephalopathy still die 
and only 9% undergo transplantation [11]. The spontaneous 
survival of acetaminophen patients who develop encephalopa-

thy (64%) exceeds that for most other forms of acute liver 
failure, such as idiosyncratic drug toxicity, where survival 
without transplantation is only ∼20%. However, because of the 
sheer number of cases, acetaminophen-related deaths are the 
most frequent cause of death in the overall spectrum of ALF. A 
history of previous suicide attempts or substance abuse usually 
precludes consideration for liver transplantation. Once acute 
liver failure develops, the outcome for either type of overdose, 
suicidal or unintentional, is similar. The hyperacute presenta-
tion of such cases predisposes to cerebral edema in at least 
20%–30% of patients with advanced coma grades. Of interest, 
once recovery begins, a full and complete recovery is always 
observed unless the patient has sustained irreversible renal 
injury or cerebral edema.

Other issues associated with acetaminophen
Clinical presentation and outcome
There are two typical but distinct clinical presentations that 
encompass most patients with ALF. Acetaminophen (or 
ischemic hepatic injury) cases are always “hyperacute” meaning 
that the time from onset of jaundice to encephalopathy is ∼1 
day versus idiosyncratic drugs or viral hepatitis where onset  
of symptoms and encephalopathy are often separated by 10  
days to 2 weeks. Accordingly, the acetaminophen ALF patients 
uniformly have very high aminotransferase levels and low 
bilirubins, while much lower aminotransferases and higher 
bilirubins characterize the more slowly evolving “subacute” eti-
ologies (Table 98.2). These distinctions have implications for 
outcome: the hyperacute etiologies tend to have rapid onset, 
great severity in terms of aminotransferase levels for example, 
but rapid offset and better overall and transplant-free or spon-
taneous survival, while subacute cases are characterized by 
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cal data is lacking. In initial and later larger studies, 19% of 
indeterminate patients were found to be adduct positive and 
displayed the hyperacute enzyme pattern of acetaminophen 
overdoses, strongly supporting the etiology. The remaining 
indeterminate cases lack this enzyme picture and appear to be 
more typical subacute cases. Although this assay is not yet 
approved for clinical use, it should be available in emergency 
departments and hospitals within 3–5 years. Lacking an adduct 
assay, any patient with ALF of indeterminate cause that exhibits 
the hyperacute enzyme picture should receive NAC.

Acetaminophen in chronic liver disease
Whether acetaminophen dosing should be reduced in the pres-
ence of chronic liver disease or cirrhosis remains unclear. 
Reducing acetaminophen maximum dosing cutoff of 4 g/day in 
liver healthy individuals has been suggested [33]. In nearly 100 
healthy subjects observed over 10 days in a clinical research 
center, between 28% and 36% demonstrated significant hepatic 
enzyme elevations, up to 10 times upper limit of normal, when 
given 4 g/day daily in divided doses. While no severe injury was 
observed, this evidence of toxicity remains of concern for those 
who use acetaminophen on a regular basis. Prudent manage-
ment suggests that in the presence of any chronic liver injury 
doses within a 24-hour period should be limited to half the 
suggested maximum of 4 g, and perhaps in healthy subjects as 
well. While arbitrary, 2 g (four extra strength tablets) is likely a 
safer amount for most patients with chronic liver disease.

lower aminotransferase levels, much higher bilirubins (because 
it accumulates over a longer time), and poorer outcomes.

Measurement of acetaminophen levels
Acetaminophen quantitation assays are used to identify aceta-
minophen overdoses and to predict need for NAC to protect 
against toxicity [24,26]. The Rumack diagram serves as the 
standard emergency department assessment tool. However, this 
algorithm only applies to suicidal ingestions where the time of 
ingestion is known and is a single time point. Thus, acetami-
nophen levels are hard to interpret in unintentional or “stag-
gered” overdoses other than to establish that acetaminophen 
ingestion has occurred. Just as importantly, it should be noted 
that due to rapid metabolism, many patients will have undetect-
able acetaminophen levels by the time aminotransferases are 
high and, if first seen at this stage, absence of detectable aceta-
minophen does not exclude this as the cause of liver injury. A 
further pitfall of acetaminophen levels as a qualitative screening 
test is that certain assays in clinical use are confounded by yield-
ing positive results. Clinical histories in ALF are not always 
reliable, so identifying acetaminophen use accurately has several 
implications: use of the antidote, NAC; proper assessment of 
causality when more than one possible agent is implicated; and 
identification of occult suicidal ingestions. Although not widely 
appreciated, false-positive assays can occur in patients with 
moderately severe liver disease, for example in acute hepatitis 
A. It appears that bilirubin interferes with the color reaction in 
colorimetric assays used in some laboratories giving a false-
positive result [27].

Measuring acetaminophen adducts
Patients who are admitted in an obtunded state cannot give  
a reliable history and family members may be unaware of  
prior acetaminophen ingestion. It is now possible to detect reli-
ably acetaminophen-containing protein adducts in serum with 
a recently developed assay incorporating high-performance 
liquid chromatography (HPLC) with electrochemical detection. 
This approach allows a semiquantitative measurement that is 
specific and sensitive for acetaminophen exposure. It remains 
unclear what proteins are bound to adducts via sulfhydryl link-
ages, but these are likely to include cytochrome P450 2E1 and 
albumin [28]. These adducts remain detectable for as long as 
aminotransferases are elevated, at least 6–8 days following onset 
of injury. This has led to examination of sera from patients with 
ALF of indeterminate cause after conventional investigation and 
testing. In this group, 20% of both adult and pediatric ALF 
patients had detectable acetaminophen adducts representing 
unrecognized acetaminophen poisoning [29–31]. Adducts are 
not found with acetaminophen use unless there is toxicity and 
the levels observed strongly implicate acetaminophen as the 
primary cause of the injury (Figure 98.3, Table 98.3); the quan-
tity observed correlates well with AST levels [32].

The acetaminophen adducts assay provides specific evidence 
of hepatocyte damage caused by acetaminophen, when histori-

Figure 98.3 Serum levels of acetaminophen–CYS adducts in patient 
groups. (A) Patients with acute liver failure (ALF) secondary to known 
acetaminophen overdose. (B) Patients with ALF owing to 
nonacetaminophen causes. (C) Patients with acetaminophen overdose but 
no ALF. (D) Patients with ALF of indeterminate etiology and detectable 
serum adducts. (E) Patients ALF of indeterminate etiology and negative 
adducts. The boxes represent the 25th–75th IQR and the horizontal line 
represents the median. The extremes of the population are represented by 
the endmarks. APAP, acetaminophen; No tox, no toxicity. Source: 
Adapted from Davern et al. 2009 [29]. Reproduced with permission of 
Elsevier.
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these are largely composed of hepatitis B (currently 7%) with 
hepatitis A less frequent (about 2%) of all US cases. Hepatitis E 
is the most common cause in the developing world, including 
Africa and South Asia, thriving in areas with poor sanitation, 
including refugee camps most prominently.

Hepatitis A
While hepatitis A may be related to poor sanitation, the most 
common form currently in the USA comes from food-borne 

Idiosyncratic drug reactions
Rare cases of acute liver failure due to idiosyncratic drug reac-
tions are most frequently encountered in the developed world 
because of the greater quantity and variety of drugs ingested. 
However, the combined number of all idiosyncratic, herbal, or 
dietary supplement related toxicity leading to ALF annually is 
dwarfed by the single agent, acetaminophen. The difference in 
both clinical presentation and outcome for idiosyncratic cases 
is described in Table 98.2. Typically, the disease evolves more 
slowly and the likelihood of survival is poorer. Patients more 
often receive a liver transplant, in part because the more gradual 
decline allows an organ to be found. Acute liver failure receives 
the most urgent allocation as status 1a in the USA and similar 
designations across Europe. The most frequently implicated 
drugs are antibiotics (most commonly antituberculous medica-
tions, but also sulfa drugs and others). Next most common are 
nonsteroidal antiinflammatory agents and anticonvulsants [34]. 
A list of newer agents associated specifically with ALF is pro-
vided in Table 98.4, with a comparison to the agents identified 
in the Drug Induced Liver Injury Network (DILIN). Certain 
agents cause drug-induced liver injury but also progress to ALF. 
These agents tend to result in mixed or primarily cholestatic as 
opposed to hepatocellular injuries. Other agents are capable of 
both forms of injury (cholestatic and hepatocellular), including 
trimethoprim/sulfamethoxazole, nitrofurantoin, and various 
herbal preparations. More detailed discussion of drug-induced 
liver injury is found in Chapter 97.

Viral hepatitis
Classically, viral hepatitis, particular hepatitis B and E, has been 
associated with acute liver failure. Hepatitis B dominated ALF 
in the latter half of the 20th century until the arrival of aceta-
minophen and the decline in the incidence of acute hepatitis B 
due to widespread use of vaccine and improved needle use 
strategies. Patients with viral hepatitis who develop hepatic 
failure represent a small fraction of all cases (∼1%). In the USA, 

Table 98.3 Baseline features of 309 patients divided by clinical category: Group 1, known acetaminophen (APAP), adduct positive; Group 2 indeterminate 
acetaminophen, adduct positive; Group 3 indeterminate acetaminophen, adduct negative. Source: Adapted from Khandelwal et al. 2011 [31].

Group 1 (APAP) Group 2 (adduct positive) Group 3 (adduct negative) P value

(n = 188) (n = 20) (n = 190)

Age 37 33 39 NS

Gender (% female) 75 80 48 <0/001

ALT (IU/L) 4,025 5,156 811 <0.001

Adduct levels 11.1 9.2 0 <0.001

Bilirubin (mg/dL) 4.1 5.1 24.3 <0.001

NAC recorded (%) 94 40 18 <0.001

Spontaneous survival 64 55 21 <0.001

ALT, alanine aminotransferase; NAC, N-acetylcysteine.

Table 98.4 List of agents implicated in causing acute liver failure or 
drug-induced liver injury (not necessarily with ALF in the case of DILIN) by 
number of cases in the Acute Liver Failure Study Group (ALFSG) and Drug 
Induced Liver Injury Network (DILIN) registries.

ALFSG 
(n = 137)

DILIN 
(n = 519)

Antibiotics

  Isoniazid (with or without 
rifampin/pyrazinamide)

25 28

  Sulfa drugs (trimethoprim/
sulfamethoxazole, sulfasalazine)

12 8

  Nitrofurantoin 11 23

  Azoles 6 12

  Amoxicillin/clavulanate 0 37

  Others 13 115

Anticonvulsants

  Phenytoin 8 7

  Others including psychotropics 10 43

NSAIDs 7 21

Herbs 14 59

NSAIDs, nonsteroidal antiinflammatory drugs.
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known prior to beginning chemotherapy, and even in circum-
stances where HBsAg is undetectable, the use of a nucleoside 
analogue as prophylaxis can prevent an acute and possibly fatal 
flare of disease. In this setting, the drug should be started before 
the first chemotherapy dose and continued for at least 6 months 
following the last dose of treatment [42]. Others similarly at  
risk include those receiving immune-modulating biologics for 
arthritis, psoriasis or colitis (e.g., antitumor necrosis factor 
[anti-TNF]) [43]. Patients with HIV infection who do not 
receive drugs that have hepatitis B antireplication activity are 
also susceptible to this severe and possibly fatal outcome.

Although there have been no randomized trials, therapy for 
severe acute liver injury due to hepatitis B, with or without liver 
failure, is best undertaken with prompt administration of the 
nucleoside analogue. Currently, entecavir or tenofovir are the 
most effective choices, although there has been extensive expe-
rience with lamivudine if short-term use only is anticipated. To 
date, there is no evidence for use of medications in thwarting 
the immunological recovery in an otherwise healthy adult. 
Further, nucleoside use is unlikely to improve short-term out-
comes. Rather, medications are used to lower viral load if trans-
plantation is a consideration, because protecting the new liver 
graft from infection is a high priority. Hyperimmune globulin 
plus continuation of nucleoside analogues posttransplant should 
be effective in virtually all patients. In fact, presumably because 
of the overactive immune response in the truly acute patient, 
early viral clearance is often seen without medications [44].

Hepatitis C
Hepatitis C is rarely implicated as a cause of acute liver failure 
in the USA. Cases have been reported in Asia, including Japan. 
Of 2000 cases in the Acute Liver Failure Study Group registry, 
only four were considered to be possibly due to hepatitis C. 
Distinguishing acute from chronic infection is virtually impos-
sible because there is no comparable anti-HCV IgM antibody 
to those used to diagnose acute hepatitis A or B. Underlying 
chronic hepatitis C is thought to potentiate severe liver injury 
during acute hepatitis A or B and thus vaccination of patients 
with chronic hepatitis C has been strongly recommended.

Other causes of acute liver failure
A variety of other etiologies have been implicated as causes of 
ALF. These include autoimmune hepatitis, Budd–Chiari syn-
drome (hepatic vein thrombosis), Wilson disease, pregnancy-
associated liver failure, and rapid evolution of metastatic or 
lymphomatous hepatic infiltration. The mushroom Amanita 
phylloides produce potent toxins that cause hepatocyte necrosis 
following accidental ingestion.

Autoimmune hepatitis
Classically, autoimmune hepatitis is indolent and presents  
with gradual onset of jaundice and even signs of cirrhosis at 
initial presentation [45]. However, a more acute form can be 

epidemics, often related to frozen fruits or vegetables distrib-
uted broadly. More than 500 cases were reported, including four 
deaths in the Pittsburgh area associated with food-borne con-
tamination of green onions from Mexico [35]. Acute liver failure 
is associated with advanced age and presence of other comorbid 
conditions. The disease is diagnosed reliably with serological 
testing for anti-HAV IgM antibodies; absence of this antibody 
or presence of the IgG subtype excludes the diagnosis as a cause 
of ALF [36]. Studies suggest that there may be host genetic 
predisposition that potentiates injury. Familial occurrence of 
hepatitis A-related ALF supports this concept; there is no 
current evidence for a specific viral strain in association with 
ALF [37]. Overall, acute hepatitis A is much less common in 
the West and this accounts for the less frequent incidence of the 
fulminant form. While vaccination may be helping, fewer child-
hood infections over time may render the overall adult popula-
tion more susceptible to food-borne outbreaks in the future. 
Outcomes for hepatitis A-related ALF are better than those for 
hepatitis B and most other subacute illnesses, unless acute hepa-
titis A is complicating established hepatitis C infection [36,38].

Hepatitis B
Once extremely common, the incidence of acute hepatitis B is 
declining. It still occurs among high-risk groups, including 
injection drug users and those who are sexually promiscuous. 
Acute liver failure is observed in two different settings; the most 
common is the 1% of typical acute hepatitis patients who have 
a more severe outcome, while the second form represents an 
acute, severe exacerbation of indolent chronic hepatitis B [39]. 
These two forms appear identical in clinical and laboratory 
presentation with very high aminotransferases and high 
bilirubin levels, often requiring hospitalization because of poor 
oral intake or onset of encephalopathy. The presence of anti-
HBc IgM antibody is considered diagnostic of acute infection, 
although it will also be positive in many patients experiencing 
an acute exacerbation of chronic hepatitis B. In a study of 87 
patients with acute liver failure due to hepatitis B, 69% were 
believed related to a new acute infection whereas 31% were 
considered an acute exacerbation of previously dormant hepa-
titis B based on historical grounds. If a quantitative assay is 
performed to measure anti-HBc IgM, it will be much higher in 
the truly acute infections than in the acute on chronic form.

Acute exacerbation of chronic hepatitis B
In chronic HBV infection, severe flares in hepatitis can occur 
spontaneously for unclear reasons or in response to concomi-
tant use of immunosuppressive medication, reducing the ability 
of immune mechanisms to limit viral replication [40,41]. More 
hepatocytes become infected due to paralysis of the immune 
system in this setting. Typically, this scenario is encountered in 
patients receiving cancer chemotherapy who were not previ-
ously recognized to be hepatitis B inactive carriers. Most patients 
in this category are middle-aged Asians, constituting about half 
of all US patients with hepatitis B. If hepatitis B carrier state is 
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loplasmin levels. Ceruloplasmin levels will be low in most 
patients with bona fide Wilson disease, but will also be below 
the lower limit of normal in about half the ALF cases unrelated 
to Wilson disease due to poor hepatocyte protein synthesis. 
Features highly suggestive of Wilson disease as a cause of ALF 
include very high bilirubin levels due to copper-induced red cell 
hemolysis, and strikingly low alkaline phosphatase levels. In 
addition, AST values tend to be higher than ALT levels [52]. 
Among 16 cases of fulminant Wilson disease, the ratio of alka-
line phosphatase : bilirubin was a reliable diagnostic measure. If 
the ratio is <4, the sensitivity and specificity were 94% and 96%, 
respectively. If this analysis was paired with the finding of an 
AST : ALT ratio of >2.2, the sensitivity and specificity approached 
100%. The reasons for these unique variations in standard labo-
ratory chemistries remain poorly understood but are undoubt-
edly related to the very high levels of plasma copper observed. 
The sudden release of hepatic copper into the circulation causes 
hemolysis as well as renal tubular injury. These assays allow the 
most rapid diagnosis of Wilson disease using readily available 
laboratory tests, while not relying on less commonly ordered 
testing such as plasma, urine, or tissue copper levels with slower 
turnaround times (Table 98.5).

Acute liver failure due to malignancy
In certain settings, rapid growth of metastatic tumor in the liver 
may result in a picture typical of acute liver failure with 
hepatomegaly, jaundice, and encephalopathy. The aminotrans-
ferases may be considerably elevated, presumed to be the result 
of ischemic hepatic injury and deterioration may be very rapid. 
The most common primary cause associated with this picture 
in a recent series was breast cancer and lymphoma, and less 
frequently colon and leukemic infiltration. In a rare instance, 
the appearance of tumor is the initial presentation and this has 
been observed for breast cancer and for lymphoma as well [53].

Ischemic hepatic injury
During cardiovascular collapse, ischemic injury to any organ 
may occur, and ischemia represents an increasingly frequent 
cause of severe hepatic injury [54]. The most common cause is 
advanced cardiomyopathy and decreased cardiac output, but 
any sudden loss of blood volume or dehydration results in poor 
hepatic perfusion and a picture of ischemic necrosis in the cen-
trilobular region of the hepatocyte. The presentation is “hypera-
cute” with evidence of aminotransferase elevations following 
rapidly upon the incident. Prolonged hypoxia such as with a 
drug overdose and respiratory depression may yield a similar 
result, as can repeated seizures or status epilepticus. Occasionally, 
an indolent presentation of cardiomyopathy is seen with waxing 
and waning enzyme levels and mental status. This has been 
reported with the cardiomyopathy resulting from a variety of 
cancer chemotherapy regimens. Clinical features are no differ-
ent than that observed for other forms of ALF, but the key to 
diagnosis is determining the presence of advanced heart failure 
or hypotension after the immediate incident that provoked  

seen with evolution over weeks leading to deep jaundice and  
an elevated INR. Such patients have a poor overall prognosis 
and may progress rapidly toward transplantation despite initia-
tion of immunosuppressive therapy. Typical features include 
mild rash or acneiform eruption, seen mostly in young women, 
hyperglobulinemia, and a variety of autoantibodies, none of 
which are truly diagnostic but may lead to consideration of the 
diagnosis in the absence of serological tests suggesting viral 
hepatitis. Biopsy is the most reliable diagnostic test in this 
setting and should yield an abundance of plasma cells with 
panlobular inflammation as opposed to the more typical peri-
portal (piecemeal or interface) hepatitis that characterizes the 
typical autoimmune hepatitis biopsy. Corticosteroid therapy 
may be given but plans for transplantation listing should 
proceed if the INR remains prolonged and/or encephalopathy 
is present. Indeterminate cases may represent autoimmune 
hepatitis because serological tests may be negative in some set-
tings and the clinical presentation is nonspecific [46].

Budd–Chiari syndrome (hepatic vein thrombosis)
Similar to autoimmune hepatitis, the onset of hepatic vein 
thrombosis (Budd–Chiari syndrome) is typically indolent but 
may assume an accelerated pace leading to hepatic failure.  
In these instances, rapid onset of pain, abdominal swelling  
with hepatomegaly and ascites, in addition to prolonged INR 
and evolving encephalopathy, characterize the syndrome. An 
enlarged liver is an important clinical clue because it is the only 
cause of ALF associated with this finding (though it may also 
be seen in the presence of malignancies or amyloidosis). Nearly 
all instances of Budd–Chiari syndrome are the result of abnor-
mal clotting diathesis, most frequently myelodysplastic syn-
dromes including polycythemia rubra vera and others [47,48]. 
Diagnosis may be confirmed by imaging of thrombi in the 
hepatic veins. Prompt administration of anticoagulation in 
acute Budd–Chiari syndrome appears to be helpful but there are 
no controlled trials in this condition. Similarly, use of shunting 
procedures, most commonly transjugular intrahepatic porto-
systemic shunts, may alleviate portal hypertension but in many 
instances liver transplantation is indicated provided there is no 
evidence of underlying malignancy [49,50].

Wilson disease
Wilson disease, a genetic disorder of copper metabolism, can 
result in a unique presentation of ALF. Wilson disease typically 
goes unrecognized prior to the rapid evolution of deep jaundice 
and renal failure, resulting from high plasma copper levels that 
lead to hemolysis and renal failure. Outcome is invariably fatal 
without transplantation [51]. Although most patients will have 
underlying cirrhosis at the time of diagnosis, they present 
acutely with the highly distinctive combination of signs and 
symptoms. As a result, they have traditionally been considered 
to have ALF despite the presence of underlying cirrhosis. The 
diagnosis is not based on the typical features observed in chronic 
Wilson disease, such as high urine copper and low plasma ceru-
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referred to hepatologists are those where, despite delivery,  
the liver disease continues to evolve. In these cases, liver trans-
plantation may be indicated. A further complication of HELLP 
syndrome is the occurrence of spontaneous hepatic rupture, due 
to necrosis near the hepatic capsule with severe consumptive 
coagulopathy. Hepatic arterial embolization has been lifesaving 
in this setting [59].

Indeterminate acute liver failure
Despite best efforts, in 12%–15% of patients with ALF, the 
underlying diagnosis eludes us. To date, no additional hepa-
totrophic viruses have been identified. Using specific and sensi-
tive assays, testing has been performed on large numbers of sera 
for parvovirus B19, hepatitis E virus [60], hepatitis C virus, SEN 
V virus [61], herpes simplex virus [62] or occult HBV infection 
[63], and none appear to be responsible for US cases, with the 
exception of herpes simplex virus in a very few instances. All 
cases of herpes-related hepatitis were recognized prior to this 
further screening measure. As discussed above, unrecognized 
acetaminophen toxicity is implicated in 19% of adult cases. 
Most remaining cases of “seronegative” or indeterminate ALF 
have subacute features and therefore continued search for 
autoimmunity or occult toxins is warranted. Biopsy may be 
helpful in this setting [46]. Unrecognized autoimmune disease 
may account for a large number of the more subacute cases.

Pathogenesis

Following massive hepatic necrosis, a unique syndrome of mul-
tiorgan failure characterized by altered mentation and, in the 

the hypotension has passed [55]. Recovery with restoration of 
cardiac function and euvolemia is relatively rapid and the short-
term prognosis for ischemic hepatic injury is excellent. Longer-
term survival will be determined by the underlying cause of 
poor perfusion. The laboratory evaluation is similar to acetami-
nophen injury because both result in very high aminotrans-
ferase levels, low bilirubin values, concomitant acute kidney 
injury, and rapid recovery.

Pregnancy-associated acute liver failure
The occurrence of acute liver failure in the third trimester of 
pregnancy is a rare condition associated with eclampsia or 
preeclampsia [56,57]. This has been estimated to occur in only 
one in 10 000 live births [57]. Two potentially overlapping his-
tological features may be seen: acute fatty liver of pregnancy 
(AFLP) and the HELLP syndrome (hemolysis, elevated liver 
enzymes and low platelets). Both are associated with hyperten-
sion, proteinuria, and occasionally seizures. AFLP is character-
ized by the appearance of hepatic dysfunction with only minimal 
hepatic necrosis and a histological appearance of microvesicular 
fat in the hepatocytes. This is associated with hypoglycemia, 
encephalopathy, and coagulopathy as prominent presenting 
symptoms but without very high liver enzymes. By contrast, 
HELLP is characterized by vascular sinusoidal injury in the 
periportal region, with hepatocyte necrosis, yielding moderate 
elevations of aminotransferases, and striking hemolysis and 
thrombocytopenia [58]. Development of any sign of liver failure 
in the third trimester should prompt consideration of induced 
delivery of the fetus because maternal and fetal demise may 
follow if rapid termination of the pregnancy does not take place. 
Recovery following delivery is usually prompt and most patients 

Table 98.5 Comparison of screening tests for Wilson disease in the acute liver failure (ALF) setting. Conventional tests such as ceruloplasmin are less useful 
for Wilson disease-related ALF as shown here. Better tests include AP : TB ratio <4, or the AST : ALT ratio, or a combination of the two. Source: Adapted 
from Korman et al. 2008 [52].

Group Screening test Sensitivity (%) Specificity (%) Likelihood ratio

Acute CP <20 by oxidase 21 84 1

CP <20 by nephelometry 57 63 2

Hemoglobin <10 92 74 4

AP : TB ratio <4 92 96 22

AP : TB ratio <4+
AST : ALT ratio >2.2

100 100 NA

Cu >200 79 96 18

AST : ALT ratio >2.2 93 86 7

Chronic CP <20 by oxidase 71 97 21

CP <20 by nephelometry 71 79 3

In the chronic liver disease group, zero subjects had an AP : TB ratio <4, three subjects had Hg <10, one had Cu >200, and the AST : ALT ratio was an 
ineffective marker of Wilson disease.
AP : TB, alkaline phosphatase : total bilirubin; AST : ALT, aspartate aminotransferase/alanine aminotransferase; CP, ceruloplasmin; Cu, serum copper; NA, 
not applicable.
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a multiorgan process is highlighted by a study of 184 patients 
that showing elevated serum troponin-I levels, indicating myo-
cardial injury in 74% of patients with ALF across all etiologies; 
higher levels of troponin-1 were associated with poorer out-
comes [72]. Evidence suggests that systemic inflammatory 
response syndrome (SIRS) components can be elicited in a great 
many ALF patients and are associated with a poorer prognosis 
[73]. Acetaminophen patients were particularly prone to pro-
gression of coma and poorer outcomes if they developed new 
components of the SIRS syndrome after hospital admission. 
Currently, efforts are underway to further characterize how  
activation of the innate and adaptive immune systems lead to 
dysfunction of the entire organism and whether there might be 
uniform treatment strategies applicable for all patients irrespec-
tive of initial etiology [74].

Clinical management

Appropriate coma care is the foundation of management of  
the ALF patient. However, some special features also deserve 
mention. Rapid evaluation (Figure 98.4) and administration of 
antidotes where feasible is a high priority. NAC for acetami-
nophen poisoning, penicillin G and silybinin for mushroom 
poisoning, and delivery of the fetus in the cases of pregnancy-
induced ALF are standard of care. Once the diagnosis of ALF is 

advanced cases, cerebral edema appears. Characteristic features 
include coagulopathy, hypoglycemia, hypophosphatemia, low 
systemic vascular resistance, renal failure, bleeding, frequent 
infections and occasionally cardiac arrhythmias. The massive 
necrosis and loss of function creates cytokine release of massive 
proportions, about which little is known. Both proapoptotic 
(soluble Fas ligand and TNF-α) and antiapoptotic (hepatocyte 
growth factor and IL-6) factors are elevated more than 10-fold 
in all forms of ALF compared to healthy controls or patients 
with other liver diseases such as hepatitis C [64]. A surrogate 
marker for apoptotic activity, M-30 antigen, is also markedly 
elevated in ALF patients. M-30 antigen levels correlate with 
outcome, being higher in those who die or are transplanted as 
compared to survivors without transplantation [65]. Efforts are 
underway to identify meaningful biomarkers, including candi-
date cytokines and proteins that change dynamically during 
ALF and that might serve as prognostic guides (e.g., M-30 
antigen, Gc protein, α-fetoprotein, IL-17, CD-163) [66–69]. 
Many of the clinical features, such as the shock-like state, appear 
to improve with removal of the necrotic liver; however, render-
ing a patient anhepatic is not compatible with life for more than 
a few hours and cannot be considered acceptable without a 
readily available hepatic graft [70]. It is not clear whether 
necrotic materials such as cellular actin in the circulation [71], 
the cytokines themselves, or possibly simply loss of hepatic 
function is responsible for this dire clinical picture. That ALF is 

Figure 98.4 Approach to evaluation of the acute liver failure patient. It is important to identify the patient as having an acute illness with 
encephalopathy and coagulopathy and then to determine etiology and severity. Early consideration of transfer to a transplant center is paramount to 
ensure the best possible outcome. AP, alkaline phosphatase; AST, aspartate aminotransferase; CVVH, continuous venovenous hemodialysis; INR, 
international normalized ratio; NAC, N-acetylcysteine; OLT, orthotopic liver transplantation; PPI, proton pump inhibitor; PT, prothrombin time.
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liver transplant setting. Other more direct methods to lower 
ammonia levels are in development [81].

In the confines of the cranial vault, even a small increase in 
brain water content may have devastating effects. Brain edema 
is almost unique to ALF as opposed to cirrhosis where it is rarely 
recognized. It is estimated as the cause of more than 20% of 
deaths in the ALF setting. Measures to alleviate brain swelling 
include solute-containing substances such as mannitol or 
hypertonic saline and both may be effective in lowering intrac-
ranial pressure at least transiently [77,79]. As edema progresses, 
signs of decerebrate posturing may occur. These include loss of 
pupillary reflex and pronation of the extremities or seizures in 
patients with grade 4 encephalopathy. Routine use of seizure 
prophylaxis is not indicated in most instances. Computed tom-
ography or magnetic resonance imaging are relatively insensi-
tive for detection of cerebral edema but can be used to confirm 
it and to exclude intracranial hemorrhage as a cause of deterio-
ration. Use of intracranial pressure monitoring has been advo-
cated to determine and track changes in intracranial pressure. 
Failure to alleviate elevated pressure, typically to reduce it below 
>25 mmHg, results in poor intracerebral perfusion and brain 
ischemia. Thus, lowering pressures and improving cerebral per-
fusion pressure may be lifesaving. A variety of devices have been 
employed although all have a low but measurable risk of intrac-
erebral bleeding in the coagulopathic patient. A observational 
study of 332 patients with advanced grades of encephalopathy 
suggested that outcomes of intracranial pressure monitoring 
were center dependent. This variability reflected, among other 
things, the level of staff concurrence that intracranial pressure 
monitoring was or was not a valuable procedure. Patients in 
whom a monitor was placed received more aggressive mannitol 
and other treatments, presumably because evidence of increased 
intracranial pressure levels was readily available, and they were 
more likely to be listed for transplantation. Despite these appar-
ent benefits, outcomes did not appear to differ in the two groups 

confirmed (by the finding of coagulopathy and encephalopathy 
in the setting of acute hepatitis) and a careful search for etiology 
is undertaken, attention should be turned to consideration of 
the possible need to list for transplantation. Patients with ALF 
are considered to have the highest priority for transplantation 
(status 1a in the United Network for Organ Sharing [UNOS] 
system) indicating the possibility of death within a week’s time. 
In most settings, approximately 50% of patients listed for trans-
plantation will receive a liver graft or die within 4 days of being 
placed on the liver transplant waiting list [75]. A number of 
practice guidelines have been developed to aid in management 
and current practice includes admission and daily order sets in 
the electronic medical record [76,77].

Overall considerations on admission
With the onset of any degree of hepatic encephalopathy, ICU 
monitoring for close observation is warranted as rapid deterio-
ration is typical. Patients present in early coma grades and 
advanced coma grades in equal numbers. Those with minimal 
or mild impairment (Grade 1, slightly mental slowing; Grade 2, 
drowsiness and asterixis) should be managed with frequent 
neurological checks, while those with advanced coma grades 
(Grade 3, somnolent and barely rousable; Grade 4, unarousable) 
should undergo elective intubation for airway protection. 
Consideration of transfer to a tertiary care facility with the 
option for transplantation should take place if at all possible 
before advanced coma grades are reached. In a transplant center, 
activation of the listing process that includes social work, psy-
chiatric, and surgical evaluations should occur immediately. If 
there are no contraindications evident (psychosocial instability, 
substance abuse, intractable disease in other organs, elevated 
body mass index [BMI] [78]), then listing may proceed. 
Typically, serial laboratory evaluations are undertaken with 
assessment of plasma ammonia levels, pH, and INR at a 
minimum to determine prognosis. The head of the bed is  
elevated and the patient is placed in a quiet area of the  
ICU if possible. Urine output and volume status is assessed. 
Hypotension is treated with norepinephrine if mean arterial 
pressure is <50 mmHg once cautious volume replacement has 
been undertaken.

Hepatic encephalopathy and cerebral edema
Mild cognitive alteration, if it does not deteriorate further, indi-
cates a reasonable chance of recovery. Any additional deteriora-
tion of mental acuity in the absence of endogenous sedation 
indicates a far worse prognosis (roughly 50% less likelihood of 
survival) and the need for more advanced levels of care (Figure 
98.5). Ammonia produced by bacteria in the gut has been impli-
cated as the precursor/driver of high glutamine levels in the 
brain that may induce encephalopathy and cerebral swelling 
[79,80]. Measures to directly lower ammonia are not available 
currently, but lactulose or antibiotics may be given in this setting 
as in cirrhosis. However, lactulose may be problematic because 
it can lead to colonic distension, which is unfavorable in the 

Figure 98.5 Role of coma grade in determining outcome. Etiology as well 
as coma grade is important. Within each etiology, those with the higher 
coma grade (III–IV) have roughly 50% lower spontaneous survival.
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and readily managed. Replacement of clotting factors is not 
routinely recommended in the absence of overt signs of bleed-
ing or the need to conduct invasive procedures such as a liver 
biopsy or placement of an intracranial monitoring device. Even 
in this setting, the finding of a normal thromboelastogram may 
mean that seeking a specific improvement in tests such as INR 
is not indicated [87]. In addition, INR, although used by most 
clinicians as a valuable prognostic measure, is distorted (and 
uninterpretable) in the presence of fresh frozen plasma.

Managing fluids and kidney injury
Patients presenting with fully evolved ALF are typically volume 
depleted and vasodilated so that systemic vascular resistance is 
low and blood volume diminished. Rapid resuscitation is 
required but the exact amount is difficult to determine, because 
central venous pressure measurements may not accurately 
reflect volume status in this setting. Urine output will typically 
be decreased due to the volume depletion (prerenal change) 
and/or kidney injury due to direct toxic effects. Patients are 
often oliguric, resembling the hepatorenal syndrome seen in the 
cirrhotic patient. However, toxic acute kidney injury is also seen 
in the patient with mushroom poisoning and in more than two-
thirds of acetaminophen overdoses [89]. Renal support in the 
form of continuous venovenous bypass may be undertaken  
and this form of renal replacement therapy (RRT) is generally 
preferable to conventional hemodialysis. Renal support is 
undertaken primarily to allow appropriate administration of 
intravenous fluids as well as to remove toxins. No clear indica-
tions for initiation of RRT have been developed to date. Long-
term dialysis is rarely needed but kidney recovery, particularly 
following acetaminophen overdose, may take 1–2 weeks. 
Norepinephrine in graduated doses is the preferred pressor if 
needed for mean arterial pressure below 50 mmHg because  
it appears to provide more consistent increases in cerebral  
perfusion and other agents may compromise hepatic blood  
flow [77].

Therapy of acute liver failure

There is no universal therapy applicable for all the etiologies that 
cause this devastating syndrome except for liver transplantation. 
Prior to the increased availability of transplantation in the early 
1980s, the overall survival of ALF was <10%. Small series of 
cases subjected to new experimental treatments (e.g., heparin, 
cross-perfusion with a spouse’s circulation) have shown occa-
sionally successes that could not be replicated. Controlled trials 
are virtually impossible to perform given the rarity of the condi-
tion plus the availability of transplantation.

N-acetylcysteine for nonacetaminophen 
acute liver failure
After acetaminophen overdose, NAC replenishes mitochondrial 
and cytosolic glutathione stores, and has been shown in patients 

in this nonrandomized study [82]. Bleeding complications were 
observed in approximately 5% of patients where intracranial 
pressure monitors were placed. Nonetheless, use of monitoring 
remains controversial and uniform guidelines for its use have 
not been established. Although advocated in the past by some, 
there is no evidence to support use of corticosteroids or barbitu-
rate coma in this setting. Mild hypothermia may already be 
present in the ALF patient and is more likely if continuous 
venovenous dialysis is in use (see Section Managing fluids and 
kidney injury). Induced mild hypothermia has been used as a 
last resort in patients with refractory intracranial hypertension 
although there are no randomized controlled trials to confirm 
its effectiveness [83].

Infection in acute liver failure
Infection is a frequent complication of acute liver failure and in 
the past was presumed to result from loss of Kupffer cell func-
tion and the opsonization engendered by hepatic proteins. 
However, many infections in ALF are not from gut-derived 
organisms but from Gram-positive organisms, which probably 
represent skin flora [84]. Beyond regular surveillance cultures, 
no specific management plan is well accepted [77]. Antimicrobial 
prophylaxis has been utilized but is of questionable efficacy. 
Uncontrolled studies suggest that there is no overall survival 
benefit, but a properly conducted trial has not yet been per-
formed. In one study, 15% of patients developed a blood stream 
infection and this did not differ between those receiving and 
those not receiving prophylaxis [85]. The presence of blood 
stream infections, as expected, is associated with poorer 21-day 
survival. With prolonged ICU care and the use of immunosup-
pressive medications, fungal infections may be encountered that 
are nearly impossible to treat after liver transplantation; thus, 
use of antifungal agents may be of value in the long-term ICU 
patient. At present, there is insufficient evidence to recommend 
widespread antimicrobial prophylaxis but the presence of SIRS 
features without evident infection may warrant their use. A 
strong association between procalcitonin, a cytokine precursor 
of the thyroid-derived hormone, and bacteremia and sepsis has 
been noted; however, procalcitonin has also been demonstrated 
to be markedly elevated in severe hepatic necrosis, rendering it 
unhelpful in the diagnosis of bacterial infection in ALF [86].

Bleeding in acute liver failure and  
management of coagulation
It has been assumed that the prolonged prothrombin time and 
low platelet counts observed in severe ALF is associated with a 
bleeding tendency, but this is not corroborated by the evidence 
[87]. While extensive studies have yet to be undertaken, throm-
boelastography, a functional clotting assessment tool, often 
remains near normal unless the platelet level becomes severely 
compromised [88]. Thus, it seems likely that there is deficiency 
in the thrombogenic and thrombolytic pathways that may 
balance each other. Bleeding when it occurs is seen in less than 
10% of patients and is almost entirely gastrointestinal in nature 
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with NAC as compared to 30% for the placebo group (P < 0.01). 
The main benefit seemed to be in those with drug-induced liver 
injury or hepatitis B. Secondary analyses suggested that recov-
ery in enzyme parameters and bilirubin occurred more rapidly 
in the NAC group and was associated with a more rapid decline 
in IL-17 levels [98,99]. While use of intravenous NAC in nona-
cetaminophen patients is not approved by FDA at this time, it 
appears to offer some benefit and little risk and is widely used.

Prognosis and the role of transplantation
Acute liver failure often affects young people and, although rare, 
the care of these patients involves high resource utilization. 

and in experimental animals to prevent or ameliorate the degree 
of injury and cell death [90–92]. Intravenous or oral NAC 
improves survival in patients with acetaminophen-induced ALF 
[93,94]. Evidence of possible benefit, even when given as late as 
72 h after overdose, led to its use in a few nonacetaminophen 
ALF cases [95]. NAC may improve hemodynamics because a 
significant increase in cyclic guanine monophosphate (cGMP) 
levels takes place, yielding vasodilation with increased soluble 
guanylate cyclase activity [96,97]. Nevertheless, all patients  
were in an advanced disease state and were on ventilator support 
and sedated, factors that may have precluded detection of a 
beneficial effect. NAC had been widely used in the USA as an 
oral preparation (Mucomyst®) and intravenous NAC infusion 
(Acetadote®) has been available in the USA since 2004, specifi-
cally for use in acetaminophen overdoses. However, i.v. NAC 
appears to be prescribed widely in the emergency room setting 
because of concerns that acetaminophen toxicity might be 
missed or that NAC might have some beneficial effect in other 
patients as described above. In a randomized placebo-controlled, 
double-blind trial of patients with ALF not related to acetami-
nophen, NAC was shown to have benefit where therapy can be 
initiated for early coma grades [75]. No overall survival benefit 
was realized and there was no improvement in spontaneous 
survival for those with advanced coma grades (Figures 98.6 and 
98.7, Table 98.6). For those with mild degrees of encephalopa-
thy, the spontaneous survival (without transplant) rate was 52% 

Figure 98.6 Kaplan–Meier curves for each group (treatment by coma 
category) showing transplant-free survival to 365 days. Patients in the 
N-acetylcysteine (NAC)-treated coma grade I–II group showed 
significantly higher transplant-free survival rates than the other three 
groups (largest P < 0.017). Number of patients with censored data before 
365 days: 10 in the NAC-treated coma grade I–II, two in the NAC-treated 
coma grade III–IV, five in the placebo coma grade I–II, and two in the 
placebo coma grade III–IV groups. Note that two patients in the 
NAC-treated coma grade III–IV group were censored, one patient at day 
34 and the other patient at day 58. Source: Adapted from Lee et al. 2009 
[75]. Reproduced with permission of Elsevier.
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Overall survival Transplant-free 
survival

PLB NAC PLB NAC

DILI (n = 45) 17/26
65%

15/19
79%

7/26
27%

11/19
58%

AIH (n = 26) 10/15
67%

7/11
64%

4/15
27%

1/11
9%

HBV (n = 37) 6/12
50%

19/25
76%

2/12
17%

10/25
40%

Indeterminate (n = 41) 18/26
69%
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6/26
23%

6/15
40%

PLB, placebo; NAC, N-acetylcysteine; DILI, drug-induced liver injury; 
AIH, autoimmune hepatitis; HBV, hepatitis B.
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Patients undergoing transplantation for ALF are typically young 
and otherwise healthy and thus should be optimal candidates 
compared to their older cirrhotic counterparts. Nevertheless, 
short-term and 1-year survival figures are below that for cir-
rhotic patients (91% at 3 weeks in our study), in part because 
of the extreme emergency conditions surrounding ALF man-
agement [100]. Currently, there is no temporary option, such as 
a liver support machine, that would allow deferral of transplant 
until more optimal conditions can be established. Similarly, 
living related donations might solve the organ shortage; however, 
it is extremely difficult to prepare a truly voluntary donor and 
perform the surgery in a timely fashion, often within a matter 
of hours.

Prognostic scores
The Kings College Hospital score (KCH), which separates aceta-
minophen from nonacetaminophen causes, has been utilized 
for prognostication to some degree since the 1990s [101]. The 
KCH lacks sensitivity but has reasonable specificity – if patients 
meet criteria, there is at least an 80% chance of dying but if not, 
there is still a 50% chance of death [102,103]. All studies in the 
era of transplantation are in a sense compromised by the trans-
plant process itself that provides a rescue, with the inherent 
uncertainty of then knowing whether a patient would have  
survived absent liver transplantation. Other scoring systems 
have employed model for end-stage liver disease (MELD), the 
Sequential Organ Failure Assessment (SOFA) score, and strate-
gies based on survival in an intensive care setting that are not 
liver-specific [104]. Scoring systems employing laboratory tests 
that are not readily available are impractical. To date, none has 
surpassed good clinical judgment, and close daily follow-up to 
determine whether mental status and INR are improving. 
Because INR does represent synthetic function of the liver 
absent use of fresh frozen plasma, clinicians rely on this one 
parameter more than any other, although the aggregate picture, 
taking into account renal function, and status of other organ 
systems, provide an excellent start to assessment of prognosis.

Long-term follow-up
Despite full physical recovery, many patients have some degree 
of mental impairment that may be life-long. Long-term 
follow-up studies suggest that many patients with or without a 
liver graft may suffer from cognitive impairment, the likely 
result of cerebral edema. Further studies are needed.

Specific therapies undergoing trial

Bioartificial liver assist devices
An artificial liver device that would replace the diverse func-
tions of the liver is an unmet need that seems quite far in the 
future. A number of groups have designed membrane-containing 
cartridges filled with hepatocytes from human cell lines or 
animal donors, allowing plasma to flow by the cells. Some 

Making the proper decision to offer a liver graft to patients in 
this dire state remains challenging. For patients with less than 
20% likelihood of survival, a liver graft is generally recom-
mended provided social and extrahepatic contraindications are 
not present. In this setting, transplantation can be lifesaving. 
Short-term survival after transplantation approximates 90%. 
Still, in the early stages when deterioration is occurring, it is 
difficult to accurately predict who will require a graft and who 
might recover fully with conventional supportive measures. 
Given that life-long immunosuppression and a greatly altered 
life-style comes with the graft, these decisions weigh heavily and 
must be made in rapid fashion, often with less than complete 
data. Factors yielding unpredictability include organ availability 
and the development of complications. Thus, once a patient is 
listed, daily reassessment is necessary. In some instances, 
improvement may lead to delisting while deterioration may 
render the patient medically unsuitable. Current US data suggest 
that (Figure 98.8) 39% of ALF patients are listed for transplanta-
tion while only 24% of those with encephalopathy receive a 
graft. Overall survival is 64%, with some early deaths after trans-
plant (10% of those receiving a graft). The improvement in 
overall survival is due to the “rescue” of transplantation but also 
the evolution of etiologies away from hepatitis B toward aceta-
minophen as the predominant cause of ALF, changing the spon-
taneous survival from 25% to 63% now that acetaminophen 
comprises nearly 50% of all ALF patients. Reasons for the failure 
to transplant more patients have included lack of available 
organs, late presentation combined with very rapid deteriora-
tion, substance abuse issues, repeated suicidal behavior (aceta-
minophen or other toxic ingestions), or other organ system 
involvement (malignancy, heart failure) that preclude grafting. 

Figure 98.8 Overall outcomes for 2000 patients enrolled in the Acute 
Liver Failure Study Group (ALFSG) registry over 15 years. A smaller 
number of deaths currently occur than in earlier studies, reflecting the 
use of transplantation as well as the rise of acetaminophen and decline of 
hepatitis B, the former having better overall spontaneous survival than the 
latter. Source: Unpublished data, ALFSG.
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the damage and emphasizing prevention. Possible targets might 
include, for acetaminophen, further education regarding the 
risk of acetaminophen liver injury, reducing or eliminating 
availability to fixed narcotic combination compounds, limiting 
package size, or requiring blister packs; and for hepatitis B, 
prompt use of nucleoside analogues when acute hepatitis B 
becomes severe.
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improvement in encephalopathy has been observed but no real 
improvement could be demonstrated in overall survival in a 
controlled trial [105,106]. A metaanalysis further demonstrated 
the scarcity of data and the lack of convincing efficacy [107]. 
Several centers have experimented with extracorporeal trans-
genic pig livers or cadaver livers deemed unfit for transplanta-
tion but these techniques have not gained general acceptance 
[108,109].

Summary

Acute liver failure challenges our best clinical and surgical skills 
because of its rarity, rapid progression and often poor prognosis. 
The small numbers of patients do not readily lend themselves 
to controlled trials and are studied only with great difficulty. 
Patients are particularly vulnerable to infection, bleeding, and 
cerebral edema and typically seek medical care once advanced 
hepatic injury has occurred. It is unlikely that an overall single 
therapy will improve hepatic function and restore hepatocyte 
mass in this condition that begins with disparate causes and 
different pathogenetic mechanisms. Rescue therapies providing 
temporary liver support, or other treatments short of transplan-
tation that do not enhance hepatic regeneration, are likely to fail 
unless there is reconstitution of functional hepatic stem cells. 
Currently, most efforts should be directed toward ameliorating 
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Autoimmune hepatitis (AIH) is an autoimmune disease char-
acterized by a break of humoral as well as cellular immunotoler-
ance that mainly affects the liver, although extrahepatic 
manifestations are also observed in approximately 25% of 
patients [1]. The disease was first described in 1951 in young 
women and later termed “lupoid hepatitis” due to its association 
with antinuclear antibodies [2,3]. AIH usually runs a chronic 
course but the disease may manifest as acute and even fulminant 
hepatitis. Therefore, AIH must be considered in the differential 
diagnosis of acute liver failure [4]. Overall it is a rare disease 
with an annual incidence of 1–3 and a prevalence of 11–35 per 
100 000 inhabitants [5,6]. Like many other autoimmune dis-
eases AIH has, for reasons that are poorly understood, a con-
siderable female preponderance [7]. It can manifest in all age 
groups and races [8].

Pathogenesis

The presence of autoantibodies, hypergammaglobulinemia in 
the absence of cirrhosis, dense mononuclear liver infiltrates, and 
a successful response to immunosuppressants suggests an auto-
aggressive immune response in AIH [1].

The initial observations that hepatocytes from AIH patients 
are covered with autoantibodies and are also more susceptible 
to antibody-mediated cell death underlines the pathophysiolog-
ical role of the humoral immune system [9,10]. However, the 
most frequent autoantibodies in AIH type 1 (AIH-1), antinu-

clear antibodies (ANA) and smooth muscle antibodies (SMA), 
are neither organ nor disease specific [5] (Table 99.1). Thus, 
their contribution to the etiology of AIH is questionable as their 
target antigens are probably accessible to the immune system 
after apoptotic cell death in the course of an inflammation that 
is already initiated [11]. In contrast, the target antigens of 
autoantibodies that define AIH type 2 (AIH-2), are either acces-
sible on the hepatocyte membrane (cytochrome P450 2D6 
[CYP2D6] as the target of anti-liver–kidney microsome type 1 
[anti-LKM1]) [12], or are overexpressed in the liver (formimi-
notransferase cyclodeaminase [FTCD] as the target of anti-liver 
cytosol type 1 [anti-LC1]) [13]. Serum transfer is not sufficient 
to induce an experimental murine AIH in a mouse model of 
AIH-2 [14] even though some autoantigens are expressed on 
the hepatocyte surface and some of the autoantibodies are asso-
ciated with disease severity [15–20].

The sites in which production of autoantibodies and polyclo-
nal hypergammaglobulinemia take place remain unclear. 
Histological analysis indicates a contribution of liver residential 
B cells while experimental models argue for a splenic source of 
immunoglobulins [21]. In addition, autoantibodies persist after 
liver transplantation, for example after exchange of the target 
organ of the autoimmune disease process.

Mononuclear liver infiltrates are heterogeneous but are  
typically dominated by T lymphocytes and plasma cells [22]. 
Autoreactive T cells against various target antigens in AIH, for 
example CYP2D6, asialoglycoprotein receptor (ASGPR), or 
soluble liver antigen/liver-pancreas (SLA/LP), are detectable in 
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present epitopes to T helper cells, contribute the strongest 
genetic risk to AIH [34]. The predisposing and protective HLA 
subtypes differ among AIH types and are further dependent on 
the geographical region. In Europe and North America, the 
strongest risk for AIH-1 is conferred by HLA DR3 (DRB1 
*0301) and DR4 (DRB1*0401) which exhibit sequence homolo-
gies in the antigen presentation cleft. Due to the strength of this 
genetic predisposition, these HLA polymorphisms have been 
taken into account in the AIH scoring system [35]. Susceptibility 
to and severity of AIH-2 is associated with HLA DR3 
(DRB1*0301) and DR7 (DRB1*0701) [34]. However, only 50% 
of the genetic risk is attributed to genes of the MHC locus. 
Among non-MHC genetic associations are CTLA-4, Fas, tumor 
necrosis factor, transforming growth factor, T-bet, vitamin D 
receptor, and STAT4 [36–38].

AIH itself is a polygenic disorder [5]. However, autoimmune 
hepatitis can be a feature of the monogenetic disorder autoim-
mune polyglandular syndrome type 1 (APS-1) or the autoim-
mune polyendocrinopathy candidiasis ectodermal dystrophy 
syndrome (APECED). These patients suffer from homozygous 
mutations of the autoimmune regulator (AIRE) gene which 
compromise central T-cell tolerance in the thymus [39]. 
Nonetheless, heterozygous AIRE mutations are very rare find-
ings (about 2%) in AIH patients, and do not contribute to the 
genetic risk and pathogenesis of AIH [40].

Sequence homologies between human and viral proteins as 
well as mouse models suggest molecular mimicry as one poten-
tial factor in the pathogenesis of AIH [14,41–44]. Furthermore, 
danger signals as they appear in the course of viral infections, 
and which might potentially trigger the initiation of AIH [7], 
are also thought to contribute to a break in tolerance [14]. In 
addition, several drugs or chemicals, for example minocycline 
or statins, are suspected of promoting liver autoimmunity, 
potentially via the release of autoantigens during toxic tissue 
damage or modification of self-antigens [7].

In conclusion, environmental factors (e.g., viral infections or 
drugs) seem to facilitate the T-cell dependent break in tolerance 
in genetically susceptible individuals. The exact events initiating 
AIH, however, are not yet conclusively understood (Figure 
99.1).

Clinical presentation

The clinical presentation of patients with AIH is similar to other 
causes of hepatitis. Typical symptoms at first manifestation are 
fatigue, arthralgia, abdominal pain, or jaundice, but complaints 
can be mild or fluctuating with the inflammatory disease activ-
ity. While up to one-third of patients are diagnosed before the 
onset of any symptoms, particularly elderly patients or males, 
others can present with fulminant hepatitis and hepatic failure. 
Up to one-third of patients have established cirrhosis and symp-
toms of hepatic decompensation (e.g., ascites or variceal hemor-
rhage) at the time of diagnosis of AIH [1,5]. AIH-2 manifests 

the peripheral blood and in the liver itself [23–25]. Although 
CD8+ T-cell reactivity against CYP2D6 is associated with 
disease activity in AIH-2 [26], only CD4+ and not CD8+ T 
cells are capable of transferring autoimmunity in a recent exper-
imental murine AIH model [14]. However, the cytokine pro-
duction profile and reactivity of T and B cells to the same or 
adjacent epitopes of CYP2D6 [27], as well as changes in the 
numbers and functions of lymphocyte subsets [28], suggest an 
orchestrated involvement of multiple immune cell lineages in 
the pathophysiology of AIH.

A reduction in the number and function of regulatory T cells 
(Treg), the major regulatory immune cell type, in the peripheral 
blood of AIH patients has been suggested as a driver of autoim-
munity [28–31]. However, when novel epigenetic markers for 
Treg detection were studied, these results were not confirmed 
[32,33]. Furthermore, Treg deficiency could not be found in the 
liver itself [33].

The predominant role of CD4+ T cells as drivers of AIH [14] 
is further supported by the fact that MHC class II genes, which 

Table 99.1 Comparison of autoimmune hepatitis (AIH) types. Data from 
Gleeson and Heneghan [76] and Krawitt [46].

Feature AIH type 1 AIH type 2

Characteristic 
autoantibodies

ANA and/or SMA 
(70%–80%)

Anti-LKM1 (up to 
100%)

Anti-SLA/LP 
(10%–30%)

Anti-LC1 
(20%–70%)

pANCA 
(50%–96%)

Negative 
(10%–20%)

Geographical 
variation

Worldwide Worldwide

Age at 
presentation

All age groups Usually childhood 
and young adulthood

Gender 
(female : male)

3–4 : 1 9 : 1

Clinical 
presentation

Variable Generally severe

Histological disease 
at presentation

Variable (mild to 
cirrhosis)

More inflammation 
and generally 
advanced

Treatment failure Rare Common

Relapse after drug 
withdrawal

Variable Common

Need for long-term 
maintenance

Variable Approximately 100%

ANA, antinuclear antibodies; LC1, liver cytosol type 1; LKM1, liver–
kidney microsome type 1; pANCA, perinuclear anti-neutrophil 
cytoplasmic antibodies; SLA/LP, soluble liver antigen/liver pancreas; 
SMA, smooth muscle antibodies.
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at manifestation and usually run a less aggressive course. 
Another approach is to classify AIH further on the basis of 
autoantibody profiles.

The distinction of AIH-2 from AIH-1 on the basis of LKM-1 
antibodies against CYP2D6 and/or anti-LC1 against formimi-
notransferase cyclodeaminase (FTCD) is well accepted [5](Table 
99.1). Whether anti-SLA/LP antibodies identify a further sub-
group of AIH is controversial. However, anti-SLA/LP antibodies 
characterize AIH patients that more frequently relapse after 
therapy and seem to run a more severe course [48].

Diagnosis

Physical examination
The spectrum of physical abnormalities is broad. Examination 
can be normal or reveal hepato- and splenomegaly and jaun-
dice. Typical signs of advanced liver disease are ascites, enceph-
alopathy, portosystemic shunts, or spider naevi [46].

at a younger age and therefore mostly affects children or ado-
lescents. AIH-2 more often starts as an acute hepatitis and  
extrahepatic autoimmune syndromes are frequently observed 
(Table 99.1) [45]. AIH is, in general, more common in women 
(3–4 : 1 in AIH-1 and 9 : 1 in AIH-2) and hormonal changes at 
the end of pregnancy or postpartum can facilitate disease mani-
festation or exacerbation [7]. Overlap with other autoimmune 
liver diseases (primary sclerosing cholangitis [PSC] and primary 
biliary cirrhosis [PBC]) or association with additional extrahe-
patic autoimmune diseases, for example thyroiditis, rheumatoid 
arthritis, type 1 diabetes, and celiac disease, are present in up to 
50% of patients [46,47]. Because AIH can manifest at any age 
and in all ethnic groups, it should be considered as a possible 
diagnosis in all cases of elevated aminotransferases when other 
causes of hepatitis are not evident.

It is debatable whether AIH is a homogeneous disease entity 
or whether there are different causes and courses of disease. 
Patients with HLA DR 3 more often become candidates for liver 
transplantation, while patients with HLD DR4 have an older age 

Figure 99.1 Putative pathogenic pathways of autoimmune hepatitis (AIH). The target antigen of autoimmune attack is presented in the antigen-binding 
groove of class II MHC molecules. Molecular mimicry from external pathogens may contribute to disease initiation in genetically predisposed 
individuals. Most likely, CD4 T helper cells (CD4 Th) are the key driver of immune attack in AIH. Their different subtypes induce cell-mediated 
cytotoxicity via cytotoxic CD8 T cells (CD8 CTL) as well as antibody-mediated cytotoxicity via IgG production of plasma cells. A critical contribution 
of Th17 cells, another proinflammatory CD4 lineage that is characterized by an IL-17 production, is suggested. A positive feed back loop via hepatic 
IL-6 production, which is IL-17 induced, is under discussion. A deficient counterbalance of regulatory T cells (CD4 Treg), which is considered to be the 
major regulatory immune cell type, was suggested by analysis of peripheral blood T cells but has been critically discussed. Genetic predisposition, for 
example by MHC DRB1*0301/0401, TNF-α, CTLA4, or Fas pathway, influence the immune cascade in AIH, akin to other autoimmune diseases, at 
multiple levels. APC, antigen presenting cell; NK, natural killer cell. Source: Adapted from Czaja and Manns 2010 [1]. Reproduced with permission of 
Elsevier.
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99.2). The nuclear staining patterns of ANA are further assessed 
by staining of HEp2 cells. Homogenous nuclear staining is the 
usual, but not exclusive, ANA pattern in AIH. Antibody titers 
above 1 : 40 to 1 : 80 are considered clinically significant in 
adults, while titers are age dependent in children [5,49]. 
Although routine autoantibody testing in Europe is predomi-
nantly done by indirect immunofluorescence on cryostat tissue 
sections more and more centers and laboratories in the United 
States use ELISA technology with recombinant antigens [5].

Liver histology
When clinical and laboratory findings are insufficient to dis-
criminate between AIH and other forms of hepatitis, liver 
biopsy can be very helpful in the diagnostic evaluation of 
patients. Nevertheless, there is no exclusive histological pattern 
of AIH that cannot be found in other chronic liver diseases.

The typical histological features compatible with AIH are 
lymphoplasmacytic infiltrates that cross the limiting plate and 
spill over from expanded portal triads into the surrounding liver 
lobules (interface hepatitis) (Figure 99.3). Further frequent find-
ings are groups of hepatocytes formed by necrosis/apoptosis 
with consecutive pericellular fibrosis or regeneration (rosettes), 

Laboratory abnormalities
In AIH the elevation of aminotransferases as an indicator of 
hepatocellular damage is typically greater than abnormalities of 
alkaline phosphatase. Bilirubin can be elevated in severe forms 
of both acute presentations and end-stage disease. Concomitant 
diseases should be considered if cholestasis is prominent. 
Typical (but not uniform) is an elevation of polyclonal serum 
γ-globulins up to threefold and particularly immunoglobulin G 
(IgG) [46].

A third key feature of AIH is the elevation of typical autoan-
tibodies. ANA and/or SMA is present in 70%–80% of all AIH-1 
patients. In the remaining patients, diagnosis of AIH can be 
made by the detection of anti-SLA/LP, which are present in 
10%–30% of AIH patients, or perinuclear antineutrophil cyto-
plasmic antibodies (pANCA), that are detectable in 90% 
[5,49,50]. Nonetheless, up to 20% of AIH patients can be seron-
egative for routinely tested autoantibodies. The serological hall-
mark of AIH-2 is the presence of anti-LKM1 and less commonly 
anti-LC1 [5,49]. Positivity for anti-LKM1 together with ANA/
SMA is rarely seen [51]. The most relevant autoantibodies ANA, 
SMA, anti-LKM1, and anti-LC1 are screened using indirect 
immunofluorescence assay on rodent tissue sections (Figure 

Figure 99.2 Serological screening for autoimmune hepatitis with indirect immunofluorescence pattern on rodent tissue sections (stomach, liver, kidney), 
human epithelial cells (HEp2 cells), and human neutrophils. Antinuclear antibodies (ANA) stain the nuclei of, for example, kidney sections (a).The ANA 
that are typically found in AIH homogenously stain the nuclei of HEp2 (b). Smooth muscle antibodies (SMA) stain the smooth muscles, for example of 
the gastric mucosa (c). Antibody to liver–kidney microsome (LKM1) stain the cytoplasm of hepatocytes and the proximal renal tubules of kidney sections 
(d). Antibodies to liver cytosol (anti-LC1) bind to hepatocyte cytoplasm but with sparing of the centrilobular areas around the central vein (e). 
Perinuclear staining pattern of perinuclear antineutrophil cytoplasmic antibodies (pANCA) (f). Because pANCA in AIH-1 react with peripheral nuclear 
membrane components instead of the myeloperoxidase as for pANCA in rheumatoid diseases, they are alternatively denominated peripheral antinuclear 
neutrophil antibodies (pANNA).

(a) (b) (c)

(d) (e) (f)



Autoimmune hepatitis CHAPTER 99   1993

routine blood tests. The exclusion of Wilson disease can be 
complicated by false low serum ceruloplasmin levels in the 
course of liver insufficiency and elevated 24-hour urinary 
copper excretion as a result of cholestasis. If Wilson disease is 
still suspected, slit lamp examination of Kayser–Fleischer rings 
and copper quantification in liver tissue are indicated [55].

Ultrasound imaging can identify vascular disorders (e.g., 
arterial embolism, portal or liver vein thrombosis, congestive 
heart failure), tumors, or cholestasis as potential causes of liver 
damage. Furthermore, fibrosis stage (e.g., via Fibroscan, acous-
tic radiation force impulse [ARFI], or similar techniques) and 
sequelae of end-stage liver disease like splenomegaly and ascites 
can be detected. A magnetic resonance cholangiopancreatogra-
phy (MRCP) should be obtained when overlapping features of 
biliary autoimmune diseases are suspected or in children, who 
have a similar prevalence of AIH with and without features of 
PSC (autoimmune sclerosing cholangitis [AIC]) [56] (see 
Chapter 90). If necessary more invasive endoscopic retrograde 
cholangiopancreatography (ERCP) may be applied, which 
allows for bile cytology and bile duct biopsies.

Steatohepatitis can be identified by histology (steatosis and 
less portal inflammation), history of alcohol/drug intake, and 
underlying diseases like diabetes mellitus, hyperlipidemia, 
obesity, and metabolic syndrome need to be explored [57].

Several autoantibodies (ANA, SMA, anti-LKM) associated 
with AIH can be found in conjunction with other inflammatory 
or toxic liver diseases as well. Drugs that induce hepatic injury 
that can potentially mimic features of AIH, such as minocycline, 
atorvastatin, or nitrofurantoin, should be discontinued before 
AIH is further considered [5].

To facilitate the diagnosis of AIH a score that incorporates 
laboratory results, medical history, MHC antigens, and histol-
ogy was developed and revised to categorize the diagnosis of 
AIH as probable or definitive. A response to steroid-based treat-
ment is also included in the scoring systems (Table 99.2) [35]. 
Because many variables of the mentioned score are usually not 
readily available during the initial assessment (e.g., alcohol con-
sumption, HLA types, treatment response), a simplified scoring 
system that is more appropriate for clinical routine was intro-
duced (Table 99.2) [58]. A comparison of both scoring systems 
revealed a higher sensitivity (100% vs 95%) but lower specificity 
(90% vs 73%) of the revised original score [59,60]. Thus, the 
revised original score performs better in cases with few or atypi-
cal features of AIH, while the simplified score is superior for 
distinguishing AIH from other autoimmune liver diseases [59]. 
Children usually exhibit lower autoantibody titers (about 1 : 20) 
and γ-glutamyltranspeptidase is a more appropriate indicator 
of biliary disease than alkaline phosphatase during growth. 
Nonetheless, the revised original system seems applicable for 
children [61]. The simplified score has a lower sensitivity in 
children (55% vs 100%) and did not differentiate between AIH 
and sclerosing cholangitis, and thus should be applied cau-
tiously in children [62]. It can be challenging to make a defini-
tive diagnosis in patients with chronic hepatitis C when 

also liver cell ballooning and inclusion of lymphocytes within 
hepatocytes (emperipolesis (Figure 99.3) [52,53]. The latter may 
represent a peripheral tolerance mechanism to clear autoreac-
tive T cells [54]. Lobular necroinflammatory activity is common, 
but tends to be more commonly present in fulminant hepatitis. 
It ranges from spotty lesions to confluent or bridging necrosis. 
Due to the chronic nature of AIH, fibrosis is present in most 
patients and cirrhosis is already established in one-third of 
patients at diagnosis. Bile duct lesions, granulomas, or steatosis 
are not common findings but do not necessarily exclude the 
diagnosis of AIH [5,46,52].

While liver histology alone is normally not sufficient to diag-
nose AIH, it provides important further information about the 
necroinflammatory activity and the stage of fibrosis, for example 
grading and staging; and liver histology is also important to 
exclude other causes of liver disease. This information is neces-
sary for management before and during ongoing treatment. 
Nonetheless, the initiation of therapy should not be delayed in 
patients suspected to have fulminant AIH if liver biopsy is not 
possible [5]. In such cases, the response to corticosteroid therapy 
is part of the diagnostic criteria for AIH. Liver biopsy can 
usually be obtained through the transjugular approach in cases 
where acute manifestations or impaired liver function preclude 
standard percutaneous techniques.

Differential diagnosis
AIH cannot be diagnosed by any single test or combination of 
laboratory results unless other causes of (chronic) hepatitis have 
been excluded. Initially, viral infections (hepatitis A, B, C, D, E, 
and other hepatotropic viruses including EBV and CMV) and 
hereditary disorders such as hemochromatosis (serum ferritin 
levels) and α1-antitrypsin deficiency can be excluded using 

Figure 99.3 Micrograph from a liver biopsy specimen from patients with 
autoimmune hepatitis showing typical mixed inflammatory infiltrate 
dominated by lymphocytes and plasma cells with prominent interface 
hepatitis as well as hepatocellular ballooning and formation of liver cell 
rosettes.
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Table 99.2 Diagnostic scoring systems for autoimmune hepatitis (AIH). Data from Alvarez et al. [35] and Hennes et al. [58].

Revised scoring system Score Simplified scoring system Points

Female sex +2

ALP : AST (or ALT) ratio

<1.5 +2

1.5–3.0 0

>3.0 −2

Serum globulins or IgG above normal IgG above normal

>2.0 +3 >1.1 +2

1.5–2.0 +2 1.0–1.1 +1

1.0–1.5 +1

<1.0 0

ANA, SMA, or LKM-1 (IF)

>1 : 80 +3 ANA or SMA ≥1 : 40 +1

1 : 80 +2 ANA or SMA ≥1 : 80 +2*

1 : 40 +1 or LKM ≥1 : 40

<1 : 40 0 or SLA positive

AMA positive −4 *Addition of points achieved for all autoantibodies (maximum, 2 
points)

Viral hepatitis markers Viral hepatitis

(IgM anti-HAV, HBsAg, IgM anti-HBc, anti-HCV, and HCV-RNA) Absence +2

positive −3

negative +3

Hepatotoxic drug history (recent or current)

positive −4

negative +1

Average alcohol intake

<25 g/day +2

>60 g/day −2

Liver histology Liver histology
(evidence of hepatitis is a necessary 
condition)

Interface hepatitis +3 Typical AIH +2

Predominantly lymphoplasmacytic infiltrate +1 Compatible with AIH +1

Rosetting of liver cells +1

None of the above −5

Biliary changes −3

Other changes −3

Other autoimmune disease(s) +2

Optional additional parameters

Seropositivity for other defined autoantibodies +2

(pANCA, anti-LC1, anti-SLA, anti-ASGPR, anti-LP, and antisulfatide)

HLA DR3 or DR4 +1

Response to therapy

complete +2
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side effects than long-term steroid monotherapy [66,71,72]. 
Budesonide was introduced as an alternative steroid with at least 
comparable short-term remission rates and less steroid-specific 
side effects than prednisolone when both steroid regimens were 
combined with azathioprine [73]. However, budesonide should 
not be administered in cirrhotic patients because the beneficial 
first pass effect responsible for its reduced rate of side effects is 
no longer evident and thromboembolic events have been 
described [74,75].

The early reports of AIH patients who demonstrated signifi-
cant improvement under therapy included patients with severe 
inflammatory disease activity (more than five to tenfold eleva-
tion of aminotransferases, twofold elevation of IgG, and dis-
seminated hepatocellular necrosis). By contrast, asymptomatic 
patients with normal or near normal laboratory values and 
minimal or inactive histological disease (or even burned out 
cirrhosis) were more likely to suffer from side effects than to 
benefit from therapy. If untreated, patients should be monitored 
closely for disease progression or inflammatory flares. Due to 
the more aggressive course of AIH in most children, therapy 
should be initiated in all children when AIH is diagnosed [5,76].

Current therapeutic regimens differentiate between the induc-
tion of remission, for which higher steroid dosages are used, and 
the maintenance of remission, which should be sustained with the 
lowest necessary dose of immunosuppression, in particular ster-
oids, in order to minimize side effects (Figure 99.4). Prednisone 
or prednisolone dosages of 30–60 mg/day or up to 1 mg/kg/day 
as monotherapy and 30 mg/day combined with 50 mg or 1–2 mg/
kg/day azathioprine are recommend for induction therapy [5,76] 
(Table 99.3). The initially higher prednisone/prednisolone doses 
are more likely to cause steroid-related side effects, but seem to 
normalize aminotransferases more rapidly [73,77]. In either 
regimen, steroids are tapered over a period of 3 months as  
long as the transaminases and IgG continue to fall to achieve an 

overlapping features or even AIH itself coexist. The simplified 
scoring system does not appear to be appropriate in such 
demanding cases [63]. In general, these scoring systems are 
useful in identifying a homogeneous group of patients for clini-
cal trials rather than for the diagnosis of AIH in the individual 
patient.

Because liver histology is an integral component in the evalu-
ation process of AIH, diagnosis is complicated when liver biopsy 
is contraindicated. Especially in such cases, the steroid respon-
siveness can be used as further evidence for AIH as long as 
actual viral infections have been excluded.

Treatment

Seminal trials published in the early 1970s demonstrated a 
marked responsiveness of active chronic hepatitis to immuno-
suppressive therapy in most patients. Treatment with pred-
nisolone alone or in combination with azathioprine was superior 
to azathioprine alone in improving symptoms, laboratory and 
histological manifestations of liver inflammation, and reducing 
progression of liver fibrosis [64–66]. Compared to the progres-
sive natural course leading to decompensated end-stage liver 
disease in control patients, both short and long-term survival 
dramatically improved in patients receiving steroid-based 
immunosuppression (e.g., 63% vs 27% at 10 years) [64–69]. 
Reports about the natural history and response rates in the early 
trials are potentially biased because AIH and chronic hepatitis 
C could not be distinguished reliably until the discovery of the 
hepatitis C virus in 1989. However, anti-HCV antibodies were 
only detectable in 4% of AIH patients in later studies [70]. 
Combinations of prednisone or prednisolone with azathioprine 
or azathioprine alone demonstrated comparable short and long-
term rates for maintenance of remission with less steroid-related 

Revised scoring system Score Simplified scoring system Points

Relapse +3

Interpretation of aggregate scores Interpretation of aggregate points

Pretreatment:

Definite AIH >15 Definite AIH ≥7

Probable AIH 10–15 Probable AIH ≥6

Posttreatment:

Definite AIH >17

Probable AIH 12–17

Ab, antibody; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMA, antimitochondrial antibody; anti-LP, anti-liver pancreas antibody; AST, 
aspartate aminotransferase; CMV, cytomegalovirus; EBV, Epstein–Barr virus; HAV, hepatitis A virus; HBsAg, hepatitis B surface antigen; HBc, hepatitis B 
core antigen; HCV, hepatitis C virus; HLA, human leucocyte antigen; IF, immunofluorescence; IgM, immunoglobulin M.

Table 99.2 (Continued )
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Figure 99.4 Flow chart of therapy for 
autoimmune hepatitis (AIH). Data from 
Czaja and Manns [1] and Oo et al. [92].

Persistent
activity

Standard therapy: Predniso(lo)ne ± Azathioprine

Alternative therapy in noncirrhotic patients
(and expected intolerance of steroid side effects):

Budesonide ± Azathioprine

Incomplete
biochemical

response

Biochemical
Remission

Treatment
failure

Drug toxicity
or intolerance

Liver biopsy

(Near)
complete
remission

Relapse Sustained
remission

Surveillance

Maintain
therapy

Correct
diagnosis?

Calcineurin
inhibitors

Dose reduction
or monotherapy

Mycophenolate
mofetil

Consider liver
transplantation

High dose 
therapy

Budesonide in
noncirrhotic

Other salvage
therapy

At least 1-2 years therapy

Consider drug
withdrawal
unless AIH-2

Table 99.3 Immunosuppressive regimen for autoimmune hepatitis in adults. Source: Adapted from Manns et al. 2010 [5]. Reproduced with permission of 
John Wiley & Sons.

Monotherapy Combination therapy

Prednisone or prednisolone Steroid Azathioprine

(mg/day) Prednisone or 
prednisolone 
(mg/day)

Budesonide in 
noncirrhotic patients 
(mg/day)

USA (mg/
day)

Europe  
(mg/kg/day)

Week 1 60 30 9 50 1–2

Week 2 40 20 9 50 1–2

Week 3–4 30 15 6 50 1–2

Maintenance therapy ≤20 10 ≤6 50 1–2

Reasons for preference Cytopenia Postmenopausal state

Thiopurin methytransferase 
deficiency

Osteoporosis

Pregnancy Uncontrolled diabetes, hypertension, obesity

Malignancy Acne

Expected therapy <6 months Emotional lability
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complete normalization because higher relapse rates and more 
frequent histological disease progression were observed using 
the less-rigorous standard [79–82].

Over 80% of patients respond to the initial induction therapy 
with falling transaminases within a few weeks or even days. 
However, complete normalization of alanine aminotransferase 
(ALT) and IgG is seen in only about 25% of patients according 
to reports [73,82]. Symptoms and liver function tests improve 
mostly within 3–6 months. Complete normalization of transam-
inases can take 12–24 months and rapid response is associated 
with less progression of fibrosis [83].

Once biochemical remission is achieved, maintenance therapy 
should be continued for at least 2 years because rates of histo-
logical remission increase with the duration of therapy from 
about 25% after 12 months to about 80% after 36 months [76]. 
After this interval of successful therapy, a liver biopsy should be 
performed to assess the histological disease activity. This is 
important because the persistence of interface hepatitis and 
portal plasma cells is associated with increased risk of relapse 
after the withdrawal of medication and worsening of fibrosis 
[76,79,80]. If termination of therapy is attempted, immunosup-
pressants are withdrawn over a period of 6–12 weeks under 
close surveillance. Nonetheless, 50%–90% of patients suffer 
from a relapse within weeks of cessation of medication. Relapse 
is defined as an elevation of aspartate aminotransferase (AST) 
above 3 ULN or IgG above 2 ULN [5,76,84]. Due to the almost 
universal occurrence of relapse, withdrawal of medication 
should be avoided in AIH-2. The presence of anti-SLA/LP is 
also associated with higher relapse rates [85].

The recommended therapy of relapse is reinitiation of induc-
tion therapy with either steroid alone or in combination with 
azathioprine. Relapsed patients should be considered for life-
long therapy because repeated relapses are associated with wors-
ening fibrosis, reduced survival, and more treatment-related 
side effects [5,76,86,87].

Long-term maintenance therapy can be pursued with either 
steroid monotherapy (prednisone/prednisolone or budesonide 
in noncirrhotic patients), azathioprine monotherapy, or a com-
bination of both, depending on the individual benefit–risk 
profile. Steroids should be tapered to the lowest possible  
dose (often 5–10 mg prednisone or 3 mg budesonide daily). 
Azathioprine in combination therapy is used either as a 50 mg 
fixed dose for all patients, as frequently used in the USA, or 
1–2 mg/kg body weight, as frequently used in Europe [5]. Good 
results for long-term azathioprine maintenance monotherapy 
have also been reported with 2 mg/kg bodyweight according to 
a single-center experience [72].

Patients should be monitored for side effects over time, for 
example cytopenia with azathioprine or osteoporosis and cata-
racts with steroids. Beside the AIH-specific therapy, vaccination 
for hepatitis A and B viruses and prevention of osteoporosis 
with calcium and vitamin D are advisable.

Because AIH predominantly affects women within the first 
three decades of life, pregnancy is an important issue. Standard 

individual maintenance dose below 20 mg/day. In most cases, 
5–10 mg/day is an achievable goal. In contrast to the prompt 
effect of steroids, azathioprine takes about 6–8 weeks until a 
beneficial effect can be seen. Therefore, the initial combination 
of steroids and azathioprine appears reasonable and it is also 
recommended due to fewer steroid side effects with the com-
bined regimen [5,76]. Azathioprine can also be introduced later 
so that a treatment response to steroid monotherapy can be 
evaluated as part of the diagnosis of AIH. After at least 2 years of 
remission, some patients can be weaned off of immunosuppres-
sion. Before efforts to do so, a biopsy is recommended. If histo-
logical inflammatory activity is discovered, a relapse is nearly 
universal, and immunosuppression should be continued indefi-
nitely in these patients.

Budesonide is the only new agent that has been shown to be 
effective and safe in induction and short-term maintenance of 
remission in a randomized trial within the last four decades 
[73]. As noted, in the absence of cirrhosis, budesonide had 
fewer side effects, and it is therefore the drug of choice in non-
cirrhotic patients with AIH.

Up to 80% of patients suffer from prednisone/prednisolone-
specific side effects even when used in combination with aza-
thioprine. The most notable adverse effects include osteoporosis, 
diabetes, hypertension, weight gain, cataract formation, and 
psychosis [5,76]. Budesonide (starting dose 3 × 3 mg and taper-
ing down to 1 × 3 mg/daily) in combination with azathioprine 
(1–2 mg/kg body weight) should be considered as an alternative 
to prednisone/prednisolone in such patients [73] (Table 99.3). 
Noncirrhotic patients with comorbidities that could deteriorate 
from systemic steroid use, for example diabetes, osteoporosis, 
and hypertension, also are expected to benefit from the budeso-
nide regimen.

The most frequent side effect of azathioprine is cytopenia (up 
to 46%) due to myelosuppression. Other side effects, including 
rash, nausea, pancreatitis, and cholestatic hepatitis, are less 
common (about 25%) but are more frequent in cirrhotic patients 
[5,76].

There are no controlled trials of AIH therapy in children, but 
steroids with or without azathioprine have documented efficacy. 
The recommended initial doses for children are 1–2 mg/kg/day 
of prednisone and 1–2 mg/kg/day of azathioprine. The mainte-
nance dose for prednisone after tapering is 0.1–0.2 mg/kg/day 
or 5 mg/day. Although there are few data so far, long-term aza-
thioprine maintenance monotherapy seems possible in children 
[5]. Budesonide in combination with azathioprine also proved 
to be effective in children and adolescent patients [73,78]. 
Weight gain observed with prednisone was reduced when pred-
nisone was switched to budesonide [78].

Remission is defined as complete normalization of ami-
notransferases and IgG as well as disappearance of symptoms 
and histological signs of hepatitis. The latter usually lags behind 
the biochemical remission by 3–8 months [5]. Former treat-
ment goals were aminotransferases below two times the upper 
limit of normal, but these have been abandoned in favor of 
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Other drugs, such as cyclophosphamide, methotrexate, 
6-mercaptopurine, infliximab, or rituximab, have been reported 
to be effective in single patients or small patient cohorts 
[5,76,92,93]. Generally, patients with refractory AIH should be 
considered for referral to a specialized unit and those with ful-
minant or end-stage liver disease to a transplantation center.

Liver transplantation
Liver transplantation (LT) should be avoidable in most patients 
if the diagnosis is made early and appropriate treatment is given. 
Nevertheless, approximately 10% of AIH patients ultimately 
undergo liver transplantation. AIH accounts for 2%–6% of LT 
in North America and Europe. The long-term survival rates 
after LT are 70%–90% after 5–10 years. AIH recurs with similar 
features in about 25% of patients after transplantation. 
Recurrence is treated by an increase of the prednisone dose, 
reintroduction of combined therapy with steroids and azathio-
prine, or changes in the mostly CNI-based immunosuppression 
[5,76].

The first manifestation of a plasma cell hepatitis after LT 
performed for other diseases than AIH has been designated de 
novo AIH. It affects 5%–10% of transplanted children and 
1%–2% of adults as a form of late graft dysfunction. Currently, 
it is unclear whether plasma cell hepatitis represents classical 
AIH after LT or a variant form of rejection [94]. The association 
of plasma cell hepatitis with a mismatch of the GSTT1, an 
enzyme expressed in the liver, between GSTT1-bearing grafts 
and GSTT1-deficient recipients, favors the concept of alloreac-
tivity. Treatment encompasses introduction of steroids and aza-
thioprine in addition to CNIs used for long-term posttransplant 
immunosuppression [5,76,92].

Long-term prognosis
The introduction of immunosuppressive therapy dramatically 
increased the survival of AIH patients. The best outcomes  
indicate normalization of survival compared to age-matched  
control populations, but population-based studies with follow-up 
periods longer than 10 years [86,95] generally describe reduced 
survival for AIH patients [5,76]. Factors associated with reduced 
life expectancy or need for liver transplantation include insuffi-
cient control of inflammatory activity (failure to normalize  
aminotransferase levels within the first year, incomplete  
response, repeated flares), AIH-2, and anti-SLA/LP [5,76,85, 
86,96]. Cirrhosis is reported to negatively influence outcome in 
some, but not all, studies [5,68,76,86,96].

The rate of hepatocellular carcinoma is generally increased in 
AIH (about 5% of all patients) and especially so in patients with 
cirrhosis (10%–20%). Risk factors include a longer history of 
cirrhosis, sequelae of cirrhosis (e.g., varices and ascites), and a 
longer duration of immunosuppression. Therefore screening for 
hepatocellular carcinoma, especially in cirrhotic patients, with 
α-fetoprotein and liver ultrasound is recommended [5,76,95]. 
Furthermore, probably as a consequence of the inevitable long-
term immunosuppression, AIH patients have up to a twofold 

therapy during pregnancy is well tolerated by the mother and 
the neonate in published reports. However, azathioprine should 
not be given during pregnancy, and, whenever possible, man-
agement should emphasize steroid monotherapy. While AIH 
can improve during pregnancy, the risk for disease flares is 
highest in the last trimester or postpartum period. Women with 
cirrhosis have higher complication rates both for the mother 
and the child. Special counseling should take place in the pre-
pregnancy phase because poor disease control prior to concep-
tion is associated with poor outcomes [5,76,88].

Salvage therapies
The majority of patients with AIH enter biochemical remission 
after 2–3 years of standard therapy with steroids alone or in 
combination with azathioprine. However, according to a recent 
single-center experience from Italy, only 25% of patients achieve 
a complete remission with normalization of both ALT and IgG 
following standard therapies [63,82]. Inadequate control of 
inflammatory activity (as detected by elevated transaminases, 
continued necroinflammatory activity, and clinical relapses) 
identifies patients at risk for progression of fibrosis and develop-
ment of cirrhosis, which appears in 10%–50% of patients under 
therapy. Consequently, a re-evaluation of the original diagnosis 
is indicated, including rebiopsy to confirm the original diagno-
sis. Drug toxicity (13%) or intolerance to standard therapy are 
other reasons for alternative treatment approaches [5,76].

Calcineurin inhibitors (CNI) are a family of immunosuppres-
sants that block the IL-2 signaling cascade in lymphocytes. 
Although they are mostly administered after organ transplanta-
tion, they are effective in AIH. Published studies are so far 
uncontrolled and mostly retrospective monocenter experiences. 
Nevertheless, they consistently report improved aminotrans-
ferases and histological activity in both AIH types in patients 
who were refractory to standard therapy [89,90]. Cyclosporine 
A, the better studied agent, was administered in a dose of 
2–5 mg/kg/day to achieve a serum level of 100–300 ng/mL, 
while tacrolimus was given in a dose of 3–5 mg/day. These 
response rates of over 90% and intolerance or complication rates 
below 10% support the use of CNI as the alternative regimen of 
choice in steroid-refractory AIH. After the initial treatment 
response, continuation of maintenance therapy with steroids 
and azathioprine can be considered, although there is no estab-
lished long-term management after CNI therapy so far [89,90].

Mycophenolate mofetil (MMF) is an alternative antimetabo-
lite to azathioprine but, just as with CNI, there are only uncon-
trolled studies of its use in AIH. Although MMF combined with 
steroids demonstrated comparable response rates for induction 
and short-term maintenance therapy as azathioprine in a single 
study [91], only half of patients with suboptimal response to 
standard therapy benefited from MMF without significant side 
effects. Overall, MMF seems more effective in cases of azathio-
prine intolerance than in the treatment of refractory AIH. 
Common dosages of 0.5–2 g/day caused side effects in up to 
one-third of patients [90].
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Summary

AIH is a rare, chronic, progressive, inflammatory liver disease. 
Although the etiology is incompletely understood, immunosup-
pressive therapy is usually effective, preventing progression of 
the disease in most patients and improving live expectancy. 
Because cure rates are as low as 20%, novel treatment regimens 
are desirable and a number are in development (e.g., cell thera-
pies with regulatory T cells).
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increase in risk for extrahepatic malignancies that do not seem 
to be directly associated with the type or duration of therapy 
[95,97].

Overlap with other autoimmune liver 
diseases (see Chapters 90 and 100)

While AIH targets hepatocytes, PBC affects the small and PSC 
usually the large intra- and extrahepatic bile ducts. Up to one-
third of AIH patients exhibit biliary abnormalities, such as 
destructive or nondestructive cholangitis or ductopenia, in their 
liver biopsy. The same percentage of PBC patients has severe 
lymphocytic interface hepatitis, one of the hallmarks of AIH. 
The rates of overlap between AIH and PBC depend on the 
diagnostic criteria and vary between 5% and 20%. While antim-
itochondrial antibodies (AMA) are rare in AIH, the nonspecific 
autoantibodies ANA and SMA are detectable in 30% of PBC 
patients. Similar rates of overlapping histological features of 
AIH occur in PSC. The frequency of overlap when diagnostic 
criteria for both diseases are fulfilled ranges from 2% to 20%. In 
contrast to PBC, the humoral overlap between AIH (ANA, 
SMA) and PSC (pANCA) is more substantial (up to 90%) [50].

In children, overlap of PSC is described for 30%–50% of AIH 
patients. Furthermore, this overlap is more frequently associ-
ated with inflammatory bowel disease. Consequently, imaging 
of the extra- and intrahepatic bile ducts, for example MCRP or 
ERCP, should be considered in all pediatric AIH patients to 
assess possible duct involvement [50,56].

The classification of these diseases according to the predomi-
nant features is recommended by the International Autoimmune 
Hepatitis Group (IAIHG), because evidence-based diagnostic 
criteria for overlap syndromes of AIH, PSC, and PBC are not 
defined. In clinical practice, a liver biopsy is recommended in 
PBC and PSC patients whenever AIH is suspected based on 
disproportionate elevations of aminotransferases and IgG. 
Immunosuppression can be added when AIH features are 
present and inflammatory activity persists despite ursodeoxy-
cholic acid (UDCA) [50]. However, immunosuppressive stand-
ard therapy should be given to patients where AIH is the 
predominant disease phenotype while UDCA therapy should 
be given to patients when the cholestatic disease component is 
dominant [50].

http://www.yamadagastro.com/textbook
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Introduction

Primary biliary cirrhosis (PBC) is a chronic liver disease that is 
defined by its clinical presentation, histological features, and 
serological findings. The underlying abnormality in PBC is a 
slowly progressive, nonpurulent inflammatory destruction of 
the biliary epithelial cells lining the small to medium-sized 
interlobular ducts [1]. The larger biliary ducts are spared. The 
pathophysiology of bile duct destruction is incompletely under-
stood, but the process is felt to be autoimmune in nature. 
Genetic and environmental factors appear to be important in 
disease susceptibility and progression. Autoantibodies are a 
characteristic feature of the disease; over 90% of PBC patients 
have antimitochondrial antibodies (AMA) and about 50% have 
antinuclear antibodies [2] (Table 100.1). Loss of normal biliary 
drainage leads eventually to a clinical picture of chronic hepatic 
cholestasis and its potential complications, including progres-
sion to cirrhosis.

Pathogenesis

Antimitochondrial antibodies
PBC is considered an autoimmune disease. Clinically, PBC 
shares features with other autoimmune diseases such as pre-
dominance in middle-aged females and frequent coincidence 
with other autoimmune disorders. In addition, virtually 100% 

of PBC patients have circulating autoantibodies, often to mito-
chondrial and nuclear antigens.

In 1987, Gershwin and colleagues identified the primary 
structure of the major target antigen of the PBC AMAs as the 
human mitochondrial enzyme, dihydrolipoamide acetyl trans-
ferase, also referred to as the E2 component of the pyruvate 
dehydrogenase complex (PDC-E2) [3]. PDC belongs to a  
family of multienzyme complexes involved in cellular respiration 
called the 2-oxo-acid dehydrogenase complexes. Although 
PDC-E2 is the major autoantigen in AMAs, PBC patients may 
have antibodies to any of the 2-oxo-acid dehydrogenase com-
plexes, including branched chain 2-oxo-acid dehydrogenase 
complex (BCOADC) and 2-oxoglutarate dehydrogenase 
complex (2-OGDC), or other components of the PDC complex 
(E1, E3, X) [4] (Table 100.1).

The role of these autoantibodies in the pathogenesis of bile 
duct destruction has been the subject of considerable debate. 
Clinically, AMAs appear 6–10 years before other signs, and thus 
may be present at the initiation of the disease process. However, 
AMA titer does not correlate with disease severity, and patients 
lacking AMA have a clinical presentation and course similar to 
patients with AMA. Animal models have not been successful in 
demonstrating that generation of antimitochondrial antibodies 
leads to chronic destruction of bile ducts [5]. Several immuno-
deficient mice (NOD.ABD, dnTGF-βRIII, IL-2Ra−/−) as well 
as animals immunized with either recombinant PDC-E2, 
Novosphingobium aromaticivorans, or 2-octynoic acid plus 

Primary biliary cirrhosis

Marlyn J. Mayo and Dwain L. Thiele
University of Texas Southwestern Medical Center, Dallas, TX, USA

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


Primary biliary cirrhosis CHAPTER 100   2001

Table 100.1 Prevalence of autoantibodies in primary biliary cirrhosis.

Autoantibody Prevalence by immunofluorescence (%) Prevalence by immunodiffusion, ELISA, 
or immunoblotting (%)

Antimitochondrial 85–95

 Anti-PDC-E2a 95–97

 Anti-PDC-E1 41–66

 Anti-PDC-E3 38

 Anti-PDC-X 95–97

 Anti-OGDC-E2 39–88

 Anti-BCOADC-E2 53–55

Antinuclear 25–70 50–81

 Nuclear rim/peripheral/perinuclear 26

  Anti-gp210 (nuclear pore complex)a 10–30

  Anti-lamin B (nuclear membrane)a 1

 Homogeneous/diffuse 10

  Antihistone 81

  Anti-DS DNA 10

 Centromere 10–24

 Speckled 10–20

  Multiple nuclear dot 4–17

   Anti-sp100/anti-PMLa 5–40

  Coarse nuclear speckled /nucleolar

   Anti-Smith (Sm) (small RNP) 24

   Anti-Scl-70 (DNA-topoisomerase 1) 24

  Fine nuclear speckled

   Anti-Ro (SS-A) (small RNP) 25–30

   Anti-La (SS-B) (small RNP) 21

 Negative by immunofluorescence

  Anti-SS DNA 71

Antismooth muscle 20

 Antiactin 13–52

Antiliver membrane 42

 Antiasialoglycoprotein receptor 15–23

Anticarbonic anhydrase 8–45

ANCA 16–26

Antiplatelet 40

a Autoantibodies relatively specific for primary biliary cirrhosis.

bovine serum albumin will develop AMAs. While some of these 
animal models exhibit mild, nonprogressive bile duct inflam-
mation, others mimic the chronic progressive destruction of 
bile ducts with progression to cirrhosis that is seen in patients 
with PBC [6].

PDC-E2 is a mitochondrial enzyme that is expressed in the 
intracellular compartment of all aerobic cells and on the surface 
of biliary and salivary duct epithelial cells in PBC [7]. The events 
leading to the expression of PDC-E2 on bile duct cells in PBC 
are still not understood. One hypothesis is that cholangiocytes 
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PBC serum than the native PDC-E2 itself [13]. Animals immu-
nized with these halogenated compounds (2-octynoic 
acid  +  bovine serum albumin  ±  α-glyceramide) develop 
antimitochondrial antibodies and mild cholangitis [14].

Environmental risk factors
Epidemiological data also support a possible connection 
between chemical exposure and PBC. For example, there is an 
increased prevalence of PBC in survivors of the Nagasaki atomic 
bomb [15]. Case–control epidemiological studies of PBC have 
identified links between PBC and smoking, use of hair dye, and 
use of hormone replacement therapy (Table 100.2) [16,17].

Although the quantity of cigarettes smoked was not related to 
the development of PBC, smoking more than 10 pack-years has 
been associated with more advanced fibrosis, irrespective of age 
or alcohol history [18]. Similarly, the geographic distribution of 
PBC patients listed for liver transplant in New York City clusters 
in neighborhoods close to toxic waste sites, whereas cases of PSC 
patients awaiting transplant and early-stage disease PBC do not 
cluster in these same areas. Although one large cohort study from 
the United Kingdom showed evidence of geographic clustering 
of PBC [19], other studies have not [20,21].

Genetics
While weak associations with environmental exposures do 
exist, a positive family history of autoimmune disease (systemic 
lupus erythematosus, Sjögren syndrome, or PBC) confers the 
greatest risk of developing PBC, emphasizing the clear role of 
genetic susceptibility (Table 100.2). The prevalence of PBC in 
family members of PBC patients is approximately 4% (range 
1%–7%) [22,23]. Of first-degree relatives with PBC, mother–
daughter pairs are the most common. The concordance rate for 
PBC in monozygotic twins is approximately 66%, one of the 
highest reported concordance rates for any autoimmune disease 
[24]. The prevalence of AMA in family members of probands 
with PBC also is increased [25]. PBC, like diabetes, is a complex 
multigenic disease. Genome-wide association studies con-
ducted in North America and Italy have identified HLA DQB1 
and genes involved in the IL-12 inflammatory pathway (IL-12A 
and IL-12 receptor β-2) to be associated with the development 
of PBC [26,27]. The most frequently observed HLA association 
involves HLA-DR8. In North America and Europe, 11%–36% 
of Caucasian females with PBC carry the HLA-DRB1*0801 
allele compared to 4%–9% of controls. In Japan, where HLA-
DRB1*0803 is present in 23% of the normal population, 
HLADRB1*0803 is found in up to 79% of PBC patients. Of note, 
HLA genes associated with PBC are distinct from those associ-
ated with either primary sclerosing cholangitis or autoimmune 
hepatitis [28].

Immune-mediated destruction of biliary 
epithelial cells
Once the autoimmune process is initiated, bile ducts are 
destroyed in a highly specific manner. There is a large body of 

are first injured by another process, allowing release of intracel-
lular antigens which are then displayed on the cell surface. 
Biliary epithelial cells differ from other types of cells in that they 
do not add glutathione to the lysine-lipoyl domain of PDC-E2 
during apoptosis, and thus apoptotic cholangiocytes may  
expose unmodified PDC-E2 to the immune system [8]. Another 
hypothesis is that mitochondrial antigens are carried to the 
surface complexed with IgA during the normal route of IgA 
excretion into bile. Alternatively, the aberrant surface expres-
sion could result from an abnormal or partial-length PDC-E2, 
or another molecule that is crossreactive with antibodies gener-
ated against PDC-E2.

The mechanism underlying loss of self-tolerance to PDC-E2 
remains the missing key to understanding the pathogenesis of 
PBC. Reactivity to mitochondrial antigens might develop as a 
result of molecular mimicry, a process in which the immune 
system erroneously recognizes a self-protein as foreign because 
of similarity to another previously encountered foreign protein. 
PDC enzymes are well-conserved across species. The immuno-
genic lipoylated domain of PDC-E2 has a particularly high 
degree of homology with proteins from Novosphingobium aro-
maticivorans, a Gram-negative bacterium which is ubiquitous 
in soil. Sera from almost all PBC patients react strongly to these 
bacterial proteins [9]. The organism itself is identified by DNA 
in the stool of approximately 25% of patients and controls. The 
rough mutant of E. coli expresses a PDC epitope that is also 
recognized by PBC AMAs [10], and this bacterium has been 
found in PBC urine and feces more frequently than in liver 
disease controls [11,12]. Patients with a history of previous UTIs 
have a slightly higher risk of PBC (Table 100.2) as compared to 
controls.

Exposure to chemicals, toxins, or xenobiotics (natural sub-
stances that are foreign to the body) also has been proposed to 
be responsible for altering native mitochondrial proteins, ren-
dering them immunogenic. Synthetically altering the inner 
lipoyl moiety of PDC-E2 to mimic changes that might occur 
after interaction of PDC-E2 with halogenated xenobiotics in the 
environment produces a compound with greater reactivity to 

Table 100.2 Risk factors for primary biliary cirrhosis.

Risk factor Odds ratio

PBC in an identical twin 57 100

Nagasaki bomb survivor 32.5

PBC in another first-degree relative 10.7

Sjögren in a first-degree relative 5.8

Systemic lupus in a first-degree relative 2.2

Urinary tract Infection 1.5–2.4

Smoking 1.6–1.8

Hair dye use 1.5–1.8

Hormone replacement therapy 1.6
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in the evenings and may characteristically involve the palms and 
soles. Pruritus is more common in females than males [40], and 
pregnancy or exogenous estrogens may precipitate or worsen 
the itching. The etiology of the pruritus is still unknown. The 
serendipitous observations that bile acid sequestrates may 
improve symptoms and that newer bile acid therapies may 
worsen symptoms has led to the hypothesis that elevated bile 
acid levels are responsible. However, a poor correlation between 
serum or skin levels of bile acids and symptoms argues against 
the idea of bile acids being a direct pruritogen [40]. A centrally 
mediated mechanism of pruritus, potentially mediated by 
endogenous opioids, was proposed by Bergasa, who was able to 
elicit scratching in monkeys by injecting PBC plasma into their 
brains [41]. Endogenous opioid levels are increased in cholesta-
sis patients, and symptoms of pruritus are relieved by adminis-
tration of opioid receptor antagonists. Interestingly, this 
intervention is often accompanied by symptoms of narcotic 
withdrawal [40]. Right upper quadrant discomfort is present in 
about 17% of patients with PBC [42]. It may be present in the 
absence of hepatomegaly, and it has no correlation with levels 
of alkaline phosphatase, bilirubin, or aminotransferases, or with 
histological stage. It is typically nonspecific in character, is not 
progressive in nature, and often disappears spontaneously.

Xanthomas and hyperpigmentation may develop in hyperli-
pidemic patients with PBC [36]. Xanthomas are most often  
seen around the eyes (xanthelasma), but may also develop over 
tendons and in palmar-digital creases. Hyperpigmentation, 
which results from increased melanin deposition, is most often 
found on the trunk and arms. Skin may also darken in areas 
that are repetitively scratched, which may result in a butterfly 
pattern of sparing in the middle of the back. Both xanthomas 
and hyperpigmentation are more often seen in patients with 
prolonged cholestasis but can also be seen before cirrhosis is 
found on biopsy [43].

Serological findings
The laboratory abnormalities seen in PBC reflect its cholestatic 
and immunological nature. Elevated alkaline phosphatase  
and γ-glutamyltranspeptidase are characteristic, although ami-
notransferases also may be moderately elevated (usually 
<500 IU/mL). Hyperbilirubinemia ensues in later stages of the 
disease. Prothrombin time may be prolonged due to either mal-
absorption of vitamin K or deteriorating hepatic synthetic func-
tion. Hypercholesterolemia often occurs as a consequence of 
reduced biliary excretion of sterols and impaired feedback regu-
lation of retained bile acids [43]. In early stages of the disease, 
it primarily consists of high-density lipoprotein (HDL) parti-
cles. Mild eosinophilia may also be seen in early stages of  
the disease. Elevated serum and hepatic copper levels also 
develop as a consequence of chronic cholestasis because copper 
is normally excreted from the liver through bile. Although 
impressive copper deposition can be seen in the liver, there is 
no evidence that this contributes to disease progression or that 
chelation of the copper improves disease course [44]. As with 

evidence that supports the hypothesis that bile duct destruction 
occurs through T-cell-mediated mechanisms in PBC. This is not 
surprising considering the abundance of T lymphocytes in PBC 
portal tract infiltrates [29].

Both CD4+ and CD8+ T cells have been implicated in the 
pathogenesis of PBC; PDC-E2 specific CD4 cells are present at 
100 to 150-fold higher precursor frequency in the hilar lymph 
nodes and the liver than the peripheral blood [30]. PDC-E2 
specific CD8 T cells also have been isolated from the liver of 
PBC patients at 10-fold higher precursor frequency than found 
in the peripheral circulation [31].

Biliary cell death ultimately occurs through a combination of 
apoptosis and necrosis. Death of biliary epithelial cells contin-
ues throughout all stages of PBC [32].

Clinical manifestations

Clinical presentation
The diagnosis of PBC is suspected when a patient presents with 
evidence of chronic cholestasis. In the early stages, this may be 
an asymptomatic elevation of serum alkaline phosphatase and/
or γ-glutamyltranspeptidase levels. Over time, fatigue or clinical 
signs of chronic cholestasis such as pruritus or hypercholestero-
lemia may develop. Jaundice occurs late in the disease process 
and is a poor prognostic sign. Early reports of patients with PBC 
emphasized patients with jaundice and advanced disease [33]. 
Over time, an increasing number of asymptomatic patients have 
been included in clinical case series [34]. This phenomenon 
reflects increasing physician awareness of the disease as well as 
widespread use of serum alkaline phosphatase and specific 
autoantibody tests. With earlier diagnosis, a long presympto-
matic stage of PBC has become well-recognized. In a population-
based study from the United Kingdom, 469/770 (61%) of PBC 
patients were identified during the asymptomatic stage. If fol-
lowed long enough, 50% develop symptoms after 5 years and 
95% develop symptoms after 20 years, and there was no differ-
ence in all-cause mortality between those who were or were not 
symptomatic at the time of diagnosis [35]. PBC patients also 
may experience symptoms from associated conditions, such as 
sicca complex, thyroid disease, or arthritis, before symptoms of 
the liver disease itself [36]. Eventually, however, many patients 
will experience the insidious onset of fatigue or pruritus [37].

Signs/symptoms
Fatigue is the most common complaint of PBC patients. It is 
present in 50%–80% of patients and significantly impacts quality 
of life. Its etiology remains obscure, and its severity may be dis-
proportionate to other disease manifestations [38]. Orthostatic 
symptoms are more prevalent in patients with PBC compared to 
the general population (40% vs 6%) and this autonomic instabil-
ity correlates with frequency and severity of fatigue [39].

The generalized pruritus of PBC is characterized by periodic 
exacerbations and improvements. Pruritus is often more severe 
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testing is warranted when the clinician suspects a diagnosis of 
PBC but the AMA test is initially negative. AMAs that are iden-
tified in seemingly healthy individuals may represent subclinical 
PBC and deserve to be followed up. In one study, all of these 
asymptomatic individuals developed an elevated alkaline phos-
phatase, histological findings compatible with PBC, and fatigue 
or pruritus within 1–20 years (mean 6 years) [58]. However, 
seroprevalence studies have found that 0.5% of the general 
population is AMA positive, and less than 10% of these are ever 
diagnosed with PBC [59].

Histology
The hallmark histological finding of PBC is focal and segmental 
nonsuppurative cholangitis. Various authors have developed 
histological staging systems that group the histological abnor-
malities into four distinct stages [60](Figure 100.1). Stage I, as 
described by Ludwig et al. [60], is characterized by lymphocytes 
infiltrating the portal tracts. In stage II of Ludwig et al., the 
degree of inflammation is greater, extending beyond the limit-
ing plate. In all systems, stage III is defined by the presence of 
bridging fibrosis, and the presence of cirrhosis represents stage 
IV. In earlier stages, bile ducts may show evidence of damage, 
but are still present in adequate numbers. The most specific 
(although not pathognomonic) histological finding is the “florid 
duct lesion,” in which the bile duct is surrounded by an intense 
lymphocytic or granulomatous infiltrate, and the basal integrity 
of the bile duct has been breached by individual lymphocytes. 
Granulomas in close proximity to the bile duct are also highly 
suggestive of PBC. Because of the patchy nature of bile duct 
involvement in PBC, many portal tracts remain normal or 
display a nonspecific pattern of mononuclear cell infiltration. 
The mononuclear infiltrate of PBC consists primarily of T cells, 
but plasma cells and eosinophils may be seen. The presence of 
a large number of polymorph nuclear cells or edema surround-
ing the bile duct, however, should prompt consideration of ext-
rahepatic obstruction. Because interface hepatitis (piecemeal 
necrosis) and foci of lobular inflammation may be present in 
PBC, the presence of bile duct involvement is an important 
factor in distinguishing PBC from other forms of chronic 
inflammatory liver diseases such as autoimmune hepatitis. Bile 
staining and cholestasis with feathery degeneration of hepato-
cytes is evident in some patients, and Mallory hyaline may be 
found in the affected hepatocytes. Bile ductular proliferation 
(cholangioles or pseudoducts) is very common, particularly 
along the periphery of the portal tract and is used as a defining 
characteristic of stage II PBC in the Scheuer staging system [61]. 
Scattered neutrophils are often found around the proliferating 
ducts. As the disease advances, ductopenia becomes evident. It 
is essential to have an adequate number of portal tracts on the 
biopsy to evaluate the presence of ductopenia. A minimum 
sample of four portal tracts (with all four portal tracts contain-
ing arterioles but no ducts) or ideally 20 portal tracts (with ≥10 
portal tracts containing arterioles but no ducts) are needed to 
make a diagnosis of ductopenia [62]. Rhodamine and orcein 

other etiologies of cirrhosis, decreased albumin levels and plate-
let counts reflect underlying hepatic synthetic function and 
hypersplenism, respectively. Elevated erythrocyte sedimenta-
tion rates are not uncommon, but are not useful in following 
clinical status.

Virtually all PBC patients have circulating autoantibodies 
(Table 100.1). The most sensitive and specific autoantibodies are 
the antimitochondrial antibodies, present in 90%–95% of PBC 
patients and rarely found in other conditions [45]. Commercially 
available tests include immunofluorescence as well as enzyme-
linked immunoassays (ELISA). The ELISA tests are more sensi-
tive, particularly those that use the triple mitochondrial antigen 
substrate [46].

Antinuclear antibodies (ANAs) are present in 25%–70% of 
PBC patients, and the immunofluorescence pattern is typically 
speckled, homogeneous, nuclear dot, centromere, or rim like. 
The target antigens of PBC ANAs are predominantly nuclear 
pore complex, centromeric, and occasionally lamin proteins. 
Antinuclear dot (anti-sp100, anti-PML, anti-SUMO) and/or 
antinuclear pore complex (anti-gp210, anti-lamin B receptor) 
are relatively specific markers for PBC [47], although anti-sp100 
can also be found in 10% of patients with systemic lupus [48] 
or hepatitis C [49]. Unlike AMAs, the presence of anti-sp100 
and anti-PML antibodies have been linked to faster disease 
progression [50]. Anticentromere antibodies are specifically 
associated with patients who have limited scleroderma, also 
called “CREST syndrome” [51], a subpopulation that may be 
more prone to portal hypertensive complications rather than 
jaundice and liver failure [52].

It is not uncommon to find autoantibodies that are usually 
associated with other connective tissue diseases, but these 
autoantibodies are usually isolated findings not accompanied  
by other clinical features of the connective tissue disease. 
Hyperglobulinemia is not as prominent as in autoimmune hep-
atitis, but selective elevations of the IgM fraction are found in 
80%–95% of PBC patients [2] with smaller elevations in IgG. 
IgM levels may also be increased in up to 20% of patients with 
common bile duct obstruction and 70% of patients with alco-
holic cirrhosis, but in these diseases IgM elevations are usually 
accompanied by similar elevations in the IgA and/or IgG levels 
[53].

A positive serum test for AMA when present in higher titers 
(≥1 : 80) is the most specific laboratory abnormality of PBC. 
Using indirect immunofluorescence or ELISA, 90%–97% of 
PBC patients will be AMA positive [54]. AMAs detected by 
immunofluorescence are rarely associated with diseases other 
than PBC, but have been reported in association with syphilis, 
myocarditis, tuberculosis, collagen vascular disease, and iproni-
azid therapy [55]. Low titer (≤1 : 40) AMAs have also been 
reported in individuals with other liver diseases such as autoim-
mune hepatitis [56]. Forty percent of patients with acute liver 
failure exhibit transient AMAs, thought to be due to oxidative 
damage to the liver [57]. Low-titer AMAs may also be found in 
PBC, and these are sometimes transient. Therefore, repeat 
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picture by not providing enough portal tracts to detect the 
patchy cholangitis or accurately estimate the amount of fibrosis. 
The AASLD diagnostic standard for PBC requires two of the 
following three criteria: (1) biochemical evidence of cholestasis 
based mainly on alkaline phosphatase elevation, (2) presence of 
AMA, and (3) histological evidence of nonsuppurative destruc-
tive cholangitis and destruction of interlobular bile ducts [66].

Epidemiology
The prevalence of primary biliary cirrhosis in North America 
and Europe is estimated to be 3.5 per 100 000 individuals (range 
0.7–72) with a yearly incidence of 0.9 (range 0.1–3) per 100 000 
[23,67,68]. The highest national prevalence’s have been reported 
in England and Sweden, where researchers have conducted 
careful epidemiological studies. PBC has been infrequently 
reported in native Africans [69] and Asians [70]. However, a 
higher incidence has been reported in persons from India and 
South Asia who have migrated to western countries [71]. In 

stains for copper and copper-binding protein may be positive 
in PBC liver. The intensity of staining correlates with disease 
severity, and copper retention may reach levels comparable to 
that seen in Wilson disease [63]. Nodular regenerative hyper-
plasia may occur in PBC and may lead to portal hypertension 
in the absence of cirrhosis.

Liver biopsy, while useful for staging and exclusion of other 
diagnoses, is not always required to establish the diagnosis. 
Middle-aged females with chronically elevated alkaline phos-
phatase ≥1.5 times the upper limit of normal, positive AMA, 
and AST less than five times the upper limit of normal have a 
95% chance of having PBC [64]. Transient elastography is a 
noninvasive method of quantifying liver fibrosis approved in 
Europe and the United States, which provides good discrimina-
tion of fibrosis staging in PBC [51]. Serum fibrosis markers have 
also been demonstrated to have good prognostic significance in 
PBC that is comparable to liver biopsy [65]. If the liver biopsy 
specimen is small, then it may actually confuse the clinical 

Figure 100.1 Histological progression of PBC is categorized into four stages. Characteristic features of each stage are illustrated here, but the lesions are 
often patchy in nature. Stage I: mononuclear portal tract infiltrates, sometimes involving the bile duct. Stage II: intense mononuclear portal tract 
infiltrate with interface hepatitis, a florid duct lesion (granulomatous involvement of bile duct), and pseudoductular (cholangiolar) proliferation. Stage 
III: bridging fibrosis, mononuclear portal tract infiltrates with interface hepatitis, pseudoductular proliferation, and ductopenia. Stage IV: cirrhosis, 
mononuclear portal tract infiltrates with interface hepatitis, pseudoductular proliferation, and ductopenia.
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systemic sclerosis, with involvement of other internal organs 
such as kidney and heart, is actually rare in PBC patients.

About 10%–20% of PBC patients complain of arthralgia 
[2,76], which may be due to a variety of causes. Because PBC 
often occurs in older individuals, osteoarthritis is the most 
common reason for joint pains. However, rheumatoid arthritis 
is more common in PBC patients than in the general popula-
tion. One study found that 53% of PBC patients had circulating 
rheumatoid factor, although only 7% met established criteria for 
the diagnosis of rheumatoid arthritis [76]. Radiological surveys 
of PBC patients demonstrate that erosive arthritis is common 
and may not always be accompanied by a positive rheumatoid 
factor. Hypercholesterolemic arthropathy and hypertrophic 
osteoarthropathy are also potential reasons for joint disease in 
this population [77].

Thyroid disease, another frequent comorbid condition, is 
present in about 20% of patients with PBC [2,37]. Usually this 
manifests as hypothyroidism, but Hashimoto thyroiditis is not 
uncommon. Fatigue is a frequent symptom of PBC. However, 
hypothyroidism should always be excluded before attributing 
the fatigue to PBC itself.

Osteoporosis is observed in up to 40% of PBC patients referred 
for transplant [78]. The severity of bone disease correlates with 
the severity of the liver disease, and therefore patients should be 
screened with bone densitometry at regular intervals. In an 
unselected group of stable PBC patients, osteopenia (defined as 

addition, the prevalence in Japan (5.4 per 100 000) appears to 
be comparable to that in many European countries [67]. Of 
interest, the prevalence of PBC among Native American resi-
dents of Alaska and British Columbia has been reported to be 
much higher than the population at large with prevalence rates 
as high as 71.5 per 100 000 among Native American in south-
eastern Alaska [68,72]. Over the last two decades, the reported 
prevalence of PBC in North America and Europe has been 
increasing more rapidly than for any other autoimmune disease 
[22]. This increase began shortly after the discovery of the 
antimitochondrial antibody and the widespread use of auto-
mated chemistry panels, suggesting that greater physician 
awareness and easier access to diagnostic tests is leading to an 
increase in the number of patients who are identified at an 
earlier, frequently asymptomatic phase. Most patients are still 
identified during middle age, with a median age of presentation 
between 40 and 55 years of age.

Women are affected by PBC much more frequently than men. 
The reported female : male ratio ranges from 3 : 1 to 22 : 1, with 
most studies reporting about 12 : 1 [23]. The reason for such a 
strong female predilection is not known. One hypothesis is that 
estrogens play an important role in the development and/or 
clinical expression of PBC, as has been noted for other autoim-
mune diseases. The fact that PBC has not yet been reported in 
a prepubertal female also supports this hypothesis. Of note, 
while many autoimmune diseases improve during pregnancy, 
the symptoms of PBC may worsen due to an increase in 
cholestasis. While most features of PBC in men are similar to 
those in women, men have been found to have less pruritus and 
fewer other autoimmune-associated conditions [70].

Extrahepatic conditions reported to be 
associated with primary biliary cirrhosis
PBC is frequently accompanied by other extrahepatic condi-
tions, many of which are also felt to be autoimmune in nature. 
Up to 84% of PBC patients manifest features of other autoim-
mune diseases (Table 100.3).

By far the most common symptomatic comorbid condition 
is Sjögren syndrome, which occurs in 30%–58% of patients with 
PBC [2,37,73]. Xerostomia and exophthalmia of sicca syndrome 
are the usual manifestations. Vasculitis, renal, pulmonary, or 
neurological involvement are rarely clinically significant prob-
lems. Evidence of renal tubular acidosis is sometimes present in 
PBC patients, but this association appears to be independent of 
Sjögren syndrome [74].

The CREST syndrome (calcinosis, Raynaud phenomenon, 
esophageal dysmotility, sclerodactyly, and telangiectasia – also 
called “limited scleroderma”) is present in about 5% of PBC 
patients [2,37,75]. The most common features seen are Raynaud 
and telangiectasia. Isolated Raynaud syndrome occurs in an 
additional 7%–14%. Esophageal dysmotility usually presents as 
gastroesophageal reflux disease or symptomatic hiatal hernia, 
but frank dysphagia may be present and can be worsened by 
concomitant xerostomia from Sjögren syndrome. Progressive 

Table 100.3 Extrahepatic diseases associated with primary biliary cirrhosis.

Extrahepatic disease Prevalence (%)

Sjögren syndrome 30–58

Gallstones 30–50

Decreased pulmonary diffusion capacity 40–50

Renal tubular acidosis 20–33

Osteoporosis 15–40

Bacteriuria 11–35

Arthropathy 4–38

Rheumatoid arthritis 3–26

Hypothyroidism 11–32

Raynaud phenomenon 7–14

CREST syndrome 3–6

Autoimmune thyroiditis 3–6

Autoimmune anemias 1–2

Psoriasis 1–13

Lichen planus 0.5–6

Ulcerative colitis 0.5–1

CREST, syndrome of calcinosis, Raynaud phenomenon, esophageal 
dysmotility, sclerodactyly, and telangiectasia.
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The incidence of extrahepatic cancer in PBC has been studied 
because of numerous case reports of cancers found in PBC 
patients, as well as reports from the 1980s that the relative risk 
of breast cancer was increased 4.4-fold compared to other indi-
viduals. However, more recent population studies have failed to 
find an increased risk of extrahepatic malignancies in PBC 
[93,94].

The clinical course of associated conditions is not altered by 
treatment of PBC [73]. The clinician must maintain a high index 
of suspicion for those conditions that are commonly encoun-
tered in PBC patients so that these diseases may be recognized 
and managed appropriately.

Differential diagnosis

The differential diagnosis of a patient who presents with chronic 
cholestatic liver tests may initially include extrahepatic obstruc-
tion, or intrahepatic cholestatic liver diseases, as well as granu-
lomatous and infiltrative diseases of the liver.

Extrahepatic obstruction, from gallstones, tumors, or scleros-
ing diseases of the bile ducts should first be excluded with good 
sonographic imaging or cholangiography. Serological testing for 
AMA will help to differentiate PBC from other intrahepatic 
cholestatic liver diseases. In patients who are AMA-negative, 
cholangiography is usually necessary. Liver biopsy in patients 
who are suspected to have PBC can confirm the suspected diag-
nosis, stage the patient, and rule out other etiologies of liver 
disease. In patients who are AMA-negative, liver biopsy is essen-
tial to demonstrate a nonsuppurative cholangiopathy and to 
exclude other disorders.

A variety of diseases may resemble PBC clinically and/or 
histologically, but they do not lead to AMAs. Patients who  
have had prolonged extrahepatic obstruction may also develop 
a secondary biliary cirrhosis, which histologically resembles 
primary biliary cirrhosis. A rare variant of primary sclerosing 
cholangitis affects only the small intrahepatic ducts [95]. 
However, these biliary lesions are characterized by an exuber-
ant fibrotic reaction (“onion skinning”) and less lymphocytic 
infiltration. Sarcoidosis or idiopathic granulomatous hepatitis 
may mimic PBC with similar biochemical liver tests, right 
upper quadrant discomfort, hepatomegaly, and hepatic granu-
lomas. Typically, the granulomas of sarcoidosis are larger, well-
formed granulomas found in the liver parenchyma rather than 
involving the bile ducts [96]. It is possible to have both condi-
tions concurrently; there are several well-documented cases of 
patients with AMA-positive PBC who also have multiorgan 
involvement with sarcoidosis [82]. A rare form of chronic 
hepatitis C that is cholestatic has also been reported [97], and 
cirrhotic patients with hepatitis C may present with fatigue and 
pruritus. Because infection with the hepatitis C virus is so 
prevalent, viral infection with hepatitis C should be excluded 
in all patients with suspected PBC. The occasional patient with 
hepatitis C may even have a rare portal tract with lymphocytic 

T score of −1.5 to −2.5) was present in 45% and osteoporosis 
(defined as T score less than −2.5) was present in 15% [79]. 
Osteoporosis in PBC patients is due to some increased resorp-
tion, but mainly decreased formation of bone [80]. Vitamin D 
deficiency due to malabsorption in later stages of disease may 
also lead to osteomalacia.

Decreased pulmonary diffusion capacity is very common in 
PBC, but it is usually asymptomatic. It is disputed as to whether 
this finding is related to Sjögren syndrome, CREST syndrome, 
or the presence of cirrhosis [81]. Symptomatic pulmonary 
disease is present with a low frequency (<1%) and has been 
reported to be due to a variety of conditions, including sar-
coidosis, interstitial pulmonary fibrosis, fibrosing alveolitis, 
bronchiolitis obstructing obliterating pneumonia (BOOP),  
pulmonary hypertension, and hepatopulmonary syndrome 
[82–84].

Urinary tract infections are frequent, recurrent, and often 
asymptomatic in female PBC patients. Up to 61% of female PBC 
patients report prior urinary tract infections. Upon random 
screening, about 20% of female PBC patients will have bacteriu-
ria, as compared to about 7% of age-matched female patients 
with other liver diseases, 5% of healthy age-matched females, 
and 20% of age-matched females with cirrhosis [85]. At least 
half of PBC patients with bacteriuria are asymptomatic. When 
followed over time, an additional 10% will develop bacteriuria 
over a 3-month interval, and 65% will develop pyuria over a 
12-month interval. Recurrent infections are often with a differ-
ent organism, and treatment of asymptomatic infections does 
not decrease the rate of recurrence.

Despite the frequent occurrence of circulating immune com-
plexes, immune complex disease has only occasionally been 
reported to occur in PBC. Systemic lupus erythematous [86], 
temporal arteritis [87], and other vasculitis syndromes can be 
found in PBC patients, but are not particularly increased in 
frequency. Several reports of membranous glomerular nephritis 
and leukocytoclastic vasculitis indicate that IgM complexes can 
be found in the kidney and skin, suggesting that the elevated 
IgM levels may play a role [88]. In addition, more than a dozen 
cases of polymyositis with PBC appear in the literature, many 
of which are in Asian patients [89].

Numerous case reports testify that celiac sprue can occur in 
patients with PBC. A single study from Ireland found that 11% 
of PBC patients had antiendomysial antibodies, which were 
often accompanied by villous atrophy [90]. However, three 
larger studies examining prevalence of antiendomysial antibod-
ies in unselected PBC patients have failed to validate an associa-
tion [91,92].

Gallstones are found by radiological imaging in 30%–50% of 
PBC patients, particularly in later stages of the disease when 
pigment stones are more likely to be formed. Their presence 
often leads to confusion and delays in the diagnosis of PBC, 
when the patient presents with cholestatic liver test abnormali-
ties, right upper quadrant discomfort, and gallstones, and a 
presumptive diagnosis of extrahepatic biliary disease is made.
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syndrome represents a distinct entity from the syndrome of 
AMA-positive PBC.

Course and complications

Clinical course
PBC may exist for relatively long periods of time in an asymp-
tomatic state [38,108]. Indeed, data from natural history studies 
suggest that a fraction of asymptomatic patients will never 
develop symptoms during their natural lifespan [108]. However, 
approximately 66%–83% of untreated asymptomatic individuals 
become symptomatic (usually pruritus or fatigue) within 10 
years, and only 5% remain asymptomatic after 20 years [109]. 
In two studies, the mean time of progression from stage I or II 
disease to cirrhosis in untreated patients was 4–6 years [110,111]. 
Survival is shortened in PBC patients as compared to healthy 
controls. In a large, geographically based cohort of mostly 
untreated individuals, the median survival was 9 years, although 
only 42% of deaths were liver related [109].

Clinical progression is foretold by worsening of specific bio-
chemical parameters, particularly serum bilirubin levels. The 
mean survival of patients with bilirubin values over 2 mg/dL is 
4 years, and for those with bilirubin values over 6 mg/dL, mean 
survival drops to 2 years [107,112]. Several mathematical 
models exist, which incorporate bilirubin and other parameters 
into formulas that are clinically useful to predict mortality and 
judge timing for transplant referral of individual patients [113–
115]. The most extensively validated and commonly used sur-
vival models are the Mayo Risk Score [114] and the Model for 
End Stage Liver Disease (MELD) score.

Complications
Once cirrhosis is established, the clinical complications of portal 
hypertension and deteriorating liver function are similar to 
those of patients with cirrhosis from other causes. In patients 
with PBC, presinusoidal fibrosis alone may be sufficient to cause 
portal hypertension and esophageal varices and associated 
bleeding complications may precede development of stage IV 
fibrosis [116]. The risk of hepatocellular carcinoma in PBC 
patients is also increased compared to healthy individuals [93]. 
This risk is almost exclusively limited to patients with cirrhosis, 
and is higher for males. In general, the reported risk of hepato-
cellular carcinoma in PBC is significantly less than the reported 
risk of hepatocellular carcinoma in other liver diseases, such as 
hereditary hemochromatosis, hepatitis B, or chronic hepatitis C. 
One possible exception is the subgroup of males with advanced 
PBC in whom incidences as high as 20% have been reported 
[93,94].

Pruritus is a common and often a vexing symptom of patients 
with PBC. Its severity often fluctuates and is not correlated with 
disease progression. However, in the terminal stages of the 
disease, pruritus often disappears. Its etiology is unknown, but 

cholangitis on biopsy, named “Poulson lesion.” It is also impor-
tant to recognize that a variety of drugs have been implicated 
as causes of nonsuppurative cholangitis and ductopenia, which 
in some cases may progress to biliary cirrhosis [98]. Other rare 
causes of intrahepatic cholestasis, such as lymphoma and idi-
opathic ductopenia, are best excluded by examining liver 
tissue.

Differentiating primary biliary cirrhosis from autoimmune 
hepatitis (AIH) can be difficult because of overlapping histologi-
cal and serological features. The International Autoimmune 
Hepatitis Group (IAHG) has published a scoring system (in 
long-research and short-clinical versions), which can be used to 
facilitate the distinction and is particularly helpful when the 
AMA test is negative [99,100]. ANAs are common in both dis-
eases and their titer does not help to distinguish between AIH 
and PBC. Similarly, the presence of mild to moderate interface 
or lobular hepatitis alone cannot be used to distinguish PBC 
from AIH, or diagnose AIH/PBC overlap, because of the high 
frequency of these histological features in PBC.

Rarely, some patients will have almost complete overlapping 
features of both AIH and PBC, or will develop AIH while being 
treated for PBC, both called “overlap syndrome.” Published 
reports of PBC/AIH overlap syndromes suffer from lack of 
uniform diagnostic criteria. Some have used the aforemen-
tioned IAHG scoring system, but this scoring system was not 
created for that purpose, leading the IAHG to publish a state-
ment condemning this use of the score for that purpose. Others 
have used a French system which requires two of the following: 
(1) ALT > 5 × ULN, (2) IgG > 2 × ULN and/or positive ant-
ismooth muscle antibody, and (3) liver biopsy with moderate to 
severe periportal or periseptal inflammation [101]. A small 
number of patients have a clinical and histological picture 
similar to that of primary biliary cirrhosis, except they have 
atypical antibody profiles including the absence of AMAs, 
higher prevalence of antinuclear antibodies (70%–100%), and 
lower (although still elevated) total IgM levels [102]. This variant 
syndrome has been called “autoimmune cholangitis” or “AMA-
negative PBC.” It is unclear whether the pathogenesis of this 
condition is distinct from that of AMA-positive PBC, or whether 
the serological differences between the two syndromes merely 
reflects individual diversity of the humoral immune response. 
Large series of patients with autoimmune cholangitis have not 
been extensively examined because the frequency of this disor-
der is so low that few centers see more than a handful of cases. 
Interpretation of studies is further complicated by the lack of 
uniform diagnostic criteria. The limited studies that have been 
conducted suggest that the natural history and response to 
treatment of this disorder is quite similar to that of AMA-
positive PBC [103,104]. Similar immunological disturbances, 
including the presence of PDC-E2-reactive material on the 
surface of bile ducts and oligoclonality of T cell populations, 
have been noted in both conditions [105–107], supporting a 
similar pathogenesis. In fact, there is currently reluctance 
among many experts to embrace the hypothesis that this  
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Treatment

Therapy of primary biliary cirrhosis
Therapy with ursodeoxycholic acid (UDCA) at a dose of 
13–15 mg/kg/day has become the mainstay of therapy for PBC 
(Figure 100.2). The medication may be administered in two or 
three divided doses, or as a single evening dose. The potential 
mechanisms of UDCA’s beneficial effect on PBC are multiple 
[117]. UDCA is a bile acid that is less toxic to hepatocytes than 
other more hydrophobic bile acids. It is normally present in 
human bile at low concentrations (1%), but when ingested at a 
daily dose of 13–15 mg/kg it replaces about 40% of the bile acid 
pool. It promotes insertion of bile salt export protein (BSEP) on 
the canalicular membrane, increasing intracellular and canalicu-
lar transport of hydrophobic bile acids, which decreases the toxic 
effects of bile on the liver during cholestasis. UDCA stabilizes 
hepatocyte membranes, decreases rates of apoptosis of biliary 
epithelial cells, and has antioxidant properties such as the ability 
to inhibit nitric oxide synthetase. UDCA has been found to 
decrease expression of adhesion molecules (LFA-I, LFA-II, and 
ICAM-I) and HLA class I and II expression in the liver and to 
decrease T-cell reactivity and cytokine production.

elevated bile acid levels and endogenous opioid levels have been 
implicated [113].

Decreased osteoblastic and increased osteoclastic activity 
contribute to accelerated osteoporosis in patients with primary 
biliary cirrhosis [80]. The risk increases with disease severity, 
and regular screening of bone density in cirrhotic patients facili-
tates treatment. Preserving bone mass is particularly important 
for patients who ultimately undergo liver transplantation, 
because bone mass decreases further in the immediate post-
transplant period of heavy immunosuppression.

Like osteoporosis, deficiencies of the fat-soluble vitamins are 
common in patients with PBC, and correlate with disease sever-
ity. For this reason, asymptomatic cirrhotic patients should be 
screened. Poor bile salt excretion is the primary reason for defi-
ciencies, which may be made worse by treatment with bile acid 
sequestrates or antibiotics. Vitamin A is frequently the first fat-
soluble vitamin to become deficient, and patients may not com-
plain of night blindness. Vitamin D deficiency may cause 
osteomalacia, and vitamin K deficiency may result in prolonged 
coagulation times. Vitamin E serum levels may be falsely ele-
vated in patients with hyperlipidemia. A serum vitamin E to 
total lipid ratio of <0.8 mg/g is considered deficient.

Figure 100.2 Management of PBC and associated conditions. Complications of portal hypertension (not shown) are managed in the same manner as in 
other forms of cirrhosis. Source: Adapted from Heathcote [38]. Reproduced with permission of John Wiley & Sons.
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with UDCA was no better than predicted survival without any 
treatment [125]. Progression to cirrhosis appears to be slower 
in individuals taking UDCA. The incidence of cirrhosis in 183 
patients treated with UDCA and followed 10 years from stages 
I, II, and III was 17%, 27%, and 76% [126]. In addition, the 
proportion of liver transplants performed for PBC in the United 
States has dropped significantly during the era of UDCA usage, 
although other organ allocation changes, such as the introduc-
tion of MELD prioritization and exception points for hepatocel-
lular carcinoma, were introduced during the same time period 
and could be confounding factors.

Lowering of alkaline phosphatase usually begins within a 2–3 
weeks of starting UDCA. Almost 90% of the improvement in 
alkaline phosphatase will be achieved by 6 months of therapy. 
Several retrospective studies have now demonstrated that 
patients who achieve a reduction of alkaline phosphatase to 
about 1.5–3 times the upper limit of normal, or 40% reduction 
from baseline, will have a normal survival. However, those that 
do not achieve these benchmarks are at risk for progressive 
decline [127–129].

Because the prevailing viewpoint is that bile duct destruction 
is immune mediated, immunosuppressive and antiinflamma-
tory drugs have historically been selected as potential medical 
treatments for PBC. Unfortunately, the results of clinical trials 
have been disappointing or inconclusive for almost all of them. 
In striking contrast to ursodiol therapy, the major problems 
encountered in the use of immunosuppressive therapy have 
been their serious side effects, which have an important cumula-
tive impact in therapy of a slowly progressive, life-long disease. 
Chlorambucil [130], d-penicillamine [131–133], cyclosporine 
[134], azathioprine [135,136], colchicine [137–140], methotrex-
ate [141], and mycophenolate mofetil [142] have all been tested 
in clinical trials and found to be of no benefit. The herbal medi-
cation silymarin (milk thistle) was also studied in a small open-
label trial and no change in biochemical parameters was seen 
after 1 year of treatment [143].

Prednisolone was evaluated in a controlled trial of 36 patients 
followed for 3 years [144]. Significant improvements in alkaline 
phosphatase and immunoglobulin levels were seen. Improvements 
in fatigue, pruritus, and bilirubin levels were transient, and there 
was a trend toward an improvement in aspartate transaminase 
levels and liver histology. These modest benefits were outweighed 
by the deleterious side effects of prednisolone, especially with 
respect to accelerated loss of bone density. Budesonide, a corticos-
teroid with a high first-pass hepatic metabolism, has been tested as 
a second agent with UDCA [129,145,146] and found to signifi-
cantly improve liver histology, and bilirubin and IgG levels. 
However, systemic effects, including bone loss, did occur, particu-
larly in patients with advanced disease.

Thus, at present, ursodiol is the only approved recommended 
therapy for PBC. While it is hoped that ursodiol therapy will 
delay liver disease progression and prolong survival, it is  
clear that ursodiol does not obviate the need for liver transplan-
tation. Additional therapies such as obeticholic acid, a bile acid 

The ability of UDCA to impact the natural history of PBC is 
still controversial, and the lack of sufficiently long placebo-
controlled trials precludes a definitive statement on UDCA’s 
effect on survival. However, comparison of the actual survival 
of patients treated with UDCA to expected survival calculated 
from validated models indicates that UDCA delays progression 
to cirrhosis in early-stage patients. Five large, randomized, 
double-blind controlled trials have demonstrated the beneficial 
effects of UDCA therapy [114,115,118–120]. Collectively, these 
studies randomized 890 individuals to either ursodiol or placebo 
and followed them for an average of 2 years before switching 
placebo patients to UDCA. In all trials, ursodiol produced a 
rapid and impressive improvement in serum liver tests, prima-
rily alkaline phosphatase, bilirubin, aminotransferases, and IgM 
levels. Biochemical improvement was usually noted within the 
first 1–2 months of therapy and continued to improve, with a 
maximal response seen by about 6 months. Effects on symptoms 
were unimpressive, although a small number of patients 
reported an improvement in itching. Four of the five trials 
reported beneficial effects on histology, primarily improvement 
in inflammatory features and less ductopenia in the treated 
groups. No effect on the development of cirrhosis or portal 
hypertension, or death/transplantation could be detected at 2 
years in any of the individual trials. A combined analysis of 
patients from three of the trials, which included patients that 
were switched from placebo to ursodiol after 2 years, reported 
an improvement in transplant-free survival after 4–6 years in 
patients originally randomized to ursodiol [121]. The conclu-
sions from this combined study, however, have been disputed 
by two subsequent larger metaanalyses. One traditional metaa-
nalysis of 11 randomized trials, including 1272 patients, failed 
to show any difference between ursodiol and placebo in the 
incidence of death or transplantation, or development of liver 
disease complications such as ascites or GI bleeding [122]. The 
second metaanalysis was a Cochrane Hepato-Biliary systematic 
review, examining 16 randomized trials including 1422 patients. 
It also failed to show a difference in mortality or liver transplan-
tation, worsening of histological stage, or development of 
varices with UDCA treatment. However, the number of patients 
developing ascites was lower in persons taking UDCA [123]. 
The difficulty in clearly demonstrating survival benefits of urso-
diol is not surprising considering the slowly progressive course 
of PBC and the relatively short duration of the placebo phase in 
most randomized controlled trials. A subsequent randomized 
controlled study which lasted 12 years was still unable to show 
a mortality benefit of UDCA in PBC [124]. In addition, the 
potential benefit of UDCA may be greatest when it is started 
early in the disease course, making it even more difficult to 
demonstrate survival effects in clinical trials. Follow-up studies 
of patients treated with UDCA for prolonged periods (10–20 
years) demonstrate that patients started on UDCA during stage 
I or I have survival rates similar to the general population, but 
patients started on UDCA in stage III or IV have increased 
mortality. In fact, survival of late-stage PBC patients treated 
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via enhancement of the mixed function oxidase system leading 
to an increase in the rate of bile acid metabolism and excretion 
and/or competition for hepatic bile acid uptake. The latter may 
also lead to an increase in serum bilirubin levels in some 
patients, which may make monitoring of disease progression 
difficult. Rare cases of severe hepatotoxicity have been reported. 
At a total dose of 300–600 mg/day given in divided doses, the 
mean time to relief is 2 days, and it is also effective long term. 
It has been demonstrated by one group to be superior to phe-
nobarbital therapy [152]. However, phenobarbital is also more 
effective than placebo. The mechanism of action is likely related 
to hepatic enzyme induction and/or sedation. The drug dosage 
(15–180 mg/day) is titrated to balance efficacy and sedation, but 
usually much lower doses are required than for the treatment 
of epilepsy. Antihistamines are often used to treat itching in 
PBC patients, but no controlled trials have demonstrated their 
efficacy. In fact, there is a lack of evidence that cholestatic pru-
ritus is histamine mediated. However, anecdotal success in 
patients with mild itching may be attributable to their sedating 
properties.

Naloxone, naltrexone, and nalmefene, opioid receptor block-
ers, have been demonstrated to be superior to placebo in alle-
viating cholestatic pruritus [113]. These drugs can sometimes 
elicit an opioid withdrawal syndrome of nausea, pallor, colicky 
abdominal pain, anorexia, and hypertension. The reaction is 
usually temporary and subsides over 2–3 days of continued 
treatment. Breakthrough of pruritus and unmasking of chronic 
pain disorders have also been reported with prolonged therapy. 
Serotonin may be another important neurotransmitter in the 
perception of pruritus. A recent pilot study of sertraline, a selec-
tive serotonin reuptake inhibitor, at a dose of 75–100 mg/day 
demonstrated a beneficial effect on pruritus [153]. However, 
these findings await confirmation in larger studies. Initial 
studies of ondansetron, a serotonin 5-HT3 receptor blocker, 
showed promise as a new therapeutic agent [154], but a subse-
quent double-blind randomized controlled trial showed no 
benefit [155].

Plasmapheresis and filtration using the molecular adsorbent 
recirculating system (MARS) has been used as a desperate 
measure to control difficult pruritus of cholestasis. In a small 
number of patients, transient success has been reported lasting 
anywhere from 24 hours to several months. Phototherapy has 
also been anecdotally successful in ameliorating cholestatic pru-
ritus, but its effectiveness has never been adequately tested in 
clinical trials.

Fatigue
Randomized controlled trials of ondansetron, a 5-HT3 receptor 
antagonist [156], as well as antioxidants [157], have failed to 
demonstrate an improvement in symptoms. Lifestyle changes, 
such as adequate rest and regular exercise, may offer some 
benefit [70]. Concomitant depression, anxiety, or sleep distur-
bance is not uncommon, and these comorbidities may benefit 
from pharmacological therapy. However, treatment with the 

derivative that serves as a farnesoid X receptor agonist, and 
fibrates are under study for those patients who do not respond 
completely to ursodiol. In a study of 140 patients who did not 
achieve improvement of alkaline phosphatase to less than 1.67 
times the upper limit of normal, the addition of obeticholic acid 
led to an additional 24% improvement in alkaline phosphatase, 
and studies examining clinical outcomes are still ongoing [147]. 
In a pilot study of 20 patients in the USA, the addition of fenofi-
brate to ursodiol nonresponders resulted in a 50% reduction in 
alkaline phosphatase [148]. Similar results have been reported 
from France and Japan using bezafibrate. As of the writing of 
this chapter, phase 3 trials are underway in both of those 
countries.

Patients with complicated cirrhosis or poor estimated  
survival (MELD >15) should be considered for liver 
transplantation.

Transplantation for primary biliary cirrhosis
In general, patients with PBC have excellent posttransplant out-
comes, with a 75% 5-year survival and with 95% of survivors 
returning to work. AMAs frequently persist after transplant, 
although often at lower titers than pretransplant. Histological 
recurrence of PBC in the transplanted liver occurs in up to 32% 
of recipients [149]. Fortunately, due to slow progression of 
recurrent disease, it is not a significant clinical problem. 
Tacrolimus-based immunosuppressant regimens may be associ-
ated with earlier and more frequent recurrence as compared to 
cyclosporine-based regimens. Out of 485 patients transplanted 
for PBC, the median time to recurrence was 62 months in those 
receiving tacrolimus, as compared to 123 months in those 
receiving cyclosporine [26].

Management of complications
Managing the complications of cholestasis comprises a consid-
erable portion of the clinician’s treatment of the patient with 
PBC (Figure 100.2).

Pruritus
UDCA provides little to no relief of pruritus. However, bile acid 
sequestrates, such as cholestyramine and colestipol given at 
4–16 g/day in divided doses, improves pruritus in 80%–85% of 
patients with cholestatic pruritus within 4–11 days. Because of 
their efficacy and safety profile, they are the first line of medical 
treatment for cholestatic pruritus [66]. Unfortunately, compli-
ance with these drugs is sometimes impaired by dislike of the 
powdered drug delivery system or the difficulty in timing other 
medication doses so that the sequestrate does not inhibit drug 
absorption (manufacturers recommend that all other medicines 
be taken at least 1 hour before or 4 hours after taking the seques-
trate). Because sequestrates are not absorbed, side effects are 
limited to the GI tract. Rifampin has also been demonstrated to 
relieve cholestatic itching in small controlled trials [150,151]. 
The mechanism is unknown but is postulated to be mediated 
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presence of painful xanthomas. PBC patients are often resistant 
to dietary management of hypercholesterolemia, but paradoxi-
cally, they may respond to clofibrate therapy [167]. Almost all 
controlled trials of ursodiol have shown significant decreases in 
serum cholesterol levels with ursodiol therapy. Case series have 
reported efficacy with HMG-coA reductase inhibitors [168,169] 
or LDL apheresis [170], but no large randomized clinical trials 
have been published.

Sicca syndrome
Many PBC patients have sicca syndrome and are troubled by 
exophthalmia and xerostomia. Carboxymethylcellulose lubri-
cants may be used to relieve irritation of cornea and help prevent 
ulceration. More severe cases may respond to ocular cyclosporine 
emulsion, hydroxypropylcellulose inserts, or punctual occlu-
sion. Xerostomia may be relieved with adequate access to fluids, 
use of sugar-free hard candies, and prescription moisturizers 
when necessary. It is important to have regular evaluation by a 
dental professional, since decreased saliva secretion leads to 
decreased clearance of food particles and increased dental 
caries. Oral pilocarpine may also be used to increase salivary 
gland output.

Cirrhosis and portal hypertension
The guidelines for management of cirrhosis and portal hyper-
tension mirror those suggested for other chronic liver diseases, 
including screening for hepatocellular carcinoma with imaging 
with or without α-fetoprotein every 6 months, vaccination 
for hepatitis A and B, and screening for varices. Several nonin-
vasive markers to predict varices have been proposed as  
thresholds to initiate screening in patients with PBC, including 
platelet count ≤140/mm3, platelet count ≤200/mm3, or Mayo 
Risk Score >4.1 [66].

Treatment of variant forms of primary  
biliary cirrhosis
In autoimmune cholangitis, ursodiol is effective at improving 
liver biochemistries, and 3-year clinical outcome is similar to 
that of AMA-positive PBC [111]. Steroid therapy may modestly 
improve liver biochemistries in autoimmune cholangitis, as it 
does in AMA-positive PBC [138], but steroids have been associ-
ated with accelerated bone density loss and other undesirable 
side effects in cholestatic patients. Thus, ursodiol appears to be 
better tolerated as a long-term therapy than corticosteroids.

Whether patients with overlap syndrome (AIH plus PBC) 
should be treated with UDCA alone or UDCA in combination 
with steroids or azathioprine is debated. Small, retrospective 
analyses of cohorts with overlap syndrome demonstrate that 
patients who do not respond well to an initial trial of ursodiol 
may respond biochemically and histologically to corticosteroids 
[171,172].

References are available at www.yamadagastro.com/textbook

antidepressant, fluvoxamine, did not improve fatigue in one 
randomized controlled trial [158]. Modafinil, a stimulant  
medication indicated for the treatment of narcolepsy, has  
been given in small open-label trials of PBC at doses of 
100–200 mg/day [159]. Due to its addictive potential and reports 
of chronic pain syndrome after prolonged use, it is not routinely 
recommended.

Osteoporosis
Accelerated osteoporosis can be a devastating complication of 
chronic cholestasis, and careful monitoring and preventative 
treatment is the best therapy. Calcium supplementation 
(1500 mg/day for postmenopausal females and 1000 mg/day for 
men and premenopausal females) is well tolerated and widely 
used as a preventative measure. Estrogen replacement for post-
menopausal females is also well tolerated. Estrogens inhibit 
canalicular transport of bilirubin and have the potential to 
worsen cholestasis. However, the majority of PBC patients can 
benefit from transdermal or low-dose oral estrogen replacement 
without experiencing a clinically significant increase in cholesta-
sis [160]. Additional therapy is indicated if the bone density 
decreases into the osteoporotic range (T-score >2.5 SD). 
Raloxifene, a selective estrogen receptor modulator which 
reduces fracture rates in noncholestatic postmenopausal 
women, has been tested in a pilot study of nine PBC patients 
with promising improvements in bone density [161]. Larger 
studies in cholestasis patients are needed. Alendronate, a 
bisphosphonate, increases bone density in PBC patients with 
little to no side effects [162,163]. The theoretical risk of inducing 
variceal hemorrhage has not been reported, although few sub-
jects with varices have actually been treated. Sodium fluoride 
has also been demonstrated in one trial to increase bone density 
in PBC patients [164]. However, less overall experience and 
increased side effects (severe gastritis) makes this drug less 
attractive choice compared to alendronate.

Vitamin deficiencies
Deficiencies in fat-soluble vitamins should be corrected. Due to 
potential toxicity from overdoses, levels of vitamin A and D 
should be monitored in patients receiving supplements.

Hyperlipidemias
Serum cholesterol levels are typically elevated in patients with 
PBC, even in early stages of the disease. However, two retro-
spective studies indicate that this does not translate into 
increased mortality from cardiovascular events [165,166]. 
Potential reasons for this include: (1) onset of disease during 
middle age rather than childhood resulting in less time for 
plaque formation; (2) a favorable HDL/total cholesterol ratio 
during early stages of the disease; and (3) a favorable lipoprotein 
profile including the presence of lipoprotein X and low lipopro-
tein A levels. Therefore, the decision to intervene medically 
should be based upon factors such as unfavorable lipoprotein 
profiles, significant personal or family cardiac history, or the 
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Definition

A case definition for hemochromatosis continues to be chal-
lenging [1]. A fundamental issue that has arisen since the dis-
covery of the HFE gene is whether the disease “hemochromatosis” 
should be defined strictly on clinical criteria such as the degree 
of iron overload (transferrin saturation, ferritin, liver biopsy, 
hepatic iron concentration, iron removed by phlebotomy 
therapy), or whether the condition should be defined as a famil-
ial disease in Europeans most commonly associated with the 
C282Y mutation of the HFE gene and varying degrees of iron 
overload. It is important to realize that there are many causes of 
iron overload other than hemochromatosis and there are a 
growing number of new non-HFE genetic mutations that can 
be associated with iron overload.

Epidemiology

However, the clinical symptoms of hemochromatosis are much 
less common and many of the symptoms are nonspecific. Most 
patients with hemochromatosis have ancestral origins in north-
western Europe. The regions with the highest prevalence of 

hemochromatosis are Ireland, northern Portugal, western 
France, and regions where migration from these countries has 
occurred (e.g., Australia, Canada, the US, South Africa) [2].

Pathogenesis

In a normal human, most dietary iron is absorbed from the 
proximal duodenum. Both ionic iron and heme iron are 
absorbed across the enterocyte at the tip of the intestinal villi. 
The mechanisms involved in the absorption of heme iron have 
not been fully established. In regard to nonheme iron absorp-
tion, it is becoming clear that there are a cascade of iron-related 
proteins that are involved in normal and abnormal iron absorp-
tion (Figure 101.1). In hemochromatosis, there is an increased 
iron absorption from the intestine and an inappropriate absorp-
tion in the presence of total body iron overload. The HFE gene 
produces a major histocompatibility complex (MHC) class 1 
protein (HFE protein) that is expressed in many cells but has a 
high concentration in the duodenal crypts. The HFE protein 
interacts with the transferrin receptor to facilitate iron uptake 
into cells. In hemochromatosis, typical patients have inherited 
a C282Y mutation in the HFE gene from each parent. This leads 
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to a mutated HFE protein and the interaction with the transfer-
rin receptor is impaired. The C282Y mutation has a more pro-
nounced effect on the intracellular trafficking of the HFE protein 
than a minor mutation (H63D mutation). Since the HFE protein 
is not abundant at the intestinal villus where iron absorption 
occurs, it has been necessary to implicate other iron proteins in 
the pathogenesis of hemochromatosis.

Hepcidin is a hepatic peptide which may be the key regulator 
of iron metabolism. Hepcidin deficiency as demonstrated in 
knockout mice results in severe iron overload [3]. Hepcidin may 
also have a direct effect on the uptake of iron by intestinal epi-
thelia [4]. Conversely, a relative deficiency of hepcidin can result 
in increased iron efflux of iron from macrophages. This is con-
sistent with the paradoxical observation in HFE-related hemo-
chromatosis of relative iron deficiency in the spleen and within 
macrophages. Hepcidin expression in liver tissue, serum, and 
urine has suggested a relative deficiency in HFE-linked hemo-
chromatosis. However, at the present time it is unclear whether 
the defect in hepcidin is the primary abnormality in hemochro-
matosis, or a downstream effect of abnormalities in the HFE 
protein. The control of hepcidin may be related to a cellular iron 
sensing mechanism that includes bone morphogeneic protein 6 
(BMP6), transferrin receptors 1 and 2, HFE protein, and hemo-

Figure 101.1 Model for control of iron absorption.
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juvelin and Smad proteins. It is intriguing to speculate whether 
alterations in non-HFE iron proteins could explain the wide 
range of clinical expression seen in hemochromatosis. It is pos-
sible that the most severe cases of HFE-related hemochromato-
sis may be heterozygotes for a mutation in another iron-related 
protein. These mutations would need to be very common to fit 
this hypothesis [5]. Genome wide association studies (GWAS), 
exome sequencing, and whole genome sequencing are being 
used to search for comodifying genes in hemochromatosis.

Clinical presentation and natural history

It has been assumed that the symptoms of hemochromatosis are 
related to iron overload causing tissue injury. However, attribu-
tion of clinical symptoms in hemochromatosis directly to iron 
overload remains problematic [6]. Earlier studies did not utilize 
control populations and recent population screening studies 
have drawn increasing attention to the nonspecific nature of the 
clinical symptoms such as arthralgias, fatigue, and even diabetes 
[7–10]. Moreover, iron depletion does not reverse all of the 
symptoms of hemochromatosis. Of all the putative clinical 
effects of hemochromatosis, liver disease is the most consistent. 
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>1000 μg/L should undergo phlebotomy to achieve iron deple-
tion [14,15].

Differential diagnosis

Diagnostic tests
A number of diagnostic algorithms based on laboratory tests 
have been proposed for the diagnosis of hemochromatosis 
(Figure 101.2). These should be used as guidelines for the clini-
cian and do not replace clinical judgment based on history and 
physical examination, imaging studies, pathology, and pedigree 
studies. There are many other diseases associated with iron 
overload and elevated iron tests (Box 101.1).

Transferrin saturation
The transferrin saturation is often elevated in patients with 
HFE-linked hemochromatosis. The transferrin saturation has 
been reported to have a sensitivity of greater than 90% for 
hemochromatosis. However, this has previously been part of the 
diagnostic criteria. The sensitivity of transferrin saturation is 
lower in population screening studies and there was no advan-
tage to using fasting samples to random samples for the detec-
tion of C282Y homozygotes [16]. An elevated transferrin 
saturation in the presence of a normal serum ferritin rarely 

Figure 101.2 A proposed diagnostic algorithm for patients with suspected hemochromatosis. Source: Alexander and Kowdley 2005 [62]. Reproduced 
with permission of Annals of Hepatology.
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A prospective study of C282Y homozygotes in Australia sug-
gested that 28% of men and only 1% of women have iron-related 
symptoms [11]. Although the disease was originally called 
“bronze diabetes,” several studies have now suggested that the 
prevalence of diabetes is similar between C282Y homozygotes 
and a control population [7,8]. Many patients are now discov-
ered when a serum ferritin is done to investigate fatigue.

Because most patients have been treated with phlebotomy 
after clinical or biochemical presentation, there has been little 
opportunity to collect observations on the natural history of 
untreated hemochromatosis [12]. Several large population-
based studies have performed hemochromatosis genetic testing 
on participants many years into the study and used stored blood 
samples to measure serum ferritin over time in participants 
found to have C282Y homozygosity. These studies demonstrate 
that not all C282Y homozygotes, including those with an ele-
vated serum ferritin level, are destined to have progressive iron 
overload. The degree of elevation of the serum ferritin level at 
presentation can be used to predict the risk of progression. An 
adult C282Y homozygote with a normal serum ferritin level at 
diagnosis is very unlikely to develop iron overload later [13]. 
These observations from population screening studies may not 
be as relevant to a symptomatic C282Y homozygote who has 
been referred to initiate phlebotomy therapy. It is widely agreed 
that persons with hemochromatosis whose serum ferritin is 
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is a clue to the diagnosis of the hyperferritinemia–cataract syn-
drome [20]. Still’s disease and human immunodeficiency virus 
(HIV) disease are two other conditions in which marked eleva-
tions of serum ferritin without iron overload can occur.

Liver biopsy
Liver biopsy has previously been the gold standard diagnostic 
test for hemochromatosis. Liver biopsy has shifted from a major 
diagnostic tool to a method of estimating prognosis and con-
comitant disease. The need for liver biopsy seems less clear now 
in the young asymptomatic C282Y homozygote where there is 
a low clinical suspicion of cirrhosis based on history, physical 
examination, and liver biochemistry. A large study conducted 
in France and Canada suggested that C282Y homozygotes with 
a serum ferritin of <1000 μg/L, a normal aspartate aminotrans-
ferase (AST), and without hepatomegaly have a very low risk of 
cirrhosis [21]. C282Y homozygotes with a ferritin >1000 μg/L, 
an elevated AST, and a platelet count <2.0 × 109 had a 77%–81% 
chance of having cirrhosis [22]. Serum hyaluronic acid has also 
been used as a noninvasive test to predict cirrhosis in hemo-
chromatosis [23]. Hepatic elastography is another tool being 
used to assess the presence of fibrosis in hemochromatosis 
patients [24].

Imaging studies of the liver
Magnetic resonance imaging (MRI) can demonstrate moderate 
to severe iron overload of the liver [25,26]. MRI can also dem-
onstrate the clinical features of cirrhosis such as nodularity of 
the liver, ascites, portal hypertension, and splenomegaly as well 
as hepatocellular carcinoma (HCC), but these features can be 
more readily assessed by abdominal ultrasound at a lower cost.

Genetic testing
The discovery of the hemochromatosis gene (HFE) has made a 
diagnostic genetic test possible. Clinical studies in well-defined 
hemochromatosis pedigrees reported that 90%–100% of typical 
hemochromatosis patients were homozygous for the C282Y 
mutation of the HFE gene [27]. The presence of a single muta-
tion in most patients is in marked contrast to other genetic 
diseases in which multiple mutations have been discovered 
(cystic fibrosis, Wilson disease, α-1 antitrypsin deficiency). A 
second minor mutation, H63D, was also described in the origi-
nal report. This mutation does not cause the same intracellular 
trafficking defect of the HFE protein. Compound heterozygotes 
(C282Y/H63D) and less commonly H63D homozygotes may 
resemble C282Y homozygotes with mild to moderate iron over-
load. These genotypes are much more common than C282Y 
homozygotes in the general population yet are not commonly 
reported in large series of typical hemochromatosis patients. 
Large population studies have demonstrated that most patients 
with C282Y/H63D or H63D/H63D have normal iron studies 
[28]. It is likely that more mutations will be found but they will 
only be relevant to a minority of patients. The interpretation of 
the test in several settings is shown in Box 101.2.

indicates significant iron overload but may be a marker that iron 
overload may develop over time in that patient. There appears 
to be a wide biological variability in transferrin saturation that 
also limits its use as a screening test [17]. Newer genetic muta-
tions may not share this typical pattern of an elevated transfer-
rin saturation and ferritin. A marked elevation (>1000 μg/L) in 
the presence of a normal transferrin saturation may still repre-
sent significant iron overload and further investigations may be 
indicated to differentiate iron overload from an inflammatory 
elevation in ferritin [18].

Serum ferritin
The relationship between serum ferritin and total body iron 
stores has been clearly established by strong correlations with 
hepatic iron concentration and amount of iron removed by 
phlebotomy [19]. However, ferritin can be elevated secondary 
to obesity, chronic alcohol consumption, steatohepatitis, chronic 
inflammation including viral hepatitis, and histiocytic neo-
plasms. It is likely that some of these difficult cases will now be 
resolved by genetic testing. As the ferritin increases, the risk  
of significant liver disease also increases. The investigation of 
hyperferritinemia can be challenging. Extreme elevations of 
serum ferritin (>50 000 μg/L) are usually not related to hemo-
chromatosis. Since serum ferritin is a glycosylated protein 
secreted by macrophages, neoplasms of macrophages such as 
histiocytosis can produce these extreme elevations in ferritin. 
These diseases can cause elevations of liver enzymes associated 
with infiltration of the liver and a variant called histiocytic med-
ullary reticulocytosis can present with acute liver failure.

There are patients with marked elevations in serum ferritin 
without iron overload. The presence of cataracts at a young age 

Box 101.1 Differential diagnosis of iron overload.

HFE-related hemochromatosis

C282Y homozygotes (95%)
C282Y/H63D compound heterozygotes (4%)
H63D homozygotes (1%)

Non-HFE-related hemochromatosis

Ferroportin disease
Transferrin receptor 2 mutation
Juvenile hemochromatosis (young adults with cardiac and endocrine 

dysfunction)
Miscellaneous iron overload
African American iron overload
African iron overload
Transfusional iron overload
Insulin resistance related iron overload
Aceruloplasminemia
Alcoholic siderosis
Iron overload secondary to end-stage cirrhosis
Porphyria cutanea tarda
Postportocaval shunt
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nosis in young adulthood of a treatable disease outweigh the 
disadvantages of genetic discrimination.

The widespread use of genetic testing for hemochromatosis 
has also led to instances of misinterpretation of the test results 
by the patient and physician. For example, a H63D heterozygote 
which is seen in 1/5 of the Caucasian population may be inter-
preted as evidence of hemochromatosis. This can occur because 
of the complexity of the genetic test report, and is also com-
monly seen when the patient would prefer to attribute their 
lifestyle-induced liver disease to a genetic problem. In this 
setting, the patient often attributes many symptoms to this 
genetic test result and may be seeking disability benefits. Genetic 
testing is not recommended for children since organ damage is 
not typically seen in childhood and early detection may lead to 
insurance discrimination, labelling, or stigmatization.

Diagnosis of non-HFE hemochromatosis and 
secondary iron overload
It is important to remember that there will be patients with a 
clinical picture indistinguishable from genetic hemochromato-
sis that will be negative for the C282Y mutation. In non-
Caucasians, iron overload is not commonly associated with HFE 
mutations. Therefore, screening for HFE mutations in African 
Americans and Asians has not been clinically useful. Many 
Asians have been found to have elevations in serum ferritin and 
transferrin saturation although documented cases of iron over-
load remain rare [31]. Hispanic populations have been found to 
have HFE mutations which is likely related to their Spanish 
heritage. Iron overload and ferroportin mutations have been 
described in African Americans [32] but many of these patients 
had other risk factors for iron overload and pedigree studies 
have not been commonly reported.

A negative C282Y test should alert the physician to question 
the diagnosis of genetic hemochromatosis and reconsider sec-
ondary iron overload related to cirrhosis, alcohol, viral hepatitis, 
or iron loading anemias. If no other risk factors are found, the 
patient should begin phlebotomy treatment similar to any other 
hemochromatosis patient. The decision to classify this group of 
patients as non-HFE hemochromatosis or idiopathic iron over-
load is a matter of semantics and ideology surrounding case 
definition. Quantification of iron burden by hepatic iron con-
centration or quantitative phlebotomy will be important to 
further characterize this group of patients.

In most cases of iron overload secondary to blood diseases, 
the patient has anemia with iron overload from increased iron 
absorption and/or multiple transfusions. These patients will not 
tolerate phlebotomy and will require chelation therapy. A liver 
biopsy and echocardiogram may be helpful to determine if  
the secondary iron overload is causing organ damage. Since 
parenteral deferoxamine therapy has chronic side effects, clini-
cal judgment is required in each case to assess whether the 
benefits outweigh the toxicity of chelation therapy. Oral iron 
chelators such as deferasirox and deferiprone have been used in 
these patients.

Box 101.2 Interpretation of genetic testing for hemochromatosis.

C282Y homozygote

This is the classical genetic pattern which is seen in >90% of typical 
cases. Expression of disease ranges from no evidence of iron overload 
to massive iron overload with organ dysfunction. Siblings have 
approximately a 1 in 4 chance of being affected and should have 
genetic testing. For children to be affected the other parent must be 
at least a heterozygote. If iron studies are normal, false-positive 
genetic testing or a nonexpressing homozygote should be considered

C282Y/H63D: compound heterozygote

This patient carries one copy of the major mutation and one copy of 
the minor mutation. Most patients with this genetic pattern have 
normal iron studies. A small percentage of compound heterozygotes 
have been found to have mild to moderate iron overload [63]. Severe 
iron overload is usually seen in the setting of another concomitant risk 
factor (e.g., alcoholism, viral hepatitis)

C282Y heterozygote

This patient carries one copy of the major mutation. This pattern is 
seen in about 10% of the Caucasian population and is usually 
associated with normal iron studies. In rare cases the iron studies are 
high in the range expected in a homozygote rather than a 
heterozygote. These cases may carry an unknown hemochromatosis 
mutation and liver biopsy is helpful to determine the need for 
phlebotomy therapy

H63D homozyote

This patient carries two copies of the minor mutation. Most patients 
with this genetic pattern have normal iron studies. A small percentage 
of these cases have been found to have mild to moderate iron 
overload. Severe iron overload is usually seen in the setting of another 
concomitant risk factor (e.g., alcoholism, viral hepatitis)

H63D heterozygote

This patient carries one copy of the minor mutation. This pattern is 
seen in about 20% of the Caucasian population and is usually 
associated with normal iron studies. This pattern is so common in the 
general population that the presence of iron overload may be related 
to another risk factor. Liver biopsy may be required to determine the 
cause of the iron overload and the need for treatment in these cases

No HFE mutations

There are other iron overload diseases associated with mutations in 
other iron-related genes (e.g., transferrin receptor 2, ferroportin, HJV, 
hepcidin). Genetic testing is not widely available for these conditions. 
There will likely be other hemochromatosis mutations discovered in 
the future. If iron overload is present without any HFE mutations, a 
careful history for other risk factors must be reviewed and liver biopsy 
may be useful to determine the cause of the iron overload and the 
need for treatment. Most of these cases are isolated nonfamilial cases

Genetic discrimination has been a major concern with the 
widespread use of genetic testing [29]. A positive genetic test 
even without iron overload could disqualify a patient for health 
or life insurance. In the largest population screening study 
(Hemochromatosis and Iron Overload Screening or HEIRS), 
there was no evidence of genetic discrimination at 1 year [30]. 
In the case of hemochromatosis, the advantages of early diag-
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and hypogonadism. The disease was often fatal and severe iron 
overload was demonstrated in the liver, heart, and endocrine 
organs. Although considered to be a single disease, recent 
advances in the study of juvenile hemochromatosis suggest that 
this is genetically heterogeneous. A gene on chromosome 1 
(HJV) produces hemojuvelin [37]. This iron protein appears to 
interact with BMP6 to regulate hepcidin. A growing number  
of genetic mutations have been described in the HJV gene. 
Mutations in the hepcidin gene on chromosome 19 have also 
been described to produce a similar clinical picture to juvenile 
hemochromatosis. Treatment of juvenile hemochromatosis may 
require twice-weekly phlebotomy and careful cardiac support-
ive care. Phlebotomy can lead to a marked improvement in 
symptoms and cardiac function. Arrhythmia management can 
be challenging since chronic amiodarone therapy can be hepa-
totoxic and many patients have cirrhosis at the time of diagno-
sis. Pacemakers and implantable defibrillators have been used 
to manage arrhythmias. Testosterone replacement therapy is 
often required.

Transferrin receptor 2 mutation
Several European family studies have identified mutations in the 
transferrin receptor 2 gene (chromosome 7q22) associated with 
hepatic iron overload. The liver findings were similar to HFE-
linked hemochromatosis with a predominance of iron in the 
hepatocytes. This is an autosomal recessive condition and can 
be treated by phlebotomy [38].

Genetic testing for non-HFE hemochromatosis 
and secondary iron overload
The genetic tests for mutations in ferroportin, hepcidin, hemo-
juvelin, and transferrin receptor 2, are not likely to become 
widely available commercially because of the low prevalence of 
these mutations (Table 101.1). As more polymorphisms are 
described, the genotypic-phenotypic correlations have been dif-
ficult to establish and it is important to establish the prevalence 
of these new polymorphisms in larger populations of affected 

Ferroportin disease
Ferrportin-associated iron overload is an autosomal dominant 
disorder in iron metabolism resulting from a mutation of the 
SLC40A1 gene on chromosome 2q32 [33]. The ferroportin 
protein is normally involved in iron transport out of macro-
phages and a ferroportin mutation causes an accumulation in 
hepatic macrophages. The typical clinical findings include a 
progressive elevation in serum ferritin and a mild hypochromic 
anemia. Transferrin saturation may be normal or rise as the iron 
overload increases. In an original report from The Netherlands, 
several cases were described with severe hepatic iron overload 
with a normal transferrin saturation and ferritin [34]. Liver 
disease can include hepatic fibrosis but this is usually less severe 
than HFE-linked hemochromatosis. MRI scanning can demon-
strate iron overload in the spleen in contrast to HFE-linked 
hemochromatosis in which there is a relative paucity of splenic 
iron. Ferroportin mutations have been described in a wide 
range of ethnic groups and countries including Caucasians, 
African Americans, and Asians. A ferroportin mutation has 
been found in a patient from the Solomon Islands suggesting 
that the previously described Polynesian iron overload may be 
related to a ferroportin mutation [35]. Treatment is by a slow 
phlebotomy protocol (500 mL once per month) because anemia 
develops with weekly phlebotomy.

Aceruloplasminemia
The original description of this genetic mutation on chromo-
some 3q25 was of progressive retinal and basal ganglia degen-
eration, diabetes, and ataxia. Hepatic iron overload has been 
demonstrated and serum ceruloplasmin is absent or very low. 
Treatment of this condition has been problematic because of the 
development of anemia with phlebotomy [36].

Juvenile hemochromatosis
The typical clinical profile of a patient with juvenile hemochro-
matosis was a male in the second or third decade presenting 
with severe congestive heart failure, ventricular arrhythmias, 

Table 101.1 Genetic diseases of iron metabolism.

Clinical features HFE-linked 
hemochromatosis

Ferroportin 
disease

Juvenile 
hemochromatosis

Transferrin 
receptor 2

Aceruloplasminemia

Gene location 6p21.3 2q32 1q21 (HJV), 
19q13.1 (hepcidin)

7q22 3q25

Inheritance 
pattern

Autosomal 
recessive

Autosomal 
dominant

Autosomal recessive Autosomal recessive Autosomal recessive

Organs involved Liver, endocrine, 
heart

Liver, spleen Heart, endocrine, 
liver

Liver, endocrine, 
heart

Retina, basal ganglia, 
pancreas, liver

Hepatic iron 
distribution

Hepatocytes Macrophages Hepatocytes Hepatocytes Hepatocytes

Anemia No Yes No No Yes

Response to 
phlebotomy

Excellent Anemia Excellent Excellent Anemia
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cumbersome, and potentially toxic. Oral chelators such as 
deferasirox have been studied as a treatment for hemochroma-
tosis but side effects and cost are less appealing than phlebotomy 
therapy [42].

Patients are advised to avoid oral iron therapy and alcohol 
abuse but there are no proven dietary restrictions [43]. Patient 
support groups are critical of the practice of iron fortification of 
foods, but much of this iron is in a form with poor bioavailabil-
ity. Iron fortification has been removed from food in Sweden 
and a decrease in the mean serum ferritin has been demon-
strated in the normal population [44]. Tea consumption has 
been shown to decrease intestinal iron absorption. Many patient 
support groups recommend avoidance of shellfish because of 
the increased risk of Vibrio infections in iron overload.

Liver transplantation
In a patient with decompensated cirrhosis from hemochroma-
tosis, liver transplantation can be done. Despite the high preva-
lence of hemochromatosis, it remains an uncommon indication 
for liver transplant, and many cases that were labeled as hemo-
chromatosis, are more likely to have had iron overload second-
ary to cirrhosis from other causes. Pretransplant phlebotomy 
may improve cardiac function and is recommended if tolerated. 
Chelating agents have been suggested in several case reports. 
Recurrence of iron overload after liver transplantation has been 
infrequent [45] but is not predicted if hepatic hepcidin is central 
to the pathogenesis of the disease.

Complications

Liver disease
Although hemochromatosis is often classified as a liver disease, 
it should be emphasized that it is a systemic genetic disease with 
multisystem involvement. The liver has a great capacity to accu-
mulate iron within hepatocytes initially without any obvious 

and unaffected cases. Newer advances in microarrays and gene 
chips may allow for the simultaneous identification of multiple 
iron genes.

Therapy and management

The therapy of hemochromatosis continues to depend on peri-
odic bleeding [39]. The goal of therapy is to remove excess iron 
to prevent any further tissue damage. Phlebotomy therapy has 
never been subjected to a randomized clinical trial and this has 
hindered our understanding of the natural history of untreated 
disease. Although most experts believe that iron depletion can 
stabilize liver disease, improve cardiac function and dyspnea, 
and reduce skin pigmentation, there are still skeptics who have 
suggested that there is no evidence to support phlebotomy 
therapy [40]. At our center, patients attend an ambulatory care 
facility and the phlebotomies are performed by a nurse using a 
kit containing a 16-gauge straight needle and collection bag. 
Blood is removed with the patient in the reclining position over 
15–30 min. A hemoglobin is done at the time of each phlebot-
omy. If the hemoglobin decreased to less than 10 g/dL, the phle-
botomy schedule is modified to 500 mL every other week. The 
concomitant administration of a salt-containing sport beverage 
(e.g. Gatorade) is a simple method of maintaining plasma 
volume during the phlebotomy. Maintenance phlebotomies 
after iron depletion of 3–4 phlebotomies per year are done in 
some patients although the rate of iron reaccumulation is highly 
variable [41]. The transferrin saturation will remain elevated in 
many treated patients and will not normalize unless the patient 
becomes iron deficient. There are different ways to follow the 
progress of phlebotomy therapy. At our center, patients are 
treated until the serum ferritin is approximately 50 μg/L. This is 
at the low end of the normal range and allows some room for 
iron reaccumulation into the normal range. Patient support 
groups have advocated for more intensive phlebotomy but 
fatigue begins to intervene as iron deficiency is approached. The 
transferrin saturation may not decrease until the patient is on 
the brink of iron deficiency and, therefore, we will discontinue 
phlebotomy therapy in some patients with a low ferritin but an 
elevated transferrin saturation (Figure 101.3). Other approaches 
to monitoring phlebotomy therapy include the continuation of 
weekly phlebotomy until anemia develops (hemoglobin <10 g/
dL) or monitoring of the mean corpuscular volume (MCV) 
during therapy. Many patients enjoy the concept of maintenance 
therapy particularly if they can be voluntary blood donors. The 
evidence supporting the need for maintenance therapy is lacking 
and it may be useful to repeat a serum ferritin in 6 months fol-
lowing cessation of therapy to estimate the risk of iron reaccu-
mulation. Repeat liver biopsy is rarely done and is not 
recommended. There have been patients treated by erythrocyta-
pheresis but this is more expensive and less available.

Chelation therapy with deferoxamine is not recommended 
for hemochromatosis. The therapy is expensive, inefficient, 

Figure 101.3 A cirrhotic liver from a patient with hemochromatosis. The 
upper specimen has been stained for iron which appears blue and 
illustrates the diffuse iron distribution throughout the liver. Source: 
Courtesy of L.W. Powell.
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Arthropathy
Arthralgias are perhaps the most common symptom of hemo-
chromatosis. The classical description is in the proximal inter-
phangeal joints of the hands but the wrist, shoulder, knees, and 
feet are commonly affected [54]. The features of the arthropathy 
are more similar to osteoarthritis and less commonly chondro-
calcinosis. Arthritis has been demonstrated to be the major 
factor affecting quality of life in hemochromatosis [55]. Since 
arthritis is common, it has been difficult to attribute the arthritis 
to hemochromatosis in an aging population.

Endocrine abnormalities
The most common symptom of endocrine dysfunction is impo-
tence in men with hemochromatosis. This has been estimated  
to be present in 40% of cases and is almost universal in male 
cirrhotic patients. Most cases will have low luteinizing and 
follicle-stimulating hormones and testosterone. Amenorrhea 
and infertility can be seen in women. Hypothyroidism is a  
less common endocrine manifestation of hemochromatosis. 
Hemochromatosis patients are predisposed to osteoporosis. This 
is likely related to the low testosterone and an independent effect 
of cirrhosis. Many patients will receive testosterone supplemen-
tation without a major effect on their impotence but possibly an 
improvement in bone density. The effect of androgens potentially 
increasing the risk of HCC in a cirrhotic hemochromatosis 
patient is another consideration in clinical management.

Pigmentation of the skin
The characteristic pigmentation of hemochromatosis is caused 
by melanin not iron. In the late stages of hemochromatosis, iron 
can be seen in the sweat glands and in the basal layers of the 
epidermis. The prevalence of pigmentation depends to an extent 
on the age of the patient and the severity of the iron overload.

Fatigue
Although a nonspecific symptom, fatigue is one of the most 
common reported symptoms of hemochromatosis. The pres-
ence of fatigue often leads to biochemical iron studies and the 
physician that was expecting a low value is surprised to find iron 
overload. Since more than half of patients attending a general 
medical clinic complain of fatigue, this has been one of the most 
difficult symptoms to attribute to hemochromatosis. Screening 
projects within chronic fatigue syndrome clinics have not dem-
onstrated an enhanced case detection for hemochromatosis. 
Fibromyalgia has also been reported to be increased in hemo-
chromatosis patients [56].

Prevention

Population screening
Population screening for hemochromatosis meets most of the 
criteria established by the World Health Organization (WHO) 
for screening for medical disease. However, the area of greatest 

sequelae both in terms of clinical symptoms or abnormal liver 
biochemistry. Hepatomegaly remains one of the more common 
physical signs in hemochromatosis but may not be present in 
the young asymptomatic homozygote. The probability of having 
C282Y hemochromatosis decreases as the liver enzymes become 
more abnormal [46]. Cirrhotic patients and patients with con-
comitant alcohol abuse are more likely to have abnormal liver 
enzymes. A clinical presentation with marked elevations in liver 
enzymes and elevated iron tests should suggest an alternate 
diagnosis such as alcoholic liver disease, chronic viral hepatitis, 
or nonalcoholic steatohepatitis.

Hepatocellular carcinoma
Hepatocellular carcinoma has been described in 18.5% of cirrhotic 
patients with hemochromatosis [47]. It has rarely been described 
in noncirrhotic hemochromatosis patients. The relative risk is 
approximately 200-fold which is similar to cirrhotic patients with 
chronic viral hepatitis. Screening for HCC remains a controversial 
topic between liver specialists and public health physicians because 
of the costs of the screening program, organ shortages for liver 
transplantation, and the small number of candidates that are cured 
by surgical resection [48]. In the case of hemochromatosis patient 
with cirrhosis, screening for HCC by ultrasound every 6 months 
has been recommended in practice guidelines but this is not an 
evidence-based recommendation [14,15].

Diabetes
Population studies have not demonstrated an increased preva-
lence of diabetes in typical C282Y homozygotes [8]. Many 
patients with cirrhosis of any etiology have glucose intolerance 
or diabetes and this is true for hemochromatosis as well. The 
presence of diabetes in hemochromatosis is usually related to the 
presence of liver disease and glucose intolerance or diabetes has 
been found in 85% of hemochromatosis patients with cirrhosis. 
High circulating insulin levels (insulin resistance secondary to 
liver disease) is more common than low circulating insulin levels 
related to islet cell damage. Metabolic studies of insulin and 
glucose have not clearly demonstrated a reversal of these changes 
with iron depletion. This is consistent with the clinical observa-
tion that diabetes rarely resolves with therapy [49,50]. Insulin 
resistance in obese patients has also been associated with iron 
overload in patients without the typical genetic profile for hemo-
chromatosis [51]. Most of these cases have a moderate elevation 
in serum ferritin with a normal transferrin saturation.

Cardiac disease
Cardiac disease in hemochromatosis includes both cardiomy-
opathy and arrhythmias. In a series of 410 patients, cardiac 
disease was only present in 10% of probands and 3% of discov-
ered cases [52]. Dyspnea is the most common symptom associ-
ated with dilated cardiomyopathy. Echocardiography is the 
preferred initial diagnostic test. Coronary artery disease may be 
less common in hemochromatosis because of a low low-density 
lipoprotein level [53].
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complex and may require additional support from medical 
geneticists.

Temporal/secular trends

There are fewer liver biopsies being done in general and this also 
applies in hemochromatosis. A liver biopsy used to be a diag-
nostic test and is now a prognostic test. Similar information may 
now be available from noninvasive testing. It was previously 
thought that progressive iron accumulation was a key feature of 
genetic hemochromatosis but there are typical C282Y homozy-
gotes that do not progress and have a long and healthy life with 
a normal or mildly elevated serum ferritin. Maintenance therapy 
is not essential for all patients and should be customized to the 
patient based on age, gender, serum ferritin, and presentation 
and 6 months after completion of iron depletion by phlebotomy. 
There are new iron genes but commercial testing and interpreta-
tion of results is not widely available.

Geographical variation

Most patients with typical hemochromatosis have ancestors 
from Northwestern Europe, northern Portugal, Iceland, Canada, 
the US, Australia, New Zealand, South Africa, and Argentina. 
The genetic test for hemochromatosis has been used as a tool in 
social anthropology to study the migration of Celtic popula-
tions. For example, a migration from Wales in the 19th century 
to central Argentina has resulted in a cluster of hemochroma-
tosis patients.
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concern is the uncertainty about the natural history of untreated 
hemochromatosis. An important aspect of a screening project 
is the demonstration of a difference between screened and 
unscreened cases. If unscreened cases would never develop sig-
nificant morbidity, the utility of population screening is greatly 
decreased. If most C282Y homozygotes are asymptomatic and 
are not progressing to cirrhosis or diabetes, then the early iden-
tification and treatment of patients may not be as cost-effective 
as initially had been projected [57,58].

The screening of 41 038 primary care patients in San Diego 
detected 152 C282Y homozygotes. In an analysis of clinical 
symptoms only liver disease was significantly more common in 
C282Y homozygotes compared to participants without HFE 
mutations. There was no difference in diabetes, arthritis, impo-
tence, or pigmentation between these two groups [7].

The HEIRS study screened 101 168 participants in North 
America. Iron overload was found predominantly in Caucasian 
male C282Y homozygotes. Elevations in iron tests were common 
and genetic testing was well accepted [8]. However, there  
were few patients detected with significant clinical disease or 
symptoms.

At the present time, mass population screening studies for 
hemochromatosis are not recommended [59]. Targeted screen-
ing in young males could be considered in countries with a 
homogeneous Caucasian population.

Family studies
Once the proband case is identified and confirmed with the 
genetic test for the C282Y mutation, family testing is strongly 
recommended. Siblings have the highest chance of carrying the 
gene and should be screened with the genetic test (C282Y and 
H63D mutation), transferrin saturation, and serum ferritin. 
Phenotypic expression can vary widely between siblings sug-
gesting that environmental factors are contributory [60]. 
Patients are usually very concerned about their children and 
may have difficulty with the concept of autosomal recessive 
transmission. The risk to a child is dependent on the prevalence 
of heterozygotes in the community and is probably greater than 
1 in 20 and much lower if the spouse is non-Caucasian. A cost-
effective strategy now possible with the genetic test is to test the 
spouse for the C282Y mutation to assess the risk in the children. 
If the spouse is not a C282Y heterozygote or homozygote, the 
children will be obligate heterozygotes. This assumes paternity 
and excludes another gene or mutation causing hemochroma-
tosis. This strategy is particularly advantageous where the chil-
dren are geographically separated or may be under a different 
healthcare system [61].

Genetic counseling for an autosomal recessive disease like 
HFE-linked hemochromatosis has been within the realm of the 
gastroenterologist or hepatologist. However, as additional muta-
tions are discovered, new polymorphisms are identified that 
may or may not contribute to iron overload, and multiple genes 
are tested simultaneously, genetic counseling becomes far more 
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Inborn errors of metabolism commonly involve the liver. In 
these disorders, mutations in genes that regulate a single enzyme 
within an important metabolic pathway or that code for essen-
tial transport proteins result in significant blocks in the metabo-
lism or transport of the substrate. Either a deficiency of an 
important product of the enzyme or the accumulation of toxic 
precursors leads to the disease phenotype. In many hepatic 
metabolic diseases, environmental exposure to a specific sub-
strate (e.g., galactose, fructose, copper, or protein load) is an 
essential cofactor that modifies the time of onset and severity 
of the disease phenotype. As new genetic causes of many dis-
eases are identified, prior cryptogenic acute and chronic liver 
diseases have recently been attributed to specific metabolic 
defects. Recently, it has become apparent that modifier genes 
play a signficant role in determining the clinical phenotype, 
severity of disease, and onset of illness for many metabolic and 
genetic liver diseases that were previously thought to be caused 
by single gene mutations.

Metabolic liver diseases may present with a variety of clinical 
phenotypes, including the appearance of acute hepatitis, bacte-
rial sepsis, metabolic coma, mimicking ingestion of a toxin or 
drug overdose, or as end-stage liver disease with portal hyper-
tension. A high index of suspicion is necessary in order to 
perform the correct metabolic testing and establish the diagno-
sis. Clinical features that suggest a metabolic liver disease 
include hepatic steatosis, acute fulminant liver failure, the pres-
ence of neuromuscular or cardiac findings, hypoglycemia, 
hyperammonemia, organic acidemia, hepatic synthetic failure, 

mildly elevated aminotransferases, episodes of recurrent vomit-
ing, developmental delays, failure to thrive, chronic diarrhea, 
cataracts, abnormalities of skin or hair, and a family history of 
similarly affected infants or children or of consanguinity. Most 
metabolic liver diseases are inherited in an autosomal recessive 
manner; however, several segregate into autosomal dominant 
and X-linked inheritance patterns. Diseases with maternal 
inheritance [mitochondrial DNA (mtDNA) diseases] also com-
monly involve the liver.

Childhood metabolic liver diseases generally present clini-
cally in three patterns. The neonatal cholestasis syndrome 
(Table 102.1) is a common presentation that requires rapid 
diagnostic evaluation so that effective therapy can be insti-
tuted to avert permanent injury to the liver or other organs. 
Chronic liver disease with progressive hepatic fibrosis, fre-
quently with accompanying steatosis, culminating in cirrhosis 
and portal hypertension is a second presentation. Finally, a 
“metabolic syndrome” may include hypoglycemia, metabolic 
acidosis, encephalopathy, variable ketonemia or lactic acidosis, 
and/or hyperammonemia. A complete categorization of all 
metabolic liver diseases affecting children and adults is beyond 
the scope of this chapter. The reader is referred to recent text-
books on liver disease in children for extensive review of this 
topic [1]. This chapter will focus on six major areas of meta-
bolic disease: Wilson disease, α-1 antitrypsin deficiency, Reye 
syndrome, porphyria, a group of important metabolic liver 
diseases presenting in early childhood, and mitochondrial 
hepatopathies.
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Shikha S. Sundaram and Ronald J. Sokol
University of Colorado School of Medicine, Aurora, CO, USA

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


2024   PART 4 Gastrointestinal diseases

notransferases occurs in the first decade of life in most patients. 
After the storage capacity of the liver is exceeded, circulating 
nonceruloplasmin-bound copper levels increase, distributing 
the excess copper to other target organs that produce the clinical 
manifestations of Wilson disease. This redistribution of copper 
deposition is best illustrated by the organ involvement at pres-
entation. Of those who are diagnosed before 10 years of age,  
the majority (80%) present with hepatic symptomatology with 
only 17% showing neuropsychiatric manifestations. In contrast, 

Wilson disease

Clinical features
Mutations in the ATP7B gene cause Wilson disease, which is 
characterized by a progressive accumulation of copper in the 
liver accompanied by copper deposition in other organs. Clinical 
symptoms are rarely apparent prior to 4 years of age [2]. The 
youngest reported patient presenting with hepatic clinical 
symptoms was 4 years old [3]; asymptomatic elevation of ami-

Table 102.1 Metabolic and genetic causes of neonatal cholestasis.

Disease Inborn error Hepatic pathology Diagnostic studies

Galactosemia Galactose-1-phosphate uridyl 
transferase

Cholestasis, steatosis, necrosis, 
pseudoacini, fibrosis

Galactose-1-phosphate uridyl transferase 
assay of red blood cells, genotyping

Fructose intolerance Fructose-1-phosphate aldolase Steatosis, necrosis, pseudoacini, 
fibrosis

Liver fructose-1-phosphate aldolase assay 
or genotyping

Tyrosinemia Fumarylacetoacetase Necrosis, steatosis, pseudoacini, 
portal fibrosis

Urinary succinylacetone, 
funarylacetoacetase assay of red blood 
cells

Cystic fibrosis Cystic fibrosis transmembrane 
regular gene mutations

Cholestasis, neoductular 
proliferation, excess bile duct 
mucus, portal fibrosis

Sweat test and genotyping

Hypopituitarism Deficient production of pituitary 
hormones

Cholestasis, giant cells Thyroxine, TSH, cortisol levels

α-1 Antitrypsin deficiency Abnormal α-1 antitrypsin 
molecule (PiZZ or SZ phenotype)

Giant cells, cholestasis, steatosis, 
neoductular proliferation, 
fibrosis, PAS-positive-diastase-
resistant cytoplasmic granules

Serum α-1 antitrypsin phenotype or 
genotype

Gaucher disease β-Glucosidase Cholestasis, cytoplasmic 
inclusions in Kupffer cells (foam 
cells)

β-Glucosidase assay in leukocytes or 
genotype

Niemann–Pick disease Lysosomal sphingomyelinase Cholestasis, cytoplasmic 
inclusions in Kupffer cells

Sphingomyelinase assay of leukocytes or 
liver, genotype

Glycogen storage disease 
type IV

Branching enzyme Fibrosis, cirrhosis, PAS-diastase-
resistant cytoplasmic inclusions

Brancher enzyme analysis of leukocytes 
or liver, genotype

Neonatal hemochromatosis Unknown Giant cells, portal fibrosis, 
hemosiderosis, cirrhosis

Histology, iron stains

Peroxisomal disorders (e.g., 
Zellweger syndrome)

Deficient peroxisomal enzymes 
or assembly

Cholestasis, necrosis, fibrosis, 
cirrhosis, hemosiderosis

Plasma very long chain fatty acids, 
qualitative bile acids, plasmalogen, 
pipecolic acid, liver electron microscopy, 
genotype

Abnormalities in bile acid 
metabolism

Several enzyme deficiencies 
defined

Cholestasis, necrosis, giant cells Urine, serum, duodenal fluid analyzed for 
bile acids by fast atom bombardment 
mass spectroscopy, genotype

Progressive familial 
intrahepatic cholestasis

FIC-1, BSEP, and MDR3 gene 
mutations for PFIC 1, 2, and 3, 
respectively

Cholestasis, necrosis, giant cells, 
fibrosis

Histology, family history, normal 
cholesterol, low or normal γ-glutamyl 
transpeptidase (types 1 and 2), genotype

Alagille syndrome 
(syndromic paucity of 
interlobular bile ducts)

JAGGED 1 gene mutations Cholestasis, paucity of 
interlobular bile ducts, increased 
copper levels

Three or more clinical features, liver 
histology, genotype

BSEP, bile salt export pump; FIC1, familial intrahepatic cholestasis 1; MDR3, multiple drug resistance 3; PAS, periodic acid–Schiff; PISZ, protease 
inhibitor SZ; PIZZ, protease inhibitor ZZ; TSH, thyroid-stimulating hormone.
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anemia results from the rapid release of massive amounts of 
copper from the necrosing liver, and is the single most impor-
tant diagnostic feature suggesting Wilson disease in this clinical 
setting. Acute renal failure rapidly ensues, usually requiring 
dialysis. Interestingly, serum aminotransferase levels are not as 
high as in other patients with acute liver failure, alkaline phos-
phatase is generally very low, and serum aspartate aminotrans-
ferase (AST) is significantly more elevated than the alanine 
aminotransferase (ALT) [12]. Thus, the combination of an 
AST : ALT ratio >2.2 and an alkaline phosphatase : total bilirubin 
ratio <4 has almost a 100% diagnostic accuracy for fulminant 
Wilson disease [12]. Serum copper levels are paradoxically 
elevated above normal in this presentation of Wilson disease, 
because of the massive release of copper from the liver. Because 
K-F rings are present in no more than half of patients with this 
presentation [4], their absence does not exclude Wilson disease. 
This presentation is not amenable to medical therapy, so prompt 
referral of patients with this presentation to a liver transplanta-
tion center is essential. A similar presentation of acute fulmi-
nant liver failure and death has been described in Wilson disease 
patients who had been successfully treated with copper chela-
tion or zinc therapy, but who unadvisedly discontinued therapy 
or became noncompliant for as little as 8 months.

Approximately 30% of patients have a presentation of chronic 
hepatitis, generally occurring during adolescence or young 
adulthood. Cirrhosis is common at the time of diagnosis. 
Typical findings of malaise, anorexia, fatigue, abdominal pain, 
nausea, and weight loss may precede the onset of jaundice or 
findings of portal hypertension. Amenorrhea, delayed onset of 
puberty, edema, polyarthralgia, ascites, and clubbing may also 
indicate the chronic nature of this hepatitis. Physical examina-
tion invariably reveals hepatomegaly and usually splenomegaly. 
Liver histology mimics autoimmune or chronic viral hepatitis, 
thus a high suspicion for Wilson disease is essential. It is impor-
tant to note that histochemical stains for copper-associated pro-
teins in the liver may be negative, and should never be used as 
the diagnostic criteria for copper overload. K-F rings are present 
only 50% of the time. Thus, it is imperative that biochemical 
screening for Wilson disease be undertaken in all patients who 
present younger than the age of 50–60 years with chronic hepa-
titis and no identifiable cause. The presence of steatosis is 
common in Wilson disease and can lead to confusion with 
alcoholic hepatitis and nonalcoholic fatty liver disease.

Cirrhosis and its complications are relatively common fea-
tures of advanced Wilson disease. Virtually all adults with the 
neuropsychiatric presentation of Wilson disease have underly-
ing compensated cirrhosis. Other than the findings of a mild 
hemolytic anemia, a K-F ring, positive family history, or neu-
ropsychiatric symptoms, there is little to clinically distinguish 
this cause of cirrhosis from others.

Cholelithiasis is relatively common in adolescents and young 
adults with Wilson disease because of ongoing hemolysis and 
the presence of cirrhosis. Gallstones are pigmented and usually 
calcified so they may be detected on plain films of the abdomen. 

approximately 50% present with either hepatic or neuropsychi-
atric symptoms between 10 and 18 years of age, and after 18 
years of age 25% present with hepatic and 75% neuropsychiatric 
symptoms [4]. After hepatic saturation with copper, copper may 
also accumulate in the cornea, leading to the characteristic 
Kayser–Fleischer (K-F) ring, a greenish-brown pigment at the 
periphery of the cornea on its posterior surface in Descemet’s 
membrane [5]. Less commonly, a “sunflower cataract” is caused 
by deposits of copper in the anterior and posterior lens capsule. 
Other features include a variety of renal disturbances including 
proteinuria, glucosuria, phosphaturia, generalized amino aci-
duria, microscopic hematuria, and nephrolithiasis [6]. Acute 
renal failure is a common feature of the fulminant presentation 
of Wilson disease. Intravascular hemolysis is present in approxi-
mately 15% of patients. Cardiac involvement includes echocar-
diographic abnormalities in up to one-third of adults [7], as well 
as arrhythmias, orthostatic hypotension, and histological 
changes in the heart [7]. Skeletal manifestations of bone dem-
ineralization include rickets, spontaneous fractures, osteochon-
dritis dessicans, chondromalacia patellae, and degenerative 
arthritis [8]. Skin pigmentation may be increased, particularly 
on the anterior aspect of the lower legs [9]. Endocrine abnor-
malities have also been reported [10,11].

Hepatic presentations
The liver is both the site of the Wilson disease biochemical 
defect in copper metabolism and the initial target of copper 
toxicity. Clinical presentations include acute hepatitis, fulmi-
nant hepatic failure, chronic hepatitis, steatohepatitis, gallstone 
disease, and cirrhosis. Occasionally elevated aminotransferase 
levels are detected in asymptomatic patients for whom a chem-
istry panel is drawn, or in siblings of a patient with Wilson 
disease. Any patient under 50–60 years of age with chronically 
elevated aminotransferase levels and no clear etiology should 
have Wilson disease excluded by appropriate studies; clinical 
presentations into the eighth decade have also been described.

Acute hepatitis is the presentation in approximately 25% of 
patients with Wilson disease, with typical findings that mimic 
the features of infectious hepatitis. Laboratory tests show typi-
cally elevated aminotransferases, a normal serum albumin and 
prothrombin time, with conjugated hyperbilirubinemia. If sero-
logical testing for viral hepatitis is negative, Wilson disease 
needs to be considered. A mild hemolytic anemia or a depressed 
serum uric acid level (due to renal tubular losses) may be key 
features to alert the clinician to this diagnosis. If not identified, 
patients generally recover from this presentation, and the diag-
nosis may be missed.

Fulminant hepatic failure is a dramatic presentation of Wilson 
disease that occurs in up to 12% of cases. It typically manifests 
in the adolescent or young adult with development of acute 
icteric hepatitis that rapidly evolves to liver failure within days, 
causing extreme jaundice, fatigue, hepatic coma, severe coagu-
lopathy, ascites, renal failure, and invariably death if liver trans-
plantation is not performed. A Coombs-negative hemolytic 
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Therefore, these histochemical stains should not be used to estab-
lish or exclude this diagnosis.

Electron microscopy may be helpful in Wilson disease 
because of characteristic ultrastructural lesions. In the early 
stage of Wilson disease, hepatocellular mitochondria are pleo-
morphic and large, and show widened intracristal spaces, 
increased matrix density, large granules, and sometimes crystal-
line, vacuolated or dense inclusions in the mitochondrial matrix. 
There is usually microvesicular steatosis present at the same 
time. These mitochondrial changes diminish with progression 
of the lesion towards cirrhosis.

Genetics
ATP7B, located on the long arm of chromosome 13, was identi-
fied in 1993 as the gene mutated in Wilson disease [19–22]. 
More than 300 mutations in this gene have been identified from 
patients with Wilson disease, most being small deletions or 
missense mutations [23,24]. In addition, over 40 nondisease 
causing allelic variations have been identified. There are no pre-
dominant mutations, although specific mutations appear to be 
more common among certain ethnic groups [23]. Thus, the 
most common mutation (His1069Glu) may be present in as 
many as 40% of cases in specific ethnic populations. Genotyping 
of suspected patients is now offered in a number of clinical and 
research laboratories and may be helpful in questionable cases 
(see http://www.genetests.org). Haplotype analysis [microsatel-
lite or single nucleotide polymorphism (SNP) markers] may be 
particularly helpful in evaluating relatives of a known case in 
which markers are informative [25].

Pathogenesis and biochemistry
The ATP7B gene is highly expressed in the liver and kidney, with 
lower expression in the lung, placenta, and other tissues. The 
encoded protein is a P-type cation-transporting adenosine tri-
phosphatase (ATPase), and includes domains for copper binding 
sites and ATP binding. ATP7B is located in the trans-Golgi 
compartment of the hepatocyte and is essential for the transport 
of copper into vesicles bound for lysosomes and targeted to the 
bile canaliculus. ATP7B also makes copper available for synthe-
sis of ceruloplasmin. In Wilson disease, ATP7B mutations cause 
impairment of both copper secretion into bile and copper incor-
poration into ceruloplasmin, resulting in toxic levels of copper 
within the hepatocyte. Ceruloplasmin is the primary carrier by 
which copper is secreted from the liver into the systemic circu-
lation. Ceruloplasmin functions to mobilize iron from tissues 
by oxidizing ferrous iron for transfer into transferrin; cerulo-
plasmin levels are very low in Wilson disease.

More than 80% of absorbed copper from the diet is normally 
excreted in bile. Therefore, copper accumulates in the liver in 
any condition that causes cholestasis; however, it is primarily 
lysosomal bound in those conditions and may not necessarily 
be hepatotoxic. In Wilson disease, the copper is free to enter 
other compartments, such as the mitochondria and nucleus. It 
is likely that mitochondrial oxidative injury initiated by copper 

Interestingly, hepatocellular carcinoma (HCC) has been quite 
unusual in patients with Wilson disease, even those with 
advanced cirrhosis.

Neuropsychiatric presentations
Neurological or psychiatric symptoms are the first indication of 
illness in approximately 40%–50% of patients with Wilson 
disease, having been recorded in children as young as 6 years, 
and in adults as old as 72 years of age [13]. Primary involvement 
is the motor system with extrapyramidal or cerebellar dysfunc-
tion [14,15]. Symptoms segregate into “pseudoparkinsonism,” 
pseudosclerosis, and dyskinesia [4], each of which correlates 
with specific magnetic resonance imaging lesions in the brain 
[16]. Extrapyramidal symptoms include facial grimaces, drool-
ing, a fixed grin, dysphasia, and contractures of the jaw and 
extremities. Pseudoparkinsonism features include bradykinesia, 
cognitive impairment, cog-wheel rigidity, and an organic mood 
syndrome. The pseudosclerosis presentation is characterized by 
ataxia, tremor, and reduced functional capacity. Because cogni-
tive function is preserved, frustration and depression are 
common. The neurological basis for these abnormalities is basal 
ganglia and cerebellar dysfunction, although corticospinal and 
corticobulbar pathways are also affected.

It is well appreciated that a primary psychiatric presentation 
may include organic dementia, neurotic behavior, bipolar dis-
order, schizophrenic psychosis, or antisocial behavior. In chil-
dren and adolescents, a major change in affect or personality 
may impair socialization skills and school performance. 
Psychiatrists should measure the plasma ceruloplasmin and 
obtain an eye examination for a K-F ring in all young patients 
with psychiatric disorders. K-F rings are present in over 
90%–95% of patients with the neuropsychiatric presentation of 
Wilson disease.

Histology of the liver
Early histological findings in the liver of asymptomatic patients 
with Wilson disease include periportal glycogen-filled swollen 
nuclei [17] and microvesicular and macrovesicular steatosis 
[18]. Macrovesicular steatosis with Mallory bodies may be con-
fused with alcoholic liver disease or nonalcoholic fatty liver 
disease. A chronic hepatitis appearance may predominate, char-
acterized by portal tract mononuclear cell infiltrates, interface 
hepatitis, Mallory bodies and varying amounts of periportal 
fibrosis. Eventually, mixed micro- and macronodular cirrhosis 
develops. In the fulminant hepatitis presentation, liver histology 
is characterized by microvesicular fat, coagulative cell necrosis, 
pigment-laden Kupffer cells, collapse of stroma, and drop out 
of hepatocytes, with underlying well-established cirrhosis. 
Histochemical stains for copper or copper-associated proteins 
may be negative in Wilson disease despite massive accumula-
tion of copper in the liver, and may be positive in other causes 
of cholestasis and chronic hepatitis. There is no correlation 
between histochemical staining of copper and quantitative 
copper measurements of liver biopsy samples in Wilson disease. 
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indicated Wilson disease. Quantitative hepatic copper determi-
nation is essential, with normal copper content <50 µg/g dry 
weight [35], and in Wilson disease, it is virtually always above 
250 µg/g dry weight [2], if not considerably higher. It is essential 
that liver biopsy samples be obtained by copper-free stainless 
steel needles to prevent contamination.

Unfortunately, the assays used to analyze serum for cerulo-
plasmin have changed over recent years to immunological tech-
niques. Apoceruloplasmin is recognized by these assays, 
resulting in higher values than those previously measured by 
oxidase techniques [31]. Therefore, a ceruloplasmin level 
between 20 and 35 mg/dL cannot be used on its own to defini-
tively exclude Wilson disease. If there is a high suspicion of 
Wilson disease, the 24-h urine copper excretion, slit lamp exam-
ination, and liver biopsy or genetic testing should be performed 
despite a low normal level of ceruloplasmin. If a sibling has 
Wilson disease, genetic diagnosis or microsatellite (haplotype) 
analysis are helpful means to diagnose Wilson disease. 
Incorporation of 64Cu into ceruloplasmin is no longer an avail-
able test. Finally, genotyping of ATP7B (see Genetests website 
for available laboratories) may be useful if diagnosis cannot be 
definitely established using biochemical and clinical criteria 
[36].

In patients with fulminant hepatic failure, specimens to 
establish the diagnosis of Wilson disease may be difficult to 
obtain. Standard liver biopsy may be contraindicated because of 
coagulopathy, and the patient may be in acute renal failure, so 
a collection of a 24-h urine specimen for copper analysis may 
not be possible. However, the diagnostic features of a severe 

is one of the primary pathogenetic events in Wilson disease 
[26–28]. Several recent studies demonstrate that hepatocyte 
apoptosis may be the primary mode of cell death in copper 
toxicity [29,30].

Diagnosis
The diagnostic criteria for Wilson disease vary with the clinical 
presentation [31]. In patients presenting with neurological or 
psychiatric symptoms, the absence of a K-F ring in combination 
with a normal ceruloplasmin level virtually exclude the diagno-
sis of Wilson disease. However, in a recent series, 2/20 patients 
with neurological symptoms did not have K-F rings [32]. In the 
presence of normal neurological or psychiatric function, the 
absence of a K-F ring does not exclude Wilson disease, as it is 
present in only 50% of these patients. The common biochemical 
tests used for the diagnosis of Wilson disease are plasma ceru-
loplasmin, hepatic copper concentration, and 24-h urine copper 
excretion (basal collection and sometimes after penicillamine 
challenge) (Table 102.2). For patients presenting with liver  
dysfunction, ceruloplasmin is generally <20 mg/dL, 24-h urine 
copper is >100 µg, and hepatic copper concentration is 
>250 µg/g dry weight. Other conditions that can give rise to 
increased hepatic copper concentration (Table 102.2) must be 
excluded with appropriate testing. Two studies [33,34] demon-
strated improved discrimination between Wilson disease and 
other liver disorders when a 24-h urine copper analysis was 
measured after a penicillamine challenge (500 mg given oral 
immediately before and repeated 12 h into the urine collection). 
Values above 1575 µg of copper in this 24-h urine collection 

Table 102.2 Diagnostic tests for Wilson disease. Adapted from Scheinberg & Sternlieb 1984 [2]. Reproduced with permission from Elsevier and Dr 
Scheinberg.

Diagnostic test Diagnostic values Causes of false positive Causes of false negative

Serum ceruloplasmin <20 mg/dL Kwashiorkor, nutritional copper deficiency, 
protein-losing state, fulminant hepatitis, hepatic 
failure, hereditary hypoceruloplasminemia or 
aceruloplasminemia, Wilson disease, 
heterozygote, Menkes syndrome, normal neonate

Acute inflammation (hepatitis), 
malignancy, pregnancy or estrogen 
therapy in Wilson disease (5% of 
patients), immunoassays of 
apoceruloplasmin

Hepatic copper 
concentration

>250 µg/g dry weight Primary biliary cirrhosis, Indian childhood 
cirrhosis, chronic cholestatic liver disease, primary 
sclerosing cholangitis, Alagille syndrome, liver 
tumors, newborn liver

Copper chelation therapy in Wilson 
disease

24-h urine copper 
excretion

>100 µg/24 h Copper chelation therapy, chronic active 
hepatitis, chronic cholestatic liver diseases, 
primary sclerosing cholangitis, hepatic failure, 
nephrotic syndrome

Copper chelation therapy in Wilson 
disease

Presence of 
Kayser–Fleischer rings

Present Chronic cholestatic liver diseases, primary biliary 
cirrhosis, neonatal cholestasis

Early Wilson disease

Incorporation of 64Cu 
into ceruloplasmin

Low Ceruloplasmin <20 mg/dL, Wilson disease 
heterozygote

Pregnancy, estrogens, inflammation 
or malignancy in Wilson disease

Genotyping for ATP7b Two pathological mutations Polymorphisms of ATP7b that are not disease 
causing

Finding of only one gene mutation
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is very low or very high, it suggests poor compliance with 
therapy. If the K-F rings had initially been present, then serial 
ophthalmological examinations yearly should be performed to 
be certain that these lesions disappear with time. The failure of 
disappearance again suggests poor compliance. Many authori-
ties recommend lifelong chelation therapy with trientine or 
D-penicillamine in patients who responded well to therapy and 
show no sign of toxicity versus conversion to zinc monotherapy. 
A sudden discontinuation of chelation therapy can precipitate 
fulminant liver failure within months which is usually fatal or 
requires liver transplantation [38]. Recent reports suggest that 
the combination of trientine and zinc therapy may offer benefit 
in patients with decompensated liver disease [39].

Up to 30% of patients [40,41] will have some worsening of 
neurological symptoms when treated with D-penicillamine. The 
cause of this neurological worsening has been proposed to be a 
transient increase in blood copper and then brain copper expo-
sure as the penicillamine mobilizes hepatic copper stores 
[41,42]; or alternatively, that penicillamine may form a complex 
of intracellular copper that is more toxic [42]. Neurological 
exacerbation has also been reported following initiation of 
treatment with trientine [43], thiomolybdates [44], and zinc 
[45]; however, the frequency seems to be lower than with 
D-penicillamine. For these reasons, Brewer et al. [46] proposes 
the use of ammonium tetrathiomolybdate for initial therapy in 
neurologically affected patients. This remains an investigational 
compound which complexes with dietary copper, thus prevent-
ing its absorption, and when absorbed, complexes with copper 
and albumin in blood preventing cellular uptake and decreased 
intracellular copper stores. Concerns have been raised regard-
ing bone marrow suppression and other toxicities of ammo-
nium tetrathiomolybdate; this drug is under continued 
investigation. A recent study suggests improved preservation of 
neurological function in newly diagnosed patients treated with 
ammonium tetrathiomolybdate compared to trientine [47].

D-penicillamine may produce both allergic and toxic effects 
in up to 20% of patients [31]. Trientine is associated with a lower 
frequency of side effects, and therefore is recommended by 
many authorities as a safer initial chelator for Wilson disease. 
Side effects of penicillamine include fever, skin rash, lymphad-
enopathy, pancytopenia, proteinuria, nephrotic syndrome, 
drug-associated systemic lupus erythematosus, Goodpasture 
syndrome, optic neuritis, and bone marrow suppression. Long-
term therapy with D-penicillamine may cause a dermatopathy 
[48,49].

Patients who present with fulminant hepatic failure caused 
by Wilson disease rarely, if ever, survive unless orthotopic liver 
transplantation is performed. These patients require critical care 
therapy in a liver transplantation center fully equipped to use 
hemodialysis, plasmapheresis, and other means of sustaining 
the patient until liver transplantation can be performed.

In recent years, the use of oral zinc therapy has been proposed 
as maintenance or adjunctive [50] therapy for Wilson disease. 
Zinc inhibits intestinal absorption of copper by inducing intes-

hemolytic anemia, extremely high serum bilirubin, acute oligu-
ric renal failure, low serum alkaline phosphatase, elevated 
serum copper values, and inappropriately mild elevations of 
aminotransferase levels are very suggestive of this diagnosis. 
The aforementioned AST : ALT ratio and alkaline phos-
phatase : total bilirubin ratio calculations are helpful in this 
clinical presentation. If transjugular liver biopsy is performed, 
quantitative copper should be obtained. Because these patients 
will either undergo a liver transplant or succumb to their illness, 
the explanted or autopsied liver should be evaluated for histol-
ogy and for copper content to confirm this diagnosis.

Treatment
Wilson disease is uniformly fatal without effective therapy. 
Therefore the mainstay of medical management is early diagno-
sis followed by reduction (or chelation) of the accumulated 
burden of copper and preventing further retention of copper 
[31]. For symptomatic patients, most authorities recommend 
copper chelating agents and a low copper diet. For maintenance 
therapy, copper chelators or oral zinc therapy may be effective. 
Recent data suggest that long term, chelation may better treat 
hepatic manifestations than zinc therapy.

When the diagnosis of Wilson disease is established in a 
symptomatic patient, treatment should begin with either trieth-
ylene tetramine dihydrochloride (trientine) or D-penicillamine 
[31]. In recent years it has become evident that trientine is better 
tolerated in most patients than D-penicillamine. The dose of 
trientine in adults and adolescents is approximately 1–2 g daily 
in three divided doses 1 h prior to meals. The dose of penicilla-
mine is also 1–2 g/day in three divided doses, given at least 
30 min before or 2 h after meals [2]. In young children, the dose 
for each of these drugs is approximately 20 mg/kg/day rounded 
to the nearest multiple of 250 mg given in three divided doses 
over 24 h. After stabilization, the dose of trientine or 
D-penicillamine can be divided into two daily doses, and 
reduced to approximately 1 g/day in adults. D-penicillamine 
may have an antipyridoxine effect [2], thus all patients receiving 
this medication should also receive 25 mg of pyridoxine daily. 
It is recommended that D-penicillamine or trientine be started 
at one-quarter to one-half of the desired dose and increased 
gradually over 1–2 weeks’ time to assure tolerance of the medi-
cation. Within the initial month of therapy, the patient should 
be monitored for signs of acute allergic reactions, neurological 
decompensation, or other toxicities. Thus, a complete blood 
count, urinalysis, and renal and liver tests should be obtained 
weekly for the first month. If the patient responds appropriately, 
monitoring is then performed at 1–3-month intervals for the 
first year, and then every 6–12 months thereafter. Some experts 
recommend following 24-h urine excretion of copper to monitor 
chelation therapy, obtained several times in the first 12 months 
and then yearly thereafter. Several hundred milligrams to several 
grams of copper should initially be excreted over 24 h, but after 
several years of chelation, as little as 200–500 µg of copper 
should be excreted per day [2,37]. If urinary copper excretion 
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patients into newly discovered inborn errors of metabolism, or 
both. Many of these fatty acid oxidation defects are now detected 
by expanded newborn metabolic screening.

Clinical features
Reye syndrome is characterized by a prodromal viral illness 
with fever, followed by the abrupt onset of protracted vomiting, 
frequently when a child 4–12 years old was in a recovery phase 
from the viral illness. Although cases have most often been 
linked to epidemics of influenza A and B and varicella infec-
tions, Reye syndrome has been reported in association with 
many viral illnesses. Vomiting occurs within 3–7 days of the 
onset of the viral illness, and leads to dehydration and hyperp-
nea. Patients progress through graded stages of encephalopathy, 
culminating in cerebral edema, coma, and possibly death. In 
over 90% of cases in the United States, a history of aspirin use 
for the treatment of the initial viral illness was obtained. Patients 
are not jaundiced and have mild to moderate hepatomegaly, 
neurological dysfunction, overly brisk deep tendon reflexes, and 
varying degrees of dehydration. Biochemical testing reveals 
AST and ALT 3–50-fold elevated, a normal serum bilirubin and 
albumin, elevated prothrombin time and international normal-
ized ration (INR), hyperammonemia, and hypoglycemia, par-
ticularly in young children. The Centers for Disease Control and 
Prevention case definition of Reye syndrome includes the pres-
ence of acute, noninflammatory encephalopathy with a normal 
cerebral spinal fluid cell count and protein; liver involvement 
characterized by microvesicular steatosis, AST/ALT elevation of 
threefold or greater, or hyperammonemia; and no other known 
explanation for the patient’s illness. In recent years, various 
genetic metabolic disorders have been identified in patients pre-
senting in this manner. During epidemics, patients with Reye 
syndrome were generally school age to teenage children who 
were previously healthy. However, a subgroup of children pre-
sented within the first few years of life, frequently with underly-
ing failure to thrive and hypoglycemia. Respiratory alkalosis 
was present, lactic acidosis was rare, but dicarboxylic organic 
aciduria was common.

Histology
Reye syndrome is associated with extensive hepatic panlobular 
microvesicular steatosis, characterized by foamy hepatocytes 
with centrally placed nuclei. Striking microvesicular steatosis 
is present early in the course, progressing to macrovesicular 
steatosis during the recovery phase, but may require special 
stains for identification. Cholestasis is absent, and inflamma-
tion is unusual. Liver electron microscopy shows striking 
mitochondrial morphological abnormalities, including swell-
ing, pleomorphism, loss of dense bodies, and matrix edema. 
Similar findings have been reported in fatty acid oxidation 
disorders and mitochondrial respiratory chain deficiencies. 
Hepatocytes do not undergo necrosis, but rather suffer from 
temporary metabolic (mitochondrial) failure and generally 
recover.

tinal metallothionein which binds copper in intestinal epithelial 
cells, which are sloughed in the gut with subsequent fecal excre-
tion of the bound copper. Some authorities recommend starting 
zinc acetate in adults at 50 mg of elemental zinc 3 times a day 
[51] or zinc sulfate 150–220 mg 3 times a day [51]. The zinc 
must be given between meals, and compliance may limit the 
effectiveness of this therapy. Zinc therapy is generally not used 
as initial therapy of symptomatic patients because of its slower 
onset of action; however, it has been substituted for copper 
chelators as chronic maintenance therapy with excellent results 
[31]. It may also play a role in presymptomatic patients or sib-
lings (especially young children) who are diagnosed with 
Wilson disease. Iron status needs to be monitored in patients 
who are undergoing chronic zinc therapy as it may interfere 
with iron absorption. Recent data suggest that zinc therapy may 
not be efficacious as chelator therapy for liver disease in Wilson 
disease [51].

Finally, because copper induces oxidative damage to the 
hepatocyte [27,52], and because α tocopherol levels may be low 
during copper overload [27,52], it has been proposed that α 
tocopherol might be an adjunctive therapy in symptomatic 
patients with Wilson disease [36]; however, the use of antioxi-
dants as adjunctive therapy in Wilson disease has not been fully 
explored.

The role of orthotopic liver transplantation is well established 
in patients with fulminant liver failure caused by Wilson disease 
[31]. In addition, patients with end-stage Wilsonian cirrhosis 
should be considered for liver transplantation, as would other 
patients with cirrhosis. Long-term survival is excellent follow-
ing liver transplantation and the liver lesion does not recur 
following transplant because of the presence of normal ATP7B 
in the donor liver. Moreover, neurological features generally 
improve following liver transplantation because of the reduc-
tion of the copper load with a normal functioning liver; however, 
transplantation is not currently recommended to treat the iso-
lated neurological presentation of Wilson disease.

Reye syndrome

In the 1960s and 1970s, reports of children developing an appar-
ently new disease called encephalopathy with fatty liver appeared 
in Australia, the United States, and Europe. Mortality was 40%–
70%, and the disease tended to occur in epidemics, linked to 
influenza B, varicella, and other viral infections. The incidence 
of Reye syndrome peaked in the early 1980s, rapidly falling 
during the late 1980s and 1990s following the restriction of 
aspirin use in children [53]. The decline in incidence was also 
concomitant with the discovery and identification of numerous 
inherited metabolic defects of fatty acid transport and mito-
chondrial fatty acid oxidation, which harbor similar clinical 
features to Reye syndrome. Therefore, it is not completely clear 
whether the near disappearance of Reye syndrome was the 
result of reduction of aspirin use or the reclassification of many 
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iting with progressive encephalopathy, and cerebral edema [60]. 
Hyperammonemia, elevated AST and ALT, prolongation of pro-
thrombin time, and normal or only slightly elevated bilirubin 
are characteristic. Normal cerebral spinal fluid helps exclude 
infectious or other causes of similar illnesses. Toxin ingestions 
need to be excluded, as do fatty acid oxidation defects, respira-
tory chain deficiencies, organic acidopathies, adrenal insuffi-
ciency, defects in the urea cycle, intracranial lesions such as 
brain tumors, and nonaccidental trauma. The finding of micro-
vesicular steatosis in a noninflamed liver with characteristic 
mitochondrial changes on electron microscopy is consistent 
with the diagnosis, but may be seen in other inborn errors of 
metabolism as well [61].

Treatment
Management of Reye syndrome requires early diagnosis and a 
high index of suspicion. Initial treatment includes controlled 
rehydration for the vomiting, and administration of dextrose 
at a rate of 6–8 mg/kg/min to maintain blood glucose above 
100 mg/dL. Excessive sedation is avoided, with treatment of 
hyperammonemia dictated by individual center practice. 
Intracranial pressure monitoring should be considered for 
patients with advanced encephalopathy to allow tailoring of 
treatment aimed at carefully reducing intracranial pressure to 
maintain a cerebral perfusion pressure above 45–50 mmHg 
(intravenous mannitol, pentobarbital coma, hypothermia, etc.) 
[62]. Complications such as pancreatitis, acute renal failure, 
sepsis, pulmonary haemorrhage, or cerebral hemorrhage 
increase the risk of mortality. Unfortunately, most contempo-
rary cases of Reye syndrome present in grade 3–4 coma, and 
do not have acceptable central nervous system outcome, despite 
survival. It should be pointed out that the metabolic liver 
failure in Reye syndrome undergoes spontaneous reversal 
(consistent with the effects of a toxin or metabolic disorder), 
during the first 2–3 weeks of illness, except for continued 
hepatic steatosis.

Alpha-1 antitrypsin deficiency

Alpha-1 antitrypsin deficiency, an autosomal recessive disorder, 
affects up to 1/1600–2000 live births. It is more common with 
Northern European ancestry. In the protease inhibitor ZZ 
(PIZZ) homozygous phenotype [and the rarer protease inhibi-
tor SZ (PISZ) phenotype], a single amino acid substitution 
results in defective folding and secretion of α-1 antitrypsin from 
the hepatocyte, with serum levels reaching only 10%–20% of 
normal. The mutant α-1 antitrypsin Z protein is trapped in the 
endoplasmic reticulum of the hepatocyte, yet only 10%–20% of 
PIZZ affected individuals develop clinical significant liver 
disease [63,64]. The protein is in the family of circulating serine 
protease inhibitors called serpins, and is an approximately 
55-kDa secreted glycoprotein which inhibits neutrophil pro-
teases and elastases. In recent years, other functions of α-1 

The central nervous system shows marked cerebral edema, 
particularly in fatal cases, with changes in neuronal mitochon-
dria resembling those in the liver. Kidney lesions also show lipi-
dosis and mitochondrial abnormalities. Thus, Reye syndrome  
is believed to be caused by generalized mitochondrial dysfunc-
tion and was one of the first well-described mitochondrial 
hepatopathies.

Genetics
Reye syndrome generally occurs in children with only very rare 
cases being reported in adults. Occasional cases of recurrent 
Reye syndrome have been reported in very young children, now 
believed to have been caused by other genetic metabolic disor-
ders. Familial cases of Reye syndrome were also reported, most 
likely caused by autosomal recessively inherited inborn errors 
of metabolism.

Pathogenesis and biochemistry
Generalized acute mitochondrial dysfunction underlies the bio-
chemical and clinical abnormalities observed in patients with 
Reye syndrome [54]. The etiology of the mitochondrial lesions 
is most likely a combination of viral-induced cytokine-mediated 
cellular injury and the effect of aspirin on mitochondrial oxida-
tive phosphorylation in, perhaps, genetically predisposed indi-
viduals. Because Reye syndrome has been reported in patients 
with collagen vascular disorders receiving large doses of aspirin 
who did not have apparent viral infections, isolated cases may 
have been purely caused by the effects of aspirin. The similarity 
in clinical presentation to fatty acid oxidation defects suggests 
that many past cases of Reye syndrome were undiagnosed 
defects in this important pathway for cellular energy metabo-
lism, perhaps exacerbated by aspirin ingestion or the effects of 
viral infection.

The epidemiological association between aspirin intake and 
Reye syndrome was established in the United States in the late 
1970s [55,56]. Subsequently, in 1982, the United States Surgeon 
General advised against the use of salicylates in children with 
febrile illnesses, and warning labels were placed on all aspirin 
products. A dramatic reduction in the use of aspirin in children 
followed over the next several years, with a coincident decline in 
the number of reported cases of Reye syndrome. However, in 
other countries in the world, such as Australia and Asian coun-
tries, aspirin use was not associated with Reye syndrome, yet 
there was dramatic reduction in the number of cases. Thus, it has 
been proposed [57,58] that the discovery of new metabolic dis-
eases and closer examination of cases resulted in a clinical reclas-
sification of cases that previously would have been labeled Reye 
syndrome. Others claim that the effects of salicylates on mito-
chondrial oxidative phosphorylation may have brought to clini-
cal recognition cases of subclinical metabolic liver disease [59].

Diagnosis
The diagnosis of Reye syndrome is made clinically, based on a 
prodromal viral illness, intake of salicylates, acute onset of vom-
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recommended that α-1 antitrypsin phenotype or genotype be 
evaluated in all adults with chronic obstructive pulmonary 
disease.

Hepatic histology
Liver histology in PIZZ homozygotes ranges from a benign-
appearing, almost normal liver to one of advanced cirrhosis. 
The classic hallmarks of this deficiency are the periodic acid–
Schiff-positive (PAS), diastase-resistant globules that appear in 
periportal hepatocytes. These globules represent retained α-1 
antitrypsin material in the endoplasmic reticulum of hepato-
cytes. Globules may not be easily recognized in PIZZ infants 
until up to 6 months of age [70], and may not be seen on initial 
liver biopsy in affected infants. In the neonate, a giant cell hepa-
titis with multinucleated giant cells, lobular disarray, cellular 
and canalicular cholestasis, and bile duct proliferation is com-
monly observed. Occasionally, the extent of bile duct prolifera-
tion and bile duct plugging suggests the diagnosis of biliary 
atresia. As the child becomes older, a more benign appearance 
of bridging hepatic fibrosis with minimal or no giant cell trans-
formation is observed. The liver can also have the appearance 
of a chronic hepatitis, and show increased iron deposition. 
Approximately 10%–30% of affected infants with cholestatic 
jaundice evolve into a mixed macro- and micronodular cirrho-
sis. Bile ducts are generally normal; however, in 5%–10% of 
children who present with neonatal cholestasis, paucity of inter-
lobular bile ducts will develop, causing a chronic cholestatic 
disease.

Genetics
Alpha-1 antitrypsin is encoded by a 12.2-kb gene located on 
human chromosome 14q31-32.2 [71,72]. The mutant α-1 anti-
trypsin molecule results from a single nucleotide substitution, 
with subsequent amino acid substitution of Lys for Glu 342. 
Structural variances of the α-1 antitrypsin protein are classified 
by the protease inhibitor phenotype system defined by agarose 
electrophoresis or isoelectric focusing of plasma [72]. A letter 
is assigned to variants according to the position of migration 
of α-1 antitrypsin in these gel systems. The more common 
normal variant migrates to an intermediate isoelectric point, 
and has been designated M. The most severe deficiency form 
migrates to a high isoelectric point, and has been designated 
as Z. More than 100 allelic variants of α-1 antitrypsin have 
been reported, though not all variants are associated with  
clinical disease. Variants in which there is no detectable α-1 
antitrypsin are called “null variants,” while “deficiency variants” 
refer to those with reduced α-1 antitrypsin concentrations. 
Emphysema and liver disease have been associated with the 
PISZ, PIZZ, Mmalton, and Mduarte variants. Recent studies suggest 
that the heterozygote PIMZ state may predispose to more 
severe phenotypes of other hepatic disorders, along with a 
small but slightly increased risk of cryptogenic cirrhosis in 
adults [73].

antitrypsin have been identified that may be of clinical impor-
tance [63]. In adults, emphysema is common in affected 
homozygotes, particularly in association with chronic exposure 
to cigarette smoke and other air pollutants.

Clinical features
Neonatal cholestatic jaundice is the most common childhood 
presentation of α-1 antitrypsin deficiency. Occasional infants 
present with acholic stools, direct hyperbilirubinemia, and 
high serum levels of γ-glutamyl transpeptidase, mimicking the 
clinical appearance of biliary atresia. Affected infants tend to 
be small for gestational age at birth. Firm hepatomegaly and 
splenomegaly are variable on physical examination. Serum 
aminotransferase levels, alkaline phosphatase, and γ-glutamyl 
transpeptidase may all be elevated. Occasionally patients 
present with coagulopathy secondary to vitamin K deficiency, 
causing bleeding in the first several months of life. Liver failure 
during infancy is rare. Older affected infants and young chil-
dren may present abruptly with symptoms of portal hyperten-
sion, such as esophageal variceal hemorrhage or development 
of ascites. In adults, α-1 antitrypsin deficiency may cause 
chronic hepatitis, cirrhosis, portal hypertension, or present as 
HCC [65]. There is also a slight increase in the risk of cryp-
togenic cirrhosis in adults who are protease inhibitor MZ 
(PIMZ) heterozygotes.

Sveger’s group [66] conducted a long-term prospective study, 
examining the α-1 antitrypsin phenotype in 200 000 newborn 
infants in Sweden. Of those 200 000 infants, 127 PIZZ infants 
were detected, 14 of whom had cholestatic jaundice in infancy, 
nine of whom had severe liver disease. Approximately 50% of 
the PIZZ individuals had abnormal aminotransferase levels 
without any other indication of liver involvement. By 26 years 
of age, more than 85% of the 127 patients demonstrated persist-
ently normal aminotransferase levels without clinical evidence 
of liver dysfunction or chronic liver disease. This study suggests 
that only 5%–10% of all PIZZ children will develop significant 
liver disease.

Several other alleles of α-1 antitrypsin have been associated 
with liver disease. Children with the less common phenotype 
protease inhibitor SZ (PISZ) appear to develop liver disease in 
a similar manner to PIZZ affected children. Protease inhibitor 
SS (PiSS) affected children do not develop liver disease. Other 
rare forms of α-1 antitrypsin deficiency have occasionally been 
associated with liver disease [67,68].

It is rare for emphysema or any significant pulmonary 
involvement to affect children or young adults with α-1 antit-
rypsin deficiency. In one study, there were no significant dif-
ferences between pulmonary function of PIZZ young adults 
and that of an age-matched control group at 26 years of age 
[66]. In older adults, approximately 60%–70% with α-1 antit-
rypsin deficiency are at risk to develop variable degrees of 
emphysema, generally in the fourth or fifth decade. Cigarette 
smoking is known to be detrimental on the outcome of lung 
disease in α-1 antitrypsin deficient individuals [69]. Thus, it is 
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Siblings of all affected patients with the PIZZ phenotype 
should be screened by isoelectric focusing, agarose gel electro-
phoresis, or genotyping. If identified as a homozygote, strict 
avoidance of cigarette smoke and other air pollutants may help 
prevent the onset of emphysema later on in life.

Treatment
Treatment for α-1 antitrypsin deficiency associated liver disease 
is primarily supportive. Infants with a cholestatic presentation 
typically require fat-soluble (vitamins A, D, E, and K) supple-
mentation and may benefit from an infant formula containing 
medium-chain triglyceride oil until cholestasis resolves. In 
addition, ursodeoxycholic acid is frequently prescribed to 
increase bile flow and reduce liver injury from cholestasis, as  
in other neonatal cholestatic diseases. Although early studies 
suggested that breast feeding might be beneficial [79], subse-
quent data from the Swedish Nationwide Screening Study  
did not support this contention [80]. Approximately 10%– 
30% of infants diagnosed with α-1 antitrypsin deficiency who 
have neonatal cholestasis progress within the first 5 years to 
cirrhosis and end-stage liver disease, requiring liver transplanta-
tion sometime during childhood. Alpha-1 antitrypsin defi-
ciency is the leading genetic indication for orthotopic liver 
transplantation. However, the vast majority of affected children 
show complete recovery from liver injury, or have variable 
degrees of chronic elevated aminotransferases and progressive 
hepatic fibrosis.

Patients with progressive emphysema caused by α-1 antit-
rypsin deficiency may be treated by replacement therapy using 
purified or recombinant plasma α-1 antitrypsin, either by 
intratracheal aerosol administration or by intravenous admin-
istration [81]. Patients experience improvement in serum con-
centrations of α-1 antitrypsin without significant side effects 
from these therapies. A nonrandomized trial suggested that 
there was slower decline in forced expiratory volume in 1 s 
(FEV1) in patients on replacement therapy [82]. Lung transplan-
tation has been performed in patients with severe emphysema. 
Actuarial survival is approximately 50% at 5 years [83].

Clinical trials using several pharmacological agents to treat 
α-1 antitrypsin have been conducted, with potential benefit for 
both liver and lung disease. However, 4-phenylbutyrate, a chap-
erone used to potentially increase α-1 antitrypsin secretion 
from the hepatocyte, failed to show any clinical benefit yet with 
considerable side effects [84]. Studies based on the treatment of 
hereditary angioedema, caused by a deficiency in a homologous 
serine proteinase inhibitor, used the synthetic analog danazol, 
with minimal clinical effect [85]. Recent work in animal models 
suggests that the use of drugs that enhance autophagy, such as 
carbamazepime, may be potential strategies for liver disease in 
α-1 antitrypsin [86]. Inhibitors of carbohydrate processing, 
such as glucosidase and mannosidase inhibitors, mediate the 
secretion of α-1 antitrypsin and may serve as future models of 
drug development for this disease [87]. Exploratory work in the 

Pathogenesis and biochemistry
The pathogenesis of liver injury in α-1 antitrypsin deficiency 
has not been completely defined. Mutant α-1 antitrypsin 
protein is prone to misfolding, polymerization, and aggrega-
tion, and accumulates in the endoplasmic reticulum of hepa-
tocytes. Liver disease occurs in part due to a gain of toxic 
function mechanism elicited by the accumulation of this mis-
folded protein in the endoplasmic reticulum. It is, therefore 
difficult to understand why only 10%–15% of patients develop 
significant disease, since all PIZZ affected individuals have 
globules present in their liver. This supposition is supported by 
the fact that transgenic mice carrying the mutant Z allele of 
the human α-1 antitrypsin gene develop PAS-positive, diastase-
resistant globules in the liver as well as liver injury [74,75], 
despite possessing the normal mouse α-1 antitrypsin gene. 
Perlmutter and colleagues have demonstrated delay of degrada-
tion of mutant α-1 antitrypsin Z protein in fibroblasts from 
PIZZ individuals with liver disease as compared to those 
without liver disease [76], providing evidence that other factors 
affecting the fate of mutant α-1 antitrypsin molecules may play 
a role in determining the genetic susceptibility to liver disease. 
It has also been suggested that autophagy, another normal cel-
lular mechanism for disposing of endoplasmic reticulum accu-
mulated proteins, may be genetically defective in those patients 
who develop liver disease [77]. This important role for a modi-
fier gene may help explain the 10%–15% incidence of signifi-
cant liver disease in this and other single gene mutation 
metabolic disorders [78].

Diagnosis
Serum concentrations of α-1 antitrypsin may be used as a 
screen for deficiency. Generally, total serum levels of α-1 antit-
rypsin are found to be 10%–20% of the normal values with the 
PIZZ phenotype. Serum concentrations of α-1 antitrypsin may 
increase as acute phase reactants but virtually never exceed 
50–60 mg/dL in patients with the PIZZ phenotype. The diagno-
sis is established by isoelectric focusing or agarose electrophore-
sis of a patient’s serum α-1 antitrypsin or genotyping for the Z 
allele. Establishing the exact phenotype or genotype assists in 
determining the risk of the patient for liver and lung disease. 
For example, the PISS phenotype elicits no risk for liver disease, 
whereas PISZ and PIZZ do pose this risk. All infants with neo-
natal cholestatic jaundice in genetically susceptible populations 
require α-1 antitrypsin testing, inasmuch as it may be very dif-
ficult to clinically or histologically distinguish this disease at 
that time. The presentation in infants with α-1 antitrypsin defi-
ciency may mimic that of biliary atresia, including acholic 
stools, failure of biliary excretion on nuclear scintigraphy, and 
similar liver histology. The finding or absence of PAS-positive 
diastase-resistant globules on liver biopsy should never in itself 
be used to either diagnosis or exclude the diagnoses of α-1 
antitrypsin deficiency, as some patients with the protease inhibi-
tor MZ (PIMZ) phenotype have been reported to harbor these 
inclusions on liver biopsy.
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bilinogen (PBG), is increased. In the cutaneous porphyrias, 
porphyrins rather than ALA accumulate. Diagnostic studies 
and clinical features of the major porphyrias are outlined in 
Table 102.3.

Acute porphyrias
Four hepatic porphyrias present with acute attacks of potentially 
life-threatening neurological dysfunction. These attacks gener-
ally begin around puberty, and may diminish after the fifth 
decade of life. The most common symptoms include abdominal 
pain, constipation, and vomiting, presumably caused by auto-
nomic nervous system dysfunction of the gastrointestinal tract. 
Peripheral neuropathy may progress to flaccid quadriplegia 
with respiratory compromise in severe cases. Psychiatric symp-
toms can include depression, psychosis, and hysterical behavior 
[89–91,96–102]. The development of neurological symptoms is 
related to ALA blood levels, although the exact mechanism by 
which ALA functions as a neurotoxin has not been determined. 
Drugs and toxins that increase cytochrome P450 activity may 
precipitate acute attacks. A relative iron deficiency and cyclical 
progesterone excretion in menstruating females may be respon-
sible for the higher frequency of acute attacks in women com-
pared to men.

Hepatic abnormalities in the acute porphyrias are character-
ized by mild AST and ALT elevations during acute attacks. 

use of gene replacement therapy to treat α-1 antitrypsin defi-
ciency is ongoing [88].

Porphyria

The porphyrias comprise eight metabolic disorders caused by 
inherited deficiencies or inhibition of the enzymes involved  
in the heme biosynthesis pathway. Each of these disorders is 
characterized by the accumulation of distinct substrates and/or 
precursors of heme that provide characteristic biochemical 
footprints in blood, urine, and feces, allowing for differentiation 
of the specific type of porphyria. The accumulated compounds, 
rather than impaired synthesis of heme, are responsible for the 
cutaneous, hepatic, neuropsychiatric, and hematological mani-
festations of the porphyrias. Three of the porphyrias are inher-
ited in autosomal recessive fashion, and five by autosomal 
dominant inheritance. Most patients present during or after 
puberty. However, onset in infancy or early childhood has been 
reported [89–95]. Five of the porphyrias manifest exclusively in 
the liver, two in both liver and erythroid cells, and one type has 
only erythroid expression [89–92]. Porphyrias are generally 
classified as either acute or cutaneous, based on their clinical 
presentation. In the acute porphyrias, one or both of the por-
phyrin precursors, aminolevulinic acid (ALA) and porpho-

Table 102.3 Clinical features of human porphyrias. Adapted from Freese 2001 [231]. Reproduced with permission from Wolters Kluwer Health.

Disease Affected enzyme Mode of 
inheritance

Site of 
expression

Urine 
porphyrins

Fecal 
porphyrins

Clinical 
manifestations

Acute porphyrias

ALA dehydratase 
deficiency

ALA dehydratase Recessive Liver ALA Neuropsychiatric

Acute intermittent 
porphyria

PBG deaminase Dominant Liver ALA, PBG Neuropsychiatric

Hereditary 
coproporphyria

Coproporphyrinogen 
oxidase

Dominant Liver ALA, PBG, 
coproporphyrin

Coproporphyrin Neuropsychiatric, 
cutaneous

Variegate porphyria Protoporphyrinogen 
oxidase

Dominant Liver ALA, PBG 
coproporphyrin

Protoporphyrin, 
coproporphyrin

Neuropsychiatric, 
cutaneous

Cutaneous porphyrias

Porphyria cutanea 
tarda

Uroporphyrinogen 
decarboxylase

Dominant 
or acquired

Liver ± RBCs Uroporphyrin, 
7-carboxyl 
porphyrin

Isocoproporphyrin Cutaneous

Hepatoerythropoietic 
porphyria

Uroporphyrinogen 
decarboxylase

Recessive Liver, RBCs Uroporphyrin 
7-carboxyl 
porphyrin

Isocoproporphyrin Cutaneous

Congenital 
erythropoietic 
porphyria

Uroporphyrinogen III 
synthase

Recessive RBCs Uroporphyrin I, 
coproporphyrin I

Coproporphyrin I Cutaneous, 
hemolytic 
anemia

Protoporphyria Ferrochelatase Dominant 
or recessive

RBCs and 
liver

Protoporphyrin, 
coproporphyrin

Cutaneous, liver 
disease

ALA, aminolevulinic acid; PBG, porphobilinogen; RBC, red blood cell.
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Cutaneous porphyrias
Four of the porphyrias are characterized by cutaneous lesions 
without neurological or psychiatric involvement, although sig-
nificant hepatic involvement may be observed. These diseases 
include porphyria cutanea tarda (PCT), hepatoerythropoietic 
porphyria (HEP), congenital erythropoietic porphyria (CEP), 
and protoporphyria. Two types of skin photosensitivity develop 
in the cutaneous porphyrias as a result of photoexcitation of 
porphyrins located in the upper levels of the epidermis or walls 
of dermal blood vessels with resulting reactive oxygen species 
generation leading to tissue injury by a variety of proposed 
mechanisms [115–120]. Patients with PCT, HEP, and CEP have 
increased skin fragility in light exposed areas, which manifests 
by the formation of bullous lesions, secondary scarring,  
and hypertrichosis. Patients with protoporphyria show immedi-
ate photosensitivity with itching, burning, and erythema soon 
after light exposure. Although they do not form bullae, they 
develop leathery hyperkeratotic chronic skin changes in light 
exposed areas.

Porphyria cutanea tarda
This is the most common form of porphyria in North America 
and Europe. It may be inherited as an autosomal dominant 
disorder or acquired during chronic hepatitis C and other infec-
tious diseases. PCT may also be associated with toxins, particu-
larly halogenated hydrocarbons. The genetic form of PCT is 
caused by deficiency of uroporphyrinogen decarboxylase. Urine 
and fecal uroporphyrins are elevated (see Table 102.3), although 
PBG levels are normal. Most patients with PCT present in adult-
hood, with photosensitivity skin reactions, scarring, infection, 
and lichenification of the skin. Because many individuals with 
the identical enzyme deficiency remain asymptomatic, coexist-
ing abnormalities such as iron overload, a mutated allele in the 
HFE (hereditary hemochromatosis) gene, the presence of hepa-
titis C viral infection, ethanol ingestion, or Alagille syndrome 
may be necessary to develop overt disease. Ingestion of ethanol, 
toxins, and estrogens may also be involved in the development 
of sporadic cases of PCT.

Liver involvement is a frequent finding in PCT, even in those 
without chronic hepatitis C or ethanol abuse, manifested by 
hepatomegaly, focal inflammation, granuloma formation, and 
hepatic hemosiderosis. Progression to cirrhosis is not uncom-
mon [121,122]. There may be an increased risk for HCC in 
patients with PCT [123,124].

Therapy for PCT includes phlebotomy or chelation therapy 
to reduce the iron burden. Hydroxychloroquine or chloro-
quine has been used to form complexes with uroporphyrin to 
enhance removal of these deposits from skin, if there is a 
contraindication to phlebotomy, and may be as effective as 
phlebotomy [125]. Sunlight should be avoided until remission 
is achieved. These treatments may be combined in patients 
with significant liver disease, although their efficacy is still 
unclear [91,94,121,122]. Iron chelation therapy is not effec -
tive. It has been recommended that treatment of concurrent 

Histology of the liver typically shows steatosis and increased 
iron deposition. Intramitochondrial crystalline inclusions have 
also been described [96,97,103–107]. A high incidence of HCC 
has been described in patients with inducible porphyrias [108].

Acute intermittent porphyria
The most common form of acute porphyria is acute intermittent 
porphyria (AIP), with a prevalence of approximately 1/1000–
2000 [96,109]. It is an autosomal dominant disease with a defect 
in the enzyme PBG deaminase, also known as hydroxymethyl-
bilane synthase. Diagnosis is established by the identification of 
large amounts of ALA and PBG in 24-h urine collections during 
acute attacks, with PBG excretion exceeding ALA. Black or red 
color of a patient’s urine after exposure to light or air is charac-
teristic of AIP. In asymptomatic patients, urinary PBG and ALA 
excretion may be normal. A diagnosis can be established  
by enzyme analysis in liver tissue, red blood cell lysates, or 
identification of disease causing mutations in leukocyte DNA 
[97,110]. More than 240 mutations have been identified in PBG 
deaminase.

Mild AIP attacks are treated by careful management of fluids 
and electrolytes and intravenous carbohydrate loading, as well as 
avoidance of drugs that may precipitate symptoms, and observa-
tion. Pain is controlled by narcotic analgesics and nausea and 
vomiting with phenothiazines or ondansetron. Restlessness and 
insomnia may respond to benzodiazepines. Severe neurological 
symptoms are treated with intravenous hematin, which inhibits 
hepatic ALA-synthetase activity, yielding lower circulating  
levels of ALA [111,112]. The standard dose is 3–4 mg/kg of 
hematin for 4 days in the form of lyophilized hematin (Ovation 
Pharmaceuticals) which is associated with infusion-site phlebi-
tis. Heme arginate is available in Europe. Neuropathy may require 
months or years to show complete recovery. Liver transplanta-
tion has been used in rare instances for severe unremitting 
symptoms [113]. The risk of HCC is increased, frequently unas-
sociated with elevated serum α-fetoprotein. Thus, hepatic 
imaging annually has been recommended to screen for HCC.

Other acute porphyrias
Hereditary coproporphyria (HCP), variegate porphyria (VP), 
and ALA dehydratase deficiency comprise the other acute por-
phyrias. HCP and VP are autosomal dominant. The urine and 
fecal coproporphyrin III excretion is elevated in these two dis-
orders, with fecal protoporphyrin being present in VP. Cutaneous 
manifestations, caused by accumulation of porphyrins in the 
skin, predominate over neurological symptoms in these two 
conditions. Neurological symptoms can resemble those of AIP. 
ALA dehydratase deficiency is a very rare autosomal recessive 
disorder, yielding exclusive excretion of ALA without PBG in 
the urine. The disease is characterized by severe acute neuropsy-
chiatric porphyria episodes that respond poorly to medical 
treatment [114]. Treatment of neurological attacks in all of these 
conditions follows the recommended treatment of AIP attacks 
[115,116].
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Congenital erythropoietic porphyria
This is an autosomal recessive disorder caused by a deficiency 
of uroporphyrinogen III cosynthase. It is quite rare with fewer 
than 100 patients reported. The major manifestation is photo-
sensitivity, hypertrichosis, and hemolysis. Liver disease is 
present and may progress to cirrhosis, with iron overload 
playing a significant role [91,94,125,142]. Treatment includes 
limiting light exposure, sunscreens, and β-carotene. Hematin or 
blood transfusions to decrease erythropoiesis have also been 
attempted in patients with liver disease [143,144]. Recently, 
bone marrow and cord blood transplantation have been effec-
tive in several severely affected children [145,146].

Metabolic diseases of the  
neonate and childhood

Hepatic involvement may be the presenting symptom of a 
variety of metabolic disorders which occur primarily or exclu-
sively in infancy and childhood. Because effective treatments 
have been developed over the past decades for many of these 
diseases, patients are now surviving into adulthood. Disorders 
of amino acid, carbohydrate, lipid, ammonia, and mitochon-
drial metabolism may all have hepatic involvement as the 
primary clinical manifestation. It is beyond the scope of this 
chapter to describe in detail all childhood metabolic liver dis-
eases; the reader is referred to recent textbooks for further 
details [1]. This chapter will describe several of the most 
common genetic metabolic liver diseases of infancy and early 
childhood.

Hereditary tyrosinemia
Hereditary tyrosinemia is caused by a deficiency of the enzyme 
fumarylacetoacetate hydrolase (FAH), the terminal enzyme in 
the pathway of phenylalanine and tyrosine degradation. Many 
mutations of the FAH gene have been identified, with unique 
mutations being common in specific ethnic groups. The inci-
dence of tyrosinemia is approximately 1/100 000; however, there 
are pockets of high frequency secondary to a founder effect, 
such as 1 : 1800 live births which occurs in the Saguenay–Lac 
Saint Jean region of Quebec, Canada [147], although there are 
no definite genotype–phenotype correlations in the severity of 
disease. Tyrosine and a number of metabolites accumulate prox-
imal to the FAH block, including succinylacetone. Succinylacetone 
and succinylacetoacetate inhibit enzymes such as PBG synthase, 
which results in the build-up of ALA and neurotoxicity symp-
toms similar to that of acute intermittent porphyria [148,149]. 
It is unclear how accumulated toxic compounds initiate liver 
injury in tyrosinemia.

Tyrosinemia may present in infancy as acute hepatic failure, 
neonatal cholestasis, rickets, renal tubular dysfunction with 
glomerular involvement, or failure to thrive. Children who 
present during infancy have decreased survival compared to 
those with a later presentation in childhood [150]. Children 

hepatitis C infection should be delayed until the PCT has 
been treated and is in remission.

Erythropoietic protoporphyria
Erythropoietic protoporphyria caused by a defect in ferroche-
latase is one of the most common forms of porphyria in North 
America. The enzyme can be measured in liver and red blood 
cells, being less than 50% of normal in almost all cases. Affected 
patients have elevated levels of erythrocyte, plasma, and fecal 
protoporphyrin [126–128]. The primary clinical manifestation 
of protoporphyria is photosensitivity, which generally appears 
in childhood as burning, pruritus, erythema, and edema in light 
exposed areas. Scarring and lichenification of the skin develop 
with time. Avoidance of light, use of sunscreens, and oral 
administration of carotenoids may be efficacious treatment for 
the skin lesions [129]. Approximately 20% of patients may have 
minor abnormalities of liver function; however, 5%–10% of 
affected patients develop significant hepatic involvement, with 
reports in children as young as 10 years of age. Jaundice is gen-
erally the first indication of hepatic dysfunction. Rapid progres-
sion of decompensated cirrhosis may lead to liver failure within 
several years of clinical presentation [130–134]. The liver is 
black in color, enlarged, and exhibits fibrosis and macronodular 
cirrhosis. Dark brown pigment which represents protoporphy-
rin deposits are found in hepatocytes, Kupffer cells, and small 
biliary ducts. Insoluble protoporphyrin appears to plug small 
bile ducts interrupting bile flow and may initiate oxidative 
injury to hepatocytes. It is unclear why only 5%–10% of patients 
develop progressive liver disease, but may be explained by 
involvement of other gene modifiers or environmental factors. 
Other manifestations of protoporphyria include hemolysis, 
neurological dysfunction, and gallstones.

Treatment of individuals with liver disease is aimed at reduc-
tion of protoporphyrin levels in the liver. Iron supplementation 
and blood transfusions have been used in the past to diminish 
erythropoiesis, thereby reducing protoporphyrin production 
[135]. Plasmapheresis or intravenous hematin therapy has simi-
larly been shown to decrease plasma protoporphyrin in several 
patients [136]. Ursodeoxycholic acid may increase protopor-
phyrin excretion into bile [91–94,125]. Cholestyramine and 
activated charcoal both bind protoporphyrin, interrupting the 
enterohepatic circulation and increasing fecal excretion 
[97,137]. Vitamin E has been suggested to decrease oxidative 
injury to hepatocytes. Although these modalities decrease cir-
culating levels of protoporphyrin, they have not been shown to 
conclusively affect the course of the liver disease. Although 
orthotopic liver transplantation has been performed in several 
patients with end-stage liver disease, protoporphyrin produc-
tion continues in the bone marrow, depositing protoporphyrins 
in the newly transplanted allograft [138,139]. In addition, skin 
lesions and neurological symptoms may continue, complicating 
the postoperative course. Thus, bone marrow transplant, either 
alone or following liver transplant, has been suggested in 
patients with severe disease [140,141].
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crises and liver failure are prevented if treatment is initiated 
within the first month of life. No hepatic nodules have devel-
oped in infants treated in Quebec in this manner. However, 
when therapy was initiated from 2 to 8 months of age, nodules 
developed in several patients [156]. The major concern has been 
that mice homozygous for the FAH gene mutation and who 
develop tyrosinemia, respond to NTBC but still develop HCC 
[157]. Whether or not treatment with NTBC will reduce the 
high risk of HCC in children with tyrosinemia over the long 
term is unknown. In addition, the long-term safety of this com-
pound has not been demonstrated and there is concern over 
cognitive impairment in NTBC-treated patients [158]. The 
current recommendation is for continued surveillance for 
hepatic masses and ocular lesions in children under long-term 
NTBC therapy. The presence of hepatic nodules at risk for HCC 
remains an indication for liver transplant. Neurological crises 
are treated as in porphyria, with intravenous dextrose, pain 
control, NTBC, or hematin, which inhibits ALA synthetase.

Galactosemia
Classic galactosemia, an autosomal recessive disorder, results 
from mutations in the galactose-1-phosphate uridyl transferase 
(GALT) gene [159]. The most common mutation, affecting 70% 
of patients, involves a glutamine by arginine substitution, 
resulting in the loss of all enzyme activity. Patients develop 
chronic cholestatic liver disease or liver failure, failure to thrive, 
mental retardation, and cataracts in classic galactosemia. Two 
other disorders of galactose metabolism (uridine diphosphate-
4-epimerase deficiency and galactokinase deficiency) result in 
elevated plasma galactose concentrations without observable 
liver disease, although patients with galactokinase deficiency 
develop juvenile cataracts. Classic galactosemia is a disease in 
which toxicity of the liver results from ingested dietary galac-
tose and its failure to be converted to glucose. Most cases are 
now detected by newborn screenings and treated from early 
infancy, thus it is an unusual patient who presents with neo-
natal liver disease in countries with newborn screening 
programs.

The classic presentation of galactosemia comprises vom -
iting, diarrhea, and failure to thrive following the institution  
of lactose-containing infant feedings – either breast milk or 
lactose-containing infant formula [160]. Lactose is hydrolyzed 
to glucose and galactose by the enzyme lactase, located on the 
brush border membrane of enterocytes. Within weeks to 
months of birth, hepatomegaly, cholestatic jaundice, and cata-
racts develop in the affected infant. If left untreated, mental 
retardation develops as well as cirrhosis of the liver. Escherichia 
coli urinary tract infections and bacteremia, sometimes with a 
fatal course, is another classic presentation. Therefore, neonates 
diagnosed with either galactosemia or an E. coli urinary tract 
infection should be evaluated for the other condition. Affected 
females may show ovarian failure due to in-utero injury from 
the galactose toxic products. Laboratory findings include ele-
vated serum aminotransferase levels, prolonged prothrombin 

may also present with compensated or decompensated cirrhosis 
later in childhood [151], with a very high incidence of HCC  
in untreated affected children. Acute neurological crises, a 
porphyria-like syndrome, may lead to painful paresthesias, 
autonomic dysfunction, and progressive paralysis, including 
respiratory depression, and even death [151,152]. Cardi-
omyopathy has been described in 30% of newly diagnosed 
patients, with intraventricular septal hypertrophy being the 
most common finding. The cardiomyopathy resolved during 
treatment in almost all patients [153].

Liver histology is characterized by macrovesicular steatosis, 
pseudoacinar formation of hepatocyte rosettes, which may 
contain bile plugs, hemosiderosis, and varying degrees of hepa-
tocyte necrosis and apoptosis. A fine diffuse fibrosis develops, 
eventually progressing to micronodular cirrhosis. Regenerative 
nodules are frequently present, and frank HCC may occur in 
patients as young as 2 years of age. The diagnosis of hereditary 
tyrosinemia is suggested by features of metabolic liver disease 
in infants or older children, including diminished hepatic syn-
thetic function (hypoglycemia, coagulopathy, hypoalbumine-
mia) despite only mildly elevated aminotransferases, steatosis, 
and cirrhosis. Bilirubin may be elevated or normal, and hypo-
phosphatemic rickets may be present. Renal tubular dysfunc-
tion causes glycosuria, proteinuria, amino aciduria, and 
hyperphosphaturia. Serum α-fetoprotein levels are usually 
extremely high for age. The diagnosis of tyrosinemia is estab-
lished by the finding of succinylacetone in the urine. In some 
research laboratories, FAH activity can be measured in red 
blood cells. Genetic diagnosis is generally not necessary, 
although in Quebec, 100% of patients have a single mutation of 
the FAH gene [154]. Hypertyrosinemia is a nonspecific finding 
and is not used to establish this diagnosis. Neonatal screening 
on newborn blood spots dried on filter papers is being carried 
out in high incidence regions, such as Quebec.

Treatment of hereditary tyrosinemia includes a diet restricted 
in phenylalanine and tyrosine. This diet alone does not prevent 
acute episodes of liver decompensation, nor the eventual devel-
opment of cirrhosis, but may have beneficial effects on the 
kidneys. Orthotopic liver transplantation reverses the hepatic 
metabolic abnormalities and reduces the risk for HCC, prevents 
neurological disease, and is usually associated with stabilization 
of kidney disease. Until the past decade, liver transplant  
had been considered the preferred option for children with 
tyrosinemia over the age of 1–2 years. However, the meta -
bolic inhibitor, NTBC [2-(2-nitro-4-trifluoromethylbenzoyl)-
1,3-cyclohexanedione; nitisinone] has been shown to be effective 
in tyrosinemia diagnosed early in infancy [155]. This com-
pound inhibits 4-hydroxy phenyl-pyruvate dioxygenase, the 
second enzyme involved in tyrosine degradation, which, when 
inhibited, prevents the production of succinylacetone so that 
toxic precursors do not accumulate, liver disease improves dra-
matically, α-fetoprotein levels are reduced, liver synthetic func-
tion improves, and renal tubular damage may resolve. Hundreds 
of patients have been treated with NTBC [156]. Neurological 
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enced by children maintained on a lactose- and galactose-free 
diet [163]. Follow-up studies have revealed that some patients 
treated from infancy still suffer poor growth, learning disabili-
ties, primary ovarian failure in females, and osteoporosis 
[163,164].

Hereditary fructose intolerance
Hereditary fructose intolerance is an autosomal recessive disor-
der caused by deficiency of the fructose-1-phosphate aldolase B 
enzyme activity in the liver. Symptoms occur when fructose is 
added to the infant’s diet, usually in the form of fruit juices or 
infant formulas that contain sucrose [165,166]. Infants develop 
vomiting, irritability, hypoglycemia, and even seizures following 
the ingestion of fructose. If fructose is not removed from the 
diet, hepatomegaly, failure to thrive, chronic diarrhea, conju-
gated hyperbilirubinemia, hypoglycemia, and metabolic dys-
function ensue, including proximal renal tubular abnormalities 
[167]. Older children may have a self-aversion to sweets, 
knowing that these tend to make them ill. Growth delay, con-
sequences of repeated episodes of hypoglycemia on brain devel-
opment, and metabolic acidosis eventually complicate the 
clinical picture.

Liver histology is characterized by diffuse macrovesicular 
steatosis, scattered hepatocellular necrosis, bile duct prolifera-
tion, and periportal fibrosis. Cirrhosis with complications of 
portal hypertension has also been described. Fructose-1-
phosphate is the toxic moiety leading to liver injury. Both 
hypoglycemia and ATP depletion in hepatocytes is caused by 
the accumulation of this compound [168].

Diagnosis of hereditary fructose intolerance is suggested by 
the onset of hypoglycemia, a profound hypophosphatemia, and 
hyperuricemia following fructose ingestion with detection of 
fructose in the urine by chromatography. Several common 
mutations in the gene for this enzyme allow for genetic diagno-
sis in most cases [168]. The incidence of the disease is approxi-
mately 1/20 000 newborns [169,170]. Because the enzyme is  
also present in jejunum, it has been suggested that jejunal  
biopsies can be used for enzyme analysis to establish the diag-
nosis. Genetic testing is available in clinical and research labo-
ratories [171].

Treatment of hereditary fructose intolerance is based on the 
complete and lifelong elimination of fructose, sucrose, and 
sorbitol-containing foods, juices, medications, or other com-
pounds from the diet [165,172–174]. Low levels of chronic fruc-
tose ingestion may lead to growth failure [172] and persistent 
hepatic steatohepatitis.

Glycogen storage diseases
Excessive accumulation of glycogen or abnormal synthesis of 
glycogen in the liver or muscle tissue is the underlying basis  
for a group of diseases called the glycogen storage diseases 
(GSD). Seven of the GSDs primarily involve the liver causing a 
variety of hepatic manifestations. Types Ia, Ib, Ic, and III lead 
to hypoglycemia and characteristic metabolic derangements; 

time, hypoglycemia, conjugated hyperbilirubinemia, and hy -
poalbuminemia. Hemolytic anemia occurs frequently. Renal 
tubular dysfunction is characterized by generalized amino aci-
duria in combination with proteinuria and galactosuria [160].

Pathogenesis
Galactose is normally hydrolyzed to glucose through a series of 
enzymatic reactions. However, in classic galactosemia, the lack 
of galactose-1-phosphate-uridyl transferase leads to accumula-
tion of galactose-1-phosphate, which injures the affected organs 
[159]. Galactose, via alternative pathways, may be reduced to 
galactitol, which causes cataracts when it accumulates in the 
lens of the eye. It appears that galactose-1-phosphate or galac-
tosamine accumulation is responsible for the renal tubular dys-
function, ovarian failure characterized by hypergonadotropic 
hypogonadism, and hepatic and brain abnormalities [161]. 
Galactose-1-phosphate may also interfere with phosphogluco-
mutase, an enzyme which allows the release of glucose from 
glycogen.

Liver biopsy shows macrovesicular steatosis in the first 
months of life, with pseudoacinar transformation of hepato-
cytes, but giant cell transformation is generally absent. Bile duct 
proliferation is accompanied by portal fibrosis and the develop-
ment of cirrhosis over the first several months of life if untreated. 
The diagnosis of galactosemia is suggested by the detection of 
reducing substances in the urine with a negative glucose oxidase 
paper test on the urine. Since vomiting or poor intake of lactose-
containing formula or breast milk may limit galactose excretion 
in the urine, false-negative results of urine reducing substance 
tests can occur in galactosemia. Conversely, a false-positive 
urine reducing substance may occur in the setting of other 
severe liver diseases that can impact the ability to clear blood 
galactose. Specific diagnosis is based on measurements of eryth-
rocyte galactose-1-phosphate uridyl transferase. If an infant 
with galactosemia has received a red blood cell transfusion, the 
red cell enzyme level may be raised into the normal range and 
the diagnosis missed. Newborn screening programs have been 
established across the United States and in many areas of the 
world [160] in which GALT enzyme activity or galactose com-
pounds are measured on newborn blood spots. There are other 
causes of elevated galactose in newborn blood spots (such as 
congenital portosystemic shunts), so further evaluation, such as 
genetic or enzymological testing, is needed to confirm the 
diagnosis.

Treatment
Treatment of galactosemia is based on the complete elimination 
of dietary galactose. Infant lactose and galactose-free formulas 
are widely available worldwide, including soy-based formulas, 
and are instituted as soon as a diagnosis is made. As the child 
becomes older, a complete lactose- and galactose-free diet must 
be maintained [161,162]. In recent years, it has been suggested 
that endogenous production of some galactose may be the 
mechanism that underlies some of the delayed toxicity experi-
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trunk. The abdomen is protuberant, and arms and legs are fre-
quently thin. Impaired glucose production through glycogenol-
ysis leads to overproduction of glucose-6-phosphate which is 
shunted into pathways for synthesis of lactate, triglycerides, 
cholesterol, and uric acid [175]. As a result, glucagon levels are 
high and insulin levels are low. Although GSD type 1 does not 
lead to cirrhosis, patients suffer from growth failure if untreated 
or poorly treated, and most eventually develop multiple hepatic 
adenomas, which may develop into HCC. As glucose-6-phos-
phatase is also expressed in the kidney, enlarged kidneys are 
common, and nephrocalcinosis or glomerulosclerosis may also 
develop over time [176]. Hyperuricemia may contribute to 
chronic renal disease as well as to gouty arthritis [177]. 
Progressive hepatic fibrosis and portal hypertension virtually 
never occur in this disorder; however, hepatomegaly is extremely 
prominent. The diagnosis is established by demonstrating ele-
vated hepatic glycogen content and either low activity of 
glucose-6-phosphatase on frozen liver tissue or two pathologi-
cal mutations in the G6PC gene.

Liver histology shows markedly enlarged hepatocytes with 
pale cytoplasm causing a “mosaic” histological appearance. 
Macrovesicular steatosis is frequent and there is an accumula-
tion of glycogen in both cytoplasm and nucleus under electron 
microscopy. There is no hepatic fibrosis, cirrhosis, or chronic 
inflammation.

Treatment of GSD-1a is directed at providing a continuous 
source of exogenous glucose to prevent hypoglycemia and the 
resultant hormonal and metabolic changes [178]. Frequent 
daytime high starch meals along with uncooked cornstarch  
supplements are provided. Cornstarch is given in doses of 

types III, IV, and IX are associated with hepatomegaly and peri-
portal fibrosis; and types VI and IX are associated with benign 
hepatomegaly. Understanding the underlying genetic enzymatic 
defects in each of these disorders has enabled a better under-
standing of the pathophysiology and the development of treat-
ment strategies (Table 102.4).

Type I
There are three forms of GSD type I, involving the glucose-6-
phosphatase enzyme system. Glucose-6-phosphatase catalyzes 
the last step in the enzymatic degradation of glycogen with 
release of glucose into the blood. Failure of glucose-6-phos-
phatase activity leads to profound hypoglycemia during the 
fasting state. GSD type Ia is caused by deficiency of the glucose-
6-phosphatase enzyme. GSD type Ib involves abnormalities in 
the translocase responsible for movement of glucose-6-phos-
phate across microsomal membranes to the site of action of 
glucose-6-phosphatase. GSD type Ic is caused by a deficiency of 
the phosphate-pyrophosphate translocase [165].

Type Ia (von Gierke disease) is characterized by recurrent 
episodes of profound hypoglycemia, lactic acidemia, hyperuri-
cemia, hypertriglyceridemia, hypercholesterolemia with accom-
panying massive hepatomegaly, short stature, and immaturity. 
The hypoglycemic events frequently start during infancy, when 
the interval between feedings becomes prolonged beyond 2–3 h, 
or when the child starts sleeping for longer durations at night. 
The untreated child suffers from growth failure and short 
stature, extreme hepatomegaly without splenomegaly, bleeding 
episodes caused by platelet dysfunction, and a cherubic appear-
ance secondary to the deposition of excessive fat in the face and 

Table 102.4 Hepatic glycogen storage diseases (GSD).

GSD type Enzyme defect Hepatic symptoms Liver lesions Laboratory tests

Ia Glucose-6-phosphatase Hypoglycemia, hepatomegaly, 
lactic acidosis, growth failure

Glycogen accumulation, 
macrovesicular steatosis

AST/ALT elevations, hypoglycemia, 
hyperlipidemia, lactic acidosis, 
hyperuricemia

Ib T1-translocase Hypoglycemia, hepatomegaly, 
lactic acidosis, neutropenia 
and infections, growth failure

Glycogen accumulation, 
macrovesicular steatosis

AST/ALT elevations, hypoglycemia, 
hyperlipidemia, lactic acidosis, 
hyperuricemia, neutropenia

III Amylo-1,6-glucosidase = 
“debrancher enzyme”

Hypoglycemia, lactic acidosis, 
growth failure, variable 
fibrosis and portal 
hypertension, hypotonia, 
cardiomyopathy

Glycogen accumulation, 
portal fibrosis

AST/ALT elevations;variable 
hyperlipidemia, hypoglycemia, lactic 
acidosis, hyperuricemia

IV Amylo-1,4→1,6-
transglucosidase “brancher” 
enzyme

Jaundice, 
hepatosplenomegaly, liver 
failure, portal hypertension, 
hypotonia

Glycogen accumulation, 
cirrhosis, PAS-positive 
storage material

AST/ALT elevations, coagulopathy, 
conjugated hyperbilirubinemia, 
hypoglycemia, hyopalbuminemia

VI Liver phosphorylase Hepatomegaly Glycogen accumulation AST/ALT elevations

IX Liver phosphorylase-b-kinase Hepatomegaly, rarely portal 
hypertension

Glycogen accumulation, 
variable fibrosis

AST/ALT elevations

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Type III
Type III GSD is due to the deficiency of debrancher enzyme 
activity, also known as amylo-1,6-glucosidase. This enzyme 
degrades the 1,6 branch points of the glycogen molecule after 
hepatic phosphorylase has hydrolyzed the outer branches. 
Patients with GSD type III have either liver and muscle involve-
ment (type IIIa), or liver involvement alone (type IIIb), the latter 
being the minority of patients. Patients may present in a similar 
but less severe manner to GSD type Ia, with hepatomegaly, 
hypoglycemia, hyperlipidemia, hyperuricemia, growth retarda-
tion, and similar biochemical features. However, blood lactate 
and uric acid levels may be normal in GSD type III, with moder-
ate elevations of serum AST and ALT. Patients have the potential 
to develop progressive portal fibrosis, leading to cirrhosis and 
complications of portal hypertension [193] as well as HCC 
[194]. Myopathic weakness may worsen as the patient ages into 
adulthood. Cardiomyopathy with ventricular hypertrophy may 
also develop [195].

Type III GSD is inherited in an autosomal recessive manner, 
with mutations of the AGL gene, composed of 35 exons located 
on chromosome 1p21, occurring in both types IIIa and IIIb 
GSD [196]. Molecular, enzymatic and tissue enzymology diag-
nosis are possible [197]. Liver histology in GSD type III resem-
bles that found in type Ia. However, there is less steatosis, and 
periportal fibrosis progressing to cirrhosis may be present [198]. 
Treatment of type III GSD depends upon the severity of symp-
toms. In patients with hypoglycemia, acidosis, and hypertrig-
lyceridemia, treatment is similar to that in type Ia GSD. However, 
many patients with GSD type III can be managed on a high 
starch diet, without the need for cornstarch therapy [199]. A 
high protein diet is also recommended as continuous nocturnal 
infusion of a high protein formula has improved muscle strength 
in a patient with myopathy. There is no other effective treatment 
for the progressive myopathy or cardiomyopathy.

Type IV
Type IV GSD (Andersen disease; amylopectinosis) is caused by 
an autosomal recessive deficiency of the glycogen brancher 
enzyme (GBE), amylo-1,4α1,6-transglucosidase, encoded by 
the GBE1 gene, with activity present in leukocytes and in the 
liver. The disease is extremely heterogeneous in terms of tissue 
involvement, age of onset, and clinical manifestations. An 
abnormal amylopectin-like glycogen is formed in the liver that 
contains few branch points, which appears to be toxic to hepa-
tocytes [200]. The human gene GBE1 coding for this enzyme is 
on chromosome 3p12 and consists of 16 exons [201]. There 
appears to be a phenotype–genotype correlation which may 
explain clinical variability [202]. Patients may present with pro-
gressive liver injury and cirrhosis with symptom onset between 
3 and 15 months, leading to liver failure and death during the 
first 5 years of life; or chronic liver disease without progressive 
fibrosis. Half of affected children have abnormal neuromuscular 
development with hypotonia, muscle atrophy, and absent deep 
tendon reflexes due to abnormal polysaccharide in skeletal 

1.5–2.5 g/kg every 3–6 h as needed. In order to maintain blood 
sugar at night, constant drip feedings of a high glucose contain-
ing elemental formula or glucose solutions are provided through 
either a nasogastric tube or a gastrostomy tube. The goal is to 
maintain blood sugars of at least 70 mg/dL. As children become 
older, many opt to discontinue constant drip feedings at night, 
and ingest uncooked cornstarch at bedtime, and awaken every 
4 h at night to drink a dose of cornstarch. Either of these tech-
niques can effectively maintain blood sugar, reverse metabolic 
abnormalities, and provide adequate growth [179–185]. 
However, blood sugars need to be monitored periodically and 
care taken to prevent malfunction of nocturnal enteral pumps. 
It should be pointed out that the hypoglycemia is better toler-
ated when the children are hyperlipidemic and acidotic than 
when they are adequately treated with cornstarch or constant 
drip feedings. Once the patients are well controlled with these 
modalities, the children may react severely to episodes of 
hypoglycemia, with neurological depression, convulsions, and 
even death. For patients who cannot be controlled with these 
therapeutic modalities, and for patients with multiple hepatic 
adenomas, liver transplantation has been advocated [186]. 
However, the vast majority of patients can maintain an accept-
able quality of life with their native liver. Investigation of gene 
therapy for GSD-Ia using novel adeno-associated virus vectors 
is ongoing in a preclinical setting [187].

Type Ib
Type Ib GSD presents in a manner similar to GSD-Ia. It is 
caused by genetic mutations in the gene encoding the glucose-
6-phosphate T1 translocase enzyme. Patients have neutrophil 
dysfunction and frequently are neutropenic. Therefore, they 
have a propensity towards recurrent bacterial infections, 
inflammatory bowel disease-like lesions, and oral ulcerations 
[188–192]. The diagnosis of GSD-Ib is suggested by the 
finding of neutropenia in a patient who appears to have all of 
the other classic features of GSD type Ia (hypoglycemia upon 
fasting, lactic acidosis, elevated AST, ALT, hypertriglyceri-
demia, hyperuricemia, hepatomegaly, growth failure). This 
disorder is confirmed by measurements of liver glucose-6-
phosphatase activity or genotyping of the SLC37A4 gene. The 
former is challenging because fresh liver homogenate for 
patients with GSD type Ib will yield defective G-6 phosphatase 
activity, whereas frozen liver homogenate will have normal 
activity. The reason for this finding is that freezing disrupts 
the microsomal enzyme barrier, allowing access of the sub-
strate to glucose-6-phosphatase, thereby bypassing the need 
for the translocase enzyme. In fresh homogenate tissue, the 
microsomes are intact, thus necessitating the requirement for 
the translocase enzyme. This disease is treated similarly to 
GSD type Ia, with the addition of injections of granulocyte 
colony-stimulating factor (GCSF) to elevate neutrophil counts. 
Inflammatory bowel lesions generally respond to GCSF 
therapy but may require other traditional medications for 
inflammatory bowel disease.
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I or type III GSD. Treatment is generally not necessary for GSD 
type IX.

Mitochondrial hepatopathies
Hepatic involvement is a common feature of disorders affecting 
mitochondrial oxidative phosphorylation (OXPHOS). Many of 
the disorders of the mitochondrial respiratory chain present  
as neonatal acute liver failure, hepatic steatohepatitis, cholesta-
sis, or cirrhosis with chronic liver failure of insidious onset. 
Mitochondrial hepatopathies occur primarily in early child-
hood but can present in milder forms at any age. Diagnosis is 
based on biochemical testing, enzymology, and genetic testing. 
Treatments for mitochondrial disorders are primarily support-
ive with a few exceptions at the present time.

Classification
Lee and Sokol [212] have presented a phenotypic classification 
scheme for mitochondrial hepatopathies (Table 102.5), which 
divides these disorders into primary disorders, in which a mito-
chondrial protein, transfer RNA, or ribosomal RNA is miscoded 
by a mutation in either a nuclear or mtDNA gene, and secondary 
disorders, in which a secondary mitochondrial insult is caused 
by a genetic defect affecting nonmitochondrial proteins (e.g., 
Wilson disease) or by an acquired injury (e.g., exogenous toxin 

muscle. Cardiomyopathy may also develop because of deposi-
tion of amylopectin in myocardial cells. Adults with milder 
symptoms, but with similar muscle histology have been 
described [202]. Children with early-onset liver failure present 
with failure to thrive, hepatosplenomegaly, cholestatic jaundice, 
and occasionally hypotonia. Unlike in other forms of GSD, 
hypoglycemia does not occur early in the disease process, but 
rather as a consequence of cirrhosis. Affected children have 
moderate elevations of serum aminotransferases and slightly 
increased cholesterol. Diagnosis is suggested by finding the 
characteristic abnormal structure of glycogen on electron 
microscopy in muscle culture fibroblasts, or liver, or through 
molecular testing [203]. Verification of deficient branching 
enzyme activity may also be determined in muscle, leukocytes, 
cultured fibroblasts, or liver. Liver histology is characterized by 
micronodular cirrhosis, and hepatocytes that appear to contain 
excessive glycogen, which is PAS positive and diastase resistant 
[204]. Electron microscopy shows large irregular areas of glyco-
gen fibrils, and finely granular material [204]. Liver transplanta-
tion appears to be the only effective therapy for children with 
progressive liver failure and cirrhosis [205–207]. Although 
many patients have done well following liver transplantation 
without cardiac or muscle involvement, systemic progression of 
muscle and cardiac disease may occur even after liver transplant 
[208,209].

Type VI and IX
Type VI and IX GSD are caused by genetic deficiencies of the 
phosphorylase system of enzymes which stimulates degradation 
of hepatic glycogen. Deficiency of hepatic phosphorylase causes 
GSD type VI, of which there are many subtypes but all are 
caused by mutations in the PYGL gene. Patients generally 
present with asymptomatic hepatomegaly, elevated aminotrans-
ferases, and may have hypoglycemia or hyperlipidemia. Growth 
retardation occasionally occurs, but many children are found to 
be normal in stature. Lactic acidosis is rare and the prognosis 
is generally very good. Hepatomegaly improves as the patient 
reaches adulthood, and growth also is generally normal by 
adulthood. Liver biopsy findings include glycogen-filled hepa-
tocytes, but generally the absence of inflammation, cell injury, 
and fibrosis. Diagnosis can be established through enzymatic 
analysis of liver tissue or by genotyping.

Type IX is caused by phosphorylase b kinase deficiency, an 
enzyme encoded by the PHKA1, PHKA2, PHKB, and PHKG2 
genes. This disorder is characterized by asymptomatic hepatome-
galy, mild elevation of aminotransferases, glycogen-filled hepa-
tocytes on liver biopsy, and variable degrees of hepatic fibrosis. 
Slow progression to cirrhosis has been reported in several cases 
with the development of portal hypertension. Diagnosis is 
established through enzymatic analysis of liver tissue and eryth-
rocytes [210,211] or by molecular analysis of PHKA2, PHKB, 
and PHKG2. Phosphorylase b kinase deficiency (GSD IX) is 
more frequent than the true phosphorylase deficiency. Rarely, 
patients with type IX GSD develop biochemical features of type 

Table 102.5 Phenotypic classification of primary mitochondrial 
hepatopathies. Adapted from Lee and Sokol [212]. With permission from 
Elsevier.

1. Respiratory chain (electron transport) defects (OXPHOS)
a. Neonatal liver failure

○ complex I deficiency 
○ complex IV deficiency (SCO1 mutations)
○ complex III deficiency (BCS1L mutations)
○ coenzyme Q deficiency
○ multiple complex deficiencies (transfer and elongation factor 

mutations)
○ mtDNA depletion syndrome (DGUOK, MPV17, POLG, 

SUCLG1, C10orf2/Twinkle mutations)
b. Later onset liver dysfunction or liver failure 

○ Alpers–Huttenlocher disease (POLG mutations)
○ Pearson marrow–pancreas syndrome (mtDNA deletion)
○ mitochondrial neurogastrointestinal encephalopathy (MNGIE; 

TYMP mutations)
○ Navajo neurohepatopathy (MPV17 mutations)

2. Fatty acid oxidation defects
a. Long-chain 3 hydroxyacyl-CoA dehydrogenase (LCHAD)
b. Carnitine palmitoyltransferase I and II deficiencies 
c. Carnitine-acylcarnitinetranslocase deficiency

3. Urea cycle enzyme deficiencies 
4. Electron transfer flavoprotein and electron transfer flavoprotein 

dehydrogenase deficiencies
5. Phosphoenol pyruvate carboxykinase (mitochondrial) deficiency 

(nonketotic hyperglycemia)
6. Citrin deficiency – neonatal intrahepatic cholestasis caused by citrin 

deficiency (NICCD; SLC25A13 mutations)

OXPHOS, oxidative phosphorylation defects.
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ebral, encephalomyopathic, and myopathic forms. Patients with 
the hepatocerebral form present within the first weeks to months 
of life with hepatomegaly, progressive liver failure, and generally 
death a few months later [219]. Presenting symptoms include 
vomiting, severe gastroesophageal reflux, poor feeding and 
failure to thrive, or developmental delay. Lactic acidosis, 
hypoglycemia, moderately raised serum ALT and AST, coagu-
lopathy, and elevated total and conjugated bilirubin are common. 
Liver biopsy shows macro- and microvesicular steatosis, cellular 
and canalicular cholestasis, variable degrees of periportal fibro-
sis depending on the age of the patient, and iron deposition in 
hepatocytes and sinusoidal cells [220]. There is considerable 
overlap between the clinical and laboratory features of patients 
with MDS and those with the neonatal liver failure form of 
respiratory chain disease. Autosomal recessive mutations in 
several genes have been identified in patients with hepatocere-
bral MDS including DGUOK, POLG1, MPV17, SUCLG1, and 
C10ORF2 (Twinkle) [221]. Depletion of mtDNA can also 
be caused by large deletions of mtDNA, affecting the produc -
tion of several respiratory chain components, such as in  
Pearson marrow–pancreas syndrome. Multiple mtDNA dele-
tions have also been recently associated with mutations in 
MPV17, causing an adult-onset multisystemic disorder with 
steatohepatopathy [222].

Alpers–Huttenlocher syndrome (delayed-onset liver disease)
The onset of symptoms occurs between 2 months and 8 years 
of life and is characterized by the development of hypotonia, 
feeding difficulties, intractable vomiting or symptoms of gastro-
esophageal reflux, failure to thrive, and ataxia followed by the 
onset of refractory partial motor epilepsy or multifocal myo-
clonus. Hepatomegaly, jaundice, progressive coagulopathy, and 
hypoglycemia have variable onset but culminate in liver failure 
[223]. Multiple anticonvulsants are generally used to control the 
seizures; however, valproic acid may further impair respiratory 
chain enzyme activity and precipitate liver failure. Diagnostic 
criteria are: (1) refractory, mixed type seizures that include a 
focal component; (2) psychomotor regression that is often epi-
sodic and triggered by intercurrent infections; and (3) hepat-
opathy with or without acute liver failure [224]. Genotyping 
shows two pathological mutations in the POLG gene [225].

Navajo neurohepatopathy
Navajo neurohepatopathy (NNH) is a unique sensorimotor 
neuropathy with progressive liver disease confined solely to full-
blooded children or young adults of the Navajo Native American 
tribe. NNH presents with muscular weakness, hypotonia, are-
flexia, virtually complete loss of sensation in the extremities 
leading to mutilation of fingers and toes, trigeminal neuropathy 
leading to corneal ulceration, poor growth, short stature, and 
serious systemic infections [225]. Liver involvement is charac-
terized by cholestasis, hyperammonemic episodes, cirrhosis or 
liver failure in infancy or childhood. Cerebral magnetic reso-
nance imaging of the brain demonstrates progressive white 

or drug) to mitochondria. More than 1000 nuclear genes and 37 
mtDNA genes encode mitochondrial proteins, ribosomal RNA, 
and transfer RNA. To date, mutations in more than 228 protein-
encoding nuclear DNA genes and 13 mtDNA have been identi-
fied as human mitochondrial disease-causing genes. Leonard 
and Shapira [213] further divided primary mitochondrial dis-
eases into those caused by mutations in mtDNA genes, called 
class 1a, and those caused by mutations in nuclear genes  
which encode proteins or cofactors that affect mitochondrial 
biogenesis, repair, or structural proteins (e.g., respiratory chain 
complex subunit), called class 1b. This section will focus on four 
of the primary mitochondrial hepatopathies.

Clinical features
Neonatal liver failure
Mitochondrial hepatopathies involving the respiratory chain 
frequently present as acute liver failure with onset within  
the first weeks to months of life. Symptoms include lethargy, 
hypotonia, vomiting, poor feeding, and seizures [214,215].  
It is difficult to differentiate the symptoms of liver failure  
from those of neuromuscular involvement in some infants. In 
other infants, a viral infection or some other undefined inciting 
event triggers hepatic deterioration in an otherwise normal 
appearing infant. Key biochemical features are a markedly ele-
vated plasma lactate concentration (2.5–10 mmol/L), an ele-
vated molar ratio of plasma lactate to pyruvate (>25 mol/mol), 
a raised β-hydroxybutyrate and arterial ketone body ratio 
(β-hydroxybutyrate to acetoacetate >2.0 mol/mol), hypoglyc-
emia, coagulopathy, hyperammonemia, and variably elevated 
aminotransferases and bilirubin. Respiratory chain complex 
analysis of liver or muscle generally shows low activity of 
complex I, III, or IV or all three. Molecular analysis may indi-
cate mutations in the nuclear genes SCO1 (associated with 
complex IV deficiency) [216] and BCS1 (associated with 
complex III deficiency) [217]. Liver failure generally progresses 
to death within weeks to months, although occasional infants 
have recovered or have undergone successful liver transplanta-
tion if the involvement was limited to the liver. This clinical 
presentation overlaps with that of the mtDNA depletion syn-
dromes (MDS).

mtDNA depletion syndrome
The mtDNA pool is maintained by either import of cytosolic 
deoxyribonucleotide triphosphates (dNTPs) through dedicated 
transporters or by salvaging deoxynucleosides within the mito-
chondria. The mitochondrial deoxynucleoside salvage pathway 
is regulated by nuclear-encoded enzymes, including deoxygua-
nosine kinase (DGUOK) and thymidine kinase-2 (TK2). 
Imbalance of this mitochondrial dNTP pool has been proposed 
to be responsible for a group of diseases called the MDS in 
which there is inadequate synthesis of mtDNA relative to 
nuclear DNA [218]. In these disorders, there is insufficient syn-
thesis of respiratory chain complexes I, III, IV, and V. Three 
clinical MDS presentations are known, including the hepatocer-



2042   PART 4 Gastrointestinal diseases

substrates, cofactors, antioxidants, and other compounds have 
been suggested. However, a Cochrane review failed to demon-
strate that medical therapy significantly alters the course of 
disease [229]. Exceptions include patients with coenzyme Q 
deficiency who respond to supplementation. Liver transplanta-
tion can be successfully performed in patients with no clinical, 
biochemical, or imaging evidence of significant extrahepatic 
involvement. However, progressive systemic symptoms may 
develop following liver transplantation [218,230]. Liver trans-
plantation does not halt or prevent the progression of neuro-
logical, muscular, cardiac, or other involvement, and thus is 
contraindicated in patients with significant signs of other organ 
involvement or those with genotypes known to involve other 
organ systems.
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matter lesions, and peripheral nerve biopsies show severe loss 
of myelinated fibers [226]. Three clinical presentations have 
been described: infantile form, with or without neurological 
findings presenting with jaundice and poor growth progressing 
to liver failure and death within the first 2 years of life; a child-
hood form presenting between 1 and 5 years of age with rapid 
development of liver failure; and the classical form in which 
progressive neurological findings dominate although liver dys-
function is present in all patients. Liver biopsy demonstrates 
macrovesicular and microvesicular steatosis, pseudoacinar for-
mation of hepatocytes, multinucleated giant cells, cholestasis, 
periportal inflammation, and portal fibrosis or micronodular 
cirrhosis [226]. The liver involvement is progressive with liver 
failure developing within months to years in most patients. 
There has been no effective treatment to date for affected chil-
dren. Sequencing of the MPV17 nuclear gene, which has been 
shown to cause MDS, demonstrated a single homozygous 
disease-causing R50Q mutations in exon 2 of all patients [227].

Diagnosis
Diagnosis of a respiratory chain disorder is typically established 
by enzymatic analysis for respiratory chain activity or mtDNA 
depletion testing of an affected tissue. However, genotyping is 
rapidly becoming generally available. A four-tiered evaluation 
process has recently been proposed [228]. Enzymology can be 
performed on frozen samples of small biopsies of liver, muscle, 
kidney, myocardium, or other tissue since they do not require 
the isolation of mitochondrial fractions, and can be carried out 
on tissue homogenates, lymphocytes, or cultured skin fibrob-
lasts. Molecular diagnosis is becoming more useful as mito-
chondrial gene panels and next generation sequencing have 
allowed for analysis of multiple genes in a cost-effective manner. 
For nuclear genes, whole blood for isolation of genomic DNA 
will usually suffice for genotyping. For mtDNA mutations or 
deletions, which are less common as causes of mitochondrial 
hepatopathies (with the exception of Pearson marrow–pancreas 
syndrome), affected tissue is generally necessary. Molecular 
analyses are now available at a number of clinical and research 
laboratories (see http://www.genetests.org).

Treatment
There is no effective therapy for most patients with respiratory 
chain disorders, including those with liver failure and more 
slowly progressive liver disease. A variety of mitochondrial 
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CHAPTER 103

Introduction

Alcoholic liver disease (ALD) is a leading cause of liver-related 
morbidity  and  mortality  worldwide  and  is  a  major  cause  of 
death among adults with prolonged alcohol abuse [1]. Despite 
its  frequency,  the  incidence,  natural  history,  and  modifying 
factors of ALD remain largely unknown. Most patients are diag-
nosed at advanced stages of the disease, and, globally, there are 
few active programs for early detection in primary care centers 
and  alcohol  addiction  clinics.  The  pathogenesis  of  ALD  is 
incompletely  understood.  Most  animal  models  do  not  repro-
duce  the  histological  findings  of  patients  with  severe  ALD. 
Recent translational studies have revealed several key molecular 
drivers and potential  targets for therapy [2]. The management 
of  patients  with  ALD  has  evolved  little  in  recent  decades  and 
lacks targeted therapies. This contrasts with the notable advances 
in management of patients with viral hepatitis B and C, which 
can now be treated successfully using highly active oral thera-
pies. The slow progress  in management of ALD is  in part due 
to difficulties in conducting clinical trials in patients with active 
alcohol addiction, lack of interest in this field from drug com-
panies, and limitations of current experimental models of ALD. 
A  systematic  review  of  research  funding  devoted  to  different 
etiologies of liver diseases revealed than ALD receives only 2% 
of the global effort [3].

ALD encompasses a range of disorders including simple stea-
tosis,  alcoholic  steatohepatitis  (ASH),  fibrosis,  cirrhosis,  and 
hepatocellular carcinoma (HCC). Patients with persistent exces-
sive alcohol use can present with histological criteria of ASH at 
different stages of the disease [2]. Patients with early ALD (fully 
compensated  and  with  preserved  hepatic  synthetic  function) 
can show fat accumulation, hepatocyte ballooning and/or poly-
morphonuclear cell (PMN) infiltration, as the defining features 
of ASH. This early form is poorly characterized in humans and 
there  is a clear need  to delineate  its natural history and prog-
nostic factors as well as to develop reliable noninvasive markers. 
Early  detection  of  initial  forms  of  ALD  in  the  primary  care 
setting  and  subsequent  behavioral  interventions  should  be 
encouraged.  Although  the  lesions  defining  ASH  do  not  differ 
from those described  in nonalcoholic  steatohepatitis  (NASH), 
ASH is usually associated with more severe histological lesions 
and a worse clinical course. In addition, patients with advanced 
ALD (in most cases cirrhosis) and active drinking can develop 
alcoholic hepatitis (AH) as acute-on-chronic liver failure [4]. In 
most alcoholic patients with this clinical syndrome,  the histo-
logical analysis shows ASH and advanced fibrosis. In its severe 
forms, AH carries a poor prognosis and current therapies other 
than supportive measures are ineffective.

This  chapter  discusses  the  burden,  pathogenesis,  diagnosis, 
and management of ALD including current controversies such 
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responsible  for  493 300  deaths  (156 900  female  deaths  and 
336 400 male deaths), and 14 544 000 DALYs (4 112 000 DALYs 
for  women  and  10 432 000  DALYs  for  men).  These  numbers 
represent 0.9% of all global deaths and 0.6% of all global DALYs, 
and 47.9% of all liver cirrhosis, and 46.9% of all liver cirrhosis 
DALYs.  Similarly,  alcohol-attributable  malignant  neoplasms 
were  responsible  for  337 400  deaths  and  8 670 000  DALYs.  Of 
these,  alcohol-attributable  liver  cancer  was  responsible  for 
80 600  deaths  (14 800  and  65 900  in  female  and  male  deaths, 
respectively), and 2 142 000 DALYs (335 000 DALYs for women 
and 1 807 000 DALYs for men) [9].

In the United States, the prevalence of excessive drinking has 
been  declining  since  1980;  nonetheless,  currently  more  than 
60%  of  the  population  of  18  years  or  older  drink  alcohol. 
According to the NIAAA-Surveillance Report on Liver Cirrho-
sis Mortality in 2007, liver cirrhosis was the 12th leading cause 
of death in the United States, with a total of 29 925 deaths [10]. 
The crude death rate from all cirrhosis increased by 5.3% from 
2006  to  2007,  whereas  the  rate  from  alcohol-related  cirrhosis 
increased by 9.1%. Among all cirrhosis deaths  in 2007, 48.1% 
were  alcohol-related.  Importantly,  the  proportion  of  alcohol-
related  cirrhosis  was  highest  (70.6%)  among  decedents  aged  
25 to 34.

Collectively,  these  data  indicate  that  alcohol  abuse  is  the 
leading  cause  of  cirrhosis  worldwide.  The  extent  of  alcohol 
abuse  as  a  cause  of  moderate/silent  liver  disease  is  unknown. 
Recent studies in France using noninvasive methods to estimate 
the  presence  of  liver  fibrosis  in  the  general  population  has 
shown that ALD and NAFLD together account for more than 
88%  of  cases  [11].  Importantly,  in  one  third  of  the  patients, 

as the indication, timing and management of liver transplanta-
tion for patients with ALD (Podcast 103.1).

Burden of alcoholic liver disease

Alcohol abuse is one of the main causes of preventable disease 
worldwide.  Mortality  in  those  with  alcohol  use  disorders  is 
markedly higher than previously thought, and women generally 
have higher mortality risks than men [5]. A recent report from 
the  World  Health  Organization  (WHO)  indicates  that  3.3 
million  deaths  (6%  of  all  global  deaths)  were  attributable  to 
alcohol use, and that alcohol abuse accounts for 50% of cirrho-
sis. Another study, The Global Burden of Diseases, Injuries, and 
Risk Factors Enterprise assessed the disability-adjusted life years 
(DALYs) globally [6]. More than one million deaths (2.0% of all 
deaths)  and  31 027 000  DALYs  (1.2%  of  all  DALYs)  were  sec-
ondary  to  liver  cirrhosis.  Many  additional  deaths  and  DALYs 
were due to HCC. The relative weight of different causes of liver 
diseases such as viral hepatitis B and C (HBV and HCV), non-
alcoholic liver disease (NAFLD), and ALD are not well known. 
Often, more than one factor coexists, and there is general ten-
dency  to attribute viral hepatitis  as  the primary cause of  liver 
disease when it coexists with NAFLD or ALD.

Globally,  Eastern  Europe  has  the  highest  per  capita  annual 
consumption  of  alcohol,  with  15.7 L  per  person  (8.1 L  per 
woman  and  24.9 L  per  man)  [7,8].  In  contrast,  North  Africa/
Middle  East  had  the  lowest  adult  per  capita  consumption  of 
alcohol, with 1.0 L per person (0.2 L per woman and 1.7 L per 
man)  (Figure  103.1).  Alcohol-attributable  liver  cirrhosis  was 

Figure 103.1 Adult per capita consumption of pure alcohol (L/adult).
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(20%–40%), and cirrhosis (8%–20%), with a high risk of com-
plications  such  as  ascites,  variceal  bleeding,  hepatic  encepha-
lopathy, renal failure, and bacterial infections [13]. Patients with 
underlying  severe  fibrosis  or  cirrhosis  and  continued  heavy 
alcohol intake can present with a form of acute-on-chronic liver 
failure  called  AH.  This  is  characterized  by  an  abrupt  rise  in 
serum bilirubin and associated, jaundice and other liver-related 
complications.  Traditionally,  it  was  thought  that  AH  could 
occur in patients with mild underlying liver disease. However, 
more recent studies using tru-cut needles have shown that the 
vast majority of patients with  severe AH have underlying cir-
rhosis [14]. Patients with severe AH have short-term mortality 
rates of 30%–50% at 3 months. Finally, patients with alcoholic 
cirrhosis  are  also  at  high  risk  to  develop  HCC  although  the 
incidence of HCC is  lower than in patients with cirrhosis due 
to viral hepatitis. This risk does not completely disappear after 
abstinence.  Many  patients  that  stop  drinking  rapidly  gain 
weight,  ironically  increasing  the  risk  of  developing  NAFLD. 
Further studies are required to evaluate the impact of de novo 
NAFLD after alcohol abstinence.

ALD results from a complex interaction of behavioral, envi-
ronmental and genetic factors. Although a positive correlation 
between cumulative alcohol intake and degrees of liver fibrosis 
has been reported, there is marked variability in the histological 
response  to  alcohol  abuse  among  individuals  [15].  At  similar 
levels of ethanol consumption, some patients only develop mac-
rovesicular  steatosis,  while  others  develop  progressive  fibrosis 
and  cirrhosis.  The  main  environmental  factors  that  promote 

alcohol abuse and metabolic syndrome coexist, suggesting that 
many patients have both ALD and NAFLD. Further large-scale 
studies are needed to investigate the frequency of different eti-
ologies  in  both  early  and  advanced  liver  disease,  including 
emerging  countries  such  as  India,  where  the  prevalence  of 
alcohol abuse is increasing rapidly.

Natural history and modifying factors

Typically,  the clinical curse of ALD is  silent until  the onset of 
jaundice or liver decompensation in the setting of cirrhosis with 
or  without  superimposed  AH.  Compared  to  cirrhosis  due  to 
viral hepatitis, the course of ALD is more unpredictable. Thus, 
some  patients  alternate  between  periods  of  liver  failure  and 
compensated disease during periods of alcohol abstinence. ALD 
comprises a broad spectrum of disease ranging from asympto-
matic fatty  liver ASH, progressive fibrosis, end stage cirrhosis, 
and superimposed HCC (Figure 103.2). Up to 90% of patients 
with  heavy  alcohol  intake  have  some  degree  of  steatosis  [12], 
which is usually asymptomatic and rapidly reversible with absti-
nence. Continued heavy alcohol consumption leads to inflam-
mation of the liver characterized by the infiltration of PMN cells 
and  hepatocellular  damage,  both  of  which  define  ASH.  This 
early form of ASH is frequently overlooked, due in part to the 
lack of a widely accepted nomenclature. Efforts to characterize 
this early form and establish a new nomenclature are underway 
(GLADIS Study). Some patients eventually develop liver fibrosis 

Figure 103.2 The spectrum of alcoholic liver disease and the main determinants modifying disease progression. The numbers represent the percentage 
of patients with progression. HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency virus.
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for  ALD  [26].  Differential  expression  of  genes  belonging  to 
these  pathways  could  alter  the  inflammatory  and  fibrogenic 
response  of  the  liver  after  prolonged  alcohol  intake.  Patients 
with  polymorphisms  that  result  in  low  activity  of  superoxide 
dismutase and gluthatione-S-transferase, two powerful antioxi-
dant enzymes, are also at risk of developing severe ALD [27,28].

Several  recent  studies  indicate  that  variations  in  PNPLA3, 
which  encodes  patatin-like  phospholipase  domain-containing 
protein 3, strongly influences the development of advanced liver 
fibrosis  among  Mexican  and  Caucasian  populations  [29–32]. 
PNPLA3 polymorphisms are the only confirmed genetic risk for 
ALD.  Despite  the  large  number  of  studies  that  have  assessed 
genetic  variation  in  susceptibility  to  ALD,  a  large-scale,  well-
designed, genome-wide association study of  factors associated 
with  ALD  remains  to  be  performed.  Most  published  reports 
include a limited number of patients, have employed incomplete 
phenotyping, have only investigated a few genes, and also have 
additional  important  methodological  weaknesses.  Conse-
quently,  a  clinically  useful  genetic  test  capable  of  identifying 
patients  with  the  propensity  to  develop  advanced  ALD  or 
guiding therapy has not yet been developed.

Pathogenesis

The  cellular  and  molecular  mechanisms  of  ALD  are  incom-
pletely understood. Most studies utilize animal models, which 
typically  show signs of moderate ALD (basically  steatosis and 
mild inflammation) but do not reproduce advanced fibrosis and 
cholestasis, the two hallmark histological findings of advanced 
ALD [1]. The pathogenesis of ALD depends on the stage of the 
disease.  Steatosis  is  the  first  response  of  the  liver  to  alcohol 
abuse.  It  is  defined  histologically  as  the  deposition  of  fat  in 
hepatocytes. Alcohol intake increases NADH/NAD+  in hepa-
tocytes,  thereby disrupting  fatty acid oxidation and  leading to 
steatosis  [33].  It  also  increases  fatty acid and  triglyceride  syn-
thesis, enhances hepatic influx of free fatty acids from adipose 
tissue and chylomicrons from the intestinal mucosa,  increases 
hepatic lipogenesis, decreases lipolysis, and damages mitochon-
dria  and  microtubules,  resulting  in  accumulation  of  very  low 
density  lipoproteins  (VLDL)  [34].  Alcohol  up-regulates  sterol 
regulatory-binding  protein  1c  (SREBP-1c)  and  lipogenic 
enzymes; and downregulates peroxisome proliferator-activated 
receptor  (PPAR)-α  [10].  In  addition,  alcohol  downregulates 
adenosine  monophosphate-activated  protein  kinase  (AMPK). 
AMPK inactivates acetyl-CoA carboxylase, which,  through  its 
effects  on  malonyl-CoA  and  carnitine  palmitoyltransferase  1, 
leads  to  reduced  fatty  acid  synthesis  and  increased  fatty  acid 
oxidation, promoting steatosis [35,36].

In patients with prolonged alcohol abuse, simple steatosis is 
followed by ASH reflecting hepatocellular injury and inflamma-
tory [37]. Steatohepatitis  is characterized by steatosis, a super-
imposed  inflammatory  infiltrate  of  predominantly  PMN  cells 
and hepatocellular damage. In addition, biopsy specimens may 

progression  of  liver  fibrosis  in  patients  with  alcohol  abuse 
include  obesity  and  cigarette  smoking  [16].  The  role  of  meta-
bolic  factors,  including  insulin  resistance,  is unclear, although 
some reports suggest that such factors might also favor progres-
sion of fibrosis.

Genetic  factors  also  influence  the  risk  for  specific  alcohol-
related  harmful  effects  [17].  While  some  patients  with  heavy 
alcohol consumption develop ALD, others suffer from alcohol-
related disorders of the pancreas, heart and nervous system [18]. 
There are variations  in  the susceptibility  to ALD between dif-
ferent ethnic groups, suggesting that genetic factors are impor-
tant  determinants  of  disease  risk.  Twin  studies  also  suggest  a 
major  role  for  genetic  predisposition  in  the  susceptibility  to 
ALD;  concordance  rates  for  alcoholism  and  alcohol-induced 
liver fibrosis in monozygotic twins were 26.3 and 14.6, respec-
tively [19]. Epidemiological studies suggest that several genetic 
factors influence the severity of hepatic steatosis and oxidative 
stress,  and  that  the  cytokine  milieu,  the  magnitude  of  the 
immune response, and/or the severity of fibrosis also modulate 
the propensity to progress to advanced ALD [20]. Genes encod-
ing the main alcohol-metabolizing enzymes (alcohol dehydro-
genase  -ADH-,  acetaldehyde  dehydrogenase  -ALDH-  and 
CYP2E1)  and  proteins  involved  in  the  toxic  effects  of  alcohol 
and its metabolites on the  liver, such as antioxidants and pro-
inflammatory  cytokines,  have  been  the  focus  of  investigation. 
Genetic factors that influence the activity of these enzymes and 
the  rate  of  alcohol  metabolism  have  also  been  extensively 
studied. Owing to its fibrogenic potential, variations in the rate 
of generation of acetaldehyde could explain differences in sus-
ceptibility of individuals to ALD. Most genetic epidemiological 
studies of ALD have been performed in Asia, where the preva-
lence  of  functionally  significant  polymorphisms  in  the  genes 
encoding  enzymes  involved  in  alcohol  metabolism,  such  as 
ADH1B, ADH1C and ALDH2, is very high. Although polymor-
phisms in these genes and in the 5′-flanking region of CYP2E1 
are accepted  to be  involved  in an  individual’s  susceptibility  to 
alcoholism, their role in the progression of ALD remains con-
troversial  [21].  A  metaanalysis  of  studies  on  the  association 
between  alcoholism  and  alcohol-induced  liver  damage  high-
lighted the heterogeneity of the case-control studies that inves-
tigated alcohol dehydrogenase (ADH1B, ADH1C, CYP2E1 and 
ADLH2  polymorphisms  [22].  Polymorphisms  in  genes  that 
encode proinflammatory cytokines involved in the pathogenesis 
of  ALD  have  also  been  examined.  Although  one  study  found 
that a single nucleotide polymorphism located in the promoter 
region of tumor necrosis factor (TNF), which increases produc-
tion  of  this  cytokine,  is  associated  with  severe  steatohepatitis, 
this finding has not yet been confirmed [23]. Polymorphisms in 
the genes encoding IRAK-M, interleukin-1β (IL-1β), and IL-1 
receptor antagonists, IL-2, IL-6 and IL-10 also appear to modify 
the progression of ALD [23–25]. Moreover, other studies have 
investigated the role of genetic variation in factors involved in 
lipopolysaccharide-induced  intracellular  pathways,  including 
CD14 and toll-like receptor 4 (TLR4), as potential risk factors 
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show  centrilobular  hepatocyte  ballooning,  Mallory  hyaline 
inclusions, and a “chicken wire”-like pattern of fibrosis.

The pathogenesis of ASH is complex and multifactorial [1]. 
In the liver, alcohol is metabolized primarily into acetaldehyde, 
which binds proteins and DNA, forming adducts that promote 
glutathione  depletion,  lipid  peroxidation,  and  mitochondrial 
damage  [38,39].  These  adducts  also  act  as  antigens  that  acti-
vate  the  adaptive  immune  response,  leading  to  lymphocyte 
recruitment  to  the  liver  [40].  Alcohol  use  also  increases  gut 
permeability  and  translocation  of  bacterial  products  such  as 
lipopolysaccharide (LPS) into the portal circulation. In Kupffer 
cells, LPS activates the MyD88-independent signaling pathway 
through TLR4, resulting in the production of proinflammatory 
cytokines such as tumor necrosis factor (TNF) that contribute 
to  hepatocellular  damage  [41–44].  Interestingly,  Kupffer  cells 
also produce antiinflammatory cytokines (IL-10), and hepato-
protective factors (IL-6) that reduce alcohol-induced hepatocel-
lular damage  [45,46]. The neutrophilic  infiltrate, a key  feature 
of  ASH,  is  likely  instigated  by  a  host  of  proinflammatory 
cytokines such as CXC chemokines (i.e.,  IL-8)  [47]. Acetalde-
hyde and downregulation of proteasome functions stimulate the 
production of these cytokines [48]. IL-17, directly induces neu-
trophil  recruitment  and  also  stimulates  hepatic  stellate  cells 
(HSCs)  to  produce  IL-8  and  CXCL1  [49].  In  turn,  IL-8  and 
CXCL1  also  promote  recruitment  of  neutrophils.  Additional 
cytokines and chemokines, such as IL-1, osteopontin, CXCL4, 
CXCL5,  and  CXCL6  are  up-regulated  and  may  contribute  to 
neutrophil recruitment during alcoholic liver injury [42,50].

Chronic  alcohol  use  can  result  in  “liver  fibrosis”,  reflecting 
extracellular  accumulation  of  collagen  and  other  matrix  pro-
teins [51] (see Chapter 105). Acetaldehyde is a signaling mole-
cule  in  fibrogenesis.  It  directly  increases  the  expression  of 
collagen  in  hepatic  stellate  cells  (HSCs),  and  when  combined 
with cellular components, produces various adducts that main-
tain  HSC  activation  [52,53].  HSCs  also  can  be  activated  by 
neutrophils,  damaged  hepatocytes,  and  activated  Kupffer  cells 
through various profibrogenic mediators including transform-
ing growth factor β, platelet-derived growth factor, IL-8, angi-
otensin II and leptin [51]. The activation and biological actions 
of these factors are largely mediated by reactive oxygen species 
(ROS)  [54,55]. ROS decrease  the action of metalloproteinases 
and up-regulate tissue inhibitor of metalloproteinases 1, result-
ing in collagen accumulation. ROS also stimulate HSC profibro-
genic signaling pathways such as ERK1, ERK2, phosphoinositide 
3 kinase-Akt, and JNK [56]. LPS is also involved in fibrogenesis 
in ALD via TLR4 signaling in HSCs and sinusoidal endothelial 
cells, resulting in HSC activation and promotion of fibrogenesis 
through regulation of angiogenesis [57]. Finally, alcohol inhibits 
the antifibrotic action of natural killer (NK) cells [58]. NK cells 
destroy activated HSCs and produce interferon (IFN)-γ which 
induces HSC cell cycle arrest and apoptosis [59]. Such interfer-
ence with the function of NK cells and IFN-γ may be an impor-
tant  component  of  both  alcoholic  fibrosis  and  alcohol 
acceleration of fibrosis due to viral hepatitis [60].

The pathogenesis of AH is incompletely understood, in part 
due to the lack of animal models that reproduce the main clini-
cal and histological features (Figure 103.3). Traditionally, it was 
felt to be an inflammatory reaction to the toxic effects of ethanol 
in  the  liver,  mainly  mediated  by  TNFα  [2].  Consequently, 
TNFα-blocking agents were given to patients with severe AH, 
with  disappointing  results  [61].  More  recent  translational 
studies showed that CXCL chemokines, rather than TNFα, are 
markedly  overexpressed  in  AH  and  correlated  with  survival 
[47]. Other inflammatory mediators such as Fn14, CXC20 and 
osteopontin  are  potential  targets  for  therapy  in  AH  [62–64]. 
Moreover,  inflammatory  molecules  in  AH  are  derived  from  a 
leaky  gut  that  contains  an  alteration  in  populations  of  gram-
negative  bacteria  [65].  Gut-derived  bacterial  products  desig-
nated pathogen-associated molecular pattern (PAMPs) circulate 
through the portal system and induce inflammatory actions in 
resident liver cells (mainly HSCs and Kupffer cells) mediated by 
TLR4 [66]. Another type of antigen that can stimulate the innate 
immune system is referred to as damage-associated molecular 
pattern (DAMPs). DAMPs are  intracellular molecules that are 
released by dying cells and stimulate sterile inflammation [67]. 
Among DAMPs, high mobility group box-1 (HMGB1) has been 
implicated in the pathogenesis of ASH [68]. Besides inflamma-
tion, bile stasis and severe fibrosis are major histological com-
ponents of AH and are associated with a poor prognosis [14]. 
Interestingly,  the  presence  of  PMN  cells  is  associated  with  a 
better  prognosis,  suggesting  that  livers  with  active  wound 
healing  are  more  prone  to  regenerate  upon  cessation  of  alco-
holic intake. Moreover, a detailed analysis of liver explants from 
patients with AH that underwent liver transplantation showed 
that impaired regeneration is a hallmark finding in patients with 
severe AH [69]. The reasons for ineffective liver regeneration in 
AH are unknown, but AH is characterized by a massive prolif-
eration of progenitor cells, which do not yield mature hepato-
cytes [70].

Diagnosis

ALD is often only diagnosed when the patient develops compli-
cated cirrhosis.  In  its early  stages, ALD is a  silent disease and 
can only be detected by laboratory tests or imaging techniques 
[71]. There are few programs aimed at early detection of ALD 
in its asymptomatic stages. Some patients with early ALD can 
show stigmata of alcohol abuse such as bilateral parotid gland 
or  lacrimal  gland  hypertrophy,  muscle  wasting,  malnutrition, 
Dupuytren’s  contractures,  and/or  peripheral  neuropathy.  In 
patients with cirrhosis, most physical findings are not specific 
of the etiology. However, some signs such as gynecomastia and 
extensive spider angiomas may be more frequently seen in those 
with alcohol  as  the main cause of  liver disease. The diagnosis  
of  ALD  is  frequently  suspected  upon  documentation  of  
excess alcohol consumption (>40–50 g/d), and the presence of 
clinical  and/or  biological  abnormalities  suggestive  of  liver 
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Hepatic  fibrosis  may  be  assessed  by  noninvasive  methods 
including serum markers and liver stiffness measurement. Most 
noninvasive tests have been validated in patients with hepatitis 
C, while few studies have included patients with ALD. However, 
it is reasonable to expect that, AST to platelet ratio index (APRI), 
FibroTest, Fibrometer and Fibrosure can be helpful in the man-
agement of patients with ALD [75]. They are useful  to distin-
guish between mild and severe fibrosis, but have limited utility 
to delineate intermediate degrees of fibrosis. Transient elastog-
raphy (Fibroscan) is commonly used to assess fibrosis in patients 
with chronic liver disease. This device was recently approved by 
the FDA in the United States. In patients with ALD, liver stiff-
ness  correlates  with  the  degree  of  fibrosis  [76].  Liver  stiffness 
may be  falsely  elevated  in patients with ALD and AST serum 
levels  >100 U/L  as  a  result  of  superimposed  ASH.  Moreover, 
recent  alcohol  consumption  can  also  elevate  liver  stiffness, 
perhaps related to the vasodilatory effects of alcohol [77].

Imaging techniques can also be used to assess the severity of 
ALD. Ultrasonography, MRI, and CT are useful to detect fatty 
liver, and advanced fibrosis/cirrhosis as well as signs of portal 
hypertension [78]. Moreover, they are useful for the screening 
and assessment of complications such as ascites and portal vein 
thrombosis. Among those methods, ultrasound is the most used 
due to its low cost. However, its sensitivity and specificity is low 
especially when steatosis is mild. MRI and MR spectroscopy are 
reliable tools for assessing the amount of steatosis but their use 
is limited by high cost [79].

injury. Laboratory blood tests such as mean corpuscular volume, 
gamma  glutamyl  transpeptidase  (GGT)  and  aspartate  amino 
transferase  (AST)  can  indicate  early  ALD  whereas  advanced 
ALD is suspected if there is decreased albumin, increased INR, 
elevated bilirubin level, or low platelet count. There are several 
laboratory  markers  that  estimate  persistent  alcohol  intake. 
Among  them,  carbohydrate  deficient  transferrin  (CDT)  and 
GGT are the most  frequently used markers  to detect previous 
alcohol consumption [72]. In patients with ALD, the AST/ALT 
ratio  typically  is  greater  than  one  [73].  This  ratio  is  typically 
greater than two in AH but can also be found in patients with 
advanced cirrhosis regardless of the etiology.

Liver biopsy is not routinely indicated in patients with early 
stages of ALD or when an established cirrhosis  is  revealed by 
clinical, analytical and imaging data. When needed, liver biopsy 
can be done percutaneously in most patients but a transjugular 
approach may be necessary in patients with a low platelet count 
and/or a prolonged prothrombin time. Liver biopsy is indicated 
in patients with aggressive forms of ALD such as AH in whom 
specific  therapy  is  being  considered  (such  as  corticosteroids 
and/or  pentoxiphylline)  and  in  patients  with  other  cofactors 
suspected  of  contributing  to  liver  disease.  Typical  findings  in 
patients  with  ALD  include  steatosis,  hepatocellular  damage 
(ballooning and/or Mallory bodies), an inflammatory infiltrate 
basically  composed  of  PMN  cells  that  predominates  in  the 
lobules, and a variable degree of fibrosis and lobular distortion 
that may progress to cirrhosis [74] (Figure 103.4).

Figure 103.3 Pathogenesis of alcoholic hepatitis. Patients with underlying alcoholic liver disease (ALD) and heavy alcohol intake present hepatocellular 
damage associated with changes in the microbiome and increased gut permeability. Bacterial products derived from the gut (PAMPS: pathogen-
associated molecular pattern), or antigens derived from damaged cells (DAMP: damage-associated molecular pattern), stimulate toll-like receptor 4 
(TLR-4) present in resident cells to induce inflammation. In addition, expansion of immature progenitor cells leads to impaired regeneration. The 
resulting liver damage, hepatic and systemic inflammation and liver fibrosis are responsible for the dominant clinical consequences in these patients.
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uncertain whether this reflects the impact of alcohol on therapy 
per se or lower compliance in these patients [90].

The  interaction  between  alcohol  consumption  and  HBV 
infection has been  less extensively studied. Alcohol stimulates 
hepatocarcinogenesis  in  patients  with  HBV  infection.  Thus, 
patients  with  HBV  infection  and  active  alcohol  consumption 
develop HCC approximately 10 years earlier than those who are 
abstinent [91]. A dose dependent effect of alcohol consumption 
also has been demonstrated. Patients with HBV-related cirrho-
sis and heavy alcohol intake (>80 g/day) have an increased risk 
of HCC [92].

Patients with metabolic  syndrome often also have excessive 
alcohol  consumption.  NAFLD  is  a  key  manifestation  of  the 
metabolic  syndrome. Well-established risk  factors  for NAFLD 
include insulin resistance and hypertriglyceridemia. While the 
consumption of small amounts of alcohol may improve periph-
eral insulin resistance and are associated with less severe lesions 
in  patients  with  NAFLD  [93,94],  heavy  alcohol  consumption 
worsens  NAFLD  both  in  animals  and  in  humans  [95].  The 
impact of alcohol consumption on the development of NALFD 
appears to be dose dependent. Studies from Europe have shown 
that alcohol consumption of more  than 60 g/day  increases  the 
rate of fatty liver by echography to 46% as compared to 16% in 
control subjects [93]. The degree of liver fibrosis in NAFLD also 
increases  with  alcohol  consumption.  Patients  with  high-risk 
alcohol consumption and obesity have a two-fold risk of devel-
oping  cirrhosis.  Finally,  there  is  recent  evidence  showing  that 
even social drinking in patients with NASH results in a signifi-
cantly increased risk for HCC [96].

Alcohol  abuse  is  also  a  modifying  factor  accelerating  the 
clinical course of other  liver diseases. Patients with hereditary 
hemochromatosis  subjects  who  drink  more  than  60 g/day  of 
alcohol  are  approximately  nine  times  more  likely  to  develop 

Alcohol abuse as a cofactor of  
other liver diseases

Excessive alcohol intake is a major risk factor for chronic liver 
disease.  In  addition,  prolonged  alcohol  consumption  heavily 
influences  the  clinical  course  of  other  types  of  liver  disease. 
Chronic HCV infection  is  the  leading cause of advanced  liver 
disease in the United States, with an estimated 3.2 million people 
affected  by  active  chronic  HCV  infection  [80].  Alcohol  con-
sumption is a common comorbidity in these patients, and mul-
tiple  studies have shown that  it  causes  synergistic  injury, with 
accelerated  rates  of  fibrosis  and  the  development  of  cirrhosis 
and HCC [81,82]. Various mechanisms have been proposed, for 
this effect  including: alcohol’s effect on HCV viral  replication, 
HCV-related cytotoxicity, hepatic oxidative stress, and immune 
modulation.  There  is  evidence  that  significant  alcohol  intake 
increases HCV ribonucleic acid (RNA) levels [83]. Conversely, 
it has been shown that serum HCV RNA decreases with a reduc-
tion in alcohol intake [84]. Alcohol consumption is also associ-
ated  with  HCV  progression  and  there  is  substantial  evidence 
showing that chronic alcohol consumption leads to disease pro-
gression [85,86]. Even small doses of alcohol intake (below 30 g/
day) can promote  liver fibrogenesis  [87]. Thus,  it appears  that 
there  is  no  “safe  alcohol  consumption”  among  patients  with 
HCV infection. Chronic alcohol consumption in HCV infected 
patients not only stimulates fibrogenesis but also hepatocarcino-
genesis.  Patients  with  chronic  HCV  infection  who  actively 
consume alcohol have a higher relative risk of HCC compared 
to abstainers [88]. This risk also appears to be dose dependent. 
In one study, alcohol consumption >80 g/day increased the risk 
for  HCC  significantly  by  a  factor  of  7.3  when  compared  to 
<40 g/day [89]. In addition patients with ALD appear to have 
inferior  rates  of  response  to  HCV  therapy,  although  it  is 

Figure 103.4 (a) Histological findings in patients with alcoholic liver disease. The typical features include steatosis a hepatocyte ballooning b Mallory-
Denk bodies c an inflammatory infiltrate basically composed of PMNs d and (b) a variable degree of fibrosis and lobular distortion with atypical 
chicken-wire appearance e.
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The clinical course and natural history of alcoholic cirrhosis 
can  vary  significantly  among  individual  patients  and  can  be 
unpredictable [107]. The majority of patients with alcoholic cir-
rhosis are decompensated at presentation, and the most common 
complication  is  ascites,  which  is  present  in  more  than  half  of 
patients at diagnosis. Of those without complications, in the first 
year  of  follow-up,  12%  will  develop  ascites,  6%  will  develop 
variceal hemorrhage, and 4% will develop hepatic encephalopa-
thy. Spontaneous bacterial peritonitis is common as well, present 
in 17% of those who develop ascites. Mortality is substantial and 
is  closely  related  to  the  clinical  complications,  with  a  1-year 
mortality of 17% for those without complications, 29% for those 
with ascites, 20% for those with variceal hemorrhage, and 64% 
for those with encephalopathy.

Importantly,  alcohol  abuse  can  cause  several  extra-hepatic 
diseases  that should be  investigated  in  the setting of alcoholic 
cirrhosis  [108].  These  include  alcoholic  cardiomyopathy,  pan-
creatitis,  IgA  nephropathy,  cognitive  dysfunction,  neuropathy, 
and myopathy, among others [109]. Assessment of cardiac func-
tion  is  often  necessary  because  of  the  frequent  presence  of 
ascites and peripheral edema in cirrhosis, which can also result 
from heart failure. Those with cognitive dysfunction should be 
assessed for the presence of Wernicke’s encephalopathy, charac-
terized by encephalopathy, oculomotor dysfunction, and ataxia. 
Malnutrition  is  common  in  the  setting of  alcoholism and cir-
rhosis and should be thoroughly assessed. Chronic pancreatitis 
can exacerbate nutritional deficiencies through exocrine insuf-
ficiency and malabsorption, and if present, should be addressed 
with pancreatic enzyme supplementation.

Cirrhosis of any etiology is a strong risk factor for the devel-
opment of HCC and is present in the vast majority of patients 
in western countries diagnosed with HCC. The reported 5-year 
incidence of HCC in alcoholic cirrhosis ranges from 1% to 16% 
[110,111]. Because the incidence in many reports exceeds 1.5% 
per year (which has been identified as the threshold for surveil-
lance  cost-effectiveness),  ultrasound  surveillance  of  patients 
with  alcoholic  cirrhosis  for  HCC  is  recommended  in  clinical 
practice guidelines [71,112].

The  most  important  intervention  for  alcoholic  cirrhosis  is 
abstinence,  since  continued  alcohol  use  is  strongly  associated 
with mortality  [113]. The support of  a multidisciplinary  team 
including mental health professionals  is critical  to achieve  the 
goal  of  abstinence  in  patients  at  high  risk  for  recidivism.  In 
addition  to  motivational  therapy,  anticraving  drugs  can  be 
helpful [114]. Although disulfiram is not recommended because 
of  the  substantial  risk  of  hepatotoxicity,  baclofen  may  be  safe 
and  effective  in  patients  with  cirrhosis  [115].  Because  of  the 
high  prevalence  of  malnutrition  in  these  patients,  treatment 
should often include intensive nutritional support encompass-
ing a diet and supplements rich  in protein and calories  [116]. 
No therapies specific to alcoholic cirrhosis have been shown to 
improve patient outcomes, but general measures  for  the man-
agement of cirrhosis do apply [117]. These include endoscopic 
screening  and  prophylaxis  for  varices,  sodium  restriction  and 

cirrhosis than abstainers [97]. In patients with biliary cirrhosis, 
even moderate alcohol consumption (30 g/day) is an independ-
ent predictor of advanced primary biliary cirrhosis (PBC) stage 
[98]. Finally, alcohol abuse is known to increase drug-induced 
liver  injury  such  as  in  acetaminophen  overdose  [99].  Thus, 
alcohol  consumption  should  be  discouraged  in  patients  with 
any type of chronic liver disease.

Alcoholic cirrhosis and  
hepatocellular carcinoma

Cirrhosis  is  the  most  advanced  form  of  ALD  associated  with 
serious complications  including HCC. Alcoholic cirrhosis can 
be diagnosed before  the onset of symptoms by a combination 
of laboratory tests (i.e., elevated bilirubin and INR, low serum 
albumin and low platelet count). However, most patients with 
alcoholic  cirrhosis  are  diagnosed  when  they  develop  jaundice 
or clinical decompensation, often  in  the  setting of a  superim-
posed AH. Histologically, alcoholic cirrhosis is characterized by 
the presence of extensive fibrosis and distortion of the hepatic 
architecture with regenerative nodules. The burden of cirrhosis 
due to alcohol is substantial. Excessive alcohol use is the most 
common cause of cirrhosis in the United States and worldwide, 
and  alcohol  is  frequently  a  cofactor  in  cirrhosis  due  to  other 
causes  [100].  Patients  with  ALD  often  present  at  a  late  stage; 
nearly half have cirrhosis at the time of ALD diagnosis [101].

The  amount  of  alcohol  ingestion  required  for  the  develop-
ment  of  cirrhosis  is  not  well  defined.  Although  some  studies 
suggest that a daily intake of 12–48 g is necessary [102], others 
show  that  no  such  threshold  exists,  with  an  increased  risk  of 
cirrhosis-related  mortality  for  those  who  consume  less  than 
12 g/day  of  alcohol  [103].  Potential  confounders  such  as  viral 
hepatitis  could  account  for  an  increased  risk  at  low  levels  of 
alcohol  intake.  Indeed,  in  one  population-based  study,  those 
who drank <30 g/day and developed cirrhosis had alternative 
liver-related diagnoses [104]. This association underscores  the 
importance of obtaining a detailed lifetime alcohol history in all 
patients with cirrhosis. The effect of different drinking patterns 
on  the  risk  of  cirrhosis  is  less  clear.  Some  data  suggest  that 
“binge” drinking is  less  likely to lead to cirrhosis as compared 
to  continuous  drinking  [105].  However,  it  is  unknown  how 
“binge”  drinking  contributes  to  the  risk  of  cirrhosis  for  those 
with differing levels of regular alcohol use.

As  in  cirrhosis  of  other  etiologies,  patients  with  alcoholic 
cirrhosis  are  at  risk  of  complications  such  as  ascites,  hepatic 
encephalopathy,  variceal  hemorrhage,  liver  failure,  and  HCC 
[106]. These clinical consequences of cirrhosis can depend on 
the  pattern  of  ongoing  alcohol  intake.  For  instance,  excessive 
alcohol  intake can result  in AH, which can precipitate clinical 
decompensation in the setting of otherwise stable cirrhosis. In 
contrast,  patients  with  decompensated  cirrhosis  can  have 
improvement  in  liver  function  and  portal  hypertension  with 
prolonged abstinence.



Alcoholic liver disease CHAPTER 103      2051

feature  of  AH  is  an  elevated  ratio  of  AST  to  ALT,  typically 
greater  than  2 : 1,  although  both  are  usually  <300 IU/L.  This 
characteristic  AST/ALT  ratio  is  thought  to  be  the  result  of  a 
failure  to  increase  the  ALT,  which  depends  on  the  activity  of 
pyridoxal 5′-phosphate [4]. This enzyme is usually depleted in 
alcoholics, resulting in a comparatively low level of ALT com-
pared to AST. Serum bilirubin is often elevated in severe disease, 
as is the INR as a result of impaired hepatic synthetic function. 
Hypoalbuminemia  is  common  as  a  result  of  either  impaired 
liver  function  or  concomitant  malnutrition.  Alcohol  induces 
GGT activity, which is frequently elevated in this setting. Addi-
tional common laboratory findings in AH include leukocytosis 
resulting  from  the  systemic  inflammatory  response  syndrome 
and elevations in acute phase reactants such as ferritin. Imaging 
studies  are  typically  nonspecific,  with  hepatomegaly  and  evi-
dence of fatty infiltration often seen.

Diagnosis
The diagnosis of AH is usually made on clinical grounds, based 
on a history of excessive alcohol use in combination with physi-
cal exam and laboratory findings. Liver biopsy may be helpful 
to establish the presence of ASH and has been endorsed in recent 
clinical practice guidelines [71,120]. Biopsy is particularly valu-
able in the setting of atypical clinical characteristics or when the 
diagnosis remains in doubt (Figure 103.5). A transjugular route 
is  often  preferred  due  to  frequent  coexisting  ascites  and/or 
coagulopathy.  Infections,  particularly  spontaneous  bacterial 
peritonitis, must be ruled out as they can present with similar 
clinical  findings  (abdominal  pain,  fever,  leukocytosis),  and 
because  they  are  a  contraindication  to  specific  therapy  with 
corticosteroids.  Serologic  evaluation  for  viral  hepatitis  should 
be  undertaken  as  well.  Imaging  with  Doppler  ultrasound  is 
important to exclude biliary or vascular disorders and to evalu-
ate for coexisting hepatocellular carcinoma. Contrast enhanced 
CT or MRI is often helpful to confirm ultrasound findings.

Predict outcomes
Several models have been developed to help predict outcomes 
of patients with AH and to guide therapy. The most widely used 
is Maddrey’s discriminant function (DF), which is calculated as 
4.6  ×  (prothrombin  timepatient  −  prothrombin  timecon-
trol) + serum bilirubin [121]. A DF value ≥32 is indicative of 
a high risk of short-term mortality (35% at 1 month), and is the 
basis for patient selection for specific therapy with corticoster-
oids. Additional predictive models include the model for end-
stage liver disease (MELD), the Glasgow AH (GAH) score, the 
ABIC (age, serum bilirubin, INR and serum creatinine) score, 
and the Lille model [122–124]. The MELD is a statistical model 
that is calculated using the serum bilirubin, creatinine, and INR. 
It  predicts  30-day  and  90-day  mortality  in  patients  with  AH 
with accuracy similar to the DF [122] A MELD of 21 has 75% 
sensitivity  and  specificity  in  predicting  90-day  mortality.  The 
GAH score incorporates age, serum bilirubin, blood urea nitro-
gen, prothrombin time, and peripheral white blood cell count, 

diuretics for ascites, and nonabsorbable disaccharides and anti-
biotics for encephalopathy. Patients should also receive vaccines 
for hepatitis A and B and should be referred for liver transplan-
tation when appropriate.

Alcoholic hepatitis (AH)

AH is a clinical syndrome characterized by new onset jaundice 
and/or  ascites  in  the  setting  of  ongoing  alcohol  abuse  and 
underlying ALD [4]. AH is now considered a form of acute-on-
chronic liver failure. In some patients, the episode of AH is the 
first manifestation of a silent ALD, while in others it is an exac-
erbation of a known alcoholic cirrhosis. AH should be distin-
guished  from  early  ASH  in  fully  compensated  patients,  a 
histologic entity defined by the presence of steatosis, hepatocyte 
ballooning, and a neutrophilic  inflammatory infiltrate. Impor-
tantly, patients with ALD can present with an episode of jaun-
dice  and  liver  decompensation  for  reasons  other  than 
superimposed AH. These include severe sepsis, biliary obstruc-
tion,  diffuse  HCC,  drug-induced  liver  injury  and  ischemic 
hepatitis (i.e., due to massive bleeding or cocaine use). There-
fore,  not  all  episodes  of  jaundice  in  patients  with  underlying 
ALD should be attributable to AH. In patients with other poten-
tial  causes  of  jaundice,  in  those  with  severe  forms,  and  in 
patients involved in clinical trials, a transjugular liver biopsy is 
important to confirm the diagnosis of AH [71,118].

Epidemiology
The  epidemiology  of  AH  is  not  well  characterized.  In  many 
patients with ALD and clinical complications,  the presence of 
superimposed  AH  is  not  explored  and  therefore  its  real  inci-
dence is unknown, and studies are underway to determine the 
percentage of patients with clinical criteria compatible with an 
episode  of  AH  that  is  not  properly  coded.  Population  based 
studies  using  administrative  data  estimate  approximately  4.5 
hospitalizations  for AH per 100 000 persons each year, with a 
slight male predominance  [119]. Prospective  studies assessing 
the incidence, risk factors and clinical features of AH are needed.

Patients typically present with “rapidly progressive jaundice”, 
which can be accompanied by fever, abdominal pain, anorexia, 
and weight loss. In severe cases, there is marked portal hyperten-
sion, and the patient presents with ascites, encephalopathy, or 
variceal bleeding. Alcohol use can be quite variable. Often, there 
is a history of daily heavy alcohol use, which may have escalated 
in the weeks and months prior to presentation. Alternatively, as 
patients begin feeling ill, they may reduce or discontinue alcohol 
use in the preceding days or even weeks. Physical findings are 
nonspecific, and may include fever, tender hepatomegaly, ascites, 
muscle wasting, and other stigmata of chronic liver disease.

Noninvasive markers
There are no noninvasive markers that reliably detect the pres-
ence  of  AH  in  patients  with  decompensated  ALD.  A  cardinal 
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Figure 103.5 Algorithm for the diagnosis and management of alcoholic hepatitis. AKI, acute kidney injury; Alk Phos, alkaline phosphatase; ANA, 
anti-nuclear antibodies; ASMA, anti smooth-muscle antibodies; BSA, broad-spectrum antibiotics; DILI, drug-induced liver injury; FFP, free frozen 
plasma; HRS, hepatorenal syndrome; LT, liver transplantation; MCV, mean corpuscular volume; MOD, multiorgan dysfunction; NE, norepinephrine; 
NGT, nasogastric tube; PTX, pentoxifylline; SBP, spontaneous bacterial peritonitis; SIRS, systemic inflammatory response syndrome; TBil, total serum 
bilirubin; TJB, transjugular biopsy; TPN, total parenteral nutrition; UTI, urinary tract infection.
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• Cocaine use last 3 months.
• Uncertain alcohol assessment.
• Atypical labs (eg. GOT or GPT >500 U/L, Alk Phos >300 U/L, etc).
• Suspicion of malignant liver disease based on clinical and/or imaging criteria.
• Sepsis at admission (clinical diagnosis or positive culture plus SIRS).
• Hypotension/massive bleeding at admission.

• Rule out acute viral hepatitis (A, B and C) if �rst episode and/or clinical suspicion.
• Rule out drug-induced liver injury (DILI): http://livertox.nih.gov
• Rule out biliary obstruction, metastases or HCC (doppler abdominal US and if indicated, MRI).

• Motivational intervention by addiction counselor while hospitalized. Referral to a local addiction counselor. Consider
Baclofen as anticraving when liver function improves (TBil <10 mg/dL). Early follow-up visit in liver clinic.

• Early detection of AKI (use AKIN criteria): expansion with albumin, consider terlipressin or NE if progressive HRS-1.
• If ascites or Gl hemorrhage: primary prophylaxis with nor�oxacin and or ceftriaxone as indicated.

• Ensure adequate caloric and �uid intake: daily protein intake of 1.5 g/kg bw. Consider NGT or TNP is severe
malnutrition. If fever >38°C or clinical/microbiological signs of infection: BSA according to the local guidelines. If SIRS
without infection and T<38°C: BSA not clearly indicated but high risk of renal failure and MOD.

• Vit K weekly, Vit B (1, 6 and 12) and folic acid supplementation.

• Prevent/treat OH withdrawal: moderate, Baclofen in USA or Clometiazol in Europe; severe, benzodiazepines; if
intubation needed, Propofol.

• Assessment: mental status, presence signs HE or alcohol withdrawal, ascites (diagnostic tap in all cases; FFP if
INR>2.5), presence of infections (pneumonia, cellulitis, SBP, UTI, meningitis). EKG, pan-culture, chest X-Ray, urinary
sediment in all patients, presence of SIRS (2 elevated out of: T, HR, RR and leukocyte count), urinary output. 

• Clinical presentation: recent-onset jaundice, malaise, ascites, edema, itching, fever, abdominal pain, encephalopathy.

• LABS: abrupt rise in TBil >3 mg/dl (usually > 5 mg/dl), GOT>GPT (usually >2, unusual > 500 U/L), GGT >100 U/mL, Alk
Phos normal or slightly elevated, Albumin <3.0 g/L, INR >1.5, Platelet count <150000, elevated MCV.

• Common physical exam �ndings: signs of alcohol abuse, stigmata cirrhosis, ascites, tender hepatomegaly,
splenomegaly, pedal edema, asterixis, poor mental status, signs of cerebellar dysfunction, signs of peripheral
neuropathy.
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The two accepted specific therapies for AH are prednisolone 
(or prednisone) and pentoxifylline. Corticosteroids have been 
used  in  the  treatment  of  AH  for  more  than  40  years  [121]. 
Although the clinical trials suffer from heterogeneity and high 
risk of bias, a recent metaanalysis showed improved survival in 
patients with a high DF [131]. The most studied formulation is 
prednisolone 40 mg daily for 1 month, with or without a taper. 
The  response  to  prednisolone  can  be  assessed  based  on  the 
change in bilirubin after 1 week of therapy and quantified using 
the Lille score [127]. For those with a poor response as indicated 
by a Lille score ≥ 0.45, stopping therapy can be considered, as 
there  is  likely no benefit to continuing steroids  in this setting. 
Pentoxifylline  inhibits  the  synthesis  of  tumor  necrosis  factor, 
which  is  increased  in  patients  with  AH.  A  randomized  trial 
demonstrated improved short-term survival with this medica-
tion  as  a  result  of  a  decreased  incidence  of  hepatorenal  syn-
drome  [132].  However,  a  recent  study  showed  that  it  is  less 
effective than prednisolone [133]. In practice, pentoxifylline is 
typically reserved as a second-line agent for patients with con-
traindications to corticosteroid therapy (i.e., uncontrolled infec-
tion,  GI  bleeding).  A  large  trial  comparing  prednisolone  and 
pentoxifylline  is  underway  [134].  Unfortunately,  there  are  no 
available rescue therapies for patients not responding to medical 
therapy. The combination of both drugs offers no benefit [135]. 
N-acetylcysteine is an antioxidant that is effective for the treat-
ment  of  acute  liver  failure.  Finally,  a  recent  randomized  trial 
showed  that  the  combination  of  N-acetylcysteine  with  pred-
nisolone reduced 1-month mortality (8% vs. 24%) and a reduced 
incidence  of  hepatorenal  syndrome  and  infection  [136].  The 
favorable safety profile of N-acetylcysteine makes it a potential 
option,  in  combination  with  corticosteroids,  for  patients  with 
severe  disease.  Finally,  salvage  liver  transplantation  in  highly 
selected  patients  has  been  shown  to  improve  survival  signifi-
cantly,  but  most  centers  do  not  consider  these  patients  to  be 
eligible for transplantation [137].

Liver transplantation for  
alcoholic liver disease

ALD is the second leading indication for  liver transplant (LT) 
after HCV cirrhosis [138]. In general, mortality and morbidity 
after LT in ALD patients is similar to patients with other etiolo-
gies [139]. Patients who receive a liver transplant for ALD have 
a life expectancy of 15 years, although this still reflects an esti-
mated 14 years of  life  lost  [140].  In patients with past alcohol 
abuse and HCV infection, some studies suggest greater mortal-
ity after a LT. The cause of death after transplantation for ALD 
is  different  from  those  of  non-ALD  recipients.  In  particular, 
cardiovascular causes and de novo malignancies are significantly 
over-represented  in  patients  transplanted  for  ALD  [141].  The 
combination of cardiovascular deaths and of new onset cancers 
of  the  aerodigestive  tract  in  patients  receiving  LT  for  ALD 
strongly suggest a causal linkage with cigarette smoking, which 

and  has  been  shown  to  accurately  predict  28-day  mortality 
[123].  The  ABIC  uses  age,  bilirubin,  INR,  and  creatinine  to 
estimate a 90-day risk of mortality, and can categorize patients 
into low (0%), intermediate (30%), and high (75%) risk of death 
[124]. The MELD has been evaluated in US cohorts, the GAH 
in populations from the UK, and the ABIC in Spain [125,126]. 
Response to therapy also has prognostic value for patients with 
AH. For those with severe AH (DF ≥ 32) who are treated with 
corticosteroids,  the  change  in  serum  bilirubin  after  1  week  of 
therapy  can  be  used  to  calculate  the  Lille  score,  which  also 
incorporates  age,  albumin,  creatinine,  and  prothrombin  time 
[127]. Clinical practice guidelines  therefore  recommend stop-
ping corticosteroids after 1 week in those with an unfavorable 
Lille score, as the risks of continued therapy likely outweigh the 
benefits  [71,120]. Recently, we performed a  large multicentric 
study  to develop a histological  scoring  system capable of pre-
dicting short-term survival  in patients with AH. The resulting 
alcoholic  hepatitis  histological  score  (AHHS)  comprises  four 
parameters that are independently associated with survival: (1) 
fibrosis stage, (2 )PMN infiltration, (3) type of bilirubinostasis, 
and  (4)presence  of  megamitochondria.  By  combining  these 
parameters  in  a  semiquantitative  manner,  patients  with  AH 
could be stratified into low, intermediate, or high risk for death 
within 90 days [14].

Treatment
The treatment of AH is based on general and specific measures 
(Figure 103.5). Alcohol abstinence is most important and active 
management  of  alcohol  use  disorders  is  critical  to  achieving 
continued  abstinence.  Patients  must  be  monitored  closely  for 
symptoms of alcohol withdrawal, which should be anticipated 
and treated. These patients also frequently suffer from protein-
calorie malnutrition,  and  intensive nutritional  support  is  vital 
[117].  This  can  be  achieved  through  high  calorie  meals  and 
supplements, or through enteral feedings if necessary. Alcohol-
ics  are  also  at  high  risk  of  Wernicke’s  encephalopathy  [128]. 
Thiamine should therefore be repleted in all patients at the time 
of  presentation  since  glucose  can  precipitate  or  worsen  Wer-
nicke’s encephalopathy if given without thiamine. Patients with 
severe  AH  usually  require  hospitalization  for  initial  manage-
ment, and occasionally need admission to an intensive care unit. 
Infections  are  exceedingly  common  in  AH  [129].  All  patients 
with  clinical  AH  should  be  screened  for  infection  with  chest 
X-rays and cultures of blood, urine, and ascites. Empiric antibi-
otics may be administered if there is a high suspicion of infec-
tion. Acute kidney injury (AKI) is another common complication 
of AH [130]. It most commonly occurs in the setting of infec-
tions,  and  often  is  caused  by  acute  tubular  necrosis  and  the 
hepatorenal  syndrome.  Because  of  its  strong  association  with 
mortality, AKI prevention and early treatment are paramount. 
Volume expansion with crystalloid should be a priority  in the 
early  therapy  of  AH  to  prevent  prerenal  azotemia  and  acute 
tubular necrosis. Patients with systemic inflammatory response 
are at high risk of developing AKI.
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In addition to a 6-month abstinence period, most transplant 
programs have further requirements for patients with ALD. A 
full psychosocial assessment should be performed, including an 
evaluation  by  a  psychologist  or  psychiatrist  with  expertise  in 
addiction medicine. The majority of LT programs in the United 
States routinely include such an assessment as part of the stand-
ard transplant evaluation for all candidates prior to listing. This 
evaluation  also  typically  includes  a  thorough  assessment  of 
social  support.  Other  methods  to  reduce  recidivism  include 
random  alcohol  screening  for  patients  on  the  transplant  
waiting list.

Medical evaluation
The standard assessment of LT candidates  typically  includes a 
thorough  cardiovascular  evaluation,  including  echocardiogra-
phy and dobutamine stress testing [120]. This evaluation is par-
ticularly  important  for  patients  with  ALD,  as  cardiovascular 
disease is common posttransplant. Alcohol intake is correlated 
with  tobacco  smoking  as  well,  which  is  an  independent  risk 
factor  for  ischemic  heart  disease.  Other  conditions  associated 
with alcoholism should also be assessed during the LT evalua-
tion process, including pancreatic disease, neuropathy, myopa-
thy, and cognitive dysfunction. Routine screening for malignancy 
should be current (e.g., colonoscopy, mammography, Papanico-
laou testing) since LT recipients have an increased risk of cancer 
[148].  Furthermore,  cancer  appears  to  be  more  common  in 
patients with ALD compared to patients with other indications 
for LT [149].

Posttransplant care
The incidence of alcohol  relapse after  transplant varies widely 
between studies, ranging from 10%–50% over several years of 
follow-up [150–152]. A meta-analysis estimated a rate of 5.6 per 
100 patient-years for relapse to any alcohol use and 2.5 per 100 
patient-years  for  relapse  to  heavy  use  [153].  These  estimates 
varied widely among studies, and generalizations may be diffi-
cult due to differences in ascertainment of relapse. Many studies 
relied  on  patient  interviews  and  retrospective  chart  reviews, 
both  of  which  may  significantly  underestimate  the  true  inci-
dence of relapse. Furthermore, studies differ in the definition of 
relapse. Much of the LT literature defines relapse as any use of 
alcohol, as opposed to the addiction medicine literature, which 
is more concerned with relapse to heavy drinking. Of interest, 
patients  with  ALD  are  no  more  likely  than  other  patients  to 
drink alcohol after LT [150].

After  LT,  patients  require  lifelong  follow-up  for  prevention 
and management of complications, which are common. Among 
the  most  common  complications  are  cardiovascular  disease, 
chronic kidney disease, and cancer [154]. Calcineurin inhibitor-
based  immunosuppression  predisposes  patients  to  metabolic 
complications such as hypertension, diabetes, and dyslipidemia, 
which contribute to the high incidence of cardiovascular disease. 
Furthermore,  the  direct  nephrotoxic  effects  of  these  medica-
tions  result  in  a  high  incidence  of  kidney  dysfunction,  which 

is  common  among  ALD  transplanted  patients.  Transplanted 
patients who  smoke have an  increased  risk  for  cardiovascular 
complications  including  hepatic  artery  thrombosis,  increased 
cancer  incidence  (oral,  laryngeal,  pharyngeal,  lung  and  skin), 
and  sepsis-related  death.  Cigarette  smoking  is  also  strongly 
associated  with  lung  diseases  in  transplanted  patients  [142]. 
These data highlight an under-recognized serious health risk for 
these  patients  and  demonstrate  the  need  for  more  stringent 
clinical monitoring and intervention for tobacco use in the pre 
and posttransplant periods [16].

Patient selection
Evaluation  for  LT  should  be  considered  for  patients  who 
develop  evidence  of  liver  dysfunction  (based  on  an  elevated 
Child-Pugh score ≥7 or MELD ≥10) or clinical decompensa-
tion  (ascites,  variceal  bleeding,  or  hepatic  encephalopathy) 
[120]. Patients with highly morbid complications of  cirrhosis, 
such as hepatorenal syndrome, should have an expedited refer-
ral  and  evaluation.  Those  with  the  most  advanced  disease 
clearly benefit from LT, whereas a benefit for those with mod-
erate disease  is  less clear.  In one study, a survival benefit with 
LT was only seen for patients with Child-Pugh class C cirrhosis 
[143]. In another study, immediate listing did not improve sur-
vival compared to standard care for patients with Child-Pugh B 
disease [144]. In the United States and most centers worldwide, 
once  patients  are  listed,  prioritization  for  LT  is  based  on  the 
MELD score; the diagnosis of ALD does not factor into organ 
allocation. Most transplant programs require a 6-month period 
of abstinence before consideration for LT. The rationale for this 
“6-month  rule”  is  twofold:  (1)  to  allow  time  for  recovery  of 
liver  function  which  may  improve  to  the  point  that  LT  is  no 
longer  necessary;  and  (2)  to  reduce  the  risk  of  posttransplant 
recidivism. The latter point  is controversial. Although data do 
suggest  that  the  length  of  pretransplant  abstinence  correlates 
with  posttransplant  recidivism,  the  predictive  ability  of  the 
6-month  cutoff  is  poor  [145].  Furthermore,  survival  may  not 
be diminished in those patients who resume drinking after LT 
[146].  Of  those  who  do  resume  drinking,  many  do  not  drink 
excessively. Many patients with end-stage liver disease or severe 
AH have a life expectancy <6 months or are unable to mean-
ingfully  participate  in  required  substance  abuse  counseling 
programs due to severe illness and frequent medical hospitali-
zations.  In  the  current  paradigm,  these  patients  are  ineligible 
for  LT  and  are  typically  referred  to  hospice.  However,  post-
transplant  outcomes  appear  to  be  good  for  highly  selected 
patients  with  severe  AH  unresponsive  to  medical  therapy 
[137];  the  utility  of  LT  may  be  improved  if  transplant  is  an 
option in such very select circumstances. Expanding transplant 
to this group is not likely to significantly impact others on the 
LT waiting list. In one study using stringent criteria, fewer than 
2%  of  patients  qualified  for  this  “salvage”  LT,  and  fewer  than 
3% of available grafts were used for this indication. Such a shift 
in practice  is not currently widely accepted, although opinion 
on this matter is evolving [147].
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further  raises  the  cardiovascular  risk.  Patients  who  are  trans-
planted  for  ALD  are  especially  susceptible  to  these  complica-
tions.  In a European registry, post-LT survival was 84%, 78%, 
73%, and 58% at 1-, 3-, 5-, and 10-years, which was better than 
that  of  patients  with  viral  hepatitis  and  cryptogenic  cirrhosis 
[149]. However, cardiovascular and malignancy-related deaths 
were more common amongst  the group with ALD. Therefore, 
continued  follow-up  and  vigilance  for  cardiovascular  disease 
and cancer is of utmost importance.

Patients with ALD often present at the time of transplantation 
with  multisystemic  effects  of  long-term  ethanol  abuse  [138]. 
These comorbidities include malnutrition, vitamin deficiencies, 
nonimmune  hemolytic  anemia,  peripheral  and  central  neural 
system abnormalities, nephropathy, muscle wasting due to alco-
holic myopathy, and others. Therefore,  the integral care of the 
transplanted patient with ALD ideally requires a multidiscipli-
nary approach.

References are available at  
www.yamadagastro.com/textbook

To access the podcast for this chapter, please go to  
www.yamadagastro.com/textbook

Podcast 103.1  The  podcast  discusses  the  issues  around 
enteral nutrition and endoscopic access.

http://www.yamadagastro.com/textbook
http://www.yamadagastro.com/textbook


2056

CHAPTER 104

Chapter menu

Introduction, 2056

Definition, 2056

Epidemiology, 2056

Histopathology, 2057

Pathogenesis, 2059

Mediators of cellular injury in steatohepatitis, 2062

Clinical features of nonalcoholic fatty liver disease and  
associated diseases, 2064

Diagnostic approach, 2065

Treatment, 2065

Summary, 2068

Further reading, 2068

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common 
cause of elevated aminotransferases in the United States [1,2]. 
NAFLD encompasses a spectrum of disorders characterized by 
intrahepatic fat accumulation (simple hepatic steatosis) accom-
panied by varying degrees of hepatic necroinflammatory activ-
ity and hepatic fibrosis (nonalcoholic steatohepatitis or NASH) 
through to cirrhosis. NAFLD is considered the hepatic manifes-
tation of the metabolic syndrome and is associated with 
increased mortality, particularly cardiovascular disease (CVD) 
related mortality [3,4]. The epidemiology, histopathology, 
pathogenesis, clinical evaluation, and management of NAFLD 
will be reviewed in this chapter.

Definition

Nonalcoholic fatty liver disease is characterized by fat accumu-
lation in the liver in the absence of excessive alcohol consump-
tion (less than 20 g/day) and exclusion of other secondary 
causes of hepatic steatosis [5–8]. Primary NAFLD is closely 
associated with other features of metabolic syndrome, particu-
larly insulin resistance (IR) [9–11]. Secondary causes of NAFLD 
can be related to nutrition (i.e., rapid weight loss, malnutrition), 

drug-induced toxicity (i.e., methotrexate, tamoxifen, chemo-
therapies), metabolic conditions (i.e., lipodystrophy, abetapro-
teinemia), and other causes (i.e., bypass surgery, bacterial 
overgrowth, celiac disease, etc.). The focus here will be a detailed 
discussion of primary NAFLD (referred to simply as NAFLD 
throughout this chapter).

Epidemiology

It is difficult to ascertain the true incidence of NAFLD given the 
paucity of data. An incidence rate of 31–86 cases of suspected 
NAFLD per 1000 person years was reported in two Japanese 
studies, while a much lower incidence of 29 cases/100 000 
person years was reported in an English cohort [9,12,13]. 
Additional well-designed longitudinal studies are needed to 
determine the true incidence of NAFLD.

The reported prevalence of NAFLD in the general population 
in the Western world has varied greatly depending on the popu-
lation studied and the modality used to establish the diagnosis. 
Using magnetic resonance (MR) spectroscopy, the reported 
prevalence of NAFLD in the general population in the Dallas 
Heart Study was 31% [1]. However, using US as the diagnostic 
modality, 46% of middle-aged individuals in an army cohort 
were estimated to have NAFLD [14]. In this same cohort, the 
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[1,35,38]. The prevalence of NAFLD in American Indian and 
Alaskan Natives ranges from 0.4% to 2% [39,40].

Age
The prevalence of NAFLD, advanced fibrosis, and hepatocellu-
lar carcinoma (HCC) increases with age [3,17,36,41,42].

Familial and genetic factors
Recent advances in the study of the genetics of NAFLD have 
contributed to our understanding of significant variability in the 
prevalence of NALFD across various races and ethnicities. 
NAFLD clusters in families with an approximate heritability of 
0.27 [43,44]. A genome wide association study (GWAS) identi-
fied a single nucleotide polymorphism (SNP) of patatin-like 
phospholipase domain-containing 3 gene (PNPLA3) as a strong 
predictor of hepatic fat content [45]. Homozygosity for the 
I148M allele of the PNPLA3 gene is associated with more than 
twofold increase in hepatic fat content; this SNP is most preva-
lent in Hispanics (0.49) and has a much lower prevalence in 
African Americans (0.17). Another variant of the same gene, 
PNPLA3-S453I, is most commonly observed in African 
Americans and is inversely related to hepatic fat content. 
Regression analyses suggest that variations in these sequences 
can account for 72% of the observed ethnic differences in 
hepatic fat content [45]. Other genetic variants including KLF6, 
NCAN, GCKR, and LYPLA1 have been identified but the evi-
dence linking them to NAFLD is still evolving [44,46].

Histopathology

Nonalcoholic fatty liver disease represents a histopathological 
spectrum ranging from simple hepatic steatosis to steatohepa-
titis characterized by necroinflammatory changes which 
increases the risk for progression to advanced fibrosis and cir-
rhosis [3,8,47]. In 2005, the Pathology Committee of NASH 
Clinical Research Network (NASH-CRN) designed and vali-
dated a histological feature scoring system for the diagnosis and 
grading the severity of NAFLD [48]. In this scoring system 
(Table 104.1), accumulation of greater than 5% hepatic fat is the 
minimal requirement for the histological diagnosis of NAFLD 
(Figure 104.1). Macrovesicular steatosis is usually present in 
zone 3 or panacinar distribution, while azonal steatosis is most 
often seen in those with advanced fibrosis [49]. In contrast to 
simple steatosis, steatohepatitis (NASH) is characterized by the 
presence of macroversicular steatosis and necroinflammatory 
changes, cytological ballooning, and lobular inflammation. 
Histological distinction between simple steatosis and NASH is 
important because 25%–50% of NASH patients will develop 
progressive fibrosis and 15%–25% will progress to cirrhosis, 
while only 1%–4% of patients with simple steatosis will progress 
to advanced fibrosis [8,47,50–53]. The presence of cytological 
ballooning (Figure 104.2) is key to the diagnosis of steatohepa-
titis even when there is a paucity of hepatic steatosis or lobular 

prevalence of histologically confirmed NASH was 12.2%. Much 
like in the West, NAFLD can affect up to a third of the popula-
tion in the Asia-Pacific Region. However, the striking variations 
in its prevalence likely reflect urbanization and affluence in 
more metropolitan areas. For instance, the reported prevalence 
of NAFLD increased from 12.5% in rural Chengdu to 24.5% in 
the more urban Central China [15–17]. In summary, the overall 
estimated prevalence of NAFLD ranges from 6.3% to 33% with 
a median of 20% in the general population [2]. In contrast, the 
prevalence of NASH is much lower with an estimated range of 
3%–5% [2].

Nonalcoholic fatty liver disease and  
metabolic syndrome
The metabolic syndrome refers to a cluster of metabolic abnor-
malities that predicts the risk of developing diabetes and CVD 
better than any of its individual components [18]. Metabolic 
syndrome is characterized by obesity, diabetes, hypertension, 
hypertriglyceridemia, and low high-density lipoprotein (HDL) 
cholesterol [19]. According to the Centers for Disease Control 
and Prevention, approximately 66% of the US population is 
overweight while a third is obese. Obesity is projected to 
increase to 51% by 2030 in the USA [20]. Similarly, by 2020, IR/
diabetes could increase to affect 77% of US men and 53% of US 
women [21]. Similar increases in obesity and diabetes are pro-
jected worldwide [22]. The metabolic syndrome predicts the 
development of NAFLD and the risk of having NAFLD increases 
significantly with the addition of each of the components of the 
metabolic syndrome [9,23]. In patients with morbid obesity 
undergoing bariatric surgery, the prevalence of NAFLD might 
be as high as 90% [2,24–26]. In the Dionysos study, the preva-
lence of NAFLD was 94% in obese patients, 67% in overweight 
patients, and 25% in patients with normal weight [27]. Much 
like obesity, the prevalence of diabetes among those with 
NAFLD is relatively high. In a 1H-MR spectroscopy-based case–
control study, the presence of diabetes was associated with a 
200% increase in hepatic fat content compared to matched con-
trols [28]. In a study of subjects with type II diabetes mellitus, 
87% of patients had biopsy-proven NAFLD while 69% of a 
Brazillian cohort with type II diabetes mellitus had sonographic 
evidence of fatty liver [29,30]. Finally, 50% of patients with 
dyslipidemia had NAFLD and hypertriglyceridemia was 
strongly associated with the presence of NAFLD with an odds 
ratio (OR) of 5.9 (P < 0.01) [31].

Gender and ethnicity
Although studies prior to 1990 reported an increased preva-
lence of fatty liver in women, more recent studies suggest a 
higher prevalence among males [2,5,32–34]. Male gender is also 
associated with steatohepatitis, hepatic fibrosis, and increased 
mortality in patients with NAFLD [35–37].

Prevalence of NAFLD varies with race and ethnicity with the 
highest prevalence in Hispanics [1,14,35]. In contrast, African 
Americans have the lowest reported prevalence of NAFLD 
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Table 104.1 NASH Clinical Research Network Scoring System: Nonalcoholic 
fatty liver disease (NAFLD) Activity Score.

Degree Steatosis 
grade (% 
hepatic fat)

Lobular 
inflammation 
(inflammatory 
foci/20× 
optical field)

Hepatocellular 
ballooning 
(extent of 
ballooning)

0 <5 None None

1 5–33 <2 foci Mild; few

2 34–66 2–4 foci Moderate to 
marked; many

3 >66 >4 foci –

Figure 104.1 Degree of hepatic steatosis in nonalcoholic fatty liver disease. The extent of steatosis is graded based on the percent of total hepatocytes 
that are involved. (a) Grade 1 is defined as 5%–33% of parenchyma involvement by steatosis; (b) grade 2 is 34%–66%; and (c) grade 3 >67%. H&E 
stain; original magnification 20×.

Grade 1: 5–33%

(a) (b) (c)

Grade 2: 34–66% Grade 3: >67%

Figure 104.2 Cytological ballooning results from microtubular disruption and is evidence of severe cell injury. The ballooned cells are swollen and 
enlarged, with a pale cytoplasm, which appears finely granular and reticulated. (a) Mild steatosis without ballooning degeneration. (b) Ballooned 
hepatocyte (arrow) with the characteristics of scalloped margin, filamentous appearing intracytoplasmic material, and an accentuated nuclear 
membrane and prominent nucleoli. (c) More prominent ballooning injury. H&E stain; original magnification 20×.

(a) (b) (c)

inflammation. Ballooning injury reflects cellular change in 
which the hepatocytes become enlarged and the cytoplasm 
becomes irregularly clumped with optically clear nonvesicu-
lated areas. Ballooned hepatocytes may contain Mallory–Denk 
bodies (MDB), which are eosinophilic ropey cytoplasmic inclu-
sions consisting of hyperphosphorylated misfolded cytokeratin 
filaments [54].

In steatohepatitis, fibrosis classically begins in zone 3 as  
delicate strands of collagen in a perisinusoidal distribution 
(Figure 104.3 and Table 104.2). Periportal fibrosis can subse-
quently develop and extend into the surrounding parenchyma. 
With progression of fibrosis, there is an overall reduction in 
hepatic steatosis, inflammation and ballooning [3]. Unlike viral 
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NASH-CRN proposed and validated a scoring system that was 
based on the original Brunt classification [48]. The revised clas-
sification system is based on semi-quantitative assessment of the 
following lesions (see Table 104.1): steatosis (0–3), lobular 
inflammation (0–2), ballooning injury (0–2), and fibrosis (0–4). 
The unweighted sum of the scores for steatosis, inflammation, 
and ballooning injury is the NAFLD activity score (NAS) and 
higher NAS (≥5) correlated well with the presence of NASH 
while a NAS ≤3 was not typically associated with NASH (Figure 
104.4) [48]. NAS alone cannot be used to diagnose steatohepa-
titis, which is identified by a distinctive pattern of steatosis, 
inflammation, and ballooning injury. For instance, only 75% of 
subjects with NAS ≥5 had definite steatohepatitis while 29% of 
biopsies with NAS ≤4 had definite steatohepatitis [56]. The 
sensitivity and specificity of NAS ≥5 for definite steatohepatitis 
is 0.75 and 0.83, respectively.

Recently, Younossi and colleagues proposed a new classifica-
tion for NASH that includes steatosis with the presence of bal-
looning injury and/or MDB or fibrosis. According to this 
criterion, steatohepatitis is present if steatosis is accompanied 
by ballooning injury/MDB or any degree of fibrosis (centrilobu-
lar, perisinusoidal, or bridging) [57]. The new classification cor-
related better than NAS in predicting long-term liver-related 
mortality.

Pathogenesis

Hepatic fat accumulation is the hallmark of NAFLD while stea-
tohepatitis is the infiltration of the fatty liver with necroinflam-
matory cells and associated cellular injury. A two-hit model was 

hepatitis, bridging fibrosis in NASH may result from extension 
of the perisinusoidal fibrosis with retention of the hepatocytes 
within the fibrotic network. These complexes of trapped hepa-
tocytes within the fibrotic network are eventually replaced with 
regenerative nodules and progression to cirrhosis. Other histo-
logical features including nonzonal small patches of hepatoctyes 
with microvesicular steatosis, megamitochondria, glycogenated 
nuclei, large lipogranuloma, and hepatocellular glycogenosis 
may be seen in biopsies of patients with NAFLD but the clinical 
significance of these findings is unclear.

In 1999, Brunt and colleagues published a three-grade, four-
stage system based on 10 separate histological parameters of 
classifying NAFLD [55]. In this classification system, the signifi-
cant histological lesions included macrovesicular steatosis, 
lobular inflammation, and cytological ballooning. In 2005, 

Figure 104.3 Pericellular fibrosis stage 1. (a, b) Masson trichrome stain for collagen highlights perisinusoidal or periportal fibrosis. The collagenous 
tissue (shown in blue) surrounds individual hepatocytes, producing a chicken-wire appearance. (c) In another field, the pericellular fibrosis is noted 
around several ballooned hepatocytes. Masson trichrome; original magnification 40×.

(a) (b) (c)

Table 104.2 NASH Clinical Research Network Scoring System: Fibrosis 
Score.

Fibrosis stage Description

0 None

1A Mild zone 3 perisinusoidal fibrosis

1B Moderate zone 3 perisinusoidal fibrosis

1C Portal/periportal fibrosis only

2 Zone 3 perisinusoidal fibrosis with portal/
periportal fibrosis

3 Bridging fibrosis

4 Cirrhosis
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proposed to help explain the progression to steatohepatitis [58]. 
According to the model, the first hit is the accumulation of fat 
within hepatocytes and the second hit (genetic or environmen-
tal) results in hepatic inflammation, cellular injury, and fibrosis. 
The progression may not be linear and multiple concurrent 
processes contribute to the phenotype of steatohepatitis.

The liver plays a central role in maintaining energy homeos-
tasis by integrating carbohydrate and lipid metabolic pathways. 
During the stages of starvation, the liver maintains euglycemia 
through glycogenolysis and gluconeogenesis. In conditions of 
carbohydrate excess, glucose undergoes glycolysis and generates 
intermediates that are subsequently used for fatty acid and even-
tually triglyceride synthesis. Similarly, excess dietary fatty acids 
or plasma fatty acids derived from lipolysis are converted to 
triglycerides in the liver. Triglycerides are packaged into very 
low-density lipoproteins (VLDL) and secreted from the liver.

Role of insulin resistance
Ludwig and colleagues first noted the link between IR and stea-
tohepatitis in 1989 when they described the presence of steato-
hepatitis in patients with obesity and diabetes in the absence of 
significant alcohol consumption [5]. This association has since 
been confirmed in multiple studies [10,11]. Higher circulating 
insulin levels correlate better with the presence of NAFLD than 
obesity or adiposity [59]. Patients with steatohepatitis are more 
likely to have higher total insulin secretion and lower insulin 
sensitivity even in the absence of overt diabetes. Fasting insulin 
levels are the best predictor of hepatic steatosis, and IR is an 
independent risk factor for the development of NASH, irrespec-
tive of body mass index (BMI). In patients with NAFLD and 
normal alanine aminotransferase (ALT) values, IR has been 
independently associated with the presence of advanced fibrosis 
[60]. Although NAFLD is commonly seen in conjunction with 
other features of the metabolic syndrome, an independent epi-
demiological association between IR and NAFDL has been con-
firmed in nondiabetic patients with NAFLD [11,61].

Figure 104.4 Relationship between the probability of having 
steatohepatitis and nonalcoholic fatty liver disease activity score (NAS). A 
score of greater than 4 was associated with high probability of having 
steatohepatitis while a score of less than 4 was associated with a lower 
chance of steatohepatitis. Adapted from Kleiner et al. 2005 [48]. 
Reproduced by permission of John Wiley & Sons.
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Insulin is a powerful anabolic regulator of human metabo-
lism and a hormone of abundance. When dietary nutrients 
exceed current energy needs, insulin levels rise and act on target 
cells to induce efficient storage of the excess nutrients and sup-
press mobilization of endogenous substrates. Insulin facilitates 
the disposal of circulating glucose into skeletal muscle by trans-
location of the glucose transporter 4 (GLUT4) from an intracel-
lular compartment to the cell surface, facilitating glucose 
transport into cells. In addition, insulin stimulates the differen-
tiation of preadipocytes to adipocytes and promotes lipogenesis 
while suppressing adipose tissue lipolysis. In the liver, insulin 
promotes glucose uptake and utilization by glycogen synthesis 
while suppressing glycogenolysis and gluconeogenesis in the 
setting of excess glucose. Importantly, higher levels of insulin 
stimulate synthesis of triglycerides and inhibit lipolysis. Thus, 
IR contributes importantly to higher cellular and circulating 
lipids (Figure 104.5) [62].

In patients with IR, higher than normal insulin concentra-
tions are needed to achieve physiological responses, such as 
stimulation of skeletal muscle glucose uptake or suppression of 
hepatic glucose production. There is an organ-specific hierarchy 
for safe lipid storage; peripheral or subcutaneous adipose tissue 
is preferable to central or visceral adipose tissue, which in turn 
is preferable to liver. Weight gain is first associated with expan-
sion of the size and number of adipocytes. Overloaded adipose 
tissue depots are subsequently infiltrated by activated macro-
phages. The resulting low-grade chronic inflammation contrib-
utes importantly to IR [63]. Gut-derived products, certain 
dietary constituents, relative hypoxia, and hormones have all 
been implicated in adipose tissue inflammation [64]. 
Macrophages promote the production and secretion of proin-
flammatory cytokines by adipocytes resulting in high levels of 
tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), and a 
decrease in adiponectin levels [65,66]. Additionally, these 
adipocyte-secreted cytokines are released into the circulation 
and detected by the liver and induce additional cytokines (i.e., 
hs-CRP) as part of an acute phase reaction. Collectively, these 
cytokines promote endothelial dysfunction, atherogenesis, and 
thrombosis, and impair fibrinolysis and the metabolic clearance 
of glucose. Additionally, the proinflammatory metabolic milieu 
leads to further deterioration of insulin sensitivity. For example, 
suppressors of cytokine signaling (SOCS) inhibit Janus kinase 
signal transducers and activators of transcription (JAK-STAT) 
and activate JNK signaling. SOCS is induced by proinflamma-
tory cytokines and promotes the development of hepatic stea-
tosis by activating sterol responsive element binding protein-1 
(SREBP-1), a key regulator of lipogenic genes in the liver (see 
Figure 104.5) [67].

Adenosine monophosphate (AMP)-activated protein kinase 
(AMPK) is another key mediator of fatty acid metabolism and 
has been implicated in the progression of hepatic steatosis. 
AMPK is stimulated by increasing cellular concentrations  
of AMP and activates pathways designed to restore cellular 
adenosine triphosphate (ATP) stores. Upon activation, AMPK 
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increases β-oxidation and decreases the activity of acetyl-CoA 
carboxylase (ACC), a key enzyme in de-novo lipogenesis (DNL) 
[68]. Additionally, activated AMPK decreases SREBP-1 tran-
scription as well as phosphorylating and deactivating carbohy-
drate responsive element binding protein (ChREBP) to shut 
down DNL and shift to energy conservation mode [69].

Energy homeostasis and hepatic steatosis
As noted, the liver is instrumental in maintaining energy home-
ostasis by integrating carbohydrate and lipid metabolic path-
ways. Several nuclear receptors and transcriptional factors 
important in metabolic homeostasis are affected by insulin and 
glucose. For instance, lipogenesis is stimulated by insulin at the 
transcriptional level via SREBP-1; and glucose has analogous 
effects on ChREBP [70]. Of the three SREBP isoforms 
(SREBP-1a, SREBP-1c, and SREBP-2), SREBP-1c plays a major 
role in DNL by increasing expression of rate-limiting genes in 
the lipogenesis pathway. In addition to insulin, SREBP-1c 
expression is also induced by glucose, saturated fats, and sterols 
while polyunsaturated fats decrease lipogenesis by decreasing 
SREBP-1c expression.

Similar to SREBP-1c, ChREBP promotes lipogenesis during 
periods of carbohydrate excess through an increase in the tran-
scription of key enzymes involved in the conversion of carbo-
hydrates to lipids [71]. Fructose, unlike glucose, is almost 
entirely taken up by the liver and because it is phosphorylated 
on carbon 1 (not carbon 6) it cannot be used for glycogen syn-
thesis. Instead, it provides glyceraldehyde-3-phosphate for DNL 
and contributes to hepatic steatosis [72].

Insulin and glucose modulate hepatic lipogenesis by regulat-
ing SREBP-1c and ChREBP through liver X receptor (LXR), 
respectively (Figure 104.6) [73,74]. Upon activation by insulin, 
LXR increases lipogenesis by increasing SREBP-1c transcrip-
tion. During periods of carbohydrate excess, glucose binds to 
LXR, which subsequently activates ChREBP, promoting conver-
sion of carbohydrates to lipids through transcriptional increase 
in key lipogenic enzymes [75].

In addition to DNL, fatty acids available to the liver can also 
arise from nonesterified fatty acid pool and dietary fats. In 
patients with NAFLD, 60% of triglycerides stored in the liver 
arise from circulating fatty acids whereas dietary fat and lipo-
genesis account for 15% and 25%, respectively (Figure 104.7) 
[76]. Enhanced lipolysis from adipose tissue resistance results 
in increased circulatory levels of free fatty acids (FFA) that are 
subsequently taken up by the liver and used as a precursor in 
triglyceride synthesis [77]. Impaired apolipoprotein production 
and diminished expression of microsomal transfer protein in 
NAFLD leads to decreased production and secretion of VLDL 
and likely contributes to hepatic steatosis [78,79].

Peroxisome proliferator-activated receptors
The peroxisome proliferator-activated receptor (PPAR) pathway 
has been implicated in the pathogenesis of NAFLD and serves 
as the basis for clinical trials assessing PPAR-γ agonists in the 

Figure 104.5 Mechanism of hepatic steatosis in nonalcoholic fatty liver 
disease. Infiltration of adipose tissue by macrophages results in a 
decreased serum adiponectin and an increased proinflammatory 
cytokines. The proinflammatory adipokines worsen insulin resistance, 
particularly at the level of adipose tissue. Adipose tissue insulin resistance 
leads to incomplete suppression of lipolysis which leads to increased 
serum free fatty acid (FFA) concentrations. The increased FFA load to the 
liver is used in de-novo lipogenesis and in conjunction with decreased 
β-oxidation and fat mobilization results in hepatic steatosis.
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(TZDs) for PPAR-γ. PPAR-α is highly expressed in metaboli-
cally active tissues (liver, muscle, intestine, brown adipose 
tissue) and modulates β-oxidation, fatty acid transport, and 
inflammation [80]. In animal models, PPAR-α activation is 
associated with improvement in steatosis, inflammation, and 
fibrosis [81]. In contrast, PPAR-α agonists have had mixed 
results in the treatment of NAFLD. In a study of 16 patients with 
biopsy-confirmed NAFLD, 48 weeks of fenofibrate treatment 
was associated with lower aminotransferase levels and improve-
ment in hepatocellular ballooning but no improvement in stea-
tosis, inflammation, or fibrosis [82].

Peroxisome proliferator-activated receptor-γ activation 
increases adiponectin levels, which improves adipose tissue and 
skeletal muscle insulin sensitivity thereby decreasing peripheral 
lipolysis and influx of fatty acid to the liver [83–85]. PPAR-γ 
activation improves hepatic steatosis, fatty acid oxidation, and 
hepatic inflammation [86,87]. PPAR-γ is present in hepatic stel-
late cells (HSCs) and reduced transcriptional activity has been 
associated with fibrosis. Activation of PPAR-γ inhibits the acti-
vation and proliferation of HSCs thereby reducing the progres-
sion of fibrosis [88,89].

Hepatic fat accumulation worsens  
insulin resistance
Lipid accumulation in the liver can cause or worsen IR. 
Compartmentalization of excess lipid into metabolically inert 
lipid droplets allows hepatocytes to regulate lipid storage and 
utilization. However, efflux of lipid out of these droplets and 
conversion into toxic mediators such as diacylglycerol (DAG) 
or oxysterols, results in lipotoxicity or lipid-mediated toxicity. 
DAG activates serine/threonine kinase cascade and activates 
phosphokinase C-ε which then binds to the insulin receptor and 
inhibits intracellular signaling. The result is reduced activation 
of phosphatidylinositol-3-kinase and Akt 2, and worsening IR 
[90]. In fact, in a cohort of morbidly obese patients, hepatic 
DAG content was the best predictor of IR [59]. In contrast,  
the relationship between IR and other markers of hepatic stea-
tosis including ceramides, long-chain fatty acyl-coenzyme-A 
(CoA), plasma, and hepatic markers of inflammation was not 
significant.

Mediators of cellular injury in 
steatohepatitis

Oxidative stress
Oxidative stress can result from increased production of reac-
tive oxygen species (ROS) or reactive nitrogen species (RNS) 
or decreased antioxidant activity. Important endogenous intra-
cellular sources of ROS include mitochondria and cytochrome 
P450 both of which have been implicated in oxidative stress in 
steatohepatitis. Approximately 2%–4% of intracellular oxygen  
is converted into ROS. As a result, there is an increased pro-
duction of uncoupling protein 2 (UCP-2) mediated by FFA 

treatment of NAFLD. PPARs are ligand-activated nuclear recep-
tors that regulate glucose and lipid metabolism. Three isoforms 
of PPAR have been identified: PPAR-α, PPAR-β/δ, and PPAR-γ. 
Fatty acids and prostaglandins are natural PPAR ligands while 
fibrates are synthetic ligands for PPAR-α and thiazolidinediones 

Figure 104.6 Hyperinsulinemia and hyperglycemia regulate sterol 
regulatory element binding protein-1c (SREBP-1c) and carbohydrate 
response element binding protein (ChREBP) expression through liver X 
receptor (LXR). LXR in conjunction with SREBP-1c and ChREBP is 
responsible for the generation of substrate and the production of enzymes 
necessary in de-novo lipogenesis. ACC, acyl-CoA carboxylase; ACL, ATP 
citrate lyase; DAG, diacylglycerol; DGAT, diglyceride aceyltransferase; 
FAS, fatty acid synthase; GPAT, glycerol-3-phosphate actyltransferase; 
LCE, long-chain fatty acyl elongase; SCD, steroyl-CoA desaturase.
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Figure 104.7 Sources of hepatic triglycerides in patients with 
nonalcoholic fatty liver disease (NAFLD). In patients with NAFLD, 
nonesterified fatty acids (NEFA) are the major contributor to the hepatic 
triglyceride pool with de-novo lipogenesis (DNL) and dietary intake 
accounting for the remainder. Data from [213]).
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Exposure of hepatocytes to elevated circulating levels of FFA 
results in mitochondrial membrane permeabilization, increased 
ROS production, and eventually mitochondrial dysfunction 
[113]. Hepatocyte exposure to FFA results in the activation of 
foxhead box O3a (FoxO3a), its nuclear translocation and 
binding to Bim promoter resulting in the activation of the mito-
chondrial apoptotic pathway [114,115].

Lysosomes appear to play a central role in apoptotic cell death 
in NAFLD. Hepatocyte exposure to FFA and ROS results in 
lysosomal permeabilization and release of cathepsin B, a key 
proteolytic enzyme in the lysosomes, setting off a cascade of 
events that culminates in cell death and apoptosis [116,117].

Under physiological conditions, hepatocytes are resistant to 
TNF-related apoptosis inducing ligand (TRAIL) apoptosis. 
However, in NAFLD, FFA appears to sensitize hepatocytes to 
Fas- and TRAIL-mediated apoptosis [118]. Furthermore, 
increased expression of TRAIL receptors has been reported in 
patients with steatohepatitis [119]. Collectively, these findings 
indicate that intracellular accumulation of FFA per se may be 
sufficient to initiate cell injury.

Intestinal microbiome
The human intestinal tract harbors a complex microbial com-
munity of approximately 100 trillion cells, exceeding the number 
of human cells by a factor of 10 [120]. This complex microbial 
community is referred to as the human intestinal microbiome. 
The liver is closely linked to the intestinal microbiome both 
through anatomical proximity as well as through the portal 
circulation. Emerging evidence links specific components of the 
microbiome to metabolic conditions including obesity, IR, and 
fatty liver disease. The interaction of epithelial cells with 
microbes and components released by microbes, including their 
metabolites, is a key mediator of cross-talk between bacteria and 
other cell types [121]. In susceptible individuals, intestinal dys-
biosis is associated with decreased intestinal glucagon-like 
peptide-1 (GLP-1) expression, an anorexigenic peptide [122]. 
The intestinal microbiome can contribute to obesity if specific 
components of the microbiome facilitate breakdown and diges-
tion of otherwise indigestible carbohydrates resulting in an 
increase in energy extracted and activation of ChRBEP- and 
SREBP-1-mediated lipogenesis [123,124]. Similarly, nutrient 
absorption can be enhanced if other components of the micro-
biome increase inflammation and induce vascularization and 
blood flow in the mucosa [125]. The intestinal microbiome also 
decreases intestinal expression of fasting-induced adipose factor 
(Fiaf), a circulating lipoprotein lipase inhibitor, thus favoring 
fatty acid uptake and adipose tissue expansion in some indi-
viduals [126].

Although human studies are lacking, animal studies have 
clearly demonstrated that transplanting normal microbiome 
harvested from conventionally raised mice into germ-free  
mice results in increased liver fat content [126]. The increase 
in hepatic triglyceride content is due to higher luminal  
monosaccharide absorption promoting DNL. Additionally, 

induction of PPAR-α [91–93]. UCP-2 is localized in the inner 
mitochondrial membrane and is abundant in hepatocytes in 
NAFLD. Under physiological conditions, however, UCP-2 
expression is limited to Kupffer cells. UCP-2 increases activity 
of the electron transport chain and limits the production of 
ROS [94]. However, it also uncouples the electron transport 
chain from ATP synthesis, increasing the susceptibility to ATP 
depletion and cellular injury [94,95]. Impaired ATP homeos-
tasis is present in steatohepatitis [96,97]. Additionally, mito-
chondrial free cholesterol sensitizes hepatocytes to TNF-α 
and Fas mediated injury through mitochondrial glutathione 
depletion [98].

Nonalcoholic fatty liver disease is associated with the prolif-
eration and enlargement of hepatocyte peroxisomes and this is 
likely due to increased β-oxidation from sustained PPAR-α 
stimulation [99]. Cytochrome P450 enzymes, particularly 
CYP2E1 and CYP4A, also play an important role in fatty acid 
oxidation and lipooxygenation of long-chain fatty acids with 
ROS production. CYP2E1 activity is increased in patients with 
steatohepatitis and its acinar zone 3 distribution corresponds  
to the initial site of injury and hepatic fat accumulation com-
monly seen in NAFLD. Additionally, superoxide dismutase, a 
key antioxidant, is decreased in steatohepatitis [100]. The anti-
oxidant potential in steatohepatitis is further reduced by glu-
tathione depletion, increased 3-ntirotyrosine activity, high 
8-hydroxydeoxyguanosine levels, and low catalase activity 
[101,102]. Lipid peroxidation of polyunsaturated fatty acids 
leads to the production of reactive metabolites like malondial-
dehyde (MDA) and 4-hydroxy-2,3-transnoneal (4-HEN), 
causing cellular injury [103,104]. The degree of lipid peroxida-
tion is directly related to the availability of FFA and the concen-
trations of both MDA and 4-HNE are increased 90% in subjects 
with steatohepatitis compared to those with simple steatosis 
[105]. In steatohepatitis, hepatic injury results when the antioxi-
dant potential of the hepatocytes is overwhelmed by oxidative 
stress.

Hepatocyte apoptosis
In NAFLD, the majority of lipids are stored within hepatocytes 
in the form of triglycerides. Although triglycerides themselves 
are not harmful, other lipid metabolites including saturated 
fatty acids and free cholesterol appear to be key mediators of 
lipotoxicity and apoptosis [106–108]. In patients with steato-
hepatitis, fatty acid transport proteins (FATP) CD36/fatty acid 
translocase, which mediate the translocation of FFA into hepa-
tocytes, is upregulated [109]. Fas protein is activated by Fas 
ligand (FasL) and is essential in the recruitment and activation 
of caspase 8 and hepatocyte apoptosis [110]. Exposure to FFA 
results in upregulation of Fas expression and Fas-mediated 
apoptosis [111,112]. Fas expression is increased in subjects with 
steatohepatitis compared to those with simple steatosis and 
normal controls. Moreover, free cholesterol loading has been 
shown to sensitize hepatocytes to TNF-α and Fas-induced 
apoptosis and steatohepatitis [98].
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ling processes consisting of cellular injury, repair, and regenera-
tion. The mechanism through which the remodeling process 
leads to cirrhosis in steatohepatitis is not well understood and 
remains an area of active investigation.

Clinical features of nonalcoholic fatty liver 
disease and associated diseases

Patients with NAFLD are generally asymptomatic. Typically, 
incidental findings of either elevated ALT or abnormal radio-
graphic imaging suggesting hepatic steatosis are the first clues 
to the presence of the disorder.

Signs or symptoms
Patients with NAFLD are usually asymptomatic; general malaise 
or fatigue appears to be the most prevalent complaint in symp-
tomatic individuals.

The most common physical finding in subjects with NAFLD 
is obesity, which might be present in the majority of patients. 
Hepatomegaly and dorsocervical fat pad collection are present 
in up to a quarter of patients with NAFLD. Patients with under-
lying IR might also have acanthosis nigrans. In individuals pre-
senting with advanced fibrosis or cirrhosis, spider angiomas, 
palmar erythema, ascites, and hepatic encephalopathy can 
occur but do not differentiate NASH from other causes of 
cirrhosis.

Cardiovascular disease
Cardiovascular disease related mortality is the leading cause of 
death in patients with steatohepatitis [3,47,139]. Although 
NAFLD is commonly seen with other features of metabolic 
syndrome, the increased risk of CVD in NAFLD is independent 
of obesity and diabetes [140,141]. NAFLD is associated with 
increased carotid artery intimal medial thickness (IMT), a vali-
dated marker of subclinical atherosclerosis [140,142]. IMT is 
greatest in those with steatohepatitis, as compared to those with 
simple hepatic steatosis and lowest in healthy individuals [140]. 
Not surprisingly, the risk of clinically evident CVD and periph-
eral vascular disease is much higher in those with NAFLD 
[141]. It appears that the increased risk of CVD-related mortal-
ity and all-cause mortality is higher in those with steatohepatitis 
compared to those with simple steatosis [139]. The mechanism 
for the strong association between NAFLD and CVD is cur-
rently unknown.

Hepatocellular carcinoma
Liver cancer is the fifth most frequently diagnosed cancer and 
third leading cause of death worldwide [143]. HCC, the major 
subtype of primary liver malignancy, is most commonly seen in 
those with underlying cirrhosis [144]. The annual incidence of 
HCC in NASH cirrhosis is estimated to be 2.6%–2.7% com-
pared with 4%–4.7% in those with hepatitis C cirrhosis [42,145]. 
NAFLD, along with obesity and IR, has been associated with 

steatohepatitis has been associated with small intestinal bacte-
rial overgrowth (SIBO) and increased intestinal permeability, 
thereby, allowing a potential mechanism through which the 
intestinal microbiome can exert an increased effect in those 
with steatohepatitis [127].

Hepatic steatosis and IR have also been linked to constant 
low-grade endotoxemia or metabolic endotoxemia. Endogenous 
lipopolysaccharide (LPS) is continuously produced as a result 
of bacterial cell death. LPS absorption is enhanced with lipid 
absorption and translocation through intestinal capillaries in a 
toll-like receptor-4 (TLR-4) dependent mechanism [128,129]. 
LPS subsequently activates the inflammatory cascade by activat-
ing nuclear factor κ-light chain enhancer of activated B cells 
(NFκB) and downstream inflammatory components. Thus the 
endotoxemia results in chronic low-grade systemic inflamma-
tion that promotes IR, adiposity, and hepatic steatosis.

Mechanism of fibrosis
Hepatic fibrosis in steatohepatitis is initiated by the accumula-
tion of extracellular matrix (ECM) materials and is generated 
by activated HSCs and hepatic myofibroblasts (MFB). Lipid 
peroxides, ROS, and breakdown products of the hepatocyte 
membrane activate HSCs, which upon activation change their 
function and morphology to MFB [130,131]. In addition, LPS 
derived from intestinal microbiome activates Kupffer cells, 
which produce macrophage chemotactic protein-1 (MCP-1), 
TNF-β, and osteopontin which in turn activate HSCs [132,133]. 
Activated HSCs increase the expression of cytoskeletal proteins, 
such as desmin and α-smooth muscle actin, and generate ECM, 
including types I and III collagens. Concurrent increases in 
tissue inhibitor of matrix metalloproteinases (TIMP) produc-
tion hamper the degradation of ECM, further augmenting 
ECM. TNF-α expression is increased in IR and is produced by 
activated Kupffer cells. Compared to normal subjects, TNF-α 
levels in patients with steatohepatitis and hepatic steatosis are 
elevated and correlate with the stage of fibrosis [134]. In steato-
hepatitis, HSC activation correlated with portal and lobular 
inflammation but not with steatosis grade suggesting a role for 
profibrotic and proinflammatory cascades that are independent 
of liver fat accumulation [135]. Low levels of adiponectin, which 
is known to inhibit HSC activation and expression of profibrotic 
cytokines like TFG-β, could be another mechanistic link 
between steatohepatitis and HSC activation [136]. The endo-
cannabinoid system has been implicated in both steatohepatitis 
and fibrosis progression. CB1 receptor antagonism suppresses 
appetite and has been implicated in obesity and potentially 
hepatic steatosis. HSC express both CB1 and CB2 and increase 
in their expression is associated with HSC activation and TGF-β 
regulation [137]. Hyperinsulinemia and hyperglycemia, two 
clinical components of steatohepatitis, have also been impli-
cated in promoting the synthesis of connective tissue growth 
factor by HSCs [138].

The progression of steatosis to steatohepatitis to advanced 
fibrosis to cirrhosis represents a spectrum of cellular remode-
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5 years compared to no liver biopsy [152]. Liver biopsy is usually 
not necessary when there is evidence of advanced fibrosis or 
cirrhosis on either laboratory (ALT  <  aspartate aminotrans-
ferase [AST], thrombocytopenia, hypoalbuminemia), clinical 
(spider angiomas, ascites, hepatic encephalopathy, palmar ery-
thema), or radiographic (portal vein size >1.1 cm, coarse liver, 
varices) grounds.

Noninvasive diagnosis
A number of noninvasive approaches have been investigated in 
the diagnosis and staging of NAFLD. These include mathemati-
cal modeling of laboratory variables and various radiological 
modalities. Although noninvasive methods appear to be ade-
quate for establishing the diagnosis of hepatic steatosis, their 
sensitivity and specificity for identifying steatohepatitis or dif-
ferent stages of fibrosis remains inferior to liver biopsy.

Clinical and laboratory markers
The fatty liver index (FLI) is computed from BMI, waist circum-
ference, triglycerides, and γ-glutamyl-transpeptidase [153]. A 
score of greater than 60% has an 86% specificity in diagnosing 
steatosis. Liver fat score is calculated on the basis of the presence 
of metabolic syndrome, type II diabetes, fasting serum insulin, 
AST, and AST/ALT ratio, and predicts the presence of hepatic 
steatosis with 86% sensitivity and 71% specificity [154]. Other 
mathematical models have been employed that predict the pres-
ence of hepatic steatosis with some certainty but are ineffective 
in distinguishing hepatic steatosis from steatohepatitis [155,156].

Radiographic imaging
A number of radiographic modalities [US, computed tomogra-
phy (CT), and MRI] can be used to diagnose hepatic steatosis. 
The sensitivity of US is dependent on the degree of steatosis 
present (Figure 104.8). The US sensitivity is 80% when more 
than 30% steatosis is present compared to 55% when only 
10%–19% of the liver is steatotic [157]. US is highly dependent 
on patient and operator characteristics. For example, US sensi-
tivity is inversely related to patient BMI, and the sensitivity can 
be as low as 39% in individuals with BMI greater than 35 kg/m2 
[158]. Similarly, the sensitivity of CT in detecting hepatic stea-
tosis is 50%–86% depending on the degree of steatosis and the 
presence of other confounding factors such as iron, copper, or 
fibrous tissue. MRI and MR spectroscopy are capable of detect-
ing as little as 5% hepatic steatosis with 85% sensitivity. However, 
widespread use is limited by cost and lack of availability [159]. 
Importantly, radiographic modalities do not distinguish steato-
sis from steatohepatitis and are not helpful in staging hepatic 
fibrosis [160].

Treatment

The aim of therapy in NAFLD is to retard or prevent the pro-
gression of steatohepatitis to cirrhosis and its sequelae. However, 

HCC even in the absence of cirrhosis [146,147]. Steatohepatitis, 
not simple hepatic steatosis, appears to be associated with the 
elevated risk of developing HCC [3]. In the largest study to date, 
43/87 cases of HCC in histologically documented steatohepati-
tis were found in patients without cirrhosis [148]. The presence 
of a low-grade chronic inflammatory state associated with stea-
tohepatitis likely favors an environment characterized by cel-
lular proliferation and suppression of apoptosis. Additionally, 
increased fatty acid synthesis and lipid accumulation has been 
observed in neoplastic cells and increased expression of genes 
involved in lipogenesis correlates with cellular proliferation and 
poor prognosis in HCC [149,150]. Elevated levels of FFAs and 
lipotoxicity may interfere with cellular signaling while an 
increase in free radical production through enhanced rates of 
fatty acid oxidation and may promote oncogenesis [114,151].

Diagnostic approach

Mild elevations in serum aminotransferase levels or incidentally 
noted hepatic steatosis on imaging are usually the first clues to 
underlying NALFD. A detailed history and physical examina-
tion should be the starting point, focusing on the detection of 
other features of metabolic syndrome and the absence of sig-
nificant alcohol use. The presence of other common liver dis-
eases, including viral hepatidites and cholestatic liver diseases, 
should be assessed serologically. Traditional liver function tests 
should be repeated to confirm the presence of elevated ami-
notransferases. In the absence of significant alcohol use and a 
negative serological work-up for common etiologies of liver 
diseases, the most likely diagnosis is NAFLD. However, the liver 
biopsy remains the gold standard for diagnosing NAFLD.

Liver biopsy
Since liver biopsy is invasive, costly, and might not change the 
management of most cases, a trial of 3–6 months of lifestyle 
interventions aimed at weight loss is usually recommended. The 
decision regarding who and when to biopsy should be based on 
whether the information obtained would impact patient care. 
Compared to simple steatosis, the presence of steatohepatitis or 
fibrosis is associated with increased progression to end-stage 
liver disease and decreased mortality [3,139]. Distinguishing 
simple steatosis from steatohepatitis has important clinical 
implications for management. Therefore liver biopsy should be 
recommended in the following conditions:
1. To establish the diagnosis of NAFLD after other common 

causes of liver disease have been excluded or where there is 
diagnostic uncertainty.

2. To distinguish simple hepatic steatosis from steatohepatitis.
3. To stage NAFLD.
4. To assess the degree of fibrosis.
5. To measure response in clinical trials.

In a decision tree model, a liver biopsy-directed approach was 
projected to have a lower mortality and fewer transplants after 
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loss was associated with complete regression of hepatic steatosis 
in approximately 21% of patients and 93% had an overall reduc-
tion in hepatic steatosis. A large randomized trial in overweight 
individuals confirmed that reduced calorie diets are associated 
with clinically meaningful weight loss regardless of which 
macronutrients (fat, protein, or carbohydrates) are emphasized 
[171]. In the US, although there are no specific guidelines for 
weight loss in patients with NAFLD, the National Heart, Lung, 
and Blood Institute guidelines for weight management are the 
best evidence-based treatment guidelines and should be recom-
mended [172]. A dietary plan with 500–1000 kcal/day daily 
caloric deficit to achieve 10% reduction of body weight should 
be recommended [44]. Additionally, an escalating exercise 
regimen should also be recommended in patients who are able 
to tolerate it. Exercise in patients has been associated with 
improvements in various metabolic parameters, including ALT, 
hepatic triglycerides, visceral adipose tissue, and FFA levels 
even when weight loss could not be achieved [173,174].

Insulin sensitizers
Metformin and TZDs have been evaluated for the treatment of 
NASH. There is less information about the effects of newer 
agents used in type II diabetes that target restoration of an 
enteroglucagon–pancreatic β-cell axis (glucagon-like peptide 
agonist, dipiptidylpeptidase-4 antagonists), and these will not 
be discussed here.

Metformin
Metformin is an oral biguanide and despite decades of clinical 
use, the molecular mechanisms still have not been fully eluci-
dated. Its principal glucoregulatory action appears to occur pri-
marily in the liver to reduce glucose output, and secondarily in 
peripheral tissues to augment glucose uptake. Most studies have 
shown a reduction in fasting hepatic glucose levels in response 
to metformin without precipitating hypoglycemia [175].

Most of the published clinical trials evaluating the efficacy of 
metformin in NASH have been limited by lack of end-of-treat-
ment histological assessment and small sample size. Metformin 
results in improvement in serum ALT levels and insulin sensi-
tivity [176–182]. However, the durability of this biochemical 
response has been questioned as ALT breakthrough is common 
[182]. Two randomized trials found no statistically significant 
improvement in histological parameters, while an open-label 
trial showed improvement in histological parameters but the 
effect was closely linked to weight loss [178,183,184]. In fact, 
19% of patients lost >10 kg, and multivariate analysis showed 
that improvement in histological response was closely linked 
with weight loss. It is difficult to make any definitive conclusion 
regarding the efficacy of metformin in NAFLD given the hetero-
geneous patient populations, and the durations and designs of 
clinical trials that have been conducted thus far; and a recent 
metaanalysis failed to show any biochemical or histological 
improvement directly related to metformin therapy [185]. The 
Treatment of Nonalcoholic Fatty Liver Disease in Children 

there is currently no approved therapy known to achieve the 
goal. Although a number of pharmacological agents have been 
investigated, no specific therapy has been shown to produce a 
durable histological response. The current treatment of NAFLD 
involves weight loss (lifestyle or surgical), tight control of other 
the features of metabolic syndrome, and pharmacological 
therapy in selected individuals, i.e., vitamin E in nondiabetic 
subjects with steatohepatitis.

Weight loss
Energy intake in patients with NAFLD is much higher com-
pared to normal individuals and so lifestyle modification 
remains the standard of care [161]. Although, lifestyle-mediated 
weight loss is the mainstay of therapy, achieving sustained 
weight loss through nonsurgical means has been challenging 
[162]. Many subjects with NAFLD are not motivated to change 
behavior and do not perceive their weight to be a major con-
tributor to hepatic steatosis while others are simply unable to 
achieve or sustain weight loss despite best efforts.

When successful, sustained weight loss through lifestyle 
modification not only improves histological outcomes but also 
reduces the risk of progression to diabetes, hypertension, CVD, 
and all-cause mortality [163–165]. Since the Western diet is rich 
in SFA, individuals with steatohepatitis likely consume a diet 
richer in SFA and lower in polyunsaturated fatty acid (PUFA), 
fiber, and antioxidants like vitamin C and E [166–168]. A recent 
trial in obese patients with steatohepatitis demonstrated that a 
regimented approach of portion controlled meals and exercise 
led to improvement in lobular inflammation, hepatic steatosis, 
and cytological ballooning [169]. In a prospective study of 14 
obese men, 12 weeks on a Mediterranean diet was associated 
with approximately 13% weight loss and significant improve-
ment in LDL-C, AST, and ALT levels [170]. Additionally, weight 

Figure 104.8 Sonographic characteristics of hepatic steatosis. A sagittal 
view of the liver demonstrates hyperechogenicity with deep attenuation 
which causes blurring of the vascular structure. Comparison of the 
echogenicity of the kidney, hepatic attenuation allows for a qualitative 
diagnosis of moderate hepatic steatosis.
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NASH, and to address whether a standard dose of vitamin E 
might have beneficial effects [194]. A total of 247 patients were 
randomized to receive either 30 mg of pioglitazone daily, 800 IU 
of vitamin E daily, or placebo for 96 weeks. Although pioglita-
zone produced an improvement in steatosis and inflammation, 
the difference did not reach the rigorous predefined primary 
endpoint. Based on the a priori plan of analysis, which included 
comparison of unstained sections of biopsies at baseline and at 
the end for analysis, there was a trend towards improvement. 
This was driven mainly by a large number of subjects receiving 
pioglitazone whose baseline biopsy, analyzed according to a 
priori plan, did not reveal ballooning and thus could not 
improve. Excluding this subset of patients, the effect of piogli-
tazone on ballooning was indeed significant. No improvement 
in fibrosis was noted and AT levels worsened after discontinu-
ation of pioglitazone. This latter observation again suggests the 
need for long-term therapy if TZDs are eventually licensed for 
use in NASH.

Taken together, these results indicate that although TZDs 
robustly reduce serum ALT levels, steatosis, and insulin sensi-
tivity, they lead to significant weight gain, have less consistent 
effects on ballooning and liver inflammation (and hence on 
NASH pathology) but probably produce no significant improve-
ment in fibrosis over 12–24 months.

Troglitazone, the first available TZD, was withdrawn from the 
market due to idiosyncratic hepatotoxicity. A metaanalysis pub-
lished by Nissen and Wolski showed that long-term use of ros-
iglitazone was associated with an increased risk of cardiac 
ischemia and a trend towards increased cardiovascular mortal-
ity [195]. The apparent increase in myocardial infarction  
and cardiovascular risk with rosiglitazone was subsequently 
addressed prospectively in the Rosiglitazone Evaluated for 
Cardiac Outcomes and Regulation of Glycaemia in Diabetes 
(RECORD) trial, a RCT conducted in over 360 centers in 25 
different countries and which included 4447 obese and diabetic 
patients [196]. The RECORD trial failed to show an increased 
risk of cardiac ischemia and cardiovascular mortality. Unlike 
rosiglitazone, long-term use of pioglitazone has not been associ-
ated with increased risk of cardiac ischemia or cardiovascular 
mortality [197]. The use of TZDs has been associated with 
increased incidence of heart failure and fractures [198].

Biochemical remission and lack of histological response 
coupled with significant safety concerns make TZDs a less 
desirable option as the primary choice for the treatment of 
patients with steatohepatitis.

Vitamin E
The mechanism of action of vitamin E in subjects with steato-
hepatitis remains unclear. Apart from its role as an antioxidant, 
vitamin E might also induce adiponectin expression from adi-
pocytes via the PPAR-γ pathway [199]. Initial studies evaluating 
macronutrient imbalances in NAFLD suggested that patients 
with steatohepatitis consume less vitamin E [166]. Additionally, 

(TONIC) trial was a large multicenter effort that evaluated the 
efficacy of metformin in children with NASH [186]. Compared 
to placebo, treatment with metformin failed to show biochemi-
cal or histological improvement therefore there is no evidence 
to support the use of metformin for treatment of NASH.

Thiazolidinediones
Thiazolidinediones are PPAR-γ receptor ligands that have 
depot-specific effects on adipose tissue distribution, including 
decreased visceral and hepatic fat, and increased peripheral adi-
posity and weight gain as a common side effect. The metabolic 
effects of TZDs result from enhanced adipose tissue sensitivity 
to insulin, leading to inhibition of the accelerated rates of lipoly-
sis and a reduction in plasma FFA concentrations. TZDs also 
inhibit the release of adipokines from adipose tissue including 
TNF-α, IL-6, and resistin, and increasing adiponectin secretion, 
thereby improving hepatic insulin sensitivity.

The role of TZDs in patients with steatohepatitis has been 
investigated in a number of studies. In an open-label uncon-
trolled trial in obese patients, treatment with rosiglitazone was 
associated with both biochemical and histological responses 
[187]. Subsequent pilot studies with pioglitazone in nondiabetic 
patients showed a similar improvement in ALT, IR, and liver 
histology [188,189]. Although encouraging, these results were 
tempered by small sample size and the lack of cohort controls. 
In the first double-blinded randomized controlled trial (RCT) 
in diabetic patients with steatohepatitis, treatment with piogli-
tazone was associated with both biochemical and histological 
improvements [190]. In a subsequent double-blinded RCT in 
nondiabetic patients with steatohepatitis, treatment with piogli-
tazone was associated with biochemical and histological 
improvement [191]. A randomized placebo-controlled trial 
evaluating the efficacy of year-long treatment with rosiglitazone 
in patients with histologically proven steatohepatitis showed a 
40% reduction in hepatic steatosis compared to placebo, but 
there was no improvement in any of the other indices associated 
with steatohepatitis including inflammation, cytological bal-
looning, or fibrosis [192]. Additionally, 4 months after the com-
pletion of treatment, patients taking rosiglitazone had sustained 
improvement in insulin sensitivity but serum ALT levels 
returned to baseline suggesting a need for ongoing therapy. In 
the follow-up Fatty Liver Improvement with Rosiglitazone 
Therapy exension (FLIRT2) trial, patients completing the FLIRT 
trial were placed on rosiglitazone for 2 additional years [193]. 
Despite the continued improvement in insulin sensitivity and 
ALT levels, rosiglitazone failed to improve liver histology. This 
finding could indicate that mechanisms other than insulin sen-
sitization might be important in the improvement in liver injury 
during treatment with TZDs.

The Pioglitazone, Vitamin E, or Placebo for Nonalcoholic 
Steatohepatitis (PIVENS) trial is the largest study to date. It was 
designed to answer questions about the long-term efficacy of 
pioglitazone in nondiabetic patients with histologically proven 
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Bariatric surgery
Currently, bariatric surgery is accepted as a treatment for 
obesity based on a combination of BMI and the presence of 
features of metabolic syndrome. In most obese patients with 
NAFLD and steatohepatitis, bariatric surgery is associated with 
improvement in hepatic histology [209,210]. In the largest 
study to date, weight reduction after Roux-en-Y gastric bypass 
was associated with resolution of NAFLD in 82.8% and 
improvement in 14% of patients [211]. Similarly, the degree of 
fibrosis improved in all patients and 84% had complete regres-
sion of fibrosis. Laproscopic adjustable gastric banding (AGB) 
is the second most common bariatric procedure performed but 
only limited data are available regarding its impact on NAFLD. 
Mathurin and colleagues reported that ABG was associated 
with improvement in hepatic steatosis and cytological balloon-
ing but no change in inflammation was observed [212]. 
Unexpectedly, the degree of fibrosis was worse after a 5-year 
follow-up.

Summary

Intracellular accumulation of fat is widespread in Western  
societies as a result of obesity and nutrient excess. When  
accompanied by genetic and other susceptibility factors, the 
accompanying inflammation and progression toward NASH is 
emerging as a dominant cause of cirrhosis. Weight reduction of 
10% or more and improved physical conditioning whenever 
possible represents the mainstay of treatment. Until other 
approaches are validated, the treatment guidelines of the 
American Association of the Study of Liver Diseases provide 
up-to-date recommendations.
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vitamin E deficient patients with NAFLD were more likely to 
have more advanced steatosis [200]. The role of vitamin E in the 
treatment of steatohepatitis was recently evaluated in the 
PIVENS (adult) and TONIC (pediatric) trials [186,194]. In 
adults, treatment with vitamin E was associated with improve-
ment in hepatic steatosis, lobular inflammation, and steatohepa-
titis. No improvement in fibrosis was observed [194]. In 
children, therapy with vitamin E was associated with a decrease 
in cytological ballooning and NAS score [186].

Other approaches
Due to differing dietary patterns, patients with NAFLD consume 
lesser quantities of vitamin C, an essential antioxidant [166]. In 
a double-blinded RCT, no significant improvement in serum 
ALT or necroinflammatory activity was seen in patients treated 
with vitamin C compared to placebo [201].

Urosodeoxycholic acid (UCDA) is an hydrophilic bile acid 
that has been shown to be of some efficacy in a number of liver 
diseases, particularly cholestatic liver disease. In a randomized 
trial, 2 years of therapy with UDCA did not lead to any signifi-
cant improvement in the degree of steatosis, necroinflamma-
tion, or fibrosis compared to placebo and as such cannot be 
recommended as primary therapy for steatohepatitis [202].

Lipid-lowering therapy
Statin therapy is associated with improvement in metabolic 
profile and CVD-related mortality. In a double-blinded RCT, 
treatment with simvastatin failed to show any significant 
improvement in serum aminotransferases, hepatic steatosis, 
necroinflammatory activity, or fibrosis stage in patients with 
steatohepatitis [203]. Although statins do not improve the his-
tological features of NAFLD, treatment with statins is associated 
with improved cardiovascular outcomes in patients with 
NAFLD [204].

In a placebo-controlled study, therapy with gemfibrozil was 
associated with improvement of serum ALT but no histological 
data was available and therefore the impact of fibrate therapy 
on histology cannot be assessed [205]. Similarly, probucol,  
a lipid-lowering agent with strong antioxidant properties, 
improved serum aminotransferases but the impact on histologi-
cal endpoints could not be assessed as no histological data was 
provided [206].

Betaine
The S-adenosylmethionine (SAM), the major methyl donor, 
reduces circulating levels of homocysteine by facilitating its 
conversion to methionine and decreases S-adenosylhomo-
cysteine (SAH). Reduced hepatic levels of SAM and increased 
levels of both homocysteine and SAH have been implicated in 
animal models of hepatic steatosis [207]. Despite the success 
in animal models, treatment with betaine failed to reduce  
SAH levels or improve histology in patients with steatohepati-
tis [208].
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Introduction

Understanding of hepatic fibrosis has evolved dramatically over 
the past two decades. Once believed to be static, the cirrhotic 
scar is now recognized to be dynamic, with an element of 
reversibility. Further, it is now more fully appreciated that fibro-
sis itself is associated with adverse clinical consequences. For 
example, fibrosis is known to be a precursor of hepatocellular 
carcinoma. Additionally, the degree of portal hypertension 
appears to be proportional to portal pressure, and portal pres-
sure appears to be one of the most important predictors of 
clinical outcome in patients with chronic liver disease.

As the mechanisms underlying hepatic fibrosis become better 
delineated, specific antifibrotic therapies are being developed 
[1]. This implies that liver fibrosis per se should be recognized 
as a clinical problem, leading to defined treatment approaches 
and strategies. Advances in translation based on an understand-
ing of basic mechanisms of disease is important not only because 
of the promise that new therapeutics offer, but also because the 
prevalence of advanced liver disease is increasing as a result of 
hepatitis C virus (HCV), nonalcoholic steatohepatitis (NASH), 
and other disorders. This chapter will review multiple aspects 
of hepatic fibrosis, including its pathophysiologic mechanisms, 
natural history, clinical features, current and future tools for 
diagnosing fibrosis, as well as emerging antifibrotic therapies.

Pathogenesis of fibrosis and cirrhosis

Overview
Hepatic fibrosis refers to the accumulation of extracellular 
matrix (ECM), or scar, in response to acute and/or chronic liver 
injury. Fibrogenesis represents a wound healing response to 
injury that ultimately leads to cirrhosis (Figure 105.1). Cirrhosis 
refers to the clinical-pathological lesion that is the end-stage 
consequence of ECM deposition in the hepatic parenchyma. 
Both fibrosis and cirrhosis typically result from chronic liver 
injury caused by a variety of diseases, including viral, autoim-
mune, toxin, drug induced, cholestatic, metabolic diseases, and 
other diseases.

Initial studies of hepatic fibrosis focused on the composition 
of ECM. Virtually all types of ECM can be found in the liver. In 
general, the composition of fibrosis in the liver is similar regard-
less of etiology, and is similar to that found in other organs in 
the body (e.g., lung, heart, kidney). On a quantitative basis, 
most of the ECM is comprised of interstitial collagens, collagen 
types I and III (also known as "fibrillar" collagens), sulfated 
proteoglycans, and glycoproteins [2]. Some ECM constituents, 
such as fibronectin [3] and proteoglycans [4], may be enriched 
during progressive injury. As will be emphasized below, these 
scar constituents accumulate as a result of the imbalance 
between their deposition and degradation.
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Figure 105.1 Wound healing and progression of fibrosis to cirrhosis. Chronic liver injury invokes a wound healing process that leads to development of 
a fibrogenic process. (a) That results in a transition from normal liver through stages of fibrosis and development of cirrhosis. When the fibrosing 
process is advanced, and there are associated features, such as portal hypertension, complications develop. The process begins and evolves at the cellular 
level (b) as well as at the macroscopic level. With injury, and typically inflammation, sinusoidal cells undergo transformation, often having paracrine 
effects on other cells. (c) As stellate cells undergo activation (see also Figure 105.5), endothelial cells also transition losing their typical endothelial 
fenestrae, and manifesting a reduction in endothelial nitric oxide synthase function (and thus predispose the sinusoid to a constrictive phenotype) and 
other abnormalities. Hepatocytes also lose their microvilli, contributing to liver dysfunction at the whole organ level. Fibrogenesis begins in the sinusoid 
and extends in the liver.
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The ECM in normal and fibrotic liver
In the normal liver, ECM is found predominantly in the suben-
dothelial space of Disse which separates hepatocytes from sinu-
soidal endothelial cells (Figures 105.1 and 105.2). This basement 
membrane is composed of nonfibrillar collagens including types 
IV, VI and XIV, as well as glycoproteins and proteoglycans. This 
“normal” subendothelial ECM appears to play an important role 
in maintaining the differentiated functions of resident liver cells, 
including hepatocytes, stellate cells and sinusoidal endothelium. 
ECM in the normal liver is typically found in portal tracts, 
around large vessels and in the liver capsule. The ECM here is 
made up largely of the fibrillar collagens (types I and III), as well 
as fibronectin, undulin, and several other proteins.

During liver injury, the total content of collagens and other 
ECM components increases several fold as the liver becomes 
fibrotic. This increase is associated with a shift in the type of 
ECM in the subendothelial space from the normal low density 
basement membrane-like matrix (e.g. laminin, fibronectin, pro-
teoglycans and others) to interstitial type matrix (e.g. type I, 
type III collagen, and others) (see [2] for review). Collectively, 
this process has been termed “capillarization” and leads to the 

loss of hepatocyte microvilli and disappearance of endothelial 
fenestration (Figure 105.1).

The accumulation of ECM over time is a dynamic process 
reflecting the effects of both ECM deposition and degradation. 
The process involves remodeling by a family of zinc-dependent 
enzymes known as matrix-metalloproteinases (MMPs) [5,6]. 
MMPs are regulated by inhibitors (tissue inhibitor of metallo-
proteinases, TIMPs), and converting enzymes (MT1-MMP, and 
stromelysin).

Degradation of the normal basement membrane in conjunc-
tion with overproduction of abnormal ECM occurs early in the 
fibrogenic process. This imbalance reflects dysregulation of the 
MMPs. For example, MMP1 (interstitial collagenase, colla-
genase I) is downregulated, while MMP2 (gelatinase A) and 
MMP9 (gelatinase B) are upregulated. This leads to replacement 
of the normal basement membrane, which in turn contributes 
to abnormal function of cells (hepatocytes and endothelial cells) 
that depend on a normal basement membrane. Of note, the 
TIMPs also play an important role in regulation of the function 
of the MMPs and thus in the process of scar progression (Figure 
105.1). As highlighted further on, hepatic stellate cells (HSCs) 
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epithelial to mesenchymal transition (EMT) [12,13] (Figure 
105.3). However, on a quantitative basis, current evidence sug-
gests these other effector cells constitute only a minor fraction 
of the fibrogenic cells in the injured liver. Thus, stellate cells are 
the predominant cell type involved in the fibrogenic response 
and accordingly are the focus of the following discussion about 
key cellular features of fibrogenesis.

Stellate cells (also known previously as lipocytes, Ito cells, 
perisinusoidal cells), are perisinusoidal, pericyte-like cells of 
mesenchymal origin. In the normal liver, these cells function as 
a major retinoid reservoir, storing much of the body’s vitamin 
A [14,15]. Given their pericyte-like appearance, they may also 
function as regulators of blood flow [14] (Figures 105.2 and 

are a key source of MMPs such as MMP-2 and stromelysin. They 
also produce MT1-MMP and MMP-9 as well as TIMP-1 and 
TIMP-2 [7].

Cellular effectors of fibrosis
Initially, it was believed that hepatocytes were a primary source 
of ECM in the injured liver. However, study of isolates of specific 
cell types demonstrated that HSCs play the predominate role 
[8]. This finding led to recognition of the importance of stellate 
[9] and other effector cell activation during response to injury. 
These other effector cells in the injured liver include, periportal 
and pericentral fibroblasts [10], fibrocytes [11], myofibroblasts, 
and perhaps fibrogenic cells derived from hepatocytes through 

Figure 105.2 The sinusoid. The fundamental structure of the liver is the hepatic sinusoid (see also Figure 105.4). The sinusoid is made up of 
hepatocytes, endothelial cells, stellate cells, and various immune cells. Stellate cells are located within the subendothelial space of Disse (i.e., between the 
sinusoidal endothelium and hepatocytes). Stellate cells appear similar to tissue pericytes (which regulate blood flow by virtue of their smooth muscle 
cell like properties); they also store retinoids. The figure emphasizes the close physical relationships between the various cellular elements in the liver. In 
the normal liver, sinusoidal cells work together to carry out normal metabolic and vascular functions.
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Figure 105.3 Effectors of fibrosis. Multiple different effectors, that is cells that produce extracellular matrix (ECM), of fibrosis are present in the liver. 
Included are quiescent stellate cells, which transition to activated stellate cells (see also Figure 105.5). Examples of effector cells beyond stellate cells 
include portal fibroblasts, fibrocytes, and cells derived from epithelial to mesenchymal transition (EMT). Effectors of fibrosis typically exhibit features of 
myofibroblasts.
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prominent features of activation is the striking increase in pro-
duction of ECM proteins, including types I, III and IV collagens, 
fibronectin, laminin and proteoglycans, and others [8,16]; as 
well as increased cellular proliferation. De novo expression of 
smooth muscle specific proteins, such as smooth muscle α-actin 
[17], identifies stellate cells as the hepatic counterpart of myofi-
broblasts elsewhere that are associated with (Figure 105.5), a cell 
type typical of fibrogenesis in all organs [18,19].

It is likely that many different processes are involved in stel-
late cell activation. Oxidant stress is a stimulus that has garnered 
considerable attention. In many forms of liver injury, extracel-
lular release of free radicals, such as reactive oxygen species, 
may be prominent, leading to classic oxidant stress and stellate 
cell activation [21–26]. Oxidative stress may also trigger other 
pathways that lead to stellate cell activation. For example, oxida-
tive stress stimulates expression of the cytokine osteopontin, 
that in turn up-regulates collagen-I via integrin αvβ3 engage-
ment and PI3K/pAkt/NFκB signaling [22]. Oxidative stress may 
also stimulate stellate cell activation through alteration in the 
local matrix environment (see further on). The proteoglycan, 
fibromodulin was stimulated by reactive oxygen species (ROS), 
and in turn, fibromodulin stimulated stellate cell activation [23]. 
Finally, it is likely that oxidative stress has important effects on 
signaling in the stellate cell fibrogenic cascade. In one study, 
ROS derived from NOX1/NADPH (NADPH [nicotinamide 
adenine dinucleotide phosphate] oxidase 1) oxidase oxidized 
and inactivated phosphatase and tensin (PTEN) to positively 
regulate the Akt/FOXO4/p27(kip1) signaling pathway, which in 
turn stimulated proliferation of stellate cells [27].

Most forms of liver injury are associated with inflammation. 
The liver contains large populations of resident macrophages 
(Kupffer cells) and lymphocytes (i.e., natural killer cells or  
pit cells) (Figure 105.6). Thus, these in conjunction with circu-
lating macrophages, lymphocytes, and polymorphonuclear leu-
kocytes mediate inflammatory signaling via production of 
cytokines and chemokines that directly or indirectly play a role 
in activation of stellate cells and thus fibrosis [28]. The roles  
of other factors found in the injury milieu are being clarified. 
For example, it was shown that HCV-induced bioactive 

105.4). After liver injury, they transform from a "quiescent" 
(normal) to an "activated" (injured liver) phenotype. This cel-
lular transformation is central to the liver wounding process 
(Figure 105.5), and is both dynamic and complex. Major fea-
tures associated with activation include: loss of vitamin A, 
acquisition of stress bundles, development of prominent rough 
endoplasmic reticulum, increased contractility, production of 
cytokines, chemokines, and release of matrix degrading enzymes 
and their inhibitors, as well as others [7]. Among the most 

Figure 105.4 Stellate cell morphology in situ. Stellate cells, located within 
the subendothelial space of Disse lie in close approximation to endothelial 
cells, and appear similar to tissue pericytes. Note the dramatic extension 
of cell processes throughout the sinusoids (a feature that allows them to 
regulate blood flow). Source: Wake and Sato 1993 [20]. Reproduced by 
permission of Springer Science and Business Media.

Figure 105.5 Stellate cell activation. Stellate cell activation is a key pathogenic feature underlying liver fibrosis and cirrhosis. Multiple and varied stimuli 
contribute to the induction and maintenance of activation, including, but not limited to cytokines, peptides, and the ECMitself.
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splice variant of fibronectin, which is able to stimulate stellate 
activation [3]. Normal sinusoidal endothelial cells may actually 
prevent activation of stellate cells [38]. However, when injured, 
these cells lose their normal fenestration and express proinflam-
matory molecules including VEGF and various adhesion mol-
ecules [39,40] activating pathways important in the injury 
process [41].

There has been much interest in the molecular basis of stellate 
cell activation over the last decade. While it has been attractive 
to postulate a “master regulator” of stellate cell activation, it 
appears unlikely that there is a single factor or even genetic 
program involved. Rather, multiple pathways are important and 
they intersect at multiple levels (see [42–44] for review). In brief, 
a number of transcription factors regulate stellate cell behavior, 
including peroxisomal proliferators activated receptors (PPAR) 
α,β and γ [45–47], farnesoid X receptors (FXR) [48], retinoid 
X receptors (RXR) [49], liver X receptor (LXR) [50], NFκB 
[51,52], Jun D [53], Kruppel like factor 6 (KLF6) [54], serum 
response factor (SRF) [55], and many others [56,57].

Recent evidence suggests also that microRNAs (miRs) are 
important in molecular regulation of stellate cell activation. This 
miR-21 has been shown to be important in myocardial fibrosis 
[58] as well as in pulmonary [59] and renal fibrosis [60]. In the 

transforming growth factor β1TGF-β1 (TGF-β1) induced 
smooth muscle α-actin and type 1 collagen expression in stel-
late cells [29]. Likewise lipopolysaccharide (LPS), through the 
toll-like receptor-4 (TLR4) pathway, either directly or indirectly 
appears to stimulate stellate cell activation [30,31].

Many other factors also play a role in stimulation of stellate 
cell activation (Figure 105.6). For example, although necrosis is 
considered a typical inflammatory stimulus, it appears that 
apoptosis may also provoke a fibrogenic response in stellate 
cells. Apoptotic fragments released from hepatocytes stimulate 
stellate cell activation and fibrogenesis [32,33] and Fas-mediated 
hepatocyte apoptosis in vivo in experimental animals is also 
fibrogenic [34]. In contrast, several investigators have examined 
“senescent” stellate cells, suggesting that the senescence program 
limits activation and the fibrogenic process [35–37].

Other cells in the liver may play important roles in stellate 
cell activation (Figure 105.6). Platelets are a source of paracrine 
stimuli including platelet derived growth factor (PDGF), TGFβ1 
and epidermal growth factor (EGF). Other growth factors, 
including connective tissue growth factor (CTGF), and vascular 
endothelial cell growth factor (VEGF) may come from primary 
and metastatic human tumors. Finally, following early injury 
sinusoidal endothelial cells produce the cellular fibronectin 

Figure 105.6 Cellular response to wound healing. Most forms of liver injury result in hepatocyte injury, followed by inflammation, leading to activation 
of HSCs. Inflammatory effectors are multiple and include T cells, NK and NKT cells as well as Kupffer cells. These cells produce growth factors, 
cytokines, and chemokines that play an important role in stellate cell activation. Additionally, injury leads to disruption of the normal cellular 
environment, and also to stellate cell activation. Once activated, stellate cells themselves produce a variety of compounds, including growth factors, 
cytokines, chemokines, and vasoactive peptides. These substances have pleotrophic effects in the local environment, including autocrine effects on 
stellate cells themselves. ECM synthesis, as well as production of matrix degrading enzymes are major consequences of stellate cell activation.
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substantially increasing the number of stellate cells in the 
injured liver. Following liver injury, many mitogenic factors as 
well as their cognate receptors are unregulated. PDGF is the best 
characterized and most potent stellate cell mitogen [70]. Upreg-
ulation of PDGF receptors following liver injury enhances the 
responsiveness to autocrine-produced PDGF, whose expression 
is also upregulated in stellate cells. Downstream signaling path-
ways leading to cellular proliferation have been studied exten-
sively, and involve ERK/MAP kinase, phosphoinositol 3 kinase 
(PI 3-kinase), and STAT-1 (signal transducers and activators of 
transcription), (see [70] for review). Multiple other stellate cell 
mitogens have been identified including endothelin-1 (ET-1) 
[71,72], thrombin [73], fibroblast growth factor (FGF) [74], and 
insulin-like growth factor-1 (IGF-1) [75], as well as many others 
[54,55,76–78].

Contractility
Enhanced stellate cell contractility is a prominent feature fol-
lowing activation. The contractile phenotype appears to be 
mediated by a robust smooth muscle transcriptional program, 
including upregulation of the smooth muscle isoform of actin 
[17,55,79]. This contractile phenotype has multiple functional 
implications and makes stellate cells in the liver as liver-specific 
myofibroblasts. Additionally, stellate cell contraction is likely a 
determinant of early increases in portal resistance during liver 
injury. It has been proposed that activated stellate cells restrict 
hepatic blood flow by both constricting individual sinusoids 

liver, miR-29 [61], miR-122 [62], miR-200a [63], miR-133 [64], 
and others appear to be important in the molecular regulation 
of stellate cell fibrogenesis and activation [65].

Stellate cell activation phenotypes
During and as part of the activation process, stellate cells exhibit 
a variety of properties (Figure 105.7). These include fibrogene-
sis, proliferation, cellular contractility, motility, cytokine synthe-
sis, chemotaxis, matrix degradation, retinoid loss, and 
proinflammatory responses. Other important properties that 
are either critical to the activation process or are involved in the 
transition of quiescence to activation or activation to quiescence 
include apoptosis, senescence, and autophagy. The following 
sections detail the mechanisms underlying each of these events.

Fibrogenesis
Fibrogenesis was one of the first functional features recognized 
to be associated with stellate cell activation, and appears to be 
the key determinant of liver fibrosis during injury. TGFβ1 is the 
most potent fibrogenic factor identified to date, although a 
plethora of factors, including cytokines, peptides, ECM mole-
cules (as shown previously), and many others are important in 
driving fibrogenesis (see [7,66–69]; for reviews).

Proliferation
Stellate cell proliferation also has been recognized to be an inte-
gral part of the activation process, and drives fibrogenesis by 

Figure 105.7 Stellate cell activation phenotypes. Key phenotypic features of activation (an activated cell is shown in the middle of the figure) include 
production of extracellular matrix (ECM), loss of retinoids, proliferation, upregulation of smooth muscle proteins, secretion of peptides and cytokines 
(which have autocrine effects), and increased production of various cytokine and peptide receptors. Activated stellate cells may also revert to quiescent 
cells, or may die.

Proliferation
Upregulation:
PDGF, FGF, VEGF,
TGFα, IGF, thrombin

Altered matrix degradation
Upregulation:        Downregulation:
MMP-2                  TIMP
MT-MMP

Retinoid loss
Upregulation:
PDGF, MCP–1, chemokines

Contractility
Upregulation:       Downregulation:
ET1                      Nitric oxide
(ECE, proET1)

Reversion
of �brosis

In�ammation
Upregulation:
Chemokines

Fibrogenesis
Upregulation:        Downgregulation:
TGFβ1, leptin,       Adiponectin,
CTGF/CCN2         HGF

Stellate cell chemotaxis/
chemoattraction

WBC chemoattraction

Apoptosis

Reversion

Liver injury



2076   PART 4 Gastrointestinal disease

the immune system, in particular T cell subsets and macro-
phages, in contributing to fibrogenesis [28,91–95].

Apoptosis, autophagy, and senescence are further important 
cellular processes in stellate cells. Since these appear to play a 
role in reversion of fibrosis, they are discussed later in the 
section on “Reversion of liver fibrosis and the fate of activated 
stellate cells”.

ECM-cell and cell-cell interactions
The liver contains a number of complex microenvironments. 
From a functional standpoint, the hepatic sinusoid is the most 
important. The sinusoidal structure contains endothelial cells, 
the space of Disse, stellate cells, and hepatocytes (Figure 105.2). 
Important ECM-cell interactions occur early after liver injury. 
In this setting, sinusoidal endothelial cells produce cellular 
fibronectin, which directly stimulates stellate cell activation [3]. 
This fibronectin also stimulates ET-1, which in turn has activat-
ing effects on stellate cells [96]. In addition, endothelial cells 
produce type IV collagen, proteoglycans and other factors that 
participate in the activation of latent cytokines such as TGFβ1. 
Differentiated sinusoidal endothelial cells prevent stellate cell 
activation and promote reversion of activated stellate cell 
through VEGF-stimulated NO production [38]. In the local 
microenvironment, hepatocytes, generate a plethora of prod-
ucts (ROS, lipid peroxides, apoptotic bodies, ) following injury 
that contribute to stellate cell activation; and activated Kupffer 
cells release cytokines and reactive oxygen intermediates that 
stimulate stellate cells in a paracrine manner [97].

The dynamic interplay between the ECM and stellate (and 
other fibrogenic) cells is critical in fibrogenesis. Not only does 
the ECM have direct effects on stellate cells, but it also serves as 
a reservoir for growth factors such as PDGF [2] and TGFβ 
[66,98]. Notably, some ECM molecules also may bind TGFβ and 
prevent its activation [99]. A relatively newly recognized sub-
class of receptor tyrosine kinases, the discoidin domain recep-
tors (DDR), signal in response to fibrillar collagens [100]. 
Stellate cell activation is accompanied by upregulation of DDR2 
receptors and increased signaling is associated with altered 
MMP-2 expression [101,102]. Conversely, knockdown of DDR2 
using RNA interference inhibited fibrogenesis in alcoholic liver 
disease in rats [103].

Integrins are cell surface membrane receptors that play a 
critical role in signaling. These heterodimeric transmembrane 
proteins are composed of an α subunit and β subunit whose 
ligands bind to matrix proteins. Many different integrins and 
their downstream effectors have been identified in stellate cells, 
including α1β1, α2β1, α5β1, α8β1, αvβ1, αvβ3 and α6β4 [104–
108]. They have multiple effects and medicate stellate cell fibro-
genesis. For example, deletion of αv-containing integrins 
protected mice from carbon tetrachloride-induced hepatic 
fibrosis [108]. In addition, inhibition of integrin mediated sig-
naling by depletion of integrin linked kinase abrogated liver 
fibrosis in isolated stellate cells and in vivo liver injury [109] via 
modulation of the small GTPase, Rho [110].

and by contracting the cirrhotic liver, since the collagenous 
bands typical of end-stage cirrhosis contain large numbers of 
activated stellate cells (see [80] for review). ET-1 is a key con-
tractile stimulus for stellate cells [80,81]. Multiple contractile 
agonists have also been identified including angiotensin II, 
arginine vasopressin, adrenomedullin, and eicosanoids [80]. 
Nitric oxide appears to be the major inhibitor of stellate cell 
contractility [82], although a variety of other compounds have 
been identified [80].

Motility
Activated stellate cells exhibit increased motility, presumably via 
upregulation of smooth muscle α-actin [83], and by complex 
cell biologic processes important in cell migration [84]. Stellate 
cells manifest directed migration into specific regions of injury, 
presumably via chemotaxis. This likely accounts for the pres-
ence of activated stellate cells in certain areas of the liver, for 
example, in bands of scar tissue, during fibrogenesis. PDGF, the 
leukocyte chemoattractant, MCP-1, and a growing family of 
chemokines have been identified as key stellate cell chemoat-
tractants [85].

Degradation of normal ECM
Stellate cells also appear to play an important role in degrading 
ECM. This is critically important in the entire wound healing 
process because of the role that MMPs and their inhibitors play 
in ECM remodeling, and the subsequent effect of stellate cells 
(see previous section “The ECM in the normal and fibrotic 
liver”). For example, stellate cells produce both MMPs that 
degrade “good” ECM and inhibitors that prevent degradation 
of “bad” ECM. Further, available evidence clearly indicates that 
matrix rich in abnormally expressed proteins drives stellate cell 
activation and further fibrogenesis (see section “cell-matrix 
interactions” further on).

Depletion of retinoid
Stellate cell activation is accompanied by depletion of retinoid 
(vitamin A) droplets. Although intracellular retinoids are 
largely retinyl esters, it is exported during activation primarily 
as retinol, implying intracellular hydrolysis of esters before 
being exported. Several nuclear retinoid receptors bind intrac-
ellular retinoid ligands with resultant effects in stellate cells 
[49,86].

Inflammatory effector
HSCs exhibit inflammatory effector activity in the injured liver. 
Upon activation, stellate cells release chemokines [85,87] and 
other chemoattractants, proteinase-activated receptors [88], 
and upregulate expression of inflammatory signaling receptors 
including ICAM-1 [89], chemokine receptors [90], as well as 
those mediating lipopolysaccharide (LPS) signaling, including 
TLR4 [30,51]. Stellate cells may also contribute to inflammatory 
signaling via their interactions with T lymphocytes [91]. A 
growing body of evidence has emphasized the importance of 
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cell activation following liver injury was reduced, leading to 
reduced fibrosis in vivo [120]. Further, reduction of autophagic 
function in cultured mouse stellate cells and in mice following 
injury reduced fibrogenesis and matrix accumulation [121]. In 
aggregate, these data suggest that autophagy is involved in stel-
late cell activation, and that its inhibition could eliminate acti-
vated stellate cells in vivo. The role of stellate cellular senescence 
in resolution of fibrosis appears to be complicated [35–37], but 
may be important in reversion of the activated stellate cells to 
quiescence.

Clinical aspects of hepatic fibrosis  
and cirrhosis

Epidemiology and burden of disease
Cirrhosis affects hundreds of millions of patients worldwide and 
in 2010 was estimated to cause over 1 million deaths, some 33% 
more than in 1990 [122]. The burden of disease varies widely 
worldwide, being the 4th leading cause of death in Central 
Europe and the 28th leading cause of death in Southern Sub-
Saraharan Africa [122]. Mortality is remarkably high in the 
United States, where in 2010, it was the 11th leading cause  
of death (50 000 deaths) [123]. The overall burden of liver  
disease in the United States continues to expand, with predic-
tions of increased numbers of patients with NASH, and other 
liver diseases developing cirrhosis and its complications [124]. 
It is noteworthy that death due to liver cancer, the majority  
of which arises in fibrotic and cirrhotic livers, is one of the  
most rapidly growing cancers in the world; in 2010, it accounted 
for nearly three quarters of a million additional deaths world-
wide, and increased in prevalence more than 60% from 1990 to 
2010 [122].

As a consequence, the economic burden of liver disease in 
the United States and worldwide is enormous, with significant 

Signaling in stellate cells
Autocrine signaling plays an important role in stellate cell 
biology. TGFβ1, PDGF, FGF, HGF, PAF, stem cell factor and 
ET-1 are among the prominent cytokines with autocrine effects 
[85,111–113]. Stellate cells also release neutrophil and mono-
cyte chemoattractants, which likely amplify the inflammatory 
response in liver injury (Figures 105.6 and 105.7). These chem-
okines include colony stimulating factor, monocyte chemotactic 
protein-1 (MCP-1) and cytokine-induced neutrophil chemoat-
tractant (CINC) [85].

Reversion of liver fibrosis (and the fate of 
activated stellate cells)
The evidence that liver fibrosis can be reversible, in both experi-
mental models [114] and human liver disease is now extensive 
(see section on “Regression of fibrosis and cirrhosis”). Although 
there are likely multiple mechanisms underlying fibrosis regres-
sion, reversion of stellate cell activation (Figure 105.8) and 
selective clearance of activated stellate cells by apoptosis appear 
to be most important. There is extensive evidence that stellate 
cells undergo reversion from an activated to a quiescent state in 
cell culture models [38,102,115], but apoptosis of HSCs likely 
account for the decrease in activated stellate cells typical of reso-
lution of hepatic fibrosis in vivo [6]. During and following 
injury, apoptosis is dynamic and tightly regulated. Molecules 
regulating matrix degradation appear closely linked to survival 
and apoptosis. Active MMP2 correlates closely with apoptosis, 
and may be stimulated by apoptosis [116]. Inhibition of MMP2 
activity by TIMP-1 blocks apoptosis in response to a number of 
apoptotic stimuli [117].

Autophagy, a catabolic mechanism involving cell degradation 
of cellular components through the lysosomal pathway, appears 
to play a role in stellate cell activation [118–120]. In mice with 
stellate cell specific deletion of autophagy-related protein 7 
(Atg7), a protein important in mammalian autophagy, stellate 

Figure 105.8 Cellular aspects of reversal are highlighted. Available data suggest that activated HSCs are removed from the fibrogenic milieu during 
fibrosis regression. The mechanism for their removal appears to be via their complete elimination (i.e. via apoptosis) or via reversion from an activated 
to a quiescent phenotype.
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costs attributed to treatment of hepatitis B virus (HBV), hepa-
titis C virus (HCV), hepatocellular cancer, and liver transplanta-
tion [125,126]. With the recent introduction of high cost direct 
acting antiviral HCV drugs, immediate costs will likely grow 
even more rapidly, although if the promise of these drugs comes 
to fruition , the downstream burden of costs due to HCV will 
decline in the future.

Risk factors for progression of fibrosis
The risk of progression of fibrosis varies among different dis-
eases, with fibrosis associated with primary biliary cirrhosis 
progressing more slowly than with HCV, HBV, alcohol, hemo-
chromatosis, and autoimmune hepatitis [127]. Host factors are 
also important, with gender and age most significant [127]. 
Moreover, fibrosis progression relative to gender may vary  
in different diseases. For example, fibrosis progression was 
slower in females compared with males for HCV, HBV,  
genetic hemochromatosis (GH), and primary biliary cirrhosis 
(PBC), while it was more rapid in women with alcoholic liver 
disease [127].

In patients with HCV [128,129], it appears that host factors, 
and not viral factors are most important. Indeed, there does not 
appear to be a relationship between viral load or genotype and 
fibrosis progression, even though a variety of viral variables are 
important in predicting the response to antiviral therapy. Host 
genetic factors may also appear to play a role in fibrosis severity 
[130]. The host immune phenotype also appears to be critical 
since there is more rapid progression in immunosuppressed 
patients, whether due to human immunodeficiency virus (HIV) 
or immunosuppressive medications after transplantation [131–
133]. In mice, basal genetic background and a Th2 phenotype 
strongly correlated with fibrogenic potential [92], which has led 
to efforts to identify specific fibrosis risk genes in mice using 
quantitative trait loci (QTL) mapping [134,135]. Other host risk 
factors for more rapid progression of HCV include older age at 
time of infection, concurrent liver disease due to HBV or alcohol 
consumption (>50 g/day), and male gender [128]. It is unclear 
whether increased body mass, obesity, the metabolic syndrome, 
or hepatic steatosis are important in the rate of fibrosis progres-
sion risk is controversial [136–138].

In HBV, in contrast to HCV, viral features do appear to be 
important in fibrosis progression. For example, it has been sug-
gested that the rate of cirrhosis is higher in patients with HBeAg 
negative chronic hepatitis than in patients with HBeAg-positive 
chronic hepatitis [139]. In contrast, it has been suggested that 
active HBV replication is associated with more rapid fibrosis 
progression [140,141]. A prospective cohort study of 3582 
untreated patients with HBV demonstrated that the risk for 
cirrhosis was associated with increased HBV-DNA levels and 
was independent of hepatitis B e-antigen status and serum 
alanine transaminase level [142]. The risk of fibrosis progression 
also has been correlated with HBV genotype in at least one 
study [143]. Perhaps the most compelling data suggesting a role 
for HBV (including delta virus) is that virologic suppression in 

response to potent antiviral therapy leads to reversal of fibrosis 
[144–146].

As with HCV, host factors also appear to be important in the 
rate of HBV mediated fibrosis progression. For example, older 
age, male gender, immune-suppression HBeAg, genotype C, 
and increasing levels of ALT, HBV DNA, and HBsAg all appear 
to be associated with significantly increased risk of developing 
cirrhosis [147].

In patients with alcoholic liver disease, the most important 
risk factor for progression of fibrosis is likely continued alcohol 
abuse; patients with fibrosis who continue to drink are virtually 
assured of progression. In addition, two clinical features com-
monly seen in steatohepatitis, elevated body mass index and 
serum glucose, also are associated with an increased risk of 
fibrosis in alcoholic liver disease [148]. Finally, host factors, such 
as the rs738409 SNP in PNPLA3 are associated with alcoholic 
liver disease and clinically evident alcoholic cirrhosis [149].

Fibrosis progression risk in patients with NASH is highly 
controversial. Patients with steatosis only, without inflammation 
appear to have a benign course [150,151]. In a systematic review 
of risk factors for fibrosis progression in NASH, the presence of 
inflammation on initial biopsy and age were independent pre-
dictors of progression to advanced fibrosis [152]. In patients 
with early stage NASH, about one third will progress to stage 3 
or 4 (cirrhosis) over 5–10 years [153].

Methods to measure fibrosis
Overview
Fibrosis develops over many years, and the mechanisms of 
fibrosis development and progression are complicated at a cel-
lular level. The methods used are relatively crude. Although liver 
histology has been considered to be the gold standard method 
to assess liver fibrosis, histological staging systems grade fibrosis 
is somewhat arbitrary, and linear models are unlikely to repre-
sent the biology of disease. Common staging systems used have 
included the Knodell, Metavir, Scheuer, and Ischak methods 
(for example see Figure 105.9 for review of the Metavir system).

Measurement of fibrosis is important since it: (1) helps to 
stage the severity of disease; (2) allows serial determination of 
disease progression, and (3) allows tracking of the efficacy of 
therapy. The evidence is clear that the extent of fibrosis plays an 
important role in determining the patients’ prognosis, and may 
be important in clinical management (e.g. more aggressive 
therapy is more appropriate in patients with advanced fibrosis). 
Further, the fibrosis progression rate is an important predictor 
of the time to develop cirrhosis [155].

Although liver histology has been the time-honored method 
to assess fibrosis, a variety of noninvasive tests have been 
advanced as potential alternatives to liver biopsy. These include 
routine laboratory tests, quantitative assays of liver function, 
markers of ECM synthesis and/or degradation, and radiologic 
imaging studies (Table 105.1). In addition to individual indica-
tors of fibrosis, combination tests, and a number of models for 
predicting liver fibrosis have been developed.
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been biased toward advanced fibrosis/cirrhosis. Thus, while 
assessment of fibrosis using blood markers is appealing, further 
optimization of these tests is needed.

Many different blood, serum, or plasma “markers” that may 
detect fibrosis have been advanced. Some utilize routine serum 
chemistries including aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), γ glutamyl transferase (GGT), 
bilirubin, albumin, α-2-macroglobulin, among others (Box 
105.1). Some of these individual tests have been incorporated 
into models or algorithms (see further on). These include those 
that are based specifically on the pathogenesis of fibrosis. For 
example, proteins that are produced as a result of the fibrogenic 
process include procollagen I, fibronectin, tenascin, laminin, 
hyaluronic acid and others. Other markers studied include 
cytokines (i.e., TGFβ1, CTGF, PDGF and others), matrix 
degrading enzymes (i.e., TIMP1), and others (Table 105.1).

Many currently available tests have a high specificity (>95%) 
for advanced fibrosis. However, few tests (including algorithms) 
have great sensitivity to detect moderate levels of fibrosis. Clini-
cally useful tests should ideally be linear over the full range of 
fibrosis, follow the natural history and accurately reflect the 
effect of treatment; as yet none truly fulfill these criteria.

Routine laboratory tests
Routine laboratory tests have been studied for their usefulness 
in assessing fibrosis (see for [156] review). The best single labo-
ratory predictor for simple assessment of cirrhosis and portal 

Bedside diagnostic tools
Clinical signs and symptoms of liver disease are helpful in deter-
mining whether a patient may have advanced liver disease, but 
these are not helpful in detecting early, precirrhotic stages of 
liver fibrosis. The most commonly recognized features of cir-
rhosis are highlighted above and include jaundice, muscle 
wasting, Dupuytren’s contractures (especially with ethanol-
associated cirrhosis), gynecomastia and testicular atrophy in 
males, palmar erythema, and signs related to portal hyperten-
sion. It is important to emphasize that even in patients with 
histologic cirrhosis and those with portal hypertension, these 
physical signs may not be present.

Noninvasive blood markers of fibrosis
An important advantage of blood (most often serum) markers 
to detect fibrosis is that they are noninvasive. Additionally, 
serum markers overcome sampling problems associated with 
liver biopsy. However, most of the currently proposed tests and 
algorithms do not differentiate among intermediate levels of 
fibrosis with high accuracy. Most studies examining serum 
markers have been performed in cohorts of patients that have 

Figure 105.9 The Metavir fibrosis staging system. Metavir, one of the more common staging systems [154], stages fibrosis over a qualitative/semi 
quantitative set of integers from normal (stage 0) to advanced, bridging fibrosis with nodular formation (stage 4) [154]. Stage 1 fibrosis is present when 
abnormal fibrosis can be identified only in the portal areas (the blue areas indicate abnormal portal fibrosis); stage 2 fibrosis is typified by fibrosis which 
extends outward from portal tracts; but does not link with fibrosis from other portal tracts, or if they do, there is minimal portal to portal linkage; stage 
3 fibrosis is present when bridging fibrosis is evident, but without nodule formation. Other staging systems (Knodell, Scheuer, Ischak) are also in 
common clinical use. It should be noted that all of these systems assess fibrosis along a linear scale, and thus likely do not reliably depict biological 
fibrosis progression.

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4

Table 105.1 Tools to assess fibrosis.

Bedside (*examination) Spider angioma

Routine blood tests AST : ALT ratio

Algorithms with blood tests “Fibrotest”

Extracellular matrix markers “ELF”

Proteomics Labeled n-glycans

Radiographic tests MRI

Liver function “MEGX”

Liver histology Matrix stains (trichrome/picrosirius 
red)

* Examination typically only detects advanced fibrosis, essentially 
clinical cirrhosis.

Box 105.1 Routine laboratory tests used to help diagnose cirrhosis.

Platelet count
AST to ALT ratio
AST to platelet ratio index (APRI)
INR
Bilirubin
Albumin
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generally not highly sensitive or specific for detection of fibrosis 
(see for [156] review).

Combination tests appear to have better functional charac-
teristics than individual tests. For example, a test including 
hyaluronic acid, TIMP1, and α-2 macroglobulin (“Fibrospect”) 
had a combined AUROC of 0.83 for Metavir F2-F4 fibrosis with 
a positive and negative predictive of 74% and 76% [164]. 
Another combination test, developed by the European Liver 
Fibrosis (ELF) study group, consisting of collagen IV, collagen 
VI, amino terminal propeptide of type III collagen (PIIINP), 
matrix metalloproteinase 2 (MMP-2), matrix metalloproteinase 
9 (MMP-9), tissue inhibitor of matrix metalloproteinase 1 
(TIMP-1), tenascin, laminin, and hyaluronic acid (HA) was 
studied in patients with a wide variety of liver diseases [165]. 
The panel, subsequently refined to include HA, PIIINP, and 
TIMP-1, was found not only to have high diagnostic accuracy 
(area under the curve [AUC] = 0.80; 95% CI, 0.76–0.85), but 
also to identify more advanced fibrosis on biopsy. Additionally, 
457 patients were followed up for a median of 7 years, and their 
clinical status was determined in 92%. Survival analysis revealed 
that the ELF score predicted liver outcomes (there were 61 liver-
related outcomes including 39 deaths), with people having the 
highest ELF scores being significantly more likely to have 
decompensating events than those in lower-score groups [166].

Proteomics
Various proteomic platforms have been studied, including those 
that measure protein expression, protein-protein interactions, 
or enzymatic activity. In a study of patients with HCV fibrosis, 
several serum proteins were found to be differentially regulated 
[167], having elevated α-2-macroglobulin, haptoglobin, and 
albumin and reduced apolipoprotein A-I, apolipoprotein A-IV, 
complement C-4, and serum retinol binding protein. Another 
approach measured labeled N-glycans in serum [168], finding 
that when combined with the commercially available “Fibro-
test”, the test had 100% specificity and 75% sensitivity for diag-
nosing compensated cirrhosis [168].

Radiographic tests
Ultrasound, CT, and MRI are capable of detecting evidence of 
portal hypertension. However, as currently used in clinical prac-
tice, they are insensitive for detection of moderate degrees of 
parenchymal fibrosis, and should not be considered to be diag-
nostic of fibrosis.

Transient elastography, which uses pulse-echo ultrasound 
acquisitions to measure liver stiffness and predict fibrosis stages, 
has gained considerable interest as a method to quantitate fibro-
sis since it appears that liver “stiffness” may accompany the 
fibrogenic response [169,170]. In this procedure, multiple meas-
urements are obtained to reduce sampling error. Multiple 
studies have demonstrated that transient elastography is gener-
ally sensitive and highly specific for detection of cirrhosis (see 
for [171] review). However, it should be noted that the depth of 
measurement from the skin surface is limited, making the 

hypertension and large esophageal varices appears to be the 
platelet count. In one study, cirrhotics without splenomegaly  
on physical examination and with a platelet count of greater 
than 88 000/mm3 had a risk of large esophageal varices of 
7.2%, while the risk was 28% if the platelet count was less than 
88 000/mm3 [157].

The aspartate aminotransferase (AST) to alanine aminotrans-
ferase (ALT) ratio >1 may predict the presence of cirrhosis 
[158]. In one study of HCV patients, a ratio >1 had 100% spe-
cificity and positive predictive value for distinguishing cirrhotic 
from noncirrhotic patients, with a 53% sensitivity and 81% 
negative predictive value [159]. In another study, the AST/ALT 
ratio had 81% sensitivity and 55% specificity in identifying 
patients with cirrhosis who died within 1 year of follow-up 
[158,160].

The Forns model, developed in HCV patients, includes age, 
GGT, cholesterol, and platelet count [161]. This model was 
developed with the intent of differentiating patients with signifi-
cant fibrosis from those without significant fibrosis. The sensi-
tivity for detecting Metavir F2-F4 fibrosis was 94%, and the 
presence of significant F2-F4 fibrosis could be excluded with 
high accuracy (negative predictive value of 96%) [161]. The AST 
to platelet ratio index or APRI (the AST level/upper limit of 
normal [ULN] divided by the platelet count [109/L] multiplied 
by 100) is a simple test in which the sensitivity and specificity 
for fibrosis depend on the cut-offs used [162]. The APRI is 
largely driven by the platelet count, so that high values are most 
likely to be associated with cirrhosis; an APRI value of 2.00 had 
positive and negative predictive value for cirrhosis of 65% and 
95%, respectively [162]. Although the APRI is attractive because 
of its simplicity, it does not accurately identify patients with 
early fibrosis.

A more complicated algorithm based on commonly available 
laboratory tests include the “Fibrotest”, reported by the French 
MULTIVIRC group [128]. This index has been validated in a 
number of hepatitis C patient cohorts, having been found to 
have a good, but not excellent, area under the receiver operator 
characteristic (AUROC) curve of 0.73–0.87 [163]. Limitations 
of this panel in fibrosis include false positive results due to 
increases in bilirubin or decreases in haptoglobin. Further, non-
specific increases in α-2-macroglobulin or haptoglobin may be 
driven by HCV mediated inflammation. Although used com-
monly in Europe, it has been used less frequently in the United 
States. Currently, the “fibrotest” assay probably is not useful for 
detection of early fibrosis in routine clinical practice.

Tests using ECM/fibrosis markers
The use of serum markers of ECM/fibrosis is attractive because 
they theoretically evaluate hepatic fibrogenesis. Many ECM 
constituents have been studied including fibronectin, collagen 
I, collagen IV, collagen VI, amino terminal propeptide of type 
III collagen (PIIINP), tenascin, and hyaluronic acid, metallo-
proteinases, inhibitors of matrix metalloproteinases, peptides, 
and cytokines, and others (Table 105.1). Individually, they are 
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or shortly after birth with severe fibrosis and marked parenchy-
mal distortion. Patients with HCV recurrence after liver trans-
plantation, or those with HCV receiving immunosuppression 
after a different organ transplant can develop rapidly progres-
sive cholestasis and recurrent cirrhosis (known as fibrosing 
cholestatic hepatitis) within months. Patients with HIV/HCV 
coinfection have relatively rapid fibrosis compared to those with 
HCV alone, especially those high HIV viral loads (see section 
“Risk factors for development of fibrosis”). Severe delta hepatitis 
may be associated with rapid fibrosis [145]. Rare cases of drug-
induced liver disease may also develop aggressive fibrosis and 
cirrhosis. These examples of aggressive fibrogenesis likely reflect 
dysregulation of several pathways, including inflammation and 
necrosis, an abnormal the immune system, and/or altered 
matrix resorption. These examples illustrate the dynamic nature 
of fibrosis accumulation and degradation.

Cirrhosis
The natural history of cirrhosis varies greatly and appears to be 
influenced by many factors, including patient and disease spe-
cific variables. At the time of this writing, it is not possible to 
precisely predict the natural history of cirrhosis. Overall, four 
to five clinical stages or status of cirrhosis can be identified 
[178]. These stages are defined by the presence or absence of 
complications of cirrhosis including esophageal varices, ascites, 
or bleeding varices. Mortality at 1 year is 1% in patients with no 
varices and no ascites, but 57% in those with bleeding varices 
and ascites [178]. Childs-Pugh [179], pediatric end-stage liver 
disease (PELD) [180], model for end-stage liver disease (MELD) 
[181] scores are now routinely used to predict outcome (see 
further on). While these scoring systems are attractive, better 
and more precise instruments are needed.

It is likely that functional measures of the severity of fibrosis 
will be the best predictors of the natural history of this disease. 
It appears that the severity of portal hypertension is propor-
tional to the degree of fibrosis, so measurement of portal pres-
sures provides a more physiologic means to predict natural 
history. In this regard, 213 patients with compensated cirrhosis 
and portal hypertension but without varices were followed  
for over 4 years [182]; only 10% of patients with an 
HVPG < 10 mmHg developed clinical decompensation during 
follow-up. Thus, portal pressure may be a highly reliable predic-
tor of the natural history of disease. Interestingly, in another 
study, MELD (hazard ratio [HR] 1.12; 95% CI, 1–1.24), and 
HVPG (HR 1.16; 95% CI, 1.04–1.29) were independent predic-
tors of decompensation in patients with compensated cirrhosis, 
but only MELD (HR 1.18; 95% CI, 1.09–1.27) was a predictor 
of death in decompensated patients [183].

Prognosis
In general, the amount of fibrosis is proportional to the severity 
of liver disease complications and ultimate outcome. However, 
the severity of disease is heterogeneous, especially in different 
types of liver disease. For example, patients with schistosomiasis 

technique difficult to use in obese patients or those with ascites. 
Newer probes have and will continue to be improved so as to 
help overcome this limitation.

Conceptually, molecular tagging of fibrogenic cells or the 
ECM itself, is capable of measuring the activity of fibrogenesis 
in the liver by labeling activated effector cells such as stellate 
cells. Further evaluation of this attractive approach is expected. 
Indeed, preliminary studies tagging stellate cells with cell-
specific markers suggest that this may be feasible [172].

Tests of liver function
A number of tests that measure liver function have been prom-
ulgated to assess liver fibrosis and cirrhosis. These tests depend 
on perfusion of the liver, and clearance of exogenously admin-
istered agents such as indocyanine green, sorbitol and galactose 
from the liver [173]. The “MEGX test” measures monoethylgly-
cinexylidide (MEGX) formation after administration of lido-
caine and depends upon the activity hepatic cytochrome P-450 
3A4 isoenzyme (which catalyzes oxidative N-deethylation of 
lidocaine to MEGX) [174]. The MEGX test has a sensitivity and 
specificity in the 80% range for distinguishing chronic hepatitis 
from cirrhosis in comparison to standard liver tests [174]. 
Unfortunately, these tests generally detect advanced disease and 
while the MEGX test and other function tests may predict prog-
nosis in cirrhotic patients, they are insensitive for quantifying 
fibrosis in patients with less advanced disease [173].

Liver biopsy
Percutaneous liver biopsy has historically been considered to be 
the “gold standard” for assessment of fibrosis and cirrhosis 
[175]. However, liver biopsy is time consuming, inconvenient, 
uncomfortable, invasive, and is generally difficult for both 
patients and physicians. (see Chapter 154) [176,177].

Natural history

Fibrosis
The presence of fibrosis marks the patient who will progress 
toward established cirrhosis. Patients with cirrhosis in turn, 
although frequently asymptomatic, often develop clinical 
disease. However, it is not clear that mortality risk correlates 
directly with the stage of fibrosis until the patient develops clini-
cal evidence of cirrhosis, often typified by portal hypertension. 
It is clear that fibrosis progression varies and is influenced by a 
multitude of factors [129]. Perhaps the most rigorous data come 
from the HCV field where it has been shown that fibrosis can 
progress slowly, at an intermediate rate, or rapidly [128,155]. In 
general, fibrosis progression to cirrhosis occurs over many 
years, typically over decades. Thus, the typical age of presenta-
tion of cirrhosis is in later life, often in the 50’s and 60’s.

There are notable exceptions in which development of cir-
rhosis is accelerated, possibly occurring within months rather 
than years or decades. Neonatal liver disease is typified by rapid 
fibrosis progression; infants with biliary atresia may present at 
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Regardless of the scoring system used to assess prognosis, it 
is critical to recognize that once a complication of advanced 
fibrosis/cirrhosis is manifest, the patient’s prognosis is signifi-
cantly impacted. As soon as any complication of cirrhosis is 
recognized, most if not all patients should be considered for 
liver transplantation (see Chapter 108).

Regression of fibrosis and cirrhosis
The evidence that fibrosis and even cirrhosis is reversible is 
compelling (note, the terms reversal, regression, and reversion 
indicate the general concept that fibrosis is reversible to some 
degree). Consistent with the concept that the wounding process 
is dynamic and includes both ongoing matrix synthesis and 
deposition as well as degradation [69]. Fibrosis reversion 
appears to be possible in virtually all forms of liver disease, in 

often have prominent presinusoidal fibrosis, but well preserved 
hepatic function. Fibrosis appears to be most reflective of the 
severity in patients with diseases that affect the entire paren-
chyma, such as HCV, HBV, alcohol related liver disease, and 
NASH. In asymptomatic individuals, cirrhosis may be first sug-
gested during routine examination, but histological analysis is 
usually necessary to establish the diagnosis.

Once patients with cirrhosis experience some form of clinical 
decompensation (such as ascites, variceal hemorrhage or 
encephalopathy), the patient is likely to have a poor outcome 
and increase in mortality [184]. For example, among patients 
with compensated HCV cirrhosis who developed a complica-
tion, the 5 year mortality was 50%, with approximately 70% of 
deaths resulting from liver disease [185]. Many systems have 
been developed to assess prognosis and outcome. Childs–Pugh 
[179], PELD [180] and MELD [181] scores can generally predict 
outcome, independent of the etiology of liver disease. Many 
other systems have been developed in specific clinical scenarios. 
For instance, in patients with cirrhosis and upper gastrointesti-
nal bleeding, a system including use of MELD, units of blood 
transfused, and whether pressors were used is highly accurate 
in the prediction of clinical outcome [186].

While the Child–Pugh scoring system has been used for over 
40 years [179] (Table 105.2), the subjective nature of two of its 
variables (ascites and hepatic encephalopathy) has been prob-
lematic. MELD score, originally designed for assessing the prog-
nosis of cirrhotic patients undergoing transjugular intrahepatic 
portosystemic shunt (TIPS), which includes bilirubin, INR, and 
creatinine has proven to be so effective that it is used for priori-
tizing candidates for liver transplantation according to a "sickest 
first" policy. However, MELD does not fully reflect the risk of 
mortality in all patient groups (for example those with hepatic 
hydrothorax), hepatopulmonary syndrome have more severe 
disease than their MELD score would suggest.

Table 105.2 Child’s–Pugh scoring system.

Clinical and biochemical 
measurements

Child class (points scored for 
increasing abnormality)

1 2 3

Encephalopathy (grade) none 1 and 2 3 and 4

Ascites none slight moderate

Bilirubin (mg/dl) 1–2 2–3 >3

Albumin (g/L) 3.5 2.8–3.5 <2.8

Prothrombin time (sec > nl.) 1–4 4–6 >6

A = 5–6; B = 7–9; C = greater than or equal to 10 points. Prognosis 
is directly proportional to the number of points present.
Source: Pugh et al. 1973 [179]. Reproduced by permission of John 
Wiley & Sons.

Figure 105.10 Reversal of fibrosis. An example of reversal of advanced fibrosis (cirrhosis in this situation) is depicted. A liver biopsy prior to 
lamivudine treatment in a patient with hepatitis B is shown (a) and (b). After treatment with lamivudine, liver biopsy was repeated, and reveals almost 
complete dissolution of fibrosis (c). Data similar to this have been found in patients with autoimmune liver disease, hepatitis C, alcoholic hepatitis, and 
others. Source: Wanless et al. 2000 [194]. Reproduced with permission from Archives of Pathology & Laboratory Medicine. Copyright 2000. College of 
American Pathologists.

(a) (c)

(b)

Inset in A
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notable that as fibrosis regresses, portal hypertension can be 
expected to improve in some patients [208,209]. Thus, it is criti-
cal to address the process that leads to fibrogenesis in all patients 
with liver disease and fibrosis.

Treatments targeting inflammation
Experimental evidence suggests that a wide variety of approaches 
to treat fibrosis could be effective. And, based on these data, a 
number of agents have been tested in humans (Table 105.4, and 
further on for associated references). Further, since inflamma-
tion typically drives stellate cell activation and fibrogenesis and 
is a prominent component of most forms of liver disease, effort 
has been focused on antiinflammatory drugs. Corticosteroids 
are effective in patients with autoimmune hepatitis and alco-
holic hepatitis. In patients with autoimmune hepatitis who 
respond to medical treatment (prednisone or equivalent) 
advanced fibrosis and cirrhosis are reversible [195,210,211]. An 
extensive body of literature has addressed the use of corticos-
teroids in patients with alcoholic liver disease [212–215]. In 
both of these diseases, the effect of corticosteroids appears to be 
on reduction of inflammation, which dampens the fibrogenic 
stimulus.

Interleukin-10 (IL-10) is an antiinflammatory cytokine that 
reduces production of proinflammatory cytokines, such as 
tumor necrosis factor α, interleukin-1, interferon α, and 
interleukin-2 from T cells. In a pilot study, IL-10 inflammation 
and fibrosis were reduced in patients with HVC infection [216]. 
However, serum HCV RNA levels increased during therapy; 
therefore, this approach was abandoned.

both experimental models [114,187,188] and human liver 
disease [146,189–195] (Figure 105.10). Available data indicate 
that reversal occurs after elimination or removal of the underly-
ing cause of liver disease. The most extensive data exist for HBV 
[146,196–199] and HCV [200–202]. Additionally, evidence for 
fibrosis reversion has been found in many other liver diseases 
as well, including delta hepatitis [145], hemochromatosis 
[203,204], alcoholic liver disease [205], biliary obstruction 
[193], autoimmune liver disease [195], and schistosomal fibrosis 
[206] to name several.

Treatment of fibrosis

Treatment of liver fibrosis is highly desirable because scarring 
leads to many if not all of the complications of chronic liver 
disease, including impaired synthetic function, liver failure, and 
perhaps hepatocellular cancer. Fibrosis is also tightly linked to 
portal hypertension. Although attempts have been made previ-
ously to specifically treat “fibrosis” primarily, these approaches 
have generally been unsuccessful. Thus, there is a major unmet 
need for effective antifibrotic therapy.

A key concept is that treatment of the underlying disease is 
the most effective method to induce fibrosis reversal; therefore, 
the most effective “antifibrotic” therapies are those that eradi-
cate or suppress the underlying stimulus to fibrogenesis (Table 
105.3). In many forms of liver disease, treatment of the underly-
ing inciting lesion leads to improvement in fibrosis, even in 
patients with histological cirrhosis [145,146,189–207]. It is also 

Table 105.3 Diseases and therapies for cirrhosis.

Disease Therapy Reversion 
of fibrosis

Hepatitis B Multiple antiviral agents Yes

Hepatitis C Interferon alpha* based 
therapy

Yes

Bile duct obstruction Surgical decompression Yes

Hemochromatosis Iron depletion Yes

Autoimmune hepatitis Corticosteroids Yes

Alcoholic hepatitis Cessation of alcohol, 
Corticosteroids

Yes

Primary biliary 
cirrhosis

Ursodeoxycholic acid, 
MTX¶

Possibly

NASH Weight loss Probably

NASH Vitamin E Possibly

* PEG-interferon alpha, with or without ribavirin, with or without 
direct acting antivirals.
¶ MTX, methotrexate.
The assessment as to reversal of cirrhosis is based on aggregate, 
currently available data.

Table 105.4 Select novel potential antifibrotics.

Agent or system Mechanism

Intestinal microbiota/
TLR4

TLR4 on multiple cells types, including 
stellate cells activates inflammatory pathways

NRF2 Transcription factor whose downstream 
target genes play an important role in 
cellular antioxidant defense

Loxl2 Enzyme catalyzes the first step in the 
formation of crosslinks in collagens and 
elastin

Adiponectin 244-amino-acid-long polypeptide regulating 
glucose levels as well as fatty acid 
breakdown that has direct effects on stellate 
cell fibrogenesis

Angiostatin/endostatin Endogenous angiogenesis inhibitors

Endothelin 21 aa potent vasoconstrictor, that also 
stimulates stellate cell activation

Angiotensin II Peptide vasoconstrictor, my stimulate stellate 
cell activation

TLR4, toll like receptor 4; NRF2, nuclear factor (erythroid-derived 2) 
– like 2; LOXL2, lysyl oxidase homolog 2.
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patients with HCV [231], and alcoholic hepatitis [233,234], it 
had modest effects, if any. In patients with NASH, vitamin E led 
to reductions in steatosis, aminotransferase levels, and lobular 
inflammation, but failed to yield an improvement in fibrosis 
[235]. Concern about its potential toxicity (stroke) has limited 
its widespread adoption in NASH. Vitamins B, C, and D have 
also been proposed to have antioxidant effects, and have been 
implicated in liver fibrogenesis [236–238]. However, evidence 
of an effect in humans is lacking.

Various herbal medicines have antifibrotic properties in 
animal models, often via antioxidant, antiviral, antiinflamma-
tory, or primary antifibrotic mechanisms [239–242]. Medica-
tions containing herbs of the Salvia genus have been popular as 
antifibrotics [243], but data from rigorous human trials are 
lacking. Since it is well appreciated that such herbal medicines 
can have significant toxicity, including hepatotoxicity (see [244] 
for review), these medications should be used with caution.

Malotilate, S-adenosylmethionine, propylthiouracil and 
other compounds have positive effects on injury and fibrogen-
esis in experimental models effects (presumably through their 
antioxidant properties) and as such, may have an effect on fibro-
genesis [220,223,245]. However, benefits on fibrosis have not 
been clearly demonstrated [221,222,224,225,246–250], in trials 
when subjects with alcoholic hepatitis and liver injury were 
examined, although fibrosis was not typically measured as a 
specific outcome. Thus, it is may be appropriate to consider 
these agents not as primary antifibrotic agents, but rather as 
compounds that may have secondary effects on fibrogenesis.

Cytoprotective treatments
Perhaps the most prominent cytoprotective agent examined is 
ursodeoxycholic acid (this compound binds and presumably 
stabilizes hepatocyte membranes). Such a cytoprotective effect 
in turn theoretically reduces inflammation and may have a ben-
eficial effect on fibrogenesis [251]. Although neither experimen-
tal data nor human data indicate a primary antifibrotic effect of 
ursodeoxycholic acid in the liver, the compound has been exam-
ined extensively in a wide variety of liver diseases [252–263]. 
Results with ursodeoxycholic acid in these conditions have been 
mixed. Biochemical improvement has often been observed, in 
particular in the biliary diseases, but data on symptomatic and 
histological improvement, and in particular survival, have been 
inconsistent. The aggregate data suggest that ursodeoxycholic 
acid may impede progression of fibrosis, particularly if given 
early in the disease course. Ursodeoxycholic acid is extremely 
safe, but it is also expensive, so the cost effectiveness of it as an 
antifibrotic is largely unknown.

Agents that inhibit fibrosis via specific effects 
on stellate cells
Extensive preclinical data have demonstrated multiple potential 
molecular pathways important in stellate cell fibrogenesis. A 
number of these experimental findings have been translated 
from the bench to human trials. For example, extensive data 

Since tumor necrosis factor α (TNF-α) both drives inflam-
mation in many diseases, and is upregulated in many liver dis-
eases (such as alcoholic hepatitis), anti-TNF-α compounds have 
been explored. A preliminary study suggested a beneficial effect 
on inflammation [217], but further investigation revealed that 
the anti-TNF-α agent, etanercept, was associated with signifi-
cantly higher mortality, presumably due to serious infections in 
the etanercept group compared with the placebo group (35% vs. 
9%; P = .04) [218]. The less potent TNF-α inhibitor, pentoxifyl-
line may have antifibrotic effects (see [219] for review), but be 
less immunosuppressive.

Penicillamine, methotrexate, and other antiinflammatory 
agents offer theoretical appeal as antifibrotic compounds. 
However, these agents have failed to have clear-cut effectiveness 
as primary antifibrotic agents in human liver disease [220–225]. 
Immunosuppressives have gathered great attention in immune 
related disorders, as they are effective for treatment of autoim-
mune, primary sclerosing cholangitis/autoimmune overlap syn-
dromes, and primary biliary cirrhosis; any effects on fibrosis are 
likely related to dampening inflammation of the primary disease 
state.

Treatments targeting oxidant stress
Oxidative stress is thought to play an important role in injury, 
stellate cell activation, and stimulation of ECM production as 
highlighted above. Thus, antioxidants are attractive potential 
antifibrotics.

Polyenylphosphatidylcholine, a mixture of polyunsaturated 
phosphatidylcholines extracted from soybeans, has antioxidant 
properties and has been proposed to be effective in the inflam-
matory and fibrogenic response to injury, particularly in alco-
holic liver disease. A VA cooperative multicenter clinical trial 
examined polyenylphosphatidylcholine in 789 patients with 
alcoholic hepatitis who had a very large daily average alcohol 
intake (16 drinks/day) [226]. Subjects were randomized to 
either polyenylphosphatidylcholine or placebo for 2 years (it is 
likely that long periods of treatment will be required to cause 
changes in liver fibrosis). There was improvement in fibrosis in 
both groups, perhaps related to the reduction in ethanol con-
sumption during the trial, and polyenylphosphatidylcholine 
failed to lead to significantly greater improvement in fibrosis.

Silymarin, derived from the milk thistle Silybum marianum, 
has been shown to reduce lipid peroxidation and inhibit fibro-
genesis in experimental systems [227,228]. It has been tested  
in several clinical trials, although fibrosis was not used as a 
primary endpoint. The bulk of the data suggest that although 
the compound is safe, there is no evidence of an antifibrotic 
benefit in patients with alcoholic and/or hepatitis B or C liver 
diseases [229]. Given the potential of this agent, large rand-
omized clinical trials are underway (ClinicalTrials.gov Identi-
fier: NCT00680342) and NASH (ClinicalTrials.gov Identifier: 
NCT00680407).

Other antioxidants such as vitamin E are effective in animal 
models [230] as well as in humans [231–235]. However, in 
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reason that there have not been clinical antifibrotic trials with 
systemic anti-TGF-β compounds. It is possible that biological 
effects localized to fibrogenic effector cells could be effective. 
Early studies targeting stellate cells have provided proof of 
concept of this approach [283].

Several new areas merit attention as potential novel targets of 
therapy (Table 105.4). First, there has been a great deal of recent 
focus on the microbiome [284]. The composition and activity 
of gut microbiota create a complex interplay among the host, 
nutrition, and intestinal bacteria. Gut bacteria appear to be 
important in the regulation of multiple host pathways, and in 
particular appear to be important in creating a host-inflammatory 
axis. Given the central role of inflammation in chronic hepatic 
injury and the ensuing wound-healing process (Figure 105.1), 
it follows that bacterial products, and in particular, LPS, may be 
important. Available evidence suggests that gut bacteria may be 
important in the pathogenesis of liver inflammation [285–287], 
fibrosis [288], and even the development of hepatocellular 
cancer [289]. In quiescent stellate cells, TLR4 (a major LPS 
receptor) activation downregulates the TGF-β pseudoreceptor 
Bambi, which in turn sensitizes stellate cells to TGF-β-induced 
signaling [30]. Changes in the microbiota have also been associ-
ated with fibrosis progression in mice [288]. In humans, alcohol-
producing bacteria were more abundant in NASH patients than 
controls, and these bacteria were associated with elevated 
blood-ethanol concentrations [290]. These data raise the pos-
sibility that alcohol-producing bacteria play a role in the patho-
genesis of NASH. As such, manipulation of the intestinal flora 
may be an innovative approach to antifibrotic therapy.

Angiogenic pathways appear to be important in fibrosis, and 
represent an attractive therapeutic target. For example, a short 
peptide derived from endostatin, a naturally-occurring 20-kDa 
C-terminal fragment derived from type 18 collagen, appeared 
in animal models to have potent antifibrotic activity in skin and 
pulmonary fibrosis in vivo [291].

Vascular biologic systems are particularly attractive because 
they could potentially have beneficial effects on both fibrosis 
and portal hypertension. Stellate cells express angiotensin II and 
endothelin receptors and stimulation of these receptors with 
their cognate ligands leads to prominent stellate cell effects [80].

MicroRNAs (miRs) have recently been recognized as critical 
in gene regulation and recent evidence suggests that a number 
of miRs are involved in the pathogenesis of different forms of 
organ fibrosis [292], in stellate cell function, liver fibrosis, 
[293,294], and therefore may represent novel therapeutic targets.

Many other pathways are also attractive. Targeting matrix 
degrading metalloproteases, or dampening the effect of metal-
loprotease inhibitors, is attractive, but largely open. The lysyl 
oxidase system, important in catalyzing lysine-derived cross-
links in collagen and elastin, could be effective [295,296] – and 
results from several clinical trials evaluating NASH and PSC to 
evaluate an antibody that inhibits this system are early 2016 
(NCT01452308, NCT01672866, NCT01672879). FXR agonists 
appear to have effects on stellate cells, and thus have been 

support the antifibrotic potential of interferon-γ [264,265], 
which signals through a different pathway than interferon α and 
β. Interferon γ potently inhibits multiple aspects of stellate cell 
activation [264,265] and has potent in vitro and preclinical 
effects in fibrotic processes. While safe and having promise in a 
preliminary study in humans with HCV mediated fibrosis [266], 
it failed to exhibit an antifibrotic effect in a large randomized 
study of patients with advanced HCV mediated fibrosis [267].

Peroxisomal proliferator activated receptors (PPARs) have 
prominent effects on stellate cell fibrogenesis, and on hepatic 
fibrogenesis in vivo [46,47,77,268]. PPAR γ ligands inhibit stel-
late cell activation and synthesis of ECM [46,47,77,268]. Further, 
PPAR γ effects on stellate cells are at least in part dependent on 
adiponectin (which appears to have prominent antifibrotic 
actions) [269]. Unfortunately, despite promising preclinical 
data, the PPAR γ agonist, farglitazar, failed to exhibit antifibrotic 
effects in a large multicenter randomized trial of patients with 
HCV fibrosis [270].

Compounds that directly interfere with  
matrix synthesis
Colchicine is the prototypical “anticollagen” compound. This 
plant alkaloid, which inhibits polymerization of microtubules, 
interferes with collagen synthesis and secretion. A sizeable body 
of literature indicates that colchicine has antifibrotic properties 
in experimental animal models [271]. It has been studied in 
partnership with a variety of liver diseases [272–275], including 
(1) primary biliary cirrhosis; (2) alcoholic cirrhosis; (3) cryp-
togenic cirrhosis; and (4) miscellaneous other liver diseases, but 
it was not found to have significant impact on hepatic fibrosis 
or mortality. In a double blind, randomized, controlled trial in 
primary biliary cirrhosis, colchicine improved biochemical 
markers, but did not reduce fibrosis [272]. In another study, 
colchicine led to improved fibrosis as well as a dramatic improve-
ment in survival [273]. However, this study had a number of 
methodological weaknesses, and has not been reproduced. In a 
VA cooperative multicenter study comparing colchicine to 
placebo in 549 patients with alcoholic liver disease, there was 
no apparent effect of active treatment on survival [274]. Thus, 
while colchicine appears to be safe, it does not appear to effec-
tively treat fibrosis.

Novel potential antifibrotics

Many potential novel approaches to treat liver fibrosis exist. In 
addition to many pathways that serve as potential targets, novel 
mechanisms of selectively directing treatment to the liver exist, 
such as with use of delivery or targeting systems [276–279].

TGF-β isone of the most potent fibrogenic cytokines known. 
Multiple proof of concept studies have demonstrated that its 
inhibition inhibits fibrosis [280–282]. However, it is also impor-
tant in regulation of cell growth, and thus, global inhibition of 
TGF-β could be potentially harmful. This appears to be a major 
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proposed as antifibrotics [48,297]; in a human proof of concept 
study, the FXR agonist, obeticholic acid, reduced markers of 
fibrosis in patients with NASH [298]. Nuclear factor (erythroid-
derived 2)-like 2 (nrf2), a transcription factor that appears to 
activate a number of genes involved in oxidative stress responses 
appears to have protective effects for fibrosis [299,300]. Com-
pounds such as pirfenidone [301], and 5′-lipoxygenase inhibi-
tors [302] appear to have direct effects on stellate cells and/or 
in vivo effects in hepatic fibrogenesis. Because pirfenidone 
appears to be effect for treatment of pulmonary fibrosis [303], 
it is an attractive potential antifibrotic treatment for patients 
with liver fibrosis and cirrhosis. Small, preliminary, studies in 
patients with NASH have reported conflicting results in terms 
of the effect of pirfenidone on fibrosis [304,305], indicating that 
larger studies will be necessary to determine its effectiveness.

Summary and future directions for 
antifibrotic therapy

Fibrosis represents the wound healing response to injury which 
in the liver, leads to cirrhosis. The complications of cirrhosis are 
multiple and when present, portend a poor outcome. The field 
of fibrosis has seen an explosion of information about the 
pathogenesis of fibrogenesis. Further, this new information has 
spawned research dedicated to developing antifibrotic therapies. 
Fibrosis, particularly the ECM component, is dynamic, and the 
accumulation of fibrosis may be inhibited, and even advanced 
fibrosis, may be reversible under appropriate conditions. Cur-
rently, effective therapy for hepatic fibrogenesis exists for several 
diseases in which the cause of the underlying disease is elimi-
nated, thereby preventing ongoing injury. In contrast, specific 
therapy directed only at the fibrotic lesion is not currently avail-
able, although multiple potential targets have been identified, 
and it is highly likely that candidates will emerge.
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CHAPTER 106

Introduction

Ascites is the accumulation of fluid in the peritoneal cavity. In 
the Western world, cirrhosis is the main cause of ascites, 
accounting for more than 75% of the cases (Table 106.1). Other, 
less common causes of ascites are peritoneal malignancy in 
∼12%, and cardiac failure in 5%. Peritoneal tuberculosis 
accounts for only 2% of the cases in the Western World [1], but 
is still an important cause of ascites in many developing coun-
tries. Approximately 5% of patients will have more than one 
cause of ascites, such as cirrhosis and heart failure, cirrhosis and 
tuberculous peritonitis, or cirrhosis and malignancy [2].

In patients with cirrhosis, ascites is one of the complications 
that marks the transition from a compensated to a decompen-
sated stage [3]. Initially, ascites is “uncomplicated,” that is, it 
responds well to diuretics and is not infected. As cirrhosis 
progresses and the mechanisms that lead to ascites formation 
worsen, ascites ceases to respond to diuretics (refractory ascites). 
Bacteria may infect ascites, an entity known as spontaneous 
bacterial peritonitis (SBP) that occurs mainly in hospitalized 
patients with severe liver disease. With further progression of 
cirrhosis, the patient with ascites may develop hyponatremia 
and functional renal failure (hepatorenal syndrome). The hemo-
dynamic alterations that lead to ascites and refractory ascites are 
the same as those that lead to hyponatremia and hepatorenal 
syndrome, differing only in the degree of abnormality, with the 
latter complications denoting a more deranged circulatory 
status.

The approach to a patient with ascites depends on the setting 
surrounding its presentation. In a patient with new-onset 
ascites, the priority is to determine the etiology as this will guide 
its management. In a patient in whom the etiology of ascites is 
cirrhosis, management depends on the phase at which the 
patient presents on the spectrum from uncomplicated ascites to 
hepatorenal syndrome.

Approach to the patient with  
suspected ascites

History and physical examination are important in determining 
the presence and etiology of ascites but are not definitive.

The most frequent symptoms associated with the develop-
ment of ascites are increased abdominal girth, described as 
tightness of the belt or garments around the waist, associated 
with weight gain. However, sometimes weight gain is masked 
by concomitant muscle mass loss as a result of cirrhosis or 
malignancy. The rapid onset of symptoms in a matter of weeks 
helps to distinguish ascites from obesity, which develops over a 
period of months to years.

Physical examination is relatively insensitive for detecting 
ascitic fluid, particularly when the amount is small and/or the 
patient is obese. When present in small to moderate amounts 
(>1500 mL), ascites can be identified on examination by bulging 
flanks, flank dullness, and shifting dullness. Shifting dullness is 
the most sensitive finding in the clinical diagnosis of ascites 
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nostic method to confirm the presence of ascites. Abdominal 
CT scan is more sensitive than ultrasonography in determining 
the presence of cirrhosis or malignancy. Finding a small nodular 
liver, splenomegaly, and collaterals on CT scan establishes the 
diagnosis of cirrhosis.

Approach to the patient with  
new-onset ascites

In a patient with new ascites, the first priority is to establish the 
cause of ascites as this will determine its management.

Initial evaluation
The history and physical examination are important in guiding 
the evaluation of ascites. Several aspects of the physical exami-
nation should receive special attention. The presence of spider 
angiomas, palmar erythema, and muscle wasting as well as jaun-
dice and/or signs of portal hypertension, such as splenomegaly 
and abdominal wall collaterals, suggests cirrhosis. Finding a 
palpable (or ballotable) left lobe of the liver (in the epigastric 
area) is almost pathognomonic of cirrhosis. Distended neck 
veins, an S3 gallop, uniform hepatomegaly with hepatojugular 
reflux, or peripheral edema suggests congestive heart failure. 
Presence of a small nodule at umbilicus (Sister Joseph Mary 
nodule) or an enlarged supraclavicular lymph node (Virchow 
node) suggests malignant ascites. Large veins with an upward 
flow localized in the back suggest obstruction of the inferior 
vena cava.

Diagnostic paracentesis
The simplest and most inexpensive way to orient the diagnostic 
evaluation starts with analysis of ascitic fluid. A diagnostic 
paracentesis should be performed in a patient with new-onset 
ascites [7,8].

Diagnostic paracentesis is a safe procedure with a very low 
incidence of serious complications, particularly when compared 
to therapeutic paracentesis [9]. Coagulopathy is not a contrain-
dication to perform a diagnostic paracentesis, particularly if it 
is performed with a small-gauge needle [7,10]. The preferred 
site is the left lower quadrant. Care should always be taken to 
avoid surgical scars, abdominal wall collaterals, and to avoid the 
area of the inferior hypogastric artery, which lies midway 
between anterior superior iliac spine and pubic tubercle [7]. If 
there are doubts about the presence of ascites or if no fluid is 
obtained in the first attempt, paracentesis should be performed 
under sonographic guidance.

In a diagnostic paracentesis, 20–50 mL of ascitic fluid is 
obtained. Tests that should be performed on the fluid are shown 
in Box 106.1 and their use in the differential diagnosis of ascites 
is detailed below.

Appearance of ascitic fluid
Uncomplicated “normal” ascitic fluid is transparent, straw 
colored to slightly yellow. In patients with marked jaundice, the 

(compared to abdominal distension, bulging flanks, and fluid 
wave) and its absence can rule out ascites with over 90% accu-
racy [4].

Imaging investigation
The initial, least invasive, and most cost-effective method to 
confirm the presence of ascites is abdominal ultrasonography. It 
can detect amounts as small as 100 mL and is considered the 
gold standard for the diagnosis of ascites [5]. Abdominal ultra-
sound is also useful in locating the optimal site to perform a 
paracentesis, particularly in patients with a small amount of 
ascites or in those with loculated ascites. Additionally, ultra-
sound can be accompanied by Doppler examination of the 
hepatic venous system, an important initial test to rule out the 
presence of hepatic vein obstruction, a frequently overlooked 
cause of ascites [6].

Abdominal computed tomography (CT) scan is also highly 
sensitive and specific in diagnosing the presence of intraab-
dominal fluid; however, the cost precludes its use as a first diag-

Table 106.1 Etiology of ascites and classification by serum–ascites albumin 
gradient (SAAG) and ascites protein level.

SAAG Ascites protein

Main etiological factors of ascites

Cirrhosis or alcoholic hepatitis High Low

Congestive heart failure High High

Peritoneal malignancy Low High

Peritoneal tuberculosis Low High

Other etiologies of cirrhosis (account for <2% of all cases)

Massive hepatic metastases High Low

Nodular regenerative hyperplasia High Low

Fulminant liver failure High Low?

Budd–Chiari syndrome (late) High Low

Budd–Chiari syndrome (early) High High

Constrictive pericarditis High High

Venoocclusive disease High High

Myxedema High High

Nephrogenous (dialysis) ascites High High

Mixed ascites (cirrhosis + peritoneal 
malignancy)

High Variable

Pancreatic ascites Low High

Serositis (connective tissue disease) Low High

Chlamydial/gonococcal Low High

Biliary Low High?

Ovarian hyperstimulation syndrome Low? High

Nephrotic syndrome Low Low

Those assessments followed by a question mark are theoretical and 
have not been confirmed by data in the literature.
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Box 106.1 Tests performed in diagnostic paracentesis.

Routine analysis of ascitic fluid
Gross appearance
Total protein
Albumin (with simultaneous estimation of serum albumin) so that 

the ascites–serum albumin gradient can be calculated by 
subtracting the ascitic fluid value from the serum value

White blood cell count and differential
Bacteriological cultures

Focused analysis of ascitic fluid
Cytology (to exclude malignant ascites)
Amylase (if pancreatic ascites is suspected)
Acid-fast bacilli smear and culture and adenosine deaminase 

determination (if peritoneal tuberculosis is suspected)
Glucose and lactic dehydrogenase (if secondary peritonitis is 

suspected in a patient with ascites PMN >250/mm3)
Triglycerides (if the fluid has a milky appearance, i.e., chylous 

ascites)
Red blood cell count (if the fluid is bloody)

PMN, polymorphonuclear leukocytes.

Figure 106.1 Approach to the patient with new-onset ascites. ADA, adenosine deaminase; AFB, acid-fast bacilli; Asc prot, ascites total protein levels; 
CT, computed tomography; CUS, cardiac echosonography; HVPG, hepatic venous pressure gradient; SAAG, serum–ascites albumin gradient; TJLB, 
transjugular liver biopsy.
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Hepatic vein Doppler

If diagnosis still uncertain, values contradictory or borderline

fluid may have a deeper yellow color. Fluids with leukocyte 
count >5000/mm3 appear cloudy and those with a leukocyte 
count >50 000/mm3 appear frankly purulent and indicate the 
presence of a gross intraabdominal infection (secondary peri-
tonitis) or an abscess [1]. Purulent ascites may be confused with 
the milky fluid associated with a high fat content (chylous 

ascites). Lack of odor and a triglyceride level >200 mg/dL estab-
lishes the diagnosis of chylous ascites. An easier way to confirm 
the presence of chylous ascites is to refrigerate a tube with 
ascites, and in chylous ascites a creamy layer will separate at  
the top.

Fluids with red blood cell count >10 000/mm3 will appear 
pink-colored, while frank bloody fluid is usually associated with 
a red blood cell count >20 000/mm3. In the presence of bloody 
fluid, the question will arise as to whether it is the result of a 
traumatic tap or whether it is due to hemoperitoneum. Blood 
in the fluid resulting from a traumatic tap will clot, while fluid 
from a hemoperitoneum will not clot because blood has already 
clotted (intraperitoneally) and the clot has lysed. A tap per-
formed immediately in the opposite flank will also clarify the 
situation. Hemoperitoneum suggests malignant ascites.

A tea-colored fluid can be seen in pancreatic ascites and is 
due to breakdown of ascitic fluid red cells. This phenomenon is 
more pronounced in hemorrhagic pancreatitis, resulting in a 
black-colored fluid. Bile-stained fluid is green and can be seen 
with gallbladder or intestinal perforation.

Serum ascites albumin gradient and ascites total 
protein levels
These two inexpensive tests taken together are the most useful 
in determining the etiology of ascites and thereby in further 
directing the workup of patients with ascites (Table 106.1, 
Figure 106.1).
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or hepatic origin of ascites is especially important in alcoholic 
patients who can have ascites secondary to alcoholic cardiomy-
opathy or from cirrhosis, with significant management implica-
tions. A study suggests that a high serum B-type natriuretic 
peptide (greater than 365 pg/mL) has a greater diagnostic accu-
racy than the combination of high SAAG and high ascites 
protein in the diagnosis of ascites due to heart failure [19]. This 
study also showed that high ascites protein levels in cirrhosis 
occur in patients with more preserved liver function and pre-
sumably a lesser sinusoidal capillarization.

Ascites protein levels in cirrhosis are also useful to determine 
susceptibility of developing bacterial infection [20]; cirrhotic 
patients with an ascites protein <1.0 g/dL have a higher risk of 
developing infection (spontaneous bacterial peritonitis). Con-
trary to what occurs with pleural fluid, ascites does not become 
an “exudate” with infection [21]; however, protein levels >1.0 g/
dL have been described as being useful for distinguishing 
between SBP and secondary (surgical) peritonitis.

All causes of ascites and their known/expected SAAG and 
total protein levels are shown in Table 106.1. The diagnostic 
workup for the three main causes of ascites is outlined in Figure 
106.1. In cases in which the etiology of ascites is still undeter-
mined because of contradictory or borderline results of SAAG 
and/or ascites total protein, the ultimate test will be the deter-
mination of the HVPG.

Hepatic venous pressure gradient measurement
The HVPG is an indirect measure of portal pressure and a direct 
measure of hepatic sinusoidal pressure. The concept is the same 
as the measurement of the pulmonary wedged pressure. The 
HVPG is obtained by introducing a catheter in the right femoral 
vein or the internal jugular vein and advancing a balloon cath-
eter into the right main hepatic vein. Pressures are recorded 
with the balloon inflated (wedged hepatic venous pressure or 
WHVP) and deflated (free hepatic venous pressure or FHVP). 
The WHVP is the direct measurement of sinusoidal pressure 
but it is usually corrected by subtracting the FHVP (a measure 
of systemic pressure that acts as an internal zero) thereby yield-
ing the HVPG. Normal WHVP is 5–7 mmHg, normal FHVP is 
1–2 mmHg, and normal HVPG is 3–5 mmHg. Portal hyperten-
sion is defined as an HVPG ≥6 mmHg; however, HVPG is equal 
or greater than 12 mmHg in patients with cirrhotic ascites 
[22,23]. Importantly, studies in which the HVPG is reduced 
below 12 mmHg, or at least 20% from baseline values, show a 
decrease in the development of ascites [24].

Therefore, as shown in Table 106.2, in cirrhotic ascites the 
HVPG will be elevated at the expense of an elevated WHVP and 
a normal FHVP and the levels are usually ≥12 mmHg. In cases 
of cardiac ascites, both the WHVP and the FHVP will be ele-
vated (reflecting elevated systemic pressures) and, therefore, the 
HVPG will be normal [25]. In cases of peritoneal ascites (i.e., 
malignancy or tuberculosis), all hepatic venous pressure meas-
urements (WHVP, FHVP, and HVPG) will be normal, unless 
the patient has coexisting cirrhosis or heart failure. When 

The serum–ascites albumin gradient (SAAG) is obtained by 
subtracting ascites albumin from serum albumin (from speci-
mens that should be obtained on the same day) and is a reflec-
tion of hepatic sinusoidal pressure [11,12]. The SAAG concept 
is based on Starling forces. When sinusoidal hypertension 
(hydrostatic pressure) is the cause of ascites, the colloidosmotic 
gradient (exerted mainly by serum and ascites albumin) has to 
increase to counterbalance the high hydrostatic pressure that is 
driving fluid into the peritoneal cavity. SAAG correlates very 
well with the hepatic venous pressure gradient (r  =  0.72), a 
measure of hepatic sinusoidal pressure [11]. The cutoff value 
that best distinguishes patients in whom ascites is due to sinu-
soidal hypertension versus ascites due to peritoneal malignancy 
is a SAAG of 1.1 g/dL with a SAAG >1.1 g/dL indicating ascites 
due to sinusoidal hypertension (e.g., cirrhosis, heart failure) 
[13]. Interestingly, the SAAG value of 1.1 g/dL roughly corre-
sponds to a hepatic venous pressure gradient (HVPG, a measure 
of sinusoidal pressure) of 11–12 mmHg [11], which is the 
threshold pressure identified in patients with cirrhotic ascites 
(see below). The accuracy of SAAG is reduced if samples are not 
obtained simultaneously, if serum albumin levels are very low, 
or if ascites is chylous (falsely high SAAG). Serum hyperglob-
ulinemia (>5 g/dL) leads to a high ascitic fluid globulin concen-
tration and can narrow the albumin gradient by contributing to 
the oncotic forces. To correct the SAAG in the setting of a high 
serum globulin level, the uncorrected SAAG should be multi-
plied by (0.16) × (serum globulin [in g/dL] + 2.5) [14].

The ascites total protein content at different cutoff values (2.5–
3.0 g/dL) has been traditionally used to divide ascitic fluid into 
“exudates” secondary to peritoneal processes (malignancy, 
tuberculosis) or “transudates” in case of ascites secondary to 
sinusoidal portal hypertension. It is increased in peritoneal pro-
cesses because of leakage of high protein mesenteric lymph 
from obstructed lymphatics and/or from an inflamed peritoneal 
surface [15]. However, exudative ascites is also present in ascites 
secondary to heart failure [2], in which the mechanism is an 
increased hepatic sinusoidal pressure. In this situation, the 
process that leads to sinusoidal hypertension is posthepatic and 
therefore the hepatic sinusoids are normal. Normal hepatic 
sinusoids are uniquely permeable (“leaky”) and hepatic conges-
tion secondary to hepatic vein or inferior vena caval obstruction 
or cardiac failure has been shown to lead to profuse outpouring 
of protein-rich lymph into the peritoneal cavity [16]. In cirrho-
sis, there is deposition of fibrous tissue in the sinusoids (“capil-
larization of the sinusoid”), which renders the sinusoid less 
leaky to macromolecules and this leads to an abnormally low 
protein content of liver lymph [17,18]. Therefore, in addition to 
identifying peritoneal causes of ascites (high protein), the ascites 
total protein allows differentiation between intrahepatic (e.g., 
cirrhosis) causes of ascites (low protein) versus posthepatic 
causes (e.g., heart failure, Budd–Chiari) of ascites (high protein), 
in both of which the SAAG is elevated [2]. This differential is 
extremely important as constrictive pericarditis is one of the few 
curable causes of ascites. Also, the distinction between cardiac 
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bacteremia, simultaneous blood cultures should be collected 
[7,8]. Gram stain is positive in less than a third of the cases of 
SBP.

Ascites glucose and lactic dehydrogenase levels
In contrast to pleural fluid, glucose and lactic dehydrogenase 
(LDH) levels in ascitic fluid are of little value in determining the 
cause of ascites or in determining whether infection is present. 
The ascites/serum LDH ratio is approximately 0.4–0.5 in 
uncomplicated cirrhotic ascites and increases in SBP, presum-
ably due to its release from PMNs [21]; however, its diagnostic 
accuracy is low. It has been proposed that a ratio >1.0 (i.e., if 
the ascites LDH is higher than serum LDH) and an ascites 
glucose <50 mg/dL would suggest the presence of secondary 
bacterial peritonitis, although the specificity of these criteria is 
low [29] and they have not been validated prospectively.

Evaluation of malignancy
Malignant ascites should be considered in patients with a  
compatible clinical presentation. It is important to distinguish 
malignant ascites secondary to an infiltrated peritoneum  
(peritoneal carcinomatosis) from ascites secondary to massive 
liver metastases or “pseudocirrhosis” secondary to profound 
desmoplastic response to infiltrating breast cancer [30] or sec-
ondary to nodular regenerative hyperplasia related to chemo-
therapy [31]. In patients with known cancer and ascites, 
peritoneal carcinomatosis is the cause of ascites in two thirds of 
the patients [32].

Cytology
Cytological examination of ascitic fluid is an important first step 
when considering malignancy, particularly in those with low 
SAAG and high ascites protein, which suggests the presence  
of peritoneal carcinomatosis (as opposed to hepatic malignancy 
or pseudocirrhosis). In peritoneal carcinomatosis, the diagnos-
tic yield of cytology is as high as 97% (but could be as low as 
42% [33]), while in patients with massive liver metastases, 
SAAG is high, ascites protein is low, and cytology is often  
negative [32].

It has been suggested that flow cytometry may be a useful 
adjunct to cytology in the diagnosis of peritoneal carcinomato-
sis, particularly when related to lymphoma or pancreatic cancer 
[33,34]; however, in a patient with suspected malignancy, low 
SAAG, high ascites protein, and negative results on cytological 
examination, the test of choice is probably peritoneoscopy with 
peritoneal biopsies.

Tumor markers in ascites
Although CA-125 levels may be considered a sensitive tumor 
marker in patients with ovarian cancer, serum CA-125 levels are 
elevated in any patient with ascites regardless of etiology. In fact, 
serum and ascites CA-125 levels were comparable among 
patients with cirrhotic ascites, patients with malignant ascites, 

performed properly, HVPG measurements are reproducible and 
safe [26]; in fact, hepatic vein catheterization for measurement 
of hepatic vein pressures allows for the performance, in the 
same procedure, of a transjugular liver biopsy, which will further 
help define the etiology of ascites.

Evaluation of infection
Tests to investigate infection should be performed if ascites is 
purulent or in any patient with cirrhotic ascites with symptoms, 
or signs suggestive of SBP, or who is admitted to the hospital 
[27]. A low ascites protein content, present in most patients with 
cirrhosis, is the most important predictor of ascites infection 
[20]. SBP is the infection of ascitic fluid in the absence of an 
obvious local source and is the most common bacterial infec-
tion in hospitalized patients with cirrhosis. Importantly, the 
development of SBP is not associated with a significant change 
in ascites protein levels [21].

Total and differential cell counts
A predominance of neutrophils or polymorphonuclear cells 
(PMN) in the ascitic fluid indicates the presence of an acute 
intraabdominal inflammatory process. Processes such as chole-
cystitis, appendicitis, or diverticulitis can lead to ascites with a 
high neutrophil count, but, in the absence of cirrhosis, the 
amount of fluid is generally minimal.

The diagnosis of SBP, that is the infection of cirrhotic ascites, 
is established with an ascites PMN count >250/mm3 [27]. In 
patients with bloody ascites (i.e., ascites RBC count >10 000/
mm3), one PMN per 250 RBC should be subtracted to adjust 
for the presence of blood in ascites.

A predominance of mononuclear cells indicates a chronic 
process and would suggest the presence of tuberculous 
peritonitis.

Smears and bacteriological culture
Ascitic fluid culture is frequently unrevealing even when actual 
infection is present. Although the sensitivity can be increased 
by inoculating 10 mL of ascitic fluid into blood culture bottles, 
as many as 50% of the cultures are still negative [27,28]. Man-
agement is more straight forward when an organism is isolated; 
and because 30%–58% of SBP cases are associated with 

Table 106.2 Differential of ascites based on hepatic venous pressure 
gradient (HVPG) measurements.

Cause of ascites WHVP FHVP HVPG

Cirrhosis Increased Normal Increased

Cardiac ascites Increased Increased Normal

Peritoneal malignancy or TB Normal Normal Normal

FHVP, free hepatic venous pressure; TB, tuberculosis; WHVP, wedged 
hepatic venous pressure.
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specificity (97%) using cut-off values from 36 to 40 IU/L with 
an optimal cut-off point of 39 IU/L [40]. Although a retrospec-
tive study suggested that ADA activity may be less sensitive  
in detecting PTB in the setting of cirrhosis [38], other system-
atic reviews have not confirmed this [41]. Given its diagnostic 
accuracy and wide availability, this test is recommended in sus-
pected PTB.

Evaluation of pancreatic ascites
Pancreatic ascites is caused by extravasation of pancreatic fluid 
from the pancreatic ductal system, either from a leaking pseu-
docyst or from a ruptured pancreatic duct. Therefore, this fluid 
has very high amylase levels (much higher than serum amylase) 
and a protein content >2.5 g/dL. Because pancreatic ascites is 
not caused by sinusoidal hypertension, the SAAG will be 
<1.1 g/dL. In a relatively large series, only about two-thirds of 
the patients with pancreatic ascites experienced abdominal 
pain [42] and it has been suggested that pancreatic ascites 
occurs more often than reported, and so evaluation is war-
ranted even in the face of unconvincing clinical and radio-
graphic evidence [43]. Of note, nonpancreatic tumors (e.g., 
ovarian) also may cause an increase in serum and ascitic fluid 
amylase, which may be incorrectly diagnosed as pancreatic 
ascites. However, isoenzyme analysis will demonstrate salivary, 
rather than pancreatic, isoamylase in fluid associated with car-
cinoma [44].

Evaluation of chylous ascites
Chylous ascites is an uncommon form of ascites that results 
from an accumulation of peritoneal fluid rich in triglycerides 
due to the presence of lymph in the abdominal cavity. A trig-
lyceride level >200 mg/dL is diagnostic of chylous ascites.

Chylous ascites occurs as a result of disruption of the lym-
phatic system due to obstruction (malignant infiltration or 
inflammatory process) or traumatic injury (surgery, trauma) 
with leakage of chylomicron-rich fluid into the peritoneum. 
Altered hemodynamics leading to increased caval (constrictive 
pericarditis) and hepatic venous pressures (cirrhosis) can also 
lead to an increased formation of hepatic duct lymph.

The most common cause of nontraumatic chylous ascites in 
adults is abdominal malignancy, with non-Hodgkin lymphomas 
accounting for at least one-half to one-third of these malignan-
cies [45,46]. In addition to lymphomas, other tumors that cause 
chyloperitoneum may arise from the ovary, colon, kidney, pros-
tate, pancreas, and stomach. The most common inflammatory 
causes of chylous ascites are abdominal or pelvic radiation, pan-
creatitis, and tuberculosis. Surgeries that involve extensive ret-
roperitoneal dissection, including the distal splenorenal shunt, 
can result in postoperative chylous ascites. Blunt trauma, stab 
wounds, and gunshot wounds can also lead to traumatic chylous 
ascites.

Cirrhotic ascites has chylous characteristics in only 0.5%–
1.3% of cases. Spontaneous transformation of previously clear 
ascites appears to be associated with a poor prognosis. In 

and those with “benign” ascites [35]. Awareness of this associa-
tion can prevent unnecessary workup and cost.

Other markers, such as carcinoembryonic antigen, fibronec-
tin, and cholesterol, have been found to be nonspecific and 
unhelpful in the diagnosis of malignant ascites, mostly because 
patients were not stratified by the type of malignant ascites in 
the studies analyzing such markers [36].

Imaging
Findings on CT scan that may suggest malignant ascites  
are presence of fluid in the omental bursa, thickening of the 
peritoneum, its degree of enhancement, increased density of the 
ascites, and loss of mobility of bowel loops in the ascites [37].

Evaluation of peritoneal tuberculosis
Although the incidence of peritoneal tuberculosis (PTB) appears 
to be rising in the United States and cirrhosis increases the risk 
for PTB, it remains an uncommon cause of ascites [38]. This 
makes its identification more problematic. In a noncirrhotic 
patient, ascites secondary to peritoneal tuberculosis is associ-
ated with a low SAAG and a high ascites protein. In a cirrhotic 
patient, findings associated with cirrhosis will predominate; that 
is, high SAAG and low protein. A diagnostic algorithm for 
patients with suspected PTB has been proposed [39].

Acid-fast bacilli culture and smear
Isolating acid-fast bacilli (AFB) in ascites is the gold standard 
in the diagnosis of PTB, but less than 40% of patients with PTB 
have positive ascitic fluid cultures and Ziehl–Neelsen staining 
of the ascitic fluid for mycobacterial detection is positive in only 
about 3% of cases with proven PTB [39]. Additionally, conven-
tional culture media require 4–8 weeks to detect AFB, which 
can lead to a delay in the initiation of specific therapy. Newer 
methods of identifying mycobacteria isolates include liquid 
chromatography and DNA probes, which reduce the turna-
round time, as well as rapid amplification-based tests like PCR 
that can yield results in days. However, their diagnostic value 
requires further analysis.

Laparoscopy is the best test to diagnose PTB, either by visu-
alization alone (yielding characteristic findings) or in combina-
tion with biopsy, culture, and histological examination. This  
test should be considered at an early stage whenever PTB is 
suspected.

Adenosine deaminase ascitic fluid activity
With difficulties in the bacteriological diagnosis of PTB, there 
has been an ongoing search for alternative rapid and noninva-
sive tests, with adenosine deaminase (ADA) activity in the 
ascitic fluid being the most promising.

ADA, an enzyme related to proliferation and differentiation 
of lymphocytes, appears to be a fast and discriminating test for 
diagnosis PTB, as shown by a metaanalysis of 12 studies includ-
ing 264 patients. In 50 (18.9%) patients with peritoneal tuber-
culosis, elevated ADA levels showed high sensitivity (100%) and 
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water retention. Sodium retention results from splanchnic and 
peripheral vasodilatation resulting in a decrease in effective 
arterial blood volume and activation of neurohumoral systems 
(angiotensin, renin, aldosterone) that lead to renal sodium 
retention [49]. As liver disease worsens, vasodilatation also 
worsens, leading to nonosmotic release of antidiuretic hormone, 
water retention, and dilutional hypervolemic hyponatremia 
[50]. In the final stages of cirrhosis, vasodilatation is extreme 
and in addition to marked sodium and water retention (refrac-
tory ascites with or without hyponatremia), there is renal 
vasoconstriction resulting in a decrease in glomerular filtra-
tion rate and, in some patients, renal failure (hepatorenal syn-
drome) [51].

Therefore, as cirrhosis and portal hypertension progresses, 
the patient goes through a sequence from diuretic-responsive 
ascites, followed by refractory ascites, and then hyponatremia 
and hepatorenal syndrome (HRS) [52], with each stage reflect-
ing a more deranged circulatory state. Overall, most cirrhotic 
patients with ascites have “uncomplicated” ascites, that is, ascites 
that is not infected, is not associated with renal dysfunction, and 
responds to diuretic therapy [53]. However, the prevalence of 
uncomplicated ascites is lower in certain settings (e.g., trans-
plant centers, in hospital).

Although treatment of ascites has not resulted in significant 
improvements in overall patient survival, it improves the quality 

contrast, the appearance of chylous ascites de novo in a cirrhotic 
patient appears to have a more favorable outcome [47].

Given the multiple etiologies of chylous ascites, workup of the 
patient is directed by clinical and ascitic fluid findings as 
described for nonchylous ascites. The only caveat is that the 
SAAG may be falsely elevated in chylous ascites. Additional 
tests to determine the presence of lymphatic disruption include 
lymphangiography and lymphoscintigraphy, and are often 
necessary.

Approach to the cirrhotic patient  
with ascites

Pathogenesis and natural history of  
cirrhotic ascites
In cirrhosis, ascites results from two main pathogenic mecha-
nisms: sinusoidal hypertension and sodium retention (Figure 
106.2). Cirrhosis leads to sinusoidal hypertension by blocking 
hepatic venous outflow, both anatomically by fibrosis and 
regenerative nodules and functionally by increased postsinu-
soidal vascular tone [48]. There is a minimal sinusoidal pres-
sure of ∼12 mmHg necessary for ascites formation [22,23]. 
This would be a self-limited process but for the continuous 
replenishment of the intravascular volume through sodium and 

Figure 106.2 Common pathogenesis of ascites, hyponatremia, and hepatorenal syndrome. Ascites (1) results from increased sinusoidal pressure and 
sodium retention. Cirrhosis leads to increased intrahepatic resistance and thereby to increased sinusoidal pressure. In addition, portal hypertension 
leads to splanchnic and systemic arteriolar vasodilation, decreased effective arterial blood volume, upregulation of sodium-retaining hormones, sodium 
and water retention and consequently, plasma volume expansion. With progression of cirrhosis and portal hypertension, the systemic arteriolar 
resistance is more pronounced, leading to further activation of the renin–angiotensin–aldosterone and sympathetic nervous systems. The resulting 
increase in water and sodium retention can lead to refractory ascites (2) and hyponatremia (3), while the resulting increase in renal vasoconstriction 
can lead to functional renal failure, the hepatorenal syndrome (4).
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restriction and adding or increasing diuretics is preferable to 
further compromising the nutritional status of the cirrhotic 
patient with ascites.

Even though loop diuretics such as furosemide are more 
potent natriuretics, randomized controlled trials have demon-
strated that spironolactone is significantly more effective than 
furosemide alone in the treatment of cirrhotic ascites [55,56]. 
When furosemide is used alone, sodium not reabsorbed in the 
loop of Henle is avidly absorbed in the distal and collecting 
tubules as a result of the hyperaldosteronism characteristic of 
most cirrhotic patients with ascites. Therefore, spironolactone, 
which is a competitive antagonist of the aldosterone receptor, is 
the diuretic of choice in the treatment of ascites. Furosemide 
can be used together with spironolactone but is typically inef-
fective when used alone.

There is no evidence that other diuretics, such as metolazone, 
thiazides, or torsemide, offer an advantage over spironolactone 
and furosemide. Contrary to the treatment of acute heart failure, 
where the response to therapy needs to be fast and an intrave-
nous route is preferable, elimination of cirrhotic ascites should 
be slow (only about ∼500 mL/day can be eliminated without 
risk of complications) and an oral route is preferred. Nonster-
oidal antiinflammatory drugs or aspirin blunt the natriuretic 
effect of diuretics and should be avoided in cirrhotic patients 
with ascites [57,58]. Although selective cyclooxygenase-2 
(COX-2) inhibitors have not been shown to impair natriuresis 
or to induce renal dysfunction in cirrhotic rats [59], preliminary 
data indicate that celecoxib may contribute to a decrease in 
renal function [60] and therefore COX-2 inhibitor use also 
should be avoided until more clinical data become available.

Complications of diuretic therapy
As total body water and Na+ decreases, monitoring for adverse 
effects is warranted. Common complications are renal impair-
ment due to intravascular volume depletion (25%), hyponatremia 
(28%), and hepatic encephalopathy (26%) [61–63]. With long-
term use, spironolactone has antiandrogenic activity that can 
result in painful gynecomastia. Another aldosterone-blocking 
agent, eplerenone, studied mostly in cardiology settings but not 
in cirrhosis, may be an alternative as it has lower affinity for 
progesterone, androgen, and glucocorticoid receptors [64]. 
Amiloride, another potassium-sparing diuretic, does not 
produce gynecomastia and is recommended in patients with 
intolerable painful gynecomastia, but it has significantly less 
natriuretic effect than spironolactone [65]. Amiloride is used at 
an initial dose of 20 mg/day and can be increased to 60 mg/day. 
In patients in whom the natriuretic response to amiloride is 
suboptimal, it may be worthwhile to attempt retreatment with 
spironolactone or eplerenone.

Large-volume paracentesis
Several randomized studies have demonstrated that large-
volume paracentesis (LVP) associated with intravenous (i.v.) 

of life of the cirrhotic patient; and SBP, a lethal complication of 
cirrhosis, does not occur in the absence of ascites.

Therapies for ascites
Different therapies for ascites and their site of action are depicted 
in Figure 106.3. Except for liver transplantation, none of these 
has been shown to improve patient survival. Rather, the pres-
ence of ascites is one prominent manifestation of advanced liver 
disease, and control of ascites does not correct the underlying 
disorder.

Liver transplantation
The development of ascites in a patient with cirrhosis denotes a 
poor prognosis, with a median survival of ∼1.5 years, compared 
to median survival of >12 years in patients who remain com-
pensated [3]. In the presence of ascites, mortality in cirrhosis is 
about 20% per year [54]. Patients with cirrhosis who develop 
ascites should therefore be evaluated for liver transplantation as 
this constitutes the ultimate treatment for ascites and its 
complications.

Sodium restriction and diuretics
Sodium restriction is recommended in all cirrhotic patients 
with ascites. Restriction to ∼90 mEq/day (i.e., 2 g of sodium/
day = 5.2 g of dietary salt/day) is the recommended goal [7,53]. 
Further restriction of sodium is unrealistic and difficult to 
achieve. Nonpalatability of a salt-restricted diet may lead to 
inadequate food intake. In these cases, liberalizing sodium 

Figure 106.3 Site of action of different therapies for ascites. *Furosemide 
should only be used in conjunction with spironolactone. LVP, large-
volume paracentesis; PVS, peritoneovenous shunt; TIPS, transjugular 
intrahepatic portosystemic shunt.
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well as in patients with fibrinolysis [7]. Care should be taken to 
avoid abdominal wall collaterals and to avoid the area of the 
inferior hypogastric artery, which lies midway between anterior 
superior iliac spine and pubic tubercle. Technically, the midline 
below the umbilicus is often recommended as a site for para-
centesis because of its presumed avascularity. However, a lapar-
oscopic study in 20 patients with cirrhosis demonstrated that, 
in patients with portal hypertension, this area is commonly 
vascular [74]. In a prospective study, risk factors possibly associ-
ated with the development of major complications after both 
diagnostic (n = 45) and large-volume (n = 470) paracenteses 
were reported [9]. Therapeutic (versus diagnostic) paracentesis 
was the only risk factor that was significantly associated with 
the development of major complications, while alcoholic etiol-
ogy of cirrhosis, Child–Pugh class C, and a low platelet count 
(<50 000/μL) showed a trend towards such an association.

Leakage of ascitic fluid is rare and occurs when extraction of 
ascites is incomplete. Therefore, this complication can be solved 
by completing the LVP, preferably in a site remote from the 
leaking puncture site. Another complication of paracentesis that 
is rare but should be recognized is the development of sudden 
scrotal edema, which results from subcutaneous tracking of 
peritoneal fluid into the scrotum and can be addressed by eleva-
tion of the scrotum [75].

One of the main complications of LVP is the development of 
postparacentesis circulatory dysfunction (PCD), defined as a sig-
nificant increase in plasma renin activity (PRA) 6 days after 
LVP. Development of PCD is associated with a faster recurrence 
of ascites, development of renal dysfunction, and a higher mor-
tality [76,77]. Two factors are independent predictors of the 
development of PCD: the amount of ascites extracted and the 
type of volume expander utilized in association with LVP [76]; 
the lowest rates are observed when <5 L are removed and/or 
when albumin is used as a plasma volume expander (rate 
around 16%) [76,78–80]. A metaanalysis confirmed the superi-
ority of albumin compared to no albumin or to plasma volume 
expanders, with a reduction in morbidity and mortality in 
patients undergoing LVP receiving 6–8 g of albumin i.v. per liter 
of ascites removed [81]. The pathogenesis of PCD appears to be 
a worsening of the vasodilatory state of the cirrhotic patient 
with a consequent further decrease in effective arterial blood 
volume and marked activation of neurohumoral systems that 
accentuate sodium retention, renal vasoconstriction, renal dys-
function, and death [77]. Therefore LVP should not be per-
formed in the setting of conditions that have been associated 
with worsening of the vasodilatory state of cirrhosis, such as 
SBP. The same metaanalysis evaluated vasoconstrictors in the 
prevention of PCD and found them to be as effective as albumin; 
however, studies were small and evaluated different vasocon-
strictors with different potencies [81]. A small randomized 
study not included in this metaanalysis compared octreotide 
plus midodrine, vasoconstrictors available in the United States, 
to albumin after LVP and showed no differences in time to 

albumin is as effective as standard therapy with diuretics in 
patients with uncomplicated ascites but with a significantly 
faster resolution and the same or a lower rate of complications 
[61,62]. However, LVP is a local therapy that does not act on 
the mechanisms of ascites formation (Figure 106.3) and ascites 
recurrence is the rule. Additionally, the procedure is more costly 
and requires more resources than the administration of 
diuretics.

Currently, LVP plus albumin is the standard therapy for 
refractory ascites [66]. Initially, the recommendation was to 
perform daily 5-L paracenteses until ascites disappearance, but 
total paracentesis, that is, the removal of all ascites in a single 
procedure accompanied by the concomitant infusion of 6–8 g 
albumin per liter of ascites removed, is as safe as repeated partial 
paracenteses [67].

The frequency of LVP is determined by the rate of ascites 
reaccumulation and, ultimately, on the need to relieve the 
patient’s discomfort. The rate of ascites reaccumulation depends 
largely on compliance with dietary salt restriction and diuretics 
as well as the degree of sodium retention. A randomized con-
trolled study showed that the administration of diuretics after 
LVP is associated with longer time to recurrence of ascites 
without any differences in complications [68]. Notably, in this 
study, urinary sodium of patients in the diuretic group in whom 
ascites recurred was significantly lower at 3 days and 2 weeks (8 
and 15 mEq/L, respectively) compared to that of patients 
without recurrence (109 and 67 mEq/L, respectively). This sug-
gests that although sodium restriction and diuretics should be 
used after LVP, in patients who continue to have urinary sodium 
<30 mEq/L on treatment, diuretics are not useful and should be 
discontinued, particularly if associated with complications [53].

In a small randomized trial, midodrine, an oral α1-adrenergic 
agonist, at 7.5 mg every 8 h,, plus standard medical therapy was 
significantly better than standard medical therapy alone in the 
control of refractory or recurrent ascites at 3 months, with better 
urine output, sustained serum sodium levels, and equivalent 
serum creatinine levels [69]. However, other controlled studies 
have found that midodrine alone or in combination with octre-
otide is not significantly better than standard therapy [70,71]. 
Therefore, there is insufficient evidence to support the use of 
midodrine in this setting.

Complications of large-volume paracentesis
Procedure-related complications consist mainly of bleeding and 
ascites leakage. Major bleeding occurs rarely but may be fatal 
[72] and is mostly related to puncture of mesenteric vessels 
rather than as a result of coagulopathy. In fact, in a series of over 
1000 LVPs there was no significant bleeding, even in patients 
with marked thrombocytopenia or prolongation in the pro-
thrombin time [73]. Renal dysfunction, more than coagulopa-
thy, appears to be associated with a higher risk of post-LVP 
hemorrhage [10]. LVP should probably be avoided in patients 
with renal failure and clinically evident severe coagulopathy as 
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dysfunction. Both occur in about one-third of the patients in a 
mean follow-up of about 1 year [82] and the incidence appears 
to be lower with covered TIPS stents. Resolution of ascites post-
TIPS has been associated with the development of abdominal 
wall hernia incarceration [87].

Contraindications to transjugular intrahepatic  
portosystemic shunt
Transjugular intrahepatic portosystemic shunt can precipitate 
death secondary to liver failure. The strongest predictor of sur-
vival post-TIPS placement for patients with refractory ascites is 
the serum bilirubin concentration [82,83] and a cutoff level of 
3 mg/dL has been proposed [88,89]. Consensus recommenda-
tions also suggest that an age greater than 70 years and a Child–
Turcotte–Pugh (CTP) score greater than 11 should be considered 
contraindications to TIPS placement in the setting of refractory 
ascites [53]. The cardiac effects of TIPS are significant – they are 
immediate and are related to the redirection of blood from the 
splanchnic circulation into the systemic circulation, resulting in 
worsening of the hyperdynamic circulation with increasing 
cardiac output and decreasing systemic vascular resistance. Fur-
thermore, TIPS may unmask latent diastolic dysfunction of the 
heart. Therefore, TIPS is not recommended in patients with 
heart failure and should be used cautiously in those with risk 
factors for cardiac dysfunction. TIPS placement should be ques-
tioned in patients with elevated right-sided heart pressures at 
the time of the procedure and if placement proceeds, patients 
should be diuresed aggressively after the procedure.

Peritoneovenous shunt
The peritoneovenous shunt (PVS) combines removal of intra-
peritoneal fluid and replenishment of the intravascular volume. 
It consists of a silicone tube system and a one-way valve that 
transfers ascites from the peritoneal cavity to the internal jugular 
vein (i.e., the systemic circulation). The increase in fluid return 
to the cardiopulmonary circulation can lead sequentially to 
decreased activity of sodium-retaining and vasoconstrictive 
mechanisms (such as the renin–angiotensin–aldosterone 
system), a marked rise in urinary sodium excretion, and a 
modest elevation in glomerular filtration rate.

In randomized controlled trials, placement of a PVS has been 
shown to be more effective than diuretics [90] (a predictable 
result) and as effective as LVP plus albumin [91,92]. No differ-
ences in survival have been observed among these therapies. 
However, due to its high obstruction rate, PVS requires frequent 
admissions for shunt revision or for the management of other 
more serious complications. The use of PVS has been progres-
sively abandoned over the years because LVP plus albumin is 
simpler and can be performed in the outpatient setting, and 
because TIPS is now more widely available and effective. In a 
small randomized trial comparing PVS versus uncovered TIPS, 
control of ascites was achieved sooner after PVS, but longer 
(3-year) efficacy favored TIPS, with numerous interventions 
required to maintain patency with both shunts. PVS may be a 

recurrence of ascites and a tendency for a higher rate of PCD 
in the vasoconstrictor group [71]. Therefore, until further evi-
dence is accrued, albumin is still the therapy of choice after LVP. 
Although infections occur infrequently in patients undergoing 
serial LVP, an ascitic fluid cell count is recommended each time 
a LVP is performed.

Transjugular intrahepatic portosystemic shunt
Transjugular intrahepatic portosystemic shunt (TIPS) is a non-
surgical, percutaneous procedure, performed by an interven-
tional radiologist, by which a portosystemic shunt is established 
inside the liver parenchyma. A metal stent is used to connect a 
main portal branch with a large hepatic vein. By acting as a 
side-to-side portocaval shunt, TIPS decreases sinusoidal pres-
sure, the main driving force involved in the formation of ascites. 
Although TIPS placement is associated early on with a worsen-
ing in systemic hemodynamics (increase in cardiac output, 
further decrease in systemic vascular resistance) and a worsen-
ing of liver synthetic function, these changes typically resolve 
within 3 months after TIPS insertion [82]. Additionally, despite 
deterioration of the hyperdynamic circulatory state, urinary 
sodium excretion increases significantly as soon as 7 days after 
TIPS placement and correlates closely with decreases in PRA 
and aldosterone levels [82]. In addition to sinusoidal decom-
pression, TIPS placement has the advantage of increasing the 
effective arterial blood volume by transferring blood volume 
from the splanchnic to the systemic circulation, though the 
effects may be transient.

A metaanalysis of five prospective randomized trials demon-
strates that placement of a TIPS stent is more effective at pre-
venting ascites from recurring than LVP but is associated with 
an increased occurrence of hepatic encephalopathy without dif-
ferences in survival [83]. However there was a tendency for 
improved survival when the trial that included Child C patients 
was excluded from the metaanalysis. An improvement in 
transplant-free survival in patients randomized to TIPS was 
demonstrated in a metaanalysis of individual data obtained 
from four randomized controlled trials, particularly in patients 
with a MELD score ≤15 [84]. These randomized controlled 
trials of TIPS for ascites were all performed with uncoated 
stents, but new polytetrafluoroethylene-covered stents are now 
placed almost routinely as they are associated with improved 
TIPS patency, and a decrease in the number of clinical relapses 
and reinterventions, without increasing the risk of encephalopa-
thy [85].

Complications of transjugular intrahepatic  
portosystemic shunt
The procedure-related complication rate is around 9%, with the 
most common complication being intraperitoneal hemorrhage 
[86]. Other important complications are heart failure and 
hemolysis, which may develop in 10%–15% of patients. The 
primary long-term complications of TIPS are new-onset or 
worsening of prior hepatic encephalopathy and shunt 
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but associated with surgical complications, infections, and a 
significant decrease in serum albumin [95]. Results of ongoing 
randomized trials are awaited.

Complications of peritoneovenous shunt
The major problem with PVS is the relatively high rate of com-
plications, although in randomized controlled trials PVS has a 
similar rate of complications as LVP plus albumin [91,92]. These 
complications include: disseminated intravascular coagulation 
(due to introduction of endotoxins and other procoagulants 
from ascites into the systemic circulation), infection of the 
shunt that can lead to bacteremia, variceal bleeding, or heart 
failure resulting from volume expansion, and a concurrent rise 
in systemic and portal venous pressure, and small bowel 
obstruction from peritoneal adherences [96]. The transopera-
tive drainage of ascites can minimize the complications related 
to massive ascites infusion, such as disseminated intravascular 
coagulation and increased systemic and portal pressures [97].

Approach to the patient with cirrhosis and 
uncomplicated ascites
The approach to the patient with cirrhosis and uncomplicated 
ascites is depicted in Figure 106.4.

Contrary to the treatment of heart failure, where achieving a 
negative sodium and water balance is often urgent given the 

reasonable option for a short (<1-year) period, particularly 
because mean patency of the shunt is around 6 months [90,91]. 
A case series of 36 patients listed for liver transplantation who 
had PVS placed for refractory ascites, and who were followed 
for a mean of 9 months, reported adequate palliation (i.e., no 
need for further LVP until transplant) in 83% with a lower 
occurrence of renal failure (compared to historical controls) 
[93]. Although PVS may complicate liver transplant surgery 
given its ability to produce peritoneal adhesions, none of the 16 
patients transplanted in this series had intraoperative complica-
tions secondary to PVS [93].

Although placement of PVS has been traditionally performed 
by surgeons under general anesthesia and employing venous 
cut-down, there is now increasing experience of percutaneous 
placement by radiologists in the interventional suite with  
successful revision in case of dysfunction in the majority of 
patients [94].

Therefore, placement of PVS should be considered in 
patients who are not TIPS or transplant candidates and can 
also be considered (depending on local surgeon preference) in 
patients on the transplant list. It is important to note that PVS 
is not effective in the presence of loculated ascites. A peritoneo-
vesical automated pump (transferring ascites from the perito-
neum to the bladder) is a derivative of the PVS that, in an 
uncontrolled study, appeared to be efficacious 

Figure 106.4 Approach to the patient with cirrhosis and uncomplicated ascites. GI, gastrointestinal; LVP, large-volume paracentesis; SBP, spontaneous 
peritonitis.
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Before considering that ascites is refractory to diuretics, it is 
necessary to ascertain whether the patient has adhered to the 
prescribed sodium-restricted diet and has restrained from using 
nonsteroidal antiinflammatory drugs. Compliance is always a 
concern, and nonadherence to dietary sodium restriction and/
or diuretics should be suspected if patients fail to lose weight 
despite a spot urine sodium concentration greater than its 
potassium concentration (this correlates with a 24-h sodium 
excretion >78 mmol/L).

In patients who develop renal dysfunction (elevation in cre-
atinine by ≥0.3 mg/dL or >50% from baseline) or encephalopa-
thy, diuretics should be temporarily discontinued and restarted 
at a lower dose once creatinine returns to baseline. Drugs that 
decrease arterial pressure or renal blood flow, such as angi-
otensin converting enzyme inhibitors, angiotensin II antago-
nists, or α1-adrenergic receptor blockers (e.g., carvedilol), 
should generally not be used in patients with ascites because of 
increased risk of renal impairment [7,8].

Patients who develop hyponatremia (serum sodium 
<130 mEq/L) while on diuretics most commonly have hypovo-
lemic hyponatremia and should be managed with a decrease in 
the dose (or temporary discontinuation) of diuretics. Notably, 
it was thought that V2 receptor antagonists, by increasing free 
water excretion, would be adjuvants to diuretics in the treat-
ment of ascites. However, a summary of three randomized con-
trolled trials found lack of efficacy of satavaptan with an increase 
in mortality in one of the trials [99]. Therefore, satavaptan, alone 
or in combination with diuretics, is not clinically beneficial in 
the long-term management of ascites in cirrhosis.

There are insufficient data to support the use of long-term 
antibiotic prophylaxis to prevent SBP and other bacterial infec-
tions in patients with uncomplicated ascites who are not hospi-
talized with gastrointestinal hemorrhage and/or who have not 
had a previous episode of SBP, even in those with an ascites 
protein <1 g/dL. Limiting the use of prophylactic antibiotics is 
important given the increased rate of infections with quinolone-
resistant and trimethoprim–sulfamethoxazole-resistant organ-
isms observed in patients on long-term norfloxacin prophylaxis 
[100,101].

Because the development of ascites indicates the presence of 
decompensated cirrhosis and portends a decreased survival, 
evaluation for liver transplant should be considered.

Approach to the cirrhotic patient with  
refractory ascites
The approach to the patient with cirrhosis and refractory ascites 
is depicted in Figure 106.5.

Refractory ascites assumes either diuretic-resistant ascites 
(ascites that is not eliminated even with maximal diuretic 
therapy) or diuretic-intractable ascites (ascites that is not elimi-
nated because maximal doses of diuretics cannot be reached due 
to the development of complications) [102]. The majority of 
patients with refractory ascites have the diuretic intractable type 
[52]. Vasodilatation is more pronounced in patients with 

risk/presence of pulmonary edema, therapy of cirrhotic ascites 
is not an emergency as the risk of death in the short term is 
much lower unless the fluid is infected. Therefore, the majority 
of patients with uncomplicated ascites should be managed in a 
step-wise, thoughtful fashion, and only in “stable” cirrhotic 
patients, that is, where complications such as gastrointestinal 
hemorrhage, bacterial infection, and renal dysfunction are 
absent or have resolved. One exception is the patient with tense 
ascites who experiences not only abdominal discomfort but also 
respiratory distress. In these patients, a single large-volume 
paracentesis should be performed prior or concomitant to start-
ing diuretic therapy.

Because renal dysfunction secondary to diuretics results from 
a reduction in effective arterial blood volume, diuretics should 
not be initiated in patients with concomitant complications of 
cirrhosis known to be associated with a decreased effective arte-
rial blood volume, such as variceal hemorrhage and SBP.

Treatments aimed at achieving a negative sodium balance 
(i.e., sodium restriction and oral diuretics) still constitute the 
mainstay of therapy in patients with uncomplicated ascites 
given its general applicability, low cost, and ease of administra-
tion. However, in hospitalized patients with moderate/tense 
ascites in whom other complications have been resolved, it is 
reasonable to initiate therapy with total paracentesis as this will 
accelerate discharge from the hospital.

Sodium intake should be restricted (∼2 g/day), as outlined 
above, unless unpalatability of the diet limits food intake.

Diuretic therapy can be initiated with spironolactone alone 
(initial dose of 100 mg p.o. every day) or with spironolactone 
(100 mg p.o. every day) plus furosemide (40 mg p.o. every day). 
Both schedules are equally effective; however, dose adjustments 
are needed more frequently in patients in whom treatment is 
initiated with combination therapy because of a more rapid 
mobilization of fluid with consequent increases in blood urea 
nitrogen and/or decreases in serum sodium [55,98]. In an inpa-
tient setting, where renal function can be monitored more fre-
quently, combination therapy can be used. In order to minimize 
the rate of complications, patients without edema should not 
lose more than 0.5 kg/day, while in patients with edema a weight 
loss of 1 kg/day is allowable. In the outpatient setting, it is pref-
erable to initiate slower therapy with spironolactone alone at  
a daily dose of 100 mg p.o. Because its onset of action takes  
several days, it should be administered in a single daily dose. If 
diuresis, and hence weight loss, is not optimal (weight loss 
<1 kg per week), the dose should be increased in a stepwise 
manner with increases of 100 mg every 1–2 weeks to a maximum 
of 400 mg p.o. q.i.d. [53]. If hyperkalemia develops before the 
maximal dose is reached, furosemide should be added at an 
initial single daily dose of 40 mg, increased in a stepwise fashion 
with increases of 40 mg to a maximum of 160 mg/day.

When ascites disappears, diuretics should be down-titrated 
to the minimal effective dose so that complications can be mini-
mized. The goal of long-term treatment is to maintain patients 
free of ascites with the minimum dose of diuretics [8].
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In a prospective non-randomized trial, it was suggested that 
patients with refractory ascites on nonselective beta-blockers 
have a higher mortality than those not on beta-blockers [105]. 
Study groups were unbalanced at baseline with a higher rate of 
risk factors for death in the beta-blocker group [106]. More 
recent data shows opposite results and therefore, at this time, 
beta-blocker use should not be precluded in patients with 
refractory ascites. It is however recommendable to discontinue 
beta-blockers in patients with refractory ascites who develop 
worsening hypotension or renal failure [7].

TIPS placement is recommended in patients who require 
more than two or three LVP per month or in those in whom 
ascites is loculated and cannot be entirely removed with a single 
LVP [53]. Evidence for a better survival with TIPS in patients 
with refractory ascites and a MELD of 15 or lower [84] suggests 
that earlier placement of TIPS, as soon as ascites becomes 
refractory, may be the preferred strategy. In general, TIPS 
should not be performed in patients with serum bilirubin 
>3 mg/dL, a CTP score >11, age >70 or evidence of heart 
failure (ejection fraction <60%) and/or severe pulmonary 
hypertension [53,107]. As noted above, the individual risks and 
benefits of TIPS should be reevaluated at the time of the proce-
dure in patients with high right-sided heart pressures. Even 
though studies of TIPS for refractory ascites were performed 
using uncovered stents, covered stents should be used because 
of the lower rate of shunt dysfunction and potential benefits in 
terms of both development of encephalopathy and survival [85].

The goal of TIPS is to reduce the portosystemic pressure 
gradient to less than 12 mmHg (the threshold for the formation 
of ascites). Too great a reduction (e.g., to levels lower than 
5 mmHg) carries a higher risk of post-TIPS portosystemic 
encephalopathy [108] and should be avoided. A study identified 

refractory ascites (Figure 106.2), thereby leading to a further 
decrease in effective arterial blood volume and further activa-
tion of  
the renin–angiotensin–aldosterone and sympathetic nervous 
systems. Progressive alteration in hemodynamics results in a 
higher susceptibility to hyponatremia and/or renal dysfunction. 
In fact, hepatorenal syndrome type II, the renal dysfunction 
characterized by a moderate and steady or slowly progressive 
renal failure (serum creatinine <2.5 mg/dL) is almost exclu-
sively seen in patients with refractory ascites [102]. Patients with 
type-2 HRS are predisposed to develop type 1 HRS following 
infections or other precipitating events.

The median survival of patients with type-2 HRS is poor (4–6 
months) so these patients should be evaluated for transplanta-
tion whenever possible [103].

First-line therapy for patients with refractory ascites is serial 
LVP, adding albumin if more than 5 L are removed at once. In 
patients in whom 5 L or less are being removed, a plasma volume 
expander can be utilized. To increase the time between paracen-
teses, patients should continue on maximally tolerated diuretic 
dose provided that the urinary sodium is >30 mEq/L. Other-
wise, diuretics can be discontinued [53]. Although the use of V2 
receptor antagonists is theoretically attractive, a randomized 
controlled trial comparing long-term treatment with satavaptan 
in combination with diuretics in patients with cirrhosis follow-
ing LVP showed an increased frequency of complications and 
reduced survival in patients receiving satavaptan compared to 
those receiving placebo [104].

Infections occur infrequently in patients undergoing serial 
LVP, but a cell count each time a LVP is performed is 
recommended.

Figure 106.5 Approach to the patient with cirrhosis and refractory ascites. *In patients with MELD <15, TIPS may be considered as soon as ascites 
becomes refractory to diuretics. **Contraindications to TIPS include serum bilirubin >3 mg/dL, a Child–Turcotte–Pugh score >11, age >70 years, or 
evidence of heart failure. GI, gastrointestinal; LVP, large-volume paracentesis; SBP, spontaneous bacterial peritonitis; UNa, urine sodium concentration.
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onstrated generally within 2 h of intraperitoneal injection of the 
radiotracer.

Hepatic hydrothorax should be treated in the same manner 
as cirrhotic ascites, that is by sodium restriction and oral diuret-
ics. Before declaring that hydrothorax is refractory to diuretics, 
a trial of in-hospital diuretic therapy should be attempted. In 
patients with refractory hepatic hydrothorax, other therapeutic 
options such as repeated thoracenteses, TIPS, or pleurodesis 
should be considered. When thoracentesis is performed for res-
piratory compromise, no more than 2 L should be removed at a 
time because of the risk of reexpansion pulmonary edema. The 
procedure may need to be repeated frequently. When thoracen-
tesis is required every 2–3 weeks, alternative strategies such as 
TIPS should be considered. Uncontrolled studies of TIPS have 
shown resolution of the pleural effusion or a decrease in the 
need for thoracentesis in 67% of patients. However mortality is 
high, particularly in nonresponders to TIPS [119]. In patients 
who have not responded to TIPS, video-assisted thoracoscopy 
may be considered to repair diaphragmatic defects and to 
perform pleurodesis. However, information is limited and the 
procedure is associated with significant morbidity and mortality 
[120]. Placement of a chest tube should be avoided as it has been 
associated with multiple complications, mainly volume and 
electrolyte disturbances.

Approach to the patient with spontaneous 
bacterial peritonitis

Bacterial infections are common in hospitalized patients with 
cirrhosis and are associated with a high mortality [121,122]. 
SBP is the most common, accounting for about 25% of all infec-
tions in cirrhotic patients [100].

SBP is an infection of ascitic fluid that occurs in the absence 
of perforation of a hollow viscus or of an intraabdominal 
inflammatory focus, such as an abscess, acute pancreatitis, or 
cholecystitis. Bacterial translocation, the migration of bacteria 
from the intestinal lumen to mesenteric lymph nodes and other 
extraintestinal sites, is implicated in the pathogenesis of SBP. 
Impaired local and systemic immune defenses as well as intes-
tinal bacterial overgrowth promote bacterial translocation and, 
together with shunting of blood away from the hepatic Kupffer 
cells through portosystemic collaterals, allows transient bacter-
emia to become more prolonged and colonize ascitic fluid. Bac-
terial translocation and SBP worsens the hyperdynamic 
circulatory state by a cytokine-mediated increase in vasodilata-
tion [123,124]. As a result, SBP can lead to renal dysfunction 
and the hepatorenal syndrome [125].

SBP occurs most commonly in patients with reduced ascites 
defense mechanisms, for example low ascites complement 
levels. Because ascites complement levels correlate with ascites 
protein levels, it follows that one of the most important predic-
tors in the development of SBP is a low ascites protein (<1 g/
dL) [20,126].

serum bilirubin ≥1.9 mg/dL, creatinine ≥1.3 mg/dL, and serum 
sodium <130 mg/dL as clinical predictors of post-TIPS enceph-
alopathy [109]. Of interest, a previous history of encephalopathy 
pre-TIPS was not a predictive factor. Most cases of post-TIPS 
encephalopathy respond to standard therapy and only about 
3%–10% develop intractable encephalopathy that can be treated 
with stent reduction [110,111], with preliminary evidence sug-
gesting that covered reduction stents are better than uncovered 
reduction stents in this regard [112]. In a randomized controlled 
trial, prophylactic therapy with lactitol or rifaximin during 1 
month after TIPS placement was ineffective in preventing por-
tosystemic encephalopathy [108] and prophylaxis is therefore 
not recommended.

Because TIPS placement improves but does not normalize 
sodium excretion [113], peripheral edema may continue to be 
a problem and the use of diuretics after the procedure is advis-
able. The use of diuretics immediately after the procedure also 
has the theoretical advantage of improving the pressure gradient 
across the shunt by reducing central pressure more than portal 
pressure. In patients with elevated right-sided heart pressures  
at the time of TIPS, vigorous post-TIPS diuresis should be 
considered.

In patients who require frequent LVP and who are not TIPS 
candidates, a PVS may be considered. Placement of a PVS may 
hinder future placement of TIPS. The intraabdominal limb of 
the PVS can lead to formation of peritoneal adhesions, which 
may complicate transplant surgery, and therefore it has also 
been considered a contraindication in patients who are candi-
dates for transplant. However, this is not a universal view [93].

Approach to the patient with cirrhosis and 
hepatic hydrothorax

Pleural effusion (hepatic hydrothorax) develops in approxi-
mately 6% of patients with cirrhosis as the result of the transdia-
phragmatic movement of fluid from the peritoneal to the pleural 
space through diaphragmatic defects [114,115]. The negative 
intrathoracic pressure favors this movement of fluid and patients 
often have minimal or mild ascites. In fact, hepatic hydrothorax 
may be present in patients without detectable ascites [116]. 
Pleural effusion is right-sided in 80%, left-sided in 18%, and 
bilateral in 3% of the cases [115].

Although large amounts of ascites can accumulate in the 
peritoneal cavity before significant patient discomfort, the accu-
mulation of smaller amounts of fluid (1–2 L) in the pleural space 
results in severe shortness of breath and hypoxemia. A radio-
nuclide ascites scan is useful in the diagnosis of hepatic hydro-
thorax, particularly in cases where ascites is absent [117]. It 
consists of the injection of Tc-99m-labelled sulfur colloid [118] 
or macroaggregated serum albumin [117] into the peritoneal 
cavity followed by chest imaging every 15–30 min. Transdia-
phragmatic movement of ascites into the pleural space is dem-



Ascites and its complications CHAPTER 106   2101

the use of sensitive culture methods that include inoculation of 
ascites into blood culture bottles, ascites cultures are negative in 
up to 60% of patients with clinical manifestations compatible 
with SBP and increased ascites PMN counts [130].

The diagnosis of SBP is established with an ascites PMN 
count >250/mm3 and treatment should be initiated before 
obtaining bacteriological culture results [27]. If the PMN count 
is below 250/mm3, culture results are required. If ascites culture 
is positive (bacterascites), ascites cell count should be repeated 
and, if repeat PMN count is >250/mm3, SBP has developed and 
should be treated. However, if the PMN count remains under 
250/mm3, the results of a second bacteriological culture should 
be pursued. In most cases, the repeat culture will be negative 
but if it continues to be positive for the same organism it is 
assumed that bacteria are being seeded into ascites from an 
extraabdominal source and, even though it is not causing peri-
tonitis, bacterascites should then be treated [27].

Most cases of community-acquired SBP resolve with the rec-
ommended empirical antibiotic, a third-generation cepha-
losporin, preferably intravenous cefotaxime at a dose of 2 g 
every 8–12 h [7,8,131]. Where cefotaxime is unavailable, ceftri-
axone at a dose of 2 g every 24 h is an acceptable option [132]. 
However, response to recommended empirical antibiotics is 
lower in healthcare associated infections (i.e., those infections 
that occur in patients who have been in a healthcare facility 
within the prior 3 months) and particularly low (<50%) in 
nosocomial infections (i.e., infections that occur >48 h after 
hospitalization) [100,101]. This is due to an increase in 

When first described, the mortality of SBP exceeded 90%; 
however, with early recognition of the disease and prompt and 
appropriate antibiotic therapy, mortality has been reduced to 
around 20%–30% [127], a much lower but still significant 
mortality.

The approach to the patient with cirrhosis and suggested SBP 
is depicted in Figure 106.6. Patients with SBP may present with 
abdominal pain/tenderness, vomiting, and diarrhea; however, 
up to 20% of patients are asymptomatic [27]. In fact, a study 
performed in an emergency room showed that clinical assess-
ment was inadequate to diagnose or exclude SBP, missing over 
a third of patients with documented SBP [128]. Unexplained 
encephalopathy, jaundice, and/or worsening renal failure should 
also raise suspicion for SBP [27]. A diagnostic paracentesis 
should be performed in every cirrhotic patient with ascites 
admitted to the emergency room and in any patient in whom 
SBP is suspected. Early recognition of SBP involves the per-
formance of a diagnostic paracentesis (for total and differential 
cell counts as well as bacteriological culture). Simultaneous 
blood and urine cultures and a chest radiograph should also be 
obtained. In patients with hepatic hydrothorax in whom an 
infection is suspected and in whom SBP has been ruled out, a 
diagnostic thoracentesis should be performed to rule out spon-
taneous bacterial “empyema,” an entity akin to SBP that should 
be managed as described below for SBP [129]. Unlike parapneu-
monic empyema, spontaneous infection of hepatic hydrothorax 
does not require drainage. Isolation of an infecting organism is 
definitive in establishing the diagnosis of SBP. However, despite 

Figure 106.6 Approach to the patient with suspected spontaneous bacterial peritonitis (SBP). *A diagnostic paracentesis should be performed in any 
patient with symptoms or signs suggestive of SBP, any patient with unexplained renal dysfunction or encephalopathy, and in any hospitalized patient 
with cirrhosis and ascites. **If community-acquired, a third-generation cephalosporin is recommended; if nosocomial or exposure to antibiotics in last 
90 days or prior infection with an antibiotic-resistant organism, a broader spectrum antibiotic (imipenem, meropenem) is recommended. In the latter 
case, the antibiotic spectrum can be narrowed depending on the organism isolated. PMN, polymorphonuclear leukocytes.
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postobstructive AKI accounting for <1% of the cases [51]. Pre-
renal AKI results from any factor that will further diminish the 
already decreased effective arterial blood volume. Therefore, 
prerenal AKI is associated with: gastrointestinal hemorrhage, 
overdiuresis, or diarrhea; factors that worsen vasodilatation, 
such as sepsis, use of vasodilators, and the postparacentesis 
circulatory dysfunction; and factors that cause renal vasocon-
striction such as nonsteroidal antiinflammatory drugs or intra-
venous contrast agents. HRS is a type of prerenal failure AKI 
unique to patients with cirrhosis that results from hemody-
namic abnormalities (extreme vasodilatation) leading to renal 
vasoconstriction [49] (Figure 106.2). HRS can be precipitated 
by the aforementioned factors but can also occur spontaneously 
as a result of worsening liver disease. The persistence or worsen-
ing of prerenal AKI despite exclusion or reversal of the afore-
mentioned precipitant factors and despite volume expansion, 
indicates the presence of type 1 HRS. Type 2 HRS is a chronic 
form of renal failure mostly associated with refractory ascites 
and is not considered in the differential diagnosis of AKI in 
cirrhosis.

In the acute setting, creatinine is the best marker of renal 
function because the glomerular filtration rate fluctuates widely 
and is not reliable. The traditional diagnostic criterion for AKI 
in patients with cirrhosis is a serum creatinine greater than 
1.5 mg/dL and the diagnostic criterion for HRS type 1 is a serum 
creatinine greater than 2.5 mg/dL [142]. However, because 
patients with cirrhosis may have lower baseline creatinine levels 
than noncirrhotic individuals due to a combination of muscle 
mass loss, decreased hepatic synthesis of creatine, and a large 
volume of distribution, these creatinine cutoffs may be indica-
tive of a marked decrease in glomerular filtration rate. It has 
been proposed that the diagnosis of AKI in cirrhosis should be 
based on changes in serum creatinine from baseline as defined 
by the Acute Kidney Injury Network (AKIN) [143,144]. The 
earliest stage of AKI (stage 1) in this classification is defined as 
an increase in serum creatinine (≥0.3 mg/dL or ≥50% or 1.5-
fold from baseline in <48 h). Several studies have correlated this 
proposed definition of AKI with increased mortality both in 
outpatients [145] and in hospitalized patients with cirrhosis 
[146]. The main benefit of adopting this more sensitive (albeit 
less specific) definition of AKI in cirrhosis is that, by allowing 
an earlier identification of renal dysfunction, it will facilitate 
earlier intervention and provide an opportunity to prevent pro-
gression to more advanced stages. In fact, a prospective study 
showed that progression of AKI to a higher AKIN stage was an 
independent predictor of death in patients with cirrhosis [146].

The approach to a patient with cirrhosis and acute renal 
failure is depicted in Figure 106.7. Once AKI is diagnosed (per 
AKIN stage 1 criteria), its management depends on the identi-
fication and treatment of the etiology of AKI. General measures 
include: investigation (and treatment) of infection; discontinu-
ation of any medication that can potentially induce volume 
depletion (e.g., diuretics, lactulose); and discontinuation of any 
medication that can induce vasodilation (e.g., nitrates, 

infections secondary to multidrug resistant (MDR) organisms, 
prominently extended-spectrum β-lactamase-producing Kleb-
siella and vancomycin-resistant Enterococcus. Therefore, in 
nosocomial or healthcare associated infections, broader spec-
trum antibiotics (e.g., vancomycin/tazobactam, imipenem, 
ertapenem) should be given initially and, once culture results 
and antibiotic sensitivities are obtained, the spectrum can be 
narrowed. Aminoglycosides should be avoided in patients with 
cirrhosis because of their propensity to cause nephrotoxicity 
[133,134].

Renal dysfunction is the main predictor of death in SBP 
[135], and the risk of renal failure can be decreased by the use 
of i.v. albumin [136]. Patients who already have some evidence 
of kidney injury at diagnosis (creatinine >1.0 mg/dL and/or 
blood urea nitrogen >30 mg/dL) or who are jaundiced (bilirubin 
>4 mg/dL) are at special risk [7]. This risk-stratification strategy 
has been validated [137]. The dose of albumin used is arbitrary, 
1.5 g/kg of body weight during the first 6 h, followed by 1 g/kg 
on day 3, with a maximum of 100 g/day. There is evidence that 
suggests lower doses of albumin may be as effective [138]. The 
mechanism of action of albumin for this indication is not fully 
defined.

The recommended duration of antibiotic treatment is 5–7 
days but can be guided by the course of ascites PMNs [139]. In 
the presence of obvious clinical improvement, a follow-up diag-
nostic paracentesis may not be necessary. A second paracentesis 
48 h after initiation of treatment is usually performed to look 
for improvement of SBP, defined as a >25% decrease of ascitic 
fluid PMN count [27]. A decrease in ascites PMN count <25% 
defines therapy failure and warrants investigations to rule out 
secondary peritonitis (flat film of the abdomen and/or CT scan) 
and warrants broadening the antibiotic coverage spectrum to 
include possible MDR organisms [132].

In patients who recover from an episode of SBP, the 1-year 
cumulative SBP recurrence rate is high, at about 70%, so anti-
biotic prophylaxis is warranted. The rate of recurrence is signifi-
cantly and markedly lower with the use of norfloxacin at a dose 
of 400 mg p.o. per day [140,141]. The use of weekly quinolones 
is not recommended as it has been shown to be less effective in 
preventing SBP recurrence and is associated with a higher rate 
of development of quinolone-resistant organisms [141]. Proph-
ylaxis should be continuous until disappearance of ascites (i.e., 
patients with alcoholic hepatitis), death, or transplant. There are 
no clear guidelines for secondary prophylaxis of patients who 
develop SBP due to a Gram-positive or MDR organism.

Approach to the patient with cirrhosis and 
acute kidney injury

Acute kidney injury (AKI) occurs in approximately 20% of hos-
pitalized patients with cirrhosis [51]. The most common type of 
AKI in cirrhosis is prerenal (68% of the cases) followed by 
intrarenal AKI (acute tubular necrosis or ATN) in 32%, with 
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Approach to the patient with  
hepatorenal syndrome

Hepatorenal syndrome is a potentially reversible form of func-
tional renal failure that occurs in patients with cirrhosis, ascites, 
and liver failure, as well as in patients with acute liver failure 
and alcoholic hepatitis [150]. HRS is secondary to renal vaso-
constriction that results from markedly decreased effective arte-
rial blood volume and the resultant activation of renal 
vasoconstrictive systems. Decreased effective blood volume is, 
in turn, the result of intense splanchnic and systemic vasodilata-
tion (Figure 106.2) and, as postulated, of a relatively low cardiac 
output [150]. Because HRS represents the extreme of the spec-
trum of abnormalities that lead to sodium and water retention, 
ascites unresponsive to diuretics is universal, and dilutional 
hyponatremia is almost always present (Figure 106.2).

HRS is divided into two types based on clinical characteris-
tics and prognosis. Type 1 HRS is characterized by rapid pro-
gressive renal failure (acute kidney injury or AKI). Although 
type 1 HRS had been defined as a doubling of serum creatinine 
to a level greater than 2.5 mg/dL in less than 2 weeks [150], this 
definition will delay effective therapy until an advanced stage of 
AKI when treatments are less effective. As discussed in Section 
Approach to the patient with cirrhosis and acute kidney injury, 
the diagnosis of type 1 HRS should be reached after a stepwise 
approach to a patient with AKI defined by AKIN criteria stage 
1, that is an increase in serum creatinine ≥0.3 mg/dL or ≥50% 
or 1.5-fold from baseline (ideally an outpatient baseline) in 
<48 h [144]. HRS is diagnosed by exclusion of other known 
causes of AKI and a lack of response to volume expansion 
(Figure 106.7). Type 1 HRS may appear spontaneously, but 

angiotensin receptor blockers, phosphodiesterase inhibitors) or 
renal vasoconstriction (e.g., nonsteroidal antiinflammatory 
drugs). If overdiuresis is the most probable cause of AKI, a bolus 
of saline solution should be considered. If there is no obvious 
precipitant and/or creatinine is greater than 1.5 mg/dL (indicat-
ing a more severe AKI), intravenous albumin should be admin-
istered at a dose of 1 g/kg/day with a maximum of 100 g/day.

Intrinsic renal disease (mainly acute tubular necrosis or 
ATN) should be suspected when the patient is admitted with 
shock (septic or hypovolemic) or when there is evidence of 
exposure to nephrotoxins or contrast agents. Urine studies 
showing granular or epithelial casts can be useful to aid this 
diagnosis but are not definitive. In those who do not respond to 
the general measures outlined above plus i.v. albumin infusion, 
the main differential is between ATN and HRS. Fractional 
excretion of sodium (FENa) at the standard cutoff of 1% is an 
unreliable tool because ATN is usually associated with an FENa 
<1% in patients with cirrhosis [147]. Several tubular urinary 
biomarkers have been investigated in AKI to establish a diag-
nosis of ATN. One promising urinary marker, neutrophil 
gelatinase-associated lipocalin, may be useful in distinguishing 
between ATN (highest levels) and prerenal azotemia (lowest 
levels), with HRS having intermediate values [148,149]. Further 
investigations on this and other biomarkers may facilitate dif-
ferential diagnosis.

If ATN is the most likely cause of AKI, treatment includes 
renal replacement therapy when indicated. Otherwise, with 
HRS, the patient should be treated as outlined in the following 
section.

Figure 106.7 Approach to the patient with cirrhosis and acute kidney injury; *defined as an abrupt increase in creatinine by >0.3 mg/dL or >50% 
(1.5-fold) from baseline. **The patient with hepatorenal syndrome (HRS) has ascites usually refractory to diuretics, commonly has hyponatremia, and a 
low mean arterial pressure. ATN, acute tubular necrosis; b.i.d., twice a day; q.d., every day.
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Vasoconstrictors plus albumin
The rationale behind this approach is to improve the deranged 
circulatory function by ameliorating vasodilatation, thereby 
improving effective arterial blood volume and ameliorating 
renal vasoconstriction. Albumin, an intravascular volume 
expander, has been used to increase effective blood volume. The 
effect of albumin may go beyond volume expansion [162]. 
Albumin dialysis (see below) is associated with an increase in 
blood pressure due to the ability of albumin to bind vasodila-
tors. It is therefore conceivable that an improvement of renal 
function in patients with HRS treated with vasoconstrictors and 
albumin is due to the additive effects of both compounds in 
producing peripheral vasoconstriction.

Vasoconstrictors that have been evaluated in clinical trials of 
patients with HRS include terlipressin, octreotide plus mido-
drine, norepinephrine, and vasopressin. The bulk of evidence 
from randomized trials supports the use of terlipressin [163], 
including the results of a large US multicenter study [164]. 
Terlipressin is a synthetic analogue of vasopressin, which has a 
longer half-life and a lower incidence of ischemic complications 
compared to vasopressin. When terlipressin is unavailable (as 
in the United States), evidence points towards the use of 
noradrenaline, with two small open-label randomized trials 
showing that noradrenaline is as effective as terlipressin 
[165,166]. Octreotide is a long-acting analogue of somatostatin 
that causes splanchnic vasoconstriction and midodrine is an 
α-adrenergic agonist that increases systemic blood pressure 
and, ultimately, renal perfusion pressure. The use of either 
midodrine or octreotide alone has not been proven to be effec-
tive in the treatment of HRS. Combination of midodrine plus 
octreotide has been effective in two small uncontrolled studies 
[167,168] but was shown to be significantly inferior to terlipres-
sin in a randomized controlled trial [169]. Improvement in cre-
atinine observed with vasoconstrictors correlate with increases 
in mean arterial pressure [170], suggesting that the dose of 
vasoconstrictors could be tailored based on changes in mean 
arterial pressure, as previously suggested [167]. In most studies, 
albumin was administered with the vasoconstrictor. One study 
showed that treatment with terlipressin and albumin was associ-
ated with a significant decrease in serum creatinine level and an 
increase in arterial pressure, changes that were not observed in 
a nonconcurrent group of patients treated with terlipressin 
alone [171]. In randomized studies included in a metaanalysis 
[163], reversal of HRS (decrease in creatinine below 1.5 mg/dL) 
was observed in ∼50% of patients receiving vasoconstrictors, 
with a mortality that, although lower than in control groups, 
was still ∼68% [164]. Notably, terlipressin may induce ischemic 
side-effects and arrhythmias requiring drug discontinuation.

Transjugular intrahepatic portosystemic shunt
Three small prospective but uncontrolled studies have assessed 
the role of TIPS in type 1 HRS in six, 14, and five patients who 
had responded to octreotide/midodrine [168,172,173]. All 
studies showed a decrease in serum creatinine in most patients 

often develops after a precipitating event, particularly SBP. 
Prognosis is very poor with a median survival of 2–4 weeks if 
left untreated [151,152]. Type 2 HRS is a moderate renal failure 
(serum creatinine between 1.5 and 2.5 mg/dL), with a steady or 
slowly progressive course and is associated with refractory 
ascites. Survival of patients with type 2 HRS is shorter than that 
of nonazotemic cirrhotic patients with ascites but better than 
that of patients with type 1 HRS (median survival about 6 
months) [150,152].

Patients with ascites have 1- and 5-year probabilities of devel-
oping HRS of around 20% and 40%, respectively [151]. The 
likelihood of developing HRS is highest in patients with more 
marked sodium and water retention and more marked activa-
tion of vasoconstrictive systems (renin–angiotensin and sympa-
thetic nervous system) [151], indicative of pronounced 
vasodilatation (Figure 106.2). A low cardiac output in addition 
to high plasma renin activity have been found to be independ-
ent predictors of HRS in patients with cirrhosis and uncompli-
cated ascites [153].

Therapies for hepatorenal syndrome
Patients who respond to therapy have a better survival, and 
optimal management of HRS has an impact on postliver trans-
plant outcomes [154].

Liver transplant
The first and only choice for definitive therapy of HRS is liver 
transplantation, as it is the only therapy that will provide long-
term survival. With the implementation of the MELD score in 
the allocation of organs in the United States, priority for trans-
plant is given to patients with a high creatinine [155]. In a study 
aimed at assessing prognostic factors in HRS, MELD score and 
the type of HRS (type 1 or 2) were independent predictors of 
death. While all patients with type 1 HRS had a high MELD 
score (>20) and a very poor outcome (median survival 1 
month), survival of patients with type 2 HRS was longer and 
depended on MELD score [152]. This suggests that the develop-
ment of type 1 HRS per se should indicate a high priority for 
transplant, independent of MELD [156].

Patients with HRS who are transplanted have more complica-
tions and a higher in-hospital mortality than those without HRS 
[157–160]. Therefore, HRS should be treated before transplan-
tation in an attempt to improve renal function. In fact, the 
outcome of liver transplantation in patients with HRS treated 
with vasopressin analogues prior to transplant is similar to that 
of patients transplanted without HRS [161]. HRS alone should 
not be a reason for combined kidney and liver transplant; 
however, this is now considered in patients with HRS who 
become dialysis-dependent and in whom there is no recovery 
after 8 weeks of dialysis (the usual recovery time for acute renal 
failure) [154]. The need for dialysis should theoretically be pre-
vented by the early treatment of HRS with the “bridging” thera-
pies outlined below.
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jaundice, overt encephalopathy, or AKI (the so-called “acute-
on-chronic liver failure”), approximately half of whom had type 
1 HRS,, MARS was associated with a significant decrease in 
serum creatinine and bilirubin and a borderline improvement 
in encephalopathy but there was no improvement in survival 
[175]. Therefore, MARS cannot be recommended in the treat-
ment of type 1 HRS.

Approach to the patient with suspected 
hepatorenal syndrome
Patients with suspected type 1 HRS are at high risk of further 
complication and death and should be managed as inpatients 
for diagnostic investigation and treatment. Vital signs, urine 
output, and blood chemistry should be closely monitored. Diu-
retics should be withheld to prevent further decreases in effec-
tive arterial blood volume. In patients with severe hyponatremia 
(serum sodium <130 mEq/L), fluids (both oral and intrave-
nous) should be restricted to ∼1500 mL/day. Early identifica-
tion of bacterial infections and treatment with broad-spectrum 
antibiotics is fundamental, because severe infections are 
common and contribute to death in these patients. The patient 
should be evaluated for liver transplantation and, if already on 
a transplant list, his or her status should be updated.

Specific treatment with vasoconstrictors plus albumin should 
be initiated as soon as the diagnosis is suspected (Figure 106.8). 
The best evidence supports the use of terlipressin, which should 
be started at a dose 0.5–1 mg i.v. bolus every 4–6 h. If there is 
no early response (>25% decrease in creatinine levels after 2 
days), the dose can be doubled every 2 days up to a maximum 
of 12 mg/day (i.e., 2 mg i.v. every 4 h). Treatment can be stopped 
if serum creatinine does not decrease by at least 50% after 7 days 
at the highest dose, or if there is no reduction in creatinine after 

and a decrease in plasma renin activity. The rate of decrease in 
creatinine in most patients was slower than that observed using 
terlipressin plus albumin. Recurrence of HRS was rare as long 
as the shunt remained patent; portosystemic encephalopathy 
was a frequent complication. Post-TIPS resolution of type 1 
HRS appeared to improve survival. In the study that explored 
sequential treatment with vasoconstrictors and albumin fol-
lowed by TIPS, long-term success was demonstrated [168]. 
Notably, the great majority of patients included in these three 
studies had alcoholic cirrhosis, many with active alcoholism, 
and therefore the improvement observed could have resulted 
from improvement in an acute-on-chronic process. Also, all 
three studies excluded patients with a CTP score equal or 
greater than 12.

Given the paucity of data and the lack of studies (indicating 
a lack of enthusiasm for this therapy), TIPS cannot be recom-
mended in the routine treatment of type 1 HRS.

Molecular adsorbent recirculating system
In a small, randomized study, molecular adsorbent recirculating 
system (MARS), a modified dialysis method using an albumin-
containing dialysate combined with intermittent venovenous 
hemofiltration, was shown to improve 30-day survival in eight 
patients with type 1 HRS compared with five patients treated 
with intermittent venovenous hemofiltration alone [174]. 
Because MARS incorporates a standard dialysis machine or a 
continuous venovenous hemofiltration monitor, the decrease in 
serum creatinine observed in most patients could be related to 
the dialysis process. However, a beneficial effect on systemic 
hemodynamics and on hepatic encephalopathy was observed. 
In a randomized study performed in 189 patients with acutely 
decompensated cirrhosis, defined as sudden development of 

Figure 106.8 Approach to the patient with suspected hepatorenal syndrome (HRS) type 1. *Goal increase in mean arterial pressure (MAP) is 
∼15 mmHg.
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Albumin should be administered together with the vasocon-
strictor. The maintenance dose used in prospective studies is 
20–40 g/day. However, with weaker vasoconstrictors such as 
octreotide plus midodrine the treatment of type 1 HRS can be 
prolonged, leading to administration of albumin, which can 
result in volume overload, pulmonary edema, and the need for 
dialysis. Intravenous albumin should be discontinued when the 
serum albumin is greater than 4.0 g/dL. In early responders, 
treatment with vasoconstrictors and albumin should be main-
tained until serum creatinine decreases below 1.5 mg/dL. Once 
reversal of HRS is achieved (creatinine <1.5 mg/dL), the dose 
of vasoconstrictors can be titrated down until discontinuation.

Renal replacement therapy should be considered in patients 
who develop pulmonary edema, severe hypokalaemia, or meta-
bolic acidosis not responding to medical therapy.
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the first 3 days. In patients with early response, treatment should 
be extended until reversal of HRS (decrease in creatinine below 
1.5 mg/dL) or for a maximum of 14 days [8,150]. In the absence 
of terlipressin, noradrenaline is recommended as a continuous 
intravenous infusion at a dose of 0.5–3 mg/h [165,166]. However, 
unlike terlipressin, noradrenaline administration requires 
admission to an intensive care unit. Because the combination 
midodrine plus octreotide does not require admission to an 
intensive care unit and because of its good safety profile, it is 
used as first-line therapy even though efficacy is low compared 
to terlipressin [169]. Midodrine is usually given 7.5 mg three 
times a day by mouth with maximum increases to 12.5 mg three 
times a day [7,167]. Octreotide is usually administered 100 μg 
subcutaneously three times a day with an increase to 200 μg 
three times a day [167], although it has also been administered 
as a continuous intravenous infusion (25 μg/h after a bolus of 
25 μg i.v.) [168]. The goal of therapy is to obtain a 15 mmHg 
increase in mean arterial pressure [167]. If a MAP or creatinine 
response is not observed with maximal doses of octreotide/
midodrine in a maximum of 3 days, as often occurs given a 
weaker vasoconstrictive effect of this combination, the patient 
should be transferred to an intensive care unit where a noradren-
aline infusion should be initiated.

With any of these vasoconstrictors, patients should be closely 
monitored for the development of cardiovascular and other 
organ ischemic complications. In view of the potential associ-
ated cardiovascular and ischemic complications, vasoconstric-
tors are generally not recommended in patient with coronary 
artery disease, cardiomyopathy, cardiac arrhythmias, cardiac 
failure, arterial hypertension, cerebrovascular disease, periph-
eral vascular disease, and asthma.
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CHAPTER 107

The development of end-stage liver disease is associated with 
several life-threatening complications, including neurocogni-
tive disorders, hepatopulmonary syndrome, and portopulmo-
nary hypertension. These are related to portal hypertension, 
shunting of portal blood flow away from the liver, and hepatic 
parenchymal dysfunction. Once present, these complications 
have a significant negative impact on morbidity and mortality 
as well as quality of life. Monitoring for and treatment of these 
conditions plays a key role in the care of patients with end-stage 
liver disease.

Hepatic encephalopathy

The association of jaundice with changes in behavior has been 
noted for thousands of years. The Hippocratic Corpus, dating 
to the fifth century bc, describes several types of icterus attrib-
uted to imbalance of humors leading to irritation and fatigue 
[1]. The physiological underpinnings of this relationship were 
not known until much later. In 1860, Frerichs published a report 
of several cirrhotic patients who became unconscious then 
developed delirium, coma, and death [2]. In a landmark study 
in 1893, Pavlov and Nencki demonstrated that dogs with a 
portacaval shunt procedure developed behavioral changes cul-
minating in convulsions and coma [3]. They further demon-
strated that diversion of portal blood around the liver interfered 

with ammonia metabolism. Eventually, this depression of cog-
nitive function became known as hepatic coma or hepatic 
encephalopathy. In addition, liver disease can be associated with 
development of an array of other neurocognitive–psychiatric 
disturbances, ranging from acquired hepatolenticular degenera-
tion and hepatic myelopathy to minimal and overt hepatic 
encephalopathy. The term spectrum of neurocognitive impair-
ment in cirrhosis (SONIC) is used to describe the full range of 
effects of end-stage liver disease on brain and nervous system 
function [4].

Definition
A consensus conference in 2002 defined hepatic encephalopa-
thy (HE) as a spectrum of neuropsychiatric abnormalities seen 
in patients with liver dysfunction after exclusion of other known 
brain disease [5]. HE was further categorized on the basis of 
root cause, timing, and severity (Table 107.1) [5]. Type C HE, 
associated with cirrhosis, is most commonly encountered and 
represents the focus of this chapter.

Division according to the severity of  
hepatic encephalopathy
The severity assessment of HE guides treatment decisions. 
Minimal HE is defined as impaired cognition on specialized 
tests but without obvious clinical signs and symptoms of the 
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Table 107.1 Definition and categorization of hepatic encephalopathy (HE) according to root cause. Source: Ferenci et al. 2002 [5]. Reproduced with 
permission of Elsevier.

Type Nomenclature Subcategory Subdivisions

A HE associated with Acute liver failure

B HE associated with portosystemic Bypass 
and no intrinsic hepatocellular disease

C HE associated with Cirrhosis and portal 
hypertension or portal–systemic shunts

Episodic HE
Persistent HE
Minimal (covert) HE

Precipitated Spontaneous Recurrent
Mild
Severe
Treatment dependent

Table 107.2 West Haven criteria illustrating the subjectivity of grades 0 and I.

Grade Features

0 No abnormalities detected

I Trivial lack of awareness
Euphoria or anxiety
Shortened attention span
Impairment of addition or subtraction

II Lethargy or apathy
Disorientation for time
Obvious personality change
Inappropriate behavior

III Somnolence to semistupor
Responsive to stimuli
Confused
Gross disorientation
Bizarre behavior

IV Coma, unable to test mental state

Figure 107.1 Grades of hepatic encephalopathy (HE).
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Table 107.3 Expanding the spectrum of hepatic encephalopathy (HE) according to the International Society for Hepatic Encephalopathy and Nitrogen 
Metabolism (ISHEN) criteria. Source: Bajaj et al. 2011 [8]. Reproduced with permission of John Wiley & Sons.

Unimpaired Covert HE Overt HE

Mental status Normal Normal Ranging from disorientation through coma

Performance on specialized tests Normal Abnormal Not needed but will be abnormal if tested

Asterixis Absent Absent Present unless patient is in coma

disease, while overt HE is defined as patients who have clear 
clinical signs and symptoms [5–7].

While the West Haven criteria have been traditionally used 
to diagnose the severity of HE, grade 0 and I are not amenable 
to multicenter scientific studies, and grades II through IV have 
a relatively high interrater reliability [8] (Table 107.2). The term 
“covert HE” was introduced by the International Society for 
Hepatic Encephalopathy and Nitrogen Metabolism (ISHEN) in 
2011, which included minimal HE and grade I of the West 
Haven criteria to facilitate multicenter studies [8] (Figure 107.1). 
Patients with asterixis or mental status changes including diso-
rientation have overt HE (Table 107.3).

Epidemiology and burden
The development of HE is a common complication of liver 
disease and generally indicates advanced cirrhosis. In those with 
cirrhosis, rates of minimal HE range from 30% to 84% [6,9,10]. 
Overt HE has an incidence of 20% per year and an overall 
prevalence rate of 30%–45% [11]. Further, 10%–44% of patients 
undergoing a transjugular intrahepatic portosystemic shunt 
(TIPS) procedure will develop new or worsening HE and 
5%–20% will have persistent HE after the procedure as a result 
of increased portosystemic shunting [12]. The economic burden 
of HE is significant and increasing. National charges attributed 
to HE increased from $4676 million in 2005 to $7244 million 
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brain. The liver serves as the primary source for metabolism in 
healthy individuals because ammonia in the portal system, 
derived from intestinal absorption and metabolism, first 
encounters periportal hepatocytes. In these cells, ammonia is 
incorporated into the urea cycle and converted to urea for 
release into hepatic veins [19]. Remaining ammonia that reaches 
perivenous hepatocytes is utilized to produce glutamine by the 
actions of glutamine synthetase [19].

In the cirrhotic patient, numerous changes in ammonia 
metabolism occur (Figure 107.2). Increased ammonia produc-
tion from the intestine does not seem to play a significant role 
[20]. However, the bacteria that comprise the colonic microbi-
ome are significantly different in patients with cirrhosis and HE 
compared with cirrhosis alone [21]. Whether this change is 
linked directly to ammonia production, inflammatory media-
tors, or other factors is not yet clear. Hepatocyte loss appears to 
play a role as well, but the liver is able to compensate for cell 
loss through increased urea production and a large increase in 
glutaminase activity [22,23]. Massive loss of hepatocytes in 
acute liver failure is associated with elevations in ammonia 
levels. Shunting of portal blood flow away from the liver appears 
to play a greater role in most patients with cirrhosis. Up to 50% 
of portal blood flow is shunted around the liver in patients with 
portal hypertension. Following placement of a TIPS, up to 93% 
of blood flow bypasses the liver [24,25]. As a result, ammonia 
levels in the central circulation tend to be higher, and as the liver 
fails, skeletal muscle becomes the primary site for ammonia 
removal [18]. The extraction of ammonia from the blood of 
cirrhotic patients with gross muscle wasting has been shown to 
be significantly decreased compared to those without gross 
muscle wasting [26].

in 2009 in the United States [13]. HE also places a significant 
burden on caregivers [14,15].

Pathophysiology
The pathophysiology of HE is incompletely understood and is 
likely multifactorial. Ammonia is the agent most studied. 
Increased ammonia leads to production of and sequestration of 
glutamine in astrocytes, causing cell swelling, brain edema, and 
decreased excitatory signaling [16]. Unfortunately, serum 
ammonia levels are poor predictors of HE in cirrhosis and there 
is evidence that other factors, such as manganese, drugs, neu-
rotransmitters, and inflammatory cytokines, likely work to 
amplify the underlying effects of ammonia [17]. In histological 
sections of brains from patients with HE, Alzheimer type II 
astrocytosis is evident, indicating metabolically active patho-
logical astrocytes as seen in Wilson disease [17]. These diverse 
contributors to HE pathogenesis are considered further in the 
following sections.

Ammonia
Nitrogen is taken up and transported in two major forms, 
ammonia (NH3) and ammonium (NH4

+). Ammonia is gener-
ated either from dietary sources or from the breakdown of 
nitrogen-containing amino acids. In the intestines, ammonia is 
generated by bacterial degradation of ingested proteins and 
through the breakdown of glutamine to produce glutamate and 
ammonia. The small bowel utilizes glutamine as a primary 
energy source and approximately 50% of the ammonia pro-
duced by the gut comes from its own blood supply [18]. 
Circulating ammonia is taken up readily and utilized by multi-
ple organ systems, including the liver, muscle, kidneys, and the 

Figure 107.2 Pathophysiology of hepatic encephalopathy in cirrhosis. GABA, γ-aminobutyric acid.
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sion of pyruvate to citrate and increased lactate [42]. This abnor-
mal glucose metabolism may be underestimated by FDG-PET, 
which only measures the first step in the glycolytic pathway 
[39]. In humans, elevated cerebrospinal fluid lactate levels cor-
relate with HE, suggesting a disruption in normal aerobic 
glucose metabolism in patients with HE [43].

Neurotransmitters
Glutamate
Glutamate is the major excitatory neurotransmitter in human 
brain. Glutamate production and uptake are both abnormal in 
HE, as are the activities and densities of glutamate receptors. 
Glutamate levels in the extracellular fluid of the brain are ele-
vated in HE but glutamate receptor densities are lower, leading 
to less availability for synaptic neurotransmission [44,45]. 
Despite this global increase, lower concentrations of glutamate 
have been found in the prefrontal cortex, caudate nuclei, and the 
cerebellar vermis of autopsy specimens from patients who died 
with hepatic coma [46]. Several glutamate receptor subtypes are 
affected by elevated ammonia levels, and the most important 
appears to be the N-methyl-d-aspartate (NMDA) receptor. The 
NMDA receptor is thought to be an important cause of cellular 
death as a result of ATP depletion secondary to over-activation 
of the glutamate–nitric oxide–cyclic GMP pathway [47]. In 
animal models, NMDA receptor density is decreased with 
chronic exposure to ammonia but tonic activation is increased 
[48–50]. In autopsy studies from brains of patients with HE, 
NMDA receptor density is either increased or normal [51].

γ-Aminobutyric acid
γ-Aminobutyric acid (GABA) is the primary inhibitory neuro-
transmitter in human brain. Although early studies in acute HE 
were suggestive of a link, more recent observations in both 
animals and humans have been equivocal [44,52–54]. The 
ability of flumazenil (a benzodiazepine receptor antagonist) to 
improve the symptoms of HE in some patients suggested that 
there might be an endogenously produced ligand for the 
GABA-A receptor [55–57]. A second GABA receptor, called the 
peripheral type benzodiazepine receptor (PTBR), is located on 
the outer mitochondrial membrane of astrocytes [58]. When 
stimulated, it leads to the creation of a class of compounds 
known as neurosteroids [58], which are strong GABA-A ago-
nists. One neurosteroid, allopregnanolone, is found at high 
levels in the brains of patients who died from hepatic coma [59]. 
Stimulation of PTBR also leads to mitochondrial proliferation 
and astrocyte swelling, which are prominent features of the 
Alzheimer type II astrocytosis seen in HE [60,61]. Endogenous 
agonists for PTBR, such as the neuropeptide diazepam binding 
inhibitor and octadecaneuropeptide, are increased in rats with 
portacaval anastomosis [62,63].

Other neurotransmitters
Abnormalities in a broad range of neurotransmitter pathways 
are evident in HE, but their pathophysiology is not established. 

The kidneys produce ammonia from glutamate, which is ulti-
mately excreted as ammonium in the distal convoluted tubule. 
This process is tightly regulated by several mechanisms, which 
are disrupted in cirrhosis [18].Decreased renal blood flow and 
perfusion leads to decreased renal ammonia excretion. In both 
gastrointestinal bleeding as well as diuretic use, renal overpro-
duction of ammonia has been shown to be a major contributor 
to elevated ammonia levels [27,28]. This observation has been 
confirmed by a study demonstrating that replacing plasma 
volume and thus increasing renal perfusion is an effective way 
of reversing HE in patients with diuretic-induced HE [29].

Manganese
Manganese functions as an essential trace nutrient and is elimi-
nated through biliary secretion. Overdose of manganese leads 
to a neurological condition known as manganism, characterized 
by bradykinesia, rigidity, and dystonia [30]. Early magnetic 
resonance imaging (MRI) studies demonstrated bilateral 
T1-weighted hyperintensities in the basal ganglia in up to 73% 
of patients with cirrhosis [31] and these subsequently were 
demonstrated to be manganese deposits [32]. Levels of manga-
nese in the basal ganglia are further increased by the presence 
of portal–systemic shunting [33]. The lack of movement disor-
ders in typical HE argues against manganese as a causative agent 
but a study in rats showed that development of manganese 
deposits in the basal ganglia is associated with ammonia and 
glutamine accumulation, suggesting that there may be a link to 
the development of HE [34]. Additional studies are required.

Cerebral blood flow and energy metabolism
Hepatic encephalopathy is associated with disruptions in cere-
bral blood flow, cerebral oxygen consumption, and glucose 
metabolism. Studies utilizing 15[O] H2O-positron emission 
tomography (PET) measurement of whole brain perfusion 
demonstrate a significant reduction in cerebral blood flow in 
patients with overt HE versus cirrhotic patients without HE and 
control patients [35,36]. Cirrhotic patients with minimal HE 
have the same global cerebral blood flow as patients without 
liver disease [35,37]. In addition, when patients recover from an 
episode of acute overt HE, cerebral blood flow returns to normal 
[36]. The localization of the perfusion abnormalities may also 
be important. Functional MRI measurements in patients with 
cirrhosis performing a distracting task show decreased activa-
tion of the anterior cingulate cortex, bilateral prefrontal cortex, 
parietal lobe, and the temporal fusiform gyrus [38–40]. 
Mirroring these findings, cerebral oxygen consumption is 
decreased by approximately two-thirds in patients with HE 
compared to patients with cirrhosis without HE and to normal 
controls [35,36]. Despite the changes in blood flow and oxygen 
uptake, no differences in glucose utilization between patients 
with HE, minimal HE, or no HE have been noted using  
18F-fluorodeoxyglucose (FDG) PET scans [41]. Rats with porta-
caval shunts injected with ammonium acetate develop severe 
disruptions in cerebral metabolism, including impaired conver-
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noninfectious inflammatory conditions as well, including alco-
holic hepatitis, severe burns, acute pancreatitis, and even 
Helicobacter pylori infections [85–88]. The copresence of infec-
tion increases the risk of mortality in patients with HE [89].

Inflammation and infection can lead to development of HE 
through two main pathways: direct effects of proinflammatory 
cytokines and development of a neuroinflammatory response in 
the brain [90]. Circulating levels of proinflammatory cytokines 
such as tumor necrosis factor-α (TNF-α) and interleukin-6 
(IL-6) are increased in both acute liver failure and cirrhosis 
[91,92]. Endothelial cells of the blood–brain barrier express 
receptors for IL-1β and TNF-α [93]. Activation of these recep-
tors leads to production of nitric oxide (NO) [90], where it is 
thought to react with oxygen and reactive oxygen species to 
increase blood–brain barrier permeability and cause direct 
cytotoxicity [94]. Systemic cytokines can also enter the brain 
directly in areas with reduced blood–brain barrier and have 
direct effects on glial cells [90]. In patients with acute liver 
failure and severe intracranial hypertension, IL-1β, TNF-α, and 
IL-6 are produced [95], lactate accumulates [43], and the result-
ing activation of glial cells leads to production of more proin-
flammatory cytokines.

Clinical presentation
The differential diagnosis for altered mental status in patients 
with established cirrhosis is summarized in Box 107.1. Often 
slow mentation, reversal of the sleep–wake cycle, or forgetful-
ness herald the onset of HE. Caregivers are often more alert to 
these early symptoms because the development of HE has been 
shown to significantly increase caregiver burden [14]. Overt HE 

Taken together, the best evidence suggests that no single disor-
der accounts for HE. Rather, the syndrome has many contribu-
tors. Serotonin (5-hydroxytryptamine, 5-HT) metabolism also 
is disrupted in HE. Increased levels of the 5-HT metabolite 
5-hydroxyindoleacetic acid are present in the CSF of patients 
with cirrhosis in hepatic coma [64]. In addition, elevated levels 
are detected in the brains of patients with HE on autopsy, sug-
gesting high turnover of serotonin [65]. Elevated activity of 
monoamine oxidase A (MAO-A), the enzyme that breaks down 
5-HT, also points toward increased breakdown of serotonin 
[66]. Serotonin is an excitatory neurotransmitter, so relative 
deficiencies or increased turnover would lead to a net inhibitory 
effect [67,68]. This may contribute to the disordered sleep pat-
terns common in early HE and to the pathogenesis of minimal 
HE [69].

Histamine has significant effects on circadian rhythm, sleep, 
and wakefulness in humans. In animals with portacaval shunts, 
brain histamine concentrations are increased and are associated 
with altered sleep patterns and abnormal motor function 
[70,71]. Histamine concentrations are increased in patients with 
HE both in vivo [72,73] and in postmortem specimens [74]. 
Hydroxyzine, a selective H1 receptor antagonist, improved sub-
jective and objective sleep in patients with HE when given once 
daily at bedtime [75].

Changes in dopamine concentrations and metabolism also 
are noted in experimental models as well as patients with HE. 
Dopamine concentrations are elevated in the cerebrospinal fluid 
of patients with HE [73]. Postmortem findings have been less 
conclusive [65,66,76]. The dopamine metabolite homovanillic 
acid is elevated in autopsy specimens from patients who died 
with HE [77], and most evidence suggests diminished dopamin-
ergic tone [78,79].

Opioids
Narcotics such as morphine have a detrimental effect on patients 
with HE [80] and can precipitate episodes of overt HE. Increased 
amounts of met-enkephalin, β-endorphin, and leu-enkephalin 
have been measured in the plasma of patients with HE [81]. In 
addition, high concentrations of the δ receptor agonist, met-
enkephalin, are present in the cerebrospinal fluid of patients 
with HE when compared with patients with chronic back pain 
and controls [82].

Inflammation
Infection or systemic inflammation has significant detrimental 
effects on mental function in cirrhosis. Shawcross and col-
leagues noted that patients with cirrhosis and infection develop 
HE after a protein load, but the same protein load does not 
precipitate HE after resolution of infection [83]. Overt or 
minimal HE was detected in 42% of cirrhotic patients admitted 
without signs of infection in an Italian study but this prevalence 
increased to 79% of patients with confirmed infection without 
systemic inflammatory response syndrome (SIRS) and 90% of 
patients with sepsis [84]. HE has been associated with other 

Box 107.1 Differential diagnosis of altered mental status in cirrhosis.

Hepatic encephalopathy
Delerium
Dementia
Medication/toxic substance exposure

Alcohol intoxication or withdrawal
Thiamine deficiency(Wernicke–Korsakoff syndrome)
Other drug intoxications (benzodiazepines, narcotics, hallucinogens)
Toxic ingestions (heavy metals)

Biochemical abnormalities
Hyponatremia
Hypoglycemia
Hypoxemia
Acid–base disturbance
Carbon dioxide retention

CNS abnormalities
Stroke (hemorrhagic or ischemic)
Intracerebral bleeding (subarachnoid hemorrhage, subdural 
hematoma)
CNS tumors
Cerebral or meningeal infection
Seizures

Psychiatric disorders
Sleep disorders (narcolepsy, obstructive sleep apnea)
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Serum ammonia measurement
The utility of measuring plasma ammonia levels in the diagnosis 
of hepatic encephalopathy remains controversial. In acute liver 
failure, plasma ammonia levels correlate with the development 
of intracranial hypertension as well as cerebral herniation 
making it a useful prognostic marker [103,104]. Ammonia 
levels also are useful in the diagnosis of patients with unex-
plained encephalopathy, coma, or congenital urea cycle disor-
ders [105]. In patients with cirrhosis, dissociations between 
serum ammonia levels and HE are common. In general, higher 
ammonia levels do show a correlation to stage and presence of 
HE but there is considerable overlap, especially with West 
Haven criteria grades I–III [106]. In addition, there does not 
appear to be any definite threshold value for either HE or the 
stages of HE [107]. Rather, findings on physical exam and spe-
cialized testing remain the standard for diagnosis and staging 
of HE.

Diagnosis of overt hepatic encephalopathy
Overt HE is primarily diagnosed through clinical means and 
through the use of questionnaires or scales. The West Haven 
criteria are helpful but are quite subjective, especially in the 
earlier stages of presentation (Table 107.2). As a result, grade I 
presentations are included with covert HE and for all practical 
purposes overt HE only starts in grade II.

Improvement of the accuracy of the West Haven criteria 
remains an important goal. There have been efforts to add ques-
tions, layer them with cognitive tests, and include specific mood 
and sleep-related questions. The Hepatic Encephalopathy 
Scoring Algorithm (HESA) has been used in a few multicenter 
trials [108,109]; however, wider adaptation is not likely owing 
to the time required. Standardized questionnaires have also 
been used to assess patients without the aim of putting them  
in categories or stages. The Clinical Hepatic Encephalopathy 

Box 107.2 Precipitating factors for the development of hepatic 
encephalopathy.

Infection
Gastrointestinal bleeding
Medication nonadherence especially with lactulose
Hyponatremia
Use of sedating medications (narcotics, benzodiazepines, 
antihistamines)
Volume depletion (diarrhea, vomiting, over diuresis)
Constipation
Surgery
Alkalosis
Hypokalemia
Uremia
Excessive protein intake
Transjugular intrahepatic portosystemic shunt or surgical portacaval 
shunt placement
Spontaneous portacaval shunt (splenorenal)

typically presents as progressive confusion and lethargy. Patients 
may become agitated or have frank changes in personality. If 
untreated, progression toward obtundation and coma may 
occur. On physical exam, the patient is often drowsy or has slow 
or delayed executive functions, though early HE may also be 
manifest as euphoria. The classic physical finding is asterixis, 
which represents a negative myoclonus or spontaneous loss of 
muscle tone that is typically bilateral in nature [96]. However, 
asterixis is typically a later finding, indicating more advanced 
HE and is not specific for HE occurring in other metabolic 
disorders including uremia and severe CO2 retention. Focal 
neurological signs are typically absent and should prompt con-
sideration of alternative diagnoses. Despite this, there are case 
reports of both transient stroke-like neurological deficits [97,98] 
and seizures [99,100] occurring in the setting of HE. In the 
appropriate clinical setting, routine brain imaging is not neces-
sary and may expose susceptible patients to unnecessary radia-
tion and expense. There is utility in brain imaging if there is 
concern for a fall, head trauma, or an atypical presentation. 
Typical brain imaging findings include decreased gray matter 
and global cerebral volume loss [101].

Two other neurological conditions in the SONIC spectrum 
that are characterized by motor deficits have been well described: 
hepatic myelopathy and cirrhosis-related parkinsonism.

Hepatic myelopathy is a rare syndrome characterized by 
lower extremity gait abnormality caused by a progressive and 
irreversible lower extremity spastic paraparesis with sparing of 
sensation [102]. It typically presents after an episode of overt 
HE. The pathological lesion is demyelination of the pyramidal 
tract in the spinal cord and the etiology is unknown [102]. This 
condition was diagnosed in 2% of patients with cirrhosis in a 
prospective study [30].

Cirrhosis-related parkinsonism (previously known as 
acquired hepatolenticular degeneration) also occurs almost 
exclusively in patients with a history of HE. It is characterized 
by a progressive clinical course of rigidity, bradykinesia, resting 
tremor, stooped posture, and shuffling gait that is poorly respon-
sive to levodopa therapy [30]. This disorder occurs in up to 4% 
of cirrhotic patients and is more common in older individuals 
and patients with spontaneous or medically placed portacaval 
shunts [30]. Decreased availability of the striatal dopamine D2 
receptors may explain the lack of response to levodopa [30].

Diagnosis
The diagnosis of overt hepatic encephalopathy is not subtle  
and depends on simple physical examination and orientation  
scales in the advanced stages. With covert HE, a range of tests  
are often required to detect subtle manifestations, including  
sophisticated neurophysiological or psychometric evaluation. 
Whenever HE is suspected, it is essential to try to determine the 
precipitating event. Failure to diagnose an underlying infection 
or gastrointestinal bleeding may have fatal consequences. Box 
107.2 lists common conditions that contribute to the develop-
ment of HE.
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Staging Scale (CHESS) consists of nine questions that require a 
simple yes/no answer based on extensive psychometric analyses 
of patients [110]. This tool has been validated in a multicenter 
trial but it still has subjective elements [111]. The eight-question 
Modified Orientation Log (MO-log), as the name suggests, con-
centrates specifically on the orientation of patients using a 
layered approach. This has been validated across two centers 
and is currently being used in a trial of acute liver failure [112] 
(Box 107.3). In patients who have worsened mental status 
beyond disorientation, the well-known Glasgow Coma Scale 
(Table 107.4) may be useful, although its use in HE has not been 
validated.

Diagnosis of minimal/covert hepatic encephalopathy
Detection of minimal/covert HE poses a clinical challenge [5] 
(Figure 107.3). Testing strategies fall into three large categories, 
with differing advantages and disadvantages [113] (Table 107.5). 
These are: (1) paper–pencil psychometric tests, (2) computer-
ized tests, and (3) neurophysiological tests.

These strategies evaluate several domains of cognition, 
including inhibitory control, working memory, psychomotor 
speed, reaction time, and visuomotor coordination. Most tests 
are feasible or practical within a regular clinic practice; involve-
ment of a psychologist or other allied healthcare professional 
may be helpful to formally diagnose minimal/covert HE as an 
adjunct to the visit with the gastroenterologist or hepatologist. 
In the outpatient setting, a high-sensitivity short test, such as 
the Stroop app, can be used by a nurse or medical assistant to 
exclude those who are unlikely to have minimal/covert HE; 
however, this approval needs further development and valida-
tion in other centers [114]. Before these tests are administered, 
a checklist to evaluate the appropriate patient population for 
minimal/covert HE testing is important (Box 107.4) because 
these tests are sensitive and not specific.

Testing recommendations for covert  
hepatic encephalopathy
At present, there are no validated testing strategies for covert 
HE in widespread clinical use. This remains a great need. 
Further information is needed on the interchangeability and 

Box 107.3 Modified orientation log (MO-Log). Source: Salam et al. 
2012 [112]. Reproduced with permission of John Wiley & Sons.

1. What city are you in?
• if incorrect first answer, give logical cue according to your city 

location: for example, “capital of Virginia.”
• if incorrect to logical cue, give multiple choices: “are we in 

Washington, [your city], or New York”?
2. What kind of place are we in?

• if incorrect first answer, give logical cue: “this is where sick 
people go to be admitted.”

• if incorrect to logical cue, give multiple choices: “railway station, 
hospital, airport.”

3. What is the name of this hospital?
• if incorrect first answer, make up logical cue for your hospital.
• if incorrect to logical cue, give multiple choices: “Georgetown 

Hospital, [your hospital], Cornell Hospital.”
4. What is the name of this month?

• if incorrect first answer, give logical cue: “it’s the month  
after [___]”.

• if incorrect to logical cue, give multiple choices: month before, 
current month, month after current.

5. What is the date of this month?
• if incorrect first answer, give logical clue: “it’s the day  

after [___]”.
• if incorrect to logical cue, give multiple choices: date before, 

current date, date after.
6. What is the year?

• if incorrect first answer, give logical cue: “it’s the year  
before [___]”.

• if incorrect to logical cue, give multiple choices: year before, 
current year, year after

7. What is the day of the week?
• if incorrect first answer, give logical cue: “it’s the day  

before [___]”.
• if incorrect to logical cue, give 3 multiple choices: day before, 

current day, day after.
8. What time is it (show wrist watch to patient)? It should be a 

watch with dials not a digital one.
• no cues. Patient receives 3 points for correct response or 0 

points for an incorrect response by 30 min each way.

3 points = correct spontaneously or upon first free recall attempt
2 points = correct upon logical cueing
1 point = correct upon multiple choice cueing
0 points = unable, incorrect, inappropriate response

Table 107.4 Glasgow Coma scale. Source: Teasdal and Jennet 1974 [375]. Reproduced with permission of Elsevier.

Points

1 2 3 4 5 6

Eyes Does not 
open eyes

Opens eyes in response 
to painful stimuli

Opens eyes in 
response to voice

Opens eyes 
spontaneously

N/A N/A

Verbal Makes no 
sounds

Incomprehensible 
sounds

Utters inappropriate 
words

Confused, 
disoriented

Oriented, 
converses normally

N/A

Motor Makes no 
movement

Extension to painful 
stimuli (decerebrate 
response)

Abnormal flexion to 
painful stimuli 
(decorticate response)

Flexion/
withdrawal to 
painful stimuli

Localizes painful 
stimuli

Obeys 
commands
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standardization of tests to assess the severity of HE for use in 
multicentre trials.

Therapy and management
Nutritional support
Because dietary proteins are metabolized to produce ammonia, 
restriction of dietary protein intake was a mainstay of treatment 
for HE for many years. This practice has fallen out of favor 
because it does not work reliably and can lead to muscle loss 
and cachexia [115,116]. Loss of muscle mass in turn interferes 
with ammonia metabolism because skeletal muscle serves as the 
primary site of ammonia sequestration in the cirrhotic patient. 
Current recommendations are for patients with cirrhosis and 
HE to receive 1.2–1.5 g/kg of protein and 35–40 kcal/kg of ideal 
body weight in total calories [117]. The branched chain amino 
acids (leucine, isoleucine, and valine) may be beneficial in cir-
rhosis due to the fact that they support muscle glutamine syn-
thesis, increase hepatic protein synthesis, and stimulate stellate 
cells to produce hepatocyte growth factor [118,119]. Early 
studies showed conflicting results [120–123], but a more recent 
randomized double-blind study of long-term branched-chain 
amino acid supplementation found significant improvement in 
HE scores [124]. Vegetable proteins are high in branched-chain 
amino acids and may be superior to meat-based protein sources 
[125–127].

Nonabsorbable disaccharides
The nonabsorbable disaccharide lactulose has been the main-
stay of overt HE treatment and prevention for over 40 years 
[128]. Lactulose and lactitol pass through the small intestine 

Figure 107.3 Diagnosis of minimal/covert hepatic encephalopathy.

Prerequisites for testing

Testing strategies (two needed)

a. No current overt HE

a. Paper-pencil

Impaired on at least 2
strategies compared to
healthy local controls

b. Computerized
c. Neurophysiological

Cirrhosis without overt HE

Patient has covert HE
Consider retesting in 6

months

Unimpaired patients

Could use a high-sensitivity
test at this stage if one does

not have access to formal
testing expertise/experience

1. Current drivers
2. Currently employed

3. With cognitive complaints
4. Poor quality of lifec. Quiet environment

d. Qualified examiner using standard scripts

e. Counseling regarding testing and results

b. No coexistent uncontrolled psychiatric disorder

unabsorbed but are readily broken down by coliform bacteria 
into lactic acid and acetic acid. This reduces colonic pH to 
approximately 5.0, creating an environment adverse to the 
growth of urease-producing bacteria and tipping the ammonia 
equilibrium towards NH4+, which is poorly absorbed. The end 
result is a significant increase in fecal nitrogen concentration 
[129]. Lactulose is typically administered orally as syrup. It can 
also be administered per rectum via retention enemas in patients 
unable to swallow safely. The typical dosage ranges from 30 to 
80 g/day, which is titrated to produce two to three semiformed 
bowel movements per day. Lactulose has numerous unpleasant 
side-effects, including nausea, vomiting, bloating, abdominal 
cramping, flatulence, and diarrhea, which limit compliance. 
Lactitol may have fewer side-effects and a less sweet taste but it 
is not available in the United States. Despite widespread use, the 
evidence that lactulose is beneficial is based only on numerous 
small studies. A metaanalysis of 22 studies, published in 2004, 
showed that when compared with placebo lactulose signifi-
cantly reduced the risk of no improvement in HE; but this effect 
did not hold for the higher-quality studies included [130]. 
Despite this, lactulose remains the first-line therapy for treat-
ment of HE. Sharma and colleagues investigated risk factors for 
nonresponse to lactulose and found that higher Model for End-
stage Liver Disease (MELD) score, elevated leukocyte count, 
hyponatremia, low mean arterial pressure, and presence of 
hepatocellular carcinoma predicted poor outcomes [131].

Antibiotics
Antibiotic therapy has been used to treat overt cases of HE  
and to prevent its development. Lowering intestinal bacterial 
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expensive and leads to emergence of vancomycin resistant 
organisms.

Rifaximin, a poorly absorbed rifamycin, was first proposed 
as a possible treatment for HE in 1985 [138] because it exhibits 
very poor systemic bioavailability and therefore has effects con-
fined to the gut. It has a broad spectrum of activity against 
Gram-positive, Gram-negative, and anaerobic organisms by 
binding bacterial DNA-dependent RNA polymerase and pre-
venting RNA production [139]. Numerous studies demonstrate 
either equivalent or superior performance of rifaximin in pre-
vention and treatment of overt HE when compared with 
placebo, other antibiotics, and oral disaccharides [140]. A large 
randomized controlled trial comparing rifaximin to placebo 
demonstrated effective prevention of HE and decreased hospi-
talizations from HE [109]. Side-effects are minimal but its use 
is limited by its expense.

Probiotics/prebiotics/synbiotics
The effectiveness of antibiotics suggests that altering the gut 
microbiome may be an effective way to treat and prevent HE. 
Probiotics are live agents that directly augment the microbial 
flora of the gut with beneficial species. Prebiotics are fermenta-
ble agents such as certain types of fiber that promote the growth 
of beneficial bacteria. It has been suggested that lactulose acts 
as a prebiotic by enhancing the growth of beneficial Bifidus 
bacterial flora over urease-producing species [141]. Synbiotics 
are agents that contain both prebiotics and probiotics. Studies 
on these agents are typically hampered by small size, study 
heterogeneity, and lack of standardization. A study comparing 
lactulose, a probiotic supplement, and placebo for the secondary 
prophylaxis of HE showed lactulose and probiotic to be equally 
effective and superior to placebo [142]. Two systematic reviews 
on the subject came to similar conclusions: probiotics or synbi-
otics appear to improve HE and decrease arterial ammonia 
levels but there is no improvement in psychometric testing 
[143,144]. Both studies suggested the need for larger-scale, 
standardized, randomized controlled studies with clinically rel-
evant end points before recommending these agents as sole 
therapy for HE [143,144].

Other treatments
Flumazenil, a benzodiazepine receptor antagonist, has been 
evaluated for the treatment of overt HE [55,56]. A Cochrane 
review on the subject showed no significant impact on recovery 
or survival from HE but did suggest a benefit in patients with 
chronic liver disease and a good prognosis [145]. Due to its 
underwhelming effect, short half-life, and possible induction of 
seizures, routine use of flumazenil is not recommended.

Involvement or disruption of the dopaminergic system in the 
pathogenesis of HE was a popular early theory. This was sup-
ported by the observation of elevated prolactin levels in a sig-
nificant portion of patients with HE [146]. However, l-dopa and 
bromocriptine have not been found to be effective in the treat-
ment of HE [147,148].

Box 107.4 Checklist for feasibility of covert hepatic encephalopathy 
(HE) testing (the answer to most questions should be yes before 
proceeding to testing). Source: Kappus and Bajaj 2012 [113]. 
Reproduced with permission of Elsevier.

Yes No

Pretesting checklist

Patients who are at risk for accidents or 
job-related mistakes, have cognitive 
complaints or poor quality of life

□ □

No current overt HE (alert, oriented, MMSE 
>25)

□ □

Not on psychoactive drugs (chronic 
antidepressants are acceptable)

□ □

No uncontrolled neuropsychiatric disorders □ □

Patient is able to comprehend cognitive test 
procedures

□ □

Adequate vision (corrected with spectacles), 
hearing and motor strength to perform tasks

□ □

Counseled patient and relatives regarding 
potential results

□ □

Testing techniques and environment

Quiet environment with relaxed patients □ □

Using techniques with locally available 
normative values

□ □

Trained examiner using tests with scripts or 
protocols

□ □

Posttesting questions

Counseled patient and relatives regarding 
results and performance

□ □

Offered treatment trial if requested □ □

MMSE (mini-mental status exam >25) cut-off has been used in select 
prior HE studies to demonstrate absence of disorientation.

contents can work in several ways, including decreasing pro-
duction of ammonia and other gut-derived neurotoxins, 
decreasing production of inflammatory cytokines, and decreas-
ing bacterial translocation [132,133]. Numerous antibiotics 
have been evaluated but only two carry FDA indications for the 
treatment of HE: neomycin and rifaximin. Neomycin is a poorly 
absorbed aminoglycoside antibiotic that has been in use for 
decades. The evidence of benefit is equivocal with a randomized 
controlled trial showing no statistical difference in outcomes 
when compared to lactulose [134]. In addition, neomycin has 
very significant and irreversible side-effects, including ototoxic-
ity and nephrotoxicity. The development of newer less toxic 
alternatives has led to a decrease in neomycin use. Metronidazole 
was shown to have efficacy similar to neomycin [135] but the 
prolonged half-life in patients with cirrhosis and risk for periph-
eral neurotoxicity is of concern [136]. Similarly, oral vancomy-
cin has been used to treat lactulose-resistant HE [137], but it is 
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function up to 10 years posttransplant [160,161]. Deficits post-
transplant may be most significant in patients with prior overt 
HE. At an average of 18 months posttransplant, patients with 
prior overt HE were shown to have significant deficits on the 
Psychometric Hepatic Encephalopathy Score (PHES) and 
Repeatable Battery for Assessment of Neuropsychological Status 
(RBANS) test while maintaining normal quality of life [162]. In 
addition, pretransplant HE may be independently associated 
with posttransplant neurological complications such as central 
pontine myelinolysis, seizures, and cerebrovascular disease 
[163,164], although this may be confounded by presence of 
other conditions such as hyponatremia.

Management of minimal/covert hepatic encephalopathy
Treatment of covert HE is controversial, so it is critical to have 
a plan for treatment before initiating the testing process. If the 
patient performs normally on cognitive tests, then repeat testing 
should be considered in 6 months. Many patients with minimal/
covert HE believe that they do not have a cognitive problem due 
to poor insight [165], but this poor insight was improved by 
subjecting patients to driving simulation [166]. In the absence 
of convenient testing modalities or proven effectiveness, treat-
ment, if any, remains discretionary.

Evidence pertaining to medical treatment in minimal/covert 
hepatic encephalopathy
Proposed treatments for covert HE are similar to those used for 
overt HE [5], although there have been few high-quality studies 
of this patient subset. As shown in Table 107.6, treatment of 
minimal/covert HE has some benefits to patients beyond simply 
improving cognition. Medical treatment for minimal/covert HE 
should be offered on a case-by-case basis to patients who are 
willing to undertake 4–6 weeks of a treatment trial.

Driving impairment in minimal/covert hepatic 
encephalopathy
Driving a car is a complex and dangerous task [177]. Simulator 
studies show that minimal/covert HE patients have difficulty 
performing this function, experiencing car crashes, problems 
navigating, and a predisposition to fatigue-related accidents and 
offenses in the simulators [178–180]. On-road driving tests 
demonstrate that patients with minimal/covert HE are worse 
drivers and a significant proportion of them are considered to 
be “unsafe” [178]. As expected, patients with minimal/covert 
HE do have a high likelihood of actual car crashes and driving 
offenses [181,182], and patients with cirrhosis have a signifi-
cantly higher likelihood of death in motor vehicle crashes 
[165,183]. A randomized, double-blind, placebo-controlled 
trial has shown that rifaximin therapy can improve driving 
simulator performance compared to placebo [171].

Legal liability and responsibility
Physicians are obligated to act in the best interests of the patient 
and society, while following all applicable local laws. Diagnosis 

l-ornithine-l-aspartate (LOLA) is an investigational drug 
that improves the ability to metabolize ammonia by increasing 
hepatic urea production, glutamine synthetase activity, and 
skeletal muscle utilization [149]. Numerous small studies  
demonstrated improvement in overt HE and reduction in 
ammonia levels. An early metaanalysis stated that LOLA dem-
onstrated effectiveness for the treatment of overt but not 
minimal HE [150]. However, a more recent metaanalysis sug-
gested effectiveness in both overt and minimal HE [151]. 
Although promising, this agent is not approved for use in HE 
and remains experimental.

Application of therapies for congenital urea cycle disorders 
to HE is appealing. Sodium benzoate and sodium phenylacetate 
bind with nitrogen to form a substance that can be excreted in 
the urine. Small studies have supported their usefulness in the 
treatment of HE [152]. A large phase II trial of glycerol phenyl-
butyrate (Ravicti) demonstrated a decreased number of patients 
with an HE event, increased time to first event, decreased total 
number of HE events, and decreased HE-related hospitaliza-
tions with a 6-mL oral dose twice daily compared with placebo 
[111]. This drug is a triglyceride with three phenylbutyrate mol-
ecules attached to a glycerol backbone. The phenylbutyrate 
chains attach to glutamine creating phenylacetylglutamine, 
which is excreted in the urine and thus decreasing the nitrogen 
load. This drug is FDA approved for use in urea cycle disorders 
but remains experimental for the treatment of HE.

Liver assist devices
Liver assist devices were once thought to hold great promise for 
the treatment of both acute as well as acute-on-chronic liver 
failure. Extracorporeal albumin dialysis via the molecular 
adsorbent recirculating system (MARS) is the best studied of 
these systems [153,154]. Unfortunately, these systems have 
repeatedly failed to demonstrate a survival advantage. The 
largest and most recent trial involving use of MARS in acute-
on-chronic failure failed to show a survival benefit but did dem-
onstrate a nonstatistically significant trend towards improvement 
in HE grade [155]. The lack of survival benefit, complexity of 
use, and cost of these systems precludes their use in routine HE 
therapy.

Liver transplantation
Both overt and minimal HE have been associated with poor 
survival and should prompt evaluation for liver transplantation 
[156,157]. Despite this observed increase in mortality, HE does 
not currently factor into the MELD score, partly due to the 
subjectivity of its assessment. Liver transplantation reverses the 
underlying defects seen in HE, including basal ganglia hyperin-
tensity and cerebral osmolyte disturbances [158]. After trans-
plant, some neurocognitive deficits may persist. Patients with 
evidence of overt HE before transplant have been noted to have 
persistent mild deficits in cerebral frontal function detectable 
up to 10 years posttransplant [159]. However, patients with 
minimal HE prior to transplant have preserved neurocognitive 
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and management of minimal HE is a developing field so this 
diagnosis should not be considered evidence of poor driving 
ability but counseling is warranted. A more pressing concern is 
patients with overt HE who are now controlled on medication. 
These patients are more likely to experience a recurrence and 
their driving should be restricted.

Physicians must follow applicable local laws on mandatory 
reporting, inform the patient and their family of the potential 
impairment, and where possible recommend a fitness-to-drive 
evaluation by a driving instructor trained in detecting driving 
impairment. However, the state licensing agency has the ulti-
mate authority to determine fitness to drive. A state-wise break-
down of reporting duties within the US is available at: 
www.ama-assn.org/resources/doc/public.../older-drivers-
chapter8.pdf

Pulmonary complications

There are several important pulmonary consequences of cir-
rhosis, including high rates of respiratory infection and hepatic 
hydrothorax. The discussion below focuses on two important 
and distinctive manifestations of elevated portal pressures: 
hepatopulmonary syndrome and portopulmonary hyperten-
sion. Each has a significant negative impact on both quality of 
life and survival.

Hepatopulmonary syndrome

The link between liver disease and pulmonary complications 
has been noted for over a century. In 1884, Fluckiger, an assist-
ant to Kussmaul, described a 37-year-old female with cirrhosis 
and no apparent cardiovascular disease who presented with 
digital clubbing and cyanosis [184]. In 1935, Snell recorded 

Table 107.6 Summary of clinically relevant endpoints of trials in minimal/covert hepatic encephalopathy (HE) (in patients without prior overt HE) with the 
main three agent types.

Lactulose Rifaximin Probiotics (including synbiotics and yogurt)

Number of trials 5 (2 against probiotics) 3 7 (2 against lactulose, 1 yogurt, 1 synbiotic)

Double-blind, 
placebo-controlled trial

0 2 4

Improved cognition 5 3 6

Improved health-
related quality of life

3 2 (only psychosocial 
improvement in one trial)

2

Reduced overt HE 1 0 1 (trend)

Improved driving 0 1 0

Improved liver function 0 1 1

Lactulose trials [167–170], rifaximin [171–173], probiotics [174–176].

oxygen desaturation in patients with cirrhosis despite a lack of 
underlying cardiovascular or pulmonary disease [185]. Multiple 
autopsy studies then demonstrated widespread vascular dilata-
tion as well as spider nevi across both pulmonary and pleural 
surfaces [186]. In 1977, Kennedy and Knudson termed this 
condition hepatopulmonary syndrome (HPS) [187].

Definition
The criteria for HPS were codified in 2004 by the European 
Respiratory Society Task Force on Pulmonary-Hepatic Vascular 
Disorders as [188]:
• presence of liver disease
• alveolar–arterial oxygen gradient (PA–ao2) ≥15 mmHg (or 

≥20 mmHg in those ≥65 years of age)
• evidence of intrapulmonary vascular dilatations (IPVD).

A Pao2 <70 mmHg may be more useful for identifying 
patients with significant HPS [189]. Use of pulse oximetry has 
been advocated but it has poor sensitivity, suggesting that direct 
measurement of Pao2 by arterial blood gas remains necessary to 
make the diagnosis [190]. Identification of IPVDs has become 
easier due to techniques such as contrast transthoracic echocar-
diography and macroaggregated albumin lung perfusion scans 
to differentiate HPS from underlying cardiopulmonary disor-
ders [191,192].

Epidemiology
Hepatopulmonary syndrome typically occurs in the setting of 
cirrhosis and portal hypertension. In early studies of patients 
being evaluated for liver transplant, rates as low as 4% were 
noted, based on detection of clinically apparent disease [193]. 
More recent studies indicate prevalence rates ranging from 
13.2% to 33% [194–198]. The variation in prevalence is related 
in part to heterogeneity in the definition of hypoxia. Schenk and 
colleagues demonstrated a prevalence of 15% using Pao2 
<70 mmHg as the definition of hypoxia, but a much higher 
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nary capillaries increases the distance oxygen must travel to 
encounter a red blood cell. This diffusion barrier is combined 
with rapid flow and decreased transit time secondary to the high 
cardiac output state of cirrhosis [217]. The end result is incom-
plete oxygenation of the blood. Unlike a true arteriovenous 
shunt, this defect can be overcome by increasing the fraction of 
oxygen that is inspired.

Ventilation–perfusion mismatch also contributes to decreased 
arterial oxygenation in HPS. In areas of relative hypoxia the 
pulmonary arterioles constrict, diverting blood to better venti-
lated areas, and this mechanism is defective in patients with 
cirrhosis [218] especially those with cutaneous spider angiomas 
[219]. The abnormal dilatation seen in the pulmonary vascula-
ture also contributes to ventilation–perfusion mismatch by 
causing a low ventilation to perfusion ratio. This is known as a 
“physiological shunt” and is considered the primary mechanism 
of hypoxemia in mild to moderate HPS [220].

Anatomical arteriovenous shunting may also occur in HPS. 
These shunts may occur as small pleural-based connections 
between bronchial arteries and veins [186], larger communica-
tions between pulmonary arteries and veins [221], or portopul-
monary fistulae [210]. The importance of these portopulmonary 
shunts is uncertain because portal blood is relatively high in 
oxygen (∼50 mmHg), flow through these communications is 
small, and requires a high portal pressure [210,222].

Mechanisms of pulmonary vasodilation
The effect of the liver on the pulmonary vasculature has been 
demonstrated in children with congenital heart defects. After 
undergoing a Glenn procedure (anastomosis of the superior 
vena cava to the right pulmonary artery), 21% develop pulmo-
nary vascular alterations similar to that seen in HPS [223]. This 
only occurs in areas deprived of normal hepatic venous return 
suggesting that hepatic blood has significant effects on pulmo-
nary vascular remodeling [223]. The primary animal model for 
the development of HPS is the rat with a common bile duct 
ligation (CBDL) [224,225]. Approximately 4–5 weeks after 
undergoing the CBDL procedure the cirrhotic rats develop arte-
rial oxygen abnormalities and pulmonary vascular dilatation 
consistent with HPS [224,225].

The molecular pathways responsible for these dynamic 
changes in pulmonary blood flow are not fully defined. NO is a 
vasodilator molecule that has been implicated in multiple 
aspects of splanchnic and systemic vasodilation in cirrhosis. NO 
penetrates vascular smooth muscle where it acts by stimulating 
guanyl cyclase to produce cyclic guanosine monophosphate 
(cGMP), leading to vasodilation [226]. NO is considered a 
primary mediator of the abnormalities seen in HPS [227,228]. 
Treatment with methylene blue, which inhibits guanyl cyclase, 
transiently improves arterial oxygenation in humans [229,230] 
and more chronically in a rat model [231]. Similarly, treatment 
with N(G)-nitro-l-arginine methyl esther (L-NAME), a nonse-
lective inhibitor of nitric oxide synthase (NOS), improves arte-
rial oxygenation in one case report [232] and prevents the 

prevalence of 32% using an alveolar-to-arterial difference for 
the partial pressure of oxygen >15 mmHg in the same patients 
[195].

HPS also occurs in conditions other than cirrhosis but is less 
frequent. In chronic hepatitis, HPS is present in approximately 
1% of patients [199,200]. It has also been described in a variety 
of noncirrhotic causes of portal hypertension [201–203]; acute 
hepatitis A [204]; and in patients who died of fulminant hepatic 
failure [205]. In a cohort of critically ill patients with ischemic 
hepatitis, 41% were found to meet criteria for HPS that resolved 
when reevaluated upon resolution of their cardiopulmonary 
disease [206].

There is conflicting evidence about whether HPS is affected 
by the severity of the underlying liver disease [194,195,207]. 
Other variables such as age, sex, and etiology of liver disease 
have not been shown to be either protective or predisposing. In 
one study, a history of smoking was found to be protective [197].

Pathophysiology
The key anatomical finding underlying the clinical syndrome of 
HPS is intrapulmonary vasodilation and alteration of normal 
pulmonary vascular architecture. Common autopsy findings 
include subpleural spider nevi, especially in the lower lobes, and 
either solitary or multiple pulmonary arteriovenous communi-
cations [186,208,209]. Abnormal communication between the 
portal vein and pulmonary or bronchial vasculature has been 
described, along with thickening of pulmonary capillary and 
venule walls [210,211]. The combination of pulmonary vasodil-
atation, thickened capillary walls, and direct arteriovenous fis-
tulae leads to arterial deoxygenation through three mechanisms: 
diffusion impairment, ventilation–perfusion mismatch, and 
vascular shunting.

Impaired oxygen diffusion is common in patients with liver 
disease and especially those with cirrhosis. The single breath 
diffusing capacity of carbon monoxide is abnormally low in 
48%–55% of patients presenting for liver transplant [194,212–
214]. In current smokers the percentage is 71% [213] and in 
patients who carry the diagnosis of hepatopulmonary syndrome 
it is nearly universal [191,194,215]. The diffusion–perfusion 
defect of hepatopulmonary syndrome [216] is illustrated in 
Figure 107.4. The increased diameter of the dilated intrapulmo-

Figure 107.4 Diffusion–perfusion defect of hepatopulmonary syndrome.
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[250,251]. Possible explanations for this phenomenon include 
changes in the structure of the capillary [211] or permanent 
structural changes to the pulmonary vasculature [186] induced 
by angiogenesis. The cause of pulmonary angiogenesis is not 
defined, but is likely multifactorial, including overproduction of 
NO and increased vascular endothelial growth factors [252,253]. 
In a genetic study of patients with HPS, 42 single nucleotide 
polymorphisms, mostly clustered in eight genes, were noted 
[254]. Interestingly, many of these genes are known to play a 
role in modulating angiogenesis, vascular development, or 
oxygen sensing, suggesting that some people may be genetically 
predisposed to developing HPS [254].

Diagnosis
Clinical manifestations
Patients with HPS have nonspecific presentations so a high 
index of suspicion is needed. The symptoms may be subtle and 
can be easily confused with sequelae of advancing liver disease 
such as ascites, anemia, or deconditioning. No one sign or 
symptom is pathognomonic for the disease so HPS often goes 
undetected.

Early in the disease course patients with HPS may be com-
pletely asymptomatic. The gradual onset of dyspnea on exertion 
followed by dyspnea at rest is the most common complaint 
(Figure 107.5). Dyspnea lacks specificity because 25%–46% of 
patients with cirrhosis complain of dyspnea as compared to 
78%–90% of patients with established HPS [194,255] (Box 
107.5). The classic symptom of platypnea, the development of 
dyspnea while upright, is more specific for HPS. The prevalence 
of platypnea is uncertain but it was seen in only 14% in one 
series [194] (Table 107.7). Spider angiomas are commonly seen 
in patients with HPS, with a prevalence of 80%–100%, but are 
not specific because they are also found in 40%–70% of patients 
with cirrhosis without HPS [194,195]. Digital clubbing and cya-
nosis are more specific findings for HPS but they are not sensi-
tive indicators [194].

Screening
Screening for HPS in the general population of patients with 
cirrhosis is not currently recommended. If a cirrhotic patient 
presents with dyspnea, clubbing, or cyanosis, HPS should be 
considered and diagnosis may lead to transplant evaluation. 
Patients presenting for transplant evaluation should routinely 
be screened for HPS along with thorough assessment for other 
cardiorespiratory comorbidities. Pulse oximetry has demon-
strated sensitivity and cost effectiveness as a screening option 
[256]. A Spo2 ≤97% has a sensitivity of 96% for the detection of 
hypoxia [257]. A positive initial screen with pulse oximetry 
should trigger more specific investigations such as arterial blood 
gases and contrast echocardiography to diagnose and character-
ize HPS. Identification of transplant candidates with a diagnosis 
of HPS is important because it may affect their survival and time 
on the transplant list. Patients with HPS and a Pao2 <60 mmHg 
on room air qualify for MELD exception points [258], which 

development of HPS in rats with CBDL [233]. Unfortunately, 
larger studies in humans failed to show an improvement in arte-
rial oxygenation with inhaled L-NAME despite decreases in 
exhaled NO and improved hemodynamics [234].

Elevated levels of inducible nitric oxide synthase (iNOS) clus-
tered in intravascular pulmonary macrophages and monocytes 
also have been noted in rats with CBDL [235–238]. These mac-
rophages, when stimulated by endotoxin, produce TNF-α and 
other proinflammatory cytokines. In the CBDL model with cir-
rhosis, 48% of animals developed bacterial translocation and 
those with translocation were more likely to develop HPS (63% 
vs 9%), and to have increased severity of disease and shunting 
[239]. Selective intestinal decontamination with the antibiotic 
norfloxacin improved all of these parameters [236]. This effect 
has not been reproduced in humans [240]. Use of an anti-
TNF-α monoclonal antibody reduces intrapulmonary shunt 
and improves gas exchange in rats [241]. Pentoxifylline, a phos-
phodiesterase inhibitor that decreases TNF synthesis, has been 
shown to prevent the development of HPS in the CBDL rat 
model [242]. Two small pilot studies in adults and children with 
pentoxifylline demonstrated promising results with improved 
gas exchange but larger studies are needed [243,244].

Endothelin-1 (ET-1) is another potent regulator of vascular 
tone and may also precipitate the changes seen in HPS. An 
abnormal vasodilatory response to ET-1 has been noted in cir-
rhotic patients [245]. This effect reverses after liver transplant 
with return of normal vasoconstriction in response to ET-1 
injection [245]. Blood ET-1 concentrations are higher in patients 
with cirrhosis and ascites when compared with compensated 
patients with cirrhosis and healthy controls [246]. Patients with 
cirrhosis who have evidence of intrapulmonary dilation on con-
trast echocardiography have higher levels of ET-1 in the hepatic 
blood than patients without intrapulmonary dilation [247].

Carbon monoxide also acts through guanyl cyclase to create 
cGMP and ultimately vasodilation. Endogenous carbon mon-
oxide is produced through the breakdown of heme by the 
enzyme heme oxygenase. In rats with CBDL, heme oxygenase 
1 is induced through the overproduction of NO [248]. Direct 
inhibition of oxygenase 1 in an experimental model improved 
arterial oxygenation and decreased pulmonary vasodilatation, 
suggesting that CO has a direct effect on the pathogenesis of 
HPS [238]. Increased carboxyhemoglobin levels have been 
observed in patients with cirrhosis and they correlate with 
abnormal gas exchange [249]. While intriguing, no single mech-
anistic model has emerged that incorporates these broad 
changes in pulmonary vasoregulation in cirrhosis.

Pulmonary angiogenesis
Functional pulmonary vascular dilatation on its own does not 
fully account for the pathogenesis of HPS. The best evidence for 
this is incomplete recovery of pulmonary function after liver 
transplantation. In most patients, arterial oxygenation and 
shunt fraction improves after transplantation but there is a per-
sistent decrease in diffusing capacity for carbon monoxide 
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Figure 107.5 Diagnostic algorithm for dyspnea and cirrhosis. HPS, hepatopulmonary syndrome; PFO, patent foramen ovale; PFT, pulmonary function 
test; RVSP, right ventricular systolic pressure; VSD, ventricular septal defect.
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Table 107.7 Frequency of symptoms of hepatopulmonary syndrome (HPS) 
in cirrhosis.

Symptom prevalence HPS (%) No HPS (%)

Dyspnea 78–90 25–46

Platypnea 14 Unknown

Clubbing 64 8

Spider angiomas 80–100 40–70

Box 107.5 Differential diagnosis of dyspnea in cirrhosis.

Pulmonary conditions

Obstructive lung diseases
Chronic obstructive lung disease
Asthma

Diseases of lung parenchyma
Pneumonia or other pulmonary infections
Interstitial lung disease
Atelectasis
Malignancy

Pulmonary vascular diseases
Pulmonary embolism or chronic thromboembolic disease
Other primary or secondary causes of pulmonary hypertension

Pleural effusions
Pneumothorax

Cardiac conditions

Congestive heart failure
Valvular heart disease
Cardiomyopathy
Angina, coronary artery disease
Dysrhythmias

Conditions associated with liver disease and portal 
hypertension

Associated with specific diseases
α1-Antitrypsin deficiency: emphysema
Primary biliary cirrhosis: fibrosing alveolitis, pulmonary granulomas
Sarcoidosis: restrictive lung disease, granulomas, cardiomyopathy
Hemochromatosis: cardiomyopathy, dysrhythmias
Cystic fibrosis: bronchiectasis, pneumonia

General complications of liver disease and portal 
hypertension

Ascites
Hepatic hydrothorax
Muscle wasting or deconditioning

Pulmonary vascular abnormalities

Hepatopulmonary syndrome
Portopulmonary hypertension

can decrease their time on the waiting list, prevent further dete-
rioration of their pulmonary status, and possibly improve pre- 
and posttransplant mortality.

Arterial blood gas measurement
Arterial blood gas measurement is essential both for diagnosis 
and grading the severity of HPS. Hypoxemia and orthodeoxia 
are common findings. Care must be taken to rule out other 
causes of hypoxia that occur in 20%–30% of patients with  
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Functional assessment of intrapulmonary  
vascular dilations
Transthoracic contrast-enhanced echocardiography
Transthoracic contrast-enhanced echocardiography (TT-CEE) 
is the preferred method for evaluation of IPVDs in most 
patients. It is highly sensitive, noninvasive, and can simultane-
ously evaluate cardiac parameters such as valvular disorders, 
ejection fraction, and estimation of pulmonary artery pressure. 
To perform the procedure, 10 mL of saline is hand agitated, 
which produces microbubbles from 24 to 180 μm in diameter 
[263,264]. Normal lung vasculature will effectively trap any 
bubbles greater than 22 μm in size whereas the dilated vessels 
in HPS will allow passage of some of the bubbles [265]. 
Appearance of bubbles in the left atrium suggests an abnormal 
right to left communication. If the bubbles appear in less than 
three cardiac cycles, it is indicative of an intracardiac shunt, 
such as a patent foramen ovale (PFO). If it takes longer than 
three cardiac cycles, it suggests an extracardiac source of shunt-
ing, such as HPS. TT-CEE is unable to determine the type of 
extracardiac shunting or evaluate the degree of shunting. 
Transesophageal contrast-enhanced echocardiography (TE-
CEE) has also been advocated as a method of screening for 
IPVDs. TE-CEE provides better visualization, increased sensi-
tivity, detection of PFOs, and may correlate with severity of the 
IPVDs but it is an expensive invasive procedure requiring seda-
tion and carries a low risk of variceal bleeding [212,266].

Radionucleotide lung perfusion scanning
Right-to-left shunts can be detected and quantified utilizing a 
macroaggregated albumin scan (MAA scan). In this procedure, 
the patient is injected with technetium-labeled macroaggre-
gated albumin particles (99mTc-MAA), which range from 20 to 
90 μm in size, in conjunction with whole-body scintigraphy. 
Normal lung capillaries do not exceed 15 μm in diameter so the 
majority of the Tc-MAA particles are trapped in the lungs. The 
Tc-MAA that escapes the pulmonary vasculature accumulates 
in the brain, kidneys, spleen, and liver. The amount of isotopic 
activity is typically measured in the brain where it is less than 
6% in normal subjects. In patients with HPS, a value >6% was 
noted in all patients with a Pao2 <60 mmHg yielding a sensitiv-
ity of 84% and a specificity of 100% [191]. The ability to calculate 
a shunt fraction allows for a better evaluation of the contribu-
tion of HPS to the hypoxia seen in patients with other cardiop-
ulmonary comorbidities [191,207]. The shunt fraction strongly 
correlates with the oxygen abnormalities seen in HPS [191]. 
MAA scanning is of limited value in patients with less severe 
hypoxia (Pao2 >60 mmHg) [191].

Therapy
Oxygen therapy
As the hypoxemia associated with HPS increases, so does mor-
tality from liver-related issues [198,267]. In experimental 
models of cirrhosis, hypoxia leads to increased expression of 
vascular endothelial growth factor (VEGF) and type 1 collagen 

cirrhosis, such as ascites with atelectasis, hepatic hydrotho-
rax, pneumonia, and chronic obstructive pulmonary disease 
(COPD) [192]. An alveolar–arterial oxygen pressure gradient 
≥15 mmHg (or greater than 20 mmHg in patients above the age 
of 64) is the key to the diagnosis [188]. The severity of the HPS 
is categorized based on the Pao2 as: mild (≥80 mmHg), moder-
ate (≥60 and <80 mmHg), severe (≥50 and <60 mmHg) and 
very severe (<50 mmHg or <300 mmHg on 100% O2) [188] 
(Table 107.8). Typically, blood gases are performed in the seated 
position on room air but repeat blood gases on 100% oxygen 
can provide useful information. If the Pao2 fails to increase 
appropriately in response to 100% oxygen (Pao2 > 300 mmHg), 
a true anatomical right to left shunt is likely.

Orthodeoxia is the classic sign of HPS, and is characterized 
by a fall in the Pao2 by >4 mmHg or ≥5% from baseline when 
the patient moves from a supine to an upright position [259]. 
This sign is highly prevalent in patients with HPS (88%–100% 
in one series) [215]. The change in oxygenation is due to wors-
ening of the ventilation perfusion mismatch that occurs when 
blood is pooled in the lower parts of the lung where there are 
increased pulmonary vasodilatations [259].

Pulmonary function testing
While routine pulmonary function testing is not necessary to 
diagnose HPS it remains a useful tool to rule out other underly-
ing pulmonary processes. Moderate alterations in the diffusing 
capacity of carbon monoxide are common [191,194,215,250,251] 
but are nonspecific. Restrictive patterns may be seen in the 
setting of ascites, pleural effusions, hepatic hydrothorax, or 
muscle wasting.

Radiology
Routine chest radiography has limited diagnostic utility but can 
help exclude other causes of hypoxia such as pleural effusions, 
pulmonary edema, infiltrates, or emphysema. An interstitial 
pattern in the lung bases representing the arteriovenous shunt-
ing has been described [260]. High-resolution computed tom-
ography (CT) of the chest may identify dilation of the lower lobe 
basal segmental arteries [260,261]. Pulmonary angiography is 
an invasive method for the evaluation of intrapulmonary 
vasodilation. It has limited utility in HPS outside of patients 
where an anatomic right-to-left shunt can be demonstrated 
[207,215,262].

Table 107.8 Severity of hepatopulmonary syndrome.

Severity PA–aO2 (mmHg) PaO2 (mmHg)

Mild ≥15 or ≥20 if age >64 ≥80

Moderate ≥15 or ≥20 if age >64 ≥60 to <80

Severe ≥15 or ≥20 if age >64 ≥50 to <60

Very severe ≥15 or ≥20 if age >64 <50 or <300 
on 100% O2
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a year [282] and some abnormalities such as impaired diffusion 
may never resolve [250,251]. Patients who are transplanted do 
better than those who are not [267]. This observation prompted 
the adoption of MELD exception points for patients with docu-
mented HPS and a Pao2 <60 mmHg [258]. Earlier studies sug-
gested that patients with HPS, especially those with very low 
Pao2 (<50 mmHg) or Tc-MAA shunt fraction >20%, had high 
postoperative mortality [267,283]. However, experience in the 
post-MELD exception era suggests excellent survival despite 
preoperative oxygenation levels [284]. The most common  
posttransplant complications in patients with HPS include 
infections and respiratory failure [283]. More uncommon post-
transplant occurrences, including paradoxical embolization 
with cerebral hemorrhage [285] and de novo development of 
portopulmonary hypertension [286], have been described.

Portopulmonary hypertension

The condition known as portopulmonary hypertension (POPH) 
was first described in 1951 by Mantz and Craig [287]. They 
described a patient with portal vein thrombosis, portal hyper-
tension, and portosystemic shunt who developed cor pulmonale 
[287]. Today it is recognized that a small percentage of patients 
with portal hypertension will develop pulmonary vasoconstric-
tion and remodeling, which leads to clinically significant pul-
monary arterial hypertension. It is not known why some 
cirrhotic patients develop intrapulmonary shunting and others 
pulmonary hypertension.

Definition
The World Health Organization and the Fourth World 
Symposium on Pulmonary Hypertension categorized POPH 
into group 1 (pulmonary arterial hypertension) and designated 
it pulmonary arterial hypertension associated with portal 
hypertension [288]. The prevalence of portal hypertension is 
10% in patients with pulmonary arterial hypertension (PAH) 
[289]. Group 1 signifies that treatments for PAH are effective 
for this condition [288]. The European Respiratory Society Task 
Force on Pulmonary-Hepatic Vascular Disorders developed the 
following criteria for POPH [188]:
• presence of portal hypertension (with or without cirrhosis)
• mean pulmonary artery pressure (MPAP) >25 mmHg 

(3.33 kPa) at rest
• pulmonary capillary wedge pressure (PCWP) <15 mmHg
• pulmonary vascular resistance (PVR) >240 dyn·sec·cm−5.
The severity of POPH is determined by the MPAP. Mild POPH 
is defined by a MPAP <35 mmHg. Mild disease is not associated 
with increased morbidity and mortality with transplant 
[290,291]. Both moderate (MPAP ≥35 but <45 mmHg) and 
severe (POPH ≥45 mmHg) are associated with mortality above 
what would be expected from the MELD score alone [292] 
(Table 107.9).

thereby increasing fibrogenesis, suggesting that HPS may accel-
erate the progression of cirrhosis [268]. In support of this is a 
small case series demonstrating improvement of liver function 
after long-term oxygen therapy in two patients with HPS [269]. 
As a result of these limited studies, supplemental oxygen therapy 
is recommended when the Pao2 drops below 60 mmHg.

Pharmacological therapy
No pharmacological therapy has been shown to be consistently 
useful in the treatment of HPS. A variety of agents, including 
somatostatin analogues, indomethacin, almitrine bismesylate (a 
pulmonary vasoconstrictor), and norfloxacin, have been tested 
with little to no success [215,240,270,271]. Inhibitors of the 
nitric oxide pathway, such as methylene blue and L-NAME, 
have yielded transient improvements in hypoxemia, shunt frac-
tion, and systemic hemodynamics in some studies [229,230,232] 
but others demonstrated either lack of or even a deleterious 
effect [234,272]. The anti-TNF-α agent pentoxifylline demon-
strated efficacy in rat models of HPS [242,273] but separate pilot 
studies in humans demonstrated opposite results and suggested 
limitation of effectiveness due to gastrointestinal side-effects 
[244,274].

In 1992, a case report described a woman with HPS who had 
improvements in oxygenation and dyspnea after ingesting large 
amounts of garlic powder [275]. This finding prompted a pilot 
study utilizing garlic (Allium sativum) supplements where 6/15 
patients had improvements in Pao2 of >10 mmHg or decreased 
alveolar–arterial gradient along with improved dyspnea [276]. 
These findings have been reproduced in children [277] and 
more recently in a small randomized controlled trial in which 
14/21 patients had reversal of HPS [278]. The mechanism of 
action of garlic remains speculative but its tolerability and low 
side-effect profile make it an attractive treatment option. The 
multiple kinase inhibitor, sorafenib, has also been shown to 
attenuate intrapulmonary shunting and improve oxygenation in 
CBDL-treated rats but no studies have yet been published in 
humans [279].

Interventional radiology
Successful embolization of a discrete arteriovenous malforma-
tion has been shown to be effective in improving oxygenation 
[262] but this is a rare finding in HPS. TIPS conceptually could 
improve HPS by reducing portal hypertension but evidence for 
such a benefit has been equivocal. The largest relevant series 
found no improvement in oxygenation after TIPS [280] and, 
accordingly, TIPS is not recommended for the treatment of HPS 
[9].

Liver transplantation
Liver transplantation is the only definitive treatment for HPS. 
The majority of patients with HPS undergoing transplant will 
have resolution of hypoxia as well as shunting [222,267,281]. 
Full reversal of the effects of HPS after transplant may take over 
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smooth muscle hypertrophy, concentric laminar fibroelastosis, 
plexiform lesions (intraluminal endothelialization), and in situ 
microthrombosis with recanalization [303,304]. These struc-
tural changes are coupled with vasoconstriction leading to 
obstruction of pulmonary blood flow and increased pulmonary 
vascular resistance [221,294].

Three conditions are believed to contribute to the pathogen-
esis of POPH: shear stress, shunting, and bacterial translocation 
[293,305,306]. The high blood flow seen in the hyperdynamic 
circulation of portal hypertension can lead to shearing of the 
endothelium, which may result in altered expression of genes 
related to vascular tone and proliferation [304]. Portosystemic 
shunting is common in portal hypertension and can lead to 
increased exposure of the pulmonary vasculature to vasoactive, 
growth-promoting mediators, and cytokines from the gut. 
Potent vasoconstrictors seen in the pathogenesis of idiopathic 
PAH, including endothelin-1 (ET-1), serotonin, prostaglandin 
F2α, thromboxane B2, and angiotensin 1, may be involved with 
the development of POPH but this remains mostly speculative. 
One study demonstrated higher circulating levels of ET-1 and 
IL-6 in patients with POPH when compared to patients with 
cirrhosis without POPH [307]. Elevated levels of the inflamma-
tory cytokine, IL-6, has been noted in patients with POPH as 
well as a trend towards higher levels of TNF-α [307]. In addition 
to the increase in vasoconstrictors, there may be a relative 
decrease in vasodilators such as NO and prostacyclin. Prostacyclin 
synthase, the enzyme that produces the potent vasodilator pros-
tacyclin (PGI2), is decreased in the pulmonary endothelium of 
patients with POPH [308]. Autoimmune antibodies such as anti-
nuclear antibodies have been found in up to 19% of patients with 
POPH [304] and autoimmune cause of liver disease is a risk 
factor for the development of POPH [299], suggesting there may 
be an autoimmune component to its pathogenesis but further 
study is needed before drawing firm conclusions.

Natural history
The diagnosis of POPH carries with it a very poor prognosis. 
Patients with POPH are nearly three times more likely to die of 
their disease than patients with other types of PAH [309]. One 
retrospective study, from the French Referral Center for 
Pulmonary Hypertension, reported 3- and 5-year survival rates 
of 75% and 68%, respectively [310]. The Mayo Clinic found 
5-year survivals of 14% for untreated patients, 45% for those 
treated with vasodilators, and 67% for those treated with trans-
plant [292]. The Registry to Evaluate Early and Long-term PAH 
Disease Management (REVEAL) is an observational study that 
has reported lower 2- and 5-year survivals of 67% and 40% for 
POPH compared with 85% and 64% for idiopathic PAH despite 
having better hemodynamics [311].

Clinical presentation
The clinical presentation of POPH is often subtle with few spe-
cific symptoms until late in the course of the disease. A high 
index of suspicion is required. Screening should be considered 

Epidemiology
The majority of patients who develop POPH also have portal 
hypertension related to cirrhosis. Despite this there have been 
numerous reports of POPH developing in noncirrhotic causes 
of portal hypertension, such as nodular regenerative hyperpla-
sia, idiopathic portal fibrosis, portocaval shunt, and portal vein 
thrombosis [293], indicating that underlying cirrhosis is not 
necessary for its development.

Estimates of the prevalence of POPH have varied significantly 
over the years. In a large autopsy series, there were changes 
consistent with pulmonary hypertension noted in 0.73% of 
patients with cirrhosis compared with 0.13% of the noncirrhotic 
population [294]. In a study of patients with portal hypertension 
undergoing hemodynamic measurements, the prevalence of 
POPH was 2% [295] but the rates increased to 5%–6% in 
patients undergoing liver transplant evaluation [296,297]. This 
may be related to the duration of the disease as the diagnosis of 
portal hypertension has been shown to precede the diagnosis of 
POPH by more than 4 years in most cases [295]. There has been 
no clear correlation between degree of portal hypertension or 
severity of liver disease in most studies [293,295,296] but one 
study of POPH in patients with refractory ascites demonstrated 
a high prevalence rate of 16.1% [298].

Studies to identify risk factors for the development of POPH 
have conflicting results. Although the disease can occur at any 
age, the most common presentation is in the fifth decade of life, 
10 years later than the average age of idiopathic PAH [293]. 
Female sex and autoimmune cause of liver disease may be asso-
ciated with development of POPH [299], along with lower 
hemoglobin levels and portal vein thrombosis [300]. Analysis 
for polymorphisms of the serotonin transporter failed to find 
an association with POPH [301]. Other common genetic vari-
ations associated with familial and sporadic PAH, such as bone 
morphogenetic protein receptor type II and activin receptor-
like kinase 1, have not been found in POPH [188]. Another 
analysis of common single nucleotide polymorphisms detected 
an association with estrogen receptor 1, aromatase, phophodi-
esterase 5, angiopoietin 1, and calcium binding protein A4 [302] 
but the clinical relevance is unclear.

Pathophysiology
Unlike hepatopulmonary syndrome, there is no effective animal 
model for the development of POPH. The histopathology of 
POPH closely resembles the changes seen in idiopathic PAH. 
Pulmonary vascular changes include intimal fibrosis, medial 

Table 107.9 Severity of portopulmonary hypertension.

Severity Mean pulmonary artery pressure (mmHg)

Mild ≥25 to <35

Moderate ≥35 to <45

Severe ≥45
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recommends Doppler echocardiography as the screening 
method of choice [316]. Although findings such as right atrial 
dilation, right ventricular hypertrophy or dilation, paradoxical 
septal movement, and pulmonic insufficiency may be seen, these 
are signs of long standing or severe pulmonary hypertension 
and are not useful screening markers [306,317]. Doppler 
echocardiography can be used to estimate the right ventricular 
systolic pressure (RVSP) [318]. RVSP is an estimate and only 
has a weak correlation with pulmonary artery pressures meas-
ured during right heart catheterization [296,319]. Using a RVSP 
value >50 mmHg, Kim and colleagues demonstrated a positive 
predictive value of 74% and a negative predictive value of 97% 
for moderate to severe POPH [320]. A later study used a RVSP 
of >30 mmHg, which had a sensitivity and negative predictive 
value of 100% but a positive predictive value of only 59% [297]. 
This suggests that patients with an RVSP <30 mmHg are unlikely 
to have clinically significant POPH but an RVSP ≥50 mmHg is 
highly suggestive of moderate to severe POPH. It is not clear 
whether everyone with an RVSP between 30 and 50 mmHg 
should have a right heart catheterization so this decision should 
be made on an individual basis [303]. Thirty to forty percent of 
patients with elevated RVSP on echocardiography will have 
normal PVR on heart catheterization, indicating that echocar-
diography is inadequate for the diagnosis of POPH [296,297,321].

Hemodynamic measurement
Right heart catheterization remains the standard for diagnosis 
of POPH [304,320]. There are multiple causes of elevated pul-
monary artery pressures in patients with portal hypertension 
and only direct hemodynamic measurement can differentiate 
among them. POPH is diagnosed when MPAP is elevated 
(>25 mmHg), PCWP is normal (<15 mmHg) and PVR is high 
(>240 dyn·sec·cm−5) (Table 107.10) [188]. It is important to 
have the intravascular volume status of the patient under 
optimal control at the time of right heart catheterization to 
avoid confusion due to overlapping problems. The transpulmo-
nary gradient (TPG = MPAP − PCWP) was developed as a tool 
to detect elevated PVR in the setting of increased PCWP [188]. 
A TPG >12 mmHg indicates the presence of elevated PVR and 
should be considered as evidence of pulmonary hypertension 
[296]. Cardiac output is typically increased in patients with 
POPH unlike in those with idiopathic PAH. Low cardiac output 
in POPH is indicative of right heart failure and is a poor prog-
nostic sign [295,304].

in patients undergoing major surgical procedures such as liver 
transplantation as well as in those with cardiorespiratory symp-
toms. Most patients with POPH have had long-standing portal 
hypertension [295]. The diagnosis of POPH is often made more 
than a year after the onset of symptoms [295]. The most common 
symptom encountered is dyspnea on exertion, occurring in up 
to 81% of patients [312]. The differential diagnosis for dyspnea 
in liver disease is broad (Box 107.5). Other reported symptoms 
include fatigue, syncope, chest pain, and Raynaud phenomenon 
[312]. On cardiac auscultation, a loud P2 is noted in 38%–82% 
of cases and a systolic murmur in 69% [312,313]. In more 
advanced cases, there can be overt signs of cor pulmonale. 
Other less common findings, such as orthopnea and digital 
clubbing, may mimic hepatopulmonary syndrome [312]. 
Patients with POPH only develop mild to moderate hypoxia 
even with advanced disease [314]. The finding of severe hypoxia 
should raise suspicion for a right-to-left shunt such as reopening 
of a patent foramen ovale or hepatopulmonary syndrome [188].

Diagnosis
Right heart catheterization and hemodynamic measurements 
are necessary for the definitive diagnosis but there may be sug-
gestive findings on more routine cardiopulmonary testing 
(Figure 107.5). Chest radiographs typically demonstrate normal-
appearing lungs but enlargement of the pulmonary artery along 
with right atrial and ventricular enlargement may be present 
[293]. Electrocardiogram may demonstrate signs of right-sided 
strain, including right atrial enlargement, right ventricular 
hypertrophy, and rightward axis deviation [315]. With more 
severe disease, a right bundle branch block may develop [315]. 
In POPH, pulmonary function testing frequently demonstrates 
decreased diffusing capacity for carbon monoxide [315]. 
Arterial blood gases can demonstrate an increased alveolar–
arterial oxygen gradient and respiratory alkalosis but hypox-
emia is mild even in moderate to severe disease [314]. 
Ventilation–perfusion (V/Q) lung scanning may demonstrate a 
“mosaic” pattern similar to that seen in chronic thromboem-
bolic disease but segmental defects should raise suspicion for 
pulmonary embolism [188].

Transthoracic echocardiography
The American Association for the Study of Liver Disease 
(AASLD) recommends that all patients being evaluated for 
transplantation be screened for pulmonary hypertension and 

Table 107.10 Hemodynamics measurement in the patient with cirrhosis and pulmonary hypertension. Source: Rodriguez-Roisin et al. 2004 [188].

Mean pulmonary artery 
pressure

Pulmonary capillary wedge 
pressure

Pulmonary vascular 
resistance

Hyperdynamic circulation ↑ ↔ ↔

Volume overload ↑↑ ↑↑ ↔↑

Portopulmonary hypertension ↑↑↑ ↔ ↑↑↑
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comes from case reports or small, uncontrolled trials [303]. The 
need for therapy is stratified based on the severity of the under-
lying POPH. Patients with a MPAP pressure <35 mmHg do not 
have increased morbidity and mortality associated with either 
the pulmonary hypertension or liver transplantation [290,291]. 
This group of patients should be followed periodically with 
echocardiography to screen for worsening disease [188]. 
Pharmacological therapy should be considered for patients with 
POPH once their MPAP increases above 35 mmHg in conjunc-
tion with an elevated PVR.

Prostacyclin analogues
The best studied therapy for POPH is PGI2, also known as epo-
prostenol. It is an endogenous prostaglandin that has potent 
vasodilatory effects in the pulmonary vasculature as well as 
antiproliferative and antiplatelet aggregation effects [329]. 
Epoprostenol is an unstable molecule with a half-life of 2–5 min, 
requiring uninterrupted intravenous infusion. Once started, 
interruption of therapy may lead to life-threatening increases in 
MPAP, and side-effects such as headache, flushing, diarrhea, 
nausea, myalgias, and hypotension are common. Numerous 
small studies in POPH have shown epoprostenol to decrease 
MPAP and PVR, and increase cardiac output both acutely and 
long term [330–336]. Deleterious effects of long-term epopros-
tenol have also been observed, including splenomegaly, throm-
bocytopenia, and leukopenia [330,337]. The prostacyclin 
analogue iloprost, in both intravenous and inhaled forms, has 
demonstrated efficacy in small studies [338–341].

Endothelin receptor antagonists
Endothelin-1 (ET-1) is thought to play an important role in the 
development of POPH, and levels of blood ET-1 are elevated in 
this population [307]. Two endothelin receptor antagonists have 
been approved for use in PAH, including bosentan (dual ETA 
and ETB antagonist) and ambrisentan (selective ETA antago-
nist) [342,343]. The FDA does not recommend use of either 
agent in patients with moderate–severe hepatic impairment and 
bosentan carries a black box warning for potential hepatic 
injury/failure. One retrospective appraisal of bosentan in 18 
patients with POPH demonstrated a 3-year survival of 89% 
[338]. Numerous other small studies have demonstrated the 
efficacy and relative safety of bosentan with improvements in 
6-min walk test, decreased symptoms, reductions in PVR, and 
improved cardiac output [344–349]. The development of abnor-
mal liver enzymes greater than three times the upper limit of 
normal occurred in 5.5% of patients in two separate series and 
in both resolved with dose reduction or discontinuation 
[338,350]. Ambrisentan, a selective ETA antagonist, demon-
strated efficacy in reducing MPAP, PVR, and improving both 
cardiac output and functional status [351].

Phosphodiesterase inhibitors
Two orally dosed phosphodiesterase-5 inhibitors have been 
approved for use in idiopathic PAH, sildenafil and tadalafil 
[352,353]. These drugs inhibit the breakdown of nitric oxide by 

Acute vasodilator testing involves administration of vasodila-
tory medications (usually inhaled NO or intravenous epoproste-
nol) while directly measuring pulmonary hemodynamics [322]. 
Acute vasodilator testing has fallen out of favor in the manage-
ment of POPH because oral vasodilators (calcium channel block-
ers) have little long-term efficacy and can cause deleterious 
increases in the hepatic venous pressure gradient [323–325]. 
Additionally, current therapies for POPH do not rely solely on 
vasodilation but also work on remodeling so failure of response 
to acute vasodilator testing does not imply futility [323].

Therapy
General medical therapy
Mild to moderate hypoxemia is common in moderate to severe 
POPH [314]. Because hypoxia leads to pulmonary vasocon-
striction, supplemental oxygen is recommended once Pao2 
drops below 60 mmHg to maintain an Spo2 >90% [188,306]. 
Therapies that are effective for other types of PAH may be inef-
fective or contraindicated in POPH due to effects on the under-
lying liver disease. As noted, calcium channel blockers are 
effective oral vasodilator agents in a proportion of idiopathic 
PAH patients but their use in POPH is contraindicated due to 
a lack of long-term efficacy and increased portal blood flow 
leading to higher hepatic venous pressure gradient secondary 
to splanchnic arterial vasodilation [324,325]. Anticoagulation 
has been shown to slow the progression of idiopathic PAH but 
its use in POPH is not recommended due to the risk of signifi-
cant gastrointestinal bleeding [306,317].

Traditional treatments for portal hypertension can also exac-
erbate the hemodynamic derangements of PAH. β-blocker 
usage is widespread in patients with portal hypertension. In 
POPH, withdrawal of β-blocker therapy resulted in increased 
exercise capacity and improved pulmonary hemodynamics 
[326]. Transjugular intrahepatic portosystemic shunts have 
been shown to cause transient increases in PVR and precipitate 
heart failure in patients with impaired cardiopulmonary func-
tion [188,327]. AASLD guidelines state that MPAP >45 mmHg 
and severe tricuspid regurgitation are absolute contraindica-
tions to TIPS but the safety of the procedure with less severe 
POPH is not known. Diuretic therapy also carries both benefit 
and risk in this population. Optimization of fluid volume status 
relieves symptoms and may improve hemodynamics but over-
diuresis can precipitate low cardiac output leading to renal 
failure and systemic hypoperfusion by dropping right ventricu-
lar preload [303].

Pulmonary hypertension specific therapies
Specific therapy for pulmonary hypertension is highly special-
ized and patients should be referred to experienced centers. 
Vasodilators and antiproliferative medications can improve 
symptoms, hemodynamics, and mortality in large clinical trials 
of both idiopathic PAH as well as PAH associated with connec-
tive tissue diseases [305,328]. The majority of these clinical trials 
excluded patients with POPH so evidence for their efficacy 
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graft reperfusion, and in the immediate postoperative period 
[372]. Graft reperfusion is particularly difficult as acute increases 
in MPAP leading to right heart failure and death have been 
reported [188,365]. Intraoperative transesophageal echocardi-
ography allows for monitoring of right ventricular function; 
venovenous bypass may prevent right ventricular overload after 
reperfusion [305]. Anesthesia using isoflurane and intraopera-
tive use of vasodilators also decrease MPAP [188,372].

Posttransplantation
The management of patients with moderate to severe POPH 
posttransplantation is unclear. There are some data suggesting 
that use of vasodilators as a bridge to transplant provides a 
survival advantage [334,373]. Resolution of POPH can occur 
following transplantation but may take months to years 
[293,374]. Vasodilator therapy in these patients should continue 
during and after liver transplantation followed by slow with-
drawal after transplant under the supervision of an experienced 
pulmonologist.
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phosphodiesterase-5 leading to vasodilation. Numerous small 
studies have demonstrated reductions in MPAP and PVR and 
increased cardiac output and improved functional status with 
sildenafil [354–359]. Three of these studies demonstrated sig-
nificant enough reductions in MPAP to allow for successful 
bridge to liver transplantation [356,358,359]. There have been 
two case reports of acute variceal bleeding occurring soon after 
administering sildenafil in patients with cirrhosis without 
POPH, raising concern that sildenafil may acutely increase 
portal pressures [360,361].

Other agents
A single case report has described a sustained improvement in 
MPAP and PVR in a patient with severe POPH treated with 
isosorbide-5-mononitrate [362]. Inhaled NO demonstrated a 
10% decrease in MPAP and PVR while the NO was being 
inhaled but there is no current method or evidence to maintain 
this treatment chronically [363]. Milrinone is an intravenous 
agent that is effective in chronic idiopathic PAH, and one case 
report details the successful use of milrinone to treat POPH 
diagnosed at the time of liver transplantation [364].

Liver transplantation
The role of liver transplantation in the management of POPH 
has evolved over the last 10 years. Survival after liver transplant 
is very poor in unselected populations, with 36% of patients 
dying within 18 days of transplant [365]. POPH has developed 
de novo in some patients after transplant. Recurrence after graft 
failure and development of POPH after resolution of hepatop-
ulmonary syndrome have also been described [286,366,367]. 
Despite this, there is emerging evidence that POPH can resolve 
after transplant and vasodilators can be withdrawn in certain 
patients [368]. If the MPAP can be reduced below 35 mmHg, 
POPH can improve or resolve after transplant [369,370]. These 
observations have resulted in the adoption of MELD exception 
points for patients with POPH who have a MPAP <35 mmHg 
and PVR <400 dyn·sec·cm−5 on or off vasodilator therapy 
[369,371]. Every 3 months a 10% increase in the MELD score 
can be applied for with continued documentation of appropriate 
hemodynamic parameters [369].

Impact of portopulmonary hypertension on 
transplantation outcomes
Even with adequate screening some patients may be diagnosed 
while in the operating room [297,365]. Mortality with liver 
transplantation increases dramatically in conjunction with the 
MPAP. In the Mayo Clinic experience, a MPAP <35 mmHg was 
associated with 0% mortality, but mortality increased to 50% if 
MPAP was >35 to <50 mmHg and 100% if MPAP was 
>50 mmHg [290]. Based on this study a MPAP >50 mmHg is 
considered an absolute contraindication to transplantation in 
most centers [369].

Patients with POPH are at risk during several key times 
during the operation: induction of anesthesia, before and after 

http://www.yamadagastro.com/textbook


2129

CHAPTER 108

Chapter menu

Introduction, 2129

Historical perspective, 2129

Indications for liver transplantation, 2130

The evaluation for transplant, 2132

Disease-specific considerations, 2136

Liver transplant immunosuppression, 2139

Posttransplant complications, 2139

Further reading, 2145

Introduction

Over the last three decades, liver transplantation has emerged 
as a life saving treatment option for patients suffering from the 
sequelae of end-stage liver disease, hepatic malignancy, meta-
bolic disease of hepatic origin, and acute liver failure. The goal 
of transplantation is to prolong both the length and the quality 
of life for the transplant recipient. According to data from the 
Organ Procurement and Transplantation Network, in 2012, 
over 6000 deceased donor liver transplants and approximately 
240 living donor liver transplants were performed in the USA 
[1]. (Figure 108.1). The outcomes for patients undergoing liver 
transplantation continue to improve, owing to enhanced surgi-
cal technique, improved immunosuppressive regimens, and 
better management of posttransplant infections and complica-
tions. Despite these successes, expansion of deceased donor 
liver transplantation remains limited by availability of donor 
organs.

Historical perspective

The history of solid organ transplantation dates back several 
decades. However, it was not until the advent of more aggressive 
surgical techniques, immunosuppressive agents, and improved 
organ preservation that the field became successful. The earliest 

attempts at liver transplantation occurred in canine models and 
were initially unsuccessful with respect to survival. In 1952, 
Vittorio Staudacher from Milan, Italy published the first descrip-
tion of a canine liver transplant [2]. In the USA, C. Stewart 
Welch at Albany Medical College described the first attempts at 
canine transplants in 1955 followed by Jack Cannon at the 
University of California, Los Angeles in 1956 [3,4]. These initial 
transplants resulted in rapid recipient death, but ultimately set 
the stage for future trials. Shortly thereafter in 1958, teams led 
by Thomas Starzl then in Denver, Colorado and Francis Moore 
in Boston, Massachusetts were able to perform technically suc-
cessful canine liver transplants, but these were plagued by poor 
organ preservation and rapid organ rejection [5,6].

Starzl performed the first human liver transplant in Colorado 
in 1963 on a pediatric patient with biliary atresia. Unfortunately, 
the patient suffered intraoperative bleeding complications 
resulting in death. For the next few years there were other 
unsuccessful attempts by Starzl’s team and others around the 
world. Ultimately, in 1967, Starzl performed the first successful 
liver transplantation in an 18-month-old child with hepatoblas-
toma. The patient survived just over 1 year posttransplant and 
died due to recurrent malignancy. This singular transplant pro-
vided the proof of concept that liver transplantation could be 
done successfully.

As serendipity would have it, at the time that the technical 
feasibility of human liver transplant was demonstrated, a critical 
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discovery was made in the field of immunological therapeutics. 
In 1969, cyclosporine was isolated from the fungus Tolypocladium 
inflatum in Norway. After almost a decade, it was put into 
clinical use and in 1978 Sir Roy Calne described the use of 
cyclosporine in renal transplantation. This was followed by his 
description of its use in other solid-organ transplants, including 
the liver [7,8]. In a landmark 1981 paper, Starzl’s group reported 
a 71% 1-year survival of 14 patients undergoing orthotopic liver 
transplant and being immunosuppressed successfully with 
cyclosporine A and steroid therapy [9]. This early regimen 
became standard immunosuppression after liver transplant. The 
advent of cyclosporine was followed by improved approaches to 
medical and surgical management that improved outcomes 
after liver transplantation. In June 1983 at a National Institutes 
of Health Consensus Development Conference, it was decided 
that liver transplantation was no longer an experimental proce-
dure but a therapeutic modality for end-stage liver disease 
deserving of broader application [10].

Indications for liver transplantation

Liver transplantation is indicated for those suffering from the 
sequelae of chronic liver disease, acute liver failure, hepatic 
malignancy, and disease of hepatic origin causing other sys-
temic disease (Figure 108.2, Boxes 108.1 and 108.2).

Prognostic models and organ allocation
The natural history of cirrhosis is a continuum on which many 
patients can progress from well-compensated disease to death 
(Figure 108.3). It is well known that decompensation due to a 
complication of cirrhosis portends limited survival. This was 
demonstrated in a 2006 systematic review that combined data 
to evaluate outcomes for over 1500 patients from two large 
natural history studies [11]. The authors verified that those 
without portal hypertensive complications have a substantially 
better prognosis than those with decompensated disease 
(median survival 12 years vs 2 years). Given this great variabil-

Figure 108.1 Total liver transplants, USA 2012. Source: Scientific Registry 
of Transplant Recipients 2012 [111].
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Figure 108.2 Liver transplants in the USA by diagnosis, 2012.
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Box 108.1 Common complications of end-stage liver disease.

Ascites
Spontaneous bacterial peritonitis
Hepatic hydrothorax
Variceal hemorrhage
Hepatic encephalopathy
Pruritus
Jaundice
Hepatorenal syndrome
Hepatopulmonary syndrome
Portopulmonary hypertension
Hyponatremia
Coagulopathy
Thrombocytopenia

ity, the authors suggested that the natural history of cirrhosis be 
considered in four “stages,” where the early stages (1 and 2) are 
considered compensated disease and the later stages (3 and 4), 
are considered decompensated [11,12]. Within a year, the 
authors showed that there was significant movement between 
stages of cirrhosis and increased probability of death with more 
advanced disease (Figure 108.4).

Given the high rates of morbidity and mortality associated 
with end-stage liver disease, it is critical that physicians caring 
for this population of patients have a reproducible, validated 
system to characterize their severity of illness as it relates to 
prognosis. Ideally, this assessment tool would have utility in 
determining those in need of transplant. Traditionally, the two 
scoring systems that have been used in this capacity are the 
Child–Turcotte–Pugh (CTP) score and the Model for End-stage 
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Box 108.2 Indications for liver transplantation. Source: Murray and 
Carithers 2005 [110]. Reproduced with permission of John Wiley & 
Sons.

Viral
Hepatitis C
Hepatitis B

Autoimmune liver disease
Alcohol-related liver disease
Inherited/metabolic liver diseases

Hereditary hemochromatosis
α-1-Antitrypsin deficiency
Wilson disease
Nonalcoholic fatty liver disease
Tyrosinemia
Type IV glycogen storage disease
Neonatal hemochromatosis
Amyloidosis
Hyperoxaluria
Urea cycle defects
Amino acid defects

Cholestatic liver disease
Primary biliary cirrhosis
Primary sclerosing cholangitis
Biliary atresia
Alagille syndrome
Progressive familial intrahepatic cholestasis
Cystic fibrosis
Bile duct loss

Malignancy
Hepatocellular carcinoma
Cholangiocarcinoma
Fibrolamellar carcinoma
Epithelioid hemangioendothelioma
Hepatoblastoma
Metastatic neuroendocrine tumor

Polycystic liver disease
Vascular disorder

Budd–Chiari syndrome
Fulminant hepatic failure

Figure 108.3 The natural history of cirrhosis. OLT, orthotopic liver 
transplant. Source: D’Amico et al. 2006 [11]. Reproduced with permission 
of Elsevier.
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Liver Disease (MELD) score; both of which have been instru-
mental in helping clinicians assess mortality risk and need of 
transplant.

The CTP score was initially used as a prognostic tool to assess 
mortality risk in patients with liver disease undergoing portal 
hypertension alleviating surgeries [13]. The score includes 
serum bilirubin, albumin, and elevation in prothrombin time 
above control values, the presence of hepatic encephalopathy, 
and ascites. One to three points are assigned for each degree of 
variation amongst these parameters to yield a composite score 
(Table 108.1). A patient is then classified as a class A (5–6 
points), B (7–9 points), or C (10–15 points). With progressive 
disease, CTP score increases denote worse survival.

Prior to 2002, the CTP score was used as the disease severity 
index for the allocation of deceased donor livers. Under that 
system, patients were categorized with a status (2A, 2B, or 3) 
based on their CTP class (B vs C), hospitalization status (home, 
hospitalized, or in the intensive care unit [ICU]), and waiting 
time. Thus, each group contained many patients who were 
further stratified by wait time. Priority for transplant was prin-
cipally based on waiting time and, as a result, available organs 
were allocated to those within a Child class who had less decom-
pensated disease as they had been on the waiting list for a longer 
period. Additionally, the inherent subjectivity of the encepha-
lopathy and ascites variables within the CTP score led to a lack 
of reproducibility between centers. As a result, the transplant 
community sought a more objective disease severity index  
and an allocation system that was driven by disease severity not 
waiting time.

The MELD score is a mathematically derived score that 
incorporates three biochemical markers of hepatic function: 
serum bilirubin, international normalized ratio (INR), and cre-
atinine. It was initially used to predict survival after elective 
transjugular intrahepatic portosystemic shunt placement [14]. 
With worsening hepatic function, the components of the score 
increase, resulting in a higher MELD score, denoting increasing 
severity of liver disease (Figure 108.5). After several studies 

Figure 108.4 Clinical stages of cirrhosis and 1-year outcome probabilities. 
Source: D’Amico et al. 2006 [11]. Reproduced with permission of Elsevier.
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Despite its successes, there are drawbacks to the MELD-
based allocation system. There are clearly some patients who 
are “underserved” by the MELD. These patients typically have 
disease-related mortality that is not reflected by the INR, 
bilirubin, or creatinine, such as those with severe portal hyper-
tension with low MELD, rapid decompensation, or diseases 
that have substantial mortality with a low liver disease severity. 
In order to compensate for this, there have been suggestions 
to modify the MELD score to incorporate serum sodium into 
the equation (for refractory ascites or portal hypertension) or 
to account for acute changes in the MELD score (delta MELD) 
in order to more accurately predict mortality and increase pri-
ority for transplant [18,19]. Hepatocellular carcinoma (HCC) 
complicating liver disease confers a significant mortality risk 
in patients who may have relatively preserved synthetic func-
tion. For that reason, patients with limited stage HCC (stage 2 
or Milan criteria) are offered “exception points” used in lieu of 
the calculated MELD in order to accurately estimate cancer 
related-mortality and prioritize them for transplant. MELD 
exception points are afforded in a variety of disease states that 
are not well represented by the traditional calculated MELD 
[20] (Box 108.3).

Once listed for transplant, a patient needs to be sick enough 
to derive a benefit from the procedure but well enough to 
survive the surgery. Patients listed with very low MELD scores 
require consistent follow-up and comprehensive management 
to prevent waitlist morbidity and mortality. Despite the need for 
expectant management, in most cases this group does not derive 
short-term benefit from earlier transplant when the MELD is 
low. It is not until patients reach a MELD score of 15–17 that 
they derive a 1-year survival benefit from transplant [21].

The evaluation for transplant

The goal of the liver transplant evaluation is to identify the 
patients who will most benefit from transplant and have the best 

validated the MELD score as an objective tool to estimate 
90-day survival in patients with end-stage liver disease, includ-
ing those on the transplant waiting list in February 2002, it was 
adopted by the United Network for Organ Sharing as the pre-
ferred scoring system for organ allocation [15]. In the MELD 
allocation era, those with the highest scores are prioritized for 
transplant and receive organs first regardless of competing 
factors such as etiology of liver disease or list waiting time. 
Utilization of the MELD score as the basis for organ allocation 
has resulted in decreased new wait list registrations, due to 
decreased emphasis on waiting time accrued, decreased waiting 
list mortality, decreased organ waiting time, and increased 
transplant rates [16,17].

Figure 108.5 Estimated 3-month survival as a function of Model for 
End-stage Liver Disease (MELD) score. Source: Wiesner et al. 2003 [109]. 
Reproduced with permission of Elsevier.
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Table 108.1 The Child–Turcotte–Pugh Scoring System and patient survival 
at 1 and 2 years.

Points 1 2 3

Encephalopathy None Minimal Advanced

Ascites None Slight Moderate

Bilirubin (mg/dL) <2.0 2–3 >3.0

Albumin (g/dL) >3.5 2.8–3.5 <2.8

PT prolongation above control 
(seconds)

1–4 5–6 >6

CTP class Score

A 5–6

B 7–9

C 10–15

Survival 1 year 2 years

A 100% 85%

B 80% 60%

C 45% 35%

Box 108.3 Conditions for which Model for End-Stage Liver Disease 
(MELD) exception points are allocated.

Hepatocellular carcinoma
Cholangiocarcinoma
Familial amyloidosis
Primary hyperoxaluria
Hepatopulmonary syndrome
Portopulmonary hypertension
Intractable pruritus
Budd–Chiari syndrome
Cystic fibrosis
Hereditary hemorrhagic telangiectasia
Polycystic liver disease
Recurrent cholangitis
Small for size syndrome
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patients being considered for transplant need to have an ade-
quate social support system. Uncontrolled psychiatric disease is 
a contraindication to transplant. Because many patients with 
liver disease have a history of substance abuse, strict abstinence 
from illicit drugs and alcohol is required prior to and posttrans-
plant. Some centers require abstinence from the use of prescrip-
tion narcotics and tobacco as well, though this is variable. The 
inability to comply with medical advice and instructions also 
represents a contraindication to transplant as it portends 
increased risk of noncompliance with medical regimens in the 
posttransplant setting.

Relative contraindications
Relative contraindications to transplant are often center specific 
and sometimes modifiable (Box 108.5). As our society ages, the 
consideration of transplanting patients with advancing age is 
relevant in most US centers. There is no official age “limit;” 
however, considerable discretion is warranted when transplant-
ing patients over the age of 70 because the risk of comorbid 
conditions, perioperative mortality, and risk for malignancy is 
higher. Many patients seen for liver transplant evaluation are 
overweight or obese according to the body mass index (BMI) 
classification. Studies on this subgroup have demonstrated that 
the 1 and 2-year mortality after transplant is significantly higher 
in those with morbid obesity. Similarly, the 5-year mortality was 
significantly higher in the severely obese and morbidly obese, 
owing to increased adverse cardiovascular events [22]. Because 
of these findings, many centers have established a BMI “cut off ” 
for transplant listing. Portopulmonary hypertension needs to be 
managed by an experienced team who can offer treatment  
to control elevated pulmonary pressures prior to, during, and 
postoperatively. Similarly, advanced hepatopulmonary syn-
drome with significant shunting and hypoxemia may represent 
a relative contraindication to transplant, as there is concern for 

chance for long-term survival. Likewise, the transplant evalua-
tion serves to identify modifiable complications of liver disease, 
evaluate conditions that may impact the outcome of the trans-
plant, and assess for potential contraindications to the proce-
dure. The evaluation process is multidisciplinary and involves 
thorough medical, psychiatric, social, and financial screening 
(Figure 108.6, Box 108.4). Once the requisite consultations and 
testing are completed, a committee usually comprised of trans-
plant hepatologists, transplant surgeons, transplant coordina-
tors, psychiatrists, and social workers convenes to determine 
who is most appropriate for listing. Once it is decided that a 
patient is a good candidate for transplant, they are placed on the 
national United Network for Organ Sharing waiting list.

Absolute contraindications to liver 
transplantation
In choosing appropriate candidates, it is critical to exclude those 
with nonhepatic disease that confer a significant independent 
mortality risk (Box 108.5). For example, patients with severe 
cardiopulmonary disease, including pulmonary hypertension, 
or other severe comorbidities may be at high risk for operative 
and postoperative death. Transplant is contraindicated in those 
with uncontrolled or advanced hepatocellular carcinoma, as 
rates of recurrence are high. Most US centers require that 
patients with nonhepatic prior malignancy have a period of 
recurrence-free survival prior to transplant or a very low antici-
pated recurrence rate (i.e., high expectation of oncological cure) 
based on the type of tumor and stage. Active, uncontrolled 
infection, particularly with resistant bacteria or fungi, at the 
time of transplant is associated with poor survival.

Psychosocial contraindications to transplant are often not as 
clear cut as medical contraindications but remain equally as 
important. Because the process of transplant from evaluation 
through to the postoperative setting is extremely stressful, 

Figure 108.6 Multidisciplinary approach to liver transplant evaluation.

Hepatology Evaluation
• Review of medical records to ensure appropriate
   indications for transplant.
• Develop management plan for complications of
   liver disease
• Assess for comorbid conditions

Psychosocial Evaluation
• Assess for history of substance abuse (alcohol,
   illicit drugs, narcotics)
• Determine duration of abstinence
• Determine need for rehabilitation services
• Assess for compliance
• Assess care team both pre- and posttransplant
• Financial planning

Diagnostic Evaluation
• See Box 108.4

Multidisciplinary Team

Surgical Evaluation
• Review medical records and imaging to determine
   technical feasibility of transplant (vascular 
   thrombosis, prior surgery)
• Assess for other surgical alternatives (resection for
   malignancy, portosysteic shunting)
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Typically, these issues can be identified prior to surgery with 
multiphase cross-sectional imaging studies. When identified, a 
plan for early hepatectomy to avoid long cold ischemia times or 
utilizing vascular grafts can mitigate these risks.

Wait list management and delisting
Despite the extensive work up during transplant evaluation, 
once on the waiting list patients must continue to be surveyed 
for complications related to end-stage liver disease. The trans-
plant team should regularly evaluate patients for changes in 
their medical and psychosocial circumstances. This includes 
regular assessment of the MELD score, standard screening  
for the presence of esophageal or gastric varices and prophy-
laxis as needed, biannual surveillance for hepatocellular car-
cinoma, and appropriate prophylaxis for spontaneous bacterial 
peritonitis.

When a patient’s condition has changed such that they might 
not survive a transplant or derive a benefit from transplant, the 
team may decide to temporarily or permanently inactivate a 
patient from the transplant list. Examples of interval develop-
ment that would warrant removal from the list are resistant 
bacterial or fungal infections, ongoing sepsis requiring vaso-
pressors, need for mechanical ventilation (particularly with a 
high FiO2 requirement), or the requirement for hemodialysis. 
In rare cases, removal from the transplant list can occur because 
the candidate’s condition has improved to a point where trans-
plant is no longer warranted.

prolonged mechanical ventilation posttransplant. Uncontrolled 
psychiatric disease is a strict contraindication to transplant, and 
those with preexisting psychiatric illness need to be under the 
care of a mental health professional and have their disease well 
controlled prior to being considered for transplant. HIV infec-
tion was previously considered an absolute contraindication to 
transplant; however, improved treatment of HIV has allowed 
liver transplantation to be effective under some conditions [23]. 
Patients with HIV should be referred to a transplant center with 
expertise in managing the specific issues related to the HIV 
infection both pre- and posttransplant. Relative technical con-
traindications increase the risk and complexity of the transplant 
operation. These include extensive prior abdominal surgery, 
intraabdominal hardware (particularly if previously infected), 
or extensive portal and/or mesenteric vessel thrombosis. 

Box 108.4 Diagnostic evaluation for liver transplant.

• Laboratory evaluation
○ Electrolytes, liver function tests, complete blood count, 

coagulation studies, hepatitis serologies, markers for autoimmune, 
inherited and metabolic liver diseases, blood typing with antibody 
screen, rapid plasma reagin, Epstein–Barr virus, cytomegalovirus, 
HIV testing, thyroid function studies

• Radiology evaluation
○ Abdominal sonogram with Doppler
○ Contrast-enhanced abdominal imaging
○ Bone density scan
○ Computed tomography scan of the chest (if hepatocellular 

carcinoma)
○ Nuclear bone scan (if hepatocellular carcinoma)

• Cardiac evaluation
○ Electrocardiogram
○ Echocardiogram (with agitated saline injection to evaluate for 

intrapulmonary shunting)
○ Nuclear stress test (if age >45 or cardiac risk factors are present)
○ Coronary catheterization (if stress test is abnormal or high risk for 

cardiac disease)
○ Right heart catheterization (if elevated pulmonary pressures on 

noninvasive studies)
○ Cardiology consultation

• Pulmonary evaluation
○ purified protein derivative testing
○ Chest x-ray
○ Pulmonary function testing
○ Room air arterial blood gas
○ Shunt fraction study if evidence of intrapulmonary shunt
○ Pulmonary consultation

• Neurological evaluation
○ Carotid Doppler if age >60
○ Neuroimaging and neurology consultation if history of 

neurological disorder
• Age-appropriate cancer screening

○ PAP smear
○ Mammogram
○ Colonoscopy
○ Prostate specific antigen

Box 108.5 Contraindications to liver transplantation.

Absolute contraindications
Severe, irreversible comorbid medical illness that adversely impacts 
short-term life expectancy
Severe pulmonary hypertension (mean pulmonary artery pressure 
≥50 mmHg)
Extrahepatic malignancy (excluding some skin cancers)
Extensive hepatocellular carcinoma or with macrovascular or lymph 
node invasion
Cholangiocarcinomaa

Uncontrolled systemic sepsis
Inadequate social support
Active alcohol and/or drug abuse
Unacceptable risk of recidivism
Severe uncontrolled psychiatric disease

Relative contraindications
Advanced age (>70 years)
Moderate pulmonary hypertension (mean pulmonary artery pressure 
between 35 and 50 mmHg)
Severe hepatopulmonary syndrome with Pao2 ≤50 mmHg
Severe obesity (body mass index ≥35)
Extensive portal vein and mesenteric vascular thrombosis
HIV/AIDSa

a Liver transplant has been performed at some centers under specific 
protocol.
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for meaningful recovery, but who do not meet the technical 
criteria of brain death can still be considered donors after a 
sudden cardiac death depending on the consent of the next of 
kin. This type of donor is termed a donation after cardiac death 
(DCD, previously termed nonheart beating donors). Some 
centers report acceptable outcomes with DCD grafts when 
ischemia time is minimized [24]. These reports have led to a 
slight increase in the use of DCD organs, despite concerns  
over high rates of primary graft nonfunction, biliary ischemia, 
and need for retransplant due to prolonged ischemia to the 
graft [25].

The regenerative capacity of the liver allows for expansion of 
the donor pool by two mechanisms – split liver transplants and 
living donor liver transplants. Partial, or split, liver allografts 
allow for one adult deceased donor organ to be used for two 
recipients. Typically, split allografts benefit one pediatric patient 
(left hepatic lobe or left lateral hepatic lobe) and one adult 
patient (right lobe) [26]. Reports suggest that graft failure fol-
lowing split liver transplant is increased only when these grafts 
are used in cases of fulminant hepatic failure and malignancy, 
which suggests that outside of these diagnoses split transplanta-
tion use should be expanded [27]. Following transplant with 
split allografts 1-, 5-, and 10-year patient and graft survivals in 
adult recipients have been reported to be as high as 95.5%, 
89.5%, and 89.5%, respectively [28].

Success with split liver transplants led to the emergence of 
living donor liver transplantation as an important way to 
provide recipients with access to liver grafts. Careful attention 
is taken with evaluation of potential live donors to ensure 
adequate social support, good general health, and appropriate 
anatomy . In general, a graft to recipient weight ratio of 
>0.8% is necessary to ensure adequate mass to the donor. In 
2012, 246 living donor transplants were performed in the 
USA [1]. While there are several benefits to live donor trans-
plant, the most compelling are that it offers a recipient access 
to an organ earlier in their disease course and might prevent 
a complication of end-stage liver disease or even death. 
Additionally, a live donor transplant frees the recipient from 
the waitlist, allows for an “elective” transplant with reduced 
ischemic time to the organ and a potential healthier organ 
from a well-evaluated donor.

The Adult to Adult Living Donor Liver Transplantation 
Cohort Study (A2ALL) is a consortium of nine major US trans-
plant centers that have pooled their data on donors, recipients, 
and outcomes in an effort to study the short and long-term 
effects of living donor transplantation. Outcomes of those 
undergoing living donor transplants demonstrate equal to slight 
improvement over those undergoing deceased donor trans-
plants. One of the early publications of this group showed that 
adults undergoing living donor liver transplantation had a lower 
mortality than the than those who remained on the list waiting 
for a deceased donor transplant [29]. Interestingly, outcomes of 
living donor transplant and complications related to living 
donor transplant strongly depend on center experience, such 

Organ allocation
When a potential organ donor is identified, the local organ 
procurement organization (OPO) is notified and begins to par-
ticipate in the specialized care and direction of the donor organs. 
The OPO staff obtains a detailed medical history and runs 
testing for potentially transmissible diseases. The recipient with 
a compatible blood type and most medical urgency, or highest 
MELD sore, in that OPO local area or region is the first offered 
the donor organ. The accepting transplant team has a limited 
amount of time to consider the information obtained about the 
donor and consider the likelihood of a suitable match between 
the pair. If the transplant team accepts the organ, a procurement 
team is deployed to harvest the organ in a timely manner. If the 
transplant team turns down the organ, it is offered to the next 
candidate on the waiting list until it is accepted.

Expanding the donor pool
While the outcomes for liver transplantation continue to 
improve, the field is limited by the availability of donor organs. 
Every year, thousands of potential recipients die while on the 
waiting list due an inadequate supply of organs. In an effort to 
address this limiting factor, many centers encourage patients to 
pursue living donor or extended criteria donor organs (Box 
108.6). Extended criteria donor organs are those that confer 
some additional risk to the recipient such as a risk of illness 
transmission or risk of initial or long-term inferior function. 
Typically these organs come from older donors, donors with a 
history of exposure to viral hepatitis or other infection, prior 
cured malignancy, history of high-risk social behavior thought 
to be a risk factor for transmissible disease, partial grafts or 
donor organs that are procured after cardiac death (in contrast 
to brain death).

Most deceased donor organs fall into the category of brain 
dead donors. These are donors that have suffered a devastating 
and irreversible neurological injury that results in loss of all 
brain and brainstem function. Some suffering severe neuro-
logical injury or other critical illness without reasonable chance 

Box 108.6 Expanding the donor pool.

• Extended criteria donor organs:
○ Exposure to hepatitis B, C
○ Exposure to syphilis, HTLV I/II
○ CDC high risk
○ Prior Malignancy
○ Older age (>60)
○ Steatotic graft (30% macrosteatosis)
○ Split grafts
○ Prolonged cold ischemic time (12 h)
○ Donor hypotension requiring vasopressor support
○ Abnormal liver enzymes in donor due to cardiac arrest, 

hypotension, or trauma
Nonheart beating donors (donation after cardiac death)

• Living donor liver transplantation
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Recidivism after transplant is common with a reported inci-
dence of up to 30% [35]. Interestingly though, significant drink-
ing leading to graft dysfunction is exceedingly rare and patients 
transplanted for alcohol-related liver disease have outcomes that 
are comparable to other indications for transplant. There are 
some data to suggest that recidivism impairs long-term (10-
year) outcomes in those transplanted for alcohol-related liver 
disease. However, this is most likely related to increased cardio-
vascular events or malignancies, not graft malfunction [36].

Hepatitis C
Cirrhosis due to chronic hepatitis C virus (HCV) infection is 
the leading indication for liver transplantation in the USA, 
Europe, and Japan (Figure 108.1). Despite advances in thera-
peutics for those infected with HCV, most patients who undergo 
transplant do so with actively replicating virus. Without viral 
eradication prior to transplant, liver grafts universally become 
reinfected immediately after transplant [37]. In the posttrans-
plant setting, HCV infection has an accelerated course and is 
associated with high rates of graft dysfunction, high rates of 
graft loss, and with decreased survival overall survival [38–40]. 
Up to 20% of patients with recurrent HCV will progress to 
histological cirrhosis within 5 years after transplant [41].

Graft failure due to recurrent HCV is a major source of mor-
bidity and mortality. When graft failure ensues, retransplanta-
tion can be considered. Unfortunately, patients undergoing 
retransplantation for recurrent HCV have inferior outcomes. 
Many centers will consider retransplantation; however, some 
centers consider retransplant for HCV recurrence to be a con-
traindication especially if graft failure occurred rapidly, for 
example within the first year.

Given these very high recurrence rates, the challenge for the 
transplant physician is to determine the most appropriate 
timing of HCV treatment in an effort to alleviate the burden of 
recurrent HCV. The challenge of treating HCV prior to trans-
plant in those with decompensated disease is that the currently 
available interferon-based regimens are difficult to tolerate from 
a symptomatic perspective. In those with only minimal decom-
pensation, attempts at pretransplant therapy have been success-
ful using modified dosing strategies [42]. Likewise, posttransplant 
therapy is complicated by significant drug–drug interactions 
that may render immunosuppressive drugs toxic. The availabil-
ity of newer oral direct-acting antiviral regimens offers promise 
in this area so that patients may soon have the ability to have 
HCV eradicated before or directly after transplant without his-
torical problems related to treatment tolerability.

Hepatitis B
Until the mid 1990s, liver transplantation for chronic hepatitis 
B was highly unsuccessful with recurrence of hepatitis B virus 
(HBV) in the liver allograft occurring in up to 80% [43]. This 
recurrence was highly associated with graft dysfunction and 
high mortality due to the development of a fibrosing cholestatic 
hepatitis. The advent of hepatitis B immune globulin (HBIG) 

that those centers who performed more than 20 living donor 
surgeries have improved outcomes and reduced complications 
[29,30].

Although living donor transplantation is associated with 
excellent outcomes, the use of this technique is somewhat 
limited, as it requires the presence of a distinct donor team. Just 
as for potential recipients, potential donors must undergo an 
intense medical, surgical, and psychological evaluation, a deter-
mination of anatomic suitability, and must demonstrate a clear 
understanding of the risks associated with the procedure. The 
procedure requires two highly skilled surgical teams working in 
concert to achieve excellent outcomes for the donor and recipi-
ent. Risks to donors, although small, include infection, biliary 
leak/stricture, need for transplant, and death, with the latter two 
risks being rare (<1%).

Disease-specific considerations

Alcohol-related liver disease
Alcohol-related liver disease represents the most common cause 
for cirrhosis in the USA. It is not, however, the most common 
cause for liver transplantation in the USA. Transplantation for 
those suffering from alcoholism is controversial and has repre-
sented an ethical dilemma for the transplant community [31]. 
Active alcohol use represents a contraindication to transplanta-
tion in most US centers. Generally, an arbitrary period of absti-
nence is required in order to consider someone “cleared for 
transplant.” There is a dearth of data to support any specific 
timeframe for abstinence. It is well known, however, that a 
longer period of abstinence decreases the risk of return to 
problem drinking following transplant [32]. Many centers 
choose to follow a 6-month abstinence policy [33]. During this 
6-month period, most centers will expect candidates to engage 
in some form of relapse prevention therapy. This 6-month 
period serves another purpose – to allow for hepatic recovery 
because occasionally some with decompensated alcohol-related 
liver disease will “recompensate” after a period of abstinence, 
making transplant unnecessary. In those who do achieve a 
6-month sobriety, the transplant team generally mandates 
ongoing relapse prevention in order to decrease the risk of 
recidivism.

Alcoholic hepatitis is a severe form of alcohol-related liver 
disease that is associated with high rates of morbidity and mor-
tality. Because it is a condition that results from acute, recent 
intake of large quantities of alcohol, it has generally been 
regarded as a contraindication to transplant. Data from a pro-
tocol that evaluated the role of early liver transplant for those 
suffering from acute alcoholic hepatitis demonstrated that with 
a rigorous selection process there was improved survival with 
early transplant as compared to medical management [34]. It is 
unclear as to whether the transplant community will adopt this 
indication, but importantly this study served to show that out-
comes for this indication were good.
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It can dramatically impair quality of life to a point that addi-
tional MELD exception points can be assigned when the native 
MELD score is low. Bone disease should be treated aggressively 
so that these patients are not at increased risk of morbidity 
related to fracture pre- and posttransplantation.

The Mayo Risk Score is a model developed in the late 1980s 
that incorporates a patient’s age, total bilirubin, serum albumin, 
prothrombin time, and severity of edema in order to predict 
survival in patients with PBC [51]. This score is helpful to deter-
mine which patients should be considered for transplant evalu-
ation such that patients with a Mayo Risk Score that denotes 
>10% 1-year mortality risk should be sent for transplant evalu-
ation. Outcomes of transplantation for PBC are favorable, with 
survival rates at 1, 5, and 10 years reported as 83%, 78%, and 
67%, respectively [52]. Similar to PSC, PBC recurs in up to 20% 
following transplant.

Hepatocellular carcinoma
Hepatocellular carcinoma is an increasingly common indica-
tion for liver transplant. When resection of a primary tumor is 
not feasible due to anatomic location, portal hypertension, or 
multifocal disease, liver transplant is an excellent option to 
provide cure. Those with limited-size HCC can undergo trans-
plantation with a low recurrence rate and good long-term out-
comes. A landmark study by Mazzaferro and colleagues showed 
that the 4-year survival after transplant was 75% and the 
recurrence-free survival was 83% if the tumors met the “Milan” 
criteria (one lesion ≤5 cm, or two to three lesions each ≤3 cm) 
[53]. Other groups have demonstrated that patients with 
slightly larger tumor burdens can still have good outcomes 
after transplant [54].

Patients presenting with HCC sometimes have preserved 
hepatic synthetic function and consequently low calculated 
MELD scores. In an effort to have the MELD score represent 
their mortality related to the presence of cancer, they are allo-
cated MELD exception points that increase every 3 months until 
the MELD score is high enough to yield an allograft opportu-
nity. Despite this advantage, waiting times are long due to 
limited organ availability. Patients are at risk of having HCC 
progress; therefore, it is crucial for transplant centers to be 
aggressive about treating HCC lesions in listed patients. Various 
modalities of locoregional therapy, such as ethanol ablation, 
radiofrequency ablation, radiotherapy, bland transarterial 
embolization, or chemoembolization, can be employed in order 
to reduce tumor burden. In patients with disease that exceeds 
the Milan criteria, there are data to support the downstaging of 
tumors via locoregional techniques with the ultimate goal of 
transplantation [55]. In patients who are successfully down-
staged to within the Milan criteria, MELD exception points can 
be granted.

Cholangiocarcinoma
Cholangiocarcinoma (CCA) is an aggressive malignancy of the 
biliary epithelium. The disease is almost uniformly fatal, with a 

and highly effective oral antiviral medications has allowed for 
those undergoing transplant for HBV-related disease to experi-
ence survival rates that are amongst the best of all liver trans-
plant recipients (5-year survival 76%) [44].

The ability to suppress the hepatitis B virus with antiviral 
medications that have a high genetic barrier to resistance is 
critical in preventing graft reinfection. Generally, these medica-
tions are well tolerated and have minimal interactions with 
transplant-specific medications, making them easy to adminis-
ter in the pre- and posttransplant settings. The newer agents 
with improved potency may even minimize or negate the need 
for HBIG in select patients [45].

Cholestatic liver disease
Primary sclerosing cholangitis (PSC) is an immune-mediated 
disease of the extra- and intrahepatic bile ducts. Multifocal 
stricturing of the biliary tree can lead to bile flow obstruction 
and recurrent episodes of cholangitis that result in increased 
morbidity and mortality. In this patient population, the repeated 
bouts of cholangitis are the most common indication for trans-
plantation. Because this disease primarily affects the biliary 
system, patients with PSC may have relatively preserved hepatic 
synthetic function – leading to a low calculated MELD score so 
they are at a disadvantage with MELD-based allocation. As a 
result, MELD exception points are allocated to individuals with 
documented episodes of cholangitis or who undergo repeated 
endoscopic retrograde cholangiopancreatography (ERCP) with 
intervention.

Disease recurrence following liver transplant for PSC is 
reported in up to 20% of those transplanted [46]. Despite this, 
there is no specific recommendation regarding prevention of 
disease recurrence. Because PSC is an immune-mediated 
disease, many centers may elect to augment immunosuppressive 
regimens in an effort to decrease risk of recurrence.

Importantly, up to 90% of those with PSC may have coexist-
ing inflammatory bowel disease (IBD). The incidence of color-
ectal cancer is higher in those with PSC and IBD than those 
with IBD alone [47]. Consequently, patients with this diagnosis 
should undergo routine endoscopy both pre- and posttrans-
plantation. Posttransplantation, the risk of malignancy is even 
higher owing to effects of immunosuppression [48]. Another 
important consideration in this population is that patients with 
PSC have a heightened risk of developing cholangiocarcinoma 
[49]. Patients with cholangiocarcinoma have inferior outcomes 
if they undergo liver transplant due to aggressive recurrence of 
the malignancy. Under certain specialized protocols, those with 
limited cholangiocarcinomas may undergo successful trans-
plant (see Section Cholangiocarcinoma) [50].

Patients with primary biliary cirrhosis (PBC) can experience 
the typical portal hypertensive complications of end-stage liver 
disease. Additionally, they develop disease-specific complica-
tions such as extreme fatigue, intractable pruritus, metabolic 
bone disease, and xanthelasmas. Pruritus can be a devastating 
symptom resulting in skin excoriation and constant discomfort. 
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copper overloading in the liver, brain, and eye. Patients with this 
disorder can present with either chronic liver disease or an acute 
fulminant liver disease. Brain disease usually presents with neu-
ropsychiatric symptoms. In those with an acute presentation, 
liver transplantation is necessary as the disease is uniformly 
fatal without it. Survival after transplant is excellent with 1-, 3-, 
and 5-year survival reported at 89.1%, 82.9%, and 75.6% [59]. 
After transplant, neuropsychiatric symptoms can improve.  
It is important to perform comprehensive neurological and psy-
chiatric assessment prior to transplantation, as patients with 
neuropsychiatric symptoms can have decreased survival after 
transplant.

NAFLD is an increasingly prevalent condition, causing end-
stage liver disease and hepatocellular carcinoma. Studies indi-
cate that in the USA, the prevalence of NAFLD is as high as 46% 
in the general population [60]. In 2001, NAFLD accounted for 
1.2% of liver transplants and has risen steadily such that in 2009 
it accounted for 9.7% of all transplants, and is thought to be on 
trajectory to be the leading indication for liver transplant in the 
future [61]. Survival after transplant for NAFLD is comparable 
to survival for other indications with 1- and 3-year survival 
reported at 84% and 78% [61]. Because NAFLD is associated 
with the metabolic syndrome, it is essential to carefully screen 
patients for conditions such as cardiovascular disease, renal 
disease, insulin resistance, diabetes, and hyperlipidemia during 
the transplant evaluation, as these conditions are associated 
with an independent risk of mortality.

Autoimmune hepatitis
Autoimmune hepatitis can present with acute liver dysfunction 
or with chronic progressive liver disease. The outcomes after 
transplant for autoimmune hepatitis are favorable compared to 
outcomes for other disease entities; however, age at transplant 
greater than 50 has been associated with impaired survival [62]. 
Postoperatively, episodes of acute cellular rejection are more 
common in those with autoimmune liver disease [63]. Because 
autoantibodies persist after transplant, recurrent disease is wit-
nessed in up to one-third of patients [64]. Recurrent disease is 
usually treated with an enhanced immunosuppression regimen 
that includes steroids, but can lead to progressive graft dysfunc-
tion and impact survival [63,65]. Despite this observation, there 
is no universally accepted immunosuppressive regimen to 
prevent recurrence of disease; however, many centers elect to 
continue a higher-dose immunosuppressive strategy in this 
population.

Fulminant hepatic failure
Fulminant hepatic failure (FHF), or acute liver failure, is the 
rapid development of liver dysfunction marked by the presence 
of encephalopathy, coagulopathy, and jaundice in someone 
without known preexisting liver disease. In 2012, FHF accounted 
for less than 10% of all transplants done annually in the USA, 
with acetaminophen toxicity representing approximately half of 
those cases [66]. Patients with FHF of any etiology can rapidly 

median survival of 9–12 months. Even when CCA is thought to 
be resectable, local recurrence is common. This disease is most 
common amongst those with PSC and often times their disease 
is multifocal in conjunction with cirrhosis, making the risk of 
postoperative hepatic decompensation a significant concern. 
With high rates of recurrence posttransplant and low long-term 
survival rates, CCA has been a contraindication to transplanta-
tion in most centers.

Select patients with hilar cholangiocarcinomas have success-
fully undergone liver transplantation under a protocol that con-
sists of staging exploratory laparoscopy, preoperative external 
beam radiation, and/or brachytherapy and chemotherapy fol-
lowed by transplantation [50]. With this new protocol, 88% of 
patients were alive 1 year after transplantation and 82% were 
alive at 5 years. Survival was higher in those with negative pre-
transplant staging operations. Given the laborious nature of this 
regimen, orthotopic liver transplant in this setting should be 
performed at a center experienced with a clinical protocol  
for CCA.

Inherited/metabolic liver disease
α-1-Antitrypsin deficiency, glycogen storage diseases (type I, 
III, and IV), tyrosinemia, cystic fibrosis, porphyrias, familial 
amyloidosis, familial hypercholesterolemia, Crigler–Najjar syn-
drome, primary hyperoxaluria, hereditary hemochromatosis, 
Wilson disease, and nonalcoholic fatty liver disease (NAFLD) 
are disorders that can lead to end-stage liver disease or extrahe-
patic disease originating from a liver defect. Transplantation has 
been performed successfully for these conditions. All of these 
diseases is can manifest with extrahepatic conditions that need 
to be closely evaluated prior to transplantation in order to avoid 
complications. The most notable complications of some of these 
diseases are discussed here.

α-1-Antitrypsin deficiency is a cause of panlobular pulmo-
nary emphysema and liver disease in those with the PiZZ  
phenotype. Outcomes following liver transplantation for α-1-
antitrypsin deficiency are excellent with 1-, 3-, and 5- years 
survival reported at 89%, 85%, and 83% [56]. Because of coex-
istent emphysema, patients with this diagnosis should undergo 
a thorough pulmonary evaluation prior to transplant to exclude 
lung disease that might prohibit safe transplant.

Hereditary hemochromatosis is a disorder of iron overload 
that can result in cirrhosis, HCC, cardiomyopathy, and diabetes. 
The survival after transplant for hereditary hemochromatosis is 
low compared to transplant for other diseases, with 1-, 3-,  
and 5-year survival rates of 64%, 48%, and 34% [57]. These 
lower than expected survival rates may be attributed to increased 
rates of infectious and cardiac complications seen in this popu-
lation [58]. Given these poor outcomes, patients identified  
as having hereditary hemochromatosis should be thoroughly 
evaluated for cardiac iron overload and cardiomyopathy prior 
to transplant.

Wilson disease is a rare condition in which an abnormal 
protein product leads to impaired copper metabolism and 
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ity. This priority allows rapid transplant prior to the onset of 
cerebral edema. Transplant outcomes for FHF are excellent, and 
often surpass outcomes for those transplanted for chronic liver 
diseases [71].

Liver transplant immunosuppression

Allograft rejection is an important cause of graft dysfunction 
and graft loss. The process of rejection begins when the host 
recognizes a foreign antigen. This initiates a cascade of T-cell 
activation and proliferation that ultimately results in graft 
inflammation and damage. The goal of immunosuppressive 
therapy in liver transplantation is to provide protection against 
rejection to the allograft while minimizing side-effects of the 
medications.

While steroid therapy has been the backbone of immunosup-
pressive therapy, significant side-effects and concern of aggres-
sive recurrent HCV make steroid use less desirable and many 
centers elect to taper steroids off during the first year posttrans-
plant. Initially, most programs use a combination of a cal-
cineurin inhibitor, an antiproliferative agent, and tapering doses 
of steroids. This combination has been shown to be effective  
at preventing acute rejection, lower the risk of progressive  
renal disease, and death [72]. Antibody therapy against other 
components of the rejection pathway, such as T-cell antigens 
and interleukin receptors, offers an alternative strategy to delay 
introduction of calcineurin inhibitors or treat rejection episodes 
(Table 108.3).

Posttransplant complications (Figure 108.7)

Early complications
Hemorrhage
Bleeding in the immediate posttransplant setting is common-
place. Most patients have some degree of coagulopathy and 
thrombocytopenia that predisposes them to bleeding risk. The 
liver allograft may be slow to function so that these bleeding 
diatheses may not correct immediately. That coupled with the 
complex nature of the surgical procedure, namely the multiple 
vascular anastomoses, enhance the risk for immediate postop-
erative bleeding. Typically, patients should be resuscitated with 
packed red blood cells, fresh frozen plasma, and cryoprecipitate 
until obvious bleeding subsides. Often patients will require a 
few transfusions over the first two postoperative days. 
Approximately 10%–15% of patients will require reoperation for 
massive transfusion requirement, hemodynamic instability, or 
dropping urine output.

Primary graft nonfunction
Primary nonfunction (PNF) of the liver graft occurs in up  
to 10% of cases and is marked by hepatic encephalopathy, 
hemodynamic instability, elevated serum transaminases,  

become critically ill and should be referred to a transplant 
center for liver transplant evaluation emergently. While some 
patents will recover hepatic function, some causes of FHF are 
uniformly fatal without a liver transplant.

The Kings College Criteria and the Clichy Criteria (Table 
108.2 and Box 108.7) are clinical predictor tools devised to help 
clinicians determine which patients with FHF have the potential 
to recover without transplant and which patients will require 
transplant [67,68]. The MELD score has also been validated in 
this setting [69,70]. While these prognostic models can be 
helpful, they do not replace sound clinical judgment. Because 
this disease can be highly fatal without early access to trans-
plant, patients with FHF are given the highest priority (Status 
1) for transplantation. Status 1 patients go before any MELD 
score and are offered regional, rather than local, organ availabil-

Table 108.2 Kings College prognostic criteria for fulminant hepatic failure. 
Source: O’Grady et al. 1989 [67]. Reproduced with permission of Elsevier.

Prognostic factor Predicted mortality rate (%)

Acetaminophen induced fulminant liver failure a

pH < 7.3 95

Grade 3 or 4 encephalopathy 67

Prothrombin time >35 s

Serum Creatinine >3.5 mg/dL

Nonacetaminophen induced fulminant liver failure b

Prothrombin time >35 s 100

Age <10 or >40 years 96

Bilirubin >17.5 mg/dL 93

Jaundice for >7 days prior to 
encephalopathy

97

Unfavorable etiology:
Idiosyncratic drug reaction
Wilson disease
Non-A, non-B hepatitis
Halothane hepatitis

90

a Liver transplantation is indicated for pH < 7.3 irrespective of the 
grade of encephalopathy, or prothrombin time >35 s and creatinine 
>3.5 mg/dL with grade 3 or 4 encephalopathy
b Liver transplantation is indicated for prothrombin time >35 s or any 
three of the remaining variables irrespective of the grade of 
encephalopathy

Box 108.7 Clichy criteria. Data from Bernuau et al. 1986 [68].

Liver transplant recommended if:
Grade 3 or 4 encephalopathy
AND
Factor V level < 20% of normal in patients <30 years of age
Factor V level < 30% of normal in patients >30 years of age
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Hepatic artery thrombosis
Hepatic artery thrombosis (HAT) is an important cause of graft 
loss and mortality. The incidence of HAT is variable but is 
reported to complicate up to 15% of liver transplants. The inci-
dence of HAT has improved over time (6.9% in time period 
1982–1996 versus 3.8% in time period 1993–2006) owing to 
improved surgical technique [75]. The cause for HAT is largely 
related to small-diameter vessels, vessel size mismatch, arterio-
sclerosis of vessels, a complex vascular reconstruction, clamping 
of vessels, and resultant vessel wall hematoma. Occasionally, 
vascular steal phenomenon and sluggish flow due to proximal 
stenosis can lead to HAT. Size is likely to be a key determinant 
as the incidence of HAT is much more common in the pediatric 
population than in the adult population (8.3% vs 2.9%).

The clinical presentation of HAT can be varied – it can be 
marked by transaminitis, massive hepatic ischemia/necrosis, or 
it can be clinically silent, especially if it occurs later posttrans-
plant. Without prompt recognition, HAT can lead to bile duct 
ischemia, hepatic necrosis, and graft failure. The biliary tree 
blood supply is derived from branches of the hepatic artery so 
disruption can lead to compromise of biliary anastomoses, 
biliary strictures, chronic cholangitis, biliary abscesses, sepsis, 
and death. One-year graft survival of those with HAT is reported 
at 50%. Protocol ultrasound surveillance may detect early HAT 
and significantly decrease the incidence of biliary complications 
and graft loss [76].

Early revascularization is the preferred treatment of HAT. 
Once HAT is identified, attempts can be made to reestablish 
arterial flow less invasively via interventional radiology or inva-
sively with surgical thrombectomy and vessel repair. Because of 
the devastating consequences that HAT has for the allograft, 
emergent retransplantation is another option that potentially 
avoids the biliary sequelae of the initial insult to the graft; 
however, retransplantation is associated with poor 1-year graft 
survival (20%–60%).

Portal vein thrombosis and hepatic vein thrombosis
Portal vein thrombosis (PVT) occurs in less than 1% of liver 
transplant recipients. Acute PVT can lead to rapid graft mal-
function and a clinical picture that mimics fulminant liver 
failure. Delayed PVT leads to complications of portal hyper-
tension such as variceal bleeding or development of ascites. 
The factors that are thought to predispose to PVT in the post-
transplant setting are having pretransplant PVT, hypercoagu-
lable state, perioperative hypotension, large portosystemic 
collaterals causing decreased portal venous flow and stasis, size 
mismatch, redundancy of the vessel, and graft fibrosis causing 
a impediment to good portal flow. Treatment for PVT largely 
depends on the acuity of the presentation. Acute portal vein 
clots can be managed with surgical exploration and thrombec-
tomy. Alternatively, placement of transjugular intrahepatic  
portosystemic shunt coupled with thrombolysis, anticoagula-
tion, or retransplantation has been utilized in some cases. 
Management of chronic portal vein thrombosis is aimed more 

Table 108.3 Common side-effects of immunosuppression.

Drug Side-effect

Steroids Fluid retention
Diabetes
Hyperlipidemia
Hypertension
Mood changes
Acne
Fat maldistribution
Impaired wound healing
Vision changes
Cataracts
Bone disease
Adrenal insufficiency
Susceptibility to infection

Calcineurin inhibitors
Tacrolimus
Cyclosporine

Nephrotoxicity
Hypertension
Alteration in mental status
Neuropathy
Tremor
Seizure
Visual changes
Hyperkalemia
Hypomagnesemia
Diabetes

Mammalian targets of 
rapamycin (MTOR) inhibitors

Sirolimus
Everolimus

Hepatic artery thrombosis
Impaired wound healing
Incisional hernia
Hyperlipidemia
Rash
Proteinuria
Oral ulcers
Marrow suppression

Inhibitors of purine and 
pyrimidine synthesis

Mycophenolate mofetil
Mycophenolic acid
Azathioprine

Marrow suppression
Gastrointestinal upset
Teratogenic effects
Pancreatitis

coagulopathy, hypoglycemia, scant or absent bile production, 
renal failure, metabolic acidosis, and hypothermia. The etiology 
of this condition is incompletely understood; however, it is 
likely multifactorial with contributions from donor factors 
(such as prolonged cold ischemia, steatosis, older age, hyper-
natremia, postcardiac death), preservation factors, reperfusion 
injury, or immunological response to the implanted organ. 
Emergent retransplantation for PNF was initially shown to be 
associated with lower survival rates. More recent data suggest 
that patient survival rates after retransplantation for PNF are 
comparable to retransplant for other indications, with 1-, 5-, 
and 10-year survival rates reported at 66%, 60%, and 48% 
respectively [73,74]. Both PNF and hepatic artery thrombosis 
leading to graft failure within a week posttransplant can be listed 
at the highest priority for transplant, United Network for Organ 
Sharing status 1.
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cally causes a more diffuse and multifocal stricturing process. 
In the early days, 70% of biliary complications returned to the 
operating room for definitive management, but now the major-
ity of anastomotic site strictures are effectively managed through 
ERCP with dilation and stent placement at the level of the stric-
ture. Commonly, repeated dilations and stentings are required 
to open up the stricture. Using endoscopic techniques, success 
in stricture management has been reported in 62% of deceased 
donor recipients and 75% of living donor recipients [78]. Those 
who have a choledochojejunostomy as the biliary anastomosis 
may require use of a double balloon endoscopy to access the 
anastomosis or alternatively percutaneous transhepatic drain-
age and stenting [79,80].

Biliary leaks occur less frequently than biliary strictures and 
typically occur early in the posttransplant period. In those 
recipients of a whole deceased donor graft, biliary leaks are most 
common at the anastomosis site and can present with localized 
bilomas or more diffuse bile peritonitis. In recipients of living 
donor partial grafts or split liver grafts, bile leaks can also occur 
along the cut edge of the liver. Clinically, biliary leaks present 
with abdominal pain, fever, elevated serum bilirubin, bilious 
drain output, and imaging that suggests ascites or fluid collec-
tion that is compatible with biloma. Cholangiogram during 
ERCP can demonstrate extravasation of contrast at the site of 
the biliary leak. Treatment of a bile leak is based upon clearing 
the bile collection via percutaneous drainage and correction  
of the leaking defect via biliary stenting that allows for decom-
pression of the biliary tree and spontaneous closure of the  
leak site. This is usually accomplished via endoscopic technique 
or through transhepatic approach when not amenable to 
endoscopy.

at management of the sequelae of portal hypertension. Both 
graft and patient survival rates are lower in those with PVT 
posttransplant [77].

Hepatic vein thrombosis or hepatic vein outflow obstruction 
after transplant is rare (observed in 1%–2%). It is more 
common following the piggyback technique of liver implanta-
tion. It can be associated with a high mortality if complete 
stenosis occurs. Aside from the piggyback technique, causes of 
hepatic vein occlusion or venous outflow obstruction are 
recurrent Budd–Chiari disease, stenosis of the supra- or infra-
hepatic vena cava, excessive donor cava length causing kinking 
of vessel, or thrombosis. Typical signs of hepatic vein occlusion 
or outflow obstruction are hepatomegaly, development of 
ascites, or lower extremity edema. Typically, outflow obstruc-
tions can be corrected noninvasively by balloon dilation or 
stenting; however, occasionally these methods fail and require 
surgical correction.

Biliary complications
Biliary complications are the most common cause of postliver 
transplant morbidity and are reported to occur in up to 30% of 
whole graft recipients and up to 60% of partial graft recipients. 
The majority of biliary complications occur within the first 6 
months after transplant and can be classified as biliary strictures 
or biliary leaks. Because the biliary tree is sensitive to disrup-
tions of the hepatic arterial supply, any biliary complication 
should prompt an evaluation of the hepatic artery.

The development of biliary strictures represents the majority 
of the biliary complications seen in the posttransplant setting. 
In general, biliary strictures are due to either anastomosis site 
stricturing or ischemic injury to the bile ducts. The latter typi-

Figure 108.7 Postliver transplant complications. AIH, autoimmune hepatitis; EBV, Epstein–Barr virus; HBV, hepatitis B virus; HCV, hepatitis C virus; 
PBC, primary biliary cirrhosis; PCP, pneumocystis pneumonia; PSC, primary sclerosing cholangitis; VZV, varicella zoster.
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mortality associated with multidrug resistant infections, some 
centers routinely swab patients for the presence of these organ-
isms to identify colonization and may even deny transplant to 
patients known to harbor these organisms.

Cytomegalovirus (CMV) infection posttransplant is very 
common with viremia reported in up to 80% of transplant 
recipients. The majority of these are asymptomatic, although 
approximately 15% will have a “CMV syndrome” with viral 
symptoms such as cytopenia and fever. A smaller proportion of 
patients will develop tissue-invasive CMV with evidence of 
hepatitis, pneumonitis, gastroenteritis, colitis, retinitis, or 
central nervous system infection. The main risk for develop-
ment of CMV infection appears to be the exposure status of the 
recipient to that of the donor organ. A recipient who had not 
been exposed previously to CMV but received a donor organ 
that had been exposed (D+R−) is at the highest risk of develop-
ing CMV. Episodes of acute rejection and enhanced immuno-
suppression also are risks for CMV development. Aside from 
causing morbidity in the posttransplant setting, CMV infection 
is associated with increased rates of rejection, more aggressive 
hepatitis C recurrence, and reduced overall patient and graft 
survival [86].

Given the common occurrence of CMV infection in the post-
transplant setting, most centers elect to provide prophylaxis in 
those recipients identified as “high risk” using 3 to 6 months of 
antiviral therapy (gancyclovir or valgancyclovir) in the immedi-
ate posttransplant period. The ability to effectively combat CMV 
infection relies upon the ability to rapidly detect viremia through 
routine polymerase chain reaction testing and the availability of 
highly effective antivirals, namely acyclovir, valgancyclovir, and 
gancyclovir. For treatment failures, foscarnet and CMV immu-
noglobulin can be used effectively.

Fungal infections are less common but are reported after 
transplant, with Candida and Aspergillus infection being the 
most common. Risk for fungal infection may include pretrans-
plant immunosuppression, need for renal replacement pre- or 
peritransplant, excessive intraoperative bleeding, or reopera-
tion. A report suggests that elevated MELD score >20 at the 
time of transplant may be a risk for development of fungal infec-
tion [87]. Patients with any of these risks should be considered 
for antifungal prophylaxis in the posttransplant setting.

Late complications after liver transplant
The success of liver transplant is not measured only by the 
short-term survival of recipients but by the long-term survival. 
With our ability to better treat early complications, advances in 
immunosuppression, and an improving antibiotic armamen-
tarium, patients are experiencing improved survival with 
current 10-year survival rates exceeding 50%. The growing 
population of long-term survivors is subject to complications 
that are related specifically to their transplant status as well as 
the general medical conditions affecting an aging population. 
Management of the latter requires close collaboration between 
the transplant team and primary care physicians.

Acute cellular rejection
The liver is extremely tolerogenic compared to other solid 
organs. Despite this fact, episodes of acute rejection are reported 
to occur in up to 80% of transplant recipients. Acute cellular 
rejection (ACR) begins with the presentation of foreign (donor) 
antigens to host T cells by host antigen presenting cells. This 
activates T cells within the allograft and initiates an inflamma-
tory response marked by T-cell mediated cytotoxicity and inter-
leukin and cytokine release.

Acute cellular rejection is the most common cause of early 
allograft dysfunction and occurs in up to 80% of transplant 
recipients. Typically, episodes of ACR develop in the early post-
transplant setting with almost half of all episodes occurring by 
6 weeks and 65% by 1 year. Clinically, ACR can present with 
moderate liver enzyme elevations, fevers, tachycardia, and mild 
hepatomegaly. Diagnosis of acute cellular rejection is made by 
liver biopsy that demonstrates features of a mixed inflammatory 
portal-based infiltrate, bile duct injury, and endothelial cell 
injury. Acute rejection can be classified as mild, moderate, or 
severe depending on the severity of these features and is desig-
nated a corresponding Banff score [81]. Early ACR (<28 days) 
is not associated with an adverse outcome to graft or patient. 
However late ACR is associated with poor survival [82,83].

Treatment of ACR depends on the severity of the rejection 
episode as well as the clinical scenario. Most cases of ACR will 
respond to bolus steroid therapy. This strategy should be under-
taken with caution, if at all, in patients with recurrent hepatitis 
C, as steroid bolus is known to worsen the course of virus recur-
rence [39]. For patients experiencing a mild or moderate episode 
of acute rejection while having inadequate blood levels of the 
primary immunosuppressant (i.e., subtherapeutic calcineurin 
inhibitor levels), a reasonable strategy may be to increase the 
calcineurin inhibitor to a more therapeutic dose or switch 
between agents in the same class. If patients have been tapered 
off of steroids or antiproliferative agents, these can be added 
back to the immunosuppressive regimen. In those with a more 
severe rejection, steroid therapy is indicated. For those not 
responding to aforementioned strategies, the use of monoclonal 
or polyclonal anti-T-cell antibodies may be indicated.

Infections
Bacterial, viral, and fungal infections are common following 
liver transplantation and are an important cause of recipient 
morbidity and mortality in the early posttransplant setting. 
Typical bacterial infections involve the blood stream, lungs, 
urogenital system, biliary tree, or postoperative fluid collections 
that get super infected. Bacterial infections are more common 
in those who have preoperative infections that are poorly 
treated, those who have received therapy with broad-spectrum 
antibiotics in the pretransplant setting, have a prolonged ICU 
course, and prolonged intubation after transplant. An emerging 
challenge is the development of multidrug resistant infections 
– specifically Gram-negative bacilli – which can be highly fatal 
in transplant recipients [84,85]. Given the high morbidity and 



Liver transplantation CHAPTER 108   2143

disease) seem to be the most common and are associated with 
the highest risk of occurrence. Many of these malignancies 
relate to posttransplant behaviors – for example head and neck 
cancers are more common in those with alcohol-related liver 
disease who are former smokers. Given these increased risks, 
many centers adopt a policy of frequent age-appropriate screen-
ing for malignancy in the posttransplant setting, which may 
include routine gynecological exam with mammogram and 
PAP smear, colonoscopy every 3 years, yearly prostate-specific 
antigen testing, and even otolaryngoscopy for those thought to 
be at risk for head and neck malignancy. Nonmelanoma skin 
cancers are extremely common posttransplant and occur at a 
rate of 20-fold higher than observed in the general population 
[91]. The risk of developing a nonmelanoma skin cancer is 
closely linked to sun exposure. Given this information, it is 
commonplace for transplant centers to recommend yearly der-
matological screening in all posttransplant patients as well as 
prudent avoidance of prolonged sun exposure and aggressive 
use of sunscreen products.

Recurrence of primary disease
Certain diseases, such as α-1-antitrypsin deficiency, Wilson 
disease, and polycystic liver disease, are cured by liver transplant 
and will not affect the allograft. Most other diseases, such as 
autoimmune hepatitis, PBC, PSC, fatty liver disease, and viral 
hepatitis, can recur in the posttransplant setting and represent 
an ongoing management challenge for the transplant commu-
nity. In many cases, these diseases can be aggressive and ulti-
mately cause graft failure, need for retransplant, or death. The 
autoimmune diseases autoimmune hepatitis, PBC, and PSC all 
recur at a rate of approximately 20%, as discussed in the Section 
Disease-specific considerations. Fatty liver disease is best 
managed by control of contributing factors and aggressive man-
agement of weight and diet posttransplant. Hepatitis B recur-
rence is largely preventable with highly potent antiviral therapy 
with or without hepatitis B immune globulin.

Perhaps the most challenging of the disease recurrence enti-
ties is hepatitis C, which is known to affect allografts universally 
after transplant and have a more aggressive course such that 
10%–30% will have cirrhosis at a median of 5 years posttrans-
plant [39]. As discussed in the Section Disease-specific consid-
erations, many centers elect to treat HCV in the pretransplant 
setting or in the posttransplant setting under defined protocols 
in an effort to minimize consequences of viral recurrence.

Hypertension
Hypertension is very common after transplant and is seen in 
over half of recipients [92]. Early on, hypertension is attributed 
to increased sympathetic tone, renal vasoconstriction caused by 
calcineurin inhibitors, and high-dose steroids. Later, hyperten-
sion can be exacerbated by ongoing calcineurin use, renal insuf-
ficiency, and obesity. Management of hypertension is initially 
focused on minimization of salt intake, diuresis, and withdrawal 
or minimization of offending medications. If these actions are 

Chronic rejection
Chronic allograft rejection is rare, occurring in only 5% of 
transplants, and is marked by atrophy and loss of bile ducts and 
an obliterative vasculopathy in the medium and large-sized 
hepatic artery and portal vein [88]. Although typically chronic 
rejection occurs later, it can occur as early as 2–5 weeks post-
transplant. The peak incidence of chronic rejection is at 3 
months and 85% of cases will occur within 6 months after 
transplant. The cause of chronic rejection is incompletely 
understood, but it is associated with certain risk factors such as: 
episodes of acute cellular rejection, a diagnosis of primary scle-
rosing cholangitis, primary biliary cirrhosis, CMV infection, 
and donor–recipient HLA mismatch. Clinically, patients present 
with progressive graft dysfunction and cholestasis. Altering 
immunosuppressive regimens is typically attempted but without 
much success. Retransplantation can be considered.

Posttransplant lymphoproliferative disorder
Posttransplant lymphoproliferative disorder (PTLD) is a type of 
lymphoma – specifically a polyclonal or monoclonal lymphoid 
proliferation typically of B cells of recipient origin that occurs 
in the setting of impaired T-cell function. PTLD is highly associ-
ated with Epstein–Barr Virus (EBV) infection in the posttrans-
plant setting because EBV infects and immortalizes B cells by 
preventing apoptosis. The incidence of PTLD is 1%–2% in adult 
and 5%–15% in child liver recipients. This difference is likely 
due to the fact that more adults have been previously exposed 
to EBV and a higher percentage of children are EBV seronega-
tive at the time of transplant. Infection while immunosup-
pressed is key to the development of this condition. PTLD has 
also been associated with use of OKT3 and high-dose steroid 
therapy for rejection [89]. Once PTLD is diagnosed, the main-
stay of therapy is to reduce the amount of immunosuppression 
that is given, usually in conjunction with antiviral therapy for 
EBV. Often, this action alone will allow the recipient immune 
response to recover T-cell immunity and regulate B-cell func-
tion. The anti-CD 20 antibody, rituximab, and chemotherapy 
have also been used with success to treat more aggressive or 
nonresponsive PTLD.

De novo malignancy after transplant
It is well reported that there is an increased risk of de novo 
malignancy in solid organ recipients, likely owing to some effect 
of immunosuppression such as decreased immune surveillance 
or susceptibility to infectious agents with oncogenic propensity. 
In liver transplant recipients specifically, the cancer incidence 
rates have been reported to be almost twice as high as those for 
the age and sex-matched general population [90]. Cancers in 
posttransplant patients tend to occur at younger ages and tend 
to be more advanced at diagnosis. The risk of nonmelanoma 
skin cancers, head and neck cancers, Kaposi sarcoma, renal cell 
cancer, vulvar and perineal malignancies, lymphoma (including 
posttransplant lymphoproliferative type), and colorectal cancer 
(especially in those with concomitant inflammatory bowel 



2144   PART 4 Gastrointestinal diseases

inhibitors can separately induce these elevations [100,101]. As 
in the nontransplant setting, first-line therapy for hyperlipi-
demia includes dietary modification. Statin therapy is safe and 
effective in liver transplant patients [102].

Cardiovascular disease
Most liver transplant recipients go through a fairly rigorous 
pretransplant cardiovascular evaluation, consisting of electro-
cardiograms, echocardiography, stress testing, and even cardiac 
catheterization, prior to transplant. Those who are found to 
have significant cardiac disease are generally excluded from 
transplant. Because most of this testing is done temporally  
in close proximity to the transplant event, it might seem odd 
that posttransplant cardiac disease represents such a problem. 
However, given the higher than expected prevalence of diabetes, 
hypertension, hyperlipidemia, and obesity following liver trans-
plantation, it follows that there is an increased prevalence of 
cardiovascular disease as well. Liver recipients have been shown 
to be at approximately three times higher risk for cardiovascular 
events and death than age and sex-matched controls [101]. Just 
as in the nontransplant setting, risk factors for cardiac disease 
should be identified and targeted for intervention.

Renal dysfunction
Renal dysfunction in the posttransplant setting is common and 
represents a major source of morbidity and mortality for liver 
transplant recipients. The cumulative incidence of chronic renal 
failure in liver recipients at 12, 26, and 60 months are reported 
at 8%, 13.9%, and 18.1%, respectively [103]. Development of 
chronic renal failure in liver recipients is associated with poor 
survival. In one study, the 13-year survival rate in patients with 
end-stage renal disease posttransplant was only 28.2% com-
pared to a survival of 54.6% in those without chronic renal 
failure [104].

In the early postoperative setting, this is likely due to pre-
transplant renal disease – particularly hepatorenal syndrome, 
acute tubular necrosis, and shock associated with the transplant 
surgery. Because the MELD score incorporates the serum cre-
atinine level, pretransplant renal dysfunction is nearly universal 
in those with high MELD scores and certainly influences the 
development of posttransplant renal failure. It is, therefore, not 
surprising that in the MELD allocation era there is a higher risk 
for renal failure after transplant [105]. Presence of preexisting 
diabetes and hypertension are also predisposing risk factors. 
Later on, the most important risk for development of chronic 
renal failure in posttransplant patients is exposure to calcineurin 
inhibitors. Calcineurin inhibitors induce a renal arteriolar  
vasoconstriction that is initially reversible but over time  
causes a progressive obliterative arteriopathy, chronic inter -
stitial fibrosis, and glomerulosclerosis that is both dose and  
time dependent [106].

Management of posttransplant renal dysfunction includes a 
thorough evaluation for precipitants of renal dysfunction, mini-
mization of exposure to nephrotoxic agents, and adjustment of 

insufficient, the first-line medical therapy tends to be the va -
sodilating calcium channel blockers (though verapamil and 
diltiazem are avoided as they increase calcineurin levels), which 
work to combat the vasoconstricting effects of the calcineurin 
inhibitors, followed by beta blockers, alpha antagonists, angi-
otensin converting enzyme (ACE) inhibitors, and angiotensin 
receptor antagonists (ARB). ACE inhibitors and ARBs need to 
be used with caution in conjunction with calcineurin inhibitors 
due to high rates of hyperkalemia and azotemia.

Obesity
Weight gain is very common in the posttransplant setting and 
approximately 40%–70% of recipients will be overweight or 
obese by BMI measurement within the first year after liver 
transplant [93]. Risks for posttransplant obesity are advanced 
age, pretransplant obesity (especially as nonalcoholic fatty liver 
disease becomes an increasing indication for liver transplant), 
steroid use, increased caloric intake, and sedentary lifestyle 
[94,95]. Because obesity is associated with other chronic medical 
conditions, namely hyperlipidemia, hypertension, and cardio-
vascular disease, the aggressive management of posttransplant 
obesity is strongly recommended. In general, the approach to 
management of posttransplant weight gain does not differ from 
general management and is focused on reduced caloric intake 
and engagement in physical exercise.

Diabetes
The development of posttransplant diabetes is linked to devel-
opment of insulin resistance. Early on in the posttransplant 
course, new-onset diabetes is likely related to high-dose steroid 
use; however, approximately one-third of recipients develop 
ongoing diabetes [96]. Risk factors for the development of post-
transplant diabetes are pretransplant diabetes, elevated BMI, 
hepatitis C infection, and receipt of steroid bolus therapy [97]. 
Importantly, the development of posttransplant diabetes is asso-
ciated with inferior outcomes, including lower overall survival, 
increased rates of fibrosis in the allograft, late onset hepatic 
artery thrombosis, and acute and chronic rejection episodes 
[96–98]. As high-dose steroids are tapered in the early post-
transplant period, some recipients experience improvement of 
glycemic control and no longer need insulin therapy, but in 
those who have ongoing issues with glycemic control, therapy 
usually consists of a regimen of insulin and oral hypoglycemic 
agents. Because diabetes represents a risk for development  
of cardiovascular disease and poor long-term outcomes, it is 
recommended that transplant care teams work closely with 
endocrinologists and primary care physicians for rigorous 
management.

Hyperlipidemia
Hyperlipidemia is seen in approximately two-thirds of liver 
transplant recipients [99]. While it is linked to other features of 
the metabolic syndrome and its causes, it is also well known that 
calcineurin inhibitors and mammalian targets of rapamycin 
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calcineurin inhibitors. The latter obviously needs to be weighed 
against the risk of precipitating a rejection episode. There is 
clearly a role in using alternative immunosuppressant agents 
such as the mTOR inhibitors that are nonnephrotoxic in order 
to minimize calcineurin use [107,108].
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Definition

Hepatocellular carcinoma (HCC) is the most common type of 
primary liver cancer and is the fifth most common cancer 
worldwide [1]. It is the fifth most common type of cancer in 
men (7.9% of all cancers) and the seventh most common cancer 
in women (6.5% of all cancers) worldwide. HCC has a high 
mortality rate and is the third leading cause of cancer-related 
death worldwide [1].

Risk factors

It is important to understand HCC risk factors in order to 
provide effective surveillance to improve outcomes [2]. Based 
on cost-effectiveness data, surveillance should be offered to 
patients with cirrhosis who have an annual HCC risk greater 
than 1.5% and in patients with liver disease who have been 
demonstrated to have an annual HCC greater than 0.2% (Box 
109.1) [3–6]. Cirrhosis, a well-recognized risk factor for the 
development of HCC, has an annual risk of 2–7% [7]. Hepatitis 
C virus (HCV)-associated cirrhosis is the causative agent largely 
responsible for the increase in the incidence of HCC in the US 
and Europe. However, hepatitis B virus (HBV) is the leading 

cause of HCC worldwide, particularly in Asia and Africa where 
over 70% of HCC patients have underlying HBV infection [8].

Hepatitis B
The seminal work of Beasley and colleagues was the first to 
demonstrate that patients with chronic HBV infection are at risk 
for HCC [9,10]. HCC risk among HBV-infected patients is 
largely related to the mode of HBV acquisition [11–16]. People 
who live in HBV-endemic areas, such as Southeast Asia or 
Africa, often acquire HBV infection at the time of birth from 
their mother (i.e., vertical transmission), and over 90% of people 
infected in this manner eventually proceed to develop chronic 
HBV infection. In contrast, most people in the US and Europe 
acquire HBV infection via intravenous drug use or sexual trans-
mission (i.e., horizontal transmission) and the majority experi-
ence spontaneous resolution after the acute infection.

Hepatitis B carriers without cirrhosis have an annual HCC 
incidence of approximately 0.5%, which increases to 1% in 
elderly patients [17–20]. Since the annual incidence of HCC 
among HBV carriers from Asia exceeds 0.2% starting at the age 
of 40 years, HCC surveillance is recommended in Asian males 
over the age of 40 and Asian women over the age of 50 years 
even in the absence of cirrhosis [9,21]. Patients from Africa are 
at particularly high risk, potentially related to a synergistic effect 
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rhosis, with an annual incidence rate of 2%–8% [32–34]. Patients 
without cirrhosis are at a low risk for developing HCC [35], and 
surveillance is likely not cost-effective in this subgroup of 
patients. Data from the Hepatitis C Antiviral Long-term 
Treatment Against Cirrhosis (HALT-C) trial demonstrated that 
patients who had significant fibrosis but no cirrhosis had an 
estimated annual incidence rate of only 0.8% [36].

In contrast to the high rates of spontaneous clearance seen 
with HBV acquired later in life, approximately 75%–85% of 
patients infected with HCV develop chronic infection. The rate 
of progression to cirrhosis is variable, with approximately 
15%–25% of patients developing cirrhosis after 20–25 years 
[37]. Several factors can moderate fibrosis progression and HCC 
risk in HCV-infected patients, including older age, male gender, 
alcohol use, and comorbid conditions such as HIV infection or 
diabetes [38,39]. Although viral factors, such as genotype or 
viral load, do not correlate with fibrosis progression or HCC 
risk, several studies have demonstrated that successful treat-
ment significantly reduces the risk of HCC among patients with 
HCV cirrhosis [40–42]. In patients with cirrhosis who achieve 
a sustained virological response, the relative risk of HCC was 
reduced to 0.27 (95% CI 0.19–0.39) [43].

There have been attempts to develop an HCC predictive 
model for patients with chronic HCV infection. The HALT-C 
investigators published a model including age, African American 
race, platelet count, alkaline phosphatase, and the presence of 
esophageal varices as risk factors. The model allowed for risk 
stratification of patients, with 5-year HCC incidence rates of 
0.4%, 4.2%, and 17.8% in the low-risk, intermediate-risk, and 
high-risk groups, respectively [36]. However, this model had an 
area under the curve of only 0.60 (95% CI 0.50–0.70) when 
externally validated [44]. Further investigation of risk stratifica-
tion in patients with HCV is still needed.

Metabolic syndrome and  
nonalcoholic steatohepatitis
Several recent studies have linked HCC development to the 
metabolic syndrome and its components. An analysis of the 
Surveillance Epidemiology End Result (SEER)-Medicare data-
base demonstrated that patients with the metabolic syndrome 
have 2.1 odds (95% CI 2.0–2.3) of HCC compared to those 
without the metabolic syndrome [45]. Metabolic syndrome was 
present in 37.1% of patients who developed HCC, compared to 
only 17.1% of the comparison group (P < 0.0001). In an Italian 
case–control study, HCC risk increased with the number of 
metabolic syndrome components, up to nearly a fourfold 
increased risk among those with two or more components [46].

The association between obesity and HCC is likely driven by 
an increased risk of nonalcoholic steatohepatitis (NASH) as well 
as the carcinogenic potential of obesity alone [47]. In a large 
prospective study of more than 900 000 individuals in the US, 
obesity was associated with increased death rates for multiple 
solid tumors [48]. Liver cancer mortality rates were 4.5-fold 
higher in men with a body mass index (BMI) exceeding 35, and 

of aflatoxin exposure, and some experts recommend initiation 
of HCC surveillance at an earlier age [22]. In contrast, patients 
who acquire HBV later in life via intravenous drug use or sexual 
transmission are at low risk for HCC in the absence of cirrhosis. 
In the US and Europe, over 90% of HBV-infected patients who 
develop HCC have underlying cirrhosis [23].

Other risk factors, including older age, co-infection with 
HCV or human immunodeficiency virus (HIV), family history 
of HCC, and HBV genotype help identify subgroups of patients 
who are at particularly high risk [24–26]. For example, patients 
with genotype C HBV infection have approximately a twofold 
increased risk of developing HCC compared to those with geno-
type B infection [27]. HCC risk has also been shown to have a 
direct relationship with HBV replication rates, as indicated by 
high HBV DNA levels and the presence of hepatitis B e antigen 
(HBeAg) [15,28]. In one representative study, patients with viral 
loads exceeding 100 000 copies/mL had a significantly higher 
risk of developing HCC than patients with viral loads below 
10 000 copies/mL (HR 4.3, 95% CI 2.0–9.3) [28]. However, inac-
tive carriers (i.e., patients with a viral load <10 000 copies/mL 
and HBeAg negative) are still at increased risk for HCC com-
pared to patients with nonviral liver disease (HR 4.6, 95% CI 
2.5–8.3) [29]. Although predictive HCC risk models have been 
created, none have been externally validated and therefore are 
not appropriate for routine use in clinical practice [25,26].

Hepatitis C
Hepatocellular carcinoma can be attributed to HCV infection 
in approximately 60% of patients in the US, Europe, and Japan 
[1,30]. The risk of HCC is increased 17-fold in HCV-infected 
patients compared to HCV-negative patients (OR 17.2, 95% CI 
13.9–21.6) [31]. However, HCC risk among patients with 
chronic HCV infection is limited primarily to those with cir-

Box 109.1 Populations in whom hepatocellular carcinoma (HCC) 
surveillance is recommended and in whom benefits are uncertain.

Surveillance recommended
Asian male hepatitis B carriers over age of 40
Asian female hepatitis B carriers over age of 50
African black people with hepatitis B
Hepatitis B carriers with family history of HCC
Cirrhosis related to hepatitis B
Cirrhosis related to hepatitis C
Stage 4 primary biliary cirrhosis
Cirrhosis related to genetic hemochromatosis
Cirrhosis related to other etiologies

Surveillance benefits uncertain
Hepatitis B carriers younger than 40 (males) or 50 (females)
Hepatitis B carriers who contracted infection via horizontal 
transmission
Hepatitis C carriers without cirrhosis
Nonalcoholic fatty liver patients without cirrhosis
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sumption and obesity on the risk of developing HCC [71]. 
Outside of promoting the development of cirrhosis, there is 
little evidence for a direct carcinogenic effect of alcohol [65].

Cirrhosis due to other causes
Regardless of the cause, cirrhosis is the most important risk 
factor for the development of HCC [4]. As described above, the 
most common etiologies of chronic liver disease associated with 
HCC include HBV infection, HCV infection, alcohol-induced 
cirrhosis, and NASH. Hemochromatosis, primary biliary cir-
rhosis, autoimmune hepatitis, and α-1 antitrypsin deficiency 
are less common causes of chronic liver disease, but still have 
prevalence rates of 1%–8% among patients with HCC [72–74]. 
Patients with cirrhosis due to genetic hemochromatosis are at 
an increased risk of HCC, with a relative risk of approximately 
20 [72,75,76]. Similarly, patients with cirrhosis related to 
primary biliary cirrhosis or autoimmune hepatitis appear to be 
at sufficiently high risk to warrant HCC surveillance, whereas 
there is insufficient data to assess HCC risk in other etiologies 
such as α-1 antitrypsin deficiency [77].

Aflatoxin exposure
Aflatoxins are naturally occurring mycotoxins produced by 
some Aspergillus species. This fungus grows readily on food-
stuffs, such as grains, corn, and peanuts, particularly after pro-
longed exposure to high-humidity environments. With chronic 
exposure, aflatoxin metabolites can intercalate into DNA, result-
ing in higher rates of mutations in the p53 tumor-suppressor 
gene. In aflatoxin-endemic areas, p53 mutations have been 
observed in 30%–60% of HCC tumors [78]. Furthermore, 
chronic HBV infection, which is often highly prevalent in many 
of the same areas where aflatoxin exposure is common, appears 
to have a synergistic effect on HCC risk. HBV-infected patients 
who are exposed to aflatoxin have a relative risk of 59.4 (95% 
CI 16.6–212.0) for HCC compared to those with neither expo-
sure [79]. This increased risk is postulated to be related to HBV 
modulating the extent to which aflatoxins bind to DNA [80]. In 
addition to reducing HCC risk through HBV vaccination pro-
grams, reductions in aflatoxin exposure are promoted in many 
high-risk countries. Dietary modification can be attempted on 
an individual level; however, community-level interventions to 
improve moisture exposure and storage time may be more effec-
tive [81].

Demographic risk factors

In most countries, including the US and Europe, HCC rarely 
occurs before the age of 40 years and the highest age-specific 
rates are seen in individuals older than 70 years. However, an 
earlier onset of HCC is seen in some high-risk African popula-
tions, with the highest age-specific incidence rates in individuals 
aged between 60 and 70 years old [24]. This geographical  
variation in age distribution may relate to differences in viral 

1.7-fold higher in women with a BMI exceeding 35 compared 
to normal weight individuals. A 2–3-fold increased HCC risk 
in obese individuals was also reported in two European 
population-based cohort studies [49,50].

Several case–control studies have found an association 
between diabetes and HCC; however, these studies are limited 
by potential confounders and possible reverse causality [51]. 
Large European population-based cohort studies have found 
that individuals with diabetes have a 2–4-fold increased risk of 
HCC [52–54]. In a large longitudinal study following 173 643 
patients with diabetes and 650 620 nondiabetic patients for 
10–15 years, the incidence of HCC increased more than twofold 
among diabetic patients (2.39 vs 0.87/100 000 person years), 
with higher increases among those with longer durations of 
follow-up [55]. A recent metaanalysis found a pooled risk esti-
mate of 2.40 (95% CI 1.87–2.84) among 17 case–control studies 
and 2.23 (95% CI 1.68–2.96) among 25 cohort studies between 
diabetes and HCC [56]. Statins may mitigate some of the 
increased risk of HCC among patients with diabetes, with a 
25%–40% risk reduction being observed in a large nested case–
control study [57].

It is increasingly clear that NASH is a risk factor for HCC, 
although this risk is lower than that of patients with HCV-
related cirrhosis. The HCC risk among patients with NASH 
appears to be limited primarily to those with cirrhosis. Patients 
with NASH but no cirrhosis typically have cumulative HCC 
mortality rates of less than 1% [58–60]. In contrast, patients 
with NASH-related cirrhosis had cumulative HCC incidence 
rates of 2.4%–12.8% [60–62]. Cirrhosis caused by NASH is 
anticipated to be the major etiological factor for HCC in the 
future as the number of NASH cases continues to increase, in 
parallel with the obesity and diabetes epidemics [63].

Alcohol abuse and alcoholic cirrhosis
Alcoholic cirrhosis is a well-recognized risk factor for HCC, and 
alcoholic liver disease has been reported to be a contributing 
factor in nearly one-third of all HCC cases [64–66]. However, 
HCC incidence rates among patients with alcoholic cirrhosis 
may be overestimated given that several earlier studies predated 
routine testing for HCV infection. A recent registry study from 
Denmark suggested that HCC-related mortality may be less 
than 1% among patients with alcoholic cirrhosis [67]; however, 
results from this study require external validation.

Although there is evidence that the risk of HCC increases 
with a daily alcohol intake of 40–60 g/day [68,69], it is unclear 
if lower levels of alcohol ingestion also increase HCC risk. An 
Italian case–control study with 464 subjects with HCC and 824 
subjects without liver disease found a linear increase in the odds 
of HCC with increasing alcohol intake, starting at a level of 60 g/
day [70]. This study also suggested a synergistic effect between 
heavy alcohol use and viral hepatitis, as patients with both risk 
factors had a twofold increase in the odds of HCC compared to 
those with viral hepatitis alone. Similarly, a case–control study 
from the US found a synergistic effect of heavy alcohol con-
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Temporal/secular trends

Hepatocellular carcinoma rates have been increasing in high- 
and intermediate-incidence areas over the last several decades; 
however, the most recent reports suggest that the incidence of 
HCC in several of these areas may now be stabilizing or falling 
[1]. In China and Taiwan, this decrease is related to more wide-
spread HBV vaccination programs and higher rates of HBV 
treatment. In Japan and Southern Europe, the decrease in HCC 
incidence may relate to an aging cohort of patients with HCV 
infection [93], since the peak incidence of HCV infection in 
these countries preceded that in the US by 10–20 years [94].

In contrast, the number of cases of HCC in previously low-
incidence areas, such as the US, has continued to rise [95]. Over 
the 10-year period from 1995 to 2004, HCC had the largest 
increase in incidence among all solid tumors in the US [96]. The 
rising incidence of HCC in the US is related to several factors 
but the two most important are advanced HCV infection and 
NASH [1,97]. Given the 25–30 year lag between acquisition of 
HCV and the development of cirrhosis, many HCV-positive 
patients in the US are now presenting with complications of 
their cirrhosis, so HCV-related cases of HCC are anticipated to 
increase in the US over the next 20 years [94]. Similarly, the 
prevalence of NASH has increased, so that the complications of 
NASH, including HCC, are also anticipated to increase over the 
next several decades. Immigration from HBV- and/or HCV-
endemic countries to the US and Europe also contributes to 
HCC incidence rates, since foreign-born individuals tend to 
have higher HCC rates [98]. Tragically, HCC accounts for one 
of the fastest growing death rates among solid tumors. Despite 
increased awareness and advances in technology, the majority 
of cancers continue to be detected beyond an early stage, when 
there are usually no curative options [95,96,98]. Whereas the 
prognosis for most solid cancers improved over the 10-year 
period from 1994 to 2003, the mortality rate for HCC nearly 
doubled [1,30].

Geographical variation

There is considerable geographical variation in HCC incidence 
worldwide, with the majority of cases occurring in developing 
countries (Figure 109.1). Over 75% of HCC cases occur in 
Southeast Asian and sub-Saharan Africa, with incidence rates 
exceeding 20/100 000 individuals. HBV is the primary etiologi-
cal factor for HCC in Asia and Africa, and most other high-
incidence areas where over 70% of HCC patients have underlying 
HBV infection [8]

Southern European countries have intermediate incidence 
rates, whereas the lowest incidence rates (less than 5/100 000 
individuals) are found in North America, South America, and 
Northern Europe. In these countries, HCV-associated cirrhosis 
is the most common etiological factor, accounting for approxi-
mately 60% of HCC cases [1].

etiology (HBV vs HCV), age at viral infection, and moderation 
by synergistic factors such as HIV infection.

Male gender is an independent risk factor for HCC, with 2–4 
times higher rates in men than women [24]. The male predomi-
nance of HCC is more pronounced in high- and intermediate-
incidence areas than low-incidence areas. The reasons for higher 
rates of HCC in males may be related to differential exposure 
to risk factors. Men are more likely to be infected with viral 
hepatitis, consume alcohol and tobacco, and have a higher BMI 
[1,82]. Available data do not fully explain observed differences 
in HCC incidence rates, and a potential role for sex hormones 
has been suggested [83].

Similarly, there are significant racial and ethnic differences in 
the distribution of HCC. Age-adjusted incidence rates are 
highest in Asians (10.8/100 000 person years), followed by 
Hispanics (7.0/100 000 person years), black people (6.3/100 000 
person years), and finally non-Hispanic white people (2.4/ 
100 000 person years) [84]. Hispanics have an intermediate 
median age of HCC diagnosis (64 years old) compared to non-
Hispanic Caucasians (69 years old) and black people (61 years 
old). The largest increase in HCC incidence is noted among 
Hispanics, whereas the smallest increase was noted among 
Asians.

Tobacco
The link between tobacco and HCC risk is less clear. A Greek 
case–control study of 333 incident HCC cases and 360 con-
trols found a positive association between smoking and HCC 
risk. Patients who smoked more than 2 packs/day had 2.5-
odds of developing HCC [85]. The authors also found evi-
dence of a synergistic effect between heavy smoking and 
alcohol intake for HCC risk (OR 9.6), which was even stronger 
among individuals with underlying viral hepatitis (OR 10.9). 
A large prospective cohort study in Korea following 1283 112 
individuals for 10 years found that smoking was associated 
with an increased risk of HCC mortality in men (RR  =  1.4; 
95% CI 1.3–1.6) but not in women [86]. However, other 
studies have failed to find an association between tobacco and 
HCC as well [87,88], suggesting that any effect of smoking on 
HCC risk may be weak and only limited to a subset of the 
general population.

Diet
Outside of heavy alcohol use, the role of diet in determining 
HCC risk is unclear. Cohort studies from Taiwan have suggested 
that low levels of dietary antioxidants, including selenium and 
retinoic acid, may potentially increase HCC risk [89,90]. 
Similarly, a study from Japan reported an approximately 50% 
reduction in HCC risk in individuals with high rates of 
isoflavone-rich miso soup and tofu in their diet [91]. In contrast, 
a case–control study from Greece did not support an association 
of HCC risk and any particular nutrient [92]. Further studies 
are still needed to better determine if any association between 
diet and HCC risk exists.
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death. The subsequent development of the additional pheno-
types of invasion, angiogenesis, metastasis, and immune evasion 
are secondary to the development of unrestricted proliferation 
[101]. A typical example of the interaction between pathogenic 
mechanisms in the development of HCC is illustrated by the 
synergism between dietary aflatoxin intake and chronic HBV 
infection in carcinogenesis [80]. Aflatoxin exposure results in 
p53 mutations, most commonly at codon 249. Wild-type p53 
promotes apoptosis and is induced by many oncogenes in a 
negative feedback loop to limit proliferation. Inactivation of p53 
by aflatoxin-induced mutation severely compromises oncogene-
induced apoptosis and also leads to defects in DNA damage 
checkpoints and to gross aneuploidy [102]. The majority of 
HCCs develop in patients with chronic inflammation related to 
chronic HBV or HCV infection, chronic alcohol abuse, or other 
causes [1]. Evidence from the Mdr2 knockout mouse model  
of hepatitis-induced carcinogenesis suggests that infiltrating 
endothelial and inflammatory cells release tumor necrosis 
factor-α (TNF-α), which acts on nearby hepatocytes by activat-
ing nuclear factor kappa B (NFκB) [103].

Receptor tyrosine kinase pathways
The Ras mitogen-activated protein kinase (MAPK) and phos-
phatidylinositol 3-kinase (PI3K)-Akt kinase signaling pathways 
are activated by ligand binding and phosphorylation of several 
growth factor tyrosine kinase receptors, including the epider-
mal growth factor (EGF) receptors, the fibroblast growth  
factor (FGF) receptors, the hepatocyte growth factor (HGF) 
receptor c-met, the stem cell growth factor receptor c-kit,  
the platelet-derived growth factor (PDGF) receptor, and the 
vascular endothelial growth factor (VEGF) receptor [104].  
The downstream consequences of activation of these receptors 

Even within countries, there appears to be variations in age-
adjusted HCC incidence rates. For example, within the US, the 
highest rates have been recorded in several states in the South 
including Texas, Louisiana, Arkansas, and Mississippi. The four 
states with the lowest age-adjusted rates were in the Northwest 
and included Utah, Idaho, South Dakota, and Kansas [30]. 
Although these differences can in part be explained by differ-
ences in race composition between the different geographical 
regions, variation persists even after adjusting for race and 
ethnicity.

Pathogenesis

In the last several years, there have been important advances in 
our understanding of the pathogenesis of HCC and the critical 
oncogenic and tumor-suppressor pathways involved. Currently, 
the dominant paradigm suggests that carcinogenesis occurs 
through a multistep process resulting in the progression of 
normal cells through preneoplastic states into invasive cancers 
[99]. The key phenotypic characteristics of cancer cells are self-
sufficiency in growth signals, insensitivity to growth-inhibitory 
signals, evasion of apoptosis, limitless replicative potential, sus-
tained angiogenesis, and tissue invasion and metastasis. It has 
been proposed that the acquisition of each of these phenotypic 
characteristics is necessary for the eventual development of the 
full neoplastic phenotype [100]. Although there is substantial 
evidence to support this view, the predominant cellular event 
necessary for the development of cancer is unconstrained cell 
proliferation. This “cancer platform” concept suggests that the 
key events driving carcinogenesis include the simultaneous 
development of deregulated proliferation and reduced cell 

Figure 109.1 Geographical variation in hepatocellular carcinoma incidence.
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Angiogenic pathways
Substances produced by cancer cells in response to local hypoxia 
or the interaction of the proliferating mass of cells with sur-
rounding stromal tissue stimulate the growth of new blood 
vessels from the surrounding parenchyma into the tumor. 
Signaling pathways critical to the angiogenic process include 
growth factor-mediated pathways such as VEGF and FGF 
receptor signaling as well as the nitric oxide signaling pathway. 
Hypoxia induces expression of hypoxia inducible factor 1 
(HIF1) and insulin-like growth factor 2 (IGF2), both of which 
stimulate expression of VEGF and other growth factors [115]. 
These agents presumably have both antiproliferative and antian-
giogenic effects. HCC are highly vascular and presumably 
dependent on active neoangiogenesis for their growth. In paral-
lel with the increase in angiogenic stimuli, it has been shown 
that the expression of collagen XVIII, the precursor of the 
antiangiogenic molecule endostatin, is decreased in larger and 
more vascular HCC [116].

Telomerase
Telomeres are specialized protein-DNA structures at the ends 
of chromosomes that contain long stretches of TTAGGG hexa-
meric repeats. Telomeres prevent degradation of chromosome 
ends and end-to-end fusion with other chromosomes. Aging of 
somatic cells is associated with reduction in telomere length 
because of the inability of traditional DNA polymerases to rep-
licate completely the end of the chromosomal DNA. In contrast, 
germ line and neoplastic cells express telomerase, an enzyme 
that restores telomere length. There is progressive shortening of 
telomeres during progression from chronic hepatitis to cirrhosis 
and eventually to HCC [117,118]. Hepatocarcinogenesis is  
characterized by the evolution of clones of hepatocytes with 
increased telomerase expression and an immortalized pheno-
type [119,120]. Given that it is not expressed in normal cells, 
telomerase-targeted therapies will likely have minimal to no 
significant side effects and are an attractive target for drug 
development.

Stem cells
The acquisition of stem cell-like properties in various tumors is 
thought to regulate cellular self-renewal potential and promote 
cell proliferation [121]. The Bmi-1 signaling pathway may 
connect this “stemness feature” to tumorigenesis. Bmi-1 belongs 
to the Polycomb gene group (PcG) that is involved in maintain-
ing target genes in their transcriptional state. The ability of 
Bmi-1 to immortalize cells by inducing telomerase activity and 
promote tumorigenesis through repression of the p16INK4a and 
p19ARF expression indicates the involvement of the Bmi-1 “stem-
ness” function in neoplastic proliferation [122]. Bmi-1 overex-
pression has been demonstrated in HCC and may cause 
hepatocyte immortalization through the suppression of p16 and 
the activation of human telomerase [123]. However, the exact 
mechanistic role of Bmi-1 in tumorigenesis is not yet clear.

are multiple and include activation of the Grb2/Shc/SOS adapter 
molecule complex and downstream activation of the Ras/Raf/
Erk 1/2 MAPK pathway, which results in activation of the  
AP-1 transcriptional activators c-fos and c-jun and conse -
quent induction of transcription of genes that drive cell prolif-
eration. Sorafenib is an example of an agent that blocks this 
pathway [105].

Wnt/β-catenin pathway
Wnts are secreted cysteine-rich glycoprotein ligands that act 
as ligands for the Frizzled family of cell surface receptors and 
activate receptor-mediated signaling pathways. The best-
studied Wnt pathway activates β-catenin [106]. Activation of 
the Wnt pathway occurs in approximately 30–40% of HCC as 
a result of mutations in the β-catenin gene (12%–26% of 
human HCC) and mutations in AXIN1 or AXIN2 (8%–13% 
of human HCC) [107]. Wnts are involved in the regulation of 
liver regeneration and in the maintenance and self-renewal of 
pluripotent stem cells and progenitor cells. Thus, they may 
play a role in the maintenance of the cancer stem cell com-
partment and are attractive targets for cancer therapy [108]. 
Agents under development for targeting the Wnt pathway 
include small molecule inhibitors that block interaction of 
β-catenin with T-cell factor (TCF), such as the fungal deriva-
tives PKF115-854 and CGP049090 [109] or interaction of 
β-catenin with cAMP response element binding protein 
(CREB) binding protein (CBP), such as the small molecule 
ICG-001 [110], and therapeutic monoclonal antibodies against 
Wnts [111].

PI3 kinase/AKT/mTOR pathway
Multiple cellular growth factors, including insulin, insulin-like 
growth factors, and cytokines such as interleukin-2, activate the 
PI3K family of enzymes, which produce the lipid second mes-
senger phosphoinositol triphosphate (PIP3) and related second 
messengers. PIP3 in turn activates Akt/protein kinase B (PKB). 
Activated Akt phosphorylates several cellular target proteins, 
including the Bcl-2-associated death promoter (BAD) and the 
mammalian target of rapamycin (mTOR) subfamily of proteins 
[112]. mTOR proteins in turn regulate the phosphorylation of 
p70 S6 kinase, a serine-threonine kinase, and the translational 
repressor protein PHAS-1/4E-BP. These factors coordinate 
translation of cell cycle regulatory proteins and promote cell 
cycle progression [113]. In a recently reported study, overex-
pression of phospho-mTOR was found in 15% of HCC tumors. 
mTOR phosphorylation was associated with increased expres-
sion of total p70 S6 kinase, which was found in 45% of HCC. 
In-vitro experiments showed that rapamycin reduced p70 S6K 
phosphorylation and markedly inhibited proliferation of both 
HepG2 and Hep3B HCC cell lines [109]. Rapamycin and other 
mTOR kinase inhibitors show significant activity against cancers 
with activated PI3K/Akt pathways [114], and are currently 
under investigation.
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only 63% (95% CI 49%–76%). Over one-third of all tumors were 
missed or diagnosed at advanced stages [134]. The authors 
found significant heterogeneity among studies and noted sig-
nificant limitations, such as verification bias.

Of note, all studies included in this metaanalysis were con-
ducted in Europe and Japan and it is unclear if these results are 
applicable to patients in the US. In the HALT-C trial, a large 
multicenter study in the US, the sensitivity of ultrasound for 
early stage tumors was substantially lower [135]. Of 39 patients 
with HCC analyzed in a nested case–control study, only 14 
(35.9%) tumors were detected at an early stage by ultrasound. 
These results were confirmed in a large prospective single-
center cohort study, in which the sensitivity of ultrasound for 
early stage HCC was only 31.7% [136]. Two possible explana-
tions for the lower effectiveness of ultrasound in clinical prac-
tice, as compared to clinical trials, are operator performance 
and patient characteristics. While well-trained technicians and/
or physicians performed ultrasound in most clinical trials, radi-
ology technicians with varied experience perform ultrasound in 
routine clinical practice [137]. Alternatively, the sensitivity of 
ultrasound may be influenced by patient characteristics as is the 
case for breast density with mammography [138]. For HCC 
surveillance, the ability of ultrasound to accurately visualize the 
liver in patients with morbid obesity or a very nodular liver may 
be impaired [139].

Some studies propose that computed tomography (CT) or 
magnetic resonance imaging (MRI) may be more sensitive than 
ultrasound for the surveillance of HCC. A systematic review 
found the sensitivity of CT for HCC at any stage was 68% (95% 
CI 55%–80%) and the sensitivity of MRI was 81% (95% CI 
70%–91%) [140]. Although these numbers are encouraging, CT 
and MRI have been evaluated only as diagnostic tests so these 
performance characteristics cannot be assumed to be the same 
when applied as surveillance tools. Additionally, the increased 
cost and potential adverse effects, such as radiation exposure, 
limit their utility for surveillance.

Alpha fetoprotein is the best-studied serological test for HCC 
surveillance. A level of 20 ng/mL has become the most com-
monly used cut-off to trigger further evaluation in clinical prac-
tice, although it is important to note that this value was derived 
from a study in which only one-third of patients had early stage 
HCC [141]. A systematic review of five studies evaluating AFP 
at this level in cirrhotic patients showed sensitivities ranging 
from 41% to 65% and specificities ranging from 80% to 94% for 
HCC at any stage [142]. A multicenter phase 2 case–control 
biomarker study among 417 patients with cirrhosis but no HCC 
and 419 patients with HCC (49.6% early stage tumors) showed 
that AFP, using a lower cut-off of 10.9 ng/mL, had a sensitivity 
of 66% for early stage HCC [143].

Although AFP was included as an adjunct surveillance test  
to ultrasound in prior guidelines, there has been increasing 
debate regarding its utility in surveillance [4,136,144,145]. The 
American Association for the Study of Liver Disease (AASLD) 
guidelines cited the HALT-C study as the main source for the 

Clinical presentation and natural history

Clinical presentation
The clinical presentation of HCC varies widely and is largely 
driven by the degree of underlying hepatic reserve. In patients 
with underlying cirrhosis, HCC can present with hepatic 
decompensation, including hepatic encephalopathy, ascites, or 
jaundice [124]. In patients with adequate hepatic reserve and 
particularly those without cirrhosis, HCC is more likely to 
present with tumor-related symptoms, including, abdominal 
pain, weight loss, weakness, anorexia, malaise, or a palpable 
mass on examination [124]. Small tumors are often asympto-
matic. HCC typically becomes symptomatic when it reaches 
5–8 cm in diameter [125,126]. Outside of an elevated 
α-fetoprotein (AFP) level, laboratory findings are nonspecific 
and are more often related to the underlying liver disease than 
HCC. Since nearly 40% of patients can have HCC as their first 
presentation of cirrhosis, identification of chronic liver disease 
and cirrhosis prior to the development of HCC is of paramount 
importance [127].

Extrahepatic manifestations of HCC can result from distant 
metastases or a paraneoplastic syndrome. The most common 
sites of metastases are lung, bone, lymph nodes, and adjacent 
abdominal viscera [128]. Osteoclastic destruction from bone 
metastases can present as pain, while other sites of metastases 
are often asymptomatic. Paraneoplastic symptoms, which can 
occur in advanced stage tumors and serve as a poor prognostic 
marker, include hyperlipidemia, hypoglycemia, and hypercal-
cemia [129].

Hepatocellular carcinoma surveillance
Since many patients with HCC are asymptomatic when tumors 
are still at an early stage, routine surveillance in patients with 
known cirrhosis is particularly important. An ideal surveillance 
test would be highly sensitive and specific for early HCC, and 
undetectable in premalignant liver disease. Additionally, tests 
that are easily measurable, reproducible, and minimally inva-
sive, are better accepted by both patients and physicians. 
Currently, both radiographic and serological tests are used for 
HCC surveillance [4]. Unfortunately, both fall short of these 
ideals.

Ultrasound is the most widely used radiological test for HCC 
surveillance [130]. Its advantages include being noninvasive and 
relatively inexpensive, and it poses no risk of contrast or radia-
tion exposure. The efficacy of ultrasound in surveillance has 
been evaluated primarily in prospective cohort studies. There 
have not been any randomized controlled trials (RCTs) assess-
ing ultrasound in cirrhotic patients. The sensitivity of ultra-
sound for the detection of early stage HCC ranged from 29% to 
100% and the specificity ranged from 94% to 100% [131–133]. 
In a large RCT evaluating surveillance among HBV patients, the 
sensitivity of ultrasound was 84% for HCC at any stage and 63% 
for early stage HCC [133]. Similarly, in a recent metaanalysis, 
the pooled sensitivity of ultrasound for early stage HCC was 
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is clear that better surveillance tools, including more accurate 
biomarkers and more cost-effective advanced imaging with low 
or no risk of radiation, are necessary to help improve the sensi-
tivity of finding tumors at an early stage. However, currently 
available data support the use of ultrasound and AFP as the 
surveillance tests of choice until that time.

Hepatocellular carcinoma surveillance should be performed 
in at-risk individuals every 6 months. In a metaanalysis of pro-
spective cohort studies evaluating the efficacy of surveillance 
tests for detecting HCC, ultrasound had a sensitivity of 70% in 
studies using a 6-month interval compared to a sensitivity of 
50% in those with surveillance intervals between 6 and 12 
months [134]. A retrospective analysis of a large prospectively 
maintained multicenter Italian database showed that patients 
who received surveillance every 6 months had tumors detected 
at an earlier stage and significantly better overall survival than 
patients receiving annual surveillance, even after correcting for 
lead time bias [125]. The median corrected survival among the 
510 patients in the 6-month surveillance group was 40.3 months, 
compared to 30 months in the 139 patients in the 12-month 
surveillance group (P = 0.03). A subsequent multicenter study 
among 1340 patients with cirrhosis evaluated whether further 
shortening the surveillance interval to 3 months results in better 
detection of early stage tumors and improves survival [164]. The 
majority of patients in both groups were detected at an early 
stage (79% vs 71%, P = 0.40) and similar proportions received 
curative therapies (62% vs 58%, P  =  0.88). Furthermore, the 
3-month surveillance group had a higher incidence of nonma-
lignant lesions, leading to a higher number of unnecessary recall 
procedures.

Studies on surveillance should be evaluated separately for 
patients with chronic HBV and those among patients with  
cirrhosis given differences in populations and surveillance  
effectiveness. For patients with chronic HBV infection, the  
best-studied surveillance strategy includes a combination of 
ultrasound and AFP. There have been two large RCTs compar-
ing surveillance every 6 months to no surveillance. Patients 
randomized to surveillance were significantly more likely to be 
detected at an early stage, more likely to undergo curative 
therapy, and had better survival in both studies.

The first study included 17 920 HBV-positive patients, who 
were randomized to surveillance (n = 8109) or no surveillance 
(n = 9711) and followed for an average of 14.4 months [165]. 
Of the patients randomized to surveillance who developed 
HCC, 29 (76.3%) were detected at an early stage, whereas none 
of the 18 patients who developed HCC in the no surveillance 
group were detected at an early stage (P < 0.01). A higher pro-
portion of patients in the surveillance group met criteria for 
curative therapy, with 24 patients having resection in the sur-
veillance group compared to 0 patients in the no surveillance 
group (P < 0.05). Accordingly, the 1-year and 2-year survival 
rates for HCC patients in the surveillance group were 88.1% and 
77.5%, respectively, compared to a 0% 1-year survival rate for 
patients who developed HCC in the no surveillance group 

lack of efficacy of AFP in patients with cirrhosis; however, AFP 
had a sensitivity of 61% at the time of HCC diagnosis, whereas 
ultrasound had a sensitivity of only 58% [135]. Interestingly, an 
increasing AFP level helped with detection of 40% of early stage 
HCC in this study. In addition to ignoring the highest level of 
evidence for the efficacy of ultrasound combined with AFP in 
research studies, the HCC guidelines also neglect the effective-
ness of the tests in clinical practice. In a study assessing the 
effectiveness of surveillance in a real world setting, ultrasound 
had a sensitivity of 44% and AFP had a sensitivity of 66% [136]. 
The sensitivity of surveillance was substantially increased to 
90% when using the two tests in combination. There was a 
similar increase in sensitivity for early HCC from less than 50% 
for both tests to nearly 65% when the two were used in combi-
nation. There was not a significant trade-off in lost specificity 
when using the two tests in combination. These data suggest 
that ultrasound is insufficiently sensitive in isolation and that 
AFP should also be used in conjunction with the imaging 
surveillance.

Other tumor biomarkers that have been evaluated include 
des-γ carboxy-prothrombin (DCP) and the lens culinaris-
agglutinin reactive fraction of AFP (AFP-L3) [146]. DCP is an 
abnormal prothrombin protein that is generated as a result of 
an acquired defect in the posttranslational carboxylation of the 
prothrombin precursor in malignant hepatic cells [147]. Several 
prospective cohort studies in patients with cirrhosis have evalu-
ated DCP for detecting HCC and found sensitivities ranging 
from 23% to 57% compared to 14%–71% for AFP [148–150]. In 
a nested case–control study among patients in the HALT-C trial, 
DCP and AFP had sensitivities of 74% and 61%, respectively, 
for HCC at any stage, which was increased to 91% by using the 
two markers in combination [135]. Prospective studies evaluat-
ing AFP-L3 in patients with cirrhosis have demonstrated sensi-
tivities ranging from 35% to 75% and specificities from 68% to 
92%, although some studies only included patients with ele-
vated AFP levels [151–154]. In one prospective cohort study 
among 372 patients with HCV cirrhosis, of whom 34 developed 
HCC, AFP-L3 had a sensitivity and specificity of 37% and 92%, 
respectively, compared to 61% and 71% for AFP [153]. A recent 
large multicenter study demonstrated that AFP, at a cut-off of 
10.9 ng/mL, is more sensitive for early stage HCC than either of 
these two new biomarkers [143]. AFP-L3 only had a sensitivity 
of 37% (95% CI 31%–45%) for early stage tumors and DCP had 
a sensitivity of 56% (95% CI 53%–75%), whereas AFP had a 
sensitivity of 66% (95% CI 56–77%).

Glypican 3 [155,156], GP73 [157], osteopontin [158], squa-
mous cell carcinoma antigen [159], human HGF [160], and 
insulin growth factor-1 [161], are examples of other biomarkers 
that are currently being evaluated but data are preliminary and 
require validation in large cohorts. Proteomic approaches may 
also provide tools to identify other novel serum biomarkers in 
HCC in the future [162]. Further studies, based on guidelines 
for biomarker development, are necessary to better evaluate the 
potential role of these biomarkers during surveillance [163]. It 
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biannual ultrasound and AFP in patients with Child–Turcotte–
Pugh class A cirrhosis increases the mean life expectancy with 
cost-effectiveness ratios between $26 000 and $55 000/QALY 
[6]. When a similar analysis was performed in patients with 
HCV cirrhosis, the cost–utility ratio was $26 689/QALY [3]. 
Another study evaluating the cost-effectiveness of biannual AFP 
and ultrasound in HCV Child–Turcotte–Pugh class A cirrhosis 
revealed a cost-effectiveness ratio of $33 083/QALY [5].

In summary, HCC surveillance is recommended every 6 
months in patients with cirrhosis to detect tumors at an early 
stage. Unfortunately, fewer than 20% of patients with cirrhosis 
undergo HCC surveillance, contributing to high rates of 
advanced tumor stage at presentation. Although better sur-
veillance tools are also needed to improve the sensitivity of 
finding tumors at an early stage, there is currently insufficient 
evidence for the routine use of cross-sectional imaging or 
other biomarkers, such as AFP-L3 and DCP. Given the vari-
able effectiveness of ultrasound in clinical practice, surveil-
lance should be performed using a combination of ultrasound 
and AFP at this time to optimize the detection of tumors at 
an early stage.

Natural history
Liver cell dysplasia is a well-recognized premalignant lesion in 
patients with cirrhosis. Some dysplastic nodules have concur-
rent foci of HCC at the time of initial presentation, and one-
third of high-grade dysplastic nodules will progress to HCC 
over a 2-year follow-up period [169]. Dysplastic nodules can be 
classified as low or high grade, with the risk of HCC increasing 
in parallel with the degree of dysplasia. Malignant transforma-
tion rates are 25% in low-grade dysplastic nodules, compared 
to rates as high as 63% in high-grade dysplastic nodules; 
however, the latter figure may be difficult to interpret given that 
high-grade dysplastic nodules can be difficult to distinguish 
from well-differentiated HCC upon first diagnosis [170,171]. 
Not all dysplastic nodules will progress to HCC, as 15% of 
nodules have been noted to disappear on follow-up.

The natural history of any malignancy largely relates to its 
pattern of growth and its propensity to invade vasculature and/
or spread to surrounding organs. Although HCC may show 
early microvascular invasion and tend to have macrovascular 
invasion over time, extrahepatic metastases typically do not 
develop until later. Although one-third of patients with unre-
sectable HCC progress to vascular invasion within 3 years of 
diagnosis, only 22% develop distant metastases over this same 
time period [172]. Features of HCC shown to indicate more 
aggressive behavior include poorly differentiated histology, lack 
of a fibrous capsule, large size, and elevated serum AFP levels 
[173–175]. An infiltrative pattern of HCC growth accounts for 
approximately 10% of all HCC, but can be difficult to diagnose 
given the lack of a well-demarcated boundary on cross-sectional 
imaging [176,177]. Infiltrative tumors often present at late 
stages, with high rates of macrovascular invasion at first pres-
entation [178].

(P  <  0.01). The authors acknowledged that this study was 
limited by lead time bias, although this would only account for 
a survival difference of 5.4 months. Given that over three-
fourths of the surveillance population survived over 2 years, 
whereas no patients in the nonsurveillance group survived 
longer than 1 year, the authors concluded that surveillance 
would reduce HCC-associated mortality rates.

The second RCT included 19 200 HBV carriers who were 
randomized to surveillance (n  =  9757) or no surveillance 
(n = 9443) [166]. A total of 86 patients developed HCC in the 
surveillance group, of whom 45% were early stage, whereas 67 
patients developed HCC in the no surveillance group, of which 
none were early stage (P  <  0.01). The HCC-related mortality 
rate of patients undergoing surveillance was significantly lower 
than that of the no surveillance group (83.2 vs 131.5/100 000, 
P < 0.01), with a hazard ratio of 0.63 (95% CI 0.41–0.98). Taken 
together, results from these RCTs provide level I evidence that 
HCC surveillance among patients with chronic HBV infection 
improves early tumor detection and reduces cancer-related 
mortality. 

Although RCTs have been performed in China among 
patients with chronic HBV, the results cannot be extrapolated 
to cirrhotic patients, who account for the majority of patients 
with HCC in Europe and the US. The impact of surveillance on 
mortality in patients with cirrhosis has only been assessed in 
nonrandomized trials to date (i.e., a level II recommendation 
consisting of cohort or uncontrolled studies). Studies have 
shown that patients undergoing surveillance with ultrasound 
and AFP have a better overall survival when compared to either 
historical controls or patients with HCC who did not undergo 
surveillance. However, the results of these studies are fraught 
with lead time and length time biases that limit their applicabil-
ity to improvements in survival with surveillance.

In a prospective cohort study of 451 patients with cirrhosis 
and HCC, patients who underwent surveillance had a pro-
longed survival compared to those who did not undergo sur-
veillance, after adjusting for lead time bias [125]. The most 
substantial benefit was seen in patients with Childs grade A 
cirrhosis although patients with Childs grade B cirrhosis still 
derived a statistically significant survival benefit. Given the 
competing risk of dying from liver-related complications, there 
is likely not a benefit in performing HCC surveillance in patients 
with Childs grade C cirrhosis who are not otherwise transplant 
candidates. Similarly, a retrospective analysis including 1480 
HCC patients from the US national Veterans Affairs (VA) data-
base demonstrated the presence of HCC surveillance during 
both 0–6 months and 7–24 months prior to HCC diagnosis was 
associated with a significantly lower mortality risk (HR 0.71, 
95% CI 0.62–0.82) compared to no surveillance [167].

The standard threshold for cost-effectiveness has been deter-
mined to be a maximal of $50 000/quality-adjusted life years 
(QALY) [168]. Surveillance with ultrasound and AFP has been 
demonstrated to be cost-effective in patients with compensated 
cirrhosis in several decision analysis models. Surveillance with 



Hepatocellular carcinoma CHAPTER 109   2155

European, American, and Asian populations [190,191,193]. In 
a study comparing the prognostic ability of seven staging 
systems, the BCLC was found to have the best independent 
predictive power for survival [190]. The median survival for 
patients with BCLC stage D tumors was only approximately 5 
months, which was significantly shorter than the 10-month 
median survival for those with BCLC stage C tumors 
(P = 0.01). Patients with BCLC stage B tumors had a median 
survival of approximately 27 months (P = 0.04 vs BCLC stage 
C tumors) and BCLC stage A patients had a median survival 
exceeding 4 years (P < 0.001 vs BCLC stage B). In addition to 
its strong prognostic ability, the BCLC is the only staging 
system that has been linked to an evidence-based treatment 
algorithm (Figure 109.2). However, the validity of the BCLC 
staging system will need to be re-evaluated in the future with 
progress in both risk stratifications and treatment.

There is variation between patients in terms of the natural 
history of HCC. Tumor doubling times have ranged from 1 
month to 19 months, with a median doubling time of 4–6 
months [174,179–182]. Furthermore, tumor doubling time may 
not be stable within a patient, as tumors can transition from 
periods of slow growth to more accelerated exponential growth 
[179,180]. There are currently no accurate methods to predict 
tumor biology and tumor growth rates.

Llovet and colleagues have reported the natural history of 102 
untreated patients with intermediate stage and advanced stage 
HCC [172]. Most patients had well-preserved liver function (65 
Child–Pugh stage A, 34 Child–Pugh stage B, and 3 Child–Pugh 
stage C) and good performance status (ECOG performance 
status 0–1 in 94 patients). The median overall survival was 17 
(range 1–60) months,with 1- and 3-year survival rates of 54% 
and 28%, respectively. On multivariate analysis, significant 
prognostic factors included baseline performance status, consti-
tutional syndrome, vascular invasion, and extrahepatic metas-
tases. Patients with none of these adverse prognostic factors had 
a median survival of 40 months, compared to only 5.4 months 
with one or more adverse factors (P < 0.001).

Overall, HCC continues to have a poor prognosis, with an 
incidence to mortality ratio that approaches 1. A large retro-
spective population-based study from the US, including over 
15 000 patients, found that 3- and 5-year survival rates have 
remained very poor. Three-year and 5-year survival rates were 
11% and 8%, respectively, in 1992–1993, compared to 18% and 
13% in 1997–1999 [96]. Similarly, 5-year survival rates in 
Europe were 0.9–4.9% in the early 1980s, compared to 4.6–7.9% 
in the mid-1990s [183]. The continued poor prognosis for HCC 
is largely driven by high rates of late stage presentation, when 
curative options no longer exist, due to low rates of HCC sur-
veillance [127,184–188].

Staging

One of the central factors driving prognosis in patients with 
HCC is tumor burden. In the majority of solid tumors, staging 
is determined at the time of surgery and by pathological exam-
ination of a resected specimen, leading to the tumor node 
metastasis (TNM) classification [189]. However, the TNM 
staging system in HCC fails to account for the degree of liver 
dysfunction and patient performance status [190]. These are 
important dimensions that cannot be ignored in patients with 
HCC. Several alternative staging systems have been proposed, 
including the Barcelona Clinic Liver Cancer (BCLC), Cancer 
of the Liver Italian Program (CLIP), and Japan Integrated 
Staging (JIS). Although there is not one universally accepted 
staging system, the BCLC (Table 109.1) may offer the most 
prognostic information because it includes an assessment of 
tumor burden, liver function, and patient performance status 
[190,191] and thereby has been endorsed by the AASLD [192]. 
The prognostic ability of the BCLC has been validated in 

Table 109.1 Potential novel agents for patients with advanced 
hepatocellular carcinoma.

Agents Phase study Mechanism of action

First line

Brivanib III Antiangiogenic

Linifanib II–III Antiangiogenic

Sorafenib + erlotinib III Multi-kinase inhibitor 
and antiangiogenic

Second line

Ramucirumab II–III Antiangiogenic

Bevacizumab II Antiangiogenic

Cediranib
Pazopanib
Lenvatinib
Lenalidomide
Axitinib

I–II Antiangiogenic

Gefitinib
Lapatinib
Cetuximab

I–II EGFR inhibitor

Everolimus III mTOR inhibitor

Sirolimus
Temsirolimus

I–II mTOR inhibitor

Tivatinib
Cabozantinib

II Hepatocyte growth 
factor/
c-MET inhibitor

Belinostat I–II Histone deacetylase 
inhibitor

STA-9090 I–II HSP-90 inhibitor

EGFR, epidermal growth factor; HSP, heat shock protein; mTOR, 
mammalian target of rapamycin; STA, second-generation Hsp90 
inhibitor in phase I/II clinical development by Synta Pharmaceuticals.
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patients with HCC; however, up to three biopsies were required 
in some cases to confirm the diagnosis [196].

Lesions between 1 and 2 cm demonstrate the typical imaging 
characteristics of HCC less often than larger lesions and can 
often pose the most difficulty in terms of diagnosis. The major-
ity of these lesions are not malignant; however, some of these 
small lesions can have aggressive behavior leading to vascular 
invasion and poor survival if not accurately diagnosed early 
[197–200]. Although the requirement of only one characteristic 
single contrast-enhanced study to make a diagnosis of HCC in 
lesions between 1 and 2 cm has a lower positive predictive value 
than two studies, the positive predictive value is still greater 
than 90% [196,201,202]. Serste and colleagues recently vali-
dated this approach in a study among 74 patients with 1–2 cm 
nodules, of whom 47 had HCC [203]. The sensitivity and spe-
cificity of characteristic findings on one imaging study was 96% 
and 100%, respectively, compared to 57% and 100% if charac-
teristics findings were required on both examinations. Liver 
biopsy was able to provide an accurate diagnosis in the 21 (28%) 
patients with discordant imaging findings on CT and MRI.

Radiological diagnosis
Patients with a positive surveillance test should be evaluated 
with four-phase CT or dynamic contrast-enhanced MRI. 
Established protocols for both CT and MRI define the amount 
and method of contrast administration, timing of the studies 
after contrast administration, and thickness of the slices neces-
sary for adequate resolution. Several studies have compared the 

Diagnosis

Any patient with an abnormal screening test requires further 
diagnostic evaluation to determine the presence or absence of 
HCC. The primary tools include imaging and liver biopsy. 
Currently, radiological imaging has priority in the diagnostic 
evaluation of patients with suspected HCC since it can facilitate 
HCC diagnosis, without a need for biopsy, and provides a deter-
mination of overall tumor burden. In patients without charac-
teristic imaging findings, a liver biopsy can be performed in 
order to establish the diagnosis.

The recommended diagnostic algorithm for HCC is shown 
in Figure 109.3. For lesions smaller than 1 cm in maximum 
diameter detected on ultrasound, no detailed examination is 
necessary. The majority of these lesions are cirrhotic nodules, 
and not HCC, so close follow-up with a repeat ultrasound in 3 
months is sufficient [194,195]. For lesions greater than 1 cm in 
maximum diameter, either four-phase CT or dynamic contrast-
enhanced MRI should be performed. If the appearance of the 
lesion is typical for HCC, this is sufficient for a diagnosis of 
HCC and no further investigation is necessary. If the appear-
ance is not typical for HCC, a second contrast-enhanced study 
or biopsy should be performed in order to establish the diagno-
sis. Patients with a high suspicion for HCC but a negative biopsy 
should continue to be followed with serial contrast-enhanced 
imaging. If the lesion enlarges but remains atypical appearing 
for HCC, a repeat biopsy should be considered. In one study 
validating this approach, the first biopsy was positive in 70% of 

Figure 109.2 Barcelona Clinic Liver Cancer (BCLC) staging system for hepatocellular carcinoma. CLT/LDLT, cadaveric liver transplantation/living 
donor liver transplantation; PEI, percutaneous ethanol injection; PST, performance status test; RFA, radiofrequency ablation. From Llovet et al. 2002 
[329]. Reproduced with permission from Elsevier.
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other hypervascular hepatic lesions, such as hemangioma and 
focal nodular hyperplasia [212,213]. Therefore, the presence of 
washout during the venous and delayed phases is crucial. The 
presence of delayed washout was the strongest predictor of HCC 
among patients with an arterial enhancing lesion (OR 61, 95% 
CI 3.8–73) [197]. The presence of arterial enhancement and 
delayed washout had a sensitivity of 89% and specificity of 96% 
for HCC.

This phenomenon of “arterial enhancement and delayed 
washout” is related to the differential blood supply of the tumor 
compared to the rest of the liver [206,214]. The liver has a dual 
blood supply, with approximately 75% of its blood supply from 
the portal vein and the remainder from the hepatic artery. As 
the grade of malignancy within a dysplastic nodule progresses 
and the lesion transitions to HCC, there is a gradual reduction 
in the portal blood supply to the nodule, and an increase in 
arterial blood flow from branches of the hepatic artery through 

performance characteristics of CT and MRI as diagnostic 
studies for HCC [204–207]. The sensitivity of MRI is 61%–95% 
compared to a sensitivity of 51%–86% for four-phase CT. In one 
study, MRI was able to detect more lesions overall, particularly 
those smaller than 2 cm, but the overall sensitivity for HCC was 
similar between the two modalities [208]. Several studies have 
evaluated contrast-enhanced ultrasound as a diagnostic study, 
but it has a lower specificity than CT and MRI, with the poten-
tial for false-positive findings in patients with intrahepatic 
cholangiocarcinoma [209,210]. Positron emission tomography 
has also shown poor performance in the diagnosis of HCC and 
is not included in the diagnostic algorithm [211].

Hepatocellular carcinoma lesions enhance more than the sur-
rounding liver in the arterial phase and enhance less than the 
surrounding hepatic parenchyma in the venous and delayed 
phases (Figure 109.4). Arterial enhancement is an essential 
characteristic of HCC but is nonspecific, as it can be seen in 

Figure 109.3 Diagnostic algorithm for hepatocellular carcinoma (HCC). US, ultrasound.
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Figure 109.4 Imaging characteristics for hepatocellular carcinoma.
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lack a true capsule. A high-grade dysplastic nodule is character-
ized by the presence of cytological atypia and architectural 
changes, but the atypia is insufficient for a diagnosis of HCC. 
They often exhibit a combination of increased cell density, irreg-
ular trabeculae, small cell change, and unpaired arteries but 
should not have any evidence of stromal invasion [227]. 
Immunostaining for keratins 7 or 19 may be used in difficult 
cases to differentiate stromal invasion versus ductular reaction 
and pseudoinvasion [228].

Early HCC are vaguely nodular and are characterized by a 
combination of histological features including: (1) increased cell 
density more than two times that of the surrounding tissue, with 
an increased nuclear to cytoplasm ratio and irregular thin 
trabecular pattern; (2) varying numbers of intratumoral portal 
tracts; (3) pseudoglandual formation; (4) diffuse fatty change; 
and (5) unpaired arteries [226,229,230]. Features of HCC may 
be present diffusely throughout the lesion but may be restricted 
to only a portion of the nodule. Furthermore, all of these find-
ings may be found in both early HCC and high-grade dysplastic 
nodules. Therefore, stromal invasion remains the most helpful 
feature to distinguish early HCC and high-grade dysplastic 
nodules.

Staining for several biomarkers, including glypican-3 
(GPC3), heat shock protein 70 (HSP70), and glutamine syn-
thetase (GS), has been proposed to help distinguish HCC 
from high-grade dysplastic nodules [155,231–235]. GPC3 is 
an oncofetal protein that is expressed in 60%–90% of HCC, 
although at lower rates around 50% in well-differentiated 
HCC [234,236–238]. GPC3 is not perfectly specific and can 
be expressed in 7%–22% of high-grade dysplastic nodules and 
4% of regenerative cirrhotic nodules [234,236–238]. HSP70, a 
potent antiapoptotic protein, is expressed in up to 80% of 
early HCC in resection specimens but less than 50% of cases 
on biopsies [231,239]. HSP70 expression can be seen in 
5%–10% of high-grade dysplastic nodules but not in regenera-
tive cirrhotic nodules. GS, which correlates with β-catenin 
mutations, has a stepwise increase in expression from precan-
cerous to early and advanced HCC. GS expression has been 
reported in 13%–70% of early HCC but only 10%–15% of 
high-grade dysplastic nodules [232,240].

The diagnostic accuracy of a panel of these three markers was 
assessed among a cohort of 186 patients with regenerative 
nodules (n = 13), low-grade dysplastic nodules (n = 21), high-
grade dysplastic nodules (n = 50), very well-differentiated HCC 
(n = 17), well-differentiated HCC (n = 40), and poorly differ-
entiated HCC (n = 35) [231]. When at least two of the markers 
were positive, the overall accuracy for HCC detection was 
78.4%, with 100% specificity. This panel was subsequently pro-
spectively validated among a cohort of 60 patients who under-
went biopsy for liver nodules smaller than 2 cm [241]. When at 
least two of the markers were positive, the sensitivity and spe-
cificity were 60% and 100%, respectively. However, addition of 
the panel only corrected one of the three false positives using 
conventional pathology analysis. Although these markers 

neoangiogenesis [215,216]. Therefore, in the arterial phase of 
imaging, HCC only receive contrast-containing arterial blood, 
whereas the arterial blood to the surrounding liver is diluted by 
venous blood without contrast. In the portal venous and delayed 
phases, HCC do not receive any contrast given the lack of a 
portal venous blood supply, whereas the surrounding liver 
receives portal blood with contrast.

Although the majority of HCC exhibit arterial enhancement 
and delayed washout, some HCC have an atypical presentation. 
For example, hypovascular HCC enhance less than the sur-
rounding liver on both arterial and venous phase imaging 
[217,218]. This appearance is related to immature neoangiogen-
esis and an incompletely established arterial supply. As the 
lesion matures, the blood supply becomes more arterialized  
and the lesion will start to exhibit characteristic imaging fea-
tures [219].

Histological diagnosis
Liver biopsy should be considered in patients with a liver mass 
whose appearance is not typical for HCC on contrast-enhanced 
imaging. Percutaneous biopsy has been reported to have a sen-
sitivity of 67%–100% and specificity of 100% for HCC diagnosis 
[220–222]. Theoretical concerns with liver biopsy have histori-
cally included bleeding and tumor seeding. In a study including 
over 2000 biopsies, the most common complication was post-
procedural bleeding, but this only occurred in 0.4% of patients 
[220]. Biopsy of HCC was initially reported to have a 2.7% 
incidence of needle tract tumor seeding [223]; however, the  
use of a coaxial needle technique significantly reduces this  
risk [224].

Large HCC can often be diagnosed through radiological 
means; however, smaller lesions are more likely to have non-
characteristic imaging findings and therefore may require 
biopsy to make a diagnosis. In the setting of cirrhosis, there  
is often a stepwise progression from cirrhotic nodule to dys-
plastic nodule to HCC. In some cases, these lesions can be dif-
ficult to distinguish both radiologically and histologically. The 
International Consensus Group for Hepatocellular Neoplasia 
has recently developed definitions for each of these lesions, 
which has led to increased global standardization of nomencla-
ture among pathologists [225].

Low-grade dysplastic nodules appear distinct from the sur-
rounding liver and can be nodular appearing due to a peripheral 
fibrous scar. These nodules are characterized by a mild increase 
in cell density without any cytological atypia or architectural 
changes. Unpaired arteries can sometimes be present in small 
numbers [226]. There is often little difficulty distinguishing low-
grade dysplastic nodules from early HCC. Although there is less 
interobserver agreement between pathologists when attempting 
to distinguish low-grade dysplastic nodules and large regenera-
tive nodules, this distinction has minimal clinical significance 
at this time [225].

High-grade dysplastic nodules are more likely than low-grade 
nodules to demonstrate a nodular appearance, although they 
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unable to identify Child–Pugh stage A patients at risk for post-
operative liver failure. Similarly, patients with model for end-
stage liver disease (MELD) scores greater than 10 have high 
mortality rates following resection, making this therapy unat-
tractive in this significant subset of patients [249–251]. Five-
year survival rates are only 25% in patients with portal 
hypertension and bilirubin >1 mg/dL, compared to 74% in 
patients without portal hypertension and normal bilirubin 
levels [252]. Whereas some studies have used invasive means, 
such as hepatic vein gradient greater than 10 mmHg, to define 
portal hypertension, others have used platelet count <100 000/
mm3 as a noninvasive marker [253–256]. However, applying 
these criteria limits surgical resection to only 5%–10% of all 
patients with HCC.

The efficacy of surgical resection is linked to tumor stage as 
well. The most important tumor characteristic is vascular inva-
sion, with 5-year survival rates of only 10% in those with vas-
cular invasion compared to 41%–57% in those without vascular 
invasion. Similarly, patients with tumors smaller than 2 cm in 
diameter can have 5-year survival rates of 54%–93%, whereas 
those with 2–5 cm tumors have 38%–53% 5-year survival rates, 
and those with tumors greater than 5 cm in diameter have 
5-year survival rates less than 39% [257–260].

Laparoscopic liver resection has become increasingly popular, 
particularly for small tumors located peripherally within the 
liver. Laparoscopic resection can offer potential benefits in 
terms of shorter length of hospitalization, less peritoneal dissec-
tion, and decreased risk of postoperative decompensation [261–
263]. There have not been any studies to date evaluating the 
potential differences in recurrence rates or overall survival.

Although resection can yield 5-year survival rates of nearly 
70%, it is limited by the risk of tumor recurrence, as high as 50% 
after 5 years [264]. Early recurrences, i.e., those occurring 
within 2 years, are likely related to dissemination from the origi-
nal tumor. Late recurrences, i.e., those occurring after 2 years, 
are more likely “de novo” HCC in the setting of cirrhosis. Early 
recurrence risk is associated with tumor factors such as tumor 
size and the presence of vascular invasion, whereas the degree 
of liver function (e.g., presence of cirrhosis) and viral factors 
(e.g., persistent HCV infection) drive the likelihood of late 
recurrences [265,266]. Genomic studies have proposed molecu-
lar signatures to define oncogenic potential but this requires 
validation [267].

A Cochrane review found 12 RCTs assessing the role of adju-
vant or neoadjuvant therapy with resection [268]. The risk of 
death was significantly reduced with neoadjuvant or adjuvant 
therapy in four studies but significantly increased in two others. 
Lower recurrence rates were consistently observed across 
studies, although only three reported significant reductions in 
recurrence. Overall, there is currently insufficient evidence for 
neoadjuvant or adjuvant regimens with resection, and RCTs are 
still necessary. Similarly, neoadjuvant TACE does not prolong 
survival in patients with resectable HCC but may instead result 
in higher drop-out due to interval disease progression [269].

appear promising, the clinical utility of these stains over con-
ventional pathology has yet to be established.

Recent advances in genomics could provide novel tools to 
further improve HCC diagnosis. Application of real time reverse 
transcription polymerase chain reaction has demonstrated dif-
ferential expression of genes in high-grade dysplastic nodules 
and early HCC. For example, a three-gene set including 
glypican-3, survivin, and lymphatic vessel endothelial hyaluronic 
acid receptor-1 had a discriminatory accuracy of 94% between 
dysplastic nodules and early HCC [156].

Treatment

There have been significant advances in HCC treatment over 
the past 10 years, with improvements in both technology and 
patient selection. Available therapeutic options can be divided 
into curative and palliative interventions. Curative therapies 
include surgical resection, orthotopic liver transplantation 
(OLT), and techniques such as radiofrequency ablation (RFA). 
Each of these approaches offers the chance of achieving a long-
term response and improving survival. Palliative therapies, 
which attempt to prolong survival by slowing tumor progres-
sion, include transarterial chemoembolization (TACE), transar-
terial radioembolization (TARE), and systemic chemotherapy.

Hepatic resection
Surgical resection is the treatment of choice for noncirrhotic 
patients with HCC. Despite more advanced tumor stage at the 
time of diagnosis, patients without cirrhosis are more likely to 
be amenable to resection due to lower risks of liver failure [242]. 
Whereas nearly 40% of HCC in Southeast Asia occurs in the 
absence of cirrhosis, this accounts for less than 5% of HCC 
patients in the US and Europe [23,243]. Consequently, wide-
spread use of resection is limited in Western countries.

Patients with limited hepatic reserve are at risk for hepatic 
decompensation, so careful patient selection is crucial. Although 
perioperative mortality rates after surgical resection have 
improved over time, hepatic decompensation still occurs in 
4%–5% of patients [244,245]. It is important to consider both 
quality and quantity of the future liver remnant (FLR) after 
resection. In patients with limited fibrosis, the risk of postopera-
tive morbidity is low if FLR exceeds 30%; however an FLR of 
40% is typically required in patients with cirrhosis [246]. In 
patients with insufficient FLR, portal vein embolization (PVE) 
can be a useful adjunct to promote hypertrophy of the unaf-
fected hepatic lobe [247,248]. In patients with insufficient FLR, 
PVE can reduce the risk of perioperative liver failure and 
thereby improve survival.

Quality of FLR is based on an assessment of hepatic function 
and degree of portal hypertension. Patients with Child–Pugh 
stage A disease have significantly better survival after resection 
than patients with Child–Pugh stage B or C disease [246,249]. 
However, Child–Pugh score alone has a floor effect and is 
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higher posttransplant mortality (HR 1.68, 95% CI 1.39–2.03) 
[279], with 5-year posttransplant survival rates of only 38% 
[280]. Further data are necessary before expanded selection 
criteria are adopted as standard protocol [281].

An alternative approach to expanding transplant criteria is 
down-staging tumors to the Milan criteria using TACE, TARE, 
or percutaneous ablation. In a prospective study among 61 
patients with T3 lesions, down-staging was successful in 43 
(70%) patients [282]. The 4-year survival of the entire cohort 
was 69% and 92% in the 35 patients who underwent transplant. 
It is important to note that a minimum observation period of 3 
months after down-staging was required prior to proceeding 
with transplant, and the median time from down-staging to 
transplant was 8.2 months. Theoretically, this process selects 
tumors with more favorable biology that responds to down-
staging treatments and would likely do well after transplantation 
[283]. Although little data compare the effectiveness of each 
modality, a single-center retrospective analysis with 86 patients 
suggested TARE may outperform TACE in terms of successful 
down-staging (58% vs 31%, P = 0.02) and overall survival (35.7 
vs 18.7 months, P = 0.18) [284]. Further prospective studies are 
needed to define the role and optimal technique for successful 
down-staging.

There are often prolonged waiting times for liver transplant 
given the large gap between the number of patients needing a 
liver transplant and the number of available organs. Significant 
intrahepatic tumor growth, vascular invasion, or the develop-
ment of extrahepatic metastases may lead to drop-out from the 
waiting list while awaiting an organ. If waiting times exceed 12 
months, patients with HCC may experience drop-out rates near 
25% [285,286].

Accordingly, the proportion of liver transplant recipients 
receiving neoadjuvant therapy, i.e., “bridging therapy,” while on 
the waiting list increased from 37.3% in 2003 to 58.1% in 2008, 
with TACE and RFA being the most common modalities used 
[287]. Although there is not any proven posttransplant survival 
advantage in treating HCC patients while listed for transplanta-
tion, “bridging” locoregional therapy may reduce the risk of 
drop-out, particularly in regions with long waiting times 
[287,288]. Furthermore, response to therapy may be utilized as 
a marker of tumor biology, which can help determine candidacy 
for some patients. Modeling studies have suggested the use of 
bridging therapy is cost-effective if expected waiting times 
exceed 6 months [289].

An alternative approach to reducing drop-out rates is to 
expand the number of available organs through means such as 
living donor liver transplantation (LDLT). The Adult-to-Adult 
Living Donor Liver Transplantation (A2ALL) study group 
found LDLT recipients had a higher rate of HCC recurrence 
within 3 years (29% vs 0%, P = 0.002) but no significant differ-
ence in overall survival (3-year survival 67% vs 63%, P = 0.91) 
than deceased donor liver transplant (DDLT) recipients 
[290,291]. In other studies from Japan and the US, 3-year sur-
vival rates of 79%–86% after LDLT have been reported for 

Several studies, including five RCTs and a subsequent metaa-
nalysis, have demonstrated that HCV treatment after resection 
or ablation (i.e., secondary prevention) can significantly reduce 
HCC recurrence rates in patients with HCV cirrhosis [270]. 
Patients with sustained virological responses (SVR) have HCC 
recurrence rates of approximately 35%, which is significantly 
lower than the 61% recurrence rate among nonresponders 
(P  =  0.005) [270]. Furthermore, IFN therapy was associated 
with significantly improved 5-year survival rates (OR 0.40, 95% 
CI 0.23–0.70).

Liver transplantation
Liver transplantation offers the unique ability to not only 
treat HCC but also correct the underlying liver disease, thus 
minimizing the risk of future tumor development. Liver 
transplantation was initially associated with 5-year survival 
rates of 30%–40% in patients with HCC, and its role in the 
HCC treatment algorithm was controversial. In a landmark 
study, Mazzaferro and colleagues demonstrated long-term 
survival was possible in a subgroup of patients with limited 
tumor burden [271]. Among patients with one tumor less 
than 5 cm in maximum diameter or 2–3 tumors with the 
largest being less than 3 cm in maximum diameter and 
without portal vein invasion or extrahepatic metastases, 
overall and recurrence-free 4-year survival rates of 85% and 
92%, respectively, were achieved. These criteria, known as the 
Milan criteria, now form the basis of priority listing status for 
liver transplantation in the US. Liver transplant outcomes for 
HCC in Europe and the US have confirmed that adherence 
to the Milan criteria provides excellent posttransplant out-
comes. When these criteria are applied, recurrence rates are 
typically less than 15% and 5-year survival rates approach 
60%–70% [272]. Over the 20-year period of 1998–2008, 8273 
patients undergoing transplant for HCC in Europe experi-
enced 5-year survival rates of 60%. Similarly, 4482 patients 
transplanted in the US for HCC between 1998 and 2006 had 
5-year survival rates of 61%.

Strict selection criteria have been maintained given the need 
to obtain the maximum benefit from a limited number of avail-
able organs. However, some believe the Milan criteria may be 
too restrictive and have proposed expanding the selection cri-
teria to include patients with larger tumors [273–275]. The 
University of California San Francisco (UCSF) criteria include 
patients with a single lesion smaller than 6.5 cm or up to three 
lesions, each less than 4.5 cm with a maximum tumor burden 
of 8.0 cm [276]. The up-to-seven criteria include patients whose 
sum of the largest tumor diameter and number of tumor is 
below seven [277]. The benefit to patients beyond the Milan 
criteria must be weighed against the harm from delaying trans-
plantation in other patients on the waiting list. The harms of 
expanding selection criteria typically outweigh the benefits 
when 5-year posttransplant survival rates fall below 61% [278]. 
Although promising results have been reported from single-
center cohort studies, patients exceeding the Milan criteria have 
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A major limitation of RFA is its poor efficacy in large tumors, 
with a lower chance of complete necrosis in tumors larger than 
3 cm. Tumors larger than 3 cm often require repositioning of 
the electrode or multiple treatment sessions to obtain clear 
margins. However, lesions larger than 5 cm have only a 50% 
chance of complete response even with a more aggressive 
approach [313–315]. Accordingly, RFA yields 3- and 5-year 
survival rates of 84% and 65% for tumors smaller than 3 cm 
compared to 71% and 47% in larger tumors (P < 0.001) [307]. 
It may be possible that TACE prior to RFA can decrease HCC 
blood flow and heat dispersion to help increase the size of the 
RFA necrotic area, although well-conducted randomized trials 
are still necessary [316]. Another limitation of RFA is an inabil-
ity to treat in some cases due to tumor location. Subcapsular 
HCC and those adjacent to the gallbladder are associated with 
higher rates of incomplete ablation and may be associated with 
higher complication rates [317–319]. Similarly, tumors adja-
cent to large vessels can have a 50% lower chance of complete 
response to RFA, as the vessel acts as a “heat sink” for the 
radiofrequency energy [320]. Finally, RFA is associated with 
potential adverse events including pleural effusion, peritoneal 
bleeding, and a 0.3% risk of procedure-related mortality 
[302,321,322].

Microwave coagulation therapy (MCT) is an alternative 
therapy, involving ultrasound-guided placement of an electrode 
and microwave treatment to induce regional necrosis surround-
ing the HCC [323,324]. MCT can overcome some limitations of 
RFA, achieving wider ablative zones and avoiding heat sink 
effects [325]. A randomized trial comparing RFA and MCT 
among 72 patients found similar rates of complete therapeutic 
effect (96% vs 89%, P = 0.26), residual foci of untreated disease 
(8.3% vs 17.4%, P =  0.20), and complicatons (2.8% vs 11.1%, 
P = 0.36); however, the number of required treatment sessions 
was significantly lower in the RFA group (1.1 vs 2.4, P < 0.001) 
[326]. There have been advances in microwave ablation technol-
ogy since this study so randomized trials comparing RFA and 
MCT are necessary. Other novel therapies, such as irreversible 
electroporation (IRE) and light-activated drug therapy, have 
also shown promise as alternative techniques for HCC but 
further data are still necessary.

Transarterial chemoembolization
The liver derives most of its blood flow from the portal vein, 
whereas HCC are dependent on hepatic artery blood supply. 
TACE involves selective delivery of intraarterial chemotherapy 
into the tumor, followed by embolization with a goal of inducing 
tissue necrosis. TACE is the mainstay of treatment for patients 
with preserved liver function (Child stage A or B) and tumors 
that are not amenable to surgical resection, transplantation, or 
local ablative therapies, in the absence of vascular invasion or 
distant metastases [327–329]. TACE carries a significant risk  
of hepatic ischemia in patients with hepatofugal blood flow  
and/or main portal vein thrombus. Although this has tradition-
ally been considered a contraindication to TACE, subsequent 

patients within the Milan criteria [292,293]. Patients exceeding 
the Milan criteria in these studies had 3-year survival rates of 
42%–61%, prompting some to advocate for the use of LDLT in 
these patients. However, it has been argued that this approach 
may be unethical due to worse outcomes and the risk to the 
healthy donor [294]. Modeling studies have suggested that 
LDLT is a cost-effective approach if expected waiting times 
exceed 7 months, assuming a 4% monthly drop-out rate while 
waiting and a 0.3%–0.5% mortality risk to the donor. However, 
the enthusiasm for LDLT has waned given the need for a highly 
skilled group of senior liver surgeons, the increased surgery-
related morbidity, the higher risk of HCC recurrence, and the 
risk of donor mortality [295].

Local ablative therapies
Local ablation therapy is the best alternative for patients with 
early HCC who are not eligible for resection or transplantation. 
The most widely used techniques are percutaneous ethanol 
injection (PEI) and RFA. RFA involves the use of electromag-
netic energy deposition via a percutaneous probe to induce 
thermal injury to the tumor. High-frequency alternating energy 
creates local temperatures between 60 and 100°C, leading to 
local coagulation necrosis [296]. PEI involves the introduction 
of a needle into the tumor and injection of 95%–100% ethanol 
into the lesion, which results in protein degradation and coagu-
lative necrosis [297].

Several RCTs comparing these two techniques have demon-
strated RFA achieves higher rates of complete tumor ablation 
using fewer sessions, with tumor necrosis rates of 90%–95% in 
solitary HCC under 4 cm [298–302]. Furthermore, a metaanaly-
sis showed that 3-year survival is significantly prolonged with 
RFA compared to PEI (OR 0.48, 95% CI 0.34–0.67) [303]. 
Therefore, RFA has largely replaced PEI as the preferred local 
ablation technique in patients with early HCC. Excellent long-
term outcomes have been reported after RFA [304–306]. In a 
study among 1170 patients with HCC, complete tumor ablation 
was achieved in 99.4% after a median number of 2 RFA sessions 
[307]. Five- and 10-year survival rates were 60.2% and 27.3%, 
respectively; however, 74.8% of patients had recurrence within 
5 years of the procedure.

These excellent long-term outcomes have prompted some to 
suggest that RFA may be considered first-line therapy over 
resection. Three RCTs demonstrated similar 3-year survival 
rates after percutaneous ablation and resection in patients with 
early HCC, although there was a consistent trend in lower 
disease-free survival after percutaneous ablation [308–310]. The 
choice between the two treatments depends on local expertise 
and the risk of local recurrence and perioperative mortality 
[311]. A Markov model using these data concluded that resec-
tion is the best therapeutic option, except in cases where patients 
were older than 70 years, resection perioperative mortality 
exceeded 30%, negative margins were achieved in less than 60% 
of patients, or RFA could be performed at least 60% of time for 
recurrence [312].



2162   PART 4 Gastrointestinal diseases

been recently introduced to target radiation therapy to the 
tumor but limit exposure to surrounding nontumor paren-
chyma. Radiolabeled particles are injected through the hepatic 
artery, become trapped at the precapillary level in the tumor-
bearing area, and emit internal radiation.

The safety of 90Y radioembolization has been documented in 
several phase I–II studies [337–340]. Treatment has been dem-
onstrated to be safe in patients with portal vein thrombosis 
given its minimal embolic nature [341]. However, it is impor-
tant to perform a pretreatment technetium-99m-labelled mac-
roaggregated albumin scan to exclude the presence of significant 
hepatopulmonary shunting that would result in greater than 
30 Gy being delivered to the lungs.

A single-center prospective cohort study with 291 patients 
treated with TARE found 23% complete response rates and 34% 
partial response rates. Median survival was 17.2 months in 
Child–Pugh stage A patients and 7.7 months in Child–Pugh 
stage B patients [342]. The most common toxicities included 
fatigue, nausea/vomiting, and hyperbilirubinemia. A follow-up 
study compared 122 patients treated with TACE and 123 treated 
with TARE. The authors found TARE was better tolerated, with 
significantly lower rates of abdominal pain and elevated liver 
enzymes. Although there was a trend toward higher response 
rates with TARE than TACE (49% vs 36%, P = 0.10), median 
survival was not significantly different between the two modali-
ties (20.5 vs 17.4 months, P = 0.23) [340]. Randomized studies 
comparing TACE and TARE are still needed, although the large 
number of patients that would be needed may make this diffi-
cult [340].

Systemic therapy
Historically, several chemotherapeutic agents were investigated 
as potential therapy for patients with advanced HCC, who were 
not candidates for any local therapies [343]. Studied agents 
include but are not limited to doxorubicin, tamoxifen, cisplatin, 
seocalcitol, and nolatrexed. However, these agents all failed to 
demonstrate notable response rates or any improvement in 
overall survival over best supportive care. In 2008, sorafenib, a 
multikinase inhibitor, was the first and only agent to date that 
has been shown to significantly improve survival benefit in 
patients with advanced HCC [344]. Sorafenib inhibits cell pro-
liferation and angiogenesis.

The SHARP (Sorafenib Hepatocellular Carcinoma Assessment 
Randomized Protocol) trial was terminated early, after finding 
median survival improved from 7.9 months with placebo to 10.7 
months with sorafenib (HR 0.58, 95% CI 0.45–0.74) [344]. 
Time-to-progression was significantly prolonged from 2.8 
months in the placebo group to 5.5 months among those receiv-
ing sorafenib (P < 0.001). The majority of patients included in 
this trial had Child stage A cirrhosis (95%) and good perform-
ance status (92%) with advanced tumors (53% extrahepatic 
spread and 70% vascular invasion). Another randomized trial 
with sorafenib in patients with advanced HCC was performed 
in Asia, in which there were significantly higher rates of patients 

reports have suggested this may be performed in very select 
patients with preserved liver function [330,331].

The reported objective response rates range between 16% and 
60%, and fewer than 2% of patients achieve a complete response 
[327–329]. The residual tumor recovers its blood supply and 
continues to grow, necessitating repeated TACE treatments at 
regular intervals. TACE results in slower rates of tumor progres-
sion, which translates into lower rates of vascular invasion and 
distant metastases. In patients with intermediate stage tumors, 
TACE results in a significantly prolonged 2-year survival of 63% 
compared to 27% with supportive care (P < 0.001) [329].

Although attempts are made to be as selective as possible, 
there is often injury to surrounding hepatic parenchyma result-
ing in postembolization syndrome with pain, nausea, and low-
grade fevers [332]. The postembolization syndrome is usually 
self-limited to 48–72 h, and usually resolves with pain medica-
tion and hydration. The degree of side effects and the risk of 
hepatic toxicity may be determined by the type and frequency 
of the TACE regimen, with high variability in procedural tech-
nique between centers. There is also variability in the choice of 
chemotherapeutic agent (doxorubicin alone vs combination 
with mitomycin-C or 5-fluorouracil vs bland embolization), 
embolizing agent (gel foam vs microparticles), TACE retreat-
ment schedule (ranging from every 2 months to every 6 months), 
and degree of selectivity (ranging from super-selective to lobar 
TACE). For example, the incidence of hepatic toxicity was 
notably higher in a French study using cisplatin-based TACE 
every 2 months than a Spanish study using doxorubicin-based 
TACE every 6 months [327,329].

The introduction of drug-eluting beads (DEB-TACE), which 
can be more embolic and maintain higher intratumor doxoru-
bicin levels, may help reduce some heterogeneity between 
centers [333]. DEB-TACE involves embolic microspheres that 
actively sequester chemotherapeutic drugs, such as doxoru-
bicin, and release them in a controlled and sustained fashion. 
An RCT among 212 patients with intermediate stage HCC 
found DEB-TACE had similar response rates to conventional 
TACE (27% vs 22% complete response, 25% vs 21% partial 
response) and similar treatment-related serious adverse effects 
(SAE) rates (24% vs 30%) [334]. However, the DEB-TACE 
group had lower rates of postembolization liver toxicity and 
systemic doxyrubicin effects, such as alopecia. DEB-TACE has 
been demonstrated as being superior to bland embolization in 
an RCT among 84 patients, with higher complete response rates 
at 6 months (27% vs 14%), lower recurrence rates at 12 months 
(46% vs 78%), and significantly longer time to progression (42 
weeks vs 36 weeks, P  =  0.008) [335]. A recent study of 104 
patients treated with DEB-TACE has validated the safety (9.6% 
major complication rate) and efficacy (median survival 48.6 
months) of DEB-TACE [336].

Transarterial radioembolization
Hepatocellular carcinoma has long been considered to be a 
radioresistant tumor; however, TARE with 90Y microspheres has 
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decade due to improved rates of diagnosis at earlier stages [360]. 
The mortality rate remains high (25%–75%) for patients who 
present with spontaneous rupture, due to potential uncontrolled 
hemorrhage and/or acute hepatic failure [360–362]. Patients 
with rupture HCC typically present with acute abdominal pain 
and hemodynamic instability. Prompt diagnosis is essential and 
requires a high level of clinical suspicion in the appropriate situ-
ation. Confirmation of the diagnosis is usually made with a 
contrast-enhanced CT or MRI, which demonstrates hemoperi-
toneum in the presence of an HCC.

Hemodynamically stable patients can be closely monitored 
for further signs of bleeding, followed by semi-elective treat-
ment of the HCC as determined by tumor burden and the 
degree of underlying hepatic dysfunction. In hemodynamically 
unstable patients, resuscitation with blood products and coagu-
lation products is the first priority. Once this has been done, a 
procedure aimed at hemostasis should be performed. The least 
invasive and preferred method of hemostasis is transarterial 
embolization (TAE) [363,364]. TAE is both diagnostic and 
therapeutic as the bleeding vessel, typically an arterial source, is 
identified via celiac trunk angiography and then treated by 
embolization. TAE is successful as a hemostatic procedure in 
53%–100% of ruptured HCC cases. If TAE is not available or 
fails to control the bleeding, open surgical exploration is the 
next best approach [364,365]. Surgical options included perihe-
patic packing of the liver to facilitate tamponade of the bleeding, 
ligation of the hepatic artery, partial hepatectomy, suture plica-
tion of the bleeding area, or injection of absolute alcohol into 
the bleeding area. If hemostasis is successful and the patient 
becomes hemodynamically stable, a plan for definitive treat-
ment of the HCC, as dictated by tumor burden and underlying 
liver function, can be determined.

Prevention

Prevention of HCC is an important aspect in the care of any 
patient with chronic liver disease. Cancer prevention may be 
categorized as primary, secondary, or tertiary prevention [366]. 
Primary prevention refers to the identification and modification 
of potential etiological factors. Secondary prevention refers to 
the identification and treatment of existing preneoplastic and 
early neoplastic lesions. Tertiary prevention refers to preventing 
recurrence in patients who were cured of an initial cancer.

Given that the primary risk factors for HCC are HBV world-
wide and HCV in developed countries, most data on prevention 
have focused on vaccines and antiviral therapy. Less robust data 
exist on HCC prevention through modification of other known 
risk factors, such as alcohol cessation, weight loss, and control 
of diabetes. Despite its undoubted importance as a risk factor, 
there is limited evidence to support the effectiveness of alcohol 
reduction interventions at reducing HCC incidence. While 
dietary modifications and exercise are often recommended to 
achieve judicious weight loss in patients with nonalcoholic fatty 

with HBV infection [345]. Median survival was 6.5 months in 
the patients treated with sorafenib, compared to 4.2 months in 
those who received placebo (HR 0.68, 95% CI 0.50–0.93).

Sorafenib was well tolerated, with most adverse events being 
mild to moderate in nature. The most common grade 3–4 
adverse events in both trials were hand–foot skin reaction (8%–
11%), diarrhea (6%–8%), and fatigue (3%–4%). Its tolerability 
has been confirmed in the first interim analysis of GIDEON 
(Global Investigation of therapeutic Decisions in hepatocellular 
carcinoma and of its treatment with sorafeNib), a postmarket-
ing study assessing the tolerability and outcomes of sorafenib in 
clinical practice. Although patients with Child stage B cirrhosis 
experience a higher rate of serious adverse events (60% vs 33%), 
the incidence of drug-related serious adverse events appears 
similar between the two groups (16% vs 10%) [346]. Patients 
with Child stage C cirrhosis or poor performance status are 
unlikely to significantly benefit from or tolerate systemic tar-
geted therapy [347].

There are ongoing trials to determine whether there is any 
benefit of adding sorafenib to other treatment modalities such 
as resection [348] or TACE [349]. In a small trial evaluating 
sorafenib in 13 posttransplant patients with recurrence, there 
was potential antitumor effect (1 partial response and 4 stable 
disease) but it was not well tolerated (92% with SAE and 77% 
with drug discontinuation) [350].

There have been several trials evaluating other targeted thera-
pies for advanced HCC. The antiangiogenic agent sunitinib did 
not demonstrate superiority or noninferiority compared to sor-
afenib as a first-line agent in a phase III study of 1073 patients 
[351]. Similarly, brivanib had success in phase II studies as both 
first-line and second-line therapy; however, phase III trials 
failed to demonstrate improved survival compared to placebo 
[352,353]. Although promising results have been seen for other 
agents in phase II studies, none have been confirmed to date in 
large phase III studies (see Table 109.1) [354–359].

Multidisciplinary management
Treatment decisions for HCC have become increasingly com -
plex with the availability of novel therapies and the growing  
use of multimodal and multiprovider treatments. Appropri -
ate treatment decisions, individualized for each patient,  
require the complementary expertise of multiple specialties. A 
multidisciplinary approach involving a team of hepatologists, 
surgeons, interventional radiologists, radiation oncologists, 
medical oncologists, and radiologists allow delivery of optimal 
treatment.

Complications

Spontaneous rupture of the tumor with peritoneal hemorrhage 
is the major life-threatening complication of HCC. The inci-
dence of spontaneous rupture has historically been reported to 
be 3%–15%, although this has been decreasing over the last 
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in the treated cohort than the untreated cohort (29% vs 42.4%, 
P < 0.001).

Hepatitis C virus infection
Despite considerable research, there is currently no vaccine 
available for HCV. Difficulties impeding the development of a 
vaccine include the variability of its genomic structure, the large 
number of quasi-species, and the lack of an effective neutral-
izing antibody against the virus. However, there are several 
other effective primary prevention measures. Screening of all 
donated blood has virtually eliminated transfusion-associated 
HCV infections in industrialized countries, and similar meas-
ures should be implemented in developing countries. Universal 
precautions of using disposable needles and potentially needle-
exchange programs can similarly reduce parenteral transmis-
sion of HCV infection [375].

The first evidence for secondary prevention of HCC was from 
a RCT with 90 HCV-infected patients in which IFN treatment 
was associated with a significant reduction in the incidence of 
HCC [376]. Since that time, several studies have replicated the 
findings of a reduction in HCC risk among patients treated with 
IFN, particularly patients who achieved an SVR [40–42]. A 
metaanalysis found that SVR was associated with a 79% (95% 
CI 0.73–0.84) reduction in the risk of development of HCC by 
patients with HCV-related cirrhosis [43]. The primary preven-
tive effect of IFN therapy may be even greater among noncir-
rhotic HCV patients, given that SVR at earlier stages of fibrosis 
can prevent the development of cirrhosis. Because the effect of 
IFN therapy was primarily seen among patients who had SVR, 
the utility of maintenance pegylated IFN (PEG-IFN) to prevent 
disease progression and HCC among nonresponders was evalu-
ated. Several randomized trials have since demonstrated that 
maintenance PEG-IFN fails to prevent HCC in patients with 
HCV-related cirrhosis among nonresponders [377,378].

Several studies, including five RCTs and subsequent metaa-
nalysis, have demonstrated that HCV treatment after resection 
or ablation can significantly reduce HCC recurrence in patients 
with HCV cirrhosis [379–381]. Although most studies used 
standard IFN monotherapy, one study included patients who 
received IFN and ribavirin (RBV) combination therapy and one 
assessed PEG-IFN monotherapy. HCV treatment seems to be 
fairly well tolerated by these patients, with 35%–100% of patients 
receiving over 80% of the IFN doses, and is associated with SVR 
ranging from 4% to 69% across studies. For patients with SVR, 
the incidence of HCC recurrence is approximately 35%, signifi-
cantly lower than the 61% recurrence among nonresponders 
(P  =  0.005) [270]. Furthermore, receipt of IFN therapy was 
associated with significantly improved 5-year survival (OR 0.40, 
95% CI 0.23–0.70).

Statins
Statins or 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors have potential antiproliferative, proa-
poptotic, and antiangiogenic effects, which may prevent cancer 

liver disease, it has not been shown to reduce the risk of HCC. 
While awaiting these data, it is prudent to counsel patients with 
regards to weight loss and smoking and alcohol cessation, which 
can still lead to health benefits outside of HCC prevention.

Hepatitis B virus infection
The most effective way to prevent HBV-related HCC is to 
prevent HBV infection through vaccination (i.e., primary pre-
vention). A quasi-study from Taiwan demonstrated that the 
annual incidence of HCC steadily decreased after universal 
HBV vaccination of newborns began in 1986 [367]. HCC risk 
decreased from 0.70/100 000 persons in 1981–1986 to 
0.57/100 000 persons in 1986–1990 to 0.36/100 000 persons in 
1990–1994 (P < 0.0001). A subsequent study from Taiwan dem-
onstrated that HCC incidence was statistically lower among 
vaccinated individuals than those who were not vaccinated (RR 
0.31, 95% CI 0.24–0.41) [368]. Furthermore, the risk of develop-
ing HCC among vaccinated individuals was significantly associ-
ated with incomplete HBV vaccination (OR 4.32, 95% CI 
2.34–7.91). It is anticipated that widespread implementation of 
HBV vaccination programs for all newborns globally can ulti-
mately lead to a worldwide reduction, if not elimination, of 
HBV infection and HBV-related HCC. One modeling study 
suggested that routine HBV vaccination, with at least 90% cov-
erage, could prevent 84% of global HBV-related deaths [369]. 
The HBV vaccine has been incorporated into the Expanded 
Program of Immunization in over 180 countries, including 
most in Eastern and Southeastern Asia; however, it will take 
decades for its impact to be observed among adults [366]. 
Furthermore, there are unfortunately still low rates of HBV vac-
cination in other endemic parts of the world, such as parts of 
sub-Saharan Africa.

For those already infected with chronic HBV infection, anti-
viral therapy can reduce HCC incidence (i.e., secondary preven-
tion), as demonstrated in RCTs with interferon (IFN) [370] and 
lamivudine [371]. In the latter study, 651 HBV-infected patients 
with advanced fibrosis or cirrhosis were randomized to receive 
lamivudine or placebo. After a median duration of 32.4 months, 
HCC was diagnosed in 7.4% of the placebo group compared to 
3.9% of those receiving lamuvidine (HR 0.49, 95% CI 0.25–
0.99). Although there have not been similar randomized trials 
with entecavir or tenofovir, similar effects are expected with 
these newer antiviral agents. It is still unclear if treatment is only 
beneficial among patients with high viral loads or if a similar 
treatment benefit is present in those with lower DNA levels.

Several studies failed to show a benefit of antiviral therapy in 
reducing HCC recurrence rates after surgical resection or local 
ablative therapy (i.e., tertiary prevention) [372,373]. However, 
these studies were limited by small sample size and short dura-
tion of antiviral therapy. In a large case–control study from 
Taiwan, the 6-year cumulative incidence of HCC was lower 
among patients treated with nucleoside analogs (lamivudine, 
entecavir, or telbivudine) than untreated patients (45.6% vs 
54.6%, P < 0.001) [374]. Similarly, overall mortality was lower 
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demic of HCV infection and nonalcoholic fatty liver disease. 
HCC surveillance is recommended in high-risk populations to 
detect HCC at an early stage, when curative options exist. 
Radiological imaging is the most important aspect in the diag-
nostic evaluation of patients with suspected HCC, as it can 
facilitate HCC diagnosis, without a need for biopsy, and pro-
vides determination of tumor burden. Although there is not one 
universally accepted staging system, the BCLC staging system 
is the most widely accepted and has been linked to a proposed 
treatment algorithm. There are treatment options for most 
patients with any stage of disease; however, treatment decisions 
must be individualized after accounting for factors such as the 
degree of liver dysfunction and patient performance status.
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growth [382]. A metaanalysis of 10 studies (seven observational 
and three with pooled data from 26 RCTs) found that statins 
were associated with a 41% reduction (95% CI 30%–50%) in 
HCC incidence [383]. Significant heterogeneity between studies 
prevented the calculation of a single overall estimate for the 
number needed to treat. When limiting the analysis to a high-
risk population, it was estimated that 57 people would need to 
be treated with statins to prevent one case of HCC. Given the 
high number needed to treat, the authors conclude it is not 
prudent to prescribe statins for chemoprevention at this time. 
Further large prospective cohort studies and randomized clini-
cal trials are needed to better define any potential role of statin 
therapy in HCC prevention.

Coffee
Animal models have suggested that coffee compounds may 
modulate enzymes involved in carcinogenesis and have antioxi-
dant effects [384,385]. Coffee ingestion has long been reported 
to have a beneficial effect on liver enzymes and the risk of fibro-
sis progression to cirrhosis [386,387]. More recent studies 
suggest that the beneficial effects of coffee may extend to HCC 
prevention. In a metaanalysis, coffee drinkers were found to 
have a 43% reduction (95% CI 33%–51%) in HCC risk com-
pared to nondrinkers [388,389]. There appeared to be a dose-
dependent response with a 56% reduction (95% CI 50%–62%) 
in heavy drinkers, compared to a 31% reduction (19%–41%) in 
low or moderate coffee drinkers. However, current studies are 
limited by confounders, and a clear causal relationship has yet 
to be established so the role of coffee ingestion in HCC preven-
tion is still unclear.

Summary

Hepatocellular carcinoma is the third most common cause of 
cancer-related death worldwide and one of the most common 
causes of death in patients with cirrhosis. The highest HCC 
incidence rates are currently in Southeast Asia and Africa, 
related to HBV infection; however, these rates are declining with 
more widespread vaccination and treatment programs. Its inci-
dence in the US and Europe is rising due to the current epi-
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Abscesses within the parenchyma of the liver provide many 
challenges in diagnosis and management. Two broad categories 
are considered in this chapter based on the organisms involved. 
Amebic and pyogenic liver abscesses share many clinical, labo-
ratory, and imaging features, though they differ considerably 
with regards to epidemiology and management. This chapter 
describes the clinical presentation, imaging characteristics, 
laboratory findings, natural history, and treatment of hepatic 
abscess. The differences in epidemiology, associated conditions, 
treatment, and prognosis of amebic and pyogenic abscesses 
underscore the need for the physician to distinguish these enti-
ties. Effective management depends critically upon prompt and 
correct definition of the abscess type.

Epidemiology

There are important differences in the epidemiology of amebic 
abscess, as it presents in Western countries, and pyogenic 
abscess. Intestinal amebiasis is a necessary prelude to hepatic 
amebic abscess. Therefore, patients with amebic abscess typi-
cally have emigrated from, or traveled to areas such as Mexico, 
Central and South America, India, southeast Asia, and Africa 
where intestinal amebiasis is prevalent [1,2]. The ethnicity of 
patients is of importance in the diagnosis of amebic hepatic 
abscess. In a large multicenter study of patients in American 
hospitals, nearly one half of patients with amebic hepatic 
abscesses were of Hispanic origins [2]. In contrast, in a large 

series of patients from Los Angeles, the ethnicity of patients 
with pyogenic liver abscess did not differ from the general hos-
pital population [3]. A striking male predominance in the prev-
alence of amebic abscess was noted in a large series of patients, 
despite equal gender distribution of patients with colonic 
amebic disease [3]. In other series of patients with pyogenic liver 
abscesses, the gender distribution of patients was essentially 
equal [4,5].

Pathogenesis

Amebic abscess
Amebic abscess is the most common extraintestinal manifesta-
tion of infection by Entamoeba histolytica. Acquisition of amebic 
infection is via enteric transmission [6]. The majority of amebic 
infections are asymptomatic [7]. Symptoms of enteric infection 
can range from mild diarrhea to dysentery and severe abdomi-
nal pain. Hepatic infection is established by invasion of the 
portal vein via the mesenteric circulation. Spread to the liver by 
portal vein invasion occurs infrequently, with population 
studies suggesting that the rates of amebic liver abscess are less 
than 1% the rates of symptomatic enteric amebiasis [8].

Pyogenic abscess
Several conditions are felt to predispose to the development of 
pyogenic liver abscesses. In the first decades of the 20th century, 
intraabdominal infection (typically appendicitis) resulting in 
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the lung, presumably because of fusion of the diaphragmatic 
and visceral pleura induced by inflammation. Erosion into a 
bronchus may be followed by expectoration of amebic pus and 
subsequent amelioration of symptoms. This mechanism of 
abscess drainage affords an opportunity for spontaneous resolu-
tion. Less frequently seen is rupture into the pericardium, typi-
cally a complication of amebic abscess within the left hepatic 
lobe. This may be accompanied by retrosternal pain, a pericar-
dial friction rub, and findings of cardiac tamponade, such as 
jugular vein distension with pulsus paradoxus. Historically, 
rupture into the pericardium has carried a high mortality [20]. 
When an amebic abscess ruptures abruptly into the peritoneum, 
diffuse abdominal pain and signs of peritonitis occur. Less fre-
quently encountered is a contained abscess adjacent to the site 
of hepatic rupture. In neither instance is surgery required 
because cure typically results from antimicrobial therapy alone 
[21]. Other rare intraabdominal complications include rupture 
into bowel and hemobilia due to formation of an arteriobiliary 
fistula [22].

Pyogenic abscess
The mortality rate associated with untreated pyogenic liver 
abscess approaches 100% [9,23]. As with amebic abscess,  
complications of pyogenic liver abscess include rupture and 
extension into surrounding tissues, with pleuropulmonary 
involvement most common. In contrast to amebic peritonitis, 
should rupture into the peritoneum occur from pyogenic liver 
abscess, mortality is very high without surgical management 
[24]. Abscess-associated thrombosis within the portal vein or a 
hepatic vein is associated with anaerobic infections [25,26] and 
may lead to residual portal hypertension or the Budd–Chiari 
syndrome after otherwise successful treatment of the abscess. 
Patients with large or multiple pyogenic abscesses are at 
increased risk for developing infections at remote body sites due 
to bacteremia. Patients with polymicrobial abscesses have a 
higher mortality rate than those with monomicrobial infections 
[27]. In one series, all 14 patients who had two or more organ-
isms isolated from blood cultures died [28]. Mortality rates 
appear to be higher in patients who have a biliary origin of 
infection, multiple abscesses, and coexistent renal failure. With 
advances in the development of antibiotics, and in improved 
techniques of diagnosis and abscess drainage, mortality from 
treated pyogenic abscess has improved. In recent case series, the 
mortality of pyogenic abscesses has declined to 13% in a multi-
center series [27]. Another recent case series in two large hos-
pitals in New York reported a mortality rate of treated pyogenic 
liver abscesses of only 2.5% [10].

Differential diagnosis

The symptoms associated with both amebic and pyogenic liver 
abscesses are nonspecific, and therefore alternative diagnoses 
include other conditions that can be associated with abdominal 

bacterial seeding of the liver via the portal vein accounted for 
the majority of cases of pyogenic liver abscess [9]. With the 
introduction of antimicrobial agents as well as advances in 
imaging modalities and modern surgical techniques, the fre-
quency of intraabdominal infection as a source of pyogenic liver 
abscess has declined. In the past few decades, biliary obstruc-
tion, both benign and malignant, has become the more common 
etiology of pyogenic liver abscess by direct hepatic spread from 
the biliary tree [4,10]. Hematogenous spread of infection via the 
systemic circulation has also been recognized as a means by 
which hepatic abscess can develop [11]. Other recognized risk 
factors for the development of pyogenic liver abscess include 
compromise of gut mucosal integrity due to inflammatory 
bowel disease [12,13] and colorectal malignancy [14,15], and 
liver transplantation [5,16]. Among medical comorbidities, dia-
betes mellitus [17] and advanced age [18] are recognized as risk 
factors for pyogenic liver abscess.

Clinical presentation and natural history

Fever and right upper quadrant pain are the principal symptoms 
of hepatic abscess, both amebic and pyogenic. Fever is evident 
in virtually all patients. Although spiking fever and chills favor 
pyogenic abscess, these may also be seen with amebic abscess 
[6]. Pain is reported by 75%–90% of patients, is usually constant, 
of variable intensity, and may exhibit pleuritic features with 
radiation to the right shoulder if diaphragmatic involvement is 
present [10,11] . Most patients have symptoms for less than  
2 weeks before seeking medical care. Nonspecific symptoms, 
such as weakness, anorexia, nausea, and weight loss, are 
common. About one third of patients with either type of liver 
abscess report diarrhea, and one fourth have a nonproductive 
cough [11].

On physical examination, sequential measurements of body 
temperature should be made to detect fever. Hepatic enlarge-
ment and tenderness are typical, but not invariably present. 
Jaundice is rare in amebic abscess and, when present, should 
suggest biliary tract obstruction with pyogenic infection or 
underlying chronic liver disease. Percussion dullness, dimin-
ished breath sounds, or other chest findings at the right lung 
base are evident in 20%–30% of patients and suggest involve-
ment of the superior portion of the right hepatic lobe. 
Occasionally, signs of weight loss, dehydration, and anemia are 
evident [4].

Amebic abscess
Without treatment, amebic liver abscess tends to enlarge and 
ultimately extend through the diaphragm or rupture into the 
peritoneal cavity. Pleuropulmonary involvement is the most 
common complication of amebic abscess [19]. Upon extension 
through the diaphragm, amebic empyema or lung involvement 
with development of a hepatobronchial fistula may occur. 
Rupture into the right pleural cavity is less frequent than into 
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help guide the management of a lesion in the superior portion 
of a hepatic lobe [29,31]. Most abscesses, both amebic and pyo-
genic, occur in the right hepatic lobe, presumably mirroring 
relative volumes of blood flow and parenchymal mass [33]. The 
presence of multiple hepatic abscesses strongly suggests pyo-
genic infection (Figure 110.3a,b), as does identification of con-
comitant biliary tract obstruction [34]. Chest radiographs in 
patients with an abscess adjacent to the diaphragm may show 
elevation of the right diaphragm, subpulmonic effusion, and 
right lower lobe atelectasis or infiltrate. It is well to remember 
that a hepatic neoplasm or a metastatic lesion within the liver 
may present with necrosis and secondary infection [35,36], 
mimicking a primary abscess.

Commonly employed blood tests are of limited utility in 
reaching a specific diagnosis of hepatic abscess although certain 
abnormalities are typically present. Leukocytosis (more than 
10 000/mm3) is present in more than 90% of patients. 
Normochromic, normocytic anemia is common, with hemo-
globin levels of less than 12 g/dL seen in two thirds of patients. 
Mild to moderate elevation of serum alkaline phosphatase 
activity is seen in the majority of cases but of little discriminat-
ing value in the absence of information from imaging studies 
[4,34].

Detection of antiamebic antibodies is of primary importance 
in the diagnosis of amebic liver abscess. Although rarely, sero-
logical tests may be negative very early in infection, greater than 
90% of patients with hepatic abscess develop antibodies to 
Entamoeba histolytica in high titer. A positive serological 
response to E. histolytica indicates tissue invasion by the parasite 
and not simply intestinal colonization. Both indirect hemag-
glutination and enzyme-linked immunosorbent assays are 

Figure 110.1 Sonogram of a heterogeneous mass in the left lobe of the 
liver that measures 6.5 × 6.5 cm (arrow). This image is from a 59-year-old 
man who developed a hepatic abscess associated with a bout of presumed 
sigmoid diverticulitis. Blood cultures obtained prior to the initiation of 
antibiotics were negative. Material aspirated from the abscess 
demonstrated Streptococcus constellatus. He was treated with percutaneous 
drainage and intravenous antibiotics.

Figure 110.2 Computed tomography image of the abscess demonstrated 
in Figure 110.1. A heterogeneous, low-attenuation mass in segment 2A of 
the liver demonstrates mild surrounding enhancement (arrow). The 
remainder of the liver has a normal appearance and the biliary tree is 
normal without ductal dilation.

pain, fever, weakness, anorexia, and weight loss. Entities such as 
cholangitis, cholecystitis, pneumonia, and hepatocellular carci-
noma must be considered. Echinococcal cysts also must be con-
sidered. Abdominal imaging with either ultrasound (US) or 
computed tomography (CT) should be performed during the 
evaluation of patients with these symptom complexes. These 
modalities facilitate discrimination of liver abscess from other 
etiologies. Typically on US, abscesses appear as hypoechoic 
lesions, sometimes with internal echoes [29,30] (Figure 110.1). 
Of note, lesions near the dome of the right hepatic lobe may be 
difficult to visualize by US. CT scanning reliably identifies 
abscesses as low-density lesions, often with peripheral enhance-
ment after administration of intravenous contrast, and may 
provide better definition of extrahepatic pathology associated 
with pyogenic abscess (e.g., appendiceal or diverticular abscess) 
[29,30] (Figure 110.2). Although both modalities of imaging  
are sensitive for detecting abscesses and biliary obstruction, 
neither can distinguish reliably between amebic and pyogenic 
abscesses [31]. Although less widely used, magnetic resonance 
imaging (MRI) also has high sensitivity for detection of hepatic 
abscess. Characteristically, liver abscesses are hypointense on 
T1-weighted and hyperintense on T2-weighted images, and wall 
enhancement soon after gadolinium infusion is typical [32]. 
Due to the ability of CT and MRI to provide multiplanar 
imaging, these modalities may be particularly valuable when US 
findings are ambiguous or when coronal or sagittal images will 
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Therapy and management

Liver abscess should be considered in any patient with fever, 
leukocytosis, pain in the right upper quadrant, and tenderness 
over the liver or right lower chest wall. Depending on the age 
of the patient and the nature of the discomfort and associated 
symptoms elicited by history, either US or CT should be 
obtained. Either modality will reliably detect one or more 
hepatic lesions, with imaging characteristics suggesting abscess. 
Should jaundice or evidence for biliary obstruction be discov-
ered, consideration of cholangiography and biliary decompres-
sion is appropriate. Regardless of whether amebic or pyogenic 
abscess is believed more likely, at least two sets of blood cultures 
should be obtained before administration of antimicrobial 
agents.

Amebic abscess
If the patient is a young man who has emigrated from or traveled 
to an area where amebiasis is endemic, who has a single lesion 
on an imaging study, and who does not appear toxemic, then 
amebic abscess is the more likely diagnosis. Stool specimens 
should be examined for amebic cysts and trophozoites and 
serum tested for E. histolytica antibodies. Treatment in adult 
patients should then be initiated with metronidazole, 750 mg 
given orally three times daily for 10 days [1,44]. Tinidazole (2 g 
daily for 5 days) has been approved by the US Food and Drug 
Administration for the treatment of extraintestinal amebiasis 
and is therefore also an acceptable agent for the treatment of 
amebic liver abscess [45]. After treatment with either of these 
tissue amebicides, therapy with a luminal amebicide is appropri-
ate to eradicate amoeba within the bowel because these may be 
a source of relapsing or persisting infection. Paromomycin 

available [1,37]. Importantly, seropositivity does not distinguish 
current from prior disease. Thus, persistence of antiamebic anti-
bodies after resolution of amebic abscess (usually in diminish-
ing titer) may lead to confusion in the differential diagnosis of 
a subsequent liver lesion, especially in areas in which infection 
is endemic [1]. Examination of aspirated material from an 
amebic abscess rarely reveals trophozoites and is therefore not 
a reliable means to diagnose amebic abscess.

A key element in the diagnosis and treatment of pyogenic 
liver abscess is the identification of the organisms in the abscess. 
Blood cultures are positive for bacteria in about 50% of patients 
[4,38,39]. Thus, at least two separate specimens of blood should 
be taken for culture before administration of antibiotic agents. 
There is variable microbiology in the pathogenesis of hepatic 
abscesses. The best and most direct method to distinguish 
amebic from pyogenic abscess is needle aspiration of an abscess. 
Material from an amebic abscess is brown-red in color and typi-
cally is not particularly malodorous. The term “anchovy paste” 
has been applied to the material aspirated from amebic abscesses 
and consists primarily of necrotic hepatocytes. Cultures from 
pyogenic abscess aspiration may be polymicrobial [33,39]. 
Smears of pyogenic abscess contents usually identify at least one 
bacterial form. Meticulous handling of aspirated material to 
avoid exposure to air enhances recovery and identification of 
anaerobic species. Enteric Gram-negative rods as well as anaer-
obic species are the most common pathogens identified [10]. 
The Streptococcus milleri group species are an important cause 
of hepatic abscesses [13]. Klebsiella pneumonia is increasingly 
recognized as a pathogen, particularly in East Asian countries 
[40–42]. In addition, hepatic abscesses have been identified 
caused by bacterial isolates that express extended spectrum 
β-lactamase [10,43].

Figure 110.3 Computed tomographic (CT) images of extensive low-attenuation lesions throughout the liver (solid arrows). (a) This is from a 59-year-
old man with a history of perirectal abscess associated with Crohn’s disease. Also demonstrated is abscess-associated thrombosis of the portal vein 
(hollow arrow). Blood cultures obtained prior to initiation of antibiotics revealed microaerophilic Streptococcus which cleared after antibiotic therapy. 
He was treated with a 6-week course of antibiotics. Upon completion of antibiotics, a follow-up CT image (b) demonstrated resolution of the multiple 
abscesses in the liver as well as resolution of portal vein thrombosis.

(a) (b)
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parenteral antibiotic therapy is 2–3 weeks, or until a clinical 
response is obtained. Subsequently, an additional 2–4 weeks of 
oral antibiotic therapy, depending on bacterial sensitivities, can 
be administered until clinical, biochemical, and radiological 
evaluations confirm reduction in size of the abscess cavity. 
Resolution of the abscess cavity is often delayed well beyond 
clinical improvement and, in the absence of other clinical 
signs, should not form the basis for prolonged antimicrobial 
therapy. While the prompt administration of systemic antibiot-
ics is the mainstay of therapy of pyogenic liver abscesses, there 
is evidence that antibiotic therapy alone is insufficient to suc-
cessfully treat any but the smallest (<3 cm) abscesses [48]. 
Additional therapies employed to successfully treat pyogenic 
liver abscesses include surgical drainage, either laparoscopic or 
open, and interventional radiological procedures including 
aspiration and drain placement. These latter procedures have 
proven to be effective in the management of pyogenic liver 
abscesses, relegating surgical procedures to second tier in the 
management of liver abscesses. Needle aspiration is felt to be 
safe and effective, but requires careful follow-up to ensure 
adequate improvement of the abscess. Failure rates are higher 
with needle aspiration compared to placement of an indwelling 
catheter for drainage in hepatic abscesses greater than 5 cm in 
diameter [49]. Surgical intervention may be required if a clini-
cal response is not seen within 4–7 days of placement of a 
drainage catheter, in the presence of multiple large loculated 
abscesses, or in thick-walled abscesses with viscous pus that is 
not amenable to catheter drainage [50].
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(25–30 mg/kg/day orally in three divided doses for 7 days) treats 
intraluminal amebiasis [46]. Diloxanide furoate is an alternative 
luminal amebicide, although it is not available in the United 
States. Aspiration of the abscess is indicated if there is no clinical 
improvement within several days, if the diagnosis is in doubt, 
or if the abscess is large or located such that rupture is believed 
likely. Amebic pleural effusions are treated by aspiration and 
one of the amebicidal regimens. Amebic pericarditis is treated 
by pericardiocentesis and by aspiration of the (usually left lobe) 
hepatic abscess in addition to amebicidal antibiotics. Surgery is 
not typically indicated for uncomplicated amebic liver abscess 
but may be appropriate in some instances for rupture or, rarely, 
for failure of medical therapy alone. US-guided percutaneous 
drainage is effective and should obviate the need for surgical 
management in most cases. In uncomplicated amebic liver 
abscess, the prognosis is good, with a mortality rate of about 
1%. Extension into the chest or pericardium increases mortality 
significantly, to 6% and 25%–30%, respectively [47].

Pyogenic abscess
If the patient is older, lacks a history suggesting risk for ame-
biasis, or has multiple lesions and/or bile duct obstruction on 
an imaging study, pyogenic abscess is more likely. After blood 
cultures have been obtained, treatment with a broad-spectrum 
antibiotic regimen is appropriate. Because of the mixed nature 
of many pyogenic infections, the initial empiric regimen should 
be parenteral and broad spectrum, providing effective coverage 
against aerobic enteric bacilli, Streptococcus milleri group, 
and enteric anaerobes. Suitable regimens include ampicillin-
sulbactam, piperacillin-tazobactam, carbapenems, or a third-
generation cephalosporin plus metronidazole. A fluoroquinolone 
plus metronidazole is also an acceptable antibiotic regimen 
[44]. It should be recognized that Enterobactereciae, particu-
larly species that express extended-spectrum β-lactamase have 
been recognized as pathogens in pyogenic hepatic abscesses 
and treatment must be tailored to treat the pathogens if they 
are identified. In addition, local resistance patterns must be 
taken into consideration when an antibiotic regimen is deter-
mined. Instrumentation or obstruction of a patient’s biliary 
tree should prompt broader coverage or antibiotic selection  
to strengthen coverage against specific pathogens such as 
Enterococcus and Pseudomonas species [4]. In most instances, 
diagnostic aspiration for bacterial culture is appropriate. 
Ideally, this should occur before antibiotics are administered, 
but treatment should not be delayed injudiciously if prompt 
aspiration is not feasible. The recommended duration of 
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Systemic circulatory disease

Ischemic hepatitis
Ischemic  hepatitis  or  “shock  liver”  is  due  to  reduction  in  sys-
temic  blood  pressure  with  or  without  hypoxemia.  Ischemic 
hepatitis often occurs in patients with underlying heart disease 
[1–3]  and  it  has  been  suggested  that  right-sided  heart  failure 
with hepatic venous congestion predisposes to ischemic hepa-
titis due to systemic hypotension [3]. Decreased cardiac output 
may  be  due  to  cardiac  causes  such  as  myocardial  infarction, 
severe congestive heart failure, cardiac arrhythmias, severe car-
diomyopathy,  cardiogenic  shock,  constrictive  pericarditis,  and 
pericardial tamponade. Systemic causes of hypotension include 
septic shock or hypovolemia due to massive hemorrhage, exten-
sive  burns,  or  extravasation  of  fluid  into  the  peritoneum,  for 
example in acute pancreatitis.

The  diagnosis  is  made  on  clinical  grounds  when  there  is 
systemic  hypotension  and  severe  and  rapidly  reversible  eleva-
tion of serum aminotransferases in the absence of other causes 
of acute hepatitis. In addition to these features, a marked, rapid 
elevation of  lactate dehydrogenase (LDH) [4] with a  low ratio 
of serum aminotransferase to LDH is helpful in distinguishing 
ischemic  hepatitis  from  acute  viral  hepatitis  [5].  Serum  ami-

notransferases are most commonly 20 or more times the upper 
limit of normal and an elevation less than 20 suggests the need 
for further confirmation of the diagnosis [6]. Concomitant renal 
hypoperfusion  with  elevation  in  creatinine  and  blood  urea 
nitrogen are also usually present. The classic histological feature 
is centrilobular necrosis.

Congestive hepatopathy
Chronic  passive  congestion  of  the  liver  in  congestive  heart 
failure causes atrophy of hepatocytes in zone 3, sinusoidal con-
gestion, and enlargement of sinusoidal endothelial fenestration. 
It has been suggested that the mechanisms leading to hepatocyte 
atrophy  are  pressure  on  the  hepatocytes  and  perisinusoidal 
edema that impairs diffusion of oxygen and nutrients to hepa-
tocytes [7].

Causes of congestive hepatopathy include chronic right-sided 
heart  failure due  to cardiomyopathy or valvular heart disease, 
constrictive pericarditis, and pulmonary hypertension. Clinical 
findings  include  a  dull  ache  in  the  right  upper  quadrant, 
hepatomegaly,  increased  jugular venous pressure, and hepato-
jugular  reflux.  Liver  tests  are  usually  normal.  Congestion  will 
cause  sinusoidal  dilatation  in  the  centrilobular  sinusoids  with 
preservation  of  normal  architecture  in  the  periportal  areas. 
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nancy, and the puerperium are associated with an increased risk 
of  BCS,  but  there  will  most  commonly  be  a  concurrent  risk 
factor. Although Behçet disease may cause hepatic vein throm-
bosis, it is more likely to cause obstruction of the inferior vena 
cava [21,22].

Genetic variations in the gene inhibitor of thrombin-activated 
fibrinolysis [23], the plasminogen activator inhibitor 1 [24], and 
decreased apolipoprotein A1 levels [25] have been described as 
candidate  etiological  factors  associated  with  both  BCS  and 
portal vein thrombosis. Further studies are needed to assess the 
possible etiological role of these factors before they are included 
in routine diagnostic algorithms.

The  major  causes  of  secondary  BCS  are  cancers  and  infec-
tions (Table 111.1). Uncommon causes are trauma with forma-
tion  of  an  intrahepatic  hematoma,  granulomata  due  to 
sarcoidosis, and aspergillosis invading hepatic veins [26].

Clinical features
The most common presenting signs and symptoms in patients 
with  overt  disease  include  fever,  abdominal  pain  and  

Histologically, this pattern is referred to as a “nutmeg” appear-
ance.  Centrilobular  fibrosis  may  occur  with  long-standing 
disease, but frank cardiac cirrhosis is rare.

Treatment of both  ischemic hepatitis and congestive hepat-
opathy  is  directed  towards  the  underlying  cardiopulmonary 
disease.

Hypoxia
Cases of presumed ischemic hepatitis may sometimes be due to 
hypoxia rather than due to decreased perfusion, although more 
commonly this will be due to the combination of left-sided heart 
failure with chronic respiratory failure than to the latter in isola-
tion  [8].  Primary  pulmonary  causes  of  hypoxemia  leading  to 
hepatocellular  necrosis  may  include  massive  pulmonary 
embolus, end-stage chronic obstructive lung disease, or restric-
tive lung disease.

Budd–Chiari syndrome

Budd–Chiari syndrome (BCS) is the eponym for hepatic venous 
outflow  tract obstruction,  independent of  the  level or mecha-
nism  of  obstruction  [9,10],  with  exclusion  of  cardiac  disease, 
pericardial  disease,  or  sinusoidal  obstruction  syndrome  [11]. 
BCS is considered primary when the blockage is intrinsic to the 
vein and secondary when the obstruction or compression origi-
nates external to the vein.

In the West, a pure hepatic vein obstruction is more common, 
while  in  non-Western  countries  inferior  vena  cava  (IVC) 
obstruction is more common. In countries such as South Africa, 
India,  Japan, Nepal,  and China, BCS  is often related  to mem-
branous obstruction, whereas in the West it is frequently caused 
by thrombosis. The original theory was that the membrane was 
congenital,  but  current  thinking  is  that  it  is  a  consequence  of 
thrombus  organization  [12,13].  One  of  the  initiating  factors 
may  be  an  infectious  process.  The  symptoms  of  hepatic  vein 
obstruction and obstruction of the hepatic portion of the IVC 
are the same.

Risk factors
The risk factors for primary BCS are described in Table 111.1. 
At least one prothrombotic risk factors was identified in 87% of 
patients with BCS [14] and up to 46% of patients had multiple 
concurrent  risk  factors  [14–16].  Myeloproliferative  neoplasms 
(MPN) are the leading causal factor [14,17–19]. The MPN most 
closely associated with hepatic vein thrombosis is polycythemia 
vera (PV), whereas essential  thrombocythemia (ET) and idio-
pathic myelofibrosis (IMF) are less common causes.

Other  risk  factors  are  described  in  Table  111.1  [14–16]. 
Hyperhomocysteinemia  and  methylene-tetrahydrofolate 
reductase  (MTHFR)  gene  mutations  are  weak  risk  factors  for 
splanchnic thrombosis [20]. Antiphospholipid antibodies are a 
risk factor for BCS and may be primary or related to one of the 
various  connective  tissue  diseases.  Oral  contraceptives,  preg-

Table 111.1 Risk factors for Budd–Chiari syndrome.

Primary Budd–Chiari syndrome Secondary Budd–Chiari 
syndrome

Acquired prothrombotic 
diseases:
 Myeloproliferative neoplasms 

(28%–49%)
 Antiphospholipid antibodies 

(5%–25%)
 PNH (9%–19%)
 Behçet disease (0%–33%)*
 Hyperhommocysteinemia (37%)
Inherited prothrombotic 
disorders:
 Factor V Leiden mutation 

(7%–32%)
 Protein C deficiency (4%–30%)
 Protein S deficiency (3%–20%)
 Antithrombin deficiency 

(3%–23%)
 Prothrombin G20210A 

mutation (3%–12%)
 MTHFR mutations (12%–22%)
Other causes:
 Oral contraceptives (6%–60%)
 Pregnancy, puerperium 

(6%–12%)
 Hypereosinophilic syndrome
 Granulomatis venulitis
 Ulcerative colitis

Hepatocellular carcinoma*
Renal cell carcinoma*
Adrenal carcinoma*
Primary hepatic hemangiosarcoma
Epitheloid hemangioendothelioma
Sarcoma of the inferior vena 
cava*
Right atrial myxoma*
Hydatid cysts*
Amebic or pyogenic abscess*
Sarcoidosis
Trauma*
Aspergillosis
Abdominal surgery

* More commonly associated with membranous obstruction of the 
hepatic portion of the inferior vena cava than with obstruction at the 
level of the hepatic vein.
MTHFR, methylene tetrahydrofolate reductase; PNH, paroxysmal 
nocturnal hemoglobinuria.
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parenchyma with variegated appearance and nodularity, caudate 
lobe  enlargement,  ascites,  or  splenomegaly.  If  normal  hepatic 
veins  with  phasic  flow  are  detected,  the  diagnosis  of  BCS  is 
excluded.  Ultrasound  is  superior  to  MRI  for  the  detection  of 
intrahepatic  collaterals  [35].  MRI  may  be  more  accurate  than 
venography for the characterization of solid endoluminal mate-
rial [35].

The  value  of  liver  biopsy  for  determining  management  is 
greatly limited by significant sample variation. Liver biopsy is, 
however, the only method to establish a diagnosis of BCS of the 
small  intrahepatic  veins.  Liver  biopsy  findings  in  acute  BCS 
include  centrilobular  and  sometimes  midlobular  sinusoidal 
congestion, acute hemorrhage, and hepatocyte ischemia or drop 
out. Chronic outflow obstruction leads to hepatocyte dropout, 
bridging  fibrosis  between  central  veins  with  sparing  of  the 
portal tracts, nodular regenerative hyperplasia, and finally cir-
rhosis  [33].  Thrombi  in  the  hepatic  veins  may  have  multiple 
layers,  consistent  with  ongoing  or  recurrent  thrombosis.  PVT 
occurs secondarily in some of the small branches of the portal 
vein and in the main portal vein in about 25% of cases. Due to 
the  increasing  sophistication  of  radiological  techniques,  inva-
sive diagnostic methods (e.g., venography and liver biopsy) are 
nowadays  limited  to a small number of patients, and are only 
recommended  if  the  diagnosis  remains  uncertain  or  for  the 
characterization of anatomy prior to treatment [11].

Benign  hepatic  regenerative  nodules  are  common  in  BCS 
patients [33,36]. However, BCS patients also develop hepatocel-
lular  carcinoma  [37,38],  so  the  distinction  between  benign 
nodules and hepatocellular carcinoma is especially relevant.

In  addition  to  the  diagnosis  of  BCS  itself,  the  diagnostic 
work-up  should  aim  to  identify  the  predisposing  factor(s). 
Several factors coexist in approximately half of all cases, so that 
it is advisable to perform a complete etiological study even after 
a  candidate  prothrombotic  or  local  factor  has  been  identified 
[11,16]. Portal hypertension, with its consequent plasma volume 
expansion, hypersplenism, and iron deficiency anemia [20,39], 
will  mask  peripheral  blood  changes  of  MPN  in  most  patients 

tenderness, hepatomegaly, ascites, lower extremity edema, gas-
trointestinal bleeding, and hepatic encephalopathy [16]. There 
is  a  wide  spectrum  in  disease  presentation  and  any  of  these 
symptoms may be absent in symptomatic cases [16,27–29]. The 
presentation of BCS may be acute, acute-on-chronic, subacute, 
or chronic, although the latter two are more common. Severity 
of  symptoms will depend on  the extent of  the  involvement of 
the hepatic veins,  the  time course over which  the obstruction 
develops, and the duration of untreated disease. Slower develop-
ment  of  the  obstruction  or  occlusion  allows  the  formation  of 
collaterals, which alleviates sinusoidal congestion. Patients with 
an acute presentation are more likely to present with fulminant 
hepatic failure with coagulopathy, encephalopathy, and hepato-
renal syndrome. If there is extensive formation of collaterals or 
involvement of a single hepatic vein, the patient may have pres-
ervation of normal liver function and no ascites. In IVC obstruc-
tion, patients may develop distended subcutaneous veins across 
the abdomen, chest, and back, which form part of the collateral 
circulation; this finding is uncommon, but very specific for IVC 
block. Portal vein thrombosis (PVT) occurs in around 15% of 
BCS patients [16,27,30–33]. In these patients there is a higher 
prevalence of multiple risks factors [31] and their prognosis is 
worse than that for isolated BCS. BCS may be asymptomatic in 
up to 20% of cases and is often associated with the presence of 
hepatic venous collaterals [34]. The most common presentation 
is a history of vague complaints for less than 6 months and onset 
of ascites.

Serum  transaminases  and  alkaline  phosphatase  may  be 
normal or elevated. Serum albumin, serum bilirubin, and pro-
thrombin may be normal or abnormal, and in some patients are 
markedly  abnormal,  although  frank  jaundice  is  relatively 
uncommon.  Serum–ascites  albumin  gradient  will  be  greater 
than 1.1 g/dL. An ascitic fluid protein concentration of greater 
than  3 g/dL  is  consistent  with  BCS,  but  may  also  occur  with 
cardiac or pericardial disease.

The  caudate  lobe  drains  through  the  right  inferior  hepatic 
vein into the IVC, which thromboses less frequently, so that flow 
through  the  caudate  lobe  may  become  an  important  route  of 
blood  flow  when  there  is  occlusion  of  two  or  all  three  main 
hepatic veins. This increased flow leads to caudate lobe hyper-
trophy in about half the patients with BCS. Significant caudate 
lobe hypertrophy may compress the IVC behind it, complicat-
ing  decompression  by  portacaval  shunts  (which  are  of  course 
below the level of compression of the IVC).

Diagnosis
In almost all cases, the diagnosis of BCS can be established with 
noninvasive  radiological  techniques  such  as  Doppler  ultra-
sound, dual-phase CT, or MR angiography (Table 111.2). Recent 
guidelines recommend considering MRI and CT evaluation for 
diagnostic  confirmation  if  an  experienced  sonographer  is  not 
available  [11].  Imaging  may  demonstrate  obstruction,  or 
absence, of flow in the major hepatic veins or inferior vena cava, 
intrahepatic, capsular, or systemic collateral formation, hepatic 

Table 111.2 Sequential steps in diagnostic imaging and therapy of Budd–
Chiari syndrome.

Sequential steps Diagnostic imaging Therapy

1 Doppler ultrasound Anticoagulation

2 Magnetic resonance 
imaging

Angioplasty and 
stenting

3 Venography and 
transvenous biopsy

TIPS (or surgical 
shunt)

4 Liver transplantation

Recommendations from a workshop organized by the European 
Group for the Study of Hepatic Vascular Diseases [10].
TIPS, transjugular intrahepatic portosystemic shunt.
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Management of portal hypertension
Complications  of  portal  hypertension  may  be  treated  as  per 
current guidelines for cirrhosis [9,11].

Thrombolysis
There are insufficient data to determine the benefit of thrombo-
lytic therapy. The largest case series to date suggests that the best 
results  may  be  obtained  with  local  infusion  of  thrombolytic 
therapy rather than systemic treatment, after recent and incom-
plete  thrombosis  and  following  partial  recanalization  by 
mechanical means [53]. However, these findings are based on a 
small retrospective study and complications can be fatal.

Angioplasty and stenting
Angioplasty with or without  stenting  should be considered  in 
patients with short-length stenosis. Patency may be better main-
tained  in patients who remain on anticoagulants  for at  least 6 
months  [54].  Recurrent  obstruction  is  more  common  after 
primary angioplasty than after primary stenting for both hepatic 
vein and IVC obstruction. Reobstruction may be less common 
after IVC stenting than after hepatic vein stenting [54].

Portosystemic shunting
Sinusoidal decompression performed prior to significant fibro-
sis and loss of liver function may stabilize disease progression. 
Other indications for decompression include refractory ascites 
and  uncontrollable  gastrointestinal  hemorrhage.  Options  for 
decompression of obstruction in the hepatic vein include TIPS 
and surgical shunt. The goal of TIPS or of a surgical shunt is to 
create hepatofugal flow through the portal vein.

The use of TIPS for BCS has been increasing. Current guide-
lines  recommend  considering  TIPS  in  those  patients  without 
ongoing  improvement  on  anticoagulation  therapy  [55].  TIPS 
has  a  lower  morbidity  and  mortality  than  surgery,  and,  in  
contrast  to  surgical  shunts,  it  is  feasible  in most patients with 
IVC  obstruction  and  in  those  with  severe  IVC  stenosis. 
Polytetrafluoroethylene covered stents have a lower rate of dys-
function than uncovered stents [56]. Bleeding complications of 
TIPS may be higher  for BCS  than  for other chronic  liver dis-
eases, but the incidence of encephalopathy may be lower. Early 
stent thrombosis is not uncommon, even during the expansion 
of the prosthesis. A heparin infusion should therefore be initi-
ated immediately after the puncture of the portal vein [57].

The  availability  and  good  outcome  of  TIPS  have  greatly 
reduced  the  need  for  surgical  shunts.  Surgical  shunt  may  not 
offer an improvement in survival unless patency of the shunt is 
maintained [58]. Side-to-side portacaval shunts have the highest 
patency  rate  but  may  make  future  liver  transplantation  more 
difficult  (will  require  extensive  dissection  around  the  porta 
hepatis  and  reversal  of  the  shunt  is  a  major  undertaking). 
Mesocaval  shunts  may  facilitate  surgery  at  the  time  of  liver 
transplantation, but when performed with a synthetic graft have 
a higher  thrombosis rate  than a side-to-side portacaval shunt. 
If  there  is  significant compression of  the  IVC by caudate  lobe 

[18], resulting in occult MPN. Diagnosis may be made by dem-
onstration  of  clusters  of  dystrophic  megakaryocytes  on  bone 
marrow biopsy [40], or by endogenous erythroid colony forma-
tion  in  culture  of  bone  marrow  cells  or  circulating  myeloid 
progenitor  cells  [18,41,42].  However,  genetic  testing  for  the 
V617F mutation of the JAK2 gene has recently facilitated MPN 
diagnosis  [43–46]. This  is recognized as a diagnostic criterion 
of  MPN  according  to  the  most  recent  WHO  guidelines  [47]. 
Including  this mutation analysis  in  the etiological work-up of 
patients  with  BCS  increases  the  probability  of  diagnosing 
underlying MPN [44]. Even though over 90% of patients with 
PV,  50%–70%  of  patients  with  ET,  and  40%–50%  of  patients 
with IMF harbor  the V617F  JAK2 mutation [20,48],  the pres-
ence of this mutation does not define the phenotype of MPN. 
Hence, it is often necessary to perform additional hematological 
studies, including morphological evaluation of the bone marrow. 
Diagnosis of protein C, protein S, or antithrombin deficiencies 
may be misleading, since synthesis of these coagulation factors 
decreases as liver function declines when chronic liver disease 
develops in BCS. Studies of family members may be needed to 
rule out these clotting disorders as a risk factor.

Management of primary Budd–Chiari syndrome
The sequential steps for management of BCS recommended by 
recent  guidelines  [11]  are:  (1)  anticoagulation,  treatment  of 
underlying  prothrombotic  diseases,  and  prophylaxis  for  or 
treatment of complications of portal hypertension; (2) an active 
search for and treatment of short-length venous stenoses ame-
nable  to  angioplasty  or  stenting;  (3)  transjugular  intrahepatic 
portosystemic  shunt  (TIPS),  if  angioplasty  or  stenting  is  not 
possible or unsuccessful; (4) if TIPS is unsuccessful, evaluate for 
liver transplantation (Table 111.2).

Treatment of condition predisposing to thrombosis
MPN should be treated, although therapeutic endpoints are not 
well defined. Phlebotomy alone will increase the risk of throm-
bosis in patients with PV, whereas one nonrandomized trial has 
suggested  a  reduced  risk  of  thrombosis  in  patients  receiving 
phlebotomy plus hydroxyurea [49,50]. Hydroxyurea reduces the 
risk of thrombosis in patients with ET [51]. Oral contraceptives 
are  contraindicated.  Pregnancy  should  not  be  contraindicated 
in patients with stable and well-controlled BCS, as maternal and 
fetal outcome beyond gestation week 20 are good [52].

Anticoagulation
All patients with BCS, even  those without an underlying pro-
thrombotic condition and those who are asymptomatic, should 
receive long-term anticoagulation, unless there is a major con-
traindication or complication of anticoagulation [11]. The goal 
of anticoagulation is to reduce the risk of clot extension and of 
new  thrombotic  episodes.  Indefinite  anticoagulation  may 
improve  survival  for patients with a good prognosis, but may 
not for individuals with an intermediate or poor prognosis [27].
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Local  factors  for  PVT  are  also  described  in  Table  111.3. 
Pancreatitis may cause PVT either through extrinsic compres-
sion of the portal vein by a pseudocyst or through pylephebitis 
secondary to acute pancreatitis. Analogous to BCS, in over 15% 
of patients multiple etiologic factors coexist, so that a complete 
etiological study is required even after a prothrombotic or local 
factor has been identified.

Acute portal vein thrombosis
Clinical presentation
The most common presenting symptom of acute PVT is abdom-
inal  or  lower  back  pain  [62].  However,  the  acute  episode  is 
frequently asymptomatic or only mildly symptomatic and PVT 
may  be  misdiagnosed  until  the  chronic  phase.  When  there  
is partial occlusion of the vein, symptoms are milder, whereas 
the  intestinal  congestion  of  a  complete  obstruction  leads  to 
severe,  continuous  colicky  pain.  The  patient  may  develop  an 
ileus with abdominal distension. Other symptoms include non-
bloody  diarrhea  and  a  persistent  fever.  Laboratory  tests  may 
reveal  a  transient  increase  in  serum  transaminases,  but  liver 
function  is otherwise preserved. Propagation of  the  thrombus 
into  the  mesenteric  venous  arches  may  lead  to  intestinal 
ischemia or even infarction. With progression to intestinal inf-
arction  patients  can  develop  renal  insufficiency,  acidosis,  and  

hypertrophy or substantial obstruction of the IVC by thrombo-
sis  or  a  web,  pressure  in  the  retrohepatic  IVC  may  be  higher 
than  in  the  portal  vein.  Under  these  conditions  portacaval  or 
mesocaval  shunt  may  fail  and  a  mesoatrial  shunt  should  be 
considered.

Liver transplantation
Liver  transplantation  is  the  treatment of choice  for acute BCS 
with  fulminant  hepatic  failure  and  for  end-stage  liver  disease 
after a chronic course. In more recent series of patients trans-
planted  for  BCS,  survival  rates  have  improved  with  reported 
1-year and 5-year survival rates over 75% and 65%, respectively 
[59,60]. The improved survival is likely due to earlier treatment 
after  onset  of  symptoms  and  the  recognition  of  the  need  for 
lifelong anticoagulation in most patients. Liver transplantation 
may cure one of the underlying predispositions, such as factor 
V Leiden, protein C deficiency, or antithrombin deficiency, but 
a thorough diagnostic work-up may reveal the presence of two 
or  more  remaining  prothrombotic  risk  factors  that  will  still 
require anticoagulation.

Portal vein thrombosis

Thrombosis can affect any of the different venous segments of 
the splanchnic venous system [61–63]. Portal thrombosis (PVT) 
may present with two distinct clinical scenarios, acute or chronic 
PVT. These represent successive stages of the same disease and 
have similar causes but different clinical presentation and man-
agement.  Therefore,  these  two  presentations  will  be  reviewed 
separately. Moreover, PVT in cirrhosis should be considered as 
a  distinct  entity  and  will  also  be  discussed  separately  in  this 
chapter.

Risk factors
In  patients  with  PVT  that  is  not  associated  with  cirrhosis  or 
malignancy,  a  causal  factor  is  found  in  70%–80%  of  cases  (a 
systemic  prothrombotic  factor  is  identified  in  approximately 
60% of cases, a local factor is present in 30%–40% of cases), and 
in the remaining 20%–30% of cases PVT is idiopathic [14,15,43] 
(Table 111.3). Risk factors for PVT are similar to those for BCS 
but  their  prevalence  is  different  (Table  111.3).  The  major  sys-
temic  risk  factors  are  MPN  and  inherited  clotting  disorders. 
Procoagulants  and  anticoagulants  circulate  systemically 
throughout the vasculature. If the hemostatic balance of coagu-
lation factors was the only determinant of thrombosis, then any 
change  in  the  balance  should  have  an  impact  on  all  vascular 
beds. As noted before, some of the prothrombotic disorders do 
and others do not cause hepatic vein thrombosis. Predisposition 
to  thrombosis  in  a  particular  vascular  bed  is  a  characteristic 
feature of prothrombotic disorders. This selectivity of thrombo-
sis  for  discrete  segments  of  the  vasculature  may  be  due  to 
endothelial  cell-dependent  procoagulant  and  anticoagulant 
activities [64].

Table 111.3 Risk factors for portal vein thrombosis.

Systemic risk factors Local risk factors

Acquired prothrombotic diseases:
 Myeloproliferative neoplasms 

(20%–28%)
 Antiphospholipid antibodies 

(5%–19%)
 PNH (0%–2%)
 Hyperhomocysteinemia 

(11%–22%)
Inherited prothrombotic 
disorders:
 Factor V Leiden mutation 

(3%–32%)
 Protein C deficiency (0%–26%)
 Protein S deficiency (0%–30%)
 Antithrombin deficiency (0%–26%)
 Prothrombin G20210A mutation 

(3%–40%)
 MTHFR mutations (11%–50%)
Other causes:
 Oral contraceptives (12%)
 Pregnancy, puerperium (6%–40%)

Abdominal malignancies*
 Hepatocellular carcinoma
 Pancreatic cancer
Cirrhosis**
Inflammatory/infectious 
processes
 Pancreatitis
 Diverticulitis
 Cholecystitis
 Appendicitis
 CMV hepatitis
 Inflammatory bowel disease
Abdominal trauma and 
surgery

* PVT in patients with malignancy may be due to a hypercoagulable 
state or to local tumor invasion (this last situation is beyond this 
review).
** Cirrhotic PVT constitutes a different entity from noncirrhotic PVT.
CMV, cytomegalovirus; MTHFR, methylene tetrahydrofolate reductase; 
PNH, paroxysmal nocturnal hemoglobinuria.
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suggests that recanalization rates with thrombolytic therapy are 
similar  to  that  with  anticoagulation  alone,  but  with  a  much 
higher incidence of complications. A work-up should be initi-
ated  to  find  the  source  of  infection  in  patients  with  fever  or 
leukocytosis, but even if the source of infection cannot be docu-
mented  antibiotics  should  be  considered  in  these  patients. 
Intestinal  infarction  requires  emergent  laparotomy  to  resect 
necrotic bowel.

Outcome  is  dependent  on  recanalization  of  the  portal  and 
mesenteric  veins  and  prevention  of  intestinal  infarction. 
Recanalization of the portal vein and at least one of its branches 
will  prevent  portal  hypertension.  Intestinal  infarction  will  be 
prevented if extension of the thrombus into the mesenteric cir-
culation can be prevented or if the mesenteric vein is recanal-
ized.  Rarely,  patients  with  intestinal  ischemia  may  develop 
intestinal strictures and present with small bowel obstruction at 
a later time point. With prompt diagnosis and treatment prior 
to intestinal infarction, the outcome is good. Overall mortality 
is currently around 10%, mainly due to postoperative complica-
tions or the predisposing condition [69].

Chronic portal vein thrombosis
Clinical presentation
In  developed  nations,  PVT  is  increasingly  being  recognized 
during the acute phase [68]. After PVT, the hallmark feature of 
chronic PVT is rapid development of a network of hepatopetal 
collateral veins (so-called cavernous transformation) that bypass 
the  thrombosed  area.  However,  these  collaterals  are  not  suffi-
cient to carry all the portal blood flow, resulting in prehepatic 
portal  hypertension.  Blood  flow  to  the  liver  from  the  hepatic 
artery and from perihepatic varices is usually adequate to main-
tain normal  liver  function. The most common presenting fea-
tures  of  chronic  PVT  are  gastrointestinal  bleeding  related  to 
portal hypertension, followed by recurrent thrombosis (mostly 
in the splanchnic area) and, lastly, biliary complications. Variceal 
bleeding is a frequent manifestation of PVT but its mortality is 
lower than in cirrhosis. However, ascites or encephalopathy may 
be  transiently  present  after  a  gastrointestinal  bleed,  during 
sepsis, or with unrelated renal failure. About 2% of patients have 
the  hepatopulmonary  syndrome  [70].  In  patients  with  long-
standing PVT, the cavernoma or enlarged biliary veins can com-
press bile ducts,  leading to portal cholangiopathy. Obstructive 
biliary signs, such as stenosis, dilatation, angulation, or irregu-
larity of the bile ducts, may be identified by cholangiography in 
more than 80% of patients. However, clinical manifestations are 
infrequent  and  seem  to  occur  only  in  patients  with  the  more 
severe grade of portal cholangiopathy [71].

In  the  absence  of  cirrhosis,  liver  tests  are  usually  normal. 
Prothrombin time may be moderately prolonged. Patients who 
develop portal cholangiopathy may have cholestasis.

Diagnosis
The diagnostic feature of chronic PVT is cavernous transforma-
tion. Ultrasound, CT or MRI will demonstrate the presence of 

respiratory  dysfunction.  Without  timely  surgical  intervention, 
transmural intestinal infarction will lead to perforation, perito-
nitis, sepsis, and death. In a patient with acute PVT, with high 
fever,  chills,  and  right  upper  quadrant  pain,  a  pylephlebitis  is 
likely. The patient should be evaluated for an abdominal infec-
tion  as  the  precipitating  event.  Gastroesophageal  varices  may 
develop as early as 1 month after the acute episode, but varices 
may develop later in those patients with a negative early endos-
copy. Hence, it is recommended to perform early screening for 
varices  (2–3 months after  the diagnosis) and  then repeat  it  in 
6–9 months in the absence of varices or recanalization [65].

Diagnosis
Doppler ultrasound performed by an experienced physician is 
the technique of choice because of its high sensitivity and lack 
of  side  effects.  Ultrasonography  and  Doppler  ultrasound  can 
demonstrate  the  presence  of  solid  hyperechogenic  material 
within  the  portal  vein  and  turbulence,  stasis,  or  absent  or 
reversed  flow.  CT  scan  before  contrast  injection  can  demon-
strate hyperattenuating material in the lumen of the vessel and 
CT  after  contrast  injection  demonstrates  the  lack  of  luminal 
enhancement, and increased arterial and decreased portal phase 
enhancement of the liver [66,67]. Lack of significant portoportal 
collaterals and lack of signs of chronic portal hypertension (por-
tosystemic collateral circulation, or hypersplenism) on CT are 
features that help to differentiate a recent thrombosis from the 
chronic  form. CT or MR angiography can be used to demon-
strate propagation of the thrombus into the mesenteric circula-
tion and to identify the presence of local factors associated with 
PVT.

Management
The  treatment  goals  in  acute  PVT  are:  (1)  to  recanalize  the 
obstructed  vessel;  (2)  to  diagnose  and  treat  the  predisposing 
factor;  (3)  to prevent and treat portal hypertension; and (4)  if 
there are indicators of infection, to treat the infection.

Recanalization  rarely  occurs  spontaneously,  but  partial  or 
complete recanalization may occur in 40%–60%, of patients on 
anticoagulation [68]. Therapy can be initiated with low molecu-
lar  weight  heparin  and  then  switched  to  oral  anticoagulation. 
Prompt institution of anticoagulation will significantly improve 
recanalization: partial or complete recanalization was 60% when 
anticoagulation was early started (first week after the diagnosis) 
but it was only 20% when it was started later (first 30 days) [65]. 
Current guidelines recommend that anticoagulation should be 
given for at least 3 months [11]. However, portal vein recanali-
zation may be expected to occur up to 4–6 months after starting 
anticoagulation [65,68] and mesenteric and splenic veins may 
recanalize  even  later  [62].  Therefore,  anticoagulation  can  be 
continued for at  least 6 months (or even for 12 months) [62]. 
Long-term  anticoagulation  should  be  considered  for  patients 
with an underlying prothrombotic disease or with extension of 
the thrombus into the mesenteric circulation. Major complica-
tions of anticoagulation therapy are low. The current literature 



Vascular diseases of the liver CHAPTER 111      2177

biliary  strictures,  a  portosystemic  shunt  may  be  necessary. 
Biliary surgery without portal decompression should be avoided.

Outcome  Outcome is relatively good and largely related to com-
plications  from  portal  cholangiopathy  and  transformation  of 
MPN to leukemia or myelofibrosis. In a 5-year follow-up study, 
fewer than 5% of patients died from either gastrointestinal hem-
orrhage or intestinal infarction. The prognosis may be worse in 
patients with extension into the mesenteric circulation [76].

Portal vein thrombosis in cirrhosis
Much  of  the  preceding  applies  to  PVT  in  cirrhosis,  but  a  few 
special  considerations  apply  to  this  population.  The  reported 
prevalence of PVT in patients with cirrhosis is highly variable 
and ranges from 10% to 25% when patients with hepatocellular 
carcinoma are excluded and abdominal US is used for the diag-
nosis.  The  prevalence  increases  with  the  severity  of  cirrhosis. 
The 1-year incidence of PVT ranges between 7.4% and 11%.

It  is now known that  there  is  impairment of both pro- and 
anticoagulant systems in cirrhosis due to impaired hepatic syn-
thesis  of  coagulation  proteins  and  due  to  thrombocytopenia. 
Presence  of  inherited  prothrombotic  factors  such  as  Factor  V 
Leiden, prothrombin, and MTHFR mutations are significantly 
increased  in  cirrhotic  patients  with  PVT  compared  to  those 
without  PVT.  Other  coagulation  defects  such  as  protein  C, 
protein  S,  and  antithrombin  deficiencies  have  also  been 
described in patients with cirrhosis and PVT, but evaluation of 
this  is  complicated  by  acquired  deficiency  due  to  decreased 
hepatic  synthetic  function  and  evaluation  of  family  members 
may be needed to make the diagnosis. Splenectomy and surgical 
portosytemic shunting markedly increase the risk of PVT in this 
population.  It  is unclear whether  treatment of varices precipi-
tates the development of PVT or whether severe portal hyper-
tension  that  leads  to  varices  also  predisposes  to  portal  vein 
thrombosis.  In  most  cases,  the  diagnosis  of  PVT  may  be  an 
incidental finding on Doppler US performed for screening for 
hepatocellular  carcinoma  or  during  the  work-up  of  liver 
decompensation.

There are no  randomized  trials  assessing  the use of  antico-
agulation in this setting, but some studies have shown that anti-
coagulation can achieve partial or complete recanalization rates 
ranging from 36% to 75% of cases with relatively low incidence 
of complications. Decisions on anticoagulation should be made 
on a case-by-case basis [11], but in the authors’ judgment, anti-
coagulation for PVT treatment should be considered for patients 
with  compensated  cirrhosis,  a  permanent  prothrombotic  risk 
factor, and adequate treatment and/or prophylaxis for gastroin-
testinal hemorrhage, or in candidates for liver transplantation.

In patients with cirrhosis and PVT, TIPS has been used for 
the treatment of portal hypertensive complications and in some 
cases  as  treatment  for PVT  itself. TIPS has been  shown  to be 
feasible in 70% to 100% of PVT, but in only 50% of cases with 
cavernoma. A study showed that after TIPS, complete or partial 
recanalization of the portal venous system was achieved in 57% 

a cluster of small irregular collateral vessels and the absence of 
the main portal vein and its main branches. Doppler ultrasound 
or CT or MRI before and after contrast can detect the size and 
patency of the portal vein. Hepatic arteries are usually enlarged 
and the caudate lobe may be enlarged. A liver biopsy or normal 
or slightly elevated transient elastography value by FibroScan® 
(Echosens) can help to rule out chronic liver disease associated 
with  PVT  in  patients  with  altered  liver  biochemistry  or  an 
abnormal  ultrasound.  To  assess  portal  cholangiopathy,  mag-
netic resonance cholangiography is the test of choice.

Management
The goals of treatment in chronic PVT are: (1) prevention and 
treatment of complications of portal hypertension; (2) preven-
tion  of  recurrent  thrombosis;  and  (3)  treatment  of  portal 
cholangiopathy.

Management  of  portal  hypertension  Patients  with  cavernous 
transformation  who  do  not  present  with  variceal  hemorrhage 
should be screened for varices. Guidelines recommend applying 
treatment for active variceal bleeding and prophylaxis according 
to guidelines with cirrhosis [11]. The two options for intractable 
variceal hemorrhage are shunt surgery and TIPS. Shunt surgery 
in this population carries an increased risk of thrombosis of the 
shunt. Furthermore, shunt requires patency of the larger veins 
(superior mesenteric or splenic vein), so that it is not feasible in 
all patients [63]. TIPS may be considered for intractable bleed-
ing. However, there are limited data and TIPS is not technically 
feasible in some patients [72,73].

Prevention  of  recurrent  thrombosis  Given  the  risk  of  variceal 
hemorrhage on the one hand and extension of  thrombosis on 
the  other,  the  question  arises  as  to  the  risk–benefit  ratio  of 
anticoagulation.  Three  retrospective  studies  have  found  no 
increase  or  a  decreased  incidence  of  gastrointestinal  hemor-
rhage  with  anticoagulation  [74–76],  with  a  significantly 
decreased risk of recurrent thrombosis [74]. Guidelines recom-
mended that long-term anticoagulation should only be consid-
ered in patients with a permanent prothrombotic condition or 
who have extension of the thrombus into the mesenteric circu-
lation,  have  no  contraindication  to  anticoagulation,  and  who 
have received adequate treatment and/or prophylaxis for varices 
[9,11]. Even though a retrospective study reported a potential 
benefit  of  adding  aspirin  to  oral  anticoagulation  treatment  in 
patients with PVT and MPN in preventing rethrombosis,  this 
should be confirmed in future studies [25].

Treatment  of  portal  cholangiopathy  Patients  with  jaundice  or 
biliary symptoms due to portal cholangiopathy may be treated 
by  endoscopic  retrograde  cholangiopancreatography  (ERCP) 
and stent placement after extraction of any stones. Half of these 
patients  will  not  have  recurrent  symptoms  when  the  stent  is 
removed  [77].  Recurrence  will  require  a  repeat  procedure.  In 
some  severe  cases  with  recurrent  cholangitis  associated  with 
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zumab ozogamicin is particularly high when the drug is given 
in  close  proximity  to  myeloablative  conditioning  therapy 
[103,107]. In a small series of patients, an interval of less than 
3.5 months between gemtuzumab ozogamicin and myeloabla-
tive  conditioning  lead  to  a  90%  incidence  of  SOS  [107].  The 
reported  incidence  of  SOS  varies  greatly,  ranging  from  0%  to 
70%.  These  differences  depend  on  patient  characteristics,  risk 
factors, and type of chemotherapy regimens used. However, in 
recent years its incidence has decreased due to more common 
use of nonmyeloablative regimens and prophylactic measures.

Clinical presentation
The clinical presentation of SOS ranges from an asymptomatic 
presentation  to  portal  hypertension,  and  severe  hepatic  and 
multiorgan failure. The classic features of SOS are hyperbiliru-
binemia,  right  upper  quadrant  pain  of  liver  origin  and/or 
hepatomegaly, and weight gain (due to fluid retention/ascites). 
The course of disease is protracted in SOS due to chronic expo-
sure  to  pyrrolizidine  alkaloids,  whereas  SOS  in  the  setting  of 
stem  cell  transplantation  evolves  more  rapidly.  In  patients 
treated  with  cyclophosphamide-containing  conditioning  regi-
mens,  onset  is  within  10  to  20  days  of  initiation  of  treatment 
[92]. In other conditioning regimens, onset of SOS may occur 
later than for cyclophosphamide-containing regimens [108].

Diagnosis
A  tentative  diagnosis  can  be  made  based  on  the  presenting 
features in the setting of stem cell transplantation with a condi-
tioning  regimen  that  is  hepatotoxic,  but  the  importance  of 
ruling out other conditions cannot be overemphasized. The dif-
ferential  diagnosis  in  this  population  includes  (hyper)acute 
graft-versus-host  disease,  cholestatic  jaundice  due  to  sepsis, 
fluid  overload  due  to  renal  failure,  congestive  heart  failure  or 
vigorous  fluid  resuscitation,  medication-induced  cholestasis, 
and liver involvement by viral or fungal infections seen during 
immunosuppression.  More  than  one  of  these  conditions  may 
occur simultaneously  in this patient population, so that  it can 
be difficult to determine which disease is the predominant cause 
of  a  particular  sign  or  symptom.  Up  to  10%–20%  of  patients 
with liver dysfunction in the first 10 to 20 days after stem cell 
transplantation  cannot  be  diagnosed  with  certainty  based  on 
clinical grounds [92,109].

Two groups of  investigators developed clinical criteria used 
to  diagnose  SOS  after  stem  cell  transplantation  that  were 
intended for clinical research purposes (Table 111.4). However, 
application of these criteria requires careful exclusion of other 
causes.

Imaging  studies  can  confirm  hepatomegaly  and  ascites  and 
can  exclude  biliary  obstruction  and  tumor  invasion  into  the 
hepatic  parenchyma  or  vasculature,  but  there  is  not  a  single 
imaging feature that by itself is diagnostic. Imaging features that 
are highly suggestive of SOS include reversal of portal venous 
flow, gallbladder wall edema, attenuation of hepatic venous flow, 
and, perhaps, increased resistive index of hepatic artery flow.

and 30% of cases, respectively, without anticoagulation [78,79]. 
Specifically designed studies aimed to compare anticoagulation 
or TIPS for the treatment of PVT in cirrhosis are needed.

Sinusoidal obstruction syndrome  
(hepatic venoocclusive disease)

This  entity  was  previously  known  as  hepatic  venoocclusive 
disease, since the most striking histological  feature was occlu-
sion of the central veins [80]. Clinicopathological studies have 
demonstrated  that  the central veins are not occluded  in up to 
45%  of  patients  [81,82]  and  experimental  studies  have  shown 
that  the  disease  process  originates  in  the  sinusoids  [83,84]. 
Based on these findings, investigators in this field have proposed 
renaming this disorder sinusoidal obstruction syndrome (SOS) 
[85].

Pathogenesis
In contrast to most liver diseases, SOS presents with features of 
portal  hypertension,  followed  subsequently  by  evidence  of 
parenchymal dysfunction. This is indicative of the primary cir-
culatory  nature  of  the  disease.  Experimental  studies  indicate 
that drugs that cause SOS target the sinusoidal endothelial cell 
[83,86–88]. Sinusoidal endothelial cells round up and gaps form 
within and between these cells [83]. This permits blood to enter 
into the space of Disse and dissect off the sinusoidal lining cells, 
which then embolize downstream towards central zones, leading 
to sinusoidal congestive obstruction due to sinusoidal outflow 
block [84]. Interventions that preserve the integrity of the sinu-
soidal endothelial cell lining completely prevent development of 
SOS [89,90], confirming the sinusoidal origin of the disease.

Risk factors
The original descriptions of SOS were of patients in whom the 
condition  was  associated  with  ingestion  of  herbal  teas  (“bush 
tea  disease”)  or  foodstuffs  contaminated  with  pyrrolizidine 
alkaloids, particularly  in protein-malnourished  individuals.  In 
many parts of the world, ingestion of pyrrolizidine alkaloids is 
still  the  major  cause  of  SOS.  In  North  America  and  Western 
Europe, the most frequent cause of SOS is myeloablative condi-
tioning in preparation for hematopoietic stem cell transplanta-
tion  (bone  marrow  transplantation),  either  high-dose 
combination  chemotherapy  or  chemotherapy  plus  irradiation 
[82,91–93].  SOS  may  occur  after  long-term  immunosuppres-
sion  with  azathioprine  or  treatment  with  6-thioguanine  [94–
99].  SOS  is  also  seen  after  treatment  with  chemotherapeutic 
agents unrelated to stem cell transplantation and has been asso-
ciated with drugs such as gemtuzumab ozogamicin, actinomy-
cin  D,  dacarbazine,  cytosine  arabinoside,  6-thioguanine,  and 
urethane [100–104]. Treatment of Wilm tumors with actinomy-
cin D carries a significant risk for SOS and this risk  is greater 
in  right-sided  Wilm  tumors  or  when  actinomycin  D  is  com-
bined with abdominal irradiation [105,106]. The risk of gemtu-
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confirmed in a number of studies (see review [120]). The value 
of  therapeutic  monitoring  of  busulfan  may  depend  on  other 
factors,  such as  the age of  the patient,  the underlying disease, 
and  the  other  drugs  in  the  conditioning  regimen  [120]. 
Investigators from Seattle have shown benefit from metabolism-
based  dosing  of  cyclophosphamide,  but  it  remains  to  be  seen 
whether  this  will  become  more  widely  available  and  whether  
it  will  indeed  reduce  the  risk  of  fatal  SOS.  Other  approaches  
to avoiding SOS due to myeloablative regimens include revers-
ing  the  order  of  drugs  in  the  busulfan–cyclophosphamide 
regimen  (i.e.  cyclophosphamide  first)  [121]  or  avoiding 
cyclophosphamide-containing regimens altogether.

Prophylactic  treatment  has  been  tried  with  heparin,  low 
molecular weight heparin, prostaglandin E, and pentoxifylline, 
but none of  these compounds have been shown to reduce the 
incidence of fatal SOS (see review [85]). The largest randomized 
controlled trial found no benefit for ursodeoxycholic acid [122], 
but  a  recent  metaanalysis  reported  that  ursodeoxycholic  acid 
was  beneficial  in  SOS  [123].  The  likely  explanation  for  the 
apparent benefit  is  that SOS commonly occurs  in conjunction 
with cholestatic liver disease, which may improve with ursode-
oxycholic acid.

Treatment
The  majority  of  patients  with  SOS  recover  spontaneously. 
Patients with severe SOS are deeply  jaundiced, but commonly 
lack some of the features of liver failure, such as hyperammon-
emia, cerebral edema, and prolonged international normalized 
ratio  (INR).  Death  is  usually  due  to  multiorgan  failure  with 
renal and pulmonary failure. Supportive care requires mainte-
nance of fluid and electrolyte balance. Extravascular fluid over-
load is treated with diuretics in conjunction with paracentesis, 
hemodialysis, and hemofiltration when indicated for respiratory 
impairment due to ascites.

Defibrotide is an experimental compound that has been tried 
for a variety of vascular diseases. It is a single-stranded polyde-
oxyribonucleotide  with  antithrombotic,  antiischemic,  and 
thrombolytic effects, and that reduces leukocyte accumulation. 
Uncontrolled clinical trials in moderate to severe SOS have been 
promising, but at this point in time randomized controlled trials 
have not yet been performed.

TIPS  decompresses  portal  pressure  and  relieves  ascites,  but 
does not improve outcome of SOS [124–126]. Liver transplanta-
tion may be considered in patients who develop SOS after stem 
cell  transplantation  for  a  benign  disease  or  whose  underlying 
malignancy is expected to have a good outcome (e.g., chronic 
myelogenous leukemia in chronic phase). However, liver trans-
plantation  is  not  indicated  when  the  risk  of  recurrent  malig-
nancy is high.

Prognosis
Diagnostic criteria for SOS and fatal SOS vary between trans-
plantation  units.  These  differences  may  account  for  the  wide 
range in published case fatality rates [92,93,127–129]. Two large 

The  main  differential  diagnosis  that  might  warrant  a  liver 
biopsy  is  (hyper)acute  graft-versus-host  disease.  In  a  moder-
ately or severely ill patient in whom the diagnosis is uncertain, 
a transjugular liver biopsy with hepatic venous pressure gradi-
ent using the occlusive balloon technique may help distinguish 
SOS from graft-versus-host disease.  In the setting of stem cell 
transplantation, a hepatic venous pressure gradient >10 mmHg 
has a specificity >90% and positive predictive value greater than 
85% [110]. Histology in early SOS shows centrilobular hemor-
rhagic  necrosis,  whereas  the  subsequent  histological  picture 
shows continued centrilobular hemorrhagic necrosis accompa-
nied  by  sinusoidal  and  venular  fibrosis.  The  time  frame  for 
regression of SOS remains unknown.

Prevention
Prevention  is  largely  limited  to  identification  of  those  at  high 
risk for SOS, who may then be limited to less hepatotoxic alter-
natives. The major risk factors are hepatitis C, hepatic fibrosis, 
nonalcoholic  and  alcoholic  hepatitis,  myelofibrosis  with 
extramedullar hematopoiesis, previous exposure to a myeloab-
lative  regimen,  and  previous  history  of  SOS.  Cirrhosis  is  an 
absolute contraindication to a myeloablative regimen.

Nonmyeloablative  regimens  are  used  to  treat  malignancy 
through  a  graft-versus-tumor  effect.  These  regimens  do  not 
appear to have a risk for SOS and reduce immediate transplant-
related  mortality,  but  may  have  more  late  complications  than 
myeloablative  regimens  [111,112],  including  increased greater 
risk of graft-versus-host disease and perhaps greater long-term 
risk of failure to control the underlying malignancy. For patients 
at significant risk for SOS, nonmyeloablative regimens seem to 
be  the  best  approach.  Even  with  nonmyeloablative  regimens, 
patients with cirrhosis have an increased risk of death from liver 
decompensation  [112].  Lower  doses  of  total  body  irradiation 
[113]  and  pharmacokinetic  monitoring  followed  by  targeted 
dosing of drugs such as cyclophosphamide [114,115] and busul-
fan  [116–119]  may  also  lower  the  risk  of  SOS.  Adjustment  of 
busulfan  dosing  based  on  plasma  concentrations  has  been 
shown  in  some  studies  to  be  beneficial,  but  this  could  not  be 

Table 111.4 Criteria for diagnosis of sinusoidal obstruction syndrome.

Seattle criteria [148]* Baltimore criteria [93]

Diagnosis requires 2 of 3 criteria within 
20 days of transplantation:

Hyperbilirubinemia (>2 mg/
dL) plus at least 2 of the 
following 3 findings:

 Bilirubin >2 mg/dL
 Hepatomegaly or pain of liver origin
 >2% weight gain due to fluid 

retention

 (Tender) hepatomegaly
 >5% weight gain
 Ascites

* These criteria were developed for sinusoidal obstruction syndrome 
due to conditioning regimens that contain cyclophosphamide and the 
temporal criterion may not apply to regimens without 
cyclophosphamide.



2180      PART 4 Gastrointestinal diseases

hypothesis  is  that  impaired  perfusion  in  some  of  areas  of  the 
liver leads to atrophy with apoptotic or atrophic hepatocytes and 
reactive hyperplasia in adjacent areas with preserved blood flow 
[135].  A  recent  experimental  study  showed  that  in  a  Notch-1 
knockout model there is loss of liver sinusoidal endothelial cell 
(LSEC) fenestration, LSEC proliferation, and sinusoidal remod-
eling with intussusceptive angiogenesis, which leads to greater 
variation in sinusoidal diameter and increased branching. These 
sinusoidal  changes  would  lead  to  increased  shear  stress.  The 
mice  develop  portal  hypertension  and  nodular  regenerative 
hyperplasia [136]. This experimental work supports the hypoth-
esis of heterogeneous perfusion of the liver. Inflammation of the 
hepatic artery in collagen vascular diseases or immune complex 
diseases  may  lead  to  inflammatory  destruction  of  adjacent 
portal  veins  [137,138].  Prothrombotic  disorders  may  cause 
thrombosis in either the venous or sinusoidal circulation [131]. 
Azathioprine and myeloablative conditioning therapy for stem 

studies  with  cyclophosphamide-containing  regimens  reported 
a 70% recovery rate  from SOS [92,127] and a study with SOS 
due  to  other  alkylating  agents  reported  an  84%  recovery  rate 
[108]. For patients who develop SOS due to cyclophosphamide-
containing  regimens,  outcome  can  be  predicted  based  on 
bilirubin level and weight gain using published graphs [130].

Adaptation to heterogenous perfusion

This  term  includes  a  variety  of  rare  entities  such  as  nodular 
regenerative  hyperplasia,  partial  nodular  transformation, 
incomplete septal cirrhosis, hepatoportal sclerosis, noncirrhotic 
portal cirrhosis, and obliterative portal venopathy (Table 111.5). 
The  current  hypothesis  suggests  that  a  common  pathogenic 
mechanisms  (uneven perfusion of  the  liver)  results  in a  spec-
trum of pathological  lesions and clinical manifestations [131–
133].  Further,  more  than  one  of  the  lesions  of  heterogeneous 
perfusion  may  be  found  in  some  patients,  supporting  the 
concept of a spectrum of responses due to a shared etiology. By 
definition,  these  lesions  occur  in  the  absence  of  chronic  liver 
diseases that might lead to cirrhosis/advanced fibrosis or other 
causes of portal hypertension.

Risk factors
Etiology  and  the  pathogenic  mechanisms  of  these  diseases 
remain unclear. Many theories have been proposed and several 
diseases and factors have been associated (Box 111.1). A shared 
element for most of the described entities is the ability to poten-
tially  impair  the  circulation  at  the  venous  or  sinusoidal  level 
causing uneven perfusion of  the  liver  [131–134]. The concept 
of  liver  lesions  due  to  heterogeneous  perfusion  was  first 
described  for  nodular  regenerative  hyperplasia  [134].  The 

Table 111.5 Lesions due to heterogenous perfusion of the liver.

Liver lesions Morphology [132]

Nodular regenerative 
hyperplasia

Monoacinar nodules composed of hyperplastic 
hepatocytes diffusely distributed throughout 
the liver, no surrounding fibrous septa

Partial nodular 
transformation

Multiple nodules that are several centimeters 
in diameter, composed of hyperplastic 
hepatocytes, encompassing several portal 
tracts, located in perihilar region

Incomplete septal 
cirrhosis

Large, diffusely distributed nodules, bordered 
by incomplete slender fibrotic septa; septa 
extend from periportal or perivenular fibrosis; 
spacing between portal tracts and between 
portal tracts and central veins is abnormal

Obliterative portal 
venopathy

Sinusoidal dilatation, perisinuoidal fibrosis, 
aberrant vessels located close to or distant 
from portal tracts, portal fibrosis

Box 111.1 Conditions leading to heterogenous perfusion of the liver.

Collagen vascular diseases
• Rheumatoid arthritis
• Scleroderma
• Systemic lupus erythematosus
• Polyarteritis nodosa
• Glomerulonephritis
Hematological diseases
• Polycythemia vera
• Essential thrombocythemia
• Anticardiolipin antibodies
• Protein C or S deficiency
• Agnogenic myeloid metaplasia
• Chronic myeloid leukemia
• Hodgkin disease
• Non-Hodgkin lymphoma
• Multiple myeloma
Genetic diseases
• Adams–Oliver syndrome
• Turner syndrome
Infections
• Bacterial infections
• HIV infection
Immunological disorders
• Cryoglobulinemia
• Antiphospholipid syndrome
• Myasthenia gravis
• Hypogammablobulinemia
Drugs and toxins
• Anabolic steroids
• Azathioprine
• Myeloablative conditioning regimens for stem cell transplantation
• Oral contraceptives
• Oxaliplatin
• Thoratrast
• Toxic oil syndrome
• 6-Thioguanine
• Didanosine
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lower  than  in  cirrhosis  [140].  Overall  mortality  is  generally 
related to associated diseases [139].

Peliosis hepatis

Peliosis  hepatis  is  a  rare  abnormality  characterized  by  blood-
filled cystic lesions in the hepatic parenchyma distributed irreg-
ularly  throughout  the  liver.  The  peliotic  cavities  range  in  size 
from  less  than  1 mm  to  several  centimeters.  Although  most 
common  in  the  liver,  peliotic  lesions  may  also  occur  in  the 
spleen, abdominal lymph nodes, and the bone marrow.

Risk factors
Risk factors for peliosis hepatis are described in Box 111.2. The 
initial change in peliosis hepatitis seems to be sinusoidal dilata-
tion,  followed  by  formation  of  cavities  without  sinusoidal 
endothelial  cells  [143,144].  Eventually,  endothelial  lining  may 
be  restored  in  parts  of  the  peliotic  cavities.  Studies  in  AIDS 
patients most clearly support the concept that peliosis  is  initi-
ated by damage to sinusoidal endothelial cells. In AIDS patients, 
Bartonella  bacilli  can  be  detected  by  electron  microscopy  in 
sinusoidal endothelial cells of peliotic lesions [145] and there is 
disruption of the sinusoidal endothelial cell lining [143].

Peliosis  due  to  some  drugs  (azathioprine,  6-thioguanine, 
oxaliplatin, urethane) may also be due to direct damage to sinu-
soidal endothelial cells. These drugs have been linked to other 
disorders that are thought to be the result of damage to sinusoi-
dal endothelial cells and in some cases up to all four lesions (i.e., 
peliosis, SOS, nodular regenerative hyperplasia, and sinusoidal 
dilatation)  have  been  described  within  the  same  liver. 
Azathioprine and oxaliplatin have been associated with all four 
lesions;  6-thioguanine  has  been  linked  to  peliosis,  nodular 
regenerative hyperplasia, and SOS; and urethane has been asso-
ciated  with  peliosis  and  SOS.  Other  drugs  (glucocorticoids, 
methotrexate, anabolic steroids, vitamin A, oral contraceptives) 
cause  peliosis  through  an  as  yet  undefined  mechanism.  One 

cell  transplantation  may  impair  the  sinusoidal  circulation  by 
damage to sinusoidal endothelial cells [87,88].

Clinical presentation
The clinical presentation can vary  from asymptomatic disease 
diagnosed at autopsy to decompensated liver disease. Nodular 
regenerative  hyperplasia  is  an  uncommon  clinical  diagnosis. 
Large autopsy series have found a prevalence of nodular regen-
erative hyperplasia of around 2.5% of the population [133,134], 
demonstrating  that most cases of nodular  regenerative hyper-
plasia are asymptomatic. The vast majority of patients with one 
of  the  diseases  in  this  category  are  asymptomatic,  whereas  a 
small subset of patients is symptomatic with what is described 
as noncirrhotic idiopathic portal hypertension (INCPH). In this 
setting, the most common symptoms of overt disease are bleed-
ing varices and splenomegaly due to portal hypertension. Liver 
function  is  usually  preserved,  so  that  hypoalbuminemia  and 
ascites  are  uncommon.  PVT  is  a  frequent  complication  of 
INCPH [131,139], especially in those patients with underlying 
prothrombotic  conditions  or  HIV  infection  [140].  Ascites, 
hepatic  encephalopathy,  or  frank  liver  failure  may  be  precipi-
tated by severe gastrointestinal hemorrhage, infection, PVT, or 
by  another  concurrent  disease  [139].  The  most  common  liver 
test abnormalities are mild elevations of alkaline phosphatase, 
aspartate  aminotransferase,  or  alanine  aminotransferase. 
Histopathological features are described in Table 111.5.

Diagnosis
Diagnosis  is  a  challenge  and  as  most  of  these  patients  have 
radiological alterations that resemble cirrhosis,  it  is  frequently 
misdiagnosed as cirrhosis. On the other hand, since PVT devel-
ops  frequently  in INCPH, patients first studied once PVT has 
developed could be erroneously identified as idiopathic noncir-
rhotic  PVT.  Moreover,  there  is  no  single  test  for  the  positive 
diagnosis  of  INCPH,  hence  requiring  exclusion  of  cirrhosis, 
chronic liver disease, or any disease that can cause portal hyper-
tension. Consequently,  liver biopsy is mandatory for the diag-
nosis.  All  patients  should  be  screened  for  underlying 
hematological,  immunological,  and  prothrombotic  disease. 
Liver  stiffness  and  hepatic  venous  pressure  values  below  the 
previously described cut-offs for cirrhosis and portal hyperten-
sion may increase clinical suspicion for this disease [141,142].

Treatment
In the vast majority of patients, no treatment is available for the 
liver disorder itself, although the underlying predisposing con-
dition or precipitating factor may require therapy. Manifestations 
of  portal  hypertension  are  treated  along  conventional  lines. 
Anticoagulation should be considered in patients with underly-
ing  prothrombotic  diseases  or  in  patients  who  develop  PVT. 
Also, some patients may require liver transplantation.

Outcome
There is scarce data on natural history and outcome. In patients 
with  INCPH,  variceal  bleeding  and  liver-related  mortality  are 

Box 111.2 Conditions associated with peliosis hepatis.

• AIDS (Bartonella henselae or Bartonella quintana infection)
• Tuberculosis
• Myeloproliferative neoplasms
• Leukemia
• Lymphoma
• Multiple myeloma
• Macroglobulinemia
• Anabolic steroids
• Oral contraceptives
• Azathioprine
• Arsenic
• Thoratrast
• Vinyl chloride
• 6-Thioguanine
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suppression,  such  as  tuberculosis,  cancer,  malnutrition,  and 
glucocorticoid therapy. However at this time Bartonella sp. have 
not been documented in peliosis in these disorders.

Clinical presentation
Peliosis hepatis  is usually a silent disease. There are reports of 
portal  hypertension,  ascites,  cholestasis,  and  liver  failure. 
Rupture of a  lesion may lead to either a hepatic hematoma or 
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Definition

Intraabdominal abscesses are contained areas of infection 
within the peritoneal cavity. They occur most commonly in 
recesses within the peritoneum, such as in the subphrenic space, 
the paracolic gutters, or within the pelvis (Figure 112.1).

Gastrointestinal fistulae commonly occur in association with 
abscesses. They are defined as abnormal communications 
between the gastrointestinal tract and another epithelialized 
surface, for example the skin, the genitourinary tract, or another 
part of the gastrointestinal tract.

Epidemiology

Intraabdominal abscesses
Intraabdominal abscesses form as a result of the immune 
response to eliminate and contain bacterial contamination of 
the peritoneal cavity. Thus host factors, such as the status of the 
immune system, as well as the source and site of the infection 

will influence the formation of intraabdominal abscesses. The 
majority of abscesses occur in the postoperative setting, particu-
larly after gastrointestinal surgery [1], and usually in association 
with leakage from a surgical anastomosis. Indeed, approxi-
mately 13% of unplanned readmissions after colorectal surgery 
are accounted for by abscess formation [2].

Other causes include penetrating trauma, spontaneous per-
foration of a hollow viscus, primary or metastatic infection, 
inflammation (such as Crohn’s disease, Figure 112.2) and 
ischemia. Diseases of the gastrointestinal tract, the genitouri-
nary tract, or the hepatobiliary system and pancreas can lead to 
abscess formation within the abdomen.

Advances in the understanding of the etiology and pathogen-
esis of intraabdominal abscesses, combined with newer imaging 
techniques, improved surgical management and medical thera-
pies has led to an ability to manage a greater proportion without 
surgical intervention and has also resulted in decreased mortal-
ity. Left untreated the prognosis is extremely poor [3]; with 
appropriate management the mortality rate is between 10% and 
30% being higher in patients who are older, with multiple 
abscesses, bacteraemia and organ failure [1,4].
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Figure 112.1  Peritoneal compartments in which abscesses commonly form. (a) Coronally reconstructed CT of the abdomen and pelvis. (b) Midline 
sagittally reconstructed CT of the abdomen and pelvis. (c) Right para-midline sagittally reconstructed CT of the abdomen and pelvis. 1, Subphrenic 
space; 2, lesser sac; 3, subhepatic space (pouch of Morison); 4, right paracolic gutter; 5, left paracolic gutter; 6, rectouterine space in female patient 
(rectovesical space in males).
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Figure 112.2  Axial contrast enhanced CT showing thickened terminal 
ileum (Ti) and suprapubic abscess collection (*) in a patient with 
penetrating Crohn’s terminal ileitis.
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Gastrointestinal fistulae
Fistulae can be classified by their anatomical location, by their 
physiological characteristics (that is, fluid output), or by their 
etiology. They may be congenital or acquired. The former result 
from a failure of embryological development and while they 
normally present in the neonatal period, they can present at any 
time in life [5]. Congenital fistulae are considered elsewhere in 
this textbook (see Chapters 4 and 5). The vast majority of gas-
trointestinal fistulae are acquired and the result of previous 
abdominal surgery. Alternatively, spontaneous fistulae can 
occur in the setting of inflammatory disorders, such as Crohn’s 
disease, or in relation to necrosis or malignancy.

Gastrointestinal fistulae are either simple or complex. Simple 
fistulae describe a single connection between the gastrointesti-
nal tract and another epithelial surface whereas complex fistulae 
have multiple tracks or are associated with an abscess [5]. 
External fistulae communicate with the skin while internal fis-
tulae connect with a different area of the gastrointestinal tract, 
or with another internal organ. Classification by output is nor-
mally divided into low output fistulae (<500 mLs/24 h) or high 
output (>500 mLs/24 h). In general, the higher up in the gas-
trointestinal tract that the fistula originates from, the more likely 
it is to have a high output [5].
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formation include intercurrent infection, poor nutrition, previ-
ous radiotherapy, and surgery performed in the emergency 
rather than the elective setting. In patients with an open 
abdomen, enteroatmospheric fistulae are a common problem. 
Enterocutaneous fistulae are associated with a risk of mortality 
of between 5% and 20% although this may not result from the 
fistula itself but rather from the underlying pathology [13]. 
Nonoperative trauma, for example due to gunshot or stab 
wounds can also cause fistula formation.

Fistulae may also form spontaneously, accounting for between 
15% and 25% of fistulae, the most common reason being Crohn’s 
disease. Other inflammatory conditions, such as pancreatitis, 
diverticulits, or radiation enteritis can result in spontaneous 
fistula formation as may noninflammatory conditions such as 
malignancy, infection and ischemia [14].

Understanding the cause of a fistula is important as it influ-
ences management. For example, spontaneous closure of fistu-
lae occurring in the context of inflammatory bowel disease, a 
stricture distal to the fistula, or cancer is unlikely whereas, on 
occasion, conservative management of postoperative fistulae 
can result in resolution of the fistula.

Clinical presentation and natural history

Intraabdominal abscesses
Abscesses within the abdominal cavity typically present with 
pain and fever. Systemic symptoms such as malaise and ano-
rexia may also be present. Although pyrexia may also be persist-
ent, fevers associated with abscesses tend to be intermittent, 
with spikes of temperature possibly being associated with epi-
sodes of bacteraemia [15]. In many patients, other signs of 
sepsis are present such as tachycardia and tachypnea, and in the 
context of severe infection, septic shock may rarely develop. 
Abdominal signs vary from being almost absent through to 
localized peritonitis. A mass may be apparent in some patients 
either on abdominal palpation or when digital examination of 
the rectum or vagina is performed. When the parietal perito-
neum is involved, the abdomen is normally tender on palpation 
although it is important to remember that drug therapy with, 
for example, analgesics or corticosteroids may mask such signs. 
Similarly, where an abscess has been partially treated with anti-
biotics, symptoms and signs may be reduced.

Overall, the clinical features are protean and are influenced 
by factors relating to the patient, the underlying pathology 
causing the abscess, and the site of the abscess. For example, 
abscesses in the subphrenic area can cause referred pain in the 
shoulder as well as respiratory symptoms such as cough, and 
hiccups. Localized inflammation related to a subphrenic collec-
tion may also be associated with abnormal findings on chest 
x-rays such as a pleural effusion or basal atelectasis. Alternatively, 
iliopsoas abscesses classically cause dull flank or abdominal dis-
comfort but may also present with pain on movement of the 
hip, or with a flexed and externally rotated hip [16]. Likewise, 

Pathogenesis

Intraabdominal abscesses
Abscesses within the abdominal cavity can occur for a variety 
of reasons. First, pooling of purulent exudate can occur in 
dependent parts of the peritoneal cavity after diffuse peritoneal 
infection. Although the site of abscess formation will also be 
influenced by the primary source of infection, as patients with 
peritoneal infection tend to be supine, abscesses commonly 
form in areas such as the para-colic gutters, the subphrenic 
regions, or the rectovesical pouch. Abscesses may also be mul-
tiple [6], may occur in relation to localised infection, for example 
appendicitis, or in the context of leakage from an intestinal 
anastomosis. In one large historic series, nearly half of abscesses 
were located in the right lower quadrant, with the left lower 
quadrant, peri-hepatic regions and pelvis being other common 
sites [3].

Retroperitoneal abscesses occur as a result of perforation of 
the gastrointestinal tract or through spread via the lymphatics, 
or blood supply from an infection elsewhere in the body. Finally, 
abscesses can also form within intraabdominal viscera, most of 
which are a result of secondary spread from a primary infection 
elsewhere.

Systemic factors can increase the risk of abdominal abscess 
formation. For example, chronic use of corticosteroids, inter-
current illness including malignancy and diabetes, malnutri-
tion, and increasing age are all associated with an increased risk 
of abscess formation.

Culture of organisms from intraabdominal abscesses nor-
mally reveals that they are polymicrobial in nature, particularly 
when they originate from perforation of the gastrointestinal tract 
[7]. In one series, an average of five organisms was cultured from 
abdominal abscesses and four from abscesses in the pelvis [8]. 
The results of culture tend to reflect the underlying pathology 
associated with the abscess and, in particular, the source of the 
infection. For example, the microbial contents of the relatively 
sterile upper gastrointestinal tract differ markedly from the bac-
terial species found in the distal ileum and colon. However, a 
proportion of cultures will be sterile and many organisms are 
not routinely cultured by laboratories[9]. Typically, anaerobes 
predominate, particularly gram-negative bacilli. The most 
common organism identified from patients with intraabdominal 
infections is Esherichia coli which is found in more than 50% of 
patients. Other typical organisms include species of Klebsiella 
and Enterobacter as well as noncoliform gram-negative 
bacilli such as Pseudomonas aeruginosa. Commonly identified 
gram positive organisms include Streptococcus viridans and 
Enterococcus spp [10].

Gastrointestinal fistulae
Between 75% and 90% of external fistulae occur as a result of 
surgery [11,12] with operations being performed for inflamma-
tory bowel disease, malignancy, or adhesiolysis carrying the 
greatest risk [12]. Other risk factors for postoperative fistula 
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radiological investigation. At times, aspiration of the contents 
of a collection within the peritoneal cavity is required to confirm 
its contents. However, differentiation of infected collections 
from sterile ones, or abscesses from phlegmons is normally 
possible with modern imaging techniques. Likewise, identifying 
whether intraabdominal masses are caused by an abscess or by 
underlying pathology, such as diverticular disease or Crohn’s 
disease is generally possible radiologically. The key challenge in 
the diagnosis of abscesses thus lies not in their presence but in 
their cause, the possible etiologies being described previously.

Similarly, the diagnosis of a fistula itself is usually straightfor-
ward. While sinuses can be confused with enterocutaneous fis-
tulae, clinically their differentiation with investigation, such as 
by injection of contrast, will reveal whether there is a connec-
tion to an internal organ. Defining the underlying pathology 
that has resulted in the formation of a fistula, the causes of 
which, as already discussed, are varied, remains the biggest 
diagnostic challenge.

Therapy and management

Advances in imaging technology have revolutionized the diag-
nosis and assessment of intraabdominal abscesses and fistulae. 
The choice of investigation for imaging abscesses and fistulae 
depends on a number of factors relating not only to the pathol-
ogy but also to available modalities and local expertise. The 
advent of computerized tomography (CT) which quickly and 
accurately outlines the contents of the peritoneal cavity and, 
furthermore, allows intervention to drain collections percuta-
neously, has resulted in this being the imaging modality of 
choice for assessment of intraabominal abscesses. However, it 
results in radiation exposure which is of particular concern in 
certain patients, such as those who are likely to require recur-
rent imaging throughout their life, children, or patients who are 
pregnant. Thus other imaging modalities, such as ultrasound 
and magnetic resonance imaging (MRI) may be more appropri-
ate. In addition, MRI is of particular use in patients with fistulae. 
Finally, contrast radiography still has a role to play. Endoscopic 
examination of the gastrointestinal tract is of limited value in 
assessment of abscesses and fistulae other than in determining 
the underlying cause.

Plain and contrast radiography
Plain radiography has a small role to play in diagnosing and 
assessing intraabdominal abscesses. Nonspecific findings can 
suggest an abscess may exist such as the presence of a soft tissue 
mass on a plain abdominal film. In addition, displacement of 
bowel by a mass lesion, blurring or absence of soft tissue-fat 
interfaces, gas outside the bowel lumen, and air-fluid levels are 
all suggestive of an abscess [21]. While the sensitivity of plain 
radiography for detection of abscesses is low, its specificity is 
high; when plain radiography suggests the presence of an 
abscess within the abdominal cavity, one is usually found to be 

abscesses in the pelvis may be associated with urinary symp-
toms such as urinary frequency or retention, or can cause symp-
toms due to proximity to the rectum such as tenesmus, or 
diarrhea. Finally, abscesses may present with ileus, and there-
fore, distension of the abdomen and decreased bowel sounds.

Blood tests will normally show a leucocytosis due largely to 
neutrophilia in association with an increase in inflammatory 
markers such as C-reactive protein and erythrocyte sedimenta-
tion rate. Hypoalbuminemia may be seen and hyperamylasemia, 
particularly with collections in the upper abdomen, may occur. 
Blood cultures, which are best taken at the time of spikes of 
temperature, may reveal bacteraemia. However, the key to diag-
nosing intraabdominal abscesses lies in radiological assessment 
(see further on).

Once infection occurs within the peritoneal cavity, the pres-
ence of other substances such as hemoglobin or necrotic tissue 
impairs bacterial killing. Areas of infection become walled off 
by the inflammatory process as well as the omentum, intraab-
dominal organs, and the gut. Abscesses typically have poor per-
fusion and with anaerobic conditions and a high pH resulting 
in impaired phagocytosis, and poor penetration of antibiotics 
[17], antimicrobial therapy is alone rarely sufficient to treat 
intraabdominal abscesses, drainage being required in the  
majority of cases.

Gastrointestinal fistulae
The presentation of gastrointestinal fistulae varies widely 
dependent on their anatomy, the underlying pathology involved, 
and the development of complications. For example, an internal 
fistula connecting the distal ileum to the proximal colon in a 
patient with Crohn’s disease can be silent, sometimes even 
resulting in an improvement in symptoms if it results in a stric-
ture being bypassed. Alternatively, fistulization to the urinary 
tract will often result in sepsis and the passage of feculent urine 
and pneumaturia. Indeed, sepsis and abscess formation associ-
ated with the presence of bowel contents outside the gut lumen 
is a common occurrence with internal fistulae, and is associated 
with a marked increase in mortality [18]. Enterocutaneous fis-
tulae classically lead to a triad of complications comprising mal-
nutrition, fluid and electrolyte disturbance, and sepsis [19]. In 
addition, leaking digestive enzymes can result in local skin 
damage at the external opening.

Enterocutaneous fistulae may resolve with conservative man-
agement although the majority require surgical intervention 
[20]. Factors associated with spontaneous closure are discussed 
below and summarized in Table 112.1. Internal fistulae rarely 
close spontaneously, the majority requiring operative 
management.

Differential diagnosis

The diagnosis of abscesses within the abdomen is normally 
confirmed by typical presenting features in association with 
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imaging of the small bowel with fluoroscopy. Both techniques 
require a vigilant radiologist to maximize their sensitivity but 
have great value in identifying fistulae involving the small 
bowel. For enterocolic fistulae, contrast enema studies may be 
more sensitive than small bowel contrast studies due to the 
higher pressure achieved within the colon after introducing 
contrast per rectum [23]. Enema studies may also be used to 
identify colovesial and colovaginal fistulae (Figure 112.3).

However, extraintestinal fistulae are often not well visualized 
with enteric contrast radiography. Fistulae between the bowel 
and the upper urinary tract are better demonstrated on uro-
graphic studies where renal imaging (either on CT, or plain 
film) is performed 10–15 minutes following intravenous admin-
istration of contrast. Colovesical fistulae may be better demon-
strated on cystogram rather than contrast enema study. 
Nevertheless, entero- or colovesical fistulae may not be apparent 
on either bowel or urinary contrast examinations [25]. Thus, 
where symptoms are suggestive of such fistulae, cross-sectional 
imaging is normally of greater diagnostic value.

Ultrasound
Ultrasound is an inexpensive, quick, safe and noninvasive 
method of imaging the abdominal cavity. Unlike cross-sectional 
imaging, it is also a portable technology allowing investigation 
of critically ill patients at their bedside. However, its greatest 
limitation relates to the fact that sound waves do not pass easily 
through air limiting its use in the mid-abdomen due to the 
presence of bowel gas. By contrast, a fluid filled bladder acts as 
an excellent window into the pelvic cavity which, in women, can 
also be examined by transvaginal ultrasonography. Similarly, 
abscesses within the liver and spleen are generally well seen on 

present [22]. Contrast radiography can provide further infor-
mation using water-soluble contrast to delineate the bowel 
lumen more clearly. However, findings suggestive of an abscess 
within the abdomen should be followed almost without excep-
tion by either ultrasound or cross-sectional imaging to confirm 
the diagnosis and delineate the anatomy more clearly. Finally, 
contrast radiography is sometimes of use to assess the complete-
ness of abscess drainage by injection of contrast into a drain 
placed into an abscess cavity although with the advent of ultra-
sound and cross-sectional imaging, this practice is largely his-
torical other than in an attempt to delineate concurrent 
fistulation.

As with the detection of abscesses, the role of plain radiogra-
phy in the assessment of fistulae is limited. However, contrast 
radiography has traditionally played an important role in the 
assessment of fistulae and continues to do so today. For example, 
in the assessment of enterocutaneous fistulae, fistulography 
(where the fistula is cannulated and water soluble contrast is 
introduced into the tract) may be sufficient to define the 
anatomy completely, at least in the absence of an associated 
abscess [23]. In general, water-soluble contrast is used in prefer-
ence to barium as, if it leaks into the peritoneal cavity, the latter 
can result in marked inflammation with subsequent adhesion 
development [24].

Enteroenteric fistulae are often most easily recognized with 
contrast radiography where tracts are outlined with contrast. 
Indeed, on occasion this may be the only way of identifying 
them [14]. Small bowel loops are opacified following either oral 
ingestion of contrast (small bowel follow through), or after infu-
sion of contrast through a nasojejunal catheter directly into the 
small bowel (enteroclysis). The latter technique allows real time 

Figure 112.3  Example of a rectovaginal fistula following debulking surgery for advanced ovarian cancer: (a) Sagittal reformat contrast enhanced CT 
shows communication between the rectosigmoid (RS) and the vagina (V) via a small defect (arrow). The vagina is filled with gas due to this 
communication and is seen lying posterior to the bladder (B); (b) corresponding water soluble enema with contrast introduced via the rectum (R) 
demonstrates a tract of contrast extending from the rectosigmoid to the vagina (V).
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ography (PET) in combination with CT scanning has also 
emerged in recent years (Figure 112.4) although, as with other 
radionuclide imaging, this is used only when first line studies 
fail to establish a diagnosis [29].

Computed tomography
CT is the imaging modality of choice for abscesses. It has a 
sensitivity of greater than 90% for the detection of intraabdomi-
nal abscesses with a specificity that approaches this figure as well 
[31,32]. Furthermore, it is not hampered by the presence of 
abdominal wounds, making its use in the postoperative patient 
of particular value. Administration of oral contrast agents 
allows clear definition of the bowel which aids both anatomical 
description of abscesses as well as their differentiation from 
fluid-filled bowel loops. Intravenous contrast defines the rela-
tionship of abscesses to vascular structures and also results in 
enhancement of abscess walls. Where gas is seen within an 
abscess, this suggests either the presence of a gas-forming 
organism, or the result of gastrointestinal perforation; on occa-
sion, fistulization to an adjacent loop of bowel may be seen. 
Finally, displacement of adjacent structures, as well as distortion 
of peritoneal or fascial planes may be seen [32]. While CT 
results in exposure to ionizing radiation, modern techniques 
aimed at limiting this are evolving [33].

When it comes to the imaging of fistulae, CT has the advan-
tage over plain radiography of allowing the evaluation of 
extraintestinal anatomy and disease. In addition, multi detector 
CT and reconstruction techniques allow visualization of fistulae 
in different anatomical planes [14]. While fistulae may not 
always be directly visible on CT, their presence can often be 
inferred. For example, air within the lumen of the bladder asso-
ciated with focal thickening of the bowel, or bladder wall is 
normally suggestive of an entero- or colovesical fistula [34]. 
Similarly, entero-enteric fistulas as well as those between the 
bowel and upper renal tract, biliary tree and the genital tract are 
often well characterized by CT [14].

Magnetic resonance imaging (MRI)
The use of MRI has increased rapidly over recent years (see 
Chapter 148 for detailed discussion). This is in part because of 
improved technology and also due to increasing access to MR 
scanners and experience in its use. However, one of the biggest 
drivers has been an increasing awareness of the dangers of 
recurrent ionizing radiation exposure which is of particular 
relevance to people with chronic conditions such as Crohn’s 
disease [35]. Accordingly, particularly in Crohn’s disease, where 
MRI is increasingly used to image the small bowel, experience 
of assessing intraabdominal abscesses using MRI is growing. 
Like CT, MRI has the advantage over plain radiography of being 
cross-sectional, thus providing information about extraluminal 
pathology. Oral contrast allows clear definition of the bowel 
lumen while intravenous administration of gadolinium outlines 
vascular structures and enhances the diagnostic accuracy of 
MRI. Other techniques, such as fat suppression, allow improved 

ultrasound. Typically, abscesses appear as areas of decreased 
echogenicity with a thickened wall and evidence of internal 
debris. Septations are often better recognized on ultrasound 
than on CT.

Ultrasound can also be used to guide drainage of intraab-
dominal abscesses and, given its nature and the fact that it does 
not involve the use of ionising radiation, multiple examinations 
may be obtained without concern. In addition, ultrasound is a 
“real-time” method of imaging, allowing the path of a needle, 
during ultrasound-guided drainage, to be followed as it is 
inserted. A further benefit is that the operator can scan in any 
plane, compared to CT where, conventionally, axial images are 
first acquired and are then reformatted to provide coronal, or 
sagittal images [26]. However, before ultrasound-guided drain-
age can be performed safely, cross-sectional imaging is normally 
required to ensure the absence of intervening loops of bowel.

The technology supporting ultrasound has expanded in 
recent years furthering its role in the diagnosis and manage-
ment of intraabdominal abscesses. In Crohn’s disease, the use of 
Doppler and, particularly, contrast-enhanced ultrasound has 
been shown to provide high sensitivity, and specificity for dif-
ferentiating phlegmons from abscesses, a distinction that can 
markedly influence the therapeutic strategy [27]. However, con-
trast enhanced ultrasound in this context is not widely per-
formed at present. In addition, while endoscopic ultrasound 
(EUS) has an established role in the diagnosis and drainage of 
pancreatic abscesses, as experience of this technology increases, 
its role in the drainage of abscesses elsewhere within the 
abdomen is emerging. Areas amenable to access by EUS include 
the subphrenic space, the lesser sac, the proximal small bowel, 
the left colon, and the perirectal space [28]. Where such inter-
vention avoids surgery, even if only temporarily in a critically 
ill patient, its relatively noninvasive nature offers clear benefit.

The role of ultrasound in the examination of intestinal fistulae 
is generally limited to identifying associated abscesses and in 
the management of perianal fistulae, which is covered in 
Chapters 72, 73, and 81. However, in expert hands small bowel 
fistula tracts can sometimes be identified due to the presence of 
hyperechoic bubbles of air within the fistula in association with 
thickened loops of bowel.

Nuclear medicine
The role of nuclear medicine in the detection of intraabdomial 
abscesses has been explored widely over the last 30 years. 
Nonspecific markers of inflammation, such as gallium 67 citrate, 
have been used to identify sites of inflammation and infection, 
as have indium 111-, and technetium 99m-labelled leucocytes 
[29,30]. Because of the nonspecific uptake of gallium 67 and the 
fact that it is excreted by the large bowel, its use is in this context 
largely historical. In general, leucocyte scans are best used when 
other imaging is unable to determine the presence of an intraab-
dominal abscess. Furthermore, labelled leucocyte scans are slow 
to complete and result in exposure to ionizing radiation. The 
use of F-18 fluorodeoxyglucose (FDG)-positron emission tom-
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Figure 112.4  Example of enterocutaneous fistulae: (a) Axial TrueFISP MRI shows a high signal tract (arrows) extending through the abdominal wall 
with thickened bowel deep to this (*) in keeping with an enterocutaneous fistula in a patient with penetrating Crohn’s ileocolitis. Following colectomy, 
small bowel resection and ileostomy formation (St) in the left iliac fossa, the patient then had wound breakdown and development of multiple 
abdominal wall fistulae; (b) axial unenhanced postoperative CT shows a drain (D) positioned through a right enterocutaneous fistula tract into a 
collection (Ab) in the right iliac fossa; (c) CT fistulogram with dilute contrast given via this drain shows contrast opacifying the abscess (Ab), tracking 
across the midline to opacify a loop of jejunum (J) and exiting out of the anterior abdominal wall via a further midline fistula (*) in keeping with 
enteric and cutaneous fistulae; (d) Corresponding PET CT nicely demonstrates activity at all sites of sepsis, showing there are 3 cutaneous openings 
(arrows) and several collections, largest in the right iliac fossa (Ab).
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imaging of abnormalities related to the bowel wall, peritoneum, 
and retroperitoneum [36].

Nevertheless, MRI is not generally used as the first line cross-
sectional imaging technique in the initial assessment of intraab-
dominal abscesses, because CT is normally more readily 
accessible and is quicker to perform, although rapid sequence 
acquisition has decreased the problem of motion artefact in 
MRI studies [37]. Abscesses on MRI are of heterogeneous high 
signal on T2 weighted sequences, sometimes with low signal 
foci within them if gas is present. As on CT, abscess collections 
demonstrate rim enhancement on the T1 weighted fat sup-
pressed sequences following the administration of intravenous 
gadolinium.

Because of its high soft tissue contrast resolution, MRI pro-
vides excellent views of external and internal fistulae [38,39]. 
Due to their fluid content, fistulae may be seen as high signal 
tracts on T2 weighted and balanced gradient echo sequences 
while appearing as rim enhancing low signal tracts on T1 
weighted fat saturated post contrast images [36] (Figure 112.5). 
In the case of multiple enteroenteric fistulae, the “star sign” may 
be demonstrated, where multiple thickened loops of bowel are 
seen to converge centrally (Figure 112.6). In comparison to 
plain small bowel contrast enteroclysis, MR enterography has a 
high specificity and sensitivity for the detection of internal fis-
tulae [40]. MRI has proven to be of particular use in the imaging 
of perianal fistulae, where short tau inversion recovery (STIR) 
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Figure 112.5  Example of a colovesical fistula as a complication of colitis: (a) Sagittal T2 MRI shows thickened sigmoid colon (Si) and thickened bladder 
dome (Bl) with small pocket of gas within the bladder (black arrow) with patient lying supine. Features are highly suspicious for a colovesical fistula. 
There is a small intervening air/fluid containing collection (white arrows); (b) corresponding longitudinal ultrasound again shows thickened sigmoid 
colon (Si), pelvic collection (Ab) and thickened bladder dome (*).
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Figure 112.6  Example of enteroenteric fistulae in Crohn’s disease: (a) Coronal T2 weighted TrueFISP MRI shows the typical “star” sign with multiple 
converging thickened loops of bowel (arrow) including the terminal ileum (Ti) and sigmoid (S) in keeping with enteroenteric and enterocolic fistulae. 
(b) Corresponding postcontrast T1 fat saturated MRI shows enhancement (arrow) of these converging bowel loops, although discrete tracts are difficult 
to delineate.
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percutaneous drainage of abscesses has been described [53]. 
Finally, introduction of thrombolytic agents into abscesses can 
allow the drainage of contents that would otherwise not be pos-
sible; intra-abscess injection of tissue plasminogen activator, for 
example, allows drainage of viscous content in approaching 90% 
of cases. Nevertheless, not all abscesses can be drained radio-
logically; sometimes surgery is the only safe approach. When 
abscesses are very large or complex, when they are associated 
with perforated or compromised bowel, or when drainage is 
either unsuccessful or not possible, an operative approach is 
almost invariably necessary.

Complications of abscess drainage are generally rare but 
occur in up to 15% of cases. They can be serious and include 
bleeding, septicemia, leakage of abscess contents into the peri-
toneal cavity, the formation of fistulae, and death [48,54].

Antimicrobial therapy represents the other main aspect of 
treatment of intraabdominal abscesses. Broad spectrum antibi-
otics should be initiated in the first instance while results of 
culture and sensitivity of blood and abscess contents are awaited. 
Coverage of anaerobic organisms, particularly Enterobacteriaceae 
and Bacteroides fragilis, as well as having gram-negative and 
gram-positive cover is important [17]. Once the results of bac-
teriological investigation are available, antimicrobial therapy 
can be adapted as appropriate.

Treatment of abscesses in Crohn’s disease
Drainage of abscesses related to Crohn’s disease can be consid-
ered as an alternative to surgery; however, it is rarely successful 
as a definitive approach due to the underlying disease process. 
Percutaneous abscess drainage is, therefore, probably most 
appropriate in allowing optimization of patients prior to surgi-
cal intervention potentially allowing down-staging of the disease 
and improvement of factors associated with poor surgical 
outcome, such as nutrition. Nevertheless, in one recent retro-
spective series of patients with Crohn’s disease, percutaneous 
abscess drainage with delayed surgery was associated with a 
longer postoperative stay and an increased need for repeat oper-
ations [55], although in another series it was associated with a 
decreased need for stoma formation [56].

Treatment of appendiceal and  
diverticular abscesses
Abscess, or phlegmon formation occurs in approximately 4% of 
patients with appendicitis and nonsurgical management is both 
successful in over 90% of patients and safer than immediate 
surgery. However, if interval surgery is not performed, there is 
a small risk of missing either malignant or important benign 
disease in approximately 1% of patients [57].

Diverticulitis is also commonly complicated by abscess for-
mation which can often be managed conservatively. In general, 
abscesses less than 4 cm in size can be managed with antibiotic 
therapy. Drainage of diverticular abscesses is successful in up to 
85% [47] of cases but with recurrence being seen in up to 40% 
[58], the latter being more common in abscesses of greater than 

sequences are used to demonstrate high signal tracts and their 
relationship to the anal sphincter complex and levator plate (see 
Chapters 72, 73, and 81) [41,42].

Treatment of intraabdominal abscesses

Although small abscesses can, on occasion, be managed purely 
with antimicrobial therapy, the large majority of abscesses 
require drainage. Penetration of antibiotics into abscesses is 
poor, thus radiological or surgical drainage in combination with 
antimicrobial therapy remains the mainstay of treatment. 
Percutaneous drainage of abscesses in the abdomen is possible 
in the large majority of cases with current imaging techniques 
[43–46] (Figure 112.7). Success rates of 70% to more than 90% 
are described in the literature [47,48]. Repeat drainage is neces-
sary in a small proportion of patients and is generally also suc-
cessful at emptying the abscess cavity allowing the avoidance of 
surgery in approximately 50% of cases in one series [46]. Factors 
associated with a likelihood of failure include multiple, locu-
lated and large abscesses [49,50]. Factors predictive of success 
specifically of postsurgical abscesses include the time since 
surgery and only a single abscess being present [51].

Successful and safe radiological drainage of an intraabdomi-
nal abscess requires appropriate access, adequate coagulation, 
content that is fluid enough to be drained, and a patient who is 
stable enough to undergo the procedure. However, novel 
approaches have been described to overcome some difficulties 
associated with abscess drainage. Safe percutaneous drainage of 
abscesses using approaches that traverse intervening organs, 
including the liver and stomach, has been described. Similarly 
novel approaches using either transrectal or transvaginal routes 
can allow drainage of otherwise inaccessible deep pelvic collec-
tions [26,52], and injection of saline into the retroperitoneal 
space to displace vital structures and create a safe route for 

Figure 112.7  Unenhanced axial CT showing presacral abscess collection 
(Ab) containing a mixture of fluid and gas, with percutaneous drain in 
situ.

Ab
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cal morbidity, particularly impaired wound healing and postop-
erative infection, and is also associated with an increased risk 
of mortality [70]. The evolution of parenteral nutrition approxi-
mately 50 years ago allowed nutritional supplementation in 
patients who were unable to tolerate oral intake. As such it 
represented a major breakthrough in the management of 
patients with enterocutaneous fistulae. Nutritional supplemen-
tation has been shown to increase the likelihood of fistula 
closure [71]. However, over recent years it has become apparent 
that enteral feeding is probably preferable where possible. 
Advantages of enteral over parenteral feeding include a reduced 
risk of infection, avoidance of gut mucosal atrophy which may 
be induced by total parenteral nutrition, and possibly beneficial 
effects on healing of gastrointestinal anastomoses [13,62]. 
Nevertheless, patients who have high output fistulae, prolonged 
ileus, or distal obstruction, as well as those who are unable to 
tolerate enteral feeding, clearly benefit from supplemental, or 
total parenteral nutrition.

Deciding whether management should be conservative or 
surgical requires an understanding of the factors that influence 
the likelihood of spontaneous fistula closure (Table 112.1). Rates 
of spontaneous fistula closure vary widely across series likely 
related to the differences in patient cohorts being examined. A 
recent review of 7 years of experience of enterocutanoeous fis-
tulae at a national intestinal failure unit in the UK revealed that 
of patients treated conservatively, almost 50% achieved sponta-
neous fistula closure. Nevertheless, the large majority of patients 
referred for fistula management required surgical intervention, 
with only 14% of the entire cohort avoiding definitive surgery 
[72]. In this study, the most important predictive factors for 
spontaneous closure of fistulae were lack of comorbidity and  
the underlying etiology, the outcome being most favorable for 

5 cm [59]. It is unclear whether subsequent routine colonic 
resection is necessary as the vast majority of studies are retro-
spective in nature and are limited by selection bias. Nevertheless, 
a proportion of patients appear to avoid colectomy in the long-
term after percutaneous drainage of diverticular abscesses [60].

Treatment of gastrointestinal fistulae
The management of gastrointestinal fistulae depends largely on 
their anatomical location, the underlying etiology, and whether 
they are causing physiological disruption [12,61,62]. A five step 
plan to aid the management of patients with enterocutaneous 
fistulae has been proposed [12]. These cases are often complex 
and, like most patients with gastrointestinal fistulae, are best 
managed by an expert multidisciplinary team. The first step, 
which should take place over the initial 48 hours, involves sta-
bilization of the patient and includes resuscitation, control of 
sepsis and provision of nutrition. Over the next 7–10 days while 
the patient continues to stabilize, investigation should define the 
anatomy of the fistula. After this, a decision should be taken as 
to whether spontaneous closure of the fistula is likely, or not. 
Definitive surgical therapy should be performed if spontaneous 
closure is unlikely or if a trial of conservative therapy has  
failed after 4–6 weeks. Eventually, healing of fistulae with  
reinstatement of oral nutrition (where possible) is the final  
stage [12].

Stabilization requires fluid resuscitation and correction of 
electrolyte imbalance, dehydration and sodium depletion being 
the norm in patients with high output fistulae. Loss of chloride, 
bicarbonate and potassium are also common, and require cor-
rection [63]. Drainage of associated sepsis, which is commonly 
found in association with fistulae, is key, sepsis being associated 
with a decreased likelihood of fistula closure and also with 
increased mortality [64]. Attention must also be paid to skin 
care as fistula effluent is both irritant to skin and results in the 
skin being consistently moist, which often results in skin break-
down [65]. Controlling fistula output can avoid the need for 
supplemental fluids and nutrition although whether this 
improves the chances of spontaneous fistula closure is less clear 
[62]. Proton pump inhibition, the use of antimotility agents, and 
the avoidance of oral intake of hypo-osmolar fluids should all 
be considered [66]. The use of somatostatin and its analogues 
has been investigated in patients with enterocutaneous fistulae. 
Two recent meta-analyses suggested that somatostatin improves 
fistula closure rate as well as time to fistula closure, with octre-
otide being slightly less effective. However, neither agent affects 
mortality [67,68].

The role of nutrition is paramount in patients with gastroin-
testinal fistulae, nutritional disturbances being present in up to 
90% of patients with enterocutaneous fistulae [13]. Malnutrition 
may be multifactorial resulting from decreased intake; higher 
calorific demands due to inflammation and sepsis; and loss of 
protein, fluids and electrolytes in the fistula effluent, some of 
which would normally have been absorbed in the distal bowel 
[69]. Malnutrition is associated with an increased risk of surgi-

Table 112.1  Factors associated with an increased likelihood of spontaneous 
fistula closure.

Fistula-related

Low fistula output (<500 mLs/24 h)

Short fistula tract (<2 cm)

Lack of epithelialization of the tract

Simple fistula

Surgical origin (i.e. not inflammatory 
bowel disease, malignancy or 
radiation)

Gastrointestinal tract-related

Lack of distal obstruction

Absence of stoma

Patient-related

Lack of sepsis

Good nutrition

Lack of comorbidity
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protect anastomoses, and appropriate perioperative antimicro-
bial therapy decrease the risk of postoperative abscess forma-
tion. Similarly, attention to optimizing patients preoperatively, 
for example by avoiding corticosteroids, and improving nutri-
tion, is also of value.

As with abscesses, the prevention of fistulae related to under-
lying diseases is only possible through management of the con-
dition itself. Prevention of postoperative fistulae also mirrors 
that of abscess prevention with regard to good surgical tech-
nique and preoperative optimization of patients. Avoidance of 
open abdominal wounds, where possible, decreases the chance 
of enteroatmospheric fistulae.

Temporal trends

With the increasing incidence of Crohn’s disease [78], the 
numbers of patients with Crohn’s-related intraabdominal 
abscesses and fistulae is likely to increase, although this will also 
be mitigated by improvements in drug therapies and changing 
treatment paradigms which will, it is hoped, decrease the pro-
portion of patients developing complicated disease. Of other 
conditions that are commonly associated with abscesses, the 
incidence of appendicitis is decreasing in the Western world 
[79], while that of diverticular disease is increasing [80]. 
Accordingly, the incidence of abscesses due to diverticular 
disease may be increasing while the incidence of appendicitis-
related abscesses is decreasing [81]. Interestingly, despite the 
overall increasing age of the population, the greatest increase in 
admissions with diverticulitis has been seen in patients aged 
under 65 [80]. Finally, the incidence of abscesses due to pene-
trating trauma is increasing [81].

While the incidence of gastrointestinal fistulae is not chang-
ing markedly over time, survival rates have improved, particu-
larly since the introduction of parenteral nutrition. The fact that 
the incidence of postoperative fistulae has remained steady 
despite improved surgical technology probably relates to the 
fact that more complex surgery is being undertaken in patients 
who were previously deemed unfit for surgery [82].

Geographic variation

A number of factors may influence the incidence of intraab-
dominal abscesses and fistulae around the world. First, in the 
postoperative setting, modern surgical equipment and tech-
niques have resulted in a decrease in postoperative complica-
tions although such technology and expertise is not necessarily 
widely available in all countries. Second, the incidence of condi-
tions associated with abscess formation, such as tuberculosis 
(Figure 112.8) [83], melioidosis [84], and ameobiasis [85], is 
subject to geographical variation. Finally, noninfectious diseases 
associated with the development of abscesses and fistulae are 
also more common in some parts of the world than others. For 

postsurgical fistulae, particularly in patients without inflamma-
tory bowel disease.

The role of medical therapies in Crohn’s disease-related fistu-
lae, particularly the effects of antitumour necrosis factor (TNF) 
therapy, is more fully covered in Chapter 72. Briefly, the vast 
majority of experience relates to the healing of perianal Crohn’s 
disease where anti-TNF therapy is often effective. However, its 
effects on enterocutaneous and internal fistulae are less well 
understood. The ability of anti-TNF therapy to close enterocu-
taneous fistulae appears limited [73], although in the pivotal 
trial of maintenance therapy with infliximab for the treatment 
of fistulizing Crohn’s disease, short-term closure of rectovaginal 
fistulae was seen in nearly half of the patients who had them. 
However, long-term maintenance of closure was seen in less 
than half of those who initially responded [74].

Surgical management remains necessary in the majority of 
patients with complex fistulizing disease. Timing is critical, par-
ticularly in patients who have recently had surgery as adhesions, 
which are particularly problematic in the first 3 months post-
operatively, increase the risk of fistula recurrence [75]. Successful 
closure of fistulae is seen in up to 90% of patients with surgical 
management although fistula recurrence occurs in 10%–20%  
of patients [20,62,75,76]. As well as repairing or resecting the 
fistula, the latter being associated with higher closure rates in 
one series [75], dealing with the underlying pathology is para-
mount to successful management.

Complications

Left untreated, the prognosis of patients with intraabdominal 
abscesses is poor, with high mortality rates [3]. Spread of infec-
tion can lead to systemic sepsis while rupture of abscesses will 
result in generalized peritonitis. Fistulation, either to the skin 
or internally, may also occur. After treatment of abscesses, the 
most common complication is recurrence which is more likely 
to require surgical intervention.

Just as abscesses may be complicated by fistulae, the reverse 
may also occur. Complications associated with enterocutaneous 
fistulae include, fluid and electrolyte disturbance, malnutrition, 
sepsis, and skin breakdown. Internal fistulae originating from 
the proximal small bowel may also cause nutritional deficiency 
and fluid and electrolyte imbalance. They may also result in 
sepsis particularly if there is fistulization from the gastrointes-
tinal tract to another organ system. High output fistulae are 
associated with a two- to fourfold increased risk of mortality 
compared with low output fistulae [77].

Prevention

Prevention of intraabdominal abscesses relates largely to treat-
ing underlying disease processes that are associated with their 
formation. Good surgical technique, use of diverting stomas to 
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example, Crohn’s disease is much more prevalent in the West 
than in the developing world. Nevertheless, its incidence is 
increasing in the developing world [78] where there is also less 
access to biological therapies which might otherwise decrease 
the rate of complicated disease [86]. Despite such global varia-
tion, with increasing rates of immigration, the ease of global 
travel and the rise of typically Western diseases in the develop-
ing world, it is important to consider all possible etiologies 
when assessing people with intraabdominal abscesses and gas-
trointestinal fistulae.

References are available at www.yamadagastro.com/textbook

Further reading

Loughrey M.B. Peritonitis and intraperitoneal abscesses. In: Gerald 
J.E.B., Mandell L., Dolin R. (eds). Mandell, Douglas, and Bennett’s 

Figure 112.8  Patient with ileocecal tuberculosis and associated iliopsoas abscess: (a) Coronal and (b) axial TrueFISP shows high signal iliopsoas 
collection (*) and thickened terminal ileum (arrow); (c) axial postcontrast T1 fat saturated image shows avid rim enhancement of the collection (*) with 
increase mural enhancement of the terminal ileum (arrow).
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Peritoneum

Embryology, anatomy, and physiology
The peritoneal cavity is lined by the peritoneum, which is a 
mesothelial lining of the cavity and its viscera. Embryologically, 
this lining develops from the primitive celom, which is formed 
by a splitting of the lateral mesoderm into somatic and splanch-
nic layers [1]. The parietal peritoneum, derived from the somatic 
layer, lines the abdominal cavity, diaphragm, and pelvis. The 
visceral peritoneum, from the splanchnic layer, covers the intra-
peritoneal organs and forms the mesenteries by which they are 
suspended.

The peritoneum and mesentery are supplied mainly by the 
splanchnic blood vessels and, to a lesser extent, by branches of 
the lower intercostal, lumbar, and iliac arteries. Differences arise 
in the innervation of the visceral and parietal peritoneum, 
which lead to different perceptions of painful stimuli. The vis-
ceral peritoneum receives afferent innervation from the auto-
nomic nervous system and responds primarily to traction and 
pressure; painful stimuli are perceived as a poorly localized,  
dull pain. In contrast, the parietal peritoneum is innervated by 
both somatic and visceral afferent nerves; therefore, noxious 
stimuli are perceived as a localized, sharp pain with rebound 
tenderness.

The peritoneum serves as a bidirectional semipermeable 
membrane through which the passage of both large- and small-

molecular-weight solutes is mainly accomplished by simple 
passive diffusion [2,3]. Factors that can alter absorption include 
increased intraabdominal pressure, inflammation, temperature, 
acid–base disorders, increased portal pressure, and lymphatic 
blockade [4,5]. The peritoneum contains a complex multilevel 
defense system that includes an innate immune system to 
protect against infections and inflammatory processes [6,7]. The 
primary peritoneal defense is mechanical clearance of fluid 
through the peritoneum by absorption. When peritonitis, or 
inflammation of the peritoneum, occurs the complement 
cascade is activated; C3a and C5a attract and stimulate poly-
morphonuclear neutrophils and macrophages, which attack 
invading bacteria and limit their ability to establish infection in 
the peritoneal cavity. The disease processes of the peritoneum 
discussed in this section include inflammation of the perito-
neum (i.e., peritonitis), primary mesothelioma, and pseu-
domyxoma peritonei.

Peritonitis
Peritonitis is inflammation of the parietal and visceral perito-
neum and can be classified as either local or diffuse depending 
on its clinical presentation. Despite the development of  
broad-spectrum antibiotics, improved preoperative, periopera-
tive, postoperative monitoring in the intensive care unit, and 
improvements in surgical management, peritonitis continues to 
present a unique challenge to physicians.
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these patients to present with evidence of paralytic ileus of both 
the small and large intestine. If a perforated viscus is present, 
free air under the diaphragm may be seen in an upright chest 
radiograph (Figure 113.1). Although conventional plain radio-
graphs remain a first-line investigation, extraluminal air is iden-
tified in only 50%–70% of cases [15]. Computed tomography 
(CT) is the preferred method of imaging as it is more sensitive 
for the detection of free air with reported sensitivities of up to 
95% [15]. Other findings such as bowel perforation, phlegmon, 
abscess, or free peritoneal fluid can easily be properly detected 
with CT imaging [16]. A detailed and thorough history and 
physical examination are imperative for the diagnosis of  
acute suppurative peritonitis. It should be carefully noted that 
laboratory and radiological procedures serve only as supporting 
adjuncts for this diagnosis.

Clinical course and complications
Suppurative peritonitis frequently is abrupt in onset and has an 
aggressive progression. The rapidity of patient decline is often 
associated with large volume shifts that sequester fluid out of 
intravascular compartments and into the interstitium, and the 
translocation of gastrointestinal bacteria that result in the 
advancement of systemic endotoxin. Both of these physiological 
mechanisms lead to profound intravascular hypovolemia and 
septic shock. If left untreated, many of these patients develop 
multiple organ system failure [17–20]. Early diagnosis followed 
by aggressive preoperative resuscitation and prompt surgical 
intervention are essential to reduce morbidity and mortality of 
this disease process.

Peritonitis can be classified as either primary or secondary. 
Primary peritonitis is less common and involves a spontaneous 
infection of preexisting ascites in the absence of any obvious 
intraabdominal source [8,9]. Previously, children with nephro-
sis were most commonly affected by spontaneous bacterial  
peritonitis; however, it is now more common in adults with  
a long-standing history of cirrhosis (see Chapter 106). Gram-
positive organisms were previously the most common culprit of 
this disease; however, now, Gram-negative enteric bacteria 
account for the majority of organisms in ascites fluid cultures, 
with Escherichia coli and Klebsiella pneumoniae the most 
common species [10].

Secondary peritonitis results from a mechanical break in the 
gastrointestinal tract due to disease or injury of the intraab-
dominal viscera [11]. Acute suppurative peritonitis, granuloma-
tous peritonitis, and chemical (aseptic) peritonitis belong to this 
category and are discussed in this section.

Acute suppurative peritonitis
Etiology
Acute suppurative peritonitis is usually caused by contamina-
tion of the peritoneal cavity after the development of a primary 
intraabdominal disease, penetrating trauma, or iatrogenic per-
foration of the gut after instrumentation during endoscopic or 
interventional radiology procedures [12,13].

Clinical manifestations
Acute onset of abdominal pain is characteristic of a perforated 
viscus [14]. Characteristically, patients with peritonitis lie 
supine with knees flexed and with frequent and limited inter-
costal respirations. Examination of the abdomen of a patient 
with generalized peritonitis reveals distention and tympany to 
percussion. Tenderness to the examiner’s palpation and invol-
untary muscle guarding are key physical findings associated 
with peritonitis.

Localized peritonitis is defined as focal tenderness to  
palpation over the organ in which the offending process origi-
nated. As the inflammation extends, diffuse peritonitis, or  
tenderness to palpation over the extent of the peritoneum, 
develops.

Rebound tenderness is often described as a useful adjunct in 
the diagnosis of the acute abdomen. This exam is performed by 
deep palpation of the abdomen followed by a quick release of 
the induced pressure. This elicits sudden and severe pain in 
patients with peritonitis. Although specific, this test provides no 
more information than what can be obtained by a careful and 
gentle examination of the abdomen.

Symptoms associated with acute suppurative peritonitis typi-
cally include fever (although hypothermia can be a late finding), 
anorexia, vomiting, and hypovolemia secondary to sequestra-
tion of fluids into the peritoneum and interstitial space. These 
patients often present with leukocytosis, often with an increased 
number of bands in the differential count. Radiographic find-
ings are usually nonspecific; however, it is not infrequent for 

Figure 113.1 Upright chest radiograph demonstrates free air under both 
hemidiaphragms. Source: Courtesy of Scott Stevens, MD, Lexington, KY.
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secretions. These patients can benefit from placement of a 
nasogastric tube to decompress the stomach.

The first step to treating peritonitis is physiological stabiliza-
tion by replacement of intravascular volume. The updated 
Surviving Sepsis Campaign guidelines suggest early quantitative 
resuscitation of the septic patient during the first 6 h after rec-
ognition, blood cultures before antibiotic therapy, prompt 
imaging studies to confirm a potential infection source, admin-
istration of broad-spectrum antimicrobial therapy within 1 h of 
the recognition of septic shock or severe sepsis without septic 
shock as the goal of therapy [21].

Ideal antibiotic coverage includes agents that cover both 
anaerobic and aerobic organisms and can be achieved with 
single and combination drug choices, according to the Surgical 
Infection Society for the treatment of intraabdominal infections 
[22,23]. An acceptable example of single-agent therapy includes 
carbapenems and broad-spectrum penicillins, while an accept-
able combination-drug strategy could include third-generation 
cephalosporins with either metronidazole or a fluoroquinolone 
for anaerobic coverage. A more recent Cochrane review dem-
onstrated equivalent efficacy when single agents were compared 
to combination regimens, and suggest using drugs that will 
provide adequate antimicrobial coverage while also being 
mindful of local guidelines, ease of administration, costs, and 
availability [24].

After adequate resuscitation and initiation of broad-spectrum 
antibiotics, swift surgical intervention is paramount [25]. 
Laparotomy with peritoneal irrigation and repair of the offend-
ing gastrointestinal process is the most frequent approach. 
Aerobic and anaerobic cultures of peritoneal fluid should be 
obtained to ensure appropriate antibiotic coverage. Staged 
laparotomies requiring an open abdominal dressing may be 
necessary if abdominal closure is not possible, or there is incom-
plete elimination of the infectious process. Recently, laparos-
copy has been used with some success as both a diagnostic and 
a therapeutic tool in selected patients with peritonitis. More 
studies are required to evaluate reproducibility and safety in this 
patient population [26–28].

The fine balance of antiinflammatory cytokines (e.g., 
interleukin-10 [IL-10] and IL-1 receptor antagonist) and proin-
flammatory cytokines (e.g., tumor necrosis factor-α [TNF-α] 
and IL-1) is disrupted in the setting of sepsis. The systemic host 
response to infection is the initiation of a cytokine cascade, 
which can lead to multiple organ system failure and possibly 
death. The most notable large randomized control trials targeted 
the inflammatory response of sepsis by focusing on neutralizing 
TNF-α using monoclonal anti-TNF antibodies. The NORASEPT 
I and II trials (i.e., North American Sepsis Trials), and the 
INTERSEPT (i.e., International Sepsis Trial) used monoclonal 
anti-TNF antibodies to test the efficacy of anti-TNF therapy  
in the treatment of severe sepsis [29,30]. The trials showed pos-
sible survival benefits, but only in patients with septic shock 
who received treatment less than 24 h after development of 
symptoms. Due to lack of benefit in the overall population this 

Treatment
Key features of treating acute suppurative peritonitis include 
intravenous fluid resuscitation to replace intravascular volume, 
broad-spectrum antibiotics that are then narrowed once a spe-
cific agent is identified, and operative management to control 
the source of peritoneal contamination (Box 113.1).

Resuscitation involves aggressive administration of isotonic 
crystalloid fluids, ideally lactated Ringer’s solution, to correct 
hypovolemia and electrolyte imbalances. Vasopressors should 
not be initiated until the intravascular volume has been replaced 
and mean arterial pressure should be maintained above 
65 mmHg to ensure adequate end-organ perfusion. Critical care 
monitoring to evaluate effectiveness of resuscitation parameters 
is ideal, especially as many patients with peritonitis receive large 
fluid volumes. Monitoring usually entails frequent assessment 
of vital signs, hourly measurement of urine output, and frequent 
determination of central venous pressure. An important consid-
eration is that many patients have impaired cardiac reserve prior 
to developing peritonitis, or have mild cardiac disease that is 
worsened when exposed to extreme volume shifts. A Swan–
Ganz catheter to evaluate pulmonary capillary wedge pressure 
and pulmonary artery pressure can be considered in this situa-
tion, but is not used routinely in patients who had normal 
cardiovascular function prior to the onset of the disease process, 
and is not recommended according to the most recent guide-
lines [21]. It is also recommended that septic patients receive 
gastrointestinal and deep vein thrombosis prophylaxis. 
Frequently, these patients have compromised respiratory status 
and receive ventilator support. Low tidal volume ventilation 
strategies are recommended to reduce barotrauma and number 
of total ventilator days. Many patients with sepsis have some 
degree of altered mental status and have difficulty managing 

Box 113.1 Treatment of acute suppurative peritonitis.

Restore normal physiology
Fluid resuscitation
Correct electrolyte imbalances
Supplemental O2

Monitoring (e.g., vital signs, urine output, CVP, PCWP)
Broad-spectrum antibiotics
Operative intervention

Control the source of infection
Irrigate peritoneal cavity
Planned reoperations if source of infection not controlled

Investigational adjuvant therapies
Immunostimulation (e.g., administration of biological response 
modifiers, vaccination)
Immunorepletion (e.g., administration of antiendotoxin antibody)
Immunoabrogation (e.g., cytokine antagonism, inhibition of 
prostaglandin synthesis)

CVP, central venous pressure; PCWP, pulmonary capillary wedge 
pressure.
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Etiology
Tuberculous peritonitis involves the parietal and visceral peri-
toneum, as well as the omentum, intestinal tract, liver, spleen, 
and female genital tract. It can be difficult to diagnose, especially 
in non-HIV patients [50]. The overall incidence of abdominal 
tuberculosis in the United States is quite rare, and represents 
about 0.5%–1% of all cases of tuberculosis [51]. Tuberculous 
peritonitis is usually associated with a primary focus of tuber-
culosis, most commonly the lung. The pathological organism, 
Mycobacterium tuberculosis, can gain entry to the peritoneal 
cavity by one of three mechanisms: transmurally from diseased 
bowel, from tuberculous salpingitis, or, more commonly, by 
hematogenous spread from a pulmonary focus [51].

Clinical manifestations
The onset of symptoms is subtle and most patients have vague 
abdominal complaints for months before a definitive diagnosis 
is made. Symptoms usually include, but are not limited to, 
fever, anorexia, weakness, malaise, and weight loss. On exami-
nation, the abdomen is diffusely tender in most patients; 
however, the classic doughy abdomen is rarely found. Distention 
is common and is often due to ascites or partial obstruction. 
Tuberculous peritonitis should be suspected in high-risk or 
immunocompromised patients with ascites, fever, unexplained 
constitutional symptoms, and diffuse abdominal pain or ten-
derness [50].

Differential diagnosis and diagnostic studies
Tuberculin skin tests are usually positive in patients with tuber-
culous peritonitis; however, a negative result does not exclude 
the disease. Radiographs of the abdomen are seldom of benefit; 
however, a CT scan may be useful in identifying thickened 
bowel and ascites [50]. Routine blood work is rarely helpful as 
these patients frequently do not mount a leukocytosis and 
usually present only with mild anemia that is usually secondary 
to their immunocompromised state.

One potentially helpful test is examination of peritoneal fluid. 
In more than 80% of patients with tuberculous peritonitis, the 
protein content characteristically exceeds 3.0 g/dL, and glucose 
concentration is below 30 mg/dL. Most patients have a leuko-
cyte count higher than 250 cells/mm3 and a relative lymphocytic 
pleocytosis. Acid-fast stains are rarely positive unless at least 1 L 
of ascitic fluid is obtained, concentrated by centrifugation, and 
then examined. To compound the diagnostic problem, bacterial 
cultures of M. tuberculosis often require 4–6 weeks of incuba-
tion. For these reasons, much attention has been given to  
the development of a rapid diagnostic test for tuberculosis. 
Promising new approaches include adenosine deaminase, 
polymerase chain reaction, ligase chain reaction, and enzyme-
linked immunoabsorbent assays [52,53]. Although these tests 
hold great potential, a number of issues surround their routine 
use including cost, availability, and low predictive value.

The diagnosis of tuberculous peritonitis can be suggested by 
findings at laparoscopy or laparotomy. Patients suspected to 

treatment modality was not widely adopted, but recently there 
has been a call to revisit this strategy and use inflammatory 
biomarkers to more accurately diagnosis patients earlier,  
and utilize anti-TNF antibodies within the time frame of  
benefit [31].

Other immunomodulating strategies to treat sepsis include 
the use of interferon-γ granulocyte–macrophage colony-
stimulating factor (GM-CSF) and intravenous immunoglobu-
lins to promote monocyte activity [32]. However, more recent 
evidence supports the routine use of granulocyte-colony-stim-
ulating factor (G-CSF) or GM-CSF in patients with sepsis. 
Large prospective multicenter clinical trials investigating 
monocytic HLA-DR (mHLA-DR)-guided G-CSF or GM-CSF 
therapy in patients with sepsis-associated immunosuppression 
are warranted. Finally, anticoagulant therapies, such as tissue-
factor-pathway inhibitors and activated protein C, have 
emerged in the treatment of sepsis, and initially showed sig-
nificantly increased survival following infusion [33]. However, 
the PROWESS Shock Trial of 2011 reviewed 10 years of data 
and determined that activated protein C did not provide sur-
vival benefit when compared to a placebo. It was subsequently 
removed from the market and is no longer recommended by 
current sepsis guidelines [21,34]. While these therapies may 
not be regarded as true immunomodulators, research has sug-
gested that the coagulation cascade interacts with various 
inflammatory pathways.

Granulomatous peritonitis
Etiology
Granulomatous peritonitis is characterized by peritoneal 
inflammation associated with formation of granulomas and 
increased incidence of adhesion, and is most commonly associ-
ated with granulomatous peritonitis tuberculosis [35]. Other, 
less common, causes include fungal (e.g., Candida, Histoplasma), 
amebic, and parasitic infections [36–38]. Iatrogenic causes of 
granulomatous peritonitis due to glove lubricants, or fibers from 
gauze, surgical drapes, or gowns can also occur within the peri-
toneum [39].

Tuberculous peritonitis
Epidemiology
Acquired immunodeficiency syndrome (AIDS) and an increase 
in the number of immigrants from areas of high prevalence have 
led to a reemergence of tuberculosis and subsequent peritoneal 
tuberculosis in Western countries [40–44]. Only 30% of the 
estimate number of people suffering from tuberculosis world-
wide are correctly diagnosed, and lower proportions of cases are 
diagnosed in high-TB-burden, low-resource settings [45]. 
Multidrug resistant variants of tuberculosis create extra chal-
lenges to achieve effective treatment [44,46,47]. Other patient 
populations at risk for peritoneal tuberculosis due to immuno-
suppression are poorly nourished, debilitated patients, prison-
ers, patients requiring ambulatory peritoneal dialysis, and those 
with cirrhosis, diabetes, or malignancy [48,49].



Diseases of the peritoneum, retroperitoneum, mesentery, and omentum CHAPTER 113   2199

Treatment
Treatment of chemical peritonitis applies the same principles as 
treatment for suppurative peritonitis. Adequate intravenous 
fluids to replenish intravascular volume after peritoneal fluid 
sequestration and antibiotics are followed by laparotomy to irri-
gate the abdomen and control the source of the peritoneal 
contamination.

Peritonitis as a complication of chronic  
peritoneal dialysis
Etiology
Continuous ambulatory peritoneal dialysis (CAPD) has gained 
increasing acceptance as an efficacious and cost-effective alter-
native to chronic hemodialysis in patients with end-stage renal 
disease that also allows patients more personal independence as 
they can perform dialysis at home. Despite its obvious advan-
tages, the most common complication of CAPD is infectious 
peritonitis resulting from bacterial contamination of the perito-
neal cavity [63]. Although the incidence of peritonitis varies 
with the institution, peritonitis as a complication of CAPD con-
tributes to increased number of total hospital days and health-
care costs for patients receiving this treatment. Even with better 
patient education regarding sterile techniques and proper clean-
ing around the catheter site, peritonitis in this group of patients 
is the major source of morbidity and the largest single cause of 
patient failure on CAPD [63,64].

Epidemiology
The exit site of the dialysis catheter and the tunnel through 
which the catheter traverses the abdominal wall are the most 
frequent portals of entry for bacteria in patients receiving 
CAPD and is usually a result of a break in aseptic technique and 
secondary contamination. Other sources of contamination 
include hematogenous or lymphatic dissemination from a 
distant septic origin. CAPD-related peritonitis is usually caused 
by a single organism, in most cases by Gram-positive cocci 
(Staphylococcus epidermidis, Staphylococcus aureus, strepto-
cocci, and enterococci) [65–68]. However, Gram-negative bac-
teria account for the majority of cases of CAPD peritonitis, with 
the most common being E. coli and Pseudomonas aeruginosa. 
The presence of anaerobic organisms or a mixed flora should 
raise suspicion of an intestinal perforation or other intraab-
dominal disease as the cause of peritonitis. Fungal peritonitis is 
relatively uncommon but remains the most serious type of 
infective peritonitis in CAPD patients because of treatment dif-
ficulties, with the most common species being Candida albicans 
and Candida tropicalis [69].

Clinical manifestations
Peritonitis secondary to CAPD can be difficult to diagnose 
because the symptoms are frequently less severe when com-
pared to patients who present with suppurative peritonitis. 
Characteristically, a turbid dialysis effluent is found in nearly all 
cases of CAPD peritonitis, although even with this finding some 

have abdominal tuberculosis without evidence of extraabdomi-
nal disease can benefit from early laparoscopy and frozen 
section to assess adequacy of biopsy sampling to establish a 
histological diagnosis with acceptably low morbidity of 8% [54]. 
For patients with multiple medical comorbidities, an endo-
scopic ultrasound-guided fine-needle aspiration technique also 
provides a safe alternative [53].

The differential diagnosis of tuberculous peritonitis can fre-
quently be a challenge. In patients with a prolonged history, 
tuberculous peritonitis most commonly is confused with 
Crohn’s disease or carcinoma. In patients presenting acutely, the 
differential diagnosis often includes acute appendicitis, chole-
cystitis, perforated ulcer, and ovarian cyst or torsion.

In summary, tuberculous peritonitis is difficult to diagnose 
and requires an initial suspicion based on clinical findings 
including fever, anorexia, and abdominal pain in combination 
with findings of a nonexudative ascites. It is imperative to 
confirm the diagnosis before committing the patient to a long-
term treatment regimen with multiagent therapy.

Clinical course and therapy
Current recommendations for tuberculous peritonitis are 
similar to the treatment regimen for pulmonary tuberculosis. 
Treatment consists of a regimen of isoniazid, rifampin, pyrazi-
namide, and ethambutol for 6 months, with prolong therapy 
for patients who respond slowly to treatment. Corticosteroids 
for 2–3 months prevent the formation of dense fibrous adhe-
sions, which could lead to bowel obstruction. The most  
worrisome feature of the resurgence of tuberculosis has been 
the recent outbreaks of multidrug-resistant isolates that often 
fail to respond to isoniazid and rifampicin [41–44,46,55]. 
Treatment of patients with multidrug-resistant tuberculosis 
should be managed by physicians with expertise in drug-
resistant disease.

Chemical (aseptic) peritonitis
Etiology
Spillage of irritant materials that are initially sterile, that is urine 
or bile, can lead to peritoneal inflammation. This can eventually 
evolve into secondary bacterial contamination that has signs 
and symptoms similar to acute suppurative peritonitis. Most 
substances that cause a chemical peritonitis are capable of acting 
as adjuvants to promote the growth of bacterial contaminants 
and subsequently develop suppurative peritonitis. These agents 
include bile, usually resulting from open or laparoscopic biliary 
tract operations without adequate external drainage, from inad-
vertent injury to the biliary tract, or from external trauma [56–
58]; urine, from intraperitoneal bladder rupture [59]; and chyle, 
which occurs secondary to injuries of large lymphatic vessels in 
the retroperitoneum [60]. Spillage of barium sulfate secondary 
to perforation of the gastrointestinal tract from diagnostic pro-
cedures results in a severe peritoneal irritation. When combined 
with accompanying enteric bacteria, this poses a lethal threat to 
the patient [61,62].
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with immunosuppressive agents present a unique and hospita-
ble environment for opportunistic infections of the gastrointes-
tinal tract [73,74].

The differential diagnosis of abdominal pain in AIDS is broad 
and involves both AIDS- and non-AIDS-related disorders [73–
75]. Perforation of the small bowel or colon secondary to 
cytomegalovirus enteritis is a frequent cause of peritonitis in 
patients with AIDS [76,77]. Mycobacterium avium-intracellulare, 
M. tuberculosis, Cryptococcus neoformans, Strongyloides spp., 
and Leishmania spp. can also cause peritonitis in this distinctive 
patient population [78–80].

Clinical manifestations and treatment
Immunocompromised patients with peritonitis usually present 
with severe abdominal pain as the predominant symptom, but 
are frequently unable to mount an appropriate immune response 
and often lack fever or leukocytosis. Principles of management 
include aggressive intravenous fluid resuscitation, broad-
spectrum antibiotics, and emergent laparotomy with resection 
of the involved portion of bowel after the patient is hemody-
namically stabilized.

Primary mesothelioma
Incidence and etiology
Primary mesotheliomas, which are formed from mesenchymal 
and epithelial components, are very uncommon. The reported 
incidence in the United States is only 2.2 cases per million; 
however, studies suggest that the incidence is increasing 
throughout the world and especially in industrialized countries 
[81–84]. Malignant mesothelioma is linked to exposure to 
asbestos, and there is a strong association with occupations that 
require workers to handle or work in proximity to asbestos, such 
as those in the textile, insulation, building, demolition, and 
shipyard industries. There is a latency period of up to 40 years 
from significant asbestos exposure to development of mesothe-
lioma. Two-thirds of the patients are diagnosed at 45–64 years 
of age, and there appears to be a male predominance [85–87]. 
Most tumors originate from the pleura with only about 30% 
occurring in the peritoneum [88,89] (Figure 113.2). Although 
asbestos is the predominant cause of this disease, other etiologi-
cal agents may be associated with primary mesothelioma, 
including genetic factors, use of the angiographic contrast mate-
rial Thorotrast (thorium dioxide), radiation exposure, and 
recurrent peritonitis [90,91].

Clinical manifestations
Peritoneal mesothelioma has a vague clinical presentation  
with symptoms that may include right upper quadrant and epi-
gastric abdominal pain, nausea, vomiting, malaise, fever, weight 
loss, diarrhea, and anemia. Ascites is also present in most of 
these patients. Peritoneal mesotheliomas can produce and 
secrete a variety of ectopic hormones, including antidiuretic 
hormone, growth hormone, and insulin-like factors, which can 
produce associated paraneoplastic syndromes with symptoms 

patients remain asymptomatic. The most common symptom is 
a diffuse abdominal pain associated with a low-grade fever and 
leukocytosis, although some immunocompromised patients 
receiving CAPD may not be able to mount this response  
and may even have leukopenia. Other symptoms can include 
polydipsia, diarrhea, hypotension, and pressure pain above the 
catheter tunnel.

Diagnosis
The diagnosis of CAPD peritonitis depends on both clinical and 
laboratory findings and should be based on the presence of at 
least two of three criteria: abdominal pain or tenderness, a 
turbid dialysate containing more than 100 neutrophils/mm3, 
and a positive culture from the peritoneal fluid [63,67,69]. It is 
essential that the dialysate be evaluated to confirm the diagnosis 
and to identify the causative organism regardless of history or 
physical examination findings.

Therapy and clinical course
Peritonitis due to CAPD is very treatable and many of these 
patients can be treated successfully on an outpatient basis 
without hospitalization or interruption of dialysis [70–72]. 
Broad-spectrum antibiotics are first line and are narrowed 
according to susceptibility testing. The International Society for 
Peritoneal Dialysis (ISPD) has published recommendations  
for empiric therapy of peritonitis. An interesting option for 
treatment of peritonitis in CAPD patients is oral administration 
of antibiotics. However, pharmacokinetic studies are lacking 
and this route of administration can therefore only be recom-
mended in uncomplicated episodes due to coagulase-negative 
staphylococci. The preferred route is by intraperitoneal admin-
istration. Current recommendations include a first-generation 
cephalosporin for Gram-positive organisms, a third-generation 
cephalosporin for single Gram-negative organisms; for multiple 
Gram-negative organisms or anaerobes, metronidazole should 
be added to the third-generation cephalosporin; and a combina-
tion of first- and third-generation cephalosporins when no 
organism is identified [72]. Aminoglycosides may be substi-
tuted for treatment of Gram-negative organisms, including 
Pseudomonas spp., in patients with residual urine output of less 
than 100 mL/day. Furthermore, ISPD no longer recommends 
the routine use of vancomycin due to increased microbial resist-
ance, and suggests a daily cefazolin regimen [71,72]. In addition 
to antibiotics, heparin also is added to the dialysis bag to reduce 
fibrin formation and subsequently reduces the incidence of 
postinfective adhesions [71,72]. Indications for catheter removal 
include persistence of peritonitis after 4–5 days of treatment or 
the presence of fungal or tuberculous peritonitis, fecal peritoni-
tis, or severe skin infection at the catheter site [66].

Peritonitis in the immunocompromised host
Etiology and diagnosis
Patients in an immunosuppressed state due to malignancy, 
autoimmune disease, AIDS, organ transplantation, or treatment 
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mas often stain positively for mucin and CEA and do not 
contain hyaluronic acid. Well-characterized monoclonal and 
polyclonal antibodies hold great promise for improving the 
diagnostic accuracy [91,92]. Among the antibodies that are 
considered to be negative indicators for mesothelioma, 
MOC-31, CEA, and BG-8 seem to be the best diagnostic dis-
criminators. Other useful negative markers include B72.3, 
Leu-M1, Ber-EP4, and thrombomodulin. Immunostaining for 
N-cadherin and E-cadherin appears to be promising in the 
diagnosis of mesothelioma [90–92]. Another useful marker is 
epithelial membrane antigen, which has been shown to be of 
value in distinguishing between benign and malignant mes-
otheliomas. Additional molecular studies that may serve as 
useful adjuncts to the diagnosis include the identification of 
high concentrations of the platelet-derived growth factor 
(PDGF) in malignant mesotheliomas [91]. Microarray analysis 
data may help to identify single genes or gene expression pat-
terns that will eventually aid in diagnosis and predicting prog-
nosis [93].

Less common primary peritoneal neoplasms that should be 
considered in the differential diagnosis include benign papillary 
mesotheliomas, benign fibrous mesothelioma, adenomatoid 
tumors, and multicystic peritoneal mesothelioma [88].

Genetic factors
With advances in molecular techniques and the ability to iden-
tify genetic abnormalities in various tumors, studies have 
focused specifically on potential genetic abnormalities in mes-
otheliomas [81,82,86,92–96]. The accumulation of numerous 
chromosomal deletions in mesotheliomas suggests a multistep 
process of tumor development, characterized by the loss or 
inactivation of various tumor suppressor genes. Genetic abnor-
malities that have been identified include frequent deletions of 
specific sites within chromosome arms 1p, 3p, 6q, 9p, 13q, 15q, 
and 22q [94–96]. Loss or mutation of the p16Ink4a tumor sup-
pressor gene at 9p21 has been found with high frequency, and 
may contribute to the pathogenesis of these tumors. Mutation 
or allelic loss of neurofibromatosis type 2 (NF2), a tumor sup-
pressor gene, at 22q12 are also frequently occurring genetic 
abnormalities. Studies have identified the presence and expres-
sion of simian virus 40 (SV40) in a number of mesotheliomas 
[97]. SV40, a large T antigen has been shown to inactivate the 
tumor suppressor gene products Rb and p53, suggesting the 
possibility that asbestos and SV40 could act as cocarcinogens in 
mesothelioma. Circulating antibodies to SV40 antigens have 
been described, raising the possibility that the immune system 
may be modulated to treat patients with mesothelioma. Finally, 
expression of growth factors, including PDGF-A and PDGF-B, 
insulin-like growth factors I and II, and transforming growth 
factors α and β, have been identified in these tumors. Continued 
studies are required to determine whether these genetic abnor-
malities play a role in the pathogenesis and progression of the 
mesothelioma tumors and may serve as potential targets for 
new treatment strategies.

of hypoglycemia, hyponatremia, thrombocytosis, and increased 
production of fibrin-degradation products [87–91].

Differential diagnosis and diagnostic studies
Due to its insidious development and presentation, malignant 
mesothelioma is difficult to diagnose early [87,88]. Upon gross 
inspection mesotheliomas are firm, white tumors that appear as 
individual nodules studding the peritoneal surface and tend to 
spread over the surface of the intraabdominal organs and even-
tually encase the viscera. Ultrasound and CT studies can be 
beneficial in diagnosis and can aid in directed biopsy of suspi-
cious lesions; however, it is necessary to confirm the disease 
with diagnostic laparoscopy or laparotomy [83].

Microscopic and immunohistochemical studies can also aid 
in the diagnosis [89–92]. Immunohistochemistry is useful in 
order to determine whether the mesothelial cells present are 
benign or malignant, and to distinguish mesothelioma from an 
adenocarcinoma in the form of carcinomatosis. Analysis of a 
suspected mesothelioma should include electron microscopy, 
periodic acid–Schiff (PAS) stain, Alcian blue stain to detect 
hyaluronic acid, and an anticarcinoembryonic antigen (anti-
CEA) antibody stain [90]. Ultrastructural features on electron 
microscopy include long, slender microvilli and diffuse  
cytoplasmic or perinuclear distribution of tonofilaments. 
Mesotheliomas lack intracellular mucin on PAS stains, should 
produce negative results on anti-CEA antibody stain, and often 
stain positively for hyaluronic acid. In contrast, adenocarcino-

Figure 113.2 Computed tomography demonstrates metastatic 
mesothelioma (arrow) in the peritoneal cavity in a patient that previously 
underwent pleurectomy for pleural mesothelioma. Source: Courtesy of 
Scott Stevens, MD, Lexington, KY.
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Clinical features and diagnosis
Pseudomyxoma peritonei is usually an unexpected diagnosis 
made at laparotomy for a preoperative diagnosis of appendicitis 
or ovarian tumor. Women between 45 and 55 years of age are 
most commonly affected, and usually present with an increasing 
abdominal girth secondary to mucinous ascites or intestinal 
obstruction, abdominal pain, or a mass in the abdomen 
[106,108].

Histologically, pseudomyxoma peritonei is characterized by a 
benign appearance with simple columnar epithelium containing 
mucin-filled vacuoles [109,110]. Certain features noted on 
sonography or CT scan are characteristic for this disease. 
Sonographic findings include multiple intraperitoneal multi-
locular cysts and ascitic septation. A characteristic CT finding  
of pseudomyxoma peritonei is “scalloping” of the hepatic and 
bowel margins secondary to extrinsic compression by ascitic 
spaces containing gelatinous material (Figure 113.3). The role of  
magnetic resonance imaging (MRI) in diagnosing pseu-
domyxoma remains to be defined, although some authors suggest 
T2-weighted images accentuate differences between mucinous 
and fluid ascites. Low et al. found that delayed gadolinium-
enhanced MRI was most accurate for the staging and classifica-
tion of mucinous appendiceal neoplasms and provided prognostic 
information useful for patient selection preoperatively [111]. 
More research comparing MR to other modalities is necessary to 
determine the appropriate role of MR in this setting.

Treatment and prognosis
Pseudomyxoma peritonei is a low-grade malignancy that rarely 
metastasizes or invades contiguous viscera. The treatment of 
pseudomyxoma peritonei is primarily surgical, with aggressive 
debulking of all intraabdominal tumor and omentectomy [110]. 

Treatment and prognosis
Mesothelioma often presents at a very advanced stage and the 
few treatment modalities available provide little improvement 
in outcomes due to both delay in diagnosis and aggressive 
tumor characteristics [98,99]. Curative resection for surgery is 
rare, and laparotomy serves only to establish a tissue diagnosis 
and to perform procedures such as palliative bypassing of 
obstructive lesions or tumor debulking. Thus far, chemother-
apy has offered little improvement in overall patient survival. 
Only doxorubicin has shown any clinical efficacy, but this was 
only a minimal response [98,99]. Studies suggest that surgical 
cytoreduction and multimodality therapy, especially with pacli-
taxel and cisplatin chemotherapy, may confer a survival advan-
tage. There is emerging evidence of improved patient survival 
using hyperthermic intraperitoneal infusion of the chemother-
apeutic agent in patients with primary peritoneal mesothelio-
mas. Baratti et al. [100]. showed that patients with diffuse 
peritoneal mesothelioma surviving longer than 7 years 
appeared to be cured at a rate of 43.6%, with their prognosis 
being primarily dependent on pathological and biological fea-
tures. Patient selection is paramount as other studies have 
shown that advanced age and poor performance status may 
contribute to morbidity and mortality, but that age alone is not 
a contraindication for the procedure. Institutional experience 
and stringent patient selection are key factors for prolonged 
survival [101]. Radiation therapy has been used in combina-
tion with intracavitary instillation of various chemotherapeutic 
agents or with systemic chemotherapy but with only minimal 
success [102].

Future directions for the management of mesothelioma 
include the use of IL-2, interferon-γ, TNF-α, monoclonal anti-
bodies, and cancer vaccines, which may prove beneficial in 
combination with other therapies [103]. Multiple obstacles, 
including transfection efficiency and proper vector construc-
tion, must be overcome before these types of protocols will be 
clinically beneficial [104,105]. Despite some advances, the prog-
nosis for peritoneal mesothelioma remains poor with death 
usually occurring within 12–14 months of the diagnosis from 
progressive gastrointestinal tract obstruction and overall func-
tional decline.

Pseudomyxoma peritonei
Incidence and etiology
Pseudomyxoma peritonei is a rare condition manifested by 
diffuse, gelatinous implants of the peritoneal cavity and 
omentum arising from mucinous neoplasms of either the 
appendix or ovary. The reported incidence of pseudomyxoma 
peritonei is approximately 2 in 10 000 laparotomies [106]. There 
is no general consensus regarding the tissue of origin as most 
female patients afflicted with this disease have tumor progres-
sion in both the ovary and the appendix. Applications of immu-
nocytochemistry and genetic analysis by polymerase chain 
reaction strongly suggest that most cases are the result of metas-
tases from appendiceal neoplasms [107,108].

Figure 113.3 Computed tomography demonstrates perihepatic gelatinous 
mass (arrow) in a patient with pseudomyxoma peritonei secondary to 
appendiceal carcinoma. Source: Courtesy of Scott Stevens, MD, 
Lexington, KY.
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ruptured aortic aneurysm, and ruptured ureteral or ovarian 
veins during pregnancy [116–120]. Massive retroperitoneal 
hemorrhage has also been associated with femoral vein cathe-
terization and liposuction [121,122].

In the setting of massive hemorrhage, signs of hypovolemic 
shock may be readily apparent. Signs of retroperitoneal hemor-
rhage that occur later include pain felt most in the abdomen and 
back and ecchymosis of the flank (Grey Turner sign) or umbili-
cus (Cullen’s sign). Laboratory examination may demonstrate a 
low hematocrit, but this is a very late finding and the clinician 
should not rely on this value to direct hemodynamic resuscita-
tion efforts. Evaluation of retroperitoneal hemorrhage may 
include plain films of the abdomen, which can show obliteration 
of the psoas shadow. A CT scan may be useful in the stable 
patient to evaluate the possible etiology and extent of the hem-
orrhage (Figure 113.4).

Treatment of retroperitoneal hemorrhage should be guided 
by its specific etiology. For example, retroperitoneal hemor-
rhage secondary to a pelvic fracture may be treated by fracture 
stabilization or arteriography and embolization of the bleeding 
vessel, while vascular injuries or a ruptured abdominal aortic 
aneurysm require emergent surgical intervention and control of 
the ongoing hemorrhage.

Retroperitoneal infections
Abscesses in the retroperitoneal space are normally secondary 
to diseases of surrounding abdominal organs, the urinary tract, 

Box 113.2 Differential diagnosis of retroperitoneal masses and 
disease processes.

Fluid collections
Lymph
Duodenal succus
Pancreatic juice
Bile
Urine

Hematoma
Spontaneous hemorrhage
Traumatic hemorrhage

Fat necrosis
Acute necrotizing pancreatitis

Abscess
Primary
Secondary: extension from abdomen, kidney, vertebra

Neoplasm
Benign
Cyst

Benign soft tissue tumor
Malignant

Sarcoma
Germ cell-derived neoplasm
Lymphoma
Lymph node metastases

Aortic aneurysm
Retroperitoneal fibrosis

In addition, because of the usual involvement of both the appen-
dix and the ovaries, it is recommended that appendectomy and 
bilateral oophorectomy be performed in all patients. Recurrence 
eventually occurs in about 75% of patients, and repeat laparoto-
mies are indicated for recurrent disease. Current strategies in 
the treatment of this disease include a combination of chemo-
therapy and surgical treatment [112,113]. These reports suggest 
a survival advantage using early postoperative chemotherapy 
(intraperitoneal or systemic) combined with cytoreductive sur-
gical treatment compared with repeated surgical procedures in 
the absence of chemotherapy. The recurrence rate was 44%, and 
3-year and 5-year disease-free survival probability was 43.6% 
and 37.4%, respectively [114]. Radiation treatment, mucolytic 
agents, and phototherapy have been described but appear to be 
of little benefit [115].

Retroperitoneum

The retroperitoneum is the space behind the abdominal cavity 
extending from the posterior peritoneum and the mesenteries 
to the spinal column and the psoas, quadratus lumborum, and 
transversus abdominis muscles. It extends superiorly from the 
diaphragm and inferiorly to the levator muscles of the pelvis. 
The retroperitoneum is divided into the anterior compartment, 
which contains the pancreas, duodenal loop, and the ascending 
and descending colon, and the posterior compartment, which 
contains the perinephric space with the kidneys, ureters, and 
adrenal glands and an extensive network of vessels, lymphatics, 
and neural structures. The space also contains fatty and areolar 
tissue and connective tissue.

Despite major advances in diagnostic techniques, including 
ultrasonography, CT scan, MRI, and arteriography, delineation 
of processes in the retroperitoneal remains relatively elusive due 
to its anatomic constraints. Early clinical manifestations are 
nonspecific so pathological processes are typically advanced 
before producing symptoms. Retroperitoneal disease processes 
often present as a mass. The differential diagnosis of retroperi-
toneal masses and other disease processes is outlined in Box 
113.2. This section specifically discusses retroperitoneal hemor-
rhage and infections, idiopathic retroperitoneal fibrosis, and 
primary neoplasms of the retroperitoneal space. In addition to 
these clinical entities, fluid collections consisting of lymph, gas-
trointestinal secretions (e.g., duodenal, pancreatic), bile, or 
urine may develop in this space, usually secondary to iatrogenic 
or traumatic injuries [116,117].

Retroperitoneal hemorrhage
The most common cause of retroperitoneal bleeding and 
hematoma is traumatic injury associated with pelvic or vertebral 
fractures, avulsion of the vascular pedicle of the kidney, or pen-
etrating injuries [117–120]. Hemorrhage may also be secondary 
to anticoagulation therapy, acute pancreatitis, spontaneous 
hemorrhage into an adrenal gland or retroperitoneal tumor, 
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disease. Disseminated opportunistic fungi (e.g., Candida, 
Aspergillus, and Cryptococcus species) can spread to the 
retroperitoneum, particularly in patients who are immunocom-
promised. Actinomycosis or retroperitoneal infections with 
Nocardia organisms can be the result of secondary extension 
from a primary focus. For example, actinomycosis may be sec-
ondary to perforation of the appendix or colon and nocardiosis 
may be associated with a pulmonary infection [128].

Retroperitoneal fibrosis
Etiology and epidemiology
Retroperitoneal fibrosis is an uncommon disease process char-
acterized by progressive nonspecific inflammation and fibrosis 
of connective and adipose tissue in the retroperitoneal space 
[129–132]. The process usually begins just below the level of the 
aortic bifurcation near the sacral promontory and then spreads 
throughout the retroperitoneum with extension bilaterally 
along the aorta and inferior vena cava. Obstructive symptoms 
are the result of gradual compression of the tubular structures 
in the retroperitoneal space, particularly the ureter.

Idiopathic retroperitoneal fibrosis is often referred to as 
Ormond disease after the first author to publish findings on the 
disorder in 1948 [133]. Retroperitoneal fibrosis is quite uncom-
mon, with an incidence of 1 in 200 000, with an overall male 
predominance of 2 to 1, usually presenting in the fifth and sixth 
decades of life [131]. Multiple hypotheses attempt to explain the 
causation, including extravasation of urine, surgery, and non-
specific gastrointestinal inflammatory diseases, including 
Crohn’s disease; however, most cases of retroperitoneal fibrosis 
are idiopathic (Box 113.3). An immune etiology for retroperi-
toneal fibrosis has been suggested, particularly because an asso-
ciation with other immune-mediated connective tissue disorders 
such as systemic lupus erythematosus, Hashimoto thyroiditis, 
Raynaud disease, systemic vasculitis, and ankylosing spondylitis 

or the vertebral column [123–127]. Abscesses often result from 
perforated diverticular disease or colonic cancer, appendicitis, 
acute pancreatitis, penetrating duodenal ulcer, or biliary tract 
disease. A psoas abscess may be secondary to intraabdominal 
or vertebral infections, while extension from Crohn’s disease, 
appendicitis, colon diverticulitis, and cancer are the most fre-
quent causes. Primary bacterial infections in the retroperitoneal 
space can occur but are rare, and most frequently found in 
immunocompromised patients. With the exception of Gerota’s 
fascia, there are no anatomical boundaries to the retroperitoneal 
space. Due to this lack of boundaries, abscesses can be large, 
extend bilaterally, and present late in their course. As a result, 
retroperitoneal abscesses may be associated with higher mortal-
ity due to the difficulty of early diagnosis.

Symptoms include fever, chills, anorexia, and weakness, and 
pain in the lower back and abdomen, thigh, or flank. A palpable 
mass in the flank may be present on physical examination, 
which is secondary to irritation of somatic nerve fibers inner-
vating the psoas and lumbar muscles, thus causing muscular 
spasm. CT scan is the most useful diagnostic test (Figure 113.5); 
CT-guided percutaneous needle aspiration of the abscess allows 
for bacteriological examination so that an appropriate antibiotic 
treatment regimen can be chosen based on specific organisms 
and sensitivities. Depending on the etiology, percutaneous 
drainage may be effective treatment for some of these collec-
tions, but surgical drainage is required in the setting of inade-
quate fluid evacuation. Coliform organisms and S. aureus are 
the most common organisms encountered. Other organisms 
occur rarely and include M. tuberculosis, which most commonly 
affects the urinary tract or spine, when it is known as Pott 

Figure 113.5 Computed tomography demonstrates methicillin-resistant 
Staphylococcus aureus infection involving psoas (black arrow) and 
paraspinal muscles (white arrow). Source: Courtesy of Scott Stevens, MD, 
Lexington, KY.

Figure 113.4 Computed tomography demonstrates large retroperitoneal 
hematoma (black arrow) due to traumatic injury to the kidney (white 
arrow). Source: Courtesy of Scott Stevens, MD, Lexington, KY.



Diseases of the peritoneum, retroperitoneum, mesentery, and omentum CHAPTER 113   2205

azotemia, renal insufficiency, and subsequent renal failure. 
Lower extremity edema can occur from compression of lym-
phatics and venous obstruction [136]. The aorta can be involved 
and these patients sometimes present with symptoms mimick-
ing arterial insufficiency [138,139]. Rarely, the fibrotic process 
involves the duodenum, the common bile duct, or colon, result-
ing in obstruction [140,141].

Differential diagnosis and diagnostic studies
The differential diagnosis of retroperitoneal fibrosis includes 
retroperitoneal hemorrhage, primary neoplasms, and metasta-
sis to the retroperitoneum. Imaging studies useful in establish-
ing the diagnosis of retroperitoneal fibrosis include an 
intravenous pyelogram, in which a triad of classic findings has 
been described: delayed excretion of contrast material with 
hydronephrosis, narrowing of the ureters at approximately the 
L4–5 level, and a medial displacement of the ureters (Figure 
113.6) [129,142]. The CT scan has emerged as the procedure of 
choice for the diagnosis and follow-up of patients with retro-
peritoneal fibrosis [143,144]. Findings include a periaortic soft 
tissue mass of variable thickness that envelops the retroperito-
neal structures, with obliteration of the fat plane between the 
mass and adjacent psoas musculature. Increasingly, MRI has 
been used to assess retroperitoneal fibrosis, particularly using 

has been demonstrated in certain cases [134,135].Various medi-
cations have been associated with retroperitoneal fibrosis as a 
side-effect. Methysergide, an antiserotonin drug, is the best-
described agent in which the occurrence of retroperitoneal 
fibrosis has been clearly linked [136]. Other drugs implicated in 
this fibrotic process include ergotamine, pergolide, hydralazine, 
methyldopa, and β-adrenergic blocking agents such as meto-
prolol [137]. In some patients, retroperitoneal fibrosis can occur 
secondary to severe retroperitoneal infection, inflammatory 
aortic aneurysms, and in response to neoplasms, most com-
monly Hodgkin lymphoma, sarcomas, carcinoid tumors, and 
certain adenocarcinomas [136].

Pathology
Intraoperatively retroperitoneal fibrosis appears as a woody, 
white, fibrous plaque that encroaches upon and then surrounds 
and encapsulates the ureters and vascular structures in the ret-
roperitoneum [130–132]. Early microscopic features include 
active chronic inflammation occurring with abundant lym-
phocytes, plasma cells, and macrophages interspersed with 
fibroblasts and collagen bundles [130,131]. As the disease 
progresses, the tissues become relatively acellular with scattered 
calcifications, an abundant collagen deposition, and fibrous 
scarring.

Clinical manifestations
The symptoms of retroperitoneal fibrosis are generally nonspe-
cific, the most common symptom being a dull, constant pain 
localized to the back or flank that sometimes radiates to the 
lower abdomen, groin, or anteromedial thigh [129–132]. Other 
symptoms include anorexia, nausea, diarrhea, fever, and weight 
loss. Patients may present with hypertension as the disease 
process surrounds the renal artery, thereby affecting the renin 
angiotensin feedback mechanism. Laboratory abnormalities 
include leukocytosis, an elevated erythrocytic sedimentation 
rate, and elevated alkaline phosphatase levels. Late complica-
tions of retroperitoneal fibrosis occur as the result of encase-
ment and compression of the tubular retroperitoneal structures, 
most commonly involving the ureters, and eventually leading to 

Box 113.3 Causes of retroperitoneal fibrosis.

Primary
Idiopathic
In conjunction with other fibrotic processes (e.g., mediastinal fibrosis, 
mesenteric fibrosis, sclerosing cholangitis)
Drug-associated (e.g., methysergide, ergotamine, hydralazine, and 
β-adrenergic drugs)
Paraneoplastic (e.g., sarcoma, Hodgkin disease, carcinoid tumor)
Secondary

Radiotherapy
Retroperitoneal infection
Retroperitoneal fluid collection or hematoma
Inflammatory abdominal aortic aneurysm

Figure 113.6 Pyelogram of the left kidney through a nephrostomy tube 
demonstrating marked hydronephrosis, narrowing of the ureter at the L4 
level, and medial displacement of the ureter. Source: Courtesy of Melvyn 
H. Schreiber, MD, Galveston, TX.
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course with 132-month follow-up after the discontinuation of 
treatment. Studies suggest that tamoxifen, a nonsteroidal anti-
estrogen agent, may be effective in regression of the fibrotic 
process and amelioration of symptoms secondary to increased 
synthesis and secretion of transforming growth factor-β, an 
inhibitory growth factor, but randomized controlled trials are 
needed [154].

Retroperitoneal neoplasms
Etiology and pathology
Tumors in the retroperitoneal space arise from mesodermal, 
neuroectodermal, or embryonic remnants, including fat, con-
nective tissue, fascia, muscle, nervous tissue, lymph vessels, and 
lymph nodes. Malignant tumors are about four times more 
prevalent than benign neoplasms, with lymphomas and lym-
phosarcomas most common [155,156]. Other malignant neo-
plasms in this area include other types of sarcomas, such as 
liposarcoma and leiomyosarcoma [157–159]. Of the benign 
tumors, the most frequent are lipomas. Most patients presenting 
with primary retroperitoneal tumors are in the fifth or sixth 
decades of life, although about 15% of these tumors are found 
in children aged younger than 10 years. The retroperitoneum is 
also a common site for metastasis, primarily lymphatic metas-
tasis from neoplasms of abdominal organs.

Clinical manifestations
Retroperitoneal tumors can grow to a large size before becom-
ing symptomatic [155,156]. Early symptoms are usually vague 
or lacking and may include fatigue, weakness, weight loss, 
abdominal discomfort, and a sense of fullness or abdominal 
heaviness. Nausea and vomiting along with a change in bowel 
habits may occur with intestinal compression. Swelling of the 
lower extremities can develop secondary to obstruction of lym-
phatics or venous return. Larger tumors cause pain radiating to 
both thighs as a result of involvement of the lumbar and sacral 
nerve roots. The most common physical finding is the presence 
of a nontender mass palpated on abdominal examination.

Differential diagnosis and diagnostic studies
Primary retroperitoneal tumors should be differentiated from 
other masses in this region, including renal lesions, pancreatic 
cysts and tumors, malignancies of the gastrointestinal tract, 
ovarian tumors, and cysts of the omentum and mesentery. CT 
scan is a useful imaging modality to identify the mass, deter-
mine its size and origin, and assess its relationship, proximity, 
and invasion of surrounding structures (Figure 113.8) [159]. 
CT-guided needle biopsy can often provide a histological diag-
nosis preoperatively. MRI has become increasingly important as 
a diagnostic tool for retroperitoneal neoplasms [160,161]. It 
provides better definition of the mass, surrounding muscle 
groups, and vascular structures than CT, while avoiding ioniz-
ing radiation exposure (Figure 113.9). Preoperatively, angiogra-
phy provides important information about the vasculature 
supplying the neoplasm and can help delineate anatomy to 

T2-weighted images to delineate the stage of the disease more 
clearly (Figure 113.7) [143–146]. Compared to CT, MRI pro-
vides a more exact anatomical definition because of multiplanar 
capability and avoids the need for potentially nephrotoxic con-
trast agents.

Treatment
Relieving urinary obstruction and preventing progression of the 
disease are the primary treatment goals in retroperitoneal fibro-
sis. Medications associated with retroperitoneal fibrosis should 
be discontinued. Surgical management is directed at ureteroly-
sis for ureteral obstruction with intraperitoneal transposition of 
the ureters. Other maneuvers described to prevent recurrence 
of the ureteral obstruction include wrapping the ureters in 
omental fat or interposing retroperitoneal fat between the 
ureters and the fibrosis [147,148]. The use of robotic ureterolysis 
in selected cases with good results in short-term follow-up has 
been described [149]. Symptoms caused by venous obstruction 
are best treated nonoperatively, with elevation and elastic 
support of the leg, which eventually results in the development 
of collateral circulation. The medical management of retroperi-
toneal fibrosis includes corticosteroids, which are effective in 
the early, active inflammatory stage. Other immunosuppressive 
drugs, such as azathioprine and cyclophosphamide, have also 
been used with varying success [150,151]. Two prospective 
observational trials demonstrated remission of retroperitoneal 
fibrosis with steroid treatment [152,153]. In one trial, Scheel  
et al. demonstrated 10 of the 11 obstructed ureters were free of 
obstruction following ureteral stent removal after 4 months of 
tapered steroids and 6 months of mycophenolate-mofetil. In  
the other trial, Kardar et al. showed relief of symptoms associ-
ated with retroperitoneal fibrosis and regression of the mass 
occurred in nine out of 11 patients who received a 2-year steroid 

Figure 113.7 Axial T2-weighted magnetic resonance scan demonstrating 
a periaortic soft tissue mass (arrow) that obliterates the fat plane in a 
patient with retroperitoneal fibrosis. Source: Courtesy of Greg Chalchub, 
MD, Galveston, TX.
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and mesentery are rich in lymphatics and blood vessels and 
provide a major source of macrophages and lymphocytes to aid 
in the removal of foreign material or infection in the abdominal 
cavity. The small bowel mesentery contains the lymphatic and 
vascular network responsible for transport of all the nutrients 
absorbed from the small bowel. Primary diseases of the mesen-
tery and omentum are relatively uncommon. This section will 
describe some of the diseases that primarily or prominently 
involve the omentum, mesentery, or both mesenchymal struc-
tures (Box 113.4).

Mesenteric panniculitis and  
retractile mesenteritis
Incidence and etiology
Mesenteric panniculitis (also called primary liposclerosis, 
lipogranuloma, isolated lipodystrophy, and mesenteric Weber–
Christian disease) is a nonspecific, rare inflammatory process 
involving the adipose tissue of the mesentery [164,165]. This 
process includes both inflammatory and fibrotic lesions, which 
have been referred to as mesenteric panniculitis and retractile 
mesenteritis, respectively. Possible etiologies include trauma, 
autoimmunity, infection, ischemia, previous abdominal surgery, 
or abdominal malignancy, but in the majority of cases, the 
precise etiology is not known.

Pathology
Gross pathological findings include a diffusely thickened and 
rubbery mesentery, usually as a solid mass in the root of the 

Figure 113.8 Computed tomography demonstrates a retroperitoneal 
ganglioneuroma (arrow), a benign tumor originating from the neural 
crest sympathogonia of the sympathetic nervous system. Source: Courtesy 
of Scott Stevens, MD, Lexington, KY.

Figure 113.9 Coronal postcontrast magnetic resonance image 
demonstrates limited enhancement of the retroperitoneal ganglioneuroma 
(arrow), which caudally displaces the left kidney. Source: Courtesy of 
Scott Stevens, MD, Lexington, KY.

facilitate surgical planning. The primary value of barium studies 
is to distinguish primary intestinal malignancies from retroperi-
toneal tumors.

Treatment
Surgery is the best option for treatment of retroperitoneal 
malignancies and it offers the patient their best chance of a cure 
[162,163]. Fortunately, some retroperitoneal tumors are benign 
and can be definitively treated by complete excision. Treatment 
of malignant tumors involves surgical resection, radiation, or a 
combination of the two modalities. With the exception of lym-
phomas, chemotherapy appears to offer little value in manage-
ment of these tumors. However, even if the overall prognosis for 
malignant retroperitoneal tumors is relatively poor, en bloc 
resection of a primary malignancy can prolong both disease-
free survival and overall survival. Gronochi et al. [162] reported 
5-year overall survival rates of 56.8% and 5-year disease-free 
survival rates of 39.4%. Furthermore, debulking procedures can 
provide symptomatic relief and enable better response to radia-
tion therapy in patients with tumors that cannot be excised 
because of size or invasion of surrounding structures.

Mesentery and omentum

During fetal development, the splanchnic mesoderm forms the 
mesentery covering the developing gut [1]. The greater 
omentum, which extends from the greater curvature of the 
stomach caudally to fuse with the transverse colon and meso-
colon, develops from the dorsal mesogastrium. The omentum 
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aortic aneurysm may be considered because of the transmission 
of aortic pulsations to the anterior abdominal wall [166].

This diagnosis can be suspected by various radiographic 
studies. Plain radiographic findings include displacement of 
intestinal segments and extrinsic compression of the bowel. CT 
scan evidence includes fatty masses arising from the mesentery, 
surrounding mesenteric vessels, displacing bowel loops without 
evidence of invasion, a left-sided orientation, a hypodense fatty 
halo surrounding nodules and vessels, and a hyperattenuated 
stripe [167]. Ultrasonography has also been successfully used as 
a diagnostic tool in these patients [168].

Over time, some cases of mesenteric panniculitis progress to 
retractile mesenteritis, or sclerosing mesenteritis, characterized 
by a thickened mesentery that is fibrotic and retracted. MRI 
evaluation can display mesenteric tethering by mass effect 
(Figure 113.10). There may also be mesenteric pseudocysts from 
fat necrosis. Rarely, there is involvement of the colonic mesen-
tery. Symptoms include continuous abdominal pain, fever, and 
weight loss. Some patients develop small bowel obstruction, 
mesenteric thrombosis, and lymphatic obstruction with ascites, 
steatorrhea, or protein-losing enteropathy. Correct diagnosis 
requires careful history, physical exam, and thoughtful labora-
tory, radiographic, and sometimes surgical investigation.

Treatment and prognosis
Patients with mesenteric panniculitis should undergo biopsy of 
the lesion with frozen section to rule out malignancy. This may 

mesentery or as several adherent masses. Microscopic findings 
include excessive growth of normal fat, with subsequent degen-
eration, fat necrosis, and xanthogranulomatous inflammation 
with lipid-laden macrophages, infiltration with histiocytes, lym-
phocytes, and occasional foreign body giant cells, leading to 
fibrotic scarring and calcification [165].

Clinical manifestations
Mesenteric panniculitis predominantly affects adult men later 
in life. Patients usually have intermittent symptoms that can 
vary including: cramping abdominal pain, which may be local 
or generalized; weight loss; nausea and vomiting; and low-grade 
fever. Patients occasionally present with findings consistent with 
an acute abdomen. Approximately 60% of patients present with 
a palpable abdominal mass noted on physical examination in 
association with symptoms; the remainder of patients present 
with an incidental mass noted at examination or laparotomy 
[164,165]. The differential diagnosis includes a wide range of 
mesenteric pathologies such as mesenteric lymphoma, fat 
necrosis, primary or secondary mesenteric tumors, and 
mesenteric fibromatosis. In certain instances, an abdominal 

Figure 113.10 Coronal T2 HASTE (half-spin Fourier acquisition single 
shot turbo spin echo) magnetic resonance image shows an intermediate 
signal intensity spiculated mesenteric mass (arrow); biopsy-proven 
sclerosing mesenteritis. Source: Courtesy of Scott Stevens, MD,  
Lexington, KY.

Box 113.4 Classification of mesenteric and omental diseases.

Mesenteric diseases

Primary mesenteric inflammatory diseases
Mesenteric panniculitis
Retractile mesenteritis

Mesenteric cysts
Embryonic and developmental cysts
Traumatic or acquired cysts
Neoplastic cysts
Infective and degenerative cysts

Mesenteric tumors
Benign tumors

Lipoma
Hemangioma
Leiomyoma
Ganglioneuroma

Malignant tumors
Leiomyosarcoma
Liposarcoma
Rhabdomyosarcoma
Metastatic disease

Mesenteric fibromatosis

Omental diseases

Mass lesions
Primary tumors and cysts
Metastatic disease
Vascular lesions damaging blood supply
Torsion

Primary
Secondary: hernia, adhesion, tumor

Infarction
Primary
Secondary: torsion, incarceration in hernia
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high recurrence rates, and relatively good long-term survival in 
unresectable patients lead some to reserve resection for patients 
suffering from complications of desmoid tumors such as 
obstruction, perforation, or fistula formation [177–179].

There are anecdotal reports of successful treatment with pros-
taglandin inhibitors (i.e., sulindac or indomethacin) and anties-
trogens (e.g., tamoxifen) alone and in combination [180,181]. 
Cytotoxic chemotherapy with irinotecan, fluorouracil, and  
leucovorin plus bevacizumab and radiotherapy have been  
utilized, individually or in combination, with variable success 
[181–183].

Cysts and tumors of the mesentery  
and omentum
Mesenteric and omental cysts
Incidence and etiology
Cysts of the mesentery and omentum are uncommon lesions, 
with an incidence of about 1 in 105 000 hospitalized patients, 
and about 1 per 20 000 pediatric hospital admissions [184,185]. 
These cysts represent benign proliferation of ectopic lymphatics 
lacking communication with the normal lymphatic system 
[186]. They are most commonly found in the small bowel 
mesentery, but they can occur anywhere along the gastrointes-
tinal tract. Some authors differentiate between mesenteric/
omental cysts and cystic lymphangiomas.

Clinical manifestations
Cystic lymphangiomas characteristically are found in children, 
usually between the ages of 6 and 10 years, and are frequently 
large and almost always symptomatic, presenting with abdomi-
nal distention, pain, or vomiting, and occasionally with an acute 
abdomen mimicking appendicitis [186]. Lymphangiomas are 
most often located in the small bowel mesentery but occasion-
ally may be found in the mesocolon, the omentum, or, more 
rarely, the retroperitoneum. They may be single or multiple.

In contrast to cystic lymphangiomas, patients with nonlym-
phangiomatous mesenteric cysts present with symptoms in 
their middle age and only one-quarter of them are symptomatic 
[187]. These types of cysts include nonpancreatic pseudocysts, 
enteric cysts, and mesothelial cysts and are frequently located 
in the omentum.

Diagnosis and treatment
The identification of an intraabdominal cystic mass can be 
obtained by radiographic studies. Plain radiographs often dem-
onstrate a mass displacing bowel gas and may demonstrate 
proximal dilation of the bowel. Ultrasonography, CT, and  
MRI may demonstrate the multilocular or unilocular nature of 
the cysts, which can have homogeneous or nonhomogeneous 
contents. Of the three imaging modalities, ultrasonography 
probably yields the most information for the least expense.

Surgical resection provides the definitive diagnosis and treat-
ment for these lesions. Percutaneous aspiration and biopsy are 
not warranted because they are not likely to provide a definitive 

be accomplished laparoscopically or by an open procedure. 
Resection of the entire mass is usually not possible and should 
not be attempted. In patients with symptomatic progressive 
sclerosing or retractile mesenteritis, dramatic responses have 
been reported after treatment with progesterone, prednisone 
and azathioprine, or with cyclophosphamide [169–171]. 
However, experience with these immunosuppressive agents is 
too small to determine their efficacy in this usually self-limiting 
disease. Surgical diversion or bypass is indicated for sympto-
matic relief in cases where extrinsic bowel obstruction second-
ary to mesenteric inflammation and scarring has occurred. The 
prognosis for mesenteric panniculitis is usually good but 
depends on the underlying disease processes.

Mesenteric fibromatosis
Incidence and etiology
Fibromatous proliferation of the mesentery, called mesenteric 
fibromatosis or mesenteric desmoid, is a rare and noninflam-
matory condition [172]. These mesenteric lesions can infiltrate 
the surrounding structures and tend to recur locally, although 
they have never been reported to metastasize. The majority of 
the reported cases have been associated with familial adenoma-
tous polyposis syndromes, primarily Gardner syndrome. 
Mesenteric fibromatosis affected 3.5%–5.7% of patients with 
Gardner syndrome in one study [173]. However, in kindred 
studies, desmoid tumors, mesenteric fibromatosis, or both have 
developed in 29% of the study population [174]. Mesenteric 
fibromatosis may also occur as a primary condition known  
as primary mesenteric fibromatosis in the absence of predispos-
ing factors.

Clinical manifestations
Patients with mesenteric fibromatosis may present with an 
asymptomatic abdominal mass on physical examination, or 
with a mesenteric mass at laparotomy. Symptoms of intestinal 
obstruction are the most common complaint. Aggressive 
mesenteric desmoids can become infiltrative and involve 
mesenteric vessels, leading to intestinal infarction and perfora-
tion. The radiographic features of mesenteric fibrosis are gener-
ally nonspecific. The desmoid tumor appears as a solid mass by 
ultrasound, and CT scan shows a nonenhancing mass with soft 
tissue density. At laparotomy, desmoids are found to involve the 
mesentery of the small bowel or transverse mesocolon; the most 
common site is the base of the small bowel mesentery [175–
177]. These lesions can be difficult to differentiate from low-
grade sarcoma, sometimes leading to misdiagnosis at operation 
and extensive small bowel resection.

Treatment and prognosis
Previously, the treatment of choice for patients with mesenteric 
desmoids was wide local excision, but, unlike extraabdominal 
desmoids, no clear evidence exists showing a benefit from nega-
tive margins on the rate of recurrence of mesenteric fibromato-
sis. Furthermore, the severity and frequency of complications, 
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nomatosis. In addition, malignant midgut carcinoid tumors 
often metastasize or spread directly to the mesentery and exhibit 
pronounced fibrosis causing mesenteric shortening, angulation, 
and fixation of the bowel, which lead to bowel obstruction and 
intestinal infarction [195,196]. Surgical palliation of patients 
with metastatic carcinoid tumors is warranted because of the 
indolent behavior of these tumors.

Mesenchymal tumors (e.g., leiomyomas or gastrointestinal 
stromal tumors) of the gut wall are also treated by surgical 
resection. Gastrointestinal stromal tumors (GISTs) are the 
most common sarcoma of the gastrointestinal tract, with 
transformation typically driven by gain of function mutations 
of the c-kit protooncogene, and less commonly platelet-derived 
growth factor receptor alpha (PDGFRA) (see Chapter 31). If 
the stromal tumor stains positive for c-kit, the tumor appears 
to be responsive to the tyrosine kinase inhibitor (TKI) imat-
inib (Gleevec). A large phase III trial demonstrated significant 
overall survival when compared to conventional chemother-
apy [197]. Imatinib has had a major impact in advanced GIST 
and as an adjuvant and neoadjuvant treatment. If treatment 
with imatinib fails, further lines of TKI therapy have a role, 
but disease response is usually limited to a period of months, 
so strategies to maximize the benefit from imatinib are para-
mount [198].
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diagnosis and may lead to infection or rupture of the cyst. Total 
excision of the cystic lymphangioma requires resection of adja-
cent attached abdominal organs, usually segments of small 
bowel in the majority of patients, but most other types of 
mesenteric cysts can simply be excised [186,188,189]. Rarely, 
the location of the cyst precludes complete resection and 
requires drainage or marsupialization. This approach is associ-
ated with a high recurrence rate [184,186]. Effective treatment 
of mesenteric and omental cysts using a laparoscopic approach 
has been reported [187–192].

Solid tumors of the omentum and mesentery
Incidence and etiology
Primary tumors of the omentum and mesentery are exceedingly 
rare and may arise from any of the cellular elements that con-
stitute these tissues [193]. By far the most common types of 
tumors that involve the omentum and mesentery are malignant 
tumors that arise from intraabdominal viscera, such as the 
ovaries, stomach, colon, or pancreas, and secondarily involve 
the omentum or mesentery through metastasis or direct inva-
sive extension.

Clinical manifestations
Patients may present with multiple vague complaints. The most 
consistent presenting feature of omental and mesenteric tumors 
is a palpable abdominal mass that is often movable, painful, and 
sometimes associated with ascites or vomiting [193,194]. Plain 
abdominal radiographs and gastrointestinal contrast studies can 
demonstrate intestinal displacement and are useful in excluding 
the intestine as the origin of the tumor. A CT scan usually 
identifies the location of the mass within the mesentery or 
omentum and can exclude other organs as the origin of  
the mass.

Treatment
The treatment of primary omental and mesenteric tumors is 
primarily surgical excision when feasible. Malignant tumors of 
the mesentery and omentum spread by local invasion and peri-
toneal implantation leading to encasement of viscera and sub-
sequent obstruction. Surgery should always be considered in 
patients with symptoms of bowel obstruction or ischemia.

Metastatic tumors of the mesentery are more common than 
primary mesenteric tumors and are usually the result of carci-
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CHAPTER 114

Introduction and pathophysiology

The World Health Organization defines malnutrition as “bad 
nourishment” characterized by “inadequate or excess intake of 
protein, energy, and micronutrients such as vitamins, and the 
frequent infections and disorders that result.” In the hospital, a 
clinician will encounter patients in various nutritional states 
that contribute to complications associated with the underlying 
illness. Even in the obese patient, who appears to be well fed, 
significant underlying malnutrition can be present, and can 
contribute to poor outcomes [1].

Humans have survived through their ability to adapt to times 
of feast, famine, and starvation through their capacity to store 
nutrients during the good times and conserve stores during fast 
and famine. In starvation, metabolism slows, decreasing energy 
output, and sparing body proteins for the maintenance of essen-
tial organ function [2]. This was demonstrated in Keys classic 
Minnesota study, which is the foundation of our understanding 
of marasmic malnutrition [3]. In acute starvation, carbohy-
drates in the form of glycogen stored in muscle and the liver are 
consumed first within 24 h. The body continues to require an 
absolute amount of glucose for its metabolic needs (approxi-
mately 100 g/day), especially in the brain, erythrocytes, and 
renal cortex. This is maintained by increased gluconeogenesis 
from body proteins, resulting in increased nitrogen loss from 
the body. After 3–5 days, the body begins to adapt by using 
ketones derived from fat catabolism, which can largely substi-

tute for glucose, thereby allowing protein catabolism to decrease, 
a process termed “protein sparing.”

With the notable exception of anorexia nervosa, starvation or 
the inability to eat is complicated in hospital patients by the 
metabolic effects of the underlying disease, for example infec-
tion or trauma, which cause inflammation and the release of 
cytokines that promote the redistribution of body stores to 
support recovery and counteract the adaptation process out-
lined above [4,5]. This also supplies extra substrate for hepatic 
amino acid oxidation, resulting in increased nitrogen loss from 
the body, termed “protein catabolism” [6]. Thus our ability to 
survive without eating in acute illness is reduced. This is where 
nutrition support is important to improve patient outcome from 
any form of protracted critical illness. It is important to stress, 
however, that forced feeding in a previously well-nourished 
patient, with adequate stores, or even excessive stores in the case 
of the obese, may prevent the loss of stores, but at the same time 
may add complications due to the invasive nature of some forms 
of nutritional support, in particular i.v. feeding. Consequently, 
it is important to assess the patient’s nutritional status, and to 
start with the least invasive form of nutritional support feasible 
for the patients. This is usually in the form of progressive oral 
food supplementation, then enteral feeding, and finally 
parenteral feeding only if the other routes are impossible. One 
other reason for interventional nutritional support independent 
of underlying nutritional state is the preservation of gastrointes-
tinal function. A disused gut in a critically ill patient can add 
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about the patient’s nutritional needs. Furthermore, there are 
various disease states, such as cirrhosis of the liver, protein 
losing enteropathy or nephropathy, and severe dermatological 
burns, where a low albumin is a consequence of the disease 
itself. It is known that albumin is a negative acute-phase reac-
tant, and in sepsis the synthesis, degradation, and capillary leak 
of proteins, including albumin, may all be altered [15,16]. A 
further concern about albumin is its long half-life, and so, even 
in nonseptic marasmic patients, it is not a useful indicator of 
the responsiveness to nutrition support. This has led to the use 
of other plasma proteins that have faster turnover times, such 
as prealbumin, transferrin, and retinol binding protein, as 
measures of body protein status. Unfortunately, their concentra-
tions are affected in similar ways. In support of the perception 
that albumin should not be used as an index of protein nutri-
tional status in hospitalized patients, we measured anthropo-
metrics (body weight, height, triceps skinfold thicknesses [an 
index of body fat], and midarm circumferences [an index of 
body fat, muscle, and bone]) and plasma albumin concentra-
tions in 546 general hospital patients [17]. Our results revealed 
that there were no associations between albumin concentrations 
and body weights expressed as percentages of ideal, or between 
albumin concentrations and triceps skinfold thickness, which 
provides an assessment of body fat stores. Importantly, patients 
with the lowest albumin concentrations were shown subse-
quently to have the highest hospital mortality rates. In a sub-
group of 50 patients receiving nutritional support (enteral or 
parenteral feeding containing 80–100 g/day protein, 1500–
2400 kcal/day energy), chiefly critically ill patients in the surgi-
cal ICU, measurements were repeated after at least 2 weeks of 
feeding. Critical to our argument, there was no association 
between improvements in nitrogen balance and increases in 
albumin concentrations (Figure 114.1).

Body weight and body mass index These parameters are also 
insensitive measures of body nutrition and its responsiveness to 
nutritional support because they are also affected by hydration 
status and the presence of edema. Despite these shortcomings, 
they provide valuable longitudinal information of a patient’s 
progress through health and disease, as they have been routinely 
documented by nursing staff ever since the time of Florence 
Nightingale in the mid-19th century. BMI is the preferred meas-
urement as it makes allowance for body size, namely height.

Subjective global assessment Perhaps the best way to assess a 
patient’s state of nutrition is to simply examine the patient well 
and review his/her past history and current illness, and integrate 
this information into a global impression. Detsky, Jeejeebhoy, et 
al. were the first to demonstrate the efficacy of the physicians 
ability to incorporate multiple clinical parameters in the assess-
ment of a patient’s nutritional status through the use of the 
subjective global assessment [18]. The clinical parameters 
included history of dietary intake, amount of weight loss, the 
character of the underlying disease, functional muscular 

complications to the underlying disease, as stagnation promotes 
bacterial overgrowth and endotoxemia. The small and large 
intestines are dependent on luminal nutrients for the mainte-
nance of efficient absorptive and digestive function. For example, 
luminal amino acids are preferentially used for the synthesis of 
mucosal and enzyme proteins [7–10]. Small intestinal villi 
atrophy when the patient receives prolonged parenteral nutri-
tion as their only source of nutrition, and will regenerate with 
the reintroduction of enteral nutrition [11]. In severe protein–
calorie malnutrition (body mass index [BMI] < 10 kg/m2) the 
body reaches a point where there is insufficient nutrient stores, 
particularly protein, to support the synthesis of digestive 
enzymes and this can result in diarrhea when enteral nutrition 
is initiated [9,12]. When diarrhea occurs soon after enteral 
nutrition is started, it is sometimes necessary to delay the start 
of enteral feeding, and a short course of parenteral nutrition is 
provided to correct electrolyte deficiencies and provide essential 
amino acids as building blocks for digestive and absorptive pro-
teins (bridge parenteral nutrition). This approach can improve 
the tolerance of enteral nutrition by restoring normal intestinal 
function.

A commonly overlooked problem is that of nutritional 
support for the colon. Most modern enteral formulas do not 
contain sufficient fiber to support the colonic microbiota, that 
is 35 g/day. This, taken together with the almost universal use 
of broad-spectrum antibiotics in critically ill patients, dramati-
cally suppresses the microbiota population and consequently 
deprives the colonic mucosa of their chief energy source, the 
short-chain fatty acid (SCFA) butyrate, which is produced by 
microbiota fermentation of fiber [12]. The net result of this is 
colonic starvation and mucosal atrophy, increasing the risk of 
colonization by pathogens such as Clostridium difficile, and life-
threatening colitis [13]. In addition, the bacterial flora produce 
the other essential nutrients folate, vitamin B-12, biotin, and 
vitamin K [14].

This chapter will outline the assessment of the patient for 
nutrition support and then discuss the most efficacious 
method(s) to provide the nutrition.

Nutritional assessment

Plasma albumin The measurement of body stores is difficult in 
hospitalized patients. Biomarkers of protein stores, such as 
plasma albumin, are invalid due to shifts between the intravas-
cular and extravascular compartments associated with such 
conditions as sepsis, and by acute changes in hydration associ-
ated with i.v. resuscitation. Consequently, there is little relation-
ship between albumin synthesis, which is sensitive to amino 
acid supply, and plasma albumin concentration, which is not. A 
low albumin is perhaps the most common reason for referral of 
a patient for nutritional support, but for the reasons stated 
above, it should not be. It is a marker of severity of illness and 
survival, and its level at least makes the managing team think 
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or protein deficiency, if the CRP is low. This might have some 
value in emphasizing the primary need for treatment of the 
underlying condition if CRP is low, while providing nutritional 
support if the patients cannot eat and has evidence of depletion 
from the above assessments.

In summary, with no adequate single objective measure of 
malnutrition, it is our clinical practice to depend on clinical 
assessment through a comprehensive history and physical 
examination. This clinical assessment is sometimes supported 
by objective measures, including serological markers along  
with BMI.

Initiation of nutrition support

Enteral versus parenteral nutrition
The lack of a patient’s ability to eat by mouth should not prevent 
the delivery of enteral nutrition. With the interventional feeding 
techniques we discuss here, there are few situations where 
enteral nutrition cannot be used and where parenteral nutrition 
alone can maintain nutrition. As noted, enteral nutrition allows 
the delivery of nutrients in a physiological manner, while 
parenteral nutrition does not. Food and even enteral diets are 
heavily contaminated with bacteria. When delivered orally  
or nasogastrically, gastric acid removes most of the bacteria. 
Progression of the chyle into the duodenum results in further 
sterilization through the admixture with pancreaticobiliary 
secretions. Finally, filtration and absorption occurs across the 
mucosal barrier (which includes the physical barrier provided 
by surface mucus) and the dense gut-associated lymphoid tissue 
removes any remaining microbes. The sterile fluid then passes 
through the portal venous system, and is assimilated by the liver 
in a highly orchestrated fashion to maintain relatively constant 
blood levels and to maintain the flow of nutrients to vital organs. 
In contrast, i.v. nutrition feeds directly to the right side of the 
heart, with the loss of the intrinsic decontamination and meta-
bolic control processes. This mode of delivery accounts for all 
the potentially serious complications of parenteral nutrition: 
venous thrombosis, hyperglycemia, infection, and liver dys-
function. In addition, the absence of enteral feeding can result 
in villous atrophy and bacterial overgrowth. In rat models, pro-
longed parenteral nutrition for up to 3 weeks resulted in a 73% 
reduction in small intestinal weight compared to controls on a 
standard enteral diet [22]. Although less dramatic, this has also 
been demonstrated in humans, with a 20% reduction in small 
intestinal weight [11].

In past decades, parenteral nutrition was commonly used to 
provide nutrition support in hospitalized patients, and particu-
larly those in the ICU. The realization that parenteral nutrition 
had many serious complications and that enteral nutrition was 
possible in most patients led to the conduct of a series of rand-
omized controlled trials (RCTs), which consistently demon-
strated the superiority of enteral nutrition in a wide variety of 
disease states, ranging from postoperative to abdominal trauma 

weakness or inability to work or perform daily activities, and 
physical signs of muscle wasting, fat depletion, edema, ascites, 
glossitis, and skin lesions specific to vitamin deficiencies. A 
consensus guideline from the American Society of Parenteral 
and Enteral Nutrition (ASPEN) supports this approach [19].

Body composition analysis The use of techniques such as bioe-
lectrical impedance plethysmography and computed tomogra-
phy (CT) scanning have the potential to provide better 
measurements of fat and muscle stores but surprisingly have not 
yet been developed sufficiently for this purpose to support wide-
spread routine use in the nutritional management of hospital-
ized patients.

Alternative methods of assessment These have included the 
measurement of anthropometric parameters, such as triceps 
skinfold thicknesses (index of fat stores) and midarm circum-
ferences (to calculate muscle circumference), blood vitamin 
levels, total lymphocyte counts, immune reactivity as shown by 
skin antigen testing [20], urine creatinine excretion, and the 
development of “prognostic nutritional indices” by combining 
several of these parameters [21]. These measurements and cal-
culations are rarely used in routine clinical practice due to time 
constraints and expense.

The confounding effect of inflammation Some have suggested 
that biomarkers of systemic inflammation, such as plasma 
C-reactive protein (CRP) concentration, should be included in 
overall nutrition assessment so that it can be determined 
whether the low plasma albumin is due to sepsis, if CRP is high, 

Figure 114.1 Changes in albumin concentrations do not reflect changes 
in nitrogen balance in response to nutritional support in hospitalized 
patients. Source: O′Keefe et al. 1981 [6]. Reproduced with permission of 
Elsevier.
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nutritional support should be commenced immediately. The 
urgency for initiating nutrition support is increased relative to 
the severity of the underlying illness because, as discussed 
above, nutrient stores are lost more rapidly due to the catabolic 
response. Note that we use BMI for these determinations, but 
the definition of mild, moderate, and severe malnutrition must 
take into account the presence of significant edema and 
anasarca.

Total energy and protein goals
Current guidelines recommend an energy goal of 25 kcal/kg/day 
[29]. This should be calculated on ideal not actual body weight. 
This is essential to recognize in the obese patient, as the goals 
of feeding should not exceed 22–25 kcal/kg ideal body weight/
day so as not to spare fat stores in the obese. The amount of 
protein, as amino acids, that is advocated for ICU patients is 
1.5 g/kg ideal body weight/day [29]. Fluids should be adjusted 
to maintain a normal urine output of at least 1 L/day and elec-
trolytes and minerals must be adjusted to maintain normal 
blood levels.

Refeeding syndrome
When initiating enteral or parenteral nutrition in the severely 
malnourished patient (BMI  <  17 kg/m2), it is imperative that 
fluid and electrolytes are first corrected, and that feeding then 
be started at a slow (25%–50% of goal) rate to prevent the 
“refeeding syndrome.” Refeeding syndrome occurs when nutri-
tion, either enteral or parenteral, is delivered in amounts that 
exceed metabolic capacity. The excess fluid and sodium admin-
istered can cause heart failure [30]. In addition, the sudden 
influx of carbohydrate results in increased demands for phos-
phorus and potassium, magnesium, and thiamine and relative 
deficiencies in these can result in cardiopulmonary collapse and 
neurological compromise. This may occur within 48 h after ini-
tiating nutrition, but usually occurs between 2 and 5 days fol-
lowing the initiation of nutrition [31]. Thus, a clinician should 
monitor patients’ electrolytes, including phosphorous and mag-
nesium daily during refeeding and replete electrolytes parenter-
ally as needed. Thus, it is safer to suppress overenthusiasm and 
err on the side of underfeeding in the depleted patient, allowing 
the patient’s metabolism to recover with progressive infusions 
of all the essential nutrients, before delivering usual require-
ments rates.

Types of enteral formulas
There are several categories of enteral formulas. They include 
standard polymeric, semielemental, and fully elemental formu-
las (Table 114.1). Polymeric formulas are fully intact, liquid 
formulas that are not predigested. These can be utilized in the 
majority of patients, especially those receiving nutrition into 
their stomach or duodenum. These are low cost, and have the 
added benefit of usually containing some fiber (usually low at 
only 4 g/L), which is essential for health of the colonic mucosa, 
as discussed in Section Introduction and pathophysiology. An 

to acute pancreatitis [23,24]. A large metaanalysis compared the 
effects of enteral to parenteral nutrition, and parenteral nutri-
tion to standard intravenous fluids on outcomes. This demon-
strated a significantly lower relative risk (RR) of infection (RR 
0.64; 95% confidence interval [CI] 0.54–0.76) with enteral 
nutrition and standard of care (RR 0.77; 95% CI 0.65–0.91) 
when compared to parenteral nutrition [25]. In patients with 
more severe malnutrition, there was a trend towards greater risk 
of infection in the patients receiving standard of care [25]. It is 
sometimes suggested that preoperative parenteral nutrition 
should be utilized to enhance the nutritional status of a patient 
who is otherwise nil per os (NPO) or with poor oral intake. In 
a classic Veterans Affairs Cooperative Study in the 1980s, 
patients undergoing nonemergency laparotomy or thoracotomy 
were randomized to receive either perioperative parenteral 
nutrition versus no parenteral nutrition for 7–15 days before 
surgery, and at least 3 days postoperative. Mortality was higher 
in the parenteral nutrition group, with increased risk of infec-
tions also seen in those patient’s receiving parenteral nutrition 
(14% vs 6%, P = 0.01). There was some benefit from parenteral 
nutrition in those patients who were malnourished [26]. In 
summary, it is better to correct fluid and electrolyte deficiencies, 
stabilize the patient, and get on with the surgery, provided he 
or she is not severely malnourished (e.g., BMI < 17 kg/m2).

Timing of initiation
The initiation of nutrition support depends upon the type of 
nutrition that can be delivered (parenteral vs enteral nutrition), 
the nutritional state of the patient, along with their current 
disease state. In general, patients should first be resuscitated, 
and fluid and electrolyte imbalances corrected. If enteral access 
can be achieved and the patient is hemodynamically stable, 
enteral nutrition should be started within the first 24–48 h of 
admission, with the main initial objective being maintenance of 
gut function rather than the prevention of loss of stores [27]. 
The trend for using combined enteral and parenteral nutrition 
to prevent build up of the “energy gap” in the first week of criti-
cal illness was not supported by results of a RCT showing that 
early parenteral nutrition within the first 48 h of an ICU admis-
sion was inferior to late (day 8) use of parenteral nutrition in an 
ICU setting with longer hospitalizations, and increased rate of 
infections (26.2% vs 22.8%, P  =  0.008) with early parenteral 
nutrition [28].

In the absence of randomized double-blind placebo-
controlled trials, it has been our practice to hold nutrition 
support in a well-nourished patient with mild to moderate acute 
illness for up to 7 days and only commence nutrition support if 
he or she cannot resume eating by that time. However, if the 
patient is mildly malnourished (BMI between 17 and 18.5 kg/
m2) with mild to moderate disease, we would monitor their oral 
intake, and if this is insufficient (<50% goal of providing 25 kcal/
kg ideal weight/day) for a period of greater than 3–7 days, then 
nutrition support should be started. Finally, if a patient has 
severe malnutrition (BMI  <  17 kg/m2) and is unable to eat, 
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continues to empty and elevated gastric residuals up to 500 mL 
have, rather surprisingly, not been shown to increase the risk of 
aspiration [35,36]. This has led to the recommendation that 
nasogastric feeding should not be held unless gastric residual 
volumes exceed 500 mL [35–37].

Intestinal ileus, particularly postoperatively, is another fre-
quent occurrence in the hospitalized patient and is another 
reason that enteral nutrition is either held or not initiated in 
favor of parenteral nutrition. However, a metaanalysis of studies 
assessing the initiation of early enteral nutrition (within 24 h) 
demonstrated no harm in those receiving early enteral nutrition 
and, in fact, demonstrated decreased mortality [38]. In the 
setting of an ileus, rather than initiating parenteral nutrition, a 
double-tube system (described in Section Acute pancreatitis) 
that provides gastric decompression while simultaneously deliv-
ering jejunal enteral nutrition is often effective, as the initiation 
of slow jejunal feeding (i.e., 20 mL/h) usually stimulates gut 
function and motility, reversing the ileus [39].

As mentioned above in this section, nasogastric feeding tubes 
can be placed at the bedside, allowing early enteral feeding. 
Establishment of early enteral nutrition is supported by multi-
society guidelines recommending the initiation of enteral nutri-
tion within 48 h of admission to an ICU [29]. It is essential to 
confirm correct placement with auscultation of the epigastrium 
when 30 cc of air is injected down the tube, and by X-ray, as 
misplacement of the tube into the airway is not uncommon in 
the sick, sedated patient, and can result in complications that 
may be fatal. It is also imperative to feed patients in an upright 
position, keeping the head 30–35 degrees above horizontal to 
prevent aspiration [40,41]. If nasogastric access is achieved, it is 
preferable to deliver the enteral nutrition in a continuous infu-
sion rather than bolus feeding [42,43]. When gastric residuals 
remain elevated, a prokinetic agent, such as metoclopramide or 
erythromycin, in adequate i.v. doses (e.g., metoclopramide 
10 mg i.v. every 8 h; erythromycin 1–3 mg/kg body weight 

additional benefit is that these formulas are typically low osmo-
larity (around 300 mOsm/kg) and are well tolerated. In elemen-
tal and semielemental formulas, the macronutrients are 
predigested. The proteins are usually in the form of small or 
large peptides, the carbohydrate as maltodexrins, and the fat 
content is either reduced or in the form of medium-chain trig-
lycerides. The advantages of this type of formula are that it is 
easier to absorb and generally well tolerated in patients with 
impaired digestive and absorptive capabilities, such as in severe 
acute pancreatitis [32]. Unfortunately, elemental diets are not 
only more expensive but also have higher osmolality, and there-
fore have to be delivered in a slow continuous rate to minimize 
diarrhea or GI intolerance.

Enteral access

The ability to deliver enteral nutrition is influenced by a number 
of factors. If a patient is unable to eat sufficient, enteral access 
has to be obtained. The simplest approach should first be used, 
namely bedside placement of a nasogastric feeding tube. 
However, severely ill patients commonly develop gastroparesis 
and need postpyloric placement of feeding tubes, either in the 
duodenum (“duotube”) or past the ligament of Treitz into the 
jejunum. Patients with poor gastric emptying, evidenced by 
high gastric residuals, are often referred for i.v. feeding, but 
placement of feeding tubes past the pylorus or ligament of Treitz 
commonly restores intestinal function, allowing successful 
enteral feeding, thus reducing the risk of parenteral nutrition-
associated complications [33,34].

Elevated gastric residuals in a patient receiving gastric feeding 
is a frequent reason for enteral nutrition to be held or even 
discontinued. This can result in frequent interruptions in 
feeding, increasing the patient’s caloric deficit. However, even 
though there may be higher residuals, the stomach often 

Table 114.1 Summary of enteral formulas.

Type of formula Caloric density Composition Delivery Advantages Disadvantages

Polymeric 1.0–2.0 kcal/mL Protein: intact
Carbohydrate: complex
Fat: primarily long-chain 
triglycerides

Gastric and proximal 
small intestine

Generally well tolerated, 
less expensive, widely 
available

Not always tolerated in 
more distal (jejunal) small 
bowel feeding
Some formula low in fiber

Semielemental 1.0–1.5 kcal/mL Protein: dipeptide and 
tripeptide
Carbohydrate: 
maltodexrins
Fat: reduced and 
medium-chain 
triglycerides

Gastric and small 
intestine

Well tolerated, minimal 
digestion required
Utilized in pancreatitis, 
malabsorptive states

Expensive, low fiber

Elemental 1.0 kcal/mL Protein: individual 
amino acids
Carbohydrate: glucose
Fat: medium-chain 
triglycerides

Gastric or small 
intestine

Absorbed directly across 
small intestinal villi

Expensive, hyperosmolar, 
and can result in diarrhea 
and/or gastrointestinal 
intolerance if administered 
too quickly
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A specialized enteral tube of varying length (109–160 cm), 
usually 10–12 Fr in diameter, can then be advanced over the 
guidewire and postpyloric or jejunal placement confirmed 
either with repeat transoral endoscopy or with fluoroscopy, 
respectively.

There are clinical situations in which a patient has a condition 
that requires simultaneous gastric decompression, as in gastric 
outlet obstruction or severe gastroparesis. Traditionally, the 
patient would have a nasogastric tube inserted for decompres-
sion along with the initiation of parenteral nutrition. In this 
setting, enteral nutrition should be attempted utilizing a dual 
tube within a tube system with a 16-Fr nasogastric tube and a 
9-Fr jejunal extension that allows for simultaneous decompres-
sion of the stomach with more distal delivery of enteral nutri-
tion (Figure 114.2). This was first described by Patrick et al. who 
reported successful placement in 94% of attempts [51]. Multiple 
subsequent studies have demonstrated the effectiveness of this 
technique [33,34]. Transnasal endoscopy requires less proce-
dure time (median 8.0 vs 12.0 min (P <  0.001), less sedation, 
with fewer complications and similar success in placement 
when compared to oral endoscopy with transoral endoscopy 
requiring oral–nasal exchange [48]. Lack of experience with 
transnasal endoscopy should not prevent placement of a nasoen-
teric tube in a patient, as transfer of a guidewire through oral–
nasal exchange once the scope is removed is awkward, but is 
equally effective [48].

Once a nasal enteric feeding tube is placed, it can be secured 
through taping the tube to the patient’s nasal bridge. A better 
alternative that prolongs the life of these tubes is the use of a 
nasal bridle. The placement of a nasal bridle involves inserting 
a soft plastic catheter into each nostril simultaneously. Each 
catheter contains a magnet on its tip. Once they are passed 
proximal to the nasal septum, a connection between the magnets 

infused over 30 min every 8 h), can be used to improve gastric 
emptying and thus enhance feed tolerance and delivery [44,45].

Sometimes there are circumstances that limit the ability to 
establish reliable nasogastric enteral access, such as a massive 
hiatal hernia, postsurgical anatomy (head and neck or gastric 
surgery). In such situations, and if postpyloric feeding tube 
placement is required because of high gastric residuals or 
patient emesis, distal placement can be achieved by interven-
tional radiology, transoral endoscopy with oral to nasal transfer, 
or by transnasal endoscopy which avoids the discomfort associ-
ated with oral to nasal transfer of the tube.

Endoscopic placement of nasoenteric tubes
Indications are outlined on Box 114.1. There are two methods 
for the placement of a nasoenteric tube. The first involves tran-
snasal endoscopy [33,46], utilizing a standard ultraslim 5.8-mm 
esophagogastroduodenoscope (made by all the major endo-
scope manufacturers) for transnasal intubation of the GI tract 
[33,34]. The endoscope is usually advanced into the duodenum, 
followed by placement of a 0.035-mm guidewire through the 
endoscope and then the scope is removed leaving the wire 
emerging out of the nose. The guidewire should be at least 
250 cm in length and preferably 480 cm in length, if jejunal 
access is desired. Successful placement of a postpyloric feeding 
tube has been reported in as high as 95%–100% of patients, with 
small bowel access achieved in 90%–95% of patients [47–50]. 
We recommend repeat endoscopy after placement to confirm 
postpyloric placement rather than X-ray, as it saves time and 
reduces radiation exposure [34].

If jejunal feeding is needed, successful placement can be 
enhanced by utilizing the combination of endoscopy with fluor-
oscopy. In this setting the guidewire is passed through the endo-
scopic channel, under fluoroscopic visualization, into a 
confirmed position distal to the ligament of Treitz in the 
jejunum. The utilization of fluoroscopy in the placement of a 
nasojejunal feeding tube is limited to patients who can be trans-
ported safely to an endoscopy suite or operating room [34]. 
However, the absence of fluoroscopy should not prevent the 
placement of a nasojejunal feeding tube. Successful jejunal 
placement of a nasoenteric feeding tube has been reported to 
be as high as 90% in the ICU without fluoroscopy, with parenteral 
nutrition successfully avoided in 77% of cases [34].

Box 114.1 Indication for endoscopic placement of a nasoenteric 
feeding tube.

• Unable to pass bedside nasoenteric tube
• Partial gastric outlet obstruction
• Acute and chronic pancreatitis
• Gastroparesis
• Altered surgical anatomy
○ Roux-en-Y gastric bypass
○ Billroth I and Billroth II
○ Partial and complete gastrectomy

Figure 114.2 Demonstration of successful placement of a nasogastric tube 
with jejunal extension in a patient with acute ileus due to severe acute 
pancreatitis.
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Tip of jejunal feeding tube
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special consideration is the presence of a ventriculoperitoneal 
shunt, as the placement of a PEG tube may increase the risk of 
meningitis [60,61].

PEG tubes should generally be avoided for the delivery of 
nutrition in patients with end-stage, incurable cancer, as the 
majority of such patients do not suffer from hunger or thirst and 
this can be relieved with minimal oral intake [62]. PEG tubes 
should also be avoided in patients with dementia. Quite fre-
quently, PEG tubes are placed when a patient with dementia 
presents with aspiration and are deemed to be unsafe to eat by 
mouth and made NPO. The thought is that placement of the 
gastrostomy tube will help prevent aspiration, prolong life 
expectancy, or even improve function in patients who have 
declining oral intake. However, the placement of a PEG has not 
been shown to improve the quality of life in patients with 
advanced dementia [61]. It should be noted that once a patient 
with dementia develops the complication of aspiration as a 
result of their underlying disease, their average lifespan is less 
than 18 months [63,64].

Risks
The risks associated with the placement of a PEG tube include 
perforation of the juxtaposed small or large bowel, bleeding, 
intraabdominal infections, and complications from sedation. 
The mortality related to PEG placement is 0%–2%; however, 
PEG placement carries a higher mortality in patients who are 
hospitalized, diabetic, have poor nutritional status, or are on 
long-term corticosteroids [65,66].

The rate of significant peristomal wound infection is reported 
to be as high as 30% of procedures [67–69]. The majority of 
these infections respond to local treatment (frequent toilet and 
redressings), with only 1.6% requiring significant medical or 
surgical intervention [70]. To reduce the incidence of infection, 
a broad-spectrum antibiotic, such as cefazolin 1 g i.v., should be 
administered 30 min prior to the procedure [71].

Techniques
A full endoscopy should be performed, including examination 
of the duodenum, to evaluate any pathology [72]. The percuta-
neous portion of the procedure should be done using a sterile 
technique and the abdominal wall anesthetized using lidocaine 
or an equivalent anesthetic. The stomach is fully insufflated and, 
in a darkened room, careful examination of the abdominal wall 
is made while the tip of the endoscope, directed towards the 
angulus, is slowly pulled backwards and forwards in order to 
find the brightest area of transillumination, which will represent 
the safest place to make the incision and avoid the puncture of 
adjacent organs. Indentation by the endoscopist’s finger on the 
abdominal wall that is also visualized endoscopically in the 
stomach will help with finding this place. In the absence of 
transillumination, the procedure should be aborted, and the 
patient referred for radiological or surgical placement. The 
anesthetic needle is then advanced through the abdominal wall 
while withdrawing on the plunger. The endoscopist watches the 

is made allowing the provider to pull the string around through 
one nostril, around the nasal septum, and out the other nostril. 
The string is anchored around the nasal septum and the tube 
can then be secured to the string though a proper-sized clip. 
Although the nasal bridle allows for more reliable securing of a 
nasojejunal tube, sometimes this can result in erosion of the 
nasal septum. It is important to make sure that there is not too 
much tension on the nasal bridle. In addition, up to 20% of 
patients have been reported to complain of dysphagia following 
placement of a nasoenteric feeding tube [52].

Percutaneous enteral access
Delivery of enteral nutrition through nasogastric or nasoenteric 
tubes should not continue for longer than 4 weeks due to the 
risk of sinusitis and overall patient discomfort. If after 4 weeks, 
normal oral intake cannot resume, then percutaneous enteral 
access should be attempted. There are a variety of techniques 
available to establish such access.

Percutaneous endoscopic gastrostomy
Introduction
The majority of endoscopists today are familiar with the place-
ment of a percutaneous endoscopic gastrostomy (PEG) tube as 
a means of establishing more reliable enteral access to deliver 
nutrition, hydration, and medications to patients. The Ponsky 
pull technique is the most frequent method used for the place-
ment of PEG tubes [53]. The success rate for placement of a PEG 
tube is 95%–98% [54–56]. However, they do carry risk of sig-
nificant complications. Gastroenterologists can sometimes 
receive pressure to place PEG tubes from a variety of outside 
influences, including from family members who may consider 
the additional feeding life-prolonging, or outside nursing care 
facilities who do not like to accept patients with nasogastric 
feeding tubes. However, it must be emphasized that complica-
tions from a PEG tube placement can worsen outcome and can 
even be life-threatening [57,58]. Thus, PEG candidates must be 
screened carefully with a full medical and surgical history, and 
thorough physical examination. A recent abdominal X-ray or, 
if available, a recent CT scan should be examined prior to the 
procedure to rule out the presence of large diaphragmatic 
hernias, overlying colon, or masses that may preclude safe 
placement.

Contraindications
Absolute contraindications for this procedure include bowel 
ischemia, peritonitis, or uncorrectable coagulopathy, interposi-
tion of the colon between the stomach and abdominal wall, and 
organomegally within the epigastrium [59]. There are also rela-
tive contraindications including hemodynamic instability, 
active or recent upper GI bleeding from ulcer disease, or 
esophageal varices in the past 72 h. The presence of ascites is not 
an absolute contraindication if reaccumulation of the ascites 
following a paracentesis can be prevented for 7–10 days to allow 
maturation of the anterior abdominal wall track. Another 
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be utilized if deep jejunal feeding is desired. The forceps are then 
pulled back to be flush with the end of the endoscope and the 
endoscope with guidewire advanced through the pylorus and 
down the duodenum or jejunum. Once the final position is 
reached, which should have a clear view of the open lumen 
ahead, the guidewire is gently pulled to remove slack (and 
looping in the stomach) and the jejunal feeding tube is passed 
over the guidewire, through the PEG tube, and into the duode-
num or jejunum to the tip of the endoscope. The forceps should 
be advanced slowly through the endoscope and into the open 
lumen so that the end of the jejunal tube can be seen. Next, the 
forceps and guidewire can be eased forward so that it stays in 
position as the endoscope is withdrawn into the antrum. The 
guidewire is then released from the forceps and the forceps are 
pulled back into the endoscope, leaving the jejunal tube and 
guidewire in the intestine. It is essential then to check that there 
is no loop within the stomach – if there is, the tube will likely 
recoil into the stomach. Alternatively, the exchange can be made 
within the duodenum. The guidewire is released from the 
forceps, and the forceps are pulled out of the endoscope. The 
endoscope is then brought back into the stomach to visualize 
the internal bumper of the PEG to ensure that there is not sig-
nificant looping of the jejunal feeding tube in the stomach.

Another alternative is to use a 28-Fr PEG tube and then an 
ultrathin 5.0-mm endoscope, which can be passed directly 
through the PEG tube into the stomach. Here the endoscope 
can be passed directly into the distal duodenum or proximal 
jejunum, and a 0.035-mm guidewire is advanced down the 
channel into the small bowel followed by scope withdrawal, 
similar to the process described for NGJ feeding tube placement 
(see Section Endoscopic placement of nasoenteric tubes). A 
jejunal tube can be passed over the wire into the small bowel 
[79]. This can be done either in a blind fashion or, if deeper 
small bowel feeding is desired, fluoroscopy should be used to 
confirm placement.

Direct percutaneous endoscopic jejunostomy
Certain conditions, such as prior gastrectomy and gastroparesis 
(Box 114.2), limit the endoscopist’s options to effectively place 
a standard PEG tube for enteral access. To establish long-term 
nutrition support, such patients require a PEGJ, surgical jeju-
nostomy or even parenteral nutrition. Unfortunately, the jejunal 
extension of PEGJ tubes frequently recoils back into the gastric 

video monitor to visualize the needle entering the stomach. This 
should be the exact moment that the physician inserting the 
needle notes air entering the fluid filled syringe as bubbles. If 
the physician notes that air has entered the syringe but the 
needle is not visualized entering the gastric lumen, there is a 
risk that the air is from the colon or other overlying bowel. In 
this situation, a repeat attempt should be made at a different site 
of transillumination. This is known as the safe tract technique 
[73]. It is important to relook with the endoscope once the PEG 
is placed to assess the internal bumper. The internal bumper 
should be resting gently against the gastric mucosa. The external 
bumper should be approximately 0.5–1 cm from the skin to 
allow for some give. This can help prevent pressure necrosis on 
the gastric mucosal wall that can lead to “buried bumper 
syndrome.”

Once a PEG tube is placed, the tube is typically not used until 
24 h later. However, a growing body of evidence is supporting 
the use of the PEG tube 4 h following placement [74,75]. In 
addition, a metaanalysis by Bechtold et al. found no evidence of 
statistically significant increases in negative outcomes or death 
when comparing early gastric feeding at ≤4 h versus 24 h [76].

Percutaneous direct gastrostomy tube
Gastrostomy placement can also be performed by interven-
tional radiologists. This is usually performed when endoscopy 
not possible due to a pharyngeal or esophageal obstruction, or 
when abdominal transillumination is not visualized.

Surgical gastrostomy
Prior to the development of the PEG tube in the 1980s, surgical 
gastrostomy was the sole method of obtaining long-term gastric 
access for enteral feeding or decompression. When compared 
to a surgical gastrostomy, the PEG is quicker, less complicated 
and more cost effective [77,78]. Surgical gastrostomy should be 
limited to situations where safe percutaneous access is not pos-
sible due either to inability to visualize transillumination or 
altered surgical anatomy.

Percutaneous gastrojejunostomy tube
Placement of a percutaneous gastrojejunostomy (PEGJ) tube is 
traditionally performed when a patient is intolerant of gastric 
feeding through a standard PEG tube. It involves the placement 
of a smaller jejunal feeding tube (9–12 Fr) through an existing 
gastrostomy tube, and advancing the jejunal tube though the 
pylorus and into the small intestine, allowing for simultaneous 
gastric decompression and more distal small bowel feeding. 
First, a PEG tube, usually ranging from 20 to 28 Fr in size, is 
placed as described in Section Techniques. Then an esoph-
agogastroduodenoscopy should be performed to examine the 
duodenum to exclude any deformity or obstruction that could 
prevent passage of a wire. A guidewire is usually then placed 
through the recently placed PEG tube and grasped with endo-
scopic forceps. Depending on the desired depth of jejunal 
feeding tube, a pediatric colonoscope or enteroscope can also 

Box 114.2 Indications for direct percutaneous endoscopic 
jejunostomy. Source: Maple et al. 2005 [81]. Reproduced with 
permission of Macmillan Publishers Ltd.

• High risk for aspiration
• Status postgastric resection
• Status postesophagogastrectomy
• Gastric outlet obstruction
• Obstructed or nonfunctioning gastrojejunostomy
• Gastric dysmotility
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central system from an arm vein. Because of the higher risk of 
venous thrombosis, PICC lines should not be used for longer 
than 4–6 months, and are therefore not recommended for long-
term home parenteral nutrition (HPN) patients [84]. In home 
total parenteral nutrition patients, a tunneled silicone single-
lumen central catheter (Hickman or Groshon, Bard, Salt Lake 
City, UT), placed by interventional radiology or surgery, is pre-
ferred. These allow for ethanol locks (30%–70% ethanol) that 
can significantly decrease the risk of line infections in HPN 
patients [85].

Writing the parenteral nutrition prescription
During inpatient care, parenteral nutrition should be written on 
a daily basis. Ideally, parenteral nutrition should be written and 
followed by a team composed of a nutrition support physician 
and/or pharmacist or dietitian with parenteral nutrition exper-
tise. Prior to starting parenteral nutrition, electrolytes, blood 
urea nitrogen (BUN), creatinine, phosphorous, magnesium, 
liver function studies, and triglycerides should be determined. 
Electrolytes must be repleted if low and hydration given if 
serum creatinine is high. As outlined earlier, albumin and pre-
albumin should not be followed as markers for malnutrition or 
assessing improvement in nutritional status, but may be used to 
assess the patient’s recovery from the underlying illness. Once 
parenteral nutrition is initiated, electrolytes, urea, and creati-
nine should be assessed on a daily basis and liver function tests, 
including alkaline phosphatase, aspartate aminotransferase, 
alanine aminotransferase, magnesium, and total and direct 
bilirubin, should be monitored at least twice a week.

Volume The volume of the parenteral nutrition solution 
depends on the patient’s fluid status and underlying disease. For 
example, in renal disease, heart failure, or in certain ICU 
patients, the volume should initially be restricted to less than 
1000 mL/day. In other patients, a volume between 1200 and 
1500 mL may be appropriate with subsequent adjustment of the 
volume to maintain a urine output of 1.5–2.0 L/day and a 
normal creatinine. Further adjustment may be necessary if 
additional i.v. fluids are given with i.v. medications or dialysis. 
A general guideline for stable patients is 35 mL/kg of ideal body 
weight [84].

Components There are three major macronutrients in parenteral 
nutrition – dextrose, amino acids, and lipids – along with elec-
trolytes and trace elements. Usual requirements for hospitalized 
patients are 25 kcal energy/kg of ideal body weight and 1.5 g 
protein (amino acids)/kg ideal body weight/day.
• Carbohydrates: given in the form of dextrose, which provide 

3.4 kcal/g.
• Protein: given as a complete mixture of balanced synthetic 

amino acids.
• Lipids: given in the form of a triglyceride emulsion, providing 

10 kcal/g. The usual daily dose is 20–40 g/day, but a single infu-
sion each week will prevent essential fatty acid deficiency [86].

lumen or clog. Surgical jejunostomy tubes carry a higher mor-
bidity rate of 6%–25% along with the risks of surgery [80].

The endoscopic insertion of a direct percutaneous endo-
scopic jejunostomy tube (DPEJ) was first described in 1987 by 
Shike et al. [82]. This procedure is similar to that described for 
a PEG in section Techniques, but instead the endoscope is 
advanced down the duodenum or small intestine until an area 
of transillumination through the abdominal wall is seen. This 
enteric tube provides a wider lumen tube (16–20 Fr as with the 
PEG) than a surgically placed or nasoenteric jejunostomy tubes 
and because their placement is distal to the ligament of Treitz, 
they decrease the risk of aspiration [80]. The successful place-
ment of a DPEJ has been reported to be as high as 84% in some 
studies [83] but carries a higher complication rate than a PEG. 
However, in a large series, Maple et al. demonstrated a severe 
adverse event of only 4.2%, and found no difference in the 
complication rate between the endoscopists despite the dispari-
ties in their experience [81]. The placement of a DPEJ not only 
provides reliable delivery of enteral nutrition to the GI tract, but 
also can facilitate the discontinuation of parenteral nutrition, 
thus decreasing the long-term risks associated with parenteral 
nutrition to the patient.

Surgical jejunostomy
Surgery is the most common means of percutaneous jejunos-
tomy placement. The technique is often utilized at the end of a 
complicated abdominal surgery, such as complex esophageal, 
gastric, duodenal, or pancreatic procedures, if it is anticipated 
that upper GI function could be diminished postoperatively or 
by postoperative anatomy precluding a rapid return to normal 
oral intake. Under direct visualization, a loop of small intestine 
is approximated to the abdominal wall and the tube is tunneled 
aborally to maintain position and facilitate motility.

Parenteral nutrition

The absolute indication for parenteral nutrition is intestinal 
failure caused by loss of bowel, that is the short bowel syndrome, 
complete obstruction, or perforation. Parenteral nutrition is 
also valuable in breaking the cycle of malabsorption and mal-
nutrition to allow for regeneration of digestive function in 
extremely depleted patients, as mentioned in Section Introduc-
tion and pathophysiology. Once the decision to initiate 
parenteral nutrition has been made, the best route of venous 
access has to be determined.

Intravenous access
Parenteral nutrition is hypertonic, necessitating a slow infusion 
through a large central vein to ensure that there is high blood 
flow to rapidly dilute the parenteral nutrition and avoid throm-
bosis. In the ICU, a direct central (superior vena cava) line is 
typically used, while general hospital patients are managed with 
peripherally inserted central catheters (PICC) advanced into the 
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it is better to replace the catheter immediately. The use of sili-
cone tunneled intravenous catheters (Hickman and Groshon), 
in conjunction with ethanol locks, has significantly decreased 
the incidence of line infections in patients on parenteral nutri-
tion [85]. In patients with permanent intestinal failure depend-
ent on HPN for survival, the management of catheter-related 
sepsis is slightly different to hospitalized ICU patients where the 
catheter is immediately removed and replaced. This is because 
special tunneled single-lumen catheters or subcutaneous “ports” 
are used, which are traumatic to remove and thus these valued 
types of access must be preserved if possible. Consequently, 
initial infections are treated with the appropriate i.v. antibiotic 
for 2 weeks delivered through the infected catheter. Recurrence 
of infection or septic shock are, however, treated with with-
drawal of the catheter and replacement at a different site, as 
outlined in the algorithm in Figure 114.3.

Hyperglycemia
Hyperglycemia is more common in parenteral compared to 
enteral nutrition-fed patients [8], and is associated with increases 
in the risk of cardiac complications, infection, and death [88–
90]. Tight glucose control in parenterally fed ICU patients has 
been demonstrated to reduce mortality by 50% [91]. It is essen-
tial for the practitioner to closely monitor the blood glucose in 
a patient while parenteral nutrition is initiated, and to continue 
to monitor for hyperglycemia while the patient remains on 
parenteral nutrition. Critically ill patients usually are insulin 
resistant and i.v. glucose is less well tolerated than enteral. Con-
sequently, parenteral nutrition-fed patients in the ICU are com-
monly hyperglycemic. In a study, a blood glucose of >180 mg/
dL within 24 h compared to a level <120 mg/dL was associated 
with an increased risk of pneumonia and acute renal failure 
[92]. In addition, these patients were found to have increased 
length of both ICU and overall hospital stay [92]. Further evi-
dence suggests that a blood glucose within 24 h of >180 mg/dL 
was associated with increased risk of pneumonia (odds ratio 
[OR] 3.1; 95% CI 1.4–7.1) and acute renal failure (OR 2.3; 95% 
CI 1.1–5.0). Consequently, in all patients receiving either enteral 
or parenteral nutrition, blood glucose monitoring is essential 
[93]. It must be remembered that hyperglycemia is part of the 
normal response to acute stress and therefore levels up to 
140 mg/dL can be expected and should not be suppressed. If the 
patient continues to have persistent hyperglycemia >140 mg/
dL, then total energy requirements should be reassessed and the 
dextrose content of the parenteral nutrition reduced if possible. 
If not, insulin therapy should be started [93], first in the form 
of a sliding scale, and then by adding insulin to the parenteral 
nutrition progressively to reduce 24-h values to below 140 mg/
dL. In the case of the obese, hyperglycemia should first be 
treated by reducing the quantity of glucose in the parenteral 
nutrition to 100 g/day. If blood glucose levels are less than 
140 mg/dL without requiring any insulin therapy for 24–48 h, 
with stable delivery of nutrition, monitoring may be discontin-
ued [93].

• Electrolytes: the typical adult requires between 60 and 
150 mEq of sodium and 40–80 mEq of potassium, both chiefly 
given as the chloride salt but also as acetate if plasma bicar-
bonate is low. These needs fluctuate depending on increased 
loses such in diarrhea or in the setting of renal dysfunction. 
Urine output should be greater than 1000 mL/day while also 
maintaining urine sodium between 40 and 80 mEq/day. See 
Table 114.2 for electrolyte and micronutrient requirements.

Complications of parenteral nutrition
Catheter-related sepsis
This is the most serious complication related to the administra-
tion of parenteral nutrition. It can be a life threatening, but if 
detected early can be managed conservatively with 2 weeks’ 
administration of the appropriate i.v. antibiotics, or in the case 
of recurrent infections in stable HPN patients, or in ICU patients 
with triple-lumen PVC catheters, by withdrawal and replace-
ment of the catheter, preferably through another access site. 
Fungal infections are more difficult to treat conservatively and 

Table 114.2 Electrolyte and micronutrient requirements for parenteral 
nutrition. Data from Staun et al. 2009 and Howard et al. 2007 [84,87].

Electrolytes and micronutrients Requirements

Sodium 1–2 mEq/kg/day

Magnesium 0.2–0.4 mEq/kg/day

Calcium 0.1–0.30 mEq/kg/day

Chloride 2–3 mEq/kg/day

Phosphate 0.3–0.5 mmol/kg/day

Potassium 1–1.5 mEq/kg/day

Zinc 3–6 mg

Copper 0.3–0.5 mg

Selenium 60–100 μg

Iron 18–20 μmol

Manganese 30–60 μg

Chromium 5–10 μg

Vitamin A 1000 μg

Vitamin E 10 mg

Vitamin K 150 μg

Vitamin D 5 μg

Vitamin B-1 3.0–3.5 mg

Vitamin B-2 3.6–4.9 mg

Vitamin B-6 4.0–4.5 mg

Niacin 40–46 mg

Folic acid 400 μg

Vitamin B-12 5–6 μg

Biotin 60–69 μg

Vitamin C 100–125 mg
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test) or biological liver disease was 26% at 2 years and up to 63% 
at 8 years, with a mortality rate of 22% [95]. Disruption of the 
bile acid pool along with alteration of intestinal hormones may 
be an additional factor in the etiology of parenteral nutrition-
associated liver disease. Patients with end jejunostomies with 
hyperphagia and hypersecretion have high secretory losses, 
which rapidly deplete the bile salt pool [98,99]. Coupled to this 
is depletion of portal nutrients, which exacerbates the impair-
ment of hepatic function. In patients with chronic intestinal 
obstruction who cannot eat, decreased levels of gastrin, secretin, 
vasoactive intestinal peptide, and glucose-dependent insulino-
tropic polypeptide have been found in association with poor 
motility, resulting in stagnation of biliary flow and increased risk 
for cholestasis and gallstone formation [100]. The combination 
of reduced motility and reduced bacteriostatic gastric and biliary 
secretions promotes small bowel bacterial overgrowth and dys-
biosis, which may produce hepatotoxic endotoxemia [101,102].

Liver disease
Parenteral nutrition-associated liver disease is another compli-
cation of parenteral nutrition. This includes steatosis, cholesta-
sis, cholelithiasis, fibrosis, cirrhosis, and liver failure.

Abnormalities in liver function tests have been reported in 
15%–85% of HPN patients [84], and liver disease in up to 
50%–65% [94,95]. Liver disease from chronic parenteral nutri-
tion use in adults is predominately hepatic steatosis in addition 
to cholestasis [96]. Often this presents with mild elevations in 
alkaline phosphatase, and direct bilirubin and mild to moderate 
elevation in liver transaminases. In animal models, histological 
changes of cholestasis have been seen in as little as 14 days [97], 
with onset a median of 6 months (range 3–132 months) [95]. A 
short bowel of less than 50 cm in length and a parenteral lipid 
delivery ≥1 g/kg is associated with chronic cholestasis [95]. Cav-
icchi et al. found that the probability of developing parenteral 
nutrition-related chemical (elevation in serum liver function 

Figure 114.3 Management of catheter related sepsis in home parenteral nutrition (PN) patients with tunneled central venous lines or ports.

Patient on home PN with fevers,
chills, or leukocytosis

Hemodynamically stable

Examine line insertion site
or port skin surface and

obtain blood cultures from
central line and peripheral

vein

Remove line
immediately, culture
peripheral blood and

catheter tip, then
commence i.v. broad-

spectrum
antimicrobials

Hold central PN, start
peripheral hydration with
5% dextrose solution with
appropriate electrolytes.
Adjust antibiotics after

sensitivities return

Once repeat blood
cultures are negative
and patient is stable
and asymptomatic,
insert new central
line and restart PN.

Consider alcohol lock

Erythema,
tenderness or

purulence
within 2 cm of
line access site

Treat with warm
compresses, daily site

care and topical
antibiotics and

continue PN, observe
closely

First infection in this
line: Start broad-spectrum
i.v. antibiotics through the

line if symptomatic and
await cultures. Continue PN

Recurrent
infection in this
line:
Cultures negative

Recurrent
infection in this
line:
Cultures positive

Cultures positive:
change antibiotic
depending upon

sensitivities and continue
for 14 days. Consider

alcohol lock

Cultures negative:
Continue PN and

observe. If
symptoms continue,

check fungal
cultures and

investigate other
sources of infection

yes no
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normal diet” [104]. The incidence and prevalence of SBS and 
intestinal failure in the United States is unknown. In 1992, the 
Oley Foundation estimated that there were 40 000 patients who 
were receiving HPN as a result of intestinal failure, but this was 
probably an underestimate as it mainly included academic 
centers.

Box 114.3 summarizes some of the most common causes of 
SBS. Diseases that impair mucosal absorption such as refractory 
sprue, villous atrophy, and radiation enteritis have been included 
as causes of SBS. Diseases that affect motility, such as chronic 
intestinal pseudoobstruction, can produce intestinal failure, but 
should be categorized with all other forms of intestinal obstruc-
tion and not SBS. Box 114.4 summarizes the factors associated 
with a poor prognosis in patients with SBS.

Adaptation
The gastrointestinal tract has the ability to adapt following the 
loss of part of the small and large intestine such that the degree 
of intestinal failure seen immediately after bowel loss decreases 
often dramatically during the first year, and may continue a lot 
longer [104–106]. The changes responsible for the improved 
absorption include villous hyperplasia, increased blood flow, 
increased enzyme secretion, and changes in motility. Although 
the degree of adaption varies among patients, a general guide-
line is that a patient needs approximately 200 cm of remnant 
small bowel in the absence of a colon, or 60 cm in the presence 
of a colon, to become independent of i.v. support following 
adaptation [104,106,107]. Carbonnel et al. found that patients 
are more likely to become dependent on parenteral nutrition if 
they have any of the following distal to the duodenojejunal 
flexure: a jejunoileal anastomosis and an additional remaining 
small bowel length <35 cm; a jejunocolic anastomosis with an 
additional remaining small bowel length <60 cm; or an end-
jejunostomy with <115 cm of remaining small bowel [106]. The 

Treatment If plasma liver enzymes begin to rise, overfeeding is 
the most common cause and is easily reversible. Checking the 
caloric content of the parenteral nutrition and the patient’s 
weight will be helpful; the objective should be to maintain the 
patient’s weight between a BMI of 18.5 and 25 kg/m2, if anasarca 
is not present. Excess lipid or glucose can cause liver injury. If 
the patient is not eating, liquid formula diet supplements should 
be encouraged to enhance motility, prevent bacterial over-
growth, and provide some portal nutrition. If blood test results 
show a cholestatic picture comprising a relative increase in alka-
line phosphatase and bilirubin, obstruction of the biliary tract 
should be excluded by radiological imaging. If the changes are 
“hepatitic” in character, serology for hepatitis viruses should be 
performed. If the changes are progressive, a liver biopsy may be 
informative. In a small proportion of permanent HPN patients, 
hepatic fibrosis progresses to cirrhosis, with deepening jaun-
dice. In this situation, the only hope for long-term survival is a 
combined liver–small bowel transplant (Figure 114.4).

Common indications for enteral and 
parenteral feeding in specific  
disease conditions

Short bowel syndrome
Short bowel syndrome (SBS) occurs with a range in severity. 
Mild SBS can be treated with dietary supplementation, for 
example vitamin B-12 in patients who have lost their terminal 
ileum. However, patients with severe SBS require parenteral 
support. A consensus of experts in the field defined severe SBS 
as the condition that “results from surgical resection, congenital 
defect or disease-associated loss of absorption and is character-
ized by the inability to maintain protein energy, fluid, electrolyte 
or micronutrient balances when on a conventionally accepted, 

Figure 114.4 Illustration of the ability of combined liver–small bowel 
transplantation to reverse life-threatening end-stage liver failure and 
cholestasis in a patient with short bowel (50 cm of intestine remaining,  
no colon) intestinal failure. AST, aspartate aminotransferase. Source: 
O′Keefe et al. 2007 [103]. Reproduced with permission of Macmillan 
Publishers Ltd.
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Box 114.3 Common causes of short bowel syndrome.

Multiple surgical resections, e.g., Crohn’s disease
Massive loss of small intestine from mesenteric ischemia or infarction, 

volvulus, or trauma
Loss of absorptive surface: refractory sprue, radiation enteritis
In children/neonates: necrotizing enterocolitis, congenital villous 

atrophy

Box 114.4 Poor prognostic features in short bowel syndrome.

Length of the residual small intestine <50 cm
The absence of the colon in continuity
Presence of residual underlying disease, e.g., Crohn’s disease
Nature of the primary disorder
The age of the patient
The ability to continue to eat
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colon is important in SBS as it can reabsorb water and electro-
lytes, as well as help with the salvage of unabsorbed or undi-
gested nutrients. In addition to soluble fiber and resistant 
starches, digestible starches and proteins also enter the colon 
and form substrate for the colonic microbiota, which metabo-
lize them to SCFAs such as butyrate, acetate, and propionate. 
Butyrate is an important product of microbial fermentation, as 
it is the preferred energy source for the colonic epithelium and 
regulates the proliferation and differentiation of the mucosa and 
plays a major role in mucosal defense [108,109]. Propionate is 
mainly absorbed and supports hepatic lipogenesis. Acetate is 
also absorbed, fueling the Krebs tricarboxylic acid cycle to gen-
erate energy for organ function. With enhancement of colonic 
fermentation in SBS, it has been estimated that the colonic 
microbiota can salvage up to 1000 kcal/day as SCFA. Experi-
mental studies have also shown that SCFA play a role in mucosal 
hyperplasia in the remnant bowel [110]. One hundred grams of 
unabsorbed carbohydrate can produce 75 mmol of SCFA, which 
decreases fecal energy loss by 310–740 kcal/day if the patient is 
consuming a diet of 60% carbohydrates [111]. The critical 
importance of fermentation and SCFA production is that exclu-
sion of the colon from the intestinal flow of nutrients results in 
mucosal atrophy and “diversion colitis,” a condition which can 
resemble ulcerative colitis but is presumed to result from nutri-
tional deprivation of the colonic mucosa [112].

Small intestinal resection of up to 100 cm of ileum frequently 
leads to malabsorption and diarrhea due to inadequate reab-
sorption of bile salts in the remaining ileum, and causing a 
secretomotor diarrhea when bile salt reach to colon. This can 
be treated with a bile salt binding resin such as cholestyramine. 
When greater than 100 cm of ileum is removed, then bile salt 
deficiency occurs as bile salt loss exceeds the liver’s synthetic 
capacity. The patients eventually develop steatorrhea, which can 
be treated with a low-fat diet [113]. Conceptually, a better 
approach would be to use bile salt (ursodeoxycholic acid) 
supplements.

Fluid management
The reason we have many meters of small intestine is to reab-
sorb fluid and secretions. In order to efficiently digest food 
particles, they first need to be broken down to microparticles 
and then dispersed in an aqueous stable pH environment to 
expose the maximal surface area for the attachment and action 
of enzymes. In health, this is remarkably efficient, and digestion 
is virtually complete by the proximal jejunum. Because the 
upper GI tract mucosa is permeable, further body fluid pas-
sively crosses into the lumen along the osmotic gradient until 
the fluid is isotonic. Active transport mechanisms for glucose, 
amino acids, and sodium become progressively more effective 
as the chyme passes down the small intestine because the 
mucosa becomes progressively more impermeable. For each 
molecule absorbed, one molecule of water is also dragged from 
the lumen, thus progressively reabsorbing the 5–7 L of water 
needed for digestion. This helps explain why dehydration and 

salt loss are the predominant features of the colon and distal 
small intestine. It also explains why patients with end-
jejunostomies must avoid the consumption of water and hypo-
tonic fluids, as they will exacerbate stomal losses of salt which 
fluxes from the plasma compartment to the lumen along con-
centration gradients. This leads to the fundamental recommen-
dation of water avoidance in the management of intestinal 
failure associated with SBS and the development of isotonic 
WHO rehydration solutions to prevent diarrhea [114]. The 
WHO formulation consists of 2.5 g of NaCl, 20 g glucose, 1.5 g 
KCl, and 2.5 g Na2CO3 in 1 L of water. There are a variety of oral 
rehydration solutions formulas, both commercial and those that 
can be made at home. They should have a sodium concentration 
of at least 90 mmol/L up to 120 mmol/L to optimize fluid 
absorption (Figure 114.5) [115].

In addition to sodium, other minerals, vitamins, and trace 
elements levels should be monitored and supplemented in 
patients with short bowel syndrome. The amount of supple-
mentation will vary in each patient and will need to be  
tailored to the patient’s individual needs. This is summarized in 
Table 114.3.

Calcium oxalate nephrolithiasis
In patients with SBS and an intact colon, special dietary consid-
erations must be taken into consideration. In the setting of fat 
malabsorption, dietary calcium binds preferentially to free fatty 
acids in the colon instead of to oxalate. Thus, instead of nor-
mally being excreted in stool, oxalate is absorbed through the 
colon and filtered through the kidneys where it binds to calcium 
forming calcium oxalate, which can precipitate and form neph-
rocalcinosis and nephrolithiasis [106]. To prevent this, oral 
calcium supplements may be effective [117]. Patients with con-
firmed stones should be advised to take a low-oxalate diet by 
excluding cocoa, peanuts, tea, wheat, coffee, beets, rhubarb, 
spinach, tofu, soybean, tomatoes, and restricting the consump-
tion of citrus fruits [113]. However, the importance of these 
restrictions is probably low as the condition seems to be less 
frequent than in the early days of HPN, and patients generally 
eat what they want when they go home. Furthermore, most of 
these dietary items are constituents of a normal balanced diet.

Figure 114.5 Optimal concentration for oral replacement solutions. 
Source: Lennard-Jones 1990 [115]. Reproduced with permission of 
Elsevier.
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tion; and (2) balance studies showed that although a high-fat 
diet increased steatorrhea, the quantity of fat and energy 
absorbed was higher [118]. A normal balanced diet is encour-
aged but it should be divided up into many small meals through-
out the day to make the remaining bowel work continuously. 
Evidence to support this approach was obtained from studies 
that found that net absorption could be increased if the diet was 
given as a constant nasoenteral infusion [119]. Continuous 
enteral feeding should be used in the early days following intes-
tinal loss to stimulate adaptation but as patients recover, and 
they are eager to eat normal food and have the nose tube 
removed, early weaning onto normal food should be encour-
aged. The patient should be educated to understand how best 
to manage their nutritional and dietary needs. They should be 
made aware that although their appetite is likely to increase to 
levels higher than before the loss of their bowel, their capacity 
to absorb will be diminished and the consumption of large 
meals, rather than small frequent meals, will exacerbate losses 
and increase their dependence on i.v. infusions. If patients have 
preservation of colonic function, carbohydrate should be taken 
in complex form.

Antimotility agents may also be used to increase nutrient to 
mucosa contact time. Opiates are effective in reducing secretory 
losses. Loperamide is the preferred agent as it is a gut-specific 
opiate derivative with limited cerebral effects and has a wide 
therapeutic index. It should be given in high doses divided to 
cover the small frequent meals, for example two to four tablets 
(each 2 mg) q.i.d., bearing in mind that its absorption too might 
be impaired. Lomotil, a combination of diphenoxylate and atro-
pine, is also effective but anticholinergic side-effects will occur 
at the high doses needed to suppress motility. As noted, intake 
of hypotonic fluids, particularly water, should be restricted. As 
with meals, fluids should be given in small frequent drinks as 
high consumption rates will wash everything through, particu-
larly in end-jejunostomy patients; a vicious cycle of thirst, 
drinking, and increased stomal losses can result in the “washout 
syndrome” [99].

Another useful approach can be to suppress intestinal secre-
tory losses. During the first 6 months following significant 
enterectomy, gastrin secretion is commonly increased, resulting 
in increased gastric acid production, increasing the risk of 
peptic ulceration and secretory fluid losses [107]. Consequently, 
patients are initially treated with proton pump inhibitors, but 
therapy should be tapered after 6 months, as gastric acid is 
needed to enhance digestion and prevent bacterial overgrowth. 
The most effective antisecretory drug is the somatostatin ana-
logue, octreotide. It suppresses gastric and pancreaticobiliary 
secretory responses to feeding, and also suppresses motility, 
increasing net absorption of fluid, electrolytes, and nutrients 
[98,99]. However, it should only be used short term as it coun-
teracts many of the mechanisms of natural adaptation, includ-
ing mucosal growth [98]. Finally, much effort has been directed 
towards developing novel therapies based on the actions of 
trophic hormones. Noting that patients with acromegaly can 

Oral feeding and medical therapy
The key principles of medical management of intestinal failure 
due to SBS are shown on Box 114.5. First, oral intake is not 
restricted but the way that food is eaten is modified. While 
restriction of food intake will decrease stomal losses or diarrhea, 
net absorption will decrease and, for the reasons discussed in 
Section Liver disease, some absorption must be maintained to 
maintain portal nutrition of the liver. The same rationale follows 
for fat restriction. In previous years, patients with steatorrhea 
were told to restrict their fat intake but when they returned 
home they generally consumed whatever were their preferred 
foods. This was shown to be at least partly appropriate because 
(1) it was the most effective way of stimulating intestinal adapta-

Table 114.3 Vitamin and mineral supplementation for patients with short 
bowel syndrome. Source: American Gastroenterological Association 2003 
[116]. Reproduced with permission of Elsevier.

Vitamins and minerals Supplementation

Vitamin A 10 000–50 000 units daily

Vitamin B-12 300 μg subcutaneously monthly for those 
with terminal ileal resections or disease

Vitamin C 200–500 mg

Vitamin D 1600 units dihydrotachysterol daily; may 
require 25-OH-D3 or 1,23(OH2)-D3

Vitamin E 30 IU daily

Vitamin K 10 mg weekly

Calcium bicarbonate 800–1200 mg/day

Magnesium Difficult to replete orally due to cathartic 
affect, often needs intravenous infusion

Iron Supplementation usually not needed as 
long as duodenum is intact

Selenium 60–100 μg daily

Zinc 220–440 mg daily (sulfate form)

Box 114.5 Principles of management for patients with short bowel 
syndrome–intestinal failure dependent upon home parenteral 
nutrition.

1. Avoid dietary restriction
a. Hyperphagia is an adaptive response

2. Prolong nutrient: mucosa contact time
a. Small frequent meals, liquid formula supplements
b. Antimotility drugs, e.g., loperamide

3. High carbohydrate or high fat?
a. High complex CHO for patients with colons

4. Avoid excessive water intake
a. Encourage nutritional electrolyte fluids

5. Suppress secretion short term
a. H2 antagonists, proton pump inhibitors, octreotide

6. Increase adaptation
a. hormones
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SBS. Careful follow up is required, particularly in patients with 
retained colon, because of concerns on its epithelial proliferative 
effect, which conceptually might increase cancer risk.

Small bowel transplantation
In HPN patients with intestinal failure who develop life-
threatening complications, or complications that prevent the 
continued use of parenteral nutrition, small intestinal trans-
plantation should be considered. In 2001, the center for Medi-
care and Medicaid services in the US recognized small bowel 
transplantation as standard of care for patients with intestinal 
failure who develop complications that no longer allow them  
to be maintained on HPN (i.e., parenteral nutrition failure)  
(Box 114.6).

Among patients who survived 6 months past transplant, 85% 
maintained functioning grafts with, most importantly, complete 
nutritional autonomy [127,128]. The 1-year survival rate for 
small bowel transplantation in 2006 achieved the rate of 90%, 

also have gut hypertrophy, the use of recombinant growth 
hormone was investigated. Studies in SBS patients confirmed 
that the drug, Zorptive, a recombinant human growth hormone 
(EMD Serono, Boston), was capable of increasing fluid, electro-
lyte, and energy absorption, but the side-effect profile was high 
and therapy was only approved for short periods because of 
concerns about the drug’s potential to produce acromegaly 
[120]. Development of analogues of the ileal brake peptides, 
particularly the glucagon family of peptides, provides a more 
appealing approach.

Interest in the proliferative effects of glucagon peptides was 
first stimulated by the clinical observation of intestinal and 
villus hypertrophy in a patient with a glucagonoma [121]. 
GLP-2, a member of the glucagon family, is secreted by L-cells 
in the distal gut, and experimentally slows gastric emptying 
reduces gastric secretion, increases mucosal blood flow, stimu-
lates growth of small and large intestine, increases epithelial 
proliferation, and inhibits apoptosis. These features were recog-
nized to resemble the process of intestinal adaptation, prompt-
ing the development of a long-acting synthetic protease-resistant 
analogue, teduglutide, which could be given as a once-daily 
injection [122]. Phase 1 and 2 studies confirmed its ability to 
increases villus height, crypt depth, fasting plasma citrulline (a 
marker of enterocyte function as it can only be synthesized by 
the small intestine), fluid, energy, and electrolyte absorption in 
SBS patients, and led to the conduct of two multicenter, multi-
national RCTs [123,124]. These studies showed that the peptide 
given as a single daily subcutaneous injection of 0.05 mg/kg/day 
significantly reduced i.v. fluid requirements, with 68% of patients 
achieving a clinically significant reduction of 20%–100% after 6 
months’ therapy (Figure 114.6). In addition the agent increased 
villus height (Figure 114.7) and fasting citrulline levels, and 
allowed patients to have more nights off parenteral nutrition, 
and some to be weaned completely [125]. The US Food and 
Drug Administration has recently approved the drug for use in 

Figure 114.6 Significantly more short bowel syndrome–intestinal failure 
patients given teduglutide 0.05 mg/kg/day achieved a >20% clinically 
significant decrease in their parenteral nutrition requirements to maintain 
normal hydration and renal function (urine output 1–2 L/day) compared 
to placebo at 6 months (P = 0.002, statistical test Cochran–Mantel–
Haenszel). Source: Jeppesen et al. 2012 [124]. Reproduced with 
permission of Elsevier.
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Figure 114.7 Jejunal villous hyperplasia in a patient with end-jejunostomy 
on home parenteral nutrition following 6 months teduglutide therapy. 
Photograph taken with a regular upper gastrointestinal endoscope.

Box 114.6 Accepted criteria for small bowel transplantation. Source: 
Buchman et al. 2003 [126]. Reproduced with permission of Elsevier.

1. Impending or overt liver failure
a. Increasing bilirubin, liver enzymes, spleen size, prothrombin time 

reduced platelet counts, varices, stomal bleeding, hepatic 
fibrosis, and cirrhosis

2. Thrombosis of central veins (two of the subclavian, jugular, or 
femoral veins)

3. Frequent catheter-related sepsis
a. More than two episodes per year of life-threatening bacterial 

infections
or
b. One episode of fungemia associated with shock and acute 

respiratory dysfunction syndrome
4. Severe recurrent dehydration
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A large Cochrane database review demonstrated a decreased 
relative risk of death of 0.50 (CI 0.28–0.91) and decreased length 
of hospital stay of 2.37 days when enteral nutrition was com-
pared to parenteral nutrition in acute pancreatitis [136]. Enteral 
nutrition also delivers significant cost savings. A semielemental 
formula is best as luminal pancreatic secretion is greatly 
impaired in acute pancreatitis [137]. Alimentation should start 
at a slow rate of 20–25 mL/h for 24 h, and then, if tolerated,  
the rate increased every 24 h, until goal rate is achieved, deliv-
ering 25–30 kcal/kg and 1.2–1.5 g/kg of ideal body weight of 
protein [133].

Nutritional management of the outpatient

Sometimes a hospitalized patient dependent on nutritional 
support improves to the level that their general care can be 
performed at home at a fraction of the cost, with a reduction in 
the risk of hospital acquired infections, and with considerable 
improvement in quality of life. With the assistance of home care 
companies, both enteral and parenteral feeding can be managed 
at home. This excludes well-nourished patients (BMI >17 kg/
m2) who only required temporary nutritional support during 
their hospitalization and were able to resume their usual oral 
intake. However, if a patient is discharged home with feeding 
devices such as a nasojejunal tube, PEG, DPEJ, or a central 
venous catheter for HPN, more careful monitoring will be 
required.

Home enteral nutrition
Nasojejunal enteral access
Clogging of the enteral tube is a frequent complication that 
occurs in the outpatient setting. This occurs due to inadequate 
flushing of the tube during feeding, after tube feeding is discon-
tinued, or because of the injection of crushed medications down 
the tube. As stated earlier, nasoenteric feeding tubes should not 
be used for long-term enteral feeding. If feeding is required 
beyond 4–6 weeks, feeding access should be changed to the 
percutaneous route.

Management of percutaneous enteral access
Patients with percutaneous access, such as a PEG tube, can 
develop a variety of complications. The placement of these tubes 
requires close follow up. The most frequent complication that 
occurs is an infection surrounding the PEG insertion site. This 
risk is significantly reduced by using a prophylactic antibiotic 
prior to insertion. A localized cellulitis surrounding the gastros-
tomy tube can usually be treated with a first-generation cepha-
losporin (cephalexin 500 mg four times a day for 10–14 days) 
or similar antibiotic. If there is no response, microbial coverage 
can be broadened as appropriate.

Localized cutaneous fungal infection, another frequent com-
plication, can usually be treated with topical antifungals such as 
topical nystatin or 2% ketoconazole.

which was similar to renal and liver transplantation [129]. Fol-
lowing the transplantation of the graft, enteral nutrition is initi-
ated through either a surgically placed jejunostomy tube or a 
nasoenteric feeding tube, depending on the transplant center 
practice. Initially, a low-fat, predigested enteral formula is used 
to decrease the risk of developing chylous ascites [130]. In Pitts-
burgh, the practice is to use a polymeric enteral formula con-
taining 30% fat (25 : 75 ratio of medium-chain to long-chain 
triglycerides). In a cohort of 46 transplanted patients (35 with 
SBS-intestinal failure [SBS-IF]), parenteral nutrition was 
stopped by a median time of 17 days following transplantation 
(Box 114.7) [129]. Successful transplantation was associated 
with major improvements in multiple parameters of quality  
of life.

Acute pancreatitis
The majority of patients with mild to moderate acute pancrea-
titis will recover within 3–5 days of their hospitalization and 
thus nutrition support will not be needed [24,29,131]. However, 
when pancreatitis is severe, patients spend considerable lengths 
of time unable to eat while they are in the ICU and hospital. 
Enteral nutrition is the standard of care when it comes to deliv-
ering nutrition to a patient with severe acute pancreatitis 
[132,133]. The use of double-lumen nasogastric decompression 
and jejunal feeding tubes placed by transnasal endoscopy is 
preferred for three reasons [34,46]. The first reason is that it 
permits enteral feeding without pancreatic stimulation pro-
vided it is infused into the jejunum >40 cm beyond the angle 
of Treitz [134]. Second, the site of delivery ensures the feeding 
bypasses the upper GI tract, which becomes progressively more 
obstructed due to extrinsic compression by the pancreatic 
inflammatory mass or cystic fluid collections. Third, it provides 
simultaneous gastric decompression, which likely reduces the 
risk of aspiration. However, the European Society for Enteral 
and Parenteral Nutrition (ESPEN) guidelines favor an initial 
trial of gastric feeding as gastric access is simpler and there is 
evidence, as stated in Section Timing of initiation, that initiation 
of enteral nutrition (within 48 h) improves outcomes in ICU 
patients. Thus, the earlier enteral feeding is started, the better 
the outcome [135]. It must be emphasized that parenteral nutri-
tion should not be used unless enteral nutrition is proven to be 
impossible. Most patients have an ileus that gets more estab-
lished the longer enteral feeding is withheld, and commence-
ment of slow continuous enteral feeding usually reverses ileus. 

Box 114.7 Nutritional outcome in a cohort of 35 consecutive short 
bowel syndrome patients who needed small bowel transplantation for 
parenteral nutrition failure. Source: O′Keefe et al. 2007 [103]. 
Reproduced with permission of Elsevier.

Days to total parenteral nutrition stop 17 (1–117)
Days to enteral nutrition stop 69 (22–228)
Days in hospital 29 (11–105)
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the PEG and follow its path) or CT scan. If confirmed, the PEG 
should be removed either endoscopically or through surgery 
[142,143].

Monitoring
Home enteral nutrition in a patient with a nasojejunal, PEG, 
PEGJ, or DPEJ should be closely monitored and supervised  
with regular outpatient visits. Tracking of the patient’s weight  
as well as calculation of BMI, tolerance of the enteral formula, 
and clinical examination are all vital to the long-term success  
of the patient. Routine monitoring of electrolytes as well as 
BUN, creatinine, and sometimes urine output should also be 
performed.

If a patient is not able to gain weight, the physician needs to 
take a detailed history of compliance in the administration of 
the enteral formula to ensure the patient is receiving adequate 
calories. Symptoms such as bloating, diarrhea, or nausea can 
lead to a decrease of the delivery rate or intermittent cessation 
of the patient’s tube feeds resulting in inadequate delivery of 
calories over time. In addition, as a patient recovers from acute 
illness, their activity level may improve, thus increasing their 
metabolic demands, which may no longer be met by their base-
line prescribed tube feeds. Thus, their goal caloric needs may 
have to be adjusted to 30–35 kcal/kg of ideal body weight or 
more to facilitate weight gain. Even so, it is often not possible 
to achieve weight gain in debilitated chronically ill patients, and 
in this situation the focus should be on maintaining hydration, 
renal function, and metabolic stability, as overfeeding will cause 
more complications.

If a patient begins to tolerate nutrition and fluids orally, the 
possibility of PEG removal is frequently raised by the patient or 
family members. One approach with such patients is to instruct 
them to hold feedings for a month, but to keep the tube patent 
with daily flushes with 50 mL water before pulling the tube in 
those who manage to maintain their body weight with eating.

Tube feeds rarely cause diarrhea and thus a search for other 
causes such as medications, antibiotics, infection (e.g., C. diffi-
cile), and supplements such as magnesium should be under-
taken when diarrhea develops, prior to changing the enteral 
formula in the hope of resolving the diarrhea. Most hospital-
administered enteral formulas contain little or no fiber and 
result in constipation when administered. In long-term home 
enterally fed patients, a fiber-containing formula (e.g., Jevity, 
Fibersource) should be used, with additional fiber supplements 
(e.g., Benefiber 8–12 g/day) added if constipation occurs.

Home parenteral nutrition
Home parenteral nutrition is indicated for patients with perma-
nent intestinal failure due to obstruction or resection. The prin-
ciples for management for both groups is the same, but care is 
generally more complex with resection, that is SBS-IF, because 
these patients usually continue to eat and drink in excess of the 
functional capacity of their gastrointestinal tract. This stimu-
lates gastric, intestinal, and pancreaticobiliary secretion, which 

Care of the gastrostomy tube
The tube should be flushed with water every day in addition  
to the free water flushes prescribed with the enteral nutrition. 
After the first day, the tube insertion site should be left open to 
the air as much as possible to allow for normal healing of the 
skin. Excessive tension exerted on the tube must be avoided. 
When this tension pulls the tube to one side for an extended 
period of time, an ulcer can result or the tract can be inadvert-
ently enlarged, resulting in leakage of gastric contents around 
the gastrostomy tube at the insertion site. The acidic gastric 
content can induce injury to the surrounding cutaneous tissue, 
often resulting in pain and discomfort. Only mild unscented 
soap and water should be used for cleaning when possible. 
Excessive cleaning around the gastrostomy tube with harsh 
cleaning agents can contribute to leakage and irritation.

Buried bumper syndrome has been reported to occur in up 
to 21.8% of PEG tubes [138]. This can vary from a small ulcer 
underneath the internal bumper to complete erosion of the 
internal bolster (internal bumper of the gastrostomy tube nor-
mally contained within the gastric lumen) though the abdomi-
nal wall [52].

Excessive weight gain without adjustment of the external 
bolster, tension from external tubing in a bedbound patient, or 
even poor nutrition can contribute to the development of this 
condition. Presentation ranges from simple leakage around the 
PEG tube, inability to flush the tube, to visualization of the 
internal bumper under the subcutaneous tissue. A simple test is 
to loosen the external bumper and push the PEG tube into the 
stomach – if there is resistance, the internal bumper may be 
“buried”. A CT scan and/or an upper endoscopy should be 
performed before attempting to manipulate or use the tube for 
nutrition. Surgical consultation is recommended if the tube 
cannot be easily pushed back into the stomach or if there is 
associated abdominal wall infection.

Excessive granulation tissue (red raised friable nodules) can 
accumulate around the gastrostomy tube site, which may require 
treatment when bleeding occurs. Use of an applicator contain-
ing topical silver nitrate is usually effective in burning the gran-
ulation tissue and enhancing scar formation. Careful attention 
should be paid to patients who had a PEG tube placed in the 
setting of an oral, esophageal, or gastric malignancy as meta-
static implantation to the abdominal wall is a rare complication 
in such patients. Its incidence in patients with head and neck 
cancer is reported 0.7%–3%, but there are only approximately 
50 reported cases [139–141]. In this setting, a biopsy of the 
granulation tissue should be considered to distinguish malig-
nancy from simple benign granulation tissue

Gastrocolocutanous fistula formation is another complica-
tion that can result from PEG tube placement. This occurs when 
the PEG tube is placed through overlying colon, or the internal 
bumper erodes through the gastric wall into the colonic lumen. 
Patients can present with findings such as stool in the fistula or 
simply diarrhea anytime the enteral nutrition is delivered. Diag-
nosis is made by performing a “PEGogram” (inject contrast into 
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Fluid management
Dehydration along with malnutrition is the biggest concern in 
the patient with SBS-IF. Almost all patients in the acute setting 
and early outpatient period will require central parenteral nutri-
tion delivered through a central line. Patients typically require 
from 1 L up to 4 L per day of intravenous fluid support through 
their parenteral nutrition. The practitioner should monitor the 
BUN and creatinine, along with other electrolytes including 
potassium, sodium, chloride, bicarbonate, magnesium, and 
phosphorous.

Diet
Few studies have examined the effects of diet composition on 
absorption in SBS-IF. However, Joly et al. have demonstrated the 
importance of maximizing the contact time between food and 
mucosa on absorption. They were able to show that absorption 
was maximized when the diet was converted to a liquid formula 
and infused at a constant rate [119].

Typically, it is recommended that a patient with SBS increase 
their diet to consume at least 50% more calories. Complex car-
bohydrates help avoid the osmotic load produced by simple 

results in increased fluid and electrolyte losses from the short 
bowel as described earlier. Thus, these patients are at higher risk 
of fluid, electrolyte, and renal instability and their HPN usually 
contains more fluid and electrolytes. Closer clinical monitoring 
by the gastroenterologist nutrition specialist, the home care 
team, and the home primary care physician is thus mandatory, 
as has been described [144] (Figure 114.8).

As a SBS-IF patient transitions to an outpatient setting, the 
care of the patient should be tailored to their individual needs 
because every patient with SBS is unique in their requirements. 
One must take into consideration not only the amount of small 
bowel remaining, but also which portions of small bowel 
remain. As described earlier, a resection of the proximal small 
intestine (duodenum and jejunum) is better tolerated due to the 
marked ability of the ileum to adapt [145]. In addition, as nutri-
ents enter the ileum, intestinal transit time is increased, result-
ing in the ileal brake, which can result in improved long-term 
adaptation [146]. The principles of management have been 
described in Section Parenteral nutrition, but here we empha-
size the importance of fluid balance and modified eating in 
overall management.

Figure 114.8 Home parenteral nutritional care management. IRC, intestinal rehabilitation center; PS, parenteral support of nutrition and intravenous 
fluids. Source: Matarese et al. 2014 [144]. Reproduced with permission of SAGE Publications.
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disaccharides that in turn increases intestinal secretions and 
diarrhea [147]. Fats that are rich in essential fatty acids should 
be consumed to prevent essential fatty acid deficiency in those 
patients not receiving parenteral nutrition with lipid emulsions 
[86]. In general, protein is well absorbed, and should make up 
at least 20% of the patient’s caloric intake [148].

In patients with an intact colon, the diet needs to be slightly 
lower in fat. As stated earlier, these patients can potentially 
absorb up to 1000 kcal/day through the metabolic transforma-
tion of complex carbohydrates into SCFAs by the colonic 
microbiota.

References are available at www.yamadagastro.com/textbook
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CHAPTER 115

Definition

Obesity  is  defined  as  an  excessive  amount  of  body  fat  arising 
from an excess  in energy  intake  that exceeds energy expendi-
ture. Accurate measurement of body fat requires expensive and 
sophisticated  techniques  not  readily  available  to  physicians. 
However,  body  mass  index  (BMI)  correlates  closely  with  the 
mass of adipose tissue [1] and therefore constitutes an accept-
able estimate of body fat. BMI represents an index of the rela-
tionship between height and weight (calculated as weight in kg 
divided  by  height  in  m2  or  as  weight  in  pounds  times  704 
divided  by  height  in  inches2).  It  is  used  as  a  clinical  tool  to 
identify overweight (BMI between 25 and 29.9 kg/m2) and obese 
(BMI > 30 kg/m2) patients. This BMI classification is primarily 
based on several epidemiological studies that assessed the rela-
tionship between BMI and mortality and found that men and 
women with a BMI > 30 kg/m2 are at  increased risk of health 
hazards and mortality  [2]  (Table 115.1). While BMI estimates 
total  mass  of  adipose  tissue,  central  adiposity  (also  known  as 
visceral or abdominal obesity) is practically estimated by meas-
urement of waist circumference. Central adiposity is associated 
with increased risk of heart disease, diabetes, hypertension and 
hyperlipidemia [3].

Obesity  has  particular  relevance  to  gastroenterologists 
because of the associated causality with different gastrointesti-
nal diseases. Accordingly, gastroenterologists should be knowl-
edgeable in the treatment of obesity (dietary interventions and 

pharmacological treatment) and the treatment of patients pre-
senting with complications after bariatric surgery.

Epidemiology

According  to  the  most  recent  National  Health  and  Nutrition 
Examination Survey (NHANES 2009–2010) (Table 115.2),  the 
prevalence  of  obesity  among  adults  in  the  US  was  35.7%  and  
the  prevalence  of  obese  and  overweight  was  68.7%  [5,6].  The 
number of obese adults has increased by more than 50% from 
1988 to 2010 and the number of extremely obese (BMI > 40) 
has more than doubled. Non-Hispanic blacks have the highest 
age-adjusted  rates  of  obesity  (49.5%)  compared  to  34.3%  for 
non-Hispanic whites. Mexican Americans and all Hispanics fall 
in  between  these  two  groups  at  respective  rates  of  40.4%  and 
39.1% [6]. Among men, obesity prevalence tends to be slightly 
higher at higher income levels; the opposite is seen in women 
where  higher  prevalence  of  obesity  is  seen  with  decreased 
income. Obesity prevalence tends to be similar at different edu-
cation  levels among men but  increases as education decreases 
in women [7].

More than 110 000 deaths per year are attributed to obesity 
[8]. Furthermore, due to the substantial rise  in the prevalence 
of obesity and its life threatening complications, we may experi-
ence a potential decline in life expectancy in the US in the 21st 
century [9]. The economic burden of obesity is substantial. In a 
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Table 115.1 Classification of weight by body mass index, waist 
circumference, and associated disease risk.

BMI  
(kg/m2)

Classification Disease risk*

Waist 
circumference
Men ≤ 40 in 
(≤102 cm)
Women ≤35 in 
(≤88 cm)

Waist 
circumference
>40 in 
(>102 cm)
>35 in 
(>88 cm)

<18.5 Underweight – –

18.5–24.9 Normal – –

25.0–29.9 Overweight Increased High

30.0–34.9 Obese class I High Very high

35.0–39.9 Obese class II Very high Very high

≥40 Obese class III Extremely high Extremely high

* Disease risk for type 2 diabetes, hypertension and cardiovascular 
disease, relative to normal weight and waist circumference.
Source: Adapted from World Health Organization 2000 [4]. 
Reproduced with permission from World Health Organization.

Table 115.2 Age-adjusted prevalence of overweight and obesity among US adults, age 20–74 years.

NHES 
I

NHANES 
I

NHANES 
II

NHANES 
III

NHANES NHANES NHANES NHANES NHANES NHANES

1960–
1962

1971–
1974

1976e 
1980

1988–
1994

1999–
2000

2001–
2002

2003–
2004

2005–
2006

2007–
2008

2009–
2010

Overweight 31.5 32.3 32.1 32.7 33.6 34.4 33.4 32.2 33.6 32.7

Obese 13.4 14.5 15.0 23.2 30.9 31.3 32.9 35.1 34.3 36.1

Source: From CDC website accessed on 5/18/13: http://www.cdc.gov/nchs/data/hestat/obesity_adult_09_10/obesity_adult_09_10.htm.

study  looking  at  the  annual  medical  spending  attributable  to 
obesity, it was estimated that the per capita medical spending is 
$1429 higher for the obese per year, when compared to someone 
of normal weight, and that the annual medical spending could 
be as high as $147 billion per year (in 2008 dollars) [10].

Results from the 2008–2008 NHANES show that 17% of US 
children  and  adolescents  aged  2  to  19  are  obese.  Since  1980, 
prevalence of obesity in this group has almost tripled [11].

According  to  the  World  Health  Organization  (WHO),  the 
worldwide  prevalence  of  overweight  and  obesity  was  35%  in 
2008. Obesity prevalence nearly doubled  in 20 years:  in 1980, 
5% of men and 8% of women worldwide were obese compared 
to 10% of men and 14% of women in 2008. The prevalence of 
overweight and obesity were the highest in the WHO Regions 
of the Americas and lowest in South East Asia. There is a clear 
correlation between income level and prevalence of overweight 
and  obesity  worldwide:  countries  with  lower  middle  income 

levels have rates of obesity of around 7% whereas upper middle 
income countries are at 24% [12].

Pathogenesis

Multiple etiologic factors have been associated with the devel-
opment of obesity ranging from genetic, prenatal, and environ-
mental  to  neuroendocrine,  iatrogenic,  and  possibly  infectious 
etiologies.

The importance of genetic factors in human obesity has been 
demonstrated  in  studies  of  twins,  adoptees  and  families.  The 
degree  of  heritability  of  obesity  in  twins  is  high  and  is  only 
slightly lower in twins raised apart. Studies in adoptees showed 
that BMI correlates with their biologic parents BMI rather than 
that of their adoptive parents. Obesity is encountered in several 
rare  genetic  disorders  such  as  Prader  Willi  and  Bardet–Biedl 
syndromes. More than 300 other genes associated with the more 
common forms of obesity have been detected [13]. A prevailing 
hypothesis  is  that  environmental  and  genetic  factors  interact 
and result in the development of excess adipose tissue leading 
to overweight and obesity. Intrauterine exposure to diabetes and 
smoking  increases  the  risk of obesity  in  the offspring  [14,15]. 
Longer  duration  of  breast  feeding  was  found  to  be  associated 
with reduction in risk of overweight later in life [16]. Sedentary 
behaviors and low physical activity levels are strongly related to 
weight  gain  in  both  men  and  women  and  seem  to  be  more 
important than increased food intake in causing obesity [17,18]. 
Dietary factors, especially the quantity of energy intake and the 
composition  of  the  diet,  are  responsible,  in  part,  of  the  rising 
prevalence  of  obesity  [19].  Over  the  past  few  decades,  the 
increase  in  portions  size  and  the  availability  of  cheap  more 
palatable energy dense foods has resulted in a dramatic increase 
in calorie intake. Neuroendocrine disorders may be associated 
with  the  development  of  obesity.  These  include  hypothalamic 
obesity,  hypothyroidism,  Cushing  syndrome,  and  polycystic 
ovary syndrome. A number of drugs such as some antiepileptic, 
antipsychotic, antidepressant, antidiabetic and hormonal agents 
can  induce  weight  gain.  Infectious  agents  such  as  adenovirus 
appear to be associated with obesity in animal models [20] but 
it remains unclear if they play a role in human obesity.
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order  to  control  energy  intake  and  expenditure  and  maintain 
energy homeostasis over long periods of time.

Gastrointestinal hormones and food intake
The gastrointestinal neuroendocrine system plays a substantial 
role in regulating food intake and maintaining energy homeos-
tasis. Specialized enteroendocrine cells contain chemoreceptors 
sensitive  to  nutrients  present  in  the  chyme  as  it  progresses 
through  the  GI  tract  [23].  In  response  to  different  classes  of 
nutrients,  the  enteroendocrine  cells  secrete  peptides  that  act 
either as hormones by entering  the bloodstream or  in a para-
crine fashion by diffusing through the extracellular fluid to adja-
cent  cells.  Most  of  these  peptides  stimulate  satiety  with  the 
exception of ghrelin which has an orexigenic effect.

Concept of energy homeostasis
Fat is the primary form of energy storage. According to the first 
law of  thermodynamics,  the amount of stored energy  is equal 
to the difference between energy intake and energy expenditure. 
This  law  applies  to  any  biologic  system,  including  the  human 
body.  Weight  gain  results  from  an  imbalance  in  homeostatic 
mechanisms that, in normal conditions, maintain the difference 
between  intake  and  expenditure  close  to  zero.  A  very  small 
imbalance over a long period of time can have a large cumula-
tive  effect.  In  order  to  keep  a  perfect  balance  between  energy 
intake and expenditure, homeostatic mechanisms rely on neural 
signals that emanate from adipose tissue, endocrine, neurologi-
cal and gastrointestinal systems and are integrated by the central 
nervous system (CNS) [21,22] (Figure 115.1). The CNS subse-
quently  sends  signals  to  multiple  organs  in  the  periphery  in 

Figure 115.1 Pathways of regulation of food intake. Representation of potential action of gut peptides on the hypothalamus. Primary neurons in the 
arcuate nucleus contain multiple peptide neuromodulators. Appetite-inhibiting neurons (dark green) contain proopiomelanocortin (POMC) peptides 
such as α melanocyte-stimulating hormone (αMSH), which acts on melanocortin receptors (MC3 and MC4) and cocaine- and amphetamine-
stimulated transcript peptide (CART), whose receptor is unknown. Appetite-stimulating neurons in the arcuate nucleus (medium green) contain 
neuropeptide Y (NPY), which acts on Y receptors (Y1 and Y5), and agouti-related peptide (AgRP), which is an antagonist of MC3/4 receptor activity. 
Integration of peripheral signals within the brain involves interplay between the hypothalamus and hindbrain structures including the nucleus of the 
tractus solitarius (NTS), which receives vagal afferent inputs. Inputs from the cortex, amygdala, and brainstem nuclei are integrated as well, with 
resultant effects on meal size and frequency, gut handling of ingested food, and energy expenditure.
→, direct stimulatory; ┤, direct inhibitory; CCK, cholecystokinin; GLP-1, glucagon-like peptide-1; OXM, oxyntomodulin; PP, pancreatic polypeptide; 
PYY, peptide tyrosine tyrosine. Source:  Adapted from Badman and Flier 2005 [22]. Reproduced with permission from American Association for the 
Advancement of Science.
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decrease  in meal  size after systemic administration of Amylin 
[38,39].  Pramlintide,  an  amylin  analog,  has  been  shown  to 
induce weight loss in diabetic patients [40].

Leptin
Leptin is an adipocyte-derived factor that plays a dominant role 
in the central regulation of food intake and energy balance by 
signaling  adipose  energy  reserve  to  the  brain  [41].  Leptin  is 
secreted  by  subcutaneous  adipose  tissue  in  response  to  fat 
storage or overfeeding. Leptin is also produced in extra-adipose 
sites such as placenta, skeletal muscle and stomach. Up to 25% 
of circulating leptin derives from fundic glands in the stomach 
[42].  Leptin  has  the  ability  to  reduce  food  intake  and  body 
weight [43] by suppressing expression of NPY, a potent appetite 
stimulatory  peptide,  and  increasing  the  expression  of  α-MSH 
which  acts  to  decrease  appetite  (Figure  115.1).  In  contrast, 
leptin deficiency reduces energy expenditure [22]. The effects of 
gastric  leptin  are  probably  similar  to  the  adipocyte-derived 
leptin  [43].  Although  total  leptin  deficiency  is  responsible  for 
the obesity seen in the Ob/Ob mouse [22], the majority of obese 
humans  actually  have  elevated  leptin  levels  [44]  suggesting  a 
decrease in end-organ response to the peptide.

Ghrelin
Unlike the satiety hormones discussed so far, ghrelin is an orexi-
genic  or  “appetite”  hormone  that  stimulates  hunger  [45].  It  is 
primarily synthesized and secreted from the fundic area in the 
stomach  but  can  also  be  produced  by  cells  in  the  duodenum, 
ileum,  cecum,  and  colon.  Plasma  levels  of  ghrelin  rise  during 
fasting,  peak  (to  double  the  baseline  concentration)  immedi-
ately before meals and fall rapidly after a meal, suggesting a role 
in meal initiation [46]. The role of ghrelin in obesity in not clear 
since  ghrelin  activity  tends  to  be  low  in  obese  humans,  only 
increasing after dietary weight loss [47].

Clinical presentation

History taking should be the first step in the evaluation of the 
obese  patient.  A  family  history  and  a  review  of  the  patient’s 
lifestyle  including  eating  habits  and  physical  activity  may 
provide  helpful  information  as  to  why  the  patient  is  obese. 
Eating  disorders  are  a  relative  contraindication  for  the  treat-
ment of obesity and require  the  intervention of a  specialist  in 
the  area.  Binge  eating  is  reported  more  frequently  in  women 
with  higher  BMI  [48].  Information  about  the  age  at  onset  of 
obesity, recent weight changes, previous attempts of weight loss 
with  details  of  the  modalities  followed  and  family  history  of 
obesity  is  important  to  obtain.  The  clinician  should  inquire 
about use of drugs that can promote weight gain such as steroid 
hormones  (glucocorticoids,  progesterone),  neurotropic  and 
psychotropic medications  (lithium, antidepressants, phenothi-
azines)  and  antidiabetic  medications  (sulfonylureas,  insulin, 
thiazolidinedione); alternatives should be offered. A review of 

Cholecystokinin
Cholecystokinin  (CCK)  is  the  prototypical  satiety  hormone, 
produced by I cells in the duodenum and jejunum (see Chapter 
13). It is secreted in response to the presence of nutrients within 
the  gut  lumen,  specifically  fat  and  protein  [24].  The  satiating 
effect  of  CCK  is  mediated  by  the  vagus  nerve.  The  activated 
vagus in turn stimulates cells in the brainstem (nucleus tractus 
solitarius)  leading  to  signals  to  other  areas  of  the  brain  (par-
aventricular  nucleus  and  ventromedial  hypothalamus)  that 
cause the individual to stop eating [25]. CCK also has endocrine 
effects on the gastrointestinal system and the CNS which may 
be  important  in  stimulating  satiety. These  include contraction 
of the pylorus, inhibition of gastric emptying and possibly direct 
binding  to CCK receptors  in  the area postrema at  the base of 
the fourth ventricle [26].

Peptide tyrosine tyrosine, pancreatic polypeptide
Peptide  tyrosine  tyrosine  (PYY),  pancreatic  polypeptide  (PP) 
and neuropeptide Y  (NPY) are all members of  the pancreatic 
polypeptide family. NPY, a potent short-term stimulus of appe-
tite, is released from NPY neurons in the arcuate nucleus (Figure 
115.1). PYY is secreted by L cells in the distal ileum and colon 
and is present in two forms, PYY (1-36) and PYY (3-36). PYY 
release  from  the  gastrointestinal  tract  is  proportional  to  the 
caloric  density  of  the  ingested  nutrients,  primarily  lipids  and 
carbohydrates  [27].  When  administered  peripherally,  PYY 
(3-36)  has  been  shown  to  reduce  food  intake  in  rodents,  pri-
mates and  in normal weight and obese humans [28,29]. PP  is 
secreted from specific pancreatic islet cells in response to a meal. 
Several  reports  have  shown  a  reduction  in  food  intake  after 
peripheral administration of PP [30,31] (Figure 115.1).

Glucagon-like peptide-1 and oxyntomodulin
Glucagon-like peptide-1 (GLP-1) is derived from the posttrans-
lational modification of proglucagon in the enteroendocrine L 
cells in the ileum and colon. The secretion of GLP-1 results from 
direct nutrient stimulation  in the distal small  intestine as well 
as indirect neurohumoral stimulation in proximal regions of the 
small intestine [32]. A major action of GLP-1 is to help stimulate 
insulin  secretion  during  a  meal.  GLP-1  also  has  an  anorectic 
effect  in healthy [33], diabetic  [34] and obese human subjects 
[35]. The peripheral administration of GLP-1 is thought to elicit 
satiety  by  its  inhibitory  effects  on  gastrointestinal  transit  and 
reduced gastric emptying [36].

Oxyntomodulin (OXM) is another peptide derived from pro-
glucagon’s posttranslational processing in L cells. OXM is also 
an anorectic peptide and reduces caloric intake in humans. Part 
of  its  anorectic  effect  may  result  from  suppression  of  plasma 
ghrelin levels [37].

Amylin
Amylin  is  a  peptide  secreted  by  pancreatic  B  cells  in  parallel 
with insulin secretion during meals. The peptide inhibits gastric 
emptying and gastric acid secretion. Several  reports  showed a 
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Cushing’s syndrome. Hyperinsulinemia which is typically asso-
ciated with obesity  can be manifested by acanthosis nigricans 
around  the  neck  and  axilla.  Laboratory  evaluation  should 
screen  for  complications  of  obesity  and  associated  conditions 
such as nonalcoholic steatohepatitis, type 2 diabetes and hyper-
lipidemia not necessarily detected on physical exam. Thyroid-
stimulating  hormone  (TSH)  level  should  be  measured  to  rule 
out hypothyroidism.

Complications

Over  the past  several years,  the obesity  epidemic has  resulted 
in a rapid increase in the prevalence of the metabolic syndrome. 
The  metabolic  syndrome  is  defined  as  the  constellation  of 
insulin  resistance  (manifested  by  type  2  diabetes  or  glucose 
intolerance), visceral adiposity (resulting in abdominal obesity 
and increased waist circumference), hypertension and dyslipi-
demia [50]. One of  the direct consequences of metabolic syn-
drome and obesity is an increase in the prevalence of diabetes, 
hypertension  and  dyslipidemia  leading  to  two-  to  threefold 
increase  in  cardiovascular  disease  [50,51]  (Figure  115.2).  The 
incidence  of  osteoarthritis  is  significantly  increased  in  over-
weight  individuals.  This  is  due  in  part  to  trauma  from  excess 
body weight on weight bearing joints such as knees and ankles. 
Osteoarthritis occurs  in nonweight bearing  joints as well  sug-
gesting  an  effect  of  obesity  on  bones  and  joints  independent 
of weight-bearing. Obesity is a risk factor for the development 
of  obstructive  sleep  apnea.  This  association  is  thought  to  be 
due to increased neck circumference and excess fat in the pha-
ryngeal  area.

systems  should  look  for  symptoms  of  secondary  causes  of 
obesity such as hypothyroidism, Cushing’s syndrome and poly-
cystic  ovarian  syndrome.  Attention  should  be  directed  to 
medical conditions associated with obesity like diabetes, hyper-
lipidemia,  hypertension,  coronary  artery  disease  and  osteoar-
thritis. The physician should solicit symptoms and look for signs 
of  sleep  apnea  (loud  snoring,  daytime  fatigue,  and  morning 
headaches) and the patient referred accordingly. From the gas-
troenterologist  perspective,  a  search  for  symptoms  related  to 
gastrointestinal complications of obesity should be undertaken. 
Those can range from conditions such as gallstones and gastro-
esophageal reflux disease (GERD) to more serious cases of cir-
rhosis or malignancies.

Physical examination should start with the measurement of 
the height, weight, and calculation of BMI to categorize the risk 
and severity of obesity. Clinical judgment is necessary in assess-
ing  a  very  muscular  patient  since  BMI  may  overestimate  the 
degree of fatness. The excess body fat in obese persons may be 
distributed in an android or gynecoid pattern. Measurement of 
the  patient’s  waist  circumference  is  important  to  assess  the 
abdominal distribution of adipose tissue which by itself is asso-
ciated  with  an  increased  risk  of  medical  complications  [49]. 
Women  and  men  with  a  waist  circumference  greater  than  35 
inches (88 cm) and 40 inches (102 cm) respectively are consid-
ered  at  increased  risk  for  diabetes  and  other  complications  of 
obesity  independent  of  their  BMI.  Blood  pressure  should  be 
checked with an appropriately sized cuff. Other key features in 
the clinical assessment  include  looking  for  signs of  secondary 
causes of obesity and conditions that are caused by obesity. Par-
ticular  attention  should  be  given  to  the  examination  of  the 
thyroid gland and the search  for signs of hypothyroidism and 

Figure 115.2 Metabolic syndrome.
ASCVD, Atherosclerotic cardiovascular disease; NASH, nonalcoholic steatohepatitis; OSAS, obstructive sleep apnea syndrome, PCOS, polycystic ovaries 
syndrome; T2DM, type 2 diabetes mellitus. Source:  Adapted from Richardson and Vinik 2005 [50]. Reproduced with permission from Elsevier.
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metaanalysis estimated that obese subjects have a 20% increase 
in the risk of developing pancreatic cancer when compared to 
people with a normal body weight [72].

Liver disease
Liver  damage  can  be  increased  when  liver  disease  of  various 
etiologies occurs in the setting of obesity. This has been shown 
in chronic hepatitis C, alcoholic liver disease, and toxin induced 
liver  disease  [73,74].  The  most  common  liver  abnormality 
directly associated with obesity is nonalcoholic fatty liver disease 
(NAFLD).  Several  studies  have  demonstrated  a  strong  link 
between obesity and NAFLD. There is an increase in prevalence 
of NAFLD with  increased BMI  in both genders and all  races. 
Liver  biopsies  from  morbidly  obese  individuals  performed  at 
the  time  of  bariatric  surgeries  demonstrated  NAFLD  in  over 
80% of the cases [75]. NAFLD comprises a spectrum of condi-
tions that range from steatosis to cirrhosis. Nonalcoholic stea-
tohepatitis  (NASH)  is  an  intermediate  stage  in  this  spectrum 
characterized by hepatocyte injury and death accompanied by 
infiltration of acute and chronic inflammatory cells. NAFLD is 
the hepatic consequence of insulin resistance and the associated 
metabolic syndrome that  leads to a relative overproduction of 
proinflammatory mediators [76]. It has also been suggested that 
hyperleptinemia  plays  a  role  in  the  occurrence  of  fibrosis  by 
activating hepatic stellate cells (the source of hepatic collagen) 
[77].  NAFLD  is  usually  diagnosed  when  patients  are  referred 
for evaluation of abnormal liver enzymes or when fatty infiltra-
tion  is  detected  on  abdominal  imaging  study  done  for  other 
reasons. Serum AST, ALT, and GGT are usually only modestly 
elevated, typically less than fourfold and the degree of increases 
do  not  correlate  with  the  severity  of  the  condition.  The  main 
strategy for treatment of NAFLD is the improvement of insulin 
sensitivity which can be achieved by dietary modifications and 
by pharmacological treatment.

Colon disease
Several cohort and case-control studies have looked at the asso-
ciation  between  obesity  and  colorectal  cancer  and  a  positive 
association has been found especially in men, with a 30%–70% 
increased risk [61,78,79].The association was found to be weaker 
in  women,  especially  older  aged  and  postmenopausal  women 
[80].  The  risk  of  colon  polyps  is  increased  about  twofold  in 
obese individuals [61,81] and appears to be higher in men than 
women.

Irritable bowel syndrome
Gastrointestinal motility  is regulated by some of  the same gut 
peptides  involved  in  feeding  behaviors.  However,  few  studies 
have  examined  the  association  between  irritable  bowel  syn-
drome (IBS) and obesity. One study demonstrated a significant 
increase in some IBS symptoms (constipation, diarrhea, strain-
ing, and flatus) in obese patients and another showed a threefold 
increase in the risk of IBS with obesity [82]. Further studies are 
needed to confirm this association.

Gastrointestinal complications
Esophageal disease
The  prevalence  of  GERD  and  GERD  related  complications,  
particularly  erosive  esophagitis,  Barrett’s  esophagus,  and 
esophageal adenocarcinoma has been increasing over  the past 
20  years  [52].  Several  reports  link  this  increase  to  the  obesity 
epidemic. The association between reflux symptoms and obesity 
has  been  examined  in  several  cross-sectional  studies.  Most  of 
these studies showed a significant positive association [53–55] 
with  an  increased  risk  ranging  from  1.5-  to  3-fold  in  obese 
subjects  whereas  other  studies  showed  no  significant  link 
[56,57]. The association between obesity and erosive esophagitis 
has been examined in multiple case-control, cross-sectional and 
cohort  studies  [58–61]:  most  reports  have  shown  a  positive 
association with adjusted odds ratios ranging from 1 to 2.1  in 
overweight and 1.6 to 14.6 in obese patients.

The  incidence of esophageal adenocarcinoma has  increased 
in  parallel  to  that  of  obesity  in  the  past  15  years  prompting 
several studies that have assessed a potential association between 
them [61–63]. Estimates from pooled studies showed 2.1 times 
increase  in  the  overall  risk  of  esophageal  adenocarcinoma  in 
patients  with  BMI  greater  than  25  compared  to  subjects  with 
normal BMI [61]. A recent study showed that among patients 
with Barrett’s  esophagus  increased  levels of  leptin and  insulin 
resistance  are  associated  with  increased  risk  for  esophageal 
adenocarcinoma,  whereas  increased  expression  of  high-
molecular-weight  adiponectin  is  associated  inversely  with 
esophageal adenocarcinoma [64].

Gallbladder disease
Obesity is an important risk factor for gallbladder disease. Data 
from  the  Nurses  Health  Study  demonstrated  that  the  risk  for 
symptomatic gallstones increases linearly with BMI. A twofold 
and a sevenfold increase in risk for symptomatic gallstones was 
noted in women with BMI > 30 and BMI > 45 respectively [65]. 
Several other epidemiological studies have found the same posi-
tive association between BMI and the risk of gallstones [66,67]. 
The  mechanism  of  gallstone  formation  in  obese  individuals 
involves  an  increase  in  cholesterol  saturation  index  and  a 
decreased response to cholecystokinin [68]. The risk of gallblad-
der cancer increases with gallstones, hence obesity increases this 
risk as well [69].

Pancreatic disease
The  increased  risk  of  pancreatitis  in  obesity  is  thought  to  be 
explained by the increased risk of cholelithiasis. Acute pancrea-
titis is more severe in overweight and obese subjects [70]. There 
is  an  increase  in  the  incidence  of  infectious  complications  as 
well as length of hospitalization in obese individuals with acute 
pancreatitis.

Obesity has also been associated with pancreatic cancer but 
it has been difficult to determine if this association is direct or 
secondary  to  the  association  of  obesity  to  diabetes,  the  latter 
being  an  established  risk  factor  for  pancreatic  cancer  [71].  A 
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weight  loss  should  be  put  in  place  through  a  weight  mainte-
nance program involving dietary and behavioral therapy along 
with physical activity.

Lifestyle modifications
Dietary interventions
In order to induce weight loss, a calorie deficit must be achieved. 
Balanced  diets  should  contain  a  minimum  of  1000 kcal  to 
1200 kcal per day and provide adequate amounts of all essential 
nutrients. An average loss of 500 kcal per day should produce a 
weight  loss  of  about  1  pound  weekly.  However,  an  important 
factor to take into consideration is that the reduction in energy 
expenditure induced by weight loss makes achieving and main-
taining weight loss difficult [84]. There is evidence that weight 
loss of 5% to 15% of initial weight is enough to reduce the risks 
of  dyslipidemia,  diabetes  and  hypertension  associated  with 
obesity [85].

The role of dietary fat in the development of obesity has been 
studied extensively. Almost all dietary guidelines recommend a 
reduction in the daily intake of fat to 30% of energy intake or 
less  regardless  of  weight  status.  On  the  other  hand,  despite  a 
decrease in consumption of fat in the past 30 years, the rate of 
obesity has risen to an all-time high [86]. This shows that reduc-
ing  the  percentage  of  fat  alone  will  not  produce  weight  loss 
unless  combined  with  a  reduction  of  total  calories.  A  recent 
metaanalysis  looking  at  trials  comparing  low  versus  usual  fat 
intake  showed  that  lower  fat  intake  leads  to  a  significant  and 
clinically meaningful reduction in body weight [87].

The  popularity  of  low-carbohydrate  diets  (Atkins,  Sugar 
Busters,  Zone,  South  Beach)  has  been  increasing  in  the  past 
recent  years.  These  diets  result  in  a  rapid  initial  weight  loss 
explained  by  sodium  diuresis  secondary  to  ketosis  caused  
by  glycogen  mobilization  in  the  presence  of  carbohydrate 
restriction.  A  cohort  study  looking  at  the  association  of  low 

Treatment of obesity

Treatment guidelines
Determination of BMI and waist circumference and the search 
for  comorbid  conditions  (such  as  cardiovascular  risk  factors) 
helps in assessing the degree of overweight and the overall risk 
status. It is next essential to assess how motivated the patient is 
to lose weight and their degree of understanding of obesity as a 
disease, its causes, its consequences, and treatment options. It is 
important to discuss any previous unsuccessful treatments and 
the reasons for failure of those treatments [83] (Box 115.1).

The initial goal of the treatment is a 10% reduction of body 
weight  from  baseline.  A  reasonable  time  line  to  achieve  this 
reduction  is  6  months  of  therapy.  Further  weight  loss  can  be 
attempted  later  if  indicated  [83].  Depending  on  the  degree  of 
overweight  and  the  overall  risk  status  of  the  patient,  different 
modalities  are  available  to  the  clinician  to  achieve  the  weight 
loss target. These include lifestyle modifications (dietary inter-
ventions and physical activity), pharmacotherapy and surgical 
interventions  (Table  115.3).  Efforts  to  maintain  the  achieved 

Table 115.3 Treatment options.

Treatment 25–26.9 27–29.9 30–35 35–39.9 ≥40

Diet, exercise, 
behavior therapy

+
(With comorbidities)
±
(Without comorbodities)*

+
(With comorbidities)
±
(Without comorbodities)*

+ + +

Pharmacotherapy − −
(Without comorbodities)
+
(With comorbidities)

+ + +

Surgery − − − −
(Without comorbodities)
+
(With comorbidities)

+

* Note: While weight loss is not necessarily recommended for those with a BMI of 25 to 29.9 kg/m2 unless they have two or more comorbidities [83], 
motivated subjects should be offered lifestyle therapy.
Source: National Heart, Lung, and Blood Institute 2000 [83].

Box 115.1 Assessment and treatment of the overweight and obese 
patient.

Calculate body mass index and measure waist circumference
Look for causes of weight gain, including medications
Assess and treat comorbidities
Assess patient motivation to lose weight and discuss any previous 

unsuccessful attempt to lose weight:
if motivated, set reasonable weight loss goal and discuss the 

options
if not motivated, urge weight maintenance and manage 

comorbidities
Develop a treatment plan based on Table 115.3
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positive reinforcement and social support. Self-monitoring con-
sists of recording dietary habits (types, amounts, caloric values, 
nutrient  composition)  and  physical  activity  habits  (frequency, 
intensity). Stress management through coping strategies, medi-
tation and relaxation  techniques can defuse  situations  leading 
to  overeating.  Stimulus  control  includes  avoiding  stimuli  that 
may  encourage  eating  and  situations  associated  with  little 
amount of exercise. Positive reinforcement through the use of 
rewards for specific actions encourages behavior change. Social 
support  (family  members,  friends)  can  assist  in  maintaining 
motivation and providing positive reinforcement [83].

Pharmacotherapy
Antiobesity drugs are indicated as adjuncts to diet and physical 
activity for patients with BMI ≥ 30  in the absence of obesity-
related risk factors or diseases, and for patients with BMI ≥ 27 
in the presence of such conditions [83]. Usually drugs are used 
after  nonpharmacological  treatment  has  been  attempted  for  6 
months  and  results  in  unsatisfactory  weight  loss  (less  than  1 
pound per month). A new era for pharmacotherapy for obesity 
began  in  the  1990s  when  Weintraub  and  colleagures  showed 
that  the  combination  phentermine-fenfluramine  (Phen-fen) 
induces  a  sustained  weight  loss  for  more  than  3  years  [94]. 
Fenfluramine was subsequently withdrawn from the market due 
to  an  association  with  valvular  heart  disease  and  pulmonary 
hypertension.  Sibutramine,  a  serotonin  and  norepinephrine 
reuptake inhibitor and a weak dopamine reuptake inhibitor, was 
approved in the United States for the treatment of obesity until 
October 2010 when the Food and Drug Administration (FDA) 
recommended against using it due to unnecessary cardiovascu-
lar risks to patients. Currently, Orlistat, lorcaserin and the com-
bination  phentermine-topiramate  are  the  only  medications 
approved in the United States for long-term use. Several others 
including phentermine are approved for short-term use but are 
often  used  off  label  for  longer  periods  of  time  (Table  115.4). 
Studies  are  underway  regarding  new  promising  antiobesity 
agents. Other drugs approved for indications other than obesity 
have been shown to induce some weight loss.

Orlistat
Orlistat (Xenical) alters fat metabolism by inhibiting pancreatic 
lipase. As a result, ingested fat is not completely digested. Taken 
with meal, Orlistat can inhibit the absorption of up to 30% of 
ingested fat [95]. Clinical trials demonstrated that Orlistat treat-
ment  in  conjunction  with  nutritional  counseling  results  in 
weight loss of 8% to 10% at 1 year compared to 6% with placebo 
[96,97]. Extension of the treatment to 2 years results in weight 
regain of approximately one third of the initial weight loss (com-
pared with regain of two thirds with placebo) [96,97]. The use 
of  orlistat  is  associated  with  gastrointestinal  side  effects  that 
include flatulence, steatorrhea, increased stool frequency, fecal 
incontinence and oily rectal discharge [98]. Malabsorption can 
be associated with a deficiency in fat soluble vitamins A, D, E, 
and  K.  Patients  on  orlistat  should  receive  a  daily  supplement 

carbohydrates  diets  and  mortality  showed  a  higher  all-cause 
mortality when fat and protein were from animal sources and a 
lower all-cause mortality and cardiovascular disease mortality 
when they were from vegetable sources [88].

Very-low-calorie  diets  are  diets  that  provide  500 kcal  to 
800 kcal  per  day.  Despite  an  impressive  short-term  success, 
these diets provide no greater weight loss at 1 year than do low-
calorie diets (1000 kcal to 1500 kcal per day) [89,90].

Portion-controlled,  vitamin/mineral  fortified  meal  replace-
ments have been increasingly used as part of low-calorie diets. 
These  diets  using  meal  replacements  are  marketed  now  by 
several manufacturers and used as components in several large 
scale clinical trials. A metaanalysis of trials utilizing these diets 
showed significant weight loss (7% to 8% of body weight) at 3 
months and 1 year [91].

Several  epidemiological  studies  looked  at  the  magnitude  of 
weight loss with the different types of diets discussed above. A 
randomized  trial  comparing  four  different  diets  (very  low-
carbohydrate (Atkins); macronutrient balance controlling glyc-
emic  load  (Zone);  calorie  restriction  (Weight  Watchers);  very 
low-fat (Ornish)) with a design intended to simulate their use 
in a real-world setting [92]. A trend toward higher dropout rates 
was noted after 1 year with the very low-carbohydrate and very 
low-fat diets than with the more moderate diets. Average weight 
loss at 1 year was approximately 4–7 kg (in those who completed 
the  study),  and  was  similar  among  the  four  diets.  In  the 
intention-to-treat analysis, mean weight loss was similar for all 
four diets and was more modest (2.1–3.3 kg). Dietary adherence 
rates were low with all diets and were more important predictors 
of weight  loss. This study  illustrates  the difficulty of achieving 
significant  weight  loss  with  dietary  therapy  in  a  real-world 
setting.

Physical activity
Physical  activity  is  a  key  component  of  any  long-term  weight 
loss therapy and weight maintenance program. Physical activity 
modestly  contributes  to  weight  loss  in  overweight  and  obese 
adults. It may also decrease abdominal fat and it increases car-
diorespiratory  fitness  [83].  The  combination  of  a  low-calorie 
diet and increased physical activity produces greater weight loss 
than diet alone or physical activity alone. Adults should accu-
mulate at least 30 minutes of moderate intensity physical activ-
ity on most days of the week if their overall health status permits.

Behavior therapy
The role of behavior therapy is to alter eating and activity habits 
of an obese patient and overcome barriers to compliance with 
dietary therapy and increased activity [83]. It can be achieved 
either  on  an  individual  basis  or  in  group  settings  (the  latter 
being  less  expensive).  Behavior  therapy  can  produce  a  weight 
loss in the range of 10% of baseline weight over 4 months to 1 
year [83,93] but most patients return to baseline weights in the 
absence of continued intervention. Specific behavioral strategies 
include  self-monitoring,  stress  management,  stimulus  control, 
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FDA  for  short-term  use  in  the  treatment  of  obesity  include 
diethylpropion,  phendimetrazine  and  benzphetamine  [105]. 
Studies using this class of medications demonstrated up to 10 kg 
weight loss when compared to placebo [105].

Drugs approved for other indications
Bupropion,  a  psychotropic  agent  used  in  the  treatment  of 
depression, is associated with a modest weight loss in the range 
of  4%  to  5%  when  compared  to  placebo  [106].  Similarly,  the 
antidiabetic agent metformin has been associated with weight 
loss  in  the  range  of  4%  of  the  initial  body  weight  over  1  to  2 
years  [98].  Topiramate  and  zonisamide,  both  anticonvulsant 
drugs have been shown to induce some weight loss (up to 6% 
of the initial body weight with zonisamide) [98].

Over-the-counter products
Over-the-counter dietary supplements are widely used by indi-
viduals  attempting  to  lose  weight.  Such  supplements  include 
ephedra  (no  longer  available  in  the  United  States  to  treat 
obesity), green tea, chromium, chitosan, ginseng and guar gum. 
The  use  of  these  agents  should  be  discouraged  due  to  lack  of 
evidence of efficacy and potential safety concerns [107].

Surgical therapy
Bariatric surgery is indicated for carefully selected patients with 
clinically severe obesity (BMI ≥ 40 or BMI ≥ 35 with comorbid 
conditions)  when  less  invasive  methods  of  weight  loss  have 
failed  [83].  To  be  considered  effective,  a  bariatric  procedure 
should result in a sustained excess weight loss of more than 50% 
and resolution of comorbid conditions. Metaanalyses looking at 
outcomes  in  patients  undergoing  bariatric  surgery  showed 
reduction in both morbidity and mortality [108,109].

Bariatric surgeries can be divided into two varieties, malab-
sorptive and restrictive depending on the mechanism by which 
weight  loss  is  induced.  Malabsorptive  procedures  include 

containing these vitamins given at least 2 hours before or after 
each dose of orlistat [98]. Furthermore, vitamin D levels should 
be  measured  before  and  periodically  during  orlistat  therapy 
[98].  Few  cases  of  orlistat-induced  severe  hepatotoxiciy  and 
hepatic failure have been reported [99,100].

Lorcaserin
Lorcaserin  was  recently  approved  for  use  as  an  adjunct  to 
reduced-calorie diet and exercise in patients who are obese or 
overweight with at least one comorbity. It is a selective agonist 
of the serotonin 2C receptor. It induces weight loss by reducing 
appetite. Its efficacy appears to be similar to that of orlistat [101]. 
Side effects include headache, nausea, upper respiratory infec-
tions.  There  is  no  significant  increase  in  the  incidence  of 
serotonin-associated valvulopathy [101,102].

Phentermine-topiramate
This  combination  drug  was  also  recently  approved  for  use  in 
obese  and  overweight  patients  with  at  least  one  comorbidity. 
The mean weight loss after 1 year on this drug was 8% to 10% 
of baseline body weight compared to 1.8% weight loss with the 
use of placebo [103]. Dry mouth, constipation and paresthesia 
were the most commonly encountered side effects. This drug is 
contraindicated in pregnancy due to risk of orofacial clefts. Phy-
sicians who prescribe  this medication should be enrolled  in a 
program that includes formal training detailing safety informa-
tion [104].

Phentermine
Phentermine is an adrenergic reuptake inhibitor that works as 
an appetite suppressant. It is approved for use over 12 weeks or 
less.  Because  phentermine  is  an  adrenergic  agonist,  it  can  be 
associated with tachycardia and hypertension. A weight loss of 
four pounds over 4 weeks is considered an acceptable therapeu-
tic response [98]. Other noradrenergic agents approved by the 

Table 115.4 Weight loss agents currently approved by Food and Drug Administration (FDA).

Agent Mechanism of action Dose Side effects Notes

Orlistat Lipase inhibitor 120 mg tid (prescription dose)
60 mg tid (Over the counter 
dose)

Fat soluble vitamin deficiency, 
fecal discharge, oily stool, 
flatulence, steatorrhea

Measure Vitamin D level 
periodically
Take vitamin supplement 
2 hours before or after 
medication

Lorcaserin Selective serotonin 5 H2C 
agonist, appetite reduction

10 mg bid Nausea, headache, fatigue, 
upper respiratory infections

Caution with 
serotonergic drugs

Phentermine/
Topiramate

Arenergic agent 
(Phentermine)/ Appetite 
suppression (topiramate)

Start 3.75/23 mg daily for 14 
days then increase to 
7.5/46 mg daily. Maximal dose: 
15/92 mg daily

Tachycardia, hypertension, 
paresthesias, altered taste, 
dizziness, birth defects

Contraindicated in 
pregnant women or 
women trying to 
become pregnant

Phentermine Adrenergic agent 15–37.5 mg/day Tachycardia, hypertension, 
dry mouth

Monitor blood pressure 
and pulse

t.i.d., three times daily.
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RYGB  is  accomplished  by  creating  a  small  15 mL  to  20 mL 
gastric  pouch  and  a  Roux-en-Y  gastrojejunostomy  (Figure 
115.3a),  hence  restricting  food  intake  and  at  the  same  time 
inducing some malabsorption by bypassing the distal stomach, 
the duodenum and a variable  length of  jejunum. RYGB is  the 
most commonly performed procedure in the US. More weight 
loss is achieved with this procedure than with VBG [112,113]. 
On average, 50% to 75% of excess weight loss is achieved after 
1 to 2 years [114]. Complications of the gastric bypass procedure 
include stomal stenosis, marginal ulcers, staple line disruption, 
dilation  of  the  bypassed  stomach,  internal  hernias,  dumping 
syndrome  and  malabsorption  of  nutrients.  RYGB  can  be  per-
formed laparoscopically and results in similar sustained weight 
loss  compared  to  the  open  approach  [95].  Advantages  of  the 
laparoscopic  approach  include  lower  incidence  of  incisional 
hernia and wound infection, faster recovery and shorter hospi-
tal stay [114,115].

jejunoileal bypass, biliopancreatic diversion and biliopancreatic 
diversion with duodenal switch. These procedures induce weight 
loss by shortening the length of functional small bowel segment. 
Profound weight loss can be achieved with these malabsorptive 
procedures  but  significant  metabolic  abnormalities  occur 
including protein calorie malnutrition and various macronutri-
ent  deficiencies  [110].  Due  to  these  dangerous  consequences, 
malabsorptive procedures have been replaced by the restrictive 
procedures: Roux-en-Y gastric bypass (RYGB), vertical banded 
gastroplasty (VBG) and laparoscopic adjustable gastric banding 
(LAGB)  and  more  recently  sleeve  gastrectomy  (SG).  RYGB  is 
primarily restrictive but has also some malabsorptive character-
istics. It should be noted that recent literature suggests that the 
mechanism by which bariatric surgery induces weight loss goes 
beyond  caloric  restriction  and  malabsorption  and  involves 
changes  in  gastrointestinal  hormones,  including  increases  in 
GLP-1 and PYY and decreases in ghrelin levels [111].

Figure 115.3 Types of bariatric surgeries. (a) Vertical band gastroplasty. (b) Laparoscopic adjustable gastric banding. (c) Roux-en-Y gastric bypass. 
(d) Sleeve gastrectomy. Source:  ASGE Standards of Practice Committee 2008 [116]. Reproduced with permission of Elsevier.
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present as nausea, vomiting, pain, bleeding, diarrhea and con-
stipation.  Immediately  after  the  surgery,  these  symptoms  are 
probably directly associated to the operation and often managed 
by  the  surgical  team.  Later  on,  the  gastroenterologist  may  be 
called upon  to manage complications  indirectly  related  to  the 
surgery such as anastomotic ulceration, band erosion, stricture 
and fistula which may require endoscopic therapy. Depending 
on  the  type of operation,  some nutritional complications may 
occur such as iron, vitamin B12, thiamine and calcium deficien-
cies can be seen with gastric bypass.

Endoscopic therapy
Minimally  invasive  endoscopic  treatment  for  obesity  is  an 
attractive option especially  in patients who do not respond to 
lifestyle  modifications  and  pharmacotherapy  and  yet  are  not 
candidates  for  bariatric  surgery.  Endoscopic  procedures  can 
also  be  used  as  bridge-to-surgery  to  reduce  operative  risks,  
and  as  metabolic  procedures  that  have  a  more  pronounced 
metabolic  effect  (for  example  on  diabetes)  than  weight  loss 
effect. Other potential and emerging indications in this setting 
include  the  use  of  endoscopic  procedures  as  primary  obesity 
procedures  with  outcomes  comparable  to  current  strategies  
and as revisional procedures in cases of failed bariatric surgical 
procedures [126].

Intragastric balloons have been used since 1982 [127] and act 
as  space  occupying  devices  to  induce  satiety.  The  Bioenteric 
Intragastric Balloon (BIB;  Inamed Health, Santa Barbara, CA, 
USA) is widely utilized internationally but only used in clinical 
trials  in  the  US.  Different  endoscopic  suturing  and  stapling 
devices aiming at reducing the gastric volume and creating gas-
troplasty  have  been  developed  and  are  showing  promising 
results.  Endoscopically  placed  bypass  sleeves  extend  from  the 
duodenum  or  the  gastroesophageal  junction  to  the  proximal 
small  bowel  and  act  as  a  malabsorptive  barrier  that  prevents 
absorption as well as mixing of food with biliopancreatic juices 
leading to weight loss and more interestingly, to improvement 
of diabetes. The latter effect is thought to be due to improvement 
in  glucose  homeostasis  by  modulation  of  gut  hormones  irre-
spective of  reduced energy  intake and weight  loss. Long-term 
trials are needed to ensure durability of results [128].

Complications of weight loss
During rapid weight loss, the risk for cholesterol gallstone for-
mation  increases  [129].  Patients  with  higher  initial  BMI  and 
greater absolute rate of weight loss seem to have the highest risk 
of gallstone formation. The mechanism of this increase in gall-
stone formation involves an increase in the cholesterol satura-
tion index and in the crystallization promoting proteins (mucin), 
and a decrease in gallbladder motility with low-calorie low-fat 
diet [130–132]. Once an  individual has  lost weight and main-
tained  weight  loss,  the  risk  of  gallstone  formation  decreases. 
Some  surgeons  recommend  the  performance  of  cholecystec-
tomy at the time of gastric bypass surgery because of the high 
incidence  of  gallbladder  disease  in  the  seriously  obese  and  to 

Vertical  banded  gastroplasty  (VBG)  is  a  purely  restrictive 
procedure that involves creating a gastric pouch by stapling the 
gastric  fundus and placing a circumferential band around  the 
pouch.  VBG  was  the  most  commonly  performed  procedure 
before the advent of gastric bypass (Figure 115.3b). The average 
excess weight loss at 3 to 5 years is around 30% to 50% [117]. 
These  more  modest  long-term  results  compared  with  RYGB 
along with the significant adverse events associated with VBG 
(GERD, vomiting, solid food intolerance) explain the decline of 
popularity  of  this  procedure.  Postoperative  complications 
requiring  intervention  include  staple  line  disruption,  stomal 
stenosis, band erosion, band disruption and pouch dilatation.

Laparoscopic  adjustable  gastric  banding  (LAGB)  is  another 
purely restrictive procedure that involves placing a tight, adjust-
able  prosthetic  band  around  the  proximal  stomach  (Figure 
115.3c). The prosthetic band  is  connected  to an  infusion port 
placed  in  the  subcutaneous  tissue  accessible  with  a  needle. 
Injection of  saline  into  the port  leads  to  increased restriction. 
Advantages of LAGB include technical ease of placement, lack 
of anastomosis, adjustability (deflation of the port) and revers-
ibility (band removal). Because of its simplicity and lower rate 
of  complications,  this  procedure  has  largely  replaced  VBG. 
Weight  loss  with  LAGB  is  in  general  gradual  and  less  when 
compared to RYGB. Excess weight loss and ranges from 45% to 
55% in most reports [118–121]. A recent retrospective review 
of long-term outcomes with LAGB demonstrated excess weight 
loss of 47% at 15 years [122].

Sleeve  gastrectomy  consists  in  resecting  the  majority  of  
the  greater  curvature  of  the  stomach  and  creating  a  tubular 
stomach. It was initially offered to obese patients with BMI > 60 
as a first  stage  in  the surgical management of  their condition. 
SG is technically easier than RYGB and seems to have a morbid-
ity  rate  between  that  of  LAGB  and  RYGB.  The  weight  loss 
achieved with SG also appears to be better than LAGB but less 
than RYGB [123].

Patients undergoing bariatric surgery should be followed by 
a  multidisciplinary  team  including  medical,  behavioral  and 
nutritional experts. Gastroenterologists should assess the patient 
preoperatively and manage any chronic gastrointestinal disor-
ders that may complicate the postoperative care. For example, 
attention  should  be  paid  to  detect  any  gastric,  pancreatic  or 
biliary diseases preoperatively since the alteration of the anatomy 
with  some  of  the  performed  surgeries  makes  parts  of  the  GI 
tract  (distal  stomach,  biliary  tree)  inaccessible  to  endoscopic 
and  radiological  procedures.  Patients  should  be  screened  for 
iron deficiency anemia before surgery and GI blood loss should 
be excluded to avoid confusion after surgery. Fatty liver disease 
is  present  in  most  morbidly  obese  patients  requiring  surgery 
and  3%  to  7%  of  these  patients  have  cirrhosis  [124].  Portal 
hypertension  and  the  presence  of  varices  (esophageal  and/or 
gastric) are contraindication to gastric operations and should be 
excluded before surgery [125]. Gastroenterologists also have a 
role in the management and follow-up of the bariatric surgery 
patients  postoperatively.  Complications  of  surgery  usually 



Obesity: treatment and complications CHAPTER 115      2241

By  becoming  actively  involved  in  the  management  of  obesity, 
gastroenterologists can provide valuable clinical service to their 
patients.
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avoid postoperative complications due to gallstones [133]. More 
recently, the use of ursodeoxycholic has been shown to reduce 
the risk of gallstone formation in the first 6 months after bari-
atric  surgery  [134].  Another  complication  of  rapid  and  large 
weight  loss  is  the occurrence of  liver disease. Two weight  loss 
studies one involving patients undergoing gastroplasty and the 
second patients on a very-low-calorie diet, have demonstrated 
a  decrease  in  the  prevalence  of  steatosis  but  an  increase  in  
the prevalence of steatohepatitis with the fall of BMI [135,136]. 
The  risk  of  liver  damage  may  be  related  to  the  rapidity  of  
weight  loss  which  determines  the  rate  of  increased  delivery  
of free fatty acids from lipolysis of adipose triglycerides to the 
liver [137].

Conclusion

Obesity has become a major health problem in most industrial-
ized  nations.  It  has  particular  relevance  to  gastroenterologists 
because  of  their  involvement  in  managing  the  associated  gas-
trointestinal  disorders,  their  role  in  the  evaluation  and  treat-
ment  of  obese  patients  before  and  after  bariatric  surgery  and 
their potential future role in the endoscopic therapy for obesity. 
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Introduction

Over the past 40 years, the worldwide rate of obesity has 
increased dramatically. In 2010, 35.7% of US adults were obese, 
having a body mass index (BMI) ≥30 kg/m2, and 6.3% were 
extremely obese, having a BMI ≥40 kg/m2 [1]. By itself, conven-
tional treatment combining diet, exercise, and lifestyle modifi-
cation is at best modestly effective and fails to significantly 
decrease mortality even when intensive long-term treatment 
modifies several secondary endpoints [2]. The addition of surgi-
cal to conventional therapy, in contrast, has a profound and 
durable health impact, decreasing mortality by 30% at 11 years 
in one carefully matched series [3,4]. Bariatric surgery is prop-
erly viewed as being in addition to usual treatment, not instead 
of it. In fact, compliance with conventional therapy is greater 
years after bariatric surgery than before it [5].

Selection of patients for bariatric surgery is multifaceted. 
Potential bariatric surgery candidates under the current guide-
lines of the National Heart, Lung, and Blood Institute (NHLBI) 
in the US include adults with a BMI >40 kg/m2 or a BMI 
35–39.9 kg/m2 and significant comorbidities (defined as obstruc-
tive sleep apnea, cardiovascular disease, type II diabetes melli-
tus, and physical problems interfering with daily living) [6]. 
Recently, the International Diabetes Federation has further sug-
gested that bariatric surgery be considered in patients with type 

II diabetes mellitus and a BMI >30 who have not achieved 
adequate medical control [7]. Indications are likely to expand 
as newer lower risk procedures evolve. Physicians should deter-
mine that conventional means of weight loss have been ade-
quately exhausted and that risk is acceptable before proceeding 
to operative treatment. Prospective patients must be committed 
to long-term follow-up to avoid potentially devastating late 
complications. Increasingly, bariatric surgery is performed on 
adolescents. Although short-term results are promising, long-
term outcomes in adolescents are unknown [8,9]. The most 
common definition of a successful outcome is if the patient has 
lost >50% of their excess body weight (EBW). Excess weight is 
calculated by subtracting the patient’s current weight from their 
ideal body weight (IBW). Another definition of success is if the 
patient achieves a BMI of 35 or less, or if there is resolution of 
comorbidities.

The strengthening of professional societies has allowed the 
advance of safety monitoring initiatives and specific credential-
ing requirements. Excellent bariatric care is characterized by  
a “whole patient” approach, not merely excellent surgical  
technique. The whole patient approach focuses on thorough  
patient assessment and education. Each patient has a multidis-
ciplinary team that provides support for nutritional and exercise 
recommendations and ready access to a variety of medical spe-
cialties, including psychological support. Psychological support 
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The cardiopulmonary effects of abdominal obesity are the 
primary preoperative concerns. Chest wall and lung compliance 
are decreased and baseline ventilatory demand is increased in 
the obese. The pulmonary mechanics of obesity are further 
worsened when the patient is supine. No benefit has been 
observed from the use of routine preoperative pulmonary  
function testing in the severely obese [26,27]. The benefits of 
pulmonary function tests in nonobese patients with suspected 
lung disease or significant smoking history is unknown [28]; 
however, the added mechanical stress of obesity in abdominal 
surgery makes it prudent to obtain formal pulmonary testing in 
obese smokers. High-risk patients are routinely screened for 
obstructive sleep apnea and obesity–hypoventilation syndrome. 
Assessment tools such as the Epworth sleepiness scale are not 
sensitive enough to screen obese patients for the presence of 
obstructive sleep apnea [29,30]. Many centers require all patients 
to undergo a preoperative sleep evaluation, finding sleep apnea 
in 40%–77% of such evaluations [29,30].

Cardiovascular testing should begin with an informal assess-
ment of exercise capacity. Many obese patients cannot exert 
themselves at four metabolic equivalents (MET; 1 MET is 1 kcal/
kg body weight/h and roughly equal to the resting metabolic 
rate). However, a person with a BMI of 40 is by definition doing 
twice the amount of work of a person with a BMI of 20 while 
walking at the same pace. So, often quoted metrics such as 
walking four blocks or up two flights of stairs are not necessarily 
valid cardiac screening tools. Cardiorespiratory fitness should 
be maximized preoperatively and a goal between 2 and 3  
METs is reasonable [31]. Electrocardiograms (EKG) are rou-
tinely performed and are abnormal in a majority of patients 
[30]. However, few patients with abnormal EKGs have positive 
stress tests [32]. Although stress testing is frequently ordered, 
one retrospective study failed to reveal any difference in out-
comes among patients with positive stress testing [32]. Thus, 
although recommendations vary, it remains unclear what sub-
group of patients should undergo preoperative stress testing. It 
has been suggested that all patients with known heart disease 
or three or more cardiac risk factors should be evaluated by a 
specialist [33]. Medications such as β-blockers and statins 
should be continued in the perioperative period [33]. Current 
evidence weighs against starting β-blockers as perioperative 
prophylaxis, but there are no obesity specific studies [33]. 
Patient who previously received the weight loss drugs fenflu-
ramine and dexfenfluramine should be examined preopera-
tively for valvular disease and cardiac fibrosis.

Over 30% of bariatric surgery patients are diabetic, and sub-
optimal control is common. Best practice guidelines suggest  
a preoperative hemoglobin A1C (HA1C) <7.0% [34,35]. An 
ongoing controversy is whether patients should be expected to 
lose weight (usually about 10%) before the operation. Study 
results vary and none has shown an impact on mortality associ-
ated with preoperative weight loss [36–38]. Of note for patients 
with hepatomegaly, liver size is decreased and operative expo-
sure improved after 2 weeks of a very low-calorie diet [39].

is valuable because profound weight loss and improved physical 
capacity present challenges to both interpersonal relationships 
and self-identity [10]. Furthermore, patients often have miscon-
ceptions about bariatric surgery and an extensive preoperative 
process decreases misunderstanding [11].

Preoperative and perioperative concerns

Postoperative mortality from laparoscopic bariatric surgery is 
low in experienced hands, approximately 0.09%–0.3%, and is 
procedure dependent [12–15]. It is lowest with adjustable gastric 
band (AGB) and highest with biliopancreatic diversion (BPD) 
with duodenal switch. In a representative case mixture, overall 
90-day mortality was 0.11% in a prospective study of 57 918 
consecutive patients operated on at American Society of 
Metabolic and Bariatric Surgery (ASMBS) Centers of Excellence 
[15]. Widely circulated reports of higher rates have included 
uncharacteristic numbers of higher risk patients and were  
not performed exclusively at ASMBS-recognized Centers of 
Excellence [12,16,17]. The creation of a specific professional 
society, a transition to laparoscopic from open procedures, 
increased monitoring, and mandatory reporting of outcomes 
has occurred alongside decreasing mortality rates.

Patient features associated with increased perioperative mor-
tality are male gender, age >45 years, BMI >60, obstructive 
sleep apnea, hypertension, a history of or high risk for throm-
boembolic disease, and poor ambulatory and functional status 
[13,18,19]. Various preoperative risk stratification tools have 
been developed based on these and other risk factors [18]. Age 
is typically the weakest predictor in these calculations [18]. To 
illustrate, a 2012 metaanalysis of patients over 55 (mean age  
62.5 years) found bariatric surgery to be relatively safe (mortal-
ity rate 0.16% for AGB and 0.3% for gastric bypass) and effective 
(percent excess weight loss [EWL] of 39% for AGB and 72.6% 
for Roux-en-Y gastric bypass (RYGB) [20]. Another recent 
study of 42 patients over the age of 70 (52% AGB, 29% gastric 
sleeve, and 19% gastric bypass) found no mortality and a >50% 
reduction in the use of obesity-related medications [21]. Overall, 
bariatric surgery can be considered safe and effective for many 
patients over age 55 [20–22].

Patients being considered for a bariatric operation should 
undergo a thorough medical evaluation to best assess their risks 
and the potential benefits of surgery [23]. This patient assess-
ment should identify and evaluate control of diabetes, hyperten-
sion, hyperlipidemia, coronary artery disease, sleep apnea, 
pulmonary hypertension, and musculoskeletal disorders [24]. 
Psychological and social factors are important components of 
this preoperative assessment because limited social support, 
major psychological illness, prior disorders like binge-eating, 
and a history of substance abuse have all been linked to either 
decreased surgical benefit or complications [25]. Active sub-
stance abuse is considered an absolute contraindication to bari-
atric surgery.
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numerical metric proportionate to their severity, such as A1C 
for diabetes, secondary endpoints are often reported as well. 
Reported improvements in observational studies tend to vary, 
but the recent creation of a US national database, the 
Longitudinal Assessment of Bariatric Surgery (LABS), will 
allow a more complete picture of bariatric outcomes.

Weight loss typically varies according to the procedure per-
formed. The Swedish Obese Subjects Trial, a well-matched case–
control trial of 4047 obese patients, compared bariatric surgery 
with medical treatment [51]. Even though 70% of the interven-
tions were vertical banded gastroplasties, which are less durable 
and efficacious than gastric bypass, surgical intervention patients 
lost 16% of body weight and controls only 1% after 15 years [51]. 
In a more recent trial, patients denied gastric bypass for insurance 
reasons lost 3.2% of excess weight compared with 69% in matched 
gastric bypass patients at 2-year follow-up [52]. In intervention 
comparison trials, BPD with duodenal switch clearly led to the 
greatest long-term weight loss: 72% of EWL in a widely cited 
metaanalysis [52]. RYGB led to 68% EWL in the same metaanaly-
sis and gastric banding was associated with a 49.5% EWL [53]. 
Direct comparisons of procedure results are misleading because 
of large differences in preoperative patient characteristics. For 
example, patients selecting the gastric band are on average thinner 
and healthier than those selecting the gastric bypass.

As a newer surgical method of weight loss, sleeve gastrectomy 
(SG) is often viewed in comparison to other operations, prima-
rily gastric bypass and adjustable gastric banding. In the inter-
mediate term, the absolute rates of weight lost are between those 
for RYGB and AGB, at least in one well-conducted prospective 
case–controlled trial. After 1 year, the gastric bypass group had 
EWL of 69% compared with 60% in the SG group, and only 34% 
for the adjustable band group. The band group continued to lose 
weight and after 3 years had a 44% EWL. Small amounts of 
weight regain were seen in both the sleeve and gastric bypass 
group at 3 years. So, at 3 years, the band was 66% as effective as 
the bypass in terms of EWL and the sleeve was 84% as effective 
as the bypass [53]. As might be expected due to its purely 
“restrictive” nature, the band causes much slower weight loss 
than other procedures and can require several adjustments. Its 
weight loss tends to be maximal at about 3 years. As such, it is 
well suited for highly compliant patients unlikely to be lost to 
follow-up.

The metabolic results of gastric bypass have been widely pub-
lished. In one representative case–controlled series, complete 
resolution of elevated low-density lipoprotein levels was 
observed in 63% of gastric bypass patients, 40% of gastric sleeve 
patients, and 27% of adjustable band patients. Hypertension 
resolved in fewer patients; 45% after gastric bypass, 40% after 
SG, and 18% after AGB [54]. In other studies, high-density 
lipoprotein (HDL) has been shown to increase after SG and 
RYGB [55,56]. BPD has also been associated with excellent 
improvements in hyperlipidemia and hypertension [57,58]. The 
changes in HDL levels with AGB and BPD have been inconsist-
ent [54,57,58].

Venous thromboembolic disease is a leading cause of mortal-
ity in bariatric surgery. Pulmonary emboli were found in 8/10 
consecutive perioperative autopsies performed on gastric bypass 
patients and judged the cause of death in four cases in one series 
[40]. Therefore, preoperative planning to prevent venous throm-
boembolic disease is imperative [41]. Patients typically receive 
both perioperative heparin and intermittent pneumatic com-
pression until discharge [41]. Higher risk patients are offered 
vena cava filters and chemoprophylaxis is often extended for 
weeks, but the best management strategy for high-risk patients 
is uncertain [41,42].

Disorders of the upper gastrointestinal tract are common in 
the obese. Also, the distal stomach and duodenum will be dif-
ficult to assess after gastric bypass or BPD and large hiatal 
hernias alter the surgical approach to gastric band placement. 
Since a majority of prospective patients have an abnormal upper 
endoscopy, many surgeons have advocated routine preoperative 
upper endoscopy for all bariatric cases [43,44]. The importance 
of Helicobacter pylori infection in postsurgical ulcers is 
unknown, but retrospective analysis found marginal ulcers to 
be more common in patients with preoperative Helicobacter 
infections [45]. Patients not undergoing preoperative endos-
copy should be tested for H. pylori and treated if positive [46].

Nonalcoholic fatty liver disease is frequently observed in 
obese patients. Mild elevations of transaminases require no 
further evaluation. Twenty percent or more of morbidly obese 
patients, however, have evidence of steatohepatitis [46,47]. A 
more thorough evaluation of patients with transaminases 
greater than 2.5 times the upper limit of normal seems appro-
priate. The possibilities of nonobesity related causes – over- 
the-counter and prescription medications, alcohol use, viral 
infections, and iron overload – should be considered at a 
minimum. Those with more advanced liver disease should be 
completely evaluated as patients with cirrhosis have frequent 
complications [46,47]. Those patients with portal hypertension 
should be discouraged from proceeding [48].

Results

In terms of general results, randomized controlled trials are rare 
in bariatric surgery [49]. However, many case–controlled studies 
strongly suggest that various procedures are efficacious. 
Published outcomes reveal excellent improvements in body 
weight, metabolic syndrome, and other complex difficult to 
treat conditions. Weight loss results are usually described in 
terms of percent EWL. Various definitions of EWL have been 
used historically, and not all published papers using the term 
define it. One frequent definition is the amount of weight lost 
in excess of the mid-point of the 1983 Metropolitan Life 
Insurance tables for “ideal body weight” [50]. Metabolic results 
are often reported in terms of “resolution,” meaning the nor-
malization of a metabolic parameter in the complete absence of 
medical therapy. Because most of these conditions have a 
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appears to occur more frequently after gastric bypass [68]. 
Higher pressure operations, such as AGB and SG, are not as 
effective for GERD. Considerable parietal cell mass and func-
tion is retained in both of these procedures. They should gener-
ally be avoided in patients with significant GERD and especially 
those with hiatal hernia [68].

As many as 70% of patients with lower extremity osteoarthri-
tis report considerable improvement in function after weight 
loss surgery [69]. Obstructive sleep apnea appears to resolve 
clinically in over 90% of patients, although formal sleep studies 
done after weight loss show residual sleep apnea in many 
patients [69,70]. The apnea–hypopnea index decreased on 
average by 34 events per hour in a metaanalysis of 12 studies 
comparing sleep studies performed before and after weight loss 
operations [70].

The effects of gastric bypass and gastric band have also been 
studied in diabetic patients with BMIs <35 kg/m2, the usual 
lower limit for which bariatric surgery is performed and below 
the lower limit for current guidelines published by the National 
Institutes of Health (NIH), ASMBS, and others. In a small study 
with limited follow-up in which 47% of patients were on insulin 
before the operation, 55% of patients in the gastric bypass arm 
experienced complete diabetes resolution compared with 28% 
in the AGB group after 1 year [71]. The overall complication 
rate at 30 days was 15% in the RYGB patients and 3% in the 
AGB patients [71]. The role of bariatric surgery in the manage-
ment of overweight and mildly obese patients with diabetes is 
unclear.

Patient satisfaction after bariatric surgery has proven difficult 
to study because of the close association between likelihood of 
successful follow-up and salutary patient outcomes. The proper 
interpretation of results is difficult. Among three of the major 
operations considered in one database, satisfaction is greatest 
with the RYGB with 84% of patients satisfied [54]. Rates for SG 
and AGB are 74% and 48%, respectively [54].

Less is known about the effects of bariatric surgery in popula-
tions >65 years of age and in those who are disabled. In a care-
fully matched trial of Medicare patients, considerable benefit 
was seen in both groups compared with nonoperated patients. 
Survival was increased at 6 months in the disabled persons 
group (<65 years) and at 11 months in the over 65 age group 
[72]. Rates of diabetes, sleep apnea, hypertension, and hyperli-
pidemia all improved significantly with gastric bypass [72]. 
Although higher complication and mortality rates have been 
seen in disabled patients, the disease burden is also greater in 
this group. When risk was stratified in one recent study, disabled 
patients had no difference in mortality associated with bariatric 
surgery compared to nondisabled controls [73].

Evolution of bariatric surgery

Surgeons previously thought obesity might be successfully 
treated by altering gastrointestinal anatomy and physiology to 

Type II diabetes mellitus is of particular interest to patients 
and healthcare providers, including bariatric and metabolic sur-
geons. Remission rates after RYGB are very high in several 
studies. In a seminal study by Schauer et al. [59], all diabetic 
medications were stopped in 76% of gastric bypass patients and 
in 50% of SG patients. A shorter duration of adult-onset diabe-
tes mellitus, control of diabetes on fewer medications, and 
amount of weight loss were all independent predictors of 
improvement in diabetes in this study [59]. In a randomized 
study comparing conventional weight loss and intensive endo-
crinology management with bariatric surgery, type II diabetes 
“resolved” in 75% of gastric bypass patients and in 95% of BPD 
patients [55]. Diabetes medications were continued in every 
intensive medical treatment patient. The average A1C rates for 
gastric bypass, BPD, and intensive endocrine management 
patients were 6.4%, 5.0%, and 7.6%, respectively [55]. Given the 
progressive nature of the metabolic syndrome, the improvement 
in metabolic parameters lessened over time [51]. However, 
compared to nonsurgical patients, mortality benefits continue 
in surgery patients, likely because the effects of the metabolic 
syndrome are progressive in nonsurgical patients as well [51,60].

Steatosis is very common in the severely obese, with an inci-
dence of about 80% [61–64]. The relationship of bariatric 
surgery to nonalcoholic steatohepatitis and nonalcoholic fatty 
liver disease is complex. Steatosis improves quickly with weight 
loss, but in some patients receiving malabsorptive procedures, 
inflammation worsens transiently in the first few months after 
the operation [63]. Restrictive procedures may be more effective 
than those with a malabsorptive component for metabolic liver 
disease, but no randomized direct comparisons have been pub-
lished. Adjustable gastric banding is associated with consider-
able improvement of nonalcoholic steatohepatitis in over 80% 
of subjects [64]. Most patients with advanced fibrosis had no 
evidence of nonalcoholic steatohepatitis on repeat biopsy per-
formed 2–3 years later in one study [64]. The sole patient with 
cirrhosis had decreased histological necroinflammatory changes 
on repeat biopsy [64]. Gastric bypass also appears to lessen the 
effects of obesity on the liver over several months [63]. Hepatic 
steatosis, ballooning degeneration, and fibrosis associated with 
fatty liver disease, all decreased in a narrow majority of affected 
gastric bypass patients in multiple studies [61–64]. In patients 
receiving BPD with duodenal switch, hepatic inflammation 
worsened as steatosis improved during the first 6 months after 
operation [65]. However, inflammation returned to baseline at 
1 year postoperatively and improved progressively for the next 
2 years [65]. Considerable concern remains that BPD with duo-
denal switch may occasionally worsen liver disease and neces-
sitate liver transplantation [66,67].

Roux-en-Y gastric bypass is an excellent operation for gas-
troesophageal reflux disease because it combines a decrease in 
esophageal pressure, low acid environment, resolution of bile 
acid reflux, and weight loss. Reflux symptoms resolve in 80% of 
patients [68]. Despite greater average weight loss after BPD, 
gastroesophageal reflux disease (GERD) symptom resolution 
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creating a 50 cm common channel and allowing for flow of  
biliopancreatic enzymes, thereby avoiding the blind loop syn-
drome previously observed after the jejunoileal bypass [76].  
A partial gastrectomy was performed to reduce the stomach’s 
capacity, and enhance and help sustain weight loss. This was  
the first bariatric operation to combine malabsorption with 
restriction. The observed weight loss was pronounced, as was 
the effect of the procedure on comorbid conditions such as 
hypertension and diabetes. However, complications of protein 
malabsorption, neuropathy, nutritional deficiencies, anemia, 
anastomotic ulcers, dumping syndrome, Wernicke encepha-
lopathy, and foul smelling stools plagued patients who under-
went the BPD and severely limited its widespread adoption. In 
1986, Hess and Hess modified the BPD and developed the bili-
opancreatic diversion with duodenal switch (BPD-DS). Instead 
of a horizontal partial gastrectomy, a vertically orientated partial 
gastrectomy along the greater curvature was performed (SG), 
thereby preserving the pylorus and proximal duodenum. The 
pylorus regulated gastric emptying, eliminating dumping,  
and the proximal duodenum facilitated pH regulation in the 
stomach, decreasing the risk of stoma and anastomotic ulcera-
tion. Protein malabsorption and subsequent hepatotoxicity as 
well as diarrheal complications were reduced by lengthening the 
common channel to 75–100 cm. Marceau and colleagues were 
the first to describe the SG as an integral part of the BPD-DS. 
Gagner et al. were the first to use a staged approach to the 
BPD-DS. While attempting to perform this procedure on a 
patient with a very high BMI, they were forced to abort just after 
completing the vertical SG due to respiratory decompensation. 
Several months postoperatively, this patient experienced signifi-
cant weight loss resulting in a lowered BMI that made the 
second stage, the malabsorptive portion of the operation, easier 
to accomplish. This “staged approach” subsequently became 
their standard approach to treating “super obese” patients. 
Moreover, some patients who were satisfied with their weight 
loss, elected not to proceed with the second stage, the BPD-DS 
procedure. This observation led to the introduction of the verti-
cal SG as a stand-alone procedure.

Mason and Ito performed the first gastric bypass in 1966. The 
operation was developed after observing that many patients 
who underwent Billroth II gastrojejunostomy for peptic ulcer 
disease experienced weight loss and had difficulty regaining 
weight. The Mason gastric bypass was performed by anastomos-
ing a loop of proximal jejunum to a horizontally divided 
stomach, creating a small gastric pouch. The surgery empha-
sized restriction via the small gastric pouch and the use of a very 
small gastrojejunal stoma that was thought to delay gastric emp-
tying and prolong satiety. Reports of side effects of bile reflux 
and closed afferent loop distension were common. Subsequently, 
the procedure was extensively modified. For example, Griffen et 
al. are credited with developing the RYGB. In this procedure, 
the jejunum is divided 30–50 cm distal to the ligament of Trietz. 
This segment of jejunum is called the biliopancreatic limb/
efferent limb. The excluded stomach, duodenum, and proximal 

cause malabsorption, restriction of oral intake, or both. The first 
reported abdominal surgical procedure to induce weight loss 
was performed by Dr Viktor Henrikson of Sweden in 1952. He 
resected 105 cm (3.5 ft) of small bowel in a 32-year-old woman 
in an effort to promote weight loss [74,75]. This operation was 
not successful. Other early attempts to treat morbid obesity with 
surgery include lipectomy and jaw wiring (maxillomandibular 
fixation, MMF). Both proved ineffective and impractical. Shortly 
thereafter, the jejunoileal and jejunocolic bypasses were intro-
duced in the 1950s and 1960s, respectively. The former is an 
operation that joined a short segment of proximal jejunum  
to the distal ileum; the latter joined the proximal jejunum to  
the transverse colon. The weight loss achieved by the intense 
malabsorption created by bypassing the majority of the  
small bowel was negated by severe complications of electrolyte 
imbalance, liver failure, kidney failure, and excess mortality. 
Defunctionalizing large segments of the small bowel often 
caused the blind loop syndrome, with bacterial overgrowth and 
abdominal bloating. These two procedures have been aban-
doned (Figure 116.1).

Lessons learned from the jejunoileal and jejunocolonic 
bypass led Scopinaro et al. to introduce the BPD in 1979 [76]. 
Instead of anastomosing the jejunum to the distal ileum, 
Scopinaro et al. created a working (alimentary) limb by dividing 
the distal ileum 250 cm from the ileocecal valve and anastomos-
ing it to the stomach. The bypassed segment of proximal  
small bowel was reconnected 50 cm from the ileocecal valve, 

Figure 116.1 Jejunoileal bypass. A surgical short bowel syndrome was 
created by bypassing >90% of the functioning small intestine, creating a 
long blind loop. Source: Elder and Wolfe 2007 [159]. Reproduced with 
permission of Elsevier.
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Laparoscopic bariatric surgeries were first performed in the 
early 1990s. The advantages of laparoscopy are well established 
in this patient population, most notably decreased incisional 
herniation, fewer wound infections, better respiratory mechan-
ics, and shorter hospital stay. The most recent data series from 
accredited centers shows that 88%–94% of all bariatric proce-
dures are now performed laparoscopically [79]. Robotic-assisted 
laparoscopic bariatric procedures were then introduced. The da 
Vinci robotic system by Intuitive Surgical was approved for 
clinical use in 2001. The increased dexterity allowed by the 
robotically controlled arms and the quality of a 3D image over 
the 2D images of conventional laparoscopy are theoretical 
advantages. Robotic surgery, however, typically adds cost and 
increases operative time. Others argue the robot has advantages 
in complex operations such as revisional surgery and the BPD. 
Sudan et al. reported excellent outcomes for a series of 47 
patients who underwent robotically assisted BPD with duode-
nal switch [79]. Synder and Wilson reported lower leak rates for 
patients who underwent RYGB using the da Vinci robot [80].

Attempts to further reduce pain and improve cosmesis led to 
the development of single incision laparoscopic surgical (SILS) 
approaches. The primary reported advantage is increased 
patient satisfaction with the appearance of the scar. Huang and 
coworkers analyzed 11 reports of 114 patients who had under-
gone SILS procedures since 2008 when the first SILS surgery 
was reported, and found SILS being successfully used for AGB, 

jejunum then rejoins the gastrointestinal tract in continuity 
100 cm distal from the divided jejunum, and this limb of 
jejunum, the Roux limb/alimentary limb, is anastomosed to the 
small gastric pouch. This technique significantly reduces the 
risk of bile reflux and gastric distension. It was thought to add 
a “malabsorptive” component to the procedure which might 
enhance the procedure’s potency. Longer lengths of alimentary 
and biliopancreatic limbs were introduced for use in the super 
morbidly obese patient (BMI >50) and in the diabetic patient 
in an effort to heighten the beneficial effects of surgery.

The next evolution in bariatric surgery was the development 
of restrictive procedures. Gastric partitioning had already been 
reported in the early literature, but with limited success and 
incidences of complications. To address these issues, Mason 
developed the vertical banded gastroplasty (VBG) (Figure 
116.2). In this modification, a small 50 cm3 vertical pouch was 
fashioned along the lesser curvature. A window was created 
through the proximal stomach that allowed a mesh band to be 
placed around the lesser curvature, thereby creating a narrow 
outlet for the pouch. This mesh band was later modified to a 
silastic ring. The VBG was effective and resulted in good short-
term weight loss in selected patients. The Mason procedure was 
quite popular because it was technically less challenging to 
perform than the Roux-en-Y and, at least initially, appeared to 
have fewer complications. However, it had a high failure rate, 
long term, usually from staple line dehiscence, up to 48%–54% 
[77] with resultant weight regain from gastrogastric fistula. 
Stoma stenosis from the silastic ring resulted in pouch dilation, 
intractable gastroesophageal reflux, and associated emesis in 
some patients (Figure 116.2).

Johnston modified the VBG by extending the vertical pouch 
further down the lesser curve, for a tube-shaped or street of 
stomach, in order to avoid the pouch problems seen with the 
VBG. They then placed a circular gastrectomy hole/window 
more distal, in the antrum, without prosthetic material, in order 
for oral intake to bypass the rest of the stomach.

Gastric banding without partitioning was the next popular 
evolution. These first nonadjustable bands were positioned 
around the upper stomach to restrict oral intake. Wilkinson and 
Peloso [78] reported to have placed the first nonadjustable band 
in 1978. Molina and Oria modified the procedure by using a 
Dacron graft [75]. Success was limited by the common occur-
rence of complications such as pouch dilation, esophageal  
dilations, band strictures, and erosions, as well as functional 
disorders like nausea and vomiting as observed after the Mason 
procedure. Investigators then began to explore adding an adjust-
able component to the banding procedures. Szinicz was the first 
to report adding an inner balloon to the silicon band, which was 
then connected by a tube to a subcutaneous port into which 
saline could be infused to increase or decrease the diameter  
of the ring, narrowing the stomach’s lumen [75]. Hallberg, 
Forsell, and Kuzmak are credited with bringing this innovation 
into clinical practice and creating the first versions of the  
AGB [75].

Figure 116.2 Vertical banded gastroplasty. The stomach was partitioned 
with staples. The “stoma” between the gastric pouch and body of the 
stomach was reinforced with prosthetic material to prevent dilation of this 
opening. Source: Elder and Wolfe 2007 [159]. Reproduced with 
permission of Elsevier.
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the lesser curvature of the stomach. Standard laparoscopy and 
insertion of pneumoperitoneum and ports are done. A retractor 
for the left lobe of the liver is placed. Sharp dissection is per-
formed to take down the phrenoesophageal attachments and 
better expose the angle of His. If a hiatal hernia defect is found, 
it should be repaired and, if present, thick gastroesophageal 
junction fat pads should excised. Then the gastrohepatic liga-
ment on the lesser curvature of the stomach is opened at the 
area of the pars flaccida. Blunt retrogastric tunneling is created 
from the lesser curvature to the greater curvature. The band is 
delivered retrograde through this tunnel and buckled in place. 
Gastrogastric plication sutures are placed to decrease the risk of 
band slippage. This completes the intraabdominal portion of the 
surgery. The tubing from the band is then exteriorized and con-
nected to a port placed in the subcutaneous space above the 
rectus fascia. Saline can be added or removed later to provide 
restriction.

SG, Roux-en-Y (RYGB), and even BPD [81]. Current consensus 
opinion is that SILS approaches have a steep learning curve 
because they are far more technically challenging than conven-
tional laparoscopic techniques [81]. Weight loss was similar in 
the SILS groups versus traditional multiport laparoscopic 
groups, but operative times are typically much longer. Wound 
infection is a commonly reported morbidity. Much more study 
is needed even as improved technological advances are made in 
the field of SILS.

Types of surgery

Laparoscopic adjustable gastric banding  
(Figure 116.3a)
Laparoscopic adjustable gastric banding (LAGB) are now rou-
tinely placed through the pars flaccida, an avascular plane on 

Figure 116.3 Therapy – types of surgery. (a) Laparoscopic adjustable gastric band. (b) Sleeve gastrectomy. (c) Roux-en-Y gastric bypass. 
(d) Biliopancreatic diversion with duodenal switch. Reprinted from free text of Ethicon, Johnson and Johnson.
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the fundus. Ghrelin is a gut hormone responsible for increasing 
hunger sensation and for decreasing satiety. Ghrelin levels are 
inappropriately elevated in morbidly obese patients and mark-
edly decreased in SG patients even 5 years after surgery. There 
is also an increase in gastric emptying time after SG. Food 
travels faster to the distal small bowel and there is an increase 
in the gut hormones peptide YY (PYY) and glucagon like 
peptide (GLP-1). These factors are hypothesized to lead to the 
improvement of metabolic function seen after SG.

Outcomes
Percent EWL for SG is consistently reported between 55% and 
65%. Mortality in a review study of 2750 patients was reported 
at 0.19% [83]. Substantial comorbidity resolution or improve-
ment has been reported in conditions such as diabetes mellitus 
type II (average 60%), hypertension (40%–80%), and obstruc-
tive sleep apnea (88%). Hyperlipidemia and osteoarthritis also 
show significant improvement.

Roux-en-Y gastric bypass (Figure 116.3c)
The RYGB is a combination of restriction and malabsorption 
procedure. It consists of the creation of a small gastric pouch 
and two anastomoses: the gastrojejunal anastomosis, and the 
downstream jejunojejunostomy anastomosis. There is no con-
sensus single technique to performing these steps.
1.	 After intraperitoneal entry and exploration, the Roux limb is 

created. The ligament of Treitz is identified and 30–50 cm of 
jejunum is measured from the ligament and the small bowel 
is transected. The duodenum and the proximal 30–50 cm of 
the jejunum is labeled the biliopancreatic limb. The length 
of the Roux limb or alimentary limb varies based on patient 
characteristics and surgeon practice. Typically, 75–100 cm of 
jejunum is measured distally to create the Roux limb to 
connect to the stomach pouch in patients with BMI between 
35 and 50 kg/m2. For patients with BMI >50 kg/m2, or those 
with significant metabolic disease, a 150 cm length Roux 
limb may be created.

2.	 A jejunojejunostomy is created next, by a side-to-side anas-
tomosis created between the biliopancreatic limb and the 
distal end of the Roux limb. The next step is the delivery of 
the Roux limb to the upper quadrant which can be done 
above the transverse colon (antecolic) or below the trans-
verse colon through its mesentery (retrocolic). Fewer inter-
nal hernias occur with the antecolic approach. Anastomosis 
of the Roux limb to the gastric pouch can be in front of 
(antegastric) or behind (retrogastric) the pouch.

3.	 Creation of the gastric pouch. While there is no consensus as 
to the size of the pouch, it is standard practice to create a 
small gastric pouch of 15–25 cm3; pouch size is estimated in 
the method preferred by the surgeon. Historically, larger 
gastric pouches (above 30 cm3) result in inadequate weight 
loss and increased incidence of ulcers due to the residual 
parietal cell mass.

Mechanism	of	action:	reduction	in	volume		
of	food	intake
Saline can be added or removed by serial adjustments through 
this subcutaneous port to achieve an optimum balance between 
restriction and satiety to achieve and maintain a lower body 
weight. This balance is critical to success with the LAGB. 
Patients who have fewer adjustments in the first year of their 
LAGB have lower EWL than patients who have >6 adjustments/
adjustment evaluations in the first year of their LAGB.

Physiology
It is hypothesized that mechanoreceptors located along the gas-
troesophageal junction send signals to the brainstem to prolong 
or give satiety [82].

Outcomes
Mortality for the LAGB is reported at 0–0.05% with early mor-
bidity of 0.2%–1% and late morbidity of 23%–30%. Estimated 
weight loss is reported at 40%–55% and takes 2–3 years to 
achieve maximum weight loss. There is a slower resolution and 
improvement of comorbidities in comparison to the other bari-
atric procedures.

Sleeve gastrectomy (Figure 116.3b)
Sleeve gastrectomy begins with the division of the gastrocolic 
attachments/greater omentum from the greater curvature of the 
stomach with a thermal energy device, up to and including the 
short gastric vessels connecting the stomach to the spleen. Next 
is to identify the pylorus, and measure 4–6 cm proximal from it 
to preserve pylorus. This site is where the vertical gastrectomy 
will begin. A calibration tube is placed into the stomach running 
close to the lesser curvature and into the pylorus duodenum 
region. Controversy exists regarding the best size. Gastrectomy 
is performed with a linear device that lays rows of staples and 
cuts in between. While resecting, it is critical not to make the 
sleeve too narrow at the angle incisura and at the fundus towards 
the gastroesophageal junction. Narrowing at these two points 
increases morbidity from strictures and leaks, respectively. 
During the dissection around the fundus and the angle of His, 
it is important to look for a hiatal hernia defect and, if present, 
the crura need to be reapproximated. Missed hiatal hernias 
during SG can be a source of GERD in the postoperative period. 
Incidental hiatal hernias are discovered during SG surgery in 
<10% of cases. The final step is to check for a leak using either 
methylene blue, air bubble test, or gastroscope. Some surgeons 
also will get a barium swallow postoperative day 1 prior to start-
ing oral intake to rule out leaks.

Physiology
While the SG is called a restrictive procedure, weight loss is 
achieved through a combination of restrictive and metabolic 
effects. Which one plays the greater role is uncertain. Hormonal 
effects are from the reduction of ghrelin-producing cells found 
in the greater curvature of the stomach, and the parietal cells of 
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gastric emptying and also minimizes dumping [85]. Theoretically, 
satiety is increased secondary to decreased levels of circulating 
ghrelin. The intestinal bypass/malabsorption part of the opera-
tion works by early exposure of nutrients to the ileum. This 
leads to increased levels of PYY protein and triggers a feedback 
mechanism that leads to an increase in satiety and an increase 
in insulin sensitivity [85]. The common channel of 100 cm 
means less exposure of food to bile salts coming from the bili-
opancreatic limb, resulting in fat malabsorption, carbohydrate 
malabsorption, and decreased cholesterol. Unabsorbed lipids 
results in steatorrhea, which is characterized by multiple foul-
smelling oily stools, at times severe enough to cause fecal incon-
tinence. Deficiencies of fat-soluble vitamins A, D, E, and  
K occur frequently without adequate supplementation. The 
ASMBS has defined and established adequate postoperative 
supplementation doses [86]: 10 000 IU of vitamin A, 2000 IU of 
vitamin D, 250 IU of vitamin E, 300 μg of vitamin K, 500 μg of 
vitamin B-12, and 1800–2400 mg of calcium citrate.

Outcomes
The BPD-DS consistently gives the highest amount of percent 
EWL of all four commonly performed bariatric procedures. It 
has the least reported weight regain as well as some of the best 
comorbidity resolution profiles for type II diabetes, obstructive 
sleep apnea, hypertension, and hyperlipedemia. When com-
pared in controlled clinical trials with the RYGB in patients with 
BMI ≥50 kg/m2, the extremely morbidly obese, BPD-DS dem-
onstrated superior weight loss. Mortality from BPD-DS is 
between 0.57% and 1.9% (average 1%) [84]. Morbidity and mor-
tality have been shown to be most influenced by surgeon experi-
ence and less so by patient BMI.

Complications of bariatric surgery

Complications that present within the first 2 weeks post-
operatively are typically due to intraoperative technical difficul-
ties. Late complications are usually a result of the potent effects 
of these operations or patient behaviors. Complications can  
lead to increased morbidity and mortality, emergency room 
visits, invasive/noninvasive interventions and therapy, hospital 
readmissions, and reoperation. These costly consequences 
decrease patient satisfaction, increase medical provider frustra-
tion, and degrade the patient–surgeon relationship. The most 
important method by which to prevent complications is proper 
preparation. The patient must be well educated in the preopera-
tive phase about how to use the bariatric tool that the operation 
provides and reminded postoperatively how best to manage the 
tool and its effects and benefits. The surgeon and surgery team 
need to be well prepared for complications as well. Mortality for 
bariatric surgery ranges from 0.05% to 1% and morbidity ranges 
between 0.2% and 30% [87]. Morbidity and mortality vary by 
operation, with AGB having the lowest mortality (0.05%) and 
BPD-DS having the highest (1%). AGB, however, has the highest 

4	 The gastrojejunostomy anastomosis can be created by these 
three methods: circular stapled anastomosis, linear stapled 
anastomosis, or hand sewn. After the conclusion of the gas-
trojejunostomy, an intraoperative leak test is performed 
using air or methylene blue. Contrast studies may be per-
formed on the first postoperative day prior to initiating oral 
intake, whereas some surgeons begin diet after a negative 
intraoperative leak test.

Physiology
Roux-en-Y gastric bypass pouch is a combination procedure 
with a small pouch (providing restriction) and a narrow stoma 
that maintains the food in the pouch (providing satiety). The 
bypassed segment of stomach, duodenum, and proximal 
jejunum provides the malabsorptive component. However, 
changes in gut peptides caused by rapid delivery of nutrients to 
the jejunum, like glucose-dependent insulinotropic polypeptide 
(GIP) and GLP-1, may be the most important mechanism long 
term.

Biliopancreatic diversion with duodenal switch 
(Figure 116.3d)
As described above, the BPD-DS is a modification of the  
original Scopinaro BPD operation. Instead of an initial horizon-
tal distal gastrectomy, a vertical SG is created. Next, an alimen-
tary limb is created by measuring 250 cm from the ileocecal 
valve and dividing the ileum at this point. Next, the divided 
proximal ileum is anastomosed 100 cm from the ileocecal valve 
to create a common channel. This length of common channel 
provides the optimum degree of malabsorption [84]. This 
enteric anastomosis needs to be widely patent to avoid stricture 
and or obstruction. The biliopancreatic limb starts proximally 
after dividing the first part of the duodenum and connecting  
the alimentary limb to the sleeve stomach. Thus, the second 
anastomosis, the duodenoileostomy anastomosis, is made. The 
alimentary limb can be delivered either anterior to the trans-
verse colon (antecolic) or posterior to it (retrocolic). Although 
various techniques for this anastomosis have been tried, the 
technical difficulty of this step has slowed the widespread adap-
tation of the BPD-DS in spite of its outcomes in comorbidity 
resolution [84].

Physiology
The BPD-DS is a combination of an SG and malabsorption with 
intestinal bypass. The SG provides restriction, increases gastric 
emptying time, and increased satiety. The restriction is not 
thought of as a key component to the weight loss effect and the 
size of sleeve is not as important as the preservation of the 
pylorus and the first portion of the duodenum. The decrease in 
acid-producing parietal cells from the resection of the greater 
curvature of the stomach and the action of the Brunner glands 
of the duodenum greatly reduces the high rates of marginal 
ulcerations seen with the Scopinaro BPD [84]. Preserving the 
pylorus with the SG helps maintain physiological control of 
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returned to its correct orientation. If band adjustment does not 
help, repositioning the band surgically is the next option. 
Patients may opt for band removal or revision to a different 
bariatric operation. If the symptoms present acutely and are 
intractable, a gastric outlet obstruction should be suspected.

Gastric	outlet	obstruction
A large prolapse of the stomach through the band can lead to a 
gastric outlet obstruction. Patients present with signs and symp-
toms of an acute obstruction with intractable emesis, dehydra-
tion, electrolyte imbalance, and abdominal pain. Treatment for 
this surgical emergency requires band deflation and removal of 
the gastric band to avoid ischemia to the stomach.

Etiology
Gastric outlet obstruction can happen immediately postopera-
tively due to poor band placement, use of a smaller band on a 
patient with a larger stomach, or an inflammatory reaction due 
to poor or no dissection of the fat pad on the gastroesophageal 
junction. More frequently, gastric outlet obstruction is insidious 
and presents after a long period of untreated slippage/prolapse 
[87,89]. If a patient ingests a bolus of food that was not chewed 
to a fine texture, that was of tough consistency (e.g., beef), or 
too large, it too can cause an upper gastrointestinal obstruction. 
Band deflation and frequently endoscopy are needed to retrieve 
that bezoar.

Erosion
Gastric band erosion or intragastric migration of the band has 
an incidence of 0–4%. Bands that are left too tight for too long 
are at risk of eroding into the mucosa of the stomach wall. In 
addition, bands placed with tight plication of the stomach or 
plications over the buckle mechanism are at risk for erosion 
[89]. Patients can present with lack of restriction, weight gain, 
or port site infection. Cellulitis or any sign of infection at the 
port site should trigger an endoscopic evaluation of the band 
because a majority of these patients will have an eroded band 
due to contact between gastric acid and the inflatable portion 
of the band which is directly connected via tubing to the port. 
Removal of the gastric band is standard to treat this complica-
tion. This is typically accomplished by nonemergent laparos-
copy (as this complication rarely causes peritonitis). It can also 
be done through the endoscope [90].

Gastroesophageal	reflux	disease	and	esophageal	
complications
Gastroesophageal reflux can develop in previously asympto-
matic patients or be exacerbated in patients with preopera-
tive disease. Incidence has been reported to be as high as  
33% [89]. Preoperative screening with history and physical 
examination is crucial, as well as endoscopy which also helps 
diagnose the degree of disease and the presence of a hiatal 
hernia. Intraoperatively, surgeons must check for and repair 
hiatal hernias and avoid placing the band directly on the  

morbidity and reoperation rates [88]. The rates for repositioning 
or explanting the LAGB device, or revision to a different opera-
tion, approach 35% [89]. Most complications are procedure 
specific; however, certain complications (e.g., leaks, nutritional 
deficiencies) can overlap and are found in several of these 
operations.

Adjustable gastric banding
Prolapse/slippage
When the stomach fundus herniates through the band, this is 
called a prolapse or slippage of the band. If the stomach herni-
ates anteriorly to the band, it pushes the band in a caudad 
inferior direction, changing the angulation of the band; this 
condition is called an anterior slip. If the posterior stomach 
herniates through the band, it, by gravity, twists the band in a 
clockwise direction and the band appears more cephalad and 
superior; this condition is called a posterior slip. When both 
portions of the greater and lesser curvature of the stomach are 
above the band, this condition is called a concentric slip.

Patients with a slipped/prolapsed band present with nausea, 
vomiting, or food intolerance [87]. This can actually lead to 
weight regain [89] because the patient resorts to maladaptive 
eating, including selecting foods and liquids that pass easily 
through the band, such as ice cream and high-calorie snacks. 
Diagnosis is made by contrast study or upper endoscopy or 
both.

Typical findings of slippage are shown in Figure 116.4.
Slip/prolapse can be due to technical error: the perigastric 

technique of band placement leads to more posterior slips (up 
to 25%) and has been widely abandoned in favor of the pars 
flaccida technique (which averages about 2%–4% slippage) [87]. 
Slip/prolapse can also result from repeated episodes of emesis, 
self-induced or reactive vomiting from poor food choices, 
eating too fast, or pill intolerance. Treatment is based on acuity 
of symptoms. Removing saline from the band usually relieves 
symptoms. Patients can then be reimaged to see if the band has 

Figure 116.4 Herniated stomach shown hanging over the band.
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leaks, reflux, and strictures [94,95]. Using the incorrect staple 
height to resect the greater curvature portion of the stomach 
during the operation could cause a leak, as could stapling too 
close to the esophagus while firing the last staple load at the 
angle of His.

Treatment is based on the type of leak, the location of the 
leak, and the patient presentation. First, broad-spectrum anti-
biotics should be started and patient kept nil per os. Then, based 
on the patient’s hemodynamic stability, a treatment strategy is 
devised. In unstable patients, emergency operative exploration, 
with washout, attempted primary closure or diversion, and 
closed tube drainage of any abscesses is mandatory. If possible, 
a feeding jejunostomy should be placed at the time of the opera-
tion to permit the patient to receive long-term enteral feedings. 
In the stable patient, the treatment plan differs. Radiological 
percutaneous drainage can be performed, if available; if not, 
drainage can be done laparoscopically. In this complication, 
endoscopic therapy can be of great utility. Injection of fibrin 
glue into the site of the leak can be effective [96].

Endoscopic clips can also be utilized to close the leak if the 
lesion is small enough. Endoscopic stenting of leaks has been 
described extensively [97]. It is useful for proximal leaks only. 
First, the leak is identified via fluoroscopy and endoscopy. 
Covered esophageal stents are usually the stent of choice. The 
stent is then placed over a guide wire under fluoroscopy. 
Completion endoscopy to confirm the correct placement of the 
stent is then performed. Placed successfully, stents allow for 
early oral intake by the patient (Figures 116.5, 116.6, and 116.7).

Care should be taken in selecting the size and length of the 
stent, as well as in deploying the stent, typically above the 
antrum of the stomach. Covered stents prevent tissue ingrowth 
that would complicate stent removal or exchange. Serial imaging 
should be performed to verify the location of the stent. Stent 
migration has been described in spite of all these precautions. 
Migration to the small bowel requiring surgical removal [96] 
has been reported. A repeat contrast study is performed at 2 
weeks, then again at 6 weeks, the earliest time recommended 
for stent removal. Sakran et al. [98] reported a median time to 
leak closure of 40 days (range 2–270 days) in a study of eight 
centers from Israel and 2834 patients over a 4-year period. 
Mortality in that study was 0.14% (4/2834). This treatment 
course requires a very compliant and motivated patient as stents 
can be extremely uncomfortable. If all these measures fail, and 
leaks are persistent and chronic for months, then conversion to 
RYGB is the next option by bringing up a segment of the 
jejunum/Roux limb to the site of the leak. Total gastrectomy has 
also been reported for failed management of leaks.

Bleeding
The incidence of bleeding with SG reported by the American 
College of Surgeons Bariatric Surgery Position statement on SG 
in 2012 is 1.2%. Smaller series have reported incidence at 2% 
[99]. Bleeding can either be an acute postoperative bleed or 
delayed bleeding. SG has a very long staple line, increasing the 

gastroesophageal junction. Patients must also receive adequate 
dietician counseling on how to eat with a band in place.

Treatment begins with deflation of the band and starting 
proton pump inhibitor (PPI) medications. If symptoms persist, 
further work-up is needed. Esophagram and endoscopy  
can diagnose the sequelae of GERD in band patients such  
as esophagitis, Barrett’s esophagitis, and esophageal dilation. 
Esophageal dysmotility can also develop post band placement 
[91]. Failure of medical management requires surgical interven-
tion. The band should be salvaged or removed. The band can be 
revised to a different bariatric operation (see next section).

Port	problems
Some problems are inherent with having a device such as a port 
in the abdominal wall. The incidence of port complications can 
vary (4%–24%), but what is constant is the morbidity and con-
sternation to the patient and provider. Etiology and presenta-
tion depend on the timing of this complication. In the early 
postoperative phase, hematomas and seromas can be seen. 
Acute kinking of the tubing due to poor port placement can 
occur, leading to painful adjustments. Patients who have had 
failed attempts at band adjustments are at risk for tube perfora-
tion from the needle, which could lead to a leak of the saline or 
a break in the tubing. The port can flip, migrate, or be dislodged 
due to loss of fat in the abdominal wall or improper initial place-
ment. The tubing connecting the band to the port can also 
become dislodged [92]. Imaging is key to the diagnosis, either 
with plain X-rays or with fluoroscopy. Treatment often requires 
surgery, either local (repositioning or replacing the port) or 
intraperitoneal (replacing the entire device).

Sleeve gastrectomy
Leak
A leak is the most serious complication after SG and the com-
plication for which the gastroenterologist can have the greatest 
impact. Leaks can be diagnosed with patient symptoms (e.g., 
fever, tachycardia, abdominal pain) and substantiated with 
radiological imaging (extravasation of oral contrast with com-
puted tomography (CT) scan is the most reliable modality), or, 
if a surgical drain was placed during the operation, the start of 
abnormal output. In a position statement on SG in 2009 [93], 
the ASMBS reported a leak rate of 2.7% from 24 studies with 
1749 patients. This was updated in 2012 to 2.2%. In 2011, the 
International Sleeve Gastrectomy Expert Panel, a group of sur-
geons from 24 bariatric centers, representing 11 countries, 
reported the incidence of leaks was 1.06% among nearly 13 000 
patients. The location in the sleeve stomach is either proximal 
(by the gastroesophageal junction) or distal (by the angle 
incisura) [94]. These two points of high pressure (gastroesopha-
geal junction and angle incisura) are the most vulnerable to 
leaks. The pressure differences in a tubular structure like the SG 
follow Laplace’s law with the greatest pressures being exerted at 
the ends of the tube. Also, the smaller the size of the bougie used 
to create the sleeve, the higher the incidence of complications, 
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Figure 116.6 Upper gastrointestinal contrast study on day 7 after stent 
deployment showing good contrast flow from the esophagus through the 
stent into the gastric antrum. No evidence of proximal leak observed. A 
percutaneous drain was place to drain a subphrenic collection. Source: 
Nguyen et al. 2010 [160]. Reproduced with permission of Springer 
Science + Business Media.

Figure 116.7 Endoscopic view of a deployed noncovered stent.

Figure 116.5 Upper gastrointestinal contrast study showing a stent 
deployment for the treatment of a proximal staple line leak and a partial 
obstruction at the mid-aspect of the gastric sleeve. Note that there is a 
bending of the stent at its mid-point due to the stricture in the gastric 
sleeve. The stent protects the lead and allows contrast to pass through the 
stricture into the duodenum. Source: Nguyen et al. 2010 [160]. 
Reproduced with permission of Springer Science + Business Media.

potential for bleeding over other procedures. Preoperative deep 
vein thrombosis prophylaxis can also contribute to the inci-
dence of bleeding. Sites include the staple line, short gastric or 
omental vessels, or the spleen. Staple line reinforcement – either 
with buttress material on the staples, oversewing the staple line, 

or with biological/synthetic fibrin agents – has been shown to 
reduce the incidence of bleeding [100]. Careful coagulation 
when taking down the greater omentum is also crucial. The 
patient can present with pain, hypotensiveness, and eventually 
with hypovolemic shock. Replacement with fluids or blood 
products treats the majority of patients. Re-exploration is rarely 
needed to control bleeding.

Stricture
Stricture or stenosis occurs at the angle incisura in SG. Patients 
typically present with dysphagia, nausea, and vomiting. 
Incidence has been reported at 0.63% [99]. Etiology is due to 
narrowing of the angle incisura during the operation. Diagnosis 
is made by esophagogram and endoscopy. Short strictures are 
amenable to balloon dilation(s) (Figure 116.8).

Longer strictures can be treated with seromyotomy [101]. 
Eubanks et al. had an 83% success rate using stenting for stric-
tures [101]. For lesions refractory to balloon dilation (six treat-
ments) or stenting, a viable option is conversion to RYGB or 
RNY-DS.

Reflux
Reflux disease is a common comorbidity of obesity and often 
resolves after weight loss. However, new-onset reflux after SG 
has a reported incidence of 26%–31% [99] and worsening  
of preoperatively symptoms in some patients with GERD. 
Presentation is several months after surgery, and the patient 
may have tried PPI unsuccessfully. Hiatal hernia is a major 
source of reflux. Dilated fundus in the sleeve stomach has also 
been implicated. The condition leads to increased production of 
acid by gastrin cells and thus reflux. In terms of prevention, 
preoperative endoscopy in patients with GERD is necessary to 
gauge the degree of disease and also to rule out erosive esophag-
itis and Barrett’s esophagitis. Barrett’s esophagitis is a contrain-
dication to SG. Patients with these sequelae of chronic GERD 
on endoscopy should consider RYGB instead. For patients with 
worsening reflux or new-onset reflux, medical management is 
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clots from the operation or extraluminal bleeding may occur 
from incomplete coagulation of the mesenteric, omental, or 
enteric vessels. Late gastrointestinal bleed may occur as a result 
of a marginal ulcer, defined as an ulcer at the gastrojejunostomy 
anastomosis. Stigmata of any gastrointestinal bleed are typical, 
with hypotension, tachycardia, clammy extremities, and signs 
of hypovolemic shock in varying stages. Melenic or hematachezia 
stools usually follow. Treatment depends on the patient’s condi-
tion. Adequate volume resuscitation is paramount. Emergency 
exploration to find and control the source of bleeding is required 
in the unstable patient. Selective angiography can be used to 
control mesenteric bleeding. Endoscopic management can be 
attempted for an active bleeding marginal ulcer. If unsuccessful, 
surgical exploration is indicated. Stable marginal ulcers can be 
treated with PPIs and agents such as misoprostol/sucralfate for 
8 weeks.

Anastomotic	stricture
The gastrojejunostomy anastomosis is the site most prone to 
strictures. Stricture rates have been reported at <2% [102] and 
6% by other sources. Less common is stricture at the second 
anastomosis, the JJ. Chronic marginal ulceration can lead to 
scarring and an inflammatory reaction that narrows the anas-
tomosis. The technique used to create the anastomosis can also 
lead to strictures. Nguyen et al. described creating the gastroje-
junostomy anastomosis with a circular stapling device and 
having a higher incidence of stricture when using a smaller 
diameter (21 mm) versus using a larger diameter (25 mm) for 
the anvil [103a]. Improper closure of the enterotomy created 
during the jejunojejunostomy anastomosis can lead to narrow-
ing of the lumen. Nicotine, nonsteroidal anti-inflammatory 
drugs (NSAIDs) and alcohol use are all risk factors for develop-
ing marginal ulcers which can progress to anastomotic stricture 
[103b].

Patients present with vomiting or the complaint of vomiting 
shortly after they eat, sometimes with undigested parts of the 
meal. Timing of presentation is typically 2 months post-
operatively. Endoscopic balloon dilation is the treatment of 
choice. Hydrostatic pressure from the dilating device is used to 

the first line of treatment. In those patients who fail PPI, an 
operation to repair a hiatal hernia or trimming of the dilated 
fundus is indicated. Conversion to RYGB has also been reported 
in patients with refractory GERD.

Roux-en-Y gastric bypass
Leaks
Leaks and pulmonary embolisms account for 80% of the 
reported 0.2% mortality for RYGB surgery. The incidence of 
leaks has fallen dramatically over time, with recently reported 
rates of 0–0.5%. The latest bariatric outcomes longitudinal data-
base (BOLD) data from Bariatric Centers of Excellence have 
leak rates of 0.3%.

Surgeon experience and volume are major risk factors for 
leaks. Certain patient characteristics (those with BMI >50, mul-
tiple comorbidities, and males) and revisional surgery carry a 
higher incidence of leaks. Nicotine and steroid use periopera-
tively have been implicated in the risk of developing a leak [95]. 
Locations include the gastrojejunostomy anastomosis (67.8%), 
gastric pouch (10.2%), excluded stomach (3.4%), jejunojejunos-
tomy (JJ) anastomosis (5.1%), and other sites (13.7%) [100].

Leaks typically present acutely or within the first 3–4 days. 
Abdominal pain, tachycardia, and sometimes fever immediately 
postoperatively should raise concern that a leak may be present 
and cause prompt evaluation. Imaging should be ordered, with 
water-soluble contrast. Control of the leak and drainage of the 
leakage are essential principles of treatment. The patient should 
be made nil per os and parental nutrition started. Operative or 
interventional radiology drainage of the intraperitoneal fluid is 
performed. Gastrointestinal microbial flora antibiotic coverage 
is usually appropriate. After 4–6 weeks of therapy, the contrast 
study may be repeated. Endoscopic stenting has been popularly 
used for RYGB leaks, but insertion of fibrin glue type material 
into the area of leak/fistula has been reported as well.

Bleeding
Incidence of bleeding after RYGB is reported in a range of 
2%–4% [102]. Acute gastrointestinal bleed with intraluminal 

Figure 116.8 (a) Patient 1 month after sleeve gastrectomy with stricture at the pylorus. (b) First set of balloon dilations. (c) Pylorus after dilation.

(a) (b) (c)
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Intestinal	obstruction
Obstruction can result from stricture or internal hernias as 
described earlier. It can also result from adhesions, intussuscep-
tion (a common site for this is the JJ anastomosis), bezoars, malig-
nancy, or port site hernias. Treatment is typically operative.

Postgastrectomy	syndrome	dumping
The term postgastrectomy syndrome was initially introduced to 
describe the sequelae of symptoms in patients after gastrectomy, 
not bariatric surgery. The constellation of symptoms of vomit-
ing, weight loss, and nutritional and metabolic complications 
are termed postgastrectomy syndrome. For the bariatric patient, 
postgastrectomy syndrome is largely referred to as dumping. 
Dumping results from the consumption of foods with high 
osmolar content, sugars, or highly concentrated starch and car-
bohydrates which can lead to rapid transit time as well. Incidence 
is 40%–50% of patients. They experience a transient sensation 
of intense flushing, nausea, and occasional vomiting. Patients 
describe an urge to lie down. Symptoms usually subside with 
rest. The threat of the unwanted side effect is used to encourage 
patients to avoid foods with high sugar content such as cake and 
ice cream.

Nesidioblastosis:	postprandial	hypoglycemia
Hypoglycemia after gastric bypass is not uncommon; it is, 
however, largely asymptomatic [102]. In rare cases, neuroglyco-
penic symptoms (e.g., confusion, fainting) can occur, and 
admission for severe hypoglycemia is about five times as 
common in postgastric bypass patients as in the population at 
large [105]. Such severe symptoms necessitate evaluation for  
the noninsulinoma pancreatogenous hypoglycemia syndrome 
(NIPHS) or nesidioblastosis. Actual incidence of NIPHS/
nesidioblastosis is extremely low [105]. Gastric bypass causes 
profound changes in postprandial insulin levels and increases 
circulating levels of GLP-1 and PYY hormones. The change in 
insulin function has been attributed to the exclusion of the 
alimentary tract’s foregut and the rapid delivery of nutrients to 
the more distal small intestine. Most cases are due to greater 
consumption than recommended of simple and refined carbo-
hydrates and a resultant “reactive” hypoglycemia and late 
dumping syndrome.

The proper approach to NIPHS is not known, but in severe 
cases it has been treated with either a distal or total pancreate-
ctomy, or reversal of the gastric bypass.

Biliopancreatic diversion with duodenal switch
Leak
The incidence of leak in BPD-DS has been reported as 1%–2.6% 
[100]. The incidence is lower with an open operation than with 
a laparoscopic procedure. The majority of leaks occur at the 
duodenoileal anastomosis. Incidence varies with the technique 
used for this anastomosis. Tension-free hand-sewn duodenoile-
ostomy has the lowest leak rate [106], while surgeries using a 
circular stapler have the highest. Other potential sites for a leak 

sequentially stretch out the stricture. Repeated endoscopic 
treatments are often required. However, once the patient’s 
symptoms are relieved, no further dilation is required. Dilation 
must not be performed in the presence of an active ulcer. 
Caution must be taken not to be overly aggressive with dilations 
as this could lead to perforation at the anastomosis and  
the need for emergency exploration. Postoperative plain film 
should be ordered after dilation if the patient is having signifi-
cant abdominal pain.

Internal	hernia
Mesenteric defects made during surgery are the source of inter-
nal hernias which incarcerate the small intestine. The reported 
incidence varies between 2% and 4.5% [104] (Figure 116.9).

There are three classic locations of defects after RYGB: (1) the 
defect created in the transverse colon mesentery from a retro-
colic delivery of the Roux limb; (2) the defect in the Peterson’s 
space, a space between the mesentery of the Roux limb and the 
bowel underneath it; and (3) defect created during the JJ anas-
tomosis. Patients with an internal hernia present with crampy 
abdominal pain and complaints that can be vague and transient; 
pain can sometimes be relieved with positioning. If the small 
bowel is incarcerated, the patient will present with signs of a 
small bowel obstruction. CT scans usually show the classic 
swirling sign, twisting of the mesentery of the entrapped small 
bowel, or vascular congestion. Due to the intermittent nature of 
many hernia presentations, a normal CT scan does not exclude 
this diagnosis. Internal hernia must be closed surgically. A delay 
in exploring those patients who present with signs of an obstruc-
tion could lead to compromise of the small bowel.

Figure 116.9 Arrow depicts swirl sign suggestive of an internal hernia.
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bowel movements can result in leakage or incontinence which 
can be debilitating. Also, patients after BPD-DS can have diffi-
culty with handling a high dietary lactose load, a deficiency that 
can lead to bowel irregularity and diarrhea. If the etiology is not 
from the diet, it could be from a short common channel. When 
conservative measures fail (i.e., diet counseling, hydration), 
lengthening the common channel is the treatment of choice.

Polyneuropathy
Polyneuropathy is the sequelae of other complications and is 
usually associated with persistent emesis or hypoproteinemia. It 
may be readily reversed when the complication is corrected.

Other complications
Biliary	disease,	cholelithiasis,	choledocholithiasis
The association between obesity and biliary disease is well 
established. So too is the association between bariatric surgery 
and the development of biliary disease, specifically gallstone 
disease. Historically, the incidence of gallstone formation after 
bariatric surgery has been reported to be 25%–33% and was as 
high as 71% in one study [108]. Cholelithiasis/biliary disease in 
these postbariatric patients was thought to be associated with 
increased morbidity, more difficult operations due to increased 
intraabdominal adhesions, and increased incidence of common 
bile duct injury. The altered anatomy in these patients makes  
it difficult to access the biliopancreatic anatomy and manage 
choledocholithiasis. This difficulty has prompted recommenda-
tions for prophylactic cholecystectomy at the time of bariatric 
surgery [109]; routine radiographic screening of all patients 
preoperatively with ultrasound; and use of agents such as urso-
diol in postoperative patients to reduce the risk of gallstone 
formation [108]. However, prophylactic cholecystectomy not 
only increases operative time and hospital stays, but also exposes 
patients to increased risks and morbidity [109]. Recent studies 
show an 8% incidence of cholecystectomy after bariatric surgery 
[102], suggesting expectant approval rather than routine pro-
phylactic cholecystectomy. Plecka Östlund et al. in a Swedish 
population-based study reported an 8.5% incidence of cholecys-
tectomy amongst 13 443 postbariatric surgery patients (RYGB, 
AGB, VBG) over a 22-year period [110]. This number was five 
times that of the control arm of nonbariatric patients. Portenier 
et al. reported an 8.1% incidence of cholecystectomy and 1391 
patients after RYGB [111]. Both studies reported the highest  
risk/incidence for cholecystectomy to be 6–29 months after 
surgery, and both reported a significant drop in incidence after 
30 months. In Portenier’s same patient population [111], the 
results of routine preoperative ultrasound (B) was normal in 
78% of their patients. Of the 22% with abnormal findings, 
among 81 asymptomatic patients who elected to watch and wait 
instead of having concurrent cholecystectomy with their RYGB, 
only 17% progressed to symptomatic cholelithiasis requiring 
cholecystectomy. Sugerman et al. [108]. reported the common 
standard of practice of using ursodiol to decrease the incidence 

are the duodenal stump and the sleeve stomach. The ileoileos-
tomy anastomosis has the lowest incidence of leakage. Revisional 
surgery and high BMI have also been shown to increase the risk 
for leaks. Patient presentation is similar to that for SG and RYGB 
discussed above. Management is also similar and depends on 
the patient’s hemodynamic status.

Internal	hernia
Sites for internal hernia in BPD-DS are similar to the RYGB, at 
the mesenteric defects created during the operation: (1) at the 
ileo-ileostomy; and after (2) retrocolic delivery of the alimen-
tary limb which can create a defect in the transverse mesocolon. 
All mesenteric defects should be closed with permanent sutures.

Protein	malabsorption
After BPD surgery, intestinal absorptive capacity is reduced, as 
is the intake of proteins and of food in general. Also, endog-
enous nitrogen loss is increased after BPD. Scopinaro reported 
up to five times the normal rate or 30 g of protein [107]. Dietary 
protein intake should be increased in these patients initially 
before the intestine compensation and adaptation occurs. 
Serum albumin is used as a marker for protein malabsorption. 
Hypoalbuminemia may be an indicator for liver fibrosis. 
Marceau et al. reported a 20% incidence of hypoalbuminemia 
in the first 6 months after BPD [107]. However, the annual revi-
sion rate due to hypoalbuminemia after BPD-DS found in this 
study was much lower (0.1%).

Liver	failure
Malabsorptive bariatric surgery clinically improves parameters 
in patients with nonalcoholic steatohepatitis/nonalcoholic fatty 
liver disease, and improves the histology by as much as three 
grades. Some patients improve and become more suitable can-
didates for liver transplantation. Liver failure is a late occurrence 
typically and occurs secondary to other complications of  
bariatric surgery. Complications include protein malnutrition, 
nutritional deficiencies, drug toxicity (acetaminophen), and 
acute abdominal catastrophes. Although case reports exist of 
acute liver failure that required liver transplantation, deaths due 
to acute liver failure are rare. Treatment is supportive care with 
parenteral nutrition and, if no improvement, then reversal of 
the operation is recommended. Surgery should only be done by 
a highly experienced bariatric surgeon.

Halitosis
Patients should be prepared for this side effect of surgery. 
Increased gas production due to carbohydrate malabsorption 
can lead to intense halitosis and flatulence. Patients can use 
sugar-free mint gum for relief.

Diarrhea
Steatorrhea is from fat malabsorption of the BPD-DS. 
Malodorous bowel movements, sometimes 4–10/day, have been 
reported. Dehydration and protein deficiencies can result. Oily 
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calcium malabsorption from the RYGB surgery, bypassing the 
duodenum and proximal bowel, sites at which calcium is 
absorbed. Decreased proximal calcium absorption and increased 
exposure of calcium to free fatty acids leads to saponification, 
the inability to bind to oxalate, and increased urinary excretion 
much the same as observed in patients with small bowel Crohn’s 
disease. Suggested treatments include dietary changes (i.e., 
decreases in dietary fat, and oxalate-rich foods such as cocoa, 
tea, nuts, and spinach). Probiotics have also been used for 
prophylaxis with variable results.

Nutritional	deficiencies
Nutrient and vitamin deficiencies can occur following bariatric 
surgery. Typically, such deficiencies are seen in procedures with 
a malabsorptive component such as BPD and RYGB. Nutritional 
deficiencies can also be seen to a lesser extent after restrictive 
procedures secondary to avoidance of certain types of foods 
postoperatively, decreased intake, or from the complication of 
hyperemesis. Gastrectomy can lead to iron, zinc, and vitamin 
B-12 deficiencies [107]. Preoperative screening and education 
typically by a registered dietician plays a vital role in the assess-
ment of candidates. Patient should be introduced to the 
Recommended Dietary Allowances as prescribed by the USDA. 
Patients should be aware of the metabolic effects of their opera-
tion on their physiology, that by bypassing segments of the 
gastrointestinal tract certain vitamins and nutrients will be mal-
absorbed and they will need life-long supplementation as their 
best chance to avoid deficiency. However, these deficiencies can 
still develop due to the potent metabolic effects of these opera-
tions despite patient compliance.

Protein deficiency
Protein status is often assessed by serum albumin with a level 
<3.5 g/dL indicating deficiency. It is commonly seen after BPD 
and BPD-DS procedures. Peptides and amino acids are prima-
rily absorbed in the ileum which is mostly bypassed with BPD. 
Protein deficiency can also occur after shortening of the long 
limb/distal RYGB (150 cm Roux limb). To a lesser degree, in a 
patient with postoperative food limitations, some protein defi-
ciency can manifest. Overall incidence has been estimated to 
range from 3% to 18% at 1–2 years postoperatively [107]. 
Patients can present with muscle weakness/asthenia, alopecia, 
edema, anemia, or hypoalbuminemia of varying degrees. 
Depending on the severity of the deficiency, hyperalimentation 
for approximately 3 weeks can correct an acute problem. Dietary 
counseling to encourage increased patient intake can correct 
less acute presentations.

Iron deficiency
Iron is absorbed primarily in the duodenum and proximal 
jejunum. Iron is stored intracellularly and released by the 
protein ferritin. Thus, low levels of ferritin (<20 μg/L) is indica-
tive of iron deficiency which can lead to anemia. The incidence 
of iron deficiency in the postoperative bariatric patients ranges 

of postoperative cholelithiasis but cited low compliance with the 
medicine due to its taste and cost.

Conventional endoscopic retrograde cholangiopancreatogra-
phy (ERCP) cannot be performed in patients post RYGB and  
DS. Nonendoscopic treatment options for choledocholithiasis 
include percutaneous transhepatic cholangiography and surgi-
cal common bile duct exploration. Both require drainage tube 
placement and specialized care that is not always available.

Balloon-assisted enteroscopy has been described as a means 
to evaluate and treat patients with surgically altered gastrointes-
tinal anatomy. Fluoroscopy and appropriate length guide wires 
are used to facilitate entry from the alimentary limb into the 
biliopancreatic limb as an over tube/balloon helps advance the 
enteroscope in a steady pattern. In reviewing 16 reports encom-
passing 63 patients, Koornstra et al. [112] found that double-
balloon enteroscopy had a therapeutic success rate of 55.6%. An 
article reporting on the experience of eight US centers in a total 
of 129 patients using single-balloon, double-balloon, or a rota-
tional over tube-assisted enteroscopy had a therapeutic success 
rate of 63%. Limiting factors for success would be an alimentary 
limb of 150 cm or a kinked/angled or strictured jejunojejunos-
tomy anastomosis. Laparoscopic-assisted ERCP is another alter-
native for choledocholithiasis [113]. Standard laparoscopy for a 
gastrostomy tube on the excluded stomach allows for the intro-
duction of a sterile sigmoidoscope, through which a gastroscope 
can be advanced into the duodenum. The therapeutic success 
rates was 100% but at a higher cost than enteroscopy.

Renal
Renal complications can occur after bariatric surgery. Obese 
patients are already at risk for chronic kidney disease (CKD). 
Hypertension and diabetes mellitus are common comorbidities 
of obesity that predispose these patients to increased risk for 
CKD. Acute kidney injury (AKI), defined as a rise in serum 
creatinine of 0.3 (stage I), is a rare postoperative complication 
of bariatric surgery and can be severe enough to warrant hemo-
dialysis (stage III). In a study by Weingarten et al. of 1227 
patients, the estimated incidence of AKI was 6% and the vast 
majority of patients fell into the stage I category [114]. 
Presentation mostly is with dehydration, volume depletion that 
may require readmission or in-clinic intravenous fluid resusci-
tation. Very few patients required hemodialysis. Risk factors for 
developing AKI include patients with higher BMI, type II dia-
betes mellitus, longer operative time, and complications from 
surgery (e.g., leaks, bleeding, acute myocardial infarction, 
infection/sepsis).

The incidence of nephrolithiasis after RYGB bariatric surgery 
is between 3.1% and 7.7% [114]. The incidence is higher in 
patients who were stone formers preoperatively [115]. RYGB is 
associated with increased urinary oxalate excretion and thus for 
kidney stones and associated morbidities. An increase in oxalate 
excretion has been observed as early as 3 months postopera-
tively and for up to 2 years [116]. There is also an increase in 
calcium oxalate super saturation. Etiology is believed to be from 
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Screening should include not only levels of calcium and vitamin 
25-hydroxyvitamin D, but also parathyroid hormone (PTH), 
alkaline phosphatase levels, and markers for bone turnover such 
as urinary N-telopeptide and osteocalcin [107]. Higher risk 
patients, stratified by age and gender, may require a baseline 
bone density scan and be marked for more stringent postopera-
tive follow-up. The incidence of calcium and vitamin D defi-
ciency postoperatively is 10%–63%; incidence increases as the 
procedure is more malabsorptive. Deficiency can occur despite 
patient compliance. No substantiated rate has been reported of 
increased fractures in postoperative bariatric patients who are 
vitamin D and calcium deficient.

Vitamins A, E, and K Deficiencies in these fat-soluble vitamins 
are mostly seen in BPD patients. Reported incidence is low and 
clinical presentations are rare and limited to a few case reports 
typically seen in late follow-up (after 4 years). Vitamin A defi-
ciency which can cause night blindness and xerophthalmia has 
reported incidences of 5%–12%. Vitamin E deficiency was 
reported at 5% in one small study though no clinically signifi-
cant complications were reported. Vitamin K deficiency was 
reported as prevalent post-BPD in one study of 170 patients 
(68% at 4 years) [107]. It has not been shown to be accompanied 
with any increase in incidence of abnormal bleeding.

Zinc
Zinc deficiency has been reported at rates of 10.8% to as high 
as 50% in patients following malabsorptive surgery of BPD and 
distal RYGB [107]. Blood zinc should be checked in long-term 
follow-up. Patients with zinc deficiency can present with per-
sistent alopecia.

Selenium
Selenium deficiency occurred at rates of 14.5% in BPD patients 
in one study with significant clinical complications [107]. 
Selenium is needed to convert T4 to the active form T3. If 
absent, hypothyroidism could occur.

Magnesium
Magnesium levels should be checked in postoperative patients 
as deficiency could have cardiovascular complications or cause 
hypocalcemia by impairing PTH release. Reported incidence in 
BPD patients was 5% with no significant clinical complications 
[107].

Gastrogastric	fistula
Gastrogastric fistula is a communication between the gastric 
pouch and the excluded stomach. It is mostly seen in patients 
who had the VBG. Staple line dehiscence from the gastric par-
titioning is the cause. Presentation can be insidious and it is a 
common reason for weight regain and subsequent revision 
surgery. Alternatively, presentation can be acute during the early 
postoperative phase with signs and symptoms of a leak. A gas-
trogastric fistula can also occur after RYGB resulting from 

from 6% to 33% with some reports as high as 45%–52% at 
4-year follow-up. However, other common causes for anemia 
must be ruled out before attributing this deficiency to the bari-
atric operation alone (e.g., menorrhagia, marginal ulcers, or 
cancer). Preoperative screening is important. Marceau reported 
a 4% incidence of iron deficiency amongst preoperative bariat-
ric patients [107]. Postmenopausal females with anemia must 
be checked for iron deficiency. Premenopausal females and any 
patient with anemia should be started on supplementation until 
their hemoglobin and serum ferritin levels are adequate for 
surgery.

Vitamin deficiency
Vitamin B-12 Vitamin B-12 is absorbed in the distal ileum. 
Intrinsic factor (IF), a glycoprotein made in the parietal cells of 
the stomach fundus, is required for absorption in the ileum and 
gastric acidity greatly facilitates the binding of IF to B-12 in the 
stomach. In SG and BPD, gastric IF and acid production is 
reduced; in RYGB, it is bypassed and defunctionalized [107]. 
Brolin et al. report the incidence of vitamin B-12 deficiency at 
8%–37% [117]. B-12 deficiency can lead to pernicious anemia 
and subsequent megaloblastic anemia. However, in folate sup-
plemented patients, neurological manifestations of vitamin 
B-12 deficiency without anemia predominate. Compliance with 
postoperative bariatric supplementation is sufficient to prevent 
and treat vitamin B-12 deficiency.

Vitamin B9/folate Folic acid/folate are absorbed in the jejunum. 
Incidence of deficiency mirrors that of vitamin B-12. However, 
symptomatic folate deficiency is rare and can result in neural 
tube defects in a mother’s fetus, macrocytic anemia, peripheral 
neuropathy, cognitive deficiencies, mouth ulcers, and sore/
swollen tongue. Multivitamins usually contain the recom-
mended dose of folate.

Vitamin B1/thiamine Like folate, thiamine is a water-soluble 
vitamin absorbed in the jejunum. Incidence of thiamine defi-
ciency is low and is seen in patients who are noncompliant with 
supplementation, those suffering from frequent vomiting, and 
those with significant malnutrition. Thiamine deficiency can 
lead to Wernicke–Korsakoff encephalopathy. Primavera et al. 
[118] showed a rate of the latter of 0.18% in 1663 patients. Such 
patients respond well to intravenous/intramuscular thiamine.

Vitamin D and calcium deficiency Deficiencies of vitamin D 
and calcium occur together in bariatric patients. Calcium is 
absorbed in the duodenum and proximal jejunum. Vitamin D, 
a fat-soluble vitamin is absorbed in the ileum. Vitamin D defi-
ciency is common amongst obese individuals. Studies have 
shown a 21%–23% incidence in preoperative patients. It is 
important to screen and treat such patients preoperatively. 
Malabsorptive surgery can lead to decreased calcium absorp-
tion which can lead to secondary hyperparathyroidism and 
osteoclastic activity, which increases the risk for osteoporosis. 
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is a failure of conservative management of a complication. 
However, the most common reason for revisional surgery is 
inadequate weight loss or weight regain.

While it is best for patients to return to their original center/
surgeon to address their weight regain or inadequate weight 
loss, many patients seek another practitioner. Regardless of the 
reason for consulting a different physician, the first question 
that the provider evaluating these patients should answer is: 
“Did the bariatric operation fail the patient, or did the patient 
fail the operation?” Revisional surgery is associated with 
increased risks of complications. Revisional surgery is associ-
ated with increased risks of complication and morbidity; such 
as leaks, bleeding, wound infections, increased length of stay, 
and higher readmission rates than primary surgery. Mortality 
has been reported 0–0.9% [121b,c]. The decision to offer revi-
sion surgery should be undertaken only when the benefits suf-
ficiently outweigh the risks. Not only is patient selection crucial, 
but revisional bariatric surgery should only be performed by an 
experienced surgeon in an established center.
• “Did the operation fail the patient?” Is there an anatomical 

reason why the patient is regaining weight? Reasons can 
include a dilated gastric pouch or a widened stoma (anasto-
mosis of the gastrojejunostomy in RYGB) that leads to 
increased transient time and gastric emptying and lack of 
satiety. Is there an enlarged sleeve stomach? Is there a failed 
staple line in VBG causing a gastrogastric fistula between the 
pouch and the excluded stomach and resulting in weight 
regain? Perhaps the wrong operation was performed for the 
patient, e.g., a restrictive operation (AGB) for a patient with 
a BMI of >50 with multiple comorbidities will most likely not 
achieve a BMI <35 or an EWL >50%.

• “Did the patient fail the operation?” Has there been a break-
down in behavioral and lifestyle modifications made imme-
diately postoperatively? Has the activity or exercise level of 
the patient decreased? Has the patient increased in intake  
of high-calorie foods? Is there snacking between meals? 
Increased portion size? How often is the patient following up 
for band adjustments? Is there an element of depression or 
alcoholism?
To address these questions, a multidisciplinary team approach 

is advantageous. This may include a surgeon, gastroenterologist, 
relevant psychiatrist, and dietician. Patients need a comprehen-
sive evaluation by a bariatric dietician. Eating habits, types of 
foods consumed, and how the patient is eating these foods must 
be reviewed. A food journal is helpful. Simple modifications 
here can correct a patient’s symptoms and alleviate the need for 
invasive intervention. A detailed history and physical examina-
tion are essential. Appetite suppressant medications can help 
curb increased appetite. The patient may be taking in excess 
calories in the form of alcoholic beverages. There may be a  
lack of exercise. Depression is an underdiagnosed problem  
in this subset of patients who, after massive weight loss, now 
have a new place in society. How they cope with this new status 
can possibly lead to self-sabotaging behavior. The previous 

incomplete division of the stomach when creating the pouch as 
a result of difficult access at the angle of His. Staple failure can 
result in a contained leak and subsequent abscess formation in 
close proximity to the excluded stomach, thus forming a fistu-
lous tract. Endoscopy or upper gastrointestinal imaging is used 
to confirm the clinical diagnosis. Management depends on pres-
entation. Early presentation is managed as previously described 
with leaks. For late presentation, a mature tract is typically 
present that can be treated surgically. Incidence in reports 
varies; surgeries with gastric partitioning have the higher rate 
11.8%. Surgeries with complete pouch exclusion have lower 
rates of 0.2%–2%. Al Harakeh et al. found a 6% incidence in 
their patient population after RYGB [102].

Psychological	issues
The NIH recognized the importance of a patient’s mental health 
by mandating preoperative psychological evaluation and clear-
ance on all prospective bariatric patients. No patients with 
active untreated psychosis should be approved for surgery.  
Drug and alcohol addiction and eating disorders are all con-
traindications to surgery. Obese patients have a higher inci-
dence of major depressive disorders, anxiety disorders, eating 
and binging disorders, and emotional eating than nonobese 
patients. Several health-related quality of life (HRQOL) surveys 
show that the majority of patients improve in their overall 
mental and physical health after bariatric surgery. In a study of 
bariatric patients matched with obese patients who were denied 
bariatric surgery, RYGB patients scored the highest on a HRQOL 
survey as far out as 6 years [119]. HRQOL scores correspond 
directly to weight loss, weight stability, and weight regain. A 
small subset of patients experience declining mental health 
postoperatively. Postoperative bariatric patients account for 6% 
of all inpatient treatment admission for substance abuse [120]. 
The etiology for increased substance abuse has been attributed 
to increased peak blood alcohol level with faster onset and 
stronger effect, addiction substitution from food to alcohol,  
new social status and attention received from being thin, and 
unresolved psychological problems. Postoperative psychologist 
counseling is indicated, but the cost can be prohibitive. The 
multidisciplinary team must identify at-risk patients during 
preoperative assessment.

Revisional bariatric surgery

Unfortunately, in spite of best efforts, some patients will not 
achieve success with bariatric surgery. Failure rates vary by the 
type of bariatric operation performed and by other factors. 
Kellogg [121a] quoted the overall incidence of revisional after 
bariatric surgery of 5%–50%: 5% for BPD-DS, 10%–20% for 
RYGB, 40%–50% for AGB, and 25%–54% for VBG.

Revisional surgery can be a technical improvement or adjust-
ment to a previous bariatric operation, or a conversion to a 
different operation. There are several reasons for revision; one 
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cemia, chronic ulcers) do sometimes necessitate revision. It is 
critical to determine the etiology of failure of RYGB. RYGB 
surgery is a combination of restriction and malabsorption; a 
failure in either of these components or both could be the cause 
of failure. Once the mechanism causing failure is determined, 
the optimal approach to revision can be decided.

Failure due to lack of restriction can result from a dilated 
gastric pouch or an enlarged gastrojejunostomy anastomosis/
stoma. This condition is diagnosed by contrast imaging and 
endoscopy. The criteria for pouch or stoma enlargement are based 
on set practice guidelines (pouch length >7 cm) or comparison 
with the imaging performed after the primary procedure. Various 
treatment options have been described. One method involves 
placing an AGB on the gastric pouch [125]. Bessler and associates 
[125] added the AGB to the gastric pouch in a small subset of their 
patients (22) who had failed to achieve 50% EWL after RYGB, and 
managed these patients with serial band adjustments. They 
reported a total additive EWL at 6 years of 59.3%.

Reduction of a dilated stoma and/or pouch may also be done 
less invasively in some patients through an endoscopic approach. 
Two devices described as having some success are the ROSE 
procedure (restorative obesity surgery procedure endoscopi-
cally; USGI Medical) and the StomaPhyx device (EndoGastric 
Solutions). Tissue anchors are used to create a tissue plication 
of the pouch and/or the stoma, reducing the length and diam-
eter, respectively. Results have been modest but with few com-
plications. Reported weight loss after this procedure is 7.8–11 kg 
after 6–12 months; a halt in weight regain has also been reported.

Lack of malabsorption
Small series studies have reported lengthening of the Roux limb 
to create a more distal Roux limb. This procedure entails creat-
ing a common channel to 100–150 cm from the terminal ileum. 
The few series with small patient volume for this procedure 
report inconsistent results with increased EWL but also compli-
cations of protein malnutrition and severe nutritional deficien-
cies [126].

Conversion of RYGB to BPD-DS has shown to have the best 
outcomes (highest EWL) in the literature. This revisional 
surgery is technically very challenging. It involves reversing 
RYGB by restoring gastric continuity with a gastrogastrostomy 
of the pouch to the excluded stomach followed by the restora-
tion of jejunum continuity through dividing the gastrojejunos-
tomy anastomosis and reattaching the Roux/alimentary limb 
distally passed during the detached JJ anastomosis and then 
performing the BPD-DS. Few series have been reported [127]. 
Complications are higher with revisional surgery in comparison 
to primary operations. Reported complications for conversion 
of RYGB to BPD-DS include stricture at the gastrogastrostomy 
site and leaks at this site or from the sleeve stomach.

Vertical	banded	gastroplasty
The failure rate of VBG ranges from 25% to 54% and was as 
high as 65% in one study [128,129]. The rate of reoperation of 

operative note from the primary operation should be reviewed 
to determine the type of technique used, including, when appro-
priate, the brand of band, the length of the Roux limb in RYGB, 
and the length of the common channel in BPD-DS.

A contrast study of the upper gastrointestinal tract can 
provide useful information. It can show both anatomical and 
physiological abnormalities such as a gastrogastric fistula in a 
VBG, dilated esophagus from restriction of AGB, severe reflux, 
or delayed emptying from strictures. A barium meal as opposed 
to a liquid bolus is more diagnostic of solid food intolerance 
[121]. Upper endoscopy is needed to evaluate previous opera-
tive changes before considering a patient for revision surgery. 
In addition to direct visualization of anatomy and some relevant 
complications, biopsies can be performed. These can assess the 
severity of esophagitis. If there is dysplasia from chronic reflux 
secondary to AGB, a conversion to an SG should not be consid-
ered. A CT scan can help diagnose pathologies such as a stric-
ture at the distal anastomosis of RYGB or BPD-DS. Manometry 
is useful to determine the residual function of the esophagus 
after complications from primary restrictive procedures like the 
AGB to inform the choice of revisional procedure.

Types of revisions
Adjustable	gastric	band
A failed band can be converted to any operation. Surgery can 
sometimes be performed in a single stage although operative 
findings sometimes dictate a two-stage approach. Revisions due 
to inadequate weight loss are more likely to be single stage due 
to the higher risk of complications with two-stage procedures.

If there are no contraindications, AGB can be converted to 
SG. Contraindications would be severe reflux or esophageal 
dysfunction. Patients who had some success with the AGB but 
require a revision due to a complication of the band are good 
candidates for revision to SG. Foletto et al. [122]. converted 52 
patients from AGB to SG, showing an EWL of 41.6% but high 
complication rates (5.3% for both leaks and bleeds). Numbers 
in this series improved after the team started to stage their revi-
sions into two operations for situations with complex gastric 
band removal.

The RYGB is recommended in patients with reflux, regurgita-
tion, persistent metabolic disease, inadequate weight loss, band 
intolerance, or esophageal pathology. Hii et al. [123]. converted 
82 patients from AGB to RYGB. In these, EWL at 12 months 
was 58% and morbidity 13.4% with a 1.2% leak rate.

For patient requiring the greatest possible weight loss, Topart 
et al. [124]. performed BPD-DS or RYGB for failed AGB. The 
study showed better weight loss with BPD-DS (66% EWL) than 
RYGB (58% EWL), but the BPD-DS group had a much higher 
rate of complications (62%) than the RYGB group (12%).

Roux-en-Y	gastric	bypass
The most common reason for revision of RYGB is inadequate 
weight loss (i.e., failure to achieve 50% EWL). However, com-
plications refractory to conservative management (e.g., hypogly-
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Reversal and restoration of the gastrointestinal tract has also 
been described; it is reserved for the poorly compliant patient.

New innovations and investigational 
procedures

Increased knowledge of gastrointestinal physiology and  
gut hormone function have led to new procedures and 
innovations.

Ileal transposition (ileal interposition)
Mason introduced the concept of ileal transposition (IT) in 
1999 based on several observations from the literature [136] 
including patients who had malabsorptive procedures such as 
the BPD and jejunoileal bypass had elevated levels of the gut 
hormone GLP-1 and were also cured of type II diabetes mellitus; 
treatment with synthetic GLP-1 in type II diabetes mellitus 
increased insulin stimulation and improved serum glucose and, 
in animal studies, taking a short segment of distal ileum and 
relocating it to the proximal jejunum resulted in increased levels 
of GLP-1 and PYY, also known as peptide tyrosine tyrosine, 
producing an inhibitory feedback mechanism to the foregut/
proximal gastrointestinal tract. The feedback produced increased 
satiety and food intake as well as decreased gastrointestinal 
motility or “ileal brake.”

DePaula et al. reported the first human study in 2006 in 19 
patients [137]. They amplified the weight loss from IT by adding 
an SG as a restrictive component. DePaula et al. described the 
IT procedure as first dividing the jejunum and its mesentery 
50 cm from the ligament of Treitz, then resecting a 170–200 cm 
portion of the distal ileum, 30 cm from the ileocecal valve. This 
segment is then placed (with its blood and nerve supply intact) 
in an isoperistaltic fashion into the divided proximal jejunum. 
Vertical SG is also performed. A follow-up study by DePaula in 
2010 [138] in 120 patients with a mean follow-up of 38 months 
found a decrease in mean BMI from 43.4 to 27.7 as well as reso-
lution of metabolic syndrome in >82% of patients. No mortality 
was reported and the rate of morbidity (4.2%) was low [138]. 
Boza and Gagner and coworkers compared RYGB to SGIT in a 
porcine model to find that it was just as effective during a short-
term follow-up of 18 weeks [139]. Using IT with SG to treat 43 
type II diabetes mellitus patients with an average BMI of 33, 
Kumar et al. reported 47% complete remission of type II diabe-
tes mellitus and 90% remission of hypertension during 20 
months of follow-up [140]. In a similar subset of patients with 
BMI <35, DePaula et al. reported improvement in fasting blood 
glucose and postprandial glucose in early 30-day follow-up 
[141].

Duodenojejunal exclusion
This procedure maintains intact gastric volume and has a  
gastrojejunal anastomosis. It was first reported by Rubino  
and Marescaux in 2004 in a nonobese animal model of  

VBG ranges from 19% to 60%. The cause of VBG failure is 
sometimes too much restriction, causing reflux and esophagitis 
as a result of stenosis at the stoma. Patients learn maladaptive 
eating patterns, consuming high-calorie foods that readily go 
through the restriction, a practice that leads to weight regain. 
Chronic stenosis can cause pouch and esophageal dilation. 
Failure of VBG is more commonly (>50% of VBG revision 
patients) due to staple line dehiscence which creates a gastro-
gastric fistula between the pouch and the partitioned stomach 
and eventually leads to weight regain. Despite case reports of 
conversion of VBG to BPD or BPD-DS, the most practiced and 
successful conversion is VBG to RYGB [130,131] with EWL 
rates of 47% to 69% and marked improvement in comorbidities, 
especially GERD. Again, morbidity and mortality are higher 
with this revision operation. It is important to have a detailed 
preoperative assessment of the patient clinically, and with diag-
nostic imaging and endoscopy. VBG pouch size should be 
determined. Intraoperation assessment of the failed staple line 
is important, to determine whether to resect that portion of the 
stomach and avoid an ischemic excluded stomach.

Sleeve	gastrectomy
The incidence of revision for SG is reportedly 5.5%. The indica-
tion for revisional surgery include inadequate weight loss, either 
from a primary SG or one performed for revision, planned two-
staged procedure in super morbidly obese patients (BMI >50), 
and complications of SG refractory to conservative manage-
ment (e.g., reflux, stricture, stenosis, dysphagia, chronic leak, 
and fistula) [132]. As noted previously, SG can be associated 
with new or worsening GERD. In some studies, there is an 
increased incidence post-SG, up to 23%; others report that 
weight loss and increased gastrointestinal motility resolves 
GERD [133]. When the indication for revision is reflux, RYGB 
is the procedure of choice. Repairing the hiatal hernia success-
fully treated GERD and reduced its incidence after SG. For 
inadequate weight loss or staged two-step procedures, conver-
sion to BPD-DS and conversion to RYGB have been commonly 
employed [133,134].

Biliopancreatic	diversion	with	duodenal	switch
The literature reports a 5% incidence of revision of BPD-DS. 
Weight regain after BPD-DS is rare. The primary indication for 
BPD-DS revision is the correction of a postoperative complica-
tion such as protein deficiency, excessive malabsorption causing 
malnutrition, or severe debilitating diarrhea. The main treat-
ment for malabsorption is lengthening the common channel. 
Revising the common channel by dividing the ileoileostomy 
anastomosis and reconnecting it 250 cm from the ileocecal valve 
resolves malnutrition complications in the majority of patients.

A simpler revision technique was described by Hamoui et al. 
of a side-to-side enteroenterostomy between the alimentary and 
the BPD limbs, 100 cm from the original duodenoileostomy 
anastomosis [135] with good outcomes and low morbidity. 
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note, in this study, patients with a BMI >50 kg/m2 were not 
offered the greater curvature plication procedure (Figure 
116.10).

Modifications have been made to the technique described in 
the literature. Brethauer et al. [147] compared greater curvature 
plication with an anterior plication technique and reported an 
EWL at 12 months of 53.4% for the former and 23.3% for the 
latter. Another modification to greater curvature plication 
described in the literature in a few series has been the addition 
of the AGB to create an adjustable gastric banded plication. This 
modification is thought to reduce the amount of weight regain 
seen with greater curvature plication alone, while enhancing the 
outcomes of the stand-alone LAGB. Huang et al. [148] com-
pared the two restrictive operations, the laparoscopic adjustable 
gastric banded plication (LAGBP) to the laparoscopic SG with 
30 patients in each arm, with similar patient demographics and 
BMI. The EWL was similar at 24 months in both groups (67%). 
Comorbidity resolutions were also very similar [148]. LAGBP 
also needed fewer adjustments to achieve satiety, in comparison 
to LAGB alone. Mean band adjustment was 1.5 times in 2 years. 
The study reported no band complications. The overall compli-
cation rate was the same in both groups, 6.67%.

Natural orifice transluminal endoscopic surgery 
(see Chapter 143)
Natural orifice transluminal endoscopic surgery (NOTES) was 
first described by Kalloo et al. in 2004 when they performed a 
transgastric peritoneoscopy in a porcine model [149]. The pro-
cedure involves incisionless surgery through the natural orifices 
of the mouth, vagina, or anus. It is very much in the early devel-
opmental stages. Song et al. [150] reported on their NOTES 
experience with endoscopic transgastric gastrojejunostomy in 
miniature pigs. Anchoring devices, (T fasteners) were used to 
secure the anastomosis to the segment of jejunum after a gas-
trostomy was made endoscopically. The operation had an 80% 
success rate [150]. Lacy et al. presented a case of a hybrid 

Goto-Kakizaki rats with type II diabetes mellitus, showing 
improved glycemic control after 36 weeks [142]. Smaller studies 
have been reported. Cohen et al. reported their experience with 
gastrojejunal bypass in 12 type II diabetes mellitus patients with 
BMI 25–30. Although they found decreases in fasting blood 
sugars and use of daily insulin and oral hypoglycemic agents, 
no complete resolution of type II diabetes mellitus was reported. 
Cohen et al. reported two cases of significantly decreased HA1C 
after a 9-month follow-up [143].

Greater curvature/gastric plication
This option is a restrictive procedure based on SG, that reduces 
gastric volume without a gastrectomy and with the potential for 
reversibility. Talebpour and Armoli, widely credited with its 
introduction in a 2007 article, called it total gastric vertical 
plication and presented 3-year data on their first 100 patients 
[144]. Results in the study were impressive with EWL of 21% at 
1 month and 54% at 6 months in 72 patients; 61% after 12 
months in 56 patients; 60% after 24 months in 50 patients; and 
54% after 36 months in 11 patients. Complications were few, but 
included intractable vomiting, gastric perforation, obstruction, 
leaks, hepatitis, liver hematoma, and epigastric pain.

Reflux, a common complication after SG, was reported as 2% 
at 3 months [144]. A follow-up study by Talebpour et al. in 2012 
[145] with 800 patients reported a 55% EWL. In this study, 31% 
of these patients had weight regain. The reported incidence of 
complications was 1.6% with a 1% reoperation rate. Of the 
patients with weight regain, 20 were converted to or had a mal-
absorptive procedure added, and averaged 78% EWL at 12 
months [145]. Skrekas et al. [146] reported on their experience 
with laparoscopic greater curvature plication (LGCP) in 135 
patients with an average BMI of 39.5 and a mean follow-up of 
22 months. Their results were similar to those of Talebpour et 
al., with a 65% EWL. There was a higher complication rate in 
the series, 8.8%. The failure rate for the procedure was reported 
at 5.9%. Inadequate weight loss was reported at 21.4% [146]. Of 

Figure 116.10 Laparoscopic view of plicated stomach. (a) Source: Talebpour M et al. 2012 [145]. Reproduced with permission from Springer Science 
and Business Media. (b) Source: Reproduced with permission from Springer Science and Business Media and from Skrekas G et al. 2011 [146]. 
Reproduced with permission from Springer Science and Business Media.
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were randomized to sleeve therapy and a low-calorie diet or a 
low-calorie diet alone. Patients averaged a BMI of 48.9 kg/m2 in 
the device group and 47.4 kg/m2 in the diet-only group. After 
12 weeks, EWL measured 19% in the device group and 6.9%  
in the diet-only group. Complications seen in 4/30 patients 
included sleeve migration, dislocation of anchor, sleeve obstruc-
tion, and chronic abdominal pain. Of the 8/26 patients in the 
device group with type II diabetes, 7 had an improvement in 
their HA1C [154].

Gastrojejunal	bypass	sleeve	(ValenTx)
This mimics the restrictive and malabsorptive effects of the 
RYGB. It is a 120 cm long fluoropolymer placed endoscopically 
with laparoscopic and fluoroscopic assistance. The sleeve is 
placed endoscopically from the gastroesophageal junction into 
the duodenum through an overtube. It is anchored at the gas-
troesophageal junction with anchors placed endoscopically with 
laparoscopic guidance. The tube is advanced to the duodenum 
with laparoscopic guidance and placement confirmed with 
fluoroscopy. In a prospective single-center trial, Sandler et al. 
[155] enrolled 22 patients, of whom 17 completed the 12-week 
study, with a reported EWL of 39.7. Explantation was primarily 
for dysphagia. Of the 7 patients with type II diabetes mellitus, 
all reported improvement during the trial [155].

Gastric/vagal pacing
Gastric pacing is a novel approach that does not involve altering 
the patient’s anatomy. The implantable gastric stimulator, first 
introduced in 1995, was designed to stimulate the stomach to 
bring satiety and thus induce weight loss. Early outcomes showed 
modest weight loss and improvement in hypertension and reflux 
disease [156]. There were two US trials in the early 2000s, the 
0-001 and the Dual Implantable Gastric Electrical Stimulation 
Trial (DIGEST) trials. The 0-001 had 103 patients; 33% com-
pleted the trial with the rest opting for bariatric surgery. EWL 
was 10% at 12 months and 20% at 29 months. The DIGEST trial 
at 14 months follow-up had a EWL of 19% in its patient popula-
tion [157]. Another US trial, the Screened Health Assessment 
and Pacer Evaluation (SHAPE) trial, showed no difference in 
EWL in the diet control group versus the device group after 12 
months [158]. Other gastric pacing devices are the Diamond 
System (formerly Tantalus) by MetaCure and the IntraPace 
device [149]. Vagal pacing is a laparoscopically implanted device 
with two electrodes attached to both vagus nerves near the gas-
troesophageal junction and then connected to a neuroregulator 
placed in the subcutaneous pocket that is regulated by an exter-
nal controller. This technology is based on findings in patients 
postgastrectomy and truncal vagotomy for peptic ulcer disease, 
who had weight loss and decreased levels of ghrelin [149]. A 
three-center trial with 31 patients was followed for 6 months: 
safety of device and weight loss outcome reported a EWL of 
14.2% with no serious adverse effects from the device.

References are available at www.yamadagastro.com/textbook

NOTES-SG performed transvaginally with a laparoscopic 
umbilical port [151]. NOTES will require more research with 
long-term studies before it can be considered clinically viable.

Endoluminal surgery
Intragastric	balloon
The BioEnterics intragastric balloon (BIB) (Allergan) was first 
introduced in 1999. It is an endoscopically delivered silicon-
based balloon that can expand with 500–700 cm3 of saline (with 
10 cm3 of methylene blue) to occupy the intragastric space. It is 
designed as a temporary treatment for obesity, meant to provide 
weight loss by decreasing caloric intake, reducing gastric empty-
ing, and increasing satiety. It is not to be used for longer than 6 
months. The BIB is not approved by the Food and Drug 
Administration (FDA) in the US, but is used in Europe and South 
America. The BIB is a development of the Garren–Edwards 
bubble (GEB) and the Ballobes, earlier models of intragastric 
balloons developed in the 1980s. The GEB, approved by the  
FDA in 1985, was removed from the market in 1988 due to  
the high number of complications and a lack of weight loss.  
The BIB has a better design platform and safety profile than  
these earlier balloons. The reported complication rate is 2.8% 
[149,152]. Genco et al. [152]. reported their experience with the 
BIB in 2515 patients with an average BMI of 44.4 over a 5-year 
period. The EWL after 6 months with the BIB was 33.9% and 
resolution/improvement of comorbidities was reported in  
44% of patients with obesity-related comorbidities (1390). 
Complications reported include gastric perforation (5 patients), 
obstruction (19 patients), gastric ulcers (5 patients), esophagitis 
(32 patients), and balloon rupture (9 patients). There were two 
deaths in this series, for a mortality rate of 0.08%. The two deaths 
were in patients with previous gastric surgery and led the authors 
to surmise that previous gastric surgery is a contraindication to 
the BIB procedure. Gastric ulcers and hiatal hernia are also con-
traindications. BIB has been used as a preoperative weight loss 
tool for patients preparing for bariatric surgery [153]. In one 
study the intragastric balloon was used to induce weight loss 
before bariatric surgery, hernia surgery, and orthopedic opera-
tions [153]. The procedure reduced BMI by 2–6 points in 25 
patients.

Endoluminal	sleeve
Two types of endoscopically placed sleeve devices are currently 
in use. The EndoBarrier gastrointestinal liner (GI Dynamics), 
also known as the duodenojejunal bypass sleeve, is based on  
the previously described duodenojejunal bypass surgery. It  
is a fluoropolymer tube anchored at the duodenum by self-
expanding hooks that then extends about 80 cm into the 
jejunum. It prevents contact of the ingested food with biliopan-
creatic secretions until the mid-jejunum. The EndoBarrier gas-
troinstestinal liner has been through animal and early human 
trials and has been approved for use as a temporary treatment, 
usually placed for 3 months, of obesity in the UK and South 
America. In a multicenter randomized clinical trial, patients 
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Introduction

Each year, an estimated 5 million Americans are affected by an 
eating disorder [1]. The fifth edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-V) described 
feeding and eating disorders as conditions “characterized by a 
persistent disturbance of eating or eating-related behavior that 
results in the altered consumption or absorption of food and 
that is significantly impairs physical or psychosocial function-
ing” [2]. Criteria for clinical diagnosis were provided for the 
following disorders: binge-eating disorder, pica, rumination dis-
order, avoidant/restrictive food intake disorder, anorexia 
nervosa (AN), and bulimia nervosa (BN). This chapter will 
focus mostly on the two most prominent eating disorders of 
adolescence and adulthood, namely anorexia nervosa and 
bulimia nervosa. Because patients with eating disorders “won’t 
eat,” their unwillingness to resume “normal” eating is usually 
considered evidence of an underlying psychological disorder. 
The coexistence of obsessiveness, an altered body image, hyper-
activity, anxiety, and depression further support this viewpoint. 
Accordingly, patients with an eating disorder are commonly 
referred to a psychiatrist for treatment. There is now, however, 

a growing body of evidence showing that many of the features 
of eating disorders may be maladaptive physiological responses 
to caloric restriction. In this chapter, we will review, in depth, 
AN and BN, emphasizing this biological perspective and briefly 
introduce binge eating disorder, pica, rumination disorder, and 
avoidant/restrictive food intake disorder as other eating disor-
ders listed in DSM-V.

Epidemiology of anorexia nervosa and 
bulimia nervosa

About 0.5%–1% of adolescent and young adult women in the 
USA have a diagnosis of AN, with a lifetime incidence as high 
as 3.7% [3]. The prevalence of BN, reported to be at least 1% of 
the population, may be slightly greater than AN [4]. Eating 
disorders are more common in women by a 10 : 1 to 20 : 1 ratio 
[4], with 90% of those diagnosed with AN female [5]. Nearly 
75% of individuals manifest features of their eating disorder 
while in adolescence [6], with the average age of onset for AN 
being 15 years [5]. In contrast to past assertions that a youthful 
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cupation with eating and food in anorexics [19]. In the absence 
of an underlying organic disease, she proposed that AN is a 
mental disorder [21]. This is the model that is used today as the 
classical approach to understanding AN.

The overarching abnormality that characterizes AN is an 
unwillingness to maintain an appropriate body weight. The 
diagnosis is now driven by clinical criteria, which have been 
expanded and incorporated as a part of DSM-V. The three cri-
teria for the diagnosis of AN under DSM-V are “persistent 
energy intake restriction, intense fear of gaining weight or 
becoming fat or persistent behavior that interferes with weight 
gain and disturbance in self-perceived weight or shape” [2]. 
Criterion A requires the body weight of the individual to be 
significantly lower than normal as the result of persistent energy 
intake restriction. A body mass index (BMI) of 18.5 kg/m2 is 
used by the Center for Disease Control and Prevention to define 
the low end of normal weight. Criterion B is met when there is 
an intense and persistent fear of getting fat even while losing 
weight. Criterion C is met when an individual knows that he or 
she is thin but still feels fat either globally or for just certain 
parts of the body (Box 117.1).

Bulimia nervosa
This condition was first described as a clinical entity in 1979 
[22]. In addition to excessive concern about weight or body 
shape, which is similar to AN, patients diagnosed with BN also 
have recurrent episodes of binge eating followed by inappropri-
ate compensatory activities, such a vomiting. There are four 
criteria for the diagnosis of BN under DSM-V [2]. Criterion A 
requires “recurrent episodes of binge eating.” Criterion B 
requires “recurrent inappropriate behaviors to prevent weight 
gain.” Criterion C requires the “binge eating and inappropriate 
compensatory behaviors occur, on average at least once per 
week for 3 months.” Criterion D requires “self-evaluation that 
is unduly influenced by body shape or weight” (Box 117.1). A 
sense of lack of control must accompany excessive eating to 
qualify as “binge eating.” Binge eaters may hide their abnormal 
eating behavior. Purging by vomiting is the most common form 
of inappropriate compensatory behavior. Inappropriate use of 
laxatives, enemas, or diuretics and excessive exercise or fasting 
is also common. In contrast to AN, patients with BN have typi-
cally normal or even greater than normal body weight (BMI 
>18.5 and <30 in adults) [2]. Because fasting behavior can be 
encountered in BN, just as binge–purge behavior can be seen in 
AN, there can be considerable overlap in the behaviors ascribed 
to these conditions.

Could anorexia nervosa and bulimia 
nervosa share an underlying 
pathophysiology?

Bulimics and anorexics are different in one conspicuous way. 
Bulimics are normal weight, while anorexics are underweight. 

age was a requirement for the development of an eating disor-
der, late-onset cases are now being recognized [7].

A dramatic rise in the incidence of eating disorders during 
the last century has been reported for the USA, Western Europe, 
and Japan [8–10], yet some have questioned this assertion after 
a critical review of epidemiological data [11,12]. Although long 
assumed to be more prevalent in industrialized than nonindus-
trialized societies [1], cases of AN are being increasingly 
reported in Nigeria, leading some to claim that its prevalence 
may be as common in African populations as in Western coun-
tries [13,14]. In their review of the cross-cultural features of AN, 
Rieger et al. argue against the often-cited assumptions that the 
weight concerns expressed in AN are specifically a contempo-
rary, Western manifestation of the condition and that the 
increasingly recognized prevalence of AN in non-Western soci-
eties is solely attributed to their adopting Western ideals of 
thinness [15].

While eating disorders can be found in all ethnic and socio-
economic groups in the USA [16–18], the majority of cases are 
diagnosed in middle to upper-middle class families [6]. They 
are more common in Caucasians, up to 95% in some series, and 
Asians [4]. The increasing incidence of eating disorders is said 
to parallel a significant increase in dieting by adolescent girls 
and young women over recent years.

Risk factors for the development of an eating disorder are 
listed in the DSM-Vas:
• Anorexia nervosa:

º anxiety disorder
º obsessive traits
º cultures that value thinness
º occupations that encourage thinness
º first-degree relatives of individuals with AN or BN

• Bulimia nervosa:
º weight concerns
º low self-esteem
º depression
º anxiety disorder
º internalization of thin body ideal
º childhood sexual or physical abuse
º childhood obesity
º early puberty.

Recognizing eating disorders

Anorexia nervosa
Cases of AN have been described in medical writings, dating 
back 300 years [19]. Increasing attention was given to AN in the 
1900s, with various etiologies for the condition proposed during 
that time [20]. Three distinct components were proposed by 
Hilde Bruch as the principle hallmarks of the disease. These 
included a distorted body image, alteration in perception of 
signals of hunger and satiety, and an overwhelming feeling of 
ineffectiveness [21]. In other writings, she describes a preoc-
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Three cardinal features of eating disorder

Distorted body image
Since Bruch described a distorted body image as a core feature 
in AN [21], debate has existed as to the specific nature of this 
disturbance [24]. Generally, two components have been 
described as making up this body-image dysfunction, namely  
a perceptual body-size distortion and a cognitive-evaluation 
dissatisfaction [24]. A perceptual distortion is manifested as  
an abnormality in accurately gauging one’s body size. A 
cognitive-evaluation dissatisfaction encompasses a negative 
attitude towards one’s size, that is body dissatisfaction. Even 
though a distorted body image has long been associated with 
eating disorders, there are data that argues against this feature 
being specific to individuals with eating disorders. One study 
reported greater body uneasiness and inappropriate attitudes 
towards eating in nonprofessional participants in sports, such 
as body building, dancing, and gymnastics, which emphasize 
muscularity and thinness [25]. Might a distorted attitude of 
body image be explained on the basis that, for some individuals, 
a specific body shape may be a required component of their 
recreational endeavors or occupations? Other studies have 
reported increased body dissatisfaction in female dieters who 
do not have an eating disorder [26–28], particularly when 
hungry [29] and after consumption of a high-caloric drink,  
such as a milkshake [30,31]. These data suggest that body dis-
satisfaction may not be unique to patients with an eating 
disorder.

Alteration in processing of signals of hunger and 
satiety (see Chapters 12 and 14)
Patients with eating disorders have reported low levels of hunger 
and heightened levels of fullness [32]. While these findings 
suggest an alteration in how the brain processes signals of 
hunger and satiety as a contributing cause of their eating disor-
der, experiments in obese subjects suggest the possibility of 
another explanation [33]. Specifically, after a 3-week, near-
fasting diet of only 200 Kcal/day, hunger scores in these obese 
patients decreased to nearly zero, which argues that prolonged 
food deprivation leads to physiological loss of the desire to eat 
[34]. In states of malnutrition, delayed gastric emptying may 
account for early satiety [35], raising the possibility that loss of 
hunger and greater satiation may not be unique to patients with 
an eating disorder.

Observations from prisoners of war after World War II have 
provided some insight into feelings of satiety during the resump-
tion of eating after prolonged starvation. When refeeding of the 
prisoners was undertaken, they demonstrated lower levels of 
satiety and dramatically increased rates of food intake, with this 
increased drive to eat lasting for several weeks. Thus, resump-
tion of caloric intake after long-term food deprivation may be 
associated with a diminished satiation and binge eating in some 
instances [36,37].

In addition, cycles of binge eating and subsequent compensa-
tion, such as cathartic-induced purging and vomiting, are nec-
essary for the diagnosis of BN. However, could this separation 
by phenotype be an artificial one? In her original description of 
AN, Bruch included binging and purging behavior as a part of 
this condition [21]. Russell presented bulimia as a special form 
of anorexia [22]. Could there be a common etiology? Sodersten 
et al. suggests that AN and BN represent a continuum of the 
same underlying process [23]. Furthermore, there is now a 
newer diagnostic category of “unspecified feeding or eating dis-
order” [2]. The necessity to devise such a category highlights the 
difficulty that is encountered in drawing a clear distinction 
between the diagnostic criteria for AN and BN as they pertain 
to some individuals.

The classifications of eating disorders put forth in the DSM-V 
highlight the significant overlap in AN and BN. In this chapter, 
we will discuss eating disorders as different manifestations of 
the same disease, all as part of a spectrum of AN. We will use 
the term anorexia nervosa (AN) to broadly cover the range of 
eating disorders described in DSM-V.

Box 117.1 DSM-V diagnostic criteria for anorexia nervosa and bulimia 
nervosa.

DSM-V diagnostic criteria for anorexia  
nervosa [2]

Criterion A. Restriction of energy intake relative to requirements 
leading to a significantly low body weight in the context of age, 
sex, developmental trajectory, and physical health. Significantly low 
weight is defined as a weight that is less than minimally normal or, 
for children and adolescents, less than that minimally expected.

Criterion B. Intense fear of gaining weight or of becoming fat, or 
persistent behavior that interferes with weight gain, even though at 
a significantly low weight.

Criterion C. Disturbance in the way in which one’s body weight or 
shape is experienced, undue influence of body weight or shape on 
self-evaluation, or persistent lack of recognition of the seriousness 
of the current low body weight.

DSM-V diagnostic criteria for bulimia nervosa [2]

Criterion A. Recurrent episodes of binge eating. An episode of binge 
eating is characterized by both of the following:
1. Eating, in a discrete period of time (for example, within any 2-hour 

period), an amount of food that is definitely larger than what most 
individuals would eat in a similar period of time under similar 
circumstances.

2. A sense of lack of control over eating during the episode (for 
example, a feeling that one cannot stop eating or control what or 
how much one is eating).

Criterion C. The binge eating and inappropriate compensatory 
behaviors both occur, on average, at least once a week for 3 
months.

Criterion D. Self-evaluation is unduly influenced by body shape and 
weight.

Criterion E. The disturbance does not occur exclusively during 
episodes of anorexia nervosa.
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Biology of response to caloric restriction

Energy expenditure
A fluctuating food supply challenges the homeostasis of all 
animals. As such, semistarvation is a key stressor. What is the 
expected response to this stress? How does this response 
compare with the changes seen in AN? Similarities between the 
biology of malnutrition of the underfed, normal individuals and 
those with eating disorders have been described [49]. The body’s 
two main physiological adaptations necessary for survival 
during starvation are providing a continual supply of energy to 
the brain, in the form of glucose, and conserving the body’s 
protein stores [50–52]. The physiological changes described 
from the starvation associated with AN are analogous to those 
seen in other noninflammation-induced states of malnutrition 
and starvation.

The resting energy expenditure (REE) of the body is decreased 
as lean body mass is reduced during the starvation of AN. This 
may, at least partly, be influenced by diminished secretion of 
thyroid hormone. The muscle unit in an anorexic patient also 
expends less energy than normal muscle; there is a decreased 
efficiency in work performed as a result [53]. Following refeed-
ing, undernourished muscle demonstrates a “super efficiency.” 
One study reported that total energy expenditure (TEE) was 
similar in anorexics and controls, but, as REE is reduced in 
anorexics, an increased activity-related energy expenditure 
accounted for making up the difference [54]. The decreased REE 
and improved economy of muscle function allows anorexics to 
maintain an increased level of activity with relative conservation 
of energy.

Using the body’s stored calories during 
inadequate caloric intake
A regular supply of nutrients is normally required to ensure 
adequate amounts of all three forms of energy for the body, that 
is fat, carbohydrates, and protein. During periods when the 
body’s energy needs are not being met by oral intake, stored fat, 
protein, and glycogen are mobilized to make up this shortcom-
ing. In general, the fat stores harbor a much greater potential to 
meet the body’s energy needs than glycogen or protein. As star-
vation progresses, the body switches from using primarily 
glucose, derived from amino acids via gluconeogenesis, to using 
ketone bodies, derived from fatty acids [55]. Most tissues can 
utilize fatty acids and ketone bodies. However, the nervous 
tissue, erythrocytes, and immune system still need glucose. The 
plasma ketone levels rise dramatically as starvation progresses. 
When plasma levels reach a certain threshold, the brain can also 
begin utilizing ketone bodies as an alternative energy source 
[56]. Likewise, muscle tissue shifts to the utilization of ketone 
bodies and free fatty acids for energy, as starvation progresses 
and induces a perpetual low-insulin state. The body is striving 
to conserve its protein stores. Early in the process of starvation, 
10 gN (grams of nitrogen)/day is lost from protein stores. This 

Feelings of ineffectiveness and other 
psychological changes
Bruch described a paralyzing feeling of “ineffectiveness” in her 
anorexic patients, creating a sense of helplessness, passivity, and 
fear of losing control [38]. Many other psychological distur-
bances have been associated with AN, including irritability, 
depression, phobias, inertia, magical thinking, difficulty with 
concentration, and insomnia [39]. The coexistence of depres-
sion or dysthymia has been reported in 50%–75% of patients 
[40]. In one series, about two-thirds of patients with an eating 
disorder had one or more lifetime anxiety disorders, with 
obsessive–compulsive disorder (OCD) being the most common, 
affecting ∼40% of anorexics [41]. An increased risk of substance 
abuse and personality disorders have also been described [3]. 
Because anxiety disorders, often with obsessive–compulsive 
qualities, have long been recognized as a common feature of 
AN, treatment of AN is often directed at the related psychobe-
havioral pathology. Sodersten et al. questioned the hypothesis 
that an underlying genotype will manifest as an OCD during 
childhood, with a phenotypic progression to AN during adoles-
cence, and then ultimately to an anxiety disorder later in life 
[42], by citing the higher incidence of OCD in boys, which 
contrasts with a higher incidence of AN in girls. These data 
suggest that feelings of ineffectiveness may not be unique to 
patients with an eating disorder.

Natural history of eating disorders

There are no formal definitions regarding what constitutes 
recovery from an eating disorder [43]. This adds some ambigu-
ity when comparing data on long-term outcomes. The goals  
of treatment are generally said to be twofold: weight gain  
and normalization of eating patterns. It is reported that about 
half of individuals with AN will recover from their illness, while 
about 30% will demonstrate residual symptoms, which may 
fluctuate over time, and 10% will demonstrate more severe, 
persistent, and unrelenting symptoms. The final 10% will  
eventually die from the complications of their disease [44], with 
an overall mortality rate of 0.56% per year [45]. Others report 
rates of sustained remission of only 33% [46]. A longer-term 
follow-up study of 21 years reported a 16% mortality related to 
disease complications [47]. For BN specifically, studies suggest 
that patterns of aberrant eating habits usually wax and wane 
over the course of many months to years. Similar to AN, 50% 
of bulimics will eventually recover from their illness. Twenty to 
thirty percent suffer continued, persistent symptoms. An addi-
tional 30% who had achieved remission experience a relapse 
[48]. Mortality in eating disorders is most commonly associated 
with complications of severe malnutrition. Accordingly, an 
important part of treating eating disorders is reversing 
malnutrition.
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starvation, a preoccupation with food would prompt the indi-
vidual to devote more time to searching for food. Sodersten  
et al. have posed the question, might obsessive thinking in an 
eating disorder represent an understandable adaptation to food 
deprivation rather than indicating a true psychiatric illness 
[42]?

The presence of anxiety in those with eating disorders is also 
well described. A fear of becoming fat is listed as a key diagnos-
tic criterion in the DSM-V [2,8]. Can the anxiety in AN be 
explained as a correlate of a fear of becoming fat? Sodersten et 
al. propose that the cognitive recognition of an “obsession” with 
food, which arises with extreme fasting, may transform into a 
fear of acting on this obsession, in which case obesity becomes 
the undesirable outcome to avoid [42]. The desire to avoid an 
aversive outcome, like becoming fat, can become reinforced 
with the continual preoccupation with food seen in eating dis-
orders, and this ever-present desire becomes very anxiety 
provoking.

Mechanisms explaining hyperactivity and 
anxiety in anorexia nervosa

Role of low blood glucose
The stress of restricted-feeding regimens on rats and the result-
ing hyperactivity has received significant attention since it was 
first reported in 1954 [61]. In this original description, the rats 
demonstrated abnormal behaviors similar to obsessive–
compulsive behaviors witnessed in semistarved humans with 
AN. In these experiments, gastric ulcers were seen as another 
sign of stress. More recently, Takeda et al. subjected rats to 7 
days of a food-restricted diet while allowing for continued 
access to either water or a glucose solution of varying concentra-
tion [62]. Prevention of hypoglycemia with glucose consump-
tion inhibited many of the stress-induced outcomes in the rats. 
The authors interpreted their results to suggest that hypoglyc-
emia is one of the driving forces for the abnormal behavioral 
and physical responses in this rat model.

“Obsessive” behavior and OCD have long been recognized in 
individuals with AN [40,63]. Diminished food intake, weight 
loss, and hyperactivity are often elements of OCD, as they are 
in AN. Elevated cerebrospinal fluid levels of corticotropin-
releasing hormone (CRH) and vasopressin are found in patients 
with AN and patients with OCD, suggesting a common distur-
bance [64,65]. Based on positron emission tomography (PET) 
scans showing alterations in glucose metabolism in the brains 
of individuals with OCD [66], abnormally low serum glucose 
levels may play a role in the pathogenesis of OCD.

Role of hypoleptinemia
As the neuroendocrinology of the body’s adaptation to starva-
tion has become better understood, there is increased apprecia-
tion of the important role of leptin in this process (see  

falls to 3 gN/day once the shift has occurred to allow utilization 
of ketones and fatty acids as the primary energy source [51].

Searching for calories in the face  
of starvation

Throughout history, food has been inconsistently available to 
humans, with periods of famine and starvation that vary in 
length. During famine, the need for survival will reinforce 
behavior that is conducive to this end. Increased physical activ-
ity, increased focus and preoccupation with food, and the moti-
vational drive from “obsessive” thinking and thoughts of 
desperation would all serve the individual well, from an evolu-
tionary standpoint, in the pursuit of food.

Hyperactivity
Keys et al. published one of the sentinel works examining the 
effects of starvation in humans [57]. They enrolled 36 male 
conscientious objectors to significant caloric deprivation (∼40% 
of normal intake) for an average of 168 days. These individuals 
were normal weight at baseline and young (range 20–33 years), 
with the subjects losing 24% of their baseline body weight down 
to an average BMI of 17.5. The effects of prolonged semistarva-
tion were recorded in detail. During their caloric restriction,  
the subjects were reported to have increased levels of 
hyperactivity.

Similar behavior has been described in eating disorders. 
Remarkably, despite weight loss and food deprivation, patients 
with eating disorders often exhibit exaggerated levels of physical 
activity [58]. This is a phenomenon that is seen in experimental 
animals. The imposition of food restriction on rats leads to 
similar pattern of increased activity. When an exercise wheel is 
available, rats deprived of food will use the wheel to the point 
of markedly accelerating weight loss. An increase in physical 
activity has been observed in several different animal models as 
a response to food deprivation [59]. From an evolutionary per-
spective, this would be an advantageous response in the face of 
a food shortage.

Impulsivity and obsession
An evolutionary adaptation to resource scarcity is a heightened 
sensitivity to risk. As a self-protective mechanism, impulsive 
behavior may convey an advantage, as the appropriate adaption 
to scarcity of food [60]. In Keys’1950 study, markedly altered 
behavior of the subjects, including hyperirritability, impulsive 
behavior, and violent ideations, was described with progressing 
weight loss on a semistarvation diet [42,57]. He also reported 
depression in his semistarved subjects and during their refeed-
ing there was a linear relationship between improving malnutri-
tion and improved feelings of depression. Sodersten et al. 
explain that an “obsession” with food would make sense during 
a period of significant food deprivation [42]. With ongoing 
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combination of their high physical activity level and inadequate 
nutritional intake. This energy imbalance results in a hypotha-
lamic amenorrhea similar to AN. Leptin has been implicated as 
a regulatory agent in this pathway. These athletes have a low-
leptin state, as is the case in the semistarved state of an eating 
disorder, which results in lower levels of sex hormones, thyroid 
hormones, and IGF-1, but increased secretion of cortisol and 
growth hormone [81–83]. Correspondingly, hyperactivity in 
anorexic women is correlated with low plasma concentration of 
leptin [58]. A relationship between hypoleptinemia in hyperac-
tivity and impulsivity has been shown in other studies in rats 
and humans [84,85]. A mechanistic role for low leptin in AN 
was suggested when intracerebroventricular administration of 
leptin suppressed the hyperactivity associated with semistarva-
tion state in rats [86]. This inhibitory effect on hyperactivity was 
shown in rats to be dependent on leptin acting on the ventral 
tegmental area of the brain via stimulation to the mesolimbic 
award system [87].

Leptin secretion increases with the resumption of eating after 
a prolonged fast [88]. This enhanced secretion plays a role in 
limiting food intake and arresting weight gain to avert obesity 
as the undesirable outcome of over-correction after a period of 
caloric deprivation. Because of this action, it was suggested that 
leptin might also be responsible, in some, for a relapse of ano-
rexia [88].

Role of adiponectin
In addition to leptin, adipose tissue secretes a number of other 
biologically active proteins. Because of structural similarities to 
cytokines, these are sometimes referred to as adipocytokines – 
or just adipokine. Adiponectin is one such protein, which is 
involved in regulating energy hemostasis and glucose and lipid 
metabolism [89]. Plasma concentration of adiponectin is lower 
in obese individuals [90], and weight reduction increases the 
plasma concentration of adiponectin in obese rats and humans 
[91,92]. Several studies have reported elevated plasma adi-
ponectin in AN [93–95]; however, there are conflicting data 
regarding plasma adiponectin concentrations in AN. Lower adi-
ponectin has also been reported in AN and BN compared with 
normal-weight controls, regardless of BMI [89]. Because adi-
ponectin levels were restored with weight gain in the anorexic 
group, variable feeding behavior may account for the discrep-
ancy in adiponectin levels in eating disorders. In addition, 
measuring isoforms of adiponectin rather than just total adi-
ponectin may affect the result, as the percentage of high-
molecular-weight to total adiponectin was low in patients with 
AN but the percentage of low-molecular-weight to total adi-
ponectin was high in this group when compared to controls 
[96]. Interestingly, AN patients with the binge or purging behav-
ior had higher serum adiponectin concentration that other AN 
patients, suggesting a role of this peptide in determining specific 
disordered eating behavior [97]. A complex interplay of low 
leptin and high adiponectin exists in AN, mediating insulin 
sensitivity, neuroendocrine abnormalities, and osteopenia [98]. 

Chapters 13 and 14). When first discovered in 1994 as secretory 
product of adipose tissue, leptin was assumed to mediate a nega-
tive feedback mechanism to prevent over eating. It suppresses 
feeding behavior by stimulating expression of anorexigenic 
proopiomeanocortin (POMC) in the nucleus of the hypothala-
mus, while inhibiting the expression of orexigenic NPY and 
agouti-related peptide in hypothalamic neurons. The original 
studies showed that leptin-deficient mice were subject to overeat-
ing and obesity [65]. Subsequent studies in humans failed to 
confirm an association between leptin concentrations in serum 
and human obesity [67]. Our understanding of leptin has since 
evolved, and it is now appreciated to be an important mediator 
of biological changes that occur during starvation [67–69].

Leptin is the protein product of the OB gene and is produced 
primarily by white adipose tissue, and to some degree in the 
stomach, placenta, and mammary glands [70]. Plasma concen-
trations generally correlate with the amount of adipose tissue in 
the body, and, thus, are generally higher in obese individuals 
[67]. In contrast to obesity, which is recognized as a high-leptin 
state, periods of starvation are associated with low levels of 
leptin. Leptin levels drop dramatically after only 2–3 days of 
restricted nutritional intake [69,71]. In low-body-weight 
patients with AN, plasma and cerebrospinal fluid lectin concen-
tration are low and well correlated with the body fat mass 
[72,73]. Hypoleptinemia below a cutoff value of 2 μg/L has been 
proposed as a laboratory diagnostic test for AN [74]. As leptin 
acts through OB receptors in the brain and elsewhere, 
hypolectinemia is accompanied by upregulated expression of 
these receptors, as demonstrated by elevated circulating concen-
trations of OB receptors [75,76]. Increased severity of depres-
sion correlated with decreased plasma concentration of leptin 
in women with AN [77]. A low leptin level signals a state of 
low-energy availability to the hypothalamus and the hormonal 
pathways it controls [68,70]. The body attempts to shift from a 
state of energy use to one of energy conservation. As part of this 
shift, levels of thyroid and reproductive hormones fall, account-
ing for the amenorrhea commonly seen in women with AN. 
Studies of healthy men who fasted for as little as 2–5 days, 
reported reduced serum LH and testosterone concentrations 
[78,79]. The role of leptin in hormonal feedback control was 
demonstrated when exogenously administered recombinant 
leptin (r-metHuLeptin) prevented the fall in LH and testoster-
one levels seen with fasting [69]. In contrast to the fall in sex 
hormone concentrations, stress hormone levels rise as part of 
an attempt to mobilize energy stores. Growth hormone levels 
(GH) also rise, but without an accompanying rise in insulin-like 
growth factor-1 (IGF-1). During starvation, GH can induce 
lipolysis, which allows the body to utilize some of its alternative 
energy reserves. Because IGF-1 levels remain low, the body’s 
energy-consuming, growth-related pathways are not stimulated 
[70]. As a whole, the body is diverting energy to pathways most 
critical for survival.

Intense exercise is associated with amenorrhea in female ath-
letes [80]. These athletes create a relative energy deficit by a 
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to the impending search for food. Anorexics have been reported 
as engaging in similar anticipatory behavior [114].

Role of reduced sensitivity to ghrelin
Ghrelin, a potent orexigenic peptide, is normally secreted by  
the stomach prior to meals. Ghrelin is also an endogenous 
ligand for the growth hormone receptor. This peptide drives 
food intake by stimulating the orexigenic hypothalamic nuclei 
to release NPY and agouti-related peptide while inhibiting  
the anorexigenic hypothalamic POMC nucleus to suppress the 
release of α-melanocyte stimulating hormone (α-MSH). As 
the plasma concentration of ghrelin is inversely proportional  
to the body weight, abnormally thin patients with an eating 
disorder have elevated plasma ghrelin [115]. Plasma concentra-
tion of ghrelin is higher in patients with AN when compared to 
constitutionally thin women who have normal eating behavior. 
An abnormal response to ghrelin in AN was demonstrated 
when intravenous administration of this orexigenic to patients 
with AN associated with very low body weight failed to stimu-
late appetite [116]. Depending on dietary composition, insulin 
is released following ingestion of food. In an experiment using 
euglycemic hyperinsulinemic clamp in women with AN, elevat-
ing the insulin concentration led to an exaggerated inhibition 
of serum ghrelin [117]. This finding points to a mechanism for 
excessive suppression of appetite or greater signaling of satiety 
in AN.

Explanation for female predominance

Is there an explanation as to why women are so much more 
susceptible to developing an eating disorder than men? 
Differences in energy homeostasis and utilization of substrates 
between the sexes have been claimed [118]. Studies have also 
asserted that there is a difference between men’s and women’s 
ability to withstand starvation [57,118,119]. Sodersten et al. 
reported the results from a cohort of 30 (17 women and 13 men) 
high-school aged subjects. The quantity of food consumed by 
each sex was measured at baseline and then after skipping two 
successive meals. After this short-term fast, the amount con-
sumed by the male subjects was markedly greater than their 
baseline, while the women actually ate less food after this short-
term fast [23]. The authors felt this might suggest an inherent 
difficulty for women to compensate for a period of fasting by 
increasing their food intake. The act of dieting, therefore, may 
be more risky for women than men, as this may start them down 
a self-sustaining pattern of reduced caloric intake.

Medical complications of eating disorders

Potentially serious medical complications may result directly 
from the malnutrition associated with food deprivation and 
indirectly from metabolic derangements following purging 

Adiponectin remains under investigation as a possible marker 
of weight restoration [99].

Role of elevated neuropeptide Y
The body strives for homeostasis with regard to its weight by 
either stimulating or suppressing the drive to eat via changes in 
the signals from the gut and energy stores [100]. These mecha-
nisms do not function in this manner in AN. AN is a condition 
of starvation, yet anorexics are not intrinsically stimulated to 
eat. Some have suggested that actions of the various orexigenic 
and anorexigenic peptides are more complex than initially 
appreciated and may be partially dependent on the physiologi-
cal context [42].

Neuropeptide Y (NPY) is one of the peptides that has been 
best established to have orexigenic (stimulating food intake) 
effects. High leptin levels reduce the production of NPY by  
the hypothalamus, which would be the expected result from  
the hyperleptinemia of obesity [101]. Yet, this does not lead to 
less eating for many of these individuals. The classic theory  
of body-weight regulation asserts that external signals are  
processed by hypothalamic centers, which then adjusts food 
intake, while reduced leptin levels induce an upregulation of 
orexigenic peptides, including NPY, resulting in increased 
nutritional intake [102–104]. In AN, however, these changes  
do not stimulate eating [101,105]. Additional biological actions 
of NPY, yet to be defined, may explain why higher levels of  
an orexigenic peptide may not be associated with stimulatory 
food intake.

This insight is derived primarily from animal data. Food dep-
rivation increases the level of NPY mRNA in the hypothalamic 
arcuate nucleus of female rats. The most striking characteristic 
of these rats was that they engaged in progressively more 
running as food deprivation continued. Rats on a calorie-
restricted diet that are provided an exercise wheel lost more 
weight than animals without access to an exercise wheel [106]. 
Administration of an NPY Y1 receptor antagonist to rats blunted 
the effect that food deprivation had on stimulating wheel 
running, demonstrating the role of NPY in the hyperactivity 
response [107]. Correspondingly, increased physical activity 
was reproduced with intracerebroventricular administration of 
NPY to these rats without stimulating increased food intake. 
Interestingly, in food-deprived rats that did not have access to 
an exercise wheel, but did have continual access to food, exog-
enous NPY stimulated food intake [106]. These results are con-
sistent with Morley’s suggestion, in 1987, that NPY may have a 
stimulatory effect on behavior [108]. These findings in experi-
mental animals, whereby NPY, an orexigenic peptide, paradoxi-
cally decreases food intake in the setting of stimulating physical 
activity, fit into a model of a complex interplay of behavioral, 
physiological, and biochemical adaptations to starvation in 
humans [109].

NPY has been implicated in food-anticipatory activities, 
including hoarding behavior [110–113]. Evolutionarily, such 
anticipatory behavior has been explained as a logical precursor 
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behaviors common to these patients. Although still controver-
sial, most investigators in this area support the idea of an 
increased risk of premature death in eating disorders with a 
mortality odds ratio (OR) of 10.5 (95% confidence interval [CI] 
5.5–15.5) [120]. The medical complications of eating disorders 
are generally identical to those reported in healthy individuals 
placed on a semistarvation diet, with changes affecting every 
organ system, including the skin, digestive, cardiovascular, res-
piratory, skeletal, renal, immune, and endocrine systems 
[121,122] (Box 117.2 and Box 117.3). In the following section, 
we will highlight the main changes seen in the gastrointestinal, 
cardiovascular, and endocrine systems.

Gastrointestinal complications
Hypogeusia, delayed gastric emptying, loss of digestive capacity, 
and constipation are the most common digestive tract compli-
cations in eating disorders [123–125]. Hypogeusia, or decreased 
taste acuity, has been described for both anorexics and bulimics. 
A reduced sensitivity to sweet, salty, sour, and bitter flavors was 
demonstrated in anorexics [123]. Another study of individuals 
who specifically employed vomiting as their primary means of 
purging, also demonstrated a similar loss of sensation on the 
tongue [126]. In conjunction with hypogeusia, most of these 
individuals demonstrated low serum levels of zinc, copper, and 
triiodothyronine (T3 hormone), which all have been implicated 
as influencing taste [123]. In those patients who repeatedly 

Box 117.2 Laboratory abnormalities seen in eating disorders.

Anorexia nervosa

Hypokalemia, hyponatremia, metabolic alkalosis
Metabolic acidosis
Hypoglycemia
Mildly increased creatinine
Anemia, thrombocytopenia
Mild leukopenia
Low erythrocyte sedimentation rate
Mildly increased hepatic aminotransferases
Mildly increased serum proteins
Hypercholesterolemia
Low alkaline phosphatase
Decreased TSH, T3, and T4
Decreased FSH, LH, and prolactin
Elevated cortisol
Low magnesium, phosphorus, and zinc levels
Carotenemia

Bulimia nervosa

Hypokalemia, hyponatremia, hypochloremic alkalosis
Metabolic acidosis
Hypoglycemia
Azotemia
Elevated cortisol
Increased prolactin
Low magnesium
FSH, follicle-stimulating hormone; LH, luteinizing hormone; T3, 
triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone

Box 117.3 Medical complications of eating disorders.

Anorexia nervosa

Neurological
Depression
Sleep disorders
Decreased attention and concentration
Diminished learning and problem-solving
Decreased short-term memory
Labile moods

Cardiovascular
Cardiac arrhythmias
Sudden death
Bradycardia
Hypotension
Mitral valve prolapse
Left ventricular dysfunction

Pulmonary
Aspiration pneumonia
Ventilatory failure

Gastrointestinal
Impaired gastric emptying/early satiety
Postprandial bloating
Constipation
Decreased motility
Hypogeusia
Abdominal pain
Pancreatitis
Peptic ulcer disease
Superior mesenteric artery syndrome

Renal
Prerenal azotemia
Mesangial sclerosis
Nephrolithiasis

Endocrine
Amenorrhea
Decreased libido
Osteopenia and pathological fractures
Impaired functioning of the hypothalamic–pituitary–adrenal axis
Diabetes insipidus
Hypothermia
Increased growth hormone accompanying low levels of insulin-like 
growth factor (IGF-1)
Decreased insulin production

Metabolic
Decreased metabolic rate
Increased b-hydroxybutyrate

Immunological
Decreased cell-mediated immunity
Granulocyte dysfunction
Decreased serum complement
Altered cytokine levels

Musculoskeletal
Decreased muscle mass and weakness
Proximal myopathy

Dermatological
Lanugo hair
Brittle nails
Pruritus
Acrocyanosis
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improves the delay in gastric emptying. Some studies demon-
strated improvement after weight gain [138–140] and other did 
not [134,135]. Delayed gastric emptying is associated with 
symptoms of bloating, early satiety, and abdominal distention 
[135,138,140]. These symptoms may prove to be an impediment 
to refeeding and weight gain, as eating may increase physical 
discomfort and exacerbate bloating and distention, reinforcing 
a perception of feeling “fat” [124]. Several studies support an 
association of delayed gastric emptying with BN [141,142], 
while others do not [135,143,144]. Geliebter et al. reports that 
bulimics require a larger volume of gastric balloon distention to 
produce a feeling of fullness [141]. Proposed explanations for 
this include abnormalities in gastric relaxation and diminished 
release of the anorexigenic signal cholecystokinin (CCK) 
[145–147].

Constipation is a common problem encountered in anorexia, 
which is at least partially due to diminished oral intake. Patients 
often complain of associated bloating and abdominal distention 
[124,137]. Whole-gut transit times were found to be delayed in 
AN and BN compared to controls when employing a radiopaque-
marker technique [137]. An association with abnormalities in 
anal canal resting pressure and rectal sensation has been sug-
gested by some studies [148], but not by others [149]. The 
delayed colonic transit times did improve with refeeding.

Cardiovascular complications
Potentially the most serious cardiac complication in AN is the 
prolongation of the QT interval. This is felt to be a marker for 
certain arrhythmias and sudden cardiac death [150]. Several 
studies have linked AN, a prolonged QT interval [151–154], and 
an increased risk of ventricular arrhythmias [153].

Bradycardia and hypotension are two additional abnormali-
ties associated with AN. One series showed that 100% of ano-
rexics had a sinus bradycardia with heart rate less than 60 beats/
min compared to controls [155]. Several mechanisms for this 
have been proposed, including vagal hyperactivity of starvation 
[154,156,157] and reduced secretion of T3 hormone [154]. 
Other influencing factors may include electrolyte abnormalities, 
decrease in myocardial glycogen stores, and myocardial cell 
atrophy [152].

Endocrine complications
There is strong evidence of an association of AN with reduced 
bone mineral density in adolescent and adult women [158–
160]. While the degree of estrogen deficiency may be similar in 
AN and other causes of hypothalamic amenorrhea, anorexics 
have a much greater reduction in bone density, arguing for other 
contributory factors [161], such as malnutrition, low levels of 
IGF-1, acquired resistance to growth hormone, excessive exer-
cise, and hypercortisolemia [160]. In healthy subjects, GH is 
secreted by the pituitary and is nutritionally regulated. GH then 
stimulates the liver to secrete IGF-1, which is an identified bone 
trophic factor. IGF-1 levels are normally low during starvation. 
They drop to half during a 5-day fast [162]. In AN, resistance 

Bulimia nervosa

Neurological
Seizures (diet pill toxicity)
Neuromyopathy (ipecac toxicity)

Cardiovascular
Arrhythmias
Hypotension
Mitral valve prolapse
Palpitations

Pulmonary
Aspiration pneumonia
Pneumomediastinum

Gastrointestinal
Constipation
Cathartic colon
Dysphagia
Esophagitis
Esophageal ulcer, stricture
Mallory–Weiss tear
Abdominal pain/ dyspepsia
Gastroparesis
Pancreatitis
Gastric rupture

Renal
Pseudo-Bartter syndrome
Hematuria
Proteinuria
Azotemia

Endocrine
Amenorrhea or irregular menses
Absence of follicular development
Luteal phase dysfunction
Increased rates of birth complications and miscarriages

Oral/ dental
Caries
Perimolysis – lingual and occlusal surfaces
Cheilosis
Pharyngeal soreness
Sialadenosis
Salivary hyperamylasemia

Dermatological
Russell sign (i.e., calluses over fingers)

purge by vomiting, the surfaces in the mouth endure frequent 
exposure to the acidity of the gastric contents. Often, there is 
also a loss of dental enamel [127,128], with an increased rate of 
caries formation and increased sensitivity to hot, cold, and 
acidic foods [129,130].

Numerous studies have documented a delay in gastric empty-
ing in AN [131–134]. There have been several explanations put 
forth as to the reason for this. A lack of food in the stomach 
[135], gastric smooth muscle atrophy due to protein malnutri-
tion [136], the presence of gastric dysrhythmias [134], and the 
rectal distention seen with constipation reflexively inhibiting 
gastric emptying [137] have all been proposed as underlying 
mechanisms causing the delayed gastric emptying in AN. The 
data are somewhat conflicting as to whether weight gain 
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menses. In the subgroup that engages in binging and purging, 
a reduction in these activities is considered a primary outcome. 
Because of the attention given to the coexistence of other psy-
chiatric diagnoses, such as depression and anxiety, many of the 
tools and outcome measures commonly employed for treating 
these psychiatric conditions are also used to gauge outcomes in 
eating disorders

Psychiatric approach: directing treatment to 
psychological change
Selective serotonin reuptake inhibitors (SSRIs) are commonly 
employed in the treatment of AN. Often, they are chosen in the 
setting of individuals with coexisting psychiatric diagnoses 
[170]. There are very limited data from randomized, controlled 
trials (RCTs) regarding their efficacy. In an RCT of hospitalized, 
anorexic women, there was no difference in weight gain, depres-
sion, or anxiety measures with fluoxetine treatment [171]. 
Another RCT did not show a noticeable difference in eating, 
psychological, or other biological markers at follow-up in a 
cohort that was randomized to fluoxetine or placebo treatment 
just prior to discharge, following hospitalization [172]. The 
overall drop-out rate at 52 weeks of follow-up was remarkable, 
indicating a failure to sustain a remission. An additional case–
control study also suggested no difference in rehospitalization 
rates after initiation of an SSRI [44]. Currently, the American 
Psychiatric Association does not endorse the use of SSRIs in the 
treatment of underweight patients with AN [173].

The role of other antidepressants and of hormones in treat-
ment has also been studied. One study of 72 adolescent women 
demonstrated that amitriptyline resulted in fewer days to target 
weight and less depressed mood than placebo, while another 
study failed to show a difference [174]. Olanzapine may be 
useful for patients with AN presenting acutely [175]. A small 
study of 38 women receiving transdermal testosterone for 3 
weeks reported less depression than placebo [176]. Studies 
using estrogen or progesterone [177] had no meaningful 
improvement over placebo on bone density. A review of the 
evidence for managing AN with medications concluded that 
“no pharmacological intervention for AN has a significant 
impact on weight gain or the psychological features of AN” 
[178].

Many forms of behavioral interventions have been tried for 
AN, including cognitive, dynamic, family, individual, and group 
therapy. While one study suggested that cognitive behavioral 
therapy reduced the rate of relapse and led to improved out-
comes in those who had already achieved inpatient weight gain 
[179], its efficacy in the more acute setting of the still-
underweight anorexic is less clear [178]. Family therapy has not 
been shown to be effective in adolescents suffering from AN 
[180]. In addition, none of the three different approaches to 
psychotherapy showed a beneficial impact on AN patients with 
a mean follow-up period of 6.7 years [181]. The combination of 
pharmacological and behavior therapy has not been rigorously 
studied [178].

to GH exists, so IGF-1 levels remain low despite elevated levels 
of GH.

The hormonal changes that are observed in AN are best 
understood as an adaption to malnutrition and starvation rather 
than a manifestation of a primary endocrinopathy. Frisch pro-
posed, in 1974, that a minimum amount of body fat of ∼22% 
was needed to maintain normal menstrual function [163]. 
Amenorrhea is included in the diagnostic criteria for AN. It is 
a manifestation of an alteration in the normal hypothalamic–
pituitary–ovarian (HPO) axis. In the setting of a significant 
energy deficit, normal secretion of gonadotropin releasing 
hormone (GnRH) from the hypothalamus is impaired, resulting 
in altered secretion of luteinizing hormone and follicle-
stimulating hormone from the pituitary and low estradiol secre-
tion from the gonads [164]. This amenorrhea without evidence 
of ovarian malfunction is termed hypothalamic amenorrhea. 
While amenorrhea is the consequence of this hypotropic hypog-
onadism in women, males manifest a diminished libido [165]. 
The body is attempting to divert energy from the reproduction 
pathway, which is not critical for survival in the face of starva-
tion. The hypothalamic dysfunction of AN also disrupts thyroid 
hormone secretion, and the resulting hypothyroidism results in 
lower body temperature, lethargy, dry skin, constipation, and 
bradycardia.

Feeding is one of the chief regulators of the daily rhythms of 
the hypothalamic–pituitary–adrenal (HPA) axis, mediating 
secretion of plasma corticosteroids [49]. Persistently elevated 
serum cortisol levels are generally seen in patients with AN with 
an abolition of the normal, daily circadian rhythm observed in 
healthy individuals. There is blunting of the response of ACTH 
and cortisol to CRH [166,167]. In highlighting many of the 
clinical similarities between AN and depression, CRH hyperse-
cretion is proposed as a common pathogenic mechanism in 
both AN and depression [166]. Most of the disturbances may 
be secondary to malnutrition.

Abnormalities in the HPA axis and cortisol secretion have 
also been reported in BN, including an elevated 24-hour cortisol 
level, diminished CRH effect on ACTH and cortisol secretion 
[168], and a blunting of normal dexamethasone suppression of 
cortisol [169]. Because bulimics are normal in weight, the 
changes appear to be independent of BMI. However, these 
changes do largely reverse with increased nutritional intake.

Treatment of anorexia nervosa and  
bulimia nervosa

When evaluating treatment strategies for AN, the primary 
outcome goal is weight gain. Thus, treatment of eating disorders 
begins with appropriate nutritional assessment and treatment of 
identified malnutrition with the goal of nutritional repletion. 
Secondary outcomes have usually included improvement in 
psychological features (e.g., body dissatisfaction), decreased 
pathological activity (e.g., over-exercising), and resumption of 
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Hebebrand and Albayrak, in an editorial, have argued for initi-
ating clinical trials testing the possibility that leptin could be 
used as an effective treatment of AN [186]. There is indeed 
evidence from experimental animals and pilot studies in humans 
that support this potential approach. Specifically, depressive 
behavior was reduced with leptin treatment in hypoleptinemic 
rats [187]. Recombinant leptin was successful in completely 
abolishing the hyperactivity induced by caloric restriction in 
rats [84]. The same was reported in patients with AN [58]. In 
addition, three out of eight women who exercise strenuously or 
had low body weight experienced reversal of their amenorrhea 
after 3 months of treatment with recombinant leptin [188], a 
finding that was later corroborated by a randomized, controlled 
trial over 36 weeks [189].

There are now also limited, but encouraging, data suggesting 
that treatment of eating disorders may be improved by control-
ling physical activity [190]. Specifically, while a computer 
program is employed to retrain individuals to eat and to recog-
nize satiety, the individual is also placed in a warm environment 
to decrease their physical activity. External warmth has been 
shown to both reduce activity and anxiety [86,183,191]. A ran-
domized treatment trial from 2002, in which such an approach 
was used, reported that 75% of patients treated by this manner 
were able to achieve a normal BMI over an average of 14 months 
of follow-up [183]. Even more remarkably, only 10% of enrollees 
demonstrated relapse during 5 years of follow-up. The authors 
felt that effective weight gain is possible in AN if treatments 
included management of physical activity.

Any treatment plan that involves a voluntary effort by the 
patient to reduce physical activity must assume the presence of 
insight and self-control. In the case where such insight may be 
lacking, due to a distorted body image, obsessive thoughts, or 
irrational anxiety, the patient may need to be referred to an 
eating disorders treatment center where a structured environ-
ment exists whereby access to “the exercise wheel” can be con-
trolled during nutritional repletion.

Binge eating disorders, pica, rumination 
disorder, and avoidant/restrictive  
eating disorder

Binge eating disorder
Binge eating disorder (BED) is defined by DSM-V as “recurring 
episodes of eating significantly more food in a short period of 
time than most people would eat under similar circumstances, 
with episodes marked by feelings of lack of control. Someone 
with binge eating disorder may eat too quickly, even when he 
or she is not hungry. The person may have feelings of guilt, 
embarrassment, or disgust and may binge eat alone to hide the 
behavior. This disorder is associated with marked distress and 
occurs, on average, at least once a week over 3 months” [2]. 
Although patients with binge eating disorder may be under 
weight, normal weight, or over weight [192], many have  

Biological approach: directing treatment to the 
response to starvation
Millions go through dieting without acquiring the diagnosis of 
AN. The framework of understanding AN as a perturbation in 
the biological response to caloric restriction suggests the follow-
ing sequence of events. A desire to diet emerges within the 
individual, influenced by societal influences or perhaps by one’s 
occupation or athletic pursuits. Eventually, the individual acts 
on this desire and institutes voluntary caloric restriction. With 
continued nutritional restriction, hypoleptinemia ensues, influ-
encing the body’s hypothalamus-directed hormonal axes, with 
resulting alterations in levels of sex hormones, thyroid hor-
mones, stress hormones, and IGF-1 [70].

NPY levels rise in response to hypoleptinemia, driving a state 
of hyperactivity [106]. In addition, during dieting, hypoglyc-
emia likely contributes to impulsive behavior. Furthermore, the 
individual is driven to continue the pattern of decreased food 
intake and hyperactivity by the activation of the dopaminergic 
reward pathway in the brain [182]. It is hypothesized that these 
behaviors becomes entrenched within the individual, as a per-
ceived “reward” leads to conditioning of these behavior, which 
are characteristic of AN. Early satiety due to delayed gastric 
emptying may further discourage corrective nutritional intake. 
A female may be physiologically less able than a male in her 
ability to significantly increase her food intake to compensate 
for a period of caloric restriction, thus, hampering recovery. 
This general framework is useful in explaining how AN may be 
a consequence of caloric restriction. In this context, it would not 
be surprising that traditional treatments, such as medications 
and psychotherapy, have not been effective [183].

How can treatment of AN be improved? There are reports 
that predating and after their diagnosis, anorexics often demon-
strate significantly increased levels of exercise and participation 
in sports [184]. The authors concluded that increased physical 
activity is a crucial component to the pathogenesis and progres-
sion of AN. The euphoria associated with physical activity is 
well described and thus serves as a positive drive to the perpetu-
ation of the eating disorder [185]. Hyperactivity seems then to 
be a key component of AN, because increased physical activity 
would result in greater metabolic demand and greater metabolic 
demand would alone serve to hamper efforts to successfully 
gain weight. In the rat model of AN, providing access to an 
exercise wheel, in the face of food restriction, was key for begin-
ning the cycle of uncontrollable weight loss [106]. Bergh et al. 
asserted that two main risk factors exist for both AN and BN: 
dieting and hyperactivity [185]. In the rat given NPY, the 
expected effect of stimulated food intake was suppressed when 
the animal had access to an exercise wheel but was unmasked 
when the wheel was removed [106]. Could treatment of AN be 
more successful if the intervention included efforts directed at 
removing the increased physical activity so as to alter the physi-
ological response to NPY?

As hypoleptinemia has been shown to correlate with a phe-
notype of AN including hyperactivity and depression, 



2276   PART 4 Gastrointestinal diseases

to meals was also found in half of the subjects. Gastroduodenal 
manometric features of rumination include “an abrupt rise in 
intragastric pressure (strain) followed by an increase in 
intraesophageal pressure in all channels (common cavity) and 
primary or secondary peristalsis” [207]. Such finding is not 
universal. When gastroduodenal manometry was performed on 
65 children and adolescent diagnosed with rumination syn-
drome, only 40% had “simultaneous pressure spikes across all 
sensors” [208]. In another study involving 12 adolescents, 
simultaneous pressure increase across all sensors suggesting 
rumination was found in eight patients [209]. However, man-
ometry may be useful in distinguishing rumination disorder 
from belching and regurgitation. When 16 patients (age 15–71) 
who were referred for rumination were tested with combined 
impedance and manometry, only 50% of the patients had objec-
tive findings supporting the clinical diagnosis of rumination. 
Other patients were diagnosed to have postprandial belching 
and regurgitation. Some treatment success has been reported 
using biofeedback and relaxation therapy [210]. There might 
also be a medication option as baclofen was shown, in a study 
of 12 patients with rumination, to reduce symptoms [211].

Avoidant/ restrictive eating disorder
Avoidant/ restrictive eating disorder (ARFID) is a new classifi-
cation under DSM-5 describing patients whose symptoms are 
not readily matched with those of other eating disorders. The 
required element of this diagnosis is “avoidance or restriction 
of food intake manifested by clinically significant failure to meet 
requirements for nutrition or insufficient energy intake through 
oral intake of food. One or more of the following key features 
must be present: significant weight loss, significant nutritional 
deficiency, dependence on enteral feeding or oral nutritional 
supplements or marked interference with psychosocial func-
tioning” [2]. While many individuals could be described as 
“picky eaters” based on their habit of routinely avoiding a par-
ticular type of food, the diagnosis of ARFID may be appropriate 
in children or adults whose aversion to food is severe enough 
to result in significant weight loss. A possible biological explana-
tion for this condition is that the affected patient may be hyper-
sensitive to some aspect of the avoided food such as its 
appearance, smell, texture, temperature, or taste [212]. In a 
study of 23 patients with food avoidance, greater autonomic 
responses were recorded in response to food but not nonfood 
images, demonstrating that there might be a physiological basis 
for the abnormal eating behavior [213]. There is little informa-
tion on treatment for this condition. There is a report of anec-
dotal success treating this disorder with cognitive behavioral 
therapy [214].

Summary

There is significant overlap between AN and BN. They may 
represent a continuum of the same underlying physiological 

distorted body image similar to patients with other eating dis-
orders [193]. The prevalence of this condition is estimated to be 
0.8% in women and 1.6% in men [194]. Craving for food resem-
bles craving reported by patients with addiction. Although rec-
reational drugs and other mood-altering substances have 
traditionally been targets of addictive behavior, food may also 
have addictive qualities [195,196]. BED shares some key fea-
tures with addiction including: (1) craving, (2) loss of control, 
(3) continued consumption in the face of negative feedback, and 
(4) inability to reduce consumption or stop [195]. Similar to 
substance addiction, sustained dopaminergic responsiveness 
has been reported in experimental animals trained to binge eat 
[197], providing further support for addiction as a partial bio-
logical explanation for BED. BED is usually treated with cogni-
tive behavioral therapy using approaches used to treat addiction 
[198]. In addition, baclofen, a medication used with some 
success in treating substance addiction, was reported to be 
effective in reducing binge eating behavior in a placebo-
controlled, double-blind, cross-over study involving 12 subjects 
[199].

Pica
Under DSM-5, pica is defined as “persistent eating of nonnutri-
tive, nonfood substances over a period of at least 1 month (in a 
manner that is) developmentally inappropriate and not part of 
a culturally supported or socially normative practice” [2]. The 
underlying explanation of pica is poorly understood. The asso-
ciation of pica with iron, zinc, or calcium deficiency initially 
suggested the possibility that the consumption of nonnutritive 
substances such as dirt, clay, or mud (geophagy) may be a bio-
logical response to an underlying micronutrient deficiency 
[200–202]. However, studies of mud favored by patients with 
pica showed little micronutrient content. Alternatively, the 
micronutrient deficiency could have resulted from binding of 
micronutrients by the nonnutritive substance such as clay [203]. 
Another proposed explanation is that the eating of substances 
such as mud may serve a protective role in containing harmful 
pathogens or chemicals in the diet [204]. Although there is not 
a single accepted treatment, negative reinforcement training has 
been used to reduce pica behavior [205].

Rumination disorder
The required feature of this condition, according to DSM-5, is 
“the repeated regurgitation of food occurring after feeding or 
eating over a period of at least 1 month. Previously swallowed 
food that may be partially digested is brought up into the mouth 
without apparent nausea involuntary retching or disgust. The 
food may be rechewed and then ejected from the mouth or 
reswallowed” [2]. Using manometry and a gastric barostat, 
Thumshirn et al. reported a number of abnormalities in 12 
patients with rumination disorder, including exaggerated relax-
ation of lower esophageal sphincter in response to distension of 
the stomach and greater than normal discomfort with gastric 
distension [206]. Impaired relaxation of the stomach in response 
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changes. Classically, an eating disorder has been viewed as a 
mental illness, caused by other underlying psychiatric pathol-
ogy, such as an anxiety disorder. A newer framework is now 
available to explain the changes in behavior and physiology 
associated with eating disorders on the basis of the biological 
adaptations to caloric restriction. Intense dieting may then be 
risky as the initial step to begin the cascade of physiological 
changes characteristic of an eating disorder. Hyperactivity is a 
long-recognized response to caloric deprivation and appears to 
be a key element in the perpetuation of an eating disorder. 
While the data are still limited, encouraging results have now 
been reported showing that reducing hyperactivity or correct-
ing hypoleptinemia may be promising strategies for treating 
AN. Further clinical studies testing the effect of combining 
nutritional intervention with these approaches are needed to 
improve the management of eating disorders.
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CHAPTER 118

Underlying  immunodeficiency  is  suspected  when  patients 
present with more  frequent, more  severe,  recurrent and more 
prolonged  infections  that  often  respond  poorly  to  therapy. 
Prominent  among  such  immunodeficiencies  is  the  acquired 
immunodeficiency syndrome (AIDS). The gastrointestinal tract 
plays a fundamental role in the pathogenesis of AIDS and is a 
focus  of  AIDS-related  complications  (Table  118.1).  Infectious 
processes comprise the majority of these complications and are 
responsible for relentless morbidity and, in some cases, mortal-
ity.  Limiting  the  degree  of  immunosuppression  with  effective 
antiretroviral  therapy  for  human  immunodeficiency  virus-1 
(HIV-1), the causative agent of AIDS, is often a mainstay of the 
effective prevention and therapy of AIDS and its complications. 
This  chapter  focuses  on  the  intestinal  infections  and  key  gas-
trointestinal  syndromes  associated  with  AIDS  and  other  sec-
ondary immunodeficiency states.

Role of the gastrointestinal mucosa in  
HIV-1 pathogenesis

All HIV-1  infections, excluding  those acquired  through  intra-
venous drug use, transfusions and parenterally, are transmitted 
across mucosal surfaces [1]. In addition to their role in HIV-1 
transmission, mucosal surfaces participate in many key events 
in HIV-1 pathogenesis. First, mucosal cells likely participate in 
selecting,  from  the  pool  of  inoculated  viruses,  the  phenotypi-

cally and genotypically restricted HIV-1 that  is  transmitted  in 
acute infections [2–4]. Second, mucosal (lamina propria) lym-
phocytes, not macrophages, are the initial target cell for HIV-1 
infection  [5–7].  Third,  massive  HIV-1  replication  in  mucosal 
lymphocytes throughout the gastrointestinal tract leads to loss 
of lamina propria CD4+ T cells, regardless of the route of trans-
mission [8–12]. Fourth, the subsequent decline in the number 
of circulating CD4+ T lymphocytes, a fundamental characteris-
tic  of  AIDS,  begins  in  the  intestinal  mucosa  [13–15].  Fifth, 
HIV-1-related  changes  in  mucosal  permeability  lead  to  the 
translocation of microbial products into the circulation, which 
in  turn  promote  chronic  systemic  immune  activation  [16,17]. 
Persistent  HIV-1-associated  mucosal  T-cell  depletion  and 
chronic inflammation, even in the presence of effective antiret-
roviral therapy, may derive in part from an imbalance or dysbio-
sis  of  the  enteric  bacterial  microbiome,  especially  enrichment 
of  Proteobacteria  and  depletion  of  Bacteroidia  [18].  Together, 
local and systemic reduction in CD4+ T cells, and related cel-
lular and humoral perturbations, predispose the gastrointestinal 
tract mucosa to an array of diarrheal diseases and neoplasms.

Diarrheal diseases

HIV-1-related diarrhea may first occur during the syndrome of 
primary  HIV-1  infection  1–4  weeks  after  virus  inoculation 
[19,20].  This  mononucleosis-like  syndrome,  characterized  by 
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adults  as  well  as  infants  [31–33].  In  addition  to  the  effect  of 
diarrheal illness and malnutrition on the individual, the result-
ant  loss  of  the  ability  to  work  and  the  high  cost  of  providing 
health care are major drains on the financial resources of fami-
lies  and  ultimately  society  in  developing  as  well  as  developed 
countries.

Diagnostic evaluation
A  vigorous  diagnostic  evaluation  in  HIV-1-infected  patients 
with  severe  chronic  diarrhea  is  usually  justified,  because 
pathogen-specific therapy can reduce the volume and frequency 
of the diarrhea. Increased awareness of the infectious processes 
involving the gastrointestinal tract (Table 118.2) and improved 
diagnostic  techniques  have  led  to  the  identification  of  enteric 
pathogens in 44%–85% of AIDS patients with diarrhea [25–27]. 
A  gastrointestinal  pathogen  is  more  frequently  identified  in 
symptomatic  patients  who  also  have  weight  loss  and  <100 
CD4+  T  cells/mm3  than  those  without  weight  loss  and  >100 
CD4+  T  cells/mm3,  indicating  that  patients  with  more  severe 
illness and greater immunosuppression are more likely to have 
an identifiable enteric pathogen [34–36]. Two or more enteric 
pathogens coexist in approximately 25% of AIDS patients with 
diarrhea [37].

Step 1 Evaluation begins with a  thorough history,  including a 
review  of  the  patient’s  medications.  In  North  America  and 
Europe, antimicrobial agents and antiretroviral drugs are among 
the  most  common  causes  of  gastrointestinal  symptoms  and 
diarrhea. In addition, the increased use of antimicrobial agents 
in  HIV-1-infected  patients  is  associated  with  increased  rates  
of Clostridium difficile-associated diarrhea [38,39]. In the USA, 

Table 118.1 Major gastrointestinal complications of AIDS.

Gastrointestinal disorder Example

Intestinal disorders Acute HIV-1 syndrome, infectious 
enteritis/colitis, drug-induced and AIDS 
enteropathy

Biliary disorders Acalculous cholecystitis, sclerosing 
cholangitis, and papillary stenosis

Pancreatitis Drugs (pentamidine and dideoxyinosine), 
infections

Gastrointestinal bleeding Upper tract: infectious esophagitis, 
Kaposi sarcoma, and lymphoma
Lower tract: infectious colitis, idiopathic 
colonic ulcers, non-Hodgkin lymphoma, 
and Kaposi sarcoma

Neoplasms Non-Hodgkin lymphoma and Kaposi 
sarcoma

Anorectal disease Anus: condylomata, infection, fistula, 
fissure, and squamous cell carcinoma
Rectum: nonspecific proctitis, infectious 
proctitis, and perirectal abscess

Table 118.2 Sites of infections in the gastrointestinal tract in HIV-1-infected 
persons.

Organ Pathogens

Esophagus Candida albicans, herpes simplex virus, 
cytomegalovirus

Stomach Cytomegalovirus, Mycobacterium avium complex

Biliary tract Cytomegalovirus, Cryptosporidium, microsporidia, 
Cytoisospora belli

Gall bladder Cytomegalovirus, Crytosporidium, microsporidia, 
Cytoisospora belli

Pancreas Cytomegalovirus, Mycobacterium avium complex, 
herpes simplex virus

Small intestine Cryptosporidium, microsporidia, Isospora belli, 
Cyclospora, Mycobacterium avium complex, 
Salmonella spp., Campylobacter jejuni

Colon Cytomegalovirus, Mycobacterium avium complex, 
Shigella spp., Clostridium difficile, Campylobacter 
jejuni, Histoplasma capsulatum, adenovirus, 
enteroaggregative Escherichia coli

Rectum Herpes simplex virus, lymphogranuloma 
venereum, papilloma virus

fever, sore throat, rash,  lymphadenopathy, fatigue, weight loss, 
and myalgias, occurs  in 30%–90% of persons acutely  infected 
with  HIV-1  and  lasts  1–3  weeks.  Acute,  self-limited  diarrhea 
occurs  in  approximately  one-third  of  persons  with  the  syn-
drome.  Less  frequent  gastrointestinal  manifestations  of  acute 
HIV-1  infection  include  thrush  and  ulcerations  of  the  oral 
cavity, esophagus, and rectum, as well as enteropathy and pro-
found weight  loss. Resolution of  the syndrome coincides with 
seroconversion and decline in the level of circulating virus.

Chronic  diarrhea,  defined  as  two  or  more  loose  or  watery 
stools per day for at least 3 weeks, is common in patients with 
clinically apparent AIDS. Such patients have lower numbers of 
circulating  CD4+  T  lymphocytes  and  a  higher  incidence  of 
extraintestinal  opportunistic  infections  than  patients  without 
diarrhea, indicating a causal relationship between the immuno-
suppression and the diarrhea. When an enteric pathogen is not 
detected,  the  diarrhea  has  been  termed  “AIDS  enteropathy” 
[21,22]. The ability of the HIV-1 transactivating factor protein 
(Tat) to induce epithelial cell ion secretion without direct infec-
tion  of  the  cells  suggests  a  potential  mechanism  for  diarrhea 
associated with the AIDS enteropathy [23]. In the simian immu-
nodeficiency virus (SIV) model, macaques infected with patho-
genic  SIV  may  develop  an  AIDS-like  enteropathy  associated 
with  an  expanded  enteric  virome  that  includes  caliciviruses 
[24], raising the possibility that undetected norovirus contrib-
utes to the AIDS enteropathy.

Among  HIV-1-infected  persons  with  diarrhea,  vigorous 
microbiological  evaluation  frequently  reveals  an  identifiable 
pathogen  [25–29].  Important  causes  of  the  diarrhea  include 
opportunistic,  and  nonopportunistic,  pathogens  and  the  side-
effects of antiretroviral therapy [30]. Diarrhea in HIV-1-infected 
persons  is  associated  with  wasting  and  decreased  survival  in 
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tion of unexplained chronic diarrhea in HIV-1 disease, and the 
diagnostic  yield  is  greater  for  patients  with  more  profound 
immunosuppression and severe diarrhea.

Step 4 When steps 1–3 do not yield a detectable pathogen or 
when  therapy  is  ineffective,  glutaraldehyde-fixed  tissue  speci-
mens  obtained  during  Step  3  can  be  evaluated  by  electron 
microscopy for microsporidia (duodenal biopsies), and adeno-
virus and enteroaggregative bacteria (colon biopsies). The cost 
required  to  perform  electron  microscopy  should  be  weighed 
against the low prevalence of these pathogens.

Approach to therapy
During  the  diagnostic  evaluation  of  diarrhea,  many  patients 
without febrile,  inflammatory or bloody diarrhea benefit from 
supportive  therapy  with  fluids,  electrolytes,  and  antimotility 
agents. However, because the array of opportunistic and nonop-
portunistic  pathogens  that  cause  diarrhea  in  HIV-1-infected 
patients is extensive (Table 118.3), and drug-related side-effects 
and  drug  interactions  are  common,  specific  antimicrobial 
therapy  is  preferable  to  empiric  therapy  [51].  In  this  regard, 
many  microorganisms  are  resistant  or  develop  resistance  to 
antimicrobial  agents,  necessitating  close  monitoring  with  in 
vitro drug susceptibility testing. Importantly, diarrhea and the 
AIDS cholangiopathy are often multifactorial  in etiology, and, 
therefore, treatment may be only partially beneficial. Long-term 
suppressive therapy is often necessary for infections that reacti-
vate or recur after treatment. For patients with HIV-1 infection 
and chronic diarrheal symptoms but no identifiable pathogen, 

C. difficile  has  become  the  most  common  infectious  cause  of 
diarrhea  among  HIV-1-infected  persons  [39].  The  geographic 
region(s) in which a patient has resided or traveled is important 
because  some  AIDS-defining  pathogens  are  endemic  or  more 
common  in  certain  geographic  regions,  for  example  Histo-
plasma capsulatum in the Mississippi valley [40], Cryptosporid-
ium parvum and Cytoisospora belli  in the Caribbean [41], and 
rotavirus in Australia [42,43] and Peru [27].

Step 2 After the history and physical examination, up to three 
stool specimens are cultured for Salmonella spp., Shigella spp., 
and Campylobacter jejuni,  among  the most common bacterial 
diarrheal  pathogens  identified  in  persons  with  and  without 
HIV-1  infection  [27,28,44].  Because  Aeromonas,  Yersinia,  and 
Escherichia coli 0157:H7 are not more common among patients 
with  AIDS,  stool  is  not  routinely  cultured  for  these  bacteria. 
Each  specimen  is  also  examined  for  ova  and  parasites  using 
saline, iodine, trichrome, and acid-fast preparations of direct or 
concentrated  samples  of  stool.  Antigen  detection  assays  for 
Giardia lamblia and Cryptosporidium are increasingly available 
in clinical laboratories. Stool is assayed for C. difficile toxin, but 
because approximately 10% of non-AIDS patients with C. diffi-
cile infection are toxin-negative, stool is cultured for C. difficile 
when the bacterium is suspected despite a negative toxin assay 
[45]; polymerase chain reaction (PCR) assay for toxin offers a 
more sensitive assay. The identification of enteric pathogens by 
stool examination alone in up to 55% of HIV-1-infected patients 
with  diarrhea  [26,46]  underscores  the  importance  and  cost 
effectiveness of  stool examination as  the  initial diagnostic  test 
[47].  When  fever  is  present,  blood  cultures  are  obtained  for 
Salmonella spp., Shigella spp., and C. jejuni, because bacteremia 
may  accompany  these  infections  at  increased  rates  in  HIV-1-
infected persons.

Step 3 When  stool  examination  does  not  reveal  a  potential 
pathogen or when therapy for  the  identified pathogen(s) does 
not  improve  symptoms,  esophagogastroduodenoscopy  (EGD) 
and  colonoscopy  should  be  performed  to  inspect  the  mucosa 
and  obtain  biopsies  for  histopathological  and  microbiological 
evaluation.  Because  small  bowel  fluid  from  HIV-1-infected 
patients rarely contains parasites [48] or excessive levels of bac-
teria (>104/mL) [49], there is little value in aspirating fluid from 
the small intestine to diagnose parasitic or bacterial overgrowth. 
Among  HIV-1-infected  patients  with  diarrhea  and  pathogen-
negative  stool  studies,  a  diagnosis  was  obtained  in  26%  of 
patients by EGD [48],  50% by EGD plus  sigmoidoscopy  [22], 
and 44% by EGD plus colonoscopy [36]. The diagnostic yield of 
an  endoscopic  procedure  is  significantly  greater  for  patients 
with CD4+ T cell counts <100 cells/mm3 [36] and weight loss 
>10 kg  [50]. The diagnosis of  cytomegalovirus  (CMV) colitis, 
microsporidiosis, Mycobacterium avium complex, Histoplasma 
capsulatum,  and  adenovirus  is  made  most  frequently  in  such 
patients, who typically have advanced disease. Thus, endoscopic 
procedures are an important adjunct to the diagnostic evalua-

Table 118.3 Opportunistic and nonopportunistic pathogens in the 
gastrointestinal tract in HIV-1 infection.

Opportunistic Nonopportunistic

Bacteria Salmonella sp. Clostridium difficile
Shigella flexneri
Campylobacter jejuni
Mycobacterium avium complex
Enteroaggregative Escherichia coli

Protozoa Cryptosporidium parvum Giardia lamblia
Cyclospora cayetanensis Entamoeba histolytica
Cytoisospora belli

Viruses Cytomegalovirus Rotavirusa

Herpes simplex Norwalk virus
Adenovirus
Picobirnavirus/Astrovirusb

Fungi Histoplasma capsulatum
Candida albicansc

Enterocytozoon bieneusi
Septata intestinalis

a Nonopportunistic in USA and Africa, but more common in 
HIV-1-infected persons in Australia and Europe.
b More common in HIV-1-infected patients with diarrhea; pathogenesis 
under investigation.
c Esophageal disease only.
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crofelemer (125 mg orally twice per day), a nonabsorbable and 
well-tolerated plant product that inhibits chloride channels and 
secretory diarrhea, may lower the number of watery stools and 
improve  consistency  [52].  Although  specific  antimicrobial 
therapy  and  supportive  care  can  enhance  the  quality  of  life  
and  duration  of  survival  in  many  patients,  the  treatment  of 
underlying HIV-1 infection with antiretroviral therapy has sig-
nificantly  limited the incidence, severity, and complications of 
secondary opportunistic infections and HIV-1-related intestinal 
pathology.

Highly active antiretroviral therapy
A major advance in the management of HIV-1 infection has 

been the development of six classes of antiretroviral agents, each 
of which targets a distinct pathway in the HIV-1 life cycle (Table 
118.4).  At  the  host  cell  membrane,  entry  inhibitors  block  the 
initial engagement of the virus with host cell membrane core-
ceptors  (e.g.,  CCR5  by  maraviroc)  and  fusion  inhibitors  (e.g., 
T-20)  block  the  next  required  step.  In  the  cytoplasm,  reverse 
transcriptase  inhibitors  (RTIs)  include  nucleoside  analogs 
(NRTIs) such as tenofovir and emtricitabine and nonnucleoside 

Table 118.4 Gastrointestinal complications of antiretroviral therapy and potential interactions with other medications used in gastrointestinal medicine.

Type of 
medication

Medication Trade name Primary gastrointestinal toxicitya Gastrointestinal-associated drug 
interactions

Antiretroviral

• Nucleoside 
analogue RTI 
(NRTI)

Zidovudine (AZT, 
ZDV)

Retrovir Anorexia; nausea (4%–26%); vomiting 
(3%–8%)
(rare hepatitis, steatosis, lactic acidosis)

Activity may be inhibited by ribavirin

Didanosine (ddI) Videx; Videx 
EC

Indigestion; diarrhea (16%); pancreatitis 
(4%–8%); ↑ALT/AST (6%–20%); rare 
steatosis and lactic acidosis

Potential increased rate of pancreatitis 
with pentamidine (azathioprine); 
buffers associated with ↓ absorption of 
itraconazole, ketoconazole, dapsone; 
tetracycline, ciprofloxacin; ddI levels ↑ 
with ranitidine, ganciclovir

Lamivudine (3TC) Epivir Limited; mild and transient diarrhea, nausea, 
abdominal pain; rare pancreatitis, steatosis, 
and lactic acidosis

Few

Abacavir (ABC) Ziagen Nausea (45%), diarrhea (25%), vomiting 
(15%) and abdominal pain (15%) may 
decrease over weeks of therapy; 
hypersensitivity reaction with fever ± rash, 
malaise, nausea, vomiting, ↑ALT/AST in 
2%–5% within 1 month

None reported

Emtricitabine (FTC) Emtriva Minimal toxicity; occasional nausea diarrhea 
and nausea; rare pancreatitis steatotis and 
lactic acidosis

Tenofovir (TDF) Viread Well tolerated; occasional nausea, vomiting, 
diarrhea, flatulence, abdominal distention, 
anorexias

• Nonnucleoside 
RTI (NNRTI)

Nevirapine (NVP) Viramune Nausea, vomiting; ↑ALT/AST (1%; lower if 
begin with 2 week at lower dose); isolated 
↑GGT common; (rash most common ∼ 10%)

Delavirdine (DLV) Rescriptor Nausea (7%); diarrhea (4%); ↑ALT/AST 
(≤5%); (rash most common; usually 
transient)

Level ↓ with rifamycins (P450 system) 
and antacids (↑gastric pH); level ↑ with 
clarithromycin, rifabutin, cisapride

Efavirenz (EFV) Sustiva Most common: transient rash and CNS 
symptoms of headache, dizziness, impaired 
concentration; some nausea, vomiting, 
diarrhea, elevated transaminases

Avoid cisapride; should not be taken 
within 2 h of antacids; not 
recommended with clarithromycin; 
(interacts with other PI)

Etravirine 
(TMC125; ETV)

Intelence Hypersensitivity reactions; rash; hepatoxicity Rifamycins; tacrolimus

Rilpivirine (RPV) Endurant Elevated transaminases; abdominal pain; 
rash; headache, insomnia

Lower RPV levels with PPI and H2 
receptor antagonists and rifamycins; 
lansoprazole; tacrolimus

Continued
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Type of 
medication

Medication Trade name Primary gastrointestinal toxicitya Gastrointestinal-associated drug 
interactions

• Protease 
inhibitors (PI)b

(most PI 
metabolized by 
liver)

Saquinivir (SQC) Invirase Nausea, diarrhea, abdominal pain, dyspepsia 
(5%–10%)

Cisapride contraindicated; SQV level ↑ 
with ketoconazole, clarithromycin; SQV 
level ↓ with rifampin, rifabutin; 
clarithromycin level ↑ with SQV; 
(interacts with other PI)

Ritonavir (RTV) Norvir Nausea, diarrhea, vomiting, anorexia, 
abdominal pain (20%–40%), especially in 
first few weeks of therapy; taste perversion 
(10%); increased triglycerides (60%, but 
>1500 mg/dL in 2%–8%); ↑ALT/AST 
(10%–15%), especially with NRTI; fewer 
complications when now used only at lower 
doses for boosting other levels of other PIs

Cisapride contraindicated; caution with 
dronabinol, ondansetron, cimetidine, 
promethazine, corticosteroids; RTV level 
↑ with ketoconazole, itraconazole; RTV 
level ↓ with rifampin; clarithromycin, 
erythromycin, rifampin, rifabutin levels 
increased with RTV; (interacts with 
other PI)

Indinavir (IDV) Crixivan Nausea, vomiting, diarrhea, abdominal pain 
(4%–15%); Increased indirect bilirubin 
(10%); (Nephrolithiasis 5%–10%)

Cisapride contraindicated; IDV level ↓ 
with rifabutin; IDV level ↑ with 
ketoconazole; rifabutin level ↑ with IDV;
(interacts with other PI)

Nelfinavir (NLF) Viracept Diarrhea (usually mild) (2%–19%) Cisapride and rifabutin contraindicated; 
NLF levels↓ with rifampin; rifabutin 
levels↑ with NLF; (interacts with other 
PI)

Amprenavir Agenerase Mild diarrhea, nausea, vomiting (7%–33%); 
fatigue; taste disorder; (rash 18%)

Cisapride and rifampin contraindicated; 
amprenavir levels↓ with rifabutin; 
rifabutin levels↑ with amprenavir;
(interacts with other PI)

Fosamprenavir 
(FPV)

Lexiva Nausea, diarrhea, vomiting; mouth 
numbness; elevated transaminases; (rash 
common 19%)

As above; cytochrome P450 and 
CYP3A4 inhibitora

Lopinavir–Ritonavir 
(LPV/RTV)

Kaletra Diarrhea (10%–20%); nausea, vomiting, 
stomach pain; ↑ ALT/AST (8%)

Similar to other PI

Atazanavir (ATV) Reyataz Occasional GI symptoms and elevated 
transaminases; elevated indirect bilirubin/
jaundice (7%–9% but subclinical)

As above; cytochrome P450 and 
CYP3A4 inhibitora

Tipranavir
(with ritonavir)

Aptivus Nausea, vomiting, diarrhea, fatigue, and 
headache (rates similar to those with 
comparator PIs); elevated transaminases 
(>10%) and occasional fatal hepatic failure

Avoid drugs that are metabolized by or 
induce CYP34A

Darunavir (DRV/
RTV)
(with ritonavir)

Nausea, vomiting, diarrhea, fatigue, and 
headache (rates similar to those with 
comparator PIs); elevated transaminases 
(2%–3%)

Avoid drugs that are metabolized by or 
induce CYP34A

• Integrase strand 
transfer 
inhibitors (INSTI)

Raltegravir
(RAL)

Isentress Hypersensitivity reactions; skin and allergic 
reactions

Reduced raltegravir levels with UGT1A1 
enzymes (e.g., rifampin)

Elvitegravir
(EVG)

Stribild (EVG/
COBI/TDF/FTC 
combination 
only)

Diarrhea; elevated transaminases, nausea 
and diarrhea

Elvitegravir levels modified by CYP3A 
inducers and inhibitors

Dolutegravir
(DTG)

Tivicay Nausea and diarrhea (<1%–1%); abdominal 
pain
Elevated transaminases in patients with 
hepatitis B or C
(Note: <1% hypersensitivity reactions with 
fever, rash, hepatitis, joint pain)

Decreased dolutegravir levels with 
polyvalent cation antacids, laxatives, 
sucralfate

Table 118.4 (Continued)
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Type of 
medication

Medication Trade name Primary gastrointestinal toxicitya Gastrointestinal-associated drug 
interactions

• Entry inhibitor/
chemokine 
coreceptor 
antagonist

Maraviroc Selzentry; 
MVC

Diarrhea; hepatotoxicity; constipation, 
flatulence; nausea

Aripiprazole; boceprevir; rifampin

• Fusion 
inhibitors

Enfuvirtide T20; Fuzeon Decreased appetite; elevated transaminases; 
(local injection and systemic hypersensitivity 
reactions)

None; does not affect cytochrome 
P450

• Fixed 
combinations

ZDV/3TC Combivir See individual agents

ZDV/3TC/ABC Trizivir See individual agents

3TC/ABC Epzicom See individual agents

FTC/TDF Truvada See individual agents

EFV/FTC/TDF Atripla See individual agents

RPV/FTC/TDF Complera See individual agents

EVG/COBI/TDF/
FTC

Stribild See elvitegravir and individual agents

• Other Interleukin-2 Proleukin Diarrhea, abdominal pain, stomatitis (7%); 
nausea; vomiting; isolated ↑ bilirubin (8%); 
↑ALT/AST; acalculous cholecystitis; 
constitutional flu-like symptoms (fever, chills, 
muscle/joint pain) (45%)

Hydroxyurea Hydrea Nausea (12%); ↑ALT/AST (2%); stomatitis 
(8%); diarrhea; occasional anorexia, 
vomiting, diarrhea, constipation 
(myelosuppression; rash)

a Rates may vary among studies.
b As with other inhibitors of cytochrome P450 system, specifically CYP 3A4, protease inhibitors should not be given with cisapride (Propulsid), 
astemizole (Hismanal), terfenadine (Seldane), midazolam (Versed), or triazolam (Halcion), or ergot derivatives.
RTI, reverse transcriptase inhibitors; ALT/AST, alanine/aspartate transaminase elevation >2.5–5 fold above normal values; GGT, γ-glutamyl 
transpeptidase.
Data from useful sources for drug interactions: (1) www.hiv-druginteractions.org/ and (2) http://clinicaloptions.com/HIV.aspx. For information  
about HIV/AIDS: (1) http://www.aids-etc.org; (2) http://aidsinfo.nih.gov; (3) http://hivinsite.ucsf.edu/InSite; (4) http://www.hopkins-aids.edu/;  
(5) http://www.thebody.com/index.html.

Table 118.4 (Continued)

analogs  (NNRTIs)  such  as  efavirenz  and  etravirine,  which 
inhibit  the ability of HIV-1 RNA to encode viral DNA. In the 
nucleus, integrase inhibitors such as raltegravir and dolutegravir 
block integration of HIV-1 proviral DNA in the host genome, a 
key  step  in  viral  persistence.  Protease  inhibitors  block  viral 
maturation and cleavage of HIV-1 Gag-Pol polyprotein precur-
sor  into  structural  core  proteins  and  enzymes  (reverse  tran-
scriptase,  integrase,  and  protease),  causing  the  production  of 
abnormal  viral  proteins  and  noninfectious  virions.  Highly 
active  antiretroviral  therapy  (HAART)  regimens  typically 
include three or more agents, usually two NRTIs with a protease 
inhibitor, an NNRTI, or an integrase inhibitor. These powerful 
combinations  severely  diminish  viral  replication,  limit  the 
development of resistance, and enhance recovery of  immuno-
logical  competence  [53].  Consequently,  HAART  has  dramati-
cally reduced the rate of death and incidence of many systemic 

and  gastrointestinal  opportunistic  infections,  especially  crypt-
osporidiosis  [54,55],  microsporidiosis  [55],  and  enteric  CMV 
disease  [56],  as  well  as  oral  candidiasis  [57],  in  patients  with 
HIV-1  infection.  Because  the  recovery  of  immune  function 
takes several months,  rates of opportunistic  infections decline 
most prominently after 2 months of antiretroviral therapy. Thus, 
prophylactic  antimicrobial  therapy  may  be  discontinued  in 
most  patients  on  HAART  when  the  number  of  CD4+  lym-
phocytes has  increased to 200 cells/mm3 for more than 12–24 
weeks [58–60].

Antiretroviral  drugs  are  associated  with  a  spectrum  of  
toxicities  and prominent  side-effects of nausea, vomiting,  and 
diarrhea (Table 118.4). HAART toxicities occur more frequently 
among  patients  with  advanced  HIV-1  disease  (CD4+  T  cells 
<200  cells/mm3)  and  may  limit  use  of  the  drugs  [1].  Toxic 
reactions  ascribed  to  each  drug  are  often  confounded  by  the 
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more  commonly  associated  with  bacteremia  and  antibiotic 
resistance  in  HIV-1-infected  persons  than  in  seronegative 
persons.  C jejuni  may  cause  visible  mucosal  inflammation. 
Campylobacter  sp.  other  than  C. jejuni  have  been  detected  in 
HIV-1-infected patients with diarrhea [65], but a causative role 
for these species in the diarrhea awaits confirmation.

Diagnosis
These  bacteria  are  diagnosed  by  culture  of  the  organism  in  a 
stool  specimen.  The  blood  should  also  be  cultured  when 
diarrhea is accompanied by fever.

Treatment
The drug of choice for infection with Salmonella spp. is ceftri-
axone or  ciprofloxacin,  for Shigella  spp.  ciprofloxacin,  and  for 
C. jejuni azithromycin (or erythromycin) or ciprofloxacin and 
tetracycline  in  adults  (Table  118.5).  Because  recurrence  is 
common  and  drug  resistance  may  develop,  repeat  culture  of 
stool and blood (when bacteremia occurs) and drug sensitivity 
testing  are  used  to  monitor  therapeutic  response,  particularly 
when symptoms persist.

Mycobacterium avium complex
Mycobacterium avium complex (MAC) comprises two acid-fast, 
obligate, intracellular bacteria: M. avium and M. intracellulare. 
The gastrointestinal tract is the likely portal of entry for MAC, 
and  exposure  is  common  in  all  persons,  as  the  organisms  are 
ubiquitous  in  the  environment.  In  immunocompetent  hosts, 
MAC  is  not  an  enteric  pathogen.  However,  MAC  is  the  most 
common cause of systemic bacterial infection in HIV-1-infected 
persons  in  the  USA  but  is  less  common  in  Africa  and  Haiti. 
End-organ  involvement  and  bacteremia  usually  do  not  occur 
until the number of circulating CD4+ T cells declines to <100 
cells/mm3. Macrophages are an important reservoir for the bac-
teria,  and  during  HIV-1  infection  macrophages  phagocytose, 

coadministration of multiple drugs with overlapping toxicities, 
such  as  hepatic  toxicity.  Distinguishing  between  symptoms  of 
drug toxicity and opportunistic infection requires careful evalu-
ation  of  the  timing  of  events  and  the  presence  of  comorbid 
findings. HAART toxicity is complicated by the need to identify 
the  causative  agent  in  a  multidrug  regimen.  Toxicity  with  the 
very potent current combinations less commonly limits adher-
ence  and  the  development  of  resistance,  thereby  enhancing 
therapeutic  success  compared  to  that  in  the  past.  Optimal 
antiretroviral activity is usually dose dependent, particularly for 
protease  inhibitors,  so  changing  antiretroviral  agents  may  be 
preferable  to  lowering  doses.  For  gastrointestinal  side-effects, 
antidiarrheal  agents,  including  bulk-forming  agents,  lopera-
mide or diphenoxylate atropine, and most recently crofelemer, 
may be useful  for drug-related diarrhea,  and antiemetics may 
reduce drug-induced vomiting. The administration of medica-
tions  with  or  after  meals  can  limit  nausea,  depending  on  the 
food requirement for the drug. Histamine receptor blockers and 
antacids  may  affect  absorption  of  some  drugs  and  usually  do 
not alter symptoms.

Bacterial infections
Salmonella species, Shigella species, and 
Campylobacter jejuni
The  Gram-negative  bacteria,  both  Salmonella enteriditis  (par-
ticularly in the USA) and Salmonella typhimurium (particularly 
in Africa) [61], Shigella flexneri [62,63] (although Shigella sonnei 
is more common in the general population), and C. jejuni [64] 
cause  a  similar  illness  in  HIV-1-infected  persons.  This  syn-
drome may be characterized by chronic or recurrent diarrhea, 
abdominal  cramps,  and  fever.  During  symptomatic  infection, 
the  stool  frequently contains  fecal  leukocytes and either gross 
or microscopic blood, although noninflammatory diarrhea may 
also be present. Each of  these bacterial  infections occur more 
often,  cause  more  prolonged  or  recurrent  diarrhea,  and  are 

Table 118.5 Therapy for intestinal infections in HIV-1-infected adults. Adapted from Panel on Antiretroviral Guidelines for Adults and Adolescents, 
2014 [53].

Pathogen Treatment Alternative treatment

Protozoal

Cryptosporidium Nitazoxamide 500–1000 mg b.i.d. × 14 days Paromomycin 500 mg q.i.d. ×14 days
(± 1000 mg b.i.d. × 8 days)

Cytoisospora bellia Trimethoprim–sulfamethoxazole 1 DSb q.i.d. × 10 days Pyrimethamine 50–75 mg q.d. + leucovorin 10–25 mg q.d.

Ciprofloxacin 500 mg b.i.d. × 7–10 days then 3 times per 
week

Maintenance: 1 TMP–SMX q.d. or 3 times per week

Giardia lamblia Metronidazole 250 mg t.i.d. × 5 days Tinidazole 2 g single dose

Furazolidone 100 mg q.i.d. × 7–10 days

Cyclospora Trimethoprim–sulfamethoxazole 1 DS q.i.d. × 10 days Ciprofloxacin 500 mg b.i.d. × 7 days
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Pathogen Treatment Alternative treatment

Viral

Cytomegalovirusa,c,d Ganciclovir 5 mg/kg i.v. q12h × 3–4 weeks Foscarnet 60 mg/kg i.v. q8h or 90 mg i.v. q12h × 2–3 
weeks

Valganciclovir 900 mg p.o. b.i.d. with food × 3–4 
weeks

Herpes simplexa,c,d Acyclovir 200–800 mg 5/day × 7–14 days Foscarnet 40 mg/kg i.v. q8h × 3 weeks

Adenovirus NAe

Rotavirusf NA

Astrovirus NA

Picobirnavirus NA

Norovirus NA

Bacterial

Salmonella sp.a,d Ceftriaxone 1–2 g q.d. × 7 days Amoxicillin 1 g t.i.d. × 7–14 days

Ciprofloxacin 500 mg b.i.d. × 7 days Trimethoprim–sulfamethoxazole 1 DS b.i.d. × 10–14 days

Shigella flexneria,f Ciprofloxacin 500 mg b.i.d. × 3–7 days Trimethoprim–sulfamethoxazole 1 DS b.i.d. × 3–14 days

Ampicillin 500 mg q.i.d. × 5 days Ceftriaxone 1–2 g q.d. × 7 days

Campylobacter jejunia,d Erythromycin 500 mg q.i.d. × 7 days Tetracycline 500 mg q.i.d. × 7 days

Ciprofloxacin 500 mg b.i.d. × 7 days

Mycobacterium avium 
complexa,d

Clarithromycin 500 mg b.i.d. + Ethambutol 
15–25 mg/kg q.d.

Azithromycin 500–600 mg q.d. + Ethambutol

Prophylaxis Clarithromycin 500 mg q.d. or Rifabutin 300 mg q.d.

Azithromycin 1200 mg weekly

Clostridium difficile Metronidazole 500 mg t.i.d. × 7–10 days Vancomycin 125 mg q.i.d. × 10–14d

Fidaxomicin 200 mg b.i.d. × 10 days

Bacteriosisf Ciprofloxacin 500 mg b.i.d. × 4 weeks

Fungal

Microsporidium sp. Albendazole 400 mg b.i.d. × 28 days (S. intestinalis) Fumagillin 60 mg/day (Enterocytozoon bienusi)

Nitazoxanide 1000 mg b.i.d

Histoplasma capsulatuma Amphotericin B 0.7 mg/kg i.v. q.d. × 3–14 weeks Itraconazole 200 mg b.i.d. × 4–8 weeksg

(or liposomal AmB 3 mg/kg/day i.v.)

(maintenance phase up to 12 weeks)

Prophylaxis Itraconazole 200 mg daily (endemic area with HIV-1 
and <150 CD4+/μL)

All treatments are p.o. unless otherwise indicated. Treatment of all diarrheal syndromes should include supportive care, particularly repletion of fluids 
and electrolytes. Use of loperamide, lomotil (diphenoxylate–atropine) or paregoric an option with noninflammatory untreatable chronic infections, such 
as adenovirus, astrovirus, picornavirus, and calicivirus. Use of effective antiretroviral therapy is important initial and supportive therapy for many 
opportunistic infections, including Cryptosporidium, Microsporidium, Herpes simplex virus, M. avium, complex, etc.
a Chronic suppression at reduced dosage may be necessary.
b Double-strength tablet.
c Reduce dosage for decreased creatinine clearance.
d Resistance may develop; susceptibility testing necessary.
e Not available.
f Pathogenicity in HIV-1 infection under investigation.
g Also maintenance regimen.
b.i.d., twice a day; DS, double-strength; i.v., intravenous; p.o., orally; q8h, 8-hourly; q12h, 12-hourly; q.d., each day; q.i.d., four times a day; t.i.d., 
three times a day.

Table 118.5 (Continued)



2286      PART 4 Gastrointestinal diseases

for  C. difficile-associated  diarrhea  in  HIV-1-infected  persons 
include  hospitalization  (although  community-acquired  infec-
tion  occurs),  recent  antimicrobial  therapy  (particularly  clin-
damycin, fluoroquinolones, macrolides) and, potentially, gastric 
acid  and  severe  CD4+  T  cell  suppressants  [39],  risk  factors 
similar to those in immunocompetent persons [74]. Failure to 
generate  specific  antibodies  to  C. difficile  toxins,  important 
mechanisms of defense and resolution of infection, may be com-
promised  during  HIV  infection  [75].  Although  asymptomatic 
carriage occurs, C. difficile infection in HIV-1-infected persons 
is commonly associated with profound watery diarrhea, abdom-
inal pain and tenderness, fever, leukocytosis, and the presence 
of fecal leukocytes and occult blood. Infection with the epidemic 
BI (NAP1/027) strains is associated with an increased severity 
of infection and attenuated response to therapy.

Diagnosis
The  diagnosis  of  C. difficile-associated  diarrhea  or  colitis  is 
based  on  the  presence  of  diarrhea,  most  often  during  antimi-
crobial use, and the detection of either C. difficile toxin or organ-
isms in stool or endoscopically confirmed pseudomembranous 
colitis.  Stool  culture  more  often  reveals  infection  (90%–97%) 
than antigen-based  toxin ELISA assays  (70%–73%)  in HIV-1-
sernegative subjects with C. difficile infection, but PCR for the 
toxin,  including  for  the  BI  strain,  is  both  more  rapid  and  as 
sensitive as culture with excellent test characteristics (reviewed 
in  [74]),  particularly  in  symptomatic  patients.  Asymptomatic 
carriage also is well described.

Treatment
Effective  treatments  for  C. difficile  in  HIV-1-infected  persons 
have  included  oral  metronidazole  and  vancomycin  (Table 
118.5). More recently, fidaxomicin, a poorly absorbed macrocy-
clic  antibiotic  with  minimal  effects  on  bowel  microbiota, 
achieved  cure  rates  of  nonepidemic  C. difficile  in  HIV-1-in-
fected  persons  comparable  to  that  of  vancomycin  in  persons 
without  HIV-1  infection  (88.2%  vs  85.8%,  respectively)  and 
decreased  recurrences  (15.4%  vs  25.3%,  respectively)  [74,76]. 
Persistent use of other antibiotics during therapy for C. difficile 
compromises cure rates. Fecal transplantation has been success-
fully  utilized  following  multiple  recurrences  but  not  in  this 
population, and therapeutic toxin-specific monoclonal antibod-
ies are in development.

Enteroaggregative bacteria
Intestinal  infection  with  enteroaggregative  E. coli  has  been 
reported  in  HIV-1-infected  persons  in  the  USA  and  Africa 
[77–79]. The bacterium adheres  to enterocytes predominantly 
in the colon and ileum, where focal areas of epithelial cell injury 
(effacement, displaced microvilli, necrosis) are associated with 
attached  bacteria.  Accumulation  of  inflammatory  cells  in  the 
epithelium or  lamina propria  is minimal or absent. Enteroag-
gregative E. coli have been  identified more  frequently  in  stool 
from  HIV-1-infected  adults  with  diarrhea  than  in  stool  from 

but appear unable to kill, MAC. The organism upregulates mac-
rophage HIV-1 production in dual infected cells [66] and alters 
macrophage function [67].

Gastrointestinal tract MAC disease, which is usually a mani-
festation  of  disseminated  infection,  may  be  associated  with 
diarrhea,  abdominal  pain,  malabsorption,  weight  loss,  and 
fever,  with  or  without  night  sweats  [68,69].  Concomitant 
hepatomegaly and/or  splenomegaly with anemia due  to MAC 
infection  are  often  present.  When  identified  in  symptomatic 
patients,  the high density of mycobacteria  typically present  in 
gastrointestinal tract mucosa suggests that MAC contributes to 
the  associated  gastrointestinal  symptoms.  Endoscopic  abnor-
malities  are  nonspecific  and  include  erythema,  friability,  ero-
sions,  and  fine  white  nodules.  Occasionally,  an  inflammatory 
mass, which can be mistaken for a tumor, is the major gastroin-
testinal  manifestation.  The  small  intestine  is  reported  to  be 
involved  more  often  than  the  colon  [68],  but  this  may  reflect 
easier endoscopic access. Histological examination of the small 
intestine  or  colon  may  show  diffuse  infiltration  of  the  lamina 
propria  by  macrophages  filled  with  bacilli.  Granulomas  are 
usually absent or poorly developed, possibly due to the impaired 
chemotactic activity of monocytes in patients with AIDS [70].

Diagnosis
The diagnosis of MAC is based on the identification of typical 
acid-fast  organisms  in  stool  or  gastrointestinal  biopsy  speci-
mens  (fixed  and  touch  preparations)  [68,69].  Culture  of  gas-
trointestinal tissue may increase the positivity rate compared to 
acid-fast  staining  alone,  but  PCR  provides  both  a  species-
specific  and  rapid  diagnosis.  Although  the  incidence  of  both 
pulmonary  and  extrapulmonary  M. tuberculosis  infections  is 
increased  among  HIV-1-infected  persons,  intestinal  involve-
ment is uncommon.

Treatment
The current recommended three-drug therapy is two antimyco-
bacterial agents, including a macrolide azole agent and rifabu-
tin, and a third agent, such as ethambutol [71]. When the CD4+ 
T-cell number falls below 50 cells/mm3, macrolides (azithromy-
cin or clarithromycin) with or without rifabutin provide signifi-
cant protection against developing MAC infection (relative risk 
0.35–0.48), although the macrolides are most effective [72]. For 
patients  on  HAART  who  respond  with  an  increase  in  the 
number of CD4+ lymphocytes to greater than >100 cells/mm3 
for more than 3–6 months with sustained suppression of HIV-1 
plasma RNA for the same period, prophylactic therapy may be 
discontinued.

Clostridium difficile
C. difficile is one of the most common bacterial causes of diarrhea 
in HIV-1-infected persons in the USA [28,39], but the severity 
of the clinical illness, the response to therapy, and the frequency 
of  recurrent or persistent  infection  in HIV-1-infected persons 
may be similar to that of seronegative subjects [73]. Risk factors 
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Cytoisospora belli
C. belli (formally Isospora belli) is an obligate, intracellular coc-
cidian parasite  that resembles Cryptosporidium  in  its  life cycle 
and small intestinal habitat. In the early years of the AIDS epi-
demic, C. belli was identified in fewer than 3% of patients with 
AIDS in the USA but up to 15% of patients in Haiti and Zambia 
[41,94].  Isosporosis  is  typically  a  chronic  illness  characterized 
by  profuse,  nonbloody,  watery  diarrhea  that  may  be  indistin-
guishable  from  the  diarrheal  illness  associated  with  Crypt-
osporidium and microsporidia infections. Weight loss of at least 
10% may occur during the months prior  to diagnosis  [41,95]. 
Nausea  and  abdominal  cramps  also  typically  accompany  the 
illness;  fever  and  vomiting  are  less  frequent,  but  dehydration 
requiring  hospitalization  complicates  nearly  50%  of  cases  in 
Haiti  prior  to  HARRT  [41].  Steatorrhea  and  eosinophilia  also 
may be present. Histology usually shows inflammation associ-
ated with  some degree of villus  atrophy.  In  contrast  to Crypt-
osporidium,  C. belli  may  invade  the  mucosa.  Although 
concentrated in the small intestine, C. belli has been identified 
throughout  the  gastrointestinal  (and  biliary)  tract  and  rarely 
may  disseminate  to  extraintestinal  sites,  including  mesenteric 
and tracheobronchial lymph nodes.

Diagnosis
The diagnosis of C. belli  is  established by  the  identification of 
the  typical highly refractile,  spherical oocysts  (containing  two 
sporoblasts) in stool using the modified Kinyoun acid-fast stain. 
Stool  concentration  sometimes  may  be  necessary  to  detect 
oocysts.

Treatment
The most effective therapeutic agent for C. belli is trimethoprim–
sulfamethoxazole (Table 118.5). Because infection recurs  in as 
many as 50% of cases following treatment, prolonged or repeat 
therapy  with  this  agent  may  be  required  to  suppress  clinical 
illness, particularly in the absence of antiretroviral therapy.

Cyclospora cayetanensis
Cyclospora  are  obligate,  intracellular  coccidian  parasites  with 
morphological and staining characteristics of a cyanobacterium-
like organism [96,97]. The spherical cyst-like organisms measure 
8–10 μm  in  diameter  and  with  modified  acid-fast  staining 
resemble Cryptosporidium. The Cyclospora oocyst has two spo-
rocysts,  each  containing  two  sporozoites,  distinguishing  the 
parasite  from the  larger C. belli  [96]. Both sexual and asexual 
forms  occur  in  small  intestinal  epithelial  cells,  suggesting  the 
organism can complete its life cycle in a single host. The organ-
ism  has  been  identified  in  persons  with  diarrhea  from  Latin 
America  (primarily  Peru),  the  Caribbean,  Southeast  Asia, 
Eastern  Europe,  and  the  USA,  but  relatively  few  cases  are 
reported in immunocompromised hosts. In immunocompetent 
persons,  the  diarrhea  is  typically  abrupt  in  onset,  watery,  and 
prolonged (lasting a mean of 6 weeks) but ultimately self limited. 
The  histopathology  of  the  small  intestine  in  patients  with 

asymptomatic seropositive subjects, and no differential expres-
sion of virulence factors has been identified, although the adhe-
sions  and  mechanisms  of  disease  caused  by  this  bacterium 
remain poorly understood. Therapeutic eradication of the bac-
teria with ciprofloxacin has been associated with restoration or 
improvement  of  diarrheal  symptoms  [80],  but  antimicrobial 
resistance may be more common in patients with HIV-1 infec-
tion,  related  in  part  to  prophylaxis  with  trimethoprim– 
sulfamethoxazole.

Protozoan infections
Cryptosporidium species
Intestinal parasitic infection should be suspected in any patient 
with  HIV-1  infection  and  chronic  diarrhea.  Cryptosporidium 
spp. (C. hominis and C. parvum) are unicellular, spore-forming 
coccidian  protozoan  taxonomically  related  to  Cytoisospora, 
Toxoplasma, Sarcocystis, and Cylospora [81]. Early in the AIDS 
epidemic, Cryptosporidia were present in approximately 20% of 
AIDS patients with diarrhea in the USA but as many as 55% of 
AIDS patients in developing countries such as Zaire and Haiti. 
Persistent  infection  occurs  predominantly  in  HIV-1-infected 
patients  with  <200  cells/mm3  [82,83].  A  relatively  common 
cause  of  self-limited  mild  diarrhea  in  immunocompetent 
persons  [84,85],  cryptosporidiosis-associated  disease  may  be 
characterized by chronic, debilitating diarrhea in patients with 
AIDS. The diarrhea can be voluminous, nonbloody, and watery; 
abdominal cramps, anorexia, malaise, and weight loss are also 
prominent symptoms. Asymptomatic carriage may occur [86], 
but symptoms of dehydration and wasting are more common. 
Malabsorption of both fat and carbohydrate is associated with 
cryptosporidiosis. Rarely, Cryptosporidia may cause biliary tract 
obstruction  (see  Section  Biliary  disorders).  The  severity  of 
Cryptosporidium-associated symptoms may vary over time and 
is strongly influenced by the level of immunosuppression [87].

Diagnosis
Infection  with  Cryptosporidium  is  easily  identified  in  stool 
microscopically with a modified acid-fast stain or a direct fluo-
rescent antibody, or by ELISA. A single stool examination has 
been  sufficient  to  diagnose  96%  of  symptomatic  cases  [88]. 
Hematoxylin  and  eosin-stained  tissue  specimens  obtained  by 
endoscopy  reveals  the  parasite  in  terminal  ileum  more  fre-
quently than in the duodenum (91% vs 53%, respectively) [88]. 
Sensitive and specific antigen detection assays for stool are also 
currently commercially available.

Treatment
Despite  anecdotal  reports  of  successful  treatment  of  crypt-
osporidiosis  with  a  range  of  agents,  only  nitazoxamide  has 
induced  parasitological  cure  and  complete  resolution  of  the 
diarrheal syndrome in a high proportion of patients [89,90,91], 
although not reliably in HIV-1-infected subjects [92]. The intro-
duction  of  effective  antiretroviral  decreases  the  incidence, 
severity, and duration of Cryptosporidium infections [54,93].
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tion is extremely rare in immunocompetent persons, but organ 
disease,  particularly  colitis,  may  develop  in  previously  immu-
nocompetent  but  critically  ill  subjects  [104].  When  the  host 
becomes  immunosuppressed,  such as during advanced HIV-1 
infection or immunosuppression with transplantation, the virus 
is  reactivated,  leading  to  replication and cell  lysis. Replication 
occurs in the nuclei of permissive cells, and virus accumulates 
in nuclear and cytoplasmic inclusions, producing cell enlarge-
ment and the characteristic nuclear and cytoplasmic inclusions. 
In  the  immunosuppressed  host,  CMV  has  been  detected  in 
intestinal  mononuclear,  epithelial,  endothelial,  and  smooth 
muscle cells [105]. The local response appears to involve CMV-
induced release of proinflammatory mediators [106,107].

Clinical manifestations of CMV disease in the gastrointesti-
nal tract include esophagitis, gastritis, small intestinal enteritis, 
and, less frequently, acalculous cholecystitis, papillary stenosis, 
sclerosing  cholangitis,  pancreatitis,  and  appendicitis.  Colitis 
appears to be the most common manifestation of enteric CMV 
disease  [44,104,108];  among  AIDS  patients  with  colitis  or 
enteritis  in  the  preantiretroviral  era,  CMV  was  identified  in 
biopsies  in 45% of patients  [44]. CMV colitis  is  characterized 
by diarrhea, fever, and weight loss. Abdominal pain and hema-
tochezia are also frequently present and help distinguish CMV 
colitis  from the protozoan diarrheal  illnesses described above. 
The colon appears to be particularly susceptible to progression 
to  ischemic  necrosis  and  perforation  during  CMV  infection. 
Regardless  of  whether  diarrhea  is  present,  CMV-associated 
disease of the biliary tract (usually without icterus or pruritus) 
should  be  included  in  the  differential  diagnosis  of  abdominal 
pain, nausea, and vomiting in patients with AIDS. Endoscopic 
findings  that  suggest  CMV-induced  disease  range  from  local-
ized hyperemia to hemorrhagic erythema to superficial or deep 
ulceration (Figure 118.1).

Diagnosis
CMV  should  be  suspected  when  endoscopic  or  colonoscopic 
visualization  show  discrete,  often  hemorrhagic,  erosions  or 
ulcerations  with  normal  intervening  mucosa  in  an 

Cyclospora-associated diarrhea shows acute and chronic inflam-
mation,  surface  epithelial  disarray,  and  varying  degrees  of 
villous  atrophy  and  crypt  hyperplasia.  Cyclospora  infection  in 
persons  with  AIDS  is  associated  with  prolonged  or  relapsing 
diarrhea and weight loss as great as 10% [97,98]. Diffuse, cramp-
ing  abdominal  pain  accompanies  the  diarrhea  in  over  half  of 
patients  and  fever  in  a  third.  Cyclospora  outbreaks  have  been 
associated  with  contaminated  drinking  water  and  imported 
raspberries [99,100].

Diagnosis
Modified Kinyoun stain  is used to  identify Cyclospora oocysts 
in a concentrated fresh stool sample; oocysts appear as 8–9 μm, 
acid-fast, granular spheres. PCR assays are promising.

Treatment
Trimethoprim–sulfamethoxazole  appears  to  be  effective 
therapy  for  Cyclospora  infection  [97]  and  likely  prophylaxis 
(Table 118.5).

Giardia lamblia and Entamoeba species
Giardia lamblia does not cause more frequent or severe infection 
in  immunosuppressed  HIV-1-infected  patients  than  in  seron-
egative  persons  and  responds  appropriately  to  antimicrobial 
therapy with metronidazole [101]. A retrospective case review 
showed  that  a  small  proportion  of  HIV-1-infected  persons 
exposed to E. histolytica develop E. histolytica colitis and/or liver 
abscess warranting prospective study [102], but typically patients 
with HIV-1  infection are not susceptible  to an  increased  inci-
dence or severity of amoebic colitis or liver abscess.

Viral infections
Cytomegalovirus
Cytomegalovirus (CMV) is a double-stranded DNA virus in the 
herpes virus group. After  initial  infection, which  in  immuno-
competent persons is usually asymptomatic, the virus enters a 
latent,  nonproductive  phase  in  circulating  mononuclear  cells 
[103]. Consequently, serious organ disease due to CMV infec-

Figure 118.1 (a) Endoscopic visualization of mucosal ulceration and inflammation in a patient with cytomegalovirus colitis. Light microscopic view of 
a colon biopsy from the same patient shows ulceration and hemorrhage (b) and infiltration by inflammatory cells (c), many containing cytomegalic 
inclusions. ((b, c) hematoxylin and eosin; (b) original magnification × 30; (c) original magnification × 62). Source: Smith et al. 1992 [106]. Reproduced 
with permission of the American Society for Clinical Investigation.

(a) (c)(b)
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small vesicles, and progress to erosions that coalesce into diffuse 
ulcers. Diagnosis is predicated on the cytological identification 
of  intranuclear (Cowdry type A) inclusions in cells within the 
lesion and is confirmed by virus isolation.

Treatment
Acyclovir  and  related  agents  are  the  drugs  of  choice  (Table 
118.5) for HSV infection. Because recurrent HSV is common, 
long-term  suppressive  therapy  may  be  necessary.  Despite 
increased  use  of  suppressive  acyclovir  therapy,  increased 
acyclovir-resistant HIV (type 2) has not been reported [113].

Adenovirus
Adenovirus is a double-stranded nonenveloped DNA virus that 
is  well  recognized  as  a  cause  of  morbidity  and  mortality  in 
immunocompromised  persons  such  as  stem  cell  and  organ 
transplant  recipients.  In  HIV-1-infected  patients,  adenovirus 
has  been  isolated  from  various  body  sites  and  may  induce 
hepatic necrosis, but intestinal involvement is rare. In the USA, 
adenovirus  excretion  is  equally  common  in  HIV-1-infected 
patients  with  and  without  diarrhea  [43].  In  contrast,  23%  of 
Australian  HIV-1-infected  patients  with  diarrhea  reportedly 
excrete  adenovirus  compared  to  5.4%  without  diarrhea  [42]. 
Adenovirus  has  been  identified  with  transmission  electron 
microscopy  and  culture  in  inflamed  colonic  tissue  of  AIDS 
patients with chronic, watery, nonbloody, nonmucoid diarrhea 
[114]. Weight loss was also a prominent symptom. Endoscopi-
cally, the colonic mucosa showed areas of discrete, often raised, 
erythematous lesions that were several millimeters in diameter. 
Light  microscopy  showed  chronic  inflammation  surrounding 
epithelial  cells  containing  large,  amphophilic  intranuclear, but 
not cytoplasmic, inclusions. Adenovirus appeared to infect only 
epithelial  cells,  especially  goblet  cells,  sparing  lamina  propria 
cells, which are frequent targets of CMV. At the ultrastructural 
level, adenovirus was associated with degeneration, death, and 
focal  necrosis  of  infected  epithelial  cells,  some  of  which  had 
been extruded into the lumen (Figure 118.2). Although adeno-
virus  can  cause  pathogenic  changes  in  the  colonic  mucosa,  a 
causal  relationship  between  adenovirus  and  diarrhea  has  not 
been established. An array of antiviral agents have been used in 
immunocompromised  patients  with  adenovirus  infection,  but 
only treatment with cidofovir, a cytosine analogue with neph-
rotoxicity,  has  been  associated  with  a  significant  reduction  in 
adenovirus-associated mortality [115].

Astrovirus, picobirnavirus, and rotavirus
Prospective  evaluation  of  chronic  diarrhea  in  HIV-1-infected 
persons indicated an association between the presence of astro-
virus and picobirnavirus and diarrhea in HIV-1-infected [116], 
but  further epidemiological and clinical  studies are needed  to 
define  the  role of  these viruses  in HIV-1 disease. Rotavirus  is 
not associated with diarrhea in HIV-1-infected patients in the 
USA [26,43,116] or Africa (Zaire and Zambia) [117,118], but is 
reportedly is detected in the stools of Australian HIV-1-infected 

HIV-1-infected patient. Colitis may be patchy in approximately 
40% of cases and involve only the right colon or cecum in 18% 
[108], underscoring the importance of colonoscopy in the diag-
nostic  evaluation  of  colitis  in  an  HIV-1-infected  patient.  The 
diagnosis of CMV gastrointestinal disease is established by the 
histopathological identification of large (cytomegalic) mononu-
clear, endothelial or epithelial cells containing intranuclear and/
or cytoplasmic inclusions with surrounding inflammation [109] 
and  confirmed  by  immunocytochemical  staining,  in  situ 
hybridization, or DNA amplification.

Treatment
Intravenous  ganciclovir,  oral  valganciclovir,  and,  alternatively, 
foscarnet  are  currently  the  drugs  of  choice  for  the  treatment  
of CMV (Table 118.5). Because these agents are virustatic and 
not  virucidal,  recurrent  CMV  disease  is  common  after  the  
cessation  of  therapy.  The  availability  of  valganciclovir,  which  
has substantial bioavailability (∼50%–60%), has been of signifi-
cant  value  for  mild  primary  intestinal  disease  or  to  transition 
from  intravenous  therapy.  However,  valganciclovir  is  not  rec-
ommended for primary prevention among patients with sero-
logical  evidence  of  CMV  infection  and  a  CD4+  T  cell  count 
<100  cells/mm3  [110].  The  optimal  approach  to  prevent 
end-organ CMV disease is to maintain the CD4+ T cell count 
>100 cells/mm3 [111].

Herpes simplex virus
Herpes  simplex  virus  (HSV)  is  also  a  double-stranded  DNA 
virus in the herpesvirus group. Latent in sensory nerve ganglia, 
HSV reactivation during immunosuppression leads to spread of 
the virus along sensory nerve pathways to mucocutaneous sites 
where  the  virus  next  spreads  among  epithelial  cells  by  lysis, 
releasing virions that infect and lyse adjacent cells. Reactivation 
increases HIV-1 levels in plasma. Gastrointestinal HSV disease 
is confined to the perianal region, distal rectum, and esophagus. 
The  perianal  lesions  range  from  small,  unrecognized  mucosal 
ulcers  or  fissures  to  chronic,  deeply  ulcerated  necrotic  lesions 
that cause localized pain but not diarrhea [112]. Involvement of 
the rectum (proctitis) is often associated with perianal disease. 
Proctitis manifests as severe anorectal pain, tenesmus, constipa-
tion, inguinal lymphadenopathy, and, less often, difficulty with 
urination and sacral paresthesias. Such symptoms may also be 
associated  with  proctitis  in  seronegative  homosexual  men. 
Diarrhea  is  not  associated  with  typical  proctitis,  although  the 
mucopurulent  discharge  may  be  misinterpreted  as  diarrhea. 
Proctocolitis,  which  occurs  when  the  proctitis  rarely  extends 
proximally into the distal sigmoid colon, can cause mild diarrhea 
associated with hematochezia, but the predominant symptoms 
are generally those of the proctitis. Overall, HSV proctocolitis 
is a rare cause of diarrhea in HIV-1-infected persons [112].

Diagnosis
Anoscopy  and  sigmoidoscopy  are  required  to  diagnose  HSV 
proctitis and proctocolitis, respectively. Typical lesions begin as 
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microsporidiosis is associated with poor sanitary conditions as 
well as low (<400) CD4+ cells/mm3 [127].

Infection with the parasite is associated with chronic, watery, 
nonbloody  diarrhea  of  variable  severity,  frequently  with  sub-
stantial  fluid  and  weight  loss.  Microsporidiosis  has  been 
reported to cause 40%–50% of the cases of unexplained diarrhea 
among patients with HIV-1  infection  [128], but microspordia 
infection is not invariably accompanied by diarrhea. E. bieneusi 
was  equally  common  in  HIV-1-infected  patients  with  and 
without diarrhea. The highest density of E. bieneusi  is  located 
in the jejunum [129], where the parasite infects enterocytes and 
may cause villus atrophy. The organism has been associated with 
AIDS-related biliary  tract disease,  including acalculous chole-
cystitis,  cholecystitis  with  cholelithiasis,  and  cholangitis,  pre-
sumably by ascending the proximal small intestine to infect the 
biliary tract, as discussed in Section Biliary disorders.

Diagnosis
The diagnosis of microsporidiosis is based on the identification 
of the parasite in small intestinal tissue or fluid. Biopsies should 
be taken at the most distal site, where the parasite burden is the 
highest. Because of their small size, poor staining qualities, and 
minimal associated inflammation, microsporidia were formerly 
diagnosed  exclusively  by  transmission  electron  microscopy. 
Microsporidia can be identified by light microscopy in semithin 
plastic  sections  of  small  intestinal  biopsies  stained  with 

homosexual men with diarrhea [42] and HIV-1-infected adults 
with diarrhea  in Peru  [27]. These findings  suggest geographic 
variation  in  the prevalence of  rotavirus-associated diarrhea  in 
HIV-1-infected persons, but additional studies are needed.

Fungal infections

Microsporidia
Microsporidia  are  spore-forming,  obligate  intracellular  proto-
zoa  that  infect  the  small  intestine  (Enterocytozoon bieneusi), 
small  intestine  with  dissemination  (Septata intestinalis),  liver 
(Encephalitozoon cuniculi),  and  cornea  (Encephalitozoon 
hellem).  The  parasite  has  distinctive  ultrastructural  features; 
many organisms at different stages of development can be iden-
tified  in  the  same  enterocyte,  causing  cytopathic  effect  [119] 
(Figure 118.3). E. bieneusi infects only enterocytes in the small 
intestine. S. intestinalis, which is ultrastructurally distinct from 
E. bieneusi, also infects epithelial cells but can penetrate into the 
lamina  propria,  infect  macrophages  and  disseminate  to  other 
organs such as  the kidney [120–122]. Microsporidia were  ini-
tially  identified exclusively  in HIV-1-infected persons, but  the 
parasite has now been diagnosed in seronegative liver and renal 
transplant  recipients  [123,124]  and  infrequently  in  immuno-
competent persons [125]. E. cuniculi has been transmitted from 
an  asymptomatic  donor  to  solid  organ  transplant  recipients 
[126]. In resource-limited settings in South America, intestinal 

Figure 118.2 (a) Transmission electron micrograph of a colonic biopsy specimen from a patient with adenovirus colitis shows a nucleus from a necrotic 
enterocyte extruded into the lumen (arrow). Adjacent cells have foci of disrupted cytoplasm containing secondary lysosomes (original 
magnification × 34 000). (b) Higher magnification of a portion of the extruded nucleus in (a) shows numerous hexagonal virions characteristic of 
adenovirus (original magnification × 49 000). Source: Janoff et al. 1991 [114]. Reproduced with permission of Elsevier.

(a) (b)
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diagnosis. A PCR assay using primers for the rRNA gene of E. 
bieneusi  and  S. intestinalis  to  identify  microsporidia  in  tissue 
specimens is not widely available [129].

Treatment
Curative therapy for microsporidiosis is not currently available. 
Albendazole,  a  benzimidazole  derivative  related  to  mebenda-
zole,  induces  improvement  in  or  resolution  of  symptoms  in 
patients with microsporidia infection (Table 118.5) and appears 
to  be  more  effective  against  S. intestinalis  than  E. bieneusi 
[122,130]. Patients on HAART have shown both improvement 
and  resolution  of  diarrheal  symptoms  due  to  microsporida 
infection.  Nitozoxanide  also  has  potential  efficacy  for  these 
infections.

Histoplasma capsulatum
Histoplasma capsulatum  is a dimorphic fungus that exists as a 
mycelial  form  with  septate  branching  hyphae  that  contain 
readily airborne and infectious spores and a yeast form present 
in tissue macrophages. The organism is endemic in the central 
region  of  the  USA  and  some  topical  and  subtropical  areas, 
including  Central  and  South  America,  where  bird  excrement 
provides microfoci of infection.

Disseminated  H. capsulatum  is  the  most  common  of  the 
endemic  mycoses  in  HIV-1-infected  persons  with  CD4  T  cell 
counts <100 cells/mm3 who reside in endemic areas [131,132]. 
Gastrointestinal  involvement  generally  reflects  disseminated 
disease,  which  is  considered  due  primarily  to  reactivation  of 
quiescent infection. Among persons with disseminated H. cap-
sulatum,  gastrointestinal  involvement  has  been  detected  in 
approximately 70% of cases by evaluation of biopsy specimens, 
but gastrointestinal symptoms are present in only about 10% of 
patients  [133].  Symptoms  include  diarrhea,  weight  loss,  fever, 
and abdominal pain, which often accompany respiratory symp-
toms. Histoplasma skin lesions are uncommon in patients in the 
USA but occur in up to 85% of patients in Brazil, possibly due 
to genetic differences among H. capsulatum strains in the USA 
versus Latin America [134]. The colon is most often involved, 
and colonoscopy may show inflammation, ulcerations, or fun-
gating mass lesions.

Diagnosis
The histological examination of Giemsa-stained sections shows 
small yeast-like cells within macrophages or histiocytes. When 
infection  is  intense,  the  organism  is  not  difficult  to  identify. 
However,  the  diagnosis  of  histoplasmosis  is  established  by 
culture.  Serological  detection  of  antigen  in  blood  or  urine,  as 
well as complement fixing antibodies to H. capsulatum mycelial 
antigens, provide supportive evidence for infection.

Treatment
Amphotericin  B  is  the  drug  of  choice  for  disseminated  histo-
plasmosis  (Table  118.5).  The  recommended  initial  course  of 
therapy in HIV-1-infected persons is amphotericin B 0.5–0.7 mg/

methylene  blue–azure  II–basic  fuchsin,  touch  preparations  of 
mucosa stained with Giemsa and stool specimens stained with 
a small modified trichrome (chromotrope 2R) stain. Use of one 
of these light microscopic techniques initially appears to obviate 
the  need  for  electron  microscopy  in  over  50%  of  cases,  and  a 
combination of any two techniques obviates the need in more 
than  75%  of  cases.  A  rapid  fluorescence  technique  based  on 
Uvitex 2B binding to chitin, a component of the spore wall,  is 
reportedly effective for detecting microsporidia [128]. However, 
because Uvitex 2B binds to any chitin-containing microorgan-
ism, morphological evaluation may be necessary to confirm the 

Figure 118.3 (a) Densely stained microsporidial spores (arrowheads) are 
detected in the cytoplasm of several epithelial cells by light microscopic 
examination of an intestinal biopsy from a patient with microsporidiosis 
(semithin plastic section; methylene blue-azure II and basic fuchsin stain, 
original magnification × 630). (b) Electron micrograph shows a necrotic 
intestinal enterocyte containing six microsporidial spores in the final stage 
of being sloughed into the lumen (original magnification × 10 000). 
Source: Courtesy of Dr. Jan M. Orenstein, George Washington University.

(a)

(b)
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severe  and  even  fatal  pancreatitis.  Dysregulation  of  glucose 
metabolism  is  common  in  this  setting,  although  pentamidine 
itself may cause dysregulation in the absence of clinical pancrea-
titis [145]. Dideoxyinosine therapy may induce pancreatitis  in 
up to 10% of patients [146,147]; occasionally, dideoxyinosine-
induced pancreatitis is fatal. Low-level hyperamylasemia (serum 
amylase  level  less  than three times the upper  limit of normal) 
may occur in persons with AIDS despite the absence of underly-
ing  pancreatic  disease  [148,149].  After  antiretroviral  drug-
induced  pancreatitis  has  been  excluded,  the  presentation, 
evaluation,  and  management  of  acute  pancreatitis  in  HIV-1-
infected persons are similar to that in seronegative persons.

Gastrointestinal bleeding

Upper  gastrointestinal  bleeding  is  uncommon  in  HIV-1-in-
fected persons, who are as  likely  to bleed  from HIV-1-related 
etiologies as non-HIV-1 causes. The most common HIV-1-re-
lated  causes  are  viral  esophagitis,  gastroduodenal  lymphoma, 
and  MAC  disease  of  the  proximal  small  intestine  [150,151]. 
Regarding viral esophagitis, HSV is the most common cause of 
bleeding. Unlike HIV-associated CMV colitis, CMV esophagitis 
is rarely associated with significant bleeding [152,153].

Similar  to  the  low prevalence of bleeding  in  the upper gas-
trointestinal  tract,  intestinal  and  colonic  bleeding  in  HIV-1-
infected  persons  is  uncommon.  Although  the  differential  for 
lower gastrointestinal tract bleeding includes traditional causes, 
opportunistic  infections  are  the  most  common  etiology  for 
bleeding  from the  lower gastrointestinal  tract  in persons with 
HIV-1 infection. In contrast to the esophagus, where HSV is the 
most  common  infection associated with bleeding, bleeding  in 
the  lower  gastrointestinal  tract  is  most  frequently  caused  by 
CMV  [154].  Typically,  bleeding  is  slow  and  associated  with 
abdominal  pain  and  diarrhea;  bleeding  from  CMV  colitis  is 
rarely severe, but may be associated with intestinal perforation 
[155]. Other HIV-1-related causes of lower gastrointestinal tract 
bleeding include non-Hodgkin lymphoma, unusual infections, 
such as H. capsulatum, and idiopathic ulcerations. The approach 
to  diagnosis  and  management  of  gastrointestinal  bleeding  in 
HIV-1-infected  patients  is  similar  to  that  in  seronegative 
persons.

Gastrointestinal neoplasms

Kaposi  sarcoma  and  non-Hodgkin  lymphoma  are  the  most 
common  gastrointestinal  neoplasms  associated  with  HIV-1 
infection. Recognized formerly as a rare neoplasm of  the skin 
in  older  men  of  Jewish  or  Eastern  European  origin,  Kaposi 
sarcoma  emerged  in  the  1980s  as  one  of  the  most  common 
opportunistic processes heralding the AIDS epidemic. Although 
the  incidence  of  Kaposi  sarcoma  has  declined  dramatically 
[156],  the  tumor  is  still  an  important  gastrointestinal  

kg intravenously daily for 4–8 weeks, or  longer, depending on 
the clinical  response. Long-term therapy with amphotericin B 
(50–80 mg intravenously every 2 weeks) is also highly effective 
in suppressing relapses after initial treatment [135]. Itraconazole 
may also be effective for milder disease and chronic suppressive 
therapy. The role of caspofungin aertate, a fungicidal echinoc-
andin, is under evaluation.

Biliary disorders

HIV-1-infected  persons  and  patients  with  AIDS  may  develop 
cholecystitis and cholangitis due to cholelithiasis and the same 
Gram-negative bacteria that cause biliary tract disease in seron-
egative  persons.  In  addition,  HIV-1-infected  persons  are  sus-
ceptible  to  a  spectrum  of  biliary  tract  disorders  related  to 
opportunistic  pathogens  (Tables  118.2  and  118.3)  and  lym-
phoma, referred to collectively as the AIDS cholangiopathy. The 
disorders associated with infection include acalculous cholecys-
titis,  biliary  tract  obstruction  due  to  stenosis  of  the  distal 
common bile duct, and narrowing and irregularity of the intra-
hepatic and extrahepatic bile ducts, associated most commonly 
with Cryptosporidium and/or CMV in the gall bladder and bile 
ducts,  papillary  stenosis,  and  sclerosing  cholangitis  [136,137]. 
Other  opportunistic  pathogens  implicated  etiologically  in 
biliary tract disease include E. beneusi, S. intestinalis, and C. belli 
[138–140]. Endoscopic retrograde cholangiography is the most 
effective diagnostic tool for evaluating the extent of the disease 
and  excluding  other  processes,  such  as  cholelithiasis,  and 
sphincterotomy is an effective therapeutic modality for relieving 
the  obstruction  and  pain.  Rarely,  HIV-1-associated  non-
Hodgkin lymphoma may cause sclerosing cholangitis, resulting 
in a similar clinical syndrome. The long-term prognosis of HIV-
1-infected patients with hepatobiliary cholangiopathy is similar 
to that of patients without the syndrome.

Pancreatitis

Pancreatitis  is  an  important  gastrointestinal  complication  in 
patients with HIV-1 infection. Autopsy studies have identified 
an  array  of  opportunistic  pathogens,  including  viruses  (CMV 
and HSV), fungi (Cryptococcus neoformans), bacteria (Mycobac-
teria), and protozoa (Toxoplasma gondii), as well as neoplasms 
(non-Hodgkin lymphoma and Kaposi sarcoma), in the pancreas 
[141]. Although CMV and tuberculosis may cause clinical pan-
creatic  disease  [142,143],  most  infectious  and  neoplastic  pro-
cesses  involving  the  pancreas  in  HIV-1-infected  persons  are 
subclinical.  In  contrast,  drug-induced  pancreatic  disease  is  a 
common  cause  of  clinical  pancreatitis  among  persons  with 
HIV-1 infection [144]. The two most common drugs implicated 
in HIV-1-associated pancreatitis are pentamidine and dideox-
yinosine. Pentamidine-induced disease, which may occur with 
either inhaled or parenterally administered drug, causes mild to 
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high proportion (15%) of  immunosuppressed, HIV-1-infected 
homosexual  men  [171].  The  role  of  cytological  screening  for 
HPV and local HPV-related lesions is under investigation and 
is  recommended  by  some  authorities.  Although  quadrivalent 
vaccine  against  papillomavirus  has  been  shown  to  reduce  the 
incidence  of  HPV-associated  anogenital  diseases  in  young 
women [172], the vaccine has not yet been evaluated for efficacy 
in men, particularly those with HIV-1 infection. Perianal infec-
tion is commonly caused by HSV, but involvement of the rectal 
mucosa is rare (see Section Herpes simplex virus). Rectal com-
plications  of  HIV-1-infection  include  nonspecific  proctitis 
(rectal inflammation in the absence of an identifiable pathogen) 
[173]  and  infectious  proctitis  due  to  Chlamydia trachomatis, 
Treponema pallidum, Neisseria gonorrhoeae, or HSV [174]. Per-
irectal  abscess  in  HIV-1-infected  persons  is  often  idiopathic 
[175] or may be associated with HPV [176,177] or CMV [178].

The  initial  presentation  of  anorectal  disease  includes  dys-
chezia  (pain  on  defecation),  bleeding,  drainage  from  the  anal 
canal,  palpable  mass,  and  sepsis  syndrome  (local  pain  and 
fever). Dyschezia usually results  from ulcerative  lesions  in the 
anal  canal  due  to  infection,  abscess,  fissure,  hemorrhoids,  or 
neoplasm. A palpable mass suggests neoplasm. When the mass 
is tender and accompanied by fever, perirectal abscess leads the 
differential diagnosis. Tenesmus, urgency, and  frequent small-
volume  stools  suggest  proctitis.  Perianal  drainage  is  usually 
caused by a fistulous  tract or,  less commonly,  severe proctitis. 
Careful  inspection,  palpation  of  the  perianal  area  and  anal 
canal,  and  visualization  of  the  rectum  are  mandatory  compo-
nents  of  the  anorectal  evaluation.  Biopsy  is  performed  for 
microbiological  evaluation  and  histological  examination,  and 
computed  tomography  is  helpful  for  staging  neoplasms  and 
evaluating perirectal abscess. Symptomatic treatment, pathogen-
specific antimicrobial therapy, and surgery in selected patients 
[179]  are  effective  for  most  nonmalignant  anorectal  lesions. 
Anorectal neoplasms are treated with radiation therapy, chemo-
therapy, and, when localized, surgical resection [180].

Other secondary immunodeficiency states

Hematopoietic stem-cell transplant recipients
Gastrointestinal disease is an important cause of morbidity and 
mortality  among  recipients  of  hematopoietic  stem-cell  trans-
plantation  (SCT).  In  SCT,  bone  marrow  or  peripheral  blood 
stem cells are transplanted to cure hematological malignancies 
and certain nonmalignant disorders of blood cells. Along with 
donor progenitor  cells, CD4+  and CD8+ αβ T cells  are  trans-
ferred  into  the  recipient. Although  the αβ T cells  reconstitute 
T-cell immunity and eradicate malignant cells in the recipient, 
they  also  attack  recipient  nonself  antigens  in  host  tissues  in  a 
process known as graft-versus-host disease (GVHD) [181]. SCT 
is  further  complicated  by  the  need  for  immunosuppressive 
therapy,  which  impairs  immune  reconstitution  and  increases 
the risk of infections.

malignancy  in HIV-1-infected,  immunosuppressed, homosex-
ual  and  bisexual  men.  Kaposi  sarcoma  occurs  rarely  in  those 
who  acquire  HIV-1  intravenously  or  through  heterosexual 
contact. Human herpes virus 8 (HHV8) is etiologically  linked 
to  the  development  of  Kaposi  sarcoma  [157–160].  Histologi-
cally, the tumor is characterized by the proliferation of spindle-
shaped endothelial cells  in a stroma of proliferating abnormal 
vessels,  fibroblasts,  and  infiltrating  leukocytes.  The  local  pres-
ence  of  angiogenic  growth  factors,  HHV8,  and  impaired 
immune surveillance mechanisms appear to predispose the gas-
trointestinal tract to Kaposi sarcoma formation.

Endoscopically, Kaposi sarcoma begins as a small hyperpig-
mented plaque or macule, progressing  to a violaceous nodule 
and eventually a tumor-like mass. In the early stage of the AIDS 
epidemic,  visible  tumor  was  identified  in  the  gastrointestinal 
tract  in  40%–50%  of  patients  with  AIDS  [161,162].  Although 
the  tumor  may  be  more  common  in  the  upper  tract,  Kaposi 
sarcoma occurs throughout the gastrointestinal tract. Oropha-
ryngeal  Kaposi  sarcoma  is  highly  suggestive  of  upper  tract 
involvement. The vast majority of persons with enteric Kaposi 
sarcoma are asymptomatic; consequently, therapy for gastroin-
testinal  lesions  is  rarely  necessary.  Interferon-α  and  doxoru-
bicin  treatment  have  been  associated  with  tumor  regression 
[163,164]. Unusually, large tumors that cause bleeding, obstruc-
tion,  or  perforation  can  be  treated  emergently  with  radiation 
therapy. Antiretroviral  therapy  likely has a positive  impact on 
the incidence and progression of this tumor.

Among  HIV-1-infected  patients  with  non-Hodgkin  lym-
phoma,  the  most  frequently  involved  gastrointestinal  sites  are 
the colon (46%), ileum (39%), and stomach (23%) [165]. Symp-
toms  associated  with  gastrointestinal  lymphoma  include 
abdominal  pain,  weight  loss,  obstruction,  and  bleeding  [165–
167]. The presence of latent and replicating Epstein–Barr virus 
DNA  in  the  lymphomas  of  patients  with  AIDS  suggests  that 
lymphoproliferative  lesions  in  the  gastrointestinal  tract  could 
represent  the  outgrowth  of  EBV-transformed  or  modulated 
mucosal  B  cells  [168].  Neither  chemotherapy,  surgery,  radio-
therapy,  nor  combination  therapy  has  substantially  improved 
survival  of  HIV-1-infected  persons  with  gastrointestinal 
lymphoma.

Anorectal disease

Anal complications associated with HIV-1 disease include peri-
anal condylomata, infection, fissure, fistula, and squamous cell 
carcinoma. These complications occur predominantly in HIV-
1-infected  homosexual  and  bisexual  men.  Homosexual  men, 
particularly those who are HIV-1 positive, have a high incidence 
of  anal  infection  with  human  papilloma  virus  (HPV)  [169], 
which has been implicated as a risk factor for anal condylomata 
and  anal  squamous  cell  carcinoma  [170].  The  link  between 
HPV, particularly types 16 and 18, and anal carcinoma may be 
through  the  ability  of  the  virus  to  induce  local  dysplasia  in  a 
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(∼50%, especially CMV) and drug toxicities rather than GVHD. 
Diarrhea  complicates  10%–27%  of  solid  organ  transplants 
[193].  The  frequency  and  severity  of  infections  diagnosed  in 
organ transplant recipients vary considerably, depending on the 
factors  listed  in  Box  118.1.  Among  lung  transplant  recipients, 
for  example,  51%  developed  operative  and  nonoperative  gas-
trointestinal  complications  [194]. The nonoperative  complica-
tions  included  esophagitis,  gastritis,  colitis,  enteritis,  peptic 
ulcer disease, gastrointestinal bleeding, cholecystitis, diverticu-
litis, and Ogilvie syndrome; 65% of these processes, excluding 
cholecystitis and diverticulitis, were caused by infections.

The  amount  of  time  elapsed  since  the  transplant  operation 
also has an important influence on the development of gastroin-
testinal  complications  [194,195].  During  the  first  month  after 
transplantation,  SCT  recipients  are  vulnerable  to  fungal  and 
bacterial infections as a consequence of cytoreductive therapy, 
whereas during the same period organ recipients are more sus-
ceptible  to  the  complications  of  surgery  and  surgery-related 
procedures. One month after SCT, GVHD should be in the dif-
ferential  diagnosis  of  diarrhea.  Between  1  and  6  months  after 
transplantation,  both  stem  cell  and  solid  organ  recipients  are 
highly  susceptible  to  gastrointestinal  infections  caused  by 
viruses, including CMV, adenovirus, HSV, varicella zoster, and 
rotavirus (children); fungi, such as Candida species and H. cap-
sulatum  [196,197];  bacteria,  particularly  C. difficile;  and,  less 
commonly, parasites, such as Cryptosporidium [198,199]. CMV 
disease is an important complication of transplantation because 
it  affects  up  to  25%  of  organ  transplant  recipients  [200,201], 
causes major gastrointestinal morbidity in such patients [202], 
and  is  associated  with  a  marked  increase  in  mortality  among 
transplant  recipients  [203].  The  presence  of  GVHD  in  SCT 
recipients significantly increases the risk of CMV disease, and, 
conversely,  CMV  infection  increases  the  risk  of  GVHD 
[204,205]. After 6 months, stem cell and organ transplant recipi-
ents  may  develop  gastrointestinal  manifestations  of  chronic 
GVHD, although this is relatively uncommon with solid organ 
transplantation. Susceptibility to an array of enteric pathogens 
also increases after 6 months (Table 118.6). In addition, marrow 
and organ transplant recipients are susceptible to the gastroin-
testinal complications of chemotherapy, radiation therapy, and 
typhlitis.

Gastrointestinal disease in SCT recipients is most commonly 
due to GVHD, drug toxicity, and, less frequently, enteric infec-
tions  compared  with  solid  organ  (kidney,  liver,  heart,  lung) 
transplant recipients in whom opportunistic infections are more 
common. Acute GVHD occurs usually within 3–4 weeks after 
transplantation,  and  often  involves  the  skin,  liver,  lung,  and 
intestine.  Intestinal  disease  presents  as  severe  watery  diarrhea 
that  may  be  accompanied  by  anorexia,  nausea,  vomiting, 
abdominal  pain,  and  gastrointestinal  bleeding  [182,183].  The 
latter may involve the esophagus, stomach, and small intestine 
and is usually caused by CMV infection, GVHD itself, and vas-
cular ectasias (stomach) [184]. When rash and jaundice are also 
present, GVHD is likely. However, because the gastrointestinal 
symptoms are nonspecific, the diagnosis of acute GVHD is con-
firmed by the presence of single-cell apoptosis of the epithelium, 
crypt distortion, and abscesses with minimal or no inflamma-
tion [185,186] (Figure 118.4) in endoscopically obtained biopsy 
specimens. Chronic GVHD, which is less common than acute 
GVHD, typically occurs 3–12 months after marrow transplanta-
tion.  The  major  gastrointestinal  manifestations  of  chronic 
GVHD  include  mucositis  of  the  oral  cavity,  dysphagia  due  to 
esophageal desquamation and stricture, and small bowel dysmo-
tility associated with bacterial overgrowth [187–189].

In patients with SCT, C. difficile infection is relatively common 
but largely asymptomatic or only mildly symptomatic [190]. In 
contrast,  norovirus  infection  may  be  more  frequent  (26%), 
severe, and prolonged in this population, as may nontyphoidal 
Salmonella  infection,  which  commonly  presents  with  bactere-
mia,  although  a  third  of  Salmonella-infected  patients  do  not 
have diarrhea [191]. CMV disease is among the most common 
causes of diarrhea in this setting, but in addition to norovirus, 
adenovirus, rotavirus, and coxsackievirus may be present; para-
sitic and fungal enteric disease are infrequent [192].

Solid organ transplant recipients
In contrast to SCT recipients, the gastrointestinal complications 
in  solid  organ  recipients  are  more  likely  caused  by  infections 

Figure 118.4 Intestinal biopsy from a patient with graft-versus-host 
disease shows epithelial cell apoptosis with apoptotic bodies and necrotic 
epithelial cells with minimal or no inflammatory infiltration.

Box 118.1 Factors that influence the development and management 
of gastrointestinal infections in transplant recipients.

Type of transplantation
Time since transplantation
Prevalence of potential pathogens in the environment
Prevalence of latent infections in the donor and host before 

transplantation
Level of immunosuppression
Availability of diagnostic tests
Rigor of diagnostic evaluation for enteric pathogens
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influences  on  the  detection  of  gastrointestinal  pathogens  in 
immunocompromised patients.

Neutropenia
The progressive reduction in the absolute number of circulating 
neutrophils is associated with increasing susceptibility to infec-
tions.  When  the  level  of  neutrophils  declines  to  less  than  500 
cells/mm3, normal host defense against endogenous gastrointes-
tinal  microbes  is  substantially  impaired.  Neutropenic  patients 
are far more likely to present with fever and sepsis due to Gram-
negative  bacteremia  and  fungemia  from  endogenous  mucosal 
sources than from primary enteric pathogens. Whether surveil-
lance  cultures  or  colonic  decontamination  are  beneficial  is 
controversial.

Three gastrointestinal syndromes may complicate neutrope-
nia: oral infections, anorectal infections, and enterocolitis. The 
oral manifestations of neutropenia include gingivitis, periodon-
titis,  oral  ulcers,  and  oral  thrush  (Candida).  These  complica-
tions occur most commonly when the neutrophil count declines 
below 500 cells/mm3  [210]. Anorectal disease  is an  important 
and  life-threatening  complication  of  neutropenia  and  is  dis-
cussed above.

Typhlitis,  also  known  as  necrotizing  enterocolitis,  neutro-
penic enterocolitis and the ileocecal syndrome, is an infrequent 
complication of chemotherapy-induced neutropenia in patients 
with  leukemia  or  lymphoma  [211,212].  The  etiology  of 

Pathogens endemic to certain regions may be more common 
in  transplant  recipients.  For  example,  Strongyloides stercoralis 
has  been  reported  in  renal  transplant  recipients  in  the  south-
eastern part of the USA [206,207] and Brazil. Similarly, H. cap-
sulatum infections are more common in transplant recipients in 
the  midwestern  and  southeastern  part  of  the  USA.  Although 
amebiasis  and  malaria  are  common  in  immunocompetent 
persons in the tropics, E. histolytica and Plasmodium falciparum 
infections  appear  not  to  be  more  common  in  organ  (renal) 
transplant recipients in the same region [208]. In addition, the 
prevalence  of  latent  infections  in  the  donor  and  host  prior  to 
transplantation  strongly  influences  the  development  of  infec-
tion by  the same pathogen after  transplantation. For example, 
among marrow and liver transplant recipients, the highest rate 
of symptomatic CMV infection occurs when the donor is sero-
positive and the recipient  initially seronegative and the  lowest 
rate when both the donor and recipient are seronegative [209]. 
In addition, the more profound the immunosuppression, as in 
marrow  transplant  recipients,  the  more  severe  the  infections. 
The rate of infectious complications is also affected by the type 
of  immunosuppressive  regimen.  Compared  with  heart  trans-
plant recipients who received conventional immunosuppressive 
therapy, recipients who received cyclosporine had lower rates of 
complications  and  morbidity  due  to  CMV  and  HSV  [197]. 
Finally,  the  availability  of  diagnostic  tests  and  the  rigor  with 
which patients are evaluated for enteric pathogens have strong 

Table 118.6 Gastrointestinal pathogens in immunocompromised subjects, excluding HIV-1-infected persons.

Site Viral Parasitic Fungal Bacterial

Oral cavity Herpes simplex virus Candida species

Epstein–Barr virus

Esophagus Herpes simplex virus Candida species

Cytomegalovirus Histoplasma capsulatum

Small intestine Cytomegalovirus Giardia lamblia Aspergillus species Salmonella species

Rotavirus Cryptosporidium parvum Histoplasma capsulatum Campylobacter species

Adenovirus Strongyloides stercoralis Micosporidiaa Aeromonas species

Coxsackievirus Cyclosporaa

Astrovirus Cytoisospora belli

Calcivirus

Picobirna/parvovirus

Colon Cytomegalovirus Entamoeba histolytica Histoplasma capsulatum Clostridium difficile

Herpes simplex virusb Aspergillus species Campylobacter species

Shigella species

Enteroaggregative Escherichia coli

Liver Cytomegalovirus Candida species Mycobacterium species

Herpes simplex virus

a Rare.
b Proctitis.
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necrotizing  enterocolitis  is  thought  to  be  the  consequence  of 
chemotherapy-induced  mucosal  injury  that  promotes  local 
infection  by  enteric  bacteria.  Necrotizing  enterocolitis  has  
been  associated  with  Clostridium septicum  sepsis  in  several 
cases  [213]. Typically, patients present with  right  lower quad-
rant  pain,  diarrhea,  lower  gastrointestinal  bleeding,  and  fever. 
The syndrome should be recognized early because the charac-
teristic  cecal  inflammation  may  progress  to  life-threatening 
necrosis and perforation, in which case surgical intervention is 
imperative.  A  clinical  condition  consistent  with  necrotizing 
enterocolitis  has  been  reported  in  HIV-1-infected  patients, 
except  that  neutropenia  may  be  absent  [214].  Some  patients 
with  necrotizing  enterocolitis,  particularly  those  with  HIV-1 
infection,  have  been  managed  conservatively  with  broad-
spectrum antibiotics, bowel  rest, fluids,  total parenteral nutri-
tion,  and  close  radiographic  and  computed  tomographic 
monitoring. Infrequently, uncontrolled bleeding or perforation 
has necessitated hemicolectomy.

References are available at www.yamadagastro.com/textbook
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Introduction

The increasing prevalence of food allergy and other atopic dis-
orders and the exponential demand for allergy evaluation 
means there is enormous opportunity for both clinical practice 
developments and fruitful academic research. Food allergy 
diagnosis is based on allergy-focused clinical history taking and 
discriminate use of test modalities such as skin prick testing, 
serum specific IgE testing, and formal food challenge.

Definitions

Food allergy is broadly defined as an immune-mediated reac-
tion to a protein-containing food that is not normally elicited 
in the unaffected population [1]. It can be considered a form of 
hypersensitivity and is pathophysiologically distinct from intol-
erance reactions and other nonimmune-mediated reactions 
(Figure 119.1 and Table 119.1).

This chapter will not deal further with celiac disease or food 
intolerance and other reactions to foods, other than to say that 
because food is the major external determinant of health, it is 
common for individuals to blame food for subjective feelings 
that cannot be confidently linked to that food by formal 
challenge.

Prevalence

Investigation of the incidence and prevalence of food allergy has 
been dogged by methodological differences between studies and 
the absence of internationally identified and agreed criteria for 
the diagnosis. Publication of intensive, evidence-based analysis 
and overviews of the field by the National Institute of Allergy 
and Infectious Diseases (NIAID) in the USA [1] and by the 
National Institute of Clinical Excellence (NICE) in the UK [2] 
have considerably assisted this enterprise and the international 
studies, mainly in Europe, relating to multicenter application of 
identical criteria have consolidated the evidence base with 
which the diagnosis and management of food allergy can be 
examined.

The perceived rate of food allergy and intolerance, particu-
larly in the adult population, is considerably higher than that 
which can be proven by a formal challenge. Up to 20% of adults 
feel they have abnormal reaction to foods but only a tenth to a 
fifth of these can be substantiated, with rates of 1%–2% being 
considered reliable for food allergy in adults and up to 6% in 
preschool children [3,4].This age-related difference is also 
notable as it demonstrates that many food allergies in infancy 
resolve over time.

US population-based surveys suggest food allergy has increased 
in prevalence [5,6] with peanut allergy at least doubling in the  
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Figure 119.1 Classification of adverse food reactions. Source: Boyce et al. 2010 [1]. Reproduced with permission of Elsevier.

Adverse food reaction

Immune mediated
(food allergy and celiac disease)

Non-immune mediated
(primarily food intolerances)

Pharmacological
(e.g., caffeine)

Toxic
(e.g., scombroid

fish toxin)

Other/
idiopathic/
undefined
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mediated
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Non-lgE
mediated
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protein-induced
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celiac disease)

lgE mediated
(e.g., acute
urticaria,
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syndrome)

Table 119.1 Mechanisms of food allergic reactions.

Pathology Disorder Key features Most common causal foods

IgE mediated (acute 
onset)

Acute urticaria/
angioedema

Food commonly causes acute (20%) but rarely chronic 
urticaria

Primarily “major allergens” (see 
text)

Contact urticaria Direct skin contact results in lesions Rarely this is due to 
direct histamine release (nonimmunological)

Multiple

Anaphylaxis Rapidly progressive, multiple organ system reaction can 
include cardiovascular collapse

Any but more commonly peanut, 
tree nuts, shellfish, fish, milk, 
and egg

Food-associated, 
exercise-induced 
anaphylaxis

Food triggers anaphylaxis only if ingestion is followed 
temporally by exercise

Wheat, shellfish, and celery most 
often described

Oral allergy 
syndrome (pollen-
associated food 
allergy syndrome)

Pruritus and mild edema are confined to oral cavity and 
uncommonly progress beyond the mouth (∼7%) and 
rarely to anaphylaxis (1% to 2%)
Might increase after pollen season

Raw fruit/vegetables; cooked 
forms tolerated; examples of 
relationships: birch (apple, peach, 
pear, carrot), ragweed (melons)

Immediate 
gastrointestinal 
hypersensitivity

Immediate vomiting, pain Major allergens

Combined IgE and 
cell mediated 
(delayed onset/
chronic)

Atopic dermatitis Associated with food allergy in ∼35% of children with 
moderate-to-severe rash

Major allergens, particularly egg, 
milk

Eosinophilic 
esophagitis

Symptoms might include feeding disorders, reflux 
symptoms, vomiting, dysphagia, and food impaction

Multiple

Eosinophilic 
gastroenteritis

Vary on site(s)/degree of eosinophilic inflammation; might 
include ascites, weight loss, edema, obstruction

Multiple

Cell mediated 
(delayed onset/
chronic)

Food protein-induced 
enterocolitis 
syndrome

Primarily affects infants; chronic exposure: emesis, 
diarrhea, poor growth, lethargy; reexposure after 
restriction: emesis, diarrhea, hypotension (15%) 2 h after 
ingestion

Cow’s milk, soy, rice, oat, meat

Food protein-induced 
allergic proctocolitis

Mucus-laden, bloody stools in infants Milk (through breast feeding)

Allergic contact 
dermatitis

Often occupational because of chemical moieties, 
oleoresins
Systemic contact dermatitis is a rare variant because of 
ingestion

Spices, fruits, vegetables

Heiner syndrome Pulmonary infiltrates, failure to thrive, iron-deficiency 
anemia

Cow’s milk
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resistant to the usually curative dosing with epinephrine, see 
Section Investigation and diagnostic testing, and treatment 
depends on aggressive replacement of intravascular volume.

Implicated foods

Observational studies in referred populations in the 1980s and 
90s identified a short list of foods that were responsible for most 
food allergies in children. Most European and North American 
children with food allergies are allergic to less than three foods, 
usually cow’s milk, hen’s egg, and peanut [15,16]. Most children 
whose parents report allergy to other foods are also allergic to 
one of these three index foods, so the repertoire for initial inves-
tigation of food allergy is narrow. Regulatory labeling and man-
ufacturing practices have focused on a list of 12 foods (Box 
119.1).

It is currently law in Europe and Australia that these foods 
are declared on packaged food labels when their absence cannot 
be guaranteed. From the end of 2014, nonpackaged goods will 
also need to display this information clearly. This has led to 
confusion for consumers who are unable to find foods that do 
not display a “may contain” label. There is much work underway 
to rationalize the science behind these labels and to ensure that 
regulators and manufacturers can justify these labels rather than 
use them defensively and apparently indiscriminately [17]. For 
example low-dose challenge studies have confirmed that not all 
food-allergic subjects are sensitive to very low doses and most 
reactions at low doses are mild. The field is evolving with data 
accruing about reference doses to which only 5% or 1% of food-
allergic subjects have been found to react in formal studies 
[18,19].

Clinical features

The clinical features of IgE-mediated food allergy are very stere-
otyped, with the rapid onset, usually within minutes, of perioral 

last 10 years [7]. There exist international differences between the 
prevalence rates of food allergies to individual foods. For instance, 
peanut allergy is common and usually severe in North America, 
Northern Europe, and Southern Australia but is less common and 
less severe in Southern Europe and Northern Australia [8]. There 
are also notable differences for staple foods such as milk, with very 
low rates of milk allergy in southern Europe and higher rates in 
the Netherlands and the UK. Migrant populations are of particu-
lar interest as they usually, at least initially, have different dietary 
habits to the indigenous populations and their rate of allergies to 
their ethnically distinct foods may be higher than that of the 
indigenous populations. Over time, migrant populations’ food 
allergy patterns approximate to those of the indigenous popula-
tions, akin to the known approximation that occurs for other 
diseases such as diabetes, rheumatoid arthritis, and multiple scle-
rosis. In contrast, peanut allergy is common in nonmigrant Jews 
in the United Kingdom but it is rare in Jewish and other ethnically 
distinct populations living in Israel. This may be due to different 
patterns of weaning children onto peanut as it is rare for peanut to 
be offered before the age of 1 year in United Kingdom, whereas it 
is a routine first or second weaning food in Israel [9].

Mechanisms

Food allergy is, by definition, a form of immune deviation and 
can be considered a failure of normal oral tolerance acquisition 
by the normal tolerogenic encounter between naive T cells and 
novel antigens, through Peyer patches and the gut associated 
lymphoid tissue (GALT) [10–12]. In animal studies, the failure 
of oral tolerance induction and the deviant development of food 
allergy appear to be related to the age of the host animal, the 
nature of the antigen, and the timing of the introduction, in the 
presence or absence of other pro- or antiinflammatory signals 
[11]. It is thought that regulatory T cell (Treg) activation and 
transforming growth factor (TGF)-β/interleukin (IL)-10 signal-
ing are fundamental to the primary acquisition or to the rees-
tablishment of oral tolerance. There is great focus currently on 
the hypothesis that transcutaneous exposure to allergen may 
bypass the normal, tolerogenic GALT-mediated allergen 
processing. The role of skin barrier integrity and the key role of 
the atopic dermatitis gene filaggrin (FLG) are key aspects of 
many avenues of food allergy research at present, with a stronger 
association of FLG mutation with peanut allergy than exists 
between FLG and the primary condition of atopic dermatitis 
itself [13,14]. Delayed hypersensitivity reactions are usually 
easily distinguishable from IgE-mediated reactions (see Table 
119.1) by the symptom cluster, time of onset, etc. Food protein 
enterocolitis syndrome (FPIES) can be more difficult to diag-
nose as it presents with profound hypovolemia and collapse, 
without urticarial and angioedema, 1–3 h after allergen con-
sumption (usually wheat, soya, or rice). It is often confused with 
severe sepsis in infants as the late onset of symptoms means the 
responsible food may not be suspected. FPIES is relatively 

Box 119.1 The EU list of allergens that, from 2014, must be declared 
in all food available for sale, whether factory prepared, packaged, and 
wrapped or sold loose in a catering outlet or restaurant. Data from EU 
Food Information for Consumers Regulation (EU) No. 1169/2011 (FIC).

Milk and dairy products
Egg
Peanut
Tree nuts and seeds, including sesame
Wheat
Soya
Fish and shellfish
Kiwi
Lupine
Sulphites
Celeriac
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In vivo and in vitro testing
Investigation of IgE-mediated food allergies is straight forward. 
The usefulness of both food allergen skin prick testing (SPT) 
and specific IgE depends on the pretest probability of the illness 
(the particular food allergy) under investigation being present 
in the relevant population. It is common for positive tests to be 
false positive; in population-based studies (where the preva-
lence is low, 1%–3%) SPT has a positive predictive value of only 
50%, though this is much higher (>85%) in patients referred to 
experienced clinics (where the prevalence of true food allergy 
is much higher, i.e., the condition of food allergy is more preva-
lent in the group being studied, at least 50%, than in the general 
population, again 1%–3%). In contrast, negative SPT or specific 
IgE testing is highly negatively predictive (negative predictive 
value >95%) in all settings [1,20]. Serum-specific IgE testing is 
highly standardized with most centers using one of the few 
available automated systems. Recombinant allergen skin testing 
and specific IgE testing are coming into vogue as commercial 
products become available, with high negative and positive pre-
dictive values comparable or exceeding those using whole-
protein extracts. Recombinant allergen diagnostic testing is 
most useful in identifying subjects who may have cross-reactivity 
with inhalant allergens and possibly for stratifying risk of severe 
reactions [21].

SPT with commercially available solutions of the food protein 
extract and preservatives can be done in many settings. There 
are few contraindications to skin testing and the variety of foods 
is essentially infinite because fresh foods can be used if com-
mercial extracts are not available. The test requires the integrity 
of the neurovascular bundle in the skin, as demonstrated by a 
positive test with histamine. Epicutaneous introduction of the 
test allergen cross links mast cell-bound allergen-specific IgE in 
the skin, producing a measurable wheal and flare (Figure 119.3).

Several systems have been used to measure the wheal size. 
However, a simple measurement in millimeters is as useful as 

urticarial and angioedema, which may propagate (by currently 
unidentified pathways) to bronchospasm and anaphylaxis 
(Figure 119.2).

Investigation and diagnostic testing
The gold standard diagnostic procedure for food allergy is a 
physician- supervised double-blind visible control food chal-
lenge (DBPCFC) [1,20]. Research protocols require double-
blind challenges in most cases. This process usually requires two 
attendances on separate days. At one visit the perceived allergen 
is given hidden in a tolerated food (the active meal) and on the 
second no allergen is included (the placebo meal). The patient 
and supervising staff member are blind to the order of the 
meals. This is a highly reproducible and stable test but it is 
dependent on staff expertise and patient compliance. Single-
blind evaluation is more acceptable, particularly in children and 
open food challenges (no blinding) is part of the routine care 
for most children and also for adults who have passed double-
blind challenges. The rate of false-negative double-blind chal-
lenges is low, at 0.5%, and the rate of positive placebo challenges 
is often study-center specific, with placebo reactions being 
much more common in adults than children. No food challenge 
is complete until the food is back in the subject’s diet in normal 
portion/serving size in the community. For people who may 
have excluded foods for a long time, it is important to demon-
strate to them that they are indeed tolerant of it. Adults may 
continue to make their own dietary choices but it is particularly 
important that tolerated foods are introduced into the diet of 
children who pass a food challenge. Different challenge regi-
mens can be used for individuals who have non-IgE-mediated 
symptoms, with occasionally prolonged admissions required in 
some centers or the introduction being done at home with tel-
ephone support from the clinic [20].

Figure 119.2 Anaphylaxis in a child having a peanut challenge. 
Cardiovascular symptoms are much more common in adults than in 
children, who rarely suffer circulatory collapse but more often suffer 
respiratory compromise [27,33].

Figure 119.3 Skin prick testing in a fish-allergic adult male, showing 
negative (−) and positive (+) controls, a positive test of 6 mm to codfish 
(COD), and negative tests for milk (M) and egg (E).
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on them than to any actual calorie deficiency incurred by avoid-
ance of the one or two foods that usually are all that need to be 
avoided.

The second theme of long-term care is to equip and educate 
families to self treat with epinephrine (adrenaline) and seek 
medical help if an allergen encounter happens accidentally in 
the community. Food is the major allergen causing anaphylaxis 
outside hospital settings (medications, particularly intravenous 
medications, are the major cause in healthcare settings) [27], so 
families and patients must be constantly vigilant, particularly 
when eating food that may be unfamiliar to them. The 2006 
NIAID criteria for anaphylaxis [28] are simple, allowing the 
diagnosis to be made more liberally, which is considered useful 
as the rescue treatment of anaphylaxis (epinephrine) is simple 
to use. Epinephrine, given intramuscularly, is the first drug of 
choice in any scenario in which anaphylaxis is possible, not just 
certain. Epinephrine is available in single-dose autoinjectors, 
which patients are required to have available at all times. The 
intramuscular injection of epinephrine is usually well tolerated, 
even in those who may have used it in error. Patients are trained 
to use the autoinjector, with the advice that it is always better to 
use it if they are unsure whether it is needed than to wait too 
long, when it may be too late to use it correctly or when the 
anaphylactic reaction is too advanced for a singe dose of epine-
phrine’s pharmacological effect to reverse it. Despite this advice 
and the training of patients and their families, epinephrine is 
used in less than half of cases that present to emergency depart-
ments, for reasons that appear complex, relating as much to 
undue fear of side-effects as to uncertainty about the clinical 
diagnosis, even on recurrent presentations [29].

Fatal and near fatal reactions to foods outside the home are 
usually due to foods that are known to contain the “dangerous” 
allergen, when inadequate communication has occurred 
between the food-allergic patient and the food provider.

Disease modification

After dietary sufficiency and education in the appropriate use 
of rescue medication, the third theme of management is the 
evolving field of food allergy oral immunotherapy. Treatment of 
food allergy by initially low-dose but incremental food allergen 
exposure and desensitization is not yet part of the routine care 
of children or adults with food allergy, though both proof of 
principle and efficacy studies [30,31] show great promise [32]. 
Whether this approach induces permanent tolerance or merely 
temporary desensitization/suppression remains to be fully elu-
cidated. However, it can be shown that while on immunotherapy 
an individual’s threshold doses for peanut, milk, and egg 
increase substantially and in some cases follow-up challenge 
after withdrawal of the suppressive doses has been successfully 
completed. Oral immunotherapy protocols are highly labor 
intensive and are not yet ready for wide adoption outside the 
expert centers pursuing research protocols.

more sophisticated systems. Endpoint titration, using sequential 
dilutions, employed in inhalant allergen immunotherapy, has 
not been commonly used in clinical food allergy practice, for 
which immunotherapy has only recently come back into vogue. 
Intradermal testing with fresh foods is not recommended as the 
rate of systemic reactions is substantially higher than it is with 
epicutaneous skin testing.

Natural history
The dominant infant food allergies to cow’s milk and egg typi-
cally remit in the first 5–7 years of life, although it can persist 
longer, particularly in those referred to university or specialist 
centers, where selection bias maybe at play [22,23]. In contrast, 
allergies to tree nuts, seeds, peanut, fish, and shellfish usually 
persist. The reasons for this persistence are not known. Allergies 
to some of these foods commonly develop after infancy, as such 
foods (e.g., tree nuts, shellfish) are not commonly part of the 
infant diet. The development of allergy to fruits, and occasion-
ally to other foods, after childhood may be due to cross-reactivity 
between heat-labile food allergens and pollen allergens, result-
ing in the oral allergy syndrome, with usually mild oropharyn-
geal reactions to the food proteins. True IgE-mediated milk and 
egg allergy are very rare in adults.

Prevention

Much attention has been given in last 25 years to the primary 
avoidance of allergens, with the hope of preventing food allergy, 
but that appears to have been based partly on observational 
epidemiological studies and animal studies that have not been 
substantiated in human studies. The protective effect of exclu-
sive breastfeeding appears to wane after about 3 months and 
primary prevention in formula fed infants depends on the 
degree of allergen digestion in the milk. Extensively hydrolyzed 
formula use in the first 6 months may decrease rates of food 
allergy and possibly eczema in high-risk children. Intervention 
studies are underway, examining the possibly preventative role 
of early exposure to food allergens rather than delayed intro-
duction [24].

Management

Once the diagnosis of IgE-mediated food allergy is secure, 
initial management focuses on education of the individual to 
avoid the allergen, ensuring dietary substitutions are in place to 
maintain dietary completeness for micronutrients and macro-
nutrients. Unjustified dietary exclusions can have substantial 
dietary implications, particularly for adult and adolescent 
females as calcium and vitamin D intake maybe suboptimal for 
their bone health [25,26]. Children with food allergy are lighter 
and smaller than classmates without food allergies. This is more 
likely due to too rigidly enforced dietary restrictions imposed 
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For cow’s milk and egg, oral tolerance induction is slightly 
easier because it is known that cooked forms of these foods are 
less immunogenic/more tolerogenic, for reasons thought to 
relate to protein and IgE-epitope disruption by heating. For 
instance, 85% of children with egg allergy are able to tolerate 
baked egg and the regular consumption of baked egg and baked 
milk products encourages the more rapid and complete acquisi-
tion of tolerance than would occur while stringently avoiding 
exposure to baked allergens. Such modified allergenicity is not 
thought to exist in peanut and tree nut; indeed, heated peanut 
is more allergenic then raw peanut.

Summary

The integrated, holistic allergy-focused care of children and 
adults with food allergy and allergic disorders now has a strong 
evidence base as it enters the era of immunomodulatory 
approaches, aiming to cure the condition.

References are available at www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook
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CHAPTER 120

Introduction

The gut epithelium represents the largest surface area where the 
host interacts with the environment, separating the lumen from 
the internal milieu. The gut mucosa is reservoir to the greatest 
density of immune tissue in the body, strategically placed to 
provide defense in the line of constant and varied exposure to 
ingested foreign antigens in the form of microorganisms and 
foods. Effective gut mucosal defense requires a precisely regu-
lated mucosal immune system primed to react promptly to 
adverse microbial challenge, while at the same time capable of 
precise regulation of potentially harmful immune responses to 
innocuous antigens, including many gut commensal organisms 
and foods. The interaction of the gut immune system together 
with a variety of nonimmunological protective factors, such as 
gastric acidity, digestive enzymes, peristalsis, mucus secretion, 
epithelial cell regeneration, and the mutually competitive inter-
actions of the gut flora, contribute to a tightly regulated, low-
level inflammatory state, which provides efficient but nonharmful 
defense at the gut barrier to preserve health. Disturbances at one 
or more of these levels contribute to the development of a 

number of diseases, including gastrointestinal infections and 
inflammatory disorders [1].

Immunodeficiency disorders

Primary immunodeficiency disorders (PIDs) comprise almost 
200 defined intrinsic disorders of the immune system where 
characteristic clinical and laboratory features occur and in 
which distinct molecular or genetic abnormalities have been 
identified [2] (Table 120.1). Newer molecular technologies, 
including whole-exome sequencing, are likely to lead to discov-
ery of even more discrete conditions. The prevalence of PID is 
not certain, but is estimated at 1/1200 adults [3]. The common-
est recognized condition is selective IgA deficiency, often 
asymptomatic, and described in 1/300 to 1/700 in Caucasian 
populations [4]. Common variable immunodeficiency (CVID) 
is the most common symptomatic PID, representing approxi-
mately one-third of all diagnosed PID and with an estimated 
prevalence of 1 in 25 000. Severe combined immunodeficiency 
(SCID) occurs in approximately 1/100 000 live births.

Immunological disorders: (b) immunodeficiencies 
and gastrointestinal complications of organ 
transplantation

Paula O’Leary and Fergus Shanahan
University College Cork, National University of Ireland, Cork, Ireland
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duction is compromised, antibody-based screening is not valid 
and antigenic testing is required.

Primary immunodeficiency disorders and 
the gastrointestinal tract

Gastrointestinal disorders are common in patients with PIDs, 
with prevalence ranging from 5% to 50% quoted [7,8]. 
Gastrointestinal features may be the initial or only presenting 
problems in some cases. Intractable diarrhea, malabsorption, 
opportunistic or unusual gastrointestinal infections, atypical 
histological features in presumed inflammatory bowel diseases 
(IBD), and, in children, failure to thrive, should all prompt 
consideration of associated primary immunodeficiency (Table 
120.2). Gastroenterologists should be aware of features suggest-
ing a possible PID diagnosis or complication. Diagnostic delay 
remains a problem for such patients and early diagnosis and 
intervention improves patient outcomes [6]. A number of thera-
peutic strategies can effectively control gastrointestinal disor-
ders in PID cases, once accurately categorized.

Primary immunodeficiency disorders with prominent or 
important gastrointestinal manifestations are discussed in 
further detail. The disorders are categorized using the interna-
tionally endorsed system of the International Union of 
Immunological Societies (IUIS) Expert Committee for Primary 
Immunodeficiency.

Predominantly antibody deficiencies
Antibody deficiencies represent the most common subgroup of 
diagnosed PID. A number of distinct conditions are identified 
and reasonably well characterized clinically. These include 
common variable immunodeficiency, X-linked Bruton tyrosine 
kinase (BTK) deficiency (Bruton-type agammaglobulinemia), 
hyper-IgM syndrome (X-linked CD40 ligand deficiency), and 
selective IgA deficiency. A proportion of immunocompetent 
infants can have a transient period when IgG and IgA levels are 
subnormal compared to those in an age-matched control group 
and are at that time clinically immunodeficient until levels 
assume the normal values expected of their age.

Specific patterns of gastrointestinal infection, such as with 
Giardia lamblia, Campylobacter, and in some specific conditions 
a more extended range of organisms, including Cryptosporidium, 
Salmonella, and enteroviruses, occur. Additional conditions, 
including celiac-type sprue, pernicious anemia, IBD-like inflam-
matory disease, autoimmune liver diseases, hepatitis C infection 
in recipients of early contaminated intravenous immunoglobulin 
products, and gastrointestinal malignancy, have all been reported 
and are specifically discussed in the relevant sections [7].

X-linked Bruton tyrosine kinase deficiency  
(Bruton-type agammaglobulinemia)
This is the prototypic syndrome of a pure B-cell or humoral 
immunodeficiency. It affects males and occurs in about 1 in 

Susceptibility to infection is the overriding common feature 
of PID. The causative organisms, sites, and patterns of infection 
can give direction as to the likely deficient component(s) of the 
immune system. Using this as a guide, PIDs have traditionally 
been classified into a number of broad categories that include: 
combined (B- and T-lymphocyte) deficiencies; predominantly 
antibody (B-lymphocyte) deficiencies; primary phagocyte dis-
orders; and complement system deficiencies. More recent clas-
sifications recognize the ever-growing number of disorders 
resulting from defects in innate immune mechanisms, disorders 
of immune regulation, autoinflammatory, and autoantibody-
driven disorders of immune function [1].

In addition to the infection risk, a number of PIDs are also 
complicated by immune dysregulation manifesting with autoim-
mune and other inflammatory disorders, and with impaired 
tumor surveillance mechanisms leading to the development of 
malignancies, especially involving the lymphoreticular system. 
Additional clinical patterns that may indicate a possible PID 
diagnosis include failure to thrive in infancy and childhood, 
family history of immunodeficiency or unexplained and early 
deaths, unduly severe, persistent, resistant, or recurrent infec-
tions or combinations of clinical features consistent with a syn-
dromic diagnosis [5]. Case ascertainment is improving, but 
failures and delays in diagnosis continue to occur with negative 
impact on patient status and, in extreme circumstances, higher 
mortality rates [6]. Wider availability of sensitive and discrimi-
nating molecular testing has markedly extended diagnostic pos-
sibilities. However, good clinical acumen and a high index of 
suspicion given suggestive clinical features remain the lynchpin 
of diagnosis.

Secondary immune deficiencies are common in comparison 
with PIDs. They may arise from a diversity of conditions, 
including use of immunosuppressive and immunomodulatory 
drugs, protein-calorie malnutrition, protein-losing enteropathy 
such as intestinal lymphangectasia, cancer, immunosuppressing 
infections such as measles, Epstein–Barr virus, and HIV infec-
tions, and age-related immune senescence. Malnutrition is the 
commonest cause of immune dysfunction worldwide. The 
effects of many of these factors on the immune system can be 
difficult to measure using commonly available laboratory tests. 
Multiple and variable effects on different elements of immune 
function rather than suppression of specific immune cell 
numbers or antibody production alone underlies such immu-
nodeficiency. The combined immunosuppressive effects of a 
number of secondary immunosuppressing factors is an impor-
tant contributor to adverse outcomes in patients undergoing 
complex therapies in hospital settings and their presence should 
not be underestimated, even if measurable immune parameters 
are normal. A specific and important secondary immunodefi-
ciency disorder is acquired immunodeficiency syndrome 
(AIDS), and is discussed separately. HIV infection should be 
considered routinely in all patients presenting with features of 
immunodeficiency and approach to screening should be liberal, 
noting that in some immunodeficiencies where antibody pro-
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Table 120.2 Features suggestive of primary immunodeficiency.

Presentation Comment Possible primary immunodeficiency disorder to 
consider

Recurrent ENT and airway 
infections

Commonest presenting feature of antibody 
deficiency disorders; broad differential including 
normal variant, allergic airway, cystic fibrosis, 
ciliary dyskinesia

Antibody deficiency
In very young sick infants with SCID, may form part 
of a broader disease presentation
Less commonly, neutrophil and complement disorders

Invasive infections, especially if 
recurrent

Examples: pneumonia, meningitis, deep-seated 
abscess formation; extensive candidiasis beyond 
infancy; invasive Aspergillus infection
Recurring need for hospitalization or 
intravenous antibiotics

Pyogenic infections, antibody deficiencies
Neutrophil defects, e.g., chronic granulomatous 
disease with deep-seated abscess and granulomatous 
inflammation, fungal infections
Part of the symptom complex in SCID and other 
combined immune deficiencies

Recurrent infection with the 
same pathogen

Encapsulated bacteria: invasive pneumococcus 
and Haemophilus influenzae infections, 
especially if vaccine serotype in previously 
immunized individual
Neisserial spp. infections
Herpes simplex encephalitis

Specific antibody deficiency, antibody deficiency 
disorder
Complement deficiency
TLR3 or other defect in interferon induction

Unusual or opportunistic 
infections

Pneumocystic jirovecii; CMV enteritis, 
Toxoplasma CNS infection
Burkholderia infections, Aspergillus abscess

SCID
Chronic granulomatous disease

Requirement for extended or 
repeated courses of antimicrobial 
therapy for clearance

A common feature of many immunodeficiency 
disorders is slow or poor responsiveness to 
conventional antibiotic therapies

A feature in all forms

Autoimmune or chronic 
inflammatory disease
Malignancy

Granulomatous lung and lymphoid disease
Immune cytopenias; celiac-type sprue
Inflammatory bowel disease
XLP
Lymphoma; gastric carcinoma

CVID
CGD; Wiskott–Aldrich syndrome
EBV-induced lymphoproliferative disease

Family history of immune 
deficiency

>200 distinct primary defects recognized, many 
with defined genetic defects and well-
characterized immune abnormalities; recognized 
inheritance patterns for many conditions

Highly relevant consideration, both in the 
investigation of affected individuals but also in 
screening for disease, e.g., prenatal screening, 
neonatal screening

Failure to thrive This is a common and important feature of 
underlying primary immunodeficiency in 
children

SCID and antibody deficiency disorders, especially; 
consider all possibilities, depending on specific 
presenting features

Syndromic features Di George anomaly

Ataxia telangiectasia
Bloom syndrome
Down syndrome
Hyper IgE (Job’s syndrome)
Wiskott–Aldrich syndrome

Combined immunodeficiency/ thymic aplasia, 
especially in early life
Antibody deficiencies; malignancies
Antibody deficiencies; dwarfism; rashes
Antibody deficiencies
Neutrophil defects
Combined immunodeficiency; eczema; 
thrombocytopenia

CGD, chronic granulomatous disease; CMV, cytomegalovirus; CNS, central nervous system; CVID, common variable immunodeficiency; EBV, Epstein–Barr 
virus; SCID, severe combined immunodeficiency; TLR3, Toll-like receptor 3; XLP, X-linked lymphoproliferative disease.

100 000 live births. The genetic defect results from mutations in 
the cytoplasmic signal transduction molecule, Bruton tyrosine 
kinase (BTK) leading to maturational arrest in B-cell develop-
ment [9]. Antibody deficiency, typically manifesting with upper 
and lower respiratory tract bacterial infections, presenting in 
the latter part of the first year of life coinciding with loss of 
transplacental maternal antibody, is the typical clinical presen-
tation. Reduced immunoglobulins of all classes routinely meas-

ured (IgG, IgA, and IgM) together with absence of mature 
CD19+ B cells in peripheral blood are characteristic. 
T-lymphocyte numbers and functions are normal. Genetic anal-
ysis indicating mutation in the BTK gene is readily available and 
confirms the diagnosis.

Chronic diarrhea is the commonest gastrointestinal symptom 
reported in X-linked agammaglobulinemia (XLA) [10]. These 
are usually infectious diarrheal episodes most commonly caused 
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patients who may present with chronic diarrhea and other fea-
tures of malabsorption. Conventional celiac serological testing 
is not helpful in diagnosing gluten-sensitive enteropathy because 
of the requirement for IgA-producing capacity in tested indi-
viduals. IgG tissue transglutaminase may be helpful and in com-
bination with biopsy indicative of celiac sprue. Gluten 
withdrawal is associated with clinical and histological improve-
ment, unlike the situation in CVID where comparable histologi-
cal features are poorly responsive to gluten exclusion. Nodular 
lymphoid hyperplasia (NLH), in which IgM-positive lymphoid 
aggregates accumulate in a nodular pattern, are seen in IgA 
deficiency. This may represent a compensatory mechanism in 
the antibody-deficient gut. NLH can be asymptomatic, but in 
extreme cases can cause malabsorption obstructive symptoms 
and intussusception. This responds well to treatment with oral 
steroid therapy [14]. The role of NLH in development of lym-
phoma is uncertain. Pernicious anemia [15] and inflammatory 
bowel diseases [16] have been reported to coexist with increased 
frequency than in normal populations. Autoimmune cytope-
nias, rheumatoid arthritis, and allergic conditions are also 
reported to occur with increased frequency.

Most individuals with IgA deficiency do not need specific 
therapy. Conventional immunoglobulin concentrate products 
do not contain adequate levels of IgA to be useful in correcting 
low IgA levels. Recurrent infections should be managed with 
antibiotic and other supportive therapy and, if frequent, antibi-
otic prophylaxis considered. Some IgA-deficient patients may 
evolve and develop a broader range of immune defects, notably 
IgG subclass deficiency or a CVID picture and should be treated 
accordingly. Blood products, including immunoglobulin, in 
patients with absolute IgA deficiency, may be associated with 
anaphylaxis type and other immediate hypersensitivity reac-
tions. This is explained by the presence of IgE and IgG anti-IgA 
antibodies in a small proportion of IgA-deficient patients. 
Vigilance for such reactions should be exercised in all cases. 
Screening for anti-IgA antibodies can be undertaken. Specially 
treated blood products to diminish the levels of IgA can also be 
used to prevent this complication [17].

Hyper-IgM syndrome
Hyper-IgM syndrome is a rare, but important immunodefi-
ciency that in its most common form is X-linked, occurring 
because of defects in CD40 ligand, a key molecule involved in 
normal B cell–T cell interactions [18]. Autosomal recessive 
forms are also described. Affected patients are unable to immu-
noglobulin class switch, hence the high IgM levels with deficient 
immunoglobulins of other classes (IgA and IgG). Affected indi-
viduals not only have predisposition to infections seen in other 
forms of primary antibody deficiency, but also a broader-
ranging immunodeficiency. T-cell and neutrophil abnormalities 
predispose to a variety of intracellular viral, mycobacterial, and 
fungal infections. Pneumocystis jiroveci pneumonia occurs in 
approximately 40% of cases [19].

Gastrointestinal complications are common in this condition. 
Chronic diarrhea, and in many cases weight loss and failure to 

by Giardia lamblia and Campylobacter species. Antibiotic treat-
ment is the same as in immunocompetent individuals and is 
dictated by culture and sensitivity results. However, longer dura-
tions of therapy can be required as clearance in the antibody-
deficiency state can be slower. A rare but important complication 
in XLA is susceptibility to certain enteroviral infections, such as 
coxsackievirus and echovirus, which can lead to severe chronic 
meningoencephalitis [11]. Previous use of live attenuated oral 
polio immunization inadvertently in cases with profound and 
untreated antibody deficiency has been reported as a cause of 
paralytic poliomyelitis arising as a result of uncontrolled vaccine 
viral replication and reversion to wild-type in the setting of 
absent antibodies [12]. Rare cases of gastric adenocarcinoma 
and colorectal cancer have been described in XLA.

Immunoglobulin replacement therapy instituted early and 
ideally before infections cause structural damage to lungs, ears, 
or sinuses, is the most effective treatment, with supportive anti-
microbial care where indicated also important. Intravenous and 
subcutaneous forms are available, and some patients are trained 
to self-infuse at home. The standard replacement dose is 0.4 g/
kg administered every 3 weeks for intravenous products, and 
0.12 g/kg/week for subcutaneous products. Individual dose 
requirements can vary quite dramatically however, depending 
on individual rates of immunoglobulin catabolism, presence of 
structural lung or gastrointestinal disease, or inflammatory 
complications. Satisfactory replacement therapy should achieve 
trough IgG levels of at least 6 g/L and up to 10 g/L; the latter 
particularly a target in patients with bronchiectasis or other 
complications such as granulomatous lung disease. Appropriate 
antibody replacement therapy dramatically improves quality of 
life and long-term prognosis, reducing frequency and severity 
of infections and complications previously common in such 
cases.

IgA deficiency
IgA deficiency (serum IgA < 0.05 g/L) occurs in an estimated 1 
in 300–700 Caucasians but with variable prevalence in different 
ethnic groups [4]. Its genetic basis is not well defined. It can 
occur in isolation, but in some affected individuals additional 
deficiencies in certain IgG subclasses also occur. T-cell immu-
nity is intact. While usually sporadic, a small proportion of cases 
are familial, and include association with other antibody-
deficiency disorders, including CVID. Most IgA-deficient indi-
viduals are asymptomatic. However, a proportion experience 
increased frequency of infections relative to the normal popula-
tion. This appears to be especially the case in those with coexist-
ent IgG subclass deficiencies, autoimmune diseases, and allergic 
diseases [13]. The respiratory tract is most commonly affected. 
As in BTK deficiency, Giardia lamblia and some viral pathogens 
are associated with chronic diarrhea in this group. A proportion 
of Giardia-infected patients can develop a malabsorptive syn-
drome. Therapy using metronidazole for more prolonged 
periods can promote clearance and improvement.

At a histological level, features indistinguishable from celiac 
disease are seen in small intestinal biopsies of some IgA-deficient 
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Vitamin B-12 replacement and careful monitoring of the gastric 
mucosa is warranted given the increased frequency of gastric 
adenocarcinoma in CVID patients.

Sprue-like clinical and pathological features, sometimes very 
marked, are seen in patients with CVID [26]. While pathology 
is similar to that seen in classical celiac disease, plasma cells are 
deficient or absent in the lamina propria and serum celiac-
related antibodies are not identified. Unlike similar lesions in 
IgA deficiency and classical celiac sprue, gluten withdrawal is 
not effective in altering the clinical and pathological features in 
CVID. Immunosuppression with 6-mercaptopurine (6-MP) or 
azathioprine may be required in severe cases. Oral steroids such 
as budesonide also have therapeutic benefit, until symptoms 
settle and steroid-sparing medicines become effective. Careful 
nutritional supplementation and monitoring is warranted, 
giving attention to micronutrient and vitamin deficiencies, in 
addition to calorific requirements.

IBD-like symptoms and pathology are reported more fre-
quently in CVID than in other antibody deficient states. Minor 
but important variation in pathological specimens, such as 
diminished plasma cell numbers in the lamina propria, is again 
a feature. Treatment is the same as that for classic IBD. 6-MP or 
azathioprine can be well tolerated and act as effective steroid-
sparing medications in a condition where steroids may com-
pound the already increased risk of infection. Infliximab has 
been used with some benefit in severe cases [27].

Gastrointestinal malignancies appear to be more common in 
CVID than in other antibody-deficiency disorders [23]. 
Preexisting atrophic gastritis and associated pernicious anemia 
and intestinal metaplasia are risk factors for gastric adenocarci-
noma. Nodular lymphoid hyperplasia can be extensive in CVID 
but its role, if any, in the increased lymphoma risk noted in 
CVID is uncertain.

Alterations in liver function tests are common in CVID, with 
raised alkaline phosphatase the most commonly seen abnor-
mality. One study showed significant liver disease in 11.9% of 
patients [28]. Autoimmune hepatitis and primary biliary cir-
rhosis are described. Nodular regenerative hyperplasia with 
portal hypertension and cholestasis is a common finding [29]. 
Hepatitis C infection was a feared complication associated with 
infusion of contaminated immunoglobulin products prior to 
sensitive testing of donors and effective virus-clearing manufac-
turing methods, but outbreaks have not been identified since 
the 1990s.

Combined immunodeficiencies  
(B- and T-cell defects)
Severe combined immunodeficiency
SCID (severe combined immunodeficiency) is the most severe 
form of primary immunodeficiency and its incidence is between 
1 in 50 000 and 1 in 500 000 live births. It represents a clinical 
syndrome caused by several distinct genetic defects, character-
ized by profound T- and B-lymphocyte dysfunction and/or 
depletion; natural killer cells can also be impaired or reduced. 
SCID disorders are classified genetically and according to the 

thrive, is seen in approximately 50% and is attributed to infec-
tions with Cryptosporidia, Giardia, Salmonella species, and with 
Entamoeba histolytica. Cryptosporidial infection is especially 
common. Infection in the biliary tree, leading to sclerosing 
cholangitis and cirrhosis, is a serious and well-recognized com-
plication [20]. Hepatitis B and C viruses and cytomegalovirus 
have also been described. Liver and biliary tract malignancy is 
a recognized complication of chronic infections. Neutropenia 
may manifest with oral or rectal ulcers and gingivostomatitis.

The management of this severe immunodeficiency, probably 
more accurately termed a combined immunodeficiency, 
includes immunoglobulin replacement, antibiotic treatment 
and prophylaxis, and general supportive therapies. Attempts to 
prevent cryptosporidial infection using water hygiene measures 
are important. Hemopoietic stem cell transplant offers a correc-
tive therapy option and has been used in combination with liver 
transplantation in patients with Cryptosporidium-provoked 
chronic liver disease [21].

Common variable immunodeficiency
CVID is the most commonly diagnosed primary immunodefi-
ciency disorder. It represents a heterogeneous group of patients 
in which quantitative and qualitative defects in antibody-
mediated immune parameters occur. A small proportion of 
cases can be attributed to a number of distinct genetic abnor-
malities, but a specific monogenic etiology cannot be identified 
in the majority. As in other antibody-deficiency disorders, 
upper and lower respiratory infections caused by encapsulated 
bacteria such as pneumococcus and Haemophilus spp. are 
common. Structural damage such as bronchiectasis is a feature 
in some patients. Early introduction of adequate immunoglobu-
lin replacement therapy and good infection management 
improve outlook with regard to infection-associated morbidity 
and mortality very effectively. A significant proportion of 
patients (up to 70%) experience a range of recognized clinical 
features in addition to infections. These include autoimmune 
diseases, notably immune thrombocytopenia and hemolytic 
anemia, granulomatous and lymphoproliferative infiltration in 
the lungs, gastrointestinal tract, and liver, and an increased inci-
dence of malignancies [22]. The latter can have a major impact 
on morbidity and mortality in this condition [23]. Detailed 
phenotypic and functional analysis of lymphocytes, together 
with extended genetic analysis is providing additional insights 
into immune defects in CVID and how particular complications 
arise in subgroups [24,25].

Gastrointestinal problems are well recognized in CVID, with 
reported prevalence of more than 50%. Chronic diarrhea is the 
most common of the presenting features. A similar infection 
profile to that in other antibody deficiencies is seen. Giardia 
lamblia, Campylobacter, and Salmonella have all been impli-
cated in diarrheal illnesses and should be treated as for infec-
tions in immune-competent patients. Relapse can occur and 
more prolonged therapy may be needed in some cases.

Atrophic gastritis and vitamin B-12 deficiency, in the absence 
of demonstrable serum gastric parietal cell antibodies, is seen. 
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Immune dysregulation with gut inflammation, lymphaden-
opathy, and hepatosplenomegaly can also occur in some 
conditions.

Nuclear factor-κΒ essential modulator
Nuclear factor-κΒ essential modulator (NEMO) is an important 
transcription factor molecule required in controlling expression 
of several genes involved in immune and stress responses [34]. 
Deficiency in this molecule causes a combined immunodefi-
ciency predisposing affected individuals to early pyogenic infec-
tions, including bacterial infections involving the gastrointestinal 
tract. Gastrointestinal cytomegalovirus infection also occurs. 
Failure to thrive and diarrhea are common presenting features 
and phenotypically, ectodermal dysplasia is typical.

Wiskott–Aldrich syndrome
Wiskott–Aldrich syndrome (WAS) is an X-linked recessive con-
dition of variable severity characterized by eczema, thrombocy-
topenia, and recurrent infections. Platelets are typically small. 
IgM is usually low with variable IgG and IgA level. Functional 
antibody-mediated immunity is often deficient. Atopy with 
elevated immunoglobulin E (IgE) levels is common. The under-
lying defective gene encodes the Wiskott–Aldrich syndrome 
protein (WASp), a member of a family of proteins responsible 
for signal transduction from the cell membrane to the actin 
cytoskeleton in hemopoietic cells. Mutational analysis for WASp 
can be undertaken using flow cytometry with confirmatory 
sequence analysis undertaken in likely cases [35]. Bleeding, 
including from the gastrointestinal tract, can be a presenting 
feature. Inflammation resembling ulcerative colitis is seen in 
approximately 10% of affected individuals [36]. WAS should be 
a considered differential diagnosis in early-presenting IBD, 
especially if low platelets coexist. Therapy is supportive. 
Immunoglobulin therapy can be useful in limiting infection, but 
also in treatment of thrombocytopenia. Splenectomy is best 
avoided for management of thrombocytopenia, but rituximab 
can be effective. Bone marrow transplantation offers curative 
potential and gene therapy is under active exploration for treat-
ment of this condition.

Phagocytic cell defects
Chronic granulomatous disease
Chronic granulomatous disease (CGD) represents a group of 
inherited disorders of phagocytic cell oxidative metabolism. 
There are several variants of the basic defect, which leads to 
inability to generate an effective oxidative burst required for 
phagocyte killing of a number of bacterial and fungal organ-
isms. The most common form of CGD is X-linked but there are 
autosomal recessive forms also. All, in various ways, lead to 
defects in components of NADPH oxidase, which is a key 
complex enzyme in oxygen burst generation. The condition 
classically presents during infancy, although variants of the 
disease may present later [37].

pattern of lymphocyte deficiency (T− B+ NK+; T− B+ NK−; 
T− B− NK+; T− B+ NK−; T− B− NK−). The lymphocyte 
deficiency pattern directs the most appropriate path of genetic 
investigation at the time of presentation [2].

The most common form of SCID (60% of cases) is X-linked. 
It is caused by defective cytokine signaling as the result of a 
mutation of the common cytokine receptor γ chain, a compo-
nent of the receptors for interleukin-2 (IL-2), IL-4, IL-7, IL-9, 
and IL-15. Other deficiencies leading to SCID phenotype 
include purine-degradation enzymes, such as adenosine deami-
nase and nucleoside phosphorylase. Mutations in the gene for 
Janus kinase 3 (JAK3), which transduces the receptor signal 
from the common γ chain, also cause autosomal recessive SCID, 
as do mutations in the gene encoding the γ chain of the IL-7 
receptor. Reticular dysgenesis is another variant of SCID, in 
which there is a coexisting deficiency of granulocytes. Most 
patients will be shown to have an absolute lymphocyte count of 
<2.5  ×  109/L (noting the higher absolute counts in infancy) 
[30]. Serum immunoglobulin levels are usually subnormal. 
Phenotypic analysis and functional lymphocyte assays, when 
undertaken, are variably abnormal. In families where a known 
genetic defect has been identified, prenatal screening can be 
undertaken with the potential to intervene with curative therapy 
before infections become problematic. A number of states in the 
USA have recently introduced successful neonatal screening 
programs using T-cell excision circle (TREC) analysis on neo-
natal blood spot samples [31].

Clinically, SCID presents in early infancy with severe life-
threatening infections. Almost every form of microbe is poten-
tially hazardous and life threatening in such patients with both 
pathogenic infections and a vast array of opportunistic infec-
tions described. Disseminated Candida infection is common. 
Chronic diarrhea and failure to thrive is typical. Rotavirus, 
adenovirus, and cytomegalovirus have been implicated in cau-
sation. Small and large intestine changes, including villus 
atrophy and nonspecific colitis, have been attributed to intrac-
table bacterial and viral infections. Graft-versus-host disease 
(GVHD) as the result of transplacentally acquired maternal 
lymphocytes may occur during the neonatal period. Blood 
transfusion can have a similar effect and only irradiated blood 
products should be used in suspected or confirmed cases. 
Hemopoietic stem cell transplantation using peripheral stem 
cells, and in some places cord blood transplantation, is curative 
in many forms of SCID [32]. Gene therapy has been shown to 
be effective in specific forms of SCID, but there remain concerns 
regarding safety of initial gene transfer regimens, with further 
study needed before this therapy can be considered standard 
management [33].

A number of disorders are characterized with less marked 
T-lymphocyte reductions but significant immunodeficiency. 
Typical time of presentation is in childhood, but less severe 
forms can first manifest later in life. Gastrointestinal features are 
common to many and represent infection with enteric patho-
gens and opportunistic infections, including cytomegalovirus. 
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Immunodeficiency, polyendocrinopathy, enteropathy, 
X-linked (IPEX) syndrome
IPEX syndrome (immunodeficiency, polyendocrinopathy, 
enteropathy, X-linked) is a very rare disorder characterized by 
a propensity to develop autoimmune disorders, which usually 
manifest in early childhood. A defect in the normal function of 
regulatory T(CD4+ CD25+ foxP+) lymphocytes due to muta-
tions within the forkhead box P3 (foxP3) transcriptional regula-
tor gene underlies the condition. Total T- and B-cell numbers 
are normal. Severe enteropathy manifesting with intractable 
watery or bloody diarrhea, malabsorption, and failure to thrive 
is typical. Coexistent endocrinopathies, including type 1 diabe-
tes and thyroiditis, and immune cytopenias, are also common. 
Bowel histology shows infiltration of lymphocytes, plasma cells, 
and eosinophils predominantly into the mucosal and submu-
cosal layers of the large intestine. Small intestinal villus blunting 
and loss is also seen in some patients. Early recognition and 
intervention is essential for satisfactory outcome. 
Immunosuppressive regimens including cyclosporine, tac-
rolimus, and rapamycin as well as steroids have been beneficial 
in control of inflammation, but are only a temporary therapy. 
Bone marrow transplantation is curative [43]. As in other 
immunodeficiencies, carefully regulated supportive nutritional, 
hematological, and hormonal management are also key to good 
outcomes in this severe condition.

IL-10-related disorders
The cytokine IL-10 has an important role in regulating the 
intensity of the proinflammatory cascade. IL-10-deficient mice 
are known to develop severe chronic enterocolitis [44]. A 
number of rare autosomal recessive mutations either in IL-10 
or the IL-10 receptor have been identified in humans [45]. 
Severe enterocolitis, often associated with perianal disease, 
abscess, and fistula formation, presenting in the first year of life, 
typifies these disorders. Skin inflammation, arthritis, and respi-
ratory infection are also features. Functional assessment of the 
IL-10 signaling pathway and, if indicated, mutational analysis 
forms the basis of specific diagnosis. Inflammation is typically 
refractory even to intense immunosuppression and bone 
marrow transplantation is the treatment of choice.

Blau syndrome is a rare autosomal dominant genetic disorder 
associated with propensity to develop exuberant granulomatous 
inflammation in many sites including eyes, skin, and joints. 
Crohn’s-like inflammation occurs in approximately 30% of 
cases. Mutations in the NOD-2/CARD15 gene leading to dis-
rupted lipopolysaccharide-induced NF-κB signaling (this is an 
autosomal dominant gain of function mutation) is the associ-
ated defect [46].

A growing number of genetic abnormalities are recognized 
in which inappropriate activation, exaggerated intensity, or pro-
longed persistence of inflammatory responses occur. These con-
ditions are broadly termed autoinflammatory and involve 
abnormalities in a numbers of molecules involved in the genera-
tion and regulation of the inflammasome [47] (Table 120.3). 

Recurrent infections caused by catalase-positive organisms, 
including Staphylococcus aureus, Burkholderia cepacia, Serratia 
marcescens, and Aspergillus spp. at skin and mucosal surfaces 
lymph nodes and the liver, dominate the clinical picture. 
Granulomata, sometimes quite large in size, occur at mucosal 
surfaces and in the liver and may represent inappropriate 
responses to microbial challenges in the setting of defective 
phagocytic eradication. The defective respiratory oxidative 
burst can be confirmed using flow cytometric technology to 
demonstrate defective uptake of the fluorescent dye dihy-
drorhodamine by affected neutrophils. This test has widely 
replaced the classical diagnostic test, the NBT assay (nitroblue 
tetrazolium reduction impairment in CGD). Management of 
CGD includes trimethoprim–sulphamethoxazole and itracona-
zole antibiotic prophylaxis, which if used consistently reduces 
both bacterial and fungal infection complications. Interferon-γ 
therapy has positive effects on neutrophil killing and has been 
shown to reduce infection severity and frequency [38]. There 
are differing approaches to its in use in Europe and the USA, 
with Europeans favoring rigorous antimicrobial prophylaxis 
alone in most cases.

Hepatic and gastrointestinal disorders are a prominent 
feature of chronic granulomatous disease. Hepatomegaly is 
common, with liver abscess formation in more than 30% of 
patients [39]. Staphylococcus aureus and Pseudomonas aerugi-
nosa are the most common organisms in the abscesses, which 
often require drainage, and steroid and antibiotic therapy  
[40]. Surgery may be required for resistant or recurrent  
lesions.

Gastrointestinal presentations are especially a feature affect-
ing those patients with the X-linked gp91 PHOX gene defect. 
Noncaseating granulomatous inflammatory disease mimicking 
Crohn’s disease is described. Lesions that include microgranu-
lomata, eosinophilic infiltration, and pigmented macrophages 
can occur throughout the GI tract from oral cavity to anus [41]. 
Gingivitis, anal fissures, and perirectal abscess formation, intes-
tinal inflammation with chronic diarrhea, and granulomatous 
obstructive lesions at the gastric outlet and other areas have all 
been described. Treatment is complex and should involve expert 
gastrointestinal, microbiological, and immunological input. 
Corticosteroids are useful in achieving remission, but disease 
often relapses on discontinuation. Tumor necrosis factor-α 
(TNF-α) inhibitors are effective, but are best avoided as they are 
associated with a very high risk of infection and death in this 
patient group [42]. Local rectal treatments should be used, if 
appropriate.

Immune regulation defects and 
autoinflammatory disorders
A number of rare disorders characterized by impaired regula-
tion of immune responses and in which inflammatory gastroin-
testinal features occur have been identified and characterized at 
a molecular level.
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Table 120.3 Autoinflammatory disorders – clinical characteristics and treatment guidelines.

Disease Characteristic features Therapy

Familial 
Mediterranean 
fever

Onset in first two decades; relapsing fevers with serositis, rashes; 
autosomal recessive inheritance; mutations in pyrin gene; 
amyloidosis in undertreated cases

Acute presentations: corticosteroids and NSAIDs
Maintenance: colchicine first-line agent; 
consider IL-1 inhibitors (anakinra, canakinumab) 
in resistant cases

TRAPS (TNF-
receptor associated 
periodic syndrome)

Onset at any age; recurrent inflammatory attacks manifesting with 
fever, joint pains, rashes, gastrointestinal upset, systemic upset; 
amyloidosis occurs in undertreated patients; autosomal dominant 
inheritance

Acute presentations: corticosteroids or NSAIDs
Maintenance: etanercept (anti-TNF agent); 
infliximab and adalimumab may accentuate
Anti-IL-1 agents, anakinra very useful
Anti-IL-6, tocilizumab, useful in resistant cases

Mevalonate kinase 
deficiency (hyper 
IgD syndrome)

Onset in early childhood; short-lived recurrent inflammation 
manifesting with fever, gastrointestinal upset, rashes, lymphoid 
enlargement; amyloidosis rare; autosomal recessive inheritance

Acute episodes: corticosteroids, NSAIDs; statin 
drugs also useful in some cases (reduce 
mevalonic acid production)
Maintenance therapy in more severely affected 
cases, anti-IL-1 agents

CAPS (cryopyrin-
associated periodic 
syndrome)

Spectrum of disorders ranging from the mildest (familial cold 
autoinflammatory syndrome) to Muckle–Wells syndrome and the 
severe infantile disorder CINCA (chronic infantile neurological, 
cutaneous articular syndrome)
Onset in early life; fever, urticarial, eye and joint inflammation; 
neurological deficits, amyloidosis; autosomal dominant inheritances

IL-1 inhibition using anakinra as first line; 
canakinumab also useful

Granulomatous 
disorders, Blau 
syndrome

Noncaseating granulomatous inflammation causing arthritis, 
uveitis, and dermatitis
Autosomal dominant mutations in NOD2 / CARD15 gene

Acute: high-dose corticosteroids
Anti-IL-1 and anti-TNF therapies may have 
added benefits

Autoinflammatory 
pyogenic disorders

PAPA (pyogenic arthritis, pyoderma gangrenosum and acne); 
autosomal dominant inheritance
DIRA (deficiency of the IL-1 receptor antagonist); onset in neonatal 
period usually; sterile abscesses in skin, bones, liver and spleen, 
multiorgan failure in some cases; autosomal recessive

Acute: corticosteroids
Maintenance: anakinra in DIRA; infliximab in 
PAPA

NSAIDs, nonsteroidal antiinflammatory drugs.

Deficiency or dysfunction of IL-1 and TNF-associated cytokines 
or receptors underlies many of these conditions. Clinical fea-
tures common to many of these autoinflammatory disorders 
include periodic fevers, skin rashes, and joint, eye, and serosal 
surface inflammation. Raised C-reactive protein and other 
indices of active inflammation are found in the absence of clear 
infectious triggers at laboratory assessment. Secondary amy-
loidosis with resultant renal and other organ dysfunction can 
occur in patients with long-standing uncontrolled inflamma-
tion. Distinct clinical features such as age of onset of symptoms, 
inheritance patterns, severity of symptoms, and distinct pat-
terns of organ involvement are helpful in differential diagnosis 
and investigation. Disorders falling within this classification 
include familial Mediterranean fever (FMF), TNF-receptor 1 
associated periodic syndromes (TRAPS; formerly known as 
familial Hibernian fever), mevalonate kinase deficiency (also 
known as hyper-IgD syndrome), and cryopyrin-associated peri-
odic syndromes (CAPS).

Abdominal and gastrointestinal presentations are common 
and dominant in some autoinflammatory disorders. In FMF, 
erratic, relatively short-lived episodes of fever with rashes, and 

abdominal pain caused by peritoneal inflammation, lasting 
hours to days, are characteristic. Active periods of inflammation 
are typically longer in TRAPS. Again, abdominal pain, nausea, 
vomiting, and diarrhea are well-recognized features. 
Inflammatory markers are raised in acute exacerbations of both 
conditions. Measurement of serum amyloid P and ultrasensitive 
markers for C-reactive protein can be useful in monitoring low 
level but potentially damaging inflammatory activity, which 
may not always be clinically apparent. Mutations in the pyrin 
gene (MEFV gene) result in increased synthesis of IL-1β under-
lying FMF and the inheritance pattern is autosomal recessive 
[48,49]. The condition occurs with increased frequency in 
patients with genetic origins in the Mediterranean basin, but 
does occur in other populations too. Indeed, in an affected 
individual, the condition may not be familial, associated with 
Mediterranean heritage, or necessarily accompanied by fever so 
that a high index of suspicion is needed. Onset is usually in the 
first two decades of life but there are some new adult 
presentations.

A number of mutations inherited in an autosomal dominant 
pattern in the TNF receptor gene can underlie the TRAPS  
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Urticaria does not occur in this condition, which is important 
in differential diagnosis. Typically swelling attacks take a further 
2–5 days to resolve completely, especially if specific therapeutic 
measures are not undertaken. Affected children are rarely clini-
cally active, with most patients first developing swellings during 
puberty. In females, endogenous or exogenous exposure to 
estrogen can increase propensity to swell. Affected individuals 
are variably affected in terms of sites of swelling, severity, and 
frequency of swelling, but all genetically affected individuals 
have the propensity to swell, even in the absence of a significant 
prior swelling history. Minor trauma, surgical and dental pro-
cedures, intercurrent infections, and stress are all recognized 
precipitating factors.

Intraoral attacks, progressing in some to obstructive laryn-
geal swelling, are rare but important as they are potentially life 
threatening; 30% of families with known C1 inhibitor deficiency 
have a history of death caused by probable airway obstruction 
in at least one affected member. Gastrointestinal swellings with 
associated nausea, pain, distension, vomiting, diarrhea, or con-
stipation occur in a significant proportion of patients. 
Hypovolemia and shock can occur in severe cases [54]. On 
examination, the abdomen is tender, possibly distended but not 
rigid. Fever does not occur. Laboratory tests do not show fea-
tures of inflammation such as a raised C-reactive protein or 
white cell count. Radiographs undertaken in patients with gas-
trointestinal symptoms sometimes show dilated bowel loops 
and ultrasound evaluation can show ascites. Marked mucosal 
swelling has been shown in patients who have undergone 
capsule endoscopy. Failure to correctly recognize the condition 
has resulted in many patients undergoing unnecessary surgical 
procedures. Repeated swelling episodes leading to gastrointesti-
nal pain can be associated with analgesia dependence syndromes 
in patients who have not received effective specific therapies.

C1 inhibitor levels are reduced in 85% of cases. Complement 
factor 4 is almost invariably reduced in patients during acute 
attacks and remains suppressed below normal levels in the 
majority of patients. However, previous recommendations to 
use C4 as a screening test are no longer valid as a small number 
of confirmed affected individuals have normal C4 levels [55]. 
Specialist laboratory assessment of C1 inhibitor function can be 
undertaken in likely cases, where C1 inhibitor quantitative 
levels are normal. A small proportion of C1 inhibitor-deficient 
patients develop this condition as an acquired condition, often 
in the context of autoimmunity or lymphoproliferative 
disorders.

Acute management options include replacement of C1 inhib-
itor with plasma-derived or recently developed recombinant C1 
inhibitor concentrate administered intravenously. Onset of 
action is usually within 15 min to 2 h and early treatment can 
shorten the duration as well as the severity of swelling [56]. 
Icatibant is a newer synthetic peptide agent that blocks the 
bradykinin type 2 receptor, which has been shown to be effec-
tive in the setting of acute swelling. It is administered subcuta-
neously [57]. A growing number of affected patients carry one 

clinical phenotype, with the distinct mutations influencing 
severity and age of onset of the condition [50]. Dysregulation 
of proinflammatory cytokines IL-1 and IL-6 resulting from 
altered TNF-R function mediates the inflammation in this con-
dition. Colchicine is beneficial in prophylaxis in FMF, reducing 
the frequency and severity of acute inflammatory episodes. 
Anti-IL-1-based therapy, anakinra, is especially effective as 
maintenance therapy in TRAPS, and anti-IL-6 therapy in the 
form of tocilizumab can also be useful. NSAIDs and steroids 
have a therapeutic role in acute inflammation.

Complement pathway defects
Deficiency states involving individual complement proteins are 
rare. They are associated with a high incidence of infections 
caused by neisserial organisms. Deficiencies in early pathway 
components predispose to lupus-like immune complex-
mediated conditions [51].

Hereditary angioedema
Hereditary angioedema is most commonly caused by C1 inhibi-
tor deficiency and is an important complement pathway disor-
der, classified as an immunodeficiency. A less common form of 
estrogen-dependent hereditary angioedema where C1 inhibitor 
function is normal is also recognized. Angioedema, rather than 
infection or inflammation, is the main clinical presenting 
feature of C1 inhibitor deficiency. Upwards of 200 different 
mutations in C1 inhibitor have been identified, leading to either 
deficiency (85%) or dysfunction (15%) with resultant swelling 
episodes. The incidence is thought to be region of 1/50 000 to 
1/100 000 with most ethnic populations affected. The condition 
is inherited in an autosomal dominant pattern. Large variability 
in clinical severity is seen in this condition even within the same 
family, where a single mutation leads to the deficiency [52].

While the lack of C1 inhibitor function leads to disordered 
complement pathway activity with characteristic laboratory 
findings useful in diagnosis (low complement factor 4 during 
and usually between attacks), this does not explain the clinical 
features. C1 inhibitor is also a key inhibitory regulator of other 
inflammatory pathways, most notably the kinin contact path-
ways. Without adequate C1 inhibitor activity, excessive forma-
tion of factor XIIa and kallikrein occurs, which in turn leads to 
increased levels of bradykinin production. Bradykinin is a 
highly potent vasodilator and has been shown to be expressed 
at increased levels in areas of angioedema in C1 inhibitor defi-
ciency. Interruption of bradykinin activity has become an 
important focus for the development of newer therapies in this 
condition [53].

Episodic swelling affecting any part of the body characterizes 
the clinical presentation. Onset of swelling is relatively slow in 
comparison with histamine-induced swelling such as occurs in 
allergic reactions. Typically, a prodrome of vague malaise, 
including tiredness, local discomfort, and in some cases ery-
thema marginatum, can occur for many hours, followed by 
slowly evolving swelling over a further number of hours. 
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between the granulomatous pathology seen in Crohn’s disease 
and that seen in CGD-related colitis, leading to a hypothesis 
that impaired innate immunity may be a factor contributing to 
the pathogenesis of Crohn’s disease [61].

The similarities between Crohn’s disease and gastrointestinal 
manifestations of a number of primary immunodeficiencies 
(CGD, CVID, WAS, IPEX, IL-10 disorders) dictates that con-
sideration is given to the possibility of an underlying PID  
in appropriate situations (Table 120.4). Inflammatory bowel 
disease presenting very early in life, resistant to conventional 
therapeutic interventions, or where there are unusual morpho-
logical or histopathological features (e.g., loss of plasma cells in 
the lamina propria as seen in antibody deficiency disorders, 
prominent eosinophil infiltration and pigment laden macro-
phages in CGD) and if coexistent features such as nongastroin-
testinal infection or other autoimmune or inflammatory 
disorders are present warrant consideration of the possibility of 
an underlying primary immunodeficiency. Further investiga-
tion of the immune system and, where appropriate, input from 
a specialist immunologist is recommended.

Gastrointestinal complications of  
organ transplantation

Gastrointestinal complications are common in patients under-
going organ and tissue transplantation. Allogeneic hemopoietic 
stem cell transplantation is especially associated with complica-
tions. The relative immunogenicity of this lymphocyte-rich 
tissue, compared with solid organ transplants, and the use of 
intensive immunosuppressive conditioning regimens in the pre-
transplant period with the aim of optimizing donor stem cell 
engraftment mainly underlie these complications. The numbers 
of patients undergoing allogeneic bone marrow transplantation 
and the clinical conditions for which this treatment is used are 
increasing. Worldwide upwards of 25 000 such procedures are 
performed annually [62].

Adverse gastrointestinal effects in the transplant setting occur 
for a number of reasons. Radiation and chemotherapy regimens 
used in treating malignancy and in cytoreductive conditioning 
in the pretransplant setting, and posttransplant antirejection 
immunosuppression, have direct toxic effects on the gastroin-
testinal mucosa. Opportunistic gastrointestinal infections due 
to immunodeficiency associated with immunosuppressive ther-
apies and in the setting of immunosuppressing graft-versus-host 
reactions can result in gastrointestinal pathology [63,64]. Early 
posttransplant infections are dominated by cytomegalovirus 
and clostridial infections. Epstein–Barr virus infection with 
resultant lymphoproliferative disease is a recognized late trans-
plant complication. Graft-versus-host reactions (donor tissue-
mediated immunopathology in host tissues), arising particularly 
in the setting of allogeneic hemopoietic transplantation, are 
common and important causes of gastrointestinal and hepatic 
complications. The clinical features of all of these scenarios can 

or other therapy for self-administration in the setting of swell-
ing. Both therapies are well tolerated and effective, especially 
when administered early in the swelling episode. Ecallantide, a 
kallikrein antagonist, is available in the USA and is adminis-
tered subcutaneously. While effective, it can cause secondary 
hypersensitivity reactions including anaphylaxis, limiting its 
current use to hospital settings with specialist monitoring [58]. 
It is important to note that corticosteroids, antihistamines, and 
epinephrine are not effective in acute treatment of hereditary 
angioedema. All patients with C1 inhibitor deficiency, regard-
less of prior history should have a clear treatment plan available 
to them for the management of acute swelling. While some 
swelling reactions can be mild and nonlife-threatening (e.g., 
peripheral limb swellings) all active patients need close moni-
toring of the evolution of the swelling reaction and early inter-
vention is critical, especially if swelling is occurring in the 
region of the airway (face, tongue, upper body) or in the event 
of gastrointestinal swelling.

For patients with frequent or severe symptoms occurring 
more than once a month, or for those where erratic swelling 
activity impacts adversely on quality of life, prophylaxis is indi-
cated. A number of agents are used. 17-α-alkylated attenuated 
androgens including danazol and stanozolol are effective. They 
can have substantial side-effects, which include weight gain, 
hypertension, psychological disturbances, and in females virili-
zation and menstrual disturbance. Dose titration and patient 
monitoring should be undertaken in a specialist center. The 
antifibrinolytic drug tranexamic acid may also be effective in a 
proportion of less-severely affected patients. Side-effects are 
rare, but include an increased thrombosis risk. C1 inhibitor 
concentrate is used by a small number of patients on a mainte-
nance basis, where other interventions have been suboptimal. 
Prophylaxis with C1 inhibitor concentrate infusion prior to 
dental and surgical interventions and during pregnancy and 
delivery, when surgical trauma or estrogen may increase pro-
pensity to swell, may also be indicated. Androgen prophylaxis 
can also be used for short periods when swelling risk is increased, 
for times of stress, or when swellings would be inconvenient 
[59].

Inflammatory bowel disease and  
primary immunodeficiency

Monogenic defects leading to immunodeficiency and associa-
tion with gut inflammation have been outlined in detail in the 
preceding sections of this chapter. The interplay of genetically 
driven modified immune responses and the gut microbiota in 
the pathogenesis of IBD remains an important area of research 
(see Chapter 70). Loss of function-related mutations in NOD-2 
have been seen with increased frequency in populations of 
patients with Crohn’s disease. Mutations in other genes involved 
in innate immune mechanisms are also found with increased 
frequency in IBD populations [60]. There are many similarities 
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Graft-versus-host disease
GVHD is common after allogeneic hemopoietic stem cell trans-
plantation, occasionally occurs after solid organ transplanta-
tion, and is rare after blood transfusion. It arises when genetic 
disparity between immunocompetent donor hemopoietic cells 
transplanted into an immunocompromised host results in a 
donor-mediated immune assault on host tissues. Rapidly divid-
ing tissues such as the gastrointestinal tract, liver, lung, and skin 
are especially predisposed. GVHD has been categorized as acute 
or chronic depending on the time of onset following transplant. 
However, it is probably more appropriate to classify it as acute 
or chronic based on the predominant immunopathology and 
clinical symptomatology rather than time of onset alone as 
some acute GVHD persists beyond the previously defined 
100-day upper limit and early-onset chronic disease also occurs 
[62].

Acute GVHD is characterized by epithelial cell death mainly 
in the gastrointestinal tract, liver, and skin, whereas chronic 
GVHD is characterized by fibrosis and atrophy of these and 
other organs [63,68]. The pathophysiology of GVHD is a mul-
tiphase process beginning with damage to the intestinal mucosa 
during the conditioning, pretransplant period. This causes 
increased permeability and translocation of bacterial products 
such as lipopolysaccharide, with production of proinflamma-
tory cytokines and enhanced donor antigen presenting cell 
(APC) activity associated with upregulation of MHC, adhesion, 
and costimulatory molecules [69]. Infections, for example 
cytomegalovirus, can further promote activation of APCs, 
enhancing GVHD pathology. Activation and proliferation of 
CD4+ donor T cells that recognize genetic disparities with the 

be similar. Some of the clinical and diagnostic characteristics 
that help distinguish these entities in the setting of bone marrow 
transplantation are shown in Table 120.5.

Intestinal disease secondary to  
conditioning protocols
Conditioning protocols are capable of injuring rapidly dividing 
cell populations and producing intestinal cell death (see Table 
120.5). Neutropenic enterocolitis (typhlitis) is a well-recognized 
early complication resulting from enterocyte death occurring 
immediately during the conditioning and up to 3 following 
weeks, after which mucosal regeneration is generally complete. 
Both the small and large intestine are damaged to varying extent 
during this process, although the epithelium of the small intes-
tine and ascending colon is more susceptible to this form of cell 
death [65]. Anorexia, cramping, and abdominal pain, with 
watery diarrhea and in some cases bleeding, may develop. 
Perforation can be a complicating factor in extreme situations. 
During healing, there is atypia of cell nuclei and regeneration 
of crypt cells, but the surface epithelium is normal. This his-
topathological picture is important in distinguishing this entity 
from acute GVHD or secondary viral infections [66].

The time of onset following bone marrow transplantation is 
a helpful clue, and rectal biopsy with negative stool cultures is 
the most useful diagnostic test (see Table 120.5). Treatment 
consists of supportive measures, including bone marrow  
supportive treatments, antibiotic therapy, and parenteral nutri-
tion, with surgical resection reserved for cases where complica-
tions such as perforation or overwhelming bleeding have 
occurred [67].

Table 120.5 Gastrointestinal complications of bone marrow transplantation.

Secondary to induction protocol Acute GVHD Chronic GVHD

Time of onset after BMT (days) 0–20 20–80 >80

Clinical features Anorexia; abdominal pain; diarrhea Diarrhea (large volume), abdominal 
pain ± skin rash ± liver disease

Dysphagia, oral ulcers, 
diarrhea

Radiological changes Not helpful Mucosal edema, mucosal ulcers, 
pneumatosis

Esophageal strictures and 
webs

Endoscopy or manometry Nonspecific Normal → erythema → mucosal 
sloughing; stomach and rectum 
are spared

Upper esophageal bands and 
webs; lower third of 
esophagus is spared

Histology: source and changes Rectal: atypia of cell nuclei, crypt 
cell regeneration

Early → rectal; crypt cells/apoptosis
Late → mucosal disintegration

Esophagus: neutrophil 
infiltration, basal layer necrosis

Differential diagnosis / other 
complications of BMT within 
the timeframe

Intestinal infection, e.g., 
Clostridium difficile; necrotizing 
enterocolitis/typhlitis; esophagitis, 
early GVHD; sinusoidal occlusive 
syndrome/venoocclusive disease

Infection, mainly CMV, thrombotic 
microangiopathy; drug effects

Peptic esophagitis, infection: 
Candida, herpes, CMV; 
posttransplant 
lymphoproliferative disease

Stool findings Negative for pathogens Negative for pathogens, cellular 
debris, increased protein

Negative for pathogens

BMT, bone marrow transplantation; CMV, cytomegalovirus; GVHD, graft-versus-host disease.
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anorexia, vomiting, buccal mucositis, abdominal pain, intestinal 
bleeding, protein loss, and secondary infection (see Table 120.5). 
High-volume diarrhea may occur, and the amount of fluid gen-
erated is an index of extent and severity of disease activity. 
Extensive disease may be associated with up to 10 L of diarrheal 
fluid loss per day. The large stool volume may lead to distention 
and pain. Distention of the bowel may be exacerbated by opiate 
analgesics, which should be used with caution. The symptoms 
of GVHD are not specific so vigilance is required for other 
complications, particularly infections. The most common cause 
of gastrointestinal bleeding in these patients is esophagitis and 
gastric erosions. However, when a discrete ulcer develops, 
cytomegalovirus infection is an important consideration. 
Medical treatment of such lesions is often unsatisfactory, and if 
bleeding is persistent, surgical resection may be required.

Features that distinguish acute GVHD from the enterocolitis 
associated with the induction protocol include an erythema-
tous, maculopapular skin rash over the palms, soles, and trunk, 
as well as liver test abnormalities, notably hyperbilirubinemia. 
The diagnosis of acute GVHD may be made with confidence 
approximately 3 weeks following bone marrow transplantation 
if there is evidence of a functioning graft and if there is watery 
diarrhea accompanied by a diffuse skin rash and jaundice (see 
Table 120.5). The patient who presents with gastrointestinal 
symptoms but without jaundice or skin rash represents a more 
difficult diagnostic challenge. Other diagnostic considerations 
include opportunistic intestinal infections and the residual 
effects of the chemoradiotherapy conditioning lasting beyond 
the usual 3-week period. A combination of stool examinations, 
computed tomography (CT) and ultrasonic imaging, endos-
copy, and histopathology may be helpful (see Table 120.5). 
There is no single biomarker of GVHD that robustly and specifi-
cally indicates disease activity and severity at present, but a 
number of candidates are under active study and will, if con-
firmed, add to diagnostic accuracy [75]. The stool usually con-
tains large amounts of cellular debris and red and white blood 
cells. Protein loss in the stool may be sufficiently severe to lead 
to profound hypoalbuminemia. The absence of pathogens in the 
stool is important but does not necessarily rule out an infection 
of the gastrointestinal tract.

Radiological evaluation using contrast CT studies shows a 
number of mucosa-predominant abnormalities which, although 
nonspecific, can be helpful in combination with other diagnos-
tic modalities [76].

Endoscopic appearances may be normal or may show patchy 
erythema or extensive mucosal sloughing. These lesions are 
most prominent in the ileum, cecum, and ascending colon, with 
relative sparing of the gastric and rectal mucosa. Histological 
changes seen in biopsy samples from advanced or severe lesions 
may not be as diagnostically useful as those from early lesions. 
Therefore, endoscopic biopsy samples should be taken from 
intact mucosa as well as from areas involved with gross inflam-
mation. The earliest change seen on light microscopy is apop-
tosis of individual cells in the intestinal crypts (Figure 120.1). 

recipient MHC amplify the process by further release of T 
helper type 1 cytokines (e.g., TNF-α, IL-12, and interferon-γ) 
and activation of cytotoxic lymphocytes [70]. Different subsets 
of memory T cells expressing distinct adhesion molecules home 
separately to the gut and skin. Activation of these alloreactive 
donor T cells within the tissues is followed by clonal expansion 
(expansion phase). This is followed by cytokine and chemokine 
release (“cytokine storm”), which leads to the recruitment of 
additional inflammatory cells (effector phase). The lymphocyte 
profile of acute GVHD is predominantly T helper type 1 and 
cytotoxic T cells [71]. The immunopathology of chronic GVHD 
is less clearly understood, but involves proliferation and persist-
ence of donor-derived alloreactive and autoreactive T cells and 
autoreactive B cells; fibrosis is a dominant longer-term feature 
that frequently follows acute GVHD. The central role of intes-
tinal injury in the pathogenesis of GVHD is supported by evi-
dence for reduced severity of GVHD with less damaging 
nonmyeloablative conditioning protocols. It also provides the 
rationale for use of “cytokine shields” such as keratinocyte 
growth factor (palifermin) and IL-11 to fortify the mucosal 
barrier [63,71]. Gut microbe populations are dramatically 
altered by conditioning therapies and antibiotics usage. Indeed 
gut decontamination using antibiotics and other sterility pro-
moting practices have been used as a means to reduce the risk 
of GVHD in the transplant setting. This approach has focused 
on gut microbes as pathogens alone, and fails to take into 
account the multiple potential benefits of commensal gut 
microbes on gut function, including protective immunity. The 
therapeutic benefits of probiotic therapies in the setting of 
GVHD has promise but requires further study [72].

Acute graft-versus-host disease
Acute GVHD most often affects the skin, liver, and gastrointes-
tinal tract and is graded based on the degree of organ involve-
ment (surface area of skin rash, serum bilirubin, and volume of 
diarrhea) and overall clinical status of the affected patient The 
severity of the intestinal condition generally parallels that of the 
skin and liver involvement, although profound gastrointestinal 
symptoms can occur without any gross skin or liver changes. 
The severity and persistence of acute GVHD is a significant 
factor in posttransplant morbidity and mortality. Most acute 
GVHD occurs within 100 days of the transplant, but correlation 
of timing of onset with the clinical and pathological findings 
provides a more accurate way to categorize GVHD as either 
acute, chronic, or overlap [73].

A moderate to severe degree of acute GVHD develops in 
30%–50% of patients with sustained bone marrow engraftment. 
Transplantation of older patients, previously alloimmunized 
recipients, and use of more mismatched transplants may explain 
some of the perceived increase in prevalence of acute GVHD, 
as may more liberal use of endoscopic biopsy surveillance [74]. 
The onset or continuance of profuse, watery diarrhea 3 weeks 
following bone marrow transplantation is indicative of intesti-
nal acute GVHD. The clinical picture, when severe, includes 
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pies is usual. For patients with severe high-volume diarrhea, 
subcutaneous administration of octreotide may provide relief.

First-line GVHD-suppressive therapy is steroid-based with 
prednisolone (1–2 mg/kg/day) or methylprednisolone (2 mg/
kg–500 mg twice daily, depending on severity) in the initial 
phase followed by dose tapering from the end of the first week, 
if clinically improving. In steroid refractory or relapsed disease 
there is no single agreed therapeutic approach. A number of 
immunosuppressive agents including specific anti-T-cell mono-
clonal antibodies (antithymocyte globulin, Campath anti-CD52, 
IL-2 receptor antagonists) and anti-TNF-α therapy with inflixi-
mab can be effective. Other second-line therapies, including 
some quite novel approaches, used in refractory and severe 
disease include mycophenolate mofetil, sirolimus, the nucle-
otide analogue pentostatin, extracorporeal photophoresis, and 
mesenchymal stem cell transplantation. Variably positive results 
have been obtained in small patient series [77]. A subset of 
patients with intestinal GVHD do not progress to severe multi-
system disease and can be managed more conservatively with 
less-toxic drug strategies, including topically active steroids 
such as budesonide, thereby minimizing the risk of opportun-
istic infections [78].

Prevention of GVHD remains important in the management 
of hemopoietic stem cell transplanted patients. Pre- or post-
transplant T-cell depleting or modulating therapies continue  
to be studied in this regard [79]. Such regimens can reduce 
engraftment and increase risk of graft failure. The primary strat-
egy to prevent GVHD continues to be prophylaxis with cal-
cineurin inhibitors such as cyclosporine A or tacrolimus used 
in combination with methotrexate or mycophenolate mofetil, 
the latter having a less-adverse side-effect profile with similar 
outcomes reported [80]. To circumvent this, strategies for  
nonmyeloablative conditioning with reduced mucosal toxicity 
and removal of more specific subsets of effector cells coupled 
with various immunosuppressive regimens are increasingly 
studied [81].

Chronic graft-versus-host disease
Chronic GVHD is a multisystem disorder that usually occurs 
>100 days after transplantation (see Table 120.5). The majority 
of patients have previously had acute GVHD. However, approxi-
mately one-fourth of the patients with chronic GVHD have had 
no clinical indications of any previous acute graft-versus-host 
illness. The pathogenesis is poorly understood but is thought to 
represent either an end-stage of alloreactivity in which the reac-
tive donor T cells have evolved to a T helper type 2 phenotype 
(in contrast to the type 1 predominance of acute GHVD), or it 
might represent a T-cell-mediated autoimmune process [63].

There is a wider spectrum of clinical features in chronic 
GVHD compared with acute GVHD. The pattern of gastroin-
testinal involvement also differs with more proximal involve-
ment in chronic GVHD. Skin, liver, and gastrointestinal tract 
are again prominently involved but the oropharynx, lungs,  

This is diagnostic, if obtained from normal-appearing mucosa 
at least 20 days following transplantation. Inflammatory cells or 
microorganisms are not present in the adjacent mucosa. Later, 
the histopathology can progress to a total denudation of the 
mucosa; the apoptosis lesion is no longer evident and changes 
are not specific. The site of greatest diagnostic yield for endo-
scopic biopsy is a matter of some debate with some centers 
favoring colorectal biopsy and others sampling the segment of 
gut suggested by the patient’s symptoms [63,66,68].

Management of intestinal acute GVHD requires good sup-
portive care with attention to nutrition and maintenance of fluid 
and electrolyte balance. Most patients will be receiving 
cyclosporine-based prophylaxis and optimization of therapeutic 
dosing is important. Vigilance for secondary infectious compli-
cations and use of prophylactic antifungal and antiviral thera-

Figure 120.1 Rectal biopsy specimen taken after bone marrow 
transplantation from a patient with acute graft-versus-host disease shows 
apoptotic bodies (arrows). This necrosis of individual cells within the 
crypt is the first change seen on light microscopy and is characteristic of 
acute graft-versus-host disease if found after day 20, when damage from 
chemoradiation therapy has resolved.
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tion monitoring, and intervention if abnormal, all require 
ongoing attention in clinical follow-up.

The liver in graft-versus-host disease
In acute GVHD, liver involvement is manifested by cholestasis 
and mild hepatocellular necrosis. Hepatic failure is uncommon. 
Although liver abnormalities may be the presenting feature of 
acute GVHD, skin and intestinal GVHD are usually evident by 
the time jaundice occurs, and diagnosis is relatively clear when 
these multisystem manifestations arise at least 3 weeks following 
bone marrow transplantation. Sinusoidal occlusive syndrome, 
previously termed venoocclusive disease, is a particular risk in 
patients receiving intensive chemoradiotherapy and is an 
important alternative diagnostic consideration, especially in the 
early posttransplant period. Painful hepatomegaly and ascites 
and weight gain are the characteristic clinical features, with 
hepatorenal syndrome and hepatic failure a risk in the most 
extreme situations [85]. Throughout the posttransplant period, 
GVHD must be distinguished from, or may coexist with, several 
other causes of hepatotoxicity. These include parenteral nutri-
tion, viral infections, drug-induced liver damage (such as 
immunosuppressants, antibiotics, and antifungals), hypoten-
sion, and sepsis.

Biochemical abnormalities as the result of liver complications 
of GVHD include a marked elevation in serum alkaline phos-
phatase followed by hyperbilirubinemia, but serum transami-
nases are elevated to a lesser extent. Liver biopsy can be 
hazardous because of the risk of bleeding from thrombocytope-
nia in bone marrow transplant patients. However, it is the most 
definitive method to diagnose hepatic GVHD and transjugular 
biopsy may be a safer approach to obtaining tissue. Histological 
changes of GVHD within the first week after the onset of bio-
chemical abnormalities are nonspecific and consist of a mild 
lobular hepatitis with variable eosinophilic necrosis of hepato-
cytes and necrosis of biliary epithelium. Subsequently, the 
changes become more characteristic; one of the earliest features 
is attachment of lymphocytes to vascular endothelium followed 
by lymphocytic infiltration of the portal areas, pericholangitis, 
and then destruction of small bile ducts and proliferation of 
ductules. The histological picture may evolve into one of pro-
found chronic cholestasis with portal inflammation and fibrosis. 
Progression to liver failure may occur but most patients with 
severe GVHD die of infection or other complications before 
this. At least half of the patients who survive severe acute GVHD 
develop chronic GVHD and most of these will have liver 
involvement. In contrast to the mixed hepatocellular–bile duct 
damage of acute GVHD, the liver damage in chronic GVHD is 
predominantly portal with dense plasmacytic infiltration, loss 
of small bile ducts, and cholestasis.

A variant hepatic GVHD presents with an acute hepatitis 
rather than the cholestatic picture described above. Serum 
transaminases are greatly elevated and liver biopsy shows that 
in addition to lymphocytic infiltration of the portal triad and 
bile duct destruction, there is loss of the limiting plate and 

eyes, and musculoskeletal system may also be affected [63]. The 
clinical features resemble those of sicca syndrome and systemic 
sclerosis. Gastrointestinal involvement occurs particularly in 
the oral mucosa (mucositis), esophagus, and small intestine. 
Esophageal web formations are considered diagnostic. 
Dysphagia with weight loss is common [82]. Patients with skin 
involvement (hyperpigmentation and scleroderma-like changes) 
frequently, but not always, have esophageal involvement. 
Dysphagia with chronic esophageal reflux can lead to chronic 
lung disease. Small bowel involvement with chronic GVHD is 
characterized either by a patchy fibrosis of the lamina propria 
and submucosa, or by bacterial overgrowth as a result of stasis 
and dysmotility. This latter abnormality responds to oral broad-
spectrum antibiotics.

As with other immunosuppressed conditions, opportunistic 
gastrointestinal infections, while most common in the early 
preengraftment phase, are a constant threat posttransplantation 
and must always be considered in the differential diagnosis. The 
combination of radiology, esophagoscopy with biopsy, and 
manometry may be required to distinguish between esophageal 
involvement with chronic GVHD and reflux peptic disease of 
the esophagus. Endoscopic lesions of chronic GVHD can range 
from generalized desquamation of the upper and midesophagus 
to web-like fibrous bands [82]. Manometry with pH monitoring 
shows a nonspecific motor abnormality and decreased ability to 
clear acid from the esophagus. In contrast to peptic esophagitis, 
the distal esophagus is usually spared in chronic GVHD. 
Histological changes within the esophagus include infiltration 
with neutrophils and lymphocytes with necrosis of individual 
cells of the basal mucosa, similar to the changes found in the 
skin and oral mucosa. Submucosal fibrosis may be found, but 
there are no muscle or neural abnormalities. In the colon, the 
changes may be similar to those of ulcerative colitis but mucosal 
biopsies may be unhelpful in some cases because many of the 
fibrotic changes are submucosal [83]. Intestinal thrombotic 
microangiopathy after bone marrow transplantation, which 
presents with bleeding, may be mistaken for chronic GVHD 
[84]. The distinction is important because managing these con-
ditions involves differing approaches with the use of immuno-
suppressing regimens.

The mainstay of therapy in chronic GVHD is steroid-based, 
often in combination with a calcineurin inhibitor such as 
cyclosporine A. Many second-line treatments have been studied 
but none has achieved widespread acceptance. Aggressive 
antireflux therapy is important for reducing the symptoms asso-
ciated with esophageal involvement. However, fibrosis can be 
progressive, and esophageal dilatation may be required for 
treatment of strictures and webs. Good supportive care is essen-
tial in this patient group. Immunosuppression is uniformly nec-
essary in chronic GVHD. Comprehensive infection prophylaxis 
and vigilance for active infection and prompt treatment is of 
paramount importance. Measures to diminish the other nonim-
munosuppressive toxic effects of steroids and cyclosporine such 
as bone protection, and diabetes, hypertension, and renal func-
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CHAPTER 121

Introduction

Protozoan parasitic infections of the gastrointestinal (GI) tract 
are being increasingly recognized as an important public health 
problem in the United States. They were the most frequently 
identified etiological agents in water-borne disease outbreaks 
[1]. The reasons for the apparent increased prevalence of intes-
tinal parasites in the United States include the continuing immi-
gration of people from developing countries in southeast Asia, 
the Caribbean, and Central America; the expanded use of day-
care facilities, which are breeding grounds for any fecally-orally 
transmitted pathogens; a growing problem with fecally con-
taminated food and water supplies; the increased recognition of 
parasites as pathogens of patients with acquired immune defi-
ciency syndrome (AIDS); and the development of improved 
stool examination techniques [2].

The intestinal protozoan pathogens include both parasites 
that are extracellular, such as Giardia lamblia, Blastocystis 
hominis, and Entamoeba histolytica, and the intracellular spore-
forming parasites Cryptosporidium parvum, Cyclospora cayetan-
ensis, and Isospora belli. This latter group of organisms has 
emerged as important pathogens in immunocompetent indi-
viduals as well as in patients with AIDS. The most commonly 
detected protozoan pathogen in stool specimens in the United 
States is G. lamblia [2] (Table 121.1), with B. hominis the next 
most commonly detected, although the latter’s role in intestinal 
disease remains controversial. The prevalence of infection 
increases during the summer months [3]. This may be related 
to increased exposure to recreational water during these months. 
Because conventional microscopic examination of the stool for 

ova and parasites is time-consuming and expensive, special 
requests for microscopic examinations may need to be made to 
the laboratory. In some hospitals only fecal immunoassay(s) 
directed against Giardia and Cryptosporidium species may be 
performed when stool ova and parasite testing is requested. 
Stool microscopic examinations may be performed in clinical 
laboratories only if specifically requested. In some cases in 
which infection is suspected on clinical grounds, stool examina-
tion may not be revealing, and endoscopy may be necessary to 
make the diagnosis. The recent rapid development of new 
molecular assays, will likely facilitate more rapid laboratory 
diagnoses of not only protozoan, but also viral and bacterial 
pathogens in the near future [4–7].

Extracellular protozoan parasites

Amebiasis: Entamoeba histolytica, Entamoeba 
dispar, Entamoeba moshkovskii
E. histolytica is the causative agent of human amebiasis. The 
clinical manifestations of human amebiasis range from asymp-
tomatic disease to invasive disease manifested as amebic colitis, 
or liver abscess. Although Brumpt postulated in 1925 that there 
were two morphologically indistinguishable species of E. histo-
lytica – one that could cause disease and a second that could 
not [8] – only in the 1990s did molecular genetic analyses 
confirm data from isoenzyme studies and clearly establish that 
there are two genetically distinct but morphologically identical 
species [9]: (1) E. histolytica, which can cause invasive amebia-
sis, and (2) E. dispar, a harmless commensal. A third species, 
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motile feeding forms of the parasite and contain a single nucleus 
and pseudopodia. Trophozoites are the causative agents of inva-
sive disease but play no role in the transmission of disease, 
owing to their rapid degeneration outside the body and destruc-
tion by gastric acidity. E. histolytica trophozoites multiply by 
binary fission, and they encyst, producing uninucleate cysts, 
which then undergo two successive nuclear divisions to form 
the characteristic quadrinucleate cysts.

Epidemiology
It is estimated that 40 million individuals infected with E. his-
tolytica develop disabling colitis or extraintestinal abscesses, 
resulting in 50 000 deaths annually. Among parasitic diseases, 
only malaria and schistosomiasis result in more deaths than 
amebiasis [13].

Initial estimates on the prevalence of infection, however, were 
based on morphological analysis of stool samples and therefore 
do not distinguish between E. histolytica, E. dispar and E. 
moshkovskii infections. It has been estimated that 500 million 
people are infected with either E. histolytica/dispar/moshkovskii 
[13]. High prevalence rates of E. histolytica/dispar/moshkovskii 
infection are found in developing regions, including Central 
and South America, the Indian subcontinent and Indonesia, 
and sub-Saharan and tropical Africa [13]. A recent study con-
ducted in Malaysia reported that while the overall prevalence 
by microscopic studies of E. histolytica/dispar/ moschkovskii was 
18.1%, parallel molecular studies indicated that the prevalence 
of E. histolytica was 3.2%, E. dispar was 13.4% and E. moshko-
vskii was 1.0% [14]. In the United Arab Emirates, the prevalence 
of E. histolytica was higher at 13.3%, whereas E. dispar was 5.5%, 
and E. moshkovskii was 2.3% [15]. A prospective study of a 
cohort of almost 300 children living in a slum region of Dhaka 
measuring mucosal IgA levels for a E. histolytica antigen, 
revealed that almost 40% acquired a new E. histolytica infection 
during the 12-month study period, but only 3% of the infections 
were associated with dysentery [16]. A serological study of the 

E. moshkovski, is genetically distinct but morphologically indis-
tinguishable from E. histolytica, or E. dispar. Although E. 
moshkovskii has been considered nonpathogenic, recent studies 
have reported the association of this species with diarrheal 
symptoms [10,11].

The life cycle of the three Entamoeba species consists of two 
stages: the cyst (host infective stage) (Figure 121.1), and the 
trophozoite (host tissue invasive stage) (Figure 121.2). No host 
other than humans is implicated in the life cycle, although 
natural infection of primates has been reported [12]. The disease 
is most commonly acquired by ingestion of food or water con-
taminated with feces containing the cyst form of the parasite, 
but venereal transmission through fecal-oral contact also 
occurs. Prompted by still-undefined stimuli in the intestinal 
tract, the cysts excyst and then form by nuclear and cytoplasmic 
division a total of eight trophozoites. The trophozoites are the 

Table 121.1 Intestinal protozoan parasites detected by stool examination in 
the United States.

Organism Percentage of stool specimens 
containing the organism

Giardia lamblia 7.2

Blastocystis hominis 2.6

Entamoeba histolytica 0.9

Dientamoeba fragilis 0.5

Cryptosporidium spp. 0.2

The results of 216 275 stool specimens examined for intestinal 
parasites by state public health laboratories in 1987 are shown. Only 
organisms detected at a level of more than 0.1% of the stools are 
listed.
Source: Adapted from Kappus et al. [2].

Figure 121.1 Entamoeba histolytica cyst from stool specimen stained with 
iodine. The cyst contains four nuclei and measures 9–25 μm in diameter. 
Source: Courtesy of Centers for Disease Control and Prevention, Atlanta, 
GA.

Figure 121.2 Entamoeba histolytica trophozoites in stool. Note ingested 
red cells and the single nucleus (trichrome stain). Source: Courtesy of 
Centers for Disease Control and Prevention, Atlanta, GA.
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and that of the avirulent E. dispar strain have been sequenced 
[29,30]. Genome assembly is hampered by high numbers of 
repetitive elements in the genomes. It is estimated that there are 
8333 predicted genes in the E. histolytica genome and 8745 
genes in the E. dispar genome, and the majority of genes (∼55%) 
encode hypothetical proteins [30]. There was no evidence of a 
mitochondrial genome, consistent with the observation that 
trophozoites do not contain mitochondria. Instead, the parasite 
derives its energy from glycolysis and fermentation. Many of 
these genes seem to represent cases of recent prokaryotic to 
eukaryotic transfer. Finally, it has been noted that E. histolytica 
possesses an essentially complete complement of the genes 
known to be required for meiosis, although thus far there have 
been no confirmed sightings of amebic sex [38].

Transcriptomic and proteomic analyses of differential expres-
sion have further supported that the role of the following viru-
lence factors implicated in tissue invasion and destruction by 
the organism:
• adhesion of amebic trophozoites to host epithelial cells 

through a galactose-binding lectin [33,39]
• release of cysteine proteases [33,40,41,42,43]
• oxidative stress resistance [33,36]
• amebic phagocytosis and motility [34,35,39].

However neither transcriptomic nor proteomic studies have 
thus far identified amebapore (a pore-forming protein that 
resembles NK-lysin from natural killer and cytotoxic T-cells) as 
differentially expressed [44,45].

The host response to experimental amebic infection in the 
liver and the colon has also been examined by transcriptional 
analysis [46,47].

Clinical manifestations
Intestinal disease
The clinical manifestations of intestinal amebiasis range from 
asymptomatic infection to mild diarrhea to classic dysentery 
with abdominal pain, tenesmus, and bloody stools [48,49]. The 
presentation is generally subacute, with most individuals symp-
tomatic for less than 1 month. Dysentery is a hallmark of inva-
sive amebic infection, and stools that are not grossly bloody 
almost invariably contain occult blood, consistent with the inva-
sive pathophysiology. Rarely, patients may present with a more 
fulminant colitis with severe bloody diarrhea and fever [50]. 
These patients have diffuse abdominal tenderness but usually 
do not present with a rigid surgical abdomen, although up to 
75% of these patients may have peritonitis secondary to leakage 
through the severely diseased colon. Fulminant colitis is associ-
ated with a high (> 50%) rate of mortality. The risk for develop-
ing this syndrome is greater in children, pregnant women, and 
patients taking corticosteroids. Toxic megacolon is a rare but 
often fatal complication that is associated with administration 
of corticosteroids to patients with intestinal amebiasis. Unusual 
presentations of intestinal amebiasis include chronic non-
dysenteric infection – in which symptoms of diarrhea, abdomi-
nal pain, and weight loss persist for years – and appendiceal 

inhabitants of Mexico City demonstrated that 8.4% had been 
infected with E. histolytica in the previous 5–10 years [17].

In developed countries of Europe and North America, E. 
histolytica/dispar/moshkovskii infection is generally confined to 
certain high-risk groups, including recent travelers and immi-
grants, inmates of mental institutions, and sexually active 
homosexual men [18]. Studies using immunologic assays indi-
cated that most individuals are infected with E. dispar rather 
than E. histolytica [19,20], and thus far, the results of parallel 
molecular studies conducted in developed countries has not 
been reported.

The prevalence of colonic disease is equal between men and 
women, but amebic liver abscesses and other extraintestinal 
disease are 3–10 times more common in men. Children, espe-
cially neonates, and pregnant and postpartum women have an 
increased risk for severe disease and death. Malignancy, malnu-
trition, and treatment with corticosteroids are other risk factors 
for more severe disease. Recently a human mutation in the 
leptin receptor has been associated with increased susceptibility 
to intestinal infection [21].

There is conflicting evidence regarding naturally acquired 
immunity to amebiasis. In the study of Bangladeshi children, 
some children showed resistance to the acquisition of a new E. 
histolytica infection that was associated with the presence of 
stool immunoglobulin A (IgA) antibodies to an E. histolytica 
antigen [16]. However, the effect was relatively short lived, and 
almost 20% of the children in the study had more than one 
episode of amebiasis during the 1-year study period [16]. These 
data, along with anecdotal reports of multiple episodes of 
amebic liver abscess in the same individual, suggest that natu-
rally acquired immunity to amebiasis is, at best, short lived and 
may occur in only a small proportion of infected individuals 
[22,23].

Pathogenesis and pathology
Within the human colon, excystation of infective E. histolytica 
cysts from the environment releases the potentially invasive 
trophozoite. It is important to note that release of trophozoites 
does not necessarily lead to invasive disease and that the tro-
phozoites may simply colonize the colon and feed on enteric 
bacteria. Invasive disease is characterized by ulcerations of the 
intestinal mucosa, which extend into the submucosa. Tropho-
zoites invading laterally through the submucosa, relatively 
sparing the overlying epithelium, give rise to the classic flask-
shaped ulcer of amebiasis [24–28]. In some cases, amebic inva-
sion through the mucosal and submucosal layers and subsequent 
dissemination through the portal circulation to the liver result 
in the formation of liver abscesses.

Genomic [29,30], transcriptomic [31–33], and proteomic 
[34–37] studies of a virulent strain of E. histolytica(HM1-IMSS) 
compared with less virulent E. histolytica strain, (Rahment) 
strains, or the related nonvirulent species E. dispar have con-
tributed to the identification of important virulence factors. The 
genomes of a virulent strain of E. histolytica (strain HM1:IMSS) 
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Diagnosis
The diagnosis of intestinal amebiasis (Table 121.2) still rests 
primarily on microscopic demonstration of cysts or tropho-
zoites in the stool, or in scrapings or biopsy samples obtained 
by sigmoidoscopy or colonoscopy. Because organisms may be 
excreted intermittently or may be unevenly distributed in the 
fecal specimen, at least three stool specimens on separate days 
should be examined to detect 85%–95% of the infections. 
Barium studies, laxatives, bismuth-containing preparations, 
antidiarrheal agents, and antibiotics can interfere with detection 
of the organism. The major problem with microscopy is the 
inability to distinguish between E. histolytica and E. dispar. In 
patients with mild bowel complaints, whose symptoms do not 
appear consistent with invasive amebiasis, care must be taken 
in the interpretation of a positive microscopic examination for 
amebic cysts or trophozoites. Fecal antigen detection assays that 
can distinguish between E. histolytica and E. dispar infections 
have been developed for commercial use; however, their efficacy 
in areas where disease is not endemic has been questioned 
[58–62]. Polymerase chain reaction based assays show greater 
promise in distinguishing among E. histolytica, E. dispar and E. 
moshkovskii [14,15]. Because E. dispar infections are not associ-
ated with seroconversion, amebic serology may be a useful 
adjunct in assessing the patient, especially in areas where E. 
histolytica is not endemic.

Sigmoidoscopy should generally be performed in patients 
presenting with dysentery. Endoscopy should be performed 
without previous bowel preparation to increase the chance of 
detecting amebas in the colonic mucus [63]. Discrete shallow-
based ulcers covered with yellow or white exudate with inter-
vening areas of edematous mucosa are often found in invasive 
amebic colitis. However, the endoscopic appearance of amebic 
colitis may be indistinguishable from inflammatory bowel 
disease, diffuse mucosal erythema, granularity, and friability, or 
from pseudomembranous colitis secondary to C. difficile infec-
tion with pseudomembranes [50]. Multiple biopsy samples or 
scrapings should be taken from the ulcer edge, exudate, and 
intervening mucosa [50,63]. The diagnostic yield from endo-
scopic biopsy samples or scrapings is high. Trophozoites are 
usually easily identified in these specimens by routine light 
microscopy, but immunohistochemical staining for E. histolyt-
ica may further increase the yield [50].

Serology is an important tool in the diagnosis of amebic liver 
abscess and can help confirm the diagnosis of intestinal amebia-
sis [64]. Because antiamebic antibodies may persist for months 
and years after the eradication of infection, a positive serology 
requires more rigid clinical and diagnostic correlation in 
endemic areas. Indirect hemagglutination is the most sensitive 
assay, which yields positive results in 90%–100% of subjects 
with liver abscess, 75%–90% of subjects with symptomatic intes-
tinal infection, and 5%–50% of subjects with asymptomatic 
infection. Enzyme-linked immunosorbent assay (ELISA) kits 
for the serodiagnosis of amebiasis are also available. Because 
serological tests may be negative early in the course of an acute 

involvement. The differential diagnosis of invasive intestinal 
amebiasis includes infection with Shigella, Campylobacter, and 
other invasive bacteria, as well as pseudomembranous colitis 
secondary to Clostridium difficile, cytomegalovirus colitis, 
ischemic colitis, and inflammatory bowel disease. Because of 
the similarities in symptoms between amebiasis and inflamma-
tory bowel disease [51], amebiasis should be excluded by exami-
nation of stools or amebic serology in all patients before a 
diagnosis of inflammatory bowel disease is made and especially 
before corticosteroid therapy is begun.

Rarely, a localized amebic colonic infection results in a seg-
mental mass of granulation tissue forming an ameboma. Ame-
bomas are found, in decreasing order of frequency, in the 
cecum, ascending colon, rectosigmoid, transverse colon, and 
descending colon, and they can be detected on physical exami-
nation as a tender palpable mass. The ameboma can be mistaken 
for a carcinoma on barium enema. Amebic strictures are most 
commonly observed in the anus, rectum, or sigmoid colon and 
must be differentiated from those due to lymphogranuloma 
venereum (Chlamydia) or malignancy.

Extraintestinal disease
The most common manifestation of extraintestinal amebiasis 
is amebic liver abscess [52–55]. Patients often present with 
fever and right upper quadrant pain, leukocytosis, and abnor-
mal liver test results, with an elevated alkaline phosphatase 
level being the most common finding (> 75% of individuals). 
Hyperbilirubinemia is uncommon, and severe jaundice may 
indicate bacterial superinfections of the abscesses. Concurrent 
diarrhea occurs in only one-third of the patients. In about half 
the patients with amebic liver abscess, hepatomegaly and point 
tenderness of the liver are prominent on physical examination. 
Most patients have a single abscess, usually in the right lobe. 
Multiple abscesses are observed more commonly in patients 
with an acute presentation. With early diagnosis and treatment, 
the mortality of uncomplicated liver abscess is less than 1%. 
Most of the complications are related to rupture of the amebic 
liver abscess, which occurs most commonly into the chest 
(10%–20%), but also into the peritoneum (2%–7%), or peri-
cardium (rare, often from a left lobe abscess). The development 
of a bronchopleural fistula presents as a cough productive of 
the odorless, brown anchovy-paste-like necrotic contents of 
the liver abscess. Amebas are usually not detectable in the 
necrotic material. Before the availability of effective antiamebic 
therapy, formation of such a fistula was a good prognostic sign 
for a spontaneous cure because it provided drainage of the 
abscess.

Amebic brain abscess occurs rarely but has a high associated 
rate of mortality. There have been case reports describing geni-
tourinary involvement, including perinephric abscesses, splenic 
abscesses, infected rectal cysts, rectovaginal fistulae, cervical 
ulcers, uterine involvement, and vaginal lesions [56]. Cutaneous 
amebiasis is a rare complication and generally involves the peri-
neum and genitalia as a complication of intestinal disease [57].
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CT-guided needle aspiration of the abscess can be performed to 
rule out a pyogenic abscess if the results of serology are nondi-
agnostic, or if the clinical condition of the patient requires an 
immediate diagnosis. Concomitant pyogenic and amebic infec-
tions are unusual at the time of the initial presentation, but 
bacterial superinfection may occur after repeated aspirations or 
open drainage. Amebas are rarely recovered in the aspirate. 
Because of the risk for spillage and anaphylaxis, aspiration 
should be avoided if there is suspicion of a hydatid cyst.

Treatment
Patients with E. histolytica infection should receive antiamebic 
therapy, but there is no evidence that patients with E. dispar or 

infection, it is important to repeat the serology 5–7 days later. 
Recombinant antigens have been used for diagnosis and may 
offer improved specificity for acute infection [65–67].

An imaging procedure should be performed in all suspected 
cases of amebic liver abscess. Right upper quadrant ultrasonog-
raphy is usually the least expensive initial procedure. The usual 
appearance is a round or oval-shaped hypoechoic lesion with 
no wall echoes. On abdominal computed tomography (CT),  
the abscesses usually appear as well-defined low density lesions. 
The differential diagnosis of space-occupying lesions in the  
liver includes bacterial (pyogenic) liver abscess, hydatid cyst,  
or tumor. Amebic serology usually establishes or excludes  
the diagnosis of amebic liver abscess. Ultrasonographic or 

Table 121.2 Morphology of human gastrointestinal protozoan parasites.

Stool Intestinal biopsy

EXTRACELLULAR

Ameboid

Entamoeba histolytica Trophozoite 10–20 μm; pale, round nucleus with small central 
karyosome; cyst 9–25 μm, four nuclei; morphologically 
indistinguishable from E. dispar; with ELISA, fecal antigen 
detection of trophozoite antigen can distinguish E. histolytica from 
E. dispar; serology may be useful adjunct

Trophozoites but not cysts seen invading 
colonic mucosa, causing colonic ulcerations

Blastocystis hominis 
(pathogenicity is controversial)

Organisms 6–40 μm, round with large central body or vacuole

Flagellates

Giardia lamblia Trophozoite pear-shaped, 10–20 μm long, characteristic face-like 
image secondary to two nuclei, each with prominent karyosome; 
cyst oval, 7–10 μm long; direct fluorescence antibody test available 
in many laboratories for detection of cysts. Fecal immunoassays are 
routinely used to detect Giardia in many US hospitals

Trophozoites seen most commonly on 
duodenal mucosal surface but also on jejunal 
and ileal biopsy; histology usually normal, 
but villous atrophy seen in severe infections

Dientamoeba fragilis Ameboid in shape, flagella not visible, 5–15 μm, 1–2 nuclei; no 
known cyst form

Ciliates

Balantidium coli (rare) Trophozoite 50–200 μm in length, motile; cysts are rarely seen in 
stool and are 50–75 μm in diameter

Trophozoites can invade colonic mucosa, 
causing ulceration

INTRACELLULAR (coccidia)

Cryptosporidium parvum May need to submit special request to the laboratory; with 
modified acid-fast stain, oocysts stain uniformly, are round, 
4–6 μm, contain four sporozoites, which may or may not be visible; 
measurement with micrometer to differentiate from Cyclospora; 
direct fluorescence assay may be helpful in detecting cysts

Intracellular forms seen as 4-μm 
extracytoplasmic dots on the apical surface 
of enterocytes; highest yield in the proximal 
small intestine, but also in ileum and colon

Isospora belli May be observed on wet preparation; may need to submit special 
request to laboratory; with modified acid-fast stain, oocysts stain 
uniformly, appear oval, 20–30 μm, with two sporocysts, each 
containing four sporozoites

Intracellular forms seen as 20-μm 
intracytoplasmic inclusions within the 
enterocyte on light microscopy; distribution 
may be patchy

Cyclospora cayetanensis May be observed on wet preparation; may need to submit special 
request to laboratory; with modified acid-fast stain, oocysts stain 
variably, resemble cryptosporidia oocysts but are larger, 8–10 μm; 
contains two sporocysts each with two sporozoites; the oocysts 
autofluoresce under UV light (365 nm); measure with micrometer 
to distinguish from cryptosporidia

Intracellular forms difficult to observe on 
light microscopy; intracellular forms have 
been observed on electron microscopy as 
intracytoplasmic inclusions

ELISA, enzyme-linked immunosorbent assay.
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emetine offers a rapid amebicidal effect that could be beneficial 
in severe disease. The short course of therapy is designed to 
lessen the risk for cardiotoxicity. Dehydroemetine, which is pre-
ferred to the parent compound, emetine, because it may be less 
toxic, is available in the United States only from the Centers for 
Disease Control and Prevention. Because bacterial peritonitis 
resulting from leakage of the diseased colon is a frequent com-
plication of fulminant amebic colitis, antibacterial therapy 
should also be initiated in these patients [68]. As in other 
patients with dysentery, antidiarrheal agents should not be 
administered.

After treatment of invasive intestinal or extraintestinal amebic 
disease is complete, administration of a lumenal agent is gener-
ally started to eradicate intestinal carriage of the organism. 
Three drugs have proven efficacy as lumenal agents: diloxanide 
furoate (no longer available in the United States), paromomycin, 
and iodoquinol (Table 121.3). The side effects of paromomycin 
are diarrhea and gastrointestinal side effects. Rare dose-related 
neurological toxicity, including optic neuritis, has been reported 
with iodoquinol. It is controversial whether a lumenal agent is 
necessary in conjunction with metronidazole treatment because 
courses of metronidazole of 10 days or longer may be effective 
in eradicating intestinal carriage [72]. Because about 10%–15% 
of patients treated with any of these agents fail to eradicate 
intestinal carriage, a follow-up stool examination after comple-
tion of therapy is recommended.

Most cases of colonic and extracolonic amebiasis can be 
managed medically. Even in cases of fulminant colitis, it is 
unclear whether these patients benefit from surgery unless toxic 
megacolon is present [68]. Further interventions are generally 
reserved for prevention of complications resulting from 

E. moshkovskii infection require treatment [67,68]. If assays that 
distinguish between infection with E. histolytica, E. dispar and 
E. moshkovskii are unavailable, treatment decisions must be 
based primarily on the clinical presentation. The goals of treat-
ment are to cure invasive disease and eradicate intestinal car-
riage of the organism. Metronidazole and tinidazole are the 
drugs of choice for patients with invasive intestinal disease or 
amebic liver abscess (Table 121.3). Metronidazole is highly effi-
cacious (90% cure rate in many studies), and is relatively well 
tolerated. Despite widespread use of this drug, E. histolytica 
resistance to metronidazole has not been a problem to date. 
Intestinal disease is generally treated for 5–10 days. Antibiotic 
therapy of liver abscess is similar; however, 2.4 g of metronida-
zole taken as a single dose for 2 days has been reported to be 
more effective in a small group of patients [69]. Common side 
effects of metronidazole include nausea, headache, metallic 
taste, and abdominal discomfort; ataxia, confusion, insomnia, 
and paresthesias may occasionally occur. Patients should avoid 
alcoholic beverages owing to the disulfiram-like properties of 
metronidazole. The most serious side effects involve the central 
nervous system (psychosis, seizures), which mandate cessation 
of the drug. Rapid recurrence of these symptoms after readmin-
istering the drug has been reported [70]. The drug is available 
for intravenous administration in patients who are unable to 
take medications by the oral route. Tinidazole may be more 
effective than metronidazole and is prescribed at a dose rate of 
2 g/day for 3–5 days [71,72].

In the critically ill patient with fulminant amebic colitis, there 
may be some advantage in adding a second agent, dehydroeme-
tine, for the first 2–3 days of therapy. Although there are no 
controlled trials to support such combination therapy, dehydro-

Table 121.3 Antibiotic therapy for amebiasis.

Drugs Adult dosage Pediatric dosage

Lumenal agentsa

Paromomycin (Humatin) 30 mg/kg/day orally in three divided 
doses for 7 days

25 mg/kg/day orally in three divided doses (maximum 2 g/day) for 7 
days

Iodoquinol (Yodoxin) 650 mg orally t.i.d. for 20 days 30–40 mg/kg/day in three divided doses (maximum 2 g/day) for 20 days

Agents for invasive amebiasisb

Metronidazole 750 mg orally t.i.d. for 5–10 days
500 mg i.v. every 6 h for 5–10 days

30–50 mg/kg/day orally in three divided doses for 5–10 days
15 mg/kg i.v. load followed by 7.5 mg/kg every 6 h (maximum 
2250 mg/day)

Tinidazole 2 g/day for 3–5 days 50 mg/kg/day (children > 3 years of age)

Dehydroemetinec (Mebadin) 1–1.5 mg/kg/day i.m. for 5 days 
(maximum 90 mg/day)

1–1.5 mg/kg/day i.m. for 5 days (maximum 90 mg/day)

a Lumenal agents are used primarily for the treatment of nondysenteric amebiasis and to eradicate intestinal colonization after treatment of invasive 
amebiasis (colitis and liver abscess).
b Treatment of amebic colitis, liver abscess, and other invasive disease is followed by a complete course of a lumenal agent to eliminate intestinal 
colonization.
c Available only through the US Centers for Disease Control and Prevention.
i.m., intramuscularly; i.v., intravenously; t.i.d., three times daily.
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tion, and in children this may be associated with retardation of 
growth and development.

Giardia spp. are among the most primitive of all eukaryotes 
[75]. The life cycle consists of two stages: the trophozoite and 
the cyst (Figure 121.3). Infection is initiated by ingestion of as 
few as 10–100 cysts [76]. The cysts excyst in the proximal small 
intestine, releasing two trophozoites that multiply by binary 
fission. Trophozoites attach to the intestinal mucosa through an 
attachment organelle called the “ventral disk”. The life cycle is 
completed by excystation, an event that may be induced by 
exposure to a mildly alkalotic pH of 7.8, intralumenal conju-
gated bile salts, or decreasing levels of cholesterol [77,78].

perforation of the colon and rupture of liver abscesses. Possible 
indications for aspiration of an amebic liver abscess as an 
adjunct to medical therapy include extremely large abscesses  
in which rupture is felt to be imminent, abscesses in the left  
lobe of the liver (because of the greater risk of rupture into the 
pericardium), and treatment failure, in which fever and pain 
persist after 3–5 days of appropriate therapy. Aspiration can 
generally be accomplished percutaneously. Surgical drainage 
should be reserved for large left lobe abscesses that cannot be 
reached percutaneously. It is important to note that amebic liver 
abscess cavity may resolve slowly and that successfully treated 
abscess cavities may increase in size over the first few weeks. 
Most abscesses resolve by 6 months, but 10% of patients may 
have abnormal ultrasonographic findings more than 1 year  
after therapy. The persistence of a cavity alone is not an indica-
tion for aspiration or for administering another course of 
antibiotics.

Positive ameba stool examinations may be encountered in 
patients with minimal bowel complaints as well as in AIDS 
patients with diarrhea who do not have symptoms or findings 
consistent with invasive disease. Most of these cases represent 
infection with E. dispar or E. moshkovskii, rather than E. histo-
lytica, and do not require therapy. However, it is recommended 
that asymptomatic cyst passage of pathogenic strains of E. his-
tolytica be treated because these patients may subsequently 
develop invasive disease or transmit the organism to close con-
tacts. At the present time, our recommendation is to treat all 
patients in areas of nonendemicity whose stool examination 
results are positive, particularly because stool examinations are 
rarely conducted in the absence of any intestinal symptoms. 
This practice may change after widespread acceptance of tests 
that can differentiate between E. histolytica, E. dispar, and E. 
moshkovskii.

Despite legitimate concerns about administering metronida-
zole in pregnancy, women who develop symptomatic amebic 
colitis during pregnancy should receive metronidazole because 
of their increased risk for fulminant colitis. A long-term 
follow-up study of women given metronidazole for therapy of 
Trichomonas during pregnancy reported no adverse outcomes 
[73]. However, in the case of the pregnant woman with a posi-
tive stool examination result, but without evidence of invasive 
disease (a setting in which infection with E. dispar is more 
likely), treatment with paromomycin, a nonabsorbable 
aminoglycoside, could be initiated with close follow-up of the 
patient [74].

Giardia lamblia
Giardia lamblia (also termed G. intestinalis and G. duodenalis) 
is a flagellated protozoan initially described by van Leeuwen-
hoek in 1681 and by Lambl in 1859. The clinical spectrum of 
human giardiasis includes asymptomatic carriage, acute self-
limiting diarrhea, and, rarely, persistent diarrhea that may fail 
to respond to appropriate therapy even in immunocompetent 
individuals. Giardia infection can cause intestinal malabsorp-

Figure 121.3 (a) Trichrome stain of a Giardia lamblia trophozoite, 
demonstrating the characteristic face-like image secondary to the two 
nuclei, each containing a prominent karyosome and four symmetrically 
placed flagella. (b) Trichrome stain of a Giardia lamblia cyst, 7–10 μm in 
length and ovoid. Source: Courtesy of Patrick Murray, PhD, St Louis, 
MO.

(a)

(b)
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contribute to the loss of epithelial barrier function observed in 
cell culture and animal models of giardiasis [86–90].

Giardia human isolates can be divided into two main genetic 
groups, assemblage A and assemblage B [75,91–95]. These two 
assemblages can also be found in livestock, cats, dogs and rats 
which may serve as a zoonotic reservoir. Characterization of a 
representative isolate for assemblages A, B and E, reveal a core 
set of 4560 genes out of a total of ∼ 4880 genes, which are highly 
conserved [92,93]. However the repertoires of the variable 
surface protein (VSP) families are completely different between 
the assemblage A and assemblage B isolates. Whether the two 
assemblages truly represent two distinct species awaits sequenc-
ing of additional isolates belonging to assemblages A and B. 
Studies attempting to correlate severity infections with these 
two genetic groups have yielded conflicting results.

There is strong experimental and clinical evidence that secre-
tory antitrophozoite antibodies are important and contribute to 
clearance of the parasite from the intestinal tract [96–100]. For 
example, individuals with immunoglobulin deficiencies are at 
significantly higher risk for chronic Giardia infection [99,100]. 
Although animal studies suggest that cell-mediated immunity 
could play a role in host defense against Giardia [101], children 
with a severe T-cell deficiency due to thymic aplasia (Di George 
syndrome), or purine nucleoside phosphorylase deficiency are 
not more susceptible to giardiasis, and their morbidity is com-
parable with that in immunocompetent children. The clinical 
course of giardiasis does not appear to be altered in patients 
infected with the human immunodeficiency virus (HIV) [102]. 
Ingestion of maternal antibody in breast milk appears to provide 
infants with protection from symptomatic disease but does not 
stop the establishment of Giardia infection [103].

Clinical manifestations
Studies of human volunteers suggest that the incubation period 
for symptomatic disease is 1–2 weeks and the infectious dose 
can be as low as 10 cysts [78,104]. It is important to note that 
the onset of symptoms may precede the excretion of cysts in 
stool by more than 1 week [105]. The clinical presentation is 
varied and can be classified in one of three syndromes: asymp-
tomatic carrier state, acute self-limiting diarrhea, and chronic 
diarrhea. Asymptomatic infection is probably the most common 
outcome of Giardia infection [106,107]. In individuals who 
develop symptoms, the most common presentation is that of 
diarrhea with watery foul-smelling stools, often with abdominal 
distention, flatulence, nausea, flatus, anorexia, and vomiting. 
Blood and mucus in the stool are rare. Low-grade fever also may 
be observed, and in some individuals, fatigue and malaise or 
headache may be prominent.

Although infection is self-limiting in most healthy individu-
als, a significant proportion (25%–30%) come to medical atten-
tion because of chronic diarrhea, often with features of 
steatorrhea and weight loss. Malabsorption of vitamins A and 
B-12, proteins, and d-xylose is not unusual, and more than 50% 
of symptomatic individuals report weight loss of greater than 

Epidemiology
Giardia is cosmopolitan in distribution, and prevalence rates are 
estimated to be as high as 2%–5% of populations in the indus-
trialized world and a staggering 20%–30% of individuals in 
some regions of the developing world. Giardia is one of the most 
frequently identified intestinal parasites in the United States and 
was the most commonly implicated pathogen in water-borne 
disease outbreaks during the past 30 years [2]. Although recog-
nized as a common pathogen, it is less well appreciated that 
Giardia can cause illness serious enough to require hospital 
admission, with the number of admissions for giardiasis rivaling 
that for shigellosis [79].

High-risk groups for giardiasis include infants and young 
children, particularly those attending day-care centers, indi-
viduals who have traveled outside the United States, people 
exposed to infected water sources, and homosexual men [80]. 
Reporting of giardiasis as a nationally notifiable disease in the 
United States began in 2002 [81]. The total number of reportable 
cases remains approximately 20 000 per year [82]. The highest 
number of case reports received were for children aged 1–9 
years and adults aged 30–39 years. The peak incidence was 
during the early summer through early fall months coinciding 
with the summer recreational water season [81,82]. Giardia has 
been implicated in multiple outbreaks of diarrheal illness asso-
ciated with ingestion of contaminated drinking water and rec-
reational water sources [1,83]. Many of these outbreaks were 
associated with unfiltered water systems in which the only treat-
ment was chlorination, a tribute to the ability of the cysts to 
survive in fresh water and their relative insensitivity to chlorina-
tion. Although contamination of recreational water sources may 
occur from animals, and humans can be infected by Giardia 
from animal sources [84], evidence does not generally support 
zoonotic transmission as a major risk for human infection [81]. 
Transmission of Giardia does not occur exclusively by ingestion 
of contaminated water; food-borne transmission has been 
described in several outbreaks [85].

Pathogenesis and pathology
Despite intensive investigation, the pathogenesis of human gia-
rdiasis is incompletely understood. In contrast to E. histolytica, 
Giardia causes disease without penetrating the epithelium or 
surrounding tissues, and infection is not typically associated 
with significant mucosal inflammation. Giardiasis causes 
diarrhea through multiple mechanisms, including intestinal 
malabsorption, hypersecretion, loss of epithelial barrier func-
tion, and intestinal hypermotility [86]. Giardia induces loss of 
brush-border surface area and impairment of disaccharidase 
activity, thus contributing to malabsorption. The observation 
that microvillous injury is not observed in athymic mice infected 
with Giardia suggests that this injury is not due solely to parasite 
attachment or virulence factors and strongly implicates the  
role of T-cells [87]. A 58-kDa enterotoxin has been implicated  
in stimulating chloride secretion [88,89]. Disruption of epithe-
lial tight junctions and increased rates of epithelial apoptosis 
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invasive tests. The nonspecificity of symptoms associated with 
chronic Giardia infection and the similarity to symptoms 
observed in irritable bowel syndrome may contribute to delayed 
and missed diagnoses [120]. The differential diagnosis includes 
infection by other protozoan organisms, enteric viruses, and 
noninvasive bacteria. In patients with malabsorption, the dif-
ferential diagnosis includes other causes of steatorrhea and mal-
absorption as well as inflammatory bowel disease. Serology has 
not proved helpful in the diagnosis of giardial infections.

Treatment
Giardiasis is usually treated with metronidazole (Table 121.4) 
[121]. Tinidazole is superior to metronidazole when given in a 
single dose. Furazolidone is somewhat less effective than met-
ronidazole, but it is available in a liquid preparation that is 
widely used in children in the United States. Albendazole has 
been shown to exhibit some efficacy in the treatment of giardia-
sis, and it may prove useful for administration to children in 
less developed countries for the simultaneous treatment of 
intestinal helminths and Giardi [122]. None of the above agents 
is recommended for use during pregnancy. Paromomycin, a 
nonabsorbable aminoglycoside with antigiardial activity, has 
been suggested as a possible drug for use in pregnant women. 
Nitazoxanide has been licensed to treat patients over 1 year of 
age. It has not been shown to be more efficacious than the 
nitroimidazoles, but may have a role in treating metronidazole-
resistant giardiasis [123,124]. This medicine has not been 
studied in pregnant women, but is not expected to be harmful. 
A recent Cochrane review of randomized concluded that alben-
dazole may be of similar effectiveness to metronidazole, but 
with lower side effects, but also noted that many of the studies 
were small with poor method reporting [125].

A major problem in treating patients with Giardia infection 
is the recurrence of symptoms after standard courses of  
therapy. This may be secondary to persistent infection because 
of resistant organisms, or may occur in patients in whom rein-
fection cannot be documented and in whom an immunodefi-
ciency, such as hypogammaglobulinemia, is not present. One 

4.5 kg (10 lbs) [108]. It is important to note that secondary 
lactase deficiency may persist for several weeks after eradication 
of Giardia infection, necessitating the dietary restriction of 
lactose. This can be confused with recurrent or relapsing infec-
tion. An increased risk of irritable bowel syndrome (risks ratio 
[RR] 3.4) and chronic fatigue (RR 4.0) has been reported after 
a 3-year follow up of cases of acute giardiasis during an outbreak 
of giardia, compared to case controls [109]. The increased risk 
of irritable bowel syndrome may be related to the phenomenon 
of post-infectious irritable bowel syndrome observed after other 
infectious (viral and bacterial) gastroenteritis [110].

Protracted disease is more frequent in young children and in 
those individuals with an underlying humoral immunodefi-
ciency syndrome and nodular lymphoid hyperplasia 
[99,100,111,112]. This syndrome is most commonly associated 
with patients who have common variable immunodeficiency 
and occasionally with selective immunoglobulin A deficiency. 
However, Giardia infection also has been associated with 
nodular lymphoid hyperplasia in the absence of overt humoral 
immunodeficiency. Extraintestinal disease is rare, but there are 
case reports of individuals with gastritis, reactive arthritis, 
biliary tract disease, and urticaria [113–116]. Gastric giardiasis 
may be seen in patients with achlorhydria.

Diagnosis
The diagnosis of Giardia infection (Table 121.2) should be con-
sidered in any patients with prolonged diarrhea, particularly if 
they have been exposed to children in day care, were exposed 
to potentially contaminated water, or report a history of recent 
travel. Stool parasitological exam has traditionally relied on 
microscopic examination. However, this is a labor-intensive 
method and relies on the availability of skilled technicians for 
reading stool parasite smears. Consequently many hospitals 
offer enzyme immunoassay methods for screening stools for 
Giardia and Cryptosporidium, and a microscopic exam is not 
performed unless the clinician specifically requests this exam or 
provides the laboratory with a detailed clinical history [117]. 
Multiple stool samples collected on different days may be 
required to obtain more than 90% sensitivity in detecting 
Giardia infection [118]. Barium studies are not useful and may 
even hamper detection of the organism in stool. The experience 
of the laboratory staff in the microscopic recognition of G. 
lamblia also has an important impact on the sensitivity of 
microscopic examination of stools. A direct fluorescent anti-
body test can be used as a rapid alternative confirmatory test 
instead of routine microscopy [117]. In the future, polymerase 
chain reaction based assays may offer increased sensitivity and 
valuable genotyping information. When the diagnosis cannot 
be made by examination of stool, intestinal aspiration, intestinal 
biopsy, or brush cytology may be indicated [119]. One advan-
tage of biopsy is that it may provide additional information 
regarding associated bowel pathology, such as nodular lym-
phoid hyperplasia. An alternative approach is to treat empiri-
cally for giardial infection before subjecting the patient to more 

Table 121.4 Drug treatment of giardiasis.

Adult dosage Pediatric dosage

Metronidazole 250 mg t.i.d. for 
5–7 days

5 mg/kg/day for 10 days

Tinidazole 2 g single dose 50–75 mg/kg single dose

Nitazoxanide 500 mg orally b.i.d. 
for 3 days

Age 12–47 months: 100 mg 
orally b.i.d. for 3 days
Age 4–11 years: 200 mg 
orally b.i.d. for 3 days

Furazolidone 100 mg q.i.d. for 
7–10 days

2 mg/kg t.i.d. for 7–10 days

b.i.d., two times daily; q.i.d., four times daily; t.i.d., three times daily.
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similar to those observed in patients with irritable bowel syn-
drome, including mild diarrhea, abdominal pain, anorexia, and 
fatigue. Fever, irritability, weight loss, nausea, and vomiting are 
occasionally reported, and an associated eosinophilia has been 
described [136]. The pathogenic potential of this organism 
remains uncertain, because the organism is detected in asymp-
tomatic patients and in patients harboring other suspected 
pathogens, it has been proposed that D. fragilis is transmitted 
in the ova of Enterobius vermicularis, because some studies have 
observed a high level of coinfection, but subsequent studies 
have rejected this hypothesis. In several reports, symptomatic 
individuals become free of symptoms when the parasite was 
eradicated [135]. However in a recent study, it is not clear that 
microbiological response to metronidazole was associated with 
relief of clinical symptoms [137]. Attempts to introduce infec-
tions in animals or human volunteers have been unsuccessful. 
If symptomatic infection is diagnosed, adults should be treated 
with diiodohydroxyquin (650 mg three times daily for 3 weeks), 
or tetracycline (500 mg four times daily for 1 week) as an alter-
native. In children, metronidazole is recommended (30–50 mg/
kg/day orally in three divided doses for 5–10 days). Paromomy-
cin (25 mg/kg/day orally in three divided doses for 5–7 days) is 
also a reasonable alternative.

Balantidium coli
Balantidium coli is a ciliated protozoan parasite and is a rare 
cause of intestinal disease (balantidiasis) in humans (Table 
121.2). Disease outbreaks in humans are associated with close 
exposure to pigs and their feces [138,139]. Outbreaks in institu-
tions associated with poor hygiene or coprophagia have also 
been reported [139], as have water-borne outbreaks. Humans 
are probably relatively resistant to B. coli infection, but malnu-
trition, achlorhydria, and poor hygiene predispose to disease. 
The spectrum of disease ranges from asymptomatic carriage, 
through watery diarrhea, to active colitis with bloody mucus-
laden stools. B. coli infection is also a rare cause of appendicitis 
[140,141]. B. coli, like E. histolytica, can invade the colonic 
mucosa and spread through submucosal layers, causing colonic 
ulcerations. Misdiagnosis as ulcerative colitis has been reported 
[142]. Rarely, colonic perforation occurs with resultant perito-
nitis [143]. Extraintestinal disease, with lung or liver involve-
ment, is a rare complication [142]. Diagnosis is made by 
observing the motile trophozoites in stool saline mounts under 
low-power microscopy [139]. Cysts are much less frequently 
seen in human infections. Optimum therapy remains uncertain, 
but tetracycline (500 mg four times daily for 10 days) is recom-
mended by most authorities. Iodoquinol (650 mg three times 
daily for 3 weeks) is an appropriate alternative.

Intracellular protozoan parasites

The AIDS epidemic has played an important role in the recogni-
tion of intracellular spore-forming parasites as important 

possibility is secondary lactase deficiency, which may persist 
despite eradication of infection. Patients who have persistent 
symptoms after single-drug therapy may benefit from treatment 
with another agent from a different class of drugs, or combina-
tion therapy [121,123,124].

Although symptomatic patients infected with Giardia should 
receive therapy, the treatment of asymptomatic carriers is not 
routinely recommended. This particularly pertains to control of 
infection within day-care centers. A longitudinal study of 
asymptomatic children in a day-care center indicated that excre-
tion of Giardia cysts is well tolerated, and in the setting of a high 
rate of reinfection, treatment of asymptomatic children may 
lead to recurrent courses of therapy with potentially toxic  
drugs [125].

Blastocystis hominis
Blastocystis hominis is an anaerobic unicellular protozoan para-
site detected in 10%–20% of stools examined by microscopy 
(Table 121.2). Its life cycle is unknown, and controversy sur-
rounds its taxonomy and pathogenicity [126,127]. The genome 
of one of the Blatocystis sp. has been sequenced (18.8 M) [128]. 
Symptomatic patients with high concentrations of Blastocystis 
parasites (more than 10 organisms per high-power [400×] field) 
were more likely to be coinfected with other enteric pathogens 
[129]. This may explain why the treatment of Blastocystis with 
iodoquinol and metronidazole appears to be more effective in 
relieving the symptoms of infected patients than in eliminating 
the infection [129]. Alternatively, there may be distinct strains 
of B. hominis differing in their pathogenic potential, which 
could explain the poor correlation between infection and symp-
tomatic disease. One study suggested that Blastocystis infection 
was associated with disease only in immunocompromised indi-
viduals [129]. Symptomatic Blastocystis infection should be con-
sidered a diagnosis of exclusion, and if symptoms persist after 
therapy, there should be investigation for other causes of intes-
tinal disease [130]. There are conflicting reports on whether 
Blastocystic infections are significantly associated with func-
tional GI syndromes [131–133]. Furthermore, a randomized 
trial of trimethoprim sulfa versus placebo did not demonstrate 
a significant benefit of the antibiotic with respect to reducing 
the pain index in children with recurrent abdominal pain and 
Blastocystis infection [133]. Optimum therapy has not been 
established, but metronidazole and trimethoprim sulfameth-
oxazole have been used when treatment is deemed necessary 
[134].

Dientamoeba fragilis
Dientamoeba fragilis is a protozoan parasite that is being increas-
ingly identified in stool samples (Table 121.2) [135]. No known 
cyst form of D. fragilis has been identified and its life cycle and 
mode of transmission are unknown. Molecular phylogenetic 
studies indicate that D. fragilis is not an amoeba but a flagellate 
that has permanently lost its flagella, and is closely related to the 
trichomonads. Symptoms ascribed to D. fragilis infection are 
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animals but was not identified as a human pathogen until 1976 
[146,147]. Initially, most of the reported C. parvum infections 
were in patients with AIDS [148]. However, with improved 
methods of stool diagnosis and better understanding of the 
clinical disease, cryptosporidiosis has emerged as an important 
cause of diarrhea in normal hosts as well. C. hominis was identi-
fied in 2002 as a distinct Cryptosporidium species infecting 
humans [149]. C. hominis is restricted to humans, but C. parvum 
can infect other mammals. Most human Cryptosporidium infec-
tions involve either C. parvum or C. hominis; however, other 
Cryptosporidum species traditionally associated with animals 
(C. meleagridis, C. felis, C. canus and C.cunniculus ) have also 
been isolated from humans [150]. Cryptosporidum species 
were originally classified as coccidia, but subsequent evidence 
suggests that they should be placed in a distinct taxonomic 
group [150].

Epidemiology
Human cryptosporidiosis is found worldwide in both industri-
alized and developing countries and in both rural and urban 
areas [152,153]. The parasite is transmitted by ingestion of 
oocysts that are excreted in the feces of infected humans or 
animals, from person-to-person spread, by ingestion of con-
taminated food and water, and, as a zoonosis, by contact with 
infected (primarily farm) animals. Direct person-to-person 
transmission may occur by fecal–oral spread related to sexual 
practices. The prevalence of Cryptosporidium infection is highest 
in young children and immunocompromised individuals. The 
stool positivity rate is higher in developing countries (1%–22%) 
than in industrialized countries, where cryptosporidia are iden-
tified in the stool of 0.3%–4% of individuals with diarrheal ill-
nesses [154–156]. In developing nations, there is a high rate of 
asymptomatic carriage, and in some studies, the prevalence of 
stool positivity for Cryptosporidium in control patients 
approached or exceeded that observed in children with diarrhea 

gastrointestinal protozoan pathogens [144]. Organisms from 
the genera Cryptosporidium, Cyclospora, and Isospora can cause 
an acute, self-limited diarrheal illness in immunocompetent 
hosts and a severe chronic diarrhea in patients with AIDS and 
other forms of immune dysfunction. The similar life cycles of 
these organisms may account for their similar clinical presenta-
tions. Cryptosporidium, Cyclospora, and Isospora are all intracel-
lular pathogens that can replicate asexually within the enterocyte 
to produce a merozoite stage, which can autoinfect other ente-
rocytes, leading to a rapid spread of the infection within the 
epithelium. All three pathogens also undergo a sexual stage that 
leads to the generation of cysts or spores, which are sloughed 
into the gut lumen and excreted in the stool. For Cryptosporid-
ium, formation of the infectious sporozoite can take place 
within the host, which can autoinfect other enterocytes. 
However, for Cyclospora and Isospora, formation of the infec-
tious sporozoite must take place outside the host.

Enzyme immunoassays are routinely used to screen stools for 
cryptosporidia [117]. Many laboratories no longer routinely 
screen for Cyclospora or Isospora in their analysis of stool 
samples for parasites. The modified acid-fast stain may be the 
most useful for distinguishing among the three genera (Figure 
121.4). The distinction is important because infections with 
Cyclospora and Isospora, but not Cryptosporidium, respond well 
to antibiotic treatment.

Microsporidia are spore-forming protozoa that have been 
recognized as causing widespread infection in patients with 
AIDS. Because they do not appear to be significant pathogens 
in immunocompetent hosts, they are not discussed further in 
this chapter.

Cryptosporidium
Cryptosporidium species were originally described in the 
stomach and intestine of asymptomatic mice by Tyzzer in 1907 
[145]. C. parvum was recognized as a cause of diarrhea in 

Figure 121.4 (a) Modified Kinyoun stain of Isospora belli cyst in stool. Note that the ellipsoid shapes are larger (20–33 μm × 12–15 μm) than the 
oocysts of Cryptosporidium or Cyclospora (4–10 μm). Immature oocysts contain a single sporocyst; mature oocysts contain two. (b) Modified Kinyoun 
stain of Cryptosporidium oocyst in stool. Source: DeHovitz et al. 1986 [145]. Reproduced with permission from the Massachusetts Medical Society.

(b)(a)
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barrier (resulting in malabsorption), induction of inflammatory 
mediators, or release of parasite enterotoxins that stimulate 
intestinal secretion [152].

The complete genome sequences for C. parvum and C. 
hominis have been reported [169,170]. The two genomes are 
similar with only 3%–5% sequence divergence. Analysis of the 
protein-coding genes indicates that both aerobic and anaerobic 
metabolic pathways are available, but that the latter consists of 
an alternative electron transport system in a simplified mito-
chondrion. The parasite lacks the enzymes for the synthesis of 
key biochemical building blocks. Consistent with its need to 
import essential nutrients from the host cell, the genome 
encodes multiple transporters.

On histological examination of intestinal biopsy specimens 
from infected individuals, a variety of nonspecific changes can 
be seen, including villous atrophy (partial or complete) and 
crypt hyperplasia with increased numbers of lymphocytes, mac-
rophages, plasma cells, and, less commonly, neutrophils in the 
lamina propria [171]. However, many patients show normal 
duodenal biopsy specimens, despite chronic diarrhea [171]. 
There appears to be an association between the extent of mal-
absorption and intestinal injury and the intensity of the infec-
tion (based on oocyst excretion) [172]. The prolongation of 
infection in immunocompromised patients and in animal 
models suggests that CD4 (helper) T-cells and interferon are 
critical to the control of infection [173–175]. One of the remark-
able consequences of the availability of highly active antiretro-
viral therapy (HAART) has been a significant reduction in the 
cases of cryptosporidiosis seen in HIV-infected individuals 
[176,177].

Clinical manifestations
The clinical spectrum of the disease is wide and includes asymp-
tomatic carriage, a self-limited diarrheal illness in immunocom-
petent individuals, and a relentless, severe, watery diarrhea in 
some immunocompromised individuals. In a study of 29 healthy 
volunteers, the median infective dose of C. parvum was esti-
mated to be 132 oocysts, with a mean incubation period of 9 
days (range 5–22 days) [178]. As few as 30 oocysts caused infec-
tion in some subjects. The infectivity was therefore comparable 
with that of Giardia cysts. Subjects with diarrhea excreted more 
oocysts over the course of the infection than did subjects 
without diarrhea [179]. In a study of 21 healthy volunteers, the 
median infective dose of C. hominis was 10 and 83 oocysts using 
clinical and microbiological definitions of infection respectively 
[180]. The mean incubation period was 5.7 days (range 2–10 
days). The infectivity of C. hominis was similar to that of C. 
parvum. In contrast to C. parvum, C. hominis elicited a serum 
IgG response in most infected persons.

The predominant symptom in intestinal cryptosporidiosis  
is diarrhea, which is often accompanied by abdominal cramps 
and varies greatly in severity from individual to individual. 
Some patients have scant intermittent diarrhea, whereas others 
(more often immunocompromised individuals) experience 

[156]. Based on serological studies, exposure to Cryptosporid-
ium is relatively common even in industrialized countries, with 
as many as 15%–36% of individuals seropositive [121,157–161]. 
C. parvum also infects cattle, and individuals with occupational 
exposures, such as dairy farmers, have a higher prevalence of 
seropositivity [159]. In developing countries, the seroprevalence 
is even higher, with 65% to nearly 100% of individuals possess-
ing antibodies to C. parvum in parts of Latin America [160]. 
Cryptosporidiosis is among the most common causes of 
diarrhea in patients with AIDS, with an annual incidence of 
5%–10%. Severe cases of cryptosporidiosis also can be seen in 
individuals with other forms of immunodeficiency, such as 
hypogammaglobulinemia, and in those patients who are receiv-
ing immunosuppressive drugs for malignancies, autoimmune 
diseases, or organ transplantation [121,147]. The reader is 
referred to Chapter 118 for a more detailed discussion of Crypt-
osporidium infection in immunocompromised hosts.

In developing countries, a significant portion of disease 
transmission may arise from person-to-person spread within 
families, with transmission rates comparable with those of Shig-
ella [161]. In industrialized countries, day-care centers repre-
sent a source for outbreaks and sporadic infections. A 
cross-sectional study showed that 1.8%–3.8% of children in day-
care centers are infected, but rates are much higher (27%–59%) 
among children in centers experiencing an outbreak of C. 
parvum disease [162]. Infections occur primarily in diaper-
wearing children, who serve as a potential nidus for secondary 
infection of the surrounding community. The risk for secondary 
transmission within a household is low (5%) when the index 
case involves an adult [163]. Person-to-person spread within the 
hospital setting also has been reported [164].

Water-borne outbreaks of C. parvum infection are a major 
threat to public health and have been associated with contami-
nated drinking water and recreational waters [83,154–156]. 
These outbreaks underscore the resistance of Cryptosporidium 
oocysts to chlorination and the difficulties in removing the 
organism by filtration. Food-borne outbreaks of cryptosporidi-
osis have also been reported, and have been associated with 
ingesting unpasteurized apple cider, unpasteurized milk, 
chicken salad, and raw produce [153]. Overall cryptosporidiosis 
is a minor contributor to traveler’s diarrhea, but is most often 
detected in travelers returning from the middle east, Central 
America and South America [165].

Pathogenesis and pathology
Cryptosporidium sporozoites emerge from the ingested oocysts 
after undergoing sexual recombination. Time-lapsed videomi-
croscopy has demonstrated that the sporozoites invade epithe-
lial cells within 30 seconds after contact [166]. However, the 
parasite remains at the cell surface within a membrane-bound 
compartment without entering deep into the cytoplasm. 
Parasite-induced epithelial cell apoptosis induces inflammatory 
mediators [167,168]. The potential mechanisms by which crypt-
osporidia cause diarrhea include disruption of the epithelial 
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biopsy, combined with lower endoscopy and terminal ileum 
biopsy, may have a higher diagnostic yield [186].

Treatment
For immunocompetent individuals, the disease is self-limiting, 
and symptomatic treatment (replacement of lost fluids) is the 
cornerstone of therapy. Nonspecific antidiarrheal therapies, 
such as antimotility agents, may provide some relief for indi-
vidual patients. Most antimicrobial agents investigated for 
cryptosporidiosis have demonstrated mixed success. The most 
promising agent is nitazoxanide, which is licensed for the treat-
ment of giardiasis and cryptosporidiosis in children [187–189].

Cyclospora cayetanensis
In the early 1990s, diarrhea associated with an organism vari-
ously described as a large cryptosporidium, blue-green algae, 
cyanobacterium-like body, or coccidian-like body was reported 
[190–192]. The organism was identified as a species of Cyclospora 
by Ortega and colleagues [192], who successfully induced 
sporulation and excystation of oocysts obtained from individu-
als with diarrhea. Electron microscopic studies of the organisms 
in enterocytes revealed that they possessed morphological fea-
tures of coccidians of the phylum Apicomplexa [193], and a 
molecular phylogenetic analysis confirmed that Cyclospora is a 
coccidian parasite closely related to protozoa of the Eimeria 
genus, which are known pathogens of birds [194].

Epidemiology
Cyclospora species are distributed widely but appear to be more 
common in tropical and subtropical areas. Originally, disease 
was described primarily in travelers to endemic areas, but with 
greater awareness of the parasite, indigenous disease in endemic 
areas and outbreaks in areas of low endemicity are being more 
widely recognized [195]. Several cases were reported among 
gastroenterologists attending the 2009 Digestive Diseases Week 
Conference held in Chicago [196,197]. Prevalence rates as high 
as 11% have been reported in nonnative residents of an endemic 
area, and 18% of young children (1 month to 2 years of age) in 
poor regions of Peru had oocysts in their stool [195,198]. In the 
United States and the United Kingdom, surveys of stool speci-
mens during nonoutbreak periods reveal that the prevalence of 
positive stools is less than 0.5% [191].

One of the most important biological properties affecting the 
epidemiology of Cyclospora is that the oocysts in freshly excreted 
stool are noninfectious! The oocysts must sporulate outside the 
host before infection of the next host can occur. Consequently 
transmission is not likely to occur by person-to-person contact. 
The environmental conditions required for oocysts to sporulate 
are not well understood. The ingestion of water or fresh produce 
containing sporulated oocysts of Cyclospora is the major mode 
of transmission. In North America there have been over 12 
documented food-borne outbreaks involving Cyclospora. This 
number is unprecedented in the experience with other proto-
zoan parasites. The types of fresh produce implicated in such 

voluminous watery diarrhea that can approach the quantities 
seen with cholera (> 10 L/day). Mucus may be present in stools, 
but bloody diarrhea is rare, and white blood cells are usually not 
found in stools from patients with cryptosporidiosis. Accompa-
nying symptoms may include nausea, fatigue, general malaise, 
anorexia, vomiting, and low-grade fever. The duration of illness 
in immunocompetent individuals ranged from 2 days to 26 days 
in one study [181], with a mean of 12 days, but more prolonged 
illness is not unusual [161]. Transient relapse of watery diarrhea 
has been observed in immunocompetent hosts, particularly in 
the massive outbreak of water-borne Cryptosporidium infection 
that occurred in Milwaukee [163]. Extraintestinal disease is rare 
in immunocompetent individuals, but pancreatitis and cases of 
reactive arthritis have been reported in previously healthy 
adults [152,182,183]. Cholecystitis is seen in up to 10% of 
patients with cryptosporidiosis and AIDS but is rare in immu-
nocompetent patients.

The differential diagnosis for cryptosporidiosis in immuno-
competent hosts includes other protozoan infections (e.g., 
Cyclospora cayetanensis, Giardia lamblia, and Isospora belli), 
bacterial infection (e.g., Salmonella, Shigella, Campylobacter, 
Yersinia, Clostridium difficile, and enterotoxigenic Escherichia 
coli in patients with a history of travel to developing countries), 
and viral infections (e.g., rotavirus and Norwalk viruses).

Diagnosis
The diagnosis of Cryptosporidium infection should be consid-
ered in individuals with diarrhea lasting longer than 3 days. 
Patients should be questioned with respect to recent travel, 
exposure to children in day care, the state of their drinking 
water, ingestion of unpasteurized milk or fruit juices, exposure 
to recreational water, and exposure to animals, particularly 
cattle. It is important to note that testing for Cryptosporidium is 
not part of a routine “ova, cysts and parasites” request [152]. 
Many laboratories routinely use commercial enzyme immu-
noassay methods to detect Cryptosporidium antigens in the 
stool [117]. At least two stools should be obtained on two dif-
ferent days to reach a sensitivity of over 90% [118]. In some 
laboratories, positive results using enzyme immunoassays are 
confirmed by immunofluorescent assays [119]. In the human 
volunteer studies, organisms could be detected using a more 
sensitive flow cytometric assay in stool samples that were nega-
tive by enzyme immunoassay, or immunofluorescent assays 
[184]. The US Environmental Protection Agency has developed 
methods of concentrating the organisms from water involving 
filtration, centrifugation, and immunomagnetic separation, but 
these methods are not applied in clinical microbiological labo-
ratories [185]. It is important to make a diagnosis in the interest 
of public health, although disease is generally self-limiting in 
immunocompetent hosts.

For those unusual cases in which Cryptosporidium infection 
is suspected, but the major symptoms are abdominal cramps or 
abdominal pain without significant diarrhea, stool specimens 
are more likely to be negative, and a duodenal aspirate with 
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methods or ultraviolet fluorescence microscopy (Figure 121.5; 
see also Table 121.2). Because excretion of oocysts may be inter-
mittent, multiple stool samples should probably be examined 
before excluding the diagnosis of Cyclospora infection. The 
diameter of oocysts in stained specimens can distinguish  
Cryptosporidium oocysts (4–6 μm) from the larger (8–10 μm) 
Cyclospora oocysts.

Diagnosis of cyclosporiasis also has been made by light 
microscopic examination of duodenal and jejunal aspirates 
obtained during endoscopy and examined as wet mounts, or, 
probably more efficiently, as acid-fast-stained samples. Smears 
also can be examined under ultraviolet fluorescence micros-
copy, looking for the characteristic blue fluorescence. Identifica-
tion of the parasite by light microscopy in a duodenal biopsy 
specimen has been reported, but in general this has not been a 
high-yield approach for diagnosis. If the diagnosis is suspected 
endoscopic biopsies should be sent in special fixative for elec-
tron microscopy [193]. Serologic testing is not available. In the 
future, polymerase chain reaction based assays may offer 
improved sensitivity.

Treatment
Immunocompetent patients can be treated successfully with few 
or no relapses with trimethoprim (TMP)–sulfamethoxazole 
(SMX) (i.e., co-trimoxazole; 160 mg TMP + 800 mg SMX) twice 
daily for 7–10 days [190–192]. Alternative treatments for 
persons allergic to sulfa drugs have not been established. Cip-
rofloxacin has been reported to demonstrate efficacy [206]. 
There is an anecdotal report that an immunocompetent sulfa-
allergic patient infected with Cyclospora failed ciprofloxacin 
treatment but subsequently responded to nitazoxanide [207].

Isospora belli
Isospora belli is a coccidian protozoan that was first recognized 
as an intestinal parasite of humans more than 80 years ago in 
military forces stationed overseas and in outbreaks of diarrhea 

outbreaks have included raspberries, mesclun, basil, and snow 
peas [191,199]. Produce should be thoroughly washed before 
being eaten to decrease the risk of transmission.

Pathogenesis and pathology
Limited information is available on how Cyclospora causes 
disease in humans. Thus far infections have not been established 
in animal models or human volunteers [190–192,200]. Disease 
appears to involve primarily the small intestine, and documented 
impaired d-xylose absorption suggests that the proximal small 
intestine may be an important target for infection [201,202]. 
Electron microscopic studies of jejunal biopsy samples have 
demonstrated that the sporozoite, trophozoite, schizont, and 
merozoite stages of the organism are present within parasito-
phorous vacuoles in the cytoplasm of infected enterocytes [193]. 
In contrast to cryptosporidia, the Cyclospora are intracytoplas-
mic in the apical supranuclear region, rather than extracytoplas-
mic at the lumenal surface of the enterocyte. Villous blunting has 
been observed on endoscopic biopsies obtained from patients 
with active Cyclospora infection, which could be mistaken for 
celiac disease or tropical sprue [203–205].

Clinical manifestations
The clinical manifestations range from asymptomatic illness to 
prolonged, nonbloody diarrhea associated with loss of appetite, 
fatigue, and weight loss [190–192]. Whereas infected children 
in endemic areas are asymptomatic or have relatively mild 
symptoms, infected nonimmune adults developed a more severe 
and prolonged illness. In untreated nonimmune patients 
remitting–relapsing symptoms may persist for weeks to months, 
with fatigue and malaise being the most persistent symptoms. 
The average incubation period is estimated to be 7 days, but may 
be as short as 1–2 days [190–192]. The mean duration of oocyst 
shedding has been found to be 23 days [191]. Symptoms of 
diarrhea and fatigue may persist after organisms are no longer 
detectable in stool samples; conversely, individuals may con-
tinue to shed oocysts after symptoms have disappeared. 
Although cyclosporiasis can be prolonged and frequent relapses 
are common, disease appears to be self-limited in immunocom-
petent hosts. Complications can include malabsorption, Reiter 
syndrome, and possibly Guillain–Barré syndrome [190,191].

Diagnosis
A high index of suspicion is needed to make the diagnosis 
because stools are not routinely processed for detection of this 
organism. It is important for the physician to communicate with 
the laboratory to determine how the stool should be collected 
and whether it should be sent to a reference laboratory. 
Cyclospora infection should be suspected in patients with pro-
longed diarrhea accompanied by marked fatigue and malaise, 
particularly those with a recent history of travel. Patients should 
also be questioned regarding their intake of fresh produce. 
Diagnosis depends on the detection of oocysts by the micro-
scopic examination of stool samples using acid-fast staining 

Figure 121.5 Cyclospora cayetanensis oocysts (saline, wet preparation). 
Note 8-μm to 10-μm diameter spheres containing numerous refractile 
globules. Source: Courtesy of Earl G. Long.



2336   PART 4 Gastrointestinal diseases

observed in small intestinal biopsies of immunocompetent 
patients. Extraintestinal infections have been observed prima-
rily in AIDS patients, but one has been reported in an immu-
nocompetent patient [219].

Because stools are not routinely processed for detection of 
this organism, the physician must specifically request the labo-
ratory to process the stool. The diagnosis can be made by detec-
tion of the Isospora oocysts in feces using light microscopy 
(Table 121.2). Shedding of oocysts is intermittent, and multiple 
stool samples may need to be examined. Charcot–Leyden crys-
tals and eosinophils are occasionally seen in stool samples from 
individuals with isosporiasis [212]. There are case reports of 
individuals who had negative stool tests but in whom organisms 
were detected by histological examination of small intestinal 
biopsy specimens [220].

The drug of choice for the treatment of Isospora infection is 
TMP–SMX (160 mg TMP + 800 mg SMX four times daily for 7 
days, followed by 10 days of 160/800 mg twice daily). In patients 
with severe malabsorption, parenteral administration may be 
required to achieve therapeutic drug levels [219]. In the sulfa-
allergic patient pyrimethamine alone may be used. Other alter-
natives include ciprofloxacin and nitazoxanide [220].
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in institutionalized individuals [208,209]. Molecular phyloge-
netic analysis indicates that Isospora spp. are most closely related 
to Toxoplasma and Neospora [210,211].

Isospora infection is more common in individuals residing in 
developing countries and is relatively rare in immunocompetent 
individuals in the United States. Sporadic small-scale outbreaks 
of Isospora infection have been seen in mental institutions and 
day-care centers within the United States, but more widespread 
outbreaks, such as ones seen with Cryptosporidium and 
Cyclospora, have not been reported [212]. Isospora is considered 
an AIDS defining illness. While it is an important cause of 
diarrhea (∼ 15%) in individuals with AIDS in developing coun-
tries but accounts for only 0.2% of diarrhea cases in AIDS 
patients within the United States [213]. Isospora is sensitive to 
TMP–SMX, and one reason for the lower prevalence of isospo-
riasis in AIDS patients within the United States may be the 
widespread use of TMP–SMX as prophylaxis for Pneumocystis 
carinii infection. Isospora infections have also been reported in 
non-HIV patients with underlying immunodeficiency, for 
example lymphoproliferative disorders organ transplant recipi-
ents, common variable immunodeficiency [214–216]. There 
have been recent reports of Isospora infections in patients that 
are treated for gastrointestinal disorders (e.g. inflammatory 
bowel diseases, eosinophilic gastroenteritis) with steroids, 
immunomodulators and biologics [217,218]. There is no evi-
dence of significant zoonotic transmission of the organism. Like 
Cyclospora but unlike Cryptosporidium, oocysts are excreted 
unsporulated or partially sporulated. The major mode of trans-
mission is therefore by ingestion of water or food contaminated 
with sporulated oocysts.

The manifestations of Isospora infection are similar to those 
seen with both Cyclospora infection and cryptosporidiosis: 
watery, nonbloody, noninflammatory diarrhea that is often 
accompanied by abdominal cramps, fatigue, weight loss, ano-
rexia, and occasionally fever [212]. The incubation period is 
relatively short (2–3 days), and infection is generally self-limited 
but may be prolonged (months to years) even in immunocom-
petent hosts. In contrast to cryptosporidiosis and cyclosporiasis, 
a peripheral eosinophilia may be seen in individuals with iso-
sporiasis. Diarrhea may be more severe in young children than 
in adults. Villous atrophy and crypt hyperplasia have been 
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CHAPTER 122

Introduction

Helminths are complex animals with worm-like morphology 
and well developed organs. The word helminth is a derivative 
of the Greek word helmins, which translates to worm. The 
various adult species can range in size from several millimeters 
to many meters long. They display different morphological 
forms as they pass through various stages of their life cycles. 
There are species of helminths adapted to all regions of the 
world, but many survive best in warmer regions because of 
peculiarities of their life cycles. On the tree of evolution, the first 
helminths date back to at least the time of the dinosaurs [1].

Globally, helminths presently colonize perhaps a third of all 
people. Helminthic colonization was nearly universal before the 
20th century [2,3]. Public health departments partially docu-
mented the prevalence of worm infections in the United States. 
In the first half of the 20th century, worm carriage was especially 
common in the rural South and in poorer inhabitants of major 
cities [4]. They presently are found occasionally in financially 
deprived people in underserved regions of the United States [5]. 
Their prevalence remains high in younger-aged immigrants 
from less developed countries [6]. The distribution of helmin-
thic infections likely will shift with continued economic and 
cultural globalization, and climate change.

Humans are often still exposed to various helminths of 
domesticated or wild animals. This results from contact with 
pets, soil, and hunting, and the practices of animal husbandry 

and farming. Most of these helminths cannot sustain human 
colonization and do not cause human disease (e.g., Trichuris 
suis). A few animal helminths, such as Dirofiliaria immitis (dog 
heartworm), Trichinella spiralis, and Toxocara canis (dog 
ascarid), seldom cause human pathology. Most of these expo-
sures leave no biological trace.

People acquire helminthic infections, depending upon the 
species, through consumption of contaminated food or water, 
or by contact with soil or water harboring infective life stages 
of these parasites. Helminths do not typically reproduce within 
humans, because nearly all species require a phase of their life 
cycle to occur outside of the human host. Thus, the infective 
dose resulting from exposure to contaminated food, water, or 
soil determines the magnitude of parasite carriage. There are a 
few notable exceptions, such as Strongyloides and Diphylloboth-
rium species, which can autoinfect the host. Children carry 
helminths more frequently than adults because of their propen-
sity to play in the dirt, practice pica, and follow less hygienic 
practices.

Depending on the species, helminths can cause disease  
in humans. For instance, hookworm species such as Necator 
americanus may cause iron-deficiency anemia, particular 
in malnourished individuals with a large worm burden. Entero-
bius vermicularis (pinworm) can induce perianal itching. 
Schistosomes may cause liver fibrosis resulting in portal hyper-
tension and gastrointestinal bleeding. However, these and  
many other helminthic species induce little or no symptoms or 
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Table 122.1 Helminth infections of gastrointestinal tract and their treatment. Source: Treatment recommendations from Centers for Disease Control and 
Prevention (www.cdc.gov/parasites/). Accessed May 2013.

Helminth Drug Adult dose

Nematodes

Angiostrongylus species Surgical removal is the treatment of choice

Anisakis species Surgical/endoscopic removal is the treatment of choice. Albendazole or mebendazole for 6–21 
days has been effective in some cases

Ascaris species Albendazolea d 400 mg p.o., single dose
Mebendazoled 100 mg p.o., twice daily for 3 days
Ivermectinb 150–200 μg/kg p.o., single dose

Capillaria species Albendazoled 400 mg p.o., daily for 10 days
Mebendazoled 200 mg p.o., twice daily for 20 days

Cutaneous larva migrans Albendazole ± steroids 400 mg p.o. once daily for 7 days
Ivermectin ± steroidsd 200 μg/kg p.o., single dose

Enterobius vermicularis Albendazoled 400 mg p.o., single dose, repeat once in 2 weeks
Mebendazoled 100 mg p.o., single dose, repeat once in 2 weeks
Pyrantel pamoated 11 mg/kg p.o. (max. 1 g) single dose, repeat once in 2 weeks

Eustrongylides species Surgical removal is the treatment of choice

Hookworm (Ancylostoma duodenale, 
Necator americanus)

Albendazoled 400 mg p.o., single dose

Mebendazoled 100 mg p.o., twice daily for 3 days
Pyrantel pamoate 11 mg/kg p.o. (max. 1 g) for 3 days

Strongyloides species Albendazole 400 mg p.o., twice daily for 7 days
Ivermectind 200 μg/kg p.o. for 1–2 days

Trichinella species Albendazole ± steroidsd 400 mg p.o. twice daily, for 8–14 days
Mebendazole ± steroidsd 200–400 mg p.o. three times daily for 3 days, then 400–500 mg 

p.o. three times daily for 10 days

Trichostrongylus species Albendazoled 400 mg p.o., daily for 4 days
Pyrantel pamoate 11 mg/kg p.o. (max. 1 g) for single dose

Trichuris trichuris Albendazoled 400 mg p.o. once daily for 3 days
Mebendazoled 100 mg p.o. twice daily for 3 days
Ivermectin 200 μg/kg/day p.o. for 3 days

Visceral larva migrans Albendazole ± steroidsd 400 mg p.o. twice daily for 5 days
Mebendazole ± steroids 100–200 mg p.o. twice daily for 5 days

clinically significant pathology when carried in low to moderate 
numbers.

Table 122.1 lists the helminths that most frequent infect the 
liver or intestines of humans and the approach to treatment. 
These helminths are categorized into three major groups: nema-
todes, trematodes, and cestodes. The three groups evolved down 
separate evolutionary pathways [7]. The nematodes are round-
worms with a tubular gut including both a mouth and anus. 
Trematodes and cestodes are flatworms (platyhelminths). Trem-
atodes, also called flukes, are flat leaf-shaped organisms with a 
blind gut (mouth but no anus). All trematodes require an obli-
gate freshwater snail host to complete their life cycles. The adult 
cestodes, or tapeworms, possess an organ for attachment to  
the intestinal wall called a scolex. They also have segmented 
bodies (proglottids) that contain both ovaries and testes, making 
these organisms hermaphroditic. Their external surface serves 

as their digestive tract. The larval forms of these organisms form 
cystic lesions in their intermediate hosts. There are effective 
pharmaceutical agents for the elimination of nearly all helmin-
thic infections. However, infections readily recur in people 
living in environments that allow repeat exposures to the infec-
tive forms of these parasites because infection may induce 
partial, but not permanent, immunity.

Stool examination for parasites [8]

The importance of stool examination for the detection of 
helminthic infections was realized in the 19th century [9]. There 
are only a few dependable serological tests for parasite detec-
tion. Examination of stool, urine, or tissue is required to diag-
nosis many helminthic infections. Feces are the most frequent 
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Helminth Drug Adult dose

Trematodes

Clonorchis and Opisthorchis Albendazole 10 mg/kg/day p.o. for 7 days
Praziquanteld 75 mg/kg/day p.o., three doses per day for 2 days

Dicrocoelium species Praziquantel 25 mg/kg p.o. three times a day for 2 days

Echinostoma species Praziquantel 25 mg/kg p.o. for single day

Fasciola species Triclabendazole 10 mg/kg/dose p.o., 1–2 doses taken 12–24 h apart

Fasciolopsis buski Praziquantel 75 mg/kg/day p.o., three divided doses on single day

Heterophyes and Metagonimus Praziquantel 75 mg/kg/day p.o., three divided doses on single day

Schistosome species

 S. mansoni, S. haematobium, Praziquantel 40 mg/kg/day p.o. in two divided doses on single day

 S. intercalatum

 S. japonicum or S. mekongi Praziquantel 60 mg/kg/day p.o. in three divided doses on single day

Cestodes

Diphyllobothrium latum Praziquanteld 5–10 mg/kg orally in a single dose
Niclosamide 2 g p.o. orally for one dose

Hymenolepsis nana Praziquantel 25 mg/kg p.o. for single dose, with repeat single dose 10 days later

Taeniasis (T. saginata and T. solium) Praziquantel 5–10 mg/kg p.o. for single dose

Larval cestodes

Neurocysticercosis Albendazole ± steroids 15 mg/kg/day p.o. in 2 divided doses for 15 days
Praziquantel ± steroids 50 mg/kg p.o., once daily for 15 days
Plus neurosurgery

 Echinococcus granulosus Albendazole 400 mg p.o., twice daily for 1–6 months
Alone ± PAIRc 
or ± surgery

 Echinococcus multilocularis Albendazole 400 mg p.o., twice daily for 2 years or lifetime
Plus surgery

a Relative contraindications for albendazole: hypersensitivity to benzimidazole compounds and should be avoided in the first trimester of pregnancy.
b Relative contraindications for ivermectin: suspected concomitant Loa loa infection, persons weighing less than 15 kg, pregnant or lactating women.
c PAIR: puncture, aspiration, injection of scolicidal agent and reaspiration.
d First-line drug of choice.

Table 122.1 (Continued)

substance submitted for examination in search of the character-
istic ova or larvae indicative of infection.

Stool must be collected with care if it is to prove informative. 
Old or poorly preserved specimens have no diagnostic value 
because traces of some of these infections can dissipate in just 
a few hours. Specimens coming from home or stored before 
examination require fixatives. Some substances mixed with the 
stool can render specimens unsuitable for evaluation. Particles 
of bismuth, mineral oil, and barium obscure detection during 
visual examination of the specimen. Stool evaluation should be 
delayed 7–10 days after barium administration. Specimens 
should not be allowed to freeze.

The ova of the various helminthic species are morphological 
distinct, allowing diagnosis (Figures 122.1 and 122.2). Stool 
concentration methods and special stains are available to aid in 

ova detection. Examination of a single stool specimen is insuf-
ficient to rule out helminthic colonization. While some helmin-
thic species such as Ascaris and hookworm pass ova continuously, 
others such as Schistosoma species and some tapeworms produce 
ova irregularly. It is recommended to collect and examined 
three fecal specimens obtained over a period of several days.

Not all intestinal helminths can be diagnosed in routinely 
passed stool. For instance, Enterobius vermicularis (pinworm) is 
best diagnosed with the transparent adhesive tape method 
because this organism only deposits its ova at the anal canal, 
often while the host is asleep (see Section Enterobius vermicu-
laris (pinworm)). Strongyloides stercoralis is another helminth 
often requiring serology to detect. Detection of Schistosoma 
haematobium, which sheds its ova into the bladder, necessitates 
urine examination.
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sanitation [10–13]. Enterobiasis is more common in temperate 
than tropical countries, and it occurs in all socioeconomic 
groups. Infection is rare in infants, and its peak prevalence 
occurs between ages 5 and 10 years. Infections tend to cluster 
in families and in people living in crowded conditions. Infection 
rates for children exceeded 25% in several European countries, 
Peru, India, and Thailand [10,14,15].

Life cycle
The adult worms inhabit the cecum and appendix and remain 
free swimming in the intestinal lumen. They do not attach to 
the intestinal wall. The female adult is about 0.8–1.3 cm in 
length and 0.5 mm in width. The gravid female migrates to the 
perianal skin at night to deposit an average of 10 000 ova (Figure 
122.3b). The ova embryonate within 4–6 h and become infec-
tious. The ingested ova hatch releasing their larvae in the small 
bowel. They mature and establish themselves in the cecum and 
appendix (Figure 122.4a), completing the life cycle.

Transmission
Humans acquire the infection by ingesting infective ova. Ova 
lodge underneath the fingernails through scratching. This facili-
tates anal to oral transmission. Embryonated ova can maintain 
infectivity for more than 2 weeks. Infection also can be acquired 
via contact with contaminated bed linens, clothing, and envi-
ronmental surfaces such as curtains and carpets. Infective ova 
may become airborne and inhaled. Most infected individuals 
have a few to several hundred adult worms. Similar to other 
intestinal helminths, a small proportion of the infected patients 
harbor the majority of the worm burden [16,17].

Clinical manifestations
Most infections with E. vermicularis cause no symptoms. When 
present, the most common symptom is nocturnal perianal pru-
ritus leading to poor sleep quality [18]. Gastrointestinal symp-
toms such as nausea, vomiting, and abdominal pain may be 
present in patients with high worm burden. Obstruction of the 
appendix by adult pinworm has been speculated to cause some 
cases of acute appendicitis, although the casual relationship 
remains controversial [19–23]. There also are rare case reports 
of eosinophilic enterocolitis caused by E. vermicularis [24–26]. 
Also described are extraintestinal manifestations such as vul-
vovaginitis in prepubertal girls, enuresis, dysuria, vaginal dis-
charge, cervical and vulvar granulomas, salpingitis, and 
tuboovarian abscess [27,28]. Enterobiasis usually is not associ-
ated with eosinophilia or elevated serum IgE levels.

Diagnosis, treatment, and prevention
The “adhesive tape” test is the best available test for diagnosing 
E. vermicularis infection. It is performed by pressing the sticky 
side of transparent adhesive tape (wrapped around a tongue 
blade) to the perianal skin for several seconds. The test is  
most sensitive if done at night or early in the morning before 
bathing. Identification of characteristic ova under lower power 

Nematodes (roundworms)

Enterobius vermicularis (pinworm)
Introduction
Enterobius vermicularis, commonly known as pinworm, is the 
most common helminthic infection in the United States and 
Western Europe [10]. Pinworm is primarily a familial or insti-
tutional infection associated with crowding. Most infections are 
asymptomatic but can cause perianal pruritus.

Epidemiology
Enterobius vermicularis infection was highly prevalent in the 
USA as late as in the 1980s, though prevalence has decreased 
significantly in the past several decades with improvements in 

Figure 122.1 Relative sizes and shapes of helminth ova. Source: Adapted 
from Centers for Disease Control and Prevention (www.dpd.cdc.gov/
dpdx/HTML/MorphologyTables.htm).
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Figure 122.2 Ova of (a) Ascaris, (b) Ancylostoma, (c) Trichuris; rhabditiform larva of (d) Strongyloides; and ova of (e) Clonorchis, (f) Schistosoma 
mansoni, (g) Fasciola hepatica, and (h) Taenia saginata. Source: Centers for Disease Control and Prevention (www.dpd.cdc.gov/dpdx).
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(b) (c)

(d)

(g)

(h)

Figure 122.3 (a) An adult pinworm, Enterobius vermicularis, alive in the colon as seen through a colonoscope. (b) At night, the adult worms emerge 
and lay ova on the perianal skin, (c) The ova, which are found on the perianal skin, are flattened on one side. Source: (a) Courtesy of Richard 
Goodgame; (b) Zaiman [359].
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reinfection and spread of infection. However, reinfection is 
common despite best hygienic practices, necessitating repeated 
treatment [32].

Trichuris trichiura (whipworm) (trichuriasis)
Introduction
Trichuris trichiura, also known as whipworm, is most prevalent 
in impoverished rural areas where sanitary facilities are limited. 
It is estimated that approximately one-quarter of the world 
population carries this parasite. Individuals infected with T. 
trichiura are often coinfected with other soil-transmitted 
helminths such as Ascaris lumbricoides and hookworms [33,34]. 
Another Trichuris species common to pigs (Trichuris suis) can 
colonize people, but only briefly and does not cause human 
disease [35].

microscope confirms the diagnosis (Figure 122.3c). The sensi-
tivity is improved when the test is repeated multiple times  
(50% with one examination vs 99% with five). Direct stool 
examination is insensitive because worms and ova are not  
generally passed in stool. Adult worms are occasionally identi-
fied during sigmoidoscopy or colonoscopy (Figures 122.3a,c 
and 122.4a).

Though a single dose of albendazole (400 mg), mebendazole 
(100 mg) or pyrantel pamoate (11 mg/kg up to 1 g) is highly 
effective, a second dose is recommended 2 weeks after the first 
because of the high frequency of reinfection and autoinfection 
(Table 122.1) [29–31]. Household members and all close con-
tacts should also be treated. Hygienic practices, such as clipping 
of fingernails, frequent handwashing, regular washing of bed 
linens and clothes, and vacuuming of house dust help to reduce 

Figure 122.4 (a) Enterobius vermicularis (pinworm) in the cecum swimming freely in a pool of stool. (b) Trichuris with its slender head implanted 
under the colonic epithelial surface and its thicker body “whipping” in the colonic lumen. (c) Taenia saginata (beef tapeworm) in the colon held by a 
endoscopic biopsy forceps. (d) Ascaris lumbricoides protruding through an ulcerated umbilical hernia. Source: Courtesy of Joel Weinstock MD, Tufts 
Medical Center.

(a) (b)

(c) (d)
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release larvae that molt several times in this location. They 
eventually mature into adult worms that establish themselves in 
the cecum and ascending colon (Figure 122.5b). They burrow 
their caudate end inside the mucosa and submucosa forming 
tunnels (Figure 122.4b).

The posterior end remains in the intestinal lumen whipping 
back and forward. The worm’s common name “whipworm” 
comes from this characteristic motion. The adult worms have a 
life span of 1–3 years.

Transmission
Transmission of Trichuris associates with poor sanitation. The 
host ingests the ova through direct contact with contaminated 
soil or water, or most commonly through consumption of 
uncooked vegetables contaminated with soil. Because the ova 
exit the host with the stool, poor disposal of human waste 
spreads the infection.

Clinical manifestations
The vast majority of T. trichiura infections are asymptomatic. 
Clinical symptoms are more common in patients with extremely 
heavy worm burdens. Symptomatic people are said to have tri-
churiasis. The clinical manifestations of the disease may include 

Epidemiology
Approximately 600 million people worldwide are infected with 
T. trichiura. This infection occurs most commonly in tropical 
climates, with high prevalence rates reported in China, India, 
East Asia, and Central Africa [36]. The ova that transmit the 
infection cannot withstand cold or dry conditions, limiting its 
geographic distribution. It can colonize individuals of all ages, 
but the infection is thought to be more prevalent in young 
children. Similar to other worm infections, poor hygiene pro-
motes infection [37]. While most infected people harbor fewer 
than 20 worms and are asymptomatic, some infected individu-
als have heavy worm burdens (>200 worms) and are the people 
who experience symptoms (trichuriasis) [34,38].

Life cycle
The adult worms, measuring approximately 1–3 cm in length, 
inhabit the cecum and ascending colon. Two months after the 
initial infection, the mature female worms living within the 
intestines of the host begin shedding 3000–20 000 ova daily, 
which pass with the stool. In less developed regions where 
unprocessed human waste is allowed to enter the moist warm 
soil, the ova embryonate and become infective in 15–30 days. 
Following ingestion, the ova hatch in the small bowel and 

Figure 122.5 (a) Adult Trichuris trichiura inhabit the colon and can be visualized during colonoscopy. (b) Massive infection can be associated with 
diarrhea, colonic bleeding, or (d) rectal prolapse. (c) T. trichiura ova are characterized by polar plugs at both ends. Source: (a) Courtesy of Richard 
Goodgame; (b–d) Zaiman [359].

(a) (b)

(c) (d)
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Capillaria philippinensis and 
Capillaria hepatica (capillariasis)
Capillariasis presents as two distinct clinical syndromes involv-
ing either the intestines or liver. Capillaria philippinensis causes 
the intestinal disease, while Capillaria hepatica damages the 
liver. Intestinal capillariasis occurs most frequently in Thailand 
and the Philippines [52]. The primary life cycle consists of trans-
mission between birds and freshwater fish; humans are inciden-
tal hosts. Humans acquire the infection by consuming raw or 
undercooked freshwater fish baring larvae embedded in their 
muscle. The 2–3-mm long adult worms live in the mucosa of 
the small bowel. The female worms can release both ova and 
infective larvae, resulting in autoinfection. Thus, this parasite 
has the propensity to cause mucosal damage and serious disease. 
Clinical manifestations may include chronic watery diarrhea, 
abdominal pain, malabsorption, and wasting [53]. In severe 
cases, it causes marked cachexia and cardiomyopathy. A periph-
eral eosinophilia often is present. The diagnosis is confirmed by 
detecting characteristic ova and/or larvae in stool specimens, 
which may be hard to find because of sporadic shedding. The 
infection is responsive to albendazole or mebendazole therapy. 
The capacity of this organism to autoinfect the human host 
makes relapse common, which then requires a longer course of 
treatment [54].

Hepatic capillariasis is far less common than intestinal capil-
lariasis. Humans are incidental hosts. Human infection is 
acquired by ingesting ova in contaminated food, water, or soil. 
The ova hatch releasing larvae that migrate to the liver, maturing 
into adult worms. It causes acute or subacute hepatitis associ-
ated with fever, hepatomegaly, and marked eosinophilia [55]. 
The diagnosis is established by finding adult worms and ova in 
liver biopsy or autopsy specimens. Stool examination is not 
informative because ova are not passed in the stool. Albenda-
zole or thiabendazole provides effective therapy [56,57].

Ascaris lumbricoides (ascariasis)
Introduction
Ascaris lumbricoides is the largest human intestinal nematode 
(2–6 mm wide and 15–40 cm long) and is one of the most 
common human helminthic infections worldwide [58]. It is 
responsible for the disease ascariasis in humans.

Epidemiology
Approximately 1.2 billion people are infected with Ascaris, with 
100–300 million symptomatic infections and perhaps 60 000 
deaths annually [59–61]. Most infections occur in tropical and 
subtropical areas of the world, especially in Asia [62,63]. The 
prevalence of infection is greatest in areas where suboptimal 
sanitation practices lead to increased contamination of soil and 
water. Use of “night soil” (human excrement) to fertilize crops, 
a common practice in some less developed countries, can 
readily spread the infection [64]. The peak prevalence occurs 
between ages 5 to 15 years. Infections tend to cluster in families, 
and worm burden correlates with the number of people living 

diarrhea with or without blood, tenesmus, and abdominal pain 
[39–42]. In malnourished people, there can be secondary iron-
deficiency anemia because of colonic inflammation and bleed-
ing, and pica. Rectal prolapsed is reported rarely. Worms can 
sometime be seen on the prolapsed rectal mucosa (Figure 
122.5d). Eosinophilia is the most frequent laboratory abnormal-
ity, which can be seen even in asymptomatic people. Growth 
retardation and impaired cognitive function also have been 
attributed to trichuriasis [43,44], although these attributes of the 
disease likely result from severe malnutrition in impoverished 
populations.

Diagnosis, treatment, and prevention
The diagnosis is confirmed by identifying the adult worms on 
prolapsed rectal mucosa or during endoscopic examination, or 
by finding the characteristic lemon-shaped ova in the stool 
(Figures 122.1, 122.2c, and 122.5c). Mebendazole (100 mg orally 
twice daily for 3 days) [45] or albendazole (400 mg orally once 
daily for 3 days) [46] are first-line therapy with efficacy higher 
than 70% (Table 122.1). Longer treatment of 5–7 days may be 
warranted in patients with >1000 T. trichiura ova/gram of feces. 
Mass deworming programs using ivermectin combined with 
albendazole or mebendazole appear to be more effective than 
monotherapy at reducing the spread of the infection [47]. This 
treatment strategy is employed in many developing regions. A 
randomized, controlled, double-blind trial in Tanzania revealed 
that dual treatment with oxantel pamoate and albendazole had 
significantly higher efficacy against T. trichiura than did alben-
dazole or mebendazole [48]. In residents of endemic regions, 
reinfection may be largely unavoidable. Sanitary disposal of 
human feces, good hygienic practices, and proper preparation 
of food greatly reduce the risk of transmission.

Trichostrongylus species
Trichostrongylosis is caused by several Trichostrongylus species. 
They are roundworms ranging from 4 to 8 mm in length. These 
organisms are transmitted by ingestion of unwashed vegetables 
fertilized with manure containing the infective larvae [49]. The 
primary life cycle consists of transmission among herbivorous 
animals. Humans are incidental hosts [50,51]. The adult forms 
live in the upper gastrointestinal tract with their heads attached 
to the intestinal wall. Human colonization is most common in 
regions of Asia and the Middle East. Most infections are asymp-
tomatic. It can cause abdominal pain, diarrhea, anemia, or even 
malabsorption and wasting in severe cases. Peripheral eosi-
nophilia may be present [49]. The diagnosis is established by 
identifying characteristic ova in stool (Figure 122.1). Because 
infection often is light, it may be necessary to use stool concen-
tration techniques to detect the infrequent ova. Adult worms 
can sometime be seen during endoscopic examination of the 
duodenum. Treatment with mebendazole or albendazole is 
effective, and the Centers for Disease Control and Prevention 
(CDC) provides alternative dosing recommendations for pyr-
antel pamoate (Table 122.1).
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enously or via lymphatics to the lungs. The larvae mature further 
in the lungs, ascend the bronchial tree to the throat, and then 
are swallowed. Once back in the small intestine, they mature 
into adult worms. The majority of worms are found in the 
jejunum, though worms may be found anywhere in the gas-
trointestinal tract. They occasionally migrate to ectopic sites 
such as the biliary tree (Figure 122.7c). After 2–3 months, gravid 
females begin to produce ova, which are excreted in stool, com-
pleting the life cycle. Worm burdens of several hundred per 
individual are often observed in highly endemic areas.

Transmission
Humans acquire infection by ingestion of contaminated food or 
water. Rarely, transmission occurs via airborne ingestion of con-
taminated dust. Children playing in contaminated soil may 
acquire the parasite from their hands, and poor hygiene facili-
tates spread of infection. Transplacental migration of larvae and 
neonatal ascariasis have been reported [71]. Infected asympto-
matic individuals, who can continue to shed eggs for years, 
enhance disease transmission.

in a home [65]. In the United States, the prevalence of infection 
decreased dramatically after the introduction of modern sanita-
tion and waste treatment in the early 1900s [66]. In the mid-
20th century, the prevalence of A. lumbricoides in the United 
States was approximately 2%, but it may have been as high as 
30% among young children in southern rural areas [67]. The 
prevalence today is assumed to be much lower. Ascariasis also 
occurs among travelers to endemic areas [68] and should be 
considered in immigrants from less developed countries.

Life cycle
Adult worms inhabit the lumen of the small intestine, usually 
in the jejunum or ileum (Figures 122.6 and 122.7a). Each female 
worm produces approximately 200 000 fertilized ova per day. 
The ova are oval in shape and measure 45–75 μm in largest 
diameter (Figures 122.1, 122.2a, and 122.7b). The ova are passed 
with the stool and can survive for up to 10 years in soil of cli-
mates not subject to prolonged hard freezes [58]. When ingested 
by humans, the ova hatch in the small intestine and release 
larvae that penetrate the intestinal wall and migrate hematog-

Figure 122.6 The life cycle of Ascaris lumbricoides. Adult worms (1) live in the lumen of the small intestine. A female may produce approximately 
200 000 eggs per day, which are passed with the feces (2). Unfertilized eggs may be ingested but are not infective. Fertile eggs embryonate and become 
infective after 18 days to several weeks (3), depending on the environmental conditions (optimum: moist, warm, shaded soil). After infective eggs are 
swallowed (4), the larvae hatch (5), invade the intestinal mucosa, and are carried via the portal, then systemic, circulation to the lungs (6). The larvae 
mature further in the lungs (10–14 days), penetrate the alveolar walls, ascend the bronchial tree to the throat, and are swallowed (7). Upon reaching the 
small intestine, they develop into adult worms (1). Between 2 and 3 months are required from ingestion of the infective eggs to oviposition by the adult 
female. Adult worms can live 1–2 years. Source: Centers for Disease Control and Prevention (www.dpd.cdc.gov/dpdx/).
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Figure 122.7 Ascaris lumbricoides. (a) The adult female worm measures up to 40 cm in length. (b) Ascaris ova are often bile-stained and demonstrate a 
thick mammillated shell. (c) Endoscopic extraction of an Ascaris located at the papilla. (d) Visualization of Ascaris in the common bile duct during 
endoscopic retrograde cholangiopancreatography (ERCP). (e) Loeffler syndrome (or pneumonia) develops in some individuals during the acute stage of 
infection with A. lumbricoides. Chest X-ray may reveal unilateral or bilateral abnormalities ranging from diffuse interstitial pneumonitis to nodular 
densities. Source: (a) Centers for Disease Control and Prevention (www.dpd.cdc.gov/DpDx/HTML/ImageLibrary/Ascariasis_il.htm); (b) http://
en.wikipedia.org/wiki/File:Ascaris_lumbricoides.jpg; (d) Astudillo et al. 2008 [69]. Reproduced with permission of Elsevier; (e) Lau et al. 2007 [70]. 
Reproduced with permission of BMJ Publishing Group Ltd.
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these measures are difficult to implement in endemic areas of 
less developed countries. Because reinfection is common in 
areas of high disease prevalence, mass treatment of school-age 
children with a single dose of mebendazole or albendazole every 
3–4 months can successfully limit the infection [81,82].

Ancylostoma duodenale and Necator 
americanus (hookworm)
Introduction
Human hookworm disease is primarily caused by Ancylostoma 
duodenale and Necator americanus, and are considered among 
the most common parasitic infections in tropical countries [83]. 
In addition, there are three zoonotic hookworm species that are 
associated with human disease: Ancyclostoma ceylonicum infects 
canines and felines and can occasionally infect humans, the dog 
hookworm Ancyclostoma caninum is associated with human 
eosinophilic enteritis in Australia, and Ancyclostoma. braziliense 
is a common cause of cutaneous larva migrans [83].

Epidemiology
Hookworms occur in tropical and subtropical zones because the 
larval stage of the organism, which lives in soil, cannot withstand 
freezing conditions. The geographic distribution of N. america-
nus is more widespread than A. duodenale [83]. More than 700 
million humans are infected with hookworms globally, with the 
greatest prevalence in sub-Saharan Africa and Asia [84]. N. 
americanus was common in the rural southeast of the United 
States until the 1960s. Infection is more common in males, but 
women and children are more vulnerable to the chronic sequelae 
(anemia and iron deficiency) [85]. Approximately 44 million 
pregnant women are infected. Poor sanitation, walking barefoot, 
and the use of human excrement as fertilizers contribute to 
transmission in developing countries [86].

Life cycle
Adult hookworms (Figures 122.8 and 122.9a), which measure 
7–13 mm in length, inhabit the lumen of the proximal small 
intestine [87,88]. Each adult worm attaches to an intestinal 
villus, aspirates a plug of tissue from the villus tip, secretes 
inhibitors of the host coagulation and platelet pathways, and 
ingests blood. Several times a minute the parasites will move to 
feed on adjacent villi [88]. Female N. americanus produce 
5000–10 000 ova per day, while A. duodenale produce 
10 000–30 000 ova daily, which pass with the stool into the soil. 
In warm and moist soil, the ova embryonate in 1–2 days then 
hatch. The rhabditiform larvae, which are released, are nonin-
fective. They molt twice in the soil before maturing into the 
infective third-stage larvae that can enter humans by direct skin 
puncture (N. americanus and A. duodenale) or oral ingestion 
(A. duodenale). The larvae migrate through the skin into the 
venous circulation and travel to the pulmonary vasculature. 
From the lung capillaries, the larvae penetrate into the lung 
parenchyma. From here, they ascend from alveoli to the trachea. 
They then are coughed up and are swallowed into the 

Clinical manifestations
Most infections with A. lumbricoides are asymptomatic. Adult 
worms may be coughed up or passed in stool or rarely urine. 
Clinical symptoms develop mostly among individuals with high 
worm burden [58].

Transient respiratory symptoms can happen during migra-
tion of Ascaris larvae through the lungs, which happens approx-
imately 1–2 weeks following ingestion of ova. This eosinophilic 
pneumonitis is known as Loeffler syndrome (Figure 122.7e). 
Symptoms include dry cough, burning substernal discomfort, 
dyspnea, bronchospasms, urticaria, and low-grade fever with 
accompanying eosinophilia [72]. Symptoms generally subside 
within 5–10 days.

During intestinal infection, symptoms (e.g., abdominal pain, 
anorexia, nausea, and diarrhea) are nonspecific and difficult to 
differentiate from those of other endemic diseases. A high 
burden of worms can lead to nutritional deficiencies [73]. Intes-
tinal obstruction or intussusceptions may result from a massive 
worm burden. These complications develop mostly in children. 
They present with abdominal distention, abdominal pain, and 
poor oral tolerance [74]. Migration of adult worms into the 
biliary tree can cause biliary colic, acalculous cholecystitis, 
ascending cholangitis, or obstructive jaundice [75,76]. The pan-
creatic duct may become obstructed leading to pancreatitis [77]. 
There can be other unusual complications (Figure 122.4d).

Diagnosis, treatment, and prevention
Detection of ova in the stools using direct saline preparations 
or the Kato–Katz method is sufficient to make the diagnosis 
(Figures 122.1, 122.2a, and 122.7b). However, diagnosis during 
the early stage of the disease may be missed by stool microscopy 
because ova do not appear in the stool for at least 40 days after 
infection. In heavily infected individuals, particularly children, 
large collections of worms may be detectable on plain radio-
graph of the abdomen. Ultrasonography is useful for diagnosis 
of hepatobiliary or pancreatic ascariasis. Sonographic findings 
may include echogenic tubular structures, curved strips, or a 
“target” sign [78]. Computed tomography (CT) or magnetic 
resonance imaging (MRI) is helpful for diagnosis of hepatobil-
iary or pancreatic ascariasis. In the setting of suspected involve-
ment of the biliary tree or pancreatic duct, endoscopic retrograde 
cholangiopancreatography (ERCP) is the most useful tool to 
establish the diagnosis and facilitate removal of the worm 
(Figure 122.7d) [79].

Albendazole and mebendazole are first-line treatments. A 
single dose of albendazole is almost uniformly effective [80]. 
Other therapy options include levamisole, pyrantel pamoate, 
ivermectin, and nitazoxanide. The CDC provides alternative 
dosing recommendations (Table 122.1). In the setting of intes-
tinal obstruction, surgical intervention may be required. Patients 
with hepatobiliary disease may require endoscopic or laparo-
scopic extraction of worms.

Ascariasis can be prevented by promoting good hygienic 
practices and the proper disposal of human waste. However, 
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Figure 122.8 Human hookworm life cycle. Eggs are passed in the stool (1), and under favorable conditions (moisture, warmth, shade), larvae hatch in 
1–2 days. The released rhabditiform larvae grow in the feces and/or the soil (2), and after 5–10 days (and two molts) they become filariform (third-
stage) larvae that are infective (3). These infective larvae can survive 3–4 weeks in favorable environmental conditions. On contact with the human host, 
the larvae penetrate the skin and are carried through the blood vessels to the heart and then to the lungs. They penetrate into the pulmonary alveoli, 
ascend the bronchial tree to the pharynx, and are swallowed (4). The larvae reach the small intestine, where they reside and mature into adults. Adult 
worms live in the lumen of the small intestine, where they attach to the intestinal wall with resultant blood loss by the host (5). Most adult worms are 
eliminated in 1–2 years, but the longevity may reach several years. Some A. duodenale larvae, following penetration of the host skin, can become 
dormant (in the intestine or muscle). In addition, infection by A. duodenale may probably also occur by the oral and transmammary route. N. 
americanus, however, requires a transpulmonary migration phase. Source: Centers for Disease Control and Prevention (www.dpd.cdc.gov/dpdx/).
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Figure 122.9 Human hookworms, Necator americanus and Ancylostoma duodenale, are common intestinal parasites that attach to intestinal villi and 
feed on blood. Low burden infections are typically asymptomatic, but heavy infection may cause iron-deficiency anemia. (a) Electron micrograph of N. 
americanus reveals two pairs of teeth for adhesion to bowel mucosa. (b) Hookworm ova typically display segmented larvae within a thin clear shell. 
Source: (a) Jian et al. 2003 [360]. Reproduced with permission of Elsevier; (b) Centers for Disease Control and Prevention (www.cdc.gov/dpdx/
hookworm/gallery.html).
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sions and pooling of blood in the small bowel lumen [88]. There 
is no clinical need to differentiate between hookworm species. 
First-line antihelminthic treatment is albendazole (400 mg 
orally once) or mebendazole (500 mg orally once) (Table 122.1). 
An alternative therapy is pyrantel pamoate (11 mg/kg), given for 
3 days in individuals with heavy worm burdens [94]. If the 
patient is anemic, iron supplementation is needed as well. 
Improving sanitary conditions, promoting good hygienic prac-
tices, treatment of infected persons, and use of footwear can 
prevent transmission [86]. However, in less developed coun-
tries, the most common control strategy is mass chemotherapy 
of children [86,94,95]. Novel vaccines are under clinical evalu-
ation [96].

Strongyloides stercoralis (strongyloidiasis)
Introduction
There are two Strongyloides species that cause human disease: 
Strongyloides stercoralis and Strongyloides fülleborni. Strongyloi-
diasis remains a common condition in less developed countries 
where it is associated with living in unsanitary conditions. It 
remains a challenge in developed nations among the immuno-
compromised and institutionalized populations [97].

Epidemiology
Estimates of the number of infected people range from 30 to 
over 100 million [97,98]. S. stercoralis is found on every conti-
nent except for Antarctica [97]. Endemic areas include tropical 
areas of Africa, Asia, Central, and South America. Markedly 
high prevalence is observed in sub-Saharan Africa, Southeast 
Asia, and the Amazon basin [99,100]. S. fülleborni is predomi-
nantly found in Papua New Guinea and Africa [101,102]. 
Improved hygiene and public health measures have decreased 
the prevalence of Strongyloides in the southern United States, 
Europe, and Japan [97,103].

Life cycle
The adult female worms inhabit the intestinal serosa of their 
host where they shed ova (Figure 122.10). Rhabditiform larvae 
hatch from these ova while in the intestinal wall and then 
migrate into the lumen and pass out of the host with the stool. 
In the soil, rhabditiform larvae molt into infective filariform 
larvae. Some of the rhabditiform larvae also can develop into 
free-living adult males and female worms. They then can 
produce ova that hatch releasing rhabditiform larvae that 
mature into filariform larvae entirely within the soil environ-
ment. The human host is infected when the infective filariform 
larvae penetrate intact skin. Larvae travel in the bloodstream to 
the lungs, into alveoli, up the tracheobronchial tree and are 
swallowed. The larvae mature into adults in the intestine. Adult 
female worms burrow into the small intestinal wall where they 
produce eggs asexually. A subpopulation of rhabditiform larvae 
molt into filariform larvae even before they leave the host. These 
mature filariform larvae then can autoinfect the host through 
penetration of the intestinal wall or perianal skin [104]. An 

gastrointestinal tract. In the small intestine, the larvae molt 
twice and mature into adults [83]. Six to eight weeks elapse from 
the time the larvae first infect humans until they reach sexual 
maturity and mate [83].

Transmission
Humans acquire infection by skin exposure, often unprotected 
hands or feet, to contaminated soil [83,86]. Rarely, transmission 
occurs via ingestion of contaminated food and water containing 
A. duodenale [83]. Larvae occasionally migrate into mammary 
tissue allowing vertically transmission to infants via breast  
milk [89].

Clinical manifestations
Hookworms feed on human blood (Figure 122.9a) and thus 
they can contribute to development of iron-deficiency anemia. 
Human hookworm infection usually remains asymptomatic 
when there is a modest worm burden. Anemia is observed with 
adult worm burdens greater than 40 to 160, although this can 
be influenced by host iron stores and nutrient intake [83]. Radi-
olabeled chromium studies have shown that A. duodenale infec-
tion results in greater blood loss (approximately 0.2 mL/day per 
adult hookworm) than observed with N. americanus (approxi-
mately 0.03 mL/day per adult hookworm) [90]. Overt gastroin-
testinal bleeding has been reported; however, this is exceedingly 
uncommon in endemic regions [87,88,91].

Epigastric pain and tenderness as well as nausea are among 
the most commonly reported abdominal symptoms. They 
develop most often 1–2 months after a heavy primary infection 
and then subside. Edema of the face, extremities, and abdomen 
is a common hallmark of hypoalbuminemia from protein mal-
nutrition. A papular and pruritic skin eruption may develop at 
the site of dermal penetration of the filariform larvae. The cuta-
neous lesions last up to 2 weeks. Loeffler syndrome may appear 
during larval lung migration. The syndrome consists of cough, 
sore throat, eosinophilia, and pneumonitis evident on chest 
X-ray. These symptoms, if present, usually are mild. Oral inges-
tion of A. duodenale larvae may result in nausea, vomiting, 
dyspnea, and pharyngeal irritation. This is called Wakana 
disease [83]. Eosinophilia is a prominent laboratory finding. 
This peaks at 5–9 weeks after the onset of infection, a period 
that coincides with the appearance of adult hookworms in the 
intestine [83,92]. Patients with chronic infection typically are 
asymptomatic. Some complain of pallor, dyspnea, fatigue, pal-
pitations, and headache. These symptoms are mostly due to iron 
deficiency [83]. Also, increased maternal mortality, premature 
birth, low birth weight, and reduced lactation have been 
reported [93].

Diagnosis, treatment, and prevention
Stool examination for ova usually is adequate to make the diag-
nosis (Figures 122.1, 122.2b, and 122.9b). On upper endoscopy, 
Ancylostoma spp. are most commonly observed in the duode-
num and jejunum; with grossly visible punctate mucosal ero-
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Transmission
Humans acquire infection by exposure of unprotected skin to 
contaminated soil [97]. Rarely, transmission occurs via receiv-
ing transplanted organs containing Strongyloides [107,108]. 
Experiments in animal models of this disease suggest that 

individual may remain infected for decades with Strongyloides 
because of the autoinfection cycle [105,106]. The number of 
filariform larvae produced can increase in some immunocom-
promised individuals (e.g., those taking corticosteroids), leading 
to hyperinfection syndrome.

Figure 122.10 Strongyloides Free-living cycle: The rhabditiform larvae passed in the stool (1) (see “Parasitic cycle” below) can either molt twice and 
become infective filariform larvae (direct development) (6) or molt four times and become free-living adult males and females (2) that mate and 
produce eggs (3), from which rhabditiform larvae hatch (4). The latter in turn can either develop (5) into a new generation of free-living adults (as 
represented in (2)), or into infective filariform larvae (6). The filariform larvae penetrate the human host skin to initiate the parasitic cycle (6).  
Parasitic cycle: Filariform larvae in contaminated soil penetrate the human skin (6), and are transported to the lungs where they penetrate the alveolar 
spaces; they are carried through the bronchial tree to the pharynx, are swallowed, and then reach the small intestine (7). In the small intestine they molt 
twice and become adult female worms (8). The females live threaded in the epithelium of the small intestine and by parthenogenesis produce eggs (9), 
which yield rhabditiform larvae. The rhabditiform larvae can either be passed in the stool (1) (see “Free-living cycle” above), or can cause autoinfection 
(10). In autoinfection, the rhabditiform larvae become infective filariform larvae, which can penetrate either the intestinal mucosa (internal 
autoinfection) or the skin of the perianal area (external autoinfection); in either case, the filariform larvae may follow the previously described route, 
being carried successively to the lungs, the bronchial tree, the pharynx, and the small intestine where they mature into adults; or they may disseminate 
widely in the body. To date, occurrence of autoinfection in humans with helminthic infections is recognized only in Strongyloides stercoralis and 
Capillaria philippinensis infections. In the case of Strongyloides, autoinfection may explain the possibility of persistent infections for many years in 
persons who have not been in an endemic area and of hyperinfection in immunosuppressed individuals. Source: Courtesy of Centers for Disease 
Control and Prevention (www.dpd.cdc.gov/dpdx/).
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more sensitive [124]. In hyperinfection syndrome, the number 
of larvae is greatly increased, facilitating the identification of 
larvae in stool as well as other tissues. Organisms can be found 
in sputum, bronchoalveolar lavage fluid, intestinal biopsies, and 
biopsies of other tissues. The poor sensitivity of parasitological 
tests led to the development of several immunodiagnostic assays 
[99,123,125].

Ivermectin is the treatment of choice (Table 122.1) [126]. 
Comparative trials have demonstrated that albendazole is less 
effective than ivermectin, but albendazole may be used as an 

Strongyloides is not vertically transmitted by the prenatal route, 
but transmammary transmission is possible in dogs [109].

Clinical manifestations
A maculopapular rash or linear urticaria, called “larva currens,” 
may occur at the time of skin penetration or as a consequence 
of autoinfection [110]. The pulmonary phase of strongyloidiasis 
can be associated with cough, shortness of breath, wheezing, 
fever, transient pulmonary infiltrates, and eosinophilia, but is 
less commonly observed in chronic infection [111]. Eosi-
nophilia is common in normal hosts with strongyloidiasis. The 
adult worms of S. stercoralis often produce epigastric or diffuse 
abdominal pain, or diarrhea [110]. This may be accompanied 
by occult blood in stool. With heavy infections, there can be 
vomiting, malabsorption, steatorrhea, and weight loss. Upper 
endoscopy may reveal edema or discoloration of the stomach 
or duodenum. Colonoscopy may reveal edema, ulceration, or 
mucosal tears [112]. Eosinophilic granulomatous enterocolitis, 
ileitis, pseudopolyposis, and inflammatory mass lesions have all 
been reported [113–115].

Strongyloides stercoralis can produce life-threatening hyper-
infection in people with altered host defense. Hyperinfection 
has been reported in association with malignancies (especially 
lymphoma and leukemia), immunosuppressive therapy such as 
corticosteroids, protein calorie malnutrition, visceral leishma-
niasis, lepromatous leprosy, and other debilitating conditions 
[116–118]. However, hyperinfection has only rarely been asso-
ciated with human immunodeficiency virus infection [119]. A 
high prevalence of S. stercoralis and increased severity of disease 
is observed in people concurrently infected with human T-cell 
lymphotrophic virus type 1 (HTLV-1) [119]. Spontaneous 
secretion of interferon-γ by HTLV-1-infected mononuclear cells 
or increased regulatory T cells may suppress protective granu-
locyte and interleukin (IL-5) responses [120].

“Hyperinfection syndrome” is characterized by multiorgan 
involvement and protean clinical manifestations [104,121]. 
Complications may include acute respiratory distress syndrome 
and the symptoms commonly associated with enteritis. Filari-
form larvae, which may carry passenger Gram-negative bacteria 
on the external worm surface, can cause polymicrobial bacter-
emia, meningitis, peritonitis, or endocarditis after invasion of 
the intestinal lumen [122]. The mortality rate with S. stercoralis 
hyperinfection may exceed 50%.

Diagnosis, treatment, and prevention
The diagnosis of strongyloidiasis is confirmed by identifying 
larvae in stool, tissues, or secretions (Figures 122.2d and 122.11) 
[123]. Ova are not seen because they are produced and hatch in 
the small intestinal submucosal tissues. Eosinophilia frequently 
is present, but may be absent in immunocompromised patients. 
Direct microscopic examination of stool for the organisms is 
insensitive (only 30% positive in a single sample) because larval 
output is low and intermittent. Stool concentration techniques 
improve sensitivity only modestly. The agar plate method is 

Figure 122.11 (a) The adult females of Strongyloides stercoralis burrow 
into duodenal mucosa and shed their ova, that hatch in the 
gastrointestinal tract and (b) rhabditiform larvae are later voided into 
stool.

(a)

(b)



2352   PART 4 Gastrointestinal diseases

eventually leads to their expulsion into the fecal stream and out 
of the host [128]. Life span of an adult worm in humans averages 
4 weeks, during which time a single female worm may produce 
approximately 1500 larvae [128]. In the domestic life cycle, pigs 
and rodents are common intermediate hosts. In the sylvatic 
cycle, wild carnivores, such as bears, prey on small animal inter-
mediate hosts.

Transmission
Trichinosis is acquired by ingestion of meat containing infective 
larvae. In North America, many outbreaks of trichinosis are 
associated with the ingestion of undercooked wild game, includ-
ing wild boar, cougar, and most commonly bear meat [131]. 
Undercooked horse meat is a contributor to the infection in 
Europe [132]. The historically high incidence of human trichi-
nosis previously reported in Europe and the United States 
resulted from failure to control the disease in swine. The prac-
tice of feeding pigs garbage and scraps of animal remains pro-
moted the disease. Hogs also eat rats, which can transmit the 
disease. Tourists may acquire Trichinella infection while 
traveling or hunting in endemic areas.

Clinical manifestations
The severity of clinical symptoms is dependent on the number 
of ingested larvae, organ of involvement, host immune status, 
and the species of Trichinella [128]. Infection with mild larvae 
burden is typically asymptomatic, but heavy infections can 
cause disease. Within 2–5 days after ingestion of heavily infected 
meat, people may develop nausea, vomiting, abdominal pain, 
and diarrhea. This is called the “intestinal phase.” This coincides 
with larvae excysting in the duodenum and migrating beneath 
the small bowel epithelium. The “muscle stage” of infection 
begins 1–2 weeks later. The clinical finds of this stage of the 
disease is the consequence of the host mounting a strong 
immune response to the invading larvae. The predominant 
targets for infection are striated diaphragmatic and skeletal 
muscle. However, extraocular and cardiac muscle can be 
affected. The symptoms associated with systemic larval invasion 
into muscle include chills, myalgia, and ocular pain. Diaphrag-
matic involvement may cause dyspnea. Common clinical find-
ings are fever, facial or periorbital edema, retinal hemorrhage, 
conjunctivitis, “splinter” hemorrhages underneath the nails, and 
muscle swelling [129]. Trichinella do not encyst in cardiac tissue 
but instead evoke eosinophilic inflammation [133]. Cardiac 
complications such as dysrhythmia, myocarditis, and pericar-
dial effusion are frequent causes of death in severe trichinosis 
[133]. The central nervous system can be another organ of 
involvement with resulting intracerebral hemorrhage, meningi-
tis, seizures, ataxia, mental changes, and other findings. The 
larvae also can implant in the kidneys and skin. Marked eosi-
nophilia is observed in the third week of infection and can 
persist for many months. In the blood, elevated levels of muscle 
enzymes correlate with myalgia and are noted in weeks 2 to 5 
of infection [128]. Clinical symptoms tend to resolve with 

alternative if ivermectin is not available [126]. Relapses have 
been reported, especially in HTLV-1 coinfected patients in 
whom a repeat course of therapy is recommended. Patients with 
hyperinfection syndrome may require prolonged treatment.

Epidemiological studies suggest that personal hygiene meas-
ures, including possession of latrines and wearing shoes, pre-
vents strongyloidiasis [127]. Patients from endemic areas 
infected with HTLV-1 who are initiating corticosteroid therapy 
as well as recipients of organ grafts should be screened for 
Strongyloides infection.

Trichinella species (trichinosis)
Introduction
Trichinosis is a food-borne disease of worldwide distribution. 
Wild and domestic animals serve as definitive as well as poten-
tial intermediate hosts in the Trichinella life cycle. Humans are 
prone to clinical illness after eating improperly cooked meat 
infested with the larval stage. The most common source of the 
meat is pig, but can include bear, horse, and wild boar [128].

Epidemiology
There were 66 000 reported cases worldwide between 1986 and 
2009, with 87% of the infections in Europe [129]. The genus 
Trichinella is separated into two classes [130]. There are eight 
species and genotypes among the Trichinella that encapsulate in 
mammalian muscle [128,130]. Trichinella spiralis is the species 
of major medical importance and is found worldwide in diverse 
domestic and wild animals. Trichinella nativa is found in arctic 
and subarctic regions; it is transmitted in bears and walruses. 
Trichinella nelsoni is restricted to eastern and southern Africa, 
where it can be found in warthogs and bush pigs. Trichinella 
britovi is found in temperate areas of Europe, Asia, and western/
northern Africa in wild and domestic pigs, horses, foxes, and 
jackals. Trichinella murelli is found in wild bears and horses in 
North America. Three species of Trichinella do not encapsulate 
following muscle dedifferentiation: Trichinella pseudospiralis is 
found in mammals and birds worldwide: Trichinella papuae is 
found in Papua New Guinea and Thailand among domestic and 
feral pigs.

Life cycle
Trichinella spiralis adult males measure 1.4–1.8 mm in length, 
while adult females measure 1.4–4 mm. Sexually mature adult 
worms inhabit and copulate in the small intestine mucosa of the 
definitive host (Figure 122.12). Within 5–7 days postinfection, 
newborn larvae are released that migrate into the lymphatic and 
vascular circulation. Juvenile larvae invade and encyst in a soli-
tary skeletal muscle cell, developing into infective-stage larvae 
after 2 weeks. The encysted muscle larvae are 0.6–1 mm in 
length. The larvae excyst in the stomach and duodenum after 
humans or other appropriate hosts ingest infected meat. The 
larvae burrow under the columnar epithelium and molt four 
times to maturity into adult worms within the small intestine 
mucosa. The host’s immune response to the adult worms 
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Figure 122.12 Life cycle of Trichinella spiralis. Trichinosis is acquired by ingesting meat containing cysts (encysted larvae) (1) of Trichinella. After 
exposure to gastric acid and pepsin, the larvae are released (2) from the cysts and invade the small bowel mucosa where they develop into adult worms 
(3) (female 2.2 mm in length, males 1.2 mm; life span in the small bowel 4 weeks). After 1 week, the females release larvae (4) that migrate to the 
striated muscles where they encyst (5). Trichinella pseudospiralis, however, does not encyst. Encystment is completed in 4–5 weeks and the encysted 
larvae may remain viable for several years. Ingestion of the encysted larvae perpetuates the cycle. Rats and rodents are primarily responsible for 
maintaining the endemicity of this infection. Carnivorous/omnivorous animals, such as pigs or bears, feed on infected rodents or meat from other 
animals. Different animal hosts are implicated in the life cycle of the different species of Trichinella. Humans are accidentally infected when eating 
improperly processed meat of these carnivorous animals (or eating food contaminated with such meat). Source: Courtesy of Centers for Disease 
Control and Prevention (www.cdc.gov/dpdx/trichinellosis/index.html).
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Muscle biopsy can confirm the diagnosis if the other clinical 
data are indeterminate.

Trichinosis usually presents with mild symptoms and often 
gets better on its own without clinical intervention. In more 
serious cases, treatment is directed at killing the adult worms 
that are producing the larvae and suppressing the host immune 
response to the larvae invading muscle and other internal 
organs. Albendazole is the drug of choice for the treatment  
of acute trichinosis (Table 122.1) [128]. Mebendazole is an 
adequate alternative treatment. Antiparasite therapy with 

parasite encystment. This begins during the second month of 
the infection and is called the “convalescent phase.” Larvae 
remain alive in the cyst for many years. Cyst walls tend to calcify  
with age.

Diagnosis, treatment, and prevention
The clinical presentation, exposure history, and eosinophilia 
suggest the diagnosis. Several serological tests are available 
[134]. Host antibodies directed against larval antigens may not 
be present until 3–5 weeks after initiation of the infection [135]. 
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ova are cold tolerant and can survive freezing temperatures in 
temperate climates. Dogs frequently are colonized with this 
worm, and soil in public parks often contains these ova. Also, 
infection has been observed following ingestion of encysted 
larvae in intermediate hosts such as earthworms [141] and 
undercooked duck liver [142]. Exposure to embryonated  
ova also may occur from contact with dog hair, with a survey 
in Ireland finding 67% of dogs carrying Toxocara ova in their 
fur [143].

Clinical manifestations
Migration of Toxocara larvae throughout the human host can 
cause a condition called “visceral larva migrans.” This disease is 
most commonly seen in children bearing heavy infection. Fever, 
hepatomegaly, abnormal liver function test, leukocytosis, and 
eosinophilia characterize this condition. Other symptoms may 
include abdominal pain, diffuse arthralgia, rash, and wheezing 
[144]. Pulmonary infiltrates also are observed. Neurological 
involvement, though infrequent, may present as encephalitis, 
convulsions, and even chronic epilepsy [145]. Larvae encyst-
ment in the liver or lungs can induce nodules [146]. Rarely, 
larvae encystment in the gastrointestinal tract presents as an 
intestinal mass [147].

In “ocular toxocariasis” the larvae migrate to the retina induc-
ing granulomatous lesions. Eye involvement usually is unilateral 
causing visual defects, ocular pain, and strabismus due to visual 
disuse. Chronic disease may lead to retinal detachment [145]. 
Unlike visceral larva migrans, eosinophilia and hepatomegaly 
are rarely seen. This is because ocular toxocariasis tends to 
occur in older children and adults carrying few infecting larvae.

Diagnosis, treatment, and prevention
The diagnosis is suspected on clinical grounds and confirmed 
by serological testing. Mild disease requires no treatment, 
whereas treatment should be considered in more serious vis-
ceral larva migrans presenting with significant neurological, 
pulmonary, or myocardial involvement. Albendazole, the drug 
of choice, frequently is used in combination with corticosteroids 
to reducing the injurious inflammatory response to the dying 
larvae (Table 122.1). Other therapeutic options include thiaben-
dazole or ivermectin, which are deemed less effective at killing 
the larvae. Ocular larva migrans requires a longer duration of 
therapy (4 weeks) and may require higher doses of albendazole 
with concomitant corticosteroids. Control measures include 
deworming dogs and cats, and preventing defecation of pets in 
areas where children play [145].

Angiostrongylus costaricensis 
(abdominal angiostrongyliasis)
Angiostrongylus costaricensis causes abdominal angiostrongylia-
sis. This organism is prevalent in Central and South America, 
especially Costa Rica [148]. The primary life cycle consists of 
transmission between rodents and snails or slugs; humans, 
usually children, are incidental hosts. The adult form lives in the 

concomitant corticosteroids are recommended in the most 
severe forms of the disease to suppress the vigorous tissue-
damaging host immune response to the invading larvae [128].

Trichinosis can be prevented by properly cooking pork, or 
other potentially contaminated meat, to at least 71°C (160°F). 
Pork less than 6 cm thick can be rendered safe if frozen at −15°C 
(5°F) for at least 20 days. Freezing wild game, unlike pork prod-
ucts, may not effectively kill all encysted larvae because certain 
Trichinella species in wild game animals are freeze resistant. It 
is important to prevent the infection of pigs through the prac-
tice of good animal husbandry and control of rodent popula-
tions. Government inspection of pork may reduce disease 
prevalence [129].

Toxocara species (visceral larva migrans and 
ocular toxocariasis)
Introduction
Toxocara canis and Toxocara cati are among the most common 
causes of parasitic worm infection in the United States [136]. 
Dogs and cats are the primary host for these intestinal round-
worms as inferred by their names. However, they are not able 
to complete their life cycle in humans. The vast majority of 
people exposed to these parasites display no disease or just mild 
eosinophilia. “Visceral larva migrans” and “ocular toxocariasis” 
are the two classic clinical syndromes associated with human 
Toxocara infection.

Epidemiology
Toxocara is found worldwide. Peak prevalence of infection 
occurs in children because of their close contact with soil and 
household pets [137]. Seropositivity was reported to be 86% in 
children living in the rural Caribbean [138]. In the United States, 
Toxocara seroprevalence is about 14% for individuals over the 
age of 6 years. High frequency of Toxocara seropositivity is 
associated with a low level of education, poverty, and dog owner-
ship [139]. Adults with soil-related occupations, such as agri-
culture and waste disposal, also have high seroprevalence [140].

Life cycle
Adult worms are 9–13 cm in length and 0.2 cm in width. Female 
and male worms inhabit the small intestine of dogs and cats 
where ova are shed in the feces (Figure 122.1). Ova embryona-
tion takes place in moist soil over 2–3 weeks. In animals, 
ingested ova release larvae in the small intestine. The larvae 
penetrate the small bowel wall, travel in the bloodstream to the 
liver and lung, and are swallowed into the small intestine. Trans-
mammary and transplacental transmission occurs in infected 
pregnant dogs. In accidental hosts, such as humans and rabbits, 
migrating larvae do not complete their life cycle and encyst in 
the distant organs.

Transmission
Most commonly, transmission occurs via accidental ingestion 
of embryonated ova present in contaminated food or soil. The 
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mesenteric arteries producing ova that wash into the intestinal 
wall, inducing a granulomatous inflammatory response. The ova 
hatch releasing larvae that are passed with the stool and eaten 
by the intermediate host. Humans acquire the infection by inad-
vertently eating raw or undercooked parasite-infested snails or 
slugs. While most infections are asymptomatic, it can cause 
eosinophilic enterocolitis [148,149]. Inflammation usually 
localizes to the ileum or colon. It rarely causes anorexia, vomit-
ing, fever, abdominal pain, and tenderness. It also can cause 
gastrointestinal bleeding, constipation, bowel obstruction, 
mesenteric ischemia, and perforation in severe cases [148–150]. 
The presentation often behaves like appendicitis. These compli-
cations can result from ova deposition into tissue or through 
damage to mesenteric arteries. Because ova are not shed in the 
stool, the diagnosis requires identification of the worms on his-
topathological examination of biopsies or surgical specimens. 
Current antiparasitic agents are not effective against this organ-
ism and may prove detrimental, causing erratic migration of the 
worms and more extensive disease [151]. Most patients display 
a mild, self-limited course.

Ancylostoma species of dogs and cats 
(cutaneous larva migrans)
Introduction
Cutaneous larva migrans can be caused by exposure to hook-
worms of dogs (Ancylostoma caninum, A. braziliense, A. ceylani-
cum, and Uncinaria stenocephala) or cats (A. braziliense, A. 
tubaeforme, A. ceylanicum, and U. stenocephala) [152,153]. A. 
braziliense is the cause of most of these infections, with adult 
worms measuring 0.4–1 cm in length. These hookworm species 
cannot complete their life cycle in humans and thus humans are 
considered incidental hosts. It also commonly is seen after 
exposure to the human hookworms (Ancylostoma duodenale 
and Necator americanus) and occasionally Strongyloides 
stercoralis.

Epidemiology
Cutaneous larva migrans is prevalent in tropical and subtropical 
areas of the Caribbean, Africa, Latin America, the southern 
coasts of North America and Southeast Asia. Embryonated ova 
and larvae have improved survival in wet and warm soil com-
pared to dry soil. Thus, the peak incidence of disease is observed 
during the rainy season of tropical countries [154]. The disease 
also is becoming more frequently recognized among travelers 
to endemic locations [155]. It is most frequent in children 
because of their close contact with soil. Beach goers and plumb-
ers who work on piping under houses also are more apt to 
acquire this condition. Hence, the condition sometimes is called 
“sandworm” or “plumber’s itch” [156].

Life cycle
The appropriate adult hookworm species reside in the small 
intestine of dogs, cats, or humans (Figure 122.13), producing 
ova that are shed with the feces (Figure 122.1). Ova hatch in soil 

after embryonating for 1 day. The worms molt into third-stage 
infective larvae within 1 week. Filariform worms freely migrate 
in soil until they contact and then penetrate the skin of an avail-
able host. In susceptible animals, the larvae are able to traverse 
the epidermis, travel to the lymphatic and venous circulation, 
ascend into the lung where they are coughed up and swallowed 
into the intestinal tract to develop into adults. In contrast, infec-
tive larvae of animal species may penetrate human epidermis to 
the stratum corneum, but usually remain confined in cutaneous 
tissue and do not complete their life cycle.

Transmission
Transmission occurs through contact between contaminated 
soil and exposed skin. While this most commonly takes  
place in outdoor locations, there are reports of cutaneous vis-
ceral migrans contracted from indoor exposure to animal 
excreta [154,157]. Rarely, infective larvae are transmitted via 
fomites [158].

Clinical manifestations
Described in 1874, “creeping eruption” (Figure 122.14) is a ser-
piginous, papulovesicular, erythematous lesion that is intensely 
pruritic. It is caused by filariform larvae migrating through 
cutaneous tissue [152,155]. Bullous lesions are observed in 
9%–15% of cases [152,159]. While other parasites such as 
scabies mites also may cause the clinical finding of creeping 
eruption, the syndrome of cutaneous larva migrans is mostly 
limited to hookworms [152]. The skin lesions develop within 
hours after the larvae penetration the skin and may persist for 
months.

Diagnosis, treatment, and prevention
Diagnosis is made on history and clinical examination. A single 
dose of ivermectin (200 μg/kg body weight) is first-line treat-
ment or, alternatively, albendazole (400 mg orally once daily for 
5–7 days) may be used (Table 122.1) [156]. Wearing protective 
footwear is effective at preventing cutaneous larva migrans 
[161]. Public health measures such as prohibiting pets from 
public beaches and playgrounds and regular animal deworming 
limit the dissemination of ova and larvae [152,153].

Ancylostoma caninum (dog hookworm) and 
eosinophilic enteritis
Infection with Ancylostoma caninum, the dog hookworm, is 
among the causative pathogens of eosinophilic gastroenteritis. 
In this syndrome, immature adult worms colonize the GI tract 
and incite eosinophilic inflammation. Because the worms 
remain immature, ova are not detected in the stool. This organ-
ism should be considered in the differential diagnosis of any 
patient with eosinophilic gastroenteritis, especially if they have 
exposure to dogs or if they originate from regions where the 
worm is endemic. The condition appears to be more common 
in northeastern Australia [162,163]. Many patients harboring 
this infection remain asymptomatic, but may present with 
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prevalent in Japan, Pacific coast of South America, Scandinavia, 
and Europe [167]. P. decipiens is predominately found in North 
American oceans where transmission occurs from Atlantic or 
Pacific cod, red snapper, and Pacific halibut. Anisakis infects 
cetaceans (whales, dolphins, and porpoises); whereas P. decipi-
ens infects pinnipeds (seals, sea lions, and walrus). Humans are 
an aberrant intermediate host in anisakiasis. Nematode ova are 
excreted with the stool of marine mammals. The ova embryo-
nate in seawater before releasing their larvae, which later molt 
into second-stage and third-stage larvae while swimming in the 
ocean. Crustacean hosts (copepods and euphausiids) ingest the 
third-stage larvae, which penetrate the host gut and reside in 
the hemocoel. A diverse number of fish species and cephalo-
pods serve as intermediate hosts, acquiring Anisakis through 
the food chain. Many fish species may accumulate large quanti-
ties of third-stage larvae through eating small fish that are 
already infected [168]. The nematode molts to fourth-stage 

abdominal pain, diarrhea, peripheral eosinophilia, and 
mesenteric lymphadenopathy. Serological testing as well as 
endoscopic biopsies can help make the diagnosis. Either alben-
dazole or mebendazole is effective in treatment of the infection. 
Patients diagnosed with idiopathic eosinophilic gastroenteritis 
often receive a short course of empiric antihelminthics to pre-
clude a possible occult helminthic infection prior to treatment 
with corticosteroids. Angiostrongylus costaricensis [164] and 
Anisakis simplex [165] also have been associated with eosi-
nophilic enteritis.

Anisakis species and Pseudoterranova 
decipiens (anisakiasis)
There are at least three species of fish ascarids that cause “ani-
sakiasis”: Anisakis simplex, Anisakis physeteris, and Pseudoter-
ranova decipiens [166]. Ascarid-infected marine life has been 
identified in all major saltwater oceans [167]. Anisakis is most 

Figure 122.13 Dog and cat hookworm life cycle. Cutaneous larval migrans (also known as creeping eruption) is a zoonotic infection with hookworm 
species that do not use humans as a definitive host, the most common being A. braziliense and A. caninum. The normal definitive hosts for these species 
are dogs and cats. The cycle in the definitive host is very similar to the cycle for the human species. Eggs are passed in the stool (1), and under favorable 
conditions (moisture, warmth, shade), larvae hatch in 1–2 days. The released rhabditiform larvae grow in the feces and/or the soil (2), and after 5–10 
days (and two molts) they become filariform (third-stage) larvae that are infective (3). These infective larvae can survive 3–4 weeks in favorable 
environmental conditions. On contact with the animal host (4), the larvae penetrate the skin and are carried through the blood vessels to the heart and 
then to the lungs. They penetrate into the pulmonary alveoli, ascend the bronchial tree to the pharynx, and are swallowed. The larvae reach the small 
intestine, where they reside and mature into adults. Adult worms live in the lumen of the small intestine, where they attach to the intestinal wall. Some 
larvae become arrested in the tissues, and serve as source of infection for pups via transmammary (and possibly transplacental) routes (5). Humans may 
also become infected when filariform larvae penetrate the skin (6). With most species, the larvae cannot mature further in the human host, and migrate 
aimlessly within the epidermis, sometimes as much as several centimeters a day. Some larvae may persist in deeper tissue after finishing their skin 
migration. Source: Courtesy of Centers for Disease Control and Prevention (www.dpd.cdc.gov/dpdx/).
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life cycles of these worms involve the release of ova that are shed 
with stool into coastal oceans or freshwater. Adult Eustrong-
ylides inhabit burrows in the stomach serosa of aquatic birds 
and release ova that are shed with stool. Ova are ingested by the 
specific oligochaetes (aquatic worm) species that are the first 
intermediate host. The first-stage larva hatches within the 
aquatic worm and mature into second and third-stage larvae. 
Minnows and other small fish feed upon the infected aquatic 
worms and serve as the second intermediate host. The third-
stage larvae encyst within the host organs, develop into infective 
fourth-stage larvae, and await ingestion by birds [174]. Preda-
tory fish, amphibians, reptiles, and humans can serve as second-
stage intermediate hosts [174]. The fourth-stage larvae measure 
55–59 mm in length and 0.80–0.85 mm in diameter [173]. 
Human infection is quite rare. Eustrongylides ova remain viable 
up to 2.5 years, and infected fish maintain viable larvae for more 
than 1 year [174]. Symptoms can be seen in patients within 
24–48 h after ingestion of live infected fish [172,173]. The third-
stage larvae penetrate the colon with consequent punctate hem-
orrhage, ecchymoses, and exudates. Common presenting 
symptoms include intense abdominal pain and ileus, which can 
mimic appendicitis. The worms are identified by recognizing 
their distinct esophageal features (dorsal and subventral glands 
and branched esophageal ducts) [173]. Definitive treatment 
involves extraction of the freely migrating nematodes from the 
peritoneum by exploratory laparotomy. Eustrongylidosis is pre-
vented by adequate cooking of infected fish.

Trematodes (flukes)

Schistosoma species (schistosomiasis)
Introduction
Human schistosomiasis results from infection with one of five 
species of blood flukes of the genus Schistosoma (Schistosoma 
mansoni, S. japonicum, and S. haematobium and less frequently 
S. intercalatum and S. mekongi) [175]. Ecological changes due 
to water resources development, population migration, and 
agriculture practices place an estimated 780 million individuals 
at risk for acquiring schistosome infections [176].

Epidemiology
An estimated 200 million people in 74 countries are infected 
with Schistosoma spp. [177]. S. mansoni is endemic in Africa, 
parts of Latin America and scattered foci in the Middle East. In 
addition to humans, it colonizes rodents and other animals. S. 
japonicum is endemic in the Far East, China, coastal river 
valleys in Japan, numerous islands in the Philippines, and 
Southeast Asia, where it also has a number of animal hosts 
including rodents, cows, dogs, and pigs. S. haematobium is 
most prevalent in sub-Saharan Africa, Southwest Asia, and 
Arabia. S. intercalatum is found in regions of western and 
central Africa. S. mekongi is located along the Mekong River in 
Southeast Asia [177].

larva and eventually transform into adults in the sea mammal 
definitive host [169]. Humans are infected by eating under-
cooked marine fish containing the larval stage of the parasite.

The typical presentation for gastric anisakiasis is acute 
abdominal pain, nausea, and vomiting within hours after ingest-
ing contaminated fish [167]. Small bowel involvement presents 
with localized invasion and edema, and may be complicated by 
obstruction [170]. Nematode penetration of the stomach and 
duodenum usually is limited to the mucosa, although intestinal 
perforation occurs in rare cases. Common findings on endos-
copy include ulcerated stomach mucosa and inflammatory mass 
in the upper gastrointestinal tract [171]. Allergic manifestations 
may predominate with urticaria, eosinophilic enteritis, or ana-
phylaxis [171]. The diagnosis is suggested by visual identifica-
tion of larvae in the stomach or small bowel on upper endoscopy 
and confirmed with histopathology which may show the worms 
surrounded by eosinophilic granulomas.

The disease will spontaneously resolve in a few weeks as the 
larvae die. Larvae can be extracted with either surgery or endos-
copy. There are no proven effective drugs to treat the disease 
although mebendazole is commonly used.

Anisakiasis is prevented by cooking fish to 63°C (145°F) for 
at least 10 min or by freezing the fish for 24 h at −20°C (−4°F) 
[171]. Eating raw or undercooked salmon, cod, mackerel 
herring, whiting, and haddock are the fish species that most 
commonly spread the disease because these fish can harbor 
larvae in their eatable tissue.

Eustrongylides species (eustrongylidosis)
Of the three nematode species of Eustrongylides that cause avian 
disease, at least two are associated with human infection: Eus-
trongylides tubifex and Eustrongylides ignotus [172,173]. The 
definitive hosts are coastal birds. E. tubifex is found in North 
America, Brazil, Russia, and Europe, whereas E. ignotus is 
limited to the United States, New Zealand, and Brazil [174]. The 

Figure 122.14 Photograph of cutaneous larvae migrans caused by 
Toxocara species. Source: Lemery 2008 [160]. Reproduced with 
permission of Elsevier.
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tion, the females shed ova into the venule lumen (approximately 
300 ova daily for S. mansoni and up to 3500 ova daily for S. 
japonicum). Each ovum contains one ciliated miracidium. 
While most ova are carried with the blood into distant organs 
such as the liver, up to one-third traverse the intestinal wall and 
enter the gut (S. mansoni, S. japonicum, S. intercalatum, and S. 
mekongi) or bladder (S. haematobium) lumen. The host’s granu-
lomatous inflammatory response to the ova facilitates the move-
ment of ova into feces or urine [178–181]. Deposition of ova 
into freshwater stimulates release of the miracidia from the ova, 

Life cycle
The slender white-gray adult worms are sexually dimorphic and 
measure 1–1.2 cm in length and 0.5–1 mm in width. Pairs of 
adult male and female worms, copulating in a continuous 
monogamous embrace, inhabit the abdominal veins of the 
human host (Figure 122.15) (S. mansoni in the superior 
mesenteric vein, S. japonicum in the inferior mesenteric and 
superior hemorrhoidal veins, and S. haematobium in the vesical 
plexus and veins draining the ureters) [175]. Adult worms can 
live as long as 30 years in humans. Four to six weeks after infec-

Figure 122.15 Schistosome life cycle. Eggs are eliminated with feces or urine (1). Under optimal conditions the eggs hatch and release miracidia (2), 
which swim and penetrate specific snail intermediate hosts (3). The stages in the snail include two generations of sporocysts (4) and the production of 
cercariae (5). Upon release from the snail, the infective cercariae swim, penetrate the skin of the human host (6), and shed their forked tail, becoming 
schistosomulae (7). The schistosomulae migrate through several tissues and stages to their residence in the veins (8,9). Adult worms in humans reside 
in the mesenteric venules in various locations, which at times seem to be specific for each species (10). For instance, S. japonicum is more frequently 
found in the superior mesenteric veins draining the small intestine (A), and S. mansoni occurs more often in the superior mesenteric veins draining the 
large intestine (B). However, both species can occupy either location, and they are capable of moving between sites, so it is not possible to state 
unequivocally that one species only occurs in one location. S. haematobium most often occurs in the venous plexus of bladder (C), but it can also be 
found in the rectal venules. The females (size 7–20 mm; males slightly smaller) deposit eggs in the small venules of the portal and perivesical systems. 
The eggs are moved progressively toward the lumen of the intestine (S. mansoni and S. japonicum) and of the bladder and ureters (S. haematobium), 
and are eliminated with feces or urine, respectively (1). Pathology of S. mansoni and S. japonicum schistosomiasis includes: Katayama fever, hepatic 
perisinusoidal egg granulomas, Symmers pipestem periportal fibrosis, portal hypertension, and occasional embolic egg granulomas in brain or spinal 
cord. Pathology of S. haematobium schistosomiasis includes: hematuria, scarring, calcification, squamous cell carcinoma, and occasional embolic egg 
granulomas in brain or spinal cord. Human contact with water is thus necessary for infection by schistosomes. Various animals, such as dogs, cats, 
rodents, pigs, horse, and goats, serve as reservoirs for S. japonicum, and dogs for S. mekongi. Source: Centers for Disease Control and Prevention 
(www.dpd.cdc.gov/dpdx/).
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which rely on cilia to swim to their appropriate snail host. The 
miracidia enter the appropriate snail species and matures into 
sporocysts over 4–6 weeks. Each species of Schistosoma infects 
a specific freshwater snail of the genus Biomphalaria (S. 
mansoni), Bulinus (S. haematobium), or Oncomelania (S. japoni-
cum). Sporocysts asexually divide into cercariae, which disem-
bark from the snail into the local water. Cercariae penetrate 
exposed human skin, shed their tails, develop into schistosomu-
lae, and travel via the bloodstream to the lung and then the liver. 
The worms mature into adults after residing in the portal vein 
for 4–6 weeks. Subsequently, the mated adult worm pairs travel 
to the mesenteric or perivesicular venules, depending on the 
schistosome species.

Transmission
Transmission is associated with playing and working close to 
dams, reservoirs, and irrigation systems. The cercarial forms are 
found most frequently in stagnant freshwater containing the 
appropriate snails, and they infect individuals during bathing, 
fishing, or other water-related activities [176,182]. Thus, the 
incidence and intensity of schistosome infection is affected by 
availability of permissive snail hosts, cercarial density, frequency 
of human exposure to water in the environment, and methods 
of sewage disposal [176,182–184]. Because the species of snails 
required to complete the life cycle of schistosomes associated 
with human infection require warm climates to survive, schis-
tosomiasis is restricted to people who live in, or at times travel 
to, tropical and subtropical regions.

Clinical manifestations
Most people infected with schistosomes remain asymptomatic 
and do not develop significant disease. In regions where Schis-
tosoma infection is endemic, the peak incidence of infection 
occurs in individuals between ages 10 and 20 years because of 
their propensity for water exposure [178].

Cercarial invasion of the skin usually is asymptomatic in local 
populations, but can cause a mild, pruritic, papular, urticarial 
rash in tourists [178]. The rash may last up to a few days. A 
similar clinical finding is cercarial dermatitis, or “swimmers 
itch,” which develops in people exposed to the cercariae of bird 
schistosomes (genus Trichobilharzia), which can thrive in 
Northern climates [185]. The cercariae of bird schistosomes 
cannot complete their life cycle in humans and thus die in the 
skin.

Acute schistosomiasis, or Katayama fever, is a systemic 
hypersensitivity reaction directed against migrating schisto-
somula and ova. The condition can develop during the early 
stages of a primary infection. It is most commonly reported 
with exposure to S. mansoni and S. japonicum. It is character-
ized by fever, malaise, urticaria, abdominal discomfort, bloody 
diarrhea, weight loss, mild hepatosplenomegaly, lymphaden-
opathy, and eosinophilia [186,187]. Onset of symptoms is 
between 2 and 12 weeks from the time of the initial infection, 
and coincides with the initial production of ova. Patients also 

may display cough and wheezing, with pulmonary infiltrates 
noted on chest radiograph. Aberrant migration of worms to the 
central nervous system and testes may cause transverse myelitis 
and hematospermia, respectively [186]. Symptoms spontane-
ously resolve in 2–10 weeks.

Chronic schistosomiasis is a consequence of the host immune 
response to schistosome ova, rather than to the adult worms. 
The ova evoke eosinophilic granulomatous immune responses 
damaging the organs where ova are most commonly deposited: 
in the intestine and liver for S. mansoni (Figure 122.16) and S. 
japonicum, and in the genitourinary tract for S. haematobium 
(Figure 122.17) [178]. Severity of disease is dependent on the 
intensity of worm burden, the host immune response to  
ova, and the presence of coinfections such as hepatitis C.  
Experiments suggest Th1 and Th17-mediated T-cell signaling 
play a critical role in modulating inflammation and fibrosis 
[188–190].

Intestinal schistosomiasis, most frequently seen with S. 
mansoni and S. japonicum, presents as abdominal pain, diarrhea, 
and occult or gross blood in stools (Figure 122.17a) [191]. Pro-
gression of colonic schistosomiasis can be categorized as acute 
schistosomal colitis, chronic schistosomal colitis, and chronic 
active schistosomal colitis [192]. Acute schistosomal colitis 
presents as an eosinophilic granulomatous inflammation in 
response to retained intact ova in the colonic submucosa and 
lamina propria (Figure 122.16f,g). A predominantly lym-
phocytic involvement is observed with calcified ova in chronic 
schistosomal colitis. Patchy mucosal hyperemia, friability, and 
schistosomal polyps (Figure 122.16d,e) may be observed during 
colonoscopy [191,193,194]. Chronic intestinal disease is associ-
ated with polyposis, mucosal ulceration and, at times, strictures 
[191,195].

Hepatosplenic schistosomiasis is characterized by an early 
inflammatory followed by a late fibrotic liver disease [178,196]. 
Schistosomal hepatomegaly in children (Figure 122.17b,c) is a 
result of the inflammatory reaction elicited by ova confined to 
the presinusoidal periportal liver spaces. This commonly 
presents as a sharp-edged enlargement of the liver and nodular 
splenomegaly [191,196]. If untreated, a subset of individuals 
progress to fibrotic hepatic disease, also called Symmers pipes-
tem fibrosis (Figure 122.17d), with thick collagen deposits in 
the periportal spaces [178]. This can lead to presinusoidal portal 
hypertension with the development of gastroesophageal varices, 
gastrointestinal bleeding, ascites, and splenomegaly. In contrast 
to cirrhosis, the liver synthetic function remains intact. Thus, 
patients with advanced schistosomiasis and liver disease do not 
normally develop coagulopathy or hepatic encephalopathy.

Patients with concomitant hepatitis C and schistosomiasis 
infection are at much greater risk of developing cirrhosis and 
hepatocellular carcinoma [197].

Schistosome ova can damage other organs. Portosystemic 
shunting of ova to the pulmonary vasculature may lead to fibro-
sis that progresses to chronic obliterative arteritis, pulmonary 
hypertension, and cor pulmonale [178]. Aberrant migration of 
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Figure 122.16 (a) Ova of Schistosoma mansoni have a characteristic lateral spin. (b) Ova of S. japonicum are more rounded and have only a vestigial 
spine. (c) The ova of S. haematobium have a solitary polar spine. Schistosoma ova incite granulomatous inflammation that may occur in the colon as a 
(d) single polyp (identified during colonoscopy after indigo carmine application) or (e) intestinal polyposis during colonoscopy. (f) Histological 
examination of a colonic polyp revealing a cluster of schistosome ova (arrows). (g) S. mansoni ovum surrounded by eosinophilic granulomatous 
inflammation in the colonic mucosa. (h) A schistosome ovum lodged in the liver inducing a granuloma. Source: (d–h) Centers for Disease Control and 
Prevention (www.dpd.cdc.gov/dpdx/html/schistosomiasis.htm).
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Clinical complaints may include hematuria (Figure 122.17e), 
dysuria, and urinary frequency. Chronic bacteriuria, pyelone-
phritis, bladder polyposis (Figure 122.17f), and bladder calcifi-
cation can develop. Ova deposited in the ureteral mucosa can 
gradually cause obstructive uropathy (Figure 122.17g) leading 
to renal failure. Chronic heavy urinary schistosomiasis is associ-
ated with development of squamous cell carcinoma of the 

ova to the vasculature of the brain or spinal cord can cause brain 
lesions or transverse myelitis. They also can injure the gallblad-
der leading to cholecystitis or cholelithiasis, the genital tract 
causing cervicitis, and the appendix inducing appendicitis or 
asymptomatic appendiceal calcification [198,199].

Schistosoma haematobium, because of its location in the in 
the vesical venous plexus, may causes urinary tract disease. 

Figure 122.17 The blood flukes of the genus Schistosoma cause intestinal, liver, and urinary disease. (a) Severe bloody diarrhea due to heavy infection 
with S. mansoni. (b) A 6-year-old boy with gross reactive hepatosplenomegaly. (c) A 19-year-old man with symptoms of chronic fibrotic hepatic 
schistosomiasis: splenomegaly, external varices, ascites, and growth retardation. Ultrasonography in chronic hepatic schistosomiasis may reveal (d) 
portal venodilatation secondary to advanced periportal fibrosis. Urinary involvement with S. haematobium can lead to (e) hematuria. Ultrasound 
detection of (f) bladder polyps and (g) bilateral hydronephrosis complicating urinary schistosomiasis. Source: Gryseels et al. 2006 [178]. Reproduced 
with permission of Elsevier.

(e) (f) (g)
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Asia [207]. Members include the genera Clonorchis, Opisthor-
chis, and Metorchis.

Epidemiology
Clonorchis sinensis and Opisthorchis viverrini are found in Japan, 
China, Southeast Asia, South Korea, and Taiwan [207]. An esti-
mated 35 million individuals are infected with C. sinensis [208] 
and 10 million are infected with O. viverrini [209]. O. felineus 
is estimated to infect 1.2 million people in Eastern Europe, 
Russia, and Central Asia [207]. Less common trematode infec-
tions include Metorchis conjunctus and Metorchis bilis, which are 
found in North America and Eurasia, respectively [210,211].

Life cycle
These flukes can survive in their host for up to 25 years [208]. 
Adult C. sinensis measure 10–25 mm in length and 3–5 mm in 
width (Figures 122.18 and 122.19a); adult O. felineus and O. 
viverrini are 8–12 mm in length, though O. felineus is usually 
wider; adult M. conjunctus are 1–7 mm in length and 0.6–2.6 mm 
in width. These adult liver flukes typically reside in the lumen 
of small and middle-sized intrahepatic bile ducts, although they 
sometimes inhabit the extrahepatic ducts, gallbladder, or pan-
creatic ducts [207]. Embryonated ova are released within the 
biliary tree. The bile containing the ova enters the intestinal 
lumen. The ova pass from the host with the stool. The ova hatch 
in freshwater releasing miracidia, which penetrate the appropri-
ate snail species that serves as the first intermediate host. Within 
the snail, the miracidia mature in 4–6 weeks to become cer-
cariae, which are released into the local water. The cercariae 
invade the skin of certain species of freshwater fish (e.g., carp), 
which serve as the second intermediate host, and encyst in fish 
muscle as metacercariae. After humans or other fish-eating 
mammals, such as domestic dogs and cats, ingest the infected 
fish, the metacercariae excyst in the upper GI tract, migrate to 
the sphincter of Oddi and ascend the biliary tree to mature into 
adults. Ova are detectable in stool 3–4 weeks after the initial 
infection.

Transmission
Humans become infected when they eat raw or incompletely 
cooked fish containing the infectious metacercariae. In China, 
at least 132 species of freshwater fish are suitable second inter-
mediate hosts for C. sinensis [207]. Individuals in nonendemic 
areas are at risk with importation of infected pickled, salted, or 
similarly preserved fish from endemic waters [210].

Clinical manifestations
Clonorchis sinensis and Opisthorchis viverrini infections are 
rarely symptomatic with trematode burdens of less than 100 
flukes [212,213]. Symptoms of acute infection are more com-
monly seen with O. felineus and M. conjunctus, which are char-
acterized by right upper quadrant pain, high-grade fever, 
nausea, vomiting, lymph node enlargement, abdominal pain, 
arthralgia, and rash [214,215]. Peripheral eosinophilia and  

bladder. However, most infections are mild and remain 
asymptomatic.

Diagnosis, treatment, and prevention
The diagnosis of schistosomiasis and each of the Schistosoma 
species is usually made by identifying the characteristic ova in 
feces, urine, or biopsy material (Figures 122.1, 122.2f, and 
122.16a–c) [178]. Katz thick smears are more sensitive than 
direct stool examination. Histological examination of random 
colonic biopsies may reveal ova embedded in the tissue even in 
the absence of macroscopic abnormalities. Ultrasonography is 
widely used to assess hepatosplenic involvement and responses 
to therapy [200]. The pattern of injury in the liver as seen by 
ultrasonography also can help make the diagnosis (Figure 
122.17d).

Available serological assays provide suggestive evidence of 
schistosome infection. In acute infection, antibody responses 
can often be detected prior to excretion of ova. The main sero-
logical test used in the USA is a Falcon assay screening test 
enzyme-linked immunosorbent assay (FAST-ELISA) [201].  
The sensitivity is poor for S. japonicum, and species-specific 
immunoblot assays may be more sensitive and specific. Anti-
bodies may persist and cannot distinguish active from prior 
infection [202]. Antigen detection assays also can prove  
helpful [203].

Praziquantel 40 mg/kg in one dose is recommended for the 
treatment of all Schistosoma species, except S. japonicum and S. 
mekongi, which should be treated with two doses of 30 mg/kg 
[178,204]. The CDC provides alternative dosing recommenda-
tions (Table 122.1). Praziquantel is effective in killing the para-
site and can decrease periportal fibrosis, hepatomegaly, and 
splenomegaly, but treatment does not reverse all the effects of 
chronic schistosomiasis [196]. The response rate is lower in 
early infection, and some cases may require a second dose [196]. 
Second-line drugs include oxamniquine (S. mansoni) and met-
rifonate (S. haematobium). Beta-blocker therapy, endoscopic 
sclerotherapy, and portocaval shunting is used to treat bleeding 
esophageal varices due to portal hypertension [205].

Control measures in endemic areas include improved sanita-
tion, proper disposal of human feces, avoidance of contami-
nated fresh water, use of molluscicides in water habitats 
conducive for snail growth, and mass treatment of populations 
living in highly endemic regions [183,184,206]. Chlorination of 
swimming pools and letting water stand for 24 h prior to bathing 
can prevent infection in travelers.

Liver flukes

Clonorchis sinensis (Chinese liver fluke) and 
Opisthorchis species (clonorchiasis and 
opisthorchiasis)
Introduction
Food-borne trematodes, or liver flukes, of the family 
Opisthorchiidae are a major source of hepatobiliary disease in 
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Diagnosis, treatment, and prevention
The diagnosis of biliary flukes is based primarily on the identi-
fication of ova in the stool or bile (Figures 122.1, 122.2e, and 
122.19b). However, ova may not be detected if there is biliary 
obstruction. Ultrasonographic examination may reveal liver 
enlargement and gallbladder dilation or wall thickening. There 
also may be dilation of the intrahepatic bile ducts or evidence 
of cholangiocarcinoma [216]. Endoscopic retrograde cholan-
giopancreatography (ERCP) may show small irregular filling 
defects in the common bile duct indicative of the organism. The 
intrahepatic ducts may display tortuosity, irregular dilation, or 
blunting of their terminal branches [217].

The underlying parasitic infection and the resulting  
complications dictate treatment. In asymptomatic or mildly 
symptomatic people, praziquantel is the drug of choice for the 
treatment of C. sinensis and O. viverrini. Triclabendazole also 
appears effective at killing these organisms [218]. The CDC 
provides alternative dosing recommendations (Table 122.1). No 
other interventions may be needed. Superimposed ascending 

elevated liver-related enzymes often accompany the other  
symptoms. Liver enlargement and tenderness may be observed 
as well.

The clinical manifestations of chronic infections are variable, 
ranging from asymptomatic to dyspepsia, abdominal pain, ano-
rexia, hepatomegaly, icterus, edema, and diarrhea. Particularly 
with heavy infections, prolonged habitation of trematodes 
within the biliary ducts may result in chronic desquamation of 
ductal epithelium with induction of local inflammation and 
fibrosis. Complications of chronic biliary inflammation may 
include stricturing of the bile ducts leading to cholangitis 
(so-called “oriental cholangitis”), cholelithiasis, chronic chole-
cystitis, and pancreatitis. Heavy C. sinensis and O. viverrini 
burdens are associated with increased risk of cholangiocarci-
noma [207]. Trematodes in the gallbladder also may serve as  
a nidus for gallstone formation. Gallstones emerging from  
the gallbladder into the biliary tree can cause obstructive  
jaundice, pancreatitis, ascending cholangitis, and pyogenic liver 
abscess [207].

Figure 122.18 Life cycle of Clonorchis sinensis and Opisthorchis species. Embryonated eggs are discharged in the biliary ducts and in the stool (1). Eggs 
are ingested by a suitable snail intermediate host (2). Each egg releases a miracidia (2a), which go through several developmental stages (sporocysts 
(2b), rediae (2c), and cercariae (2d)). The cercariae are released from the snail and after a short period of free-swimming time in water, they come in 
contact and penetrate the flesh of freshwater fish, where they encyst as metacercariae (3). Infection of humans occurs by ingestion of undercooked, 
salted, pickled, or smoked freshwater fish (4). After ingestion, the metacercariae excyst in the duodenum (5) and ascend the biliary tract through the 
ampulla of Vater (6). Maturation takes approximately 1 month. The adult flukes (measuring 10–25 mm by 3–5 mm) reside in small and medium-sized 
biliary ducts. In addition to humans, carnivorous animals can serve as reservoir hosts. Source: Centers for Disease Control and Prevention. 
(www.dpd.cdc.gov/dpdx/).
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Prevention of clonorchiasis or opisthorchiasis relies on 
sewage treatment of water contaminated with ova, antiparasite 
chemotherapy, and following food safety guidelines. Access to 
adequate sanitation partially interrupts the spread of ova into 
the local marine environment. Through the control of human 
feces is helpful, complete eradication is difficult because there 
are other animal hosts for this disease. Metacercariae do not 
survive in fish that is either cooked adequately to an internal 
temperature of at least 63°C (145°F), or stored at −4°C (−31°F) 
for at least 24 h.

Fasciola species (fascioliasis)
The genus Fasciola includes two species of trematodes that are 
known to cause human disease: Fasciola hepatica and Fasciola 
gigantica. F. hepatica is found in most sheep and cattle-raising 
areas of the world, including the Middle East, Central and South 
America, Europe, China, and Africa [219]. There are between 2 
and 17 million individuals infected with F. hepatica, and others 
in smaller numbers by F. gigantica, worldwide (Figure 122.20c) 
[220]. F. gigantica is restricted to the Western Pacific, Africa, 
and Asia [221]. Although there is geographic overlap, F. hepatica 
and F. gigantica rely on distinct species of freshwater snails of 
the family Lymnaeidae [219]. The adult F. hepatica measures 
30 mm in length and 13 mm in width, whereas F. gigantica is 
35 mm in length and 15 mm in width. The adult Fasciola inhab-
its the large biliary ducts of the definitive host, which includes 
humans and ruminants [219].

The life cycle of these organisms has a definitive mammalian 
host, and snails and freshwater plants serve as intermediate 
hosts. Unembryonated ova are released into the bile duct and 
voided with feces. After 9–10 days in water, miracidia hatch 
from ova and enter suitable snail intermediate hosts. Within the 
snail, the parasites develop from sporocyst to cercariae, which 
are released from the snail and encyst as metacercariae on 
aquatic plants such as wild watercress, lettuce, and alfalfa. 
Humans become infected when they eat plants contaminated 
with encysted metacercariae. The larvae excyst in the small 
intestine, puncture the gut wall, migrate freely in the peritoneal 
cavity, and penetrate the hepatic capsule to enter the liver. They 
burrow through the liver parenchyma for 6–9 weeks before 
entry into the bile ducts where they spend their adult lives.

Infection can present with two distinct clinical stages. The 
acute phase of infection, or “liver stage”, can last from weeks to 
months. It is characterized by fever, hepatomegaly, abdominal 
pain, weight loss, anemia, abnormal liver function tests, and 
eosinophilia [221]. Parasite penetration of the liver may be com-
plicated by hemobilia and liver hematoma [222]. Most people 
will have no symptoms after the parasite has migrated into the 
biliary system. During the chronic phase, or “biliary stage” of 
infection, symptoms when they do occur are mostly related to 
biliary obstruction, such as jaundice, biliary colic, cholecystitis, 
and cholangitis [221]. Liver abscesses and acute pancreatitis can 
develop [223]. The larvae have a propensity to migrate to aber-
rant sites such as the lungs, heart, brain, and skin. F. gigantica 

cholangitis requires antibiotic therapy and perhaps endoscopic 
retrograde cholangiography to dilate ductal strictures and to 
remove stones or other debris from the biliary system. Chole-
cystectomy or other forms of palliative surgery may be neces-
sary in complicated cases presenting as cholecystitis or 
obstructive jaundice. Associated cholangiocarcinoma usually is 
fatal.

Figure 122.19 Liver flukes, Clonorchis sinensis and Opisthorchis species. 
(a) Adult C. sinensis are flat trematodes and release (b) ova, oval-shaped 
with a single polar operculum, into the bile duct.

(a)

(b)
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of choice for fascioliasis (Table 122.1) [225]. Nitazoxanide also 
may be effective in chronic infection [230]. Removing the adult 
worms during ERCP can cure the disease (Figure 122.20a) 
[228]. Treatment of F. gigantica is the same as for F. hepatica.

Fascioliasis can be prevented by avoiding ingestion of raw 
freshwater plants in endemic areas. Control measures include 
the elimination of snail intermediate hosts, through drainage of 
pastures and use of molluscicides, and treatment of definitive 
herbivorous animal hosts.

Dicrocoelium dendriticum (dicrocoeliasis)
Dicrocoeliasis is caused by Dicrocoelium dendriticum. This 
organism is prevalent in Europe, northern Asia, America,  
and northern Africa. Ruminants such as goat, cattle, and sheep 
are the usual definitive hosts for D. dendricitum, although 
humans also can serve as definitive host. Adult flukes reside in 
bile ducts of the animal host from where ova are shed and ulti-
mately excreted into the environment via host feces. Ova are 

has a similar life cycle, pathology, and clinical features to that 
of F. hepatica.

Diagnosis of acute infection rests on the typical clinical sce-
nario, supported by characteristic radiological findings and 
positive serology [224]. Within the liver, multiple low-density 
nodular lesions or cyst calcifications may be observed on CT 
[225]. Lesions are subcapsular, arrayed in tracts, and evolve 
slowly [226]. Finding ova in the stool or duodenal aspirates 
allows definitive diagnosis (Figures 122.1, 122.2g, and 122.20b), 
but this is only possible after the flukes have matured to  
adulthood within the biliary system during the biliary stage  
of disease. During ERCP evaluation of the biliary tree, the  
flukes may appear as intraductal radiolucent linear or crescent-
like shadows [227,228]. Fasciola species may present as freely 
floating intraductal linear structures on endoscopic ultrasonog-
raphy [229].

Therapeutic failures are common in patients with F. hepatica 
treated with praziquantel, and triclabendazole is now the drug 

Figure 122.20 Fasciola hepatica adult flukes inhabit the lumen of the biliary tract. (a) Removal of F. hepatica from the common bile duct during 
endoscopic retrograde cholangiopancreatography (ERCP). (b) The ova are stained with bile, oval, and have with an indistinct operculum at one pole. 
(c) Adult Fasciola hepatica isolated from the peritoneal cavity of a patient during surgery. The patient had chronic abdominal pain associated with 
peripheral eosinophilia. Source: (c) Courtesy of Joel Weinstock, MD, Tufts Medical Center.

(a)

(b) (c)
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on aquatic plant surfaces. Humans become infected when they 
ingest water chestnut, water caltrop, lotus, water bamboo, and 
other aquatic vegetation contaminated with encysted metacer-
cariae. The larvae excyst in the duodenum and, in 3 months, 
mature into adults in the gastrointestinal tract. Adult F. buski 
commonly attach among villi of the duodenum and jejunum, 
but can sometimes inhabit the colon [236]. Infection typically 
is asymptomatic. Heavy infection, with greater than 500 flukes 
per person, can present with anorexia, vomiting, diarrhea, 
abdominal pain, malabsorption, and weight loss. In rare cases, 
heavy infection can result in bowel obstruction, stricture, or 
perforation with accompanying abscess [236–238]. The diagno-
sis is made by identification of ova (ellipsoidal with indistinct 
operculum, measuring approximately 150 by 80 μm) or flukes 
(20–75 mm in length and 8–20 mm in width) in stool, duodenal 
aspirate, or vomitus (Figure 122.1). Flukes can be visualized on 
endoscope [236,239]. Examining the expelled adult flukes fol-
lowing antiparasitic therapy may allow species identification. 
Praziquantel is the drug of choice, and a single dose can prove 
effective [240]. Triclabendazole has shown efficacy in treatment 
of F. buski in pigs [240]. The CDC provides alternative dosing 
recommendations (Table 122.1). Avoiding ingestion of raw 
freshwater plants in endemic areas prevents fasciolopiasis [221]. 
Control measures include the elimination of snail intermediate 
hosts through use of molluscicides and drainage of stagnant 
water, and the treatment of porcine reservoir hosts [241].

Heterophyes heterophyes and 
Metagonimus yokogawai
There are at least 10 species of flukes in the family Heterophyi-
dae, of which Heterophyes heterophyes and Metagonimus yokoga-
wai are the most common [242]. H. heterophyes is found 
primarily in the Middle East (Egypt, Sudan, and Iran), whereas 
M. yokogawai is most prevalent in East Asia (mainly Japan, 
China, Taiwan, and the Republic of Korea) [243]. The life cycles 
of these flukes involves the release of ova that are shed with stool 
into brackish or freshwater. The ova hatch releasing mercidia, 
which enter specific snail species that are the first intermediate 
host. Cercariae released from the snails penetrate fish, and they 
encyst as metacercariae in the tissue of this second intermediary 
host. Humans, dogs, cats, fox, and other fish-eating mammals 
acquire infections by consuming undercooked or salted fish 
containing the metacercariae. The ingested metacercariae excyst 
and attach to the small intestine, where they mature into adult 
worms, which begin producing eggs about 9 days after inges-
tion. Infections caused by either species are mostly asympto-
matic, but symptoms can develop in people with heavy infection 
or who are immune compromised. The flukes attach to the small 
bowel and may cause ulcerations and inflammation. This can 
lead to symptoms such as anorexia, nausea, abdominal pain, 
dyspepsia, weight loss, and diarrhea. Peripheral eosinophilia 
often is present [244]. Ova rarely can embolize to ectopic sites 
such as the heart or central nervous system, causing myocardi-
tis, congestive heart failure, or cerebral hemorrhage [245]. The 

ingested by snails, the initial intermediate host, followed  
by release of cercariae that are themselves ingested by ants,  
the second intermediate host. Transmission to humans occurs 
with ingestion of infected ants. The presence of ova only in  
stool is not diagnostic, because ingested undercooked or raw 
infected animal liver can contain ova that will also pass with  
the feces. True infection is extremely rare in humans [231].  
Most infections are asymptomatic. People with heavy infection 
can develop peripheral eosinophilia, upper abdominal pain, 
biliary obstruction liver abscess, and cholecystitis [232]. Diag-
nosis of dicrocoeliasis in humans is established when ova are 
identified in duodenal aspirates. Praziquantel 25mg/kg three 
times a day for 2 days is effective at eradicating the infection 
(Table 122.1).

Intestinal flukes

Echinostoma species
At least 15 different species of Echinostoma cause human infec-
tions. Echinostomiasis is most prevalent in Thailand, the Philip-
pines, and Indonesia [233]. The life cycle is similar to that of 
Fasciola in which snails serve are the first intermediate host. 
Cercariae released from the snail encyst as metacercariae within 
the same first intermediate host or within a second intermediate 
host such as other snails, tadpoles, bivalves, or mussels. Humans 
acquire the infection by ingesting infected second intermediate 
hosts. Metacercariae excyst in the duodenum, and adults reside 
in the small intestine. Infection is generally asymptomatic. 
Symptoms can be seen in patients with heavy infection. The 
5–15-mm long flukes attached to the small bowel and at times 
cause ulceration and inflammation leading to symptoms such 
as abdominal pain and diarrhea. Peripheral eosinophilia may be 
present. The diagnosis is established by identifying the charac-
teristic ova (thin shell, 80–130 mm by 58–90 mm) in the stool 
(Figure 122.1). These ova are similar in morphology to those of 
Heterophyes heterophyes and Metagonimus yokogawai and other 
species in these families. Accurate species identification is only 
feasible by examining expelled worms following antiparasitic 
treatment [234]. Praziquantel (a single 25 mg/kg dose) is the 
treatment of choice.

Fasciolopsis buski (giant intestinal fluke) 
(fasciolopiasis)
Fasciolopsis buski, also called the giant intestinal fluke, is the 
solitary species in the genus Fasciolopsis. It is found in the Far 
East, South Asia, and Southeast Asia with prevalence in endemic 
regions ranging between 10% and 60% [235]. The definitive 
hosts for F. buski are human and pig. Freshwater snails, of the 
genera Segmentina, Hippeutis, and Gyraulus serve as intermedi-
ate host. Adult F. buski attach to the lumen of the bowel. Unem-
bryonated ova are discharged with feces into local freshwater. 
Miracidia hatch from ova and penetrate suitable snail interme-
diate hosts. Within the snail, the parasite develops into cercar-
iae, which are released from the snail and encyst as metacercariae 
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Transmission
Humans acquire the infection when they eat raw or under-
cooked infected freshwater fish. Common sources including 
undercooked pike, perch, lake trout, whitefish, and salmon 
[246]. Plerocercoids remain viable in infected fish for months 
to years [248].

Clinical manifestations
Most infections are asymptomatic, though patients may seek 
medical attention after observing proglottids in their stool 
(Figure 122.21b). Some patients will present with diarrhea, 

diagnosis is established by identifying the characteristic ova 
(yellow and measure approximately 30 by 15 mm) or flukes 
(1.0–2.5 mm by 0.4–0.75 mm) in the stool (Figure 122.1). Spe-
ciation based on ova examination is difficult given the similar 
size and morphology of ova among the different species. Species 
identification is often made by examining the expelled adult 
worms following antiparasitic therapy. Praziquantel (75 mg/kg 
in three divided doses for 1 day) is effective.

Cestodes (tapeworms)

Diphyllobothrium species (fish tapeworm) 
(diphyllobothriasis)
Introduction
The Diphyllobothrium species are among the longest of human 
parasites, with measurements of 2–15 meters [246]. At least 14 
species of Diphyllobothrium cause human disease; however, 
those of public health importance include D. latum, D. kleba-
novskii, D. pacificum, and D. nihonkaiense.

Epidemiology
About 20 million individuals have diphyllobothriasis, with most 
cases related to D. latum. Although D. latum is distributed 
worldwide, infection most commonly occurs in holarctic 
regions of northern Europe, North America, and Japan [247]. 
Infection with D. pacificum is predominantly found along the 
Pacific coast of South America, while D. nihonkaiense is usually 
found in Japan [246]. D. klebanovskii is the most common 
source of diphyllobothriasis in eastern Eurasia [247]. In multi-
ple instances, the introduction of Diphyllobothrium species to 
new locales has been attributed to importation of infected fish 
and to the immigration of infected individuals from regions 
where diphyllobothriasis is endemic [246].

Life cycle
The life cycle requires one definitive and two intermediate hosts. 
Diphyllobothrium species typically have fish-eating birds, 
marine mammals, bears, dogs, and foxes as definitive host. 
Humans also can serve as a definitive host. The adult worm has 
an anterior portion called a scolex and many short body seg-
ments called proglottids in which ova are produced (Figure 
122.21a). Two to six weeks after establishing residence in the 
ileum or jejunum of the host, the adult cestode pass ova into the 
fecal stream [246]. The ova embryonate in freshwater. When 
they hatch, they release ciliated coracidia, which are ingested by 
the first intermediate host, a copepod (crustaceans). Within the 
copepod, the coracidia penetrate the intestinal wall and develop 
into the procercoid stage [246]. Fish prey on the infected 
copepod and become the second intermediate host. The larval 
stages develop within the fish to the plerocercoid stage. Once 
infected fish are eaten by the definitive host, the plerocercoid 
matures into the adult cestode within the intestine, most com-
monly in the ileum [246].

Figure 122.21 Diphyllobothrium latum. (a) The proglottids are broad and 
off-white in color, and readily visible in freshly passed stool. (b) The ova 
have an indistinct monopolar operculum and characteristic “knob” on the 
opposite pole.

(a)

(b)
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Epidemiology
Taenia saginata is the most common Taenia species to infect 
humans and is endemic in most regions of the world [259]. It 
is estimated that 60 million people are infected with T. saginata 
[259]. Cases of T. saginata are most prevalent in Eastern Europe, 
Russia, eastern Africa, and Latin America [261]. Risk factors for 
acquiring T. saginata include routine consumption of under-
cooked beef, poor public sanitation, and habitation close to 
cattle [262,263]. The prevalence of human infection in most 
regions is less than 1%, but studies have identified prevalence 
rates of over 20% in East Africa, Bali, and Tibet [259]. The 
prevalence of taeniasis in the USA is low [264].

Taenia solium is found in nearly all areas where pigs are 
raised. At least 50 million people have T. solium cysticercosis, 
but far fewer have intestinal taeniasis [261]. T. solium remains 
highly endemic in Latin America, sub-Saharan Africa, South 
and Southeast Asia, as well as parts of Korea, China, Indonesia, 
and Papua New Guinea [260,265]. In the United States, locally 
acquired cysticercosis is rare, but human neurocysticercosis  
is widespread among immigrants from endemic countries 
[266,267].

Taenia asiatica is identified in Taiwan, Korea, China, the Phil-
ippines, Vietnam, Thailand, Indonesia, and Malaysia [259]. The 
prevalence of taeniasis may have wide variability in an endemic 
region, with rates of 2%–20% in rural Indonesia [268].

Life cycle
Adult T. saginata are 12 mm wide and 4–6 m in length (Figures 
122.22 and 122.23a); it has a pear-shaped scolex, or head, with 
four muscular suckers for adhesion in the human small intes-
tine. The adult T. saginata do not have a neck or rostellum 
(beak-like protuberance) on its scolex [269]. Distal from the 
scolex are segmented proglottids, which contain a complete set 
of hermaphroditic organs for ova production. The proglottids 
enlarge and mature with increasing distance from the scolex. 
Gravid proglottids of T. saginata possess a characteristic uterus 
displaying 18 to 30 lateral branches [269]. Ova are shed in 
feces or, more commonly, in detached gravid proglottids that 
leave the host. These detached proglottids can actively crawl 
out of the anus and move on the soil. Cattle are the most 
common intermediate host. When bovines ingest the ova,  
the ova hatch and release oncospheres that penetrate the intes-
tinal mucosa. They then migrate into the bloodstream and 
develop into larval cysticerci (metacestode stage) in host mus-
culature and viscera, encysting in these tissues. The cysticerci 
measure 7–10 mm by 4–6 mm and contain an invaginated pro-
toscolex [269]. After humans ingest poorly cooked beef con-
taining cysticerci, the protoscolices evaginate and mature into 
adult ova-producing tapeworms in the jejunum within 10–12 
weeks [259]. Adult tapeworms can survive in the host for up 
to 25 years.

Adult T. solium are 1 mm wide and 1–5 m in length. They 
have globular-shaped scolexes with four muscular suckers and 
rostellum with 25–30 hooklets (for attachment to intestinal 

abdominal pain, fatigue, or constipation [246,249]. Aphthous 
ulcers in the colon also have been observed [250]. Anemia is 
rarely observed in D. latum infection while people harboring 
this parasite may have lower than normal vitamin B-12 serum 
levels. Megaloblastic anemia, a rare complication, may occur in 
those patients with a heavy burden of D. latum infection [251]. 
Symptoms of severe vitamin B-12 deficiency include glossitis, 
pancytopenia, and defective proprioception. In addition to D. 
latum competing with the host for available vitamin B-12 in the 
gastrointestinal tract, the worm also disrupts the host intrinsic 
factor function in vitamin B-12 absorption [246,252]. In con-
trast, infection with D. pacificum is seldom associated with 
vitamin B-12 deficiency [253].

Diagnosis, treatment, and prevention
Identification of the characteristic ova (oval in shape, opercu-
lated, about 60 μm across) (Figures 122.1, 122.2h, and 122.21b) 
or proglottids (Figure 122.21a,b) in the stool often provides the 
diagnosis. The parasite produces nearly 1 million eggs per day, 
and ova are usually detected easily by fecal examination [246]. 
Diphyllobothriasis also may be diagnosed with direct visual 
identification during capsule endoscopy and/or colonoscopy 
[254,255].

Treatment is aimed at vitamin B-12 repletion and killing the 
worm. Tapeworm-related anemia is reversible by deworming 
the patient and oral supplementation with vitamin B-12. Prazi-
quantel is effective antiparasitic therapy. Appropriate dosage is 
dependent on the Diphyllobothrium species present. The CDC 
provides alternative dosing recommendations (Table 122.1). 
Niclosamide is an acceptable alternative if praziquantel is not 
available. It has been reported that direct application of water-
soluble contrast medium, Gastrografin, into the gastrointestinal 
tract can stimulate parasite expulsion [256–258].

Prevention of diphyllobothriasis relies on limiting water con-
tamination with ova, treating infected individuals, and follow-
ing food safety guidelines [246]. Sewage treatment interrupts 
the spread of ova into the local marine environment. Larvae do 
not survive in fish that is cooked to an internal temperature of 
at least 63°C (145°F) or frozen to −35°C (−31°F) for at least 
15–24 h. Raw and undercooked fish can be safely consumed 
following deep freezing as described above [246].

Taenia species (beef and pork tapeworm) 
(taeniasis, cysticercosis)
Introduction
Humans serve as definitive host for three tapeworm species of 
the genus Taenia: the beef tapeworm (Taenia saginata), pork 
tapeworm (Taenia solium), and Asian pork tapeworm (Taenia 
asiatica) [259]. Infection with T. solium has two distinct mani-
festations in the human host: taeniasis (intestinal adult tape-
worm infection) and cysticercosis (invasion of organs by the 
metacestode stage). In contrast, infection with T. saginata and 
T. asiatica is limited to taeniasis in humans [259,260]. T. asiatica 
was formally described in 1993.
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When humans ingest poorly cooked pork containing cysticerci, 
also called “measly pork,” the protoscolices evaginate in the 
small bowel and mature into adult tapeworms. Ova can be 
found in human stool 5–12 weeks after infection [270].

Unlike T. saginata, humans can serve as both definitive and 
intermediate host for T. solium. Accidental ingestion of T. solium 
ova results in oncosphere penetration of the duodenum, which 
results in encystment of cysticerci in diverse organs. There also 
can be autoinfection of the human adult tapeworm carrier, as 
well as person-to-person transmission [270].

An adult T. asiatica is 10 mm wide and 30 cm in length; it has 
a scolex that features a rostellum without hooklets [269]. Mature 
proglottids have 16 to 21 uterine lateral branches [269]. T. asi-
atica inhabits the small intestine of humans, where ova and 
gravid proglottids are shed into feces. Domestic pigs are the 

mucosa) [270]. Distal to the scolex is a short neck followed by 
up to 700–1000 proglottids [260]. Mature T. solium proglottids 
possess eight to 13 uterine lateral branches [269]. In humans, 
adult T. solium attach in the lumen of the duodenum–jejunum, 
with the most distal proglottids terminating in the ileum. Distal 
proglottids detach from the adult worm. The proglottids then 
either disintegrate within the bowel releasing ova into the stool, 
or they pass from the host intact carrying their mature ova with 
them. Domestic and feral pigs serve as the intermediate host for 
T. solium. Pigs acquire the infection by ingesting ova, or proglot-
tids present in human fecal material. Once ingested, the larvae 
emerge from ova, penetrate the porcine gut wall, enter the 
bloodstream and deposit in musculature and other organs. The 
larvae encyst and develop into cysticerci that measure 5–8 mm 
by 3–6 mm and which contain invaginated protoscolices [269]. 

Figure 122.22 Life cycle of Taenia species. Taeniasis is the infection of humans with the adult tapeworm of Taenia saginata or Taenia solium. Humans 
are the only definitive hosts for T. saginata and T. solium. Eggs or gravid proglottids are passed with feces (1); the eggs can survive for days to months in 
the environment. Cattle (T. saginata) and pigs (T. solium) become infected by ingesting vegetation contaminated with eggs or gravid proglottids (2). In 
the animal’s intestine, the oncospheres hatch (3), invade the intestinal wall, and migrate to the striated muscles, where they develop into cysticerci. A 
cysticercus can survive for several years in the animal. Humans become infected by ingesting raw or undercooked infected meat (4). In the human 
intestine, the cysticercus develops over 2 months into an adult tapeworm, which can survive for years. The adult tapeworms attach to the small intestine 
by their scolex (5) and reside in the small intestine (6). Length of adult worms is usually 5 m or less for T. saginata (however it may reach up to 25 m) 
and 2–7 m for T. solium. The adults produce proglottids, which mature, become gravid, detach from the tapeworm, and migrate to the anus or are 
passed in the stool (approximately six per day). T. saginata adults usually have 1000–2000 proglottids, while T. solium adults have an average of 1000 
proglottids. The eggs contained in the gravid proglottids are released after the proglottids are passed with the feces. T. saginata may produce up to 
100 000 and T. solium may produce 50 000 eggs per proglottid, respectively. Source: Centers for Disease Control and Prevention. (www.dpd.cdc.gov/
dpdx/HTML/Taeniasis.htm).
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Figure 122.23 Taenia saginata and Taenia solium are the major human tapeworms acquired from beef and pork. (a) The adult worms form ribbon-like 
chains of proglottids that can reach lengths of up to 9 m. (b) The ova for these two species have identical morphology. (c) T. saginata proglottids are 
motile and can be incidental findings during colonoscopy. (d) T. saginata, with 12–30 main lateral uterine branches compared with (e) T. solium, which 
has 8–13 branches. Source: (c) Courtesy of Dr. Moises Guelrud and Dr. Suraj Gupta, Division of Gastroenterology, Tufts Medical Center.

(a)

(c)

(e)

(b)

(d)
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Diagnosis, treatment, and prevention
Diagnosis of taeniasis is made by identification of the ova 
(Figures 122.1 and 122.23b), scolex, or proglottids in stool. Fecal 
examination, especially in the case of T. saginata, often is unre-
warding because the gravid proglottids tend to pass from the 
host prior to the release of ova. Multiple stool exams are required 
for reliable detection of ova, because they are infrequently found 
on a single fecal examination even when using ova concentra-
tion methods. Transparent adhesive tape swabs applied to the 
perianal skin, as used for the diagnosis of Enterobius infection, 
is more sensitive than fecal concentration [277,278]. While the 
ova of Taenia solium and T. saginata are morphologically indis-
tinguishable, the scolex of T. saginata is differentiated easily 
from T. solium by the absence of hooks. However, the scolex 
usually is not recovered even after successful treatment. Poly-
ethylene glycol salt purgatives improve recovery of the scolex 
[279]. Examination of gravid proglottids, for determination of 
the number of uterine branches (Figure 122.23d,e), is the most 
common method for determining species. Antigen detection 
tests are sensitive for taeniasis, but are not widely available and 
do not distinguish between species [280]. Polymerase chain 
reaction (PCR) has been useful in diagnosing T. saginata in field 
situations, but is not widely available [259]. Taenia species also 
have been identified in the lumen of the gastrointestinal tract 
by upper endoscopy, videocapsule endoscopy, oral barium con-
trast fluoroscopy, and colonoscopy (Figures 122.4c and 122.23a) 
[281–283].

The diagnosis of neurocysticercosis usually is suspected on 
the basis of clinical, radiological, and serological findings. The 
initial approach is to obtain CT imaging followed by serological 
confirmation [284]. If CT imaging is indeterminate, MRI may 
be considered for detection of lesions in the brainstem and 
intraventricular space. The preferred serodiagnostic test is the 
enzyme-linked immunotransfer blot (EITB) employing semi-
purified parasite glycoproteins [284,285]. Diagnosis of cysticer-
cosis also may be made by visualization of the parasite in the 
eye during a dilated ophthalmological examination or histologi-
cal findings in brain biopsies. Funduscopic examination is 
essential in advance of antiparasite treatment because of the risk 
of permanent vision loss from intraocular cysticidal inflamma-
tion [284].

The most appropriate treatment for neurocysticercosis 
remains controversial. There is consensus that symptomatic 
therapy of cysticercosis should include antiepileptic drugs for 
seizures and surgical management for hydrocephalus. The role 
for cysticidal medications and corticosteroids remains unsettled 
[286]. A metaanalysis showed that albendazole plus corticoster-
oids decreases the number of active brain lesions and reduces 
long-term seizure frequency [287]. However, there is insuffi-
cient evidence to support or refute the value of steroid treatment 
alone in patients with intraparenchymal neurocysticercosis 
[287]. If patients have a history of seizures and calcified lesions, 
the duration of antiepileptic therapy may be indefinite. Elective 
endoscopic removal of the cysticercus is the treatment of choice 

most common intermediate host, although metacestodes can 
also encyst in cattle, goats, monkeys, and wild boar [269]. After 
the intermediate host ingests ova, the oncosphere excysts in the 
duodenum, punctures the gut wall and circulates in the blood-
stream. Cysticerci, measuring 2 mm by 2 mm in size, are pre-
dominantly found in liver and viscera [269]. The remainder of 
the T. asiatica life cycle is otherwise similar to T. saginata.

Transmission
Humans develop taeniasis from ingestion of raw or under-
cooked meat containing cysticerci, with beef associated with T. 
saginata and pork associated with T. solium and T. asiatica, 
respectively. Contamination of pastures with human feces leads 
to bovine and porcine cysticercosis [259]. Human cysticercosis 
can be acquired from human T. solium carriers who often 
harbor ova on their hands and under their fingernails [261,271].

Clinical manifestations
Most individuals with taeniasis caused by T. saginata, T. solium, 
or T. asiatica are asymptomatic. The most common symptoms 
include discomfort related to perirectal proglottid movements, 
abdominal pain, nausea, fatigue, and weight loss [259]. Only the 
proglottids of T. saginata are motile. In rare cases, intestinal 
obstruction or symptoms related to ectopic migration of 
proglottids, such as cholangitis, have been observed [272,273]. 
Eosinophilia develops occasionally. The presence of visible 
proglottids in freshly passed stool can be quite unsettling.

T. solium is more problematic than other Taenia species 
because humans can serve as its intermediate host causing the 
condition termed cysticercosis. Organ involvement, burden of 
metacestodes, and the host inflammatory response influence 
the type and severity of human symptomatology.

Neurocysticercosis (cysticercus involvement of the central 
nervous system) is a major cause of neurological disease world-
wide [274]. Neurocysticercosis may provoke recurring seizures 
and headaches [275]. While viable cysticerci may cause focal 
neurological symptoms related to extrinsic compression of 
parenchyma, the local inflammation is minimal [274]. Later 
during the course of the disease, antiparasite treatment or the 
host immune response may injure or kill the encysted cysticerci 
releasing T. solium antigens into the local tissue. The resulting 
pericystic inflammation in response to these antigens can trig-
gers edema, tissue injury, and seizures. The degenerating cysts 
may resolve or they can calcify. The evoked focal, chronic granu-
lomatous response can lead to recurrent seizures [274]. Extra-
parenchymal neurocysticercosis can induce hydrocephalus by 
obstructing ventricle drainages. Cysticercus encysting in the 
subarachnoid space can cause arachnoiditis [276].

Other symptoms may develop as cysticerci deposit in various 
tissues. Diplopia may result from deposition of cysticerci in 
extraocular muscles. They also can settle in the subretinal space 
or the vitreous humor of the eye [261]. Involvement of skeletal 
muscle may present as localized muscle pain or palpable subcu-
taneous nodules [261].
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identifying characteristic ova in the stool. The ova are round and 
30–50 μm in diameter (Figures 122.1 and 122.24). Close con-
tacts of confirmed cases should be tested or treated empirically 
as H. nana is contagious (“hand to mouth”).

Hymenolepis diminuta is a species related to H. nana, and also 
is known as “rat tapeworm” because it is primarily a parasite of 
rodents [292]. H. diminta is much longer than H. nana, measur-
ing 20–60 cm in length. Its ova are 70–85 μm in diameter and 
have two membranes (Figure 122.1). In contrast to H. nana, ova 
of H. diminuta do not have polar filaments on the inner mem-
brane. Its life cycle differs from H. nana in that autoinfection 
does not occur because the development of the larvae requires 
an intermediate host such as rat fleas and meal worms that 
ingest ova present in stool. Humans are infrequently infected by 
swallowing larval-infected insects such as grain beetles or meal 
worms found in flour. H. diminuta is reported in various parts 
of the world [293,294]. Similar to H. nana, most infections are 
asymptomatic.

Praziquantel 25 mg/kg orally (single dose), followed by a 
repeat dose 10 days later is effective therapy for hymenolepiasis. 
Stool should be examined for ova 1 month posttreatment to 
assure cure.

Echinococcus species (cystic hydatid disease) 
(cystic and alveolar echinococcosis)
Human hydatid disease results from infection with the larval 
stage of tapeworms of the genus Echinococcus. Two common 
variants of hydatid disease are cystic echinococcosis and alveo-
lar echinococcosis, caused by E. granulosus and E. multilocula-
ris, respectively [295]. Polycystic echinococcosis is caused by E. 
vogeli, and unicystic echinococcosis is caused by E. oligarthrus 

for intraventricular neurocysticercosis, but some patients 
require emergency diversion of cerebrospinal fluid via ventricu-
lostomy or placement of a ventriculoperitoneal shunt [284].

Praziquantel is the primary medication used to treat taenia-
sis. Niclosamide also is effective, but is not widely available. 
Nitazoxanide can also be used to treat taeniasis [288]. Cysticidal 
medications should be used with caution for taeniasis if there is 
suspicion for concomitant cysticercosis. Inflammation from 
dying cysts may lead to seizures and other complications.

T. saginata and T. solium infection can be prevented by avoid-
ing the consumption of raw or undercooked beef or pork, 
respectively. Meat inspection is effective in detecting all but light 
infections. Cooking meat to 63°C (145°F) kills cysticerci. 
Human T. asiatica infection can be prevented by avoiding inges-
tion of undercooked pig liver and other viscera. Mass chemo-
therapy of populations living in endemic areas can significantly 
decrease the prevalence of taeniasis or cysticercosis, although 
prevalence rates rapidly increase unless there is continued mass 
treatment [289].

Hymenolepis nana (dwarf tapeworm) and 
H. diminuta (rat tapeworm) (hymenolepiasis)
Hymenolepis nana, the most common human tapeworm in the 
world, also is known as dwarf tapeworm because of its small 
size. It measures only 15–40 mm in length, which is short com-
pared to other tapeworms such as T. saginata and D. latum, 
which are several meters long. It is most prevalent in tropical 
countries such as Egypt, Sudan, Thailand, and India, and in 
Latin America [290,291]. It is common in rural communities 
and has been reported in the southeastern portion of the United 
States. Institutionalized patients are at higher risk of contracting 
this helminth because the infection can be transmitted from 
person to person. Its life cycle differs from most other tape-
worms because it can complete its entire life cycle in a single 
host. Humans acquire the infection by ingesting ova in contami-
nated food or water or by accidentally ingesting cysticercoid-
infected insects such as beetles. The oncospheres released from 
the ingested ova penetrate the intestinal villi and develop into 
cysticercoid larvae. The larvae mature into adults in 5–6 days 
and attach to the ileum via their scolex. Distal segments of the 
worm (proglottids), which contain mature infective ova, regu-
larly break from the body. Disintegration of the proglottids 
either in the GI tract or soil releases the ova. Ova begin to pass 
in the stool 20–30 days after initial infection. Some ova hatch 
in the GI tract and continue the infective cycle without passage 
through the external environment. This process of autoinfection 
can lead to persistence of colonization. Individual worms live 
about 1 year. Transmission is associated with poor hygiene, and 
children are most affected because they are more prone to 
breaches in fecal–oral hygiene. Most infections are asympto-
matic. Patients with heavy infections (>1000 worms) can 
present with abdominal pain, diarrhea, anorexia, pruritus ani, 
dizziness, irritability, and sleep disturbance. Peripheral blood 
eosinophilia may be present. The diagnosis is established by 

Figure 122.24 Hymenolepis nana is a common human tapeworm 
infection, but is usually asymptomatic. Ova are surrounded by a striated 
outer membrane separated by a clear space from the internal membrane 
containing the larvae, which have six hooks.
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[296]. The ecology of Echinococcus spp. is dependent on the 
availability of animal definitive hosts for the adult worm and the 
relative abundance of intermediate hosts for the metacestode 
stage [295]. Humans are an aberrant intermediate host in a life 
cycle that typically involves canines as definitive hosts.

Epidemiology
Echinococcus granulosus is found in at least 100 countries world-
wide, and relies on a canine definitive host and an ungulate 
(including sheep, horses, cattle, and goats) intermediate host. 
Seven of the nine known strains of E. granulosus cause human 
infection, with the (G1) common sheep strain of greatest 
medical importance [295]. High cestode incidence rates are 
observed in Mediterranean countries, the Russian Federation 
and adjacent independent states, central Asia, northern and 
eastern Africa, Australia, and South America [295]. Cystic echi-
nococcosis is estimated to occur in 2%–6% of the endemic 
populations [295,297]. Eradication programs in Iceland, Green-
land, and Tasmania have eliminated E. granulosus in recent 
years [298].

Echinococcus multilocularis is distributed in the arctic and 
alpine areas of the northern hemisphere, where foxes are the 
predominant definitive host and rodents are the intermediate 
host. Dogs and cats also occasionally serve as definitive hosts. 
E. multilocularis is endemic in northern Japan, western China, 
Turkey, central Europe, and the Arctic tundra zone of North 
America [299]. Polycystic hydatid disease is observed in Central 
and South America, although fewer than 200 human infections 
have been reported [296].

Echinococcus vogeli is a parasite of bush dogs and feral dogs 
in South America. The intermediate hosts are rodents (pacas, 
agoutis, and spiny rats).

Echinococcus oligarthrus, associated with unicystic echinoc-
occosis, is found in wild felines, such as pumas and jaguars 
[300]. The intermediate hosts are the same as those for E. vogeli.

Life cycle
The adult E. granulosus is 2–7 mm long and has four to six seg-
ments (Figure 122.25). Adult tapeworms inhabit the small intes-
tine of dogs, where they may host heavy worm burdens without 
adverse effect [299]. Proglottids and ova are discharged into the 
environment with defecation. Oral ingestion of ova leads to 
metacestode infection in humans. Five days after ingestion, the 
ovum releases an oncosphere in the small intestine that pene-
trates the lumen wall and travels in the portal circulation to 
distant sites [299]. This usually involves the liver, but can include 
the lungs and other organs. The oncosphere matures into a 
hydatid cyst in these organs, with an outer (acellular) laminated 
membrane that is lined by an inner (cellular) germinal layer. 
Within the cyst, brood capsules bud from the germinal layer 
cells and develop into protoscolices. Separated from the germi-
nal layer, protoscolices are observed as “hydatid sand” within 
the cyst [301]. Each protoscolex has the potential to become the 
scolex (head) of an adult worm. In humans, the Echinococcus 

species does not progress beyond the metacestode stage. Infected 
intermediate hosts, commonly sheep, transmit the metacestode 
when canines eat viscera containing protoscolices.

The adult E. multilocularis is 1–5 mm long and has two to six 
segments. Adult tapeworms reside in the intestine of dogs, cats, 
and foxes. The life cycle of E. multilocularis is similar to E. 
granulosus. Ova are passed with feces of the definitive host. 
However, following oral ingestion of ova by the intermediate 
host, initial oncosphere deposition is exclusively in the liver, 
with later infiltration of contiguous and distant organ sites 
[299]. Rodents usually are the intermediate host. The metaces-
tode stage is characterized by alveolar cysts that feature innu-
merable vesicles from 1 to 20 mm in diameter [302]. E. 
multilocularis cysts rarely form protoscolices within human 
hosts. Infected intermediate hosts transmit the metacestode 
when canines eat viscera containing alveolar cysts.

The adult E. vogeli is 4–6 mm long, while E. oligarthrus is 
2–3 mm long; both worms have three segments. While the pre-
dominant definitive host for E. vogeli is the bush dog, it is pre-
sumed that E. vogeli in domestic dogs are the primary source of 
ova in human infection [300]. In the natural intermediate host, 
oncospheres of E. vogeli are confined to the liver, where they 
mature into subspherical cysts. For aberrant hosts, such as 
humans, E. vogeli oncospheres deposit in the liver, mature into 
cysts, and invade distant host organs via cyst proliferation [300]. 
E. oligarthrus forms irregular cysts in the intermediate rodent 
host. Advancement in the life cycle occurs with definitive host 
consumption of rodents infected with metacestodes of E. vogeli 
or E. oligarthrus.

Transmission
Humans acquire Echinococcus infection by ingestion of ova 
excreted by infected animal hosts. Transmission is associated 
with duration of exposure to dogs, number of dogs in proximity, 
and availability of raw viscera for dog consumption [303]. 
Potential exposures to ova include handling of infected defini-
tive hosts, contaminated food, and soil [299]. Fomites may also 
play a role because E. granulosus and E. multilocularis ova 
adhere to dog and fox fur, respectively [299]. This would place 
hunters at particular risk. E. granulosus ova in humid conditions 
can tolerate both warm and cool temperatures for weeks to 
months. In contrast, E. multilocularis ova can remain infective 
in cold climates for a year [299].

Clinical manifestations
There is a wide spectrum of clinical findings in cystic hydatid 
disease that depends on the Echinococcus species, number, size, 
and location of the cyst. Shortly after oral ingestion of ova, 
oncosphere dissemination results in primary cystic echinococ-
cosis, with cyst development in any anatomic site. E. granulosus 
usually settles in the liver and provokes no symptoms in the 
early phase of infection [299]. Secondary cystic echinococcosis 
occurs when spontaneous, or trauma-induced, cyst rupture 
seeds the daughter cysts in other locations such as the 
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antigens also may lead to allergic manifestations such as eosi-
nophilia, urticaria, and anaphylaxis [311,312]. Cyst rupture into 
the biliary tract may lead to cholangitis or biliary tree fistulous 
communication [311]. The cyst also may exert extrinsic com-
pression on hepatic tissue with consequent portal hypertension 
or Budd–Chiari syndrome [313]. Fever is prominent with sec-
ondary bacterial infection of cysts [314]. Intact pulmonary cysts 
are usually asymptomatic; however, leakage may cause cough, 
chest pain, dyspnea, and hemoptysis [297]. When pulmonary 
cysts rupture into bronchus, the patient may expectorate mem-
brane fragments, which resemble grape skins, or report a salty 
taste [315].

The “initial stage” of alveolar echinococcosis is asymptomatic, 
with a latent interval of 5–15 years [302]. This is followed by the 
“progressive stage” when E. multilocularis cyst proliferation 
affects liver function. Symptoms of the progressive phase include 

peritoneum. Most E. granulosus cysts are unilocular, containing 
smaller daughter cysts within the primary cyst cavity. Patients 
usually have no clinical or laboratory aberrations when they 
carry small or nonviable calcified cysts [299]. Cyst growth may 
range from minimal to 4 cm/year and typically does not cause 
symptoms until greater than 10 cm in diameter [304–306]. 
Cystic echinococcosis is limited to single-organ involvement 
with a solitary cyst in over 70% of patients. E. granulosus cysts 
are commonly found in the liver (70%–80%) and to lesser extent 
in lung (20%–30%) [307,308]. Approximately 10% of cysts 
deposit elsewhere, including in peritoneum, kidney, genitouri-
nary tract, bone, muscle, heart, eye, and brain [309].

Large intrahepatic cysts may present with right upper quad-
rant or epigastric pain, hepatomegaly, nausea, and vomiting 
[297]. The sequelae of cyst rupture include fever, abdominal 
pain, and hypotension [310]. Abrupt release of echinococcal 

Figure 122.25 Life cycle of Echinococcus granulosus. The adult Echinococcus granulosus (3–6 mm long) (1) resides in the small bowel of the definitive 
hosts, dogs or other canids. Gravid proglottids release eggs (2) that are passed in the feces. After ingestion by a suitable intermediate host (under natural 
conditions: sheep, goat, swine, cattle, horses, camel), the egg hatches in the small bowel and releases an oncosphere (3) that penetrates the intestinal wall 
and migrates through the circulatory system into various organs, especially the liver and lungs. In these organs, the oncosphere develops into a cyst (4) 
that enlarges gradually, producing protoscolices and daughter cysts that fill the cyst interior. The definitive host becomes infected by ingesting the 
cyst-containing organs of the infected intermediate host. After ingestion, the protoscolices (5) evaginate, attach to the intestinal mucosa (6), and develop 
into adult stages (1) in 32–80 days. The same life cycle occurs with E. multilocularis (1.2–3.7 mm), with the following differences: the definitive hosts are 
foxes, and to a lesser extent dogs, cats, coyotes, and wolves; the intermediate host are small rodents; and larval growth (in the liver) remains indefinitely 
in the proliferative stage, resulting in invasion of the surrounding tissues. With E. vogeli (up to 5.6 mm long), the definitive hosts are bush dogs and 
dogs; the intermediate hosts are rodents; and the larval stage (in the liver, lungs, and other organs) develops both externally and internally, resulting in 
multiple vesicles. E. oligarthrus (up to 2.9 mm long) has a life cycle that involves wild felids as definitive hosts and rodents as intermediate hosts. 
Humans become infected by ingesting eggs (2), with resulting release of oncospheres (3) in the intestine and the development of cysts (4) in various 
organs. Source: Courtesy of Centers for Disease Control and Prevention. (www.cdc.gov/dpdx/echinococcosis/index.html).
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occurs only in liver or spleen cysts and generally takes more 
than 5–10 years to develop. Bone cysts typically produce radi-
olucencies without periosteal reaction. MRI offers little advan-
tage over CT for the imaging of cysts except in the central 
nervous system. Greater than 50% of patients with hepatic cysts 
have abnormal liver enzyme panels. The presence of cysts cor-
relates poorly with eosinophilia, which can be low grade or 
absent [299]. An intact pulmonary hydatid cyst has a sharply 
demarcated, round or oval border but may be surrounded by 
atelectasis [318]. After a pulmonary cyst has ruptured into bron-
chus, a crescent-shaped air layer may be seen that is diagnostic 
[318]. In addition to the arc of air between the parasite and the 
host cyst wall, air in the lumen of the cyst also may be present.

Serological tests can be useful in confirmation of the diagno-
sis [320,321]. False-negative results are more common in 
patients with pulmonary, brain, and splenic cysts [295]. The 
available tests may cross-react in cysticercosis and other para-
sitic diseases. Thus, positive results require confirmation by 
immunoblot assay or immunoelectrophoresis [322].

Clinical management of cystic echinococcosis (E. granulosus) 
is guided by the World Health Organization (WHO) ultrasound 
staging of the cyst (Figure 122.26) [323]: Stage CE1 cysts are 
unilocular and demonstrate a dense wall; CE2 cysts have inter-
nal septae or daughter cysts, forming a honeycomb pattern; CE3 
cysts show detachment of the cyst wall or “water-lily sign”; CE4 
cysts demonstrate heterogeneous material instead of a cyst 
cavity; CE5 cysts demonstrate a thick rim of calcification. Both 
CE4 and CE5 are inactive cysts.

The choice of treatment depends on the WHO ultrasound 
staging, number and size of cysts, organ involvement, condition 

anemia, jaundice, weight loss, and right upper quadrant dis-
comfort due to hepatomegaly [299]. Portal hypertension is com-
monly observed in the advanced stage with concomitant hepatic 
insufficiency. The “abortive stage” is characterized by cyst calci-
fication and central degeneration indicative of death of the 
organism [302]. Untreated E. multilocularis infection is associ-
ated with a 10-year survival rate of 29%, related to complications 
of alveolar cysts [316].

Similar to alveolar echinococcosis, polycystic hydatid disease 
has an aggressive course with a proliferating germinal mem-
brane that grows externally to form additional cysts. E. vogeli 
clinical infection can be classified into five classes: type I with 
abdominal pain from liver masses, type II with obstructive jaun-
dice and symptoms of portal hypertension, type III with both 
liver and pleural cavity involvement, type IV with cysts limited 
to the small and large bowel, and type V with calcified inactive 
cysts in the liver and mesentery [300]. While type I lesions are 
the most common presentation for E. vogeli, type II lesions are 
associated with the highest mortality.

Limited information is available for unicystic echinococcosis 
because there have been few cases reported [299]. E. oligarthrus 
hydatid cysts have not shown evidence of cyst proliferation nor 
liver involvement. Instead, these cysts have developed in myo-
cardium and periorbital tissue [300].

Diagnosis, treatment, and prevention
The diagnosis of cystic echinococcosis usually is suspected on 
the basis of clinical or radiological findings. Cysts in the liver 
are easily visualized with ultrasound (Figure 122.26), CT, or 
MRI [317]. Radiographically apparent cyst wall calcification 

Figure 122.26 Echinococcus granulosus and related organisms cause cystic hydatid disease. Ultrasound staging of hydatid cysts. Source: WHO Informal 
Working Group 2003 [319]. Reproduced with permission of Elsevier.
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possible, albendazole should be administered indefinitely. In 
alveolar echinococcosis, albendazole is not curative, but can 
improve quality of life and prolong survival [329]. Liver trans-
plantation may be a consideration in selected cases of fulminant 
illness [330].

Control programs for cystic hydatid disease have met with 
variable success [298]. Echinococcus granulosus was eliminated 
from Iceland by banning home slaughter of sheep. Banning of 
home slaughter, education, and treatment of infected dogs with 
praziquantel have led to eradication in New Zealand and Tas-
mania. However, these eradication programs required signifi-
cant resources and have been less successful elsewhere. Good 
animal husbandry with proper disposal of dead animal car-
casses is essential for control of disease. A recombinant vaccine 
has proven highly effective in field studies, but awaits imple-
mentation [331]. Other tools in development include coproan-
tigen tests to detect infected dogs and improved therapy for 
ovine infection [331].

Immune-mediated diseases and their 
relationship to improved hygiene and 
deworming of the population

The incidence of inflammatory bowel disease (IBD), multiple 
sclerosis, type l diabetes, as well as other immune-mediated 
diseases have increased substantially during the 20th century. 
For instance, unknown environmental changes caused a rapid 
increase in IBD in industrialized nations over the last several 
decades and are responsible for the observation that IBD is 
more common in Northern verses Southern regions of the 
United States and Europe [332,333]. IBD is now emerging in 
developing countries [334].

The “IBD hygiene hypothesis” was proposed to explain 
changing IBD prevalence [4]. It holds that modern day living 
disrupted the composition of our intestinal flora and fauna. 
This, in turn, impaired the function of the immune regulatory 
circuits that previously protected us from IBD. Investigators 
proposed that loss of exposure to helminths was particular 
important because of their strong stimulatory influence on host 
immune regulatory circuits [335–342].

“Hygiene” is considered a risk factor for IBD in India and 
elsewhere [343]. There is some evidence that helminths present 
in the GI tract naturally protect humans from IBD [344–346]. 
Epidemiological data related to other immunological diseases 
points to a protective role for helminth infections [347–352]. 
Helminthic infections are protective in numerous animal 
models of IBD [4,340,353–355].

The observations outlined above have spurred the use of 
helminthic infections to treat diseases such as IBD. Early clinical 
trials in IBD supported the further development of Trichurs suis 
ova, an agent with no known pathogenic potential in humans, 
as a therapeutic agent [356–358]. Trials in these and other 
immune-mediated conditions are in progress.

of the patient, and available medical expertise. Antiparasitic 
chemotherapy may be used as definitive treatment in selected 
cases. Small (less than 5 cm) uncomplicated CE1 and CE3 
lesions can be managed with oral albendazole monotherapy 
with close monitoring. Larger CE1 and CE3 lesions (greater 
than 5 cm) require treatment with albendazole and adjunctive 
drainage with PAIR (percutaneous aspiration, introduction of 
scolicide, and reaspiration). PAIR is optimally performed after 
initiation of albendazole chemotherapy. It is important not to 
allow cystic fluid to spill within the peritoneal cavity to avoid 
allergic reactions and spread of cysts. To limit hydatid spillage, 
cyst aspiration is performed by passing the needle through 
solid tissue (e.g., liver) rather than directly into the cyst. Detec-
tion of protoscolices and hooks in aspirated cyst fluid confirms 
the diagnosis. Alcohol and hypertonic saline are commonly 
used scolicidal agents, which are injected into the cyst cavity. 
Prior to injection of scolicidal agents, the cyst fluid also is 
checked for bile (by dipstick or by injection of contrast 
medium) to avoid the risk of scolicidal agents enter the biliary 
tract causing chemical cholangitis. PAIR is contraindicated if 
the cyst communicates with the biliary tract, is inaccessible, 
superficial, or located in the heart, brain, spine, or free in the 
abdominal cavity. If the cyst communicates with the biliary 
tract, contrast media, which are mildly scolicidal, can be used 
to further define the communication. CE2 lesions can be 
treated with a modification of PAIR that employs a larger-bore 
catheter and drainage [324]. Calcified cysts usually are nonvi-
able and do not require PAIR.

In contrast to the older reliance on surgery for uncomplicated 
disease, a prospective study found that only 10% of children 
with hepatic cysts required surgery over the subsequent 5 years 
[325]. However, surgery remains the treatment of choice for 
complicated cysts that are not amenable to PAIR drainage [299]. 
Rupture of cyst contents at the time of surgery carries a risk of 
disseminated echinococcosis and risk of anaphylaxis at the time 
of operation. Surgical approaches have included pericystectomy 
(removal of the entire cyst and a rim of surrounding tissues), 
resection of the involved organ, simple drainage, omentoplasty, 
and capitonnage. Laparoscopic approaches report high success 
rate and low morbidity [326]. Surgical management is per-
formed after preoperative chemotherapy. Effort is made to 
reduce pressure within the cyst to help avoid cyst spillage during 
surgery [327]. ERCP with stent placement can help close biliary 
tree fistulous communication with hydatid cysts [312].

Prospective studies of surgically removed specimens show 
that protoscolices can remain viable for up to 3 months after 
initiation of chemotherapy, which is the minimum duration of 
treatment [327]. Persistent cysts can be treated by further chem-
otherapy, PAIR, or surgery.

The preferred treatment for alveolar and polycystic echinoc-
occosis is surgery, with the goal of maximal removal of infected 
tissue [299]. Radical resection may be limited by the site of the 
lesion, presence of metastases, patient comorbidities, and avail-
able surgical expertise [328]. When definitive surgery is not 
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Overview

The purpose of this chapter is to review the genetic basis for 
selected gastrointestinal and hepatic diseases. The particular 
focus is on how identification of genetic associations informs 
fundamental mechanisms of gastrointestinal physiology and 
disease pathogenesis. The primary value of genetics is in its 
power to identify novel, often previously unsuspected molecular 
mechanisms of disease. With the broad application of high-
throughput sequencing, it is anticipated that both increased 
precision of established diseases, as well as the fresh identifica-
tion of new clinical entities, will be possible.

This chapter will focuses on the role of germline genetic poly-
morphisms in disease pathogenesis. We will include the spec-
trum of genetic associations from single-gene Mendelian 
disorders to common complex, multigenic diseases. The large 
majority of genetic contribution to human disease is conferred 
through complex, typically polygenic disorders, for which 
inheritance of genetic factors confers increased susceptibility to 
disease, but is not determinative. Genome-wide association 
studies (GWAS) involve typing common human genetic varia-
tion in large case–control cohorts; these studies have identified 
thousands of genetic associations, providing enormous new 
insight into disease pathogenesis. However, these identified 
associations are typically of modest effects (i.e., odds ratios close 
to 1), where the role of any single polymorphism is relatively 

modest in driving disease. At the other end of the spectrum, 
single-gene Mendelian disorders represent only a small fraction 
human disease but, by their more determinative nature, can 
often provide insight into fundamental drivers of disease 
pathogenesis.

The genetic architecture of human disease

Most human diseases have a genetic component to their patho-
genesis, even infectious diseases typically regarded as diseases 
of environmental, and not genetic, causation. The extent to 
which genetic factors contribute to human disease can be con-
sidered to involve a continuum from pure, Mendelian disorders 
(largely genetic causation) to infectious diseases where exposure 
to a given pathogen results, in most individuals, in similar 
disease manifestations (largely nongenetic causation). In 
between these extremes is a continuum of complex traits, where 
various combinations of genetic, environmental, and develop-
mental factors interact to result in varying susceptibility to 
disease, with variable phenotypic manifestations.

Mendelian diseases
Because of its simple genetic architecture, the identification of 
the disease-causing mutation(s) for Mendelian disorders is 
straightforward in cases where the phenotype can be clearly and 
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natural selection is negative selection, where deleterious muta-
tions (e.g., single-gene mutations conferring risk for Mendelian 
diseases) are typically found at low frequencies within popula-
tions [3]. Furthermore, large sequence-based screens of severe, 
early-onset diseases such as congenital heart disease [4] have 
identified an enrichment of de novo mutations present in the 
affected child, but not in either parent in family-based trio 
studies. Signatures of positive selection have been identified at 
select loci, notably the lactase gene region [5], where selective 
advantage is conferred through the more efficient and pro-
longed digestion of milk sugars. More complex forms of positive 
selection involving combinations of genetic loci have been 
inferred [6]; the genetic architecture of host metabolism and 
immune response genes has been shaped in response to envi-
ronmental challenges of food availability (thrifty genotypes) [7] 
and infectious pathogens [3], respectively. The thrifty genotype 
hypothesis posits that the genetic architecture underlying sus-
ceptibility to diseases whose prevalence is increasing in the 
modern era, such as obesity and fatty liver disease, provided a 
survival advantage in past environments by increasing the effi-
ciency of energy use and storage [8]. Genetic diversity provides 
selective advantage in combating infectious pathogens, most 
notably at the MHC (major histocompatibility locus, chromo-
some 6p21) [9], KIR (killer immunoglobulin region, chromo-
some 19q13) [10], and blood group antigens [11] (ABO gene, 
chromosome 9q34) genomic regions.

Population differences in present day disease prevalence may 
reflect historical differences in evolutionary selection factors. 
Polymorphisms in the APOL1 (apolipoprotein, L1) gene 
common in African, but absence in European populations, have 
been associated with increased risk for kidney disease, and 
account significantly for the increased renal disease prevalence 
in African populations [12]. APOL1 encodes a secreted high-
density lipoprotein present in serum. The renal disease-
associated variants are associated with improved capacity to lyse 
trypanosomes, the pathogen associated with African sleeping 
sickness. Genetic variants that improve survival to infectious 
pathogens (particularly in childhood and during reproductive 
years) would be positively selected for, despite increasing sus-
ceptibility to chronic diseases after peak reproductive age, such 
as chronic renal disease. Finally, changing disease prevalence 
rates over time also likely reflects differences in diet and intes-
tinal microbiome composition (hygiene hypothesis) [13]; it is 
possible that genetic backgrounds that protected against prior 
infectious pathogens, in present day environments confer risk 
to disease such as eosinophilic esophagitis and inflammatory 
bowel disease.

Genome-wide association studies.
Genome-wide association studies (GWAS) have played a sig-
nificant role over the past several years in defining associations 
contributing to a broad array of human diseases. The GWAS 
study design involves the genotyping of large case–control 
cohorts using array-based genotyping platforms, typically 

precisely defined, and collection of sufficient family material is 
possible. In such cases, mapping inheritance of the phenotype 
of interest within an affected family to shared inheritance of 
genomic regions between affected individuals (genetic linkage) 
narrows the genomic regions in which the disease mutation is 
likely to reside. Once the likely genomic location has been nar-
rowed, identifying the causative mutation for Mendelian disor-
ders can be relatively straightforward, with a preponderance of 
missense mutations identified that alter the protein-coding 
sequence of a gene. The identification of missense mutations 
within the gene causing cystic fibrosis in 1989 [1] (CFTR, cystic 
fibrosis transmembrane regulator) was rapidly followed by the 
identification of a multitude of disease-causing mutations for 
other Mendelian disorders. Importantly, as mapping and 
sequencing of the human genome advanced, the tools to suc-
cessfully identify mutations have markedly accelerated the 
capacity to identify disease-associated mutations for Mendelian 
disorders.

Complex multigenic diseases
The vast burden of human disease with significant genetic con-
tributions does not follow a Mendelian pattern of inheritance, 
but rather is composed of complex, multigenic disorders. 
Support that genetic factors may contribute to disease often 
begins with the observation that disease cases cluster within 
families. Because individuals within families are exposed to 
shared environmental, as well as genetic factors, proof that 
genetics play a significant role is typically provided by twin 
studies demonstrating a higher disease concordance between 
monozygotic, compared with dizygotic, twins. Twin concord-
ance studies provide an important estimate of the overall disease 
heritability estimates, which quantitate the extent to which 
genetic factors contribute to overall phenotypic variation [2].

Between these two extremes, it is increasingly understood 
that in select diseases and populations, such as very-early-onset 
cases and with populations with distinct demographic histories, 
the role of rare variants of high effects (i.e., high odds ratios) 
may be particularly significant. The direct application of high-
throughput sequencing is rapidly identifying new mutations 
contributing to disease, and, increasingly, changing diagnostic 
paradigms in clinical practice.

Approaches to identifying genetic  
disease associations

The nature of genetic variation
As a general rule, more common single nucleotide polymor-
phisms (SNPs) are evolutionarily more ancient, having had a 
greater time to propagate within a population. Besides the his-
torical age of a mutation, many factors affect its frequency, 
including migration patterns, natural selection, and chance 
sampling (genetic drift), which is especially pronounced in 
small populations. The most potent and pervasive form of 
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including several hundred thousand to a few million markers. 
Because a GWAS tests many markers, strict significance thresh-
olds (typically P values less than 5 × 10−8) must be applied to 
establish genome-wide significant evidence for disease associa-
tion. Because of the strict significance thresholds required, 
GWAS have typically included thousands of cases and controls 
each, to identify significant associations. The application of 
GWAS has resulted in the identification of an enormous number 
of associated loci, which have dramatically advanced under-
standing of genetic factors contributing to human disease.

Due to linkage disequilibrium patterns (correlations 
between closely linked genetic markers), the association 
signals identified by GWAS can encompass one gene, multiple 
genes, or be confined to a gene desert containing no protein-
coding genes. Particular attention is paid to missense muta-
tions at conserved amino acid residues (i.e., similar across a 
wide range of species) for which altered function may subse-
quently be established through studies comparing wild-type 
and mutant protein function. However, it is anticipated that 
many of the common association signals may result from 
noncoding variation that alters gene expression. Large-scale 
studies mapping genetic variants to heritable differences in 
mRNA expression have identified a large pool of potentially 
functional variants. Finally, for a given disease-associated 
gene, it will often be the case that multiple, independent vari-
ants contribute to disease pathogenesis.

Exome sequencing
While GWAS studies have comprehensively tested common 
variation associated with complex, multigenic disease, the 
advent of high-throughput sequencing has made possible the 
systematic interrogation of less common, more private muta-
tions contributing to disease pathogenesis. Rare, more private 
mutations are typically associated with higher effects (i.e., 
higher odds ratios), but can be associated with less power to 
establish significant disease associations in case–control studies. 
Rare mutations that confer a highly increased risk of disease will 
be subject to negative selection, contributing to its low popula-
tion frequency. In fact, many rare, highly deleterious mutations 
are often de novo mutations and are used as evidence for a 
pathogenic role.

Genetics in specific gastrointestinal and 
hepatic diseases

Barrett esophagus
A GWAS was performed in a European ancestry case–control 
cohort of Barrett esophagus. This study identified two genome-
wide significant regions, namely at chromosome 6p21 within 
the MHC, and a second region on chromosome 16q24 [14]. The 
closest protein-coding gene to the maximal association signal 
on chromosome 16q24 is FOXF1 (forkhead Box F1), a forkhead 
transcription factor which plays a role in the Hedgehog signal-

ing pathway. There have been reports [15] suggesting that 
microdeletions in FOXF1 are associated with the VACTERL 
syndrome (vertebral defects, anal atresia, tracheaesophageal 
fistula, renal anomalies, and limb abnormalities) (Table 123.1). 
Importantly, in developing mouse intestine, FOXF1 is expressed 
within developing mesoderm and mediates epithelial (Wnt)–
mesenchymal (Bmp) cross-talk, thereby controlling epithelial 
proliferation and survival [16]. Finally, comparisons between 
the top GWAS-association signals in Barrett esophagus and 
obesity suggested a statistically significant overlap of many loci 
of small effects between these two distinct, but overlapping, 
disorders [14].

Eosinophilic esophagitis
Eosinophilic esophagitis (EoE) is a rare disorder with an esti-
mated incidence of 1 per 10 000 that presents most commonly 
in young males with a high rate of atopic disorders and food 
allergen sensitization. Symptoms include epigastric or chest 
pain, dysphagia and food impaction, and the diagnosis is con-
firmed by the presence of eosinophilic infiltration of more than 
15 eosinophils per high-power field [17]. The chronic eosi-
nophilic infiltration of eosinophilic esophagitis is associated 
with tissue remodeling that includes epithelial hyperplasia, sub-
epithelial fibrosis, and hypertrophy of esophageal smooth 
muscle [18]. Secretory products of eosinophils, basophils, 
stromal cells, Th2 (CD4+ T cells that help activity of other 
immune cells by releasing characteristic cytokines such as inter-
leukin [IL]-4, IL-5, and IL-13) and other inflammatory cells 
contribute to this chronic inflammatory process. Characteristic 
expression of Th2 cytokines such as IL-4, IL-5, and IL-13 is 
observed.

The role of genetic factors is suggested by the high prevalence 
in parents of patients with EoE having biopsy-proven EoE (8%) 
or esophageal strictures (10%). An extremely high rate of 
increased disease risk of siblings (λs of 80) underscores the 
significant role of genetics in EoE [19]. Given the striking con-
cordance of cases within families, a relatively small GWAS was 
sufficiently powered to identify significant association to a 
region on chromosome 5q22 to EoE [20]. This region includes 
the TSLP gene (thymic stromal lymphopoietin protein), which 
encodes a cytokine that promotes allergic inflammation. 
Importantly, the risk allele was associated with increased TSLP 
expression; furthermore, elevated levels of TSLP were observed 
in EoE [20]. In human subjects with EoE, exaggerated basophil 
responses were observed and a murine model of food allergy 
resulting in EoE was dependent on TSLP and basophils [21]. 
TSLP has been associated with multiple additional allergic dis-
orders in humans, including asthma [22,23] and peripheral 
blood eosinophilia [24]. Importantly, the TSLP associations to 
asthma were observed in multiethnic groups, indicating a  
particularly essential role in disease pathogenesis. Efforts to 
target the TSLP pathway would appear to be a particularly 
promising new avenue to treat a variety of allergic disorders, 
including EoE.
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Table 123.1 Rare genetic disorders.

Condition Inheritance 
pattern

Chromosome location/
gene locus

Gastrointestinal 
manifestations

Other features and comments

Diarrhea due to immunodeficiencies

T-cell immunodeficiency, 
CD-delta

Autosomal recessive 11q23/CD3D Diarrhea in infancy Recurrent infections, failure to thrive
Responds to bone marrow transplantation 
CD3D is a component of the T-cell receptor/
CD3 signaling complex on T cells
T-cell deficiency with positive B and NK cells

T-cell immunodeficiency, 
CD-zeta

Autosomal recessive 1q24/CD247 Diarrhea in infancy Recurrent infections, failure to thrive
Responds to bone marrow transplantation 
CD247 is a component of the T-cell receptor/
CD3 signaling complex on T-cells

Bare lymphocyte 
syndrome type II

Autosomal recessive 1q21/RFX5; 13q13/RFXAP; 
16p13/MHC2TA; 
19p13/RFXANK

Diarrhea, 
malabsorption

Defective MHC Class I and Class II expression; 
severe combined immunodeficiency

Severe combined 
immunodeficiency, 
X-linked

X-linked recessive Xq13/IL2RG Diarrhea T-, B+, NK- immunodeficiency; IL2RG is a 
signaling component to IL-2, -4, -7 and -21

Immunoglobulin kappa 
light chain deficiency

Autosomal recessive 2p11/IGKC Diarrhea Recurrent respiratory infections

Complement component 
5 deficiency

Autosomal recessive 9q33 Intractable diarrhea Dermatitis, recurrent local and systemic 
infections

Colitis syndromes

Wiskott–Aldrich 
syndrome

X-linked recessive Xp11/WAS Bloody diarrhea Thrombocytopenia, infections
WAS proteins transduce cell surface receptor 
signaling to actin cytoskeleton
Bone marrow transplantation effective

Hermansky–Pudlak 
syndrome

Autosomal recessive 10q23/HPS1 Inflammatory bowel 
disease

Oculocutaneous albinism with platelet defect 
and bleeding tendency
Carrier frequency of 1 in 21 in Puerto Ricans
HPS1 plays a role in organelle biogenesis

Endocrinopathy syndromes

IPEX, 
immunodysregulation, 
polyendocrinopathy and 
enteropathy

X-linked recessive Xp11/FOXP3 Severe diarrhea from 
enteropathy

Type 1 diabetes mellitus, dermatitis, 
hypothyroidism
Autoimmunity resulting from dysfunction of 
regulatory T cells
Bone marrow transplantation with some 
success

Autoimmune 
polyendocrinopathy 
syndrome, type I

Autosomal recessive 21q22/AIRE Malabsorption, 
diarrhea

Addison disease, hypoparathyroidism, chronic 
mucocutaneous candidiasis
Transcriptional regulator modulating negative 
selection of autoreactive T cells in the thymus

Multiple endocrine 
neoplasia, type I

Autosomal 
dominant

11q13/MEN1 Foregut tumors, 
including of duodenal 
endocrine cells and 
pancreatic islets
Peptic ulcer disease 
and diarrhea

Pituitary, parathyroid and pancreatic 
adenomas
MEN1 gene is a tumor suppressor gene that 
is an essential component of a histone 
methyltransferase complex that regulates 
transcription

Bleeding and vascular syndromes

Ehlers–Danlos syndrome 
type IV

Autosomal 
dominant

2q31/COL3A1 Intestinal and large 
vessel rupture most 
common in 
Ehlers–Danlos type IV

Soft, extensible skin, lax joints
COL3A1 encodes a chain of type III collagen, 
found in skin, lung, intestine, and vascular 
system connective tissue
Aortic and arterial aneurysms

Continued
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Condition Inheritance 
pattern

Chromosome location/
gene locus

Gastrointestinal 
manifestations

Other features and comments

Pseudoxanthoma 
elasticum

Variable 16p13/ABCC6;
16p12/XYLT1; 
17q21/XYLT2

Abnormal vasculature 
and GI bleeding

Angioid streaks in retina, dermal papules
XYLT1 and XYLT2 modify disease penetrance

Hereditary hemorrhagic 
telangiectasia type 1 
(Osler–Weber–Rendu)

Autosomal 
dominant

9q34/ENG GI bleeding from 
telangiectasias and 
arteriovenous 
malformations 
Cirrhosis and 
hyperdynamic 
circulation

Lung, liver, brain malformations
ENG encodes a transmembrane protein 
component of the TGF-β receptor complex

Hereditary hemorrhagic 
telangiectasia type 2

Autosomal 
dominant

12q13/ACVRL1 Later onset, more 
frequent hepatic 
involvement 
compared to type 1

ACVRL1 is a type I receptor for TGF-β family 
ligands BMP9 and BMP10 and an important 
regulator of blood vessel development

Klippel–Trenaunay–
Weber syndrome

Variable 8q22/translocation Hemangiomata which 
can involve the colon

Cutaneous hemangiomas

Visceral myopathies

Visceral myopathy Autosomal 
dominant

2p13/ACTG2 Abnormal motility, 
abdominal pain, 
megaduodenum, 
pseudoobstruction

Abnormal smooth muscle function resulting 
from mutations in ACTG2 (actin, gamma 2, 
smooth muscle, enteric)
Also with megacystitis with versicoureteral 
reflux

Muscular dystrophy, 
Duchenne type

X-linked recessive Xp21/DMD Acute gastric 
dilatation, intestinal 
pseudoobstruction

Can affect skeletal, cardiac and smooth 
muscle tissue
DMD (dystrophin) is a cytoskeletal protein at 
the inner surface of muscle fibers

Myotonic dystrophy 1 Autosomal 
dominant; genetic 
anticipation

19p13/DMPK Intestinal 
pseudoobstruction, 
cholelithiasis

DMPK gene critical for skeletal muscle 
structure and function
Successive generation triplet repeat 
expansions in DMPK result in earlier age of 
onset in successive generations (genetic 
anticipation)

Oculopharyngeal 
muscular dystrophy

Autosomal 
dominant

14q11/PABPN1 Oropharyngeal 
dysphagia

Ptosis, ophthalmoplegia, facial, neck and 
distal limb muscle weakness

Visceral neuropathies

Hirschsprung disease Variable 10q11/RET; 
13q22/EDNRB; 
5p13/GDNF; 20q13/EDN3

Aganglionic 
megacolon with 
constipation and 
abdominal distension

Short segment involvement is most common

Down syndrome Chromosomal Trisomy 21 Aganglionic 
megacolon present in 
5.9% of cases

Short segment involvement is most common

Cartilage–hair hypoplasia Autosomal recessive 9p13/RMRP Aganglionic 
megacolon

Dwarfing syndrome, light-colored hair

Waardenburg syndrome 
1

Autosomal 
dominant

2q35/PAX3 Aganglionic 
megacolon

Pigment changes in hair and iris, sensorineural 
hearing loss; PAX3 is a transcription factor 
involved in neural development

Familial dysautonomia 
(Riley–Day syndrome)

Autosomal recessive 9q31/IKBKAP

Table 123.1 (Continued)
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Condition Inheritance 
pattern

Chromosome location/
gene locus

Gastrointestinal 
manifestations

Other features and comments

Hereditary 
coproporphyria

Autosomal 
dominant

3q12/CPOX Nausea, vomiting, 
abdominal pain from 
autonomic 
neuropathy

Acute attacks of neurological dysfunction 
provoked by drugs, fasting, or infectious 
disease
Skin photosensitivity

Multiple endocrine 
neoplasia, type 2b

Autosomal 
dominant

10q11/RET Can present with 
megacolon

Neuromas, medullary thyroid carcinoma, 
pheochromocytoma

Opitz G syndrome Autosomal 
dominant; X-linked 
recessive

22q11, Xp22 Oropharyngeal 
dysphagia, 
esophageal 
dysmotility

Hypertelorism, urinary malformation, mental 
retardation

Mechanical obstruction and malformation syndromes

VACTERL syndrome Variable 16q24/FOXF1; 
2q31/HOXD13; 
10q23/PTEN

Anal atresia, 
tracheoesophageal 
fistula with 
esophageal atresia

Vertebral defects, radial or renal dysplasia
HOXD13 transcription factor in organogenesis

Epidermolysis bullosa 
junctionalis with pyloric 
atresia

Autosomal 
recessive; 
compound 
heterozygous

2p31/ITGA6; 17q25/ITGB4 Pyloric atresia or 
stenosis; intestinal 
obstruction from 
connective tissue 
overproliferation

Cleavage in hemidesmosomal skin region; 
ITGA6 (Integrin α6) and ITGB4 (Integrin β4) 
form laminin receptor for in epithelial cells; 
this receptor is a critical structural component 
of hemidesmosomes

Pyloric stenosis Autosomal 
dominant

12q24/NOS1 Projectile vomiting in 
infants

Lack of neuronal NOS1 results in pylorospasm

Smith–Lemli–Opitz 
syndrome

Autosomal recessive 11q13/DHCR7 Pyloric stenosis Dysmorphic facial features, microcephaly, 
mental retardation, defect in cholesterol 
metabolism
DHCR7 is an enzyme that catalyzes 
7-dehydrocholesterol to cholesterol

Multiple intestinal atresia Autosomal recessive 2p21/TTC7A Severe congenital 
disease with poor 
surgical outcomes

Combined immunodeficiency

Townes–Brocks 
syndrome

Autosomal 
dominant

16q12/SALL1 Imperforate anus Triphalangeal thumbs, sensorineural deafness, 
renal anomalies; SALL1 (spalt-like transcription 
factor 1) encodes a zinc finger transcriptional 
repressor

Opitz G syndrome Autosomal 
dominant

22q12; Xp22 Imperforate anus; 
pharyngeal 
incoordination with 
regurgitation

Mild to moderate mental deficiency, 
hypertelorism, widow’s peak, hypospadias, 
cryptorchidism, bifid scrotum, hernias

Rieger syndrome Autosomal 
dominant

4q25/PITX2 Anal stenosis Iris coloboma, broad nasal root, umbilical 
malformation, glaucoma
PITX2 encodes a homeobox family 
transcription factor

Ulnar mammary 
syndrome

Autosomal 
dominant

12q24/TBX3 Anal atresia and 
pyloric stenosis

Abnormalities of the fourth and fifth fingers, 
hypoplastic ulna, small penis, delayed puberty, 
obesity
TBX3 (T-Box 3) encodes a transcriptional 
repressor involved in developmental processes

Table 123.1 (Continued)
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tion, significantly contributes to familial clustering of PUD 
cases [26]. Taken together, these data affirm the significant role 
that genetic factors play in PUD pathogenesis.

Genome-wide association studies in peptic ulcer disease
A GWAS in a Japanese duodenal ulcer case–control cohort 
identified two genome-wide significant loci on two susceptibil-
ity loci in a region 8q24 containing the PSCA (prostate stem cell 
antigen) gene and at the ABO blood group locus at 9q34 [27]. 
The Japanese population has a high prevalence of duodenal 
ulcer, with a lifetime prevalence estimated between 4% and 15%. 
PSCA encodes a glycosylphosphatidylinositol-anchored mem-
brane glycoprotein involved in cell renewal and proliferation, 
and PSCA downregulation has been implicated as a risk factor 
for gastric cancer [28]. The duodenal ulcer-associated variant is 
correlated with altered subcellular location and stability of 
PSCA. The risk allele in this region demonstrates important 
population differences, being significantly higher in Japanese 
compared to European ancestry cohorts.

Of interest, the second most significant association in this 
study was at the ABO gene. The ABO gene is an acetylgalactos-
aminyltransferase that determines blood group type by modu-
lating (blood group A, B, or AB) or not modulating (in the case 
of blood group O) the carbohydrate H antigen. In the duodenal 
ulcer GWAS study, the T allele at rs505922, which is highly cor-
related with the O blood type, was associated with a higher risk 
for duodenal ulcer. This intriguing result provides a molecular 
basis for the long reported epidemiological observation linking 
duodenal ulcer risk and O blood type [29]. A recent Scandinavian 
and Danish database cohort study, in addition to strongly con-
firming the link between PUD and O blood type, established an 
association between A blood type and risk for gastric cancer 
[30]. The concordance between GWAS and epidemiological 
studies linking ABO gene genotypes and PUD highlights anew 
the primary pathogenic role that interindividual variability in 
the blood group carbohydrate antigens plays in gastrointestinal 
diseases.

In another example of ABO blood type modulating gas-
trointestinal host responses to gastrointestinal pathogens, it  
has been reported that persons with the O blood group type 
were less likely to become infected with Vibrios cholera O1 but, 
once infected, were more susceptible to developing severe 
cholera [31].

Congenital diarrheas (Table 123.2)
Congenital chloride diarrhea
This disorder presents with voluminous, secretory watery 
diarrhea presenting within the first few weeks of life. Affected 
children are often premature, and polyhydramnios, possibly due 
to intrauterine diarrhea, is a common feature. The stool contains 
an excess of chloride (typically more than 90 mmol/L), with 
resulting metabolic alkalosis, hypokalemia, and hyponatremia. 
Genetic linkage studies implicated a region on chromosome 
7q31, followed by mutational analyses identifying autosomal 

Susceptibility to Helicobacter pylori infection
GWAS has been utilized to identify genetic loci that are associ-
ated with H. pylori seropositivity [25]. Two large European 
cohorts were examined comparing individuals with the highest 
(top 25%) IgG titer compared to individuals with low (bottom 
75%) H. pylori titers. Two genomic loci demonstrated genome-
wide significant evidence for association, namely chromosomes 
4p14 and 1q23.3. The association signal at chromosome 4p14 
was strongest near a gene cluster including three toll-like recep-
tors, TLR10, 1, and 6 whereas the chromosome 1q23.3 associa-
tion contains the FCGR2A (Fc fragment of IgG) gene. Toll-like 
receptors play a key role in recognition by innate immune cells, 
recognizing structurally conserved microbial molecules. The 
most associated SNP in the chromosome 4p14 region was cor-
related with differential peripheral blood mRNA expression of 
TLR1, thereby implicating this gene in driving the association 
signal. TLR1 homodimerizes or heterodimerizes with TLR2 to 
signal in response to lipopeptides present in the cell walls of 
Gram-positive bacteria. Taken together, these findings indicate 
that lower expression of TLR1 correlates with protection against 
H. pylori infection [25]. These findings need to be interpreted 
against the backdrop that in Western populations, the baseline 
exposure to H. pylori is relatively low; therefore low H. pylori 
seropositivity may reflect lack of exposure as opposed to genuine 
resistance to bacterial infection.

Peptic ulcer disease
Epidemiological support for genetic contributions to 
peptic ulcer disease
It is well appreciated that two major contributing factors for 
peptic ulcer diseases (PUD) are infection by H. pylori and use 
of nonsteroidal antiinflammatory drugs (NSAIDs). The findings 
summarized in the Section Susceptibility to Helicobacter pylori 
infection highlight that H. pylori infection as measured by sero-
logical titer levels has a genetic basis [25]. Related, but distinct 
from this concept, is that susceptibility to PUD itself has a 
genetic basis; this was initially suggested by the observation that 
cases of PUD tend to cluster within families. A nationwide twin 
cohort study from Finland addressed this issue through ques-
tionnaire surveys [26]. This survey confirmed higher rates of 
PUD in men (6.2% population prevalence vs 2.8% in women) 
and use of analgesics. Familial clustering of cases might reflect 
either or both shared environmental and genetic factors. Among 
twins, the PUD concordance rate was significantly higher 
(23.6%) in monozygotic twins compared with dizygotic twins 
(14.8%). It was estimated that 39% of the liability for PUD is 
explained by genetic factors. In the analysis of discordant twin 
pairs, smoking in men and analgesic use in both sexes were 
predictors for PUD. Finally, in model selection regarding famil-
ial clustering of cases, an additive model combining genetic 
factors and unshared environmental effects (e.g., analgesic and 
tobacco use) provided the best goodness-of-fit. The minor 
effects of shared environmental factors did not support the 
concept that clustering of risk factors, such as H. pylori infec-
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and metabolic acidosis. A disproportionately high fecal sodium 
excretion exists, and defective jejunal Na+/H+ exchange (NHE) 
has been reported in select cases. While there is a high risk of 
early mortality due to the profound electrolyte imbalance and 
complications from chronic parenteral nutrition, survivors can 
eventually adapt to partial or complete enteral nutrition [36]. 
However, in contrast to the more straightforward genetics asso-
ciated with congenital chloride diarrhea, homozygosity mapping 
of NHE1, NHE2, NHE3, and NHE5 candidate genes have not 
provided support for a role in disease pathogenesis [37]. 
Syndromic forms of congenital sodium diarrhea associated with 
choanal or anal atresia, hypertelorism, and corneal erosions, 
have been associated with homozygous or compound hetero-
zygous loss-of-function mutations in SPINT2 (serine peptidase 
inhibitor, Kunitz type 2), a transmembrane inhibitor of multiple 
serine proteases [36]. The precise targets of the resulting 
increased activity of serine proteases that drive the phenotypic 
features of syndromic congenital sodium diarrhea have yet to 
be fully elucidated.

Early-onset, familial chronic diarrhea resulting  
from a gain-of-function mutation in the guanylate 
cyclase C receptor
Linkage analysis was performed in a Norwegian family contain-
ing 32 members with a variety of gastrointestinal manifesta-
tions, including relatively mild, chronic diarrhea, susceptibility 
to inflammatory bowel disease, small bowel obstruction, and 
esophagitis [38]. Cosegregation of the gastrointestinal pheno-
types was linked to a candidate region on chromosome 12p13 
and exome sequencing of candidate genes in the region identi-
fied a private mutation, S840I, in GUCY2C (guanylate cyclase C 
receptor), not identified in any genotyped controls. GUCY2C 
encodes the receptor for the E. coli heat-stable enterotoxin as 

recessive mutations in the anion Cl−–HCO3− exchanger, 
SLC26A3 (solute carrier family 26, anion exchanger, member 3). 
SLC26A3 is expressed within the intestinal brush border of the 
lower intestinal tract, particularly the columnar epithelium and 
some goblet cells. While a characteristic deletion mutation of 
the Val317 codon has been described in Finnish populations 
that leads to a secretory diarrhea [32], across populations, a 
broad variety of mutations in SLC26A3 can result in congenital 
chloride diarrhea [33]. Support for the clinical utility of exome 
sequencing was provided by sequencing a series of suspected 
cases of Bartter syndrome. Bartter syndrome cases, like con-
genital chloride diarrheas, are characterized by hypokalemia 
and metabolic alkalosis, but are pathophysiologically distinct, 
and characterized by inherited defects in multiple genes affect-
ing ion transport in the thick ascending loop of Henle. Because 
these cases did not carry any of the known Bartter syndrome 
mutations, exome sequencing was performed. A variety of point 
mutations and insertion/deletion mutations within SLC26A3 
were identified [34], highlighting the potential precision and 
efficiency of exome sequencing in diagnostically challenging 
cases such as these.

Therapeutically, in patients with congenital chloride diarrhea, 
oral intake of chloride, sodium, and potassium must exceed 
their fecal output so that obligatory sweat losses can be replaced. 
A positive balance can be attained through a high intake of 
chloride, even though this exacerbates diarrhea. Inhibition of 
gastric chloride secretion via proton pump inhibition reduces 
fecal electrolyte losses, thereby promoting a positive chloride 
balance [35].

Congenital sodium diarrhea
Congenital sodium diarrhea is an autosomal recessive, rare 
disease with perinatal onset of watery diarrhea, hyponatremia, 

Table 123.2 Disorders of intestinal electrolyte absorption and secretion.

Disease Gene Transmission Phenotype Functional effect

Congenital chloride 
diarrhea

SLC26A3 (solute carrier family 
26, anion exchanger member 3)

AR, loss-of-function 
mutations

Severe, neonatal watery 
diarrhea

Stool with >90 mmol/L chloride

Congenital sodium 
diarrhea, nonsyndromic

Unidentified AR Severe, neonatal watery 
diarrhea

Hyponatremia, metabolic 
acidosis

Congenital sodium 
diarrhea, syndromic

SPINT2 (serine peptidase 
inhibitor, Kunitz type 2)

AR, loss-of-function 
mutations

Diarrhea, anal atresia, 
hypertelorism, corneal erosions

Targets of serine proteases yet 
to be fully identified

Chronic diarrhea GUCY2C (guanylate cyclase C 
receptor)

AD, gain of function 
mutation

Early-onset, familial diarrhea Increased cGMP, activation of 
CFTR and chloride secretion

Meconium ileus CFTR (cystic fibrosis 
transmembrane regulator)

AR, loss-of-function 
mutations

Present in 10% of CF patients Impaired chloride and 
bicarbonate secretion into 
mucus layer

Meconium ileus GUCY2C (guanylate cyclase C 
receptor)

AR, loss-of-function 
mutations

Absence of pulmonary or 
pancreatic manifestations

Impaired CFTR function specific 
to the intestine

AR, autosomal recessive; AD, autosomal dominant; CF, cystic fibrosis.
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result in diarrhea and meconium ileus, respectively. Autosomal 
recessive, loss-of-function mutations were identified in two 
consanguineous Bedouin kindreds presenting with meconium 
ileus, but not carrying CFTR mutations [43]. GUCY2C encodes 
a receptor for heat-stable E. coli enterotoxin, endogenous gua-
nylin, and/or uroguanylin, thereby activating CFTR through 
local increases in cGMP levels. Because GUCY2C within the 
intestine functions as a CFTR activator, autosomal recessive 
loss-of-function mutations in either gene can result in meco-
nium ileus, providing a key example of genetic heterogeneity 
resulting in similar phenotypes. GUCY2C is highly expressed 
within the intestine, but has a lower expression within the lung 
and pancreas. As the kindreds carrying the loss-of-function 
GUCY2C mutations did not manifest pulmonary and/or pan-
creatic abnormalities, this would indicate that CFTR activity in 
these other cystic fibrosis-related tissues are dependent on other 
activators [43]. It has been reported that intestinal enteroids 
developed from mice carrying the Δ508 CFTR mutation dem-
onstrated impaired intestinal secretion with forskolin (increases 
cAMP) stimulation [44]. This elegant model system can there-
fore be potentially used to screen for novel therapeutic 
approaches to cystic fibrosis, with the caveat that the role of 
tissue-specific distribution of CFTR activators such as GUCY2C 
will ultimately need to be considered.

Genetic disorders of carbohydrate digestion  
and absorption
Carbohydrates are digested by a variety of amylases, glucoamy-
lases, and small intestinal brush border disaccharidases (e.g., 
sucrose–isomaltase, lactase) to the monomers glucose, fructose, 
and galactose prior to absorption by the small intestine. 
Absorption across the brush border and basolateral membranes 
of enterocytes is mediated by sodium-dependent and -inde-
pendent membrane proteins. Glucose and galactose transport 
across the brush border occurs by an Na+/glucose–galactose 
cotransporter (SGLT1, also known as SLC5A1, solute carrier 
family 5, member 1), whereas passive fructose transport is 
mediated by GLUT5 (SLC2A5, solute carrier family 2, member 
5) (Table 123.3). The passive exit of all three sugars out of the 
cell across the basolateral membrane occurs through GLUT2 
(SLC2A2, solute carrier family 2, member 2) and GLUT5. 
Mutations in SGLT1 cause a major defect in glucose and galac-
tose absorption (glucose–galactose deficiency), but mutations 
in GLUT2 do not appear to disrupt glucose and galactose 
absorption. Furthermore, there are no known defects in fruc-
tose absorption [45].

Sucrase–isomaltase deficiency
Autosomal recessive loss-of-function mutations in the sucrose–
isomaltase gene (SI) on chromosome 3q26 can result in 
early-onset diarrhea. This disorder is rare except among indi-
viduals of Eskimo or Canadian Native descent [46] and breast-
fed infants are asymptomatic, as lactase, which digests milk 
lactose, is a distinct gene. Introduction of sucrose or complex 

well as the endogenous peptide, guanylin. Activation of 
GUCY2C results in increased intracellular cGMP, which in turn 
activates ion channels, such as CFTR (cystic fibrosis transmem-
brane regulator). Disease phenotype cosegregated with hetero-
zygous carriage of the S840I mutation in GUCY2C. This 
mutation is an activating mutation, resulting in increased intra-
cellular cGMP, which presumably would increase chloride 
secretion through increased activity of CFTR [38].

Effects of cystic fibrosis mutations on 
gastrointestinal function
Autosomal recessive mutations in the CFTR (cystic fibrosis 
transmembrane conductance regulator ATP-binding cassette 
subfamily C, member 7) gene result in cystic fibrosis. CFTR 
encodes a cAMP-activated, ATP-gated anion channel and is 
present in the apical membrane of epithelial cells throughout 
the gut. The CFTR channel preferentially transports chloride 
anions, but bicarbonate secretion also occurs with wild-type 
CFTR. The most common mutation, Δ508, involves a three 
base-pair deletion that normally encodes a phenylalanine 
residue; this change results in a failure of protein processing and 
appropriate trafficking to the membrane surface.

The CFTR channel allows for the free flow of anions and 
water out of the cell into the overlying mucus layer, and there-
fore this mutation can affect all organs that produce mucus. 
Mice lacking functional CFTR (CftrΔ508) have a mucus that 
adheres to the ileal mucosa epithelium and is denser and less 
penetrable compared to that of wild-type mice. These properties 
of the ileal mucus of cystic fibrosis mice were normalized by 
secretion into a high-concentration sodium bicarbonate buffer 
[39]. The beneficial effects of bicarbonate in maintaining proper 
mucus layer function may occur via precipitation of calcium 
ions, which may be necessary for the correct unfolding of stored 
mucins and proper gel formation [40,41].

Around 10% of newborns with cystic fibrosis have meconium 
ileus at birth and distal intestinal obstruction syndrome can 
present in adults. Both entities are characterized by partial or 
complete obstruction of inspissated mucus localized to the ile-
ocecal region [40,41]. While recurrent lung infections dominate 
the clinical course, the gastrointestinal tract is altered in many 
patients with cystic fibrosis. The CFTR channel has a key role 
in protecting the small intestine from bacterial invasions. An 
increased frequency of bacterial overgrowth, as measured by 
breath hydrogen testing, has been reported in patients with 
cystic fibrosis [42].

Genetic and allelic heterogeneity involving  
CFTR physiology
While the most commonly identified cause of meconium ileus 
is due to CFTR mutations, a study has demonstrated that auto-
somal recessive, loss-of-function mutations in GUCY2C (guan-
ylate cyclase C receptor) can also result in meconium ileus. 
Therefore, distinct autosomal dominant gain-of-function or 
autosomal recessive loss-of-function GUCY2C mutations can 
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Table 123.3 Genetic disorders affecting nutritional factors.

Condition Inheritance 
pattern

Chromosome 
location/gene

Gastrointestinal 
manifestations

Other features and comments

Defects in carbohydrate metabolism

Sucrase–isomaltase 
deficiency

Autosomal 
recessive

3q26/SI Variable severity, from severe 
infantile diarrhea to 
inflammatory bowel 
disease-like symptoms in adults

Congenital lactase 
deficiency

Autosomal 
recessive

2q21/LCT Neonatal watery diarrhea, 
acidosis, dehydration

Rare recessive disorder common in Finland
Lactose-free diet leads to rapid recovery

Adult type hypolactasia Autosomal 
recessive

2q21/LCT Abdominal pain, bloating, 
diarrhea after lactose digestion

Present in >75% of nonwhite and about 
20% of white population
Risk factor for osteoporosis

Glucose–galactose 
malabsorption

Autosomal 
recessive

22q12/SLC5A1 (SGLT1) Neonatal, life-threatening 
diarrhea

Mild defect in renal tubular absorption of 
glucose

Fanconi–Bickel syndrome Autosomal 
recessive

3q26/SLC2A2 (GLUT2) Glycogen storage disease, 
glucose–galactose intolerance

SLC2A2 is expressed in hepatocytes, 
pancreatic beta cells, and basolateral 
membranes of intestinal and renal tubular 
epithelial cells
Symptoms include tubular nephropathy and 
failure to thrive

Trehalase deficiency Autosomal 
recessive

11q23/TREH Diarrhea with trehalose 
ingestion

Rare cause of diarrhea; trehalose is a 
disaccharide found in mushrooms and algae

Defects in amino acid transport

Iminoglycinuria Autosomal 
recessive

3p21/SLC6A20; 
5p15/SLC6A19; 
5q33/SLC36A2

None Membrane transport defect causing excess 
excretion of proline, hydroxyproline and 
glycine – often no clinical consequence but 
may be associated with mental retardation 
and gyrate atrophy

Hartnup disease Autosomal 
recessive

11q13/SLC6A19 None Pellgra-like rash, cerebellar ataxia, emotional 
instability, amino aciduria

Cystinuria Complex; 
variable 
penetrance

2p16/SLC3A1; 19q13/
SLC7A9

None Impaired epithelial transport of cysteine and 
dibasic amino acids in the proximal renal 
tubule and gastrointestinal tract
Nephrolithiasis and bladder stones

Lysinuric protein 
intolerance

Autosomal 
recessive

14q11/SLC7A7 Vomiting and diarrhea after 
ingestion of cow’s milk

Hyperammonenmia, failure to thrive, mental 
retardation, lens opacities, elastic skin, sparse 
hair

Defects in intestinal protein absorption

Epidermolysis bullosa 
junctionalis with pyloric 
atresia

Autosomal 
recessive

17q24/ITGB4; 
2q31/ITGA6

Pyloric stenosis or atresia; 
diarrhea, protein-losing 
enteropathy

Epidermolysis bullosa
Intestinal obstruction resulting from 
hyperproliferation of connective tissue

Hereditary lymphedema, 
IA (Milroy disease)

Autosomal 
dominant

5q35/FLT4 Intestinal albumin loss, 
hypoproteinemia, chylous 
ascites

Severe edema below the waist, onset at birth
FLT4 is the vascular endothelial growth factor 
receptor 3

Defects in fat homeostasis

Familial amyloidosis 
polyneuropathy type 1

Autosomal 
dominant

18q12/TTR Abnormal GI motility with 
bacteria overgrowth, 
malabsorption of bile acids

Progressive sensorimotor neuropathy
TTR (transthyretin) is one of three prealbumins 
and transports thyroxine and retinol

Abetalipoproteinemia Autosomal 
recessive

4q23/MTTP Fat malabsorption, including of 
fat-soluble vitamins; hepatic 
steatosis is common

MTTP (microsomal triglyderide transfer 
protein) essential for apolipoprotein B 
assembly
Retinitis pigmentosis, erythrocyte acanthosis, 
neuropathy, coagulopathy
Vitamin E replacement recommended

Continued
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Condition Inheritance 
pattern

Chromosome 
location/gene

Gastrointestinal 
manifestations

Other features and comments

Familial 
hypobetalipoproteinemia-1

Autosomal 
dominant

2p24/APOB Fat malabsorption, including of 
fat-soluble vitamins; hepatic 
steatosis is common

Hypocholesterolemia, deficiencies of 
fat-soluble vitamins
APOB is the main apolipoprotein of 
cholmicrons and LDL

Wolman disease Autosomal 
recessive

10q23/LIPA Fulminant disorder of infancy 
with massive infiltration of 
liver, spleen, and other organs 
by lipid-laden macrophages

LIPA, lysosomal acid lipase hydrolyzes 
cholesteryl esters and triglycerides

Cholesterol ester storage 
disease

Autosomal 
recessive

10q23/LIPA Similar to Wolman disease, 
with later onset and milder 
symptoms

Susceptibility to atherosclerosis

Disorders of vitamin and mineral assimilation

Megaloblastic anemia 1 Autosomal 
recessive

10p13/CUBN; 
14q32/AMN

Megaloblastic anemia CUBN, cubilin and AMN, amnion associated 
transmembrane protein gene products form a 
complex that acts as a receptor for vitamin 
B-12 and intrinsic factor
Can present with proteinuria

Hereditary folate 
malabsorption

Autosomal 
recessive

17q11/SLC46A1 Megaloblastic anemia, diarrhea 
in infancy

Impaired folate transport across blood–brain 
barrier results in CNS manifestations
Parenteral folate supplementation resolves 
symptoms

Vitamin D hydroxylation-
deficient rickets, type 1A

Autosomal 
recessive

12q14/CYP27B1 Manifestations of vitamin D 
deficiency

Hypocalcemia, bone deformities
CYP27B1 catalyzes the hydroxylation 
25-hydroxyvitamin D3 into bioactive 
1,25-dihydroxyvitamin D3

Familial isolated deficiency 
of vitamin E

Autosomal 
recessive

8q12/TTPA Selective defect in vitamin E 
absorption

Neurological dysfunction, increased serum 
lipids
TTPA, tocopherol transfer protein encodes a 
soluble protein that binds and transports 
α-tocopheral, a form of vitamin E

Menkes disease X-linked 
recessive

Xq21/ATP7A Defective intestinal copper 
absorption, resulting in copper 
deficiency

Light-colored kinky hair, growth retardation, 
neurological impairment

X-linked cutis laxa X-linked 
recessive

Xq21/ATP7A Defective intestinal copper 
absorption

Variable bony abnormalities, bladder 
diverticula, inguinal hernias

Iron-refractory iron 
deficiency anemia

Autosomal 
recessive

22q12/TMPRSS6 Defective intestinal iron 
absorption

TMPRSS6 is a serine protease that regulates 
hepcidin
Partial response to parenteral iron therapy

Acrodermatitis 
enteropathica

Autosomal 
recessive

8q24/SLC39A4 Intermittent diarrhea and 
failure to thrive

Zinc deficiency resulting from mutations in 
the intestinal zinc-specific transporter, 
SLC39A4
Dermatitis, thymic hypoplasia, improvement 
with zinc supplementation

Hemochromatosis Autosomal 
recessive

6p21/HFE Iron overload resulting most 
commonly in liver 
manifestations

Increased intestinal iron absorption
Skin hyperpigmentation, diabetes mellitus, 
arthropathy, impotence, and cardiac 
enlargement

Wilsons disease Autosomal 
recessive

13q14/ATP7B Copper overload in liver Impaired biliary excretion of copper
Kaiser–Fleischer rings, neurological, 
hematological

Manganese toxicity Autosomal 
recessive

1q41/SLC30A10 Hypermanganesemia with liver 
manifestations

SLC30A10 mediates zinc cellular efflux and is 
highly expressed in liver and CNS
Neurological symptoms, including parkinson-
like symptoms

Table 123.3 (Continued)
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Glucose–galactose deficiency
Autosomal recessive mutations in the Na+–glucose cotrans-
porter (SLC5A1, also known as SGLT1) result in severe, life-
threatening diarrhea presenting within the first weeks of life. 
The sodium–glucose cotransporter is located on the brush 
border membrane of epithelial villus regions and, as opposed to 
the sodium–hydrogen exchangers, is functional in cholera, 
thereby forming the basis for the efficacy of sugar-containing 
oral rehydration therapies. SLC5A1 mediates the transport of 
glucose and galactose monosaccharides, but transport of fruc-
tose and xylose is intact.

Disorders of the intestinal epithelium
Multiple intestinal atresia
Multiple intestinal atresia (MIA) is a rare and life-threatening 
disease presenting in newborns where multiple atresias cause 
bowel obstruction, sometimes associated with a combined 
immunodeficiency (Table 123.1). Profound disruption of the 
epithelial barrier is present along the entire gastrointestinal 
tract. Family-based studies combined with DNA sequencing 
identified predicted loss-of-function mutations in the TTC7A 
(tetratricopeptide repeat domain 7A) gene as causing MIA. 
TTC7A encodes a chaperone protein and the MIA-associated 
mutations result in impaired protein expression. Interestingly, 
intestinal enteroid cultures from patient biopsies displayed an 
inversion of apicobasal polarity of the epithelial cells that was 
normalized by pharmacological inhibition of ROCK1 (Rho-
associated, coiled-coil containing protein kinase 1) [50]. This 
suggests that TTC7A normally functions as a ROCK1 inhibi-
tor. ROCK1 targets are responsible for cytoskeleton assembly, 
which is required for proper cell adhesion, polarization, and 
migration. Interestingly, loss-of-function mutations in TTC7A 
have also been identified in infants presenting with severe 
enterocolitis characterized by a severe exfoliative epithelial 
apoptosis. Knockdown of TTC7A in human intestinal-like 
cell lines resulted in reduced adhesion and increased apopto-
sis [51].

Microvillus inclusion disease
Microvillus inclusion disease (MVID) is a rare, autosomal reces-
sive disease characterized by severe, life-threatening watery 
diarrhea presenting during infancy. MVID is characterized by 
a lack of microvilli on the surface of enterocytes as well as the 
occurrence of intracellular vacuolar structures containing 
microvilli. Homozygosity mapping in a large Turkish kindred 
identified a homozygous insertion mutation in MYO5B (myosin 
VB) that cosegregated with disease [52]. Importantly, sequenc-
ing of separate MVID families identified additional nonsynony-
mous, nonsense, and splice-site mutations in the majority of 
MVID cases, including among Navajo children [53]. MYO5B is 
involved in actin-dependent organelle transport and regulates 
membrane trafficking and recycling pathways in polarized epi-
thelial cells [54]. MYO5B interacts with RAB8A and RAB8A-
deficient mice develop shortening of apical microvilli and 

carbohydrates spurs the development of chronic diarrhea. SI 
encodes a precursor protein, which is cleaved by pancreatic 
proteases into two enzymatic subunits, sucrose and isomaltase, 
which heterodimerize to form the sucrase–isomaltase complex. 
This enzyme complex is normally expressed in the intestinal 
brush border, and is essential for the digestion of dietary starches 
and sucrose. Sucrose is a disaccharide composed of covalently 
bound glucose and fructose monosaccharides.

Congenital lactase deficiency
Autosomal recessive loss-of-function mutations in the LCT 
(lactase) gene have been reported in Finnish populations, 
resulting in congenital lactase deficiency. Newborn infants 
present with copious, osmotic watery diarrhea, acidosis and 
dehydration upon introduction of lactose (from breast milk or 
lactose-containing formulas), which resolves upon discontinu-
ation of lactose [47].

Adult-type hypolactasia
Adult-type hypolactasia is the most common enzyme deficiency 
worldwide. In humans, the activity of lactase is highest at birth, 
and progressively decreases from childhood to early adulthood. 
The characteristic symptoms of lactase deficiency result from a 
reduced capacity to digest lactase, resulting in fermentation in 
the distal small intestine and colon. While the decline of lactase 
activity is a normal physiological event, the majority of northern 
Europeans are able to maintain lactase activity and digest lactose 
throughout life, a condition termed lactase persistence. Dense 
genotyping studies of the lactase gene region have identified 
specific variants that enhance lactase expression within the 
lactase promoter region in European ancestry cohorts [48]. 
Specifically, two markers in the lactase gene region have been 
identified that define a common haplotype (haplotype fre-
quency of approximately 77%) associated with enhanced gene 
expression and lactase persistence. Even though this represents 
a majority haplotype, the lactase persistence haplotype is 
derived; the marked increase in frequency of the European 
ancestry lactase persistence haplotype results from one of the 
strongest examples of positive selection identified in the human 
genome. The evidence for positive selection derives both from 
estimates of Fst (fixation index of population differentiation) as 
well as the presence of long, undisrupted haplotypes longer than 
1 Mb in the genome [5]. Lactase persistence is inherited as a 
dominant Mendelian trait in European ancestry populations.

Dense genotyping of diverse African populations in the 
lactase gene regions identified three SNPs in the MCM6 gene 
(adjacent to the lactase gene) that are associated with lactase 
persistence and that also have derived alleles that significantly 
enhance transcription from the LCT promoter in vitro. These 
African-based SNPs derived independently from the European 
ancestry lactase persistence haplotypes and provide a dramatic 
example of convergent evolution due to strong positive selection 
pressure resulting from shared cultural traits, namely animal 
domestication and consumption of milk by adults [49].
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Selective IgA deficiency
Selective IgA deficiency, defined by serum levels of IgA <0.07 g/L 
with normal serum IgG and IgM [64], is the most common 
human primary immune deficiency, with an estimated preva-
lence of 1 in 600 in Northern European ancestry cohorts [65]. 
Approximately one-third of patients present with gastrointesti-
nal infections, such as giardiasis. In addition to the MHC asso-
ciations, associations with IFIH1 (interferon induced with 
helicase C domain 1) and CLEC16A (C-type lectin domain 
family 16, member A) have been reported [66].

Overlap between immune-mediated diseases
Common, chronic immune-mediated diseases with primary 
manifestations in the gastrointestinal tract or liver for which 
large GWAS have been reported include inflammatory bowel 
disease, celiac disease, primary sclerosing cholangitis, and 
primary biliary cirrhosis. One of the earliest insights from 
GWAS studies of immune-mediated diseases was the striking 
overlap of genomic loci associated between different diseases 
[67]. By far, the most significant of these is the major histocom-
patibility complex (MHC) on chromosome 6p21, which dem-
onstrates significant association with the large majority of 
immune-mediated diseases; several diseases demonstrate major 
associations between distinct MHC genotypes. Outside of the 
MHC associations, major associations common to immune 
mediated diseases include associations with cytokines and 
cytokine receptors, cytokine and microbial signaling pathways, 
costimulatory pathways, and genes encoding for surface  
proteins that modulate immune cell trafficking to specific 
organs [68].

Celiac disease
Celiac disease is a systemic chronic inflammatory disorder trig-
gered by dietary gluten in genetically susceptibility individuals. 
The HLA-DQ2 haplotype (DQA1*0501/DQB1*0201) is 
expressed in 90% of celiac patients compared to only one-third 
of the general population. An additional 5% of patients carry 
the HLA-DQ8 haplotype (DQA1*0301/DQB1*0302), with the 
remaining 5% of patients having at least one of the two genes 
encoding DQ2 (DQB1*0201 or DQA1*0501). These haplotypes 
are expressed on antigen-presenting cells and can bind activated 
(deamidated) gluten peptides, thereby activating an aberrant 
immune responses [69]. These DQ2 and DQ8 haplotypes are 
necessary, but not sufficient, for disease expression. An addi-
tional 39 genomic loci have been associated to celiac disease 
[70]. Some of the most significant non-MHC loci were identi-
fied on chromosomes 3q27 (near the LPP gene, LIM domain 
containing preferred translocation partner in lipoma), 4q27 
(near the IL2-21 gene region), 6p23 (near TNFAIP3, tumor 
necrosis factor-α-induced protein 3), and chromosome 3q25 
(near IL12A, interleukin 12A, p35 subunit). Fine-mapping 
studies in the LPP gene region showed that a highly associated 
SNP in the region is highly conserved between species, maps to 
several enhancer elements, and is predicted to change the 

microvillus inclusions in the enterocytes, resembling the MVID 
phenotype [55]. Thus far, no human mutations in RAB8A have 
been identified in MVID patients.

Congenital tufting enteropathy
Autosomal recessive, loss-of-function mutations in EPCAM 
(epithelial cell adhesion molecule) result in congenital tufting 
enteropathy (CTE) [56], which manifests as a lethal diarrhea in 
newborns. All of these mutations lead to loss of cell-surface 
EPCAM [57]. Histologically, CTE is characterized by a crowd-
ing of epithelial cells resulting in the characteristic tufted pattern 
of atrophied villi, typically observed in the duodenum and 
jejunum. EPCAM is expressed on most normal epithelial cells 
and functions as a homotypic calcium-independent cell adhe-
sion molecule.

Defective enteroendocrine cell development
Neurogenin-3 (NEUROG3) is a transcription factor expressed 
in endocrine progenitor cells, which is required for endocrine 
cell development in the pancreas [58] and intestine [59]. A 
report implicated loss-of-function mutations in NEUROG3 in 
cases of severe neonatal diarrhea with histopathological fea-
tures suggestive of NEUROG3 deficiency. Three boys pre-
sented in the first several weeks of life with vomiting, diarrhea, 
and hyperchloremic metabolic acidosis. The intestine was 
largely morphologically normal, with normal villus structure, 
enterocytes, and Paneth and mucus cells. However, staining 
for chromogranin A revealed a paucity of enteroendocrine 
cells. Homozygous mutations in NEUROG3 were identified, 
which rendered the NEUROG3 protein unable to activate 
NEUROD1, a downstream target of NEUROG3 [60]. Intestinal 
enteroid cell culture systems express the full array of cells 
within intestinal epithelia, including functional absorptive 
enterocytes, goblet, Paneth, and enteroendocrine cells. 
NEUROG3 was necessary and sufficient for human enteroen-
docrine cell development in vitro [61]. In the pancreas, 
NEUROG3, together with the PDX1 (pancreatic and duode-
nal homeobox 1) and MAFA (v-Maf avian musculoaponeu-
rotic fibrosarcoma oncogene homolog) transcription factors, 
were able to reprogram differentiated pancreatic exocrine cells 
in adult mice into cells that resembled β cells. This indicates 
that within the pancreas, reprogramming between exocrine 
and endocrine components can be achieved without reversion 
to the pluripotent state [62].

Defects in triacylglycerol synthesis
A report has identified homozygous carriage of a rare splice-site 
mutation in the DGAT1 (diacylglycerol O-acyltransferase 1) 
gene present in multiple children in a family of Ashkenazi 
Jewish descent. The children presented with early-onset,  
severe and intractable diarrhea. The DGAT1 gene encodes an 
enzyme that catalyzes the terminal, committed step in triacylg-
lycerol synthesis, using diacylglycerol and fatty acyl CoA as 
substrates [63].
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Genes that demonstrate disease associations across popula-
tions highlight pathways that may be particularly essential for 
disease pathogenesis. A GWAS performed in a case–control 
cohort of Japanese PBC cases also found the most significant 
associations in the MHC class II region, specifically at the HLA-
DQB1 locus. Outside of the MHC region, the most significant 
associations were on chromosomes 6q23 (near TNFAIP3) and 
chromosome 11q23 (near POU2AF1, POU class 2 associating 
factor 1), a transcriptional coactivator. Among the loci demon-
strating genome-wide significance in European ancestry PBC, 
three also were genome-wide significant in Japanese PBC, 
namely, chromosome 5p13 (near IL7R, IL-7 receptor), chromo-
some 17q21 (near IKZF3, IKAROS family zinc finger 3), and 
chromosome 3q13 (near CD80). The IL7R gene encodes an IL-7 
receptor subunit, requiring the IL2RG (interleukin 2 receptor 
gamma chain) for IL-7 signaling. The IL-7 pathway plays a key 
role in blocking T-cell apoptosis and mutations in IL7R are 
associated with severe combined immunodeficiency (SCID). 
The IKZF3 gene encodes a transcription factor that regulates B 
and T lymphocyte proliferation and differentiation. The CD80 
gene is expressed on antigen-presenting cells and encodes a 
membrane receptor that binds with CD28 (activating) or 
CTLA4 (inhibitory) on T cells [74].

Population based variability in  
liver function tests
Large epidemiology and genetic studies have been performed 
examining the factors contributing to interindividual variability 
in liver function tests (LFTs). In a large UK twin study, both 
genetic and environmental factors were found to contribute to 
variance in LFT measurements [75]. Specifically, alcohol use, 
age, gender, and body mass index (BMI) were all linked to 
interindividual variability for various LFTs. Estimates of herit-
ability for specific LFTs ranged between 20% and 77%. 
Consistent with these high heritability estimates, GWAS studies 
have demonstrated highly consistent results [76,77]. 
Cumulatively, these studies have identified 42 loci encompass-
ing 69 candidate genes contributing to interindividual variabil-
ity in LFTs. These candidate genes include a broad array of 
functional classes, including biliary transport (ATP8B1, 
ABCB11), glucose, carbohydrate, and lipid metabolism, glyco-
protein biosynthesis and cell surface glycobiology, inflamma-
tory and immunity, and glutathione metabolism (GSTT1, 
GSTT2, GGT). The largest number of genome-wide significant 
loci was associated with the GGT measurement, the most sig-
nificant of which were genetic polymorphisms within the GGT1 
gene itself; GGT1 encodes an enzyme that catalyzes the transfer 
of the glutamyl moiety of glutathione to a variety of amino acids 
and dipeptide acceptors. The second most significant associa-
tion to GGT was to a chromosomal region containing HNF1A, 
a transcription factor that regulates gene expression for a variety 
of liver-specific genes; distinct mutations in HNF1A have been 
linked to maturity-onset diabetes of the young (MODY) [78] as 
well as increased susceptibility to hepatic adenomas [79]. 

binding motif of several transcription factors. Interestingly, LPP 
mRNA levels are lower in celiac disease biopsies compared to 
controls. The IL2 and IL21 genes are adjacent to each other on 
the genome and both serve as growth and differentiation factors 
for a variety of leukocyte subsets. IL-12A (p35 subunit of inter-
leukin 12) acts on T and natural killer cells and is required for 
T-cell dependent induction of the proinflammatory IFNG 
(interferon-γ) cytokine. Finally, the TNFAIP3 gene encodes a 
zinc finger protein whose expression is rapidly induced by 
TNF-α and serves to inhibit nuclear factor-kappa B (NF-κB) 
activation and TNF-mediated apoptosis.

Primary sclerosing cholangitis
Primary sclerosing cholangitis (PSC) is a potentially severe liver 
disease involving fibrotic destruction of the bile ducts and is 
generally chronic and progressive, with many patients requiring 
liver transplantation. More than 60% of PSC cases are men and 
the median age of onset is 30–40 years. Interestingly, 60%–80% 
of European ancestry patients also have inflammatory bowel 
disease (IBD) [71]. Genome-wide, the most significant associa-
tion in PSC is with the HLA-B (Class I HLA) region within the 
MHC; however, MHC class II associations also likely exist. 
Outside of the MHC, the most significant associations in PSC 
have been observed on chromosome 3p21 (gene-rich region 
containing the MST1, macrophage-stimulating 1, gene), chro-
mosome 2p33 (containing CD28), chromosome 10p15 (con-
taining IL2RA, interleukin 2 receptor α), and chromosome 
22q22 (containing PSMG, proteasome, prosome, macropain, 
assembly chaperone 1) [72]. The CD28 gene, expressed on T 
lymphocytes, plays a central role in T-cell costimulation modu-
lating antigen–T cell receptor interactions. Despite the high 
comorbidity between PSC and IBD, six of the 12 loci showed 
significantly stronger association with PSC than with IBD, sug-
gesting overlapping yet distinct genetic architectures for these 
two diseases [72].

Primary biliary cirrhosis
Among European ancestry cohorts within primary biliary cir-
rhosis (PBC), by far the most significant locus involves an 
extended MHC class II haplotype encompassing HLA-
DQA1*0401–HLA-DQB1*0402–HLA-DRB1*0801. Outside of 
the MHC, the most significant loci were on chromosome 1p31 
(IL12RB2, IL-12 receptor subunit β-2), 3q25 (containing IL12A), 
chromosome 7q32 (containing IRF5, interferon regulatory 
factor 5), and chromosome 2q32 (containing STAT1 and STAT4, 
signal transducer and activator of transcription 1 and 4) [73]. 
Taken together, these associations highlight a strong IL-12 sig-
nature in PBC, with associations to subunits of the IL-12 
cytokine (IL12A), receptor (IL12RB2), as well as a major tran-
scription factor (STAT4) downstream of IL-12 signaling. IRF5 
is a transcription factor mediating gene expression in response 
to microbial stimulation and interferon stimulation; IRF5 has 
been implicated in numerous immune-mediated diseases 
including IBD and systemic lupus erythematosus [68].
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markedly deficient rate of bile acid secretion. Clinical manifes-
tations in these patients included cholesterol gallstones and 
premature vascular disease due to a hyperlipidemia resistant to 
3-hydroxy-3-methylglutaryl-coenzyme A (HMGCoA) reduct-
ase inhibitors [81]. In addition to rare Mendelian mutations, 
common variants in CYP7A1 have also been linked to plasma 
LDL levels [82].

Defects in bile acid conjugation
Bile acid synthesis requires 17 enzymatic reactions in different 
subcellular compartments of the hepatocyte and is tightly regu-
lated. Genetic defects in many of these reactions have been 
reported, resulting in various inborn errors of metabolism [83]. 
The final step in bile acid synthesis involves conjugation of bile 
acids with glycine and taurine, a process which enhances 
aqueous solubility and promotes high intraluminal micellar 
concentrations to facilitate lipid absorption, including of fat-
soluble vitamins. A case series of children of ages between 3 
months and 14 years presenting with fat-soluble vitamin defi-
ciency was reported, with some also having growth failure or 
transient neonatal cholestatic hepatitis. Mass spectrometry con-
firmed the absence of glycine or taurine bile acid conjugates. 
Multiple homozygous mutations within the BAAT gene (bile 
acid CoA: amino acid N-acyltransferase) were identified. 
Patients presenting with idiopathic neonatal cholestasis or with 
later-onset fat-soluble vitamin deficiency should be screened for 
defects in bile acid conjugation resulting from mutations in 
BAAT [84].

Similarly, for the alkaline phosphatase (ALP) blood level phe-
notype, a highly significant GWAS association was in a chro-
mosomal region containing the ALPL gene, which represents 
the tissue-nonspecific ALP gene. However, interestingly, the 
most significant association for the ALP phenotype was to the 
ABO gene region; the mechanism by which ABO genetic vari-
ability contributed to ALP variability has yet to be defined. 
Finally, for the ALT blood phenotype, by far the most significant 
association is to the PNPLA3 (patatin-like phospholipase 
domain containing 3) gene region [77], which encodes a tria-
cylglycerol lipase in adipocytes, which thereby mediates the 
balance of energy storage and usage within the liver. 
Polymorphisms in PNPLA3 have been associated with variable 
hepatic triglyceride content and susceptibility to nonalcoholic 
steatohepatitis [80].

Disorders of bile salt metabolism and transport 
(Table 123.4)
Total body cholesterol metabolism is managed predominantly 
by the liver; the two principal pathways by which cholesterol is 
eliminated is by cholesterol excretion and bile acid synthesis 
from cholesterol, with both routes leading to biliary secretion. 
The initial and rate-limiting step in the classic pathway of bile 
acid synthesis from cholesterol is mediated by CYP7A1 (cyto-
chrome P450, family 7A, polypeptide 1, also known as choles-
terol 7-α-hydroxylase). Homozygous frameshift mutation 
carriers of CYP7A1 have elevated low-density lipoprotein LDL 
cholesterol levels, increased hepatic cholesterol content, and a 

Table 123.4 Disorders of bile salt metabolism and transport.

Gene Gene function Genetics Phenotypes

CYP7A1 Cholesterol 7α hydroxylase, first and rate-
limiting step converting cholesterol to bile acids

AR LOF Severe hyperlipidemia, impaired bile acid secretion, 
cholesterol gallstones

Common variants Increased LDL cholesterol

BAAT Conjugates glycine and taurine to bile acids AR LOF Fat-soluble vitamin deficiency presenting in 
childhood; occasionally with intermittent cholestasis

ABCB11 Bile salt export pump (BSEP) AR LOF Progressive familial intrahepatic cholestasis type II

ATP8B1 Translocates phospholipids across membranes Damaging mutations common Progressive familial intrahepatic cholestasis type I

Predominantly missense mutations Benign recurrent intrahepatic cholestasis

Missense mutations Intrahepatic cholestasis of pregnancy, contraceptive-
associated cholestasis

ABCB4 organic anion (e.g., phosphatidylcholine) 
transport across canalicular membrane

Missense mutations Progressive familial intrahepatic cholestasis type III

Missense mutations Intrahepatic cholestasis of pregnancy, oral 
contraceptive induced cholestasis

Missense mutations Low phospholipid-associated cholelithiasis

ABCG8 transports sterols across canalicular membranes GWAS-identified common variants Common forms of cholelithiasis

AR, autosomal recessive; LDL, low-density lipoprotein; LOF, loss of function; GWAS, genome-wide association study.
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damaging mutations types (nonsense, frameshifts, and 
insertion–deletions) were more common in PFIC compared to 
BRIC families; conversely, BRIC cases more commonly associ-
ated with missense mutations. However, individual mutations 
in ATP8B1 are associated with a wide range of phenotypic 
expressivity. Altogether, ATP8B1 mutations were detected in 
30% and 41%, respectively, of the PFIC and BRIC patients 
screened [88]. Interestingly, a case series of pregnant women 
with intrahepatic cholestasis of pregnancy (ICP) with normal 
GGT levels were sequenced at ATP8B1 because PFIC1 is typi-
cally associated with normal GGT levels. Unique nonsynony-
mous mutations in ATP8B1 in ICP patients were identified, 
further highlighting the variable phenotypic expressivity due to 
mutations in ATP8B1.

Variable phenotypic expression due to mutations in 
ABCB4, a phospholipid transmembrane transporter
Mutations in ABCB4, a membrane-associated protein member 
of the ATP-binding cassette (ABC) superfamily, have been asso-
ciated with severe progressive familial intrahepatic cholestasis-3 
(PFIC3), ICP, and oral contraceptive induced cholestasis (CIC). 
ABCB4 encodes a protein that mediates ATP-dependent export 
of organic anions from the cytoplasm. ABCB4 transports phos-
phatidylcholine across the canalicular membrane, where it 
would normally be available for extraction into the canalicular 
lumen by bile salts. A decreased rate of phospholipid excretion 
can increase susceptibility to gallstones. Low phospholipid-
associated cholelithiasis (LPAC) is a specific form of gallbladder 
disease characterized by early-onset, chronic cholestasis with 
intrahepatic sludge and cholesterol cholestasis. Importantly, 
affected individuals have recurrence after cholecystectomy, 
which can be treated with ursodeoxycholic acid (UDCA), that 
has also been associated with mutations in ABCB4. In a 
sequence-based screening for ABCB4 mutations in unrelated 
cases [89], new insertion/deletion mutations as well as previ-
ously established point mutations were identified in 37% of 
LPAC and 27% of ICP/CIC patients. Early diagnosis of these 
biliary disorders has implications for both family members, as 
well as for the index cases, given the preventive value of UDCA 
against biliary complications. Biliary phospholipids protect 
against the detergent effects of bile salts; with decreased or 
absent phospholipids, damage to the biliary epithelium can 
occur, resulting in bile ductular proliferation and progressive 
portal fibrosis.

Cholesterol gallstones
Gallbladder disease is a complex multifactorial disorder caused 
by genetic and environmental factors. In a large Swedish twin 
registry study [90], symptomatic gallstone disease and gallstone 
surgery-related diagnoses were evaluated in over 43 000 twin 
pairs born between 1900 and 1958. In both male and female 
twin pairs, monozygotic twin concordance (15%–24%) was  
significantly higher than dizygotic twin concordance (10%–
15%), indicating that genetic factors play a significant role in 

Cholestatic liver disease due to defects in bile salt 
transport: progressive familial intrahepatic cholestasis 2
Patients with severe bile salt export pump (BSEP) deficiency, 
also known as PFIC2 (progressive familial intrahepatic cholesta-
sis 2), present as infants with progressive cholestatic liver 
disease. Severe BSEP deficiency is due to autosomal recessive, 
loss-of-function mutations in ABCB11 (ATP-binding cassette, 
subfamily B, member 11, also known as BSEP, bile salt export 
pump). BSEP is expressed in the canalicular membrane of hepa-
tocytes and transports bile acids into the canalicular space. 
BSEP has a narrow substrate specificity, which is largely 
restricted to bile salts and its expression is largely confined to 
the liver [85]. A survey of families with severe BSEP deficiencies 
identified numerous, distinct damaging mutations (nonsense 
mutations, small insertions and deletions, splice-site changes, 
whole-gene deletions, and missense changes), with the two 
most common mutations, E297G and D482G, present in the 
majority of European ancestry families. Almost all patients had 
abnormal or absent BSEP staining by immunohistochemical 
staining, with expression most variable for the E297G and 
D482G mutations. Hepatocellular carcinoma or cholangiocar-
cinoma developed in 15% of patients (19/128), with two protein-
truncating mutations conferring a particularly high risk 
involving 38% (8/21) of patients. Therefore, surveillance of 
BSEP-deficient patients, particularly those carrying two null 
mutations, is essential [86]. Early-onset cholestasis typically 
progresses to fibrosis, cirrhosis, and end-stage liver disease 
requiring liver transplantation. Of note, a case report series 
described recurrent cholestatic disease after liver transplanta-
tion that mimicked the original disease; all cases carried 
homozygous/compound heterozygous BSEP mutations. Serum 
autoantibodies reacting to canalicular antigens, as well as anti-
bodies against BSEP itself, were identified. These antibodies 
inhibited BSEP transport in vitro. Taken together, these findings 
support the notion that phenotypic recurrence of severe BSEP 
deficiency can result from antibody-mediated blockade of BSEP 
function in grafts [87]. This is in contrast to most cases of liver 
transplantation for inborn errors of metabolism, in which 
recurrent disease in the transplanted liver is uncommon.

Variable phenotypic expression due to mutations in 
ATP8B1, a phospholipid translocase
Progressive familial intrahepatic cholestasis (PFIC) and benign 
recurrent intrahepatic cholestasis (BRIC) are clinically distinct 
hereditary disorders. PFIC patients suffer from chronic cholesta-
sis and develop progressive liver disease, whereas BRIC patients 
experience intermittent attacks of cholestasis that resolve spon-
taneously. Of interest, both diseases are associated with muta-
tions in ATP8B1 (ATPase, aminophospholipid transporter, class 
I, type 8B, member 1), which encodes a phospholipid (e.g., 
phosphatidylserine) translocase. A large case series of ATP8B1 
mutation carriers identified 54 distinct disease mutations; most 
mutations are rare, relatively exclusive to a few families, and 
limited to specific populations. As might be expected, more 
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rocytes. The functional effects of the D19H polymorphisms 
have not yet been reported, but it has been speculated that the 
19H allele is associated with increased efficiency of cholesterol 
transport into the bile lumen [91]. Distinct, loss-of-function 
autosomal recessive mutations in ABCG8 have been associated 
with sitosterolemia, a lipid metabolic disorder characterized by 
hypercholesterolemia [92].

Disorders of bilirubin conjugation and transport 
(Table 123.5)
Disorders of bilirubin conjugation and transport present with 
unconjugated and conjugated hyperbilirubinemia, respectively. 
The phenotypic variability between Crigler–Najjar syndrome 
types I and II and Gilbert syndrome, all disorders of bilirubin 
conjugation, result from distinct mutations within the same 
gene, namely UGT1A (UDP glucuronosyltransferase 1 family, 
polypeptide 1). In contrast, the subtle phenotypic differences 

symptomatic gallstone disease. Structural modeling approaches 
estimated that genetic, shared environmental, and unique envi-
ronmental effects accounted for 25%, 13%, and 62%, respec-
tively, of the phenotypic variance among twins for symptomatic 
gallstone disease [90].

A GWAS was performed comparing cases of gallstones with 
controls, correcting for BMI, sex, age, and type II diabetes status 
as covariates [91]. The most significant association was observed 
at a coding region polymorphism in ABCG8 (ATP-binding cas-
sette, subfamily G, member 8). An odds ratio for D19H carrier-
ship of 2.2 was reported, with an even higher odds ratio observed 
when the analysis was restricted to cholesterol gallstones. 
ABCG8 is a member of the ATP-binding cassette (ABC) family 
of transporters that is selectively expressed in the liver, intestine, 
and gallbladder. ABCG8 functions to promote excretion of cho-
lesterol and sterols into bile and plays an indispensable role in 
the selective transport of dietary cholesterol in and out of ente-

Table 123.5 Disorders of bilirubin conjugation and transport.

Condition Inheritance pattern Gene Gene function Hepatic manifestations

Disorders of bilirubin conjugation

Crigler–Najjar 
syndrome type I

AR UGT1A (UDP 
glucuronosyltransferase 1 
family, polypeptide 1, 2q37)

Complete loss of enzyme 
activity resulting from 
insertion–deletions; stop 
codons

Rare, unconjugated hyperbilirubinemia 
with normal liver histology and routine 
liver function tests; no bilirubin uridine 
diphosphoglucuronate 
glucuronsyltransferase activity; jaundice 
with risk for kernicterus; liver transplant 
typically curative

Crigler–Najjar 
syndrome type II

AR UGT1A1 (2q37) Point mutations that reduce, 
but do not eliminate, 
enzyme activity

Unconjugated hyperbilirubinemia with 
milder bilirubin elevations; normal liver 
histology and liver function tests; 
typically benign course without 
kernicterus

Gilbert 
syndrome

AR UGT1A1 (2q37) Promoter variant that, when 
homozygous, results in 30% 
of normal enzyme activity

Benign, common (4%–16% of 
population), mild, fluctuating 
unconjugated hyperbilirubinemia with 
normal liver histology and liver function 
tests

Disorders of bilirubin transport

Dubin–Johnson 
syndrome

AR ABCC2 (ATP-binding cassette, 
subfamily C, member 2, 
chromosome 10q24)

Organic anion transporter 
present on canalicular 
hepatocyte membrane

Rare, predominantly conjugated 
hyperbilirubinemia; routine liver function 
studies normal except bilirubin; 
pigmented liver; good prognosis with no 
treatment typically required; normal 
urinary coproporphyrin, but 
disproportionately high fraction of 
coproporphyrin I

Rotor syndrome AR SLCO1B1 and SLCO1B3 (solute 
carrier organic anion transporter 
family, member 1B1 and 1B3, 
chromosome 12p12)

Organic anion transporter 
involved in bilirubin 
reuptake

Predominantly conjugated 
hyperbilirubinemia with normal liver and 
routine liver function studies normal 
except bilirubin; Increased urinary 
coproporphyrin

AR, autosomal recessive.
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additional subjects, for which the heterozygous deletion in the 
same region centered on GPC1 (glypican 1) [96]. Importantly, 
knockdown of GPC1 in zebrafish resulted in developmental 
biliary defects. Furthermore, reduced levels of apical GPC1 were 
observed in cholangiocytes from biliary atresia samples com-
pared to controls. Glypicans are glycosylphosphatidylinositol-
linked cell surface heparin sulfate proteoglycans, which 
modulates numerous developmental signals including hedge-
hog, wingless, fibroblast growth factor, and bone morphometric 
protein pathways.

Alagille syndrome
Alagille syndrome is a complex autosomal dominant disorder 
involving defects in the Notch signaling pathway. It can 
present with a broad variety of clinical manifestations and 
variable genetic penetrance. The Notch signaling pathway is 
highly conserved between species, and Notch family members 
play a central role in developmental processes by controlling 
cell fate decisions. Major organ systems involved in Alagille 
syndrome include the liver, heart, skeleton, face, and eye, with 
main clinical symptoms involving chronic cholestasis due to 
a paucity of intrahepatic bile ducts and congenital heart 
disease primarily affecting the pulmonary outflow tract and 
vasculature. Additional clinical features include vertebral  
segmentation anomalies, a characteristic facial appearance,  
posterior embryotoxon/anterior segment abnormalities, pig-
mentary retinopathy, and dysplastic kidneys [97]. Chronic 
cholestasis occurs in most cases of Alagille syndrome (over 
90%) and most commonly presents within the first 3 months 
of life with conjugated hyperbilirubinemia resulting from a 
paucity of interlobular bile ducts. The cholestatic liver disease 
is of variable severity and is managed conservatively, with a 
minority (approximately 20%) of children developing progres-
sive liver disease [98]. In contrast to biliary atresia, portoen-
terostomy (Kasai procedure) is not beneficial and is not 
recommended.

The identification of Alagille patients with cytogenetic dele-
tions resulted in the mapping of the gene to chromosome 20p12. 
Fluorescent in situ hybridization enabled narrowing of the can-
didate region to a 250-kb region containing the JAG1 (jagged 1) 
gene. JAG1 is the ligand for the Notch 1, 2, 3, or 4 receptors. 
Jagged/Notch interactions are critical for cell fate determination 
in early development, and a causal gene for a multisystem devel-
opmental disorder in humans [99]. Most cases of Alagille syn-
drome are due to mutations or deletions in JAG1 (Alagille 
syndrome 1, ALGS1), with an additional 1% of cases due to 
mutations in NOTCH2 (Alagille syndrome 2, ALGS2). More 
than 400 JAG1 mutations have been reported, of which approxi-
mately 70% are protein truncating [97].

Interestingly, although Alagille syndrome is an autosomal 
dominant disorder most commonly resulting from truncating 
mutations in JAG1, heterozygous JAG1-deficient mice exhibit 
primarily eye defects, and not other characteristic defects. 
Instead, mice doubly heterozygous for the JAG1 null allele 

between Dubin–Johnson and Rotor syndrome result from auto-
somal recessive mutations in distinct genes involved in bilirubin 
transport.

Disorders of bilirubin conjugation
Autosomal recessive, complete loss-of-function mutations 
(insertion–deletions, stop codons) in UGT1A result in the rare, 
unconjugated hyperbilirubinemia of Crigler–Najjar syndrome 
type 1. In contrast, the milder bilirubin elevations associated 
with Crigler–Najjar syndrome type II result from nonsynony-
mous point mutations that reduce, but do not eliminate, enzyme 
activity. Finally, a very common polymorphism in the UGT1A 
promoter region reduces transcription factor binding and pro-
moter activity; approximately 4%–16% of the population are 
homozygous carriers of this promoter polymorphism, which 
results in Gilbert syndrome. This common condition typically 
presents in adolescence, when increased sex steroids alter 
bilirubin metabolism. Mild elevations in unconjugated bilirubin 
intermittently are observed, and individuals are typically other-
wise asymptomatic.

Disorders of bilirubin transport: Dubin–Johnson and 
Rotor syndrome
Dubin–Johnson syndrome results from a variety of autosomal 
recessive mutations in ABBC2 (ATP-binding cassette, subfamily 
C, member 2). ABBC2 encodes a member of the ATP-binding 
cassette of organic anion transporters and is expressed on the 
canalicular membrane of hepatocytes. In addition to conjugated 
bilirubin, ABBC2 transports drugs such as vinblastine and has 
been implicated in drug resistance. In contrast, Rotor syndrome 
results from autosomal recessive mutations involving both of 
the adjacent organic anion transports, SLCO1B1 and SLCO1B3 
(solute carrier organic anion transporter family, member 1B1 
and 1B3) on chromosome 12p12. These sodium-independent 
transporters are involved in bilirubin reuptake downstream of 
sinusoidal blood flow. The prognosis of both Dubin–Johnson 
and Rotor syndrome is good, with otherwise normal liver his-
tology and liver function tests. Distinction between these two 
disorders is based on distinct urinary coproporphrin levels, 
with Rotor syndrome being associated with increased overall 
levels.

Biliary atresia
Biliary atresia is a fibroinflammatory obstruction of the extra- 
and intrahepatic biliary tree, which rapidly causes biliary fibro-
sis. Support for the importance of a genetic contribution 
includes the differences in disease incidence between different 
racial backgrounds, including a prevalence of 1 in 5000 in Asian 
infants compared with 1 in 18 000 in European ancestry popula-
tions [93,94]. In an initial GWAS testing for copy number vari-
ations, a heterozygous deletion spanning many genes on 
chromosome 2q37 was identified uniquely in two patients with 
biliary atresia compared to healthy controls [95]. This study was 
subsequently extended to a larger cohort, which identified four 
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Wilson disease is an autosomal-recessive hereditary disorder 
of copper metabolism, which typically presents in the second or 
third decades of life with hepatic or neuropsychiatric disease. It 
results from mutations in the ATP7B (ATPase, Cu2+ transport-
ing, β polypeptide) gene, which encodes a member of the 
cation-transport ATPase family. This transporter is involved in 
the outward cellular efflux of copper, such as the efflux of hepatic 
copper into the bile. Therefore, loss of function mutations in 
ATP7B results in the accumulation of copper in hepatocytes. 
ATP7A is most highly expressed in the liver, kidney, and brain. 
In European ancestry populations, the most common mutation 
is H1069Q, with about 50%–80% of Wilson disease patients 
carrying at least one copy of this mutation. The remaining major 
European ancestry mutations are all below 10% in frequency. In 
contrast, the major mutation in Asian populations is R778L 
[107]. A broad-scale mutation analysis of Wilson disease 
patients identified numerous new mutations in ATP7B that 
demonstrated strong evidence for classification as disease-
causing mutations [108]. The finding of two mutations or 
homozygosity for a single mutation is highly suggestive for 
Wilson disease, but should be combined with standard clinical 
considerations to establish the diagnosis [109]. Given an index 
case of Wilson disease, siblings should undergo genetic testing, 
as 25% of siblings will carry the same risk genotype. The risk 
for abdominal malignancies in Wilson disease increases with 
disease duration, and HCC has been reported in approximately 
6% of affected individuals [110].

Manganese toxicity has been reported as a rare, autosomal 
recessive disorder of SLC30A10 (solute carrier family 30, 
member 10) with hypermanganesemia, chronic liver disease, 
polycythemia, and neurological (dystonia, parkinsonism) man-
ifestations. Its encoded protein belongs to a large family of 
membrane transporters, mediating the efflux of divalent cations 
from the cytosol. Manganese is essential for multiple metabolic 
pathways, but is toxic in excessive amounts. Serum manganese 
levels are tightly regulated, but, importantly, until the discovery 
of autosomal recessive cases of manganese toxicity, the precise 
transporters mediating manganese levels had not been identi-
fied. Expression of SLC30A10 is induced by manganese itself. 
Whole-genome mapping of consanguineous families followed 
by sequencing identified deleterious, homozygous mutations in 
SLC30A10, which cosegregated with the phenotype. SLC30A10 
is highly expressed in the liver and brain, including the basal 
ganglia. Neurological manifestations include an extrapyramidal, 
parkinsonian-type movement disorder with characteristic evi-
dence for manganese accumulation in the basal ganglia by mag-
netic resonance imaging. Hepatic manifestations include 
steatosis and cirrhosis. Chelation therapy can normalize the 
manganesemia, leading to marked clinical improvements 
[111,112].

Polycystic liver disease
Polycystic liver disease (PCLD) often occurs in association with 
autosomal dominant polycystic kidney disease, but also exists 

crossed with a Notch2 hypomorphic allele exhibit the Alagille 
syndrome phenotype, including jaundice and impaired differ-
entiation of intrahepatic bile ducts [100]

Inborn errors of metabolism
A variety of inborn errors affecting metabolism of carbohy-
drates, lipids, proteins, and metals can have a primary effect in 
the liver, manifesting as chronic liver disease and/or hepatocel-
lular carcinoma (HCC). It is estimated that as many as 1 in 4000 
newborns have a confirmed metabolic disorder. As progress has 
been made in the treatment of various inborn errors of metabo-
lism, survival rates have improved, with the resulting increased 
longevity unmasking cancer predisposition. Most metabolic 
disorders resulting in increased HCC risk result from autosomal 
recessive mutations; however, heterozygous loss-of-function 
mutations, combined with additional somatic events or second 
hits can result in biallelic inactivation and ultimately, carcino-
genesis. Mechanisms of carcinogenesis include: (1) toxic accu-
mulation of metabolites, including heavy metals such as iron; 
(2) channeling of metabolites to pathways preferentially utilized 
by cancer cells such as aerobic glycolysis [101]; and (3) mito-
chondrial dysfunction and dysregulation of reactive oxygen 
species (ROS) [102].

Disorders of metal metabolism
Hereditary hemochromatosis (HH) results from autosomal 
recessive mutations most commonly in the HFE (hemochroma-
tosis) gene on chromosome 6p21. HFE encodes a transmem-
brane protein that interacts with β2 microglobulin and decreases 
the affinity of the transferrin receptor for iron, resulting in dep-
osition of iron in most peripheral organs, including the liver. 
The large majority of HH cases result from homozygous car-
riage of the C282Y mutation, with the next most common 
mutation involving compound heterozygous carriage of C282Y 
and H63D. In a population-based screen, 0.44% of European 
ancestry individuals were homozygous for the C282Y mutation, 
with the majority of these individuals having elevated serum 
ferritin and transferrin saturation, and not having a prior known 
diagnosis of HH [103]. The C282Y mutation is present at much 
lower frequencies and does not account for increased iron stores 
in non-European ancestry populations. Uncommonly, muta-
tions in the TFR2 (transferrin 2 receptor) gene and the SLC40A1 
(solute carrier family 40, member 1, ferroportin 1) gene also 
result in HH. Peak age of onset for HH is between 40 and 60 
years of age. HH is associated with an increased risk for HCC, 
and this is responsible for 25%–45% of deaths in patients with 
HH. HCC can occur in HH in the absence of cirrhosis and even 
after reversal of cirrhosis with therapy [104], suggesting a direct 
effect of iron on carcinogenesis. Furthermore, the use of phle-
botomy in people without inborn errors of metabolism reduced 
cancer risk [105], further suggesting a direct role of iron in 
carcinogenesis. This effect is believed to be mediated through 
generation of reactive oxygen species and iron-catalyzed oxida-
tive DNA damage [106].
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gene have been associated. RET is a cell surface receptor tyro-
sine kinase protooncogene, which has also been linked to 
MEN2a, MEN2b, and medullary thyroid carcinomas. RET 
signals in response to glial cell-derived neutrophic growth 
factors to affect cell proliferation, neuronal navigation, cell 
migration, and cell differentiation. Mutations within GDNF, an 
activating ligand for RET, have also been associated with 
Hirschsprung disease. Importantly, another receptor–ligand 
pair, EDNRB (endothelin receptor type B) and EDN3 (endothe-
lin 3), has been associated with Hirschsprung disease. 
Endothelins are endothelial-derived vasoactive peptides; 
EDNRB, is a G-protein coupled receptor that signals via the 
phosphatidylinositol–calcium pathway.

Pancreatic agenesis
Pancreatic agenesis presents with neonatal diabetes mellitus 
requiring insulin treatment, typically born to nondiabetic 
parents. De novo heterozygous inactivating mutations in GATA6 
(GATA binding protein 6) are present in the majority of indi-
viduals with pancreatic agenesis [117]. Multiple, de novo dam-
aging mutations (insertion–deletion mutations predicted to 
result in premature truncation or alternative splicing of GATA6) 
have been identified. These findings implicate GATA6 as playing 
a critical role in pancreatic organogenesis. GATA6 is a member 
of a family of zinc finger transcription factors that play an 
important role in cellular differentiation and organogenesis. As 
opposed to humans, heterozygous GATA6-deficient mice are 
phenotypically normal [118], whereas homozygous GATA6-
deficient mice have a deficiency of ventral pancreatic develop-
ment [119].

Diaphragmatic hernias
Congenital diaphragmatic hernias (CDH) result from a failure 
of complete diaphragm formation, resulting in herniation of 
abdominal viscera into the thoracic cavity. It is a common 
congenital defect, affecting as many as 1 out of 3000 live 
births. An analysis of copy number variants (CNVs) in 
parent–child trios identified chromosomal abnormalities in 
approximately 6.3% of cases, including many de novo CNVs, 
present in the affected child and not present in either parent 
[120]. Importantly, whole exome sequencing of two families 
presenting with CDH and congenital heart disease was per-
formed and de novo and nonsense mutations within the 
GATA6 gene were identified. Interestingly, another zinc finger 
transcription factor, GATA4 (GATA binding protein 4) is also 
related to both familial and sporadic forms of diaphragmatic 
hernias [121]

Hereditary hemorrhagic telangiectasia
Hereditary hemorrhagic telangiectasia (HHT) is the most 
common inherited vascular disorder and is inherited as an auto-
somal dominant disease. Features most predictive of a genetic 
predisposition is the observation of the four criteria of epistaxis, 
telangiectases, arteriovenous malformations, and a positive 

as isolated, autosomal dominant polycystic liver disease. Linkage 
analysis of multiply affected families with PCLD localized a 
gene to chromosome 19p. Fine mapping and sequence analysis 
of genes in this region resulted in the identification of multiple 
mutations in the PRKCSH (protein kinase C substrate 80K-H) 
gene that would result in RNA splicing alterations and therefore 
shortened and abnormal proteins. PRKCSH encodes the 
β-subunit of glucosidase II, an N-linked glycan-processing 
enzyme in the endoplasmic reticulum [113]. Interestingly, in 
liver cyst materials obtained from PCLD patients carrying het-
erozygous germline mutations in PRKCSH, somatic loss of the 
wild-type PRKCSH allele was observed in 76% of cysts as evalu-
ated by restriction analysis and somatic DNA sequencing [114]. 
In these cysts, protein expression of PRKCSH was absent. These 
studies indicate that a second hit, somatic mutation, on top of 
the germline PRKCSH mutation, represents an important step 
in cyst formation and/or development.

A linkage analysis of familial cases of PCLD not carrying 
PRKCSH mutations was performed and demonstrated one pre-
dominant linkage region on chromosome 6q. Numerous 
frameshift and nonsense mutations were identified in SEC63 in 
both isolated proband as well as familial cases of PCLD [115]. 
SEC63 is part of a complex that mediates transport of proteins 
in the endoplasmic reticulum. Mutations in PRKCSH and 
SEC63 are observed in less than one-third of cases of PCLD, 
indicating that that there are likely additional loci yet to be 
identified. Both PRKCSH and SEC16 function in protein trans-
lation and regulate quality control pathways in the endoplasmic 
reticulum. Importantly, both are required for adequate expres-
sion of a functional complex of the polycystic kidney disease 
gene products, PKD1 (polycystic kidney disease 1 or 
polycystin-1) and PKD2 (polycystic kidney disease 2 or 
polycystin-2). Polycystin-1 is the key rate-limiting component 
of this complex, and a dose–response relationship between 
cystic dilation and levels of functional polycystin-1 is observed 
following mutation of PRKCSH or SEC63 [116].

Hirschsprung disease
Hirschsprung disease, also known as congenital intestinal agan-
glionosis, involves the failure of neural crest cells (precursors of 
enteric ganglion cells) to migrate completely during develop-
ment. The absence of enteric ganglion cells results in a func-
tional obstruction, most commonly resulting in megacolon. 
Short-segment Hirschsprung disease affects boys more com-
monly (3–4:1), whereas long-segment disease is more gender 
equal. The prevalence of disease is approximately 1 : 5000, and 
both sporadic and familial cases of Hirschsprung disease occur. 
Multiple genes have been linked to Hirschsprung disease, 
including RET (Ret protooncogene, chromosome 10q11), 
EDNRB (endothelin receptor type B, chromosome 13q22), 
GDNF (glial cell derived neurotrophic factor, chromosome 
5p13), and EDN3 (endothelin 3, chromosome 20q13). The RET 
gene accounts for the highest variance explained in Hirschsprung 
disease and multiple heterozygous mutations within the RET 
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negatively affect protein processing and/or function and bmp9-
deficient zebrafish established its role in angiogenesis [125].
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family history [122]. Large AVMs are present in the lungs, liver, 
gastrointestinal tract, and brain; small cutaneous and mucous 
membrane telangiectases are also present. The most common 
presentation is with recurrent epistaxis, which can be serious 
enough to require blood transfusions. Importantly, a variety of 
genes involved in transforming growth factor beta (TGF-β) sig-
naling have been associated with HHT. Genetic linkage and 
sequence analysis studies identified associations of endoglin 
(ENG, HHT1) on chromosome 9q34 [123] and activin receptor-
like kinase 1 (ACVRL1, HHT2) on chromosome 12q13. Both 
genes encode for transmembrane receptors for TGF-β super-
family of ligands and are expressed on vascular endothelial cells. 
Binding of TGF-β to its receptor complex results in activation 
of downstream SMAD proteins (including SMAD4), which 
complexes within the nucleus to stimulate transcriptional activ-
ity in response to TGF-β. Interestingly, families where both 
juvenile polyposis and HHT cosegregate were found to carry 
SMAD4 (SMAD family member 4) mutations, highlighting its 
role in two seemingly distinct clinical phenotypes [124]. Most 
recently, a series of mutations in GDF2 (growth differentiation 
factor 2, also known as BMP9, bone morphogenetic protein 9) 
were reported in patients clinically diagnosed with HHT and 
not carrying mutations in ENG, ACVRL1, nor SMAD4. GDF2 
is a potent circulating inhibitor of angiogenesis that signals 
through ACVRL1 and ENG. HHT-associated GDF2 mutations 
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CHAPTER 124

Introduction

Systemic  diseases  are  commonly  manifest  by  gastrointentinal 
(GI) signs or symptoms. The liver or gut may be the principal 
targets  of  the  disease  process  or  simply  indirectly  affected;  in 
either case, the GI manifestations may be the cause for seeking 
medical attention. The purpose of this chapter is to examine the 
systemic disorders that have well recognized GI manifestations 
and  to  stress  their  more  important  effects  on  the  digestive 
system.

Cardiovascular diseases

Aortic stenosis
Aortic stenosis (AS) is the most common valvular disease in the 
western world affecting mainly individuals older than 60 years 
[1]. AS has been associated with an increased incidence of GI 
bleeding often attributed to angiodysplasias of  the gut (Heyde 
syndrome) [2]. Nonetheless, finding a causal  link between the 
two  has  been  difficult  because  they  are  both  common  in  the 
elderly. Aortic valve replacement usually results in cessation of 

bleeding  [3],  but  the  angiodysplasias  persist  [4].  A  probable 
mechanism is that the majority of patients with severe AS have 
an acquired type 2A von Willebrand syndrome characterized by 
reduced levels of high molecular weight multimers of von Wil-
lebrand  factor.  Aortic  valve  replacement  leads  to  increased 
levels of  these multimers resulting  in  improvement  in shear – 
induced  platelet  aggregation  as  well  as  adhesion  [5].  Vascular 
ectasias identified by angiography or endoscopy can be incrimi-
nated as the bleeding source if active hemorrhage is observed. 
Not uncommonly  these  lesions are seen endoscopically  in  the 
absence of bleeding and are assumed to be the bleeding source 
by  default  when  no  other  source  is  identified.  Endoscopic 
cautery, angiographic embolization, and intestinal resection are 
standard therapies [6] but have not been proven as a long-term 
alternative to aortic valve replacement [7].

Congestive heart failure
Impairment of the heart’s ability to fill or empty the left ventricle 
results  in  inadequate  perfusion  of  tissues  and  a  consequent 
inability  to  maintain  tissue  metabolic  demands.  Ischemia  and 
hypertension are  the most common causes, but valvular heart 
disease,  cardiomyopathies,  anemia,  and  hypermetabolic  states 
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patients  [15].  Digoxin-associated  constriction  of  splanchnic 
vessels may contribute to intestinal ischemia [16]. Severe pan-
creatitis has been attributed to a variety of diuretics, including 
thiazides, furosemide, and ethacrynic acid [17]. Oral potassium 
supplements  have  been  implicated  in  esophagitis,  ulcers,  and, 
rarely, intestinal strictures [18].

Coronary artery disease
Cardiovascular disease including coronary artery disease (CAD) 
and  stroke  remains  the  number  one  global  cause  of  death, 
accounting  for  17.3  million  deaths  per  year,  a  number  that  is 
expected to grow to 23.6 million by 2030 [19]. It is not uncom-
mon for the initial presenting symptoms of angina or infarction 
to  mimic  GI  disease  (epigastric  pain  or  pressure,  heartburn), 
which at times is confusing to both patient and physician.

Once the diagnosis of CAD is certain, its treatments may lead 
to  GI  problems.  Smooth  muscle  relaxants  (calcium  channel 
antagonists,  nitrates)  improve  coronary  blood  flow  but  also 
relax the lower esophageal sphincter and have been associated 
with  gastroesophageal  reflux  disease  (GERD)  [20].  Constipa-
tion  is  also  prevalent  with  the  calcium  channel  antagonists. 
Statin treatment has been commonly associated with asympto-
matic and usually transient elevation of serum aminotransferase 
levels  that  often  occur  in  the  first  12  weeks  of  therapy.  This 
biochemical  finding  is  not  correlated  with  histopathological 
changes  and  therefore  is  not  a  true  indicator  of  liver  injury. 
Clinically important statin-related hepatotoxicity is an extremely 
rare adverse effect [21]. There is no reason to withhold statins 
from patients with mild liver tests abnormalities (e.g., nonalco-
holic  steatohepatitis,  hepatitis  C).  Recent  studies  suggest  that 
statin treatment may in fact improve hepatic steatosis [22], and 
therefore can be safely used in these patients, with appropriate 
monitoring.  A  recent  metaanalysis  showed  a  reduced  risk  of 
hepatocellular cancer with statin use [23]. Recent studies have 
examined whether statins have a protective effect in colorectal 
cancer and results have been conflicting. Overall there seems to 
be minimal effect [24–26].

Aspirin is a foundation in the prevention of myocardial inf-
arction. In all  trials,  there is a small but consistent  increase in 
the risk of GI bleeding in the aspirin treated groups. Although 
the risk of GI bleeding is dose related, even daily doses below 
100 mg per day cause irreversible inactivation of platelet pros-
taglandin synthetase for 7–10 days [27]. Clopidogrel is another 
antiplatelet agent with a distinct mechanism of action. Labora-
tory  and  animal  studies  confirm  a  synergistic  effect  of  these 
agents on platelet activation and aggregation. Data  from large 
randomized clinical trials of patients with acute coronary syn-
drome  or  undergoing  percutaneous  coronary  intervention 
(PCI)  have  shown  a  significant  reduction  in  cardiovascular 
complications with dual-therapy compared with aspirin alone 
[28]. On the other hand, the combined use of these agents sig-
nificantly increases the risk for GI bleeding [29]. Proton pump 
inhibitors (PPIs) decrease the risk of gastroduodenal ulcers and 
upper GI bleeding in patients taking aspirin alone or in combi-
nation  with  clopidogrel  [30].  PPIs  and  clopidogrel  share 

(e.g.,  thyrotoxicosis  and  sepsis)  may  be  causative  [8].  Heart 
failure leads to congestion of the splanchnic venous bed, causing 
anorexia,  nausea,  bloating,  and  abdominal  pain.  Mesenteric 
ischemia of the bowel due to low flow states is not uncommon 
in  such  patients  [9].  Rarely,  venous  congestion  is  sufficiently 
severe to produce weight loss, diarrhea, malabsorption, protein-
losing  enteropathy  [10,11],  and  the  clinical  picture  of  cardiac 
cachexia.  Hepatic  congestion  secondary  to  right  heart  failure 
may mimic biliary tract disease or hepatitis because of jaundice, 
right  upper  quadrant  pain,  hepatomegaly,  abnormal  liver 
enzyme  levels,  high  protein  ascites,  and  prolongation  of  the 
prothrombin time [12]. Prolonged congestion rarely progresses 
to cardiac cirrhosis [13] (Figure 124.1).

The  increasingly  effective,  but  complex,  medical  therapy  of 
left ventricular failure can produce GI side effects (Table 124.1). 
The  mainstays  are  the  angiotensin  converting  enzyme  (ACE) 
inhibitors,  which  are  generally  well  tolerated,  but  may  cause 
mild diarrhea. Rarely, ACE inhibitors have been associated with 
bowel obstruction due  to angioedema of  the  intestine,  caused 
by  increased  bradykinin  levels  [14].  Angiotensin  II  receptor 
blockers can also cause angioedema. Digoxin is now less com-
monly used and causes anorexia, nausea, and vomiting in many 

Figure 124.1 Hepatic congestion and cirrhosis secondary to congestive 
heart failure. (H & E stain; original magnification ×100.)
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bleeding. Cessation of antiplatelet  therapy within 6 months of 
PCI with a drug eluting stent, causes a significant risk of throm-
bosis of the coronary vessel. Recently it has been deemed safe 
to  continue  antiplatelet  therapy  for  endoscopic  procedures 
including if biopsies or polypectomies are undertaken [32].

GI complications of cardiac bypass surgery (acute cholecys-
titis, mesenteric ischemia, upper GI bleeding, acute pancreatitis, 
and others) occur more commonly in the elderly, those requir-
ing long cardiopulmonary bypass time, cardiogenic shock, and 
with  postoperative  renal  failure  [33].  GI  complications  occur 
more  frequently  as  higher  risk  patients  with  multiple  comor-
bidities are chosen for surgery.

common  metabolic  pathways  involving  hepatic  p450  isoen-
zymes (CYP2C19), and concerns were raised whether addition 
of a PPI may reduce platelet inhibition in patients treated with 
clopidogrel,  increasing  the  risk  for  cardiovascular  complica-
tions.  Results  from  observational  trials  or  small  randomized 
studies  have  been  inconclusive.  In  accordance  with  recent 
consensus-based  recommendations,  patients  on  clopidogrel 
should  be  given  PPI  cotherapy  if  they  have  additional  risk 
factors for upper GI bleeding [31]. The timing of endoscopy in 
patients  treated  with  antiplatelet  therapy  should  take  into 
account the urgency of the procedure itself, the risk of throm-
bosis  after  stopping  antiplatelet  therapy,  and  the  risk  of  GI 

Table 124.1 Gastrointestinal side effects of drugs for cardiovascular disease.

Medication class Examples Indication GI side effects

Selective inhibitor of 
α-adrenergic agonist

Doxazosin mesylate, 
Terazosin

HBP Nausea (C)

Adrenergic stimulants Clonidine, methyldopa HBP Nausea/vomiting (C); hepatotoxicity (R)

α/β-Adrenergic blockers Labetalol HBP Nausea/vomiting (C); dyspepsia/GERD (UC); 
hepatoxicity (R)

Angiotensin converting 
enzyme inhibitors

Enalopril, lisinopril HBP, CHF Diarrhea/dyspepsia (UC); ileus/pancreatitis (R); 
hepatotoxicity (R)

Angiotensin II receptor 
antagonists

Losartan, irbesartan HBP, CHF, arrhythmias Constipation (UC); diarrhea (UC)

Antiarrhythmics

 Group 1 Mexilitene, Quinidine, 
Disopyramide

Nausea/vomiting (C); diarrhea (C); constipation (C)

 Group 2 See Beta-blockers

Nausea/vomiting (C); abnormal liver tests (C); 
hepatotoxicity (UC)

 Group 3 Sotalol, Amiodarone

 Group 4 See Calcium channel 
antagonists

Beta blockers Atenolol, metoprolol CAD, HBP Diarrhea (UC)

Calcium channel antagonists Verapamil, Diltiazam, 
Nifedipine

HBP, CAD GERD (C); nausea (C); constipation (C); 
hepatotoxicity (R)

Hypolipidemic agents

 Bile acid binding resins Cholestyramine CAD Dyspepsia (C); flatulence (C); constipation (C)

 Cholesterol absorption Ezetimibe CAD Diarrhea (UC); inhibitors

 Fibric acid derivative Gemfibrozil CAD Dyspepsia (C); abnormal liver tests (UC); 
cholestatic jaundice (R)

 HMG-CoA reductase 
inhibitors abnormal liver 
tests (C); hepatotoxicity (R)

Lovastatin, simvastatin CAD Constipation (UC);

 Nicotinic acid Nicotinic acid CAD Dyspepsia (C); abnormal liver tests (UC)

Inotropic agents Digoxin CHF, arrhythmias Mesenteric ischemia (R)

Vasodilators, coronary Nitrates CAD, CHF GERD (UC)

Vasodilators, systemic Hydralazine, Minoxidil CAD, HBP, nausea/
vomiting(C); diarrhea (C); 
constipation (UC)

C, common; CAD, coronary artery disease; CHF, congestive heart failure; GERD, gastroesophageal reflux disease; GI, gastrointestinal; HBP, high blood 
pressure; HMG-CoA, 3-hydroxyl-3-methyl-glutaryl-CoA; R, rare; UC, uncommon.
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Familial Mediterranean fever
Familial Mediterranean fever (recurrent polyserositis) is a reces-
sive disease that is common in populations of Eastern Mediter-
ranean origin. The gene responsible for Familial Mediterranean 
fever has recently been cloned and designated MEFV. It maps 
to chromosome 16 and encodes a 781-amino acid protein called 
pyrin or marenostrin [42]. Three missense mutations have been 
identified  and  can  be  screened  for  using  an  amplification-
refractory mutation system assay [42]. The target organ appears 
to  be  the  blood  vessel,  and  vasculitis  can  be  present.  Clinical 
manifestations begin in childhood and include attacks of fever, 
synovitis,  severe  abdominal  pain  suggesting  an  acute  surgical 
emergency  such  as  acute  appendicitis,  cholecystitis,  or  pelvic 
inflammatory  disease  or  pleurisy  [43],  whereas  relapsing  and 
remitting attacks may be confused with other diseases such as 
porphyrias. Small bowel obstruction from adhesions may occur 
as a consequence of recurrent sterile peritonitis or as a result of 
previous exploratory surgery. The diagnosis is suspected when 
patients  of  Mediterranean  extraction  with  a  positive  family 
history present with recurrent episodes of chest or abdominal 
pain,  peritoneal  signs,  arthritis,  fevers,  and  leukocytosis.  The 
patient  may  have  undergone  previous  fruitless  diagnostic 
workups, including laparotomy. Frequent complications include 
AA amyloidosis, degenerative arthritis, renal vein thrombosis, 
and narcotic addiction [43]. Treatment with colchicine has been 
beneficial in preventing and ameliorating acute attacks [44].

Gaucher disease
Type 1 (nonneuronopathic or “adult”) Gaucher disease is a rare 
autosomal recessive disease caused by a deficiency of glucocer-
ebrosidase  and  resulting  in  the  amassing  of  an  insoluble  glu-
cocerebroside in the lysosomes of macrophages. Adults present 
with hepatosplenomegaly, thrombocytopenia, and pathological 
bone fractures. Ascites or esophageal varices, which occasion-
ally  may  bleed  massively,  have  been  described  (Figure  124.2). 
Definitive diagnosis relies on assaying β-glucerebrosidase activ-
ity [45]. Improvement in hepatosplenomegaly and overall func-
tion can be achieved with either enzyme replacement  therapy 
using  small  doses  of  mannose-terminated  glucocerebrosidase 
(alglucerase) or substrate reduction therapy using an inhibitor 
of glucosylceramide  synthetase, which demonstrates  synthesis 
of glucocerebroside the substrate of the deficient glucocerebro-
sidase (oral miglustat) [45,46].

Hepatic porphyrias
The  hepatic  porphyrias  are  a  group  of  inherited  metabolic  
disorders  of  heme  synthesis  (Table  124.2).  The  acute  hepatic 
porphyrias  include  acute  intermittent  porphyria,  variegate  
porphyria,  hereditary  coproporphyria,  and  δ-aminolevulinic 
acid  (ALA)  dehydratase  deficiency.  They  are  characterized  by 
attacks of abdominal pain (commonly with vomiting and con-
stipation) associated with hypertension, neuropathy, and neu-
ropsychiatric  disturbance  that  may  last  days  to  months.  The 
abdominal  pain  is  severe,  may  be  associated  with  signs  of 

Chromosomal abnormalities and  
other genetic disorders

Abetalipoproteinemia
Abetalipoproteinemia is an autosomal recessive condition that 
causes  severe  hypolipidemia,  diarrhea,  fat  malabsorption, 
growth  failure,  retinitis  pigmentosa,  acanthocytosis,  and  cere-
bellar ataxia. The growth failure and diarrhea can be improved 
with  a  diet  modified  to  contain  medium-chain  triglycerides. 
Children  with  the  disease  can  develop  severe  neurological 
disease from vitamin E deficiency, and fat soluble vitamins must 
be monitored and replaced. The disorder is a result of mutations 
of  the microsomal  triglyceride  transfer protein  [34],  and with 
current  molecular  technology  it  can  be  differentiated  from  a 
variety  of  hypobetalipoproteinemias  caused  by  truncation-
producing mutations of the apolipoprotein B-100 gene [35] and 
from chylomicron retention disease.

Down syndrome
Down  syndrome  (chromosome  21  trisomy)  can  be  associated 
with  multiple  GI  anomalies,  the  presence  of  which  predicts 
higher mortality [36]. Infants with duodenal stenosis and atresia 
present with vomiting, abdominal distention, and  the “double 
bubble” sign on abdominal radiography. Less complete obstruc-
tions  from  fenestrated  duodenal  membranes  may  present  
later in life as a cause of vomiting [37]. Esophageal abnormali-
ties include tracheoesophageal fistula, esophageal stenosis, and 
gastroesophageal  reflux.  Imperforate  anus,  Hirschsprung 
disease, and malrotation of  the  intestine have been described. 
Celiac disease has a relatively high prevalence in these patients 
[38].  The  high  incidence  of  hepatitis  A  and  B  infection  in 
patients  with  Down  syndrome  has  been  reduced  with  early 
vaccination.

Fabry disease
Anderson–Fabry  disease,  an  X-linked  glycosphingolipidosis, 
is  caused  by  mutations  in  the  gene  encoding  the  lysosomal 
exoglycosidase α-galactosidase A (α-Gal A), with the resulting 
deposition of ceramide trihexose in the lysosomes of endothe-
lial,  neural,  and  smooth  muscle  cells.  Diagnosis  is  made  by 
skin  biopsy,  measurement  of  α-Gal  A  in  leukocytes,  and 
genetic studies. GI manifestations are present in most affected 
men and  in 29% of  female carriers and  include episodic con-
stipation, diarrhea, nausea and vomiting, and abdominal pain, 
and  rarely,  intestinal  ischemia  and  perforation.  The  cause  of 
these symptoms may be related, in part, to impaired autonomic 
function  and  vascular  insufficiency.  Differentiating  symptoms 
of  irritable  bowel  syndrome  from  those  attributed  to  Fabry 
disease can be very difficult. However, a diminution  in symp-
toms  with  enzyme  replacement  is  convincing  evidence  that 
the  symptoms  are  related  to  Fabry.  The  advent  of  enzyme 
replacement therapy with α-Gal A has afforded these patients 
regression  of  GI  symptoms  and  substantial  improvement  in 
functionality  [39–41].
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Figure 124.2 Gaucher disease of the liver. Multinucleated Gaucher cells 
(arrows) are present. (H & E stain; original magnification ×400.)

Table 124.2 The hepatic porphyrias.

Disorder Abdominal pain Skin lesions Biochemical markers

Urine Feces

Acute intermittent porphyria + 0 High PBG and ALA 0

Variegate porphyria + + High PBG, ALA, and coproporphyrin High protoporphyrin and coproporphyrin

Hereditary coproporphyria + + High PBG, ALA, and coproporphyrin High coproporphyrin

ALA dehydratase deficiency + 0 High ALA with normal PBG 0

Porphyria cutanea tarda 0 + High uroporphyrin 0

This table does not list all the biochemical abnormalities, but rather serves as a guide to indicate which measurements are most critical in evaluating a 
particular porphyria. ALA, delta-aminolevulinic acid; PBG, porphobilinogen. (Adapted from Bloomer JR. The hepatic porphyrias. Gastroenterology 
1976;71:689).

peritoneal inflammation on physical examination, and can lead 
to unnecessary abdominal surgery. The peripheral neuropathy 
is  manifest  as  pain  in  the  extremities  but  may  progress  to  a 
motor neuropathy. Photosensitivity occurs only in variegate and 
coproporphyria. Attacks can be precipitated by medicines (bar-
biturates,  dilantin,  alcohol),  menstruation,  malnutrition,  or 
other medical or surgical illnesses [47].

Sequence  analyses  of  the  genes  for  the  enzymes  of  heme 
biosynthesis have revealed the porphyrias as highly heterogene-
ous, with multiple mutations underlying each type. All but ALA 
dehydratase deficiency are inherited as an autosomal dominant 
trait and are associated with increased urinary excretion of por-
phobilinogen  (PBG)  and  ALA  (Table  124.2).  In  patients  with 
ALA  dehydratase  deficiency  excretion  of  PBG  is  normal  but 
ALA is elevated [47].

Once  the  diagnosis  is  made,  genetic  counseling  should  be 
undertaken; patients are told to avoid precipitating factors and 
are  placed  on  a  high-carbohydrate  diet.  Acute  attacks  may  be 

ameliorated by infusion of glucose, hematin (being replaced by 
heme  arginate  in  Europe)  [47],  which  suppresses  ALA  syn-
thetase. Treatment of seizures has been difficult because many 
antiepileptic  medications  increase  the  hepatic  metabolism  of 
heme and can precipitate attacks. Gabapentin does not have this 
effect and seems to be safe and effective as a treatment for sei-
zures  in  this  setting  [48].  Porphyria  cutanea  tarda  (PCT)  is 
inherited as an autosomal dominant trait, but its clinical pres-
entation as a disease may depend on a number of other genetic 
and  environmental  factors.  It  is  associated  with  prominent 
dermal  photosensitivity  and  mechanical  sensitivity  without 
abdominal  pain  and  also  with  alcoholic  liver  disease,  hemo-
chromatosis (or other disorders of iron overload), and hepatitis 
B and C. In PCT, urinary excretion of PBG is normal and the 
disease is differentiated from variegate and coproporphyria by 
the  increased  urinary  excretion  of  uroporphyrins.  Abstention 
from alcohol, phlebotomy or deferioxamine therapy to reduce 
iron  overload,  low-dose  chloroquine,  and  interferon–antiviral 
treatment of hepatitis C have all reduced symptoms [49].

Hereditary angioedema
Hereditary angioedema is a rare autosomal dominant inherited 
deficiency of activated C1 inhibitor, a plasma protein that pre-
vents uncontrolled intravascular activation of complement. Low 
serum  C4  and  an  assay  showing  absent  serum  C1  inhibitor 
confirm the diagnosis [50]. The major clinical feature is episodic, 
self-limited, nonpitting swelling of the orofacial region, larynx, 
extremities,  and  GI  tract.  Angioedema  is  distinguished  from 
urticaria in that it is asymmetric and burns rather than itches. 
Edema in the cervical region can compromise the upper airway. 
Abdominal  attacks  are  characterized  by  colic,  bloating,  and 
nausea and vomiting secondary to enteric mucosal edema, and 
can occur in the absence of peripheral or orofacial angioedema. 
Barium studies demonstrate “thumbprinting.” Bradykinin is felt 
to be the main if not the sole mediator responsible for the edema. 
Treatment with synthetic androgens (e.g., danazol or methyltes-
tosterone) increases the levels of C1 esterase inhibitor and can 
ameliorate or prevent attacks. Where available, infusions of C1 
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Connective tissue diseases

Scleroderma
Systemic sclerosis (SSc) and CREST syndrome (calcinosis, Ray-
naud’s phenomenon, esophageal disease, sclerodactyly and tel-
angectasia) are multisystem diseases affecting women three to 
four times more commonly than men, with the most common 
ages of presentation in the 20s to 40s. These are relatively rare 
diseases with 10 new cases per 1 million adults per year. They 
are characterized by vasculitis of the small arteries and fibrosis 
of the skin and other organs. GI involvement, occurring in up 
to  90%  of  patients,  is  the  third  most  common  manifestation 
after  skin  disease  and  Raynaud’s  phenomenon  [59].  It  is  the 
presenting feature of the disease in 10% of cases [60]. The patho-
physiology of the GI involvement is not completely understood, 
but  the  process  may  be  similar  to  that  of  the  skin:  Primarily, 
there is an early vascular lesion that manifests as mild changes 
in intestinal permeability, transport and absorption. The second 
stage  is  neural  dysfunction  when  early  symptoms  begin.  The 
third stage is smooth muscle atrophy, and the end stage lesion 
is muscle fibrosis, at which point pharmacologic restoration of 
function is no longer possible [61]. A recent detection of circu-
lating autoantibodies to myenteric neurons and antimuscarinic-
3-acetylcholine  receptors  (M3R)  suggests  an  autoimmune 
neuropathic  etiology  for  scleroderma  [62].  The  end  result  is 
altered  peristaltic  activity  with  multiple  secondary  problems, 
including  esophageal  reflux,  early  satiety,  nausea,  vomiting, 
pseudoobstruction,  secondary  small  intestinal  bacterial  over-
growth, malabsorption and ultimately malnutrition.

Tightening of the perioral skin with restricted ability to open 
the mouth and impaired taste sensation may contribute to mal-
nutrition. The esophagus is the most commonly affected organ, 
(70% and 90%), depending on the detection technique. Smooth 
muscle  atrophy  leads  to  absent  or  low-amplitude  esophageal 
contractions  that  are  most  prominent  in  the  mid-  and  distal 
esophagus,  and  weakening  of  the  lower  esophageal  sphincter, 
resulting  in  both  reflux  of  acid  and  retarded  clearance  of  the 
refluxed  material.  In  addition,  gastric  emptying  is  commonly 
delayed,  further  exacerbating  acid  reflux  [63].  The  result  is 
severe  symptomatic  reflux  and  erosive  esophagitis.  Dysphagia 
may appear secondary to dysmotility and reflux, and less com-
monly due to stricture formation (occurring in 17% to 29% of 
patients)  or  due  to  Candida  esophagitis  [64].  Typically,  dys-
phagia is for both liquids and solids except when stricture for-
mation  supervenes,  and  then  dysphagia  is  predominantly  for 
solids. Endoscopy should be  the primary diagnostic modality. 
Dilatation of a stricture can substantially  improve swallowing. 
Due to the high risk of developing strictures, patients should be 
maintained on a PPI at a dose sufficient to suppress heartburn. 
Gastro-esophageal reflux (GER) may contribute to pulmonary 
disease by microaspiration of acid and by vagal stimulation of 
esophageal  acid  causing  bronchoconstriction.  Alternatively, 
pulmonary disease may contribute to reflux by greater negative 
intrathoracic pressure required for ventilation and by the use of 

inhibitor concentrates are the treatment of choice for emergent 
attacks  [50].  Premedication  with  C1  inhibitor  concentrate  or 
antifibrinolytic  agents  (e.g.,  ε-aminocaproic  acid,  tranexamic 
acid) should be considered before oropharyngeal manipulations 
such as upper endoscopy [51].

Niemann–Pick disease
Niemann–Pick disease is a rare, inherited lipid storage disease 
that principally afflicts people of European Jewish ancestry. The 
enzyme  sphingomyelinase  is  absent  or  nonfunctional,  leading 
to the accumulation of sphingomyelin in the lysosomes of retic-
uloendothelial cells. Affected infants manifest severe neurologi-
cal disease, hepatosplenomegaly, and hepatic failure and do not 
survive to adulthood. Survival of patients with type B Niemann–
Pick  disease  to  adulthood  is  common  but  may  be  associated 
with cirrhosis and portal hypertension [52].

Tangier disease
Tangier  disease  is  a  rare  codominant  inherited  deficiency  of 
plasma α-lipoprotein. The genetic defect has been localized to 
chromosome 9q31. ABCA1, a cell membrane protein, mediates 
the active efflux of excess cholesterol from cells and is mutated 
in Tangier disease. Affected patients exhibit reduced total cho-
lesterol, low high-density lipoproteins, and elevated plasma trig-
lycerides. Accumulation of cholesterol in the reticuloendothelial 
system results in enlarged orange or red tonsils, lymphadenopa-
thy,  peripheral  neuropathy,  hepatosplenomegaly,  and  yellow/
orange patches in the colonic mucosa [53,54].

Turner syndrome
Turner  syndrome  (X  chromosome  monosomy,  or  mosaicism) 
occurs in 1 : 2500 live female births and presents with a variety 
of external somatic features, of which short stature and gonadal 
dysgenesis are almost invariably present. GI hemorrhage result-
ing  from intestinal vascular malformations, an  increased  inci-
dence  of  inflammatory  bowel  disease  and  celiac  sprue,  and  a 
greater risk of anorexia nervosa have been described [55]. Mild 
elevation of alkaline phosphatase may be seen. This cholestasis 
is  not  related  to  the  chronic  use  of  estrogens  for  the  gonadal 
dysgenesis [56].

von Hippel–Lindau disease
von  Hippel–Lindau  disease  (VHL)  is  an  autosomal  dominant 
inherited disorder characterized by hemangioblastomas of  the 
retina and central nervous system, renal cell carcinoma, pheo-
chromocytoma,  and  endolymphatic  sac  tumors  with  marked 
phenotypic variability. Heterogeneous germline mutations lead 
to  the  absence  of  the  VHL  protein,  resulting  in  uncontrolled 
production of vascular endothelial growth protein and the for-
mation  of  blood  vessels  [57].  Pancreatic  disease  is  found  in 
three-quarters  of  the  affected  individuals.  The  most  common 
lesions found were cysts, serous cystadenomas, and neuroendo-
crine tumors. These lesions rarely cause symptoms and require 
surgical intervention only when very large [58].
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CBC,: albumin, vitamin B12, serum methymalonic acid, ferri-
tin, zinc, 25-OH vitamin D levels, INR, hydrogen breath testing 
can be considered [68]. If SIBO is suspected it is usually empiri-
cally diagnosed by cycled  trial of antibiotics  [69]. Other diag-
nostic tools are discussed elsewhere (see Chapter 46). In cases 
with refractory small bowel symptoms therapy with octreotide 
50 μg  to  100 μg  subcutaneously  at  bedtime,  should  be  consid-
ered [70] as well as enteral nutrition via jejunostomy or home 
parenteral nutrition.

Delayed colonic transit and impaired anal sphincter function 
have  been  demonstrated  in  patients  with  SSc.  Constipation, 
pseudoobstruction and volvulus may develop. The anorectum 
is  affected  in  50%  to  70%  of  patients,  with  more  than  20%  of 
patients developing fecal incontincene, as well as rectal prolapse 
[71]. A recent study confirmed the involvement of the internal 
anal  sphincter  in  SSc  patients,  finding  a  thin  and  atrophic 
sphincter  compared  with  incontinent  controls  [72].  Patients 
with CREST are at risk for the development of primary biliary 
cirrhosis.

Rheumatoid arthritis
Rheumatoid  arthritis  (RA)  is  characterized  by  a  deforming 
inflammation of the synovium and surrounding structures. RA 
most commonly afflicts women between the 3rd and 7th decade 
of life, and has a prevalence of 0.5%–1% in North America and 
Europe  [73,74].  GI  manifestations  are  common  and  protean. 
Involvement of the temporomandibular joints impedes chewing. 
Sicca manifestations from associated Sjogren’s syndrome include 
stomatitis and gingivitis, and may lead to problems with degluti-
tion.  Abnormal  esophageal  motility  with  reduced  pressure  in 
the lower esophageal sphincter is associated with heartburn and 
dysphagia, although this is less prevalent than in SSc or mixed 
connective tissue (MCT) disease. Peptic ulcer disease (PUD) is 
no more common in patients with RA than in those with oste-
oarthritis,  the  increased prevalence usually  the effect of nons-
teroidal antiinflammatory drugs (NSAIDs) [75]. There is a high 
incidence  of  atrophic  gastritis  in  RA  patients  that  is  not  con-
nected  with  duration  or  activity  of  the  disease  [76].  RA  has 
become  the  most  common  disease  causing  secondary  amy-
loidosis, occurring in patients with long-lasting disease (over 5 
years) that is poorly controlled. The prevalence of GI amyloido-
sis is reported to be between 7% and 13%, and can involve any 
part  of  the  GI  tract,  but  most  frequently  the  duodenum  [77]. 
Patients may present with intractable diarrhea, malabsorption, 
abdominal  pain,  nausea  and  protein  losing  enteropathy.  The 
most  significant  organ  manifestation  is  renal  disease,  usually 
presenting with proteinuria, and is usually the cause of death in 
these  patients.  Treatment  options  include  corticosteroid  pulse 
therapy and methotrexate, octreotide and anti-TNF agents [78–
81].  Felty’s  syndrome  is  a  triad  of  neutropenia,  splenomegaly 
and  RA  occurring  in  less  than  1%  of  patients.  These  patients 
have severe joint destruction, lymphadenopathy and vasculopa-
thy.  Hepatomegaly,  abnormalities  in  liver  function  tests  and 
evidence  of  portal  fibrosis  causing  portal  hypertension  are 

bronchodilators that relax LES pressure. SSc patients exhibit a 
distinct pattern of interstitial lung disease named centrilobular 
fibrosis  (CLF).  It  is  characterized  by  a  predominant  broncho-
centric distribution of  the  lesions and the presence of  intralu-
minal basophilic content and foreign bodies inside the bronchi, 
occasionally  with  multinucleated  giant  cells.  This  new  pattern 
could  be  associated  with  GER  [65].  The  importance  of  this 
finding is that the major cause of death in SSc is lung involve-
ment, and thus, patients in this group might benefit most from 
aggressive therapy for GER.

The  most  common  gastric  manifestation  is  delayed  gastric 
emptying, which contributes to GER and subsequently to mal-
nutrition.  Less  commonly,  iron  deficiency  anemia  or  severe 
bleeding may occur secondary to telangectasia, including gastric 
antral  vascular  ectasia  (GAVE)  also  known  as  watermelon 
stomach. Histologically, it is characterized by mucosal capillary 
dilatations  containing  fibrin  thrombi,  fibromuscular  hyper-
plasia,  and  reactive  foveolar  epithelial  changes  [66,67]  (see 
Chapters 44 and 127).

Malnutrition  in  SSc  has  been  attributed  to  malabsorption 
related  to  small  intestine  bacterial  overgrowth  (SIBO),  and  to 
motility disorders of the GI tract that may lead to early satiety 
and persistent nausea and vomiting. Dilation, pseudodivertic-
ula  (Figure  124.3),  and  thickening  of  the  bowel  are  common. 
The  bacterial  overgrowth  may  be  worsened  by  the  need  for 
effective  inhibition  of  acid  secretion  because  of  concomitant 
GER. Assessment of nutritional status is crucial, including body 
weight loss, body mass index, and basic laboratory tests which 
include hemoglobin level, folic acid (which is elevated in SIBO 
because of bacterial synthesis of folates), and serum carotene. If 
malabsorption  is  suspected  serological  testing  should  include 

Figure 124.3 Wide-mouthed pseudodiverticula are present in a patient 
with scleroderma.
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only partially to NSAID and glucocorticoid therapy, as well as 
to  smoking.  The  efficacy  of  PPI  in  the  lower  GI  tract  is  not 
known. Therefore further studies are needed in order to develop 
strategies  for  prevention  of  lower  GI  complications  in  these 
patients [88].

Methotrexate  (MTX)  is commonly used  in RA, and nausea 
and vomiting are common side effects during the first year of 
therapy.  The  toxicity  profile  of  MTX  is  well  established  and 
includes serious and sometimes fatal liver fibrosis, pneumonitis, 
and  cytopenias.  Regular  and  careful  monitoring  of  patients 
taking MTX is essential, particularly when MTX is combined 
with other disease modifying anti-rheumatic drugs (DMARDs). 
Folate supplementation can reduce some of the most common 
side effects of MTX, but it has not yet been established whether 
this  translates  into  a  reduced  risk  of  serious  disease.  Routine 
liver biopsies are not recommended in patients who do not have 
a  history  of  excessive  alcohol  intake  or  other  chronic  liver 
disease.  Persistent  elevations  in  transaminases  (at  least  three 
times the upper limit of normal) should result in discontinua-
tion  of  therapy  and  a  liver  biopsy  should  be  considered  [89]. 
Sulfasalazine can cause liver abnormalities as a hypersensitivity 
reaction. These are reversible, but recur with rechallenge by the 
drug. Nausea, vomiting and abdominal pain are common side 
effects of sulfasalazine and do not necessarily indicate hepato-
toxicity [90].

Systemic lupus erythematosus
Systemic lupus erythematosus (SLE) is a systemic autoimmune 
disease characterized by the presence of a multitude of autoan-
tibodies, and immune complex formation. It is diagnosed pre-
dominantly  among  young  and  middle-aged  women.  Virtually 
every system and organ can be affected by the disease, but the 
typical  characteristics  include  arthritis,  myalgias,  fever,  rash, 
lymphadenopathy,  pancytopenia,  renal  disease,  polyserositis 
and  central  nervous  system  involvement.  The  most  common 
complaints  are  weight  loss,  malaise,  and  joint  pain.  Death  is 
usually due to progressive renal failure or due to central nervous 
system  abnormalities.  Mild  GI  involvement  is  common  and 
manifests  in  50%  of  patients,  most  commonly  as  nausea  and 
vomiting, anorexia, and abdominal pain. Acute abdominal pain 
may  reflect  mesenteric  vasculitis,  hepatobiliary  disease,  pan-
creatitis, and appendicitis [91].

Mesenteric vasculitis may present from moderate symptoms 
(abdominal  pain,  nausea  and  vomiting)  to  an  acute  abdomen 
[92]. It is usually associated with active disease involving other 
organs. Vasculitis leads to ischemia and infarctions of the bowel 
wall, and perforation carries a grim prognosis. Bleeding, occa-
sionally massive, may respond to corticosteroids or cyclophos-
phamide pulse therapy. The bowel may heal completely or form 
a  stricture.  Opportunistic  infections  may  mimic  GI  vasculitis 
and  should  be  suspected  in  these  immunocompromised 
patients,  particularly  if  lupus  is  not  active  [93].  The  diagnosis 
relies on abdominal CT which allows visualization of both the 
bowel wall and vasculature. Common findings  include dilated 

common findings  in patients with Felty’s syndrome [82]. Vas-
culitis  is  less  common  than  in  other  rheumatic  diseases. 
However, both small and  large vessels may be  involved  in  the 
setting of severe arthritis, subcutaneous nodules, high titers of 
rheumatoid  factor,  and  depressed  serum  complement  levels. 
Necrotizing  vasculitis  of  the  mesenteric  vessels  may  result  in 
intestinal ischemia and perforation. Cholecystitis, appendicitis, 
and splenic infarctions have also been described [83].

Iatrogenic illness results in the most common GI manifesta-
tions  in RA. Chronic administration of salicylates or NSAIDS 
that inhibit both cyclooxygenase 1 and 2 (COX-1 and COX-2) 
produce gastroduodenal erosions and ulcers, as well as hypoco-
agulability.  COX-2  is  an  inducible  enzyme  that  is  associated 
with joint inflammation; its suppression leads to decreased pain, 
inflammation and fever. COX-1 is a constitutive enzyme in the 
gastric  mucosa,  where  it  is  necessary  for  the  maintenance  of 
normal  mucosal  integrity,  and  in  platelets,  where  it  is  needed 
for  normal  aggregation.  As  many  as  25%  of  chronic  NSAID 
users will develop ulcer disease [84]. Although these lesions can 
be associated with anorexia, nausea and abdominal pain, many 
patients  are  asymptomatic  [85].  Larger,  chronic  ulcers  of  the 
stomach and duodenum will cause significant bleeding or per-
foration in 2%–4% of patients [86]. Under ideal circumstances 
the  patient  with  RA  would  be  treated  with  disease  modifying 
agents (DMARDs) alone (e.g., methotrexate, anti-TNF agents), 
and not require NSAIDs. However, in practice, many continue 
to have pain and inflammation that only responds to NSAIDs. 
Physicians  prescribing  NSAIDs  need  to  identify  patients  at 
high-risk for GI bleeding, and to select appropriate strategies to 
prevent PUD and its complications. Concerns raised regarding 
potential cardiovascular hazards of COX-2 inhibitors and other 
NSAIDs have complicated clinical decision making further. The 
physician must now balance not only the analgesic and antiin-
flammatory  potency  against  GI  toxicity,  but  must  also  assess 
cardiovascular risk of the patient in relation to the widely con-
trasting cardiovascular effects of NSAID classes and individual 
agents  [87].  The  risk  of  bleeding  is  increased  substantially  in 
patients  with  a  history  of  GI  bleeding  or  ulcer,  especially  if 
recent. Other risk factors include age >65 years, a high dose of 
NSAID  therapy,  and concurrent use of  aspirin  (including  low 
dose), corticosteroids, or anticoagulants.

The American College of Physicians guidelines [87] recom-
mend that in patients with a high-risk for cardiovascular disease, 
NSAIDS or COX-2 inhibitors should be avoided. Patients with 
a  high-risk  for  GI  bleeding  (previous  GI  bleeding  or  >2  risk 
factors listed above) should be treated with a COX-2 inhibitor 
and a PPI, or misoprostol. For patients with a moderate-risk for 
bleeding (1–2 risk factors), NSAIDs with a PPI/misoprostol  is 
recommended. Finally, patients who are at low-risk for bleeding 
can be treated with an NSAID alone, while it is recommended 
to choose the agent with the least ulcerogenic properties and at 
the lowest effective dose. RA patients are also at increased risk 
of  lower  GI  events  (defined  as  bleeding  or  perforation  distal  
to  the  duoedonojejunal  junction).  This  has  been  attributed  
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arteries, uterus, or  intestines. Cultured fibroblasts that synthe-
size abnormal type III procollagen molecules, or the identifica-
tion of a mutation in the gene for type III procollagen (COL3A1) 
confirms the diagnosis. Most complications occur after age 20, 
and the median survival is 48 years [100]. The defect in type III 
collagen synthesis leads to multiple aneurysms, including in the 
arteries of  the splanchnic system. Rupture of  these aneurysms 
results in intraabdominal bleeding. Spontaneous perforation of 
the  bowel,  particularly  the  sigmoid  colon,  is  common  and  a 
cause of death. Type III collagen  is  the major supportive con-
stituent of the bowel, so it is not surprising that these patients 
are  more  prone  to  perforation  than  other  types  of  EDS.  A 
history  of  constipation  often  precedes  perforation.  Often  the 
colon  is  filled  with  hard  impacted  feces.  Therefore,  patients 
should  be  on  a  strict  bowel  regimen  including  laxatives  and 
high-fiber  diets.  Enemas  should  not  be  used  because  colonic 
distension  may  result  in  perforation.  Extreme  care  should  be 
taken  when  performing  physical  examination  or  passing 
nasogastric tubes .Endoscopy should be avoided although it has 
been described without  complications  in a  limited number of 
patients.  Tissue  fragility  and  poor  wound  healing  with  dehis-
cence contributes to surgical mortality. Bowel continuity is not 
recommended because of the high incidence of recurrent per-
forations, therefore a permanent colostomy or a total colectomy 
with Hartman’s pouch and permanent ileostomy are the proce-
dures of choice [101].

Polymyositis and dermatomyositis
Polymyositis and dermatomyositis are characterized by inflam-
mation of striated, and to a lesser extent, smooth muscle. Muscle 
biopsy is needed for diagnosis. A characteristic skin rash accom-
panies  dermatomyositis.  The  proximal  esophagus  is  usually 
involved, with complaints of dysphagia, aspiration, and regur-
gitation. Gastric emptying may also be compromised with com-
plaints  of  early  satiety  and  bloating  [102].  More  serious  and 
life-threatening problems can stem from inflammatory process 
in  the  endothelium  of  small  arteries  and  capillaries.  These 
changes  lead  to  thrombosis  and  vessel  obliteration  causing 
tissue ischemia and necrosis that can affect any part of the GI 
tract,  resulting  in  ulcerations,  perforations,  or  hemorrhage. 
Dermatomyositis may occur as a paraneoplastic syndrome often 
in association with an occult malignancy. In older adults screen-
ing for colon cancer or a malignancy elsewhere in the GI tract 
is appropriate [103].

Primary Sjogren syndrome (pSS)
Primary  Sjogren  syndrome  (pSS)  is  a  systemic  autoimmune 
disease characterized by a lymphocytic infiltration and destruc-
tion  of  exocrine  glands.  It  is  associated  with  sicca  syndrome 
(dryness  of  eyes  and/or  mouth)  affecting  most  commonly 
women of middle age. Revised 2002 diagnostic criteria include 
histopathology or serology (autoantibodies to Ro/SSA or La/SSB 
antigens). Oral involvement is mainly characterized by dryness 
which causes difficulty in chewing and swallowing. Dysphagia 

bowel, focal or diffuse bowel thickening, abnormal bowel wall 
enhancement  (“target  sign”),  stenosis  or  engorgement  of 
mesenteric  vessels  and  ascites.  Protein  losing  enteropathy  can 
occur  in  SLE  and  can  be  the  presenting  manifestation  of  the 
disease or develop many years after diagnosis  in patients with 
multiple  system  involvement. The predominant clinical mani-
festations  are  profound  peripheral  pitting  edema,  ascites,  and 
watery  diarrhea.  Most  patients  respond  to  corticosteroid 
therapy. Relapse may be treated by long term maintenance with 
low  dose  prednisone  plus  azathioprine  to  reduce  the  rate  of 
recurrence. Anti-TNF therapy has also been used to treat SLE 
[94].  Other  rare  manifestations  of  SLE  in  the  bowel  include 
intestinal pseudoobstruction, intussusception and pneumatosis 
intestinalis.

About 160 cases of SLE-related acute pancreatitis have been 
reported  in  the  literature  [95].  It  is  a  rare  but  life-threatening 
complication of SLE. Most cases develop within two years of the 
diagnosis  of  SLE,  and  are  associated  with  active  disease.  The 
etiology  may  be  related  to  vasculitis  as  well  as  to  traditional 
predisposing factors such as hypertriglyceridemia, corticoster-
oid and azathioprine use. Acute acalculous cholecystitis may be 
due to vasculitis or serositis. Although usually treated surgically, 
it may respond to corticosteroids if  the gallbladder wall  is not 
distended and there is no evidence of septicemia.

Although clinically significant liver disease is uncommon in 
SLE,  many  patients  have  hepatomegaly  and  abnormal  liver 
enzyme levels [96]. Drug induced hepatotoxicity is probably the 
most common underlying cause. Steatosis is a common finding 
due  to  corticosteroids  therapy  or  to  SLE  itself.  Autoimmune 
hepatitis  is  characterized  by  interface  hepatitis,  hypergamma-
globulinemia, and autoantibodies. Of  those with autoimmune 
hepatitis, only 10% fulfill the criteria for SLE [97]. Hepatic vas-
culitis is a rare cause of liver disease, which in extreme cases has 
resulted in liver rupture [98].

Other connective tissue diseases
Ehlers Danlos syndrome (EDS)
EDS  describes  a  group  of  inherited  diseases,  distinguished  by 
the triad of skin hyperextensibility, articular hypermobility, and 
tissue fragility. EDS is heterogeneous regarding clinical, genetic 
and  biochemical  background.  Nine  different  subtypes  are 
described, although GI involvement is common only in type I 
EDS (gravis) and IV (arterial).The diagnosis of EDS is based on 
clinical  presentation,  family  pedigree  analysis,  and,  when 
known, demonstration of specific biochemical or genetic defects.

EDS type I constitutes 40% of disease and has an autosomal 
dominant  pattern  of  inheritance.  Patients  often  complain  of 
bleeding  gums  and  easy  bruising  even  after  minor  trauma. 
Severe  GI  bleeding  from  mucosal  lesions  occasionally  occur 
[99]. EDS type IV is unique in that hyperelastic skin is lacking, 
and joint hyperextensibility is less prominent. The clinical diag-
nosis  is  made  on  the  basis  of  four  clinical  criteria:  (1)  easy 
bruising; (2) thin skin with visible veins; (3) characteristic facial 
features (thin face, pinched nose, large eyes); and (4) rupture of 
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neurofibromas, which rarely transform into sarcoma. Abdomi-
nal involvement occurs in the form of neurofibromas and tumor 
growth  in  the  liver, mesentery,  retroperitoneum,  stomach and 
bowel. Neurofibromas are the most frequently diagnosed benign 
neoplasms throughout the GI tract. It has been suggested that 
the Auerbach myenteric plexus may be the source of the tumors 
[111]. Other tumors that are found with decreasing frequency 
are leiomyomas, ganglioneurofibromas and GI stromal tumors. 
Neurofibromas may be diffuse and submucosal, making radio-
graphic visualization sometimes very difficult. They may occa-
sionally cause GI bleeding and obstruction presenting as melena 
and abdominal pain. Benign neurofibromas undergo malignant 
transformation in 5%–15%, especially in patients above the age 
of 40 years [112].

Pemphigus
Pemphigus is a group of diseases characterized histologically by 
acantholysis, resulting in bullae formation. Pemphigus vulgaris 
(PV), the most common variant, is characterized by circulating 
and  tissue  bound  IgG  antibodies  against  the  cell  surfaces  of 
epidermal  keratinocytes  (desmoglein  3).  PV  can  involve  the 
esophagus with endoscopy showing blisters or erosions  in  the 
upper esophagus and linear streaks along the entire organ [113]. 
One study found esophageal involvement by endoscopy in 22% 
of PV patients but only 50% of these patients had symptoms of 
odynophagia or dysphagia [114]. Treatment of the disease with 
corticosteroids regresses the esophageal disease.

Epidermolysis bullosa
Epidermolysis  bullosa  (EB)  is  a  group  of  inherited  disorders 
caused by mutations in various structural proteins in the skin. 
Minor  trauma  disrupts  the  cohesion  between  epidermis  and 
dermis,  resulting  in  the  formation  of  vesicles  or  bullae.  Adult 
forms  of  this  entity  include  epidermolysis  dystrophica,  with 
either  dominant  or  recessive  inheritance,  and  epidermolysis 
simplex  of  dominant  inheritance.  A  number  of  GI  complica-
tions have been described in EB, notably the occurrence of oral 
mucosal  involvement,  esophageal  strictures,  and  constipation. 
Clinically  significant  esophageal  disease  is  seen  more  com-
monly  in  recessive  epidermolysis  dystrophica.  Odynophagia 
and dysphagia are common because esophageal bullae  lead to 
erosions, ulcers, pseudodiverticula, shortened esophagus, webs, 
strictures  and  obstruction,  most  commonly  in  the  cervical 
esophagus. The esophageal symptoms are thought to result from 
trauma due to shearing of the squamous lining of the esophagus 
following  ingestion  of  solid  food.  This  leads  to  blistering  and 
subsequent scarring and stricture formation. Balloon dilatation 
is the treatment of choice for esophageal strictures in EB. This 
is  generally  a  safe  and  well-tolerated  procedure  although  in 
some patients it may worsen gastroesophageal reflux [115].

Hereditary hemorrhagic telangiectasia
Hereditary  hemorrhagic  telangiectasia  (HHT,  Osler–Weber–
Rendu  disease)  is  an  autosomal  dominant  condition.  Most 

may occur in 30% to 81% of patients, with no clear association 
with  esophageal  dysmotility  [104].  Gastric  atrophy  and  celiac 
disease are reported with higher frequency in these patients than 
in age-matched controls [105]. There is a strong association with 
the development of primary biliary cirrhosis. Sicca syndrome is 
found  in 35% to 77% of patients with PBC [106]. Pancreatitis 
has been documented in up to 7% of patients with isolated cases 
of pancreatic insufficiency and steatorrhea [104].

Seronegative spondyloarthropathies (SpA)
SpA are a collection of rheumatic diseases (SpA) with distinct 
phenotypes,  different  from  classical  rheumatoid  disease.  The 
common features across the SpA subgroups include an inflam-
matory arthritis (usually an asymmetrical oligoarthritis, largely 
in the lower limbs), varying degrees of inflammatory back pain, 
enthesitis, and an association with the major histocompatibility 
complex  class  1  antigen  HLA-B27.  They  include  ankylosing 
spondylitis,  psoriatic  arthritis,  the  reactive  arthritides  (e.g., 
Reiter syndrome), arthritis associated with inflammatory bowel 
disease  (IBD),  and  undifferentiated  spondyloarthritis  [107]. 
Three distinct types of arthritis are recognized as being associ-
ated with  IBD, of which  two are considered as SpA:  (1) Axial 
disease, including ankylosing spondylitis and isolated sacroilii-
tis; and (2) type-1 peripheral arthritis, which is an acute oligoar-
ticular arthritis, with self-limiting disease in less than five joints, 
commonly in larger joints and in the lower limbs, and is closely 
associated with IBD activity. A third type of arthritis, peripheral 
arthritis type-2, is a symmetrical small-joint polyarthritis, and 
unrelated  to  the  activity  of  IBD.  At  least  10%–15%  of  IBD 
patients will have clinical features of a spondyloarthritis [108], 
and up to 29% will show early radiographic signs of sacroiliitis 
on computed tomography (CT) [109].

Mixed connective tissue disease (MCTD)
MCTD is characterized clinically by features that overlap those 
of scleroderma, SLE, and polymyositis, and serologically by the 
presence of high titers of hemagglutinating antibody to ribonu-
cleoprotein  which  is  a  component  of  the  extractable  nuclear 
antigen  (ENA).  GI  manifestations  may  resemble  any  of  those 
described  for  the  aforementioned  connective  tissue  diseases. 
Heartburn and regurgitation, symptoms usually associated with 
gastroesophageal reflux, are the most frequent complaints, with 
either  proximal  or  distal  esophageal  motility  disorder.  Treat-
ment with corticosteroids may improve the swallowing abnor-
mality [110].

Dermatological diseases (see Chapter 125)

Neurofibromatosis
Neurofibromatosis type-1 (NF1), also known as von Reckling-
hausen  disease,  is  an  autosomal  dominant  condition  with  an 
approximate incidence of 1 per 3000 births. NF1 involves mul-
tiple cutaneous manifestations including café au lait spots and 
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in  high-output  congestive  heart  failure,  embolization  of  these 
vessels, or ligation of select branches of the hepatic artery may 
result in improvement of the failure, but infarction of the liver 
may occur. Liver transplantation has been employed in severe 
cases [119].

Stevens–Johnson syndrome and  
erythema multiforme
Stevens–Johnson syndrome (SJS) is a severe cutaneous immune 
mediated reaction caused by drugs,  infections, and malignan-
cies.  SJS  is  thought  to  represent  a  milder  form  of  the  clinical 
syndrome  which  in  its  extreme  encompasses  toxic  epidermal 
necrosis  (TEN).  The  hallmark  of  the  disorder  is  dermatologic 
and mucosal lesions affecting less than 10% of the body’s surface 
area.  Skin  involvement  typically  appears  as  erythematous  or 
purpuric macules that can progress to epidermal necrosis and 
sloughing.  It  is  fatal  in  about  5%  of  patients  [120].  This  syn-
drome is often accompanied by fever and mucositis of both the 
gut  and  the  respiratory  tract.  The  oropharyngeal  mucosa  fre-
quently exhibits erosions and mucosal  sloughing. Oropharyn-
geal pain may be severe enough to limit oral intake. Other GI 
involvement is rare in SJS, and mostly limited to the esophagus. 
The severity of esophageal disease ranges from mild esophagitis 
to  diffuse  ulceration  and  necrosis.  Long-term  sequelae  of  SJS 
involving the esophagus includes strictures and webs that may 
require  esophageal  dilatation.  Disease  involving  the  stomach 
and  small  bowel  has  been  described  endoscopically  with  ery-
thema  and  friability  [121].  Current  evidence  suggests  that 
mucosal  injury  is  mediated  via  CD8+  T  lymphocytes  that 
secrete  cytotoxic  proteins.  SJS  is  commonly  associated  with 
abnormal  liver  tests  and  hepatotoxicity.  There  have  been  case 
reports of association with vanishing bile duct syndrome [122]. 
Treatment includes identification and elimination of the incit-
ing  factors,  rehydration,  nutritional  support,  and  antibiotics. 
Patients with extensive loss of skin should be managed in inten-
sive care similar to patients with major burns.

Erythema  multiforme  (EM)  is  also  an  immune-mediated, 
mucocutaneous  condition.  It  is  most  commonly  caused  by 
herpes  simplex  virus  (HSV)  infection,  and  the  use  of  certain 
medications.  It  is  characterized by acrally distributed, distinct 
targetoid  lesions  with  concentric  color  variation,  sometimes 
accompanied by oral, genital, or ocular mucosal erosions. Until 
recently, EM was thought to be a spectrum of disorders, includ-
ing, SJS, and TEN. However, a consensus clinical classification 
provided evidence that suggests that EM and SJS are separate, 
distinct disorders which manifest with similar mucosal erosions 
but different cutaneous lesions [123]. The frequency of mucosal 
lesions in EM has been estimated at 25%–60%, most commonly 
the oral mucosa. Mucosal involvement usually occurs simulta-
neously  with  skin  involvement,  although  it  can  precede  or 
follow  the  onset  of  skin  lesions  by  several  days.  Therapy  is 
similar  to  SJS,  although  resistant  cases  of  recurrent  EM  may 
require  immunosuppressive  medication,  such  as  azathioprine 
and mycophenolate mofetil [124].

individuals  diagnosed  with  HHT  are  determined  to  have  an 
affected  parent  on  targeted  physical  examination  and  medical 
history.  The  overall  prevalence  of  HHT  in  North  America  is 
estimated at 1 : 10 000; however, it is likely that this is an under-
estimate  [116].  HHT  displays  age-related  penetrance  with 
increased  manifestations  usually  developing  over  a  lifetime. 
HHT is caused by a disturbance in the TGFβ signaling pathway. 
Three  HHT  genes  have  been  identified  to  date,  and  several 
others are suspected: Endoglin (ENG), Activin A receptor type 
II-like 1 (ACVRL1), and SMAD4. HHT is characterized by the 
presence of multiple arteriovenous malformations (AVMs) that 
lack  intervening  capillaries  and  result  in  direct  connections 
between arteries and veins. Small AVMs are called telangiecta-
sias. Telangiectasias are most evident on the lips, tongue, face, 
fingers,  and  the nasal, buccal,  and GI mucosa. Telangiectasias 
are distinguished from petechiae and angiomata by their ability 
to blanch with pressure and then immediately refill. Because of 
their thin walls, and proximity to the surface of the skin or to a 
mucous  membrane,  telangiectasias  can  rupture  and  bleed, 
sometimes  with  minimal  or  no  trauma.  Nasal  bleeding  is  the 
feature  that  most  commonly  brings  patients  with  HHT  to 
medical attention. Approximately one quarter of all adults with 
HHT  eventually  have  GI  bleeding,  which  most  commonly 
begins after the age of 50 years, and often becomes increasingly 
severe  with  age.  Capsule  endoscopy  in  addition  to  upper  and 
lower GI endoscopy allows precise mapping of lesions. A limited 
number of accessible  lesions are suitable  for endoscopic  treat-
ment,  whereas  innumerable  diffuse  lesions  require  a  medical 
approach [117]. The frequency of hepatic vascular abnormali-
ties was 74% in one study that systematically  imaged the  liver 
of affected  individuals using CT [118]. However, only a  small 
minority were symptomatic. Hepatic focal nodular hyperplasia 
occurs in HHT at a prevalence greater than the general popula-
tion.  Needle  biopsy  of  the  liver  is  contraindicated  in  HHT 
because  of  the  risk  of  hemorrhage;  recognizing  that  focal 
nodular hyperplasia is a much more likely diagnosis than cancer 
will help guide management. Hepatic AVMs can cause arteri-
oportal and intrahepatic portosystemic shunts, resulting in high 
output  congestive  heart  failure.  Elevated  alkaline  phosphatase 
and  bile  duct  lesions  similar  to  Caroli  disease  or  sclerosing 
cholangitis  can  be  encountered  [119].  Epistaxis  and/or  GI 
bleeding  can  result  in  mild  to  severe  iron  deficiency  anemia, 
sometimes requiring iron replacement therapy or rarely, blood 
transfusion. Endoscopic coagulation can effectively control life-
threatening hemorrhage from a visible intestinal vascular mal-
formation. However, in many cases, the bleeding site cannot be 
localized. Evidence based therapy is lacking but small trials have 
included oral or intranasal topical estrogens, Raloxifene (which 
may  increase  expression  of  the  ENG  and  ACVRL1  genes), 
antiangiogenesis drugs such as bevacizumab and thalidomide, 
and  the  antifibrinolytic  drug  tranexamic  acid  [116].  There  is 
anecdotal evidence of benefit from subcutaneous octreotide in 
the treatment of vascular ectasia bleeding. However, its efficacy 
has not been established. When large intrahepatic AVMs result 
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elevated PTH and normal or reduced phosphorus levels [128]. 
During hypocalcemia, insufficient endogenous cholecystokinin 
is released by the duodenal mucosa during a meal to stimulate 
normal  gallbladder  contraction  and  pancreatic  enzyme  secre-
tion. The treatment of fat malabsorption includes medium chain 
triglycerides, correction of hypoparathyroidism, administration 
of  vitamin  D,  and  normalization  of  hypocalcemia.  Hypopar-
athyroidism in occasionally associated with celiac disease, with 
the malabsorption responding to a gluten-free diet [131].

Hypothyroidism
Hypothyroidism results from a deficiency of thyroid hormone. 
Hashimoto  thyroiditis  is  the  most  common  cause.  It  is  an 
autoimmune  disease  associated  with  other  autoimmune  pro-
cesses such as inflammatory bowel disease, primary biliary cir-
rhosis, pernicious anemia, diabetes mellitus and celiac disease 
[132]. Other causes of hypothyroidism include prior radioactive 
therapy  and  thyroidectomy.  Symptoms  include  weakness,  dry 
skin, swelling of the extremities, depression, coarse voice, par-
asthesias,  and  muscle  cramps.  Patients  have  a  decrease  in 
metabolism  and  experience  anorexia  with  moderate  weight 
gain. Motility is slowed throughout the GI tract. An esophageal 
motility disorder may develop with diminished  lower esopha-
geal sphincter pressure, and reduced amplitude of contractions 
in the esophageal body causing dysphagia and hearburn [133]. 
Diminished motility of the stomach, small intestine and colon 
occurs and is usually reversible with thyroid hormone replace-
ment.  There  is  associated  decrease  in  stool  frequency  [134], 
although paralytic ileus, megacolon and pseudoobstruction are 
not  common  [135].  The  presence  of  unrecognized  hypothy-
roidism may increase the morbidity of colonic surgery or lead 
to unnecessary procedures  [136]. Ascites  in myxedema  is  fre-
quently  associated  with  pleural  and  pericardial  effusions  and 
disappears with thyroid replacement [137]. The ascitic fluid  is 
characterized by a high protein concentration [138]. The patho-
genesis  of  ascites  in  these  patients  is  unknown  but  may  be 
related to increased capillary permeability.

Hyperthyroidism
Excessive circulating thyroid hormone causes hyperthyroidism. 
Although several disorders can  induce  this  syndrome, 60% to 
80%  of  the  cases  are  a  consequence  of  Graves’  disease,  an 
autoimmune disorder. Hyperthyroidism presents with hyperac-
tivity,  heat  intolerance,  palpitations,  tachycardia,  tremor,  and 
eye complaints [132]. Despite having an enhanced appetite and 
hyperphagia, patients usually have weight loss because of their 
hypermetabolic rate [139]. GI manifestations include abdomi-
nal pain, vomiting, and change in bowel habits. It may be associ-
ated with other autoimmune diseases such as ulcerative colitis 
[140]  and  pernicious  anemia.  Approximately  30%  of  patients 
have autoantibodies to the gastric parietal cell [141].

Hyperthyroidism  has  been  associated  with  an  increase  in 
stool  frequency  [134];  however,  other  studies  have  reported  a 
higher incidence of constipation than diarrhea [142]. The most 

Endocrinological disorders

Acromegaly
Acromegaly  is  a  rare  disease  with  an  annual  incidence  of 
approximately 4–6 per million. It is characterized by excessive 
levels of circulating growth hormone (GH) and its tissue media-
tor,  insulin-like  growth  factor-1  (IGF-1),  usually  a  result  of  a 
pituitary adenoma. Before effective treatment was available, the 
majority of patients died by the age of 60 years. This was largely 
attributable to diabetes mellitus, cardiovascular and cerebrovas-
cular disease [125]. Although patients manifest enlargement of 
the  tongue,  enlargement  of  the  other  organs  of  the  digestive 
system is unusual, and hepatosplenomegaly would thus warrant 
further investigation [126]. It is generally accepted that patients 
with acromegaly are at greater risk for colorectal neoplasia, and 
should  therefore  undergo  screening  by  colonoscopy  after  the 
age of 40 [125]. When GH secretion cannot be normalized by 
ablation of the adenoma, octreotide can control symptoms. As 
a  consequence  of  the  chronic  use  of  the  somatostatin  analog, 
patients  are  at  an  increased  risk  of  developing  gallstones.  For 
this reason, reducing the lithogenicity of the bile with ursodeoxy 
colic acid may be considered.

Hyperparathyroidism
The  four  parathyroid  glands,  located  posterior  to  the  thyroid 
produce  parathyroid  hormone  (PTH),  which  is  the  primary 
regulator  of  calcium  physiology.  Hyperparathyroidism  with 
excess production of PTH is usually because of autonomously 
functioning  adneomas  or  hyperplasia,  and  may  be  associated 
with  inherited multiple endocrine adenopathies. Rarely, carci-
nomas  secrete  a  parathyroid-like  hormone  that  can  induce  a 
similar syndrome. Primary hepatic tumors have been reported 
to do this more commonly [127]. GI complaints include consti-
pation  from  large  bowel  atony,  nausea  and/or  vomiting  from 
gastric atony, anorexia and weight loss, and abdominal pain. The 
constipation may be because of a reduction in neuromuscular 
excitability  by  high  calcium  levels.  The  abdominal  pain  could 
be secondary to PUD, pancreatitis, or to nonspecific complaints, 
possibly related to atony, and may subside after parathyroidec-
tomy [128]. Gastric hypersecretion likely predisposes to peptic 
ulcer  formation. The  incidence of PUD has declined with  the 
widespread  use  of  PPIs  [128].  Pancreatitis  can  develop  when 
hypercalcemia is moderate to severe. The incidence of pancrea-
titis seems to be steadily decreasing, possibly because of earlier 
diagnosis  and  treatment  of  parathyroid  disease  due  to  wide-
spread screening of calcium levels [129].

Hypoparathyroidism
Hypoparathyroidism may be transient, genetically inherited, or 
acquired due to an autoimmune process. It may also be second-
ary to surgery or neck irradiation [130]. Hypoparathyroidism is 
associated  with  steatorrhea,  and  is  usually  accompanied  by 
elevated  phosphorous  levels.  This  differs  from  hypocalcemia 
secondary  to  steatorrhea,  which  is  usually  accompanied  by 



Gastrointestinal manifestations of systemic diseases CHAPTER 124      2411

Addison disease
Addison disease results  from insufficient adrenal gland failure 
atrophy  and  consequent  production  of  mineralosteroids  and 
corticosteroids. GI symptoms are common, but diagnosis may 
be delayed because of their nonspecific nature. Prominent clini-
cal features include anorexia, vomiting, weight loss, and abdom-
inal  pain,  as  well  as  systemic  manifestations  such  as  apathy, 
hypotension,  hyponatremia  and  hyperkalemia  [151].  Mucosal 
and  cutaneous  pigmentation  occur  in  primary  adrenal  failure 
due  to  the  excessive  levels  of  ACTH  which  can  stimulate 
melanocytes. Addison disease of autoimmune etiology is associ-
ated with atrophic gastritis, and uncommonly achlorydria and 
pernicious  anemia.  Subclinical  Addison  disease  may  present 
with increased transaminase levels [152].

Endometriosis
Endometriosis is defined as the presence of endometrial glands 
and stroma outside of the uterine cavity and musculature. These 
implants are most commonly  found on the ovaries,  the Fallo-
pian  tubes,  the  serosal  surface  of  the  intestines,  and  on  the 
surface lining of the pelvic cavity. They can also be found in the 
vagina,  cervix,  and  bladder,  and  rarely  outside  the  pelvis. 
Endometriosis  affects women  in  their  reproductive years. The 
exact  prevalence  of  endometriosis  is  not  known,  since  many 
women may have the condition and have no symptoms. It is one 
of the leading causes of pelvic pain and reasons for laparoscopic 
surgery and hysterectomy. Estimates suggest that 20% to 50% of 
women being treated for infertility have endometriosis, and up 
to  80%  of  women  with  chronic  pelvic  pain  may  be  affected. 
Since bowel function is commonly abnormal around the men-
strual period the pains can be difficult to distinguish from irri-
table  bowel  syndrome  or  diverticulitis.  When  intestinal 
endometriosis does cause clinical symptoms, the symptoms can 
mimic a diversity of GI  illnesses. A recent retrospective study 
included  89  women  with  histologically  proven  endometriosis 
involving the intestine. While patients typically presented with 
a constellation of features, abdominal pain (29.2%) was the most 
commonly reported symptom. Other common signs and symp-
toms  included  rectal  bleeding  (24.7%),  a  palpable  or  radio-
graphic abdominal mass  (23.6%),  and dysmenorrhea  (22.5%). 
Deeper infiltration of the bowel wall can lead to obstruction of 
either the small or large bowel. Rarely, perforation is reported. 
Radiographic and endoscopic findings may be difficult  to dis-
tinguish  from  inflammatory  bowel  disease,  diverticulitis,  or 
colorectal cancer. Treatment is surgical and may require bowel 
resection if implants are deep [153].

Diabetes mellitus
Diabetes mellitus (DM) is a common metabolic disease charac-
terized  by  chronic  hyperglycemia  with  disturbances  in  the 
metabolism of carbohydrates  fats and proteins,  resulting  from 
defects in insulin secretion and/or action. Type 1 DM is caused 
by genetically mediated immune destruction of the pancreatic 
β-cells while  type 2 DM  is  caused by  insulin  resistance at  the 

common physiological effect on the GI system is an alteration 
in  intestinal,  but  not  gastric  motility,  resulting  in  a  shortened 
small  bowel  and  colonic  transit  time.  This,  as  well  as  the 
increased  consumption  of  fat,  may  result  in  steatorrhea  and 
increased  stool  frequency,  but  rarely  frank  watery  diarrhea 
[143].  An  increase  in  thyroid  hormone  can  inhibit  intestinal 
lactase leading to lactose intolerance.

Moderate  to severe hyperthyroidism can be associated with 
hepatic  dysfunction.  Increases  in  the  blood  alkaline  phos-
phatase,  transaminases  and  bilirubin  have  been  attributed  to 
liver injury. In many cases, passive congestion of the liver sec-
ondary  to  heart  failure  could  be  the  underlying  mechanism 
[144].  Autoimmune  thyroid  diseases  can  flare  when  chronic 
hepatitis  C  is  treated  with  interferon  [145].  Propylthiouracil, 
used in the treatment of thyrotoxicosis, can induce serious liver 
damage [146].

Other thyroid diseases
Medullary  carcinoma  of  the  thyroid  (MCT)  is  a  calcitonin 
producing  tumor  of  the  C  cells  of  the  thyroid  gland.  It  is 
associated  with  watery  diarrhea  in  32%  of  cases,  particularly 
in those with extensive metastatic tumor. This has been attrib-
uted to calcitonin which  is a potent secreragogue of  the small 
intestine,  or  to  other  mechanisms  such  as  prostaglandins  or 
elevated  5-hydroxyindoleacetic  acid  in  urine,  which  may  be 
found  in  MCT  [147].  Local  invasion  of  adjacent  organs  by 
thyroid  carcinoma,  including  the  esophagus,  larynx  and 
trachea  can  be  seen  in  4%–6%  of  cases.  The  cause  of  death 
from thyroid carcinoma is due to local aerodigestive tract inva-
sion in 36% of patients [148]. Benign thyroid disease may also 
cause  tracheal  or  esophageal  compression.  Nodular  colloid 
goiter is the most common cause, whereas thyroiditis can cause 
significant  dyspnea  and  or  dysphagia  in  up  to  two  thirds  of 
patients  [149].

Cushing syndrome
Overproduction of adrenal corticosteroids  leads  to  the  typical 
redistribution of fat (buffalo hump, central obesity, cushingoid 
facies)  characteristic  of  Cushing’s  syndrome.  The  syndrome 
may be the result of excessive corticotropin (ACTH) as occurs 
in  Cushing’s  disease,  the  ectopic  corticotropin  syndrome  and 
the  rare  ectopic  corticotropin-releasing  hormone  (CRH)  syn-
drome;  these  ACTH-dependent  Cushing’s  syndrome  have 
usually diffusely enlarged adrenal glands. In other patients, syn-
drome results from cortisol producing unilateral adrenocortical 
adenomas  or  carcinomas.  GI  manifestations  other  than 
transaminase  elevations  from  hepatic  steatosis  are  unusual. 
However,  an  uncommon  type  of  corticotrophin-independent 
food-dependent  Cushing  syndrome  deserves  comment.  This 
syndrome  includes multinodular enlargement of both adrenal 
glands  due  to  an  aberrant  adrenal  sensitivity  to  physiologic 
secretion  of  gastric  inhibitory  peptide  (GIP).  Ectopic  expres-
sion of GIP receptors on adrenal cells results in pathologic food 
induced cortisol secretion [150].
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diarrhea and fecal incontinence. Most, but not all studies indi-
cate  that GI  symptoms are more common  in  individuals with 
DM than in those without. There is a high prevalence of func-
tional GI disorders, such as functional dyspepsia, irritable bowel 
syndrome and constipation in the general population [158,159]. 
Therefore an appropriate control group is mandatory for these 
studies as well as refraining from selection bias (including only 
diabetic subjects  from referral centers who tend to have more 
complications).  A  population  based  survey  of  8567  subjects 
from Sydney, Australia (of whom 423 reported having diabetes), 
showed that upper GI as well as lower GI symptoms were sig-
nificantly more prevalent among diabetics than among controls, 
with an adjusted odds ratio  (OR) between 1.4 and 2.1  for  the 
different  GI  symptoms  [160].  In  contrast,  a  study  from  Olm-
stead  County  Minnesota  did  not  find  any  difference  in  the 
prevalence  of  nausea  or  vomiting,  dyspepsia  or  constipation 
between subjects with DM and age and gender matched con-
trols [161].

In considering the mechanisms responsible for GI symptoms 
in diabetics, two major factors have been suggested: autonomic 
neuropathy and hyperglycemia [160,162,163].  Irreversible vis-
ceral autonomic neuropathy frequently accompanies longstand-
ing  disease  [164],  and  is  thought  to  be  a  consequence  of  a 
metabolic dysfunction of peripheral nerves caused by prolonged 
hyperglycemia.  Studies  in  which  blood  sugar  is  maintained 
within a normal  range by using  frequent daily administration 
of insulin demonstrated a delay in the onset of neuropathy and 
improvement of established neuropathy [165,166]. Imbalance of 
the autonomic nervous system is traditionally thought to cause 
disordered motor function of the GI tract. Vagal nerve dysfunc-
tion or “autovagotomy”  is probably critical  in gastric stasis, as 
well  as  in  rapid  small  bowel  transit  [167].  Sympathetic  nerve 
damage  has  been  implicated  in  abnormal  fluid  transport  and 
small bowel motor function caused by impaired α2-adrenergic 
tone  [168],  as  well  as  nocturnal  stool  incontinence  caused  by 
reduced  internal  anal  sphincter  tone.  Therefore,  parasympa-
thetic as well as sympathetic nerve dysfunction may play a role 
in GI involvement of the disease. This might in part explain the 

effector  cell.  Globally,  as  of  2010,  an  estimated  285  million 
people had diabetes, with type 2 making up about 90% of the 
cases [154]. Its incidence is increasing rapidly, and by 2030, this 
number  is  estimated  to  almost  double  [155].  DM  occurs 
throughout the world, but is more common (especially type 2) 
in the more developed countries. The incidence of type 2 DM 
reaches  4%–5%  in  Europe,  and  8%–10%  in  the  United  States 
[156]. The greatest increase in prevalence is, however, expected 
to occur in Asia and Africa, where most patients will probably 
be found by 2030 [155]. The increase in incidence in developing 
countries follows the trend of urbanization and lifestyle changes, 
perhaps most  importantly a “Western-style” diet and the con-
comitant rise in the prevalence of obesity.

Recent work has shown that the gut microbiome may play an 
important role in obesity and evolution of DM. The mechanisms 
are unknown but could be involved in the modulation of energy 
harvesting capacity by the host as well as the low-grade inflam-
mation  and  the  corresponding  immune  response  on  adipose 
tissue  plasticity,  hepatic  steatosis,  insulin  resistance,  and  even 
the secondary cardiovascular events [157].

Patients  with  diabetes  are  at  risk  of  acute  complications, 
resulting from uncontrolled hyperglycemia, such as ketoacidosis 
or hyperosmotic coma and infections. After one or two decades 
of overt disease, other complications often develop. Arterioscle-
rosis may result in myocardial infarction, stroke, or compromise 
of the extremities. Other frequent complications include neph-
ropathy with resulting renal failure, retinopathy progressing to 
blindness, and various sensory and motor neuropathies.

Acute abdominal pain associated with nausea and vomiting 
is a frequent accompaniment of acute diabetic ketoacidosis and 
resolves  with  normalization  of  blood  sugar.  Persistent  severe 
abdominal pain may signal  that  the ketoacidosis  is  the conse-
quence  of  some  other  serious  intraabdominal  process.  Acute 
pancreatitis, cholecystitis, intestinal ischemia, appendicitis, and 
diverticulitis must always be considered.

In clinical practice GI symptoms are frequently encountered 
in  patients  with  DM  (Table  124.3).  These  include  dysphagia, 
heartburn, nausea and vomiting, abdominal pain, constipation, 

Table 124.3 Gastrointestinal manifestations of diabetes mellitus.

Organ Symptoms Pathophysiology

Esophagus Odynophagia Candidiasis; autonomic neuropathy, causing dysmotility

Stomach Bloating, nausea/vomiting Transient dysmotility due to hyperglycemia or fixed gastroparesis

Small bowel Bloating, diarrhea, weight loss Celiac sprue, bacterial overgrowth caused by autonomic neuropathy and dysmotility

Colon Constipation Autonomic dysfunction

Biliary system Increased frequency of cholelithiasis Altered bile acids due to dysmotility and/or bacterial overgrowth; genetic 
concordance of diabetes, obesity, and cholelithiasis

Liver Abnormal liver tests, hepatomegaly Fatty liver with or without steatonecrosis
Abdominal pain
Acute pain Diabetic neuropathy, pancreatitis, cholecystitis, mesenteric ischemia
Chronic pain Diabetic neuropathy, mesenteric angina
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trial of an antifungal agent such as fluconazole. If odynophagia 
persists, or if oral thrush is not present, diagnostic upper endos-
copy should be undertaken. The most common visual finding 
is  that  of  cream-colored  plaques  scattered  throughout  the 
esophagus.  The  diagnosis  is  made  through  endoscopic  biopsy 
and brushing of  the plaques. Improving glycemic control may 
be  necessary  to  prevent  recurrent  infection.  Other  causes  of 
odynophagia  in  the  diabetic  patient  include  viral  esophagitis 
(herpes  zoster  and  Cytomegalovirus),  and  esophageal  spasm. 
Because  of  the  high  incidence  of  coronary  atherosclerosis 
among diabetic patients, chest pain should not be attributed to 
disturbed  motor  function  of  the  esophagus,  and  appropriate 
tests need to be undertaken to exclude coronary artery disease.

Diabetic gastroparesis
Nausea and vomiting are common in patients with uncontrolled 
hyperglycemia and do not necessarily mean that the patient has 
a  fixed  vagal  autonomic  neuropathy.  Studies  in  both  healthy 
volunteers and patients with diabetes have shown that modest 
increases in serum glucose can delay gastric emptying [171,180], 
increase pyloric resistance, alter antroduodenal motility [181], 
and  induce  a  sense  of  fullness  [182].  Diabetic  gastroparesis 
usually occurs in the setting of chronic diabetes in which there 
is evidence of generalized end-organ damage, such as retinopa-
thy,  neuropathy  and  nephropathy.  Symptoms  include  early 
satiety, bloating, heartburn, persistent nausea, paroxysmal vom-
iting,  and  is  often  accompanied  by  weight  loss.  Typically  the 
vomiting  occurs  3  to  4  hours  after  meals  and  includes  undi-
gested  food. Physical examination may demonstrate a succus-
sion splash as well as findings of peripheral neuropathy. Delayed 
gastric emptying contributes to poor blood glucose control by 
limiting the timely absorption of oral hypoglycemic agents. On 
the other hand, frequent episodes of hypoglycemia are encoun-
tered when food delivery for absorption by the small bowel  is 
not sufficient to match the effects of exogenous insulin. Recur-
rent symptoms can prompt multiple hospitalizations, and have 
a  deleterious  impact  on  nutrition.  In  the  community  setting, 
symptoms attributable to gastroparesis occur  in 5%–12% with 
diabetes. In referral centers, the proportion of patients with the 
diagnosis  of  diabetic  gastroparesis  is  much  higher,  perhaps 
approaching 50% [183].

Incidental conditions need to be excluded when gastroparesis 
is  suspected  including  gastric  outlet  obstruction  caused  by 
chronic PUD or neoplasms (usually by endoscopy), metabolic 
derangements  such  as  diabetic  ketoacidosis,  uremia,  hypocal-
cemia,  hypothyroidism,  and  the  effects  of  medications.  Occa-
sionally  symptoms  are  due  to  psychogenic  vomiting.  Several 
medications  commonly  used  in  treating  other  problems  in 
patients  with  diabetes  may  have  a  significant  impact  on  the 
motor function of the stomach, particularly α2-adrenergic ago-
nists, calcium channel blockers and anticholinergic agents.

Typical gastroparesis is defined by finding more than 1000 mL 
of gastric contents after awakening in the morning or by dem-
onstrating  a  massively  dilated  stomach  on  routine  abdominal 

observation that some diabetics have temporal variability in GI 
symptoms  (e.g.,  alternating  constipation  and  diarrhea).  Previ-
ous studies have shown a clear association between the presence 
of autonomic neuropathy and an increased risk of upper, as well 
as lower GI symptoms. Poor glycemic control was also found as 
an independent risk factor for GI symptoms, whereas duration 
and type of diabetes were not significant [169]. In recent years, 
it  has  been  suggested  that  glycemic  control  alters  several  GI 
functions [170–172]. Even in healthy volunteers, hyperglycemia 
induced  by  using  the  glucose  clamp  technique  disrupts  the 
normal myoelectric activity in the stomach.

GI symptoms and complications may sometimes precede or 
not  correlate  with  the  presence  of  autonomic  neuropathy. 
Therefore, other pathophysiological processes should be consid-
ered [173]. In addition to enteric neuropathy, experimental and 
clinical  models  of  diabetes  demonstrate  evidence  of  enteric 
myopathy  [174].  The  causes  of  these  abnormalities  are  not 
known in their entirety, but include autoimmune damage, and 
metabolic insults that alter critical cellular pathways and essen-
tial trophic factor signaling, resulting in smooth muscle atrophy 
and  neural  apoptosis.  Interstital  cells  of  Cajal  (ICC)  serve  as 
pacemaker cells that are responsible for initiating and organiz-
ing  phasic  contractions,  and  also  for  propagation  of  electrical 
activity in smooth muscles. In animal models of diabetes as well 
as  in  patients,  there  is  loss  of  ICC  and  an  imbalance  in  the 
number  of  excitatory  and  inhibitory  enteric  nerves  in  the 
stomach and intestinal regions. Loss of ICC may be caused by 
reduced levels of trophic factors such as stem cell factor which 
occurs with decreased insulin and/or insulin-like growth factor 
I  signaling  in  patients  with  diabetes  [175].  Other  potential 
pathophysiological  processes  include  ischemia  and  hypoxia 
from microvascular disease of the GI tract, mitochondrial dys-
function  [176],  and  formation  of  irreversible  advanced  glyca-
tion end products [177].

Esophageal involvement
Esophageal abnormal motor function is a common manifesta-
tion of diabetic neuropathy in both type 1 and type 2 DM [171]. 
Esophageal  dilation,  reflux,  and  delayed  esophageal  emptying 
may  be  seen  radiographically.  Changes  demonstrated  mano-
metrically  include  feeble  peristaltic  pressure  waves  that  are  at 
times multipeaked or multiphasic, increased frequency of non-
peristaltic contractions, and decreased lower esophageal sphinc-
ter  pressure.  Esophageal  symptoms  which  include  heartburn 
and dysphagia [178] are only slightly more common in diabetics 
than in control subjects. Thus, many diabetic patients may have 
objective  evidence  of  esophageal  dysmotility  or  reflux,  but 
symptoms occur in a minority of patients [179]. Reflux symp-
toms  are  particularly  common  among  patients  with  impaired 
gastric emptying.

New-onset  odynophagia  in  the  diabetic  patient  should 
suggest  the  presence  of  Candida  esophagitis.  Oral  thrush 
accompanies  Candida  esophagitis  in  no  more  than  50%  of 
patients, but when present  it  is an  indication  for an empirical 
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of the central side effects of metoclopramide. Cardiac arrhyth-
mias  are  a  concern  with  domperidone.  Erythromycin  is  a 
motilin receptor agonist that is associated with increased antral 
contractions with improved gastric emptying, particularly when 
administered  intravenously  [187].  It  is  the  drug  of  choice  in 
relieving acute gastroparesis requiring hospitalization (3 mg/kg 
every 8 hours). Tachyphylaxis may occur with chronic use and 
needs  to  be  given  cautiously  due  to  its  interaction  with  cyto-
chrome P450 CYP3A4. Investigational motilin agonists, such as 
Mitemcinal (GM-611) and ABT-229, lack antibiotic activity and 
have been assessed in clinical trials with promising results [188]. 
Cisapride  is  a  prokinetic  agent  that  acts  via  5-HT4  receptors, 
enhancing  a  cholinergic  effect  and  inducing  increased  motor 
activity.  Previous  studies  have  shown  equivalent  efficacy  with 
both erythromycin and metoclopramide [189]. However, due to 
safety concerns  related  to cardiac dysrhythmias,  the drug was 
withdrawn from the market. Tegaserod, another 5-HT4-recep-
tor agonist was also withdrawn due to cardiac safety concerns. 
Ghrelin is a peptide that stimulates growth hormone release. It 
is  synthesized  in  endocrine  cell  in  the  gastric  mucosa  and  is 
believed to exert the majority of its actions through the receptor 
GHSR-1a, which mediates gastric motility and emptying [188]. 
In  a  randomized  trial  of  ghrelin  [190],  gastric  emptying  was 
increased  but  did  not  always  favorably  improve  symptoms,  a 
phenomenon  also  common  to  trials  with  other  prokinetic 
agents. Since the discovery of ghrelin, a number of molecularly 
similar receptor agonists have been used in clinical trials of GI 
motility disorders (e.g., TZP-101) [191]. Other agents that have 
been used include muscarinic agonists (e.g., bethanechol), anti-
cholinesterases  (e.g.,  pyridostigmine),  sildenafil,  clonidine, 
opoid receptor agonists and antidepressants, but data on their 
effects on gastric emptying are lacking [173,183]. Several man-
agement options can be considered for individuals who do not 
respond  to  dietary  and  pharmacological  therapy.  Intrapyloric 
injection of botulinum toxin may decrease pylorospasm associ-
ated with gastroparesis. While several uncontrolled studies have 
suggested efficacy [192], two placebo-controlled trials have not 
shown  superiority  over  placebo  in  managing  diabetic  gas-
troparesis  [193,194].  Botulinum  toxin  may  still  have  a  role  in 
patients with proven pylorospasm, although this is a rare diag-
nosis to make.

Gastric  electrical  stimulation  (gastric  pacing)  has  been 
approved  by  the  FDA  (Enterra®,  Medtronic  Inc.,  Minneapolis, 
MN). This therapy has been in use for diabetic gastroparesis for 
more than a decade [195]. The device delivers impulses at high 
frequency/low  energy  (short  pulses)  at  around  12  pulses  per 
minute via a pacemaker to the serosa of  the greater curvature 
of the stomach. Multiple publications, consisting almost entirely 
of  open  label  single  center  studies,  have  reported  a  beneficial 
effect on symptoms, quality of life and nutritional status. Some 
predictors of better response to GES have been lately identified, 
primarily diabetic etiology and nausea and vomiting as the pre-
dominant  symptoms.  However,  individual  response  to  GES 
remains  difficult  to  predict.  The  mechanism  of  action  of  GES 

radiographs or upper GI series. Endoscopy supports the diag-
nosis  by  confirming  the  absence  of  structural  gastric  outlet 
obstruction and revealing a substantial gastric residual after an 
overnight fast. While the gold standard technique for the diag-
nosis  of  gastroparesis  is  nuclear  scintigraphy  it  is  more  com-
monly  diagnosed  by  finding  gastric  stasis  endoscopically.  The 
patient’s diabetes must be under optimal control before investi-
gations  are  undertaken  for  the  reasons  mentioned  above. 
Delayed emptying of a labeled solid meal in the absence of any 
anatomic abnormalities is considered diagnostic. The suggested 
standardized test includes a low-fat egg-white meal and involves 
repeat scans for up to 4 hours. Gastric retention of >10% of the 
meal at 4 hours is diagnostic. However, the time interval between 
scans  for  this  diagnostic  procedure  varies:  usually  4–6  scans 
performed over 4 hours are sufficient [184]. Gastric emptying 
is  complex,  and  the  differing  rates  of  emptying  of  solids  and 
liquids can account for variable symptoms. Other measures of 
gastric  emptying  that  have  been  studied  include  breath  tests, 
radio-opaque markers,  electrogastrograms, capsule endoscopy 
and  measurement  of  antroduodenal  motility.  These  tests  have 
not gained wide acceptance among clinicians and must still be 
considered experimental [173].

Gastric bezoars  form when fasting antral motor  function  is 
deficient.  Other  motor  dysfunctions  may  also  contribute  to 
gastric  stasis  in  patients  with  DM  including  pylorospasm  and 
small-bowel dysmotility.

Treatment of symptomatic diabetic gastroparesis is often dif-
ficult.  Central  to  treatment  is  the  optimal  normalization  of 
blood  glucose  with  appropriate  diet,  insulin,  or  hypoglycemic 
agents.  The  patient  with  continuous  symptoms  or  frequent 
attacks  needs  aggressive  therapy  and  may  require  hospitaliza-
tion.  The  initial  phase  of  hospital  care  should  be  devoted  to 
adequate  fluid  and  electrolyte  repletion,  control  of  hyperglyc-
emia with insulin, and nasogastric suction to “decompress” and 
empty  the stomach. Modification of concomitantly prescribed 
medications  is  also  important.  In  young  women  with  type-1 
DM eating disorders are common, and are associated with non-
compliance, underdosing of insulin to achieve weight loss, and 
poor metabolic control. Symptoms may mimic gastroparesis. If 
the eating disorder is not treated progression of microvascular 
complications  is  more  common  [185].  If  the  patient  remains 
symptomatic on refeeding, pharmacological therapy may have 
to be used. At present, the drug of first choice is metoclopramide 
which increases gastric motility, and additionally acts centrally 
in the chemoreceptor trigger zone as an antiemetic [186]. The 
shortcomings  of  prolonged  therapy  with  metoclopramide 
include  tachyphylaxis  and  development  of  neurologic  symp-
toms ranging from nervousness or somnolence to frank extrapy-
ramidal  symptoms  in  up  to  10%  of  patients.  The  drug  also 
causes  elevated  serum  prolactin  levels  and  rarely  may  cause 
galactorrhea. Although not available in the United States, dom-
peridone  (up  to  20 mg  four  times  daily,  30  minutes  before 
meals)  can  have  longer-lasting  improvement  in  symptoms 
despite a variable effect on tests of emptying, without  the risk 
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A detailed dietary and medication history should be under-
taken.  Metformin,  a  biguanide  commonly  used  for  glycemic 
control in type 2 diabetes, is the most common medication to 
cause  diarrhea  in  this  population  [198].  Sorbitol-containing 
dietetic  foods  may  cause  an  osmotic  diarrhea.  Certain  condi-
tions that occur with increased frequency in patients with dia-
betes should be ruled out. Celiac disease is present in about 5% 
of  patients  with  type  1  diabetes  [199].  Serological  testing  fol-
lowed by small bowel biopsy is diagnostic. The data on exocrine 
pancreatic  insufficiency  as  a  cause  for  diarrhea  in  diabetics  is 
confusing  and  depends  on  the  definitions  for  diagnosis  (e.g., 
fecal  elastase  levels  vs.  direct  pancreatic  function  testing).  An 
empiric trial with pancreatic enzymes often leads to disappoint-
ing  results  [200].  Bacterial  overgrowth  in  the  small-bowel 
(SIBO) is usually diagnosed by quantitative culture of jejunual 
aspirates.  Breath  tests  utilizing  H2  or  14CO2  after  ingestion  of 
glucose  or  lactulose  have  a  low  sensitivity  and  specificity  and 
are  dependent  on  bowel  transit  time.  If  alternative  causes  are 
excluded,  the  most  likely  explanation  is  idiopathic  diabetic 
diarrhea.

Treatment  is  largely symptomatic and only moderately suc-
cessful. Initial management should be directed towards rigorous 
control of blood glucose, and correction of water and electrolyte 
imbalance. For  small bowel bacterial overgrowth, broad spec-
trum oral antibiotics can be effective. Some patients may need 
intermittent or chronic antibiotic therapy to control symptoms. 
Opiates  such  as  codeine,  diphenyxolate  or  loperamide  can  be 
used  to  control  rapid  transit  time,  but  may  worsen  diarrhea 
caused  by  bacterial  overgrowth.  Some  patients  may  improve 
with bulk forming agents containing psyllium. A trial of cloni-
dine, an α2-adrenergic agonist is an option for patients that do 
not suffer severe hypotension as a side effect of therapy [201]. 
Octreotide  is  another  option  in  the  patient  with  difficult  to 
control diarrhea [202].

Constipation
Constipation is the most common GI symptom among patients 
with diabetes. It is typically intermittent and may alternate with 
episodes of diarrhea. The prevalence  is higher  in women than 
men,  and  is  more  prevalent  among  patients  who  are  taking 
medications  that  promote  constipation  (e.g.,  calcium  channel 
blockers) [161]. The colonic motor response to a meal (gastro-
colonic reflex) is  impaired in patients with DM who have evi-
dence  of  peripheral  neuropathy  and  symptoms  of  severe 
constipation  [203].  However,  colonic  smooth  muscle  contrac-
tion was normal when parenteral injection of neostigmine was 
given. Digital rectal examination during relaxation and strain-
ing is needed to detect the presence of rectal prolapse, rectocele, 
and excessive perineal descent or failure of the puborectalis to 
relax. In some patients colonoscopic examination may be neces-
sary  to  exclude  other  pathologic  finding,  in  particular  carci-
noma  of  the  colon.  There  are  no  specific  treatments  for 
diabetic-associated constipation, and treatment is usually symp-
tomatic. Patients diagnosed with anorectal dysfunction, whether 

remains  poorly  understood,  and  has  not  been  consistently 
related to accelerated gastric emptying. Investigators have there-
fore  considered  other  potential  effects,  including  enhanced 
gastric  accommodation,  and  central  effects,  perhaps  via  the 
vagus nerve.  Infection  is  the major complication of  this  treat-
ment, requiring removal of the device in approximately 10% of 
patients.

Surgical  intervention  should  only  be  considered  in  a  small 
subgroup of patients. The few anecdotal reports of antrectomy 
with vagotomy, gastrectomy, or pyloroplasty have demonstrated 
a  poor  clinical  outcome  [196].  Gastrostomy  may  be  used  to 
alleviate severe symptoms such as nausea, vomiting and bloat-
ing, although persistent symptoms may still exist due to small 
bowel  denervation  and  dysmotility.  In  individuals  who  are 
undernourished, enteral feeding can be an option. As the dys-
functional stomach needs to be bypassed, access to the jejunum 
can  be  assessed  percutaneously  or  with  surgical  jejunostomy. 
Pancreatic  transplantation  has  been  shown  to  benefit  patients 
with diabetic gastroparesis,  and early nerve fiber  regeneration 
has  been  shown  following  transplantation.  Overall  improved 
glycemic  control  must  also  play  a  role  in  improving  gastric 
emptying in these patients [197].

Diarrhea
Diarrhea  is a common complaint  in advanced DM.  In a  large 
population survey [160] the adjusted OR for diarrhea symptoms 
(defined as more than three bowel movements per day, urgency 
or loose, watery stools) was 2.06 in diabetic patients compared 
with controls. The prevalence of diarrhea was 15.6%, and there 
was a strong correlation between prevalence of symptoms with 
self-reported glycemic control. It is important to obtain a careful 
history  in  order  to  understand  what  the  patient  means  by 
diarrhea. For example, a patient complaining of frequent passage 
of small volumes of semiformed stool may have anal sphincter 
dysfunction and fecal incontinence rather than the usual causes 
of diarrhea. The possibility of irritable bowel syndrome should 
be considered in the patient experiencing abdominal pain with 
loose small volume stool, and sense of incomplete evacuation. 
Diarrhea is defined as an increased stool volume (greater than 
200 g/day), and therefore it may be helpful to perform a 24-hour 
collection for weight and fat measurement preceding an exten-
sive evaluation.

The diarrhea caused by diabetes is typically chronic, watery, 
can be severe and is often described as “explosive.” Diarrhea is 
often nocturnal and may be associated with anal incontinence, 
which may indicate internal anal sphincter dysfunction. Bouts 
of diarrhea can be episodic, with intermittent periods of normal 
bowel  movements  or  even  constipation.  The  mechanisms 
underlying  diabetic  diarrhea  include  impaired  regulation  of 
fluid  and  electrolyte  transport  secondary  to  decreased  α2-
adrenergic tone. The second mechanism is slow intestinal transit 
and subsequent bacterial overgrowth which results  in bile salt 
deconjugation, and fat malabsorption. Increased deconjugated 
bile acid concentrations in the colon induce colonic secretion.
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ciation between NAFLD, metabolic  syndrome, DM as a cause 
and effect phenomenon  [210]. NAFLD  is generally diagnosed 
because  of  persistent  elevation  in  hepatic  transaminase  levels. 
Patients should have serologic testing to exclude other causes of 
hepatitis. Ultrasonography (US) showing characteristic changes 
in a patient who uses little or no alcohol confirms the diagnosis. 
Patients with DM and elevated body mass index have a higher 
risk  of  progression  of  NAFLD  to  fibrosis  and  frank  cirrhosis 
[211]. Gradual weight  loss and good control of blood glucose 
levels are recommended for patients with NAFLD. Pharmaco-
logical interventions including metformin and gemfibrozil have 
shown benefit in lowering hepatic transaminase levels, however, 
there is no evidence that long-term use of these agents improves 
clinical outcome [212].

Granulomatous diseases

Granulomas are dynamic, usually focal inflammatory processes 
composed of macrophages and other  inflammatory cell  types. 
Because of its rich blood supply and large number of reticuloen-
dothelial cells, the liver is a common site for granuloma forma-
tion.  Many  factors  such  as  infectious  agents,  silica,  metals 
complexed  to  macromolecules,  and  immune  complexes  can 
evoke a granulomatous response. Even when there is a known 
nidus, the cause of a granuloma is not always evident on histo-
logical examination.

Many  infectious  and  noninfectious  diseases  are  associated 
with  granuloma  formation  in  the  liver  and  intestines  (Table 
124.4) [213,214]. The significance of these associations is com-
plicated  by  the  observation  that  granulomas  are  present  in 
3%–10% of all  liver specimens obtained at abdominal surgery 
or autopsy. The etiology of granulomas can, at times, be ascer-
tained  when  bacteria,  ova,  or  mineral  crystals  are  identified 
within  individual  lesions.  Some  granulomas  have  distinctive 
morphology,  such  as  the  ring  granuloma  that  is  commonly 
found in hepatic Q fever, although even ring granulomas have 
been  described  in  other  conditions  [215].  Serological  testing, 
culture  of  the  involved  tissue,  or  clinical  presentation  may 
provide the diagnosis in other circumstances. In industrialized 
societies, the illnesses most commonly associated with hepatic 
granulomas are sarcoidosis and tuberculosis (see section further 
on). Primary biliary cirrhosis, drug-induced  liver disease, and 
occasionally  other  primary  liver  diseases  account  for  some  of 
the remaining cases.

In many patients, it is not possible to identify an etiological 
factor or an associated disease. Patients may be asymptomatic 
or  may  present  with  fever,  fatigue,  hepatosplenomegaly,  and 
jaundice. Granulomatous hepatitis may be suggested by a dis-
proportionately high alkaline phosphatase with a normal biliary 
system  on  imaging.  Diagnosis  requires  a  liver  biopsy  that  is 
cultured  and  examined  histologically.  The  process  rarely 
progresses to extensive hepatic fibrosis and cirrhosis, although 
sarcoidosis can lead to portal hypertension.

because  of  anorectal  sensory  or  motor  abnormalities,  can  
benefit from biofeedback training. A change in diet to include 
20–30 g/per day of fiber should be encouraged. Bulking agents, 
osmotic laxatives (e.g., polyethylene glycol) and stimulant laxa-
tives can be tried. Lubiprostone, a Cl-channel agonist has shown 
to be effective in patient with chronic constipation at 24 μg twice 
daily [204].

Fecal incontinence
The  prevalence  of  fecal  incontinence  secondary  to  anorectal 
dysfunction has also reported to be increased in patients with 
diabetes [205]. The causes are not well understood, but probably 
involve many factors, including aberrant autonomic and enteric 
regulation of the internal anal sphincter, and rectal contraction. 
In a streptozotocin rat model of diabetes, anal sphincter pres-
sures  were  reduced  significantly  at  60  days  after  induction.  A 
nitric oxide synthase antagonist was given by enema and led to 
significantly  increased  sphincter  pressure.  This  suggests  that 
nitric  oxide  is  involved  in  the  pathogenesis  of  anorectal  dys-
function [206]. Objective tests of anal sphincter pressures and 
of continence for both solids and liquids are available and can 
quantify the suspected anal sphincter dysfunction [207]. Pelvic 
floor dysfunction, incontinence and rectal sensory disturbances 
should first be treated with biofeedback. It seems reasonable to 
try to control diarrhea with antidiarrheal drugs in these patients 
in the hope that the continence mechanisms will be better able 
to cope with a smaller volume of more solid stool.

Chronic abdominal pain
Diabetics  can  develop  chronic  abdominal  pain  secondary  to 
thoracic radiculopathy. The pain is present constantly, is unilat-
eral,  and  may  be  associated  with  paresthesia  or  hypesthesia. 
Electromyography examination may provide evidence of impair-
ment of thoracic or lumbar nerve roots. Diabetes may lead to a 
large, poorly functioning gall bladder that has a predilection for 
cholelithiasis. This is caused by altered gall bladder contractility. 
DM is not an indication for prophylactic cholecystectomy since 
contrary to previous assumptions, patients with acute cholecys-
titis and DM do not have a substantially increased risk of com-
plications, compared with the general population [208].

Nonalcoholic fatty liver disease (see Chapter 104)
Hepatomegaly and nonalcoholic fatty liver disease (NAFLD) are 
frequent findings, especially in diabetics with poorly controlled 
blood  glucose  levels,  dyslipidemia  and  obesity.  In  some  cases 
NAFLD may progress to steatohepatitis with varying degrees of 
inflammation and fibrosis. All patients who are severely obese 
and who have diabetes have some degree of steatosis, with one 
half having steatohepatitis [209]. On the other hand, NAFLD is 
associated  with  general  and  intraabdominal  obesity  and  with 
insulin  resistance  in  the  liver  itself  and  in  other  tissues  (hall-
marks  of  the  metabolic  syndrome).  It  has  been  hypothesized 
that NAFLD is primary and precedes the onset of type 2 diabe-
tes. More longitudinal data are necessary to confirm this asso-
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Infections
Bacterial
Atypical myocobacteria (L)
Brucellosis (L)
Cat scratch disease (L)
Leprosy (L)
Tuberculosis (L, I)
Tularemia (L)
Yersinia (I)
Chlamydial
Lymphogranuloma
venereum (L, I)

Fungal
Blastomycosis (L, I)
Coccidiodomycosis (L, I)
Cryptococcosis (L)
Histoplasmosis (L, I)
Nocardiosis (L)
Systemic candidiasis (L)
Trichosporosis (L)

Helminthic
Ascariasis (L)
Capillariasis (L)
Enterobiasis (L)
Strongyloidiasis (L, I)
Tongue worm (L)
Toxocariasis (visceral larva migrans) (L)

Protozoan
Toxoplasmosis (L)
Visceral leishmaniasis (L)

Rickettsial
Q fever (L)
Spirochetal
Secondary syphillis (L, I)

Viral
Cytomegalovirus (L)
Mononucleosis (L)

Drug hypersensitivity
Allopurinol (L)
Amoxicillin-clavulanate (L)

Diphenylhydantoin (L)
Halothane (L)
Hydralazine (L)
Methyldopa (L)
Nitrofurantoin (L)
Phenylbutazone (L)
Procainamide (L)
Quinidine (L)
Quinine (L)
Sulfasalazine (L)
Sulfonamides (L)
Sulfonylurea (L)

Malignancy
Hodgkin disease (L)
Non-Hodgkin lymphoma (L)

Metals
Barium (I)
Beryllium (L)
Copper (L)

Vasculitis
Giant cell arteritis (L)
Lupus erythematosus (L)
Polyarteritis nodosa (L)
Polymyalgia rheumatica (L)
Rheumatoid arthritis (L)
Wegener granulomatosis (L, I)

Miscellaneous
Appendiceal granuloma (I)
Bacile Calmette-Guérin immunotherapy (L)
Crohn’s disease (L, I)
Idiopathic granulomatous gastritis (I)
Idiopathic granulomatous hepatitis (L)
Immunodeficiency (L)
Jejunoileal bypass surgery (L)
Mineral oil (L, I)
Primary biliary cirrhosis (L)
Sarcoidosis (L, I)
Silica (L)
Whipple disease (L)

Table 124.4 Some conditions associated with granulomatous inflammation of the liver (L) and/or intestines (I).

Causes of granulomatous inflammation of the intestines are 
less  well  characterized  (Table  124.4).  In  the  United  States, 
Crohn’s  disease  and  lymphoma  are  overwhelmingly  the  most 
frequent  diagnoses,  but  in  the  appropriate  at-risk  populations 
intestinal  tuberculosis  may  be  encountered.  All  these  diseases 
can  have  a  chronic  course,  presenting  with  abdominal  pain, 
fever, fatigue, weight loss, diarrhea, and GI bleeding. All have a 
predilection for the terminal ileum and can result in intestinal 
strictures [216].

When a specific cause of the granulomatous inflammation is 
defined, treatment is directed at eliminating the offending agent. 
Lesions  that  defy  diagnosis  or  which  are  of  unknown  cause 
present  special  problems.  Many  patients  are  asymptomatic  
and require no therapy. Unusual conditions such as idiopathic 
granulomatous  hepatitis  frequently  respond  to  corticosteroid 
administration.

Sarcoidosis
Sarcoidosis is a systemic disorder that is characterized by non-
caseating  granulomas  in  pathological  specimens.  Sarcoidosis 
occurs mainly in the 20–40-year-old age group. The prevalence 
is reported to be 40 per 100 000  in the United States and is at 
least  three-fold  higher  in  African  Americans  than  in  Cauca-
sians.  There  is  an  increased  incidence  of  skin,  eye,  liver,  and 
bone marrow involvement resulting in more chronic and severe 
disease  in  African  Americans  than  in  Caucasians  [217]. 
Although the most common sites of involvement are the lungs 
and the intrathoracic lymphatic system, evidence of the disease 
in the liver will be found in 40%–70% of cases. In a significant 
proportion  of  patients,  liver  involvement  may  be  among  the 
earliest  manifestations  of  this  systemic  disease.  Hepatic  sar-
coidosis  is  typically  asymptomatic  but  may  manifest  by 
hepatomegaly,  fever,  abdominal  pain,  pruritus,  and  less  often 
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the pancreas appears to be rare. The clinical presentation may 
be  similar  to  that  of  pancreatic  cancer,  acute  pancreatitis,  or 
pancreatic insufficiency [232].

Tuberculosis
Approximately  one-third  of  the  world’s  population  is  infected 
with  the  causative  organism  of  tuberculosis  (TB),  Mycobacte-
rium tuberculosis. Although extrapulmonary TB occurs in about 
20% of cases, in the United States the GI tract is involved in only 
2% [233]. Tuberculosis may involve any portion of the GI tract. 
At presentation, abdominal pain, fever, and weight loss are the 
most  common  symptoms,  and  have  usually  been  present  for 
months. A mass is palpable in the right lower quadrant in 25% 
of cases. In North America, Crohn’s disease, colon cancer, lym-
phoma,  and  even  amebiasis  may  be  considered  before  TB. 
However,  for  at  risk  populations  such  as  immigrants  from 
endemic  countries  or  indigenous  populations  tuberculosis 
should be a primary consideration. As the therapy for Crohn’s 
disease (e.g., anti-TNF-α therapy) can cause sudden worsening 
of  TB,  the  importance  of  considering  TB  in  the  differential 
diagnosis is evident.

The  diagnosis  of  tuberculosis  should  be  considered  if  the 
disease has been documented elsewhere  in more  typical  loca-
tions  (e.g.,  the  chest  radiograph  shows  characteristic  lesions, 
exudative ascites and peritoneal disease are recognized, tuber-
cular tuboovarian disease is present) in a high-risk patient (e.g., 
malnourished,  immigrant  from an endemic country, a patient 
with  AIDS,  an  alcoholic  patient).  Intestinal  tuberculosis  as 
opposed to Crohn’s disease should be considered when there is 
ascites  on  cross  sectional  imaging.  On  the  other  hand,  rectal 
disease  is  uncommon  in  tuberculosis  and  its  finding  should 
enhance the consideration of Crohn’s disease. Tubercular granu-
lomas may have distinct histological features: they tend to coa-
lesce and are larger than 400 μm; they often contain giant cells 
that are numerous and large; and caseation, although rare in the 
liver and intestine, should suggest tuberculosis. In the unusual 
case, histological staining, polymerase chain reaction (PCR), or 
culture may identify acid fast bacilli. Treatment follows accepted 
protocols [233–236].

Peritoneal  disease  with  ascites  is  common  in  countries  in 
which  TB  is  endemic.  In  the  United  States,  TB  peritonitis  is 
associated with poverty, homelessness, alcoholism, and malnu-
trition. Abdominal distention, fever, weight loss, and abdominal 
pain in a patient with the appropriate risk factors should raise 
the  suspicion  for  the  disease.  The  chest  radiograph  will  be 
abnormal  in 50%, but active pulmonary TB will be present  in 
only 15%. Paracentesis will usually show a high protein (>2.5 g/
dL) fluid with a low albumin gradient (<1.1 g/dL). Examination 
of  the  fluid  for  acid-fast  bacilli  is  positive  in  less  than  3%  of 
cases,  and cultures are positive  in 20%. Adenosine deaminase 
activity >33 U/L has excellent sensitivity and specificity. In non-
endemic countries, laparoscopy with peritoneal biopsies may be 
needed for diagnosis, whereas a therapeutic trial is commonly 
employed in areas with a higher prevalence of TB [237].

jaundice.  Up  to  35%  of  patients  may  display  abnormal  liver 
function  tests,  primarily  elevated  alkaline  phosphatase  [218]. 
African American race, pegylated interferon therapy, male sex, 
and  splenomegaly  are  all  risk  factors  significantly  associated 
with sarcoid-related liver disease [219].

The classic granuloma in sarcoidosis  is mainly found in the 
portal triads with a cluster of large epithelioid cells, often with 
multinucleated  giant  cells  [220].  Typically  the  noncaseating 
granulomas  are  scattered  throughout  the  liver,  but  confluent 
granulomas  may  be  present.  It  is  in  the  patient  with  severe 
hepatic  sarcoidosis  and  confluent  granulomas  that  scarring, 
portal  hypertension,  and  hepatic  dysfunction  can  result.  A 
chronic  cholestatic  syndrome  mimicking  primary  biliary  cir-
rhosis  is  due  to  a  granulomatous  cholangiopathy  with  conse-
quent ductopenia.

Imaging studies may be normal, show a diffuse hepatopathy, 
demonstrate  nodular  lesions  that  can  be  mistaken  for  malig-
nancy, and rarely show extrahepatic biliary obstruction due to 
lymphadenopathy  or  bile  duct  strictures  [221,222].  Other 
patients with apparent biliary sarcoidosis and cholestasis have 
been observed  to have cholangiographic abnormalities  typical 
of  sclerosing  cholangitis  that  resolve  following  glucocorticoid 
therapy [223].

The  role  of  corticosteroids  in  the  treatment  of  hepatic  sar-
coidosis is unclear. Corticosteroids may improve liver function 
tests in those with mild to moderate abnormalities [220]. Such 
patients  rarely  have  significant  fibrosis  on  initial  or  follow-up 
biopsies and  lack manifestations of portal hypertension [224]. 
Even with biochemical improvement, the liver biopsy may show 
progression  of  disease  [218].  Treatment  with  corticosteroids 
does  not  alleviate  portal  hypertension  [225]  and  may  in  fact 
worsen fibrosis [226].

Liver  transplantation  can  be  considered,  but  recurrence  of 
sarcoidosis in the allograft is the norm [227]. Although symp-
tomatic disease in the liver, spleen, and abdominal lymphatics 
is common in sarcoidosis,  involvement of  the GI  tract  is  rare. 
The stomach is  the most common site and may be defined by 
thickened gastric folds, nodularity, ulcers, or erosions [228]. The 
most prominent symptom is epigastric pain, usually postpran-
dial. There may be early  satiety, nausea, vomiting, and weight 
loss. Ulcerations may cause upper GI bleeding [229]. Alterna-
tively,  mucosal  enlargements  such  as  polyps,  nodules,  or 
enlarged  folds  mimicking  Menetrier’s  disease,  may  develop 
causing antral narrowing and deformity leading to gastric outlet 
obstruction  [230].  Histologic  differentiation  from  Crohn’s 
disease, tuberculosis, or secondary syphilis can be difficult.

As small bowel and colon disease is so rare, the demonstra-
tion of typical granulomatous ileocolitis in a patient with known 
sarcoidosis  should  still  be  followed  and  treated  as  presumed 
Crohn’s  disease  [231].  The  differential  diagnosis  includes 
Melkkerson–Rosenthal  syndrome  which  includes  granuloma-
tous  enteritis  and  granulomatous  involvement  of  oral  and 
vaginal  labia as well as  facial and autonomic neuropathy. This 
may be a forme fruste of Crohn’s disease. Sarcoidosis involving 
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by  ultrasound  is  found  in  26%–58%  of  SCD  patients  [245]. 
Chronic anemia due to hemolysis predisposes these patients to 
an indirect-reacting bilirubin elevation and to the formation of 
pigmented  gallstones.  In  order  to  decrease  the  burden  of 
chronic  liver  disease  in  SCD,  monitoring  of  ferritin  levels 
should be performed, and treatment with iron chelation therapy 
initiated  for  those  with  evidence  of  significant  iron  overload. 
Patients  with  SCD  may  develop  zinc  deficiency  as  a  result  of 
increased renal loss of zinc and increased fecal loss with defer-
oxamine therapy. The urea cycle is inhibited by zinc deficiency, 
and  thus  might  result  in  elevation  of  ammonia.  Zinc  therapy 
should  be  considered  in  patients  with  evidence  of  hepatic 
encephalopathy [245].

Patients  with  β-thalassemia  are  characterized  by  a  relative 
overproduction  of  α-globin  chains,  ineffective  hematopoiesis 
and  severe  anemia.  They  typically  exhibit  hepatomegaly  from 
extramedullary  hematopoiesis.  Hemolysis  is  also  associated 
with  progressive  splenomegaly  and  a  hypercoagulable  state, 
which may account for the high incidence of thromboembolic 
events in these patients. Iron overload usually develops due to 
multiple  transfusions,  or  due  to  abnormally  regulated  iron 
absorption  in  nontransfused,  anemic  patients.  Because  serum 
ferritin  levels  are  not  a  good  indicator  of  iron  overload  in 
patients with thalassemia [246], direct assessment of liver iron 
concentration  either  by  biopsy  or  imaging  every  1–2  years  is 
recommended,  and  chelation  therapy  should  be  initiated  in 
patients with elevated indices of iron overload. Currently avail-
able  iron chelating agents  include subcutaneous deferoxamine 
(DFO),  oral  deferiprone,  and  oral  deferasirox.  A  combination 
of  the  subcutaneous  and  an  oral  agent  has  been  shown  to  be 
effective  in  reducing  the  iron  overload  in  the  liver  and  the 
heart  [247].

Coagulation disorders
Deficiency of coagulation factors may be inherited or acquired, 
and  when  severe  are  associated  with  bleeding  tendencies. 
Hemophilia A is an X-linked disorder of factor VIII synthesis. 
Other  inherited  forms  include  hemophilia  B  (factor  IX  defi-
ciency) and factor XI deficiency. Acute abdominal pain can be 
a manifestation of spontaneous intraabdominal hemorrhage. GI 
bleeding can also follow trauma or surgery, and may be mucosal, 
intramural, or  intraabdominal, and involve any part of  the GI 
tract. Intramural bleeding can cause rigidity of the bowel wall 
and luminal narrowing, and may manifest with intestinal intus-
susception and obstruction. Acquisition of hepatitis C prior to 
screening of blood products was prevalent in these patients, and 
esophageal varices secondary to cirrhosis was an important eti-
ology for upper-GI bleeding. A recent study reported that  the 
most common reason  for upper GI bleeding  in  these patients 
was  PUD,  followed  by  Mallory–Weiss  tears  and  esophageal 
varices [248].

Platelet defects may also  result  in  severe bleeding diatheses 
that  manifest  as  GI  bleeding.  von  Willebrand  disease,  the 
Bernard–Soulier syndrome, and Glanzman thrombasthenia are 

Hematologic disease

Hemoglobinopathies
Sickle cell disease (SCD) is an autosomal recessive abnormality 
of  the  β-globin  chain  of  hemoglobin,  resulting  in  poorly 
deformable sickled cells that cause microvascular occlusion and 
hemolytic  anemia.  Eight  percent  of  the  African  American 
population of the United States are heterozygotes, whereas 0.2% 
are homozygote for the hemoglobin S trait. The hemoglobin S 
upon  exposure  to  low  oxygen  tension  aggregates  into  large 
polymers  resulting  in  a  distorted  erythrocyte,  with  marked 
decrease  in  its  deformability.  Such  sickled  cells  lose  flexibility 
needed to transverse small capillaries, and have “sticky” mem-
branes that adhere to the endothelium of small venules, causing 
widespread  venous  congestion,  thrombosis  and  microinfarc-
tion  and  leading  to  the  clinical  vasoocclusive  “crisis”  [238]. 
Sickle cell crisis  is an acute manifestation of the disease, char-
acterized  by  severe  skeletal  pain,  fever  and  abdominal  pain. 
The  abdominal  pain  is  due  to  small  infarcts  of  the  mesentery 
and abdominal viscera, with signs of peritoneal irritation, and 
a  plain  film  often  showing  a  generalized  ileus.  It  is  important 
to distinguish vasoocclusive crises  from other GI emergencies 
such as cholecystitis, appendicitis, bowel  infarction and bowel 
obstruction. The absence of bone or pleuritic pain is suggestive 
of a primary intraabdominal etiology. The pain of vasoocclusive 
disease  is  typically relieved with hydration and oxygen within 
48 hours  [239].

The  liver  was  shown  to  be  involved  in  acute  SCD  crisis  in 
39%  of  cases  [240].  It  may  simulate  acute  cholecystitis  with 
right  upper  quadrant  pain,  fever,  leukocytosis  and  variable 
increases in serum transaminases and bilirubin levels. Chronic 
liver  involvement has a broad clinical  spectrum ranging  from 
mild  biochemical  abnormalities  to  painful  hepatomegaly  and 
occasionally  to  severe  cholestatic  liver  failure.  The  features  of 
liver  histology  in  patients  with  SCD  include  distension  of  the 
sinusoids  with  sickled  cells,  Kupffer  cell  erythrophagocytosis, 
varying  degree  of  periportal  fibrosis  and  the  presence  of  
hemosiderin pigment [241,242]. Liver disease is due to hemo-
siderosis  and  hepatitis,  and  might  also  be  due  to  recurrent 
ischemic  injury  secondary  to  intrahepatic  sickling  leading  to 
liver  fibrosis.  The  rate  of  cirrhosis  among  young  patients  
with  SCD  is  high  (18%),  and  is  strongly  associated  with  iron 
overload  [243].  Hepatitis  C  was  also  prevalent  in  this  highly  
transfused  population  before  the  screening  of  blood  prod-
ucts [244].

The spleen is almost always involved in SCD, and is usually 
infarcted within the first 18–36 months of life. Splenomegaly is 
frequent  in  the  early  stages  of  disease,  but  “autosplenectomy” 
caused  by  repeated  splenic  infarctions,  often  results  in  a 
shrunken,  fibrotic  or  calcified  spleen.  The  onset  of  functional 
asplenia  is  reflected  by  the  appearance  of  irreversibly  sickled 
cells,  anisocytosis, Howell–Jolly bodies and  siderocytes. There 
is  increased  risk  from  infection  with  encapsulated  organisms, 
such as pneumococci and bacteriods. Cholelithiasis, diagnosed 
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have  yielded  conflicting  results  as  to  whether  antibiotic  treat-
ment  of  E.coli  0157:H7  increases  the  risk  of  development  of 
HUS in children and adults [259,260]. Because typical postdi-
arrheal HUS is usually self-limited, therapy is supportive, con-
sisting  of  control  of  fluid  and  electrolyte  imbalance,  use  of 
dialysis and blood transfusion if required, and control of hyper-
tension.  Recent  placebo-controlled  trials  have  not  shown  effi-
cacy  with  fresh  frozen  plasma  infusions,  corticosteroids  or 
Shiga-toxin binding agent (Synsorb-Pk) in the outcome of HUS 
[261]. The clinical presentation of TTP includes a pentad con-
sisting of microangiopathic hemolytic anemia, thrombocytope-
nia,  fever,  renal  failure  and  neurological  abnormalities.  Renal 
failure  is  less  severe  than  in  HUS.  TTP  is  more  common  in 
females with a peak incidence occurring in the fourth decade, 
with  a  mortality  rate  of  exceeding  90%  without  therapy 
[262,263]. The cellular pathogenesis of TTP appears to involve 
diminished activity of the von Willebrand factor-cleaving pro-
tease  (ADAMTS13),  leading  to  an  accumulation  of  ultralarge 
von  Willebrand  factor  multimers  [264].  The  overwhelming 
majority  of  TTP  patients  have  acquired  deficiencies  of 
ADAMTS13, (disintegrin and metalloproteinase with a throm-
bospondin  type  1  motif,  member  13)  caused  by  inhibitory 
autoantibodies in the plasma [265]. Endothelial cell injury, fol-
lowed by microangiopathy in the glomerulus and the GI mucosa 
are consistent features (Figure 124.4). The bleeding diathesis of 
TTP can lead to GI hemorrhage but TTP may also cause throm-
bosis  of  intestinal  vessels  that  resembles  HUS,  clinically  and 
pathologically. The mortality rate from TTP has decreased from 
95% to as  low as 20% since plasma exchange was  introduced. 
The proposed mechanism is removal of inhibitors to ADAMTS13 
activity from the plasma [266].

inherited diseases of platelet adhesion and aggregation associ-
ated with prolonged bleeding times.

Hypercoagulable  states  involve  the  GI  tract  frequently.  
Mesenteric vein  thrombosis can cause  intestinal  ischemia and 
infarction  (see  Chapter  128),  while  thrombosis  of  the  portal 
vein can  lead to portal hypertension and variceal hemorrhage 
(see Chapter 111), and of the hepatic veins can result in ascites 
and  the  Budd–Chiari  syndrome  (see  Chapter  111).  Venous 
thromboembolism (VTE) may be the first manifestation of ma-
lignancy. When other risk factors for VTE (see further on) are 
not apparent, a thorough history, physical examination, routine 
blood tests, and chest radiograph will detect many of the can-
cers.  An  extensive  search  (including  abdominal  imaging  
and colonoscopy) appears to detect more cancers [249]. How-
ever, even with extensive screening, up to one-third of cancers 
are  missed.  Careful  patient  selection,  such  as  older  patients  
with  anemia  or  bilateral  VTE,  may  increase  this  yield.  It  re-
mains  unclear  whether  earlier  cancer  detection  in  patients  
with idiopathic VTE changes the prognosis or improves overall 
outcome.

Risk factors for VTE include oral contraceptives, pregnancy, 
SLE, myeloproliferative disorders,  inflammatory bowel disease 
and surgery. Antithrombin III deficiency, protein C deficiency 
and factor V Leiden mutation (activated protein C resistance) 
are  disorders  associated  with  recurrent  VTE.  Patients  with 
inflammatory bowel disease have a threefold increase in the risk 
of  VTE  when  compared  to  the  general  population  [250].  The 
incidence of portal vein thrombosis is higher following abdomi-
nal  surgery,  with  6%  of  IBD  patients  developing  portal  vein 
thrombosis  after  restorative  protocolectomy  [251].  A  recent 
population-based study from the United Kingdom showed that 
the  risk  for  VTE  in  IBD  patients  was  ninefold  higher  during 
acute flares relative to periods of remission [252].

Hemolytic uremic syndrome/thrombotic 
thrombocytopenic purpura
Hemolytic uremic syndrome (HUS) and thrombotic thrombo-
cytopenic  purpura  (TTP)  are  related  conditions  with  similar 
clinical  features  of  variable  severity.  Clinical  and  pathological 
features of TTP and HUS often overlap [253]. HUS is character-
ized  by  thrombocytopenia,  microangiopathic  hemolysis,  and 
acute renal failure. It usually affects young children. The typical 
form  is  associated  with  diarrhea  caused  by  infection  with  
a  Shiga-toxin  producing  Escherichia coli.  The  strain  most 
commonly  associated  with  HUS  worldwide  is  0157:H7;  
however, there is considerable geographic variation. Antecedent 
gram-negative enteric infections including Salmonella, Shigella, 
and Campylobacter species have been associated with the disease 
[254,255].  It  should  be  noted  that  only  a  minority  of  patients 
with these food-borne illnesses develop HUS [256]. The spec-
trum of GI manifestations ranges from segmental colitis (mim-
icking  Crohn’s  disease  or  ischemia)  [257]  to  fulminant  colitis 
with  toxic  megacolon  or  colonic  perforation.  Bowel  disease 
almost always precedes  the development of HUS [258]. Trials 

Figure 124.4 Colonic biopsy specimen from a patient with hemolytic 
uremic syndrome shows intravascular coagulation and thrombotic 
microangiopathy. (H & E stain; original magnification ×16.)
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The range of organs infiltrated is greatest in AL amyloidosis, 
with  the  kidney  and  heart  most  commonly  involved.  The  GI 
tract  may  be  involved  at  any  site.  The  chief  sites  of  intestinal 
amyloid  deposition  are  the  blood  vessel  walls  (producing 
ischemia  and  infarction),  the  muscle  layers  of  the  intestine 
(causing dysmotility) (Figure 124.5), and the muscularis mucosa 
(impairing absorption)  [272]. Amyloidosis  is one of  the diag-
noses  to  consider  in  persons  with  chronic  diarrhea  who  have 
normal colonoscopy. Biopsies should be obtained in this setting 
to pursue diagnoses of microscopic colitis and amyloidosis.

Infiltration  of  the  tongue  results  in  macroglossia,  a  feature 
that  is uncommon in the ATTR and AA forms of the disease. 
Gastric  infiltration  can  produce  prominent  gastric  folds,  but 
resulting  gastric  outlet  obstruction,  ulcer,  and  bleeding  are 
uncommon [273]. Amyloid can accumulate in the intestine and 
mesentery, causing coarsening of the valvulae conniventes ret-
roperitoneal fibrosis, protein-losing enteropathy, and intestinal 
obstruction. Autonomic dysfunction can lead to stasis, bacterial 
overgrowth,  and  malabsorption  [274].  Intestinal  ischemia  has 
also been reported [275]. There is no specific therapy for amy-
loidosis involving the GI tract. Prokinetics such as metoclopra-
mide  may  be  of  some  benefit  in  patients  with  dysmotility. 

Plummer–Vinson syndrome
Plummer-Vinson (or Patterson–Kelly) syndrome is defined by 
the  classic  triad  of  dysphagia,  iron  deficiency  anemia  and 
esophageal webs. The postcricoid dysphagia is usually painless 
and  limited  to  solids.  Other  common  manifestations  include 
glossitis,  angular  cheilitis,  koilonychia  (spoon-shaped  finger 
nails), atrophic gastritis, diarrhea and hoarseness [267]. In the 
first  half  of  the  20th  century  the  syndrome  seemed  to  be 
common  in  Caucasians  of  northern  countries,  particularly 
among  middle-aged  women  [268].  Nowadays,  it  is  extremely 
rare, which may  reflect  the  improved  identification and  treat-
ment of iron deficiency anemia. Association with increased risk 
of squamous cell carcinoma of the pharynx and the esophagus 
has been reported. Demonstration of an esophageal web is best 
accompanied by videofluoroscopy or upper GI endoscopy. They 
appear smooth, thin, and gray with eccentric or central lumen. 
The webs typically occur in the proximal part of the esophagus 
and may be missed and accidentally ruptured unless the endo-
scope is introduced under direct visualization. Treatment con-
sists  of  iron  supplementation  and  mechanical  dilation  of  the 
web. Iron supplementation alone can resolve dysphagia in many 
patients.

Systemic amyloidoses
The systemic amyloidoses are a group of diseases characterized 
by tissue deposition of a protein able to assume an insoluble β 
pleated sheet structure. This tissue deposition ultimately inter-
feres  with  normal  cellular  and  organ  function.  At  least  27  
different  human  proteins  have  been  identified  to  cause  amy-
loidosis  and  the  amyloidogenic  protein  is  the  basis  for  the 
current classification [269]. Each type of amyloid has the prefix 
“A,” for amyloid, followed by an abbreviation derived from the 
name of the protein; thus, AL designates amyloid derived from 
immunoglobulin  light  chain,  ATTR  is  amyloid  derived  from 
transthyretin  (TTR),  AFib  indicates  amyloid  derived  from  fi-
brinogen,  etc.  In  amyloidosis  these  normally  soluble  pro-
teins misfold and aggregate  to  form protofilaments and fibrils 
by  virtue  of  a  common  cross  beta-pleated  sheet  structure.  
The  fibrils  then  codeposit  in  the  extracellular  space  with  
serum amyloid P protein and other  components,  such as gly-
cosaminoglycans, to form the insoluble amyloid deposits [270]. 
Amyloid deposits appear homogeneous and amorphous under 
the  light  microscope  and  when  stained  with  Congo  red  pro-
duce  a  green  birefringence  when  viewed  with  a  polarizing 
microscope.

Classification of amyloidosis is based on the precursor plasma 
proteins that form the fibril deposits. Types of primary systemic 
amyloidosis include AL (immunoglobulin light chain related in 
patients with plasma cell dyscrasia), ATTR (familial transthyre-
tin associated) and familial or hereditary amyloidosis. Second-
ary amyloidosis is formed from serum amyloid A, an acute-phase 
reactant produced in response to inflammation. It is termed AA 
and caused by chronic infectious or inflammatory diseases, such 
as tuberculosis and rheumatoid arthritis [271].

Figure 124.5 Amyloid infiltration of the small intestine (arrows). (Congo 
red stain; original magnification ×200.)
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The most common source for GI bleeding in cancer patients 
is  hemorrhagic  gastritis  (32%–48%)  followed  by  PUD  (22%–
27%)  [285].  These  diagnoses  are  much  more  common  as  a 
source  for  acute  bleeding  than  direct  bleeding  from  gastric 
cancer  or  metastases  involving  the  GI  tract.  Lymphoma, 
however, frequently causes bleeding when it involves primarily 
the  stomach  [286].  Lymphoma  involving  the  small  bowel  can 
also develop necrosis and bleeding after chemotherapy. Other 
common sources of bleeding include reflux esophagitis,  infec-
tious  (Candida  or  viral)  esophagitis,  and  Mallory–Weiss  tears 
[287].  Reflux  esophagitis  may  present  as  a  complication  of 
chemotherapy  or  radiotherapy  with  nausea  and  vomiting. 
Thrombocytopenia secondary to the malignancy or to chemo-
therapeutic agents can be responsible for significant GI bleeding 
[288].  Other  malignant  lesions  that  occasionally  cause  gastric 
bleeding  include  leiomyosarcoma,  carcinoid,  and  metastatic 
melanoma.  Intrahepatic  infusion  of  chemotherapeutic  agents 
can be associated with bleeding from the duodenum or stomach. 
This  is  most  often  secondary  to  catheter  tip  dislodgement, 
allowing the gastroduodenal artery to be directly infused with 
the agent [289]. Significant acute bleeding from the colon and 
rectum is uncommon in patients with a tumor unless underly-
ing coagulation defects exist, or previous radiation therapy was 
performed  (chronic  overt  or  occult  bleeding  from  GI  tract 
cancers  is  very  common).  Extraluminal  bleeding  occurs  most 
often in the retroperitoneum and mesentery, and is usually sec-
ondary to underlying coagulopathy or thrombocytopenia.

Neutropenic enterocolitis (typhlitis)
Neutropenic  enterocolitis  is  a  necrotizing  inflammation  that 
most commonly affects the distal small bowel, cecum, or appen-
dix.  “Typhlos”  refers  to  the  cecum  hence  the  term  typhlitis, 
although since other areas of the bowel can be affected neutro-
penic  enterocolitis  is  the  preferred  term  (Figure  124.6).  It  is 

However, amyloid infiltration of the gut and its resultant symp-
toms are very difficult to treat.

High alkaline phosphatase can signal amyloid deposition in 
the  liver.  Hepatic  involvement  may  present  with  right  upper 
quadrant  discomfort  related  to  hepatomegaly.  Hepatomegaly 
but  not  splenomegaly  is  common  in  AL  amyloidosis  [276]. 
Severe cholestatic presentations appear to be largely limited to 
patients with advanced AL amyloidosis [277]. Hepatosplenom-
egaly is more common in AA amyloidosis, but liver failure and 
portal  hypertension  are  uncommon  [278].  Ascites  may  result 
from nephritic syndrome-induced hypoproteinemia. Pancreatic 
involvement  occasionally  produces  exocrine  pancreatic  insuf-
ficiency and steatorrhea.

For  the  diagnosis  of  amyloidosis,  biopsy  of  the  clinically 
involved organ is the most sensitive method and has the advan-
tages of providing larger amounts of tissue for subsequent sub-
typing and detecting concomitant pathologies. However, a less 
invasive  biopsy  may  be  preferred  and  can  be  taken  from  a 
distant  site  such  as  the  abdominal  fat,  bone  marrow,  rectum, 
gingiva or minor salivary glands. Abdominal fat pad biopsy is 
a  safe  and  simple  procedure  that  will  be  positive  in  85%  of 
patients with primary AL amyloidosis [271]. If AL amyloidosis 
is present in a patient undergoing endoscopic evaluation, biop-
sies from the rectum and small intestine will yield a diagnosis 
in 75% and 83% of patients, respectively [279].

Treatment of the underlying disease process, if present, may 
result in amyloid regression, but this is not the rule. Regression 
of AL amyloidosis have been reported in selected patients fol-
lowing  cytoreductive  therapy  and  stem  cell  transplantation  to 
eliminate the abnormal B or plasma cell clone [280]. In patients 
with Familial Mediterranean fever, colchicine therapy has been 
shown to prevent amyloid deposition and also appears to benefit 
patients who have already developed amyloidosis [281]. In AA 
amyloidosis secondary to Crohn’s disease, juvenile rheumatoid 
arthritis  or  chronic  infections  such  as  tuberculosis  or  leprosy, 
disease progression appears to cease following initiation of spe-
cific therapy for the underlying disease [282,283]. Liver trans-
plantation has proven effective in halting progression in patients 
with  ATTR  (type  I  familial  amyloid  neuropathy)  amyloidosis 
[284], as well as in other forms of genetic amyloidosis.

Neoplastic disorders

Oncologic emergencies
Patients with malignancies are subject  to developing a unique 
set  of  complications  that  require  emergent  evaluation  and  
treatment.  These  complications  may  be  related  directly  to  the 
oncologic  process  or  to  its  therapy  (e.g.,  neutropenic  entero-
colitis,  see  further  on).  On  the  other  hand,  in  evaluating  in-
dividuals with a diagnosis of malignancy, the physician should 
not  assume  that  all  acute  GI  manifestations  are  related  to  
the  underlying  malignancy  (e.g.,  acute  appendicitis  or  bowel 
obstruction).

Figure 124.6 Typhlitis involves terminal ileum and cecum in a patient 
with acute myelogenous leukemia.
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function,  and  poor  physical  performance  [298].  The  tumor 
burden induces metabolic disturbances in the host that resem-
ble the metabolic state seen with infection and injury but not in 
starvation. Nutritional evaluations find an elevated basal meta-
bolic  rate  and  increased  energy  expenditure  associated  with 
systemic catabolism of muscle and adipose tissue [299]. Tumor 
cells  produce  both  proinflammatory  and  procachectic  factors, 
which  stimulate  a  host  inflammatory  response  [300].  Tumor 
produced  procachectic  factors  include  proteolysis-inducing 
factor  (PIF)  and  lipid-mobilizing  factors  (LMF)  which  cause 
direct  catabolism  of  host  tissues.  Proinflammatory  cytokines 
produced include TNF-α, IL-1 and IL-6. It is not certain whether 
the cytokine production is primarily from tumor or host inflam-
matory cells. Other mediators of the acute phase response (e.g., 
C-reactive  protein  [CRP])  are  elevated  in  these  patients.  A 
simple scoring system which combines CRP and albumin con-
centrations predicts survival in cancer patients independent of 
stage and treatment [301]. Cachexia contributes significantly to 
the morbidity and mortality of  cancer patients.  It  complicates 
the  delivery  of  adequate  anticancer  therapy,  and  markedly 
impairs the quality of life. One-third of cancer deaths are esti-
mated  to  result  from  cachexia  rather  than  the  tumor  burden 
itself [302]. Reduction of food intake is a common manifesta-
tion of cancer, presenting in 15%–40% of patients on presenta-
tion and up to 80% of those with advanced malignancy [303]. 
Anorexia  can  result  from  mechanical  obstruction  of  the  GI 
tract,  nausea  and  vomiting  as  a  result  of  chemotherapy,  and 
neurologic and neuropsychiatric factors including pain, depres-
sion, or anxiety. Alterations in taste sensation and odor percep-
tion, along with food aversion, also contribute to loss of appetite 
[304].  Nutritional  support  including  dietary  counseling, 
parenteral nutrition, and appetite stimulants, such as cyprohep-
tadine,  has  not  been  found  to  be  effective  in  reversing  the 
process of cachexia [305]. Progestagens (medroxyprogesterone 
acetate and megestrol acetate) are currently considered the best 
available treatment option in improving appetite and modestly 
increasing weight [306].

Consequences of chemotherapy  
and radiotherapy
Diarrhea is one of the most common side effects associated with 
cancer treatment. Estimates of the incidence of diarrhea suggest 
that  10%  of  patients  with  advanced  cancer  experience  acute  
or  persistent  diarrhea  that  may  range  from  troublesome  to  
fatal. The use of chemotherapeutic regimens containing fluoro-
pyrimidines (e.g., fluorouracil  [5-FU]) and  irinotecan (Camp-
tosar)  has  been  associated  with  a  significantly  higher  risk  for 
chemotherapy-induced  diarrhea  (CID).  As  many  as  80%  of 
patients  treated  with  these  agents,  alone  or  in  combination, 
experience  diarrhea,  and  ≥30%  of  these  patients  may  have 
severe diarrhea [307]. An important consequence of CID is the 
potential  negative  impact  on  the  ability  of  patients  to  tolerate 
chemotherapy. Another common cause for diarrhea in patients 
receiving  chemotherapy  is  Clostridium difficile  colitis,  as  the 

associated  with  underlying  malignancy,  intensive  chemother-
apy,  and  severe  neutropenia  [290].  The  exact  incidence  is 
unknown, with values  ranging  from 0.35% to 2.6% [291,292]. 
Neutropenic enterocolitis has been associated with acute leuke-
mia, aplastic anemia and some solid tumors. The pathogenesis 
remains  unclear  although  several  hypotheses  have  been  pro-
posed including leukemic infiltration of the bowel wall, ulcera-
tion  and  bleeding  in  the  bowel  wall  secondary  to  direct  toxic 
effects of chemotherapy, and bacterial invasion of the bowel wall 
related to alteration of the bowel flora. The most common symp-
toms  are  right  lower  abdominal  pain,  nausea,  vomiting,  and 
abdominal  bloating  developing  over  hours  or  days.  Physical 
findings  include  fever,  abdominal  tenderness,  abdominal  dis-
tention,  diminished  bowel  sounds,  and  signs  of  peritonitis. 
Bloody diarrhea accompanies neutropenic enterocolitis in 35% 
of patients [293]. Besides neutropenia, other laboratory findings 
are  nonspecific.  Imaging  studies  including  plain  abdominal 
radiograph, US, and CT, may demonstrate bowel wall thicken-
ing and distention of the surrounding small bowel. The differ-
ential  diagnosis  includes  pseudomembranous  enterocolitis, 
acute  appendicitis  and  diverticulitis.  In  the  past,  neutropenic 
enterocolitis was usually treated surgically. Today, the conserva-
tive approach is widely advocated, consisting of supportive care 
with  intravenous  fluids,  nasogastric  suction,  antimicrobial 
therapy,  and  as  needed  granulocyte  colony  stimulating  factor 
(GCS-F).  Operative  intervention  is  recommended  for  those 
with  perforation  or  those  whose  condition  deteriorates  clini-
cally during close,  frequent observation. Disease outcome has 
improved  considerably  from  the  50%  to  100%  mortality  rate 
reported  in  the  1980s,  probably  as  a  consequence  of  a  higher 
index of suspicion leading to earlier diagnosis, the contribution 
of  early  radiologic  investigation,  and  the  change  in  treatment 
from surgery to more conservative modes [294].

GI tract obstruction
GI obstruction  in  the oncology patient  is a common problem 
accounting for approximately 20% of acute surgical admissions 
[295]. In up to 39% bowel obstruction is not due to recurrent 
or  metastatic  disease  [296,297].  The  likelihood  of  obstruction 
being secondary to a tumor is increased if there is a history of 
metastases, previous colorectal or ovarian cancer, if the primary 
tumor is in an advanced stage, or if the interval since the treat-
ment of the primary tumor was relatively short [297]. In patients 
with  advanced  cancer,  without  signs  of  intestinal  ischemia  or 
peritonitis,  initial  nonoperative  management  with  nasogastric 
suction may be safe, with at least temporary relief of obstruction 
in approximately a third of patients.

Cancer cachexia
The  term  cachexia  is  derived  from  the  Greek  words  kakos, 
meaning bad, and hexis, meaning condition. Cachexia is a pro-
gressive wasting condition that is seen in nearly half of cancer 
patients.  Clinical  manifestations  consist  of  early  satiety,  ano-
rexia, weight loss, tissue wasting, weakness,  impaired immune 
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Chemotherapies  are  usually  classified  into  four  groups 
depending  on  their  emetogenic  risk.  The  emetogenic  risk  is 
considered  to  be  high  if  emesis  occurs  in  >90%  of  patients 
receiving  cytotoxic  treatment  without  antiemetic  protection 
(e.g., carmustine, cisplatin). The most active antiemetic agents 
are 5-HT3-receptor antagonists, NK1-receptor antagonists and 
corticosteroids;  they  represent  the  key  of  modern  antiemetic 
treatment. These antiemetic drugs have a good toxicity profile 
and  are  safe  in  combination  as  well.  Readers  may  find  the 
website  of  the  National  Comprehensive  Cancer  Network 
(www.nccn.org)  valuable,  as  a  frequently  updated  review  to 
acute and delayed emesis. Anticipatory vomiting can be difficult 
to control once initiated. Behavioral therapy has been shown to 
be effective [317].

Constipation  is  also  a  common  manifestation  in  cancer 
patients  as  a  consequence  of  reduced  fluid  intake,  decreased 
physical activity, depression, and changes in diet. Use of potent 
narcotics, and antiemetics is frequent, all of which lead to con-
stipation.  Metabolic  disorders  (e.g.,  hypercalcemia  related  to 
tumor invasion of bone or ectopic production of parathyroid-
like hormone by neoplasms), and intestinal luminal narrowing 
secondary to tumor growth or radiotherapy can also cause con-
stipation. Rarely constipation can manifest as a paraneoplastic 
visceral  neuropathy  (see  next  section  on  paraneoplastic  syn-
dromes). As there is a limitation to the amount of fibrous foods 
the cancer patient will tolerate, reversal of constipation requires 
agents  that  increase  peristalsis,  such  as  senna  derivatives,  but 
polyethylene glycol can also be effective.

Paraneoplastic syndromes
Paraneoplastic  syndromes  affecting  the  GI  tract  include  syn-
dromes causing dysmotility and GI manifestations of hormones 
or polypeptides  that are secreted by specific  tumors. Paraneo-
plastic dysmotility syndromes are a heterogeneous group of rare 
disorders related to an underlying occult or established malig-
nancy  and  associated  with  a  variety  of  antibodies  selectively 
binding to enteric neurons in the myenteric plexus (i.e., oncone-
ural  antibodies)  [318].  The  exact  role  of  the  antibodies  in  the 
pathogenesis  of  the  organ  dysfunction  remains  unclear.  They 
might only serve as markers of autoimmunity and are not them-
selves involved in the pathogenesis. Histologic abnormalities in 
the myenteric plexus include a decrease in the number of gan-
glion cells,  replacement of neurons by Schwann cells and col-
lagen,  and  a  lymphoplasmacytic  infiltrate  [319].  The  most 
common autoantibody is the type 1 antineuronal nuclear anti-
body  (ANNA-1)  also  known  as  anti-Hu  antibody.  It  is  most 
commonly expressed in small cell lung cancer (SCLC) [320], but 
may also be expressed in multiple other tumor types including 
prostate  and  breast  cancer,  melanoma,  lymphoma,  and  squa-
mous cell  lung carcinoma [321]. Anticalcium channel binding 
antibodies  are  reported  more  often  with  other  paraneoplastic 
neurologic syndromes (e.g., Lambert–Eaton syndrome), but can 
be  associated  with  GI  dysmotility  [322].  Type  1  Purkinje  cell 
antibodies  (PCA-1),  and  antibodies  directed  against  neuronal 

spore-forming organism is found on the environmental surfaces 
of  oncology  units  [308],  and  antibiotic  use  is  ubiquitous.  In 
uncomplicated cases of CID (no fever, no blood in stool, nega-
tive cultures and toxin assays)  loperamide can reduce  the  fre-
quency of diarrhea. Octreotide is a good option for patients who 
fail  loperamide  with  data  supporting  upward  titration  of  the 
octreotide dose (up to 500 μg three times daily) until symptoms 
are controlled [307].

Mucositis is one of the most debilitating side effects of radio-
therapy  and  chemotherapy  treatment.  Clinically,  mucositis  is 
associated with pain, bacteremia, and malnutrition. It is also a 
frequent  reason  to  postpone  chemotherapy  treatment,  ulti-
mately  leading  towards  a  higher  mortality  in  cancer  patients 
[309]. The pathophysiology of mucositis is complex but includes 
both DNA and non-DNA damage, secondary activation of tran-
scription factors such as NF-κB, increased production of proin-
flammatory  cytokines,  including  TNF-α,  IL-1β  and  IL-6,  and 
secretion  of  metalloproteinases  (MMPs)  [310].  In  most  cases, 
mucositis  is  an  acute  phenomenon  that  is  self-resolving  once 
cancer  therapy ends. Despite  its  clinical  and economic conse-
quences, there is no approved therapy for mucositis although a 
number of growth factors and antiinflammatory agents are cur-
rently  under  study  and  show  promise  [311,312].  Currently 
standard therapy includes close attention to oral hygiene, anal-
gesia, infection identification and management, and the provi-
sion of parenteral nutrition when required.

Nausea and vomiting are common after chemotherapy. The 
incidence  and  severity  are  dependent  on  the  chemotherapy 
regimen,  dose,  association  with  other  treatments,  and  patient 
risk factors. Nausea is induced by stimulation of the chemore-
ceptor trigger zone (CTZ), located in the area postrema at the 
base  of  the  fourth  cerebral  ventricle  [313].  The  area  lacks  an 
effective blood–brain barrier. The area’s receptors are predomi-
nantly serotonergic and dopaminergic, signalling type 3 serot-
onin (5-HT3) and type 2 dopamine (D2) receptors. Histamine 
(H1) and muscarinic (M1) neurotransmission is represented as 
well. Vomiting is induced by stimulation of the vomiting centre 
(VC), located in the dorsolateral border of the reticular forma-
tion  of  the  medulla.  Serotonin  plays  a  fundamental  role  in 
chemotherapy  induced emesis. First,  it  is  the principal neuro-
transmitter in the CTZ, stimulated directly by cytotoxic drugs. 
In addition, serotonin is released from intestinal enterochroma-
ffin cells upon exposure to chemotherapy [314]. Substance P is 
another  relevant  neurotransmitter  binding  to  neurokinin  1 
receptors  present  in  the  VC  and  the  gut  as  well  [315].  Other 
neurotransmitters such as dopamine, histamine and acetylcho-
line  acting  in  the  CTZ  and  VC  are  considered  to  play  a  less 
important role in chemotherapy induced nausea and vomiting 
(CINV).  CINV  is  classified  in  three  categories:  acute  emesis, 
occurring within 24 hours of  initial administration of chemo-
therapy;  delayed  emesis,  occurring  24  hours  to  several  days 
after  initial  administration  of  chemotherapy;  and  anticipatory 
nausea  and  vomiting,  occurring  at  the  perception  of  special 
stimuli [316].
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Hematological malignancies
Leukemias
Both acute and chronic leukemias can involve the GI tract [329]. 
Autopsy  reports  demonstrate  gross  involvement  of  leukemic 
infiltrates, mostly in the mucosa and submucosa, in up to 25% 
of cases [330]. Gingivitis is caused by leukemic invasion of the 
gums  and  causes  oral  pain  and  bleeding.  Esophageal  involve-
ment  may  present  from  small  hemorrhagic  lesions  (petechiae 
and ecchymoses) to gross nodular infiltrates that tend to undergo 
necrosis with secondary infection and hemorrhage [331]. Dys-
phagia in patients with acute leukemia may be due to infection, 
gastroesophaeal  reflux,  chemotherapy-related  mucositis,  or 
leukemic infiltrate [332]. Leukemic infiltration, most common 
in  the  stomach,  ileum and proximal colon, may be associated 
with ulceration and  intestinal perforation. The  leukemic  infil-
trate may also appear as nodular lesions associated with intus-
susception and  intestinal obstruction. Fungal  infection can be 
found throughout the GI tract and are promoted by the use of 
antibiotics,  cytotoxic  agents,  corticosteroids  and  the  leukemic 
process itself [333]. Infiltration of the small bowel may also result 
in protein  losing enteropathy. Hepatosplenomegaly and portal 
hypertension are additional complications of leukemic infiltra-
tion. Rarely, an illness indistinguishable from fulminant hepa-
titis occurs [334]. Subcapsular splenic hemorrhage and splenic 
rupture have been reported, particularly in acute lymphoblastic 
leukemia [335]. Neutropenic enterocolitis is a grave complica-
tion that occurs most often in leukemic patients, usually during 
induction therapy [336] or during periods of severe neutropenia 
(see section on oncologic emergencies prevously).

Lymphoma
Hodgkins’s disease
Hodgkins’s disease is in general, a lymph node-based disease. It 
usually starts in an area within the lymphatic system and spreads 
in an orderly manner along the lymphatic chain to contiguous 
lymph node areas. Hepatic  involvement usually occurs  late  in 
the  course  of  disease  or  with  advanced-stage  disease  (Figure 
124.7). Malignant infiltration of the liver is observed in 55% of 
autopsies [337], but in only 8% at the time of initial evaluation. 
Nonetheless, up to one-third exhibit nonspecific mononuclear 
cell infiltrates, and up to one-fourth have noncaseating granu-
lomas  not  associated  with  malignant  histiocytes  or  infectious 
etiologies  [338]. Moderate  elevation of  the hepatic  fraction of 
alkaline phosphatase is often observed, without evidence of ext-
rahepatic biliary obstruction or infiltration of the liver by tumor 
cells  [339].  Correct  interpretation  of  causes  of  abnormal  liver 
biochemistries  is  of  significant  importance  in  determining 
prognosis  and  therapy.  Percutaneous  liver  biopsy  may  yield  a 
false-negative result regarding the presence of Reed–Sternberg 
cells,  due  to  the  small  sample  volume.  Therefore,  laparoscopy 
with or without splenectomy has become the standard approach 
to diagnostic staging [340]. Hodgkin disease, like non-Hodgkin’s 
lymphoma  can  infiltrate  the  GI  wall  from  serosa  to  mucosa 
(Figure 124.8). Rare cases of Hodgkin’s lymphoma involving the 

nicotinic acetylcholine receptors have also been associated with 
GI  dysmotility  [323].  Clinically,  the  patient  may  present  with 
pseudoachalasia, gastroparesis, intestinal pseudoobstruction, or 
constipation.  In  up  to  80%  of  patients  these  symptoms  may 
precede the diagnosis of the underlying tumor by weeks to years 
[323]. Given the rarity of chronic intestinal pseudoobstruction, 
a paraneoplastic cause should be considered in any patient who 
presents with typical features in association with undue weight 
loss and wasting, particularly when onconeural antibodies are 
present.  Radiographic  imaging  studies  usually  reveal  dilated 
small bowel and delayed transit  through the small bowel. The 
best way  to stabilize a paraneoplastic  syndrome  is  to  treat  the 
underlying tumor, but oftentimes this does not lead to substan-
tial improvement in the gut dysmotility even with remission of 
the tumor. Conventional measures used in the management GI 
dysmotility (e.g., prokinetics, antiemetics, laxatives, and venting 
gastrostomy/enterostomy) appear to be of limited benefit.

Paraneoplastic  syndromes  also  include  hormonal  effects  of 
carcinoid  tumors,  vasoactive  intestinal  polypeptide  secreting 
tumors (VIPomas), gastrinomas, and somatostatinomas. Hyper-
calcemia  related  to  ectopic  production  of  parathyroid-like 
hormone by neoplasms may manifest in the GI tract (constipa-
tion, nausea and vomiting). A rare syndrome of watery diarrhea 
associated  with  hypokalemia  and  achlorhydria  (WDHA)  was 
first described by Verner and Morrison in 1958, and has been 
assumed  to  be  due  to  hypersecretion  of  vasoactive  intestinal 
polypeptide (VIP). In adults, this syndrome is most commonly 
associated  with  pancreatic  islet  cell  tumors,  but  rarely  can  be 
caused  by  nonpancreatic  tumors,  such  as  bronchogenic  carci-
noma,  medullary  thyroid  carcinoma,  retroperitoneal  histiocy-
toma and adrenal pheochromocytoma [324].

Metastatic disease to the GI tract
Metastasis  to  the  GI  tract  can  occur  by  direct  invasion  from 
adjacent organs, by hematogenous or lymphatic spread, and by 
intraperitoneal  seeding.  Other  than  melanoma,  malignancies 
derived from organs such as the breast, lung, ovaries and thyroid 
[325]  can  metastasize  to  the  intestines  and  on  occasion  are 
diagnosed by endoscopic biopsies. The stomach is a particularly 
common  site  for  breast  cancer  metastases.  Metastases  to  the 
pancreas can be mistaken for primary tumors of this organ and 
most commonly arise from the lung, GI tract, kidney, and breast 
[326]. Metastases to the intestine typically attach to the serosa 
and  submucosa,  the  most  common  presentation  being  small 
bowel  obstruction  [327].  They  can  develop  to  intraluminal 
lesions that ulcerate and bleed or cause perforation. In addition, 
pain, fever, and ascites have been described. Metastases to the 
GI  tract  can  be  difficult  to  diagnose.  Barium  contrast  studies 
may  reveal  mucosal  ulceration,  extramural  masses  or  a  rigid 
stomach  with  the  appearance  of  linitis  plastica.  Small  bowel 
metastases are detectable radiographically in only 50% of cases 
[328]. Patients with GI metastases usually carry a poor progno-
sis.  Nonetheless,  surgical  resection  should  be  performed  in 
selected cases (e.g., solitary intestinal metastases).
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Hepatosplenic T-cell lymphoma
Hepatosplenic T-cell lymphoma (HSTL) is a rare and aggressive 
extranodal  lymphoma  derived  mostly  from  cytotoxic  T-cells 
that infiltrate diffusely within the hepatic sinusoids and spleen. 
The peak  incidence  is  in adolescents and young adults, and  is 
more common in males. Up to 20% of HSTL arise in the setting 
of  chronic  immune  suppression,  most  commonly  solid  organ 
transplantation  or  prolonged  antigenic  stimulation  [347]. 
HSTCL  has  rarely  been  associated  with  treatment  of  young 
(under the age of 35 years), mostly male patients with IBD. All 
patients received long-term therapy (at least 2 years) with thi-
opurines, with or without antibodies  to  tumor necrosis  factor 
(anti-TNFs). There were no reported cases of HSTCL in patients 
with  IBD  who  received  only  anti-TNF  therapy.  Physicians 
should consider withdrawing thiopurines when used in combi-
nation with anti-TNF agents to young male patients with IBD 
after an extended period [348]. Patients present with systemic 
symptoms  (fever),  abdominal  pain,  weakness,  and  marked 
hepatosplenomegaly in the absence of lymphadenopathy. Addi-
tionally,  a  leukemic  phase  with  bone  marrow  involvement  is 
seen in 80% of cases. HSTCL exhibits a marked chemoresistance 
to currently used regimens, a rapidly progressive behavior, and 
dismal prognosis.

Dysproteinemias
Involvement of the GI-tract in the course of multiple myeloma 
is rare, and has been described in the medical literature mainly 

GI tract of patients with inflammatory bowel disease have been 
reported.  This  is  almost  universally  associated  with  Epstein–
Barr virus (EBV) infection [341].

Non-Hodgkin lymphoma
Non-Hodgkin lymphoma (NHL) originating from a non-GI site 
often  involves  the  GI  tract,  but  a  pathological  diagnosis  of 
involvement  is rarely made. Autopsy series  identify GI  lesions 
in 33% to 51% of patients [342,343]. A more recent study [344] 
found involvement of the upper GI-tract in 26% of 256 patients 
with NHL, from biopsies taken during screening upper endos-
copy.  In  10%  the  lymphoma  was  demonstrated  in  normal 
appearing mucosa. Nonetheless, in only 6% did the gastroduo-
denal  involvement  modify  the  clinical  stage  of  the  disease. 
Mantle cell lymphomas can present as multiple lymphomatous 
polyposis and resembles the familial adenoma syndromes until 
biopsy  is  obtained  [345].  Invasion  of  the  liver  and  spleen  is 
frequent, commonly presenting with fever and elevated serum 
alkaline phosphatase. Lymphoma in the liver can mimic acute 
hepatitis and fulminant hepatic failure [346].

Figure 124.7 Hodgkin disease infiltrating the liver. Reed–Sternberg cells 
are present (arrows). (H & E stain; original magnification ×25.)

Figure 124.8 Hodgkin disease infiltrating the stomach. Thick folds in 
antrum and fundus.
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antibiotics can be helpful [356]. A rare lymphoplasma cell pro-
liferative  disorder  with  secretion  of  α  heavy  chains  usually 
manifests with lymphadenopathy, splenomegaly, and hepatome-
galy. It has also been associated with abdominal pain, abdomi-
nal  mass,  weight  loss,  and  infiltration  of  the  stomach  and 
esophagus with malignant plasma cells [358].

Myeloproliferative disorders
According to the World Health Organization (WHO) classifica-
tion  system  for  hematopoietic  tumors  “BCR-ABL1-negative 
myeloproliferative neoplasia” is an operational subcategory that 
includes  polycythemia  vera  (PV),  essential  thrombocythemia 
(ET), and primary myelofibrosis (PMF) [359]. These three dis-
orders are characterized by stem cell-derived clonal myelopro-
liferation and presence of somatic mutations involving primarily 
Janus Kinase-2 (JAK2).

In PMF, clonal myeloproliferation is associated with reactive 
bone  marrow  fibrosis,  osteosclerosis,  extramedullary  hemat-
opoiesis, and an abnormal cytokine expression [360]. Clinical 
manifestations include severe anemia, marked hepatosplenom-
egaly, constitutional symptoms, thrombosis and bleeding. Portal 
hypertension associated with variceal bleeding or ascites occurs 
on  about  7%  of  patients.  The  portal  hypertension  is  due  to 
increased portal flow through the enlarged spleen. Infiltration 
of the liver by foci of extramedullary hematopoiesis causes oblit-
eration  of  small  portal  venules  and  increased  portal  pressure. 
Patients may manifest with acute left upper quadrant pain due 
to splenic infarction. Rare cases of extramedullary hematopoi-
esis involving the stomach and small bowel have been described 
and may be a cause for abdominal pain and hemorrhage [361]. 
Almost  all  patients  with  PV  harbor  a  JAK2  (9p24)  mutation 
[362]. PV affects middle-aged people and is characterized by an 
increased red cell mass. Many patients have associated throm-
bocytosis. The erythrocytosis and hyperviscosity syndrome lead 
to  plethora,  headache,  vertigo,  dizziness,  visual  disturbances, 
vascular  ischemia  and  venous  thrombosis  [363].  Essential 
thrombocytosis (ET) is characterized by platelet counts greater 
than 106/mm3. When evaluating thrombocytosis, the detection 
of JAK2V617F confirms the presence of underlying ET, but its 
absence  does  not  rule  out  the  possibility  since  up  to  40%  of 
patients with ET might be JAK2-negative [364]. As many as 50% 
of patients with hepatic vein thrombosis or Budd–Chiari syn-
drome have overt myeloproliferative neoplasia [365].

Nonhematological malignancies
Gynecological malignancies
The  treatment  of  cancer  of  the  cervix,  depending  on  stage  of 
disease,  usually  involves  a  combination  of  a  hysterectomy, 
chemotherapy, and radiation therapy. Because any  invasion of 
the bowel can abort attempts at exenteration procedures [366], 
a change in bowel habit or blood in the stool should lead to a 
colonoscopy before operation. The absence of rectal invasion by 
the tumor can also be demonstrated reliably by an MRI study 
[367].  Most  GI  consequences  of  cervical  cancer  relate  to  the 

as  case  reports  or  small  case-series.  GI  involvement  usually 
occurs in the late stages of the disease, or at clinical relapse after 
stem-cell  transplantation  [349].  However,  hepatomegaly  and 
abnormalities in liver biochemistries are commonly observed in 
multiple  myeloma,  and  may  be  secondary  to  extramedullary 
hematopoiesis  [350].  In  up  to  50%  of  patients  with  histologic 
evaluation  of  the  liver,  diffuse  infiltration,  or  less  commonly 
nodule formation by malignant plasma cells, has been observed 
[350,351]. Plasmacytomas become symptomatic through three 
main mechanisms: (1) direct invasion of a specific organ, with 
consequent  perforation  and  hemorrhage  in  the  case  of  the 
stomach  and  intestine,  and  jaundice  or  hepatic  failure  in  the 
case of the liver; (2) mechanical pressure due to a mass effect, 
with gastric outlet syndrome, intestinal obstruction, or jaundice 
due to biliary tract obstruction; and (3) production of malignant 
effusion, with development of myelomatous ascites. The lesion 
can be detected  radiographically or  endoscopically  [352],  and 
may look like PUD or colon cancer. Amyloidosis is a well rec-
ognized complication of multiple myeloma, and found to be the 
etiology in 21% of patients with amyloidosis [353].

Waldenström macroglobulinemia
Waldenström macroglobulinemia is an IgM-secreting variant of 
multiple myeloma that is characterized by the presence of mac-
roglobulin (monoclonal IgM) in the serum. The clinical mani-
festations of the disorder are hepatomegaly (20%), splenomegaly 
(15%),  and  lymphadenopathy  (15%).  The  most  common  pre-
senting symptom is fatigue related to normochromic or normo-
cytic anemia [354].

Gastric involvement usually presents with epigastric pain or 
bleeding.  Intestinal  involvement can be characterized by acel-
lular macroglobulin deposition, which occurs predominantly in 
the  tips  of  the  villi,  the  interstitium,  and  the  lacteals.  Conse-
quent  lymphangiectasia  results  in diarrhea and  steatorrhea. A 
second less common pattern is characterized by diffuse infiltra-
tion  of  the  bowel  wall  with  neoplastic  cells,  causing  intestinal 
pseudoobstruction [355].

The “heavy chain diseases” are rare  lymphoplasma cell pro-
liferative disorders associated with the production of abnormal 
monoclonal  heavy  chains  without  associated  light  chains. 
Immunoproliferative small intestinal disease (IPSID), is found 
principally  in  the  Mediterranean  region,  and  is  also  named 
Mediterranean lymphoma. It is characterized by infiltration of 
the small intestine and abdominal lymph nodes with malignant 
B cells and α heavy chains. Patients usually present with mal-
absorption  syndrome,  weight  loss,  and  abdominal  pain  of 
months’ to years’ duration. In addition to features of malnutri-
tion, physical examination often reveals peripheral edema, club-
bing,  or  an  abdominal  mass  [356].  Endoscopy  of  the  small 
intestine  shows  variable  abnormalities  including  thickened 
mucosal folds, nodules, ulcers, a mosaic pattern, and/or submu-
cosal  infiltration  whereby  the  intestine  is  motionless,  firm  to 
touch,  and  nondistensible  [357].  Diagnosis  is  established  by 
small bowel biopsy. If diagnosed early in the course of disease 
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Diagnosis  requires  a  bone  marrow  examination,  including 
immunohistochemical  stains  for MC  tryptase or CD117  (KIT 
receptor)  [378]. The malignant cells  infiltrate densely  into  the 
skin  (urticaria  pigmentosa)  and  other  organs,  including  the 
intestines and liver. Common symptoms are headache, pruritus, 
flushing,  dizziness,  wheezing,  and  tachycardia.  The  symptoms 
are  believed  to  be  secondary  to  the  release  of  histamine  and 
prostaglandins from the mast cells. Rubbing cutaneous lesions, 
heat, anticholinergics, NSAIDs or drinking alcohol may precipi-
tate  symptoms.  GI  dysfunction  develops  in  80%  of  patients. 
Abdominal  pain  is  the  most  common  symptom,  affecting 
approximately  half  of  all  patients.  Diarrhea  represents  about 
40% of GI symptoms; nausea and vomiting occur in 30%, and 
GI bleeding is reported with a frequency of 10% [379]. In most 
studies, patients with SM have an increased histamine produc-
tion. Histamine is a well-known gastric acid secretion stimulus. 
Nonetheless, in reported cases the basal acid secretion was vari-
able: elevated, normal, or decreased [380]. The pathogenesis of 
diarrhea in patients with SM is not well understood and possibly 
related  to  different  mechanisms.  For  some  patients,  gastric 
hypersecretion  is  a  major  factor  contributing  to  diarrhea. 
Hyperacidity inactivates pancreatic enzymes and directly affects 
intestinal villi. In other patients an overproduction of prostag-
landin D2 (PGD2) could be an important factor in the patho-
genesis  of  diarrhea  [381].  Small  bowel  or  colon  mast  cell 
infiltration could also play a role in some patients. However, no 
correlation  between  diarrhea  and  small  bowel  or  colon  histo-
logical  lesions  has  been  established.  Many  patients  have  liver 
disease,  manifested  by  hepatosplenomegaly,  portal  hyperten-
sion with ascites, and abnormal liver tests. Liver biopsy shows 
portal fibrosis, nodular regeneration, and venoocclusive disease. 
Symptomatic  treatment  includes  histamine  receptor  antago-
nists,  cromolyn  sodium, and, more  rarely,  aspirin and  leukot-
riene antagonists, and corticosteroids [382]. Imatinib mesylate, 
a tyrosine kinase inhibitor has a limited role in the treatment of 
unselected  patients  with  SM,  as  most  patients  likely  harbor  a 
resistant KITD816V mutation [378].

Renal cell carcinoma
Renal cell carcinoma (hypernephroma) can directly invade into, 
or metastasize to, the intestinal tract, causing bleeding [383] and 
obstruction. Resection of  the primary  tumor has been associ-
ated with regression of metastatic lesions. Nonmetastatic hepatic 
dysfunction (Stauffer syndrome) is usually manifest by abnor-
mal alkaline phosphatase and prolongation of the prothrombin 
time [384], and it is associated with hepatic sinusoidal dilation 
[385]. It is possible that in some cases the elevated phosphatase 
derives  from  the  tumor  itself  and  does  not  denote  hepatic 
dysfunction.

Neurological diseases

Neurogenic abdominal pain
Central neurogenic abdominal pain can result from abdominal 
migraines. The hallmark of migraine is periodic headache that 

sequelae of radiation therapy. The risk of more severe radiation-
induced  bowel  complications,  such  as  obstruction  or  fistula 
formation,  is  doubled  when  adjuvant  radiotherapy  follows, 
rather  than  precedes,  hysterectomy  [368].  Although  most 
radiation-induced bowel disease occurs in the first 2 years after 
radiotherapy,  illness  can  occur  at  any  time  over  the  ensuing 
decades.  Factors  associated  with  rectal  complications  are  age, 
stage of cervical cancer, external dose, brachytherapy, and bio-
logical rectal dose [369]

Ovarian cancer can produce GI complications by local exten-
sion  and  frequently  encases  the  abdominal  viscera.  Intestinal 
obstruction, either because of direct invasion of bowel by peri-
toneal  metastases  or  as  a  consequence  of  radiotherapy,  is  a 
common  and  disabling  clinical  complication  [370].  In  many 
terminally ill patients, palliation of vomiting can be a distressing 
management problem that is beyond the capabilities of recon-
structive  surgery.  Options  for  palliation  include  the  use  of  a 
percutaneous endoscopic gastrostomy for venting [371] and the 
use of intraluminal stents to bypass extrinsic compression [372]. 
Refractory malignant ascites also can be an important cause of 
ovarian  cancer  morbidity,  requiring  repeated  paracentesis. 
Metastases  to  the  ovary  from  GI  malignancies  (Krukenberg 
tumors)  may  be  difficult  to  distinguish  from  primary  ovarian 
cancer  by  noninvasive  imaging  modalities.  Typically,  these 
tumors are bilateral, asymmetrically large, and solid. Almost all 
are mucinous signet ring  tumors  from the stomach, pancreas, 
and colon, all with poor prognosis [373].

Malignant melanoma
Malignant  melanoma  (MM)  is  a  common  malignancy  whose 
prevalence is increasing. MM is one of the most common types 
of  tumor  to  metastasize  to  the  GI  tract  [374].  However,  the 
majority of patients with GI metastatic melanoma are asympto-
matic and only up to 4.4% are diagnosed prior to death [375]. 
Most patients have a known cutaneous primary lesion on pres-
entation and metastases can occur many years after the initial 
presentation  of  the  primary  lesion.  Large  autopsy  series  have 
found the GI tract to be involved in up to 60% of patients with 
metastatic disease [376]. The small intestine is the most common 
site  for  malignant  melanoma  metastases  and  can  present  as 
polypoid masses that act as leading points for intussusception. 
The  polyps  can  be  amelanotic  and  may  appear  benign  to  the 
endoscopist.  Primary  GI  malignant  melanoma  has  also  been 
described;  the  most  common  sites  are  the  esophagus  and 
anorectum.  Primary  intestinal  melanoma  tends  to  be  more 
aggressive and is associated with a worse prognosis than cutane-
ous  melanoma.  Complications  include  abdominal  pain,  ano-
rexia, GI hemorrhage, and intestinal perforation. In appropriate 
circumstances,  surgical  intervention  to alleviate  significant GI 
complications is warranted and may prolong survival [377].

Systemic mastocytosis
Systemic mastocytosis (SM) is a stem cell-derived clonal myelo-
proliferation characterized by  the abnormal growth and accu-
mulation of neoplastic mast cells (MCs) in one or more organs. 
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the  integrity of  the corresponding motor areas of  the cerebral 
cortex [393]. Ischemic injury of the medullar brainstem is asso-
ciated  with  decreased  tone  of  the  lower  esophageal  sphincter, 
and increased tone of the upper esophageal sphincter. Swallow 
recovers  in  many  patients  within  2–4  weeks  following  stroke 
onset. Thus, a proper diagnostic assessment and early rehabilita-
tive  measures  (including  tube  feeding)  are  recommended. 
Nonetheless, while tube feeding may be an effective way of sup-
plying nutrition in these patients, its safety in terms of prevent-
ing aspiration is controversial.

After  acute  stroke,  GI  erosive  lesions  may  develop  due  to 
increased  gastric  secretion  or  from  mucosal  ischemia  [394]. 
Delayed gastric emptying as well as malnutrition may also play 
a  major  role  in  the  development  of  upper  GI  hemorrhage  in 
stroke patients. Other risk factors are nonsteroidal antiinflam-
matory drugs, aspirin, corticosteroid  therapy and Helicobacter 
pylori  infection  [395].  Prevention  is  recommended  with  pro-
phylactic antisecretory therapy, usually a PPI. Other GI mani-
festations  after  stroke  include  delayed  gastric  emptying  and 
constipation  caused  by  a  combination  of  factors  including 
lesions of the central or peripheral nervous system, immobility, 
and altered dietary habits.

Multiple sclerosis
Multiple sclerosis (MS) is a focal demyelinating disorder of the 
central nervous system. Cranial nerve involvement may lead to 
oropharyngeal  dysfunction.  Constipation  and  fecal  inconti-
nence  are  the  most  serious  and  disabling  problems  for  MS 
patients. Both symptoms frequently coexist with a prevalence of 
39%–73%  [396].  Causes  of  constipation  include  slow  transit 
time, diminished gastrocolic response to a meal, poor mobility 
and  anticholinergics  [397].  Abnormalities  of  anal  sphincter 
function  and  diminished  perception  of  rectal  distension  con-
tribute to the incontinence [398]. Defacography in these patients 
can  demonstrate  rectal  intussusception,  rectal  outlet  obstruc-
tion, and failure of the puborectalis to relax appropriately [399]. 
When symptoms are mild and not due to impaction with over-
flow, treatment with loperamide or codeine phosphate is effec-
tive  but  should  be  used  judiciously.  Stimulant  laxatives  may 
increase bowel spasm and worsen lack of control. Digital stimu-
lation or glycerin suppositories and enemas to avoid impaction 
are  all  useful.  Biofeedback  training  may  be  effective  in  mild 
cases  by  improving  the  strength  of  pelvic  floor  muscles  and 
rectal sensation [400]. There is an increased association of MS 
with IBD and a risk of demyelinating disease in patients using 
anti-TNF therapy to treat IBD.

Dementia
Patients with dementia syndromes,  such as Alzheimer disease 
(AD), multiinfarct dementia and Huntington disease, have cog-
nitive impairment, altered behavior, and severe impairment in 
activities  of  daily  living.  AD  is  the  most  frequent  cause  of 
dementia. With recent approval of the FDA for treatment with 
cholinesterase inhibitors and memantine [401], cholinergic side 
effects in the GI tract need to be recognized and addressed in 

may  be  preceded  or  accompanied  by  well  defined  visual, 
sensory or motor dysfunction. Abdominal migraine (AM) is a 
variant  characterized  by  paroxysmal  midline  abdominal  pain 
associated with anorexia, vomiting, headache, photophobia or 
pallor, which is not attributed to another disorder. AM affects 
as  many  as  1–4%  of  all  children  in  the  United  States  [385], 
and  is  not  always  associated  with  headache.  Although  the 
pathogenesis of GI symptoms is not clear, pharmacologic treat-
ments  of  migraine  have  been  shown  to  be  effective  in  the 
abdominal variant [386,387]. Adults with migraine do not tend 
to report abdominal pain. While there are no published criteria 
for diagnosis in adults, some investigators believe that a subset 
of  adult  patients  with  nonorganic  abdominal  pain  may  suffer 
from  abdominal  migraine,  and  should  be  offered  a  trial  of 
antimigraine  therapy  [388].

Epilepsy is a rare cause of abdominal pain. It is characterized 
by  paroxysmal  episodes  of  abdominal  pain  and  variable  GI 
symptoms including nausea, vomiting, bloating and diarrhea. It 
is associated with CNS symptoms such as headache, confusion, 
dizziness,  and  syncope;  definite  EEG  abnormalities;  and 
response  to  antiepileptic  drugs.  It  is  well  documented  among 
children, but only infrequently in adults [389].

Peripheral  neurogenic  abdominal  pain  emanating  from 
peripheral  nerves  or  spinal  nerve  roots  is  usually  sharp  or 
burning and is commonly accentuated by physical activity. The 
possible etiologies include herpes zoster, diabetic radiculopathy, 
toxic ingestions such as lead poisoning and nerve root impinge-
ment  secondary  to  osteoarthritis,  tumors  or  herniated  disks. 
Pain originating  from  the abdominal wall,  is most  commonly 
caused by entrapment of the anterior cutaneous nerve and can 
be diagnosed by physical examination (Carnett  sign) or alter-
natively from nerve entrapment in a surgical scar. Relief of pain 
may be effected by local injection of an anesthetic [390].

Cerebrovascular accident (stroke)
Swallowing and GI motility depend upon a coordinated inter-
play  of  voluntary  and  involuntary  neuromuscular  activity. 
Stroke  may  disrupt  neuronal  modulation  by  interrupting  or 
altering  the  flow  of  information  from  the  cortex  to  the  lower 
regulating centers [391]. Dysphagia is a common consequence 
of stroke, occurring in up to 50% of patients immediately after 
the  event.  Whether  or  not  an  individual  develops  dysphagia 
following stroke seems to be determined by the size of pharyn-
geal  representation  within  the  affected  cortex.  Dysphagia 
confers a higher risk of infection, poor nutrition, longer hospital 
stay, and institutionalization as well as higher mortality [392]. 
Individual recovery of swallowing can vary widely among indi-
viduals,  without  direct  relation  to  stroke  severity.  Swallowing 
represents a sequential, semiautomatic contraction and relaxa-
tion  of  the  55  muscles  of  the  oropharyngeal  and  esophageal 
regions, five cranial nerves, and two cervical nerve roots [391]. 
Central control of swallowing is organized on two levels, involv-
ing both the brainstem and cerebral cortex. While the reflexive 
component  depends  on  swallowing  centers  in  the  brainstem, 
the initiation of swallowing is a voluntary action that  involves 
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from  pressure  due  to  stool.  Over  time,  laxative  dependence 
and  dilated  colon  develop.  Damage  to  neurons  in  the  spinal 
cord eliminates  the sensation of rectal  fullness and the volun-
tary  control  of  defecation.  With  rectal  distension,  the  smooth 
muscles of the internal anal sphincter normally relax (rectoanal 
inhibitory reflex). This reflex is preserved in patients with SCI, 
since  it  is  an enteroenteric  reflex dependent on  the myenteric 
nervous system and independent of spinal control. Rectal dis-
tension causes brief external anal sphincter contraction so that 
leakage of fluid may not occur. It also causes autonomic symp-
toms,  such  as  flushing  and  sweating,  above  the  level  of  the 
lesion. Patients with SCI generate abdominal pressure by inter-
costal and diaphragmatic contraction. Signals of an upcoming 
defecation include abdominal pressure with  incomplete spinal 
lesions,  and  unspecified  abdominal  complaints  with  complete 
lesions  such  as  prickling  sensation,  increased  spasticity  and 
sweating  [410].  Chronic  constipation  is  prevalent  in  patients 
with SCI due to loss of sympathetic coordination that leads to 
slow transit. Additionally there is diminution of the gastrocolic 
reflex [411]. Bowel management involves increased fiber intake, 
ensuring  adequate  fluid  intake,  and  providing  bowel  training 
so  that  the  colon  is  evacuated  at  regular  intervals.  Methods 
used  for  bowel  care  include  stool  softeners,  laxatives,  digital 
stimulation  (in  order  to  dilate  the  anal  canal  and  relax  the 
puborectalis), manual evacuation, and enemas. A few patients 
may  be  aided  by  anterior  sacral  root  stimulators  [412],  but  a 
colostomy can substantially improve the quality of life for many 
patients.

Parkinson disease
Parkinson disease (PD) is characterized by progressive rigidity, 
tremor at rest, bradykinesia, and diminished postural reflexes. 
These motor symptoms which define the disease are thought to 
mainly result  from dopaminergic denervation of  the brain.  In 
the  last  decade  nonmotor  symptoms  have  attracted  clinical 
attention, and a much more detailed picture of the extent of GI 
dysfunction is emerging. Weight loss, dental deterioration, sali-
vary excess and drooling, dysphagia, impaired gastric emptying, 
constipation and defecatory dysfunction are all common in PD 
[413]. PD is the most frequent neurological cause of dysphagia, 
affecting up to 85% of patients with advanced disease [414]. In 
addition to patient distress, dysphagia may lead to weight loss 
and recurrent aspiration. All stages of swallowing: oral, pharyn-
geal,  and  esophageal,  can  be  affected  in  PD.  No  universally 
effective treatment approach has been identified. Only a minor-
ity of patients respond to dopaminergic medication.  Impaired 
cricopharyngeal  relaxation  can  be  ameliorated  by  surgical 
myotomy or botulinum toxin injection, but these may increase 
the  risk  for  aspiration  [415].  Gastroparesis  is  present  in  the 
majority of patients with PD, and  in addition to symptoms of 
nausea  and  bloating  may  interfere  with  levodopa  absorption 
which takes place in the proximal small bowel. Domperidone, 
a  D2  receptor  antagonist  that  does  not  cross  the  blood-brain 
barrier,  has  been  shown  to  be  an  effective  therapy,  but  is  no 

this patient population including nausea, vomiting and diarrhea. 
Additionally,  increased  gastric  secretion  due  to  cholinergic 
activity  raises  the  risk  for  PUD  and  upper  GI  bleeding,  espe-
cially  in  the  setting  of  comorbid  conditions  and  concomitant 
medications such as anticoagulants or antiplatelet agents [402]. 
A  recent  study  utilizing  an  administrative  insurance  database 
showed that the risk for serious GI events, including ulceration, 
perforation  and  GI  bleeding  was  higher  among  AD  patients 
than age-matched controls without AD [403]. In more advanced 
disease these patients commonly manifest with oropharyngeal 
dysfunction, with dysphagia for solids and liquids, and increased 
risk of aspiration and malnutrition. Difficult decisions must be 
made, often when the patient is unable to express her/his own 
wishes, pertaining to providing or withholding enteral feedings 
that must be delivered by nasogastric tube, gastrostomy or jeju-
nostomy. Enteral alimentation permits more effective adminis-
tration of diets that can prolong the end stage of severely affected 
patients.  Enteral  support  through  feeding  tubes  is  a  form  of 
medical  treatment  that  is  not  necessarily  mandatory  for  all 
patients, and indeed would not be the choice of many compe-
tent  patients  living  in  a  nursing  home,  or  their  care  givers 
[404,405]. There is no clear benefit of tube-feeding in terms of 
functional status, nutritional status or extending life in advanced 
dementia [406]. Percutaneous endoscopic gastrostomy is easily 
applied and usually a safe procedure. Major complications have 
been estimated to occur between 1%–4% [407]. Jejunostomies 
should  be  used  only  in  patients  with  severe  gastroesophageal 
reflux, in whom they may provide additional protection against 
aspiration pneumonia.

Spinal cord disorders
Acute  spinal  cord  injury  (SCI)  is  commonly  associated  with 
ileus,  severe  gastric  stasis  and  dilatation  as  well  as  increased 
risk of GI bleeding secondary to peptic ulceration. Nasogastric 
suction  and  prophylaxis  with  continued  acid  suppression  are 
warranted.  Undiagnosed  abdominal  emergencies  account  for 
10% of all  fatalities among patients with SCI. Most complica-
tions occur within days after the injury. Ulcer perforation and 
peritonitis may not be detected initially because of myelopathy 
involving  sensory  fibers  or  because  of  concomitant  corticos-
teroid  therapy  [408].  Autonomic  dysreflexia  results  in  intense 
vasoconstriction  below  the  level  of  SCI,  with  tachycardia  or 
bradycardia,  hypertension,  diaphoresis,  headaches,  bladder 
spasms  and  diarrhea.  It  may  be  triggered  by  distension  
of  a  hollow  viscus,  secondary  to  sigmoidoscopy  or  bladder 
irritation.

After  surviving  the  acute  injury,  GI  problems  occur  in  the 
majority of patients, associated with the level of injury, severity 
and  with  the  frequent  concomitant  depression.  These  include 
constipation, distension, incontinence, abdominal pain, nausea, 
diarrhea,  straining,  rectal  bleeding,  hemorrhoids,  autonomic 
hyperreflexia,  and  headaches  or  sweats  relieved  by  a  bowel 
movement [409]. Complications include cholelithiasis, superior 
mesenteric artery syndrome, and stercoral ulcers in the rectum 
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and  porphyria  (acute  intermittent  and  variegate).  Autonomic 
dysfunction can occur in advanced liver disease. The prevalence 
and severity of autonomic dysfunction is related to the severity 
of liver damage and is independent of etiology. The presence of 
autonomic  neuropathy  is  associated  with  a  worse  long-term 
prognosis [421].

Neuromuscular disorders (Table 124.5)
Congenital muscular dystrophies
Congenital  muscular  dystrophies  (CMD)  are  clinically  and 
genetically heterogeneous neuromuscular disorders with onset 
at  birth  or  in  infancy.  Muscle  biopsy  is  compatible  with  the 
presence  of  a  dystrophic  myopathy  [422].  Although  generally 
thought of as involving only the skeletal muscle, several forms 
have been associated with motor disturbances of the GI system. 
Duchenne muscular dystrophy (DMD) is the most common of 
the  CMDs.  It  is  an  X-linked  recessive  disorder  that  usually 
presents with proximal skeletal muscle weakness by the age of 
5  years,  progressing  to  incapacitation  and  death  by  the  third 
decade of  life. Patients may experience dysphagia, nausea and 
vomiting,  as  well  as  abdominal  distension.  A  number  of  case 
reports have described acute gastric dilatation [423], and intes-
tinal pseudoobstruction in DMD [424]. Patients with oculopha-
ryngeal  muscular  dystrophy  manifest  most  commonly  with 
ptosis  and  dysphagia.  Global  degeneration  of  skeletal  muscle 
causes delayed initiation of swallowing, aspiration, and nasopha-
ryngeal regurgitation, as well as dysfunction of the external anal 
sphincter [425].

Myotonic dystrophy
Myotonic dystrophy is an autosomal dominant, slowly progres-
sive condition, with  symptoms presenting  in  the  third decade 
of  life.  The  combination  of  muscle  weakness  and  myotonia 
(delayed relaxation after initial contraction), are considered the 
hallmarks of disease [426]. GI symptoms may be the presenting 
feature, the most common being dysphagia. Weak or myotonic 
contractions of  the  tongue and pharynx can result  in oropha-
ryngeal dysphagia and aspiration. Altered motility of the upper 
and  lower  esophagus  has  been  demonstrated  as  well  [427]. 
Delayed gastric emptying, prolonged intestinal transit with bac-
terial overgrowth, increased risk for gallstones and anal sphinc-
ter dysfunction have all been described [426,428].

Amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative dis-
order  characterized  by  progressive  muscle  atrophy  and  weak-
ness. Oropharyngeal dysphagia is universal in the late stages of 
disease causing malnutrition and speeding the potential for res-
piratory  dependence.  Patients  often  need  placement  of  a  gas-
trostomy or jejunostomy which rapidly improve nutrition. Early 
nutritional support is important since a forced vital capacity of 
less than 50% is associated with increased postprocedural mor-
tality  [429].  Mitochondrial  myopathies  are  a  heterogenous 
group of disorders, caused by a defect in mitochondrial DNA. 

longer available  in  the United States. 5-HT4 receptor agonists 
that  also  stimulate  acetylcholine  release  such  as  cispapride, 
tegaserod  and  mosapride  have  also  been  shown  to  improve 
gastric emptying in PD patients, but use of these drugs has been 
limited by their potential for cardiac arrythmias. Constipation 
characterized by colonic inertia, decreased colonic motility, and 
alteration  of  puborectalis  and  anal  sphincter  function  is  very 
common  among  PD  patients.  The  severity  of  constipation  is 
correlated with disease severity. Slowed transit throughout the 
GI tract is associated with depletion of dopaminergic neurons 
in the muscularis externa, and involvement of the dorsal motor 
nucleus of the vagus, which provides parasympathetic innerva-
tion to much of the GI tract. Constipation is also aggravated by 
the  anticholinergic  effects  of  antiparkinsonian  medications. 
Pelvic  floor  dyssynergia  is  frequent  and  results  in  excessive 
straining, pain and incomplete evacuation in up to two-thirds 
of patients [416].

Autonomic dysfunction
The  autonomic  nervous  system  supplies  every  organ  in  the 
body,  and dysfunction  is  associated with orthostatic hypoten-
sion,  erectile  problems,  urinary  retention,  and  temperature 
deregulation.  Patients  with  familial  dysautonomia  present  at 
birth  with  feeding  difficulties,  poor  temperature  control,  and 
motor  incoordination.  Common  GI  symptoms  include  dys-
phagia,  gastroesophageal  reflux,  and  abnormal  swallowing 
reflexes. A large percentage of patients require feeding gastros-
tomy or funduplication. Patients may also develop diarrhea as 
a result of decreased motility and bacterial overgrowth [417].

Abnormal GI  function of  the autonomic nervous system in 
primary neurological disorders such as Parkinson disease, pan-
dysautonomia,  and  paraneoplastic  syndrome  is  manifested  by 
vomiting, small bowel bacterial overgrowth, intestinal pseudoo-
bstruction,  fecal  incontinence,  and  constipation  [418].  Idio-
pathic autonomic neuropathies are disorders of the peripheral 
nervous system with selective or disproportionate involvement 
of  autonomic  nerve  fibers  or  ganglia.  Serological  detection  of 
ganglionic acetylcholine receptor autoantibodies, defines a sub-
group with an autoimmune pathogenesis [419]. The etiology of 
this  condition  is  unknown,  but  GI  manifestations  in  these 
patients are common (between 50%–85%) and include bloating, 
early  satiety,  and  vomiting  due  to  gastroparesis,  as  well  as 
constipation.

Postprandial orthostatic hypotension is a poorly understood 
autonomic condition. Marked reduction in blood pressure after 
a meal may result in syncope, weakness, angina pectoris, nausea 
and falls. The pathophysiology is complex and includes inade-
quate  sympathetic  nervous  system  compensation  for  meal-
induced  splanchnic  pooling  of  blood,  impaired  baroreflex 
function, and peripheral vasodilation secondary to vasodilatory 
GI  peptides  and  insulin  secretion.  Similar  symptoms  are  also 
seen in the elderly without more global dysautonomia [420].

Secondary causes of autonomic neuropathy include diabetes 
mellitus,  amyloidosis,  paraneoplastic  autonomic  neuropathy, 
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Pulmonary diseases and GI manifestations 
in patients requiring intensive care

GI  symptoms  are  frequent  in  patients  after  major  surgery  or 
with  serious  medical  illness  that  are  hospitalized  in  intensive 
care units (ICU) (see Table 124.6). Up to 60% of patients exhibit 
at  least  one  GI  symptom  for  at  least  one  day.  There  is  also 
increasing  evidence  that  the  development  of  GI  problems  is 
related  to  worse  outcomes  in  critically  ill  patients  [434].  The 
acute  GI  injury  may  be  primary  (e.g.,  peritonitis,  abdominal 
trauma)  or  secondary  (e.g.,  GI  malfunction  with  pneumonia, 
acute cardiac failure). Normal GI function includes facilitating 
digestion to absorb nutrients and water, barrier control of intra-
luminal microbes, as well as endocrine and immune functions. 
Perfusion, secretion, motility and a coordinated gut-microbiome 
interaction  are  prerequisites  for  adequate  function  [435].  A 
simple clinical or laboratory marker for grading GI dysfunction 
is lacking (such as increased serum creatinine levels and reduced 
urinary output in the case of renal failure). Therefore a grading 
system  was  devised  based  on  the  ability  of  interventions  to 
restore GI function, while a condition that is immediately life-
threatening is defined with the most severe grade [436].

There is a global and progressive degeneration in muscles, and 
GI symptoms that are similar to ALS [430].

Mitochondrial neurogastrointestinal  
encephalomyopathy
Mitochondrial  neurogastrointestinal  encephalomyopathy 
(MNGIE),  a  rare  autosomal  recessive  disorder  defined  by  the 
constellation of peripheral neuropathy, opthalmoparesis and GI 
dysmotility. GI symptoms  include dysmotility, diarrhea, pseu-
doobstruction, achalasia and malabsorption [431].

Myasthenia gravis
Myasthenia gravis is an autoimmune disorder of the neuromus-
cular  junction  that  is  a  treatable  cause  of  oropharyngeal  dys-
phagia. Some patients have coexisting immunodeficiency states 
and may have intestinal villous atrophy and increased suscepti-
bility to enteric infections [432]. Stiff man syndrome consists of 
symmetrical,  progressive  stiffness  and  painful  spasm  of  axial 
musculature. In the past, it has been associated with use of some 
medications such as talwin. Dysphagia may develop related to 
muscle spasm of the cricopharyngeus and upper esophagus as 
well as delayed gastric emptying [433].

Table 124.5 Gastrointestinal manifestations of neuromuscular disorders.

Disorder Symptoms Causes

Amytrophic lateral sclerosis Dysphagia with aspiration and inanition Oropharyngeal dysfunction

Autonomic dysfunction Vomiting; bloating Decreased gastric emptying

Small bowel bacterial overgrowth Constipation Small bowel/colonic pseudoobstruction

Dementia syndromes Dysphagia, aspiration, feeding problems Oropharyngeal dysfunction

Migraine Vomiting, abdominal pain, diarrhea Secondary to headache attack

Multiple sclerosis Dysphagia with aspiration; constipation Oropharyngeal dysphagia

Prolonged transit time, decreased gastrocolic 
reflex, difficulty in transferring for toileting

Fecal incontinence Decreased perception of rectal distention, decreased 
anal sphincter function

Muscular dystrophies, oculopharyngeal Dysphagia with aspiration; GERD; fecal 
incontinence

Oropharyngeal dysfunction; LES dysfunction; 
decreased anal sphincter tone

Duchenne muscular dystrophy Nausea/vomiting; abdominal distention; 
constipation

Decreased gastric emptying; prolonged transit time; 
pseudoobstruction

Myasthenia gravis Dysphagia Oropharyngeal dysfunction

Myotonic dystrophy Dysphagia/aspiration; bloating, constipation; 
fecal incontinence

Myotonic contractions of the tongue and pharynx; 
prolonged transit time; decreased anal sphincter tone

Parkinson disease Dysphagia, constipation Oropharyngeal dysfunction

Decreased colonic motility, impaired 
defecation, anticholinergic medications

Spinal cord disorders Heartburn, bloating; constipation; fecal 
incontinence

High number of lesions impairs gastric and small 
bowel transit; decreased rectal sensation; impaired 
voluntary control of defecation and anal sphincter

GERD, gastroesophageal reflux disease; LES, lower esophageal sphincter.



Gastrointestinal manifestations of systemic diseases CHAPTER 124      2433

Table 124.6 Factors contributing to gastrointestinal dysfunction in patients who require critical care.

Decreased absorptive capacity

Direct injury to epithelial surface area: infections (C diff., CMV), bacterial overgrowth (secondary to dysmotility, PPIs), trauma, bowel resection, NSAID 
induced ulcerations

Reduced splanchnic flow: hypotension, adrenergic (/positive ionotropic) agents, mesenteric ischemia??

Decreased lymphatic or venous flow: heart failure, increased intra-abdominal pressure, mechanical ventilation

Dysmotility

Dysbalance of the autonomic nervous system: Hyperglycemia, adrenergic agents, increased intracranial pressure, absent cephalic phase of gastro-
duodenal motility in unconscious patients

Small bowel infusion of nutrients: elevated levels of CCK and peptide YY

Abnormal migrating motor complex (MMC) propagation

Reduced propagation of peristalsis: Electrolyte disturbances e.g. hypokalemia

Medications: Opiates, Midazolam, Dopamine, Proton pump inhibitors, Calcium channel blockers, Tricyclic anti-depressants

Gastrointestinal bleeding

Stress induced hemorrhagic gastritis and gastro-duodenal ulceration

Medications: NSAIDS, antiplatelet therapy, anticoagulants, corticosteroids

Underlying disease: e.g. Cirrhosis, Renal failure, atherosclerosis and mesenteric ischemia

Gastrointestinal immune and endocrine dysfunction

Malnutrition

Changes in the normal flora of the gut antibiotic therapy, bacterial overgrowth

Elevated levels of CCK and peptide YY

Hepatic dysfunction

Ischemic hepatitis: post hypotension, acute on chronic respiratory failure

Infections with direct involvement of the liver

Systemic extra-hepatic infections (sepsis): endotoxemia, pro-inflammatory cytokines

Post-operative jaundice: Hemolysis, destruction of transfused erythrocytes, resorption of hematomas, ischemic hepatitis, drug/anesthetic induced 
hepatotoxicity, extrahepatic infection, sepsis, TPN

Medications

Other gastrointestinal manifestations

Acalculous cholecystitis

Ischemic colitis

Adequate nutrition  is  a  crucial  factor  in meeting  the meta-
bolic needs of intensive care patients, as acute critical illness is 
characterized by a heightened catabolic state [437]. Up to 40% 
of patients admitted  to  the  ICU may have moderate  to  severe 
malnutrition, which is associated with increased morbidity and 
mortality  [438].  Nutritional  support  should  preferentially  be 
delivered  enterally,  as  this  maintains  tight  junctions  between 
epithelial cells, stimulates blood flow to the gut, and promotes 
intestinal immunity [439,440].

GI dysmotility  in  the critically  ill  is  a common occurrence. 
Gastroesophageal reflux as well as delayed gastric emptying may 
lead  to  increased  risk  of  aspiration  and  intolerance  of  enteral 
nutrition. The incidence of ileus is as high as 50% to 80% in the 
critical care population [441], and  is characterized by delayed 
passage of stool and flatus, nausea, vomiting, abdominal disten-
sion, and tenderness. A major etiology for GI dysmotility is the 
medications used in the ICU [442]. Opiate administration acts 
to delay gastric emptying through antral hypomotility, pyloric 
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anesthetic  and  other  medications,  and  use  of  total  parenteral 
nutrition  (TPN).  Hemolysis  of  transfused  red  blood  cells, 
resorption  of  hematomas,  Gilbert’s  syndrome  and  hemolytic 
diseases may contribute to increased bilirubin loads and jaun-
dice. Ischemic liver injury as well as hepatotoxicity due to drugs 
or anesthetics, such as halothane, is characterized by markedly 
abnormal  aminotransferase  levels  as  well  as  lactic  dehydroge-
nase  (LDH)  [455,456].  Screening  for  infections  and  exclusion 
of  etiologies  such  as  sepsis,  bacterial  abscess,  extrahepatic 
obstruction  or  acalculous  cholecystitis  is  critical,  since  these 
require  additional  intervention.  Judicious  use  of  noninvasive 
and invasive medical imaging and liver biopsy may be required 
in selected cases.

Cystic fibrosis
Cystic fibrosis (CF) is the most common genetic illness among 
Caucasians, with an incidence of about 1 per 2500 [457]. Muta-
tions in the CF transmembrane conductance regulator gene on 
the  long  arm  of  chromosome  7  lead  to  a  defect  in  mucosal 
cAMP ion and water transport [458]. A net shift of fluid from 
the lumen results in viscous secretions and duct obstruction in 
the respiratory tract, salivary glands, pancreas, intestinal lumen, 
and biliary tree [459]. The prevalence of CF has risen dramati-
cally among adult patients  in  the  last  two decades  [460]. This 
may be attributed to improved survival of patients diagnosed in 
infancy, mainly due to advanced treatment of respiratory com-
plications  and  more  efficacious  nutritional  support,  as  well  as 
increased awareness of the disease [461]. Adults that have severe 
genotypic expression of  the  regulator gene commonly present 
with  distal  intestinal  obstruction  syndrome  (DIOS),  which  is 
the equivalent to meconium ileus in infants [462]. Mineral oil 
or acetylcysteine may be useful. Recurrent use of GI lavage with 
Golytely also may be helpful in reducing the symptoms of bloat-
ing  and  distension  that  characterize  DIOS.  Gastresophageal 
reflux is found in the CF population and may enhance the pul-
monary  symptoms.  Contributing  factors  are  increased  fre-
quency  of  transient  lower  esophageal  sphincter  relaxations 
(TLESRs),  decreased  saliva  production,  GI  hypomotility, 
chronic cough and the need for postural drainage of pulmonary 
secretions [463]. Essentially all patients have severe nutritional 
impairment caused by pancreatic insufficiency and manifested 
by steatorrhea and malabsorption of nonfat nutrients. Protein–
calorie malnutrition is aggravated by the catabolic state induced 
by chronic respiratory tract infections but may also contribute 
to worsening lung disease. A minority of CF patients carrying 
milder  CF  transmembrane  conductance  regulator  (CFTR) 
mutations have preserved pancreatic secretory activity and are 
free from significant malabsorption early in life. However, these 
patients  are  at  risk  for  losing  pancreatic  function  over  time. 
Treatment programs  that place an emphasis on higher caloric 
intake  and  more  aggressive  nutritional  management  in  CF 
patients  report  better  outcomes.  Basic  tenets  of  nutritional 
repletion in CF include the use of pancreatic enzyme replace-
ment  therapy  and  following  a  high  calorie,  high  protein, 

hyperactivity, and prolonged migrating motor complex (MMC) 
duration [443]. Several other medications typically used in the 
critical  care  setting  have  been  showed  to  reduce  GI  motility 
[444,445].  Overactive  responses  to  small  bowel  nutrient  infu-
sion can be an important factor in delayed gastric emptying, as 
elevated levels of cholecystokinin (CKK) and peptide YY (that 
cause antral hypomotility and pyloric hyperactivity) have been 
found in critically ill patients [446].

Acute stress-induced gastropathy is a common finding, and 
the propensity for clinically significant hemorrhage is increased 
in patients on mechanical ventilation and receiving antiplatelet 
or  anticoagulation  therapy.  Ischemia  may  also  play  a  role  in 
gastric  injury.  Other  manifestations  seen  in  the  ICU  setting 
include  acalculous  cholecystitis  that  may  present  with  acute 
abdominal  pain  or  abdominal  sepsis.  Ischemic  colitis  may 
develop  following  cardiac  arrest  or  hypotension.  Hepatic  dys-
function also occurs commonly in the ICU setting, and mani-
fests as discrete clinical syndromes. Ischemic hepatitis may be 
the  result  of  severe  hypotension  with  very  high  elevation  of 
transaminases (in the range of thousands IU). Acute exacerba-
tion  of  chronic  respiratory  failure  may  cause  hepatic  damage 
through  a  combination  of  severe  arterial  hypoxemia  and  ele-
vated central venous pressure while the cardiac index is actually 
increased [447]. The liver may be directly involved during sys-
temic infection by certain pathogens (e.g., typhoid fever, myco-
bacteria, rickettsia, spirocheta, viral, fungal and parasitic) [448]. 
However, jaundice and intrahepatic cholestasis are well known 
complications of sepsis with absence of evidence of direct inva-
sion  of  the  liver  by  the  infectious  agent.  The  development  of 
jaundice  may  occur  from  aberrant  processing  of  bilirubin  by 
hepatocytes, increased bilirubin load by hemolysis or cholesta-
sis from the septic state [449]. Various investigations have con-
firmed the central role of endotoxemia, as circulating endotoxin 
impairs bile acid transport, and stimulates the release of proin-
flammatory cytokines such as TNF, IL-1 and IL-6 which appear 
to  be  the  final  common  mediators  for  cholestasis  [450,451]. 
Hepatocellular  injury  is not considered a  frequent occurrence 
during  extrahepatic  bacterial  infection.  Studies  that  reviewed 
liver histology have noted very mild to no inflammation [452]. 
The presence of jaundice or the degree of its severity does not 
seem  to  influence  survival  or  predict  the  overall  prognosis  of 
the patient. Ultrasonographic evaluation is indicated to rule out 
a potentially treatable hepatobiliary cause of sepsis (e.g., biliary 
obstruction, hepatic abscess).

Mild  abnormalities  of  liver  enzymes  are  common  after 
surgery (occur in up to 75% of patients) [453]. Whereas post-
operative jaundice is unusual in patients without liver disease, 
47% of patients with cirrhosis will become icteric [454]. Multi-
ple  factors  may  contribute  to  liver  enzyme  abnormalities  and 
need to be addressed when evaluating patients postoperatively. 
A careful history and physical examination should also include 
a review of preoperative liver enzymes and bilirubin, assessment 
of  the  type  of  surgery  performed,  number  of  blood  products 
transfused,  perioperative  hemodynamic  parameters,  type  of 
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the  strict  exclusion  of  eating  before  bedtime  and  prolonged 
potent acid  inhibition with PPIs  [475,476]. However,  in a sig-
nificant  percentage  of  asthmatics,  GERD  is  clinically  silent  or 
associated  with  only  mild  symptoms.  Empiric  treatment  of 
clinically  silent  GERD  in  patients  with  uncontrolled  asthma 
does  not  seem  to  be  an  effective  therapy  [472].  Because  of 
uncertainties  in  demonstrating  a  causal  relationship  between 
asthma  and  GERD,  antireflux  surgery  should  be  considered 
carefully [477].

Chronic  idiopathic  cough  is  commonly  associated  with 
GERD [478]. Even in the absence of heartburn, acid may trigger 
nocturnal cough or laryngospasm. Laryngospasm may be mis-
taken for asthma unless appropriate pulmonary  function tests 
are employed. Evaluation and management are the same as for 
asthma.

Chronic  obstructive  pulmonary  disease  is  associated  with 
peptic ulcers. The etiology of peptic ulceration remains obscure, 
but the risk of gastric ulcer appears to increase with the amount 
of cigarettes smoked per day [479].

Vasculitides

Behçet disease
Behçet  disease  (BD)  is  a  systemic  inflammatory  vasculitis  of 
unknown etiology, characterized by relapsing episodes of oral 
aphthous  ulcers,  genital  ulcers,  skin  lesions,  ocular  lesions, 
arthritis,  and  migratory  thrombophlebitis  [480].  It  is  found 
worldwide but is most prevalent in the countries of the eastern 
Mediterranean  and  the  eastern  rim  of  Asia,  with  the  highest 
prevalence reported in Turkey. Pathergy, is a nonspecific hyper-
reactivity of  the skin  following minor  trauma, and  is virtually 
pathognomonic for the disease. The HLA-B51 allele located in 
the  MHC  (major  histocompatibility  complex)  locus,  on  chro-
mosome 6p has been the most strongly associated risk factor for 
BD, with a stronger association in Turkish and Japanese patients 
than  in  Caucasians  [481].  BD  manifests  in  the  GI  tract  as  a 
lymphocytic  vasculitis  in  the  venules  of  the  bowel  wall,  with 
consequent chronic inflammation and ulceration.

Oral  lesions  are  similar  to  common  oral  aphthous  ulcers, 
although they can be more painful and wider. They may occur 
as single ulcers or in crops, and usually heal without scarring. 
Esophageal involvement is rare, with single or multiple erosions 
or  ulcerations.  Mucosal  inflammation  and  ulcers  can  occur 
throughout the GI tract, more frequently in the ileocecal region, 
less frequently in the colon and sparing the rectum. The inflam-
mation is transmural and extends to the serosa. Intestinal bleed-
ing  or  perforation  may  result  [482].  Other  than  symptomatic 
Budd–Chiari syndrome, involvement of the liver and spleen are 
rare. Typically, such patients have cavernous transformation of 
the portal vein, associated with portal vein, inferior venal cava, 
and hepatic venous thrombosis. Once established the presence 
of Budd–Chiari in the patient with BD, indicates a poor prog-
nosis [483].

unrestricted diet  [464]. Prolonged administration of  excessive 
doses of pancreatic enzymes may cause a fibrosing colonopathy 
manifested by bloody diarrhea associated with diffuse narrow-
ing  of  the  colon  (mostly  the  right  colon)  with  rectal  sparing 
[465]. Symptomatic osteomalacia is a sequela of chronic steator-
rhea;  25-hydroxyvitamin  D  levels  should  be  monitored,  and 
supplemental calcium and vitamin D should be provided [466], 
and medications for osteopenia considered. Clinically apparent 
liver disease usually develops during or before puberty with a 
prevalence of 13%–17%. Focal biliary cirrhosis is usually asymp-
tomatic, but up to 10% of children with CF develop confluent 
biliary cirrhosis and progressive portal hypertension. Ursodiol 
improves liver function tests, but it is unclear whether fibrosis 
is  retarded.  Although  there  are  several  studies  on  improved 
pulmonary function, prolonged survival and improved quality 
of life in patients with CF who have undergone liver transplan-
tation, there is as much evidence to suggest no benefit to liver 
transplantation  [467].  A  greater  than  expected  incidence  of 
malignancies  of  the  GI  tract  has  been  reported  [468].  Other 
studies have found an increased risk for non-GI cancers includ-
ing  kidney,  thyroid,  endocrine,  lymphoma  and  nonmelanoma 
skin cancer [469].

Alpha-1-antitrypsin deficiency
Alpha-1-Antitrypsin (A1AT) deficiency is an autosomal codo-
minant  disease  that  can  cause  chronic  liver  disease,  cirrhosis, 
and  hepatocellular  carcinoma  in  children  and  adults  and  is  
associated with emphysema in adults. For a more detailed dis-
cussion, see Chapter 102.

Obstructive pulmonary diseases and  
chronic cough
Gastroesophageal  reflux  disease  (GERD)  is  present  in  three-
fourths  of  asthmatic  patients  [470]  and  may  be  worsened  by 
the use of asthma medications (theophylline, β-adrenergic ago-
nists)  that  lower  esophageal  sphincter  pressure.  Symptomatic 
GERD  may  also  complicate  the  course  of  the  lung  disease. 
Worsened wheezing is thought to result from the aspiration of 
gastric contents, although reflex bronchial constriction has also 
been  suggested  as  a  mechanism  [471].  Initial  studies  focused 
on the effects of treatment of GERD on asthma outcomes sug-
gested  an  overall  improvement  in  asthma  symptoms  [472]. 
Current guidelines recommend a  trial of GERD treatment  for 
symptomatic  uncontrolled  asthma  even  without  symptoms  of 
GERD [473]. However, recently a  large multicenter trial dem-
onstrated that the treatment of asymptomatic GERD with PPIs 
did not  improve asthma control  in  terms of pulmonary  func-
tion,  and  rate  of  asthma  exacerbations  [474].  Thus,  the  rela-
tionship  between  GERD  and  asthma  control  remains  unclear. 
The treatment of  symptomatic GERD in patients with asthma 
is  important  to  control  the  underlying  GERD  and  should  
be undertaken based upon current guidelines for treatment of  
the  GERD.  Therapy  of  GERD  in  this  setting  usually  requires 
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Polyarteritis nodosa
Polyarteritis nodosa (PAN) is a systemic necrotizing vasculitis 
that  affects  small  and  medium-sized  arteries  of  nearly  every 
organ  system  (Figure  124.9).  The  transmural  inflammation 
which is characterized by fibrinoid necrosis and infiltration pre-
dominantly  by  polymorphonuclear  leukocytes,  weakens  the 
arterial wall, resulting in stenosis, thrombosis, aneurysmal dila-
tation, and rupture. The organs  supplied by  these vessels may 
have  impaired  perfusion,  resulting  in  ulcerations,  infarcts,  or 
ischemia. Recently distinguished from PAN, microscopic angii-
tis is an ANCA-positive systemic vasculitis of small-size vessels, 
smaller  than  arteries,  characterized  by  rapidly  progressive 
glomerulonephritis and pulmonary involvement that is usually 
absent  in  PAN.  The  absence  of  necrotizing  granulomatous 
inflammation separates this entity from Wegener granulomato-
sis and Churg–Strauss syndrome. The GI manifestations of the 
two disorders are similar [490].

The onset of PAN is usually gradual, and initial symptoms are 
often  nonspecific.  Constitutional  symptoms  such  as  malaise, 
weight  loss, and fever are common. Organ specific manifesta-
tions include myopathy, arthritis, renal involvement, peripheral 
neuropathy as well as central nervous system involvement. The 
frequency of HBV in PAN has declined to 7%, since the advent 
of immunization programs and testing of blood products [491]. 
GI  involvement  occurs  in  14%  to  65%  of  patients,  and  when 
present carries a poor prognosis [492]. Abdominal pain is  the 
most common symptom developing over weeks or months, and 

Churg–Strauss syndrome
Churg–Strauss  syndrome  (CSS)  is  an  uncommon  systemic 
necrotizing  vasculitis  that  involves  small  and  middle-sized 
blood vessels of different organs, such as the lungs, peripheral 
nerves,  skin,  heart,  and  GI  tract.  Three  clinical  phases  which 
may overlap have been recognized [484]. An initial prodromal 
phase can last months to years. Asthma is the main manifesta-
tion, but this phase may include arthralgias, myalgias, malaise, 
fever, and weight loss. The second phase presents with periph-
eral  eosinophilia  and  may  be  associated  with  organ  involve-
ment. Characteristic eosinophilic  infiltrates occur in the lungs 
or  the  GI  tract,  causing  an  eosinophilic  gastroenteritis.  The 
symptoms  of  eosinophilic  gastroenteritis  include  abdominal 
pain, nausea, vomiting, diarrhea, and occasionally GI bleeding. 
The third phase of the disease has been associated with the onset 
of  vasculitis.  Involvement  of  the  peripheral  nervous  system  is 
the most common manifestation of vasculitis in CSS. Mesenteric 
vasculitis  may  manifest  as  intestinal  ischemia,  ulceration  and 
perforation, as well as acute cholecystitis, and is similar to that 
found in polyarteritis nodosa. Recent observations have pointed 
out two different disease patterns based on the clinical and labo-
ratory  features  and  the  presence  or  absence  of  antineutrophil 
cytoplasmic  antibody  (ANCA)  [485].  ANCA-positive  patients 
tend to have a higher incidence of necrotizing glomerulonephri-
tis,  purpura,  alveolar  hemorrhage,  neuropathy,  and  biopsy-
proven  vasculitis.  ANCA-negative  patients  have  had  higher 
eosinophilic  counts  and  tissue  infiltration,  parenchymal  lung 
disease, heart disease, and fever. Treatment of patients with CSS 
must be tailored according to the severity of disease. High-dose 
corticosteroids and cyclophosphamide are still the gold stand-
ard  combination  for  severe  cases,  but  use  of  biological  agents 
such  as  rituximab  seems  to  be  a  promising  alternative  for 
patients with ANCA-associated vasculitis, including CSS [486].

Wegener granulomatosis
Wegener  granulomatosis  (WG)  is  an  ANCA-positive,  small- 
and medium-sized vessel  vasculitis,  characterized by granulo-
matous  inflammation.  WG  primarily  involves  the  upper  and 
lower respiratory tract and kidneys, but it may also affect mul-
tiple  other  organs,  including  the  GI  tract.  Localization  of  the 
disease  to  only  the  respiratory  tract  and  lungs  without  renal 
involvement  is  defined  as  the  limited  form.  Manifestations  of 
upper airway disease are sinus pain and purulent drainage, nasal 
mucosal  ulceration  and  otitis  media.  Tracheal  inflammation 
causes stridor and may  lead to dangerous airway compromise 
[487]. In clinical studies, involvement of the GI tract in WG is 
the least common among vasculitides [83]. Clinical manifesta-
tion  may  vary  between  temporary  abdominal  pain  to  life-
threatening hemorrhage and perforation. Hyperplastic granular 
gingivitis  is a  rare manifestation but  is nearly pathognomonic 
for the disease [488]. Odynophagia manifesting as punched out 
ulcers in the esophagus has been reported [489]. The associated 
vasculitis  may  result  uncommonly  in  intestinal  or  colonic 
ischemia, bleeding, and perforation [487].

Figure 124.9 Polyarteritis nodosa. Typical aneurysmal dilation of small 
and medium-sized arteries.
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vasculitis is caused by immune complexes of mixed cryoglobu-
lins in the walls of venules, capillaries, and arterioles, and gener-
ally  leads  to  a  systemic  inflammatory  syndrome.  It  is 
characterized  by  fatigue,  arthralgia,  purpura,  neuropathy  and 
glomerulonephritis.  Mixed  cryoglobulins,  rheumatoid  factor, 
and low levels of C4 are typically found in the serum. Cryoglob-
ulinemia occurs in a variety of clinical settings, such as lympho-
proliferative disorders, infections, and autoimmune diseases, or 
as  an  idiopathic  process.  Cryoglobulinemic  vasculitis  is  most 
often associated with chronic hepatitis C [501].

GI  involvement,  such  as  recurrent  episodes  of  crampy 
abdominal pain, enterocolitis, and rarely, small or  large bowel 
ischemia, have been reported.

Mixed  essential  cryoglobulinemia  (MEC)  is  commonly 
attributable to chronic hepatitis C infection with viral antigens 
being  a  component  of  precipitates.  For  patients  with  chronic 
HCV  infection,  antiviral  therapy  is  indicated.  Intense  immu-
nomodulatory  therapy,  including  steroids,  plasmapheresis 
cyclophosphamide  and  rituximab,  is  reserved  for  organ-
threatening or recalcitrant disease [502].

Giant cell arteritis
Giant  cell  arteritis  (GCA)  is  a  granulomatous  disease  that 
usually involves large-sized arteries, including the aorta, and the 
temporal arteries. It very rarely affects people younger than 50 
years of age, and the incidence rises markedly with increasing 
age, peaking  in  the eighth decade of  life. Temporal arteritis  is 
the most typical presentation. Common ischemic complications 
include headache,  scalp  tenderness,  and  jaw claudication. The 
most  dreaded  ischemic  complication  is  visual  loss.  Frequent 
manifestations of systemic inflammation are polymyalgia rheu-
matica as well as fatigue, general malaise, fever, anorexia, weight 

if  it  is  the  result  of  mesenteric  ischemia,  worsens  after  meals. 
Other manifestations include nausea, anorexia, mucosal ulcera-
tion, intestinal bleeding and diarrhea [493]. The most common 
causes of an acute abdomen in PAN are bowel infarction, per-
foration, cholecystitis, and gallbladder infarctions [494]. Clini-
cal  manifestations  related  to  liver  disease  are  quite  rare. 
Intrahepatic sclerosing cholangitis may be related to vasculitis 
of  small  arteries  supplying  the  small  bile  ducts.  Pancreatic 
involvement  manifests  with  acute  pancreatitis,  pancreatic  inf-
arcts or a pancreatic mass. Typical aneurysmal dilatation of the 
small and medium-sized arteries on arteriography may provide 
a clue to the diagnosis, and tissue biopsy (commonly the sural 
nerve, muscle, and skin lesions if present) may confirm it. Cor-
ticosteroid and cyclophosphamide are the mainstays of therapy 
and have decreased mortality [493].

Henoch–Schönlein purpura (IgA Vasculitis)
Henoch–Schönlein  purpura  (HSP)  is  the  most  common  sys-
temic vasculitis of childhood. It is characterized by deposition 
of IgA1-dominant immune complexes in small vessels, resulting 
in necrosis of the wall with infiltration of the tissue with neu-
trophils, a picture called leukocytoclastic vasculitis. HSP often 
involves the skin and GI tract, and frequently causes arthritis. 
The onset of HSP is often associated with an upper respiratory 
tract or GI infection [495]. HSP may be associated with malig-
nancies  in  adults  (most  often  males  over  the  age  of  60  years) 
[496].  The  diagnostic  criteria  include  palpable  purpura  in  the 
presence of at least one of the following: diffuse abdominal pain; 
biopsy  indicative  of  predominant  IgA  deposition;  arthritis  or 
arthralgia;  renal  involvement  (hematuria  and/or  proteinuria) 
[497]. GI symptoms include abdominal pain, vomiting, diarrhea, 
intestinal obstruction and intussusception, and can precede the 
onset of the characteristic purpuric rash. The abdominal pain is 
characteristically colicky and localized to the periumbilical and 
epigastric regions. It worsens after meals similar to bowel angina 
or  ischemia.  The  small  bowel  is  the  most  frequently  involved 
site. The second portion of the duodenum is characteristically 
involved  more  than  the  bulb  (Figure  124.10).  Radiographic 
findings  include  thickening  of  small  bowel  folds,  colonic  wall 
edema  and  intussusception.  Endoscopic  findings  include 
redness, swelling, submucosal hemorrhage, erosions and ulcera-
tions of the mucosa [498]. HSP may coexist with Crohn’s disease 
or  may  mimic  its  findings  with  ileitis  or  colitis.  Over  80%  of 
patients recover within 2 weeks, while a third may have one or 
more recurrence which is usually milder than the initial pres-
entation [499]. HSP in adults is associated with more frequent 
and  severe  kidney  disease.  The  efficacy  of  corticosteroids  to 
prevent  severe  complications  or  relapses  is  controversial,  but 
should  be  targeted  to  patients  who  have  a  high-risk  of  renal 
involvement [500].

Cryoglobulinemia
Cryoglobulins are immunoglobulins that precipitate at low tem-
peratures  and  redissolve  upon  rewarming.  Cryoglobulinemic 

Figure 124.10 Henoch–Schönlein purpura. Thickened folds in the second 
part of the duodenum.
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be  compromised  [516,517]  in  persons  with  IBD  and  a  mood 
disorder. Stress can negatively impact on the course of the IBD. 
In  a  population-based  cohort  study  of  approximately  600 
persons  with  IBD,  stress  was  the  only  factor  that  predicted  a 
symptomatic flare of disease [518]. It is little surprise that IBD, 
a condition that for some can be debilitating, is associated with 
a  two-fold  increased  risk  of  mood  disorders  compared  to  the 
general population [519]. However, about one-half of those with 
a mood disorder (54%) experienced a first episode of depression 
more  than  2  years  before  the  onset  of  IBD.  There  was  also  a 
trend to a higher lifetime prevalence of panic disorder for those 
with IBD, with almost double the  level compared to the com-
munity. Hence, the presence of a mood disorder long antedating 
the  IBD  diagnosis  might  suggest  that  these  conditions  share 
predisposing factors. Other large population-based studies have 
had similar findings of significantly higher rates of depression 
and  anxiety  in  the  IBD  sample  than  in  controls  [520,521]. 
Pyschotropic medications and psychoactive interventions have 
only been minimally studied in IBD and more data are required 
to determine if these treatments can enhance IBD outcomes as 
well as improving mental health. Since stressors are common in 
IBD [522] and stress may be associated with increased clinical 
symptoms, stress management is an important adjunct to IBD 
management [523]. The periods around the onset of the disease, 
as well as periods of disease flare, are  times of higher  risk  for 
depression and anxiety in IBD [524].

Heavy metal toxicity

Arsenic poisoning
Arsenic  poisoning  is  endemic  in  many  parts  of  the  world, 
including North America, as a result of environmental contami-
nation. Arsenic compounds continue to be used commercially, 
particularly in the preservation of wood, mining, and the manu-
facture of glass and metal [525]. Acute arsenic poisoning results 
in  a  reversible  inactivation  of  sulfhydryl-containing  enzymes. 
Cellular  oxidative  processes  are  blocked  and  tissue  hypoxia 
ensues.  Patients  present  with  severe  colicky  abdominal  pain, 
nausea,  vomiting,  profuse  diarrhea,  malodorous  (“garlicky”) 
breath, dysphagia, hepatomegaly, jaundice, and circulatory col-
lapse. Quantities of 100–300 mg may be fatal in an adult. Quan-
titative  measurement  of  24-h  urinary  arsenic  excretion  is  the 
only  reliable  test  to  confirm  arsenic  poisoning.  Treatment 
includes  gastric  lavage,  chelation  therapy  (e.g.,  British  anti-
Lewisite  [BAL,  dimercaprol]  or  D-penicillamine),  and  cardi-
orespiratory  support  [525].  Chronic  arsenic  toxicity  often 
manifests as nonspecific symptoms, including weakness, nausea, 
diarrhea,  or  constipation.  Macular  skin  pigmentation,  leuko-
derma, keratotic lesions of the palms and soles, pancytopenia, 
edema, peripheral vascular disease, neuropathy, cirrhosis, and 
accompanying  presinusoidal  portal  hypertension  may  appear 
alone  or  in  combination  [526,527].  The  diagnosis  of  chronic 
arsenic  intoxication  is  made  by  measuring  arsenic  levels  in 

loss,  and  night  sweats.  This  is  accompanied  by  elevated  acute 
phase reactants in >90% of patients. GI involvement is rare but 
occurs  secondary  to  fibrinoid  necrosis  of  mesenteric  vessels 
resulting in visceral ischemia, bleeding and perforation. Serum 
alkaline  phosphatase  of  hepatic  origin  is  often  elevated  in 
patients  with  polymyalgia  rheumatica,  and  it  parallels  disease 
activity and returns to normal with steroid treatment. A limited 
number  of  reports  have  described  hepatic  granulomas  in 
patients with GCA [503].

Mood disorders

Anxiety and depression are the most common psychiatric dis-
orders, with  incidence  rates of 18% and 10% respectively  and 
the  highest  prevalence  in  young  adulthood.  They  are  also 
common  diagnoses  in  persons  with  GI  diagnoses.  Nausea, 
abdominal  pain,  and  altered  bowel  habit  are  common  com-
plaints in persons with emotional distresses ranging from acute 
stress to mood disorders such as anxiety or depression. Hence, 
the interaction between mental health and GI symptoms is two 
way.  Depression  induces  an  autonomic  imbalance  with 
impaired  parasympathetic  function  and  a  dominant  sympa-
thetic  drive  [504].  This  impacts  GI  responses.  Patients  with 
major depression have increased concentrations of adrenocor-
ticotropic hormone and cortisol, as well as increases in cerebro-
spinal  fluid  measures  of  corticotrohin  releasing  factor  (CRF) 
[505], all of which have effects on GI immune responses. Even 
stress alone in the absence of a mood disorder  induces modi-
fications  of  motility,  secretion,  visceral  sensitivity,  intestinal 
permeability, and local inflammatory responses in the GI tract 
[506,507]. The association of a mood disorder or the experience 
of an acute or chonic stress with exacerbation of the symptoms 
of  functional  GI  disorders  such  as  irritable  bowel  syndrome 
(IBS),  or  functional  dyspepsia  is  well  documented  [508–512]. 
Drossman’s biopsychosocial model of IBS integrates [513] early 
life  factors  (e.g.,  genetic  predisposition  and  environmental 
influences) with  later psychosocial  factors, physiological  func-
tioning,  and  their  interaction  via  the  central  nervous  system 
(CNS) / enteric nervous system (ENS) axis. This global model 
proposes  that  the  combined  and  integrated  effects  of  altered 
physiology and psychosocial  functioning affect how GI symp-
toms  are  experienced,  the  individual’s  response  to  symptoms, 
and ultimately the outcome (e.g., taking medications, physician 
visits, daily  functioning, quality of  life). Psychotropic medica-
tion and psychotherapies such as cognitive behavioral therapy 
have  a  role  in  treating  IBS  and  other  functional  GI  disorders 
(see Chapter 75).

In  recent  years  the  association  of  mood  disorders  and  IBD 
has  been  better  described.  Depression  is  associated  with  a 
greater  likelihood  of  more  frequent  or  earlier  relapse  [514]. 
There is evidence of significantly poorer adherence to treatment 
regimens by those with a comorbid psychiatric disorder [515]. 
Finally,  overall  quality  of  life  has  also  been  found  to 
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unreliable  predictor  of  body  lead  stores,  as  they  reflect  only 
recent exposure. The diagnosis of lead intoxication is best estab-
lished by measuring 72-h urine lead levels after administration 
of calcium disodium edetate [533]. Treatment of lead poisoning 
with parenteral or oral [527] chelating agents is usually success-
ful if the diagnosis is made in time.
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tissue samples (e.g., hair, nails). An association with cutaneous, 
hematological, respiratory, and hepatic malignancies (angiosa-
rcoma) has also been suggested [528].

Gold
Gold preparations (e.g., gold sodium thimalate, auranofin) have 
long been used as disease-modifying treatment of rheumatoid 
arthritis.  Adverse  effects  include  aplastic  anemia,  proteinuria, 
rash, stomatitis, and diarrhea [529]. The last effect is particularly 
common  with  auranofin,  an  oral  preparation  that  increases 
intestinal  permeability  and  decreases  intestinal  transit  time. 
Rarely,  gold  can  induce  a  severe  enterocolitis,  with  markedly 
ulcerated small and large intestinal mucosa. The clinical picture 
can mimic ulcerative jejunoileitis seen in celiac sprue, or small 
intestinal lymphoma. The clinical course may be protracted and, 
if the relationship to gold therapy is not appreciated, there may 
be a need for laparotomy. Gold should be withdrawn as soon as 
the condition is recognized. Severe, reversible cholestatic hepa-
titis has also been reported [530].

Lead poisoning
Lead poisoning remains the most common form of heavy metal 
intoxication, often producing vague, nonspecific, and transient 
symptoms. Inner-city children in major metropolitan areas are 
at particularly high risk of lead-based paint ingestion. The diag-
nosis  should  be  considered  in  patients  with  abdominal  com-
plaints and a history of occupational or environmental exposure, 
such as ingestion or removal of lead-based paints, manufacture 
of batteries or jewelry, welding, automobile radiator repair, and 
eating  from  painted  dishes  acquired  abroad  [531].  Common 
symptoms include recurrent severe abdominal pain (lead colic), 
oral ulcers, constipation, stocking–glove paresthesias, psychiat-
ric symptoms, and a metallic taste in the mouth. Physical find-
ings include a gingival lead line (absent in edentulous patients) 
and peripheral neuropathy. Anemia and renal dysfunction also 
may  be  evident  at  presentation  [532].  Lead  inhibits  enzymes 
involved  in  the  synthesis  of  heme,  and  secondary  porphyria, 
characterized by elevated ALA and other porphyrin metabolites 
in  the  urine,  may  result.  Blood  lead  concentrations  are  an 
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Introduction

Many diseases of the gastrointestinal (GI) tract can have char-
acteristic manifestations arising in the skin, hair, and nails. The 
integumentary and GI systems share epithelial and connective 
tissue structural elements that may partly contribute to direct 
disease manifestations in these two systems. Cutaneous mani-
festations may be apparent before, concomitantly with, or after 
the development of GI disease. Diseases involving both the skin 
and GI tract may be inherited or acquired. Recognition of cuta-
neous manifestations of GI diseases may help secure an elusive 
diagnosis, carry implications for treatment, or identify patients 
at risk for developing cancer. In this chapter, the cutaneous 
manifestations of GI diseases are presented with emphasis on 
epidemiology, pathophysiology, clinical manifestations, and 
treatment considerations. Dermatological terminology is 
defined in Box 125.1.

Inherited disorders

Inherited disorders with an increased risk  
of GI malignancy
Muir–Torre syndrome
Muir–Torre syndrome (MTS) is a variant of Lynch syndrome 
(hereditary nonpolyposis colorectal cancer) characterized by 
the cooccurrence of visceral malignancies, sebaceous neoplasms 

of the skin, and multiple keratoacanthomas. Like other variants 
of Lynch syndrome, MTS is caused by genetic defects in mis-
match repair enzymes leading to microsatellite instability (see 
Chapters 47 and 79). It is estimated that 9% of individuals with 
Lynch syndrome have the MTS phenotype [1]. Among families 
with MTS, mutations in MLH1 and MSH2 are present far more 
often than are mutations in MSH6 or PMS2; a specific single-
point mutation in MSH2 is especially common [1].

The most common visceral malignancy in MTS is colorectal 
adenocarcinoma, followed by carcinoma of the genitourinary 
tract [2,3]. Sebaceous neoplasms of the skin are also seen fre-
quently in MTS and include sebaceous adenoma, sebaceous 
epithelioma, sebaceous carcinoma, keratoacanthoma with seba-
ceous differentiation, and basal cell carcinoma with sebaceous 
differentiation. Patients with MTS may also develop multiple 
keratoacanthomas. Sebaceous adenoma is the most common 
cutaneous manifestation. Up to one-third of patients with MTS 
present first with a sebaceous neoplasm before later developing 
visceral malignancy. The frequency of visceral malignancy in 
patients with a single sebaceous neoplasm of the skin has been 
estimated at 22% [2,4]. This relatively high frequency of visceral 
malignancy in patients with even one cutaneous sebaceous neo-
plasm has prompted some authors to advocate screening these 
patients for MTS and pursuing testing for characteristic genetic 
defects in patients with a family history of visceral malignancy 
[2]. Guidelines for the diagnosis of Lynch syndrome have been 
published [5,6].
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and tensin homolog (PTEN) pathway. The incidence of Cowden 
syndrome is approximately 1 : 250 000; females are affected more 
often than males [11]. Hamartomas of Cowden syndrome most 
commonly arise in the GI tract and skin. Mucocutaneous mani-
festations occur in nearly all patients with Cowden syndrome 
[12]. The most common finding is multiple tricholemmomas, a 
benign tumor originating from the outer root sheath of the hair 
follicle. Tricholemmomas in Cowden syndrome are 2–5 mm 
skin-colored dome-shaped papules that occur multiply in the 
centrofacial area. Numerous oral mucosal papillomas impart a 
cobblestone appearance. Other cutaneous manifestations 
include acral keratoses, lipomas, hemangiomas, neuromas, and 
café-au-lait macules [11,13]. Multiple sclerotic fibromas are also 
highly suggestive of Cowden syndrome, though these may also 
occur sporadically [14]. Patients with Cowden syndrome are at 
increased risk of malignancy of the breast, endometrium, and 
thyroid, as well as melanoma [12]. Although not a criterion for 
diagnosis, GI malignancies also occur in patients with Cowden 
syndrome.

Peutz–Jeghers syndrome
Peutz–Jehgers syndrome (PJS; see Chapter 79) is an autosomal 
dominant syndrome characterized by intestinal hamartomatous 
polyposis and mucocutaneous hyperpigmentation. The syn-
drome results from mutations in the STK11 serine–threonine 
kinase gene on chromosome 19p13 [15]. The mucocutaneous 
hyperpigmentation seen in PJS was considered by Peutz himself 
to be the sine qua non of the syndrome [16] (Figure 125.1). 
More than 95% of patients with PJS develop discrete hyperpig-
mented macules [15]. Tan to dark brown macules measuring 
1–5 mm in diameter arise during infancy and occur on the lips 
(especially the lower lip), palate, nostrils, fingers, toes, and peri-
anal areas [11,15]. Involvement of the vermillion is characteris-
tic. Hyperpigmentation may fade by the time patients reach 
puberty, but orolabial macules tend to be permanent [11,15]. 
Centrofacial lentigines are seen in other disorders (e.g., Carney 
complex, centrofacial lentiginosis) as well as certain ethnic 
groups without any association with intestinal polyps or Peutz–
Jeghers syndrome.

Genodermatoses with GI manifestations
Pseudoxanthoma elasticum
Pseudoxanthoma elasticum (PXE) is an autosomal recessive 
connective tissue disorder caused by mutations in the ABCC6 
gene encoding an ATP-binding cassette protein. The exact sub-
strate of this transporter protein is unknown; resulting defects 
lead to calcification of elastic fibers, primarily in the skin, eye, 
and cardiovascular tissues [17,18]. GI complications of PXE 
relate mostly to hemorrhage, occurring in an estimated 14% of 
patients [19].

The primary skin lesion of PXE is a yellowish dome-shaped 
papule 1–5 mm in diameter. In childhood, these appear dis-
cretely on the neck and lead to a “plucked chicken” or cobble-
stone appearance. The flexural regions develop similar lesions 

Box 125.1 Dermatological terminology.

Primary lesions
Macule Circumscribed change in skin color without elevation 

or depression; usually smaller than 1 cm
Patch Circumscribed change in skin color without elevation 

or depression; usually larger than 1 cm
Papule Circumscribed, raised (palpable) solid lesion; usually 

smaller than 1 cm
Nodule Circumscribed, raised (palpable) solid lesion; usually 

larger than 1 cm
Plaque Circumscribed, raised, broad lesion that is flat topped 

or plate like
Vesicle Circumscribed fluid-filled lesion; usually less than 

0.5 cm in diameter
Bulla (blister) Circumscribed fluid-filled lesion; usually greater than 

0.5 cm in diameter
Pustule Circumscribed vesicle filled with leukocytes

Secondary changes
Scale Dry or greasy flakes of stratum corneum
Excoriation Linear abrasion produced by scratching
Crust (scab) Dried blood, serum, or pus surmounting a primary 

lesion
Fissure Linear cleft through the skin
Erosion Loss of all or part of the epidermis, with intact 

dermis
Ulcer Loss of epidermis and also part of the dermis
Lichenification Thickening of skin, with exaggeration of normal skin 

lines, resulting from scratching or rubbing
Atrophy Thinning of the epidermis, dermis, or both

Gardner syndrome (see Chapters 78 and 79)
In 1953, Gardner described an inherited syndrome of osteomas, 
cutaneous epidermoid cysts, and colorectal polyposis with risk 
for malignant transformation [7]. This syndrome is now recog-
nized as a variant of familial adenomatous polyposis (FAP), an 
inherited colorectal cancer syndrome caused by mutations 
involving the APC tumor suppressor gene. Patients with FAP 
develop numerous colorectal polyps and almost universally 
progress to carcinoma by age 40 [8]. Gardner syndrome encom-
passes additional manifestations including osteomas, epider-
moid cysts, desmoid tumors, and dental anomalies. Epidermoid 
cysts occur multiply and diffusely; they predominate on the 
head and neck [9]. Some cysts are found to have features more 
compatible with pilomatricoma than with epidermoid or 
infundibular cysts [10]. Dental anomalies, including supernu-
merary teeth, occur in 22%–30% of patients [8]. Other extrain-
testinal manifestations of Gardner syndrome include desmoid 
tumors and congenital hypertrophy of the retinal pigment epi-
thelium, a potentially early diagnostic finding.

Cowden syndrome
Cowden syndrome (multiple hamartoma syndrome) is the most 
common tumor syndrome caused by defects in the phosphatase 
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nose, ears, hands, and feet. Bleeding complications from cutane-
ous telangiectases are rare. Telangiectases in the GI tract pre-
dominate in the stomach and duodenum and may be surrounded 
by pallor [25]. About 20% of patients with HHT go on to 
develop clinically significant GI bleeding [21]. In patients with 
JP–HHT overlap syndrome, anemia may be more common and 
there is a slight increase in the risk for early-onset colorectal 
cancer [26].

Cutaneous telangiectases may be cosmetically concerning for 
patients and can be treated with sclerotherapy, electrodessica-
tion, or with lasers targeting vascular structures, such as the 
pulsed-dye laser.

Hermansky–Pudlak syndrome
Hermansky–Pudlak syndrome (HPS; see Chapter 123) is an 
autosomal recessive disease of lysosomes and related organelles. 
There are eight clinical subtypes of HPS; they all share common 
features of oculocutaneous albinism and a bleeding diathesis 
due to platelet dysfunction. Mutations in HPS1, AP3B1, and 
HPS3 through HPS9 have been implicated in the distinct vari-
ants of the disease [27]. These genes play a role in the biogenesis 
and normal function of lysosome-related organelles, including 
melanosomes [27]. Because of defective melanosome forma-
tion, patients with HPS have oculocutaneous albinism manifest 
as diffuse hypopigmentation of skin and hair as well as decreased 
visual acuity [27,28]. Defective delta granules in platelets cause 
bleeding tendencies by way of thrombocytopathia [27,28]. 
Patients with HPS accumulate a ceroid-like material in their 
reticuloendothelial system, visceral organs, oral mucosa, and 
urine [29].

Neurofibromatosis type I
Neurofibromatosis type I (NF1; von Recklinghausen disease) is 
an autosomal dominant disease characterized by developmental 
changes in the nervous system, bones, and skin. It is caused by 
mutations in the NF1 gene on chromosome 17. The incidence 
is 1 in 3500; half of these cases represent new mutations [30]. 
The NF1 gene encodes neurofibromin, a protein that negatively 
regulates signals transduced by Ras proteins and thereby regu-
lates cell proliferation and differentiation [30]. GI involvement 
of NF1 is variable; intraabdominal neurofibroma(s) is (are) the 
most common finding [31]. These tumors may cause abdominal 
pain, obstruction, or bleeding. Gastrointestinal stromal tumors 
(GISTs) are also relatively common and have been found in 25% 
of patients at autopsy [32]. Importantly, GISTs in NF1 do  
not harbor the same mutations in KIT or PDGFRA that are 
found in sporadic GIST [31,32]. Neuroendocrine neoplasms, 
especially somatostatinoma near the Ampulla of Vater, are also 
common in NF1 [32].

The most common cutaneous manifestation of NF1 is the 
café-au-lait macule, a light brown macule which is present by 
age 1 year in 99% of patients [30]. Diagnostic criteria for NF1 
require six or more café-au-lait macules to be present because 

during the teenage years; the axillae are most commonly 
involved [18]. Confluence of papules representing degenerated 
and calcified elastic fibers leads to loss of elasticity and a droopy 
or redundant appearance of skin folds. A particularly telling 
skin finding is the presence of horizontal or oblique mental folds 
in young adults [20]. Rarely, elastosis perforans serpiginosa may 
be associated with PXE. Calcification of elastic fibers in Bruch’s 
membrane of the ocular choroid leads to angioid streaks and 
may eventuate in blindness. Skin biopsy reveals characteristic 
calcification of elastic fibers in the dermis, a finding that may 
be replicated in the GI tract. Endoscopy shows a yellowish cob-
blestone appearance of the mucosa [19].

Hereditary hemorrhagic telangiectasia
Hereditary hemorrhagic telangiectasia (HHT; Osler–Weber–
Rendu disease; see Chapters 123 and 127) is an inherited vas-
cular dysplasia characterized by diffuse mucocutaneous 
telangiectasia and visceral arteriovenous malformations prone 
to GI hemorrhage. The syndrome is autosomal dominant and 
genetically heterogeneous [21]. Two distinct clinical subtypes, 
HHT1 and HHT2, have been identified. Recently, it has been 
recognized that a subset of patients with juvenile polyposis (JP), 
a genotypically diverse autosomal dominant polyposis syn-
drome, also meet diagnostic criteria for HHT [22]. The HHT–JP 
overlap syndrome occurs exclusively and consistently in patients 
with mutations in the SMAD4 gene [22,23]. Nearly all JP 
patients with SMAD4 mutations have features of HHT [24].

The most common clinical manifestation in HHT is recurrent 
epistaxis, which may be massive and life-threatening. Cutaneous 
telangiectases are present in over half of patients during adoles-
cence and in all patients by age 40 [21]. Telangiectases are punc-
tate macules or thin papules with a distinctly vascular 
erythematous hue. In HHT, they appear on the lips, tongue, 

Figure 125.1 Dark brown macules on the lips of a patient with Peutz–
Jehgers syndrome. Source: Courtesy of William D. James, MD.
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tion or rupture, the leading cause of death in vascular EDS [37]. 
Additionally, type III collagen is abundant in the GI tract and 
patients with vascular EDS are at increased risk of spontaneous 
perforation of the bowel [37,39]. GI bleeding is a less common 
but potentially lethal complication [39].

Acrodermatitis enteropathica
Acrodermatitis enteropathica (AE) is a rare autosomal recessive 
metabolic disorder of zinc uptake and metabolism. The disease 
has been linked to defects in SLC39A4, a gene encoding the 
ZIP4 zinc transporter in the gut [40,41]. A clinically similar 
phenotype may be seen when dietary zinc is exceptionally low, 
as in malnourished patients and premature infants. The onset 
of disease activity is typically during the newborn period, 
occurring in the first few days of life in bottle-fed infants and 
days to weeks after weaning in breast-fed infants [41]. Patients 
present with eczematous pink scaly plaques distributed on the 
extremities (especially the acral regions) and periorificial 
regions, including the perianal area. Angular stomatitis is a 
common early sign. With time, plaques may develop vesicula-
tion, bullae, and erosion [41]. In chronic AE, patients may 
develop patchy or complete alopecia and the plaques may 
assume a more psoriasiform appearance [41]. The primary GI 
complication of AE is diarrhea. Serum levels of zinc, and zinc-
dependent enzymes like alkaline phosphatase, are low in AE. 

these lesions may occur sporadically or in other syndromes. 
Axillary or inguinal freckling (Crowe’s sign) is the most specific 
sign of NF1 and develops during childhood [30]. Cutaneous 
neurofibromas are typically multiple and can occur anywhere. 
They are soft, flesh colored papules that vary in size. The plexi-
form neurofibroma is a subcutaneous nodular or indurated 
plaque whose texture has been likened to “a bag of worms.” 
These lesions extend linearly along peripheral nerves. They may 
have overlying hyperpigmentation or hypertrichosis and are 
sometimes mistaken for congenital melanocytic nevi. Rare cuta-
neous manifestations of NF1 include blue or red atrophic 
macules, juvenile xanthogranulomas, and nevus anemicus [30].

Blue rubber bleb nevus syndrome
Blue rubber bleb nevus syndrome (BRBNS; Bean syndrome) is 
a systemic disease characterized by cutaneous and GI vascular 
malformations. Variably referred to in the literature as heman-
giomas, these lesions are most correctly categorized as venous 
malformations (Figure 125.2). A clinically similar phenotype is 
seen in inherited cutaneomucosal venous malformation, a syn-
drome linked to mutations in TEK/TIE2, a gene encoding a 
tyrosine kinase that interacts with angiopoetin-1 [33]. Cutaneous 
venous malformations in BRBNS are usually numerous and 
usually are present at birth, although they may appear later in 
life [34]. Like sporadic vascular malformations, they are prone 
to enlargement during puberty. Blue or dark purple compress-
ible subcutaneous papules or nodules are the primary lesion in 
BRBNS. They may appear singly as blue nipple-like protuber-
ances or be clustered to form large nodular lesions [34]. 
Spontaneous bleeding of skin lesions is uncommon in BRBNS. 
The most significant GI complication of BRBNS is hemorrhage, 
which may be sudden and massive [34–36]. Less common com-
plications of the syndrome include intussusception, volvulus, 
and infarction of venous malformations [34].

Ehlers–Danlos syndrome
Ehlers–Danlos syndrome (EDS) represents a group of inherited 
genotypically and phenotypically diverse disorders affecting 
collagen biosynthesis. The distinct subtypes of EDS were his-
torically classified numerically, but a contemporary approach 
categorizes descriptively based on predominant clinical find-
ings. The vascular type of EDS, historically recognized as EDS 
type IV, most often incurs GI complications. Vascular EDS is 
caused by mutations in the type III procollagen gene (COL3A1) 
and is transmitted in an autosomal dominant manner [37,38]. 
Most subtypes of EDS share common features of skin hyperex-
tensibility and joint hypermobility. These findings are infre-
quent in vascular EDS. Rather, patients have facial dysmorphism 
and pale translucent skin which reveals prominently the subcu-
taneous vasculature [38]. The characteristic facial features 
include a thin pinched nose, high cheekbones with sunken 
cheeks, periorbital telangiectasia, and lobeless ears [38]. Because 
type III collagen is an important component of vascular con-
nective tissue, these patients are at high risk of arterial dissec-

Figure 125.2 A cutaneous venous malformation in a patient with blue 
rubber bleb nevus syndrome.
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Acquired disorders

Paraneoplastic and related syndromes
Acrokeratosis paraneoplastica of Bazex
Acrokeratosis paraneoplastica of Bazex (AP; Bazex syndrome) 
is a predominantly acral dermatitis that is highly associated with 
internal malignancy. Men aged 60 and older are most often 
affected, and squamous cell carcinoma of the upper aerodiges-
tive tract accounts for most cases [48]. Clinically, patients 
present with erythematous to slightly violaceous scaly plaques 
on the palms and soles as well as nail dystrophy. Involvement 
of the ears and nose is also particularly characteristic and helps 
to distinguish AP from other keratodermas including psoriasis. 
The onset of the rash often precedes the diagnosis of malignancy 
by an average of 11 months. Hence recognition of the paraneo-
plastic syndrome and its implications is essential to prevent a 
delay in the diagnosis of underlying malignancy [48]. The rash 
of AP typically resolves if the primary tumor is successfully 
treated.

Acanthosis nigricans
Acanthosis nigricans (AN) presents as hyperpigmented velvety 
or papillomatous plaques of the skin. AN occurs in acquired and 
inherited forms. In the syndromic or inherited forms, AN is 
associated with defects in insulin homeostasis and fibroblast 
growth factor receptors [49]. In the acquired form, AN is usually 
associated with metabolic disease and hyperinsulinemia. Rarely, 
acquired AN can be a paraneoplastic phenomenon and is des-
ignated malignant AN. The incidence of AN increases with age 
and is more common in obesity. The incidence approaches 66% 
for individuals weighing more than twice the ideal body weight, 
and some studies indicate that three-fourths of morbidly obese 
adults have evidence of AN [50]. Malignant AN is much rarer 
and is typically associated with intraabdominal malignancy. 
Gastric adenocarcinoma is the most commonly associated 
tumor, followed by cancer of the uterus, liver, and lung [50].

The alterations of the epidermis (i.e., hyperkeratosis and pap-
illomatosis) seen in AN associated with hyperinsulinemia are 
thought to arise from the action of insulin-like growth factor 1 
on keratinocytes [49]. In malignant AN, the proposed mecha-
nism involves tumor-associated transforming growth factor-α 
stimulating epidermal growth factor receptors [49,50]. The 
hyperpigmented and velvety plaques of AN most frequently 
involve the neck, axillae, and groin, and to a lesser extent the 
antecubital and popliteal fossae [50]. The back of the neck is 
consistently the most common site of involvement. Rarer sites 
of involvement include eyelids, lips, palms and soles, and oral 
or anogenital mucosa [50]. Skin tags may supervene in many of 
the plaques, especially those in areas of friction. In very early 
lesions of AN, only hyperpigmentation may be present. 
Malignant AN more commonly involves the palms, soles, and 
mucosal surfaces and may spare typical sites such as neck and 
axillae [50]. Sudden onset of AN suggests malignancy, especially 
in patients with previously treated gastric cancer thought to be 

Histopathology of skin lesions shows psoriasiform epidermal 
hyperplasia with confluent parakeratosis and pallor or balloon-
ing of the upper layers of the epidermis. Zinc replacement 
therapy is the treatment of choice.

Cronkhite–Canada syndrome
Cronkhite–Canada syndrome (CCS) is a sporadically occurring 
syndrome of adults characterized by gastrointestinal polyposis 
and the dermatological triad of alopecia, hyperpigmentation, 
and nail dystrophy. The disease is thought to arise due to 
autoimmunity, given the findings of IgG4 in inflammatory 
polyps and its clinical response to immunosuppression [42]. 
Patients with CCS develop diarrhea, dysgeusia, abdominal pain, 
and weight loss prior to the onset of specific dermatological 
manifestations [43]. Alopecia in CCS is nonscarring and may 
begin as patchy hair loss before progressing to total hair loss, 
reminiscent of alopecia areata. Nails are thin and brittle and 
may separate from the nail bed (onycholysis and onychomad-
esis). Hyperpigmented macules resembling lentigines occur on 
the palms, soles, face, and neck [11]. GI polyps associated with 
CCS are numerous and characterized histologically by inflam-
mation and edema of the lamina propria [42]. The risk of malig-
nant transformation is controversial, but adenocarcinoma of the 
colon has been reported in these patients [42,43].

α1-Antitrypsin deficiency
α1-Antitrypsin deficiency (A1ATD; see Chapters 102 and 123) 
is an autosomal recessive multisystem disease affecting the liver, 
lung, and skin. The disease is caused by mutations in the 
SERPINA1 gene encoding for α1 antitrypsin, an important serine 
protease [44,45]. The most common allele is termed PiM. Less 
common and hypofunctioning alleles include PiS and PiZ [44].

The cutaneous manifestation of A1ATD is a necrotizing pan-
niculitis occurring preferentially on the trunk and proximal 
extremities. Lesions may begin as tender erythematous subcu-
taneous plaques, often at sites of trauma, which later ulcerate 
and drain an oily discharge [45]. Ulcers heal with scarring and 
are prone to recurrence. Panniculitis is most common in PiZZ 
patients but may also occur in PiMS, PiMZ, PiSZ, and rarely in 
PiSS patients [45]. Emphysema and liver disease are common 
manifestations of A1ATD.

Cutis laxa
Cutis laxa (CL) is a multisystem disorder of elastic tissue, which 
can be inherited or acquired. Autosomal dominant, autosomal 
recessive, and X-linked forms have been described; multiple 
genes have been implicated [46]. The acquired form has been 
associated with medications, infections, rheumatological dis-
eases, and malignancies [47]. The cutaneous manifestations of 
cutis laxa relate to dysfunctional elastic tissue. Loose redundant 
skin has a sagging or droopy quality and imparts an aged 
appearance. Patients have normal wound healing and are not 
prone to bruising [46]. GI complications include bowel hernia-
tion and intestinal diverticula [46,47].
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coid dysphagia, esophageal webs, and iron deficiency anemia. 
Mucocutaneous signs include koilonychia, glossitis, and angular 
stomatitis [55]. Koilonychia describes a nail abnormality 
whereby fingernails or toenails are spoon-shaped and brittle. 
Glossitis presents as erythematous plaques of the tongue, some-
times with loss of fungiform papillae. Angular stomatitis (per-
leche) describes scale, erythema, and fissuring at the oral 
commisures. None of these mucocutaneous signs are unique to 
PVS. The fully developed syndrome is quite rare. There is a 
significant association of PVS with squamous cell carcinoma of 
the upper GI tract, occurring in 3%–15% of patients [55].

Carcinoid syndrome
Carcinoid syndrome (see Chapter 68) refers to a clinical spec-
trum of symptoms caused by bioactive peptides secreted by 
carcinoid neuroendocrine tumors [56–58]. The carcinoid syn-
drome occurs in less than 10% of affected patients [56]. 
Numerous neuropeptides, including serotonin, have been 
implicated in the pathogenesis of carcinoid syndrome [57]. The 
classic components of carcinoid syndrome include abdominal 
pain, flushing, diarrhea, and bronchoconstriction. The most 
common cutaneous manifestation of carcinoid syndrome is 
flushing, or episodic bouts of erythema and warmth of the skin. 
Flushing is nearly universal in the syndrome and predominates 
on the face, neck, and upper trunk [56]. Symptoms of diarrhea 
and wheezing may accompany the flush. Isolated tumors of the 
bowel may be asymptomatic because of hepatic metabolism of 
vasoactive peptides, but primary tumors of the lung or liver 
metastases may bypass this metabolic effect and lead to symp-
toms. Neuroendocrine tumors originating in the embryological 
foregut are said to produce a bright pink flush while those 
originating in the mid gut produce a cyanotic or violaceous 
flush [56]. Over time, flushing leads to signs of rosacea such as 
rhinophyma, telangiectases, and an acneiform eruption. Because 
carcinoid syndrome can lead to niacin deficiency, pellagra-like 
changes of the skin may occur. Rarely, sclerodermoid induration 
of the skin is present in carcinoid syndrome, but patients lack 
Raynaud phenomenon [56]. The symptoms of carcinoid syn-
drome may abate with surgical extirpation of the neuroendo-
crine tumor. Alternative treatments include somatostatin 
analogues and cytotoxic agents [58].

Hypertrichosis lanuginosa acquisita
Hypertrichosis lanuginosa acquisita (HLA) is a rare acquired 
disorder characterized by excessive lanugo hair. Lanugo hair is 
normally present in utero and is shed during the early months 
of life. In contrast to terminal and vellus hair, lanugo hair is long, 
thin, and unpigmented with a fine or downy texture. 
Hypertrichosis lanuginosa is rarely congenital. In the acquired 
state (HLA), the lanugo hairs appear suddenly and first on the 
forehead, ears, and nose [59]. In severe cases, the lanugo hair 
growth extends caudally onto the trunk and extremities [59]. 
HLA can be caused by medications, thyroid disorders, and 
malignancy. In women with HLA, colorectal adenocarcinoma 

in remission. The occurrence of AN in otherwise healthy 
patients with no signs of metabolic disorder should raise the 
specter of malignancy.

Sign of Leser–Trelat
Historically, the sign of Leser–Trelat is recognized as the abrupt 
onset of multiple seborrheic keratoses in a patient with visceral 
malignancy. The most commonly associated malignancy is 
adenocarcinoma of the GI tract followed by adenocarcinoma of 
the breast [51]. However, the validity of this sign is not univer-
sally accepted. Seborrheic keratoses are common in elderly 
patients and usually occur multiply. Further, the association of 
eruptive keratoses with internal malignancy has been chal-
lenged by several case–control studies, which fail to support the 
relationship [51,52]. Finally, a sudden eruption of seborrheic 
keratoses may follow development of exfoliative dermatitis, 
erythrodermic psoriasis, or an extensive drug eruption.

Necrolytic migratory erythema
Necrolytic migratory erythema (NME) is an erosive intertrigi-
nous and periorificial dermatitis, which is recognized as a cuta-
neous manifestation of glucagon-secreting islet cell tumors of 
the pancreas. Although rare, NME is present in 50%–70% of 
cases of glucagonoma at the time of initial presentation [53,54]. 
NME may also occur in patients without glucagonoma but with 
elevated glucagon levels occurring in the setting of malabsorp-
tion disorders or liver disease, the so-called “pseudoglucagon-
oma syndrome.” Clinically, NME presents as a pruritic or 
painful rash predominating in the perineum, buttocks, and 
lower extremities. There is also a striking tendency for periori-
ficial involvement. The rash consists of erythematous annular 
plaques, which may vesiculate or blister before becoming 
crusted and ultimately healing spontaneously. The disease is 
characterized by unpredictable episodes of relapse and remis-
sion [53]. Other mucocutaneous signs of NME include angular 
cheilitis, stomatitis, and glossitis such as might be found in 
nutritional deficiencies [53,54]. Weight loss, diarrhea, anemia, 
diabetes mellitus, and neuropsychiatric changes occur in the 
majority of patients as well [53,54]. Skin biopsy may be helpful 
in confirming a clinical diagnosis of NME, but the findings may 
be nonspecific and resemble those of other nutritional deficien-
cies. Relatively specific changes include pallor and ballooning 
degeneration of the upper layers of the epidermis. In patients 
with NME, serum glucagon levels are markedly elevated and 
amino acid levels are almost universally diminished [53,54]. The 
management of NME requires searching for pancreatic tumors 
or other causes of elevated glucagon. Treatment of glucagonoma 
may lead to improvement in NME; other reported treatments 
for NME include octreotide and supplementation of zinc or 
amino acids [53,54].

Plummer–Vinson syndrome
Plummer–Vinson syndrome (PVS; also Paterson–Kelly syn-
drome) is a rare syndrome characterized by the triad of postcri-
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Cutaneous metastasis of GI cancer
The incidence of cutaneous metastasis of GI malignancy is quite 
low [65,66]. In most cases, a cutaneous metastasis of visceral 
malignancy presents as a painless firm pink nodule or plaque 
in proximity to the primary tumor. The scalp is an especially 
common site for distant metastases, perhaps due to its relatively 
high vascularity. Invasive adenocarcinoma may obstruct con-
tiguous lymphatics and lead to induration and erythema, a pres-
entation termed carcinoma erysipeloides. GI carcinoma may 
track along the falciform ligament or other embryological rem-
nants and present at the umbilicus as a painless dermal nodule 
known as Sister Mary Joseph’s node. Cutaneous metastasis 
usually occurs after the primary tumor has been diagnosed but 
occasionally represents the presenting complaint. Approximately 
three-fourths of patients with cutaneous metastasis have a 
known primary tumor [67]. Histopathology can be helpful for 
determining the site of origin in the case of unknown primaries. 
One clue that is suggestive of a GI primary tumor is the finding 
of goblet cells and intraglandular neutrophils [67].

Cutaneous signs of inflammatory bowel  
disease (see Chapters 71 and 72)
Specific signs of inflammatory bowel disease
Mucocutaneous Crohn’s disease
Involvement of perioral or perianal mucosa in patients with 
Crohn’s disease (CD) may be evident on dermatological  
examination. Extension of inflammation to the abdominal wall 
can result in enterocutaneous fistulae. Specific signs of skin 
involvement by CD include fissures, fistulae, mucosal cobble-
stoning, and so-called “metastatic Crohn’s disease [68].” Reactive 
lesions associated with inflammatory bowel disease (IBD), such 
as erythema nodosum, apthous ulcers, and pyoderma gan-
grenosum are covered elsewhere in this chapter.

is most common, followed by cancer of the lung and breast [59]. 
In men, lung cancer is most common, followed by colorectal 
cancer [59]. In most patients, HLA portends a poor prognosis 
due to advanced disease at the time of presentation.

Tylosis
Tylosis refers to a specific type of palmoplantar keratoderma 
strongly associated with esophageal cancer (tylosis-esophageal 
cancer or Howel–Evans syndrome). There are two proposed 
clinical subsets of tylosis designated type A and type B. Type A 
represents late-onset disease with a high risk of malignancy; 
type B represents early-onset disease with a much lower risk of 
malignancy [60]. Historically, the validity of this distinction has 
been questioned, but several separate genealogies support the 
existence of a early-onset type with a benign course [60]. The 
tylosis-esophageal cancer syndrome has been linked to muta-
tions in the RHBDF2 gene and is inherited in an autosomal 
dominant fashion [61]. In adulthood, patients develop kerato-
derma (i.e., thickened yellow plaques) on the weight bearing 
aspect of the palms and soles. Follicular hyperkeratosis and oral 
leukokeratosis are also features [61]. By age 65, over 95% of 
patients will develop esophageal carcinoma [61]. Cancer screen-
ing by esophageal endoscopy can reveal areas of mucosal hyper-
keratosis and dysplasia [62].

Extramammary Paget disease
Extramammary Paget disease (EMP) is a rare cutaneous adeno-
carcinoma. Its name distinguishes it from Paget disease of the 
breast, a histologically similar dermatosis often associated with 
underlying breast carcinoma. EMP most often occurs on the 
vulva, scrotum, penis, genitocrural, and perianal areas. EMP 
usually presents as scaly or crusted nodular plaques, sometimes 
with erosions (Figure 125.3). There is some controversy regard-
ing its pathogenesis. Primary cases of EMP may arise from 
epidermal Toker cells or represent in situ adnexal carcinomas. 
Approximately 25% of cases are associated with a fully devel-
oped underlying primary adnexal (mostly apocrine) carcinoma 
of the skin [63]. A smaller fraction, approximately 12%, of EMP 
represents secondary disease and is associated with underlying 
visceral malignancy, usually adenocarcinoma [63]. The source 
of the malignancy is suggested by proximity to the site of 
involvement by EMP. In cases involving the groin and/or genital 
regions, underlying malignancy of the genitourinary system 
may exist [64]. Perianal EMP is associated with rectal adeno-
carcinoma or cloacagenic carcinoma in 25% of cases [63]. The 
diagnosis of EMP is made by skin biopsy and reveals atypical 
clear staining or haloed cells throughout the epidermis. 
Immunohistochemistry may be employed to distinguish 
primary EMP from secondary EMP in many cases [64]. For 
cases of primary EMP, treatment options include wide local 
excision, Mohs micrographic surgery, and topical immuno-
therapy. Treatment is aimed at the underlying malignancy when 
present.

Figure 125.3 Extramammary Paget disease, a cutaneous adenocarcinoma 
that may be unifocal or associated with an underlying adnexal, 
genitourinary, or gastrointestinal neoplasm.
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The main histological features of mucocutaneous CD are 
those of CD itself: noncaseating granulomatous inflammation 
in the dermis and lamina propria. Because sarcoidosis and 
certain infectious diseases can have similar histology, clinico-
pathological correlation is key to the diagnosis. Granulomatous 
inflammation of the oral cavity and face may also occur in 
patients with a fissured tongue and facial nerve palsy in the 
so-called Melkersson–Rosenthal syndrome.

Fissures and fistulae
Perianal manifestations of CD include inflammation, fistulae, 
fissures, and skin tags. Perianal inflammation appears as poorly 
defined erythematous and edematous plaques that are often 
eroded. Fissures and fistulae, when associated with CD, are typi-
cally multiple, edematous, and circumanal [68] (Figure 125.4).

Nonspecific, reactive signs of inflammatory  
bowel disease
Pyoderma gangrenosum
Pyoderma gangrenosum (PG) is a rare inflammatory, ulcerative 
disorder of the skin. The mechanism by which the ulcers of PG 
develop is not well understood, but neutrophil dysfunction and 
an abnormal inflammatory response to nonspecific stimuli have 
been proposed [75]. The term pyoderma represents a sort of 
misnomer as infection is not implicated in the pathogenesis of 
PG. Women are affected more often than men, and patients of 
African heritage are also at increased risk [76,77]. In 25%–50% 
of cases, PG is idiopathic [75,78]. However, a significant number 
of cases are associated with underlying systemic disease, most 
commonly IBD. PG is rare overall in the IBD population, occur-
ring in less than 2% of patients [75,79,80]. However, about 
20%–30% of patients with PG will have concomitant IBD. Other 
systemic diseases associated with PG include rheumatoid 
arthritis, paraproteinemia, chronic active hepatitis, and hema-
tological malignancy.

Clinically, PG begins as a painful subcutaneous papule or 
nodule on which a pustule may supervene. The nodule expands 
and eventually degenerates, creating a necrotic ulcer with an 
exudative and hemorrhagic base (Figure 125.5). The borders of 
the ulcer are irregular, edematous, and undermined. They are 
classically violaceous or “gun metal gray” in color and may 
cover an expressible purulent discharge. The ulcer of PG expands 
asymmetrically, leading to irregular and often serpiginous 
forms. When ulcers of PG heal, they leave atrophic and dimpled 
scars. A clinically relevant and peculiar feature of PG is its ten-
dency for pathergy, the appearance of new lesions at sites of 
trauma or the expansion of existing lesions due to manipulation 
(e.g. debridement or surgical intervention). The lower leg is the 
most common site for PG, although any site of the body may 
be affected [76]. Peristomal PG has been reported in patients 
with IBD status post ileostomy or colostomy.

The diagnosis of PG is largely clinical and requires exclusion 
of other diagnoses such as infection, cutaneous malignancy, 
vasculitis, and vasculopathy. Biopsy may be done to rule out 

Figure 125.4 Cutaneous Crohn’s disease may display sites of thickened, 
scarred skin, draining fistulas, and/or inflammatory granulomatous 
lesions.

Perianal inflammation, along with perifistular and peris-
tomal inflammation, is thought to represent the most common 
cutaneous manifestation of CD (Figure 125.4). Approximately 
one-third of patients with CD will have perianal inflammation 
[69]. Perianal fistulae are most common in patients with 
colonic or ileocolonic inflammation [70] and have also been 
linked to polymorphisms in the IBD5 locus [71].

Metastatic CD occurs in skin sites discontiguous to intesti-
nal inflammation. Children are disproportionately affected by 
metastatic CD, and the genitals are the most common site of 
involvement [72,73]. Signs include persistent erythema, swell-
ing, and induration. The onset of metastatic CD precedes GI 
manifestations of CD in half of children affected by the disease 
[74]. A prior history of CD may not be present. In adults, 
metastatic CD [72] may present as ulcerated nodules or 
plaques affecting the arms, legs, genitals, or face. In the oral 
mucosa, CD may create ulcerative lesions that are herpetiform 
or linear [68]. When linear ulcerations intersect in an edema-
tous mucosa, a cobblestone appearance develops. Dense gran-
ulomatous inflammation may impart hardness to the lips. Such 
involvement of the upper lip can cause swelling called “beaking” 
(i.e., the protrusion of the swollen upper lip outward beyond 
the patient’s lower lip).
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common cutaneous manifestation of IBD [84–86]. It is more 
often associated with CD than with ulcerative colitis. EN pref-
erentially affects women. Estimates of the incidence of EN in 
patients with CD range from 2% [79] to 7% [87] and in ulcera-
tive colitis from 0.9% to 4% [87]. EN also occurs in association 
with a wide variety of other conditions including sarcoidosis, 
streptococcal infections, tuberculosis, systemic fungal infec-
tions, infectious colitis, certain medications (e.g., oral contra-
ceptives, hormone replacement therapy, sulfonamides), and 
Behçet disease. Hypersensitivity mediated by immune complex 
deposition is thought to drive the pathogenesis of EN, but the 
exact mechanism is unknown. Clinically, EN manifests as an 
abrupt onset of discrete tender subcutaneous nodules on the 
anterior aspect of the lower extremities. Rarely, the upper 
extremities or face are involved. The lesions are erythematous 
in their early phase and evolve into a deeper purplish hue, 
resembling bruises. Systemic symptoms such as fever or arthral-
gia may be present. Episodes tend to resolve after 3 to 6 weeks 
but may last much longer. Lesions do not ulcerate and heal 
without scarring. The diagnosis of EN is confirmed histopatho-
logically by the presence of a mostly septal panniculitis. 
Classically, granulomatous inflammation expands the fibrous 
septae separating fat lobules. Treatment of underlying IBD typi-
cally improves EN. Nonsteroidal antiinflammatory drugs can 
help relieve symptoms, and saturated solution of potassium 
iodide can be used in persistent cases.

Aphthous ulcers
Aphthous ulcers, or aphthous stomatitis, are common in the 
general population, with at least one lifetime episode occurring 
in up to 36% of people [88]. Recurrent aphthae occur more 
commonly in patients with IBD. Approximately 10% of patients 
with CD and 4% of patients with ulcerative colitis have recur-
rent episodes of aphthous stomatitis [89]. Other medical condi-
tions associated with aphthous stomatitis include nutritional 
deficiency, HIV infection, neutropenia, smoking, and medica-
tions. An important cause of recurrent severe aphthosis is 
Behçet disease, which is discussed elsewhere in this chapter. 
Aphthous ulcers of the mouth are typically small (i.e., 2–4 mm2), 
round or ovoid, with a clean gray or yellow base. These lesions 
are designated as “minor” ulcers. They can occur anywhere in 
the mouth, but are uncommon on the palate and dorsal aspect 
of the tongue. They tend to heal spontaneously after about 1 
week. Ulcers measuring more than 1 cm2 are designated “major” 
aphthae (also called Sutton disease) and can occur anywhere in 
the oral mucosa. These lesions tend to be painful and heal more 
slowly. If the genital mucosa is also affected by recurrent  
aphthosis then a diagnosis of Behçet disease should be 
considered.

Polyarteritis nodosa
Polyarteritis nodosa (PAN) is an inflammatory vasculitis of 
small to medium-sized arteries. In the systemic form of PAN, 
diverse organ systems may be involved, especially the skin, 

some of these differential diagnoses, but the histopathological 
findings of PG are not unique to that disease. Namely, a pre-
dominantly neutrophilic infiltrate is often seen beneath and 
around an otherwise nonspecific ulcer. There is currently no 
standard treatment for PG. Wound care can be complex because 
of the tendency to pathergy. Oral corticosteroids have long been 
a mainstay in the treatment of advanced PG, but their side-effect 
profile poses serious limitations. Immunosuppressive therapy 
and tumor necrosis factor-α blockers have been used with 
varying success [81].

Pyostomatitis vegetans
Pyostomatitis vegetans is a rare pustular and erosive disorder of 
the oral mucosa. Its pathogenesis is unknown, but a strong 
association with IBD, especially ulcerative colitis, has been doc-
umented [82,83]. Patients present with multiple pustules on an 
erythematous and edematous base. Any aspect of the oral 
mucosa may be involved; the tongue and floor of the mouth are 
least often affected [83]. Pustules may coalesce and form ero-
sions; epithelial hyperplasia imparts a vegetating appearance 
sometimes suggested to display a “snail-tracking” appearance. 
Concomitant involvement of the skin with pustules and vegeta-
tive plaques is called pyoderma vegetans. Despite extensive 
involvement, pain is not always present [83]. Eosinophils are a 
major component of the inflammatory infiltrate on histopathol-
ogy, and over 90% of patients have evidence of peripheral eosi-
nophilia [82,83].

Erythema nodosum
Erythema nodosum (EN) is an inflammatory panniculitis that 
most commonly affects the pretibial regions. EN is the most 

Figure 125.5 (a) Pyoderma gangrenosum represents an inflammatory and 
ulcerative cutaneous reaction pattern. (b) Lesions typically expand 
peripherally and display overhanging borders of gray, devitalized 
epithelium.

(a) (b)
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accompanied by variable degrees of edema in the papillary 
dermis. Exuberant edema leads to clinical vesiculation and 
bullae formation. Vasculitis, when present, is a secondary phe-
nomenon and does not represent the primary pathological 
process. Systemic corticosteroids represent the mainstay of 
therapy for Sweet syndrome, although management should  
also focus on identification and treatment of underlying 
conditions.

Immunologically mediated diseases with  
GI manifestations
Dermatitis herpetiformis
Dermatitis herpetiformis (DH) is an autoimmune blistering 
disease that represents a cutaneous manifestation of dietary 
gluten sensitivity Celiac disease (see Chapter 64). A genetic 
predisposition to DH has been identified, with nearly all cases 
occurring in association with histocompatibility loci HLA-DQ2 
or HLA-DQ8 [97]. The immunological mechanism by which 
skin lesions of DH develop is closely linked to the etiopatho-
genesis of celiac disease, with tissue transglutaminase serving as 
an autoantigen in both diseases. Epidermal transglutaminase 
type 3 has been identified as the predominant autoantigen in 
patients with DH [98]. When gliadin (the alcohol-soluble frag-
ment of gluten) is modified by the transglutaminase enzyme, 
the resultant protein has an especially high affinity for HLA-DQ2 
on antigen-presenting cells and inflammation ensues [99]. 
Additionally, crosslinking of gliadin and transglutaminase leads 
to autoantibody formation, mostly of the IgA isotype [97].

The clinical manifestations of DH are rather distinct – crops 
of intensely pruritic, grouped vesicles in a symmetric distribu-
tion on the extensor surfaces of the extremities, the buttocks, 
and the scalp. Because of the intense pruritus, the primary 
vesicular lesions may be replaced by excoriations. Although 
virtually all patients with DH have concomitant gluten-sensitive 
enteropathy, only a minority of patients will actually have clini-
cal manifestations of intestinal disease. Steatorrhea occurs in 
20%–30% of patients, and iron deficiency anemia may be an 
indicator of malabsorption. The diagnosis of DH is made by 
integrating clinical, histological, and immunopathological find-
ings (Figure 125.6). A predominantly neutrophilic inflamma-
tory infiltrate leads to subepidermal vesicles and neutrophil-rich 
microabscesses in dermal papillae. Direct immunofluorescence 
microscopy of normal-appearing perilesional skin from patients 
with DH reveals granular deposits of IgA in the tips of dermal 
papillae.

Strict adherence to a gluten-free diet ultimately leads to 
improvement of DH over the course of months to several years 
[100]. Oral medications afford more rapid control of DH. 
Dapsone, a sulfone, is the treatment of choice for DH; doses of 
25–150 mg daily are usually sufficient to control disease [100]. 
Because dapsone does not impact the course of CD, it should 
not be used as monotherapy but rather in combination with a 
gluten-free diet. Prior to initiating dapsone therapy, patients 
should be checked for glucose-6-phosphate dehydrogenase  

kidney, liver, gastrointestinal tract, and heart. The cutaneous 
form of PAN (CPAN) predominates in the skin, although 
arthralgias and neuropathy may be present. The exact patho-
genesis of PAN is unknown, but immune-complex-mediated 
vasculitis plays an important role [90]. While systemic PAN is 
often associated with hepatitis B infection (and less commonly 
hepatitis C infection), this link is not found with CPAN [90–92]. 
In one of the largest series reported in the literature, 6% of 
patients with CPAN had associated IBD, more commonly CD 
[91].

Patients with CPAN present with painful erythematous 
nodules or plaques on the lower extremities. Overlying livedo 
reticularis is an important clue to the diagnosis. The plaques 
may ulcerate; this finding is common in patients with IBD-
associated CPAN [91]. Associated systemic symptoms include 
malaise, fever, arthralgias, and (occasionally) neuropathies. 
CPAN follows a relapsing and remitting, but generally uncom-
plicated, course. It is rare for CPAN to progress to systemic PAN 
[90–92]. This transformation is most commonly reported in 
patients with concomitant hepatitis B virus infection [93]. 
Nonetheless, patients with CPAN should be worked up to 
exclude the possibility of systemic disease. The diagnosis of 
CPAN rests on the clinical features and the histopathological 
finding of vasculitis affecting the small to medium-sized arteries 
in the subcutaneous tissue. Neutrophils are the predominant 
inflammatory cell. A deep biopsy by incisional technique is 
preferred to avoid sampling error.

Sweet syndrome
Sweet syndrome (acute febrile neutrophilic dermatosis) is char-
acterized by the abrupt onset of erythematous, edematous 
plaques and nodules as well as systemic signs of fever and neu-
trophilia. The disease may follow an upper respiratory infection 
or occur in association with pregnancy or systemic diseases, 
including IBD, hematological dyscrasias, or malignancy (espe-
cially acute myelogenous leukemia). In one series, 10% of 
patients with Sweet syndrome had IBD [94]. Most patients with 
IBD and Sweet syndrome are women [95]. CD appears to be 
more closely associated with Sweet syndrome than does ulcera-
tive colitis [94,95]. Drug-induced Sweet syndrome is most often 
due to granulocyte colony stimulating factor, but antibiotics and 
diuretics have also been implicated [96].

Abrupt onset of tender, erythematous plaques and nodules 
predominating on the upper extremities and trunk is character-
istic of Sweet syndrome. Massive dermal edema may impart a 
pseudovesicular or “juicy” appearance. The development of 
frank bullae or ulceration is possible but not common. Though 
mucosal erosions are uncommon in Sweet syndrome, many 
patients will have conjunctivitis and arthralgias [94]. Fever is 
found in about half of patients [94]. Laboratory evaluation may 
reveal neutrophilic leukocytosis and elevated inflammatory 
markers, including erythrocyte sedimentation rate. Biopsy of 
lesional skin from patients with Sweet syndrome reveals a char-
acteristic inflammatory infiltrate of neutrophils in the dermis, 
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other yet to be defined autoantigens have been identified in 
patients with MMP [101].

The oral mucosa is the most common site of involvement of 
MMP. Patients present with erosions or tense blisters, most 
often on the buccal, gingival, and palatal mucosa. Desquamative 
gingivitis may be present. Healed lesions may leave a white 
reticulate scar or frank adhesions. Dental complications include 
caries, damage to periodontal ligaments, and loss of teeth [101]. 
Ocular MMP leads to conjunctivitis, symblephara, scarring, and 
(possibly) blindness. Other mucosal surfaces, including the 
nasopharynx, larynx, esophagus, and anogential mucosa may 
be involved. MMP affects the esophagus in about 5% of cases 
[102]. Patients present with dysphagia, odynophagia, and weight 
loss. Strictures and esophageal webs occur as a result of scarring 
and predominate in the cervical region [102]. Skin lesions in 
MMP tend to be few and present in a minority of patients. Tense 
blisters, erosions, and scarring with milia formation occur most 
often on the head, neck, and upper trunk.

Biopsy reveals a subepidermal or subepithelial blister with 
variable degrees of inflammation. Scar formation may be evident 
in chronic lesions. Direct immunofluorescence microscopy of 
normal-appearing perilesional skin shows a linear band of 
immunoreactants (typically IgG and C3) in epidermal BM. 
Circulating autoantibodies may localize to the roof or floor of 
1 M NaCl split skin in indirect immunofluorescence microscopy 
studies, depending on the targeted autoantigen at play.

deficiency, as this may predispose to profound hemolysis. While 
on dapsone, patients should be monitored closely for anemia, 
methemoglobinemia, leukopenia, and/or agranulocytosis. 
Long-term use of dapsone may lead to peripheral neuropathy. 
Dapsone hypersensitivity syndrome represents another rare 
complication of treatment. In patients unable to tolerate 
dapsone, sulfasalazine (or sulfapyridine) may represent an alter-
native. Symptoms of DH have a modest and incomplete response 
to topical corticosteroids and oral antihistamines.

Mucous membrane pemphigoid
Mucous membrane pemphigoid (MMP) is a rare mucosal-
predominant, autoimmune subepidermal blistering disease 
caused by autoantibodies directed against components of epi-
dermal basement membrane (BM). MMP results in erosion and 
scarring of mucous membranes and skin; because of the ten-
dency to scar, MMP was previously known as cicatricial pem-
phigoid. The incidence of the disease is estimated at 1/106/year; 
there is increased risk among patients with the HLA-DQB1*0301 
haplotype [101]. The disease tends to affect older individuals, 
usually presenting between age 60 and 80 years. A number of 
different antigens, all components of epidermal BM, have been 
implicated in the pathogenesis of MMP. Namely, autoantibodies 
directed against collagen type XVII (also known as bullous 
pemphigoid antigen 2 or BP180), laminin-332 (formerly known 
as laminin-5 or epiligrin), integrin subunits α-6 and β-4, or 

Figure 125.6 (a, b) Dermatitis herpetiformis is characterized by pruritic, inflamed, excoriated, and/or crusted papulovesicles on the elbows, knees, 
buttocks, and back. (c) Light microscopy studies of lesional skin from patients with dermatitis herpetiformis show neutrophil-rich microabscesses in 
dermal papillae. (d) Direct immunofluorescence microscopy of normal-appearing perilesional skin shows in situ granular deposits of IgA in dermal 
papillae and the epidermal basement membrane.

(c)

(a)

(d)

(b)
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less common [109]. Esophageal involvement presents as 
odynophagia and dysphagia. Endoscopy of the esophagus in 
patients with active PV reveals varying degrees of erythema, 
longitudinal red lines, blisters, and erosions [110]. Cutaneous 
lesions usually develop after the onset of mucosal lesions in PV. 
The scalp, upper chest, and back are preferred sites [108]; anal 
and perianal lesions can occur. Blisters of PV are flaccid and 
rupture easily, leading to erosions with a hemorrhagic crust 
(Figure 125.7). The Nikolsky sign, or the induction of blisters 
via firm lateral traction on normal-appearing perilesional skin, 
is typically present in patients with PV. Histopathology of 
lesional skin from patients with PV reveals a characteristic 
suprabasal intraepidermal acantholytic blister. Basal cells main-
tain adherence to epidermal BM yet separate from each other, 
imparting a “row of tombstone” appearance to basal keratinoc-
ytes in lesional skin. Direct immunofluorescence microscopy of 
normal-appearing perilesional skin typically reveals IgG and C3 
in an intercellular pattern in the epidermis or mucosal epithe-
lium. Autoantibodies to desmogleins 3 and 1 can be measured 
and quantified in serum by ELISA.

Henoch–Schönlein purpura
Henoch–Schönlein purpura (HSP) is a small-vessel vasculitis 
syndrome characterized by a constellation of findings including 
cutaneous palpable purpura, arthralgias, GI lesions, and renal 
involvement. HSP occurs preferentially in children age 5–15 
years; only 28% of cases occur in adults [111]. In children, HSP 
may follow an upper respiratory tract infection and is more 
common in spring and summer months [111]. A hypersensitiv-
ity phenomenon mediated by IgA-containing circulating 
immune complexes is thought to cause HSP; the antigenic stim-
ulus is not known. Recurrent episodes are uncommon but occur 
more often in adults and in patients with renal or GI involve-
ment [112].

Epidermolysis bullosa acquisita
Epidermolysis bullosa acquisita (EBA) is a rare autoimmune 
subepidermal blistering disease caused by autoantibodies 
directed against collagen type VII [103]. Patients of African 
descent are at increased risk, as are those with HLA-DR2 and 
HLA-DRB1*15:03 haplotypes [104]. Collagen type VII forms 
anchoring fibrils, ultrastructural adhesion units on the under-
side of the lamina densa of epidermal BM. Interestingly, colla-
gen type VII is also present in the submucosa of the gut – a 
finding that may explain the association of EBA with IBD [105]. 
In fact, about 30% of cases of EBA have historically been 
reported to occur in patients with IBD, most often CD [105,106]. 
About 70% of patients with CD have been found to have autoan-
tibodies against type VII collagen [105,106].

The cutaneous manifestations of EBA are diverse. One form 
of EBA mimics bullous pemphigoid (so-called inflammatory 
EBA). One form of disease is largely mechanobullous (i.e., char-
acterized by blister formation at sites of trauma or pressure). A 
rare mucosal-predominant form also exists. The oral mucosa is 
the most common mucosal site, but the nasopharynx, eyes, and 
esophagus may also be involved [107]. Esophageal strictures can 
develop in patients with EBA and cause considerable morbidity. 
Unfortunately, the development of mucosal lesions in EBA can 
be insidious and subclinical, leading to serious scarring and 
potentially life-threatening complications before their presence 
is recognized [107]. Blisters in lesional skin are subepidermal; 
their degree of inflammation is variable. Direct immunofluores-
cence reveals a linear band of immunoreactants (typically IgG 
and C3) in epidermal BM. Patients often have circulating IgG 
anti-BM autoantibodies that bind the dermal side of 1 M NaCl 
split skin by indirect immunofluorescence microscopy.

Pemphigus vulgaris
Pemphigus vulgaris (PV) is a rare autoimmune blistering disease 
caused by IgG autoantibodies directed against components of 
desmosomes, epithelial intercellular adhesion complexes. PV is 
most often diagnosed in the fourth to sixth decade of life; there 
is no gender predilection [108]. The disease is more common 
in the Mediterranean area than in the United States or Western 
Europe. Certain haplotypes (e.g., HLA-DRB1*0402 and HLA-
DRB1*1401/04) confer an increased risk of PV [108]. Circulating 
autoantibodies directed against desmoglein 3 are the signature 
autoantibody of early PV; when PV progresses to involve the 
skin, patients typically display autoantibodies to desmogleins 1 
and 3. Autoantibodies to desmoglein 1 lead to pemphigus 
foliaceus, a superficial form of pemphigus that lacks mucosal 
involvement.

Patients with PV typically present with painful erosions of the 
oral mucosa; these lesions are usually multiple and vary in size 
and shape. It is rare to see intact blisters in PV because of the 
fragility of the blister roof. Any aspect of the oropharynx can be 
involved, but the buccal mucosa, gingiva, and palate are pre-
ferred sites [108]. Pharyngeal, laryngeal, and nasal lesions are 

Figure 125.7 An erosive and blistering lesion on the scalp of a patient 
with pemphigus vulgaris.
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lethal involvement of the GI tract or central nervous system. 
MAP usually begins sometime between the third and sixth 
decade of life [118,119]. Cases are usually sporadic, although 
familial cases have been reported [120]. When systemic involve-
ment is present, it usually follows the development of cutaneous 
lesions and has a grave prognosis, leading to death in about half 
of patients in 2 to 3 years [118,119]. The primary pathological 
process of MAP involves thrombosis of small and medium-
sized blood vessels of the integument, GI tract, central nervous 
system, and rarely other visceral organs. The etiology remains 
obscure, but vasculitis and coagulopathy with impaired fibri-
nolysis have been implicated [120]. Vascular injury mediated  
by terminal complement components and a dysregulated 
interferon-α response have been proposed to contribute to the 
pathogenesis of MAP [121]. The existence of this disorder as a 
distinct pathological entity has also been challenged, with some 
suggesting that MAP represents a vasculopathic phenotype 
common to diverse diseases including lupus erythematosus 
[122].

The characteristic skin lesions of MAP are the same in the 
benign and systemic forms. Namely, there are numerous pink 
or red papules which evolve into porcelain-white scar-like 
papules and/or atrophic macules. These lesions are surrounded 
by an erythematous and telangiectatic rim. The face, palms, and 
soles tend to be spared [118]. About 50% of patients with MAP 
develop ischemic infarcts of the bowel [123]. Perforation can 
ensue, most often in the small bowel [123]. GI perforation and 
peritonitis represents the leading cause of mortality in MAP 
[118,123].

Behçet disease
Behçet disease (BD) is a multisystem inflammatory and vascu-
lopathic disease of unknown etiology. There is a distinct geo-
graphic variance in the prevalence of BD, with the highest 
frequency occurring along the “Silk Road” region from east Asia 
to the Mediterranean, between latitudes 30 and 45 degrees 
North [124,125]. The HLA-B*51 haplotype is the strongest 
immunogenetic risk factor; other susceptibility loci have been 
identified and include HLA-A*26, HLA-B*15, and HLA-B*5701, 
and selected TNF-α polymorphisms [124]. Because of the mul-
tisystem nature of BD, a set of clinical criteria has been proposed 
to standardized its diagnosis [126]. Recurrent oral aphthous 
ulceration, with at least three episodes in a 1-year period, is the 
essential criteria for diagnosis. Patients must also have any two 
of the following: recurrent genital ulceration, eye involvement, 
characteristic skin lesions, or a positive pathergy test. A  
modified set of criteria, including neurological and vascular 
parameters, has recently been proposed to increase diagnostic 
sensitivity [127].

Recurrent oral aphthous ulceration occurs in virtually all 
cases of BD. Outbreaks in women may be influenced by menses 
[128]. Genital ulcers occur in 60% of cases and typically involve 
the scrotum in men and the vulva in women [125]. An acnei-
form pustular eruption resembling folliculitis occurs on the 

Cutaneous lesions of HSP are those of small-vessel vasculitis 
(leukocytoclastic vasculitis). Crops of purpuric papules develop 
first in dependent areas, especially the legs and the buttocks. 
Extension to the trunk and arms is not uncommon [112]. 
Purpuric papules may assume a linear array due to Koebner 
isomorphic phenomenon. Vesiculation and ulceration second-
ary to epidermal necrosis may occur as lesions evolve over the 
course of a few weeks. When lesions heal, they usually leave 
hyperpigmentation. Approximately 80% of patients will have 
arthralgias. GI involvement is found in 50%–75% of patients 
[113]. GI manifestations include colicky epigastric pain, nausea, 
vomiting, diarrhea, and hematochezia. Intussusception may 
occur in children [113]. Irritable bowel syndrome and func-
tional abdominal pain is increased in children with a history of 
HSP [114]. Nephritis is the most morbid complication of HSP 
and is more common in adults [111]. Renal involvement mani-
fests as hematuria, proteinuria, or azotemia. Chronic renal 
failure may ensue, depending on the degree of nephritis present. 
Absence of proteinuria 1 week after presentation is highly pre-
dictive of full renal recovery [111]. Histological evaluation of 
cutaneous lesions of HSP reveals small-vessel vasculitis, fibri-
noid necrosis of postcapillary venules, and leukocytoclasis. The 
sine qua non of the disease is the demonstration of IgA deposits 
in postcapillary venules of lesional skin by direct immunofluo-
rescence microscopy.

Bowel-associated dermatosis–arthritis syndrome
Bowel-associated dermatosis–arthritis syndrome (BADAS) was 
first recognized as a complication of ileojejunal bypass bariatric 
surgery, occurring in up to 20% of patients [115]. Its constella-
tion of symptoms includes fever, arthralgias, myalgias, and a 
pustular skin eruption. Initially, the syndrome was termed 
“bowel bypass syndrome” because of its association with bypass 
surgery. However, the syndrome has been recognized to occur 
in patients with IBD and in patients with blind loops of bowel 
following other forms of bariatric surgery. Accordingly, the 
more inclusive name of BADAS was proposed [115]. The patho-
genesis of the syndrome most likely relates to circulating 
immune complexes driven by bacterial overgrowth in anatomi-
cally abnormal bowels [115]. The most characteristic skin 
finding in BADAS is a vesiculopustular eruption resembling 
that found in Behçet disease. The eruption occurs in crops, with 
episodes lasting several weeks before spontaneously resolving. 
Small-vessel cutaneous vasculitis, urticarial lesions, and an 
EN-like eruption are also possible [116,117]. Systemic symp-
toms include arthralgias, fever, and malaise. Restoration of 
bowel anatomy to eliminate blind loops can result in resolution 
of BADAS. Therapy with metronidazole or tetracycline-class 
antibiotics can also help control symptoms.

Degos disease (malignant atrophic papulosis [MAP])
Two distinct variants of Degos disease, a rare vascular disorder, 
have been described. A cutaneous-only form seems to follow a 
benign course, while a systemic form can entail potentially 



Skin lesions associated with gastrointestinal and liver diseases CHAPTER 125   2453

ritus include primary sclerosing cholangitis, drug-induced 
cholestasis, and intrahepatic cholestasis of pregnancy [138]. 
Pruritus may be seen but is considerably less frequent in 
obstructive cholestasis and viral hepatitis [138]. The pathogen-
esis of pruritus in liver disease is complex. Bile acids accumulate 
in the skin of patients with cholestatic liver diseases. Experiments 
have shown that these agents can induce a sensation of itch 
[138,139]. However, serum levels of bile acids do not correlate 
with symptoms of itch. Furthermore, itch is uncommon in acute 
fulminant liver disease and may abate spontaneously in patients 
who advance to end-stage cholestatic liver disease [138]. 
Endogenous opioid levels and progesterone metabolites may be 
increased in cholestasis as well and thereby mediate itch 
[138,139]. Recently, autotaxin has been implicated as an impor-
tant mediator of pruritus in cholestasis [140]. Autotaxin is a 
lysophospholipase enzyme that produces lysophosphatidic acid, 
a proposed pruritogen [140]. Autotaxin levels are increased in 
patients with pruritus of cholestasis; its activity can be inhibited 
by rifampicin [140].

Pruritus may precede the diagnosis of an associated choles-
tatic liver disease in up to 75% of patients [137]. The pruritus 
of cholestasis is often described as a “pins and needles” sensa-
tion which is not improved by scratching [139]. Itching is worse 
at night and with heat [137].

Prurigo nodularis is a clinical manifestation of chronic pru-
ritus and scratching. These lesions are firm, dome-shaped 
papules or nodules that are often hyperpigmented (Figure 
125.8). Lichenification (i.e., thick dry skin with increased skin 
fold markings) is usually present as well. Patients may present 
with relatively few prurigo nodules, or there may be hundreds. 
The face tends to be spared, as are areas that are difficult for the 
patient to reach (e.g., the mid back). Linear excoriations may be 
an associated sign of scratching.

trunk and extremities. Patients with BD may develop EN-like 
lesions on their legs. Posterior uveitis is the most common 
ocular manifestation of BD. Patients may also develop venous 
thrombi, thromboemboli, arthralgias, meningoencephalitis, 
and/or colitis [129].

Cutaneous manifestations of liver disease
Nonspecific signs of chronic liver disease
Palmar erythema
Palmar erythema (PE) is characterized by a slightly warm but 
otherwise asymptomatic redness of the palms. The hypothenar 
and thenar eminences are most often affected; rarely the entire 
palm is involved [130]. The red hue of PE is fixed rather than 
transient, and there is not a mottled appearance as might be 
seen in physiological hyperemia. A number of medical condi-
tions have been associated with PE, including pregnancy, liver 
disease, thyroid disease, diabetes mellitus, and connective tissue 
diseases [131].

Spider nevus (spider telangiectasia, spider angioma,  
nevus araneus)
A spider nevus is a small, benign vascular proliferation associ-
ated with chronic liver disease that consists of a central arteriole 
from which radiate several tapering, finer vessels [132]. 
Compression of the central arteriole leads to momentary 
blanching and disappearance of the lesion; blood flow returns 
quickly once pressure is released. Spider nevi are most com-
monly distributed in the vascular territory of the superior vena 
cava (i.e. the head, neck, and upper trunk). Spider nevi also 
develop during pregnancy, in patients treated with oral contra-
ceptives, and in some healthy individuals. Their pathogenesis is 
thought to relate to increased estrogens and circulating ang-
iogenic factors [132,133]. Like PE, the frequency of spider nevi 
in chronic liver disease increases with increasing severity of liver 
fibrosis. Overall, about one-third of patients with chronic liver 
disease will manifest spider nevi [131].

Terry’s nails
In 1954, Terry described a nail abnormality in patients with 
cirrhosis [134]. Terry’s nails are characterized by a uniform 
white color of the majority of the nail bed, save for a distal 
transverse band of pink 1 to 2 mm in width just proximal to the 
onychodermal band (Table 125.1). The translucency of the nail 
plate is maintained. Terry’s nail is not unique to cirrhosis; this 
finding also occurs in patients with congestive heart failure, 
chronic renal failure, hematological disease, advancing age, or 
normal health [135,136].

Pruritus and prurigo nodularis
Pruritus, the sensation of itch, is common in patients with 
chronic liver disease, particularly those with cholestasis. Almost 
70% of patients with primary biliary cirrhosis (PBC) admit 
pruritus [137]. Other cholestatic diseases associated with pru-

Table 125.1 Nail abnormalities associated with gastrointestinal diseases.

Nail finding Description Associated 
gastrointestinal 
disease

Digital clubbing 
(watch-glass nails)

Increased longitudinal 
and transverse diameter 
of nail, increased nail 
curvature, soft tissue 
hypertrophy of digital tip

Inflammatory 
bowel disease, 
liver cirrhosis, 
primary biliary 
cirrhosis

Koilonychia Thin concave (spoon-
shaped) nails

Plummer–Vinson 
syndrome, 
hemochromatosis

Lichen planus of 
the nail

Longitudinal ridging, 
dorsal pterygium

Hepatitis C virus 
infection

Azure lunulae Blue hue of lunulae Wilson disease

Terry’s nail White nail bed with distal 
pink band

Liver cirrhosis
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for PCT is phlebotomy. Alternatives include hydroxychloro-
quine and iron chelation therapy.

Lichen planus
Lichen planus (LP) is a chronic inflammatory papulosquamous 
disease of the skin and mucous membranes. The mean age of 
onset of LP is between 40 and 60 years; cutaneous disease tends 
to develop in younger members of this cohort. Women are 
affected more often than men; LP is rare in children. The patho-
genesis of LP involves chronic inflammation of stratified squa-
mous epithelium with basal cell layer damage carried out by 
cytotoxic T-lymphocytes [145]. A metaanalysis revealed that the 
prevalence of HCV infection among patients with LP compared 
to controls yields an odds ratio of 5.4 [146]. Similarly, the preva-
lence of LP among patients with HCV infection compared to 
controls yields an odds ratio of 2.5 [146].

Clinically, LP presents as violaceous flat-topped papules and 
plaques predominating on the ankles, wrists, and lumbar areas 
(Figure 125.10). The papules typically display a polygonal shape 
and a fine white reticulate scale known as Wickham’s striae. Oral 
lesions of LP are typically bilateral and symmetric. A common 
presentation is the presence of whitish reticulate patches on the 
buccal mucosa. Alternatively, there may be erythema, erosions, 
or even desquamation of the gingiva. Anogenital erosions may 
be present; esophageal involvement is rare but can lead to 
erosion and strictures. In the appropriate clinical context, the 
diagnosis of LP can be made when histopathology studies reveal 
a distinct band-like infiltrate of lymphocytes obscuring the epi-
dermal BM, liquefactive degeneration of the basal cell layer, and 
hypergranulosis of the overlying epidermis.

Necrolytic acral erythema
Necrolytic acral erythema (NAE) is a rare cutaneous manifesta-
tion of HCV infection. Initially described in 1996 in a cohort of 
patients from Egypt [147], NAE is now recognized to occur in 

Figure 125.8 Prurigo nodules and sites of postinflammatory 
hyperpigmentation due to excessive scratching and rubbing of skin.

Cutaneous signs of hepatitis C virus infection
Porphyria cutanea tarda
Porphyria cutanea tarda (PCT) is the most common porphyria, 
a set of diseases caused by defects in heme biosynthesis. PCT 
develops due to decreased activity, usually acquired, of uropor-
phyrinogen decarboxylase [141]. Disease states associated with 
the acquired variant of PCT include hepatitis C virus (HCV) 
infection, hereditary hemochromatosis, alcohol abuse, human 
immunodeficiency virus infection, and estrogen therapy. A 
large North American series estimates the prevalence of HCV 
infection in PCT patients at 56%, while mutations in the HFE 
gene are found in 73% [142,143]. The exact mechanism whereby 
liver disease results in decreased function of uroporphyrinogen 
decarboxylase is unknown, but direct hepatocyte injury and 
iron overload have been proposed [141,144].

Patients with PCT develop photosensitivity, skin fragility, 
tense blisters, erosions, and onycholysis (Figure 125.9). Blisters 
tend to occur episodically and may heal with scarring, dyspig-
mentation, and milia formation. Other cutaneous signs of PCT 
include hyperpigmentation and hypertrichosis of the bitempo-
ral region. Rarely, sclerodermoid changes are observed. The 
diagnosis of PCT can be made by detecting elevated uroporphy-
rin and heptacarboxylporphyrin in the urine [141], which may 
fluoresce on Wood’s lamp examination. The treatment of choice 

Figure 125.9 Porphyria cutanea tarda typically develops on sun-exposed 
skin and consists of noninflamed vesicles, focal erosions, and sites of 
crusting. Older lesions often display scarring, milia formation, pigmentary 
alterations, and/or thickened skin.
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late or ulcerate. Chronic leg ulcers typically located superior to 
the malleoli may ensue [154].

Other cutaneous signs of hepatitis
Gianotti–Crosti syndrome
Papular acrodermatitis of childhood, or Gianotti–Crosti syn-
drome, represents a viral exanthem that most commonly affects 
young children. Adults can be affected [155]. When the erup-
tion was initially described, nearly all cases were found to be 
associated with acute infection by hepatitis B virus. Now, many 
cases are associated with Epstein–Barr virus infection [155]. The 
rash is characterized by monomorphous pink to brown papules 
or vesicles distributed symmetrically on acral sites, the extremi-
ties, the ears, and sometimes the face. Relative sparing of the 
trunk is characteristic. When hepatitis is present, it is normally 
anicteric [155]. The eruption resolves spontaneously without 
scarring within 10 to 60 days [155].

Leukocytoclastic vasculitis
Leukocytoclastic vasculitis (LCV) is a descriptive term encom-
passing various etiologies rather than a specific nosological 
entity. The pathomechanism of LCV hinges on deposition of 
circulating immune complexes in postcapillary venules fol-
lowed by complement-mediated injury of the cutaneous vascu-
lar plexus. Roughly half of LCV cases are idiopathic. Identifiable 
causes include infection, rheumatological diseases, malignancy, 
and medications. Viral hepatitis, including HCV or hepatitis B 
infection may lead to LCV [136,156,157]. HCV infection typi-
cally leads to LCV because of cryoglobulinemia; cryoglobulins 
are less common in patients with hepatitis B.

LCV is characterized clinically by the appearance of palpable 
purpura resulting from extravasation of red blood cells and fluid 
from inflamed vessels. Sites of palpable purpura predominate 
on the lower extremities and dependent areas of the body 
(Figure 125.11). They occur in crops; individual lesions measure 
up to 2 or 3 cm2. Koebner isomorphic phenomenon can lead to 
a linear array of lesions.

Cutaneous manifestations of pancreatic disease
Both acute and chronic diseases affecting the pancreas may lead 
to cutaneous manifestations.

Pancreatic panniculitis
Pancreatic panniculitis, or inflammation of the subcutaneous fat 
and destruction of adipocytes by pancreatic enzymes, is a rare 
complication of acute and chronic pancreatitis [158,159]. 
Pancreatic panniculitis may also occur in the setting of pancre-
atic carcinoma, usually acinar cell carcinoma [158]. The patho-
genesis of pancreatic panniculitis involves the action of 
pancreatic enzymes, namely lipase and amylase, on subcutane-
ous adipose tissue. Pancreatic panniculitis presents as subcuta-
neous, tender, and ill-defined nodules with a red or red-brown 
hue. The lesions are typically located on the lower extremities, 
but the abdomen, trunk, or proximal upper extremities may 
also be involved. The nodules are prone to ulceration, yielding 

other geographic regions, although it is deemed rare in North 
America [148]. HCV viral load and genotype do not appear to 
influence the development of NAE [149]. Clinically, NAE may 
resemble psoriasis. Scaly erythematous well-demarcated plaques 
occur on the dorsum of the hands and feet, knees, and extensor 
aspect of the lower extremities. In contrast to psoriasis, the 
plaques of NAE have a dark red or violaceous hue. The scalp 
tends to be spared. Nearly all patients report pruritus [149,150]. 
In fully developed lesions, the histological findings resemble 
those of necrolytic migratory erythema, with hyperkeratosis 
and pallor or necrosis of keratinocytes. However, in most cases, 
biopsy findings are relatively nonspecific. Treatment of NAE 
with topical or intralesional corticosteroids is usually unsuc-
cessful, while treatment of the underlying HCV infection may 
result in remission [149,150].

Cryoglobulinemia
Cryoglobulins are circulating immunoglobulins that reversibly 
precipitate at low temperatures. They are subclassified based on 
their immunoglobulin composition. Type I cryoglobulins are 
entirely monoclonal and are usually associated with lymphopro-
liferative disorders. Type II and type III cryoglobulins are  
collectively referred to as mixed cryoglobulins. Type II cry-
oglobulins have a polyclonal IgG and a monoclonal IgM with 
rheumatoid factor activity. Type III cryoglobulins have a poly-
clonal IgG and a polyclonal IgM with rheumatoid factor activity. 
Cryoglobulinemia is found in 40% of patients with HCV infec-
tion. The majority of these patients (65%) have type II mixed 
cryoglobulins, while the remainder have type III mixed cry-
oglobulins [151]. Precipitation of cryoglobulins in small blood 
vessels leads to immunologically mediated vasculitis. Palpable 
purpura represents the most common cutaneous manifestation 
of mixed cryoglobulinemia [152,153]. Cutaneous vasculitis in 
patients with cryoglobulinemia resembles that found in other 
forms of leukocytoclastic vasculitis. These lesions may vesicu-

Figure 125.10 Lichen planus. Pruritic, purple, polygonal, planar (i.e., 
flat-topped), papules on the volar wrist typify skin lesions of lichen 
planus.
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is known as Cullen’s sign. There may also be ecchymosis inferior 
to the inguinal ligament (Fox’s sign) and of the scrotum (Bryant’s 
sign). Finally, acute pancreatitis and livedo reticularis of the 
abdomen or chest is known as Walzel’s sign. The presence of 
cutaneous signs of acute pancreatitis is rare (approximately 1.2% 
of cases) and portends a more severe course of disease [160].

Mucocutaneous manifestations of  
nutritional deficiencies
Mucocutaneous manifestations of nutritional deficiencies are 
outlined in Table 125.2.

Cutaneous complications arising during 
treatment of HCV infection
Cutaneous complications represent a well-described adverse 
event that may arise during treatment of HCV infection with 

a characteristic oily brown discharge representing degenerated 
adipose. Oligoarticular or monoarticular arthritis may develop 
because of enzymatic necrosis of periarticular fat [158]. The 
constellation of pancreatic panniculitis, polyarthritis, and 
peripheral eosinophilia is known as Schmid’s triad; it portends 
a poor prognosis because of its association with acinar cell car-
cinoma [158]. Histologically, pancreatic panniculitis is distinct 
and characterized by necrotic adipocytes; those that have lost 
their nuclei and acquired a basophilic calcific rim are known as 
ghost cells.

Cutaneous signs of acute pancreatitis
Retroperitoneal hemorrhage may occur in the setting of acute 
pancreatitis. Several cutaneous signs have been observed when 
such blood occupies the retroperitoneal space. Ecchymosis of the 
flank is known as Grey–Turner sign; periumbilical ecchymosis 

Figure 125.11 (a) Cutaneous leukocytoclastic vasculitis dominates on the lower extremities and typically displays palpable purpura. (b) On occasion, 
lesions become so inflamed that superficial vesicles and/or erosions develop. (c) Light microscopy studies of lesional skin from patients with 
leukocytoclastic vasculitis shows neutrophil-rich leukocytic infiltrates centering on postcapillary venules in the upper dermis, endothelial cell necrosis, 
leukocytoclasis, extravasated erythrocytes, and dermal edema. (d) Direct immunofluorescence microscopy of lesional skin from patients with 
leukocytoclastic vasculitis shows in situ deposits of IgG, C3, and/or other immunoreactants in microvascular basement membranes.

(a) (b)

(d)(c)
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Table 125.2 Mucocutaneous manifestations of nutritional deficiency.

Nutrient Mucocutaneous manifestations of deficiency

Vitamin A Phrynoderma (keratotic follicular erythematous papules on extremities)
Bitot spots (focal silver gray keratinized macules on conjunctiva)
Generalized dry skin

Vitamin B-1 (thiamine) Glossitis

Vitamin B-2 (riboflavin) Angular stomatitis (i.e., perleche)
Cheilitis
Glossitis, ultimately with atrophy of lingual papillae
Seborrheic dermatitis
Diffuse eczematous dermatitis

Vitamin B-3 (niacin) Pellagra (painful or pruritic eroded and hyperpigmented scaly plaques in sun-exposed 
areas, especially dorsal hands, with sharp demarcation)
Angular stomatitis
Glossitis
Cheilitis

Vitamin B-6 (pyridoxine) Angular stomatitis
Seborrheic dermatitis
Atrophic glossitis
Pellagra-like dermatitis

Vitamin B-9 (folic acid) Angular stomatitis
Atrophic glossitis
Cheilitis

Vitamin B-12 (cobalamin) Generalized hyperpigmentation
Hyperpigmentation of oral mucosa
Hair depigmentation and hair loss
Atrophic glossitis

Vitamin C
(ascorbic acid)

Follicular hyperkeratosis and perifollicular hemorrhage
Fragile, coiled hair with “corkscrew” appearance
Edematous, friable gingiva
Subungual splinter hemorrhages

Vitamin D Delayed tooth eruption with caries

Vitamin K Purpura and ecchymosis

Biotin Erythematous scaly plaques in periorificial and seborrheic distribution
Alopecia
Glossitis

Iron Koilonychia
Alopecia

Zinc Erythematous scaly plaques with erosions in periorificial, acral, and intertriginous 
areas, may evolve into blisters or pustules
Stomatitis
Alopecia

Protein (total starvation, marasmus) Dry loose skin
Alopecia
Purpura
Loss of subcutaneous fat

Protein (with sufficient carbohydrate, kwashiorkor) Edema
Hyper- and hypopigmented scaly plaques with peeling of epidermis, likened to “flaky 
paint”
Hair depigmentation
Purpura

Essential fatty acids Periorificial and intertriginous scaly erythematous plaques which may erode
Alopecia
Generalized dry skin
Purpura

Data from [113] and [166].
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Serious dermatological adverse events
Severe dermatological adverse events, including Stevens–
Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), and 
drug reaction with eosinophilia and systemic symptoms 
(DRESS), have been reported to occur during treatment of HCV 
infection; most cases develop in patients treated with protease 
inhibitors [161,164,166]. SJS and TEN are generally thought of 
as separate points on a disease continuum, with TEN represent-
ing a more severe variant. Both are characterized by inflamma-
tion, sites of epidermal necrosis, and erosions of the skin and 
mucous membranes. There may be targetoid macules on the 
palms and soles. When detached skin accounts for less than 10% 
of body surface area, SJS is the diagnosis applied. Epidermal 
detachment exceeding 30% of body surface area represents 
TEN. An overlap syndrome accounts for cases displaying 
10%–30% of body surface area involvement. Important clues to 
the presence of SJS or TEN include blisters, erosions, severe skin 
pain, target lesions, and a positive Nikolsky sign.

DRESS is a multisystem drug hypersensitivity reaction with 
prominent cutaneous involvement. Hepatitis and nephritis are 
common features; while pneumonitis and carditis are also pos-
sible. Patients develop fever, lymphadenopathy, and peripheral 
eosinophilia. The cutaneous lesions are diverse, but most 
patients have a morbilliform exanthema. Important clues to the 
presence of DRESS include lymphadenopathy and the presence 
of facial edema.
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pegylated interferon-α and ribavirin or with the newer direct-
acting antiviral agents, boceprevir and telaprevir. In fact,  
dermatological adverse events account for over 10% of 
interferon-associated side effects [161]. Several distinct cutane-
ous eruptions have been observed during the course of treat-
ment of HCV infection.

Dermatitis
Eczematous dermatitis is the most common cutaneous compli-
cation of treatment of HCV infection. The addition of ribavirin 
to interferon-α increases the risk of dermatitis compared to 
interferon-α monotherapy [162]. A new family of protease 
inhibitors, including boceprevir and telaprevir, is also associated 
with eczematous dermatitis. In fact, dermatological adverse 
events including dermatitis are more common during treatment 
with protease inhibitors or combination therapy than with 
interferon and ribavirin alone [161]. In telaprevir-associated 
dermatitis, the rash may occur at any time during the course of 
treatment, though half of these cases begin during the first 4 
weeks of therapy [161]. Between 40% and 60% of patients 
treated with telaprevir and pegylated interferon-α with ribavi-
rin ultimately develop a dermatological adverse event [163]. 
Drug-induced eczematous dermatitis displays a diffuse erup-
tion characterized by dry skin, pruritus, and red, scaly plaques 
that may vesiculate. Linear excoriations are common and 
lichenification develops over time.

Interferon-induced sarcoidosis
Sarcoidosis is a complex granulomatous inflammatory disorder 
capable of involving virtually any organ system. Interferon-α is 
a potent stimulator of the Th1 subset of T-lymphocytes, and the 
inflammatory milieu of sarcoidosis is dominated by Th1 
cytokines. The incidence of interferon-induced sarcoidosis 
occurring in patients undergoing treatment for HCV infection 
is well under 1% [164]. The average duration of treatment before 
the onset of these lesions is approximately 6 months [164]. 
Pulmonary and cutaneous involvement is the most common 
pattern observed in interferon-induced sarcoidosis [165]. Most 
patients present with scattered, firm dermal or subcutaneous 
nodules with a red-brown hue [164]. Scarring inflammatory 
plaques are less common. Lesions tend to arise at sites of previ-
ous trauma, including sites within scars or tattoos. Associated 
fevers, myalgias, and arthralgias are also common. If the diag-
nosis of interferon-induced sarcoidosis is suspected, a work-up 
to exclude pulmonary involvement may be warranted. More 
than 80% of cases of interferon-induced sarcoidosis remit once 
the interferon is withdrawn [164].

http://www.yamadagastro.com/textbook
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Common oral manifestations of 
gastrointestinal and systemic diseases

Altered taste
Disturbances of the sense of taste may be classified as: total 
aguesia, a total inability to detect qualities of taste (sweet, salt, 
bitter, or sour); partial aguesia with ability to detect some of but 
not all the qualitative taste sensations; hypoguesia with decreased 
sensitivity to taste sensation; and dysguesia with distortion in 
the perception of taste, that is perception of wrong quality to a 
particular tastant or perception of a taste when there has been 
no tastant ingested.

Disorders of taste sensation occur due to conditions that 
interfere with:
1.	 Transport: access of the tastant to the receptors in the taste 

bud
2.	 Sensory loss: injury to receptor cells
3.	 Neural loss: damage to gustatory afferent nerves and central 

pathways.
As outlined in Box 126.1, altered taste sensation may be asso-

ciated with a variety of conditions through diverse mechanisms. 
While oral infections, drugs, and radiation can be responsible 
for dysguesia [1–3], in the vast majority of affected individuals 
it is not possible to identify a specific cause. Hypogeusia is also 
frequently reported in patients with Cronkhite–Canada syn-
drome [4].

Burning mouth
Burning mouth is described as a burning, tingling, or scalding 
sensation in the mouth without any overt sign of an oral disease. 
This can be a symptom of a systemic disease or a syndrome of 
unknown etiology in its own right. In patients where no under-
lying dental or medical causes are identified and no oral signs 
are found, the term burning mouth syndrome is used. The 
prevalence of this symptom in the general population is reported 
to range from 0.7% to 15% [5]. It commonly affects women in 
the perimenopausal age group [6] and commonly affects the tip 
or anterior two-thirds of the tongue. Burning mouth syndrome 
has been reported to be associated with a number of conditions 
(Box 126.2) that include nutritional deficiencies, depression/ 
anxiety, and oral habits such as tongue thrusting and bruxism, 
and idiopathic burning mouth syndrome [7,8].

Recurrent aphthous stomatitis
Apthous ulcers and erosions are common in some subpopula-
tions, with rates of 6%–66% reported in the Unites States [9]. 
The most common presentation is minor recurrent aphthous 
stomatitis manifesting as recurrent, round, well-defined, small, 
painful ulcers that heal in 10 to 14 days without scarring. Major 
recurrent aphthous stomatitis lesions are larger (greater than 
5 mm), can last for 6 weeks or longer, and frequently scar. The 
third variety of recurrent aphthous stomatitis is herpetiform 
ulcers, which present as multiple small clusters of pinpoint 
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Apthous ulcers usually heal in 7–14 days without scarring. 
Treatment is largely aimed at symptomatic relief, promotion of 
healing, nutritional management, and reducing recurrence [9]. 
Topical corticosteroids, such as hydrocortisone 1% topical gel 
or ointment (three to four times a day), or mucoadhesive buccal 
hydrocortisone tablets (2.5 mg lozenge four times daily, allowed 
to dissolve in contact with ulcer) are widely used in the first 
instance. Topical antimicrobial agents may be required for sec-
ondary infections. Systemic immunosuppressive therapy using 
oral/intralesional corticosteroids, antitumor necrosis factor-α 
(anti-TNF-α) agents, and calcineurin inhibitors (such as 
cyclosporine) may be required for frequent or severe recurrent 
aphthous stomatitis [9,12]. Chemical cautery with 0.5%–1% 
silver nitrate paint via a cotton bud or applicator stick gently 
until the ulcer base turns white has also been used, leading to 
rapid symptom relief though healing time remains the same 
[13]. Colchicine, in weekly dose increments up to 2 mg daily, 
has been used in complex aphthosis. Dapsone, alone or in com-
bination with colchicine, represents another option for treat-
ment [14]. Additionally, use of interferon-α (IFN-α) has been 
reported in recalcitrant cases of aphthous ulceration [12].

Glossitis
Glossitis is an inflammatory condition of the tongue that leads 
to atrophy of the filiform papillae on the dorsal surface of the 
tongue, resulting in a smooth, featureless, and erythematous 
appearance. Main causes of glossitis are outlined in Box 126.4 
[15,16]. Though not specific for the presence of gastrointestinal 
disease, glossitis is often due nutritional deficiency arising from 
an underlying gastrointestinal condition. The most common 
nutrient deficiencies identified have been iron, folate, vitamin 
B-12, niacin, riboflavin, and pyridoxine [16].

Angular cheilitis
Angular cheilitis is characterized by inflammation of the angles 
of the lips and has a variety of causes, including those listed in 
Box 126.5.

lesions that can coalesce to form large irregular ulcers and last 
7 to 10 days. Various factors, such as food or drug hypersensitiv-
ity, immunodeficiency states, and physical and emotional stress, 
play a role [10]. However, recurrent apthous ulcers may be seen 
in certain gastrointestinal conditions (Box 126.3), such as celiac 
disease and inflammatory bowel disease. Vitamin and micronu-
trient deficiencies have been proposed as a cause in the patho-
genesis of recurrent oral erosions or apthous ulcers but the 
association remains questionable [11]. Recurrent oral ulcers can 
also be a manifestation of Behçet’s syndrome, with the ulcers 
being more extensive and multiple.

Box 126.1 Etiologies of altered taste.

• Transport gustatory loss
○ Drugs: carbamazepine, phenytoin, baclofen, levodopa, esmolol, 

amiodarone, nifedipine, diltiazem, acetazolamide, penicillamine, 
glipizide, losartan, protease inhibitors, angiotensin-converting 
enzyme inhibitors, amlodipine, clonidine, ampicillin, pentamidine, 
acyclovir, terbinafine, doxazosin, gemfibrozil, simvastatin, 
pravastatin

○ Heavy metal ingestion
○ Radiation therapy
○ Sjögren syndrome
○ Xerostomia

• Sensory gustatory loss
○ Candida
○ Radiation therapy
○ Herpes infection
○ Ageing
○ Oral neoplasms
○ Pemphigus
○ Drugs: antithyroid drugs and antineoplastic drugs
○ Local trauma (dental procedures)

• Central neural gustatory loss
○ Cerebrovascular accident
○ Multiple sclerosis, demyelination
○ Epilepsy
○ Mass/neoplasm (cortical, thalamic)
○ Diabetes
○ Cerebellopontine angle tumor (e.g., meningioma)
○ Polyneuropathies (lupus, amyloidosis, porphyria)
○ Submandibular mass
○ Cervical artery dissection (ischemia)
○ Familial dysautonomia
○ Guillain–Barré syndrome
○ Rabies
○ Lyme disease

Box 126.2 Burning mouth.

Sprue (celiac and tropical)
Iron deficiency anemia
Malabsorption
Niacin deficiency
Pernicious anemia
Carcinoid syndrome

Box 126.3 Differential diagnosis of oral ulcers and erosions.

Crohn’s disease
Ulcerative colitis
Sprue
Iron deficiency anemia
Behçet’s disease
Malabsorption
Acrodermatitis enteropathica
Amyloidosis
Pernicious anemia
Pyridoxine, B-6, folate deficiencies
Steroid use
Gastroesophageal reflux disease (GERD)
Graft-versus-host disease
Bulimia
Acquired immunodeficiency syndrome (AIDS)
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radiological signs for the presence of metal particles, histopatho-
logical evaluation may be needed to reach a firm diagnosis.

The ABCDE checklist (asymmetry, border irregularity, color 
variegation, and diameter >6 mm, evolving), which is com-
monly used to aid in the identification of cutaneous melanoma 
[18], may be of some help in the clinical diagnosis of oral 
melanoma. Location on the palate increases the rate of suspi-
cion of melanoma and usually requires a biopsy or long-term 
follow-up. When located on the gingiva, the main differential 
diagnosis is between amalgam tattoo and melanoma. In case of 
any doubt a biopsy should be taken. Rapidly growing or symp-
tomatic pigmented lesions should always be biopsied.

Vascular lesions / bleeding syndromes
Causes of lesions are listed in Box 126.7. Hereditary hemor-
rhagic telangiectasia and blue rubber bleb nevus are considered 
in more detail below.

Gastrointestinal disorders and oral 
manifestations

Gastroesophageal reflux disease
Chronic exposure of the oral cavity to gastric acid has a variety 
of effects. Dental erosions, defined as the loss of tooth substance 
leading to a hard “dished-out” area with a smooth base, appear 
to be commonly associated with gastroesophageal reflux [19,20]. 
They are distinct from dental caries, which occur due to bacte-
rial activity and involve the occlusal and interproximal surfaces. 
Refluxed acid attacks the palatal surface of the upper incisors 
resulting in thinning of the enamel and increased translucency 
on anterior maxillary central incisors and the cervical regions 
of the teeth, accentuating the yellow appearance of the underly-
ing dentin (Figure 126.1).

In health, esophageal clearance prevents acid from reaching 
the oropharynx. Esophageal clearance is achieved by two mech-
anisms: peristalsis and the buffering action of calcium and phos-
phate ions present in saliva that neutralizes the acid. In patients 
with chronic reflux the composition of the saliva shows com-
pensatory changes with higher buffering capacity for acid [21]. 
Other oral manifestations associated with gastroesophageal 
reflux include burning mouth sensation and halitosis [22]. 
Laryngitis is also associated with gastroesophageal reflux. 
Because of poor sensitivity of upper gastrointestinal endoscopy 
and pH monitoring for detecting reflux in this group of patients, 

Oral pigmentation
Pigmented lesions are commonly found in the mouth. Such 
lesions represent a variety of clinical entities, ranging from 
physiological changes to manifestations of systemic illnesses 
and malignant neoplasms (Box 126.6). The duration, pattern, 
hue, and distribution of color changes can provide useful diag-
nostic clues [17].

Lesions with no or low suspicion of malignancy may be con-
fidently diagnosed on clinical grounds alone (e.g., oral manifes-
tations of systemic diseases, physiological pigmentations, or 
smoker’s melanosis) but some may require histopathological 
evaluation.

Some lesions, such as ethnic tattoos or pigmentations associ-
ated with heavy metal poisoning, are easily recognized on clini-
cal grounds. In other cases, such as bluish discolorations not 
clearly related to amalgam restorations and/or not showing 

Box 126.4 Conditions associated with glossitis.

Crohn’s disease
Alcoholism
Sprue
Iron deficiency anemia
Pernicious anemia
Malabsorption
Carcinoid syndrome
Kwashiorkor
Amyloidosis
Pyridoxine (B-6) ,niacin (B-2), folate deficiencies
Plummer–Vinson syndrome
Cowden disease

Box 126.5 Causes of angular cheilitis.

Crohn’s disease
Alcoholism
Sprue
Iron deficiency anemia
Malabsorption
Acrodermatitis enteropathica
Plummer–Vinson syndrome
Folate, B-6, B-2 deficiencies

Box 126.6 Causes of oral pigmentation.

Peutz–Jeghers syndrome
Addison disease
Acanthosis nigricans
Pseudoxanthoma elasticum
Scurvy
Gastroesophageal reflux disease (GERD)
Lead poisoning
Gardner syndrome

Box 126.7 Vascular lesions.

Hereditary hemorrhagic telangiectasia
Blue rubber bleb nevus
Scleroderma
Kaposi sarcoma
Pseudoxanthoma elasticum



2462   PART 4 Gastrointestinal diseases

tracted course and require systemic corticosteroids and/or 
immunosuppressants such as azathioprine. The latter treatment 
may also be undertaken in conjunction with anti-TNF agents 
and may be required for concurrent treatment of Crohn’s disease 
in other parts of the gastrointestinal tract. The use of thalido-
mide for oral Crohn’s disease refractory to immunosuppressive 
therapy has been reported [32]. Correction of nutritional defi-
ciencies can lead to improvement in some of the oral lesions 
and specific treatment for superimposed infection (e.g., due to 
Candida) may also be required.

Oral lesions in ulcerative colitis include irregular-shaped 
ulcers and nonspecific gingivitis. Histological examination of 
biopsies shows features of acute and chronic inflammation, 
without granulomas [26,29]. Pyostomatitis vegetans (Figure 
126.3) is an uncommon disorder and, although it has been 
reported in patients with Crohn’s disease [29], it is more strongly 
associated with ulcerative colitis [33]. In this condition, the 
labial and buccal mucosae are affected with pustular lesions, 
cobblestone pattern, ulceration, and hemorrhagic crusting [34]. 
It is considered by some to be the mucosal analogue to cutane-
ous pyoderma gangrenosum and histological features of biopsy 
include acanthosis and neutrophilic microabscesses [33]. 
Lesions often heal with adequate control of the inflammatory 
bowel disease [33] or dapsone [34].

Celiac disease
It is now widely recognized that the mouth and teeth can be 
affected in celiac disease. Dental enamel defects and aphthous 
ulcers are the most common and well-documented oral mani-
festations in both children and adults with celiac disease [35]. 

a trial of proton pump inhibitors is useful as an initial approach 
to diagnosing and treating these patients [23].

Inflammatory bowel disease
Aphthous ulcers may occur before or after the diagnosis of 
inflammatory bowel disease [24] but are also common in the 
general population [25]. Because they appear to be more 
common, oral lesions in Crohn’s disease have received more 
attention than those in ulcerative colitis [26–29].

In contrast to aphthous ulcers, oral lesions that are considered 
characteristic of Crohn’s disease include swelling of the lips, 
buccal mucosal edema or cobblestoning, deep linear ulceration, 
mucosal tags, and mucogingivitis (Figure 126.2) [9,27,28,30]. 
Many of the oral lesions of Crohn’s disease may be similar to 
those observed endoscopically in the intestine.

Reported prevalence of oral manifestations among adults 
with Crohn’s disease ranges from 0.5% to 9% [26,27,31], based 
on the patient population studied, inclusion criteria, and 
whether a dental practitioner participated. Although not as 
widely studied, one report raises the possibility of higher rate of 
oral involvement in children with Crohn’s disease [29]. Sites of 
Crohn’s disease in those with oral involvement include small 
and large intestine, the perianal region, and the esophagus. 
Noncaseating granulomas have been detected in the majority  
of biopsies of oral lesions in patients with Crohn’s disease 
[27–29].

Principles of treatment for oral lesions are similar to those for 
Crohn’s disease affecting the intestine. Although topical treat-
ment with steroids can result in complete remission of oral 
symptoms in many patients, some may follow a chronic pro-

Figure 126.1 Oral manifestations of 
gastroesophageal reflux disease. (a) Broad 
shallow erosion with thinning of the enamel 
has resulted in an increased translucency of 
the incisal region of the anterior maxillary 
central incisors, associated with increased 
grayness (Courtesy of Dr. A. Dickson). (b) 
The thinner enamel in the cervical regions 
(around the neck) of the teeth has been 
eroded to varying degrees, accentuating the 
yellow appearance of the underlying dentin. 
(c) Erosion has resulted in the loss of palatal 
and incisal enamel of the maxillary incisors. 
(d) Long-standing erosion has caused severe 
loss of occlusal enamel and dentin of lower 
molar teeth, resulting in cupping of these 
teeth. For example, there is a severe cupping 
of the occlusal surface of the mandibular 
first molar tooth adjacent to the resin 
composite restoration (black arrow). Source 
Ranjitkar et al. 2012 [102]. Reproduced by 
permission of John Wiley & Sons, Ltd.

(a) (b)

(c) (d)
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tooth in severe cases [35]. The precise mechanisms for the 
occurrence of these defects have been speculated but remain 
to be determined. The proposed hypotheses include hy -
pocalcemia from malabsorption [37] and stimulation of naïve 
lymphocytes by gluten in the oral cavity, leading to immune-
mediated damage. The latter is supported by the fact that 
biopsies from the oral mucosa and apthous ulcers demon-
strate increased intraepithelial lymphocytes, as seen in the 
small intestinal mucosa of patients with celiac disease. 
Aphthous ulcers have also been linked to deficiency of iron, 
folic acid, and vitamin B-12.

Graft-versus-host disease
Acute and chronic graft-versus-host disease (GVHD) is a mul-
tisystem disorder that often complicates allogeneic hemopoietic 
stem cell transplantation. The skin, oral cavity, gastrointestinal 
tract, liver, and lungs are frequently involved [38]. GVHD may 

Other oral manifestations include delayed eruption, cheilitis, 
oral lichen planus, and atrophic glossitis.

The overall prevalence of dental enamel defects in celiac 
disease ranges from 10% to 96% in patients with permanent 
dentition and is based on the age at which the disease process 
starts, but is less prevalent in patient with deciduous teeth 
[15,35,36]. In a systematic review of literature, the prevalence of 
oral apthous stomatitis was noted to range from approximately 
4% to 41% patients with celiac disease [36].

The pathogenesis of dental enamel defects seems to differ 
depending on the age of onset of celiac disease. If the onset 
of celiac disease is before the age of 7 years, when permanent 
teeth are developing, anomalies of the dental enamel occur 
and affect all the teeth uniformly with a predilection for the 
incisors and molars. The defects include hypomineralization 
and hypoplasia, resulting in defects in color and structure of 
the enamel manifest as grooves, pits, or change in shape of 

Figure 126.2 Oral manifestations of Crohn’s 
disease in children. (a) Lip swelling with 
fissures. (b) Cobblestone appearance of the 
buccal mucosa. (c) Linear ulceration deep in 
the mandibular vestibule. (d) Mucosal tag 
(arrow) on the buccal aspect of the gingiva. 
(e) Mucogingivitis in relation to the 
maxillary permanent incisors. (Courtesy of 
Billy Bourke). Source: Harty et al. 2005 [29]. 
Reproduced by permission of Elsevier. (e)

(c) (d)

(a) (b)
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GVHD include atrophy and erythema or lichenoid lesions of 
the oral mucosa, hyperkeratotic plaques, and restriction of 
mouth opening due to sclerosis (Figure 126.4) [9,40]. The oral 
lesions may resemble autoimmune disorders like sicca syn-
drome or Sjögren’s syndrome. Recognition of these changes can 
aid in the clinical diagnosis and assessment of established 
chronic GVHD. Other features seen in GVHD include pseu-
domembranes, aphthoid ulcers, gingivitis, mucositis but these 
features are nonspecific and the findings have to be interpreted 
in the relevant clinical context.

Patients with chronic GVHD can have pharyngeal and 
esophageal mucosal involvement, resulting in long tapering ste-
nosis/strictures, ring like narrowing due to esophageal web in 
the upper and mid esophagus, which can be seen at endoscopy 

present to the gastroenterologist with gut or liver involvement 
manifesting as nausea, vomiting, profuse diarrhea with or 
without bleeding, anorexia, abdominal pain, abnormal liver 
chemistry, and in severe cases with jaundice, usually in conjunc-
tion with skin rashes. The diagnosis is usually confirmed by 
endoscopic appearances and histological examination of 
mucosal biopsies [39].

Involvement of the oral cavity is between 33% and 75% for 
patients with acute GVHD and more than 80% for those with 
chronic GVHD [40]. Although features are not specific in acute 
GVHD, they are diagnostic or distinctive in chronic GVHD. 
The oral mucosa is commonly dry and patients often report 
burning sensation or dry mouth or pain due to ulceration [40]. 
Oral manifestations most strongly associated with chronic 

Figure 126.3 Pyostomatitis vegetans: (a, b) 
multiple confluent pustules on the palate 
and tongue; (c) vegetating pyoderma 
gangrenosum; (d) pustules assuming a 
figurate pattern; (e) confluent pustules and 
erosions assuming a “snail track” pattern; (f) 
gingival edema and pustules. Source: Nico 
et al. 2012 [33]. Reproduced by permission 
of John Wiley & Sons, Ltd.(e) (f)

(c) (d)

(a) (b)
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of oral lesion in chronic GVHD is provided in an NIH con-
sensus conference [45].

Behçet’s disease
Behçet’s disease is a multisystem inflammatory vasculitis of 
unknown etiology, characterized by relapsing episodes of oral 
aphthous ulcers, genital ulcers, cutaneous and ocular lesions, 
and other manifestations. Internationally agreed diagnostic cri-
teria have been proposed, which include recurrent oral ulcera-
tion plus any two of genital ulceration, typical defined eye 
lesions, typical defined skin lesions, or a positive pathergy  
test [46].

Gastrointestinal involvement commonly presents as ileoco-
lonic disease with either small-vessel vasculitis that leads to 
recurrent mucosal aphthoid, or deep ulceration along the 
antimesenteric border with a tendency to perforate and recur at 
the anastomotic site following surgery [47]. Less commonly, 
Behçet’s disease presents as a manifestation of large-vessel 
mesenteric vasculitis with associated bowel ischemia/infarction. 
Rarely, the upper GI tract is involved and presents as linear 
ulcers in the esophagus and resistant recalcitrant peptic like 
ulcers in the stomach and duodenum with complications such 
as gastric outlet obstruction [48] or a Dieulafoy lesion [49]  
with ulcer.

Almost all patients with Behçet’s disease develop frequent 
oral ulcers that are indistinguishable from apthous ulcers. The 
oral ulcers are commonly small aphthoid in nature (minor 

or radiography [41]. These findings are pathognomonic of 
chronic GVHD [39]. Biopsies from the oral lesions (when 
present) are very effective in detecting the presence of chronic 
GVHD and monitoring the response to therapy. In addition to 
impaired oral functions, chronic GVHD may lead to secondary 
malignancies in the form of solid cancers, particularly squamous 
cell carcinomas of the oral cavity. Moreover, administration of 
systemic azathioprine, a commonly used immunosuppressive 
drug in chronic GVHD patients, may significantly increase the 
incidence of tumors of the oral cavity. The increased risk of sec-
ondary malignancies indicates the need for lifelong surveillance, 
particularly in younger patients.

Treatment of GVHD is based on preventative strategies  
and once chronic GVHD is established systemic and topical 
treatments form the mainstay of therapy. Because other parts 
of the body are affected in most of the patients, systemic 
therapy with corticosteroids and other immunosuppressants, 
such as azathioprine, mycophenolate mofetil, calcineurin 
inhibitors, and extracorporeal photopheresis [42], are used. 
When only the oral cavity is involved, topical budesonide 
(which is known to have low systemic bioavailability from 
high first-pass metabolism in the liver) in a dose of 3 mg in 
5 mL saline suspension may be used as an oral rinse two to 
three times a day for up to 3 months, for its topical antiin-
flammatory action [43]. Tacrolimus 0.1% topical cream [44] 
has been used in severe cases that were poorly responsive to 
topical steroids. Further information regarding management 

Figure 126.4 Oral chronic graft-versus-host-
disease: (a) mucoceles; (b) atrophy, perioral 
fibrosis; (c) mucosal edema, lichenoid lesions; 
(d) mucosal erythema. (a and b Courtesy of 
Carol Bassim, DMD, MS, and Dean Edwards, 
DDS. c and d Courtesy of Niki M. 
Moutsopoulos DDS, PhD). Source: Mays et al. 
2012 [9]. Reproduced by permission of 
Elsevier. (c) (d)

(a) (b)
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visceral involvement; and family history (Figure 126.5). The 
diagnosis is established if three of the criteria are met [65,66].

HHT affects the GI tract in at least 33% of the cases, com-
monly presenting as chronic iron deficiency anemia or occult 
GI bleeding. In mild clinical cases iron therapy may suffice but 
multiple blood transfusions may be required in those with 
severe disease. Tamoxifen and tranexamic acid have been 
reported to be beneficial [67–69].

Blue rubber bleb nevus syndrome
Blue rubber bleb nevus syndrome (BRBNS) is a very uncom-
mon condition characterized by numerous venous vascular 
malformations affecting the oral cavity, skin, GI tract, and 
viscera. Patients commonly present to the gastroenterologist 
with symptoms of GI bleeding or rarely with abdominal pain 
from intusseption. This condition was originally described by 
Gascoyen and subsequently termed BRBNS by William Bennet 
Bean, and hence the name Bean syndrome [70].

Blebs are noticeable at birth and may increase in size and 
number over time. The GI tract is almost always involved, 
usually affecting the small intestine, and commonly presents as 
GI bleeding or anemia. Uncommon presentations include intus-
susception, volvulus, or intestinal mucosal necrosis. In addition 
to skin, the blebs may also occur in other parts of the body, 
including viscera: the liver, brain, thyroid, parotid gland, lungs, 
spleen, and bladder.

The lesions are compressible, fleshy, and rubbery in consist-
ency, nontender to mildly tender and the skin over lesions may 
exhibit hyperhidrosis. Histologically they are vascular ectatic 
lesions lined by single layer of endothelium with surrounding 
encasing connective tissue, giving the characteristic rubbery 
consistency.

The diagnosis is made on clinical examination of the orocu-
taneous areas and/or at endoscopy (Figures 126.6 and 126.7). 
Treatment in most cases consists of iron therapy and transfu-
sions as needed in cases with chronic GI blood loss. In addition, 

ulcers), less than 10 mm in diameter. Less commonly, they 
appear as herpetiform lesions or giant ulcers, called major 
ulcers, that are more than 10 mm in diameter. Lesions are 
usually painful, occur as a single ulcer or in crops, with a round 
or oval appearance with erythematous punched out border, 
covered with grayish-white pseudomembrane or a central yel-
lowish fibrinous base. Histologically, classic Behçet’s lesion is 
necrotizing leukocytoclastic obliterative perivasculitis and 
venous thrombosis with lymphocytic infiltration of capillaries, 
veins, and arteries of all sizes leading to ulcer formation. They 
usually heal in 1–3 weeks without scarring, with the exception 
of major ulcers. The most commonly involved sites are gingival 
and buccal mucosa, tongue, and lips, although ulcers can also 
appear in the soft and hard palate, pharynx, and tonsils. Oral 
ulcers usually present early in the disease process and are usually 
the last to disappear during remission.

Treatment of Behçet’s disease in general, and oral lesions in 
particular, is largely empirical based on case series and uncon-
trolled trials. Often the oral lesions do not respond to topical 
treatments and require systemic therapy [50]. Topical antisep-
tics and local antibiotics may be used for infected ulcers and 
local anesthetics for painful lesions [51]. Often systemic therapy 
is required and includes colchicine [52], which has proven ben-
efits in arthritis in Behçet’s but the effects on oral ulceration can 
be variable. Other agents of proven benefit in small randomized 
trials and open-label studies include systemic glucocorticoids, 
azathioprine [53,54], anti-TNF agents such as etanercept [55], 
infliximab, and adalimumab [56–58], cyclosporine [59], IFN-α 
[60], and thalidomide [61,62]. These agents should be used for 
resistant cases taking into account the risks and benefits, espe-
cially in view of the narrow therapeutic window and risk of side 
effects of agents such as thalidomide.

Hereditary hemorrhagic telangiectasia
Hereditary hemorrhagic telangiectasia, also known as Osler–
Weber–Rendu syndrome, is an uncommon autosomal domi-
nant disorder characterized by telangiectasias of the skin and 
oral mucosa and arteriovenous malformations in the brain, 
lung, liver, and gastrointestinal tract. The prevalence of this 
condition varies from 1 : 5000 to 1 : 8000 in the general popula-
tion [63].

Based on the clinical presentation and the underlying genetic 
defect, it is classified as type 1 (HHT1) in which there is muta-
tion of the endoglin gene on chromosome 9 with pulmonary 
involvement; and type 2 (HHT2) with a mutation in the activin 
receptor-like kinase-1 (ALK1) gene. HHT2 presents in a milder 
form [64]. The bleeding episodes occur due to fragility of the 
capillary walls resulting from defective proteins produced by the 
gene mutations described above. The majority of the cases 
present with epistaxis or occult GI bleeding and initial examina-
tion of the oral cavity my lead to the suspicion of the underlying 
diagnosis, which is made on clinical grounds using the  
Curacao criteria: telangiectasia on the face, hands, and oral 
cavity; recurrent epistaxis; arteriovenous malformations with 

Figure 126.5 Lip telangiectasias in hereditary hemorrhagic telangiectasia. 
Source: Fred and van Dijk 2008 [106].
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operative enteroscopy [78–80]. Most patients have a normal life 
span. Following definitive therapy of lesions, formation of new 
lesions is known to occur, warranting regular endoscopic 
surveillance.

Gardner syndrome
Gardner syndrome is a variant of familial adenomatosis poly-
posis (FAP), which is characterized by colonic polyposis typical 
of FAP, along with osteomas (most commonly in the skull and 
the mandible), dental abnormalities, and soft tissue tumors such 
as desmoid and epidermoid cysts [81,82].

Presence of osteomas is required to make the diagnosis of 
Gardner syndrome. While only about 20% are clinically appar-
ent, up to 90% of lesions may be seen in panoramic dental 
radiographs [83]. Around 30% of the patients with Gardner 
syndrome also have dental abnormalities such as odontoma and 
multiple unerupted supernumerary and permanent teeth  
[82]. The dental abnormalities and osteomas of the mandible 
precede the onset of colonic polyposis, which may enable early 
diagnosis.

Based on their position in the mandible, the osteomas are 
called central type which characteristically occur near the roots 
of the teeth, or lobulated type, which arise from the cortex and 
are most commonly observed at the mandibular angle (Figure 
126.8). Their size ranges from less than a millimeter to several 
centimeters in diameter, and they number from one to dozens. 
These lesions may continue to appear and grow throughout life. 
Although they have no malignant potential, they may occasion-
ally be of cosmetic concern.

As discussed in detail in Chapters 47 and 79, Gardner syn-
drome arises from a mutation in the adenomatous polyposis coli 
(APC) gene. As in FAP, the number of colonic polyps is related 
to the locus of the mutation in the APC gene and there is some 
correlation of bone, cutaneous, and desmoid tumor occurrence 
with location of mutation in the distal or 3′ portion of the APC 
gene [84,85]. Inheritance is autosomal dominant in most of the 
cases with near complete penetrance of the gastrointestinal  
phenotype but there is a variable penetrance in the dental 
manifestation.

Puetz–Jeghers syndrome
As discussed in detail in Chapter 79, Peutz–Jeghers syndrome 
(PJS) is a rare autosomal dominant inherited disorder, which is 
characterized by mucocutaneous pigmentations, gastrointesti-
nal polyposis, and an increased risk of gastrointestinal and 
extraintestinal cancer [86,87]. Diagnosis of the condition is 
based on clinicopathological criteria of histological confirma-
tion of GI hamartomatous polyps and two of the following 
features: (1) small bowel polyposis; (2) family history of PJS; and 
(3) pigmented macules in the perioral area, lips (Figure 126.9), 
fingers, or toes [87].

The condition is suspected when the patient presents with 
surgical emergencies such as intussusception or GI bleeding, 
and noted to have perioral pigmentation. The pigmentation 

pharmacological treatments based on corticosteroids, vincris-
tine [71], IFN-α, sirolimus [72], and octreotide [73] have been 
reported for BRBNS. There are reports of endoscopic treatment 
of lesions with histoacryl glue injection [74], argon plasma 
coagulation [75], mucosal resection/polypectomy [76], and 
endoscopic band ligation [77]. Surgical treatments include 
wedge resection or segmental resection of the affected part of 
intestine, which may be undertaken in combination with intra-

Figure 126.6 Oral cavity showing a venous malformation lesion in a 
patient with blue rubber bleb nevus syndrome. Source: Ochiai et al. 2013 
[103].

Figure 126.7 Endoscopic appearance of venous malformations in blue 
rubber bleb nevus syndrome (BRBNS). Source: Fishman et al. 2005 [80]. 
Reproduced by permission of Lippincott Williams.
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ous and extracutaneous hamartomatous lesions. Germline 
mutations are found in the phosphatase and tensin homolog 
(PTEN) gene in the majority of patients with Cowden syndrome 
[88]. The mucocutaneous features are part of pathognomonic 
criteria for diagnosis. Oral papules and papillomas occur on the 
lips or inside the mouth. Several gastrointestinal manifestations 
(and those affecting other organs) of Cowden syndrome have 
been described (see Chapter 79).

Miscellaneous

Orofacial granulomatosis
Orofacial granulomatosis (OFG) is a chronic inflammatory dis-
order that clinically manifests with lip swelling and, less com-
monly, swelling of the gingiva, buccal mucosa, and floor of the 
mouth. It is characterized by noncaseating granulomatous 
inflammation in the absence of Crohn’s disease or sarcoidosis 
in other parts of the body [89]. There is lack of agreement as to 
whether OFG is a distinct clinical disorder or an initial presen-
tation of Crohn’s disease, sarcoidosis, or Melkersson–Rosenthal 
syndrome (in which granulomatous cheilitis, fissured tongue, 
and facial palsy occur).

There are several theories regarding the etiology of OFG, 
which include infection, genetic predisposition, and allergy. 
Prevalence rates of allergy in patients with OFG have been 
reported to be significantly greater than general population esti-
mates (82% versus 22%) [90]. The delayed hypersensitivity 
theory has been further supported by the fact that the lesions 
of OFG respond to exclusion of certain dietary antigens [91,92].

OFG starts as a nontender, recurrent labial swelling that is 
soft to firm and may eventually become persistent. When severe, 
OFG manifests as median cheilitis and/or angular cheilitis. The 
swelling is due to lymphatic blockage caused by granulomas, 

appears as freckles of varying size and may develop at any age 
but commonly manifests during infancy and early childhood, 
with tendency to fade after puberty. Pigmentation, which con-
sists of melanin in the subepithelial region, occurs universally 
in the lips in more than 95% of cases and in the buccal cavity 
in 85%. Hamartomatous polyps occur anywhere in the GI tract 
from the stomach to the rectum but are mostly found in the 
jejunum and their numbers vary from a few to a hundred. 
Histologically, the polyps illustrate hamartomatous prolifera-
tion of the normal epithelium and smooth muscle and appear 
to have characteristic arborizing muscular bundles in the stroma 
of the polyp.

Cowden syndrome
Cowden syndrome is a rare disorder characterized by a number 
of clinical manifestations that include distinctive mucocutane-

Figure 126.8 Gardner syndrome. (a) Multiple osteomas arising from the mandible. (b) Corresponding X-ray showing homogenous radiopaque masses 
over the right and left inferior aspect of the mandible (large arrows) are suggestive of osteomas. Also, multiple small, homogeneous radiopaque masses 
surrounded by a radiolucent halo can be seen throughout the maxilla and mandible suggestive of complex odontomes (small arrows). Diffuse sclerotic 
masses are present throughout the body of mandible giving it a mottled appearance. Source: Panjwani et al. 2011 [104].

(a) (b)

Figure 126.9 Perioral pigmentation in Peutz–Jeghers syndrome. Source: 
Meleti et al. 2008 [105]. Reproduced by permission of Elsevier.
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resolution over the subsequent 10–14 days [98,99]. Agents that 
are associated with mucositis include bleomycin, 5-flurouracil, 
methotrexate, etoposide, doxorubicin, sorafenib, and mTOR 
inhibitors [100,101].

Preventative and treatment strategies include maintenance of 
good oral hygiene, use of protective mucosal coating agents, 
nystatin, adequate topical or systemic analgesia, and topical 
local anesthetic agents such as viscous lidocaine.

References are available at www.yamadagastro.com/textbook
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leading to diffuse swelling from lymphedema. Mucosal swelling 
gives rise to “cobblestone” appearance. Painless mucosal tags 
arising from vestibules or in the retromolar region are also seen. 
Painless enlargement of free and/or attached gingiva arises in 
the localized or generalized pattern and varies in color from 
normal to salmon pink to red [93].

Spontaneous remission of OFG is very rare and treatment is 
usually required. Elimination diets with exclusion of benzoates, 
cinnamon, monosodium glutamate, and food preservatives and 
coloring agents such as sunset yellow have been reported 
[91,94]. Intralesional corticosteroids may lead to improvement 
in some patients. Clofazimine, an antileprosy agent with antiin-
flammatory and antigranulomatous properties, appears effec-
tive [95,96]. Low-dose thalidomide has also been reported to be 
beneficial in resistant cases [32]. Anti-TNF agents (such as inf-
liximab and adalimumab) may be useful in the short to medium 
term to achieve and maintain remission [97].

Drug-induced oral toxicity
Mucositis, affecting the oropharyngeal mucosa, may occur in 
35%–40% of patients that receive drugs for treatment of cancer. 
The mucositis is often a short-lived and self-limiting condition. 
Clinical presentation can be wide, ranging from burning sensa-
tion of the oral cavity (with negligible signs on examination) to 
severe exfoliative inflammation, erythema, and desquamation 
resulting in shallow coalescing ulcers to pseudomembranes. The 
peak occurrence is about 5–7 days after chemotherapy, with 

http://www.yamadagastro.com/textbook


Gastrointestinal vascular malformations and 
neoplasms: arterial, venous, arteriovenous, 
and capillary

Anne C. Travis and Joshua R. Korzenik
Brigham and Women’s Hospital, Boston, MA, USA

2470

CHAPTER 127

Introduction

The gastrointestinal tract is affected by a wide variety of vascular 
lesions which may be a source of gastrointestinal bleeding. 
While the majority of bleeding from vascular lesions is due to 
angiodysplasia, there are several other disorders that should be 
considered, including Dieulafoy lesions, gastric antral vascular 
ectasia, hereditary hemorrhagic telangiectasia, and vascular 
tumors. Making an accurate diagnosis is crucial, since treatment 
for the different lesions varies considerably and some are associ-
ated with important extraintestinal manifestations. For example 
pulmonary arteriovenous malformations in patients with 
hereditary hemorrhagic telangiectasia.

Vascular lesions in the gastrointestinal tract can be classified 
as neoplastic or nonneoplastic. Nonneoplastic lesions can then 
be further categorized as either structural (e.g., angiodysplasia) 
or inflammatory (e.g., vasculitis). Structural malformations may 
be arteriovenous, arterial, capillary, or venous in origin. A clas-
sification scheme based on anatomic and pathophysiologic 
characteristics of the lesions is presented in Figure 127.1, and 
the lesions highlighted in color there are discussed in this 
chapter. Table 127.1 summarizes the lesions’ predominant clini-

cal presentations, anatomic and histologic abnormalities, endo-
scopic appearances, and characteristic features seen on other 
tests.

Many of these lesions have been referred to by more than one 
name. For example, Dieulafoy lesions have been called exulcera-
tio simplexes, cirsoid aneurysms, caliber persistent arteries, and 
submucosal arterial malformations [1]; the term phlebectasia 
has been used to describe both small hemangiomas and isolated 
venous varicosities [2]; and angiodysplasia has been referred to 
as angioectasia and arteriovenous malformations.

This chapter will review the pathophysiology, clinical mani-
festations, diagnosis, and management of Dieulafoy lesions, 
gastrointestinal vascular ectasia, angiodysplasia, hereditary 
hemorrhagic telangiectasia (HHT), hemangiomas, vascular 
Ehlers–Danlos syndrome, pseudoxanthoma elasticum, angiosa-
rcomas, hemangiopericytomas, and hemangioendotheliomas.

Dieulafoy lesion

Dieulafoy lesions are uncommon, but significant as they may  
be a source of massive, recurrent bleeding. They are important 
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in the stomach [5]. Dieulafoy lesions are not ulcerated, though 
there is an associated small mucosal defect [4].

While initially described in the stomach, Dieulafoy lesions 
have been identified throughout the gastrointestinal tract. In 
three large series of patients with upper gastrointestinal bleed-
ing from a Dieulafoy lesion, the lesion was in the proximal 
stomach in 75% of patients, the distal stomach in 13%, and  
the duodenum in 12% [6,7]. It is estimated that 10% of Dieula-
foy lesions occur in the colon [8]. They rarely occur in the 
esophagus [9].

Dieulafoy lesions do not display endothelial abnormalities, 
but instead likely bleed because the artery is large and superfi-
cially located, making it vulnerable to relatively minor mechani-
cal trauma. Pulsations of the artery, peristaltic contractions, or 
passage of a food bolus may induce gastrointestinal bleeding 

to consider in a patient presenting with gastrointestinal bleed-
ing because they can be easily overlooked at the time of 
endoscopy.

Pathology and pathophysiology
Dieulafoy lesions result from unusually large (1–3 mm) submu-
cosal arteries. It is not known whether the lesions are acquired 
or congenital [1,3]. While normal arteries narrow progressively 
in the arterial tree as successive branches approach the mucosa, 
terminating as submucosal end arteries that are 0.12–0.2 mm in 
diameter, the arteriole of a Dieulafoy lesion appears histologi-
cally normal but does not narrow [4]. A Dieulafoy lesion is often 
a branch of the left gastric artery, occurring in the stomach 
within 6 cm of the gastroesophageal junction. This area lacks the 
usual submucosal arterial anastomotic plexus present elsewhere 

Figure 127.1 Classification of vascular gastrointestinal lesions. Diagrammatic outline of a classification of vascular gastrointestinal lesions according to 
pathophysiology and the predominant type of vascular involvement (arterial, venous, arteriovenous, or capillary). Diseases highlighted in blue are 
discussed in this chapter. GAVE, gastric antral vascular ectasia.
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bleeding) are common. When active bleeding is present, it is 
often spurting or pulsatile. Differentiating between a Dieulafoy 
lesion and an ulcer can be difficult if there is an adherent clot. 
Findings that suggest the bleeding may be due to a Dieulafoy 
lesion rather than an ulcer include a fresh, densely adherent clot 
in the proximal stomach that has a narrow point of attachment 
to a small mucosal defect.

The ability to detect a Dieulafoy lesion on esophagogastrodu-
odenoscopy (EGD) was examined in a large series of patients 
with upper gastrointestinal bleeding due to a Dieulafoy lesion 
[11]. The lesion was detected on the initial EGD in 73% of 
patients, and on a subsequent EGD in 21% [11]. A second series 
found that 6% of patients required three or more endoscopic 
procedures to obtain a diagnosis [21].

Endoscopic Doppler ultrasound can confirm the diagnosis. 
The classic findings are an abnormally large (2–3 mm wide), 
high-flow, pulsating submucosal artery located along the lesser 
curvature of the stomach near the gastroesophageal (GE) junc-
tion [22–24].

Angiography is indicated if bleeding persists following a 
nondiagnostic EGD with good visualization or if the stomach 
cannot be adequately visualized despite aggressive attempts to 
clear the stomach of blood and clot. The ability of angiography 
to detect the lesion was examined in a study of 14 patients 
with a Dieulafoy lesion; angiography was diagnostic in 11 
patients [11].

[10]. In addition to bleeding resulting from mechanical trauma, 
Dieulafoy lesions cause bleeding by shunting blood away from 
the overlying mucosa (steal phenomenon), leading to hypoper-
fusion, ischemia, and erosion of overlying mucosa.

Pathologic examination often reveals a thrombus attached to 
a large, superficial artery with normal vascular endothelium, 
overlying a small, nonexcavated mucosal defect [1,10,11]. There 
is no histologic evidence of atherosclerosis, inflammation, or an 
aneurysm.

Upper gastrointestinal lesions
Epidemiology and clinical manifestations
Approximately 1.5% of patients with upper gastrointestinal 
bleeding will have a Dieulafoy lesion identified on upper endos-
copy [6,12–14]. However, endoscopy may underestimate the 
true incidence because the lesions can be overlooked. The 
male : female ratio is about 2:1 [7,11,14] and the mean age at 
diagnosis is 60–65 years (range 1–95 years) [7,11,15,16]. As is 
seen with other vascular lesions in the gastrointestinal tract, 
Dieulafoy lesions are associated with comorbidities such as car-
diopulmonary disease and chronic renal disease [17]. Over half 
of the patients diagnosed with a Dieulafoy lesion have been 
using nonsteroidal antiinflammatory drugs or warfarin [17].

Patients typically present with acute, severe gastrointestinal 
bleeding, and may show signs of hemodynamic compromise 
such as hypotension, orthostasis, tachycardia, and prerenal azo-
temia. Patients may have hematemesis, melena, or hemato-
chezia, and it is common for patients to present with both 
hematemesis and melena [11]. Other gastrointestinal com-
plaints, such as abdominal pain, are atypical and their presence 
should suggest another diagnosis, such as peptic ulcer bleeding 
or esophagitis [7].

Diagnosis
The lesion is usually diagnosed by endoscopy, though it may be 
missed because endoscopically it is relatively small in size, if 
gastric retroflexion is incomplete, or if it is concealed by gastric 
rugae, blood, or a clot [18]. A Dieulafoy lesion may also be 
missed if a minor lesion is dismissed as insignificant, a problem 
that occurs as frequently as missing a lesion because of poor 
visualization [19]. In order to increase the detection of these 
lesions, endoscopists must fully distend the stomach with air or 
carbon dioxide (to separate the gastric rugae), perform a careful 
examination during gastric retroflexion, aspirate the gastric 
lake, and cautiously irrigate clots. Endoscopic biopsy of the 
lesion should be avoided because it may induce massive 
bleeding.

Endoscopically, the lesion appears as a pigmented protuber-
ance (the vessel stump) with a small mucosal defect, but no 
ulceration (Figure 127.2). If an ulcer is seen, the pigmented 
protuberance is a visible vessel, not a Dieulafoy lesion. Because 
Dieulafoy lesions are typically small 2–5 mm diameter, only a 
tiny necrotic spot in the proximal stomach may be appreciated. 
Stigmata of recent hemorrhage (e.g., an adherent clot or active 

Figure 127.2 Endoscopic appearance of Dieulafoy lesion. This image 
shows a gastric Dieulafoy lesion from the gastric cardia. The lesion 
appears as a small, pigmented protuberance, which represents the vessel 
stump. There is minimal surrounding erosion and no ulceration. 
Source: Lee and Leung [20]. Reproduced with permission from Elsevier.
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can use the tattoo and the clip to localize the lesion, as identifi-
cation of a nonbleeding lesion can be difficult [41].

Before the development of endoscopic therapy, surgery was 
the mainstay of treatment, but it is now reserved for patients 
who fail endoscopic therapy. In one series, it was necessary  
in less than 10% of patients [28]. Surgical approaches include 
electrocoagulation with vessel ligation, wedge resection, and 
proximal partial gastrectomy. Bleeding may recur after electro-
coagulation or limited wedge resection because of the long span 
of the abnormal artery [42], though gastrectomy is theoretically 
unnecessary because the abnormal artery is usually restricted  
to the proximal stomach [43]. A wide wedge resection is a  
reasonable compromise between resecting too little and too 
much [7,44].

Therapeutic angiography with selective left gastric artery 
embolization for ongoing bleeding has been reported, but 
rebleeding is common [45]. However, if successful, it may avoid 
the need for surgery.

Mid and lower gastrointestinal lesions
Dieulafoy lesions may also be seen in the jejunum, ileum, colon, 
and rectum [8]. They are more commonly detected in the colon 
and rectum than the jejunum and ileum, probably because 
colonoscopy is used more than enteroscopy. As a result, the 
incidence of jejunal and ileal lesions may be underestimated 
[46]. Lesions beyond the reach of an enteroscope may be 
detected with wireless capsule endoscopy. Like gastric lesions, 
small bowel and colonic lesions often bleed suddenly and 
severely [47–51], presenting with bright-red blood per rectum 
and hemodynamic instability [8].

Dieulafoy lesions of the jejunum, ileum, and colon may be 
diagnosed by endoscopy or angiography [52]. Severe hemor-
rhage may impair visualization, increasing the risk of the pro-
cedure and decreasing the diagnostic yield [53]. Sigmoidoscopy 
may be sufficient for diagnosing rectal Dieulafoy lesions [53,54]. 
The endoscopic appearance and histology of small bowel and 
colonic lesions are similar to those of gastric lesions [46].

Surgery has been the usual therapy for mid and lower gas-
trointestinal lesions [53,54], but colonoscopic hemostasis and 
hemostasis using device-assisted enteroscopy (double balloon 
enteroscopy, single balloon enteroscopy, spiral enteroscopy) are 
being increasingly attempted. When possible, endoscopic 
therapy should be performed, reserving surgery for refractory 
bleeding [8,54]. Care must be taken not to confuse a colonic 
Dieulafoy lesion with a polyp, since attempts to remove the 
lesion could result in massive hemorrhage [55].

Gastric antral vascular ectasia

Etiology
Gastric antral vascular ectasia (GAVE), also known as “water-
melon stomach,” is a condition in which ectatic and sacculated 
mucosal vessels are seen along longitudinal folds in the antrum. 

Angiographic findings include extravasation of contrast from 
a point source in the proximal stomach, arterial tortuosity in 
the territory of the left gastric artery without other vascular 
abnormalities [25], arteriovenous shunting, a vascular tuft, an 
early-filling vein, a late-draining vein, or a large draining vein. 
The Dieulafoy artery is usually too small in caliber to be recog-
nized as enlarged by angiography and is often obscured by 
extravasated contrast. Computed tomographic (CT) angiogra-
phy or magnetic resonance angiography (MRA) are increasingly 
being used for the diagnosis of bleeding lesions in the gastroin-
testinal tract, including Dieulafoy lesions, but lack therapeutic 
capacity if a bleeding lesion is identified [19].

Therapy
Patients with a bleeding Dieulafoy lesion typically require vigor-
ous fluid resuscitation, blood transfusions, and endoscopic 
therapy. Unlike bleeding from a peptic ulcer, medical therapy 
alone (e.g., with a proton pump inhibitor [PPI]) has little role 
in controlling bleeding or reducing recurrence because Dieula-
foy lesions are not related to gastric acidity.

Endoscopic therapy is the mainstay of treatment. With 
therapy the mortality rate is 10% or less [26]. Studies suggest 
that the mortality rate from Dieulafoy-associated bleeding is 
lower than that from a bleeding gastric or duodenal ulcer, 
despite the massive bleeding that occurs with Dieulafoy lesions 
[27]. A more recent, larger series reported no mortality in over 
one hundred patients with a bleeding Dieulafoy lesion [28].

Endoscopic therapies include injection therapy, bipolar elec-
trocoagulation, thermocoagulation, hemoclip placement, laser 
photocoagulation, and endoscopic band ligation [29–31]. A 
common approach to endoscopic treatment is to inject dilute 
epinephrine (1:10 000–1:20 000) near the lesion to achieve 
initial hemostasis, followed by electrocautery, thermocoagula-
tion, or hemoclip placement [32]. Recurrence of bleeding occurs 
in 2%–36% of cases [11,33–35]. As with the treatment of bleed-
ing ulcers, rebleeding rates are high if epinephrine monotherapy 
is used [33]. In four large reviews, long-term hemostasis was 
achieved in approximately 90% of patients by various endo-
scopic therapies [6,11,15,36].

Combined therapy with hemoclip placement and injection 
of a sclerosant may be most effective [28]. However, injection 
of sclerosants has been associated with complications, such 
as extravasation of the sclerosant [37]. If a sclerosant is 
injected, it should be done following clear visualization of the 
lesion with deep clipping. Endoscopic band ligation has also 
been used successfully [33,38], but it may increase the risk 
of perforation, and bleeding may occur from the resulting 
ulcer [39,40].

The major complication of endoscopic therapy is ulceration 
at the treated site, so patients are typically given a PPI following 
endoscopic therapy. Once the lesion is identified and treated, 
tattooing nearby may be useful for localization of the area if 
rebleeding occurs. In addition, tattooing and hemoclip place-
ment may be helpful if surgery is probable, because the surgeon 
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lesion demarcation [75]. Occasionally, GAVE is diagnosed with 
capsule endoscopy [78].

Obtaining endoscopic biopsies appears to be safe, despite the 
vascularity of the lesions [69,79]. However, in the appropriate 
clinical setting, biopsies are typically not needed to make the 
diagnosis.

As with biopsies, radiographic imaging is rarely required to 
make the diagnosis. If imaging is obtained, findings may include: 
dilated, ectatic vessels in the antral mucosa and submucosa 
(endoscopic ultrasound); focal antral mural thickening (CT 
scan); scalloped antral folds radiating to the pyloric sphincter 
(double-contrast upper gastrointestinal series) [80]; and mild 
antral hypervascularity (angiography) [81].

Therapy
To decrease the risk of exacerbating bleeding, patients should 
avoid gastrotoxic medications, antiplatelet agents, or anticoagu-
lants, if possible. Blood transfusions may be needed for acute 
gastrointestinal bleeding, whereas iron replacement therapy 
may be sufficient for chronic gastrointestinal bleeding. Patients 
with renal failure may require erythropoietin. Histamine H2 
receptor antagonists and PPIs are ineffective because GAVE is 
not acid-related and patients often already have hypochlorhy-
dria from atrophic gastritis [82].

GAVE is associated with atrophic gastritis [56], renal failure 
[57], bone marrow transplantation [58], and scleroderma 
[59,60]. It is also associated with cirrhosis [61], but is not a 
manifestation of portal hypertension and is distinct from portal 
hypertensive gastropathy [62–64].

The etiology of GAVE is unknown, though a trophic etiology 
has been proposed [61,65]. This is based on the finding of 
trophic factors such as gastrin [66], prostaglandin E2 [67], and 
5-hydroxytryptamine (serotonin) [68] in the serum or mucosa 
of patients.

An alternative explanation is that GAVE may arise from 
repeated antral mucosal trauma due to pyloric prolapse [69]. 
This theory is supported by the finding that GAVE is generally 
restricted to the antrum, which is the only gastric region subject 
to peristaltic contractions. In addition, GAVE typically is found 
on longitudinal folds, which are the part of the antrum most 
subject to trauma during peristaltic contractions [70]. Other 
observations that suggest repeated prolapse as the etiology 
include the finding that the antral mucosa appears to be abnor-
mally mobile and loosely attached to the underlying muscularis 
propria, as would be expected from repeated prolapse [69], 
and the vascular ectasias resemble those seen in other trau-
matic gastrointestinal lesions, such as the solitary rectal ulcer 
syndrome, prolapsed hemorrhoids, and intestinal intussuscep-
tion [70–72].

Epidemiology and clinical manifestations
The incidence of GAVE may be as high as one per several 
hundred EGDs if early, characteristic endoscopic findings are 
recognized. The mean age at presentation is 70 years (range 
50–90 years) [70,73,74], with a female : male ratio of about 4:1 
[56,69,70,74,75].

Iron deficiency anemia from chronic occult bleeding is the 
most common clinical presentation [69,70,76], though patients 
occasionally present with melena from acute bleeding [73,74]. 
However, hematemesis is also relatively common. Patients do 
not report pain. They may have a long history of occult bleeding 
and anemia because of delayed diagnosis [74], and patients have 
frequently received multiple previous blood transfusions. On 
physical examination, patients may be pale and have a positive 
test for fecal occult blood [70].

Diagnosis
The diagnosis is made with endoscopy, which reveals multiple 
parallel, prominent longitudinal folds that traverse the antrum 
and converge on the pyloric sphincter. The apices of the folds 
are erythematous, giving rise to a streaked appearance extend-
ing outward from the antrum [69] (Figure 127.3). Occasionally 
the streaks extend into the proximal stomach [59,77]. The term 
“watermelon stomach” derives from the resemblance of these 
erythematous linear streaks to the stripes on a watermelon rind.

Features that help distinguish GAVE from focal antral gastri-
tis include the presence of the erythematous streaks on folds 
that radiate to the pylorus, blanching with pressure, and sharp 

Figure 127.3 Upper endoscopy image showing the characteristic finding 
in gastric antral vascular ectasia of linear, intensely erythematous lesions 
at the apices of longitudinal antral folds radiating to the pylorus. The 
alternative lesion name of watermelon stomach derives from the 
resemblance of these erythematous linear streaks to the stripes on a 
watermelon rind.
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Among patients with chronic renal failure, angiodysplasia is 
the most common cause of upper gastrointestinal bleeding, 
accounting for approximately 20%–30% of bleeds in this patient 
population [109–112]. It also is a common cause of lower gas-
trointestinal bleeding in this population [113]. However, not all 
studies report an association between angiodysplasia and 
chronic renal failure [114–116]. One possible explanation for 
this is that the risk of angiodysplasia appears to increase with 
the duration and severity of renal dysfunction [109], and studies 
showing no association may include patients with a short dura-
tion and mild severity of renal insufficiency. Also of note, many 
studies that show a lack of association were published in the 
early 1980s, when angiodysplasia was an uncommon diagnosis, 
presumably because of under recognition. However, it is also 
possible that angiodysplasia is not associated with chronic renal 
failure and that the apparent association may be due to an 
increased risk of bleeding in the setting of platelet dysfunction, 
leading to higher rates of detection of lesions that would other-
wise be clinically silent [109].

The association between aortic stenosis and angiodysplasia is 
somewhat controversial, although the weight of the evidence 
supports this relationship [117]. Several retrospective studies 
have found that up to 25% of patients with angiodysplasia had 
aortic stenosis, though in many of these studies, aortic stenosis 
was diagnosed by clinical criteria without confirmation by 
echocardiography or cardiac catheterization [110,118–123]. 
Cessation of bleeding from angiodysplasia after successful 
aortic valve replacement was reported in several case reports 
[124–126].

The results from prospective studies have been variable. In 
two endoscopic studies with a total of 69 patients with gastroin-
testinal angiodysplasia, there were no cases of aortic stenosis 
detected by two-dimensional Doppler echocardiography 
[97,127]. By contrast, a third study reported that 32% of 73 
patients with angiodysplasia had aortic stenosis on echocardi-
ography, a much higher rate than expected [128].

The association of aortic stenosis and angiodysplasia may be 
related to an increased risk of bleeding rather than an increase 
in the incidence of angiodysplasia. Aortic stenosis results in the 
loss of large multimers of von Willebrand factor due to high 
shear forces across a stenotic aortic valve. The loss of von Wil-
lebrand factor is significant because these multimers prevent 
bleeding at high-flow and high-shear-stress lesions such as angi-
odysplasia [129]. Aortic valve replacement may lead to bleeding 
cessation by allowing normal multimer levels to be restored 
[130]. Angiodysplasia has also been associated with congenital 
or acquired von Willebrand disease [117,120,131–133], though 
again, the association may be related to a propensity for angi-
odysplasia to bleed in the setting of a coagulopathy, leading to 
increased detection.

A number of case reports have noted an association between 
gastrointestinal angiodysplasia and scleroderma or the CREST 
syndrome (calicinosis cutis, Raynaud phenomenon, esophageal 
dysmotility, sclerodactyly, and telangiectasia) [134–137]. 

The primary treatment for GAVE is endoscopic therapy. 
Overall, 70% to 100% of patients have stable hematocrits 
without transfusions for up to 2 years after endoscopic therapy 
[59,74,83–86].

Argon plasma coagulation is now the preferred endoscopic 
approach. It is well suited to treating GAVE because the vascular 
lesions are superficial and diffuse, and it is associated with a low 
risk of complications, as well as high success rates. When the 
data from four studies were combined, 50 of 55 transfusion-
dependent patients (91%) no longer required transfusions fol-
lowing argon plasma coagulation therapy over a mean follow-up 
of approximately 2 years [62,87–89]. Recurrent bleeding is typi-
cally treated with additional argon plasma coagulation.

Other endoscopic treatments that have been used to treat 
GAVE include laser therapy [59,74,90,91], thermocoagulation 
[70], endoscopic band ligation [92–94], and radiofrequency 
ablation [95]. Complications of endoscopic therapy are infre-
quent but include: perforation, stenosis, ulceration, and hemor-
rhage [73,74]. Patients should receive acid suppressive therapy 
after endoscopic ablation to prevent iatrogenic ulcers.

Surgery is reserved for patients who fail endoscopic therapy. 
Antrectomy removes the GAVE and nearly always cures the 
disease [56,69], but it is associated with an approximate 5% 
morbidity and mortality rate [75,90]. The efficacy of surgery was 
demonstrated in a series of 45 patients who underwent surgery 
for GAVE [75]. Only two required transfusions during a mean 
follow up of 2 years, and both bled from other gastrointestinal 
lesions.

Transjugular intrahepatic portosystemic shunt placement is 
not effective for treating GAVE in patients with cirrhosis [96].

Angiodysplasia

Epidemiology and associated conditions
Angiodysplasia is common cause of acute and chronic gastroin-
testinal bleeding, particularly from the lower gastrointestinal 
tract. It is found in approximately 3%–6% of patients with lower 
gastrointestinal bleeding [97–100], and 2%–5% of patients with 
acute upper gastrointestinal bleeding [101–103]. Angiodyspla-
sia is the most common cause of gastrointestinal bleeding 
arising from the jejunum and ileum (which accounts for 3%–5% 
of gastrointestinal bleeding)

Men and women are equally affected by angiodysplasia, and 
there are no racial differences in its incidence [100,104]. Angi-
odysplasia is not familial, but it may be confused with heredi-
tary hemorrhagic telangiectasia (HHT), which is familial. The 
average age of patients with bleeding angiodysplasia is approxi-
mately 70 years [98,104–107], though bleeding may be seen in 
infants, children, and young adults [108].

Conditions that have been associated with angiodysplasia 
include chronic renal failure, aortic stenosis (in which case it is 
known as Heyde syndrome), and von Willebrand disease. 
However, in many cases a true association has yet to be proven.
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Figure 127.4 Endoscopic photo of a cluster of angiodysplasias. 
(a) Colonoscopic image demonstrating two adjunct clusters of 
angiodysplasias in the descending colon in an elderly woman with iron 
deficiency anemia; colonoscopy revealed no other angiodysplasia in the 
remainder of the colon. (b) Close-up views demonstrate the characteristic 
endoscopic appearance of angiodysplasias: an intense red color, an 
intricate reticulonodular structure, and communication with prominent 
feeding or draining vessels. Source: Cappell et al. [107]. Reproduced with 
permission from Springer Science and Business Media.

(b)

(a)

Although this association has not been proven in large prospec-
tive series, the finding of cutaneous telangiectasias in sclero-
derma suggests that the association may be real. Several cases 
of angiodysplasia have been reported in association with Turner 
syndrome [138,139] and portal hypertension [140,141]. 
However, these associations are unproven.

Histology and pathogenesis
Histologically, acquired lesions consist of dilated, distorted, tor-
tuous, thin-walled vessels that are lined by endothelium. There 
is little or no smooth muscle and no inflammation, fibrosis, or 
atherosclerosis [101,106,142]. Unlike acquired lesions, congeni-
tal arteriovenous malformations typically have thick-walled 
arteries. While the lesions of hereditary hemorrhagic tel-
angiectasia (HHT) are seen in all layers of the bowel wall, angi-
odysplasia is restricted to the mucosa and submucosa [143]. 
Colonic angiodysplasias are often right-sided and have a predi-
lection for cecum [118]. Angiodysplasia may also be found in 
the transverse and left colon, with approximately 40% of colonic 
lesions occurring distal to the hepatic flexure [105,144,145]. 
Lesions in the upper gastrointestinal tract are most commonly 
seen in the stomach, but they may also be seen in the duodenum 
and rarely in the esophagus [101,104,118,146].

Angiodysplasias are often multiple [120] and tend to cluster 
in a particular segment of the gastrointestinal tract [107] (Figure 
127.4). However, 15%–20% of patients with colonic angiodys-
plasia also have upper gastrointestinal angiodysplasia, and vice 
versa [107,147].

The pathogenesis of angiodysplasia is unknown. The patho-
genesis may vary depending on the associated conditions and 
the age at onset [148]. A common theory is that angiodysplasia 
is an acquired degenerative lesion that results from chronic, 
intermittent, low-grade obstruction of the veins, capillaries, and 
arterioles that supply the mucosa [119] (Figure 127.5). With 
time, recurrent obstruction may result in venous obstruction 
and subsequent dilation and tortuosity of the draining vessels. 
Initially, only submucosal veins are dilated, but in older lesions, 
mucosal veins, capillaries, and arteries are dilated [119,142] 
(Figure 127.6). The predilection of angiodysplasia for the cecum 
may be explained by the chronic obstruction theory. Since the 
cecum has a larger luminal diameter than other portions of the 
colon its mural tension is greater, which may lead to compres-
sion of thin-walled veins in the muscularis propria [119].

A neurovascular (or hormonal) mechanism may also con-
tribute to angiodysplasia development [124]. In the setting of 
low-grade, local hypoperfusion, intestinal vascular smooth 
muscle relaxation may be stimulated by sympathetic nerves to 
increase blood flow and reverse the hypoxia. With chronicity, 
this local vascular overload could lead to vascular dilation and 
the development of ectasia [124]. This theory could explain why 
angiodysplasia often seem to disappear with intravenous mepe-
ridine injection (a problem with endoscopic diagnosis) [150], 
or cold-water colonic irrigation [127], and reappear with 
naloxone administration. Genetic lesions leading to increased 

expression of angiogenic factors [151] or deficient production 
of type IV collagen [152] have also been proposed as pathogenic 
factors.

Among patients with renal insufficiency, chronic intermittent 
fluid overload may lead to venous hypertension, microvascular 
venous dilation, and retrograde capillary dilation [111]. The 
bleeding diathesis associated with renal failure may result in 
lesions that were previously asymptomatic becoming clinically 
apparent (e.g., with signs of bleeding or anemia) [112]. Hyper-
tension and vascular disease, common in renal failure, may also 
exacerbate bleeding from angiodysplasia [101].

Clinical manifestations
In the past, angiodysplasia often presented with severe gastroin-
testinal bleeding [118]. However, angiodysplasia is increasingly 
associated with mild bleeding, likely owing to earlier identifica-
tion of the lesions and recognition of milder cases [104].

Most angiodysplasias are asymptomatic and incidental. If 
bleeding develops, it is painless and typically is low-grade and 
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recurrent. However, approximately 10% of patients present with 
acute, severe hemorrhage [121]. Advanced lesions may be asso-
ciated with more frequent and more severe bleeding than early 
lesions [106]. In addition, severe bleeding may be more likely 
in patients with disorders of hemostasis, such as acquired von 
Willebrand deficiency [131].

The clinical presentation varies with the bleeding site, chro-
nicity, and severity. In patients with acute upper gastrointesti-
nal, jejunal, and ileal bleeding, melena is the most common 
presentation, though hematemesis may be seen with acute 
upper gastrointestinal bleeding [104,143]. In patients with 
acute lower gastrointestinal bleeding, hematochezia is common, 
though rarely, melena is seen [101,104]. Chronic bleeding 
presents with fecal occult blood and/or iron deficiency anemia. 
Because of difficulty making the diagnosis, patients bleeding 
from angiodysplasia often have a longer history of gastrointes-
tinal bleeding than other patients with gastrointestinal bleed-
ing [103,153].

The physical examination will vary depending on the presen-
tation. With acute, severe bleeding the examination will reveal 
signs of gastrointestinal blood loss (e.g., melena, hematochezia). 
Patients with chronic bleeding may have signs of anemia (e.g., 
pallor).

Figure 127.5 Diagrammatic illustration of a popular theory of angiodysplasia pathogenesis. (a) Normally patent distal veins within the muscular layer 
of the gut drain proximal mucosal vessels, including the capillary ring. (b) These distal veins become partially obstructed due to muscular contractions 
or increased intraluminal pressure. (c) Chronic repeated intermittent obstruction of these distal veins results in proximal venous dilation and tortuosity. 
(d) With time, gut veins become progressively more dilated and tortuous, and the lesion propagates proximally. (e) Ultimately, the capillary ring 
becomes dilated, the precapillary sphincter becomes incompetent, and a small arteriovenous communication occurs through the ectasia. Source: Boley 
et al. [119]. Reproduced with permission from Elsevier.

(a) (b)

(d) (e)

(c)

Figure 127.6 Transilluminated view of an angiodysplasia. 
Photomicrograph through a dissecting microscope of a transilluminated, 
cleared colon after intravascular silicone injection reveals a mucosal 
ectatic vascular tangle surrounded by normal colonic crypts. The vascular 
tangle is drained by ectatic venules that lead to a large, distended, and 
tortuous underlying submucosal vein (arrow). Source: Boley SJ et al. 
[149]. Reproduced with permission from Elsevier.
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If a bleeding source is not detected with endoscopy, angiog-
raphy is an option for actively bleeding lesions. The angiographic 
hallmarks of angiodysplasia are:
• a vascular tuft or tangle resulting from the local mass of 

irregular vessels, best visualized in the arterial phase
• an early and intensely filling vein resulting from a direct arte-

riovenous connection without intervening capillaries
• persistent opacification beyond the normal venous phase 

(slowly emptying vein), possibly resulting from venous tortu-
osity [158] (Figure 127.7).

Each angiographic sign is seen in about 60%–90% of patients 
[145,158]. Because angiodysplasias bleed intermittently, extrava-
sation of contrast material from angiodysplasias is detected in 
only about 10% of angiograms [106]. The advantages of angi-
ography are that it can detect angiodysplasia throughout the 

Diagnosis
Angiodysplasia is typically diagnosed endoscopically [144,153]. 
Angiodysplasia appears as a dense macular and reticular 
network of vessels (vascular tuft), which is typically 2–8 mm 
wide. The oxygen content in the erythrocytes is high because 
the vessels are supplied by arteries without intervening capillar-
ies, so the lesions appear intensely red (Figure 127.4). A promi-
nent feeding artery or draining vein may also be observed 
[97,154,155]. Shunting of blood from surrounding tissue by  
the low-resistance angiodysplastic shunt (vascular steal) may 
result in a pale (anemic) mucosal halo surrounding the angiod-
ysplasia [122].

In a study of 80 patients that used angiography or pathologic 
examination of the resected colon as a gold standard, colon-
oscopy had a sensitivity of 81% for detecting angiodysplasia 
[154]. Angiodysplasia may be missed endoscopically if it is 
obscured behind folds, at sharp turns, or by stool. Angiodys-
plasia can also be incorrectly dismissed as endoscopic trauma 
or fresh blood [146]. Angiodysplasia may be inconspicuous in 
the setting of hypotension, severe anemia, or opioid adminis-
tration for endoscopy [150]. Because of this, it is particularly 
important that endoscopy be performed only after hypoten-
sion and anemia have been corrected if angiodysplasia is 
suspected.

In a patient with gastrointestinal bleeding and angiodyspla-
sia, it is important to assess whether the angiodysplasia is the 
likely source of blood loss. In two large studies, 30%–44% of 
patients with angiodysplasia had other significant gastrointesti-
nal lesions, such as colonic polyps, colon cancer, inflammatory 
bowel disease, or peptic ulcer disease [99,155]. If the angiodys-
plasia is bleeding at the time of endoscopy, or has an overlying 
clot it, is the likely source of bleeding. However, if neither of 
these features is present a presumptive diagnosis is made only 
after excluding other causes.

Endoscopic biopsy is generally not recommended because of 
the low diagnostic yield and the increased risk of provoking 
hemorrhage [101,120]. Pathologic examination of an endo-
scopic biopsy supports the endoscopic diagnosis in only about 
40% of cases. The problem with endoscopic biopsies is that they 
are mostly mucosal, and the most consistent and characteristic 
histologic abnormalities are submucosal. If a biopsy is obtained, 
a hot biopsy technique is preferred to reduce the risk of 
bleeding.

In patients undergoing wireless capsule endoscopy for per-
sistent, obscure gastrointestinal bleeding (i.e., no etiology deter-
mined by upper endoscopy or colonoscopy), small intestinal 
angiodysplasia is the most common diagnosis (30% of cases) 
[156,157]. Active bleeding often obscures mucosal visualization, 
but if the lesions are visualized, endoscopic stigmata of recent 
hemorrhage are often present. The appearance of angiodysplasia 
on capsule endoscopy is the same as for conventional endos-
copy. Limitations of capsule endoscopy include the inability to 
control the movement of the capsule, inability to wash debris 
from the mucosa, and lack of therapeutic capacity.

Figure 127.7 Angiographic findings in angiodysplasia. (a) Arterial phase 
shows vascular tufts (large arrows) and two early filling veins (small 
arrows) that have filled with contrast before other veins. (b) Late phase 
reveals two densely opacified, dilated, and tortuous cecal veins (arrows) 
that still retain contrast after other veins have cleared. Source: Boley et al. 
[158]. Reproduced with permission from the Radiological Society of 
North America.

(a)

(b)
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mucosal examination during advancement of the endoscope 
with minimal use of suction [121]. Endoscopic findings sugges-
tive of angiodysplasia rather than trauma include a finely reticu-
lar (fern-like) internal structure, an irregular (stellate) border, 
abrupt lesion margin, and lesions lying flush (coplanar) with the 
mucosa (see Figure 127.4).

The angiographic findings of angiodysplasia are occasionally 
mimicked by tumor or inflammatory bowel disease [101],  
but these disorders are easily differentiated at the time of 
endoscopy.

Natural history
The decision to treat angiodysplasia is based on the risk of future 
bleeding. Many lesions are asymptomatic and incidentally 
found at endoscopy performed for reasons other than bleeding. 
In a review of 41 patients with upper gastrointestinal angiodys-
plasia, 21 (51%) were incidental endoscopic findings [122]. 
Angiodysplasia in this setting are unlikely to bleed. This was 
demonstrated in two series with a total of 24 patients with 
asymptomatic angiodysplasia [105,155]. During a mean 
follow-up of 2–3 years, none of the patients experienced gas-
trointestinal bleeding.

Angiodysplasia may also be associated with fecal occult 
blood, iron deficiency anemia, and overt bleeding. Patients with 
bleeding from angiodysplasia often have a milder hospital 
course than those with gastrointestinal bleeding from other 
causes. In a retrospective series, compared with patients with 
other sources of gastrointestinal bleeding, patients admitted to 
the hospital with angiodysplasia required fewer blood transfu-
sions, had shorter hospitalizations, and had lower mortality 
rates [104].

Once bleeding or anemia develops in a patient with angio-
dysplasia, rebleeding is common. In three studies of patients 
with angiodysplasia presenting with bleeding or anemia and 
treated conservatively with blood transfusions alone, 40%–50% 
rebled within 3 years [155,164,165]. Thus, angiodysplasia in 
patients with signs of overt or occult blood loss requires 
treatment.

Therapy
When to treat
Whether to treat for angiodysplasia depends on the likelihood 
of future bleeding. Asymptomatic angiodysplasias found inci-
dentally during endoscopy have a low risk of subsequent bleed-
ing and are generally not treated, particularly if they are in the 
cecum or ascending colon because the thin colonic wall in the 
right colon increases the risk of complications with endoscopic 
therapy [101,166]. However, endoscopic therapy is reasonable 
if an angiodysplasia is exceptionally large or if prior bleeding 
from an angiodysplasia is suspected but undocumented.

Endoscopic therapy is indicated for actively bleeding angio-
dysplasia or angiodysplasia with stigmata of recent hemorrhage 
if there are no contraindications, such as an uncorrected coagu-
lopathy. In addition, isolated angiodysplasia in a patient with 

gastrointestinal tract, it can be performed during severe hemor-
rhage when colonoscopy is often ineffective, and it permits 
therapeutic interventions [101]. However, angiography may 
miss angiodysplasia of the small bowel if the lesions are misi-
dentified as normal vascular arcades [159]. Disadvantages of 
angiography include its invasiveness, the need for intravenous 
contrast, and the requirement that lesions be actively bleeding 
at the time of the study.

Helical CT angiography is a less invasive alternative to angi-
ography [160]. However, like angiography, it requires active 
bleeding and the administration of intravenous contrast. In 
addition, it lacks therapeutic capacity.

Because of its small size and mucosal location, angiodysplasia 
is seldom detected during laparotomy by visual inspection or 
manual palpation of the serosal surface of the gut [101]. In one 
study, angiodysplasia was correctly identified in only one of 39 
laparotomies [145]. Intraoperative endoscopy can help localize 
angiodysplasia prior to bowel resection [161].

Differential diagnosis
Other lesions that may resemble angiodysplasia at endoscopy 
include gastritis, Barrett esophagus, inflammatory bowel 
disease, malignancies, phosphosoda enema-induced lesions, 
and other vascular lesions (e.g., phlebectasia, hemangiomas, 
Kaposi sarcoma, Dieulafoy lesion, GAVE, portal hypertensive 
gastropathy, and HHT).

Phlebectasia and hemangiomas are submucosal vascular 
masses that are blue or wine-colored and collapse with endo-
scopic air insufflation. Kaposi sarcoma appears as a submucosal 
violaceous nodule or mass. An elevated visible vessel with 
normal surrounding mucosa suggests a Dieulafoy lesion. GAVE 
is found in the antrum and appears as red lesions on longitudi-
nal ridges radiating out from the pylorus. Portal hypertensive 
gastropathy has a distinctive pale reticular border surrounding 
polygonal, intensely erythematous patches located in the proxi-
mal stomach (“snake skin appearance”). In addition to tel-
angiectasia, patients with radiation colitis may have endoscopic 
findings of fibrosis, exudates, erosions, and mucosal friability, 
findings not seen with angiodysplasia [162].

Endoscopically, HHT may appear identical angiodysplasia 
except that the lesions of HHT tend to be greater in number, 
are seen in all bowel segments, and occur in all bowel wall 
layers. Patients with HHT may also have cutaneous telangiecta-
sia, a positive family history, and a history of epistaxis. Differ-
entiating angiodysplasia from iatrogenic trauma may be difficult. 
Iatrogenic lesions can be created by nasogastric aspiration or by 
endoscopic abrasion or suction. Because of the geometric 
arrangement of the nasogastric tube apertures, lesions from 
nasogastric aspiration are round, collinear, equidistant, and 
relatively uniform in size. They are also at the same stage of 
lesion evolution because of their simultaneous creation [163]. 
Lesions from endoscopic trauma are typically not seen during 
advancement of the endoscope, but are instead identified during 
withdrawal. Thus, angiodysplasia is best diagnosed by detailed 
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Angiographic therapy
Angiography is an alternative to endoscopic therapy for jeju-
noileal angiodysplasia when conventional or device-assisted 
enteroscopy is unavailable or unsuccessful, and may obviate the 
need for surgery, or slow bleeding enough to permit elective 
rather than emergent surgical resection. At angiography, intraar-
terial vasopressin infusion or transcatheter embolization may be 
used to treat active bleeding. Vasopressin infusion has an initial 
success rate of about 50%–90%, though rebleeding will occur in 
approximately 33% of patients [172,173]. While effective for 
stopping bleeding, embolization may result in intestinal infarc-
tion [174,175]. In a systematic review of 927 patients undergoing 
angiography for upper gastrointestinal bleeding, complications 
occurred in 5%–9% of patients, with most complications being 
related to ischemia or infarction [176]. Approaches to decrease 
the risk of infarction have included improving catheter design 
and performing embolization distally.

Medical therapy
Medical therapies may be considered prior to surgery in patients 
with localized angiodysplasia who continue to have bleeding 
despite attempts at endoscopic or angiographic therapy and in 
patients with widespread lesions that are not amenable to endo-
scopic, angiographic, or surgical therapy. The therapies with the 
most data to support their use are octreotide and angiogenesis 
inhibitors. Hormonal therapies have also been used, but have 
not consistently been shown to be beneficial in randomized 
trials.

Octreotide, a somatostatin analog, reduces portal and 
mesenteric blood flow and has been reported to have antiang-
iogeneic activity [177–182]. For the treatment of angiodyspla-
sia, it is typically given as 50 mcg to 100 mcg subcutaneously 
twice per day. The use of somatostatin analogs for the treatment 
of angiodysplasia was examined in a metaanalysis of three pro-
spective studies with 62 patients who had recurrent bleeding 
from gastrointestinal vascular malformations [183].

Improvement was seen in 76% of the patients following ini-
tiation of a somatostatin analog, with a mean difference in 
transfusion requirement from before treatment to after treat-
ment of −2.2 units.

A long-acting form of octreotide (octreotide-LAR) is also 
available. It is given intramuscularly once per month. It was 
studied in a group of 15 patients with recurrent bleeding from 
gastrointestinal angiodysplasia [184]. Outcomes during a 6 
month period on treatment were compared with the 6 month 
period prior to treatment. While receiving treatment, patients 
were less likely to experience bleeding (20% vs. 73%), had a 
lower median transfusion requirement (2 units vs. 10 units), 
and had a higher median hemoglobin levels (10 g/dL vs. 7 g/dL).

The angiogenesis inhibitor thalidomide has also been studied 
for the treatment of angiodysplasia and appears to be effective 
[185–188]. In a randomized trial that compared thalidomide 
(25 mg four times daily) with iron supplementation for patients 
with recurrent or refractory bleeding from gastrointestinal 

recent acute bleeding that has stopped should be treated if it is 
the suspected source of the bleeding (e.g., no other gastrointes-
tinal lesions are identified) because of a high risk of future 
bleeding. Angiodysplasia associated with otherwise unex-
plained iron deficiency anemia may be treated at endoscopy, 
depending on the clinical scenario. In this case, it is typically 
done in conjunction with iron replacement therapy. Iron defi-
ciency anemia is more likely to be related to angiodysplasia if 
there are multiple lesions or if the patient has a bleeding diathe-
sis. If numerous lesions are present that warrant treatment, 
treatment should focus on the largest and most accessible 
lesions and on any lesions with endoscopic stigmata of recent 
hemorrhage.

Endoscopic therapy
Endoscopic treatment of angiodysplasia typically uses cautery. 
Bleeding angiodysplasias are sometimes first injected with 
dilute epinephrine or less often alcohol to slow the bleeding. 
Various methods are available to cauterize angiodysplasias, 
including argon plasma coagulation, thermocoagulation, elec-
trocoagulation, or photocoagulation [167]. Endoscopists gener-
ally prefer argon plasma coagulation, thermocoagulation, or 
electrocoagulation over photocoagulation because of lower 
equipment costs, simpler techniques, and equal efficacy.

Argon plasma coagulation has become the endoscopic 
therapy of choice because it is effective and is associated with a 
shallow depth of tissue injury. In a series of 100 patients under-
going argon plasma coagulation therapy of angiodysplasia for 
either overt gastrointestinal bleeding or iron deficiency anemia 
and fecal occult blood, 90 patients (90%) did not require any 
transfusions during a mean of 20 months of follow-up, and 
there were no serious complications [168]. Other large studies 
have reported similarly high efficacy with few complications 
[83]. Device-assisted enteroscopy (e.g., double balloon enteros-
copy, single balloon enteroscopy, spiral enteroscopy) permits 
argon plasma coagulation therapy of jejunoileal lesions beyond 
the reach of an enteroscope [169].

Thermocoagulation, electrocoagulation, and photocoagula-
tion are alternatives to argon plasma coagulation that are rela-
tively safe and effective. In a series of 83 patients with bleeding 
angiodysplasia, treatment with laser photocoagulation led to 
cessation of bleeding in 72 patients (87%) during a mean 
follow-up period of 12 months [147]. These therapies are also 
relatively effective in the long-term. In a study of 47 patients 
receiving laser photocoagulation, 61% had no significant gas-
trointestinal bleeding during 54 months of follow-up [170]. 
The perforation rate with laser therapy (up to 4%) may be 
higher than that seen with other endoscopic therapies because 
of a greater depth of tissue destruction [147,148,170]. The 
highest risk for perforation is in the cecum, which has a  
thin wall.

Endoscopic band ligation has been reported to be effective 
for short-term hemostasis, but may have a higher long-term 
failure rate than cautery [171].
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angiectasias found in multiple organs including the gastrointes-
tinal tract, skin, lungs, and brain. It is a genetic disorder with a 
prevalence is about 1 per 10 000 population [197], and men and 
women are equally affected [198,199]. The focus of this section 
is on the gastrointestinal manifestations and therapy. However, 
it is important for the gastroenterologist to be aware of the 
extraintestinal manifestations to avoid complications of therapy 
directed at the gastrointestinal telangiectasias.

Genetic defects
HHT is caused by mutation of the ENG (endoglin) gene (type 
I HHT) or the ACVRL1 gene (type II HHT) [200]. Mutations 
in these genes impair blood vessel growth and repair, resulting 
in irregular, tortuous blood spaces lined by a single thin layer 
of endothelial cells [201]. Pulmonary and cerebral arteriov-
enous malformations are more often associated with the ENG 
gene, whereas gastrointestinal telangiectasias are associated 
with both genes [202]. A less common mutation has been iden-
tified in the SMAD4 gene that may be relevant to a form of HHT 
associated with juvenile polyposis [203].

Clinical manifestations
The clinical manifestations of HHT include orocutaneous tel-
angiectasias (especially on the face, lips, tongue, oral mucosa, 
and hands), mucosal telangiectasias (especially in the nose and 
gastrointestinal tract), pulmonary telangiectasias, and cerebral 
telangiectasias (see Chapter 125). The nasal and gastrointestinal 
lesions often bleed significantly and repeatedly [204]. Cutane-
ous telangiectasias generally cause only cosmetic problems, 
whereas pulmonary and cerebral lesions may cause life-
threatening bleeding. Mucosal telangiectasias tend to bleed 
because their vascular walls are thin and fragile and lack an 
elastic lamina or muscle layer. The lesions are also vulnerable to 
trauma because they are superficial. Intralesional venous hyper-
tension due to arterial shunting of blood may also promote 
bleeding.

The vast majority of patients (>95%) with HHT experience 
epistaxis spontaneously or after minimal trauma. It typically 
first presents during the teenage years [197]. Approximately 
25% of patients with epistaxis require blood transfusions [196].

Clinically significant gastrointestinal bleeding, which typi-
cally begins when patients are in their 40s, is seen in about 25% 
of patients [205,206]. The risk increases with age as patients 
acquire more gastrointestinal telangiectasias [207]. Once bleed-
ing develops, it is typically chronic, episodic, and progressive 
[199]. Upper gastrointestinal bleeding is more common than 
lower gastrointestinal bleeding because lesions are more often 
found in the upper gastrointestinal tract [206]. Iron deficiency 
anemia may develop with chronic blood loss, whereas hypovo-
lemia and hypotension may be seen with acute blood loss. Acute 
upper gastrointestinal bleeding typically manifests with melena, 
though hematemesis may occur. As with bleeding from other 
vascular lesions of the gastrointestinal tract, the bleeding is typi-
cally painless. Since bleeding from nasal lesions is common, it 

vascular malformations, patients treated with thalidomide were 
more likely than those who were treated with iron to have a 
response to treatment defined as a decrease in bleeding episodes 
of at least 50% during the first year (71% vs 4%), to have their 
bleeding stop (46% vs 0%), and to avoid hospitalization (61% vs 
0%) [188]. However, adverse events were common in the 
patients who received thalidomide and included fatigue (32%), 
constipation (25%), dizziness (21%), peripheral edema (14%), 
and abdominal distension (4%). In addition, thalidomide has 
been associated with adverse events such as venous thrombosis, 
peripheral neuropathy, liver toxicity including acute liver failure, 
and severe birth defects [189–191].

Estrogen and progesterone have also been used to treat recur-
rent bleeding from gastrointestinal angiodysplasia. These hor-
mones are believed to promote vascular integrity [192]. Studies 
of their efficacy for the treatment of angiodysplasia in patients 
who do not have HHT have reached disparate conclusions and 
currently there are not enough data to support their routine use. 
While several initial small studies showed benefits from this 
therapy for angiodysplasia [193,194], an observational study 
with 64 patients [192] and a randomized trial with 72 patients 
[164] found no difference between patients treated with estro-
gen and progesterone, versus untreated controls in the rate of 
bleeding cessation or blood transfusion requirement. Hormonal 
therapy can cause feminization in men [195], vaginal bleeding 
in women, fluid retention, thromboembolism, and congestive 
heart failure [196].

Surgical therapy
Surgery is reserved for severe bleeding from well-characterized 
and localized lesions that are refractory to endoscopic, angio-
graphic, and medical therapy. Endoscopy of both the upper and 
the lower gastrointestinal tract should be performed preopera-
tively, as well as capsule endoscopy, to exclude other lesions 
[107]. Right hemicolectomy (rather than cecetomy) is used for 
refractory bleeding from cecal angiodysplasia [121] to ensure 
that no angiodysplasias are left behind. If the angiodysplasias 
are right-sided the left colon should not be removed (even if 
colonic diverticulosis is present) to avoid the increased morbid-
ity and mortality of subtotal colectomy [121]. In two small 
series, this approach was associated with a long-term risk of 
postoperative rebleeding of 24%–37% during several years of 
follow-up [118,153]. Early rebleeding accounts for at least half 
of the cases of rebleeding and is usually due to unappreciated 
lesions in the remaining colon. In this case, subtotal colectomy 
is usually effective to prevent rebleeding [121]. As noted above, 
in patients with aortic stenosis, angiodysplasia may improve 
following aortic valve replacement [124–126].

Hereditary hemorrhagic telangiectasia

Hereditary hemorrhagic telangiectasia (HHT), also known as 
Osler–Weber–Rendu syndrome, is a systemic disease with tel-
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gastrointestinal telangiectasias is common and patients often 
require multiple endoscopic sessions [215].

Because of the tendency to bleed from telangiectasias at other 
sites, segmental bowel resection is reserved for active, severe, 
well-localized bleeding that is refractory to medical or endo-
scopic therapy [153,155,198]. Angiographic embolization may 
be an alternative to surgery where available.

Systemic therapy is an attractive option given the large 
number and widespread extent of telangiectasias in patients 
with HHT. Small studies have found decreased rates of chronic 
gastrointestinal bleeding among patients treated with estrogen 
and progesterone [194,216]. As a result, though this approach 
is controversial, it is reasonable to consider treatment with 
estrogen and progesterone therapy prior to performing gas-
trointestinal surgery for chronic bleeding [207]. The role of 
other agents that have been used in the treatment of angiodys-
plasia, such as octreotide or thalidomide, is also uncertain. 
There are reports of successful treatment of HHT with thalido-
mide, but randomized trials are needed [217–219]. Bevacizu-
mab, a recombinant humanized monoclonal antibody that 
inhibits vascular endothelial growth factor (VEGF) is another 
agent that has shown initial promise for the treatment of patients 
with HHT [220].

Hemangiomas

Capillary and cavernous hemangiomas
Intestinal hemangiomas are found in about 1 per 15 000 patients 
[221], half of which are associated with cutaneous hemangi-
omas (most commonly in the blue rubber bleb nevus syndrome 
and rarely in Klippel–Trenaunay syndrome) [222–224]. Fre-
quently, multiple lesions are found within the gastrointestinal 
tract [225].

Intestinal hemangiomas may be capillary, cavernous, or 
mixed. Capillary hemangiomas consist of small (capillary-
sized), thin-walled, closely packed vessels; cavernous hemangi-
omas consist of large, dilated, blood-filled, thin-walled vessels; 
and mixed hemangiomas contain both types of vascular lesions 
[226,227]. Pathologic examination reveals numerous ectatic, 
dilated, blood-filled spaces lined by a thin layer of cuboidal 
endothelium and surrounded by scant fibrous stroma with occa-
sional smooth muscle cells [228]. Lesions lack cellular atypia or 
dysplasia and do not undergo malignant transformation.

Capillary hemangiomas are typically small, well-
circumscribed, and located in the perianal skin. Cavernous 
hemangiomas are typically medium-to-large in size, poorly cir-
cumscribed, and located in the rectum and distal colon 
[229,230]. Cavernous hemangiomas are more clinically signifi-
cant than capillary hemangiomas because they are more likely 
to bleed. Their propensity for bleeding is the result of their 
frequent large size, their large blood volume, and because they 
lead to the consumption of coagulation factors and platelets 
[231,232].

is important to differentiate melena from gastrointestinal bleed-
ing from melena due to swallowed blood from epistaxis.

While hepatic vascular malformations are present in a high 
percentage of individuals with HHT, symptomatic hepatic 
involvement is uncommon. When symptoms do occur, they are 
more often seen in women. Hepatic involvement can lead to 
high-output heart failure, portal hypertension, biliary disease, 
or liver failure. The hepatic manifestations in part depend on 
the type of abnormal vascular connections occurring. The con-
nections may be arteriovenous (hepatic artery to hepatic vein), 
arterioportal (hepatic artery to portal vein), or portovenous 
(portal vein to hepatic vein) [208,209].

About 15% of patients with HHT have pulmonary arteriov-
enous malformations or fistulae. The lesions may cause hypox-
emia or hemoptysis and can lead to cerebral abscesses or strokes 
[210]. About 10% of patients with HHT have cerebrovascular 
malformations, which can cause a hemorrhagic stroke [211].

Diagnosis
The diagnosis of HHT is straightforward in patients with the 
triad of telangiectasia, recurrent epistaxis, and a compatible 
family history [212]. Unlike patients with HHT, patients with 
sporadic angiodysplasia present in older age, have a paucity of 
lesions, have a negative family history, and have exclusively 
gastrointestinal involvement without epistaxis. Cutaneous tel-
angiectasias can be differentiated from spider nevi because tel-
angiectasias only partly blanch by diascopy because of vessel 
tortuosity, whereas spider nevi blanch completely.

In patients with gastrointestinal bleeding, the bleeding sites 
are diagnosed with upper endoscopy (upper gastrointestinal 
tract lesions), colonoscopy (colonic lesions), and capsule endos-
copy (small bowel lesions) [213]. Telangiectasias are found 
throughout the gastrointestinal tract, but in most patients are 
predominantly found in the stomach and proximal small bowel. 
Colonic lesions are uncommon sources of significant blood  
loss [207].

Endoscopically, the lesions resemble sporadic angiodysplasia 
or the accompanying cutaneous telangiectasias. As with angi-
odysplasia, other causes of gastrointestinal bleeding should be 
excluded at endoscopy [199,206], and angiography may be 
useful to diagnose the extent of bleeding lesions [214].

Patients diagnosed with gastrointestinal HHT should be 
screened for involvement in other organs.

Therapy
Patients with iron deficiency should receive iron supplementa-
tion to replete their iron stores. Endoscopic therapy involves 
cauterization of the lesions using argon plasma coagulation, 
thermocoagulation, electrocoagulation, or photocoagulation 
[147,170]. Because there are typically numerous lesions with 
widespread distribution, providing effective endoscopic therapy 
can be difficult. In addition, lesions typically progress over time. 
Treatment is often successful for isolated, actively bleeding tel-
angiectasias, but subsequent bleeding from other untreated 
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segment exhibiting a thickened wall that contains phleboliths 
[229]. On MRI the lesions may appear intensely bright because 
they are highly vascular [247]. Vascular thrombosis often limits 
the ability of selective angiography to delineate these venous 
lesions [248].

The diagnosis of intestinal hemangiomas is typically made 
endoscopically. In patients with characteristic dermatologic 
syndromes (see further on), the endoscopic diagnosis is straight-
forward. However, in patients who do not have characteristic 
dermatologic syndromes, the diagnosis is more difficult and 
lesions may be misdiagnosed endoscopically.

Upper gastrointestinal lesions are diagnosed with EGD, 
colonic lesions with colonoscopy, and small bowel lesions with 
wireless capsule endoscopy or device-assisted enteroscopy (e.g., 
double balloon enteroscopy, single balloon enteroscopy, or 
spiral enteroscopy) [250]. At endoscopy, intestinal hemangi-
omas appear as violet-blue, sessile, compressible, polypoid 
lesions [236] (Figure 127.9). It is often difficult during endos-
copy to determine which lesion bled because of lesion multiplic-
ity and multifocality [245]. Endoscopic biopsy could result in 
profuse hemorrhage and should be avoided [229]. The differen-
tial diagnosis of intestinal hemangiomas includes colon cancer, 

While colonic cavernous lesions are occasionally asympto-
matic (10%), they more often manifest with either overt bleed-
ing (hematochezia or melena, 72% of patients) [230,233,234], 
or iron deficiency anemia [228,235–237]. Bleeding often starts 
during childhood or young adulthood. It is typically episodic, 
recurrent, and progressive [238].

Other clinical manifestations of gastrointestinal lesions 
include gastrointestinal obstruction from luminal encroach-
ment, intestinal intussusception [239,240], and tenesmus and 
rectal urgency from rectal lesions [227,241]. If the hemangi-
omas extend into adjacent organs or occur simultaneously in 
other organs, patients may develop hematuria, epistaxis, hemo-
ptysis, or menorrhagia, depending on the lesions’ locations 
[228,238,242].

Radiographic findings in patients with hemangiomas include 
phleboliths and calcification within hemangiomas that may be 
seen on plain radiographs [229,243] (Figure 127.8a). Barium 
contrast studies typically reveal multiple polypoid filling defects 
in the stomach, small bowel, or colon, but occasionally show an 
annular intestinal constriction [233,242,244–246] (Figure 
127.8b). On CT scan, the mesentery may appear large and thick-
ened, with large vacuoles adjacent to an abnormal intestinal 

Figure 127.8 Radiographic appearances of intestinal hemangiomas. (a) Abdominal radiograph of a 16-year-old patient with an extensive distal colonic 
cavernous hemangioma demonstrates a cluster of radiopaque phleboliths partially outlining the distal colonic wall. (b) Barium enema demonstrates 
irregular narrowing in the rectosigmoid colon and “thumbprinting” in the sigmoid and descending colon caused by intramural hemangiomatous 
masses. Although the rectosigmoid narrowing resembles an apple-core lesion found in colon cancer, the radiographic findings of phleboliths and 
intramural masses point to the diagnosis of cavernous hemangioma. Source: Ghahremani et al. [249]. Reproduced with permission from the 
Radiological Society of North America.

(a) (b)
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resected per patient, with a mean operative time of 14 hours 
[255]. However, during a mean follow-up of 5 years, 9 of the 10 
patients did not require transfusions.

Endoscopic hemostasis using photocoagulation [234,256], 
band ligation [253], endoscopic sclerotherapy [257] endoscopic 
polypectomy [253,254], or argon plasma coagulation [258] 
has been reported without complications. However, there is 
a risk of postpolypectomy hemorrhage and in general polypec-
tomy should be avoided. Successful hemostasis with endo-
scopic therapy and angiographic embolization has also been 
reported [224].

Cutaneous lesions seldom require treatment because they 
rarely bleed and never become malignant [244].

Blue rubber bleb nevus syndrome
Blue rubber bleb nevus syndrome is rare, but should be sus-
pected if characteristic dermatological lesions occur in conjunc-
tion with gastrointestinal bleeding (see Chapter 125). Lesions 
usually begin in early childhood and increase progressively in 
number (and sometimes size) with age [242,245,253]. Most 
cases are sporadic, although genetic transmission in an auto-
somal dominant pattern has been reported [242]. A candidate 
gene has been identified on chromosome 9 [259].

Cutaneous lesions are characterized by multiple violet-blue, 
slightly raised, well-circumscribed, elastic hemangiomas that 
resemble a rubber nipple [260]. The lesions range from 0.5–5 cm 
in diameter. The surface of the lesion is wrinkled and can be 
emptied of blood by manual pressure, leaving a wrinkled blue 
or white sac that slowly refills when the pressure is released 

adenomatous polyps, hemorrhoids, and ulcerative colitis [251]. 
Making the correct diagnosis is crucial for proper management. 
As an example, hemorrhoidectomy would not be appropriate 
for bleeding from rectal hemangiomas [251]. Unlike polyps, 
colonic hemangiomas are bluish in color, are typically submu-
cosal, are compressible, and have poorly defined margins [252]. 
Rectal hemangiomas are distinguished from internal hemor-
rhoids by a nodular rather than serpiginous shape, a submu-
cosal rather than superficial location, and extension beyond the 
anorectum. Findings suggestive of a colonic hemangioma rather 
than a pseudopolyp in the setting of ulcerative colitis include a 
bluish color, submucosal location, lesion compressibility, 
absence of mucosal granularity, preservation of the vascular 
pattern, and lack of continuous colonic involvement [222].

Treatment of intestinal hemangiomas typically includes fre-
quent blood transfusions for chronic gastrointestinal bleeding. 
Because the lesions are multiple and widespread, and because 
new lesions often develop, surgery for gastrointestinal bleeding 
has a limited role [254]. Segmental resection is reserved for 
severe, well-localized bleeding [242,244]. In the case of patients 
with Klippel–Trenaunay syndrome, the lesions involve the distal 
colon, so abdominal-perineal resection may provide definitive 
therapy, though patients will be left with a permanent stoma. 
The challenges of surgical therapy for patients with more diffuse 
lesions were demonstrated in a series of ten patients with blue 
rubber bleb nevus syndrome [255]. While surgical removal of 
all gastrointestinal lesions by wedge resection or polypectomy 
in conjunction with intraoperative enteroscopy was feasible and 
highly effective, an average of 137 gastrointestinal lesions were 

Figure 127.9 Endoscopic appearance of colonic hemangiomas. (a) Endoscopic image of a 3-mm colonic capillary hemangioma adjacent to a mid-
sigmoid colon diverticulum. (b) Endoscopic image from the colon showing the characteristic appearance of a cavernous hemangioma as a bluish, 
round, smooth, and well-circumscribed sessile polypoid lesion. Source: (a) Courtesy of T.G. Tietjen, MD, Petoskey, Michigan. (b) Bak et al. [253]. 
Reproduced with permission from Elsevier.

(a) (b)
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though they occasionally produce chronic occult or acute overt 
intestinal bleeding [272–274].

Phlebectasias may also occur in the oral cavity or in the geni-
talia. Oral lesions typically occur at the base of the tongue 
(“caviar spots”) or sublingually. Genital lesions are called 
Fordyce lesions or scrotal phlebectasia [273]. These orocutane-
ous signs are clues to the presence of intestinal lesions, particu-
larly in elderly men presenting with gastrointestinal bleeding.

Intestinal lesions are dark, bluish-black, and located in the 
submucosa. They range from several millimeters to 10 mm in 
size [272]. They are typically multiple, soft, and compressible. 
When compressed, the lesions blanch.

Phlebectasias often occur in the small bowel and are multiple. 
They are usually diagnosed by wireless capsule endoscopy or 
enteroscopy [274]. Occasionally, angiography may detect a 
lesion when a site of bleeding is located by contrast extravasa-
tion, but angiography does not delineate these lesions [273]. 
Surgery is the only definitive therapy, but is reserved for severe 
ongoing bleeding because of the extent of the small bowel lesions.

Vascular Ehlers–Danlos syndrome

Ehlers–Danlos syndrome is a rare, heterogeneous group of six 
genetic disorders of collagen metabolism that cause skin hyper-
extensibility, articular hypermobility, and tissue fragility. Vascu-
lar lesions are most often associated with vascular Ehlers–Danlos 
syndrome (type IV) [275,276]. Type IV Ehlers–Danlos syn-
drome is due to mutation in the COL3A1 gene that encodes for 
type III procollagen [277]. Patients with Ehlers–Danlos syn-
drome often have a family history of the disorder.

Clinical manifestations
Cutaneous findings include thin transparent skin, wide, thin 
(papyraceous) cutaneous scars overlying bony prominences, 
easy bruisability, and cutaneous ecchymoses from spontaneous 
arterial rupture [278,279]. On abdominal examination, patients 
may have abdominal wall hernias because of connective tissue 
weakness [277].

Intestinal findings include intramural intestinal hematomas 
[278], colonic diverticular bleeding [278,280], other gastroin-
testinal bleeding [281,282], and rarely, intestinal perforation 
[278,283] due to dissection or rupture of intestinal arteries. 
Patients undergoing colonoscopy may be at an increased risk 
for perforation as well [284]. About 75% of bowel complications 
occur in the colon [285]. The syndrome does not predispose to 
peptic ulcer disease, but if a bleeding ulcer does develop, the 
bleeding may be severe because of weakness of the perivascular 
supportive tissue [276].

Diagnosis and treatment of  
gastrointestinal bleeding
Type IV Ehlers–Danlos syndrome is diagnosed by genetic or 
biochemical analysis [281]. In patients with gastrointestinal 

[236,238]. Gastrointestinal hemangiomas are multiple and are 
usually located from the stomach through to the rectum 
[235,239,244] (Figure 127.9). They are rarely found in the 
esophagus or oropharynx. The clinical presentation, diagnosis, 
and therapy of gastrointestinal hemangiomas are discussed in 
the previous section “Capillary and cavernous hemangiomas.”

Intestinal hemangiomas in Klippel–Trenaunay 
syndrome and Parkes Webber syndrome
Klippel–Trenaunay syndrome is characterized by port-wine 
cutaneous hemangiomas, bony and soft tissue hypertrophy, 
superficial varicose veins, and abnormal (atretic, hypoplastic,  
or occluded) deep veins, usually affecting one lower extremity, 
but occasionally affecting both lower extremities, or one or  
both upper extremities [261,262]. In Parkes Weber syndrome, 
patients also have arteriovenous fistulae. Patients typically do 
not have a family history of similar lesions [261].

The intestinal hemangiomas in Klippel–Trenaunay syndrome 
are infiltrative cavernous hemangiomas of the distal colon and 
are extensive [223,224,249,263–265]. Rarely, the small intestine 
is involved [266]. Patients present in childhood or young adult-
hood with chronic intermittent hematochezia and iron defi-
ciency anemia [249,267]. The rate of rectal bleeding is poorly 
characterized [249], but is reported to be between 1% and 13% 
[265,268]. Platelet sequestration and consumption result in 
thrombocytopenia that may contribute to the bleeding [264]. 
Congenital obstruction of lower extremity veins may cause 
mesenteric venous hypertension, with consequent overload of 
the internal iliac veins [265]. This, too, may contribute to 
bleeding.

The diagnostic features and treatment of intestinal hemangi-
omas are discussed above (see “Capillary and cavernous heman-
giomas” previously) [249,263,266].

Disseminated hemangiomatosis
Disseminated hemangiomatosis is a rare disorder in which 
patients present with more than 50 intestinal hemangiomas 
involving three or more organ systems [269]. The hemangiomas 
range in size from 2–20 mm. Patients present at birth with 
numerous cutaneous hemangiomas. Untreated, infants have a 
high mortality rate (60%) resulting from massive gastrointesti-
nal bleeding, hemorrhagic stroke, or high-output cardiac failure 
due to arteriovenous shunting [270,271]. Corticosteroids and 
interferon-α have been successfully used to promote lesion 
regression [270,271].

Phlebectasias
Intestinal phlebectasias are venous varicosities that occur pri-
marily in elderly men [272]. They are not associated with portal 
hypertension. The phlebectasias consist of a markedly dilated, 
tortuous vein, with a normal vascular wall and scant connective 
tissue stroma [273]. Endothelial cells within the vessel appear 
normal. Phlebectasias are usually asymptomatic and incidental, 
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sarcomas. Angiosarcomas are often multifocal at diagnosis and 
are typically biologically aggressive [298,299]. The prognosis is 
poor, likely as a result of early metastasis [300].

Angiosarcomas are typically found in cutaneous and subcu-
taneous tissues. Rarely they occur in the gastrointestinal tract. 
Gastrointestinal lesions have been reported in the esophagus, 
stomach, small intestine, colon, and rectum [221,298,299,301–
305]. Half of intestinal lesions are primary and half are meta-
static [306].

Patients with angiosarcomas are generally older [298,299], 
with a mean age of 62 years in one review (range 16 to 85 
years) [302]. Risk factors for cutaneous angiosarcomas include 
chronic lymphedema and prior local radiotherapy [300].  
Exposure to thorium dioxide (Thorotrast), arsenic, or polyvinyl 
chloride increases the risk for hepatic angiosarcomas [307]. 
Intestinal lesions are associated with prior abdominopelvic 
radiotherapy [308].

Symptoms are similar to those seen with cavernous heman-
giomas [299,301]. Common presentations include gastrointes-
tinal bleeding, anemia, or abdominal pain. Occasionally, 
patients present with intestinal obstruction and rarely, they 
present with intestinal perforation [309].

Angiosarcomas are subdivided into hemangiosarcomas and 
lymphangiosarcomas [310]. Grossly, angiosarcomas appear as a 
hemorrhagic mass that is often ulcerated. Histologically, angi-
osarcomas contain numerous interconnecting vascular chan-
nels (vasoformative structures) that are irregular in size and 
shape and that contain either atypical cells with sparse mitotic 
activity or sheets of pleomorphic cells with prominent mitotic 
activity. Poorly differentiated angiosarcomas are distinguished 
immunohistochemically from poorly differentiated adenocarci-
nomas by immunoreactivity for vimentin and endothelial 
markers including factor VIII-related antigen, CD34, and CD31, 

bleeding, noninvasive imaging methods, such as magnetic reso-
nance angiography, are preferred [277,286] because arteriogra-
phy and endoscopy are associated with high complication rates. 
However, successful diagnostic upper endoscopy has been 
reported [287].

In a systematic review that included 33 patients with vascular 
Ehlers–Danlos syndrome who underwent endovascular proce-
dures, the postprocedure mortality rate was 24% [288]. However, 
there have been reports of successful transarterial embolization 
for life-threatening arterial rupture in patients with vascular 
Ehlers–Danlos syndrome [289].

Gastrointestinal surgery in patients with Ehlers–Danlos syn-
drome is associated with poor results because of tissue fragility 
and a bleeding diathesis; surgical anastomoses are vulnerable to 
disruption. Mortality following open surgery has been estimated 
to be 30% [288], so surgery should be avoided if possible.

Prognosis
Type IV Ehlers–Danlos syndrome has a high mortality rate 
because of vascular complications [277,282]. In a series of 31 
patients with vascular Ehlers–Danlos syndrome, survival free of 
any vascular complication was 84% at age 20 years, 37% at age 
40 years, and 4% at age 60 years [277]. The median overall 
survival was 54 years (98% at age 20 years, 68% at age 50 years, 
and 35% at age 80 years). The majority of deaths were due to 
vascular complications.

Pseudoxanthoma elasticum

Pseudoxanthoma elasticum is a rare disorder in which elastin 
synthesis is disrupted. It is caused by a mutation of the ABCC6 
gene [290] and is characterized by yellowish xanthomatoid 
papules (pseudoxanthomas) on the skin, excessive skin folds 
in flexural areas, angioid streaks in the ocular fundi, intermit-
tent claudication, and weak peripheral pulses due to vascular 
occlusion [291]. Gastrointestinal bleeding is common (13% of 
200 patients in one series [291]), typically commences in 
young adulthood [291,292], and is frequently severe and recur-
rent [293].

The lesions are found predominantly in the gastric fundus 
[294–297] and bleeding is attributed to elastin degeneration in 
small gastric arteries (Figure 127.10). Because of intimal calci-
fication and elastin degeneration, the bleeding arterioles do not 
vasoconstrict normally in response to hemorrhage and are 
refractory to available pharmacological therapy [295]. Because 
the lesions are often diffuse, they may not be amenable to endo-
scopic therapy. Partial or subtotal gastrectomy is the primary 
therapy.

Angiosarcomas

Angiosarcomas are highly vascular malignancies derived from 
endothelial cells. They are rare and account for less than 1% of 

Figure 127.10 Histology of pseudoxanthoma elasticum. An elastin stain 
of a cross-section of the proximal stomach from a patient with 
pseudoxanthoma elasticum who underwent total gastrectomy for massive 
refractory gastric bleeding, reveals a submucosal gastric artery with focal 
intimal thickening, fragmentation of the elastin lamina (EL), and 
intramural calcifications (C). SM, smooth muscle. Source: Kundrotas  
et al. [295]. Reproduced with permission from Blackwell Publishing.



Gastrointestinal vascular malformations and neoplasms: arterial, venous, arteriovenous, and capillary CHAPTER 127   2489

Hemangioendotheliomas have a histologic appearance 
between that of a benign hemangioma and a malignant angi-
osarcoma. They display more cellularity and mitotic activity 
than hemangiomas, but less mitotic activity and cellular atypia 
than angiosarcomas. The most important subtype is epithelioid 
hemangioendothelioma. The tumor often arises from a vein. 
The neoplastic endothelial cells focally line small extracellular 
vascular spaces or contain small intracellular spaces or vacuoles 
[334]. The tumor will express at least one endothelial marker 
(VIII-related antigen, CD34, or CD31) [335].

The tumors are vascular and most often present as a gastroin-
testinal mass with gastrointestinal bleeding, though they may 
instead present with abdominal pain, intestinal obstruction, or 
intestinal perforation [330,336]. Hemangioendotheliomas are 
sometimes locally invasive, but rarely metastasize. Treatment is 
with wide local surgical resection.
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and by immunonegativity for endothelial cell markers, such as 
S-100 [306,311].

Endoscopically, angiosarcomas may appear as an ulcerated 
mass or a tight asymmetric stricture. Surgical resection is rec-
ommended. In addition, there are reports of successful treat-
ment of angiosarcomas with imatinib (a tyrosine kinase 
inhibitor) [302,312].

Hemangiopericytomas

Hemangiopericytomas are highly vascular neoplasms com-
posed of pericytes, the mesenchymal cells normally apposed 
to endothelial cells. They are uncommon, but when present 
in the gastrointestinal tract are most often found in the 
stomach [313,314]. Less commonly, they are found in the 
small intestine [315–320], rectum [321–323], mesentery, or 
retroperitoneum [324].

Patients with hemangiopericytomas are typically in early 
middle age. Clinical manifestations include gastrointestinal 
bleeding if the highly vascular tumor erodes into the lumen of 
the gastrointestinal tract or constipation if a mural mass com-
presses the intestinal lumen [325]. Other symptoms include 
abdominal pain, abdominal distention, nausea, and vomiting 
[313,318,319]. Intestinal intussusception occasionally occurs 
[315–318]. Because the tumors may be large, an abdominal 
mass may be palpable on physical examination [324]. Rarely, 
large tumors are associated with hypoglycemia [326].

Endoscopically, hemangiopericytomas may appear as a soli-
tary, circumscribed, submucosal mass or polyp covered by 
normal or ulcerated mucosa. The tumors are often bulky. 
Barium studies typically reveal a smoothly, polypoid lesion 
[313,314]. Angiographically, the tumor appears as a richly vas-
cular mass with a diffuse capillary blush [326]. CT scanning 
may demonstrate multiple areas of low attenuation from necro-
sis, hemorrhage, or cystic degeneration within the tumor.

Biopsies reveal tightly packed, spindle-shaped, neoplastic 
pericytes surrounding intercommunicating vascular channels 
of variable caliber and shape [318,327]. The vascular channels 
usually resemble capillaries [328].

Most tumors are benign and slow growing [313,318,326]. 
Malignancy is characterized histologically by increased cellular-
ity, prominent mitotic activity, hyperchromatism, cellular pleo-
morphism, and foci of necrosis or hemorrhage [326,329]. 
Treatment is with wide local surgical resection [329].

Hemangioendotheliomas

Hemangioendotheliomas are rare borderline malignancies. 
When they occur in the gastrointestinal tract they are often 
located in the small bowel [330–333].
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Definition

Intestinal ischemia comprises a variety of disorders that develop 
as a result of inadequate blood supply to parts of the gastroin-
testinal tract. These include a broad and heterogeneous group 
of entities because clinical manifestations, diagnosis, manage-
ment, and outcome of intestinal ischemia all vary as a function 
of the segment involved, the intensity and duration of tissue 
hypoxia, metabolic needs, compensatory mechanisms, and vas-
cular lesion etiology. A useful classification of these ischemic 
disorders distinguishes first between acute and chronic 
conditions.

Acute mesenteric ischemia results from an abrupt fall in 
intestinal blood supply. It is associated with relatively rapid 
development of a stereotypical clinical picture that may either 
abate when blood flow is restored, whether spontaneously or as 
a result of therapeutic action, or progress to irreversible tissue 
damage. By contrast, in chronic intestinal ischemia, insufficient 
blood flow, either intermittent or sustained, gradually damages 
the walls of the gut and manifests as a more insidious, prolonged 
or intermittent illness. Acute ischemia may sometimes present 
as the initial event of a chronic condition or, conversely, chronic 
intestinal ischemia may be punctuated by ischemic episodes or 
lead to a major acute ischemic event.

Acute intestinal ischemia may be subdivided into two major 
groups: ischemia that affects predominantly the small bowel, 
commonly denominated mesenteric ischemia, or ischemia 
affecting the colon, a condition clinically recognized by the term 
ischemic colitis. Different causes of mesenteric ischemia may 
produce somewhat distinct clinical pictures. Five subgroups are 
defined on the basis of causation: superior mesenteric artery 
embolus, superior mesenteric artery thrombosis, focal segmen-
tal ischemia, nonocclusive mesenteric ischemia (or NOMI), and 
acute mesenteric venous thrombosis. Ischemic colitis occurs 
either in a spontaneous form or as secondary ischemic colitis 
resulting from a precipitating event such as surgery or trauma. 
There is also a nonocclusive form of ischemic colitis that is 
analogous to and may coexist with NOMI.

Chronic gastrointestinal ischemia also includes a number of 
varieties that can be recognized by their characteristic pathoge-
netic and clinical pictures. Occlusive chronic gastrointestinal 
ischemia develops because of a diminished arterial perfusion 
that compromises basal and especially peak blood flow. When 
the blood supply to the gut falls below minimal tissue require-
ments, tissue hypoxia and injury ensue. Two important varieties 
of occlusive chronic gastrointestinal ischemia, eccentric and 
concentric arterial occlusion, are pathogenetically and, to some 
extent, clinically recognizable.
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Intestinal ischemia and vasculitides

Juan-Ramón Malagelada and Carolina Malagelada
Hospital Universitari Vall d’Hebron, Autonomous University of Barcelona, Spain

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


Intestinal ischemia and vasculitides CHAPTER 128   2491

enable blood flow to bypass the excluded arterial segment and 
to restore, at least partially, intestinal blood supply.

However, after several hours of disruption, splanchnic vaso-
constriction may develop and reduce the efficacy of compensa-
tory mechanisms. Prolonged vasoconstriction aggravates tissue 
damage. Hypoxia compromises tissue integrity but, even if 
blood flow is restored, whether spontaneously, the result of 
therapeutic intervention, or reversal of vasoconstriction, further 
tissue damage may result from reperfusion injury (Figure 
128.1). This process may lead to subsequent tissue inflammation 
with infiltration of neutrophils and other white cells. Endothelin 
release may also induce further vasoconstriction [1]. 
Reperfusion, that is an increase in blood flow to a previously 
ischemic area, contributes to tissue damage by increasing 
microvascular and mucosal permeability, which cause intersti-
tial edema and hemorrhage. Moreover, as the intestinal mucosal 
barrier becomes disrupted, digestive enzymes may penetrate the 
intestinal wall, aggravating the lesion through autodigestion [2]. 
Animal models also indicate that invading enterobacteria con-
tribute to further injury and inflammation whereas activation 
of the COX2/PGE2 pathway plays a protective role [3].

As blood flow to the bowel wall becomes suddenly inter-
rupted, intestinal motility disturbances may also develop. There 
is spastic hypermotility (promoting a forceful bowel movement 
as observed in the clinical setting). Later, significant ischemia 
often leads to hypodynamic ileus with dilation of bowel loops. 
Eventually, ischemic injury may progress to bowel infarction 
and necrosis. Thus serious vascular compromise, if not resolved 
or effectively treated in a prompt fashion, can progress to irre-
versible bowel damage [4].

The pathophysiology of acute mesenteric vein thrombosis 
follows a somewhat different pattern than arterial occlusion. 
There is rapid fluid sequestration and capillary rupture with 
intramural and mesenteric hemorrhagic edema. Ascites may 
develop. Generally speaking, the evolution to infarction and 
transmural necrosis occurs more slowly than in acute mesenteric 
artery occlusion, and this slower pace is reflected in a more 
insidious clinical picture.

Eccentric occlusion usually results from extrinsic compres-
sion of a large arterial vessel. The most characteristic example 
is the celiac axis syndrome, which results from compression of 
the celiac axis by the median arcuate ligament, although other 
pathogenetic possibilities also exist. Concentric occlusion, on 
the other hand, develops most commonly from atherosclerotic 
arteritis and it may involve one or various vessels.

Acute mesenteric ischemia

Relevant anatomic considerations
The gastrointestinal tract is supplied by three major branches of 
the aorta: the celiac axis, the superior mesenteric artery (SMA), 
and the inferior mesenteric artery (IMA). The first provides 
blood to the stomach and proximal duodenum, as well as to 
liver and pancreas. The second, supplies the distal duodenum, 
small bowel and proximal colon, and the third the distal colon 
(Box 128.1). There are key collaterals that link these territories, 
chiefly, the Riolan’s arcade (connecting the proximal middle 
colic artery with a branch of the left colic artery) and the 
Drummond’s marginal artery (connecting the SMA with the 
IMA).

Some segments of the gut, such as the duodenum and the 
rectum, are specially protected by abundant collaterals and 
unlikely to develop ischemic injury. By contrast, the splenic 
flexure and sigmoid colon are most vulnerable to ischemia.

Physiology and pathophysiology
Under normal conditions, the gastrointestinal tissues tolerate 
major variations in mesenteric blood flow. Experimental studies, 
for instance, suggest that a reduction of up to 75% of mesenteric 
blood flow may take place for up to 12 h without apparent 
changes in the intestinal tissues. The mucosa is more protected 
than the deeper layers of the intestine.

Thus, a major and prolonged decrease in blood supply must 
occur for the clinical picture of ischemic bowel to develop. The 
functional integrity of the collateral systems is an important 
determinant of development of ischemia when blood flow in a 
major artery is abruptly interrupted. Collaterals can dilate and 

Box 128.1 Aortic branches that provide arterial blood supply to the 
gastrointestinal tract.

Celiac axis
Stomach
Proximal duodenum

Superior mesenteric artery
Distal duodenum
Small bowel
Proximal colon

Inferior mesenteric artery
Distal colon

Figure 128.1 Mesenteric ischemia: mechanisms of tissue injury.

Major and prolonged decrease in blood supply

Insufficient compensation by collaterals

Vasoconstriction

Reperfusion injury
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Risk factors for acute mesenteric venous thrombosis are those 
associated with a clotting propensity such as hematological con-
ditions and hypercoagulable disorders [18], including antiphos-
pholipid syndrome [19], protein C deficiency, and factor V 
Leiden. Oral contraceptive use is a recognized predisposing 
factor [20]. In addition, portal hypertension and portal vein 
thrombosis, sepsis, intraabdominal inflammation/infection, 
neoplasms, direct injury, and postoperative state, in particular 
following cardiovascular surgery, have been associated with 
acute mesenteric vein thrombosis (Box 128.2) [21].

Clinical presentation and natural history
The clinical presentation of acute mesenteric ischemia follows a 
rather stereotypical pattern with distinctive features for each of 
its main five varieties.

Acute severe pain in the central abdomen, with paradoxically 
scant physical signs on the abdominal physical exam, is the most 
typical presentation [22]. Nausea, vomiting, and a large urgent 
bowel movement are frequent associated features. This clinical 
picture tends to develop suddenly in the case of mesenteric 
artery embolism, and sometimes slowly, through hours or days, 
in mesenteric artery thrombosis or small bowel ischemic vas-
culitis. In mesenteric vein thrombosis, symptoms may appear 
even more insidiously and a chronic form with less striking 
clinical manifestations has been described [23]. Pain may even 
be absent in patients with NOMI, where bowel and abdominal 
distension with ileus often are the most prominent features.

Although physical signs may be rather inconspicuous at 
onset, as bowel ischemia progresses into tissue necrosis, perito-
neal signs usually appear, together with abdominal distension 
and ileus. Blood in stools may be observed, although overt 
hematochezia is more characteristic of colonic than of small 
bowel ischemia.

Epidemiology and risk factors
Acute mesenteric ischemia is a catastrophic but relatively 
uncommon event. It accounts for 1%–2% of hospital admissions 
for abdominal pain. The overall estimated incidence of acute 
mesenteric ischemia is 12.9 per 100 000 person-years based on 
a large population study conducted in Malmo, Sweden. 
Population studies further show that acute thromboembolic 
occlusion of the SMA is much more frequent at autopsy (65%) 
than at surgery (21%), suggesting that many fatal cases are  
undiagnosed before appropriate therapy can be implemented 
[5,6]. The incidence of acute mesenteric ischemia markedly 
increases with age and it is equally distributed between men and 
women [7].

Among the various causes of acute mesenteric ischemia, 
SMA embolism is the most common (50%), followed by SMA 
thrombosis and NOMI (15%–30% for each), with a trend 
toward decreasing frequency of NOMI in recent years probably 
due to better cardiovascular and general supportive care [8]. 
Superior mesenteric vein thrombosis is the least common (5%) 
cause of acute mesenteric ischemia.

Risk factors for these various forms also differ. For mesenteric 
artery embolism, emboli tend to arise from the left atrium or 
left ventricula. Hence, cardiac arrhythmia, myocardial infarc-
tion, and valvular pathologies are common precipitating factors 
[9]. Synchronous embolism is relatively common [10], occur-
ring in up to 68% of patients [7]. NOMI also tends to develop 
in the context of cardiovascular disturbances, including atrial 
fibrillation, myocardial infarction, recent surgery, or hemodi-
alysis. All of these are conditions potentially associated with 
mesenteric vasoconstriction [11–13], which appears to be the 
key pathogenetic mechanism or aggravating factor for NOMI 
and may also become self-perpetuating. NOMI, therefore, 
usually develops in the context of low cardiac output, hypoten-
sion, hypovolemia, and shock. Certain drugs, such as digitalis, 
have also been implicated as a potential cause of NOMI [14]. 
The presence of mesenteric atherosclerotic arteriopathy, often 
previously unrecognized, may be an important predisposing 
factor [12].

Acute mesenteric thrombosis usually develops in the context 
of severe arteriosclerotic disease, and is most likely to arise 
when the narrowing occurs near the origin of the SMA. Up to 
73% of patients manifest symptoms of chronic ischemia preced-
ing the acute event [7]. All general risk factors for arterioscle-
rotic plaque deposition and narrowing apply. Thrombotic 
occlusions tend to be located more proximally than embolic 
occlusions and intestinal infarction also tends to be more exten-
sive [10]. Acute mesenteric thrombosis is sometimes an event 
complicating major abdominal surgery, as for instance pancrea-
ticoduodenectomy, perhaps because of unrecognized preexist-
ing stenosis of the celiac axis or the SMA [15]. Acute aortic 
dissection type A may also be complicated with mesenteric 
malperfusion and ischemia, which carries a high mortality rate 
[16]. Mesenteric vascular complications after laparoscopic 
abdominal interventions have also been observed [17].

Box 128.2 Causes of acute mesenteric ischemia.

Superior mesenteric artery embolism
Cardiac arrhythmia
Myocardial infarction
Valvular pathologies

Superior mesenteric artery thrombosis
Arteriosclerotic disease
Major abdominal surgery

Nonocclusive mesenteric ischemia
Low cardiac output
Hypotension
Hypovolemia
Shock

Superior mesenteric vein thrombosis
Hypercoagulability disorders
Hematological conditions
Major surgery
Sepsis
Neoplasms
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encountered in patients with the characteristic risk-factor 
profile (Box 128.3) should prompt a diagnostic search for 
mesenteric ischemia. Elderly patients with cardiovascular prob-
lems, a prior history of embolism or ischemia in other body 
territories, personal or family history of hypercoagulability and 
predisposing drugs, etc. (see Section Epidemiology and risk 
factors) should heighten suspicion.

Rapid diagnosis enables early application of proper treat-
ment. This is essential to prevent irreversible bowel damage, 
which otherwise greatly increases morbidity and mortality. 
Indeed, early recognition and revascularization are a prerequi-
site for survival in many patients [10]. For this reason, a quick, 
intuitive diagnostic approach is important.

Some critically ill patients will require initial resuscitation 
procedures but once patients are adequately stabilized a quick 
decision must be made as to whether to request a CT scan or 
move directly to angiography. If available, a MDCT (e.g., 
64-slice) system is preferable to single-detector helical CT and 
spiral CT scanners, as it is much more accurate and constitutes 
the current gold standard for diagnosis of acute mesenteric 
ischemia [35]. In most instances (except when the clinical sus-
picion for mesenteric artery embolus or thrombosis is very 
high), an MDCT scan should come first. MDCT is quite accu-
rate in establishing a precise diagnosis, excluding other causes, 
and defining not only the territory affected but the stage of 
ischemic injury progression and the nature of the ischemic 
episode. Consequently, they facilitate a more precise decision 
on the next diagnostic step [36]. Expanded detector row CT 
instruments with up to 320-detector are even more accurate for 
assessing small vessel status but this advanced technology is not 
yet widely available [37].

Proper CT scan technique for evaluation of possible acute 
mesenteric ischemia requires biphasic arterial-phase and 
venous-phase scanning, without the concomitant use of positive 
oral contrast agent. However, if the patient’s condition allows it, 
the use of neutral oral contrast may improve diagnostic defini-
tion, with the understanding that the critical state of the patient, 
vomiting, and ileus often make it unpractical or unwise.

The key features of CT imaging in acute mesenteric ischemia 
involve vessel abnormalities, morphological changes in the 
bowel wall, and indirect signs that may be present in the mesen-
tery and peritoneum. In most cases of acute mesenteric artery 
embolism, emboli are impacted a few centimeters distal to the 
aortic ostium near the origin of the middle colic artery and may 
be easily identified in the CT image. Tiny emboli that lodge in 

In elderly patients, shock and mental changes are often part 
of the clinical picture and may progress over the successive 
hours or days. Leukocytosis may or may not be present [24]. An 
elevated plasma amylase is common and can lead to confusion 
with acute pancreatitis in the evaluation of the patient with 
severe abdominal pain. Increased troponin I levels are also 
common and should not be interpreted as indicative of myocar-
dial infarction [25]. Plasma lactate levels may or may not 
increase. Thus normal levels do not exclude the diagnosis but, 
specifically in NOMI, elevated lactate levels have been reported 
as indicative of a poor prognosis [26].

Clinicians should be aware that acute mesenteric ischemia is 
a serious vascular emergency, often with a poor outcome. In a 
report of patients with acute mesenteric ischemia undergoing 
bowel resection, 30-day postoperative morbidity was 56.6% and 
mortality 27.9% [27]. Other reports also point to mortality rates 
as high as 60% [28–30]. The prognosis after mesenteric arterial 
embolism is somewhat better than after thrombosis or NOMI 
[31]. In fact, in-hospital mortality is highest for NOMI [11,32]. 
In the elderly, the prognosis of acute mesenteric ischemia is 
particularly ominous [33].

Differential diagnosis
Because acute mesenteric ischemia affects primarily the small 
bowel, the clinical picture it produces may be mimicked by 
other medical conditions associated with small bowel injury.

Despite the accuracy of computed tomography (CT) and  
the more refined multi-detector row computed tomography 
(MDCT), as well as other advanced imaging diagnostic tests, in 
assessing mesenteric ischemia (see Section Diagnosis), some 
imaging features overlap with those of other inflammatory and 
infectious conditions [34]. These may lead to diagnostic chal-
lenges, especially in patients with NOMI, venous vein throm-
bosis, or ischemic vasculitis. In the clinical setting, the possibility 
of infectious enteritis, in particular cytomegalovirus enteritis, 
severe giardiasis, and Whipple disease, may be part of differen-
tial diagnostic considerations.

In immune compromised patients, cryptosporidiosis or 
Mycobacterium avium-intracellulare may also induce diagnostic 
errors and should be excluded. These infectious conditions, 
however, tend to be associated with persistent diarrhea, which 
is not usually present in mesenteric ischemia. Other differential 
diagnostic considerations may include Crohn’s disease, which 
can present relatively acutely, with extensive thickening of bowel 
loops and a predominance of abdominal pain over diarrhea. 
Amyloidosis tends to produce a more chronic, diarrheal picture 
but the infiltration of the bowel with wall thickening may 
resemble that found in ischemic injury.

Diagnosis
The diagnosis of acute mesenteric ischemia rests upon the com-
bination of clinical suspicion and imaging findings. The context 
in which the clinical picture develops is often quite helpful. 
Thus, even if the clinical picture is not entirely typical, when 

Box 128.3 Medical history features that increase likelihood of acute 
mesenteric ischemia.

Elderly patients with cardiovascular problems
Prior history of embolism or ischemia in other body territories
Personal or family history of hypercoagulable disorders
Predisposing drug use
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the more distal branches of the mesenteric arteries may be more 
difficult to detect, but modern 16-channel or greater MDCT 
instruments allow detection of such emboli in 70%–90% of 
cases [38]. When no direct evidence of intraarterial emboli or 
thrombi is present, the diagnosis rests on the identification by 
CT of changes in the bowel wall and mesenteric fat. Such 
changes are less specific but can still be quite revealing.

It is important to take into account that CT and MDCT find-
ings about the morphology of the bowel tend to develop gradu-
ally by stages (Figure 128.2). In the early phase, the affected 
bowel may look normal or thinner than normal with decreased 
mural contrast enhancement. At this early stage the spastic 
small bowel may appear collapsed and without luminal gas. 
Later, the ischemic bowel segment may dilate and the wall 
becomes extremely thin and without mural contrast enhance-
ments. This may be a sign of impending or established bowel 
infarction. Reperfusion injury, which may develop after blood 
flow is reestablished, causes leaky intramural vessels and the 
bowel wall may become thickened with mural stratification on 
contrast-enhanced MDCT images. The inner layers tend to 
show higher contrast levels than the outer layer [34,39]. Ascites 
may also develop. Pneumatosis intestinalis is usually regarded 
as a sign of transmural bowel infarction and may be associated 
with portomesenteric venous gas (Figure 128.3). However, 
pneumatosis intestinalis is not specific for mesenteric ischemia 
and as an isolated finding is not diagnostic of acute mesenteric 

Figure 128.2 Stages of computed tomography findings in acute 
mesenteric ischemia.

Decreased mural contrast. Spastic bowel without luminal gas

Dilated bowel with thin walls with diminished mural contrast

Thickened bowel wall with mural stratification

Pneumatosis intestinalis

Free intraperitoneal air from perforated bowel

Figure 128.3 Computed tomography appearance of acute mesenteric ischemia involving the small bowel with concomitant ischemic colitis. There is 
striking intramural pneumatosis (red arrow) and air is also visible inside mesenteric vessels (yellow arrow). Source: Courtesy of Dr. Sergi Quiroga, 
Radiology Unit, Hospital Universitari Vall d’Hebron, Barcelona.

ischemia. Free air in the peritoneum signals that the infarcted 
bowel has perforated. Changes observed in the mesentery by 
MDCT (number of vessels, diameter of the SMA and SMV, fat 
stranding, and others) may help establish the prognosis [40].

In acute mesenteric venous ischemia, marked bowel thicken-
ing with stratification is the most characteristic feature (Figure 
128.4). Later, as infarction sets in, mucosal enhancement tends 
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form of vasodilator drug perfusion. Arteriography is also useful 
to diagnose isolated mesenteric vein thrombosis, particularly 
when there is concomitant portal or splenic vein thrombosis.

Other diagnostic tests may be useful but should not be 
ordered unless there are specific reasons or if neither MDCT 
nor angiography is available. Plain abdominal x-ray may show 
nonspecific alterations (distended bowel, thickened walls, pneu-
matosis) but remains normal in one-fourth of patients. Barium 
studies are contraindicated because they may compromise sub-
sequent angiographic tests. Duplex ultrasonography in expert 
hands may be useful to detect narrowing or occlusion of major 
arterial trunks but detection is often hampered by gas-distended 
loops. Duplex ultrasonography has also been evaluated as a tool 
to help establish the evolution of bowel wall changes and the 
indication for surgical intervention and resection. Thus, in acute 
mesenteric ischemia nonperistaltic, thin-walled fluid-filled 
loops would favor resection, whereas in acute venous ischemia 
the absence of wall stratification and mural flow would favor a 
surgical indication [47]. Magnetic resonance angiography is a 
potentially useful alternative to MDCT but often impractical in 
critically ill patients and probably not superior. Positron emis-
sion tomography (PET) may have some use in the detection  
of perfusion abnormalities, particularly those remaining after 
revascularization, but its use is experimental [48]. Endoscopy is 
not commonly needed or appropriate in these acute events but 
transient ischemic ulcers have been observed by double-balloon 
enteroscopy [49].

to diminish with gradual wall thinning and bowel distention. 
Uniformly decreased mural enhancement with a luminal diam-
eter greater than 20 mm strongly suggests transmural infarction 
[41].However, the magnitude of bowel thickness and the pres-
ence of ascites are not necessarily indicators of severity or a 
negative outcome.

In NOMI, MDCT findings include dilatation of the small and 
large bowel, diffuse narrowing of the SMA, diminished visualiza-
tion of its secondary branches from arterial spasm, thin and 
poorly enhanced bowel wall, and pneumatosis intestinalis or gas 
in the portomesenteric vessels [26,32,39,42]. The accuracy of 
MDCT in the diagnosis of NOMI is probably comparable to 
arteriography [43]. In mesenteric vein thrombosis, MDCT fea-
tures help evaluate the changes and optimize management 
[44,45] in particular by helping to differentiate transmural inf-
arction from nontransmural ischemia, to facilitate early therapy 
[41,44].

Patients may be referred directly for angiography as an alter-
native to CT or MDCT. This technique may not only establish 
the correct diagnosis but allow therapeutic intervention as well 
[46]. Mesenteric angiography, therefore, constitutes another key 
diagnostic procedure that doubles up as a therapeutic tool (see 
Section Treatment) with a major impact on reducing mortality 
from acute mesenteric ischemia. Angiography in NOMI yields 
relatively nonspecific findings, similar to those reported by 
MDCT with arterial narrowing and small vessel hypoperfusion, 
but again provides a means for therapeutic intervention in the 

Figure 128.4 Computed tomography appearance in acute mesenteric vein thrombosis. Note marked mesenteric edema (red arrow) and wall thickening 
of small bowel loops (yellow arrow). Source: Courtesy of Dr. Sergi Quiroga, Radiology Unit, Hospital Universitari Vall d’Hebron, Barcelona.
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sidered in patients who are treated early (less than 8 h after the 
onset of abdominal pain) and who do not have contraindica-
tions or clear evidence of bowel infarction (Figure 128.5). 
Urokinase is the most commonly used thrombolytic agent. 
Failure to obtain clot lysis within 4 h of onset of infusion or 
evidence of progression of the ischemia should be taken as signs 
of therapeutic failure, and surgery or an alternative intervention 
may need to be implemented (Box 128.4). Some experts advo-
cate prompt laparotomy, irrespective of the results of the diag-
nostic tests, to directly assess and, if appropriate, resect damaged 
bowel [50]. However, accurate visual identification of bowel that 
may undergo subsequent infarction is difficult, and accordingly, 
a second-look laparotomy at some time after the first surgery 
has also been advocated.

In the setting of acute mesenteric ischemia due to arterial 
thrombosis, lysis of the clot alone is insufficient therapy because 
of underlying arteriosclerotic disease, which predisposes to 
early reocclusion. Endovascular stenting has therefore been 

Treatment
Prompt treatment is essential to improve outcomes [33,50] and 
management objectives should be set according to priority. 
Resuscitation of critically ill patients, while correcting major 
underlying problems such as cardiopulmonary, shock, renal 
impairment, and metabolic acidosis and other electrolyte imbal-
ances, is the first priority. Broad-spectrum antibiotics should  
be administered, because bacterial translocation across the 
ischemic intestinal wall is often present. Nasogastric aspiration 
may be required to decompress the gut. Next, efforts should be 
directed to identify and correct, if possible, the cause of impaired 
bowel flow and, when relevant, to remove necrotic or perforated 
bowel. It is essential to obtain a diagnosis as soon as possible to 
enable flow restoration prior to irreversible bowel infarction. 
When the acute problems have been managed, it becomes 
important to identify, eliminate, or at least mitigate the underly-
ing factors that provoked the ischemic event (heart failure, 
arrhythmias, hypovolemia, hypotension).

If MDCT suggests the diagnosis of acute mesenteric ischemia 
and excludes other relevant intraabdominal pathologies, angi-
ography should be performed in principle because of its thera-
peutic dimension, even if surgery is contemplated. An exception 
to this approach would be the presence of signs of necrotic or 
perforated bowel that may necessitate immediate surgery once 
the patient is stabilized. Angiographic therapeutic procedures 
include the option of performing intraarterial infusion of 
vasodilators (most commonly papaverine, 30–60 mg/h) to 
correct the accompanying vasoconstriction that may be limiting 
the full potential benefit of collateral flow. If emboli or thrombus 
are identified, an infusion of thrombolytic agents may be con-

Figure 128.5 Embolism of the superior mesenteric artery. (a) Obliteration of the superior mesenteric artery by emboli. (b) Permeability regained with 
thrombolytic treatment. Source: Courtesy of Dr. Mercedes Perez and Dr. Antoni Segarra, Interventional Radiology Unit, Hospital Universitari Vall 
d’Hebron, Barcelona.

(a) (b)
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Box 128.4 Angiographic and surgical treatment of acute mesenteric 
ischemia.

Angiographic
Intraarterial infusion of vasodilators (papaverine, prostaglandin E1)
Intraarterial infusion of thrombolytic agents (urokinase)
Endovascular stenting

Surgical
Thrombectomy
Revascularization techniques
Resection of irreversibly damaged bowel
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In NOMI, the fundamental therapeutic approach is to vasodi-
late the splanchnic bed through angiographic infusion of 
papaverine or other vasodilators such as prostaglandin E1 
(PGE1) [32]. Concomitant use of heparin has also been advo-
cated. However, stenosis of the SMA is also present in some 
patients with NOMI and, if so, endovascular dilation and stent-
ing may also be appropriate [56]. Surgery should be limited to 
patients who develop significant peritoneal signs, but early 
intervention may be life saving and should always be considered 
in the severely ill patient [24]. If resection is needed, intestinal 
anastomosis may be best delayed to prevent early dehiscence, 
which is associated with a very high mortality. The long-term 
preventive use of aspirin or other antiplatelet aggregation agents 
should be contemplated as well.

In mesenteric venous thrombosis, heparin anticoagulation 
and attempts at intravenous thrombolysis with urokinase, strep-
tokinase, or tissue plasminogen activator are appropriate 
[57,58]. Percutaneous transhepatic mesenteric thrombectomy 
may be successful [44]. Patients with adequate mesenteric blood 
flow on angiography and lacking peritoneal signs may be fol-
lowed expectantly while papaverine is infused intraarterially  
to help control the associated splanchnic vasoconstriction. 
Development of worsening signs strongly suggests the develop-
ment of bowel necrosis and should prompt surgical exploration 
and resection as appropriate [10,57]. Second-look laparotomy 
may also be indicated, typically 24–72 h later, to perform further 
resections if necessary. Later on, prevention of recurrent throm-
bosis should be undertaken using low-molecular weight 
heparin, warfarin, or other anticoagulent as appropriate.

Chronic mesenteric ischemia

Chronic mesenteric ischemia, sometimes also referred to as 
intestinal angina or chronic splanchnic syndrome, develops as 
a result of insufficient blood flow to the stomach and/or small 
bowel. Ischemic colitis, although it may have a similar patho-
physiology or origin, is conventionally dealt with as a separate 
clinical entity (see Section Ischemic colitis). Chronic mesenteric 
ischemia is often overlooked because its symptoms may be con-
fused with other abdominal entities, in particular functional 
gastrointestinal syndromes [29,59]. A population study has esti-
mated an overall incidence of 2.8 per 100 000 in the general 
population [60]. Patients with chronic mesenteric ischemia 
often suffer from vascular disease in other territories of the body 
(brain, cardiac, renal, and peripheral arteries).

Relevant anatomic and pathophysiological 
considerations
Under normal conditions and with an intact mesenteric vascu-
lar architecture, the splachnic bed receives about one-fifth of the 
total cardiac output. However, flow input requirements mark-
edly increase in the postprandial period [61]. For instance, post-
prandial flow rises about 30% (from 800 to 1100 mL/min) in the 

increasingly used to provide adequate revascularization and to 
reduce the need for bypass and resective surgery [51]. The latter 
may still be needed when there are nonviable segments of bowel 
but occasionally, bowel that initially was judged as nonviable 
may regain vitality when blood flow is restored. Surgery may 
combine thrombectomy with revascularization and resection  
of irreversibly damaged bowel. Intrasurgical endovascular 
approaches have also been described [52]. Patency rates and 
symptom-free survival are relatively good, but there is a high 
perioperative mortality associated with this procedure.

Outcomes are gradually improving as early endovascular 
revascularization becomes established as the primary treatment 
modality of acute mesenteric ischemia (Figure 128.6) [53–55]. 
In a series, successful endovascular treatment was achieved in 
87% of patients but required an additional laparotomy in 69% 
of cases for resection of necrotic segment of bowel [53]. However, 
technical expertise to match these results may not be available 
at all centers.

Patients who have angiographic evidence of good collateral 
blood flow may be managed using heparin anticoagulation and 
papaverine infusion. Later, low-dose aspirin or other antiplate-
let agents may be used and warfarin may be introduced for 
long-term prevention of thrombosis.

Figure 128.6 Acute superior mesenteric artery thrombosis and 
recanalization by stent. (a) Long atherosclerotic stenosis of the superior 
mesenteric artery distally thrombosed. (b) Resolution by self-expanding 
prosthesis. Source: Courtesy of Dr. Mercedes Perez and Dr. Antoni 
Segarra, Interventional Radiology Unit, Hospital Universitari Vall 
d’Hebron, Barcelona.

(a) (b)

PRE
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diminishes splanchnic blood flow. Another possibility is that 
symptoms, chiefly pain, result from stimulation of the celiac 
plexus surrounding the celiac axis because of vasoconstriction 
or irritation rather than strictly from ischemia in the celiac 
vascular territory. Unfortunately, the precise mechanism of the 
pain cannot be established in most patients, making it difficult 
to define features that help identify which individuals may be 
experiencing pain attributable to the median arcuate ligament 
syndrome.

In patients with atheromatous disease who are usually, but 
not exclusively, elderly, the mechanism of their symptoms may 
relate to the peculiar anatomy and physiology of the mesenteric 
bed. First, many patients with atherosclerotic vascular disease 
have a rather extensive involvement, not only of the major arte-
rial trunks but also of the smaller arterioles. This implies that 
these individuals have generally compromised splanchnic cir-
culation to begin with. Second, atherosclerotic vascular disease 
may affect collaterals, which would otherwise be able to com-
pensate for restricted blood flow in the main vessels. Third, 
“steal” phenomena may take place when blood requirements in 
other body territories with chronic ischemia override mesenteric 
needs.

In the past, it was generally assumed that at least two of these 
major gastrointestinal arterial trunks had to be either com-
pletely occluded or severely affected to sustain a diagnosis of 
chronic mesenteric ischemia. However, well-documented cases 
of isolated stenosis (>70%) of either celiac axis or SMA have 
been plausibly associated with clinical symptoms, suggesting 
that better means of assessing hypoperfusion rather than simply 
examining arterial luminal calibers by conventional imaging 
will be necessary to identify those whose symptoms are most 
likely attributable to mesenteric atherosclerotic disease.

A form of symptomatic nonocclusive chronic mesenteric 
ischemia (named chronic NOMI) has also been described. This 
condition probably represents the clinical expression of diffuse 
small vessel disease and constitutes about 13%–16% of patients 
with chronic mesenteric ischemia. A population study has esti-
mated the incidence of chronic NOMI at 1.1 per 100 000 [60]. 
Clinical expression is probably due to the inability of the intes-
tinal circulatory system to increase postprandial blood flow to 
physiological levels, because the paucity and rigidity of the 
affected splanchnic vessels prevents them from vasodilating and 
lowering mesenteric vascular resistance. A similar phenomenon 
may occur as a result of small artery spasm [66], autonomic 
dysfunction, or in various types of vasculitis.

Clinical presentation and natural history
Chronic mesenteric ischemia typically presents as “intestinal 
angina,” a condition that is characterized by recurrent episodes 
of postprandial abdominal pain. The pain usually begins within 
1 h of meal ingestion (probably because of shunting of blood  
to the stomach). When severe, patients will often reduce  
their food intake to avoid symptoms, leading to considerable 
weight loss. Arterial bruits in the abdomen may be detected by 

celiac axis territory and about 300% (from 500 to 1400 mL/min) 
in the SMA territory. Both, calorie content and meal composi-
tion may influence flow changes [62]. Thus, any event that com-
promises the postprandial physiological increase in blood flow, 
whether due to vessel obstruction or a “steal” phenomenon, may 
lead to some degree of ischemia. The latter may not be severe 
enough to produce the bowel necrosis that occurs in the acute 
mesenteric ischemia syndromes, but sufficient to cause symp-
toms, usually chronic and relapsing. Interestingly, parenteral 
feeding decreases splanchnic blood flow [61], a finding relevant 
in specific patient situations.

There are two major categories of chronic mesenteric 
ischemia. One form, most common in young individuals, results 
from partial occlusion of aortic branches due to anatomic or 
inflammatory defects such as: extrinsic compression by the 
medial arcuate ligament, the celiac plexus or both; vasculitis; 
fibromuscular arterial dysplasia or postsurgical/trauma damage. 
Mesenteric phlebosclerosis has also been reported [63].

A second form, which affects mostly elderly individuals, 
results from chronic arteriosclerotic occlusion of mesenteric 
vessels. Autopsy studies, which presumably include a substantial 
proportion of asymptomatic individuals, indicate a 29% preva-
lence of either celiac axis or SMA stenosis and, in 15% of cases, 
at least two gastrointestinal arteries were affected [64]. The same 
study showed that the probability of arteriosclerotic occlusion 
of mesenteric vessels increases with age, from 6% in individuals 
below the age of 40 years to 14% in those between the ages of 
40 and 59, and to 67% in those above age 80. However, critical 
narrowing (i.e., >50% stenosis of either the celiac axis, SMA, or 
IMA) is uncommon. Imaging studies confirm the relatively high 
prevalence of largely asymptomatic gastrointestinal artery ste-
nosis in the general population. For example, duplex ultrasound 
in asymptomatic elderly individuals, with a mean age of 77 years 
[65], demonstrated that 18% of them had stenosis of either the 
celiac axis or the SMA (80% of the stenosis were isolated celiac 
axis stenosis and 7% combined celiac axis and SMA stenosis). 
Remarkably, only about half of a patient cohort with celiac axis 
compression had symptoms consistent with chronic gastroin-
testinal ischemia [65].

From the above information it may be concluded that steno-
sis of major arteries in the mesenteric territory is relatively 
common in the elderly and often subclinical. The factors that 
determine symptomatic expression of arterial luminal narrow-
ing may be different for each of the various categories of chronic 
mesenteric ischemia. In cases of extrinsic compression of a 
major vessel, exemplified by young patients with the median 
arcuate ligament syndrome, the celiac axis may be severely com-
pressed but not occluded. Although in most young individuals, 
the rest of the mesenteric circulation should be relatively 
uncompromised by atherosclerotic disease, those who are 
smokers (representing 63% of those presenting clinically) may 
in fact have diffuse disease in splanchnic vascular beds. It has 
also been suggested that occlusion of the celiac axis is accentu-
ated during inspiration, when the diaphragm lowers and further 
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compression and consistent symptoms, it is difficult to be 
certain about causality. Furthermore, patients with functional 
disease or coincident vascular abnormalities are relatively 
common. This may explain why long-term clinical outcomes 
after surgical division of the arcuate ligament are not invariably 
satisfactory. Temporary relief of functional symptoms after 
abdominal surgery has been well documented, and is not neces-
sarily strong evidence of cause–effect relationships between 
vascular abnormalities and symptoms. In conclusion, the 
arcuate ligament syndrome exists and well-selected patients 
should benefit from surgical correction of celiac axis compres-
sion, but the evidence must be carefully gathered and objectively 
assessed before recommending surgery to the patient.

To some extent the confusion between functional and 
ischemic symptoms also applies to multivessel chronic 
mesenteric ischemia secondary to intrinsic vasculopathies. In 
this context it is very important to make a reasonable estimate 
of the probable diagnosis, taking into account on one hand the 
extent and severity of the vascular lesions (including extraab-
dominal territories), and, on the other, personality and addi-
tional symptoms that may suggest a functional disorder.

Other clinical conditions that could potentially be confused 
with chronic mesenteric ischemia include Crohn’s disease of the 
small bowel, nonsteroidal antiinflammatory drug (NSAID) 
enteropathy, malabsorption disorders (celiac disease, Whipple, 
amyloidosis), and intussusception or partial small bowel 
obstruction due to polyps, carcinoid, gastrointestinal stromal 
cell tumor (GIST), and other tumors.

Diagnostic procedures and approach
The diagnosis of chronic mesenteric ischemia rests on the 
thoughtful evaluation of the medical history and findings on 
physical examination, combined with the results of imaging 
studies and tests to evaluate tissue hypoxemia. However, the 
majority of patients with atherosclerotic vascular stenosis and 
occlusion are asymptomatic and may not require invasive thera-
pies [68].

Evaluation often includes use of more than one imaging tech-
nique to provide complementary information. MDCT angiog-
raphy and MR angiography are the key imaging procedures 
because they are able to show the mesenteric vasculature in 
substantial detail. Technical improvements also allow assess-
ment of mesenteric blood flow rates. Specifically, MR can 
provide fairly accurate estimates of splanchnic blood flow in 
large and medium-size vessels [69]. Moreover, both MDCT and 
MR allow assessment of other intraabdominal structures, 
helping resolve the differential diagnosis.

Other diagnostic methodologies may be of value in some 
patients. Abdominal duplex ultrasound may detect stenosis at 
the origin of major vascular trunks but bowel air usually inter-
feres with ultrasonographic evaluation of smaller vessels. 
Endoscopy may reveal nonspecific but suggestive changes, such 
as chronic ischemic gastritis, which may be useful information 
in the right context [70].

auscultation or Doppler ultrasound. Refractory gastric ulcers 
may occur [67].

Some patients with chronic mesenteric ischemia will present 
with somewhat atypical symptoms. Some patients experience 
predominantly exercise-related pain, and others manifest less 
specific symptoms such as nausea, diarrhea, or malabsorption 
from mucosal damage. Thus, to avoid missing a correct diagno-
sis of chronic mesenteric ischemia, it is essential to take into 
account not only the symptoms but also the overall patient 
profile, including associated conditions and risk factors that 
might suggest a particular form of this disorder.

The median arcuate ligament syndrome Characteristically, these 
are young patients (less than 50 years of age), often female 
smokers, but without other major cardiovascular risk factors. 
They manifest severe postprandial or exercise-related pain and 
a fear to eat. A bruit may be audible over the epigastrium. 
Stenotic compression of the celiac axis by the median arcuate 
ligament may be apparent when assessed by various imaging 
methods although, as indicated earlier, the pain has also been 
attributed to celiac plexus inflammation and/or compression. 
The arcuate ligament syndrome is probably the most common 
form of chronic gastrointestinal ischemia (65% of those with 
single vessel disease), but as noted already, a cause–effect rela-
tionship between the anatomic defect and the patient’s symp-
toms may be difficult to demonstrate.

Arteriosclerotic ischemia Unlike the previous group, these tend 
to be elderly individuals (or younger but with vasculopathy 
affecting other somatic and/or visceral territories). In this group, 
findings may vary from isolated stenosis of either the celiac axis 
or the SMA or both, to rather widespread vascular lesions. 
Clinicians should be aware that chronic mesenteric ischemia is 
itself a major risk factor for an acute ischemic event. Thus, it has 
been estimated that acute mesenteric ischemia is preceded in 
43%–52% of cases by chronic symptoms and, when it does, the 
prognosis is worse than that in patients without chronic 
ischemia.

Differential diagnosis
As noted, evidence of vascular compromise by imaging tests is 
not in itself proof that symptoms are of vascular origin. 
Conversely, given that symptoms of mesenteric ischemia are 
rather nonspecific, the same symptoms may be caused by other 
coexisting conditions. Potentially confusing is the overlap 
between symptoms due to ischemia and those due to functional 
gastrointestinal disorders that may include pain but usually not 
the same degree of weight loss.

It may be especially challenging to confirm that abdominal 
symptoms are the result of the median arcuate syndrome. The 
most optimistic assessments indicate that only about half of 
patients with significant extrinsic occlusion of the celiac axis at 
imaging have symptoms attributable to chronic gastrointestinal 
ischemia. But even in patients with both substantial celiac axis 
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cular revascularization are not feasible. Frequent, low-calorie 
meals and omeprazole or analogues to inhibit gastric secretion, 
are simple, complementary approaches that deserve to be tried.

Currently, the choice between either surgical or endovascular 
revascularization depends on patient-related factors, the etiol-
ogy of chronic mesenteric ischemia, and local experience with 
either technique [73,74]. Surgical revascularization is often 
effective, achieving high rates of substantial long-term symptom 
relief (73%–93% at 5 years). The probability of symptomatic 
restenosis is reported to be rather low in most series (7%–14%). 
Despite the generally good results of surgery, endovascular 
revascularization is gaining acceptance because of lower mor-
bidity and mortality [75–77]. Thus, patients who are deemed 
high risk for open surgery because of age or comorbidities may 
be best treated with the endovascular approach [78]. The 
endovascular approach continues to improve with technological 
advances that facilitate visualization, selective catheter maneu-
vering, and better stent quality and performance. In expert 
hands, initial technical success is over 90% [79]. The technique 
of percutaneous transluminal angioplasty and endovascular 
stenting yield fairly comparable results [80]. In one series, 
endovascular stenting of one or several major trunks achieved 
clinically relevant symptom relief in 87% of patients with 
abdominal pain and increased weight in 90%. Rectal bleeding/
colitis ceased in a similarly high percentage [81].

Stenting after dilation of vascular stenosis is virtually manda-
tory because, without stenting, the probability of postdilation 
restenosis is quite high (11%–39%, mean 28%) (Figure 128.7). 
Complications of endovascular stenting occur mostly at the 
puncture site (thrombosis, vessel dissection or hemorrhage). 
Long-term postrevascularization prophylaxis with antiplatelet 
agents is a requirement. Restenosis is still relatively common 
(up to 40% in one series [76]) but may be managed by repeat 
angioplasty [79]. Sometimes restenosis occurs repeatedly and 
open surgical revascularization may then be indicated [74,76,82]. 
The median arcuate syndrome is not an indication for endovas-
cular therapy because stents placed at the point of extrinsic 
compression on the celiac axis tend to break.

Surgical revascularization techniques include endarterec-
tomy, reimplantation, and bypass grafts. Concomitant renal and 
mesenteric revascularization may be appropriate when there is 
both advanced mesenteric and renal vascular disease [78]. In 
patients with a significant renal–splanchnic steal and unsuccess-
ful cannulation of the SMA and celiac axis, a renal artery angi-
oplasty and stenting may be useful. Bypass grafting may be 
associated with increased perioperative mortality but it is a suc-
cessful and durable procedure [83].

A study has evaluated the perioperative and late clinical out-
comes of percutaneous transluminal stentings of the celiac axis 
and SMA over a 10-year follow-up period [84]. Initial success 
was high (96%–97%) with 2% procedure morbidity and 2% 
mortality. However, at 5 years, patency rates, including those 
that required redilatation, fell to around 32%–36% although 
about twice as many patients still experienced freedom from 

Tonometry, a method to indirectly measure intestinal mucosal 
oxygenation, is gaining acceptance despite the fact that it is a 
somewhat cumbersome and invasive method [71]. Tonometry 
is based on the principle that mucosal hypoperfusion reduces 
oxygen supply to the mucosal tissue. In turn, the resulting 
hypoxemia induces an anaerobic metabolic state that causes 
accumulation and subsequent diffusion of CO2 into the lumen. 
Intraluminal CO2 is measured by means of a semipermeable 
inflatable balloon placed at the tip of a nasojejunal catheter. 
Repeat aspiration of intraballoon gas allows measurement of 
luminal CO2 pressure as it equilibrates with intraballoon CO2 
pressure. Exercise or meals are employed to provoke gastroin-
testinal mucosal ischemia and elicit interpretable tonometry 
readings. Prolonged (24 h) tonometry methods increase accu-
racy of the test, but also increase both discomfort and cost.  
The technique has an estimated sensitivity of 78%–85% and  
a specificity of 82%–92%. False negatives may occur in up to 
23% [71].

An attractive alternative method for measuring mucosal oxy-
genation is visible-light spectroscopy, which is performed in 
conjunction with endoscopy and, therefore, is more practical to 
apply in conventional healthcare settings than tonometry. 
Another interesting and potentially useful method consists of 
the measurement of pre- versus postprandial splanchnic blood 
flow with a radiolabeled tracer, technetium (99mTc) mebro-
fenin. This appears to be a sensitive and reliable method for the 
assessment of chronic intestinal ischemia [72].

These methods to assess tissue ischemia complement the 
clinical assessment and the imaging studies by providing objec-
tive evidence of hypoperfusion with the goal to establish a posi-
tive relationship between the extent of the vascular lesion and 
its symptomatic expression. Assessing such a relationship helps 
the physician to best determine whether the patient’s clinical 
manifestations are truly attributable to chronic mesenteric 
ischemia. This approach helps avoid fruitless revascularization 
procedures.

Treatment of chronic mesenteric ischemia
Once a diagnosis of clinically significant gastrointestinal 
ischemia has been reasonably well established, a treatment 
approach can be planned to both reverse the symptoms and to 
prevent the most serious complications, chiefly bowel infarc-
tion, that can develop over time, particularly in multivessel 
disease. Development of acute infarction is less likely in patients 
with single-vessel disease, that is celiac axis or SMA extrinsic or 
concentric stenosis, and therefore the main treatment objective 
is to achieve symptom relief and to improve the patient’s quality 
of life.

Restoration of adequate blood flow to the gastrointestinal 
tract is the key objective of all therapeutic procedures. 
Pharmacological approaches with oral vasodilators or phos-
phodiesterase inhibitors are of limited value, and consequently 
tend to be reserved for patients in whom surgical or endovas-
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in whom the relative risk was two to four times higher than 
controls [21,86,87]. Other studies have yielded similar inci-
dence estimates at 10.4 per 100 000 inhabitants [88]. The inci-
dence of ischemic colitis appears to have been increasing over 
the last three decades [89].

Age is, therefore, a major risk factor or ischemic colitis (Box 
128.5). However, unlike acute or chronic mesenteric ischemia, 

recurrent symptoms. A secondary surgical intervention was 
needed in about 30% of patients.

Ischemic colitis

Ischemic colitis is a relatively common form of digestive tract 
ischemia, particularly in the elderly. It is typically a segmental 
disease with normal-appearing colon proximally or distally to 
the affected area [85]. Ischemic colitis affects the left colon more 
commonly than the right colon. The splenic flexure is most 
susceptible whereas the rectum is infrequently affected. Because 
its clinical presentation and treatment differ substantially from 
acute and chronic mesenteric ischemia, ischemic colitis is con-
ventionally considered a separate entity.

Epidemiology and risk factors
The incidence of ischemic colitis was assessed in a large study 
in the USA that took advantage of data collected on medical 
insurance claims to compare healthy individuals and patients 
with the irritable bowel syndrome. The incidence rate in the 
general population was estimated to be 7.1 per 100 000 person-
years. Incidence was particularly high in patients in the 70–79 
year age range in whom the relative risk was 3.69 times higher 
than in the 50–59 year age range. It was slightly more common 
in women than men and substantially more common in patients 
with the irritable bowel syndrome and/or chronic constipation, 

Box 128.5 Risk factors for ischemic colitis.

Age over 60
Female sex
Cardiovascular disease
Abdominal, aortic, or cardiovascular surgery
Shock
Diabetes
Dyslipidemia
Thrombophilia
Drugs (contraceptives, triptans, angiotensin-converting enzyme 

inhibitors, nonsteroidal antiinflammatory drugs, digoxin, alosetron)
Sickle-cell disease
Acute diarrhea
Irritable bowel syndrome
Constipation/fecal impaction
Infections (E. coli 0157:H7, cytomegalovirus, hepatitis B and C)
Inflammatory bowel disease
Colorectal cancer
Mesenteric panniculitis

Figure 128.7 Celiac axis stenosis treated with intraluminal stent. (a) Aortogram showing severe celiac axis stenosis. (b) Selective catheterization via the 
axillar artery. (c) Resolution after stent placement. Source: Courtesy of Dr. Mercedes Perez and Dr. Antoni Segarra, Interventional Radiology Unit, 
Hospital Universitari Vall d’Hebron, Barcelona.

(a) (b) (c)
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elderly and may predispose to ischemic colitis [101]. However, 
experimental studies in human volunteers in whom constipa-
tion was induced with loperamide did not show changes in 
either rectal or splenic flexure blood flow [102]. Obstructing 
lesions such as volvulus, carcinoma, and diverticulitis may pre-
cipitate an attack of ischemic colitis. Obstructive ileocolitis, a 
recognized complication of left-sided colorectal cancer, may be 
pathogenetically related to ischemia and may lead to perfora-
tion [103]. Barium enema and colonoscopy with air insufflation 
are also considered predisposing risk events (Figure 128.8).

Recurrent bouts of ischemic colitis may occur in up to 15% 
of patients. Smoking, chronic obstructive pulmonary disease 
and peripheral vascular disease are factors that predispose to 
recurrence [89].

Pathogenesis
Ischemic colitis is a condition that develops when the blood 
supply to the colon is insufficient to sustain tissue needs. Small-
vessel disease and/or vasomotor dysfunction appear to be the 
main underlying mechanism. The imbalance between blood 
supply and tissue needs may be transient, without inducing 
major tissue injury, or severe or prolonged enough to cause 
colon infarction, necrosis, and perforation.

Anatomic variations that compromise blood supply to the 
colon and its collateral rescue mechanisms may be significant 
predisposing factors, and account for the often segmental nature 
of the process. Thus, the rectum normally has enough alterna-
tive blood supply from the iliac arteries to protect it from 
ischemic insult. In contrast, the splenic flexure is much more 
commonly affected and may be predisposed by an absent or 
underdeveloped marginal artery of Drummond (5% of the 
population), which normally acts as a backup communication 

splanchnic angiography does not usually demonstrate substan-
tial narrowing or occlusion in the arteries supplying the colon, 
even though atherosclerotic vascular disease was common in 
this elderly group. Acute events such as heart failure, hypoten-
sion, hypovolemia, and low flow states may favor the acute 
development of ischemic colitis [21]. Indeed, a population study 
identified a number of independent variables associated with  
an increased risk of ischemic colitis, including shock, acute 
diarrhea, irritable bowel syndrome, colon carcinoma, constipa-
tion, cardiovascular disease, and abdominal, aortic, or cardio-
vascular surgery [90]. Abdominal aortic aneurysm repair, 
aortoiliac surgery, and thoracic aneurysm repair also confer an 
increased risk of ischemic colitis [91].

Ischemic colitis (or a clinically similar condition) has been 
also associated with certain enteric infections, such as Escherichia 
coli 0157:H7 [92], cytomegalovirus infection in immunocom-
promised individuals, and hepatitis B and hepatitis C when 
there is an accompanying vasculitis. E. coli 0157 (and other 
enterohemorrhagic E. coli) produce a verotoxin, which targets 
the endothelial cells of small blood vessels leading to ischemic 
insult with characteristic histopathological features. It has been 
also associated with thrombophilia, which is a relatively 
common cause of ischemic colitis in younger patients. However, 
many thrombophilias are associated with venous rather than 
arterial thrombosis, and causality has not been firmly demon-
strated. Inflammatory bowel disease may also be a risk factor 
[21]. Ischemic colitis may occur as a complication of vascular 
surgeries, including aortic bypass or cardiac surgery. Diabetes 
and dyslipidemia also appear to be predisposing causes [93]. 
Many drugs are considered important risk factors for the devel-
opment of ischemic colitis, although cause and effect relation-
ships have not been completely established in many instances. 
Drugs implicated include oral contraceptives [90], triptans [94], 
and also antihypertensives such as angiotensin-converting 
enzyme inhibitors, calcium channel antagonists (e.g., vera-
pamil) [95], and diuretics. Acetylsalicylic acid and NSAIDs have 
also been suggested as causal factors [93]. In addition, vasocon-
strictor drugs such as illicit cocaine, pseudoephedrine, digoxin, 
or amphetamines (e.g., methamphetamine) drug abuse can 
cause ischemic colitis and history of use of these should be care-
fully explored in the medical history (e.g., cocaine use in a 
younger individual without obvious predisposing factors) [96]. 
Rarely, antipsychotics have been reported to induce the syn-
drome [97]. Alosetron, a drug used for the treatment of irritable 
bowel syndrome and now available only under special restric-
tions, may induce ischemic colitis, which is usually mild and 
improves upon drug withdrawal [98].

Sickle-cell disease may be complicated by ischemic colitis, an 
occurrence that may be confused with the typical abdominal 
pain attack seen in sickle cell crisis [99]. In younger patients 
(<45 years), a smoking habit and hyperuricemia are signifi-
cantly associated with ischemic colitis [100].

Mechanical factors may be important risk factors as well. 
Constipation and fecal impaction are quite common in the 

Figure 128.8 Colonoscopic appearance of a mild ischemic colitis that 
developed after a routine colonoscopy examination. Source: Courtesy of 
Lawrence J Brandt, Montefiore Medical Center, New York.
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colitis. It is common among patients with drug-induced 
ischemia.

3.	 Segmental ulcerating colitis and stricture: clinically, segmen-
tal ulcerating colitis presents with a more chronic and indo-
lent course. Abdominal pain, in some patients, is limited to 
mild discomfort, with associated bouts of diarrhea. Blood in 
the stools may or may not be apparent. Some patients are 
minimally symptomatic and the affected, ulcerated segment 
may be discovered rather incidentally at endoscopy. If sys-
temic signs (leukocytosis, fever, or bacteremia) appear it may 
be necessary to resect the segment because of the risk of 
perforation. Some patients evolve towards formation of a 
chronic stricture, which may or may not be symptomatic 
depending on the degree of luminal stenosis it produces.

4.	 Fulminant universal ischemic colitis: fulminant colitis is the 
most severe form of ischemic colitis. It may encompass the 
entire colon, and the patients appear systemically very ill. 
Marked abdominal distention and associated leukocytosis, 
elevated lactate, and metabolic changes are common. There 
is a high risk of perforation secondary to transmural infarc-
tion and necrosis.

Irrespective of the presentation, definitive diagnosis of 
ischemic colitis requires appropriate imaging and histological 
confirmation. Conventional means, such as plain radiographs 
of the abdomen or barium enema, have been largely replaced 
by colonoscopy and CT, which yield greater accuracy and will 
not interfere with the use of additional contrast-based angio-
graphic diagnostic procedures, should these be later required. 
Nevertheless, the plain abdominal film may show suspicious, 
albeit nonspecific, abnormalities in about one-fifth of patients. 
These include colonic mural thickening with associated thumb-
printing, air-filled loops of bowel, and other signs [112]. Barium 
enema is best avoided because of the possibility of barium reten-
tion that could interfere with angiographic studies. Magnetic 
resonance using precontrast images may be useful in diagnosis 
and follow up [113].

Colonoscopy is usually diagnostic, even if performed on an 
unprepared or lightly prepared bowel, because the left colon is 
most commonly affected. A sigmoidoscopy will often suffice 
when patients are too ill to undergo full colonoscopy as, for 
instance, in ischemic colitis developing after aortic surgery [56]. 
However, the perceived increase in the incidence of right-sided 
colitis makes it advisable to perform a full colonoscopy when 
possible, particularly if the clinical picture is suggestive and no 
conspicuous lesions are detected on the left side of the colon. In 
the patient with suspected severe or fulminant colitis, colonos-
copy should be performed with great caution because of the risk 
of perforation.

Excessive inflation is to be avoided, and diffusible CO2 
is preferred over air insufflation. In the early stages of ischemic 
colitis, the mucosa appears pale, edematous, and punctuated  
by petechial hemorrhages. These features may later evolve 
towards ulceration of the mucosa with bleeding, which together 
with the surrounding erythematous and edematous mucosa is 

blood route between the superior and inferior mesenteric arter-
ies. The site of involvement and prognosis of ischemic colitis 
may be correlated. Thus, isolated involvement of the right side 
of the colon has a distinct clinical presentation and worse 
outcome [104]. Some have even suggested that right and left-
sided ischemic colitis represent different entities, the former 
being associated with more splanchnic artery stenosis and a 
higher in hospital mortality [105].

The left colon is normally supplied through branches of the 
IMA. Vascular abnormalities of major and medium trunks sup-
plying the colon are unusual at angiography. However, IMA 
stenosis under some circumstances may induce symptomatic 
colonic ischemia that reverses after endovascular treatment 
[106]. Steal phenomenon may account for reports of ischemic 
colitis associated with extreme athletic exercise [107].

Intramural circulation conditions are also relevant. The 
colonic microvasculature appears to be generally less well devel-
oped than that of the small bowel. Furthermore, the colon wall 
is thicker. In addition, the vasa recta that provide blood directly 
to the bowel wall are normally less prominent in the right colon 
than in the left colon, which may explain the susceptibility of 
the right colon to hypoperfusion states and the overall greater 
severity of right-sided ischemic colitis when it occurs.

Inflammation of the bowel wall may occur secondarily to 
hypoperfusion and reperfusion, as both appear to be involved 
in tissue injury [104]. Also, bacterial endotoxin may enter intes-
tinal tissues through a hypoperfused, edematous gut wall, trig-
gering an inflammatory response in the colonic wall that is often 
quite intense [108]. The possibility of a superimposed autoim-
mune process has also been raised [85]. Other intraabdominal 
inflammatory events may also play a role, for example mesenteric 
panniculitis has been reported as a cause of unexplained 
ischemic colitis [109,110].

Clinical presentation
Ischemic colitis may become manifest in a variety of presenta-
tions. These may be organized into subgroups of practical clini-
cal use [111].
1.	 Transient ulcerating ischemic colitis: this is the most common 

form and it tends to occur acutely in elderly individuals with 
or without predisposing factors. The clinical picture usually 
consists of abdominal pain, often colicky, with urge to defecate 
and passage of bright red or maroon blood, usually mixed with 
stool. Overall blood loss is typically small and transfusion is 
rarely required. Later on, abdominal distention and ileus may 
appear. Nausea, vomiting, and refusal to eat may also be 
present. Physical signs are not prominent. However, tender-
ness or a vague mass may be palpated along the affected 
segment of the colon. Peritoneal signs secondary to transmu-
ral infarction and necrosis are present in about 15% and 
usually accompanied by leukocytosis, metabolic acidosis, and 
elevated lactate dehydrogenase and lactate levels.

2.	 Reversible ischemic colopathy: this is a term applied to 
patients with milder and more transient form of ischemic 
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responsible for the “thumbprinting” appearance observed by 
radiographic studies (Figure 128.9). Pseudomembranes in the 
absence of “Clostridium difficile” infection have been reported 
[114]. Bowel infarction is manifested by cyanotic grey or black 
mucosa. All these changes may be either segmental or general-
ized (Figure 128.10).

In chronic disease, the ulcerated edematous mucosa may 
persist (sometimes for years) or evolve into a fibrotic structure. 
Pseudopolyps may also be observed. Histology in the acute 
phase typically shows crypt destruction, hemorrhage, and capil-
lary thrombosis whereas in more chronic disease, granulation 
tissue, atrophy, and fibrosis may be detected.

Abdominal CT is also an effective tool to diagnose ischemic 
colitis, showing suggestive findings such as circumferential wall 
thickening in up to 89% of patients [115]. Intramural pneuma-
tosis may be present and suggests transmural involvement or 
infarction (Figure 128.11). CT is available in most emergency 
rooms and may be the test of first choice when urgent diagnosis 
is warranted. Overall, abdominal MR is less useful but may be 
employed as an alternative to CT. Angiography is rarely indi-
cated in ischemic colitis because the vascular bed is mostly 
affected at the arteriolar level and major trunks and collateral 
arcades are usually intact. Exceptions are concomitant acute 

Figure 128.9 Segmental ischemic colitis in an elderly man resembling Crohn’s disease. Note the thumbprinting appearance on the barium enema 
(a) that corresponds to a nonspecific cobblestone, ulcerated and hemorrhagic colonoscopic pattern (b, c). Source: Courtesy of Lawrence J Brandt, 
Montefiore Medical Center, New York.

(c)

(b)

(a)

Figure 128.10 Colonic appearance of ischemic gangrene in a patient post 
aortic aneurysm repair and obliteration of the inferior mesenteric artery. 
Source: Courtesy of Lawrence J Brandt, Montefiore Medical Center, New 
York.
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Right-side colonic involvement was the most significant pre-
dictor of a poor outcome. Right colon involvement is most likely 
to be associated with coronary artery disease, end-stage kidney 
failure, greater need for surgery, and highest mortality (20.3% 
versus 9%) [118,119]. Vascular and metabolic comorbidities as 
well as coexisting small bowel ischemia occur in about 15% of 
cases and are associated with a worse prognosis [88,119].

The need for delayed surgery was significantly predicted by 
intraperitoneal fluid on CT and absence of bleeding per rectum. 
Additional predictors of subsequent surgery were peripheral 
vascular disease, atrial fibrillation, intensive care unit admis-
sion, and increased lactate levels on admission [120]. Also, peri-
toneal signs at onset and severe pain without bleeding pointed 
towards an unfavorable course [118].

Predictors of high perioperative mortality and poor long-
term survival included extensive bowel ischemia, nonocclusive 
ischemic colitis, acute renal failure, high serum lactate, and 
prolonged need for catecholamine support therapy [121]. A 
high degree of mesenteric atherosclerosis in the resected speci-
men was also an indicator of poor long-term survival [121].

Vasculitis

Vasculitis may be defined as an inflammation of the vessel walls 
that leads to alteration of blood flow and secondary ischemic 
damage of the dependent tissues [122]. Vasculitis may result in 
a variety of lesions affecting the gastrointestinal tract. These 
include ulcers, obstructing stenosis, wall necrosis with subse-
quent risk of hemorrhage, perforation and other events. Vasculitis 
may affect blood vessels of all sizes and, accordingly, clinical 
manifestations and resulting lesions differ considerably depend-
ing on the size of the affected vessel and affected territory  

mesenteric ischemia or isolated right-sided colitis. The latter 
can result from occlusion of the ileocolic branch of the SMA.

Evaluation of cardiovascular status is also appropriate in the 
patient with ischemic colitis to identify a potential source for 
emboli (chiefly arrhythmia or dilated cardiomyopathy) that may 
require subsequent anticoagulation.

Laparoscopy is rarely required as a diagnostic method but may 
be performed if therapeutic resection becomes necessary. Care 
should be adopted to avoid intraperitoneal pressures from exceed-
ing 10–15 mmHg to prevent excessive tissue compression.

Treatment of ischemic colitis
Observation and supportive care is the best management 
approach in most patients with typical ischemic colitis. Treatment 
must be calibrated on the basis of severity and clinical presenta-
tion. Mucosal, nongangrenous ischemia may be managed con-
servatively with supportive care [104,116], whereas transmural/
gangrenous ischemia demands prompt surgical intervention. 
Ischemic colitis may also evolve into a chronic, indolent form 
with persistent segmental colitis. If a colonic stricture develops, 
it may be managed by observation, endoscopic dilation, or 
surgery, depending on the circumstances, including severity of 
symptoms, if any [116].

Prognosis
A systematic literature analysis [117] found that overall mortal-
ity in ischemic colitis was 12.7%. Only a minority of patients 
(19.6%) required surgery but these had a much worse prognosis 
(39.3% mortality). In contrast, among patients managed medi-
cally, presumably with milder uncomplicated course, mortality 
was 6.2%. Another study estimated overall mortality at 1.54 per 
100 000 persons [88].

Figure 128.11 Computed tomography scan appearance in a patient who developed right-sided ischemic colitis with intramural pneumatosis. Note in 
particular the thin black contour along the entire right colon. Source: Courtesy of Dr. Sergi Quiroga, Radiology Unit, Hospital Universitari Vall 
d’Hebron, Barcelona.
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upper and lower extremities. It typically develops in otherwise 
healthy smokers, usually young men between the ages of 20 and 
50 years, although women may also be affected. Mesenteric 
vessel involvement is uncommon, but when it occurs it affects 
mostly the vessels supplying the small bowel and less frequently 
of the colon [125]. Inflammation preferentially occurs at the 
thrombus–endothelium interface and evolves to form microab-
scesses and necrotizing granulomas with multinucleated giant 
cells. Eventually, the vessel becomes occluded with consequent 
ischemia of the corresponding intestinal segments, often with 
collaterals developing. The disease may improve following ces-
sation of smoking, but resection of the infarcted bowel is neces-
sary. Because most patients with intestinal involvement also 
have chronic Buerger disease in the extremities, a clinical diag-
nosis may be established. If the disease is diagnosed in the 
preclinical stage in major mesenteric trunks, endovascular pro-
cedures may be undertaken to prevent the consequences of 
bowel ischemia [126].

Behçet disease
The triad of recurrent oral ulcers, genital ulcers, and chronic 
relapsing uveitis defines Behçet disease, a systemic vasculitis 
that may involve arterial and venous supply of almost any organ. 
It most commonly affects males of eastern Mediterranean 
origin. Intestinal Behçet vasculitis tends to manifest as deep 
ulcers, mostly in the ileocecal region (although other gastroin-
testinal tract locations may also occur). Mesenteric thrombosis 
and secondary ischemia may also occur [127], with a tendency 
to bleed and occasionally perforate with fatal outcome. The 
clinical picture may resemble Crohn’s disease and includes 
diarrhea, abdominal pain, and bleeding.

Takayasu arteritis
This chronic inflammatory disease affects mainly the aorta and 
its branches, gradually leading to fibrotic occlusion of the 

supplied by the vessel (Table 128.1). In many systemic vascu-
litides, intramural arteries and arterioles are involved producing 
ischemia and inflammatory damage to intestinal segments. Some 
vasculitides damage the small vessels (vasa vasorum) that supply 
the wall of large trunks. In that case, the clinical and pathological 
picture may resemble that described for acute mesenteric 
ischemia.

MDCT is the most useful diagnostic modality for initial 
evaluation. Typical findings include bowel wall thickening with 
the so-called “target sign” and engorgement of mesenteric 
vessels producing the “comb sign.” [122].

Degos disease
Degos disease, also known as malignant atrophic papulosis, is an 
uncommon idiopathic thrombotic vasculopathy with multisys-
tem involvement that often involves the intestine as well as the 
skin [123]. Skin lesions, typically small porcelain-white scars with 
an erythematous halo, usually appear in the trunk and upper 
extremities. Within months to years patients begin to manifest 
abdominal pain. Spontaneous small bowel infarctions and perfo-
rations are common complications. CT findings (described by 
Amaravadi et al. [123]) are diffuse bowel edema, patches of non-
enhancing bowel mucosa, and omental edema with ascites due to 
omental infarction. Endoscopic examination may show gastric, 
small bowel, and colonic ulcerations [124]. Pathological findings 
include fibrous thickening of the intima and thrombosis of small 
and medium-size vessels. Characteristically, inflammatory cell 
infiltration is absent. Corticosteroids and nonsteroidal antiin-
flammatory agents, as well as antithrombotic agents, have been 
tried without much therapeutic success.

Buerger disease
Buerger disease, also known as thromboangiitis obliterans, is a 
nonatherosclerotic vascular inflammatory disease that affects 
mostly the small and medium-sized arteries and veins of the 

Table 128.1 Vasculitis and mechanisms of intestinal ischemia.

Vasculitis Mechanisms of ischemia

Degos disease Thrombotic vasculopathy

Buerger disease Atherosclerotic vascular inflammatory disease

Behçet disease Systemic vasculitis affecting both arteria and veins

Takayasu arteritis Vasculitis of the aorta and branches

Chronic periaortitis Vasculitis of small and medium-sized retroperitoneal arteries

Fibromuscular dysplasia Aneurisms and dissection of small and medium-sized arteries

Intestinal vasculitis associated with rheumatoid arthritis, 
systemic lupus erythematosus

Autoimmune vasculitis of small and medium-size vessels

Polyarteritis nodosa Necrotizing vasculitis of small and medium-size arteries with aneurysms at branch points

Cogan syndrome Autoimmune vasculitis

Henoch-Schönlein purpura Necrotizing arteritis secondary to immune complex deposits

Churg–Strauss syndrome Angiitis of small vessels with eosinophilic infiltration and granulomas
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colon it tends to manifest as diffuse colitis resembling chronic 
ulcerative colitis. If so, rectal biopsies may show affected sub-
mucosal vessels. Amyloidosis secondary to rheumatoid arthritis 
may also be present.

Mesenteric vasculitis may also occur in patients with sys-
temic lupus erythematosus. Leukocytoclastic vasculitis with 
edema and thrombus formation occurs secondarily to immune-
complex deposition and complement activation. Often it mani-
fests abruptly with abdominal pain. Bowel ischemia infarction 
and perforation may ensue [132]. Less commonly, large trunks 
such as the celiac axis and SMA are affected but whether this is 
related to the autoimmune disorder or due to concomitant 
atherosclerosis is uncertain [133]. Mesenteric vein thrombosis 
also occurs in association with autoimmune disorders [134].

Vasculitis affecting the intestine also occurs secondary to 
mixed essential cryoglobulinemia associated with hepatitis B 
and C virus. Diagnosis relies largely on MDCT imaging that 
may show signs of intestinal ischemia (target signs, comb signs, 
and others) in the right clinical context. Prompt implementa-
tion of steroid therapy and immunosuppressants may help 
prevent bowel necrosis and the need for surgical intervention. 
However, when occlusive mesenteric ischemia is identified, 
open revascularization [135] or endoluminal techniques may be 
effective.

Polyarteritis nodosa
This condition produces necrotizing vasculitis affecting small 
and medium-sized arteries with characteristic aneurysms at 
branch points. Involvement of the small bowel and colonic vas-
cular supply is relatively common. Abdominal pain develops in 
about 50% of patients with polyarteritis nodosa. Diagnosis is 
best obtained by mesenteric angiography, which usually shows 
typical aneurysms in mesenteric, hepatic, and renal arteries. 
Prompt treatment with steroids and immunosuppressants is 
mandatory.

Cogan syndrome
This is an unusual autoimmune disorder characterized by inter-
stitial keratitis and deafness. It may be associated with either 
ulcerative colitis or Crohn’s disease. Some patients develop 
mesenteric vasculitis and insufficiency, which may be amenable 
to surgical correction [136,137].

Henoch-Schönlein purpura
Henoch-Schönlein purpura is a relatively frequent systemic vas-
culitis that usually manifests in children. Immune complex 
deposits induce necrotizing arteritis with neutrophil infiltration 
in small and medium-sized arteries. The process is known as 
leukocytoclastic vasculitis. An upper respiratory infection may 
act as trigger. Palpable purpura, joint inflammation, and renal 
involvement are typical manifestations of the condition. 
Intestinal involvement is associated with abdominal pain, bleed-
ing (overt or occult), and more rarely with bowel infarction and 
perforation. Intussusception may also develop as a consequence 

damaged vessels. Abdominal arteries are rarely involved but, 
when they are, the condition may produce a clinical picture of 
mesenteric angina amenable to correction by endovascular 
techniques, such as percutaneous transluminal angioplasty with 
stent placement [128]. Takayasu disease may develop in associa-
tion with inflammatory bowel disease such as ulcerative colitis 
and Crohn’s disease. The condition is usually treated with 
corticosteroids.

Chronic periaortitis
This group of entities comprises idiopathic retroperitoneal 
fibrosis, inflammatory abdominal aortic aneurysms, and peri-
aneurysmal retroperitoneal fibrosis. Pathogenetically, it repre-
sents a form of vasculitis with fibrinoid necrosis of small and 
medium-size retroperitoneal vessels as well as aortic vasa 
vasorum. It appears to be part of a systemic autoimmune process 
and it is often associated with other autoimmune diseases.

Patients complain of abdominal pain and present constitu-
tional symptoms related to chronic systemic inflammation. 
Angiographic evidence of mesenteric vessel involvement is 
usually present [129] and concomitant renal artery stenosis is 
also common. Bowel thickening may be observed by CT. 
Corticosteroids and immunosuppressants are the standard 
treatment.

Fibromuscular dysplasia
Fibromuscular dysplasia or hyperplasia is a rare vascular disease 
that affects primarily small and medium-size arteries. Neither 
inflammation nor arteriosclerosis is present. The arterial 
intimae, media, or adventitia layers may be affected to differing 
extent. Smoking and hypertension are commonly present but 
genetic determinants appear to play an important role. The most 
common arteries involved are the renal and carotid arteries  
and less commonly the vertebral, iliac, or subclavian arteries. 
However, mesenteric, hepatic, and splenic arteries may also be 
affected. Involvement of splanchnic arteries with occlusive 
lesions can lead to chronic mesenteric ischemia with the cor-
responding clinical manifestations [19,130]. Aneurysm and dis-
section may develop as a result of the arteriopathy. The imaging 
appearance of the affected vessels is very characteristic with a 
“string of beads” feature but this is only observed when the 
media layer is involved. Bypass surgery and endovascular pro-
cedures may be necessary to overcome arterial occlusion.

Intestinal vasculitis associated with rheumatoid 
arthritis, systemic lupus erythematosus or other 
systemic autoimmune disorders
Rheumatoid vasculitis may be a component of rheumatoid 
arthritis disease and manifest as an inflammatory condition 
affecting small and medium-sized vessels. About 5% of patients 
with rheumatoid arthritis develop vasculitis and in about 
10%–40% of such cases the vasculitis affects the intestines [131]. 
Intestinal rheumatoid vasculitis may present as small bowel 
ischemic ulcers with bleeding and infarction whereas in the 
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of a submucosal hematoma. C-reactive protein (CRP) tends to 
be elevated during flares of the disease [138].

MDCT scans may show asymmetric wall thickening, mostly 
in the small bowel or colon, including the rectum [139]. 
Endoscopic findings include duodenal mucosal inflammatory 
features, ulceration and/or petechia, and mucosal and submu-
cosal hematomas [139,140]. Corticosteroid therapy may be 
applied but most patients improve spontaneously [138]. Rarely, 
surgical intervention to resect ischemic bowel may be needed 
[141]. Also rarely, renal failure may develop, especially in adults 
in whom the condition may evolve towards a more serious, and 
potentially fatal, illness [142].

Churg–Strauss syndrome
On rare occasions, this condition, also known as allergic granu-
lomatous angiitis, involves the gastrointestinal tract. Asthma, 
hypereosinophilia, and atopic sinusitis with high IgE level are 
characteristic features. Severe gastrointestinal involvement is 
associated with intestinal ulceration and worse outcomes 
[143,144], including perforation of the small bowel [145]. 
Angiitis of the small vessels in the bowel surrounded by eosi-
nophilic infiltration and granuloma are characteristic his-
topathological features.

Capsule endoscopy and double-balloon endoscopy have been 
employed to identify intestinal ulceration in this condition 
[146,147]. Multiple deep ulcers with irregular shape are the 
most characteristic features.

Corticosteroid therapy is the standard treatment for Churg–
Strauss syndrome, but may mask the clinical signs of intestinal 
perforation or even promote this complication [148]. Surgery is 
usually needed when severe necrotizing vasculitis with irrevers-
ible stenosis or deep ischemic ulceration, complicated with 
impending or acute perforation, occur [149].

References are available at www.yamadagastro.com/textbook
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The first reports of radiation-induced injury to the gastrointes-
tinal tract date to the early 20th century shortly after the dis-
covery of x-rays in 1895 [1]. The use of ionizing radiation for 
therapy of malignancies also dates back to the early 20th century 
and arose out of the observations of Bergonie and Tribondeau, 
who suggested that “X-rays are more effective on cells which 
have a greater reproductive activity; the effectiveness is greater 
on those cells which have a larger dividing future ahead.  . . . ” 
[2,3]. They went on to reason that radiation could be effective 
in destroying tumors while sparing many normal tissues. 
Although this concept may be somewhat simplistic in today’s 
terms, it led to the expectation that side-effects would occur in 
those tissues, such as the gastrointestinal epithelium, that 
undergo rapid cell turnover.

The use of multimodality therapies that include radiation 
have become commonplace in treating many malignancies; in 
fact, about one-half of patients with cancer receive radiation 
therapy as a component of their treatment. Modern techniques 
for tomographic localization and fractionation of radiation 
therapy have significantly reduced short-term and long-term 
gastrointestinal morbidity resulting from radiation therapy. 
Nevertheless, most patients experience gastrointestinal symp-
toms associated with acute radiation therapy, such as diarrhea, 
abdominal pain, bloating, tenesmus, and bleeding [4]. Chest 
pain, dysphagia, and odynophagia may be seen when the radia-
tion fields involve the upper gastrointestinal tract. Generally, the 
acute side-effects of therapy can be treated with antispasmodics, 

antidiarrheals, and topical anesthetics. As a rule, these symp-
toms resolve shortly after radiation treatment ends. However, 
up to one-fourth of patients who receive radiation therapy also 
develop some form of chronic injury, defined as symptoms pre-
senting more than 3 months after completion of therapy [4]. 
Symptoms are usually evident within the first 2 years after initia-
tion of therapy; however, some patients do not develop symp-
toms for years or even decades [4]. Radiation exposure from 
diagnostic testing has also climbed steeply over the past several 
decades, with an estimated 4 million Americans receiving high 
doses annually [5,6]. Thus, it is likely that gastroenterologists 
will continue to encounter and treat patients with acute or 
chronic radiation injury in their practice.

Radiation pathobiology

High-energy photons from gamma irradiation, which is used 
for most types of radiation therapy, can interact with atoms in 
a number of ways [7]. The most prominent effect leading to 
radiation-induced injury is Compton scattering, first described 
by A. H. Compton in 1922. Compton scattering occurs when a 
gamma photon collides with an outer orbital electron, loses 
energy, and is deflected, and the energy lost by the photon is 
imparted to the electron, which is then ejected from the atom. 
These ejected Compton electrons subsequently cause many  
of the biological sequelae of irradiation by causing secondary 
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intracellular regulator of many inflammatory responses driven 
by bacterial-derived macromolecules, appears to selectively 
protect the small intestinal epithelium against ionizing 
radiation–induced damage [19]. In this context, the interaction 
of some components derived from the luminal microbiota with 
TLRs (Toll-like receptors) can be beneficial in mitigating intes-
tinal radiation-induced injury and prolonging survival. 
Administering a TLR5 ligand, CBLB502, either before or imme-
diately following whole body irradiation, resulted in increased 
survival in both mice and a primate model of radiation toxicity 
as compared to controls [20]. Similarly, activation of TLR9 
resulted in reduced apoptosis and increased DNA synthesis of 
intestinal crypt epithelial cells as well as faster restitution of 
absorptive function compared to untreated control mice [21]. 
Of significance, TLR9 agonist treatment significantly increased 
the therapeutic ratio of abdominal irradiation and survival [21]. 
However, a recent study suggested that the luminal microbiota 
can also exacerbate radiation injury through induction of an 
epithelial derived protein (fiaf) that increases sensitivity of 
endothelial cells and lymphocytes to radiation-induced apopto-
sis [22]. Thus, the interplay of the luminal microbial environ-
ment with the mucosal immune system is complex and the 
effects of subsequent inflammatory responses on the biological 
response to therapeutic irradiation are difficult to predict. 
Probiotic manipulation of the gut flora may help in limiting 
diarrhea during radiation therapy, but the available data are 
variable. A metaanalysis of 632 patients showed no evidence of 
harm [23–25].

Concurrent pharmacological therapy may also alter the 
response of both normal and neoplastic tissue to gamma irra-
diation. Tissue is more susceptible to injury from radiation 
when it is administered together with chemotherapeutic agents 
or other pharmaceuticals that sensitize the gut. For instance, 
combination of gamma irradiation with administration of 
chemotherapeutic agents that alter cell cycle kinetics or lead to 
synchronization of the replicating cell populations may potenti-
ate damage to normal tissues or to tumor cells because, as noted, 
the lethal effects of radiation-induced damage vary with posi-
tion in the cell cycle. Therefore, the timing of irradiation in 
relation to administration of these chemotherapeutic agents is 
an important factor in determining the relative effects on tumor 
versus normal tissue. Halopyrimidines such as fluorouracil, 
fluorodeoxyuridine, and iododeoxyuridine may sensitize 
tumors both by inhibiting effective DNA repair and by increas-
ing the amount of radiation-induced DNA damage [26,27]. 
Adjuvant therapy combining fluorouracil and radiation therapy 
for resected gastrointestinal tumors has improved survival in 
patients with pancreatic, rectal, and esophageal cancers [26,28–
30]. Actinomycin D, doxorubicin, and bleomycin also sensitize 
cells to radiation-induced DNA damage and cell death.

Drugs with radioprotective activity are under investigation. 
These compounds have the potential to improve the therapeutic 
index for radiation therapy. Radioprotective strategies can be 
classified under the categories of protection, mitigation, and 

ionizations of other atoms or through generation of other highly 
reactive species, such as free radicals. Such radiochemical inter-
actions can damage a variety of cellular constituents, including 
DNA, proteins, and lipids. Of these, induction of single- and 
double-stranded breaks in DNA appears to mediate most of the 
lethal effects of radiation on cells. Although many cellular path-
ways have evolved for repairing such potentially lethal genetic 
damage, failure to repair even a single double-stranded break in 
DNA may result in the death of that cell.

The amount of radiation-induced damage produced in a 
tissue or tumor is dependent on the energy of the gamma rays 
or x-rays, on the absorbed dose of radiation, and on the frac-
tionation schedule of the administered dose of irradiation 
[3,7,8]. The gray (Gy) has supplanted the rad as the accepted 
unit of absorbed radiation dose and is defined as 1 joule of 
energy deposited per kilogram of absorbing material. One Gy 
is an equivalent dose to 100 rad. The dose of radiation absorbed 
by a biological tissue is variable and related to the biochemical 
properties of the tissue, including tissue oxygenation, the activ-
ity of pathways that detoxify reactive oxygen species or scavenge 
free radicals, and the position of cells within the cell cycle. Cells 
in early S phase or those undergoing mitosis appear to be most 
sensitive. A minority of DNA damage occurs through direct 
interaction with high-energy Compton electrons. However, 
these electrons can interact with other molecules present in the 
cell, including water and molecular oxygen, to generate perox-
ides, free radicals, and other oxygen intermediates that are 
highly reactive with DNA and other cellular macromolecules. 
Unfortunately, malignant cells that are relatively hypoxic within 
solid tumors may be resistant to the lethal effects of photon 
irradiation.

Physical characteristics of the patient, previous abdominal 
surgeries, and concurrent medical illnesses can also influence 
the amount of radiation-induced damage to the alimentary 
tract. Predisposing factors for radiation injury have been iden-
tified: higher doses of radiation, patients whose intestines are 
fixed within the exposed region by adhesions from previous 
surgery, and those with a narrow anteroposterior diameter  
are at greater risk [9]. Preexisting vascular disease within  
the radiation field may predispose patients to increased 
radiation-induced vascular injury and subsequent ischemia 
(see Section Pathology). Thus, patients with diabetes, hyper-
tension, and atherosclerotic disease are all more prone to 
radiation enteritis [10].

Inflammation may also modify the acute response to irradia-
tion through growth factors, cytokines, and other inflammatory 
mediators produced at sites of tissue injury. For example, fibrob-
last growth factor-2, prostaglandin-E2, tumor necrosis factor-α, 
transforming growth factor β3, interleukin-1 (IL-1), and IL-11 
all decrease the sensitivity of tissues to radiation injury, suggest-
ing that these mediators may have an adaptive function in cell 
survival [11–18]. IL-12 has a mixed effect, protecting bone 
marrow-derived cells but sensitizing gut epithelial cells to radia-
tion injury [15]. Activation of nuclear factor-κB (NFκB), an 
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programmed type of cell death. In both humans and rodents, a 
very low frequency of physiological apoptosis occurs continu-
ously within the lower regions of the crypt epithelium of the 
normal small intestine and colon and may be an inherent part 
of the regulatory mechanism determining stem cell numbers in 
the normal adult tissue [44,45]. After even relatively low  
doses (about 1 Gy) of ionizing radiation, many damaged cells 
within the rapidly dividing crypt epithelium of the small intes-
tine and colon undergo apoptosis [44–46]. Radiation-induced 
apoptosis occurs with the highest rates in the lower two-thirds 
of the crypt, a region containing the epithelial stem cells and the 
more rapidly replicating progenitor or “transit” cell population, 
and reaches a maximum 6–12 hours after irradiation. Many of 
the remaining cells within the proliferative zone that do not 
undergo apoptosis arrest at checkpoints in G1 or in late G2 
phases of the cell cycle [8,46,47]. These cell cycle checkpoints 
are thought to provide time for repair of DNA damage by delay-
ing cells from entering S phase or mitosis, when the presence of 
even a few double-stranded DNA breaks may result in death of 
the cell or, alternatively, generation of cells with chromosomal 
abnormalities.

The tumor suppressor gene, p53, plays an important role in 
recognition of DNA damage and coordination of the subse-
quent cellular response to radiation injury, leading some inves-
tigators to describe p53 as the “guardian of the genome” [48–50]. 
It is normally expressed at low levels except during DNA syn-
thesis. Upon DNA damage, expression of p53 is upregulated and 
translocated to the nucleus, where it binds DNA and regulates 
the transcription of a number of genes, including p21CIP1,WAF1, 
GADD45, MDM2, and BAX [51–53]. These genes are involved 
in regulating apoptosis or cell cycle arrest at checkpoints at the 
G1/S boundary or in G2/M [54–56]. Activation of p53 occurs 
rapidly in the intestinal crypt epithelium following even low 
doses of gamma irradiation (0.5–1 Gy). This activation results 
in a rapid and sustained increase in the transcription of Bax, a 
proapoptotic member of the Bcl-2 oncogene family that medi-
ates the apoptotic response. The ultimate fate of a cell with DNA 
damage also depends on the expression of other counterregula-
tory genes that affect apoptosis. Expression of these counter-
regulatory genes varies along different regions of the alimentary 
tract and may depend on extracellular signals as well. For 
example, antiapoptotic members of the Bcl-2 family, including 
BCL-2 and BCL-XL, suppress apoptosis by formation of het-
erodimers with BAX. BCL-2 appears to be expressed in the 
colonic crypts, but not in small intestinal crypt epithelial cells, 
thus explaining regional differences in the sensitivity of crypt 
epithelial cells to radiation-induced apoptosis.

Activation of p53 in response to DNA damage causes cells to 
arrest at critical checkpoints, a process that is mediated by 
induction of p21CIP1,WAF1, GADD45, and other gene products 
[8,49,50,54]. This arrest allows time for the cells to undergo 
repair or cell death prior to proceeding to S phase or mitosis. 
Entry into S phase with damaged DNA or into mitosis in the 
presence of single-stranded or double-stranded DNA breaks 

treatment [31]. For example, the prostaglandin analogs misopr-
ostol and dimethylprostaglandin E2 both decrease radiation-
induced apoptosis in rapidly replicating intestinal epithelial cells 
and enhance epithelial stem cell survival after irradiation 
[11,14]. Data for aminosalicylates are mixed [32]. 3-Hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibi-
tors, such as simvastatin, pravastatin, and lovastatin, may have 
both protectant and mitigant function [33].

A number of growth factors and cytokines, including fibrob-
last growth factor-2 (FGF-2), HST-1/FGF-4, keratinocyte 
growth factor, transforming growth factor β3, and IL-11, and 
intestinal trefoil factors (ITF) also have radioprotective activity 
in the intestine if administered before irradiation [12,13,18,34–
37]. Palifermin, a recombinant human keratinocyte growth 
factor, is a mitigant that can decrease mucositis from chemora-
diation for head and neck cancer, but in clinical trials its effects 
were relatively modest [38]. Intestinal TF (ITF) has shown 
promise in mitigating the effects of radiation injury or chemo-
therapy when ITF was administered orally prior to radiation 
and chemotherapy treatment [37]. Results from a trial using TFs 
delivered via a specialized Lactobaccilus lactis suggest that 
topical application of ITF can prevent oral mucositis in patients 
with head and neck cancer treated with chemotherapy [39]. 
These data support the idea that ITF protects against radiation 
and chemotherapy-induced injury and also mediates tissue 
recovery. Finally, a study also suggests a role for growth hormone 
in the regulation of intestinal ITF expression following radiation 
[40]. Free radical scavengers, such as amifostine (WR-2721), 
have been shown to be radioprotective in both experimental 
systems and clinical trials [41]. Amifostine has reached practical 
consideration in protecting from xerostomia for patients receiv-
ing isolated radiation therapy for head and neck malignancies, 
but it is not endorsed for prevention of esophagitis or mucositis 
during combined chemoradiation therapy for nonsmall cell 
lung cancer.

A number of complex intracellular systems have evolved to 
repair radiation-induced DNA damage, which is the primary 
endogenous mechanism mediating the lethal effects of radiation 
on cells [7,8]. Some proteins are specifically involved in recogni-
tion and repair of DNA damage. Other enzymes, such as DNA-
dependent protein kinase, are involved in DNA replication and 
V(D)J recombination during immunoglobulin gene rearrange-
ment in normal lymphocytes. These enzymes also play a central 
role in rejoining double-stranded DNA breaks induced by radi-
ation injury in epithelial cells in the gastrointestinal mucosa 
[8,42,43].

The fate of injured cells after irradiation is the result of a 
complex process. Cells that are not able to repair radiation-
induced DNA damage adequately will eventually undergo 
“mitotic cell death” or mutation due to genomic instability as a 
consequence of the unrepaired DNA strand breaks and other 
DNA damage [8]. However, in rapidly replicating cell popula-
tions, DNA damage induced by relatively small doses of irradia-
tion can also trigger apoptotic cell death, an active, genetically 
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stem cells located at the bottom half of the crypt compartment. 
Current work supports the existence of two stem cell popula-
tions in the intestinal crypt. A group of rapidly cycling stem cells 
are located at the base of the crypt between Paneth cells and are 
referred to as crypt base columnar cells (CBCs), while another 
set of more slowly cycling label-retaining cells (LRCs) are found 
at approximate crypt position +4 [68–70]. These two cell popu-
lations are distinguished by differentially expressed markers; 
CBC stem cells express Lgr5 and Ascl2 while +4 cells express 
Bmi1 [71–73]. The emerging picture of intestinal stem cells is a 
complex one (see Chapters 1 and 2) that includes the existence 
of subsets of “reserve” stem cells (derived from transit- amplify-
ing cells), which can be recruited to replenish the stem cell  
compartment only under conditions of tissue injury [74]. 
Furthermore, the survival of these clonogenic stem cells may be 
determined by a mechanism independent of p53 function [75].

The increased survival and proliferation of stem cells with 
radiation-induced DNA damage probably enhances the capac-
ity for restitution of the epithelial function in the short term but 
also may contribute to the potential for secondary malignancies 
many years after therapeutic irradiation (see Section Pathology).

Pathology

The histopathological changes in the alimentary tract follow a 
predictable time course and may be functionally divided into 
early and delayed clinical syndromes [76]. The early effects pri-
marily involve the mucosa, which is lined by rapidly proliferat-
ing epithelial cells that are sensitive to the acute effects of 
radiation injury. Clinical symptoms include odynophagia, 
diarrhea, nausea, vomiting, or gastrointestinal bleeding, depend-
ing on the location of the radiation field, the dose of radiation, 
and the fractionation schedule. The delayed effects are more 
likely to be chronic diarrhea, fibrosis, ulcer formation, or bleed-
ing and are secondary to damage to the vasculature of the 
organs involved. Although the histological hallmarks seen in 
tissue specimens are often characteristic of acute or delayed 
radiation injury, no histological feature is pathognomonic for 
radiation-induced damage [76].

The histological and pathological features of acute radiation 
injury in the human alimentary tract are poorly defined because 
the acute effects of radiation therapy are generally well tolerated 
and tissue samples are rarely obtained. Thus, much of what is 
known about the acute effects of irradiation has been derived 
from a few studies in humans and more extensive experiments 
using animal models of radiation injury [76–81]. The earliest 
recognizable histological features following radiation injury to 
the gastrointestinal tract occur within hours and include apop-
tosis of lamina propria lymphocytes and epithelial cells, the 
cessation of epithelial cell replication, and damage to vascular 
endothelial cells. This results in loss of replicating cells in the 
squamous epithelium of the esophagus and the columnar  
epithelial cells in the gastric, small intestinal, and colonic  

could lead to daughter cells with unstable chromosomal struc-
ture, allowing mutations or chromosomal rearrangements to 
occur. Other genes, such as the gene responsible for ataxia tel-
angiectasia (ATM), are thought to regulate the response to DNA 
damage upstream of p53. Thus, cells from patients with muta-
tions in ATM have diminished activation of p53, decreased 
cell cycle arrest at the G1/S cell cycle checkpoint, an increased 
sensitivity to ionizing radiation, and increased malignant 
transformations.

Radiation damage to the vascular endothelium of the GI tract 
has also been strongly implicated in contributing to radiation-
induced GI tract injury [57–59]. Endothelial apoptosis ensues 
rapidly following radiation through activation of endothelial 
acid sphingomyelinase (ASMase), the enzyme that catalyzes 
ceramide production. Ceramide is generated on the outer 
endothelial plasma membrane, thereby delivering a signal for 
apoptosis [60]. Intestinal stem cell survival is enhanced in irra-
diated mice in which ASMase has been genetically deleted, 
resulting in greater animal survival after high-dose whole-body 
irradiation [57]. A recently generated monoclonal antibody to 
ceramide (2A2) inhibited radiation-induced, ceramide-
mediated endothelial cell apoptosis and rescued mice from 
lethality due to GI radiation injury [61]. It remains to be seen 
whether antibody-mediated inactivation of ceramide will be 
practical and effective for mitigating some of the gastrointesti-
nal symptoms in humans due to acute high-dose radiation 
therapy.

More recent studies that examined the interplay of p53 with 
its downstream effectors p21CIP1,WAF1 and PUMA (p53 upregu-
lated modulator of apoptosis) have identified the latter as a 
possible target for dampening stem cell death seen in the intes-
tine and hematopoietic compartment in response to high-dose 
ionizing radiation [62–64]. PUMA, a BH3-only protein, 
accounts for nearly all of the radiation induced p53-mediated 
apoptotic response of the intestine. Deletion of PUMA, in the 
presence of an intact p53 response and functional p21CIP1,WAF1, 
resulted in the prolonged survival of mice concomitant with 
increased crypt cell proliferation and regeneration [65]. It is 
notable that the intestinal radioprotection afforded by PUMA 
deletion was exclusive to the crypt stem cell compartment and 
did not include the endothelial cell population that has been 
previously proposed to play a key role in the pathogenesis of the 
GI syndrome [57,65]. The finding that radiation-induced 
PUMA expression is suppressed by administration of insulin-
like growth factor (IGF) or FGF-2 [66] suggests that this may 
be the operative mechanism for the well-documented growth 
factor-mediated radioprotection of the intestine. These data 
offer some hope for the development of specific and effective 
therapies to mitigate the pathogenesis of radiation-induced GI 
syndrome [67].

Clonogenic stem cell populations within the intestine and 
colon appear to be more resistant to radiation-induced cell loss 
than the more rapidly replicating transit cells. Normal renewal 
of the adult intestinal epithelium is maintained by replication of 
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epithelium. Mature, differentiated epithelial cells continue to be 
lost by extrusion, and in the absence of replacement by replica-
tion of the progenitor cells, there is subsequent loss of mucosal 
function: attenuation and damage to the squamous epithelium 
in the esophagus; reduced numbers of parietal and chief cells in 
the gastric epithelium, which will decrease gastric secretion; and 
progressive loss of the small intestinal villous epithelium, which 
decreases absorptive surface area and, in some patients, leads to 
transient malabsorption of fats and other macromolecules, or 
acute diarrhea. In the colon, there are reduced numbers of 
mitoses and epithelial cell atypia with loss of nuclear polarity in 
the columnar epithelium lining the crypts. Loss of goblet cells 
leads to decreased mucus production. Microabscesses com-
posed of granulocytes and eosinophils may be present. Mucosal 
and submucosal edema may also be observed in both the small 
intestine and colon.

An increase in the replicating crypt epithelial cell population 
in the small intestine and colon, through proliferation of stem 
cells located near the base of the crypts, is observed beginning 
about 3 days after low doses of irradiation. This increase in crypt 
epithelial proliferation is able to compensate for the initial loss 
of differentiated epithelial cells [46]. However, the survival of 
the stem cell population is compromised at higher single doses 
of gamma irradiation, limiting epithelium repair. Fractionated 
irradiation protocols allow higher total doses to be administered 
by allowing repair and recovery of replicating epithelial cells 
and stem cells between fractions [8]. If damage to the stem cell 
population is severe after high doses of radiation, then epithelial 
integrity and barrier function are lost, leading to translocation 
of luminal bacteria and eventual death from loss of fluids and 
serum proteins, hemorrhage, and sepsis 7–10 days after irradia-
tion. Although rarely, if ever, seen in therapeutic applications of 
gamma irradiation, death from this syndrome has been observed 
after exposure of individuals to a single whole-body dose of 
10–20 Gy as a consequence of radiation accidents or atomic 
warfare [76,82].

Liver biopsies are rarely obtained from patients with acute 
hepatic injury secondary to therapeutic irradiation for solid 
neoplasms. However, hepatic venoocclusive disease can be seen 
in bone marrow transplant recipients after cytoreductive therapy 
with combined chemotherapy and irradiation (see later)  
[83–85], usually occurring before posttransplantation day 30 
[85]. Hepatic histology shows vascular congestion that is most 
prominent in centrilobular areas, subendothelial edema, 
endothelial destruction, sinusoidal dilation, and centrizonal 
hepatocyte necrosis with attenuation of the hepatocellular cords 
[84]. Deposition of clotting factors in the walls of hepatic 
venules suggests that microthrombus formation may be the 
primary pathogenic mechanism [86]. Occlusion of central veins 
by thrombus is sometimes observed. As the disease progresses, 
deposition of collagen in hepatic sinusoids, fibrosis of hepatic 
venules, and sclerosis of venular walls may be seen [84,85]. One 
proposed mechanism for the increased sensitivity to combined 
chemotherapy and irradiation in this setting involves depletion 

of glutathione stores in sinusoidal endothelial cells and hepato-
cytes [85,87–89].

The delayed effects of radiation injury most commonly occur 
from 6 months to 5 years after radiation therapy; however, 
symptoms may appear as early as 3 months or as late as 30 years 
after radiotherapy in a small number of patients [76,90,91]. 
Vascular injury and regeneration are characteristic of chronic 
radiation injury and are often observed in pathological speci-
mens [76]. These findings are sometimes focal and may be 
missed unless multiple levels through the specimen are exam-
ined. Myointimal proliferation in medium-sized muscular 
arteries may lead to chronic ischemic injury because of the 
marked decrease in the luminal diameter of these vessels (Figure 
129.1). Ulceration of the overlying mucosa occurs in areas of 
localized ischemia (Figure 129.2). Thrombosis is sometimes 
seen associated with these lesions and is more frequent in 
vessels with fibrinoid necrosis adjacent to deep ulcerations. The 
presence of lipophages or foamy macrophages in the intima of 
small arterioles is another characteristic finding of delayed radi-
ation injury, although this lesion can also result from other 
etiologies (Figure 129.3). Telangiectatic vessels are frequently 
found in the submucosa and likely account for the diffuse bleed-
ing sometimes observed in radiation enteritis (Figure 129.4). 
Sclerosis or medial fibrosis indicative of healing vasculitic 
lesions may also be observed.

Changes in the submucosa are frequently observed in delayed 
radiation injury and are thought to be secondary to the chronic 
vascular damage described earlier [76]. Increased collagen dep-
osition and fibrosis are often observed with minimal cellular 
inflammatory infiltrate. The fibrosis may be confined to the 
submucosa or may extend through the muscularis propria and 

Figure 129.1 Myointimal proliferation nearly occludes the lumen of a 
moderate-sized mesenteric artery. This process usually occurs over several 
years after radiation treatment and may lead to chronic ischemic injury to 
the intestine. (Original magnification × 100.) Source: Courtesy of Dr. 
Christopher Moskaluk.
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and without symptomatic radiation enteritis and may lead to 
malabsorption when these changes are extensive. Superficial 
erosions and mucosal ulceration are common, sometimes pen-
etrating deep into the submucosa and muscular propria and 
occasionally perforating into the peritoneal cavity. Chronic 
changes in the mucosa of the colon are similar to those seen in 
the small intestine.

Colitis cystica profunda is a rare delayed complication of 
radiation injury [76]. The importance of this lesion is in distin-
guishing it from invasive adenocarcinoma. Its symptoms are 

account for the thickening or strictures that can occur within 
any irradiated region of the alimentary tract. Atypical fibrob-
lasts with bizarre nuclei are sometimes found in areas of fibrosis 
(Figure 129.5). The appearance of these fibrotic lesions in the 
small intestine may resemble that of Crohn’s disease, both on 
gross inspection and on radiological examination, although fis-
tulae and creeping fat are rarely observed.

Mucosal alterations in the small intestine include villous 
atrophy, flattening of epithelial cells, and fibrosis of the lamina 
propria [76]. These findings are often observed in patients with 

Figure 129.2 Radiation-induced ulceration in the colon. (a) Gross appearance of a well-demarcated ulcer present in the rectum years after external 
radiation for an adjacent neoplasm. (b) Histological appearance with chronic ulceration, mucosal necrosis (solid arrow), and dense submucosal fibrosis 
(open arrow) similar to that seen in ischemic injury. The lesion is notable for the absence of a prominent inflammatory infiltrate. (Original 
magnification × 20.) Source: Courtesy of Dr. Christopher Moskaluk.

(a) (b)

Figure 129.4 Submucosal telangiectasias (arrow) are seen in delayed 
radiation injury. Dilated venules and lymphatic channels are seen in the 
submucosa underlying relatively normal-appearing colonic epithelium.  
(H & E, original magnification × 40.) Source: Courtesy of Dr. 
Christopher Moskaluk.

Figure 129.3 Intimal lipophage accumulation in intestinal arteriole after 
irradiation. These foam cells can be seen in the intima of small arteries 
and arterioles of the intestine several years after irradiation and may lead 
to luminal narrowing of these vessels. (H & E, original magnification  
× 100.) Source: Courtesy of Dr. Christopher Moskaluk.
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geal injury. The field required to treat thoracic, hematological, 
and some pharyngeal malignancies frequently (25% in one 
series) [98] exposes the esophagus to sufficient radiation to 
produce pathological changes, but clinical syndromes gener-
ally require doses of 6000 cGy [99]. This threshold may be 
lower in patients whose tissue is sensitized by chemotherapeu-
tic agents. Three major syndromes related to esophageal irra-
diation have been described: (1) acute inflammation with 
odynophagia or dysphagia; (2) fibrosis with stricture and dys-
phagia; and (3) fistula formation with aspiration into the 
trachea, or lethal bleeding from the aorta. During the acute 
phase of radiotherapy, symptoms are usually related to mucosal 
injury and the inflammatory response. Patients typically 
present with mucositis, which causes odynophagia or dys-
phagia beginning after the second week of treatment. Frank 
bleeding is unusual [100]. Acute dysphagia may also reflect a 
motor disturbance. A pattern of ineffective peristalsis at and 
distal to the radiation field may occur 4–8 weeks after initia-
tion of radiation therapy.

similar to colitis cystica profunda secondary to other etiologies. 
However, its histological appearance may differ from colitis 
cystica profunda of other causes in that colonic glands extend 
deep into the submucosa and sometimes penetrate into the 
muscularis propria [76,91] (Figure 129.6). The presence of 
glands lined by normal epithelium usually makes it straightfor-
ward to distinguish colitis cystica profunda from adenocarci-
noma in pathological specimens.

The development of secondary epithelial or stromal malig-
nancies is also a potential complication of radiation therapy 
[76,92–94]. However, the number of documented cases is rela-
tively small, and most of these generally have occurred after 
lower doses of gamma irradiation (less than 10 Gy). For example, 
the frequency of colon cancer is increased in atom bomb survi-
vors 30 years after their exposure (relative risk of 2.4 compared 
with a matched control population), and an increased risk for 
colon cancer has been documented in a cohort of women irradi-
ated with relatively low doses (6.25–10.5 Gy) for benign uterine 
bleeding [76,95–97].Thus, whereas exposure of the colon to 
radiation may increase the risk for developing a secondary 
malignancy, the interval between therapeutic irradiation and 
development of secondary malignancies may be quite long 
[76,96,97].

Specific organ involvement

Esophagus
Radiation therapy for thoracic tumors and hematological 
malignancies can result in both acute and long-term esopha-

Figure 129.5 Atypical fibroblasts in radiation injury (arrows). Bizarre-
appearing, pyknotic fibroblasts are frequently seen in the delayed phase of 
radiation injury in the alimentary tract. Although these atypical 
fibroblasts are frequently observed, their presence is not specific for 
radiation injury. (H & E, original magnification × 400.) Source: Courtesy 
of Dr. Christopher Moskaluk.

Figure 129.6 Colitis cystica profunda. Colonic glands are seen penetrating 
the muscularis mucosa into the submucosa and muscularis propria. This 
lesion is distinguishable from carcinoma by the normal cytological 
characteristics of the epithelium lining the penetrating glands. (Original 
magnification × 40.) Source: Courtesy of Dr. Christopher Moskaluk.
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The introduction of the self-expanding metallic stent (SEMS) 
has made substantial changes in the therapy of esophageal cancer 
and radiation-induced stenosis and fistula formation. A SEMS is 
typically a cylinder of wire mesh or coil with spring memory for 
a particular configuration. Coated and uncoated varieties are 
now available, and a variety of materials, attachments, and deliv-
ery devices are under investigation. However, the radial forces 
from these stents can worsen the compromised circulation asso-
ciated with radiation injury. This may account for the increased 
perforation rates seen in radiation strictures as compared with 
esophageal cancers stented before or without associated radio-
therapy (36% versus 2.5%), and may contribute to the increased 
mortality (22% compared to 0%) seen in the same series [107].

The coated stent is useful for patients with tracheoesophageal 
fistulae. However, enteral nutritional support may be necessary 
in patients with severe acute symptoms or with difficult-to-
manage chronic strictures or fistulae. In patients with an 
uncoated SEMS, later placement of a percutaneous endoscopic 
gastrostomy is generally feasible because the wire mesh typically 
embeds securely in the esophagus. This may be also feasible 
with coated SEMS but because these may not embed as securely, 
caution is suggested to avoid dislodging the stent.

Stomach
Gastric damage following radiation therapy is rare, but injury 
can occur when the stomach lies within the radiation field of an 
adjacent extragastric tumor [76,108]. Most patients receiving 
gastric irradiation are asymptomatic, although hemorrhage due 
to multiple gastric erosions has been reported as an early com-
plication [76]. Gastric injury from higher exposures can present 
more dramatically with stenosis, fistulae, and perforation [109]. 
Strictures are more common in the antrum and cardia than in 
the body or fundus. Delayed ulceration may also occur in this 
setting and is difficult to distinguish from peptic ulcer disease. 
Radiation-induced ulcers heal poorly because of obliterative 
arteriolitis within the ulcer bed. Ulceration and gastric stric-
tures usually occur at doses exceeding 4500–5000 cGy, and 
about one-half of patients experience clinically significant 
gastric injury at doses greater than 5500 cGy [76].

The diagnosis is usually made on the basis of clinical presen-
tation and patient history. Endoscopy may reveal an irregular 
thickened mucosa similar to the appearance of a gastric neo-
plasm or an appearance indistinguishable from peptic ulcer 
disease. Fluorographic upper gastrointestinal studies or com-
puted tomography may be useful in demonstrating the presence 
of strictures. However, these studies may only show thickening 
of the gastric wall with an appearance similar to that seen in 
gastric malignancies. Data are lacking to guide therapy for this 
uncommon condition. In patients exposed to less than 2000 cGy, 
simple passage of time may suffice.

Small bowel
The small intestine is particularly susceptible to radiation 
injury. Significant epithelial cell death may be observed as early 

The diagnosis of acute-phase radiation-induced esophagitis 
is usually evident from the patient’s history and symptoms, 
although other conditions need to be excluded. Acute infection 
must be considered, particularly for those whose immune 
systems are impaired by the underlying disease or its treatment. 
Pill ulceration and reflux esophagitis are also differential diag-
nostic considerations. Endoscopic evaluation is the test of 
choice, allowing characterization of the lesion and tissue sam-
pling where appropriate. Barium swallow may offer some infor-
mation in unusual circumstances when endoscopy is not 
clinically feasible, but radiological studies are commonly normal 
or nondiagnostic [101].

Prevention of acute radiation injury should be considered the 
first line of therapy. Limiting the total radiation exposure and 
careful selection of the radiation field are important preventive 
measures. Conformal approaches modify the therapy to best 
match the shape of a tumor. Intensity-modulated radiotherapy 
(IMRT) is a conformal technique in which three-dimensional 
modeling is combined with the use of a high number of radia-
tion beams of varying intensity intersecting within a tumor. 
IMRT appears to decrease at least acute toxicity from radiation 
[102]. Pharmacotherapy and dietary modifications have also 
been advocated [103]. If symptoms of odynophagia and dys-
phagia are sufficiently severe, temporary interruption of radia-
tion therapy for several days to a week or enteral nutritional 
support may be necessary. Pharmacological therapy is often 
administered on an empiric basis and is directed at controlling 
symptoms; for example, topical lidocaine is generally given for 
odynophagia and may be compounded into a variety of “stoma-
titis cocktails” along with antacids, antihistamines (diphenhy-
dramine), or antifungal (nystatin) ingredients. Antisecretory 
therapy is frequently used, but, like these cocktails, is essentially 
done on an empiric basis and without substantiating data 
[100,104]. HT-3 receptor antagonist antiemetics such as 
odansetron are effective in controlling vomiting in patients 
undergoing radiation therapy, but do not eliminate nausea or 
underlying tissue injury [105].

Patients with strictures or fistulae typically present well after 
radiation therapy has been completed (i.e., 6 months or later 
after initiation of treatment). Diagnosis and therapy of strictures 
and fistulae typically require a combination of radiological and 
endoscopic techniques. Fluoroscopic evaluation is needed to 
determine the site, whereas either fluoroscopic or combined 
endoscopic and fluoroscopic methods can be used for subse-
quent dilation or stent placement. The initial approach to treat-
ment of late esophageal stenosis is careful dilation. Balloon 
dilation devices may be preferable to rigid dilators because they 
allow isolated radial expansion of the stricture with minimal 
axial pressure. The complication rates for the dilation of stric-
tures induced by radiation is not greater than dilation of stric-
tures that arise from other etiologies [106]. However, stent 
migration of conventional plastic endoprostheses was substan-
tially higher in patients with radiation-induced strictures (21%) 
than patients with nonradiation-related strictures (3%) [106].
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devices can decrease the volume of radiation delivered to the 
small bowel in patients receiving radiotherapy [128].

Acute radiation injury is treated supportively and with dose 
adjustment [129]. Antispasmodics and medications that 
decrease bowel motility must be used cautiously given that 
many of these patients are at risk for outright obstruction from 
underlying tumor or surgical adhesions. Perforation may have 
a bland presentation in this setting; typical signs of peritonitis, 
such as fever and severe abdominal pain, may be absent, and 
adhesions may wall off free air [130,131].

The treatment of chronic radiation enteritis manifest by 
diarrhea requires patience and pragmatism. Once symptomatic, 
this condition is persistent at best and worsens in many, even 
after surgical resection [4]. Cholestyramine is often a good 
choice as both a nonspecific antidiarrheal agent and when tar-
geted at bile salt malabsorption [123]. Other antidiarrheals, 
such as loperamide and diphenoxylate, may also be useful. A 
peripheral opiate antagonist, loperamide-N-oxide, was used 
successfully in a series of 18 patients with radiation enteritis 
[132]. Treatment was associated with fewer bowel movements 
and improved bile salt absorption. Bacterial overgrowth can be 
treated with antibiotics, such as amoxicillin clavulanate, cipro-
floxacin, or tetracycline. The immunomodulatory effects of 
these agents may play a role in addition to their antimicrobial 
action, but this has not been studied in radiation enteritis. The 
prophylactic benefit of aminosalicylates in treatment of diarrhea 
associated with radiation enteritis is unclear. In a prospective 
double-blind study of sulfasalazine (2 g/day) given to 87 patients 
undergoing radiation, diarrhea occurred in 55% of the sul-
fasalazine and 86% of the placebo groups, respectively [133]. 
However, mesalazine at 4 g/day was not beneficial in another 
trial [134].

Oral glutamine supplementation is a plausible preventative 
nutritional approach, but has failed to demonstrate a protective 

as 4–6 h after irradiation, even with the relatively small 1- to 
2-Gy fractions commonly used in some radiation therapy regi-
mens. Radiation injury to the small intestine most often occurs 
in the clinical setting of radiotherapy for gynecological, uro-
logical, rectal, or retroperitoneal malignancies. The degree of 
injury appears proportional to radiation dosage delivered to 
the segment of small intestine that lies within the radiation 
field [110,111]. The relatively fixed position of the duodenum, 
distal ileum, and cecum within the abdominal cavity make 
these regions particularly vulnerable to radiation-induced 
injury [7,8,76]. At doses of more than 3000 cGy, 90% of patients 
have significant lesions, 40% at 1000–3000 cGy, and 20% at less 
than 1000 cGy [112]. Previous abdominal surgery that may  
fix loops of bowel in place is another important risk factor 
[9,113,114].

Radiation injury to the small bowel can also be divided into 
acute injury and a chronic syndrome. Nausea, diarrhea, and 
abdominal discomfort are cardinal manifestations of acute 
injury. Although many of these symptoms are attributable to 
epithelial cell death and subsequent loss of mucosal function, 
symptoms such as nausea and vomiting occurring within a few 
hours of irradiation may be mediated by the production of 
inflammatory cytokines. Fortunately, the epithelium regener-
ates, and function is restored within 2 weeks, with correspond-
ing resolution of the acute symptoms [112]. This acute syndrome 
may foreshadow the occurrence of chronic radiation enteritis, 
at least in children [115]. It is not clear whether this holds for 
adults, of whom approximately 5% develop chronic enteritis 
after exposure [79].

Symptoms of chronic radiation enteritis typically occur 1–2 
years after exposure, but presentation 20 years after radiother-
apy has been described [116–118]. The central mechanism of 
injury is vascular damage with progressive localized ischemia 
(see Section Pathology). This leads to ulceration of the mucosa, 
fibrosis with stricturing, and, less frequently, fistula formation 
or even perforation. Radiographs of the small intestine or colon 
may reveal evidence of single or multiple strictures or mucosal 
ulceration, a pattern similar to that observed in Crohn’s disease 
[4,119] (Figure 129.7). The condition may also be detected with 
wireless capsule endoscopy, but caution is needed because of the 
risk of lodging the capsule in a stricture [120]. The risk of a 
capsule lodging may be lessened by employing a capsule 
designed to check for luminal patency [121]. Life expectancy is 
poorer in patients whose enteritis is complicated by fistulae 
rather than bleeding [122]. Loose stools are the most common 
symptom and may be caused by a number of abnormalities: bile 
salt malabsorption in 65%, bacterial overgrowth in 45%, severe 
fat malabsorption in 40%, rapid intestinal transit in 35%, and 
lactase deficiency from villous blunting with consequent lactose 
intolerance in up to 20% [123,124].

Surgical placement of internal prostheses or mesh material 
may be used as a preventative measure to displace the small 
intestine away from the radiation field during radiation therapy 
[125–127]. Small series suggest that external displacement 

Figure 129.7 Barium small bowel radiograph showing an ileal stricture 
(arrowheads) in a patient with diarrhea several years after radiation 
therapy for cervical cancer. Source: Courtesy of Dr. Hubert Schaffer.



2518   PART 4 Gastrointestinal diseases

colon and rectum. Most attention has been paid to the 15% of 
patients who suffer from chronic radiation proctitis. Unfor-
tunately, no therapy has emerged as clearly superior, and risks 
of each must be weighed against possible benefits. Oral amino 
salicylic acid preparations by themselves do not appear effective, 
although they may help if combined with steroid treatment 
[151]. Sucralfate enemas by themselves appear effective and well 
tolerated [152]. Oral sucralfate was beneficial in a series of three 
patients, but a larger series is needed to evaluate the oral 
approach [153]. Sucralfate prophylactically administered orally 
or rectally has not been shown to prevent radiation injury 
[154,155]. Short-chain fatty acids are nutrients that promote 
colonocyte survival and proliferation and have been advocated 
to accelerate healing in radiation proctitis. In one double-blind 
study, placebo-treated patients ultimately reached the same  
level of recovery at 6 months [156]. A crossover study of 20 
patients showed encouraging results, but the logistics of drug 
preparation and the odor of short-chain fatty acids present 
obstacles to this therapy [157]. Antioxidant therapy has also 
been investigated as a potential therapy: vitamin E (400 IU three 
times daily) and vitamin C (500 mg three times daily) were 
helpful in an open-label series of 20 patients [158]. The applica-
tion of formalin has been used to treat refractory bleeding from 
radiation proctitis, presumably by obliteration of the telangiec-
tatic vessels through coagulative necrosis. In one series, 50 mL 
of 4% formalin solution was introduced rectally into patients 
under sedation and kept in contact with the mucosa for 30 
seconds and then cleared away using saline irrigation. Five to 
six aliquots were used in each session. However, complications 
were frequent [159]. In another series of five patients (one 
treated with topical application of formalin-soaked gauze), 
severe pain occurred in one patient and acute colitis requiring 
hydration and antibiotics in another. In another prospective 
study examining 11 patients treated with four 20-mL aliquots 
and a total of 15 min contact time, all patients had decreased 
bleeding without reported complications [160]. Hyperbaric 
oxygen has been used successfully to improve the healing of 
ulcers in radiation proctitis [161,162].

Surgical and endoscopic treatments may be tried when bleed-
ing from telangiectasia is the predominant manifestation of 
radiation injury (Figure 129.8). It is critical to weigh potential 
benefit against risk in this setting. Patients who do not require 
transfusion generally do not require intervention. Laser therapy 
can be associated with nonhealing ulcers and may aggravate 
bleeding or cause outright ulceration. Argon plasma coagulation 
(APC) is designed to create a more controlled level of treatment-
induced injury and is used to obliterate natural gastrointestinal 
telangiectasias (see Chapter 139). APC of telangiectasias associ-
ated with radiation injury appears effective in several small series 
[163–166]. Settings of 25–40 W appear to work well; higher 
wattage can be associated with higher complications [167].

The addition of oral sucralfate did not increase the benefit of 
APC in a randomized trial [168]. Small series suggest that cryo-
ablation with liquid nitrogen spray may be an effective modality 

effect in randomized trials [135,136]. Specialized enteral for-
mulas, such as elemental diets, are available for treating moder-
ate malnutrition. However, they are costly, and their superiority 
has not been established [137]. Total parenteral nutrition may 
be required for severe malnutrition or when enteral feeding is 
not feasible. Support with total parenteral nutrition allows cor-
rection of malnutrition, but recurrent symptoms remain a 
problem in up to 47% of patients [138]. Methylprednisolone 
may provide additional benefit, but the long-term role of this 
relatively toxic agent is unknown [139]. Antitumor necrosis 
factor (TNF) therapy with infliximab was not helpful in one 
case report [140].

It is prudent to avoid surgery when possible in chronic radia-
tion enteritis, given the likelihood of intraoperative and postop-
erative difficulties. Surgery is required in about one-third of 
patients for perforation or for management of strictures causing 
small bowel obstruction. Complications are common (30%), 
and the mortality rate can be particularly high (more than 5%) 
for emergency operations [141]. Resection of the involved small 
bowel segment is considered preferable to bypass because of the 
high incidence of complications, such as perforation, bacterial 
overgrowth, and fistulization [142].

Colon and rectum
Radiation proctosigmoiditis is among the most common com-
plications of radiation injury. Many gynecological and urologi-
cal tumors are treated with radiation, and the relatively fixed 
location of the rectum makes it more susceptible to radiation 
injury than the rest of the colon [143]. There is a clear dose-
related incidence of injury, with acute symptoms common at 
doses of 3000–4000 cGy and with more than one-third of 
patients suffering injury at 6000 cGy [144]. Complication rates 
from patient reports, rather than record abstraction, are higher 
still [145–148]. When a series of patients undergoing 6 weeks 
of radiotherapy for nongastrointestinal pelvic tumors was 
studied at 2-week intervals using sigmoidoscopy, biopsies, and 
symptom scores, histological and endoscopic abnormalities 
were both most pronounced after 2 weeks of therapy and 
improved subsequently. However, symptomatic complaints 
climbed consistently through the end of the 6-week observation 
period [149]. One-third to one-half of patients suffer acute 
injury with diarrhea and tenesmus during the first months of, 
or after, therapy. Usually, these symptoms resolve over the fol-
lowing 6 months, but about 15% of patients continue to suffer 
chronic proctitis, manifested by rectal pain, diarrhea, and bleed-
ing [148]. The degree of bleeding has some prognostic value: 
those patients who do not require transfusion have a high rate 
of spontaneous remission (70%), low rate of surgery (5%), and 
low mortality rate (25%); and patients who require blood trans-
fusions or who suffer significant bowel disturbance have a low 
rate of spontaneous remission (less than 20%), often require 
surgery (50%), and have substantial mortality (60%) [150].

Many medical approaches have been tried for treatment of 
patients with acute or chronic radiation injury involving the 
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upper quadrant pain is also common, but jaundice is not, con-
sistent with the characteristic laboratory findings in which alka-
line phosphatase levels are elevated with minimal increases in 
bilirubin and mild elevation of transaminases [175,176]. The 
acute illness is generally well-tolerated and usually resolves with 
supportive care, but development of chronic radiation-induced 
hepatitis has also been described [177]. CT findings may be 
helpful. In one series, 23 of 31 patients (74%) showed a low-
attenuation area adjacent to the hepatic tumor on tomographic 
scans in the targeted radiation field. A sharp, straight interface 
was rarely seen at the treatment margin. These findings were 
maximal 2–3 months after completion of therapy and persisted 
for up to 3 months. Atrophy in the treated segment or lobe and 
hypertrophy of the untreated liver were seen in several patients 
[178]. With proton-beam irradiation, abnormalities noted on 
CT scans may persist as long as 42 months [179]. Given the 
setting and frequency with which combined modalities of treat-
ment are used, the differential diagnosis for this condition 
should always include metastatic disease and drug toxicity.

Liver injury is a particular concern for patients undergoing 
bone marrow transplantation, in which the combination of 
total-body irradiation and high-dose chemotherapy for initial 
cytoreductive therapy is commonly used. Venoocclusive disease, 
presenting with weight gain (fluid retention), jaundice, and 
tender hepatomegaly, is common, occurring in 10%–60% of 
patients within several weeks after transplantation [85,180,181]. 
Weight gain and increasing liver size with tenderness may 
herald the onset of venoocclusive disease and usually precede 
the development of hyperbilirubinemia [85]. Serum ami-
notransferases may also be elevated. Mortality from venooc-
clusive disease in this setting has ranged from 0% to 67% [85]. 
Supportive treatment with diuretics and careful fluid and elec-
trolyte management are usually effective in mild to moderately 
severe venoocclusive disease. Treatment of severe cases of 
venoocclusive disease has been less successful.

Chemotherapeutic regimens that potentiate hepatic injury 
when combined with therapeutic irradiation include mitomycin 
C, MOPP (nitrogen mustard, vincristine, procarbazine, and 
prednisone), CHOP (cyclophosphamide, doxorubicin, vincris-
tine, and prednisone), CCNU (2-chloroethyl, 3-cyclohexyl, 
1-nitrosurea), and pro-MACE (prednisone, methotrexate, dox-
orubicin, cyclophosphamide, etoposide) [182,183]. Injury from 
combined therapy is clearly more severe than that seen from 
radiation alone and carries an overall mortality rate of 
30%–50%.

Treatment of patients with isolated radiation injury to the 
liver is generally supportive. Salt restriction and diuretics are 
often helpful. Improvement over months is the rule, with a 
mortality rate of less than 20%, although those patients who 
become jaundiced may have a worse outlook [173]. Treatment 
is similar with combined injury, but more aggressive therapy 
may be required.

References are available at www.yamadagastro.com/textbook

[169]. Pooled data suggest that hyperbaric oxygen brings modest 
success in late radiation injury. Among possible indications for 
hyperbaric oxygen, the data seem to support its use in radiation 
proctitis in patients treated for gynecological malignancies [170].

Individual episodes of bowel obstruction may be treated con-
servatively with bowel rest, intravenous fluids, and nasogastric 
decompression, but recurrent obstruction or an unresponsive 
episode may require surgery. Surgical intervention for stricture 
generally consists of resection of the diseased segment, with 
primary anastomosis. Outcome is best if sufficient resection is 
performed to ensure that at least one margin is free from radia-
tion injury [4,171].

Liver
Older administration techniques made liver injury common 
when therapeutic radiation was directed at tumors within the 
hepatic parenchyma. The therapeutic index using these older 
techniques was unfavorable, with doses of 3000–3500 cGy con-
sistently causing injury despite inadequate therapeutic effect. 
Thus, hepatic irradiation became little used until more modern 
technology, such as nonaxial planes of administration and 
sophisticated modeling, made it possible to deliver higher doses 
safely [172].

Hepatic injury following irradiation typically manifests about 
4–8 weeks after exposure, but may occur as early as 2 weeks or 
as late as 7 months. In reports from the 1960s, more than one-
fourth of patients with radiation hepatitis had a clinical presen-
tation consistent with Budd–Chiari syndrome or obstruction of 
suprahepatic veins [173,174]. Nonspecific symptoms, such as 
malaise, fatigue, and weight gain, are common. Ascites is often 
present but may be too modest for bedside detection. Right 

Figure 129.8 Endoscopic appearance of telangiectasia (short arrows) with 
prominent central arteriole (long arrow) and surrounding pallor in a 
patient with radiation proctitis.
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Based on the 2007 National Health Interview Survey (NHIS), 
in the United States approximately four in 10 adults used some 
form of complementary and alternative medicine (CAM) [1]. 
According to this survey, CAM use was greater among women 
and those with higher levels of education and higher incomes. 
The most commonly used CAM therapies were natural prod-
ucts (e.g., fish oil/omega 3, glucosamine, echinacea, flaxseed, 
ginseng, etc.), and deep breathing exercises, meditation, massage 
therapy, yoga, etc. CAM is also widely used for a number of 
gastroenterology conditions. This chapter will review some of 
the more common gastrointestinal (GI) conditions in which 
CAM therapies are used, as laid out in Figure 130.1. In general, 
further high-quality trials are needed to assess the efficacy of 
CAM for all GI conditions and therefore this statement will not 
be repeated for each of the therapies discussed in this chapter.

Liver disease

Vitamin E
Vitamin E is an antioxidant that reduces oxidative stress and is 
commonly used as a nutritional supplement. Vitamin E has also 
been reported to improve aminotransferase levels [2], increase 
membrane stabilization, decrease collagen production, reduce 

nuclear factor-κB (NF-κB) activity and inhibit tumor necrosis 
factor (TNF) production [3]. In studies of liver injury, vitamin 
E has demonstrated improvement in liver histology [4]. In an 
open-label pilot study involving children with obesity and non-
alcoholic steatohepatitis (NASH), 11 children were given 
between 400 and 1200 IU daily of vitamin E. Without significant 
changes in body mass index (BMI), liver enzyme levels normal-
ized in the children with NASH [2] and increased in those who 
elected to stop vitamin E. Vitamin E appears to lower trans-
forming growth factor-β (TGF-β) in patients with NASH, as 
well as improve liver histology and enzyme levels [5]. Subsequent 
studies have shown only limited efficacy of vitamin E therapy 
when compared to placebo [6,7] and a metaanalysis of five 
randomized trials found that vitamin E did not provide signifi-
cant histological benefit in NASH [7]. In a particularly well 
designed trial, patients with NASH (without diabetes or cir-
rhosis) were randomized to pioglitazone at a dose of 30 mg daily 
(80 subjects), vitamin E at a dose of 800 IU daily (84 subjects), 
or placebo (83 subjects), for 96 weeks. Vitamin E was associated 
with significant histological and biochemical improvement 
compared to placebo [8]. A follow-up study found that vitamin 
E improved liver histology in the same population of patients 
[9]. Based on these findings, vitamin E is frequently recom-
mended as a treatment option for patients with NASH.
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environmental stress [16]. Betaine plays a major role in meta-
bolic processes of the liver, including facilitating conversion of 
homocysteine to methionine, which results in the production 
of S-adenosylmethionine (SAM). Reduced concentrations of 
SAM have been associated with chronic liver disease. Betaine 
has been reported to improve aspartate amino transferase (AST) 
and alanine aminotransferase (ALT) levels, as well as reduce 
fibrosis and the degree of steatosis [17]. However, a subsequent 
randomized placebo controlled trial for 1 year did not find dif-
ferences in improvement in hepatic steatosis between those who 
received betaine and placebo [18].

Glutathione and glutathione prodrugs
Glutathione, which consists of glutamate, cysteine, and glycine, 
also plays an important role in protecting against oxidative 
stress [19]. Glutathione cannot be taken up directly by hepato-
cytes; however, glutathione prodrugs N-acetylcysteine (NAC) 
and 2-oxothiaxolidine-4-carboxylic acid (OTZ) are, and have 
been used successfully in treating hepatotoxicity. NAC is the 
standard therapy for acetaminophen toxicity, due to its action 
of maintaining glutathione levels in hepatocytes [20]. Another 
glutathione prodrug, procysteine, has been shown to increase 
levels of circulating glutathione while inhibiting the production 
of monocyte TNF and interleukin 8 (IL-8) in rats with stable 
cirrhosis [21]. Procysteine has also been found to protect against 
alcohol-induced liver injury in a rat model [22].

Polyenylphosphatidylcholine
Polyenylphosphatidylcholine (PPC) as well as dilinoleoylphos-
phatidylcholine (DLPC), the main component of PPC, have 

Silymarin (milk thistle)
Named for its prominent white “milky” veins, silymarin, the 
active ingredient extracted from Silybum marianum, or milk 
thistle, is commonly used in patients with liver disease [10]. 
Most notably, silymarin may have efficacy in the treatment of 
Amanita mushroom poisoning. Silymarin has been purported 
to protect animals from various types of experimental liver 
injury, including carbon tetrachloride, iron overload, acetami-
nophen, and bile duct obstruction [10].

Silymarin’s potential beneficial effects in liver injury are 
reported to be from its antioxidant properties and antifibrotic 
effects, promotion of liver regeneration, protection against lipid 
peroxidation, and modulation of cytokines [10,11]. Several 
large, controlled trials evaluating silymarin for humans have 
been performed in Europe with varying results. In one study, 
170 patients with cirrhosis were either given 140 mg of sily-
marin three times daily or a placebo treatment. Patients given 
silymarin demonstrated a beneficial effect, particularly those 
with alcoholic cirrhosis and “Child A” disease [12]. Another 
study of 200 patients with alcoholic liver cirrhosis and hepatitis 
C, found no difference in survival or improvement in liver func-
tion between patients given long-term treatment with silymarin 
(150 mg three times daily) and those given a placebo treatment 
[13]. Metaanalyses have found silymarin to be safe and well 
tolerated but not to reduce rates of liver-related mortality, and 
only limited improvement in liver histology [14,15].

Betaine
Betaine is found in a variety of foods, plants, animals, and 
microorganisms and has been reported to protect cells from 

Figure 130.1 Complementary and alternative medicine in gastroenterology. IBS, irritable bowel syndrome; IBD, inflammatory bowel disease; PPC, 
polyenylphosphatidylcholine; TMS, transcranial magnetic stimulation; TNF, tumor necrosis factor.
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have been found to protect animals from experimental liver 
injury [33].

A Chinese herbal compound 861 (TJ-9), which is the 
aqueous extract of herbs, has been purported to have hepato-
protective and antifibrotic effects [10,34], and has been used as 
a treatment for viral hepatitis in Asia. In China, patients with 
hepatitis B have been reported to show decreased fibrosis in 
livery biopsies with TJ-9 [10,35]. In cases of liver injury 
induced by carbon tetrachloride, there have been antiprolifera-
tive effects on stellate cells. Other herbals used in the treatment 
of liver disease include ginseng, CH-100, Phyllanthus amarus, 
and Picorrhiza kurroa. The potential risks with herbals is that 
they are frequently combinations of agents that are not easily 
reproducible or characterized, leading to potential safety issues 
(see Safety Section) [10].

Pancreatic disease

Given the limited therapeutic options for pancreatic disease, 
especially for chronic pancreatitis [36,37], alternative therapies, 
including acupuncture, antioxidants, and herbal remedies, are 
frequently sought by patients.

Acupuncture
Traditional Chinese acupuncture is based on harmonizing the 
imbalance of qi or the “vital energy” of a patient [38,39]. There 
are many uses for acupuncture, some of which will be dis-
cussed elsewhere in this chapter. Specific to the pancreas, a 
randomized prospective study of 23 patients with nonalcoholic 
chronic pancreatitis found neither electroacupuncture nor 
transcutaneous electrical nerve stimulation to be as effective 
for relieving pain as medical treatment [40]. However, a rand-
omized study of 63 patients with acute pancreatitis found that 
patients treated with acupuncture in addition to routine 
medical treatment had a significantly higher cure rate than the 
group given only routine medical treatment (90% and 72%, 
respectively) [41].

Probiotics
There is increasing interest in a potential role of the microbiome 
in GI conditions, including pancreatic disease [42]. A study by 
the Dutch Acute Pancreatitis Study Group enrolled 290 patients 
with predicted severe acute pancreatitis based on an APACHE 
II score ≥8, Imrie score ≥3, or C-reactive protein >150 mg/L). 
Patients were randomly assigned to receive a multispecies pro-
biotic or placebo within 72 hours of the onset of symptoms 
twice daily for 28 days. Infection occurred in 30% of patients 
given probiotics and in 28% of those given placebo. Sixteen 
percent of patients receiving probiotics died versus 6% in the 
placebo group. Nine patients in the probiotics group developed 
bowel ischemia (eight of whom died). Although the patients 
receiving probiotics were sicker than those in the placebo group, 
these results suggest that probiotics should be avoided in 

been shown to prevent cirrhosis in alcohol-fed baboons, and  
in cultured hepatic stellate cells it has been found to stimulate 
collagenase activity [23,24]. However, a Veterans Affairs rand-
omized placebo-controlled trial found no significant difference 
in the progression of liver fibrosis between patients taking leci-
thin and those taking placebo [24]. However, in both groups 
there was a surprising reduction in alcohol intake, improving 
projected disease progression.

Glycyrrhizin
Glycyrrhizin, the main active constituent extracted from lico-
rice root, has antiinflammatory, antioxidant, and antiviral prop-
erties, and has been used as a treatment in a range of GI 
disorders, from peptic ulcer disease to liver disease [10,25]. 
Glycyrrhizin has been shown to improve liver enzymes in 
patients suffering from hepatitis C (HCV) who were interferon 
nonresponders or unlikely to respond, although it had no effect 
on HCV-RNA concentration [26]. A retrospective study by 
Arase and colleagues found that intravenous glycyrrhizin 
therapy administered (median length of administration 10 
years) to patients with hepatitis C reduced the risk of liver 
cancer by approximately 2.5 times compared to a group of 
patients with HCV who did not have access to a healthcare 
provider to give the intravenous injection [27]. Glycyrrhizin has 
been associated with “pseudoaldosteronism,” which predisposes 
patients to increased aldosterone and potassium levels as well 
as a significant increase in blood pressure [10,28].

Zinc
Zinc deficiency has a well-documented role in several types of 
liver disease, including alcoholic liver disease, hepatic encepha-
lopathy, and Wilson disease [29]. Patients with alcoholic liver 
disease frequently have decreased serum zinc levels, as well as 
increased excretion of zinc in urine and decreased intestinal 
absorption of zinc [29]. Zinc supplementation in humans with 
alcoholic liver disease has been shown to improve the functional 
consequences resulting from zinc deficiency, including skin 
lesions, immune dysfunction, and impaired night vision [29]. 
In cirrhotic patients with hepatic encephalopathy, oral zinc sup-
plementation improves complications of cirrhosis [30]. Zinc is 
also commonly used in the treatment of Wilson disease due to 
the fact that it induces intestinal metallothionein, which binds 
copper thereby preventing its absorption [31]. The typical dose 
of zinc administered in Wilson disease is 50 mg taken orally 
three times a day. Of note, cases of excessive zinc toxicity, many 
related to the use of denture adhesives containing high levels of 
zinc, have led to severe copper deficiencies. These cases may 
lead to permanent neurological injury if they are not treated 
early [32].

Herbs
Green tea polyphenols are antioxidants that have been shown 
in galactosamine-sensitized rats to block endotoxin-induced 
hepatotoxicity [33]. Polyphenols from grape seeds also  
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Peptic ulcer disease, functional dyspepsia, 
H. pylori

Despite the declining prevalence of Helicobacter pylori peptic 
ulcer and the introduction of acid suppression, peptic ulcer 
disease and functional dyspepsia continue to be frequent and at 
times difficult to manage, leading many patients to seek CAM 
therapies [58].

Acupuncture
Acupuncture has been widely used in Asia for the treatment of 
dyspeptic symptoms [59]. A prospective study of gastric acid 
secretion in healthy subjects using a sham feeding procedure 
found significant reduction in gastric acid secretion using elec-
troacupuncture and transcutaneous electric nerve stimulation, 
though no effect was found with simple and sham treatment 
[60]. Somatic stimulation with transcutaneous electric stimula-
tion has also been shown to reduce symptoms to gastric and 
duodenal distention [61]. Further, electrical acustimulation sig-
nificantly increased gastric slow waves [62] and may improve 
early satiation and heartburn [63]. Patients with functional dys-
pepsia receiving acupuncture showed different brain responses 
compared to sham acupuncture with greater modulation on the 
homeostatic afferent network, including the insula, anterior cin-
gulate cortex, and hypothalamus [64]. In a randomized clinical 
trial [65], 71% of patients with functional dyspepsia receiving 
acupuncture to the stomach meridian responded to treatment 
compared with 35% of patients with functional dyspepsia 
receiving sham acupuncture. In another controlled trial [66] 
patients with functional dyspepsia randomized to 4 weeks of 
GI-specific acupuncture combined with conventional drug 
therapy had greater improvement in symptoms than did patients 
who received nonspecific acupuncture combined with conven-
tional drug therapy.

Probiotics and herbal therapies
In patients with H. pylori who have failed triple therapy [67], 
probiotic therapy with yogurt containing Lactobacillus acido-
philus and Bifidobacterium significantly increases the efficacy of 
quadruple therapy in H. pylori eradication [68].

Sangre de grado comes from the viscous sap of the Croton 
species of trees (C. draconoides, C. palanostigma, C. lecheleri) 
found in Peru and Ecuador, where it is commonly used for 
gastric ulcers, gastritis, and diarrhea. Sangre de grado is also 
used on the skin as a pain and itch reliever, as well as for blisters, 
scratches, and abrasions. While the exact mechanism of action 
is unclear, it appears to have a combination of cicatrizant, anti-
viral, antioxidant, and antimicrobial properties [69].

The Chinese medicine Chuanjia Weidan was reported  
to eradicate H. pylori in 75% of patients compared with cimeti-
dine only, which eradicated H. pylori in 6% of patients [70]. A 
preliminary investigation of 200 kinds of Chinese herbal medi-
cine found that 38 had an inhibitory effect on the growth of  
H. pylori [71].

patients with severe pancreatitis and probably in most critically 
ill patients [43]. It should be noted that the study design and 
procedures of this study were found not to be in accordance 
with current good clinical practices [44].

Antioxidants
There is growing evidence that oxidative stress, as well as 
increased lipid peroxidation and altered glutathione levels, are 
contributing factors in the development and maintenance of 
pancreatitis [45–47]. Serum antioxidant deficiencies have been 
found in patients with acute and chronic pancreatitis. Lower 
plasma concentrations of serum antioxidants such as selenium, 
vitamin E, vitamin A, β-cryptoxanthine, xanthine, β-carotene, 
and lycopene have been found in patients with pancreatitis 
compared to control subjects [48,49]. Reduction in pain with 
selenium supplementation has been reported in patients with 
selenium deficiencies [50].

Patients with acute and chronic pancreatitis have been dem-
onstrated to have elevated concentrations of proinflammatory 
cytokines [48–53]. This cytokine response appears to predict the 
severity and outcome of pancreatitis leading to interest in anti-
oxidant and cytokine-blocking therapies. Older studies found 
that patients with chronic or acute recurrent pancreatitis treated 
with selenium, vitamin C, vitamin E, and some with β-carotene 
and methionine, had significant pain relief, and required fewer 
hospital admissions [51,52]. More recent studies using similar 
antioxidant complexes have found varying results. Although 
several studies have shown that antioxidant therapy decreases 
abdominal pain associated with chronic pancreatitis [53], one 
study found no reduction in pain due to antioxidant therapy 
[52]. In addition, two studies with conflicting results reported 
increased serum levels of antioxidants but no pain relief in 
patients with a predominately alcoholic origin of pancreatitis 
[54,55]. Another study found that antioxidants decreased the 
serum markers of fibrosis [56].

Transcranial magnetic stimulation
The pathogenesis of pain in chronic pancreatitis is not fully 
understood. It is thought that in some patients central nervous 
system mechanisms may lead to pancreas-independent persist-
ent pain. This pain appears to be represented in the second 
somatosensory cortical area (SII) in the right hemisphere of 
patients with chronic pancreatitis. Transcranial magnetic stimu-
lation (TMS) is a noninvasive method of stimulating targeted 
areas in the cerebral cortex with high-intensity electrical current. 
This stimulation can decrease the excitability of the affected 
brain structures. In a phase II sham-controlled study of patients 
with chronic pancreatitis, a focused beam of magnetic stimula-
tion to the cortical SII region of the brain improved abdominal 
pain that lasted at least 3 weeks in approximately 70% of patients 
with idiopathic chronic pancreatitis [57]. The technique is FDA-
approved for the treatment of depression but remains experi-
mental for the treatment of pain associated with chronic 
pancreatitis.
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as oligofructose, are fermented more quickly in the colon, while 
longer-chain prebiotics, such as inulin, ferment more slowly. 
There are full-spectrum prebiotics, like oligofructose-enriched 
inulin, that target the entire colon. Prebiotics can be found in 
many foods including garlic, asparagus, wheat, rye, bananas, 
and other fruits [83].

A clinical trial published in 2008 [84] of a prebiotic trans-
galactooligosaccharide (trans-GOS), examined its effects on 
irritable bowel syndrome (IBS) symptoms and changing the 
colonic microbiota. The study enrolled 44 patients with IBS to 
12 weeks of either 3.5 g/day or 7 g/day of trans-GOS, or 7 g/day 
of placebo. In this study, trans-GOS significantly increased 
levels of fecal bifidobacteria compared to placebo, with the bac-
teriological data indicating that the dose of 7.0 g/day had the 
best effect on increased fecal bifidobacteria counts. However, 
the 3.5 g/day dose improved IBS symptoms, demonstrating sig-
nificant improvement in stool consistency, flatulence, and bloat-
ing, with no adverse events being reported.

The dose–response effects of the short-chain fruct-
oligosaccharides (scFOS) [85] were assessed in healthy volun-
teers. Among the doses assessed, 10 g/day had the greatest 
increase in fecal bifidobacteria while minimizing side-effects.

Most probiotics are Gram-positive organisms that are typi-
cally acid and bile resistant and have purported to have health 
benefits [86]. Several mechanisms have been purported to be 
responsible for their effect on the gastrointestinal tract. They 
cause a secretion of short-chain fatty acids, which leads to a 
decrease in luminal pH and decreased production of bacteri-
cidal proteins. They also improve the barrier function of the 
epithelium, prevent binding of pathogenic bacteria, and alter 
the immune system of the host. DNA in probiotic organisms 
has been demonstrated to inhibit apoptosis in epithelial cells 
[87]. Probiotics can be found in many foods such as yogurt, 
miso, tempeh, kefir, and sauerkraut. These same bacteria are 
found in the normal gut microbiota, but the number and type 
of probiotics varies depending of on diet, climate, stress, medi-
cations, and infection. A number of probiotics are currently 
being marketed and differ among genus (i.e., Lactobacillus, 
Bifidobacterium), species (B. infantis, L. salivarius, L. reuteri, 
L. acidopilus, L. plantarum, L. bulgaris, etc.) and strain 
(Bifidobacterium infantis 35624) in their content.

A 2009 metaanalysis by Hovedya et al. [88] included 14 RCTs 
comparing the effects of any probiotic treatment against placebo 
in patients with IBS. The analysis showed that, generally, probi-
otics yielded a mild improvement in IBS symptoms. Two studies 
that most contributed to the analysis did not have statistically 
significant results. In a 2006 multicenter study [89], 362 women 
with IBS were randomized to receive Bifidobacterium infantis 
35624 1 × 106, 1 × 108, or 1 × 1010 colony-forming units (CFU) 
daily for 4 weeks or a placebo [89]. Results indicated that B. 
infantis 35624 was significantly superior to placebo at a dose of 
1  ×  108 CFU, but not at other doses. It also demonstrated a 
significant reduction in abdominal pain and other IBS symp-
toms in comparison to placebo. This study confirmed findings 

Other botanical compounds and herbal medicines that have 
been used for peptic ulcer disease include flavonoids (quercetin, 
naringen, silymarin, anthocyanosides, sophoradin derivatives), 
saponins, tannins, gum guar and myrrh, licorice, aloe gel, 
golden seal, and capsicum (chili) [72]. The proposed mecha-
nisms of action include suppression of H. pylori, inhibition of 
prostaglandins, cytoprotections, antiinflammatory or immune 
modulatory effects, and altered nociception. However, there is 
a lack of randomized controlled trials (RCTs) to support these 
claims. Several herbal remedies with the combinations of pep-
permint oil and caraway oil have been shown to be more effec-
tive than placebo in randomized clinical trials [73].

STW 5 is a combination of herbal extracts including bitter 
candytuft, chamomile flower, peppermint leaves, caraway fruit, 
licorice root, lemon balm leaves, celandine herbs, angelica root, 
and milk thistle fruit. STW 5-II is similar to STW 5 except that 
it does not include angelica root and milk thistle fruit. STW 5’s 
mechanisms of improving functional dyspepsia symptoms is 
presumably by relaxing smooth muscle [74], as it does not 
appear to be related to improvement in gastric emptying [75]. 
A metaanalysis published in 2004 [76], encompassing three 
clinical trials (n = 397), found STW 5 to be more effective than 
placebo with regard to the severity of the most bothersome GI 
symptom. In a more recent large clinical trial [77] of 315 patients 
with functional dyspepsia, 8 weeks of treatment with STW 5 
resulted in a small by significant decrease in the Gastrointestinal 
Symptom Score (GIS) for STW 5 and placebo. In this trial side-
effects were similar for STW 5 and placebo.

Irritable bowel syndrome

Prebiotics and probiotics
Prebiotics have been assessed for their ability to mediate changes 
in intestinal microflora [78]. Prebiotics food ingredients that 
that stimulate specific growth of the gastrointestinal microflora 
that confer benefits upon host well being and health [79]. 
Prebiotics are primarily, but not exclusively, nondigestible oli-
gosaccharides [80]. Prebiotics also modulate the immune 
system by increasing the amount of lactic acid producing bac-
teria, increasing the amount of short-chain fatty acids, and by 
activation of carbohydrate receptor immune cells [81]. The 
mostly anaerobic microflora in the colon break down undi-
gested food particles through fermentation to short-chain fatty 
acids, providing a major fuel source for the host, which are 
absorbed in the colon [82]. Sugar alcohols mannitol and xylitol, 
as well as lactulose, may also have prebiotic activity. Further, 
competition experiments between probiotic strains Clostridium 
perfringens, Escherichia coli, and Bifidobacterium infantis have 
established that certain prebiotics, for instance oligofructose, 
may have an antibacterial role by enhancing the growth of these 
beneficial probiotics [80].

Prebiotics are primarily carbohydrates, with oligofructose 
and inulin being the most studied. Short-chain prebiotics, such 
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“limited” patient–practitioner interaction. Patients receiving 
true and sham acupuncture reported no significant difference 
based on responses to global outcome measures (Global 
Improvement Scale, IBS Adequate Relief, etc.). There was a sig-
nificant difference between patients receiving true or sham acu-
puncture and the “waitlist” group on responses to the Global 
Improvement Scale (37% vs 4%, P < 0.001), and to the second-
ary response ratings. Results of these studies [95,96] showed 
that acupuncture and sham acupuncture were significantly 
better than no treatment in IBS, suggesting that either sham 
acupuncture is effective for IBS symptom relief, or that the ritual 
of acupuncture is effective.

Herbal therapies
Several studies have examined the effects of STW 5 in the treat-
ment of IBS. A double-blind, placebo-controlled multicenter 
trial from Germany [97] randomly assigned 208 outpatients 
with IBS to STW 5, STW 5-II, bitter candytuft monoextract 
(BCT), or placebo three times a day for 4 weeks. After 2 weeks, 
patients taking STW 5 and STW 5-II had a significantly greater 
improvement on IBS symptom scoring compared to placebo. 
After 4 weeks, patients receiving STW 5 and STW 5-II showed 
an even greater difference. The differences in endpoints seen 
before and after treatment with STW 5 and STW 5-II did not 
occur with BCT. There were a few reported adverse events, 
including headache and constipation.

Peppermint oil has been examined in several studies. Several 
over-the-counter remedies for IBS contain peppermint oil or 
their major constituent [98]. Peppermint oil is derived from 
the aerial parts of flowering Mentha  ×  piperita L. by steam 
distillation. The active component of peppermint oil is menthol, 
a cyclic monoterpene with pharmacological properties similar 
to calcium channel antagonists [99]. It has been reported to 
relax smooth muscle in the colon. Peppermint itself is a cross 
between water mint and spearmint. A metaanalysis of eight 
trials using peppermint for IBS [98] included five double-blind, 
placebo-controlled trials for further analysis. The review 
showed a significant global improvement of IBS symptoms in 
patients receiving peppermint oil versus placebo, with a placebo 
response rate ranging from 13% to 52%. A randomized, 
double-blind, placebo-controlled study [100] included 90 out-
patients with IBS symptoms. Patients were randomized to 
receive enteric-coated, delayed release peppermint oil capsules 
or placebo three times a day for 8 weeks. After 8 weeks, patients 
in the treatment group showed significant increases in some 
quality of life measures, as well as improvements in abdominal 
pain and discomfort. There were no significant improvements 
in diarrhea, constipation, or bloating. In a previous, similar 
study [101], patients receiving the peppermint oil reported less 
abdominal distention, stool frequency, and gas compared to 
patients receiving placebo. In addition, 79% of patients in the 
treatment group reported alleviation of their abdominal pain. 
Only limited side-effects, including heartburn and transient 
skin rash, were reported. Peppermint oil has been well toler-

of a pilot study [90] in which B. infantis had the most significant 
effect at 1 × 108 CFU.

Bifidobacterium animalis is another probiotic found in fer-
mented dairy products. Two studies have examined its role in 
IBS-constipation predominant (IBS-C). A French study [91] 
included 274 patients with Rome II IBS-C, and randomized 
them to either the fermented milk (Activia®, Dannon) contain-
ing B. animalis DN-173 (1.25  ×  1010 CFU mixed with two 
yogurt starters Streptococcus thermophilus and Lactobacillus bul-
garicus [1.2  ×  109 CFU]) or a control yogurt that was heat-
treated and contained nonliving bacteria (<104 CFU/pot). The 
products were consumed two times a day for 6 weeks. Patients 
in the test group showed improvements in the Health-Related 
Quality of Life (HRQoL) score and digestive symptoms. Both 
groups demonstrated significant improvement from baseline in 
bloating and abdominal pain at weeks 3 and 6, while the test 
group had a significantly higher improvement in bloating. The 
other study [92] was a single-center, randomized, double-blind, 
4-week study that included 34 patients with Rome III IBS-C. 
Patients randomized to the test group consumed fermented 
milk containing Bifidobacterium lactis DN-173 010 (Activia®) 
mixed with two yogurt starters S. thermophilus and L. bulgari-
cus, while the control group, consumed a milk-based nonfer-
mented dairy product that contained no probiotics and the 
same level of lactose as the test product, for 2 weeks. The test 
group had a significant reduction in distention, and acceleration 
of orocecal and colonic transit time measured with radioopaque 
markers. There was also an improvement in overall symptom 
severity in the test group.

Acupuncture
In patients with IBS, acupuncture is believed to alter visceral 
sensation and motility through stimulation of the somatic 
nervous system and the vagus nerve [93,94]. A 2006 systematic 
review [94] of six randomized trials of acupuncture for IBS 
found that the studies were of relatively poor quality, including 
small numbers of patients and utilizing significantly varied acu-
puncture techniques. It was unclear whether true acupuncture 
was superior to sham acupuncture in IBS.

Recently, several large well-conducted, randomized studies of 
acupuncture in IBS have been published. A 2006 study by 
Schneider and colleagues [95] found that in 43 patients with IBS 
randomized to acupuncture or sham acupuncture, there was no 
significant difference among the two groups in quality of life 
measures response rates. However, both groups of patients 
reported significant improvement from baseline. A larger clini-
cal trial [96] tested the effect of acupuncture and sham acupunc-
ture on IBS symptom relief compared to patients on a “waitlist” 
or patients receiving no treatment. After a run-in phase that 
involved all patients except the no treatment arm receiving 
sham acupuncture, 230 adult patients with IBS were randomly 
assigned to receive 3 weeks of true or sham acupuncture or 
continued no treatment. Patients receiving true or sham acu-
puncture also were randomly assigned to an “augmented” or 
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alterations in their intestinal microbiota [110,111]. Metagenomic 
analyses suggest reduced diversity in the intestinal microbiota 
of patients with IBD. Commonly used probiotics in IBD are 
Saccharomyces boulardii, lactobacilli, bifidobacteria, and strep-
tococci [107].

The role of probiotics in ulcerative colitis remains unclear. 
Their strongest indications are for pouchitis (active and prophy-
lactic) where VSL#3 [112] and E. coli Nissle 1917 [113] have 
shown efficacy. The data for inducing and maintaining remis-
sion in ulcerative colitis have not been robust. The best evidence 
appears to be in patients with mild ulcerative colitis receiving 
VSL#3 [114]. Several randomized trials have demonstrated effi-
cacy, but all include only small numbers of patients. One rand-
omized, double-blind, placebo-controlled trial [115] of 20 
patients with mild to moderate ulcerative colitis found signifi-
cantly lower clinical activity when ingesting a Bifidobacterium-
fermented milk product compared with the control group. 
Adding E. coli Nissle 1917 to 5-aminosalicylic acid (5-ASA) 
treatment prolonged remission in patients with ulcerative colitis 
[116,117]. VSL#3 may induce remission and clinical response 
in some patients with mild to moderate ulcerative colitis activity 
[118–121]. However, the expense of VSL#3, often not covered 
by insurance, may be limiting to many patients, with monthly 
out-of-pocket costs running at approximately $200 for a pedi-
atric treatment of ulcerative colitis [122].

There are limited data in Crohn’s disease to support the use 
of probiotics [114]. In a small placebo-controlled trial, admin-
istration of Lactobacillus rhamnosus GG in conjunction with 
tapering of steroid medications did not demonstrate a mainte-
nance or induction of remission [123]. Other maintenance of 
remission trials exhibited better results. In a trial of patients on 
corticosteroids, adding E. coli Nissle 1917 demonstrated a 70% 
remission rate compared to only 30% on placebo [124]. Adding 
Saccharomyces boulardii to mesalamine boosted remission to 
94% of patients at 6 months, compared to 62% of patients taking 
mesalamine [125]. A study using Saccharomyces boulardii found 
opposite results; that is the probiotic did not protect against 
relapse of Crohn’s disease [126].

Helminthic parasites
The prevalence of inflammatory bowel disease is much lower in 
countries with poor sanitation and hygiene, where populations 
are more often exposed to helminths [127]. Research has found 
that the excessive helper T cell type 1 (Th1) inflammation, char-
acteristic of Crohn’s disease, can be modulated by the Th2 
response provoked by helminthic parasites [127]. T cells adopt 
Th1 (interferon-γ, lymphotoxin (LT), TNF-α) or Th2 pattern 
(IL-4, IL-5, IL-10, IL-13), depending on the cytokine profile of 
the antigen-presenting cell [128,129]. Mice deficient in IL-10 
receiving gavage with helminths Heligmosomoides polygyrus 
and Trichuris muris were better protected from inflammation 
related to bacterial exposure than the placebo group [127]. 
Another study, using a murine model of antigen-specific ente-
rocolitis, found that exposure to Heligmosomoides polygyrus 

ated and shown to be effective for several symptoms of IBS 
[98,100–102].

Padma Lax, a complex Tibetan herbal formula, has been used 
as a treatment for IBS-C [103]. The formula contains aloes dry 
extract, calumba root, cascara, chebulic myrobalan fruit, con-
durango, elecampane, frangula bark, genetian root, ginger, 
heavy kaolin, long pepper, nux vomica, rhubarb, sodium hydro-
gen carbonate, and sodium sulfate. In an Israeli double-blind 
randomized pilot study of patients with IBS-C, it was found that 
patients treated with Padma Lax for 3 months demonstrated 
significant improvement in constipation, compared with 
patients receiving placebo. Patients receiving Padma Lax also 
showed significant improvement in severity of abdominal pain, 
incomplete evacuation, abdominal distension, and flatus/
flatulence. Patients experiencing side-effects of loose stools 
responded well to a lower dosage of Padma Lax.

Chinese herbal agents
In many traditional Chinese herbal formulations there are com-
binations of herbs used for synergistic properties. In a rand-
omized placebo-controlled trial [104] of 176 patients with IBS 
receiving either individualized herbs or a standard formulation 
of Chinese herbs showed a greater relief of IBS symptoms and 
improvement in quality of life than patients receiving placebo. 
Additionally, patients receiving individualized herbs showed the 
most sustained relief of symptoms 14 weeks after completion of 
the study compared to the traditional formulation group.

The Chinese herbal preparation tong xie yao fang (TXYF) 
contains four herbal medicines: Rhizoma atractylodis 
Macrocephalae, Radix paeoniae alba, Percarpium citri reticula-
tae, and Radix saposhnikoviae [105]. A metaanalysis of 12 clini-
cal studies of TXYF in IBS [105] found that many were low 
quality and contained significant differences in formulations, 
controls, treatment duration, and outcome measures. The 
review reported that TXYF-A was better than conventional 
medicines. In a more recent study in China [106], 120 patients 
with IBS-diarrhea were treated with TXFY twice a day (n = 80) 
or Miyarisan three times a day (n = 40) for 4 weeks. At 2 weeks 
and 4 weeks, there was no significant difference between the two 
groups regarding IBS symptoms. The decrease in the number of 
activated mast cells was greater in the TXYF group compared 
to the Miyarisan group. However, there was no placebo group 
to determine the efficacy of TXYF.

Inflammatory bowel disease

Probiotics
In the treatment of inflammatory bowel disease (IBD), probiot-
ics are purported to modify the intestinal flora to improve the 
balance of proinflammatory and antiinflammatory cytokines, 
regulating gut mucosal immune response to pathogens, and 
triggering nonspecific host resistance to microbial pathogens 
[107–109]. Research suggests that many patients with IBD have 
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smoking cessation, suggesting that smoking may have a protec-
tive effect on ulcerative colitis development [140,142]. Former 
smokers and nonsmokers have a similar incidence and severity 
of ulcerative colitis [143]. There have been several trials admin-
istering nicotine supplements to patients with ulcerative colitis. 
A randomized placebo-controlled study of transdermal nicotine 
patches found significant improvement compared to placebo 
[144,145]. Studies administering nicotine by oral therapy and 
rectal enemas have had high incidence of adverse events and 
low efficacy [146,147].

Transforming growth factor-β
Transforming growth factor-β (TGF-β) strongly inhibits gut 
inflammation [148] and decreased production of the polypep-
tide has been reported in IBD [149]. In an 8-week pediatric 
study, 29 children with Crohn’s disease given an oral polymeric 
diet high in TGF-β had 79% remission rate. However, two 
patients required surgical intervention for adverse events related 
to treatment. Follow-up colonoscopy showed improvement in 
approximately 50% of subjects at the mucosal disease site, and 
laboratory tests showed downregulation of inflammatory 
markers [150]. The same enteral diet containing TGF-β also 
diminished intestinal inflammation in IL-10 knockout mice 
[151]. A xylan-controlled recombinant strain of Bacteroides 
ovatus, which enabled mucosal delivery of human TGF-β in 
mice, resulted in significant improvement in symptoms of acute 
colitis, including inflammation and proinflammatory cytokine 
expression [152].

Green tea
Green tea extracts contain potent levels of antioxidants, which 
are primarily polyphenols, and have been previously shown to 
have antiinflammatory properties [153,154]. Green tea polyphe-
nols (GrTP) are more potent antioxidants than vitamins E or C 
and were discovered to inhibit intestinal inflammation in IL-2 
knockout mice models of colitis [153]. Mice that were given 
dextran sodium sulfate (DSS) to induce colitis and treated with 
GrTP antioxidants had significant improvement in colon length 
and blood antioxidant levels compared to mice that were given 
no antioxidant therapy [155]. Further research with GrTP and 
(-)-epigallocatechin–gallate (EGCG) provided improvement in 
antioxidant levels and reduction in colitis severity similar to 
sulfasalazine in mice exposed to DSS [154].

Fish oil
Patients with ulcerative colitis have increased levels of leukot-
riene B4 (LTB4), an arachindonic acid metabolite with an impor-
tant mediator role in the inflammatory process [156]. In a 
12-month study by Hawthorne and colleagues, 87 patients with 
ulcerative colitis were given daily treatments with 4.5 g of eicos-
apentaenoic acid (EPA) or olive oil placebo. They found a 
modest steroid-sparing effect, and a reduction in the formation 
of LTB4 by blocking the key enzyme 5-lipoxygenase, increasing 

abolished the gut inflammation [130]. Mice given exposure to 
Schistosoma mansoni eggs before trinitrobenze sulfonic acid, 
known to induce a Th1 dependent colitis, were protected from 
harmful inflammation [131].

Several human studies have been conducted by one group 
using Tricuris suis for the treatment of Crohn’s disease and 
ulcerative colitis. Two trials by this group found that patients 
ingesting live T. suis ova experienced significant improvement 
in their symptoms, showing a high efficacy and safety of the 
therapy [132,133]. In an 24-week open label study, patients 
ingested 2500 live T. suis eggs every 3 weeks, with 79% experi-
encing decreases in Crohn’s Disease Activity Index (CDAI 
>100) and 72% entering remission [132]. The other study 
enrolled 54 patients with active ulcerative colitis, finding a sig-
nificant reduction in disease activity with T. suis over patients 
given placebo (43% and 17%, respectively) [133]. Single doses 
of up to 7500 T. suis ova are well tolerated in patients with 
Crohn’s disease [134]. A Phase 2 clinical trial (TRUST-2) evalu-
ating the efficacy and safety of three different doses of T. suis in 
240 patients with Crohn’s disease was terminated due to lack of 
efficacy, though no safety concerns arose during the study.

Prebiotics/complex carbohydrates
Several trials utilizing short-chain fatty acids as therapy for 
IBD have demonstrated some efficacy, but others have not con-
firmed a benefit, potentially because of poor compliance and 
diverse protocols [135–139]. An open-label study of patients in 
remission with ulcerative colitis, found that Plantago ovata, a 
potent source of the short-chain fatty acid butyrate, provided 
remission rates similar to mesalamine treatment after 12 
months [137]. For patients with mild to moderate ulcerative 
colitis, studies with germinated barley foodstuff, a by-product 
of beer fermentation consisting of dietary fiber and glutamine-
rich protein, measured an increase in luminal butyrate produc-
tion, as well as a significant decrease in disease activity, as 
compared with a control group given a baseline antiinflamma-
tory treatment [139]. In an open-label, follow-up study, patients 
receiving germinated barley foodstuff showed improvement in 
clinical activity over a 6-month period [138]. A study [136] of 
35 patients with ulcerative colitis in clinical remission found 
that daily butyrate enemas produced only minor improvements 
in colonic inflammation and oxidative stress, compared to 
placebo.

Nicotine
Cigarette smoking has been found to have a dichotomous effect 
on ulcerative colitis and Crohn’s disease. Studies have found an 
association between smoking and an increased risk of Crohn’s 
disease, as well as an increased risk of recurrence [140,141]. 
Additionally, patients who formerly or currently smoke have a 
higher risk of developing Crohn’s disease than patients who 
have never smoked [140]. In contrast, patients with ulcerative 
colitis have an increased risk of disease activity or flares with 
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their risk of developing AAD than patients in the control 
groups, with a number needed to treat of 13. The most com-
monly studied probiotic genus was Lactobacillus, although there 
was no evidence that the effectiveness of probiotics varied by 
genus. Probiotics appeared to have similar efficacy among chil-
dren, adults, and the elderly [170]. More recently, a multicenter, 
randomized, double-blind, placebo-controlled trial of 2981 
inpatients aged 65 years and older exposed to one or more 
antibiotics found that a preparation of lactobacilli and bifideo-
bacteria did not prevent AAD or C. difficile diarrhea [171]. 
However, a RCT of 229 hospitalized adults found that VSL#3 
given prophylactically reduced the development of AAD com-
pared to placebo (0% vs 11%) [172].

Infectious diarrhea
Infectious diarrhea is less prevalent in developed countries and 
Western societies. However, even there it is still a significant 
cause of morbidity and mortality, particularly in children. A 
metaanalysis that included eight RCTs conducted among chil-
dren <5 years of age with community-acquired acute diarrhea 
found that probiotics reduced diarrhea duration by 14% and 
stool frequency on the second day of treatment by 13% com-
pared to placebo [173]. Other studies have also suggested that 
probiotics may be effective in infectious diarrhea. In a RCT of 
230 children with acute rotavirus diarrhea, VSL#3 significantly 
decreased stool frequency [174]. Likewise, Lactobacillus GG has 
been shown to dose-dependently decrease fecal shedding of 
rotavirus. A randomized study of 304 children with acute infec-
tious diarrhea, ages 3 months to 6 years, found that patients 
receiving a probiotic mixture of Bacillus mesentericus, 
Enterococcus faecalis, and Clostridium butyricum had a signifi-
cantly reduced duration of diarrhea, as well as fewer episodes 
of diarrhea, than the control group [175]. The three-combination 
probiotics has been shown to exhibit a high efficacy in children 
with severe Salmonella or rotavirus gastroenteritis, shortening 
the total diarrhea duration [176]. A metaanalysis [177] of 63 
RCTs including both adults and children found probiotics 
reduced the overall risk of diarrhea lasting ≥4 days by 59% and 
the mean duration of diarrhea by 25 h.

Several studies have looked at the benefits of dietary changes. 
One of these studies examined the use of green banana or pectin 
added to rice-based diets of children in Bangladesh suffering 
from persistent diarrhea. Results demonstrated a significant 
reduction in amount and weight of stool and diarrheal duration 
compared to the control group [178]. Green bananas are rich 
sources of pectin, an amylase-resistant starch that is not digested 
in the small intestine, but continues into the colon, undergoing 
fermentation into short-chain fatty acids [179]. Short-chain 
fatty acids are safe, dietary derivatives that stimulate salt and 
water absorption in the colon and have reparative effects on 
small bowel and colonic mucosa [180].

Other alternative therapies for diarrhea include plant deriva-
tives. Tormentil root (Potentilla tormentilla), primarily used in 

LTB5, a less potent metabolite [157]. Several studies with Crohn’s 
disease have achieved extended remission with EPA treatment. 
Belluzzi and colleagues found patients maintained remission 
with 1.8 g daily of an enteric-coated preparation of EPA [158]. 
In pediatrics, a randomized trial involving 38 patients with 
Crohn’s disease coadministered omega-3 fatty acids extended 
remission at 12 months more than only 5-ASA treatment (39% 
and 5%, respectively) [159]. However, several large, RCTs 
(EPIC-1 and EPIC-2) including 783 patients with inactive 
Crohn’s disease, found no increase in prevention of relapse of 
patients taking omega-3 free fatty acids over patients given 
placebo [160]. Omega-3 fatty acids in fish oil have been found 
to be safe, with no serious adverse events in studies [161]. A 
metaanalysis of nine studies found a lack of clinically significant 
improvement to recommend using omega-3 fatty acids for 
maintaining remission in Crohn’s disease and ulcerative colitis 
[162].

Botanical derivatives
Indian patients suffering from chronic colitis given a gum resin 
preparation from Boswellia serrata had a higher response and 
remission rate than patients treated with sulfasalazine. Boswellia 
serrata is a specific inhibitor of the enzyme 5-lipoxygenanse 
[163]. A randomized double-blind, placebo-controlled trial of 
Boswellia serrata involving 108 patients with Crohn’s disease in 
clinical remission found a good tolerability of the treatment. 
However, there was no demonstrated efficacy [164]. Another 
natural compound, curcumin, a food additive (turmeric), has 
been evaluated for its efficacy in ulcerative colitis. It may 
control TNF-α and nitric oxide release, exerting a protective 
role in ulcerative colitis [165]; however, there are limited data 
to support its use [166]. A pilot study comprised of ulcerative 
colitis and Crohn’s patients demonstrated a clinical improve-
ment in both IBD types and significant reduction in erythro-
cyte sedimentation rate in patients taking 550 mg of purified 
curcumin [167]. In a randomized double-blind, placebo-
controlled trial of 89 patients with inactive ulcerative colitis, 
patients given curcumin had lower relapse rates at 6 months 
than placebo (4% vs 32%), but no differential rate was present 
at 12 months [168].

Diarrheal illnesses

Antibiotic-associated diarrhea
Antibiotics cause disruptions of the gut microbial flora which 
can lead to antibiotic-associated diarrhea (AAD) in up to 30% 
of patients, of which Clostridium difficile infections account for 
up to 25% [169]. In a metaanalysis of 63 RCTs (11 811 patients), 
a significant association between patients given probiotics as an 
adjunct therapy and a decrease in the risk of developing AAD 
was found, with a relative risk of 0.58 (95% confidence interval 
0.50–0.68). Patients receiving probiotics had a 42% reduction in 
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Safety

There is a notable lack of regulatory guidelines when it comes 
to determining the safety of CAM therapies, on which the USA 
spends $180 billion annually [189]. The 1994 Dietary Supplement 
Health Education Act (DSHEA) and the 2007 Final Rule for 
Current Good Manufacturing Practices (cGMP) for Dietary 
Supplements allowed dietary supplement producers to remain 
exempt from Food and Drug Administration (FDA) review and 
approval. There is no required reporting for adverse events.  
It is important that consumers and healthcare providers under-
stand the inconsistencies among CAM products, both in  
their listed ingredients and concentrations [189,190]. Table 
130.1 reviews the regulations for herbal and dietary supple-
ments. It has become popular in industrialized nations to take 
natural supplements, which are often believed to safer than 
commercial drugs [191]. There have been many studies docu-
menting the variation in herbal supplements, as there is concern 
about potential toxicity [190,192,193]. Concentrations vary  
in many herbal products in Chinese traditional medicine, 
making clinical trials to test safety and efficacy difficult to 
design. Some preparations include small amounts of prescrip-
tion drugs, including ephedrine, antibiotics, or methyltestoster-
one [190,194]. Quality control and extensive preclinical testing 
is just as important in alternative remedies as in commercial 
produced drugs [191,193].

Eastern Europe, has been shown in children to shorten the 
duration of rotavirus diarrhea [181]. An herbal antidiarrheal, 
seirogan, containing wood creosote, was found to provide relief 
of diarrhea comparable to loperimide hydrochloride [182].

HIV/AIDS associated diarrhea
Crofelemer is a drug derived from the sap of the South American 
tree Croton lechleri. The bright red resin is sometimes referred 
to as “dragon’s blood.” Recently, the FDA approved crofelemer 
125 mg twice daily for the symptomatic relief of noninfectious 
diarrhea in adult patients with HIV/AIDS receiving antiretro-
viral therapy. Crofelemer reduces fluid secretion in the intestine 
and has minimal systemic absorption, and in clinical trials has 
a low incidence of adverse events (i.e., similar to placebo). In a 
phase III, randomized, double-blind placebo-controlled multi-
center trial [183], 18% of patients in the crofelemer arm expe-
rienced a significant clinical response versus only 8% in the 
placebo arm (one-sided P < 0.01).

Although probiotics have been suggested to improve diarrhea 
associated with HIV/AIDS by preventing gastrointestinal infec-
tions and restoration of healthy gut microbial flora, studies have 
not been able to demonstrate efficacy. In a randomized double-
blind study of 77 children infected with HIV ages 2–12 years, 
probiotics (Bifidobacterium) did not have any effect on stool 
consistency or frequency compared with control [184]. Another 
study conducted in 20 adults infected with HIV randomized to 
either probiotics, synbiotics, prebiotics, or placebo also found 
similar IBS Quality of Life scores between all groups and no 
statistical significance difference in reports of flatulence and 
diarrhea [185]. However, both of these studies showed signifi-
cant increases in CD4 count in those that received probiotics in 
the pediatric study and synbiotics in the adult study. Other 
studies have also shown significant increases in the CD4 count 
in patients treated with probiotics.

Acupuncture has also been used as a potential treatment for 
HIV/AIDS-associated diarrhea. In a RCT combining acupunc-
ture and relaxation techniques, 130 patients with HIV/AIDS 
who were on highly active antiretrovirals were randomized to 
receive either acupuncture or sham acupuncture combined with 
either relaxation response or health education (as a control for 
the relaxation response). The acupuncture plus relaxation 
response group showed greater improvement in loose stools 
symptoms compared to acupuncture plus health education, 
sham acupuncture plus relaxation response, and sham acupunc-
ture plus health education. In addition, when performed twice 
per week, acupuncture plus relaxation response showed signifi-
cant improvement in reducing nausea symptoms [186].

Other small studies have investigated additional potential 
CAM therapies for the treatment of HIV/AIDS acquired 
diarrhea. A RCT [187] using zinc supplementation did not find 
any benefit, while a small study [188] of eight patients using 
curcumin (derived from turmeric) showed resolution of 
diarrhea in all eight patients and resolution of bloating and 
abdominal pain in five of six patients.

Table 130.1 Regulatory environment for herbal and dietary supplements in 
the United States [199].

Regulation Responsibilities

Manufacturer FDA

DSHEA (1994) Identify product 
ingredients and 
manufacturer on the label
Provide disclaimer noting 
that product was not 
evaluated by the FDA for 
safety and efficacy, and is 
not intended to diagnose, 
treat, cure, or prevent 
disease

Defines supplements as 
vitamins, minerals, 
herbs, amino acids (and 
any concentrate, 
metabolite, extract 
thereof)
Investigate allegations of 
attributable toxicity after 
marketing
Conducts premarket 
review of safety data for 
new ingredients

cGMP (2007) Must adhere to standards 
in identification, purity, 
strength, composition, 
and purity of the final 
dietary supplement
Must evaluate the 
identity, purity, strength, 
and composition of 
dietary supplements

Supplements containing 
contaminants or not 
containing labeled 
ingredients are 
considered adulterated 
or misbranded

DSHEA, Dietary Supplement Health Education Act; cGMP, current 
good manufacturing practices.
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pies, for example, photosensitivity is often seen with St. John’s 
wort, especially when taken concomitant with a viral infection. 
Physicians should be sure to ask their patients whether they are 
using any form of CAM. It is easy for the public to receive mis-
information about the risks and uses of CAM therapies, leading 
to unexpected adverse events or leading to inflated concerns.
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Much of the information on reported toxicity comes from 
case reports of liver injury [189,192,193]. With herbal remedies, 
toxicity can often be attributed to the chemical composition of 
the plants, mainly cyclical peptides and alkaloids [195]. 
Hepatotoxicity is one of the more frequently reported side-
effects of CAM products, and may be severe enough to require 
liver transplantation or result in death [191,195,196]. There may 
be an additional risk of hepatotoxicity in relation to heavy 
metals-contaminating CAM products, including lead, arsenic, 
and mercury [189,197]. The use of herbal products for weight 
loss and diet have highlighted the danger of hepatotoxicity from 
several reported cases [10]. Reports of CAM products being 
contaminated with drugs or toxins are common. One weight 
loss supplement was found to be contaminated with cardiac 
glycoside [198]. The Drug-Induced Liver Injury Network 
(DILIN) found that 16% of drug-induced liver injury cases were 
related to herbal and dietary supplements, while the data con-
tinue to show an increased in the ratio of herbal and dietary 
supplements liver injury cases to all drug injury cases [199]. In 
a 2008 metaanalysis [200] of herbal medicine safety for IBS, it 
is noted that there are few good-quality studies of herbal medi-
cines and even those of higher quality often have methodologi-
cal issues that limit their interpretability.

Adverse interactions between CAM agents and standard 
medication remains a concerning risk. Potential interactions 
between herbal supplements anesthesia may lead to complica-
tions, including bleeding. It has been strongly recommended 
that patients discontinue use of herbal supplements 2–3 weeks 
before surgery [201,202]. Cases of patients undergoing cardiac 
transplants taking St. John’s wort with cyclosporine and indina-
vir led to transplant rejection because of cytochrome P4503A4 
being induced by St. John’s wort [203,204]. There are common 
side-effects experienced with even relatively safe CAM thera-
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Introduction

Sedation reduces anxiety and fear associated with endoscopic 
procedures and improves patient safety, satisfaction, and accept-
ability of future procedures [1]. The incidence of colonoscopy 
complications increases with age and American Society of 
Anesthesiologists (ASA) class, and decreases with the use of 
sedation [2]. Sedation and analgesia improves the quality of 
colonoscopy [3], quality of upper endoscopy [4], rate of colon-
oscopy completion [5–8], as well as polyp detection, though 
detection is not affected by the level of sedation [3,9]. The goal 
of sedation is to provide amnesia, analgesia, and anxiety reduc-
tion without loss of airway patency or ventilator effort. Moderate 
sedation provides a high level of physician and patient satisfac-
tion and a low risk of serious adverse events [6,10]. The level of 
sedation as well as the choice of sedative is based on the type of 
procedure (length and painfulness), patient characteristics, 
patient preferences, and the need for cooperation [11,12].

Continuum of depth of sedation

Table 131.1 shows the levels of sedation as defined by the ASA 
[13] and Joint Commission on Accreditation of Healthcare 

Organizations (JCAHO) in the US [14]. Continuous monitor-
ing of depth of sedation is critical because patients may slip 
quickly from one stage to another [15]. The safety margin is 
wide around moderate sedation, and unintended excursion into 
a deeper level of sedation does not generally result in loss of 
ventilatory effort, though “at-risk” patients may develop airway 
obstruction [15]. Recent evidence indicates that the use of 
anesthesia specialists for endoscopy, a surrogate for deep seda-
tion, is associated with an increased risk of aspiration pneumo-
nia [16].

Pre-sedation preparation

Endoscopists should obtain informed consent personally  
[17]. Appropriate preprocedure counseling must be done 
regarding the risks and benefits of and alternatives to the pro-
cedure and sedation and the option of unsedated endoscopy 
may be offered [11,12,18,19]. Another option is “on-demand” 
sedation which enables the patient undergoing unsedated 
endoscopy to later receive medication in the event that they are 
unable to tolerate the procedure [20,21]. In patients receiving 
deep sedation, preprocedural anxiety does not affect sedative 
requirement [22].
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Figure 131.1  Mallampati classification score (I–IV). Class 1: complete visualization of the soft palate. Class II: complete visualization of the uvula. Class 
III: visualization of only the base of the uvula. Class IV: soft palate is not visible at all.

Hard
palate

Soft
palate Uvula

Pillar

Class I Class II Class III Class IV

A critical aspect of the preprocedure evaluation is to identify 
any characteristics that pose an increased risk for aspiration 
(e.g., ascites, full stomach, active bleeding), difficult airway  
(e.g., obesity, sleep apnea, prior difficult intubation, or high 
Mallampati score; Figure 131.1), or increased risk for cardiop-
ulmonary complications (e.g., comorbidities, advanced age) 
[11,23]. In addition, prior experience with sedation, drug aller-
gies, current medications, smoking, and alcohol or substance 
use should be solicited. A complete assessment of airway, base-
line vital signs, respiratory rate and effort, and general neuro-
logical status should be done. Patients should fast for a minimum 
of 6 h before the procedure, though clear liquids can be con-
sumed up to 2 h prior [24,25]. In emergency situations, when 
fasting is not practical, either the target level of sedation should 
be modified or endotracheal intubation should be considered 
given the incumbent risk for aspiration. Laboratory testing may 
be required when sedation is provided by an anesthesiologist 

Table 131.1  Continuum of depth of sedation. Source: American Society of Anesthesiologists Task Force on Sedation and Analgesia by Non-anesthesiologists 
2002 [13]. Reproduced with permission of Wolters Kluwer Health.

Minimal sedation 
(anxiolysis)

Moderate sedation/
analgesia (conscious 
sedation)

Deep sedation/
analgesia

General anesthesia

Responsiveness Normal response to verbal 
stimulation; cognition and 
coordination may be 
impaired

Depressed; purposeful 
response to verbal 
commands and/or 
light tactile stimulation

Depressed; not easily 
arousable; purposeful 
response to repeated 
or painful stimulation

Loss of 
consciousness; 
unarousable even by 
painful stimulation

Airway Maintained No intervention 
needed to maintain 
patent airway

Intervention may be 
needed to maintain 
patent airway

Intervention often 
needed to maintain 
patent airway

Spontaneous 
ventilation

Maintained Adequate May be inadequate Frequently 
inadequate; positive 
pressure ventilation 
may be required

Cardiovascular 
function

Maintained Usually maintained Usually maintained May be impaired

[12,26]. Intravascular access should be obtained and maintained 
through recovery.

Medication regimens

The choice of sedatives depends on the endoscopist’s preference 
for and familiarity with different agents and regimens, as well 
as the type of procedure. Brief procedures can sometimes be 
completed with minimal amounts of sedation, whereas some 
therapeutic procedures may require deep sedation. There is no 
difference in polyp detection by colonoscopy using deep or 
moderate sedation [27]. Sedatives are given intravenously for 
endoscopy and must be administered slowly and titrated in 
small increments. Another approach is patient-controlled anal-
gesia which allows patients to administer their own sedation 
[28,29]. The pharmacology of the commonly used agents is 
summarized in Table 131.2.
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significant benefit has been demonstrated in comparison to 
standard regimens [45–48]; however, shorter sedation times 
[49] makes these agents attractive for postprocedural workload 
[50,51].

Propofol
Propofol is a phenol derivative which promotes GABA activity 
in the brain by acting on a different subset of GABA receptors 
from those that mediate the effects of benzodiazepines [30]. In 
comparison to benzodiazepines/opioids, the mean time to  
onset of sedation is shorter, depth of sedation is greater, recov-
ery is faster [52,53], and patient satisfaction is improved  
[54]. Postadministration nausea is very rare. Propofol induces 
amnesia when titrated to deep sedation or general anesthesia 
[55,56]. Rapid onset of sedation and rapid recovery may improve 
efficiency of endoscopy units [57] as well as cost-effectiveness 
[58]. Safety and efficacy of propofol has been demonstrated for 
colonoscopy, esophagogastroduodenoscopy (EGD), endoscopic 
ultrasound (EUS), and endoscopic retrograde cholangiopan-
creatography (ERCP) [53,59–63].

Propofol has been administered by intermittent bolus [64,65], 
continuous infusion [64,66,67], and patient-controlled analgesia 
[68–73]. Target-controlled infusions deliver drugs according to 
computer-generated pharmacokinetic models [74–77]. The 
computer-assisted personalized sedation (CAPS) system is 
designed to facilitate safe administration of propofol [78]. It 
targets minimal to moderate sedation [79] and is not intended 
for sedation of high-risk patients [80]. Physiological patient data 
are monitored and processed continuously by the device, which 
when using a computerized drug delivery algorithm, titrates 
sedation by varying propofol infusion and administering boluses 
[81]. It is also able to increase oxygen delivery in response to 
hypoxemia and apnea. Intermittent bolus allows faster onset of 
sedation and has been preferred for endoscopy [82]. Initial 
boluses when the drug is used as a single agent are typically 
30–50 mg and are adjusted for age, weight, and comorbidities. 
Subsequent boluses are 10–20 mg. Local pain during injection 
occurs in 30% of patients, primarily when infused in a small vein 
and may be decreased by lidocaine [83]. Avoidance of respiratory 
depression is critically dependent on gradual titration [84,85]. 
Airway compromise may occur when used for advanced endos-
copy especially in males, ASA ≥III and high BMI [86]. Propofol 
does not precipitate or aggravate encephalopathy in patients with 
cirrhosis [87–90] and therefore should be used as an alternative 
to midazolam in these patients [91,92]. Combination of propofol 
and fentanyl is more efficacious with a shorter recovery time 
compared with midazolam and fentanyl [93]. It is, overall, safe 
for gastrointestinal procedures [94] and is not associated with an 
increase in cardiopulmonary complications [63].

Propofol has been safely administered by nonanesthesiolo-
gists for endoscopy [95–98]. There are two methods of propofol 
administration under the direction of the endoscopist: (1) 
nurse-administered propofol sedation (NAPS) where propofol 
is used as a single agent and is titrated to deep sedation; and (2) 

Benzodiazepines
Benzodiazepines enhance the effect of the neurotransmitter 
γ-aminobutyric acid (GABA) and induce relaxation, anxiolysis, 
and amnesia [30]. The most commonly used benzodiazepines 
for endoscopy are midazolam [31–33] and diazepam [34]. 
Midazolam is preferred because of better efficacy and tolerabil-
ity [35], shorter duration, better amnesic properties, and 2–3 
times greater potency than diazepam [36]. It also has a decreased 
incidence of phlebitis and results in superior patient satisfaction 
compared to diazepam [37]. Midazolam crosses the placenta 
and also enters breast milk. Both midazolam and diazepam are 
pregnancy category D. Although birth defects with benzodi-
azepines have occurred with chronic oral use by the mother, 
their use for endoscopic procedures in pregnancy is generally 
considered safe [38,39].

Benzodiazepines do not have analgesic properties and usually 
require coadministration of opiates. Dosages must be reduced 
in elderly or debilitated patients and in those receiving narcotics 
or other central nervous system (CNS) depressants concomi-
tantly. Underlying liver disease must also be considered as ben-
zodiazepines are metabolized by the liver [40].

Adverse effects include paradoxical agitation [33] and severe 
respiratory depression which is greatly potentiated by coadmin-
istration of opioids. Inadvertent overdose can cause severe res-
piratory depression, hypotension, general anesthesia, and apnea.

Opiates
Meperidine and fentanyl are among the most commonly used 
opiates for gastrointestinal endoscopy. They have sedative as 
well as analgesic properties. Meperidine has neurotoxic metab-
olites and should be avoided in the elderly. Renal impairment 
can lead to metabolite accumulation causing seizures. The dose 
should be reduced to 75% of normal for creatinine clearances 
of 10–50 mL/min and to 50% for creatinine clearances <10 mL/
min. Meperidine can cause serotonin syndrome in patients 
taking monoamine-oxidase inhibitors. Fentanyl is a morphine 
like compound, but 80–100 times more potent in analgesic 
activity with little effect on the cardiovascular system [41]. It 
produces profound analgesia and suppresses respiratory and 
cough centers. It has rapid onset and clearance and therefore 
patients recover more rapidly than with meperidine [42,43].  
It also has reduced incidence of nausea compared to meperidine 
and does not have any dangerous metabolites. It has greater 
synergy with midazolam than meperidine. For these reasons, 
fentanyl is rapidly replacing meperidine for endoscopy. In  
high doses, fentanyl can cause chest wall rigidity and respiratory 
difficulty and therefore total doses are often limited to 200 μg/
case [44]. Both meperidine and fentanyl are pregnancy category 
C and the agents are widely used for endoscopy during 
pregnancy.

All opiates should be used cautiously in patients taking other 
CNS depressants and avoided with monoamine oxidase inhibi-
tors. Caution must be taken with liver disease. For the newer, 
ultra-short acting opiates (e.g., remifenatil and alfenatil), no 
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0.5 mg/kg, titrated to desired effect. Duration of effect is 
10–15 min [117], and include analgesia, amnesia, and sedation 
while preserving airway protective reflexes and spontaneous 
breathing. Patients may experience emergence reactions which 
manifest as visual and auditory hallucinations, disorientation, 
and vivid dreams [118]. It is also known to increase systolic 
blood pressure, cause tachycardia, and cause muscle hyperactiv-
ity which can be attenuated with coadminstration of benzodi-
azepines [119]. It is often used in the emergency setting because 
of its rapid onset and short duration of action [120]. It is used 
in combination with midazolam [121–123] or with dexmedeto-
midine [124] for pediatric endoscopic procedures [121–123]. 
Combination with propofol, midazolam, and pentazocine 
works well for ERCP [125]. Postsedation, patient should be kept 
in a quiet dark room without any stimulation.

Nitrous oxide
Nitrous oxide is a short-acting inhaled agent with anesthetic, 
analgesic, and anxiolytic properties. When administered con-
tinuously, it provides comparable analgesia to intravenous seda-
tion [126]. The rapid psychomotor recovery enables quicker 
patient discharge and removes the need for patient to be chap-
eroned [127]. It is also given in combination with sedatives and 
analgesics [128]. Onset of action is 2–5 min, and oxygen should 
be coadministered. It should not be used during the first two 
trimesters of pregnancy (see Table 131.3).

Dexmedetomidine
Dexmedetomidine (DEX) is a reversible α-2 adrenergic agonist, 
associated with less respiratory depression than other sedative 

balanced propofol sedation (BPS) which is a combination of 
propofol with a small induction dose of benzodiazepine with or 
without opioid and is targeted to moderate sedation. The term 
endoscopist-directed propofol (EDP) encompasses both NAPS 
and BPS. Evidence from clinical studies supports the safety of 
nonanesthesiologist administered propofol [99–104]. Evidence 
also indicates that propofol sedation is the best practice for the 
pediatric patient undergoing endoscopy and can be adminis-
tered by specifically trained nonanesthesiologists [105,106]. 
Nonanesthesiologist administration of propofol should be per-
formed with caution in patients at increased risk of aspiration 
(e.g., achalasia, acute upper gastrointestinal bleeding, delayed 
gastric emptying), increased risk of airway obstruction (e.g., 
sleep apnea, high-risk airway assessment), and multiple comor-
bidities. Propofol is contraindicated with allergy to eggs or soy-
beans [107,108].

Droperidol
Droperidol is a neuroleptic and is used as an adjunct for complex 
endoscopic procedures and in patients who have paradoxical 
reactions to standard sedation or in whom narcotics and ben-
zodiazepines are likely to be inadequate [109,110] (e.g., history 
of alcoholism, chronic benzodiazepine or opiate use, or prior 
difficulty with conscious sedation). Droperidol exerts a calming 
and antiemetic effect, has a mild sedative and α-adrenergic 
inhibitory action, and can cause prolonged postprocedural 
drowsiness. It does not exacerbate opioid-induced respiratory 
depression. Additional boluses should not be administered for 
agitation once the procedure has started because, by the time 
dosages take maximal effect, the procedure may be complete 
and recovery may be prolonged. Safety and efficacy have been 
demonstrated in several studies [111–113]. It prolongs the QTc 
interval on the electrocardiogram [114] and can induce torsades 
de pointes which prompted the American Food and Drug 
Administration (FDA) to issue a black box warning. Cardiac 
events, some fatal, have been reported in patients without 
known risk factors for QT prolongation [115]. Droperidol is 
contraindicated if the QTc is prolonged >440 ms in males and 
>450 ms in females. Caution must be exercised in patients with 
risk factors for QT prolongation such as congestive heart failure, 
bradycardia, cardiac hypertrophy, hypokalemia, hypomag-
nesemia, or concomitant use of drugs that prolong QT interval. 
The heart rhythm should be monitored for 3 h after administra-
tion. It is contraindicated in thyrotoxicosis, pheochromocy-
toma, and Parkinson disease, and it may cause extrapyramidal 
effects [116] and neuroleptic malignant syndrome. Guidelines 
for its use have been suggested by the American Society for 
Gastrointestinal Endoscopy (ASGE) [110]. Droperidol is preg-
nancy category C (Table 131.3). The use of droperidol has 
declined because of the need for prolonged monitoring.

Ketamine
Ketamine antagonizes the excitatory neurotransmitter gluta-
mate and also binds to opioid receptors. The initial i.v. dose is 

Table 131.3  Pregnancy category of medications.

Medication Pregnancy category

Midazolam D

Diazepam D

Meperidine C

Fentanyl C

Remifentanil C

Alfentanil C

Propofol B

Promethazine C

Diphenhydramine B

Droperidol C

Ketamine B

Nitrous oxide C

Dexmedetomidine C

Flumazenil C

Naloxone C
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Lidocaine lollipop is also well tolerated and safe [162]. 
Methemoglobinemia and anaphylactic reaction are rare but 
serious complications [159,163–166]. Methemoglobinemia 
occurs primarily with benzocaine but also with cetacaine and 
presents with clinical cyanosis despite a normal arterial PO2 
[167,168]. Treatment is intravenous methylene blue (2 mg/kg). 
Systemic effects such as arrhythmia and seizures due to  
absorption have been observed rarely [169,170]. Topical anes-
thetics have been implicated in the development of aspiration 
and pneumonia after EGD [171,172] and patients should  
be warned to take nothing by mouth until the anesthetic has 
worn off.

Reversal agents
Reversal agents should be used when patients develop severe 
respiratory depression. Patient age and medication dose are 
independent risk factors for reversal agent utilization [173].

Flumazenil binds to the GABA receptor complex, resulting 
in reversal of CNS depression due to benzodiazepines without 
reversing the amnesia. The dosage of 0.2 mg intravenously may 
be repeated at 1 min intervals to a maximum dose of 3 mg. It 
has limited efficacy in reversing respiratory depression due to 
opiates [174]. For this reason, naloxone should be tried before 
flumazenil in patients who develop severe respiratory depres-
sion after being given a combination of opiates and benzodi-
azepines. Flumazenil has a rapid onset of action (1–3 min). A 
patient may lapse back into a sedated state owing to the shorter 
half-life of flumazenil (40–80 min) compared to benzodi-
azepines. Flumazenil may also be used to treat paradoxical reac-
tions to benzodiazepines. Flumazenil administration can 
precipitate acute withdrawal in patients on prolonged benzodi-
azepine therapy [175] and caution must be taken when admin-
istering it to patients using chloral hydrate, carbamazepine, and 
tricyclic antidepressants because it can induce seizures [176]. 
The drug is pregnancy category C [177] (see Table 131.3).

Naloxone is a nonselective competitive opioid antagonist that 
competes and displaces narcotics at opioid receptor sites. It 
reverses CNS effects of opioids including ventilatory depression, 
sedation, and analgesia [178]. The degree and extent of reversal 
is dose dependent. The usual dose is 0.4–2 mg i.v. over 30 s. The 
onset of action is 1–2 min and half-life is 30–45 min. It may be 
cleared faster than meperidine, thus sedation may recur. Repeat 
doses may be given at 2–3 min intervals to a maximum of 10 mg. 
Acute withdrawal and severe pain may occur in chronic opiate 
users. Acute reversal may cause tachycardia, arrhythmias, 
cardiac arrest, hypertension, or pulmonary edema due to the 
release of catecholamines as well as seizures. Therefore, caution 
must be exercised in elderly patients and those with cardiovas-
cular disease. Very rapid reversal may cause nausea, vomiting, 
diaphoresis, and circulatory distress. Patients receiving naloxone 
should be monitored for up to 2 h [178]. It is pregnancy category 
B (see Table 131.3). Elective use of reversal agents for quicker 
recovery is not recommended at this time [13] and is only mar-
ginally supported by literature [179,180].

agents. It is used for procedural sedation as a loading dose fol-
lowed by maintenance infusion. Rate of effective sedation is 
significantly higher than midazolam [129] and it ranks highly 
for patient and endoscopist satisfaction [130,131]. It is preg-
nancy category C (see Table 131.3).

Combination regimens
Combinations of benzodiazepines and opiates are often used 
[132,133] and are efficacious and well tolerated [59,65,68,99, 
134,135]. Addition of benzodiazepines to opioids enhances 
sedation and amnesia, and addition of opioids to benzodi-
azepines adds analgesia and sedative effect. Combination 
therapy results in better patient comfort and endoscopist satis-
faction [136]. A combination of fentanyl and midazolam results 
in significantly shorter recovery times than meperidine plus 
midazolam [137].

In situations where high doses of narcotic and benzodi-
azepines provide inadequate sedation, phenergan or diphenhy-
dramine [138] may be used in addition to synergize sedative 
effects. Phenergan is pregnancy category C, and diphenhy-
dramine is B.

The combination of propofol with a benzodiazepine [139] 
and/or an opioid [140] enhances the sedative effects of propofol 
and allows propofol to be targeted to minimal or moderate 
sedation [141] without substantial loss of satisfaction and with 
shorter recovery times compared with propofol titrated to deep 
sedation [142]. Even small doses of opioid and/or benzodi-
azepine substantially ease total propofol doses and make titra-
tion of propofol easier [143–145]. These combinations result in 
less cognitive impairment compared to benzodiazepine and/or 
opioid [146]. Propofol’s amnestic effect is dependent on the 
depth of sedation. When titrated to moderate sedation amnesia 
is enhanced by coadministration of a benzodiazepine [140]. 
Premedication with oral midazolam followed by intravenous 
propofol also provides significant synergistic benefit [147–149]. 
Propofol itself has no analgesic properties, so addition of a 
narcotic is recommended for painful procedures when propofol 
is titrated to moderate sedation. The combination of propofol 
with midazolam or fentanyl works better than propofol alone in 
the pediatric population as well [150].

Balanced propofol sedation provides superior patient satis-
faction and shorter recovery times than standard sedation 
[151]. BPS is also safe and effective for complex endoscopic 
procedures [152,153]. Music can also be used as an adjunct and 
is associated with reduced anxiety, lower doses of analgesia and 
sedation and shorter procedure times [154–156].

Topical anesthetics
Topical anesthetics essentially eliminate the gag reflex and are 
especially beneficial in unsedated upper endoscopy [157,158] 
and may improve tolerance in lightly sedated upper endoscopy 
[159]. They are not beneficial in moderate and deep sedation 
[160]. Benzocaine has a rapid onset and short duration. Posterior 
lingual lidocaine swab may work better than the spray [161]. 
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mothers [177,206]. Breast milk should be expressed and dis-
carded for several hours before resuming breast feeding (at least 
4 h after midazolam administration and for 24 h after propofol 
exposure).

Cardiac comorbidity
Endoscopy <1 month after myocardial infarction (MI) is asso-
ciated with a 1.5% risk of major cardiopulmonary complications 
[207]. Patients with an MI in the previous 30 days, an Acute 
Physiology and Chronic Health Evaluation (APACHE) score of 
≥16 is associated with a major complication rate of 21% com-
pared with 2% in those with low APACHE scores [208]. 
Colonoscopy after MI is associated with a higher rate of minor 
cardiovascular complications [209]. Endoscopy should thus be 
avoided if possible in the first month after an MI.

Procedural monitoring

Careful patient monitoring is mandatory because of the poten-
tially dangerous cardiopulmonary complications associated 
with sedation [210–212]. In addition to the endoscopist, another 
qualified individual must be assigned to monitor the patient. 
This person can perform brief interruptible tasks without 
leaving the room if the patient is moderately sedated. If deep 
sedation is achieved, this person must direct full attention to 
observing the patient and monitoring the respiratory effort [11]. 
Hemodynamic parameters can also be affected by the procedure 
itself, e.g., tachycardia and hypertension because of painful 
intervention like papillotomy and vasovagal reaction during 
colonoscopy. Periodic blood pressure monitoring, continuous 
pulse oximetry, and pulse measurements are mandatory. Vital 
signs, oxygenation, and level of consciousness should be assessed 
before the beginning of the procedure, after administration of 
sedatives, at regular intervals during the procedure, during 
initial recovery, and just before discharge. Depth of sedation 
should be continuously monitored clinically in all patients.

Oxygen tanks, oral suction devices, oral airways, reversal 
agents, and fully equipped code carts must be available. Cardiac 
defibrillators should be immediately available for patients with 
cardiovascular disease undergoing moderate sedation and for 
all patients undergoing deep sedation [213].

Oximetry
Respiratory depression is a major cause of sedation-associated 
morbidity. Hence pulse oximetry is an established standard pro-
tocol for procedural monitoring [13,214,215]. Early detection 
of hypoxemia decreases adverse events like cardiopulmonary 
arrest and death. The pulse oximeter is a spectrophotometric 
device that detects and calculates the differential absorption of 
light by oxygenated and reduced hemoglobin to produce an 
estimate of oxygen saturation. Pulse oximetry does not substi-
tute for clinical monitoring of respiratory rate and effort 
[7,216,217]. There is no evidence that routine administration of 

Use of anesthesiologists in  
endoscopic sedation

Routine sedation does not require the presence of an anesthesi-
ologist and ASA class I–III patients are candidates for sedation 
by nonanesthesiologists with appropriate training and experi-
ence [181]. However, in the case of severely compromised 
patients (ASA class IV or V) or those with a difficult airway, 
advanced obstructive sleep apnea (OSA), restricted mobility of 
cervical spine, or with previous adverse reaction to or difficulty 
with moderate sedation [182–184], such consultation is often 
warranted. Laryngeal mask airway (LMA) may be used for 
airway protection [185]. Anesthesiologists often provide impor-
tant expertise during long complex procedures or those requir-
ing precise instrumentation. Anesthesiologist-delivered sedation 
has become increasingly common in endoscopy centers and is 
projected to grow substantially [186]. However, the use of 
anesthesia-assisted sedation for ASA class I and II patients for 
endoscopy is cost-ineffective [187]. Anesthesia involvement sig-
nificantly increases the cost [188,189]. Cost doubles in Medicare 
patients and quadruples in commercial insurance [190].

Despite the cost-ineffectiveness of using anesthesiologists 
and anesthetists for routine endoscopic procedures, financial 
incentives in the US, at least for the time being, are still aligned 
to increase their involvement in routine practice. The Center for 
Medicare and Medicaid Services (CMS) accelerated the use of 
anesthesia specialists for routine procedure by issuing a policy 
stipulating that deep sedation should only be administered by 
anesthesia specialists [191]. The first policy issued by CMS 
stated that propofol could only be administered by anesthesia 
specialists [191]. Subsequently, the policy was changed so that 
propofol was no longer mentioned but deep sedation remained 
the domain of anesthesia specialists [192]. Since the ASA con-
siders propofol to be synonymous with deep sedation (despite 
the extensive evidence that BPS can be targeted to moderate 
sedation) [95,151–153,193–195], this impedes the expansion of 
EDP in the US [196]. However, EDP continues to expand in 
certain European countries [197], particularly Germany [198] 
and Switzerland [199–201].

General anesthesia

General anesthesia may be appropriate in patients with para-
doxical agitation to benzodiazepines, for difficult to sedate 
patients, for children [202], for emergency therapeutic proce-
dures [203], and for procedures which are anticipated to be long 
and complicated (e.g., double-balloon enteroscopy) [204,205]. 
It is also an option for patients who are obtunded, or have high 
aspiration risk including those with active hematemesis.

Pregnancy and lactation
Meperidine alone is preferred with small doses of midazolam if 
needed. Fentanyl is preferred over meperidine for breast feeding 



2542   PART 5 Diagnostic and therapeutic modalities in gastroenterology 

Hemodynamic monitoring
Blood pressure should be measured before and after the proce-
dure and at 5–10 min intervals during the procedure. More fre-
quent monitoring may be necessary (every 3–5 min) in patients 
with acute gastrointestinal bleeding and if hemodynamic dis-
turbances are anticipated and in patients with underlying car-
diopulmonary disease. EKG monitoring is recommended 
during deep sedation [110,242] and in patients with significant 
cardiovascular or pulmonary disease undergoing moderate 
sedation. It is also recommended in elderly patients, those with 
acute gastrointestinal bleeding and those in whom prolonged 
procedures are anticipated [13].

Postprocedure monitoring

Because of the duration of action of sedatives, patients are at 
risk for complications during recovery. Therefore, continuous 
monitoring is recommended in an appropriately staffed and 
equipped area until patients recover to a baseline level of  
consciousness and achieve pre-sedation vital signs [243]. 
Resuscitation equipment personnel with appropriate skills 
should be readily available in the recovery area. The clinician 
should be in proximity until the patient is hemodynamically 
stable and readily arousable [242]. Monitoring and predefined 
criteria should be developed and utilized within all endoscopy 
units to avoid adverse events following the administration of 
sedation [244].

Sedatives may cause a prolonged period of impaired cogni-
tion, so patients should be advised against driving, operating 
heavy machinery, and making important decisions until the 
following day. Discharge instructions must be written because 
of the amnesic effects of the medicines. Patients should be 
accompanied by a responsible adult at the time of discharge. 
Psychomotor recovery is much faster with propofol than with 
benzodiazepines/opioids [245]. Patients with sleep apnea who 
receive large doses of either opioids or benzodiazepines (but not 
short-acting agents such as propofol) are at risk of airway 
obstruction after leaving the unit if they fall asleep. They may 
require prolonged monitoring before discharge.

Complications of sedation and  
their management

Hemodynamic changes during endoscopy are common 
[246,247]. Risk factors for sedation-related complications 
include older age [24,248], comorbid conditions [249] (par-
ticularly pulmonary disease), higher ASA grade [23,250],  
emergency and therapeutic procedures [13,251–254], upper 
gastrointestinal bleeding [255–257], compromised airway [258], 
obesity [258], dementia, and anemia [251]. Obstructive sleep 
apnea does not clearly increase the risk of cardiopulmonary 
complications [259,260].

supplemental oxygen reduces the incidence of cardiopulmonary 
complications. Several studies have demonstrated that it delays 
the recognition of hypoxemia and apnea. Despite these reserva-
tions, many practitioners use supplemental oxygen routinely 
and in all cases. Routine use of supplemental oxygen for average 
risk patients should be based on local institutional policy and 
prevailing standards. It is recommended for elderly patients and 
those with significant comorbid disease (ASA IV and V) [11]. 
Motion may cause false alarms due to probe dislodgement. A 
waveform is essential to distinguish true desaturations from 
motion artifact. Readings may be inaccurate if shock or vaso-
constriction is present.

Capnography
Hypoventilation may be masked in patients who are receiving 
supplemental oxygen and may lead to carbon dioxide (CO2) 
retention and respiratory acidosis. Capnography is continuous 
measurement of inhaled and exhaled CO2 concentration, typi-
cally displayed as a numeric value and a graphical tracing. CO2 
absorbs light in the infrared region of the electromagnetic spec-
trum and quantification of the absorption generates a curve. 
Capnography provides breath-to-breath feedback and generates 
a respiratory rate that is measured at the airway [218]. There is 
evidence that capnography may detect ventilatory compromise 
that would otherwise not be detected by routine monitoring 
[219–221]. It is superior to oximetry for evaluation of ventila-
tion [222–224] and it accurately detects apnea [225]. When 
apnea occurs, 60–120 s may elapse before arterial oxygen satura-
tion begins to drop. It also improves safety during ERCP/EUS 
[226]. ASA standards per revision in 2011 recommend the use 
of capnography in moderate and deep sedation [227]. Hence 
capnography is being advocated as a standard of care in sedation 
[228], but evidence of improved outcomes is lacking and the 
need for routine capnography is not yet widely accepted.

Bispectral monitoring
Bispectral monitoring (BIS) is a processed encephalogram. It 
expresses brain activity as a value on a linear scale from 100 
(fully awake) to 0 (no cortical activity). Values below 60 corre-
late with general anesthesia. BIS values, when used for benzo-
diazepine and/or opiate sedation, have been shown to track the 
sedative effect (parallel to OAA/S) and correlate with patient’s 
recovery and endoscopist satisfaction [229–231]. It discrimi-
nates between moderate and deep sedation better than the audi-
tory evoked potential index [232]. During propofol sedation, 
the BIS scores lag behind the actual sedation level during both 
induction and recovery, but correlate fairly well with sedation 
level during the maintenance phase [233,234]. Currently, BIS is 
not a standard monitoring tool in routine endoscopy and its use 
remains experimental [235–237]. There is controversial evi-
dence regarding the use of BIS during ERCP [238,239] and it 
may be useful when deep sedation with propofol is used [240]. 
EEG monitoring can have a propofol sparing effect during 
lengthy procedures [241].
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Patients with respiratory depression and hypoxia should be 
given supplemental oxygen by increasing the amount of oxygen 
delivered or changing the delivery route from nasal cannula to 
face mask. If the patient is snoring and breathing is labored, 
head tilt and jaw lift will usually open the airway. The orophar-
ynx should be suctioned and an oral airway inserted if neces-
sary. If these maneuvers do not help or if the patient is apneic 
or hypoventilating, breathing should be assisted with a bag valve 
mask device.

Cardiac and hemodynamic complications
Myocardial ischemia and infarction can occur during endos-
copy, particularly in patients with cardiac disease [286,287]. 
Vasovagal reactions usually manifest as diaphoresis and brady-
cardia and frequently are a result of overinsufflation and pain 
during colonoscopy. Atropine is effective in treating bradycar-
dia. Significant increases or decreases in blood pressure occur 
commonly during endoscopy [265,292,293]. Hypotension 
should respond to fluid administration if the underlying cause 
is hypovolemia. Most hypotension during endoscopy is well 
tolerated, but prolonged or severe hypotension should lead to 
consideration of reversal agents and vasopressor agents such as 
ephedrine or dopamine. Hypertension may be treated with 
giving more sedatives or analgesics if the patient is underse-
dated or by decreasing pain (e.g., reducing endoscope loops or 
by suctioning air).

Aspiration
Massive pulmonary aspiration should be the most feared com-
plication of endoscopy, since it can be fatal. Aspiration may 
result in pneumonia and adult respiratory distress syndrome as 
well as cardiopulmonary arrest and carries a high risk for mor-
tality [171]. The risk is increased with obtundation, dementia, 
excessive esophageal or gastric contents, and in those with 
active upper gastrointestinal bleeding. Prophylactic endotra-
cheal intubation is indicated with active hematemesis, especially 
from variceal bleeding [294] or those who are unstable, 
obtunded, or uncooperative. When excessive gastric contents 
are encountered, excessive insufflation should be avoided and 
the procedure should be terminated if the material cannot be 
readily cleared by suction. Elderly patients are at greater risk for 
aspiration as a result of an increase in the sensory stimulus 
threshold required for reflexive glottic closure. It is advisable to 
avoid topical inhibition of the gag reflex in high-risk patients. 
A catheter for oropharyngeal suction should be by the bedside 
at all times. A recent report found that aspiration was the most 
common complication after colonoscopy [295]. The use of 
anesthesia specialists, which is a surrogate for deep sedation and 
propofol use, has also been associated with an increased risk of 
aspiration pneumonia [16].

Cardiac arrythmias
The risk of arrhythmias increases with advanced age, underlying 
cardiovascular disease, arterial desaturation, and, in the case of 

Cardiopulmonary complications constitute about 40–50% of 
all endoscopic complications. The overwhelming majority are 
pulmonary and include aspiration, oversedation, hypoventila-
tion, vasovagal episodes, and airway obstruction [261–263]. 
Clinical Outcomes Research Initiative (CORI) data show that 
inpatient status and trainee participation are associated with a 
higher incidence of cardiopulmonary events [23]. The incidence 
of cardiopulmonary events with opioids and benzodiazepines 
ranges from of 2/1000 [171] to 5.4/1000 procedures [264]. 
However, only 0.01%–0.03% of these events are significant such 
as MI or life-threatening arrhythmias [216,265,266]. The inci-
dence of sedation-related fatalities with opioids and benzodi-
azepines ranges from 1/3000 to 1/11 000 cases [171,264,267,268]. 
The risk of death associated with EDP has been <1 in 150 000 
cases [53,59,60,85,95,100–102,141,269–279].

Emergency equipment including a crash cart that stores 
reversal agents, CPR drugs, advanced airway equipment, as well 
as a functional defibrillator should be immediately available to 
manage sedation-related complications.

Respiratory depression
Respiratory depression and airway obstruction are the primary 
causes of drug-induced morbidity and may manifest as hypox-
emia or CO2 retention, usually but not always together [223,252]. 
Hypoventilation risk is increased in patients receiving high 
doses of benzodiazepines and opiates [252], not only because of 
their sedative effect but also depression of respiratory drive due 
to decreased central responsiveness to CO2.

Hypoxia
For EGD, the physical presence of the endoscope may contrib-
ute to hypoxemia [280,281], higher degrees of desaturation 
occur with large-diameter endoscopes [249] and in procedures 
performed by inexperienced endoscopists [282]. The need for 
bag mask ventilation during nonanesthesiologist administra-
tion of propofol is substantially more frequent during upper 
endoscopy than colonoscopy [82]. Looping during colonoscopy 
may cause transient desaturation [265]; however, it is generally 
mild and transient. Concomitant administration of midazolam, 
fentanyl, and propofol does not cause arterial desaturation 
[283]. Sustained desaturation to less than 90% can be dangerous 
in elderly people and those with ischemic heart disease [284]. 
It can lead to cardiac ischemia [285–287] and both atrial and 
ventricular arrhythmias [249,288]. In ASA I and II patients, 
high BMI and age >60 years correlate with hypoxemia [104]. 
Total drug dose is a major predictor of apnea [289]. In patients 
with known or suspected OSA, supine position and combina-
tion of long-acting sedatives should be avoided.

Carbon dioxide retention reflects alveolar hypoventilation 
and may occur during endoscopy [223,252]. Although, oxygen 
supplementation readily corrects hypoxemia, it does not correct 
underlying hypoventilation. Severe hypoventilation may go 
undetected by pulse oximetry once supplemental oxygen is 
applied [290,291].
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for the safe practice of nonanesthesiologist-administered pro-
pofol sedation. Successful training programs for nonanesthesi-
ologist administered propofol sedation incorporate didactic 
training [302], testing, and typically 2 weeks of observation and 
supervised administration [100,242]. Airway skill competency 
(identification and management of inadequate ventilation) is a 
major part of training. For moderate sedation, the practitioner 
should be capable of placing an oral and/or nasal airway as well 
as performing bag mask ventilation. When deep sedation is 
targeted, he/she should be skilled in the use of extraglottic 
devices like the LMA. The practitioner should also be able to 
provide basic life support, with immediate availability of a pro-
vider with advanced life support skills (within 1–5 min) for 
moderate sedation and within the procedure room for deep 
sedation [11,297–299,303].
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EGDs, the diameter of the endoscope used [249]. The most 
common arrhythmia is sinus tachycardia as a result of hypox-
emia or painful stimuli.

Procedure termination
Procedure termination due to inadequate or excessive sedation 
may result in morbidity due to delayed therapy, extended hos-
pitalization, repeat or alternative procedures such as surgery, 
and increased cost. In a prospective multicenter study, 4.1% of 
all ERCPs had to be terminated prematurely due to difficulty 
with sedation [223].

Training for use of sedatives

Several guidelines have been published regarding training for 
personnel-administering sedatives [11,13,54,251,261,296–299] 
(Box 131.1). Properly trained nursing personnel are essential 
and should have a good understanding of the pharmacology of 
the sedation agents and ability to recognize complications and 
initiate appropriate interventions. They must also understand 
their institutional policies and procedures pertaining to proce-
dural sedation [300]. Training should include didactic as well 
as practical teaching and competency should be formally 
assessed and documented. Simulation technology has been 
shown to enhance training [301]. Proper training is mandatory 

Box 131.1  Training requirements for use of sedatives.

The individual administering sedation should
• Be familiar with pharmacology and the adverse effects of all 

sedatives to be used
• Be aware of the contraindications to the use of each sedative and 

analgesic
• Be able to assess for sedation risk and airway risk
• Be able to determine sedation level and recognize complications
• Allow for adequate time between dosages to prevent cumulative 

overdose
• Be familiar with antagonists if available
• Be trained in the rescue of patients from oversedation. This includes 

basic life support skills including cardiopulmonary resuscitation, 
techniques to open the airway and bag-mask ventilation

• Undergo training in sedative administration, including a period of 
observation of experts followed by supervised administration

http://www.yamadagastro.com/textbook
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Upper gastrointestinal (GI) endoscopy is the method of choice 
for examining the upper GI system. It not only achieves the 
diagnosis of many upper GI diseases, but also gives opportunity 
for therapeutic interventions with minimally invasive options. 
This chapter reviews the background and techniques of diag-
nostic upper endoscopy, including standard and advanced 
imaging methods. Therapies applied during upper GI endos-
copy will be examined, but will not be described here in detail. 
Finally, safety of upper GI endoscopy will be reviewed to help 
the reader understand the risks of the procedures and compare 
with alternative diagnostic or therapeutic approaches.

History and background

Rudolf Schindler, the father of modern endoscopy, pioneered 
the use of gastroscopy through the use and development of a 
semirigid gastroscope [1]. The first endoscopic device was 
introduced in 1806 by Philip Bozzini, who developed a 
“Lichtleiter” (light conductor) “for the examinations of the 
canals and cavities of the human body.” However, the Vienna 
Medical Society disapproved of such a device, and the develop-
ment stalled. An endoscope was apparently first introduced into 
a human in 1853.

The use of an electric light was a major step in the improve-
ment of endoscopy; these lights were at first external. Later, 
smaller bulbs became available, making internal light possible. 
Jacobeus has been credited with early endoscopic explorations 

of the abdomen and the thorax with laparoscopy (1912) and 
thoracoscopy (1910). One of the major developmental mile-
stones for endoscopy was the invention of a superior glass fiber, 
which Basil Hirschowitz applied to the development of flexible 
endoscopes. The technology not only resulted in the first useful 
medical endoscope, but revolutionized endoscopic uses and led 
to practical fiberoptics.

Videoendoscopes
Videoendoscopy, introduced in the mid-1980s, has dramatically 
improved and expanded the field of endoscopy. The endoscopic 
image is generated electronically, using a charge-coupled device 
(CCD) located in the tip of the endoscope [2]. Endoscope proc-
essors manage the images and display them on video monitors. 
Prior to videoendoscopy, fiberoptics generated the images on 
small hand-held eye-pieces. The first videoendoscopes used 
black and white CCDs that required a color wheel. Green, red, 
or blue light was sequentially sent down the illumination bundle 
of the endoscope and activated the CCD at the tip [3]. A color 
image was reconstructed using the three sets of images gener-
ated by the colored lights. The videoprocessor displayed a full-
color image of the GI tract lining, although with apparent image 
flickering during rapid movement.

Most current videoendoscopes use a color CCD that obtains 
the image in color on the tip of the endoscope. These devices 
provide 30 000–850 000 pixels of resolution. By incorporating 
high-pixel-density charged-coupled devices, high-resolution 
endoscopes provide images that display vivid mucosal detail. 
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High-resolution endoscopes are capable of discriminating 
objects 10–70 μm in diameter; in comparison, the naked eye is 
capable of discriminating objects 125–165 μm in diameter. The 
videoendoscope has controls for introducing air, water, and 
suction as well as knobs for moving the endoscope tip up, down, 
and to the right and left. The right hand is used to advance the 
instrument and to manipulate the tip control knob. Torque of 
the endoscope is accomplished by rotating the instrument 
control handle with the right hand, which results in rotation of 
the entire shaft and tip of the endoscope. The instrument 
channel is shared for the passage of accessories and suction. The 
instrument channel is variable in diameter and some instru-
ments have two instrument channels.

There are also buttons on the videoendoscope control handle 
to activate digital video recording, image capture, and recording 
of video images. Videoendoscopy has greatly expanded the 
viewing capabilities of procedures. Multiple monitors in the 
procedure room provide bright vivid images that enable many 
personnel to participate in procedures. The live video images 
can also be distributed remotely to sites within an institution, 
or beyond, for teaching, research, and demonstration [4].

Endoscopy training has improved dramatically with the use 
of videoendoscopy. Documentation of procedures is provided 
by the saving, retrieval, and reviewing of stored digital images 
[5]. Stored images can be recalled from a central image storage 
system and sent to any location in the endoscopy service. The 
storage drives can be used for image processing and manage-
ment, as well as enabling reliable storage of endoscopic images 
and information on PACS (picture archiving and communica-
tion system) [6]. Hardware and software are now available for 
the capture, editing, and storage of video clips.

Technical considerations

Upper GI endoscopy is a highly technical procedure that 
requires a close cooperative arrangement between physicians 
and nurses. The formal establishment of an endoscopy unit in 
an institution is essential to provide high-quality exams in a safe 
environment [7]. With only a few exceptions, upper GI endos-
copy should be performed in a hospital or a medical care facility 
that can reliably provide highly trained personnel and special-
ized equipment. In addition to an array of endoscopes and 
processors, the procedure unit should be equipped with the 
appropriate accessories, suitably organized. In addition to pro-
cedure rooms, it is critical to have a travel cart that will enable 
endoscopists to carry out endoscopic procedures at sites remote 
from an endoscopy unit as necessary.

Well-maintained, controlled-access storage is essential for the 
endoscopic accessories. There must be a suitable area for endo-
scope disinfection and preparation of accessories for steriliza-
tion. It is also critical to have preparation and recovery areas for 
the evaluation and monitoring of patients before and after 
endoscopy. Electrocautery devices are necessary for the per-

formance of many endoscopic procedures. As these devices are 
frequently used, it is essential that they be readily available 
during procedures and properly maintained by qualified 
personnel.

Before starting
The need for diagnostic and interventional endoscopy should 
always be carefully evaluated and contraindications should be 
excluded (Box 132.1). Attention must be given to all quality 
indicators (Box 132.2). Before endoscopy is performed, a thor-
ough history should be obtained from the patient. The history 
should include previous surgery, endoscopic procedures, and 
anesthesia history. A list of the patient’s medications should be 
generated. A review of active medical problems will help the 
endoscopist assign an ASA (anesthesia risk) score and decide 
whether the patient will safely tolerate conscious sedation.

Most patients begin fasting after midnight the evening before 
the procedure. The patient should have no liquids for 4 h before 
endoscopy and no solids for at least 6–8 h beforehand. Patients 
with gastric outlet obstruction may be kept on a clear liquid  
diet for 24–48 h, and lavage of the stomach with a large-bore 
tube may be necessary to remove retained stomach contents. 
Meaningful informed consent is an ethical imperative and 
should be obtained by a physician prior to every procedure. The 
physician should provide a realistic assessment of the risk of the 
procedure and the consequences of the complications as well as 
alternatives. A discussion of risks should include a statement of 
the risks of conscious sedation. The patient or their advocate 
should have the opportunity to have questions answered. 
Topical anesthesia to the pharynx is often provided in order to 
minimize the gag reflex during endoscopy. If sedation is pro-
vided by anesthesia, separate personnel will be needed for a 
timely procedure and consent (see Chapter 131).

Introducing the endoscope
Most small-diameter videoendoscopes can be easily passed 
under direct vision through the upper esophageal sphincter. The 
tip of the instrument is advanced in the midline into the direc-
tion of the closed cricopharyngeal sphincter. The patient is 
asked to swallow and, under direct vision, the tip of the instru-
ment is passed from the epiglottis and larynx into the proximal 
esophagus. In the past, endoscopes were passed blindly, aided 
by the swallowing action. The direct vision technique allows an 
inspection of the pharynx, epiglottis, and vocal cords prior to 
insertion. Furthermore, direct imaging may decrease the risk of 
the inadvertent passage of the endoscope into a proximal 
esophageal diverticulum. Small-diameter videoendoscopes can 
also be passed transnasally and may provide the opportunity to 
perform unsedated endoscopy [8].

The normal upper gastrointestinal  
endoscopic examination
The endoscopic examination of the upper GI tract begins with 
an examination of the upper esophagus as the endoscope is 
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Box 132.1 Indications and contraindications for esophagogastroduodenoscopy.

EGD is generally indicated for evaluating:

• Upper abdominal symptoms that persist despite an appropriate trial of 
therapy

• Upper abdominal symptoms associated with other symptoms or signs 
suggesting serious organic disease (e.g., anorexia and weight loss) or 
in patients >45 years old

• Dysphagia or odynophagia
• Esophageal reflux symptoms that are persistent or recurrent despite 

appropriate therapy
• Persistent vomiting of unknown cause
• Other diseases in which the presence of upper GI pathological 

conditions might modify other planned management (examples 
include patients who have a history of ulcer or GI bleeding who are 
scheduled for organ transplantation, long-term anticoagulation, or 
long-term nonsteroidal antiinflammatory drug therapy for arthritis, and 
those with cancer of the head and neck)

• Familial adenomatous polyposis syndromes
• For confirmation and specific histological diagnosis of radiologically 

demonstrated lesions
○ suspected neoplastic lesion
○ gastric or esophageal ulcer
○ upper tract stricture or obstruction

• GI bleeding
○ in patients with active or recent bleeding
○ for presumed chronic blood loss and for iron deficiency anemia 

when the clinical situation suggests an upper GI source or when 
colonoscopy results are negative

• When sampling of tissue or fluid is indicated
• In patients with suspected portal hypertension to document or treat 

esophageal varices
• To assess acute injury after caustic ingestion
• Treatment of bleeding lesions, such as ulcers, tumors, vascular 

abnormalities (e.g., electrocoagulation, heater probe, laser 
photocoagulation, or injection therapy)

• Banding or sclerotherapy of varices
• Removal of foreign bodies

• Removal of selected polypoid lesions
• Placement of feeding or drainage tubes (peroral, PEG, percutaneous 

endoscopic jejunostomy)
• Dilation of stenotic lesions (e.g., with transendoscopic balloon dilators 

or dilation systems using guidewires)
• Management of achalasia (e.g., botulinum toxin, balloon dilation)
• Palliative treatment of stenosing neoplasms (e.g., laser, multipolar 

electrocoagulation, stent placement)

EGD is generally not indicated for evaluating:

• Symptoms that are considered functional in origin (there are 
exceptions in which an endoscopic examination may be done once to 
rule out organic disease, especially if symptoms are unresponsive to 
therapy)

• Metastatic adenocarcinoma of unknown primary site when the results 
will not alter management

• Radiographic findings of:
○ asymptomatic or uncomplicated sliding hiatal hernia
○ uncomplicated duodenal ulcer that has responded to therapy
○ deformed duodenal bulb when symptoms are absent or respond 

adequately to ulcer therapy

Sequential or periodic EGD may be indicated for:

• Surveillance for malignancy in patients with premalignant conditions 
(i.e., Barrett esophagus)

Sequential or periodic EGD is generally not 
indicated for:

• Surveillance for malignancy in patients with gastric atrophy, pernicious 
anemia, or prior gastric operations

• Surveillance of healed benign disease such as esophagitis or gastric or 
duodenal ulcer

• Surveillance during repeated dilations of benign strictures unless there 
is a change in status

EGD, esophagogastroduodenoscopy; GI, gastrointestinal; PEG, percutaneous endoscopic gastrostomy.

passed through the upper esophageal sphincter. Because the 
proximal esophagus is best examined on withdrawal, the endo-
scope is usually passed to the midesophagus, where the formal 
examination begins. At 40 cm lies the ora serrata, which is the 
junction between the pearly stratified squamous mucosa and 
the gastric columnar epithelium. The esophageal folds can be 
seen to change with air distention. It is possible to recognize 
extrinsic pressure on the esophagus from adjacent structures, 
such as the aorta and the left main stem bronchus. The impinge-
ment by the diaphragm is apparent in the upper stomach and 
defines the presence of a hiatal hernia.

With slight angulation to the left and anteriorly, the endo-
scope is passed into the stomach. Air is insufflated to distend 
the stomach. It is important to notice the presence of food, bile, 
or blood in the gastric lumen. Gastric fluid in the cardia should 
be aspirated to improve endoscopic inspection and to reduce 
the likelihood of regurgitation and aspiration during the proce-

dure. The gastric mucosa is inspected, and observations are 
made about the color, texture, and size of folds. The gastric folds 
begin in the upper portion of the stomach and extend down to 
the entrance into the antrum. With gentle distention of the 
stomach, these folds often flatten. The size, number, and depth 
of mucosal defects are noted. Indentation of the lumen by mural 
lesions, or extrinsic compression by extrinsic organs, can be 
observed.

A complete examination of the stomach requires a retroflexed 
view of the stomach. The maneuver takes place in the antrum 
with a 180° flexion of the endoscope in an inflated stomach. The 
gastroesophageal (GE) junction, cardia, and fundus can be 
examined by pulling the endoscope. Retroflexion also permits 
inspection of a hiatal hernia. Lesions in a hiatal hernia and the 
GE junction are best viewed in a retroflex position. The entry 
into the antrum of the stomach is marked by the incisura, a fold 
on the lesser curve of the stomach. The antrum can be easily 
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the duodenal bulb in detail. The endoscope is passed beyond 
the apex of the bulb into the second descending portion of the 
duodenum. Passage from the tip of the bulb into the descending 
duodenum is readily performed with a turn of the endoscope 
to the right. The duodenal bulb is usually free of folds; duodenal 
Kerckring folds begin in the descending portion of the duode-
num. A tangential view of the ampulla is usually appreciated.

After completion of the examination in the duodenum, the 
endoscope is withdrawn, during which time the endoscopist 
can examine the mucosa of the duodenum, stomach, and 
esophagus. If there is any suspicion of a lesion in the stomach, 
it is important to inflate the stomach, flattening the folds and 
allowing a detailed examination of the gastric mucosa for small 
ulcers, angioectasia, and early gastric cancer. After completion 
of the examination of the stomach, air is withdrawn. During  
the withdrawal of the endoscope through the esophagus, it is 
important to examine the upper esophagus, the upper esopha-
geal sphincter (UES), and the larynx because these may not have 
been examined in detail during the initial introduction [9].

In transnasal esophagogastroduodenoscopy (EGD), a small-
caliber endoscope is passed via the most patent side of the nasal 
cavity after local application of lidocaine gel and a nasal decon-
gestant [10]. After inspection of the pharynx, the scope is intro-
duced into the esophagus after traversing the UES under direct 
vision. Following evaluation of the esophagus, the stomach and 
duodenum are entered and evaluated.

The use of endoscopic accessories
The use of endoscopic accessories has greatly expanded the 
number of procedures that can be performed. Accessory devices 
are used to obtain tissue, inject agents, direct cautery, deliver 
diagnostic and therapeutic light, and provide additional imaging 
probes.

Biopsy forceps
Biopsy forceps are used to retrieve specimens of mucosa for 
histology or culture (Table 132.1). The size of the forceps, as 
permitted by the size of the instrument channel, will determine 
the size of the specimen obtained. The standard forceps used in 
a 2.8-mm biopsy channel have a span of 8 mm and can retrieve 
a full-thickness biopsy of the mucosa. Large cup forceps provide 
larger specimens with less crush artifact. Forceps are available 
for single or multiple biopsies. A small central knife, an optional 
feature, is used to hold multiple specimens. “Hot forceps” (with 
cautery) should not be routinely used as they provide inferior 
histological specimens and higher complication rates [11]. 
Reusable and disposable forceps are available and adequacies of 
samples are generally excellent for both [12]. A 1.8-mm diam-
eter biopsy forceps are available for the 2-mm working channel 
of transnasal endoscopes. Biopsy specimens, obtained by such 
forceps, are suitable for histological examination [13].

Biopsy specimens are retrieved with tweezers or by flushing, 
but care should be taken to avoid fragmentation of the speci-
men. It is not necessary to orient mucosal specimens; this is 

identified by the lack of folds and a conical shape. The antrum 
is the site of the initiation of peristalsis. Vigorous contractions 
begin in the proximal antrum and progress through the antrum 
at a frequency of approximately three per minute. Antral peri-
stalsis terminates in the pylorus. The viewing of peristalsis 
enables the endoscopist to examine the antral mucosa in detail, 
particularly for infiltrating lesions. Peristalsis may be weak or 
absent in a heavily sedated patient; in any case, quantification 
of peristalsis is not possible.

Once the examination of the body and antrum has been 
completed, the endoscope is advanced to the pylorus. It is some-
times necessary to create a loop along the greater curvature 
before the tip of the endoscope can progress through the 
pylorus. With a small-caliber endoscope, it is possible to inspect 

Box 132.2 Summary of proposed quality indicators for 
esophagogastroduodenoscopy.

1. Accepted indication(s) is provided before performance of EGD.
2. Informed consent is obtained, including specific discussion of risks 

associated with EGD.
3. Prophylactic antibiotics are given in patients with cirrhosis with 

acute upper GI bleeding who undergo EGD.
4. Prophylactic antibiotics are given before placement of a PEG.
5. Complete examination of the esophagus stomach and 

duodenum, including retroflexion in the stomach.
6. Biopsy specimens are taken of gastric ulcers.
7. Barrett esophagus is measured when present, with the location of 

the gastroesophageal junction and squamocolumnar junction in 
centimeters from the incision being documented.

8. Biopsy specimens are obtained in all cases of suspected Barrett 
esophagus.

9. Type of upper GI bleeding lesion is described and location is 
documented. For peptic ulcers, at least one of the following 
stigmata is noted: active bleeding, nonbleeding, nonbleeding 
visible vessels (pigmented protuberance), adherent clot, flat spot, 
cleaned based.

10. Unless contraindicated, endoscopic treatment is given to ulcers 
with active bleeding or with nonbleeding visible vessels.

11. In cases of attempted hemastasis of upper GI bleeding lesions, 
whether hemastasis has been achieved is clearly documented.

12. When epinephrine injection is used to treat nonvariceal upper GI 
bleeding or nonbleeding visible vessels, a second treatment 
modality is used (e.g., coagulation or clipping).

13. Variceal ligation is used for endoscopic treatment of esophageal 
varices.

14. Written instructions, which include particular signs and symptoms 
to watch for after EGD, are provided to the patient on discharge.

15. In patients undergoing dilation for peptic esophageal strictures, 
PPI therapy is recommended.

16. Patients diagnosed with gastric or duodenal ulcers are instructed 
to take PPI medication or an H2 antagonist.

17. Patients diagnosed with gastric or duodenal ulcers have 
documented plans to test for the presence of H. pylori infection.

18. Rebleeding rates after endoscopic hemostasis are measured.

EGD, esophagogastroduodenoscopy; GI, gastrointestinal; PEG, 
percutaneous endoscopic gastrostomy; PPI, proton pump inhibitor.
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Cytology brushes
Retrieval of specimens for cytological evaluation is easier than 
using biopsy forceps for tissue acquisition (Table 132.1) [19]. 
Brushing of mucosal lesions is usually performed for the diag-
nosis of infectious processes in the upper GI tract. However, 
cytology brushing is also important in lesions that are inacces-
sible for biopsy, such as tight strictures in the esophagus. 
Cytology brushes are often protected by a plastic sheath, which 
aids in the retrieval of diagnostic material. After removal of the 
cytology brush from the endoscope biopsy channel, the speci-
men is placed on a glass slide and into preservative solution. For 
the diagnosis of Candida infections, a simple smear can be 
submitted for fungal staining. Cytological material from the 
upper GI tract can also be retrieved with the use of an aspiration 
needle. Aspiration cytology is usually performed for cystic 
lesions, submucosal tumors, or infiltrating malignancy in the 
gastric wall. A small-gauge needle is used to obtain small 
amounts of tissue or fluid from the lesion using suction. Needle 
aspiration cytology is usually performed with endoscopic ultra-
sonography (EUS) guidance because of the ability of EUS to 
direct the needle into areas rich in cytological material [20].

Measuring mucosal blood flow
Endoscopic imaging of the upper GI mucosa is not a reliable 
method for the measurement of mucosal blood flow or the 
detection of abnormal blood vessels. The measurement of blood 
flow may be used in accessing focal lesions or for a mucosal 
process. Doppler ultrasound probes can detect the flow in 
abnormal blood vessels below the mucosa, such as varices, or 
in an artery in the base of an ulcer [21]. Doppler devices can be 
used before and after endoscopic hemostatic therapy, such as 
injection or thermal therapy for an artery in the base of an ulcer 
[21,22]. It is also possible to use a laser Doppler device to 
measure mucosal red blood cell velocity, a parameter thought 

usually performed in the pathology laboratory. Large biopsy 
forceps should be used to obtain mucosal specimens for the 
detection of malignancy, in order to maximize the quality and 
quantity of tissue. The risk of bleeding from biopsies is negligi-
ble even in patients using antithrombotic agents [14]. Most 
endoscopic forceps obtain mucosa and, occasionally, a small 
amount of submucosa. To sample more deeply into a lesion, 
such as a submucosal tumor, needle cytology may be applied, 
or repetitive sampling with large biopsy forceps should be made 
in the same area (“well biopsy”).

The acquisition of diagnostic material from the esophagus is 
more difficult than from the stomach because of the orienta-
tion of the esophagus. Angled forceps have been suggested  
to improve the biopsy of the esophagus, but their superiority 
to standard forceps are not clear [15,16]. As an alternative to 
pinch biopsies, a snare may be used to obtain a large sample 
of tissue from abnormal mucosa (Table 132.1) [17]. The snare 
is placed over the fold or polypoid area, tightened, and gently 
pulled away from the wall. Prior injection of saline or diluted 
epinephrine in the submucosa may lift the mucosa to facilitate 
snaring and to prevent deep mural damage. As the snare is 
pulled through the lesion, the electrosurgical current aids in 
the cutting through the tissue and prevents bleeding. The snare 
biopsy technique can be extended by lifting the targeted 
mucosa prior to snaring similar to grasp-and-snare endoscopic 
mucosal resection technique [18]. In this technique, a two-
channel endoscope is used with the snare in one channel and 
lifting forceps in the second channel. The snare is opened and 
the forceps are directed through the snare. The tissue is grasped 
by the forceps and pulled up into the snare. As the snare is 
tightened, the tissue can be excised with electrocautery. This 
technique may result in unexpectedly large, deep biopsy speci-
mens and is not recommended for the inexperienced endo-
scopist (see Chapter 140).

Table 132.1 Endoscopic methods for tissue sampling.

Forceps Brush Needle Cap-assisted EMR Snare resection

Barrett with 
dysplasia

Large particle forceps 
in four quadrants

Possibly effective Not indicated Highly diagnostic Not indicated

Esophageal cancer Large particle forceps Highly diagnostic Not indicated Not necessary Not indicated

Gastric Cancer Resection biopsy Rarely used Not indicated Highly diagnostic Not indicated

Gastric Lymphoma Highly diagnostic Highly diagnostic Possibly Not necessary Not indicated

Gastric GIST Not effective Not effective Method of choice 
for tissue acquisition

Curative for small 
lesions

Curative for small lesions

Duodenal polyp Consider resection Not indicated Not indicated For resection 
therapy

Diagnostic and curative

Ampulla adenoma 4–6 specimens Not indicated Not indicated For resection 
therapy

Diagnostic and curative

EMR, endoscopic mucosal resection; GIST, gastrointestinal stromal cell tumor.
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to the wall structure of the GI tract. Probe endosonography may 
provide staging of early malignancy as well as differentiate 
between cystic, solid, and lipomatous lesions (Table 132.2). 
Disadvantages of probe endosonography include the need for 
water immersion and the inherent inability to provide imaging 
of structures adjacent to the wall.

EUS imaging has dramatically improved tumor staging, 
acquisition of tissue from the pancreas, and ability to provide 
injection therapies [27]. See Chapter 146 for more on EUS.

Chromoendoscopy
Chromoendoscopy is an in vivo technique in which the mucosa 
or a lesion is washed with an agent designed to enhance mucosal 
imaging [28]. Chromoendoscopy agents include those that 
enhance the mucosal detail (contrast chromoendoscopy) or in 
which the agent is absorbed by certain cell types (vital staining) 
(Table 132.3). The dye agent is usually sprayed against the 
mucosa using a specially designed catheter passed down the 
biopsy channel of the endoscope. Various dyes are used for 
particular clinical settings and provide specific information 
regarding mucosal abnormalities. Before using any of these 
dyes, it is necessary to wash away adherent mucus [29]. This is 
often accomplished using a solution of dimethyl polysiloxane, 
sodium bicarbonate, and pronase. A 10% solution of 
N-acetylcysteine can also be used before spraying the dye.

“Contrast agent” dyes are used to accentuate minute altera-
tions in mucosal architecture by accumulating in normal or 
abnormal mucosal structures and accentuating small lesions. 
This is best achieved using indigo carmine, which pools between 
mucosal grooves and provides a three-dimensional image of the 
mucosa (Table 132.3). Similar effects have been reported with 

to correlate with mucosal blood flow [23]. The assessment of 
mucosal blood may be predictive of ulcer healing. Mucosal 
blood flow is normally increased in the mucosa adjacent to 
ulcers and attenuated periulcer blood flow may predict healing 
of a benign gastric ulcer [24]. Paradoxically, it appears that 
blood flow is decreased in areas of portal hypertensive gastropa-
thy [25].

Advanced imaging techniques

Endoscopic ultrasonography
Upper GI endoscopy provides an opportunity to guide the 
passage of imaging instruments in close proximity to lesions or 
areas of interest. Coupling of ultrasound with endoscopy (endo-
scopic ultrasound or EUS) was a major advance in endoscopy. 
Endoscopic ultrasound is the most commonly performed 
advanced imaging procedure [26]. There are two approaches to 
combining these technologies. In the first approach, the endo-
scope has an ultrasound device built into the tip of the endo-
scope. The ultrasound transducer can be oriented radially, and 
provide cross-sectional images of the GI tract, or in a linear 
orientation. In the linear orientation, fine-needle aspiration can 
be directed with ultrasound imaging of the GI tract and for  
the major organs adjacent to the esophagus, stomach, and 
duodenum.

Alternatively, small ultrasound probes can be passed through 
the instrument channel. Probe endosonography provides high-
resolution radial images of wall lesions. Using water as a 
medium, the high-frequency probe offers a detailed examina-
tion of mucosal and subepithelial lesions and their relationship 

Table 132.2 Radiological and endoscopic imaging used to stage gastrointestinal malignancies.

Imaging 
modality

Device used Agent used Detection of 
malignant tissue

Availability Clinical 
applications

EUS Dedicated echoendoscope; 
high frequency ultrasound 
probes can be used through 
the instrument channel; fine 
needle aspiration device can be 
used with linear EUS

Water is used as a 
coupling agent. 
Levovist or Definity are 
intravenous ultrasound 
contrast agents rarely 
used in EUS

The vast majority of 
malignancies are 
relatively less echoic 
(hypoechoic) compared 
to normal tissue

Widely 
available

Frequently used to 
stage esophageal, 
gastric, pancreatic, 
and rectal cancer

OCT Laser infrared light source, 
semiconductor optical 
amplifier, catheter probe

None Changes architecture 
of tissue (e.g., loss of 
goblet cells) is used as 
a sign of malignancy

Not widely 
available

Staging of 
superficial 
malignancies

CT An X-ray beam is emitted in a 
fan shape as the rotating 
frame spins the X-ray tube and 
detector around the patient.
Multidetector CT with 
computer generated images

Intravenous and oral 
iodine-based contrast 
agents

Using ionized radiation, 
the vast majority of 
malignant tissue have a 
different attenuation, 
accentuated by the use 
of intravenous contrast

Helical CT is 
widely available
MDCT will 
become widely 
distributed

Broad applications 
in staging of 
advanced GI 
malignancies

CT, computed tomography; EUS, endoscopic ultrasound; GI, gastrointestinal; OCT, optical coherence tomography; MDCT, multidetector computed 
tomography.
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lack staining. The double staining with Lugol and methylene 
blue significantly improved the detection and diagnosis of early 
esophageal squamous cell carcinoma and precancerous lesions 
in a study [34]. Congo red is a reactive stain that maps the acid-
producing parietal cell mucosa, staining from red to dark blue 
in the presence of acid secretion. Lesions associated with heredi-
tary diffuse gastric cancer can be detected by Congo red and 
methylene blue staining [35].

Magnification endoscopy
Magnification endoscopy provides higher-resolution images of 
the epithelium in concert with chromoendoscopy (Table 132.3). 
Most videoendoscopes possess the capability for optional mag-
nified or “zoom” imaging. One common application of this  
relatively simple technique is in the detection of duodenal 
villous atrophy. Using saline or contrast agents to separate the 
villi, high-resolution endoscopy can be used to reliably and 

acetic acid [30]. Contrast chromoendoscopy is often used in 
conjunction with high-resolution endoscopy [31].

Vital dyes, such as methylene blue, are absorbed by epithelial 
cells, and the differential absorption by a mucosal process may 
aid in the detection of dysplasia (Table 132.3). Absorptive stain-
ing takes place over a few minutes after application of the dye 
to the tissue. Once staining is achieved, the excess solution is 
washed away. Lugol solution stains intracellular glycogen in 
nonkeratinized squamous epithelium and therefore normally 
stains the entire esophageal mucosa (Table 132.3). Early esopha-
geal cancer and high-grade squamous dysplasia do not stain 
with Lugol solution [32]. Lugol staining is useful in looking for 
plaques overlying varices, evaluating high-risk patients, or to 
precisely map a neoplasm of the esophagus. Methylene blue dye 
is used to enhance the detection of dysplastic tissue arising from 
Barrett epithelium as the dye is not absorbed by the dysplastic 
tissue [33]. Biopsies are directed to areas of Barrett mucosa that 

Table 132.3 Summary of endoscopic image enhancement techniques used for detection of gastrointestinal malignancy.

Endoscopic technique Agent or device used Mechanism Clinical application

High-resolution endoscopy High-resolution endoscope with 
high pixel density (e.g., 850 000)

Increased resolution by the 
coupled chip device (CCD) on the 
endoscope

Endoscopic identification of 
surface details such as crypts, 
glands, and pit pattern

Magnification endoscopy Magnification endoscope with 
manual (lens change) or electronic 
control

Magnification of the endoscopic 
image

Endoscopic identification of 
surface details enhanced with 
dyes

Combined high-resolution and 
magnification endoscope

See above See above See above

Chromoendoscopy Topical agents often used in 
conjunction with magnification 
endoscopy

Lugol solution Contrast dye, staining glycogen in 
squamous epithelium

Detection of early squamous cell 
carcinoma of the esophagus

Methylene blue Absorptive dye, staining absorptive 
epithelium (small intestine and 
colon) including Barrett

Detection of Barrett esophagus 
and early malignancy arising from 
Barrett (lack of staining)

Indigo carmine Contrast dye, outlining mucosal 
surface

Detection and mapping of 
gastroduodenal malignancies

Acetic acid Reversible intracellular protein 
denaturation

Detection of Barrett epithelium

Narrow band imaging Electronic light source with 
narrow-band filters

Enhancement of surface capillary 
patterns, pits and villi

Detection and mapping of early 
gastric and esophageal cancer

Fluorescence endoscopy Image-processing module that 
provides real-time fluorescence 
images 5-aminolevulinic acid 
(topical or systemic), 
hexaminolevulinate (HAL)

Sensitizers accumulate selectively 
in malignant lesions and induce 
fluorescence upon illumination 
with light of the appropriate 
wavelength

Detection of early gastric and 
colonic adenomas and 
malignancies

Confocal microscopy Dedicated combined endoscope 
and microscope image processing 
unit Acriflavine hydrochloride or 
fluorescein sodium

Fluorescent agents are absorbed 
by tissue and provide cellular and 
histological details

Broad applications in detection of 
mucosal neoplasia

CCD, coupled chip device; HAL, hexaminolevulinate.
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mucosal details (Table 132.2). Although OCT is used clinically 
in cardiology and ophthalmology, it is not a standard imaging 
technique in endoscopy. OCT is ideally equipped to differenti-
ate between the basic epithelial structures, such as squamous 
and columnar epithelia [47]. Extensive testing has demonstrated 
the ability to diagnose Barrett esophagus [48]. Furthermore, 
OCT may be able to detect early changes of dysplasia and guide 
mucosal biopsies [49]. It might also be useful for the preopera-
tive staging of superficial esophageal squamous cell carcinomas 
with a high degree of accuracy [50]. Advanced OCT systems, 
such as confocal laser endomicroscopy and optical frequency 
domain imaging, have potential to accurately detect advanced 
histology [47,51,52].

Endoscopic confocal microscopy
Endoscopic confocal microscopy provides the highest resolu-
tion images of the GI tract of any imaging modality (Table 
132.3) [53]. There are two types of instruments available for 
clinical use, a dedicated endoscope and a probe that can be 
placed through the channel of an endoscope. Confocal endomi-
croscopy uses blue laser light, often in conjunction with an 
intravenous and a topical fluorescent agent. The images obtained 
from this technique provide near real-time cellular details, 
including individual epithelial cells to a depth of 1–2 mm. The 
crypts of the colonic mucosa, the villi of the terminal ileum and 
duodenum, the gastric pits of the stomach, and the squamous 
epithelium of the distal esophagus can be clearly visualized. The 
technique has been demonstrated to improve the detection of 
dysplasia arising from the colonic mucosa in patients with 
inflammatory bowel disease [54]. The high-resolution imaging 
has demonstrated Helicobacter pylori organisms in the gastric 
mucosa [55].

Therapeutic upper endoscopy

Removal of foreign bodies
In removing a foreign body, the endoscopist should carefully 
evaluate the patient for any possible evidence of airway 
obstruction or perforation prior to the endoscopic procedure. 
During removal of a foreign body, an overtube provides a 
degree of protection of the airway but the only way to ensure 
complete airway patency is to first place a cuffed endotracheal 
tube prior to extracting the foreign object. The mucosa can 
be protected, especially in the removal of sharp objects, by 
using an overtube to protect the intestinal lining during 
removal of a sharp foreign [56]. The endoscope can be with-
drawn into the overtube while grasping the foreign body, 
which protects the mucosa from injury by the sharp foreign 
body (Figure 132.1). The overtube is also useful if the endo-
scope must be passed several times for removal of a foreign 
body, such as a piece of meat. An alternative to a plastic over-
tube is a simple latex protector hood fastened to the tip of the 
endoscope

accurately diagnose sprue (Table 132.3) [36]. Similar techniques 
have been applied to the diagnosis of Barrett esophagus. The 
finding of villi arising from the esophageal epithelium is diag-
nostic of intestinal metaplasia. Furthermore, esophageal papil-
lary squamous cell islands surrounded by glandular Barrett 
epithelium have been visualized by high-power magnifying 
endoscope in a study [37]. Changes in the villi morphology have 
enabled endoscopists to diagnose early gastric cancer [38].

Narrow band imaging
Narrow band imaging (NBI) involves the use of interference 
filters to illuminate a target in narrowed red, green, and blue 
(R/G/B) bands of the spectrum (Table 132.3). The imaging 
modality is built into commercial endoscopy processors and no 
catheters or probes are necessary. NBI provides imaging of the 
surface of epithelium, particularly of the surface vascular 
pattern. Many early malignancies have surface pattern changes 
in vascularity, such as the corkscrew pattern seen in early gastric 
cancer [39]. When NBI is used in conjunction with magnifica-
tion endoscopy, the diagnosis of intestinal metaplasia of the 
esophagus can be secured with a high degree of accuracy [40]. 
In trials, NBI has produced results similar to high-resolution 
chromoendoscopy [41]. Fuji Intelligent Color Enhancement 
(FICE) (Fujifilm Corporation) technique and i-scan (Pentax 
Medical) are other methods of virtual chromoendoscopy devel-
oped by different manufacturers. Both methods use a postimage 
acquisition software to reconstruct endoscopic images for 
enhanced mucosal surface contrast [42,43]. The superiority of 
these systems to standard endoscopes for detection of mucosal 
abnormalities is under investigation.

Optical biopsy
Advances in fiberoptics, light sources, and detectors have led to 
the development of several novel methods for tissue evaluation 
in situ [44]. The term “optical biopsy” refers to advanced 
mucosal visualization techniques that enable the endoscopist to 
make a real-time endoscopic optical diagnosis, which has previ-
ously been possible only by using histological or cytological 
analysis. Optical coherence tomography, confocal microendos-
copy, fluorescence endoscopy, and molecular imaging tech-
niques are still under investigation and development for tissue 
evaluation in situ (Table 132.2). Endoscopic imaging can be 
expanded through the use of spectroscopy probes that can be 
placed through the instrument channel to image the mucosa. It 
is hoped that these techniques will permit in situ detection of 
dysplasia arising in Barrett esophagus [45]. A newly developed 
system, called endoscopic polarized scanning spectroscopy, 
performs rapid optical scanning and multispectral imaging of 
the entire esophageal surface and appears to provide real-time 
diagnosis of dysplasia with high sensitivity and specificity [46].

Optical coherence tomography
Optical coherence tomography (OCT) is an infrared-based 
imaging technique that provides high-resolution imaging of 
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or surveillance. Hyperplastic polyps are the second most 
common type of gastric polyps. Although rare, the malignant 
transformation is well documented and total excision is sug-
gested if the diameter is more than 5 mm [60]. Removal of a 
polyp or polypoid lesion is indicated in neoplastic lesions or 
those lesions that cause bleeding or symptoms [61]. Polypectomy 
is accomplished using a wire snare placed over the polyp in a 
fashion similar to colonoscopy (Figure 132.2). Snares of a 
variety of sizes and shapes are available, including a symmetric 
ellipse, a hexagon, and a slightly hooked configuration. After  
the handle is closed, the tip of the snare should retract at least 
1 cm into the plastic overtube. As the snare is tightened on  
the lesion, an electrocoagulative current is applied, alone or in 

It is possible to remove foreign bodies with rigid or flexible 
endoscopes. Foreign bodies in the area of the hypopharynx and 
very proximal esophagus are often best removed with an open 
laryngoscope and grasping forceps. For other foreign bodies, 
flexible endoscopes are used, preferably with a large instrumen-
tation channel (2.8–3.5 mm). The larger channel allows a variety 
of instruments to be used to grasp and secure the foreign body. 
These include baskets of the Dormia type, forceps for grasping 
the foreign body, and polypectomy snares. Alligator forceps 
with teeth are useful for grasping coins and other types of 
smooth objects. If an object is irregular or soft, other devices, 
such as baskets, snares, and graspers with three prongs, can be 
used. The net retrieval catheters are capable of extracting a 
variety of foreign bodies safely [57]. An irregular, sharp object, 
an object with a ragged surface, or an object that is impacted in 
the wall (e.g., dental plate) may require a rigid laryngoscope or 
esophagoscope to be passed under general anesthesia for 
removal of the foreign body [58].

Endoscopic control of upper  
gastrointestinal bleeding
Upper GI bleeding is one of the most common indications for 
upper GI endoscopy. For approximately 85%–95% of these 
patients, a precise diagnosis of the cause of the bleeding can 
be obtained. In most patients with bleeding, endoscopy can 
be performed as soon as the patient is stabilized hemody-
namically. For a few patients with massive hemorrhage, endo-
scopic control of bleeding may not be possible. Endoscopic 
treatment of nonvariceal and variceal bleeding is discussed in 
Chapters 138 and 139.

Polypectomy
Although polyps in the upper GI tract are relatively common, 
removal is often not necessary. The most frequent type of gastric 
polyps are fundic gland polyps that result from use of proton 
pump inhibitors [59]. These polyps rarely bleed significantly 
and have no malignant potential. They do not need treatment 

Figure 132.1 A plastic overtube around the 
endoscope allows safe retrieval of sharp or 
pointed foreign bodies.

Figure 132.2 In polypectomy, the snare loop is positioned around the 
sessile, adenomatous, gastric polyp.
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dence of the tumor stage (Table 132.1). Mucosal specimens 
obtained with EMR techniques provide higher accuracy for  
the detection of mucosal malignancy [64]. When used for the 
resection of mucosal adenocarcinoma in Barrett esophagus, 
cap-assisted EMR provides high rates of remissions [65]. 
Current EMR techniques and complications are discussed in 
Chapter 140.

Dilation
Esophageal stricture dilation may be performed using Maloney 
(bougie) dilators, wire-guided dilators, or balloons (Table 132.4) 
[66]. Semirigid esophageal dilating devices are passed through 
strictures using a guidewire placed endoscopically. The 
guidewire with a spring tip is passed through an instrument 
channel across the stricture. With the guidewire in place, the 
endoscope is removed. Confirmation of the positioning of the 
guidewire below the stricture can be obtained by fluoroscopy, 
but is rarely needed. Dilators of increasing diameter are succes-
sively passed over the guidewire and across the stricture. The 
guidewire and the spring tip should remain below the area to 
be dilated throughout the procedure. Thermoplastic Savary 
dilators are the most commonly used wire-guided dilator [66].

Flexible endoscopy has an increasingly important role in 
dilating strictures with the use of through-the-scope (TTS) bal-
loons or placement of a guidewire. However, the overall need 
for esophageal stricture dilation has decreased with the increas-
ing use of proton pump agents limiting the frequency of stric-
tures due to peptic injury associated with gastroesophageal 
reflux disease (GERD) [67]. TTS or controlled radial expansion 
(CRE) balloon dilation of esophageal strictures is highly suc-
cessful and safe [68]. The radial force provided by a CRE balloon 
is greater than the radial force generated by bougie dilation. 
Stricture dilation has been facilitated by the use of CRE bal-
loons, dramatically improving patient tolerance. In a complex 
stricture, the balloon should be directed with a guidewire. 
However, in most strictures, the balloon is easily placed in the 
stricture and held in place during pneumatic dilation. Balloons 
used for CRE vary from 4 to 20 mm in diameter when fully 
inflated with a liquid, and many provide graduated dilation over 
3 mm. The risk of perforation is low in benign strictures, but 
malignant strictures can only be safely dilated to 14 mm [69]. 

combination with a cutting current, during the transection of 
the polyp. The complications of gastric polypectomy include 
hemorrhage and perforation. Because of the thickness of the 
gastric wall, perforation is rare, but hemorrhage may be a sig-
nificant problem. The risk of bleeding is probably greater in 
large polyps with thick stalks. Injection of the stalk with epine-
phrine is recommended, but may not always prevent bleeding. 
Mechanical hemostatic devices, such as endoloops or clips, can 
prevent bleeding after polypectomy. Endoscopic treatment of 
polyps is discussed in detail at Chapter 140.

Mucosal resection
Endoscopic mucosal resection (EMR) is a group of techniques 
designed to remove superficial malignancies of the GI tract. The 
lesions are most commonly located in the stomach, but an 
increasing number of dysplastic lesions are being discovered in 
Barrett esophagus. Usually, the lesion is first examined with 
endosonography to confirm its superficial nature. In principle, 
the lesion should be limited to the mucosal layer, but lesions 
involving the submucosa can also be resected. After proper 
localization with chromoendoscopy or fluorescence endoscopy, 
the lesion is lifted after submucosal injection of an agent 
designed to separate the mucosa from the deep layers [62]. 
Epinephrine diluted with saline is a commonly used injectant 
because it provides transient hemostasis as well as separation of 
the wall layers.

The most commonly performed method for EMR is cap-
assisted EMR. In this technique, a translucent plastic cap is 
placed on the tip of an endoscope and the target tissue is aspi-
rated into the cap. A small snare placed inside the rimmed cap 
provides the ability to resect a considerable amount of tissue. 
The lesion is suctioned into the cap and the snare tightened 
around the lesion. The snare is then advanced out of the cap to 
enable the extent of the captured mucosa to be confirmed prior 
to transection. The size, shape, and flexibility of the cap will 
determine the amount of tissue that is resected [63]. Large 
surface area mucosal malignancies can be resected using endo-
scopic knives. Transection is performed with cautery, allowing 
the specimen to be retrieved for histopathological examination. 
Although the primary purpose of EMR is resection of malig-
nancy, the procedure also provides detailed histological evi-

Table 132.4 Methods for esophageal stenosis dilation.

Maloney dilation TTS-CRE balloons Insight dilator Catheter-based balloon dilator

Benign esophageal stenosis Highly effective Highly effective Not well tested Not indicated

Malignant esophageal stenosis Transient effect Transient effect Not well tested Not indicated

Achalasia Not effective Transient effect Not tested Effective

Benign pyloric channel stenosis Not indicated Effective Effective Not indicated

Malignant duodenal stenosis Not indicated Transient effect Not indicated Not indicated

TTS-CRE, through-the-scope controlled radial expansion.
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Laser tumor ablation
An endoscope can be used to guide a neodymium-doped 
yttrium aluminum garnet (Nd : YAG) laser to establish patency 
of a malignant esophageal stricture [76]. Repeated ablative ses-
sions are required in order to eliminate sufficient malignant 
tissue for symptomatic relief. Long-term success, in terms of 
relief of dysphagia, is relatively modest, about 66% [76]. This 
approach has largely been replaced with the placement of self-
expanding metal stents [77]. Stenting can provide rapid relief 
from dysphagia in a single endoscopic procedure and is associ-
ated with low risk. Endoscopic laser therapy with homogentisate 
oxidase (HGD) has been used in small numbers of patients with 
Barrett esophagus [78]. Argon plasma coagulation (APC) is an 
alternative method for laser photocoagulation of Barrett epithe-
lium and dysplasia (Table 132.5) [79]. APC shortened the length 
of Barrett’s esophagus but complete regression rate was just 50% 
and the long-term recurrence rate was high [80,81]. APC can 
be used in conjunction with EMR for the elimination of residual 
tissue in the base of mucosectomy sites.

Endoscopic radiofrequency ablation
Radiofrequency ablation (RFA) is another technique for treat-
ment of low- and high-grade dysplasia which uses a balloon-
based bipolar electrode array in patients with Barrett esophagus. 
The method aims to destroy the dysplastic and metaplastic epi-
thelium with RF energy and allow regrowth with the squamous 
epithelium that normally lines the distal esophagus. RFA is 
usually applied initially with a circumferential balloon catheter 
and then focally for residual areas with a catheter system con-
sisting of an electrode array mounted on the tip of the endo-
scope. Barrett with high- and low-grade dysplasia, and intestinal 
metaplasia, as well, were completely eradicated in 81%, 90%, 
and 77% of patients, respectively, in a multicenter sham-
controlled trial [82]. Patients in the ablation arm had less disease 
progression (3.6% vs 16.3%) and fewer cancers (1.2% vs 9.3%) 
compared to controls at the end of 12 months. A long-term 
follow-up study for durability of RFA showed dysplasia remained 
eradicated in 85% of patients at the third year without mainte-
nance treatment [83]. Endoscopic RFA is a well-tolerated and 
safe method compared to other ablation methods but 2%–14% 
esophageal stricture rates have been reported in studies [84,85].

Safety of upper gastrointestinal endoscopy

Medical history
Obtaining a complete medical history, including previous 
surgery, allergy, anesthesia, and medications, is the first step 
for a safe endoscopy. This information will also help the endo-
scopist to decide whether the patient can tolerate intravenous 
conscious or deep sedation safely. Knowledge of a history of 
airway or upper esophageal surgery, procedures, or of radia-
tion, will help decrease the risk of perforation. Knowledge of 
bleeding tendencies in the patient or the patient’s family and 

Ultrathin endoscopy may provide a complete evaluation of 
lesions in advanced esophageal strictures and gives a better 
opportunity for dilation [70].

Using the same principles for esophageal stricture dilation, 
TTS balloons can be employed for strictures in the pylorus and 
duodenum. Benign strictures of the pylorus are easily dilated 
with lasting benefit [71]. Passage of the balloon and its inflation 
can be monitored with fluoroscopy to be certain that the waist 
of the balloon, representing the stricture, has been obliterated.

Stents
Esophageal stent placement is a highly effective procedure for 
the palliation of malignant dysphagia. The timing of stent 
placement is very important in order to provide optimal 
benefit to the patient and avoid complications, such as stent 
migration. Prior to stent placement, endoscopy is used to 
evaluate the degree of narrowing, measure the length of the 
tumor narrowing, and determine the distance from the top of 
the tumor to the incisor teeth, an important factor in placing 
the prosthesis. As in all procedures, patients and family should 
be fully informed of the risks and complications of esophageal 
stent placement. Prior to the placement of an esophageal 
stent, the esophageal lumen must be large enough to accom-
modate a stent. Dilation of the malignant stricture can be 
accomplished with CRE balloons or bougies. After the length 
of the stricture is determined, the stent length should be long 
enough to include 2.5–3 cm proximal to the narrowing and 
the same distance distal to the narrowing to prevent early res-
tenosis by overgrowth of tumor. The proximal and distal sites 
of the stricture should be marked with an injection of contrast 
or the placement of a clip. Stent placement is usually per-
formed with fluoroscopic guidance; however, stent insertion 
under direct endoscopic vision and without fluoroscopy is 
also possible [72].

Expandable esophageal stents that are placed across a malig-
nant stricture readily provide luminal patency. Self-expanding 
esophageal stents are provided in a covered or a noncovered 
format. These devices are passed over a guidewire through the 
malignant narrowing, within a sheath covering the compressed 
stent. After the constraining sheath is released, the stent is left 
in place and expands. The expanding stents have the advantage 
of producing a wide lumen through the stenosing tumor mass. 
However, these stents are difficult to remove. Stents covered by 
a silicone membrane may prevent tumor ingrowth and offer 
relief from symptoms associated with fistulas and leaks [73]. 
Polyflex-covered self-expanding plastic stents are designed to be 
used in benign strictures and be removed. They provided satis-
factory palliation of benign esophageal strictures; however, 
migration to stomach and dysphagia recurrence were common 
after stent removal [74]. Biodegradable esophageal stents have 
been suggested as an alternative for refractory esophageal stric-
tures without need for removal. The stents were found effective 
in preliminary studies; however, larger studies with longer 
follow-up are needed [75]
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cardiac valves [87]. For gastrointestinal endoscopic procedures, 
the standard regimen is 2 g of ampicillin, administered intrave-
nously or intramuscularly, plus gentamicin (1.5 mg/kg, not to 
exceed 80 mg), administered intravenously or intramuscularly 
30 min before the procedure, followed by 1.5 g of amoxicillin 
taken orally 6 h after the initial medication. Alternatively, the 
parenteral regimen may be repeated once 8 h after the initial 
dose.

Procedure-related complications
Diagnostic upper endoscopy is generally safe and significant 
complications are uncommon [88]. However, therapeutic 
endoscopy increases the risk of complications due to underlying 
conditions, type of intervention, endoscopists’ experience, and 
patient-related factors. Perforation is the most directly assign-
able complication of upper GI endoscopy, but this occurs in less 
than 0.1% and is increasingly rare. The most common cause of 
perforation is the passage of the blind tip of the endoscope into 
a malignant stricture. If these perforations are recognized early, 
immediate surgery and repair will provide closure with a 
minimum of morbidity. The performance of EMR and resection 
of a subepithelial malignancy is also associated with esophageal 
or gastric perforation. However, in the case of EMR, perfora-
tions are usually small and may be managed with endoscopic 
clipping. The third most common cause of perforation is the 
performance of large-balloon dilation of a stricture or achalasia. 
These types of perforations are more accurately referred  
to as tears, and their management is much more difficult. 
Uncomplicated, small perforations may be managed endoscopi-
cally and with supportive care. Large tears require urgent surgi-
cal resection and/or repair [89].

References are available at www.yamadagastro.com/textbook

any history of drug allergies should also be obtained. If there 
is a history of bleeding abnormalities, a clotting screen with a 
prothrombin time, partial thromboplastin time, platelet count, 
and bleeding time should be obtained before the procedure. If 
there is evidence of chronic liver disease or other hematologi-
cal disorder, it is important to assess for the presence of a 
coagulopathy. Diagnostic endoscopy with biopsy is usually safe 
in patients who are taking oral anticoagulants or aspirin. 
However, for a patient who is to be treated with electrocoagula-
tion for polypectomy or hemostasis, anticoagulants should be 
discontinued before the endoscopic procedure and for 7–10 
days after the procedure to prevent delayed bleeding. Aspirin-
containing compounds and other antiplatelet agents, such as 
nonsteroidal antiinflammatory drugs (NSAIDs) and ticlopi-
dine, should be avoided for an appropriate interval (i.e., aspirin 
for 7–10 days; NSAIDs for 2–3 days) before an endoscopic 
procedure that may involve removal of tissue. However, 
depending on the indications for these agents, the endoscopist 
should consult with the prescribing physician to ascertain the 
risk of discontinuation.

Sedation
For discussion of the use of sedation in endoscopic procedure, 
the reader is referred to Chapter 131.

Antibiotic prophylaxis
Bacteremia may be associated with endoscopic procedures; 
however, antibiotic prophylaxis for prevention of infectious 
endocarditis is not necessary in all patients [86]. Prophylaxis 
appears to be effective only in patients with prosthetic valves, 
surgically constructed systemic–pulmonary shunts, and hyper-
trophic cardiomyopathy (Table 132.6). Prophylactic antibiotics 
are advised for patients with known endocarditis or prosthetic 

Table 132.5 Endoscopic methods for ablation of malignancy.

Argon plasma 
coagulation

Photodynamic 
therapy

Radio frequency ablation Ethanol Laser

Primary clinical 
indication

Ablation of vascular 
lesions

Barrett esophagus 
with dysplasia

Ablation of hepatocellular 
carcinoma,
Barrett esophagus with 
dysplasia

Ablation of 
hepatocellular 
carcinoma

Ablation of 
esophageal 
malignancy

Method of 
application

Topical application 
via catheter

Intravenous 
photosensitizer and 
catheter-guided light 
exposure

Percutaneous needle with 
RFA wire, Endoscopic 
balloon catheter

Needle injection Catheter-
directed laser 
light

Primary oncological 
application

Barrett esophagus Barrett esophagus 
with dysplasia

Hepatocellular carcinoma, 
Hypernephroma

Hepatocellular 
carcinoma

Esophageal 
malignancy

Additional targets Adenomas Gastric malignancy Hepatic metastases, 
pancreatic cancer

Pancreatic 
cystadenomas

Gastric 
malignancy

Mechanism of 
action

Coagulation and 
heat

Cell death induced 
by singlet oxygen

Heat Protein denaturation Heat

RFA, radiofrequency ablation.

http://www.yamadagastro.com/textbook
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Table 132.6 Antibiotic prophylaxis for endoscopic procedures.

Patient condition Procedure contemplated Antibiotic prophylaxis

High risk:
 Prosthetic valve Stricture dilation Recommended
 History of endocarditis Variceal sclerotherapy Recommended
 Systemic pulmonary shunt ERCP/ obstructed biliary tree Recommended

Other endoscopic procedures, including EGD 
and colonoscopy (with or without biopsy/ 
polypectomy), variceal ligation

Recommended

 Synthetic vascular graft (<1 year old) Optional
 Complex cyanotic congenital heart disease Optional

Moderate risk:
 Most other congenital abnormalities Esophageal stricture dilation Optional
 Acquired valvular dysfunction (e.g. rheumatic heart 

disease)
Variceal sclerotherapy Optional

 Hypertrophic cardiomyopathy Other endoscopic procedures, including EGD 
and colonoscopy (with or without biopsy/ 
polypectomy), variceal ligation

Not recommended

 Mitral valve prolapse with regurgitation or thickened 
cordae

Not recommended

Low risk:
 Other cardiac conditions (CABG, repaired septal defect 

or patent duetus, mitral valve prolapse without 
valvular regurgitation, isolated secundum atrial septal 
defect, physiologic functional, heart murmurs 
rheumatic fever without valvular dysfuntion, 
pacemakers, implantable defibrillators)

All endoscopic procedures Not recommended

Obstructed bile duct ERCP Recommended

Pancreatic cystic lesion ERCP, EUS-FNA Recommended

Cirrhosis acute GI bleed All endoscopic procedures Recommended

Ascites, immunocompromised patient Stricture dilation
Variceal sclerotherapy
Other endoscopic procedures, including EGD 
and colonoscopy (with or without biopsy/ 
polypectomy), variceal ligation

No recommendation

All patients Percutaneous endoscopic feeding tube Recommended (parenteral placement 
cephalosporin or equivalent)

Prosthetic joints All endoscopic procedures Not recommended

Cardiac prophylaxis regimens (oral 1 h before, i.m. or i.v. 30 min before procedure).
Amoxicillin by mouth or ampicillin i.v.: adult 2.0 g; child 50 mg/kg.
Penicillin allergic: clindamycin (adult 600 mg; child 20 mg/kg), or cephalexin or cefadroxil (adults 2.0 g, child 50 mg/kg), or azithromycin or clarithromycin 
(adult 500 mg, child 15 mg/kg), or cefazolin (adult 1.0 g, children 25 mg/kg i.v. or i.m.), or vancomycin (adult 1.0 g, child 10–20 mg/kg i.v.).
CABG, coronary artery bypass graft; EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS-FNA, 
endoscopic ultrasound-guided fine-needle aspiration; GI, gastrointestinal.
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CHAPTER 133

Introduction

Endoscopic imaging has progressed significantly over the past 
several years. These advances have mainly been in the field of 
small bowel enteroscopy, defined as direct visualization of the 
small bowel with use of a fiberoptic or wireless endoscope. 
During the past decade, these new modalities have facilitated 
both the diagnostic evaluation and the therapeutic management 
of small bowel disorders. Multiple enteroscopic tools are now 
available that differ in technique and capabilities.

Capsule endoscopy (CE) enables noninvasive visualization of 
the entire small bowel, but it is a purely diagnostic test. CE is 
currently recommended as the third test of choice for evaluation 
of obscure gastrointestinal bleeding (OGIB) after negative bidi-
rectional endoscopy. The test can also facilitate the diagnosis of 
inflammatory small bowel disease and small bowel tumors and 
the surveillance of familial polyposis syndromes. It may also aid 
the management of patients with complicated celiac disease.

Deep enteroscopy devices, which include balloon-assisted 
enteroscopy (BAE) and spiral enteroscopy (SE), allow both 
diagnostic and therapeutic interventions in the deeper portions 
of the small bowel but are relatively invasive compared to CE 
and are often protracted procedures. The more appropriate test 

for an individual patient is determined by several factors, 
including clinical presentation of the patient and index of sus-
picion for a lesion, including its suspected location. Therapeutic 
deep enteroscopy techniques are mainly used for evaluation and 
management of CE findings, but they may also have a role in 
patients with a negative CE but a high clinical suspicion for a 
small bowel lesion. Because preliminary data suggest compara-
ble diagnostic and therapeutic yields with double-balloon enter-
oscopy (DBE), single-balloon enteroscopy (SBE), and SE, the 
enteroscope of choice should be based upon its availability and 
the experience of the endoscopist with each technique.

The development of CE and deep enteroscopy techniques 
over the past decade have led to a shift toward an endoscopic 
approach to the management of small bowel disorders. Whereas 
CE has enabled diagnostic evaluation of the entire small bowel, 
BAE (DBE and SBE) and SE have facilitated both diagnostic and 
therapeutic management deep within the small bowel, thereby 
avoiding surgery in many patients. This chapter is a review of 
CE and small bowel endoscopy techniques, including a descrip-
tion of these devices, their diagnostic and therapeutic utility, 
their advantages and limitations, and how they should be used 
in clinical practice to manage patients with OGIB and other 
suspected small bowel diseases.

Capsule and small bowel endoscopy

Jonathan A. Leighton and Shabana F. Pasha
Mayo Clinic, Scottsdale, AZ, USA
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The capsule is propelled throughout the small bowel by peristal-
sis over an 8- to 12-h period. Images are captured by the camera 
at the rate of two to six frames per second and transferred by 
wireless technology to the data recorder, which is strapped to 
the patient’s waist. The images are then downloaded and viewed 
on a computer with the appropriate software. The average physi-
cian time for viewing the images ranges from 45 to 120 min, 
depending on the complexity of the study [3].

To prepare for the procedure, patients have several alterna-
tives because an ideal practice has not yet been clearly identified. 
Acceptable approaches include either or both a 24-h fast and a 
clear liquid diet the day before the examination and the inges-
tion of 2 to 4 liters of a gut lavage solution. One study showed 
that gut lavage improves visualization but not necessarily diag-
nostic yield [4]. However, two metaanalyses have shown that 
gut lavage increases both the quality of preparation and diag-
nostic yield [5,6]. Lower-volume lavage preparations appear to 
be as efficacious as higher volumes. Some evidence also suggests 
that taking simethicone before or with ingestion of the capsule 
reduces intraluminal bubbles and improves visibility [7].

The capsule videos allow visualization of the entire small 
bowel in 79% to 90% of patients [8]. The test is FDA-approved 
for use in patients older than age 2 years for evaluation of  
OGIB, Crohn’s disease, celiac sprue, polyposis syndromes, small 
bowel abnormalities on imaging studies, and clinical symptoms. 

Overview of capsule endoscopy

Capsule endoscopy has revolutionized our approach to evaluat-
ing the small bowel. Introduced in the year 2000, CE was the 
first endoscopic test that enabled visualization of the entire 
small bowel. There are four CE systems currently available 
worldwide: (1) the PillCam SB2 and SB3 (Given Imaging Ltd, 
Yoqneam, Israel); (2) the Endo Capsule (Olympus Medical 
Systems Group, Center Valley, Pennsylvania); (3) the OMOM 
capsule (Jinshan Science and Technology Co Ltd, Chongqing, 
China); and (4) the MiroCam (IntroMedic Co Ltd, Seoul, 
Korea) (Figure 133.1). The PillCam SB2 and SB3, the Endo 
Capsule, and the MiroCam are currently approved by the US 
Food and Drug Administration (FDA). The systems include a 
capsule, an eight-point sensory array, and a portable data 
recorder. The PillCam SB2 and SB3 and the Endo Capsule 
measure 11 × 26 mm, and they contain light-emitting diodes, 
silver oxide batteries, a lens, a radiofrequency transmitter, and 
an antenna. The PillCam SB2 contains a metal oxide semicon-
ductor, whereas the Endo Capsule has a charged coupled device.

Capsule endoscopy can be performed in the outpatient 
ambulatory setting. The capsule is usually swallowed by the 
patient with water. It can also be delivered directly into the small 
bowel using endoscopic assistance in patients with dysphagia or 
risk factors for an incomplete study such as gastroparesis [1,2]. 

Figure 133.1 Types of capsule endoscopes currently available. (a) PillCam SB2 (Given Imaging Ltd, Yoqneam, Israel); (b) the Endo Capsule (Olympus 
Medical Systems Group, Center Valley, Pennsylvania); (c) the OMOM capsule (Jinshan Science and Technology Co Ltd, Chongqing, China); and (d) the 
MiroCam (IntroMedic Co Ltd, Seoul, Korea). Source: (a) Given Imaging Ltd. Image reproduced with permission; (b) Olympus Corporation of the 
Americas. Image reproduced with permission; (c) Jinshan Science and Technology. Image reproduced with permission; (d) IntroMedic Co Ltd. Image 
reproduced with permission.

(a) (b)

(c) (d)
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not reach the colon or the patient does not witness excretion 
after 2 weeks, a follow-up abdominal film should be obtained. 
If retention persists, endoscopic or surgical removal may be 
required [16].

In patients with a suspected small bowel stricture or obstruc-
tion, a patency capsule (Agile Patency System, Given Imaging) 
can help determine the risk of capsule retention. The patency 
capsule is a self-dissolving capsule that is useful in determining 
the patency of the small bowel. The use of a patency capsule 
before CE in such patients has led to a significant reduction in 
the incidence of capsule retention [17–19]. One study that com-
pared the patency capsule to radiological tests showed similar 
sensitivity (57% vs 71%; P > 0.99) and specificity (86% vs 97%; 
P = 0.22) for detection of clinically significant strictures [20].

Deep enteroscopy techniques

Double-balloon enteroscopy
Balloon-assisted enteroscopy allows deeper intubation of the 
small bowel than that available with push enteroscopy or ileo-
colonoscopy. Introduced in 2001, DBE (FUJIFILMS Holdings 
America Corp, Tokyo, Japan) was the first BAE. The DBE system 
comprises an enteroscope, an overtube, and a balloon-pump 
system (Figure 133.2a). The DBE is available in both a diagnos-
tic model (EN-450P5) and a therapeutic model (EN-450T5). 
The enteroscope has a working length of 200 cm and a poly-
urethane overtube 140 cm long. Both the enteroscope and the 
overtube have latex balloons at their distal ends. The balloons 
can be inflated to a pressure of 45 mmHg. The therapeutic 
model (EN-450T5) has an external diameter of 9.4 mm and an 
accessory channel of 2.8 mm, compared to 8.5 mm and 2.2 mm, 
respectively, for the diagnostic model (EN-450P5).

Depending on the suspected location of the small bowel 
lesion, DBE may be performed via the oral or the rectal route. 

A systematic review identified the most common indications  
for CE as OGIB (66%), clinical symptoms (10.6%), Crohn’s 
disease (10.4%), neoplastic lesions (3.5%), and celiac disease 
(1.7%) [9].

The main disadvantage of CE is its purely diagnostic capabil-
ity; therefore, patients with positive findings still must undergo 
additional therapeutic procedures. There is also a high rate of 
incidental findings in up to 23% of healthy controls [10], which 
may result in unnecessary invasive procedures. Capsule images 
may be limited by incomplete visualization of the small bowel 
in 15% to 20% of patients [11]. Other limitations include the 
inability to control the movement of the capsule, difficulty in 
localizing identified lesions, and the potential for missing 
single-mass lesions.

Cardiac pacemakers, defibrillators, and other electromechan-
ical devices are a contraindication to the use of CE. However, 
some evidence suggests that CE is safe in these patients and  
that capsule-related electromagnetic interference is extremely 
unlikely [12,13]. Dysphagia is a relative contraindication to use 
of CE. Although the capsule is usually easily ingested, patients 
may have difficulty if they have severe dysphagia, difficulty swal-
lowing large pills, or a Zenker diverticulum. Therefore, obtain-
ing a detailed swallowing history is important before capsule 
ingestion. If there is a concern, further evaluation may be war-
ranted first. In patients for whom ingestion is a problem or for 
those with gastroparesis, a capsule-loading device (AdvanCE, 
US Endoscopy, Mentor, Ohio) can be used to deliver the capsule 
directly into the small bowel.

The most important complication is small bowel retention 
because of an underlying stricture or obstruction. This risk 
ranges from less than 1% in patients who present with OGIB or 
suspected Crohn’s disease to as high as 13% in patients with 
known Crohn’s disease or 17% in patients with small bowel 
tumors [14,15]. Most cases of retention are clinically silent, and 
symptomatic obstruction is extremely rare. If the capsule does 

Figure 133.2 Types of balloon-assisted enteroscopes. (a) Double-balloon enteroscope; (b) single-balloon enteroscope. Source: Adapted from Leighton 
[21]. Reproduced with permission.

(a) (b)
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performed by the push-and-pull technique, but the advance-
ment cycles differ slightly from those for DBE [34].

The depth of intubation with SBE ranges from 133 cm to 
256 cm for the antegrade approach and from 73 cm to 163 cm 
for the retrograde approach [35,36], with a success rate of 15% 
to 25% for total enteroscopy [36,37]. The diagnostic yield of  
SBE ranges from 47% to 60% [35,36,38], and endoscopic thera-
peutics can be performed with SBE as with DBE. SBE has a 
complication rate of 1%, which includes perforation and pan-
creatitis [39].

Spiral enteroscopy
Spiral enteroscopy is the newest CE system available for clinical 
use. The Endo-Ease Discovery SB (Spirus Medical LLC, 
Stoughton, Massachusetts) is a spiral overtube made of polyvinyl 
chloride. It measures 118 cm and has a 21-cm raised helix at the 
distal end. The spiral-shaped overtube has a working length of 
130 cm (Figure 133.3). Any enteroscope can be used with the 
Endo-Ease Discovery SB. With SE, the overtube is placed over a 
pediatric colonoscope or a push enteroscope and the entero-
scope is advanced through the small bowel by clockwise rotation 
and then withdrawn by counterclockwise rotation [21]. The 
distal end of the overtube is locked in place 25 cm from the tip 
of the enteroscope. The system is then advanced into the small 
bowel by gentle rotation to the ligament of Treitz, where the 
collar is unlocked and the SE is advanced past the ligament. The 
device is then rotated using clockwise movements to reach  
the farthest extent possible or until there is no more pleating  
of the small bowel over the enteroscope. This series of steps is 
repeated to achieve maximal intubation. The device is with-
drawn using counterclockwise rotation [40]. With the exception 
of a pilot study using retrograde SE in six patients [41], all studies 
of SE have used the antegrade approach. The mean depth of 
intubation with SE ranges from 176 cm to 250 cm [42,43]. 
Complications with SE include minor mucosal tears and perfora-
tion, which has been reported in 0.3% of patients [44].

Advancement through the small bowel is achieved with a series 
of cycles using a push-and-pull technique. This process facili-
tates pleating of the small bowel over the enteroscope, allowing 
for a greater depth of insertion into the small bowel than that 
available with push enteroscopy or ileoscopy [22]. General 
anesthesia or monitored anesthesia is often used for oral proce-
dures, whereas retrograde procedures may be performed with 
the patient under conscious sedation, although this practice 
varies at many centers.

Double-balloon enteroscopy has the potential for deeper 
advancement with the oral approach than with the rectal 
approach. The depth of intubation with DBE ranges from 
240 cm to 360 cm for the oral approach and from 102 cm to 
140 cm for the rectal approach [23–26]. Targeted enteroscopy is 
performed when there is a preidentified lesion on prior CE or 
small bowel imaging, and the route of DBE is based on the 
suspected location of the lesion. On the basis of capsule transit 
times, the oral route is used for lesions located within the proxi-
mal 75% of the small bowel and the rectal route is used for 
lesions in the distal 25% [27].

Total enteroscopy with DBE is defined as complete evaluation 
of the small bowel, with either a single approach or a combined 
oral–rectal approach. Total enteroscopy should be considered 
in patients with multiple small bowel lesions, a negative initial 
DBE, or high clinical suspicion for a small bowel lesion after a 
negative capsule study. The success rate for total enteroscopy 
varies considerably, from 0% to 86%, and is highest in the Asian 
population [22,24,25,28]. The diagnostic yield of DBE ranges 
from 43% to 80% [24,29] and is comparable to that for CE. DBE 
enables the performance of therapeutic interventions, including 
biopsies, injections, polypectomy, stricture dilation, hemostatic 
techniques (argon plasma coagulation, electrocoagulation, and 
hemoclips), and retrieval of foreign bodies, including retained 
capsules [23,29,30].

The main limitations of DBE include its invasive nature, pro-
longed duration, and requirement for additional personnel. 
DBE appears to be a relatively safe procedure. However, risks 
do increase with therapeutic maneuvers. The overall complica-
tion rate of DBE is 0.8% for diagnostic procedures and 4.0% for 
therapeutic procedures [31]. The most common complications 
include bleeding and perforation, usually related to the removal 
of large polyps. Pancreatitis has also been reported, but its inci-
dence appears to have decreased over time [32,33].

Single-balloon enteroscopy
Single-balloon enteroscopy has also been developed for the 
evaluation and management of small bowel disorders. The SBE 
(Olympus Optical, Tokyo, Japan) was introduced in 2007. In 
contrast to DBE, this device has only one balloon, which is at 
the distal end of the overtube. The enteroscope is 200 cm long, 
and the overtube is 140 cm long (Figure 133.2b). The outer 
diameter of the SBE is 9.2 mm, and the accessory channel is 
2.8 mm. The overtube and balloon are made from silicon, which 
can therefore be used in patients with latex allergy. SBE is also 

Figure 133.3 Spiral enteroscope (Endo-Ease Discovery SB, Spirus Medical 
LLC, Stoughton, Massachusetts). Source: Spirus Medical Inc. Image 
reproduced with permission.
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report the rate of total enteroscopy for each technique. Another 
prospective single-center study comparing DBE and SBE was 
prematurely discontinued after interim analysis due to an 
obvious advantage of DBE over SBE for total enteroscopy (57.1% 
vs 0%; P  =  0.002) [53]. However, there was no difference in 
diagnostic yield or therapeutic outcome.

More recently, a randomized, controlled study showed that 
there was no significant difference between SBE and DBE in 
procedure time, insertion depth, diagnostic yield, or therapeutic 
yield [54]. Currently, the decision to use DBE or SBE should be 
based on enteroscope availability and the experience of the 
endoscopist with either technique.

Balloon-assisted enteroscopy versus spiral enteroscopy
In a prospective study, 35 patients with suspected small bowel 
disorders were randomized to DBE or SE [55]. There was  
no significant difference between the procedures in either diag-
nostic yield (47% for DBE vs 33% for SE) or mean depth of 
insertion (265 cm with DBE vs 216 cm with SE). In another 
retrospective study, SBE and SE were compared in 92 patients 
with small bowel disorders [56]. No significant difference was 
found in diagnostic yield of SBE vs SE (56.9% vs 43.4%, respec-
tively; P = 0.12) or in the duration of the procedures. However, 
the mean depth of small bowel intubation with SE was signifi-
cantly higher than that for SBE (301 cm vs 222 cm; P < 0.001) 
[56]. On the basis of these preliminary data, there appears to be 
no difference in diagnostic yield between BAE and SE. However, 
larger prospective randomized trials are necessary to confirm 
these findings.

Obscure gastrointestinal bleeding

Obscure gastrointestinal bleeding is defined as bleeding from 
the gastrointestinal tract that persists or recurs after a negative 
initial evaluation with bidirectional endoscopy and small bowel 
radiographs [57,58]. Up to 10%–20% of patients who present 
with OGIB will have an underlying etiology that may not be 
evident on initial evaluation [59]. Half of these patients will have 
recurrent or persistent bleeding that can pose a major challenge 
to diagnosis and management. Most OGIB is caused by small 
bowel bleeding. The underlying etiology often remains elusive, 
despite extensive evaluations, resulting in recurrent hospitaliza-
tions and multiple transfusions. The newer enteroscopy tech-
niques have led to improved evaluation and management of 
these patients, and they have led to a major paradigm shift in 
the clinical approach to OGIB. This, in turn, has led to fewer 
surgical procedures and a decline in the morbidity and mortal-
ity associated with OGIB.

Capsule endoscopy for obscure  
gastrointestinal bleeding
The guidelines of the American Gastroenterological Association 
and the American Society for Gastrointestinal Endoscopy  

Comparison of the diagnostic yield of deep 
enteroscopy techniques
Capsule endoscopy versus double-balloon enteroscopy
Comparison of CE and deep enteroscopy techniques has been 
challenging. Two metaanalyses compared CE and DBE in 
patients with suspected small bowel disorders [45,46]. The first 
metaanalysis included 11 studies with 375 patients, most of 
whom had OGIB [45]. There was no difference in the pooled 
overall yield of CE and DBE for all small bowel disorders (60% 
and 57%, respectively; weighted incremental yield, 3%; 95% 
confidence interval [CI] −4%–10%; P = 0.42) or for vascular, 
inflammatory, and neoplastic lesions. The second metaanalysis 
of eight studies also found a comparable yield with CE and DBE 
(odds ratio [OR] 1.21; 95% CI 0.64–2.29) for small bowel dis-
orders [46]. However, in patients with OGIB, the subanalysis 
showed that CE had a significantly higher yield than DBE using 
a single approach (OR 1.67; 95% CI 1.14–2.44; P <  0.01) but 
not in comparison to DBE using a combined oral–rectal 
approach (OR 0.33; 95% CI 0.05–2.21; P > 0.05).

A updated metaanalysis of 10 studies found no difference in 
pooled diagnostic yield between CE and DBE (62% vs 56%; OR 
1.39; 95% CI 0.88–2.20) [47]. However, the diagnostic yield of 
DBE after a positive CE was 75% (OR 1.79; 95% CI 1.09–2.96; 
P = 0.02), which was significantly higher than the yield after a 
negative CE (27.5%; 95% CI 16.7%–37.8%) [47]. A study of 193 
patients evaluated the concordance of CE and DBE in OGIB 
[48]. CE and DBE had good agreement for vascular and inflam-
matory lesions but not for polyps or neoplasia. For polyps or 
neoplasia, DBE provided additional useful information. In addi-
tion, in those patients where CE detected only blood, DBE was 
able to clarify the etiology in two-thirds. Given the comparable 
yield of these tests, these modalities should be viewed as com-
plementary. However, the noninvasiveness and higher success 
rate of total enteroscopy with CE support the use of CE before 
DBE for evaluation of small bowel disorders. This approach 
allows one to direct the initial route of DBE. Because of the 
potential for missed lesions and tumors on CE [49,50], addi-
tional evaluation with DBE should be pursued in patients with 
recurrent bleeding or a high index of suspicion, despite a nega-
tive capsule study.

Double-balloon enteroscopy versus  
single-balloon enteroscopy
Comparing DBE and SBE has also been difficult. A prospective 
randomized study compared the two types of enteroscopy in 
100 patients with suspected small bowel disease [51]. DBE had 
a significantly higher success rate of total enteroscopy (66% vs 
22%; P < 0.001) and a higher diagnostic and therapeutic yield 
(72% vs 48%; P  =  0.025) compared to SBE. However, the 
Fujinon DBE was used for all cases, and SBE was simulated by 
not using a balloon on the enteroscope. In contrast, a retrospec-
tive study comparing DBE and SBE found SBE to be superior 
[52]. The diagnostic and therapeutic yield was significantly 
higher with SBE (705 vs 51.25; P < 0.05), but this study did not 
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hemostasis, after a negative CE in patients with recurrent bleed-
ing or high clinical suspicion for a small bowel lesion, in patients 
for whom CE is contraindicated, and in those with active 
bleeding.

Evidence indicates that DBE is clearly superior to push enter-
oscopy for evaluation of OGIB [86]. The diagnostic yield of DBE 
ranges from 50% to 80%, and endoscopic therapeutics can be 
successfully performed in up to 75% of patients [23,24,26,87,88]. 
On the basis of a systematic review of 13 studies with 906 
patients with OGIB, the diagnostic yield for DBE was 66% and 
included predominantly angiectasias [89]. The yield is signifi-
cantly higher in patients with ongoing overt bleeding than in 
those with prior overt bleeding or occult bleeding or with mul-
tiple episodes or prolonged duration of bleeding [90,91]. Due 
to its deeper intubation of the small bowel, the oral approach is 
the preferred route for lesions suspected of lying within the 
proximal 75% of the small bowel, whereas the rectal route is 
used for more distal lesions [87,92]. In some circumstances, it 
may be more feasible and cost-effective to proceed directly to 
DBE [93]. Emergent DBE has been shown to be technically 
feasible and to facilitate the diagnosis and management of acute 
bleeding. Favorable outcomes have been reported in patients 
after DBE [94–96].

Single-balloon enteroscopy for obscure 
gastrointestinal bleeding
Single-balloon enteroscopy was introduced after DBE, and it 
has been evaluated in several studies. Some have shown SBE to 
have results comparable to those of DBE [36–38]. The largest 
single-center study evaluated SBE in 161 patients with sus-
pected small bowel disorders, of whom 59% had OGIB [35]. The 

recommend CE as the third test in patients with OGIB after 
negative bidirectional endoscopy [57,58]. This recommendation 
is based on the results of two metaanalyses that unequivocally 
showed CE to be superior to other diagnostic modalities [60,61]. 
A metaanalysis of 14 studies found an incremental yield of 30% 
for CE over push enteroscopy (56% vs 26%) and of 36% for CE 
over small bowel radiography for clinically significant findings 
within the small bowel [60]. In a subanalysis, CE had a higher 
yield than push enteroscopy for detection of vascular and 
inflammatory lesions. Another metaanalysis of nine studies 
showed CE to be superior to push enteroscopy and barium 
small bowel radiography, with a difference of 41% for all small 
bowel disorders and 37% for OGIB [61].

The yield of CE in OGIB ranges from 35% to 76% [62–66], 
and a pooled analysis of 24 trials with 691 patients found an 
overall diagnostic yield of 87% [67]. A European study surveyed 
23 centers about their capsule practice over 7 years [68]. Of the 
2921 CE studies, 43% had been performed for OGIB, with a 
diagnostic yield of 66%. In a prospective study of 47 patients 
with OGIB that compared CE to intraoperative enteroscopy as 
the preferred standard, CE was found to have a diagnostic yield 
of 74% [69]. Other studies utilizing CE in patients with OGIB 
have also found a positive predictive value of 94% to 97% and 
a negative predictive value of 83% to 100% [70,71]. CE has also 
shown a high diagnostic yield after negative imaging with com-
puted tomographic (CT) enterography [72].

The yield of CE is increased in patients with overt bleeding 
compared to those with occult bleeding, and in patients who 
undergo the procedure within 2 weeks of a bleeding episode 
[73–75]. Other factors that have a favorable impact on the yield 
of CE are recurrent bleeding, longer duration of bleeding, and 
low hemoglobin (<10 g/dL) [76]. However, CE may still be 
useful in patients presenting with iron deficiency anemia, with 
most of the lesions detected being vascular in nature [77] 
(Figure 133.4). In contrast, another study of patients with iron 
deficiency anemia and no evidence of gastrointestinal bleeding 
found that CE, not surprisingly, had a low diagnostic yield 
(25.7%) [78]. There is also evidence of favorable outcomes in 
patients who have undergone CE for evaluation of OGIB [70]. 
The positive impact of CE on clinical outcomes in patients  
with iron deficiency anemia is less clear [79]. CE is associated 
with a high negative predictive value, and two studies have 
demonstrated favorable outcomes after a negative CE [80,81]. 
Additional invasive testing may therefore be avoided in such 
patients unless the initial examination was compromised by 
suboptimal preparation or incomplete small bowel examination 
[82]. Repeat capsule studies may also be helpful in patients who 
present with recurrent bleeding after a negative or nondiagnos-
tic examination [83–85].

Double-balloon enteroscopy for obscure 
gastrointestinal bleeding
Double-balloon enteroscopy can aid in evaluation and manage-
ment of OGIB. It is useful after a positive CE for biopsies or 

Figure 133.4 Angiectasias seen on capsule endoscopy.
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resulting in delay to diagnosis [102]. In these instances, direct 
visualization of the entire small bowel mucosa may be necessary 
for a definitive diagnosis and to determine the extent and sever-
ity of disease.

Capsule endoscopy has the distinct advantage of allowing 
direct visualization of the small bowel mucosa and thus can 
detect the mucosal inflammation of Crohn’s disease that may  
be missed by other techniques. Early Crohn’s disease may be 
missed on cross-sectional imaging but can be easily detected 
with CE. Because of this capability, CE has the potential to play 
a unique role in the evaluation of patients with suspected or 
known Crohn’s disease. CE has been shown to be more sensitive 
than cross-sectional imaging for detecting superficial mucosal 
involvement. A metaanalysis showed an incremental diagnostic 
yield of 40% for CE versus small bowel follow-through (63% vs 
23%; P < 0.001); of 15% for CE versus ileocolonoscopy (61% vs 
46%; P = 0.02); and of 38% for CE versus CT enterography (69% 
vs 30%; P = 0.001) [103]. An updated metaanalysis showed that 
CE had an incremental yield of 42% over push enteroscopy, 37% 
over small bowel radiographs, 39% over CT enterography, and 
15% over ileoscopy for diagnosis of nonstricturing Crohn’s 
disease [104]. CE was superior for diagnosis of patients with 
either suspected or established Crohn’s disease. The overall yield 
of CE has been reported to range from 43% to 71% [105–108]. 
A prospective study that compared CE with CT enterography, 
small bowel radiographs, and ileocolonoscopy for evaluation of 
Crohn’s disease showed that sensitivity of CE (83%) was com-
parable to that for CT enterography (83%), ileocolonoscopy 
(74%), and barium small bowel radiography (65%) [109].

Capsule endoscopy for suspected  
Crohn’s disease
Evidence suggests that CE is useful in patients with suspected 
small bowel Crohn’s disease after negative ileocolonoscopy and 
barium small bowel radiography. One study found that CE  
had sensitivity and specificity of 93% and 84%, respectively,  
in patients with suspected small bowel Crohn’s disease [110]. 
Perhaps more importantly, CE also has high negative predictive 
value of 96% for Crohn’s disease. The diagnostic yield in these 
patients is improved when other inflammatory markers are 
present or extraintestinal manifestations are expressed. When 
considering a diagnosis of Crohn’s disease, one should take  
into account the chronicity of symptoms, laboratory evidence 
of chronic inflammation, extraintestinal manifestations, and 
abdominal imaging.

One limitation of CE may be its perceived low specificity  
for the specific diagnosis of Crohn’s disease [109]. Although  
the yield for small bowel abnormalities may be high, many of 
these abnormalities may not be clinically relevant or specific  
for the diagnosis. For example, minor mucosal abnormalities 
may be observed in asymptomatic persons. Drug-induced 
adverse effects, especially those of nonsteroidal antiinflamma-
tory drugs, can also cause mucosal changes that mimic Crohn’s 
disease [10]. Other causes include celiac disease, infection, 

mean depth of intubation was only 133 cm with the oral 
approach and only 73 cm with the rectal approach. However, the 
yield was 58%, similar to that in prior reports on DBE, and it 
included predominantly angiectasias. The concordance between 
CE and SBE findings was 40%, and SBE detected new findings 
in 17% of patients.

Spiral enteroscopy for obscure  
gastrointestinal bleeding
Preliminary studies indicate that the diagnostic yield and depth 
of small bowel intubation with SE is comparable to that for BAE 
with DBE or SBE [42]. SE is currently performed in most centers 
using only the oral approach. Several studies also support its  
use in patients with OGIB [43,97]. A more recent prospective 
study evaluated long-term outcomes after SE in patients with 
OGIB [98]. Findings confirmed that SE is safe and effective  
in reducing the incidence of overt bleeding, as evidenced by 
increased hemoglobin values, a decrease in blood transfusions 
and iron supplementation, and a decrease in therapeutic proce-
dures on long-term follow-up. Retrograde SE has been described 
only in a pilot study of six patients [41]. SE detected lesions in 
four patients and allowed the performance of therapeutics, 
including polypectomy and stricture dilation, in three patients.

Comparison of deep enteroscopy techniques in 
obscure gastrointestinal bleeding
A randomized multicenter trial comparing DBE and SBE in 130 
patients showed a comparable depth of intubation, total enter-
oscopy rate, and diagnostic yield for the two techniques [99]. 
Studies have also shown that SE is comparable to DBE [55,56]. 
There is no evidence to suggest that the time of day (morning 
or afternoon) of the procedure influences diagnostic or thera-
peutic yield [100].

Capsule endoscopy and DBE have a comparable yield in 
patients with OGIB [45,46,48]. The yield of DBE was increased 
after a positive CE (75%), as compared to the yield after a nega-
tive CE (27.5%) [47]. CE is the preferred initial test of choice 
because it allows evaluation of the entire small bowel in a non-
invasive manner, and it also provides information on location 
of small bowel lesions. Additional evaluation and therapeutics 
may then be pursued with any of the deep enteroscopy tech-
niques, based upon the availability of the equipment and the 
experience of the endoscopist.

Crohn’s disease

Crohn’s disease is characterized by mucosal and transmural 
inflammation of the bowel wall and can involve any segment of 
the gastrointestinal tract, although the small bowel is most com-
monly affected. As many as 30% of these patients have disease 
confined to the small bowel [101]. In a subset of patients  
with inflammation proximal to the distal ileum, the diagnostic 
evaluation can be challenging with traditional ileocolonoscopy, 
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mal to the surgical anastomosis that may be out of reach of the 
endoscope [118,119]. In contrast, others suggest that CE has a 
lower sensitivity than ileocolonoscopy for detection of preanas-
tomotic ulcers in the neoterminal ileum after ileocolonic resec-
tion [119]. Currently, ileocolonoscopy is generally the procedure 
of choice. CE may be a reasonable alternative when the anasto-
mosis is not accessible by endoscopy or the patient wishes to 
avoid invasive testing.

Evaluation of indeterminate colitis
Capsule endoscopy may also be indicated in the management 
of patients with indeterminate colitis when a specific diagnosis 
of Crohn’s disease versus ulcerative colitis cannot be made. 
Small, uncontrolled studies have shown that CE may detect 
small bowel inflammation, suggesting a diagnosis of Crohn’s 
disease, in 29% to 40% of patients [103,120,121]. Additionally, 
small bowel lesions have been reclassified as Crohn’s disease on 
the basis of capsule findings [122–125]. A negative capsule 
study should rule out small bowel involvement, helping to 
clarify the clinical picture. However, when significant inflam-
mation in the small bowel is identified, many of these patients 
can be reclassified. Long-term clinical outcome studies are still 
needed to confirm this potential role of CE.

Assessing for mucosal healing and  
response to medications
Capsule endoscopy can be useful for monitoring Crohn’s disease 
inflammation by helping to document mucosal healing after 
initiation of therapy. CE can detect subtle mucosal abnormali-
ties in the small bowel that may be missed by conventional 
modalities [113]. Its high diagnostic yield may also influence 
disease management and outcomes; as a result of CE findings, 
Crohn’s disease therapy has been reported to change in a sub-
stantial number of patients [111]. Symptom assessment can be 
a poor indicator of the severity and extent of disease, and clini-
cal response does not always correlate with mucosal healing. 
There is also evidence that mucosal healing after 1 year of treat-
ment is predictive of reduced subsequent disease activity and 
decreased need for active treatment [126]. If mucosal healing 
becomes a primary end point, CE may facilitate this assessment. 
Future studies are needed to evaluate the relationship between 
clinical response and mucosal healing as determined from CE.

Risks and limitations of capsule endoscopy  
in Crohn’s disease
Potential adverse outcomes can arise when CE is used in patients 
with Crohn’s disease. Capsule retention is the most feared com-
plication. The risk differs by indication. At 1% to 2.5%, the 
incidence of capsule retention within the general population is 
considered low [127–130]. The risk is also low in patients with 
suspected Crohn’s disease; this subset of patients does not seem 
to have a higher risk of capsule retention. The capsule retention 
rate in suspected Crohn’s disease is 2.6%, comparable to that of 

ischemia, radiation injury, autoimmune disease, and immuno-
deficiency. Thus the question arises of how best to interpret 
abnormalities found on CE.

For suspected Crohn’s disease, a treatment and management 
algorithm is recommended. Although CE appears to have 
greater sensitivity for mucosal inflammation than other imaging 
modalities in patients with suspected Crohn’s disease, there is 
concern about its lack of specificity, as well as the risk of reten-
tion. Because of its high negative predictive value, CE may actu-
ally be more useful for excluding Crohn’s disease than for 
confirming it. Thus, the exact indication for CE in suspected 
Crohn’s disease remains an area of debate and uncertainty.

Capsule endoscopy for established  
Crohn’s disease
Imaging of the small bowel in patients with established Crohn’s 
disease can often be challenging. CE has the potential to aid the 
evaluation and monitoring of patients with established disease, 
particularly when lesions are beyond the reach of ileocolonos-
copy. To determine whether CE should be used for these 
patients, one should: (1) evaluate disease distribution and  
activity; (2) assess for postoperative recurrence; (3) evaluate for 
indeterminate colitis; and (4) assess for mucosal healing and 
response to medications.

Evaluation of disease distribution and activity
Capsule endoscopy may prove useful in evaluating the distribu-
tion and activity of inflammation in the small bowel. A validated 
scoring system of endoscopic activity would be beneficial. Two 
CE scoring systems have been published: the Lewis Score [111] 
and the Capsule Endoscopy Crohn’s Disease Activity Index 
(CECDAI) [112]. The CECDAI was developed and validated for 
use in patients with established disease to track progression and 
activity objectively. However, these scoring systems have not yet 
been incorporated into clinical practice [113].

Capsule endoscopy could also help evaluate patients who 
have overlapping Crohn’s disease and irritable bowel syndrome. 
It might be used to assess for small bowel inflammation in 
patients with Crohn’s disease who are not responding to medi-
cation, particularly if both radiology and ileocolonoscopy are 
negative for active disease [114–117]. If the capsule study is 
normal, its documented high negative predictive value may help 
alter patient management. However, it is unknown whether this 
approach is cost-effective and what its impact will be on clinical 
outcomes [111].

Assessing for postoperative recurrence
Assessing patients for postoperative recurrence of Crohn’s 
disease can aid their long-term management. In some circum-
stances, CE may be beneficial in evaluating such patients, espe-
cially if lesions are not easily accessible by endoscopy. However, 
the use of CE in this scenario is still unclear. Some authors 
suggest a significant increase in the yield of CE for lesions proxi-
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Small bowel polyps and  
polyposis syndromes

Capsule endoscopy for small bowel polyps
In addition to diagnosis of small bowel tumors, CE may be 
helpful in the surveillance of patients with hereditary polyposis 
syndromes, including familial adenomatous polyposis and 
Peutz–Jeghers syndrome. Several series have examined the use 
of CE in evaluating patients with polyposis syndromes [146–
151]. In two studies, CE was found to be superior to barium 
small bowel radiographs for detection of polyps [147,152]. 
Furthermore, the test was preferred by most patients because it 
was better tolerated than small bowel radiography. However, the 
usefulness of CE in the management of polyposis syndromes is 
not clear at this time. Patients with Peutz–Jeghers syndrome 
may benefit from CE rather than barium small bowel radiogra-
phy, particularly for surveillance or OGIB [152,153]. However, 
CE is not as good as standard endoscopy for evaluating the 
periampullary region and duodenal polyps in the vicinity of the 
duodenal sweep [154].

Deep enteroscopy
Multiple case reports have demonstrated the utility of DBE for 
histopathological diagnosis of small bowel tumors [155–158]. 
In addition to biopsies, DBE allows for other therapeutic inter-
ventions, including polypectomy in familial polyposis syn-
dromes, tattooing of lesions to enable their detection at surgery, 
palliative dilation and stent placement, and retrieval of retained 
CEs [159–161]. DBE also enables detection of small bowel 
tumors missed on prior tests, including CE [49].

In a prospective study evaluating 301 patients at a single 
center over 3 years, the incidence of small bowel tumors and 
polyps identified on DBE was 9.6% [162]. DBE enabled endo-
scopic resection of polyps and was useful for diagnosis and 
localization of endoscopically unresectable tumors. In a large 
multicenter study, 144 small bowel tumors were identified in 
1035 patients who had undergone DBE over 5 years [163]. The 
most common tumors were lymphoma and gastrointestinal 
stromal tumors. The complication rate was 10%, with perfora-
tion as the most common adverse event. In a more recent ret-
rospective study of 1106 patients, 12.1% had a small bowel 
tumor diagnosed with the aid of DBE [164].

Celiac disease

Capsule endoscopy for celiac disease
Although CE has not been studied extensively in celiac disease, 
growing evidence suggests that it is quite accurate in identifying 
changes such as villous atrophy; scalloping, layered, or stacked 
folds; and the characteristic mosaic appearance of the mucosa 
[165–171]. CE may also provide information on the extent of 
small bowel involvement, although its clinical significance is not 
clear [171]. A metaanalysis indicated that the overall pooled 

the general population [131]. The risk appears to be highest in 
patients with established Crohn’s disease. The single most 
common cause of capsule retention is a stricture [9], with reten-
tion rates as high as 13% [131]. Any patient with known Crohn’s 
disease who is undergoing CE should be informed of the risk 
of capsule retention, even in the setting of normal small bowel 
imaging [109,132,133].

Deep enteroscopy techniques
The exact indication for deep enteroscopy techniques in the 
evaluation and management of small bowel Crohn’s disease has 
yet to be determined. At this time, these modalities are not 
considered first-line tools in patients with small bowel Crohn’s 
disease. Studies suggest that they may be useful for histological 
confirmation of small bowel findings on CE or imaging studies. 
They may also be useful in the performance of therapeutic inter-
ventions. The overall yield for small bowel Crohn’s disease 
ranges from 5% to 13% in all patients undergoing deep enter-
oscopy but increases to 74% to 96% in patients with known 
Crohn’s disease [134,135]. Studies have shown that deep enter-
oscopy is useful for dilation of Crohn’s disease–related small 
bowel strictures and retrieval of retained capsules [136,137].

Small bowel tumors

The newer small bowel enteroscopy modalities have had a  
substantial impact on the detection and management of small 
bowel tumors. It is critical to diagnose tumors of the small  
bowel early, as most are malignant, with a poor prognosis  
due to their late presentation [138,139]. CE and deep enteros-
copy techniques have largely replaced intraoperative enteros-
copy for diagnosis of primary and metastatic small bowel 
tumors, although surgery is still the mainstay in the manage-
ment of these patients once the diagnosis is made.

Capsule endoscopy for small bowel tumors
The documented incidence of small bowel tumors has increased 
since the introduction of CE [140,141]. The two largest studies 
on CE found an incidence of 2.4% for small bowel tumors  
in cohorts of 2000 [142] and 5129 patients [143]. The most 
common small bowel tumors detected on CE are gastrointesti-
nal stromal tumors, adenocarcinomas, and carcinoid tumors 
[142,143]. Some authors suggest improved outcomes in patients 
after diagnosis of small bowel tumors on CE [69,140].

Some authors have also reported an appreciable miss rate 
with CE for small bowel tumors [49,67,144,145]. This limitation 
of CE may be related to several factors, including rapid move-
ment of the capsule through the small bowel, inability to achieve 
a 360° view, and lack of insufflation of the lumen. Therefore, 
additional evaluation with cross-sectional imaging or deep 
enteroscopy should be pursued after a negative CE in patients 
for whom there is high suspicion for tumor.
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cholangiopancreatography (ERCP) [188–194]. These studies 
suggest that both DBE and SBE are effective techniques. More 
recently, a study of 37 postsurgical patients requiring ERCP 
compared push enteroscopy to DBE in a stepwise approach 
[195]. DBE led to successful imaging in 23 of 31 patients (74.2%) 
compared to six by push enteroscopy (19.4%). SE has also been 
studied to a limited extent. Thirty-four consecutive patients 
with Roux-en-Y anatomy underwent 54 ERCP procedures with 
either SBE or SE. No significant difference was found in the 
diagnostic yield of SBE (48.3%) compared with that of SE (40%). 
The overall therapeutic yield was 93.8%, with a therapeutic yield 
of 100% for SBE and 87.5% for SE (P > 0.99). The mean proce-
dure time did not differ between the two techniques. There was 
also no difference in complication rates [196]. In patients with 
altered anatomy, all deep enteroscopy techniques should be con-
sidered for facilitation of direct cholangiography.

New techniques and innovations  
on the horizon

A paradigm shift has occurred in gastrointestinal endoscopy 
with the development and use of wireless capsules that provide 
gastrointestinal imaging [21]. Over time, the areas of innovation 
in CE have included new types of capsules with improved optics 
and better propulsion that are capable of performing biopsies 
and therapeutics, facilitating targeted drug delivery, and evalu-
ating small bowel motility.

Clinical trials are being conducted of the MiroCam capsule 
(Intromedic), which relies for imaging on a complementary 
metal oxide semiconductor chip and for image transmission on 
its proprietary Human Body Communication technology [197]. 
The human telemetry technology of the MiroCam, electric-field 
propagation, dramatically reduces the amount of power the 
capsule consumes and then uses that surplus energy for more 
image production, resulting in higher image resolution.

Another focus of CE research is improved optics. A new type 
of CE incorporates four cameras focused out the sides of the 
capsule (CapsoCam SV1; CapsoVision Inc, Saratoga, California). 
The goal of this design is to enhance diagnostic yield by circum-
ferential inspection of the small intestine, regardless of capsule 
orientation.

Another advance is blue-light imaging, which uses the spec-
tral image-processing technology known as Fuji Intelligent 
Chromo Endoscopy (FICE; FUJIFILMS Holdings America 
Corp, Saitama, Japan). As FICE is integrated into the PillCam 
CE system, disease recognition may be further improved.

A major disadvantage of CE technology is the inability to 
control the movement of the capsule through the gastrointesti-
nal tract. Because of the large size and peristaltic movements of 
the stomach, it is particularly difficult to examine without a 
maneuverable system. Thus, some researchers are focusing on 
the magnetic forces that control CE movement and location 
within the gastrointestinal tract [198]. This approach might 

sensitivity and specificity for CE was 89% and 95%, respectively 
[172]. CE may be helpful in elderly patients with iron-deficiency 
anemia, especially in those with a normal upper endoscopy 
[173]. Two studies confirm CE as a viable replacement for 
biopsy in the diagnosis of celiac disease when upper endoscopy 
is contraindicated or when biopsies are negative or equivocal, 
despite a high index of suspicion [174,175].

Less impressive findings were found in another study evaluat-
ing the correlation between CE results and the degree of villous 
atrophy at histology [176]. There was moderate agreement, with 
sensitivity ranging from 90.5% to 95.2%. However, specificity 
was low at 63.6%, and the positive predictive value was 100%; 
the negative predictive value ranged from 77.8% to 87.5%. The 
authors suggested that CE should not replace duodenal biopsies 
for diagnosis of celiac disease. This was also the recommenda-
tion of the authors of another study in which CE did not add to 
duodenal biopsies [177]. In a more recent study comparing 
endoscopy to CE, endoscopy with distal duodenal biopsies was 
found to be superior in detecting proximal, nonresponsive 
disease, although it sometimes missed more distal lesions [178]. 
In a metaanalysis of three studies, the overall sensitivity of CE 
was 83% (95% CI 71%–90%) and the overall specificity was 98% 
(95% CI 88%–99.6%) [179]. The authors concluded that their 
findings could not justify the routine use of CE as an alternative 
to small bowel biopsies. Other evidence suggests that CE may 
be useful in evaluating patients with complicated or refractory 
celiac disease [180–184]. In patients with refractory celiac 
disease, it can help detect lymphomas as well as ulcerative jeju-
nitis [185].

Deep enteroscopy for celiac disease
There are few published reports of studies addressing deep 
enteroscopy in the evaluation of celiac disease. One study 
reviewed DBE in patients with refractory celiac disease [186]. 
Twenty-four procedures were performed in 21 patients. 
Enteropathy-associated T-cell lymphoma was found in five 
patients, and ulcerative jejunitis was found in two patients. 
Another study evaluated DBE in patients with malabsorption 
[187]. DBE in 12 patients with clinical malabsorption yielded a 
diagnosis in eight (67%), including a new diagnosis in four 
(33%). Duodenal biopsies in four patients yielded no diagnosis. 
DBE also excluded enteropathy-associated T-cell lymphoma 
and/or ulcerative jejunitis in patients with refractory celiac 
disease. Overall, DBE had a diagnostic value of 42% in patients 
with malabsorption of unclear origin and should be reserved 
for patients with unexplained malabsorption, especially when 
duodenal biopsies are normal.

Deep enteroscopy in endoscopic  
retrograde cholangiopancreatography
In patients with intestinal bypass surgery, Roux-en-Y gastroje-
junostomy, Billroth II reconstruction, and/or choledochojeju-
nostomy, BAE can be used to facilitate endoscopic retrograde 
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bowel disorders. Therapeutic deep enteroscopy techniques  
are useful in patients with abnormal CE findings and in those 
with high clinical suspicion for a small bowel lesion despite 
negative CE.
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result in several improvements in procedure time, real-time 
viewing of images, and back-and-forth navigation.

The most extensively tested navigational system involves 
external magnetic fields that use either a permanent magnet or 
an electromagnet. One maneuvering system that includes a 
hand-held magnet has been studied using CE in the esophagus 
and stomach [199,200]. Another recent prototype of a magneti-
cally guided CE that appears feasible and accurate uses an elec-
tromagnet and joysticks; it has been tested in the stomach [201]. 
Also under discussion is a capsule with eight electromechanical 
legs for locomotion [202]. However, challenges remain in bring-
ing these enhancements into clinical practice.

Even the latest CE technology lacks the capability of perform-
ing biopsies. To obtain mucosal biopsies via CE, some research-
ers have focused on the development of a spring-loaded device 
(similar to the Crosby capsule) guided by real-time imaging and 
remote manipulation [203]. Another possible CE device for 
microscale biopsy is a capsule with single-crystal silicon planar 
microspikes and protruding barbs; it uses microelectromechan-
ical systems technology [203].

Targeted drug delivery should also be possible soon with CE. 
A medication-filled plastic capsule called the iPill (Intelligent 
Pill; Philips Research, Royal Philips Electronics, Eindhoven, the 
Netherlands) has been tested in animals; it has a tiny pump that 
can deposit medicine at a specific location in bursts or all at 
once. Sensors in the capsule can detect acidity and temperature, 
allowing the capsule to react to pH changes.

Capsule endoscopy technology may also eventually enable 
endoluminal analysis, so that patients with motility disorders 
can be evaluated more precisely [204]. With such technology, 
the endoscopist could detect contractile events and noncontrac-
tile patterns, contents, and parietal and endoluminal structures 
and their movement. The motor function of the small bowel 
could also be evaluated quantitatively, using computer algo-
rithms to analyze various endoluminal features.

Conclusion

Significant advances have occurred in the field of small bowel 
enteroscopy over the past decade. CE and other deep enteros-
copy techniques have enabled both diagnostic evaluation and 
therapeutic management of most small bowel disorders. 
Enteroscopic tools are complementary in the evaluation of the 
small bowel, and their selection should be based upon clinical 
presentation and suspected location of the lesion, as well as 
therapeutic need.

Deep enteroscopy techniques are useful for evaluation  
and management of small bowel disorders, including OGIB, 
small bowel tumors, and inflammatory diseases. The noninva-
siveness of CE and its ability to visualize the entire small bowel 
make it the preferred test for evaluating patients with small 
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Instrumentation

Flexible scopes for sigmoidoscopy and colonoscopy have been 
available since the 1960s, utilizing insertion tubes of 65 cm, 
130 cm, or 165 cm in length, respectively. The flexible sigmoido-
scope is used to evaluate the rectum, sigmoid, and sometimes, 
descending colon. The colonoscope is designed to traverse the 
entire colon and in many instances the distal ileum as well.

During the past five decades endoscopy has benefited from 
numerous technical advancements. Initially these instruments 
relied on fiber optics for both delivery of light and return of 
image. But for the past 15 years miniaturized video chips incor-
porated into the tips of the instruments have improved signifi-
cantly the color and resolution of the images. As the view has 
become sharper the scopes have also become narrower with 
increased flexibility, and tip angulation up to 180 degrees. This 
has permitted navigation of tight flexures, strictures, entry to 
distal ileum, and retroflexed views of challenging areas like the 
rectum and right colon, as well as crevices between haustral 
folds. Other widely available improvements include variable 
stiffness controls for the insertion tubes, changing the color 
band width for better polyp detection, and foot-controlled pres-
surized water lavage for clearer visualization [1].

The range of endoscope accessories has continued to evolve 
as well, providing the endoscopist with a wide armamentarium 
for better diagnosis and therapy. Among these are spray cathe-
ters and delivery systems for dye-spraying (chromoendoscopy), 
larger forceps for biopsy sampling, rotatable polypectomy snares 
for difficult to reach polyps, electrocoagulating “hot biopsy” 
forceps for simultaneous tissue removal and cautery, nets and 
baskets for polyp retrieval, and dilating “through-the-scope” 
balloons. For better hemostasis there are heater probes, bipolar 
electrocoagulation, argon plasma coagulation, and metallic 
clips. Needle injectors, like the sclerotherapy instruments used 
in upper gastrointestinal endoscopy, are available for lifting 
polyps before resection, and for tattooing polyp and tumor sites 
for future surveillance or surgical resection. Guide wires can be 
introduced through the instrumentation channel and left in 
place after scope withdrawal so that larger balloons, or self-
expanding stents can be deployed across strictures [2].

Colonoscopy anatomy

For the endoscopist the degree of difficulty in navigating the colon 
from anus to ileum can range from relatively straightforward to 
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daunting. This is determined in part by such factors as the 
degree of mesenteric fixation of the colon that has occurred 
during fetal development, inherent redundancy, prior intestinal, 
abdominal or pelvic surgery, or colonic inflammation. The 
experienced endoscopist relies upon the recognition of certain 
anatomic landmarks. These include visualization of the spleen 
and liver through the colon wall at their respective flexures, the 
triangular configuration of the transverse colon due to the array 

Figure 134.1 Transverse colon. In the transverse colon the lumen typically 
takes on a triangular shape due to the anatomical location of the three 
bands of longitudinal muscle, the taeniae coli. This is a useful landmark 
for the endoscopist, signifying successful passage around the splenic 
flexure.

Figure 134.2 Hepatic flexure. The hepatic flexure is identified by the 
bluish tint seen through the colonic mucosa from the liver in its position 
on the serosal aspect of this area. Note also the arborization of the colonic 
vasculature visible through the healthy, glistening colonic mucosa.

Figure 134.3 Ileocecal valve. The ileocecal valve as seen by the 
colonoscope is identified by a central notch in the ileocecal fold just distal 
to the caput cecum. It is occasionally possible to see both “lips” of the 
valve, making intubation simpler.

Figure 134.4 Appendiceal orifice. The appendiceal orifice is a key 
landmark for the endoscopist, signifying intubation of the cecal caput. 
While there is some anatomical variation, it typically appears as a 
semi-lunar slit because the appendix lumen is always at an angle to the 
long axis of the ascending colon. The appearance is generally unchanged 
following appendectomy.

of the three longitudinal taeniae coli, the crescent-shaped 
appendiceal orifice, the flattening of circular colon lumen by the 
ileocecal valve, and the granular, villiform, more opaque appear-
ance of ileal mucosa, signaling a complete examination. The 
normal colonic mucosa is smooth and glassy, with interlacing 
delicate vascularity visible through the rather transparent epi-
thelial surface. Loss of this transparency may be due to inflam-
mation, edema, or scarification (Figures 134.1–134.4) [2].
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agents. It is generally felt that hypoglycemia is more hazardous 
than hyperglycemia to the patient undergoing colonoscopy.

It is often necessary to individualize the preparation based on 
patient preference and history. Thus a severely constipated 
patient may require a more vigorous regimen than one with 
diarrhea, inflammatory bowel disease, or extensive intestinal 
resections. However, even in the presence of a diarrheal illness 
full cathartic preparation is required to cleanse the mucosal 
surface.

Management of antithrombotic agents
Many patients take aspirin, nonsteroidal inflammatory agents, 
clopidogrel or anticoagulants like warfarin and the newer agents 
such as rivaroxaban. Discontinuation of these agents before 
colonoscopy may not be necessary if the examination is to be 
purely diagnostic and does not entail extensive biopsy, or 
polypectomy. The decision to perform colonoscopy on a patient 
taking antithrombotic therapy warrants careful consideration of 
benefits, risk and timing of the procedure. Most colonoscopic 
procedures pose a low risk of significant hemorrhage. Risk of 
bleeding is lowest for purely diagnostic procedures and mucosal 
biopsies. Higher risk procedures include polypectomy, stricture 
dilation and endoscopic ultrasound (EUS) -guided fine-needle 
aspiration. If such a procedure is planned, one must consider 
the risk of bleeding related to an endoscopic intervention in the 
setting of antithrombotic therapy as well as the risk of throm-
boembolic complications related to interruption of therapy. 
Discussion with the patient and the prescribing physician is 
important in formulating an appropriate periprocedural treat-
ment plan [7].

The emergence of new anticoagulants and antiplatelet agents 
adds an additional level of complexity in performing colonos-
copy. Novel anticoagulants act by directly inhibiting thrombin 
or factor Xa and are more difficult to reverse than traditional 
therapies. New thienopyridine drugs and glycoprotein IIB/IIIA 
inhibitors are more potent antiplatelet agents than their prede-
cessors. Studies have shown an increased risk of gastrointestinal 
hemorrhage with the use of these antithrombotic therapies. 
Therefore, it is crucial for endoscopists to have an understand-
ing of their properties and to foster collaborations with cardi-
ologists in managing these complex cases [8].

In cases of artificial prosthetic heart valves, bridging antico-
agulation with heparin or enoxaparin may be necessary. If war-
farin is to be discontinued this should be done three or four 
days prior to the examination; for rivaroxaban and many of the 
other new anticoagulants the agents need to be withheld only 
one or two days [7,8].

Sedation
For sigmoidoscopy sedation is seldom necessary since, with 
proper technique, it causes minimal patient discomfort. On the 
other hand, colonoscopy is intrinsically uncomfortable. It 
involves stretching of peritoneal attachments and insufflation of 
air, or carbon dioxide. Pain can be minimized by meticulous 

The position and progress of the colonoscope is assessed by 
identifying the anatomic features described previously. 
Additional secondary cues may be afforded by trans-illumination 
of the scope tip through the abdominal wall, the intra-colonic 
impression of the endoscopist’s or assistant’s palpating finger on 
the abdominal wall, and the length of scope inserted as indi-
cated on the calibrated shaft of the instrument. The anatomic 
landmarks provide the most accurate information at the rectal 
and cecal extremities, whereas precise location is difficult to 
establish elsewhere in the colon [3]. That is why many endo-
scopists tattoo lesions that may require future surveillance or 
surgery [4].

Preparation and medication use  
for colonoscopy

Bowel cleansing
The quality of a colonoscopic or sigmoidoscopic examination is 
judged by not only having traversed the complete anatomic 
extent but also examining a colon that has been cleared of  
all fecal debris. Preliminary colon cleansing is absolutely  
crucial to a complete and thorough examination of the large 
intestine.

For sigmoidoscopy adequate preparation may require one or 
two enemas with hypertonic phosphate, saline, or water given 
within an hour of the examination. In patients with constipa-
tion, strictures, or diverticulosis adequate cleansing may not be 
achieved and laxatives by mouth may be required, just as for 
colonoscopy.

Preparing for colonoscopy usually includes a liquid diet for 
at least one day prior to the examination. Oral iron medications 
should be stopped for 5 days to remove the dark coloration of 
colonic contents. Constipating agents such as diphenoxylate, 
loperamide and narcotics should be discontinued the day before 
the examination. There are numerous cathartic preparations for 
colonoscopy, ranging from large to small volumes of hyperos-
molar or balanced electrolyte solutions, sometimes combined 
with stimulatory laxatives. Sodium phosphate solutions have 
largely fallen out of use due to reports of precipitation of phos-
phates in the kidney tubules and isolated cases of renal failure 
[5]. Splitting the preparation into two sessions with the second 
dose taken four to six hours prior to the procedure has been 
reported to result in a more thorough catharsis than ingesting 
the entire preparation at one time [6].

Patients are instructed to consume the complete preparation 
in order to produce profuse, clear diarrhea. The preparation, 
and all oral intake, should stop approximately 6 hours before 
the examination to reduce the risk of aspiration during the 
procedure. In patients with renal insufficiency or who are feeling 
weak after preparation intravenous (IV) fluids can be adminis-
tered during and after the examination. For diabetics undergo-
ing preparation with purgatives and fasting, many endoscopists 
advise withholding or halving their morning hypoglycemic 
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which the tip must be aimed can be gauged by maneuvering the 
tip of the scope away from the brightest light reflection, just as 
one would steer a car through a curve in a dark tunnel, by 
heading away from where the headlight beams are reflected off 
the tunnel wall. Pushing the scope without knowing the direc-
tion of the lumen leads to patient discomfort from stretching of 
the mesentery, gives a false sense of advancement, and can lead 
to perforation. Looping can be suspected when the luminal view 
is not advancing concomitantly with the amount of scope intro-
duced or if the scope tip actually retracts as the shaft is being 
advanced into the rectum. It is far preferable to pull back and 
reposition than to push ahead without a luminal view.

Diverticulosis often presents a technical challenge for com-
plete sigmoidoscopy or colonoscopy since it is accompanied by 
haustral hypertrophy and luminal spasm, fixation of the sigmoid 
colon as well as false luminal openings at the diverticular ori-
fices (Figure 134.5). Considerable finesse is required to navigate 
such a sigmoid colon, including pleating the lumen over the tip 
of the scope by the endoscopist “jiggling” the shaft of the instru-
ment, torqueing the scope, repositioning the patient, or chang-
ing to a smaller caliber scope with a more acute tip angling 
capability [15].

Completing the colonoscopic examination requires steering 
the scope around the splenic and hepatic flexures and assuring 
that the cecum has been reached (see Figure 134.2). The endo-
scopist is challenged by the tendency of the shaft of the scope 
to loop in the sigmoid or elsewhere in the tortuous colon. The 
experienced colonoscopist learns to reduce loops before 
attempting to introduce more scope. Additional maneuvers 
include twisting the shaft clockwise or counter-clockwise,  
withdrawing air, external pressure on the abdominal wall,  
and changing the patient’s position [14,16]. A sign of success-
ful technique is to observe “one-to-one” movement, that is,  

technique on the part of the endoscopist, specifically avoiding 
undue insufflation of air or the creation of loops of colon during 
introduction of the instrument, and assiduously aspirating air 
upon withdrawal [2]. Despite these maneuvers, sedating medi-
cations are usually required.

There is considerable variability among patients, endoscopists 
and local practice customs with regards to endoscopic sedation. 
In some countries, routine sedation is not employed while in 
others anesthesia is common [9]. Depending on the circum-
stances, the endoscopist, an assistant, or an anesthesiologist may 
administer sedation. Some commonly employed agents for 
sedation and analgesia are intravenous meperidine, fentanyl, 
diazepam, midazolam and propofol. An anesthesiologist usually 
administers the latter agent although this may not be required 
in some countries [10]. It is considered standard of care to 
monitor patients’ blood pressure, pulse rate, and oxygenation 
repeatedly during colonoscopy and during recovery from the 
sedation.

Antispasmodics like glucagon or hyoscyamine have been uti-
lized to reduce spasm and facilitate colonoscopy with variable 
success in clinical trials. Some studies have demonstrated 
reduced patient discomfort using these agents with the added 
benefit of improved colonic inspection [11,12].

Antibiotics
Antibiotics are often administered in the presence of a pros-
thetic heart valve, history of endocarditis or recent vascular 
graft but there is little data to support this practice. Guidelines 
from major GI societies and the American Heart Association 
do not consider routine endoscopy as a high-risk procedure 
requiring endocarditis prophylaxis [13]. Patients with heart 
murmurs, pacemakers, cardiomyopathies, or those taking 
immunosuppressive therapies do not routinely receive antibi-
otic prophylaxis

Colonoscopic technique

The technique of flexible sigmoidoscopy is identical to the first 
stage of a total colonoscopy. The most common positioning of 
the patient is the left lateral decubitus. During difficult intuba-
tions it may be useful to rotate the patient to supine, prone, or 
even right lateral decubitus [14]. Before insertion of the scope 
a thorough digital rectal examination is performed. This intro-
duces lubrication gel to ease scope passage and assesses the 
quality of cleansing. In addition, rectal examination can uncover 
prostate pathology in males, adjacent pelvic masses, distal stric-
tures and anal sphincter defects.

Upon introduction of the scope tip air is introduced to inflate 
the lumen. If the tip of the scope abuts the mucosal surface the 
lumen will not be seen until the scope is pulled back a few 
centimeters. The bright light of the colonoscope affords excel-
lent views of the walls and contents of the lumen and is reflected 
from the mucosal surface. The multiple twists and turns of the 
rectum and proximal colon require careful steering to avoid 
impaction of the scope tip into the colon wall. The direction in 

Figure 134.5 Diverticulosis. The openings of multiple colonic diverticula 
are noted in the lower right of the image with the colonic lumen at the 
upper left. Diverticular disease is most common in the left colon and in 
severe cases makes traversing this colonic segment quite challenging by 
creating many “false lumens” which may mislead the endoscopist.
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advancement of the tip of the scope equal to the amount of 
scope being introduced into the anus. If the patient is experienc-
ing discomfort during the procedure the endoscopist should 
consider that a loop has formed or too much air has been intro-
duced [17]. Lack of meticulous technique in the early part of 
the examination portends difficulty in reaching the cecum or 
terminal ileum. After each flexure has been passed it is useful 
to reduce any loops that have formed before pressing on.

One of the most common errors made in colonoscopy is to 
conclude that the cecum has been reached because there appears 
to be no luminal view ahead of the scope, or the light of the tip 
has trans-illuminated the right lower quadrant of the patient’s 
abdomen. In fact the most reliable landmarks are visualization 
of the appendiceal orifice and the ileocecal valve, preferably 
with entry into the terminal ileum (see Figures 134.2–134.3). 
With current instrumentation it is routine to obtain photo doc-
umentation of these landmarks, as well as of any abnormalities 
or suspicious areas [18]. If the cecal landmarks cannot be identi-
fied reliably it is prudent to obtain a subsequent radiographic 
exam such as CT colonography or “virtual colonoscopy” in 
order to clear the right colon of any significant pathology [19].

Filling the colon with water rather than air or carbon dioxide 
has been reported to markedly increase the ease of intubation 
and to heighten patient comfort during the procedure, permit-
ting colonoscopy to be performed without sedation. Further 
studies need to be conducted to assess the feasibility of water-
infusion colonoscopy [1].

After confirming complete intubation the endoscopist slowly 
withdraws the instrument, examining the full circumference of 
each haustral segment. Since the right colon and rectum are the 
areas in which polyps may often be missed it is desirable to 
retroflex the tip of the scope in these areas to view the far side 
of the haustral folds and most distal rectum (Figure 134.6) [20]. 

Figure 134.6 Internal hemorrhoids. Internal hemorrhoids, seen here as a 
ring of purple dilated blood vessels at the anal verge, are often seen on 
rectal retroflexion of the colonoscope. Retroflexion is a useful maneuver 
for identifying rectal pathology, such as polyps and cancers, which may 
not be visible to the straight forward view of the colonoscope.

As each section of colon is cleared air is removed and the scope 
withdrawn to the next segment. Some studies have correlated 
missing lesions with too rapid a withdrawal of the instrument 
and it has been recommended that a minimum of 6 minutes be 
devoted to that phase of the colonoscopy [21].

Colonoscopy assistants

A quality colonoscopy requires a coordinated team of endo-
scopists and assistants. Among the assistant’s duties are [2]:
• preparing the patient for the endoscopy suite with gowning 

and documenting preexam vital signs
• reassuring the patient and family
• preparing and testing the endoscopy and recording equip-

ment, accessories, sedating medications, gloves, lubricants, 
gauze and absorbent pads, and fluid for lavage

• maintaining adequate and up-to-date medications for reversal 
of anesthesia and equipment for resuscitation

• documenting biopsy and polypectomy specimens for pathol-
ogy examination

• monitoring patient comfort and vital signs during and after 
the examination

• assisting the endoscopist with passage of the scope; this may 
entail providing external abdominal pressure or temporarily 
holding the scope while the endoscopist manipulates the 
controls

• participating in performing biopsies and polypectomies by 
opening and closing the forceps and snare as well as injecting 
fluid to raise polyps for resection and to mark sites with 
carbon tattoos

• cleaning and disinfecting the instrument and any re-usable 
accessories

• monitoring the patient in the recovery area after the 
procedure.
Experienced assistants also can provide another set of eyes to 

spot small or elusive polyps, or tumors. Even the most experi-
enced endoscopist cannot perform excellent colonoscopy 
without an expert supporting staff.

Indications for colonoscopy

While the most common use of colonoscopy is to screen for 
colorectal cancer there are numerous indications for colonos-
copy (Box 134.1).

Screening for polyps
The initial “screening” colonoscopy is recommended for all by 
the age of 50. In patients with first-degree family members with 
polyps or cancer the initial examination should be performed 
by the age of 40. In families with polyposis syndromes such as 
Lynch or hereditary nonpolyposis colorectal cancer (HNPCC) 
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the initial colonoscopy is performed in the late teens or early 
twenties [22] (see Chapter 80).

Polyp surveillance
Follow-up colonoscopic “surveillance” algorithms depend upon 
the findings at the screening examination. A 10 year interval has 
been proposed for patients with screening examinations that 
were normal or revealed hyperplastic polyps. For those with 
adenomatous polyps the follow-up recommended is 3 to 5 years 
depending upon the number, size, and histology of the resected 
polyps: 3 years after removal of multiple adenomas or an adeno-
matous polyp with villous features, or high-grade dysplasia; 5 
years after resection of one or two small adenomas. The interval 
is shortened if carcinoma is present in the polyp and meets 
criteria for nonoperative management, if there were multiple 
large, sessile adenomas, or in hereditary polyposis syndromes 
(Box 134.2) [23].

After surgical resection of colon cancer colonoscopy should 
be performed within the first year, especially if the cancer was 
obstructing and prohibited a preoperative complete colonos-
copy. If this is normal subsequent surveillance colonoscopies are 
indicated every 3 to 5 years [24].

Box 134.2 Guidelines for colonoscopic surveillance after screening 
and polypectomy.

Colonoscopic findings Surveillance 
interval (years)

No polyps
Hyperplastic polyps in rectosigmoid

10

1–2 tubular adenomas (<10 mm)
Sessile serrated adenoma (<10 mm, no dysplasia)

5

3–10 tubular adenomas
Tubular adenoma >10 mm
Villous adenoma
Adenoma with high-grade dysplasia
Sessile serrated adenoma >10 mm
Sessile serrated adenoma with dysplasia
More than 10 adenomas

3

<3

Source: Adapted from Lieberman et al. Guidelines for Colonoscopic 
Surveillance After Screening and Polypectomy: A Consensus Update 
by the US Multi-Society Task Force on Colorectal Cancer [23].

Box 134.1 Major indications for colonoscopy.

Screening and surveillance of colorectal polyps and cancer

Surveillance after colorectal cancer resection

Marking neoplasms for localization before treatment or surgery

Iron deficiency anemia not due to dietary insufficiency or 
malabsorption

Overt or occult rectal bleeding

Treatment for active colonic and distal small bowel bleeding

Elucidation of abnormal radiological imaging

Intraoperative localization of a lesion not found by the surgeon upon 
serosal inspection

Change in bowel habits not due to dietary changes or medication

Diarrhea with negative cultures

Evaluation of ulcerative colitis, Crohn’s disease, microscopic colitis, or 
other colonic or ileal mucosal process

Assess mucosal healing in ulcerative colitis and Crohn’s disease

Assess postoperative recurrence of Crohn’s disease

Dysplasia surveillance in long-standing ulcerative colitis or Crohn’s 
colitis

Management of colonic obstruction due to stricture or malignancy

Decompression of acute megacolon or volvulus

Foreign body removal

Delivery of therapeutic microbiome

Source: Adapted from Waye, JD et al. Practical Colonoscopy [2].

Flexible sigmoidoscopy and colonoscopy: 
use in diagnosis

Flexible sigmoidoscopy and colonoscopy are valuable diagnos-
tic modalities. They provide direct vision of the colonic mucosa 
without the radiation exposure of barium enemas and CT scans. 
They also enable photo-documentation of findings and biopsies 
for microscopic analysis.

Sigmoidoscopy
Direct luminal visualization is the best diagnostic test for evalu-
ation of the rectum and sigmoid. Bright red rectal bleeding, anal 
and left lower quadrant pain are common complaints for which 
flexible sigmoidoscopy may prove diagnostic. Hemorrhoids, 
anal fissures, strictures, proctitis, vascular anomalies, diverticu-
losis and left colon polyps and cancers can be definitively diag-
nosed by employing this relatively simple procedure, with easy 
preparation and usually no sedation [25,26]. Sigmoidoscopy 
can prove diagnostic in recent onset diarrhea after antibiotics 
due to Clostridium difficile by revealing characteristic “pseu-
domembranes”, although these findings may be present only in 
the higher portions of the colon and may require a full 
colonoscopy.

A limitation of flexible sigmoidoscopy (as well as colonos-
copy) is the assessment of the anal canal. Even with careful 
examination and employing retroversion the anal canal can be 
difficult to see. The best diagnostic study for pathology here is 
the rigid, beveled anoscope.

Colonoscopy
Colonoscopy remains the gold standard for examination of the 
entire colon. It is widely employed for detecting polyps, tumors, 
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mended for patients with ulcerative colitis with strictures that 
cannot be traversed with a colonoscope, since the risk of cancer 
in such a stricture is high [34]. In Crohn’s colitis with stricture 
there is debate about following with CT imaging rather than 
surgery [35].

In established ulcerative colitis or Crohn’s disease of the colon 
colonoscopy has been advocated for helping to define “remis-
sion”. Recent literature has emphasized the importance of 
achieving “deep remission”, a designation that encompasses not 
only clinical improvement but also endoscopic healing of previ-
ously noted inflammatory areas [36].

Flexible sigmoidoscopy and colonoscopy: 
use in therapeutics

Polyps
Most colon polyps can be removed via colonoscopy. Only 5% 
of pedunculated or broad-based polyps removed endoscopically 
are found histologically to contain invasive carcinoma travers-
ing muscularis mucosa and entering submucosa [37]. Surgical 
resection is not necessary in pedunculated adenomas with car-
cinoma if there is a margin of 1 mm to 2 mm between the car-
cinoma and resection margin and the carcinoma is well 
differentiated with no evidence of lymphatic or venous invasion 
[38]. The use of a permanent colonic tattoo makes it possible to 
localize a polypectomy site with accuracy for surgery or endo-
scopic follow-up [4].

Pedunculated and larger sessile polyps are removed by 
employing an electrically activated wire snare to lasso the stalk 
or base of the polyp and to guillotine and coagulate simultane-
ously. By constricting the tissue with the closing wire snare low 
electrical power is sufficient for transection and heat-sealing of 
blood vessels. For pedunculated polyps with thicker stalks some 
endoscopists inject the polypectomy site on the stalk with dilute 
epinephrine to vasoconstrict and minimize bleeding after resec-
tion. For larger sessile polyps endoscopic mucosal resection 
(EMR) can be employed, whereby the polyp is elevated by pre-
injection of saline (sometimes colored with methylene blue or 
indigo carmine) into the polyp’s base (Figure 134.7). These 
injections elevate the polyp on a fluid “cushion” to minimize 
electro-thermal damage to adjacent colon wall. This technique 
is useful especially in the relatively thin walled right colon. 
Failure of the polyp to rise on injection suggests that it may be 
malignant and bound to submucosa by tumor infiltration or 
that the surrounding mucosa has been inflamed and become 
fibrotic. For polyps that cannot be encircled completely with a 
snare, a “piecemeal” approach of sequential snare resection can 
be utilized. Any residual adenoma at the base can then be 
destroyed by fulguration with minimally opened snare tip, insu-
lated forceps, or argon plasma coagulator. The resected multiple 
adenomatous fragments can be retrieved with a special basket 
to permit full histologic evaluation of the polyp [39]. If a polyp 

inflammatory bowel disease, diverticulosis, vascular anomalies, 
ischemic colitis and strictures. Colonoscopy can be useful in 
evaluating changes in bowel habits (constipation or diarrhea), 
rectal bleeding, occult blood in the stool, and iron deficiency 
anemia. It can identify and mark sites for surgical resection or 
future surveillance. In the presence of a documented malig-
nancy of the colon it can survey for synchronous polyps. 
Colonoscopy does not require the prior performance of a flex-
ible sigmoidoscopy [2].

It should be recognized that occasionally, bright red rectal 
bleeding originates from the upper gastrointestinal tract from 
varices, ulcers, or vascular anomalies of the esophagus, stomach, 
duodenum, or small bowel. Evidence of hemodynamic compro-
mise is often seen in the setting of bright red rectal bleeding 
arising from the upper gastrointestinal tract. Upper endoscopy 
is the first diagnostic test in such patients and colonoscopy  
need not be performed in the patient who presents with  
red rectal bleeding when an upper GI source has been demon-
strated [27].

Persistent diarrhea with negative cultures for C. difficile and 
other bacterial, amebic, and protozoal pathogens mandates 
colonoscopy. Infectious colitis may involve the entire colon or 
be segmental. Ileal as well as colon involvement may be seen in 
Salmonella, Campylobacter, Yersinia, or tuberculosis. Amebiasis 
may produce characteristic flask-shaped ulcers in the right 
colon. Colonic friability may accompany Shigella, Entameba his-
tolytica, toxigenic Escherichia coli, and cytomegalovirus. C. dif-
ficile may be highly suspected by seeing “pseudomembranes” 
(yellowish plaques of exudate) [28,29].

Ulcerative colitis, Crohn’s disease, ischemic colitis, lym-
phocytic, or collagenous colitis can all be diagnosed by noting 
the characteristic distribution and nature of the lesions or, in 
the case of the microscopic colitis, by biopsies. In Crohn’s 
disease, colonoscopic biopsies seldom reveal the characteristic 
granulomas. Beyond diagnosing the cause of the diarrhea, 
colonoscopy can identify the extent and distribution of the 
process, thus helping to determine the appropriateness of topical 
or systemic therapy [30].

Colonoscopy is performed in ulcerative colitis and Crohn’s 
disease of the colon not only to establish diagnosis, but also to 
assess the effectiveness of therapy and to survey for dysplasia or 
malignancy. In established ulcerative colitis and Crohn’s colitis, 
colonoscopy can survey for dysplasia or cancer. In chronic 
(greater than 8–10 years) universal ulcerative colitis or Crohn’s 
colitis involving a substantial portion of the colon colonoscopy 
and multiple biopsies is performed on a regular basis, usually 
every one or two years. If indefinite or low-grade dysplasia is 
found the interval between colonoscopies is shortened [31]. If 
the dysplasia is confined to a polyp it can be removed colono-
scopically just as in noncolitic colons and if there is no dysplasia 
in surrounding or distant nonpolypoid mucosa, regular surveil-
lance should continue [32]. If high-grade or multi-focal low-
grade dysplasia is found in nonpolypoid mucosa the patient is 
generally referred for colectomy [31,33]. Surgery is also recom-
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Rectal bleeding
Since colonoscopy permits direct visualization of active or 
recent bleeding and can offer direct therapy, it is superior to 
barium studies, or CT in the evaluation of rectal bleeding. A 
possible exception is in patients with fulminant hemorrhage, in 
which case a CT angiogram or bleeding scan can be useful to 
identify the site and intervene therapeutically with radiological 
techniques to control the bleeding. The preparation can be rapid 
with administration of an electrolyte cathartic solution. In the 
case of diverticular bleeding it is possible occasionally to see 
active bleeding emanating from a specific diverticular orifice 
which can be treated by injection and/or electro-cautery, or 
application of clips for hemostasis. However, more often, mul-
tiple diverticula are seen with blood but no active bleeding. For 
bleeding vascular lesions (e.g. telangiectasias, angiodysplasias, 
hemangiomas, and postradiation changes), electrocoagulation, 
argon plasma coagulation, or injection with dilute epinephrine 
can be effective therapy [43].

Colon polyps seldom present with significant rectal bleeding 
unless they are in the distal colon. However, the site of a recent 
colonoscopic polypectomy may bleed copiously. Rectal bleeding 
following polypectomy may occur within hours or days of the 
procedure or up to 3 weeks afterwards with premature slough-
ing of the clot or eschar before re-epithelialization of the colonic 
mucosa is complete. Sometimes the patient has resumed aspirin, 
nonsteroidal anti-inflammatory medication, or anti-coagulants, 
interfering with intrinsic hemostasis. Usually, this postpolypec-
tomy bleeding is transient. But with continued bleeding or 
hemodynamic instability a repeat colonoscopy can identify the 
polypectomy site and the bleeding stopped by injection, coagu-
lation, clips or use of combined modalities to stop the bleeding 
[44].

Vascular ectasias that are bleeding can be treated with colon-
oscopic injection, or cautery. Similarly radiation proctopathy 
with angiectasias in patients who have received prostate or 
pelvic radiation therapy can be managed effectively with argon 
plasma coagulation or dilute topically applied formalin [45].

Colonic obstruction
Large bowel obstruction may be due to fecal impaction, 
obstructing tumor, stricture, volvulus, ileus, or pseudo-
obstruction (Ogilvie syndrome). Colonoscopy can be used diag-
nostically and therapeutically for all but fecal impaction though 
added caution is often necessary to avoid perforation, possibly 
through creating closed loop obstructions and insufflation. 
Stents can be deployed via guide wires delivered through a 
stenosis to bridge obstructing tumors and strictures [46]. 
Strictures can be dilated with balloons passed through the scope 
and inserted through the stricture under direct vision. This 
technique is most useful for short strictures such as at surgical 
anastomoses, as opposed to the longer strictures of Crohn’s 
disease [47]. Volvulus can be reduced by passing the tip of the 
colonoscope through the twist (providing there is not advanced 
ischemic damage), and using suction to decompress above the 

is deemed unresectable by endoscopic means biopsies can be 
obtained and the site marked by injection of carbon tattoo to 
help guide the surgeon during subsequent operative resection.

Utilizing these techniques the therapeutic endoscopist can 
remove very large polyps. Another more meticulous procedure 
to remove large polyps in one piece is endoscopic submucosal 
dissection (ESD), where fluid injection is given at the edge of a 
polyp and using short electrically active probes, the mucosa 
near the polyp edge is incised circumferentially. Further fluid 
injections into the incision line elevate the polyp under which 
the probes dissect the fluid-distended submucosa resulting in a 
complete polypectomy. Skill is necessary to prevent deep exca-
vation through the muscularis propria resulting in a perforation 
[40] (see Chapter 140).

Retrieval of resected polyps for pathology analysis can be 
accomplished by aspirating the fragments through the suction 
channel into a filtered suction trap, or by re-snaring the resected 
polyp and removing the scope with the polyp. Alternatively, by 
employing a through the scope net or basket, multiple frag-
ments can be captured and the scope withdrawn together with 
the specimen [39].

Diminutive (2 mm to 5 mm) polyps can be removed by wire 
snare or biopsy forceps either with or without electrocoagula-
tion. Such “cold polypectomy” is a safe alternative, avoiding 
thermal injury to the base and surrounding tissue [41]. Some 
have advocated simple resection of smaller polyps without 
retrieval for pathology analysis. The argument in favor of this 
“resect and discard” approach is that polyps of this size rarely if 
ever harbor malignant cells, it avoids the additional time and 
effort to retrieve the resected tissue and eliminates the addi-
tional costs of pathology analysis [42].

Figure 134.7 Colonic polyp. This polyp has a cerebriform mucosal pit 
pattern which is typical of an adenoma. A blue dye has been injected into 
the submucosa below the polyp in order to facilitate delineation and 
resection of the polyp.
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sis for these polyps but most endoscopists regard them as they 
would an adenomatous polyp with removal and follow-up 
within three to five years (Box 134.2) [23].

To complicate polyp identification in chronic colitis there 
may be “pseudopolyps” which typically have smooth surfaces 
and a whitish exudative cap. These polyps are primarily inflam-
matory and have no malignant potential and need not be biop-
sied or removed. A challenge for endoscopists in colonoscoping 
patients with long-standing colitis is to differentiate between 
pseudopolyps and dysplastic polyps that need to be resected.

Carcinomas tend to have a broad base and may be firm, 
friable, and sometimes ulcerated. When attempts to resect these 
broad-based lesions by injecting fluid to raise them from the 
surrounding mucosa are not successful, this indicates that the 
lesion is bound to and infiltrates the submucosa [39]. Multiple 
biopsies, obtained from several aspects of the lesion may be 
necessary to make the diagnosis definitively because many 
cancers have nonmalignant adenomatous or necrotic regions.

Colitis
Mucosal changes of colitis have a broad spectrum of abnormali-
ties, ranging from highly friable, purulent “raw meat” appear-
ance in severe ulcerative colitis or ischemia to a normal pattern 
in microscopic colitis. Ulcerative colitis, by definition, is a 
mucosal disease that involves the rectum and may extend 
upward continuously and may present as proctitis, proctosig-
moiditis, left-sided colitis, or pan-colitis. In its most mild 
appearance there is edema, appearing as a loss of the glistening, 
transparent mucosa and visible submucosal vessels. More 
advanced colitis includes erythema, friability, exudate and 
ulcerations. Biopsies of involved colon will reveal inflammation. 
Intubation of the ileo-cecal valve in ulcerative colitis reveals a 
normal terminal ileum [53].

Crohn’s disease, unlike ulcerative colitis, involves all layers of 
the colonic wall. Therefore, the mucosal inspection afforded by 
colonoscopy may be less definitive than in ulcerative colitis. The 
earliest mucosal lesion of Crohn’s is that of small “aphthoid” 
ulcerations with surrounding normal appearing mucosa. In 
more advanced cases the ulcerations may coalesce to form an 
interlacing “cobblestone” appearance of edematous mucosa 
encircled by ulcerations. Unlike ulcerative colitis Crohn’s may 
spare the rectum and be discontinuous, or “skip” from one 
involved area to another with intervening normal mucosa. 
Crohn’s is more likely to stricture than ulcerative colitis and 
often involves the terminal ileum or may cause stenosis of the 
ileo-cecal valve prohibiting intubation. Biopsies of affected areas 
are usually nondiagnostic but will reveal nonspecific inflamma-
tion and uncommonly granulomas [53].

Surveillance for dysplasia or cancer in chronic ulcerative or 
Crohn’s colitis involves collecting four-quadrant biopsies from 
every 10 cm segment throughout the colon as well as any suspi-
cious areas. Discrete dysplastic polyps are resected as in the 
noncolitic colon [31]. With the advent of chromoendoscopy 
some authorities have advocated spraying the entire mucosa 

narrowing [46]. Sometimes a tube is placed and left in to prevent 
repeat volvulus.

Foreign body removal
Gallstones that have migrated to the ileo-cecal valve (“gallstone 
ileus”), ingested bones of fish or chicken, toothpicks, needles, 
dental bridges, and contraband can be removed from the colon 
utilizing baskets, snares, or biopsy forceps [48].

Delivery of “therapeutic microbiome”
C. difficile has become increasingly resistant to antibiotic eradi-
cation but responds to intra-colonic infusions of homogenates 
of “healthy” donor stool. Flexible sigmoidoscopes and colono-
scopes are utilized to deliver this therapy [49].

Colonoscopic findings

Polyps and cancer
Polyps appear as protuberances from the otherwise flat, glisten-
ing background of colonic mucosa. Polyps are described as 
“pedunculated” or “sessile” depending on the presence or 
absence, respectively, of a stalk between the polyp and mucosal 
surface. Pedunculated polyps generally are easier to remove 
because the stalk separates the polyp head from the mucosal 
surface. Sessile polyps present the challenge of shaving the 
resection too close and violating the integrity of the colonic wall 
with electric burn or perforation or, alternatively, leaving adeno-
matous cells behind that can regrow into a recurrent polyp. 
Larger sessile polyps may need to be removed piecemeal by 
multiple snare applications, perhaps with preliminary injection 
of saline with or without epinephrine (sometimes colored with 
a dye) into the submucosa aimed at raising the polyp above its 
surrounding mucosa and using the fluid as a protective buffer 
beneath the polyp for the snaring and electro-cautery [39].

Histopathologically most polyps are classified as “hyperplas-
tic” or “adenomatous”. Hyperplastic polyps are composed of 
relatively normal cells heaped into a protuberance; adenoma-
tous polyps contain cells that are “dysplastic”. It is the adenoma-
tous polyps that are considered potentially premalignant. The 
adenomatous polyps are sub-classified as tubular, tubulo-villous 
or villous, and the degree of dysplasia as low- or high-grade 
[50]. Macroscopic close inspection of a polyp may reveal a 
granular “cerebriform” pattern typical of an adenomatous polyp 
or the smooth texture of a hyperplastic polyp (Figure 134.7) 
[51]. Unfortunately, even with all the technical advances of 
instrumentation our ability to differentiate between these two 
types of polyps remains imperfect and most endoscopists try to 
resect all observed polyps.

In recent years, as the optical resolution of colonoscopies has 
improved, attention has focused on the presence of flat “ser-
rated” polyps. These are more common in the right colon and 
may appear as a subtle change in texture compared to the sur-
rounding mucosa [52]. There is some debate about the progno-
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wall. Toxic megacolon is an absolute contraindication because 
the diseased colon is already highly compromised [2].

Limitations
Colonoscopy remains the best screening and treatment modal-
ity for the colon but it is not perfect. Polyps and cancers can be 
missed due to sub-optimal preparation, endoscopist haste, 
subtle camouflaged lesions, the obscuring of abnormalities by 
haustral folds, or “blind spots” at the flexures, tortuous areas, 
caput of the cecum, and rectal ampulla. Several passes of the 
colonoscope may be necessary before clearing an area properly. 
No matter how much diligence and expertise is expended by the 
endoscopist there will be a small percentage of colon not scru-
tinized. This has been demonstrated in studies of repeat 
(“tandem”) colonoscopies. It has been estimated that even for 
“quality” colonoscopy the miss rate exceeds 25% for adenomas 
between 1 mm and 5 mm, 10% for adenomas between 6 mm and 
9 mm, and 2% for adenomas larger than 10 mm [59]. Cancers 
may be missed as they can be intramucosal, hidden within 
strictures, or even extrinsic to the colonic lumen [60].

Finally, it must be acknowledged that complete colonoscopy 
is not possible in all patients, even in the most expert hands. It 
is crucial to admit this and seek alternative, even if less ideal, 
means of viewing the entire colon. As the latest guidelines 
encourage longer intervals between colonoscopy examinations 
there is more pressure on endoscopists to assure that each exam-
ination is as complete and thorough as possible.

Alternatives
Abdominal rapid sequence spiral CT or MR colonography can 
provide a reconstructed tubular view of the colonic lumen 
(“virtual colonoscopy”). These studies have replaced barium 
enema as an alternative to colonoscopy. Haustral folds, diver-
ticula, polyps greater than 10 mm and tumors can be readily 
identified. In addition, the status of extra-colonic organs can be 
assessed. This is a reasonable alternative when patients refuse 
colonoscopy and is the study of choice when a colonoscopy 
cannot be completed to the cecum. However, its disadvantages 
include radiation exposure, lack of biopsy and therapeutic capa-
bility, false positives from retained stool and failure to see bleed-
ing sites, or small, or flat lesions. As of this writing, the sensitivity 
of optical colonoscopy for the detection of small and flat polyps 
remains superior to virtual colonoscopy [19].

Complications of colonoscopy

Bleeding
Significant bleeding after diagnostic colonoscopy and conven-
tional punch biopsies is rare. Some have suggested that these 
small biopsies can be taken while the patient is still therapeuti-
cally anticoagulated or remains on antiplatelet therapy [7].

Polypectomy carries a small risk of immediate or delayed 
hemorrhage, particularly in patients taking anticoagulants or 

with dilute methylene blue or indigo carmine dye to delineate 
abnormalities that might be overlooked with white-light inspec-
tion. The dye can be applied through a spray catheter or by 
adding the coloration to the foot-controlled jet sprayer used to 
clean the field with water. Some society guidelines recommend 
obtaining biopsies only from lesions visible by chromoendos-
copy (“targeting”) rather than performing multiple nontargeted 
biopsies throughout the colon (“random” biopsies) [54].

Ischemia produces a segmentally abnormal colonoscopic 
appearance, ranging from edema to erythema to frank ulcera-
tion and purplish or black blebs (“thumb-prints”) of cyanotic 
mucosa. The segmental distribution typical of ischemia charac-
teristically is in the vicinity of the splenic flexure or proximal 
descending colon due to the lack of redundant vascularization 
of this colonic segment [55].

Microscopic colitis presents with nonbloody diarrhea and 
can only be diagnosed by colonoscopic biopsy. The macroscopic 
appearance of the mucosa is normal or slightly edematous. 
Biopsies reveal infiltration of lymphoctyes or thickening of the 
sub-epithelial layer with collagen [56].

Contraindications, alternatives and 
limitations of colonoscopy

Low-yield indications
Colonoscopy has a relatively low yield in patients with estab-
lished irritable bowel syndrome or chronic abdominal pain who 
have had previous negative colonoscopic examinations [57]. For 
polyp surveillance, if adequate and a careful examination was 
performed and the cleansing was sufficient, colonoscopy does 
not need to be repeated at short intervals. The polyp to cancer 
sequence is not rapid and the likelihood of developing an inter-
val cancer of the colon within 10 years after careful colonoscopy 
is low [23].

Contraindications
Colonoscopy is usually well tolerated and in most cases can be 
performed in an office or ambulatory surgical center. But since 
the preparation and sedation inevitably involve some shifts of 
fluids and electrolytes and vagally-mediated influences from air 
insufflation or mesenteric stretching may all predispose to 
hypotension and cardiac arrhythmias, it is best to perform 
ambulatory colonoscopy on patients with well-controlled 
comorbid conditions. Recent myocardial infarction and coro-
nary artery stenting, unstable angina, as well as poorly control-
led diabetes, hypertension, pulmonary, or renal conditions are 
relative contraindications for elective colonoscopy [58].

Acute diverticulitis, involving as it does at least a micro-
perforation of a diverticulum, is a contraindication for colonos-
copy. Similarly, severely active ulcerative, Crohn’s, infectious, or 
ischemic colitis encountered on introducing the scope should 
discourage the endoscopist from attempting complete colonos-
copy lest this result in perforation of the already inflamed colon 
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The medications are given by the endoscopist with the assistant 
continually monitoring the patient’s consciousness, comfort, 
and vital signs. Medications to reverse the sedation are seldom 
necessary but should be available. Propofol is usually adminis-
tered by an anesthesiologist because it produces a deeper level 
of sedation and requires constant vigilance. Transient hypoxia 
and hypotension may be noted and managed with nasal sup-
plemental oxygen and intravenous fluids. A full armamentar-
ium of resuscitation equipment should be fully stocked, up to 
date, and readily available. Patients are advised to have someone 
escort them home, since they may be groggy, have amnesia for 
the discharge instructions and may not be fully capable to make 
correct decisions [64].

Sepsis
It is rare for any infectious sequelae to occur after colonoscopy. 
Despite the reported transient bacteremia following the proce-
dure fever, septicemia, and endocarditis are decidedly rare 
events. There may be occasional phlebitis at the IV site used to 
administer sedation. Prophylactic antibiotics may be adminis-
tered in the presence of artificial heart valves or with recent joint 
replacement or vascular surgery but there is little evidence to 
support this practice [13].

Costs

Price may vary depending upon location and local markets.  
The cost may include endoscopist, surgical or hospital unit  
facility fee, anesthesiologist, pathologist, and medications. 
Other factors that need to be considered in the overall cost  
of colonoscopy are the endoscopy equipment purchase and 
maintenance, staffing, endoscopic accessories, and supplies. 
Nevertheless colonoscopy is a cost-effective tool for colon 
cancer screening when compared to the cost of radiographic CT 
equipment or treatment of colon cancer [65].

Emerging and future developments  
in colonoscopy

The last decade has witnessed the emergence of numerous 
advances and it can be anticipated that colonoscopy will con-
tinue to improve. New technologies aim to enhance the efficacy 
of mucosal inspection and allow for more accurate characteriza-
tion of colonic lesions. While some are widely available, others 
are limited to specialized centers due to their expense and req-
uisite expertise.

Toward better inspection of the colonic surface
Cap-assisted colonoscopy uses a transparent cap attached to the 
tip of the colonoscope to flatten haustral folds thereby increas-
ing the visualized mucosal surface area. Alternatively, a cuff 
with short flexible finger-like protrusions attaches to the end of 

antiplatelet medications [61]. If there is deemed to be high-risk 
in temporary discontinuation of anticoagulation and the colon-
oscopic examination is estimated to be relatively routine, a “look 
but don’t touch” approach can be utilized without disrupting the 
anticoagulation regimen. An alternative approach is to switch 
the patient to heparin, or enoxaparin in the periprocedural 
period as a bridge between discontinuation and resumption of 
therapeutic oral anticoagulation [7].

Bleeding after polypectomy may be immediate or be delayed 
as long as three weeks after the procedure. It is more likely to 
occur in patients who have resumed antithrombotic medica-
tions. In most instances it is self-limited [61]. Patients are 
advised to stay on a low roughage diet and discontinue any 
medication that could be perpetuating the bleeding. If the 
bleeding does not cease or there is hemodynamic instability a 
repeat colonoscopy may be necessary to treat the polypectomy 
site. This may entail further cautery, argon coagulation, or place-
ment of clips [62].

Perforation
The average transmural wall thickness of the distended colon is 
only about 2.2 mm, thicker in the left and thinner in the right 
colon. Despite this seemingly narrow margin for error, the per-
foration rate with colonoscopy is very low and has been esti-
mated between 1 per 10 000 (0.01%) and 3 per 1000 (0.3%) 
colonoscopies. The reported mortality rate directly attributable 
to colonoscopy is approximately 0.007% [61].

Diagnostic colonoscopy rarely leads to perforation. When 
perforation occurs it is likely due to a linear tear of the wall caused 
by tangential radial force of the looped instrument. Because the 
tear is not in the field of vision it may not be suspected or appre-
ciated immediately [63]. Unstable vital signs, abdominal disten-
sion, crepitus, and persistent pain after the procedure should 
alert the endoscopist to the possibility of perforation. Abdominal 
x-rays, or CT scan will be diagnostic, demonstrating free air 
(pneumoperitoneum) in the abdominal cavity.

When therapeutic colonoscopy is performed the thermal 
energy utilized to remove a polyp occasionally can burn through 
the full thickness of the colonic wall, resulting in perforation. 
Full-thickness thermal injury may lead to pain, fever, leukocy-
tosis and, with through and through perforation, even subcuta-
neous emphysema. Perforation may occur immediately or be 
delayed for several days. Sometimes the fever and pain represent 
only a transmural burn that is localized and self-sealing rather 
than a perforation. This “postpolypectomy burn syndrome” can 
be treated with liquid, or soft diet and perhaps antibiotics. Frank 
perforation requires hospitalization but not necessarily surgery 
[61]. If only a small amount of free air is present and the patient 
is comfortable and stable it may be safe to treat the patient with 
parenteral antibiotics.

Sedation-related
Colonoscopies performed under intravenous sedation with 
agents such as fentanyl and midazolam are usually uneventful. 
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lesions. This is crucial since early cancers which have not 
invaded the submucosa may be amenable to endoscopic resec-
tion while more advanced lesions require surgery [73].

Toward making colonoscopy more therapeutic
Clips deployed through the colonoscope have been successful 
in sealing perforations and fistulas [74]. The use of colonic 
stents for obstructing lesions is becoming a more utilized treat-
ment for obstructing colorectal malignancies [75]. With the 
further development of suturing or stapling accessories it can 
be anticipated that segmental or total colon resection may be 
possible through a colonoscope.

Toward making colonoscopy easier for  
the patient
Precolonoscopic preparations can be expected to become more 
palatable, quick, and effective. Anticoagulants will become even 
shorter acting and easier to stop, and subsequently resume. 
Sedation will be less necessary and safer. Tissue sampling will 
become less arduous thereby shortening the procedure of colon-
oscopy. Accessories can be expected to continue to improve, 
with safely re-usable equipment and increasing cost-effectiveness 
of this modality.

Toward making colonoscopy easier for  
the endoscopist
Several devices are being developed to aid in the advancement 
of the colonoscope by decreasing looping of the scope thus 
making the procedure simpler for the endoscopist and less 
uncomfortable for the patient. Variable stiffness scopes, special 
over-tubes, “self-navigating” scopes, and “self-propelling” 
scopes are in development [76]. Another approach is the use of 
a “scope-positioning” system which employs a magnetic field 
locator to read the force emitted by miniaturized electromag-
nets embedded in the endoscope. A computer program pro-
duces a replica of scope shape as well as tip position which aids 
the endoscopist during insertion [77].

Tubeless endoscopy is already a reality for studying the small 
bowel with capsule technology and is being aggressively devel-
oped for colonoscopy. Robotic endoscopy systems are under 
development for both diagnostic and therapeutic purposes [76].

Colonoscopy has evolved from a primarily diagnostic to an 
important therapeutic procedure and is becoming more useful 
for treatment and cure. Just as laparoscopy revolutionized 
surgery so is colonoscopy likely to become an even more “mini-
mally invasive” therapeutic modality. While many of the afore-
mentioned devices are currently limited to tertiary-care and 
research centers because of their costs and unproven usefulness, 
it is possible that they will become more widely available in the 
future. It can be hoped that adopting these technologies will 
allow endoscopists to perform procedures with even more diag-
nostic accuracy and therapeutic capability.

References are available at www.yamadagastro.com/textbook

a colonoscope with the aim of holding colonic folds open as the 
colonoscope is withdrawn, improving the view of the mucosa. 
In clinical trials, both of these devices have been shown to 
improve adenoma-detection rates as compared with standard 
colonoscopy [66,67].

A more high-tech approach to improving detection is the use 
of supplementary cameras to allow a wider field of view for the 
endoscopist. A retro-viewing camera with its own light source 
(Third Eye Retroscope) can be inserted through the working 
channel of a colonoscope to provide a continuous retrograde 
view of the colon during withdrawal. Images are displayed side-
by-side with the standard forward view of the colonoscope. In 
one randomized, multi-center trial a significant improvement 
in adenoma detection rate was noted using such an approach as 
compared with standard, forward-viewing colonoscopy [68]. 
Another new technology uses three video chips (on the front as 
well as both sides of the scope tip) to provide a 330° angle view 
of the colon displayed on three screens. A recent randomized 
multi-center trial found that examinations using this device had 
a significantly lower adenoma miss rate than conventional 
colonoscopy [69]. These emerging technologies may lead to 
more accurate colonoscopy, fewer missed pre-malignant polyps 
and early malignancies, and make longer intervals between 
exams feasible.

Toward closer study of observed lesions
Chromoendoscopy, the application of dye to the colonic surface 
to highlight subtle abnormalities not appreciated by white light 
illumination, has failed to improve adenoma detection but has 
been reported to be effective in lesion characterization and dys-
plasia detection in inflammatory bowel disease (IBD) [70]. The 
limitations of conventional chromoendoscopy have led investi-
gators to develop “virtual chromoendoscopy” systems. These 
technologies utilize light filters or postprocessing image 
enhancement to improve visualization of the colonic vascula-
ture and pit pattern. Various platforms are commercially avail-
able including narrow-band imaging and autofluorescence 
imaging. Studies assessing adenoma detection rates using these 
systems have yielded inconsistent results suggesting little or no 
incremental benefit over white-light colonoscopy thus far [71]. 
Like dye-based chromoendoscopy, these modalities may serve 
as adjuncts to white-light colonoscopy by helping identify and 
characterize lesions.

Imaging technologies have evolved to allow colonoscopy  
to move beyond inspection of the colonic surface. Confocal 
laser endomicroscopy (CLE) utilizes specialized probes to gen-
erate real-time, in vivo histologic images that allow the endo-
scopist to perform a “virtual biopsy” and carry out ultra-high 
magnification pathologic evaluation during the procedure.  
CLE has the potential to be a powerful tool in accurately dif-
ferentiating benign, inflammatory and neoplastic lesions in the 
colon [72].

EUS permits the evaluation of structures beyond the colonic 
wall. Colorectal EUS has proven valuable in staging neoplastic 
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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is a 
specialized endoscopic procedure for the management of pan-
creatic and biliary diseases, in which the common bile duct and/
or the pancreatic duct are accessed via papillary orifices or sur-
gical anastomoses. Cannulation is achieved using a variety of 
catheter devices, typically via the accessory channel of a special-
ized side-viewing endoscope (also known as a duodenoscope), 
in order to access the biliary or pancreatic ducts. Contrast injec-
tion allows radiographic opacification of the ducts followed by 
therapeutic and diagnostic interventions.

Diagnostic ERCP using a specialized fiberoptic duodeno-
scope was first described in 1968, and biliary sphincterotomy 
to facilitate bile duct stone removal in 1973 [1,2]. ERCP offered 
a less invasive means of evaluation and management of pan-
creaticobiliary disorders than open surgery. Over the ensuing 
four decades, improvement in techniques and accessories has 
made ERCP the preferred modality for management of these 
conditions. However, ERCP is an invasive procedure that may 
result in localized or systemic complications with potentially 
significant risk of morbidity and even mortality. There has 
been a concerted effort to identify and understand risk factors 
associated with complications, and implementation of meas-
ures to minimize these complications. Simultaneously, there 

have been advances in noninvasive imaging modalities, includ-
ing magnetic resonance imaging (MRI)/ magnetic resonance 
cholangiopancreatography (MRCP), and contrast-enhanced 
computed tomography (CT) and endoscopic ultrasonography 
(EUS), allowing detailed and high-resolution evaluation of the 
biliary tree and its surrounding structures, as well as the pan-
creatic duct and pancreatic parenchyma. In the current era, 
ERCP is primarily a therapeutic procedure used in conditions 
requiring drainage of the biliary and pancreatic ducts (e.g., 
stone or strictures, or leaks). In addition, ERCP plays a thera-
peutic role in the excisional or ablative management of tumors 
of the major or minor papilla and selected intraductal tumors. 
Diagnostic ERCP is now reserved for diseases in which a diag-
nosis remains unclear despite noninvasive imaging modalities, 
such as in the evaluation of indeterminate strictures of the  
bile duct.

Indications for endoscopic retrograde 
cholangiopancreatography

ERCP is now primarily a therapeutic modality for biliary and 
pancreatic disorders [3,4]. While there are several specific dis-
orders that lead to the need for ERCP, the primary goal of 
therapeutic ERCP is to reestablish drainage of the biliary and 
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Finally, continuing improvements in endoscopic technology 
and development of specialized accessories has led to the appli-
cation of access and drainage outside pancreatic and biliary 
ductal structures. EUS may be used to obtain antegrade access 
to the bile duct or pancreatic duct and a wire passed through 
the papillary or anastomotic orifice in order to allow completion 
of ERCP (rendezvous procedure) when, for example, ERCP 
access is not possible due to duodenal or ampullary distortion 
by tumor, intradiverticular papilla, or postsurgical ductal anas-
tomoses. Currently, drainage and debridement of intraabdomi-
nal and retroperitoneal collections such as pseudocysts, walled 
off pancreatic and peripancreatic necroses, and postoperative 
abscesses are now routinely performed through ERCP, but 
usually after access is obtained using EUS guidance. Thus, in the 
modern era, advanced endoscopists are increasingly using ther-
apeutic EUS in combination with ERCP during the same or 
tandem procedures in the endoscopic management of pancrea-
ticobiliary diseases.

Complications of endoscopic retrograde 
cholangiopancreatography

Diagnostic and therapeutic ERCP can be associated with a 
variety of complications, including pancreatitis, hemorrhage, 
perforation, infection, and cardiopulmonary complications. In 
prospective series the overall short-term complication rate of 
ERCP is typically 5%–10% [8–13]. The severity of complications 
varies from mild (resulting in minimal morbidity) to severe 
(requiring prolonged hospitalization or additional interven-
tions, or even long-term disability or death). Consensus defini-
tions are widely used to report complications and to standardize 
outcome assessment across centers and studies (Table 135.1) 

pancreatic ducts into the duodenum or surgically anastomosed 
lumen. Conditions requiring therapeutic ERCP can broadly be 
divided into those in which there is impairment of flow (biliary 
or pancreatic stones; malignant or benign strictures) and ductal 
leaks. Leaks may occur as a result of surgery (e.g., cholecystec-
tomy, pancreatic resection, liver transplantation, etc.), trauma, 
or as a de novo complication of diseases such as necrotizing 
pancreatitis. Urgent or emergent therapeutic ERCP is indicated 
when establishing drainage is essential, with or without proven 
cause of obstruction, such as in the setting of ascending cholan-
gitis. In the past, ERCP was the first-line modality in the man-
agement of patients with suspected biliary obstruction. However, 
the role of ERCP has evolved significantly over the last two 
decades [5,6].

In some situations the findings from imaging modalities are 
not conclusive or the exact etiology of an underlying condition 
may not be clear (e.g., indeterminate nature of a biliary stric-
ture), in which case ERCP with intraductal imaging and biopsy 
can play an important role in diagnosis. The role of ERCP in 
pancreatic indications such as idiopathic recurrent acute pan-
creatitis and chronic pancreatitis is controversial, as the quality 
of evidence supporting efficacy in these settings is highly vari-
able [7]. The role of ERCP is even more controversial in sphinc-
ter of Oddi dysfunction (SOD), a syndrome in which patients, 
typically young women with upper abdominal pain, with or 
without pancreatic and liver enzyme abnormalities and/or 
ductal dilation, may undergo manometry, and/or biliary and 
pancreatic sphincterotomy. Because SOD is associated with a 
high risk of ERCP-related complications, and efficacy of inter-
ventions such as biliary and/or pancreatic sphincterotomy is 
under some doubt, the procedure should only be considered 
after extensive evaluation for other etiologies of pain have been 
excluded.

Table 135.1 Consensus definitions for the major complications of endoscopic retrograde cholangiopancreatography.

Mild Moderate Severe

Pancreatitis Clinical pancreatitis, amylase at least 3 times 
normal at more than 24 h after the procedure, 
requiring admission or prolongation of planned 
admission to 2–3 days

Pancreatitis requiring hospitalization 
of 4–10 days

Hospitalization for more than 10 
days, pseudocyst, or intervention 
(percutaneous drainage or surgery)

Bleeding Clinical (i.e., not just endoscopic) evidence of 
bleeding, hemoglobin drop <3 g, no 
transfusion

Transfusion (4 units or less), no 
angiographic intervention or surgery

Transfusion 5 units or more, or 
intervention (angiographic or surgical)

Perforation Possible or only very slight leak of fluid or 
contrast, treatable by fluids and suction for ≤3 
days

Any definite perforation treated 
medically 4–10 days

Medical treatment for more than 10 
days, or intervention (percutaneous 
or surgical)

Infection (cholangitis) >38°C for 24–48 h Febrile or septic illness requiring 
more than 3 days of hospital 
treatment or percutaneous 
intervention

Septic shock or surgery

Any intensive care unit admission after a procedure grades the complication as severe.
Other rarer complications can be graded by length of needed hospitalization.
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creas using conventional techniques [15]. The most extensively 
studied technique for reduction of post-ERCP pancreatitis is 
placement of protective small-caliber pancreatic stents (Figures 
135.2 and 135.3). Pancreatic stent placement has been shown to 
decrease the risk of post-ERCP pancreatitis of all severities by 
approximately two-thirds in more than 10 prospective rand-
omized controlled trials and at least five metaanalyses primarily 
involving high or very high-risk patient groups [16–22].

[14]. Many prospective multicenter studies have been per-
formed to evaluate patient and procedure-related risk factors 
associated with ERCP complications [8–23]. Better understand-
ing of risk factors, improved techniques, and advances in tech-
nology have led to significant advances in prevention and 
management of complications.

Acute pancreatitis is the most common complication of 
ERCP, and likely results from multiple factors including injec-
tion and manipulation of the pancreatic orifice and pancreatic 
duct [8–23]. The risk of ERCP-related pancreatitis ranges from 
2% to 20%, depending largely on patient and procedural vari-
ables, as well as on definitions used. Pancreatitis can range from 
mild, with pain requiring 1 or 2 days extra hospitalization, to 
necrotizing (Figure 135.1). Risk is highest in patients with sus-
pected sphincter of Oddi dysfunction, reaching up to 20%, 
especially when combined with other risk factors, and is much 
lower in other conditions, for example <5% for bile duct stones. 
Some of the procedural and operator-related factors that 
increase the risk of pancreatitis are listed in Table 135.2.

There are many strategies to reduce the risk of post-ERCP 
pancreatitis (Box 135.1). To summarize, they consist of: (1) 
recognition of patient-related risk factors, with avoidance of 
ERCP or modification of other strategies in high-risk patients; 
(2) recognition and modification of procedure-related risk 
factors, especially in high-risk patients; (3) placement of pro-
phylactic pancreatic stents in appropriate high-risk patients; 
and (4) pharmacological prevention.

Technique-related advances include use of guidewire can-
nulation, which has been shown in metaanalyses to reduce pan-
creatitis rates and improve cannulation success, presumably by 
minimizing contrast injection and instrumentation of the pan-

Table 135.2 Risk factors for post endoscopic retrograde 
cholangiopancreatography (ERCP) pancreatitis in multivariate analyses.

Definitea Maybeb Noc

Suspected SOD Acinarization Small CBD 
diameter

Young age Female gender SO manometry

Normal bilirubin Absence of 
CBD stone

Biliary 
sphincterotomy

History of post-ERCP pancreatitis Lower ERCP 
case volume

Difficult or failed cannulation Trainee 
involvement

Pancreatic duct injection

Pancreatic guidewire placement

Pancreatic tissue sampling by 
any method

Pancreatic sphincterotomy (major 
or minor papilla)

Balloon dilation of intact biliary 
sphincter

Precut sphincterotomy

a Significant by multivariate analysis in most studies.
b Significant by univariate analysis only in most studies.
c Not significant by multivariate analysis in any study.
CBD, common bile duct; SOD, sphincter of Oddi dysfunction; SO, 
sphincter of Oddi.

Figure 135.1 Contrast-enhanced computed tomography scan showing 
extensive pancreatic and peripancreatic necrosis from post endoscopic 
retrograde cholangiopancreatography (ERCP) pancreatitis resulting from 
an ERCP using needle-knife precut without a protective pancreatic stent.

Box 135.1 Strategies for prevention of post endoscopic retrograde 
cholangiopancreatography (ERCP) pancreatitis: the four Ps.

Patient selection:
Avoidance of unnecessary or marginally indicated ERCP, especially in 
higher-risk patients, by using alternative imaging techniques 
(magnetic resonance cholangiopancreatography, endoscopic 
ultrasonography, intraoperative cholangiography)

Procedural modification:
Efficient cannulation, minimizing pancreatic injection and 
instrumentation

Pancreatic stents:
Placement of pancreatic stents in high-risk cases

Pharmacology:
Administration of a prophylactic drug before or after high-risk cases
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gated. Most have turned out to be disappointing or unfeasible 
due to prolonged administration and expense. Nonsteroidal 
antiinflammatory drugs (NSAIDs) administered by a rectal, but 
not oral route, have been demonstrated in randomized control-
led trials and metaanalyses to reduce risk of post-ERCP pan-
creatitis by about one-half [28–30]. Excess adverse renal and 
bleeding events have not been seen in carefully selected patient 
groups. Because most studies were performed in patients at low 
or mixed risk of post-ERCP pancreatitis, the relative role of 
NSAIDs compared to or in addition to pancreatic stents is 
unclear and is undergoing investigation.

The risk of hemorrhage from ERCP is primarily related to 
sphincterotomy, and is most significantly increased in patients 
with ascending cholangitis, presence of coagulopathy, or treat-
ment with an anticoagulant within 3 days of sphincterotomy [8]. 
Intraprocedural bleeding also elevates risk of delayed hemor-
rhage, but can almost always be controlled during the procedure 
or at a delayed presentation by the injection of dilute epine-
phrine, balloon tamponade, placement of clips (Figure 135.4), 
or placement of a fully covered self-expanding metal biliary 
stent (FCSEMS) for mechanical tamponade [31].

Perforation is a rare but serious complication of ERCP can 
occur by several mechanisms: (1) guidewire puncture may 
happen at any site but is rarely consequential as long as ductal 
drainage is achieved; (2) at the periampullary region in the 
setting of sphincterotomy, which is generally more significant; 
or (3) at the bowel wall, especially in patients with difficult 
access or altered anatomy, and almost always mandates inter-
vention of some kind. Early recognition is critical (Figures 135.5 
and 135.6), and can make it possible to manage the perforation 
by endoscopic techniques, either closure of sphincterotomy 
leaks by FCSEMS, clips, or closure of sphincterotomy or bowel 
perforations using standard or over-the-scope clips [32,33]. 
Surgery is usually required for large perforations, those that 

Pancreatic stent placement is increasingly used as a primary 
method to reduce risk of post-ERCP pancreatitis in routine 
practice, and is increasingly considered standard of care in high-
risk circumstances [23]. However, pancreatic stent placement 
itself may be complicated by failed attempts, or may cause com-
plications including migration into the duct, stent-related ductal 
or parenchymal injury, or duct perforation [24–27]. The optimal 
techniques and stents for prevention of post-ERCP pancreatitis 
are undergoing continuing investigation.

Pharmacological prevention of post-ERCP pancreatitis has 
been a long sought goal, and many agents have been investi-

Figure 135.2 Schematic showing the protective effect of a pancreatic stent 
(yellow) in preserving pancreatic juice drainage during biliary access and 
endoscopic retrograde cholangiopancreatography.

Figure 135.3 Fluoroscopic and endoscopic views of placement of short (2 cm), soft material, inner-flanged 4 Fr pancreatic stent to the head of a 
pancreatic duct with an ansa-loop (360 degree turn in the pancreatic duct), over a knuckled 0.018 inch guidewire passed just into the loop turn of the 
pancreatic duct, for prevention of post endoscopic retrograde cholangiopancreatography pancreatitis. Such ducts are usually considered difficult to stent.
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sia provided by an anesthetist. Anesthesia-related complications 
are now very rare (less than 0.5%). Death from ERCP complica-
tions is rare (<0.5%) and is usually a consequence of cardiop-
ulmonary compromise, either directly from the procedure or 
indirectly as a result of stress from complications. Acute and 
chronic comorbid illnesses likely play an important role [8].

The importance of expertise in determining complications 
and outcomes of ERCP is intuitive and well recognized but has 
been difficult to demonstrate clearly in the literature. Large 
regional studies, mostly from European countries with central-
ized healthcare systems, have shown that higher case volumes 
are associated with improved technical success and lower com-
plications, while some other studies do not bear out this differ-
ence, perhaps because of a different mix of cases and higher 
success rates at high-volume compared to low-volume centers 

cannot be controlled by endoscopic or other minimally invasive 
routes, and those with delayed recognition resulting in large 
retroperitoneal or intraperitoneal collections.

Overall complications include pancreatitis, hemorrhage, 
infection, especially from occluded stents (Figure 135.7), perfo-
ration, cardiopulmonary, and others. Risk factors for overall 
complications are shown in Table 135.3. In the past, sedation 
and analgesia for ERCP was primarily administered by endo-
scopists or their nurses and assistants. There has been a trend 
towards the use of monitored anesthesia care or general anesthe-

Figure 135.4 Delayed hemorrhage 3 days after biliary sphincterotomy that included a protective pancreatic stent (white): (a) fresh bleeding from the cut 
edge of the sphincterotomy just above the pancreatic stent; (b) injection of epinephrine to control the bleeding; (c) careful placement of a single 
endoscopic clip on the bleeding vessel, taking care to avoid the pancreatic orifice as defined by the pancreatic stent.

(a) (b) (c)

Figure 135.5 Large retroperitoneal perforation recognized during a biliary 
sphincterotomy. Extensive air can be seen outlining the right kidney, 
representing a large retroperitoneal leak at the sphincterotomy site. A 
nasobiliary drain has been placed and contrast fills the bile duct and 
duodenal sweep.

Figure 135.6 Computed tomography scan showing small amount of 
retroperitoneal air (arrows) immediately after endoscopic ampullectomy, 
recognized during the procedure and treated by endoscopic clipping, with 
uneventful recovery.
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table. The duodenoscope is advanced to the second portion of 
the duodenum and aligned with the major papilla (or minor 
papilla for dorsal pancreatic duct cannulation) in order to 
achieve access to the biliary and/or pancreatic ducts. Deep  
cannulation and wire placement are essential for successful 
completion of diagnostic and therapeutic ERCP. Access can  
be achieved using several devices, including papillotomes, 
guidewires, cannulas, and precut papillotomes. Once deep can-
nulation has been achieved, radiopaque contrast is injected 
under fluoroscopic visualization to confirm cannulation and to 
delineate ductal anatomy and abnormalities. Although obtain-
ing biliary or pancreatic access may be straightforward, it can 
occasionally be challenging for novice and advanced endo-
scopists alike. Many techniques and devices can facilitate 
biliary or pancreatic cannulation when standard cannulation 
technique is unsuccessful (Figures 135.8–135.13). Increasingly, 
pancreatic ductal access with guidewires and protection with 
pancreatic stents is used to facilitate biliary access. Precut 
sphincterotomy refers to an incision made with a papillotome 
to gain entry into the desired duct, and is generally associated 
with increased complications, whether due to prior access 
attempts or the precut itself. No approach is universally supe-
rior to another in achieving biliary access and the ideal 
approach is determined by operator expertise and the clinical 
situation. When ERCP cannulation fails, in appropriate cir-
cumstances, alternative approaches include EUS-guided ren-
dezvous to deliver a transpapillary wire that can be used for 
retrograde ERCP cannulation [38–41].

[11,34–36]. Complications of sphincterotomy have been shown 
to correlate with case volume [8]. It is therefore recommended 
that ERCP be carried out at centers with demonstrated satisfac-
tory outcomes, and that high-risk patients or complex proce-
dures should be performed by expert endoscopists at specialized, 
high-volume centers [31,37].

Therapeutic and diagnostic techniques

ERCP is usually performed using a dedicated side-viewing 
endoscope with the patient positioned prone on a fluoroscopic 

Table 135.3 Risk factors for overall complications of endoscopic retrograde 
cholangiopancreatography (ERCP) in multivariate analyses.

Definitea Maybeb Noc

Cirrhosis Young age Comorbid illness

Suspected SOD Pancreatic contrast 
injection

Small CBD diameter

Difficult cannulation Failed biliary 
drainage

Female sex

Precut sphincterotomy Trainee involvement Billroth II gastrectomy

Lower ERCP case 
volume

Periampullary 
diverticulum

Percutaneous biliary 
access

a Significant by multivariate analysis in most studies
b Significant by univariate analysis only in most studies
c Not significant by multivariate analysis in any study
CBD, common bile duct; SOD, Sphincter of Oddi dysfunction.

Figure 135.7 Cholangitis resulting from an occluded 10 Fr plastic biliary 
stent, with purulent biliary drainage through the stent.

Figure 135.8 Schematic showing wire-guided biliary cannulation via a 
bowed papillotome.
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Figure 135.9 Schematic showing “double wire” or “pancreatic guidewire” 
assisted biliary cannulation, in which a pancreatic guidewire is used to 
facilitate biliary cannulation. Pancreatic stent placement is recommended 
when access is achieved.

Figure 135.10 Schematic showing needle knife precut for biliary access 
using a freehand technique starting at the papillary orifice and cutting 
cephalad, with no protective pancreatic stent.

Figure 135.11 Schematic showing needle knife fistulotomy for biliary 
access in which the roof of the papilla is punctured directly, avoiding the 
papillary orifice, a technique suitable primarily for patients with 
prominent papilla and dilated bile duct.

Figure 135.12 Schematic showing needle knife precut for biliary access 
using a freehand technique starting at the papillary orifice and cutting 
cephalad, with prior placement of a protective pancreatic stent.
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sphincterotomy with regards to other complications, especially 
pancreatitis. Balloon dilation of intact biliary sphincter has been 
associated with a markedly increased risk of pancreatitis in one 
study from the United States, and a metaanalysis of pooled 
studies [45,46].

In contrast, studies from Asia report no significant increase 
in the risk of pancreatitis, especially if balloon dilation is per-
formed for 5 min or longer rather than 1 min, as is widely done 
elsewhere [47–49].

Prosthetic stent placement
Prosthetic stent placement is an integral part of diagnostic and 
therapeutic ERCP. Stent placement is intended to optimize 
drainage of the biliary or pancreatic ducts. Primary indications 
for biliary stent placement are palliation of malignant and treat-
ment of benign strictures, bile leaks, and to temporize or facili-
tate bile duct stone removal. Pancreatic stents are also placed 
for the treatment of recurrent pancreatitis, strictures, duct leaks, 
to facilitate pancreatic stone removal, and to reduce risk of post-
ERCP pancreatitis.

Stents are hollow tubular devices that may broadly be divided 
into two categories, plastic and metal (Box 135.2). Plastic biliary 
stents are typically available in diameters ranging from 7 Fr to 
11.5 Fr, lengths ranging from 5 to 22 cm, either straight or 
curved configurations, and with or without flanges or pigtails 
anchoring options at either end, and without or without side 
holes. They may be composed of hard (polyethylene) or soft 
(polyurethane or derivative) materials (Figure 135.14). There is 
no clearly demonstrated significant difference in the patency 
and drainage characteristics of various configurations of plastic 
biliary stents. However, rigid stents can be more difficult to 
remove in case they migrate above a stricture or inside the duct, 
and can result in significant bowel injury if they migrate out-
wards [50]. Metal biliary stents have a wire mesh design, which 
is either interwoven or laser cut into metal framework, resulting 

Sphincterotomy and balloon dilation
Endoscopic sphincterotomy and endoscopic balloon dilation 
(EBD) are integral parts of modern ERCP. Widening of the 
biliary and pancreatic orifices by these techniques allows com-
pletion of therapeutic procedures such as removal of stones and 
placement of prostheses, easier introduction of diagnostic 
devices such as cytology brushes and biopsy forceps for sam-
pling, completion of more complex procedures such as intra-
ductal cholangioscopy and treatment of conditions in which 
symptoms, predominantly pain, may be attributable to increased 
sphincter pressure (sphincter of Oddi dysfunction) or idio-
pathic benign stenosis of the major or minor papilla.

Biliary sphincterotomy is most commonly performed using 
a bow-type traction sphincterotome passed over a previously 
placed guidewire. Angulation of the cutting wire and injection 
of contrast allow precise control of sphincterotomy [38,42]. 
Pancreatic sphincterotomy may be performed using a traction 
sphincterotome, similar to biliary sphincterotomy, or by using 
a knife papillotome over a pancreatic stent, cutting freehand 
with the needle knife along the plane of the stent. Although 
biliary and pancreatic sphincterotomy are generally well  
tolerated, as discussed earlier, significant complications can 
occur [31].

Endoscopic papillary balloon dilation is an alternative or 
adjunct to sphincterotomy. This technique was first described 
in 1974 and was performed mostly for common bile duct stones 
[43]. The risk of post-ERCP bleeding is decreased as there is no 
need to cut the sphincter muscle [44]. There is debate in the 
literature regarding the safety of balloon dilation compared to 

Figure 135.13 Schematic showing transpancreatic precut sphincterotomy 
for biliary access, in which the papillotome is intentionally lodged in the 
pancreatic duct and the septum incised in order to gain biliary access.

Box 135.2 Limitations of plastic and metal biliary stents.

Plastic stents
Excessive length to diameter
Lack of conformability
Early occlusion
Risk of migration
Bacterial colonization
Cholangitis from stent occlusion or nondrained segments
Difficulty in placement of multiple stents

Metal stents
Placement in patients with benign disease
Placement in wrong segmental ducts
Preclude resection
Tumor ingrowth
Stone formation
Reactive hyperplasia
Cholangitis – early or late
Erosion into vessels (bleeding)
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biliary stents are significantly more expensive than plastic 
biliary stents (approximately $1000–$2600 compared to $35–
$150 US Dollars). However, the cost of the stent may be offset 
by the need for fewer procedures and reduced procedure-related 
morbidity in patients who require long-term stenting. The 
choice of appropriate stent varies by clinical scenario, stent 
availability, and operator expertise.

Similar to biliary plastic stents, pancreatic stents are made of 
hard (polyethylene) or more recently of soft (polyurethane or 
derivatives) plastic and come in a variety of sizes (3 Fr–10 Fr), 
lengths (2–22 cm), anchoring options (with or without internal 
and external flanges), and external configuration (straight with 
dual flanges, or single pigtail) [38]. Longer stents have multiple 
side holes in order to optimize drainage of pancreatic duct side 
branches. Techniques and equipment for accessing pancreatic 
ducts and deep placement of guidewires and stents in pancreatic 
ducts are quite different from those used for biliary access. The 
role of pancreatic stents in specific diseases is discussed below.

Cholangioscopy
Cholangioscopes allow direct visualization of the bile duct and 
directed tissue acquisition as well as directed therapy, for 
example difficult bile duct stones. There are currently three 
options for cholangioscopy: (1) mother–daughter scope 
(Olympus America, Center Valley, PA; Pentax, Orangeburg, 
NT); (2) Spyglass (Boston Scientific, Natick, MA); or (3) slim 
or ultraslim upper endoscopes (a variety of manufacturers) [52]. 
In the mother–daughter system, a small choledochoscope is 
advanced through the working channel of the duodenoscope. 
This system is fragile and generally requires two operators. The 
Spyglass system, also referred to as a single-operator cholangi-
oscope (SOC) system, uses a 10 Fr disposable sheath through 
which a fiberoptic bundle is advanced into the bile duct. There 
is a four-way control, as for an endoscope, in order to steer the 
sheath inside the bile duct. Water irrigation maintains visualiza-
tion of the duct. There is an additional channel that allows tissue 
acquisition or advancement of therapeutic devices such as stone 
lithotripsy probes. Limitations of the Spyglass system are that 
with each subsequent use, the image quality deteriorates due to 
breakage of individual fibers of the fiberoptic bundle, the cost 
of a replacement fiber is high (>$2000) and there is a 7%–10% 
risk of cholangitis due to prolonged water irrigation in the bile 
duct [53–55]. Despite these limitations, Spyglass is increasingly 
popular because it requires only a single operator and allows 
intraductal evaluation and therapy with relative ease. The third 
option for cholangioscopy is the placement of an ultraslim 
upper endoscope directly into the bile duct. This has the advan-
tage of providing high-quality digital video images and a large 
endoscope channel for devices. However, the duct may be too 
small to accommodate the endoscope or the scope may fall out 
of the ampullary opening as it is advanced due the formation of 
a loop in the duodenum [56–58]. The role of cholangioscopy in 
the management of biliary diseases is discussed later in this 
chapter.

in a narrow or open cell mesh design, respectively. These stents 
have a wider lumen than plastic stents (8 or 10 mm, approxi-
mately 24 or 30 Fr) and also come in a variety of lengths 
(4–10 cm) (Figure 135.15). Uncovered self-expanding metal 
stents (SEMS) are considered permanent and indicated for 
unresectable malignant strictures of the biliary tree. FCSEMS 
have a coating around the inner and outer surface of the stent 
mesh, which prevents embedding into the tissues [51]. Although 
only approved for malignant conditions, FCSEMS have the 
advantage of being easily removable and are therefore increas-
ingly used for benign indications as well. FCSEMS have the 
advantage of preventing tissue ingrowth, but have the disadvan-
tage of potential migration out of or up into the duct. Metallic 

Figure 135.14 A variety of plastic stents used in the pancreatic duct for 
prophylactic and therapeutic purposes, ranging from 3 Fr on the left to 
10 Fr on the right.

Figure 135.15 A variety of self-expanding metallic biliary stents, both 
covered (three on the left), and uncovered (three on the right).
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traindicated (e.g., in the setting of coagulopathy), or when pre-
ferred, the biliary orifice can be widened by stretching the 
biliary orifice using a balloon catheter, a process referred to as 
endoscopic papillary balloon dilation (EPBD). Once the papil-
lary orifice is enlarged, most small stones can be removed using 
a stone extraction balloon or a wire basket. A stone extraction 
balloon has an inflatable balloon that is advanced into the bile 
duct over a guidewire. The balloon is advanced above the distal-
most stone and inflated to the size of the bile duct upstream 
from the stone. Downward traction of the catheter along the 
plane of the duct is then used to deliver the stone from the 
biliary orifice. Contrast injection through the inflated balloon 
(occlusion cholangiogram) can be performed to confirm that all 
stones have been removed. In the setting of multiple stones, 
stone removal is initiated in the distal duct with sequential 
removal of more proximal stones in order to minimize the risk 
of stone impaction at the biliary orifice. Stone balloon catheters 
come in a variety of sizes (5–20 mm) and have the advantage 
that they are easy to use [65]. Disadvantages are that the inflated 
balloon can slip past a stone in the duct and the balloon can 
rupture, especially in the setting of large, hard stones.

Stone retrieval baskets have four or more circumferentially 
arranged wires and an outer sheath. In the closed position, the 
basket wires are covered by the sheath. The closed basket device 

Biliary diseases

Bile duct stones
The most common indication for ERCP is the removal of bile 
duct stones. In the past, ERCP was performed in a high propor-
tion of patients suspected of having bile duct stones. Because 
such patients can now be evaluated with great accuracy using 
alternative less-invasive modalities, ERCP should only be con-
sidered for patients with a high suspicion of, or confirmed, bile 
duct stones, or in fragile patients in whom sphincterotomy is 
planned in lieu of cholecystectomy.

Patients with suspected bile duct stones typically present with 
abdominal pain, elevation of liver enzyme tests, and evidence 
of gallstones on imaging, for which the first-line modality is 
typically transabdominal ultrasound of the gallbladder. 
Intraductal stones cannot be diagnosed in the majority of 
patients using transabdominal ultrasound as it has a low sensi-
tivity for bile duct stones due to poor visualization of the distal 
bile duct. Ultrasound is sensitive for detection of dilation of the 
bile duct due to an obstructing stone in the duct but is a non-
specific predictor of bile duct stones [59]. In the past, most such 
patients would undergo ERCP for diagnostic and therapeutic 
purposes. However, a significant proportion of patients pass 
their bile duct stone prior to ERCP and therefore do not need 
to be exposed to the risks of ERCP for diagnostic purposes 
alone. MRCP, EUS, and intraoperative cholangiography or 
ultrasonography offer alternative imaging modalities to evaluate 
the bile duct without exposing patients to an unnecessary ERCP 
[60–64]. A risk stratification system based on factors predictive 
of bile duct stones and an algorithm to categorize patients 
according to the most appropriate imaging or therapeutic 
modality has been developed [5].

Biliary stone removal
After biliary access is obtained, in most cases a biliary sphinc-
terotomy is performed over a guidewire to widen the biliary 
orifice (Box 135.3; Figure 135.16). If sphincterotomy is con-

Box 135.3 Commonly used techniques for removal of bile duct 
stones.

Biliary sphincterotomy
Large (>10 mm) balloon dilation
Balloon extraction
Basket extraction
Mechanical lithotripsy
Temporary plastic (or metallic) biliary stents
Intraductal cholangioscopically directed lithotripsy

Electrohydraulic lithotripsy
Holmium laser lithotripsy

Figure 135.16 Biliary sphincterotomy followed by extraction of a bile duct stone.
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Approximately 10%–15% of patients have “difficult bile stones.” 
These include single or multiple large bile duct stones (usually 
>1 cm), stones occurring in the setting of unfavorable ductal 
anatomy such as a stricture below the stone, or a large stone in 
a small duct, and stones in patients with altered surgical 
anatomy. In such situations more advanced techniques are 
required to remove bile duct stones. Three main approaches 
may be used in patients with normal anatomy: (1) placement of 
stent in the bile duct to facilitate stone removal at a later time; 
(2) lithotripsy to break up stones; and (3) large balloon dilation 
of the biliary orifice after biliary sphincterotomy to facilitate 
stone removal (Figures 135.17–135.19). Each of these approaches 
is discussed further below and although a single technique may 
be preferable or sufficient to remove stones in some patients, 
often a combination of techniques is used for very large, multi-
ple, or otherwise difficult stones (Figures 135.20–135.24).

may be advanced directly into the bile duct or over a guidewire. 
Once inside the duct, the basket is opened alongside or just 
above a stone using an external handle. The basket then is grad-
ually pulled back towards the duodenum with to and fro move-
ments of the basket to “engage” the stone in the basket wires. 
The open basket can be pulled down or the basket closed to 
capture the stone to deliver the stone through the biliary orifice. 
Baskets can become trapped around stones that cannot be deliv-
ered, but can be “rescued” by use of a mechanical lithotripsy 
sheath passed over the cut wires of the basket after the endo-
scope is removed. There is a wide variety of baskets in various 
configurations and sizes (up to 3 cm wide). Baskets are useful in 
patients with large stones, intrahepatic ductal stones, and stones 
that slip past a balloon catheter.

In most cases, bile duct stones are less than 1 cm in size and 
can be removed using a stone balloon catheter or basket. 

Figure 135.17 Endoscopic papillary large balloon dilation to extract a very large bile duct stone after sphincterotomy but without requiring mechanical 
lithotripsy: very large stone (arrows), followed by balloon dilation to 15 mm (left to right).

Figure 135.18 Endoscopic papillary large balloon dilation to extract a very large bile duct stone after sphincterotomy, same patient as Figure 135.17, 
showing postsphincterotomy (a), 15-mm balloon dilation (b), and dramatically enlarged papillary orifice (c) allowing sight up the common bile duct 
and cystic duct from the duodenum.

(a)

(b)

(c)



Endoscopic retrograde cholangiopancreatography CHAPTER 135   2593

setting to prevent distal migration of the stents into the duode-
num and to facilitate stone breakdown. This approach is espe-
cially useful in patients considered to be poor candidates for 
prolonged endoscopic procedures, if additional equipment 
needed for stone removal is not available, or complete stone 
removal is not accomplished in a single setting. Depending on 
the number of stents placed, ERCP can be repeated after a 
period of weeks to months to remove the remaining stones. The 
stents may be left indefinitely in elderly patients with a plan to 
repeat ERCP only if signs of biliary obstruction develop 
[66–68].

Large balloon dilation of biliary orifice
In endoscopic papillary large balloon dilation (EPLBD) the 
biliary sphincter is dilated with a large-diameter (12–20 mm) 
dilation balloon after endoscopic biliary sphincterotomy, result-
ing in a very large orifice to facilitate removal of large or mul-
tiple stones with less chance of impaction in the distal bile duct 
or papillotomy [43,69] (Figures 135.17–135.19 and 135.23). 
Controlled radial expansion balloons that deliver stepwise infla-
tion are typically used. The length of the sphincterotomy prior 
to dilation, size of dilation balloon, and rate and duration of 
inflation vary by center. It is generally recommended that the 
dilation should be performed slowly with gradual dilation of the 
balloon to a maximum and that the balloon size be limited to 
that of the native distal duct. In a randomized controlled trial, 
EPLBD with limited sphincterotomy compared to sphincterot-
omy alone resulted in similar success and complication rates, 
but significantly less need for mechanical lithotripsy and lower 
costs [70–74].

Overall, adverse events have been reported to occur in 7.9% 
of patients (156 of 1984) and included bleeding (which may be 
delayed) in 3.4%, pancreatitis (mild to moderate with no severe 
cases) in 2.6%, and perforation in 0.6% of patients in one large 

Stent placement
The placement of multiple stents adjacent to large bile duct 
stones serves three purposes. Firstly, it allows drainage of bile 
around large stones, thus minimizing the risk of obstruction 
and cholangitis. Secondly, friction from the stents rubbing 
against stones facilitates stone breakage and, finally, the pres-
ence of multiple stents across the biliary orifice allows dilation 
of the distal bile duct and orifice to facilitate stone removal in 
the future (Figure 135.21c). Hard polythene stents with com-
plete internal and external pigtails are recommended in this 

Figure 135.19 Basket extraction of a very large stone using endoscopic papillary large balloon dilation after sphincterotomy, same patient as Figures 
135.17 and 135.18. Basket capture (a) followed by delivery of a 2-cm stone intact into duodenum (b).

(a) (b)

Figure 135.20 Extremely large bile duct stone (3 × 4 cm).
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Figure 135.21 Extremely large bile duct stone (3 × 4 cm) (a), failure of mechanical lithotripsy basket to capture stone (b), followed by placement of 
multiple biliary stents (c). Source: Courtesy of Rajeev Attam, MD.

(c)(b)(a)

Figure 135.22 Direct cholangioscopy for intraductal lithotripsy of stone in Figures 135.20 and 135.21: using pediatric forward viewing endoscope (a), 
single operator cholangioscopy through the duodenoscope (c), and holmium laser lithotripsy (b) performed through direct peroral cholangioscopy. 
Source: Courtesy of Rajeev Attam, MD.

(a) (c)

(b)

Figure 135.23 Large balloon dilation (12 mm) to facilitate extraction of stone fragments (Figures 135.20–135.22), after placement of a protective 
pancreatic stent (b).

(a) (b)



Endoscopic retrograde cholangiopancreatography CHAPTER 135   2595

successfully be achieved in about 90% of patients with difficult 
stones [76–79]. When mechanical lithotripsy fails this is usually 
because the stone is wedged, without space in the duct for the 
basket to expand around the stone (Figure 135.21).

Intraductal electrohydraulic and laser lithotripsy
Intraductal lithotripsy techniques using electrohydraulic or 
laser have been gained considerable popularity over the last few 
years, in part due to more widespread availability of intraductal 
cholangioscopy. In both techniques a small probe is advanced 
into the bile duct and onto the stone under direct vision, and a 
dedicated generator provides high-frequency shock waves in a 
water medium using either electrical or pulsed laser energy 
(Figure 135.22). Stone fragmentation occurs by transmission of 
the shock waves from the probe to the stones through the water 
medium. The water medium also helps absorb the shock waves, 
thus minimizing the risk of ductal injury. Intraductal lithotripsy 
techniques are indicated in patients with large stones that are 
“boxed in” in a small duct, occur above a stricture, or are not 
amenable to removal by mechanical lithotripsy. The efficacy of 
both techniques has been demonstrated in several reports 
[54,80–83]. These technologies have the advantage that stone 
removal can be accomplished in the same setting as the initial 
ERCP, using either direct per oral cholangioscopy via a forward-
viewing endoscope, or dedicated cholangioscope through the 
ERCP duodenoscope (Figure 135.22). The main risk with both 
is that of ductal injury or cholangitis from the infusion of fluid 
required during cholangioscopy.

Extracorporeal shock wave lithotripsy
In extracorporeal shock wave lithotripsy (ESWL) shock waves 
are generated outside the body using electrohydraulic or piezo-
electric energy generators and are transmitted via a liquid 
medium, usually in the form of a fluid-filled cushion bath, to 
the area of interest including kidney, pancreatic, and biliary 

review [75]. The presence of cirrhosis, a complete sphincterot-
omy at the time of the large balloon dilation, and presence of a 
biliary stricture were associated with an increased risk of com-
plications. Careful patient selection, a less than complete 
sphincterotomy, and minimal balloon dilation in patients with 
a biliary stricture were recommended [75].

Lithotripsy techniques
Fragmentation of large or difficult stones may be achieved using 
various approaches including mechanical lithotripsy, intraduc-
tal electrohydraulic or laser lithotripsy, and extracorporeal 
shock wave lithotripsy (ESWL). The specific approach is deter-
mined by the nature of the stones and the availability of equip-
ment and expertise.

Mechanical lithotripsy is commonly used due to its relative 
ease and availability. Mechanical lithotripsy may be performed 
using standard stone removal baskets that are lithotripsy com-
patible or dedicated baskets designed for lithotripsy. The proce-
dure involves capturing of a stone in the basket and application 
of external pressure using a dedicated lithotripsy handle. The 
stone is thus crushed between the basket wires and outer sheath 
of the basket. A wide selection of mechanical lithotripsy baskets 
is available [65]. The basket and stone may occasionally become 
lodged in the distal bile duct or biliary orifice. Many baskets 
therefore have a mechanism for the wires to break free if con-
tinued pressure is applied using the lithotripsy handle. In rare 
cases, the basket and stone may still not be removable, in which 
case the outer sheath of the basket and the duodenoscope are 
removed from the patient exposing the basket wires through the 
patient’s mouth. A specially designed metallic sheath can then 
be placed over the wire and the proximal end of the wire con-
nected to a salvage lithotripsy handle. Cranking the handle with 
the locked wire in place advances the metal sheath against the 
trapped stone allowing the stone or the wires around it to break. 
Mechanical lithotripsy is widely used and stone removal can 

Figure 135.24 Final clearance of all stone fragments after intraductal laser and electrohydraulic lithotripsy, large balloon dilation, and mechanical 
lithotripsy of stone in Figures 135.20–135.23. Cholangiogram showing fragmented stones (a), endoscopic view of fragments (b), and final 
cholangiogram showing complete clearance (c).

(a) (c)

(b)
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stones. The procedure typically requires general anesthesia. 
Because most bile duct stones are radiolucent, fluoroscopic 
visualization of bile duct stones may not be possible and alterna-
tive methods, such as transabdominal ultrasound imaging or 
ERCP-guided nasocystic drain placement to inject contrast into 
the bile duct or stent placement, are needed to target treatment. 
Although ESWL is used for pancreatic stones commonly, at least 
in the United States, it is rarely used for bile duct stones, due to 
the availability of other effective techniques to facilitate bile duct 
stone removal and the fact that ERCP is still required after 
ESWL to remove stone fragments from the bile duct.

Role of endoscopic retrograde 
cholangiopancreatography in disease  
associated with gallstone disease
Biliary stone disease may be asymptomatic or manifest clinically 
with pain, ascending cholangitis, acute pancreatitis, acute chole-
cystitis, or rarer complications such as cholecystoenteric fistula 
or impacted stone in the terminal ileum.

In general, removal of bile duct stones is recommended 
whether or not patients are symptomatic, due to the risk of 
cholangitis, pancreatitis, and other complications. In contrast, 
gallbladder stones generally only mandate intervention when 
symptomatic. While cholecystectomy is the preferred approach, 
patients with acute cholecystitis who are considered to be poor 
surgical candidates (e.g., terminal disease, in the setting of 
another severe acute illness, coagulopathy including advanced 
liver disease, etc.) have traditionally been treated with percuta-
neous drainage of the gallbladder (cholecystostomy). An alter-
native approach is to perform ERCP and place a stent through 
the papillary orifice and cystic duct into the gallbladder thus 
achieving internal drainage and avoiding the morbidity associ-
ated with percutaneous drainage catheters [84,85] (Figure 
135.25).

Biliary leaks
Bile duct leaks most commonly result from iatrogenic injury, 
especially cholecystectomy. Although the incidence of bile duct 
complications after laparoscopic cholecystectomy has decreased 
compared to the 1990s when laparoscopic cholecystectomy was 
first introduced, having plateaued in the 0.2%–0.4% range, 
similar to that of open cholecystectomy [86–89]. Patients with 
aberrant intrahepatic anatomy are particularly prone to leaks 
and injury (Figure 135.26). Any surgical procedure involving 
the liver or extrahepatic biliary system may result in bile duct 
leaks. Bile leaks occur in up to 25% of patients after liver trans-
plantation, with the highest incidence after living donor liver 
transplantation [90].

In the setting of cholecystectomy, the leak may be recognized 
at the time of surgery, especially if an intraoperative cholangi-
ogram is performed or in the postoperative period, either by the 
presence of bile in a surgical drain or later based on symptoms 
and imaging. With nondrained leaks, abdominal pain, fever, 
and leukocytosis are typical, and some patients progress to frank 
peritonitis. Although a transabdominal ultrasound or abdomi-
nal CT scan may show a fluid collection suggestive of a leak, the 
diagnosis is most commonly made with a hepatobiliary radio-
nucleotide scan.

Optimal management of biliary leaks is determined by the 
degree of bile duct injury. Simple leaks from the cyst duct or a 
small aberrant branch of the liver to the gallbladder fossa (duct 
of Luschka) can be treated endoscopically. The goal of ERCP is 
to decrease the transpapillary pressure in the biliary system to 
allow preferential biliary drainage into the duodenum, permit-
ting the leak to heal. This is most commonly achieved by place-
ment of a transpapillary stent (typically up to 10 Fr stent) in the 
bile duct, with or without sphincterotomy [91]. The most com-
monly practiced approach, at least in the USA (including the 
authors), is to perform both. As a general rule, the stent does 

Figure 135.25 Gallbladder stenting to treat acute cholecystitis in a poor surgical candidate. Guidewire passed into cystic duct (a), deep into gallbladder 
(b), and placement of 20-cm soft fenestrated 10 Fr transpapillary stent into gallbladder (c).

(a) (c)(b)
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or ligated duct can be crossed using an ERCP, PTC, or even 
EUS-guided approach, following which it may be possible  
to treat the ductal injury using a transpapillary approach at 
ERCP [95].

Biliary strictures
Biliary strictures may be benign, malignant, or indeterminate, 
implying that a definitive etiology cannot be determined based 
on initial presentation and evaluation (usually cross-sectional 
imaging) (Box 135.4 and Table 135.4). The role of ERCP in the 
management of benign strictures is to establish biliary drainage 
and to treat the stricture with the aim of achieving complete 
stricture resolution, whereas in malignant strictures the primary 
aim is to establish biliary drainage either prior to surgery or for 
palliative purposes. Evaluation of indeterminate biliary stric-
tures represents one of the few indications for which ERCP is 
performed for both diagnostic and therapeutic purposes. 
Several ERCP-guided tissue sampling techniques, as well as 
intraductal cholangioscopic evaluation, may be indicated.

Benign strictures
Benign strictures of the biliary tree primarily occur in the 
setting of surgery, typically cholecystectomy, after surgical 
biliary anastomosis such as after liver transplantation (Figures 
135.27 and 135.28), or in the setting of chronic pancre -
atitis. Other less common etiologies are shown in Box 135.4.  
Primary sclerosing cholangitis and IgG4 cholangiopathy are 

not need to cross the site of the leak. The leak is typically bridged 
with a stent if a large sectoral branch, for example the right 
posterior sectoral duct, or the common hepatic duct, has been 
injured. The biliary stent is typically left in place for 4–6 weeks, 
following which the stent is removed at endoscopy unless there 
is concern for a persistent leak or retained stone, in which case 
an ERCP can be repeated. FCSEMS may be placed in patients 
with voluminous leaks, particularly if there is a large defect in 
the duct [92]. Patients with substantial bilomas often require 
adjunctive percutaneous drainage, and those with clinical peri-
tonitis may benefit from a washout of the abdominal cavity by 
laparoscopy or laparotomy.

Leaks occurring in the setting of a significant bile duct injury 
(e.g., transaction or ligation of the common hepatic or bile duct) 
or an aberrant major sectoral duct (commonly the right poste-
rior sectoral duct) require further evaluation, usually with an 
MRCP, to determine the site of the injury and intrahepatic 
ductal anatomy, to assess for a potentially “disconnected duct,” 
and to plan management accordingly. Most patients in this 
setting typically require a percutaneous transhepatic catheter 
(PTC) drainage to divert bile drainage externally in order to 
allow the leak to heal, and eventually also require a surgical 
repair such as a Roux-en-Y hepaticojejunostomy, usually at a 
later date when the peritoneal inflammation has subsided 
[93,94]. ERCP may be performed to confirm complete transac-
tion and exclude the possibility of a small communication with 
the duct above the level of the injury. Occasionally, the transected 

Figure 135.26 Cholangiograms showing a postcholecystectomy leak from an aberrant, low-insertion, right posterior sectoral duct, into which the cyst 
duct drained and was inadvertently injured during cholecystectomy. Leak shown by arrows (a) and 10 Fr stent placed transpapillary into right posterior 
sectoral duct bridging the leak (b) (arrows).

(a) (b)
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also important causes of benign strictures but require an 
approach somewhat different from other, more focal benign 
strictures.

Biliary injury with subsequent development of strictures 
occurs in up to 0.5% of operations involving the biliary tree, 
most commonly cholecystectomy, and may occur secondary to 
direct injury with clips, cautery, or transection, or through indi-
rect injury from interruption of the vascular supply to a segment 
of the biliary tree. Benign anastomotic strictures are discussed 
below. Distal biliary strictures occur in up to 30% of patients 
with chronic pancreatitis and may be difficult to treat because 
of the fibrotic and often calcified pancreatic tissue surrounding 
the distal bile duct. Symptoms attributable to benign biliary 
strictures can range from relatively mild abdominal discomfort 
to symptoms of obstruction with jaundice, pruritus, and even 
cholangitis. Left untreated, chronic biliary obstruction can ulti-
mately lead to secondary biliary cirrhosis and eventually end-
stage liver disease. Stones forming above strictures can be 
particularly difficult to manage because of the relatively small 
portal for stone extraction [96].

Prior to endoscopic or surgical therapy, great care must be 
taken to ensure that the stricture is indeed benign. Comparison 
of various sampling techniques is shown in Table 135.4. Often, 
as with cholecystectomy-related injury, the clinical history is 
sufficient to make a presumptive diagnosis. In ambiguous clini-
cal settings such as chronic pancreatitis where there is a risk of 
a superimposed malignant stricture, further evaluation with 

Box 135.4 Etiologies of bile duct strictures.

Benign

• Surgical
○ Cholecystectomy
○ Biliary anastomosis

○ Liver transplant
○ Bile duct resection

• Pancreatic
○ Chronic pancreatitis
○ Acute pancreatitis
○ Necrosis/pseudocyst
○ Autoimmune pancreatitis

• Autoimmune (IgG4 cholangiopathy)
• Abdominal trauma
• Inflammatory (due to stones, etc.)
• Primary sclerosing cholangitis
• Intraarterial chemotherapy
• Recurrent pyogenic cholangitis
• Choledochal cyst
• Vascular compression

○ Portal hypertensive biliopathy
○ Arterial (pseudoaneurysm, etc.)

• Sarcoidosis

Malignant

• Primary (cholangiocarcinoma, etc.)
• Local extension (pancreas, gallbladder)
• Metastatic (colon, breast, lymphoma, etc.)

Table 135.4 Summary of diagnostic performances of various endoscopic methods used to evaluate bile duct strictures. Source: Adapted from Yoon and 
Brugge 2013 [213]. Reproduced with permission of Elsevier.

Method Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Cholangiography 74–85 70–75 74–79 70–82 72–80

Brush cytology 30–57 90–100 94–100 8–62 –

Endobiliary forceps biopsy 43–81 90–100 94–100 31–75 –

FISH 34–48 91–100 100 60–88 70

DIA 38–49 77–98 69–97 50–87 56–64

EUS without FNA 78 84 – – –

EUS-guided FNA 43–89 100 100 29–67 80–91

IDUS 83–91 50–92 92–96 67–100 76–90

Cholangioscopy with or without biopsy 89–96 96–100 89–100 91–96 –

SOC impression 78–100 77–82 80–88 80–92 80–89

SOC-guided biopsy 49–82 82–100 100 72–100 75–82

pCLE 83–98 33–88 71–80 80–97 81–86

OCT 79 69 75 73 74

DIA, digital image analysis; EUS, endoscopic ultrasound; FISH, fluorescent in situ hybridization; FNA, fine-needle aspiration; IDUS, intraductal 
ultrasound; NPV, negative predictive value; OCT, optical coherence tomography; pCLE, probe-based confocal laser endomicroscopy; PPV, positive 
predictive value; SOC, single operator cholangioscopy.
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Figure 135.27 Nonanastomotic hilar stricture after liver transplant, at takeoff of right anterior, posterior, and left hepatic sectoral ducts (a); 10 Fr stents 
placed into each of three sectoral ducts, right anterior, posterior, and left (b, c).

(a) (b) (c)

Figure 135.28 Anastomotic stricture after liver transplant (arrows) (a), treated with self-expanding metallic covered stent (b), with complete resolution 
of stricture after removal of stent (c). Source: Courtesy of Rajeev Attam, MD.

(a) (b) (c)

endoscopic ultrasound and fine-needle aspiration may be nec-
essary to exclude malignancy. Proximal strictures should 
(ideally) be evaluated by MRCP prior to ERCP. MRCP is par-
ticularly useful as it is noninvasive, does not require contrast, 
and allows evaluation of the bile ducts both above and below 
the level of the stricture. By allowing imaging of the entire 
biliary tree, MRCP provides a “roadmap” that can be used to 
plan therapy and target specific ducts at the time of ERCP.

Endoscopic management of benign biliary strictures involves 
balloon dilation followed by placement of one or more plastic 
stents to dilate the stricture and “remold” the stenotic part of 
the duct. This approach has been shown to be effective in mul-
tiple studies, with results depending on the location of the stric-
ture. Common bile duct strictures respond better than strictures 
involving the hilum. The general approach is to place the 
maximal number of stents that can be accommodated in the 

duct(s). Stent exchange and addition of more stents if possible 
is performed at 3-monthly intervals for up to 1 year; this results 
in stricture resolution in 74%–90% of patients, with recurrence 
in 20%–30% of patients in both short and long-term follow-up 
[97–99]. Benign strictures related to chronic pancreatitis typi-
cally occur in the distal bile duct and are usually treated using 
the same approach involving placement of multiple plastic 
stents over a prolonged period of time. However, these strictures 
have a higher relapse rated due to the occurrence of the stricture 
in the setting of fibrosis and often a calcified and permanently 
scarred pancreas [98,100,101].

While uncovered metal biliary stents are contraindicated, 
FCSEMS are increasingly being used for in the management of 
benign biliary strictures. Early results have been promising, 
with clinical success in up to 90% of patients. However, long-
term efficacy of these stents has not yet been proven. FCSEMs 
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DNA, which may be suggestive of malignancy. In the setting of 
PSC, the addition of FISH analysis has been shown to increase 
the detection of malignancy but at the expense of specificity 
[108,109].

Malignant biliary strictures
Malignant strictures of the biliary tree may be divided into two 
categories: those occurring in the extrahepatic bile duct, such 
as in the setting of pancreatic cancer, and those occurring more 
proximally, also referred to as hilar strictures. Either can be due 
to primary tumors, local extension, or metastases. Patients with 
malignant biliary obstruction typically present with painless 
jaundice, pruritus, fatigue, anorexia, and/or weight loss. Pain 
usually occurs in more advanced disease, and the presentation 
of pancreatic cancer may be preceded by the onset of diabetes. 
The presence of a mass lesion in the head or neck of the pancreas 
resulting in a stricture of the common bile duct and the pancre-
atic duct, known as the double-duct sign, on cross-sectional 
imaging such as CT and MRI/MRCP, is highly suspicious for 
pancreatic cancer, although chronic pancreatitis and autoim-
mune pancreatic may occasionally present similarly.

Noninvasive imaging, including contrast-enhanced CT scan 
and in the case of hilar strictures an MRCP, should be per-
formed prior to invasive imaging and procedures. For tissue 
diagnosis, endoscopic ultrasound with fine-needle aspiration of 
a mass lesion is the diagnostic study of choice for pancreatic 
cancers and, to a lesser extent, hilar tumors associated with 
masses. Local and regional evaluation, including tissue sam-
pling of liver metastases, lymph nodes, and the left adrenal 
gland, can be done at the same time. EUS-guided sampling of 
the liver or the bile duct is generally avoided in patients with 
suspected cholangiocarcinoma who may be potential candi-
dates for resection, or in a few centers liver transplantation, in 
order to minimize the risk of seeding the needle tract with 
malignant cells.

Distal malignant obstruction
The primary role of ERCP in the management of patients with 
pancreatic cancer and other causes of distal malignant obstruc-
tion is to relieve jaundice and associated symptoms. There are 
three main contexts for biliary stenting: prior to surgery in 
patients considered to have resectable disease, prior to neoad-
juvant chemotherapy in patients deemed to have advanced but 
potentially resectable disease if the tumor is responsive to treat-
ment, and for palliative purposes in patients with advanced 
disease. There is general consensus that ERCP with biliary stent 
placement is indicated in the latter two groups to alleviate symp-
toms associated with biliary obstruction (jaundice, pruritus, 
malabsorption, and secondary cholangitis) and to allow nor-
malization of liver function prior to chemotherapy (neoadju-
vant or palliative) [110–113]. The role of ERCP for stent 
placement in patients considered to have resectable disease is 
under scrutiny, with at least one randomized trial suggesting 
worse outcomes with preoperative stenting than no ERCP at all 

offer the advantage of a larger lumen and more radial force than 
plastic stents, although the cumulative diameter of plastic stents 
can be greater than that of a single 10-mm FCSEMS and provide 
the additional benefit of biliary drainage in the space between 
the stents [102–104]. Placement of FCSEMS may lead to the 
need for fewer ERCPs due to the larger lumen of the stents. 
Because sludge occlusion occurs fairly frequently, ERCP is typi-
cally repeated at 3 to 4-month intervals to minimize the risk of 
cholangitis due to stent occlusion. Other disadvantages of fully 
covered stents are considerably higher cost and, depending on 
the type FCSEM stent used, the risk of stent migration, both 
into the proximal duct or out into the small intestine with some 
stents. Stents with antimigratory flanges can minimize the risk 
of mitigation. Some benign strictures are refractory to endo-
scopic therapy regardless of the type and number of stents used 
to treat them. A multidisciplinary approach, including consulta-
tion with an experienced hepatobiliary surgeon, rather than 
repeated ERCPs is strongly recommended in such patients.  
A detailed discussion regarding the types of surgery is beyond 
the scope of this chapter. However, proximal strictures such  
as those involving the hilum or the extrapancreatic bile  
duct are usually treated with a bilioenteric bypass (Roux-en-Y 
hepaticojejunostomy).

Primary sclerosing cholangitis (PSC) is an inflammatory 
disease associated with scarring of the intra- and extrahepatic 
biliary system resulting in biliary strictures, secondary biliary 
stones, and, in some patients, progression to cholangiocarci-
noma. The diagnosis of PSC can be made using noninvasive 
imaging modalities and confirmed by liver biopsy. The primary 
role of ERCP in patients with PSC is for the removal of stones 
and treatment of extrahepatic or hilar strictures (also known as 
dominant strictures) felt to be causing symptoms (e.g., recurrent 
cholangitis or stone disease) or laboratory abnormalities (e.g., 
elevation of alkaline phosphatase and bilirubin). Stent place-
ment is associated with an increased risk of recurrent cholangi-
tis in the setting of PSC, so that when possible it is recommended 
that strictures be treated primarily with balloon dilation 
[105,106]. Short-term stent placement is reserved for high-
grade or recurrent strictures with the goal of removing stents at 
the earliest opportunity. Cholangiocarcinoma develops in 
approximately 10%–15% of patients with PSC. ERCP is not 
recommended for screening purposes due to the poor yield of 
tissue acquisition techniques (sensitivity of 18%–40%) and the 
risk of complications, especially cholangitis [107]. However, it 
has been recommended that brushings and biopsies (for cyto-
logical and histological analysis, respectively) be obtained from 
dominant strictures at the time of the initial ERCP. ERCP-
guided tissue acquisition is also recommended in patients who 
develop a new stricture with concern for malignancy or have a 
deterioration in their clinical condition, for example develop-
ment of jaundice, worsening liver function, or weight loss [107]. 
In addition to routine bile duct brushing and biopsies, cells may 
be collected for molecular analysis techniques, such as fluores-
cence in situ hybridization (FISH) to evaluate for changes in 
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that: (1) more than 50% drainage of liver volume based on 
hepatic sectors was a strong predictor of drainage effectiveness, 
especially in Bismuth type three or IV patients; (2) intubating 
an atrophied sector was ineffective and was associated with 
increased risk of cholangitis and should thus be avoided; and 
(3) more than 50% volume drainage is associated with a longer 
survival. Achieving drainage of more than 50% of liver volume 
often requires more than one of three sectors to be stented – 
sometimes on the same lobe, sometimes opposite lobes. 

[113–118]. Limitations of the randomized trial [104] included 
low technical success rates (69%–83%) and use of plastic stents 
rather than metallic stents, which are currently preferred for 
neoadjuvant therapy, a strategy not offered in that study (Figure 
135.29).

Hilar malignant obstruction
Hilar tumors can be characterized by level of ductal obstruction, 
commonly referred to as Bismuth–Corlette classification I–IV, 
depending on the number and extent of foci of obstruction. The 
Bismuth–Corlette classification has a role in determining the 
extent of drainage, but its importance may have been overem-
phasized. Understanding hepatic segmental anatomy and secto-
ral ductal anatomy with its many variations is a prerequisite  
for optimal endoscopic drainage. Both CT scan and three-
dimensional MRCP greatly facilitate understanding of hepatic 
segmental and ductal anatomy, and should be performed prior 
to considering ERCP, as complete injection of all sectors above 
the hilum poses a very high risk of cholangitis (Figures 135.30–
135.33). The segmental ducts typically coalesce to form three 
main sectoral ducts – the right anterior sectoral duct (draining 
segments V and VIII), the right posterior sectoral duct (drain-
ing segments VI and VII), and the left main hepatic duct (drain-
ing segments II–IV). Variations in confluence of these sectors 
and differing extent of tumors, as well as replacement of sectors 
by tumor or atrophy, have major implications for the approach 
to effective and safe drainage. Whether palliative endoscopic 
stenting should be unilateral (perhaps best referred to as single) 
or bilateral (perhaps best referred to as multiple) has been 
debated for many years, with varying opinions based on anec-
dotal evidence and conflicting data [119–121]. The principle 
governing drainage had been that approximately 50% or greater 
of the liver needs to be drained for effective palliation and is 
associated with improved survival [122]. One study suggested 

Figure 135.29 Distal malignant biliary stricture caused by pancreatic mass effect from pancreatic ductal adenocarcinoma. Cholangiogram showing 
stricture (a), placement of metallic stent (b), and complete drainage after deployment of stent (c).

(b)(a) (c)

Figure 135.30 Cholangiogram showing intraductal forceps biopsy of hilar 
malignant biliary stricture (arrow), a technique recommended in addition 
to brush cytology.
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through-stent (Y configuration) (Figure 135.33). While achiev-
able in most cases, placement of multiple metal stents can be 
challenging even when performed by expert endoscopists in 
high-volume centers. It is essential that a diagnosis of unresect-
able malignancy has been firmly established and that the correct 
sectors and segmental ducts be accessed before placement of a 
metallic stent. When in doubt, plastic stenting is a reasonable 
substitute [127].

Localized treatment of malignant hilar strictures, typically for 
palliative purposes in the setting of unresectable disease, can be 
performed during ERCP using photodynamic therapy (PDT) or 
radiofrequency ablation (RFA). PDT involves the systemic 
administration of a photosensitizing agent, which is activated 
locally in the region of the tumor using a light emitting probe 
introduced via ERCP. The main risks associated with PDT are 
cholangitis (up to 25% of patients) and phototoxicity (in about 
10.2% of patients), the latter from exposure of the skin to natural 
light. PDT has been shown to add survival advantage compared 
with plastic stents alone in a number of studies [128,129]. 
Problems with these data are that the control groups received 
conventional plastic stents, which are known to perform poorly 
in hilar malignancy.

A more recent development has been the introduction of a 
bipolar catheter, which uses radio waves to generate heat to 
destroy tumor cells locally. The Habib EndoHPB (EMcision UK, 
London, United Kingdom) has been used for both malignant 
hilar and pancreatic cancer-related strictures [130,131]. Ablation 
in the region of the cyst duct may lead to cholecystitis due to 
obstruction of the cystic duct and thermal injury in the hilum 
predisposes patients to the development of cholangitis as well 
as localized infections, including abscess formation. Although, 
preliminary reports using this device described encouraging 
short-term results with minimal complications, long-term 
follow-up and large studies demonstrating the efficacy of this 
device are needed [130,132].

Increasingly, the concept of “unilateral” and “bilateral” drainage 
is becoming outdated.

Cumulative data, including a randomized comparative trial, 
support the conclusion that metallic stents are superior to 
plastic stents for palliation of distal tumors and hilar tumors 
alike, with respect to early and late complications, stent paten-
cies, need for repeat interventions, and perhaps mortality [123–
126]. Placement of a single metal stent is relatively straightforward 
(Figure 135.32). In contrast, placement of two metal stents can 
be challenging. The stents may be placed side-by-side or stent-

Figure 135.31 Endoscopic retrograde cholangiopancreatography with 
cholangiogram of complex Bismuth IV hilar tumor, performed many 
years ago, demonstrating perils of complete retrograde opacification of 
multiply obstructed segments, posing a risk of cholangitis.

Figure 135.32 MRCP and endoscopic retrograde cholangiopancreatography showing complex Bismuth IV cholangiocarcinoma with selective 
opacification and metallic stenting into right anterior sector only.
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accuracy of 78% compared to fluoroscopically directed biop-
sies, which have a sensitivity of 76% and accuracy of 88% 
[136]. EUS obviates the need for cholangioscopy in approxi-
mately 60% of cases, and the combination of all of the above 
approaches leads to a tissue diagnosis in over 90% of patients 
[137]. Direct cholangioscopy may be reserved for a second 
ERCP if all of the above strategies including EUS fail to yield 
a diagnosis [138,139].

Cells obtained for cytology may be evaluated for DNA abnor-
malities using FISH and DIA. FISH is a cytogenetic technique 
in which fluorescently labeled DNA probes are used to detect 
the presence or absence of specific DNA sequences. A test of 
FISH positivity (that is the presence of two or more copies of 
specific chromosomes, usually 3, 7, 17, and 9p21) has been 
shown to increase the detection of malignancy [108,109]. In 
DIA, computer analysis of the nuclear DNA content and nuclear 
features is performed after digital conversion of images of cells 
obtained at cytology [140,141]. Both techniques are more sensi-
tive than cytology alone, but at the expense of specificity. Thus 
the overall advantage of DNA probes in evaluating unexplained 
biliary strictures is not clear at this point.

Endoscopic retrograde cholangiopancreatography 
after liver transplantation
Complications of the biliary tract affect approximately one-
third of patients after liver transplantation and result in signifi-
cant patient morbidity and increased patient mortality [90]. The 
spectrum of biliary complications includes biliary leaks, stric-
tures, choledocholithiasis, cast formation, papillary stenosis, 
and other less common conditions. An anticipatory approach 
and a clear understanding of the risk factors for biliary compli-
cations following liver transplantation can result in the prompt 
diagnosis and management of these conditions.

Indeterminate biliary strictures
Determining the etiology of a biliary stricture based on clinical 
presentation and initial imaging modalities may be challenging. 
Diagnosis requires a multimodality approach including blood 
tests and cross sectional radiological studies (CT and MRI/
MRCP, and EUS). ERCP should generally be reserved as the last 
step for tissue acquisition as well as therapy. Several techniques 
for biliary evaluation and tissue acquisition have been described 
(Table 135.4) [73]. Tissue sampling at ERCP should almost 
always include both brush cytology and forceps biopsy (Figure 
135.30), due to substantially higher yield than either alone. 
Tissue obtained from ERCP may be sent for routine cytology, 
histology, and advanced cytological techniques such as FISH or 
digital image analysis (DIA) to evaluate for molecular changes 
in the DNA of biliary epithelial cells that may be suggestive of 
malignancy. Intraductal assessment may include intraductal 
ultrasound to assess for duct wall abnormalities and direct visu-
alization by cholangioscopy with or without directed biopsies. 
The biliary epithelium may be evaluated for visual abnormalities 
using confocal laser endomicroscopy which allows for high 
resolution in vivo histological assessment and optical coherence 
tomography, which uses localized infrared light technology. 
Currently, the utility of the latter two techniques is limited by 
high cost, subjectivity, and lack of interobserver agreement 
[133–135].

The role of direct cholangioscopy in unexplained biliary 
strictures is not settled at present. While conceptually appeal-
ing, direct cholangioscopy in its most widely available form is 
expensive, leads to cholangitis in 7%–10% of cases due to 
required infusion of fluid, and allows only limited visualization 
and subjective diagnosis. Cholangioscopically directed biopsies 
are currently tiny (1 mm), providing smaller tissue samples and 
lower yield, and have a lower reported sensitivity of 57% and 

Figure 135.33 Cholangiograms showing placement of dual uncovered metallic stents in a “Y” configuration (stent-through-stent). The first stent has 
been deployed in the left hepatic duct and a second stent is passed through the lumen of that stent into right anterior sectoral duct (a), followed by 
deployment showing “Y” configuration (b).

(a) (b)
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also essential. Compared to conventional DDLT, the risk of 
biliary complications is in increased in patients who receive a 
liver from DCD or a living donor (LDLT).

In anastomotic strictures, multiple stents are placed in the 
bile duct with stent exchange and/or placement of additional 
stents every few months until the stricture resolves. Alternatively, 
FCSEMS may be used. Nonanastomotic strictures, like other 
hilar strictures, are more challenging due to the small size of the 
intrahepatic ducts and difficulty in the placement of multiple 
stents. In general, anastomotic strictures resolve within 3–6 
months whereas nonanastomotic strictures require a long dura-
tion of therapy [99,142–145]. Anastomotic strictures after LDLT 
require longer stent therapy than in patients with conventional 
DDLT [146,147].

Biliary stone disease is common after liver transplantation 
and may occur independently or in the setting of strictures due 
to impairment in biliary flow. The formation of multiple, long, 
and diffuse stones, known as biliary casts, is a unique form of 
stone disease in the setting of liver transplantation. The exact 
etiology of biliary cast disease is not known but it has been 
associated with ischemia and strictures. Stone management is 
similar to that in nontransplant patients with the potential need 
for cholangioscopy and other advanced techniques for casts or 
stones occurring above strictures. Rarely, patients with a Roux-
en-Y hepaticojejunostomy may require percutaneous cholangi-
oscopy with electrohydraulic or laser lithotripsy for intrahepatic 
stone removal.

Biliary leaks commonly complicate liver transplantation with 
a higher incidence in patients with a DCD and LDLT. They 
usually occur in the early postoperative period. Biliary leaks are 
typically treated with placement of a biliary stent to bridge the 
leak, usually with sphincterotomy. If there is an associated 
biliary stricture, the stricture can be carefully dilated, and one 
or more stents can be placed beyond both the stricture and the 
leak though this is usually avoided in the first few weeks follow-
ing surgery. ERCP results in resolution of >85% of leaks 
[142,148,149]. FCSEMS have been used in the treatment of 
biliary leaks considered to be refractory to conventional treat-
ment. Despite improvements in endoscopic techniques, stents, 
and deep enteroscopy techniques, endoscopic therapy may not 
be successful or feasible in certain situations. Large anastomotic 
leaks (e.g., in the setting of hepatic artery compromise) may not 
heal with endoscopic therapy. Similarly, leaks from a perfora-
tion or compromise of a Roux-en-Y anastomosis may require 
surgery because of an inability to reach the anastomosis for 
definitive treatment.

Ampullary tumors
A wide variety of benign and malignant tumors involve the 
major or minor papillas. The most common are ampullary ade-
nomas, which like colonic adenomas have a potential for pro-
gression to malignancy. Ampullary adenomas may occur 
sporadically or in the setting of familial adenomatous polyposis. 
ERCP allows diagnosis and often removal of ampullary tumors. 

Biliary strictures after liver transplantation are characterized 
as anastomotic strictures (Figure 135.28) or nonanastomotic 
strictures (Figure 135.29), which are also called ischemic stric-
tures. Anastomotic strictures are usually short segmental areas 
of stenosis involving the ductal anastomosis, occur early, and 
are characterized by the formation of scar tissue at the anasto-
motic site. Nonanastomotic strictures are long, are thought to 
be the result of ischemic injury to the duct, and may be associ-
ated with obvious vascular compromise (hepatic artery or portal 
vein occlusion) or secondary causes resulting in vascular injury 
(cytomegalovirus, ischemia time, ABO incompatibility). 
Ischemic strictures are more common after donor after cardiac 
death (DCD) than conventional deceased donor liver transplant 
(DDLT). The principles of stricture management are similar to 
those discussed for nontransplant patients.

MRCP is the study of choice in the diagnosis of strictures. 
ERCP is the first-line treatment modality in the management of 
biliary complications and is successful in the majority of 
patients, with PTC reserved for situation in which ERCP is not 
successful (e.g., a disconnected duct or high-grade stenosis that 
cannot be traversed at the time of ERCP) or after Roux-en-Y 
hepaticojejunostomy if the biliary anastomosis cannot be 
reached despite enteroscopy assistance (Figure 135.34). A clear 
understanding of the different types of surgical reconstruction 
during liver transplantation is vital to the appropriate manage-
ment of biliary complications and, similar to hilar strictures, a 
thorough understanding of the normal and variant anatomies 
of the liver segments and their individual and sectoral ducts is 

Figure 135.34 Endoscopic retrograde cholangiopancreatography via a 
forward-viewing enteroscope in a patient after liver transplant with 
Roux-en-Y hepaticojejunostomy.
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operative cholangiography at the time of cholecystectomy 
should be performed for further evaluation. Pooled data from 
seven prospective studies, with a total of 757 patients, designed 
to evaluate the role of early ERCP versus conservative manage-
ment of patient with acute biliary pancreatitis was reported in 
a metaanalysis [159]. ERCP was shown to be beneficial in two 
settings: (1) acute cholangitis, where it was associated with a 
decreased risk of mortality and local and systemic complica-
tions; and (2) persistent biliary obstruction, where it was associ-
ated with a decreased risk of complications. Importantly, routine 
ERCP in all patients with biliary pancreatitis was not found to 
improve mortality or local and systemic complications regard-
less of the predicted severity of pancreatitis. Thus, ERCP should 
be performed urgently (usually within 12 h) in patients with 
acute biliary pancreatitis with concomitant acute cholangitis 
and early in the course (usually within 24–72 h) in patients with 
evidence of persistent biliary obstruction.

Complications of acute pancreatitis
The definitions of localized complications associated with pan-
creatitis have been updated in order to simplify and standardize 
terminology and develop evidence based guidelines for their 
management [160]. According to the revised Atlanta criteria, 
there are now thought to be only four types of collections associ-
ated with pancreatitis: acute peripancreatic fluid collection 
occur in interstitial edematous pancreatitis; pancreatic pseudo-
cysts are a delayed (usually >4 weeks) complication of intersti-
tial edematous pancreatitis and are rare after acute pancreatitis; 
and necrosis, which may be an acute necrotic collection (in the 
early phase and before demarcation), or walled-off necrosis, 
which is surrounded by a radiologically identifiable capsule (the 
latter rarely develops before 4 weeks have elapsed from onset of 
pancreatitis). Indications for intervention include infection, 
biliary or gastric obstruction, and disconnected pancreatic duct 
[161]. Interventions for necrotizing pancreatitis have under-
gone a paradigm shift towards minimally invasive techniques 
and away from open surgical necrosectomy, with endoscopic 
necrosectomy emerging as a principle form of treatment. Several 
multicenter studies, a randomized trial, several evidence-based 
guidelines, and consensus statements have all endorsed the 
safety and efficacy of this technique [156,157,161–166]. 
Endoscopic transluminal drainage and necrosectomy are gener-
ally performed using combined endoscopic ultrasound and 
ERCP techniques. The specific role of ERCP in these settings is 
to treat associated biliary obstruction, and to evaluate and treat 
pancreatic duct leaks or disruptions. Side leaks with an intact 
main pancreatic duct almost always respond to transpapillary 
pancreatic stenting. In contrast, pancreatic necrosis in the 
central portion of the pancreas may result in a completely dis-
connected pancreatic duct proximal and distal to the area of the 
necrosis. Transpapillary pancreatic stent placement may or may 
not help in this circumstance, and these patients may be best 
managed with long-term transmural stents (e.g., cystgastros-
tomy stents) to rechannel drainage of the disconnected portion 

Narrow-band imaging or dye-assisted endoscopy may allow 
more detailed evaluation of the ampullary mucosa, and to 
obtain repeat biopsies of the ampullary region. EUS, MRI/
MRCP, or intraductal ultrasound at ERCP can be used for 
staging, which is recommended for lesions greater than 2 cm in 
size and those with features suggestive of malignancy (ulcera-
tion, bleeding, induration) [150,151].

Candidates for endoscopic resection are ampullary tumors 
with: (1) size less than 4–5 cm, (2) benign histology, (3) no 
endoscopic evidence of malignancy, and (4) no ductal invasion 
[152,153]. A wide variety of techniques using various devices 
have been described for the resection of ampullary tumors 
(ampullectomy). In general, given the higher risk of complica-
tions (5%–56%, mean 19%) including retroperitoneal perfora-
tion ( 0%–7%, mean 0.4%), bleeding (0%–17%, mean 4%), and 
pancreatitis (0%–33%, mean 10%), only endoscopists with 
extensive expertise should perform endoscopic ampullectomy 
[153]. Pancreatic stent placement has been shown to decrease 
the risk of pancreatitis in a randomized controlled trial as well 
as case–control series [154,155]. Late complications such as 
papillary stenosis may occur. The reported clinical success of 
endoscopic ampullectomy varies from 29% to 100%, with an 
overall success rate of 79% [153]. All patients require surveil-
lance for recurrence of adenomatous tissue even after seemingly 
complete resection is achieved.

Endoscopic retrograde 
cholangiopancreatography  
in pancreatic disease

Over the last two decades, considerable strides have been made 
in diagnosis and management of pancreatic diseases. 
Simultaneously, improvements in endoscopic technologies and 
techniques have enabled ERCP to play an increasingly safe and 
effective role in the management of pancreatic diseases. ERCP 
for pancreatic diseases is technically more demanding and 
riskier than ERCP for most biliary conditions. It should ideally 
be performed by dedicated endoscopists with advanced endo-
scopic expertise in a multidisciplinary context, including the 
disease processes and involvement of specialized surgeons and 
interventional radiologists as appropriate.

Acute pancreatitis
Several excellent guidelines have been published regarding 
management of acute pancreatitis, and specifically the role of 
ERCP in acute biliary pancreatitis [156–158].

ERCP may be indicated early in the course of the disease. 
However, even in this setting, the obstructing gallstone often 
passes through the ampullary orifice spontaneously, usually 
resulting in resolution of biliary and pancreatic obstruction and 
obviating the need for ERCP. Depending on the clinical picture 
and laboratory findings, in patients in whom there is a suspicion 
of a persistent stone in the bile duct an EUS, MRCP, or intra-
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anomalous pancreaticobiliary junction) or duodenum (duplica-
tion cyst), genetic causes (SPINK1, PRSS1 or CFTR and other 
mutations), potentially sphincter of Oddi dysfunction (highly 
controversial), and idiopathic disease. Given the broad range of 
conditions associated with RAP, it is important to perform a 
thorough diagnostic evaluation of patients with noninvasive or 
minimally invasive imaging modalities such as MRCP and EUS 
and, in selected patients, genetic testing (typically in young 
patients with or without a family history of pancreatitis or cystic 
fibrosis).

ERCP is often performed in these patients in the hope that 
pancreatic sphincterotomy and/or stent placement in the major 
or minor papilla (Figures 135.35 and 135.36) will interrupt the 
cycle of recurrent pancreatitis by improving pancreatic drain-

of the pancreas, or by surgery to drain or remove the discon-
nected portion of the pancreas [161].

Recurrent acute pancreatitis
It is estimated that 20% of patients with acute pancreatitis will 
have one or more additional episodes of acute pancreatitis 
during their lifetime. Although there is no universally accepted 
definition, recurrent acute pancreatitis (RAP) is generally 
defined as the occurrence of two or more episodes of acute 
pancreatitis (see Chapter 82). The spectrum of conditions asso-
ciated with RAP includes biliary disease (often in the form of 
microlithiasis not visualized by conventional cross-sectional 
imaging), persistent alcohol use, congenital anomalies of the 
pancreaticobiliary tract (pancreas divisum, annular pancreas, 

Figure 135.35 Illustration showing anatomy of pancreas divisum.

Pancreas Divisum Common Bile Duct

Dorsal Duct

Ventral Duct

Minor Papilla

Major Papilla

Figure 135.36 Endoscopic view of minor papilla with no visible structure or landmarks (a), and open orifice of minor papilla after spraying methylene 
blue and intravenous secretin administration (b).

(a) (b)
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quate pancreatic drainage. However, ERCP has no beneficial 
role in patients with chronic pancreatitis or duodenal stenosis 
related to annular pancreas. Anomalous pancreaticobiliary 
junction is defined as the presence of a common biliary and 
pancreatic duct channel measuring more than 15 mm in length, 
and may be associated with a congenital dilation of the biliary 
tree referred to as choledochal cysts, which are classified accord-
ing to their location along the biliary tree (see Chapter 91). The 
risk of cholangiocarcinoma and gallbladder cancer is increased 
in the presence of choledochal cysts. ERCP with sphincterot-
omy may be beneficial for RAP but in order to minimize the 
risk of malignancy cholecystectomy, surgical excision of the 
choledochal cyst is recommended [174,175]. In patients with 
choledochal cysts involving the main bile duct (type I and IV), 
a pancreatic stent can be placed prior to surgery to allow iden-
tification of the pancreatic duct at the time of the surgery and 
enable the surgeon to excise the bile duct as close to the pan-
creatic duct as possible in order to minimize the risk of malig-
nancy and recurrent pain or infection from the retained biliary 
stump.

The role of ERCP in diagnosis and treatment of sphincter of 
Oddi dysfunction is highly controversial, and is addressed in 
detail elsewhere (see Chapter 93) [151,156].

Autoimmune pancreatitis
Autoimmune pancreatitis (AIP) is an inflammatory condition 
of the pancreas mediated by the autoimmune system associated 
with characteristic findings on imaging and histological assess-
ment of the pancreas and characterized by being responsive to 
corticosteroid therapy (see Chapter 83). AIP has been subdi-
vided into two types. Type 1 AIP is a manifestation of IgG4 
disease, is often associated with serum IgG4 elevation, presence 
of IgG4 cells in pancreatic parenchyma, a characteristic pan-
creatic histological pattern known as lymphoplasmacytic scle-
rosing pancreatitis, and is often associated with involvement of 
other organs including salivary glands, retroperitoneal fat, and 
the intra- and extrahepatic biliary tree. Type 2 AIP is associ-
ated with normal IgG4 levels in the serum and pancreatic 
tissue, typically does not involve additional organs, and is asso-
ciated with a histological pattern of neutrophils in the pancreas 
with characteristic granulocyte–epithelial lesions. Type 2 AIP 
is more common in the United States and Europe and rare in 
East Asia, typically occurs in younger patients, may be associ-
ated with inflammatory bowel disease, and may present with 
acute pancreatitis [176–183]. ERCP findings suggestive of AIP 
include a long (more than one-third the length of the pancre-
atic duct) stricture, multifocal strictures of the pancreatic duct, 
and mild dilation of the pancreatic duct upstream from stric-
tures (<5 mm), whereas a focal stricture with marked dilation 
of the upstream pancreatic duct is more consistent with pan-
creatic malignancy [183]. A concomitant biliary stricture may 
be present in both conditions. ERCP has a reported sensitivity  
and specificity of 33%–91% and 80%–90%, respectively, for  
differentiating AIP from pancreatic cancer [184]. ERCP is 

age. Although ERCP may result in an improvement in symp-
toms and/or RAP episodes in some settings, the response is 
unpredictable, and evidence supporting efficacy of ERCP for 
RAP is highly variable, with very few randomized prospective 
trials, and substantial remaining controversy [167–169]. ERCP 
for RAP is technically challenging and associated with a high 
risk of complications, including post-ERCP pancreatitis in up 
to 20% of patients. Indwelling pancreatic stents may lead to 
ductal and parenchymal injury, strictures, and subsequent 
chronic pancreatitis. RAP itself often progresses to chronic pan-
creatitis (either obvious or subtle) and/or or chronic pain irre-
spective of any endoscopic intervention.

Pancreas divisum is the most common congenital abnormal-
ity of the pancreatic ductal system, resulting from failed fusion 
of the dorsal and ventral anlage in the second month of gesta-
tion (Figure 135.35). Pancreas divisum occurs in approximately 
7% of the Western population. Although usually asymptomatic, 
pancreas divisum may be associated with chronic pain, RAP, or 
chronic pancreatitis. Endoscopic minor papillotomy, intended 
to relieve intraductal pressure, has gained acceptance as the 
preferred treatment for clinical manifestations of pancreas 
divisum (Figure 135.36). Unfortunately, the efficacy of minor 
papillotomy has not been clearly established, as no randomized 
controlled trials have been performed. The majority of literature 
on this topic consists of retrospective case series with outcome 
measures of varying validity [170–172]. An older randomized 
trial of routine minor papilla stent exchange without papillot-
omy suggested significant improvement [167]. Most problem-
atic in the literature regarding pancreas divisum is failure to 
measure quality-of-life and chronic pain burden, which are 
often substantially impaired in patients with pancreas divisum 
and recurrent pancreatitis, whether or not there is obvious mor-
phological evidence of chronic pancreatitis. The response rate 
to ERCP with minor papillotomy and stent placement varies 
considerably by study and indication with poorest response for 
pain alone (25%–44%) and a slightly better response reported 
in the setting of chronic pancreatitis (45%–55%) [173]. An 
NIH-funded multicenter, pilot study evaluated the role of ERCP 
in patients with RAP (two or more episodes) in the setting of 
pancreas divisum [169]. In this study, pain and disability were 
measured using a validated instrument: at 6-month follow-up, 
only 8.3% of patients had recurrence of pancreatitis and the 
overall pain score was reduced from 4 to 1, including a signifi-
cant decrease in the number of days associated with pain disa-
bility. In this study, the risk of ERCP-related pancreatitis was 
relatively low (5.6%) compared to more typical rates of 
8%–11.2%. ERCP for pancreas divisum should be performed at 
expert centers and preferably in the context of prospective 
studies.

Congenital conditions such annular pancreas, anomalous 
pancreaticobiliary junction, and duodenal duplication cysts are 
all conditions that may be associated with RAP. Annular pan-
creas may be associated with pancreatitis or gastric outlet 
obstruction. ERCP may be performed for RAP to ensure ade-
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titis, many of whom have smaller ducts, less stone burden, and/
or comorbid disease, rendering them more suitable to endo-
scopic than surgical therapy. In addition, drainage operations 
impair islet yield should the patient fail to respond and ulti-
mately be considered for total pancreatectomy with islet 
autotransplantation [190].

Pancreatic duct stones
Obstructing pancreatic duct stones may result in pain or disrup-
tion of the upstream duct and a pseudocyst. Stone removal can 
be accomplished using ERCP alone (Figure 135.37), ESWL 
alone, or a combination of the two. The exact approach is deter-
mined by the size and location of stones, the overall stone 
burden, and local expertise. Small pancreatic stones can be 
removed at ERCP using a stone removal basket after a pancre-
atic sphincterotomy. Unlike biliary stones, pancreatic stones are 
usually calcified and obstructing stones are typically signifi-
cantly large relative to the size of the downstream duct and 
pancreatic orifice even after pancreatic sphincterotomy and 
balloon dilation of the pancreatic orifice. Therefore, the pre-
ferred approach for large stones is to perform ESWL to frag-
ment stones in conjunction with ERCP. The success of ESWL 
for pancreatic stones is dependent on the equipment and opera-
tor technique, with greater success in achieving stone fragmen-
tation reported in high-volume centers. ESWL alone has been 
shown to be as effective as ESWL with ERCP in removal of 
stones and pain relief and has been shown to be associated with 
shorter hospital stay and decreased cost [191]. ESWL has been 
reported to be effective in achieving pain relief and stone 
removal in a large metaanalysis, with correlation coefficients of 
0.62 and 0.74, respectively (a correlation coefficient of greater 
than 0.5 is indicative of a large effect) and subsequently in large 
individual studies as well [192–194]. On the basis of these find-
ings, European guidelines for the management of pancreatic 
duct stones recommend the use of ESWL as a first step in 

increasingly replaced by EUS and ERCP for the diagnosis of 
AIP. Biopsies of the major papilla (also known as ampullary 
biopsies) can be obtained at the time of EUS or ERCP and 
immunostained for the presence of IgG4 cells. An increase in 
the number of IgG4-positive cells (>10 per high power field) 
in ampullary biopsies can be seen in type 1 AIP and has been 
used a diagnostic feature for this entity. However, this finding 
is not entirely specific for AIP and has been described in  
other conditions including pancreatobiliary malignancies 
[185,186].

Chronic pancreatitis
Chronic pancreatitis may be defined as a progressive inflamma-
tory condition of the pancreas, which may lead to development 
of chronic abdominal pain, progressive loss of exocrine and 
exocrine function, and increased risk of pancreatic cancer [187] 
(see Chapter 84). The development of upper abdominal pain is 
the most debilitating symptom associated with chronic pancrea-
titis, the severity of which varies widely and does not correlate 
well with the severity of abnormalities on imaging.

ERCP offers a minimally invasive approach to treatment of 
chronic pancreatitis, including pancreatic sphincterotomy, 
stone removal, stricture dilation and stenting, and closure of 
duct leaks with or without associated pseudocysts [173]. Patients 
should be managed using a multidisciplinary approach, and the 
risks and benefits of all options, including surgical management, 
should be considered. The management of chronic pancreatitis 
has been addressed in two randomized prospective trials 
[188,189]. Both studies found significantly superior results with 
drainage or resection operations than with endoscopic therapy, 
but were limited by including only patients with very advanced 
disease with markedly dilated pancreatic ducts, often with a 
very large stone burden, and utilizing suboptimal techniques for 
endoscopic management. In clinical practice, such patients rep-
resent a small fraction of patients with painful chronic pancrea-

Figure 135.37 Fluoroscopy showing large pancreatic stones (a), basket extraction (b), and complete clearance (c).

(a) (c)(b)
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migration and stent-induced injury of the pancreatic duct and 
they should therefore be used with caution, ideally in the setting 
of clinical trials. Patients with refractory strictures or with 
minimal relief of symptoms despite stent placement should be 
considered for surgical treatment modalities rather than 
repeated ERCP procedures.

Pancreatic duct leaks and disruptions
Pancreatic duct leaks or disruptions may result from acute or 
chronic pancreatitis, surgery involving the pancreas (e.g., after 
distal pancreatectomy), trauma, iatrogenic (e.g., from ductal 
injury during ERCP), or other causes. The injury may range 
from mild to complete transection resulting in a disconnected 
pancreatic duct. Pancreatic duct leaks can result in pancreatic 
ascites, pleural effusion, or early (acute fluid or necrotic collec-
tions) or late complications (pseudocyst or walled off necrosis). 
Management differs significantly between pseudocysts and 
walled off necrosis. Small pseudocysts may be treated with a 
transpapillary stent to drain the cyst and close the duct leak, 
while large pseudocysts are typically treated with transmural 
drainage or percutaneous drainage. In contrast, walled off 
necrosis often requires direct debridement as well as transpapil-
lary or transmural drainage [144].

The role of ERCP in pancreatic ductal leaks is to place a 
transpapillary stent into the pancreatic duct, at least across the 
sphincter and preferably to bridge the area of the leak, with 
resolution reported in three-quarters of patients, depending on 
a number of factors including whether or not the site of leak 
could be bridged [190,200–204].

centers with considerable experience with ESWL [195]. ESWL 
is not as widely established for pancreatic stones in the USA and 
therefore in most centers, if available, ESWL is combined with 
ERCP. Difficult pancreatic stones not completely fragmented or 
removed may be removed using intraductal lithotripsy tech-
niques such as electrohydraulic and laser lithotripsy, similar to 
bile duct stones.

Pancreatic stricture
The principles of pancreatic stricture treatment are similar to 
those of biliary stricture treatment, usually involving pancreatic 
sphincterotomy, balloon dilation, and stent placement. 
Depending on the degree of stricture, a stent as small as 3 Fr in 
size may initially be placed with subsequent upsizing to as many 
stents (Figure 135.38) or as large a stent as can be accommo-
dated in the upstream duct. Practices regarding the size and 
number of stents placed, timing of ERCP for stent exchange, 
and duration of therapy vary significantly. European guidelines 
recommend placement of a 10 Fr stent with stent exchange 
planned at an interval close to a year later or sooner if there is 
concern for stent occlusion [195]. However, in the USA, the 
practice is to exchange stents more frequently [196]. Pancreatic 
stent placement has been shown to achieve immediate pain 
relief in 65%–95% of patients and sustained relief in 32%–68% 
of patients (up to 48-month follow-up) [197]. Stents may need 
to be exchanged no less than every 2–3 months to minimize 
stent occlusion and related complications. The use of FCSEMS 
to treat refractory pancreatic duct strictures has been reported 
[198,199]. These stents may be associated with spontaneous 

Figure 135.38 Distal main pancreatic duct stricture in patient with hereditary pancreatitis (a), and placement of four 7 Fr pancreatic stents (b).

(a) (b)
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The choice of endoscope and the associated success rate for 
biliary access and treatment depends primarily on the underly-
ing surgical anatomy. A standard duodenoscope or pediatric 
colonoscope may be used to reach the ampullary orifice in 
patients with a Billroth II anastomosis or short Roux limb 
RYGB. For pancreatic duct access, particularly after pancrea-
toduodenectomy (Whipple resection), EUS-guided rendezvous 
may be required to advance a wire through the stenotic anasto-
mosis and allow retrograde access [207].

The difficulty in long Roux limb RYGB patients is that the 
scope may need to be inserted as much as 200 cm or more to 
traverse the Roux limb and jejunojejunal anastomosis to reach 
the major papilla or anastomosis. There are two choices in the 
approach to ERCP for patients with a RYGB: (1) deep 
enteroscopy-guided access followed by enteroscope-assisted 
ERCP or (2) gastric remnant access (laparoscopy-assisted or 
percutaneous) with conventional ERCP through the gastric 
remnant for ERCP. The field of deep enteroscopic ERCP is 
rapidly evolving. The introduction of the double-balloon enter-
oscope (Fujinon Corp., Saitama, Japan) in 2003, followed by the 
single-balloon enteroscope (Olympus, Tokyo, Japan) and the 
spiral enteroscopy overtube (Endo-Ease, Spirus Medical, 
Stoughton, MA), have provided several endoscopic options 
[208,209]. The long Roux limb is traversed to reach the biliary 
orifice, and ERCP is performed through the forward-viewing 
enteroscope. The double-balloon enteroscope systems require a 
dedicated processor and endoscope system, whereas the spiral 
enteroscopy overtube is compatible with both single-balloon 
and double-balloon enteroscopes. Balloon-assisted enteroscopy 
uses a balloon attached to an overtube to anchor the entero-
scope and overtube as the enteroscope is advanced through the 
small bowel. Spiral enteroscopy makes use of a spiral overtube 
that is placed over the enteroscope. As the spiral overtube is 
rotated, the small bowel is pulled onto the overtube, and this 
advances the enteroscope through the small bowel, but is no 
longer available. Limitations of the enteroscopic approach are 
that the major papilla or surgical anastomosis may not be 
reached (because of an unfavorable surgical anatomy or adhe-
sions), there is limited selection of accessories and devices that 
can be used with the enteroscope, lack of an elevator, and thus 
limited maneuverability of the scope in the region of papilla 
resulting in potentially difficult cannulation. The success rate of 
enteroscopy insertion to the major papilla or biliary anastomo-
sis is 55%–100%, with successful cannulation in 63%–100% and 
successful therapy in 72%–100% of patients overall, though 
rates for RYGB patients are lower than those for Roux-en-Y 
hepaticojejunostomy [209].

A more invasive but direct approach to the major papilla in 
patients with a Roux-en-Y gastric bypass is creation of a gas-
trostomy, via a surgical approach (laparoscopic or open) [210–
212]. According to published series, with this approach 
successful cannulation and therapy can be achieved in nearly 
100% of cases [206,209,210]. The main advantage of a surgical 
approach for ERCP in patients with altered anatomy is the 

Endoscopic retrograde 
cholangiopancreatography in surgically 
altered upper gastrointestinal anatomy

Surgical procedures that result in alterations of the gastric, duo-
denal, and/or biliary anatomy may result in anatomic changes 
that make ERCP access to the major papilla/biliary tree techni-
cally difficult or impossible (Box 135.5). In patients with Billroth 
II gastrectomy and those with a short Roux limb, the major 
papilla can be reached with a duodenoscope or forward-viewing 
endoscope and ERCP completed in 67%–84% of patients 
[205,206]. In contrast, in patients with Roux-en-Y gastric bypass 
(RYGB) as currently performed, access to the major papilla with 
a duodenoscope is usually not possible (Figure 135.39).

Box 135.5 Altered upper gastrointestinal anatomy in which 
conventional endoscopic retrograde cholangiopancreatography  
is challenging.

Partial gastrectomy with Billroth II gastrojejunostomy
Gastrojejunostomy or “bypass” performed for gastric outlet 
obstruction
Pancreaticoduodenectomy (Whipple procedure)
Roux-en-Y gastric bypass for obesity
Roux-en-Y choledochojejunostomy or hepaticojejunostomy
Roux-en-Y biliary diversion “duodenal switch”
Total gastrectomy with Roux-en-Y esophagojejunostomy

Figure 135.39 Schematic showing the challenges of endoscopic retrograde 
cholangiopancreatography in patient after Roux-en-Y gastric bypass, with 
difficulty advancing the endoscope to end of limb.
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ability to perform ERCP in a single-step procedure using a 
duodenoscope. In contrast to an enteroscopic approach, this 
allows a conventional approach to the papilla making biliary 
access easier and enables usage of all available ERCP accessories. 
In addition, it allows correction of any surgical problems such 
as internal hernias, which may not otherwise be diagnosed. In 
a study of patients with a Roux-en-Y gastric bypass, biliary 
intervention was achieved in all patients using a surgical 
approach compared to only 58% of patients in whom deep 
enteroscopy was performed, with lower success in patients with 
a Roux limb greater than 150 cm [211]. A novel approach for 
access to the gastric remnant involves EUS-assisted technique 
for direct percutaneous gastrostomy followed by fixation and 
dilation of the tract, with ERCP performed via the gastrostomy 
[193].
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Introduction

The primary goal of treatment of any stenosis is luminal enlarge-
ment and amelioration of obstructive symptoms. Symptoms 
depend on the site and etiology of the stricture and may include 
dysphagia, nausea and vomiting, abdominal pain, obstipation, 
or frank bowel obstruction. This chapter compares the various 
technologies available for treatment of stenoses with regard to 
ease and site of application, patient tolerance, cost–benefit ratio, 
and available safety and efficacy data.

Historically, dilation of gastrointestinal strictures was limited 
to accessible anatomical areas, primarily the esophagus or 
anorectum. With the advent of endoscopically or radiographi-
cally placed polyethylene balloons, a variety of gastric, small 
bowel, and colonic strictures also became amenable to dilation. 
Likewise, prosthetic stent placement was initially limited to the 
esophagus and subsequently expanded into the pancreaticobil-
iary tree. However, expandable metallic stent technology and 
balloon enteroscopy has allowed treatment of previously inac-
cessible and more central (e.g., gastric, duodenal, small bowel, 
and colorectal) stenoses.

Whereas all the current dilating systems achieve efficacy by 
either stricture stretch or fracture, data are sparse regarding the 
specific mechanism of action by which each individual dilating 
system works. The few existing small prospective studies com-

paring the efficacy and side-effects of various dilating systems 
or techniques has failed to demonstrate consistent or significant 
differences in outcomes. Similarly, the few available randomized 
studies comparing different expandable prostheses in the 
esophagus have shown little difference in efficacy or safety 
between different stent brands.

However, technological improvements incorporated into 
some prostheses appear to reduce the risk of certain compli-
cations, such as stent migration or overgrowth, or gastroesopha-
geal reflux. Data regarding central stent placement have  
been more limited, but existing randomized trials agree that 
prostheses compare favorably with surgery for malignant  
colorectal or gastroduodenal obstructions in the right clinical 
setting.

Dilation

Theoretical considerations
The basic goals of stricture dilation include safe and effective 
luminal enlargement plus the prevention of restenosis [1]. Efforts 
to achieve the latter goal may include proton pump inhibitors 
after esophageal bougienage for a reflux-induced stricture  
[2], intralesional steroid injection for benign strictures [3],  
placement of a prosthesis after dilation of a benign esophageal 
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stricture, or surgical resection or bypass after dilation or stent 
placement for an obstructing rectosigmoid malignancy.

Although the exact mechanisms by which dilation results in 
luminal enlargement remain uncertain, circumferential stretch 
and stricture split are two likely possibilities. The former presup-
poses considerable elasticity in circumferential fibrous tissue, 
and the latter an inherent rigidity in which dilation results from 
one or several longitudinal tears. It is unlikely that a pylorus of 
3 mm diameter can be dilated to 10 or 15 mm without signifi-
cant laceration of scirrhous tissue and, potentially, of muscle. 
Indeed, gross longitudinal tears and histological disruption of 
collagen and circular muscle have been described after esopha-
geal bougienage for fibrous stenoses and achalasia [4]. Most 
perforations associated with dilation, in turn, appear to be an 
extension of these tears.

Among the earliest dilation techniques, bougienage was first 
used by Fabricius d’Acquapendente, who used a wax dilator for 
a food impaction [5]. The term bougienage is derived from the 
Algerian town of Boujiyah, the medieval capital of the wax 
candle trade. Cork and woven silk dilators have also been used, 
the latter since at least the 16th century, when Thomas Willis 
used a cork-tipped whalebone to treat a patient probably suffer-
ing from achalasia.

Dilating modalities can be divided into mercury bougies, 
guidewire-directed dilators (Figure 136.1), polyethylene bal-
loons (Figure 136.2), and miscellaneous types (Box 136.1) [1]. 
Mercury-filled dilators, ranging in size from 10–60 Fr (3–20 mm), 
can be subdivided into the original, blunt-tipped Hurst bougies, 
and tapered-tip variants called Maloney bougies. Originally 
passed without fluoroscopic control, these dilators are now used 
infrequently by many practitioners.

Historically, guidewire-directed dilators have included 
Jackson–Plummer bougies and Eder–Puestow dilators. These 
include a triple olive variant, in which multiple metal olives of 
increasing diameter are placed on the same dilating shaft [6]. 
Five additional wire-guided dilating systems have subsequently 
been marketed: the KeyMed Advanced dilator (KeyMed Ltd, 

Figure 136.1 Dilating systems: Maloney (top), Savary–Gilliard (middle), 
and Optical (bottom) dilators. The latter two are wire guided, with the 
Optical dilator also admitting an endoscope for direct visualization.

Figure 136.2 Polyethylene balloon dilating kit includes mercury 
manometer and injection syringe. Balloons are passed over an 
endoscopically or radiographically placed guidewire.

Box 136.1 Dilators for gastrointestinal stenoses.

Mercury bougies
Blunt-tip (Hurst)
Tapered-tip (Maloney)

Guidewire directed
Metal olives (Jackson–Plummer, Eder–Puestow)
Hollow-core polyvinyl (Savary–Gilliard, American)
Neoplex stepped-diameter (Celestin)
Spindle-shaped (Keymed Advanced dilator)

Polyethylene balloons
Through the scope (TTS)
Guidewire facilitated
Controlled radial expansion (CRE)

Latex balloons
Brown–McCardy
Mosher

Miscellaneous
Woven silk (Jackson, Phillips)
Graded, plastic oversheath
Tapered-tip endoscope
Balloon or tape affixed to endoscope shaft
Electronic/mechanical (Starck variant)
Tapered transparent oversheath (Optical dilator)

Southend-on-Sea, UK), consisting of three spindle-shaped sili-
cone bougies on stainless steel shafts; the stepped neoplex 
Celestin dilator; two types of hollow-core polyvinyl systems, the 
Savary–Gilliard and the American; and the transparent Optical 
dilator. The Celestin dilating system consists of two tapered 
dilators that reach a maximum diameter of 12 and 18 mm 
respectively. The Savary–Gilliard system (CR Bard Inc., Billerica, 
MA) consists of bougies ranging in size from 5 to 18 mm 
(15–54 Fr). The American Dilating System (Cook Medical, 
Winston-Salem, NC) ranges in size from 7 to 20 mm (21–60 Fr). 
In contrast to the barium-impregnated American dilators, 
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single dilation session [1]. Although it is based on common 
sense and an attempt to avoid such complications as bleeding 
and perforation, this adage does not necessarily hold true for 
most rings or webs and some pliable reflux-induced strictures. 
The degree of luminal enlargement should be contingent not 
only on the nature of the stricture itself (i.e., membranous or 
fibrotic) but also on the degree of associated luminal ulceration 
and the risks and benefits of alternative treatment modalities. 
These decisions cannot be made by a review of the scant existing 
literature discussing side-effects of dilation, but require a great 
deal of common sense on the part of the physician [1,12,14].

Esophageal strictures
Many patients who present with dysphagia have had previous 
esophagoscopy, although a few with lower esophageal rings may 
have had barium studies alone. With rings, webs, and mild 
reflux stenosis, mercury bougienage after a 6-h fast and pharyn-
geal anesthesia can often be done using a single 16–18 mm 
(48–54 Fr) Maloney dilator [15]. Such dilators can be passed in 
the upright or lateral decubitus position. Although ideally done 
under fluoroscopic control to avoid kinking or retroflexion of 
the bougie, many esophageal dilations, can be performed safely 
without these capabilities.

Long, angulated, or eccentric esophageal strictures, as well as 
severe (<7 mm) stenoses, are best handled with a guidewire 
dilating system [16]. Patients require an initial endoscopy to 
define the stricture’s cause and characteristics, for example 
length, diameter, pliability, eccentricity, and associated pseudo-
diverticula. Because a biopsy of the entire length of the stricture 
can be performed after dilation, it is sometimes best to delay 
tissue sampling until immediately after the dilation. Polyvinyl 
dilators, which have supplanted Eder–Puestow metal olives in 
most centers, always require guidewire placement [1,12,17]. 
This is usually done in conjunction with initial endoscopy, at 
which time a fluoroscopically monitored wire with a spring tip 
can be passed through the stricture and advanced freely into the 
stomach. Alternatively, the wire can sometimes be passed radio-
graphically without endoscopy. After baseline endoscopy and 
stricture sizing, a dilator approximately the size of the stricture 
is passed, making sure the guidewire is fixed and the patient’s 
neck is flexed forward. This is followed by one or two additional 
dilators, for an increment of up to 3 or 4 mm (10–12 Fr), con-
tingent on the stricture, before repeat endoscopy and stricture 
biopsy. Because of their gradual taper, polyvinyl dilators can 
pass through most stenoses with relative ease. The hesitation felt 
with these systems is more often related to dilator friction over 
the guidewire than to the stricture itself.

Moderate stenoses (7–13 mm) can be dilated using either 
mercury bougies under fluoroscopic control or wire-guided 
polyvinyl dilators. The latter systems can be used without radio-
graphic monitoring in some, although it is imperative that the 
guidewire is advanced far into the stomach and not inadvert-
ently withdrawn at the time of endoscope removal. This is best 
done by feeding a marked guidewire forward in conjunction 

Savary–Gilliard dilators are longer and have a more gradually 
tapered tip. The fifth type of tapered dilator, the Optical dilator 
(Inscope, Cincinnati, OH), is a hybrid device consisting of three 
separate dilators with variable diameters ranging from 14 to 
20 mm, that fit over an endoscope to allow direct visualization 
at the time of bougienage, and thus theoretically improve pro-
cedural safety. The optical dilators, however, have not gained 
widespread use and have recently been withdrawn from the 
market.

After wire-guided bougies, the second major advance in dila-
tion technology was the development of polyethylene balloons 
for use in the gastrointestinal tract [7,8]. Ranging in diameter 
from 4 to 40 mm [7], dilating balloons are fixed on 5–7-Fr cath-
eter shafts that range between 100 and 200 cm in length. They 
can be passed over an endoscopically or radiographically placed 
guidewire, or directly through the scope (TTS) to allow dilation 
of strictures in the stomach, small bowel, and colon. A full dila-
tion set includes balloons of variable length and diameter, 5-mL 
to 30-mL syringes, guidewires, and a manometer to delineate 
balloon pressure during inflation. A dilating gun to maintain 
pressure and stopcocks to ensure a constant pressure during 
inflation are optional. More recent advances in balloon technol-
ogy have included the development of low-profile or high-
compliance balloons. The latter can withstand a dilating pressure 
threefold to fourfold higher than previously marketed balloons 
to potentially improve results in recalcitrant strictures, although 
balloon compliance has not been found to affect dilation success 
in achalasia [9,10]. The most recent development (over a decade 
ago) was the controlled radial expansion (CRE) balloon (Boston 
Scientific, Natick, MA) [11]. These balloons can be passed over 
a guidewire and inflated with variable pressure to predictably 
increase balloon diameter. A single CRE balloon, depending on 
the pressure used to inflate it, may increase in diameter from 
6–8, to 8–10, to 10–12, to 15–18, or to 18–20 mm.

Technical applications
In general, radiologically or endoscopically directed dilation 
should be safer and more effective than blind dilation [8,12], 
particularly for sharply angulated, extremely tight, or proximal 
esophageal stenoses, as well as more central stenoses in the 
stomach, duodenum, and colon. These general principles must 
be balanced against the availability of fluoroscopy, the added 
cost of endoscopy or fluoroscopy, and the physician’s previous 
experience with a particular dilating modality. Endoscopically 
facilitated guidewire placement and subsequent bougienage of 
the esophagus need not always require fluoroscopic control if a 
sufficient length of guidewire has been placed into the stomach 
or a marked guidewire is used and attention is given to ensure 
that guidewire displacement does not occur with endoscope 
withdrawal [1].

There are limits to the extent to which luminal enlargement 
can be undertaken safely in a single dilating session [13]. There 
remains a maxim in esophageal bougienage that one should 
increase a luminal stenosis by no more than 2 mm (6 Fr) in a 
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Although air can be used for inflation, 10%–25% contrast 
solution allows better visualization fluoroscopically to demon-
strate waist effacement, and more uniform balloon dilation. 
Placement of the endoscope tip against a transparent balloon 
during inflation additionally provides a transendoscopic view 
of the stricture from within the balloon throughout dilation. 
Obliteration of the balloon waist is required with pressures up 
to 1212 kPa (12 atmospheres). Larger balloons may increase the 
risk of perforation [30]. Balloon compliance has not been found 
to affect dilation safety or efficacy in achalasia [9,10]. Similarly, 
randomized trials of balloon dilation in achalasia have not 
found the duration of balloon inflation or number of inflations 
in a session to significantly impact procedural efficacy or safety 
[31,32]. In the case of most strictures, 30 s of dilation are suffi-
cient and usually produces good results. Rarely is there a need 
to repeat dilation for a second or third time after repositioning 
of the balloon. After dilation has occurred, the balloon must be 
completely evacuated to allow balloon retrieval. Additional, 
larger dilating balloons can then be used, although the degree 
of luminal enlargement to be attempted in a single session 
remains a matter of common sense and is contingent on size of 
the initial stenosis, presence and degree of active ulceration, and 
patient discomfort with initial dilation. Using pyloric dilation 
as an example again, the ultimate goal is to dilate to 15–18 mm 
and follow-up with complete endoscopic inspection of the 
pylorus and duodenum. This goal sometimes requires two or 
three dilating sessions separated by an interval of several days 
if the obstruction is acute, or several weeks, if it is chronic.

Indications and contraindications
Indications for dilation are contingent on the anatomical area 
involved (Box 136.2). In the esophagus, symptoms are most 

with endoscope or bougie withdrawal and having an assistant 
fix the wire at the level of the patient’s mouth [1]. In addition, 
polyethylene balloons have been used to dilate moderate 
esophageal strictures [18]. The claimed advantages of balloon 
dilators over other systems have included ease of passage, dila-
tion of the stricture alone, and radial as opposed to vector force 
applied to a stenotic wall [1], suggesting that such balloons 
should be safer and more effective. However, randomized trials 
comparing balloons to bougienage in benign esophageal stric-
tures have demonstrated little consistent advantage to warrant 
the higher cost of balloon dilation in most cases [19–23]. If 
fluoroscopy is used to ensure waist dilation, total costs using 
this technology in our institution are threefold higher than dila-
tion with polyvinyl dilators and eightfold higher than mercury 
bougienage (without endoscopy) [24]. Given this and the fact 
that such balloons are marketed as one-time use devices, balloon 
technology is better limited to areas of the gut not accessible to 
other types of dilators. One notable exception is achalasia, 
where forceful disruption of the lower esophageal sphincter is 
usually performed with a balloon to afford a larger diameter and 
avoid blindly passing a dilator through the redundant and often 
tortuous esophagus associated with this condition [25]. The 
technique of balloon dilation is described in Section 
Nonesophageal strictures.

Nonesophageal strictures
Most nonesophageal strictures require balloon dilation, 
although stenotic gastric stapling orifices and anastomotic stric-
tures of the rectosigmoid can be cautiously enlarged with poly-
vinyl dilators or carefully incised with electrocautery (needle 
knife) [26–28]. Although both transendoscopic and wire-
guided balloons have shown comparable safety and efficacy for 
benign colonic anastomotic strictures, wire guidance allows the 
use of larger balloons, which appears to reduce the need for 
repeat dilations in this setting [29]. The use of TTS or CRE bal-
loons provides certain theoretical advantages, including direct 
stricture visualization, improved placement control, and imme-
diate evaluation of the dilated stenosis [7]. Following the same 
principles of dilation in the esophagus, the starting TTS or CRE 
dilator size should be usually 1–2 mm (3–6 Fr) larger than the 
diameter of the stricture. Negative pressure should be applied 
to the balloon using a 10- or 50-mL syringe prior to its inflation, 
to remove the dead-space air, when the balloon is going to be 
inflated with a contrast solution. The placement of the balloon 
across the stricture should always be centered with the help of 
endoscopic and fluoroscopic control, whenever feasible. This 
prevents the balloon from being “pulled” or “pushed” out of the 
stricture, during inflation. In the case of pyloric stenosis, the 
balloon should be centered in the pylorus with an effort to avoid 
any portion of the balloon being placed beyond the apex of the 
duodenal bulb. This could potentially help prevent a perforation 
of the bulb apex or C loop wall related to excessive pressure of 
the balloon tip or extreme balloon angulation.

Box 136.2 Indications for gastrointestinal dilation.

Esophagus
Ring or web
Reflux stricture
Malignancy
Miscellaneous (e.g., caustic ingestion, motility disorders)

Stomach
Pyloric stenosis
Anastomotic stricture
Gastric stapling/bypass stenosis
Miscellaneous (e.g., caustic ingestion, proximal malignancy)

Small bowel
Duodenum (web, acid peptic stricture, anastomotic)
Ileum (Crohn’s disease, nonsteroidal antiinflammatory drug-induced 

stenosis)
Colon

Anastomotic stenosis
Inflammatory stricture (inflammatory bowel disease, diverticular, 

radiation induced)
Miscellaneous

Stenotic gastrostomy, enterostomy, or colostomy stoma
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quently than with most other endoscopic procedures [41,51]. 
While this rate of bacteremia seems high, it is no higher than 
during routine activities such as brushing, flossing, or using 
toothpicks [52]. Therefore, the American Heart Association 
(AHA) and ASGE changed their recommendation in 2008, sug-
gesting no need for the use of antibiotics, even in patients at 
high risk of infective endocarditis [52]. By that extension, 
routine use of antibiotics for dilations in other parts of the gas-
trointestinal tract are not recommended either. The AHA still 
recommends the use of antibiotics (e.g., ampicillin 2 g i.m. or 
i.v. or amoxicillin 2 g p.o. 30–60 min before procedure) in 
patients whom have had vascular grafts within the past 6 
months, while the ASGE does not [53,54].

Long-term pharmacological implications of dilation must 
also be considered in any discussion of risks. Reflux-related 
esophageal strictures and many pyloric stenoses require long-
term proton pump inhibition and possibly use of a prokinetic 
agent. Dilation of a stenosis from Crohn’s disease usually 
requires adjustment of immunosuppressive or biological medi-
cations to minimize the inflammatory response and stricture 
reformation [55,56].

The benefits and risks associated with luminal dilation must 
be considered in relation to alternative treatment modalities, 
including other endoscopic therapies (stenting or electroinci-
sion), surgery, or conservative management. Direct compari-
sons between dilation and these alternatives are sparse, but 
include several trials in which biopsy forceps or needle knife-
mediated incision of Schatzki rings was at least as safe and 
effective as dilation [14] and possibly superior [57,58]. 
Furthermore, use of alternative approaches, such as electrocau-
tery, in conjunction with dilation may enhance the latter’s clini-
cal efficacy [59]. Dilation should not be the sole treatment in 
individuals who require bougienage so frequently that cumula-
tive risk and expense become prohibitive. In this setting, intral-
esional steroid injection, or temporary placement of expandable 
esophageal stents may reduce the frequency with which dilation 
is required [60,61]. Alternatively, definitive management with 
surgical resection may be more appropriate [62].

often dysphagia and food impaction, although atypical chest 
pain, aspiration, and odynophagia can be seen [22,33,34]. 
Indications for pyloric dilation are usually recurrent nausea and 
vomiting, weight loss, abdominal pain, and severe reflux [35,36]. 
Small bowel and distal colonic stenoses may require dilation for 
intractable obstipation, progressive diminution in stool size 
with constipation, pain, and recurrent bowel obstruction [26–
28,37]. The causes of the above and of a variety of miscellaneous 
stenoses are listed in Box 136.2.

The only absolute contraindication to esophageal dilation 
noted in guidelines for esophageal dilation published in 1998 by 
the American Society for Gastrointestinal Endoscopy (ASGE), 
which remains appropriate, was acute or incompletely healed 
esophageal perforation [12]. Common sense dictates that con-
traindications to dilation also include a lack of informed consent, 
an acute abdomen, or a deeply ulcerated stenosis for which the 
risks of dilation outweigh the benefits. Indeed, relative contrain-
dications listed by the ASGE include bleeding disorders, cardi-
opulmonary instability, recent esophageal perforation or surgery, 
and a large aortic aneurysm, but specifically excluded concomi-
tant radiation therapy or forceps biopsy [38]. For extraesopha-
geal dilation, similar contraindications should apply, but there 
may also be lesion-specific contraindications, such as colonic 
stenosis associated with acute diverticulitis.

Risks and alternatives
There are specific risks of gastrointestinal dilation in addition 
to those associated with routine endoscopic procedures. These 
include, an increased incidence of bleeding, perforation [39], 
and bacteremia [40,41], although the incidence of these com-
plications has not been well defined for gastroduodenal and 
colorectal dilations. Most data on gastrointestinal dilation are 
derived from esophageal bougienage, using a combination of 
Puestow and mercury dilating systems, in over 850 patients with 
benign esophageal strictures compiled from various series 
[8,15,42]. Reported complications in these patients included 16 
perforations, five major bleeding episodes, two aspirations, and 
one death. This compares with perforation rates of 0.4% for 
mercury dilators and 0.6% for metal olives reported in an ASGE 
survey [8]. Such perforations usually occur in the cervical 
esophagus and relate to improper dilator introduction or in the 
thoracoabdominal esophagus just proximal to the stenosis, 
related to dilator or guidewire kinking, or falling out of the 
stenosis. Less frequently, the stricture itself splits, as may be seen 
with achalasia (1%–5% perforation rate) [1]. Overall, the 
reported risk of perforation with esophageal dilation ranges 
from 0.1% to 0.4% [43]. Factors that increase risk for esophageal 
perforation are listed in Box 136.3 [44–49]. While scant bleed-
ing is relatively common after esophageal dilation, significant 
hemorrhage was identified in less than 0.5% of dilations histori-
cally [50] and is presumably even less common with newer 
techniques.

Bacteremia is quite common after esophageal dilations, 
occurring after 12%–22% of procedures, and occurs more fre-

Box 136.3 Risk factors for esophageal perforation at dilation.

Longer, narrower, or angulated stricture
Malignant stricture
Severe esophagitis
Large hiatal hernia
Esophageal diverticula
Radiation stricture
Caustic stricture
Prior esophageal perforation
Inexperienced operator
Eosinophilic esophagitis
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follow-up of 2 years, two-thirds of patients had sustained 
improvement and one-third required surgery. The symptom-
free rates at 1, 2, 3, and 4 years were 85%, 78%, 69%, and 69%, 
respectively, and the independent prognostic factor for failure 
was need for more than two courses of dilation for symptom 
relief. Lau and colleagues reviewed 45 patients who had success-
ful gastric outlet obstruction dilation, four of whom had rapid 
reobstruction and were found to have malignancy [36]. At a 
median follow-up of 39 months, more than 50% of patients 
required surgery, 18 for recurrent obstruction, two for interval 
perforations, and one for bleeding. Nevertheless, a 60%–85% 
good-to-excellent symptomatic response at 1–2 years has been 
reported [35,36,70]. However, prospective, comparative studies 
between endoscopic dilation and surgery are lacking. A cost 
analysis comparing pyloric balloon dilation with vagotomy and 
pyloroplasty [73] showed balloon dilation to be cost-effective in 
the short term at one-tenth of the total costs of vagotomy and 
pyloroplasty. However, long-term acid suppression was not con-
sidered in this analysis.

Small bowel
Because of prior problems of access to the small intestine, there 
were few data regarding dilation of proximal small bowel stric-
tures [74]. Since the introduction of double-balloon enteros-
copy (DBE) in 2001, there has been significant progress in the 
diagnosis and treatment of small bowel disorders, mainly 
obscure gastrointestinal bleeding, but also small bowel polyps 
and strictures. DBE allows careful inspection of the stricture, 
biopsies can be performed, and contrast can be injected under 
fluoroscopy to better define its dimensions. Finally, balloon 
dilation can be performed for treatment as an alternative to 
surgery in the right clinical setting (e.g., nonsteroidal antiin-
flammatory drug-related strictures, short Crohn’s strictures, 
postsurgical anastomotic strictures) [75–83]. The several case 
series reported to date have reported success rates ranging from 
58% to 100% [75]. In addition to the use of DBE to treat small 
bowel strictures, there are multiple series using balloon technol-
ogy to dilate ileal or anastomotic ileocolonic strictures in 
Crohn’s disease [56]. Dilation of 27 anastomotic strictures in 
patients with Crohn’s disease did not result in complications, 
and after 7–38 months, 18 patients remained free of obstructive 
symptoms [84]. A prospective study of 55 patients with Crohn’s 
disease with 59 ileocolonic strictures noted 90% technical 
success with complications in 11% (six perforations) [37]. 
Complete long-term symptom relief was noted in 34 patients 
(62%). Corticosteroid injections into inflamed small bowel fol-
lowing anastomotic balloon dilation may decrease restenosis 
rates further [85–87]. However, results remain anecdotal and 
data should be placed in perspective of surgical resection or 
stricturoplasty. Comparative studies with surgery are lacking.

Colon
Most reported colonic dilations have been used for rectal or 
anastomotic stenoses [26,27]. Linares and colleagues dilated 33 

Efficacy
Esophagus
Although dilation results in immediate symptomatic improve-
ment in the majority of patients with benign esophageal stric-
tures, multiple dilation sessions are often required. Strictures 
commonly recur, resulting in a return of dysphagia and neces-
sitating repeat dilation. Using sequential bougies over a period 
of days to months, Puestow and mercury dilating systems have 
been associated with a 70%–100% improvement in dysphagia 
in a number of series [8,15,42]. Other studies have reported 
symptomatic improvement in excess of 90% [19,24,63].

A number of series have assessed balloon dilators for esopha-
geal stenoses. In an early series, 93% of dilations of benign and 
malignant esophageal strictures in 88 patients were technically 
successful, with a 3% minor complication rate and 91% symp-
tomatic improvement over a mean of 10 months [64]. Additional 
series and trials comparing balloon technology to Eder–Puestow 
or Savary dilators have demonstrated comparable efficacy 
between these technologies for benign esophageal stenoses 
[19,44,64,65]. Similarly, in a randomized prospective trial there 
was no significant difference between Eder–Puestow and 
Celestin dilators in long-term symptom relief of 72 patients, 
although the Celestin system was thought to be quicker and 
cause less pharyngeal trauma [66].

A number of series have reviewed experiences with hollow-
core polyvinyl dilating systems [5,24,44,63,65,67]. Dumon and 
colleagues claimed efficacy in all 300 patients treated for benign 
or malignant esophageal stenosis, with only one perforation [67]. 
Our group successfully dilated 432 patients with 716 courses of 
dilation therapy; 89% were dilated with polyvinyl dilators and 
only 8% were performed with fluoroscopic monitoring [24]. 
Approximately 80% of the dilation sessions were undertaken 
with a single large dilator or employed incremental dilators of 
6 mm or more in a single session. There were no complications 
directly related to the bougienage. Additional large series have 
been published with polyvinyl dilators [44]. There has been a 
single published series using the Optical dilator, and so claims 
about improved procedural safety with this device remain to be 
confirmed [68], but are unlikely to be published as this device 
has been recently withdrawn from the market.

Stomach
Large series of gastric dilation are limited to polyethylene 
balloon dilation, but most series with long-term follow-up 
report good results [69,70]. Since the initial description of suc-
cessful hydrostatic dilation in a patient with pyloric stenosis and 
gastric outlet obstruction [71], several series have been pub-
lished using this technique. McLean and colleagues dilated 94 
gastrointestinal strictures in 92 patients, using radiographic 
guidance with a mean follow-up of 389 days in 80 patients [72]. 
Of these patients, 33 had various forms of gastric stenosis. 
Technically, 25 of the 33 were successfully dilated, and 70% were 
symptom free at 1 year. Perng and colleagues reviewed 42 
patients with benign gastric outlet obstruction [35]. At a median 
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anorectal strictures in patients with Crohn’s disease with a 
variety of techniques; half experienced short- or long-term 
symptomatic relief [88]. Pietropaolo and colleagues dilated 
postoperative strictures in 42 patients, using either balloons or 
bougies, with a 2.4% failure rate but no morbidity or mortality 
[89]. A combination of various types of dilators with endoscopic 
electrosection in 39 patients with benign anastomotic strictures 
resulted in no complications or symptoms in any patient at a 
mean follow-up of 25 months [27]. Solt and colleagues per-
formed 133 balloon dilations over 17 years in 57 patients with 
benign (primarily anastomotic) strictures, with a 30% eventual 
reoperation rate but no procedural complications [90]. Finally, 
Virgilio and colleagues used a 30–40 mm achalasia dilator in 18 
patients with anastomotic strictures following resection for 
colorectal cancer [91]. A total of 45 dilating sessions was per-
formed in 17 of the patients. Long-term symptom relief was 
described in 16 patients (94%) and complications were limited 
to one episode of bleeding and a punctiform bowel perforation. 
Questions remaining unanswered include the relative efficacy 
of balloons as opposed to polyvinyl dilators for rectosigmoid 
stenoses, and the rapidity with which stenoses at various sites 
can be safely dilated.

Stent placement

Theoretical considerations
In contrast to dilation, stent placement attempts to maintain 
permanent continuity to the lumen of the gastrointestinal tract. 
Although significant progress has been made over the last 
decade with stent technology and design, the search for the ideal 
stent continues. Gastrointestinal stents can occlude, migrate, 
erode, and may allow reflux of potentially noxious gastrointes-
tinal contents depending on their location [92,93]. Symonds is 
credited with the first prosthesis placement in the esophagus in 
1885. Initial stents were fabricated of a gum elastic material tube 
and a proximal funnel made of boxwood or ivory. These were 
then replaced with a tube and funnel made of the same gum 
elastic material. In the early 1900s, a French surgeon, Guisez 
suggested esophageal stenting over an introducer. But, it was not 
until 1959, when Celestin introduced a new prosthesis made of 
natural polythene, that the use of these rigid prostheses became 
popular. Since then, a variety of homemade and commercially 
available esophageal prostheses have been used, the latter 
usually constructed of latex or silicone molded over a stainless 
steel core (Box 136.4 and Figure 136.3). Inserted surgically or 
pushed into place using bougies, a small-caliber endoscope, or 
an expandable metal olive fixation device (Nottingham intro-
ducer), the design of these rigid stents and insertion devices 
precluded placement across central or sharply angulated sten-
oses. Their application was also primarily limited to esophageal 
or gastroesophageal malignancies.

The placement of the first expandable metal stent (spiral 
coiled stent wound around the endoscope) is attributable to 

Box 136.4 Commonly used prosthesis (previously and currently 
available) in the gastrointestinal tract.

Rigid stentsa

Celestin tube
Atkinson tube
Tygon tubing (homemade)
Proctor–Livingstone (silicone/latex-coated steel spiral)
Neoprene coated (Wilson–Cook, Inc.)

Expandable stents
Esophageal

1. Self-expandable metal stents (SEMS)
Wallstenta

Covered/uncovered
Flamingo variant

Wallflex
Esophacoila

Z stenta

Gianturco–Rösch variant
Dua stent with antireflux valve
Songstent variant
FerX-Ella variant

Ultraflex
Covered/uncovered

Evolution
Choostent
Niti-S
Alimaxx-E
Bonastent

2. Self-expandable plastic stent (SEPS)
Polyflex

3. Biodegradable Stents
SX-ELLA

Gastroduodenal
Wallstenta

Wallflex
Evolution
Hanaro
Niti-S
Enter-Ella

Colorectal
Wallstenta

Wallflex
Ultraflex Precission
Z-stenta

Memotherma

Evolution
Comvi-stenta

a Stents no longer routinely manufactured or available.

Frimberger in the early 1980s [92]. A decade later, the first com-
mercially available self-expandable metal stent (SEMS) was the 
Wallstent, using technology borrowed from the endovascular 
stents. In a seminal paper, Knyrim et al. [94]. demonstrated 
significantly fewer complications and lower mortality associated 
with the placement of a self-expandable metal stent (Wallstent) 
versus rigid prostheses. Since then, expandable stents have 
largely supplanted rigid stents in the esophagus and have  
also made gastroduodenal and colorectal stenoses amenable to 
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variety of stent technologies have been developed, employing 
flared stent ends, double-stent design, plastic, and biodegrada-
ble stents, to name a few [101]. At least five major types of metal 
stents are currently marketed in the USA, and variations of 
these stents are marketed around the world (Figure 136.4).

The American version of the Wallstent (Boston Scientific, 
Natick, MA) was initially introduced as a two-layer stainless 
steel, dog bone prosthesis with an interposed layer of silicone. 
Uncovered, partially, and fully covered stents were subsequently 
marketed, ranging between 18 and 25 mm in diameter and con-
strained by an 18-Fr delivery system. A version of this prosthesis 
(Flamingo stent, Boston Scientific International) with a pro-
nounced proximal taper to prevent distal migration when 
placed across esophagogastric junction tumors, was marketed 
in Europe, but never in USA due to the reports of higher rates 
of chest pain, and is now no longer marketed [102]. The more 
recent version of the Wallstent is called the WallFlex stent 
(Boston Scientific), and is available with diameters ranging from 
18 to 23 mm in the esophagus, 22 mm in the duodenum, and 22 
and 25 mm in the colon. The enteral and colonic versions of this 
stent have a 10-Fr delivery system, thus facilitating transendo-
scopic deployment, while the esophageal stent has an 18-Fr 
delivery system.

The Gianturco Z stent (Cook Medical, Winston-Salem, NC) 
is no longer manufactured other than the antireflux version of 
the stent (Dua Stent). This is an 18-mm diameter urethane-
covered stainless steel prosthesis that flares to 25 mm at the 
ends. The urethane lining of the stent extends beyond its distal 
end to serve as an antireflux “windsock” valve designed to mini-
mize regurgitation and reflux commonly associated with stents 
placed across the esophagogastric junction [103]. Ranging from 
8 to 14 cm in length, the prosthesis must be back-loaded into a 

Figure 136.3 (a) Conventional esophageal prostheses. Conventional and 
low-profile Wilson–Cook stents (top), Atkinson prosthesis (second from 
bottom), and homemade stent fashioned from Tygon tubing (bottom). 
(b) Arrow demonstrates pusher tube used to seat prosthesis, which is 
stabilized over a Savary dilator.

(a)

(b)

Figure 136.4 Expandable prostheses (left to right): Flamingo and 
covered Wallstent II, uncovered Wallstent, uncovered Ultraflex, partially 
covered Ultraflex, covered Z stent with and without Dua antireflux valve, 
small intestinal submucosa-covered Z stent (prototype device), 
Esophacoil, and Polyflex stent.

prostheses (Box 136.4) [95]. In addition, expandable metal 
stents have the advantage of being able to be placed under 
fluoroscopic and/or endoscopic guidance, and do not require 
dilation prior to placement, and so are associated with a lower 
risk of bleeding and perforation. Their flexibility allows place-
ment beyond acutely angulated malignancies, and their ability 
to imbed into the esophageal wall minimizes subsequent stent 
migrations. Finally, their flexibility has enabled them to be 
placed across obstructions in the small bowel and colon [96–
98]. The initial SEMS were made of stainless steel, but have now 
been replaced with a shape-retaining nickel and titanium alloy 
called nitinol. Although they differ in expansile force and deliv-
ery systems, all these prostheses predeployment are in a com-
pressed state, with subsequent spontaneous or balloon-assisted 
expansion. The initially introduced uncovered stents typically 
consist of a cylindrical metal mesh tube that becomes embed-
ded in the mucosa. This permanently anchors the stent in place 
but can allow stent occlusion from tissue or tumor ingrowth 
[99]. Alternatively, stents covered with a membrane (partially 
covered or fully covered) reduce stent reocclusion, but may 
increase rates of stent migration [100]. Consequently, a wide 
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suitable for a given application [109]. Stents with lower axial 
force (woven stent such as the Ultraflex stent) are most suited 
to be placed across tight angulations and turns, allowing the 
prosthesis to conform to the gastrointestinal lumen in that area 
and are less likely to perforate at the ends.

In addition to the various expandable metal stents described 
above, a self-expanding plastic stent (SEPS), called the Polyflex 
stent (Boston Scientific, Natick, MA) [110], is currently mar-
keted. These 16–21-mm diameter, 9–15-cm long polyester mesh 
stents are fully covered by a silicone membrane. The inert nature 
of this coating appears to reduce the hyperplastic tissue reaction 
at the ends of the stent that commonly occurs within weeks to 
months of metallic stent placement, preventing removal of the 
latter. Most studies suggest these stents can be removed from 
patients even months after placement with relative ease. As 
such, their use has been expanded to include the treatment of 
benign or temporary problems, such as peptic strictures [111–
113] or esophageal leaks [114–116]. Unfortunately, the large size 
(36–42 Fr) of the insertion catheter required by these stents 
precludes transendoscopic placement, and thus restricts their 
use primarily to esophageal lesions. Additionally, their polyester 
mesh does not generate as much radial force as metal stents, 
which may limit their efficacy with tighter or stiffer stenoses, 
and may contribute to their documented higher rates of migra-
tion [110–113].

In 2008, a biodegradable stent SX-ELLA (ELLA-CS, Hardec 
Kralove, Czech Republic) was introduced, and is available cur-
rently in Europe and Asia. It is made of a woven polydioxanone 
monofilament, which degrades by hydrolysis at a low pH. Stent 
integrity and radial force are maintained usually for 6–8 weeks, 
with disintegration occurring at 11–12 weeks. The stent is avail-
able in diameters ranging from 18 to 25 mm. It needs to be 
loaded on a 28-Fr delivery system, and usually requires predila-
tion of the stenosis since it has a lower radial force compared to 
nitinol stents. Although currently approved only for benign 
strictures, it has been used in malignant disease [117].

Considerable progress has been made toward increasing the 
safety, efficacy, and applicability of stent technology. What 
remains ill defined, however, is the role this technology should 
play compared with conventional treatments such as surgery  
or percutaneous endoscopic gastrostomy/jejunostomy (PEG/J) 
placement. Moreover, where this technology fits into our thera-
peutic armamentarium of ablative therapies (Nd : YAG laser, 
bipolar cautery, caustic therapy, argon plasma coagulation, pho-
todynamic therapy, cryotherapy, and endoscopically assisted 
brachytherapy) requires continued evaluation [93].

Technical application
Stent placement requires stricture dilation to a size that admits 
a conventional prosthesis or the delivery system of an expand-
able stent [118]. Strictures used to be commonly dilated to 
30–36 Fr even with a small (18 Fr) delivery system to preclude 
stent dislodgement when the delivery system was retrieved 
through a partially expanded prosthesis. This practice, however, 

31-Fr compression catheter at the time of placement [100]. The 
newer esophageal, duodenal, colonic stent manufactured by 
Cook medical is the Evolution stent. The esophageal version is 
available in 18 and 20 mm diameters, the duodenal is a 22-mm 
stent, while the colonic is a 25-mm prosthesis.

The Ultraflex stent (Boston Scientific, Natick, MA) is a 10 or 
15-cm long, 18–25-mm diameter prosthesis made of woven 
nitinol, available as an uncovered or partially covered stent, 
which is released by pulling a long suture used to constrain the 
stent on an insertion shaft. There is a proximal as well as a distal 
delivery system available.

The EsophaCoil (Medtronic Inc., Eden Prairie, MN) was a 
spiral nitinol coil, constrained on an insertion shaft by three trip 
wires, which is no longer available in the USA [104]. There were 
multiple problems with this stent. Due to its uncovered spring 
coil shape, once deployed, repositioning was virtually impossi-
ble. Also tissue ingrowth was a major problem and, finally, the 
very high expansile force led to sudden full expansion of the 
stent at deployment, often resulting in severe chest pain 
[104,105].

The Alimaxx-ES (Merit Medical Systems, Inc., South Jordan, 
Utah) is a laser-cut, fully covered nitinol stent with small 
antimigration struts on the outer part of the stent, available in 
14 to 22 mm diameters. The Niti-S stent (Taewoong Medical, 
Seoul, Korea) is made of a single thread of 0.2 mm nitinol wire 
with an inner polyurethane layer, available in 16, 18, and 20 mm 
diameters. It is available with a 10-Fr delivery system as well, 
which allows through the scope delivery. The Bonastent 
(Standard Sci Tech., Seoul, Korea) is another nitinol SEMS 
available in the United States.

Additional stents not available in the United States but avail-
able in Europe and Asia include, the Hanaro, Choo, and Song 
stent, (M.I. Tech Co. Ltd, Seoul, Korea), the Niti-S Esophageal 
double-type (Taewoong Medical, Seoul, Korea), FerX-Ella and 
SX-Ella stent (ELLA-CS, Hardec Kralove, Czech Republic), and 
the ENDO-Flex stent (GmbH, Voerde, Germany) [106]. A bio-
degradable version of the ELLA stent is also available in Europe.

All the above differ not only in design and delivery system 
but also in physical characteristics. All self-expandable metal 
stents are more malleable than previously manufactured rigid/
conventional prostheses, but there are differences in the proper-
ties of different stents. Although partially covered and uncov-
ered stents cannot theoretically be removed, there are case series 
using partially covered stents to treat leaks and perforations, 
with excellent removability using a “stent-in-stent” technique 
[107,108]. Fully covered stents (currently only available for the 
esophagus in the United States) are removable, and although 
approved only for the use in malignant esophageal stenosis, they 
have been used extensively to treat various benign etiologies 
such as strictures, leaks, and perforations. Each prosthesis  
generates a different amount of radial force (EsophaCoil  > 
Wallstent  >  Z stent  ≈  covered Ultraflex stent), and different 
amounts of axial force (the force that wants to straighten the 
stent out), which may help determine the type of stent most 
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stents, WallFlex, and Evolution stents are deployed by pulling 
back a compression catheter. Ultraflex stents are constrained by 
a single long suture that can be pulled off the delivery shaft. 
Nonbraided stents such as the (Z-stent, Alimaxx-ES) have 
minimal to no foreshortening and essentially retain their pre-
expansion length after deployment. In contrast, all the other 
available esophageal stents, including the Polyflex stent and the 
biodegradable SX-ELLA stent, have significant foreshortening, 
making proper placement crucial.

Despite the plethora of prostheses now available, certain 
practices are followed after placement of all prostheses. The 
most important is the need for immediate endoscopy after 
insertion to assure that the prosthesis has accomplished the 
treatment goal, for example correct location, full expansion, or 
occlusion of tracheoesophageal fistula. Problems occur when 
the prosthesis is too long or short, abuts into the cricopharyn-
geus or contralateral gastric wall, or has inadequate radial force 
to open a tight stricture. The latter may preclude retrieval of the 
delivery system. Airway compression and immediate migration 
at the time of placement are additional potential problems. The 

is infrequently performed these days, given that the radial 
expansile force of most self-expandable nitinol stents allows 
easy removal of the delivery system, and also due to the associ-
ated risks of dilating a malignant stricture. Perhaps the most 
important technical aspects of stent placement are accurate 
placement and adequate measurement of the stenosis, with 
selection of a prosthesis 4–6 cm longer than the stricture. While 
a subset of expandable prostheses can be placed either through 
or alongside an endoscope without radiographic control [119], 
most endoscopists use concomitant fluoroscopy, marking the 
proximal and distal stricture margins with either external 
marker or injections of contrast material. This theoretically 
allows more precise prosthesis placement and may facilitate 
repositioning of the prosthesis prior to full stent deployment.

Esophageal strictures
Historically, conventional esophageal prosthesis placement 
required adequate dilation both to allow passage of various 
delivery devices and to localize and measure the length of the 
neoplasm [118]. Necessary dilator sizes ranged from 48 to 51 Fr 
for conventional prostheses. It is no longer commonly necessary 
to dilate a malignant stricture prior to placement of a self-
expandable stent. Preoperative bronchoscopy may be required, 
particularly for bulky, extrinsic, proximal/midesophageal neo-
plasms, as stent placement may be associated with airway com-
pression and acute respiratory distress. At minimum, review of 
a cross-sectional imaging study such as a computed tomography 
(CT scan) should be undertaken. Collaboration with a pulmo-
nologist or thoracic surgeon familiar with the placement of 
airway stents may be required. Defining the stricture for accu-
rate stent placement can be done using external radiopaque 
markers taped to the patient’s chest but is more commonly 
accomplished by injecting water- or lipid-soluble contrast mate-
rial into the proximal or distal tumor margins [118]. Alternatively, 
endoscopic placement of radiopaque through-the-scope clips 
can be used.

For most accurate deployment, prosthesis placement usually 
requires fluoroscopic control, although some of the smaller 
delivery systems (Ultraflex, WallFlex, Evolution, Niti-S, etc.) 
allow simultaneous endoscopic visualization during delivery 
[118]. Stents should be 4–6 cm longer than the neoplasm, con-
tingent on local anatomy (e.g., placement relative to the esoph-
agogastric junction, cricopharyngeus, contralateral gastric wall, 
and stricture angulation). Conventional prostheses were pushed 
into place over a guidewire using a variety of devices to stabilize 
the stent (e.g., small-caliber endoscope, Savary-type dilator, 
Nottingham expandable olive fixation shaft) and various types 
of pusher tubes. These devices encounter considerable resist-
ance at the level of the cricopharyngeus and may require neck 
hyperextension for passage. After conventional stents are pushed 
into place, the pusher tube and delivery system are retrieved and 
a repeat endoscopy should be performed immediately to docu-
ment correct prosthesis position. Expandable prostheses have 
variable delivery systems (Figure 136.5). Polyflex stents, Z 

Figure 136.5 Stent deployment devices: Wallstent (a) and Z stent (b) are 
deployed by withdrawing a compression catheter sleeve. Ultraflex stent  
(c) is released by uncoiling a suture from the proximal or distal end.

(a)

(b)

(c)
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curable patients with prohibitive operative risk (Box 136.5) 
[95,118,123,124]. The most experience has accrued in the proxi-
mal gut for malignant dysphagia or esophago-airway fistulae. 
The latter can be a consequence of primary esophageal carci-
noma, lung cancer, or mediastinal metastases. Gastric outlet 
obstruction from widespread pancreatic cancer has tradition-
ally been treated by gastrojejunostomy or a percutaneous endo-
scopic gastrostomy with jejunal tube (PEG/J) in infirm patients 
[97,125]. With increasing experience using enteral stents, their 
role in malignant gastric outlet obstruction has become more 
common. Enteral stents should probably be the first choice in 
patients with expected survival shorter than 3–4 months, poten-
tially predictable by a WHO (World Health Organization) score 
[126,127]. Likewise, patients who present with malignant colon 
obstruction usually have far advanced disease (stage III [40%] 
or IV [60%]) [98]. Traditionally treated with palliative resection 
or bypass, colorectal prosthesis placement appears to be a useful 
alternative, both to allow adequate preoperative bowel prepara-
tion in surgical candidates [128–131] and as long-term pallia-
tion in a subset of patients with malignant ascites or liver 
metastases, and thus a higher operative risk [132–134].

While removable stents, such as the plastic Polyflex stent and 
fully covered metal stents, can also be used for malignant sten-
oses [110,113,135], their ability to be removed months after 
deployment expands the indications for prostheses to include 
benign conditions. In the esophagus, temporary placement of a 

endoscopist has to be prepared to deal with these problems with 
balloon dilators, as well as additional prostheses to correct prob-
lems associated with inadequate length, acute angulation, or 
migration. Excessive stent material extending too far beyond a 
stricture’s margin may cause occlusion or mucosal injury, 
although it may be trimmed from metallic stents with an argon 
plasma device [120]. Once SEMS have fully deployed, most 
prostheses, including uncovered stents, have the potential to be 
repositioned soon after placement. The uncovered Ultraflex 
prosthesis can be completely removed, at least in theory, up to 
several weeks after placement.

Nonesophageal strictures
Expandable prostheses can be placed in the proximal stomach 
and distal colorectum using conventional delivery systems and 
techniques similar to those described for the esophagus [121]. 
Some of the original stents that were approved in the United 
States specifically for colonic application included the colonic Z 
stent (Cook Medical), Enteral Wallstent (Boston Scientific), and 
colonic Memotherm stent (CR Bard). The colonic Z stent is no 
longer manufactured and has been replaced by the Evolution 
colonic and enteral stent (Cook Medical) [122]. Although the 
Enteral Wallstent, made of stainless steel, is still manufactured, 
it has been largely replaced by the WallFlex colonic and enteral 
stent (Boston Scientific), a nitinol stent. The enteral and colonic 
stents have a wider diameter, ranging from 20 to 25 mm, to 
reduce the risk of obstruction, and are currently only available 
as uncovered stents. Strictures in the more proximal colon, as 
well as those in the duodenum or proximal jejunum, require 
either a longer insertion system or a stent mounted on a 3–4 mm 
delivery system that can be placed through a large-channel 
endoscope or colonoscope [93]. Additional stents available in 
Europe and Asia include the Niti-S (uncovered, partially 
covered, and fully covered) stents (Taewoong Medical, Seoul, 
Korea), Bonastent (Standard Sci Tech., Seoul, Korea), Hanaro 
(uncovered and partially covered) stent (M.I. Tech), Egis (single 
and double-covered) stent (S&G Biotech, Seongnam, Korea), 
SX-ELLA stent (ELLA-CS, Hradec, Czech Republic), and the 
Endo-Flex stent (ENDO-FLEX GmbH, Voerde, Germany). 
These stents require delineation of stricture length, localization 
with contrast injection at the tumor margins, and concomitant 
fluoroscopic and or endoscopic control to ascertain proper 
placement and prosthesis expansion. If biliary and duodenal 
stents are both required, as may be the case in locally advanced 
pancreatic cancer, the permanent biliary stent should be placed 
first whenever possible, as it is technically challenging to can-
nulate the biliary system through the fenestration of a duodenal 
stent.

Indications and contraindications
For the most part, conventional and uncovered metal expand-
able prostheses are difficult or dangerous to remove once placed, 
and thus should be reserved for obstructing or fistulizing neo-
plasms that cannot be cured by resection, or in potentially 

Box 136.5 Indications for prostheses.

Conventional stents
Esophagus

Malignant dysphagia (esophagus, esophagogastric junction, lung, 
mediastinal tumor)

Esophago-airway fistula
Benign disease, e.g., caustic ingestion/anastomotic stricture, or 

leak
Expandable stents
Permanent prostheses

Esophageal
Malignant dysphagia
Esophago-airway fistula

Gastroduodenal (high surgical risk)
Malignant pyloric/C-loop obstruction
Gastric/pancreatic/biliary tumor

Colorectal (high surgical risk)
Obstructing/malignant stenosis
? Benign strictures: radiation, Crohn’s disease

Removable prostheses
Esophageal

Refractory peptic stricture or ring
Leaks (anastomotic, postbariatric)
Acute esophageal perforations

Gastroduodenal/colorectal (theoretical)
? Peptic stricture
? Ulcer perforation
? Anastomotic stricture
? Radiation, diverticular, or Crohn’s stricture
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(5% of cases), bleeding (1%), incomplete stent expansion (1%), 
perforation (1%), and stent occlusion (10%) from food impac-
tion or tumor overgrowth or ingrowth [142]. The latter is a 
complication unique to expandable stents, and can be reduced 
with covered stents, although this increases the risk of stent 
migration [143–145]. As with conventional stents, gastro-
esophageal reflux can complicate expandable stents placed 
across the lower esophageal sphincter, prompting some manu-
facturers to incorporate valves or sleeves into versions of their 
prostheses. While some of these modifications have appeared 
ineffective in randomized trials [146], others have demonstrated 
as much as an eightfold lower rate of subjective [147] or objec-
tive reflux [103,148] compared to unmodified prostheses. Rare 
cases of potentially fatal reflux aspiration pneumonia have been 
seen only with the valveless stents in these studies. The ability 
to place expandable esophageal stents more proximally than 
conventional prostheses [149] has also associated them with 
rare complications such as cervical discitis [150] and stent per-
foration into the common carotid artery [151].

The risk of life-threatening complications from both conven-
tional and expandable stents may be increased in esophageal 
cancer patients with prior chemotherapy and radiation. Indeed, 
the initial retrospective series showed increased rates of bleed-
ing, perforation, sepsis, or tracheoesophageal fistula formation 
in such patients [152–156]. However, other reports have found 
no significant association between these complications and 
chemoradiation therapy [157–159], raising the question of 
whether these patients are particularly sensitive to variations in 
stent design, physician technique, or institutional experience. 
Two randomized controlled trials found that combination of 
stent and radiation therapy was effective and safe. In one trial, 
84 patients were randomized to an Ultraflex stent combined 
with external beam radiotherapy (30 Gy in 10 sessions) versus 
Ultraflex stent alone [160]. The combination group experienced 
a more sustained relief of dysphagia and prolonged overall sur-
vival. Another study compared a conventional SEMS with a 
SEMS loaded with iodine-125 seeds for brachytherapy and simi-
larly noted a survival advantage and longer stent patency in the 
SEMS group loaded with iodine seeds [161].

Tumor ablative technologies have also been studied as alter-
natives to stent placement. In randomized trials, endoscopic 
laser therapy by itself was less effective than covered or uncov-
ered expandable stents at relieving dysphagia [143], although it 
increased median survival and quality of life, as well as treat-
ment cost, in one study [162]. However, the cost and survival 
with laser therapy were found to be comparable, and the quality 
of life actually worse relative to stents, in a Greek case series 
[163]. The addition of external beam radiotherapy to laser 
increased serious complications, hospitalization time, and cost, 
but did not result in more long-term efficacy than stents [164]. 
In addition to the above, another major limitation of laser 
therapy was the need for repeated endoscopic treatments.

In contrast, single-dose esophageal brachytherapy has com-
pared favorably with partly covered Ultraflex stent placement in 

Polyflex stent for 6 weeks to 13 months has been successfully 
used to provide durable relief from a variety of benign causes 
of esophageal stenosis, including peptic, caustic, anastomotic, 
and radiation-induced strictures [111,112]. Additionally, this 
covered stent allows temporary occlusion of nonmalignant 
esophageal perforation [114], particularly postsurgical anasto-
motic leaks [115,116]. SEPS have been associated with migra-
tion rates ranging from 6% to 84% [111,113,114]. Self-expandable 
metal stents have been used for the same indications as  
SEPS with similar to higher success rates and migration rates 
reported upwards of 30% [136–139]. Although minimal litera-
ture exists on the extraesophageal application of removable 
stents, these prostheses may become indicated for benign stric-
tures of the colorectum, stomach, or even small bowel in the 
near future.

With the notable exception of removable stents, prostheses are 
generally contraindicated in the low-risk and potentially curable 
patient [93,118], as permanent stents have a long-term potential 
for erosion, occlusion, and migration. Conventional prostheses 
should not be placed in the setting of a tracheoesophageal fistula 
unless there is an adequate shelf to seat the stent. Esophageal 
stents should not be used if placement of a dilator approximating 
the stent diameter results in significant airway compression by a 
bulky neoplasm. Stents may be contraindicated if placement 
cannot be undertaken without impingement on the cricopharyn-
geus muscle or anal sphincter, or if the opening of a placed stent 
would abut a contralateral luminal wall, thus occluding it. An 
absolute contraindication for prosthesis placement is an inability 
to endoscopically or radiographically define both the proximal 
and distal stricture margins.

Risks and alternatives
Esophageal strictures
Complications with the early rigid esophageal stents were not 
uncommon, and so provide a paradigm for possible complica-
tions with today’s self-expandable stents. Acute procedure-
related complications included perforation, bleeding, tracheal 
compression, and tube malposition. Total complications with 
these conventional stents approximated 20%, with a mean 
procedure-related mortality of 8.6% [118]. Subacute complica-
tions include erosion with bleeding or fistula development, stent 
migration, food bolus impaction, and tumor overgrowth. 
Variable degrees of reflux are inevitable if the esophagogastric 
junction has been stented. Patients who have delayed gastric 
emptying as a consequence of vagal denervation or gastric infil-
tration by tumor may experience florid regurgitation or 
aspiration.

Complications of expandable prostheses are variable and 
contingent on prosthesis design and endoscopist experience, 
but are generally similar to those of conventional prostheses, 
except less common [94,102,140,141]. For example, a Swedish 
nationwide review of 152 recipients of expandable metal esopha-
geal stents revealed such complications as transient chest and 
pharyngeal discomfort (in nearly all patients), stent migration 
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Surgery is the principal alternative to stent placement for 
extraesophageal obstructions, and has historically been indi-
cated for emergency colorectal obstructions, even in patients for 
whom a surgical cure is not possible. Randomized trials and 
case series have demonstrated that while stents and surgery for 
malignant colorectal obstruction have comparable morbidity 
and mortality, colectomy is associated with longer hospitaliza-
tion and usually necessitates colostomy [128,129,133,163,179]. 
Similarly, surgical treatment of malignant gastric outlet obstruc-
tion is comparable to stent placement in terms of morbidity, 
mortality, and ultimate clinical efficacy, but takes longer to 
achieve that efficacy and results in longer hospitalization [133]. 
Thus, reports have suggested that prostheses are a more attrac-
tive approach to malignant extraesophageal obstruction than 
surgical alternatives. There are few data that compare prostheses 
to less invasive palliative alternatives such as a jejunal feeding 
tube or a diverting cecostomy.

Efficacy
Esophagus
Conventional stents can be successfully placed in approximately 
90%–95% of patients with malignant esophageal obstruction, 
with mean patient survival of 2–4 months [118]. Terminal 
events frequently include tumor cachexia or subacute stent-
related problems such as aspiration or stent erosion into major 
vessels.

Numerous series reporting long-term results of expandable 
stent placement for malignant dysphagia have been published, 
documenting technical and clinical success rates comparable or 
superior to conventional stents [102,118,180–182]. As noted 
above, these results are contingent, in part, on both stent design 
and initial successful palliation of dysphagia, but usually patients 
experience fewer complications and shorter hospitalization with 
expandable stents. Nevertheless, in most series, survival appears 
identical to that following conventional prosthesis insertion 
[102], underscoring the degree to which mortality is dictated 
more by the underlying malignancy than the complications of 
these palliative prostheses. Our study comparing 85 patients in 
whom conventional versus expandable prostheses were placed 
for malignant dysphagia found comparable levels of poststent 
dysphagia (0.4 vs 0.9), fistula occlusion (13/15 vs 13/14), and 
survival (87 vs 90 days) [157]. Similar palliation and complica-
tion rates have been reported in studies comparing Z, Ultraflex, 
and Flamingo prostheses for malignant dysphagia [183,184].

Benign esophageal strictures have been treated with tempo-
rary SEPS and fully covered SEMS (FCSEMS), with response 
rates varying from 20% to 80% [111,112,185]. In a metaanalysis 
(eight studies published from 1965 to 2010, 199 patients) of the 
efficacy of SEPS and FCSEMS for the treatment of refractory 
esophageal strictures, overall 46% patients had improvement of 
dysphagia at an average follow-up of 74 weeks [186]. FCSEMS 
and partially covered SEMS (PCSEMS), and SEPS have also 
successfully occluded esophageal leaks, perforations, and fistu-
lae with less mortality and shorter hospitalization than surgical 

a randomized trial of 209 patients [165]. Although stents 
resulted in more immediate relief of dysphagia, dysphagia relief 
was better in brachytherapy recipients after 5 months. Cost, 
survival, and quality of life were not significantly different 
between the two groups. Similar results have also been reported 
with multiple sessions of endoluminal brachytherapy compared 
to Ultraflex stent placement [166].

Nonesophageal strictures
Although few randomized trials have been conducted with 
extraesophageal stents, a plethora of case series have been 
assessed in metaanalyses of gastroduodenal [167] and colorectal 
[168,169] malignancies. These analyses found that stent migra-
tion and occlusion are among the most common complications, 
each occurring in 5%–17% after enteral or colonic SEMS place-
ments. While occlusion was usually from tumor ingrowth or 
overgrowth, 10%–25% of colonic stent obstructions were the 
result of fecal impaction. With the introduction of partially 
covered and fully covered self-expandable enteral and colonic 
stents, lower obstruction rates have been offset by higher migra-
tion rates. A randomized prospective trial by Kim et al. in 80 
patients with malignant pyloric obstruction, reported a stent 
occlusion rate of 3% for covered stents versus 44% for uncov-
ered stents [170]. However, migration rates were significantly 
higher for the covered stents versus uncovered stents (32% vs 
8%). The negative features of these two types of stents compen-
sated each other resulting in similar patency rates for both types 
of stents. In order to overcome the shortcomings of uncovered 
and covered stent design, investigators have tried to combine 
the best features of both by development of a double-type 
expandable nitinol prosthesis with an inner uncovered and par-
tially covered outer stent. In a large prospective series, when 
placed fluoroscopically these hybrid prostheses showed promis-
ing results with a migration rate of 4% and obstruction rate of 
14% [171].

Life-threatening complications, namely perforation or severe 
bleeding, are rare, occurring in less than 1% of gastroduodenal 
stent placements [170,172–174]. However, the rate of perfora-
tion is higher (up to 5%) with colorectal stent placement, par-
ticularly if balloon predilation or excessive wire manipulation 
is employed, and it constitutes the major cause for the 0.5%–1% 
mortality observed with this procedure [134,175,176]. In the 
current literature, more than 80% of perforations occur within 
30 days of placement (half within 1 day of the procedure) and 
the mortality for patients experiencing a perforation is 16%. 
Bevacizumab-based chemotherapy is emerging as a major risk 
factor for poststent placement perforation and this may be sec-
ondary to its antiangiogenic effect. Some studies have demon-
strated a threefold increase in risk of perforation [134,177,178].

Biliary obstruction, with jaundice or cholangitis, complicates 
1.3% of gastroduodenal prostheses placements [170,172–174]. 
Pain is less commonly a complication with extraesophageal 
stent placements than with esophageal stents, being reported in 
only 2.5%–5% of cases, and is usually minor or transient.
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group [193]. Data on the use of SEMS to treat benign colonic 
strictures are limited and disappointing. In an extensive litera-
ture review using 53 uncovered SEMS, six SEPS, and four 
FCSEMS, the overall patency rate at a mean follow-up of 18 
months was 71%, with a migration rate of 43%, and a major 
complication rate of 21% [194].

Future applications

The future of gastrointestinal dilation is contingent on further 
experience with the available dilating systems, such as CRE bal-
loons, in comparison to polyvinyl dilators. Both expanded expe-
rience and controlled clinical trials should allow improved 
delineation of the indications, benefits, procedure costs, and 
risks with individual dilating systems, for specific stenotic 
lesions. More recently developed technologies, such as the 
transparent over-the-scope Optical dilators, may facilitate 
endoscopic guidance and visualization during dilation to 
improve the safety of dilation, and extend the applicability of 
solid dilators beyond esophageal and anorectal stenosis. 
However, there remains minimal data on their use. The future 
of gastrointestinal dilation may also include the development of 
dilators that can detect a fall in wall tension or resistance within 
a tissue during dilation to confirm that the dilation is adequate, 
thus conceptually improving safety [195].

There are also likely to be additional technological combina-
tions of dilators and various thermal modalities for malignant 
stenoses. Just as bipolar tumor probes have conjoined Eder–
Puestow dilators with multipolar electrocautery to treat concen-
tric esophageal or rectal neoplasms, similar electrodes have 
been implanted on balloons or polyvinyl dilators. A new 
approach is to take a quartz laser fiber and surround the tip with 
a balloon so that the balloon keeps the fiber tip in the center of 
the lumen. These catheters may ultimately allow treatment of 
nonresectable biliary, gastroesophageal, or rectal neoplasms 
using laser energy. Photodynamic therapy, in turn, may play an 
increasing role in the treatment of malignant stenoses, while 
argon plasma coagulation or endoscopic cryotherapy may be 
used in lieu of Nd : YAG laser to open a lesion or facilitate stent 
placement.

Finally, as noted already, dilation will be increasingly used in 
conjunction with expandable stent technology. Permanent 
expandable stents hold the potential promise of prolonged stric-
ture patency and decreased stent migration [196]. A covered 
esophageal stent impregnated with a β-emitting radionuclide 
has been demonstrated to combine the benefits of brachyther-
apy and stent technology in a single device [161]. Z stents 
covered with small intestinal submucosa have facilitated reepi-
thelialization of vascular and airway stents in animal models 
[197,198] and may hold similar potential in the alimentary 
canal. A lumen-apposing dual anchor, transluminal stent 
(AXIOS, XLumena Inc., Mountain View, California, USA), has 
recently been developed for transluminal drainage. The stent is 

or conservative management [114,115]. In a pooled analysis of 
25 studies, which included 267 patients, clinical success was 
achieved in 85% of patients and there was no difference among 
stent types (FCSEMS 85%, PCSEMS 86%, and SEPS 84%) [187]. 
Furthermore, placement of a SEPS or FCSEMS inside a previ-
ously placed metal stent has facilitated the removal of the latter 
[107,108,112]. FCSEMS have more uncommonly been used to 
treat patients with variceal bleeding, and postband induced and 
postsclerotherapy ulcer-induced bleeding [188,189]. A few 
series demonstrate the efficacy of temporary placement of large-
diameter SEMS for the treatment of achalasia with comparable 
results to pneumatic dilation [190,191].

Nonesophageal strictures
Numerous reports of stent placement in malignant stenoses of 
the stomach, small bowel, and colon have been summarized in 
the aforementioned metaanalyses [167–169]. Technically suc-
cessful stent deployment was reported in 97% of gastroduode-
nal stents. About 88% of enteral prostheses achieved clinical 
success, namely improved oral intake [167]. The majority (61%) 
of gastroduodenal stent failures were due to disease progression, 
with most of the remainder reflecting stent migration (20%) or 
incorrect deployment (15%) [167]. The data for the use of 
FCSEMS to treat patients with gastric outlet obstruction from 
benign strictures, who are not surgical candidates, and are 
refractory to balloon dilation, is sparse. Kim et al. [192]. reported 
on a small series of patients who underwent placement of fully 
covered (n = 4) and partially covered (n = 3) SEMS for benign 
anastomotic gastric strictures. Clinical success was achieved in 
71% of these patients, with stent migration occurring in three 
out of the four patients with FCSEMS.

Technically successful stent deployment has been reported in 
93% of colorectal placements, with most failures due to inability 
to cannulate a high-grade obstruction with a guidewire [168]. 
Technical success was not increased in colorectal strictures 
when predilation was performed to facilitate guidewire passage 
[169], suggesting that predilation [168,169] may not be war-
ranted. Factors that predict a lower likelihood of technical 
success with colorectal prostheses include lesions proximal to 
the rectosigmoid, in which only about 85% of placements were 
successful [168]. Extrinsic colorectal compression from non-
colorectal primary malignancies have also been found to be less 
amenable to stent placement, with only 78% of these cases 
achieving technical success [168]. Clinical success (i.e., colonic 
decompression) has been approximately 88% with colonic pros-
theses [168,169]. Although stent malposition or migration 
caused about half the clinical failures of colorectal prostheses, 
perforation was a significant limitation, accounting for 15%–30% 
of failures in this group [168,169]. In a subset of patients who 
received a colorectal prosthesis as a bridge to surgery, 72%–78% 
were able to undergo a single-stage colectomy, avoiding colos-
tomy [168,169]. Furthermore, in a large, systematic review (29 
studies, 2286 patients), the stent group had a lower mortality, 
complication rate, and shorter hospital stay than the surgical 
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designed to provide robust anchorage of nonadherent luminal 
surfaces such as a pancreatic fluid collection and the gastroin-
testinal wall by preventing tissue ingrowth and track leakage. 
This stent has been used to establish a gastrojejunostomy 
[199,200]. As the technology improves for removable prosthe-
ses, their role in the treatment of benign conditions may expand 
to obviate repeated dilation sessions, and potentially provide 
treatment for benign and malignant central stenoses and leaks.

References are available at www.yamadagastro.com/textbook

Further reading

Adler D.G., Dua K.S., Dimaio C.J., et al. Endoluminal stent placement 
core curriculum. ASGE Training Committee 2010–2011. Gastrointest 
Endosc 2012;76:719.

http://www.yamadagastro.com/textbook


2627

CHAPTER 137

Chapter menu

Introduction, 2627

Types of endoscopic enteral feeding, 2627

Percutaneous options for feeding, 2628

Patient preparation, 2628

Supplies for percutaneous endoscopic gastrostomy placement, 2629

Pull (Ponsky–Gauderer) technique, 2629

Push (Sacks–Vine) technique, 2630

Direct introducer (Russell) technique, 2630

Radiologically placed gastrostomy, 2631

Surgically placed gastrostomy, 2631

Comparison of gastrostomy techniques, 2631

Postprocedural management, 2632

Complications, 2632

Use of gastrostomy tubes and sites for endoscopic jejunostomy, 2634

Conclusion, 2635

Further reading, 2635

Introduction

Enteral nutrition is used in a variety of settings and is preferred 
to parenteral nutrition whenever possible in patients who have 
intact gastrointestinal function. Enteral nutrition support is uti-
lized in patients unable to obtain adequate peroral nutritional 
intake related to permanent neurological impairment, short gut 
syndrome, malnutrition prior to surgical intervention, major 
trauma or severe burns, severe acute pancreatitis, and patients 
undergoing chemotherapy prior to bone marrow transplanta-
tion [1].

Enteral feeding through nasal routes is a mainstay of short-
term feeding. Transnasal tube delivery can be achieved using 
endoscopic methods, especially when blind and even radiologi-
cally guided passage is not possible. The delivery of enteral 
nutrition was revolutionized in 1980 after the description of 
percutaneous endoscopic gastrostomy (PEG). Prior to the 
development of PEG, a variety of surgical gastrostomy tech-
niques had been employed, including both open (“Stamm”) and 
laparoscopic (“Janeway”) methods [2]. Now virtually ubiqui-
tous, PEG placement, pioneered by Gauderer and Ponsky [3], 
provides a long-term alternative to surgical gastrostomy in 
patients requiring enteral nutrition. When compared to its 

predecessors, PEG is less invasive and can be performed without 
general anesthesia. Thus PEG is now the most commonly  
used method for gastrostomy worldwide. PEG tubes are placed 
using a variety of methods. Additionally, PEG tubes and PEG 
tracts can be used to provide jejunal feeding. Finally, direct 
percutaneous endoscopic jejunostomy (PEJ) is increasingly 
being performed. In this chapter, we will review the endoscopic 
approaches to enteral feeding (see Podcast 137.1).

Types of endoscopic enteral feeding

Enteral nutrition can be provided using a variety of endoscopic 
methods (Box 137.1). These include short-term feeding using 
nasogastric (NG) and nasojejunal (NJ) tubes, and long-term 
options via percutaneous placement. The type of feeding used 
depends on whether feeding is required short term or long  
term, prior surgical anatomy, gastric emptying, and presence of 
luminal obstruction.

Transnasal feeding
Transnasal feeding tubes are generally used for short-term 
feeding (up to several weeks) in patients unable to consume 
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disease, central nervous system tumors) and malignancy [4]. In 
addition, nonnutrition-related applications have been described, 
most commonly to facilitate gastric decompression in patients 
with gastrointestinal dysmotility (i.e., diabetic gastroparesis) or 
uncorrectable small bowel obstruction, such as in the setting of 
peritoneal carcinomatosis.

Placement of PEG tubes is now a routine procedure. As expe-
rience with the placement of PEG tubes has grown, the number 
of absolute contraindications to placement has dwindled. The 
inability to pass an endoscope transorally into the stomach, or 
inability to locate a suitable tube site using transillumination 
should be considered absolute contraindications related to tech-
nical aspects of the procedure. Patient-related factors which are 
considered contraindications to a feeding gastrostomy include 
gastric outlet obstruction, severe intestinal dysmotility, intratho-
racic stomach, and peritonitis. In patients with coagulopathy or 
ascites, placement of a PEG tube is possible though the endo-
scopist should proceed with caution as these confer high risks. 
Ascites is not an absolute contraindication; however, large-
volume paracentesis before and after placement is recom-
mended to allow adherence of the anterior gastric wall to the 
abdominal wall [5].

Though endoscopic placement of percutaneous feeding tubes 
is considered safe, endoscopists need to be aware of the ethical 
and medicolegal aspects of tube placement in patients with 
diminished life expectancy [6]. The perceived benefits must out-
weigh the risks of the procedure and in certain circumstances 
this remains difficult to discern. Placement of a PEG tube is 
certainly indicated in patients with acute insults, such as dys-
phagia following a cerebrovascular accident, as the potential for 
recovery of function is substantial [7]. However, major contro-
versy persists regarding the beneficence of PEG tube placement 
in patients with incurable malignancies and advanced dementia 
as these patients are unlikely to benefit from enteral nutrition.

Patient preparation

Several key preprocedural evaluation essentials can minimize 
intra- and postprocedural adverse events (AEs). The patient 
should refrain from clear liquids several hours prior to the pro-
cedure and solids for at least 6 h prior to the procedure. In 
patients with known impaired motility, these intervals may need 
to be lengthened to prevent aspiration. A brief focused physical 
examination and assessment of vital signs should be performed 
with consideration given to procedural postponement in febrile 
patients and those with hemodynamic compromise. Prior to 
procedural intervention, routine laboratory testing consisting of 
a complete blood count and coagulation profile (i.e., pro-
thrombin time [PT], activated partial thromboplastin time 
[aPTT], and international normalized ratio [INR]) is usually 
obtained to elucidate coagulopathies and/or thrombocytopenia. 
A platelet count of ≥50 000/μL and INR of ≤1.5 are considered 
satisfactory for gastrostomy tube placement, but these values 

adequate oral nutrition. This option can be used in patients who 
only require short-term feeding or as a bridge to a long-term 
feeding option such as a PEG or PEJ feeding. The placement of 
a transnasal feeding tube such as NJ, is necessary to assess toler-
ability of enteral nutrition prior to placement of a long-term 
percutaneous tube, when small bowel function has not been 
established. Simple NG tubes can be placed nonendoscopically 
at the bedside, with or without fluoroscopy. Endoscopic place-
ment is usually undertaken when other measures fail, particu-
larly when there is anatomical obstruction or difficulty in blind 
placement of a feeding tube.

Endoscopic NG tube placement entails the passage of an 
endoscope into the stomach, placement of a guide wire into the 
antrum, removal of the endoscope, and passage of the tube over 
the guide wire. It may be done with or without fluoroscopy. If 
the endoscope is passed transorally the wire must be exchanged 
from the mouth to the nose before tube placement. This can be 
uncomfortable for the patient and risks injury to the operator. 
Thus, at many institutions, a small-caliber endoscope (4.9–
5.5 mm outer diameter) is passed transnasally for delivery of the 
guide wire into the stomach.

Endoscopic NJ tube placement is performed in a manner 
similar to that described for NG tube feeding. Fluoroscopy is 
more frequently used during NJ placement to ensure that guide 
wire placement is well beyond the pylorus, ideally beyond the 
ligament of Treitz as evidenced radiographically. Fluoroscopy is 
also used to monitor the wire for looping and to prevent wire 
loss during endoscope removal and tube placement. When tran-
snasal endoscopes are used, looping often occurs in the stomach 
and thus the endoscope tip may not advance much beyond the 
second duodenum. Aggressive air aspiration during entry and 
exit from the stomach can also help prevent looping, as does the 
use of a stiff guide wire.

Percutaneous options for feeding

Percutaneous endoscopic gastrostomy
In patients with a functional stomach who will likely require 
enteral feeding for more than 30 days, placement of a PEG tube 
is usually the most appropriate method to deliver nutrition. The 
most common indications (>70%) for PEG placement are ina-
bility to swallow due to neurological impairment (i.e., cerebrov-
ascular accident, dementia, motor neuron disease, Parkinson 

Box 137.1 Types of enteral access provided via endoscopy.

Nasogastric
Nasojejunal
Percutaneous endoscopic gastrostomy (PEG)
PEG with jejunal extension
Transgastric jejunal feeding
Direct percutaneous endoscopic jejunostomy (DPEJ)
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flation is needed to identify the best site for placement. Finger 
pressure at the site of transillumination should transmit into the 
gastric lumen for visualization by the endoscopist (Figure 
137.1a). The visualized transillumination of the abdominal wall 
in combination with indentation of the gastric wall provides 
reasonable assurance that no intervening structures (i.e., colon) 
lie between the gastric and abdominal walls. The areas in and 
around prior abdominal surgical scars are not suitable for PEG 
placement and should be strictly avoided. Areas of scarring are 
high risk for adherent small/large bowel between the gastric and 
abdominal wall. After a suitable site is marked, the area is prepped 
and draped in sterile fashion and a 25-gauge syringe with local 
anesthetic is injected under the skin into local subcutaneous 
tissues. A small (5–10 mm) incision is frequently used to facili-
tate tube placement; however, the “incision omission PEG tech-
nique” is well described in the literature and may be preferred by 
some endoscopists [11]. A standard polypectomy snare is passed 
through the working channel of the gastroscope and opened in 
the gastric lumen at the site of finger indentation. A 21-gauge 

may vary between physicians and institutions. PEG placement 
is considered a higher risk procedure than diagnostic endos-
copy and foresight for management of antithrombotic agents 
will also minimize procedure-related bleeding [8]. Pertinent 
radiological imaging, such as computed tomography (CT), if 
performed, should be reviewed prior to the procedure. Finally, 
informed consent detailing the risks, benefits, and alternatives 
to PEG placement should be obtained from the patient or 
healthcare proxy with power of attorney prior to intervention.

The patient should be positioned supine with the head of the 
bed slightly elevated to minimize aspiration risk. Supplemental 
oxygen should be provided to all patients and a suction setup 
should be readily available for the management of oropharyn-
geal secretions. Blood pressure and oximetry should be moni-
tored throughout the entirety of the procedure. In patients with 
American Society of Anesthesiologists (ASA) physical classifi-
cation system score of 3–4, strong consideration should be given 
to having anesthesia assistance, especially in those patients with 
neurological disease such as amyotrophic lateral sclerosis (ALS).

A single-dose intravenous antibiotic aimed at coverage of 
Gram-positive organisms should be given 30 min prior to the 
procedure in patients not already on a scheduled antibiotic 
regimen [9,10]. Data suggests that antibiotic prophylaxis with 
cephalosporins or penicillin-based agents results in a >60% rela-
tive risk reduction in PEG site wound infections [9]. Esophageal 
intubation can be challenging in the supine position, thus 
patients may be placed in the left lateral decubitus position ini-
tially and moved supine after passage of the gastroscope.

Supplies for percutaneous endoscopic 
gastrostomy placement

Several complete PEG kits are commercially available. The kits 
generally contain a sterile drape, povidone-iodine solution 
(Betadine), three needles of various sizes, injectable local anes-
thetic (lidocaine), a disposable grasping snare, a Teflon-coated 
guide wire, and the gastrostomy tube itself. The smallest needle 
(25 g) is used to anesthetize the skin with lidocaine. The 21-gauge 
needle is considered a “finder” needle and is used to locate  
the gastrointestinal lumen while the largest needle (18 gauge)  
is housed within an outer sheath which permits guide wire 
passage after needle removal. Additional pre- and postprocedural 
supplies such as gauze pads and a scalpel are also included in  
most kits.

Pull (Ponsky–Gauderer) technique

Following adequate sedation, a full endoscopic evaluation of the 
upper gastrointestinal tract should be performed prior to gas-
trostomy placement. The gastroscope is then withdrawn into the 
stomach for siting of the gastrostomy. The room lights are 
dimmed to enhance detection of the endoscopic transillumina-
tion directed at the anterior gastric wall. Liberal use of air insuf-

Figure 137.1 Multipart percutaneous endoscopic gastrostomy (PEG) 
insertion using pull-type technique. Source: Used with permission of 
Mayo Foundation for Medical Education and Research, all rights reserved.

(a)

(b)

(c)

(d)

(e)
© MAYO

2013
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the oropharynx and esophagus. This is particularly important 
in patients with untreated head and neck, and esophageal 
cancers, as well as some oroesophageal infections to prevent 
tumor implant and infection [13], respectively, at the gastros-
tomy site. Similar to the prior techniques, the gastroscope is 
withdrawn into the stomach after full endoscopic survey. 
Transillumination and finger indentation of the anterior gastric 
wall are used to identify a puncture site. The skin is prepped, 
draped, and anesthetized before the skin is incised. An 18-gauge 
needle catheter is introduced into the gastric lumen and a guide 
wire is passed. The needle is removed and a sequence of dilators 
are passed over the wire (Figure 137.3a), similar to the modified 
Seldinger technique utilized for venous catheter placement [14]. 
After adequate dilation, an introducer with a peel-away sheath 
is passed over the guide wire. The guide wire and introducer are 
then removed leaving the sheath behind. A balloon-bumper 
gastrostomy tube is placed through the sheath and inflated. The 
sheath is peeled away and the gastrostomy tube is pulled into 
position (Figure 137.3b). Finally, the external skin disk is applied 
to approximate the gastric and abdominal walls.

Though not in the original description by Russell et al. [15], 
T fastener gastropexy can be placed prior to tract dilation. This 
prevents wall separation during the remainder of the gastros-
tomy procedure and limits complications in the event of inad-
vertent tube dislodgement [16]. T fasteners are composed of a 
suture affixed to the center of a metal bar. This apparatus is 
introduced through a needle catheter after site localization and 
gastric puncture. The T fastener is then deployed through the 
needle catheter and positioned in its T configuration. A suture 
and external bolster are anchored to the external abdominal 

needle is then used as a “finder” needle to identify the gastric 
lumen. The needle is preloaded onto a water-filled syringe and 
introduced through the abdominal wall while suction is applied 
to the syringe barrel to ensure that air bubbling in the syringe 
coincides with visualization of the needle in the stomach (Figure 
137.1b). This is termed the “safe-track” technique and ensures 
that a nongastric lumen has not been entered. This needle is 
removed and an 18-gauge needle (trocar) with plastic sheath is 
passed in the same path as the finder needle. Upon entry into the 
stomach, the needle catheter is ensnared to maintain its position. 
The trocar is removed and a long (260 cm) plastic guide wire is 
passed through the needle and into the gastric lumen. The snare 
is loosened from the catheter and repositioned to grasp the guide 
wire (Figure 137.1c) that has a loop on one end to allow attach-
ment to the gastrostomy tube. The gastroscope, snare, and guide 
wire are then withdrawn through the mouth. The guide wire 
exiting via the mouth is fastened to the drainage end of the gas-
trostomy tube (Figure 137.1d). After adequate lubrication is 
applied to the tube, the guide wire exiting the abdominal wall is 
grasped and the gastrostomy tube is pulled through the esopha-
gus and into the stomach before exiting the abdominal wall 
(Figure 137.1e). The gastrostomy tube is shortened and an exter-
nal disk is loosely approximated to the skin allowing for easy 
rotation and ∼1 cm of anterior-posterior movement. This is 
important since excessive apposition of the bumper is associated 
with the buried bumper syndrome and likely increases the risk 
of infection and ischemia as well as the rare but possibly fatal 
complication of necrotizing fasciitis. Repeat endoscopy follow-
ing PEG tube placement to assess the position of the internal 
bumper is not necessary and should only be considered when a 
technical error is suspected [12].

Push (Sacks–Vine) technique

Placement of a PEG tube utilizing the push technique shares 
many procedural similarities to the pull technique. Identification 
of a suitable site, puncture through the abdominal wall, and 
control of the guide wire with removal through the patient’s 
mouth are performed in the same manner (Figure 137.2a). 
While maintaining tension on both ends of a standard guide 
wire (enclosed within the kit), a long, tapered-tip gastrostomy 
tube is pushed over the guide wire until it exits the abdominal 
wall (Figure 137.2b). The gastrostomy tube is then grasped at 
the exit site and pulled into the final position while applying 
forward (push) pressure from the oral side. An external disk is 
placed over the tube joining the gastric and abdominal wall in 
a similar fashion to the pull technique.

Direct introducer (Russell) technique

The introducer method permits gastrostomy tube placement via 
percutaneous access, without the need for tube passage through 

Figure 137.2 Percutaneous endoscopic gastrostomy (PEG) insertion using 
push-type technique. Source: Used with permission of Mayo Foundation 
for Medical Education and Research, all rights reserved.

(a)

(b)
© MAYO

2013
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the gastric and abdominal wall anastomosis, though with the 
advent of T fasteners and suture anchors this may no longer be 
a distinguishing benefit. In the event of endoscopic and radio-
logical failure, a primary surgical gastrostomy with an open [19] 
or minimally invasive approach [20] can be employed. 
Alternatively, a combined laparoscopic–endoscopic technique 
has been described and can be used to facilitate gastrostomy 
placement [21]. This method begins with placement of a small 
(∼5 mm) trocar into the peritoneal cavity which allows for 
laparoscopic evaluation and investigation into reasons for prior 
PEG failure. Adhesiolysis and repositioning of overlying organs 
can be performed, if necessary. A gastroscope is then passed 
into the stomach with the laparoscope remaining in place. PEG 
placement using the pull-type method is then performed in 
standard fashion under direct laparoscopic visualization.

Comparison of gastrostomy techniques

There are very few studies comparing the various methods for 
gastrostomy tube placement. It appears that for most patients, 
and in most situations other than those outlined above, there is 
little difference in outcome between the different endoscopic 
methods (i.e., pull-type, push-type, introducer). In the current 
era, most gastrostomy tubes are placed using the endoscopy, 
though this may be center dependent. Moreover, most gastro-
enterologists prefer the pull-type endoscopic method over the 
push-type, likely due to enhanced control with this method. As 
mentioned, surgical gastrostomy is generally not performed 
given the high success rate of the endoscopy and radiological 
methods; however, surgical placement may be most appropriate 
in some patients with extenuating circumstances.

There are two other clinical scenarios which bear mentioning. 
Severe esophageal obstruction can be seen in a variety of clinical 
scenarios (i.e., advanced malignancy, lye stricture, etc.) and is 

wall completing the gastropexy. A minimum of two T fasteners 
should be placed with the feeding tube sited centrally.

Radiologically placed gastrostomy

Gastrostomy tubes may also be placed under radiological guid-
ance utilizing similar techniques to the aforementioned intro-
ducer method [17]. Radiological percutaneous gastrostomy is 
indicated in patients with obstruction of the upper aerodigestive 
tract, benign or malignant, and other situations limiting endo-
scopic placement (i.e., surgically altered anatomy, morbid 
obesity). Patients are given barium suspension the evening prior 
to the procedure which demarcates the colon and mitigates 
inadvertent colonic puncture during placement. An NG tube is 
also placed prior to the procedure to aid in insufflation of the 
stomach. Following insufflation of the stomach, the intralumi-
nal air is targeted and a puncture is made. The modified 
Seldinger technique is then utilized, as previously described. 
Ultimately, the gastrostomy tube is delivered through a peel 
away sheath, secured into place, and flushed with water-soluble 
contrast to confirm tube position. The use of CT or ultrasound 
guidance may be necessary in patients with surgically altered 
anatomy or in patients with a nondistended stomach [18]. 
Similar to the direct introducer method, T fasteners or suture 
anchor gastropexy can also be used to secure the gastric and 
anterior abdominal wall.

Surgically placed gastrostomy

The role for surgical gastrostomy is rapidly dwindling due to the 
success of endoscopic and radiological methods. Historically, 
one advantage of surgical gastrostomy over radiological or 
endoscopic approaches was the limited risk for dehiscence of 

Figure 137.3 Introducer method (Russell) percutaneous endoscopic gastrostomy (PEG) technique. Source: Used with permission of Mayo Foundation 
for Medical Education and Research, all rights reserved.

(a) (b)
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inflated. One must be certain that the tube has entered the 
stomach as false passage may occur into the peritoneum. Some 
authors advocate for fluoroscopic confirmation using water-
soluble contrast instillation via the percutaneous tube.

Complications

Two recent large retrospective studies have demonstrated an 
overall AE rate of ∼13% following PEG tube placement [4,24]. 
The specific frequency of minor and major AEs varies widely in 
the literature (Box 137.2). Current evidence suggests an overall 
procedure-related mortality of 0.2% [4]. The 30-day mortality 
following PEG placement varies in the literature and is largely 
related to underlying comorbidities [4,25]. Recent evidence sug-
gests that patients with a low serum albumin, and possibly, 
elevated C-reactive protein have an increased 30-day mortality 
risk [4,26,27].

Aspiration
Aspiration of oropharyngeal secretions or gastric contents 
remains a major AE following PEG placement, occurring in 
1.5% of cases [4]. Pneumonitis can occur during the procedure 
or in the postprocedural setting once tube feeding is initiated. 
Patients with aspiration-related pneumonia or pneumonitis 
may exhibit a productive cough, fever, or become dyspneic. An 
overt infiltrate on standard chest X-ray or leukocytosis may 
accompany this symptom. Procedure-related aspiration can be 
mitigated by avoiding oversedation, raising the head of the bed, 
minimizing air insufflation, performing aggressive intraproce-
dural suctioning of oropharyngeal secretions, and complete 
aspiration of gastric contents prior to PEG placement. The 

not an absolute contraindication to PEG placement. However, 
dilation of the stricture may be necessary to allow passage of the 
endoscope and/or the internal mushroom bumper of the gas-
trostomy tube. Radially incising the internal bumper to improve 
collapsibility during passage through the esophagus may be 
helpful in this circumstance. Endoscopists must also exercise 
caution when placing a PEG tube after previous placement of 
an esophageal self-expandable metal stent (SEMS). This is most 
important in the setting of recent SEMS placement when the 
stent is not yet fully expanded or when fully covered SEMS are 
used as this may result in stent dislodgement and distal migra-
tion [22]. Utilization of the introducer method has advantages 
in patients with severe esophageal obstruction and indwelling 
esophageal SEMS; however, this technique still requires intuba-
tion of the esophagus and stomach with the endoscope, and 
thus it is best to proceed cautiously in these patients.

Postprocedural management

Standardized care of the gastrostomy tube is effective in pre-
venting skin breakdown and AEs such as PEG site infections 
and buried bumper syndrome which can result from excessive 
tension on the external bumper. Enteral feeding is generally 
initiated 24 h of placement, though some centers have demon-
strated safe initiation 3 h postprocedure assuming no periproc-
edural AEs occurred [23].

Following tube placement, the PEG site should be cleansed 
daily with mild soap and water but water immersion (i.e., 
bathing, swimming, etc.) should be strictly avoided for the fol-
lowing 6 weeks. After cleansing, a split, sterile gauze dressing 
should be placed between the external disk and the skin for the 
initial 5 days postprocedure, and as needed thereafter. This 
sponge should be changed routinely once it becomes moist. The 
PEG tube should be freely mobile within the tract as mentioned 
above. The site may be tender for 2–3 days following placement 
and pain control with acetaminophen or, rarely, narcotic anal-
gesics may be indicated; however, aspirin and nonsteroidal anti-
inflammatory agents (i.e., ibuprofen, naproxen, etc.) should be 
strictly avoided. After 2–3 days, the site tenderness and 
procedure-related erythema should resolve; persistent symp-
toms thereafter require physician evaluation.

Most manufacturers recommend tube removal 3–6 months 
after placement, though PEG tubes can last for up to 1 year with 
proper care. All commercially available PEG tubes are traction 
removable. This can be performed as an outpatient, though is 
painful and patients may prefer parenteral analgesia during 
removal. Replacement tubes are generally balloon tubes which 
are less robust and must be replaced every 3 months. Although 
nearly any balloon tubes can be placed (e.g., Foley catheters), 
commercially available replacement tubes have an external 
bumper to prevent inward migration. After removal of the origi-
nal PEG, the balloon catheter is placed through the mature (>4 
weeks after placement) gastrostomy tract and the balloon 

Box 137.2 Adverse events following percutaneous endoscopic 
gastrostomy (PEG) placement.

Minor

Peristomal infection, pain, leakage
Prolonged ileus
Gastric ulcer
Inadvertent tube removal
Tube dysfunction

Major

Peritonitis
Hemorrhage
Aspiration
Perforation
Buried bumper/tube migration
Gastrocolocutaneous fistula
Neoplastic seeding
Necrotizing fasciitis
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Pneumoperitoneum and peritonitis
Pneumoperitoneum is a frequent finding after PEG placement 
but is usually clinically insignificant in the absence of symp-
toms. Recent data suggests that benign intraperitoneal air fol-
lowing PEG can be observed in approximately 5%–15% of all 
cases; however, emergent procedural intervention is necessary 
in less than 20% of patients with this finding [37,38]. A minority 
of patients (less than 2%) will go on to develop overt evidence 
of peritonitis (i.e., fever, hypotension, or abdominal pain) in the 
setting of extraluminal air [24]. A new leukocytosis or bacter-
emia should prompt immediate clinical evaluation and inter-
vention, if necessary. A fluoroscopic tube injection study using 
water-soluble contrast is the test of choice to identify intraperi-
toneal extravasation. Patients with confirmed extraluminal con-
trast extravasation secondary to tube malfunction or wall 
separation should be started on broad-spectrum antibiotics and 
undergo immediate endoscopic or surgical repair [39].

Gastrocolocutaneous fistula
Gastrocolocutaneous fistula is a rare complication of PEG tube 
placement which occurs when the colon is interposed between 
the gastric and abdominal wall and inadvertently traversed 
during gastric puncture. The presence of air or stool within the 
syringe in conjunction with the lack of endoscopic needle visu-
alization is suggestive of entry into the colon or small bowel. 
The “safe-tract technique” aims to minimize this complication 
by ensuring that syringe entry through the gastric wall coincides 
with endoscopic visualization of the needle in the stomach 
during initial placement [40]. Many patients remain asympto-
matic with the error only noted during the subsequent tube 
exchange when the new tube is noted within the colon. 
Symptomatic patients typically present in one of three ways: (1) 
acute intestinal or colonic obstruction; (2) severe diarrhea 
related to direct infusion of tube feedings into the colon; or (3) 
feculent leakage from the stoma site. The fistula generally 
resolves spontaneously following tube removal; however, newer 
endoscopic techniques such as the over-the-scope clip [41] and 
endoscopic suturing [42] may be utilized for closure. In rare 
instances, surgical intervention or radiological drainage may be 
required in patients with peritonitis or abscess formation.

Buried bumper syndrome
Buried bumper syndrome is a late complication which occurs 
most frequently in the setting of excessive tension between the 
outer bolster and inner bumper. These circumstances lead to 
localized ischemia, eventual tissue necrosis, and partial or com-
plete regrowth of the gastric mucosa over the internal bumper 
with subsequent migration into the subcutaneous tissues. 
Similar to PEG site infections, appropriate tube placement is 
critical to prevent this complication. Patients most frequently 
present with difficulty feeding, tube fixation, and/or peristomal 
leakage [43]. Peristomal wound pain or external bulging from 
the migrated bumper may also be evident on examination. The 
optimal management strategy for buried bumper syndrome is 

placement of a direct PEJ or a PEG tube with a jejunal extension 
(PEG/J) is thought to decrease the risk of reflux-induced tube 
feeding aspiration but has no effect on oropharyngeal aspira-
tion, which often occurs in patients who require PEG place-
ment. One large series documented the risk of aspiration in 
patients undergoing PEJ placement at 3 cases per 1000 proce-
dures [28]. Most gastroenterologists believe that direct PEJ 
(DPEJ) is a more reliable option then a PEG/J; however, direct 
PEJ is a complex procedure which may require balloon-assisted 
enteroscopy for placement [29].

Wound infection
Local wound infection is a common minor complication follow-
ing tube placement. Current microbiological data suggests that 
that Candida species, methicillin-sensitive Staphylococcus 
aureus (MSSA), and Pseudomonas aeruginosa are the most fre-
quent organisms leading to PEG site infection [30]. Gossner and 
colleagues [31] previously reported that a single dose of cefazo-
lin covered >70% of organisms encountered and was effective 
in reducing PEG site infections by 20%. A systematic review and 
metaanalysis have since substantiated the benefits of prophylac-
tic antibiotics in this setting [9,10]. Other organisms often iden-
tified include Streptococcus species, Klebsiella pneumoniae, and 
methicillin-resistant Staphylococcus aureus (MRSA). MRSA 
wound infections have been observed in certain cohorts with 
some advocating for screening, decontamination, and MRSA-
directed antibiotic prophylaxis prior to PEG placement [32,33]. 
The use of the “direct introducer method” has also demon-
strated a significantly lower incidence of peristomal infection 
when compared to the standard “pull method” [34,35]. It has 
been hypothesized that the “direct introducer method” miti-
gates gastrostomy tube contamination by the inherent lack of 
exposure to oral flora during placement. A small skin incision 
during PEG placement was previously thought to increase the 
incidence of post-PEG wound site infections; however, data 
from Sedlack and colleagues suggests no increased risk of infec-
tion even after incisionless PEG placement [11].

Most wound infections are superficial and can be managed 
with conservative measures, though necrotizing fasciitis follow-
ing PEG placement has been rarely reported [36]. Patients typi-
cally present several days after the procedure with erythema and 
pain surrounding the PEG site. Induration with abscess forma-
tion requiring incision and drainage occurs less frequently. 
Fever and leukocytosis are additional objective findings which 
may be present. The most common cause of peristomal infec-
tion is excessive tension between the inner bumper and outer 
bolster, leading to tissue ischemia and, possibly, necrosis. A cor-
rectly placed tube with unimpeded rotation and 1 cm of anterior-
posterior movement is unlikely to produce local infection. Oral 
antibiotics should be started upon presentation and continued 
for the subsequent 5–7 days. The need for intravenous antibiot-
ics is unlikely, but may be considered in patients with severe 
infections, bacteremia, or after identification of resistant 
bacteria.
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passed and the gastroscope is withdrawn, thus allowing place-
ment of the single-piece jejunostomy tube over the guide wire 
and into the small bowel. A similar technique using a pediatric 
bronchoscope has also been reported [50].

Direct percutaneous endoscopic jejunostomy 
tube placement
Direct PEJ placement was initially described in 1987 [51] as a 
method to provide enteral nutrition to patients with prior 
partial or total gastrectomy, but is now utilized in a variety of 
clinical scenarios. Direct PEJ placement is indicated in patients 
requiring long-term jejunal feeding who are unable to tolerate 
gastric feedings (i.e., diabetic gastroparesis, history of aspira-
tion, etc.). In addition, a DPEJ can be placed in patients when 
the stomach is not easily accessible (e.g., Roux-en-Y gastric 
bypass, prior distal esophagectomy with gastric pull-up [Ivor 
Lewis procedure]). When successful, DPEJ placement mitigates 
many of the limitations described above for PEG/J; however, 
there is greater risk for AEs [28]. Direct PEJ ensures stable 
placement beyond the ligament of Treitz, has no risk for proxi-
mal tube migration, decreases the risk for aspiration pneumonia 
[52], and allows for placement of large-bore feeding tubes that 
are less prone to blockage and dysfunction. When compared to 
PEG/J the patency and need for reintervention after the index 
procedure is quite low [53,54].

Direct PEJ is a technically challenging procedure that is per-
formed by placing a percutaneous tube directly into the small 
bowel using similar techniques and principles as PEG place-
ment. A few key procedural differences bear mentioning. In 
contrast to PEG placement, a site within or near an abdominal 
surgical scar often provides an optimal location for DPEJ place-
ment. During DPEJ placement adherence of small bowel to the 
abdominal wall is advantageous and facilitates anchoring of the 
tube. After site identification, the “finder” needle is introduced 
into the bowel and firmly grasped with a standard colonoscopy 
snare to fix the small bowel to the abdominal wall [54]. A colon-
oscopy snare must be utilized during DPEJ placement since the 
snare provided in the commercially available kits is of insuffi-
cient length. Next, the 18-gauge needle catheter is then deliv-
ered alongside and in the similar trajectory as the finder needle. 
The snare is released and repositioned around the needle cath-
eter. The remainder of the procedure then proceeds similar to 
PEG placement. The DPEJ procedure is often performed only 
in tertiary referral centers and frequently requires anesthesia 
support, two additional differences when compared to the PEG 
procedure.

In patients with native (nonsurgically altered) gastrointesti-
nal anatomy, or prior history of Whipple or Billroth II proce-
dure, long-length endoscopes are necessary. Historically, these 
included adult and pediatric colonoscopes as well as push  
enteroscopes. In 2005 Maple et al. [28] reported a series of 307 
DPEJ attempts, in which nearly one-third failed due to lack of 
transillumination and/or inability to gain entry to the jejunum. 

less evident. Removal of a buried bumper can be performed by 
external traction [43], advanced endoscopic techniques [44], or 
laparoscopic intervention [45] after failure of less invasive 
options.

Neoplastic seeding of the stoma
Metastatic disease arising at the stoma site is a rare, but devastat-
ing, complication following PEG placement using pull or push 
techniques. The pathogenetic mechanisms of this phenomenon 
remain controversial with direct transfer of malignant cells from 
the tumor origin to the abdominal wall, the leading hypothesis. 
The risk of neoplastic seeding is highest in patients with PEG 
placement utilizing the pull or push technique; however, cases 
of stomal metastases following surgical [46] and radiological 
[47] gastrostomy have also been reported. These reports impli-
cate additional mechanisms which may be involved, such as 
hematogenous or lymphogenous spread. A recent literature 
review identified less than 50 cases of stomal seeding from 1962 
to 2011 in patients with upper aerodigestive tract cancers [48]. 
Though a rare complication, this should be considered in 
patients undergoing PEG placement prior to neoadjuvant radia-
tion or chemotherapy as evidence of widespread metastases 
would make future curative surgical intervention unlikely. 
Gastrostomy placement using surgical, radiological, or endo-
scopic introducer methods should be strongly considered in this 
subset of patients.

Use of gastrostomy tubes and sites for 
endoscopic jejunostomy

In patients who require jejunal feeding there are two general 
approaches when a gastrostomy tract is used. The first option is 
to use a jejunal extension tube placed through the original PEG 
tube. This can be done at the time of initial PEG placement or 
subsequent to it. These tubes are passed through the lumen of 
the existing PEG tube and contain one port for jejunal feeding 
and one port for gastric aspiration, if needed (e.g., in the setting 
of delayed gastric emptying). Placement of a jejunal extension 
tube can be performed in a variety of ways. One method fre-
quently employed involves passing the extension tube through 
the PEG tube which is then grasped and advanced into the 
duodenum using a transorally delivered endoscope. This tech-
nique is somewhat limited as the extension tube may drag back 
into the distal stomach upon withdrawal of the endoscope and, 
even if placed successfully, the extension tube frequently flips 
back into the stomach. Alternatively, a single-piece jejunal tube 
can also be placed by passing a small-caliber pediatric gastro-
scope through a mature gastrostomy tract [49]. Using this 
method, the PEG tube is removed and the gastrostomy site 
serves as the access point. The endoscope enters the stomach 
and is advanced to the distal duodenum. A guide wire is then 
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More recently, balloon enteroscopes (single- and double-
balloon) have demonstrated success rates of 90%–100% and are 
especially useful in patients with surgically altered anatomy 
[29,55]. When compared to traditional colonoscopes, balloon 
enteroscopes achieve an increased depth of insertion within the 
small bowel and minimizes instrument looping within the 
stomach and proximal small bowel. In patients with surgically 
altered anatomy which includes both an efferent and afferent 
limb (i.e., Whipple or Billroth II), the DPEJ tube should be 
placed into the efferent limb or at the level of the anastomosis 
[54]. In contrast, placement of a DPEJ in patients with a Roux-
en-Y anatomy (gastrojejunostomy) and/or surgically altered 
anatomy (total gastrectomy with esophagojejunostomy) can 
often be successfully performed using a standard gastroscope.

Conclusion

Placement of enteral access tubes should be individualized 
based upon long- and short-term patient needs. Transnasal 
routes are preferred when short-term feeding is needed. PEG or 
jejunostomy tube placement requires careful patient selection, 
strict adherence to the procedural protocol, and an awareness 
of potential AEs. Overall, these commonly performed proce-
dures are safe and effective for patients requiring supplemental 
enteral nutrition, or those requiring gastric decompression.

References are available at  
www.yamadagastro.com/textbook

To access the podcast for this chapter, please go to 
www.yamadagastro.com/textbook

Podcast 137.1 The podcast discusses enteral access and tube 
management in several challenging cases. Dr. Todd Baron 
outlines the presentation and management strategy in each 
case and provides tips and tricks for the practicing 
endoscopist.

Further reading

DeLegge M.H., McClave S.A., DiSario J.A., et al. Ethical and medico-
legal aspects of PEG-tube placement and provision of artificial nutri-
tional therapy. Gastrointest Endosc 2005;62:952.

Fan A.C., Baron T.H., Rumalla A., et al. Comparison of direct percuta-
neous endoscopic jejunostomy and PEG with jejunal extension. 
Gastrointest Endosc 2002;56:890.

Gauderer M.W., Ponsky J.L., Izant R.J. Jr. Gastrostomy without laparot-
omy: a percutaneous endoscopic technique. J Pediatr Surg 1980; 
15:872.

Jafri N.S., Mahid S.S., Minor K.S., et al. Meta-analysis: antibiotic proph-
ylaxis to prevent peristomal infection following percutaneous endo-
scopic gastrostomy. Aliment Pharmacol Ther 2007;25:647.

Maple J.T., Petersen B.T., Baron T.H., et al. Direct percutaneous endo-
scopic jejunostomy: outcomes in 307 consecutive attempts. Am J 
Gastroenterol 2005;100:2681.

Russell T.R., Brotman M., Norris F. Percutaneous gastrostomy. A new 
simplified and cost-effective technique. Am J Surg 1984;148:132.

http://www.yamadagastro.com/textbook
http://www.yamadagastro.com/textbook


2636

CHAPTER 138

Chapter menu

Introduction, 2636

Anatomy of portal venous system, 2636

Causes of portal hypertension, 2637

Portal venous imaging techniques and measurement of  
portal pressure, 2637

Pathophysiology of portal hypertension, 2639

Gastric varices, 2654

Portal hypertensive gastropathy and gastric antral vascular ectasia, 2662

Ectopic varices, 2663

Acknowledgments, 2663

Further reading, 2663

Introduction

Portal hypertension is defined as the pathological increase in 
portal venous pressure, in which the pressure gradient between 
the portal vein and inferior vena cava (IVC) is increased above 
the normal value of approximately 5 mmHg. Portal hypertension 
becomes clinically significant when the portal venous pressure 
gradient exceeds a threshold value of 10 mmHg, as this gradient 
predicts the development of complications of portal hyperten-
sion, including the development of gastroesophageal varices 
(GOVs) and clinical decompensation [1]. Gastroesophageal 
variceal bleeding is a direct consequence of portal hypertension 
that leads to significant mortality and morbidity among patients 
with cirrhosis. This chapter will discuss the anatomy of the portal 
venous system and the causes of portal hypertension, the patho-
physiology of portal hypertension, and the prevention and man-
agement of upper gastrointestinal hemorrhage secondary to 
portal hypertension. Upper gastrointestinal bleeding secondary 
to portal hypertension can result from a spectrum of conditions 
including GOVs, portal hypertensive gastropathy (PHG), and 
ectopic varices. The management of variceal gastrointestinal 
hemorrhage is centered on three principles: primary prophylaxis 
to prevent the first episode of bleeding, treatment of acute  

hemorrhage, and secondary prophylaxis to prevent recurrent 
bleeding.

Anatomy of portal venous system  
(see Chapter 10)

The portal vein drains blood from the stomach, intestines, 
spleen, pancreas, and gallbladder. The anatomy of the portal 
venous system is illustrated in Figure 138.1. The portal vein is 
formed by the union of the superior mesenteric vein (SMV) and 
splenic vein (SV) posterior to the head of the pancreas. The 
portal vein enters the liver at the porta hepatitis and divides into 
the right and left branches of the portal vein. The SMV is formed 
by tributaries draining the duodenum, head of the pancreas, 
jejunum, ileum, cecum, ascending colon, proximal two-thirds 
of the transverse colon, and stomach via the right gastroepiploic 
vein [2]. The inferior mesenteric vein, which drains the distal 
third of the transverse colon, descending colon, sigmoid colon, 
rectum, and upper part of the anal canal, enters the SV before 
the junction of the SV and SMV. The SV originates at the splenic 
hilum. The short gastric and posterior gastric veins drain the 
fundus of the stomach and enter the SV near the tail of the 
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Causes of portal hypertension

Causes of portal hypertension can be categorized as presinusoi-
dal, sinusoidal, and postsinusoidal, based on the site of increased 
resistance to portal venous flow. Cirrhosis is the most common 
cause of portal hypertension, in which the resistance to flow 
occurs at the sinusoidal level. Presinusoidal causes include 
portal vein occlusion and SV thrombosis. In many parts of  
the world including sub-Saharan Africa, the Middle East,  
and Asia, schistosomiasis is a common cause of presinusoidal 
portal hypertension. Infection with Schistosoma mansoni or 
S. japonicum leads to deposition of eggs in the presinusoidal 
portal venules, which results in granulomatous inflammation. 
Postsinusoidal portal hypertension results from impaired 
outflow of blood from the liver. Causes include occlusion of the 
hepatic veins, i.e., Budd–Chiari syndrome, which can result 
from spontaneous thrombosis due to an underlying hyperco-
agulable state. Right-sided heart failure with passive congestion 
of the liver is a common cause of postsinusoidal portal hyper-
tension. Rare causes of portal hypertension include nodular 
regenerative hyperplasia, congenital hepatic fibrosis, and sar-
coidosis. The causes of portal hypertension are summarized in 
Table 138.1.

Portal venous imaging techniques and 
measurement of portal pressure

The portal vein can be imaged by several modalities including 
ultrasonography with Doppler, 3D computed tomography 
(3D-CT) scan (Figure 138.3), magnetic resonance imaging 
(MRI), and angiography. Ultrasonography with Doppler is the 
preferred initial test of choice due to its low cost and high accu-
racy. The use of Doppler allows for determination of the pres-
ence, direction, and velocity of portal blood flow. The patency 
of the hepatic veins can also be assessed. However, accuracy is 
dependent on the technical expertise of the operator [4]. 3D-CT 
and MRI scans with intravenous contrast are valuable tests to 
evaluate liver echotexture and assess for liver masses, portal vein 
patency, splenomegaly, and the presence of portosystemic col-
laterals. Indeed, the presence of portal hypertension is fre-
quently first detected when noninvasive imaging reveals a 
dilated portal vein or the existence of ascites, splenomegaly, or 
portosystemic collaterals [4]. Diagnostic angiography is rarely 
needed for portal vein assessment given the high accuracy of 
noninvasive imaging.

The measurement of portal venous pressure is not routinely 
performed in clinical practice but can provide valuable informa-
tion about the severity of portal hypertension and the risk of 
clinical decompensation including variceal hemorrhage. The 
most commonly used method is an indirect measurement of 
portal pressure via a transjugular approach in which the hepatic 
venous pressure gradient (HVPG) is calculated. A balloon cath-
eter is introduced into the internal jugular vein and then into 

pancreas. The left gastroepiploic vein and pancreatic veins also 
enter the SV. The left and right gastric veins, which run along 
the lesser curvature of the stomach, usually drain into the portal 
vein immediately after the junction of the SV and SMV. The 
paraumbilical veins and remnants of the umbilical vein drain 
into the left portal vein [3].

Portal venous flow is approximately 1000–1200 mL/min [2]. 
The portal vein supplies about 75% of the blood flow to the liver, 
while the hepatic artery provides the remainder of hepatic blood 
flow. Three hepatic veins drain blood from the liver into the 
IVC. The caudate lobe drains directly into the IVC.

When the portal venous pressure gradient exceeds a certain 
threshold, collaterals develop at sites of communication between 
the portal and systemic circulations, and blood will flow in a 
reverse direction to reach systemic circulation. The five areas of 
portosystemic anastomoses are as follows (Figure 138.2) [2]:
1.	 At the lower end of the esophagus, where the left gastric vein 

of the portal system anastomoses with the azygous system of 
veins which drains the middle third of the esophagus into 
systemic circulation.

2.	 In the paraumbilical region, where the paraumbilical veins 
in the falciform ligament anastomose with the superficial 
veins of the anterior abdominal wall.

3.	 At the anal canal, where the superior hemorrhoidal vein of 
the portal system anastomoses with the middle and inferior 
hemorrhoidal veins of the caval system.

4.	 In the splenic venous bed and the left renal vein.
5.	 In the retroperitoneum.

Gastroesophageal collaterals are of important clinical signifi-
cance due to the risk of rupture and variceal hemorrhage.

Figure 138.1 Anatomy of the portal venous system.
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Figure 138.2 Sites of portosystemic collateral circulation in portal hypertension and cirrhosis. Source: Dooley and Sherlock 2011 [2]. Reproduced with 
permission of John Wiley & Sons, Ltd.
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Table 138.1 Causes of portal hypertension.

Presinusoidal Sinusoidal Postsinusoidal

Schistosomiasis Cirrhosis from most causes Budd–Chiari syndrome

Idiopathic Severe hepatitis IVC malformation/web

Portal vein thrombosis/stenosis/compression Nodular regenerative hyperplasia Constrictive pericarditis

Splenic vein thrombosis Congenital hepatic fibrosis Right heart failure

Splanchnic arteriovenous fistula Sarcoidosis

Hereditary hemorrhagic telangiectasia

IVC, inferior vena cava.
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The normal HVPG is approximately 3–5 mmHg. Portal hyper-
tension is defined as an HVPG greater than 5 mmHg. An HVPG 
of 10 mmHg or more defines clinically significant portal hyper-
tension, as studies have shown that this gradient predicts the 
clinical course in patients with cirrhosis, including the develop-
ment of varices [5] and clinical decompensation, i.e., variceal 
hemorrhage, ascites, or encephalopathy [1]. The risk of variceal 
bleeding is low when the HVPG is less than 12 mmHg. The 
reduction of HVPG to ≤12 mmHg or by ≥20% of baseline has 
been shown to significantly reduce the risk of variceal bleeding 
[6]. A reduction in HVPG by ≥20% of baseline has also been 
shown to decrease mortality [6]. Furthermore, in acute variceal 
bleeding, the HVPG has been found to predict prognosis and 
clinical outcome, with patients with an HVPG >16 mmHg 
having a higher likelihood of rebleeding and death [7].

Pathophysiology of portal hypertension

In the early stages of cirrhosis, patients have a normal portal 
venous pressure gradient. As disease progression occurs,  
portal venous pressure increases and portal hypertension  
develops. The pathophysiology of portal hypertension is 
complex and remains incompletely understood. Portal venous 
pressure is directly related to portal venous blood flow and 

the hepatic vein under fluoroscopic guidance (Figure 138.4) [2]. 
The free hepatic vein pressure is measured when the tip of the 
catheter is in the hepatic vein with the balloon deflated. This 
pressure is similar to the pressure in the IVC and reflects 
intraabdominal pressure. The wedged hepatic venous pressure 
is measured by occluding the hepatic vein, either by inflating 
the balloon at the tip of the catheter or by wedging the catheter 
into a small branch of the hepatic vein. This creates a static, 
continuous column of blood between the hepatic vein and the 
sinusoids. Thus, the wedged hepatic venous pressure measures 
the pressure in the hepatic sinusoids. To account for intraab-
dominal pressure, the free hepatic vein pressure is subtracted 
from the wedged hepatic venous pressure, which yields the 
HVPG [4]. In the case of portal hypertension due to a sinusoidal 
cause, the wedged hepatic venous pressure accurately reflects 
portal pressure. However, this assumption does not hold true 
when portal hypertension is due to a presinusoidal cause such 
as portal vein thrombosis. In this setting, direct measurement 
of portal venous pressure is preferred [4]. In postsinusoidal 
portal hypertension, both the wedged hepatic venous pressure 
and free hepatic venous pressure are elevated, with a normal 
HVPG. One advantage of indirect measurement is that liver 
biopsy can be performed during the procedure.

Direct measurement of portal venous pressure can be  
performed by direct catheterization of the portal vein via a 
percutaneous transhepatic or transjugular approach [4]. If a 
percutaneous transhepatic approach is used, catheterization of 
the hepatic vein must be performed to calculate the HVPG. 
Thus, because it is more invasive and associated with increased 
risk of bleeding, the direct method is not often performed, 
unless presinusoidal portal hypertension is suspected.

Figure 138.3 Three-dimensional computed tomography (3D-CT) scan is 
a sensitive method to assess portal venous anatomy.

Figure 138.4 Indirect measurement of portal venous pressure via hepatic 
vein catheterization. A catheter is inserted into the jugular vein and wedged 
into the hepatic vein. The wedged position is confirmed by injecting a small 
amount of contrast which enters the hepatic sinusoids. Source: Dooley and 
Sherlock 2011 [2]. Reproduced with permission of John Wiley & Sons, Ltd.
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vascular resistance (Ohm’s law). In cirrhosis, there is increased 
resistance to portal flow due to vascular obliteration by the 
architectural distortion of the liver secondary to the develop-
ment of fibrosis and regenerative nodules [8]. This increased 
resistance occurs at all levels of the intrahepatic vascular bed, 
i.e., the intrahepatic branches of the portal vein, hepatic sinu-
soids, and hepatic venous outflow tract [9]. Furthermore, in 
cirrhosis, activated hepatic stellate cells, which are located in the 
space of Disse between sinusoidal endothelial cells and hepato-
cytes, proliferate and deposit collagen in this space, which leads 
to the loss of fenestrae between endothelial cells and the forma-
tion of a subendothelial basement membrane. This is referred 
to as the capillarization of hepatic sinusoids and increases int-
rahepatic resistance [10]. Hepatocyte swelling and enlargement 
also contribute to increased resistance to portal flow [11,12].

Endothelial dysfunction in  
intrahepatic circulation
In addition to fixed structural defects, an increase in intrahepatic 
vascular tone is a dynamic component that contributes to the 
increase in intrahepatic vascular resistance. This reversible com-
ponent accounts for about 20%–30% of the increase in intrahe-
patic resistance and is amenable to pharmacological modification 
[9]. In cirrhosis, endothelial dysfunction in the intrahepatic 
vasculature involves an interplay of multiple factors, including 
nitric oxide (NO) [13,14], cyclooxygenase (COX)-1 [15], angi-
otensin II [16,17], and oxidative stress [18]. Inflammation has 
also been implicated as a cause of endothelial dysfunction in 
cirrhosis [19,20]. Furthermore, there is evidence that the Toll-
like receptor 4 (TLR4) which is present on sinusoidal endothelial 
cells and recognizes bacterial endotoxin plays a role in mediating 
angiogenesis [21]. This is important as angiogenesis is thought 
to contribute to portal hypertension by promoting fibrogenesis 
[22]. Tissue hypoxia may also stimulate angiogenesis via produc-
tion of vascular endothelial growth factor (VEGF). Hypoxia may 
occur due to sinusoidal remodeling with loss of sinusoidal 
endothelial cell fenestrae and formation of a basement mem-
brane with subsequent impairment in oxygen diffusion [22].

Endothelial dysfunction in splanchnic and 
systemic circulations
The increase in portal pressure triggers vascular changes in the 
splanchnic and systemic circulations which lead to arterial 
vasodilatation and the development of a hyperdynamic circula-
tory state [13]. Splanchnic vasodilation results in increased 
portal venous flow and worsens pre-existing portal hyperten-
sion. It appears that NO is the most important mediator of 
splanchnic vasodilatation [23,24]. The systemic circulation in 
cirrhosis is a hyperdynamic one which is characterized by 
increased cardiac output and plasma volume and decreased 
peripheral resistance and mean arterial pressure [25]. The 
decrease in mean arterial pressure and effective hypovolemia 
results in activation of baroreceptors and upregulation of neu-
rohumoral systems with antinatriuretic and vasoconstrictive 

effects, such as the renin angiotensin system (RAS) and sympa-
thetic nervous system, that cause sodium and water retention 
and an increase in plasma volume, which further exacerbates 
portal hypertension [25–27].

A major consequence of increased portal pressure is the 
development of portosystemic collateral vessels once the pres-
sure gradient between the portal vein and the hepatic vein 
exceeds a certain threshold. Although this initially diverts blood 
flow away from the liver and decompresses the portal system, it 
becomes inadequate due to the increased portal venous flow 
caused by increasing splanchnic vasodilatation and the increased 
resistance in the collateral circulation [27]. It was previously 
thought that collaterals only resulted from dilatation of pre-
existing vascular channels. However, studies have shown that 
the process of angiogenesis is also a critical component in the 
formation of portosystemic collaterals [28].

Figures 138.5 and 138.6 summarize the changes that occur in 
the intrahepatic and splanchnic/systemic circulations in cir-
rhosis that lead to the development of portal hypertension.

Strategies for the long-term treatment of  
portal hypertension
An increased understanding of the pathophysiology of portal 
hypertension has led to the discovery of newer pharmacological 
therapies that may ameliorate portal hypertension in the long 
term. The two main goals of pharmacological therapy are to: (1) 
reduce splanchnic and portal venous flow; and/or (2) decrease 
intrahepatic vascular tone. Currently, nonselective β-blockers 
(propranolol, nadolol, and timolol) are the most widely used 
drugs for the prevention of variceal bleeding and the reduction 
of portal venous pressure in the long term. They work by  

Figure 138.5 Summary of the changes that occur in the intrahepatic 
circulation in cirrhosis that lead to increased intrahepatic vascular 
resistance and subsequent development of portal hypertension. LSEC, 
liver sinusoidal endothelial cell; NO, nitric oxide; TXA2, thromboxane A2.
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approximately 20% [34,35]. However, nitrates also cause vasodi-
lation in the systemic and portosystemic collateral circulations, 
which leads to arterial hypotension that is often symptomatic 
[33,36]. Studies have shown that there is a direct correlation 
between the decrease in arterial pressure and the reduction in 
HVPG, which suggests that nitrates primarily decrease portal 
venous blood flow via a reflex splanchnic vasoconstriction that 
occurs secondary to arterial hypotension [9,33]. Peripheral 
vasodilation also results in activation of endogenous vasoactive 
systems which cause sodium and water retention due to the 
decrease in effective arterial blood volume [9].

Carvedilol is a potent nonselective β-blocker that also has 
anti-α1-adrenergic activity. It thus reduces portal pressure both 
by decreasing portal venous blood flow (via β-blockade) and 
reducing intrahepatic and portocollateral resistance (via α1-
blockade) [9]. Randomized controlled trials (RCTs) have shown 
that carvedilol has a greater portal hypotensive effect than pro-
pranolol in cirrhotic patients [37–40]. The reduction in HVPG 
reported in the literature ranges from 8% to 43% [41]. However, 
carvedilol also causes a greater decrease in mean arterial pres-
sure, with subsequent fluid retention and an increase in plasma 
volume, which may have a negative impact on long-term out-
comes in cirrhotic patients [9,39,40].

The limitations of β-blocker and nitrate therapies have 
prompted research to develop newer pharmacological therapies 
for the long-term treatment of portal hypertension. Experimental 
and clinical studies have shown that the administration of statins 
improves liver sinusoidal endothelial dysfunction and decreases 

reducing splanchnic and portal venous blood flow via two 
mechanisms: (1) β-2 receptor blockade which results in unop-
posed α-1 activity and splanchnic vasoconstriction; and (2) β-1 
receptor blockade which results in decreased cardiac output. 
Furthermore, animal studies have shown that β-blockers 
decrease the development of collateral circulation, likely due to 
the decrease in splanchnic blood flow which decreases the stim-
ulus for collateral formation [29,30]. However, approximately 
15% of cirrhotic patients have contraindications to the initiation 
of β-blockers, and an additional 15% have intolerance to them 
due to side effects. Studies have demonstrated that the admin-
istration of nonselective β-blockers results in a median reduc-
tion in HPVG of approximately 15% [9]. However, a significant 
proportion of patients fail to achieve the reduction in portal 
pressure required to prevent variceal bleeding [31]. Although 
the presence of varices is directly related to portal hypertension, 
the use of nonselective β-blockers to decrease portal venous 
pressure is not effective in preventing the development of varices 
in patients with cirrhosis and portal hypertension and is associ-
ated with an increased number of adverse effects [5].

Another strategy in the treatment of portal hypertension is 
to decrease intrahepatic vascular resistance via the use of drugs 
that increase the delivery of NO to the intrahepatic circulation. 
Organic nitrates such as isosorbide mononitrate (ISMN) serve 
as NO donors and have been shown to lead to significant reduc-
tions in HVPG [32,33]. The use of nitrates in combination with 
nonselective β-blockers results in a greater reduction in HVPG 
compared to β-blockers alone, with a median reduction of 

Figure 138.6 Summary of the changes that occur in splanchnic and systemic circulation in cirrhosis that lead to increased portal flow and exacerbate 
portal hypertension. CO, carbon monoxide; NO, nitric oxide; PGI2, prostacyclin; VEGF, vascular endothelial growth factor.
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discussed in detail in a subsequent section in this chapter on 
the management of acute variceal hemorrhage.

Gastroesophageal varices
The development of GOVs is the most serious consequence of 
portal hypertension due to the risk of rupture and variceal hem-
orrhage, which is the most common lethal complication of cir-
rhosis [8]. Varices develop mainly at the gastroesophageal 
junction (GEJ) due to the unique anatomy of the venous drain-
age there [49]. The veins draining the esophagus are classified 
as intrinsic, extrinsic, and venous comitantes of the vagus nerve 
[4]. The intrinsic veins consist of a subepithelial and submucosal 
plexus which starts at the gastric cardia and runs along the 
length of the esophagus. The intrinsic veins drain via perforat-
ing veins into the extrinsic veins, which drain into the inferior 
thyroid and brachiocephalic veins in the neck, azygous veins in 
the thorax, and left gastric vein in the abdominal part of the 
esophagus [4]. Flow through the perforating veins is normally 
unidirectional due to the presence of valves.

The intrinsic veins of the GEJ are comprised of four distinct 
zones, known as the gastric, palisade, perforating, and truncal 
zones (Figure 138.7). The gastric zone is a 2–3 cm zone distal to 

portal pressure in cirrhotic livers [42–45]. This occurs via upreg-
ulation of endothelial nitric oxide synthase (eNOS) activity and 
increased NO production in the liver microcirculation, which 
decreases intrahepatic vascular resistance [45]. A recent RCT 
demonstrated that simvastatin significantly decreases HVPG 
and improves liver perfusion and function in patients with cir-
rhosis and portal hypertension [44]. Of note, 32% of patients had 
an HVPG reduction of 20% or greater to less than 12 mmHg, a 
value which has been shown to significantly reduce the risk of 
variceal bleeding and mortality [6]. An additive effect of HPVG 
reduction was observed in patients who were also receiving 
β-blocker therapy, which provides further evidence that statins 
act via a different mechanism of action than β-blockers. 
Importantly, there were no changes in mean arterial pressure or 
systemic vascular resistance after initiation of statin therapy. 
Thus, statins appear to induce a liver-selective vasodilatory effect 
and do not have deleterious effects on the hemodynamics of 
systemic circulation. In addition, there were no differences in 
adverse events between the groups who received simvastatin vs 
placebo, which suggests an excellent safety profile for statin use 
in patients with cirrhosis [44]. A recent study using an animal 
model has provided further insight into molecular mechanisms 
by which statins lead to improvement in endothelial dysfunction 
and decreased intrahepatic resistance [46]. Larger prospective 
clinical studies are needed to confirm the beneficial effects of 
statin therapy and determine its impact on long-term clinical 
outcomes in patients with cirrhosis and portal hypertension.

The evidence from experimental studies establishing the role 
of angiotensin II in the development of increased intrahepatic 
resistance in portal hypertension have led to clinical trials assess-
ing the use of angiotensin-converting enzyme (ACE) inhibitors 
and angiotensin receptor blockers (ARBs) in patients with cir-
rhosis [17]. In addition, there is experimental evidence that the 
RAS is involved in the pathogenesis of hepatic fibrosis via  
the activation of hepatic stellate cells and resulting production of 
the profibrotic cytokine transforming growth factor (TGF)-β 
[47]. A recent meta-analysis using individual patient data dem-
onstrated that patients with Child–Pugh A cirrhosis receiving 
ARBs/ACE inhibitors had a similar reduction in HVPG to those 
with Child–Pugh A cirrhosis receiving β-blockers (–17% vs 
–21%, respectively) [48]. There was no statistically significant 
reduction in HVPG in patients with Child–Pugh B or C cirrhosis 
receiving ARBs/ACE inhibitors [48]. Furthermore, there was a 
higher rate of adverse side effects in patients with Child–Pugh B 
or C cirrhosis, including hypotension and renal dysfunction. 
Thus, ARBs/ACE inhibitors appear to have the most benefit for 
patients with early cirrhosis. Further prospective studies are 
needed to investigate the long-term outcomes of RAS blockade 
in patients with compensated cirrhosis.

Other possible novel therapeutic targets for the amelioration 
of portal hypertension in cirrhosis include blockade of pathways 
leading to angiogenesis and fibrosis such as VEGF signaling 
[22]. The pharmacological therapy used for the reduction of 
portal hypertension in the control of acute variceal bleeding is 

Figure 138.7 Venous drainage of the gastroesophageal junction (GEJ). 
The intrinsic veins of the GEJ are comprised of four zones: gastric, 
palisade, perforating, and truncal zones. Increased venous blood flow in 
the palisade zone leads to the formation of gastroesophageal varices as it 
is the main site of portosystemic communication. Source: Maruyama and 
Arun 2012 [4]. Reproduced with permission of John Wiley & Sons, Ltd.
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• F0: no varicose appearance.
• F1: small straight varices.
• F2: moderately enlarged tortuous varices, occupying less than 

one-third of the lumen.
• F3: large tortuous varices, occupying more than one third of 

the lumen.
Gastric varices are classified by their location, size (small vs 

large), and whether they are in continuity with esophageal 
varices. Gastric varices are called GOVs when they occur in 
continuity with esophageal varices but called isolated gastric 
varices (IGVs) when they are found in isolated clusters in the 
stomach. Sarin et al. described the most commonly used clas-
sification for gastric varices [51] summarized below (Figure 
138.10):
• GOV1: esophageal varices that extend along the lesser curva-

ture of stomach.
• GOV2: esophageal varices that extend along the greater cur-

vature into the fundus of the stomach.
• IGV1: isolated gastric varices in the fundus of stomach.
• IGV2: isolated gastric varices in the other parts of the stomach.

GOV1 arise when a branch of the left gastric vein anastomo-
ses with the deep submucosal veins in the gastric zone. They are 
in direct continuity with the veins in the palisade zone and most 
often occur in association with large esophageal varices [4]. 
GOV1 are the most common type of gastric varices. Fundal 
varices arise from the short gastric and posterior gastric veins, 
and are the most common source of gastric variceal bleeding 

the GEJ and is composed of longitudinal veins in the submucosa 
and lamina propria. The palisade zone starts at the GEJ and is 
a direct extension of veins in the gastric zone. It extends 2–3 cm 
cranially and is composed of longitudinal veins which run in 
parallel primarily in the lamina propria. Flow is bidirectional in 
the palisade zone. It is the main site of communication between 
the portal venous system and the azygous system of veins, and 
thus is the most common site of variceal bleeding [4,49]. Above 
the palisade zone is the perforating zone where the intrinsic 
veins drain into the extrinsic veins via perforating veins. It 
extends 2–3 cm cranially. The truncal zone extends 8–10 cm 
above the perforating zone and consists of 4–5 large venous 
trunks in the submucosa which drain via perforating veins into 
the extrinsic veins [49]. As portal hypertension develops, there 
is increased flow through portosystemic anastomoses which 
causes dilation of the intrinsic veins at the GEJ and the forma-
tion of gastroesopheal varices (Figure 138.8). In addition, the 
valves of the perforating veins become incompetent and reversal 
of flow from the extrinsic to intrinsic veins occurs [4].

Gastroesophageal varices typically fall into four basic catego-
ries: (1) varices in the gastric and palisade zones; (2) varices  
in the perforating zone; (3) paraesophageal varices which 
involve the extrinsic esophageal veins; and (4) varices in the 
fundus of the stomach. In clinical settings, GOVs are classified 
as esophageal or gastric varices [4]. Esophageal varices are 
graded according to their form, i.e., size and shape, into four 
groups as follows [4,50] and illustrated in Figure 138.9:

Figure 138.8 Development of gastroesophageal varices in portal hypertension.
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Figure 138.9 Endoscopic grading of esophageal varices. Varices are graded from F0 to F3 based on size and shape (F0 not shown here). Source:  
Maruyama and Arun 2012 [4]. Reproduced with permission of John Wiley & Sons, Ltd.

F1 F2 F3

(Figure 138.11). They are often seen as large collaterals on 
imaging studies such as 3D-CT scan or MRI (Figure 138.12). 
IGVs are often seen in association with SV thrombosis.

Natural	history	and	epidemiology	of	gastroesophageal	
varices
The development of GOVs is a common sequelae of portal 
hypertension in patients with cirrhosis. GOVs are present in 
approximately 50% of cirrhotic patients [52]. The highest preva-
lence occurs in patients with more advanced liver disease, i.e., 
Child–Pugh B or C class disease (Table 138.2). A large study 
utilizing data from a national endoscopic database found that 

Figure 138.10 Sarin’s classification of gastric varices.
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Figure 138.11 Endoscopic appearance of large isolated gastric varices 
(IGV) type 1 on retroflexed view. Source: Courtesy of Dr Payal Saxena 
and Dr Marcia Canto.

varices were present in 72% of patients with Child–Pugh class 
B or C cirrhosis compared to 43% of patients with Child–Pugh 
A cirrhosis [52]. Furthermore, patients with Child–Pugh B or 
C cirrhosis are more likely to have large varices.

Patients with cirrhosis without GOVs develop them at a rate 
of approximately 8% per year [5,53]. The strongest independent 
predictor for the development of varices is an HVPG >10 mmHg 
[5]. The rate of progression from small to medium or large 
varices in cirrhotic patients is about 10% per year [53]. Factors 
which are associated with the progression from small to large 
varices include Child–Pugh class B or C cirrhosis, alcoholic 
cirrhosis, and the endoscopic presence of red wale marks, which 
are longitudinal dilated venules on the surface of varices [53].
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(described previously) and cherry red spots, which are dilated 
subepithelial veins that appear as discrete flat red spots overly-
ing varices. Hematocystic spots are raised red spots that overlie 
varices and resemble blood blisters (Figure 138.13) [55]. They 
develop when blood from the extrinsic veins of the esophagus 
flows via perforating veins into the more superficial submucosal 
veins [2]. Another important risk factor for the development of 
variceal bleeding is the presence of advanced liver disease, i.e., 
Child–Pugh B or C cirrhosis [54].

Variceal wall tension is the primary factor that determines 
the probability of variceal rupture. Wall tension is directly pro-
portional to transmural pressure and the radius of the blood 
vessel, and inversely proportional to wall thickness (Laplace’s 
law). Transmural pressure is equal to the product of flow rate 
and resistance to flow through the varix. Resistance to flow is 
directly proportional to the length of the vessel and inversely 
proportional to the fourth power of the radius. Thus, long large 
varices with high flow rates and thin walls have the highest risk 
of rupture [4].

In addition, the pressure within a varix is directly related to 
HVPG. Thus, a reduction in HVPG decreases variceal wall 
tension and the risk of variceal rupture [8]. Indeed, patients 
have a low risk of bleeding if the HVPG is less than 12 mmHg 
[6]. The risk of variceal bleeding is markedly diminished if the 
HVPG is reduced to less than 12 mmHg or more than 20% of 
baseline [6].

Mortality and risk of rebleeding
Despite the advances in the management of variceal bleeding 
which have led to a significant decline in mortality over the past 

Predictors of first variceal bleeding
The 1-year incidence of variceal hemorrhage in patients with 
GOVs is about 5%–15% [54]. One of the most important pre-
dictors of first variceal hemorrhage is the size of varices, with 
patients with large varices having the highest risk of hemor-
rhage (15%) [54]. There are also endoscopic features of esopha-
geal varices which have been shown to predict the risk of 
hemorrhage, which are referred to as red signs. The red color 
correlates with blood flow through dilated subepithelial and 
perforating veins [2]. Red signs include red wale marks 

Figure 138.12 Magnetic resonance imaging (MRI) of the abdomen 
showing large fundal varices.

Table 138.2 Modified Child–Turcotte–Pugh score.

Parameter Points

1 2 3

Albumin (g/dL) >3.5 2.8–3.5 <2.8

Prothrombin time

Seconds prolonged <4 4–6 >6

INR <1.7 1.7–2.3 >2.3

Bilirubin (mg/dL) <2 2–3 >3

Ascites Absent Slight Moderate/tense

Encephalopathy None Grade I–II (slight/moderate) Grade III–IV (moderate/severe)

Child–Turcotte–Pugh (CTP) class Points

A 5–6

B 7–9

C 10–15

INR, international normalized ratio.
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from bleeding gastric varices has been estimated to be about 
45% [51].

Primary	prophylaxis	of	variceal	hemorrhage
Primary prophylaxis refers to the prevention of the first episode 
of variceal bleeding in cirrhotic patients at high risk of bleeding. 
The high mortality associated with an episode of acute variceal 
bleeding highlights the importance of the need for primary 
prophylaxis. The risk factors that determine which patients are 
at increased risk for first time variceal bleeding were detailed in 
the previous section, and include patients with large varices, 
varices with red wale marks, and/or advanced cirrhosis. Thus, 
cirrhotic patients can be stratified into two groups according  
to their risk of variceal hemorrhage: (1) high-risk patients,  
i.e., patients with medium/large varices that have red wale signs 
or patients with Child–Pugh B or C cirrhosis; and (2) low-risk 
patients, i.e., patients with small varices without red wale signs 
or occurring in patients with Child–Pugh A cirrhosis [62] . The 
goal of primary prophylaxis is to treat high-risk patients using 
a low-risk, cost-effective approach that reduces the incidence of 
variceal bleeding and the mortality associated with it.

Endoscopic screening
Esophagogastroduodenoscopy (EGD) remains the gold stand-
ard for the diagnosis of varices. The current recommendation is 
for all patients with cirrhosis to undergo an EGD for screening 
for varices at the time of diagnosis [8]. The size of the varices 
and the presence of red wale marks should be assessed. The use 
of esophageal capsule endoscopy has been explored as a less 
invasive method to screen for esophageal varices. Although the 
initial preliminary studies were promising [63,64], larger sub-
sequent studies have shown that the accuracy of capsule endos-
copy in the detection of esophageal varices and red signs is not 
sufficient to replace EGD at the present time [64–67]. In addi-
tion, the lack of an ability to insufflate air hinders the grading 
of esophageal varices [67].

two decades, the in-hospital and 6-week mortality rates associ-
ated with an episode of acute variceal hemorrhage remain sig-
nificant at 15%–20% [56–58]. The mortality is highest among 
patients with Child–Pugh C cirrhosis, with a rate of approxi-
mately 30%. The causes of death in patients who survive the 
acute bleeding episode include sepsis from bacterial peritonitis 
or bacteremia and multiorgan failure including hepatic failure 
and hepatorenal syndrome [57,58]. Furthermore, patients who 
survive an episode of acute variceal bleeding are at high risk of 
rebleeding. About 60% of patients will develop recurrent variceal 
hemorrhage at 1 year [59].

Gastric varices
Gastric varices are less prevalent than esophageal varices in 
patients with portal hypertension, with an estimated prevalence 
of about 5%–33% [8]. Secondary gastric varices may occur after 
the obliteration of esophageal varices. The reported incidence 
of bleeding from gastric varices is approximately 25% in 2 years 
[51]. The risk of bleeding from gastric varies according to loca-
tion. Although GOV1 comprise about 75% of gastric varices, 
they account for only a small proportion of the cases of gastric 
variceal bleeding. Fundal varices appear to have a higher risk of 
bleeding, with an incidence of bleeding that may exceed 50%. 
The highest risk is for IGV1 varices. The important independent 
predictors of bleeding from gastric varices are the size of the 
varix, the endoscopic presence of red spots on the mucosal 
surface of the varix, and Child–Pugh class [60]. Patients with 
large gastric varices, i.e., size greater than 10 mm, and Child–
Pugh class C have the highest risk of bleeding. A significant 
proportion of patients with gastric varices develop bleeding 
with a HVPG <12 mmHg [61]. This is likely due to the high 
prevalence of spontaneous gastrorenal shunts in patients with 
gastric varices. Gastric variceal bleeding is associated with 
increased severity of hemorrhage and a higher mortality com-
pared to esophageal variceal bleeding. Indeed, the mortality 

Figure 138.13 Red signs of esophageal varices which predict the risk of variceal hemorrhage. Cherry red spots are discrete flat red spots that overlie 
varices. Red wale marks are longitunidal dilated venules on the surface of varices.
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In low-risk patients with cirrhosis and small varices, there is 
limited evidence that treatment with nonselective β-blockers 
may slow the progression to large varices [69]. A large multi-
center placebo-controlled single-blinded trial showed that 
administration of nadolol to low-risk patients with cirrhosis 
significantly decreased the risk of growth to large varices, with 
a cumulative risk of growth at 5 years of 20% in patients receiv-
ing nadolol compared to 51% in the placebo group [69]. The 
risk of variceal bleeding was also lower in patients receiving 
nadolol vs placebo. However, the difference in survival between 
the two groups was not statistically significant [69]. Similar to 
the results of other studies, a higher proportion of patients 
receiving nadolol had to discontinue treatment due to adverse 
effects (including hypotension, asthma, and heart failure)  
compared to placebo (11% vs 1%, respectively). Thus, the use  
of β-blockers in low-risk patients with small varices may 
be considered, but further studies are needed to confirm the 
long-term benefits of treatment. Such patients who are not 
started on β-blocker therapy should undergo repeat EGD in 2 
years or at the time of decompensation and annually thereafter 
if they develop decompensated disease [8]. Prophylaxis with 
β-blockers is recommended in high-risk patients with small 
varices [70].

In patients with medium or large varices, there have been 
many trials that have shown that the use of nonselective 
β-blockers significantly reduces the risk of first variceal bleeding 
by approximately 50% compared to placebo [71,72]. A large 
meta-analysis of 11 trials demonstrated that patients with 
medium or large varices who received β-blockers had a risk of 
first variceal hemorrhage of 14% vs 30% in patients who received 
placebo over a median follow-up period of 2 years (Table 138.3a) 
[73]. Furthermore, these trials have shown that treatment with 

Therapeutic options for primary prophylaxis
The current strategies used for primary prophylaxis are treat-
ment with nonselective β-blockers or endoscopic variceal liga-
tion (EVL). The mechanism of action of nonselective β-blockers 
in reducing portal hypertension and preventing variceal bleed-
ing was discussed previously. Therapy is started at a low dose 
and titrated to achieve a resting heart rate of 55–60 beats/min 
or a 25% reduction from baseline heart rate. EVL is a local 
therapy that has no effect on the underlying pathophysiological 
mechanisms that lead to the development of portal hyperten-
sion and variceal bleeding. The technique for EVL involves the 
placement of rubber bands on columns of varices with the goal 
of interrupting blood flow to cause subsequent necrosis of the 
mucosa and submucosa and replacement of the varices by scar 
tissue [9] (Figure 138.14). Thus, GOVs can eventually recur, 
which necessitates close endoscopic surveillance and retreat-
ment if needed [68].

β-blockers  A large multicenter randomized double-blind 
placebo-controlled trial showed that nonselective β-blockade 
therapy (i.e., timolol) was not effective in preventing the devel-
opment of GOVs or variceal hemorrhage in unselected patients 
with cirrhosis and portal hypertension with no varices at base-
line [5]. In addition, there was a higher incidence of serious 
adverse events in patients receiving timolol vs placebo. These 
side effects included bradycardia, severe fatigue, wheezing or 
shortness of breath, and syncope [5]. Thus, the initiation of 
nonselective β-blocker therapy is not recommended in patients 
with cirrhosis who do not have varices [8]. Based on the natural 
history of varices, repeat surveillance endoscopy is recom-
mended in such patients in 3 years in those with compensated 
disease or annually in the setting of decompensated disease [8].

Figure 138.14 Depiction of esophageal variceal banding.
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cases [77,79,80]. Esophageal perforation has also been reported. 
In contrast, there were no fatal side effects among patients who 
received β-blocker therapy, and the majority of side effects 
resolved upon discontinuation of therapy. A small RCT showed 
that a short course of pantoprazole therapy (40 mg i.v. followed 
by 40 mg orally daily for 9 days) after elective EVL significantly 
decreased the size of ligation-induced ulcers, with a trend 
towards a lower risk of bleeding [81]. Thus, short-term proton 
pump inhibitor (PPI) use after EVL can be considered.

Summary  of  advantages  and  disadvantages  of  β-blockers  and 
endoscopic variceal  ligation  The main advantages of nonselec-
tive β-blockers are their low cost and ease of administration. 
Furthermore, they cause a reduction in portal venous pressure, 
which may prevent other complications of cirrhosis and  
portal hypertension, such as bleeding from PHG, ascites, and 
spontaneous bacterial peritonitis [82,83]. In addition, there is 
no need for repeat EGD once a patient is initiated on β-blocker 
therapy. The primary disadvantage is that adverse effects are 
common, as detailed previously. The most common adverse 
effects are fatigue, lightheadedness, and shortness of breath. In 
clinical trials, adverse effects requiring treatment discontinua-
tion occurred in approximately 15% of patients receiving 
β-blockers [78]. Another disadvantage is that prophylactic 
therapy with β-blockers must be continued indefinitely, as there 
is evidence that the risk of variceal bleeding returns once treat-
ment is discontinued which leads to increased mortality [84].

The advantages of EVL include that it can be performed at 
the same time as screening endoscopy. In addition, side effects 
are less frequent with EVL compared to β-blocker therapy. The 
disadvantages include that specific expertise is required to 

β-blockers results in a significant reduction in mortality by 
25%–45% [74,75].

Endoscopic  variceal  ligation  Several RCTs have established the 
efficacy of EVL in the primary prophylaxis of variceal bleeding in 
high-risk patients with medium or large esophageal varices. A 
meta-analysis of five such RCTs showed that prophylactic EVL 
compared to no treatment significantly decreases the risk of first 
variceal bleeding by 64% and mortality by 45% in patients with 
medium or large esophageal varices (Table 138.3a) [76]. The ethics 
of these studies are in question, as patients in the control group were 
not treated despite the recognized efficacy of β-blockers.

There have been many RCTs that have compared EVL to 
nonselective β-blocker therapy (propranolol and nadolol) for 
the treatment of patients with medium or large esophageal 
varices. A recent meta-analysis of 19 RCTs which included 1483 
patients demonstrated that the risk of first variceal hemorrhage 
was significantly lower in the EVL group compared to the group 
receiving β-blockers [77]. However, there were no significant 
differences in bleeding-related mortality or overall mortality 
between the groups. Furthermore, when only high-quality trials 
were taken into account, the difference in the rates of variceal 
bleeding between the two groups was no longer significant. This 
finding is similar to the results of an earlier meta-analysis which 
showed that there was no significant difference in bleeding rates 
when only trials with reported adequate bias control were ana-
lyzed (Table 138.3b) [78]. Meta-analyses have also shown that 
although the frequency of adverse events was lower among 
patients undergoing EVL, the adverse events in this group were 
of increased severity and included bleeding episodes from 
ligation-induced esophageal ulcers which led to death in a few 

Table 138.3a Summary of meta‑analyses for primary prophylaxis of variceal bleeding. Rate of first variceal bleeding for patients receiving β‑blocker or 
endoscopic variceal ligation (EVL) vs control patients.

Authors Number 
of trials

Number of 
patients

Control 
(%)

β-blocker 
(%)

EVL P value

D’Amico et al. (1999) [73] 11 1189 30 14 – <0.05

Imperiale et al. (2001) [76] 5 601 18 – 4% <0.04

Table 138.3b Summary of meta‑analyses for primary prophylaxis of variceal bleeding. Relative risk of first variceal bleeding and overall mortality for patients 
receiving endoscopic variceal ligation (EVL) vs β‑blocker therapy.

Authors Number of trials Number of patients RR for variceal 
bleeding (95% CI)

RR for mortality 
(95% CI)

Gluud et al. [78] 16 1167 0.80 (0.50–1.28)a

0.57 (0.38–0.85)b

1.22 (0.84–1.78) (2007)

1.02 (0.75–1.39)

CI, confidence interval. RR for EVL vs β‑blocker.
a For three trials with adequate bias control.
b For trials with inadequate bias control.
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Therapies	not	recommended	for	primary	prophylaxis
Nitrates
Given about one-third of patients with cirrhosis cannot tolerate 
β-blockers due to contraindications or side effects, nitrates such 
as ISMN have been studied for primary prophylaxis. Their 
mechanism of action in reducing portal hypertension was dis-
cussed previously. Garcia-Pagan et al. conducted a multicenter 
prospective double-blind RCT in which 133 cirrhotics with 
varices and contraindications or intolerance to β-blockers were 
randomized to receive ISMN vs placebo [88]. There were no 
significant differences in the rates of variceal bleeding at 1 year 
and 2 years or any difference in survival between the two groups. 
Another study comparing ISMN to propranolol showed that 
patients older than 50 years of age receiving ISMN had a higher 
mortality in long-term follow-up [89]. Therefore, the use of 
nitrates alone is not recommended in cirrhotic patients.

Combination therapies
The combination of nonselective β-blockers and ISMN has been 
studied for primary prophylaxis given their synergistic effects 
in reducing portal pressure. Merkel et al. performed a non-
blinded RCT which showed that the addition of ISMN to 
nadolol significantly reduced the rate of first variceal bleeding 
in patients with cirrhosis and varices after a median follow-up 
of 30 months, with no difference in survival [90]. Long-term 
follow-up of these patients confirmed that this beneficial effect 
was still seen after 7 years [91]. However, a subsequent larger 
multicenter prospective double-blind RCT which compared 
combination therapy with propranolol and ISMN to propranolol 
and placebo found that there were no significant differences in 

perform EVL. Furthermore, repeat EGD must be performed 
every 2–4 weeks until obliteration of varices occur. Surveillance 
EGD is then recommended 1–3 months after obliteration and 
then every 6–12 months to monitor for recurrence of varices 
[8]. Endoscopy is also associated with a higher cost compared 
to β-blocker therapy. The risks include that of the endoscopic 
procedure and administration of sedation. Finally, the severity 
of side effects is greater with EVL and includes the risk of bleed-
ing from EVL-induced esophageal ulcers and possibly death as 
well as esophageal perforation. Less severe side effects include 
chest pain and transient dysphagia.

Recommendations and future directions  Current evidence sug-
gests that either nonselective β-blockers or EVL are effective in 
the primary prophylaxis of variceal hemorrhage in patients with 
medium or large varices. The decision on which treatment to 
use should be based on local resources, expertise, and patient 
preference [8]. EVL should be considered in patients who have 
contraindications to β-blockers or are intolerant of them due to 
side effects. Recent evidence has shown that the nonselective 
β-blocker carvedilol, which has weak vasodilating properties 
due to anti-α1-adrenergic activity, is effective in the primary 
prophylaxis of variceal hemorrhage in such patients. An RCT 
of carvedilol versus EVL showed that cirrhotic patients with 
medium or large varices receiving carvedilol had a significantly 
lower rate of first variceal bleed (10% vs 23%), with no differ-
ences in bleeding-related mortality or overall mortality [41]. 
Another recent study showed that the use of carvedilol in 
patients with esophageal varices who were nonresponders to 
propranolol therapy resulted in a greater decrease in HVPG 
with significantly lower bleeding rates and lower mortality com-
pared to the propranolol or EVL groups [85]. Thus, carvedilol 
appears to be a promising new drug for the primary prophylaxis 
of variceal hemorrhage, but further studies are needed before 
its widespread use can be recommended.

The routine use of HVPG measurement in primary prophy-
laxis to assess the hemodynamic response to β-blocker therapy 
has been proposed as a method to identify nonresponders who 
are at higher risk of variceal hemorrhage. The rationale arises 
from studies that have shown that patients with a good hemo-
dynamic response to medical therapy, defined as a reduction in 
HVPG to ≤12 mmHg or by ≥20% of baseline, have a signifi-
cantly decreased risk of variceal bleeding, compared to patients 
with a poor response [86,87]. However, the invasive nature of 
this approach, the need for specific expertise, and its cost may 
prohibit its use in routine clinical practice. Thus, there is a need 
for the development of less invasive, less expensive methods for 
the measurement of portal pressure, which will help guide the 
treatment approach in primary prophylaxis.

The algorithm for primary prophylaxis of variceal hemor-
rhage in cirrhotic patients with esophageal varices is illustrated 
in Figure 138.15. The doses of β-blockers, therapeutic goals, and 
follow-up and maintenance recommended for each strategy are 
summarized in Table 138.4.

Figure 138.15 Algorithm for primary prophylaxis of esophageal variceal 
bleeding. F ratings – see Figure 138.9. EGD, esophagogastroduodenscopy; 
EVL, endoscopic variceal ligation; HR, heart rate.
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the rates of variceal bleeding or survival at 1 and 2 years [92]. 
Furthermore, there was a higher rate of adverse effects in the 
group receiving combination therapy due to the increased inci-
dence of headache. Thus, the combination of a nonselective 
β-blocker and ISMN is not recommended as primary prophy-
laxis, but can be considered in patients who require a dose 
reduction of β-blocker due to side effects [8].

The combination of nonselective β-blocker therapy and EVL 
for primary prophylaxis was evaluated in an RCT in patients 
with high-risk varices [93]. This showed that there were no dif-
ferences in the risk of first variceal hemorrhage or mortality 
between patients who received treatment with both EVL and 
propranolol compared to EVL alone. Although the risk of recur-
rence of varices was lower in the group who received combina-
tion therapy, this group also had a higher incidence of side 
effects. Such combination therapy is thus not recommended for 
primary prophylaxis.

Portosystemic shunts
In the era before the advent of endoscopy, a number of trials of 
surgical shunts were performed for the primary prophylaxis of 
variceal hemorrhage. These trials showed that although surgical 
shunts were quite effective in the prevention of first variceal 
hemorrhage, they were associated with a higher incidence of 
hepatic encephalopathy and mortality [74]. Thus, prophylactic 
shunt surgery is not recommended for primary prophylaxis of 
variceal hemorrhage. Transjugular intrahepatic portosystemic 
shunt (TIPS) has not been studied for primary prophylaxis, but 
given that the physiology is similar to surgical shunts, it is also 
not recommended for primary prophylaxis [94].

Sclerotherapy
Endoscopic sclerotherapy is a local therapy to obliterate varices by 
the injection of sclerosing substances into varices which cause 
vascular thrombosis and endothelial damage that leads to scarring. 
The most commonly used sclerosants are ethanol, the synthetic 

Table 138.4 Management strategies for primary prophylaxis of variceal bleeding.

Therapy Starting dose Therapeutic goal Follow-up/maintenance

β-blockers
Propranolol 20 mg orally twice daily

Adjust every 2–3 days until therapeutic goal achieved

Maximal daily dose 320 mg

Maximum tolerated dose

Goal HR <55–60 beats/min or 
25% reduction from baseline

Continue indefinitely

No need for follow‑up 
EGD

Nadolol 40 mg orally daily

Adjust every 2–3 days until therapeutic goal achieved

Maximal daily dose 160 mg

As for propranolol As for propranolol

EVL Every 2–4 weeks until obliteration of varices Obliteration of varices First surveillance EGD 1–3 
months after obliteration 
and then every 6–12 
months subsequently

EGD, esophagogastroduodenoscopy; EVL, endoscopic variceal ligation; HR, heart rate.

chemical sodium tetradecyl sulfate, and the fatty acid derivatives 
sodium morrhuate and ethanolamine oleate. The performance of 
sclerotherapy requires a skilled endoscopist and is associated with 
serious complications in 10%–20% of patients [73]. The use of 
sclerotherapy has been studied for primary prophylaxis. Although 
early studies showed promising results, later studies did not find a 
benefit [74,95]. A large randomized multicenter clinical trial found 
a significantly higher mortality in patients receiving prophylactic 
sclerotherapy vs sham therapy despite a decrease in the rate of 
variceal hemorrhage, which required early termination of the study 
[96]. Hence, sclerotherapy is not recommended for the primary 
prevention of variceal hemorrhage.

Primary	prophylaxis	for	gastric	varices
Based on the studies for variceal hemorrhage due to esophageal 
varices, it is recommended that all patients with large gastric 
varices receive treatment with nonselective β-blockers as 
primary prophylaxis. There has been only one RCT that has 
assessed primary prophylaxis strategies for gastric varices which 
included 89 patients [97]. This study showed that patients with 
large gastric fundal varices (IVG1 and GOV2 with eradicated 
esophageal varices) who received endoscopic cyanoacrylate 
injection had a significantly lower incidence of variceal bleeding 
(13%) compared to patients who received β-blockers (28%) or 
no treatment (45%) over a median follow-up period of approxi-
mately 2 years. In addition, patients who underwent cyanoacr-
ylate injection had increased survival compared to those who 
received no treatment (90% vs 72%, P = 0.048). There were no 
differences in the frequency of complications among the three 
groups. Larger RCTs are needed to confirm these results before 
the use of cyanoacrylate injection can be formally recom-
mended for primary prophylaxis.

Management	of	acute	variceal	hemorrhage
Acute variceal hemorrhage is a medical emergency that requires 
optimal management to prevent mortality. Over the past two 
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cirrhosis and gastrointestinal bleeding, independent of the pres-
ence of ascites, has been found to significantly decrease the rate 
of bacterial infections as well as increase the survival rate [104]. 
A randomized trial showed that a 7-day course of prophylactic 
antibiotics in patients with acute variceal bleeding decreased the 
risk of bacterial infections as well as early rebleeding compared 
to those who received antibiotics only when an infection became 
evident [105]. Thus, antibiotic prophylaxis is recommended for 
all patients with cirrhosis who present with acute variceal bleed-
ing and should be initiated upon admission to hospital [70]. The 
antibiotic of choice is norfloxacin 400 mg twice daily for 7 days 
[106]. However, a more recent study showed that in patients 
with advanced cirrhosis and gastrointestinal hemorrhage, intra-
venous ceftriaxone was more effective than oral norfloxacin in 
preventing bacterial infections, although no difference in hos-
pital mortality was seen [107]. Of the seven Gram-negative 
bacilli isolated in the norfloxacin group, six were found to be 
quinolone resistant. Hence, ceftriaxone should be used for 
prophylaxis in patients with advanced cirrhosis, especially if 
they are receiving quinolone prophylaxis for SBP.

Pharmacological therapy
The advantages of pharmacological therapy are that it can be 
initiated as soon as variceal bleeding is suspected, even before 
upper endoscopy is performed, as it does not require any special 
expertise for administration. Vasoactive drugs that cause 
splanchnic vasoconstriction and thus decrease portal venous 
flow and pressure are the mainstay of treatment. These include 
vasopressin and its analog terlipressin and somatostatin and its 
analogs, octreotide and vapreotide. Only vasopressin and octre-
otide are currently available for use in the US, and octreotide is 
considered the only safe vasoactive agent for the treatment of 
acute variceal hemorrhage due to the increased frequency and 
severity of side effects associated with vasopressin use. A 
meta-analysis of 30 RCTs including 3111 patients demonstrated 
that the use of vasoactive medications is significantly associated 
with decreased acute mortality, lower blood transfusion require-
ments, shorter duration of hospital stay, and increased control 
of bleeding compared to placebo [108]. There appears to be no 
significant differences among the different vasoactive agents in 
the control of hemorrhage or early rebleeding based on the 
results of meta-analyses [108,109]. Vasoactive drugs have been 
shown to improve the efficacy of endoscopic therapy (sclero-
therapy or band ligation) in obtaining control of hemorrhage 
compared to endoscopic therapy alone [110,111].

Vasopressin is a peptide hormone that is a potent splanchnic 
vasoconstrictor. Its clinical utility is limited by serious side 
effects which result from nonselective arterial vasoconstriction, 
including bowel ischemia, myocardial ischemia, hypertension, 
left heart failure, and arrhythmias. Because of its poor safety 
profile and the availability of safer alternatives, vasopressin is 
not recommended in the management of acute variceal bleed-
ing. Terlipressin is a synthetic analog of vasopressin which  
is longer acting and has fewer side and less severe effects  

decades, there have been significant advances in the manage-
ment of variceal bleeding that have resulted in a decrease in 
mortality from approximately 40%–50% to 15%–20% [57,58]. 
These advances include the use of short-term antibiotic prophy-
laxis, vasoactive drugs, endoscopic treatment with variceal liga-
tion and sclerotherapy, and TIPS. The current recommended 
management strategies for acute variceal bleeding and the sup-
portive evidence for them are detailed in the following sections. 
The general management is centered on the goals of resuscita-
tion, specific treatment to control acute hemorrhage, and the 
prevention of early rebleeding that is defined as any bleeding 
that occurs after initial hemostasis is achieved in the time period 
from 48 h up to 6 weeks. The incidence of early rebleeding is 
approximately 30%–40%, with the highest risk occurring in the 
first 5 days [98].

Resuscitation and initial management
Patients with suspected acute variceal bleeding require admis-
sion to an intensive care unit for resuscitation and management. 
Resuscitation is centered on the basic medical principles of estab-
lishing airway, breathing, and circulation. Patients with active 
hematemesis or altered mental status due to hepatic encepha-
lopathy should be intubated for airway protection to decrease the 
risk of aspiration, which is a significant cause of morbidity and 
mortality in patients. Volume resuscitation should be performed 
promptly to achieve hemodynamic stability and protect the func-
tion of vital organs such as the kidneys. The ideal fluid of choice 
for resuscitation is blood, but crystalloids may be used for imme-
diate resuscitation until blood product becomes available. Blood 
transfusion should be performed conservatively to achieve a 
target hemoglobin level of 7–8 g/dL [70], as experimental evi-
dence has shown that excessive blood volume restitution 
increases portal pressure and thus leads to increased bleeding 
and mortality [99,100]. Similarly, aggressive resuscitation with 
crystalloids should be avoided. The target hemoglobin may be 
higher in patients with ischemic heart disease or rapid ongoing 
hemorrhage with hemodynamic instability.

Transfusion of fresh frozen plasma or platelets can be consid-
ered in patients with significant coagulopathy or thrombocyto-
penia, but no formal studies have assessed this. An RCT of 
recombinant factor VIIa in patients with advanced cirrhosis and 
active variceal bleeding did not show any differences in the rates 
of failure to control 24-h bleeding or failure to prevent rebleed-
ing or death at day 5 compared to placebo [101].

Antibiotic prophylaxis
Cirrhotic patients with upper gastrointestinal hemorrhage have 
been shown to have a high prevalence of bacterial infections 
including spontaneous bacterial peritonitis (SBP), bacteremia, 
pneumonia, and urinary tract infections [102]. Studies have 
demonstrated that the presence of bacterial infection is an inde-
pendent prognostic factor of the failure to control bleeding as 
well as early rebleeding in acute variceal hemorrhage [102,103]. 
The use of short-term prophylactic antibiotics in patients with 
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reduction [123]. Studies of the efficacy of octreotide have yielded 
conflicting results, perhaps in part due to the phenomenon of 
desensitization which can occur rapidly. A meta-analysis of 13 
trials showed that the addition of octreotide improves the control 
of bleeding in patients receiving initial endoscopic therapy (scle-
rotherapy or EVL) compared to placebo, with a similar side effect 
profile. In addition, fewer complications were seen in patients 
receiving octreotide vs vasopressin or terlipressin. Thus, octre-
otide appears to be beneficial as an adjunct to endoscopic therapy 
in the control of variceal bleeding [118]. Vapreotide is another 
analog of somatostatin which has been shown to be efficacious 
in controlling varical hemorrhage. The importance of early 
administration of vasoactive drugs was illustrated by a rand-
omized double-blind trial which showed that administration of 
vapreotide (50 μg i.v. bolus followed by a continuous infusion of 
50 μg/h for 5 days) before endoscopic treatment to patients with 
cirrhosis presenting with acute upper gastrointestinal hemor-
rhage resulted in a significant reduction in the rates of active 
bleeding seen at endoscopy and increased control of bleeding 
and survival at 5 days compared to placebo [124]. Furthermore, 
patients in the vapreotide group received significantly fewer 
blood transfusions. Thus, patients with suspected variceal hem-
orrhage should have vasoactive drug therapy initiated promptly 
as they are being resuscitated. Vasoactive drug therapy should be 
continued for 5 days after the bleeding episode. Table 138.5 sum-
marizes the pharmacological therapy used in the management 
of acute variceal hemorrhage.

compared to vasopressin or the combination of vasopressin and 
nitroglycerin [112,113]. It is given in bolus i.v. injections at 
doses of 2 mg every 4 h for up to 48 h. After initial control of 
bleeding is achieved, the dose is decreased to 1 mg every 4 h and 
continued as maintenance treatment for 5 days. Terlipressin is 
the only vasoactive agent which has been shown to reduce mor-
tality in acute variceal bleeding. A double-blind randomized 
trial showed that early administration of terlipressin to patients 
with cirrhosis and gastrointestinal bleeding resulted in improved 
control of bleeding and decreased bleeding-related mortality 
rates at 15 and 42 days compared to placebo [114]. A subsequent 
meta-analysis of RCTs of terlipressin use in acute variceal hem-
orrhage showed a 34% relative risk reduction in overall mortal-
ity compared to placebo [113]. The use of terlipressin also 
significantly reduced the risk of failure of initial hemostasis and 
the number of procedures per patient required for uncontrolled 
bleeding or rebleeding. Severe side effects occur in about 2%– 
4% of patients receiving terlipressin and include arrhythmias, 
angina, and limb ischemia [113,115].

Somatostatin and its analogs cause splanchnic vasoconstric-
tion by a direct effect on vascular smooth muscle and also by 
inhibiting the release of vasoactive hormones such as glucagon 
[116]. A recent meta-analysis including 21 trials and 2588 
patients comparing somatostatin and its analogs to placebo or 
no treatment found that the use of these drugs was associated 
with a small reduction in the need for blood transfusion and a 
decreased risk of failing initial hemostasis [117]. Another 
meta-analysis of 8 trials showed that the addition of pharmaco-
logical therapy with somatostatin or its analogs to endoscopic 
therapy (sclerotherapy or EVL) increased the ability to achieve 
initial control of bleeding and 5-day hemostasis compared to 
endoscopic therapy alone, with no differences in mortality or 
the frequency of severe adverse events [111]. A major advantage 
of somatostain and its analogs is that they have an excellent 
safety profile and have fewer side effects than terlipressin and 
vasopressin [118–120]. The side effects which are usually mild 
include sinus bradycardia, hyperglycemia, diarrhea, and 
abdominal cramping. Thus they can be used as a continuous 
infusion for 5 days or even longer. Somatostatin treatment 
(250 μg bolus injection followed by a continuous i.v. infusion at 
250 μg/h) has been shown to result in a sustained decrease in 
HVPG in cirrhotic patients with acute variceal bleeding and 
prevent the rise in HVPG that occurs in response to a meal or 
blood transfusions [121]. The bolus injection can be repeated in 
the first hour if bleeding is uncontrolled. A higher dose of con-
tinuous infusion (500 μg/h) should be considered in patients 
found to have active bleeding at endoscopy, as it is associated 
with increased control of bleeding and improved survival com-
pared to standard dosing [122].

Octreotide is a synthetic somatostatin analog that has a longer 
half-life than somatostatin. It is generally administered as a 50 μg 
i.v. bolus followed by a continuous infusion of 50 μg/h for 5 days. 
Unlike somatostatin, octreotide infusion does not cause a sus-
tained decrease in portal pressure, but results in a transient 

Table 138.5 Pharmacological therapy for management of acute variceal 
hemorrhage.

Drug Standard dosing Mechanism of 
action

Somatostatina Initial 250 μg i.v. bolus 
followed by continuous 
infusion of 250–500 μg/h 
(bolus can be repeated in 
the first hour if bleeding 
uncontrolled)

Splanchnic 
vasoconstriction

Inhibition of 
release of 
vasodilator 
hormones (e.g., 
glucagon)

Somatostatin 
analogs
Octreotide

Vapreotidea

Initial 50 μg i.v. bolus 
followed by continuous 
infusion of 50 μg/h (bolus 
can be repeated in the first 
hour if bleeding 
uncontrolled)

Initial 50 μg i.v. bolus 
followed by continuous 
infusion of 50 μg/h

Same as 
somatostatin, 
longer duration 
of action

Terlipressina 
(vasopressin 
analog)

2 mg i.v. every 4 h for first 
48 h followed by 1 mg i.v. 
every 4 h

Splanchnic 
vasoconstriction

a Not available for use in the US.
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is an integral part of management as it is decreases the incidence 
of bacterial infections, early rebleeding, and mortality.

Salvage	therapy	for	patients	with	treatment	failure
Despite appropriate pharmacological and endoscopic therapy, 
failure to control bleeding occurs in about 10%–20% of patients 
with acute variceal hemorrhage. Studies have shown that the 
main predictors of failure are Child–Pugh class C disease, 
HVPG >20 mmHg, and active bleeding at endoscopy [130–
132]. Patients with failure to control bleeding have a high risk 
of exsanguination and the development of complications related 
to active hemorrhage [4]. If the patient is stable, a second 
attempt to achieve endoscopic hemostasis may be performed. 
However, if this is unsuccessful or the bleeding is severe, more 
definitive therapy should be pursued immediately.

Balloon tamponade is a highly effective method of achieving 
short-term hemostasis in acute variceal bleeding. Immediate 
control of bleeding is achieved in over 80% of patients [133]. 
However, the rebleeding rate is very high once the balloon is 
deflated. In addition, it is associated with frequent and serious 
complications including aspiration, migration, and esophageal 
necrosis or perforation, with mortality rates as high as 20% [8]. 
Endotracheal intubation should be performed in all patients for 
airway protection prior to balloon tamponade. Balloon tam-
ponade should not be applied for more than 24 h consecutively 
to avoid the risk of ischemic mucosal ulceration. Thus, the use 
of balloon tamponade should be restricted to patients with 
massive bleeding as a temporary bridge to more definitive treat-
ment within 24 h of placement, i.e., endoscopic therapy or shunt 
therapy. Recently, there have been several studies that have 
described an innovative approach using removable covered  

Endoscopic therapy
Patients with cirrhosis and suspected variceal bleeding should 
undergo upper endoscopy as soon as safely possible after admis-
sion (i.e., within 12 h) to confirm the diagnosis and perform 
endoscopic therapy [125]. The diagnosis of variceal bleeding is 
confirmed if one of the following signs is observed during 
endoscopy: (1) active bleeding (i.e., spurting or oozing of blood) 
from a varix; (2) white nipple sign or clot adherent to a varix; 
or (3) the presence of varices without other potential sources of 
bleeding [98]. Both sclerotherapy and EVL are effective in 
achieving initial control of bleeding in about 75%–90% patients 
with variceal bleeding [126,127]. EVL is now the preferred treat-
ment of choice for esophageal variceal bleeding, as randomized 
trials have shown that it is associated with decreased rebleeding 
rates, mortality, bleeding-related mortality, and fewer complica-
tions compared to sclerotherapy [126,128,129]. In addition,  
the number of endoscopic treatment sessions required to 
achieve variceal obliteration has been found to be lower with 
EVL [126,128]. A study demonstrated that although both  
EVL and sclerotherapy produced an increase in HVPG imme-
diately after treatment in patients with cirrhosis and bleeding 
esophageal varices, HVPG returned to baseline within 48 h in 
patients who underwent EVL but remained persistently ele-
vated during the 5-day period of the study in patients who 
underwent sclerotherapy [7]. This correlated with a higher rate 
of rebleeding in the sclerotherapy group. An RCT including 179 
patients showed that the use of EVL vs sclerotherapy as emer-
gency endoscopic therapy added to pharmacological therapy 
with somatostatin significantly improved the efficacy and safety 
of treatment, with a lower incidence of therapeutic failure (10% 
vs 24%, P  =  0.02), failure to control bleeding (4% vs 15%, 
P = 0.02), and serious side effects (4% vs 13%, P = 0.01) [56]. 
Furthermore, the 6-week probability of survival without  
therapeutic failure was higher in the EVL group (83% vs 67%, 
P = 0.01).

The risks of endoscopic therapy during acute variceal bleed-
ing include the usual risks of upper endoscopy, with an increased 
risk of aspiration due to active bleeding. Studies have shown that 
sclerotherapy is associated with serious complications in 
10%–20% of patients, with an overall mortality of 2% [73]. 
Complications include the development of esophageal stric-
tures, bleeding from treatment-induced esophageal ulcers, aspi-
ration pneumonia, bacterial peritonitis, and sepsis. Table 138.6 
summarizes the complications that can occur with the endo-
scopic treatment of varices.

Summary	and	recommendations
The first-line treatment for acute variceal hemorrhage is the 
combination of vasoactive drugs, started prior to upper endos-
copy, and emergency endoscopic therapy. The endoscopic 
therapy of choice is EVL, as it is associated with increased thera-
peutic efficacy with fewer serious side effects compared to scle-
rotherapy. Sclerotherapy may be used in the acute setting if EVL 
is technically difficult [125]. Short-term antibiotic management 

Table 138.6 Complications of endoscopic treatment of varices.

Treatment Common 
complications

Uncommon 
complications

Sclerotherapy Retrosternal chest 
pain

Esophageal perforation

Ulcers Bacterial peritonitis/sepsisa

Bleeding from ulcers Motility disorder

Mediastinitis Portal/mesenteric vein 
thrombosis

Transient dysphagia Aspiration pneumoniaa

Strictureb Pleural effusion

Band ligation Retrosternal chest 
pain

Stricture

Ulcers Perforation

Transient dysphagia Aspiration pneumoniaa

Bacterial peritonitis/sepsisa

Bleeding from ulcers

a More common in acute variceal bleeding.
b Late complication.
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is similar to the strategy for esophageal variceal bleeding. 
Specifically, volume resuscitation using a restrictive transfusion 
policy, the use of short-term prophylactic antibiotics, and the 
early administration of vasoactive drugs are recommended. 
About 40% of patients with bleeding from IGV1 varices who 
receive treatment with vasoactive drugs only will require rescue 
therapy with TIPS to achieve control of bleeding [144]. Thus, 
the combination of vasoactive drugs with endoscopic therapy is 
recommended.

self-expanding metal esophageal stents to achieve hemostasis in 
patients with uncontrolled variceal bleeding as a safer alterna-
tive to balloon tamponade [134–136]. These small preliminary 
studies have shown that the deployment of such stents in the 
lower esophagus is highly effective in achieving immediate 
hemostasis and is associated with fewer complications despite 
use for periods of time up to 14 days. In addition, new stents 
have been devised that allow placement without the use of  
radiographic or endoscopic guidance [134]. Further studies 
with larger numbers of patients are needed to confirm these 
findings.

Shunt therapy with TIPS or shunt surgery is highly effective 
in achieving control of variceal bleeding in patients who have 
failed pharmacological and endoscopic therapy. TIPS is a radio-
logical procedure in which a stent is placed between the portal 
vein and the hepatic vein to relieve portal hypertension (Figure 
138.16). Studies have shown that salvage TIPS or surgical shunt 
therapy is successful in achieving hemostasis in over 90% of 
patients [137–140]. A recent landmark study showed that the 
early use of TIPS (within 72 h after endoscopy) in patients at 
high risk of treatment failure who had been treated with vasoac-
tive drugs and EVL was associated with a significant reduction 
in the failure to control bleeding, rebleeding, and mortality, 
compared to standard therapy [141]. The main complications of 
shunt therapy are the development of hepatic encephalopathy 
or worsening liver function. The incidence of new or worsening 
hepatic encephalopathy post-TIPS is approximately 20%–30% 
[142]. A meta-analysis showed that nonselective surgical shunts 
were more effective than endoscopic therapy in achieving 
control of acute hemorrhage at the expense of higher mortality 
rates of 31%–77% [74]. TIPS is preferred over surgical therapy 
in patients with Child–Pugh class B or C cirrhosis given the 
excessive mortality associated with surgical intervention. The 
mortality associated with salvage TIPS remains high, with an 
estimated 30-day mortality of 25%–50% [137] and a 1-year 
mortality of 50% [138]. This reflects the fact that the majority 
of patients in whom failure to control bleeding occurs have 
advanced liver disease.

Surgical intervention is now rarely performed as salvage 
therapy for the control of acute variceal bleeding. Its use should 
be reserved for patients with Child–Pugh class A cirrhosis or 
patients with an anatomical preclusion to TIPS such as complete 
portal vein thrombosis. The options for surgical shunts include 
nonselective surgical shunts (portocaval or mesocaval shunts) 
or the selective distal splenorenal shunt (Figure 138.17). The 
distal splenorenal shunt is associated with lower rates of hepatic 
encephalopathy but requires more operating time which makes 
it less suitable as an emergency surgery [143].

Gastric varices

Although no studies have specifically evaluated this, the initial 
management of patients with acute gastric variceal bleeding  

Figure 138.16 Schematic showing the technique of transjugular 
intrahepatic portosystemic shunt (TIPS).
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in achieving variceal obliteration in a shorter period of time. 
Two RCTs have compared cyanoacrylate injection to banding 
ligation in acute gastric variceal bleeding. The first trial which 
included 60 patients showed that the cyanoacrylate group had 
a significantly higher rate of initial hemostasis compared to the 
EVL group (87% vs 45%, P  =  0.03), with a decreased rate of 
rebleeding (31% vs 54%, P  =  0.0005). The rate of significant 
complications was also lower in the cyanoacrylate group (19% 
vs 38%, P < 0.05), including the frequency of treatment-induced 
ulcer bleeding (28% vs 7%, P = 0.03). The second study of 97 
patients showed that both treatments were equally effective in 
controlling active bleeding, but rebleeding rates were lower in 
the cyanoacrylate group compared to EVL (22% vs 44%, 
P = 0.044) over a follow-up period of 1.6–1.8 years [152].

One of the most feared complications of gastric variceal obtu-
ration using cyanoacrylate is the development of thromboem-
bolic phenomena including splenic, renal, pulmonary, cerebral, 
spinal, and coronary emboli [154,155]. These are rare occur-
rences which may lead to infarction and/or septic complica-
tions, and possibly death. A recent retrospective review of 753 
patients with gastric variceal hemorrhage who received N-butyl-
2-cyanoacrylate for EVO found that distal embolism occurred 
in 5 patients (0.7%) [156]. Other complications included 

The data on the management of gastric variceal bleeding are 
much more limited than that for esophageal varices, due to the 
lack of large RCTs and the heterogeneity of studies which 
include patients with various types of gastric varices. Thus, the 
optimal strategy for management remains to be determined. 
Endoscopic variceal obturation (EVO) with tissue adhesives 
such as N-butyl-2-cyanoacrylate (Histoacryl) has emerged as 
the treatment of choice for acute gastric variceal bleeding. 
N-butyl-2-cyanoacrylate is a monomer in liquid form that 
polymerizes upon contact with blood, solidifying within the 
varix instantly and leading to hemostasis. In the majority of 
cases, the glue cast will extrude into the stomach lumen within 
weeks to months after injection [145].

A large number of case series have established that N-butyl-
2-cyanoacrylate is effective in achieving hemostasis in greater 
than 90% of patients with bleeding from gastric varices [146–
149]. Cyanoacrylate injection has been shown to have increased 
hemostasis rates and lower rebleeding rates compared to both 
sclerotherapy and EVL [150–153]. A small RCT showed that in 
patients with bleeding from IGVs, injection with N-butyl-2-
cyanoacrylate achieved initial hemostasis in 89% of patients 
compared to 62% of those who received sclerotherapy with 
ethanol [150]. The use of cyanoacrylate was also more effective 

Figure 138.17 Various types of shunt surgeries used for the management of portal hypertension.
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this standardized technique and regimen showed that initial 
hemostasis and variceal obliteration was achieved in 100% of 
patients, with no occurrence of early rebleeding, procedure-
related complications, or bleeding-related deaths. The cumula-
tive rebleeding-free rates at 1, 3, and 5 years were 94.5%, 89.3%, 
and 82.9%, respectively.

The use of endoscopic ultrasonography (EUS) and Doppler 
imaging to guide the treatment of gastric varices with cyanoacr-
ylate injection has also been studied as a method to increase the 
effectiveness and safety of treatment (Figures 138.18,  138.19, 
138.20, 138.21, and 138.22). A pilot study of five patients showed 
that EUS-guided injection of cyanoacrylate into the perforating 
veins feeding gastric varices was successful in eradicating gastric 
varices in all patients, without recurrent bleeding or any 
procedure-related complications observed during the mean 
follow-up period of 10 months [159]. A more recent pilot study 
evaluated the outcomes of transesophageal EUS-guided therapy 
with combined coiling and cyanoacrylate injection in 30 patients 
with bleeding from large gastric fundal varices [160]. It was 
theorized that coils with attached synthetic fibers would func-
tion as a scaffold to retain cyanoacrylate within the varix, thus 
increasing efficacy and reducing the risk of embolization. 
Immediate injection of 1 mL 2-octyl-cyanoacrylate was per-
formed after a coil was delivered into a varix. Color Doppler 
was used to evaluate the flow in the varix after treatment. If 
persistent flow was identified, further treatment was applied. 
Immediate hemostasis was achieved in the two patients with 
active bleeding at the time of endoscopy. Complete obliteration 
of varices was found at follow-up endoscopy after a single treat-
ment session in 96% of patients. The mean volume of cyanoacr-
ylate injected was 1.4 mL per varix. Rebleeding from gastric 
varices occurred in only one patient, which was successfully 

rebleeding due to early-onset extrusion of the glue cast (4.4%), 
sepsis (1.3%), gastric ulcer formation (0.1%), major gastric 
variceal bleeding (0.1%), and mesenteric hematoma associated 
with hemoperitoneum and bacterial peritonitis (0.1%). Three 
patients died from sepsis and one from rebleeding after glue cast 
extrusion, with an overall complication-related mortality of 
0.53%. Other studies have reported a higher incidence of distal 
embolism of 2%–3% [157,158].

A standardized injection technique and regimen for the treat-
ment of gastric fundal varices using cyanoacrylate has been 
proposed to minimize the risk of complications and rebleeding 
[159]. The first step involves dilution of 0.5 mL of N-butyl-
cyanoacrylate with 0.8 mL of lipiodol. Dilution with lipiodol is 
necessary to prevent early glue polymerization from occurring 
which may result in entrapment of the needle in the varix. 
Conversely, overdilution prolongs the polymerization process 
and increases the risk of embolism. Also, the volume of the glue 
mixture is limited to 1.0 mL per injection to minimize the risk 
of embolism. Repeat intravariceal injections of 1.0 mL are per-
formed until hemostasis is achieved. Next, complete oblitera-
tion of all tributaries of the fundal varix is performed to prevent 
early recurrent bleeding. As mucosal necrosis may develop 
around the site of injection several days after treatment, rebleed-
ing may occur from the remaining patent varix if complete 
obliteration is not achieved. The adequacy of variceal oblitera-
tion is assessed by probing the treated varix with the tip of the 
injection catheter. Complete obliteration is indicated by a firm 
consistency of the varix. If the varix remains soft, repeat treat-
ment is applied. Repeat EGD is performed 4 days later to 
confirm obliteration of all visible varices, with further cyanoacr-
ylate injection if needed to achieve this. A study of 131 patients 
with bleeding fundal varices who underwent obliteration using 

Figure 138.18 Endoscopic ultrasound revealing large gastric varix with color Doppler imaging showing high volume blood flow. Source: Courtesy of Dr 
Payal Saxena and Dr Marcia Canto.
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thrombin is between 1500 and 2000 U. Uncontrolled studies 
have shown that thrombin is effective in achieving initial 
hemostasis in 70%–100% of patients with gastric variceal bleed-
ing, with rebleeding rates of 0–50% [161–164]. However, no 
RCTs of thrombin injection for the treatment of gastric variceal 
bleeding have been performed. Further studies are needed 
before its widespread use can be recommended.

A hemostatic powder has recently been shown to be effective 
in the management of nonvariceal upper gastrointestinal bleed-
ing due to peptic ulcer disease, cancer-related bleeding, and 
arterial bleeding [165–167]. Two case reports have described 
the successful use of hemostatic powder to achieve control of 
gastric variceal bleeding, including a case of refractory bleeding 
[166,168]. A prospective pilot study of nine patients with acute 
variceal bleeding from esophageal varices demonstrated that the 
application of hemostatic powder from the cardia to 15 cm 
above GEJ resulted in hemostasis in all patients, with no rebleed-
ing observed in any patients within 24 h and no mortality within 
a 15-day follow-up period [169]. Thus, larger RCTs are needed 
to determine the role and efficacy of hemostatic powder in the 
management of acute variceal bleeding, as primary therapy or 
rescue therapy for refractory or severe bleeding.

A major limitation of the use of tissue adhesives for gastric 
variceal obliteration is that they are not widely available. Indeed, 
tissue adhesives such as cyanoacrylate are not approved by the 
US Food and Drug Administration for use in the treatment of 
gastric varices. If tissue adhesives are not available, EVL can be 
performed for the treatment of GOV1, as they are a continua-
tion of esophageal varices and share the same vascular anatomy.

In patients with massive gastric variceal bleeding with  
hemodynamic instability, balloon tamponade can be used as a  

treated with a second session. There were no procedure-related 
complications. Thus, EUS-guided therapy appears to be a  
promising new treatment strategy for gastric variceal bleeding. 
However, further studies are needed to compare its efficacy and 
safety to standard treatment with cyanoacrylate injection alone.

Thrombin is an alternative agent that can be used to achieve 
EVO. Thrombin converts fibrinogen to a fibrin clot in the gastric 
varix and causes hemostasis. Bovine thrombin is no longer used 
due to the concern for possible prion transmission and has been 
replaced by human thrombin. The average dose of injected 

Figure 138.19 Endoscopic ultrasonography (EUS)-guided deployment of 
embolization coils followed by cyanoacrylate injection into gastric varix. 
Source: Courtesy of Dr Payal Saxena and Dr Marcia Canto.

Figure 138.20 Color Doppler imaging before and after treatment of gastric varix. Repeat color Doppler shows no evidence of significant flow within the 
varix. Source: Courtesy of Dr Payal Saxena and Dr Marcia Canto.
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temporizing measure until more definitive treatment can be 
performed. TIPS is the treatment of choice for salvage therapy 
in patients with failure to control bleeding from gastric varices 
despite pharmacological and endoscopic treatment [170–172]. 
It is effective in achieving control of bleeding in over 90% of 
patients. Studies have shown that salvage TIPS for gastric varices 
has similar rates of hemostasis, rebleeding, and mortality as for 
esophageal varices [170,173]. In patients with isolated fundal 
varices secondary to SV thrombosis, the recommended treat-
ment is splenectomy or splenic embolization. The algorithm for 
the management of acute variceal bleeding is summarized in 
Figure 138.23.

Figure 138.22 Endoscopic ultrasonography (EUS) revealing large gastric varix and perforating veins feeding gastric varix. Source: Courtesy of Dr Payal 
Saxena and Dr Mouen Khashab.

Figure 138.21 The adequacy of gastric variceal obliteration after treatment 
can also be assessed by probing the varix with the tip of the injection 
catheter. Complete obliteration is indicated by a firm consistency of the 
varix. Source: Courtesy of Dr Payal Saxena and Dr Marcia Canto.

Secondary prophylaxis
Patients with cirrhosis who survive an episode of variceal bleed-
ing are at high risk of rebleeding. The median rebleeding rate in 
untreated patients is about 60% at 1–2 years, with a mortality 
of 33% [59,73]. The highest risk for rebleeding is within the first 
6 weeks after the acute bleeding episode. Thus, the prevention 
of rebleeding is a critical component of the management of 
variceal bleeding. Secondary prophylaxis should be initiated as 
soon as possible from day 6 of the index hemorrhage after reso-
lution of acute bleeding occurs [70].

β-blockers
Many RCTs have established the efficacy of nonselective 
β-blocker therapy in the secondary prevention of variceal bleed-
ing. Several meta-analyses of these studies have shown that 
nonselective β-blockers significantly reduce the rate of rebleed-
ing to approximately 40% from 60% in untreated controls [73]. 
Furthermore, the use of β-blockers is associated with a signifi-
cant reduction in mortality and bleeding-related mortality. The 
efficacy of β-blockers correlates with the reduction in portal 
pressure, as studies have shown that a reduction of HVPG of at 
least 20% of baseline or to below 12 mmHg substantially 
decreases the risk of recurrent bleeding [82,174].

Endoscopic	variceal	ligation	vs	sclerotherapy
Endoscopic variceal ligation has now replaced sclerotherapy as 
the endoscopic treatment of choice for the prevention of variceal 
rebleeding, as it has been found to have increased efficacy in 
reducing the risk of rebleeding, with less frequent and severe 
complications [175]. In addition, fewer endoscopic sessions are 
required to achieve variceal eradication with EVL compared to 
sclerotherapy. The incidence of recurrence of varices after eradi-
cation ranges from 8% to 48% for EVL and 2% to 50% for 
sclerotherapy [175].
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Endoscopic	variceal	ligation	vs	pharmacotherapy
Four RCTs have compared the efficacy of pharmacological treat-
ment with a nonselective β-blocker (nadolol or propranolol) ± 
nitrates to EVL for the secondary prevention of variceal bleeding 
[176–179]. These studies have had conflicting results, but a 
meta-analysis of them found no differences in the risk of rebleed-
ing or mortality between the two treatment groups. The results 
of long-term follow-up of patients in one of these studies showed 
that the combination of nadolol and ISMN was less efficacious 
than EVL in preventing variceal rebleeding, but was associated 
with increased survival after a median follow-up period of 6.8 
years [180].

Combination	of	endoscopic	variceal	ligation		
and	pharmacotherapy
Two RCTs have demonstrated that the combination of EVL and 
β-blockers is more efficacious in decreasing the risk of rebleed-
ing and variceal recurrence after obliteration than EVL alone, 

Figure 138.23 Algorithm for the management of acute variceal bleeding. EGD, esophagogastroduodenoscopy; EVL, endoscopic variceal ligation; EVO, 
endoscopic variceal obturation; TIPS, transjugular intrahepatic portosystemic shunt.
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with no difference in mortality rates [181,182]. These results 
were corroborated by the findings of a meta-analysis of 25 clini-
cal trials including 2159 patients, which showed that the  
combination of pharmacotherapy (β-blocker ± nitrates) and 
endoscopic intervention (EVL or sclerotherapy) significantly 
reduced the incidence of all-cause rebleeding and variceal 
rebleeding, with no difference in mortality, compared to endo-
scopic treatment alone [183]. A recent meta-analysis of 9 clini-
cal trials including 955 patients confirmed the similar findings 
[184]. Thus, the combination of a nonselective β-blocker and 
EVL is the recommended therapy for the secondary prophylaxis 
of variceal bleeding [70]. EVL should be performed every 2–3 
weeks until variceal obliteration is achieved.

Transjugular	intrahepatic	portosystemic	shunt		
and	surgery
In patients who fail pharmacological and endoscopic treat-
ment for the prevention of rebleeding, TIPS with 
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Shunt surgery is also very effective in preventing variceal 
rebleeding. However, as with TIPS, a major limitation is the 
development of hepatic encephalopathy. A multicenter RCT  
of 140 patients comparing TIPS to distal splenorenal shunt  
in patients with Child–Pugh class A or B cirrhosis with  
refractory variceal bleeding found no differences in the rates  
of rebleeding, mortality, or encephalopathy [185]. However,  
the rates of thrombosis, stenosis, and reintervention were sig-
nificantly greater in the TIPS group. A substantial majority  
of patients in the TIPS group (82%) required dilation to  
maintain patency compared to only 11% of patients who  
underwent distal splenorenal shunt therapy (P  <  0.001). It 
is important to note that covered stents, which reduce the  
frequency of TIPS occlusion, were not used in this study.  
Thus, in patients with Child–Pugh class A or B cirrhosis, the 
choice between TIPS vs shunt surgery depends on available 
expertise.

All patients with cirrhosis who survive an episode of  
variceal bleeding should be evaluated for orthotopic liver trans-
plantation, as the development of variceal bleeding marks the 
progression to decompensated disease with a 1 year rate of  
mortality of approximately 57% [187]. Liver transplant is the most 
definitive treatment for end-stage liver disease and its complica-
tions, and has excellent long-term outcomes. Figure 138.24 shows 
the algorithm for secondary prophylaxis of esophageal variceal 
bleeding.

polytetrafluoroethylene-covered stents is the recommended 
treatment to prevent rebleeding [125]. Several RCTs have com-
pared the efficacy of endoscopic therapy vs TIPS in secondary 
prophylaxis. A meta-analysis of 12 high-quality RCTs showed 
that TIPS significantly decreased the incidence of variceal 
rebleeding and bleeding-related mortality, at the cost of a higher 
incidence of post-treatment encephalopathy, compared to endo-
scopic treatment [185]. Furthermore, there was no difference in 
overall mortality between the two groups. An RCT also demon-
strated that although TIPS resulted in a lower rebleeding rate in 
patients with advanced cirrhosis compared to pharmacotherapy 
with propranolol and ISMN (13% vs 39%, P  =  0.007), it was 
associated with increased rates of encephalopathy (38% vs 14%, 
P = 0.007), less improvement in Child–Pugh class, higher costs, 
and equivalent survival [186]. Thus, TIPS has not been recom-
mended as a first-line treatment to prevent rebleeding, but as 
salvage therapy for patients who fail endoscopic and pharmaco-
logical therapy. However, as discussed above, the results of a 
landmark RCT challenged this concept, as it showed that the use 
of early TIPS in patients who presented with variceal bleeding 
with Child–Pugh class C cirrhosis (with a score of 10–13) or class 
B cirrhosis with active bleeding at endoscopy, markedly decreased 
the risk of rebleeding and increased survival at 1 year, compared 
to standard therapy [141]. In addition, there was no increase in 
the incidence of hepatic encephalopathy. Thus, TIPS should be 
considered for secondary prophylaxis in such patients.

Figure 138.24 Algorithm for the secondary prophylaxis of esophageal variceal bleeding. EVL, endoscopic variceal ligation; TIPS, transjugular 
intrahepatic portosystemic shunt.
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mixture of 5% ethanolamine oleate and a contrast agent such as 
iopamidol is injected to fully visualize and obliterate gastric 
varices. Uncontrolled studies have shown that BRTO results in 
very high rates of variceal eradication (75%–100%) and excep-
tionally low rates of variceal rebleeding (0–9%) [194]. A small 
study comparing BRTO to TIPS showed no significant differ-
ences in the rates of rebleeding, mortality, or encephalopathy 
between the two treatment groups [195]. A small retrospective 
study found that BRTO was associated with lower rebleeding 
rates than cyanoacrylate injection [196]. RCTs are thus needed 
to compare the efficacy and safety of BRTO to other treatment 
strategies in the management of gastric variceal bleeding.

In summary, EVO with cyanoacrylate injection is an effective 
method to prevent rebleeding in patients who have experienced 
bleeding from gastric varices. After initial hemostasis by EVO 
with tissue adhesives is achieved, repeat sessions should be per-
formed every 2–4 weeks until complete obliteration of gastric 
varices is achieved. Unlike the case of esophageal variceal bleed-
ing, the addition of β-blocker therapy provides no benefit for 
the prevention of rebleeding or mortality in patients with fundal 
varices. In patients with GOV1, the use of band ligation of 
esophageal varices or β-blocker therapy may be considered 
[125]. TIPS is very effective in preventing gastric variceal 
rebleeding and is the treatment of choice if cyanoacrylate injec-
tion is not available or for patients who fail endoscopic therapy. 
Shunt surgery may also be considered in patients with Child–
Pugh class A cirrhosis. Figure 138.25 illustrates the algorithm 
for secondary prophylaxis of gastric variceal bleeding.

Gastric varices prevention
Nonselective β-blockers have been used as first-line therapy to 
prevent gastric variceal rebleeding, although there is limited 
evidence to support this practice. A retrospective study showed 
that the use of propranolol or ISMN in patients who presented 
with acute gastric variceal bleeding and underwent EVO with 
cyanoacrylate injection did not decrease the incidence of 
rebleeding or improve survival [188]. An RCT comparing 
cyanoacrylate injection to β-blockers in 67 patients with eradi-
cated GOV2 or IGV1 showed that cyanoacrylate injection was 
associated with a significantly lower incidence of gastric variceal 
rebleeding (15% vs 55%, P  =  0.004) and decreased mortality 
(3% vs 25%, P = 0.026) during a median follow-up of 26 months 
[189]. A second RCT of 95 patients with fundal varices showed 
that addition of β-blocker therapy to EVO with cyanoacrylate 
injections did not change the risk of rebleeding or survival 
compared to cyanoacrylate injections alone [190].

Endoscopic variceal obturation with cyanoacrylate injection 
has also been compared to TIPS for secondary prophylaxis of 
gastric variceal bleeding. An RCT found that TIPS was more 
efficacious in preventing variceal rebleeding than cyanoacrylate 
injection (rate of bleeding 11% vs 38%, P  =  0.014), with no 
differences in survival or frequency of complications [191]. 
However, gastric variceal obliteration was only achieved in 51% 
of patients receiving cyanoacrylate injection, which is lower 
than the rates found in subsequent studies as described previ-
ously. The majority of patients in the study had GOV1 or GOV2. 
These findings were in contrast to a retrospective analysis which 
showed that there were no differences in rebleeding or survival 
in patients receiving cyanoacrylate injection vs TIPS [192]. 
However, patients receiving TIPS had a higher rate of long-term 
morbidity requiring hospitalization that those in the cyanoacr-
ylate arm (41% vs 1.6%, P < 0.0001). A cost-effectiveness analy-
sis using retrospective data found that although TIPS was 
associated with a lower incidence of rebleeding compared to 
cyanoacrylate injection (20% vs 35%, P  =  0.005) in patients 
with GOV1 and GOV2, it was less cost-effective in the manage-
ment of gastric variceal bleeding. A limitation of these studies 
is that bare stents were used for TIPS placement. Thus, further 
RCTs with covered stents and which include more patients with 
IGV1 varices are needed to clarify whether TIPS should be used 
as first-line treatment or salvage therapy after failure of EVO 
with tissue adhesives.

Balloon-occluded retrograde transvenous obliteration 
(BRTO) is a radiological technique introduced by Kanagawa in 
1996 as a treatment method to obliterate gastric fundal varices 
[193]. It has become widely accepted as a highly effective treat-
ment for gastric varices in Japan. It requires the presence of a 
gastrosystemic shunt, i.e., gastrorenal or gastrocaval shunt, in 
association with gastric varices. A prior CT scan or MRI is 
needed to outline the anatomy. The technique involves inserting 
a balloon catheter into the outflow shunt via the femoral or 
internal jugular vein. The balloon catheter is then inflated to 
occlude blood flow, and a retrograde venogram is obtained. A 

Figure 138.25 Algorithm for the secondary prophylaxis of gastric variceal 
bleeding. EVO, endoscopic variceal obturation; TIPS, transjugular 
intrahepatic portosystemic shunt.
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shown to be effective in the treatment of both acute and chronic 
bleeding from PHG [200]. In acute bleeding, vasoactive drugs 
should be used, as two small studies have established the efficacy 
of octreotide [204] and terlipressin [205] in the control of acute 
bleeding. In chronic bleeding, iron supplementation should be 
administered to avoid depletion of iron stores. An RCT estab-
lished the efficacy of β-blockers in preventing recurrent bleed-
ing in cirrhotic patients with acute or chronic bleeding from 
severe PHG [206]. Of patients who received propranolol, 52% 
remained free of rebleeding at 30 months compared to only 7% 
of controls (P  <  0.05). Patients treated with propranolol also 
had fewer episodes of acute bleeding compared to untreated 
patients. Thus, nonselective β-blockers are recommended for 
secondary prophylaxis of rebleeding in patients with PHG, at 
the same doses used in the treatment of esophageal varices. In 
patients with recurrent severe bleeding requiring frequent 
blood transfusions despite pharmacological therapy, TIPS 
should be considered as a treatment option, as it has been shown 
to improve the endoscopic appearance of lesions within 6 weeks 
and reduce transfusion requirements [207,208]. Shunt surgery 
may also be considered in patients with Child–Pugh class A 
cirrhosis. Figure 138.27 shows the algorithm for the manage-
ment of bleeding from PHG.

Gastric antral vascular ectasia (GAVE) is characterized by the 
presence of red marks in the stomach without a background 
mosaic-like pattern (Figure 138.28). The red marks may be 
arranged in a linear pattern in the antrum or occur more dif-
fusely. Although 30% of patients with GAVE have liver cirrho-
sis, portal hypertension is not associated with the development 
of GAVE [209]. Unlike PHG, the mainstay of treatment for 
symptomatic GAVE is endoscopic ablation by argon plasma 
coagulation or laser photocoagulation. Reducing portal pres-
sure via TIPS placement is not effective for the treatment of 
patients with gastrointestinal bleeding from GAVE. Severe PHG 
may resemble GAVE as the red marks become confluent and 

Portal hypertensive gastropathy and gastric 
antral vascular ectasia

Portal hypertensive gastropathy is a gastric mucosal lesion seen 
in patients with cirrhotic or noncirrhotic portal hypertension 
that is characterized by ectatic gastric mucosal capillaries and 
submucosal veins [197]. It is typically seen in the fundus and 
body of the stomach. The diagnosis is established by endoscopy. 
The mucosa typically has a mosaic-like pattern of erythema 
resembling “snake skin.” More severe forms have red marks such 
as cherry red spots and black-brown spots that represent sub-
mucosal hemorrhage [198]. PHG is categorized as mild when 
only the mosaic-like pattern is present or severe if red marks are 
observed [199] (Figure 138.26). A similar pattern may be seen 
in other parts of the gastrointestinal tract such as the small 
intestine and colon.

The prevalence of PHG in patients with portal hypertension 
has been reported to range from 20% to 80% [200]. A higher 
prevalence is associated with more advanced Child–Pugh class, 
the presence of GOVs, and previous endoscopic treatment with 
sclerotherapy or EVL [200]. The pathogenesis of PHG is not well 
defined. In addition to the role of portal hypertension, it appears 
that the gastric mucosa has increased susceptibility to injury by 
noxious factors and impaired healing [201].

The majority of patients with PHG are asymptomatic. Primary 
prophylaxis of bleeding in patients with PHG is not recommended 
as there are no clinical studies that have established its clinical 
benefit. In symptomatic patients, the most common presentation 
is chronic gastrointestinal blood loss resulting in anemia. The 
incidence of chronic bleeding in patients with PHG is approxi-
mately 10%–15% at 3 years [202]. Acute bleeding from PHG is rare, 
with an incidence of less than 3% at 3 years [203]. The highest 
incidence is observed in patients with severe PHG [200].

The treatment of bleeding from PHG is centered on the goal 
of reducing portal pressure. Nonselective β-blockers have been 

Figure 138.26 Endoscopic appearance of portal hypertensive gastropathy, ranging from mild (a) to severe (c).
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have a striped appearance. A background mosaic-like pattern is 
consistent with PHG but not GAVE.

Ectopic varices

Ectopic varices originate from pre-existing veins of the gastroin-
testinal mucosa that are portosystemic collaterals between the 
portal vein and the IVC [202]. They typically occur in the duo-
denum, small intestine, colon, rectum, or ileostomy stoma. The 
prevalence of duodenal and small bowel varices is approxi-
mately 0.4% [197]. Bleeding from ectopic varices is rare, occur-
ring in about 1%–4% of patients with cirrhosis and 30%–40% 
of patients with extrahepatic portal hypertension due to causes 
such as portal vein thrombosis [197]. Bleeding ectopic varices 
may be challenging to identify and treat because of their loca-
tion. Injection with cyanoacrylate or sclerotherapy can be used 
to treat bleeding small bowel varices within the reach of an 
endoscope [210,211]. Band ligation is a treatment option for 
duodenal varices [212]. No controlled studies are available that 
compare treatment strategies. Case reports have shown that 
TIPS is an effective treatment for refractory bleeding from 
ectopic varices [213].
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CHAPTER 139

Introduction

Upper gastrointestinal bleeding (UGIB) represents a significant 
entity  for all clinicians. UGIB  is defined as any source of gas-
trointestinal hemorrhage proximal to the Ligament of Treitz. In 
the United States, it is the cause of 300 000 hospitalizations per 
year, and approximately 2.5 billion dollars are spent annually on 
UGIB care [1,2]. Annual incidence has been reported to range 
from  48  to  160  per  100 000  adults  [3–6].  Some  reports  have 
suggested that the incidence is decreasing [3,7]. The mortality 
rate  is  approximately  10%  to  14%  [6,8].  Despite  advances  in 
Helicobacter pylori detection and eradication, education on the 
effects  of  nonsteroidal  antiinflammatory  drugs  (NSAID)  use, 
and  the  use  of  proton  pump  inhibitors  (PPIs),  peptic  ulcer 
disease remains the most common cause of nonvariceal UGIB. 
Endoscopic evaluation remains the gold standard for definitive 
diagnosis and therapy.

Initial assessment

The initial evaluation and risk assessment of the patient are the 
most important steps in the management of acute gastrointes-

tinal bleeding. The clinical history can help identify factors that 
increase  the  risk  for  gastrointestinal  bleeding.  These  include 
male  gender,  older  age,  current  use  of  anticoagulation  agents, 
NSAIDS, advanced chronic obstructive pulmonary disease, end 
stage  renal  disease,  underlying  cirrhosis,  complicated  neuro-
logical  diseases,  malignancies,  and  history  of  gastrointestinal 
surgeries [2,9–11].

Assessing the hemodynamic status of the patient at the time 
of  presentation  and  prior  to  any  intervention  is  critical.  The 
clinician  needs  to  determine  whether  airway  protection  by 
endotracheal intubation is necessary, the urgency of resuscita-
tion, and the appropriate level of care. A minimum of two large 
bore  (18  gauge)  intravenous  catheters  for  vascular  access  is 
required to ensure that immediate and effective volume resus-
citation  can  be  delivered.  Evidence  of  hypovolemia  such  as 
tachycardia, hypotension, tachypnea, should be sought. Volume 
resuscitation  should  not  be  delayed  pending  availability  of 
blood products. Aggressive fluid resuscitation has been shown 
to significantly decrease overall mortality [12]. Isotonic intrave-
nous  fluids  such  as  normal  saline  or  lactate  ringers  should  
be  transfused  immediately.  The  volume  and  speed  of  blood 
product  transfusions  should  be  determined  based  on  the 
patient’s condition, estimated magnitude of on-going blood loss, 
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agents did not affect the duration of hospital stay, requirements 
for blood transfusions, or surgery [20–22].

Proton pump inhibitor (PPI) use

Preendoscopic PPI use is associated with a lower rate of high-
risk stigmata seen on endoscopic exam, and decreases the need 
for  subsequent  endoscopic  intervention.  A  Cochrane  review 
involving 2223 patients from six randomized control trials using 
either oral or intravenous PPI’s compared to placebo or a hista-
mine 2 receptor (H2R) antagonist, found that PPI therapy given 
24 to 48 hours before endoscopy, reduced the frequency of find-
ings of high-risk stigmata (OR, 0.67; 95% CI, 0.54 to 0.84) and 
the need for endoscopic intervention (OR, 0.68; 95% CI, 0.50 to 
0.93) [23]. Clinical outcomes such as rebleeding, mortality rates, 
and  need  for  surgical  intervention  were  not  affected  by  PPI 
therapy.

A  cost  analysis  study  on  the  use  of  intravenous  (IV)  PPI’s 
before endoscopy found that its use was more costly but effec-
tive  in the United States [24]. In Canada,  intravenous PPI use 
before  endoscopy  became  more  effective  and  less  costly  with 
longer hospital stays (greater than 6 days) in high-risk patients 
and hospital stays less than 3 days in low-risk patients.

Post endoscopic use of PPI’s has also been studied in detail. 
Both  the  International  Consensus  Recommendations  and 
American College of Gastroenterology guidelines, strongly rec-
ommend the use of high dose IV PPI after endoscopic hemos-
tasis  in  patients  with  high-risk  stigmata  [6,25].  In  2005,  a 
metaanalysis  of  randomized  controlled  trials  with  confirmed 
peptic ulcer bleeding and the primary endpoint of 30 day mor-
tality, reported that the use of PPI’s, whether oral or in varying 
doses intravenously, did not affect mortality [26]. However, the 
use of PPIs when compared to placebo or H2R antagonists, was 
associated  with  a  reduction  in  rebleeding  (OR,  0.46,  number 
needed to treat [NNT], 12), and the need for surgery (OR, 0.59; 
NNT, 20).

A randomized control trial compared IV PPI (esomeprazole) 
dosed  at  80 mg  bolus  followed  by  8 mg/h  for  71.5  hours,  to 
placebo,  in  patients  with  documented  single  ulcer  displaying 
high-risk stigmata [27]. All patients had undergone successful 
endoscopic  hemostasis.  The  results  support  administration  of 
IV  PPI  after  endoscopic  therapy  to  reduce  rebleeding  rates 
(from 10.3% to 5.9%) and reduce the need for repeat endoscopic 
therapy (placebo 11.6% vs. PPI 6.4%).

In  contrast,  multiple  studies  from  Asia  have  not  found  any 
benefit from high dose PPI or requirement for IV administra-
tion  to  decrease  rebleeding  [28–32].  H. pylori  infection  was 
associated  with  lower  rates  of  rebleeding  [29,32].  The  differ-
ences in response to PPI therapy observed between Asian popu-
lations  and  other  ethnicities  have  been  thought  to  be  due  to 
genetic  polymorphisms  in  CYP2C19  genotype  affecting  PPI 
metabolism, differences in parietal cell mass, and prevalence of 
H. pylori  infection  [33–36].  A  post hoc  analysis  of  Cochrane 

and clinical or  laboratory evidence of end organ damage such 
as myocardial  ischemia. As a general guideline, the laboratory 
goals of  transfusion are to achieve hemoglobin >8 mg/dL and 
platelets level >50 000 [13–15].

Identifying the source of bleed

UGBI typically presents with hematemesis (vomiting of bright 
red blood), coffee ground emesis (black blood/clots), or melena 
(black  tarry  stools).  Ten  percent  of  patients  may  present  with 
hematochezia, a clinical suggestion of a brisk and massive bleed 
[16]. Taking an appropriate history to  identify any underlying 
risk factors for gastrointestinal bleeding including past medical 
history,  family  history,  medications  including  herbal  supple-
ments  (which  may  contain  salicylates)  is  essential.  In  certain 
circumstances a history may not be readily available because of 
the patient’s unstable condition and/or lack of cooperation, and 
lack of eye-witnesses, or family members. Clinicians must rely 
on  physical  examination  to  identify  signs  and  symptoms  of 
hypovolemic shock, evidence of trauma, and stigmata of chronic 
liver disease. A digital rectal exam should be performed to iden-
tify presence of melena, or hematochezia. If overt signs of gas-
trointestinal bleeding are not present, a fecal occult blood test 
(FOBT) can be helpful.

The  routine  use  of  nasogastric  tube  (NGT)  lavage  remains 
controversial. The main concern  for  the NGT  is  the pain and 
discomfort experienced by the patients. The clinical indication 
for placement of a NGT is twofold. In theory the NGT should 
assist the clinician in the triage of the acuity of blood loss and 
help  determine  whether  urgent  endoscopy  is  warranted.  Sec-
ondly, the NGT lavage may aid in the clearance of the stomach 
in  order  to  optimize  endoscopic  visualization.  In  a  large  ret-
rospective  study,  Huang  et  al.  demonstrated  that  NGT  lavage 
did  not  affect  overall  mortality,  length  of  hospital  stay,  or 
predict  the  need  for  surgery,  or  blood  transfusions  [17].  This 
study confirmed that the presence of a bloody or coffee ground 
material in the NGT lavage helps predict the presence of high-
risk  lesions, as shown in a 2004 study involving the Canadian 
registry of patients with UGBI [18]. However, a clear or bilious 
NGT  aspirate  does  not  imply  the  absence  of  a  serious  UGIB. 
In  a  metaanalysis  looking  at  the  sensitivity  and  specificity  of 
the  NGT  lavage,  the  authors  concluded  that  NGT  aspiration 
has  a  sensitivity  of  42%  to  84%,  and  a  specificity  of  54%  to 
91% [19].

The presence of large amount of blood clots or coffee ground 
material  often  impairs  endoscopic  examination.  However,  the 
routine use of prokinetic agents such as erythromycin or meto-
clopramide  is  not  recommended  [6].  However,  when  large 
amounts of blood or clots are suspected, or there is a history of 
gastroparesis, and recent food ingestion, prokinetic agents may 
aid  in  endoscopic  visualization.  The  metaanalysis  found  that 
both erythromycin and metoclopramide reduced the need  for 
repeat  endoscopy  [20].  On  the  other  hand,  the  use  of  these 
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study also found that benefits of PPI therapy in the Asian popu-
lation  was  much  greater  [37].  PPI  use  was  associated  with  a 
decrease in mortality from all causes (OR, 0.35; NNT, 33) only 
in  the  Asian  population.  Moreover,  a  quantitatively  greater 
decrease in rebleeding and surgery were observed in Asia.

The role of endoscopy

Prognostic  scales  aid  the  clinician  in  risk  stratification.  There 
are multiple prognostic scales, most  incorporating endoscopic 
findings that aim to identify those patients that require admis-
sion  and  have  a  higher  risk  of  mortality  [38–42].  Commonly 
used  scores  include  the  Rockall  score,  Glasgow-Blatchford 
score, Baylor College, and Cedars-Sinai Medical Center predic-
tive index.

The Rockall  Score was developed  in 1996 as  the  result of  a 
large  multicenter  prospective  study  with  the  primary  goal  to 
identify patients and specific clinical characteristics that increase 
mortality risk [42]. The Rockall score is a simple scoring system 
based on age, comorbidities, hemodynamic status such as pulse 
and  blood  pressure,  endoscopic  diagnosis,  and  bleeding  stig-
mata [42]. A score of less than three signifies a low-risk patient, 
whereas a score of eight or greater identifies a patient with high 
mortality risk (Table 139.1).

The Glasgow-Blatchford Score (GBS) is similar to the Rockall 
Score  in that  it uses existing comorbidities and hemodynamic 
measurements.  However  it  was  developed  to  identify  patients 
that  need  transfusions  and  endoscopic  therapy  to  treat  the 
bleeding [43]. In order to identify high-risk patients, the score 
also incorporated the presence of syncope and melena, hemo-
globin levels, and blood urea levels (Table 139.2).

There are two American scores: The Baylor Score, which aims 
to  risk  stratify  patients  at  high-risk  for  rebleeding,  and  the 

Table 139.1 Rockall classification of risk in acute upper gastrointestinal (UGI) bleeding.

Variable Score 0 Score 1 Score 2 Score 3 Points for this variable

Age (years) <60 ≥60 and ≤79 ≥80 Maximum 2

Shock HR < 100
Systolic BP ≥ 100

HR ≥ 100
Systolic BP ≥ 100

Systolic BP < 100 Maximum 2

Comorbidity None Cardiac failure
Cardiac ischemia
Malignancy (undisseminated)
Other comorbidity

Renal failure
Liver disease
Disseminated 
malignancy

Maximum 3

Diagnosis Mallory-Weiss tear, 
no lesion

All other 
diagnoses

Malignancy of UGI tract Maximum 2

Endoscopic 
stigmata

Clean base or flat 
spot

Active bleeding, adherent clot 
or nonbleeding visible vessel

Maximum 2

Total score Maximum 11

BP, blood pressure (mmHg); HR, heart rate.
Source: Adapted from Rockall et al. 1996 [42]. Reproduced with permission from BMJ Publishing Group Ltd.

Table 139.2 The Glasgow-Blatchford Score (GBS). A score of 0 has a 
sensitivity of >99% in identifying patients who will not need intervention, 
rebleed, or die [44].A score of <2 is considered a low-risk patient and may 
be considered for outpatient management [44].

Admission risk 
marker

Score component 
value

Blood urea 
(mmol/L)

≥6.5 to <8 2
8 to <10 3
≥10 to <25 4
>25 6

Hemoglobin (g/dL) 
for men

<10 6
≥10 to <12 3
12 to <13 1

Hemoglobin (g/dL) 
for women

<10 6
≥10 to <12 1

Systolic blood 
pressure

<90 3
90 to 99 2
100 to 109 1

Other risk markers Pulse ≥ 100 beats/min 1
Melena 1
Syncope 2
Hepatic disease 2
Cardiac failure 2

Source: Adapted from Blatchford et al. 2000 [43]. Reproduced by 
permission of Elsevier.

Cedars-Sinai  predictive  index,  which  takes  into  account  the 
time  from  initial  bleed  as  well  as  commonly  used  factors  of 
comorbidities,  endoscopic  findings,  and  hemodynamics,  to 
identify patients that can be discharged early from the hospital 
[38,45].

The GBS and the Rockall are the most user friendly and well-
validated  scores.  The  Rockall  Score  is  superior  in  predicting 
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urgent endoscopy has been shown by some to decrease hospital 
stay and costs as discussed above, the actual impact on mortality 
is  debated.  A  majority  of  patients  admitted  for  UGIB  do  not 
have actively bleeding lesions on endoscopic exam [53].

Targownik  and  colleagues  examined  whether  performing 
endoscopy within the 24 hour window actually made a differ-
ence in clinically high-risk patients, with signs of hemodynamic 
instability  such  as  tachycardia  (heart  rate  >100)  or  systolic 
hypotension  (blood pressure <100 mmHg)  [54]. Adverse out-
comes were defined as rebleeding, need for surgical hemostasis, 
mortality during hospitalization, and 30-day readmission for a 
nonvariceal UGIB. There was no difference in adverse bleeding 
outcome  rates  between  patients  who  received  an  endoscopic 
exam within 6 hours to patients who underwent an endoscopy 
between 6–24 hours. Twenty-five percent of the patients in the 
6 hour group had an adverse outcome versus 23% in the 6–24 
hour group [54].

Sarin and colleagues studied the effects of endoscopy timing 
on  patient  mortality,  need  for  surgery  and  blood  transfusions 
[55]. This retrospective study involved upper endoscopies per-
formed for suspected or overt UGIB. They,  too,  found no dif-
ference in mortality, surgery requirement, or blood transfusions 
between  patients  endoscoped  within  6  hours  compared  to 
patients  who  received  endoscopy  within  24  hours.  Similar 
results were also obtained in a much larger study involving 4478 
patients from 212 UK hospitals, comparing patients who under-
went endoscopy  in  less  than 12 hours with  those who under-
went  endoscopy  >24  hours  later  [56].  However  there  was  a 
trend towards increase in rebleeding rates among patients who 
underwent later endoscopy.

The American Society  for Gastrointestinal Endoscopy 2012 
guidelines,  International  Consensus  Recommendations  pub-
lished  in  2010,  and  the  Scottish  Intercollegiate  Guidelines 
Network, all recommend an endoscopy to be performed within 
24 hours of presentation [6,57,58].

Peptic ulcer disease

UGI  bleeding  makes  up  more  than  75%  of  all  admissions  for 
acute  GI  bleed.  While  the  differential  diagnosis  and  cause  for 
an  UGIB  remains  broad,  peptic  ulcer  disease  (PUD)  is  by  far 
the most common cause of UGIB (Figure 139.1). PUD consti-
tutes 30% to 50% of all UGIB, with an incidence in the United 
States of 5.27 per 1000 adults [7,59,60]. By histological defini-
tion,  PUD  occurs  when  inflammation  causes  the  loss  of  the 
mucosa and muscularis mucosa, often with extension into the 
submucosa and the muscularis propria [61]. The most common 
causes  of  PUD  are  nonsteroidal  antiinflammatory  agents 
(NSAID) use and H. pylori infection. However, both benign and 
malignant  tumors  can  often  present  as  a  gastric  or  duodenal 
ulcer.  In  immunocompromised  patients,  atypical  infectious 
causes  include  cytomegalovirus,  herpes  simplex  virus  (HSV), 
and fungal infections. Other less common causes include other 

low-risk patients after endoscopy [44]. However, in the preen-
doscopic setting, the GBS has proven to be the more sensitive 
test  in predicting mortality and need  for  intervention [44,46]. 
In the preendoscopic setting, the clinician must rely on patient 
history,  vital  signs,  and  one’s  physical  exam  to  determine  the 
need for hospitalization and further therapy. Although experi-
enced  clinicians  may  perform  appropriate  triage  confidently, 
often times there are patients that fall in the uncertain category, 
with equivocal clinical scores.

Endoscopy remains the gold standard for the diagnostic eval-
uation of an UGIB. Endoscopy usually offers a direct visualiza-
tion  of  the  source,  immediate  implementation  of  appropriate 
therapies,  and  assessment  of  further  management  needs. 
Minimal requirements for readiness of an endoscopy will vary 
among physicians and  institutions. Most physicians will agree 
that hemodynamic stability and procedural consent either from 
the patient or surrogate, or in the emergency setting, two physi-
cians involved in the patient’s care, are the two criteria that need 
to  be  met  prior  to  endoscopy.  There  are  incidences  in  which 
endoscopic  evaluation  may  be  inappropriate.  In  cases  of  sus-
pected gastrointestinal perforation, uncooperative or difficult to 
sedate  patient  without  general  anesthesia  support,  or  when 
diagnosis obtained by endoscopy will not change the outcome. 
Under  such  circumstances  the  clinician  should  not  proceed 
with endoscopic evaluation.

Endoscopy driven triage has been demonstrated to be benefi-
cial  in  reducing  hospitalization  rates  and  costs  [47–49].  In  a 
study  examining  outcomes  of  patients  discharged  early  based 
on endoscopic findings and clinical characteristics, only one out 
of the 176 patients identified had recurrent bleeding [48]. This 
study suggests that outpatient care can be safe and cost effective 
in the appropriate population.

Lee and colleagues [47] randomized 110 patients  to receive 
endoscopy in less than 48 hours (the control group, or while in 
the  emergency  room.  Endoscopic  findings  from  the  early 
endoscopy  group  allowed  46%  (26  of  56  patients)  to  be  dis-
charged directly  from  the emergency department. Discharged 
patients did not have adverse outcomes and there was a statisti-
cally  significant  reduction  in  hospitalization  rates  and  cost  of 
care. Similar findings have been obtained by other groups who 
have evaluated endoscopy driven triage [49].

In contrary to the above findings, Bjorkman et al. did not find 
urgent endoscopy, defined as endoscopy prehospitalization,  to 
be  helpful  in  reducing  resource  utilization  or  hospitalization 
costs [50]. Despite 40% of the patients receiving urgent endos-
copy followed by recommendation for early discharge, only four 
out  of  the  19  patients  were  actually  discharged,  underscoring 
that admission decisions may be affected by other factors.

Endoscopy  can  reduce  mortality  in  high-risk  patients 
[6,51,52]. The appropriate timing of endoscopy remains contro-
versial. The definition for urgent endoscopy has some variabil-
ity.  In  general,  urgent  endoscopy  refers  to  an  endoscopy 
performed  within  12  hours  of  presentation.  Early  endoscopy 
refers to the timing of <24 hours from presentation. Although 
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gastroenterologists commonly use the specific descriptions for 
each stigmata [25]. High-risk stigmata for rebleed include active 
spurting  or  oozing  lesion,  and  nonbleeding  visible  vessel. 
Adherent  clots  without  an  underlying  visible  vessel,  flat  pig-
mented spots, and clean-based ulcers are considered  low-risk. 
Patients with endoscopic evidence of active bleeding, defined as 
spurting  or  oozing,  or  evidence  of  nonbleeding  visible  vessel, 
should be treated [6,25]. These high-risk stigmata carry a mor-
tality risk of 11%, a rate for further bleeding of greater than 40%, 
and an increased need for surgical intervention [53,64] (Tables 
139.3 and 139.4).

The  decision  to  treat  an  adherent  clot  varies  among  endo-
scopists.  This  is  in  part  due  to  differing  definitions  of  what 
constitutes an adherent clot, varying response to medical treat-
ment among populations, and the known risks of exacerbation 
or  precipitation  (re-initiation)  of  the  ulcer  rebleeding.  Recent 
published studies suggest a benefit in attempting removal of the 
adherent  clot  to  evaluate  for  underlying  high-risk  stigmata 
[65–68].

A prospective study performed by Laine et al. served to high-
light the benefit of removal of an adherent clot [65]. In this study 

medications, chemotherapy, illicit drugs (crack cocaine, meth-
amphetamine),  systemic  mastocytosis,  Zollinger-Ellison,  and 
postsurgical ulcerations. Most ulcers are uncomplicated and do 
not  cause  significant  GI  bleed,  perforation,  or  obstruction. 
Endoscopy allows the clinician to visualize, diagnose, and take 
biopsies  of  the  lesion  as  necessary.  In  the  setting  of  overt  GI 
bleeding,  endoscopic  management  allows  patient  risk  assess-
ment and effective control of the bleeding.

During endoscopy, clear documentation of the location, size, 
number  of  ulcers,  characteristics  of  ulcer  edges,  and  associa-
tions with nodules or masses, is recommended. It is especially 
important to look for stigmata of recent hemorrhage, as it will 
predict  further  risks  of  rebleeding;  therefore,  dictate  further 
management required. A metaanalysis identified risk factors for 
PUD rebleeding after endoscopic therapy to include ulcer loca-
tion involving the posterior wall of the duodenum or high lesser 
curvature, hemodynamic instability (tachycardia >100, systolic 
blood  pressure  <100),  large  ulcer  size  >1 cm,  need  for  blood 
transfusions, and an actively bleeding ulcer [62].

The Forrest classification was first introduced in 1974 and is 
used  mainly  in  Europe  and  Asia  [63].  In  the  United  States 

Figure 139.1 Endoscopic photos of stigmata of recent hemorrhage. (a) Clean base. Duodenal ulcer with a clean base. No evidence of protruding 
or pigmented areas is present. The rebleeding rate in this lesion is near zero. (b) Flat spot. Pyloric channel ulcer with a flat black spot in the center. 
The risk for rebleeding in this lesion is less than 10%. (c) Adherent clot. Duodenal ulcer with a large adherent clot in the base that could not be 
removed with vigorous irrigation. The nature of the lesion beneath the clot is unknown. The risk for rebleeding in this lesion is intermediate (up to 
25%). (d) Nonbleeding visible vessel. A prominent protruding visible vessel with a bipolar probe in the foreground. This lesion has a high-risk for 
recurrent bleeding (40%–50%) without endoscopic therapy. (e) Active bleeding. A duodenal ulcer with blood vigorously flowing. This is the lesion with 
the highest risk for continued or recurrent bleeding (approaching 60%). Endoscopic hemostasis can control active bleeding in most patients and can 
reduce the risk for rebleeding.

(a)

(d) (e)

(b) (c)
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(hemoglobin  loss  of  8%  or  the  need  for  at  least  two  units  of 
packed red blood cells transfusion). A total of 32 patients met 
criteria  for  rebleeding.  The  adherent  clot  was  then  treated  by 
first  injecting  dilute  epinephrine  in  four  quadrants  at  the  clot 
pedicle, followed by gently shaving off the clot starting with the 
top using a cold snare (cold snare guillotine) until 4 mm of the 
clot was left. The remnant clot was then irrigated again, followed 
by coaptive coagulation. Among the 32 patients, 17 were treated 
medically and 15 patients  received endoscopic  treatment. The 
medically treated group required more blood transfusions, and 
had a 35% rate of rebleeding and 23% rate of requiring further 
endoscopic therapy. A metaanalysis of six randomized control 
trials from Asia, Europe, and the United States, also support the 
benefit of endoscopic therapy in treating adherent clots in terms 
of decreasing rebleeding rates [68].

Attempts to remove an adherent clot should go beyond irriga-
tion  through  a  small  syringe  and  should  include  irrigation 
through a water pik or jet, especially in high-risk patients (older 
age, comorbidities, hemodynamic and/or biochemical evidence 
of a severe bleed). Clinical judgment, taking into account loca-
tion and size of the ulcer, stability of patient, and the clinician’s 
comfort  level, must also  factor  into  formulation of a manage-
ment plan.

Modalities of endoscopic treatment

Epinephrine injection
Epinephrine  monotherapy  is  no  longer  recommended  in  the 
treatment  of  nonvariceal  upper  GI  hemorrhage  [6,25].  With 
epinephrine  injection  3%–36%  of  patients  will  have  recurrent 
bleeding  [69].  Lin  et  al.  aimed  to  find  the  optimal  dose  of 
epinephrine  injection  [69].  They  randomized  patients  to  high 
volume  (16.5 mL  of  1 : 10 000  concentration)  and  low  volume 
group  (8 mL).  The  large  volume  injection  resulted  in  less  epi-
sodes of recurrent bleeding (15.4% vs. 30.8% low volume), but 
there  was  no  difference  in  mortality,  or  need  for  surgery.  The 
total volume of epinephrine injected may make a difference in 
initial hemostasis.

A  metaanalysis  of  randomized  controlled  trials  on  endo-
scopic therapy for ulcer bleeding compared different modalities 
of  endoscopic  hemostasis  with  the  primary  end  point  of  pre-
venting  further  bleeding.  Results  from  the  study  found  that 
epinephrine therapy was effective in initial hemostasis, but was 
less  effective  than  other  forms  of  monotherapy.  In  addition, 
epinephrine monotherapy was inferior to epinephrine injection 
with  a  second  therapy  (hemoclips,  sclerosant  agent,  or  ther-
mocoagulation)  in  preventing  further  bleeding  and  escalation 
to surgery (RR, 0.34; NNT, 5) [70]. Other monotherapy modali-
ties  (fibrin  glue,  thrombin,  hemoclips,  sclerosant  agent,  or 
thermal coagulation) were all superior to epinephrine injection 
monotherapy.

In  2010,  the  Cochrane  Collaboration  Review  also  demon-
strated  results  that  supported  combination  therapy  [71].  In 

46  patients  with  an  adherent  clot  underwent  vigorous  high 
power  water  irrigation  with  a  3.2 mm  bipolar  probe  for  a 
maximum  of  5  minutes.  After  irrigation,  57%  of  the  clots 
remained adherent, 1% had active spurting, 13% with oozing, 
13% had a nonbleeding visible vessel, 11% had a flat pigmented 
spot,  and  2%  had  a  clean  based  ulcer.  This  equates  to  27%  of 
ulcers with an adherent clot had underlying high-risk stigmata. 
Furthermore,  8%  of  the  patients  with  persistent  adherent  clot 
rebled and required repeat endoscopy with therapy.

Another prospective  trial carried out  in Taiwan, also  found 
high-risk stigmata were frequent under the adherent clot, con-
ferring  high  rates  of  rebleeding  if  not  treated  endoscopically 
[66]. In this study 25% of patients had recurrent bleeding within 
1 month, and 60% of those patients rebled within 72 hours. They 
found that those with other comorbidities, anemia with hemo-
globin <10 gm/dL, or hypovolemic shock, were more likely to 
have rebleeding in the setting of an adherent clot.

Results  from  a  randomized  control  trial  support  the  use  of 
endoscopic combination therapy in cases of nonbleeding adher-
ent clots to achieve lower rebleeding rates [67]. This multicenter 
trial  included  patients  with  a  nonbleeding  adherent  clot  on  a 
peptic ulcer, defined as a clot that is resistant to suction or direct 
irrigation with a  jet,  and  requirement  for admission  to moni-
tored  bed,  or  intensive  care  unit  due  to  significant  blood  loss 

Table 139.3 Forrest classification of peptic ulcer disease: Description and 
prevalence of findings.

Forrest stage 
of ulcer

Endoscopic description Prevalence 
%

Ia Active arterial spurting (combined Ia 
and Ib) 9.3

Ib Active oozing

IIa Visible nonbleeding vessel 6.1

IIb Adherent clot 6.5

IIc Pigmented spot at ulcer base 13.1

III Clean based ulcer; no bleeding 52.6

Source: Adapted from Enestvedt et al. 2008 [60]. Reproduced by 
permission of Elsevier.

Table 139.4 Rate of rebleeding and mortality in multiple studies.

Endoscopic finding Risk of rebleeding (%) Mortality (%)

Active bleeding 55 11

Visible vessel 43 11

Adherent clot 22 7

Flat spot 10 3

Clean base 5 2

Source: Data from Laine and Peterson [53].
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visible  vessel.  Lee  and  colleagues  compared  N-butyl-2-
cyanoacrylate injection to hypertonic saline-epinephrine (HSE) 
and  found  that 9 N-butyl-2-cyanoacrylate  led  to  initial 95.2% 
hemostasis  versus  92.1%  in  the  HSE  group  [92].  There  was  a 
significant  decrease  in  rebleeding  rate  in  the  N-butyl-2-
cyanoacrylate group. However, need for emergent surgery and 
hospital  mortality  were  unchanged.  More  significantly,  two 
patients  who  received  N-butyl-2-cyanoacrylate,  developed  an 
arterial embolization with infarction, one of which proved to be 
fatal.  In  addition,  its  use  requires  tedious  preparation  before 
delivery  due  to  its  quick  polymerization  rate  and  potential 
damage to the endoscope. In general experts do not recommend 
N-butyl-2-cyanoacrylate for ulcer related hemostasis.

Fibrin  glue  is  comprised  of  high  concentration  fibrinogen 
and thrombin, which directly affects the clotting cascade. Endo-
scopic  use  of  fibrin  glue  is  considered  an  “off-label”  use,  but 
nonetheless  has  been  shown  to  produce  effective  hemostasis. 
Initial  hemostasis  rates  range  from  92%  to  100%  [89].  Fibrin 
glue  was  found  to  be  more  effective  than  epinephrine  and 
polidocanol  injections  in  prevention  of  rebleeding  [93,94]. 
However,  fibrin  glue  failed  to  make  a  difference  in  outcome 
measures such as transfusion requirements, surgery rates, hos-
pital stay length, and mortality [93,95,96].

Proponents  for  the  use  of  fibrin  glue  in  ulcer  treatment 
believe  that  fibrin  glue  accelerates  ulcer  healing.  This  effect  is 
achieved through repeat injections of fibrin glue. Rutgeerts and 
colleagues  performed  a  large  randomized  trial  of  repeat  daily 
endoscopic injection of fibrin glue with single fibrin glue injec-
tion, and single injection of polidocanol [95]. All study patients 
were also pretreated with dilute epinephrine injection. Repeated 
injections of fibrin glue was found to be more effective in pre-
vention of recurrent bleeding than single dose fibrin glue and 
polidocanol.

Thrombin  comes  in  two  forms:  human  derived  and  bovine 
thrombin. The use of bovine thrombin carries a risk of anaphy-
laxis, Factor V antibody formation, and possibly bovine spongi-
form  encephalopathy  and  Creutzfeldt  Jakob  disease  [88]. 
Thrombin injection is associated with an initial hemostasis rate 
of 86.6% [97]. When combined with epinephrine injection, the 
addition of bovine derived thrombin injection did not confer a 
benefit to permanent hemostasis (81.3% epinephrine alone vs. 
84.4% epinephrine and thrombin), mortality, volume of trans-
fusions,  or  rate  of  surgery  [98].  When  compared  with  heater 
probe  monotherapy,  combination  therapy  with  heater  probe 
and thrombin injection did not change outcomes of rebleeding 
or  emergent  surgery  [99].  On  the  contrary,  when  Kubba  and 
colleagues  used  human  thrombin  injections  with  or  without 
epinephrine,  combination  injection  therapy  resulted  in  a 
decrease in rebleeding rates (4.5% compared to 20% in epine-
phrine injection), and mortality [100].

Mechanical therapy
Endoscopic mechanical therapy consists of endoscopic hemos-
tasis  clips  (hemoclips)  and  ligation  banding.  Endoscopic 

comparison to epinephrine monotherapy, combination therapy 
consisting  of  epinephrine  injection  and  a  second  endoscopic 
method, was significantly more effective in preventing recurrent 
bleed  (18.5%  epinephrine  vs.  10.7%  combination  therapy), 
decreasing mortality (4.7% vs. 2.5% combination therapy), and 
the  need  for  emergency  surgery  (10.7%  epinephrine  vs.  6.7% 
combination therapy).

Sclerosants and absolute ethanol injection
Sclerosants  include  agents  such  as  sodium  morrhuate,  eth-
anolamine  oleate,  polidocanol,  and  sodium  tetradecyl  sulfate. 
Sclerosants and absolute ethanol cause necrosis of the injected 
tissue, with subsequent vessel thrombosis and ulceration of the 
injected  tissue. Sclerosants and ethanol are not  recommended 
for  nonvariceal  bleeding,  with  the  exception  of  hemostasis  in 
the palliation of a  large gastrointestinal  tumor. Ethanol causes 
tissue  dehydration  with  subsequent  necrosis  and  ulceration. 
Due  to  the risk of extensive ulceration  leading  to perforation, 
the  amount  of  ethanol  injected  should  be  limited  to  a  total 
volume of 2 mL for peptic ulcer bleeding. The injection of abso-
lute  (greater  than  95%)  ethanol  is  useful  in  initial  hemostasis 
and  decreasing  rebleeding  rate  compared  to  conservative 
medical  management  [72].  Subsequent  studies  comparing 
ethanol injection to thermal therapy, epinephrine topical spray, 
epinephrine injection plus or minus polidocanol, and mechani-
cal therapy with endoclips, have found efficacy similar to other 
modalities; one study showed ethanol to be inferior to thermal 
therapy  [73–77]. Absolute ethanol  injection  in  the duodenum 
carries an even higher risk of perforation due to the thin duo-
denal wall, and therefore should not be used there.

There  have  been  multiple  studies  that  compare  sclerosant 
injection therapy alone, in combination with epinephrine, and 
to epinephrine alone, in the treatment of bleeding peptic ulcer 
[78–82]. Studies fail to provide evidence that sclerosant therapy 
alone, or in combination with epinephrine, is superior. It does 
not provide any additional benefit to hemostasis, mortality, rate 
of surgery, transfusions, or length of hospitalization [81,83,84]. 
Sclerosants have been shown to cause extensive necrosis, carry-
ing a risk of perforation and death [81,85–87].

Tissue adhesive therapy
The three main agents in this class include fibrin glue, thrombin, 
and cyanoacrylates. They are considered thrombogenic agents 
and do not cause direct tissue damage. The use of these agents 
is more common in Europe and in Asia than the United States, 
where  fibrin  glue  and  cyanoacrylates  have  not  been  approved 
for endoscopic use. Access to human-derived thrombin in the 
acute setting may be limited.

Cyanoacrylate  liquid  glue  undergoes  almost  immediate 
polymerization creating a solid cast of the injected vessel within 
20 seconds [88,89]. Most of the data suggesting use of cyanoacr-
ylates has been obtained in trials of patients with variceal bleed-
ing [90,91]. In the one randomized control trial  involving 126 
patients  with  both  actively  bleeding  ulcers  and  ulcers  with 
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comparable  to  dual  therapy,  and  is  superior  to  epinephrine 
injection alone [105]. With Dieulafoy’s lesions, hemoclips have 
also been shown to be more effective than epinephrine injection 
alone, and equally effective to endoscopic band ligation [106–
108].  Mallory-Weiss  tears  may  be  treated  successfully  with 
hemoclips  [109–111].  Iatrogenic  duodenal  perforations, 
depending on size and location, can sometimes be successfully 
closed with hemoclips [112–114]. The use of hemoclips requires 
more precise application than the use of endoscopic band liga-
tion. The operation expertise and comfort level with hemoclips, 
the location of the lesion, and the ease of accessibility should all 
be considered in the decision to use hemoclip for treatment of 
UGIB.

Thermal coagulation devices (Figure 139.2a–d)
Although CO2 laser was the first laser to be used in endoscopic 
hemostasis [115], this has been largely supplanted by Nd:YAG 
laser  and  argon  plasma  coagulation.  Thermal  coagulation  can 
be  applied  with  heater  probes,  electrocautery  probes,  Argon 
plasma  coagulation,  and  neodymium-  yttrium  aluminum 
garnet  (Nd:YAG)  lasers.  Coagulation  can  be  achieved  with 
Nd:YAG  lasers  and  Argon  plasma  coagulation  without  direct 
contact with the lesion. Kiefhaber and colleagues first reported 
that  it was possible  to  transmit argon and Nd:YAG through a 
fiberoptic  system  [116].  Since  then,  multiple  randomized 
control  trials  have  been  performed  on  the  effectiveness  of 
hemostasis by Argon Gas and Nd:YAG laser [117]. In terms of 
endoscopic hemostasis of visible vessels and peptic ulcers,  the 
Nd:YAG  laser  has  more  robust  results.  The  Nd:YAG  has  been 
shown  to  be  effective  in  initial  hemostasis  80%  to  96%  of  the 
time, with a  rebleeding rate of 10%  in ulcer disease,  and 30% 
for  esophageal  varices  [117–119].  Not  only  were  perforation 

ligation  banding  is  typically  reserved  for  variceal  ligation,. 
However,  studies  have  demonstrated  successful  endoscopic 
band  ligation  of  Dieulafoy’s  and  Dieulafoy-like  lesions  of  the 
upper GI tract [101–103]. Dieulafoy’s lesions are large tortuous 
arterioles  arising  from  the  submucosa  with  a  small  visible 
mucosa defect but without any associated surrounding inflam-
mation. In one study of 23 patients with Dieulafoy-like lesions 
located in the stomach, Billroth II anastomosis sites, duodenum, 
and  jejunum,  endoscopic  band  ligation  achieved  sustained 
hemostasis in 22/23 patients [102]. The one patient with recur-
rent bleed within 5 days was a patient with a jejunal  lesion. A 
prospective  trial  published  in  2009,  compared  epinephrine 
injection  therapy  to  endoscopic  band  ligation  in  all  patients 
presenting  with  a  Dieulafoy’s  lesion  (18/588  Patients)  [101]. 
Dilute  Epinephrine  (1 : 10 000)  therapy  was  administered  in 
eight of these patients by injection in four quadrants with 2.5 mL 
initially  and  repeated  injections  until  cessation  of  bleeding 
(mean injection of 12 mL, range 8 mL to 24 mL). There was no 
rebleeding  in  the  band  ligation  treated  group  (N  =  10).  The 
epinephrine group had a 75% recurrent bleeding rate.

Hemostasis clips can be applied to Dieulafoy’s lesions, visible 
vessels in peptic ulcers, and defects such as Mallory Weiss tears 
and  small  perforations.  There  are  many  types  of  endoscopic 
hemostasis clips on the market that differ in deployment style, 
maneuverability, size, and material. A randomized study com-
paring two commonly used disposable clip devices in a simula-
tor  model  for  bleeding,  did  not  find  a  difference  in  efficacy 
between the hemostasis clips [104]. As expected, application of 
the  hemoclips  and  successful  hemostasis  were  found  to  be 
dependent on the endoscopist’s experience and skill level. In the 
treatment of peptic ulcer disease with a visible vessel, hemoclip 
application as monotherapy yields high hemostasis rates that are 

Figure 139.2 (a) A quartz laser fiber with covering plastic sheath. Fibers may also have a sheath that provides coaxial gas flow. The quartz fiber 
conducts the laser light but is flexible enough to be passed through an endoscope channel. Similar fibers are used for argon, Nd:YAG, and KTP lasers. 
(b) Bipolar electrocoagulation catheter. Electrodes circle the end of the catheter, and a central channel provides vigorous water irrigation. Some 
electrodes have a retractable central injection needle to allow combined electrocoagulation and injection therapy. (c) Heater probe. A flexible catheter 
tipped with a heating element that is placed directly on the tissue for coagulation. No electrical current passes through the patient. Vigorous water 
irrigation is possible through the central channel of the catheter. (d) Argon plasma coagulation catheter. This hollow catheter produces a flow of 
electrically charged argon gas when activated. The catheter should not come in contact with the tissue. It allows rapid electrocoagulation of larger areas 
of tissue, or areas that are difficult to reach with a contact probe.

(a) (b)

(c) (d)
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proprietary powder interacts with blood to form a strong cohe-
sive bond,  creating a  stable mechanical barrier. By binding  to 
the  fluid  blood,  it  inherently  causes  a  focal  concentration  of 
clotting factors. This in turn activates the coagulation cascade, 
forming a stable fibrin plug [141]. The hemospray is appealing 
due to its ease of use, and the fact that it is nonabsorbable. In a 
porcine gastrointestinal bleeding model, Giday et al. found evi-
dence  supporting  the  effectiveness  of  hemospray  in  UGIB.  In 
the porcine models with spurting arterial bleeds, initial hemos-
tasis with TC-325 was achieved 100% of  the  time, and rate of 
rebleeding  was  20%.  On  necropsy  there  was  no  evidence  of 
foreign body granuloma formation or embolization to the lung 
or brain [141].

Sung  and  colleagues  performed  a  single  arm  pilot  clinical 
study of 20 patients with peptic ulcer and a Forrest score of Ia 
or Ib [136]. All patients were treated with the hemospray within 
24  hours  of  presentation  and  received  up  to  two  applications 
with the stipulation of a maximum of 150 g TC-325 delivered. 
These patients were then monitored at 72 hours with a second 
endoscopy  and  at  30-days  by  telephone  follow-up.  Initial 
hemostasis  was  95%.  One  patient  was  found  to  have  a  pseu-
doaneurysm and underwent arterial embolization. Two patients 
had evidence of hemoglobin drop, but were not found to have 
active bleeding at the 72 hour endoscopy. There were no adverse 
events or mortality in the treated patient.

Holster  and  colleagues  tested  the  use  of  the  hemospray  in 
patients receiving antithrombotic therapy (aspirin, clopidogrel, 
warfarin)  in  a  series  of  eight  patients  on  therapy  and  eight 
patients  without  antithrombotic  therapy  [137].  The  causes  of 
bleed  were  diverse,  consisting  of  one  Dieulafoy’s  lesion,  nine 
ulcers  (Forrest  Ia or  Ib), one duodenal diverticular bleed, one 
variceal bleed, two arterial bleeds, and two tumor related bleeds. 
In  all  cases  a  maximum  of  20 gm  of  powder  was  used.  Initial 
hemostasis  was  achieved  in  63%  of  patients  on  therapy,  and 
100% of control patients. Patients with failed initial hemostasis 

Figure 139.3 Visible vessel. This classic image demonstrates the histology 
of a bleeding vessel in the base of an ulcer. The submucosal vessel is seen 
extending to the ulcer surface, with a thrombus present in the “hole” in 
the arterial wall. Source: Courtesy of C. Paul Swain MD.

rates of laser therapy low (between 1%–3%), the Nd:YAG laser 
made an impact in reducing the need for surgery and decreasing 
mortality rates [117,120,121]. Use of Nd:YAG laser therapy has 
declined over the years, especially with the advent of heater and 
electrocautery probes. The decline  is due  to a  few factors. For 
one, the equipment, training of staff, and a probe for each indi-
vidual patient, make it expensive compared to other coagulation 
modalities. Technically, the Nd:YAG laser is difficult to use for 
precise delivery. Ulcers are often  located at an awkward angle 
from the direction of  the fiberoptic bundle. Also  the Nd:YAG 
laser  works  for  hemostasis  only  when  short  direct  bursts  are 
delivered;  short bursts of energy cause  thermal contraction of 
the  bleeding  tissue/vessel  wall.  When  longer  shots  of  energy  
are delivered, vaporization of  tissue occurs  to cause burn  into 
deep layers and possibly perforation. These same qualities make 
it  possible  to  use  Nd:YAG  laser  in  palliative  debulking  and 
coagulation of gastrointestinal cancers, especially of the upper 
GI tract [122].

Argon  plasma  coagulation  (APC)  involves  the  use  of  a 
monopolar electrosurgical generator to send current to the APC 
probe tip, which ionizes the argon gas into plasma that delivers 
the thermal energy to the targeted tissue. The current and argon 
gas flow rate are both adjustable. The APC thermal energy can 
be  delivered  linearly  (straight  fire  probe),  or  tangentially  (cir-
cumferential probe). The depth of APC thermal transmission in 
the  stomach  is  only  1 mm  to  1.55 mm  [123].  Although  there 
have been a few studies demonstrating the effectiveness of APC 
on ulcer  related hemostasis, APC has generally been used  for 
the treatment of superficial lesions such as gastric antral vascu-
lar ectasias, arteriovenous malformations [124–126]. Experts do 
not  recommend  APC  for  hemostasis  of  bleeding  ulcers 
[58,127,128].

The effectiveness of the heater probe in endoscopic hemosta-
sis  of  bleeding  ulcers  was  first  reported  in  the  1980s  and  has 
since  been  validated  in  clinical  practice  [129,130].  Both  the 
heater  probe  and  electrocautery  (monopolar  or  bipolar/
multipolar) probe utilize a combination of direct pressure and 
heat or electric current, respectively, to coagulate blood vessels, 
a  process  called  coaptation.  Coaptation  with  both  probes  has 
been  shown  to  achieve  successful  hemostasis  in  vessels  up  to 
2.5 mm in diameter in the canine model [131]. This diameter is 
important  as  the  mean  diameter  of  arteries  feeding  gastric 
ulcers is 0.7 mm (range 0.3 mm to 1.8 mm) and the mean diam-
eter of arteries diameter under duodenal ulcers is 1 mm (range 
0.1 mm to 3.54 mm) [132–134] (Figures 139.3, 139.4 and 139.5).

Novel endoscopic hemostasis devices
The  Hemospray  has  shown  promise  in  the  treatment  of  GI 
bleeds [135–140]. Hemospray is approved in Canada for endo-
scopic use in nonvariceal UGIB and is currently being studied 
for  this  indication  in  a  multicenter  clinical  trial  in  Europe. 
However, it is not available in the United States commercially.

The hemospray consists of a mineral blend powder, TC-325, 
that  has  been  used  for  external  injury  related  bleeding.  The 
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Figure 139.5 Contact therapy diagram. Treatment with contact probes focuses on coaptive coagulation of the bleeding site. Considerable pressure is 
applied with the probe to tamponade the bleeding vessel. Multiple bursts of energy are then delivered to coagulate the lesion and seal the bleeding 
vessel. Care must be taken to avoid dislodging coagulated tissue, which can adhere to the catheter tip. Source: Johnston et al. 1987 [131]. Reproduced by 
permission of Elsevier.
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Figure 139.4 Noncontact therapy diagram. Coagulation of tissue with noncontact methods, such as laser therapy or argon plasma coagulation. The area 
surrounding the bleeding site is treated with the aim of coagulating the submucosal vessel. Even when the vessel is not coagulated, the resulting 
circumferential edema results in enough tamponade to control bleeding.
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scopist to control the depth of suturing. There are no published 
data  of  the  application  of  the  Overstitch  to  gastrointestinal 
hemorrhage.

There  have  been  reports  on  the  usefulness  of  endoscopic 
ultrasound (EUS) in determining the cause for UGIB and deliv-
ering targeted sclerotherapy precisely to the site [144–147]. In 
a porcine model for peptic ulcer bleeding, Elmunzer et al. dem-
onstrated that more accurate targeted vessel injection was pos-
sible  with  EUS  [147].  A  single  use  Doppler  ultrasound  probe 
(20-MHz  DopUS  system,  Vascular  Technology  Inc.,  Nashua, 
NH, USA) has been proposed as a novel technique for increas-
ing the diagnosis of active arterial bleeding by examining sub-
surface blood flow [148].

Other nonulcer upper gastrointestinal 
bleeding

Esophagitis (Figure 139.6a)
Esophagitis rarely causes acute GI hemorrhage. When it does, 
it  is  typically  manifest  as  melena,  coffee-ground  emesis,  or  
iron deficiency anemia from slow chronic blood loss. In immu-
nocompetent  individuals,  the  development  of  esophagitis  is 
associated with gastroesophageal reflux disease, medication or 

included  two  with  spurting  vessel  requiring  hemoclips,  and  
one  with  duodenal  diverticulum  who  required  angiographic 
embolization. In the control group, rebleeding was seen in two 
patients with ulcer related arterial bleeding, which subsequently 
required  angiographic  embolization.  This  study  suggests  that 
hemospray  may  not  be  the  treatment  of  choice  for  spurting 
arterial bleeds.

Endoscopic  suturing  devices  have  been  used  for  closure  of 
iatrogenic  upper  GI  defects  from  endoscopic  mucosal  resec-
tions,  and  it  is  commonly  used  in  laparoscopic  surgeries.  An 
endoscopic suturing device was first described to be effective in 
stopping major gastric bleeding in a porcine model [142,143]. 
The  authors  used  two  different  prototypes  of  an  endoscopic 
suturing  system  called  the  Eagle  Claw;  Eagle  Claw  II  (which 
required  endoscopists  to  remove  the  scope,  tie  suture  knots 
extracorporally), and Eagle Claw V (with intracorporal knotting 
device). Both systems encountered technical difficulties or mal-
functions, and as expected the Eagle II required more time for 
suture completion (13.8 minutes Eagle Claw II vs. 3.5 minutes 
for  Eagle  Claw  V).  Apollo  Endosurgery  developed  a  similar 
endoscopic suturing system called the Overstitch (Apollo Endo-
surgery, Austin, TX, USA). The Overstitch is a single use device 
that  delivers  full  thickness  suturing  with  either  a  2.0  or  3.0 
polypropylene.  The  needle  is  curved,  which  allows  the  endo-

Figure 139.6 Other causes of nonvariceal upper GI Bleed. (a) Severe esophagitis (Los Angeles Classification Grade D [149]) in an 
immunocompromised patient. (b) Dieulafoy lesion in the gastric fundus; hemostasis achieved by endoscopic deployment of endoclip. (c) A deep 
Mallory–Weiss tear is adjacent to the shaft of the endoscope at the gastroesophageal junction. Bleeding from these lesions is often self-limited, but 
hemostasis can be achieved using the same methods applied to ulcers (injection, thermal therapy, clips). (d) Severe case of gastric antral vascular ectasia 
(GAVE). (e) Gastric cardiac malignant ulceration, presenting as upper GI bleed.

(a)

(d) (e)

(b) (c)
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effectiveness  and  safety  regardless  of  the  presence  of  other 
comorbidities or hemodynamic shock [110].

Gastric antral vascular ectasia (GAVE) 
(Figure 139.6d)
Gastric  antral  vascular  ectasia,  also  known  as  watermelon 
stomach,  has  a  distinct  pattern  of  concentric  linear  mucosal 
hyperemia  that  converges  at  the  pylorus.  Gastric  dysmotility 
causes the dilated capillaries, which often contain microthrombi, 
that is the diagnostic characteristic of GAVE [61]. There is mild 
inflammation; it can be distinguished from portal hypertensive 
gastropathy by  the absence of mosaic mucosal pattern and  its 
antral  location.  GAVE  represents  approximately  4%  of  non-
variceal  causes  of  upper  GI  bleed  and  is  most  common  in 
women  (4 : 1  ratio)  [61,158].  GAVE  is  associated  with  portal 
hypertension due to cirrhosis in 30% to 40% of cases [61,159]. 
Associations  with  autoimmune  connective  tissue  disorders, 
chronic kidney disease, atrophic gastritis, and achlorhydria have 
been reported [61,160,161]. Up to 60% of patients with GAVE 
will  have  coexisting  Raynaud’s  syndrome  and  sclerodactly,  or 
CREST syndrome [159].

The most common method for treatment of GAVE is thermal 
coagulation therapy with APC, neodymium:yttrium-aluminum-
garnet  (Nd:YAG)  laser,  or  heater  probe  [158,159,162,163]. 
Treatment with APC is effective and safe in patients with portal 
hypertension  [158,164].  Most  patients  will  need  multiple  ses-
sions  of  thermal  coagulation  before  improvement  and  ideally 
obliteration of GAVE is achieved.

Endoscopic  mucosal  ablative  therapy  using  the  HALO  [90] 
system is a novel method that has been reported in a prospective 
case  series  involving  six  patients  [165].  The  mean  number  of 
treatments was 1.7, ranging from 1 to 3 treatment sessions. Five 
of  the six patients were no  longer  transfusion dependent after 
therapy. The Halo system is promising given the ease of appli-
cability,  the  increased  surface  area  covered  per  application  by 
the rectangular applicator, and the decreased procedural time.

Wells  and  colleagues  have  proposed  the  use  of  endoscopic 
band  ligation  as  an  alternative  to  coagulation  therapy  [163]. 
Their  retrospective  study  included  a  total  of  22  patients,  13 
treated with thermal coagulation, and nine treated with endo-
scopic band ligation. The endoscopic bands were deployed from 
the pylorus, working backwards into the antrum. The goal was 
to deploy as many bands as needed to cover the abnormal tissue. 
The patients who underwent band ligation had a much higher 
rate of bleeding cessation (67% vs. 23%; P = 0.04), improvement 
in  hemoglobin,  decrease  in  blood  transfusions  requirements, 
and decrease need for repeat endoscopy for retreatment (1.9 vs. 
4.7; P = 0.05). Complete mucosal healing was seen after band 
ligation.

In patients refractory to endoscopic therapy, the administra-
tion  of  daily  estrogen-progesterone  supplementation,  octre-
otide,  thalidomide  have  been  described  in  case  reports  to  be 
effective in preventing further significant bleed, resolving trans-
fusion dependency, and preventing antrectomy [162,166,167].

chemical  toxicity,  eosinophilic  esophagitis.  In  immunosup-
pressed  patients,  infectious  causes  of  esophagitis  such  as 
candida, HSV, or cytomegalovirus (CMV) may be responsible. 
Generally, esophagitis does not require endoscopic hemostasis. 
Therapy involves treating the underlying infection, removal of 
offending agent, antireflux measures, and PPI therapy.

Dieulafoy’s lesion (Figure 139.6b)
Dieulafoy’s lesions, also known as caliber persistent artery, are 
bleeding lesions of large tortuous arterioles from the muscularis 
mucosa  that  erode  through  into  the  mucosa  [61].  It  was  first 
described  by  Gallard  in  1884  as  “miliary  aneurysms  of  the 
stomach” and further characterized in 1898 by George Dieula-
foy’s [150,151]. Dieulafoy’s lesions most commonly occur in the 
stomach, but may be seen  in  the small bowel, esophagus, and 
the colon. There are no surrounding ulcerations or  inflamma-
tion associated with the aberrant vessel. These defects are often 
only a few millimeters in diameter, but the amount and rate of 
hemorrhage generated by the large caliber vessel is often signifi-
cant enough to cause hemodynamic instability and even death. 
The incidence has been reported to be between 0.3% and 6.7% 
[103].  Clinical  presentation  is  typically  acute  without  inciting 
factors or prior symptoms. Endoscopic management of Dieula-
foy’s lesions has decreased the necessity for surgery. Hemostasis 
can  usually  be  successfully  achieved  with  the  combination  of 
epinephrine  and  heater  probe  coagulation,  or  monotherapy 
with  mechanical  therapy  using  the  hemoclip,  or  endoscopic 
band ligation [103].

Mallory Weiss tear (Figure 139.6c)
Mallory Weiss tears were first described in 1929. They are lon-
gitudinal mucosal lacerations of the distal esophagus and proxi-
mal  stomach  that  extend  intramurally  and  may  cause  severe 
bleeding. They are thought to result from increased abdominal 
pressure causing the upward movement of the proximal stomach 
[61]. Rarely, it may progress to spontaneous esophageal perfora-
tion also known as Boerhaave’s  syndrome. Forceful  coughing, 
lifting, pregnancy, trauma, retching/vomiting can all be under-
lying  causes  of  the  increased  abdominal  pressure  leading  to  a 
Mallory  Weiss  tear.  Often,  the  patient  will  offer  a  history  of 
nausea following by a period of nonbloody vomiting or retch-
ing. The incidence has been reported to be between 3% to 15% 
of all patients with UGIB [152–154]. Over 90% of patients will 
respond  to  conservative management with PPI  treatment and 
avoidance  of  nonsteroidal  antiinflammatory  agents  (NSAIDS) 
[155]. A small subset will have severe hemorrhage and require 
endoscopic  hemostasis.  Epinephrine  monotherapy  (amount 
injected from 8 mL to 18 mL), multipolar coagulation, mechani-
cal therapy with band ligation or hemoclips, or a combination 
of epinephrine and another modality, can be effective in achiev-
ing  hemostasis  in  actively  bleeding  Mallory  Weiss  lesions 
[110,153,156]. Endoscopic band ligation has been shown to be 
as effective as injection of dilute epinephrine [156,157]. Endo-
scopic  band  ligation  and  endoscopic  hemoclips  are  equal  in 
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hemostasis should be viewed as a bridge towards a more defini-
tive surgical treatment in suitable patients.

Second look endoscopy

A routine second look endoscopy, defined as a repeat endoscopy 
performed after 24 hours from initial endoscopy, is not recom-
mended [6,25,177]. The majority of supporting evidence for the 
performance of a second look endoscopy is based on multiple 
trials carried out prior to current practice that includes avoid-
ance of single epinephrine injection therapy for high-risk stig-
mata  bleeds,  and  the  use  of  high  dose  PPI  therapy  after 
endoscopic hemostasis. A recent metaanalysis with the primary 
outcome of rebleeding rates and secondary outcomes of mortal-
ity and surgical intervention, found that rebleeding rates with a 
second endoscopy were only statistically decreased in patients 
that did not receive high dose PPI therapy [178] When the data 
was further analyzed by excluding two studies involving patients 
with very high-risk for rebleeding (active bleeding with coagu-
lopathy), there was no significant benefit to performing a second 
look endoscopy (odds ratio [OR], 0.65).

There are select circumstances in which a second endoscopy 
may be  indicated and helpful. This subset of patients  includes 
those  with  high-risk  stigmata  at  time  of  initial  endoscopy,  in 
which high dose PPI therapy  is not available, or  implemented 
[178–180].

The benefit of second look endoscopy with intervention suc-
ceeds in its primary goal of decreasing the rate of rebleeding. In 
a metaanalysis involving four randomized controlled trials, with 
patients  treated  for bleeding ulcers between 1990 to 2000,  the 
pooled  data  showed  an  absolute  risk  reduction  of  6.2%,  and 
significant reduction of rebleeding risk with OR 0.64, with NNT 
of 16 [181]. Tsoi and colleagues studied the efficacy of second 
look endoscopy with therapy, either thermal coagulation versus 
epinephrine or fibrin glue injection [182]. The analysis included 
a total of five randomized control trials involving 998 patients; 
505  patients  underwent  single  endoscopy,  119  underwent 
thermal coagulation with second endoscopy, and 374 received 
injection therapy with the second endoscopy. There was a sig-
nificant  decline  in  recurrent  bleeding  only  in  the  group  that 
received  thermal  coagulation  when  compared  to  the  single 
endoscopy group (4.2% vs. 15.7%). A randomized control trial 
based on a single center experience reported benefit in reducing 
the  rate  of  rebleeding  and  subsequent  need  for  surgery  in 
patients  with  high-risk  stigmata,  who  received  second  endos-
copy with appropriate therapy within 16–24 hours after initial 
successful hemostasis [179]. Based on these initial findings, the 
authors  identified  patients  who  were  at  risk  for  developing 
recurrent bleeding after the second endoscopy [183]. Associated 
risk factors include large ulcer size >1 cm, persistent high-risk 
stigmata  at  second  endoscopy,  and  an  American  Society  of 
Anesthesiologists (ASA) grade of greater than II [183]. Despite 
demonstrating  a  benefit  in  reducing  recurrent  bleeding  rates 

Angiodysplasias, arterial venous malformation (AVM)
The term angiodysplasia has been used synonymously with vas-
cular ectasias and AVMs. They present either as chronic occult 
bleeding  or  an  acute  GI  hemorrhage.  Although  from  a  pure 
endoscopy therapeutic standpoint, differentiating them may not 
be as helpful. Histologically these lesions have different charac-
teristics.  Angiodysplasias  are  aberrant  dilated  vessels  located 
mainly in the submucosa and is acquired with aging [61]. They 
have  been  associated  with  end  stage  kidney  disease,  radiation 
injury, both primary and secondary von Willebrand deficiency, 
and aortic valve stenos [168–173]. They rarely cause significant 
bleeding, and are usually  in  the  lower GI  tract  [61]. They can 
occur in the small intestines, esophagus, and stomach too. AVMs 
have an abnormal connection between arterial and venous beds, 
bypassing  the  capillary  beds,  and  resulting  in  a  high  pressure 
flow. The high pressure flow through the AVM can potentially 
cause  a  life  threatening  hemorrhage  if  uncontrolled.  Arterial 
venous malformations also differ  from angiodysplasias  in  that 
they  are  believed  to  be  genetic  defects  that  develop  during 
embryologic  and  fetal  life  [61].  AVMs  can  present  in  any  age 
group, but is most common in the elderly population. Associated 
disease processes  include genetic vascular collagen syndromes 
such as Ehlers-Danlos syndrome type IV, and hereditary hemor-
rhagic telangiectasia (Rendu-Osler-Weber syndrome).

Coagulation  therapy  with  APC,  Nd:YAG  laser,  or  heater 
probe, with or without epinephrine injection, achieves hemos-
tasis in most patients with either angiodysplasia or AVMs. The 
heater probe carries increased risk of perforation if used distal 
to duodenum because of the depth of energy penetration in the 
relatively  thin  walled  intestine.  If  endoscopic  hemostasis  fails, 
angiographic embolization by  interventional  radiology  should 
be  attempted  before  surgery  in  a  hemodynamically  stable 
patient.

Gastrointestinal tumors (Figure 139.6e)
Both benign and malignant tumors of the esophagus, stomach, 
and duodenum can cause UGIB. They often present as chronic 
intermittent  melena  or  occult  bleeding  with  iron  deficiency 
anemia. A subset of patients will present with hematemesis and 
severe  GI  hemorrhage.  In  a  large  retrospective  study  of  935 
patients presenting with UGIB, 5% of the patients were found 
to have a tumor; a large majority of these tumors were late stage 
malignancies [174]. Acute upper GI hemorrhage was the initial 
presenting  symptom  in  52%  of  the  patients  found  to  have 
tumors.  This  presentation  is  an  ominous  sign  and  conveys  a 
30-day mortality rate of 10%, and a 1-year mortality rate of 89%. 
Endoscopic hemostasis can be achieved with laser coagulation, 
epinephrine injections, heater probe coagulation, or injection of 
a sclerosant such as sodium tetradecyl sulfate (STS), or ethanol 
[175]. As ethanol induces tumor necrosis,  it has been demon-
strated to be effective in the palliation of severe dysphagia due 
to gastroesophageal tumor obstruction [176]. Rebleeding rates 
are high, ranging from 33% to 80% in patients in whom initial 
hemostasis  was  achieved  [174,175].  Therefore,  endoscopic 
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taking measures  to achieve stability  in  those with  impairment 
states.  Endoscopy  remains  the  gold  standard  for  diagnosis  of 
acute UGI bleeding. Endoscopy aids the clinician in appropri-
ately triaging the patient, provides a means of direct hemostatic 
therapy, and therefore decreases the need for surgery. Intrave-
nous proton pump therapy in the setting of confirmed or sus-
pected  peptic  ulcer  disease  should  be  administered  prior  to 
endoscopy. In select patients, outpatient triage may be appropri-
ate. In all other patients, endoscopy should be performed within 
24 hours from presentation. In the management of nonvariceal 
acute UGIB, epinephrine monotherapy is strongly discouraged. 
When  epinephrine  is  used,  it  should  be  used  in  conjunction 
with either cautery, or endoclips. Monotherapy with mechanical 
therapy with hemoclips, or thermal therapy with heater probe 
and  multipolar  electrocautery,  may  be  used  for  hemostasis. 
There is no role for routine second look endoscopy. In cases of 
recurrent bleeding after initial hemostasis, repeat endoscopy is 
indicated.  In  cases  of  failed  endoscopic  hemostasis,  further 
management by angiographic embolization or emergent surgery, 
may be appropriate.
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with a second endoscopy, none of the studies above proved to 
significantly decrease overall mortality  rates,  alter hospitaliza-
tion duration, need for blood transfusions, or reduce the need 
for surgery [179–181,183].

Post endoscopic management
The main goal after hemostasis should be prevention of recur-
rent bleed. After successful hemostasis of severe UGIB, gastric 
acid secretion should be controlled. Patients should remain on 
intravenous PPI for 72 hours, followed by daily PPI therapy for 
at  least  8  weeks  in  cases  of  peptic  ulcer  disease  [184].  Other 
nonulcer related etiology of upper GI bleed would benefit from 
PPI therapy, due to the decrease in intraluminal gastric acid and 
subsequent  stabilization of fibrin clot  formation [185]. Avoid-
ance and confirmed treatment of other risk factors such as H. 
pylori  infection,  NSAIDS,  other  gastrotoxic  medications,  and 
physiological stress, should be a priority. In patients with history 
of nonvariceal upper GI bleed who require chronic anticoagula-
tion or NSAID use,  long  term PPI  therapy may be warranted 
[186,187].

Patients with a history of acute coronary syndrome, unstable 
angina,  atrial  fibrillation,  are  often  on  antithrombotic  therapy 
to prevent the increased risk of stroke, repeat myocardial infarc-
tion,  and  mortality.  These  anticoagulated  patients  are  at 
increased risk of severe GI bleed, especially if they are older and 
have  other  comorbidities.  A  retrospective  study  from  Danish 
national registries, found that the risk with a number needed to 
harm (NNH) of 12.5 for triple therapy with Aspirin, clopidogrel, 
and Vitamin K antagonist, 15.2 for clopidogrel plus vitamin K 
antagonist,  45.4  for  aspirin  plus  vitamin  K  antagonist,  81.2  
for  aspirin  plus  clopidogrel.  The  hospitalizations  for  bleeds 
included cerebral, gastrointestinal, urogenital, femoral pseudo-
aneurysms; the highest incidence of bleeds was of gastrointes-
tinal sources [188]. The new oral anticoagulants, direct thrombin 
inhibitors (Dabigatran) and direct factor Xa inhibitors (rivarox-
iban), are given at fixed doses without the need for monitoring 
of coagulation factors. They are convenient for both the patient 
and  cardiologists  and  increase  patient  compliance.  However, 
these new anticoagulants in combination with clopidogrel and/
or  aspirin,  are  associated  with  a  high-risk  of  major  bleeding 
event  [189].  Most  cardiologists  prescribe  daily  PPI  therapy  to 
patients with antithrombotic therapy. The timing of reinitiation 
of antithrombotic therapy after a significant upper GI bleed is 
dependent  on  the  clinical  scenario  and  should  include  close 
cooperation between both the cardiologist and gastroenterolo-
gist. At this time there are no interdisciplinary studies published 
to clarify best practice guidelines in the management of patients 
on anticoagulation therapy, who present with UGIB.

Summary

In patients presenting with acute UGIB, the first priority is the 
assessment of the hemodynamic states of the patient and under-
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CHAPTER 140

Endoscopic resection of gastrointestinal polyps and tumors has 
become an important alternative to traditional surgical therapy. 
Endoscopic lesion removal often has multiple advantages over 
open and laparoscopic surgery: (1) endoscopic lesion resection 
preserves the affected organ and is less traumatic and usually 
involves less risk than surgery; (2) endoscopic resection is 
usually done as an outpatient procedure under sedation, obviat-
ing the need for general anesthesia and hospital admission with 
significant cost saving; and (3) endoscopic procedures provide 
faster patient recovery and early return to work and normal 
physical activity compared with traditional open and laparo-
scopic surgery.

This chapter reviews currently available methods and tools 
for endoscopic therapy of polyps and tumors, complications of 
endoscopic therapy, and endoscopic treatment of specific lesions 
in the esophagus, stomach, duodenum, and colon. Endoscopic 
therapy for tumors in the pancreas and biliary tree is covered 
in a separate chapter.

Methods of endoscopic therapy

Polypectomy
Polypectomy is the most commonly used method of endoscopic 
removal of lesions that are confined to the mucosal layer of the 

gastrointestinal tract. Other endoscopic techniques (endoscopic 
mucosal resection, endoscopic submucosal dissection) should 
be used for removal of lesions with a broad base or those origi-
nating from or expanding into the submucosal layer. Tumors 
extending into the muscularis propria or originating from it are 
usually not amenable to curative endoscopic resection, although 
recent advances in submucosal endoscopy have allowed endo-
scopic resection of small lesions originating from the muscula-
ris propria [1].

Polypectomy can be done without use of electrical current 
(“cold” snare/forceps) or with electrical current (“hot” forceps/
diathermic snare). Effective polypectomy technique is essential 
to prevent interval cancers.

Cold snare/forceps polypectomy
Small or diminutive (≤5 mm) polyps can be removed endo-
scopically without electrocautery using cold biopsy forceps [2]. 
Minor immediate bleeding is common, but it usually does not 
require any treatment and stops spontaneously within 1–2 min 
of observation. Delayed bleeding is uncommon in patients who 
are not anticoagulated and who do not have a bleeding ten-
dency. However, despite apparently complete polypectomy, 
residual polypoid tissue was still detected on subsequent endos-
copy in 29% of patients treated with cold biopsy [2]. Recent data 
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Endoscopy (ASGE) recommends that hot forceps should be 
used only for diminutive polyps ≤5 mm. Even so, the use of hot 
forceps is generally discouraged given safer alternative methods 
and the use of minisnares is advocated instead of hot forceps for 
diminutive colorectal polyps, especially in the right colon.

Polypectomy with diathermic snare
Diathermic snares, comprising a wire loop contained inside an 
electrically isolating catheter, are usually used for polyps larger 
than 7 mm in size [6]. A variety of sizes (jumbo, standard, mini) 
and shapes (oval, round, crescent) of diathermic monopolar 
snares are available for endoscopic polypectomy. The diather-
mic snare is placed around the base or stalk of a polyp with 
subsequent application of electrocautery followed by mechani-
cal transection of the polypoid tissue. Electrocautery heats the 
tissues to 45–100°C, which results in tissue coagulation and 
endoscopically visible coagulation necrosis (tissue whitening), 
reflecting denaturation of proteins and cell death. Heat gener-
ated by the snare also causes desiccation and shrinkage of coag-
ulated tissues with blood vessel constriction and thrombosis. 
This prevents postpolypectomy hemorrhage and facilitates sub-
sequent mechanical tissue transection.

Three modes of electrosurgical current are available: pure cut, 
pure coagulation, and a mixture (blend) [9]. In pure-cut mode, 
the electrical current waveform continuously oscillates between 
peak positive and negative voltage producing a local heating 
effect [9]. In pure-coagulation mode, the current wave is turned 
on in powerful bursts for short intervals of time [9]. For the 
blend mode, the periods of time when the duty cycle is off are 
attenuated compared with the cutting mode [9]. At the same 
power setting, the peak power in coagulation mode is five times 
higher than in blend mode and 10 times higher than in pure-cut 
mode, causing a wide coagulation zone [9]. Some cautery units 
(e.g., ERBE GmbH, Tuebingen Germany) adjust the delivered 

suggest that biopsy forceps is inadequate even for resection of 
diminutive polyps [3].

Cold snare polypectomy (without electrocautery) is usually 
possible for polyps 5 mm or less in size [4]. The polypectomy 
snare is placed around the base of a polyp, which is then guil-
lotined by mechanical closure of the snare. Minor immediate 
bleeding may occur, but usually stops spontaneously without 
any therapy within 1–2 min of observation. The major advan-
tage of both cold forceps and cold snare polypectomy is a reduc-
tion in the risk of delayed bleeding seen more commonly when 
electrocautery is used (delayed hemorrhage is usually caused by 
sloughing off of coagulated tissue or extension of coagulation-
induced necrosis into larger-diameter submucosal vessels) [4]. 
Although cold snare polypectomy is usually not recommended 
for polyps larger than 7 mm in size, recent data suggested effi-
cacy and safety of cold snare polypectomy for management of 
polyps up to 10 mm in size [5].

Hot forceps polypectomy
Polyps 1–3 mm in size can also be removed with hot biopsy 
forceps [6]. Proper use of the hot biopsy forceps involves grasp-
ing the top of the polyp with the forceps and stretching or 
tenting the polyp to produce a stalk and then applying electro-
cautery (Figure 140.1). Application of electrical current causes 
endoscopically visible whitening (coagulation) of the polypoid 
tissue starting at the tip of the forceps. After destruction of  
the polyp the forceps are withdrawn and the part of the polyp 
preserved in the forceps is sent for histological assessment. 
Unfortunately, the extent of tissue coagulation by hot forceps is 
difficult to control and it may cause deep ulcers with subsequent 
delayed bleeding and even perforation [7]. The right colon is 
particularly susceptible to transmural injury and perforation 
[8]. Accordingly, the use of hot biopsies in the right colon  
is discouraged. The American Society for Gastrointestinal 

Figure 140.1 Use of hot biopsy forceps for removal of a diminutive polyp. (a) Diminutive polyp. (b) Correct use of hot biopsy forceps: the polyp is 
grasped with the forceps and pulled away from the bowel wall while cautery is applied. Notice how proper positioning of the forceps prevents 
coagulation injury to the colonic wall. (c) Wrong use of hot biopsy forceps: grasping too much tissue (i.e., too close to the colonic wall) or failure to 
“tent” the polyp by pulling it away from the wall may allow coagulation damage to the normal colonic wall.

(c)(b)(a)
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of sodium chloride, glycerol, dextrose, albumin at various con-
centrations, hydroxypropylmethylcellulose, fibrinogen mixture, 
and hyaluronic acid [13,14].

The ideal agent for submucosal cushion creation should be 
cheap, readily available, easy to inject, and should provide a 
long-lasting submucosal cushion without damaging the tissues 
at the site of injection. A cushion created with normal saline, 
even with addition of epinephrine (adrenaline), lasts only a 
short time and is not optimal for removal of large lesions. 
Several studies have shown that hyaluronic acid, hydroxypro-
pylmethylcellulose, and glycerol provide a long-lasting submu-
cosal cushion [15,16]. Unfortunately, these agents are expensive, 
not readily available in most endoscopy units, and difficult to 
store and inject [13,17]. Other studies have demonstrated tissue 
damage and local inflammatory reactions at the site of injec-
tions of hydroxypropylmethylcellulose and hypertonic solutions 
of sodium chloride (3.75%) and dextrose (20%) [17].

The volume of injected fluid needed varies with the size of 
the lesion. Usually between 5 and 50 mL of injected solution is 
required to create an adequate submucosal mound. After crea-
tion of the submucosal cushion, two different techniques can  
be used.
1. Inject-and-cut technique (Figure 140.2) is used with a single-

channel endoscope: the lesion is lifted and the endoscopic 
diathermic snare is then placed around the lesion and elec-
trical current is used to cut it off [18].

2. Inject-lift-and-cut technique (Figure 140.3) requires a 
double-channel endoscope: submucosal fluid injection is 
performed and then the lesion grasped and lifted with endo-
scopic forceps through one channel of the endoscope [19]. 
Then a diathermic snare is passed through the second 
channel and placed around the lesion to cut it off with elec-
trical current.

Suction-assisted endoscopic mucosal resection
This procedure requires several steps [20]:
1. A specially designed crescent-shaped snare is placed around 

the margin of the cap (Figure 140.4). The open snare is posi-
tioned at the tip of the cap. The lesion and surrounding 
normal mucosa are suctioned into the cap.

2. The snare is tightened around the lesion.
3. The suction is stopped to release the lesion from the cap (but 

still captured by the snare).
4. The snare is pulled up several times to ensure that only the 

lesion, not the entire wall, is moving; this prevents full-
thickness resection of the gastrointestinal wall.

5. The EMR is completed with the snare, using electrical 
current.

6. The resected lesion can then be aspirated into the cap to 
facilitate its removal for pathological examination.

Ligation-assisted endoscopic mucosal resection
A variceal ligation band can be placed around the mucosal 
lesion using commercially available variceal band ligators 

electrocautery energy based on tissue resistance during the 
resection process (less energy is needed for less tissue), which 
may potentially reduce the risk of thermal injury.

Monopolar electrocautery should be used with caution in 
patients with implanted electrical devices (pacemakers, defi-
brillators) due to the risk of inactivation or electrical damage  
to these devices by the electrical current traveling from the 
monopolar snare to a grounding pad placed on the patient’s 
skin. Short (<5 s) bursts of electrocautery is recommended in 
these instances.

Special diathermic snares with barbs (e.g., Olympus Optical 
Ltd, Tokyo, Japan), spikes, or needle at the tip of the snare (e.g., 
Cook Medical Inc., Winston-Salem, NC) are designed to prevent 
snare slippage during polypectomy and are particularly useful 
for removal of large flat lesions [10].

When a pedunculated polyp is removed using a diathermic 
snare, most endoscopists recommend leaving a short portion 
(approximately half or one-third) of the stalk not involved with 
polypoid tissue. This remnant of the stalk, in case of postproce-
dure bleeding, can be injected, cauterized, or enable mechanical 
hemostasis with application of clips or detachable loops.

Most polypectomy complications are electrocautery related. 
Electrocautery is not needed in the resection of many small 
polyps. Most sessile polyps <8 mm in size can be effectively 
treated with cold snaring. A hot snare should be used for resec-
tion of pedunculated polyps that are >5 mm in size because 
their stalk may enclose large blood vessels. Electrocautery coag-
ulates blood vessels and helps avoid bleeding complications.

Endoscopic mucosal resection
Endoscopic mucosal resection (EMR) refers to removal of 
sessile or flat neoplasms confined to the mucosa or penetrating 
but not extending beyond the submucosa [11]. There are mul-
tiple techniques of EMR: injection-assisted EMR, suction-
assisted EMR, and ligation-assisted EMR.

Injection-assisted endoscopic mucosal resection
Injection-assisted EMR (also sometimes called saline-assisted 
polypectomy) starts with injection of a solution into the submu-
cosal space under the lesion to create a cushion. This cushion 
lifts the lesion, facilitating its removal and preventing damage 
to the deep layers of the gastrointestinal tract wall during EMR. 
Nonlifting of the tumor after submucosal injection is the best 
predictor of deep invasion and has an 83% positive predictive 
value for invasive carcinoma. Prior failed attempts at polyp 
resection with snaring produce a false nonlifting sign due  
to submucosal fibrosis. Lesions that manifest nonlifting sign 
should be biopsied and endoscopic resection should not be 
attempted until carcinoma is excluded [12].

Various endoscopic needles are used for injection, for example 
25G Carr–Locke injection needle (US Endoscopy), 23G Interject 
needle (Boston Scientific, Natick, MA), and VIN23 (Cook 
Medical Inc., Winston-Salem, NC). Various solutions can be 
used for injection including normal saline, hypertonic solution 
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Figure 140.2 Endoscopic mucosal resection: inject-and-cut technique. (a) Sessile lesion limited to the mucosa. (b) Initial submucosal injection of fluid 
is recommended under the proximal edge of the lesion. (c) Subsequent submucosal injection of fluid is performed under the distal edge of the lesion to 
complete creation of a submucosal cushion. (d, e) The lesion is grasped and resected using a diathermic snare. (f) The entire specimen is retrieved for 
pathological examination.

(a)

(d)

(b)

(e)

(c)

(f)

(Figure 140.5) [21]. The lesion is then removed with electrical 
current using a diathermic snare above or below the band. The 
Duette Multi-Band Mucosectomy device (Cook Medical Inc., 
Winston Salem, NC) is a combination of a specially designed 
six-band ligator with a large channel. This device allows banding 
and passage of a diathermic snare for subsequent resection of 
the banded lesion without the need to remove the banding 
device from the endoscope [21].

Endoscopic submucosal dissection
Endoscopic submucosal dissection (ESD) has been a significant 
advance in therapeutic endoscopy. It is an accepted therapy for 
early gastrointestinal neoplasia, especially in East Asia where 
the incidence of early gastric cancer is high, accounting for 50% 
of cases worldwide [22–26]. ESD of early gastric lesions is 
becoming widely used because it is less invasive and is associ-
ated with shorter recovery periods and lower procedural costs 
in comparison to surgical resection [27]. Although EMR is 

widely utilized for treatment of early gastrointestinal neoplasia 
as well, a major advantage of ESD over EMR is that it allows en 
bloc resection and thus decreases the risk of neoplastic recur-
rence [28]. ESD is usually performed in several steps [29]:
1. The margins of the lesion are marked by electrocautery (to 

facilitate its visualization when the submucosal injection 
changes the local anatomy).

2. A submucosal injection is made to lift the lesion.
3. A circumferential incision is made around the lesion to 

divide it from surrounding normal tissues.
4. The lesion is separated from underlying deep layers of the 

gastrointestinal tract wall by submucosal dissection, removed 
en bloc, and sent for pathological examination.

Endoscopic mucosal resection and ESD have dramatically 
expanded the spectrum of potentially endoscopically removable 
lesions. Large sessile, very flat, and even depressed lesions can 
now be removed endoscopically. Despite the significant benefits 
of ESD, it is infrequently performed in the West. This is the 
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described by Sumiyama and colleagues [39] and was adopted 
for esophageal myotomy by Pasricha et al. [40] in 2007, culmi-
nating in its application in patients with achalasia by Inoue [41], 
in what has now become known as the POEM (per oral endo-
scopic myotomy) procedure. More than 2000 clinical POEM 
cases have been performed in centers across the world. Initial 
clinical data from Asia, Europe, and the USA have demon-
strated the effectiveness and safety of this procedure when per-
formed by experienced endoscopists [41–47].

result of a multitude of reasons, including procedural complex-
ity, lengthy procedural times, low procedural volume, and likely 
poor reimbursement [30,31]. Furthermore, ESD is associated 
with higher complication rates compared to EMR [32–35].

Submucosal endoscopy
If the lumen was historically the first, and the peritoneal cavity 
the second (with the advent of natural orifice translumenal 
surgery or NOTES [36,37]), then the intramural space has come 
to represent the “third space” for use of endoscopy [38]. Unlike 
the others, this space remains virtual and has to be created by 
dissecting and expanding the tissue layer between the mucosa 
and the muscularis propria, allowing the endoscope to gain 
access. Submucosal tunneling in this fashion was initially 

Figure 140.3 Endoscopic mucosal resection: inject-lift-and-cut technique. 
(a) Flat mucosal lesion (indicated by blue color). (b) Submucosal 
injection of fluid has lifted the mucosal lesion, separating it from the deep 
muscularis layer. (c) The lesion is grasped and lifted with a biopsy forceps, 
and a snare is advanced through the second channel of a dual-channel 
endoscope and placed around the lesion. (d) The lesion is resected and 
retrieved for pathological examination.

(d)

(a)

(b)

(c)

Figure 140.4 Suction-assisted endoscopic mucosal resection. 
(a) Submucosal injection of fluid to create a cushion under the mucosal 
lesion (indicated by blue color). (b) The mucosal lesion is aspirated into a 
cap mounted on the tip of the endoscope and grasped with a snare 
(arrows). (c) Suction is stopped so that the lesion is released from the cap. 
The lesion will be removed by application of electrical current and further 
tightening of the snare.

(a)

(b)

(c)
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testinal bleeding. Furthermore, indications have expanded to 
include closure of iatrogenic perforations and anastomotic 
leaks, marking of tumors prior to surgery or radiotherapy, and 
anchoring stents and feedings tubes [50–54]. For the majority 
of these indications, it is critical to know how long the clip will 
remain in situ (clip retention time) to perform its intended 
function. Prior studies have demonstrated long retention rates 
of the Resolution clip (Boston Scientific, Natick, MA) compared 
to the Triclip (Cook Medical Inc., Winston-Salem, NC), HX-5L 
clip (Olympus America, Inc., Center Valley, PA), and QuickClip 
(Olympus America) in gastric ulcer and bleeding animal models 
[55–57]. Endoscopic clips have continued to evolve and the 
Triclip and HX-5L clips are no longer available. Currently, com-
mercially available clips include the Instinct clip with 16-mm 
jaw width (Cook Medical Inc.), Resolution clip with 11-mm jaw 
width (Boston Scientific), and QuickClip2 with 11-mm jaw 
width (Olympus) [58]. A recent study compared mechanical 
strength, rotational capabilities, and endoscope retroflexion 
capabilities with the currently available endoscopic clips [59]. 
All three clips have the ability to rotate [60]. The Instinct and 
Resolution clips are magnetic resonance imaging compatible 
and can be reopened several times prior to final deployment 
[61,62].

In patients with endoscopically resected polyps and lesions 
of the gastrointestinal tract, endoscopic clips have been highly 
successful when used for prevention and control of complica-
tions [63–65]. Cipoletta and colleagues reported on prophylac-
tic clipping of stalks of large pedunculated polyps, preventing 
bleeding after polypectomy [66,67]. Liaquat et al. evaluated the 
effect of prophylactic clip closure of polypectomy sites after 
resection of 524 large (≥2 cm) sessile and flat colorectal lesions 
and showed that there was significantly increased risk of delayed 
postpolypectomy bleeding in the nonclipped group (adjusted 
odds ratio [OR] 1.3; 95% confidence interval [CI] 1.1–1.7). 
Other authors have reported successful use of endoscopic clips 
for closure of perforations after endoscopic resection [68].

Recently, a new clip, the over-the-scope clip (OTSC) (Ovesco 
Endoscopy AG, Tubingen, Germany), has become commer-
cially available. The OTSC provides more durable closure than 
standard clips because of its wider mouth and ability to grasp 
larger amounts of tissue [69]. In addition, full-thickness closure 
is achievable due to greater compressive force [70]. However, 
outcomes of OTSC closure of gastrointestinal defects are only 
available from case reports and small case series [47,71].

Detachable loops
Endoscopic detachable loops are also very useful during endo-
scopic removal of polyps and lesions of the gastrointestinal 
tract. The loop can be applied to the base of the lesion or stalk 
of a polyp to prevent bleeding (Figure 140.6) [72]. In a large 
randomized controlled trial of 488 consecutive patients with 
pedunculated colorectal polyps, application of a detachable loop 
prior to polypectomy helped to decrease the risk of bleeding by 
four times (from 7.9% to 1.8%) [73].

While lesions arising from the submucosal layer can be 
approached using various EMR and ESD techniques, deeper 
layers present a bigger challenge. Using the technique of sub-
mucosal endoscopy resection of deeper lesions such as lesions 
originating from the muscularis propria in the esophagus or 
stomach has been reported by other groups [1,48]. After gaining 
access to this space, enucleation of tumors ranging in size from 
12 to 30 mm, has been accomplished by dissection of the encas-
ing muscle fibers followed by suctioning into the cap device. The 
procedure is time consuming and has been associated with 
pneumothorax or pneumoperitoneum in some patients. Larger 
numbers of patients will need to be treated with this experimen-
tal technique before its appropriate role in the diagnosis and 
therapy of submucosal lesions can be determined.

Additional tools for endoscopic  
lesion removal

Endoscopic clips
Endoscopic clips have undergone significant evolution since 
their first development in 1975 [49]. They were initially used as 
a therapeutic tool for hemostasis; however, technical difficulties 
with clip deployment and low retention rates limited their use-
fulness. Subsequent improvements in clip design have led to 
their widespread use for the treatment of nonvariceal gastroin-

Figure 140.5 Ligation-assisted endoscopic mucosal resection. 
(a) Submucosal injection of fluid to create a cushion under the mucosal 
lesion. (b) The lesion is suctioned into the banding device mounted on 
the tip of the endoscope. (c) The rubber band is applied, ligating the 
mucosa below the lesion. (d) The ligated lesion will now be cut off using 
a diathermic snare above or below the rubber band.

(b)(a)

(c)

lesion

(d)
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treat residual flat neoplasia after snare resection of the main 
lesion [75–77].

APC is also used as an adjunct therapy in management of 
large sessile and flat colon polyps (Figure 140.7a–c). The use  
of APC to ablate the edges of a polypectomy site and any  
visible residual adenomatous tissue has been shown in a rand-
omized controlled trial to decrease the incidence of polyp recur-
rence [78].

Endoscopic tissue tattooing

Tattooing refers to the local labeling of a lesion or site where a 
lesion was endoscopically resected by intramural injection of a 
pigment for future identification during subsequent surgery or 
repeat endoscopy. India ink and suspension of pure carbon 
particles (Spot, GI Supply, Camp Hill, PA) are the most com-
monly used solutions, producing a blue-black submucosal stain 
visible from serosal and lumenal surfaces [79,80].

The tattoo mark is made by direct injection of 1–2 mL of India 
ink or Spot into each site through a sclerotherapy needle inserted 
tangentially to make a submucosal bleb. Injections into three  
or four quadrants are usually sufficient and ensure subsequent 
intraoperative or endoscopic identification of the lesion. Many 
endoscopists prefer Spot over India ink for marking of colonic 
polyps because transmural (intraperitoneal) injection of India 
ink can cause significant patient discomfort or pain and can 
result in colonic abscess and focal peritonitis [79,81]. This can 
be minimized by the creation of a submucosal bleb with injec-
tion of normal saline followed by injection of a tattooing agent 
(through the same needle without its withdrawal from the bleb) 
into this submucosal bleb [82]. This ensures injection of the 
tattooing agent into the correct layer of the gastrointestinal wall, 
decreases the amount of agent needed, and prevents transmural 
puncture with subsequent injection of the tattooing agent into 
the peritoneal cavity.

The advent of a prepackaged sterile carbon particle suspen-
sion (Spot) has greatly enhanced the accessibility and ease of 

Argon plasma coagulation

Argon plasma coagulation (APC) is a method for noncontact 
thermal tissue coagulation. APC is based on the conduction of 
high-frequency electric current to the treated tissue through the 
argon gas emitted from the tip of the APC probe. The depth  
of injury is determined by power settings and the duration of 
application. Inadvertent transmural injury with application of 
APC has been reported [74].

To decrease the risk of transmural injury in the cecum and 
right colon, power settings of 40–45 W and short bursts are 
usually used. In the rectum and stomach, settings of 60–75 W 
and more prolonged applications are appropriate for benign 
tumor ablation [74]. For palliation of cancers, power settings of 
90–100 W and repeated applications are usually necessary.

APC is widely used to treat actively bleeding diffuse mucosal 
lesions (arteriovenous malformations, radiation proctitis), erad-
icate gastrointestinal tumors and Barrett esophagus, restore 
stent patency in cases of tumor in-growth or overgrowth, and 

Figure 140.6 Use of a detachable loop for endoscopic resection of a 
pedunculated polyp. (a) A detachable loop is placed around the stalk of 
the polyp, tightened, and then released from its delivery device.  
(b) A cautery snare is placed above the loop (closer to the head of the 
polyp) to transect the stalk of the polyp.

(b)(a)

Figure 140.7 Use of argon plasma coagulation (APC) as adjunct therapy during piecemeal polypectomy of large sessile colon polyps. (a) A 50-mm 
Paris-IIa granular polyp is seen in the ascending colon. (b) Polyp was lifted with saline/methylene blue and was then successfully resected in piecemeal 
fashion. (c) APC was then applied to the resection margin to decrease the incidence of residual/recurrent neoplasia during follow-up.

(a) (b) (c)
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who are therapeutically anticoagulated [93,94]. Friedland and 
Soetikno have demonstrated that in therapeutically anticoagu-
lated patients with polyps less than 10 mm in diameter, prophy-
lactic application of endoscopic clips after removal of the polyp 
can prevent postpolypectomy bleeding [11,95,96].

Electrocoagulation injury to the bowel wall during polypec-
tomy causes transmural burn in approximately 0.5%–3.7% of 
patients, which may result in the postpolypectomy (postcoagu-
lation) syndrome [97]. Patients with this syndrome usually 
present 1–5 days after colonoscopy with symptoms of localized 
abdominal pain, fever, peritoneal signs, and leukocytosis [98]. 
Abdominal radiography and computed tomography are not 
suggestive of perforation (no free air or extravasation of contrast 
into a free peritoneal cavity) and conservative therapy (bowel 
rest, antibiotics) is usually sufficient for resolution of the symp-
toms [98].

Esophageal lesions

Lesions in the esophagus that are amenable to endoscopic treat-
ment include Barrett esophagus and squamous cell neoplasias. 
The choice of therapy depends on the morphology of the lesion, 
depth of invasion, and the therapeutic intent.

Ablation for high-grade dysplasia
Endoscopic treatment is considered the primary treatment for 
Barrett esophagus with high-grade dysplasia (HGD) [99–101] 
(see Chapter 52). If HGD is detected within flat mucosa it can 
be treated with ablative methods. Of these radiofrequency abla-
tion (RFA) has shown to be the most effective and safe option. 
In a randomized sham-controlled study, RFA eradicated HGD 
in 81% of patients [102]. After HGD resection, metachronous 
neoplasia has been reported in 11%–30% of patients [103,104]. 
Therefore, the remaining Barrett segment should also be com-
pletely removed. Complete Barrett eradication can be achieved 
by RFA in 70%–80% of patients [105]. After eradication, dys-
plasia may recur in 10%–15% of patients within 3 years, and 
recurrent intestinal metaplasia is observed at an annual rate of 
5% [105,106]. RFA is safe and has a low stricture rate of 1%–8%. 
However, transient chest discomfort or pain may frequently 
occur following the procedure [102,107]. Other ablative 
methods including photodynamic therapy (PDT) and APC 
have been less effective and associated with risk of subsquamous 
neoplasia [108,109]. Furthermore, PDT is associated with a high 
stricture rate of 35% [108].

Endoscopic resection for high-grade dysplasia
Nodular lesions should be removed by EMR [99–101] (Figure 
140.8a,b). The large EMR resection specimen allows for a more 
accurate diagnosis of prevalent cancer than a smaller biopsy 
specimen [91,110]. If cancer is present, EMR can further provide 
information on depth of tumor infiltration to decide if subse-
quent surgery is needed.

use of endoscopic tattooing. Concomitantly, the indications  
for colonic tattooing expanded beyond marking of carcinomas 
to also include endoscopic localization of difficult-to-detect 
polyps, polypectomy sites, or dysplastic areas for future colono-
scopic surveillance or therapy [80].

Complications of endoscopic therapy

The most serious immediate complications of endoscopic lesion 
removal are perforation and bleeding. Perforations occur in 
0.3% of patients after polypectomy [83]. Small perforations can 
be closed with application of endoscopic clips and treated con-
servatively, but larger perforations require immediate surgery 
[84]. The recently available over-the-scope clip (OTSC) has 
increased the ability to close larger colonic perforations [85]. 
However, access to right colonic defects is technically challeng-
ing due to the size and the stiffness of the OTSC cap.

The reported frequency of postpolypectomy bleeding ranges 
from 0.2% to 1.0% but occurs in about 10% of patient after 
piecemeal removal of large sessile or flat polyps [86,87]. In one 
large prospective study involving 5152 patients with 9336 polyps 
immediate after postpolypectomy, bleeding was documented 
after removal of 262 polyps (2.8%) in 215 patients [88]. This 
study revealed nine factors associated with immediate post-
polypectomy bleeding: age older than 65 years, comorbid car-
diovascular or chronic renal disease, anticoagulant use, polyp 
size greater than 1 cm, gross morphology of polyps such as 
pedunculated polyp or laterally spreading tumor, poorer bowel 
preparation, cutting mode of electrosurgical current, and inad-
vertent cutting of a polyp before current application [88]. Most 
cases of active bleeding during endoscopic procedures can be 
successfully controlled by injection, local application of coagu-
lation (bipolar, thermal, or APC), or mechanical hemostasis 
(band ligation, endoscopic clips, and detachable loops).

Delayed postpolypectomy bleeding can occur up to 3 weeks 
after the procedure. Approximately 70% of delayed hemorrhage 
cases stop bleeding spontaneously and can be managed  
conservatively. Colonoscopy should be performed urgently in 
patients with active hemorrhage. Since the location(s) of 
polypectomy site(s) are known a priori, colonoscopy may be 
performed without bowel purging. Bleeding is best treated with 
epinephrine injection and clip placement, because additional 
thermal therapy can potentially extend tissue injury.

The most common delayed complications of endoscopic 
therapy for gastrointestinal tumors are formation of strictures, 
delayed bleeding, and postpolypectomy syndrome [89,90]. In 
general, the risk of stricture formation is higher when the lesion 
occupies more than half of the lumenal circumference [91,92].

Aspirin and other nonsteroidal antiinflammatory drugs in 
standard doses do not increase the risk of significant immediate 
or delayed bleeding after colonoscopy with biopsy and polypec-
tomy [93]. However, the risk of bleeding is definitely higher  
in patients who have bleeding disorders, low platelet count, or 
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Squamous cell carcinomas with invasion into the upper third 
(m1) of the mucosa are considered to have no risk of nodal 
metastasis and invasion into the middle third mucosal layer 
(m2) confers a minimal risk of node metastasis (Figure 140.10). 
Invasion into the lower third of the mucosa (m3) or upper third 
of the submucosa (sm1) is associated with a higher risk (<10%) 
risk of lymph node metastasis. In contrast, mucosal esophageal 
adenocarcinomas have a minimal risk of lymph node metastasis 
(<1% for m3 cancers). While nodal involvement is low for sm1 
cancers (<10%), the risk increases exponentially with further 
submucosal invasion. More than 50% of tumors with invasion 
into the deep submucosa (sm3) have positive lymph nodes 
[113–115] (Figure 140.9).

Therefore, endoscopic resection is considered to be curative 
for m1–m2 squamous cell cancers and for m1–m3 adenocarci-
nomas, unless they show signs of more aggressive behavior such 
as poor differentiation or evidence of lymphatic vessel invasion 
[116]. A deep margin that is not involved with tumor (r0  
resection) is needed to ensure complete removal. It is therefore 

Following focal EMR, the remaining Barrett segment should 
be eradicated with ablative therapies (e.g., RFA or cryotherapy) 
[99–101]. Prior to the availability of RFA, stepwise EMR of the 
entire Barrett segment proved to be effective, at the expense of 
a high stricture rate of 50% and need for repeated dilatations 
[111]. To minimize the risk of stricture formation, EMR should 
be limited to an area of less than half of the circumference.

HGD in squamous cell epithelium may be approached simi-
larly to HGD in Barrett esophagus. RFA can be applied for flat 
lesions and EMR for nodular lesions. However, studies investi-
gating RFA in this setting are limited [112].

Endoscopic resection for early  
esophageal cancer
Curative endoscopic resection of early esophageal cancer is  
possible if there is no risk of lymph node metastasis. The risk  
of lymph node metastasis depends primarily on the depth of 
tumor invasion (Figure 140.9). Unfortunately, the majority of 
early esophageal cancers do not show these characteristics.

Figure 140.8 Resection of early esophageal neoplasia within Barrett esophagus using endoscopic mucosal resection (EMR). (a) Short Barrett segment is 
noted with nodular mucosa at 11 o’clock suggestive of the presence of neoplasia. (b) EMR was performed and with complete resection of the nodular 
area. The remaining Barrett should be subsequently eradicated during follow-up.

(a) (b)

Figure 140.9 Estimated risk of lymph node metastasis for esophageal, gastric, and colorectal T1 tumors by depth of invasion into the mucosal layer 
(m1 to m3, representing T stage 1a) or submucosal layer (sm1 to sm3, representing T stage 1b), and considering absence of high-risk findings as poor 
differentiation or lymphovascular invasion. Stages marked in blue represent the tumor stages amenable to endoscopic resection. Stages highlighted in 
light blue may be considered for endoscopic resection in selected patients at higher surgical risk. SCC, squamous cell carcinoma; AC, adenocarcinoma.

Depth of tumor invasion Esophagus

SCC

m1

m2

m3

sm1

sm2

sm3

0%

<1%

<10%

15-20%

35%

50%

<1%

2-10%

10-25%

25%

0

<5%

10%

35%

0%

<1%

5-10%

>10%

50%

Mucosa (T1a)

Submucosa (T1b)

AC

Stomach Colon



Endoscopic therapy for polyps and tumors CHAPTER 140   2687

studies suggested that cryotherapy provides safe and efficient 
tumor debulking either as a palliative measure or as a bridge to 
surgery [119,120].

Stents can be easily deployed and restore luminal patency  
to allow commencement of a soft diet [119]. Some patients  
will require endoscopic reintervention with possible stent 
removal because of severe chest pain, reflux symptoms, or stent 
migration.

Gastric lesions

The most common gastric lesions found during endoscopy are 
gastric polyps (fundic gland, hyperplastic, and adenomatous), 
malignant neoplasms, and submucosal tumors (gastrointestinal 
stromal cell tumor, lipomas). Prevalences of the various gastric 
polyps differ between countries, perhaps reflecting frequency of 
proton pump inhibitor (PPI) use and prevalence of Helicobacter 
pylori [121]. Fundic gland polyps are typically small, multiple, 
have negligible malignant potential, and do not need to be 
removed [122,123].

Hyperplastic and adenomatous polyps
Hyperplastic polyps are believed to be associated with H. pylori 
infection and atrophic gastritis [124]. They are typically located 

critical to carefully prepare the EMR (or ESD) specimen before 
fixation to allow adequate pathological examination (e.g., 
pinned on a cork board).

Selected patients with relatively low risk of node metastasis 
(e.g., sm1 esophageal adenocarcinoma) and a higher surgical 
risk may be also considered for endoscopic resection after care-
fully weighing the risk of node invasion, as well as the risks and 
potential benefits of surgery [101,117].

Endoscopic resection may be performed either using EMR or 
ESD. ESD is more commonly performed in Asian countries 
where endoscopists have a greater experience with this tech-
nique. EMR is established as the primary approach in western 
countries, whether using the cap- or ligation-assisted EMR. 
Although some argue that cap-assisted EMR may yield larger 
resection specimens and allow for a cleaner margin-to-margin 
piecemeal resection as compared to ligation-assisted EMR, per-
forations are more common with the cap assisted technique 
[118].

Palliation of advanced esophageal cancer
Endoscopic therapy can be used to restore esophageal passage 
of obstructing tumors, or to close malignant fistulas. Ablative 
methods include yttrium–aluminum–garnet (YAG) laser, APC, 
PDT, bipolar thermocoagulation, and cryotherapy. Repeated 
treatments are typically required to treat tumor regrowth. Some 

Figure 140.10 Endoscopic mucosal resection (EMR) of esophageal squamous cell carcinoma (SCC) with sm1 invasion in a patient who was considered 
to be a poor surgical candidate. (a) SCC was noted in proximal esophagus and (b) was examined with narrow-band imaging for better characterization 
of lateral and vertical extension. (c) The perimeter of the lesion was marked with argon plasma coagulation. (d) Ligation-assisted EMR was performed. 
(e) This resulted in complete resection of SCC. (f) Resected specimen was pinned and mounted on a cork board.

(a) (b) (c)

(d) (e) (f)
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invasive treatment options of early gastric. A Cochrane review 
from 2009 showed a high complete endoscopic resection rate of 
more than 70% with EMR/ESD of early gastric cancer [144]. 
Similar to esophageal and colonic cancers, rate of lymph node 
invasion increases with tumor depth (Figure 140.9) [134]. In the 
absence of lymphovascular invasion, ulcers and poor differen-
tiation, mucosal gastric cancers can be resected endoscopically 
with curative intent. Bleeding is the most common complication 
and occurs in 1%–20% of resections. The bleeding risk increases 
with size of the lesion and occurs more commonly when the 
lesion is removed by EMR as opposed to ESD [144]. PPIs started 
prior to endoscopic resection may prevent bleeding and promote 
healing [145]. Perforation rates with ESD vary between 0.4% 
and 5% [144]. Recurrence of cancer after endoscopic resection 
of EGC occurs in up to 4% of patients; however, these cancers 
are typically early and amenable to either endoscopic retreat-
ment or surgical resection [144]. Reported 5- and 10-year sur-
vival rates after endoscopic resection for EGC approach 100% 
and are comparable to surgical resection with a likely benefit of 
better quality of life after endoscopic resection [144]. In the 
absence of surveillance guidelines, patients are typically fol-
lowed with at least annual upper endoscopies to assess for recur-
rence or metachronous lesions.

Duodenal lesions

Adenomas are the most common indicator for possible endo-
scopic resection in the duodenum. They can be sporadic or part 
of a genetic syndrome (familial adenomatous polyposis, Peutz–
Jeghers syndrome) [146]. Sporadic duodenal adenomas proba-
bly follow a similar adenoma–carcinoma sequence as colonic 
adenomas [147]. As dysplastic lesions, they have potential for 
malignant transformation and should be removed.

Duodenal adenomas are typically found in the posterior and 
lateral wall of the second portion of the duodenum at or below 
the level of the major papilla. The location appears to be influ-
enced by bile flow and its growth promoting properties [148].

Although resection should follow the same principles of 
colonic polypectomy, endoscopic removal of duodenal adeno-
mas is more challenging. The duodenal wall is thinner and 
adenoma location may compromise access. With resection  
of comparable lesions, complications occur more frequently 
than in the colon. Therefore the decision to proceed with  
endoscopic resection should be carefully weighed against the 
patient’s age and comorbidities. Endoscopic resection of large 
duodenal adenomas should be performed by a highly experi-
enced endoscopist.

Duodenal adenomas can be categorized as either ampullary 
lesions or lesions elsewhere in the duodenum. Ampullary 
lesions are usually removed with standard polypectomy tech-
nique without submucosal injection unless the polyp extends 
beyond the ampullary area [146]. There is no consensus in the 
literature regarding what type of electrical current should be 

in the antrum and can be solitary or multiple. They are more 
common in elderly patients. If a hyperplastic polyp reaches 
significant size, it may result in chronic gastrointestinal blood 
loss and iron deficiency anemia. Occasionally, large hyperplastic 
polyps undergo malignant transformation [125–127]. Gastric 
adenomas are considered premalignant lesions. The risk of 
malignancy increases with size. Approximately 24% of gastric 
adenomas larger than 2 cm are malignant as compared to only 
4% of adenomatous polyps smaller than 2 cm [127,128].

Endoscopic appearance cannot reliably distinguish variants 
of gastric polyps [122]. Although fundic gland polyps have a 
distinct bland appearance, a biopsy should be obtained from the 
largest polyps to establish the diagnosis. Forceps biopsy sam-
pling of large gastric polyps has limited accuracy. Therefore, all 
gastric polyps larger than 1 cm in size should be adequately 
sampled or completely removed [121,129]. If only sampled, 
decision on whether to subsequently perform a complete endo-
scopic resection needs to be based on the histology results and 
the possibility of false-negative sampling with the understand-
ing that biopsies may miss advanced histology in 3% of nonfun-
dic gland polyps [130].

In general, lesions that harbor HGD are at increased risk to 
transition to cancer and should be resected. Reported progres-
sion rates vary broadly. Furthermore, Japanese and European/
North American pathologists differ in their definition of  
neoplastic lesions. For example, the same lesion may be catego-
rized as “noninvasive intramucosal cancer” in Japan, but may 
be diagnosed as HGD by Western pathologists [131]. To resolve 
this discrepancy, the WHO definition of dysplasia and intra-
mucosal cancer has been updated and should be universally 
applied [132].

Indications for endoscopic resection of early gastric cancer 
(EGC) according to the Japanese classification include well-
differentiated mucosal cancers (T1a) that are ≤20 mm in size 
(≤10 mm for depressed lesions) without ulcerative changes 
[133]. The reported risk of lymph node invasion in these 
mucosal cancers is <1% [134,135]. Surgical resection is the 
treatment of choice for tumors with submucosal invasion (T1b) 
because of an increased risk of lymph node involvement 
[136,137]. In selected patients, endoscopic resection may be 
considered for cancers with minimal invasion into the submu-
cosal layer [134,138].

The techniques of gastric and colonic polypectomy, EMR, 
and ESD are similar. However, endoscopic resection of gastric 
lesions is associated with a higher risk of bleeding and a lower 
risk of perforation than that of colonic lesions [139–141]. 
Special caution should be exercised during retrieval of resected 
gastric specimens and patients’ airways need to be protected to 
prevent aspiration.

The largest experience in endoscopic resection of early gastric 
cancer has been accumulated in Japan, where screening for early 
gastric cancer has been active since 1957, and approximately 
50% of gastric cancers (10 000 cases yearly) are discovered at an 
early stage [142,143]. EMR and ESD are accepted as minimally 
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[8,159]. Digital chromoendoscopy as narrow band imaging 
(NBI), Fujinon Intelligence Chromoendoscopy (FICE), or iScan 
combined with high definition imaging has allowed recognition 
of minute mucosal details, prompting studies of real-time  
polyp diagnosis. In a metaanalysis of 18 studies, high-definition 
NBI imaging accurately distinguished diminutive adenomatous 
from hyperplastic polyps and enabled correct prediction of  
surveillance interval in more than 90% of patients [160]. 
Furthermore, the negative predictive value for rectosigmoid 
adenomatous polyps was ≥90%. These results reached bench-
marks to suggest a change in diminutive polyp resection prac-
tice [161]: (1) diminutive polyps can be resected and discarded 
if a diagnosis of hyperplastic or adenomatous polyp can be 
made with high confidence; and (2) diminutive rectosigmoid 
polyps do not have to be resected if they are diagnosed with 
high confidence as nonadenomatous polyps. However, the 
above results must be reproduced in nonexpert community 
setting before implementing changes in resection practice [162].

Diminutive polyps can be removed with a forceps or a snare. 
Hot forceps polypectomy has a high rate of bleeding complica-
tions especially in the right colon and should not be routinely 
used [9]. Although cold forceps polypectomy appears safe, 
adenoma resection may be incomplete in up to 38% of patients 
[2,163]. Considering that the typical forceps diameter is less 
than 2.5 mm, only polyps 2 mm or smaller would be amenable 
to complete removal with one bite and, thus, polyp resection 
using a forceps should be restricted to 1–2 mm polyps. Many 
experts advocate use of small snares without electrocautery for 
resection of diminutive polyps [11,12].

Small and large polyps
Most small (6–9 mm) and large polyps ≥10 mm are sessile 
(Paris Is) or flat (Paris IIa). As the risk of prevalent cancer and 
transition to cancer increases with polyp size [158,164], com-
plete resection of larger polyps is particularly important. En 
bloc snare resection should be attempted and appears to be safe 
for polyps up to 20 mm. However, hot snare resection does  
not guarantee complete polyp removal. A study on 346 neoplas-
tic polyp resections found that 10% of polyps between 5 and 
20 mm were incompletely removed [165]. Incomplete resection 
occurred more often with larger polyp size and with resection 
of sessile serrated adenomas/polyps (31%). The incomplete 
resection rate also varied broadly among endoscopists and 
highlights the importance of a detailed inspection of the resec-
tion margin. Complete resection appears to be particularly 
important, as incomplete resection may be responsible for 
10%–27% of interval colorectal cancers following a colonoscopy 
[166–168].

Nonpedunculated large polyps ≥20 mm
Polyps larger than 20 mm in diameter can present a significant 
challenge for endoscopic therapy. Feasibility of endoscopic 
resection depends on location of the polyp, ease of positioning 
the endoscope, polyp size, and underlying histology of the 

used during ampullary polyp removal [146]. Some authors 
advocate pure cutting current to prevent coagulation damage to 
the pancreatic duct, whereas others recommend blended current 
to decrease the risk of bleeding [149,150]. Prophylactic pancre-
atic stent placement is recommended after endoscopic ampul-
lectomy to reduce the risk of pancreatitis [151]. APC may be 
used after ampullectomy to destroy residual adenomatous tissue 
and to control postprocedure bleeding [145]. Very large and 
ulcerated ampullary lesions may harbor malignancy [146]. 
Endoscopic removal of malignant ampullary tumors is usually 
inadequate and these patients should be referred for surgical 
resection [146,147].

Duodenal adenomas located outside the major duodenal 
papilla are typically flat and should be treated similarly to flat 
colonic polyps [148]. Difficulty in positioning the endoscope 
may render endoscopic resection challenging. A transparent cap 
at the tip of the endoscope stabilizes the endoscope and facili-
tates access to the polyp. Lesions located in the second or third 
portion of the duodenum are frequently better evaluated with a 
side-viewing duodenoscope.

Various polypectomy and EMR techniques can be used to 
remove duodenal polyps [148]. Cap-assisted EMR has been 
used but is associated with increased perforation risk. Similarly, 
ESD in the duodenum has been reported but is associated with 
a 20%–35% perforation rate [152,153].

Colorectal polyps and tumors

Most colon polyps are diagnosed in asymptomatic patients 
during routine screening colonoscopy. The benefit of colorectal 
cancer screening relies primarily on the detection and resection 
of colorectal polyps to halt the adenoma–carcinoma progres-
sion and prevent incident cancers [148]. Colonoscopy has been 
shown to reduce colorectal mortality by approximately 30% in 
population-based studies [154,155] and by 53% in the National 
Polyp Study [156].

Polyps can be categorized by size and by morphology  
to provide some guidance for their resection. The Paris 
Classification categorizes polyps by morphology into protruded 
lesions and flat lesions [157]. Protruded lesions include pedun-
culated polyps (Paris Ip), subpedunculated polyps (small polyp 
base, Paris Isp), and sessile polyps (height ≥2.5 mm, Paris 
Is). Flat lesions include those with a slight elevation (height 
<2.5 mm, Paris IIa), without elevation (Paris IIb), and excavated 
lesions (Paris III). A combination of these characteristics is also 
possible (e.g., slight elevation with central depression, Paris 
IIa+c).

Diminutive polyps
About 70%–80% of all colorectal polyps are diminutive polyps 
measuring 5 mm or less in diameter [158,159]. Diminutive 
polyps are more likely to be adenomatous in the right colon and 
transverse colon but are mostly hyperplastic in the left colon 
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rence included previous failed attempts at resection, involve-
ment of the ileocecal valve, larger adenoma size, and adjunctive 
use of APC for complete polyp eradication.

Resection of a large polyp should be completed in a single 
session if technically feasible. Complete resection should be 
assured by detailed inspection of the resection margin and 
removal or destruction of all minute visible polyp tissue (Figure 
140.12). As noted, one small randomized study found a reduced 
adenoma recurrence (10% vs 64%, P = 0.02) when the resection 
margins were cauterized with APC [78]. However, the study 
included only 21 patients and was performed before the intro-
duction of high-definition imaging.

ESD is also used for removal of large colon polyps, predomi-
nantly in Asia. ESD is associated with a lower risk of adenoma 
recurrence than EMR, albeit at the expense of a higher perfora-
tion rate of about 4% [177]. A hybrid technique between EMR 

polyp. In addition to the Paris classification, large lesions have 
been categorized by lateral spread into a granular (or carpeted) 
type, a nongranular type, and a mixed type [169].

Typically, large colon polyps are resected using inject-and- 
cut EMR technique. While en bloc resection can be attempted, 
most large polyps will require piecemeal resection [170]. The 
submucosal injectate typically contains a contrast agent (indigo 
carmine or methylene blue) to stain the submucosal layer and 
to better delineate neoplastic polyp from surrounding nonneo-
plastic mucosa. After submucosal injection, the snare is placed 
around the polyp and gently pressed against the mucosa. Excess 
air is aspirated to decrease colonic distention and facilitate 
grasping of the polyp. A stiffer snare may ease engagement of 
polyp tissue and prevent slippage. Residual polypoid tissue is 
removed in similar fashion until all polypoid tissue is resected 
and the muscularis propria visualized [170].

Several techniques have been used to aid resection of difficult 
polyps. Attaching a transparent cap to the tip of the endoscope 
may allow for a more stable endoscope and improve exposure 
of the proximal polyp margin [171]. If the polyp is located in 
an unfavorable position (behind a fold or colonic turn), retro-
flexion, the use of a side-viewing endoscope, or of a gastroscope 
may facilitate access [170,172].

Resection of large colonic polyps is associated with increased 
incidence of complications. These occur in 5%–15% of patients 
and include abdominal pain in 5%, delayed bleeding in 2%–10%, 
perforation, and postpolypectomy syndrome each in approxi-
mately 1% of patients [170,173–175]. Closure of the mucosal 
defect after resection reduced the rate of delayed bleeding com-
plication in a large retrospective study from 10% to 2% (Figure 
140.11); however, prospective data are lacking [176].

The best prospective data on outcomes of resection of large 
colon polyps come from an Australian colonic endoscopic 
resection study that included 479 patients with large polyps 
[174]. Complete large polyp resection was achieved in 89% of 
patients. Adenoma recurrence was observed in 20% of these 
patients within 4 to 12 months. Predictors of adenoma recur-

Figure 140.11 Clip closure of the mucosal defect after resection of a 
20-mm polyp in the ascending colon. This has been shown in one large 
retrospective study to decrease risk of delayed postpolypectomy 
hemorrhage.

Figure 140.12 (a) A 40-mm Paris-Is nongranular polyp is visualized in the sigmoid colon. (b) Polyp was resected in piecemeal fashion. Examination of 
resection margins under white light suggested possible residual polyp. (c) Careful inspection of the polypectomy margin with narrow-band imaging 
(NBI) clearly demonstrates residual adenomatous tissue. This is best treated with completion resection if possible. Residual adenoma that is not 
amenable to endoscopic resection should be ablated with argon plasma coagulation (APC).

(a) (b) (c)
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Endoscopic polypectomy of large pedunculated polyps, espe-
cially those in the tortuous and narrow sigmoid colon, can be 
technically difficult [182,183]. Changing the patient’s position 
or retroflexion may improve view and ease placement of  
the snare [172]. A double-channel endoscope may facilitate 
polypectomy [182]. Piecemeal reduction of the polyp can be 
performed if the head of the polyp is too large to fit into a large 
polypectomy snare or into a detachable loop. Finally, clip appli-
cation to the stalk with subsequent needle-knife transection of 
the stalk can be performed if placement of a snare around the 
stalk is not possible [66].

The risk of perforation during removal of pedunculated 
polyps is lower than that for large sessile lesions [97]. Epinephrine 
injection into the stalk or application of a detachable endoloop 
has been recommended to prevent postpolypectomy bleeding, 
particularly for polyps with a large stalk (≥1 cm) [184].

Endoscopic treatment of colorectal cancers
Small rectal carcinoids, adenomas with high-grade dysplasia, 
and superficially invasive colon cancers can be successfully 
removed by endoscopic resection [185,186]. Invasive carcinoma 
is found in 2%–4% of colonic polyps removed endoscopically 
[185]. The risk of cancer is increased in flat lesions (Paris IIb) 
or ulcerated lesions (Paris III), particularly with a nongranular 
appearance. Nongranular depressed lesions (Paris IIc) have a 
very high cancer risk of 67%, while flat elevated polyps (Paris 
IIa) with a granular carpeted morphology have a low risk of 
prevalent cancer of 1%–2% [170,174,187]. Because of the higher 
risk of cancer in the nongranular region, this area should be 
resected first in an effort to capture all potential cancer in the 
first larger resection specimen. Special attention should be given 
to retrieval and preparation of these specimens to allow ade-
quate pathological evaluation.

Characteristic features of vasculature and mucosal architec-
ture of a lesion provide additional clues of prevalent cancer  
and possible submucosal invasion. The Kudo classification uses 
high-magnification chromoendoscopy to associate mucosal  
pit pattern with underlying histology [188]. An irregular 
arrangement and shape (class V) suggests carcinoma. More 
applicable to clinical practice is the modified Sano classification, 
which describes lesions based on microvascular changes  
seen with high-definition NBI imaging [189]. For example, 
irregular capillaries with branching and blind endings or nearly 
avascular areas (Sano class IIIa and IIb) suggest invasive carci-
noma (Figure 140.14). Such findings, especially when seen in 
conjunction with nonlifting submucosal injection or nongranu-
lar (or even ulcerated) morphology, suggest submucosal inva-
sion. These lesions are usually not amenable to endoscopic 
resection.

In general, endoscopic resection should only be attempted if 
complete resection of neoplastic lesion is anticipated [190]. 
Endoscopic resection of mucosal carcinomas may be considered 
curative if histological features associated with lymph node 

and ESD has been applied in a few studies [178,179]. It involves 
a circumferential mucosal incision around the polyp using ESD 
knifes, followed by en bloc snare resection of the “freed” polyp. 
Outcome of this hybrid technique have been inconsistent and 
larger studies are needed to better study its efficacy and safety.

Special retrieval devices have been designed to allow retrieval 
of polyps that cannot be suctioned through the working channel 
into the trap [180,181]. Larger polyps can be grasped for removal 
by endoscopic snare, graspers with multiple prongs, or specially 
designed retrieval nets and instruments combining a snare and 
a removal basket.

Pedunculated polyps
Pedunculated polyps are attached to the colonic wall by stalks 
of various sizes (morphologically classified as Paris Ip). 
Histologically, the head of a pedunculated polyp usually repre-
sents colonic adenoma, sometimes with high-grade dysplasia or 
cancer. Adenomatous changes rarely involve the stalk of pedun-
culated polyps.

Most pedunculated polyps are removed with hot snare resec-
tion. It is advisable to avoid resection of the bottom third of the 
stalk close to the colonic wall. This prevents extension of coagu-
lation necrosis to the colonic wall. In addition, the remnant stalk 
can be targeted endoscopically in cases of postpolypectomy 
bleeding. The stalk can be injected, cauterized, or grasped with 
endoscopic snares, clips, or detachable loops for mechanical 
hemostasis. If malignant transformation of the polyp is sus-
pected, the snare should be positioned as far from the polyp 
head as possible to avoid residual neoplastic tissue within the 
resection margins. To prevent electrical damage to the colonic 
wall during polypectomy, special attention should be paid to 
avoid touching the intact colonic wall with any part of the snare 
or polyp (Figure 140.13).

Figure 140.13 Current dissipation through the contralateral colonic wall 
during polypectomy. The electrosurgical snare is tightened around  
the stalk of a pedunculated polyp. The polyp head is touching the 
contralateral wall of the colon. Electrical current can spread through this 
unwanted contact and may cause thermal injury to the contralateral wall 
(arrows). This injury to the colonic wall can be easily avoided by moving 
the polyp head away from the opposite colonic wall during application of 
electrocautery.
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After endoscopic resection of large premalignant or early 
malignant colorectal tumors, patients should have close endo-
scopic surveillance. Surveillance after piecemeal resection is 
recommended within 2–6 months to rule out residual neoplas-
tic tissue at the polypectomy site [185]. If residual tissue is found 
and removed during repeat colonoscopy, then a follow-up 
examination should be performed again within another 3–6 
months to verify complete resection of the lesion [185]. If  
the polyps cannot be removed completely after two to three 
attempts, surgery should be recommended [192].

If curative endoscopic or surgical resection is not possible, 
tumor palliation with ablative techniques (laser, APC, photody-
namic therapy) or restoration of lumenal patency with endo-
scopic stents should be considered [190].
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invasion are absent (vascular and lymphatic invasion, poor 
differentiation).

The rate of lymph node metastases increases with depth of 
tumor invasion. Colorectal tumors invading the upper third 
(sm1), middle third (sm2), and lower third (sm3) of the sub-
mucosa have 2%, 9%, and 35% rates of lymph node metastases, 
respectively (Figure 140.9) [191]. Therefore all sessile tumors 
with submucosal invasion should be surgically removed. 
Endoscopic resection may be considered in carefully selected 
patients with superficial submucosal invasion who are poor sur-
gical candidates [190].

To assure complete resection, adequate evaluation of resec-
tion margins is mandatory. This can only be achieved after  
en bloc resection. Therefore surgery should be considered for 
malignant lesions which would require piecemeal endoscopic 
resection [192]. Because ESD can achieve en bloc resection of 
larger sessile lesions it is the preferred method for resection of 
early colorectal cancers.

In contrast to sessile lesions, pedunculated polyps with cancer 
confined to the submucosa have a negligible risk of lymph node 
invasion and endoscopic resection is adequate [193]. Surgery is 
recommended for pedunculated polyps with a free margin of 
<1 mm, with unfavorable histological features, and with tumor 
invasion below the stalk [190].

Figure 140.14 A 25-mm colonic lesion seen with narrow band imaging 
(NBI) is a Paris Is and IIa + c lesion with irregular microvasculature and 
partial avascular areas (Sano IIIa + b), suggestive of submucosal invasion.
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Introduction

The development of modern laparoscopy, more than 20 years 
ago, represented a huge paradigm shift, and in the intervening 
years has replaced laparotomy for most diagnostic purposes and 
many therapeutic interventions. Laparotomy has been mostly 
replaced as a diagnostic tool, except in cases where there is a 
high possibility of a need for open surgical therapy. For high-
risk or very ill intensive care patients, minilaparoscopy is now 
available in many centers. This chapter on laparoscopy and 
laparotomy covers diagnostic indications, technique, and com-
plications, as well as new procedures that might have a place in 
surgical diagnosis and therapy in the near future.

Evolution of modern laparoscopy

At the beginning of the last century, a few physicians established 
the foundations of the laparoscopic revolution. Georg Kelling 
(1866–1945) pioneered intragastric and intraabdominal insuf-
flation. During the 1890s, he constructed a semiflexible endo-
scope, despite the skepticism of his colleagues [1]. In 1901, he 
performed the first abdominal laparoscopy (which he termed 
“celioscopy”) in dogs using intraabdominal pressures as high as 
100 mmHg, with the assurance that, “After an examination, a 

dog is as cheerful as it was before” [2]. He is assumed to have 
also performed celioscopy in human, but never published this 
work. Working independently, Hans Christian Jacobaeus 
(1879–1937), a Swedish internist from Stockholm, was respon-
sible for the first publication of a human laparoscopy (“laparot-
horacoscopy”) in 1910 [3]. A Russian gynecologist from St. 
Petersburg also claimed to have performed the first laparoscopy 
in humans, using a transvaginal approach, and apparently also 
carried out laparoscopy through the abdominal wall [4]. In 
1911, Bertram Bernheim performed diagnostic laparoscopy  
in two patients with carcinoma of the pancreas using a proto-
scope [5].

Kurt Semm is recognized as the father of modern laparoscopy 
and conceptualized a number of techniques that ultimately 
resulted in the first laparoscopic appendectomy in 1982 [6]. 
Semm developed the basic instrumentation and added impor-
tant refinements to the existing insufflators, which led to the 
modern electronic insufflator capable of automatic feedback 
and variable flow. He also pioneered the early surgical skills for 
laparoscopic dissection, ligation, and suturing, despite the 
resistance of many colleagues to these innovations. Not even the 
first laparoscopic cholecystectomy, carried out by Mühe in 1985 
using an instrument called a “Galloskope,” was sufficient to 
initially convince other surgeons of the value of these approaches 
[1]. However, broader acceptance eventually followed when, in 

Laparoscopy and laparotomy

Ricardo Zorron1 and Gustavo Carvalho2

1 Bariatric Center, Klinikum Bremerhaven Reikenheide, Bremerhaven, Germany
2 Universidade Federal de Pernambuco, Recife, Brazil

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

http://www.yamadagastro.com/textbook


2694   PART 5 Diagnostic and therapeutic modalities in gastroenterology

thought to be resectable on the basis of CT findings, from 
undergoing laparotomy that in fact yields no therapeutic benefit. 
Laparoscopic ultrasound is a useful tool for detecting deep 
hepatic lesions. It is indicated for patients with preoperative T3 
and T4 tumors without evident distant metastases in high-
quality CT staging. It can recognize local advanced disease and 
small metastases (Figure 141.1), sparing the potential complica-
tions of a nontherapeutic laparotomy and allowing chemother-
apy to be initiated sooner. Laparoscopy is not appropriate when 
it is clear palliation is needed for perforation, obstruction, or 
bleeding.

Lowy et al. and Burke et al. evaluated the role of laparoscopic 
staging after CT staging for gastric cancer. Laparoscopy enabled 
identification of CT-occult metastatic disease in 23%–37% of 
the patients [13,14]. Less than 2% of the patients in whom 
CT-occult metastases were identified by laparoscopy required 
subsequent laparotomy for palliation. In a systematic review of 
the value of diagnostic laparoscopy for staging, Chang et al. 
found that diagnostic laparoscopy identified unsuspected meta-
static disease in 13%–57% when preoperative imaging studies 
were negative, and laparotomy was avoided in 17%–40% of 
patients [15]. Many centers have integrated laparoscopy into 
recommended routine staging algorithms for patients with 
locoregional gastric cancer and for selected patients with 
advanced gastric cancer [16,17]. Patients with early-stage gastric 
cancer (T1 and T2) do not benefit from diagnostic laparoscopy 
and should be treated directly by surgical resection. Flexible 
diagnostic laparoscopy is a recent innovation, which can be 
performed via either umbilical or transvaginal NOTES [18], but 
current clinical evidence is still anecdotal and it is not yet clear 
if it is superior overall to established methods.

Laparoscopy before laparotomy (during a single anesthesia 
induction) is a reasonable approach in patients with biopsy-
proven or suspected, potentially resectable pancreatic cancer in 
whom a decision has been made to proceed with pancreati-
coduodenectomy [19,20]. However, despite reports in which the 

1987, Mouret performed the first laparoscopic cholecystectomy 
using modern videoendoscopic equipment. Currently, most 
complex procedures of abdominal surgery can be performed 
laparoscopically, including cholecystectomy, appendectomy, 
colectomy, diagnosis in acute abdomen and intensive care, 
adrenalectomy, and splenectomy.

The desire to diminish the trauma and pain resulting from 
conventional abdominal incisions has been the driving force for 
the development of minimally invasive surgery in recent 
decades. Evolution from large surgical incisions to the multiple 
small incisions used in laparoscopic surgery has improved 
recovery times and better cosmesis with similar outcomes. 
Natural orifice translumenal endoscopic surgery (NOTES) rep-
resents the next stage in this overall paradigm shift, as first 
conceptualized in 1998 [7]. NOTES is discussed in Chapter 143.

Further refinement in minimally invasive surgery through 
efforts to reduce the size and/or number of ports has led to 
minilaparoscopy (multiple needle-size trocars), reported by 
Gagner [8] and single-port surgery (laparoscopy through a 
single incision) [9,10]. Minilaparoscopy allows for less access 
injury than conventional laparoscopy, and new technology has 
made available instruments 2 and 3 mm in diameter. These tech-
niques have yielded good clinical and cosmetic results [11]. 
There are two access options for single-port surgery in the 
abdomen. One is the multitrocar in one incision, in which a 
port is introduced transumbilical with the insertion of the 
instruments occurring inside this port, a technique designated 
OPUS (one-port umbilical surgery) [12]. Curved instruments 
correct the perceived loss of triangulation using one entry site. 
In contrast, single-port access (SPA) surgery [12] uses multiple 
trocars through separate fascial incisions within one skin inci-
sion. SPA surgery has found wider usage, perhaps reflecting the 
greater familiarity of most surgeons with techniques of laparo-
scopic surgery than with NOTES. The cost of the procedure and 
the rates of incisional hernia and conversions are still being 
evaluated in randomized studies. At present, the choice of 
approach should be guided by patient safety; regardless of the 
initial plan, additional ports should be used if needed during 
the procedure to obtain clear delineation of the anatomy and 
effective dissection.

Indications for diagnostic laparoscopy  
and laparotomy

Staging laparoscopy for  
intraabdominal malignancies
Laparoscopy has become the standard for preoperative diagnos-
tic staging of selected gastrointestinal cancers. The value of gas-
trointestinal (gastric, pancreatic) staging and laparoscopic 
evaluation of pelvic masses is now well established given the low 
sensitivity of computed tomography (CT) for the detection of 
small (<5 mm) peritoneal and superficial liver metastases. 
Thus laparoscopy may save patients with disease, otherwise 

Figure 141.1 Liver wedge biopsy in staging laparoscopy for suspected 
nodular lesion in liver segment IV-B.
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bowel obstruction (15%), urology causes (6%), biliary disorder 
(5%), diverticular disease (4%), and pancreatitis (2%) [23]. Less 
common causes of acute abdomen include hepatoma necrosis, 
splenic infarction, myocardial infarction, diabetic ketoacidosis, 
inflammatory aneurysm, sigmoid, cecum or stomach volvulus, 
and a manifestation of herpes zoster. Occasionally, the etiology 
of abdominal pain can be predicted based on its location and 
the character of the pain, which may be useful clues in establish-
ing the diagnosis.

Although many patients with acute abdominal pain can 
benefit from therapeutic laparoscopy, major contraindications 
are suspected intestinal obstruction, where the procedure  
is technically difficult due to excessive bowel distension and 
inadequate visualization, and in cases of intestinal ischemia. 
Other contraindications for diagnostic laparoscopy are similar 
to those for exploratory laparotomy. Unique contraindi -
cations for laparoscopy are patients unable to tolerate pneu-
moperitoneum, those with clinically suspected abdomen 
compartment syndrome (when laparoscopic decompression is 
also desired), hypercapnia, coagulopathy, and recent (30 days) 
laparotomy [24].

Diagnostic laparoscopy in the intensive care unit
Early diagnosis of catastrophic, acute, life-threatening intraab-
dominal conditions, such as mesenteric ischaemia, acute intes-
tinal perforation, cholecystitis, and sepsis, among critically ill 
patients remains a diagnostic challenge. Evaluation of acute 
surgical conditions in the intensive care unit is often unreliable 
because of patient’s sedation, the effects of analgesics, and ina-
bility to communicate. A high positive fluid balance usually 
leads to a rigid and edematous abdominal wall, making clinical 
palpation unreliable. Hemodynamically unstable patients are 
sometimes unable to be transported for radiological testing 
because of the risk of complications such as sudden arrhyth-
mias, hypotension, and respiratory insufficiency [25]. However, 
delay in diagnosing acute surgical conditions is a major con-
tributor to the morbidity and mortality of intensive care unit 
patients. In a metaanalysis assessing the use of laparoscopy in 
detecting acute abdomen in critically ill patients, the sensitiv-
ity, specificity, and diagnostic accuracy of diagnostic laparos-
copy to predict the need for laparotomy was high (75% to 
100%) [24]. Overall effectiveness was affected by several factors, 
including patient’s habitus, the experience of the surgeon, 
abdominal bowel distension, and previous abdominal surgery 
with adherences. Evaluation of retroperitoneal organs is a limi-
tation of this method. It has high accuracy to detect the most 
frequent diagnoses in intensive care patients (i.e., acalculous 
cholecystitis and mesenteric ischemia) and is effective in pre-
venting nontherapeutic laparotomy for 36%–95% in this setting 
[26–30].

Bed-side laparoscopy performed in the intensive care unit 
may improve outcomes, as patients’ medication and treatment 
are not interrupted, and the risks for transporting a critically ill 
patient and the morbidity of an open exploration can be avoided.

management was changed in more than 40% of patients on the 
basis of diagnostic laparoscopy, the use of this method has 
decreased as preoperative imaging techniques have improved, 
and it is currently used only for patients with large tumors or 
patients with highly elevated CA19-9. Peritoneal washing cytol-
ogy and ultrasound laparoscopy are reported to increase the 
yield of the procedure. A nontherapeutic laparoscopic explora-
tion was avoided in 4%–36% using this technique [15]. However, 
this procedure can be unreliable for evaluation of local unre-
sectable disease found at laparotomy in 6% of patients. Staging 
laparoscopy is not used as a preoperative method, but rather 
before a planned laparotomy. It can be performed with a single 
trocar in cases where only peritoneal surface and liver will be 
evaluated (usually a 10-min procedure), or with three trocars in 
case of retroperitoneal exploration with opening of the bursa 
omentalis and the aid of laparoscopic ultrasound. When a 
locally advanced tumor is found with evidence of irresectability, 
laparoscopic palliation can be achieved with laparoscopic gas-
troenteroanastomosis or biliary derivation when indicated.

Port site metastasis after diagnostic laparoscopy
In the early days of laparoscopy for oncological indications, a 
higher incidence of trocar site metastasis was reported leading 
to poor outcome. The occurrence of this complication is now 
reduced to acceptable levels, allowing similar results for laparo-
scopic and open surgery for many indications. Studies report 
0%–2% incidence of port site metastasis after staging laparos-
copy, and in one comparative study with exploratory laparot-
omy, diagnostic laparoscopy was not related to increased 
incision recurrences or peritoneal dissemination [21].

Acute abdomen
Abdominal pain is a common problem encountered by the gas-
troenterologist and gastrointestinal surgeon. It may be mild, but 
it may also represent a life-threatening condition. It accounts 
for 5%–10% of all emergency visits. Elderly patients (>65 years) 
who suffer from acute abdominal pain have around six to eight 
times greater risk for mortality, especially if the final diagnosis 
cannot be established at the time of initial evaluation [22]. In 
general, abdominal pain is categorized as acute or chronic pain. 
Sudden onset of abdominal pain that lasts for less than 24 h is 
considered as acute abdominal pain. Patients presenting with 
acute abdomen typically are not relieved by usual analgesic 
medications and have distinct clinical findings at examination. 
Diagnostic laparoscopy is helpful in evaluation of some patients 
with acute abdomen, allowing for both accurate diagnosis and 
less invasive treatment.

Acute abdominal pain may have various etiologies. Common 
causes of acute abdomen are appendicitis, biliary colic, chole-
cystitis, diverticulitis, bowel obstruction, visceral perforation, 
pancreatitis, peritonitis, salpingitis, mesenteric adenitis, and 
renal colic. One study found that the most common causes of 
acute abdominal pain in patients presenting in the Emergency 
Unit are nonspecific abdominal pain (35%), appendicitis (17%), 
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infection and incisional hernias. Perforated gastroduodenal 
ulcers are well managed by laparoscopic omental patch, or by 
laparoscopic sutures (Figure 141.2). Conversion to open 
surgery is necessary in approximately 10%–20% of patients, 
usually because of large, posterior or multiple perforations, or 
advanced peritonitis [33,34].

Colorectal perforation
Many endoscopic closure devices are currently available for 
closure of perforations of the upper and lower gastrointestinal 
tract, the most effective being the Over-The-Scope-Clip (OTSC) 
Ovesco System and the Overstitch (Apollo Endosurgery). If the 
perforation was unsuspected and took longer to identify with 
septic signs, laparoscopy with peritoneal irrigation is indicated. 
Therapeutic laparoscopy is the procedure of choice after colonic 
perforation during colonoscopy when endoscopic intraluminal 
closure is not possible or not available. Laparoscopic closure of 
the defect by suturing or stapling, sometimes along with tem-
porary protective laparoscopic colostomy, is effective in control-
ling sepsis.

Percutaneous endoscopic gastrostomy  
tube complications
Dislodged percutaneous endoscopic gastrostomy (PEG) tubes 
occur in between 2% and 28% of patients, but only a small 
percentage of these will require surgical intervention [35,36]. A 
leak-proof gastrocutaneous tract usually develops several days 
after placement, thereafter avoiding dislodgement and intraab-
dominal leak and peritonitis. In healthy individuals, a gastrot-
omy tract is typically mature within 2–4 weeks [37]. For PEG 
tubes displaced in the early period, when the gastrocutaneous 
fistula tract is incompletely formed, there is risk for gastric 
intraabdominal leakage. This is rare in surgically performed 
gastrocutaneous gastrostomies because of surgical fixation to 
the abdominal wall [38]. Traditional management of a dislodged 

Acute mesenteric ischemia
In the acute setting of ischemic bowel disease in a critically ill 
patient, radiological imaging plays a major role in directing the 
therapeutic management. Mesenteric ischemia represents about 
1% of the acute abdomen cases overall, but is much more fre-
quent in the critically ill patient. In half of the cases, acute arte-
rial occlusion is responsible. The remainder reflects nonocclusive 
arterial ischemia (20%–30%) and venous occlusion (5%–15%). 
All of these forms of ischemic bowel disease can be diagnosed 
by conventional angiography, abdominal CT scan, or duplex 
sonography [31]. Laparoscopy is highly sensitive in the detec-
tion of intestinal ischemia, but less effective for therapy. 
Traditional surgical therapy remains laparotomy with bowel 
segment resection or embolectomy, depending on the timing 
and extent of the episode. Laparoscopy can avoid unnecessary 
laparotomy, especially if there are negative findings or con-
versely massive (over 90% of ischemic small bowel) infarction 
where the possibility of salvage is very low.

Acute acalculous cholecystitis
This entity is easily diagnosed by radiological imaging tech-
niques. However, in intensive care patients, laboratory and 
clinical findings can obscure the onset of sepsis and instability. 
Such patients often have an edematous, thick-walled gallblad-
der due to positive fluid balance and free peritoneal fluid. In 
obese and distended patients, transabdominal ultrasound may 
not be helpful. In patients with suspected acalculous cholecys-
titis, or those with unexplained leukocytosis and rising 
C-reactive protein, a diagnostic laparoscopy may be indicated. 
If there are positive intraoperative findings, laparoscopic chole-
cystectomy is the procedure of choice, with the possibility of 
conversion to laparotomy. The timing of the surgical therapy, 
more than the method of choice, is of critical importance in 
avoiding complications. Many studies demonstrate that con-
version rates, complication rates, recovery times, and hospital 
costs increase directly with increasing delay between admission 
and operation [31,32]. In the presence of gangrenous or hem-
orrhagic cholecystitis, immediate surgery is indicated. Although 
technically demanding, laparoscopic cholecystectomy is the 
procedure of choice, especially if an experienced surgeon is 
available.

Perforation of hollow viscus
Acute bowel perforation in a previously healthy patient usually 
can be recognized by deteriorating clinical condition, perito-
neal findings and sepsis. In intensive care patients the diagno-
sis may be delayed and has to be based on high suspicion in 
the setting of sudden worsening in the clinical condition, unex-
plained sepsis, and rising signs of infection. Intestinal perfora-
tion may be caused by acute appendicitis, diverticulitis, and 
peptic ulcer, or secondary to intestinal obstruction, strangu-
lated inguinal and incisional hernias, and mesenteric infarc-
tion. Many of these conditions are successfully managed by 
laparoscopy, thus reducing local complications such as wound 

Figure 141.2 Diagnostic laparoscopy. In this case of perforated duodenal 
ulcer with diffuse peritonitis, diagnostic and therapy (suture and 
omentoplastic of the ulcer) was performed laparoscopically.
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Laparotomy for abdominal trauma used to be negative or 
nontherapeutic in approximately one-third of patients, but with 
the advent of modern imaging techniques, this rate is reduced 
to less than 10% [46]. The literature contains approximately 40 
prospective or retrospective cohort studies on the diagnostic 
role of laparoscopy in trauma [31,47]. Based on these studies, 
laparoscopic evaluation is able to avoid unnecessary laparotomy 
in around 60% of patients. Undetected injuries may occur in 
diagnostic laparoscopy in approximately 1% of patients, usually 
in the setting of blunt trauma. Laparoscopy is contraindicated 
in hemodynamically unstable patients, because rapid control of 
the bleeding is needed and hypotension may be aggravated by 
pneumoperitoneum. In patients with altered Glasgow scale at 
admission and suspected cranial trauma, laparoscopy is con-
traindicated due to the deleterious effects of hypercapnia on the 
central nervous system. Laparoscopy is able to avoid unneces-
sary laparotomy and reduce hospital stay compared to laparot-
omy, but prolongs hospital stay compared to conservative 
management [48].

Laparoscopy is useful to diagnose diaphragmatic injury, pen-
etration into the cavity, and injury to organs of the upper 
abdomen in patients with thoracoabdominal trauma [45]. 
Despite the theoretical danger of pneumothorax with diaphrag-
matic injury, this complication has not been documented. In 
our experience with over 150 cases of diagnostic and therapeu-
tic laparoscopy for blunt and penetrating abdominal trauma, 
the procedure was high yielding, avoiding laparotomy in 79% 
of patients [49]. Therapeutic interventions included diaphrag-
matic and bladder suturing, small bowel and gastric suturing, 
resection from colon and small bowel, and bleeding control for 
liver and spleen lesions. The presence of multiple visceral per-
forations or injury of retroperitoneal organ (such as ureter, pan-
creas, and duodenum) usually required conversion to open 
laparotomy. In a series of 121 patients with penetrating gunshot 
abdominal injuries, there were reportedly no false-negative 
evaluations for abdominal penetration [50]. Laparoscopy was 
able to identify organ lesions for abdominal penetration with 
100% sensitivity and 98.7% specificity. In a multicenter study 
involving 510 patients, Zantut et al. evaluated the role of diag-
nostic and therapeutic laparoscopy [51]. Laparotomy was 
avoided in 277 patients (54.3%), in whom there were no signifi-
cant injuries. In another 26 patients (5.1%), the procedure had 
therapeutic interventions. Of patients undergoing laparotomy 
(203), therapeutic interventions were performed in 155, still 
leaving in 52 patients undergoing laparotomy that was unneces-
sary in retrospect (25%). In contrast, Chol et al. achieved thera-
peutic interventions with laparoscopy in 100% of their series of 
78 patients [52].

Diagnostic laparoscopy is the key to reducing nontherapeutic 
laparotomies, and is effective in selecting patients for laparot-
omy [52]. It has little, if any, significant morbidity or missed 
injuries. Further, conversion to laparotomy can be undertaken 
if complete assessment of the peritoneum is not possible laparo-
scopically. It is important to avoid unnecessary laparotomy in 

PEG tube in the early postoperative period involves careful 
attempts to blindly establish the gastrotomy tract with a new 
tube followed by confirmatory contrast radiography to verify 
intragastric positioning. Findings consistent with contrast 
extravasation, peritonitis, or sepsis typically merit expeditious 
surgical exploration with irrigation of the peritoneal cavity, 
closure of the gastrotomy, and replacement of a gastrotomy tube 
through a new site. Without evidence of peritonitis and clinical 
stability, early PEG tube dislodgement can be successfully 
treated conservatively with nasogastric decompression and 
intravenous antibiotics [37]. Repeat endoscopy with immediate 
intraluminal PEG replacement adjacent to the internal gastrot-
omy site has been described for premature PEG dislodgement. 
NOTES PEG rescue was first performed by Marks et al. [39]  
and involves transmural passage of flexible endoscopes intro-
duced per os, allowing access to the peritoneal cavity without 
abdominal wall invasion. In the setting of early dislodged PEG 
tubes, the NOTES approach offers several advantages (see 
Chapter 143).

Diagnostic and therapeutic laparoscopy  
for trauma
The evaluation of patients suffering from penetrating and blunt 
abdominal trauma is undergoing a critical reappraisal from 
both a technical and conceptual standpoint. Stable patients with 
blunt abdominal trauma may undergo diagnostic laparoscopy 
to exclude significant injury. With penetrating trauma, diagnos-
tic laparoscopy is effective in detecting peritoneal penetration 
and treating organ injuries. It is clear that some patients who in 
the past underwent routine laparotomy may be effectively 
managed through conservative monitoring with selective inter-
vention as dictated by physical examination [40]. Indeed, 
though considered in the past to be low risk, nontherapeutic 
laparotomy has been recognized to be a cause of significant 
morbidity and mortality [41,42], and in most patients suffering 
from blunt trauma, management should be guided by serial 
computed tomography rather than diagnostic laparotomy. 
However, in penetrating trauma, serial computed tomography 
imaging may fail to identify at-risk patients. Penetrating stab 
wounds in stable patients who have negative peritoneal lavage 
may be treated conservatively. In contrast, patients with pene-
trating injuries from firearms need mandatory laparotomy 
because of the high rate of injury (over 90%) [43]. This algo-
rithm leads to a rate of nontherapeutic laparotomy of 5%–20%, 
reducing the considerable morbidity for patients undergoing 
negative laparotomy [41–45].

Currently, there are doubts about whether laparoscopy is able 
to detect all abdominal injuries safely. The modern approach to 
abdominal trauma requires use of the physical examination and 
the judicious use of available diagnostic methods. As precondi-
tions for laparoscopy in trauma, patients should fulfill the fol-
lowing criteria: (1) hemodynamic stability upon arrival or after 
initial resuscitation, (2) normal Glasgow scale, (3) minimal 
comorbidity, and (4) technical and staff availability.
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sometimes results in small bowel injury, which can be repaired 
with suturing. Exploration includes visualization and palpation 
of the liver, stomach, spleen, major omentum, and pelvic 
organs. Hernias of the abdominal wall are investigated and if 
present should be treated in the same procedure. Intestinal 
exploration starts with the appendix through ascending, trans-
verse, descending, sigmoid colon, and rectum. Small bowel 
evaluation starts from the Treitz ligament in the direction of 
the terminal ileum. Retroperitoneal masses, lymph nodes, and 
peritoneal lesions can be examined and biopsied. Intraoperative 
ultrasound enhances the identification and staging of deep 
hepatic and pancreas lesions.

Abdominal closure is preferentially performed using a strong, 
absorbable or nonabsorbable running suture as a one-layer 
closure for the aponeurosis. Some transverse incisions may 
require a double-layer suture, and many surgeons prefer single 
sutures instead of running ones. The closure of subcutaneous 
tissue is not always performed, and skin closure is accomplished 
with intradermal running suture, skin staplers, or biological 
glue. Subcutaneous drainage may be needed to reduce hematoma 
in patients where there is a large dissection surface, in contami-
nated operations, or in obese patients. After laparotomy, the 
patient should avoid abdominal exercises or lifting more than 
10 kg for at least 2 months to optimize the strength of the inci-
sion and avoid incisional hernias.

Complications of laparoscopy  
and laparotomy

In the early stages of the development of laparoscopic surgery, 
reports of higher than expected complications led to public 
criticism, but these problems were soon corrected by adequate 
training in well-organized courses and credentialing was 
required under the control of surgical organizations. With 
growing experience in laparoscopic surgery, it is now possible 
to perform most complex surgical procedures laparoscopically. 
However, less frequently performed procedures (such as those 
with rare indications or rarely performed) maybe problematic 
because of lack of adequate training and proctoring.

Intraoperative complications of diagnostic laparoscopy 
include bowel perforation, laceration of solid organs, subcu-
taneous or retroperitoneal emphysema caused by dissection 
by the insufflating gas, and vascular injury. This latter is fre-
quently from a laceration of epigastric vessels in the abdomi-
nal wall or omental vessels caused by trocar or needle 
insertion. Major vessel injury is rare, but may be catastrophic 
and potentially fatal. It should be suspected in patients with 
growing retroperitoneal hematoma. This complication can be 
minimized by routine use of initial open access, which avoids 
the blind insertion of the Veress needle [53]. Tension pneu-
mothorax is rare but may occur if there is an occult diaphrag-
matic perforation (for example diagnostic laparoscopy after 
recent cardiac surgery or for blunt or penetrating trauma). 

patients with penetrating stab and gunshot wounds because of 
its associated morbidity and mortality.

Technique for diagnostic laparoscopy

For diagnostic laparoscopy, especially for bedside laparoscopy, 
fewer trocar insertion sites are generally needed than for thera-
peutic procedures. Generally, two will suffice, though occasion-
ally three may be required. However, in patients in which there 
is a high likelihood of laparotomy (large bowel distension, free 
high density peritoneal fluid, or intestinal obstruction), the best 
strategy is to go directly to explorative laparotomy.

Bedside laparoscopy can be performed for diagnostic pur-
poses in the intensive care unit. For bedside laparoscopy, 
patients should be monitored with continuous pulse oximetry, 
electrocardiogram, and blood pressure monitoring. Patients not 
requiring mechanical ventilation prior to laparoscopy usually 
do not require airway intubation. A monitor, insufflator,  
light source, camera, and appropriate instruments must be 
available.

The patient is positioned supine on an ICU bed. The abdomen 
is prepped with Betadine solution and then sterile drapes 
arranged as in the operating room. Local anesthesia ( mix of 1% 
lidocaine with 1% ropivacaine, 50%–50%) is used to anesthetize 
the trocar sites. An incision is made intraumbilical or supraum-
bilical and a 5 or 10-mm trocar and camera are inserted using 
an open Hasson technique. After insufflation with CO2 to a 
pressure of 10–14 mmHg, additional trocars are placed under 
direct laparoscopic view as needed to manipulate the bowel and 
complete the exploration. The presence and character of intra-
peritoneal fluid is noted, and fluid collected for microbiological 
exams. The viability and integrity of the bowel can be assessed, 
and the condition of the liver and gallbladder evaluated. For 
formal diagnostic laparoscopy, the procedure is always under 
general anesthesia since the resultant relaxation of abdominal 
wall makes more complex procedures possible.

Technique for explorative laparotomy

Under general anesthesia, the patient is positioned in the 
supine position, unless there is a likely need for a rectal anas-
tomosis, a Lloyd-Davies position is desirable. Full abdominal 
wall relaxation is required. Clinical history and preoperative 
imaging information may guide the incision site as either 
infraumbilical (diseases of colon and rectum, appendix, gyne-
cological) or supraumbilical (stomach, pancreas, and gallblad-
der). A median incision may be chosen for explorative 
laparotomy to allow for easy access of all abdominal and ret-
roperitoneal organs when there is insufficient basis to localize 
the source of symptoms. After skin, subcutaneous, and fascial 
incision the next step is complete dissection of adhesions in 
previously operated patients. Lysis of very dense adhesions 
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The procedure can be continued after pleural drainage. Port 
site infection is unusual and, if present, it is easily managed 
by local treatment.

Complications of the laparoscopic access
The insertion of a laparoscopic camera and working ports into 
the peritoneal cavity is required to start any laparoscopic pro-
cedure. The trocars must be carefully placed in positions that 
minimize the risk of injury and allow visibility and instrument 
access to the operative site. Despite significant advances in 
laparoscopic instrumentation and techniques, injury to intraab-
dominal structures remains a potentially serious complication. 
The estimated complication rate associated with laparoscopic 
access is 0.01%–1.00% [54]. Complications described in several 
publications include intraabdominal visceral injury, blood 
vessel damage, gas embolism, and postoperative hernias. 
Although these complications are uncommon, they are a sig-
nificant cause of the morbidity associated with laparoscopic 
surgery.

Various techniques to achieve peritoneal access and cap-
noperitoneum have been described. These include the Veress 
needle followed by the blind insertion of a trocar, open access 
with direct visualization (Hasson technique) [53], direct trocar 
insertion without prior capnoperitoneum [55], optical Veress 
needle [56], optical trocars, and a reusable, peritoneal entry 
technique without camera visualization using water [54] visual 
access cannula with and without prior insufflation [57,58]. 
Although the Veress needle technique with blind insertion of 
needle and trocar are still largely used, open technique and 
direct visualization of trocar insertion should be preferred to 
avoid major, life-threatening complications.

Effects of CO2 pneumoperitoneum
Insufflation of the abdomen with CO2 is a requirement for 
most laparoscopic procedures, except when a gasless tech-
nique with retractors is chosen. Hemodynamic and respira-
tory changes, along with temporary alterations in many 
organs, result from this insufflation. Using pressures limited 
to 12–14 mmHg, hemodynamic changes in a previously 
healthy patient are well tolerated and not maintained after 
deflation. However, in a patient with underlying medical con-
ditions there can be hemodynamic complications. The aug-
mented intraabdominal pressure leads to relative hypovolemia 
due to compression of the inferior vena cava and perinephric 
veins, reduction in the cardiac output, increases in mean arte-
rial pressure, and peripheral resistance. Administration of 
intravenous fluids (saline solution) prior to the insufflation 
usually can minimize these effects. Placing the patient in a 
Trendelenburg position may improve the adverse hemody-
namic effects whereas the reverse Trendelenburg positioning 
(head up) usually accentuates them. Pneumoperitoneum may 
adversely affect patients with cardiovascular disease. Table 
141.1 lists the most common effects of pneumoperitoneum 
with CO2.

Table 141.1 Physiological changes of CO2 pneumoperitoneum in 
laparoscopic surgery. Source: Neudecker et al. 2006 [81].

Organ/system Parameter Effect

Cardiovascular 
systema

Venous return Decrease

Preload Decrease

Cardiac output (CO) Decrease

Heart rate (HR) Increase

Mean arterial pressure Increase

Systemic vascular resistance Increase

Pulmonary vascular resistance Increase

Abdominal 
pressure

Increase

Lung physiologyb Gas exchange Hypercapnia

Respiratory acidosis

Airway resistance Increase

Pulmonary compliance Reduction

Venous blood 
returna

Lower extremities venous 
return

Reduction

Femoral venous pressure Increase

Risk for deep venous 
thrombosis (DVT)

Increase

Renal Renal blood flow Decrease

Glomerular filtration rate Decrease

Urine output Decrease

Renine plasma activity Increase

Hepatic Hepatoportal circulation Reduction

Liver enzymes Elevation

Splanchnic Splanchnic microcirculation Decrease

Oxygen delivery Impaired

Immunological 
stress response

Better immune function No conclusive data

Peritonitis Risk of bacteremia (animal 
experimental)

Increased

Risk of bacteremia (clinical) No difference

Tumor spreading Risk of port-site metastasis 
(animal experimental)

Increased

Risk of port-site metastasis 
(clinical)

No difference

Pregnancy Maternal respiratory 
compliance

Reduced

Uterine blood flow Reduced

Preterm labor Increase

Risk of fetal loss Increase

Fetal acidosis Increase

Neurologicalb Intracranial pressure Increase

a Effects intensified by the head-up (anti-Trendelenburg) positioning of 
the patient in the operating table.
b Effects intensified by the head-down (Trendelenburg) positioning of 
the patient in the operating table.
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for mother or fetus [62–64]. Intraoperative fetal heart monitor-
ing is effective for detection of fetal distress during laparoscopy. 
Cumulative experience in laparoscopy during pregnancy has 
shown no intraoperative fetal heart rate abnormalities and no 
increased fetal morbidity have been reported, although some 
still recommend routine monitoring before and after the proce-
dure. In the past, laparoscopy was avoided in the first (due to 
potential CO2 toxicity) and third trimester (because of uterine 
volume) of pregnancy, but nowadays may be performed in any 
gestational period. Although there is growing experience with 
laparoscopy in pregnancy, the published literature is mostly 
limited to small case series. Current guidelines recommend 
preoperative and perioperative fetal monitoring in the case of 
urgent laparoscopy during pregnancy.

Future of emerging diagnostic methods

The technique of minimally invasive surgery continues to 
evolve. Refinements in modern laparoscopy in the search for 
even less invasive procedures have resulted in the development 
of robotic surgery, NOTES, single-port surgery, and minilapar-
oscopy (needlescopy). Many of these advances are still at the 
stage of identification of indications and are undergoing  
clinical trials.

Single-port surgery
Rao et al. from India, in their preliminary experience of single-
port surgery in 2008, noted that there were issues that need to 
be solved by developments in technology [12,65]. One concern 
is that the instruments entering through a single port lead to 
clashing of instruments and the loss of triangulation (Figure 
141.3). Curcillo et al. introduced the concept of single-access 
surgery using different trocars inserted in different fascial ori-
fices, but through the same umbilical skin incision, allowing 

Vascular injury
Life-threatening complications can occur from injury of large 
abdominal vessels, by insertion of the Veress needle or trocar. 
Around 80% of these lesions occur during the initial access. 
Using the open technique for the first access, serious vascular 
injuries may be avoided [59,60]. Injuries from insertion of the 
Veress needle are usually less harmful and self limited, but may 
remain unsuspected until a retroperitoneal hematoma develops 
in the postoperative recovery. If there is serious vascular damage, 
best results are achieved with formal vascular repair through 
conversion to laparotomy. Even with immediate recognition 
and therapy, mortality ranges from 9% to 36% [61]. The vessels 
most affected are the distal aorta, common iliac artery and vein, 
and inferior vena cava, due to the vessel size and relatively fixed 
location. Injury to epigastric and abdominal wall vessels are 
easily repaired by percutaneous suturing or bipolar coagulation. 
This complication can be avoided by placing the secondary 
trocar under direct laparoscopic visualization.

Visceral damage
Small bowel or colon lesions may occur during insertion of the 
trocars or, less often, by thermal injury when dissecting using 
monopolar, bipolar, or ultrasonic energy. Unrecognized lesions 
may result in fatal complications. Bowel injury occurs in 0.05%–
0.4% of all laparoscopic procedures, with a mortality of 5% [59]. 
Patients may present with fever, abdominal distension, sepsis, 
and peritonitis between the second and eight postoperative 
days. Aggressive diagnosis with early repeat laparoscopy in sus-
pected cases may improve outcomes and reduce mortality.

Gas embolism
This rare condition may occur during accidental intravascular 
insufflation with CO2, specifically by the Veress needle tech-
nique. Potential embolism may also be encountered with lapar-
oscopic liver resections and kidney surgery, where greater-sized 
veins are able to conduct larger amount of gas, when higher 
insufflation pressures are used. The estimate incidence is around 
0.003% [61]. Intraabdominal pressures for pneumoperitoneum 
should be limited to 12–14 mmHg of CO2, thus also reducing 
cardiovascular and hemodynamic changes.

Laparoscopy in the pregnant patient
Special care has to be taken in the setting of pregnancy, due to 
the altered anatomy of intraabdominal organs, a voluminous 
uterus that may be injured by accessing trocars, a higher rate 
for postoperative deep vein thrombosis, and by the potential 
adverse effects of pneumoperitoneum on the fetus. Even with 
the best care, premature birth and abortion may occur after 
open or laparoscopic surgery. Accordingly, in the pregnant 
patient, laparoscopy should be reserved, for emergency indica-
tions such as acute appendicitis or other acute abdominal 
conditions.

However, if necessary, laparoscopy can be performed safely 
during any trimester of the pregnancy with minimal morbidity 

Figure 141.3 Single-port surgery. Using a single intraumbilical incision, 
splenectomy for splenomegaly using a Triport System (Olympus, Japan) is 
performed with low morbidity and optimal cosmesis.
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number of developments. First, newer instruments have been 
developed with much better design and with more durable 
materials [76]. In procedures where enhanced visualization in 
a restricted space is necessary, MINI offers advantages over 
regular laparoscopic surgery, for example inguinal hernia repair, 
lumbar or thoracic sympathectomies, common bile duct 
exploration/reconstructions, and transanal endoscopic opera-
tion [77]. When it is necessary to suture or even simply to tie a 
knot, the enhanced precision of the new low-friction MINI 
instruments have advantages in their handling over the conven-
tional 5-mm equipment that uses rubber sealing and valves that 
can affect range of movement. Because MINI instruments 
require less space to move, they are especially useful when 
pneumoperitoneum is limited, like bedside laparoscopy, or 
when low CO2 pressures must be employed.

The enhanced view is another advantage of the MINI 
approach, though it has sometimes been overlooked in favor of 
the cosmetic benefit of alternate approaches. MINI allows the 
surgeon to work much closer to the subject and functionally 
gain up to 2.7 times in magnification when using MINI instru-
ments, as the thinner instruments occupy less of the visual field. 
The smaller instruments are also highly suited for transanal 
endoscopic operation because of the enhanced view and 
freedom of movements. Other more intricate surgeries may also 
be preferably performed using minilaparoscopy for the same 
reasons.

Current technical limitations of MINI are being addressed by 
the development of more resistant and higher performing 
instruments. Longer trocars without sealing (low friction) help 
to stabilize miniforceps and increase the strength and durability 
of the MINI equipment without limiting surgical movements. 
Current low-friction MINI trocars (unlike their predecessors 
from the 1990s) do not have a sealing membrane (as the basis 
for the designation “no rubber or low-friction trocars”). As a 

better triangulation with the available laparoscopic instruments 
[10,66,67]. When the anatomy is unclear it is necessary to add 
more trocars in order to operate safely. Using separate trocars 
instead of an umbilical single-access device allows for each 
instrument to have independence of movement. As a result, 
movement of one instrument does not affect movement of 
others. The surrounding fascia allows this unique property not 
found in multiport trocars.

Advantages of the single-port technique include: (1) technical 
similarity to traditional laparoscopic surgery, (2) reduced pain 
due to overall less skin incisions, (3) superior cosmetic results 
by using an intraumbilical incision, (4) easy conversion to mult-
iport laparoscopy, and (5) the use of conventional laparoscopic 
instruments and clips [68,69]. It is also simpler and possibly 
safer than NOTES.

Disadvantages of single-port surgery include: (1) the smaller 
degree of instrument triangulation compared to conventional 
laparoscopy, (2) the parallel and close positioning of the instru-
ment shafts resulting in “crowding” of the instruments, (3) 
clashing of instruments and the laparoscope, and (4) dissection 
through a single port is more difficult than in conventional 
multiport laparoscopy. Additional concerns include hernia for-
mation and wound hematoma and infection, as well as the pos-
sibility of procedure complications due to limited visualization 
and restrained freedom of movements. As the fascial incisions 
required for some ports are 2.5–4.0 cm, it could be considered 
a minilaparotomy, with increased risk of incisional hernia, 
adhesions, and intestinal obstruction. As the technique is rela-
tively new, there are no data to document the actual frequency 
of these potential disadvantages, as many complications (inci-
sional hernia, intestinal obstruction) may occur many years 
after the procedure [70]. An increased risk of early wound com-
plications, such as infection, is expected, as the skin incision and 
subcutaneous dissection are wider than in multiple trocar lapar-
oscopies. Regarding the fascial incision, large ports are ideal 
when a larger specimen extraction is needed (spleen, kidney, 
colon), as the minilaparotomy is inappropriate for these speci-
mens. Conversely, the incision needed for a large port may be 
excessive for smaller organs such as the gallbladder, or when no 
extraction is needed (Nissen procedure), with the possibility of 
increased postoperative pain.

Minilaparoscopy
The advent of NOTES and subsequently single-port surgery has 
raised interest in developing even less invasive modalities for 
surgical access [65,71,72]. Minilaparoscopy (MINI) is a natural 
advancement of laparoscopy, which proposes to diminish surgi-
cal trauma by reducing the diameter of the standard laparo-
scopic instruments, without losing range of motion for 
triangulation, important aspects that can be a major challenge 
in NOTES and single-port surgery (Figure 141.4). 
Minilaparoscopy was first described more than 15 years ago 
[8,11,73–75]. Although interest in the past has been limited 
[8,73], the technique warrants recommendation because of a 

Figure 141.4 Minilaparoscopy. New MINI trocar technology (KarlStorz, 
Germany) allows for no friction and almost scarless surgery for 
cholecystectomy. Source: Courtesy of Professor Gustavo Carvalho, Recife, 
Brazil.
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result, almost no force is needed to move the instruments inside 
the trocars. This prevents undesirable movement including dis-
placement of the trocars, which may injure the skin and worsen 
cosmesis. The new trocars also have a ball-shaped dilating tip, 
allowing for a minimal skin incision by radially dilating the 
skin, muscle layers, and fascia.

Advantages of MINI extend beyond improved cosmesis (the 
only proven gain so far of single-port surgery), and include less 
abdominal wall trauma [78–80], more precise surgical move-
ments, enhanced view, and better dexterity, without signifi-
cantly increasing the operative time, surgical effort or costs, or 
compromising the standards of surgical safety.

Conclusion
Continued efforts are being made to reduce surgical trauma and 
to produce safer, faster, and more cost-effective surgery, improv-
ing quality standards ultimately to advance all aspects of patient 
care. Judicious use of a growing number of options that permit 
diagnostic evaluation and management of most patients through 
less morbid approaches than was necessary in the past allows 
the surgeon to provide even better care of patients.
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CHAPTER 142

Prelude to submucosal endoscopy

In 1998 an intensive effort began in the Mayo Clinic Develop-
mental Endoscopy Unit (DEU) to develop approaches for safe 
and easy en bloc resection. At that time endoscopic submucosal 
dissection (ESD) was being developed in Japan but had obvious 
drawbacks, which persist today (risk, training, limited expertise, 
primitive free hand technique) despite increasing use of this 
procedure. Cap-based EMR provided en bloc resection of tar-
geted areas up to 20 mm in diameter, but less than satisfactory 
results with piecemeal resection were obtained for larger 
mucosal lesions [1]. The initial efforts to accomplish large 
sample en bloc resection in the Mayo DEU involved two-handed 
dissection using a fixed or mounted endoscope, a grasper and 
needle knife, including the earliest versions of the insulated tip 
needle knife (Olympus Corporation, Japan). Although this 
method had appeal within the broader expansion of flexible 
endoscopic technology, the lack of triangulation frustrated this 
intended application which was subsequently recognized to be 
more suited to robotics. An important observation made during 
this effort was the ready delamination of the mucosa from the 
submucosa, as evidenced by the ability to create giant submu-
cosal fluid cushions (SFC) (Figure 142.1). Work within the 
Apollo group, directed at the esophagus, demonstrated that 
large strips of mucosa could be peeled off from an SFC at any 
length desired. This animal-based research led to the concept of 
widespread endoscopic mucosal resection (WEMR) which was 

applied chiefly for excision of a Barrett segment. Specialized 
cutting caps enabled WEMR in the esophagus. The caps had 
cutting wires permitting longitudinal and horizontal cutting to 
be performed while the edge of the cap skidded between the 
mucosa and SFC taking advantage of the delamination effect 
[2]. However, WEMR using this tool permitted only piecemeal 
stripping.

Endoscopic interventions in the gastrointestinal tract are 
based on mechanical activities directed from the lumen towards 
the serosa. The deeper the intervention, the greater is the risk 
for serious complications such as bleeding and perforation with 
contamination of sterile spaces. Recognizing the mechanical 
effects of an SFC, in particular delamination, efforts were 
undertaken to convert the submucosa into a protective barrier. 
These efforts led to the discovery that hydroxypropyl methylcel-
lulose was both less expensive and more readily available than 
hyaluronic acid for use as an SFC [3]. If an impenetrable SFC 
could be created, then excising any mucosal disease could be 
made safer and perhaps easier. Submucosal dissection can also 
be achieved by gas. Clinicians were already familiar with inci-
dental submucosal gas dissection with argon gas when using an 
argon plasma coagulator. Initial animal studies revealed that 
CO2 gas dissection could create areas of gas-filled submucosa, 
far larger than could be attained with any SFC. Use of gas for 
submucosal dissection was the basis for the submucosal inside 
out project (SIOP) program and expanding the field of submu-
cosal endoscopy.
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the submucosa into a free space facilitated an off-set access to 
the peritoneal cavity, allowing the overlying mucosal “flap” to 
serve as a protective barrier and sealant against soiling and 
contamination. This theoretical approach to viscerotomy was 
proposed during the inaugural Natural Orifice Surgery Consor-
tium for Assessment and Research (NOSCAR) meeting in 2005 
and incorporated in the first white paper [7]. This procedure 
was successfully performed in the stomach to direct an endo-
scope to the gallbladder and utilized to perform cholecystec-
tomy [8].

The esophagus from an anatomic standpoint is ideal to use 
this off-set tunneling technique to gain access to the mediasti-
num, including the external esophagus, esophagogastric junc-
tion, heart, great vessels, and lymph nodes [9]. In order to 
accomplish this, a myotomy is necessary. Our initial experience 
with the technique was published and reported as the submu-
cosal endoscopy with safety valve mucosal flap (SEMF) method 

Submucosal endoscopy

Surgeons for years have used intramural and submucosal tun-
neling for the placement of feeding tubes. SIOP allowed the 
possibility of converting the submucosa into an open or free 
working space within which an endoscope and endoscopic 
devices could be passed. The original goal for SIOP was to con-
tinue the effort to find a safer and more expedient method to 
perform en bloc resection of mucosal disease, as a replacement 
for traditional ESD [4]. Working from “inside” the gut wall 
toward the gut lumen to excise tissue should theoretically be 
safer than working from the lumen toward the lesion (Figure 
142.2a). The technique, directed “outside”, toward the deeper 
layers of the gut wall, should enable safe sampling of the muscle 
layer to better characterize and study motility disorders [5,6] 
(Figure 142.2b). With the advent of natural orifice translumenal 
endoscopic surgery (NOTES), the same method of converting 

Figure 142.1 Layers of the bowel wall. Note the distinct appearance to the submucosa with loosely attached connective tissue which allows delamination 
of the overlying mucosa. Source: Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved.
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Figure 142.2 Submucosal inside out project (SIOP) based on a submucosal working space. (a) Inside-mucosal disease (e.g. sessile polyps) can be more 
safely removed en bloc by undermining the lesion and removing the lesions by working within the submucosal space towards the lumen. (b) Out- the 
off-set entry and exit of submucosal endoscopy allows safe access to the deep layers of the gut wall for sampling, removal of disease, or entry into body 
cavities (e.g. peritoneal cavity or mediastinum). Source: Used with permission of Mayo Foundation for Medical Education and Research, all rights 
reserved.

(a) (b)

Lamina propria
Muscularis mucosa

Submucosa
Muscularis propria

Serosa

Lamina propria
Muscularis mucosa

Submucosa
Muscularis propria

Serosa

Lumen

Polyp

Lumen

Polyp



Submucosal endoscopy CHAPTER 142   2705

sufficiently enough (longitudinally) to place the tip of the endo-
scope into this new space. Repeating the steps of advancing the 
deflated balloon catheter a few centimeters distally, inflating the 
balloon and pulling the balloon back towards the endoscope tip 
allows rapid advancement of the submucosal space, or a tunnel 
down to the esophagogastric junction. Blunt dissection has his-
torically been a valued atraumatic surgical technique. Within 
the micro-environment of the submucosa, blunt balloon dissec-
tion is consistently protective of the overlying mucosal flap, 
expediting access to the esophagogastric junction, without asso-
ciated significant bleeding; it requires minimal endoscopic 
skills. Entry into the cardia proved more challenging in the 
porcine model (Figure 142.5). The tunneling process at this 
point became noticeably slower; there was greater resistance to 
dissection, requiring a more meticulous balloon dissection. 
Regardless of method, gastric mucosal perforation is the most 

Figure 142.3 Distal esophageal SEMF (submucosal endoscopy with 
mucosal safety flap) (2 cm diameter) full thickness myotomy site used for 
access to the mediastinum. The small inset photo (white arrow pointing) 
demonstrates the overlying mucosal flap sealing the circular myotomy 
defect. The myotomy needed for access to the mediastinum lead to the 
realization that it could be extended and used as an alternative treatment 
for achalasia.

Lung

Myotomy with mucosa
“patching”defect

Esophagus
Figure 142.4 The SEMF (submucosal endoscopy with mucosal safety flap) 
method. After initial submucosal fluid cushions (SFC) to access the 
submucosa and a needle knife incision into the SFC, the balloon catheter 
(blunt tip endoscopic retrograde cholangiopancreatography [ERCP] stone 
retrieval balloon) is inserted into the submucosa. The balloon (11.5 mm) 
is inflated and pulled towards the endoscope, starting the tunnel. The 
endoscope can then be inserted into the tunnel with continued 
advancement of the balloon catheter, balloon inflation, and withdrawal of 
the inflated balloon toward the endoscope to advance the tunnel or 
enlarge the space.

Figure 142.5 “Pinched” appearance of the submucosal tunnel distinctive 
of transition into the cardia with crisscrossing sling muscle fibers 
characteristic of cardia entry.

[10,11]. SEMF has been utilized as an access technique for 
NOTES [12]. SEMF with myotomy also offered an alternative 
option for the surgical management of achalasia. In animals, 
myotomy of various lengths across the esophagogastric junction 
can be performed readily and safely because of the undisturbed 
overlying protective mucosal flap (Figure 142.3). The SEMF 
technique combined with myotomy of the circular muscle layer 
only was demonstrated to be an effective option in the treatment 
of achalasia [13].

The SEMF method

The first step of the SEMF method is gaining access to the sub-
mucosa, which is accomplished by the creation of an SFC, fol-
lowed by opening the mucosa sufficiently to allow balloon 
catheter insertion, followed by endoscope insertion. SEMF in 
the animal lab (and currently in the author’s clinical practice) is 
based upon blunt dissection using small endoscopic retrograde 
cholangiopancreatography (ERCP) stone retrieval balloons to 
create a submucosal space or tunnel (Figure 142.4). Once a 
several centimeter length of submucosal space is initiated by 
inflation of the 11.5 mm balloon, the fully inflated balloon is 
pulled through the mucosal insertion site to fracture it open 
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Interestingly, partial and complete myotomy demonstrated 
similar results. Complete myotomy using an insulated tip needle 
knife (Olympus America, Center Valley, PA, USA) was techni-
cally easier to perform and more expedient, requiring only 
seconds to accomplish.

Other investigators have duplicated the original efforts at 
access and most importantly confirmed safety, feasibility, and 
benefit of endoscopic myotomy [15–17]. A study by Perretta et 
al., used the novel technique of EndoFLIP imaging (Crospon, 
Galway, Ireland) which provides dynamic imaging of lumenal 
geometric changes using impedance planimetry [17]. The study 
is notable for demonstrating that the most critical aspect of the 
peroral endoscopic myotomy (POEM) is the cardia component. 
Specifically, the length of the esophageal myotomy did not 
impact improvement in distensibility over that established by 
division of the circular muscle layer within the cardia. This 
observation not only emphasized the value of the cardia 
myotomy, but also suggested a possible solution to the problem 
of reflux after myotomy.

In 2012 NOSCAR conducted an international survey of 
POEM [18]. There were 16 locations internationally reporting 
experience with the procedure in 841 cases. The first case per-
formed was in Japan in 2008 using an ESD method to create the 
submucosal space [19]. The first case in the United States was 
performed in 2009 using blunt balloon dissection to create the 
submucosal tunnel [20]. The highest volumes had been per-
formed in Japan and Shanghai, China. Since POEM is relatively 
new, clinical success can only be measured in the short-term and 
has been described in centers with case experiences in excess of 
45 patients and is greater than 95%, accompanied by significant 
lower esophageal sphincter (LES) reductions of 55% from pre-
procedure baselines and improvement in Eckardt scores of 80% 
over baseline at median follow-up periods of 1 year.

SEMF for diagnosis

The SEMF tunnel can be used for diagnostic sampling of the 
deep layers of the esophagus, stomach, and rectum. Refinements 
in the diagnosis and management of motility disorders can 
benefit from study of the neuroenteric system, largely located 
within the muscle layer of the gut. Until recently, obtaining 
specimens for study has required surgical intervention. It is 
possible to use submucosal endoscopy for direct large specimen 
sampling of the muscularis propria and also for in vivo imaging 
of neurons by means of confocal microscopy and fluorescence, 
using DNA probes [6,21,22].

SEMF access to the mediastinum can be used to biopsy of 
lymph nodes, pericardium, and epicardium [9,11]. The use of 
small caliber endoscopes adds to maneuverability within the 
mediastinum and around structures such as the esophagus and 
major vessels. While these capabilities have been demonstrated 
in the animal and cadaver laboratories, they have not yet been 
translated into any reported clinical experiences.

notable risk during this aspect of the dissection. The promi-
nence of large vessels crossing the submucosal space within the 
cardia, and more so, the presence of the sling muscle fibers 
intertwined with the circular muscles provide reliable land-
marks to confirm passage into the cardia, critical for a successful 
therapeutic myotomy (Figure 142.5). In the left lateral decubitus 
position, whether in the porcine model, or in the human, the 
path of the endoscope falls naturally in a posterior five to six 
o’clock positional direction.

In 2008, NOSCAR funded a study comparing partial and full 
thickness needle knife myotomy, the later a true NOTES proce-
dure [14]. This study, performed in pigs incorporated deep tat-
tooing to mark the cardia and serve as an endpoint for dissection. 
The tattooing proved unnecessary because of the predictable 
wandering of the tunnel, regardless of whatever tunneling 
method used, the better reliability of the sling muscle fibers to 
identify the cardia, and the practice of measuring the distance 
within the tunnel from the animal snout, correlating it with the 
intralumenal measurement. All of the author’s studies (and 
clinical practice) were carried out using a posterior approach. 
The posterior approach was advocated because of the more 
natural movement of the endoscope with left lateral decubitus 
positioning, maintaining the anterior esophagus clean if even-
tual traditional myotomy were needed, and if there were com-
plications due to leakage, better containment and management. 
Both partial and full thickness myotomy, distal to proximal, 
could be performed without injury to the aorta or the posterior 
trunk of the vagus nerve which is covered by a protective mobile 
sheath. The longitudinal muscle layer proved vulnerable to inci-
dental injury during the partial myotomy of the circular muscle. 
The pig proved vulnerable to this with the development of fatal 
pneumothorax, due to the pleural anatomy of their mediasti-
num (Table 142.1). The use of CO2 insufflation, positive ventila-
tion, and a small prophylactic chest tube eliminated this 
problem, and became standard protocol for subsequent live 
animal training. The tunnel distance between the end of the 
myotomy and the mucosal entry point was maintained at 4 cm 
to 5 cm for safe sealing of the tunnel by the overlying mucosa. 

Table 142.1 Limitations of the porcine animal model for studying and 
training in peroral endoscopic myotomy (POEM).

Limitation Explanation Solution

Pneumothorax Mediastinal 
pleural anatomy

Prophylactic chest tube
Positive pressure ventilation C02 
insufflation

Gastric mucosal 
perforation

Esophagus/cardia 
transition

Slower catheter and balloon 
blunt dissection

Cardia entry Resistance to 
dissection

Slower blunt dissection
Distance from snout (intramural 
matches intralumenal)

Cardia 
identification

Resistance to 
dissection

Visualization of sling fibers
Crossing vessels
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Submucosal endoscopy with mucosal 
resection (SEMR)

If a large SFC can effectively isolate a sessile polyp there is no 
reason that the same fluid filled area beneath a polyp cannot 
be transformed into a space. Doing so further isolates the 
lesion ensuring an en bloc resection. This can be extended to 
any form of mucosal disease (e.g. early gastric cancer and 
Barrett esophagus). Once a lesion has been isolated and freed 
up from the deeper layers of the gut wall, it can be removed, 
without the meticulous and tedious dissection required of ESD 
and the frustrations of slipping, and less than optimally posi-
tioned snares. This concept has been successfully tested in the 
porcine rectum and distal colon (Figure 142.6) and the esopha-
gus [4,34]. In the author’s laboratory, the technique has also 
been directly compared to traditional ESD in the porcine 
esophagus and stomach with more favorable outcomes in effi-
ciency, expediency, and safety. It has not been possible to com-
pletely free up an area of mucosa through balloon dissection 
alone; it requires supplemental needle knife cutting of residual 
strands of connective tissue. Overall the latter activity requires 
dramatically less skill and experience than traditional ESD  
for removing similar sized areas of mucosa. Mesna, sodium 
sulfanylethanesulfonate, has the ability to weaken the connec-
tive tissue within the submucosa when added to an SFC 
[35,36]. The adjunctive use of this agent in the SFC may facili-
tate SEMR.

Staging laparoscopy is one of the few NOTES procedures that 
can be performed with standard endoscopes and endoscopic 
devices. Experience with transgastric and transcolonic 
approaches compared to laparoscopy has been mixed [23–29]. 
The greatest problem encountered is the restricted ability to 
manipulate organs and structures to permit both navigation of 
the endoscope and visualization. Despite these limitations, 
translumenal peritoneoscopy appears safe [23–29]. SEMF has 
successfully been applied to humans for staging transgastric 
peritoneoscopy using a protective tunnel length of 4 cm created 
by traditional ESD dissection of the submucosa, balloon sero-
myotomy, and hemoclip closure of the mucosal entry site 
[30,31]. Importantly, this method has been used successfully 
under propofol sedation in a standard endoscopy procedure 
room. Submucosal endoscopy with transcolonic peritoneos-
copy has appeal for easier and more direct staging of gastric 
cancer and other upper abdominal neoplasms such as pancre-
atic cancer. The transcolonic approach eliminates the mechani-
cal restrictions of a retroflexed endoscope used via a transgastric 
approach and the potential interference with en bloc resection 
of a nearby gastric neoplasm. The safety of the transcolonic 
SEMF method, using either blunt balloon dissection or tradi-
tional ESD to create the tunnel has been established in animal 
survival studies [32]. The SEMF transcolonic approach has also 
been demonstrated to provide accurate staging capability by 
testing access to implanted beads (pseudo-metastases) in typical 
locations for metastases derived from gastric cancer [33].

Figure 142.6 SEMR (submucosal endoscopy with mucosal resection), a hybrid endoscopic submucosal dissection (ESD) technique which uses an 
isolating circumferential mucosal excision to create a disease free margin around a mucosal lesion, robust submucosal fluid cushions (SFC) to further 
isolate the targeted lesion, balloon dissection and supplemental conventional needle knife excision of residual strands of submucosal connective tissue. 
Source: Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved.
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Other uses for submucosal endoscopy

Submucosal endoscopy has been used to diagnose and excise 
subepithelial tumors (SET) such as gastrointestinal stromal 
tumors (GISTs) and leiomyomas within the esophagus and 
stomach [37–39]. SETs located in the proximal gastric cardia, 
especially posterior, are very challenging to remove either by a 
minimally invasive surgical approach, or traditional ESD. 
Current clinical experiences have used traditional ESD needle 
knife dissection to create the tunnel approaching the neoplasm 
and dissect the neoplasm within the submucosal space with 
more control over the positioning of the endoscope. The protec-
tive overlying mucosal flap allows full thickness resection, either 
intentional or incidental to occur without serious sequelae. 
Neoplasms up to 4 cm have been excised by this method [37]. 
Table 142.2 lists the existing and potential applications of sub-
mucosal endoscopy. Other applications include loop anchoring 
of tubes or devices using open-ended tunnels, depo-drug 
therapy intramurally, or on the outer surface of the gut, device 
implantation, and electromechanical device lead placement. 
Cardiac applications include left atrial appendage excision, int-
racardiac stem cell therapy, and monitoring of electrophysio-
logic (EP) ablation therapy to avoid incidental full thickness 
esophageal coagulation injury [40].

References are available at www.yamadagastro.com/textbook

Further reading

Bonin E.A., Moran E., Bingener J., et al. A comparative study of endo-
scopic full-thickness and partial-thickness myotomy using submu-
cosal endoscopy with mucosal safety flap (SEMF) technique. Surg 
Endosc 2012;26:1751.

Kobara H., Mori H., Fujihara S., et al. Bloc biopsy by using submucosal 
endoscopy with a mucosal flap method for gastric subepithelial 
tumor tissue sampling (with video). Gastrointest Endosc 2013;77:141.

Pasricha P.J., Hawari R., Ahmed I., et al. Submucosal endoscopic 
esophageal myotomy: a novel experimental approach for the treat-
ment of achalasia. Endoscopy 2007;39:761.

Pauli E.M., Haluck R.S., Ionescu A.M., et al. Directed submucosal tun-
neling permits in-line endoscope positioning for transgastric natural 
orifice translumenal endoscopic surgery (NOTES). Surg Endosc 
2010;24:1474.

Sumiyama K., Gostout C.J., Rajan E., et al. Submucosal endoscopy with 
mucosal flap safety valve. Gastrointest Endosc 2007;65:688.

Table 142.2 Submucosal endoscopy clinical applications.

Access site Application Existing/potential

Esophagus Hypertensive motility disorders existing (achalasia, 
nutcracker esophagus)

Resection subepithelial 
neoplasms

existing

Resection left atrial appendage potential

Monitoring intravascular 
electrophysiology ablation

potential

Cardiac injection therapies 
(stem cell)

potential

Lead placements potential

Depot drug therapies potential

Cancer staging (lymph node 
biopsy and resection)

potential

En bloc resection Barrett 
(SEMR)

potential

Stomach Peritoneoscopy existing

Resection subepithelial 
neoplasms (GIST, leiomyoma, 
metastases)

existing

En bloc resection early cancer 
(SEMR)

existing

Deep layer biopsy existing

Lead placement potential

Drug depot therapy potential

Colorectal Peritoneoscopy existing

En bloc resection sessile polyps 
(SEMR)

potential

Drug depot therapy potential

Deep layer biopsy 
(Hirschsprung’s)

potential

GISTs, gastrointestinal stromal tumors; SEMR, submucosal endoscopy 
with mucosal resection.
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CHAPTER 143

The field of gastrointestinal endoscopy has evolved from flexible 
endoscopy in the 1950s to endoscopic retrograde cholangiopan-
creatography in the 1970s and endoscopic ultrasound (EUS) in 
the 1980s. Endoscopy has been transformed from a purely diag-
nostic method to one with significant therapeutic applications. 
A major advance is the notion of using the flexible endoscope 
beyond the confines of the gastrointestinal tract into the peri-
toneal and thoracic cavities. Natural orifice translumenal endo-
scopic surgery (NOTES) involves translumenal resection of an 
abdominal viscus using a flexible endoscope through a natural 
orifice (mouth, vagina, anus, and urethra). NOTES offers the 
potential to be less invasive, safer, and possibly more cost-
effective than either laparoscopy or traditional open surgery. 
The principles, history, current status, and future applications 
are outlined in this chapter.

Since the first report by Gauderer and colleagues describ-
ing a tube-feeding gastrostomy without a laparotomy in 1980 
[1], other endoscopic procedures using a transgastric approach 
have been described [2,3]. However, these procedures have tar-
geted only organs that were in close anatomical relation to the 
gastric wall. NOTES provides a paradigm shift in minimally 
invasive surgery, challenging the traditional view that endo-
scopists should not cause a breach in the integrity of the gas-
trointestinal wall.

Kalloo and colleagues from the Johns Hopkins Hospital first 
reported NOTES in 2000 [4]. After standard upper endoscopy, 
the gastric wall was punctured using a needle-knife, the incision 
extended by balloon dilatation or a pull-type sphincterotome, 
and a standard gastroscope advanced into the peritoneal cavity 
in a live porcine model. In addition to examination of the  
peritoneal cavity, biopsy of the liver was accomplished. On  
completion of the procedure, closure of the gastric wall incision 
was performed using standard commercially available clips, 
enabling long-term survival of the animal without significant 
morbidity or mortality.

The initial report attracted widespread interest from both 
surgeons and gastroenterologists. In 2004, human transgas-
tric appendicectomy was reported by Reddy and Rao [5]. 
Subsequently, numerous investigators used NOTES in animal 
models to perform a variety of intraperitoneal procedures 
including cholecystectomy, colectomy, distal pancreatectomy, 
etc. [6–9]. The first human transvaginal cholecystectomy was 
reported in 2007 [10], and the first successful human transgas-
tric cholecystectomy [11] also in 2007.

There are two current major surgical approaches to NOTES. 
The approach initially described is the “pure” NOTES approach, 
which refers to procedures performed only with transluminally 
inserted flexible or rigid tools without laparoscopic assistance. 
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Jagannath and colleagues showed that gastrotomies opened 
with balloon dilatation were able to spontaneously close in a 
porcine model [15]. These results have stimulated debate 
amongst NOTES investigators regarding the importance of 
luminal closure and suitability of the use of a porcine model to 
assess closure devices. Contemporary closure techniques are 
being improved and updated constantly and include endoclips, 
endoscopic suturing, flexible stapling devices, and occluding 
devices. Submucosal tunneling may represent the optimal vis-
ceral closure technique in the upper gastrointestinal tract.

There are two endoscopically deployed clip platforms cur-
rently available. Endoclips have been extensively used in humans 
for over a decade. These through-the-scope clips have the ability 
to be placed with precision, are rotatable, and can be removed 
at the discretion of the endoscopist [16]. Endoclips have tradi-
tionally been used to approximate two mucosal surfaces. The 
premise of healing without the need for seromuscular apposi-
tion is the basis for the success of this method, though the 
integrity of closure in the acute setting is a concern. Hashiba 
and colleagues describe endoscopic repair of gastric perfora-
tions with an omental patch and endoclips [17]. In a survival 
porcine study, the omentum was pulled into the gastric lumen 
and fixed endoscopically to the muscularis propria layer with 
endoclips. Histological examination revealed complete healing 
between the omentum and the stomach wall without microab-
scess formation or perforation. Closure of a posterior gastric 
wall viscerotomy is more difficult with this technique and may 
be one limitation of its application.

Recently, an over-the-scope clip (OTSC; Ovesco Endoscopy 
AG, Tubingen, Germany) has been studied for the purposes of 
closing perforations. The compressive forces generated are sub-
stantially greater than that of the endoclip. The OTSC consists 
of a Nitinol alloy and is installed on a cap that is mounted  
on the tip of the gastroscope (Figure 143.1a–c). Veormans and 
colleagues, in a prospective international multicenter study  
of acute iatrogenic perforations, report an 89% closure rate  
[18]. However, it is single use, difficult to remove, and multiple 
clips may be required for defects >2 cm. Additionally, the cap 
narrows the field of vision and enlarges the gastroscope tip 
dimension increasing the risk of esophageal trauma [19].

Full-thickness gastrointestinal closure devices are generally 
superior in achieving accurate tissue approximation to enhance 
the process of healing. Endoscopic suturing devices have  
been developed to mimic surgical suturing within the gastroin-
testinal tract. Currently, two types of endoscopic suturing 
devices have been approved: Overstitch™ (Apollo Endosurgery 
Inc. Austin TX, USA) and the Tissue Apposition System (TAS, 
Ethicon Endosurgery, Cincinnati, OH, USA). The Overstitch™ 
endoscopic suturing system is a disposable, single-use device 
that allows placement of running or interrupted full-thickness 
absorbable or nonabsorbable sutures (Figure 143.2a,b). The 
device has been used to successfully close a refractory gastro-
cutaneous fistula in a patient [20]. The TAS system has so far 
only been reported clinically to approximate partial colonic wall 

The term “hybrid” NOTES is used to describe procedures  
that involve any laparoscopic transcutaneous assistance, usually 
referring to procedures performed using transcutaneous rigid 
laparoscopes in combination with a flexible endoscope passed 
through a visceral incision.

Potential benefits of NOTES over current 
surgical techniques

NOTES enables intraperitoneal surgical interventions with the 
elimination of abdominal wall incisions, resulting in no remnant 
scars and obviating the possibility of abdominal wall infection 
and incisional hernia formation. Theoretically, it also allows 
surgery that results in minimal pain and less potential for adhe-
sion formation compared with currently available surgical 
approaches. It also may be associated with less impact on the 
immune system and the subsequent reduced neuroendocrine, 
immune, inflammatory, and delayed-type allergic responses 
compared to conventional laparoscopic surgery [12].

Laparoscopic techniques were readily accepted by patients 
because it resulted in minimal scarring, rapid recovery time, 
and less cost [13,14]. Applying the same inference, the absence 
of abdominal wall incisions with subsequent reduced pain, less 
morbidity, faster rehabilitation, shorter hospital stay, and the 
economic benefit of returning to work earlier may also make 
NOTES more attractive to patients. Additionally, because 
advanced endoscopic procedures can be performed using deep 
sedation, it may be possible for NOTES to be performed without 
general anesthesia and endotracheal intubation, unlike laparo-
scopic and open surgery. Furthermore, NOTES may be applica-
ble for patients unsuited to laparotomy or even laparoscopic 
surgery such as morbidly obese patients.

In addition to the above-mentioned factors, the location of 
many peritoneal organs allows better access via the translume-
nal route and will thus make NOTES advantageous. Since the 
first description of transgastric peritoneoscopy, several investi-
gators have confirmed the ease of attaining good intraabdominal 
visibility and manipulation of organs using currently available 
endoscopic accessories [8]. NOTES might also be beneficial in 
environments where performing abdominal wall incisions is 
less desirable, for example in underdeveloped countries, situa-
tions of acute abdominal trauma, and locations remote from 
healthcare facilities. In these situations, NOTES can theoreti-
cally provide a safe approach to triage and allow immediate 
life-saving procedures, if adequate sterility can be maintained.

Closure of the gastrointestinal  
wall after NOTES

Obtaining reliable closure of visceral translumenal defects is one 
of the major challenges for NOTES. A variety of devices have 
been tested in preclinical and clinical studies. Interestingly, 
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Figure 143.1 (a) Endoscopic view of an 
over-the-scope clip (OTSC) mounted on the 
endoscope about to close an acute 
esophageal perforation. (b) Image of the 
OTSC after deployment. (c) Fluoroscopic 
image of the OTSC after deployment.

(a)

(b) (c)

Figure 143.2 (a) Overstitch™ suturing 
system mounted on the endoscope.  
(b) Endoscopic view of the Overstitch™ 
whilst being used for luminal closure. (a) (b)
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deployment, each disc apposes the wall on each side of the 
defect, mechanically occluding it. The device is available in a 
variety of sizes together with a sizing balloon to aid appropriate 
selection. It is unclear whether tissue in-growth occurs with the 
potential for disc migration.

The development of endoscopic anastomotic devices for 
NOTES has evolved over the last decade. As yet, there are  
only a small number of reports of the surgical creation of  
anastomoses during NOTES procedures. Hand sewn coloanal 
anastomoses during transanal NOTES has been described. 
Additionally, a flexible, powered surgical stapler (SurgAssist™ 
SLC 55, Power Medical Interventions, PA, USA) has been 
assessed during cystgastrostomy [31]. In the cystgastrostomy 
series, the stapler was passed down the esophagus through an 
overtube alongside a flexible endoscope. Although successfully 
used, the authors reported difficulty passing the rigid part of the 
stapler and directing the stapler to the desired location in the 
stomach.

The creation of a submucosal tunnel, which places the access 
site distal to the mucosal defect, allows the mucosal defect to be 
closed by endoclips alone without the need for complex endo-
scopic suturing (Figure 143.4a,b). This closure method has been 
successfully employed for the management of achalasia by 
peroral endoscopic myotomy (POEM). Additionally, our group 
has used this technique in the stomach for endoscopic pyloro-
myotomy [32]. As experience, evolving techniques, and acces-
sories to facilitate rapid submucosal tunneling are developed, 
this may be the optimal method of closing NOTES access sites 
in the upper gastrointestinal tract.

Risk of infection in NOTES

The potential for infection following full-thickness incision 
through a viscus is one of the greatest potential risks of NOTES. 
The notion of introducing instruments through nonsterile ori-
fices into the normally sterile peritoneal cavity is counter to 
longstanding surgical principles.

The initial animal laboratory experiments resulted in occa-
sional and insignificant intraperitoneal microabscesses [33]. 
This, however, resulted in the implementation of sterile tech-
niques, including gastric lavage with antiseptic solution,  
administration of prophylactic antibiotics, and use of sterile 
instruments. These measures appear to have resulted in better 
outcomes in subsequent translumenal endoscopic surgical 
experimental models.

Bacterial contamination has been evaluated in patients 
undergoing laparoscopic roux-en-Y gastric bypass as a surro-
gate for NOTES. The study by Hazey and colleagues evaluated 
bacterial contamination of the peritoneal cavity after gastrot-
omy during this operation. Despite the presence of bacteria in 
the peritoneal cavity after the gastrotomy (from zero colony-
forming units (CFU) before gastrotomy to 24 720 CFU postpro-
cedure), none of the patients experienced clinically evident 

defects at the time of laparoscopic-assisted polypectomy [21]. 
These suturing systems are still somewhat cumbersome, impair 
visualization when mounted on the endoscope, and there is no 
good method to avoid inadvertent entrapment of extraluminal 
tissue adjacent to the gastrotomy. Liu and colleagues performed 
a study comparing endoscopic full-thickness suturing and 
endoclips to surgical suturing in an ex vivo porcine stomach 
model [22]. Closure time was significantly longer with endo-
scopic suturing but the median pneumatic burst pressure was 
higher for endoscopic suturing than endoclips.

An endoscopic detachable loop ligating device (Endoloops, 
Olympus Optical Ltd, Tokyo, Japan) has also been used success-
fully as a method of attaining gastric closure. Pai and colleagues 
first used endoloops as a method of closure following transco-
lonic peritoneal exploration experiments [23]. Subsequently, a 
simple variation of gastrotomy site closure using endoloops was 
reported by Katsarelias and colleagues [24]. These authors used 
one endoloop on either side of the incision site to create a fold. 
The two folds were then grasped using a forceps passed through 
an endoloop. The endoloop was deployed securing the two sides 
of the incision as one.

Tags and tissue-anchoring devices are gaining popularity for 
NOTES. This technique uses two sutures individually deployed 
transmurally and then secured with an anchoring system. This 
system is currently being refined and can now be deployed 
through a 2.8-mm accessory channel of an endoscope [25,26]. 
As for endoscopic suturing, transmural placement of the tag is 
performed blindly and may lead to adjacent organ damage.

An alternative method of managing a perforation by occlud-
ing the defect has been described using the Amplatzer septal 
occluder (Amplatzer, St Jude Medical, Plymouth, MN, USA). 
This device was developed for occlusion of cardiac septal defects 
but has been used “off-label” for the management of gastroin-
testinal fistulae such as tracheoesophageal fistula and postsurgi-
cal gastric leak [27–30]. This dumbbell-shaped device consists 
of two self-expandable discs that are deployed adjacent to  
the endoscope under direct visualization (Figure 143.3). After 

Figure 143.3 Septal occluding device used for luminal closure.
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infectious complications seen with conventional laparoscopic 
cholecystectomy.

The transgastric route to the peritoneal cavity has potential 
for contamination from microorganisms in the buccal cavity, 
esophagus, gastric lumen, and refluxate from proximal small 
bowel. One study in a porcine model demonstrated that attain-
ing maximal sterile conditions, including sterilization of equip-
ment and accessories and use of combination systemic and  
local antibiotics, effectively prevented infection regardless of  
the closure method used during transgastric surgery [39]. Based 
on currently available studies, sterile preoperative conditions 
should be maximally attained regardless of route of peritoneal 
entry, with secure closure of the access site.

NOTES: current status and  
human experience

In 2005, the American Society of Gastrointestinal Endoscopy 
(ASGE) and the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES) convened to form the Natural 
Orifice Surgery Consortium for Assessment and Research 
(NOSCAR). A summary of this meeting was jointly published 
by ASGE and SAGES in February 2006 as a “white paper” [40]. 
NOSCAR has made recommendations about the direction of 
future research and steps that need to be taken for the safe 
introduction of NOTES to clinical practice. Significant pub-
lished studies arranged by access route are summarized below.

Transesophageal NOTES
Access to the mediastinal and thoracic cavities through the 
transesophageal route is attractive as it avoids transthoracic 
incisions, reducing invasiveness of thoracic procedures. 

peritonitis. The authors concluded that the presence of perito-
neal contamination after gastrotomy did not result in adverse 
clinical sequelae [34]. Another study of patients undergoing 
transgastric NOTES peritoneoscopy prior to planned pancrea-
toduodenectomy also found minimal peritoneal contamination 
(160 CFU post procedure), with no infectious complications at 
30-day follow-up.

The risk of infection may depend on the site of access, type 
of access, and method of closure. Transesophageal and transrec-
tal NOTES would theoretically have a higher risk of infectious 
complications due to the proximity of the oropharyngeal and 
colonic flora, respectively. As yet, no human studies have quan-
tified the level of bacterial contamination from either of these 
approaches. Nonetheless, in the first reported series of 17 POEM 
patients who received perioperative intravenous antibiotics and 
antibiotic irrigation of the esophageal lumen, no infectious 
complications were reported [35]. Reports of mediastinitis and 
peritonitis have been rare despite over 2000 POEM cases being 
performed worldwide. With regards to the transanal approach, 
to date there have been 72 published cases of hybrid NOTES 
transanal rectosigmoid resection [36]. Of these, six patients 
(8.3%) experienced infectious complications (peritonitis, pre-
sacral abscess, anastomotic fistula, pneumonia). This compares 
favorably to the published complication rates (27%) of laparo-
scopic total mesorectal excision [37].

Transvaginal and transgastric NOTES may theoretically have 
a lower risk of infection than either the transesophageal or 
transanal approach. The best data to date come from the  
large German prospective NOTES registry of 488 patients  
who underwent transvaginal cholecystectomy [38]. Infectious 
complications reported in this registry include urinary tract 
infection, vaginal mycosis, and bacterial vaginitis, with a  
combined incidence of 1%. This is comparable to the rate of 

Figure 143.4 (a) Illustration depicting the endoscope during the creation of the submucosal tunnel. (b) Endoscopic view within the submucosal tunnel.

(a) (b)
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method. The increasing experience working in the submucosal 
space has resulted in endoscopic resection of lesions in the 
muscularis propria layer: submucosal tunneling endoscopic 
resection (STER). Ye and colleagues report a 100% success rate 
in removing 85 lesions from the muscularis propria layer (mean 
tumor size 19.2 mm with a mean procedure time of 57.2 min) 
[44]. The STER approach is gaining momentum as the preferred 
approach over a thoracoscopic approach for removal of esopha-
geal lesions from the muscularis propria layer. However, cur-
rently lesions greater than 3 cm are not suitable for resection as 
they are unable to be removed from the tunnel due to the size 
of the mucosal entry.

Transgastric NOTES
Transgastric NOTES has been the most extensively studied 
technique in experimental animals. Human transgastric NOTES 
procedures include peritoneoscopy, cholecystectomy, appendi-
cectomy, and rescue of dislodged percutaneous endoscopic gas-
trostomy (PEG) tubes. Nau and colleagues and Nikfarjam and 
colleagues reported on a total of 70 cases of transgastric perito-
neoscopy [45,46]. Currently, most cases are performed as hybrid 
procedures with the use of a laparoscopic port for guidance and 
insufflation. A few cases that did not use laparoscopic assistance 
resulted in cautery burn at the anterior peritoneal surface during 
creation of the gastrotomy.

Zorron and colleagues published the results of the interna-
tional multicenter trial on NOTES in 362 patients [47]. 
Transgastric cholecystectomy and transgastric appendicectomy 
were performed in 29 and 14 cases, respectively. The remainder 
of the patients underwent transvaginal procedures. The mean 
operative time for transgastric cholecystectomy was 111 min 
and the mean time for transgastric appendicectomy was 
135 min. Operations performed via pure NOTES technique 
were highly technically demanding. Peritonitis occurred in one 
case and intraprocedural hemorrhage treated with laparoscopi-
cally placed clips was seen in another. Therefore, the complica-
tion rate was similar to that seen in laparoscopic surgery.

There are several barriers that must be overcome for trans-
gastric NOTES to become part of routine clinical practice. 
Although diagnostic procedures with this approach are feasible, 
therapeutic procedures remain challenging due to the lack of 
appropriate instruments.

Transvaginal NOTES
One of the challenges of the transgastric NOTES approach is 
the safety of gastrostomy closure. Transvaginal access appeared 
to provide a solution to these problems as closure of the vaginal 
wall has been performed for over a century by gynecologists and 
this approach provides a straight route to the upper abdomen 
(Figure 143.6). Most current transvaginal surgeries are per-
formed with the use of rigid instruments. The transvaginal 
approach has gained popularity as it is not only readily acces-
sible and easy to decontaminate but it also provides safe entry 
and simple closure.

Transesophageal NOTES allows access to the posterior medi-
astinum with visualization of the thoracic aorta, esophagus, 
trachea, pleura, lung, vagus nerves, and hilar lymph nodes. Due 
to the presence of vital organs, safe access to the mediastinum 
is critical. Using EUS, Woodward and colleagues established the 
safety of the right side at the level of the aortic arch for forward-
viewing exploration and interventions [41]. When the endo-
scope enters the mediastinum, it is critical that CO2 be used for 
insufflation instead of air, which can result in tension pneumot-
horax and tension pneumomediastinum.

Multiple mediastinal and thoracic interventions using 
NOTES in animal models have been described, including lym-
phadenectomy, vagotomy, pleural biopsy, and creation of a peri-
cardial window (Figure 143.5). However, complications such as 
bleeding, hilar injury, pneumothorax, and perioperative death 
have been reported.

The preferred method of transesophageal NOTES involves 
the creation of a submucosal tunnel, which was initially 
described by Sumiyama and colleagues [42]. This tunnel creates 
an offset entrance and thereby minimizing the risk of medias-
tinal and peritoneal contamination. Pasricha and colleagues 
used submucosal endoscopy to perform an endoscopic myotomy 
of the lower esophageal sphincter in pigs [43]. Inoue and col-
leagues performed the first human transesophageal NOTES 
procedure: peroral endoscopic myotomy (POEM) [35]. In his 
initial report of 17 patients, POEM significantly reduced the 
dysphagia symptom score (from a mean of 10 to 1.3, P = 0.0003) 
and resting lower esophageal sphincter pressure (from a mean 
of 52.4 mmHg to 19.9 mmHg, P  =  0.0001) without serious 
complications being encountered. POEM has since gained 
increasing acceptance and is being performed by surgeons and 
gastroenterologists both in the operating theatre and endoscopy 
unit. It is estimated that nearly 2000 POEM procedures have 
now been performed worldwide. POEM probably represents the 
first sentinel application in NOTES that may supplant a current 

Figure 143.5 Endoscopic view of the heart.
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approach [47]. Other transvaginal procedures performed 
included rectosigmoidectomy (n  =  12), right hemicolectomy 
(n = 1), gynecological surgery (n = 11), cancer staging (n = 1), 
sleeve gastrectomy (n = 5), nephrectomy (n = 4), and hepatic 
cyst resection (n  =  1). For transvaginal procedures, the out-
comes appear slightly better than the transgastric approach with 
an operative time of 96 min for cholecystectomy and 60 min for 
appendicectomy. Adverse events were reported, including intra-
operative hemorrhage in five (four required conversion to lapar-
oscopy to aid in hemostasis) transvaginal cholecystectomies and 
three (all converted to laparoscopic) transvaginal appendicec-
tomy. One perforation and a bile leak were also reported with 
this approach.

Transvaginal nephrectomy has now been reported using the 
NOTES approach. Kaouk and colleagues reported the first pure 
NOTES transvaginal nephrectomy in 2009 for management of 
a recurrent urinary tract infections and an atrophic right kidney 
[48]. They accessed the right kidney through a 3-cm posterior 
colpotomy. Using rigid instruments, the right kidney was mobi-
lized, renal hilum divided, and the specimen removed through 
the vaginal incision. The procedure was successfully completed 
in 420 min with an estimated blood loss of 50 mL. There were 
no postoperative complications. She was discharged within 24 h 
with a Visual Analog Pain Scale of 0/10. This report of pure 
NOTES suggests the potential benefits of transvaginal urologi-
cal surgery, although its applicability in the management of 
renal cancer is still unknown.

Until recently, there was a paucity of comparative data evalu-
ating NOTES versus traditional laparoscopic or standard 
approaches. A prospective quality-of-life study compared lapar-
oscopic appendicectomy to a hybrid NOTES transvaginal 
appendicectomy in 20 female patients (10 in each arm) [49]. 
The NOTES group experienced less pain on postoperative day 
1, better overall quality of life, and more rapid return to activi-
ties of daily living. There were no major complications in the 
NOTES arm compared to one in the laparoscopic group (post-
operative abscess).

A retrospective study of 107 patients who underwent trans-
vaginal NOTES revealed adequate healing of the vaginal access 
without any local complications [50]. In time, 13 patients 
became pregnant after the procedure and 10 had a normal 
vaginal delivery. As the transvaginal route has emerged as the 
most common approach, assessment of outcomes following 
transvaginal access is of important.

Despite two large registries being published, ongoing inter-
national collaboration is necessary to further refine the NOTES 
techniques for cholecystectomy and appendicectomy. For pure 
vaginal NOTES to be appropriate for routine use, new platforms 
that allow multiple larger accessories are necessary. The most 
obvious limitation of this approach is its exclusive applicability 
to women and hence other routes of access such as a transrectal 
approach are being investigated.

However, transvaginal closure is currently the most feasible 
closure method for NOTES as the incision is closed by direct 

Greater than 4000 transvaginal NOTES procedures have  
been performed worldwide with many experienced operators 
considering transvaginal cholecystectomy and appendicectomy 
noninferior to laparoscopic approaches. However, most proce-
dures have been performed with the assistance of one or more 
laparoscopic ports, which are used for insufflation, visualiza-
tion, retraction, and/or dissection. Laparoscopy assistance is 
beneficial to avoid injury to the structures that lay in close 
proximity to the vagina such as the small bowel, rectum, urinary 
bladder, and ureters.

Lehmann and colleagues published results from the large 
German registry for NOTES. A total of 551 female patients 
underwent transvaginal NOTES procedures (85% were chole-
cystectomy) [38] (Figure 143.7). Conversion to laparoscopy or 
open surgery occurred in 4.9% of cases (similar to the conver-
sion of laparoscopic to open surgery). Complications occurred 
in 3.1% of patients (all in those undergoing cholecystectomies). 
These included bleeding, infection, rectal injury, bladder injury, 
small bowel injury, and abscess formation. Once again, the com-
plication rates are similar to those encountered in laparoscopic 
or open surgery. Zorron and colleagues reported 240 cholecys-
tectomies and 37 appendicectomies using the transvaginal 

Figure 143.6 “Straight shot” to gallbladder during human transvaginal 
peritoneoscopy. Source: Courtesy of Professor Ricardo Zorrón.

Figure 143.7 Human transvaginal cholecystectomy.
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Transvesical NOTES
A transvesical approach is sterile, easy, safe to create, and can 
be closed without leaving a bladder catheter. In comparison 
with other ports, the urinary tract appears to have distinct clini-
cal advantages for NOTES. Gettman and Blute performed a 
transvesical prostatectomy in a patient with prostatic adenocar-
cinoma, after placing a needle through the bladder wall, intra-
peritoneal positioning of a guidewire, and balloon dilation of 
the bladder wall using a hybrid technique [56]. No perioperative 
and postoperative complications were observed, and the patient 
was discharged from the hospital 1 day after surgery, with return 
of bowel function, excellent pain control, and no evidence of 
urine leakage from the bladder. Given its anatomic and physi-
ological properties, beyond peritoneoscopy, a transvesical port 
in human beings may be useful for simple abdominal proce-
dures, varicocelectomy, tubal ligation, and renal cyst removal. 
Moreover, the usefulness of the transvesical port as an accessory 
port could facilitate pure combined NOTES complex proce-
dures such as cholecystectomy and nephrectomy.

The potential advantage of this method is mainly that the 
bladder is a sterile space and transvesical access may lead to less 
intraperitoneal infectious complications. Drawbacks of this 
technique include limited robust accessories that can perform 
major surgical procedures and the inability to remove any sig-
nificantly sized specimens.

Future applications of NOTES

Endoscopic drainage of pseudocysts and pancreatic necrosec-
tomy for the management of walled-off pancreatic necrosis has 
been practiced for over a decade. There is a clear rationale for 
these approaches as the conventional surgical approach has a 
higher morbidity without a higher chance of success. NOTES-
based endoscopic approaches should have applications in spe-
cific patient cohorts where conventional surgical approaches 
can be challenging, such as in the bariatric patient [57].

NOTES echoendoscopy
The advent of forward-viewing echoendoscopes enables EUS to 
be directly used on both thoracic and abdominal organs. A 
study describing transgastric approach for the diagnostic and 
therapeutic utility of echoendoscopy using forward-viewing 
echoendoscopes in 10 animals has been reported [58]. EUS-
guided fine-needle aspiration of the liver, spleen, and kidney 
was performed successfully in nine out of ten animals using a 
19-g needle. EUS-guided radiofrequency ablation of the hepatic 
parenchyma and was successfully performed. Minor bleeding 
was encountered in four animals, which was successfully treated 
with argon plasma coagulation.

Real-time image-guided NOTES
Image registration systems are already used in interventional 
pulmonology and a computed tomography (CT)-based image 

suturing rather than through endoscopic tools needed to close 
a gastrotomy.

Transrectal NOTES
Transrectal NOTES allows preservation of spatial orientation, 
intuitive movements, and a large port for the introduction  
of instruments and removal of large specimens. Transrectal 
NOTES is a promising alternative to the transgastric route as it 
provides straight access to organs in the upper abdomen and 
has more widespread applicability than transvaginal NOTES. 
For colorectal procedures, visualization of the pelvic anatomy 
from the anal route is excellent compared to laparoscopic or 
even open procedures. Theoretical concerns have been raised 
with regards to closure of transrectal NOTES and the majority 
of access has so far been accomplished by incorporating the 
rectotomy into a hand sewn coloanal anastomosis. The tech-
nique increases the safety of transrectal NOTES because it uses 
currently accepted anastomotic closure techniques but is limited 
to closure in the rectum or left colon. Transrectal closure left in 
situ (not incorporated into the anastomosis) may be theoreti-
cally safe as evidenced from the transanal endoscopic microsur-
gery (TEM) literature, which suggests that intraperitoneal rectal 
closures can be performed as safely as those without peritoneal 
entry during full-thickness rectal tumor excision.

Several groups have proven the feasibility of rectosigmoid 
and mesorectal resection via transrectal NOTES in animal and 
cadaveric models. Sylla and colleagues reported the first clinical 
case of a hybrid NOTES transanal resection of a rectal cancer 
using TEM [51]. Velhote and colleagues utilized a pure transanal 
NOTES technique to successfully perform transanal endorectal 
pull-through surgery for Hirschsprung disease [52]. Zorron and 
colleagues performed total mesorectal excision and rectosig-
moidectomy with lymphadenectomy using transcolonic access 
in two patients with rectal adenocarcinoma with a mean proce-
dure time of 355 min and no complications [53]. Leroy and 
colleagues reported the first pure transanal NOTES total mes-
orectal excision with retroperitoneal sigmoid mobilization and 
coloanal side-to-end anastomosis [54]. The specimen length 
was >20 cm. No diverting stoma was necessary and the anasto-
mosis was hand sewn. The patient required minimal analgesia 
postprocedure.

Although promising, concerns remain about the transrectal 
approach due to the contamination risk. One animal study by 
Wilhelm and colleagues evaluated the use of a rigid sterile over-
tube to provide a contaminant-free conduit for the endoscope 
and secure closure [55]. The authors instilled an antibacterial 
solution into the peritoneal cavity to provide a preliminary 
hydroperitoneum using a percutaneously placed Veress needle. 
EUS was used to identify a site where there was no adjacent 
small bowel loops. This site was secured with a purse string and 
used to “prolapse” the rectum. Breach of the wall was then 
achieved under direct visualization to attain a transcolonic 
route. After peritoneoscopy, closure was achieved using the pre-
placed purse string in addition to a surgical stapler.
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Ryou and colleagues created a gastrojejunostomy anastomo-
sis in a porcine model with the aid of a gastrotomy and two 
magnets [61]. The endoscope was advanced into the peritoneal 
cavity through the gastrotomy, a segment of small bowel was 
grasped and pulled into the stomach, and an enterotomy was 
created. The small bowel was deeply intubated via an overtube 
and the magnet deployed. Then a reciprocal magnet was 
deployed into the stomach, and two magnets were mated under 
endoscopic and fluoroscopic guidance to create a gastrojejunos-
tomy. No leaks were found on contrast evaluation. This proof-
of-concept study is an important step in providing an alternative 
minimally invasive approach to the creation of a gastrojejunos-
tomy in obese or potentially unwell patients.

Transoral thyroidectomy
NOTES thyroidectomy through a transoral route would have 
cosmetic benefits in an area that is commonly revealed. Witzel 
and colleagues reported transoral access for endoscopic thyroid 
resection in a porcine model and subsequently in human cadav-
ers [62,63]. The first human case of a transoral sublingual thy-
roidectomy was reported by Wilhelm and Metzig in 2010 [64], 
followed by a series of total thyroidectomy in four patients and 

registered navigation system with a pure NOTES approach has 
been described, providing the positional information on the 
endoscope within and around a cavity. The utility and safety  
of CT-based image registered navigation system to identify 
mediastinal structures was reported in a NOTES mediastinos-
copy porcine model [59]. A total of 13 pigs underwent image 
registered guided safe access and 15 procedures used blind 
access. Mediastinoscopy was not possible in two pigs in the 
blind group and the mean number of identified organs was 
higher in the image-guided group. Image registration may 
provide potential benefit in NOTES procedures above and 
below the diaphragm.

NOTES for retroperitoneal disease
Laparoscopic retroperitoneal interventions are currently per-
formed via a transabdominal approach and therefore entry into 
the peritoneum occurs. Ideally, management of extraperitoneal 
disease should avoid the peritoneum entirely to decrease the 
risk of damage to intraperitoneal organs and tumor seeding in 
case of oncological interventions. Some authors even advocate 
that there is an immune role of the peritoneal barrier. Allemann 
and colleagues developed a model of transvaginal extraperito-
neal access to the retroperitoneum in both animal and human 
cadaver models [60]. Although orientation in the retroperito-
neum is difficult due to the lack of real space, they were success-
fully able to perform a variety of procedures by developing a 
highly standardized technique using predetermined anatomical 
landmarks. They demonstrated the feasibility of lymphadenec-
tomy, nephrectomy, adrenalectomy, and distal pancreatectomy 
using a pure NOTES approach and standard endoscopic acces-
sories in both survival and nonsurvival studies.

Transgastric gastrojejunostomy
Laparoscopic gastrojejunostomy is important for palliation of 
malignant gastric outlet obstruction and surgical obesity proce-
dures. A transgastric NOTES technique for the formation of  
a gastrojejunostomy is attractive for patients with malignant 
gastric outlet obstruction or to aid in endoscopic obesity thera-
pies. The first successful creation of a peroral endoscopic  
gastrojejunal anastomosis was published by Kantsevoy and  
colleagues in 2005 [7]. An endoscopic needle-knife and pull-
type sphincterotome were used to create a gastric incision. A 
small bowel loop was grasped, pulled into the gastric lumen, 
and connected to the gastric wall using a prototype endoscopic 
suturing device (Eagle Claw, Olympus Optical Ltd). Then, a 
15-mm long incision was made on the small bowel loop using 
the needle-knife and the open ends of this incision were con-
nected to the gastric wall with more sutures to complete the 
gastrojejunostomy. Two animals were survived for 2 weeks. 
Postmortem examination 2 weeks after creation of the gastroje-
junostomy revealed the gastrojejunal anastomosis on the border 
of the anterior abdominal wall and the greater curve of the 
stomach and normal-appearing small and large bowel and 
stomach (Figure 143.8).

Figure 143.8 Endoscopic gastrojejunostomy.

(a)

(b)
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toward the pelvis that eliminates the need for endoscope 
retroflexion.

Transgastric pelvic organ resection
Wagh and colleagues explored the peritoneal cavity and resected 
the pelvic organs in nine pigs [9]. Endoloops were attached to 
the mesentry and the fallopian tube resected along with a 
portion of the uterine horn and ovary. There were no reported 
complications, and all animals tolerated the procedure well.  
The same group reported transgastric oophorectomy and tubec-
tomy with an extended survival period of 2 weeks. During this 
2-week period there were no adverse clinical events in any 
animals [68].

Peritoneal interventions in  
the intensive care unit
Patients in the intensive-care setting have multiorgan dysfunc-
tion that precludes transportation and major surgical interven-
tion. NOTES may avoid transportation to an operating room, 
allowing for bedside intervention. One example that has been 
described in the laboratory is diaphragmatic pacing for patients 
who are difficult to wean from ventilators [69]. NOTES may 
become a more practical approach for diagnosing ischemic 
bowel in the intensive-care patient who has contraindications 
for more definitive imaging such as CT or magnetic resonance 
imaging (MRI) [70].

Acute management of blunt trauma
The use of NOTES as a method for immediate assessment of 
organ injury and repair is theoretically possible. Its minimally 
invasive nature, due to the elimination of an abdominal incision 
and need for general anesthesia, makes NOTES an attractive 
approach in the prehospital trauma/disaster setting.

In a preliminary study our group was able to demonstrate the 
feasibility of NOTES in the assessment of penetrating abdomi-
nal injury. We performed a controlled injury to intraabdominal 
organs (liver, spleen, kidney, and small bowel loops) under 
laparoscopic guidance using laparoscopic shears. Transgastric 
peritoneal access was attained using a PEG-like approach by an 
operator blinded to the sites of organ injury. The peritoneal 
cavity in all animals was systematically examined, including the 
anterior abdominal wall, diaphragmatic dome, liver, spleen, and 
both kidneys. Based on these results, we concluded that NOTES 
provides rapid and accurate identification of organ injury for 
penetrating wounds to the abdominal viscera [71].

Our group has also assessed the feasibility of achieving 
hemostasis after organ injury using nonthermal hemostatic 
mechanisms, comparing three nonthermal methods of achiev-
ing hemostasis. The first group was randomized to QuikClot 
(QC; Z-Medica, Wallingford, CT), a granular zeolite powder 
with 1% residual moisture that, when placed on a bleeding 
wound, adsorbs water in an exothermic reaction, thereby con-
centrating platelets, erythrocytes, and clotting factors at the site 

partial thyroidectomy in another four patients [65]. Procedures 
were performed through multiple 10-mm sublingual mucosal 
incisions using CO2 as insufflation. Nakajo and colleagues 
reported the safety and feasibility of NOTES thyroidectomy 
using mechanical lifting without CO2 to avoid postoperative 
emphysema [66]. In their series of eight patients, all resumed 
oral intake by day one and could have been discharged then. 
There were no infectious complications, but one patient suffered 
a recurrent laryngeal nerve palsy. While these studies demon-
strate the technical feasibility of pure NOTES thyroidectomy, 
the approach is limited to patients with small glands (maximum 
volume 40 mL) and small nodules (<2 cm). More clinical expe-
rience is necessary to demonstrate the efficacy and benefit of 
this approach beyond improving the cosmetic outcome.

Transgastric splenectomy and hernia repair
A feasibility study to assess translumenal splenectomy was pub-
lished by Kantsevoy and colleagues in 2006 [67]. After a gas-
trotomy, the endoscope entered the peritoneal cavity, dissection 
of the spleen from stomach and omentum was performed  
with ligation of the splenic vessels using endoloops and clips. 
After mobilization, the spleen was pulled into the stomach  
via a gastric incision. It was found that not only can resection 
of a large organ be performed using this route but also ade-
quate hemostasis is achievable during translumenal endoscopic 
procedures.

Jagannath and colleagues reported, in abstract form, acute 
experiments in a porcine model that evaluated the feasibility of 
a transgastric endoscopic approach for repair of abdominal wall 
hernias [15]. After gaining transgastric access to the peritoneal 
cavity, an anterior abdominal wall incision was made with a 
needle-knife to create an animal model of abdominal wall 
hernia. Using a prototype endoscopic suturing device (Eagle 
Claw, Olympus Optical Ltd), a 3-cm incision of the abdominal 
wall (hernia model) was closed without any difficulties. The 
authors concluded that transgastric endoscopic repair of 
abdominal wall hernias is feasible and may be technically easier 
than laparoscopic surgery.

Transgastric fallopian tube ligation
Fallopian tube ligation in a survival porcine model has been 
performed successfully [15]. Tubal ligation was accomplished 
using an endoloop applied via transgastric endoscopic access to 
the peritoneal cavity. Endoscopic visualization of pelvic anatomy 
was excellent, and orientation inside the peritoneal cavity and 
identification of pelvic structures was technically simple. There 
were no adverse effects or complications over a 2 to 3-week 
survival period. Postprocedure hysterosalpingograms demon-
strated complete occlusion of the fallopian tube with histologi-
cal evidence of obliteration of the lumen with chronic 
inflammation and no evidence of abscesses. Furthermore, inter-
ventions in the pelvis via a transgastric approach was noted to 
be technically easier than in other parts of the peritoneal cavity 
because of the “straight shot” from the gastric wall incision 



Natural orifice translumenal endoscopic surgery (NOTES) CHAPTER 143   2719

Robots for NOTES
The concept of deploying a mobile robot via NOTES into the 
peritoneal cavity may appear very futuristic. This limitation may 
be solved by using robotics and this technique has been shown 
to be feasible by Rentschler and colleagues [75]. A 12-mm diam-
eter in vivo robot was advanced into the gastric cavity using a 
sterile overtube and was able to traverse within the cavity under 
endoscopic guidance. Using its helical wheel the robot was able 
to navigate the gastric lumen with no apparent tissue injury. In 
the peritoneal cavity, the robot successfully navigated and 
maneuvered several organs, including the liver and small bowel. 
Development of an in vivo robot with camera and multipurpose 
arms capable of performing several tasks in addition to endo-
scopic imaging will enable performance of moderately complex 
surgery such as cholecystectomy. Furthermore, a robot with 
visual capabilities will help to overcome the problem of spatial 
orientation.

Intrauterine fetal interventions
Although transabdominal laparoscopic fetoscopy has proven to 
be a useful technique in human fetal surgery for such diseases 
as twin–twin transfusion syndrome and spinal meningomye-
locele, it only allows anterior access to the uterine cavity and is 
limited by the use of rigid instrumentation. In addition, the 
performance of intraperitoneal procedures by the traditional 
percutaneous route can be followed by wound dehiscence and 
induce preterm labor. Theoretically, NOTES can provide supe-
rior access to the uterine cavity because of its flexibility and 
because the transgastric route allows a “straight shot” toward 
the uterus. Moreover, the absence of abdominal wall incision 
and general anesthesia also provide an added benefit for NOTES. 
Based on these assumptions, our group has evaluated the feasi-
bility of NOTES for uterine interventions in pregnant sheep. 
During this acute nonsurvival experiment NOTES allowed 
visualization of the anterior, posterior, and lateral walls of the 
uterus. In addition, all intraperitoneal organs could be identified 
and were easily accessible. Using EUS, the fetus, various body 
parts, and the placenta could be easily identified. Amniocentesis 
and intracardiac fetal interventions were technically feasible 
with the EUS scope in the peritoneal cavity [76].

Spinal procedures
Surgical spinal procedures most commonly include transtho-
racic and posterolateral percutaneous approaches. Open surgi-
cal techniques require separation of musculoskeletal structures 
and traction of nerve roots to create an opening large enough 
to accommodate surgical tools. The morbidities associated with 
these surgical approaches include postsurgical neuralgia result-
ing from traction injuries to nerve roots, lacerations of the dura 
mater, scars from skin incisions, and muscular atrophy or 
trauma. Minimally invasive surgical techniques, including tho-
racoscopy and video-assisted thoracic spine surgery, have 
reduced the extent of percutaneous incisions and opening of  
the chest wall. Nevertheless, the consequences of percutaneous 

of application. It has been tried on the battlefield with excellent 
success in achieving hemostasis. Several studies, including a 
swine liver injury model, have also shown its effectiveness as a 
hemostatic agent in life-threatening bleeding. The second group 
was randomized to oxidized regenerated cellulose (ORC), 
which is also used adjunctively in surgical procedures to assist 
in the control of capillary, venous, and small arterial hemor-
rhage when ligation or other conventional methods of control 
are impractical or ineffective. The third group of animals  
was randomized to TC-325, a novel bioabsorbable hemostatic 
agent (Cook bioengineering prototype material; Cook Medical, 
Bloomington, IN).

The anterior liver surface was lacerated using a laparoscopic 
shear to create a grade three (>3 cm) liver laceration and modi-
fied endoscopic delivery systems used to deliver the hemostatic 
agents. The QC granules, ORC, and TC-325 were successfully 
applied resulting in hemostasis in all animals. These exploratory 
studies suggest that intraperitoneal hemorrhage might be easily 
and quickly controlled through endoscopic approaches [72].

NOTES in autopsies
A decrease in the number of relatives providing consent to 
perform a conventional autopsy has resulted in the development 
of virtual autopsy using CT or MRI-based imaging. There are 
limitations in the amount of information that can be obtained 
by imaging modalities. Denzer and colleagues reported a feasi-
bility study of minimally invasive autopsy in 20 deceased sub-
jects using various flexible endoscopic modalities including 
EUS [73]. Both intra- and extraluminal tissue was examined 
and biopsies were performed using standard endoscopic acces-
sories. It is plausible that the combination of both cross-sectional 
imaging and endoscopy will be sufficient to provide the infor-
mation that heretofore has only been possible by conventional 
autopsy. As the outer integrity of the deceased is not violated, 
this method of minimally invasive autopsy may be more accept-
able to relatives.

NOTES: evolving beyond the  
traditional operating room
For NOTES to be the real next frontier in endoscopy, endo-
scopists will need to feel comfortable performing these proce-
dures in a familiar environment, the endoscopy unit. There  
may be a potential cost reduction since the cost of using an 
operating room is obviated, as is the use of transportation staff 
and operating room costs. Hoffman and colleagues performed 
more than 1000 laparoscopies in an endoscopic unit, demon-
strating that minimally invasive procedures can be safely per-
formed outside the operating theatre [74]. The fact that NOTES 
has the potential to be performed under deep sedation rather 
than general anesthesia will have great impact in avoiding  
postoperative ventilator complications, including ventilator 
dependency. However, whatever facility is used for NOTES, 
considerations should be made for possible conversion to lapar-
oscopy or open surgery.
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development of new accessories, pure NOTES can then be 
tested against currently available techniques.

Additionally, NOTES must be proven to be safe and effective 
treatment before it can be widely used in humans. Currently, 
the uncertainty of optimal site for translumenal access hinders 
the clinical application of NOTES. Suitable devices and plat-
forms, avoidance of infection, and the reliability of the closure 
must all be optimized [79].

There is currently not enough data from human studies to 
make recommendations regarding the training required to 
safely perform clinical NOTES. Training physicians to perform 
NOTES will need to incorporate both surgical and advanced 
endoscopic training. This will result in development of hybrid 
surgical and endoscopic training programs, blurring traditional 
borders between specialties and challenging traditional training 
programs.

NOTES offers the benefit of incisionless surgery, potentially 
leading to rapid recovery, less postoperative pain, absence of an 
abdominal wall scar or hernia formation, and fewer adhesions. 
It may have definite advantages in situations where the transab-
dominal route is not optimal, such as in patients with marked 
obesity where the risk of postoperative wound complications is 
high and in patients with anterior abdominal wall infection or 
severe scarring.

The true value of NOTES may emerge from shifting the focus 
of competing directly with currently satisfactory procedures, 
toward providing novel approaches to difficult problems where 
satisfactory solutions are currently lacking.
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access are not entirely avoided and complications such as lung 
atelectasis and retropleural effusions from single lung ventila-
tion are additional morbidities [77].

The proximity of the esophagus to the vertebral column  
and anterior spine in particular may allow for interventions  
to the thoracic spine. NOTES provides direct anterior access  
to the vertebral column by transgastric and transesophageal 
approaches. In addition, the lumbosacral spine could also be 
approached for anterior endoscopic procedures via transgastric 
access. This may avoid the morbidity of a traditional anterior  
or posterior–lateral approach such as postsurgical neuralgia, rib 
resections, muscular atrophy, and trauma. Magno and col-
leagues reported the feasibility of transesophageal spinal inter-
ventions in four porcine models [78]. There was excellent 
visualization of the major vessels and anterior thoracic vertebrae 
and successful bone biopsy was performed.

This unconventional approach to the anterior vertebral 
column allows the development of novel spinal interventions 
under direct endoscopic guidance, such as vertebroplasty and 
kyphoplasty for osteoporotic or pathological vertebral bone 
fractures, discectomies and interbody fusion for herniated discs, 
and release of the anterior ligament at different levels of the 
vertebral column in patients with severe scoliosis. The advan-
tages of NOTES for spinal interventions are similar to those for 
anterior laparoscopic spinal surgery but without the limitations 
of rigid instrumentation. These benefits include maintenance 
and ease of restoration of intervertebral disc height, avoidance 
of bone removal from the spine (an integral component of pos-
terior spinal surgery), and preservation of normal spinal 
anatomy because this approach takes advantage of normal tissue 
planes with no removal of bone tissue.

NOTES: the road toward  
clinical applicability

Laparoscopic surgery has long been dependent on instrument 
triangulation that obviates internal and external clashing, the 
judicious placement of ancillary ports for optimized exposure, 
and the use of rigid operative instruments for secure tissue 
grasping and dissection. NOTES approaches have to overcome 
the disadvantage of generally being single incision and therefore 
inline placement of instruments, which generates clashing, sub-
optimal exposure, and at times imprecise tissue handling. 
Hybrid techniques combining laparoscopy with NOTES are 
currently the best solution. The hybrid approach can provide 
safe intraperitoneal access along with the essential triangulation 
and retraction. Once experience is gained, coupled with the 
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Imaging

Abdominal radiographs

Abdominal radiographs often play an important role in the 
evaluation of patients with abdominal pain or distention or 
clinical signs of an acute abdomen [1]. The purpose of this 
section is to review radiographic findings such as bowel dila-
tion, pneumoperitoneum, and pneumatosis, and to discuss their 
significance. However, computed tomography (CT) and mag-
netic resonance imaging (MRI) are recognized as more sensitive 
techniques than abdominal radiography for diagnosing a host 
of conditions in patients with acute abdominal symptoms (see 
Chapters 147 and 148).

Technique
In patients with acute abdominal findings, both supine and 
upright radiographs of the abdomen should be obtained. The 
upright radiographs should be centered to include the dia-
phragms. This permits assessment of not only free intraperito-
neal air beneath the diaphragms but also air–fluid levels within 
the bowel that can be detected only on horizontal-beam views. 
If patients are too sick or debilitated to stand, left lateral decu-
bitus views should be obtained instead to detect free air between 
the liver and the right lateral abdominal wall.

Abnormalities
Bowel dilation
Bowel dilation is usually caused by obstruction or ileus. The 
small bowel is a more common site of obstruction than the 

colon. Other patients may develop an adynamic ileus without 
evidence of mechanical obstruction. These conditions are con-
sidered separately in the following sections.

Small bowel obstruction
Because of the increase in abdominal surgery in recent decades, 
most small bowel obstructions are caused by postoperative 
intraperitoneal adhesions [1]. Other less common causes 
include incarcerated hernias, metastases, radiation, Crohn’s 
disease, intussusception, and gallstone ileus.

In a mechanical small bowel obstruction, supine abdominal 
radiographs usually reveal multiple loops of dilated small bowel 
and a paucity of colonic gas (Figure 144.1a); multiple air–fluid 
levels are almost always seen on upright or decubitus views 
(Figure 144.1b). Dilated small bowel can usually be differenti-
ated from dilated colon by its more central location in the 
abdomen as well as the presence of tightly spaced folds or val-
vulae conniventes that completely traverse the diameter of the 
bowel.

While advanced small bowel obstructions are easily recog-
nized on abdominal radiographs, the diagnosis can be more 
difficult in patients who do not swallow a large amount of gas. 
In such cases, gaseous distention of bowel can be minimal or 
absent. Nevertheless, accumulation of fluid still occurs, and 
horizontal-beam views may yet demonstrate numerous air–
fluid levels in nondilated bowel. Occasionally, a row of tiny gas 
bubbles or “string of pearls” may be seen on upright or decubi-
tus radiographs due to small amounts of gas trapped along the 
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Colonic obstruction
In colonic obstruction, supine abdominal plain radiographs 
usually reveal disproportionate colonic distention proximal to 
the obstructing lesion, with air–fluid levels in the dilated bowel 
on upright radiographs. The transition from dilated to nondi-
lated bowel can often be recognized and most commonly occurs 
in the sigmoid colon because of an obstructing carcinoma. 
Primary colonic carcinoma accounts for 80%–90% of all colonic 
obstructions, but diverticulitis, metastases, and volvulus are 
other less common causes [1].

The most devastating complication of colonic obstruction is 
cecal perforation. Because of the high mortality associated with 
cecal perforation, colonic obstruction should be considered a 
surgical emergency. In general, a cecal diameter greater than 
10–12 cm on abdominal radiographs is thought to be an indica-
tion for urgent colonic decompression because of the high risk 
of perforation [4].

Colonic volvulus should be distinguished from a simple 
colonic obstruction because it results from twisting of the colon 
around a fixed point on its mesentery, producing a closed-loop 
obstruction. The vast majority of cases involve the sigmoid 
colon or cecum [5]. Sigmoid volvulus is an acquired condition 

superior margin of small bowel loops almost completely filled 
with fluid [2]. In patients who swallow virtually no air whatso-
ever, abdominal radiographs may reveal a gasless abdomen with 
multiple fluid-filled loops of bowel appearing as tubular or 
sausage-shaped densities in the bowel that may be indistin-
guishable from true abdominal masses [2].

A simple mechanical obstruction does not usually cause 
bowel ischemia. However, a closed-loop obstruction due to an 
incarcerated hernia, volvulus, or other causes may occasionally 
produce a strangulating obstruction with ischemia or necrosis 
of the involved segment of bowel. CT has been recognized as a 
sensitive technique for detecting strangulation of bowel in 
patients with closed-loop obstruction [3].

It is important to recognize that advanced cecal carcinomas 
may obstruct the ileocecal valve, mimicking the radiographic 
appearance of a distal small bowel obstruction [1]. More distal 
colonic obstructions may also be masked by an incompetent 
ileocecal valve that allows gas to reflux from the obstructed 
colon into the small bowel. A barium enema may be performed 
on patients with radiographic evidence of a distal small bowel 
obstruction to rule out an unsuspected colonic carcinoma, par-
ticularly when there is no history of prior abdominal surgery.

Figure 144.1 Small-bowel obstruction due to postoperative adhesions. (a) Supine abdominal radiograph shows multiple loops of dilated small bowel 
and a paucity of colonic gas. (b) Upright radiograph shows multiple air–fluid levels in dilated small bowel. These findings are characteristic of 
small-bowel obstruction. Source: Levine 1985 [1]. Reproduced by permission of Elsevier.

(a) (b)
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lesion with shelf-like overhanging borders, whereas diverticuli-
tis produces a tapered area of narrowing with intact but dis-
torted mucosal folds. In colonic volvulus, the barium enema 
reveals a typical “bird-beak” deformity at the site of the 
volvulus.

Adynamic ileus
In patients with an adynamic or paralytic ileus, there is interfer-
ence with intestinal peristalsis without an actual mechanical 
obstruction. As a result, supine abdominal radiographs classi-
cally show diffusely dilated small and large bowel. Although the 
degree of distention depends on the degree of air swallowing, 
horizontal-beam views usually demonstrate air–fluid levels 
throughout the bowel [8]. However, for reasons that are unclear, 
abdominal radiographs sometimes reveal an isolated small 
bowel or colonic ileus. In such cases, the findings may be indis-
tinguishable radiographically from a mechanical small bowel or 
colonic obstruction [1,8]. Ogilvie’s syndrome (also known as 
colonic pseudoobstruction) is characterized by acute colonic 
dilatation in the absence of mechanical obstruction in severely 
ill patients. It is a potentially life-threatening condition that can 
lead to massive cecal distention, resulting in ischemia, necrosis, 
and perforation. When the colon appears dilated, the presence 

that often occurs in elderly patients who have chronic constipa-
tion or a high-residue diet [6]. In contrast, cecal volvulus tends 
to occur in younger patients due to congenital failure of retro-
peritoneal fixation of the cecum and ascending colon [6]. As a 
result, the right side of the colon has a persistent mesentery on 
which a volvulus can take place.

In sigmoid volvulus, abdominal radiographs usually reveal a 
massively dilated sigmoid colon that extends out of the pelvis 
into the upper abdomen with some degree of proximal colonic 
distention (Figure 144.2) [1,7]. In contrast, cecal volvulus 
usually produces a massively dilated cecum that flips into the 
left upper quadrant with a single air–fluid level on upright or 
decubitus horizontal-beam views [1,7]. Because colonic volvu-
lus is a closed-loop obstruction, twisting of the mesentery may 
compromise the vascular supply of the bowel, leading to stran-
gulation, infarction, and perforation of the involved loop. Early 
diagnosis is therefore essential so that colonic volvulus can be 
treated before strangulation occurs.

Because of the risk of cecal perforation in patients with 
colonic obstruction, a barium enema may be required as an 
emergency procedure to determine whether an obstruction is 
present and to delineate the nature and site of the obstructing 
lesion. Carcinoma of the colon typically manifests as an annular 

Figure 144.2 Sigmoid volvulus. (a) Supine abdominal radiograph shows a massively dilated sigmoid colon rising out of the pelvis into the abdomen. 
(b) Right lateral decubitus radiograph shows long air–fluid levels in both limbs of this dilated sigmoid loop. Source: Levine 1985 [1]. Reproduced by 
permission of Elsevier.

(a) (b)



2724   PART 5 Diagnostic and therapeutic modalities in gastroenterology

obtained in these patients. However, pneumoperitoneum can be 
recognized on supine radiographs by the presence of air on both 
sides of the bowel wall (Rigler’s sign) (Figure 144.3b), by linear 
or triangular collections of gas in the subhepatic space, or by air 
outlining the falciform ligament as a linear density in the right 
upper quadrant [1,2]. In one study, one or more signs of free 
intraperitoneal air were present on supine abdominal radio-
graphs in 59% of patients with pneumoperitoneum [12].

Pneumatosis
In patients with intestinal ischemia or necrosis, gas may dissect 
into the wall of the affected bowel, producing intramural bowel 
gas or pneumatosis. This finding is recognized on abdominal 
radiographs by mottled or linear gas shadows that have a char-
acteristic radiographic appearance (Figure 144.4) [1,13]. CT has 
been recognized as a more sensitive technique than abdominal 
radiography for detecting pneumatosis [14]. It has classically 
been taught that the presence of pneumatosis indicates bowel 
infarction in the clinical setting of intestinal ischemia. However, 
studies have shown that pneumatosis can be detected on CT in 
patients with ischemic bowel disease who have viable bowel 
with partial mural ischemia rather than transmural infarction, 
so these individuals sometimes may recover without surgery 
[15,16].

In patients with intestinal necrosis, tiny, linear, peripherally 
branching gas shadows may occasionally be identified over the 
liver due to gas within the portal venous system [13]. This 

of a significant amount of rectal gas on left lateral views of the 
rectum should favor an ileus [9]. If it is unclear whether the 
patient has a distal colonic obstruction or an ileus, a single-
contrast barium enema may be performed to differentiate these 
conditions.

Pneumoperitoneum
Upright chest and abdominal radiographs and left lateral decu-
bitus radiographs of the abdomen are extremely sensitive for 
detecting free intraperitoneal air (i.e., pneumoperitoneum) and 
may demonstrate collections of intraperitoneal air as small as 
1 mL [10]. In patients with an acute abdomen, the presence of 
free air (in the absence of a recent laparoscopic procedure 
involving peritoneal insufflation) almost always indicates a per-
forated viscus with subsequent peritonitis. The most common 
cause is a perforated duodenal ulcer [1]. Colonic perforation 
due to ischemic bowel disease, toxic megacolon, and diverticu-
litis is much less common but should be suspected in any patient 
with pneumoperitoneum and colonic distention on abdominal 
radiographs [11].

Pneumoperitoneum can readily be documented on upright 
chest radiographs or upright or left lateral decubitus radio-
graphs of the abdomen by the presence of free intraperitoneal 
air directly beneath the diaphragms (Figure 144.3a) or between 
the liver and the right lateral abdominal wall. Unfortunately, 
some patients are too ill or debilitated to stand or lay on their 
side; supine abdominal radiographs may be the only images 

Figure 144.3 Pneumoperitoneum. (a) Upright chest radiograph shows large amounts of free intraperitoneal air beneath the diaphragm in this patient 
with a perforated duodenal ulcer. (b) Supine abdominal radiograph in a different patient shows an indirect sign of pneumoperitoneum with air on both 
sides of the bowel wall (Rigler sign) (arrows) following inadvertent perforation at colonoscopy. Source: Levine 1985 [1]. Reproduced by permission of 
Elsevier.

(a) (b)
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studies utilize a smaller amount of high-density barium and gas 
to evaluate the en face appearance of the mucosal surface. As a 
result, double-contrast techniques have dramatically improved 
the radiologist’s ability to diagnose a variety of inflammatory 
and neoplastic diseases throughout the gastrointestinal tract. A 
major advantage of these techniques is their ability to demon-
strate superficial mucosal abnormalities that cannot easily be 
recognized on conventional single-contrast examinations. In 
some cases, double-contrast studies may detect lesions that are 
missed or misinterpreted at endoscopy. Double-contrast radi-
ography is less invasive and usually less expensive than endos-
copy. Thus, it is a valuable technique for evaluating patients with 
suspected gastrointestinal disease.

Pharynx
Indications
With increased survival of the elderly, pharyngeal disorders 
have become an increasingly frequent problem in modern 
medical practice. Approximately 35% of nursing home patients 
have some form of swallowing dysfunction [17]. Resultant  
aspiration pneumonia and choking are particularly common 
causes of morbidity and mortality. Radiographic examination 
of the pharynx is now recognized as a valuable tool in the diag-
nostic workup of this large group of patients with pharyngeal 
disorders.

Contrast studies of the pharynx are most frequently per-
formed on patients who have difficulty swallowing. However, 
disorders of the pharynx may also manifest by respiratory and 
speech problems. Laryngeal penetration or overflow aspiration 
may lead to recurrent pneumonia, asthma, chronic bronchitis, 
coughing, or choking. In other patients, soft-palate insufficiency 
may result in nasal regurgitation or may give the voice a nasal 
quality. A pharyngoesophagram may be helpful in patients who 
have a wide spectrum of respiratory, speech, and swallowing 
difficulties. Barium studies are also useful in assessing pharyn-
geal function and morphology in patients with a history of 
neuromuscular disease, stroke, pharyngeal tumor, or prior head 
and neck surgery or radiation.

Normal anatomy
The pharynx is a complex muscular tube suspended superiorly 
from the skull base and styloid process, posteriorly from the 
cervical spine, and anteriorly from the mandible and hyoid 
bone. At least 26 muscles and six cranial nerves participate in 
pharyngeal function [18,19].

The pharynx can be arbitrarily divided into three portions: 
the nasopharynx, oropharynx, and hypopharynx. The soft 
palate separates the nasopharynx from the oropharynx, and  
the pharyngoepiglottic fold separates the oropharynx from  
the hypopharynx. The tongue forms the anterior wall of the 
oropharynx. The larynx, with its associated epiglottic, thyroid, 
cricoid, and arytenoid cartilages, forms the anterior wall of the 
hypopharynx. This laryngeal complex often protrudes into the 
lower hypopharynx as an apparent mass.

finding usually indicates severe disease with an extremely 
ominous prognosis. However, portal venous gas should be dis-
tinguished radiographically from biliary gas (i.e., pneumobilia), 
which tends to collect centrally in the common bile duct due to 
the opposite direction of bile flow. Pneumobilia can result from 
a variety of causes, including gallstone ileus, emphysematous 
cholecystitis, and a surgical or spontaneous biliary–enteric 
fistula [1].

Pneumatosis can also occur as a benign condition in which 
multiple gas-filled cysts or blebs are present in the wall of the 
bowel [1,13]. These patients are rarely ill, and the condition is 
usually discovered incidentally on abdominal radiographs 
obtained for other reasons. Radiographically, these gas-filled 
blebs are typically recognized as cystic or grape-like collections 
of gas that appear quite different from the linear gas shadows 
associated with intestinal necrosis.

Contrast studies

Contrast studies of the gastrointestinal tract can be performed 
using single- or double-contrast techniques. Single-contrast 
studies entail filling the lumen with a relatively low-density 
barium suspension and evaluating for contour abnormalities or 
filling defects in the barium pool, whereas double-contrast 

Figure 144.4 Pneumatosis due to an infarcted descending colon following 
abdominal surgery. Close-up view from supine abdominal radiograph 
shows tiny, mottled and linear collections of gas in the wall of the 
descending colon.
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poor timing of oral and pharyngeal events associated with swal-
lowing or pharyngeal dysmotility due to neuromuscular disor-
ders such as amyotrophic lateral sclerosis, multiple sclerosis, or 
cerebrovascular accidents. Inflammatory or neoplastic diseases 
that restrict pharyngeal motility may also cause penetration. 
One study found that patients with epiglottic carcinoma may 
present with signs and symptoms of aspiration because of 
decreased epiglottic excursion when this structure is involved 
by tumor [24].

Aspiration occurs when barium enters the laryngeal vestibule 
during normal breathing. Aspiration results from stasis and 
retention of pharyngeal contents because of tumor, diverticula, 
or neuromuscular disease in the pharynx. Aspiration may also 
be caused by gastroesophageal reflux or reflux of esophageal 
contents above an obstructing esophageal lesion such as a stric-
ture or carcinoma. Penetration is primarily associated with dys-
motility, whereas aspiration is associated with stasis. Some 
patients can have “silent” tracheobronchial aspiration that fails 
to elicit a cough reflex. It has been shown that the risk of devel-
oping aspiration pneumonia correlates directly with the degree 
of pharyngeal dysfunction on barium studies [25].

Video pharyngoesophagrams have increasingly been per-
formed in conjunction with speech therapists as a joint proce-
dure known as a modified barium swallow. When laryngeal 
penetration or tracheobronchial aspiration occurs during the 
study, the speech therapist will employ bariums of different 
viscosity (including nectar, honey, and pudding viscosity) as 
well as various compensatory maneuvers (e.g., swallowing with 
the head turned to one side or in a chin-tuck position) to 
prevent or minimize penetration or aspiration in patients with 
underlying swallowing dysfunction.

Cricopharyngeal prominence
The pharyngoesophageal segment, the radiographic equivalent 
of the manometrically defined upper esophageal sphincter 
(UES), is formed by the inferior portion of the cricopharyngeus 
and the proximal cervical esophagus [26,27]. Although the UES 
is tonically contracted at rest, initiation of swallowing causes the 
sphincter to relax ahead of the oncoming bolus. The UES also 
acts as part of the pharyngeal peristaltic wave, functioning in 
sequence with the constrictor musculature. The pharyn-
goesophageal segment is best evaluated on a dynamic recording 
of the pharynx in a lateral projection.

During swallowing, a prominent cricopharyngeus appears as 
a smooth, 1 cm high, bar-like protrusion of the posterior pha-
ryngeal wall into the barium column on lateral projections 
(Figure 144.5). The cricopharyngeus may show delayed opening, 
incomplete opening, or early closure. A prominent cricopha-
ryngeus is detected on barium studies in about 5% of asympto-
matic individuals [28,29]. However, some patients with this 
finding complain of dysphagia. In symptomatic patients, a 
prominent cricopharyngeus is often associated with pharyngeal 
paresis or occurs as a compensatory response to gastroesopha-
geal reflux or esophageal obstruction.

The mucosal surface of the pharynx is thrown into a series 
of folds by underlying lymphoid and muscular tissue. The ver-
tical surface of the base of the tongue often has a nodular 
appearance due to the circumvallate papillae and lingual tonsil. 
Nodular lymphoid tissue or linear webs may also interrupt the 
normally smooth surface of the valleculae. Although the ante-
rior border of the hypopharynx usually has a smooth contour, 
close apposition of the longitudinal muscles of the pharynx  
to the overlying squamous mucosa results in longitudinal  
striations of the lateral and posterior walls of the hypopharynx 
[16]. Horizontal mucosal striations are seen in the redundant 
mucosa overlying the arytenoid processes and cricoid carti-
lages [19].

Technique
Complete radiographic examination of the pharynx includes a 
cine or video pharyngoesophagram to evaluate motility and a 
series of spot images to evaluate morphology [20–22]. In 
patients with suspected foreign body, fistula, or abscess, frontal 
and lateral radiographs of the neck should also be obtained.

The barium study is initially performed with a high-density 
barium suspension for optimal visualization of the pharynx. The 
patient is asked to swallow barium in frontal, lateral, and, in 
some cases, oblique projections. A video recording of each 
swallow permits a frame-by-frame or slow-motion analysis of 
the various parameters of deglutition. Movement of the tongue, 
soft palate, and epiglottis as well as laryngeal closure and 
cricopharyngeal opening are best evaluated in the lateral projec-
tion. However, symmetry of tongue motion, pharyngeal peri-
stalsis, and epiglottic tilt are best evaluated in the frontal 
projection.

After individual swallows of barium, double-contrast spot 
images of the pharynx are obtained in frontal and lateral projec-
tions. The spot images are obtained during suspended respira-
tion and during a modified Valsalva maneuver or phonation to 
optimally distend the pharynx [23]. The frontal view is best for 
demonstrating the contours of the valleculae and piriform 
sinuses, the lateral walls of the tonsillar fossae and hypophar-
ynx, and the superior border of the base of the tongue. The 
lateral view is best for demonstrating the inferior border of the 
base of the tongue, the soft palate, the posterior pharyngeal wall, 
the anterior hypopharyngeal wall, the epiglottis, and the 
cricopharyngeus.

After the pharyngeal examination has been completed, 
upright double-contrast and prone single-contrast views of  
the esophagus are obtained to rule out associated esophageal 
disease.

Abnormalities
Laryngeal penetration and aspiration
Laryngeal penetration occurs when barium enters the laryngeal 
vestibule during swallowing. Penetration may be limited to the 
region of the subepiglottic space or may extend as far as the true 
vocal cords or trachea. Laryngeal penetration occurs because of 
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barium collections or rings anteriorly in the upper hypopharynx 
just below the hyoid bone. In contrast, lateral pharyngeal diver-
ticula appear as persistent protrusions in these areas.

Zenker diverticulum
Zenker diverticulum or posterior hypopharyngeal diverticulum 
is an acquired mucosal herniation through an area of anatomi-
cal weakness in the region of the cricopharyngeus (i.e., dehis-
cence of Killian). This area of anatomical weakness is located 
between the thyropharyngeus and cricopharyngeus or between 
the oblique and horizontal fibers of the cricopharyngeus [26,27]. 
Most patients with Zenker diverticulum have an associated 
hiatal hernia or gastroesophageal reflux. Rarely, these divertic-
ula are complicated by ulceration or malignancy.

During swallowing, a Zenker diverticulum appears radio-
graphically as a posterior bulging of the distal pharyngeal lumen 
above an anteriorly protruding cricopharyngeal bar (Figure 
144.6a). At rest, the barium-filled diverticular sac often extends 
below the level of the cricopharyngeus posterior to the proximal 
cervical esophagus (Figure 144.6b).

Inflammatory conditions
Barium studies are of limited value in patients with viral, bacte-
rial, or fungal infection of the pharynx [31]. Such patients 
usually have normal pharyngograms or nonspecific lymphoid 
hyperplasia of the palatine tonsil or base of the tongue. Occa-
sionally, however, Candida or herpes pharyngitis may be mani-
fested on double-contrast radiographs by plaques or ulcers in 
the pharynx, particularly in patients with acquired immunode-
ficiency syndrome (AIDS). Barium studies may also be helpful 
in a patient who has a chronic sore throat in order to determine 
whether there is underlying gastroesophageal reflux or reflux 
esophagitis.

Tumors
Double-contrast pharyngography has an important role in the 
initial detection and subsequent workup of pharyngeal tumors 
[32,33]. Double-contrast radiographs of the pharynx can accu-
rately define the size, level, and extent of the lesion. Radiological 
examination is particularly helpful in demonstrating regions of 
the pharynx (e.g., valleculae, lower hypopharynx, cricopharyn-
geus) that are difficult to visualize at endoscopy. It also enables 
detection of submucosal masses that are easily missed at endos-
copy. Although its accuracy is limited in the region of the pala-
tine tonsils, the double-contrast examination is capable of 
detecting more than 95% of all mucosal neoplasms in the 
pharynx below the level of the pharyngoepiglottic fold [32].

Squamous cell carcinoma is by far the most common malig-
nant tumor of the pharynx. With an overall 5 year survival  
rate of approximately 20%, this tumor has a somewhat better 
prognosis than esophageal carcinoma. These lesions may be 
manifested on double-contrast radiographs by an intraluminal 
mass, mucosal irregularity, or loss of distensibility [34]. An 
intraluminal mass may cause asymmetry or obliteration of the 

Lateral pharyngeal pouches and diverticula
Lateral pharyngeal pouches are transient protrusions of the 
lateral pharyngeal wall at sites of anatomical weakness, such as 
the posterior thyrohyoid membrane and tonsillar fossae after a 
tonsillectomy [30]. These pouches are common findings, usually 
occurring as normal variants in asymptomatic patients. In con-
trast, lateral pharyngeal diverticula are persistent protrusions 
from the tonsillar fossae or region of the thyrohyoid membrane. 
These diverticula are much less common than pharyngeal 
pouches, occurring primarily in individuals who have markedly 
elevated pharyngeal pressure, such as glassblowers and tuba 
players. If stasis occurs in pharyngeal pouches or diverticula, 
subsequent spillage of pouch contents into the hypopharynx 
may result in aspiration into the larynx or tracheobronchial tree. 
Stasis with delayed spill into the hypopharynx may also cause 
mild neck discomfort or dysphagia after swallowing. Divertic-
ula may also be manifested by neck masses and may occasion-
ally be sites of ulceration or neoplasia.

Lateral pharyngeal pouches appear on frontal views as tran-
sient hemispheric protrusions of mucosa in the upper hypophar-
ynx above the calcified edge of the thyroid cartilage. These 
pouches can be recognized on lateral views as transient ovoid 

Figure 144.5 Incomplete opening of cricopharyngeus, manifested by a 
posterior indentation on the pharyngoesophageal segment (large arrow). 
Notice the associated webs anteriorly (small arrows) and pseudo-Zenker 
diverticulum posteriorly (curved arrow) that is seen as a result of trapping 
of barium above a prominent cricopharyngeus. Cricopharyngeal 
dysmotility is often related to underlying gastroesophageal reflux or 
pharyngeal paresis.
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States than double-contrast upper gastrointestinal examina-
tions. Because barium studies are safer and less expensive than 
endoscopy, radiological evaluation of the upper gastrointestinal 
tract remains a viable alternative as long as the fluoroscopist has 
the expertise needed to obtain examinations with an accuracy 
approaching that of endoscopy for clinically significant disease.

Technique
The routine double-contrast upper gastrointestinal examination 
should be performed as a biphasic study in which double-
contrast and single-contrast views of the esophagus, stomach, 
and duodenum are obtained [36]. In the double-contrast 
portion of the study, a series of maneuvers is required to achieve 
adequate gaseous distention of the lumen while a thin layer of 
high-density barium is spread on the mucosa. The double-
contrast examination is facilitated by the use of pharmacological 
agents (e.g., glucagon 0.1 mg intravenously) to induce gastric 
hypotonia. After the double-contrast portion of the study has 
been completed, prone or upright single-contrast views of the 
esophagus, stomach, and duodenum are obtained with a low-
density barium suspension and various degrees of compression 
to supplement the double-contrast study. Because of its greater 
diagnostic yield, this biphasic study has been advocated as the 

normal pharyngeal contour, barium-coated lines in unusual 
locations, or a superimposed radiodensity. Mucosal irregularity 
may be manifested by an irregular, lobulated, nodular, or granu-
lar surface pattern. Loss of distensibility may be associated with 
fixation of pharyngeal structures by infiltrating tumor. When 
malignant lesions are detected in the pharynx, the esophagus 
should be carefully evaluated radiographically because of the 
increased incidence of synchronous esophageal cancers in these 
patients [35].

Upper gastrointestinal tract
The development of routine double-contrast techniques for 
examining the upper gastrointestinal tract has dramatically 
improved our ability to diagnose a variety of inflammatory and 
neoplastic diseases in the esophagus, stomach, and duodenum. 
Despite increasing acceptance of this technique, some investiga-
tors advocate endoscopy as the initial screening study in patients 
with dyspepsia or other upper gastrointestinal symptoms. 
Although endoscopy has been recognized as a highly accurate 
technique for examining the upper gastrointestinal tract, it is 
also an invasive technique with a small risk of gastrointestinal 
perforation or other complications. Furthermore, it is an expen-
sive technique, costing three to four times more in the United 

Figure 144.6  (a) Zenker diverticulum seen as a posterior outpouching of the hypopharyngeal wall (white arrows) above a prominent cricopharyngeus 
(black arrow) during swallowing. (b) A frontal view shows retention of barium in the diverticulum (arrow) at completion of the swallow.

(a) (b)
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required for this examination. These patients may be evaluated 
instead by conventional single-contrast barium studies.

Abnormalities
Gastroesophageal reflux disease
In patients with suspected gastroesophageal reflux disease, 
barium studies may be performed not only to detect gastro-
esophageal reflux but also to look for the morphological seque-
lae of reflux, including reflux esophagitis, peptic strictures, and 
Barrett esophagus. Conventional single-contrast esophagogra-
phy has been considered an unreliable technique for diagnosing 
reflux esophagitis, with an overall sensitivity of only 50%–75% 
reported in the literature. However, the use of double-contrast 
esophagography has increased the radiographic sensitivity to 
almost 90% [37]. The single most common sign of mild reflux 
esophagitis on double-contrast studies is the presence of a 
nodular or granular mucosa due to mucosal edema and inflam-
mation [36–38]. Other patients may have shallow ulcers and 
erosions appearing as one or more tiny collections of barium in 
the distal esophagus near the gastroesophageal junction (Figure 
144.7). In more severe disease, the esophagus may have a grossly 
irregular contour, with serrated margins and decreased disten-
sibility due to extensive ulceration, edema, and spasm.

Scarring from reflux esophagitis can lead to the development 
of reflux-induced or peptic strictures, most commonly seen as 
tapered areas of concentric narrowing in the distal esophagus 
above a hiatal hernia. Less frequently, peptic strictures may 
appear as ring-like areas of narrowing that can be difficult to 
differentiate from Schatzki rings [40].

Barrett’s esophagus is a well-recognized complication of 
reflux esophagitis that is associated with a significantly increased 
risk of developing esophageal adenocarcinoma. Unfortunately, 
the classic radiological features of Barrett’s esophagus (i.e., a 
high esophageal stricture or ulcer or a reticular mucosal pattern) 
occur in only a minority of patients [41]. However, data suggest 
that patients without reflux esophagitis or peptic strictures on 
double-contrast examinations rarely have Barrett’s esophagus at 
endoscopy [42]. Thus, double-contrast esophagography may be 
a useful screening study for Barrett’s esophagus to determine 
the relative need for endoscopy and biopsy in patients with 
reflux symptoms.

Infectious esophagitis
Esophagography has traditionally been considered an unreliable 
technique for diagnosing Candida esophagitis, with an overall 
sensitivity of less than 50%. With double-contrast techniques, 
however, esophagography has a sensitivity as high as 90% in 
diagnosing Candida esophagitis [43]. The major advantage of 
this technique is its ability to demonstrate mucosal plaques that 
cannot easily be recognized on conventional single-contrast 
studies. These discrete plaque-like lesions tend to be longitudi-
nally oriented, appearing on double-contrast radiographs as 
linear or irregular filling defects with normal intervening 
mucosa (Figure 144.8a).

best radiological technique for examining the upper gastroin-
testinal tract.

Indications
Esophagus
In patients with reflux symptoms, barium studies have tradi-
tionally been advocated to document the presence of a sliding 
hiatal hernia or gastroesophageal reflux, to detect complications 
such as strictures, and to exclude other abnormalities in the 
esophagus that can mimic reflux esophagitis. However, by per-
mitting a more detailed assessment of the esophageal mucosa, 
double-contrast radiographic techniques have made it possible 
to detect superficial ulceration and other changes of esophagitis 
before the development of deep ulcers and strictures.

Because modern medical care is prolonging the survival of 
immunocompromised patients, infectious esophagitis has 
become an increasingly frequent problem. When infectious 
esophagitis is suspected on clinical grounds, double-contrast 
esophagography may be performed to confirm the diagnosis 
and differentiate the various underlying organisms. Dysphagia 
is an important indication for performing barium studies. If the 
sensation of dysphagia is localized to the pharynx, a careful 
pharyngeal examination should be obtained. However, some 
lesions involving the distal esophagus or cardia may cause dys-
phagia that is referred to the upper esophagus or even the 
pharynx. Thus, the gastric cardia and esophagus should be care-
fully evaluated radiographically in all patients with unexplained 
pharyngeal dysphagia to rule out a distal lesion masquerading 
as a pharyngeal disorder.

Stomach and duodenum
The most common indications for performing a double-contrast 
examination of the stomach and duodenum include epigastric 
pain or discomfort, bloating, belching, early satiety, and signs 
or symptoms of upper gastrointestinal bleeding such as hemate-
mesis, melena, and guaiac-positive stool. If gastritis, duodenitis, 
duodenal ulcers, or unequivocally benign-appearing gastric 
ulcers are diagnosed radiographically, the patient may be able 
to be treated medically without need for endoscopic interven-
tion. However, if the double-contrast examination demonstrates 
a gastric ulcer or other lesion that is equivocal or suspicious for 
malignancy, endoscopy and biopsy should be performed for a 
more definitive diagnosis. If the double-contrast examination is 
normal, the decision for endoscopy should be based on the 
severity of symptoms, age, and overall health of the patient.

Contraindications and risks
Because oral barium sulfate is contraindicated in patients with 
suspected esophageal or gastric perforation, water-soluble con-
trast agents should be used if there are clinical or radiographic 
signs of mediastinitis or peritonitis. Otherwise, the risks of the 
barium study are negligible. Nevertheless, a double-contrast 
examination may be difficult to perform on elderly or debili-
tated patients who cannot undergo the turning maneuvers 
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appear radiographically as giant flat ulcers indistinguishable 
from those caused by CMV [46]. Because HIV-related ulcers 
may respond dramatically to treatment with oral steroids, 
endoscopy is required to differentiate HIV from CMV infection 
in the esophagus before initiating treatment.

Eosinophilic esophagitis
Eosinophilic esophagitis is an inflammatory condition charac-
terized by intraepithelial eosinophilia, typically developing in 
young men and children with long-standing dysphagia and 
occasional food impactions. These patients often have an atopic 
history, asthma, or peripheral eosinophilia. The diagnosis is 
confirmed on endoscopic biopsy specimens from the esophagus 
showing a high number of intraepithelial eosinophils. Affected 
individuals often respond to treatment with steroids, especially 
inhaled steroid preparations. Barium studies may reveal esopha-
geal strictures, a variable number of distinctive ring-like inden-
tations (producing a so-called “ringed esophagus”) [47], or 

Patients suffering from advanced AIDS can develop a more 
fulminant form of Candida esophagitis, manifested by a “shaggy” 
esophagus with a grossly irregular contour due to multiple 
plaques, pseudomembranes, and ulcers (Figure 144.8b) [44]. 
Because this degree of esophagitis rarely occurs in other immu-
nocompromised patients, the possibility of AIDS should be 
suspected when a shaggy esophagus is detected on barium 
studies. Herpes and, less frequently, cytomegalovirus (CMV) 
esophagitis also occur in immunocompromised patients with 
odynophagia; these conditions should be suspected in the same 
clinical setting as Candida esophagitis. More than 50% of 
patients with herpes esophagitis have discrete superficial ulcers 
on the esophageal mucosa that are readily detected on double-
contrast radiographs (Figure 144.9a) [45]. In contrast, CMV 
esophagitis, which occurs primarily in patients with AIDS, is 
often manifested by the development of one or more large, rela-
tively flat ulcers in the esophagus [44].

Human immunodeficiency virus (HIV) itself has also been 
associated with the development of giant esophageal ulcers in 
HIV-positive patients with odynophagia. The lesions typically 

Figure 144.8 Candida esophagitis. (a) Double-contrast esophagram shows 
discrete plaque-like defects with normal intervening mucosa. This 
appearance is characteristic of candidiasis. Source: From Levine et al. 
[43], with permission from the Radiological Society of North America. 
(b) Severe Candida esophagitis in AIDS patient. Notice the shaggy 
contour of the esophagus, caused by multiple plaques, pseudomembranes, 
and ulcers.

(a) (b)

Figure 144.7 Reflux esophagitis with multiple areas of shallow ulceration 
seen en face and in profile in the distal esophagus. Source: From Levine et 
al. [39], with permission from the Radiological Society of North America.
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diameter [36]. They may be plaque-like lesions or small sessile 
polyps with smooth or slightly lobulated contours. Other super-
ficial spreading carcinomas may manifest radiographically by 
tiny coalescent nodules or plaques, causing localized nodularity 
or granularity of the mucosa [36]. In contrast, advanced esopha-
geal carcinomas appear as polypoid, ulcerated, or infiltrating 
lesions with mass effect, ulceration, or irregular narrowing of 
the lumen.

Some authors believe that endoscopy is warranted for all 
patients with dysphagia who have negative esophagrams because 
of the risk of missing esophageal cancer on barium studies. 
However, in one study, carcinoma of the esophagus or esoph-
agogastric junction was diagnosed or suspected on double-
contrast esophagography in 96% of patients with proven cancers 
[49]. In the same study, endoscopy was recommended to rule 
out malignant tumors of the esophagus or esophagogastric junc-
tion in only about 1% of all patients who had barium examina-
tions. Thus, a high sensitivity can be achieved in the radiographic 
diagnosis of these tumors without need for endoscopy.

long-segment narrowing of most or all of the thoracic esopha-
gus (producing a so-called “small-caliber esophagus”) (Figure 
144.9b) [48]. The ringed esophagus and small-caliber esophagus 
are radiographic findings that are highly suggestive of eosi-
nophilic esophagitis.

Esophageal carcinoma
Esophageal carcinoma is a deadly disease with an overall 5 year 
survival rate of only 5%–10%. This dismal prognosis is primarily 
related to the advanced stage of the disease at the time of clinical 
presentation. However, occasionally esophageal cancer may be 
discovered at an early stage. Unlike advanced esophageal carci-
noma, early esophageal cancer is a readily curable lesion with 
reported 5 year survival rates approaching 90%. In Western 
countries, detection of these lesions is best accomplished by 
some form of radiological or endoscopic surveillance of patients 
known to be at increased risk for developing esophageal cancer.

Early esophageal cancers classically appear on double-
contrast esophagrams as protruded lesions less than 3.5 cm in 

Figure 144.9 Other types of esophagitis. (a) Herpes esophagitis with discrete superficial ulcers (arrows) on a relatively normal background mucosa. 
Radiolucent halos of edematous mucosa surround the ulcers. Source: From Levine et al. [44], with permission from the Radiological Society of North 
America. (b) Eosinophilic esophagitis with diffuse loss of caliber of the entire thoracic esophagus, also known as a small-caliber esophagus. This finding 
is characteristic of eosinophilic esophagitis.

(a) (b)
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edematous halo. Because the surrounding mucosa is normal, 
incomplete erosions have been extremely difficult to detect 
radiographically, accounting for less than 5% of all erosions seen 
on double-contrast studies.

Although erosions caused by aspirin or other NSAIDs are 
usually located in the gastric antrum, they sometimes occur in 
the gastric body, appearing as distinctive linear or serpiginous 
erosions that tend to be clustered together on or near the greater 
curvature (Figure 144.10b) [52]. In such cases, it has been pos-
tulated that these erosions result from localized mucosal injury 
as the dissolving tablets collect by gravity in the most dependent 
portion of the stomach.

Helicobacter pylori gastritis
Helicobacter pylori gastritis can be diagnosed on barium studies 
by the presence of thickened folds or thickened polypoid folds 
in the antrum, body or, less commonly, fundus of the stomach 
[51,53]. It is important to recognize that fold thickening is a 
nonspecific radiographic finding. Nevertheless, H. pylori gastri-
tis should be a leading consideration in the differential diagnosis 
of thickened gastric folds (particularly in the gastric antrum) in 
patients with dyspepsia, epigastric pain, or other upper gas-
trointestinal symptoms [51].

Patients suspected of having peptic ulcer disease could be 
evaluated by a noninvasive H. pylori test combined with a 
double-contrast upper gastrointestinal examination. If the 
barium study reveals a duodenal ulcer or a benign-appearing 
gastric ulcer, a noninvasive H. pylori test could be performed to 
determine whether antibiotic therapy should be initiated as well 
as conventional antiulcer therapy. Such an approach might 
avoid the need for endoscopy in many symptomatic patients.

Gastric ulcers
In the past, some researchers have advocated endoscopy and 
biopsy of all radiographically diagnosed gastric ulcers to rule 
out cancer in these patients. However, several studies have 
found that virtually all gastric ulcers with an unequivocally 
benign appearance on double-contrast upper gastrointestinal 
examinations are benign lesions [54,55]. In these studies, about 
two-thirds of all benign ulcers had a benign radiographic 
appearance. As a result, unnecessary endoscopy could be 
avoided in the initial evaluation of most gastric ulcers diagnosed 
on double-contrast examinations. Instead, typically benign 
gastric ulcers could be followed radiographically to complete 
healing without need for endoscopic intervention.

Benign gastric ulcers classically appear en face as round or 
ovoid collections of barium, often surrounded by a smooth 
mound of edema or thin straight folds that radiate directly to 
the edge of the ulcer crater [55]. When viewed in profile, benign 
ulcers project beyond the contour of the adjacent gastric wall 
and are sometimes associated with an ulcer mound or collar. In 
contrast, malignant gastric ulcers classically appear en face as 
irregular ulcer craters within a discrete tumor mass, sometimes 
associated with nodularity or clubbing of adjacent folds due to 

Erosive gastritis
Gastric erosions may be classified radiographically as complete 
or incomplete erosions. Most patients have complete or varioli-
form erosions in which a punctate or slit-like collection of 
barium is surrounded by a radiolucent halo of edematous 
mucosa (Figure 144.10a) [50]. Varioliform erosions are most 
commonly found in the gastric antrum and are often aligned on 
the crests of the rugal folds. In the majority of patients, this 
finding is caused by ingestion of aspirin or other nonsteroidal 
antiinflammatory drugs (NSAIDs) [51]. In contrast, incomplete 
or “flat” erosions appear as dots or streaks of barium without an 

Figure 144.10 Erosive gastritis. (a) Typical varioliform erosions in the 
gastric antrum. The erosions are aligned on the rugal folds. (b) Linear 
and serpiginous erosions in the body of the stomach near the greater 
curvature are the result of recent ingestion of indomethacin.

(a)

(b)
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gastric carcinoma already have advanced lesions at the time of 
clinical presentation. As a result, early gastric cancer is unlikely 
to be detected on double-contrast studies or endoscopy as long 
as these examinations are performed predominantly on symp-
tomatic patients [58].

The average sensitivity of single-contrast barium studies for 
the diagnosis of gastric carcinoma has only been about 75% [59]. 
Concern about missing gastric cancers on barium studies has 
therefore been used as a rationale for performing endoscopy as 
the initial diagnostic test in patients with upper gastrointestinal 
signs or symptoms. However, in one study, gastric carcinomas 
were diagnosed or suspected on double-contrast examinations 
in 96% of patients with proven lesions [59]. In a separate part 
of the study, only 3.5% of all patients who had double-contrast 
examinations during this period underwent endoscopy because 
of findings that were equivocal or suspicious for gastric carci-
noma. Thus, a high sensitivity can be achieved in the radio-
graphic diagnosis of gastric cancer while referring only a small 
percentage of symptomatic patients for endoscopy.

Gastric lymphoma
It is well recognized that chronic H. pylori gastritis leads to the 
development of mucosa-associated lymphoid tissue (MALT) in 
the stomach. This lymphoid tissue is thought to be the precursor 
of low-grade B-cell gastric MALT lymphomas which, if 
untreated, may undergo transformation to more high-grade 
lymphomas [60]. Gastric MALT lymphomas can sometimes be 
recognized on double-contrast upper gastrointestinal examina-
tions by variably sized, rounded, often confluent nodules in the 
stomach (Figure 144.12) [61]. However, focal gastritis due to H. 
pylori or other causes may produce similar findings, so that 
endoscopic biopsy specimens are required for a definitive diag-
nosis. In contrast, advanced gastric lymphoma may be mani-
fested on barium studies by thickened folds, multiple submucosal 

infiltration of the folds by tumor. When viewed in profile, malig-
nant ulcers project inside the gastric lumen within a tumor mass 
that forms acute angles with the adjacent gastric wall rather than 
the obtuse, gently sloping angles expected for a benign mound 
of edema.

Most gastric ulcers detected on double-contrast studies are 
less than 1 cm in diameter [55]. Although some benign ulcers 
are round and symmetric, others have a rod-shaped or linear 
appearance. Almost all benign ulcers occur in the antrum or 
body of the stomach, and most are located on the lesser curva-
ture or posterior wall (Figure 144.11) [55]. Occasionally, benign 
gastric ulcers may be found on the greater curvature of the distal 
stomach. The latter ulcers are almost always caused by ingestion 
of aspirin [55]. As these aspirin-induced greater curvature 
ulcers enlarge, they have a tendency to penetrate inferiorly into 
the gastrocolic ligament, occasionally leading to the develop-
ment of gastrocolic fistulae [56].

Ulcer healing may be manifested radiographically by a 
decrease in the size of the ulcer and by a change in its shape. In 
most cases, ulcer healing produces a radiographically visible 
scar with a central pit or depression, radiating folds, or retrac-
tion of the adjacent gastric wall [55].

Gastric carcinoma
Gastric carcinoma has a relatively poor prognosis, with 5 year 
survival rates of only 10%–30%. Advanced tumors may appear 
radiographically as polypoid or infiltrating lesions or, less fre-
quently, as scirrhous lesions with diffuse narrowing of the 
stomach, producing a linitis plastica appearance [57]. In con-
trast, early gastric cancer is a curable disease, with reported 5 
year survival rates as high as 95%. The Japanese have developed 
an elaborate system for classifying these tumors based on 
whether they are predominantly elevated, flat, or depressed 
lesions. Unfortunately, most patients in the United States with 

Figure 144.11 Benign gastric ulcer. Round symmetric ulcer (arrow) is 
seen on the posterior gastric wall, with smooth folds radiating to the edge 
of the crater. This ulcer has the typical radiological features of a benign 
gastric ulcer.

Figure 144.12 Low-grade gastric MALT lymphoma. Multiple confluent 
nodules of varying sizes (arrows) are seen in the gastric body. Source: 
From Yoo et al. [61], with permission from the Radiological Society of 
North America.
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with manual palpation to separate overlapping loops of small 
bowel and demonstrate abnormalities easily missed on the over-
head radiographs. With this technique, the barium study can be 
a useful test for showing a variety of findings in patients with 
small bowel disease. Much less frequently, enteroclysis (i.e., a 
small-bowel enema) may be performed as a more detailed tech-
nique for detecting subtle small-bowel abnormalities. However, 
these techniques require time, effort, and interest by the radiolo-
gist. Barium studies of the small bowel therefore should be 
requested only if there are substantial clinical indications of 
small-bowel disease.

Techniques
Small-bowel follow-through
The dedicated or fluoroscopic small-bowel follow-through 
includes overhead radiographs but uses fluoroscopy as the 
primary means of examining the small bowel. Unless contrain-
dicated, metoclopramide (20 mg) is sometimes administered 
orally 20 minutes before the examination to accelerate transit  
of barium through the stomach and small bowel. The patient 
then ingests 500–600 mL of an appropriate 35%–40% (weight/
volume) suspension of barium sulfate. After a brief examination 
of the upper gastrointestinal tract, intermittent fluoroscopy is 
performed until all small bowel loops have been demonstrated. 
Periodic spot images are obtained to document the fluoroscopic 
findings.

Enteroclysis (small-bowel enema)
A more detailed study of the entire small bowel may be per-
formed by enteroclysis [64]. If not contraindicated, the patient 
swallows 20 mg of metoclopramide to accelerate small-bowel 
transit. Surface anesthesia to the throat precedes intubation of 
the distal duodenum or proximal jejunum. Between 200 mL and 
250 mL of a 75%–80% suspension of barium is then injected, 
followed by infusion of 1–2 L of a 0.5% solution of methylcel-
lulose in water. These biphasic examinations first demonstrate 
the small bowel in single contrast (Figure 144.13a) and then in 
lumen-distended double contrast (Figure 144.13b). The radiolo-
gist must be present throughout the study to assess individual 
bowel loops by graded compression and to document the fluor-
oscopic findings with spot images. An overhead radiograph of 
the entire small bowel completes the examination.

Techniques
Small-bowel follow-through (SBFT)
The major advantage of an SBFT is that it does not require 
intubation. Transit acceleration by oral metoclopramide facili-
tates the examination by decreasing flocculation of barium and 
the time needed to perform the study. However, optimal disten-
tion of the bowel lumen cannot be achieved by this technique. 
The SBFT is an appropriate examination for evaluating estab-
lished diseases of the small bowel, such as Crohn’s disease. It  
is also adequate for investigating pathological conditions not 
associated with luminal distention such as radiation enteritis, 

masses, centrally ulcerated bull’s-eye lesions, or giant cavitated 
lesions [62].

Other gastric tumors
Gastrointestinal stromal tumors (GISTs) are the most common 
benign submucosal tumors found in the stomach. These tumors 
usually appear on barium studies as smooth submucosal masses 
(with or without central ulceration) that form right angles or 
slightly obtuse angles with the adjacent gastric wall [36]. Most 
benign GISTs are less than 3 cm in diameter. In contrast, malig-
nant GISTs usually appear as larger, more lobulated submucosal 
masses, often containing one or more ulcers or giant areas of 
cavitation [62]. Ectopic pancreatic rests are usually located on 
the greater curvature of the distal antrum, appearing as small 
submucosal masses, sometimes with central umbilication or 
ulceration [36]. Rarely, barium may reflux into rudimentary 
ductal structures. Gastric carcinoids may also be manifested on 
barium studies by one or more small submucosal masses, occa-
sionally containing central ulcers.

Duodenitis
Duodenitis may be manifested radiographically by thickened 
folds, mucosal nodules, erosions, or deformity of the bulb [63]. 
Duodenal erosions are detected less frequently than gastric ero-
sions on double-contrast studies because of difficulty differen-
tiating these lesions from normal mucosal pits. However, erosive 
duodenitis can be diagnosed when double-contrast radiographs 
reveal central barium collections surrounded by radiolucent 
halos of edematous mucosa.

Duodenal ulcers
Unlike gastric ulcers, which occur primarily on the lesser cur-
vature or posterior wall of the stomach, as many as 50% of 
duodenal ulcers are located in the anterior wall [36]. Because 
most double-contrast radiographs are obtained with the patient 
in a supine or supine oblique position, the anterior wall of the 
duodenum is not optimally coated with barium, and anterior 
wall ulcers can be missed on the double-contrast portion of the 
study. For this reason, double-contrast views of the duodenum 
should be supplemented with prone compression views obtained 
with a low-density barium suspension to demonstrate ulcers on 
the anterior wall. Thus, the biphasic technique is particularly 
important for evaluating the duodenum.

Small bowel
At many institutions, the conventional small-bowel follow-
through examination consists of a series of overhead abdominal 
radiographs supplemented by spot images of the terminal ileum. 
Unfortunately, this technique is extremely unreliable in detect-
ing pathology in the small bowel, as a host of morphologic 
abnormalities may be obscured on the overhead radiographs by 
overlying loops of small bowel in the abdomen. A properly 
performed small-bowel follow-through therefore should include 
periodic fluoroscopic spot imaging of the jejunum and ileum 
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• Meckel diverticulum: increased luminal distention greatly 
improves its detection rate [66].

• Normality: enteroclysis is the most reliable radiological 
examination for establishing morphological normality of the 
small bowel.

Abnormalities
Small-bowel obstruction
Concern has been expressed regarding the possible inspissation 
of barium within obstructed small bowel. Although animal 
studies and clinical experience have shown that such inspissa-
tion does not occur [67], it is often recommended that barium-
based techniques be replaced by CT or by CT enteroclysis in 
patients who have high-grade or complete small-bowel obstruc-
tions [64]. With lower grades of obstruction, barium enterocly-
sis remains a useful test for delineating the site and cause of 
obstruction, particularly in patients with intermittent obstruc-
tion. If a decompression tube has already been positioned 
beyond the duodenum, it can be used to perform the enterocly-
sis examination.

Adhesions
Adhesions account for almost 75% of small-bowel obstructions. 
Enteroclysis can identify features that favor obstruction by a 
single band, multiple bands, or extensive adhesions. Single 
bands are more likely to produce high-grade obstruction. A 
closed-loop obstruction may be caused by prolapse of a bowel 

ischemia, and hematomas. This technique can be used to dem-
onstrate the level and degree of small-bowel obstruction, 
although it is less successful in determining the cause.

Enteroclysis
The major advantage of enteroclysis is that it combines transit 
acceleration with luminal distention. Enteroclysis virtually 
always avoids flocculation of barium. As a result, the double-
contrast images permit assessment of mucosal surface detail, 
even with overlapping small bowel loops. The straightening of 
mucosal folds that occurs with luminal distention permits 
detection of small, relatively subtle lesions. Normality becomes 
measurable in terms of wall thickness; fold thickness, shape, and 
height; and distance between folds.

Major indications for enteroclysis include the following:
• Small-bowel obstruction, particularly intermittent obstruc-

tion: enteroclysis often permits differentiation of the various 
causes of obstruction [65].

• Malabsorption states: enteroclysis can identify features of 
celiac disease, lymphangiectasia, Whipple disease, bacterial 
overgrowth, and other conditions associated with 
malabsorption.

• Crohn’s disease: enteroclysis can delineate the full extent of 
disease, including skip lesions and fistulae and can be used to 
distinguish fibrous strictures from stenotic disease.

• Small-bowel tumors, particularly carcinoids, other primary 
and secondary malignancies, and lymphoma.

Figure 144.13 Normal small-bowel enema. (a) Distal jejunum seen on a preliminary single-contrast examination. (b) Same jejunal loops on double-
contrast examination.

(a) (b)
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Bacterial overgrowth syndrome
Barium studies can accurately depict many structural abnor-
malities in the small bowel that cause stasis or contamination 
and lead to bacterial overgrowth. These abnormalities include 
strictures, blind pouch and blind loop syndromes, jejunoileal 
diverticulosis, and coloenteric fistulae. Other patients with bac-
terial overgrowth syndrome may have chronic intestinal pseu-
doobstruction due to scleroderma or other causes. Small-bowel 
involvement by scleroderma may lead to intestinal dilatation 
with crowded folds, producing the “hide-bound” sign that is 
virtually pathognomonic of this condition [69].

Intestinal lymphangiectasia
The primary and secondary forms of intestinal lymphangiecta-
sia are manifested by nonspecific changes of fold thickening and 
fluid increase on conventional barium studies. With enterocly-
sis, it is possible to demonstrate 1–2 mm micronodules repre-
senting villi distended by dilated lacteals. Whipple disease 
involving the small bowel may also be manifested by tiny 
nodules due to villous distention by the enlarged lamina propria 
laden with foamy macrophages, bacilli, and periodic acid–Schiff 
(PAS)-positive material. A similar nodular pattern may be dem-
onstrated in patients with Mycobacterium avium complex 
enteritis, macroglobulinemia, IgA deficiency, and other unusual 
conditions.

Crohn’s disease
Early radiological findings of Crohn’s disease in the small bowel 
include a coarse villous pattern of the mucosa, thickened folds, 

loop beneath an adhesive band. This type of obstruction is asso-
ciated with twisting of bowel, with a high risk of ischemia and 
necrosis. Although barium studies may be helpful in the early 
stages of a closed-loop obstruction, CT is essential for deter-
mining the degree of vascular compromise in these patients.

Hernias
Barium studies are not required for small-bowel obstructions 
caused by clinically evident external hernias. However, barium 
studies are useful in detecting small-bowel obstructions caused 
by hernias of developmental or postsurgical origin, including 
incisional, peristomal, Spigelian, or Richter hernias.

Malignancy
In patients who have undergone laparotomy for abdominal 
malignancy, small-bowel obstruction may be caused by adhe-
sions, metastases, radiation, or residual tumor. These conditions 
can be differentiated by enteroclysis in more than 80% of 
patients [64]. This information can facilitate preoperative plan-
ning for resection of tumor, bypass of radiation-damaged bowel, 
or lysis of adhesions.

Malabsorption states
Malabsorption is usually diagnosed by clinical and laboratory 
criteria. The purpose of barium studies is to determine the most 
likely cause of a clinically diagnosed malabsorption state or to 
document complications. In conditions associated with malab-
sorption, abnormal accumulation of intraluminal fluid may 
cause flocculation of barium on SBFT. Because flocculated 
barium prevents accurate depiction of mucosal surface detail, 
enteroclysis is the preferred radiological examination in these 
patients.

Celiac disease
The diagnosis of celiac disease must be firmly established to 
justify placing the patient on lifelong dietary restrictions. A 
confident diagnosis can be made in patients who have charac-
teristic mucosal changes on duodenal biopsy and have shown a 
satisfactory response to gluten withdrawal. However, more than 
50% of patients have atypical clinical presentations. As a result, 
the diagnosis may first be suggested by enteroclysis, which can 
demonstrate a measurably increased separation of folds in the 
distended proximal jejunum (Figure 144.14). In one study, zero 
to three folds per 2.5 cm of jejunum were found by enteroclysis 
in 73% of celiac patients but in only 2% of controls [68]. Con-
versely, patients with five or more folds per 2.5 cm of jejunum 
rarely had celiac disease.

Enteroclysis is especially important in celiac patients who 
relapse after an initial dietary response; this technique can aid 
in the diagnosis of ulcerative jejunoileitis, T-cell lymphoma, and 
intestinal carcinoma as complications of long-standing celiac 
disease.

Figure 144.14 Diagnosis of celiac disease on a small-bowel enema. The 
distended proximal jejunum shows an increased separation of folds, with 
only three folds per 2.5 cm (dotted line).
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small bowel follow-through examinations. Enteroclysis is the 
best radiological technique for demonstrating these lesions 
(Figure 144.16).

Non-Hodgkin lymphoma Primary small-bowel lymphomas 
typically appear as cavitary lesions extending into the mesentery 
or as segmental infiltrating lesions. In other patients with dis-
seminated lymphoma, barium studies may demonstrate submu-
cosal nodules of various sizes. An enlarging mass of mesenteric 
nodal lymphoma also can secondarily infiltrate a loop of small 
bowel [64]. CT can be used to better delineate the extent of 
mesenteric and lymph node involvement.

Other malignancies Small-bowel carcinoids can be diagnosed 
by enteroclysis at the stage of incipient transmural extension of 
the primary tumor or tumors (Figure 144.17). More advanced 
carcinoids are typically associated with distorted folds. Enlarg-
ing mesenteric metastases produce mass effect and secondary 
fibrotic alterations in adjacent bowel loops. Early carcinoids 
may appear as small polypoid nodules, more often in the termi-
nal ileum.

Both hematogenous and intraperitoneal-seeded metastases 
to the small bowel tend to occur as multiple lesions, often asso-
ciated with signs of obstruction. GISTs may appear as excavated 
exoenteric masses.

Meckel diverticulum
Enteroclysis is the best radiological technique for diagnosing 
Meckel diverticulum, with an overall detection rate comparable 
to that found at autopsy [66]. The diverticulum arises from the 
antimesenteric border of the distal ileum, forming a blind sac, 
with a characteristic mucosal fold pattern at its site of origin. 
Occasionally, it is possible to identify a defect in the diverticu-
lum due to ectopic gastric mucosa. It is also possible to identify 

Figure 144.15 Small-bowel Crohn’s disease. Spot image from enteroclysis 
examination shows a long linear ulcer (large arrows) on the mesenteric 
border of the bowel with multiple aphthous ulcers (small arrows) and 
thickened, interrupted folds. The linear mesenteric border ulcer is 
characteristic of Crohn’s disease.

Figure 144.16 Annular adenocarcinoma of the proximal jejunum with a 
central ulceration (arrow).

and aphthous ulcers. The presence of linear ulcers along the 
mesenteric border of the small bowel with pleating or saccula-
tion of the uninvolved antimesenteric border is virtually diag-
nostic of Crohn’s disease (Figure 144.15). With progression of 
disease, transaxial extension of linear ulcers and fissures pro-
duces a cobblestone appearance with narrowing of the lumen. 
Further progression of Crohn’s disease leads to complications 
such as fibrous strictures, fistulae, inflammatory masses, and 
abscesses.

Many features of Crohn’s disease can be demonstrated as 
effectively by SBFT as by enteroclysis. Disease of the terminal 
ileum is particularly well shown by combining SBFT with a 
peroral pneumocolon (i.e., introducing barium via the mouth 
and air via the rectum) [70]. However, enteroclysis is the optimal 
radiological examination for detecting early lesions, particularly 
the more proximal skip lesions. It is also a better examination 
for distinguishing Crohn’s disease from other pathological con-
ditions such as lymphoma, tuberculosis, ischemia, and meta-
static disease.

Malignant tumors
Adenocarcinoma Most primary adenocarcinomas of the small 
bowel are advanced tumors with regional lymph node involve-
ment at the time of clinical presentation. In the absence of 
obstruction, these tumors can be missed on conventional  
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ties in the colon. As a result, the barium enema examination is 
performed far less frequently in modern radiology practice than 
it was in the past. However, because of its simplicity, low cost, 
safety, and accuracy, the barium enema remains a potentially 
useful diagnostic technique for investigating the colon.

Single versus double contrast
Radiological examination of the colon can be performed by 
single- or double-contrast technique. In single-contrast studies, 
the entire colon is filled with a low-density barium suspension. 
The examination is performed under fluoroscopic control, with 
extensive palpation and compression of the colon as it fills. A 
postevacuation radiograph is usually obtained to demonstrate 
additional mucosal detail. In double-contrast studies, a smaller 
volume of high-density barium is introduced into the colon, 
followed by insufflation of air. With this technique, the mucosal 
surface is coated by a thin layer of high-density barium, and the 
lumen is distended with air.

The double-contrast examination is considered to be a useful 
radiological technique for showing fine mucosal lesions such as 
small polyps and the early changes of inflammatory bowel 
disease (IBD) [73,74]. It can also better demonstrate segments 
of the large bowel that are inaccessible to palpation, such as the 
rectum and the hepatic and splenic flexures. The single-contrast 
barium enema is the preferred technique when careful control 
of the flow of barium is required in patients with suspected 
obstruction, acute diverticulitis, fistulae, or Hirschsprung 
disease. This technique is also frequently used in patients who 
are too old or debilitated to tolerate a double-contrast study.

Radiology versus colonoscopy
There is ongoing controversy about the relative roles of radiol-
ogy and endoscopy in investigating colonic disease. In general, 
the choice of technique depends on the clinical setting and the 
relative skill and experience of the examiner. Nevertheless, it 
should be recognized that colonoscopy is primarily of value for 
detecting mucosal lesions. It should not be used as the primary 
diagnostic modality when the patient’s symptoms suggest an 
intramural or extrinsic lesion involving the bowel.

Colonoscopy is more accurate than radiology in demonstrat-
ing subtle mucosal abnormalities in the colon. When compared 
with high-quality double-contrast barium enemas, this benefit 
applies primarily to the detection of polypoid lesions less than 
1 cm in diameter and the early changes of inflammatory bowel 
disease (IBD). However, this benefit must be balanced against 
the higher cost and complication rate of colonoscopy. The 
colonoscopist is unsuccessful in advancing the endoscope to the 
cecum in about 3% of patients [75], but the cecum is almost 
always visualized on barium enema studies.

The barium enema examination is a useful imaging test for 
patients with symptoms that could be caused by diseases of the 
colon, including abdominal pain, constipation, change in bowel 
habit, and anemia. Colonoscopy is generally the examination of 
choice for the evaluation of uncertain radiological findings, for 

an inverted Meckel diverticulum acting as the lead point for a 
small-bowel intussusception [71]. Enteroclysis is complemented 
by technetium scanning (Meckel’s scan) for detecting functional 
gastric mucosa in the diverticulum.

Obscure blood loss
In patients with unexplained gastrointestinal blood loss, ente-
roclysis is indicated when radiological and endoscopic exami-
nations of the upper gastrointestinal tract and colon fail to 
demonstrate a source of bleeding, especially if video capsule 
endoscopy is contraindicated. Enteroclysis has a diagnostic 
yield of 21% in identifying the presumptive source of obscure 
gastrointestinal bleeding [72]. The majority of these patients are 
found to have tumors involving the small bowel or arteriov-
enous malformations; other causes include ischemia, Meckel 
diverticulum, NSAID related ulcers, and unrecognized Crohn’s 
disease.

Colon
For many years, the barium enema was the primary nonsurgical 
method for investigating the colon. Since the 1970s, colonos-
copy has become an important diagnostic modality for evaluat-
ing the colonic mucosa and for removing polyps. Cross-sectional 
imaging techniques, particularly CT, have also become impor-
tant for evaluating the extramucosal extent of disease. In recent 
years, CT colonography has also become an increasingly popular 
imaging test for detecting polyps, cancers, and other abnormali-

Figure 144.17 Small-bowel carcinoids. Discrete submucosal masses 
(arrows) are seen in the mid small bowel. Also note separation of small 
bowel loops caused by spread of tumor into the mesentery.
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Radiological examination can also detect complications of 
chronic ulcerative or Crohn’s colitis, including strictures, 
abscesses, fistulae, and inflammatory or postinflammatory 
polyps. In patients who develop carcinoma as a complication of 
chronic ulcerative colitis, the tumor can be diagnosed and in 
some cases the development of macroscopic dysplasia can also 
be recognized on double-contrast studies [78].

Diverticular disease
Diverticular disease is one of the most common afflictions of 
Western society. The presence of massive diverticulosis poses a 
particular dilemma in interpreting double-contrast studies, 
because the multiplicity of ring shadows makes it difficult to 
differentiate diverticula from polyps. As a result, single-contrast 
studies may be easier to interpret than double-contrast studies 
in patients with severe diverticulosis.

Diverticulitis is a complication of diverticulosis in which a 
diverticular perforation leads to the formation of a pericolic 
abscess. Because barium may extravasate into the abscess, it is 
important to control the flow of barium into the colon in these 
patients. Single-contrast technique is preferred when a barium 
enema is performed for suspected diverticulitis (Figure 144.20a). 
In recent years, CT has increasingly been used as the primary 
imaging modality in patients with signs and symptoms of  
acute diverticulitis because of its relatively high sensitivity and 

removal or biopsy of lesions found at barium enema, and for 
the evaluation of patients at high risk for developing colorectal 
cancer or who have occult blood in the stool.

Indications
Although radiological examination of the colon may be per-
formed for a wide variety of indications, the most common 
include detection of colorectal polyps and cancer; diagnosis of 
IBD and assessment of the type, extent, and severity of disease; 
diagnosis of diverticular disease and its complications; evalua-
tion of extrinsic mass lesions involving the colon; and evalua-
tion of the rectum.

Colorectal polyps and cancer
The barium enema is a useful diagnostic test for symptomatic 
patients with colorectal cancer. It is helpful not only for diagnos-
ing the primary lesion but also for detecting synchronous 
cancers elsewhere in the colon. The double-contrast barium 
enema has an overall accuracy of about 95% in detecting color-
ectal cancer. However, there appears to be an irreducible 
minimum error rate of approximately 5%, primarily the result 
of perceptive error [76].

The double-contrast barium enema is also used to evaluate 
patients who have overt rectal bleeding or occult blood in the 
stool. In such cases, the goal is to detect invasive carcinomas as 
well as small adenomas that are precursors of colonic carcinoma 
(Figure 144.18). These adenomatous polyps should be removed 
endoscopically to prevent the development of cancer.

Similarly, the double-contrast barium enema has a role in the 
routine screening of average-risk patients for colorectal cancer 
[77]. However, in recent years CT colonography (i.e., virtual 
colonoscopy) has largely supplanted the double-contrast barium 
enema as a highly sensitive and less invasive imaging test for 
colorectal cancer screening [77].

Inflammatory bowel disease
Radiological examination of the colon serves a variety of pur-
poses in patients with known or suspected IBD. It can establish 
the presence of disease in patients who have not had prior sig-
moidoscopy or in those with negative sigmoidoscopy because 
the disease did not involve the rectosigmoid colon. It can also 
define the extent of disease in the colon. This information is 
particularly important in patients with ulcerative colitis, because 
the risk of developing carcinoma is related to the extent of 
colonic involvement.

Radiological examination of the colon can differentiate ulcer-
ative from Crohn’s colitis. In typical cases, ulcerative colitis is 
characterized on double-contrast radiographs by a granular 
mucosa involving the rectum and extending proximally to a 
variable degree (Figure 144.19a). In contrast, Crohn’s colitis is 
characterized by progression from discrete aphthous ulcers 
(Figure 144.19b) to transmural disease with deep ulcers, fis-
sures, fistulae, and abscesses. The rectum is often spared, and 
colonic involvement tends to be discontinuous and patchy.

Figure 144.18 Example of a coexisting colonic carcinoma and benign 
adenoma in the same patient. Note the polypoid carcinoma (black 
arrows) in the transverse colon and small tubulovillous adenoma (white 
arrow) in the distal sigmoid colon.
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Extrinsic mass lesions
In patients with abdominal or pelvic masses, the barium enema 
is a useful technique for determining whether the colon is dis-
placed, compressed, or actually invaded by these lesions. The 
barium enema can also detect intraperitoneal seeding of the 
colon by metastatic tumor, inflammatory lesions, or endome-
triosis. In many cases, the barium study must be correlated with 
CT or other cross-sectional imaging modalities to determine 
the true extent of disease in the abdomen.

Rectum
When barium enemas were performed primarily by single-
contrast technique, the rectum was not considered to be the 
province of radiology. However, with the use of double-contrast 

specificity for diagnosing this condition [79]. However, other 
patients with chronic diverticulitis may present with obstructive 
symptoms secondary to narrowing of the sigmoid colon. In such 
cases, the diagnosis can readily be suggested on barium enemas 
showing a relatively long segment of circumferential narrowing 
in the sigmoid colon with a spiculated contour and tapered 
margins, sometimes associated with retrograde obstruction 
(Figure 144.20b) [80].

Figure 144.20 (a) Acute diverticulitis with pericolic abscess. Barium has 
extravasated from a perforated diverticulum into an abscess (arrows). 
Notice the diverticula in the sigmoid colon. (b) Chronic diverticulitis 
with circumferential narrowing of the sigmoid colon. The narrowed 
segment has a spiculated contour and tapered margins characteristic of 
this condition.

(a)

(b)

Figure 144.19 Early findings of inflammatory bowel disease on double-
contrast barium enemas. (a) Ulcerative colitis with typical granular 
mucosa in the sigmoid colon. (b) Granulomatous colitis with discrete 
aphthous ulcers in the transverse colon.

(a)

(b)
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only by a pneumoperitoneum without extravasation of barium 
into the peritoneal cavity. If these patients are aggressively 
treated with intravenous fluids and antibiotics, surgery may be 
avoided in some cases.

Retroperitoneal perforations usually result from laceration of 
the rectum by an inflated retention balloon on the enema tip in 
patients with diffuse rectal disease such as ulcerative or radiation 
proctitis. In such cases, barium may be observed in the rectal 
wall or in the perirectal soft tissues. Because of the risk of rectal 
laceration, the retention balloon should not be routinely inflated. 
When the balloon is required in patients who have poor anal 
sphincter tone, it should be inflated under careful fluoroscopic 
control after barium has been instilled into the rectum.

Despite occasional complications, the barium enema exami-
nation is a safe, simple, and relatively inexpensive procedure. It 
provides reliable information about the nature and extent of 
mucosal disease and about disease within and outside the bowel 
wall. Some patients undergo barium enemas to rule out colonic 
neoplasm or IBD, and a double-contrast study is the best radio-
logical technique for evaluating these individuals. In other 
patients with suspected diverticulitis or colonic obstruction, a 
single-contrast barium enema may be performed. Whether a 
single- or double-contrast technique is used, the barium enema 
examination has few contraindications, and the complications 
can be minimized by careful attention to the clinical history and 
examination technique. In complicated or difficult cases, cor-
relation of the radiological and endoscopic findings may be 
necessary to clarify the nature and extent of colonic disease.
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technique, the rectum has become one of the simplest portions 
of the large bowel to evaluate on barium studies.

The anatomy of the rectum, including the columns of Mor-
gagni and the valves of Houston, can be demonstrated in exqui-
site detail [81]. Radiological evaluation of the rectum is 
particularly effective in the diagnosis of rectal tumors, IBD, and 
other unusual conditions such as the solitary rectal ulcer syn-
drome [82]. The double-contrast examination can detect rectal 
carcinomas that are missed by digital rectal examination and 
proctoscopy (Figure 144.21) [83]. The routine double-contrast 
barium enema should therefore include a careful examination 
of the rectum.

Contraindications
The barium enema examination is generally a safe procedure, 
but there are several conditions where the study is con-
traindicated or should be performed with extreme caution. 
These conditions include toxic megacolon, ischemic colitis, 
pseudomembranous colitis, or other diseases in which the 
bowel wall is friable and more likely to perforate during the 
procedure. When a colonic perforation is suspected, the radio-
logical examination should be performed with water-soluble 
iodinated contrast material that can be reabsorbed from the 
peritoneal cavity if extravasation occurs.

Complications
The most feared complication of the barium enema is colonic 
perforation [84]. When this occurs, the perforation usually 
involves the intraperitoneal portion of the colon. Extravasated 
barium in the peritoneal cavity may be seen outlining loops of 
bowel. Surgical treatment is usually required. On some double-
contrast barium enemas, colonic perforation may be manifested 

Figure 144.21 Villous carcinoma (arrow) of the posterior wall of the 
rectum that had been missed on prior digital and proctoscopic 
examinations.
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Introduction

Sonography is one of the diagnostic imaging modalities that can 
be used to image intra-abdominal organs. Unlike computed 
tomography (CT), it does not utilize ionizing radiation in order 
to produce images. With increasing utilization of CT and 
concern for its associated cumulative radiation risk as well as 
cost, ultrasound provides a reasonable alternative that is not 
only less expensive and nonionizing, but also portable and more 
universally available. Furthermore, as we will discuss later in 
this chapter, some abdominal organs such as the gallbladder are 
better evaluated with ultrasound than with CT; as such, ultra-
sound is the first line imaging modality in the evaluation of 
suspected gallbladder pathology. Ultrasound is portable, allow-
ing the sonographer and the machine to come to the patient’s 
bedside rather than requiring the ill patients, especially those in 
an intensive care unit (ICU) setting, to travel to the CT or mag-
netic resonance imaging (MRI) scanner. Unlike the static images 
provided by CT and MRI, ultrasound can be used to dynami-
cally image organs in real time, such as evaluating the compress-
ibility of the appendix or to assess the hemodynamics of blood 
traveling through the liver vasculature.

Ultrasound is unique in that its performance characteristics 
are user dependent, requiring a trained sonographer or sonolo-

gist to recognize and capture images of the organs of interest 
while at the same time compensating for factors that may affect 
image quality such as patient body habitus, artifacts, and respi-
ratory motion. A thorough understanding and knowledge of the 
appearance of normal anatomy and pathology is required to 
adequately image a patient in order to answer the clinical ques-
tion. Unlike CT and MRI, sonography is not confined to imaging 
in the traditional axial, sagittal, and coronal planes and can 
image in any plane by rotating or angling the transducer. Thus, 
sagittal images of organs can be obtained even if they do not 
fully lie along the true sagittal plane of the body.

Basic principles of diagnostic ultrasound

Gray scale imaging
In ultrasound, sound waves are used to create images. Sound 
waves are emitted from the transducer and travel though the 
tissue of interest. How each sound wave travels through a piece 
of tissue – its speed and direction – is determined by the density 
of the tissue imaged. The higher the density of the tissue, the 
faster the sound wave moves through it. The sound waves can 
be reflected, refracted, scattered, or absorbed, again depending 
on the density of the tissue they encounter [1]. The sound wave 
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between these two extremes and appear as differing shades of 
gray, again depending on the density of the tissue.

The appearance of tissue on ultrasound can be described with 
the suffix –echoic. Water containing structures that appear black 
are called anechoic whereas very bright structures are described 
as hyperechoic or echogenic. Hypoechoic, isoechoic, and hyper-
echoic, can be used to describe the gray scale appearance of one 
tissue relative to another.

Doppler imaging
As stated earlier, one advantage of ultrasound is its ability to 
evaluate motion, allowing the user to evaluate not only the 
anatomic structure but also physiology and pathophysiology of 
an organ. One application is evaluating blood flow in an organ 
or vessel with Doppler imaging. When objects move, such as 
red blood cells in a vessel, the echo that returns to the trans-
ducer undergoes a frequency shift. That shift in frequency 
allows the calculation of the object’s velocity and direction of 
movement relative to the transmitted sound wave [2].

Information regarding blood flow through a vessel can be 
displayed via color Doppler, power Doppler, and spectral 
Doppler. In color Doppler, the image will appear identical to a 
gray scale image of the blood vessel and surrounding tissues, 
but only the structures which are moving (i.e. blood in the 
vessel) fill in with color, usually set to a red-blue scale. The user 
can define how the scale is set so that one end of the color 
spectrum (e.g. red) will denote flow heading towards the probe 
and the other end (e.g. blue) will denote flow heading away from 

echoes that return to the probe from each point in the tissue are 
used to create a gray scale image of the tissue. The amplitude of 
the sound waves returned from each specific point correlates to 
the brightness of that location on the image, which is depicted 
using varying shades of gray. The difference in time between the 
transmission of the ultrasound pulse and the return of the echo 
as well as the direction of travel of the echo correlate to the 
location of that specific point within the tissue.

The differing appearances of calcification and water on ultra-
sound demonstrate the above concepts as well as introducing 
two important artifacts. Calcification, as present in gallstones, 
is extremely dense. Depending on the degree of calcification, 
most if not all, of the sound waves will be reflected back to the 
probe creating a very bright (or white) appearance to the stone 
on the image. If nearly all the sound waves are reflected, none 
or very few will be able to travel through the calcification and 
reach the structures deep to the calcification. The lack of sound 
waves travelling deeper to the calcification results in a black 
appearance to those tissues, an artifact called posterior acoustic 
shadowing (Figure 145.1). Conversely, water as that seen in a 
liver cyst is less dense than soft tissue and calcification and 
appears black. This is because very few of the sound waves are 
reflected back to the probe; they will instead continue to travel 
to the tissues deeper to the cyst where they will then be reflected 
back to the probe to create an image of those deeper points. In 
addition because the sound waves are not attenuated by the 
water in the cyst like they are in the adjacent liver parenchyma, 
the tissue deeper to the cyst appears brighter (lighter) than the 
adjacent liver parenchyma of similar depth, an artifact called 
posterior acoustic enhancement (Figure 145.2). Soft tissue such 
as the liver parenchyma or abdominal wall musculature lie in 

Figure 145.1 Gallstone. The calcification within the gallstone is 
responsible for the white echogenic rim of the gallstone (arrow). The 
inability of sound waves to penetrate the gallstone to image the deeper 
structures results in posterior acoustic shadowing, and the tissue deep to 
the stone appears black (P).

P

Figure 145.2 Liver cyst. Cysts contain water, appearing anechoic or black 
on ultrasound (C). Due to the cyst’s lower density relative to the liver 
parenchyma, more sound waves are available to penetrate the deeper 
structures within the liver as compared to the adjacent liver parenchyma. 
The tissue deeper to the cyst appears brighter than the adjacent liver 
parenchyma due to an artifact called posterior acoustic enhancement (E).

C

E
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stomach can obscure the pancreatic body and tail located deep 
to the stomach. Bowel gas can obscure evaluation of the bowel 
itself, such that only the artifact created from air in the bowel is 
seen. For those reasons, optimal evaluation of the pancreas and 
bowel is not always possible and CT is the better modality of 
choice in the detection of pathologies in these organs. The role 
of ultrasound in the evaluation of a few specific bowel patholo-
gies where radiation should preferably be avoided, such as in 
the pediatric population, is described further on.

As previously stated, ultrasound is user dependent, relying on 
the operator to obtain high quality images of the organ of inter-
est and to recognize abnormalities of each organ in real time. 
This introduces variability in the quality and thus, the interpre-
tation of a study. In contrast, user dependence is minimized in 
CT or MRI.

Liver

Indications for sonography
Primary indications for liver sonography include the evaluation 
of diffuse parenchymal disease, a focal liver mass, vascular 
disease, and transplantation. Sonography can be used to char-
acterize abnormalities found on other imaging modalities such 
as CT or MRI. Its safety, relative low cost, and portability also 
make ultrasound a good modality for serial follow-up of inde-
terminate liver lesions and to assess the effect of therapy on 
known lesions. Sonography is also a simple and effective way to 
guide percutaneous aspiration, drainage, biopsy, or tumor abla-
tion of liver lesions.

the probe (Figure 145.3). Power Doppler does not provide infor-
mation on directionality of movement and so instead of a two 
toned scale, the areas with motion show one color (usually 
orange) regardless of the direction of flow. Power Doppler is 
slightly more sensitive than color Doppler in the detection of 
flow as it is less sensitive to noise [1]. In spectral Doppler, infor-
mation regarding flow at a specific location in the vessel is 
displayed with a graph of velocity over time during a short 
period of time when the vessel is interrogated with a Doppler 
sound wave pulse. The graph displays the exact magnitude of 
the velocity of flow within the vessel as well as its directionality 
with respect to the probe.

Equipment
The workhorse probe of ultrasound imaging of abdominal 
organs is the curved array or phased array transducer, usually 
transmitting sound waves at frequencies between 2 MHz to 
5 MHz. Higher frequency transducers can provide a higher 
resolution image; however, it comes at the sacrifice of imaging 
depth and penetration. Curved transducers also produce a 
wider field of view compared to linear transducers. High fre-
quency linear transducers are helpful in the focused evaluation 
of superficial structures, such as the liver contour in cirrhotic 
patients.

Limitations with respect to the other  
imaging modalities
Air in the gastrointestinal tract causes significant artifact which 
can obscure the organ of interest. For example, air in the 

Figure 145.3 Doppler interrogation of the main portal vein (MPV). Flow within the main portal vein is hepatopetal. The vessel is opacified in red, 
denoting flow towards the liver and the transducer, which is located at the top of the image. A gate (arrow) placed over the vessel samples the flow 
within the vessel and provides a spectral Doppler tracing at the bottom of the screen, displaying both velocity and direction of flow within the main 
portal vein over time. The waveform shows flow above the baseline, towards the transducer and the liver.
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intercostal scanning. The liver surface (usually the ventral left 
lobe in the subxyphoid region) should be evaluated for nodular-
ity with a near field-optimized 7 MHz to 15 MHz linear array 
transducer. Routine color Doppler imaging is useful in patients 
with suspected liver pathology.

Focal liver masses
Sonographic features such as margins, echogenicity, and inter-
nal vascularity are important features in the characterization of 
focal liver masses. Typical sonographic appearances of common 
benign and malignant liver masses are reviewed in the following 
sections.

Benign masses
Cyst
The reported prevalence of simple liver cysts ranges from 2.5% 
as detected on ultrasound [3] to 18% as detected on multidetec-
tor CT [4]. Prevalence increases with age [3,4]. Simple cysts 
typically are well circumscribed thin walled anechoic structures 
with increased through transmission (see Figure 145.2). Thin 
septations are frequently seen. Some complex liver cysts may 
have internal echoes, thick walls, multiple thick septations, or 
calcification (Figure 145.5). Color Doppler is useful in confirm-
ing the absence of internal vascularity in complex cysts. Presence 
of internal vascularity is suggestive of a cystic neoplasm rather 
than a simple liver cyst.

Polycystic liver disease
Polycystic liver disease is usually associated with autosomal 
dominant polycystic kidney disease but may also occur as an 

Anatomy
The liver has been divided anatomically into three lobes – the 
largest right lobe, the left lobe, and the small caudate lobe. 
Sonographic landmarks can be used to segregate the liver func-
tionally into lobes and segments based on venous or ligamen-
tous anatomy (Figure 145.4). Fissures and ligaments can be 
identified because they are echogenic, fat-containing structures. 
Portal veins, with their accompanying bile ducts and hepatic 
arteries, make up the portal triad. These triads are encased in 
echogenic fibro-fatty tissue. This associated echogenic tissue is 
the feature that allows differentiation of portal veins from 
hepatic veins. Portal veins, hepatic veins, hepatic arteries, and 
bile ducts can also be identified with Doppler imaging. Within 
the porta hepatis, the common bile duct and hepatic artery lie 
anterior to the portal vein. More peripherally, this relationship 
is not constant and color Doppler imaging can be used to dis-
tinguish the bile ducts from the vascular structures.

Ultrasound technique
Hepatic sonography alone can usually be performed without 
special preparation. However, as the other upper abdominal 
organs are often evaluated with the liver, an overnight fast, or 6 
to 8 hours of a clear liquid diet, is recommended to decrease 
bowel gas and distend the gallbladder. In some patients, it may 
be difficult to image the entire liver due to the patient’s anatomy. 
Potential blind spots include the superficial liver above the 
costal margin, the left tip of the lateral segment of the left lobe, 
and the ventral subdiaphragmatic regions.

The liver is best imaged with the patient in the supine and left 
lateral decubitus positions, starting with 2 MHz to 5 MHz 
curved linear array transducers. A subcostal acoustic window 
should be used first, supplemented with intercostal scans. Small 
footprint sector transducers should be used to image areas inac-
cessible by the larger curved linear transducers, such as for 

Figure 145.4 Normal liver anatomy. Transverse the sonogram of the liver 
at the level of the hepatic vein confluence shows right (R), middle (M), 
and left (L) hepatic veins with division into Couinaud liver segments 2, 
4A, 8, and 7.
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Figure 145.5 Complex cyst. Sagittal sonogram of the liver shows a well 
circumscribed thin walled structure with debris layering along dependent 
portion of the cyst (*) with a fluid debris level. No internal vascularity is 
detected on color Doppler.

*
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ill than patients with pyogenic abscess. Serum antibodies to 
Entamoeba species are present in more than 90% of cases. 
However, serologic findings may be negative in acute disease 
and may be positive if the patient had amebiasis in the past [6]. 
In many patients, it is difficult to differentiate amebic abscesses 
from pyogenic abscesses based on sonographic appearance. 
Amebic abscess may appear as a hypoechoic lesion with low-
level internal echoes and absence of significant wall echoes. 
Amebic liver abscesses can also have sonographic patterns that 
are bizarre, including diffuse increased echogenicity, debris 
levels, and prominent heterogeneity [6].

Parasitic abscess
Hydatid disease is a parasitic disease that is endemic in many 
parts of the world, especially in South America, the Middle East, 
Africa, Australia, and the Mediterranean region. Echinococcus 
granulosus accounts for 95% of echinococcal infection [7]. 
Hydatid cysts are most commonly classified based on the Gharbi 
classification [8] and the World Health Organization (WHO) 
classification [9] systems. Hydatid cysts have a range of sono-
graphic appearances depending on the stage of growth, ranging 
from simple unilocular cysts, cysts with multiple internal septa-
tions or floating membranes, mother cysts with multiple daugh-
ter cysts, heterogeneous degenerative cysts with no identifiable 
daughter cysts, and cysts with thick calcified walls [7]. 
Percutaneous drainage under sonographic guidance has become 
the treatment of choice as an alternative to surgery in the man-
agement of hydatid cysts [7].

Fungal infection
Fungal infection of the liver is a feature of disseminated fungal 
disease in patients with hematologic malignancies or compro-
mise of the immune system. Most hepatic fungal microabscesses 
occur in leukemia patients and are caused by Candida albicans; 
other fungus-related diseases include Cryptococcus infection, 
histoplasmosis, and mucormycosis [6]. Four patterns of hepat-
osplenic candidiasis have been described. The most common 
pattern consists of a uniformly hypoechoic nodule, but it is the 
least specific sonographic appearance. Other less common pat-
terns include “wheel-within-a-wheel”, bull’s eye, and echogenic 
foci with variable degrees of posterior acoustic shadowing [10]. 
The “wheel-within-a-wheel” consists of a central hypoechoic 
area of necrosis containing fungi surrounded by an echogenic 
zone of inflammatory cells, with a peripheral hypoechoic rim of 
fibrotic tissue. The bull’s eye configuration consists of a central 
echogenic nidus surrounded by a hypoechoic rim [6].

Hemangioma
Hemangiomas are the most common benign hepatic neoplasm, 
with an estimated prevalence ranging from 1% to 20% [11,12] 
and are usually discovered incidentally during abdominal 
imaging work-up. The typical sonographic appearance of  
a hemangioma is a homogeneous, hyperechoic mass with  

isolated finding in autosomal dominant polycystic liver disease 
[5]. Both disorders are characterized by progressive develop-
ment of fluid-filled biliary epithelial cysts throughout all seg-
ments of the liver. Hereditary polycystic livers typically contain 
more than 20 cysts and they generally demonstrate replacement 
of over 50% of the hepatic parenchyma by cysts [5]. If large, 
these cysts may become symptomatic, causing pain and exerting 
mass effect on adjacent organs. Dominant and/or symptomatic 
cysts may be amenable to percutaneous aspiration and sclerosis 
under sonographic guidance [5].

Pyogenic abscess
The causes of liver abscesses include pyogenic abscess, amebic 
abscess, hydatid cysts, fungal infection, and granulomatous dis-
eases. Pyogenic abscess can be caused by hematogenous dis-
semination, ascending cholangitis, or superinfection of necrotic 
tissue. Over one-half of liver abscesses are polymicrobial and 
Escherichia coli is the most common bacterium [6]. Pyogenic 
abscesses can have variable appearances on ultrasound but typi-
cally appear as complex fluid collections with variable degrees 
of internal echoes and debris (Figure 145.6). Small microab-
scesses may manifest as discrete hypoechoic nodules or ill-
defined areas of distorted hepatic echogenicity, with little or no 
increased through transmission [6]. Ultrasound is an excellent 
modality to guide percutaneous drainage and monitor response 
to therapy.

Amebic abscess
Entamoeba histolytica is endemic worldwide, with an estimated 
10% of the world’s population being infected. It is most preva-
lent in India, Africa, the Far East, and Central and South 
America. Patients with amebic abscess are usually more acutely 

Figure 145.6 Liver abscess. Sagittal sonogram of the right hepatic lobe 
shows a multiloculated cystic mass (between calipers) with thick internal 
septations (arrows) and debris, compatible with clinical diagnosis of 
abscess.
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hyperechoic on ultrasound [17]. Some lesions may show a hyp-
oechoic halo, thought to represent compressed hepatic paren-
chyma or vessels surrounding the lesion [15]. The central scar 
is slightly hyperechoic but is often difficult to visualize on ultra-
sound [15,17]. On color Doppler ultrasound, one can see a 
central feeding artery with a stellate or spoke-wheel pattern of 
internal vascularity corresponding to the artery running from 
the central scar to the fibrous septa [17].

Hepatic adenoma
Hepatic adenoma is an uncommon benign neoplasm that is 
usually found in young women who are taking oral contracep-
tives, men who are receiving anabolic steroids, or patients with 
glycogen storage disease [18,19]. Unlike focal nodular hyperpla-
sia, these tumors do not contain bile duct structures and very 
few Kupffer cells. Hepatic adenomas are reported to be solitary 
in 70% to 80% of cases, but it is not uncommon to see patients 
with two or three adenomas on multiphasic CT or MRI [18,20]. 
Patients with adenomatosis have multiple (more than 10) ade-
nomas and have no associated glycogen storage disease, or 
steroid use [19]. Hepatic adenomas appear as heterogeneous 
masses on ultrasound. The heterogeneous appearance is due to 
a mixture of intratumoral fat, hemorrhage, necrosis, and calci-
fications [18]. Given the heterogeneous nonspecific sonographic 
appearance of hepatic adenomas, it is difficult to confidently 
diagnose hepatic adenomas on ultrasound. These masses need 
to be further evaluated with multiphasic CT or MRI and may 
need to be biopsied to confirm the diagnosis.

Malignant masses
Hepatocellular carcinoma
The majority of hepatocellular carcinomas arise in a background 
of cirrhotic liver, with only a minority of cases arising in a non-
cirrhotic liver. They may present as a solitary mass, multiple 
masses, or a diffuse infiltrative pattern [21]. Hepatocellular car-
cinomas can be hypoechoic, isoechoic, or hyperechoic, and tend 
to be hypoechoic when small and become more echogenic and 
complex as they enlarge (Figure 145.8) [22]. Portal vein and 
hepatic vein invasion should suggest the diagnosis of hepatocel-
lular carcinoma. The vessel may appear distended with echo-
genic material that is contiguous with the tumor. Color Doppler 
should be used to detect internal vascularity in the portal vein 
or hepatic vein tumor thrombus.

Contrast-enhanced ultrasound is a relatively new technique 
that uses a microbubble contrast agent for characterization of 
focal liver lesions. This technique has been shown to be useful 
in the diagnosis of hepatocellular carcinoma in a number of 
studies and in a recent meta-analysis [23]. On contrast-enhanced 
ultrasound, hepatocellular carcinoma is typically characterized 
by arterial hypervascularity and washout on portal venous and 
delayed phase images [24].

Fibrolamellar hepatocellular carcinoma is a rarely seen 
subtype of hepatocellular carcinoma that occurs primarily in 
young adults with noncirrhotic livers. It typically presents as a 

well-defined margins and posterior acoustic enhancement 
[12,13] (Figure 145.7). An atypical but suggestive appearance of 
a hemangioma is a mass with a peripheral hyperechoic border 
and an isoechoic or hypoechoic center, due to internal hemor-
rhage, necrosis, scarring, or myxomatous changes [12,14]. Large 
hemangiomas are frequently more heterogeneous as they have 
a tendency to undergo internal hemorrhage, necrosis, throm-
bosis, myxomatous change, fibrosis, or calcification. Small 
hemangiomas rarely cause symptoms. Large hemangiomas can 
cause coagulopathy (Kasabach-Merritt syndrome), intratu-
moral hemorrhage, and compression of adjacent structures 
[12]. In the absence of cirrhosis or risk factors of malignancy, 
no further evaluation is necessary if the mass demonstrates 
typical sonographic features of a hemangioma. In patients with 
cirrhosis or risk factors of malignancy, confirmation with CT or 
MRI is recommended to confirm the presumed diagnosis of 
hemangioma. In cases that remain indeterminate after addi-
tional imaging, percutaneous biopsy may be pursued with 
caution due to the vascularity of liver hemangiomas.

Focal nodular hyperplasia
Focal nodular hyperplasia is the second most common benign 
liver tumor after hemangioma and has a reported prevalence of 
0.9% and a male-to-female ratio of 1:8 [15]. Approximately 20% 
of patients have multiple focal nodular hyperplasia [16]. It is a 
tumor comprised of cells found in the normal liver (Kupffer 
cells, hepatocytes, and biliary cells), but it lacks the normal liver 
architecture of the portal triads and central veins [1]. There is a 
characteristic central scar which is comprised of a central 
feeding artery surrounded by fibrosis. Focal nodular hyperpla-
sia is usually slightly hypoechoic or isoechoic and very rarely 

Figure 145.7 Hemangioma. Sagittal sonogram of the right hepatic lobe 
shows a homogeneously hyperechoic mass with lobulated margins 
(arrow), compatible with hemangioma.
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when present, can be useful signs of cirrhosis. Parenchymal 
echogenicity may be increased or coarsened in diffuse disease. 
This may be difficult to evaluate; echogenicity is judged relative 
to adjacent organs, and there is no absolute echogenicity stand-
ard on ultrasound.

Hepatomegaly
Hepatomegaly can be difficult to diagnose objectively with 
sonography. The normal span of the adult liver is 15 cm to 
17 cm. Sagittal dimension from the dome to the tip of the right 
lobe, measured at the midclavicular line, is the most frequently 
used measurement. Hepatomegaly can also be diagnosed quali-
tatively when the liver extends caudal to the right kidney and 
the left lobe is of normal size or larger. A Riedel’s lobe is a 
normal variant of an elongation of the right lobe with a tongue 
of liver tissue extending below the right kidney and can clini-
cally mimic hepatomegaly or a right upper quadrant mass.

Hepatitis
The imaging features of acute hepatitis are nonspecific and the 
diagnosis is usually based on serologic and clinical findings. In 
acute hepatitis, the liver is often enlarged and may demonstrate 
a diffuse decrease in parenchymal echogenicity [6]. The portal 
triads become echogenic. The “starry sky” pattern of increased 
periportal echogenicity coupled with decreased parenchymal 
echogenicity has been classically described in acute hepatitis 
[29,30]. However, a later study showed the starry sky pattern 
was nonspecific and was also seen in 31% of normal controls. 
It found no difference in the sonographic appearance of the liver 
between the normal control group and patients with hepatitis 

large solitary mass with central scar and punctate calcifications 
[25].

Metastasis
Metastatic disease is the most common liver malignancy in a 
noncirrhotic liver. They are multifocal in 90% of patients. 
Ultrasound has reported sensitivity in detection of liver metas-
tases ranging from 40% to 80%, depending on the size of the 
liver metastases and the experience of the sonologist [26]. 
Metastatic lesions, whether diffuse or focal, are usually hetero-
geneous. Target lesions with peripheral hypoechoic halos and 
“bull’s eye” lesions with concentric rings of varying echogenicity 
are common (Figure 145.9). Ill-defined infiltration with focal 
nodularity is another frequent pattern. Liver metastases can be 
hyperechoic, isoechoic, hypoechoic, or even cystic, depending 
on the tissue characteristics of the primary neoplasm. The most 
common hyperechoic metastatic lesions with peripheral hypoe-
choic halos are colorectal cancer, renal cell carcinoma, neuroen-
docrine tumor, choriocarcinoma, and Kaposi sarcoma. The 
most common hypoechoic liver metastases are from breast, 
lung, esophagus, stomach, pancreas, and non-Hodgkin lym-
phoma. Cystic metastases may arise from squamous cell carci-
noma, sarcomas, and gastrointestinal stromal tumor [27]. Liver 
metastases from mucin-producing neoplasms such colon, 
ovarian, breast, and gastric cancer can calcify [28].

Diffuse parenchymal disease
Diffuse liver disease does not always cause distortion of liver 
anatomy or architecture, which can make sonographic detection 
difficult. Liver surface nodularity or atrophy of the right lobe, 

Figure 145.8 Hepatocellular carcinoma. Sagittal sonogram of the liver 
shows an ill-defined heterogeneous mass in the liver (arrow). Color 
Doppler shows increased internal vascularity within the mass and 
displacement of blood vessels along the periphery of the mass.

Figure 145.9 Metastatic disease. Sagittal sonogram of the right hepatic 
lobe shows a mass with isoechoic center and thick hypoechoic halo 
(arrow) in a patient with metastatic bladder cancer. This “target” 
appearance is highly suggestive of metastatic disease.
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geneity, and nodularity of the liver. These signs are not sensitive 
or specific in the diagnosis of cirrhosis. High-resolution linear 
array transducer scanning of the liver surface is useful in detect-
ing nodularity of the cirrhotic liver (Figure 145.11) [34,35].

Although liver biopsy remains the gold standard for assess-
ment of liver fibrosis, there has been great interest recently in 
using ultrasound elastography as a noninvasive means to assess 
liver fibrosis. Several trials and meta-analyses have shown that 
ultrasound elastography may be helpful in the detection of liver 
fibrosis and provide additional information over conventional 
ultrasound techniques [36–38]. Additional validation studies 
are needed before ultrasound elastography becomes part of 
routine clinical practice.

Focal fatty infiltration, regenerating nodules, dysplastic 
nodules, and hepatocellular carcinoma may occur as mass 
lesions in a cirrhotic liver. A liver mass that does not have classic 
features of a benign mass raises the suspicion for hepatocellular 
carcinoma and needs to be further evaluated with CT, MRI, or 
percutaneous biopsy.

Hepatic vascular disease
Normal liver Doppler
The three major vessels interrogated during liver Doppler ultra-
sound are the hepatic arteries, portal veins, and hepatic veins. 
The normal hepatic arterial waveform is a pulsatile low resist-
ance waveform with sharp systolic upstroke and forward anter-
ograde flow throughout the remainder of the cardiac cycle. 
Resistive indices, a measure of resistance to flow, within the 

[31]. Striking irregular gallbladder wall thickening is sometimes 
present in patients with acute hepatitis.

Chronic hepatitis displays normal sonographic findings in 
many cases. In some cases, it can manifest with coarsened 
hepatic echotexture and increased parenchymal echogenicity, 
causing portal vein radicles to be less conspicuous [6]. Periportal 
lymphadenopathy may also be seen.

Fatty liver
The prevalence of fatty liver disease is about 15% in the general 
population. The most common conditions associated with fatty 
liver include heavy alcohol consumption, insulin resistance, 
obesity, and hyperlipidemia. Other associated conditions 
include hepatitis B, hepatitis C, steroids, chemotherapeutic 
agents, radiation therapy, nutritional or dietary abnormalities, 
and genetic disorders [32]. The hallmark of fatty infiltration of 
the liver is diffuse increased echogenicity of the liver (Figure 
145.10). The decreased acoustic penetration of the sound waves 
may result in indistinct vessel or diaphragmatic margins. Focal 
fatty infiltration is usually wedge shaped or has a geographic 
pattern. Both focal areas of fatty infiltration or focal fatty sparing 
appear in characteristic locations along the falciform ligament, 
porta hepatis, and gallbladder fossa [32,33]. Focal fatty infiltra-
tion can simulate focal mass lesions. Imaging findings sugges-
tive of fatty pseudolesions rather than true masses include 
echogenic appearance, characteristic locations, absence of mass 
effect on adjacent vessels and other structures, and absence of 
increased vascularity [32].

Cirrhosis
Sonographic findings of cirrhosis include changes in the lobes 
of the liver (atrophy of the right lobe with compensatory hyper-
trophy of the left lobe and caudate lobe), parenchymal inhomo-

Figure 145.10 Fatty liver. Sagittal sonogram of the liver and right kidney 
shows coarsened echotexture and increased echogenicity of the liver (L) 
compared to the kidney (K) compatible with diffuse fatty liver.

L

K

Figure 145.11 Cirrhosis. Sonogram of the liver surface with a high-
frequency linear transducer shows nodular contour of the cirrhotic liver 
(arrows). Moderate ascites (*) is present in the right upper abdomen.

*
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Portal vein thrombosis
Portal vein thrombus is seen as a hyperechoic, isoechoic, or 
hypoechoic filling defect within the portal vein (Figure 145.13). 
The echogenicity of the thrombus varies depending on the age 
of the thrombus. Hypoechoic or anechoic thrombus can be dif-
ficult to detect on gray-scale images without color Doppler. 
Portal vein thrombus can be bland or malignant. Enlargement 
of the portal vein by an echogenic filling defect in conjunction 
with an adjacent suspicious liver mass is suggestive of a tumor 
thrombus [39]. The most specific sonographic feature of a 
malignant thrombus is the presence of an arterial waveform 
within the thrombus due to presence of tumor neovascularity. 
Chronic portal vein occlusion leads to cavernous transforma-
tion, with formation of collateral vessels in or around the 
occluded portal vein. The small collateral vessels may be diffi-
cult to detect on gray-scale images and are best appreciated on 
color Doppler images.

Budd-Chiari syndrome
Budd-Chiari syndrome is an uncommon condition character-
ized by obstruction of the hepatic venous outflow tract. Common 
causes of Budd-Chiari syndrome include inherited and acquired 
hypercoagulable states. Budd-Chiari syndrome may be classi-
fied into three types depending on the location of the occlusion. 
Type I is limited to the inferior vena cava (IVC). Type II lesions 
are within the hepatic veins. Type III is mixed type with involve-
ment of both the IVC and hepatic veins [40].

Sonographic features of Budd-Chiari syndrome include 
hepatomegaly, enlarged caudate lobe, nonvisualization of the 
hepatic veins, collapsed IVC, enlarged intrahepatic collaterals, 

hepatic arteries typically range from 0.55 to 0.70. The resistive 
index of a vessel is calculated as the ratio of the difference 
between peak systolic velocity and end diastolic velocity to peak 
systolic velocity (S-D/S). The normal direction of flow in the 
portal vein is hepatopetal (towards the liver) throughout the 
cardiac cycle. The velocity of flow in the portal vein is relatively 
low (16 cm/sec to 40 cm/sec) compared to the hepatic artery and 
has a gently undulating waveform. The normal hepatic venous 
waveform is phasic with predominately anterograde flow. 
Fluctuations of the hepatic venous waveform are due to fluctua-
tions in right atrial pressure that occur during systole and dias-
tole that are transmitted to the hepatic veins [39]. Increased 
pulsatility in the portal vein may be caused by right sided heart 
failure and cardiac congestion.

Portal hypertension
Sonographic evaluation of portal hypertension includes evalu-
ation of portal venous system and a search for portosystemic 
collaterals. Sonographic findings of portal hypertension include 
slow flow in the main portal vein (peak velocity <16 cm/sec), 
reversal of direction of flow in the main portal vein (hepatofugal 
flow), loss of phasicity of portal venous flow, and development 
of portosystemic shunts (Figure 145.12) [39]. The most common 
collaterals are left gastric (coronary) and paraumbilical veins. 
Left gastric collaterals are often difficult to image because of 
their deep location. Paraumbilical veins are superficial and arise 
from the ventral tip of the left portal vein and drain caudally 
through the ligamentum teres, where they communicate with 
superficial peritoneal collaterals. Other types of collaterals 
occur, including retroperitoneal, splenorenal, splenoretroperi-
toneal, short gastric, and omental.

Figure 145.12 Portal hypertension. Spectral Doppler interrogation of the 
main portal vein demonstrates hepatofugal flow compatible with portal 
hypertension. Note the blue color on the color Doppler image and the 
flow below the baseline (arrow) on the spectral Doppler waveform; both 
denote hepatofugal flow.

Figure 145.13 Portal vein thrombus. Color Doppler image of the main 
portal vein shows a nearly occlusive filling defect (*) within the main 
portal vein. Blood flow is seen around the thrombus (arrows).

*
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artery complications include thrombosis, stenosis, and pseu-
doaneurysm. The estimated incidence of hepatic artery throm-
bosis is 4% to 12% in adults and 42% in children. Hepatic artery 
thrombosis is diagnosed based on absence of flow in the proper 
hepatic and intrahepatic arteries on Doppler ultrasound. 
Hepatic artery stenosis occurs in 5% to 11% of cases [44], and 
generally occurs at the anastomotic site within 3 months of the 
liver transplant. If left untreated, it can lead to hepatic artery 
thrombosis due to slow flow. Complications include liver 
ischemia or infarction leading to hepatic insufficiency, biliary 
strictures, biliary sepsis and cholangitis, and graft loss [45]. The 
site of stenosis will show a more than two- to three-fold increase 
in peak systolic velocity and turbulent blood flow. Sampled int-
rahepatic waveforms usually show a parvus tardus pattern with 
resistive indices of less than 0.5.

Thrombosis and stenosis of the portal and hepatic veins are 
relatively rare complications that occur in 1% of liver trans-
plants [44].

Bile ducts

Anatomy
The biliary tree can be divided into intrahepatic and extrahe-
patic portions. As the intrahepatic portal triads contain the 
hepatic arteries, portal veins, and bile ducts, the bile ducts are 
seen running adjacent to the portal veins and hepatic arteries, 
usually anterior to the portal veins. This configuration may not 
be as consistent within the periphery of the liver. The extrahe-
patic bile ducts include the central most portions of the right 
and left ducts, the common hepatic duct, and the common bile 
duct. The insertion of the cystic duct denotes the boundary 
between the common hepatic duct and the common bile duct, 
with the common hepatic duct above the insertion and the 
common bile duct below. Sometimes it is difficult to distinguish 
the boundary between these two ducts as the nondilated cystic 
duct is usually not seen by ultrasound. The extrahepatic duct 
can alternatively be referred to as the common duct. In the 
region of the porta hepatis, the proximal common duct is found 
anterior to the right and main portal vein as well as the right 
hepatic artery (Figure 145.14). At its mid portion, it travels 
posterior to the duodenum. Its distal portion courses through 
the pancreatic head before emptying into the second portion of 
the duodenum at the Ampulla of Vater.

Ultrasound technique
To minimize the effect of bowel gas obscuring the biliary tree, 
it is recommended that the patient fast for at least 6 hours. 
Either subcostal or intercostal approaches may be used in both 
the supine and left lateral decubitus positions. Color Doppler 
can be used to distinguish the vascular structures from the 
biliary tree.

The main portal vein in the region of the porta hepatis is a 
useful landmark in the identification of the proximal common 

splenomegaly, and ascites. In some cases, an enlarged caudate 
lobe vein (> 3 mm) can be seen draining directly into the IVC 
[41]. A spider-web appearance of the hepatic veins or replace-
ment of the hepatic veins by a fibrous, echogenic, or even calci-
fied cord may be present [40]. Color Doppler shows absent or 
aphasic flow in the hepatic veins, IVC, or both and the presence 
of collateral vessels [42].

Transjugular intrahepatic portosystemic shunts
Transjugular intrahepatic portosystemic shunts (TIPS) are most 
commonly used for the treatment of severe portal hypertension 
causing refractory variceal bleeding or ascites. In a TIPS, a stent 
usually connects the right portal vein and right hepatic vein. 
This communication bypasses the hepatic sinusoids, creating a 
relatively low resistance pathway to divert portal vein blood flow 
and relieve portal hypertension. In a patient with a functioning 
TIPS, there should be reversal of flow in the left portal vein as 
it heads centrally towards the shunt.

Shunt malfunction is the result of in-stent stenosis or occlu-
sion caused by intimal hyperplasia or in situ thrombosis. 
Stenosis or occlusion can occur anywhere in the stent, but it is 
most common at the hepatic venous end. Stent occlusion is 
diagnosed by absence of flow within the stent on color Doppler. 
Stent stenosis is diagnosed by abnormally high (>190 cm/sec) 
or abnormally low (<90 cm/sec) velocity within the shunt, or 
an abnormal change in velocity (increase or decrease of more 
than 50 cm/sec) compared with the prior examination, or across 
the different portions of the shunt. A peak systolic velocity 
within the main portal vein of less than 30 cm/sec or reversal of 
the direction of the intrahepatic hepatofugal portal venous flow 
is also evidence of failure [39]. The left portal vein may show 
hepatopetal flow into the liver and away from the shunt. Patients 
may also present with symptoms of recurrent portal hyperten-
sion such as reaccumulation of ascites or upper gastrointestinal 
bleeding.

Liver transplant and transplant complications
Orthotopic liver transplantation is most frequently performed 
with end-to-end hepatic arterial, portal venous and biliary anas-
tomoses. The use of a “piggyback” anastomosis between the 
donor and recipient IVC prevents the need for venovenous 
bypass and retrocaval dissection. In the “piggyback” technique, 
a length of the donor IVC is anastomosed to the stump of the 
recipient hepatic veins [43]. Doppler ultrasound is the first-line 
imaging modality for the evaluation of vascular complications 
following liver transplant.

Unlike in the native liver, the hepatic artery is the most 
important vascular supply to the transplanted liver as it supplies 
the biliary tree. Normal hepatic arterial spectral waveforms 
should show continuous anterograde diastolic flow, with normal 
resistive indices measuring 0.5–0.8. In the early postoperative 
period (<72 hours after transplantation), increased hepatic 
arterial resistance (resistive index > 0.8) is a frequent finding, 
but should return to normal level within a few days [44]. Hepatic 
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portal vein [1,46]. With increasing dilation, the walls may 
appear more irregular or tortuous. Furthermore, because of the 
branching pattern of the biliary tree, the dilated tubular struc-
tures will have a stellate pattern, converging centrally.

While ultrasound is highly accurate in detecting extrahepatic 
obstruction, between 78% to 98%, it is less accurate in deter-
mining the cause of obstruction. Reported accuracies of ultra-
sound in identifying the cause of obstruction have ranged 
between 23% to 88% [47]. This is due to the difficulty in evaluat-
ing the distal common bile duct because of overlying bowel gas. 
The most common cause of biliary obstruction is a common 
duct stone. Other causes include tumors and stricture. Stents 
are commonly placed to relieve the obstruction.

If a patient has abnormal bilirubin or alkaline phosphatase 
levels and the cause of obstruction is not visible on ultrasound, 
magnetic resonance cholangiopancreatography (MRCP) can be 
performed. It is a noninvasive alternative to endoscopic retro-
grade cholangiopancreatography (ERCP) (see Chapter 148).

Choledocholithiasis
Ultrasound sensitivities for choledocholithiasis have ranged 
from 20% to 78% [48]. Choledocholiths appear as echogenic 
foci within the bile duct causing posterior acoustic shadowing. 
It is best seen when the patient is scanned in a right posterior 
oblique position and the common duct is dilated and filled with 
anechoic fluid, outlining the bright echogenic stone (Figure 
145.15). However, when the duct is not dilated, it may be dif-
ficult to differentiate the echogenic stone from the adjacent 
walls of the biliary tree. Smaller stones also may not shadow  
or their shadow may be obscured by adjacent bowel gas. 

duct. The bile duct will be seen as a tubular structure located 
anterior to the portal vein and right hepatic artery which does 
not fill with color on Doppler interrogation. Sometimes the 
gallbladder and cystic duct can be traced to its insertion into 
the common duct. Provided that there is no bowel gas obscuring 
the common duct, the duct can be followed into the pancreas 
where it courses through the pancreatic head before emptying 
into the duodenum (Figure 145.14). If duodenal gas is present 
and causing an artifact, the transducer can be used to apply 
pressure and displace the gas from the duodenum. Having the 
patient change position or drink water may also help to displace 
the gas.

Biliary obstruction
A common indication for a right upper quadrant ultrasound is 
to evaluate the biliary tree for obstruction, usually spurred by 
presence of abnormal liver function tests or clinical findings of 
jaundice. It is generally accepted that a common duct diameter 
of 6 mm or less is within normal limits [1,46]. However, as 
patients age, the biliary tree may also dilate. Post cholecystec-
tomy patients may also show intrahepatic and extrahepatic 
biliary ductal dilation. In these patients, it is common to see a 
dilated mid portion that tapers to a normal diameter distally. 
However, when a patient with a dilated duct presents with ele-
vated bilirubin or alkaline phosphatase levels, it is important to 
evaluate the biliary tree fully for an obstructing process.

As the intrahepatic bile ducts travel parallel to the portal 
veins, dilated ducts appear as nonvascular tubular channels 
adjacent to the vasculature. Peripheral ducts should be no more 
than 2 mm in diameter or greater than 40% of the adjacent 

Figure 145.14 Anatomy of the porta hepatis. The common bile duct is 
seen anterior to the main portal vein (M) and right hepatic artery 
(arrow). The common bile duct (D) can be traced to the level of the 
pancreatic head (P).
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Figure 145.15 Choledocholithiasis. The common bile duct in the region 
of the pancreatic head is dilated secondary to a stone (arrow).
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They are usually large and can either be simple and unilocular 
in appearance or may appear more complex with septations, 
mural nodularity, complex fluid, and calcification.

Lesions in the pancreatic head or ampulla can also cause 
upstream biliary ductal dilation. Tumors in these locations can 
also cause pancreatic ductal dilation, and therefore it is impor-
tant to evaluate the pancreas as well for the presence of a dilated 
duct or mass lesion.

Stricture
In addition to malignant causes of stricture, there are benign 
causes of stricture, such as post inflammatory changes and scar-
ring from prior episodes of pancreatitis, choledocholithiasis, or 
sclerosing cholangitis.

Pneumobilia
Air may be present in the biliary tree for many reasons. The 
most common causes are endoscopic sphincterotomy and after 
surgical procedures such as hepaticojejunostomy. Stent place-
ment in the biliary tree may also result in pneumobilia. On 
ultrasound, pneumobilia is seen as multiple echogenic foci 
within the liver parenchyma, following the branching pattern of 
the biliary tree. It can be seen centrally as well as peripherally 
(Figure 145.17). Sometimes it may be difficult to differentiate 
between pneumobilia and portal venous gas on ultrasound. In 
addition to correlation with any history of prior procedures, 
Doppler imaging may be helpful to correctly place the location 
of air within the biliary tree rather than within the portal venous 
system.

Inflammatory processes of the biliary tree
In acute bacterial cholangitis, patients usually present with  
right upper quadrant pain and fever. There is most often an 

Furthermore, in as many as one-third of patients, stones may 
be present in nondilated ducts [46]. MRCP or ERCP would  
be the next imaging step in the evaluation for common duct 
stone.

Neoplasms
Another cause of biliary obstruction could be the presence of a 
tumor, either from a primary biliary lesion or due to secondary 
mass effect from an adjacent tumor in the pancreas or duode-
num. The most common malignancy of the biliary tree is 
cholangiocarcinoma. As they can arise anywhere in the biliary 
tree, cholangiocarcinomas may be intrahepatic or extrahepatic. 
Most commonly they arise at the bifurcation of the biliary tree 
into the left and right ducts and are referred to as Klatskin 
tumors. These comprise about 50% to 60% of all cholangiocar-
cinomas. Intrahepatic cholangiocarcinomas account for 10% of 
the total, with the remaining 30% being extrahepatic [46].

The actual lesion may be difficult to see under imaging, pre-
senting as wall irregularity or thickening resulting in narrowing. 
The location of the lesion may be determined by the abrupt 
termination of the dilated bile ducts with normal sized bile 
ducts centrally and distally (Figure 145.16). As the lesion 
expands outside of the confines of the bile duct there may be 
involvement of the adjacent vascular structures. Intrahepatic 
cholangiocarcinomas can result in focal intrahepatic ductal 
dilation peripheral to the mass and if long term, the liver may 
also show lobar atrophy [46].

Benign neoplasms of the biliary tree include adenomas and 
biliary cystadenomas. Both entities are rare. Like cholangiocar-
cinoma, adenomas may obstruct the biliary tree, causing pain 
and jaundice. They are usually homogeneous and isoechoic to 
the liver parenchyma [46]. Biliary cystadenomas are typically 
found intrahepatically as cystic masses in middle aged women. 

Figure 145.16 Intraoperative exam of a cholangiocarcinoma. Dilated 
ducts (arrowheads) are seen within the liver, abruptly terminating 
centrally due to the presence of an isoechoic mass denoted by the calipers 
and arrow.

Figure 145.17 Peripheral pneumobilia. Note multiple linear echogenic 
foci within the liver; peripherally they are shown to have a branching 
pattern (arrow). Note that portal venous gas may have a similar 
sonographic appearance. Doppler imaging and correlation with the 
patient’s clinical history and clinical status may be helpful in 
distinguishing the two.
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Cholelithiasis and sludge
Ultrasound has high sensitivity in the detection of gallstones 
with an estimated sensitivity of 95% in patients with gallstones 
[49]. As gallstones contain dense or calcified material, they 
usually appear as echogenic structures within the lumen of the 
gallbladder casting posterior acoustic shadows as long as they 
are greater than 3 mm in size (see Figure 145.1). Gallstones are 
mobile and patients should be evaluated in the supine and right 
side up decubitus or erect positions to demonstrate their mobil-
ity. Stones may vary in size and may be solitary or multiple. They 
may fill the entire lumen of the gallbladder. Depending on their 
size and density they may be seen floating within the bile.

Sludge is the result of increased density of the viscous bile 
fluid, usually due to the presence of calcium bilirubinate gran-
ules or cholesterol crystals [1]. Sludge appears as internal echoes 
within the usually anechoic lumen of the gallbladder, resulting 
in a sludge-bile fluid level. Sometimes the presence of internal 
echoes within the gallbladder lumen may be related to rever-
beration artifact. Sludge, if present, will be seen as internal 
echoes within the gallbladder lumen that persist on multiple 
images taken from different angles. Due to its increased density 
relative to the bile, sludge will always layer dependently within 
the gallbladder, even when the patient is repositioned.

Sludge may coalesce into focal masses, referred to as sludge 
balls or tumefactive sludge, which can be mistaken for chole-
lithiasis, or a gallbladder tumor. While tumefactive sludge may 
be mobile like stones, it does not cause posterior acoustic shad-
owing and unlike gallbladder tumors, it is avascular on color 
Doppler imaging.

Patients may present with episodes of biliary colic, in which 
the cystic duct is temporarily occluded by a stone. Patients will 
usually present with pain as well as nausea and vomiting for a 
couple of hours. When the stone either passes into the bile duct 
or back into the gallbladder, relieving the obstruction of the 
cystic duct, the pain usually resolves [49].

In addition to biliary colic and acute cholecystitis, other com-
plications of gallstones include pancreatitis, choledocholithiasis, 
and gallstone ileus [49].

Cholecystitis
Occlusion of the cystic duct or gallbladder neck for a prolonged 
period of time can result in acute cholecystitis. Additional  
sonographic findings beyond the presence of cholelithiasis  
are required to diagnose acute cholecystitis. A sonographic 
Murphy’s sign is the presence of increased pain and tenderness 
when the transducer is placed over the gallbladder. The presence 
of gallstones and a positive Murphy’s sign has been shown  
to have a positive predictive value of 92% [49]. Additional  
findings include pericholecystic fluid, gallbladder wall thicken-
ing greater than 3 mm, and gallbladder enlargement (Figure 
145.18). Use of color Doppler ultrasound to evaluate the gall-
bladder wall may show hyperemia. The absence of stones and 
absence of a sonographic Murphy’s sign has been reported to 
have a negative predictive value of 95% [49]. Patients presenting 

underlying biliary obstruction leading to biliary stasis. On ultra-
sound, there may be wall thickening and debris within the 
biliary tree [46]. Hepatic abscess is a complication of cholangi-
tis, so the liver should also be evaluated for any focal lesions.

Sclerosing cholangitis may be idiopathic, but also may be 
associated with inflammatory bowel disease. Secondary scleros-
ing cholangitis may also occur from prior inflammatory pro-
cesses of the biliary tree such as choledocholithiasis. The 
inflammation of the biliary tree results in fibrosis and stricture 
formation. Due to stricture formation, biliary stasis occurs, 
which predisposes patients to infection and hepatic abscess for-
mation. Long-term complications include cirrhosis and liver 
failure. On ultrasound the bile ducts may be dilated, thickened, 
and tortuous. There may be features of cirrhosis with a nodular 
contour of the liver. Acquired immune deficiency syndrome 
(AIDS) related cholangitis may also present with these features 
[46].

Mirizzi syndrome is a rare condition in which a gallstone 
becomes impacted in the cystic duct or neck of the gallbladder 
causing compression of the common bile duct (CBD) or 
common hepatic duct, resulting in obstruction and jaundice.

Gallbladder

Anatomy
The gallbladder is usually located at the inferior edge of the right 
lobe of the liver, in the interlobar fissure. The interlobar fissure 
separates the left and right hepatic lobes. An intrahepatic gall-
bladder is a common variant, with the gallbladder located supe-
rior to the interlobar fissure. The gallbladder is filled with bile, 
which appears anechoic under ultrasound. The gallbladder is 
oval shaped, measuring up to 10 cm sagittally and 4  cm trans-
versely. Normal gallbladder wall thickness is 3 mm or less [1]. 
Folds in the gallbladder may also be present near the neck 
(junctional fold) or in the fundal region (Phrygian cap).

Ultrasound technique
Since the gallbladder contracts, ejecting bile when the patient 
eats, it is recommended that the patient fast for at least 6 hours 
prior to the exam to allow the gallbladder to be adequately 
distended for evaluation.

A 3 MHz to 5 MHz sector transducer is used to initially view 
the gallbladder either from a subcostal or intercostal approach 
from a supine position [1]. A higher linear frequency transducer 
can also be used to evaluate the gallbladder wall of the fundus 
for better resolution. The patient should be imaged in multiple 
positions, most commonly the supine and right side up decubi-
tus or erect positions, in order to evaluate for stones adequately. 
Stones may be obscured in one position, but demonstrable in 
the other position. Demonstrating the mobility of stones or 
sludge also requires imaging in more than one position. Care 
should be taken to adequately visualize the gallbladder neck for 
the presence of stones.
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Emphysematous cholecystitis is caused by the presence of gas 
forming organisms, and air may collect within the gallbladder 
wall, or the lumen. Unlike the sharply demarcated posterior 
acoustic shadowing caused by a gallstone, air will appear as 
echogenic foci causing dirty acoustic shadowing arising from 
the nondependent area of the gallbladder.

Bleeding may occur into the gallbladder as a result of acute 
cholecystitis or after interventional procedures, causing hemor-
rhagic cholecystitis or hemobilia. Focal perforation of the gall-
bladder usually occurs near the fundus, resulting in a 
pericholecystic collection or intrahepatic abscess. Unlike the 
crescentic fluid along the longitudinal axis of the gallbladder 
seen with uncomplicated cholecystitis, this fluid will be focal or 
loculated in appearance. The fluid may appear complex and 
have internal echoes suggestive of debris.

Acute cholecystitis is caused by acalculous cholecystitis in 5% 
to 10% of patients. These patients are quite sick and usually in 
the ICU. Risk factors include diabetes, vascular insufficiency, 
hyperalimentation, trauma, burn, or surgery [51]. Instead of a 
stone causing obstruction of the cystic duct, it is thought to be 
due to the increased bile viscosity from stasis causing functional 
obstruction of the gallbladder. The findings of distended gall-
bladder, gallbladder wall thickening, and pericholecystic fluid 
may be seen. Biliary scintigraphy has been reported to have 
significant false positive rates, with one study showing a specifi-
city of 38% [52]. If there is high index of suspicion for acalculous 
cholecystitis, patients should undergo cholecystostomy tube 
placement.

Chronic cholecystitis may be difficult to differentiate from 
acute cholecystitis by imaging. It is the result of chronic inflam-
mation due to cholelithiasis leading to fibrosis and gallbladder 
wall thickening. This wall thickening impedes the normal con-
tractility of the gallbladder and the gallbladder may appear con-
tracted [48]. Biliary scintigraphy may be helpful in differentiating 
acute from chronic cholecystitis and can evaluate gallbladder 
ejection function.

Gallbladder polyps
The most common type of gallbladder polyp is the cholesterol 
polyp, a nonneoplastic polyp. It is the result of cholesterolosis, 
in which cholesterol precursors deposit within the wall of the 
gallbladder. It is part of the hyperplastic cholecystoses, the other 
being adenomyomatosis. If numerous polyps are present, they 
can cause the appearance of a “strawberry gallbladder,” due to 
the mucosa being carpeted by the polyps. This is usually seen on 
pathologic specimens rather than on imaging. On ultrasound, 
single or multiple polyps can be detected. They are differentiated 
sonographically from gallstones by their lack of mobility and 
shadowing. There may be overlap in the gray scale appearance 
of a polyp and an adherent stone that is too small to cause pos-
terior acoustic shadowing. It has also been reported that many 
small polyps diagnosed at ultrasound are found to be small 
stones during cholecystectomy [53]. Internal vascularity may be 
identified, although commonly it is not seen in small polyps.

with abdominal pain not attributable to acute cholecystitis may 
demonstrate diffuse abdominal pain rather than a focal area of 
tenderness. When evaluating for a sonographic Murphy’s sign 
the examiner should ensure that the maximal pain is elicited 
when the transducer is over the gallbladder rather than the liver 
or epigastric area to avoid a false positive. Situations where a 
false negative sonographic Murphy’s sign occur include the 
prior administration of pain medication or a confused or 
obtunded patient. Patients with denervated gallbladders, either 
due to diabetes or gangrenous cholecystitis, can present without 
a sonographic Murphy’s sign. In addition when acute cholecys-
titis progresses to perforation in order to relieve the obstruction, 
pain may resolve.

It should be noted that the presence of pericholecystic fluid 
and gallbladder wall thickening are nonspecific findings. Wall 
thickening can be seen in acute hepatitis, ascites, congestive 
heart failure, and hypoalbuminemia [50]. A decompressed gall-
bladder may also show wall thickening. If findings are equivocal 
on ultrasound, biliary scintigraphy may be helpful.

Unrecognized or untreated cholecystitis may present with 
sloughed mucosal membranes, appearing as echogenic curvi-
linear foci within the gallbladder, focal ulcerations of the 
mucosa, and intramural abscesses.

Complications of acute cholecystitis include gangrenous  
and/or emphysematous cholecystitis, where the gallbladder wall 
becomes ischemic and necrotic. These patients only show a 
positive Murphy’s sign in 33% of cases [49]. When the gall-
bladder wall thickening of acute cholecystitis progresses to a  
multilaminar striated appearance of alternating hyperechoic 
and hypoechoic layers with internally sloughed membranes, 
this should prompt concern for gangrenous cholecystitis. 

Figure 145.18 Acute cholecystitis. A gallstone (calipers) is seen within the 
gallbladder neck causing posterior acoustic shadowing. There is associated 
pericholecystic fluid (arrow) and gallbladder wall thickening. A 
sonographic Murphy’s sign was present.
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cholelithiasis. There is an increased incidence of gallbladder 
carcinoma in patients with porcelain gallbladder, and patients 
with porcelain gallbladder should undergo cholecystectomy. It 
has been estimated that 10% to 25% of patients with porcelain 
gallbladder have gallbladder carcinoma [56].

Porcelain gallbladder can have a variable appearance on 
ultrasound depending on the degree of calcification present. 
Classically, only the anterior wall is seen, appearing as a thick 
echogenic crescent causing complete posterior acoustic shad-
owing such that the internal contents of the gallbladder and 
posterior wall are obscured. If the calcification is not as severe, 
then both walls may be appear echogenic.

Porcelain gallbladder may be difficult to differentiate from  
a contracted gallbladder filled with stones. The key to differen-
tiating between these two entities is the ability to demonstrate 
the gallbladder wall separate from the calcification, the so  
called “wall-echo-shadow sign.” The presence of a distinct non-
calcified wall favors a gallbladder full of stones. The diffuse 
shadowing on ultrasound caused by the gallbladder wall  
calcification limits evaluation for internal masses or abnormal 
gallbladder wall thickening, and tumors may be missed on 
ultrasound.

Gallbladder carcinoma
Gallbladder carcinoma often is an incidental diagnosis as clini-
cal symptoms can be quite nonspecific, presenting as abdominal 
pain, weight loss, or anorexia. Due to its indolent presentation, 
patients often present with advanced disease, resulting in a poor 
prognosis. Gallbladder carcinoma may also present as an inci-
dental finding during pathologic evaluation of a gallbladder 
removed during cholecystectomy. It has been estimated that 1% 

Other types of gallbladder polyps such as adenomatous ones 
are less common, larger in size, and usually solitary. They are 
found in 0.3% to 0.5% of cholecystectomy specimens [46]. 
Unlike cholesterol polyps, adenomas are true neoplasms, and 
those lesions have the potential of malignant transformation 
especially if they are larger in size. Once polyps reach 10 mm or 
larger, it is recommended that they be removed as the risk of 
malignant transformation to adenocarcinoma outweighs the 
risk of cholecystectomy [53]. Lesions below 10 mm have a low 
potential for malignant transformation [54]. It has traditionally 
been recommended that polyps between 5 mm to 10 mm should 
be followed yearly to ensure stability. A study by Corwin in 2011 
of 346 patients with gallbladder polyps who underwent sequen-
tial imaging for growth and malignant transformation found no 
neoplastic polyps less than 7 mm, and suggested no follow-up 
for polyps 6 mm or less [53]. Other features besides growth and 
size that may suggest malignancy include sessile appearance and 
associated gallbladder wall thickening [53].

Metastatic lesions may also present as gallbladder polyps. 
Melanoma is the most common malignancy to spread to the 
gallbladder, and polyps in these patients should be treated more 
conservatively [1]. Evaluation for liver metastases and lymphad-
enopathy should be performed as these may coexist with gall-
bladder metastases.

Adenomyomatosis
This entity is relatively common, seen in about 5% of cholecys-
tectomy specimens [55]. There is no potential for malignant 
transformation. There is no treatment for adenomyomatosis, 
but on occasion it may cause pain, and cholecystectomy may be 
performed to relieve the patient’s symptoms. Patients with ade-
nomyomatosis often have associated cholelithiasis.

Adenomyomatosis is the result of hyperplasia of the layers of 
the gallbladder walls and can be either focal or diffuse in its 
involvement. Sinuses form within the hyperplastic walls, called 
Rokitansky-Aschoff sinuses, where cholesterol crystals may 
deposit. The crystals within these sinuses cause a characteristic 
appearance under ultrasound. Best seen along the nondepend-
ent wall of the gallbladder, echogenic foci are present which 
produce a “comet tail” or “ring down” artifact posterior to the 
foci (Figure 145.19). It is best seen along the nondependent wall 
because the artifact projects into the gallbladder lumen and the 
anechoic bile within the gallbladder provides a nice contrast to 
the bright artifact. Artifacts arising from the sinuses along the 
dependent wall may be obscured.

If focal, adenomyomatosis may manifest as focal gallbladder 
wall thickening, typically within the fundus. However, because 
both may present with gallbladder wall thickening, focal adeno-
myomatosis may be difficult to differentiate from gallbladder 
carcinoma. MRI is useful in making this distinction by demon-
strating intramural cystic spaces and calculi [53].

Porcelain gallbladder
Calcification of the gallbladder wall is known as porcelain gall-
bladder. Patients with a porcelain gallbladder usually also have 

Figure 145.19 Adenomyomatosis. Characteristic “comet-tail” artifact 
(arrow) is seen originating from the nondependent wall of the gallbladder, 
projecting into the gallbladder lumen. This is related to the cholesterol 
crystals located within the gallbladder wall.
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Pancreas

Anatomy
The pancreas is comprised of multiple parts: the uncinate 
process, head, body, and tail. The pancreatic head and uncinate 
process are located just to the right of midline, anterior to the 
IVC, while the pancreatic body and tail cross over the aorta and 
superior mesenteric artery into the left upper quadrant extend-
ing into the splenic hilum. The pancreas usually lies posterior 
to the stomach, and the lateral segment of the left hepatic lobe 
may extend anterior to the pancreatic head. The tail of the pan-
creas abuts the splenic hilum. The splenic vein courses along the 
posterior pancreatic body and tail, joining the superior 
mesenteric vein to form the portal vein at the portosplenic 
confluence in the region of the pancreatic head. The uncinate 
process is located inferior to the pancreatic head, posterior and 
lateral to the superior mesenteric artery and vein. The common 
bile duct courses through the pancreatic head, emptying into 
the second portion of the duodenum with the pancreatic duct.

The maximum anterior-posterior (AP) dimension of the pan-
creas can be up to 3 cm in the pancreatic head, and 2.5 cm in 
the rest of the pancreas. A pancreatic duct diameter of 3 mm or 
less is normal. Both the pancreatic duct and common bile duct 
may dilate over the normal limits as patients age. In those cases, 
it is important to evaluate for and exclude an obstructing process 
such as a tumor or a stone that may alternatively cause the 
ductal dilation.

Ultrasound technique
Due to its location posterior to the stomach, the pancreas is a 
difficult organ to evaluate adequately under ultrasound. The 
presence of air within the stomach may cause artifactual shad-
owing that obscures structures deeper to the stomach such as 
the pancreas. If the left hepatic lobe extends anterior to the 
pancreatic head, it may act as an acoustic window to allow 
echoes to reach the pancreas so that it can be imaged. Likewise 
the spleen may also act as an acoustic window to evaluate the 
pancreatic tail and distal body. If feasible, it is recommended 
that the patient fast overnight, or for at least 6 hours, to limit 
the amount of gastrointestinal gas.

The best way image the pancreas is to use a subxiphoid 
approach with the patient in a supine position. The left hepatic 
lobe may act as an acoustic window to visualize the pancreas if 
it is located superficial to the pancreas. If stomach gas is present 
causing artifact, a right subcostal approach may also be used in 
an attempt to avoid overlying bowel gas. The patient may be 
placed in the left lateral decubitus position in order to achieve 
better images from a right subcostal approach.

The most visible portion of the pancreas if not obscured by 
gastrointestinal gas is the pancreas in the region of the port-
osplenic confluence. Using vessels as landmarks, by following 
the distal splenic vein and the proximal portal vein to their 
confluence, the pancreatic head may be visualized (Figure 
145.21).

of patients undergoing cholecystectomy will have an incidental 
carcinoma [56].

Cholelithiasis is a risk factor in the development of gallblad-
der carcinoma as the stones cause chronic irritation and inflam-
mation of the gallbladder wall. Congenital anatomic anomalies 
including the presence of a choledochal cyst, low insertion of 
the cystic duct, and abnormal junction of the pancreatic and 
common bile duct also predispose patients to gallbladder carci-
noma. Patients with primary sclerosing cholangitis also may 
show increased risk [56].

Gallbladder carcinoma can have a variable appearance on 
ultrasound. They may present as an area of focal gallbladder wall 
thickening, an intraluminal polypoid mass (Figure 145.20), or 
a mass replacing the gallbladder. Wall thickening is a nonspe-
cific finding but it has been suggested that gallbladder wall 
thickening greater than 1 cm with associated mural irregularity 
should prompt concern for malignancy or complicated chole-
cystitis [56].

Patients may present with acute symptoms suggestive of acute 
cholecystitis and there may be difficulty in differentiating 
between the two entities if there is no distinct mass. The pos-
sibility of an abnormal gallbladder being related to gallbladder 
carcinoma rather than acute cholecystitis should be discussed 
with the referring clinician so that during cholecystectomy a 
wider excision can be performed to provide for adequate nega-
tive margins.

Evaluation of the adjacent liver should be performed to 
search for direct extension of the tumor. Liver metastases or 
nodal metastases could also be present and should be evaluated 
for as well.

Figure 145.20 Gallbladder adenocarcinoma. A 1.2 cm polypoid mass 
(calipers) is seen along the nondependent wall of the gallbladder 
projecting into the gallbladder lumen. Interrogation with color Doppler 
(not shown) showed internal vascularity within the mass, confirming a 
solid mass.

1.21 cm TRV GB -MS
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tions of acute pancreatitis should be performed with CT [58]. 
Ultrasound has limited utility in the evaluation of pancreatic 
necrosis. Ultrasound may be used as an adjunct to monitor 
complications so as to avoid further radiation exposure. Vascular 
complications include splenic or portal vein thrombosis as well 
as splenic artery aneurysm. Doppler and gray scale ultrasound 
can be used to evaluate the size and patency of these vessels. 
Focused evaluation for peripancreatic or left upper quadrant 
fluid collections can also be performed. Ultrasound is useful to 
guide drainage of such collections.

In chronic pancreatitis, pancreatic atrophy, ductal dilation, 
and parenchymal calcifications may be seen (Figure 145.22). It 
is important to evaluate if these findings are focal such as an 
abrupt cutoff of the pancreatic ductal dilation or the presence 
of an isolated cluster of calcification as these findings could 
suggest a more sinister process as the cause, such as pancreatic 
adenocarcinoma. Stones within the dilated pancreatic duct may 
also be seen.

Pancreatic tumors
Pancreatic adenocarcinomas can appear as focal masses within 
the pancreas or be more infiltrative in appearance, especially if 
large. Tumors are typically hypoechoic relative to the normal 
pancreatic parenchyma. Again features such as focal pancreatic 
atrophy, calcifications, or ductal dilation should be treated with 
suspicion and careful evaluation for a mass lesion should be 
performed. Masses within the pancreatic head may also cause 
common bile duct dilation as well as pancreatic ductal dilation 
– the so called “double duct” sign. Pancreatic adenocarcinoma 
may also affect the pancreatic vasculature. If a mass is suspected, 
patency of the superior mesenteric, splenic, and portal vessels 

The echogenicity or the gray scale appearance of the pancreas 
may vary among patients. The degree of fatty replacement 
within the pancreas affects its echogenicity. The normal pan-
creas may be isoechoic or slightly hyperechoic relative to the 
liver (see Figure 145.21). With fatty replacement, the pancreas 
may become more echogenic, sometimes such that it is difficult 
to differentiate it from the surrounding retroperitoneal fat. In 
this situation, vascular landmarks may be helpful in localizing 
the pancreatic head.

The pancreatic duct and common bile duct can be seen on 
ultrasound within the pancreatic parenchyma. On transverse 
images of the pancreas, the pancreatic duct may appear as either 
a single echogenic line or two parallel lines (a tram-track 
appearance) within the pancreatic body located anterior to the 
splenic vein and portosplenic confluence. The common bile 
duct will appear as a round anechoic structure within the pan-
creatic head, located to the left of the portosplenic confluence 
on transverse images.

Pancreatitis
The main purpose of a right upper quadrant ultrasound in a 
patient diagnosed with acute pancreatitis is to evaluate for the 
presence of gallstones or common bile duct stones as a cause of 
the patient’s pancreatitis. Ultrasound features of acute pancrea-
titis include diffuse enlargement, heterogeneity, and hypoecho-
genicity of the gland. Peripancreatic fluid may be seen [57]. 
However, the ultrasound appearance of acute pancreatitis may 
also be normal. Therefore, a normal appearance of the pancreas 
on ultrasound does not exclude the diagnosis of pancreatitis.

Since evaluation of the entire pancreas is almost always dif-
ficult secondary to gastrointestinal gas, detection of complica-

Figure 145.21 Normal pancreas. The pancreatic head and proximal body 
(P) are located posterior to the left hepatic lobe (L) and anterior to the 
aorta (A). The splenic vein (S) is seen, emptying into the porto-splenic 
confluence (V). The pancreas is slightly hyperechoic to the liver.

L

P

V

A

S

Figure 145.22 Chronic pancreatitis. The pancreas is echogenic, but unlike 
the normal pancreas (Figure 145.21), it is replaced by numerous discrete 
echogenic foci (arrows) representing diffuse parenchymal calcification, a 
common sequela of chronic pancreatitis.
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with fluid, wall thickening may be better evaluated with ultra-
sound. Therefore, as with sonographic evaluation of the other 
abdominal organs, fasting for 6 hours or more is recommended 
to minimize bowel gas artifact.

For screening purposes, a 2 MHz to 5 MHz curved transducer 
is initially used to survey the abdomen and to perform a focused 
exam over any focal areas of pain or tenderness. If an abnormal-
ity is found within the bowel, the operator should switch to a 
higher frequency linear transducer (7.5 MHz to 13 MHz) in 
order to gain better resolution in evaluating the bowel. As 
switching to a higher frequency transducer limits penetration, 
this strategy works best for relatively superficial loops of bowel, 
such as the appendix and in thin patients.

Indications
The most common indications for focused sonographic evalu-
ation of the bowel occur in the pediatric population in the 
diagnosis of appendicitis and intussusception. Both are used as 
first line imaging to avoid radiation exposure produced by CT 
or abdominal x-ray/fluoroscopy.

Appendicitis
To diagnose appendicitis, the appendix must first be visualized. 
A blind ending tubular structure typically in the right lower 
quadrant is identified (Figure 145.23). The abnormal appendix 
will have a diameter of 7 mm or greater and pain will be elicited 

should be assessed as tumor may occlude, extend into, narrow, 
or encase these vessels. Metastatic peripancreatic lymph nodes 
may also be seen separate to the mass, but have a similar sono-
graphic appearance to the primary tumor.

Islet cell tumors may also present as hypoechoic masses on 
ultrasound. Twenty percent contain calcification [1]. Due to 
their hyperfunctioning status as in insulinomas or gastrinomas, 
they may cause symptoms leading to their early discovery when 
small. Nonfunctioning islet cell tumors, on the other hand, may 
present later with larger masses and with metastatic disease.

Cystic pancreatic neoplasms can be divided into macrocystic 
lesions and microcystic lesions. Macrocystic lesions include 
mucinous cystadenomas and cystadenocarcinomas. These 
mucinous tumors appear as well defined cystic masses on ultra-
sound. They are most commonly found within the pancreatic 
body and tail in middle aged women. There may be internal 
septations and calcification present; the presence of mural nod-
ularity or solid components is suggestive of a malignant tumor. 
Microcystic lesions include serous cystadenoma. These are 
benign lesions usually found in the pancreatic head in middle 
aged women. If the cysts are small, this neoplasm may appear 
as a solid mass on ultrasound. If the cysts are larger, in the range 
of 1 cm, ultrasound may resolve the cysts and the lesion may 
appear as a multicystic mass. They usually are large and well 
defined.

Masses incidentally seen on ultrasound should be referred  
to CT for further characterization. In addition, CT is the modal-
ity of choice in determining the resectability of a pancreatic 
tumor. Ultrasound is a useful modality to guide a pancreatic 
biopsy.

Gastrointestinal tract

Anatomy
The bowel has a multi-laminar appearance of alternating hyp-
oechoic and hyperechoic layers under ultrasound correlating to 
the various tissue layers of bowel. This appearance is referred to 
as “gut signature.” The superficial mucosa, the inner-most layer, 
is typically hyperechoic, whereas the deeper muscularis mucosa 
is hypoechoic. Next a hyperechoic layer separates the muscula-
ris mucosa from the hypoechoic muscularis propria. The outer-
most layer, the serosa, is hyperechoic [59]. All of these layers 
may not be seen consistently when imaged, but this multilami-
nar appearance is typical of bowel. The typical bowel wall thick-
ness is 2 mm to 4 mm.

Ultrasound technique
The use of ultrasound in the diagnosis of intestinal abnormali-
ties is limited by the presence of intraluminal air which can 
cause significant artifact, obscuring the walls of the bowel. 
Bowel wall thickening is a nonspecific finding, but may be seen 
in appendicitis, diverticulitis, and infectious or inflammatory 
enteritis or colitis. When the bowel is decompressed or filled 

Figure 145.23 Acute appendicitis. Dilated, blind ending tubular structure 
in the right lower quadrant (arrows denote the blind end). The appendix 
is dilated, measuring 9 mm. Note the multilayered appearance of the 
appendix, with inner hypoechoic layer, echogenic middle layer, and 
hypoechoic outer layer (arrowheads), compatible with gut signature. The 
middle layer is thickened, compatible with edema. The patient 
experienced tenderness to transducer pressure. Pathology confirmed acute 
appendicitis. Note that the image was obtained with a linear transducer 
which provides higher resolution for superficial structures.
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Other causes of bowel wall thickening
In adults, abdominal ultrasound is not routinely used in the 
evaluation of small or large bowel pathologies in the United 
States. However, in the course of imaging the solid organs of the 
abdomen, the bowel may be imaged and bowel pathologies may 
be manifested by bowel wall thickening or dilation. Bowel wall 
thickening is a nonspecific finding and can be seen in diverticu-
litis, inflammatory bowel disease, and infectious enteritis or 
colitis. These etiologies may be accompanied by pain when the 
transducer is placed over the site. As with appendicitis, once 
diverticulitis or inflammatory bowel disease is suspected, evalu-
ation for adjacent collection or abscess should be performed. 
Small bowel dilation and fluid filled bowel may be seen in small 
bowel obstruction.

Peritoneal cavity

Besides evaluation of the solid organs, ultrasound can be used 
to evaluate the peritoneal cavity for fluid. Common indications 
include the evaluation for ascites or focal fluid collections such 
as abscesses or hematomas. Solid peritoneal masses such as 
omental implants or mesenteric lymph nodes can be seen with 
ultrasound on occasion. While these masses are better detected 
with CT, ultrasound can be used to locate and target these 
lesions for biopsy once diagnosed.

Intraperitoneal fluid
Simple free fluid as in transudative ascites from congestive heart 
failure or cirrhosis is anechoic, or completely black, on ultra-
sound. More complex free fluid, containing higher amounts of 
protein, such as in malignant ascites, bacterial peritonitis, or 
intraperitoneal hemorrhage, may appear hypoechoic with low 

upon manual compression over the appendix. The abnormal 
appendix will not be compressible or show peristalsis. The 
appendix may exhibit a “target sign” on transverse images with 
a hypoechoic center, thickened hyperechoic middle layer, and 
hypoechoic outer layer. Hyperemia may be demonstrated on 
color Doppler. An appendicolith may also be present, seen as 
an echogenic focus within the lumen of the appendix causing 
posterior acoustic shadowing. The adjacent mesenteric fat may 
be inflamed and will appear abnormally echogenic around the 
appendix [59]. When appendicitis is suspected, evaluation  
for free fluid or focal fluid collections in the region of the  
appendix should be performed. A fluid collection centered 
around the appendix may suggest perforation with periappen-
diceal abscess.

Intussusception
Intussusception is one of the most common and most serious 
causes of abdominal pain in children. Children between the 
ages of 6 months to 2 years are typically affected. Patients 
present with colicky abdominal pain and bloody stool, giving 
the stool a “currant jelly” appearance. Patients may also present 
with an abdominal mass in the area of intussusception [60]. 
Intussusception occurs when one part of the bowel telescopes 
into an adjacent part of bowel. Transient intussusceptions may 
occur; complications and symptoms occur when intussuscep-
tions persist. In children, the most common type of intussuscep-
tion is an ileocolic intussusception. Mostly thought to be 
idiopathic, there may be a lead point in the involved bowel that 
may predispose the bowel to intussusception. In children it is 
thought to be related to lymphoid tissue hyperplasia in the 
terminal ileum. In older patients, this may be related to a mass 
such as a lipoma, or a tumor. Intussusceptions must be reduced 
in order to avoid complications such as bowel ischemia and 
obstruction.

Regardless of the location of the intussusception (colo-colic, 
ileo-colic, or small bowel intussusception), the ultrasound 
appearance of the intussusception remains the same. On trans-
verse images, the mass created by the intussusception has a 
donut-like, or target-like appearance with multiple concentric 
rings. The intussuscipiens (receiving segment) is located on the 
outside and the intussusceptum (the telescoping bowel) in the 
center. Usually the intussusceptum is accompanied into the 
intussusception by adjacent mesenteric fat and vasculature. 
Together the two segments of bowel yield two hypoechoic con-
centric rings, separated by a hyperechoic rim of mesenteric fat 
[59]. Sagittal images will show the intussusceptum partially 
enveloped by the intussuscipiens (Figure 145.24).

Once a diagnosis of intussusception has been made on ultra-
sound, the pediatric patient is usually referred for air reduction 
enema. Ultrasound can be repeated once the intussusception is 
reduced to monitor for recurrence. In children with long stand-
ing intussusception with the possibility of complications or in 
adult patients with underlying masses, surgery may be required 
to reduce the intussusception and resect the predisposing mass.

Figure 145.24 Ileocolic intussusception in the sagittal plane. A segment of 
bowel, the intussusceptum (arrows) is seen telescoping into an adjacent 
segment of bowel, the intussuscipiens (S). Note the associated bowel wall 
thickening (hypoechoic layer) of the intussusceptum.

S

S

S
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Due to the presence of internal debris within the abscess, the 
lesion may not show increased through transmission, and there-
fore may mimic a solid mass. Use of color Doppler may help 
differentiate solid from fluid containing masses. Internal vascu-
larity will confirm the presence of a solid mass, although the 
lack of internal vascularity found within a lesion does not 
exclude a solid mass. A mass deep within the peritoneal cavity 
or a hypovascular mass may not show internal vascularity due 
to its deep location relative to the transducer.

Evaluation for a focal fluid collection is limited by the avail-
ability of sonographic windows. In postoperative patients with 
drains, open wounds, and bandages who cannot move, the 
ability to image the region of interest may be hampered and 
collections can be missed. Overlying bowel gas may also obscure 
the collection. In these cases, CT should be performed to com-
pletely evaluate the peritoneal cavity for such collections.

Peritoneal masses
There is limited utility of ultrasound in the diagnosis of perito-
neal masses when compared to CT. However, in cases of sus-
pected peritoneal carcinomatosis with peritoneal or omental 
implants on CT, ultrasound may be useful in the targeting of 
such lesions for tissue confirmation. The omentum is a fat con-
taining structure deep to the anterior abdominal wall, attaching 
like an apron over the transverse colon. The normal omentum 
appears as homogeneous echogenic tissue posterior to the 
abdominal wall musculature. Solid omental implants will appear 
as solid hypoechoic masses disturbing this homogeneity. 
Peritoneal carcinomatosis manifested by stranding within the 
omentum on CT will not be seen under ultrasound as there will 
not be sufficient soft tissue tumor to distinguish it from the 
hyperechoic omentum on ultrasound.

In patients with inflammatory conditions of the bowel or 
mesentery, such as appendicitis, Crohn’s disease, or mesenteric 
adenitis, enlarged mesenteric lymph nodes may be visualized 
with ultrasound.

Intraoperative sonography

Due to its portability, sonography can be used in the operating 
room to provide real time imaging guidance to the surgeon. The 
most common organs evaluated in the operating room are the 
liver and the pancreas. Due to the ability to image the organ of 
interest directly without intervening soft tissue or air, there is 
significantly improved ability of ultrasound to resolve lesions as 
little as 2 mm as compared to lesions in the 5 mm to 10 mm 
range on preoperative ultrasound imaging [61]. Dedicated 
transducers with sterile probe covers are used. The ideal trans-
ducers have a small footprint and allow for flexible positioning. 
Commonly used probes include the fingertip probe and the 
hockey stick probe owing to their handling and shape, respec-
tively. With the fingertip probe, the user is able to mount the 
probe onto his or her finger, guiding the transducer over the 

level internal echoes (Figure 145.25). Internal septations may 
also be present suggesting the complexity of the fluid. It is dif-
ficult to separate between these different etiologies of complex 
fluid by ultrasound given their similar appearance. Clinical 
history is usually helpful in differentiating between these 
pathologies. However, fluid aspiration may be required for 
definitive characterization.

Free fluid may be seen incidentally in the course of evaluating 
the solid organs. Fluid tends to collect in the dependent most 
portion of the peritoneal cavity, typically the hepatorenal fossa, 
also known as Morrison’s pouch. Other common areas to visual-
ize fluid include the pelvis adjacent to the bladder, between 
bowel loops, and adjacent to the liver and spleen. When a 
patient is referred for evaluation of ascites or marking for para-
centesis, a four quadrant approach is usually performed, target-
ing these common areas of fluid accumulation.

Intraperitoneal fluid collections
When an area of intraperitoneal fluid has a definable border or 
does not move with patient positioning, a focal fluid collection 
should be considered. Specific types of fluid collections include 
abscesses, seromas, or hematomas. Along with the clinical 
history and patient’s symptoms, the internal echogenicity of the 
lesion may help to characterize the fluid collection, much like 
the internal echogenicity of free intraperitoneal fluid helps to 
separate transudative ascites from exudative ascites. Seromas 
are usually filled with simple fluid, appear anechoic, and will 
show increased through transmission typical of fluid containing 
structures. Hematomas may appear heterogeneous, with hyper-
echoic areas or lace-like internal septations. Abscesses may have 
internal echoes, thickened walls, and surrounding hyperemia. 

Figure 145.25 Exudative ascites surrounding loops of bowel (arrows) in 
the left lower quadrant. Instead of the fluid being anechoic, note internal 
echoes within the fluid, suggesting complex free fluid (H). In this patient, 
it was caused by hemoperitoneum.

H
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creatic masses, especially in small lesions such as the islet cell 
tumors.
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organ using only his or her fingertips. Tactile sensation is an 
important intraoperative tool that the surgeon uses to guide the 
procedure; use of a fingertip ultrasound probe provides corre-
sponding imaging information over the area in question. Typical 
frequencies of a fingertip probe are 5 MHz to 10 MHz range. 
Hockey stick probes are shaped like their name implies; which 
allows flexibility in positioning of the tip and ability to image 
tight locations. Frequencies are higher than the fingertip probe, 
usually between 7 MHz to 13 MHz, allowing for better resolu-
tion. Hockey stick probes are commonly used to image small 
parts and vascular flow [62].

Common indications for intraoperative sonography of the 
liver include: survey for primary and metastatic lesions; guid-
ance for tumor resection, biopsy, or ablation; evaluation of 
vessel patency and vascular anatomy; and evaluation for extra-
hepatic disease [61]. Common indications for intraoperative 
ultrasound of the pancreas include evaluation of masses and 
their resectability. This is especially useful for nonpalpable pan-
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CHAPTER 146

Introduction

Endoscopic ultrasonography (EUS) is an established diagnostic 
and therapeutic modality in gastroenterology with increasing 
widespread use. Although most gastroenterologists are not 
trained in the practice of EUS, it is important that they all 
understand the principles of the technique and the indica-
tions (diagnostic and therapeutic) for EUS to offer optimal 
patient care.

This chapter outlines the principles of EUS, provides a brief 
overview of the equipment, and details the indications for EUS 
in commonly encountered clinical scenarios. Particular atten-
tion is paid to the role of EUS and EUS-guided tissue sampling 
in relation to other imaging modalities. This is not a compre-
hensive chapter on the practice of endosonography and the 
authors recommend that anyone interested in learning EUS 
should review textbooks dedicated to the practice of EUS and 
to seek out an established EUS training program.

Technical considerations

Basic properties of sound waves
EUS is the addition of an ultrasound transducer to the tip of  
an endoscope, which allows ultrasound-generated imaging of 
the gastrointestinal tract and adjacent anatomical structures. 
The ability to image in real time from inside the gastrointestinal 
tract has led to diagnostic and therapeutic indications. A basic 

knowledge of the principles of ultrasonography is required to 
understand EUS. Chapter 145 is a detailed review of sonogra-
phy, and this section reviews those ultrasound principles related 
to EUS generation and interpretation.

Sound is mechanical energy generated in the form of  
vibrations as they propagate through a medium such as air, 
water, or tissue [1]. The frequency of a sound wave is measured 
in Hertz (1 Hz  =  1 cycle/s) and the ultrasound frequency 
used in medical technology is in the range 1–30 MHz 
(1 MHz  =  1 000 000 cycles/s). The velocity of an ultrasound 
wave is a product of the frequency and wavelength, and the 
velocity in a specific tissue depends on the acoustic impedance 
of that particular tissue. Hence, each tissue, based on its density 
and elastic properties, propagates sound waves at a particular 
velocity. Tissues with similar acoustic impedance will propagate 
similar amounts of sound waves, whereas tissues with different 
acoustic impedance will reflect the majority of sound waves. 
Air, bone, and fat have different acoustic impedances compared 
with soft tissue [2].

Ultrasound waves interact with tissue in four ways: reflection, 
refraction, scattering, and absorption:
• Reflection is when the sound wave strikes a surface at a non-

perpendicular angle and is thus reflected at an angle equal to 
the angle of incidence. If a sound wave encounters a medium 
interface with different acoustic impedance, a proportion of 
the ultrasound waves will be reflected back to the transducer 
while the remainder of the waves will be transmitted to the 
second medium.
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Principles of imaging
It is important that the endosonographer has a basic under-
standing of the characteristics involved in determining image 
quality and the various modes available for imaging. These char-
acteristics include resolution and artifacts of imaging, and 
modes such as A-mode and B-mode scanning, and Doppler.

Spatial resolution (the ability to discriminate two points as 
separate) is vital for quality imaging. Axial resolution is the 
ability to discriminate between two points along the beam path 
and is dependent on the frequency of the ultrasound wave. Axial 
resolution is the most important property in imaging the layers 
of the gastrointestinal tract. Lateral resolution is the ability to 
discriminate between two points in the same plane perpendicu-
lar to the transmitted ultrasound wave [1]. To achieve optimal 
lateral resolution, the ultrasound beam from the object of inter-
est must lie in the narrowest portion, termed the focal zone. 
Radial echoendoscopes have a fixed focal zone (1.5 cm–3.5 cm), 
which requires that the operator manipulate the EUS endoscope 
such that the target being imaged is located within the focal 
zone. Electronic array echoendoscopes have a variable fixed 
focal zone that is adjusted using the processor [2].

Since EUS imaging and interpretation are performed in real 
time, the endosonographer must be able to recognize image 
artifacts. Ultrasound waves can interact with adjacent tissue and 
fluid to create artifacts of imaging. An artifact is any phenom-
enon that does not accurately represent the target being imaged. 
The most common image artifacts are listed in Box 146.1, and 
several of these are reviewed further on. A trained endosonog-
rapher must accurately identify and interpret such artifacts, so 
as to provide an accurate assessment of the ultrasound image 
and procedure.

Reverberation can occur when a single ultrasound beam is 
bounced back and forth between the transducer and a highly 
reflective surface until the signal is attenuated beyond detection 
of the processor. This can result in a false image deep to the true 
image; this artifact can be mitigated using TGC [1,2]. Acoustic 
shadowing occurs when a large impedance mismatch is encoun-
tered by the ultrasound wave, and there is intense hyperechoic 
reflection at the surface associated with an anechoic signal 

• Refraction is the amount of bending the transmitted wave 
experiences. This occurs when there is a difference in the 
acoustic velocities of the incident and transmitted mediums, 
and is analogous to light traveling through a prism.

• Scattering occurs when a propagating ultrasound wave inter-
acts with different components in a tissue that are smaller 
than the wavelength and with different acoustic impedance 
than the propagating medium. When scattering occurs, only 
a small portion of the scattered wave is reflected back to the 
transducer. Examples of scatterers include collagen, fat 
goblets, and individual cells [1].

• Absorption is when tissue assimilates the ultrasound wave 
and generates heat. Higher frequencies cause more tissue 
vibration resulting in greater absorption of the ultrasound 
energy and more heat generation.

Components of an echoendoscope
The main components of an EUS system include the transducer, 
processor, and display monitor. A transducer is a device that 
generates the ultrasound pulse by converting electrical energy 
into mechanical energy. The piezo ceramic element is the com-
ponent responsible for the conversion of energy. The piezo elec-
tric crystals vibrate when an electrical impulse is applied to 
them, generating an ultrasound wave that is propagated toward 
the surrounding tissue. A proportion of the ultrasound waves 
are reflected back to the transducer and subsequently converted 
back into an electrical impulse that is processed and displayed 
as an image on the monitor. The intensity of the returning 
echoes determines the brightness of the pixels on the screen, 
thus generating shades of black and white [2].

There are two types of the transducers, single element and 
phased array. Single-element transducers are mechanically 
rotated 270°–360° on an axis that is perpendicular to the axis of 
the endoscope; these are referred to as mechanical echoendo-
scopes. This is in contrast to phased-array transducers, where 
the piezo ceramic crystals are stimulated by electric pulses 
sweeping along the long axis of the endoscope; these are referred 
to as electronic echoendoscopes [2].

The processor controls the transducer and amplifies the 
returning signal. When a transducer is perpendicular to the 
reflected waves, the greatest quantity of echoes are garnered by 
the transducer and the resulting image is optimized. As a result 
of scattering and absorption (see previous section for details), 
echoes that are returning to the transducer from greater dis-
tances are attenuated. These weak signals may require amplifica-
tion (i.e., time gain compensation [TGC]). TGC allows the EUS 
operator to adjust the amplification (gain) of the signal at 
varying distances from the transducer. Increasing the gain will 
increase detection of weak echoes while sacrificing resolution 
[2]. The operator can also increase the frequency of the ultra-
sound, which improves the resolution of the image. However, 
higher frequencies result in greater ultrasound wave absorption 
and decreased penetration, which leads to a reduced range of 
imaging.

Box 146.1 Artifacts of ultrasound imaging.

Reverberation: multiple reflections between transducer and a strongly 
reflective surface

Reflection (mirror image): an air–water interface acts as a mirror, 
placing image at deeper depth than in reality

Refraction: difference in the acoustic velocities of the incident and 
transmitted mediums, resulting in objects placed erroneously at 
locations different from their true location

Acoustic shadowing: large impedance mismatch results in hyperechoic 
signal at interface and anechoic signal beyond interface

Acoustic enhancement: enhancement of structure beyond a fluid-filled 
structure

Side-lobe artifacts: a hyperechoic signal within an anechoic structure 
that disappears with scope repositioning
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beyond the interface. Acoustic shadowing is a phenomenon 
often seen when imaging calcified lesions, such as in chronic 
pancreatitis or gallstones. Acoustic enhancement is the relative 
increase in ultrasound transmission in structures beyond a 
fluid-filled structure, and is due to less attenuation of the ultra-
sound wave as it travels through a fluid-filled structure in com-
parison to the surrounding tissues. This is commonly seen in 
the gallbladder, urinary bladder, vascular structures, and cysts 
[2]. The mirror image artifact occurs in the setting of a highly 
reflective surface behaving as a mirror. The EUS machine places 
the image at a deeper depth than in reality, and is commonly 
seen when visualizing the rectum or intraluminal gas in the 
rectum.

Scanning is the processing of the received signal, which can 
be visualized in several imaging modes. The received signal is 
amplified (A-mode, or amplitude mode) by the processor to 
yield an A-mode signal. Most clinicians do not image using 
A-mode but it forms the basis of the most common type of 
imaging, B-mode (brightness mode). B-mode scanning is 
created by processing a series of A-mode signals, the amplitude 
of the signal being reflected by the brightness of the dot on the 
display monitor. EUS systems generate images from a com-
pound B-mode scan [1].

Doppler is a feature available on all EUS processors and takes 
advantage of the Doppler shift phenomenon. This states that an 
object in motion relative to the transducer will reflect an ultra-
sound wave at a different frequency relative to the frequency 
transmitted by the transducer. Hence, the returning wave 
reflected from an object moving toward the transducer will 
contain a higher frequency, and vice versa. The most common 
application of Doppler is imaging of blood flow, and assisting 
in the identification of blood vessels. Continuous-wave Doppler 
is the simplest configuration of Doppler ultrasound, consisting 
of a receiving and transmitting transducer. However, continuous-
wave Doppler does not provide information about the depth at 
which the movement is occurring. Pulsed-wave Doppler con-
sists of a single transmitting and receiving transducer that emits 
and receives a lengthy pulse wave and uses electronic gating to 
calculate depth information. Using pulse-wave Doppler with 
B-mode imaging is called duplex scanning. Color Doppler com-
bines the principles of pulse-wave Doppler and shades of red or 
blue to reflect the relative velocities of blood flow. Immobile 
objects are represented on gray-scale B-mode imaging, and on 
this background, information regarding direction and relative 
velocity of blood flow are obtained. Power Doppler is the most 
sensitive Doppler for detecting blood flow, providing informa-
tion on the presence of blood flow but no information on the 
relative velocity or direction of blood flow [1].

Equipment

Echoendoscopes can be broadly classified into two types, radial 
(or sector) and linear (convex array); each type is available with 

either a mechanical or electronic transducer. A variety of EUS 
catheter probes are available for imaging of small submucosal 
lesions and from within the biliary and pancreatic ducts. Along 
with the echoendoscope, the standard equipment must include 
an EUS processor, balloons, and needles for tissue sampling if 
fine-needle aspiration (FNA) is planned. This section focuses on 
the main types of echoendoscope and their uses. It does not 
focus on the specific competing products available for purchase 
in the market (Figure 146.1a–c).

Radial echoendoscopes
Radial echoendoscopes provide circumferential views at right 
angles to the echoendoscope. The mechanical radial echoen-
doscope has been the workhorse of EUS by providing cross-
sectional anatomical images with a 270°–360° field of imaging 
coupled with an oblique-viewing endoscope. Current genera-
tions of radial echoendoscope include electronic array with 
oblique or forward-viewing endoscopic optics. The electronic 
technique allows for the addition of Doppler to the radial ech-
oendoscope. A balloon is situated over the transducer tip to 
allow for water-filled acoustic coupling to the wall of the gas-
trointestinal tract, and imaging can be performed at a variety 
of frequencies from 5 MHz to 20 MHz with a range of up to 
12 cm (Figure 146.1a). Typically, radial echoendoscopes are 
used for evaluation of gastrointestinal cancer staging, mucosal 
and subepithelial lesions, bile duct stones, and periampullary 
lesions.

Linear echoendoscopes
The linear echoendoscope provides an imaging view analogous 
to transabdominal ultrasonography. The ultrasound waves are 
transmitted in the same axis as the long shaft of the transducer, 
which allows for real-time therapeutic intervention, most com-
monly FNA. By advancing the FNA needle in the plane of the 
ultrasound wave, the endosonographer can visualize the needle 
in real time as it is inserted into the lesion for cellular acquisi-
tion. The linear echoendoscope has a 120°–180° field of imaging, 
and biopsy channel diameters range from 2.0 mm to 3.8 mm 
(therapeutic) (Figure 146.1b). The therapeutic channel has 
enabled significant advances in interventional EUS.

Catheter probes
Ultrasound probes vary in their design and capabilities. They 
consist of a flexible shaft with a central wire that drives the rota-
tion of the mechanical transducer at the tip. The transducer is 
surrounded by oil, which provides the acoustic interface with 
tissue, providing a 360° view. Techniques to improve probe-
based imaging include close apposition of the probe to tissue 
with air aspiration; instillation of liquid into the gut lumen; use 
of a condom over the tip of the endoscope; and use of a balloon 
sheath over the probe. Catheter probes are available in various 
diameters (2–2.9 mm) and frequencies (12–30 MHz) [3–5]. A 
2.9 mm guidewire-based EUS probe is available with imaging at 
20 MHz that can be advanced via a side-viewing duodenoscope 
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Figure 146.1 Types of echoendoscopes. (a) Radial imaging electronic 
echoendoscope. (b) Linear (convex array) echoendoscope. (c) Over-the-
wire esophagoprobe.

(a)

(b)

(c)

into either the biliary or pancreatic duct for intraductal imaging. 
The most common applications for catheter-based probes 
include assessment of small superficial lesions of the gastroin-
testinal tract, evaluation of submucosal nodules, and examina-
tion of pancreaticobiliary ductal pathology including 
choledocholithiasis and ductal strictures.

FNA needles and techniques
Various standard FNA needles are available for use, ranging 
from 19-guage to 25-guage. The 22-guage and 25-guage needles 
are most often employed for FNA sampling and the 19-guage 
needle is most often employed for obtaining larger samples, 
such as core biopsies, and therapeutic interventions, such as 
celiac plexus neurolysis and pancreatic pseudocyst drainage. 
The 19-guage needle can accommodate a standard guidewire 
for interventional procedures. There is no single needle diam-
eter or technique that is proven to result in higher cytological 
yield [6].

There has been increased interest in recent years to improve 
the amount and quality of tissue obtained with FNA needles, 
leading to development of different needles and sampling tech-
niques. In particular, a distinction is now made between fine 
needle aspiration (FNA) using standard needles and fine needle 
biopsy (FNB) using core biopsy needles. However, comparisons 
of the needle gauge have shown that the needle size (smaller vs. 
bigger gauge) does not influence the diagnostic yield [1]. The 
EUS Tru-Cut biopsy needle (Quickcore, Cook Medical, 
Winston-Salem, NC, USA) is designed to provide core tissue 
sampling through a linear echoendoscope, including benign 
liver parenchyma [2] (as an alternative to percutaneous liver 
biopsy). However, this needle is soon to be removed from the 
market. A relatively newer core biopsy needle (Cook Medical, 
Winston-Salem, NC, USA), 25-, 22- or 19-guage, has been 
shown in randomized trials to lead to comparable accuracy for 
cytologic diagnosis of solid pancreatic masses [3,4], with fewer 
number of passes [3,5] (including one study demonstrating high 
single pass yield even with smaller 25-guage needle [6]) but 
varying results on sample quality [4].

The specific technique for performing EUS-FNA and 
EUS-FNB has also been debated. Traditionally, endoscopists 
have used either a “jabbing” (multiple to-and-from movements 
of the needle tip within the same area of the lesion) or “fanning” 
technique (needle is moved back-and-forth in four different 
areas within the lesion) [7]. The use of suction (and how much, 
as well as whether continuous versus intermittent [8]), or no 
syringe suction on the needle during FNA has been studied, 
with some studies showing more blood but not much more 
diagnostic tissue when suction is used. Hence, many endosonog-
raphers use suction only for cysts and not solid lesions. More 
recently, a “stylet slow pull-back” (capillary) technique involv-
ing no suction and gradual slow pull back of the stylet while 
the needle is moved to-and-fro within the target lesion [9] 
multiple times can lead to acquisition of multiple mini-core 
biopsies.
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the surrounding tissue. The layer can be thick in the rectum, 
where there is often abundant echogenic perirectal fat.

The appearance of organs in the mediastinum and abdomen 
is roughly similar to that seen by transcorporeal ultrasound, but 
often in greater detail. The posterior mediastinum, the aortop-
ulmonary and subcarinal regions, portions of the heart, and the 
great vessels can be visualized with the transducer in the esopha-
gus. The liver and spleen are homogeneous and of intermediate 
echogenicity; the liver can usually be differentiated from the 
spleen by the bright echoes adjacent to the intrahepatic portal 
venous branches.

The normal pancreas has a characteristic “salt and pepper” 
appearance (Figure 146.3). The kidneys are easily recognized by 
the characteristic appearance of the urinary collecting system. 
In most patients, the left adrenal gland can be seen cephalad to 
the upper pole of the kidney as a seagull-shaped echo-poor 
structure. Large arteries and veins in the upper abdomen are 
key landmarks for orienting EUS images and include the aorta, 
celiac and superior mesenteric arteries, and the inferior vena 
cava and portal, splenic, and superior mesenteric veins.

Efforts to differentiate malignant from benign lymph nodes 
by analysis of ultrasound features such as size, shape, 

Figure 146.2 The five layers of the stomach wall. (a) Normal five-layer 
endoscopic ultrasonography image of the stomach wall: m, mucosa; sm, 
submucosa; mp, muscularis propria. (b) The layers of the normal 
gastrointestinal wall as seen on ultrasound images. The ultrasound image 
comprises echoes arising from the anatomical layers and from the 
acoustic interfaces between tissue layers.
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Needle-based confocal laser endomicroscopic and 
fiberoptic imaging
Novel approaches to EUS needle-based tissue imaging have 
been developed in recent years. A very thin fiberoptic probe that 
enables contrast-enhanced confocal laser endomicroscopy 
(nCLE) of tissues has been developed (Mauna Kea Technolo-
gies, France). This fiberoptic probe is passed through a 19-guage 
standard FNA needle after it has been advanced into a solid or 
cystic lesion. Intravenous fluorescein is injected (off label use). 
A pilot study reported technical challenge in 30% and pancrea-
titis in 11% [10]. Another small pilot study including lymph 
nodes, cystic and solid pancreatic masses reported visualization 
of irregular tumor vessels, fluorescein leakage, and dark malig-
nant cells [11]. A larger multicenter study in 66 pancreatic cyst 
patients reported technical failures but visualization of villous 
type structures, with nCLE sensitivity of 59%, specificity of 
100%, positive predictive value of 100%, and negative predictive 
value of 50% [12]. Moreover, the adverse event rate was high 
(9%) compared to EUS-FNA, and including pancreatitis, pain, 
and bleeding [12]. The role of nCLE in relation to diagnostic 
EUS/FNA is uncertain and is still under evaluation.

Diagnostic EUS general considerations

The ultrasound image of the normal gastrointestinal tract is 
dependent on the ultrasound frequencies used. Frequencies of 
5–12 MHz produce five layers, while frequencies of 20–30 MHz 
depict seven to nine layers (Figure 146.2) [12]. Most commonly, 
there are three echogenic layers separated by two echo-poor 
layers. The first echogenic layer, beginning at the mucosal 
surface, is thin and is produced by the interface between lumenal 
fluid or the balloon and the mucosa. The second layer is echo-
poor and represents the remainder of the mucosa. This layer was 
formerly attributed to the muscularis mucosae; however, the 
normal muscularis mucosae is too thin to account for entire 
second layer [12]. The muscularis mucosae is usually obscured 
by an echo occurring at its interface with the lamina propria so 
that the location of the muscularis mucosae corresponds to the 
most superficial part of the third (submucosal) layer. If the 
muscularis mucosae is thicker than the interface echo, a sepa-
rate thin hypoechoic layer is seen between this interface echo 
and the underlying submucosal layer [13]. The third ultrasound 
layer is easily recognizable because it is the most echogenic. This 
layer corresponds to the submucosa but is thicker because it also 
includes the interface between the submucosa and muscularis 
propria [12]. The fourth layer is echo-poor and corresponds to 
the muscularis propria. In areas with a well-developed inner 
circular and outer longitudinal muscle component, a small 
amount of connective tissue between the muscle layers may 
produce a line of echoes within the muscularis propria [12,13]. 
The fifth layer is echogenic but of variable thickness. If no sub-
serosal fat or inflammation is present, this echogenic layer cor-
responds to the serosa and the interface between the serosa and 



2768   PART 5 Diagnostic and therapeutic modalities in gastroenterology

Multiple studies [19–23] and a metaanalysis [19] underscore the 
concept that elastography has modest diagnostic utility and 
should be considered an ancillary technique. Like contrast EUS, 
it cannot replace EUS-FNA for differential diagnosis of benign 
versus malignant lesions. One interesting potential application 
of elastography for benign disease is the quantitative analysis of 
stiffness as a predictor of pancreatic fibrosis when compared to 
MRI and functional testing [24] as well as histologic resection 
specimens [25].

Diagnostic EUS Indications

Esophageal cancer
It is estimated that in 2007, esophageal cancer will affect over 
14 000 individuals in the USA and result in over 13 000 deaths 

echogenicity, internal echo pattern, and the character of their 
outer margin have been reported [14–16]. Malignant lymph 
nodes are usually echo-poor with sharply defined borders.  
The internal echoes from the nodes can be homogeneous or 
inhomogeneous. Benign nodes tend to have poorly defined 
boundaries and may be hyperechoic (Figure 146.4). When 
nodes are over 1 cm in diameter, hypoechoic, and have a 
rounded distinct border, there is an 80%–100% probability of 
malignant involvement [17,18]. However, it is increasingly clear 
that the diagnosis of a malignant lymph node by EUS appear-
ance alone has limitations, which has led to the increased use 
of EUS-guided needle aspiration for pathological confirmation 
of suspicious nodes [6,19].

Additional modalities for improving the sensitivity of EUS 
for distinguishing benign from malignant pancreatic masses 
[13], suspected gastrointestinal stromal cell tumors (GIST) 
[14,15], lymph nodes [16,17] include administration of intrave-
nous contrast agents (contrast-enhanced EUS) and elastogra-
phy. Contrast-enhanced EUS is more commonly performed 
outside the Unites States where regulatory issues and cost 
prevent routine use of contrast agents approved for cardiovas-
cular imaging. One prospective multicenter trial showed com-
parable performance of contrast-enhanced EUS with EUS-FNA 
cytologic diagnosis of pancreatic adenocarcinoma (accuracy, 
sensitivity, specificity, positive predictive value, and negative 
predictive value of 95%, 96%, 94%, 97%) [18]. Overall, contrast 
agents appear to be comparable to EUS-FNA and studies show 
that it cannot replace cytologic tissue sampling. Elastography 
can be performed only with the Pentax echoendoscope and 
Hitachi ultrasound processor. It involves detection of differen-
tial stiffness (or low elasticity) of diseased tissue (such as cancer) 
using either qualitative differences in coloration (blue is bad, 
green is good) or quantative differences in the strain ratio of the 
target lesion compared to a reference normal adjacent tissue. 

Figure 146.4 Benign and malignant lymph nodes. (a) Endoscopic 
ultrasonography (EUS) showing a benign lymph node (bln). (b) EUS of 
mediastinum showing a malignant lymph node (mln) and an adjacent 
tumor (T) arising from the lung.

(a)

(b)

T
mln

bln

34c

Figure 146.3 Normal pancreas. Radial endoscopic ultrasonography image 
showing characteristic “salt and pepper” pattern of the pancreas (P).
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for T-stage is 80%–85%, with highest accuracy in staging T3 and 
T4 disease [32,39–47]. EUS is superior to CT and PET for 
assessing T-stage of esophageal malignancy, and should be the 
test of choice.

Although less than 5% of T1m tumors are associated with 
nodal spread, 60% of T2 and more than 80% of T3/T4 lesions 
are associated with malignant nodal spread [48–50]. The pres-
ence and number of malignant lymph nodes portends poor 
prognosis and often shifts the treatment paradigm toward  
neoadjuvant therapy [51,52]. CT and FDG-PET are inferior to 

[26]. The 5-year survival from esophageal cancer is 10%–15% 
[27]. Most patients present with locally advanced disease 
because there are few early signs or symptoms of the tumor, 
because the esophagus lacks a serosa, and because there is early 
spread to the lymph nodes since the esophageal submucosa has 
a rich plexus of lymphatic vessels.

The International Union against Cancer and American Joint 
Committee on Cancer updated the guidelines in 2002 for 
staging esophageal cancer. The involvement of cervical or celiac 
axis lymph nodes is classified as metastatic disease (M1a or 
M1b, depending on tumor location). Tumor of the lower 
esophagus with celiac axis lymph node spread is classified as 
M1a disease, as is tumor of the upper esophagus with cervical 
lymph node involvement. Tumor of the mid esophagus with 
either cervical or celiac axis lymph node spread is classified as 
M1b disease, and also stage IV disease [28]. In general, early 
lesions (T1N0, T2N0) undergo surgery while presence of any 
lymph nodes usually mandates neoadjuvant therapy. Esopha-
geal cancer patients who undergo EUS are associated with 
improved survival, probably due to accurate staging resulting in 
the use of stage-appropriate adjuvant therapy and surgical 
resection [29].

Early esophageal cancer
Early esophageal cancer (carcinoma-in-situ or T1N0Mx) is 
most commonly detected in patients undergoing aggressive sur-
veillance. When such lesions are identified, high-frequency EUS 
demonstrates excellent cross-sectional gastrointestinal tract 
images to assess T and N stage. In patients with Barrett esopha-
gus with high-grade dysplasia or intramucosal carcinoma, EUS 
is more sensitive than CT for T and N stage. It can detect previ-
ously unknown submucosal involvement (sensitivity 100%, spe-
cificity 94%) and lymph node metastasis (sensitivity 100%, 
specificity 81%), and the absence of these findings on EUS is 
reassuring to physicians that the patient has early esophageal 
cancer or carcinoma-in-situ (NPV 100%) [30,31]. EUS confir-
mation of early malignant lesions allows nonoperative curative 
endoscopic ablative techniques, if desired.

Advanced esophageal cancer
Patients with locally advanced esophageal cancer should ini-
tially be evaluated with CT (and FDG-PET if available), search-
ing for distant metastatic disease. The accuracy of CT ranges 
from 63% to 90% [32,33], and is not as sensitive in detecting 
small hepatic lesions or peritoneal metastases compared with 
diagnostic laparoscopy [34,35]. EUS can complement CT by 
improving the accuracy for M-staging by detecting cervical or 
celiac axis lymphadenopathy (M1a or M1b disease) [32], adrenal 
gland or liver metastases, or malignant ascites. FDG-PET is 
superior for detecting distant metastasis and nonregional lymph 
nodes compared with CT plus EUS (82% vs. 64%), and may 
up-stage patients to stage IV [36–38] (Figure 146.5).

The locoregional staging of a malignant esophageal stricture 
is a common indication for EUS. The overall accuracy of EUS 

Figure 146.5 Esophageal cancer. (a) Carcinoma of the esophagus causing 
a malignant stricture. (b) Endoscopic ultrasonography image of 
esophageal carcinoma (T4) with pleural invasion.
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(b)
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After excluding extrinsic compression, the approximate fre-
quency of gastrointestinal submucosal lesions is as follows: 
smooth muscle neoplasm (53%), aberrant pancreas (8%), carci-
noid (6%), cystic lesion (7%), granular cell tumor (4%), lym-
phangioma or hemangioma (4%), Brunner gland hyperplasia 
(1%), malignant lymphoma (1%), and other (8%) [57]. Most 
smooth muscle neoplasms are gastrointestinal stromal cell 
tumors (GISTs), but older studies do not differentiate GISTs 
from other mesenchymal tumors.

When evaluating a submucosal lesion by EUS, a variety of 
clinical issues need to be addressed. In many cases, the 
endosonographic appearance and characterization of which gut 
layer(s) the lesion originates from will narrow the differential. 
However, issues regarding differentiation between benign and 
malignant lesions, role of FNA and surveillance of lesions need 
further clarification. Several of the submucosal lesions are dis-
cussed in further detail.

Gastrointestinal stromal cell tumor
Gastrointestinal stromal tumors, the most common mesenchy-
mal tumors, arise from the interstitial cells of Cajal and often 
express a protooncogene called c-kit, which confers a gain-of-
function mutation to such lesions. Immunohistochemical stain-
ing can differentiate GISTs from other related lesions [68]. 
Approximately 80% of gastrointestinal mesenchymal tumors are 
GISTs, and 10%–30% of GISTs are malignant [68,69]. All GISTs 
are considered to be potentially cancerous, and are stratified 

EUS in the evaluation of locoregional lymphadenopathy. The 
accuracy of CT is estimated to be only 51%–70% [32,53],  
and FDG-PET lacks the spatial resolution to differentiate local 
nodal involvement from adjacent primary tumor, and reactive 
inflammatory lymph nodes can lead to false-positive results. 
The sensitivity of PET for detection of N1 disease is approxi-
mately 33% [36].

EUS assessment of lymphadenopathy is accomplished by 
visualization and FNA. The accuracy of EUS in classifying a 
lymph node as malignant based on appearance is approximately 
80% [17,18,28] and the overall sensitivity of EUS in detecting 
malignant lymphadenopathy ranges from 50% to 75% with an 
accuracy of 65% [17,18,32,46]. The accuracy is increased to 
85%–93% with the addition of FNA [54,55]. It should be noted 
that when performing FNA of a lymph node, a false-positive 
sample can be obtained if the needle tract penetrates through 
primary tumor, thus contaminating the FNA sample. Hence, 
FNA of peritumoral lymph nodes may not be always feasible. 
Common hiding places for metastases from esophageal malig-
nancies are the region above the aortic arch (outside the cervical 
esophagus), the gastrohepatic ligament, and the celiac axis 
region.

A common clinical scenario is the nontraversable malignant 
esophageal stricture, where the standard echoendoscope is 
unable to pass beyond the stricture without prior dilatation to 
14–16 mm. Although perforation is a risk, dilation can be per-
formed safely, and is indicated. Wallace and colleagues reported 
that 32% of their 132 patients required dilation for adequate 
staging, and only one patient suffered a perforation. In addition, 
19% of patients would have been under-staged if dilation had 
not been performed [56]. In cases when the stricture is so tight 
that dilation and passage of the standard echoendoscope is not 
feasible, a catheter ultrasound probe or an over-the-wire 
esophagoprobe (Olympus MH-908, Tokyo, Japan) can be used 
[28] (see Figure 146.1c). Unfortunately, if celiac lymphadenopa-
thy is detected, FNA cannot be performed.

Submucosal lesions
A submucosal lesion is an endoscopically visible, often inciden-
tal finding (i.e., a “bump”) with normal overlying mucosa. The 
estimated prevalence of gastrointestinal submucosal findings is 
less than 1%, and is most commonly found in the stomach 
[57,58]. EUS is well suited for evaluating submucosal lesions 
because of its ability to visualize gut wall layers and abdominal 
structures and to safely perform FNA. Table 146.1 lists the 
common etiologies of submucosal gastrointestinal lesions and 
their descriptive EUS features.

Causes of extrinsic compression include adjacent organs, 
bowel, blood vessels, retroperitoneum, omentum, and lymph 
nodes [57,59–67]. The frequency is approximately 30%. The 
accuracy of CT and transabdominal ultrasonography for dif-
ferentiating between extrinsic compression and a true submu-
cosal lesion is 22% and 28% respectively compared with an EUS 
accuracy of 100% [65].

Table 146.1 Etiology of submucosal lesions.

Etiology EUS layer EUS appearance

Extrinsic 
compression

None Normal gastrointestinal 
tract

Stromal cell tumor Third/fourth Hypoechoic, well 
circumscribed

Lipoma Third Hyperechoic

Carcinoid Second/third Homogeneous, hypoechoic

Granular cell tumor Second/third Homogeneous

Varices Third Anechoic, tubular

Cysts Third Anechoic, duplication of 
wall layers

Inflammatory polyp Second/third Hypoechoic, indistinct 
margin

Glomus tumor Third/fourth Hypoechoic, smooth 
margin

Metastatic deposits Second/third/fourth Hypoechoic

Lymphoma Second/third/fourth Distortion of wall layers

Heterotopic 
pancreas

Second/third/fourth Hypoechoic, anechoic 
ductal structure

EUS, endoscopic ultrasonography.
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anechoic spaces (suggestive of necrosis). If two of the four fea-
tures are present, the sensitivity ranges from 80% to 100% for 
detecting a malignant GIST [72]. Additional notable features 
suggestive of malignancy include malignant-appearing lymph 
nodes, ulcerated mucosa, and nonoval shape [59,72–75]. The 
lack of these features does not rule out malignancy. Recent use 
of contrast agents to visualize tumor vessels in suspected GISTs 
raised the possibility of differentiating benign from malignant 
GISTs with sensitivity of 100% in one prospective single center 
study [15].

Current guidelines recommend resection of symptomatic or 
large suspected GISTs and surveillance of smaller lesions ≥2 cm. 
Hence, tissue sampling of FNA of suspected GISTs <2 cm 
should be performed [76], when possible, to assist with decision-
making regarding surgery or surveillance. For the diagnosis of 
small GIST <20 mm, the sensitivity and positive predictive 
value (PPV) of EUS-FNA were 81.3% and 100%, respectively, 
in one study, but other studies report lower diagnostic rates 
(67.8%) even with adequate on-site cytological evaluation [77] 
EUS-FNA/FNB with immunohistochemical staining is the only 
reliable method for diagnosing a GIST. Approximately 90% of 
GISTs express CD117 (c-kit) and its presence confirms the diag-
nosis but does not assess malignant potential [78]. A new ancil-
lary technique to EUS-FNA for improving diagnosis of GISTs 
is a jumbo biopsy “unroofing” technique.

The question remains of how to manage an asymptomatic 
mesenchymal lesion, particularly if it is less than 1 cm in size, 
where the risk of malignancy is believed to be low. It may be 
useful to perform FNA on a small suspected GIST for immu-
nohistochemical confirmation. Medications that target CD117-
positive GISTs are available. There is no proven EUS-based 
strategy for optimal surveillance of suspected GISTs; however, 
a reasonable strategy may be annual EUS surveillance for  
small asymptomatic lesions without any features of malignant 
transformation.

Lipoma
Lipoma, a benign tumor composed of mature lipocytes, is most 
often asymptomatic. It appears as a well-circumscribed, homo-
geneous, hyperechoic lesion arising from the submucosa (third 
layer). FNA is not required to confirm the diagnosis as its 
appearance is pathognomonic [79,80].

Carcinoid
Carcinoids are slow-growing, premalignant, neuroendocrine 
tumors primarily found in the lung and gastrointestinal tract. 
Approximately 17% of carcinoids are found in the rectum and 
3% are located in the stomach, both sites amenable to EUS 
evaluation. Sporadic gastric carcinoids tend to behave more 
aggressively than the multifocal gastric carcinoids seen in 
hypergastrinemic states.

The EUS appearance is a well-circumscribed, mildly hypoe-
choic or isoechoic mass arising from either the mucosa (second 
layer) or submucosa (third layer). EUS identifies carcinoid 

into low-, medium-, or high-risk category depending on tumor 
size and mitotic count. However, GISTs can be unpredictable, 
and low-risk lesions have been reported to metastasize [57,70].

Most GISTs are located in the stomach or duodenum [71] and 
under EUS appear as a homogeneous, hypoechoic, well-
circumscribed lesion that originates from either the muscularis 
mucosae or muscularis propria (Figure 146.6). EUS features 
suggestive of malignancy include tumor size more than 4 cm, 
an irregular extralumenal border, echogenic foci, and cystic 

Figure 146.6 Gastrointestinal stromal cell tumor (GIST). (a) A 
submucosal lesion visualized on upper endoscopy. (b) Typical endoscopic 
ultrasonography appearance of a GIST.

(a)

(b)
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lesions amenable to endoscopic versus surgical resection 
[81–83].

Granular cell tumor
Granular cell tumors are uncommon lesions of neural deriva-
tion that appear endoscopically as yellowish mucosal or submu-
cosal nodules. The majority of these lesions are less than 2 cm 
in size [84] and typically considered to be benign, although 
approximately 2%–3% of lesions are malignant [85]. Under 
EUS, these tumors appear as homogeneous, hypoechoic, well-
circumscribed lesions originating from the mucosa (second 
layer) or submucosa (third layer) [86,87].

Stomach
Gastric cancer
Worldwide, gastric cancer accounts for approximately 10% of 
all malignancies, and in 2006 over 21 000 patients were diag-
nosed with gastric cancer in the USA [26]. Despite a reduction 
in mortality during the 1980s and 1990s, gastric cancer remains 
the second leading cause of cancer-related mortality worldwide 
[88]. A major clinical challenge is to diagnose gastric cancer in 
its early curable stages, a feat unfortunately rarely accomplished 
in the absence of a screening program. The Japanese have the 
most experience with early gastric cancer. They use the Japanese 
classification for management while worldwide the TNM 
(tumors, nodes, metastasis) system is most commonly used.

Because gastric cancer confined to the mucosa and submu-
cosa can be treated with surgical resection, endoscopic mucosal 
resection (EMR), or endoscopic submucosal dissection (ESD), 
EUS plays a role in local staging. Cancers with involvement of 
only the mucosa (m) and submucosal invasion less than 500 μm 
(sm1) have negligible risk of metastasis and are ideal for EMR. 
Some conservative authorities advocate EMR and ESD only for 
lesions with mucosal involvement and less than 2 cm in diam-
eter [89]. Stage T2 or T3 tumor is treated with surgical resection 
and T4 lesions are managed with neoadjuvant chemotherapy 
and radiation.

EUS is an accurate method for local staging of gastric cancer: 
it can visualize infiltrating scirrhous malignancies, which appear 
as diffuse thickening of the normal layers of the gastric wall, or 
assess tumor invasion based on disruption of wall layers [90–
100] (Figure 146.7). The accuracy of dynamic CT and magnetic 
resonance imaging (MRI) for T-staging is 50%–70% [101–105], 
whereas the overall accuracy of EUS for T-stage ranges from 
70% to 93% [32,91,99,106–112]. In particular, the accuracy for 
detecting submucosal invasion has been reported to be as high 
as 90% with a highfrequency catheter probe [107,113]. EUS 
T-staging is lowest for T2 lesions (accuracy 60%–70%), and the 
difficulty is in differentiating between subserosal (T2) from 
serosal (T3) involvement, particularly since the entire stomach 
is not covered by a serosa.

EUS has long been the test of choice for assessing T-stage in 
gastric cancer; however, with the advent of multidetector CT 
and the advanced imaging techniques of MRI, the accuracy of 

T-staging among the different modalities has been reevaluated. 
Table 146.2 shows the performance characteristics of EUS, 
multidetector CT, and MRI in assessing tumor stage in gastric 
cancer. These imaging modalities appear to be equivalent, 
although the greatest expertise remains with EUS and further 
experience needs to be gained with multidetector CT and MRI 
[44,99,100,106,109,111,112,114]. A limitation of EUS is that 
depth of invasion may be overestimated if there is an ulcer scar 
or inflammatory reaction below the cancer (peritumorous 
inflammation) or a protruding lesion, and underestimated if 
there is microinvasion [97].

The overall accuracy of EUS nodal staging in gastric cancer 
ranges from 50% to 87% [44,98,99,106,110,111,115–122], and 
is highest for T3 and T4 lesions, for lymph nodes located within 
3 cm of the tumor, and along the lesser curvature. Only 15% of 
T1 lesions are associated with malignant lymph nodes, but 
detection of these lymph nodes is critical, particularly if EMR 
or ESD is contemplated. The overall accuracy of EUS for detec-
tion of lymph nodes is approximately 69%, and FNA should be 
employed, if needed. Nodal staging with CT and MRI is not 
clearly superior to EUS [105,112,123,124].

Gastric wall layer abnormalities
EUS is indicated in the presence of thickened gastric folds. By 
definition, the gastric folds are considered thickened if they fail 
to flatten with endoscopic insufflation or if an upper gastroin-
testinal series or CT suggests a thickness greater than 1.5 cm 
[125]. The normal thickness of the gastric wall ranges from 
0.8 mm to 3.6 mm [12] and is considered to be thickened when 
the diameter of the five-layer EUS image of the gastric wall is 
greater than 4 mm [126,127]. The differential diagnosis (Box 
146.2) includes benign and malignant conditions. A clear diag-
nosis may not always be possible; however, based on the EUS 
origin of the lesion, the differential can be narrowed.

Multiple studies have reported EUS findings in patients with 
large gastric folds [128–131]. The presence of gastric varices is 
diagnostic and biopsy specimens can be avoided. If EUS dem-
onstrates abnormalities in layers three and four, malignancy 
needs to be strongly considered, even if biopsies are negative 
[128,129]. Most cases with a scirrhous carcinoma have a thick-
ened third and fourth layer [129], and the second and third 
layers can be thickened in benign or malignant conditions 
[129]. Endoscopic biopsy of an abnormality in layer two should 
be diagnostic and if biopsies are negative for cancer, follow-up 
studies report that malignancy will often not develop [128] 
(Figure 146.8).

EUS can diagnose early infiltrative gastric lymphoma, which 
is typically a non-Hodgkin lymphoma. An early-stage lym-
phoma can be subtle in its endoscopic and endosonographic 
appearance, revealing only a thickened second layer with pres-
ervation of the gastric layers and endoscopically normal-
appearing mucosa [132,133]. More advanced stages show a 
diffuse hypoechoic thickening with distortion of the gastric 
layers. The accuracy of EUS for staging gastric lymphoma is 
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approximately 95% [116,134], and EUS can also be used to 
evaluate tumor response to chemoradiation [135–138].

Ampullary and pancreatic neoplasms
The role of EUS in the management of suspected ampullary or 
pancreatic neoplasms is to identify the lesion, assess for surgical 
resectability, and acquire cytological confirmation if needed.

Ampullary neoplasm
Ampullary adenomas, the most common tumors of the  
ampulla of Vater, can be sporadic or part of a genetic polyposis 

Figure 146.7 Cancer of the stomach. (a) Shallow gastric ulcer on upper endoscopy. (b) Endoscopic ultrasonography (EUS) of early gastric cancer. (c) 
EUS of advanced gastric cancer, showing raised borders with central ulceration (open arrow). The tumor mass (T) arises from the normal wall (arrow), 
where layers corresponding to the mucosa (m), submucosa (sm), and muscularis propria (mP) can be seen. The cancer invades the fat and other tissue 
around the gastric wall.

Tumor

Ulcer

Transducer

m
sm mP

(a)
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Table 146.2 Performance characteristics of various imaging modalities to 
assess T-stage in gastric cancer.

Imaging test Sensitivity (%) Specificity (%) Accuracy (%)

EUS 77.8–100 67.9–100 65–92.1

MDCT 82.8–100 80–96.8 77.1–88.9

MRI 89.5–93.1 94.1–100 71.4–82.6

EUS, endoscopic ultrasound; MDCT, multidetector computed 
tomography; MRI, magnetic resonance imaging.
Source: Adapted from Kwee & Kwee [112].
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conditions (e.g., odditis, inflammation, normal ampulla) [150]. 
EUS sensitivity is higher in symptomatic patients and patients 
at risk for adenomas.

Accurate staging is critical in the management of ampullary 
neoplasms, since endoscopic options are feasible in selected 
cases. According to the TNM classification used to stage ampul-
lary neoplasms, T1 corresponds to tumors not extending beyond 
the sphincter of Oddi, T2 to tumors invading the muscularis 
propria of the duodenal wall, T3 to tumors with less than 2 cm 
of invasion into the adjacent pancreas, and T4 tumors deeply 
invade the pancreas or adjacent vasculature [151].

EUS is the most reliable modality for local preoperative 
staging of ampullary neoplasms, including assessing for portal 
venous involvement. It is superior to MRI, CT, transabdominal 
ultrasound, and angiography, regardless of whether the radial 
or linear echoendoscope is used [148,150,152–154]. Peritu-
moral pancreatitis due to the desmoplastic reaction of malig-
nant cells can lead to under-staging of true T3 lesions or 
over-staging of true T2 lesions, but typically the surgical treat-
ment for both lesions is identical [147]. The accuracy of EUS in 
determining whether endoscopic resection for a T1 lesion can 
be performed with curative intent ranges between 87% and 94% 
[146,147,152,155,156]. The Japanese staging system subdivides 
T1 lesions into d0 (tumors limited to the sphincter of Oddi) and 
d1 lesions (tumors extending into the submucosa). The preva-
lence of malignant lymph nodes varies from 0 to 30% in T1 
tumors, with the highest risk associated with tumors that invade 
the submucosa [146,147,153,157].

Intraductal ultrasonography (IDUS) complements radial or 
linear EUS. Imaging at 20 MHz demonstrates the muscle layer 
of the sphincter of Oddi as a distinct hypoechoic layer, which 
allows greater tissue layer resolution and the ability to discern 
d0 lesions from d1 lesions with an approximate accuracy of 89% 
[156]. IDUS is nearly 100% accurate in visualizing tumor inva-
sion into the pancreaticobiliary ductal system [156]. The com-
bination of EUS and IDUS is believed to provide the most 
accurate staging information, and reliably select candidates eli-
gible for curative endoscopic ampullectomy versus surgical 
treatment.

Pancreatic neoplasms
One of the first targets for EUS imaging was pancreatic cancer. 
The early detection of this usually lethal neoplasm has eluded 
other diagnostic abdominal modalities such as transabdominal 
ultrasound. The increased spatial resolution of EUS allows 
detection of smaller resectable neoplasms in patients with vague 
symptoms [158] and is the most sensitive imaging modality for 
the detection of a pancreatic mass. Numerous studies have 
documented the high sensitivity (98%–100%) of EUS for detec-
tion of pancreatic tumors [159–170]. EUS may play a role in the 
screening of asymptomatic high-risk populations for early 
cancer detection [171–175].

As an imaging modality, EUS is not as widely available as 
transabdominal ultrasound, CT, and PET. Transabdominal 

syndrome. They follow the adenoma–carcinoma sequence for 
neoplastic progression [139], and identification of an asympto-
matic precancerous lesion mandates further endoscopic inter-
vention. The two major roles of EUS in this clinical scenario are 
to confirm the diagnosis of an ampullary tumor and to stage the 
adenocarcinoma.

Endoscopically, ampullary neoplasms appear polypoid or 
ulcerated, and can be associated with choledocholithiasis and 
marked inflammation [140–142]. The latter may result in false-
negative biopsies or, in cases where the tumor is intramural, the 
inability to accurately diagnose the malignancy [141,142]. In as 
many as 19%–30% of cases, biopsies may not reveal the presence 
of adenocarcinoma [141–144] (Figure 146.9).

EUS is more sensitive than CT or transabdominal ultra-
sonography for diagnosing ampullary neoplasm and more accu-
rate than CT and MRI for staging early ampullary lesions 
[145–149]. Endosonographic features specific for malignancy 
include presence of tumor invasion (at least infiltration of the 
duodenal muscularis propria) or growth into the biliary or pan-
creatic ductal system. In the absence of clear invasive features, 
EUS cannot differentiate between malignant and nonmalignant 

Box 146.2 Differential diagnosis of thickened gastric folds.

Benign

Gastritis
Ménétrier disease
Zolliger–Ellison syndrome
Gastritis cystica profunda
Hyperrugosity

Vascular conditions

Gastric varices
Portal hypertensive gastropathy

Infections

Secondary syphilis
Tuberculosis
Cytomegalovirus
Helicobacter pylori
Herpes simplex virus
Histoplasmosis
Aspergillosis
Anisakiasis

Infiltrative conditions

Sarcoidosis
Amyloidosis
Crohn’s disease

Malignant conditions

Adenocarcinoma
Linitis plastica
Lymphoma
Metastatic disease



Endoscopic ultrasonography CHAPTER 146   2775

in glucose uptake and false-positive PET [181,182]. The ana-
tomical resolution from PET is inferior to CT and MRI for 
determining locoregional tumor spread. However, PET can 
identify distant metastases that can alter clinical treatment in 
up to 40% of patients with pancreatic cancer [183–185].

For locoregional staging of pancreatic cancer, multidetector 
CT and MRI provide excellent assessment of tumor staging, 
vascular involvement, and nodal staging [154,186,187]. Both 
modalities are superior to EUS for detection of metastatic 
disease, but EUS can provide information suggesting metastatic 
disease by detecting previously unknown hepatic metastases 
[188–192], small pockets of ascites [193], and malignant medi-
astinal lymphadenopathy [194]. These findings preclude surgi-
cal resection.

ultrasound is inferior to EUS for detection of pancreatic masses, 
particularly those located in the pancreatic head or uncinate 
[150]. Despite the advent of multidetector CT [176,177], studies 
suggest that EUS remains a superior imaging modality, particu-
larly for small lesions. Compared with multidetector CT, EUS 
is more sensitive (98% vs. 86%) [167], and more accurate (94% 
vs. 74%) [169]. In patients with indeterminate findings on CT, 
EUS has an accuracy of 92% for detection of a pancreatic tumor 
and an NPV of nearly 100% for excluding a focal pancreatic 
mass [178,179]. A normal EUS of the pancreas in the setting of 
subtle radiological findings, nonspecific symptoms, or labora-
tory values effectively rules out a pancreatic neoplasm [180].

MRI and PET may detect small pancreatic tumors; however, 
inflammatory conditions such as chronic pancreatitis can result 

Figure 146.8 Gastric lymphoma. (a) A “mass-like” thickening of gastric folds is noted on upper endoscopy. (b) Catheter-based endoscopic 
ultrasonography demonstrates heterogeneous infiltrative lesion of the gastric mucosa and submucosa. Pathology confirms lymphoma. (c) EUS image 
showing thickening of ultrasound layers corresponding to mucosa (m) and submucosa (sm) in the region under arrows, caused by gastric lymphoma.

Transducer

m
sm

(a)

(c)

(b)



2776   PART 5 Diagnostic and therapeutic modalities in gastroenterology

maximize diagnostic yield [222,223]. The overall risk of com-
plications from an EUS-FNA of a pancreatic mass is 0.5%–2% 
[55,201,214,224–226], with a higher complication rate for cystic 
lesions (14%) compared with solid tumors (0.5%) [55]. Compli-
cations of EUS-FNA include pancreatitis, perforation, bleeding, 
and infection. Sampling of solid pancreatic masses is one of  
the most common indications for EUS-FNA/FNB, with high 
diagnostic accuracy [201], and high clinical impact for distin-
guishing benign and malignant disease and decision-making 
with respect to surgery and chemoradiation therapy. Current 
needles and techniques using cytology (slide smears) and histol-
ogy (cell block analysis) lead to about 90% sampling adequacy, 
sensitivity of 84%, and specificity of 100%, with overall accuracy 
of 90% [201].

Islet cell neoplasm
The anatomical localization of hormone-producing pancreatic 
tumors is important for guiding their surgical resection. Most 
of these neoplasms arise from islet cells within the pancreas, and 
conventional transcorporeal imaging with ultrasound and CT 
detects less than one-third of tumors. In particular, insulinomas 
are less likely to be detected by CT. MRI and selective arteriog-
raphy may also fail to localize the neoplasm.

Careful examination of the pancreas with EUS detects about 
77%–94% of islet cell neoplasms within the pancreas not found 
on CT or MRI [227–237]. Islet cell neoplasms are usually round, 
well-circumscribed, homogeneous, and hypoechoic compared 
with the surrounding parenchyma, and lesions as small as 5 mm 
in diameter have been imaged by EUS [227,237,238]. All 
patients diagnosed with a resectable pancreatic neuroendocrine 
tumor should undergo preoperative EUS and octreotide scan-
ning to localize the neoplasm and facilitate surgical planning 

Vascular invasion generally precludes surgical intervention, 
with the possible exception of portal vein and superior 
mesenteric vein (SMV) involvement [186]. The accuracy of EUS 
in assessing for vascular invasion ranges from 62% to 100% 
[148,168,186,187,195,196]. EUS is most accurate (>80%) when 
assessing for invasion of the portal vein or portal vein/
SMVconfluence [154,158,197–199], and least accurate when 
assessing invasion of the superior mesenteric artery or vein and 
celiac axis [150,153,195]. On a practical level, optimal assess-
ment of tumor invasion is accomplished with multidetector CT 
or MRI, and EUS if needed for clarification of the portal vein 
or SMV[200].

A common indication for endosonography is to obtain tissue 
diagnosis of an unresectable pancreatic mass (Figure 146.10). If 
available, EUS-guided FNA of a pancreatic mass should be the 
preferred method for tissue acquisition. It has an approximate 
sensitivity of 85%, specificity of 98%, and accuracy of 88%. 
However, the NPV of EUS-guided FNA is 55%–80% 
[54,55,169,201–216]. Hence, a negative or nondiagnostic aspi-
rate does not rule out the possibility of malignancy. This is of 
particular concern in patients who have underlying chronic 
pancreatitis, where the sensitivity of EUS for diagnosis of malig-
nancy drops to approximately 55% [208]. In comparison with 
CT- or transabdominal ultrasound-guided FNA, EUS-FNA is 
equivalent in sensitivity but perceived advantages of the EUS 
approach include reduced risk of needle-track seeding [217–
220] and improved patient comfort.

An on-site cytopathologist or technician should be present 
for FNA, which can improve diagnostic accuracy and reduce the 
number of unsatisfactory samples and repeat procedures [221]. 
If a cytopathologist is unavailable, the EUS physician should 
obtain five to seven specimens for cytological interpretation to 

Figure 146.9 Ampullary mass. (a) Endoscopic appearance of ampullary mass. (b) Endoscopic ultrasonography of ampullary mass limited to mucosa. 
Lesion treated with endoscopic ampullectomy.

(a) (b)
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accentuation of the gland’s lobular pattern [242,244]. Despite 
the specific terminology of these EUS features, the interobserver 
agreement for these features and the collective assessment of an 
EUS examination is only moderate [243] and clinical bias exists 
in the interpretation of the examination as it applies to each 
patient [245].

When evaluating the performance characteristics of EUS for 
the diagnosis of chronic pancreatitis, the best reference standard 
is pathological confirmation of the presence of inflammation, 
atrophy, or fibrosis, but only a few studies have tried to correlate 
EUS features of chronic pancreatitis with microscopic findings. 
Most studies have compared EUS with morphological tests such 
as CT, MRI/magnetic resonance cholangiopancreatography 
(MRCP) and endoscopic retrograde cholangiopancreatography 
(ERCP) and with the functional secretin test [245–249].

EUS has an approximate sensitivity and specificity of 85% and 
75% respectively when ERCP is used as the gold standard to 
diagnose chronic pancreatitis [241,242,244,245,250]. Wiersema 
and colleagues enrolled 69 patients with suspected pancreatic 

[239,240]. EUS-FNA is not required in the setting of a well-
defined clinical syndrome and documented excessive hormone 
secretion.

Chronic pancreatitis
Chronic pancreatitis is an ongoing inflammatory process that 
results in irreversible destruction of pancreatic tissue leading to 
exocrine and endocrine insufficiency. It can be a diagnostic 
challenge, particularly in nonsevere cases when radiological 
imaging tests and functional diagnostic tests are equivocal or 
negative. There is no perfect test (imaging or functional) that 
accurately diagnoses early chronic pancreatitis, but EUS offers 
several advantages because of its minimal risk of causing pan-
creatitis and its ability to characterize both pancreatic parenchy-
mal and ductal abnormalities (Figure 146.11).

The endosonographic criteria and the histological correlates 
for chronic pancreatitis are listed in Table 146.3 [241–243]. 
Additional proposed criteria include gland contour (lobular vs. 
smooth), echogenic foci with and without shadowing, and 

Figure 146.10 Pancreatic neoplasm. (a) Endoscopic ultrasonography 
(EUS) showing pancreatic mass (m). (b) EUS fine-needle aspiration of the 
pancreatic mass seen in (a).

(a)

(b)

Figure 146.11 Chronic pancreatitis. Endoscopic ultrasonography image 
showing features of chronic pancreatitis and dilated main pancreatic duct.

Table 146.3 Histological correlates for endoscopic ultrasonography (EUS) 
findings as related to chronic pancreatitis.

EUS finding Histological correlate

Parenchymal features

Hyperechoic foci Focal areas of fibrosis

Hyperechoic strands Linear areas of fibrosis

Pseudolobule Linear fibrosis containing focal edema

Cysts Cysts or cyst side branches

Ductal features

Main pancreatic duct dilation Dilated duct

Side-branch dilation Dilated side branches

Irregular duct contour Periductal fibrosis

Hyperechoic duct wall Periductal fibrosis

Stones Calcified stones
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management of suspected intraductal papillary mucinous neo-
plasms, including use of EUS [256].

The potential advantages of EUS and FNA include the ability 
to evaluate lesions for high-risk stigmata (e.g., thick septae and 
mural nodules) and to obtain specimens for cytological analysis 
and fluid for cyst fluid analysis. The EUS examination should 
note the following cyst characteristics: size; location (including 
relationship to adjacent vasculature); wall thickness; presence of 
focal wall irregularity, papillary projections, associated mass, or 
septae, echogenic debris or mucus; and dilation of the main 
pancreatic duct. Some of these findings are considered high-risk 
EUS features suggestive of malignant transformation; however, 
they do not reliably differentiate between benign and malignant 
cysts [257–261]. In addition, the absence of these features does 
not exclude the presence of malignancy.

When performing FNA of pancreatic cysts, the recommenda-
tion is to undertake a single puncture, aspirate the cyst dry, 
describe the appearance of the aspirated cyst fluid, and analyze 
the cyst fluid for specific proteins, tumor markers, or genetic 
changes. All patients should receive antibiotic prophylaxis prior 
to FNA followed by 1–3 days of oral antibiotic treatment to 
theoretically reduce the risk of infection.

A multicenter trial [262] of 341 patients showed the accuracy 
of EUS morphology to be 51%, with the addition of FNA 
increasing the accuracy to 59%. A smaller trial of 67 patients 
found the overall EUS accuracy to be 73% (range 43%–88%). 
Cytology improved the sensitivity for mucinous lesions (94%), 
malignant mucinous lesions (100%), serous lesions (100%), and 
pseudocysts (100%), with a specificity of 98%–100% [263]. 
Additional findings were that a low carcinoembryonic antigen 
(CEA) level (<5 ng/mL) was predictive of a serous cystade-
noma, and high amylase or lipase concentration was associated 
with pseudocysts. Studies have reported a wide accuracy of EUS 
with or without FNA, ranging from 40% to 96% [257–259,261–
266]. Studies have evaluated a variety of cyst fluid tumor markers 
or cyst fluid properties (CEA, CA19-9, CA72-4, CA125, amylase, 
lipase, viscosity, mucin stain). CEA is found in high levels in 
mucinous tumors, whereas levels are low in pseudocysts (unless 
infected) and serous cystadenomas [264,267,268]. A large, pro-
spective, multicenter trial reported that a CEA level of 192 ng/
mL or more was 79% accurate for differentiating mucinous 
neoplasms from other types of cysts. In this study, no combina-
tion of morphological features, cytology results, and cyst fluid 
analysis improved the accuracy rate over that obtained with 
CEA alone [262]. Other studies have reported variable accura-
cies with CEA [263,269,270]. It has also been reported that an 
elevated CEA (≥480 ng/mL) and viscosity (≥1.6) accurately 
predicted mucinous cystic neoplasm from serous cystadenoma 
and pseudocysts. Mucinous cystadenocarcinoma lesions had a 
CEA level greater than 6000 ng/mL in one study [271].

CA19-9 (>50 000 units/mL) has been associated with sensi-
tivity of 86% and specificity of 85% in distinguishing cystadeno-
carcinoma from other lesions. However, CA19-9 is often 
elevated in inflammatory conditions and biliary obstruction, 

pain and noted that the sensitivity and specificity of EUS was 
80% and 86% respectively when three or more criteria were 
used [244]. Sahai and colleagues [241] performed EUS in a 
prospective blinded study of patients with unexplained pain 
who were referred for ERCP. They noted that patients with five 
or more EUS features correlated with at least moderate chronic 
pancreatitis on ERCP. Fewer than three features essentially 
ruled out moderate or severe chronic pancreatitis (NPV > 85%), 
and three to four EUS features was equivocal. However, three 
to four EUS features in patients with history of alcohol intake 
or pancreatic pain symptoms may be significant [241,251]. 
When compared with secretin testing, the overall sensitivity and 
specificity of EUS is 80% and 70% respectively [242,244,245]. 
Catalano and colleagues [242] compared EUS with ERCP and 
secretin testing in patients with recurrent pancreatitis. There 
was 100% agreement between EUS findings for normal pan-
creas (no EUS features of chronic pancreatitis were seen) and 
severe chronic pancreatitis (more than five EUS features) when 
compared with ERCP and secretin testing. For moderate chronic 
pancreatitis (three to five EUS features), there was 92% agree-
ment with ERCP and 52% agreement with secretin testing 
[242]. In 2009, an expert group published standardized criteria 
for the diagnosis of chronic pancreatitis (Rosemont classifica-
tion) grouping major and minor criteria [54].

It is unclear if focal chronic pancreatitis is a normal variant, 
a sign of focal fibrosis, or early malignancy. When the clinical 
suspicion and EUS features of moderate chronic pancreatitis are 
present throughout the gland, performing FNA does not 
improve the accuracy of the examination [252]. However, 
EUS-FNA should be considered in patients with focal chronic 
pancreatitis, despite the relatively low sensitivity of EUS-FNA 
in chronic pancreatitis (54%) [253]. A nondiagnostic FNA may 
eliminate an underlying malignancy, and careful follow-up is 
mandated in 1–3 months.

The EUS diagnosis of chronic pancreatitis depends on the 
threshold set for the number of positive criteria required to 
establish a definitive diagnosis. Changing the threshold affects 
the performance characteristics of EUS. In general, if less than 
two criteria are present, chronic pancreatitis is highly improb-
able. If three or four criteria are present, the test outcome is 
equivocal. If more than five criteria are present, the probability 
of chronic pancreatitis is high.

Pancreatic cysts and intraductal papillary 
mucinous neoplasms
Asymptomatic pancreatic cysts are increasingly recognized due 
to widespread imaging of the abdomen. While the majority of 
cysts are benign, approximately 10% represent cystic neoplasms 
[254,255]. Accurate characterization of the malignant potential 
of a pancreatic cyst remains challenging. EUS-FNA is often  
used in the management of such lesions. This section reviews 
the diagnostic accuracy of the various imaging modalities and 
recommends a current clinical algorithm. A recent updated 
consensus international white paper provides guidelines for 
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proceed directly to ERCP in patients with a high clinical suspi-
cion for choledocholithiasis. The EUS-based approach reduces 
the number of unnecessary ERCP procedures and is cost-
effective [285,294,299].

Indeterminate biliary strictures
The critical question in the characterization of an indeterminate 
bile duct stricture is whether the stricture is malignant. Brush-
ings or forceps biopsy obtained at ERCP has an accuracy that 
ranges from 30% to 70%, primarily due to the desmoplastic 
reaction associated with such tumors [300–305]. EUS (radial, 
linear, and IDUS) can visualize the extrahepatic biliary tree and 
extrinsic masses [306,307]. A prospective study of 40 patients 
with an indeterminate biliary stricture who underwent various 
imaging and endoscopic techniques found that the combination 
of MRCP and EUS had the highest specificity for diagnosis of 
an indeterminate biliary duct stricture [308].

For bile duct lesions, radial or linear EUS provides excellent 
visualization and ability to obtain tissue [309,310]. For lesions 
located in the porta hepatis region, the 20-MHz IDUS mini-
probe provides accurate images of the bile duct wall and sur-
rounding structures. The IDUS miniprobe is advanced to the 
stricture without a prior papillotomy. The first hyperechoic layer 
corresponds to the mucosa in addition to a border echo, the 
second hypoechoic layer is smooth muscle fibers with fibroelas-
tic tissue, and the third hyperechoic layer is the thin and loose 
connective tissue with a border echo [311]. IDUS findings con-
cerning for malignancy include disruption of the bile duct wall, 
sessile lesions, and tumor size greater than 10 mm. The accuracy 
of IDUS in differentiating between benign and malignant stric-
tures ranges from 76% to 92% [312–316]. The presence of two 
of these three features is considered specific for the diagnosis of 
malignancy, and the absence of all these features carries a very 
high NPV for ruling out malignancy [315]. However, IDUS is 
not accurate when evaluating for metastatic lymphadenopathy 
[314]. The linear EUS echoendoscope is still required for FNA. 
Studies have shown that EUS-FNA may aid in the diagnosis of 
a hilar cholangiocarcinoma when other standard methods of 
tissue acquisition have failed [317].

Cholangiocarcinoma
When cholangiocarcinoma is diagnosed, EUS can assist in 
staging and assessment of surgical resectability. Bile duct cancer 
T-staging is as follows: T1, limited to the wall of the common 
bile duct; T2, invasion beyond the wall of the common bile 
duct; and T3, invasion to adjacent structures. The accuracy of 
IDUS is higher than EUS for assessing T-staging (77.7% vs. 
54.1%) [318], particularly for hilar or common hepatic duct 
strictures.

When assessing for surgical resectability, the key question is 
longitudinal extent of tumor spread and involvement of adja-
cent structures, particularly the portal vein and right hepatic 
artery. The accuracy of IDUS for assessment of longitudinal 
tumor spread ranges from 72% to 86%, when using notching of 

which limits its usefulness [264,267]. Amylase has been found 
in high concentrations in pseudocysts and intraductal papillary 
mucinous neoplasms (IPMNs), and amylase levels greater than 
5000 U/L are associated with varying sensitivity (61%–94%)  
and specificity (58%–74%) in differentiating pseudocysts from 
other cystic lesions [263,268,272]. Recently, whole exome 
sequencing studies have demonstrated specific genetic muta-
tions detectable in small amounts of pancreatic cyst fluid, such 
as KRAS, GNAS, and Von Hipple Landau genes [273,274], 
which may soon allow improved differentiation of mucinous 
and nonmucinous cysts.

The ideal diagnostic approach to patients with pancreatic 
cysts is unclear and not validated, and is variable among medical 
institutions. Management often depends on local expertise. An 
international consensus guideline for management of IPMNs 
and mucinous cystic neoplasms has been published [275], and 
this algorithm should serve as a general framework in the man-
agement of patients with pancreatic cysts.

Biliary tract indications and cholangiocarcinoma
The common bile duct and gallbladder are in close proximity to 
the antrum and duodenum, allowing EUS to image these organs. 
EUS is a safe and accurate alternative imaging modality to 
ERCP, the traditional method most often used to evaluate the 
biliary tract. In many cases, EUS-guided therapy can be per-
formed and can nearly eliminate the need for diagnostic ERCP.

A common indication for endoscopic biliary intervention is 
for suspected choledocholithiasis. An ERCP is often performed 
in such cases, but the risk of complications is significant [276–
279] and it should be performed only in cases requiring thera-
peutic intervention.

Choledocholithiasis
EUS is superior to other imaging modalities for evaluation of 
the extrahepatic biliary tree for suspected choledocholithiasis. 
Transabdominal ultrasound detects approximately 30% of 
common bile duct stones [280,281], and helical CT has a 
reported diagnostic accuracy of 86%–94% [282,283], but with 
reduced accuracy for small bile duct stones. EUS and MRCP are 
both accurate imaging modalities for detection of common bile 
duct stones, with EUS slightly more accurate (approximately 
96% vs. 90%) [284–292]. EUS has greater resolution than MRCP, 
and hence EUS can detect stones as small as 1–2 mm without 
the loss of accuracy seen with MRCP [285,293]. EUS is the most 
accurate imaging test available for detection of microlithiasis 
[290,293].

Although long considered the gold standard for detection of 
choledocholithiasis, ERCP is less accurate and more invasive 
and has a higher failure rate compared with EUS. The NPV (the 
ability to rule out a common bile duct stone) of EUS is nearly 
100%, with up to 32 months of patient follow-up [294–298].

When managing patients with suspected choledocholithiasis, 
adopt a treatment algorithm of performing EUS on patients 
with low or intermediate risk for choledocholithiasis, and 
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neoadjuvant therapy in locally advanced rectal cancer is associ-
ated with an improvement in recurrent-free survival, the accu-
rate preoperative staging of such lesions is critical [322–329]. 
EUS is indicated in the locoregional staging of patients with 
rectal cancer and in the evaluation of patients with recurrent 
malignancy [330,331].

When M0 rectal cancer has been established, EUS is the 
next step in staging because it has superior performance char-
acteristics to CT and MRI [332]. The accuracy of EUS for 
T-staging ranges between 80% and 95%, with a mean sensitiv-
ity of 87.5% and specificity of 83.5%; this compares with an 
accuracy of 65%–75% for CT and 75%–85% for MRI [331,333–
338]. The accuracy of EUS for determining nodal metastases 
is approximately 70%–75%, whereas that for CT is 55%–65% 
and MRI 60%–70% [331,334,336]. The presence of perirectal 
lymph nodes often warrants FNA, which can be performed 
safely with low risk of infection [339,340]. EUS has been 
shown to alter the treatment plan in nearly one-third of rectal 
cancer cases [341].

A common submucosal rectal lesion may be rectal carcinoid, 
often an incidental finding [342,343]. Poor prognosis is associ-
ated with larger tumor size, deep invasion of tumor, and lym-
phovascular invasion [343]. EUS can assess lesions to determine 
eligibility for local excision versus surgical resection [344].

Anorectal EUS also plays a role in detecting sphincter defects 
in patients with fecal incontinence, and helping to assess 
whether the defect is amenable to surgical correction [345]. EUS 
findings have been correlated accurately with operative findings 
[346]. EUS may also be useful in assessing perianal inflamma-
tory conditions [347].

Lung cancer
The annual incidence and mortality of lung cancer worldwide 
is estimated to be 1.35 million and 1.18 million respectively 
[20]. The prognosis and treatment depends on histology (small 
cell vs. nonsmall cell), accurate assessment of mediastinal 
lymph node spread, and the presence or absence of T4 disease 
(tumor invasion into adjacent organs, central vessels, or verte-
brae). Nearly half of patients diagnosed with nonsmall cell lung 
cancer (NSCLC) present with advanced disease. It is clinically 
relevant to differentiate malignant spread to the ipsilateral 
lymph nodes or subcarinal lymph nodes (N2, stage IIIA) from 
spread to the contralateral lymph nodes (N3), or T4 disease 
(stage IIIB). Although 5-year survival in stage III NSCLC is 
dismal, neoadjuvant chemoradiation for stage IIIA improves 
median survival [21–23].

In patients with suspected lung cancer, EUS can visualize the 
following lymph node stations: station 4L (left paratracheal), 
station 5 (aortopulmonary window), station 7 (subcarinal), 
station 8 (lower paraesophageal), and station 9 (pulmonary liga-
mentum). Since ultrasound cannot penetrate the air-filled 
trachea, EUS cannot reliably assess anterior mediastinal lymph 
nodes at levels 2R (upper paratracheal), 4R (lower paratracheal), 
3 (prevascular, retrotracheal), and 6 (paraaortic) [24,25].

the outer margins and asymmetric wall thickening as visualized 
endosonographic features. However, thickening due to inflam-
mation can reduce the accuracy [319]. IDUS is highly accurate 
at visualizing portal vein and right hepatic artery involvement, 
and is more accurate than angiography [320,321].

Anorectal EUS
Common indications for rectal EUS include evaluation of suspi-
cious polyps and locoregional staging of rectal cancer, assess-
ment of submucosal lesions, and evaluation of incontinence (for 
possible anal sphincter defects). Most patients can be adequately 
prepared for this unsedated procedure with enemas.

Malignancy often appears as an irregular hypoechoic lesion 
with disruption of the rectal wall layers (Figure 146.12). Since 

Figure 146.12 Rectal carcinoma. (a) Endoscopic image of ulcerated rectal 
mass. (b) Endoscopic ultrasonography image demonstrates T3N1 stage: 
m, mass; mln, malignant lymph node.

(a)

(b)

mln
m
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70%, NPV 99%) [360]. CT and PET have limited sensitivity and 
specificity for T4 detection [361,362].

Impact on clinical care
The clinical impact of EUS-FNA in patients with NSCLC is its 
ability to accurately stage the posterior mediastinum, subse-
quently reducing the number of invasive mediastinoscopies and 
thoracotomies. EUS-FNA prevents further invasive staging pro-
cedures in up to 70% of cases [274,351,353,354,363,364]. The 
role for EUS-FNA in the clinical algorithm for NSCLC patients 
continues to evolve, but the general consensus is that it should 
be utilized early in the clinical staging algorithm since EUS, by 
itself, can demonstrate T4 disease or mediastinal metastases in 
25% of patients regardless of CT findings [352,356]. PET, if 
available, should be performed before EUS-FNA.

The future staging of NSCLC is likely to involve endobron-
chial ultrasound (EBUS). Compared with CT and PET, EBUS 
with transbronchial needle aspiration has high sensitivity and 
specificity for mediastinal and hilar lymph node evaluation 
[365,366]. The challenge will be for bronchoscopists and endo-
scopists to integrate the two techniques efficiently and to work 
together to achieve complete mediastinal staging.

EUS-FNA plays a vital role in the management of patients 
with suspected NSCLC. Given that it is minimally invasive, safe, 
more accurate than CT and transbronchial FNA, and more spe-
cific than FDG-PET, EUS-FNA impacts patient care by reducing 
the number of invasive diagnostic surgical procedures. Indica-
tions for EUS-FNA in the diagnosis and staging of NSCLC 
include the evaluation of mediastinal lymphadenopathy, identi-
fication of adjacent intrapulmonary lesions and diagnosis of T4 
disease, and mediastinal FNA of PET positive lesions, and 
should be the first invasive procedure performed after CT [114]. 
Since EUS cannot visualize the anterior mediastinal structures, 
it is most appropriate to proceed to mediastinoscopy if EUS-FNA 
is nondiagnostic. Mediastinoscopy provides evaluation of the 
upper and lower paratracheal regions (stations 2 and 4). In a 
comparison of EUS-FNA and mediastinoscopy, both proce-
dures demonstrated a comparable accuracy rate of 90%, and the 
combination detected significantly more patients with lymph 
node metastases than either technique alone [353]. The role of 
EBUS remains to be clearly defined.

Interventional EUS

Background
Improvements in echoendoscope design, imaging quality and 
accessories have collectively led the evolution of EUS from a 
diagnostic to a therapeutic modality [367]. As a result, EUS is 
now a well-established technique for tissue sampling, fine-
needle injection and drainage of fluid collections and abscesses 
adjacent to the gastrointestinal (GI) tract. Widespread adoption 
of minimally invasive surgery and radiologic procedures has 
naturally led to the increased use of EUS in treatment and/or 

Posterior mediastinal assessment
The most common clinical indication for EUS in NSCLC is for 
mediastinal staging. Prior to the advent of EUS-FNA, patients 
underwent various procedures including bronchoscopy with 
transbronchial FNA, computed tomography (CT), positron 
emission tomography (PET), video-assisted thoracoscopy, and 
mediastinoscopy to accurately assess metastatic disease. 
EUS-FNA (as opposed to EUS alone) [18,76,77,171] provides 
accurate evaluation of the posterior mediastinum, and is com-
plementary to those imaging modalities that assess the anterior 
mediastinum.

The performance characteristics of EUS-FNA have been 
reported in numerous studies [54,171,180,201,256,273,274,348–
357], and a metaanalysis of over 1200 patients [25]. EUS-FNA 
for mediastinal staging or in suspected mediastinal malignancy 
has a pooled sensitivity of 83%, specificity of 97%, negative 
predictive value (NPV) of 78%, and positive predictive value 
(PPV) of 98%. EUS-FNA is more sensitive (88% vs. 57%) and 
specific (91% vs. 82%) than CT for the detection of suspected 
malignant lymph nodes [76,77], and detects malignant lym-
phadenopathy in 35% of patients without lymphadenopathy on 
prior CT. This reduces the number of patients requiring medi-
astinoscopy and exploratory thoracotomy [25,273,348,352,356] 
(Figure 146.13).

Fluorodeoxyglucose (FDG)-PET and CT are comparably 
sensitive for the detection of enlarged mediastinal lymph nodes; 
however, in cases where lymph nodes are not enlarged on CT, 
FDG-PET had a higher sensitivity than both CT and EUS-FNA 
(82% vs. 58%). Due to the false-positive rate of benign granu-
lomatous disease on PET, a positive PET should be confirmed 
with tissue diagnosis. When available, EUS-FNA is a more accu-
rate and a preferential alternative to “blind” transbronchial FNA 
[76,171,348,355,358].

EUS-FNA can assess intrapulmonary lesions in the posterior 
mediastinum. The accuracy of EUS-FNA for such lesions is 
97%–100% [9,359], and EUS is more accurate than CT or PET 
for assessing T4 disease (sensitivity 88%, specificity 98%, PPV 

Figure 146.13 Lung cancer. Endoscopic ultrasonography fine-needle 
aspiration of a lung mass.
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palliation of gastrointestinal and pancreaticobiliary diseases. 
This section will describe different applications of interven-
tional EUS, including EUS-guided biliary drainage (EUS-BD), 
EUS-guided pancreatic duct interventions, EUS-guided drain-
age of peripancreatic fluid collections, EUS-guided celiac plexus 
neurolysis, EUS-guided fiducial placement and EUS-guided 
angiotherapy.

EUS-guided biliary drainage (EUS-BD)
In patients with normal, nonobstructed upper GI anatomy, 
selective bile duct cannulation by experts at ERCP is successful 
in over 90% of cases. When bile duct access is not possible due 
to failed cannulation, altered upper GI tract anatomy, distorted 
ampulla, gastric outlet obstruction (GOO), periampullary 
diverticulum, or in-situ enteral stents, EUS-BD has been increas-
ingly used as a less-invasive alternative to surgery, or radiology 
[368–373]. EUS-BD can be performed by one of three methods. 
First, a rendezvous technique may be considered whereby a wire 
is placed into an intrahepatic or extrahepatic bile duct, passed 
through the papilla and is retrieved by a duodenoscope for 
biliary interventions. Second, direct transluminal stenting using 
a transgastric or transduodenal approach may be performed 
without accessing the papilla [374,375]. EUS-guided antegrade 
transpapillary (or trans-anastomotic) biliary stent placement is 
a third, less widely used, approach [376,377].

Rendezvous technique
A linear echoendoscope is used to achieve initial biliary access 
within a segment of dilated bile duct proximal to the site of 
obstruction. The tip of the echoendoscope is positioned in the 
gastric fundus or duodenal bulb when accessing the intrahe-
patic and extrahepatic bile duct, respectively. A 19-gauge or 
22-gauge FNA needle is used to puncture the bile duct with 
access confirmed by contrast injection and fluoroscopic imaging. 
A 0.035-inch, 0.025-inch, or 0.018-inch guidewire is then 
advanced into the bile duct. The smaller 0.018-inch wires need 
to be exchanged for larger wires before stent placement. The 
echoendoscope and needle are angled to facilitate antegrade 
guidewire passage through the site of obstruction and across the 
papilla and coiling of the wire within the duodenum is preferred 
to enable REN technique. The echoendoscope is withdrawn 
leaving the guidewire in place. A side-viewing endoscope is 
passed to the papilla and a snare or biopsy forceps is used to 
grasp the guidewire and withdraw it through the endoscope 
with subsequent stent placement (Figure 146.14) [378].

Direct transluminal (TL) technique
In TL cases, the entire procedure is performed using the ech-
oendoscope. After the bile duct is accessed as described above, 
the puncture track is dilated with a dilating catheter or dilation 
balloon and a variety of devices are used to facilitate stent place-
ment. These devices are selected based on the patient’s anatomy 
and features of the obstructing stricture. Stent insertion is then 
performed via antegrade approach (Figure 146.15) [378,379].

Antegrade stenting
The EUS-guided anterograde stenting technique involves the 
following steps. The dilated biliary ductal segment is punctured 
with an FNA needle and contrast is then injected through the 
needle to provide a cholangiogram. A hydrophilic guidewire is 
advanced through the needle and manipulated across the stric-
ture. The FNA needle is then removed, and the tract is dilated 
over the wire to 7-Fr or 8.5-Fr using an ERCP catheter (e.g. 
Soehendra Biliary Dilation Catheter, Wilson-Cook Medical, 
Winston-Salem, NC, USA). With the dilation catheter tip 
within the bile duct, the hydrophilic wire is exchanged for a 
stiffer instrumentation guidewire (e.g. 0.035-inch Jagwire, 
Boston Scientific, Natick, MA, USA). Anterograde stent place-
ment is performed by advancing the stent through the thera-
peutic channel of the echoendoscope over the guidewire and 
stent is then deployed across the stricture transpapillary or 
trans-anastomotic.

Outcomes of EUS-BD
Despite growing international experience and peer-reviewed 
publications of EUS-BD in recent years, concern still remains 
about the safety and efficacy of these techniques compared to 
the standard, widely available alternative procedures. Small 
series from expert centers suggest that EUS-BD can be per-
formed with high therapeutic success (87%) but is associated 
with 10%–20% morbidity (most mild-moderate) and rare 
serious adverse events [380]. Recently, Artifon et al. [381] pub-
lished the first prospective, randomized trial comparing EUS-BD 
to percutaneous transhepatic biliary drainage (PTBD) in 25 
patients (13 EUS-choledochoduodenostomy or EUS-CDS and 
12 PTBD) with malignant biliary obstruction and failed ERCP. 
The two groups were similar before EUS-BD in terms of quality 
of life, total bilirubin (16.4 vs. 17.2; P  =  0.7), alkaline phos-
phatase (539 vs. 518; P = 0.7), and gammaglutamyl transferase 
(554.3 vs. 743.5; P = 0.56). All procedures were technically and 
clinically successful in both groups. At 7-day follow-up, there 
was a significant reduction in total bilirubin in both groups 
(EUS-CDS, 16.4 to 3.3; P  =  0.002, and PTBD, 17.2 to 3.8, 
P = 0.01), although no difference was noted between the two 
groups (EUS-CDS to PTBD, 3.3 vs. 3.8, P = 0.2). There were no 
differences in complication rates between the two groups 
(P  =  0.44): EUS-CDS (2/13, 15.3%), and PTBD (3/12, 25%). 
Cost was similar for both groups ($5673, EUS-CDS vs. $7570, 
PTBD; P  =  0.39). Therefore, this randomized study showed 
that EUS-BD performed via transluminal approach (choledo-
choduodenostomy) had a similar success rate, complication 
rate, and cost as compared to PTBD. Although this small pro-
spective, single center study suggests that EUS-BD may be an 
acceptable alternative to PTBD, large prospective studies are still 
needed to definitively determine procedure-related complica-
tions, efficacy and modifications employed to improve patient 
outcomes.

Shah and colleagues reported their large experience with 
EUS-BD in patients with altered anatomy due to surgery or 
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• optimizing angle of bile duct puncture with the EUS needle
• use of smaller-diameter wires to avoid wire shearing
• introducing a 4-Fr catheter to manipulate direction of wire 

towards/through distal stricture/ampulla; and
• preference for puncturing a segment to intrahepatic duct to 

allow advancement of wire towards the hilum [382].
In this study, 45 patients with benign or malignant biliary 

obstruction underwent same session EUS-BD after failed ERCP. 
Technical success, which was defined as successful stenting  
or balloon dilation along with the flow of contrast medium and/
or bile through the stent, was achieved in 41 (91%) patients. 
Functional success, defined as decrease of cholestatic indices to 
less than 75% of pretreatment value within 1 month of the 
procedure, was achieved in 39 (95%) of these patients. A total 
of five (11%) adverse events occurred in four patients: one each 
of pancreatitis, focal bile peritonitis, limited pneumoperito-
neum, intraperitoneal stent migration and biloma. The latter 
complication was managed by an EUS-guided approach with 
stent-in-stent placement. In all, three patients experienced  
mild complications and one patient experienced a moderate 

failed ERCP [373]. A total of 70 patients had attempted EUS-
guided cholangiography and this was successful in 68 (97%) 
patients; 66 patients had cholangiographic findings requiring 
interventions. EUS-BD using the rendezvous technique was 
attempted in 50 patients and was successful in 37 (74%), and 
failed in 13. Direct EUS-guided interventions (hepatogastros-
tomy, choledochoduodenostomy, antegrade stenting) were 
attempted in the remaining 16 patients and were successful in 
13 (81%). A total of six complications occurred most of which 
were managed conservatively. One perforation that required 
subsequent surgical intervention occurred and was related to 
sphincterotomy after successful rendezvous ERCP.

Recently, Park and colleagues described a large prospective 
cohort who underwent EUS-BD by one experienced operator 
at a large, busy tertiary center in Korea [382]. These authors 
have previously reported a relatively high adverse event rate of 
20% [368] for EUS-BD and in the more recent study they aimed 
to evaluate whether a modified technique of “enhanced 
guidewire manipulation” could improve the safety and efficacy 
of EUS-BD. The modified approach by Park et al. included:

Figure 146.14 EUS-guided biliary drainage using the rendezvous technique. (a) The common bile duct (CBD) was punctured with a 19-gauge needle 
under endosonographic guidance and antegrade cholangiography revealed dilated CBD with distal obstruction. (b) Antegrade passage of guidewire can 
be seen passing via the stomach (red arrow), duodenal bulb (yellow arrow), through the papilla and coiled in the distal duodenum (white arrow).  
(c) The wire was grasped through a duodenoscope and a sphincterotome was passed over the wire (white arrow). The wire was withdrawn from the 
duodenal bulb (yellow arrow) and re-advanced in a retrograde fashion to facilitate transpapillary stent placement. (d) Dark bile flowing through 
transpapillary self-expandable metallic biliary stent. (e) Coronal CT showing self-expandable metallic stent placed across distal biliary stricture due to 
pancreatic mass.

(a)

(d) (e)

(b) (c)
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extrahepatic and intrahepatic approaches (84.3% vs. 90.4%; 
P = 0.15). A higher clinical success rate was noted in patients 
with malignant diseases compared with benign diseases (90.2% 
vs. 77.3%; P = 0.02). Complications for all techniques included 
pneumoperitoneum 5%, bleeding 11%, bile leak/peritonitis 
10%, and cholangitis 5% without a significant difference between 
the intrahepatic and the extrahepatic approaches and between 
benign and malignant diseases.

It is important to note that results of the above discussed 
studies come from tertiary centers where all procedures were 
performed by high-volume, highly-qualified interventional 
endoscopists. We believe these procedures are ideally performed 
by experienced endoscopists trained in both ERCP and EUS 
and carried out at institutions where appropriate surgery and 
radiology backup are available should complications arise.

EUS-BD vs. PTBD
Outcome data comparing EUS-BD and alternative procedures 
(e.g. PTBD) are limited. One small randomized controlled trial 
comparing EUS-BD and PTBD in 25 patients with malignant 
biliary obstruction and failed ERCP [381]. This study concluded 
that both procedures had equivalent efficacy, safety and cost. 

complication per the ASGE lexicon’s severity grading system 
[383]. Technical success and complications in this study were 
similar to other reports.

As stated above, the primary intent of the Park’s study [382] 
was to evaluate whether “advanced guidewire manipulation” 
may decrease the 20% (n = 11) adverse event rate the authors 
reported in a prior study of 55 patients who underwent either 
EUS-guided hepaticogastrostomy or choledochoduodenostomy 
[368]. To evaluate whether the authors’ successfully met their 
goal, it is important to evaluate potential reasons for complica-
tions in these 11 patients (graded as mild in seven and moderate 
in four). Interestingly, nine of these 11 patients underwent 
fistula dilation using a needle knife and its use was independ-
ently associated with occurrence of adverse events (odds ratio 
[OR] 12.4; P = 0.01). In the more recent study, fistula dilation 
with needle knife was used in only five patients. Therefore, it is 
recommended that use of needle knife cautery for tract creation/
dilation during EUS-BD should be avoided when possible.

Gupta et al. reported a multicenter experience on long-term 
outcomes of EUS-BD in 246 patients [384]. The intrahepatic 
approach was used in 60% of the cases. Successful biliary drain-
age was achieved in 87% of cases, with a similar success rate in 

Figure 146.15 EUS-guided biliary drainage using direct transluminal technique. (a) Endosonographic demonstrating needle and guidewire within the 
common bile duct (CBD). (b) Antegrade cholangiography demonstrating intra and extrahepatic biliary dilation with an abrupt cut off in the mid CBD. 
Prophylactic pancreatic stent placed at failed ERCP remains in situ. (c) The choledochoduodenostomy (CDS) was dilated with a dilating bougie catheter 
(4–7-Fr). (d) Large volume of bile flowing through the fully covered self-expanding metallic biliary stent that was placed across the CDS. (e) Coronal 
CT four weeks post EUS-BD reveals optimal stent position and absence of biliary ductal dilatation

(a)

(d) (e)

(b) (c)
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these techniques is achieved in about 70% of patients with clini-
cal success achieved in about two thirds of them [387,388]. 
Adverse events are not uncommon and include bleeding, 
hematoma formation, pancreatitis, abscess formation, pain 
necessitating hospital stay, and stent migration.

EUS-guided drainage of peripancreatic fluid collections 
(PFC)
Pancreatic fluid collections (PFCs) are categorized into acute 
fluid collections, pseudocysts, and walled-off pancreatic necro-
sis (WOPN). Acute collections lack a well-defined wall and 
usually require no intervention. However, well encapsulated and 
symptomatic collections warrant therapy. Indications for drain-
age of PFCs include pain, obstruction of the GI or biliary tract, 
infection, or fistula formation [389].

Although surgery is historically considered the standard 
technique for drainage of pancreatic pseudocysts, use of  
endoscopic methods is increasing. Varadarajulu and colleagues 
performed a single-center, open-label, randomized trial to 
compare endoscopic and open surgical cystgastrostomy for 
pancreatic pseudocyst drainage in 40 patients [390]. The 
primary end point was pseudocyst recurrence after a 24-month 
follow-up period. At the end of the follow-up period, none of 
the patients who received endoscopic therapy had a pseudocyst 
recurrence, compared with one patient treated surgically. There 
were no differences in treatment successes, complications, or 
re-interventions between the groups. However, the length of 
hospital stay was shorter for patients who underwent endo-
scopic cystgastrostomy (median, 2 days, vs. 6 days in the 
surgery group; P < 0.001). Although there were no differences 
in physical component scores and mental health component 
scores (MCS) between groups at baseline on the Medical Out-
comes Study 36-Item Short-Form General Survey question-
naire, longitudinal analysis showed significantly better physical 
component scores (P  =  0.019) and mental health component 
scores (P = 0.025) for the endoscopy treatment group. The total 
mean cost was lower for patients managed by endoscopy than 
surgery ($7011 vs. $15 052; P = 0.003). The authors concluded 
that there was no evidence that surgical cystgastrostomy is 
superior. The EUS-guided approach was associated with shorter 
hospital stays, better physical and mental health of patients, and 
lower cost.

One major limitation of an endoscopic (not EUS-guided) 
approach is that PFCs not causing a luminal compression 
cannot be treated endoscopically. This limitation is overcome 
with the performance of drainage procedures under EUS guid-
ance [391], as long as the collection is within 1.5 cm from the 
GI tract. One randomized trial compared the rate of technical 
success between EUS and EGD for transmural drainage of pan-
creatic pseudocysts in 30 patients [392]. EUS had significantly 
higher success rate than EGD (100% vs. 33%; P < 0.001). The 
authors recommended that EUS serve as the first-line treatment 
modality for endoscopic drainage of pancreatic pseudocysts 
given its high technical success rate.

The primary limitation of this study was that only direct proce-
dural costs were calculated. This likely overestimated the cost-
effectiveness of EUS-BD which is associated with increased 
downstream costs due to the requirement for frequent reinter-
ventions. In another study, Khashab and colleagues recently 
compared efficacy, safety, and cost of EUS-BD to that of PTBD 
in 73 jaundiced patients with distal malignant biliary obstruc-
tion who underwent EUS-BD or PTBD after failed ERCP [385]. 
Although technical success was higher in the PTBD group 
(100% vs. 86.4%; P  =  0.007), clinical success was equivalent 
(92.2% vs. 86.4%; P = 0.40). PTBD was associated with higher 
adverse event rate (index procedure: 39.2% vs. 18.2%; all proce-
dures including reinterventions: 80.4% vs. 15.7%). Stent patency 
and survival were equivalent between both groups. Total charges 
were more than two times higher in the PTBD group (P = 0.004) 
mainly due to significantly higher rate of reinterventions (80.4% 
vs. 15.7%, P = 0.001). The authors concluded that EUS-BD and 
PTBD are comparably effective techniques for treatment of 
distal malignant biliary obstruction after failed ERCP. However, 
EUS-BD is associated with decreased adverse events rate and in 
this study was significantly less costly due to the need for fewer 
reinterventions.

One of the advantages of EUS-BD is the possibility of access-
ing the biliary ductal system from multiple routes. The dilated 
intrahepatic biliary radicals can be accessed from the liver via 
the distal esophagus, or stomach, or the common bile duct can 
be punctured from the proximal duodenum (and occasionally 
from gastric antrum) [386]. This choice of access routes allows 
for successful endoscopic biliary drainage even in patients with 
duodenal obstruction or duodenal bypass surgeries. Other 
advantages include feasibility of EUS-BD in patients with ascites 
and liver metastasis, avoidance of percutaneous catheters, and 
their associated complications (e.g. skin irritation, leak), and 
their perceived invasiveness and negative impact on quality of 
life. Moreover, EUS-BD can be performed during same endos-
copy session after failed ERCP, which avoids the need for 
repeated interventions and allows for timely biliary drainage in 
which bilirubin levels decrease more rapidly and permitting 
more rapid initiation of chemoradiation if needed [373,382]. 
EUS-BD also maintains bile within the GI tract to ensure proper 
digestion and absorption of nutrients.

EUS-guided pancreatic duct interventions
EUS-guided pancreatic duct (PD) interventions have recently 
gained increasing attention. EUS-guided PD intervention is 
divided into two types, antegrade and rendezvous techniques, 
following EUS-guided pancreatography. During the antegrade 
technique, pancreaticoenterostomy is carried out by stent place-
ment between the PD and the stomach, duodenum, or jejunum. 
Transenteric antegrade PD stenting is conducted by stent place-
ment, advancing anteriorly into the PD through the pancreatic 
tract. The rendezvous technique is carried out by using a 
guidewire through the papilla or anastomotic site for retrograde 
stent insertion. Technical success (of stent placement) using 
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endoscopic procedure). Other minimally invasive techniques 
for drainage of WOPN include endoscopic necrosectomy [395] 
or hybrid techniques (combination of laparoscopy, transcutane-
ous radiologic drainage, and/or endoscopy) [396]. Recently, a 
new EUS-based drainage technique of WOPN was described 
and entails creating multiple transluminal gateways to facilitate 
effective drainage of necrotic contents [397].

Recommendations for endoscopic management of 
patients with PFCs
It is preferable that patients with PFCs obtain MRI/MRCP prior 
to endoscopic therapy. MRCP may suggest pancreatic duct leak 
and need for ERCP. MRI (in contrast with CT) enables quanti-
fication of solid necrotic material inside the cyst. This can be 
later confirmed during EUS. If no solid material is identified 
(pseudocyst), then only conventional transmural drainage is 
required. If limited (<40%) percentage of cyst contents is solid, 
then multiple transluminal gateway technique is recommended. 

We have described EUS-guided pseudocyst drainage as a 
one-step procedure using graded catheter and balloon dilation 
of the cystgastrostomy tract and a novel multiple wire insertion 
technique facilitated by a modified double lumen biliary cytol-
ogy brush catheter [393,394]. Ten patients with 11 pseudocysts 
underwent EUS-guided pseudocyst drainage using this multiple 
wire insertion technique. Technical success, defined as success-
fully achieving access and drainage of pseudocysts, was achieved 
in all cases (100%) with no procedural complications. Clinical 
success was achieved in all cases with complete resolution of 
pseudocysts. The use of a modified double lumen biliary cytol-
ogy brush catheter allowed for a simple and safe one-step EUS-
guided drainage of pseudocysts [393,394].

Endoscopic therapy of WOPN is more technically challeng-
ing than standard transluminal drainage (Figure 146.16). Solid 
contents inside the cavity do not readily drain through small-
caliber transluminal stents. This results in stent clogging and 
infection of sterile WOPN (as a result of contamination during 

Figure 146.16 EUS-guided drainage of walled-off pancreatic necrosis (WOPN). (a) EUS image of WOPN prior to EUS guided drainage. Hyperechoic 
solid material (yellow arrow) is seen within the cyst. (b) Axial contrast enhanced CT shows a large intrapancreatic collection with near complete 
replacement of the pancreatic parenchyma measuring 11.7 cm. The collection has a large amount of debris (asterisk) with a thin sliver of fluid (arrow). 
(c) Axial T2 weighted MRI of abdomen demonstrates the presence of a collection measuring 11.6 cm that contains predominantly solid debris (asterisk) 
with small amount of fluid (arrow). (d) Axial contrast enhanced CT performed 2 months after stent placement demonstrates marked decrease in the 
size of the collection.

(a)

(c) (d)

(b)
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patient in the left lateral position. After color doppler assess-
ment of vessel-gut interposition, a therapeutic linear-array 
echo-endoscope is used and the puncture site is chosen. Prox-
imity to the diaphragm should be avoided, because of the poten-
tial for immediate pain due to the spread of alcohol. The devices 
used are 22-guage, 19-guage needles, or fenestrated 20-guage 
needles designed for EUS-CPN (Cook Medical, Winston-Salem, 
NC, USA).

Different techniques can be implemented during EUS-CPN 
and include a single central injection, bilateral injection, and 
direct celiac ganglia injection. For central injection, which is 
easier to perform, the needle is advanced above the celiac trunk, 
in the space between the aorta and the origin of the celiac axis. 
If bilateral injection is chosen, the echoendoscope, situated 
above the celiac axis, is rotated to one side until the origin of 
the celiac axis is no longer seen, and half of the entire solution 
is injected; the procedure is then repeated on the opposite side. 
When ganglia are targeted, the echoendoscope is rotated clock-
wise and celiac ganglia are found above the celiac trunk, along-
side the trunk, and below the trunk, just above the superior 
mesenteric artery takeoff.

Pain relief after EUS-CPN in patients with pancreatic cancer 
varies between 45% and 94% [400]. One metaanalyses showed 
a mean rate of pain alleviation of 80% but a much lower rate of 
complete pain response [401].

Many of the patients will still require the same dose of anal-
gesic after EUS-CPN, which should be considered as an adjunct 
method to standard pain management. The postneurolytic 
residual pain could be related to nonvisceral pain, due to the 
invasion of the muscles or surrounding connective tissue, but 
factors concerning the technique used (type of technique, quan-
tity of alcohol injected, timing of the procedure) have not been 
extensively studied.

One randomized controlled trial compared the central and 
bilateral techniques of EUS-CPN and found no difference in 
duration of pain relief (11 weeks vs. 14 weeks), complete pain 
relief (2/29 patients vs. 2/21 patients) or reduction in pain medi-
cations (9/29 patients vs. 7/21 patients) [402]. The technique of 
direct injection into the celiac ganglia has been used in only a 
few studies. One randomized controlled trial compared direct 
ganglia neurolysis with central neurolysis. The positive response 
rate at day seven and the complete response rate were higher in 
the ganglia neurolysis group (75.5% vs. 45.5% and 50% vs. 
18.2%, respectively) [403].

EUS-guided fiducial placement
Patients with locally advanced pancreatic adenocarcinoma most 
often have tumor involvement of celiac axis or superior 
mesenteric artery. In these patients, chemotherapy, conven-
tional radiation therapy (RT) or a combination of both may 
positively influence overall survival and quality of life [404,405]. 
The goal is to attempt to downstage the tumor, improve local 
control, and offer palliation [406]. In recent years, improve-
ments in RT, namely stereotactic body RT (SBRT), were possible 

Alternatively, endoscopic necrosectomy or hybrid techniques 
could be performed in this setting but these techniques are 
associated with a non-trivial risk of morbidity and mortality 
[398]. However, these later approaches are mandatory for PFCs 
with extensive solid necrotic contents (>40%–50%). Placement 
of a nasocystic catheter with intermittent irrigation of the cyst 
cavity should be performed in patients with WOPN to ensure 
continuous irrigation and drainage. The irrigation catheter may 
be removed after resolution of infection and organ failure (if 
present), significant decrease in size of WOPN on repeat 
imaging, in association with absence of necrotic fluid on aspira-
tion of drainage catheter. Subsequent imaging is usually obtained 
6–8 weeks afterwards. If WOPN is resolved, transmural stents 
are removed by endoscopy. For patients with disconnected pan-
creatic ducts, the transmural stents are left in place indefinitely 
[399].

EUS-guided celiac plexus neurolysis
Celiac plexus neurolysis (CPN) involves chemical destruction 
of celiac ganglia and corresponding neural pathways by inject-
ing dehydrated alcohol into the network of the celiac plexus. 
The result is moderate neuronal degeneration associated with 
residual fibrosis accomplished either transcutaneously under 
ultrasound, CT, or EUS guidance. The advantages of the EUS 
approach are the fine orientation of the needle above or lateral 
to the celiac trunk and the real-time performance of the proce-
dure, under Doppler control of vessel interposition. In addition, 
the technique is easy, requiring only 2–3 minutes immediately 
after the staging or sampling of an inoperable pancreatic tumor. 
Better results can be expected owing to the better orientation of 
the needle, compared to the ultrasound or CT approach, and 
the real-time accomplishment of the procedure (Figure 146.17).

The EUS-guided technique consists of preprocedural hydra-
tion with 500 mL saline, followed by CPN performed with the 

Figure 146.17 EUS-guided celiac plexus neurolysis (CPN) using single 
central injection technique. The celiac trunk (CT) is easily identified as 
the first take-off from the aortal. A fine needle aspiration needle is 
advanced and CPN is carried under EUS guidance.
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have been placed. Typically, two to four fiducials are placed to 
provide ample distance and angulation for IGRT. Fiducials are 
placed at the periphery of the tumor when possible.

EUS-guided angiotherapy
Endoscopic management of GI bleeding is insufficient in about 
10% of patients. The source of bleeding occasionally cannot be 
identified using conventional endoscopy. The initial experience 
with EUS to manage GI bleeding was described in a report that 
included five patients, four of whom had severe refractory 
bleeding that resulted from hemosuccus pancreaticus, a Dieu-
lafoy’s lesion, duodenal ulceration, or GI stromal tumor (GIST) 
[414]. EUS-guided therapy was performed by injecting alcohol 
or cyanoacrylate (CYA). Power and pulse Doppler revealed 
complete cessation of blood flow and/or occlusion of the vessel 
of interest, thereby indicating a successful end point of angi-
otherapy. None of the patients re-bled after EUS-guided therapy. 
A more recent study reported on EUS-guided sclerotherapy 
using CYA or polidocanol 2% to treat refractory GI bleeding in 
eight patients (varices, aneurysms, Dieulafoy’s) [415]. Proce-
dures were successful in seven (87.5%) patients with immediate 
cessation of doppler signal at the end of procedures.

Binmoeller et al. recently described the technique of EUS-
guided transesophageal treatment of gastric fundal varices 
(GVF) with combined coiling and CYA injection [416]. The 
echoendoscope is positioned in the distal esophagus and GFVs 
are visualized after filling the stomach with water. The hypoe-
choic diaphragmatic crus muscle is identified between the 
esophageal wall and the GFV. The GVF is then punctured with 
a 19-gauge needle using a transesophageal approach. An embol-
ization coil is deployed into the varix through the FNA needle 
by advancing the stylet. Subsequently, 1 cc of CYA is injected by 
using normal saline solution to flush the glue through the 

because of advances in CT, MRI, and PET. SBRT delivers mul-
tiple beams of radiation with a high degree of accuracy, allowing 
the safe and effective delivery of RT to target sites [407,408]. 
However, treatment of extracranial lesions with SBRT requires 
placement of intratumoral radiographic markers (fiducials) to 
allow for image-guided RT (IGRT). With IGRT, it is possible to 
deliver high doses of RT therapy with submillimeter accuracy, 
sparing surrounding organs at risk [406].

Percutaneous radiographic marker placement is an estab-
lished technique for the deployment of fiducials into pancreatic 
tumors [409]. However, this approach is invasive and carries a 
nontrivial morbidity risk with a relatively high rate of fiducial 
migration [409]. EUS-guided fiducial placement has been 
reported in recent years to be less-invasive and an effective 
means for fiducial placement in patients with inoperable pan-
creatic cancer [410–412]. EUS-guided fiducial placement is tra-
ditionally performed using 19-guage or 22-gauge FNA needles 
[410,412,413].

Technique of EUS-guided placement of fiducials
Fiducials are placed using linear echoendoscopes and 19-gauge 
or 22-gauge needles. The FNA needle is backloaded with one 
fiducial marker. The stylet of the EUS needle is withdrawn about 
2–3 cm and the fiducial is backloaded into the needle tip. The 
needle tip of the EUS needle is sealed with sterile bone wax to 
prevent unintended loss of the fiducial while advancing the 
needle through the therapeutic channel of the echoendoscope. 
The needle is then inserted into the target lesion under EUS 
guidance. The stylet of the EUS needle is advanced to maximal 
insertion, thus pushing the fiducial out of the needle and into 
the lesion (Figure 146.18). The EUS needle is then withdrawn 
from the echoendoscope and reloaded with a new fiducial, and 
the technique is repeated until the desired number of fiducials 

Figure 146.18 EUS-guided fiducial placement. (a) EUS image of a mass in the head of the pancreas. EUS-FNA confirmed pancreatic ductal 
adenocarcinoma. (b) EUS image showing FNA needle and a deployed hyperechoic fiducial (arrow)

(a) (b)
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catheter. Color Doppler is used to confirm absence of flow in 
the treated varix. Repeat injection of CYA and/or coils is per-
formed for persistent flow. Medium or large esophageal varices 
are then treated by band ligation.

All (n  =  30) included patients underwent successful EUS-
guided transesophageal treatment of GFVs [416]. The mean 
number of GFVs treated was 1.3 per patient, and the mean 
volume of CYA injected was 1.4 mL per varix. Hemostasis of 
acute bleeding was 100%. Majority (96%) of patients attained 
GFV obliteration after a single treatment session. Rebleeding 
occurred in four patients, with none attributed to GFVs. There 
were no procedure-related complications and no symptoms or 
signs of CYA embolization.

This approach for treating bleeding due to GFV has multiple 
advantages (Box 146.1) and deserves further study to determine 
its efficacy and safety [417,418].

Conclusion

Interventional EUS has flourished during recent years and indi-
cations for its use are expanding. Interventional EUS procedures 
are technically demanding and frequently require skills in both 
endosonography and ERCP. Improvement in devices and acces-
sories tailored specifically for interventional EUS are needed to 
expand the horizons of therapeutic EUS.
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Introduction

Since its initial introduction in the late 1970s, there have been 
many technical advances in computed tomography (CT) in 
terms of both scanner hardware and software. The latest genera-
tions of multidetector CT (MDCT) scanners have allowed dra-
matic improvements in both temporal and spatial resolution, 
making possible studies with minimal respiratory or motion 
artifacts [1]. The improvement in scanner speed has been 
immense, as the latest dual-source CT scanners can now com-
plete a scan of the abdomen in less than 1 s, as opposed to 
roughly 10 s for the prior generation of 64-slice scanners. This 
improvement in temporal resolution, in addition to reducing 
artifacts, has also allowed more consistent acquisition of images 
at peak arterial enhancement, thereby improving the ability to 
diagnose hypervascular lesions such as pancreatic neuroendo-
crine tumors or hepatocellular carcinoma [2,3]. However, as 
important as hardware improvements have been, software 
improvements have been equally important, particularly the 
introduction of widely available three-dimensional (3D) post-
processing software, which enables the radiologist to view the 
scan data in any imaging plane, as well as new CT applications 
such as virtual colonography and CT angiography.

In this chapter, we will review current state of the art CT 
imaging of the gastrointestinal tract, including the hepatobiliary 

tree, pancreas, and hollow viscera, as well as ancillary tech-
niques such as 3D imaging and CT colonography.

The hollow viscera of the  
gastrointestinal tract

Techniques
Oral contrast
Identification of luminal gastrointestinal tract abnormalities, 
whether neoplastic or inflammatory, depends on the ability to 
adequately distend the bowel lumen and visualize the bowel 
wall, as well as distinguish the bowel from adjacent structures 
in the mesentery and peritoneum (a difficult task in certain 
cases when the bowel is collapsed) [4,5]. A variety of CT enteric 
contrast agents administered either orally and/or rectally, 
broadly categorized as positive agents, neutral agents, or nega-
tive agents can aid in accomplishing these goals [6–8].

Positive agents appear white on CT and usually consist of 
diluted (1.5%–2%) iodinated water-soluble contrast or diluted 
(2%) barium suspensions. These agents have been traditionally 
used for routine CT scans of the abdomen. Although positive 
agents are quite effective in discriminating the bowel from adja-
cent structures (such as mesenteric tumor implants or lymph 
nodes), high-density positive oral contrast is often associated 
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the identification of a pathological process or neoplasm, as  
the lesion may not be distinguishable from adjacent normal 
structures.

Nonionic iodinated contrast agents are typically utilized, and 
the protocol for contrast administration will vary depending on 
the clinical indication. Different phases of contrast enhance-
ment (i.e., arterial, venous, delayed, etc.) may be needed for 
different suspected diagnoses. For example, in a patient with 
suspected pancreatic cancer, it is important to acquire images 
in both the arterial and venous phases in order to ensure iden-
tification of the mass itself, as well as to appropriately stage the 
lesion with regards to mesenteric arterial and venous involve-
ment [17,18]. Alternatively, in a patient with abdominal pain in 
the emergency room, a routine venous acquisition alone may 
be sufficient. The radiologist will tailor the CT protocol based 
on the provided clinical history and the clinical question and, 
as a result, two patients with slightly different clinical histories 
may undergo CT scans with significantly different CT protocols. 
Therefore, it is essential that the ordering physician provides 
appropriate clinical information in order for scans to be per-
formed correctly.

Scanning protocol
Virtually every study performed on the latest generation of CT 
scanners is acquired with thin-collimation, typically with slice 
thicknesses as small as 0.5–0.75 mm. These isotropic datasets 
(i.e., identical resolutions in the x, y, and z axes) allow the crea-
tion of exquisitely detailed 3D reconstructions and multiplanar 
reformations (i.e., coronal and sagittal reformations), as well as 
the reconstruction of 3–5-mm slices for routine axial image 
review. While older-generation scanner technology often 
required active manipulation of scan parameters (such as tube 
current and tube potential) for individual patients, modern 
MDCT scanners have now automated much of the process, and 
the scanner software (such as “automated exposure control” or 
“automated tube potential selection”) can choose the appropri-
ate mAs and kVp depending on the patient’s size and attenua-
tion, as dictated by the scout image [1,9].

Three-dimensional imaging
For much of the history of CT, the radiologist has primarily 
relied on interpretation of the source axial images in order to 
make a diagnosis. However, such an overreliance on axial 
imaging is no longer sufficient or acceptable, and the radiologist 
must visualize a pathological process from multiple different 
perspectives, as well as understand the 3D relationship of struc-
tures, in order to make the most accurate diagnosis [19,20]. In 
order to visualize a dataset from alternative projections and 
perspectives, several different 3D techniques are available, 
including multiplanar reformations (MPR), volume rendering 
(VR), and maximum intensity projection (MIP).

Multiplanar reconstructions are the simplest of these tech-
niques to use, and allow the user to scroll through the dataset 
in any plane. These MPR images can be created quickly and 

with significant streak or beam-hardening artifacts, sometimes 
limiting evaluation of the bowel wall itself. As a result, in those 
situations where it is important to appreciate subtle changes  
in bowel wall thickness or enhancement (such as in Crohn’s 
disease), a positive contrast agent is usually not appropriate [9].

Neutral contrast agents appear gray on CT and usually have 
a density comparable to water. Currently used neutral agents 
include water, methylcellulose agents, and commercially avail-
able products such as Volumen (E-Z-Em; Lake Success, NY), 
which has a density value slightly greater that water [8]. Water 
is quite effective in distending the stomach and duodenum, 
particularly when ingested immediately prior to a scan, but is 
limited in its ability to distend the remainder of the small bowel 
due to its rapid absorption. As a result, while water is sometimes 
incorporated as a component of oral contrast administration 
regimens, it is usually not the only oral contrast agent utilized 
if the small bowel is the suspected site of pathology. Alternatively, 
Megibow and colleagues compared the neutral oral contrast 
agents Volumen and methylcellulose in 60 patients undergoing 
CT of the pancreas [8]. Volumen, which had an attenuation of 
20 to 40 Hounsfield units (HU), resulted in superior distention 
of the bowel and demonstration of mural features and, as a 
result, Volumen is generally considered to be the most effica-
cious of all of the available neutral enteric contrast agents [10–
14]. Overall, neutral contrast agents allow good distension of 
the bowel, without obscuring bowel wall thickening, enhance-
ment, or density changes. Just as importantly, as 3D imaging has 
become a more widely used application in abdominal imaging, 
in contrast to positive agents, neutral contrast agents do not 
interfere with 3D postprocessing algorithms.

Finally, negative agents appear black on CT and typically 
consist of either gas granules administered orally to distend the 
stomach or insufflation of the colon with air or carbon dioxide 
for virtual colonoscopy. Other negative agents, such as oil-based 
products (peanut oil), are not used routinely in most practices 
[15].

Intravenous contrast
Intravenous (i.v.) contrast-enhanced images expand the diag-
nostic range of CT and have become essential for most clinical 
indications. Intravenous contrast should be used in every CT 
protocol with a few exceptions, that is patients with renal failure 
or a contrast allergy. Intravenous contrast enhancement can 
dramatically improve the visualization of pathological processes 
in virtually every facet of abdominal imaging, including the 
evaluation of the alimentary tract and the solid gastrointestinal 
organs. Not only is intravenous contrast essential in allowing 
the radiologist to recognize and differentiate normal structures 
from a pathological process, but once a pathological entity is 
recognized, intravenous contrast can significantly alter a dif-
ferential diagnosis by highlighting attenuation differences or by 
accentuating vascularity, thereby facilitating the determination 
of histological type and neoplastic potential [16]. In many 
patients, the failure to utilize intravenous contrast may prevent 
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mass, particularly as a small or subtle lesion cannot be reliably 
distinguished from a collapsed esophagus [22] (Figure 147.1). 
Moreover, with regard to the primary lesion, MDCT provides 
no histological specificity; squamous cell carcinoma, adenocar-
cinoma, lymphoma, and metastatic disease to the esophagus can 
all have similar CT appearances. However, a primary esophageal 
leiomyoma should be considered when there is a prominent 
exophytic component to a mass, or alternatively, when con-
fronted with an extremely well-circumscribed mass that appears 
to be primarily mural in origin [23].

As mentioned earlier, early superficial or small esophageal 
lesions may not be visible on MDCT and, therefore, MDCT 
should not be used to screen for esophageal cancer or as a  
primarily diagnostic tool [24]. Moreover, despite technical 
advances in CT scanners and 3D imaging software, MDCT 
cannot distinguish the individual layers of the esophageal wall 
and is not, therefore, an acceptable modality for T-staging of a 
lesion [24]. While MDCT can identify sizeable locoregional 
lymph nodes, endoscopic ultrasound (EUS) is likely more sensi-
tive for identifying small periesophageal nodes. Once a primary 
tumor is identified, CT can also be helpful in evaluating local 
extension of the tumor, including involvement of the aorta, 
diaphragm, and tracheobronchial tree. Local extension can be 
extremely difficult to accurately diagnose, and involvement of 
these local structures must often be inferred based on the loss 
of a discrete fat plane between the tumor and the adjacent 
structure.

The real value of MDCT in patients with esophageal carci-
noma is in the staging of distant metastatic disease, evaluating 
response to therapy, and identifying postsurgical complications. 
The most common sites of distant metastatic disease include 
mediastinal or upper abdominal lymph nodes (particularly per-
iesophageal and gastrohepatic ligament lymph nodes), lung, 
liver, and adrenal glands. Several studies have suggested that 
PET may also serve as a valuable ancillary tool in the diagnosis 
of distant metastatic disease. Thus, Pfau and colleagues found 
that PET was able to identify more patients with metastatic 
disease than CT [24–26].

effortlessly directly at the CT scanner console following the 
conclusion of each case, and do not require any further post-
processing or active editing by the radiologist. Most radiology 
practices across the country now utilize MPRs as part of their 
standard imaging protocols.

However, more advanced 3D visualization techniques (such 
as VR or MIP) require the radiologist to interactively manipu-
late the dataset using advanced reconstruction software at an 
independent workstation. Volume rendering, a 3D visualization 
technique, which assigns a unique color and transparency to 
each voxel in a dataset depending on its attenuation and rela-
tionship to other adjacent voxels, allows the brightness, opacity, 
window width, and window level to be adjusted in real time in 
order to accentuate certain tissue types or for selective viewing 
of the vasculature [20]. Although VR software was once labor 
intensive with high computational demands, the recent software 
packages are much easier to use and require less computational 
power. Maximum intensity projection is a 3D technique in 
which the brightest voxel is displayed along a ray, nicely illus-
trating high attenuation vasculature and providing detailed vas-
cular maps [20]. The radiologist often utilizes a combination of 
these 3D tools to optimally display the relevant anatomy and 
pathology. In the last several years, specialized 3D software has 
also been developed for specific CT applications, including 
virtual colonography.

Esophagus
Neoplasms
For evaluation of a suspected or known esophageal mass, 
MDCT can play a valuable role in identifying the mass, assess-
ing local extension, detecting local and regional lymphadenopa-
thy, as well as identification of distant metastatic disease. 
Esophageal neoplasms can appear on CT as focal, asymmetric, 
soft tissue lesions arising from the wall or as discrete sites of 
focal wall thickening. However, these findings are nonspecific 
and can be seen with both benign and malignant tumors, as well 
as inflammatory conditions or esophagitis [21]. MDCT should 
not be relied upon for the primary diagnosis of an esophageal 

Figure 147.1 (a) Axial intravenous contrast-enhanced multidetector computed tomography (MDCT) image reveals a large circumferential esophageal 
mass (arrows), splaying the carina. An esophageal stent is in place (arrowhead). (b) Axial intravenous contrast-enhanced MDCT image demonstrates 
bulky mediastinal adenopathy (arrows). The esophageal stent is again noted (arrowhead).

(a) (b)
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absolute gastric wall measurements is not generally advisable, 
and it is usually more useful to qualitatively assess wall thickness 
in conjunction with other supportive imaging findings such as 
abnormal wall enhancement, wall irregularity, and ulceration. 
Moreover, simply measuring wall thickness is not always useful 
in distinguishing malignant from benign disease. In a study by 
Insko et al. the authors noted that a gastric wall thickness of 
1 cm had a sensitivity of 100% for detecting malignant or poten-
tially malignant lesions, but only had a specificity of 50% [33]. 
The authors found that focal eccentric enhancing wall thicken-
ing was always malignant in their patients, but was only present 
in a small percentage of individuals [33].

When MDCT is performed for a suspected gastric abnormal-
ity, adequate distension of the stomach and duodenum is criti-
cal, and patients should be instructed to rapidly ingest either 
water or Volumen immediately prior to undergoing the scan 
[6,34–36]. Positive oral contrast should be avoided, as streak 
and beam hardening artifacts may preclude subtle assessments 
of wall thickening and abnormal enhancement. Finally, several 
studies have confirmed the value of 3D imaging in the evalua-
tion of the stomach and perigastric relationships [37].

Neoplasms
Gastric adenocarcinoma
Gastric adenocarcinoma can present with a number of discrete 
CT appearances, the most common of which is focal, irregular 
thickening of the gastric wall, sometimes with ulceration and 
necrosis (Figure 147.2). Other possible appearances include a 
discrete polypoid mass, as well as a scirrhous form (with or 
without ulceration) with diffuse infiltration of the gastric wall 
(i.e., linitis plastica). Scirrhous tumors can be difficult to diag-
nose as the degree of wall thickening is less than in the other 
forms of the malignancy, and this diagnosis is sometimes over-
looked on MDCT, and in other cases is misdiagnosed as gastritis 
given its diffuse distribution [38].

MDCT is typically used for staging once the diagnosis has 
been made using endoscopy. Overall staging accuracy has been 
reported to be as high as 94%, with better results for advanced 
tumors than in early gastric cancers [39]. Studies have shown 
that EUS is more accurate than CT for determining depth of 
mural invasion and for local lymph node staging [39]. As 
already mentioned, CT does not yet possess the spatial resolu-
tion to distinguish the individual layers of the gastric wall and, 
consequently, superficial early gastric cancers may not be 
detected. Accordingly, MDCT is not an appropriate tool for 
T-staging of tumors [39,40].

Gastric cancer typically spreads along the perigastric perito-
neal reflections through intramural lymphatics, via peritoneal 
seeding, and hematogenously. Lymphatic submucosal spread 
into the esophagus occurs in approximately 30% of patients with 
tumors in the gastric fundus. Extension into the serosa allows 
tumors access to the supporting mesenteries of the stomach, 
thereby providing pathways into the omentum, kidney, liver, 
pancreas, transverse colon, and spleen. Proximal lesions can 

Postsurgical complications after esophagectomy occur in up 
to 50% of patients, and MDCT can play an important role in 
their prompt diagnosis [27]. The most frequently noted compli-
cation seen on CT is an anastomotic leak, which may not always 
be detected by a standard contrast esophagography, particularly 
when the leak is small or slow [27]. In some cases, it may be 
beneficial to perform CT immediately after contrast esophagog-
raphy to increase sensitivity in detecting small leaks that may 
be difficult to perceive at fluoroscopy. CT is also valuable in 
patients after esophageal stent placement to document patency 
and to detect potential complications [28].

Varices
Esophageal varices are easily detected with contrast-enhanced 
CT, and MDCT can easily detect both intraesophageal and 
extraesophageal varices, the latter of which can be underesti-
mated by EUS [29]. Esophageal varices appear as thickening 
and scalloping of the esophageal wall, as well as enhancing 
vessels within the esophageal wall or in the adjacent soft tissues 
[30].

Esophagitis
While CT is neither sensitive nor specific for this diagnosis, 
esophagitis may produce thickening of the distal esophageal 
wall. CT does not aid in the differentiation of distal esophageal 
abnormalities and cannot distinguish carcinoma from severe 
esophagitis. CT may be useful in recognizing distal esophageal 
changes, and subsequently prompting endoscopic evaluation to 
determine a more specific etiology.

Achalasia
CT is not the imaging modality of choice in patients with sus-
pected achalasia. However, CT is sometimes the first modality 
to suggest the diagnosis in patients imaged for evaluation of 
nonspecific symptoms, and can also be helpful in distinguishing 
achalasia from “pseudoachalasia” secondary to an obstructing 
tumor or mass. The CT appearance of achalasia can be dramatic, 
showing a markedly distended esophagus with retained fluid 
and food [31].

Stomach
While certainly not as sensitive or specific as upper endoscopy, 
MDCT can identify a number of gastric abnormalities, and can 
accurately assess the position of the stomach, the luminal 
contour, the thickness of the gastric wall, locoregional lymph 
nodes, peritoneal ligaments, and the surrounding viscera. When 
the stomach is distended adequately, the gastric wall should 
measure less than 5 mm. However, at the esophagogastric junc-
tion, the wall may normally be up to 1 cm thick, as a result of 
the scan plane and the orientation of the lower esophageal 
sphincter. Similarly, because of muscle orientation in the 
antrum, as well as antral contraction, the wall of the antrum 
may commonly exceed 5 mm in thickness, and can measure up 
to 13 mm and still be considered normal [32]. However, using 
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were visible on four-slice CT, suggesting that MDCT can be 
useful in screening symptomatic patients suspected of having 
GIST, using newer scanner and with careful attention paid to 
appropriately distending the stomach with water or Volumen 
immediately prior to the scan [46].

Larger tumors, usually not particularly difficult to detect on 
MDCT, can either protrude into the gastric lumen or can be 
exophytic [45], often showing central necrosis or ulceration. 
Three-dimensional imaging can be particularly helpful for dem-
onstrating the relationship of the mass to the stomach, as the 
exact site of origin for large and exophytic GIST tumors may 
not be readily apparent, and these tumors are sometimes mis-
diagnosed as arising from the adrenal, pancreas, or colon when 
only axial sections are utilized for interpretation [45].

extend into the diaphragm and the aorta. Again, these complex 
pathways of tumor spread are best appreciated when datasets 
are interpreted utilizing a combination of traditional axial 
imaging and 3D reconstructions.

Lymphoma
Gastric lymphomas produce significantly greater wall thicken-
ing compared to gastric adenocarcinoma, although this finding 
is of limited value in generating a differential diagnosis in indi-
vidual patients, particularly given that gauging the degree of 
thickening can be difficult in cases with poor gastric distension 
[41,42]. Like lymphoma elsewhere in the body, lymphoma of 
the stomach tends to minimally enhance and be relatively 
homogeneous, in contrast to the heterogeneous appearance 
typical for adenocarcinoma. In cases presenting with fold 
hypertrophy, there may be demonstrable clefts between the 
thickened folds extending through the wall into the extraserosal 
tumor [43]. Perhaps the most important differentiating feature 
is the presence of extensive lymphadenopathy, particularly 
lymph nodes distant from the gastric mass, a feature unusual in 
gastric adenocarcinoma.

Gastrointestinal stromal tumors
Gastrointestinal stromal tumors (GIST) are mesenchymal 
tumors that arise within the muscularis propria of the bowel 
wall. Approximately 60% of GISTs occur in the stomach, 
although they represent only 1%–3% of all gastric malignancies 
[44]. CT plays an important role in the detection and staging of 
these tumors, as CT can detect the tumor, assess for local spread, 
and identify distant metastases [45]. When small, GISTs are 
confined to the gastric wall, and usually appear as rounded, 
smoothly marginated intramural masses (Figure 147.3) and, 
particularly when the stomach is well distended prior to the 
study, lesions as small as 1 cm can be reliably detected on MDCT 
[46]. In their series, Nishida et al. found that all GISTs over 2 cm 

Figure 147.2 (a) Axial intravenous contrast-enhanced multidetector computed tomography in a patient with gastric adenocarcinoma shows an 
infiltrating mass in the gastric body (arrows). There is extension into the gastrohepatic ligament (arrowhead). (b) Coronal volume rendered image 
nicely demonstrates the bulky gastric mass (arrow).

(a) (b)

Figure 147.3 Intravenous contrast-enhanced coronal multiplanar 
reconstruction, using water as oral contrast, demonstrates a 1.3-cm 
intramural gastric mass (arrows) compatible with a gastrointestinal 
stromal tumor. This was an incidental finding.

H
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offering the added advantage of both visualizing the entire gas-
trointestinal tract as well as extraluminal structures such as 
lymph nodes [53]. However, MDCT’s efficacy is largely depend-
ent on proper enterography technique and, more specifically, on 
achieving adequate distension of the small bowel so as to allow 
identification of a potential lesion.

Adenocarcinoma of the small intestine most often manifests 
as an “annular-constricting” lesion, with circumferential soft 
tissue attenuation, wall thickening, and irregular narrowing of 
the lumen, sometimes with associated proximal bowel obstruc-
tion [53]. Small bowel adenocarcinomas most frequently arise 
in the periampullary duodenum, but may occur anywhere along 
the mesenteric small bowel (Figure 147.4). Malignant lesions 
can also appear as exophytic or intramural masses with central 
necrosis and ulceration [55]. However, ulceration is not always 
well demonstrated on CT [56].

Four major patterns of small bowel lymphoma have been 
identified on radiographic studies [57]. First, lymphoma can 
appear as multiple nodules within the small bowel. Involvement 
of multiple sites along the small intestine aids in differentiation 
of lymphoma from adenocarcinoma and carcinoid tumor. 
Second, lymphoma can appear as a single dominant mass lesion 
of variable size, with these isolated lesions sometimes presenting 
due to small bowel intussusception. Third, lymphoma can be 
infiltrating and appear as focal wall thickening with destruction 
of normal small bowel folds. Unlike adenocarcinoma, small 
bowel lymphoma is considered to be a “soft” tumor, and is less 
likely to result in obstruction. In addition, as the tumor infil-
trates the musculature of the wall, it can inhibit peristalsis and 
result in aneurysmal dilatation of the involved loop, as opposed 
to obstruction [57]. Fourth, small bowel lymphoma may appear 
as an exophytic mass, sometimes with ulceration. The presence 
of other manifestations of lymphoma elsewhere in the body, 
including extensive lymphadenopathy and splenomegaly may 

Inflammatory diseases
MDCT is not indicated for the primary evaluation of patients 
with suspected gastric inflammatory diseases. Nevertheless, 
because CT is so frequently ordered in patients with abdominal 
pain, it may be the first modality to suggest the presence of 
gastritis or peptic ulcer disease [47]. In patients with gastritis, 
MDCT may show focal or diffuse wall thickening, and the 
thickened wall may display some degree of low attenuation, 
reflecting intramural edema [48]. Although CT is not sensitive 
for the detection of ulcers, in rare instances they may be visual-
ized, particularly when large, and in such cases a careful survey 
must be made for the presence of ectopic gas or fluid adjacent 
to the abnormal segment of the stomach, suggesting perforation 
[47]. In many of these cases where the stomach appears abnor-
mally thickened, inflammatory and malignant gastric wall 
thickening cannot be accurately distinguished on MDCT, and 
endoscopy is usually indicated to exclude the presence of a 
malignancy.

Small intestine
The primary key to evaluation of the small bowel lies in ade-
quate distension with orally administered contrast material [7]. 
CT enterography studies, designed specifically to interrogate the 
small bowel, should be performed utilizing a neutral contrast 
agent, most often Volumen, as positive oral contrast agents can 
obscure subtle sites of bowel wall thickening or abnormal bowel 
wall enhancement. There are a large number of CT enterogra-
phy protocols in use across the country. The most common 
utilizes a total of 1350 mL of Volumen, with separate adminis-
trations of 450 mL at 60 min, 40 min, and 20 min prior to the 
study, followed by 500 mL of water immediately prior to the 
study. Such a protocol provides enough time for contrast to 
reach and distend the distal small bowel, but also distends the 
stomach and proximal bowel by the water ingested just prior to 
the scan. Medications, such as metoclopramide and glucagon, 
were once regularly administered, but have fallen out of favor 
across the country as they have little proven impact on image 
or scan quality. Many practices evaluate the small bowel with a 
single (portal venous) phase study, although the incorporation 
of dual-phase technique (arterial and venous) can have great 
advantages in identifying subtle sites of bowel wall abnormal 
enhancement or small hypervascular tumors [9,10,14,49].

Neoplasms
Early diagnosis of small bowel tumors continues to pose a sig-
nificant challenge for both clinicians and radiologists. Not only 
are small bowel neoplasms relatively uncommon, but they rep-
resent less than 25% of all gastrointestinal neoplasms and less 
than 2% of all malignant tumors [50–53]. Moreover, small 
bowel tumors tend to be small initially and can be difficult to 
diagnose on MDCT, particularly if the diagnosis is not sus-
pected prior to the scan [54]. While the diagnosis of these 
lesions was once contingent on contrast fluoroscopy studies, CT 
is now clearly the imaging modality of choice for these tumors, 

Figure 147.4 Intravenous contrast-enhanced coronal volume-rendered 
image, using water as oral contrast, demonstrates a 2-cm lobulated mass 
(arrows) in the second portion of the duodenum. A common bile duct 
stent is in place (arrowhead). The patient underwent Whipple surgery and 
pathology revealed adenocarcinoma arising in a tubular adenoma.
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obvious metastases are present. As with gastric GIST, small 
bowel lesions, when small, may go undetected on CT. As they 
enlarge, they typically become exophytic and often ulcerate, 
producing a characteristic appearance on MDCT [45]. These 
tumors can be bulky and large, and central necrosis or ulcera-
tion is quite common. Indeed, GIST tumors may become so 
large at presentation that it may be difficult to appreciate the site 
of origin. Tumor spread is usually through direct extension into 
adjacent organs or hematogenously to the liver. Liver metastasis 
can appear low-density or cystic, and may often become pro-
gressively more cystic following treatment with imatinib 
(Gleevec), rather than decreasing in size [45]. As a result, evalu-
ating response to therapy in patients with GIST metastatic to 
the liver must entail a more complex determination of a liver 
lesion’s solid components, rather than simply relying on size 
measurements [61].

Metastatic disease
Metastatic disease to the small bowel can result from hematog-
enous spread or peritoneal seeding, each of which has a recog-
nizable CT appearance. Hematogenous metastases are most 
commonly seen with melanoma, Kaposi sarcoma, and breast 
carcinoma, with these lesions typically presenting as discrete 
masses eccentrically arising from the bowel wall. Alternatively, 
tethering of the mesenteric border of individual bowel loops in 
the presence of peritoneal carcinomatosis is indicative of seeded 
metastases. In some cases, loops of bowel may appear abnor-
mally clumped, tethered, and clustered together, often with the 
walls of these loops of bowel appearing abnormally thickened, 
usually suggesting serosal tumor implants in the setting of car-
cinomatosis. These patients may not be overtly obstructed per 
se, and their bowel may be normal in caliber and nondilated, 
but patients with this radiographic appearance often experience 
symptomatology that is akin to a small bowel obstruction. This 
constellation of findings is most commonly seen with metastatic 
ovarian, colon, breast, and lung carcinoma, as well as other 
malignancies with a predilection for peritoneal spread.

be extremely helpful in arriving at the correct diagnosis [41]. Of 
note, acquired immunodeficiency syndrome (AIDS)-related 
lymphomas display two primary patterns on CT: single or mul-
tiple segments with homogeneous, circumferential wall thick-
ening, or single or multiple cavitary lesions. The gross 
morphological features, distribution pattern, degree of wall 
thickening, and length of involvement are similar in AIDS-
related and non-AIDS-related lymphomas [58].

Small bowel carcinoid tumors are neuroendocrine neo-
plasms. In their early stages, the tumors are small, confined to 
the bowel wall, and appear as enhancing intramural lesions, 
most often localized to the distal ileum in the right lower quad-
rant of the abdomen [59]. As the tumors grow, they can extend 
beyond the involved bowel wall, causing infiltration of the 
mesentery and desmoplastic reaction (Figure 147.5). At this 
stage, the MDCT appearance is characterized by radially ori-
ented linear spiculations in the perienteric fat, with a discrete 
lymph node mass (frequently calcified) present centrally in the 
mesentery adjacent to the involved small bowel loop [60]. Bowel 
loops are usually drawn toward this central spiculated mass as 
a result of the desmoplastic reaction and scarring and, conse-
quently, bowel obstructions and ischemic thickening of the 
involved loops (as a result of chronic lymphatic and venous 
obstruction) is common. In addition to MDCT, nuclear medi-
cine techniques, utilizing 111 indium (or iodine 123)-labeled 
octreotide or iodine 131-labeled metaiodobenzylguanidine 
(MIBG) are useful tools to diagnose and localize carcinoid 
tumors and to identify their metastases. Retractile mesenteritis, 
a chronic inflammatory process of the mesentery, can produce 
a spiculated, calcified mesenteric mass that is virtually indistin-
guishable from a carcinoid tumor.

The fourth most common small bowel malignancy is GIST, 
which arises from smooth muscle cells within the wall of the GI 
tract and most commonly involves the stomach. Small bowel 
GIST tumors more commonly arise in the jejunum or ileum, as 
compared to the duodenum. It is usually not possible to distin-
guish benign from malignant GISTs radiographically unless 

Figure 147.5 (a) Axial intravenous contrast-enhanced multidetector computed tomography shows a 1.5-cm infiltrating mass (arrow) in the root of the 
mesentery, compatible with carcinoid. (b) Coronal maximum intensity projection nicely demonstrated encasement of the superior mesenteric artery 
branches (arrowhead) by the infiltrating tumor (arrows).

(a) (b)
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MDCT offers much more detail beyond simply illustrating 
inflamed loops of bowel. Given the propensity of Crohn’s disease 
to result in fistulae or sinus tracks, MDCT can often accurately 
identify these fistulae, as well as associated fluid collections or 
abscesses. Fistulae occur not simply between loops of small or 
large bowel, but can involve the bladder as well, and the pres-
ence of gas within the bladder, or an inflamed bowel loop in 
close contiguity with focal thickening of the bladder wall, can 
be a strong clue to this diagnosis.

With advances in CT technology resulting in improved 
spatial and temporal resolutions, CT can provide useful infor-
mation regarding disease activity in Crohn’s patients. Bodily  
et al., retrospectively obtained quantitative information from 
CT scans of 96 patients with Crohn’s disease, including meas-
urements of small bowel mural attenuation and thickness. 
Mural attenuation correlated significantly with active Crohn’s 
disease, although small bowel wall thickness by itself was not a 
significant factor [66]. In another study, of 143 patients, 
Colombel et al. found that endoscopic disease activity scores 
correlated significantly with CT bowel enhancement, “comb 
sign” (i.e., vascular enlargement of the vasa recta), and increased 
density in the mesenteric fat [67].

Small bowel obstruction
The CT findings of small bowel obstruction are contingent on 
three findings: (1) dilated loops of small bowel, typically over 
3 cm in luminal diameter; (2) a discrete transition point at 
which dilated small bowel abruptly narrows; and (3) distal 
decompression of small bowel loops (with usually some degree 
of decompression of the large bowel as well) (Figures 147.7 and 
147.8). MDCT is clearly superior to plain film radiography in 
detecting intestinal obstruction, determining the cause of 
obstruction, and identifying complications (such as perforation, 
ischemia, etc.) [68]. Studies have shown that CT sensitivities 
range from 90% to 95% in detecting obstruction, and that 
MDCT can establish the etiology of the obstruction in a major-
ity of cases [69]. Perhaps the greatest advantage of CT in these 
patients is the ability to detect signs of bowel ischemia and 
strangulation, including bowel wall thickening and edema 
(ischemic signs), mesenteric inflammation, ascites, abnormal 
bowel wall hypoenhancement, pneumatosis, and portal venous 
gas [70]. While in the past it was relatively common practice for 
clinicians to utilize plain radiography as a screening examina-
tion for obstruction prior to utilizing MDCT, this is now gener-
ally unnecessary. In the setting of a suspected small bowel 
obstruction, MDCT should represent the first and most appro-
priate radiological study of choice, as it can change management 
by accelerating surgical treatment in obstructed patients with 
signs of ischemia or strangulation, resulting in improved out-
comes [71,72]. The ability to view CT datasets in multiple planes 
(coronal and sagittal) has proven very important in many cases, 
as the exact site of transition may be difficult to detect on axial 
images. The use of MPRs for this indication has been shown to 
increase reader confidence [73].

Nonneoplastic diseases
Crohn’s disease
One of the earliest applications of CT in the alimentary tract 
was the evaluation of Crohn’s disease [62]. Markedly expanded 
contrast and spatial resolution compared to plain film and fluor-
oscopy make CT ideal for identifying sites of both active inflam-
mation as well as the stigmata of chronic inflammation [63]. In 
the setting of acute inflammation, the affected bowel wall dis-
plays variable degrees of mural thickening and submucosal 
edema and, particularly when dual-phase imaging is employed, 
the affected segments of bowel tend to show avid mucosal 
hyperenhancement, with engorgement of the adjacent vasa 
recta and mesenteric vasculature [64] (Figure 147.6). This 
increased vascularity associated with inflamed loops of bowel 
can be quite subtle, and can often be the first clue to a bout of 
active inflammation. Three-dimensional imaging, especially 
MIP reconstructions, is quite helpful in accentuating sites of 
early mesenteric hypervascularity that are difficult to appreciate 
on source axial imaging. Over time, as a result of multiple bouts 
of bowel-related inflammation, it is common for the affected 
segments of bowel to show prominent submucosal fat deposi-
tion, as well as fatty proliferation in the adjacent mesentery (i.e., 
“creeping fat”) with separation and displacement of bowel loops 
[9,65]. In a patient without a clear history, these findings 
strongly suggest a long period of bowel-related inflammation, 
although patients with diabetes or morbid obesity can also dem-
onstrate similar CT features.

Figure 147.6 Coronal volume-rendered image from an intravenous and 
oral contrast-enhanced computed tomography in a patient with Crohn’s 
disease demonstrates small bowel wall thickening, mucosal hyperemia, 
and engorgement of the vasa recta. This is an example of the comb sign, 
indicating active disease.
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Colon
Neoplasms
Malignant neoplasms
Thorough preoperative imaging in patients with colon cancer is 
essential in selecting appropriate operative therapy, incorporat-
ing neoadjuvant chemotherapy and, increasingly, deciding 
whether or not surgical resection of isolated liver or lung metas-
tases might be appropriate [74]. These decisions are based on 
the anatomic location of the primary tumor(s) and the presence 
or absence of distant metastatic disease. Additionally, particu-
larly in patients with rectal cancer, the degree of transmural 
extension of a tumor (i.e., T-stage), distance from the anal verge, 
distance between the tumor and circumferential resection 
margin, and the presence of bulky mesorectal lymph nodes can 
all have a major impact on the patient’s treatment options. EUS 
and MRI are superior to MDCT in the local staging of lesions 
(particularly in the rectum), but MDCT provides the best 
modality for the distant staging of colonic malignancies 
[75–82].

The detection of colorectal carcinoma with MDCT is highly 
contingent on the degree of colonic distention and adequacy of 
the preparation [83]. Routine MDCT (rather than a dedicated 
CT colonography protocol) is not a sensitive or specific option 
for colon cancer diagnosis, and all but the largest lesions will  
be overlooked. When visible, colon adenocarcinoma typically 

Figure 147.7 Coronal multiplanar reconstruction from a noncontrast 
computed tomography demonstrates multiple dilated loops of small 
bowel, in keeping with a small bowel obstruction. Positive enteric contrast 
is identified in the left upper quadrant, without transit to the colon 
despite a relatively long delay.

A

Figure 147.8 (a) Intravenous contrast-enhanced coronal multiplanar reconstruction (MPR), using water as oral contrast, demonstrates moderate small 
bowel dilatation. The colon is decompressed (arrows). (b) Intravenous contrast-enhanced coronal MPR, using water as oral contrast, demonstrates 
multiple fistulae in the distal small bowel and colon (arrows). This was the source of the small bowel obstruction in this patient with Crohn’s disease.

(a) (b)
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appears as a either a discrete soft tissue mass (with irregular, 
ill-defined margins) replacing the bowel, or, alternatively, as a 
site of eccentric irregular wall thickening (Figure 147.9) [83].

Transmural invasion is suggested when a tumor is clearly 
seen to extend beyond the colon wall into the surrounding 
mesenteric or mesorectal fat. However, the limitations of MDCT 
in local staging, particularly in the rectum, should not be under-
estimated; MDCT cannot reliably distinguish T/T2 tumors 
from T3 tumors that have extended beyond the muscularis 
propria into the mesorectal fat, nor can it reliably identify 
tumors that involve the mesorectal fascia and circumferential 
resection margin [76–82]. However, once a tumor has already 
been identified on colonoscopy, MDCT can be very useful in 
identifying acute complications that require urgent clinical  

Figure 147.9 Axial intravenous and oral contrast-enhanced multidetector 
computed tomography demonstrates a subtle mass (arrow) in the right 
colon. Colonoscopy and biopsy revealed adenocarcinoma.

Figure 147.10 (a) Axial prone image from virtual colonoscopy demonstrates an 8-mm polyp (arrow) in the right colon. (b) Endoluminal fly-through 
view from virtual colonoscopy shows the 8-mm polyp (arrow).
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or surgical attention, such as perforation, obstruction, and 
ischemia, all of which can be clinically silent but greatly impact 
long-term survival.

MDCT also plays a primary role in evaluating recurrent or 
distant metastatic disease after either abdominoperineal resec-
tion or colonic resection. CT is capable of demonstrating locally 
recurrent pelvic masses, lymphadenopathy, and liver metas-
tases. Locally recurrent rectal cancer appears as a discrete irreg-
ularly shaped soft tissue mass in the presacral space, and can 
usually be differentiated accurately from normal postsurgical 
scarring and fibrosis in this location, which tends to appear as 
smooth, linear thickening, rather than as a discrete mass [84].

CT colonography (virtual colonoscopy)
The ability of multidetector CT to acquire a continuous volu-
metric data set three-dimensionally allowed the application of 
rendering techniques that result in a display of the luminal 
(mucosal) surface of the colon, an application known as CT 
colonography or “virtual colonoscopy” [85] (Figure 147.10). 
This method was first introduced in the mid 1990s, but was 
initially limited by slow scanner speeds, relatively thick 3–5 mm 
slice collimation, and the lack of easy to use software. Today, 
faster scanner speeds, thin section collimation, increasingly 
sophisticated 3D rendering software, and improved patient 
preparation protocols together allow these studies to be per-
formed with a high degree of accuracy.

Like a traditional optical colonoscopy, the study requires 
adequate bowel cleansing, which can be achieved with any of a 
number of traditional colonoscopy agents, such as polyethylene 
glycol. For CT colonography, the patients also drinks special 
tagging agents comprised of dilute barium suspensions and an 
iodinated liquid. The tagging agents mix with any residual solid 
and liquid stool within the colon, which then appear white, 
easily allowing the radiologist to distinguish fecal material from 
soft tissue polyps. Studies are typically performed in both the 
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tor CT technology. This study incorporated a number of tech-
niques that have now become standard practice in most centers, 
including oral contrast tagging, automated CO2 delivery for 
colonic distension, and the utilization of both 2D and 3D inter-
pretation [88]. The ACRIN study found that CT colonography 
was able to identify lesions measuring 10 mm or greater in 90% 
of patients, with significantly lower sensitivity for smaller lesions 
[89]. Since the ACRIN study, a number of other studies have 
also supported the utility of CT colonography, which is now an 
accepted (and reimbursed) diagnostic test as a primary screen-
ing modality for patients at low and moderate risk of colorectal 
cancer, in patients at risk for complication during colonoscopy, 
patients who underwent prior incomplete optical colonoscopy, 
and as a follow-up to either prior CT colonography or prior 
optical colonography with polyp removal [88].

Nonneoplastic diseases
Diverticulitis
MDCT is the primary, and in most instances the only necessary, 
diagnostic test to diagnose diverticulitis [90,91] (Figure 147.11). 
Not only is MDCT useful for diagnosing diverticulitis, it is also 
helpful for identifying major complications, including the pres-
ence of a fluid collection, abscess, or large perforation (with free 
fluid and extensive ectopic gas) [92]. The diagnosis of diverticu-
litis is contingent on identifying thickened, inflamed colon in a 
segment with multiple diverticula and, in particular, focally 
inflamed diverticula. MDCT is also excellent in diagnosing 
diverticulitis as a cause of fistulae arising from the colon, par-
ticularly fistulae involving the urinary bladder or the vagina 
[93]. In some cases a direct track between the involved segment 
of the colon and the bladder/vagina may be identified, although 
secondary signs can also be helpful, including ectopic gas within 
or adjacent to the bladder or vagina, or the loss of a fat plane 
between the involved structures.

prone and supine positions to improve visualization of polyps 
along the dependent and antidependent surfaces of the colon, 
and images are also typically acquired before and after the 
removal of a rectal tube, maximizing sensitivity for subtle rectal 
lesions. Sophisticated 3D rendering software is now widely 
available from a variety of manufacturers, which allows time-
efficient review of the datasets using a combination of multipla-
nar reconstructions and endoluminal “fly-through” views that 
simulate conventional optical colonoscopy. As a result, while 
these studies were once very time-consuming to interpret, 
expert readers can now review a study in 15–20 min.

The largest study of virtual colonography in a screening pop-
ulation was published by Pickhardt in 2003 [86]. This study 
included 1233 symptomatic adults who underwent both CT 
colonography and conventional colonoscopy in the same day. 
For adenomas >10 mm, the sensitivity using virtual colonos-
copy was 94%, as compared with 88% for conventional optical 
colonography, with a per patient sensitivity for virtual colonog-
raphy of 96% [86]. A smaller screening virtual colonography 
study of 615 patients was subsequently published with disap-
pointing results [87]. This study by Cotton et al. showed less 
than ideal results for virtual colonography, but included rela-
tively inexperienced radiologists as readers, limiting the results 
of the study [87]. It is clear that virtual colonography requires 
training, and the American College of Radiology has recom-
mended training of at least 50 cases for radiologists prior to 
interpreting cases in daily practice.

Results of the multicenter ACRIN national CT colonography 
trial, which was completed in late 2006, included over 2600 
patients from 15 institutions. Inexperienced readers (who had 
read less than 50 cases in practice) were required to undergo 
training and pass a competency test before joining the study. All 
scans were performed on either 16 or 64-slice scanners, such 
that the data analysis was more reflective of modern multidetec-

Figure 147.11 (a) Axial oral and intravenous contrast-enhanced multidetector computed tomography reveals thickening of the sigmoid colon with 
pericolonic stranding (arrows) compatible with diverticulitis. (b) Coronal multiplanar reconstruction shows extensive inflammation and minimal fluid 
in the pericolonic fat, typical of diverticulitis.
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although there are rare cases in which periappendiceal inflam-
matory changes are not perceptible or are minimal on MDCT 
[109], even when the appendix is found to be gangrenous at 
surgery. Other important ancillary findings are the presence of 
a calcified appendicolith and the distension of the appendix 
with fluid. Although it is possible to recognize the findings of 
acute appendicitis on noncontrast studies [110], utilization of 
intravenous contrast [111] is critical in patients referred for 
evaluation of right lower quadrant pain. However, the added 
value of enteric contrast is more debatable, as several studies 
have suggested that enteric contrast does not make a significant 
difference in the accuracy of diagnosis, even in patients who are 
relatively thin and its use may cause delay in waiting for contrast 
to transit to the cecum [112–115].

Colitis
While MDCT is usually not necessary in patients in whom 
infectious colitis is strongly suspected, MDCT not uncommonly 
makes the diagnosis in these patients when they present with 
nonspecific symptoms or generalized abdominal pain [116]. 
The diagnosis of colitis on MDCT is contingent upon the pres-
ence of mural wall thickening, submucosal edema, mucosal 
hyperenhancement, and pericolonic fat stranding and inflam-
matory change. The degree of wall thickening, the extent of 
colonic mucosal enhancement, the distribution of bowel 
involvement, and associated mesenteric and small bowel disease 
are all important features to consider when seeking to differenti-
ate infectious colitis from inflammatory bowel disease or 
ischemic colitis.

For example, patients with Clostridium difficile colitis (the 
most common infectious colitis to be identified on MDCT) 

The most important limitation of MDCT is the inability to 
assess the underlying colonic mucosa and, accordingly, a perfo-
rated neoplasm can be mistaken for diverticulitis in as many as 
10% of patients [94]. As a result, it is often beneficial for the 
patient to undergo colonoscopy following the resolution of 
active symptoms and inflammation, particularly in those cases 
where the inflamed colon appears especially mass like or focally 
thickened [95]. Routine colonoscopy follow-up is probably not 
necessary in every case of suspected diverticulitis, although it is 
likely advisable in cases with significant wall thickening over 
15 mm, the presence of a peridiverticular abscess, or the pres-
ence of suspicious extracolonic findings (such as suspicious liver 
lesions) [96]. While the distinction between a malignancy and 
diverticulitis may not always be simple on MDCT, colon cancers 
are more likely to result in locoregional lymphadenopathy, while 
diverticulitis is more likely to result in adjacent free fluid and 
thickening of the adjacent sigmoid mesocolon [97,98].

Appendicitis
CT is unequivocally the primary imaging modality in patients 
suspected of acute appendicitis, and patients now rarely undergo 
appendectomy without first being scanned [99]. Multiple 
outcome-based studies have documented a significant impact 
upon negative appendectomy rates in patients who have under-
gone CT imaging prior to surgery and, accordingly, there is little 
argument that patients should not, except in the most emergent 
circumstances, undergo surgery for suspected appendicitis 
without preoperative imaging [100–104]. MDCT theoretically 
has a comparable accuracy to ultrasound, and some have argued 
that the addition of ultrasound (prior to MDCT) might result 
in significant cost savings over simply beginning with a CT scan 
in all patients. Nevertheless, the negative predictive value of 
MDCT is significantly higher than ultrasound (as the appendix 
may not be adequately visualized on ultrasound for any number 
of technical or patient factors), and that ultrasound is highly 
user dependent and limited in its efficacy in larger patients 
[105]. As a result, local expertise, body habitus (thinner patients 
for ultrasound and larger patients for CT), and patient age (chil-
dren should usually be first scanned with ultrasound before 
attempting CT because of radiation dose concerns and their 
thinner body habitus) should dictate the use of either CT or 
ultrasound.

The diagnosis of appendicitis is dependent on visualizing an 
abnormal, inflamed appendix (Figure 147.12). The collapsed 
normal appendix usually measures ≤6 mm in cross section; 
when distended, the appendix can measure up to 10 mm in 
diameter in normal patients [106]. A dilated appendix, as an 
isolated finding, can be suspicious, but is not diagnostic of acute 
appendicitis given that there is some degree of variation in the 
normal diameter of the appendix. More important defining  
criteria include a dilated, thick-walled appendix, which often 
demonstrates prominent mucosal enhancement on contrast- 
enhanced images [107,108]. Periappendiceal inflammation and 
fat-stranding are also important associated imaging findings, 

Figure 147.12 Axial intravenous contrast-enhanced multidetector 
computed tomography in a patient with right lower quadrant pain 
demonstrates an enlarged fluid-filled appendix (arrow) with moderate 
periappendiceal inflammation, compatible with acute appendicitis.
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early arterial phase has its greatest utility as an angiographic 
phase for arterial vascular imaging, and can produce exquisite 
images of the central mesenteric vasculature and beautiful vas-
cular maps, which can be quite useful to the surgeon or inter-
ventional radiologist prior to a surgery or procedure. The late 
arterial phase has been shown be superior to the early arterial 
phase for identification of hypervascular hepatocellular carci-
nomas [3,117–120].

Peak hepatic parenchymal enhancement is achieved in the 
portal venous phase, which is a necessary component of any 
evaluation of the liver [2]. Peak enhancement is maintained for 
approximately 30 s and then slowly decays over time. For most 
hypovascular liver tumors, including hypovascular metastases, 
the portal venous phase is the most important phase for lesion 
identification because this is the time when there is a maximal 
difference in attenuation between the normal-enhancing liver 
parenchyma and the poorly-enhancing hypovascular tumor. 
Delayed scanning during the equilibrium phase usually results 
in lesions being less conspicuous and is therefore unnecessary 
when imaging for hypovascular metastases. However, an equi-
librium or delayed-phase acquisition is used at some institutions 
in conjunction with an arterial-phase acquisition for HCC 
imaging, as not only will HCCs “wash-out” in the delayed phase 
(i.e., become hypoattenuating to the liver parenchyma), but a 
small percentage of HCCs are not hypervascular on the arterial 
phase, and only visible on the delayed phase as areas of isolated 
wash-out. While unenhanced scans were once included in many 
liver protocols to differentiate intrinsically hyperdense regenera-
tive and dysplastic nodules with internal copper and manganese 
content from truly enhancing lesions (such as HCC), the inclu-
sion of noncontrast images is probably not necessary in the vast 
majority of cases.

With the latest generation of dual-source MDCT scanners, 
images of the entire abdomen (including the liver) can be 
acquired in less than 1 s, eliminating all respiratory and motion 
artifact. Even with older-generation scanners, the liver can be 
scanned in under 15 s using 16-slice MDCT or less than 5 s 
using 64-slice MDCT. This rapidity of scanning allows studies 
to be acquired consistently at peak arterial enhancement, 
improving vascular maps, as well increasing sensitivity for 
HCC. Following the arterial phase acquisition, the liver can be 
immediately rescanned to capture peak parenchymal enhance-
ment during the portal vein phase [121]. In patients with cir-
rhosis or a suspected hepatic mass, dual-phase protocols (i.e., 
arterial and portal venous scans) are usually chosen (with a 
delayed phase included depending on the institution’s prefer-
ence), while imaging patients with a known underlying hypovas-
cular tumor typically requires only the portal venous phase 
[122–124]. In order to achieve the best results, and maximize 
enhancement in the arterial-phase images, contrast must be 
power injected at a rapid rate exceeding 4 mL/s. High infusion 
rates have been shown to increase both visualization of  
small hepatic arterial branches and conspicuity of HCC 
[120,125,126].

most often present with thickening of the entire colon (i.e., 
“pancolitis”), a distribution not common with other forms of 
ischemic or inflammatory colitis (Figure 147.13). Alternatively, 
ulcerative colitis typically begins at the level of the rectum and 
extends proximally, while Crohn’s colitis will often be associated 
with small bowel involvement (particularly the terminal ileum). 
Finally, ischemic colitis often involves a watershed distribution, 
with preferential involvement of the hepatic and splenic flex-
ures, locations with a more tenuous blood supply.

Solid organs of the gastrointestinal tract

Liver
Techniques
Hepatic parenchymal enhancement following the injection of 
intravenous contrast is characterized by three distinct phases: 
an arterial phase (typically between 25 and 40 s), a portal venous 
phase (between 60 and 70 s), and a delayed phase (usually 
2–4 min). The arterial phase is most useful in detecting primary 
hypervascular liver lesions (i.e., focal nodular hyperplasia 
[FNH], adenoma, hemangioma, etc.), hypervascular liver 
metastases, and hepatocellular carcinoma (HCC), and should 
be included in the MDCT protocol anytime a hepatic mass is 
suspected. The hepatic artery preferentially supplies all primary 
hepatic lesions, and it is during this phase that hypervascular 
lesions most avidly enhance and are most conspicuous, particu-
larly because the background liver parenchyma has not yet 
reached peak enhancement and is still relatively hypodense. 
Given the speed of the most recent generation of MDCT scan-
ners, images can be preferentially acquired during the early 
arterial phase (25–30 s) or the late arterial phase (30–40 s). The 

Figure 147.13 Axial intravenous and oral-contrast enhanced 
multidetector computed tomography demonstrates marked diffuse colonic 
thickening compatible with pseudomembranous colitis.
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by perigastric, perisplenic, and paraesophageal varices. 
Enhancement of the cirrhotic liver is similar to normal liver 
during the arterial phase, but may be slightly less dense and 
more heterogeneous during the portal phase, likely on the basis 
of hepatic fibrosis and steatosis [135]. As mentioned earlier, a 
normal-appearing liver on CT should not be used to exclude 
the diagnosis of cirrhosis, as underlying hepatic fibrosis may 
still be severe on liver biopsy.

Other systemic diseases
Iron deposition and hemochromatosis, whether primary or sec-
ondary, will typically increase the attenuation of the liver and 
spleen on CT scans, a finding which can also be seen as the 
sequelae of chronic usage of certain medications (particularly 
amiodarone), certain glycogen storage diseases, and following 
gold therapy for rheumatoid arthritis [136]. While MRI is a 
more sensitive and specific modality for these diagnoses, the 
presence of a hyperdense liver (in comparison to the spleen and 
paraspinal musculature) should strongly suggest the presence of 
one of these underlying problems. Interestingly, despite high 
serum copper levels, the liver does not usually appear particu-
larly hyperdense on MDCT in patients with Wilson disease 
[137].

Masses
Cysts
Cysts appear as homogeneous, low-attenuation (0–10 HU) 
masses with a smooth, sharp margin and without a perceptible 
wall. Cysts measuring under 1 cm in size can be problematic, 
particularly in patients with cancer, because of artifactually 
higher attenuation measurements from volume averaging, and 
accordingly such small hypodensities are often referred to as 
“too small to characterize” because of the radiologist’s inability 
to characterize such small lesions as benign cysts with a high 
degree of certainty. Comparison with prior studies may be 

Diffuse diseases
Fatty infiltration
Fatty infiltration of the liver can be either diffuse or focal in its 
distribution. While typically not difficult to diagnose when 
diffuse, focal or geographic areas of fatty infiltration (or fatty 
sparing) can be easily confused with other pathological pro-
cesses, such as a discrete mass, infarct, or infection. Steatosis 
lowers the CT attenuation of the liver, which should normally 
be roughly 10 HU greater in attenuation than the spleen on a 
noncontrast study [127]. Fatty infiltration of the liver is most 
reliably appreciated on noncontrast studies (where the liver 
attenuation is less than 10 HU greater than the spleen), but can 
be more difficult to diagnose accurately once i.v. contrast has 
been administered. Accordingly, measurement of the liver on 
unenhanced CT scans has been shown to be best for prediction 
of pathological fat content [128]. In most cases, the diagnosis of 
steatosis should not be made on arterial phase studies, as the 
attenuation of the spleen and liver are too heterogeneous and 
variable to allow accurate comparison. If the diagnosis must  
be made on contrast-enhanced images, portal venous-phase 
images should be preferentially utilized, and the liver should 
measure at least 25 HU lower than the spleen.

Focal fat deposition can be confused with a space-occupying 
lesion or other focal hepatic pathology. However, unlike a true 
pathological process, focal fat or focal fatty sparing should not 
displace or distort adjacent vessels and should not have any 
appreciable mass effect. Moreover, focal fat regularly tends to 
occur in certain classic locations, including adjacent to the fal-
ciform ligament, the undersurface of the medial left hepatic 
lobe, abutting the gallbladder fossa, and along the course of 
vessels and fissures [129]. When this distinction cannot be reli-
ably made, the presence of focal fat can be proven by utilizing 
“chemical shift” MRI [130,131].

Cirrhosis
Cirrhosis is, fundamentally, a pathological diagnosis and, there-
fore, it is common, particularly in the earliest cases of cirrhosis, 
for a patient to be given the diagnosis of cirrhosis based on a 
biopsy result, even though the CT appearance of the liver may 
be relatively normal. However, characteristic CT features are 
usually identifiable in patients with advanced cirrhosis. The 
most specific sign of cirrhosis is capsular nodularity, with the 
outer surface of the liver appearing nodular and irregular, 
usually first apparent along the undersurface of the liver. Over 
time, the right lobe and medial segment of the left lobe often 
become atrophic, while the lateral segment of the left lobe and 
caudate lobe are characteristically enlarged [132–134] (Figure 
147.14). Additionally, as a result of this nodularity and distor-
tion of the underlying hepatic architecture, there is often widen-
ing of the intrahepatic fissures, porta hepatis, and gallbladder 
fossa as the liver retracts and shrinks. Associated changes of 
portal hypertension can often support the diagnosis of cirrhosis, 
including varices and portosystemic venous collaterals, the first 
of which is usually a recanalized paraumbilical vein, followed 

Figure 147.14 Coronal volume-rendered image from intravenous 
contrast-enhanced computed tomography demonstrates a small shrunken 
nodular liver compatible with cirrhosis. Splenomegaly reflects portal 
hypertension. Thrombus is present in the intrahepatic portal vein (arrow).
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enhancement, so-called “flash-filling” hemangiomas, which can 
mimic a hepatocellular carcinoma or hypervascular metastasis 
[142]. In the most confusing cases, where the distinction will 
impact patient management, the diagnosis of a hemangioma 
can be confirmed on MRI.

Hepatic adenomas and focal nodular hyperplasia (FNH) are 
vascular lesions that can present with a variety of CT appear-
ances that are often indistinguishable, unless there is hemor-
rhage (indicating an adenoma). Both lesions are usually 
hypervascular in the hepatic arterial phase of enhancement, 
rapidly becoming isodense or slightly hypodense as peak portal 
enhancement is achieved. However, most adenomas are rela-
tively heterogeneous (especially when larger than 3 cm in size), 
while FNHs are almost always homogeneously hypervascular 
and virtually invisible on the venous-phase images. The identi-
fication of a central, stellate, low-density “scar” is helpful in the 
diagnosis of FNH, but is seen only in a minority of patients and 
can rarely be present in an adenoma as well [144] (Figure 
147.16). The introduction of MDCT has resulted in better visu-
alization of the angioarchitecture of these lesions, which is 
useful for diagnosis, as FNH will typically demonstrate a unique 
paucity on internal neovascularity, while adenomas will often 
demonstrate a profusion of neovascularity internally [145]. CT 
angiography evaluation of FNH can reveal the presence of large 
feeding arteries and draining veins and help to better visualize 
the pseudocapsule and central scar [145]. While hepatic adeno-
mas can be quite variable in their appearance (making the dis-
tinction from a HCC or metastasis difficult in the absence of an 
appropriate history of oral contraceptive or steroid use), FNHs 
almost always have a consistent appearance: homogeneously 
hypervascular on the arterial-phase images, invisible or iso-
dense to the hepatic parenchyma on the venous and delayed 

helpful in such cases [138], and MRI can be more specific for 
confirming that a small lesion is a cyst as opposed to a solid 
mass [139]. Many studies have found that such too small to 
characterize hypodensities are extremely common, and are 
overwhelmingly benign, even in the presence of a known 
underlying malignancy [140]. In most cases, even in a patient 
with an underlying malignancy, such small lesions can be safely 
followed over time to establish stability.

Benign neoplasms
Hepatic hemangioma is the most common tumor of the liver. 
Taking advantage of the improved contrast and temporal sensi-
tivity of MDCT, hemangioma may be accurately and definitively 
diagnosed in over 90% of cases by MDCT, without the need for 
a confirmatory MRI [141]. On noncontrast studies, hemangi-
omas are typically hypoattenuating relative to normal liver, with 
a density similar to that of unenhanced blood vessels. After i.v. 
contrast administration, hemangiomas usually demonstrate 
peripheral globular enhancement and a centripetal fill-in 
pattern over sequential arterial, venous, and delayed-phase 
imaging (Figure 147.15). The enhancing areas have attenuation 
values identical to that of the aorta. Globular enhancement, 
isodense with the aorta, is 67% sensitive and 100% specific in 
differentiating cavernous hemangiomas and hepatic metastases. 
When this classic enhancement pattern is demonstrated, no 
further workup or confirmatory imaging is needed. However, 
hemangiomas can have atypical CT appearances, which can 
cause confusion, particularly in patients with a known underly-
ing malignancy [142,143]. For example, small hemangiomas 
can be hypoattenuating, especially on early-phase scans, and 
may demonstrate no identifiable enhancement. Alternatively, 
due to arterioportal shunting, hemangiomas can show rapid 

Figure 147.15  Intravenous contrast-enhanced axial multidetector 
computed tomography demonstrates a 2.5-cm mass (arrows) in the right 
lobe of the liver with peripheral nodular enhancement, characteristic of a 
hemangioma.

Figure 147.16 Axial intravenous contrast-enhanced multidetector 
computed tomography during portal venous phase of enhancement 
demonstrates a large mass in the right lobe of the liver (arrows), with a 
central scar (arrowhead). This is a typical computed tomography 
appearance of focal nodular hyperplasia.
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images, no appreciable internal neovascularity, and a prominent 
feeding vessel extending from the hepatic artery to the lesion 
[146,147].

Malignant neoplasms
Hepatocellular carcinoma can present with a range of appear-
ances, including as a discrete solitary dominant mass, multiple 
discrete lesions measuring over 1 cm (multifocalHCC), or as a 
diffuse, infiltrating process where discrete, measurable lesions 
cannot be identified (diffuse infiltrative HCC).

If noncontrast images are included in the MDCT protocol, 
HCC typically appears either hypodense or isodense to the 
normal liver, although smaller lesions can be nearly impossible 
to visualize without intravenous contrast. Following the admin-
istration of contrast, HCC is characterized by its tendency for 
hypervascularity and avid enhancement on the arterial-phase 
images [148,149] (Figure 147.17). However, while most HCCs 
are hypervascular, this can vary depending on a lesion’s histol-
ogy, with most (93%) moderately or poorly differentiated lesions 
demonstrating hypervascularity during the arterial phase, as 
opposed to 44% of well-differentiated HCCs [149]. As a result, 
diagnosis of well-differentiated HCCs is more dependent on a 
careful appraisal of the venous or delayed images. In general, 
smaller lesions tend to be relatively homogenously hypervascu-
lar, while larger lesions tend to more heterogeneous, with a 
propensity for intratumoral necrosis, hemorrhage, and fat.

During the portal venous and delayed phases, regardless of 
histology, HCCs tend to become hypodense to the normal 
hepatic parenchyma (i.e. , wash-out), a key diagnostic feature  
of HCC [150]. Additional possible imaging features of HCC 
include the presence of a fibrous capsule (which can often show 
delayed enhancement), fibrous septa, and an internal mosaic 
appearance [151]. The mosaic pattern is the result of the variable 
tissue composition of HCC, with enhancing nodular foci within 
the mass thought to indicate viable tumor cells, while lower-

Figure 147.17 (a) Coronal intravenous contrast-enhanced multiplanar reconstruction demonstrates a 4-cm enhancing hepatoma (arrows) in the dome 
of the liver. The liver is shrunken, compatible with cirrhosis. (b) Coronal maximum intensity projection demonstrates the arterial vessel (arrows) 
feeding the hepatoma.

(a) (b)

attenuation areas represent necrosis, fibrosis, or hemorrhage 
[152].

In general, when imaging a patient for suspected HCC, the 
inclusion of arterial-phase imaging should now be considered 
the standard of care. Miller et al. [153] reported detecting HCC 
in only 68% of cirrhotic patients with tumor, with the incorpo-
ration of arterial-phase imaging improving the detection of 
HCC tumor nodules over portal venous-phase imaging alone 
[154]. Correlation with subsequent transplant specimens has 
shown that arterial-phase imaging for detecting HCC in cir-
rhotic patients is a significant improvement over conventional 
portal venous contrast imaging. However, even with the inclu-
sion of arterial-phase imaging and multiphase protocols, sensi-
tivity for small lesions remains low (47%–57% for those ≤1 cm) 
[155]. The addition of a delayed phase (after portal venous) has 
been shown to significantly increase sensitivity for lesions 
≤2 cm in cirrhotic patients, particularly for well-differentiated 
lesions [149]. Nonetheless, despite the combination of arterial, 
portal, and delayed acquisitions, MDCT scanning prospective 
and retrospective sensitivity for detection of HCC lesions in 
patients with cirrhosis has been reported to be 64% and 73%, 
respectively, and false positives resulted in disease overestima-
tion [155].

When evaluating patients with HCC, assessment of the portal 
venous system is particularly critical, as the presence of portal 
vein thrombus, whether bland or malignant, can have a dra-
matic impact on a patient’s ultimate treatment. Bland thrombus 
will typically appear low in attenuation, with no appreciable 
enhancement on either the arterial or venous-phase images. It 
is critical to differentiate bland from tumor thrombus in a 
patient with HCC, as tumor thrombus generally precludes 
patients from any surgical treatment, including transplantation 
or surgical resection. Depending on the extent of the thrombus, 
a patient with bland thrombus may still be a transplant candi-
date. Tumor thrombus will generally expand and fill the vein, 
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Although MDCT is sensitive for detecting these lesions, active 
disease can elude CT visualization, as discrete lesions may not 
always be apparent [159]. The most common causative organ-
ism is Candida albicans, although biopsy is the only way to 
establish a specific etiological diagnosis. When confronted with 
many small lesions in the liver or spleen, patient history is once 
again critical, as these patients are very often immunocompro-
mised and critically ill.

Amebic abscesses appear radiographically similar to pyo-
genic lesions, usually as low-density, multiloculated, thick-
walled cystic lesions with surrounding parenchymal edema. 
Amebic abscesses are usually solitary, but 20% of patients dem-
onstrate multiple lesions [160]. Echinococcal cysts (i.e., hydatid 
cysts) also appear as low-density cysts, often with internal septa-
tions and multiple daughter or inclusion cysts, creating the 
appearance of a “cyst within a cyst.” In the more chronic setting, 
as these lesions heal, serpiginous calcification may be seen in 
the cyst wall or associated with its septations.

Vascular diseases
A variety of hepatic disorders are related to obstruction of arte-
rial or venous flow, and whereas older generation scanner had 
neither the spatial or temporal resolution to adequately evaluate 
the hepatic vasculature (either intrahepatic or extrahepatic 
branches), the newest generations of MDCT scanners, particu-
larly in conjunction with 3D imaging, allow a comprehensive 
evaluation of the hepatic vasculature.

Portal vein
Portal vein thrombosis can be detected on MDCT by visualizing 
clot within the portal vein, sometimes accompanied by periph-
eral enhancement from opacification and thickening of the vas-
ovasorum (Figure 147.14). When such thrombus is occlusive, 
or nearly occlusive, extensive collateral formation in the porta 
hepatis is termed cavernous transformation and is readily visible 
on MDCT. While cavernous transformation has traditionally 
been thought to represent the sequelae of chronic thrombosis, 
these collaterals can develop in a relatively short period of time. 
Portal vein thrombus, particularly when involving intrahepatic 
branches, can result in prominent perfusion abnormalities in 
the involved segments of the liver, including hypoperfusion, pre-
sumably from diminished blood flow through the portal system, 
or alternatively, hyperperfusion, likely secondary to compensa-
tory hyperemia from the segmental hepatic artery branches. In 
some cases, portal vein thrombus can result in slow flow periph-
erally in the liver, resulting in paradoxical hyperenhancement 
in the liver periphery. These varied perfusion changes can be 
seen not only when caused by a primary vascular abnormality 
with intrinsic thrombosis, but also with secondary tumoral 
obstruction of the portal venous system, such as with HCC.  
As already noted it is important to distinguish bland thrombus, 
which should be nonenhancing and low in density, from  
malignant tumor thrombus, which is often expansile, enhanc-
ing, and directly contiguous with a primary neoplasm (such as 

will demonstrate some degree of internal enhancement on the 
arterial and venous-phase images, and may be hypervascular 
with tiny tumor vessels feeding the tumor thrombus on the 
arterial-phase images (i.e., “thread and streak” sign).

Liver metastases can demonstrate a variety of different CT 
appearances depending on the histology of the primary tumor. 
The majority of malignancies are hypovascular in nature and, 
accordingly, will appear hypodense compared to the adjacent 
enhanced liver parenchyma, although it is common for hypovas-
cular liver lesions to show a rim of hyperenhancement or a sur-
rounding perfusion abnormality on the arterial-phase images. 
The most common liver metastases with this appearance include 
breast, colon, lung, pancreas, and other gastrointestinal malig-
nancies, all of which are considered hypovascular malignancies. 
In general, when imaging patients with one of these hypovascular 
malignancies, a single portal venous phase protocol is sufficient, 
and a dual-phase study is not necessary. Hypervascular meta-
static lesions, including renal cell carcinoma, islet cell tumors, 
and thyroid carcinoma, tend to be avidly enhancing on the 
arterial-phase images and can be quite difficult to visualize on 
the portal venous phase [124,156]. Accordingly, when imaging a 
patient with one of these hypervascular malignancies, the inclu-
sion of arterial-phase images is critical.

Abscesses
The diagnosis of a pyogenic hepatic abscess can, in the majority 
of cases, be made with a high degree of confidence based on a 
combination of the MDCT appearance of a lesion and clinical 
history [157]. MDCT is the screening procedure of choice in 
patients with a suspected pyogenic liver abscess, with detection 
rates as high as 97%. The MDCT imaging features of a pyogenic 
abscess tend to be relatively consistent, with lesions usually 
appearing as a hypodense, multiloculated cystic masses with 
thick, enhancing walls, as well as extensive edema and hypoden-
sity in the surrounding liver parenchyma. Liver abscesses are 
very often multiple, although the multiple abscesses are often 
localized to one quadrant of the liver, with a clustered distribu-
tion. Gas within these collections is seen in approximately 20% 
of cases, and the presence of ectopic gas within a cystic liver 
lesion, in the absence of prior intervention, should be strongly 
suggestive of a liver abscess or an infected collection. Hepatic 
abscesses usually are of higher density than a simple cyst, but 
overlap in densities can make it difficult to differentiate a simple 
cyst from an abscess if these other supporting imaging features 
are not taken into account [158]. In some instances, the distinc-
tion between a liver metastasis and an abscess may be difficult, 
and in such situations (particularly in patients with a known 
underlying malignancy), the patient’s clinical history should 
play a primary role in distinguishing the two lesion types. In 
some cases, aspiration may be necessary to differentiate the 
entities.

Fungal abscesses usually present on MDCT as multiple, 
small, low-density, nonenhancing lesions spread throughout the 
liver, and similar lesions may also be seen in the spleen as well. 
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Chronic Budd–Chiari does not demonstrate the same unique 
pattern of multiphase enhancement but, rather, the liver exhibits 
generally heterogeneous enhancement with gradual hypertro-
phy of the caudate lobe (as a result of its unique, and preserved, 
venous drainage), while the entire periphery of the liver gradu-
ally atrophies over time [165]. It is common for patients with 
chronic Budd–Chiari to demonstrate large hypervascular 
regenerative nodules, thought to be secondary to the chronic 
distortion of the hepatic vasculature, and these hypervascular 
lesions can mimic HCC or hypervascular metastases if the 
patient’s history is not recognized [162,163,165,166].

Hepatic arteries
MDCT and CT angiography can be very useful in the evaluation 
of the hepatic vasculature, as MDCT can visualize both the 
intrahepatic and common hepatic arteries with a high degree of 
detail. Not only can MDCT provide detailed vascular maps 
displaying hepatic arterial anatomy and anatomic variants in 
both liver donors and recipients, 3D rendering software allows 
the presentation of this information in a form that is most useful 
for the surgeon. While ultrasound has traditionally been the 
primary modality utilized for the identification of hepatic arte-
rial complications after a transplant, MDCT now has sufficient 
resolution to visualize these complications, include stenosis, 
occlusion, or pseudoaneurysms of the hepatic artery [167].

Pancreas
Technique
Proper MDCT technique is critical when performing a pancre-
atic protocol MDCT. Studies should be performed with dual-
phase technique (i.e., arterial and venous phases) in order to 
maximize lesion conspicuity (including both hypovascular 
lesions such as pancreatic adenocarcinomas and hypervascular 
lesions such as pancreatic neuroendocrine tumors), identify 
distant metastatic disease, and evaluate involvement of both  
the arterial and venous central mesenteric vasculature [168]. 
Arterial-phase imaging (typically acquired between 25–30 s after 
i.v. contrast injection) is an essential part of a quality pancreatic 
protocol CT, providing the best chance of identifying vascular 
tumors (such as pancreatic neuroendocrine tumors and meta-
static renal cell carcinoma), allowing detection of tumoral 
involvement of the central mesenteric arteries, as well as provid-
ing detailed vascular maps, which may be helpful to surgeons 
in the operating room. Portal venous-phase images (typically 
acquired between 60–70 s after i.v. contrast injection) are supe-
rior for the detection of hypovascular tumors such as pancreatic 
adenocarcinoma, detection of metastatic disease to the liver, as 
well as tumoral involvement of the central mesenteric venous 
vasculature. The pancreatic phase, typically acquired at roughly 
40 s after i.v. contrast injection, is theoretically the best phase 
for identifying pancreatic adenocarcinoma, but is not routinely 
acquired in most centers given that the portal venous phase is 
nearly equivalent for identifying pancreatic adenocarcinoma 
[18,169–172].

hepatocellular carcinoma, cholangiocarcinoma, or a neuroen-
docrine tumor).

Zonal perfusion abnormalities may be also be seen in radia-
tion hepatitis and, in the acute setting, the radiated segments of 
the liver will often demonstrate bizarre patterns of hyperen-
hancement, particularly on the arterial-phase images, some-
times with heterogeneous lower density on the venous-phase 
images as a result of edema. In the chronic phase, the irradiated 
liver will often demonstrate geographic areas of steatosis and 
volume loss/atrophy [161].

Hepatic veins
The most important abnormality of the hepatic venous system 
encountered in practice is Budd–Chiari syndrome, and MDCT 
remains the single best radiological modality for diagnosis. 
While primary Budd–Chiari is most common in the developing 
world (as a result of webs or congenital stenoses in the inferior 
vena cava [IVC] or hepatic veins), the vast majority of cases in 
the developed world are secondary, usually in patients with 
hypercoagulability, underlying malignancies, or other predis-
posing conditions. Budd–Chiari can result from thrombosis or 
narrowing at any level of hepatic venous outflow, including the 
hepatic veins, IVC, or even the hepatic venules.

While Doppler ultrasound does offer some benefits for this 
diagnosis, including its lack of ionizing radiation, consistent 
ability to visualize the hepatic veins and intrahepatic IVC, and 
its ability to obtain spectral Doppler waveforms from the hepatic 
veins, it is quite limited in its ability to visualize the extrahepatic 
IVC. MDCT can consistently visualize the entirety of the hepatic 
venous system and the intrahepatic/extrahepatic IVC, particu-
larly when multiphase protocols with arterial, venous, and 
delayed images are included, as well as diagnose a large number 
of extravascular abnormalities, which might explain the patient’s 
symptoms, including malignancy [162].

In the acute setting, Budd–Chiari can have quite striking 
findings, including hepatosplenomegaly and ascites as a result 
of acute hepatic dysfunction and failure. After the injection of 
i.v. contrast, the liver parenchyma demonstrates a characteristic 
mottled enhancement pattern, with a “flip-flop” pattern of 
enhancement on multiphase imaging. Initially, in the arterial-
phase images, the greatest contrast enhancement is seen in the 
caudate lobe and the periportal regions of the left lobe, but a 
reversal of this pattern is seen on the venous and delayed images, 
findings that are thought to be secondary to the unique venous 
drainage of the caudate lobe [162,163]. In some cases, particu-
larly when good venous and delayed images are acquired, 
thrombus can be directly visualized within the IVC or hepatic 
veins, whereas in some cases the hepatic veins are not well seen 
and their nonvisualization may be the clue to the diagnosis. 
Interestingly, a similar mottled enhancement pattern is present 
in patients with chronic passive congestion, regardless of etiol-
ogy, likely reflecting the fact that both Budd–Chiari and passive 
congestion arise due to impairment of hepatic venous outflow 
[164].
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visualizing a collar of pancreatic tissue surrounding the descend-
ing duodenum [176] (Figure 147.18).

Neoplasms
Adenocarcinoma
Pancreatic adenocarcinoma most typically appears as a hypovas-
cular, ill-defined, poorly marginated focal mass arising from the 
pancreas, which is usually difficult to define on noncontrast 
images and hypodense to the pancreas after intravenous con-
trast administration [177] (Figure 147.19). Identification of 
these lesions can often be aided by the utilization of dual-phase 
technique (arterial and venous phases). Although these lesions 
are usually best visualized on the venous-phase images, there 
are rare instances when pancreatic cancers are more conspicu-
ous on the arterial-phase images [18,171,178]. With improve-
ments in CT resolution, faster contrast administration, and the 
widespread availability of 3D imaging, it is now possible to 
detect even smaller tumors, as studies using MDCT and 3D 
imaging have demonstrated sensitivities for pancreatic cancer 
in the 95% range [2,179].

However, small tumors, particularly those smaller than 2 cm, 
may still be difficult to detect. Bronstein et al. found that the 
sensitivity of triple-phase helical MDCT for the detection of 
pancreatic masses less than 2 cm was only 77% [170]. It is 
thought that 5%–10% of pancreatic tumors are essentially isoat-
tenuating to the pancreas on all phases of contrast, making their 
detection much more difficult [180]. In such cases, even if the 
mass itself is not well visualized on MDCT, the presence of 
secondary findings strongly suggests the presence of an under-
lying tumor. These include segmental pancreatic duct dilatation 
with abrupt cut-off, upstream pancreatic atrophy, biliary 

Anatomic variants
Pancreas divisum is the most common congenital anomaly of 
the pancreas. Although this anomaly most often goes unrecog-
nized on CT scans, the pancreatic head can appear enlarged and 
simulate a mass lesion. Occasionally, the dorsal duct can be 
visualized on MDCT empting into the accessory duct, confirm-
ing the diagnosis. MDCT is a more effective means of making 
this diagnosis than is commonly thought. In a study of 77 
patients comparing four-slice MDCT and endoscopic retro-
grade cholangiopancreatography (ERCP), pancreatic ductal 
anatomy was visualized adequately in 95% of patients. ERCP 
detected pancreatic divisum in 10 patients, nine of which were 
also identified on MDCT, and there were a total of three false-
positive diagnoses on MDCT [173]. The most recent generation 
of MDCT scanners, with improved spatial and temporal resolu-
tions, almost certainly allow more reliable visualization of  
aberrant pancreatic ductal anatomy, and likely allow better per-
formance than that reported on older studies. However, mag-
netic resonance cholangiopancreatography (MRCP) may still be 
a more sensitive noninvasive method for diagnosis [174].

Agenesis of the dorsal pancreatic duct is identified on MDCT 
by visualizing only the head of the pancreas without a body or 
tail portion. The condition is often confused with a mass in the 
head of the pancreas with distal pancreatic atrophy [175].

Annular pancreas is an embryological anomaly formed by the 
ventral anlage of the pancreas as the duodenum rotates, mainly 
due to hypertrophy of the left ventral bud. Annular pancreas 
can be divided into three types: type I, divisional annular pan-
creas; type II, branch annular pancreas; and type III, main duct 
annular pancreas. Final diagnosis is based on the evidence of 
ERCP combined with CT. The CT diagnosis is suggested by 

Figure 147.18 Oral and intravenous contrast-enhanced axial computed 
tomography demonstrates pancreatic tissue (arrows) surrounding the 
second portion of the duodenum (arrowhead) compatible with annular 
pancreas.

Figure 147.19 Intravenous contrast-enhanced coronal volume-rendered 
image demonstrates 1.5-cm pancreatic mass (arrow) with distal pancreatic 
ductal obstruction. At surgery this was an adenocarcinoma.
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subtle peritoneal spread [189,190]. These numbers are a marked 
improvement from the earliest generation of CT scanners, 
which yielded accuracy rates in the range of 44%–73%, and it 
is quite likely that these rates might be even better with the latest 
generation of scanner technology [191,192]. The key to evalua-
tion of the peripancreatic vasculature is high-resolution, thin 
collimation scans performed using dual-phase technique, with 
the acquisition of both arterial and venous phases [193,194]. 
The ability to visualize the celiac axis, SMA, SMV and portal 
vein in 3D with a combination of MPR, MIP and volume ren-
dering is essential for detecting subtle degrees of tumoral vas-
cular involvement.

In addition to assessing potential vascular encasement, CT 
can also identify adenopathy in patients with pancreatic cancer. 
Radiologists usually rely on nodal measurements to identify 
potentially malignant nodes, and perhaps arbitrarily, nodes are 
considered to be suspicious if they measure 10 mm or greater in 
the short axis. Unfortunately, this is not always accurate, as even 
tiny nodes can harbor malignancy and large nodes can simply 
be reactive. In a study by Roche, 62 patients with pancreatic 
cancer underwent detailed nodal analysis [195]. When applying 
a greater than 10 mm size threshold to detected nodes, that 
study showed a sensitivity of only 14% in the identification of 
malignant nodes with a specificity of 85% [195]. This resulted 
in a positive predictive value of 17% and a negative predictive 
value of 82% [195]. Therefore, when determining resectability 
of ductal adenocarcinoma, CT is quite poor in the prediction of 
nodal involvement. Nevertheless, this is not clinically conse-
quential, as the presence of suspicious peripancreatic lymph 
nodes in a patient thought otherwise to be resectable does not 
typically prevent attempted surgical resection, as locoregional 
nodes are inevitably sampled and resected at surgery. Only 
large, bulky locoregional nodes or, alternatively, distant lym-
phadenopathy, might alter the decision to operate [18].

obstruction, or even a unusual contour of the pancreas. Of 
these, ductal obstruction is the most important secondary sign, 
and the presence of a focally dilated pancreatic duct with abrupt 
cut-off, even in the absence of a discernible mass, must be 
assumed to represent a tumor until proven otherwise, and 
should prompt further evaluation with EUS or MRI 
[169,181,182].

In addition to detecting the primary pancreatic mass, MDCT 
now plays an essential role in preoperative staging, determining 
resectability, and identifying patients who are candidates for a 
curative resection. Unresectability is defined as the presence of 
arterial or venous encasement, hepatic (or other distant) metas-
tases, or distant lymph node metastases [183] (Figure 147.20). 
The utility of modern MDCT’s improved spatial resolution has 
been highlighted by recent trends in pancreatic cancer treat-
ment, with a new category of “borderline” resectable disease 
that can still be treated surgically (following neoadjuvant chem-
oradiation) despite the presence of vascular involvement [184]. 
Accordingly, MDCT is now routinely used to assess subtle gra-
dations of vascular involvement, as a patient with limited 
tumoral involvement of the celiac, superior mesenteric artery 
(SMA), or hepatic artery, or even short-segment occlusion of 
the portal–superior mesenteric vein (SMV) confluence (with 
technical options for reconstruction) might still potentially be 
a surgical candidate [18,169,172,184,185]. Unfortunately, at the 
time of initial diagnosis, 50% of patients have distant metastases 
to the liver or peritoneal surface, and more than 80% of the 
remaining patients have locally advanced tumors. Nevertheless, 
MDCT can identify the small group of patients who may benefit 
from an attempt at curative resection.

MDCT has been shown to have a high predictive value for 
unresectablity (90%–100%) with a slightly lower predictive 
value for resectablity (76%–90%) [179,186–188]. This is prima-
rily due to MDCT’s inability to detect tiny liver metastases or 

Figure 147.20 (a) Intravenous contrast-enhanced coronal volume-rendered image demonstrates a 4-cm mass (arrow) in the head of the pancreas 
causing common bile duct obstruction. The gallbladder is also distended. Biopsy revealed pancreatic adenocarcinoma. (b) Coronal maximum intensity 
projection demonstrates encasement of the superior mesenteric vein (arrow) with resulting collaterals. The patient was deemed unresectable.

(a) (b)
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Cystic neoplasm
Cystic lesions of the pancreas are being identified with increas-
ing frequency, due in part to the dramatic improvements in CT 
image quality and spatial resolution over the past decade. As a 
result, the vast majority of these lesions are now discovered 
incidentally in patients being imaged for unrelated reasons 
[203]. While many of these cystic pancreatic neoplasms are 
either benign or nonaggressive lesions that do not require direct 
intervention, some are precursors of pancreatic malignancy and 
require either close follow-up or surgical resection. Challenges 
posed by pancreatic cystic neoplasms has prompted a large body 
of research and debate in both the radiology and surgical litera-
ture as to the appropriate management. However, it is clear that 
MDCT is important in primary diagnosis, follow-up, and risk 
stratification of these tumors [204–212].

The three most common, and important, cystic pancreatic 
neoplasms encountered in daily practice are microcystic or 
serous cystadenomas, macrocystic or mucinous cystic neoplasms 
(MCN), and intraductal mucinous pancreatic neoplasms (IPMN) 
[213–215]. Currently, the three most important diagnostic 
modalities used in the diagnosis and risk stratification of cystic 
pancreatic tumors are MRI, CT, and EUS, although MRI and 
EUS largely serve as diagnostic adjuncts once a lesion has 
already been identified and characterized using MDCT 
[204,215,216]. While there are certain instances where MDCT 
can offer a specific diagnosis based on lesion morphology, there 
are limits to the ability of both CT and MRI to accurately dif-
ferentiate between the classes of cystic neoplasms, and moreo-
ver even within a lesion category, to predict the likelihood that 
a lesion will progress toward a frank malignancy [215,217,218].

MDCT is the modality of choice in the detection of distant 
metastases, most commonly the liver and peritoneum. Liver 
metastases typically appear as low-density, infiltrative, poorly 
marginated lesions on the portal venous-phase images. 
Unfortunately, while the sensitivity and specificity of MDCT for 
liver metastases over 1 cm in size are quite good, both sensitivity 
and specificity for smaller lesions are still problematic, even 
with modern MDCT scanners. The smallest metastases to the 
liver may not be apparent on MDCT, and even a detected, tiny 
liver metastasis may not be readily distinguishable from the 
small nonspecific low-density lesions in the liver thought to 
represent tiny cysts, hemangiomas, or bile duct hamartomas 
(so-called too small to characterize lesions). As previously 
noted, the presence of a few tiny lesions in the liver should not 
necessarily suggest the presence of metastases, and these tiny 
lesions can be safely followed over time, as the vast majority of 
these tiny hypodensities turn out to be benign. However, unfor-
tunately, a few will eventually prove to be metastases and, con-
versely, small liver and peritoneal implants that are below the 
resolution of even the latest generation of MDCT scanners can 
still be seen at surgery [189].

Neuroendocrine tumors
Pancreatic neuroendocrine tumors produce and secrete hor-
mones to a variable degree. Depending on their clinical presen-
tation, these lesions can be classified as either syndromic or 
nonsyndromic. Syndromic neuroendocrine tumors have clinical 
evidence of hormone production and produce a recognizable 
endocrinopathy. These lesions include insulinomas, gastrino-
mas, glucagonomas, VIPomas, and somatostatinomas. Such 
neoplasms usually present at a relatively smaller size compared 
with nonsyndromic neoplasms, because of the symptoms pro-
duced by secretion of their associated hormone. Nonsyndromic 
neuroendocrine tumors represent roughly half of all lesions and 
present at a larger size than functioning tumors due to lack of 
a clinically apparent endocrinopathy, even though they still 
secrete hormones to a lesser degree [196].

MDCT plays an important role in the diagnosis and staging 
of both syndromic and nonsyndromic neuroendocrine tumors 
[197]. The vast majority of neuroendocrine tumors are avidly 
hypervascular and avidly enhancing, usually most conspicuous 
on the arterial-phase images (hyperenhancing relative to the 
pancreatic parenchyma), although a small percentage of lesions 
are more conspicuous on the venous-phase images. In general, 
syndromic neuroendocrine tumors are less than 3 cm in size at 
presentation and, accordingly, have a tendency to be more 
homogeneously hypervascular (Figure 147.21) [198]. As noted, 
nonsyndromic neuroendocrine tumors tend to be larger at pres-
entation than syndromic tumors and are more likely to be cystic 
or necrotic [199–201]. Unlike pancreatic adenocarcinoma, most 
neuroendocrine tumors do not obstruct the pancreatic duct or 
result in upstream pancreatic atrophy, although a small number 
of these lesions may atypically obstruct the duct as a result of 
secretion of serotonin-based hormones [202].

Figure 147.21 Coronal intravenous contrast-enhanced multiplanar 
reconstruction demonstrates a 5-mm enhancing lesion (arrow) in the 
body of the pancreas. This was an insulinoma.
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practice, management is often based on a combination of find-
ings from MDCT, MRI, and EUS/cyst aspiration. In daily prac-
tice, when confronted by an indeterminate pancreatic cystic 
lesion, it is statistically likely that one is dealing with a side-
branch IPMN (see Chapter 86).

Microcystic serous cystadenomas classically present as a 
cystic mass with innumerable internal cysts interspersed within 
a dense fibrous honeycomb, often with a central enhancing scar 
and stellate calcification (approximately 30% of patients). These 
lesions are fundamentally hypervascular, and there is often 
internal and peripheral avidly enhancing soft tissue associated 
with these cystic neoplasms. When lesions exhibit a classic 
appearance, the diagnosis can be made with a high degree of 
confidence, although EUS with cyst aspiration may still be 
helpful as a confirmatory test, as serous cystadenomas typically 
demonstrate low CEA levels. When the diagnosis is clear, lesions 
can either be followed sequentially or surgically resected 
depending on the lesion’s size, patient symptoms, and sequential 
growth. Unfortunately, atypical imaging appearances are 
common, as up to 25% of serous cystadenomas appear as a 
unilocular cyst, while others can appear as homogenously 
enhancing hypervascular masses that mimic neuroendocrine 
tumors (i.e., serous adenomas) [215]. The diagnosis in these 
cases is either made based on EUS and cyst aspiration or, alter-
natively, only after surgical resection [207,211].

MCN most often presents as a macrocystic (≥2 cm) unilocu-
lar cyst, typically in the pancreatic tail. Peripheral soft tissue 
modularity, peripheral calcification (in <5% of lesions), solid 
components, and a thick wall are all imaging features that 
strongly suggest this diagnosis, particularly when found in the 
context of a cystic lesion in the pancreatic tail in a middle-aged 
female patient (the most common demographic group affected). 
EUS and cyst aspiration are almost always important in the 
evaluation for these lesions and, given that they are uniformly 
malignant or premalignant, all MCNs should be resected 
[181,219].

Of the three primary types of pancreatic cystic neoplasms, 
IPMNs are by far the most commonly encountered in practice, 
and the vast majority of these cysts are identified incidentally. 
They can be subdivided into three major types, namely: (1) 
main-duct IPMNs, which involve the main pancreatic duct 
(usually manifesting as a dilated pancreatic duct with or 
without internal mural nodularity) and carry a high risk of 
malignancy (perhaps up to 60%); (2) side-branch IPMNs, 
which represent small cystic tumors arising within a pancreatic 
side-branch (usually manifesting as a cyst with a direct con-
nection to the adjacent normal-sized pancreatic duct) and 
carry a lower risk of malignancy (less than 20%); and (3) 
mixed-type IPMNs, which have features of both side-branch 
and main-duct IPMNs and have a risk of malignancy compa-
rable to main-duct IPMN. The diagnosis of a main-duct or 
mixed-type IPMN on MDCT is typically not difficult, as the 
main pancreatic duct is usually significantly dilated (usually 
segmentally or diffusely) without a discrete obstructing lesion, 
and these patients almost always undergo surgical resection. 
Side-branch IPMNs, on the other hand, can be more difficult 
from both a diagnostic and management perspective. If a direct 
communication between a pancreatic cyst and the adjacent 
pancreatic duct can be demonstrated on MDCT, then the diag-
nosis is usually straightforward (Figure 147.22). However, 
when this is not possible, the diagnosis may be dependent on 
EUS and cyst aspiration (which demonstrates frank mucin and 
elevated carcinoembryonic antigen [CEA] levels). Even if a cyst 
is confidently identified as a side-branch IPMN, the manage-
ment is not necessarily always clear, as the rate of malignancy 
or significant dysplasia can vary widely, and not all IPMNs 
need to be surgically resected. While there is some debate in 
the literature, the current practice in most centers is based on 
the Sendai criteria, which suggest that a IPMN should be surgi-
cally resected if the cyst measures 3 cm or greater in maximum 
diameter, demonstrates any discrete mural nodularity on 
imaging, or if the main pancreatic duct is dilated over 1 cm. In 

Figure 147.22 (a) Axial intravenous contrast-enhanced multidetector computed tomography demonstrates a 1-cm cystic lesion (arrow) in the 
pancreatic neck. (b) Axial image also demonstrates pancreatic ductal dilatation (arrowheads). These finding are very suspicious for intraductal 
mucinous pancreatic neoplasm.

(a) (b)
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in the pancreatic parenchyma. In general, patients with any 
significant degree of necrosis usually demonstrate severe inflam-
mation and phlegmonous change in the retroperitoneum. 
Intravenous contrast is also critical for the identification of vas-
cular complications, which are particularly common in severe 
pancreatitis. Pseudoaneurysm formation occurs in 2%–5% of 
patients, with the splenic artery and gastroduodenal artery par-
ticularly common sites of formation. Patients are also at risk for 
venous thrombosis, with the splenic vein the most common of 
the central mesenteric veins to be affected [233]. Intravenous 
contrast is essential for the accurate identification of peripan-
creatic fluid collections. In the acute setting, fluid collections 
surrounding the pancreas are usually termed either acute peri-
pancreatic fluid collections (in cases of acute edematous pan-
creatitis) or postnecrotic fluid collections (in cases of necrotizing 
pancreatitis). As these collections mature over time and develop 
well-defined walls composed of granulation tissue, such collec-
tions are then termed either pseudocysts (in cases of acute  
edematous pancreatitis) or walled-off necrosis (in cases of 
necrotizing pancreatitis). The terminology is important, as dif-
ferent types of collections relative to the time course are often 
treated differently [234].

Chronic pancreatitis
MDCT reveals findings in over 90% of patients with docu-
mented chronic pancreatitis. In decreasing order of frequency, 
these findings include: beading and dilation of the main pan-
creatic duct, parenchymal atrophy, pancreatic calcifications, 
fluid collections, focal pancreatic enlargement, biliary ductal 
dilation, and alterations in the peripancreatic fat or fascia [235]. 
Focal mass-like chronic pancreatitis can be a significant diag-
nostic dilemma, as the development of a chronic fibrocalcific 
inflammatory mass can mimic the CT appearance of pancreatic 
adenocarcinoma and, consequently, can result in pancreati-
coduodenectomy due to an inability to exclude neoplasm. In a 
series from the Mayo Clinic [236], 22 of 603 pancreaticoduo-
denectomies performed between 1956 and 1990 were secondary 
to chronic pancreatitis because of the presence of a mass and 
inability to exclude malignancy. When a patient with a pancre-
atic mass has a history of alcoholism and pancreatitis, as well as 
normal serum CA 19-9 levels, mass-forming pancreatitis should 
be considered in the differential diagnosis when confronted 
with a mass suspicious for pancreatic adenocarcinoma [237].

Biliary tract
MDCT is an excellent modality for the evaluation of both 
benign and malignant diseases of the biliary tree and, because 
of its use for general survey tool of the abdomen, varying forms 
of biliary disease are frequently encountered on abdominal CT 
examinations performed for unrelated reasons.

While MDCT was once considered inferior to ultrasound  
in its ability to identify normal intrahepatic and extrahepatic 
bile ducts, current MDCT scanners obviate those limitations. 
The biliary tree can be uniformly visualized in its entirety, in 

Pancreatitis
Acute pancreatitis
Acute pancreatitis can be broadly divided into two forms: (1) 
acute interstitial edematous pancreatitis and (2) acute necrotizing 
pancreatitis. Edematous pancreatitis is far more common, but 
less clinically severe, while necrotizing pancreatitis is far more 
severe, but much less common [220]. MDCT has now become 
virtually mandatory in patients suspected of acute pancreatitis, 
and is essential not only in making the diagnosis, but also in 
assessing disease severity, differentiating edematous and necro-
tizing forms of the disease, risk stratifying patents and pre-
dicting patient outcomes, diagnosing major complications 
(including fluid collections and vascular abnormalities), and in 
some patients identification of the cause of pancreatitis (e.g., 
gallstones, an underlying tumor, or autoimmune pancreatitis) 
[221–224].

MDCT has proven very effective in predicting which patients 
are likely to suffer poor clinical outcomes. The first CT-based 
grading system to assess severity was the Balthazar classification 
system, which graded patients with pancreatitis on a scale from 
A through E based on the CT appearance of the pancreas: 
normal-appearing pancreas (grade A), mild gland enlargement 
(grade B), severely enlarged gland with peripancreatic edema 
(grade C), or single (grade D) or multiple (grade E) fluid col-
lections [225]. Pancreatic necrosis on CT, recognized by regional 
nonenhancement on contrast-enhanced CT scans, was included 
in the grading system as an additional important feature sug-
gesting a worse prognosis; patients with greater than 30% 
parenchymal necrosis are presumed to have a particularly poor 
clinical outcome [226,227]. In the Balthazar system, the degree 
of parenchymal necrosis, combined with CT grading of the 
appearance of the gland and the presence or absence of fluid 
collections, has greater prognostic implication than either man-
ifestation alone [228]. While the Balthazar system is still the 
most widely utilized CT grading system for pancreatitis, the 
most up-to-date grading system today is the Revised Atlanta 
classification system, which similarly assigns a severity grade 
based on a number of different CT imaging features, the pres-
ence of parenchymal necrosis, and complications. In general, 
regardless of which system is utilized, the greater the degree of 
pancreatic inflammation, necrosis, and complications (whether 
vascular or fluid collections) on a MDCT scan, the greater the 
risk of a poor patient outcome. However, it is possible for a 
patient to have pancreatitis based on biochemical markers (i.e., 
elevated lipase levels) but a normal CT scan (i.e., Balthazar A 
pancreatitis), the absence of a suggestive CT scan should not 
dissuade a clinician from making the diagnosis [229–232].

Detection of necrosis is one of the primary goals of perform-
ing an MDCT in suspected pancreatitis and, accordingly, it is 
essential that a CT scan performed for this purpose utilizes 
intravenous contrast as it is not possible to accurately gauge  
the presence or absence of necrosis on a noncontrast study. 
Pancreatic necrosis can be recognized as focal or diffuse areas 
of nonenhancement, liquefaction, or severe hypoenhancement 
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be incidentally identified on MDCT examinations performed 
for unrelated reasons, a number of gallbladder abnormalities are 
first diagnosed by MDCT in these patients. In this context, 
thickening of the gallbladder wall, stones within the gallbladder 
or the extrahepatic duct, or calcifications within the gallbladder 
wall (e.g., porcelain gallbladder) may all be first identified by 
MDCT. However, MDCT only demonstrates gallstones in 
74%–79% of patients with cholelithiasis, as stones that are isoat-
tenuating with bile cannot be easily delineated, limiting MDCT’s 
utility as a primary diagnostic modality for many common gall-
bladder conditions [242,243].

Neoplasms
Gallbladder cancer carries a grim prognosis, with overall sur-
vival rates as low as 12%. The majority of these tumors are 
discovered only in their later stages, and unfortunately, patients 
with advanced-stage tumors tend to have a generally dismal 
prognosis. Long-term survivors of gallbladder cancer typically 
present with lower stage disease (usually T1 or T2 tumors).  
Not only do higher-stage tumors carry a poor prognosis, but 
tumors with a higher T-stage also necessitate more extensive 
radical resections (with their associated morbidity and mortal-
ity), compared to lower-stage tumors, which can, in some  
cases, be treated with a simple laparoscopic cholecystectomy 
[244–251].

While ultrasound is generally considered to be the best 
modality for assessment of the gallbladder, MDCT plays an 
important role in diagnosis given that many of these tumors, 
particularly in those cases where patients present with lower-
stage malignancies, are found incidentally. Accuracy rates for 
MDCT have been reported to be as high as 92%, but diagnostic 
performance is largely dependent on the radiologist having a 
high index of suspicion. Subtle abnormalities of the gallbladder 
may be difficult to appreciate if only axial images are examined, 
as coronal and sagittal MPR images must be utilized to get a full 
view of gallbladder lesions [244–246,248–254].

Early-stage gallbladder cancer can present with subtle focal 
wall thickening, irregular circumferential wall thickening, or, 
rarely, with a small polypoid mass. While subtle wall thickening 
at the fundus may sometimes be attributed to adenomyomato-
sis, the loss of the normal fat plane between the gallbladder and 
the liver, a feature suggesting invasion of the liver parenchyma 
by a tumor, is an important clue to the presence of a malignancy. 
Gallbladder tumors in their later stages are usually more easily 
diagnosed, and will often present as a focal mass replacing the 
gallbladder and invading the liver parenchyma, and in such 
cases the gallbladder itself may no longer be clearly identifiable. 
MDCT can also play a role in identifying sites of spread, as 
gallbladder malignancies commonly metastasize to the liver, 
locoregional lymph nodes, and the peritoneum, with a unique 
predisposition towards invasion of adjacent organs including 
the liver and duodenum. Gallbladder cancer has a unique pre-
disposition to present with bulky locoregional lymphadenopa-
thy in the porta hepatis and retroperitoneum, and such findings 

contrast to ultrasound, which is often unable to identify normal-
sized intrahepatic ducts and whose performance is heavily user 
dependent. Just as importantly, while ultrasound can visualize 
small portions of the extrahepatic duct, usually at the level of 
the porta hepatis, MDCT with 3D reconstruction and MPRs 
can delineate the entirety of the common hepatic duct and 
common bile duct in multiple planes, allowing the radiologist 
to appreciate not only a discrete obstructing mass, but also the 
morphology of the duct at any site of narrowing, including 
abrupt margins, abnormal hyperenhancement of the duct wall, 
and irregular thickening at the site of narrowing. The increased 
efficacy of MDCT in visualizing normal ducts makes it valuable 
for assessing normal-caliber ducts. Intrahepatic bile ducts are 
now visualized in nearly all patients, and should not be con-
fused with ductal dilation [238]. In general, intrahepatic ductal 
dilatation should be diagnosed if the intrahepatic ducts measure 
3 mm or greater, or are larger than their portal venous branch 
counterpart. The extrahepatic bile ducts normally measure up 
to 6 mm, with an additional 1 mm added for each decade over 
the age of 60 [239]. The extrahepatic biliary tree normally dilates 
slightly in patients who have undergone cholecystectomy. When 
ducts appear borderline enlarged, and it is unclear whether they 
are truly dilated or at the upper limits of normal, it is best to 
recommend correlation with clinical and biochemical markers 
of biliary obstruction. When there is a high degree of suspicion 
for malignant obstruction of the ducts, MDCT is the clear 
examination of choice, as it allows the staging of extent of 
disease in a standard, reproducible fashion, with depiction of all 
regions surrounding the duct and distant sites as well.

Congenital anomalies
Congenital anomalies of the biliary tract are more typically 
diagnosed definitively with direct cholangiography or MRCP, 
although CT and ultrasound can suggest their presence. 
Congenital anomalies of the gallbladder are rare, consisting 
mostly of positional variants. Thus the gallbladder can be seen 
in the left abdomen or in suprahepatic, intrahepatic, and other 
unusual locations. CT can identify these anomalies if the gall-
bladder is not seen in its usual location at ultrasound, although 
none of these gallbladder variants has any clinical significance 
except when a gallbladder intervention is planned.

Congenital cystic diseases of the biliary tree, including 
choledochal cysts, choledochoceles [240], and Caroli disease, 
can often be diagnosed by demonstrating a dilated biliary tree 
with appropriate patterns of dilation. Choledochal cysts appear 
as focal dilations of the intrahepatic and/or extrahepatic bile 
ducts, which may be mild and simulate a dilated duct or may 
be as large as 15 cm in diameter [241].

Gallbladder disease
Ultrasound should be considered the modality of choice for 
evaluating the gallbladder in most patients. However, given that 
MDCT is the imaging modality of choice in patients with non-
specific abdominal pain and that gallbladder abnormalities may 
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mass and capsular retraction as a result of scirrhous fibrotic 
nature of the tumors, and demonstrate increasing contrast 
enhancement on delayed images [260]. Retention of contrast 
within the tumor during delayed-phase imaging, thought to be 
secondary to the fibrotic scirrhous nature of the tumors, is a 
characteristic contrast CT feature of any subtype of cholangi-
ocarcinoma. This feature is critical in arriving at a specific diag-
nosis based on imaging, and can be helpful in differentiating 
cholangiocarcinoma from HCC in cirrhotic patients [261,262]. 
Accordingly, if cholangiocarcinoma is suspected, a delayed 
phase should be included in the MDCT protocol. Particularly 
with the periductal infiltrating, intraductal, hilar, and extrahe-
patic forms of cholangiocarcinoma, where a discrete mass may 
be more difficult to appreciate, secondary signs may be very 
helpful in arriving at the diagnosis, including segmental or lobar 
biliary dilatation and hepatic parenchymal atrophy. Lobar or 
segmental biliary dilatation and parenchymal atrophy should 
always be considered to be secondary to an obstructing tumor 
until proven otherwise.

Inflammatory diseases
Acute infectious cholangitis is usually found in patients with 
underlying biliary tract obstruction and, accordingly, patients 
typically demonstrate dilated intrahepatic and extrahepatic  
bile ducts. Infrequently, suppurative material and debris within 
the bile ducts may be seen on CT, although a more common 
imaging feature is thickening and enhancement of the bile ducts 
[239]. Rarely, gas may be identified within the biliary tree in 
cases of infection with gas-forming organisms. Acute suppura-
tive cholangitis can result in frank liver abscesses and fluid 
collections.

The characteristic imaging features of primary and secondary 
sclerosing cholangitis, although more easily appreciated by 
either conventional cholangiography or MRCP, can also be 
demonstrated on MDCT [263]. Intrahepatic ductal stenoses, 
dilated peripheral ducts with no apparent connection to the 
central ducts, and irregular intrahepatic ductal dilation with a 
beaded appearance are all characteristic CT findings. If there is 
active inflammation, thickening and hyperenhancement of the 
bile duct walls may be appreciated. Primary sclerosing cholan-
gitis should be considered as a premalignant condition, with 
more than 15% of patients at risk of developing a cholangiocar-
cinoma [264]. As such, careful search for masses, delayed con-
trast enhancement, progressive biliary dilation, and thickening 
of the bile duct wall is required, as any of these features may 
indicate the development of a biliary malignancy [265]. Of note, 
cytomegalovirus and Cryptosporidium can cause inflammation 
of the biliary tract in patients with AIDS, which result in changes 
on CT, ultrasound, and cholangiography similar to those of 
sclerosing cholangitis, with bile duct wall thickening, multiple 
strictures, and duct wall contrast enhancement [266].

Other less common causes of infection can also be diagnosed 
on MDCT images, including recurrent pyogenic cholangitis 
(RPC) (“oriental cholangiohepatitis”). RPC occurs almost 

should prompt a careful evaluation of the gallbladder to find the 
primary lesion [244–246,248–254].

Cholecystitis
The most common CT findings of cholecystitis are gallbladder 
wall thickening (>3 mm) and cholelithiasis [255]. However, 
these findings are neither specific nor sensitive, and can also be 
seen with gallbladder carcinoma, hyperplastic cholecystosis, 
and a number of benign causes (e.g., cirrhosis, congestive heart 
failure, renal failure, etc.). Other CT findings suggestive of the 
diagnosis include increased attenuation of the bile (>20 HU) 
and loss of clear definition of the gallbladder wall. Increased 
attenuation in the adjacent hepatic parenchyma, thought to rep-
resent reactive hyperemia as a result of the gallbladder inflam-
mation, is a useful indicator of acute inflammation [256]. In 
more advanced disease, pericholecystic fat stranding can be a 
strong clue to the diagnosis. Air within the gallbladder wall or 
lumen in the absence of a history of prior enteric anastomosis 
or sphincterotomy is virtually pathognomonic of complicated 
cholecystitis [257]. A low-attenuation halo around the gallblad-
der may indicate edema or minimal pericholecystic fluid, and 
is a useful clue in differentiating cholecystitis from carcinoma 
on CT scans [258].

Bile duct diseases
Neoplasms
Cholangiocarcinoma, primary bile duct malignancy arising 
from the bile duct epithelium, typically can be divided into dif-
ferent forms depending on the appearance and location, includ-
ing: (1) mass-forming intrahepatic cholangiocarcinoma, (2) 
periductal infiltrating cholangiocarcinoma, (3) intraductal 
cholangiocarcinoma, (4) hilar cholangiocarcinoma (so-called 
Klatskin tumor), and (5) extrahepatic cholangiocarcinoma 
[259]. Mass-forming cholangiocarcinomas arise within the liver 
itself as a solitary dominant mass, and are not typically difficult 
to identify, while periductal cholangiocarcinomas tend to be 
more difficult to identify, presenting as subtle wall thickening 
or soft tissue along the margins of the intrahepatic ducts. 
Intraductal cholangiocarcinoma is quite rare. It presents as a 
soft tissue mass arising from within the lumen of the duct and, 
consequently, can be quite difficult to appreciate if there is no 
significant proximal biliary dilatation. Hilar cholangiocarcino-
mas present near the porta hepatis arising from the confluence 
of the ducts, producing obstruction of the main hepatic ducts 
and intrahepatic branches. Extrahepatic cholangiocarcinomas 
typically cause obstruction of the entire proximal biliary tree, 
and can manifest either as a discrete obstructing mass or, alter-
natively, as only subtle enhancement and thickening of the bile 
duct wall with surrounding stranding and induration.

Cholangiocarcinomas, regardless of their subtype, are 
hypovascular tumors and typically present as a hypodense 
lesion with minimal peripheral enhancement, including some 
hyperenhancement peripherally on arterial-phase images. They 
usually cause proximal biliary dilatation at the margins of the 
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contrast images add little diagnostic value while increasing 
radiation exposure to the patient [272,276]. Technical adjust-
ments may increase the conspicuity of stones and the overall 
utility of MDCT in assessment of patients with stone disease 
[277,278].

Peritoneum

Many neoplastic and nonneoplastic gastrointestinal diseases 
can have associated peritoneal findings, which can be quite 
subtle. Recognition of peritoneal abnormalities requires a sys-
tematic evaluation of the peritoneal structures based on a 
detailed understanding of the typical spread of disease processes 
within the abdominal cavity. The majority of ligaments and 
mesenteries in the abdomen are formed from remnants of the 
ventral and dorsal mesenteries, which suspend the primitive 
gut. The pelvic ligaments are mainly formed by reflections of 
peritoneum over the pelvic organs or structures. The mesenter-
ies and ligaments form the boundaries of the peritoneal spaces. 
Accurate localization of fluid collections and detection of neo-
plasms requires an accurate understanding of the normal path-
ways of spread through adjacent ligaments and mesenteries 
[279]. For the purposes of radiological diagnosis, the peritoneal 
cavity is often arbitrarily considered to be an “end organ,” in that 
the response to a pathological process is similar regardless of 
the underlying etiology.

Neoplasms
While primary neoplasms such as mesothelioma can rarely arise 
from the peritoneum, the majority of peritoneal tumors reflect 
involvement of the peritoneum by metastases (i.e., peritoneal 
carcinomatosis). Peritoneal carcinomatosis can be associated 
with a variety of thoracoabdominal malignancies, but the most 
common tumors to metastasize to the peritoneum include 
ovarian cancer (and other gynecological malignancies), 
melanoma, gastric cancer, colon cancer, appendiceal cancer, 

exclusively in patients from Asia with chronic Clonorchis infec-
tion, and is usually manifested by marked segmental intrahe-
patic and extrahepatic bile duct dilation, sharp tapering of 
peripheral extrahepatic bile ducts with loss of arborization, 
giant ductal calculi, and intraductal debris.

Choledocholithiasis
The noninvasive diagnosis of common bile duct stone disease 
has been simplified with the development of MRCP, which has 
a sensitivity and specificity similar to ERCP, without the risks 
of the latter [267]. Reported sensitivities of CT for common duct 
stone detection vary from 45% to 97%. The highest sensitivity 
(97%) was reported using submillimeter multidetector CT,  
suggesting that the performance of up-to-date MDCT technol-
ogy is likely better than previously thought for this indication 
[268–270]. Use thin collimation with multiplanar reformations 
undoubtedly improves stone detection rates [271]. However, 
even with submillimeter MDCT (0.75 and 0.625 mm), small 
stones can be missed, particularly when the stones are  
isodense to the bile (rather than hyperdense or calcified) or 
when soft tissue density stones are impacted at the ampulla 
[268,269,272–275].

Focusing on the source axial images alone is not sufficient for 
the detection of common duct stones given that the common 
hepatic duct and common bile duct do not primary run in the 
axial plane; MPRs and 3D postprocessing are critical for diag-
nosis [268,272] (Figure 147.23). Using MPRs and multiphase 
acquisitions, Kim et al. reported 97% sensitivity and 96%  
specificity for choledocholithiaisis in 34 patients with stones 
confirmed by ERCP or PTC (percutaneous transhepatic cholan-
giography) [268].

There is little evidence that incorporation of noncontrast 
images into biliary protocols improves visualization of stones 
[276]. One study has shown that combining i.v. contrast-
enhanced axial sections with MPRs results in diagnostic accu-
racy comparable to the use of combined pre- and postcontrast 
CT (both techniques 89% sensitive), suggesting that the non-

Figure 147.23 (a) Axial intravenous contrast-enhanced multidetector computed tomography in a patient with obstructive jaundice shows a subtle filling 
defect in the common duct (arrow). (b) Coronal multiplanar reconstruction better demonstrates the stone (arrow) in the distal common bile duct.

(a) (b)
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Although rare, primary peritoneal tumors include mesothe-
lioma, benign mesenteric cysts, stromal neoplasms, lymphoid 
neoplasms (such as Castleman disease), and desmoid tumors. 
Distinguishing primary and secondary neoplasms of the peri-
toneum may not be possible on imaging, particularly in cases 
with extensive tumor infiltration.

Nonneoplastic peritoneal diseases
Enteric inflammatory processes cause localized fat stranding 
within the adjacent mesenteric and intraperitoneal fat [286]. 
This does not necessarily suggest acute generalized peritonitis, 
and in cases with true generalized acute peritonitis, there is 
usually evidence of significant free fluid, peritoneal thickening, 
and peritoneal hyperenhancement. A large variety of intraab-
dominal pathologies give rise to secondary peritonitis, includ-
ing appendicitis, bowel perforation, and diverticulitis. Some 
infectious causes of chronic peritonitis produce imaging find-
ings that are essentially identical to peritoneal carcinomatosis, 
including retention of contrast during delayed-phase imaging, 
thought to be secondary to the fibrotic scirrhous nature of the 
tumors. Tuberculosis can result in extensive soft tissue infiltra-
tion of the peritoneum and omentum, along with ascites, peri-
toneal enhancement, and peritoneal thickening, findings which 
are indistinguishable from tumor spread [287]. In such cases, 
the distinction between a tumor and infection can be difficult, 
and other stigmata of tuberculosis (i.e., involvement of the 
spine, kidneys, lungs, etc.), as well as an appropriate clinical 
history with risk factors, may be necessary to establish the 
correct diagnosis.

In patients who present with acute abdominal pain, CT is 
useful to diagnose possible peritoneal abnormalities, including 

pancreatic cancer, and other gastrointestinal malignancies. 
Lymphoma can also involve the peritoneum with a MDCT 
appearance, termed lymphomatosis, akin to other forms of car-
cinomatosis [280,281].

Peritoneal carcinomatosis can manifest several discrete 
forms, including a micronodular pattern (with tiny nodules 
measuring <5 mm studding the peritoneum and omentum), a 
nodular pattern (with more discrete nodular implants in the 
omentum measuring >5 mm), and “omental caking” (diffuse 
soft tissue infiltration of the omentum and mesentery). The 
micronodular pattern is the most difficult to diagnose on 
imaging, and often will present as only subtle induration and 
infiltration of the omentum, while the nodular and omental 
caking patterns are usually easier to appreciate on imaging. In 
the majority of cases, ascites fluid will be present, and the pres-
ence of subtle peritoneal thickening and enhancement along the 
margins of the ascites fluid serves as a strong clue to the pres-
ence of early carcinomatosis. Loculated pockets of ascites are 
quite common, particularly along the paracolic gutters. In some 
cases, when carcinomatosis involves the bowel and there is evi-
dence of serosal tumor implants, the bowel wall may appear 
thickened and irregular (with or without obstruction), and 
loops of bowel may be clumped and clustered together as a 
result of encasement by serosal tumor. These patients often 
experience symptoms similar to bowel obstruction as the serosal 
implants may prevent normal bowel transit [190,282,283].

Unfortunately, even with advances in scanner technology and 
spatial resolution, MDCT’s sensitivity for carcinomatosis is still 
poor, with sensitivities as low as 7% for tumor implants under 
1 cm in size, and overall sensitivities for carcinomatosis as low 
as 25%. Not only is it difficult to visualize tiny implants, ana-
tomic relationships can obscure tiny tumor implants in certain 
locations, particularly under the diaphragms, along the liver 
surface, and the porta hepatis [190,283]. Although the sensitiv-
ity of MDCT for carcinomatosis is limited, it is critical that the 
radiologist carefully inspect the omentum and major sites of 
peritoneal ligamentous attachment in order to increase sensitiv-
ity for detection of tiny tumor implants [284]. One study showed 
that the use of multiplanar reconstructions increases lesion 
detection rates in patients with ovarian cancer metastatic to the 
peritoneum, including lesions involving the infracolic omentum 
[285].

Pseudomyxoma peritonei is an uncommon form of perito-
neal tumor implant, exhibiting many of the same characteristics 
as traditional carcinomatosis but with unique implants, which 
are often large, low in attenuation, cystic, and with calcifications 
along their borders (Figure 147.24). These tumor implants tend 
to occur at the margins of the peritoneum, and will often scallop 
the borders of the liver and spleen. When pseudomyxoma peri-
tonei is suspected, careful attention should be given to the 
appendix or ovaries, as pseudomyxoma most often results from 
a perforated appendiceal mucocele, cystadenoma, or cystadeno-
carcinoma, or, alternatively, from dissemination of a primary 
mucinous neoplasm (usually from the ovary or GI tract).

Figure 147.24 Intravenous contrast-enhanced axial computed tomography 
in a patient with pseudomyxoma peritonei demonstrates extensive 
low-density implants filling the peritoneal cavity.



Computed tomography of the gastrointestinal tract CHAPTER 147   2817

nal internal hernias are most common, followed by pericecal, 
transmesenteric, foramen of Winslow hernias, intersigmoid, 
and, least commonly, paravesical [298]. CT findings of a right 
paraduodenal hernia are encapsulation and clustering of small 
bowel loops in the right midabdomen with looping of arterial 
and venous jejunal branches behind the superior mesenteric 
artery. The findings of a left paraduodenal hernia, which are 
more common than right paraduodenal hernias, are less spe-
cific, but include clustering or encapsulation of small bowel 
loops at or above the level of the ligament of Treitz with inter-
mittent dilation, depression of the duodenal–jejunal junction, 
and compression of the posterior gastric wall [300,301].

Traumatic diaphragmatic hernias may cause diagnostic dif-
ficulty, particularly as these hernias can be easily missed when 
the dataset is viewed in only the axial plane. The diagnosis is 
often contingent on using the coronal images to judge the rela-
tionship of abdominal structures relative to the diaphragm, as 
well as to determine whether or not the diaphragm is truly 
disrupted [302]. Of note, in one study using MDCT, the diag-
nosis was missed using subjective prospective interpretation in 
up to 50% of cases. While the diagnosis can be difficult, prede-
fined criteria have been reported to increase sensitivity for 
detecting blunt diaphragmatic rupture to nearly 100% [303,304].

References are available at www.yamadagastro.com/textbook

pneumoperitoneum and hemoperitoneum. In the setting of 
bowel or hollow viscus perforation, CT has a higher sensitivity 
for the detection of pneumoperitoneum than plain radiographs, 
including upright chest films [288]. However, pneumoperito-
neum does not necessarily indicate hollow viscus injury in the 
setting of blunt abdominal trauma. It may be secondary to other 
etiologies, including dissection of interstitial air from the tho-
racic cavity [289]. When free air is secondary to bowel perfora-
tion (either traumatic or nontraumatic), the precise location of 
the bowel injury may be difficult to delineate on CT. The site of 
nontraumatic bowel perforation was visualized in only 12%–41% 
of patients in a study by Ghekiere et al. [290]. Findings that can 
indicate the precise site of bowel disruption on MDCT include 
localized clustered extraluminal air bubbles, thickening of the 
bowel wall, or a focal bowel wall defect, features that enabled 
identification of the point of disruption in 86% of subjects [291].

Hemoperitoneum is seen most frequently in trauma [292], 
acute gynecological disease, or secondary to hemorrhage from 
a neoplasm [293]. Unclotted intraperitoneal hemorrhage typi-
cally measures 30–45 HU, higher than water and bile, and is 
usually distinguishable from simple fluid based on visual 
appearance alone [294]. The CT attenuation of hemoperito-
neum may be falsely low in the upper abdomen, as the highest 
density blood products tend to settle to the dependent portion 
of the peritoneum (the hematocrit effect). Over time, as the 
blood clots, its density rises to the range of 45–70 HU. Density 
measurements can be helpful in localizing the site of bleeding, 
even if no active extravasation is present, as blood products near 
the site of origin will tend to have the highest Hounsfield attenu-
ations (due to a greater amount of clotted blood), a finding 
known as the sentinel-clot sign [294,295].

Hernias

MDCT is the best radiological modality to diagnose or charac-
terize an abdominal wall hernia [296]. Although most hernias 
are diagnosed clinically, they may be occult, particularly in 
obese patients, or they can be a source of acute abdominal pain. 
A variety of abdominal wall hernias have been described, 
including lumbar, spigelian, obturator, and perineal. These 
hernias may cause bowel obstruction; complications of hernia-
related bowel obstructions can include incarceration and stran-
gulation (Figure 147.25). CT manifestations are similar to 
findings seen in a strangulated small bowel obstruction, with 
findings of ischemia as a result of strangulation of both the arte-
rial and venous blood supply to the involved segments of bowel 
[297].

The CT appearance of internal hernias, when bowel pro-
trudes through an opening or defect in the mesentery or peri-
toneum, have been well described [298]. Predisposing factors 
that cause a defect include surgery, trauma, inflammatory 
disease, or a congenital defect in the mesentery [299]. Of the six 
types of internal hernias that have been described, paraduode-

Figure 147.25 Coronal multiplanar reconstruction shows moderate 
dilatation of small bowel loops compatible due to an obstructing right 
inguinal hernia (arrows).

http://www.yamadagastro.com/textbook


2818   PART 5 Diagnostic and therapeutic modalities in gastroenterology

Raman S.P., Horton K.M., Fishman E.K. Multimodality imaging of 
pancreatic cancer-computed tomography, magnetic resonance 
imaging, and positron emission tomography. Cancer J 2012;18:511.

Raman S.P., Hruban R.H., Cameron J.L., et al. Pancreatic imaging 
mimics: Part 2, pancreatic neuroendocrine tumors and their mimics. 
AJR Am J Roentgenol 2012;199:309.

Torabi M., Hosseinzadeh K., Federle M.P. CT of nonneoplastic hepatic 
vascular and perfusion disorders. Radiographics 2008;28:1967.

Zaheer A., Pokharel S.S., Wolfgang C., et al. Incidentally detected cystic 
lesions of the pancreas on CT: review of literature and management 
suggestions. Abdom Imaging 2013;38:331.

Zaheer A., Singh V.K., Qureshi R.O., et al. The revised Atlanta classifica-
tion for acute pancreatitis: updates in imaging terminology and 
guidelines. Abdom Imaging 2013;38:125.

Further readings

Ahmed S., Johnson P.T., Fishman E.K. Defining vascular signatures of 
benign hepatic masses: role of MDCT with 3D rendering. Abdom 
Imaging 2013;38:755.

Brancatelli G., Federle M.P., Ambrosini R., et al. Cirrhosis: CT and MR 
imaging evaluation. Eur J Radiol 2007;61:57.

Fishman E.K., Ney D.R., Heath D.G., et al. Volume rendering versus 
maximum intensity projection in CT angiography: what works best, 
when, and why. Radiographics 2006;26:905.

Laghi A., Iannaccone R., Rossi P., et al. Hepatocellular carcinoma: 
detection with triple-phase multi-detector row helical CT in patients 
with chronic hepatitis. Radiology 2003;226:543.

Pickhardt P.J., Choi J.R., Hwang I., et al. Computed tomographic virtual 
colonoscopy to screen for colorectal neoplasia in asymptomatic 
adults. N Engl J Med 2003;349:2191.



Magnetic resonance imaging

Diane Bergin1 and Donald G. Mitchell2
1 University Hospital Galway, Galway, Ireland
2 Thomas Jefferson University Hospital, Philadelphia, PA, USA

2819

CHAPTER 148

Introduction

Magnetic resonance imaging (MRI) is a powerful imaging tool 
for  the evaluation of disease processes of  the abdomen.  It has 
an established role as a primary diagnostic technique in abdom-
inal  imaging,  with  evidence  showing  MRI  to  have  advantages 
over computed tomography (CT) with regard to diagnostic sen-
sitivity and specificity for many pathological processes of solid 
organs,  bile  and  pancreatic  ducts,  bowel,  peritoneum,  and 
retroperitoneum.

Since the development of MRI, applications for its use in the 
gastrointestinal tract have expanded rapidly. The evaluation of 
the abdomen by MRI was initially hampered somewhat because 
of  artifacts  associated  with  respiratory  and  bowel  motion. 
However, the development of newer fast imaging techniques has 
overcome these motion effects, enabling examination of struc-
tures and organs that were previously not reliably imaged. These 
new  techniques  have  improved  the  results  of  MRI  of  the 
abdomen, particularly when compared with CT.

MRI has certain advantages over CT. CT relies on the single 
variable of X-ray attenuation for tissue contrast. All image con-
trast with CT relies on attenuation, and vascularity of structures 
can  be  inferred  by  the  changes  in  attenuation  imparted  by 
intravenous  contrast  agents.  Basic  differences  that  can  be  dis-
tinguished  include  air,  calcification,  bone,  soft  tissue,  fat,  and 

changes in soft-tissue attenuation imparted by intravenous con-
trast  agents.  However,  MRI  incorporates  several  parameters 
that can distinguish pathological tissues. These include T1, T2 
(see following section), lipid content, the magnetic susceptibil-
ity imparted by metal ions such as iron in the liver, and specific 
characteristics  of  flowing  blood.  In  addition,  various  types  of 
contrast  agents,  some  of  them  targeted  receptor  agents,  have 
been developed for imaging the abdomen. Finally, newer tech-
niques  such  as  diffusion  and  perfusion  imaging,  are  being 
developed  for  imaging  the  abdomen.  Compared  with  CT,  
MRI  has  a  range  of  tissue  characteristics  with  which  to  build 
the  image,  and  therefore  has  a  greater  potential  for  tissue 
characterization.

The risks of CT derive from the dose of radiation and from 
the risk of nephrotoxicity with intravenous contrast agents. The 
risks  of  radiation  dose  may  be  significant,  particularly  in 
younger patients. The probability of a radiation-induced cancer 
in a young adult undergoing CT of the abdomen and pelvis is 
about  one  in  2000  or  greater.  The  current  cost  in  the  United 
States of this one-time radiation dose has been estimated at $30/
mSv, or $300 per abdominal CT. These considerations have led 
one  author  to  suggest  that  MRI  in  younger  patients  may  be 
cost-effective  compared  with  CT  based  on  considerations  of 
radiation risk alone. Costs associated with irradiation of unsus-
pected pregnancies have not been assessed.
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CT  of  the  abdomen  routinely  employs  iodinated  contrast 
agents for delineation of vascular anatomy, and to increase the 
tissue  contrast  between  tumors  and  normal  organs.  Iodinated 
contrast  agents  pose  three  dangers  to  patients:  anaphylactic 
reaction,  renal  nephrotoxicity,  and  osmotic  load.  Certain 
patients, such as those with diabetic nephropathy or renal insuf-
ficiency from any cause, are at increased risk from renal neph-
rotoxicity from iodinated contrast agents.

MR  may  be  difficult  to  tolerate  by  those  patients  prone  to 
claustrophobia. If this is severe, it may be treated with sedative 
or  anxiolytic  agents  or  when  necessary  general  anesthesia. 
However, availability of newer widebore scanners has reduced 
the incidence of claustrophobic feelings for many patients. MR 
is  contraindicated  in  individuals  who  have  older  type  cardiac 
pacemakers,  ferromagnetic  metal  aneurysm  clips,  cochlear 
implants, intrauterine metallic implants, or other metal implants 
where patient may suffer complications if they do undergo MRI 
scans, since the scanner may interfere with the proper function-
ing of the ferromagnetic device.

Allergy or an abnormal reaction to the contrast medium that 
may  be  used  during  some  MRI  procedures,  although  rare  is 
another potential limitation of MR for those affected. The risk 
of  anaphylactic  reaction  associated  with  currently  available 
gadolinium  agents  is  very  low.  These  agents  have  no  known 
cross-reactivity with the iodinated contrast agents used for CT, 
so these patients may be safely imaged with MR. Nephrogenic 
systemic fibrosis (NSF), previously known as nephrogenic fibro-
sing  dermopathy,  is  a  well-recognized  but  poorly  understood 
syndrome characterized by progressive multiple-organ fibrosis 
[1,2]. The cutaneous manifestations, including hyperpigmenta-
tion and brawny induration of the skin, were first observed in 
1997  but  were  not  reported  until  2000  [2].  A  multiplicity  of 
extracutaneous  systemic  manifestations,  including  visceral 
organ fibrosis and vascular  thrombosis, has  since been recog-
nized  [2]  and  described.  NSF  appears  to  occur  exclusively  in 
patients with renal impairment, and to our knowledge, no cases 
to date have been described in a patient with normal renal func-
tion. The association between NSF and gadolinium-based con-
trast agents (GBCAs) was first proposed in a 2006 study in which 
the investigators reported that five of nine patients with patho-
logically proven NSF had undergone contrast material–enhanced 
MRI examinations days to weeks before developing NSF [1].

Patients  who  are  older  than  60  years  and  those  who  are 
younger than 60 years with risk factors are screened by means 
of serum creatinine level measurement and estimated glomeru-
lar filtration rate (eGFR) calculation within 30 days before the 
MR study date.  If  the eGFR is  found to be  lower  than 60 mL/
min/m2,  an  alternative  imaging  procedure  should  be  consid-
ered.  The  availability  of  potentially  renoprotective  therapies, 
such  as  N-acetyl-L-cysteine,  hydration,  and  sodium  bicarbo-
nate, may make iodinated contrast-enhanced CT a safer alterna-
tive  to  contrast-enhanced  MR  imaging  for  these  patients.  If 
contrast-enhanced  MR  examination  remains  the  preferred 
diagnostic  option,  the  decision  to  administer  a  GBCA  will 

depend on the severity of renal disease. A patient at risk of NSF 
should receive a GBCA only when a risk–benefit assessment for 
that  patient  indicates  that  the  benefit  clearly  outweighs  the 
potential risk, or risks.  In  the United States,  the US Food and 
Drug  Administration  (FDA)  has  requested  the  prescribing 
information  of  all  GBCAs  to  be  revised  by  adding  a  boxed 
warning,  according  to  which  the  use  of  GBCAs  in  at-risk 
patients should be avoided unless the diagnostic information is 
essential  and  not  available  with  unenhanced  MRI.  All  unen-
hanced MRI sequences that may be helpful to make a diagnosis 
should be performed and the images should be evaluated by an 
experienced radiologist  to ensure  that  the administration of a 
GBCA  is  still  deemed  necessary.  If  the  use  of  a  GBCA  is  still 
deemed  necessary  after  unenhanced  MRI,  the  lowest  dose 
needed  to  reliably  provide  the  diagnostic  information  being 
clinically  sought  should  be  used,  and  according  to  the  boxed 
warning required by the FDA, the recommended doses should 
never be exceeded. However, the recommended doses for some 
agents  can be up  to 0.3 mmol/kg of body weight.  It  is  recom-
mended to not exceed the standard dose of 0.1 mmol/kg even if 
the GBCA to be used is approved for higher doses. The use of 
lower doses, when possible, is encouraged in Europe and Japan. 
Some GBCAs (gadodiamide, Omniscan; gadopentetate dimeg-
lumine,  Magnevist;  gadoversetamide,  OptiMARK)  are  con-
traindicated  for  use  in  patients  at  risk  of  NSF  [3,4].  Other 
GBCAs  may  be  given  to  at-risk  patients,  but  only  if  regarded 
clinically essential. The FDA did not mandate specific contrain-
dications, but requested that the same boxed warning be added 
to  the  prescribing  information  of  all  five  GBCAs  sold  in  the 
United  States  (the  three  above  plus  gadobenate  dimeglumine 
[MultiHance,  Bracco]  and  gadoteridol  [ProHance,  Bracco] 
[1,2]. The usefulness of hemodialysis in the prevention of NSF 
is  unknown.  However,  to  enhance  and  speed  up  the  GBCA 
elimination,  it  is  recommended  that  patients  on  hemodialysis 
undergo a hemodialysis session no later than 2 hours after the 
administration  of  the  GBCA.  A  second  hemodialysis  session 
should  be  considered  within  24  hours  of  the  first  session. 
Patients  at  risk  of  NSF  should  be  followed  for  1  year  after  a 
contrast-enhanced MRI examination to identify any symptom 
or sign suggestive of NSF, and then evaluated accordingly. If a 
new diagnosis of NSF is made, it is recommended that the regu-
latory authorities should be immediately notified.

In this chapter, we explain some of the tissue characteristics 
and basic principles of imaging and discuss specific applications 
and techniques in MRI.

Basic principles (Table 148.1)

Differences in tissue contrast with CT are measured by Houns-
field units, which are a measure of X-ray attenuation. In MRI, 
the difference in tissue contrast (white, gray, black) depicted on 
the  image  is  termed  its  signal  intensity.  High  signal  intensity 
refers to structures which are white on the image and low signal 
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Table 148.1 Terms used in magnetic resonance imaging.

Term Synonym Definition

Longitudinal magnetization Amplitude of magnetization (and potential signal intensity) that is oriented along 
the main magnetic field

Transverse magnetization Amplitude of magnetization (and actual signal intensity) that is oriented 
perpendicular to the main magnetic field in the plane of the receiving coil

Tissue characteristics

T1 Longitudinal relaxation time or 
spin-lattice relaxation time

Measurement of the rate at which the longitudinal relaxation returns to the 
direction of the main magnetic field after perturbation by a radiofrequency pulse

T2 Transverse relaxation time or 
spin-spin relaxation time

Measurement of the rate at which spins dephase relative to each other in the 
transverse plane which cannot be refocused by a 180° refocusing pulse

Magnetic susceptibility Local distortion of the magnetic field induced by paramagnetic compounds, 
metal, air–tissue interfaces, etc., which decrease the signal intensity

Chemical shift Reference to the different resonant frequencies of certain compounds such as fat 
or silicone relative to water, which allows their selective saturation

User-controlled parameters

TE Time to echo or echo time Time interval between the alpha pulse (a 90° pulse in a spin echo pulse sequence) 
and the center of the received signal

TR Repetition time Time interval between the phase-encoding steps

TI Inversion time Time interval between an inversion pulse in an inversion recovery sequence. The 
time interval between the inversion pulse and the TE

Pulse sequence Sequence Complex set of commands that control the magnetic resonance system, gradients 
and radiofrequency generator in a specific manner, to generate the received signal

In-phase image Image in which fat and water in the image are in-phase with one another and 
therefore their signal intensity is additive in the image

Opposed-phase image Image in which the fat and water signals are out of phase with one another and 
therefore subtractive or cancel in the image

Acquisition matrix Matrix Number of frequency-encoded steps and phase-encoded steps, which determines 
the resolution of the image

Magnetic resonance 
angiography

MRA Set of images, usually gradient echo images, which are designed to emphasize 
flow within blood vessels. These are displayed in a format via computer 
reconstructions to resemble conventional angiograms

Magnetic resonance 
cholangiopancreatography

MRCP Set of images that are heavily T2-weighted and designed to demonstrate fluid 
within the biliary tree and pancreatic duct

Contrast agent Chemical compound injected or ingested to change the tissue contrast on the 
magnetic resonance image

Paramagnetic (e.g., 
gadopentetate dimeglumine)

Chemical compound that alters the relaxation properties of water, generally 
shortening T1 (producing brighter signal intensity on Tl-weighted images) more 
than T2

Superparamagnetic (e.g., 
iron oxides)

SPIO Chemical compound that alters the relaxation properties of water, generally 
shortening T2 (producing low signal on T2-weighted sequences) more than T1

intensity  to  structures  which  are  dark  on  the  image.  Unlike 
Hounsfield units in CT, signal intensity units are arbitrary and 
have no real meaning as absolute numbers.

The terms T1 and T2 refer  to specific  tissue properties  that 
describe  the  way  protons  (mostly  in  water  and  lipids)  behave 
after being excited by a radiofrequency pulse in a strong mag-
netic field. Each  type of  tissue will  show a  typical T1 and T2. 
When the  image  tissue contrast  is based mostly on the differ-

ences  in  T1  between  the  tissues,  the  image  is  termed  a 
T1-weighted  image.  T1  is  termed  the  longitudinal  relaxation 
rate and T2 the transverse relaxation rate or spin-relaxation rate. 
Structures or fluids that are bright on T1-weighted images have 
a  short  (lower) T1 because of greater  longitudinal magnetiza-
tion,  and  images  which  are  dark  have  a  long  T1.  Structures 
containing no water or fat, such as bone or air, also will appear 
black on a T1-weighted image.
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and are sometimes called proton density-weighted images. They 
generally have limited usefulness for abdominal imaging.

The signal from the spin echo is localized in space within the 
body  by  applying  magnetic  field  gradients.  These  gradients 
change the resonant frequency and phase of  the spins  linearly 
across  the  body  so  that  the  source  of  the  radio  signal  can  be 
localized.  These  gradients  are  termed  the  frequency-encoding 
and  phase-encoding  gradients.  A  map  of  the  location  of  the 
signal  and  the  strength  of  the  signal  strength  linearly  across  
the body is the image. The complex radio signal received by the 
receiver coil from the body is decoded into the spatial location 
of  the signals and the strength of  the signals by a mathematic 
algorithm called the Fourier transform.

Another way of refocusing the signal after the 90° pulse is by 
the application of bipolar gradients, which are gradients that are 
switched on  in one direction and  then switched on rapidly  in 
the  opposite  direction.  This  will  cause  refocusing  of  the  FID 
signal in a manner that is appropriate for spatial localization of 
the  signal.  These  sequences  are  termed  gradient  refocused 
echoes  or  gradient  echo  (GRE)  sequences.  The  advantage  of 
GRE sequences is that they are acquired very rapidly, allowing 
acquisition within a breath-hold period. GRE images designed 
specifically to image blood flow are termed magnetic resonance 
angiography (MRA) sequences, because flowing blood appears 
bright  on  these  sequences.  The  resonant  frequencies  of  water 
differ from the protons in lipid molecules, such as adipose tissue 
or fat. Because of this difference in resonant frequencies, these 
two  populations  of  protons  in  the  body  can  be  imaged  sepa-
rately, sometimes termed chemical shift imaging. The most fre-
quently  used  method  is  the  application  of  a  radiofrequency 
pulse which saturates the signal selectively from fat or water. If 
this is performed at the resonant frequency of fat, it is called a 
fat saturation sequence, or fat saturation image.

On GRE images, fat and water may be out of phase with one 
another and thus cancel their signal. Whether the fat and water 
spins are out of phase with one another depends on the TE. If 
fat  and  water  are  out  of  phase  relative  to  each  other,  small 
volumes of  tissue containing both  fat and water (such as  fatty 
infiltrated liver) will cancel their signal and appear dark on the 
image. This type of image is called an opposed-phase image. In 
contrast, an in-phase image shows the lipid and water protons 
in the image as bright. In-phase and opposed-phase images are 
very sensitive to the presence of small amount of lipid in tissues. 
These sequences are used to detect fatty liver and the lipid that 
commonly occurs in adrenal adenomas.

MRA  refers  to  a  family  of  pulse  sequences  that  image  flow 
within blood vessels. These pulse sequences  take advantage of 
the  fact  that flowing blood  is bright (high signal  intensity) on 
certain GRE sequences. Blood flowing into a slice being imaged 
is fully unsaturated (i.e., has greater longitudinal magnetization) 
because  it  has  not  experienced  prior  excitation  pulses.  This 
effect renders the blood flowing into the slice as very high signal 
intensity on the image. Blood flowing through the slice shows 
less signal intensity because it experiences the excitation pulses 

The  specific  parameters  chosen  to  acquire  the  image  deter-
mine whether an image is T1-weighted or T2-weighted or some 
other  type  of  image.  TE  and  TR  refer  to  the  echo  time  and 
repetition time, respectively, and are the parameters chosen by 
the  operator  to  acquire  a  T1-weighted  or  T2-weighted  image. 
The  specific  parameters  chosen  by  the  technician  determine 
exactly what kind of image is obtained and are termed the pulse 
sequence.  This  sequence  therefore  describes  a  set  of  images 
covering  a  specific  anatomical  area,  with  identical  imaging 
parameters such as TE, TR, and resolution. T1-weighted images 
have a short TE and a relatively short TR.

Images  designed  to  show  contrast  based  mostly  on  the  T2 
values of the tissues are called T2-weighted. Such images gener-
ally have a  long TE and a  long TR. Structures which are high 
signal intensity (white) on the T2-weighted image are generally 
fluid-containing structures such as cysts, intestinal contents, or 
gallbladder  bile.  Most  tissues  in  the  abdomen,  such  as  liver, 
pancreas  and  intestinal  wall,  have  low  signal  intensity  (dark) 
on  T2-weighted  images.  Structures  which  have  a  high  fluid 
content or contain more fluid than normal tissues are brighter 
on  the  T2-weighted  image.  Examples  are  cysts  and  hemangi-
omas of the liver. Structures such as malignant tumors contain 
higher water content  than normal  tissues, and  therefore  show 
higher  signal  intensity  than  normal  tissues.  Because  of  their 
long  repetition  time  (2–3 s),  T2-weighted  images  usually  take 
longer to acquire than T1- weighted images, and therefore are 
somewhat more susceptible to motion artifact. Within a strong 
magnetic field, protons (hydrogen atoms in water or lipid) have 
a  physical  property  termed  spin  (angular  momentum).  These 
spins can be perturbed by a radiofrequency pulse at a specific 
frequency, the resonant frequency of the spin. After this excita-
tion  pulse  or  tip,  the  spins  will  emit  a  radiofrequency  wave 
that  can  be  registered  by  a  receiver  called  the  receiver  coil.  A 
radiofrequency  pulse  of  sufficient  magnitude  to  tip  the  spins 
90° away  from  the main magnetic field  is  referred  to as  a 90° 
pulse. Similarly, a radiofrequency pulse that tips the spin 180° 
is  called a 180° pulse, or an  inversion pulse. After  tipping  the 
spin  90°,  the  spins  emit  a  signal  termed  the  free-induction 
decay (FID). This radiowave signal is the basis of the magnetic 
resonance  signal.

Because it occurs soon after the initial radiofrequency pulse, 
the  FID  is  not  received  normally.  The  FID  rapidly  decays  in 
signal amplitude because of dephasing of the spins. This means 
the spins precess out of phase relative to each other because of 
small  differences  in  the  magnetic  field  strength  in  the  tissues 
and therefore have no net signal. This effect of signal amplitude 
decay, because of dephasing, can be overcome by the application 
of  the  180°  pulse  after  the  90°  pulse,  in  order  to  refocus  the  
spins and bring the spins back into phase with a corresponding 
rapid  increase  in  signal  amplitude. This process  is  termed  the 
spin  echo  and  is  used  in  spin  echo  sequences,  which  are  the 
most  frequently used  sequences  in MRI. Spin echo  sequences 
can  be  T1-weighted,  T2-weighted,  or  intermediate-weighted. 
Intermediate-weighted  images  use  a  short  TE  and  a  long  TR, 
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mine. This fills the arteries and capillary beds and rapidly dif-
fuses into the interstitium and the sinusoids in the liver. Because 
of  this  sequence  of  events,  it  is  important  to  rapidly  image 
abdominal organs to capture this temporal progression. In the 
liver, for example, it is advantageous to image an arterial phase, 
followed  by  a  portal  phase,  followed  by  a  delayed  phase.  This 
imaging of  the arterial and venous phases  is  important  in  the 
differential diagnosis of liver tumors. Specifically, hypervascular 
tumors  such  as  hepatocellular  carcinoma  will  be  seen  better  
on  an  arterial  phase  and  may  be  invisible  on  delayed  phases. 
Other liver tumors such as hemangiomas can be characterized 
accurately  based  on  their  temporal  sequence  of  enhancement 
with  the contrast agent. Gadolinium chelate-enhanced  images 
are  important  for  detecting  and  characterizing  vascular 
abnormalities.

Agents  that  are  accumulated  selectively  by  hepatocytes  and 
which  undergo  some  biliary  excretion  have  been  developed. 
These  show  prolonged  liver  enhancement  on  T1-weighted 
images  and  increase  the  signal  intensity  difference  between 
metastases and liver. Superparamagnetic iron oxide agents have 
been approved by the FDA for imaging the liver. These agents 
are  taken  up  by  normal  Kupffer  cells  in  the  liver  and  spleen. 
Most tumors, such as metastases, contain no Kupffer cells and 
therefore do not accumulate the agent. Thus, the signal intensity 
difference  between  liver  and  tumors  is  increased,  making 
tumors more conspicuous on T2-weighted images. Greater sen-
sitivity  for  metastases  using  these  agents  has  been  reported. 
Hepatocellular  tumors  such  as  focal  nodular  hyperplasia  and 
hepatic  adenoma  take  up  these  agents,  providing  a  valuable 
diagnostic tool for evaluating liver tumors.

Liver (Table 148.2)

Various comparisons of  contrast-enhanced CT and MRI have 
shown that MRI has significantly better capacity to characterize 
liver  lesions  [5].  MRI  consistently  characterizes  over  95%  of 
detected hepatic lesions and compares favorably with percuta-
neous  biopsy,  which  typically  has  a  diagnostic  yield  of  only 
61%–67% for liver masses, regardless of the imaging modality 
used for percutaneous needle guidance [1,2]. Given that about 
one-fourth of liver lesions detected in patients with a history of 
malignancy  are  subsequently  determined  to  be  malignant,  it 
may be cost-effective  to  image  those patients requiring  tumor 
staging  directly  using  MRI.  In  patients  with  malignancy,  the 
ability to characterize a benign liver lesion can be as important 
as the identification of metastases. Small liver cysts are common 
in  adult  patients  and  are  frequently  too  small  for  accurate 
density measurement on CT, but can be resolved and character-
ized  down  to  1 mm  on  MRI  because  of  the  very  high  signal 
produced on T2-weighted images [6]. Generally, the advantages 
of MRI over CT arise from the greater contrast resolution, and 
the  variety  of  different  soft  tissue  contrast  achieved  through 
implementation of multiple sequences.

used to acquire the data for the image. If thin slices are obtained 
continuously,  preferably  with  the  blood  vessel  of  interest  in 
cross-section,  the  resulting  data  can  be  reconstructed  into  a 
dataset representing the entire volume of tissue and then pro-
jected  into  images  which  resemble  conventional  angiograms. 
The principle described here is called “time-of-flight MRA.”

There are other forms of MRA that rely on different physical 
principles, such as phase contrast angiography, bolus tracking, 
black  blood  techniques,  and  three-dimensional  gadolinium-
enhanced MRA. Description of these techniques is beyond the 
scope  of  this  chapter.  However,  these  techniques  have  in 
common the principle of imaging flowing blood, while not nec-
essarily imaging the vascular structures themselves. They are all 
susceptible  to  certain  artifacts  that  give  the  impression  of 
occluded or stenotic vessels, such as slowly flowing blood and 
turbulent  flow,  and  artifacts  from  adjacent  structures  such  as 
metallic  surgical  clips.  The  basic  goal  of  these  sequences  is  to 
increase the contrast between the vessel and surrounding struc-
tures  dramatically.  Thus,  the  vessels  are  selectively  displayed 
with markedly higher signal intensity than surrounding station-
ary tissue. A magnetic resonance technique that simulates MRA 
but which differs in principle is magnetic resonance cholangio-
pancreatography  (MRCP).  The  goal  of  MRCP  is  to  selectively 
image  fluid  within  the  biliary  tree  and  pancreatic  duct.  Very 
heavily T2-weighted images are used to achieve this effect. With 
the very  long TEs used  for  these heavily T2-weighted  images, 
virtually all solid tissue has low signal (dark on the image). By 
virtue  of  its  long  T2,  fluid  within  the  biliary  tree,  gallbladder, 
and pancreatic duct retain signal intensity and therefore appears 
bright  on  the  image.  Like  MRA,  multiple  projections  in  a 
manner similar to conventional cholangiography or endoscopic 
retrograde cholangiopancreatography (ERCP) can be obtained.

Current  pulse  sequences  for  imaging  the  liver  are  designed 
for very fast acquisition of  images so that motion artifacts are 
limited  or  absent.  These  very  fast  images  generally  require 
improved (high performance) gradient systems. For T1-weighted 
images, fast GRE sequences are used. T1-weighted images that 
acquire the whole liver as a volume (three-dimensional imaging) 
can be used for dynamic perfusion studies, or MRA studies, or 
both. For T2-weighted images, subsecond pulse sequences have 
been  developed  so  that  motion-free  images  are  obtained, 
whether  or  not  the  patient  is  holding  their  breath.  These 
sequences  are  called  HASTE  (half-Fourier  acquisition  single-
shot turbo spin echo), EXPRESS, or single-shot fast spin echo 
(FSE) sequences, depending on the manufacturer of the system. 
Echo  planar  imaging  is  not  a  new  development  but  has  been 
relatively  recently  adapted  to  average  clinical  scanners  with 
improved  gradient  systems  and  can  also  acquire  subsecond 
images.

Injected contrast agents identify vascular structures and areas 
of abnormality within organs by differences in their vascularity. 
Contrast  agents  for  use  during  MRI  are  available  and  have 
similar functions to iodinated contrast agents used in CT. The 
most  frequently used agent  in MRI  is gadopentetate dimeglu-
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Abscess
Pyogenic  abscesses  are  associated  with  sepsis,  recent  bowel 
surgery, diverticulitis, Crohn’s disease, and appendicitis. Fungal 
microabscesses  are  more  common  in  immunocompromised 
patients.  Typically,  abscesses  (Figure  148.4)  have  high  central 
increased signal and intermediate peripheral rim on T2-weighted 
images. The central portion is low on T1-weighted images and 
does  not  enhance  on  postcontrast  images  [9].  The  peripheral 
rim shows persistent late enhancement without centripetal pro-
gression  of  enhancement  [10].  There  is  indistinct  perilesional 
enhancement on the early phase because of hyperemia [11].

Hemangiomas
Hemangiomas are the most common benign liver neoplasm, are 
multiple  in up to 70% of patients, and are  found with highest 
incidence  in  young  adult  women.  Histology  shows  a  series  of 
vascular lakes and channels, with larger lesions developing areas 
of thrombosis and fibrosis. Imaging shows moderately elevated 
signal on single-shot T2-weighted images, typically less intense 
than  demonstrated  by  simple  cysts,  and  low  signal  on 
T1-weighted images [6,12]. Enhanced images show peripheral 
interrupted  nodules  on  the  arterial  phase  (Figure  148.5),  and 
this finding  is pathognomonic  for  this pathology. Venous and 
delayed phases may show progressive enlargement and coales-
cence of the peripheral nodules with variable degrees of central 
filling  [6,13].  Smaller  lesions  generally  fill  more  quickly,  and 
larger  lesions  are  progressively  more  likely  to  show  slower 
central filling. Giant hemangiomas, usually larger than 5–10 cm, 
typically  develop  central  areas  that  fail  to  fill  in  on  delayed 
enhanced images, and may show central cystic areas that are as 
bright  as  simple  fluid,  such  as  cerebrospinal  fluid,  with  well-
defined  margins  and  no  enhancement.  Small  (<1 cm)  lesions 
may fill quickly and be difficult to delineate from other arterial-
phase enhancing neoplasms, such as a small hepatocellular car-
cinoma (HCC) or hypervascular metastases [14]. In such cases, 

Benign lesions
Cysts
Benign lesions of the liver are common in the adult, and cysts 
represent the most common benign lesion. Pathology typically 
shows a wall comprising a single layer of epithelial cells. Etiolo-
gies are mostly idiopathic, but cysts may be seen in association 
with developmental disorders such as polycystic kidney disease 
or von Hippel–Lindau disease, infections including Echinococ-
cus,  or  hemorrhage.  Cysts  appear  uniform  and  high  in  signal 
intensity on T2-weighted images and low in signal intensity on 
T1-weighted images, with well-defined margins (Figure 148.1) 
and  no  evidence  of  enhancement  on  gadolinium-enhanced 
spoiled  gradient  echo  (SGE)  images  [6,7].  Benign  cysts  may 
appear slightly complicated with lobulation of borders and sep-
tations,  and  may  have  elevated  signal  on  SGE  T1-weighted 
images, typically in association with protein or related to prior 
hemorrhage.  As  complexity  becomes  more  prominent,  other 
possibilities include biliary cystadenoma (Figure 148.2), biliary 
cystadenocarcinoma,  and  mucinous  cystadenocarcinoma  of 
ovarian or other origin, usually bowel or pancreas. These tumors 
typically  show  perilesional  gadolinium  enhancement.  These 
lesions may also have internal septations and enhancing mural 
nodules.  These  lesions  will  also  increase  in  size  on  follow-up 
imaging.

Bile duct hamartomas
These  lesions  are  relatively  common,  occurring  in  3%  of  the 
population, and comprise  irregular branching bile-dilated bile 
ducts. Bile duct hamartomas are frequently peripheral, multiple, 
and less than 1 cm in size. These lesions have features identical 
to cysts on T2- and unenhanced T1-weighted images, with the 
exception of demonstrating a peripheral thin and uniform rim 
of  gadolinium  enhancement  (Figure  148.3).  Metastases  show 
perilesional  enhancement,  and  hypervascular  tumors  show 
central enhancement on arterial phase [7,8].

Table 148.2 Classical magnetic resonance imaging features of common liver lesions.

Hepatic lesion T1 T2 Opposed-phase 
GRE

Arterial 
enhancement

Portal venous 
enhancement

Delayed 
enhancement

Benign cyst Low High NA None None None

Hemangioma Low High NA +/− peripheral 
nodular

+/− peripheral 
nodular

Yes

Hepatic adenoma Intermediate/high Isointense +/− reduced 
signal

Yes Isointense Isointense

Focal nodular 
hyperplasia

Isointense Isointense/
slightly increased

NA Yes Isointense Isointense with 
delayed enhancement 
of central scar

Hepatocellular 
carcinoma

Low Increased +/− drop Yes Isointense/reduced Reduced/washout

Cholangiocarcinoma Low Slightly increased NA Isointense Isointense/increased Delayed ill-defined

GRE, gradient echo; MRI, magnetic resonance imaging; NA, not applicable.



Magnetic resonance imaging CHAPTER 148      2825

Figure 148.1 Simple hepatic cyst. (a) Axial T2 image, (b) axial T1 image, 
(c) postcontrast three-dimensional GRE image, and (d) magnetic 
resonance cholangiopancreatography (MRCP) demonstrate high T2 signal 
lesion (arrow on a and d) and low T1 signal nonenhancing lesion (arrow 
on b and c) consistent with simple hepatic cyst.

(a)

(b)

(c)

(d)

Figure 148.2 Biliary cystadenoma. Axial T2 image (a) and corresponding 
axial three-dimensional gradient echo (GRE) images of the liver  
(b) before and (c) after contrast demonstrate large cystic lesion in the 
left and right lobes of the liver with internal enhancing septations that 
was surgically proven to be biliary cystadenoma.

(a)

(b)

(c)
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ducts  that can  form an unencapsulated mass with abnormally 
structured vessels and bile ducts. These lesions may appear iso-
intense  to  mildly  hyperintense  on  T2-weighted  images,  and 
isointense to mildly hypointense on T1-weighted images (Figure 
148.5). An important, and unique, characteristic of FNH is the 
formation of a central fibrovascular core, which may produce a 
high signal on T2-weighted images [6,7,12,16]. On gadolinium-
enhanced  imaging  the  fibrovascular  core  may  demonstrate 
slowly  progressive  enhancement,  with  no  perceived  enhance-
ment on arterial phase, and becoming maximally conspicuous 
on delayed-phase images [16,17]. This is in contrast to the bulk 
of  the mass surrounding the core  that  typically enhances uni-
formly and intensely in the arterial phase, and which becomes 
isointense  or  slightly  hyperintense  to  surrounding  liver  on 
venous  and  delayed  phases.  Small  lesions  (less  than  1–2 cm) 
may appear more uniform in enhancement and a fibrovascular 
core  may  not  be  perceived.  Other  distinguishing  features  on 
gadolinium-enhanced  imaging  from  other  arterial-phase 
enhancing tumors include the lack of capsule enhancement, as 
is  observed  with  adenomas  and  HCC  [16–19].  Fibrolamellar 
HCCs are typically large, greater than 10 cm at presentation, but 
may share features of FNH with the exception that the central 
scar of fibrolamellar tumors is typically lower than surrounding 
tumor on T2-weighted images and shows radiating enhancing 
bands on postgadolinium  images  [16,20]. Alternative contrast 

the distinguishing features can be found on venous and delayed 
images,  where  the  other  hypervascular  neoplasms  typically 
show washout whereas hemangiomas may demonstrate persist-
ent  enhancement  with  signal  above  that  of  the  adjacent  liver 
parenchyma. Metastases have been described as enhancing pro-
gressively  from  outside-in;  however,  the  pattern  of  enhance-
ment  does  not  show  peripheral  interrupted  nodules  with 
coalescence, as is typical of hemangiomas [15,16]. An optimally 
timed  arterial-phase  enhanced  image  typically  provides  the 
most critical diagnostic information [16].

Focal nodular hyperplasia
Focal  nodular  hyperplasia  (FNH)  is  most  commonly  seen  in 
young adult women and seems to represent a hamartomatous 
lesion  with  a  disorganized  growth  pattern  of  hepatocytes  and 

Figure 148.3 Bile duct hamartomas. Axial T2 image (a) and 
corresponding axial three-dimensional gradient echo (GRE) images of the 
liver (b) before and (c) after contrast demonstrate scattered, less than 
1 cm cysts (arrows) in the liver with thin peripheral rim of enhancement 
consistent with biliary hamartomas.

(a)

(b)

(c)

Figure 148.4 Hepatic abscess. (a) Axial T2 image and (b) postcontrast 
three-dimensional gradient echo (GRE) image of the liver demonstrate 
large, peripheral, enhancing, thick-walled abscess (arrow).

(a)

(b)
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oral  contraceptives,  and  rarely  with  exogenous  anabolic  ster-
oids, galactosemia, and glycogen storage disease type Ia. Spon-
taneous  hemorrhage  may  occur  in  larger  masses,  typically 
greater than 4–5 cm in diameter, and can result in presentation 
with abdominal pain, with a risk of extrahepatic extension and 
intraperitoneal  bleeding.  Hepatic  adenomas  comprise  sheets  
of  hepatocytes  and  form  a  pseudocapsule  related  to  compres-
sion  of  adjacent  hepatic  parenchyma;  however,  in  contrast  to 
FNH,  they  do  not  form  bile  ducts.  T2-weighted  images  show 
isointense  to  slightly  hyperintense  signal  and  T1-weighted 
images show mildly hypointense to mildly hyperintense signal 
(Figure  148.6)  [5].  Opposed-phase  SGE  T1-weighted  images 

agents may be helpful  in a small  fraction of cases  that remain 
ambiguous.  Gadolinium-EOB-DTPA  may  demonstrate  early 
arterial-phase  tumor  enhancement  and  late  hepatocellular 
uptake  caused  by  uptake  by  hepatocytes  within  the  mass  and 
excretion  into  poorly  draining  malformed  bile  ducts.  Manga-
nese or superparamagnetic iron oxide particles (SPIO) may be 
taken  up  by  hepatocytes  within  FNH  and  darken  the  lesion 
similar to surrounding normal liver [15,16]

Adenomas
Adenomas are benign neoplasms of epithelial origin, with pre-
dominant incidence in young women. They are associated with 

Figure 148.5 Hepatic hemangioma (arrow) and focal nodular hyperplasia (arrowhead). (a) Long echo time (TE)(180 ms) and (b) fat-suppressed 
intermediate TE (80 ms) axial T2-weighted images of the liver demonstrate a high T2 signal lesion (arrow) adjacent to the inferior vena cava. Of note,  
a second lesion (arrowhead) is also seen on b but not on a. Three-dimensional gradient echo (GRE) images (c) before contrast, (d) during arterial 
phase, and (e) delayed post contrast demonstrate peripheral enhancement of the paracaval lesion (arrow) with progressive delayed enhancement 
consistent with a hemangioma. The second lesion (arrowhead) enhances avidly in the arterial phase and becomes isointense to hepatic parenchyma on 
delayed imaging, consistent with focal nodular hyperplasia.

(a)

(c)

(e)

(b)

(d)
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demonstrate  signal  drop  related  to  lipid  accumulation  in 
approximately half of adenomas [21]. Blood products may result 
in  irregular  foci  of  mixed  high  or  low  signal  on  T1-  and 
T2-weighted  images.  Gadolinium  enhancement  is  maximal 
during arterial phase and seen as an arterial-phase blush with 
rapid fading in the venous and delayed phases to hypointensity 
or isointensity to adjacent liver, with development of a persistent 
enhancing rim related to the pseudocapsule [5,19]. An enhanc-
ing scar is observed in a small subset, but such a scar does not 
produce  high  signal  on  T2-weighted  images  as  seen  in  FNH. 
Although  most  features  of  adenoma  mimic  HCC,  HCC  is 
usually  associated  with  a  background  of  chronic  liver  disease 
and evidence of cirrhosis [5,19]. However, in patients with HCC 
risk  factors  where  the  liver  is  normal  and  tumor  markers  are 
negative, differentiation may be difficult. The presence of portal 
venous involvement helps differentiate HCC, and the presence 
of blood products helps differentiate adenoma. Hepatic adeno-
matosis is a rare entity that involves numerous adenomas scat-
tered throughout the liver, which have malignant potential [22].

Malignant lesions
Primary HCC  is  the most common primary  liver malignancy 
and usually occurs in the setting of cirrhosis [23]. These tumors 
are thought to arise from premalignant dysplastic nodules, and 
dysplastic nodules are  thought  to progressively dedifferentiate 
from low- to high-grade histology [24]. HCC occurs as a soli-
tary lesion in 50% of cases, is multifocal in 40%, and diffuse in 
10%. HCC is typically greater than 2 cm in diameter, in contrast 
to  dysplastic  nodules,  which  are  typically  less  than  2 cm  [23]. 
Imaging features are variable, but the pattern of elevated signal 
on T2-weighted images and diminished signal on T1-weighted 
images increases the likelihood of HCC as compared with dys-
plastic  nodules  (Figure  148.7)  [5].  However,  in  the  setting  of 
cirrhosis highly specific imaging features for HCC are reliably 
found on gadolinium-enhanced SGE images, which show irreg-
ular  marked  arterial-phase  enhancement  with  rapidly  dimin-
ished enhancement on venous and delayed-phase images, and 
development  of  a  peripheral  enhancing  rim  resulting  from  a 
pseudocapsule  [23].  High-grade  dysplastic  nodules  may  show 
enhancement, but do not develop a pseudocapsule [25]. Diffuse 
HCC shows  inhomogenous T2- and T1-weighted  signal, with 
inhomogeneous  enhancement  that  has  regions  that  washout, 
while other regions persist, and typically can be shown to have 
portal vein arterial-phase enhancing tumor thrombosis [25].

Hypovascular metastases
Most common malignant hepatic tumors can be further classi-
fied  as  hypovascular  or  hypervascular  based  on  imaging  fea-
tures.  Hypovascular  metastases  are  the  most  common  and 
usually arise from colonic adenocarcinoma. These tumors tend 
to  have  mixed  arterial  and  portal  venous  supply,  and  usually 
develop central necrosis presumably because of poor vascular 
perfusion to the center of enlarging tumors [26]. Hypovascular 
metastases  may  have  variable  appearance  on  T2-weighted 

Figure 148.6 Hepatic adenoma. (a) Axial, fat-suppressed, intermediate 
TE, T2-weighted image shows scattered mildly increased T2 signal lesions 
(largest indicated by arrow). Three-dimensional gradient echo (GRE) 
images (b) before contrast and (c) during arterial phase demonstrate 
arterial enhancing hepatic adenomas (largest indicated by arrow) that 
become near isointense on delayed post contrast image (d).

(a)

(b)

(c)

(d)
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[27–29],  diffusion-weighted  (DW)  MR  imaging  has  evolved 
into a mature functional MR imaging technique for many brain 
imaging applications [30]. DW MR imaging is an MR imaging 
technique that derives its image contrast on the basis of differ-
ences  in  the  mobility  of  protons  (primarily  associated  with 
water)  between  tissues.  In  tissues  that  are  highly  cellular  (e.g. 
tumor tissues), the tortuosity of the extracellular space and the 
higher density of hydrophobic cellular membranes restrict the 
apparent  diffusion  of  water  protons  [28].  In  such  an  environ-
ment,  water  diffusion  is  said  to  be  relatively  “restricted.”  By 
contrast, in cystic or necrotic tissues, the apparent diffusion of 
water  protons  is  relatively  “free.”  Thus,  DW  MR  imaging  is 
unique  in  its ability  to provide  information that reflects  tissue 
cellularity and the integrity of cellular membranes [28,29].

With  recent  advances  in  technology,  DW  MR  imaging  has 
the potential for standard clinical use in the abdomen, particu-
larly in the liver. DW MR imaging is an attractive technique for 
multiple  reasons:  it  can  potentially  add  useful  qualitative  and 
quantitative information to conventional imaging sequences; it 
is  quick  (performed  within  a  breath  hold)  and  can  be  easily 
incorporated  into  existing  protocols;  and  it  is  a  nonenhanced 
technique  (performed  without  the  use  of  gadolinium-based 
contrast media), thus easy to repeat, and useful in patients with 

images  and  are  usually  most  conspicuous  on  pregadolinium- 
and  postgadolinium-enhanced  SGE  T1-weighted  images, 
showing  slowly  progressive  irregular  enhancement  from 
outside-in  (Figure  148.8)  [27].  Unlike  hemangioma,  the 
enhancement on arterial phase is less and does not show periph-
eral  interrupted  nodular  enhancement.  Arterial-phase  perile-
sional enhancement is typically seen with colon, pancreatic, or 
stomach adenocarcinoma metastases [28].

Hypervascular metastases
Hypervascular metastases are frequently neuroendocrine, renal, 
melanoma or breast  in origin. T2-weighted images show vari-
able  signal,  usually  moderately  elevated,  and  low  signal  on 
T1-weighted  images  [28].  Melanoma  is  an  exception,  where 
melanin  accumulation,  having  T1  shortening  properties,  may 
result in elevated signal on T1-weighted images (Figure 148.9). 
Characteristic gadolinium enhancement shows that the lesions 
demonstrate  maximal  conspicuity  on  arterial-phase  images 
[16,27].

Diffusion imaging of the liver
Since  the  first  brain  diffusion  imaging  in  1986  and  the  wide-
spread  application  for  stroke  detection  in  the  early  1990s 

Figure 148.7 Hepatocellular carcinoma. Axial, fat-suppressed, intermediate TE, T2-weighted image (a) and three-dimensional gradient echo (GRE) 
images (b) before contrast, (c) during arterial phase, and (d) delayed post contrast demonstrate increased T2 signal lesion with preferential arterial 
enhancement and washout on delayed images following contrast. Note low T2 signal and hypoenhancing peripheral pseudocapsule (arrowheads) of this 
lesion.

(a)
(b)

(c)
(d)
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diffusion  (high  signal  intensity)  on  higher  b  value  (≥500 sec/
mm2)  images  and  lower  apparent  diffusion  coefficient  (ADC) 
values [27–29]. By contrast, cystic or necrotic tissues will show 
a greater degree of signal attenuation on higher b value diffusion 
images  and  return  higher  ADC  values.  However,  the  signal 
intensity observed on the diffusion image is dependent on both 
water  proton  diffusivity  and  the  tissue  T2-relaxation  time, 
which is a possible confounding factor [28]. This means that a 
lesion  may  appear  to  show  restricted  diffusion  on  DW  MR 
images because of the long T2-relaxation time rather than the 
limited mobility of the water protons (T2 shine-through). This 
phenomenon can be observed in the normal gallbladder, cystic 
lesions, and hemangiomas. The presence of T2 shine-through is 
recognized  by  correlating  high-b-value  images  with  the  ADC 
map. Areas demonstrating substantial T2 shine-through rather 
than restricted diffusion will show high diffusivity on the ADC 

severe renal dysfunction at risk for nephrogenic systemic fibro-
sis  [27]. However,  liver DW MR imaging  is  still  in  its  infancy 
and is faced with many challenges before being fully validated 
for  liver imaging applications. DW MR imaging of the liver is 
usually  performed  prior  to  contrast  material  administration. 
Imaging may be performed during a breath hold, which attempts 
to freeze motion, or during free breathing with multiple signal 
acquisitions to reduce the effects of motion. Image acquisition 
during  free  breathing  may  also  be  combined  with  respiratory 
[29]  and/or  cardiac  triggering.  When  performing  DW  MR 
imaging in the liver, it is advantageous to perform imaging by 
using both lower and higher b values (e.g., b = 0, b ≤ 100, and 
b ≥ 500 sec/mm2. Visual assessment is helpful for disease detec-
tion  and  characterization  by  observing  the  differential  signal 
attenuation between tissues on DW MR images. Cellular tissues, 
such  as  tumors  or  abscesses,  will  demonstrate  restricted 

Figure 148.8 Hypovascular hepatic metastases. Axial T2 image (a) and three-dimensional gradient echo (GRE) images (b) before contrast, (c) during 
arterial phase, and (d) after contrast demonstrate hypoenhancing metastatic lesions (arrowheads) with rim enhancement in a patient with metastatic 
pancreatic carcinoma.

(a)

(c)

(b)

(d)
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including the evaluation of perfusion by gadolinium enhance-
ment pattern within a treated malignant mass [33].

Demonstration  of  decreased  vascularity  after  therapy, 
reflected  by  reduced  enhancement,  reduced  intermediate  T2 
signal, and necrosis, has been associated with tumor response 
(Figure 148.10) [34,35].

Diffuse liver diseases
MRI of the liver can also be used for the evaluation of diffuse 
liver  diseases,  including  abnormal  lipid  metabolism,  iron  
deposition  disease,  and  perfusion  abnormalities  related  to 
inflammation,  fibrosis,  vascular  occlusion,  or  infarction  and 
hemorrhage [36].

Fatty liver
Lipid  accumulation  in  hepatocytes  can  occur  as  a  result  of 
impaired liver function secondary to a variety of etiologies. In 

map  and  high  ADC  values.  For  this  reason,  diffusion  images 
should be interpreted concurrently with the ADC map and all 
other available morphologic imaging to prevent misinterpreta-
tion [29].

Posttherapeutic imaging
Cross-sectional imaging has largely relied on anatomical depic-
tion  of  disease,  including  tumors.  There  is  a  large  subset  of 
patients  with  malignancy  being  treated  by  nonsurgical 
approaches,  including chemotherapy and radiation, where  the 
ability  to  follow  tumor  response  is  valuable  [31].  Current 
methods have mostly relied on anatomical depiction of tumor 
and measurement of tumor size to evaluate tumor response [31]. 
This is believed to require a relatively long follow-up period in 
most applications, and other measures of tumor response sensi-
tive to cellular and vascular reactions may be more useful [32]. 
A multitude of approaches are being evaluated using MRI [33], 

Figure 148.9 Hypervascular hepatic metastases. Axial T2 image (a) and three-dimensional gradient echo (GRE) images (b) before contrast, (c) during 
arterial phase, and (d) during portal venous phase demonstrate multiple arterial enhancing lesions (arrowheads) in this patient with melanoma 
metastases. Note increased signal on precontrast T1-weighted images in lesion in the lateral segment of the left lobe of liver (arrow) secondary to 
melanin or hemorrhage.

(a)

(c)

(b)

(d)
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must  include  evaluation  for  the  presence  of  fatty  infiltration, 
which is considered a contraindication to transplantation when 
severe and can lead to failure of the transplant. Abnormal lipid 
accumulation  in  liver  can  be  detected  on  MRI,  by  comparing 
liver signal on SGE images acquired in-phase and out-of-phase 
[39,40].  Protons  in  a  voxel  containing  100%  fat  process 
220–230 Hz slower than a voxel comprising 100% water at 1.5 T. 
That means every 4.4 ms the fat protons migrate 360° and regain 
in-phase orientation relative to water protons, whereas at 2.2 ms, 
or at half this time, the fat and water protons are 180° out-of-
phase [37]. Current generation MRI systems have incorporated 
dual echo breath-hold SGE sequences that can acquire two sets 
of k-space filled to obtain two sets of images, one set in-phase, 
the other out-of-phase, with spatially matched slices. Liver con-
taining lipid results in image voxels with a physical mixture of 
water  and  lipid,  which  when  imaged  out-of-phase  results  in 
phase  cancellation  and  diminished  signal  (Figure  148.11) 
[36,37]. The spleen does not accumulate fat, and can be used as 
a control against which liver signal can be assessed as a ratio to 
test  for  relative  diminishment  in  liver  signal  on  out-of-phase 
images. Splenic signals can change as a result of iron deposition, 
and use of kidney or skeletal muscle within the image may be 
more  reliable  for  assessment  of  relative  liver  signal  changes 
between  in-phase  and  out-of-phase  images.  Fat  accumulation 
in the  liver can be diffuse, diffuse with focal sparing, or  focal. 
Typical  regions  affected  by  focal  fatty  accumulation  occur 
around  the  falciform  ligament,  gallbladder  fossa,  and  inferior 
vena cava [38]. One possible explanation is that these are areas 
of  liver  prone  to  irritation  or  stimulation,  resulting  in  local 
changes in carbohydrate–lipid metabolism. Contrast-enhanced 
CT and standard ultrasound are relatively nonspecific and less 
sensitive  for assessment of  fatty  liver,  and can confuse  irregu-
larly accumulated lipid with a mass [38]. Fatty liver can lead to 
reduced  CT  density,  and  diminish  contrast  between  a  low-
density  mass  and  adjacent  liver,  making  the  mass  less 
conspicuous.

Iron deposition disease
Iron  accumulates  within  the  liver  by  two  basic  mechanisms: 
accumulation  within  hepatocytes  through  normal  metabolic 
chelation mechanisms; or uptake within the phagocytic Kupffer 
cells,  which  are  part  of  the  reticuloendothelial  system.  Serum 
iron  and  transferrin  saturation  are  poorly  correlated  with  the 
degree of iron overload. Hepatocytes chelate the iron that accu-
mulates within the cytosol. Pancreas also has chelation mecha-
nisms within acinar cells, and can accumulate excess intracellular 
iron.  Iron  accumulation  can  occur  in  most  tissues  to  some 
degree,  typically  after  hepatic  stores  have  reached  high  levels. 
Important examples include the pituitary and heart, where this 
can  result  in  impaired  pituitary  function  and  fatal  cardiac 
arrhythmias  and  congestive  heart  failure.  Patients  presenting 
with  a  first-time  diagnosis  of  primary  hemochromatosis  with 
the combined findings of elevated liver and cardiac iron deposi-
tion, and congestive heart failure, have a poor prognosis with a 

Figure 148.10 Radiofrequency-ablated lesion. (a) Axial T2 image 
demonstrates fluid signal consistent with cavitation of lesion treated with 
radiofrequency ablation. Three-dimensional gradient echo (GRE) images 
(b) before and (c) after contrast demonstrate minimal peripheral 
enhancement of lesion consistent with granulation tissue. There is some 
residual central enhancement suspicious for persistent viable tumor and 
will warrant continued surveillance.

(a)

(b)

(c)

the  USA,  fatty  liver  is  present  in  over  20%  of  the  population, 
and  is  most  commonly  associated  with  obesity  [37,38].  Fatty 
liver may be associated with nonalcoholic acute steatohepatitis, 
with  potential  progression  to  cirrhosis  [39].  In  the  setting  of 
liver  transplantation,  a  living  related  donor  liver  assessment 
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within  liver  sinusoids  and  in  splenic  tissue.  In  contrast  to 
primary  hemochromatosis,  the  pancreas  does  not  typically 
accumulate  iron.  The  clinical  significance  of  primary  hemo-
chromatosis  includes  the  observation  that  many  patients 
develop  cirrhosis  and  approximately  25%  of  patients  develop 
HCC.

The  presence  of  iron  deposition  within  the  liver  may  be 
detected by MRI of  the  liver  [41]. Liver biopsy has been used 
for  biochemical  determination  of  iron  overload  and  has  been 
used as the basis for therapy management in patients treated by 
periodic phlebotomy and iron chelation therapy; however, this 
method has bleeding risks associated with  the  invasive proce-
dure, and is susceptible to sampling error in patients with het-
erogeneous iron deposition in the liver. The sensitivity of CT is 
insufficient, with a minimum threshold for liver iron more than 
five times above the normal liver iron load, particularly in cases 
with  fatty  liver.  MRI  is  sensitive  to  iron  concentration  in  the 
liver because of the para-magnetic properties of iron, resulting 
in T2 or T2* effects that diminish the signal intensity on both 
single-shot breath-hold T2 images and breath-hold T1-weighted 
multiecho SGE images (Figure 148.12) [41]. Quantitative assess-
ment of liver iron concentration based on MRI has been dem-
onstrated using both SGE and spin echo sequences, relying on 
measurements  of  T2*  and  T2  decay.  Coronal  breath-hold 
T2-weighted single-shot FSE images, which should be obtained 
as part of a routine abdominal MRI examination, are very useful 
for  rapid  visual  evaluation,  providing  slices  that  include  liver, 
psoas muscle, and spleen within the same image [42]. Normally, 
liver  signal  intensity  is  near  the  midpoint  between  the  lower 
signal  intensity  of  muscle  and  the  higher  signal  intensity  of 
spleen.  In  iron  overload  disease,  the  liver  signal  intensity 
becomes as low as or lower than skeletal muscle. In secondary 
iron  overload,  spleen  similarly  becomes  dark.  In  cases  where 
there  is  bone  marrow  abnormality,  such  as  in  myelofibrosis, 
normal  high-signal  marrow  fat  becomes  replaced  with  low-
signal cellular marrow hypertrophy and sclerosis [42]. Chronic 
iron overload can lead to cirrhosis and increased risk for HCC, 
complications that can be assessed on MRI. For more sensitive 
and potentially quantitative noninvasive measurement of  liver 
iron, T2* and T2 decay rate measurements can be performed. 
T2* decay is a measure of how quickly protons lose phase coher-
ence without use of refocusing pulses, and T2 decay is a measure 
of proton-dephasing rates after application of refocusing pulses, 
measuring only dephasing effects that are not correctable [43]. 
Generally, the T2* decay rate is more sensitive to lower levels of 
intracellular iron accumulation [41]. Intracellular iron accumu-
lation can cause localized magnetic field distortion that leads to 
susceptibility effects, which result in more rapid loss of phase-
dependent signal [41].

One method used to detect this effect is based on multi-echo 
GRE imaging to measure T2* decay, whereas a spin echo single-
shot or echo-planar technique with increasing echo times may 
be  used  for  T2  decay  measurements  [41].  When  performing 
imaging dedicated to iron measurement, a series of GRE images 

6-month life expectancy. There is now a clinically available and 
relatively inexpensive genetic test that can be used for screening 
purposes. In secondary hemochromatosis, iron overload occurs 
secondary to excess red cell turnover from exogenously derived 
red  cells  as  a  result  of  blood  transfusion  therapy,  as  seen  in 
patients with underlying red cell or bone marrow abnormalities 
such  as  thalassemia,  mastocytosis,  or  myelofibrosis.  Alterna-
tively, endogenously derived excess iron from red cell turnover 
can  result  from  polycythemia  rubra  vera,  from  myoglobin  in 
rhabdomyolysis,  or  from  siderosis  related  to  alcoholic  liver 
disease. In secondary hemochromatosis, the mechanism of iron 
accumulation is different from that in primary hemochromato-
sis:  increased  uptake  of  iron  derived  from  hemoglobin  from 
dying or abnormal red cells is taken up by the reticuloendothe-
lial  system  and  leads  to  iron  accumulation  in  Kupffer  cells 

Figure 148.11 Hepatic steatosis. (a) Axial in-phase GRE image (TE 
4.6 ms) and (b) opposed-phase gradient echo (GRE) image (TE 2.2 ms) of 
the liver demonstrates drop in signal of the liver parenchyma on 
opposed-phase images consistent with hepatic steatosis. There is relative 
lack of drop in signal near the gallbladder fossa (arrows) consistent with 
focal fatty sparing.

(a)

(b)
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are  acquired  with  increasing  increments  of  TE  [44].  As  TE 
lengthens, the proton dephasing leads to progressively increased 
loss of signal  intensity, and this process has been shown to be 
proportionately  increased in relation to  intracellular  liver  iron 
concentration.  When  performing  a  dedicated  T2*  analysis  of 
liver iron, TEs may be selected to correspond to in-phase echoes 
to  avoid  potential  out-of-phase  effects  from  fat,  a  potentially 
spurious  effect  in  the  setting  of  fatty  liver  infiltration  [41].  At 
minimum,  routine  imaging  of  the  abdomen  and  liver  should 
include a dual-echo SGE acquisition  that can be used  in con-
junction  with  the  coronal  single-shot  T2.  The  longer  second 
echo  image  (TE  4.4 ms)  should  show  darkening  of  the  liver 

Figure 148.12 Secondary hepatic hemosiderosis. (a) Axial in-phase 
gradient echo (GRE) image (TE 4.6 ms) and (b) opposed-phase GRE 
image (TE 2.2 ms) demonstrate relatively decreased signal on the in-phase 
images of the hepatic and splenic parenchyma consistent with secondary 
hemosiderosis.

(a)

(b)

compared with the shorter echo image (TE 2.2 ms) in the setting 
of elevated liver iron concentration (Figures 148.12 and 148.13) 
[41].  The  sensitivity  to  liver  iron  may  be  improved  on  SGE 
imaging  by  increasing  the  echo  time  to  include,  for  example, 
echoes at 8.8 ms and 13.2 ms.  If only  routine shortest possible 
dual-echo out-of-phase (TE 2.2 ms), and in-phase (TE 4.4 ms) 
imaging is used, then the relative sensitivity of the single-shot 
spin echo technique is more sensitive. With this approach, dem-
onstration  of  low  liver  signal  on  single-shot  spin  echo  alone 
indicates a relatively  lower  liver  iron concentration, and dem-
onstration of low liver signal on both single-shot spin echo and 
on  the  longer  dual-echo  SGE  indicates  relatively  higher  liver 
iron burden. Others have  shown  that  liver  iron concentration 
may be calculated and that noninvasive measurement of tissue 
iron concentration may be feasible [44]. This represents the only 
noninvasive technique available for liver iron quantitation, and 
could  be  used  for  example  for  following  hemochromatosis 
patients  on  therapy,  minimizing  the  need  for  liver  biopsy 
[44,45].

Acute hepatitis
Inflammatory  liver  disease  can  result  from  a  large  number  of 
etiologies,  including  idiopathic, drug  induced, viral, alcoholic, 
and gallstone bile duct obstruction. It has been noted that MRI 
may  be  sensitive  to  acute  hepatitis  [46].  On  MRI,  the  most 
sensitive  images  are  the  postgadolinium  breath-hold  SGE 
images acquired during arterial phase. It has been reported that 
this  abnormal  enhancement  becomes  more  marked  and  can 
persist  into  the  venous  and  delayed  phases  as  the  severity  of 
disease  increases,  and  can  resolve  in  cases  when  hepatitis 
resolves.  Furthermore,  the  arterial-phase  timing  critically 
determines  sensitivity  to  mild  acute  hepatitis.  By  performing 
SGE imaging every 5 s after administration of gadolinium in a 
patient with mild acute hepatitis, irregular liver enhancement is 
detectable only during the time when the portal veins are filling 
with  contrast,  and  the  hepatic  veins  are  still  unenhanced.  In 
mild hepatitis, images acquired before portal venous filling are 
too early, and liver images acquired when the hepatic veins are 
filled  are  too  late.  For  most  patients,  optimal  timing  falls 
between  18 s  and  22 s  after  initiation  of  the  gadolinium  injec-
tion into an antecubital vein, administered at 2 mL/s, followed 
by a 20-mL saline wash-in bolus. No other imaging technique 
has been shown to be sensitive for detection of acute hepatitis. 
MRI could be used as a diagnostic aid in patients with equivo-
cal  liver  enzyme  elevation  and  nonspecific  symptoms,  and  in 
patients presenting with fatty  infiltration. The reasons for het-
erogeneous liver enhancement in acute hepatitis have not been 
fully  determined.  It  may  be  that  the  areas  of  relative  arterial-
phase  hyperenhancement  represent  regions  of  abnormality 
[47].  Periportal  inflammation  may  differentially  compress  the 
lower  pressure  portal  vein  intrahepatic  branches,  leading  to 
preferential segmental hepatic arterial perfusion. Alternatively, 
inflammation  may  lead  to  altered  vascular  regulatory  effects, 
with  vasodilation  and  increased  hepatic  arterial  flow  to  the 
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involved regions. Pathological correlation  is challenging given 
that histopathological correlation lacks the ability to determine 
pathophysiological  in-vivo processes involved in hemodynam-
ics, an advantage inherent to contrast-enhanced imaging.

Findings  suggestive  of  acute  hepatitis  (seen  as  irregular 
arterial-phase gadolinium enhancement) in the setting of fatty 
liver  (seen as  signal drop on opposed-phase GRE  images) are 
consistent with steatohepatitis and raise the possible diagnosis 
of alcoholic steatohepatitis or nonalcoholic acute steatohepati-
tis.  Nonalcoholic  acute  steatohepatitis  is  a  recognized  disease 
entity thought to represent a hepatitis that is directly related to 
excess intracellular fat accumulation within hepatocytes [47,48]. 
MRI has greater sensitivity and specificity for detection of fatty 
liver, and is the only imaging test sensitive for milder cases of 
hepatitis as compared with CT or ultrasound. Multiple causes 
of  transient  hepatic  perfusion  abnormalities  have  been 
described;  however,  in  cases  presenting  clinically  with  right 
upper  quadrant  pain  and  abnormal  liver  arterial-phase  per-
fusion, acute hepatitis  should be  the major diagnostic consid-
eration  [47].  It  may  be  argued  that  patients  with  right  upper 
quadrant abdominal symptoms should be preferentially exam-
ined by MRI rather than CT. MRI has potential advantages with 
regard to contrast sensitivity, and can provide excellent tempo-
ral  resolution  because  of  the  small  contrast  volume  used,  in 
combination with the acquisition of contrast data for the entire 
liver over approximately 4–5 s, usually  in  the center of  a  two-
dimensional  T1-weighted  GRE  sequence  using  interleaved 
phase acquisition. The safety profile of gadolinium agents and 
nonionizing  radiation  imaging  for  a  multiphase  examination 
are also attractive characteristics of MRI.

Chronic hepatitis and cirrhosis
Cirrhosis  is  a  major  complication  of  chronic  hepatitis.  In 
Western nations, alcohol-induced hepatitis used to be the most 
common etiology, but viral hepatitis is now the most common 
cause. Globally, viral hepatitis is the most common association 
with chronic hepatitis, cirrhosis, and HCC. Fibrosis associated 
with  cirrhosis  is  reflected  in  progressive  enhancement  on 
delayed  MRI,  resulting  from  leakage  of  gadolinium  contrast 
agent  from  the  intravascular  into  the  interstitial  space  within 
the fibrotic regions [49]. The typical patterns of cirrhosis include 
fine reticular and coarse linear bands, with these fibrotic bands 
outlining foci of regenerative nodules. If active hepatitis is also 
present, the fibrotic tissue bands may have edema, and appear 
high in signal on T2-weighted images, and the liver tissue may 
develop irregular patchy areas of enhancement seen mostly on 
arterial-phase  images  [49].  Regenerative  nodules  occur  in  the 
setting  of  cirrhosis,  and  represent  relatively  more  normal 
hepatic  parenchyma  that  derives  its  major  blood  supply  from 
the  portal  venous  system  [50].  These  nodules  maximally 
enhance  during  portal  venous-phase  postgadolinium  SGE 
images,  and  are  usually  less  than  1 cm  in  diameter.  These 
nodules can accumulate iron, and appear low in signal on both 
SGE  T1-  and  single-shot  FSE  T2-weighted  images,  with  little 

Figure 148.13 Primary hemochromatosis with hepatocellular carcinoma. 
(a) Axial T2 image and (b) axial T1 GRE image demonstrate low signal 
in the hepatic parenchyma consistent with iron deposition. (c) Axial 
three-dimensional gradient echo (GRE) image during arterial phase after 
contrast administration demonstrates arterial enhancing lesions (arrows) 
in the right lobe of liver consistent with multifocal hepatocellular 
carcinoma in patient with hemochromatosis.

(a)

(b)

(c)
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corresponding to abnormalities of portal venous, hepatic fibro-
sis, hepatic venous, or mixed disease. Images optimal for visual-
izing  changes  related  to  portal  hypertension  are  obtained  on 
equilibrium-phase SGE images with fat suppression. In early or 
mild  portal  hypertension  images  show  dilation  of  the  portal 
vein,  and  possibly  splenic  vein.  In  more  severe  and  chronic 
cases, the portal vein can occlude and become thin or not visu-
alized, with development of multiple smaller-caliber collaterals 
seen within the porta hepatis, so-called cavernous transforma-
tion.  Furthermore,  portosystemic  collaterals  can  be  seen  as 
increased  number  and  size  of  retroperitoneal  vessels  in  the 
region of the splenic hilum, gastrohepatic ligament, paraesopha-
geal region, and with demonstration of splenorenal venous con-
nections.  A  patent  periumbilical  vein  can  be  seen  as  a  vessel, 
sometimes massive, extending from the left portal vein anteri-
orly along the falciform ligament toward the anterior abdomi-
nal  wall  umbilical  region.  Ascites  is  commonly  seen  in 
combination with more advanced portal hypertension as simple 
uniform high-signal T2-weighted fluid  in the  free  intraperito-
neal space.

enhancement  appreciated  on  postgadolinium  SGE  images 
(Figure 148.14) [50].

Dysplastic nodules are premalignant and are believed to have 
the potential to develop progressively higher grades of dyspla-
sia, and finally transform into HCC [50]. Dysplastic nodules are 
typically  larger  than  regenerative  nodules,  and  grow  over  a 
period  of  weeks  or  months  [49,50].  These  lesions  can  show 
overlap with HCC, with mildly elevated T1-weighted signal and 
low  T2-weighted  signal.  Features  that  help  distinguish  HCC 
include increased T2-weighted signal, transient marked arterial-
phase  postgadolinium  enhancement,  capsular  peripheral  rim 
enhancement on venous- and equilibrium-phase  images,  rela-
tive washout on delayed images, and size greater than 2–3 cm. 
It  may  be  that  higher-grade  dysplastic  nodules  overlap  more 
with the HCC features; however, this distinction may be of small 
clinical  significance  because  higher-grade  dysplasia  has  the 
potential  to  transform  to  HCC  rapidly  (Figure  148.14).  HCC 
frequently invades vessels and a small subset may contain fat.

Portal  hypertension  results  from  obstruction  at  presinusoi-
dal, sinusoidal, postsinusoidal, or a combination of these sites, 

Figure 148.14 Hepatic cirrhosis with hepatocellular carcinoma. (a) Hepatocellular carcinoma leson is hypointense to liver on precontrast, fat-
suppressed, three-dimensional gradient echo (GRE) image (b), and enhances avidly during arterial phase on fat-suppressed, three-dimensional GRE 
image (c). Lesion washes out faster than adjacent liver parenchyma in hepatic venous phase three-dimensional GRE fat suppressed image. (d) Axial, 
fat-suppressed, intermediate T2-weighted image demonstrates cirrhotic liver with nodular contour. Lesion (arrow) in the left lobe of liver shows 
increased signal on intermediate T2-weighted image relative to adjacent liver parenchyma.

(a)

(c)

(b)

(d)
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chronic pancreatitis, coronal and axial MRCP with single-shot 
FSE or HASTE are obtained. For gadolinium-DTPA-enhanced 
MRI (0.1 mmol/kg body weight), triple phase, breath-hold, fat-
suppressed, three-dimensional, fast SGE sequences are acquired. 
Fat-suppressed, high-resolution, T1-weighted  images acquired 
10  minutes  after  administration  of  mangafodipir  trisodium 
(5 mol/kg,  in  a  slow  bolus  over  1–2 min)  are  useful  for  lesion 
detection in equivocal cases. The basis for utilization of manga-
fodipir is that normal pancreatic parenchyma enhances follow-
ing mangafodipir administration and becomes hyperintense on 
T1-weighted  images,  whereas  tumors  do  not  enhance.  Use  of 
mangafodipir for tumor detection is usually reserved for equiv-
ocal cases and differentiation from benign inflammatory masses 
of the pancreas.

MRCP  with  single  breath-hold,  thick  (2–5 cm)  section  can 
provide  excellent  selective  display  of  the  whole  extrahepatic 
biliary  tract  and  pancreatic  duct  with  no  respiratory  artifacts 
and few susceptibility artifacts. Some authors have stressed the 
value of secretin administration in improving pancreatic ductal 
details  in MRCP. Exogenous administration of secretin stimu-
lates secretion of pancreatic juice, notably fluid and bicarbonate, 
which consequently increases the volume of stationary fluid in 
the  pancreatic  ducts.  Secretin  (1 mL  per  10 kg  body  weight) 
administration 10–15 minutes prior to MRCP improves pancre-
atic duct and side-branch delineation and permits evaluation of 
pancreatic flow dynamics and assessment of pancreatic exocrine 
function.

Normal anatomy and variants
On MRI, the normal pancreas has signal intensity similar to that 
of the liver. It has relatively high signal intensity compared with 
the liver on in-phase T1-weighted images. In opposed-phase T1 
images, a hypointense rim surrounding the pancreas is observed 
due  to  etching artifact. On  fat-suppressed  images,  the  relative 
signal intensity of pancreas increases, thus facilitating detection 
of pathological conditions with decreased signal intensity. Being 
a  highly  vascular  organ,  the  pancreas  shows  intense  contrast 
enhancement in the arterial phase followed by rapid washout of 
contrast  agent  (Figure  148.15).  This  makes  optimum  arterial-
phase imaging crucial for accurate detection of most focal pan-
creatic  lesions,  which  usually  enhance  less  than  the  normal 
parenchyma and hence are rendered more conspicuous.

The head and neck regions of pancreas reveal lateral contour 
anomalies  in  up  to  35%  of  individuals,  the  most  common  of 
which  is  discrete  lobulation  of  pancreatic  tissue  lateral  to  the 
gastroduodenal  or  anterior  superior  pancreaticoduodenal 
artery. Pancreas divisum results from failure of fusion of ventral 
and  dorsal  pancreatic  buds  [55].  In  this  anomaly,  the  dorsal 
pancreatic duct drains the neck, body, and tail regions through 
the minor papilla of duodenum, whereas the ventral pancreatic 
duct drains  the head and uncinate process  through  the major 
papilla  (Figure 148.16)  [51]. Obstruction of  the dorsal duct  is 
associated with an increased incidence of pancreatitis. Bret and 
colleagues have reported an accuracy of 100% for MRCP in the 

Biliary tree

MRI has become a valuable imaging tool for the pancreas and 
biliary  tree.  Applications  in  this  area  have  been  aided  greatly 
by  developments  in  MRA  and  MRCP,  which  allow  selective 
visualization of the vascular structures and biliary and pancre-
atic ducts. MRCP is useful for the detection of biliary obstruc-
tion, calculi, and normal variants of biliary anatomy that have 
surgical  importance [51]. The bile ducts appear as high signal 
intensity  with  this  technique.  Calculi  appear  as  low  signal 
intensity  filling  defects.  Unlike  CT,  where  the  attenuation  of 
calculi  is  variable  and  may  approximate  that  of  surrounding 
soft tissue, calculi identified by MRI are almost universally low 
signal intensity on T2-weighted images. MRCP has been shown 
to be accurate for the detection of calculi  in the common bile 
duct  [51].

Cholangiocarcinoma
Because  of  its  ability  to  image  bile  ducts,  vascular  structures, 
and soft tissue of the hepatic parenchyma in one examination, 
MRI  is  useful  for  the  detection  of  cholangiocarcinoma  [52]. 
Cholangiocarcinoma shows a characteristic pattern of enhance-
ment  on  dynamic-enhanced  images.  Classically  it  shows  little 
uptake of contrast on the arterial and portal phases and increased 
enhancement on delayed  images [52,53]. With hilar cholangi-
ocarcinomas (Klatskin tumors), MRCP can show the multiple 
obstructed ductal segments. Unlike percutaneous transhepatic 
cholangiography, which requires separate injection of the differ-
ent ductal  segments  if  they are  completely obstructed, MRCP 
visualizes  all  the  obstructive  ductal  segments  simultaneously 
[31].  Therefore,  MRCP  can  assist  in  treatment  planning  for 
these tumors [31].

Pancreas

Developments in faster imaging systems with improved contrast 
resolution  continue  to  enhance  the  role  of  MRI  in  imaging 
pancreatic abnormalities with equivocal features on CT. In addi-
tion, MRCP is accepted as a noninvasive and accurate method 
of imaging the pancreatic duct and is now considered an impor-
tant imaging technique for the diagnosis of chronic pancreatitis. 
Endoscopic ultrasound (EUS) and positron emission tomogra-
phy (PET) have emerged as important complementary modali-
ties for imaging of pancreatic abnormalities.

MRI  of  the  pancreas  is  optimally  performed  with  a  high-
performance gradient  system (1.5 T) using phased-array  torso 
coil to improve the signal-to-noise ratio with a smaller field of 
view  and  thin-slice  profile  [54].  Breath-hold  GRE  or  FSE 
sequences are most  commonly used. Moderately T2-weighted 
FSE  and  single-shot  FSE  (HASTE)  sequences,  followed  by 
T1-weighted  in-phase  GRE  and  T1-weighted  opposed-phase 
GRE images are included in the MRI protocol. To evaluate cystic 
lesions  of  the  pancreas  or  pancreatic  ducts  in  patients  with 
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defined as focal or diffuse areas of nonviable parenchyma typi-
cally  associated  with  peripancreatic  fat  necrosis.  Acute  fluid 
collections occur in about 50% of patients in the early course of 
the disease and contain enzyme-rich pancreatic juice. Encapsu-
lated  collections  of  pancreatic  fluid  called  pseudocysts  evolve 
from the persistent peripancreatic or  intrahepatic fluid collec-
tions. Peripancreatic abscesses represent circumscribed pus col-
lections that occur in areas of limited necrosis with secondary 
infections.  The  frequency  of  development  of  sepsis  increases 
with  time  after  onset  of  symptoms  of  pancreatitis.  Infected 
necrosis  is  associated  with  high  mortality  and  represents 
infected pancreatic or peripancreatic necrotic tissue.

CT  is  the  imaging  modality  of  choice  for  diagnosis  and 
staging  of  suspected  acute  pancreatitis,  follow-up  evaluations, 
and  guidance  for  percutaneous  and  surgical  intervention.  
Some  experimental  and  human  studies  have  raised  concerns 
about possible aggravation of pancreatic injury with the use of 

diagnosis of pancreas divisum. Patients with recurrent episodes 
of pancreatitis may also have suppuration, necrosis, and hemor-
rhage  of  pancreatic  tissue  with  variable  involvement  of  other 
regional and remote  tissues. The diagnosis can often be made 
with  serum  amylase  and  lipase  levels,  and  cross-sectional 
imaging techniques are immensely useful for staging, detecting 
complications  such  as  infection,  necrosis  and  pseudocyst  for-
mation,  and  guiding  percutaneous  and  surgical  interventions. 
At the 1992 International Symposium on Acute Pancreatitis, an 
acceptable series of clinical definitions for classifying the disease 
and its complications was described [56]. In patients with mild 
acute  pancreatitis,  interstitial  and  peripancreatic  edema  pre-
dominates. The severe  form of acute pancreatitis  is  character-
ized by extensive pancreatic necrosis and  inflammation of  the 
peripancreatic  fat  tissues  that  may  lead  to  variable  degrees  of 
tissue  necrosis,  pancreatic  and  peripancreatic  abscess,  and 
parenchymal  hemorrhage.  Pancreatic  gland  necrosis  has  been 

Figure 148.15 Normal pancreas. (a) Axial, two-dimensional, T1-weighted and (b) precontrast, three-dimensional, fat-suppressed, T1-weighted gradient 
echo (GRE) images demonstrate normal nonenhanced T1 signal of the pancreatic parenchyma of the body and tail of pancreas that is isointense or 
higher in signal than liver parenchyma. (c) Axial, three-dimensional, postcontrast GRE image demonstrates normal peak enhancement of the pancreatic 
parenchyma during the arterial phase. (d) Magnetic resonance cholangiopancreatography demonstrates normal relative anatomy of the common bile 
duct (arrowhead) and the pancreatic duct (arrows).
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capillary blush in mild pancreatitis. More severe cases of pan-
creatitis are associated with variable diminution of signal inten-
sity  on  T1-weighted  fat-suppressed  images  and  immediate 
postgadolinium GRE images (Figure 148.17) [3]. Nonenhanc-
ing pancreatic parenchyma suggests  the possibility of necrosis 
or suppuration. MRI is at  least as sensitive as CT in depiction 
of necrosis and peripancreatic fluid collections and is superior 
to CT in demonstration of the internal consistency and drain-
ability  of  these  collections.  Some  authors  have  recommended 
that  predrainage  MRI  should  be  performed  in  patients  with 
pancreatic  collections  to  differentiate  pancreatic  abscess  from 
pancreatic necrosis, which is not usually amenable to percuta-
neous management, to avoid infectious complications [56].

Chronic pancreatitis
Chronic pancreatitis is an irreversible inflammatory disease of 
the  pancreas  characterized  by  replacement  of  glandular  acini, 
ducts,  and  blood  vessels  by  fibrous  tissue  that  causes  ductal 
strictures,  obstruction,  and  dilatation  leading  to  parenchymal 
atrophy and stone formation. Early changes of chronic pancrea-
titis  are  difficult  to  recognize  with  CT.  MRI  and  MRCP  have 
become widely accepted as the primary imaging modalities for 
the diagnosis of chronic pancreatitis [4]. Findings with MRI and 
MRCP include atrophy of the gland, changes in signal intensity 
of pancreatic parenchyma with reduced signal on T1-weighted 
images,  irregular  dilatation  of  the  pancreatic  duct,  pancreatic 
calcification,  and  chronic  pseudocysts  [57].  Pancreatic  paren-
chyma  shows  decreased  signal  intensity  on  T1-weighted  fat-
suppressed  images  attributed  to  fibrosis  and  reduced 
concentration of soluble proteins. On T2-weighted images, the 
signal  intensity of the pancreas may be normal because of the 
presence of fibrosis with variable degrees of inflammation and 
residual pancreatic  tissue  (Figure 148.18)  [57]. Differentiation 
between pseudotumorous lesions in cases of chronic pancreati-
tis  and  pancreatic  carcinoma  may  be  difficult  due  to  similar 
mild contrast enhancement of focal lesions. However, MRI with 
mangafodipir may improve the detection rate and characteriza-
tion of focal pancreatic lesions because of better delineation of 
the abnormal area. MRCP demonstrates pseudocysts in or near 
the  pancreas  and  ductal  abnormalities,  including  segmental 
dilatation, narrowing, ductal filling defects representing calculi, 
or mucinous casts in pancreatic ducts [58]. In some instances, 
the ductal communication of pseudocyst can be demonstrated 
with  MRCP,  which  can  frequently  be  difficult  with  ERCP. 
Studies  have  reported  significant  increase  in  pancreatic  duct 
visibility after secretin injection (P < 0.05) [59]. These authors 
have also reported significantly higher fluid filling of the duo-
denum in healthy persons and in those with pancreas divisum 
compared  with  those  with  chronic  pancreatitis  or  pancreatic 
tumors  [59].  Focal  pancreatitis  has  been  reported  to  occur  in 
20%  of  patients  and  typically  involves  the  pancreatic  head.  It 
often  simulates  pancreatic  malignancy,  and  differentiation, 
though  critical,  is  often  difficult.  Although  signal  intensity  of 
chronic  pancreatitis  is  decreased  compared  with  the  normal 

iodinated contrast agents. In patients who have other contrain-
dications to iodinated contrast, such as renal dysfunction, MRI 
with gadolinium offers a safer alternative and excludes the radi-
ation burden associated with CT [56]. MRCP using T2-weighted 
and  gadolinium-enhanced,  fat-suppressed,  T1-weighted 
sequences  also  helps  therapeutic  planning  and  demonstrates  
the size, location, and possible communication of a pseudocyst 
with the pancreatic duct, possible choledocholithiasis, presence 
of  ductal  distention,  or  disruption  of  the  pancreatic  duct. 
Normal pancreatic parenchyma shows high signal intensity on 
T1-weighted  fat-suppressed  images  and  possesses  a  uniform 

Figure 148.16 Pancreas divisum. (a) Axial T2-weighted image and 
(b) magnetic resonance cholangiopancreatography (MRCP) demonstrate 
pancreas divisum with primary draining pancreatic duct of Santorini 
(arrow) crossing the common bile duct (arrowhead) to empty via the 
minor ampulla.

(a)

(b)
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with  pancreatic  exocrine  dysfunction.  In  addition,  pancreatic 
calcification and cystic and macrocystic pancreas may be seen 
on MRI.

Trauma
CT plays an  important role  in the detection and management 
of  pancreatic  trauma.  Following  injury,  MRCP  may  show  the 
duct disruption and associated fluid collections. MRCP offers a 
useful alternative  to  invasive ERCP  in assessing delayed com-
plications secondary to pancreatic duct injury [61].

Neoplasms
Adenocarcinoma
Pancreatic adenocarcinoma is the fourth most common tumor 
in the United States. About 90% of pancreatic tumors are ductal 
adenocarcinomas. Neuroendocrine tumors and acinar cell car-
cinomas constitute about 2%–5% of all pancreatic tumors. The 
major  aims  of  imaging  pancreatic  malignancies  are  detection 
and  staging,  which  determine  the  appropriate  management 
options and ultimate prognosis of the disease. Most commonly, 
adenocarcinoma appears as a mass distorting the contour of the 
gland with associated findings such as dilated pancreatic duct 

pancreas on T1-weighted images, there is considerable overlap 
of  signal  characteristics  and  contrast  enhancement  patterns 
with  pancreatic  malignancies.  MRCP  following  secretin  may 
help in demonstrating an associated stricture of the pancreatic 
duct and the altered filling dynamics of pancreatic fluid that is 
generally absent in pancreatic malignancy [59]. A positive duct-
penetrating  sign,  seen  on  MRCP  as  a  smoothly  stenotic  or 
normal main pancreatic duct penetrating through the apparent 
tumor, may be useful in the distinction from pancreatic malig-
nancy. The sensitivity, specificity, and accuracy for diagnosis of 
this sign for focal pancreatitis has been reported to be 85%, 96%, 
and 94%, respectively [60]. Autoimmune pancreatitis is defined 
as a special form of chronic pancreatitis caused by an autoim-
mune mechanism or associated with autoimmune and related 
diseases  such  as  primary  sclerosing  cholangitis  and  ulcerative 
colitis. Typical MRI characteristics include focal or diffuse pan-
creatic enlargement, absence of parenchymal atrophy, and sig-
nificant  pancreatic  duct  dilatation  proximal  to  the  site  of 
stenosis. In patients with cystic fibrosis, the pancreatic glandular 
tissue is significantly reduced in size and is replaced with fat. In 
older cystic fibrosis patients, complete or incomplete lipomato-
sis of  the pancreas  is  the most  frequent pattern and correlates 

Figure 148.17 Acute pancreatitis. Axial T2 image (a) and three-dimensional gradient echo (GRE) images (b) before contrast, (c) during arterial phase, 
and (d) delayed post contrast demonstrate peripancreatic edema and fluid (arrowheads), relatively low T1 signal in the pancreatic parenchyma, with 
focal area of necrosis and evolving pseudocyst formation at the tail of the pancreas (arrow) secondary to pancreatic necrosis. There is mild diffuse 
pancreatic ductal dilation likely reflecting change of prior pancreatitis.
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(c) (d)
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do not take up manganese, they are well delineated in the back-
ground  of  enhanced  normal  pancreatic  parenchyma  on 
T1-weighted  fat-suppressed  images.  T1-weighted  spin-echo 
imaging has been reported to be superior to dynamic contrast-
enhanced  CT  for  the  determination  of  vascular  encasement. 
Gadolinium-enhanced T1-weighted SGE is extremely useful for 
evaluating  arterial  and  venous  patency.  Three-dimensional, 
contrast-enhanced  dynamic  MRA  with  fat  suppression  exqui-
sitely delineates vascular encasement or occlusion for the deter-
mination  of  nonresectability  and  regional  vascular  anatomy. 
MRCP  features  of  pancreatic  head  adenocarcinoma  include 
encasement and obstruction of the pancreatic duct or bile duct. 
Dilatation  of  biliary  and  pancreatic  ducts  (double-duct  sign) 
occurs  in  77%  of  cases  of  pancreatic  head  carcinoma,  biliary 
duct dilatation occurs alone in 9%, and pancreatic duct dilata-
tion  in  12%.  MRCP  readily  demonstrates  this  double-duct 
pattern of obstruction, strongly suggesting a pancreatic or amp-
ullary carcinoma.

When  performed  in  conjunction  with  abdominal  MRI, 
MRCP  is  useful  in  detecting  pancreatic  malignancies  and  in 

and common bile duct, atrophy of the gland, vascular invasion, 
and  metastases  to  regional  nodes,  liver,  and  peritoneal  cavity. 
On MRI, T1-weighted  spin-echo  images with and without  fat 
suppression  and  immediate  postgadolinium  SGE  images  have 
been  found  to  be  superior  to  spiral  CT  for  detecting  small 
lesions. Because of their scirrhous character from dense fibrotic 
tissue,  pancreatic  adeno-carcinomas  are  generally  slightly 
hypointense relative to the pancreas on T2-weighted images but 
are difficult to visualize unless there is substantial necrosis [62]. 
Being relatively hypovascular, ductal adenocarcinomas enhance 
to a  lesser extent than normal pancreatic tissue on early post-
contrast  images.  Hence,  they  appear  distinctly  hypointense  to 
the maximally enhanced pancreas during the arterial phase of 
dynamic contrast enhancement (Figure 148.19) [63]. A thin rim 
of greater enhancing pancreatic tissue is commonly observed in 
patients with pancreatic cancers and may help to establish the 
focal  nature  of  the  disease  process.  Normal  pancreatic  tissue 
becomes hyperintense on T1-weighted images after intravenous 
administration  of  the  tissue-specific  contrast  agent  mangafo-
dipir  trisodium [64–66]. Because pancreatic adenocarcinomas 

Figure 148.18 Chronic pancreatitis. (a) Axial T1 image and (b) precontrast three-dimensional gradient echo (GRE) image demonstrate relatively low 
signal (arrow) in the region of the head of the pancreas with relative hypoenhancement following contrast (c). (d) Magnetic resonance 
cholangiopancreatography demonstrates associated diffuse dilation of the pancreatic duct (arrowheads).
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establishing resectability and preventing unnecessary preopera-
tive ERCP. In addition, MRCP is helpful in planning percutane-
ous  biliary  drainage  and  radiation  therapy.  Metastases  to 
peripancreatic  and  paraaortic  lymph  nodes  and  the  lymph 
nodes in mesenteric and celiac chains can be well depicted on 
T2-weighted, fat suppressed, spin-echo images and gadolinium-
enhanced, T1-weighted, fat-suppressed images. However, detec-
tion  of  small  peripancreatic  lymph  nodes  can  be  difficult  on 
MRI.  Gadolinium-enhanced  MRI  has  greater  accuracy  for 
detection  and  characterization  of  liver  metastasis  compared 
with helical CT. MRI  is more  sensitive  than helical CT  in  the 
detection of subcentimeter-sized liver metastases and visualiza-
tion of peritoneal implants [63]. In patients with a focal pancre-
atic  lesion  there  is  a  significant  increase  in  contrast-to-noise 
ratio  with  mangafodipir-enhanced  MRI  without  and  with  fat 
saturation  [64].  Qualitative  image  analysis  has  also  demon-
strated  a  significant  improvement  of  mangafodipir-enhanced 
fat-suppressed  MRI  in  delineating  pancreatic  parenchyma 
(P < 0.01) and pancreatic tumors (P < 0.01). Romijn and col-
leagues have reported  that MRI  following mangafodipir  triso-
dium administration provides better delineation of pancreatic 
tumors but does not significantly improve the detection rate and 
staging accuracy of  focal pancreatic  lesions over MRI without 
this contrast medium [65].

Neuroendocrine tumors
Pancreatic  neuroendocrine  tumors  or  islet  cell  tumors  are 
believed to originate from the neuroendocrine cells of the pan-
creas [30,67]. They are uncommon, slow-growing pancreatic or 
peripancreatic masses that either result in symptomatic hormo-
nal overproduction (functional) or show no clinical findings of 
hormone  secretion  (nonfunctional).  On  MRI  islet  tumors  are 
well depicted, being hypointense relative to normal high-signal 
pancreatic parenchyma on pre contrast T1-weighted images and 
typically hypervascular following contrast enhancement (Figure 
148.20) [30,67]. On fat-suppressed T2-weighted images, tumors 
may be high signal compared with adjacent pancreatic paren-
chyma.  Lesions  with  increased  fibrous  component  may  be  T2 
hypointense or isointense to pancreas [30,67].

Cystic tumors
The  differential  diagnosis  of  cystic  pancreatic  lesions  includes 
both congenital true cysts and acquired cysts. Congenital cysts 
include simple cysts, cysts associated with poly cystic disease of 
pancreas,  or  other  disorders.  Acquired  cysts  include  pseudo-
cysts,  hydatid  cysts,  retention  cysts,  angiomatous  cysts,  and 
cystic neoplasms, that is serous cystadenoma, mucinous cysta-
denoma,  mucinous  cystadenocarcinoma,  papillary  cystic  neo-
plasm,  intraductal  papillary  mucinous  neoplasm  [IPMN], 
ductal adenocarcinoma with cystic necrosis, teratomatous cysts, 
cystic  choriocarcinoma,  and  neuroendocrine  cystic  tumors  of 
pancreas [68].

The most common types of cystic neoplasms of the pancreas 
are serous and mucinous tumors and IPMN [69]. Serous tumors Figure 148.19 Pancreatic carcinoma. (a) Axial T2 image demonstrates 

mass in the head of the pancreas (arrow) with some central necrosis that 
hypoenhances relative to the remainder of the pancreas during arterial 
phase (b) and portal venous phase (c) on postcontrast three-dimensional 
gradient echo (GRE) images.

(a)

(b)

(c)
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shot,  echo-train,  spin-echo  sequences.  Cyst  components  are 
typically  smaller  than  1.5 cm.  Tumor  septa  usually  enhance 
minimally  on  early  and  late  postgadolinium  images.  Delayed 
enhancement of the central scar may occasionally be observed. 
Mucinous cystic neoplasms are most often located in the body 
or  tail  of  the  pancreas  and  have  a  strong  female  predilection 
[70].  These  lesions  are  unilocular  or  have  larger  internal 
(>1.5 cm)  cystic  components  and  have  malignant  potential. 
Mucinous cystadenoma are usually fewer in number and larger 
in size than typically seen with serous cystadenoma. The higher 
inherent soft-tissue contrast of MRI allows better differentiation 
between serous and mucinous cystic neoplasms than CT. Mucin 
produced by mucinous cystic tumors may result in high signal 
intensity on T1- and T2-weighted images of the primary tumor 
[71].  If present,  liver metastases  frequently  follow  the appear-
ance of the primary pancreatic lesion on T1- and T2-weighted 
and contrast-enhanced images. Thick irregular septa and solid 
portions or papillary excrescences may be seen on gadolinium-
enhanced, T1-weighted, fat-suppressed images (Figure 148.21) 
[72]. Mucinous cystadenoma and cystadenocarcinoma do not 
demonstrate a central scar.

are  benign  and  typically  contain  more  than  six  cysts  that  are 
smaller than 20 mm and which have a central stellate scar. These 
tumors usually occur between the ages of 34 and 88 years and 
have  a  strong  female  predilection.  Accurate  radiological  diag-
nosis  and  differentiation  from  mucinous  cystic  tumors  are 
crucial  to avoid aggressive surgical  intervention  in  the case of 
an asymptomatic serous cystadenoma, which has low malignant 
potential [69]. On MRI, serous cystadenoma appears as a well-
defined  lesion  that  does  not  show  invasion  of  fat  or  adjacent 
organs. On T2-weighted images, the small cysts and intervening 
septations may look like a cluster of small grape-like hyperin-
tense  cysts,  best  depicted  on  breathing-independent,  single-

Figure 148.20 Pancreatic islet cell tumor. (a) Axial T2 image 
demonstrates high-T2 signal lesion in the body (arrow). Three-
dimensional gradient echo (GRE) images (b) before contrast and 
(c) during arterial phase show prominent enhancement in the arterial 
phase characteristic of an islet cell tumor (arrow).

(a)

(b)

(c)

Figure 148.21 Pancreatic mucinous cystadenocarcinoma. (a) Axial T2 
image demonstrates septated cystic lesion (arrow) in the tail of the 
pancreas with (b) internal nodular enhancement (arrowhead) consistent 
with mucinous cystadenocarcinoma.

(a)

(b)
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Lymphoma
Pancreatic lymphoma is almost invariably of the non-Hodgkin 
B-cell  type and may be associated with concomitant  infection 
with a retrovirus or Epstein–Barr virus (Burkitt lymphoma). It 
is  usually  associated  with  peripancreatic  and  retroperitoneal 
lymphadenopathy or splenic, hepatic, renal, and epidural space 
lesions. Presence of intact fat planes between the nodes and the 
pancreas,  and  anterior  displacement  of  the  pancreas  help  to 
distinguish  peripancreatic  lymphadenopathy  from  a  primary 
neoplasm [75]. Diffuse pancreatic enlargement often noted  in 
pancreatic lymphoma may be due to diffuse pancreatic tumor, 
tumor-induced  pancreatitis,  or  pancreatitis  associated  with 
tumor  lysis  from  chemotherapy.  MRI  demonstrates  diffuse  or 
focal pancreatic enlargement that is isointense to normal pan-
creatic parenchyma on T1- and T2-weighted images. Contrary 
to the enhancement of the normal pancreas after mangafodipir 
administration, these lesions do not show any uptake of man-
gafodipir [76].

Pancreatic metastases
The most common primary tumors that metastasize to the pan-
creas are  from  the  lung, breast, kidney,  and melanoma. There 
are  three different patterns of pancreatic  involvement, namely 
localized, multifocal, or diffuse enlargement. Pancreatic metas-
tases should be suspected in the presence of multiple pancreatic 
masses in a patient with another known primary carcinoma. On 
MRI  most  pancreatic  metastases  appear  hypointense  on 
T1-weighted images and hyperintense on T2-weighted images 
[77].  The  majority  of  metastases  are  hypointense  to  a  back-
ground of high-signal pancreas on T1-weighted fat-suppressed 
images. Contrast-enhanced MRI may be useful  in  the evalua-
tion  of  pancreatic  metastases  by  showing  features  such  as 
increased vascularity in the presence of a hypervascular primary 
malignancy [77].

Figure 148.22 Diffuse intraductal papillary mucinous neoplasm. Magnetic 
resonance cholangiopancreatography (MRCP) demonstrates diffuse 
dilation of pancreatic duct (arrow) with focal cystic area (arrowhead).

Figure 148.23 Branch-duct type intraductal papillary mucinous 
neoplasm. Lobulated grape-like cystic lesion in the head of the pancreas 
(arrow) communicating with the main pancreatic duct.

IPMN is recognized by dilatation of the main pancreatic duct 
or branch ducts associated with mucin overproduction. IPMN 
originates  from  the  main  pancreatic  duct  and  its  collateral 
branches and may be differentiated from other mucinous cystic 
tumors that typically originate from peripheral ducts. IPMN is 
divided into main duct type (Figure 148.22), branch duct type, 
or a combination, depending on the major site of involvement. 
Cross-sectional  imaging  of  main-duct  IPMN  shows  either 
diffuse  or  segmental  dilatation  of  the  main  pancreatic  duct, 
associated  with  parenchymal  atrophy,  especially  in  more 
advanced cases [73,74]. Intraductal fungating lesions or mucin 
deposits cause small intraductal areas with solid signal intensity 
seen  on  MRI.  MRCP  can  demonstrate  the  dilated  ducts  as 
hyperintense collections that are not frequently conspicuous on 
ERCP  [73,74].  Branch-duct  IPMN  is  characterized  by  cystic 
ectasia of the branch ducts, forming a mass with lobulated con-
tours that usually involves the uncinate process (Figure 148.23). 
MRCP demonstrates a grape-like appearance of the lesion and 
its wide communication with the main pancreatic duct. Rarely, 
ectasia of a single duct communicating with the main pancreatic 
duct through a long pedicle may be seen [73,74].

Solid pseudopapillary tumor
Solid  pseudopapillary  tumor  of  pancreas  is  a  rare  low-grade 
malignant neoplasm typically occurring in young women, par-
ticularly of African American or Asian descent. The mean age 
of  presentation  is  25  years.  The  tumor  is  usually  large  (mean 
9 cm)  and  well  circumscribed  with  internal  solid  and  cystic 
components. MRI shows a complex mass that may have hemor-
rhagic  necrosis  with  high  signal  on  T1-weighted  images  and 
heterogeneous variable signal on T2-weighted images. The dif-
ferential diagnosis is nonfunctioning cystic islet cell tumor.
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Gallbladder

Magnetic resonance sequences used to evaluate the gallbladder 
are  similar  to  other  imaging  protocols  used  in  the  abdomen, 
including  axial  T1-weighted  breath-hold  GRE  chemical  shift 
sequences,  T2-weighted  sequences,  MRCP,  and  contrast-
enhanced  T1-weighted  sequences.  Both  T2-weighted  and 
MRCP sequences are essential in the evaluation of the gallblad-
der and surrounding structures. Gallstones are low signal inten-
sity against the higher signal intensity of bile. Gallbladder wall 
edema  and  pericholecystic  fluid  are  hyper-intense  on  both 
sequences  because  of  their  fluid  content.  Contrast-enhanced, 
breath-hold, fat-suppressed, T1-weighted sequences are used to 
evaluate  the  gallbladder  and  adjacent  hepatic  parenchyma. 
Dynamic  gadolinium-enhanced  MRI  may  also  play  a  role  in 
differentiating benign and malignant gallbladder masses based 
on early and delayed enhancement patterns  [78]. Hepatocyte-
specific T1-shortening agents such as mangafodipir  trisodium 
have biliary excretion and can provide temporal information on 
hepatobiliary excretion (Figure 148.24). Lack of excretion into 
the gallbladder lumen implies cystic duct obstruction, which in 
conjunction with additional findings may be used to diagnose 
acute cholecystitis. The normal gallbladder contents show high 
signal intensity on T2- and heavily T2-weighted images (MRCP) 
because of  static fluid content of bile. The T1-weighted  signal 
intensity of bile varies depending on patient’s fasting status, bile 
viscosity, and bile salt concentration. In the fasting state, 90% of 
water is removed from the bile with a resultant increase in con-
centration of phospholipids, cholesterol and bile salts. Concen-
trated  bile  can  therefore  be  hyperintense  to  liver  and  fat  on 
T1-weighted images due to T1 shortening [78].

Acute  cholecystitis  occurs  when  the  outflow  of  bile  is  pre-
vented  by  occlusion  of  the  cystic  duct,  often  by  a  gallstone 
impacted in the gallbladder neck or cystic duct. Although not 
used as a screening test for acute cholecystitis, MRI may be used 
for diagnosis in certain patients with a confusing clinical pres-
entation  or  equivocal  sonographic  or  cholescintigraphic  find-
ings. The presence of cholelithiasis, pericholecystic fluid in the 
absence  of  ascites,  gallbladder  thickening  (<3 mm),  and  gall-
bladder  edema  on  T2-weighted  images  suggest  a  diagnosis  of 
acute cholecystitis. Gallbladder thickening and pericholecystic 
fluid in themselves are nonspecific findings and can also occur 
in the setting of hypoalbuminemia, hepatitis, chronic cholecys-
titis, cirrhosis, and renal disease. Contrast-enhanced MRI can 
help  confirm  a  diagnosis  of  acute  cholecystitis  by  showing 
hyperemia  (>80%  enhancement)  of  the  gallbladder  wall  and 
transient  hyperenhancement  of  the  adjacent  hepatic  paren-
chyma  (Figure  148.25)  [79].  Pericholecystic  enhancement  is 
present  in  more  than  70%  of  patients  with  acute  cholecystitis 
and may extend into the medial segment of the left hepatic lobe. 
Pericholecystic enhancement is secondary to increased hepatic 
arterial flow in response to local inflammation of the gallblad-
der. The finding of segmental absence of mucosal enhancement 
on contrast-enhanced MRI suggests a diagnosis of complicating 

Figure 148.24 Functional magnetic resonance cholangiogram. Increased 
signal consistent with secreted mangafodopir trisodium in the normal 
common hepatic duct, common bile duct (arrowheads), and gallbladder 
(arrow) on axial (a) and coronal (b, c) images.

(a)

(b)

(c)

gangrene in patients with suspected acute cholecystitis [79,80]. 
Chronic  cholecystitis  can  present  as  a  small  and  irregularly 
shaped gallbladder with a  thickened gallbladder wall. Fibrosis 
in the gallbladder wall shows delayed enhancement. The degree 
of wall enhancement is significantly lower than that present in 
acute cholecystitis [79].

Gallbladder  adenomyomatosis  is  characterized  by  over-
growth  of  mucosa,  hypertrophy  of  the  muscularis  layer,  and 
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spread is direct invasion into the liver. Tumor can also directly 
invade  the  duodenum,  colon,  and  pancreas.  On  MRI,  the 
primary  gallbladder  cancer  is  hypointense  to  liver  on 
T1-weighted  images  and  slightly  hyperintense  to  liver  on 
T2-weighted images [82]. T2-weighted and MRCP images typi-
cally depict gallstones surrounded by a tumor mass. Direct liver 
invasion,  when  present,  is  typically  an  ill-defined  mass  in  the 
adjacent  hepatic  parenchyma  contiguous  with  the  gallbladder 
mass  (Figure  148.26).  Dynamic  contrast-enhanced  MRI  can 
demonstrate  the margin of  tumor extension,  facilitating accu-
rate staging. The identification of regional  lymph nodes  larger 
than 10 mm with ring-like or heterogeneous enhancement sug-
gests lymphatic spread.

The gallbladder is very rarely the site of involvement by other 
malignancies.  Metastatic  breast  or  metastatic  melanoma  can 
occasionally  involve the gallbladder,  the  latter being more fre-
quent [83]. Primary non-Hodgkin lymphoma of the gallbladder 
is also very  rare and has a very poor prognosis. This presents 
with  diffuse  thickening  of  the  gallbladder  wall  with  moderate 
enhancement.

Magnetic resonance 
cholangiopancreatography (MRCP)

In  the  initial  evaluation  of  biliary  and  pancreatic  disorders, 
MRCP has replaced the use of diagnostic ERCP at many institu-
tions. This technique uses MRI to visualize stationary or slow-
moving  fluid,  such  as  bile,  displaying  them  as  high  signal 
intensity. Heavily T2-weighted sequences are generally used for 
MRCP  with  the  single-shot,  echo-train,  spin-echo  technique 
achieving  the  most  widespread  use.  Because  of  the  heavy  T2 
weighting of this sequence, signals from the fluid in the biliary 
system and pancreatic duct are hyperintense, whereas the signal 
of background  tissue  is  rendered hypointense,  enabling excel-
lent  depiction  of  the  biliary  system  and  pancreatic  duct  (see 

extension  of  mucosa  into  the  thickened  gallbladder  wall, 
forming  intramural  diverticula  known  as  Rokitansky–Aschoff 
sinuses.  Adenomyomatosis  is  found  incidentally  in  20%  of 
patients  who  have  cholecystectomy.  There  are  three  subtypes: 
localized (usually  in  the gallbladder  fundus), diffuse, and seg-
mental (segmental stricture composed of a thickened wall that 
divides  the  gallbladder  lumen  into  separate  interconnecting 
compartments) [81]. The MRI diagnosis of adenomyomatosis is 
based on the demonstration of Rokitansky–Aschoff sinuses. The 
thickened gallbladder wall appears hypointense on T2-weighted 
images, while the intramural diverticula are revealed as discrete, 
linearly  arranged,  smoothly  marginated,  intramural  cyst-like 
structures that are isointense to bile on T2-weighted images and 
MRCP. The appearance of the intramural cysts in a circumfer-
ential  distribution  has  been  described  as  the  “pearl  necklace” 
sign.

Gallbladder polyps are elevated lesions of the mucosal surface 
of  the  gallbladder  wall  and  are  often  incidental  findings  on 
imaging  evaluation  of  the  abdomen.  The  majority  of  resected 
polyps are cholesterol polyps that have no malignant potential. 
Polyp size is a significant predictor of malignant potential, with 
a  40%–88%  prevalence  of  malignancy  in  polyps  larger  than 
10 mm.  On  MRI,  polyps  are  discrete  wall-based  lesions  that 
contrast  against  the  high  T2  signal  of  the  adjacent  bile.  They 
enhance following contrast administration, best appreciated on 
fat-suppressed  T1-weighted  images.  They  are  distinguished 
from stones because of their fixation to the gallbladder wall and 
their enhancement. Size greater than 10 mm, solitary polyp, age 
greater  than 60 years,  sessile morphology,  coexistence of gall-
stones,  and  rapid  growth  increase  the  risk  of  polyps  being 
malignant.

Gallbladder carcinoma is a rare but aggressive malignancy. It 
predominantly affects females (3 : 1 over males) and gallstones 
are present  in 90% of patients with gallbladder cancer. Symp-
toms occur with advanced disease include anorexia, weight loss, 
jaundice,  and  abdominal  pain.  The  most  common  mode  of 

Figure 148.25 Acute cholecystitis. (a) Coronal T2 and (b) axial postcontrast images demonstrate thickening of the gallbladder wall (arrowheads) and 
mild pericholecystic edema consistent with acute cholecystitis.

(a) (b)



Magnetic resonance imaging CHAPTER 148      2847

be  reviewed.  However,  it  is  not  possible  with  these  images  to 
evaluate periductal structures, such as tumors, which may cause 
narrowing  or  obstruction  of  the  ducts.  Also,  fluids  with  rela-
tively  short  TE,  such  as  concentrated  bile  or  mucinous  fluid, 
may produce very little signal with long effective TE sequences 
and obscure small bile ducts or mucinous lesions. To overcome 
those drawbacks of MRCP with long effective TE, an intermedi-
ate effective TE (80–100 ms) can be used. This produces images 
where not only all fluid including concentrated bile and muci-
nous  fluid  is  bright,  but  also  periductal  structures  are  well 
depicted. This combination of MRCP with  intermediate effec-
tive TE and ERCP-like images gives detailed evaluation of both 
intraductal and periductal structures. Studies show that MRCP 
is comparable with or more useful than other techniques, such 
as ultrasound, CT, and ERCP, for studying choledocholithiasis, 
malignant obstruction of  the biliary or pancreatic ducts,  con-
genital anomalies, and chronic pancreatitis [84]. MRCP is non-
invasive  and  safe  because  it  does  not  require  anesthesia  or 
injection  of  intraductal  or  intravenous  contrast  agent.  Using 
current MRI systems, high-quality images can be obtained con-
sistently.  MRCP  is  also  useful  in  patients  after  incomplete  or 
unsuccessful ERCP.  In  some patients,  such as  those who have 
undergone surgery with biliary enteric anastomosis or Billroth 
II,  it  may  not  be  possible  to  perform  ERCP  because  of  the 
anatomy, so MRCP is the modality of choice for evaluating these 
postsurgical patients. Unlike ERCP, MRCP produces images of 
the ducts in their natural state, because it does not involve dis-
tention of the ducts by injected contrast medium. ERCP cannot 
evaluate extra-ductal structures directly, whereas MRCP can be 
combined with conventional MRI  for  the evaluation of  extra-
ductal disease, such as tumors [59]. ERCP has advantages over 
MRCP, including the ability to perform direct therapeutic inter-
ventional  procedures  concurrently  with  diagnostic  imaging. 
ERCP is generally a safe procedure, but is still associated with 
morbidity and even mortality. Also, technical failures occur in 
5% to 10% of cases because of unsuccessful cannulation of the 
common bile duct (CBD) or pancreatic duct.

Benign cystic disease
MRCP is effective and comparable with ERCP for the evaluation 
of congenital cystic lesions of the bile duct. Also, the combina-
tion of MRCP and gadolinium-enhanced T1-weighted  images 
is  useful  for  diagnosing  associated  findings,  such  as  gallstone 
disease and cancer. MRCP has been demonstrated to be effec-
tive  in  evaluating  choledochal  cyst  (Figure  148.27),  choledo-
chocele, and Caroli disease.

Congenital variants of the biliary system
Anatomical  variants  of  the  cystic  duct  have  received  much 
attention  because  of  the  higher  risk  of  complications  during 
cholecystectomy. In one study, MRCP accurately demonstrated 
a  range  of  variants,  such  as  low  cystic  duct  insertion,  medial 
cystic  duct  insertion,  parallel  course  of  the  cystic  and  hepatic 
ducts, and aberrant right hepatic duct [55].

Figure 148.15) acquisition or multiple thin-slice acquisitions. In 
the single-slab approach, a thick-collimation (30–70 mm) single 
section  is  acquired  in  an  oblique  coronal  plane,  obtained  in 
2–3 s.  The  single  slab  can  be  acquired  in  various  rotations  to 
view  the  biliary  system  and  pancreatic  duct  from  different 
angles.  ERCP-like  images  can  be  acquired  without  maximum 
intensity projection (MIP) post processing. It is important also 
to acquire a multiple-slice thin-collimation sequence to examine 
the  details  of  the  intraductal  structures.  A  slice  thickness  of 
3–4 mm  is  needed  to  detect  small  intraductal  stones.  Three-
dimensional  reconstruction  may  be  performed  by  MIP  post-
processing from the thin-collimation source images. However, 
volume-averaging  effects  can  obscure  small  stones  and  subtle 
mural  irregularity,  so  source  thin-section  images  must  always 

Figure 148.26 Gallbladder carcinoma. Coronal postcontrast images 
(a, b) demonstrate circumferential thickening of the gallbladder wall 
(arrowheads) inseparable from the liver with tumor extension into the 
right hepatic lobe (arrow). Note hypoenhancing metastatic lesions in the 
right heptic dome and left lobe.

(a)

(b)
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dominant pancreatic duct  running anteriorly  to  the CBD and 
draining into the minor papilla (see Figure 148.16). A study that 
evaluated 108 patients who underwent both ERCP and MRCP 
demonstrated exact correlation between the two techniques for 
the depiction and exclusion of pancreas divisum [55].

Cholelithiasis
The primary imaging modality for cholelithiasis is sonography. 
However, MRCP is highly sensitive and accurate in diagnosing 
cholelithiasis and can outperform ultrasound and CT. The most 
reliable  approach  for  detecting  gallstones  is  with  the  use  of 
single-shot T2-weighted sequences [85].

Choledocholithiasis
Accurate  diagnosis  of  stones  in  the  biliary  ducts  is  crucial 
because  their  presence  is  a  difficult  challenge  for  cholecystec-
tomy.  Ultrasound  and  CT  show  relatively  low  sensitivity  and 
accuracy for the diagnosis of bile duct stones. ERCP is consid-
ered  the  gold  standard  procedure  for  the  evaluation  of  the 
biliary  system  and  has  a  major  advantage  over  other  imaging 
modalities because it can be used to perform therapeutic inter-
ventions and diagnosis [85]. However, the rate of failed ERCP 
is 5%–20% and there  is risk of major complications, or death. 
MRCP has been shown to be an excellent method for detecting 
bile  duct  stones  [86].  It  is  superior  to  CT  or  ultrasound  and 
comparable or superior to ERCP in detecting bile duct stones. 
On  thin-slice  source  images,  stones  appear  as  signal-void 
lesions, with stones as small as 2 mm being detected in dilated 
and  nondilated  ducts  (Figure  148.28).  On  thick-slab  images, 
large or medium-sized stones in normal-caliber ducts are easily 
detectable, but small stones that are completely surrounded by 
fluid may be obscured and difficult to detect because of volume-
averaging effects [87]. There are several pitfalls and mimickers 
of  stones  with  MRCP.  Intraductal  air  bubbles  (pneumobilia) 
may  mimic  the  appearance  of  stones  (Figure  148.29)  [85,87]. 
An  important  differentiating  feature  from  stones  is  that  air 
bubble  filling  defects  lie  on  the  nondependent  portion  of  the 
bile  duct  against  the  wall  on  axial  images.  Blood  clots  may 
appear indistinguishable from bile duct stones [88]. Other pit-
falls  that may mimic bile duct stones  include tortuosity of the 
bile duct running in and out of the imaging plane, merging of 
the cystic duct into the CBD when observed en face on coronal 
images, which may result in a round hypo-intense focus, metal-
lic clips, and extraductal compression from the right hepatic or 
gastroduodenal artery, which may result in a signal-void focus 
(Figure 148.30).

Correct diagnosis can usually be achieved by careful attention 
to  the exact  location of  these  foci and  interpretation of  thick-
slab MRCP or MIP-reconstructed  images  in conjunction with 
the thin-slice source images [88].

Primary sclerosing cholangitis
Primary sclerosing cholangitis is characterized by chronic fibro-
sing  inflammation  of  the  biliary  system  of  unknown  etiology. 

Pancreas divisum
As already noted, pancreas divisum is the most common ana-
tomical  variant  of  the  pancreas  (see  Figure  148.16).  In  some 
patients,  at  ERCP  only  the  ventral  duct  can  be  cannulated 
through  the  major  papilla,  and  a  small  ventral  duct  may  be 
misdiagnosed  as  an  obstructed  pancreatic  duct.  On  MRCP 
images, pancreas divisum can be diagnosed by finding a dorsal 

Figure 148.27 Choledochal cyst. (a) Coronal T2 image, (b) axial T2 
image, and (c) magnetic resonance cholangiopancreatography (MRCP) 
demonstrate fusiform dilation of the common bile duct (arrow) consistent 
with choledochal cyst. Arrowhead indicates gallbladder.

(a)

(b)

(c)
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acteristic feature of “beading” reflects intrahepatic ductal dila-
tion with areas of dilation and stenosis (Figure 148.31).

Postsurgical biliary complications
The most common postsurgical biliary complication is benign 
biliary stricture. MRCP can visualize the biliary tree distal and 

The  diagnosis  of  primary  sclerosing  cholangitis  is  made  by 
cholangiographic findings supported by histological analysis of 
liver biopsies. Primary sclerosing cholangitis is characterized by 
multiple irregular strictures and saccular dilatations of the int-
rahepatic  and  extrahepatic  bile  ducts,  producing  a  beaded 
appearance. The conventional imaging modality for the diagno-
sis of primary sclerosing cholangitis is ERCP. However, compli-
cations from ERCP may result  in progression of cholestasis in 
patients  with  primary  sclerosing  cholangitis.  MRCP  has  been 
shown to be useful for the diagnosis and follow-up of primary 
sclerosing cholangitis [89]. A study evaluating MRCP in patients 
with primary sclerosing cholangitis demonstrated a sensitivity 
of 85%–88% and specificity of 92%–97% [89]. However, diag-
nostic challenges remain. Subtle changes of mild primary scle-
rosing  cholangitis  may  be  difficult  to  detect  by  current  MRI 
techniques, and cirrhosis may cause distortion of  the  intrahe-
patic bile ducts and mimic primary sclerosing cholangitis [90]. 
MRCP does provide visualization of bile ducts proximal to even 
severe stenoses, which may not be evaluable by ERCP. The char-

Figure 148.28 Choledocholithiasis. (a) Axial T2 image and (b) magnetic 
resonance cholangiopancreatography (MRCP) show low signal void 
(arrow) consistent with common bile duct calculi.

(a)

(b)

Figure 148.29 Pneumobilia. (a) Axial T1 image, (b) axial T2 FSE image, 
and (c) magnetic resonance cholangiopancreatography (MRCP) 
demonstrate low signal (arrows) in the intrahepatic and extrahepatic 
biliary ducts. This low signal is nondependent in the axial T2 image in the 
common bile duct consistent with pneumobilia.

(a)

(b)

(c)
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proximal  to  a  high-grade  stricture  or  complete  obstruction. 
However, the bile ducts distal to a stenosis may be collapsed and 
nonvisualized on maximum intensity projection (MIP)-recon-
structed  images,  leading  to  overestimation  of  the  stricture. 
Thin-section source images must be used to evaluate the extent 
of high-grade stenoses, because even small amounts of fluid in 
collapsed  ducts  can  be  depicted  on  these  images.  Other  post-
surgical biliary complications include retained bile duct stones, 
biliary leak, and biliary fistula. These conditions can be evalu-
ated effectively by MRCP. In patients with biliary–enteric anas-
tomoses, it may be difficult or impossible to perform ERCP. On 
the other hand, MRCP is very effective in evaluating the anatomy 
of  the anastomosis,  strictures of  the anastomosis,  strictures of 
the biliary ducts, and biliary stones proximal to the anastomosis 
in up  to 100% of patients. Thin-section  source  images  should 
be examined thoroughly because the biliary–enteric anastomo-
sis  and  stones  may  be  obscured  on  thick-slab  and  MIP-
reconstructed images by the high signal intensity of surrounding 
bile and bowel fluid. Also, metallic surgical clips and pneumo-
bilia can also produce artifacts that should not be mistaken as 
stones or strictures.

Chronic pancreatitis
On ERCP, typical findings of chronic pancreatitis include dilata-
tion,  narrowing  or  stricture,  or  irregularity  of  the  pancreatic 
duct.  Prominent  dilatation  of  side  branches  is  a  feature  of 
chronic  pancreatitis  that  helps  distinguish  this  entity  from 
obstructed  pancreatic  duct  caused  by  pancreatic  cancer  (see 
Figure  148.18).  A  study  evaluating  30  patients  with  chronic 
pancreatitis undergoing ERCP and MRCP demonstrated sensi-
tivity and specificity of 91% and 92%, respectively, and excellent 
correlation between ERCP and MRCP was reported.

Cholangiocarcinoma
Cholangiocarcinoma can be classified into three types accord-
ing  to  anatomical  location:  peripheral  type,  originating  from 

Figure 148.30 Pseudodefect of the common hepatic duct secondary to 
crossing vessel. Low signal void in the common hepatic duct on magnetic 
resonance cholangiopancreatography (MRCP) (a) secondary to adjacent 
crossing vessel (arrow) confirmed on axial T2 image (b).

(a)

(b)

Figure 148.31 Primary sclerosing cholangitis. (a) Axial T2 image and (b) magnetic resonance cholangiopancreatography (MRCP) demonstrate marked 
intrahepatic duct dilation with “beaded” morphology (arrow) and normal bile duct (arrowhead).

(a) (b)
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peripheral  bile  ducts  in  the  liver;  hilar  type  (Klatskin  tumor), 
originating  from  the  confluence  of  the  right  and  left  hepatic 
ducts; and extrahepatic type, originating from the main hepatic 
ducts,  common  hepatic  duct,  or  CBD.  Ductal  obstruction  is 
observed  in all patients with Klatskin  tumor and extrahepatic 
cholangiocarcinoma.  Evaluation  of  the  level  of  obstruction  is 
important for treatment. In a study evaluating malignant peri-
hilar  biliary  obstruction  in  40  patients  including  26  Klatskin 
tumors, MRCP was as effective as ERCP in detecting the pres-
ence  and  the  level  of  biliary  obstruction  (40  of  40  cases  on 
MRCP and 38 of 38 cases on ERCP). On MRI, cholangiocarci-
noma  is  poorly  defined  with  low  to  intermediate  signal  on 
T2-weighted  images  and  demonstrates  delayed  enhancement 
following contrast  (Figure 148.32). ERCP may result  in  sepsis 
caused by  failure  to drain contrast  from an obstructed biliary 
duct  with  stagnant  bile  colonized  by  bacteria;  additionally, 
ERCP may be unable to provide sufficient biliary opacification 
to adequately evaluate the region of narrowing. However, MRCP 
can demonstrate the bile duct proximal to the obstructing site 
safely and efficiently. T1-weighted fat-suppressed SGE acquired 
2–5 min after gadolinium administration is the most consistent 
technique  for  demonstrating  cholangiocarcinoma,  which 
appears as moderately enhancing tissue (Figure 148.32).

Pancreatic cancer
Typical pancreatographic features of pancreatic cancer include 
irregular narrowing or obstruction of the main pancreatic duct 
and dilatation proximal  to  the  lesion. Pancreatic head  tumors 
also result in obstruction of the CBD. MRCP is able to evaluate 
the pancreatic duct proximal to an obstructing site that ERCP 
may be unable to demonstrate. In a study evaluating 124 patients 
with suspicion of pancreatic cancer, MRCP was as effective as 
ERCP for the detection of the pancreatic cancer, with sensitivity 
and specificity of 84% and 97% respectively for MRCP, and 70% 
and 94% respectively for ERCP. As with other malignant tumors, 
when pancreatic ductal adenocarcinoma is suspected clinically 
routine MRI  sequences are also performed. T1-weighted SGE 
acquired  immediately  after  gadolinium  administration  is  the 
most consistent technique for demonstrating pancreatic cancer 
(see Figure 148.19).

Another advance in MRCP is the use of contrast agents that 
are hepatocyte-selective and eliminated, at least in part, by the 
biliary  system.  With  these  agents  and  faster  acquisition  with 
thin-section,  three-dimensional,  T1-weighted  images  of  the 
biliary  system,  demonstration  of  smaller  intrahepatic  biliary 
branches  is  feasible.  This  approach  may  facilitate  detection  of 
functional obstruction or bile duct leak or injury.

Intestine

MRI has had an  increasing role  in evaluating  the bowel com-
pared with CT and conventional barium studies. Traditionally 
motion  of  the  bowel,  caused  by  either  respiratory  motion  or 

peristalsis,  degraded  the  magnetic  resonance  images.  Newer 
techniques such as single-shot FSE and three-dimensional volu-
metric gradient echo imaging have reduced these problems to 
some extent. Antiperistaltic agents are also helpful for reducing 
bowel-related motion artifacts. Now MRI has an increasing role 
in evaluating the small bowel and colon, particularly for judging 
the  extent  of  wall  involvement  with  various  pathological  pro-
cesses.  MRI  has  been  shown  to  be  valuable  in  assessing  the 
severity  and  extent  of  ulcerative  colitis  and  Crohn’s  disease 
[91,92] (Figure 148.33). MRI is useful for showing the extent of 
pelvic fistulae from any cause. T2-weighted images display the 
muscularis propria of the bowel as low signal intensity. Breaks 
in the muscularis due to fistulae are seen as discontinuities  in 
this  layer.  Fistulae  can  be  seen  without  the  administration  of 
contrast material. The high signal intensity of granulation tissue 
is  seen  surrounded  by  low  signal  intensity  fibrosis  (Figure 
148.34).

Because  of  the  intrinsic  soft-tissue  contrast  of  T2-weighted 
images,  MRI  is  used  for  staging  gastrointestinal  tract  tumors, 
particularly rectal carcinoma. With high resolution, layers of the 
rectal wall can be visualized discretely. The muscularis propria 
appears as low signal intensity, whereas the submucosa appears 
as higher signal intensity (Figure 148.35). MR is now routinely 
used to locally stage rectal carcinoma. MRI is also an excellent 
method  for  evaluating  the  pelvis  in  general  and  to  determine 
the local extent of tumors.

In addition, MRI can be used to evaluate patients for recur-
rent  tumor  after  surgery  or  after  radiation  therapy.  Radiation 
edema  and  radiation  fibrosis  are  differentiated  from  tumor  
on  T2-weighted  images  and  dynamic  gadolinium-enhanced 
images. Fibrosis appears as low signal intensity on T2-weighted 
images. Recurrent tumor shows nodules of higher-signal tissue. 
Recurrent tumor enhances rapidly during dynamic injection of 
gadolinium,  whereas  postradiation  changes  enhance  more 
slowly.

MR of the small bowel
Imaging of the small bowel has changed dramatically in the past 
two  decades  [91–93].  Despite  important  recent  advances  in 
small-bowel  endoscopy,  radiologic  imaging  is  important  for 
patients  suspected  of  having  or  with  established  small-bowel 
disease.  Cross-sectional  imaging  techniques  (CT  and  MRI), 
used to investigate both extraluminal abnormalities and intra-
luminal  changes,  have  gradually  replaced  barium  contrast 
examinations,  which  are,  however,  still  used  to  examine  early 
mucosal disease. MR  imaging  techniques detect  endoluminal, 
mural and extramural enteric details and provide vascular and 
functional information. Two MR imaging based techniques are 
currently  utilized:  MR  enteroclysis  and  MR  enterography.  In 
enteroclysis, enteric contrast material  is administered through 
a nasoenteric  tube, whereas  in enterography,  large volumes of 
enteric contrast material are administered orally. MR enterocly-
sis ensures consistently better luminal distention than does MR 
enterography  in  both  the  jejunum  and  the  ileum  and  more 
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Figure 148.32 Cholangiocarcinoma. Axial T2 image (a) and three-dimensional GRE images (b) before contrast, (c) during arterial phase, and 
(d) delayed post contrast demonstrate large central mass (arrow) which demonstrates delayed enhancement following contrast. There is mild 
peripheral intrahepatic biliary dilation (e) (arrowheads) secondary to obstruction.

(a)

(c)

(e)

(b)

(d)
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allowing the diagnosis of early or subtle structural abnormalities 
and guiding treatment and decisions in patient care [91–93].

MR colonography
MR  colonography  was  introduced  after  CT  colonography.  
First  reports  described  breath-hold,  three-dimensional,  GRE 
sequences  that  covered  the  entire  enema-filled  colon  in  the 
coronal plane. Air, carbon dioxide or liquid enemas may be used 
as colonic distention agents [94].

Three  different  liquid  enema  techniques  are  used:  bright 
lumen, black  lumen, and  fecal  tagging. Both bright and black 
lumen  methods  are  used  after  bowel  cleansing.  The  bright 
lumen is based on a gadolinium-water enema with a gadolinium 
concentration  of  at  least  10 mmol/L  (i.e.,  40 mL  of  0.5 mol/L 
gadolinium in 2 L of water) (Figure 148.36). Because of the lack 
of  radiation,  a  MR  fluoroscopy  sequence  can  be  applied  to 
monitor  filling  of  the  colon.  After  complete  filling,  a  thin-
section, three-dimensional, T1-weighted SGE sequence (3.7/1.1; 

accurately depicts endoluminal abnormalities and early disease, 
particularly at the level of the jejunal loops. MR enteroclysis also 
provides a high level of accuracy in the diagnosis and exclusion 
of small-bowel inflammatory and neoplastic diseases . It can be 
used for the first radiologic evaluation, while MR enterography 
may  be  used  to  follow  up  Crohn’s  disease  patients  without 
jejunal disease and in pediatric patients where nasogastric intu-
bation might be a problem [92,93]. MR enteroclysis may also 
reveal  subtle  transition  points  or  an  obstruction  in  the  lower 
small bowel, which may not be evident on more routine imaging 
methods,  including  enterography.  MR  imaging  offers  detailed 
morphologic  information  and  functional  data  of  small-bowel 
diseases  and  provides  reliable  evidence  of  normalcy,  thereby 

Figure 148.33 Crohns Colitis. (a) Axial fat suppressed T2 image and (b) 
coronal post contrast three-dimensional gradient echo (GRE) image 
demonstrates circumferential wall thickening of the sigmoid colon  
(arrow heads) consistent with reactivation of colitis in this patient with 
history of Crohn’s disease. Source: Courtesy of Thomas Lauenstein MD, 
Atlanta, GA.

(a)

(b) Figure 148.34 Perianal fistula. (a) Axial T2 image and (b) postcontrast 
three-dimensional gradient echo (GRE) image demonstrate fluid-
containing and rim-enhancing rectoanal fistulous tracts (arrows).

(a)

(b)
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tagging, and parallel imaging into research and clinical settings, 
new MR colonography protocols must be optimized [96].

MRI of perianal fistula
MRI  accurately  demonstrates  the  anatomy  of  the  perianal 
region. On CT the attenuation values for the sphincters, levator 
ani, fibrotic fistulous tracks, and active fistula are so similar that 
it  is difficult  to characterize  these structures accurately, unless 

flip angle 40°–50°) is performed. With this sequence, the lumen 
appears  bright  because  of  the  presence  of  gadolinium,  and 
polyps are visible as filling defects. A two-dimensional HASTE 
sequence  can  be  used  for  delineation  of  the  colonic  wall.  The 
black lumen technique is based on a water enema for  luminal 
distention  and  an  intravenous  infusion  of  gadolinium  for 
enhancement  of  the  colonic  wall  (Figure  148.36).  After  com-
plete filling, a three-dimensional T1-weighted SGE sequence is 
performed  before  and  after  the  intravenous  administration  of 
gadolinium.  The  lumen  appears  dark  with  this  T1-weighted 
sequence,  and  enhancement  of  the  colonic  wall  and  possible 
inflammatory changes and polyps can be seen. A combination 
of three-dimensional T1-weighted SGE sequence and balanced 
GRE  sequence  makes  bright  and  black  lumen  colonography 
possible with one protocol. The fecal tagging technique is based 
on  a  diet  that  contains  barium  to  give  stools  the  same  signal 
intensity  as  water  on  T1-weighted  GRE  images.  Patients  are 
instructed to avoid fiber-rich foods and foods with a high con-
centration  of  manganese,  such  as  fruit  and  chocolate.  MR 
colonography starts with filling of the colon with water [92,94]. 
Intravenous  gadolinium  is  administered,  and  a  three-
dimensional  T1-weighted  SGE  sequence  is  performed.  The 
lumen appears black, and enhancement of the colonic wall and 
possible  polyps  are  seen.  In  symptomatic  patients,  this  new 
technique shows promising results  for  the detection of polyps 
equal to or larger than 1 cm in diameter. Its value in polyp detec-
tion still needs to be determined in large studies. MR colonog-
raphy has high diagnostic accuracy for detecting Crohn’s disease 
activity and determining the extent and activity of the disease 
[95].  With  the  integration  of  3.0-T  MR  colonography,  fecal 

Figure 148.35 Rectal Carcinoma. Axial High Resolution T2 weighted 
images demonstrates intermediate T2 mass (arrow) in the rectum 
consistent with rectal carcinoma with invasion to the serosal surface 
(arrowhead).

Figure 148.36 Magnetic resonance colonography. (a) Coronal T2 image 
and (b) coronal three-dimensional gradient echo (GRE) image (T1) 
demonstrate fluid- distended normal colon (arrows). Source: Courtesy of 
Thomas Lauenstein MD, Atlanta, GA.

(a)

(b)
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tous  inflammatory  change  [97].  Furthermore,  spurious  inci-
dences  of  high  signal  intensity  in  inactive  tracks  were  also 
observed.  Fat-suppression  techniques  used  with  T2-weighted 
imaging have also been proposed. We use GRE, T1-weighted, 
dynamic,  intravenous  contrast-enhanced  MRI  combined  with 
T2-weighted imaging to assess perianal fistulae and their com-
plications.  With  use  of  this  technique,  active  fistulous  tracks, 
secondary ramifications, and abscesses are clearly demonstrated 
(see Figure 148.34). The walls of the tracks as well as the abscess 
cavities enhance. This breath-hold technique is rapid, noninva-
sive and well tolerated, a particular advantage in patients with 
acutely inflamed perianal regions.

In  summary  MRI  has  an  established  role  in  evaluating 
hepatic,  biliary  and  pancreatic  disease  processes.  It  has  an 
important  role  in  staging  rectal  carcinoma,  detecting  anal 
abnormalities and complications related to small bowel involve-
ment of Crohn’s disease.
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the  track  contains  gas  or  leaked  contrast  material.  The  MRI 
appearance of perianal fistula shows greater concordance with 
surgical findings than any other imaging evaluation. Many dif-
ferent MRI techniques have been described. MRI in the coronal 
and axial planes demonstrates fistulous tracks in relation to the 
sphincter complex, ischiorectal fossa, and levator ani. Imaging 
in the sagittal and oblique planes is helpful in selected cases such 
as  anovaginal  and  presacral  disease  [97].  MRI  using  pelvic 
surface coil requires no patient preparation and is well tolerated. 
Use of endoanal coils was initially hoped to further improve the 
MRI evaluation of perianal fistula. However,  this  technique  is 
poorly tolerated in symptomatic patients. Although it provides 
excellent  anatomical  detail  of  the  anal  sphincters,  it  fails  to 
provide  the  overview  required  for  surgical  management.  The 
anatomy of the perianal region is well demonstrated on coronal 
and axial T1-weighted images. In normal subjects, the internal 
and  external  sphincters  are  not  separately  resolved  on  MRI 
obtained with a pelvic surface coil, but the sphincter complex, 
ischiorectal  fossae  and  levator  sling  are  clearly  seen.  Unen-
hanced  T1-weighted  images  provide  an  excellent  anatomical 
overview of the sphincter complex, levator plate, and ischiorec-
tal fossae. However, fistulous tracks, inflammation, and abscesses 
appear as areas of low to intermediate signal intensity and may 
not be distinguished from normal structures such as sphincters 
and levator ani muscles. On T2-weighted and STIR (short tau 
inversion  recovery)  images,  pathological  processes  including 
fistulae,  secondary  tracks,  and  fluid  collections  are  clearly 
depicted. They appear as areas of high signal intensity in con-
trast with the lower signal intensity of the sphincters, muscles, 
and fat (especially on STIR images). The only comparative study 
of imaging sequences suggested for use in this condition showed 
that STIR imaging has certain  limitations [97]. In some cases, 
STIR  imaging  failed  to  demonstrate  secondary  tracks,  and  in 
others it did not reveal small residual abscesses within edema-
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Introduction

Positron emission tomography (PET) is a nuclear medicine 
technique that allows noninvasive imaging of cellular structure 
and function utilizing tracers labeled with positron-emitting 
radioisotopes. This contrasts with other imaging modalities 
such as computed tomography (CT), and magnetic resonance 
imaging (MRI), which are based primarily on the evaluation of 
anatomic structure. Measurement of these physiologic param-
eters allows PET to delineate functional status and pathologic 
states, making it a vital tool to both clinicians and researchers. 
PET scanners have also evolved during the last decade. PET-CT 
scanners, combining PET and CT, are now widely available in 
the clinic, providing both functional and anatomic information 
together. PET-MRI has also become available, and its clinical 
applications are being investigated. The principal clinical uses 
of PET in gastroenterology are in the area of oncology. However, 
other fields are emerging. Research applications in PET are 
developing rapidly, including new tracers based on peptides and 
antibodies to evaluate for disease presence and monitor treat-
ment effect.

Basic principles

PET relies on the detection of ionizing radiation from a positron-
emitting radioisotope in order to construct an image [1,2]. In 
contrast to CT where tissue density is measured via an exter-
nally applied x-ray beam, PET relies on tissue accumulation of 
a systemically administered radiotracer in order to create image 
contrast. When select proton-rich radionuclides decay, they 
emit a positron (also known as a positive electron or antielec-
tron, notated β+ or e+). This fleeting particle travels a short 
distance until colliding with an ambient electron in adjacent 
tissue in an event known as annihilation, during which the 
masses of the two particles are converted into electromagnetic 
energy released in the form of two photons (γ-rays). These 
photons travel in approximately opposite directions along a 
straight line and are subsequently detected by the PET scanner, 
thus allowing event localization, and image reconstruction. The 
signal intensity for any particular region of interest is propor-
tional to the amount of positron-emitting radiotracer present in 
the tissue. Much like CT, computer-assisted image reconstruc-
tion can be used to convert axial data into a three-dimensional 
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so-called “single event”). In fact, approximately 99% of photons 
registered by the detection crystals are rejected by the PET 
circuitry because they are not associated with a coincident 
photon and therefore are not considered representative of a true 
annihilation event. It is the remaining 1% of photons able to 
travel through surrounding tissue without attenuation and 
arrive at the detectors within the coincidence window that 
provide the data necessary to construct the ultimate PET image.

Of note, it is important to remember that the location of the 
annihilation event is not the same as the location of the positron 
emission, therefore error is inherently built into every measure-
ment the scanner records. This is because positrons travel a 
certain distance after emission from the radionuclide prior to 
interacting with an ambient electron in an annihilation event. 
Positrons with higher energies tend to travel farther before 
annihilation and therefore possess a higher range uncertainty. 
For example, 18Fluorine emits positrons around 640 keV which 
travel about 2.4 mm in tissue, whereas those from 82Rubidium 
are emitted around 3.35 MeV and have a range up to 16 mm 
prior to annihilation. This variation in range uncertainty sig-
nificantly effects radiotracer selection based on the needs of a 
particular scan, as well as scan resolution. The overall spatial 
resolution of PET is ultimately determined by several factors, 
including detector size, positron energy, and activity dosage. 
With the realities of range uncertainty, noncollinear annihila-
tion, and attenuation present in all PET scans, the absolute 
spatial resolution of 18F-FDG PET can be around 1mm. However, 
practically in clinical imaging this is around 4 mm–6 mm.

Modern PET scanners utilize adjacent full ring multidetector 
arrays that axially surround the patient and utilize between 
15 000–25 000 detector crystals to collect and process emitted 
photons. Classically in two-dimentional (2D) PET, crystals from 

image, or an alternate planar view (e.g. coronal, sagittal). PET 
is more sensitive than gamma cameras used in conventional 
“nuclear medicine” procedures and allows quantitative meas-
urements of tissue concentration of radiotracers using appro-
priate attenuation correction based on concurrent CT 
information.

PET scanners

Scanner basics
As a respective radiotracer distributes throughout tissues of 
interest, positron emission and subsequent annihilation events 
ensue, generating photon pairs which are detected and pro-
cessed to form a cross-sectional image. The fact that emitted 
photons travel in essentially opposite directions along a straight 
line enables triangulation of the location of the annihilation 
event in three-dimensional (3D) space, and forms the basis for 
PET detector design and arrangement (Figure 149.1).

Standard PET scanners are composed of thousands of pairs 
of photon detector elements oriented opposite each other 
around a field of view in which the patient is placed [3]. 
Annihilation events are registered by a process known as “coin-
cidence detection”, whereby emitted photons must be detected 
nearly simultaneously by detector pairs along a straight line – a 
so-called line of response (LOR) – in order to be considered a 
true annihilation event. Current time windows range from 6–12 
nanoseconds depending on the scintillation crystal type and 
emission angles can be up to ±0.25 degrees can be tolerated 
from the theoretical 180 degree line. Due to detector ring geom-
etry as well as attenuation through scatter and absorption, non-
paired photons are commonly detected by the PET scanner (a 

Figure 149.1 Schematic showing PET scanner ring comprised of detector pairs (A, B, C) accepting collinear photons emitted from annihilation events 
resultant from positron emission in a tumor (blue pentagon) within the subject of interest (tan rectangle).
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Placement of PET components inside a strong magnetic field 
and making these components invisible to the MRI while oper-
ating both simultaneously has proven difficult, with the first 
preclinical scanner only described in 2008 [10]. However, since 
that time companies have developed additional prototype 
PET-MRI scanners for the evaluation of new hardware, multi-
modality imaging protocols, and new MRI-based PET attenua-
tion correction [11–13]. PET-MRI was FDA approved in 2011, 
and the following year the first clinical scanners were intro-
duced into select academic centers where clinical applications 
are being studied. The superb tissue resolution of MRI com-
bined with the biologic data of PET offers many advantages over 
current hybrid imaging, virtually ensuring its development and 
clinical expansion in the coming years.

PET radiotracers

PET radiotracers are molecules that are labeled with radionu-
clides that emit positrons. A host of suitable radionuclides exist 
for use as PET radiotracers (Table 149.1). The positron-emitting 
isotopes 11Carbon, 13Nitrogen, and 15Oxygen can be substituted 
for their respective nonradioactive isotopes in a process called 
“isotopic labeling” [14]. 11C-methionine, 13N-ammonia, and 
15O-water are commonly used PET tracers that utilize this class 
of radionuclides. Positron-emitting isotopes of halogens, most 
notably 18Fluorine, can be substituted for a hydroxyl group on 
any biologic compound in a process known as “analogical labe-
ling” [14]. The most common PET radiotracer employing this 
technique is the glucose analogue 2-deoxy-2-[18F]fluoro-D-
glucose (18F-fluorodeoxyglucose, or 18F-FDG), which is widely 
used in clinical PET imaging. In the research setting, radionu-
clides like 124Iodine and 89Zirconium have been conjugated to 
biologic targeting moieties (e.g. antibody or aptamer) in an 

individual rings collect data to create cross sectional images. 
These axial images are then combined after acquisition to create 
a 3D reconstruction. In 3D (volumetric) PET, coincidences 
between multiple detector rings are recorded, thus increasing 
the volume of data acquired as well as scan sensitivity. However, 
up to 60% of this amplified count rate is due to random scatter, 
thus increasing image noise and decreasing contrast [4]. Utilizing 
3D PET in low-scatter studies (e.g. brain), smaller patients, and 
in cases in which lower activity doses are necessary decreases 
this effect and takes advantage of the benefits of 3D PET while 
minimizing its limitations. Using the current generation of 
PET-CT scanners, 3D acquisition is often a standard practice.

PET-CT and attenuation correction
First proposed in the early 1990s and implemented clinically in 
the early 2000s, combination PET-CT hybrid machines were 
quickly recognized to possess significant advantages over non-
hybrid systems [5,6]. The ability to merge the functional data of 
PET with the high-resolution anatomic detail of CT provided 
invaluable data to physicians and surgeons. An additional 
advantage of these systems is the capability of the CT system to 
concurrently attenuate PET data. Raw PET images suffer from 
attenuation, a phenomenon whereby photons emitted from 
within deeper structures are dampened and scattered more than 
photons emitted from superficial structures. Traditionally, 
attenuation was mathematically corrected using an attenuation 
map generated by a positron source (68Ge) within the PET 
scanner. However, the CT component of a PET/CT scanner can 
now produce a faster and more reliable attenuation map for PET 
data correction without an additional positron emitter, further 
substantiating the utility of hybrid systems. Today, essentially all 
modern clinical PET scanners are manufactured as combined 
PET/CT systems.

Time of flight PET
An inherent limitation of traditional PET technology is its ina-
bility to determine the exact point along an LOR from where a 
particular photon originated, leading to increased noise and 
decreased image resolution [7]. Unless an annihilation event 
occurs at the exact center of the detector ring, the arrival times 
of coincident photons will be slightly different. Modern time of 
flight (TOF) PET is able to measure minute differences in 
photon arrival time in the range of 500 ps to 600 ps, allowing 
independent measurement of each coincident photon and back-
calculation of the annihilation event’s location, thereby provid-
ing better tumor localization and overall resolution. TOF PET 
is expected to improve as faster scintillators are developed, with 
next-generation TOF PET scanners possessing resolution times 
around 200 ps to 300 ps, allowing theoretical image resolution 
in the sub-centimeter range [8].

PET-MRI
The idea of combining PET and MRI arose as early as PET- 
CT, however technical limitations slowed development [9]. 

Table 149.1 Examples of radionuclides used in positron emission 
tomography.

Radionuclide Half-life Positron 
decay (%)

Daughter 
atom

11C 20.4 min 99.8 11B

14N 9.96 min 100 13C

15O 2.07 min 99.9 15N

18F 109.7 min 96.9 18O

64Cu 12.7 hours 19 64Ni

68Ga 68.1 min 90 68N

75Br 101 min 76 75Se

82Rb 1.27 min 96 82Kr

89Zr 78.4 hours 22 89Y

124I 100.2 hours 23 124Te
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fication fluorodeoxyglucose-6-phosphate is unable to be metab-
olized further, thus causing it to accumulate in the cell. This 
accumulation, along with subsequent radioisotope decay and 
annihilation events, allows 18F-FDG to create PET contrast 
between high glucose-utilizing malignant cells and the sur-
rounding tissue to produce a clinically relevant image. This 
basic principle has made 18F-FDG PET an integral tool in 
modern cancer staging and detection.

Clinical applications of PET in 
gastroenterology

Since its initial development in the 1950s, PET image quality 
and reliability have vastly improved. While dozens of applica-
tions for PET have been explored over the decades, the greatest 
advances have occurred in the characterization and localization 
of solid tumors. Regarding gastrointestinal cancers, the United 
States Health Care Financing Administration (HCFA), now the 
Centers for Medicare and Medicaid Services, or CMS, first 
announced Medicare coverage in 1999 for 18F-FDG PET in the 
evaluation of patients with colorectal cancer and rising carci-
noembryonic antigen (CEA) levels. In December 2000, HCFA 
issued a decision memorandum broadening the indications for 
18F-FDG PET covered by Medicare to include diagnosis, staging 
and restaging of nonsmall cell lung cancer, colorectal cancer, 
esophageal cancer, lymphoma, melanoma, and head and neck 
(excluding thyroid and brain) cancers; myocardial viability 
studies; and presurgical evaluation of refractory seizures [19]. 
A subsequent survey of 22 institutions found no adverse reac-
tions in over 80 000 positron-emitting radiopharmaceutical 
administrations, highlighting the safety of PET [20]. As of 2009, 
evaluation of head and neck cancers, esophageal cancer, color-
ectal cancer, nonsmall cell lung cancer, melanoma, breast cancer, 
lymphoma, cervical cancer, thyroid cancer, and indeterminate 
solitary pulmonary nodule are covered by CMS reimbursement 
for diagnosis, staging, restaging, or monitoring [7]. CMS 
recently eased restrictions on radionuclide approval and thereby 
encouraged further PET development by relinquishing Medicare 
coverage determinations for new FDA-approved radiopharma-
ceuticals to local jurisdictions when national coverage determi-
nations are not present [21]. It has also eliminated a previous 
restriction of only one PET scan for planning an initial treat-
ment strategy in patients with suspected malignancy.

In the treatment of solid tumors, a lesion’s location relative to 
other anatomic structures is critical information on which a 
therapeutic plan is based. As PET images are dependent upon 
relatively specific radiotracer uptake in tumor tissue, PET in 
isolation cannot reliably give the clinician necessary informa-
tion about extent of disease or involvement of adjacent struc-
tures. A major advance over the past decade has been the 
development of combined PET/CT and PET/MRI scanners, 
which can simultaneously provide both functional and ana-
tomical imaging [5,22,23], with performance that is superior to 

approach known as “immuno-PET” in order to localize target 
tissues.

Radionuclides vary widely in chemical reactivity and half-life 
depending on their intended use. Most PET radiotracers have a 
relatively short half-life and high tissue specificity, allowing for 
minimal tracer doses and consequent radiation exposure. 
However, some longer half-life radioisotopes must be used 
when imaging slower physiologic processes or when the tracer 
requires time to accumulate in target tissue. Synthesis of PET 
radiotracers involve two main components: (1) production of 
the positron emitter, and (2) incorporation of the radionuclide 
into a molecule of choice. Positron-emitters are generated in 
accelerators, commonly small medical cyclotrons, at commer-
cial and research facilities [15]. Cyclotron beams are used to 
bombard specific atoms in order to create a PET radioisotope, 
which must then be incorporated into a radiotracer. Given the 
options afforded with isotopic, analogic, and chelator-based 
synthesis, there are theoretically an unlimited number of PET 
radiotracers that can be formed. Simple molecules to measure 
blood volume and blood flow, amino acids to study protein 
synthesis, fatty acids and sugars to study metabolic pathways, 
ligands to map receptor distribution, and antibodies to identify 
membrane targets, are just a few of the hundreds of examples 
of tracers that have been utilized both clinically and in the 
research setting. Short half-life radiotracers like 15O-water 
necessitate on-site synthesis and limit their use to highly spe-
cialized centers. By comparison the most commonly used PET 
radiotracer, 18F-FDG, has a much longer half-life enabling its 
production at regional facilities which then manage distribution 
to clinical sites typically through commercial suppliers. Certain 
radionuclides like 124I and 89Zr possess half-lives on the order of 
days, allowing for synthesis and distribution by a handful of 
national centers. Once a radionuclide is obtained, it must be 
quickly incorporated into a tracer as a purified, sterile, isotonic, 
pyrogen-free solution [14]. Because of the many types of spe-
cialized expertise including physics, chemistry, computer 
science, imaging, and medicine, a collaborative team with 
diverse expertise is needed in order to develop and maintain an 
active PET program.

2-Deoxy-2-[18F]fluoro-D-glucose (FDG)

18F-FDG is by far the most clinically prevalent PET radiotracer, 
currently used in over 95% of scans [16]. The tracer’s utility in 
oncology derives from the high utilization of glucose by many 
solid tumors [17], as well as the structural similarities between 
glucose and 18F-FDG [3,18]. Cellular glucose transport and uti-
lization is highly complex and has been the subject of a great 
deal of research. Briefly, after cells take up glucose and 18F-FDG 
via specific membrane-bound transporters, both undergo phos-
phorylation by hexokinase in the cytoplasm to yield glucose-6-
phosphate which continues down the glycolytic pathway in 
order to provide the cell with energy. However, due to its modi-



2860   PART 5 Diagnostic and therapeutic modalities in gastroenterology

of primary disease (Figure 149.2). Recent studies have focused 
on added value of dual imaging modalities.

In suspected metastatic or recurrent colorectal cancer, the 
reported sensitivity of whole-body or local/pelvic 18F-FDG PET 
is 87% to 100%, and specificity is 67% to 100% [32–43]. Values 
for local/pelvic disease are equivalent or superior (sensitivity 
95% [Confidence interval [CI]], 91% to 98%], and specificity 
98% [CI, 96% to 99.7%]). For hepatic involvement, estimated 
sensitivity and specificity are even higher at 96% (CI, 94% to 
99%), and 99% (CI, 98% to 100%), respectively, and 18F-FDG 
PET has out-performed CT (sensitivity 65% to 89%, specificity 
62% to 89%) in all major studies comparing the two modalities 
[32,35,37,44]. While MRI does appear to add value over CT 
alone, PET is still the most sensitive of the technologies in the 
detection of recurrent disease. A meta-analysis and large sys-
temic review reported per-patient sensitivities for nonhelical 
CT, helical CT, MRI, and 18F-FDG PET of 60%, 65%, 76%, and 
95%, respectively [44] and superior sensitivity and specificity 
for 18F-FDG PET in both intra-and extrahepatic disease [45].

that of either PET alone or that of software-fused independently 
acquired PET and CT images [24]. Serious incorrect lesion 
localization with PET/CT is infrequent (2%) [25]. Importantly, 
PET alters medical decision making in a large proportion of 
cancer patients with respect to surgical interventions and radia-
tion therapy [26–28].

Colorectal cancer

Increased 18F-FDG avidity in hepatic metastases from colorectal 
cancer was demonstrated at a very early stage in PET technol-
ogy development [29]. Later studies suggested that 18F-FDG 
PET could be useful in differentiating recurrent rectal cancer 
from surgical scar or a nonmalignant mass due to its increased 
glycolytic activity [30,31]. Subsequently, other indications for 
18F-FDG PET have been investigated including the evaluation 
of patients with suspected colorectal cancer recurrence, preop-
erative staging of patients with known recurrence, and in staging 

Figure 149.2 Imaging with contrast computed tomography (CT) and 18F-fluorodeoxyglucose positron emission tomography (18F-FDG PET) in a patient 
with sigmoid colon adenocarcinoma with perisigmoid abscess and liver metastasis, initial staging. (a) Axial contrast CT image shows irregular bowel 
wall thickening with luminal narrowing involving the sigmoid colon (arrow in a) and rim-enhancing soft tissue and gas-containing abscess next to the 
sigmoid (arrowhead in a). (b–d) Corresponding PET images show sigmoid malignancy (arrow in b and c) with perilesional abscess also intense 
hypermetabolic (arrowhead in b and c), and one liver metastasis (arrow in d). Another large focus of uptake in the pelvis represents excreted 18F-FDG 
in the bladder.

(a)

(b) (c) (d)
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86%) for 18F-FDG PET versus CT, with 18F-FDG PET providing 
additional information in around 10% of patients [55]. This is 
comparable to the 11% reported in an earlier study [56].

As of the writing of this text, only one study has assessed 
18F-FDG PET in the staging of primary colorectal cancer [57]. 
The sensitivity and specificity of 18F-FDG PET for the primary 
tumor were 100% and 43% respectively. For liver metastases, the 
sensitivity and specificity were 88% and 100%, compared with 
38% and 97% for CT. When looking for lymph node metastases, 
the sensitivity and specificity of 18F-FDG PET were 29% and 
96%, compared with 29% and 85% for CT. A more recent study 
found the accuracy of 18F-FDG PET for tumor, nodal, and meta-
static staging to be 82%, 66%, and 89% respectively, compared 
with 77%, 60%, and 69% for helical CT [58]. Thus, the utility of 
18F-FDG PET appears greater in detecting distant metastases 
than evaluating the primary tumor or local nodal basin. Whole-
body 18F-FDG PET/CT colonography has also been proposed 
for initial staging of patients with colorectal cancer [59], but at 
this time is not widely used clinically.

When investigating its role in detecting premalignant lesions, 
van Kouwen and colleagues reported increasing sensitivity of 
18F-FDG PET for colorectal adenomas as a function of size, for 
example: 21% for 1 mm to 5 mm versus 72% for >11 mm, and 
grade of dysplasia for example 33% for low-grade versus 76% 
for high-grade dysplasia versus 89% for carcinoma [60]. Others 
have reported limited sensitivity of 18F-FDG PET for premalig-
nant lesions and cancers under 2 cm [61].

While 18F-FDG PET has demonstrated utility in multiple 
clinical studies, its ultimate value lies in affecting patient out-
comes. Several investigators have reported on the impact of 
18F-FDG PET on medical decision-making. In a meta-analysis 
by Huebner and colleagues, it was estimated that 18F-FDG PET 
affected management in 29% (95% CI, 25% to 34%) of patients 
undergoing evaluation for recurrent colorectal cancer [62]. 
Subsequent studies have reported similar results, with 18F-FDG 
PET affecting management in 23% of patients undergoing pre-
surgical evaluation of hepatic metastases [40], 20% to 61% of 
patients suspected of having metastatic or recurrent colorectal 
cancer [28,46–49], and 17% of patients with primary rectal 
cancer [63]. In a study of 76 patients, 18F-FDG PET/CT and 
contrast-enhanced CT provided similar information about 
hepatic metastases, whereas PET/CT was superior in detecting 
recurrent intrahepatic tumors after hepatectomy, extrahepatic 
metastases, and local recurrence, in total affecting management 
in 21% of cases [64]. 18F-FDG PET was more accurate than 
conventional imaging tests in predicting the resectability of 
recurrent disease (82% vs 68%; P = 0.02) [65]. In a systematic 
review, Wiering and colleagues reported a change in manage-
ment due to 18F-FDG PET in 32% of patients, but a slightly 
lower 25% when only the highest quality studies were consid-
ered [45]. 18F-FDG PET/CT was reported to affect patient man-
agement in 7 of 23 patients with suspected hepatic metastases 
or recurrent disease [66]. More important than any impact on 
decision making is the observation that patients who underwent 

18F-FDG PET has repeatedly validated its performance 
through both qualitative and semi-quantitative analytic meth-
odologies, such as the standardized uptake value (SUV), or SUV 
corrected for lean body mass (SUL) [46], which normalizes 
signal intensity by radioactive dose injected, body weight, and 
the target-to-background ratio, which compares signal intensity 
within and outside a region of interest [33,34,39,40].

18F-FDG PET/CT performed better than 18F-FDG PET alone 
in detecting recurrent colorectal cancer, with sensitivity of 89%, 
specificity of 92%, and overall accuracy of 90%, compared with 
80%, 69%, and 75%, respectively [47]. This advantage also 
extends to the detection of recurrent rectal cancer after abdomi-
noperineal resection [48]. If a dual-modality study is obtained, 
dedicated interpretation of the CT portion of the 18F-FDG PET/
CT scan improves overall performance (sensitivity, specificity, 
and accuracy of 99%, 100%, and 98% compared with 91%, 63%, 
and 83% for the PET/CT report alone; P < 0.05) [49].

After a patient has undergone initial treatment, recurrence 
may be suspected on the basis of symptomatology, physical 
findings, rising CEA levels, or anatomical imaging studies. In a 
study of 22 patients with previous colorectal cancer resection 
who had abnormal CEA but normal anatomical imaging studies, 
15 patients were ultimately considered to have recurrent disease. 
18F-FDG PET detected abnormalities in 17 patients, including 
the 15 with proven recurrence, yielding a positive predictive 
value of 89% and a negative predictive value of 100% [41]. 
Furthermore, 18F-FDG PET may predict which patients with 
abnormal CEA might benefit from laparotomy [50]. It may help 
triage patients with CEA elevations under 25 ng/mL into poten-
tially resectable and unresectable subgroups, while primarily 
confirming advanced disease in those with higher CEA levels 
[51]. If not performed concurrently with CT, 18F-FDG PET can 
still provide additional value for patients both with and without 
inconclusive findings on traditional imaging. The additional 
value of 18F-FDG PET was examined in 103 patients with sus-
pected or proven colorectal cancer recurrence who separately 
underwent conventional imaging including CT [42]. In 12 of 60 
patients considered to have resectable disease on conventional 
imaging, 18F-FDG PET detected additional disease in nine and 
excluded disease in three, yielding additional diagnostic value 
in 20%. In 13 patients with inconclusive conventional imaging 
or isolated elevated CEA, 18F-FDG PET was of additional diag-
nostic value in 62%.

Accurate presurgical staging is essential in determining a 
patient’s eligibility for resection of both primary and metastatic 
lesions. 18F-FDG PET helps delineate intra- and extrahepatic 
disease not detected by conventional imaging [52,53]. However, 
a study directly comparing 18F-FDG PET results with surgical 
resection specimens found that performance was highly 
dependent on tumor size, preoperatively identifying only 25% 
of hepatic lesions smaller than 1 cm, compared with 85% of 
lesions larger than 1 cm [54]. A prospective evaluation of 53 
patients with potentially resectable hepatic metastases revealed 
comparable sensitivities (75% vs 76%), and accuracies (88% vs 
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mining resectability was 88% for 18F-FDG PET, and 65% for CT 
(P = 0.04), but neither modality could assess the extent of wall 
invasion [81]. Differences in accuracy of similar magnitude 
have been found in other studies [79,80,83]. However, in a  
prospective study of 58 patients comparing CT and 18F-FDG 
PET in the evaluation of abdominal lymph node metastases,  
the investigators observed a sensitivity of only 34% for PET  
and 75% for CT. Evaluation of intrathoracic lymph nodes 
yielded a slightly improved yet still inferior (42% vs. 75%)  
sensitivity [86].

As with colorectal cancer staging, an important contribution 
of 18F-FDG PET appears to be its ability to detect distant metas-
tases not visible on anatomical imaging, thus altering manage-
ment (Figure 149.3). Flamen et al. [84] reported superior 
accuracy for the detection of metastatic disease when compared 
with combined CT/EUS (82% vs. 64%) due largely to PET’s 
notably higher sensitivity (74% vs. 47%). Additional diagnostic 
value was afforded to 22% of patients, with up-staging in 15% 
and down-staging in 7% [84]. Of note, upstaging was from M0 
to M1 disease, thus preventing unnecessary surgery in these 
patients. Heernen et al. [87] reported PET accuracy at 86% 
compared to CT/EUS at 69%, with PET upstaging 20% of 
patients to M1 disease. PET/CT delineated tumor better than 
CT alone in another study, contributing to radiotherapy treat-
ment planning [88].

Differences in survival have been reported based on stratifi-
cation by initial 18F-FDG PET result [80]. Survival at 30 months 
was 60% in patients with localized disease compared with 20% 
in patients with distant disease (P = 0.01), suggesting that 18F-
FDG PET results may be of prognostic value. The number of 
PET abnormalities at baseline is an independent predictor of 
survival [89]. Serial 18F-FDG PET appears to have a strong cor-
relation with pathological response to neoadjuvant chemoradia-
tion therapy in locally advanced esophageal cancer, with PET 
major responders surviving a median of 16.3 months compared 
with 4 months for PET nonmajor responders [90].

Many studies have evaluated the relationship between SUV 
intensity and overall survival. In a systematic review of 12 
studies, all demonstrated a higher primary tumor maximum 
SUV was associated with increased mortality, though only seven 
studies reached statistical significance [91]. Due to its correla-
tion with pathologic stage, maximum SUV’s effect on survival 
is likely confounded by tumor size. In several smaller studies, 
peak SUV was associated with survival in univariate, but not 
multivariate analysis controlling for pathologic stage [92,93]. 
However, in a retrospective study of 184 patients with predomi-
nately (91%) squamous cell carcinoma, maximum SUV 
remained independently and significantly associated with 
overall survival, even when controlling for pathologic stage (5 
year survival SUVmax  ≥  4.5 was 47% vs. 76% in those with 
SUVmax ≤ 4.5) [94]. Interestingly, in a similarly sized retrospec-
tive study of 189 patients with esophageal adenocarcinoma who 
underwent chemoradiation as primary treatment, maximum 
SUV did not independently predict survival [95].

hepatic resection for metastases after staging with 18F-FDG PET 
had a 5 year actuarial survival of 58% compared with a median 
of 30% in historic controls without preoperative PET examina-
tion [67], though this gap may have closed in recent years due 
to improvements in therapy.

The ability to monitor response to systemic therapies is 
another clinically relevant use for 18F-FDG PET. Decreases in 
18F-FDG uptake after chemotherapy have been shown to cor-
relate with response to chemotherapy [68,69]. This prognostic 
value is likely highest in patients with locally advanced rectal 
cancer, where an immediate postchemotherapy decrease in 
maximum tumor SUV has shown to be able to distinguish treat-
ment responders from nonresponders with sensitivity, specifi-
city, positive predictive value, negative predictive value, and 
overall accuracy of greater than 80% [70–72]. In contrast, 
because reactive inflammatory tissue is also 18F-FDG-avid, PET 
may not be able to accurately assess the response to radiation 
therapy in the short-term [73,74]. However, one pilot study has 
suggested that 18F-FDG PET might be of incremental value in 
selecting patients with rectal cancer for sphincter-preserving 
surgery after preoperative radiation and chemotherapy [71]. 
18F-FDG PET may be useful in predicting the response of liver 
metastases to treatment with bevacizumab and irinotecan [75].

In patients with unresectable liver metastases, PET has been 
performed with 18F-fluorouracil before 5-fluorouracil chemo-
therapy to determine its potential role in predicting prognosis 
[76]. Overall, patients with higher values for 18F-fluorouracil 
uptake were more likely to achieve stabilization of disease with 
chemotherapy, but trapping of 18F-fluorouracil varied among 
metastases even within the same patient. Quantitative modeling 
of 18F-fluorouracil uptake has been investigated as a way to 
optimize treatment schedules for individual patients [77]. 
Specific kinetic parameters of 18F-FDG PET may be useful 
in determining prognosis with 5-fluorouracil/folinic acid/
oxaliplatin chemotherapy [78].

Esophageal cancer

Multiple studies have compared 18F-FDG PET and CT for 
staging of esophageal cancer [79–83]. The specificity of the two 
tests appears to be comparable in the evaluation of nodal disease 
(PET 79% to 94%, CT 73% to 100%), while the sensitivity of 
18F-FDG PET appears to be superior (PET 69% to 92%, CT 28% 
to 46%). As with colorectal carcinoma, size appears to be a criti-
cal factor for the test’s sensitivity. In an initial study by Flamen 
et al. [84], 18F-FDG PET was able to detect 70 out of 74 esopha-
geal lesions, failing to detect four T1 lesions all measuring less 
than 8 mm. In a prospective series of 81 patients who underwent 
18F-FDG PET and then surgical resection, 43% of pT1 were 
identified. Sensitivity increased with the depth of tumor inva-
sion, and was 83% at pT2, 97% at pT3, and 100% at pT4 [85]. 
For both 18F-FDG PET and CT, detecting local nodal involve-
ment is problematic. In one study, the overall accuracy in deter-
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SUV ≥ 4.0 had an overall survival of only 7 months, compared 
to 32 months in the lower SUV subgroup. This result was con-
firmed in multivariate analysis to be an independent predictor 
of survival and was in agreement with other published results 
[108].

Two important factors may affect the results of 18F-FDG PET 
in pancreatic imaging. First, hyperglycemia can result in false-
negative studies in pancreatic cancer [96,109]. The cancer itself 
may cause endocrine insufficiency, and hyperglycemia results in 
greater competition between glucose and 18F-FDG for uptake 
into cells. In patients with normal serum glucose, the sensitivity 
and specificity of 18F-FDG PET in diagnosing pancreatic cancer 
were reported as 98% and 84%, compared with 63% and 86% 
in hyperglycemic patients [96]. Second, inflammation can 
induce 18F-FDG uptake as intense as that seen in tumor, either 
in the setting of pancreatic masses without clear evidence of 
acute pancreatitis, or during and after attacks of acute pancrea-
titis [110]. If serum C-reactive protein levels are elevated, the 
specificity of PET may fall to 50% [110].

Multiple imaging modalities can be used in evaluating 
patients with suspected pancreatic malignancy. One study 
reported sensitivity and specificity for four different modalities 
in patients with suspected pancreatic cancer: 94% and 82% for 
18F-FDG PET, 89% and 73% for CT, 97% and 64% for EUS, and 
89% and 45% for abdominal ultrasound [102]. Subsequent 

Pancreatic cancer

The initial HCFA decision memorandum in December of 2000 
did not include pancreatic imaging as an approved indication 
for 18F-FDG PET under Medicare. However, pancreatic imaging 
is considered a recognized application of 18F-FDG PET by some 
experts [53] and was eligible for National Oncology PET 
Registry (NOPR) coverage as of 2006. Various studies have 
evaluated 18F-FDG PET in the diagnosis of pancreatic cancer 
and its differentiation from chronic pancreatitis [96–104]. The 
reported sensitivity of PET in this setting is 85% to 96% with 
specificity of 78% to 100%, compared with 65% to 89% and 62% 
to 89% for CT. 18F-FDG PET may be useful in assessing pancre-
atic masses that are indeterminate for malignancy on conven-
tional imaging, with sensitivity of 68% to 96% and specificity of 
78% to 100% [105]. Beyond visual interpretation of images, 
semi-quantitative analysis has demonstrated differences 
between signal intensity, such as SUV, in tumor and chronic 
pancreatitis [98,100,103,104,106]. In one study, 18F-FDG PET 
suggested potential alterations in clinical management in 43% 
of patients [99]. However, it is not the preferred modality in 
primarily staging extent of invasion or local-regional involve-
ment, as CT/EUS have superior spatial resolution. 18F-FDG PET 
has demonstrated its use in prognosticating pancreatic cancer 
outcomes. Sperti et al. [107] reported that patients with an 

Figure 149.3 18F-Fluorodeoxyglucose positron emission tomography (18F-FDG-PET)/computer tomography (CT) staging of gastroesophageal (GE) 
junction adenocarcinoma. Coronal 18F-FDG -PET scan (a) and corresponding fused images (b) demonstrate primary cancer at the GE junction 
(arrowhead in a and b) and hypermetabolic gastrohepatic ligament lymph nodes (arrow in a and b). (c) 18F-FDG PET fused images demonstrate one 
metastatic bony lesion at T3 vertebra (arrow in c), (d) one subcutaneous metastatic lesion in the right upper quadrant (arrow in d), (e) and one 
suspicious intramuscular left subscapularis hypermetabolic focus (arrow in e).

(a) (b) (c) (d) (e)
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18F-FDG PET has demonstrated utility in both evaluating 
treatment response, as well as monitoring patients for recur-
rence. Torizuka et al. [127] reported on the metabolic activity 
of 32 tumors after transcatheter arterial chemoembolization 
(TACE), demonstrating that a posttreatment decrease in or 
absence of 18F-FDG uptake indicated >90% necrosis and rela-
tive therapeutic efficacy. Another study showed that in patients 
who have undergone HCC therapy who have rising α-fetoprotein 
levels and normal conventional imaging, 18F-FDG PET had 73% 
sensitivity and 100% specificity for detecting recurrent disease 
[128]. 18F-FDG PET/CT may also have a role in monitoring 
response to radiofrequency ablation [129,130], or yttrium 90 
glass microsphere treatment [131] of unresectable metastases.

In contrast to poor results in the diagnosis of HCC, 18F-FDG 
PET can be useful in evaluating metastatic disease to the liver 
[132], as discussed previously. One study of such patients with 
various primary tumors and possible liver involvement found 
overall sensitivity of 97% and specificity of 88% for 18F-FDG 
PET compared with 93% and 75% for CT (not statistically dif-
ferent) [133]. 18F-FDG PET yielded new information for 23% of 
patients, including demonstrating liver metastases in 17% of 
patients in whom other imaging was equivocal or negative. In 
patients undergoing CT-guided fine needle aspiration (FNA) of 
liver lesions, 18F-FDG PET correlated with FNA diagnosis in 
96% of positive, and 86% of negative biopsies [134], numbers 
likely to increase as PET technology has improved.

18F-FDG PET has also been examined in the setting of inde-
terminate hepatic lesions. In a series of 110 patients with hepatic 
lesions 1 cm or larger on CT, all liver metastases from adeno-
carcinomas and sarcomas as well as all cholangiocarcinomas 
showed increased 18F-FDG uptake values, whereas only 70% of 
HCC’s had increased uptake [135]. All benign lesions had poor 
uptake and PET signal in abscesses was either equivocal or 
elevated. 18F-FDG may have a role in evaluating other primary 
hepatic tumors like cholangiocarcinoma, although uptake 
appears highly dependent on the tumor type. Anderson et al. 
[136] reported that sensitivity for the nodular type of cholangi-
ocarcinoma was 85% compared with only 18% for infiltrating 
morphology. Ultimately, the role of 18F-FDG in discriminating 
benign and malignant disease in the bile duct remains contro-
versial, with multiple studies showing either equivalency or 
inferiority to CT, MRI, or MRCP [137,138].

Neuroendocrine tumors

Neuroendocrine tumors (NET) are a heterogeneous group of 
neoplasms that originate from the neural crest. Given the fact 
that these tumors are characterized by their ability to overex-
press somatostatin receptors (SST) in most cells deriving from 
neuroendocrine dispersed cells [139], somatostatin receptor 
scintigraphy (SRS) has been used in evaluation of these tumors. 
PET imaging using 18F-FDG has lower sensitivity than conven-
tional SRS with 111In-DTPA- pentetreotide (OctreoScan) for the 

studies found sensitivity for detecting pancreatic cancer of 87% 
for 18F-FDG PET, 53% for CT and 93% for EUS [111], and 87% 
for 18F-FDG PET, 87% for MRI, and 98% for EUS [112]. Overall 
accuracy values (defined as area under receiver operating char-
acteristic curves, with one reflecting a perfect test) for differen-
tiating malignant from benign pancreatic masses have been 
reported for various imaging strategies [109]. Overall accuracy 
was 0.86 for 18F-FDG PET, 0.93 for endoscopic retrograde 
cholangiopancreatography (ERCP), 0.82 for CT, and 0.95 for the 
combination of 18F-FDG PET and ERCP. In the subgroup of 
euglycemic patients with contradictory or indeterminate CT 
and ERCP results, 18F-FDG PET was accurate in 84% of cases. 
The ability for PET to detect indeterminate CT lesions was even 
higher (100%) in another study [99]. More recently, combina-
tion PET-CT studies have also been shown to have superior 
sensitivity to either PET, or CT in isolation [113–115].

18F-FDG PET has also been studied for staging of metastatic 
disease. One study of 18F-FDG PET in pancreatic cancer found 
sensitivity and specificity of 49% and 63% for lymph node 
staging and 70% and 95% for hepatic metastases [109]. As in 
colorectal cancer, 18F-FDG PET may miss smaller metastases 
(<1 cm). A study designed specifically to assess the detection of 
hepatic metastases from pancreatic cancer found sensitivity of 
90% and specificity of 91% for 18F-FDG PET, compared with 
69% and 100% for CT, and 82% and 100% for abdominal ultra-
sound [116]. In another investigation, the sensitivity of 18F-FDG 
PET for hepatic and extrahepatic disease was 78% compared 
with 33% for CT [111]. 18F-FDG PET has also been used to 
monitor patients after therapy [117,118]. Survival in patients 
without measurable pancreatic 18F-FDG uptake 1 month after 
chemotherapy was improved compared with patients with 
residual 18F-FDG uptake (319 vs 139 days; P =  0.034). When 
used for detecting malignancy in cystic tumors of the pancreas, 
18F-FDG PET had a sensitivity of 94% and specificity of 97% 
compared with 65%, and 87% for CT [119].

Hepatic imaging

18F-FDG PET has been evaluated for both primary and second-
ary tumors in the liver. The sensitivity of 18F-FDG PET for 
hepatocellular carcinoma (HCC) is poor [120]. In one study, 
only 50% of sonographically detectable HCC’s demonstrated 
increased 18F-FDG uptake [121]. Several other studies have cor-
roborated a near 50% sensitivity [122,123] relative to >90% for 
CT. HCC’s low expression of GLUT-1 transporters as well as 
high baseline expression of glucose-6-phosphatase in normal 
liver are theorized to be the etiology of this relatively low value 
[124,125]. However, in the subset of patients with HCC who 
have positive scans, 18F-FDG PET is highly correlative to 
pathologic tumor grade [126], with one study reporting 0% of 
well-differentiated tumors showing increased 18F-FDG uptake 
compared with 88% of moderately or poorly differentiated 
tumors [121].
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cursors L-dihydroxyphenylalanine and 5-hydroxy-L-tryptophan 
(5-HTP) have been utilized for PET imaging of NET.

Carcinoid tumors synthesize serotonin from 5-HTP. PET 
using the 11C-labeled serotonin-precursor 5-HTP has been 
shown to be a sensitive modality for NET imaging, surpassing 
both SRS and CT [151–153]. In one study 38 consecutive NET 
patients underwent 11C-5-HTP-PET and morphological imaging 
by CT within 12 weeks prior to surgery with 83.8% sensitivity 
and 100% specificity for lesion detection [154].

18F-fluorodihydroxyphenylalanine (18F-DOPA) another agent 
being explored for imaging of neuroendocrine tumors has  
demonstrated excellent performance for lesion identification 
(reported sensitivities between 65% to 96%) [153,155–159]. 
Koopmans et al. [153] found that the diagnostic performance 
of PET was superior to the combination of SRS with CT. Various 
groups have reported that 18F-FDOPA PET performs best in 
the midgut carcinoid subgroup of neuroendocrine tumors,  
possibly because of their often prominent metabolic activity 
[155,159].

GIST

18F-FDG PET-CT has a role in initial staging, monitoring 
response to therapy and detection of recurrent gastrointestinal 
stromal tumors (GIST). 18F-FDG PET of gastrointestinal stromal 
tumor patients at baseline is useful in establishing maximum 
tumor activity levels and for accurate staging.

18F-FDG PET can detect response to imatinib mesylate treat-
ment in patients with malignant gastrointestinal stromal tumors 
[160–162] as early as 1 week after starting therapy [163,164]. A 
good response to therapy demonstrated on 18F-FDG PET 
imaging is associated with a longer progression-free survival 
[162]. 18F-FDG PET is superior to CT in predicting early 
response to therapy in recurrent or metastatic GIST patients 
[165].

Other diseases
Published sensitivities for 18F-FDG PET range from 47% to 96% 
for the detection of gastric cancer and from 23% to 73% for the 
detection of lymph node involvement [166–170]. Physiologic 
18F-FDG uptake is a diagnostic pitfall in detection of disease in 
the stomach. In gastric malignancy 18F-FDG PET is generally 
not helpful in determination of the T-stage of the lesion and 
characterization of all perigastric lymph nodes as uptake within 
the primary tumor may obscure adjacent nodal uptake; however 
the identification of nonperigastric nodes can have a significant 
impact on patient management and surgical planning [171].

18F-FDG PET results may predict response to preoperative 
chemotherapy in gastric cancer. Patients with a metabolic 
response appear to have improved survival compared with met-
abolic nonresponders [172]. 18F-FDG PET facilitated early 
detection of hereditary diffuse gastric cancer in an asympto-
matic carrier of a germline E-cadherin mutation [173].

evaluation of these types of tumors due to the fact that most of 
the NET are well-differentiated tumors with low metabolic 
activity and slow growth [140]. In one prospective study of 96 
patients, the overall sensitivity of 18F-FDG PET was 58% versus 
89% for OctreoScan [140]. However, for poorly differentiated 
neuroendocrine tumors with loss of somatostatin receptor and 
a proliferation index greater than 15, the sensitivity of 18F-FDG 
imaging became greater than 111In-DTPA-pentetreotide 
(OctreoScan) (92% vs. 69%) [140].

Recently, another group of PET tracers, 68Ga-DOTA-peptides 
which are somatostatin receptor analogs labelled to the positron 
emitter 68Ga, has been used for the evaluation of neuroendo-
crine tumors. Two different preparations of octreotide, 
68Ga-DOTATOC and 68Ga-DOTANOC, and one of octreotate, 
68Ga-DOTATATE, are most commonly used. These agents can 
be used for disease staging, evaluation of patients with known 
disease to detect residual, recurrent or progressive disease 
(restaging), determination of SST receptor status (patients with 
SST receptor-positive tumors are more likely to respond to 
radionuclide therapy), and selection of patients with metastatic 
disease for SST receptor radionuclide therapy (with 177Lu or 
90Y-DOTA-peptides) [141]. These agents have a higher sensitiv-
ity for the detection of well-differentiated neuroendocrine 
tumors compared to CT/MRI [142–144] and to SRS using 
γ-camera [143]. 68Ga-DOTA-peptide is also superior to 18F-
FDG for imaging of well-differentiated NET [145].

For example, 68Ga-DOTATOC has been shown to be superior 
to conventional CT imaging and 111In-DTPA -pentetreotide 
(OctreoScan) single photon emission computed tomography 
(SPECT) imaging for the evaluation of neuroendocrine tumors 
with a sensitivity of 97%, a specificity of 92%, and an accuracy 
of 96% [146]. 68Ga-DOTATOC imaging can provide further 
clinically relevant information in up to 14% of patients com-
pared to SPECT, and up to 21% of patients compared to con-
ventional CT imaging [147].

68Ga-DOTANOC, another 68Ga-DOTA-peptide, has also 
been shown to be superior to conventional imaging with a 
reported sensitivity and specificity of 78.3% and 92.5%, respec-
tively, for primary tumor, and 97.4% and 100% for metastases 
[144].

Another study using DOTANOC showed that the agent can 
detect occult primary sites in the abdomen in up to 59% of 
patients, compared to 39% for SSR imaging, and 20% for CT 
[148]. This is important given that failure to identify the primary 
tumor has been demonstrated to have a negative impact on the 
survival of patients with gastroenteropancreatic neuroendo-
crine tumors [149]. In another study of patients with negative 
or equivocal findings on 111In-DTPA -pentetreotide imaging, 
68Ga-DOTATATE PET identified 74% of sites of disease and 
changed management in 71% of patients [150].

In addition to 68Ga-labelled somatostatin analogues, other 
PET tracers have been used to evaluate patients with NET.  
Thus, based on the concept of amine precursor uptake and 
decarboxylation (APUD), the 18F- and 11C-labelled amine pre-
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However, mean SUV was about half that of 18F-FDG, and 18F-
FLT failed to identify tumors in around 20% of patients [184]. 
Similarly, 18F-FLT SUV values in gastric cancer are typically 
lower than 18F-FDG with the exception of signet ring cell tumors 
where they approach statistical equivalency [189]. In a series of 
45 gastric cancer patients, 18F-FLT PET demonstrated superior 
sensitivity by identifying all primary tumors, while 18F-FDG 
failed to detect 14 tumors due to high background gastric 
uptake. Additionally, while 18F-FLT PET does not accurately 
predict pathologic response prior to neoadjuvant chemother-
apy, it does demonstrate good correlation with histologic pro-
liferation (Ki-67) and treatment response after systemic 
therapies are initiated [190].

Future directions

PET has been called the most sensitive and specific means of 
studying, through imaging, molecular processes in humans in 
vivo [191]. The development of a micro-PET scanner for small 
animals, combined with rapidly growing experimental capabili-
ties in molecular biology, presents the opportunity to carry out 
molecular imaging assays in vivo, including studies of protein 
and gene expression [192].

In the clinical arena, the number of clinical PET facilities 
continues to grow, and PET is becoming an essential diagnostic 
tool for the management of many patients with cancer. Given 
the ability to produce 18F-FDG off-site and its commercial avail-
ability in the USA, there is no longer a need for clinical PET 
centers to operate on-site cyclotrons, which has eliminated a 
significant barrier to PET usage. Additionally, the relaxation of 
regulatory restrictions and expansion of coverage by CMS has 
further facilitated PET’s expansion. Newer radiopharmaceuti-
cals utilizing 18F as well as other functional and ligand-targeted 
radiotracers will extend the range and scope of processes that 
PET can investigate. The availability of PET/CT and PET/MRI 
scanners is likely to increase, providing both functional and 
anatomical information simultaneously with minimal incre-
mental burden to patients.
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Gastrointestinal tract lymphoma may present as primary 
lymphoma or as disseminated nodal disease secondarily involv-
ing the gastrointestinal tract with the most common histology 
being diffuse large B-cell lymphomas followed by MALT lym-
phoma. Depending on the geographic region, studies showed 
that the most frequently involved organ was either the stomach 
or the small intestine, followed by colon and other gastrointes-
tinal organs including pancreas and liver [174,175]. Despite the 
physiologic 18F-FDG uptake in the bowel, 18F-FDG PET has 
value in staging of the disease, and evaluation of response to 
treatment particularly when pretreatment PET results are posi-
tive [176].

18F-FDG PET has been studied in both children and adults 
and has been found to have an excellent sensitivity for detection 
of acute bowel inflammation. However, the specificity is lower 
in some of the studies as differentiation of 18F-FDG uptake 
between inflammation caused by ischemic damage, infection 
and inflammatory bowel disease (IBD) remains challenging. In 
one retrospective study of 23 patients with suspected IBD 
overall sensitivity was excellent (98 %) with a lower specificity 
of (68%) [177]. Other authors report better specificity (89%) for 
lesion characterization [178].

18F-FDG exhibits good correlation with the clinical, endo-
scopic and biological activity of Crohn’s disease [179,180] which 
enables monitoring of response to treatment by documenting 
the disease activity before and after treatment [181].

Incidental gastrointestinal uptake may be seen in approxi-
mately 3% of PET or PET/CT studies performed for pulmonary 
or other imaging, and often reflects clinically significant lesions, 
with pathology including unsuspected gastrointestinal malig-
nancy [182–185].

Non-FDG PET

Because of its favorable decay characteristics, 18F has also been 
utilized in biologic compounds apart from FDG, most notably 
the thymidine analogue 18F-3′-deoxy-3′-fluorothymidine (18F-
FLT). 18F-FLT PET takes advantage of thymidine kinase 1, 
which leads to the sequestration of 18F-FLT after phosphoryla-
tion, due to its upregulation in malignant and other rapidly 
proliferating cells. Since its development in the late 1990s [186], 
18F-FLT PET has been studied in a host of gastrointestinal 
malignancies, with varied results. In colon cancer, 18F-FLT can 
reliably identify primary tumors, but its overall uptake is lower 
than 18F-FDG [187] and liver metastases cannot be visualized 
by 18F-FLT due to hepatic glucuronidation leading to high back-
ground uptake [188]. In a recent study, decrease in 18F-FLT 
uptake during systemic therapy was able to predict disease-free 
survival. However, this was also successfully prognosticated by 
pretreatment 18F-FDG uptake levels. In one study evaluating its 
use in esophageal squamous cell carcinoma, 18F-FLT was able to 
better delineate gross tumor volume when compared to 18F-
FDG, leading to more accurate radiation treatment planning. 

http://www.yamadagastro.com/textbook


2867

Chapter menu

Introduction, 2867

Radiopharmaceuticals, 2867

Common gastrointestinal nuclear medicine studies, 2868

Further reading, 2885

Introduction

Diagnostic tests using radiopharmaceuticals and nuclear medi-
cine techniques have been utlized by gastroenterologists for 
decades; the first publication regarding the use of radionuclides 
to quantify gastric emptying was reported in Lancet in 1966 [1]. 
Nuclear medicine studies depend on physiology and function, 
and thus provide information often not available from anatomi-
cal imaging methods, e.g., ultrasonography, computed tomog-
raphy (CT) and magnetic resonance imaging (MRI).

Radiopharmaceuticals

A radiopharmaceutical is a chemical, drug, or molecule that is 
bound to a radionuclide (Technetium-99m [Tc-99m], Iodine-
123 [I-123], Indium-111 [In-111], Fluorine-18 [F-18]). It is 
administered to a patient by a specified route (e.g., intravenous, 
oral, etc.) which is dependent on its purpose. A radiation  
detector or imaging instrumentation is required to detect the 
radiopharmaceutical. The pharmaceutical determines its distri-
bution, localization, and uptake within the body. The radionu-
clide is merely a “radiotracer.”

A radionuclide is an unstable chemical isotope that emits 
radiation (gamma rays) as it decays to a more stable isotope. 
Different radionuclides decay at different rates. For example, 

Tc-99m has a 6 h physical half-life. If 10 millicuries (mCi) of 
radioactivity is administered to a patient, 5 mCi will remain 
undecayed and detectable 6 h later. The half-life of I-123 is 13 h; 
In-111, 2.8 days; and F-18, 2 h [2].

Different routes of administration result in different organ 
and body distributions. Tc-99m sulfur colloid (Tc-99m SC) 
administered intravenously will be extracted by the liver, spleen 
(liver–spleen scan), and bone marrow (marrow scan), but when 
given orally is not absorbed and transits through the gastroin-
testinal tract (gastric emptying study).

Diagnoses are based on physiological deviations from  
normal in uptake, localization, distribution, and clearance. 
Diagnostic radiopharmaceuticals are administered in subphar-
macological doses, that is, they have no pharmacological effect 
in humans. Allergic reactions are quite rare. Radioactive iodine 
can be given to patients with a history of proven iodine allergy 
without fear of adverse reaction. Radiation exposure to the 
patient from diagnostic radiopharmaceuticals is generally low, 
sometimes greater than a chest X-ray, but usually less than a CT 
scan.

Radiation detection instrumentation
Three general types of instrumentation are used to detect radiop-
harmaceuticals in the body. (1) Nonimaging radiation detectors 
(well-counters) which quantify radiation in body tissues or fluids 
(blood or urine), e.g., blood volume and glomerular filtration 
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Common gastrointestinal nuclear  
medicine studies

This chapter reviews single-photon and dual-photon nuclear 
medicine imaging studies most pertinent to the modern prac-
tice of gastroenterology.

Cholescintigraphy
Radionuclide hepatobiliary imaging (cholescintigraphy or 
HIDA) has long been one of the most commonly requested 
gastrointestinal nuclear medicine studies. I-123 labeled Rose 
Bengal was the first radiopharmaceutical used. However, in 
1976, the Tc-99m HIDA radiopharmaceuticals were introduced, 
which produced superior image quality and are still used today. 
Two radiopharmaceuticals are approved by the US Food and 
Drug Administration (FDA) for clinical use:
1	 Tc-99m disofenin (FDA name), DISIDA (chemical abbrevia-

tion for diisopropyl-IDA), or Hepatolite (commercial name).
2	 Tc-99m mebrofenin, bromotrimethyl-IDA, or Choletec.

Tc-99m mebrofenin has somewhat higher liver extraction 
(98% vs 89%) and more rapid hepatic clearance (17 vs 23 min 
half-time) than Tc-99m disofenin and is increasingly the agent 
of choice.

After intravenous injection, Tc-99m HIDA is extracted by 
hepatocytes and travels the same metabolic pathway as bilirubin, 
except it is not conjugated. On exiting from the hepatocyte, the 
radiotracer follows bile drainage into the duodenum and tran-
sits the intestines. This makes possible physiological imaging of 
hepatic function, gallbladder contraction, and biliary flow. 
Tc-99m HIDA is subject to competitive inhibition in patients 
with elevated serum bilirubin levels. However, studies can be 
diagnostically useful with bilirubins as high as 25–30 mg/dL, 
although image quality decreases. Normal pharmacokinetics 
are altered, with delayed extraction and clearance.

Preparation for cholescintigraphy requires that the patient 
ingests nothing by mouth for 3–4 h prior to starting the study. 
This allows time for the gallbladder to relax after contraction 
stimulated by endogenous cholecystokinin (CCK) released 
from the proximal small bowel after meal ingestion. A con-
tracted gallbladder may not permit radiotracer to enter and 
could result in a false-positive study for acute cholecystitis (non-
filling of the gallbladder). Conversely, if the patient has fasted 
for more than 24 h, the gallbladder may be filled with viscous 
concentrated bile which can also prevent HIDA radiotracer 
entry. Sincalide, an analog of CCK, is often administered 30 min 
prior to injection of the radiopharmaceutical in order to empty 
the gallbladder in these patients. Opiate drugs should be with-
held for at least 6 h prior to the study because they contract the 
sphinter of Oddi and may produce a picture of partial biliary 
obstruction, potentially complicating interpretation.

The standard study lasts 1 h (1-min sequential frames) after 
Tc-99m injection. By 60 min, the gallbladder fills and bile is 
secreted into the biliary ducts and clears into the intestinal tract. 
If this has not happened, modifications to the protocol may be 

rate. (2) Radiation nonimaging detection probes used for thyroid 
uptake measurements or intraoperative tumor localization. (3) 
Imaging gamma cameras which are of two general types, single-
photon and dual-photon (positron) detectors.

Examples of radionuclides that give off a single gamma ray 
with each decay (single photon) are Tc-99m, I-123, and In-111. 
The gamma rays are detected by scintillation crystals in the 
gamma camera detector head, which then give off a propor-
tional amount of light which is detected by the camera electron-
ics. The greater the radiation, the more light emitted, and the 
better the image quality.

The camera detector head(s) are placed adjacent to the patient 
and an image is acquired in one or multiple views. Images can 
be acquired as single static images or dynamic imaging (1 s or 
1 min frames), e.g., blood flow in a three-phase bone scan, hepa-
tobiliary iminodiacetic acid (HIDA) imaging, gastric emptying, 
or gastrointestinal bleeding (Figure 150.1). Three-dimensional 
cross-sectional images (single-photon emission computed tom-
ography or SPECT), may be acquired to aid in detection and 
localization. For this purpose, the camera rotates about the 
patient’s body, acquiring two-dimensional images at every 3 
degree rotation, which are then reconstructed into cross-
sectional slices using the same mathematical algorithms as CT 
or MRI.

Radionuclides that give off two photons per emission (posi-
trons), e.g., F-18, Carbon-11 (C-11), Nitrogen-13 (N-13), and 
Oxygen-15 (O-15), are detected by positron emission tomo-
graphic (PET) cameras. Positrons are antimatter, i.e., positive 
electrons. With each radionuclide decay, positron particles are 
emitted. The positrons then interact with a negatively charged 
particle (electron), both are annihilated and produce two 
gamma rays emitted 180 degrees apart. PET fixed scintillation 
or solid state crystal detectors encircle the patient. Specialized 
electronics (coincidence circuitry) detect the simultaneous 
emissions. The technical advantages of PET over SPECT include 
a higher count rate, better resolution, and fewer reconstruction 
artifacts. The cross-sectional images can be reformatted into 
whole-body displays, called maximal intensity projection (MIP) 
images [2]. For a larger region than the brain or heart, the bed 
position can move in sequential increments for the length of the 
body.

The physiological processes that PET may be able to image is 
practically unlimited because positron radionuclides (C-11, 
O-15, N-13, and F-18 [fluorine can replace hydrogen]) can 
potentially radiolabel any biological molecule.

Positron emission tomography and many SPECT cameras 
have CT scanners as part of the imaging system (hybrid SPECT/
CT and PET/CT). The two studies are acquired sequentially 
with the patient in the same position on the same table, moving 
from one imaging instrument to the other. After acquisition, the 
images are registered and fused (overlapped). This combines the 
functional/physiological information from the PET or SPECT 
with the anatomical information of the CT scan. PET/MRI 
scans are under active development.
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Figure 150.1 Cholescintigraphy with morphine sulfate. (a) Sequential images over 60 min. The right lobe has an abnormal appearance due to a 
loculated pleural effusion. Normal hepatic uptake and biliary clearance of the radiotracer into the common duct (CD) and duodenum (D) and more 
distal small bowel are shown. However, there is no filling of the gallbladder. (b) After morphine sulfate injection, imaging continues for 30 min. The 
gallbladder (GB) progressively fills, ruling out acute cholecystitis. Transit of radiotracer is seen in the bowel.

(a)

(b)
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ence has important clinical implications because it indicates an 
increased likelihood of complications, e.g., gangrene and perfo-
ration. The rim sign is caused by severe inflammation spreading 
from the gallbladder to the adjacent liver. The liver inflamma-
tion produces increased blood flow and thus higher than normal 
delivery and liver extraction of the HIDA tracer.

Acute acalculous cholecystitis
This is a specific clinical entity that occurs in seriously ill hos-
pitalized patients, e.g., in conjunction with extensive burns, 
extensive trauma, or postoperative complications. The disease 
has a high morbidity and mortality. As the name suggests, it 
comprises acute cholecystitis without stones. The majority of 
patients have cystic duct obstruction; however, the obstruction 
is not due to cholelithiasis, but rather inflammatory debris, 
inspissated bile, and local edema. The problem is that some 
patients do not have an obstructed duct, but have direct inflam-
mation of the gallbladder wall caused by sepsis, ischemia, or 
toxemia. It is in these subgroups of patients that false-negative 
studies (gallbladder filling with cholecystitis) may occur. Instead 
of the >95% sensitivity for the acute calculous disease, the sen-
sitivity of HIDA imaging for acute acalculous cholecystitis is 
75%–85%. If a patient is suspected of having a false-negative 
study, two approaches may help. First, after gallbladder filling, 
sincalide can be given. A diseased gallbladder does not contract 
well. Good contraction rules out gallbladder disease; however, 
poor contraction occurs with both acute and chronic disease. 
Second, a radiolabeled leukocyte study can confirm or exclude 
inflammation of the gallbladder.

Chronic	cholecystitis
Chronic calculous cholecystitis presents with symptoms of recur-
rent biliary colic and imaging evidence of cholelithiasis, and then 
usually leads to cholecystectomy. Gallbladder histopathology 
shows evidence of chronic inflammation, fibrosis, and stones.

necessary, e.g., delayed imaging or administration of morphine 
sulfate (MS).

Acute	cholecystitis
Clinically suspected acute cholcystitis is the most common indi-
cation for cholescintigraphy. The study identifies the specific 
underlying pathophysiology, i.e., obstruction of the cystic duct, 
manifested by nonfilling of the gallbladder (see Figure 150.1) 
[3]. Although ultrasonography is valuable in the work-up of 
patients with suspected biliary colic, it has inferior sensitivity 
and specificity compared to cholescintigraphy for the diagnosis 
of acute cholecystitis. Gallstones are seen on ultrasonography in 
most patients with acute cholecystitis. However, gallstones are 
often asymptomatic and unrelated to the patient’s pain. 
Gallbladder wall thickening and pericholecystic fluid are non-
specific findings and have numerous causes. The sonographic 
Murphy’s sign is operator dependent and not always reliable. 
Cystic duct stones are rarely seen because of their small size. 
However, ultrasonography can detect other causes for pain, e.g., 
biliary dilatation due to biliary obstruction or pancreatitis.

Obstruction of the cystic duct is the usual initiating event for 
acute cholecystitis. After obstruction, the gallbladder wall 
becomes edematous, followed by inflammatory cell infiltration, 
then hemorrhage and necrosis, and without intervention, ulti-
mately gangrene and perforation and other complications. 
Cholescintigraphy becomes positive for acute cholecystitis as 
soon as the cystic duct is obstructed.

Many published investigations have found high accuracy of 
cholescintigraphy to diagnose acute cholesystitis.The sensitivity 
is greater than 95% and the specificity 90% [4]. False-positive 
studies may occur in sick hospitalized patients with a concomi-
tant illness, those who have been fasting for a prolonged period 
of time or receiving hyperalimentation, and very rarely chronic 
cholecystitis.

Nonvisualization of the gallbladder at 60 min is abnormal. 
However, further imaging is required to confirm the diagnosis 
of acute cholecystitis. Persistent nonvisualization at 3–4 h after 
injection is diagnostic. Visualization of the gallbladder excludes 
cystic duct obstruction and acute cholecystitis. The majority of 
patients with delayed gallbladder nonvisualization (between 1 
and 4 h) have chronic cholecystitis. An alternative to delayed 
imaging is the administration of MS, 0.04 mg/kg intravenously 
(see Figure 150.1). MS contracts the sphincter of Oddi, increases 
intrabiliary pressure, and produces preferential bile flow towards 
and through the cystic duct if it is patent. MS is often preferable 
to delayed imaging in patients with nonvisualization of the gall-
bladder at 60 min. The study can be completed in 90 min, rather 
than the 3–4 h required with delayed imaging [5]. Diagnostic 
accuracy is similar.

The scintigraphic “rim sign” is seen in 25%–35% of patients 
with acute cholecystitis. This imaging finding is manifested as 
increased radiotracer uptake in the liver adjacent to the gall-
bladder fossa (Figure 150.2). Although not highly sensitive for 
the diagnosis of acute cholecystitis, it is very specific. Its pres-

Figure 150.2 Cholescintigraphy in acute cholescystitis. A 40-year-old 
female referred for suspected acute cholecystitis. The Tc-99m HIDA study 
showed nonfilling of the gallbladder at 1 h (not shown). A delayed image 
at 3 h shows no gallbladder filling and a “rim” sign, i.e., increased uptake 
in the liver adjacent to the gallbladder fossa along the inferior aspect of 
the right lobe. There is normal biliary transit into the small intestines. The 
rim sign is specific for acute cholecystitis and denotes an increased 
likelihood of complications such as gangrene and perforation.
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CCK cholescintigraphy predictive, the weight of the evidence 
suggests that CCK cholescintigraphy can predict which patients 
will benefit from cholecystectomy. A large multicenter prospec-
tive randomized study is needed to confirm these findings.

In order to initiate a multicenter prospective randomized 
investigation, a standardized methodology for sincalide infu-
sion is needed. Various different methods of infusion have been 
used in different publications and in practice, with wide varia-
tion in dose, infusion length, and normal values [7]. Studies 
have shown that a commonly used method (0.02 μg/kg infused 
over 3 min) has a wide range of response in normal subjects and 
many have false positives (low GBEF shown to be normal with 
slower infusions of 30–60 min) [9,10]. A recent multicenter 
investigation in 60 normal subjects compared three sincalide 
infusion methods, 15 min, 30 min, and 60 min infusions of 
(0.02 μg/kg) on separate days in the same subjects [11]. The 
study found that the 60 min infusion method had the least vari-
ation (lowest coefficient of variation) with the narrowest range 
of normal for GBEFs (Figure 150.3). The lower range of normal 
was determined to be 38%. Consensus recommendations were 

Chronic acalculous gallbladder disease occurs in at least 10% 
of patients who have cholecystectomy for chronic cholecystitis 
[6]. Chronic acalculous disease is clinically and histopathologi-
cally indistinguishable from chronic calculous cholecystitis, 
except for the absence of gallstones. Symptoms resolve with 
cholecystectomy. The clinical challenge is to make the diagnosis 
preoperatively and noninvasively.

More than two dozen published investigations have reported 
that sincalide (CCK) cholescintigraphy with calculation of a 
gallbladder ejection fraction (GBEF) to be diagnostic of chronic 
acalculous gallbladder disease and predictive of clinical response 
to cholecystectomy [7]. One, albeit relatively small, well-
designed prospective investigation of randomized patients who 
had a low GBEF to either surgical or nonsurgical therapy [8]. 
Of those patients who had cholecystectomy, greater than 91% 
had resolution of their symptoms and histopathological evi-
dence of chronic cholecystitis. Those with a low GBEF who did 
not have surgery continued to be symptomatic. Other studies 
have involved larger numbers of patients, but were retrospective 
and nonrandomized [7]. Although a few reports have not found 

Figure 150.3 Cholescintigraphy in chronic acalculous gallbladder (GB) disease. This 52-year-old female has recurrent biliary colic. Ultrasonography was 
negative. The gallbladder filled during the first 60 min of the study (not shown). Sequential 2-min images are shown during the 60 min infusion of 
sincalide (cholecystokinin). A region of interest is drawn on computer around the gallbladder and a time activity study generated. Very poor gallbladder 
contraction is seen. The calculated gallbladder ejection fraction (GBEF) was 10% (abnormal <38%). Histopathology showed a chronically inflamed 
gallbladder without stones.
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The cholescintigraphic images of acute biliary obstruction 
demonstrate good hepatic function (rapid hepatic extraction of 
tracer from blood), but no secretion into biliary ducts (i.e., a 
persistent hepatogram) (Figure 150.4). The lack of bile secretion 
is caused by the high back-pressure caused by the obstruction. 
Further delayed imaging is usually unchanged. The accuracy of 
cholescintigraphy for the diagnosis of high-grade obstruction is 
>97% [15,16].

Partial biliary obstruction
This often presents with intermittent biliary colic-like pain. The 
diagnosis can be challenging. With low-grade, partial, or inter-
mittent obstruction, biliary ducts are often not dilated and small 
stones not visualized. Cholescintigraphy shows good hepatic 
function, prompt secretion into biliary ducts and gallbladder, 
but retention of radiotracer in the biliary ducts and delayed 
transit into the small intestines.

The accuracy for diagnosis of partial biliary obstruction is 
high. Sensitivity for cholescintigraphy is reported to be 97% vs 
78% for sonography [17], with similar specificity (86%). Patients 
who have had prior obstruction may have persistent ductal dila-
tion after successful therapy. In these patients, anatomical 
imaging (e.g., US, CT, MRI) would not be able to distinguish 
obstructed from nonobstructed ducts. Cholescintigraphy can 
make the diagnosis. Of 125 patients thought to have early, 
partial, or intermittent biliary obstruction, sonography and 
scintigraphy disagreed in 23%. Scintigraphy diagnosed obstruc-
tion in 13 patients without evidence of dilated ducts, and seven 
patients with dilatation from prior obstruction showed normal 
clearance, excluding obstruction.

Differentiation of biliary obstruction from  
hepatic dysfunction
The longer the time an obstruction remains untreated, the 
greater the likelihood of developing hepatic dysfunction. 
Differentiating primary hepatic dysfunction from dysfunction 
secondary to obstruction can be challenging. Cholescintigraphy 
can often do this. However, delayed imaging may be needed to 
see biliary clearance, with imaging up to 24 h, because of the 
delayed HIDA pharmacokinetics. If bile transit to the intestines 
is seen within 24 h without biliary retention, the diagnosis is 
primary hepatic dysfunction.

Biliary atresia
Biliary atresia presents as cholestatic jaundice in the neonate. It 
is caused by progressive inflammatory sclerosis that obliterates 
extrahepatic and intrahepatic biliary ducts. Early diagnosis is 
critical and must be made within the first 60 days of life to 
prevent irreversible liver failure. Treatment requires a palliative 
hepatoportoenterostomy (Kasai procedure), but ultimately liver 
transplantation. The differential diagnosis includes neonatal 
hepatitis of various etiologies.

Patient preparation for cholescintigraphy includes 3–5 days 
of phenobarbital to activate liver excretory enzymes and increase 

published after a conjoint meeting of expert gastroenterologists, 
surgeons, and nuclear medicine physicians, which recom-
mended that the 60 min infusion method become the standard 
[12].

A common misconception is that reproduction of the patient’s 
pain during CCK infusion is diagnostic of chronic gallbladder 
disease. Although limited data from the 1970s suggested this 
might be true, subsequent investigations have disproved its 
diagnostic utility [13]. In addition to contracting the gallbladder 
and relaxing the sphincter of Oddi, CCK has physiological 
effects that can produce adverse symptoms, e.g., increasing 
intestinal motility which can cause abdominal cramping. 
Approximately half of normal subjects when given a 3 min or 
shorter sincalide infusion have these symptoms [9,10]. When 
these same patients are administered the dose as a slow infusion 
over 30 or 60 min, none have pain. Neither normals nor patients 
have adverse symptoms from the slow infusion of sincalide. 
Furthermore, in the prospective study reported above, using a 
slow infusion, no patients with disease had adverse symptoms 
with CCK infusion. Thus, abdominal cramping during CCK 
infusion is related to the method of infusion and not to the 
presence or absence of disease.

Cholecystokinin cholescintigraphy should be ordered and 
interpreted in the proper clinical setting. Most published inves-
tigations that have confirmed the utility of CCK cholescintigra-
phy to diagnose chronic acalculous gallbladder disease were 
performed in outpatients who had had a medical work-up to 
exclude other diseases and were followed for months and years 
prior to CCK cholescintigraphy, allowing time for other diseases 
to become manifest. Some clinicians today, convinced of the 
utility of the test, are requesting the study after a first episode 
of pain and with minimal other medical evaluation. The likeli-
hood of disease in this latter referable group is lower than in the 
published investigations, thus the accuracy of the test in this 
population is likely to be lower. The posttest probability of a test 
is affected by the pretest likelihood of the disease (Bayes’ 
theorem). Thus, in a high likelihood population, a positive test 
is likely to be a true positive, but, in a low likelihood population, 
a positive test is likely to be a false positive. CCK cholescintig-
raphy is a confirmatory test, not a screening test.

Cholecystokinin cholescintigraphy should be performed in 
an outpatient setting, not during an emergency room visit or 
during hospitalization. Acute illnesses and various drugs may 
inhibit gallbladder contraction, e.g., calcium channel blockers, 
progesterone, octreotide, theophylline, and benzodiazepine can 
cause reduced gallbladder contraction [14].

Biliary	obstruction
Acute high-grade biliary obstruction is often diagnosed by 
ultrasonography which demonstrates dilated biliary ducts. 
However, dilation may take 24–72 h to become apparent after 
an obstructive event. Cholescintigraphy can confirm the diag-
nosis immediately after onset because it demonstrates the 
underlying pathophysiology, obstruction to bile flow.
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tion. However, a high-grade obstruction of the cyst will have no 
filling due to the high back-pressure.

Postcholecystectomy syndrome
In the immediate postcholecystectomy period, cholescintigra-
phy can be quite useful for the diagnosis of surgical complica-
tions, e.g., biliary leakage or obstruction. However, recurrent 
biliary colic occurring months or years after cholecystectomy is 
referred to as the postcholecystectomy syndrome. The most 
common biliary causes are recurrent or residual biliary duct 
stones. Biliary stricture and sphincter of Oddi dysfunction are 
other less common causes. All of these produce a scintigraphic 
picture of partial biliary obstruction, i.e., delayed biliary duct 
clearance and delayed biliary-to-bowel transit [18].

Spincter of Oddi dysfunction
This is a partial biliary obstruction at the level of the sphincter 
of Oddi. It is the cause for pain in up to 14% of patients with 
the postcholecystectomy pain syndrome. To make the diagno-
sis, cholangiography (MRCP or ERCP) must exclude stones, 
tumor, and biliary stricture as the cause. Sphincterotomy is the 

bile flow. Cholescintigraphy in biliary atresia shows high-grade 
obstruction, with a persistent hepatogram and no biliary to 
bowel transit over 24 h. The negative predictive value of the 
study is very high, approaching 100%. The positive predictive 
value is lower. False-positive studies can occur in some patients 
due to severe parenchymal liver disease. A repeat study after 
days or a week, as the hepatitis resolves, may allow demonstra-
tion of biliary clearance that could exclude biliary atresia and 
obviate the need for further work-up, e.g., cholangiography.

Choledochal cysts
These are not true cysts, but rather congenital dilations of bile 
ducts, usually involving the common hepatic or common bile 
ducts, but may be anywhere in the biliary system. Patients may 
be asymptomatic throughout life. Or, they may present clinically 
in childhood with biliary obstruction, pancreatitis, or cholangi-
tis. During a work-up for pain, the clinical question may be 
whether a cystic structure seen on anatomical imaging is con-
nected to the biliary system and thus a choledochal cyst or some 
other pathology. With cholescintigraphy, choledocal cysts nor-
mally fill slowly and clear slowly, confirming a biliary connec-

Figure 150.4 Cholescintigraphy of biliary obstruction. Acute onset of upper abdominal pain. Ultrasonography showed normal sized biliary ducts. 
Sequential 5 min images over 1.5 h shows very good hepatic function, but no biliary excretion into the biliary ducts, consistent with a high-grade acute 
biliary obstruction.
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is uncertain which is most accurate. One semi-quantitative 
method combining image analysis and quantification has found 
clinical utility [20]. A unique aspect of this particular protocol 
is the infusion of sincalide prior to the study to increase bile 
flow and “stress” the biliary ducts, bringing out an otherwise 
more subtle obstruction. The reported accuracy is high, albeit 
studied in a limited number of patients. This method can be 
used to screen patients to determine which require ERCP or 
which are likely to have a nonbiliary cause of pain (Figure 
150.5).

Biliary	leak
Bile leaks usually occur as a complication of cholecystectomy or 
biliary tract surgery. Although ultrasonography and CT can 
detect fluid collections, the etiology can be uncertain. 

usual therapy. However, ERCP is associated with serious side 
effects, particularly pancreatitis. A noninvasive screening test 
would be valuable to determine which patients require invasive 
work-up. Cholescintigraphy permits the physiological assess-
ment of biliary duct drainage, which correlates well with the 
washout of contrast material from the bilary tract observed on 
ERCP [19]. Thus cholescintigraphy can be used as a screening 
test. The findings include delayed clearance from the common 
duct and delayed transit to the bowel.

Quantification of cholescintigraphy has been used to improve 
the accuracy over image analysis alone. Various methods have 
been proposed [19,20]. After acquisition, regions of interest 
(ROI) are drawn around biliary ducts or the hepatic hilum, 
time-activity curves generated, and quantitative parameters of 
bile clearance determined. Of the several methods reported, it 

Figure 150.5 Cholescintigraphy in sphincter of Oddi obstruction. A 38-year-old female with chronic recurrent biliary colic that started 5 months 
postcholecystectomy. Sequential Tc-99m HIDA 2 min images over 1 h show clearance into the biliary ducts, but persistent retained activity in the ducts 
and little bile transit into the intestines. The common bile duct (CBD) time–activity curve shows a progressive rise in activity, consistent with a partial 
biliary obstruction. No stones or biliary stricture were found on further evaluation. Sphincterotomy was performed with subsequent symptom 
resolution. ROI, region of interest.
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within 2 h, the hemangioma shows increased activity compared 
to normal liver. Other causes for liver masses, benign and malig-
nant, appear cold on imaging.

Tc-99m sulfur colloid liver–spleen scanning
Before the advent of CT, Tc-99m SC was routinely used for liver 
and spleen imaging, to evaluate benign and malignant disease 
in the liver. CT has replaced Tc-99m SC for most indications 
because of its superior anatomical image resolution. However, 
Tc-99m SC liver is still valuable for answering some specific 
clinical questions.

Tc-99m SC is extracted by the reticuloendothelial cells of the 
liver (Kupffer cells). Because most benign and malignant tumors 
do not have Kupffer cells, these liver masses have no uptake and 
are cold on liver–spleen scans.

Focal	nodular	hyperplasia
Focal nodular hyperplasia (FNH) is a benign tumor that 
includes all three liver cell types, i.e., hepatocytes, biliary ducts, 
and Kupffer cells. Differentiating this hepatic mass from others 
(e.g., hepatic adenoma) can be important because FNH is 
usually asymptomatic while the latter bleed. Approximately 
two-thirds of FNH tumors will demonstrate uptake of Tc-99m 
SC, which is diagnostic.

Tc-99m HIDA cholescintigraphy also has a characteristic 
diagnostic pattern with FNH, and is arguably more accurate. 
Cholescintigraphy shows increased blood flow, normal or 
increased uptake relative to adjacent liver, and, importantly, 
delayed clearance of the tracer from the tumor. Other tumors, 
even those with hepatocytes (e.g., hepatic adenoma, hepatocel-
lular carcinoma) typically have decreased uptake, because of 
their poor function.

Budd–Chiari	syndrome	(hepatic	vein	thrombosis)
This has a characteristic pattern with Tc-99m SC, i.e., normal 
uptake in the caudate lobe, but reduced uptake in the rest of the 
liver. The impaired venous drainage of the liver results in poor 
hepatic function and thus poor radiotracer uptake. The caudate 
lobe retains good function because of its direct venous drainage 
into the inferior vena cava.

Chronic	hepatic	dysfunction
Patients with cirrhosis have a characteristic pattern based on the 
abnormal pathophysiology of portal hypertension, i.e., decreased 
hepatic uptake due to poor function, and increased uptake in 
the spleen and bone marrow (colloid shift).

Splenosis
Tc-99m SC is useful to confirm the diagnosis of splenosis or the 
presence of splenic remnants. Because of its high target to back-
ground ratio, small foci of splenic tissue can be detected. SPECT 
further increases detectability. Tc-99m damaged RBCs, which 
have been heated or chemically treated, have been used for this 
purpose, because they have splenic uptake with minimal or no 

Cholescintigraphy can determine whether the fluid collection  
is of biliary origin, rather than caused by ascites, infection,  
etc. It can also provide an estimate of the rate of leakage.  
Slow bile leaks often resolve spontaneously with conservative 
therapy, whereas more rapid leaks usually require intervention. 
Before percutaneous drainage of a biloma, cholescintigraphy 
can help ensure that biliary obstruction is not the underlying 
cause. With obstruction, bile leakage cannot be effectively 
treated by percutaneous drainage without addressing the under-
lying obstruction.

Bile leakage is often seen on cholescintigraphy as progres-
sively increasing radiotracer collection in the region of the gall-
bladder fossa or hepatic hilum. The radiotracer may move into 
the subdiaphragmatic space, over the dome of the liver, into the 
colonic gutters, or spread diffusely as free bile throughout the 
abdomen. Peritoneal tubing, drains, and collection bags may 
show accumulation and sometimes be the only evidence of leak.

Other	indications	for	cholescintigraphy
Postoperative complications of liver transplantation
Cholescintigraphy can differentiate bile leaks and obstruction 
from rejection-related hepatic dysfunction [21].

Surgical biliary diversion procedures
Biliary scintigraphy is useful for evaluating the patency of 
biliary diversion procedures, e.g., choledochojejunostomy. 
Scintigraphy can confirm bile leakage, determine functional 
patency of the anastomosis, and demonstrate evidence of recur-
rent obstruction. It can distinguish obstructed dilated ducts 
from those that are chronically dilated but not obstructed. In 
Billroth II anastomoses, afferent loop patency can be evaluated. 
Scintigraphy has also been used to diagnose and estimate the 
severity of enterogastric bile reflux.

Tc-99m labeled red blood cells – cavernous 
hemangioma of the liver
Tc-99m red blood cell (RBC) scintigraphy has been used for 
decades to confirm the diagnosis of cavernous hemangioma of 
the liver. Today MRI is more commonly used for this purpose, 
because of its superior anatomical resolution and high sensitiv-
ity for detecting small lesions and those adjacent to vascular 
structures. However, the specificity of MRI is less than Tc-99m 
labeled RBC, because a number of benign and malignant lesions 
may have findings similar to hemangioma. Only a very few 
false-positive Tc-99m RBC studies have been reported in as 
many decades. With SPECT, sensitivity approaches 100% for 
detection of hemangiomas greater than 1.4 cm in size [22]. 
Sensitivity decreases for small size hemangiomas, although 
hemangiomas as small as 0.5 cm may be detected.

For this study, the patient’s own RBCs are radiolabeled with 
Tc-99m pertechnetate. Because of slow influx into the heman-
gioma, the lesion may appear cold early after injection of radi-
olabled red cells, i.e., less activity than adjacent liver; however, 
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temporal resolution and the inability to detect repetitive events 
(Figure 150.7).

For children, formula or milk mixed with Tc-99m SC is 
ingested. For adults, orange juice is commonly used. Various 
methods have been described for quantification, often using a 
time–activity curve to detect and quantify reflux events. A 
simple method is to count the reflux events and to note whether 
they are long events (>10 s) or short, and high (more than half 
the distance to the mouth) or low events, and then sum the 
results. Evidence for aspiration is routinely sought on these 
studies.

Gastric	emptying
The radionuclide gastric emptying study has been the gold 
standard for the evaluation of gastric motility for decades 
because it is noninvasive and quantitative [28].

Various radiolabeled meals have been used. The most 
common has been an egg meal, often as a sandwich. Good 
radiopharmaceutical binding to the meal is mandatory for accu-
rate determination of solid emptying. During cooking, Tc-99m 
SC binds tightly to the albumen in egg white. Liquid gastric 
emptying can be performed as a separate test, done sequentially 
with the solid study or simultaneously using two different  
radionuclides with different photopeak energies, e.g., Tc-99m 
(140 keV) for the solid meal and In-111 diethylenetri-
aminepentacetic acid (DTPA) (175 and 225 keV) for the liquid.

The physiology of the stomach is complex. However, put 
simply, it has two functionally distinct compartments. The distal 
stomach or antrum is responsible for solid emptying. Phasic 
contractions of the antrum grind up the food into small enough 
particles to pass through the pylorus. The proximal stomach or 
fundus is responsible for liquid emptying. Tonic contraction of 
the fundus produces a pressure gradient from the proximal to 
the distal stomach that results in liquid emptying.

This difference in solid and liquid gastric function can be seen 
on radionuclide studies when one draws ROI around the 
stomach on the separate liquid and solid studies and generate 
time–activity curves. Solids have a delay before emptying 
begins, the lag phase, which is the time it takes to break down 
the solid food into small particles and then emptying occurs in 
a generally linear manner (Figure 150.8). Liquids have no delay 
before emptying begins and empty in a monoexponential 
pattern (Figure 150.9).

Normal values for gastric emptying studies must be based on 
the specific meal and methodology used. The rate of solid emp-
tying is determined by multiple factors, e.g., the meal volume, 
particle size, and the amount of calories, carbohydrates, fat, and 
protein, etc. Normal values must be validated for the specific 
meal used. If the patient does not eat the entire meal, the stand-
ard normal values will overestimate emptying.

There has been concern amongst gastroenterologists that  
different imaging clinics use different methodologies, different 
meals, different quantitative methods, and thus have different 
normal values, making it difficult for the clinician to compare 

liver uptake. Although perhaps superior in the detection of 
small foci of splenic tissue adjacent to the liver, this latter tech-
nique is not routine because of the increased technical complex-
ity required. Tc-99m SC will detect most ectopic splenic tissue.

Gastrointestinal motility
Measurement of radionuclide esophagogastrointestinal transit 
is an area of increasing interest and growth. The major advan-
tage of radionuclide techniques over most other methodologies 
is the ability to quantify pathophysiological processes.

Esophageal	motility
For the evaluation of suspected esophageal motility disorders, 
barium swallow and or endoscopy is often initially performed 
to exclude an anatomical lesion. Although esophageal manom-
etry is routinely used to evaluate primary esophageal motor 
disorders, it has limitations, e.g., in achalasia, quantification of 
the volume of retained food is not possible, limiting its ability 
to assess the effectiveness of therapy.

Esophageal transit scintigraphy is noninvasive and quantita-
tive. Different methodologies have been described [23]. Typically 
dynamic rapid sequence swallowing scintigrams (0.5 s/frame) 
are acquired during a patient swallow of a small volume of water 
mixed with Tc-99m SC. Qualitative image analysis with cine-
matic display is often sufficient to diagnose abnormal esopha-
geal transit. However, one strength of the radionuclide method 
is quantification. This is particularly valuable for determining 
the effectiveness of therapy [24]. An esophageal transit time or 
the percent residual esophageal activity is measured. Semisolid 
food swallows have been reported to be more sensitive for 
abnormal motility than liquid swallows (Figure 150.6).

The sensitivity for detection of abnormal radionuclide 
esophageal transit is reported in the older literature to be only 
50%–75%. However, more recent studies have reported consid-
erably higher sensitivity [25]. Detection of achalasia has a very 
high sensitivity (>90%).

Esophageal scintigraphy is probably underutilized. Some 
suggest that it should be used as a screening test. Today it is 
most commonly used to evaluate response to therapy [26].

Gastroesophageal	reflux
The radionuclide gastroesophageal reflux study is a sensitive 
noninvasive method for detecting reflux. Previously, the meth-
odology used for adults mimicked the radiographic method, 
that is, a stepwise increase in abdominal pressure using an 
inflatable binder to produce detectable reflux events. However, 
this method is not physiological. A method developed and suc-
cessfully used for pediatric patients is applicable to adults. This 
method has proven to be very sensitive for the detection of 
gastroesophageal reflux events, due to the rapid framing rate 
used for acquisition (10 s frames ×  1 h) [27]. Early reports of 
low sensitivity for detecting reflux events date back to when 
framing rates of 30 s or longer were used, resulting in poor 
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Figure 150.6 Esophageal transit scintigraphy in achalasia. Esophageal swallow study of 24 min duration. Sequential 15 s images (posterior view) after 
ingestion of a cornflake and milk meal demonstrates very slow and delayed clearance from the esophagus. A region of interest (ROI) drawn around the 
esophagus generates a time–activity curve confirming the very slow clearance and quantification. The drop in counts at 16 and 24 min is due to the 
ingestion of additional clear liquids.
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the results between clinics. In 2007, a consensus panel of gas-
troenterologists and nuclear medicine physicians agreed upon 
a standardized methodology for solid gastric emptying studies. 
The consensus recommendations were published in both the 
gastrointestinal and nuclear medicine literature by the American 
Neurogastroenterology and Motility Society and the Society of 
Nuclear Medicine [29].

The published consensus recommendations specify a simpli-
fied protocol, a standardized protocol, validated normal values, 
and a 4 h length study. The protocol chosen was that of Tougas 
et al., with 1 min image acquisition at time 0, 1, 2, and 4 h  
after ingestion of the meal (egg white sandwich with jam and 
water) [30]. The recommendation for a 4 h study is based on 
publications showing increased detection of gastroparesis at 4 h 
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troparesis who have normal solid emptying, almost a third will 
have delayed liquid emptying [35,36]. The reason for this dis-
crepancy is not fully understood. However, as described above, 
the mechanisms of liquid and solid emptying are different, one 
measuring fundal emptying and the other antral emptying. 
Both may produce similar symptoms of gastroparesis.

Intestinal	motility
Small and large bowel radionuclide intestinal transit studies are 
not widely performed, although methods have been described, 
and there is increasing interest. One approach uses a radiophar-
maceutical in a resin-coated capsule that does not break down 
until it reaches higher pH in the small bowel [37]. While this is 
physiologically appealing, the radiopharmaceutical is not 
approved for clinical use and not likely to be in the foreseeable 
future. Another approach is to use two isotopes with different 
photopeaks that can be imaged simultaneously, e.g., the Tc-99m 
SC egg meal for gastric emptying and In-111 DTPA for intesti-
nal transit [38]. The test requires imaging to 6 h on day 1 for 

compared to 2 h, by as much 30% [31–33]. Tougas et al. normal 
values were based on a study of 123 subjects [31]. Using this 
methodology, normal gastric retention was found to be less than 
40% at 2 h and 10% at 4 h. This protocol can be performed in 
any imaging clinic with a gamma camera.

Soft-tissue attenuation (absorption of radioactive counts by 
intraabdominal organs and soft tissues, thus reducing the counts 
detected by the gamma camera) will cause quantitative errors. 
The standard method for correcting for attenuation is to acquire 
anterior and posterior views and calculate the geometric mean 
(square root of the product of the anterior and posterior detec-
tor counts) at each time point. If attenuation correction is not 
performed, gastric emptying will be underestimated.

For years it was standard teaching that liquid gastric empty-
ing was less sensitive for the detection of gastroparesis than 
solid emptying, and thus not done. However, recent publica-
tions have shown that this is not true. Liquid (water) emptying 
is actually at least as sensitive as a solid study for detecting 
abnormal emptying [34]. In patients referred for suspected gas-

Figure 150.7 Radionuclide gastroesophageal reflux study. This neonate being worked up for failure to thrive ingested her usual formula meal with 
Tc-99m sulfur colloid. Ten second sequential frames show frequent episodes of reflux of varying length, but mostly high level (above mid-esophagus). 
The black dot in the left upper corner is a radioactive marker to show the level of the mouth.
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small and large intestines over a period of time. This requires 
some form of semiquantification or index of transit. Various 
methods have been described [37,38].

Gastrointestinal bleeding
The radionuclide gastrointestinal bleeding study has been  
used clinically for decades [39]. The patient’s RBCs are labeled 
with Tc-99m. High labeling efficiency is important because free 

small bowel transit and single images on day 2, 3, and 4 for large 
intestinal transit.

Quantification is not as straightforward for intestinal transit 
as it is for gastric emptying. With gastric emptying, the empty-
ing at each time interval is determined as a percent of the radio-
activity initially in the stomach. However, unlike the stomach, 
the small and large bowel do not have a time zero where all the 
activity is in one place, but rather the activity is entering the 

Figure 150.8 Normal solid gastric emptying. Anterior (A) and posterior (P) images were acquired each hour for 4 h. Regions of interest are drawn in 
the anterior and posterior view and attenuation correction performed. Emptying is normal (normal is >40% at 2 h and >90% emptying at 4 h). A INIT 
and P INIT, anterior and posterior initial image; kcounts, 1000 counts; RT, right.
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fest. Angiographers often request that the radionuclide gastroin-
testinal bleeding study be performed prior to contrast 
angiography, for two reasons. First, if the radionuclide study is 
negative, a contrast study is likely to be negative. Second, if the 
radionuclide study is positive, it can guide the angiographer to 
the approximate bleeding site, saving time and contrast media.

There has been some controversy over the years regarding the 
accuracy of the radionuclide method for the detection of bleed-
ing. There is evidence in the literature that its accuracy is good, 
mediocre, or poor. The discrepancy in the published literature 
can be explained and attributed to several factors [2]. First, there 
is the problem of a gold standard used in investigations. Contrast 
angiography that localizes the site of active bleeding is best; 
however, only a relatively small percentage of subjects in any 
reported series have this direct correlation. Surgery is also a 

(unlabeled) Tc-99m is secreted by the salivary glands and 
stomach, then moves distally, and may be misinterpreted as 
bleeding. Several different radiolabeling methods have been used 
over the years. The in-vitro commercial kit method is preferred 
because of its high labeling efficiency, greater than 95%.

The test is used primarily for lower gastrointestinal bleeding. 
Its sensitivity for the detection of active bleeding is high. 
Bleeding rates of 0.1 mL/min can be detected (Figure 150.10). 
This compares favorably to contrast angiography which detects 
bleeding rates of 1.0 mL/min, a 10-fold difference. Scintigraphic 
images are routinely obtained at a framing rate of 0.5–1 min/
frame for 60–90 min and delayed imaging obtained as needed 
for up to 24 h.

Bleeding is typically intermittent and bleeding has often 
ceased when the symptoms of gastrointestinal bleeding mani-

Figure 150.9 Delayed liquid gastric emptying. The patient had a normal solid gastric emptying study. After drinking 300 mL of water with Tc-99m 
sulfur colloid (SC) images were acquired every minute for 30 min. A region of interest (ROI) was drawn around the stomach and time–activity curve 
generated, showing delayed emptying. The emptying half-time was 45 min (normal <23 min).
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priate therapy. This approach does not preclude stabilizing the 
patient and prepping them for colonoscopy the next day.

A past concern was false-positive studies. This is much less 
of a problem because of the present day methodology and inter-
pretative criteria. Previously, the presence of blood on delayed 
imaging at a site was sometimes called positive. Today, it is 
better appreciated that a single static image only reveals evi-
dence of blood, but where it originated from cannot be acer-
tained. Continuous short framing rate is now standard.

The scintigraphic criteria to diagnose active bleeding are: new 
onset of radioactivity where there was none initially, increasing 
activity with time, and movement in a pattern consistent with 
bowel anatomy. The images should be obtained for a long 
enough time that the pattern of movement can determine  
with certainty its origin (e.g., distinguish small from large  
intestine). Images are routinely viewed on computer in movie 
mode. If delayed images are performed, the acquisition  
method (e.g., continuous 0.5–1 min framing rate) is similar  
to the initial methodology and the diagnostic criteria should  
be the same. Finally, radiolabeling is superior today than  

good standard, but these correlations are usually limited to a 
small minority of patients. Colonoscopy, cannot easily be per-
formed during active bleeding, and the finding of polyps,  
ulcers, arteriovenous malformations, angiodysplasia, etc., do 
not ensure that they were the source of bleeding unless active 
bleeding is seen at the time of the procedure. A good investiga-
tional research study is challenging and many published ones 
are not optimal.

Also, the radionuclide study is most likely to be positive soon 
after the patient arrives in the emergency room or is admitted 
to the hospital. A too common clinical approach is to admit a 
patient to the hospital, put them to rest, stabilize them with 
fluids and transfusion, and cleanse the colon for colonoscopy 
the following day. Then if that is negative, consider a radionu-
clide study. The problem with this approach is that the gastroin-
testinal bleeding study is most likely to be positive early after 
the onset of bleeding. Using this approach, the gastrointestinal 
bleeding study will have a low sensitivity. A bleeding study is 
much more likely to be positive soon after onset and prompt 
imaging of this can lead to successful angiography and appro-

Figure 150.10 Gastrointestinal bleeding scan. The patient was referred for recent onset of melena. The patient’s red blood cells were radiolabeled. 
Normal distribution in blood pool, kidneys, spleen, great vessels, and in this case some increasing urinary activity in the bladder due to unlabeled 
Tc-99m. Sequential 2 min images were acquired for 90 min. Increasing radioactivity is seen over time in the right upper quadrant in the region of the 
hepatic flexure. With time it transits to the descending colon and rectosigmoid. This is consistent with a rapid bleed originating in the hepatic flexure.
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Somatostatin receptor imaging of 
neuroendocrine tumors – octreoscan
Somatostatin receptor imaging is valuable for imaging neuroen-
docrine tumors, e.g., gastroenteropancreatic neuroendocrine 
and carcinoid tumors. Somatostatin receptors are integral mem-
brane glycoproteins located on the normal cells of neuroendo-
crine origin, e.g., pancreatic islet cells. Somatostatin receptors 
are also found in neuroendocrine tumors derived from neural 
crest cells belonging to the amine precursor uptake and decar-
boxylation (APUD) system.

Indium-111 penetreotide (octreoscan) is a somatostatin 
analog that binds to high affinity type 2 receptors. Whole-body 
and SPECT imaging is routinely performed 24 h after injection. 
Uptake with ostreoscan is usually quite good with well-
differentiated tumors. With poorly differentiated tumors, uptake 
may be poor. In these cases F-18 FDG PET imaging is often posi-
tive. Scintigraphy is particularly useful for the detection of 
metastases. In-111 ostreoscan imaging substantially impacts 
patient management in 25%–45% of patients [43]. PET somato-
statin receptor radiopharmaceuticals labeled with Gallium 
citrate-68 (Ga-68), a positron emitter, are under investigation.

Gastroenteropancreatic neuroendocrine tumors are highly dif-
ferentiated, slow growing, and often small. Most have high con-
centrations of somatostatin receptors [44]. Symptoms are often 
secondary to the hormone expressed, e.g., hypoglycemia, gastric 
ulcers, severe diarrhea, and flushing (Figure 150.11). Frequently, 

previously, minimizing the problem of free Tc-99m pertech-
netate as described above.

Using modern methology and interpretative criteria and 
prompt performance of the test when the patient presents clini-
cally will assure a reliable test for detecting active bleeding and 
localization of the site of bleeding.

Meckel’s diverticulum and ectopic  
gastric mucosa
Tc-99m pertechnetate is taken up by the gastric mucosa, both 
in the stomach and ectopic mucosa, e.g., Meckel’s diverticulum. 
For decades, the Tc-99m pertechnetate Meckel’s scan has  
been an accurate and accepted methodology to preoperatively 
confirm the diagnosis. The sensitivity is approximately 85% 
[40]. Cimetidine or raniditine administered for 2 days prior to 
the study can increase diagnostic yield by inhibiting Tc-99m 
pertechnetate release from the gastric mucosa, making detec-
tion more likely. Focal uptake, usually in the right lower quad-
rant, is diagnostic. Ectopic uptake occurs at a rate similar to 
stomach uptake.

The most common cause for a false-positive study is urinary 
tract activity, a normal excretory route of the radiotracer, mis-
interpreted as ectopic gastric mucosa. False positives are occa-
sionally seen due to gastrointestinal duplications or local 
intestinal inflammatory hyperemia, increased permeability, or 
obstruction, e.g., regional enteritis.

Inflammatory bowel disease – Fluorine-18 
fluorodoxyglucose
Increasing published data suggests that F-18 fluorodoxyglucose 
(FDG) is a valuable noninvasive imaging modality for the diag-
nosis, follow-up, and care of patients with inflammatory bowel 
disease. F-18 FDG is transported into cells proportional to the 
metabolic cell activity. Neutophils and macrophages accumulate 
FDG.

Fluorodoxyglucose PET can be potentially useful in patients 
with suspected inflammatory bowel disease where endoscopic 
evaluation is not feasible due to patient safety or patient fear of 
an endoscopic examination. In patients with proven diagnosis, 
the study can provide evidence of disease activity and location. 
It can evaluate treatment efficacy and suggest disease complica-
tions. In patients with clinical remission, but with symptoms of 
active disease, FDG PET can provide evidence of clinical relapse 
[41].

Studies in adult and pediatric patients have found a sensitivity 
ranging from 85% to 98% for detecting bowel segments of active 
Crohn’s disease. A recent prospective study of 43 patients with 
Crohn’s disease and 241 bowel segments were analyzed with 
ileocolonoscopy and hydromagnetic resonance imaging as ref-
erence standards. FDG PET was able to detect mucosal inflam-
mation with high sensitivity and specificity (90%, 93%) and 
specificity compared to hydro-MRI (66%, 99%). FDG PET has 
shown utility for the assessment of inflammatory activity vs 
stenosis [42].

Figure 150.11 Octreoscan single-photon emission computed tomography 
(SPECT), pancreatic islet cell tumor. CT slice (a), SPECT transaxial slice 
(b), fused SPECT/CT (c). The maximal intensity projections (MIPS) 
image (anterior view), a 3D reconstructed abdominal image (d) shows 
normal high uptake in the spleen and kidneys and increased focal uptake 
in a midline mass, the patient’s islet cell tumor. A small focus is seen in 
the anterior inferior portion of the liver on the MIPS view and on the 
SPECT and fused images, which is a metastasis.

(a)
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(b)
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is unable to be metabolized further and therefore trapped intrac-
ellularly. Most malignant tumor cells have increased glucose 
metabolism compared to normal tissue cells and thus have 
increased uptake of F-18 FDG. Patients must be fasting for 6–8 h 
prior to injection. If not, the radiopharmaceutical will distribute 
primarily to muscle and soft tissue and not to tumor. This is due 
to competition with serum glucose and the effect of insulin. This 
is a particular problem in diabetics. Insulin should not be injected 
within 2 h of the study. Images are acquired 1 h after injection.

Most PET scanners are hybrid PET-CT cameras. Whole-body 
cross-sectional imaging is performed. The PET and CT images 
are obtained sequentially with the patient lying on a table that 
moves between the two adjacent scanners, and then the images 
are registered and fused (overlayed) for functional and anatomi-
cal correlation. The CT is used for attenuation correction of the 
FDG images and anatomical localization.

Colorectal	cancer
Although FDG PET presently has a lesser role in initial  
tumor staging, it is routinely used for restaging, preoperative 
evaluation prior to hepatic tumor resection, and for evaluating 
response to therapy (Figure 150.13) [45].

the tumors have metastasized by the time of diagnosis, to liver, 
lymph nodes, bone, lungs, and skin. Gastrointestinal carcinoid 
tumors are derived from the foregut, midgut, or hindgut. The 
midgut carcinoids with liver metastases cause the carcinoid syn-
drome with symptoms and signs of flushing, diarrhea, wheez-
ing, and valvular right heart disease (Figure 150.12).

Many of these tumors are quite small and difficult to detect 
with conventional imaging (e.g., ultrasonography, MRI, and 
CT) and thus have considerably lower tumor detection rates 
than somatostatin receptor imaging. Sensitivity for the detec-
tion of carcinoid tumors and gastrinomas is high, 80%–90%, but 
somewhat lower for tumors that produce vasoactive intestinal 
peptides (VIPomas) and glucagonomas (75%), and lowest for 
insulinomas (50%).

Fluorine-18 fluorodoxyglucose PET/CT imaging of 
gastrointestinal malignancies
Fluorine-18 fluorodoxyglucose PET-CT increasingly plays an 
important role in the diagnosis, staging, restaging, and evaluating 
response to therapy of various gastrointestinal malignancies. F-18 
FDG is a radiolabeled glucose analog. It is transported into the 
cell and phosphorylated by the same mechanism as glucose but 

Figure 150.12 Octreoscan single-photon emission computed tomography (SPECT)-computed tomography (CT) of a carcinoid tumor. Fused SPECT 
and CT images with transverse (a), sagittal (b), and coronal (c) slices. Intense uptake is seen in multiple large carcinoid tumors metastatic to the liver.

(a)

(b)

(c)
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of patients who are thought to be resectable with curative intent 
at the time of surgery, have recurrence within 2 years. Serial 
serum carcinoembryonic antigen (CEA) levels diagnose recur-
rent disease with a sensitivity of less than 60% and provide no 
localizing information. Conversely, patients may have a rising 
CEA but negative conventional imaging including CT. The sen-
sitivity of FDG PET for detecting recurrence is approximately 
95% compared to CT sensitivity of 70% [46a].

Twenty percent of colorectal recurrences occur in the liver. 
Patients with single liver metastasis are potentially curable. 
However, prior to FDG PET, only 25% of patients were cured, 
because of the presence of unknown extrahepatic metastases. 
Preoperative detection of distant metastases is poor by conven-
tional methods. However, this is one of PET’s strengths. FDG 
PET is very useful in selecting patients for surgical resection. 
FDG PET has an overall accuracy in the liver of 92%, compared 
to 78% for CT [46b].

Fluorodoxyglucose PET changes patient management. It is 
reported to have a clinical impact in 30%–40% of patients, often 
helping avoid unnecessary surgery. FDG PET can determine the 
effectiveness of therapy. With successful therapy, FDG uptake 
markedly decreases. FDG PET can differentiate postsurgical 
changes of necrosis and fibrosis, from recurrent tumor with 
high accuracy, often not possible with CT or MRI.

Cancer	of	the	esophagus
Early-stage disease is potentially curable with surgery. However, 
up to 80% of patients have local metastases and 50% have 
distant metastases at initial diagnosis. Prognosis depends on the 
extent of the primary tumor (TNM classification). Regional 
metastases may occur anywhere from the cervical chain to 
mediastinal, gastrohepatic, and celiac nodes.

Fluorodoxyglucose uptake is high in primary esophageal 
cancer with detection sensitivity greater than 95%. However, 
FDG PET cannot provide staging information on the depth of 
invasion and periesophageal tissue invasion (T staging) and has 
relatively poor sensitivity (50%–75%) for determining nodal 
involvement (N stage) [46c]. The important role of FDG PET 
in primary staging is detection of distant metastases, commonly 
found in the liver and lung. Sensitivity for distant metastases is 
80%–90% compared to CT, 50%–75%. FDG PET imaging 
upstages as many as 15% of patients. A major impact of FDG 
PET is improved detection of occult stage IV disease.

Fluorodoxyglucose PET can be used to monitor the effective-
ness of therapy [47]. Resolution of uptake is seen with a com-
plete response, reduced uptake with partial response, and 
persistent uptake with no response. FDG PET has high accuracy 
for detection of recurrence and can differentiate posttherapy 
changes from residual tumor.

Pancreatic	carcinoma
Early diagnosis and resection is potentially curative, although 
in most patients pancreatic cancer is unresectable at the time of 
diagnosis. Sensitivity for primary tumor detection is greater 

Fluorine-18 fluorodoxyglucose uptake is typically high in 
colorectal cancer, with tumor detection sensitivity greater than 
95%. The one exception is mucinous adenocarcinoma, where 
the sensitivity is lower, approximately 60% [45a]. FDG PET is 
not routinely required preoperatively. Postoperatively, one-third 

Figure 150.13 Fluorine-18 fluorodoxyglucose (FDG) positron emission 
tomography (PET)-computed tomography (CT) in new diagnosis of 
adenocarcinoma of the colon metastatic to the liver. (a) Primary tumor in 
the sigmoid colon seen on the maximal intensity projections (MIPS) view 
(right	lower	panel) and extensive metastases to the liver. Multiple small 
regions of focal uptake are seen in the renal calyces and bladder clearance 
is normal. Transverse cross-sectional FDG PET slice (right	upper	panel) 
shows intense FDG uptake in the primary malignancy that corresponds 
to the CT lesion (left	upper	panel) and fused CT and FDG images (left	
lower	panel). (b) Cross-sectional slices through the liver. Multiple regions 
of increased uptake are seen in the liver consistent with hepatic 
metastases.

(a)

(b)
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Both CT and FDG PET have high sensitivity and specificity 
for primary tumor detection, greater than 90%. In approxi-
mately 25% of patients, FDG PET can detect a good response 
to therapy earlier than CT [51]. In 5% of patients, CT will detect 
the response first. FDG PET correctly characterizes response to 
therapy at 1 month in 95% of patients, and 100% at 3 and 6 
months [52].

References are available at www.yamadagastro.com/textbook
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than 90%, though this is lower than in esophageal or colon 
cancer [48]. Pancreatitis can produce false-positive studies [49].

Conventional anatomical imaging is required for T and N 
staging. The primary role of FDG PET is for the detection of 
liver and other distant metastases (M staging). Accuracy is 83% 
for PET and 63% for CT [50]. FDG PET alters the management 
in 45% of patients.

Fluorodoxyglucose PET can detect recurrent disease better 
than other imaging modalities and can help differentiate post-
operative changes from recurrence, as well as identify recurrent 
nodal or distant metastatic disease. FDG PET can clarify uncer-
tain regions seen on CT, detect new hepatic lesions, and evaluate 
patients with rising serum tumor markers but negative conven-
tional imaging. The absence of FDG uptake 1 month following 
chemotherapy is an indicator of improved survival.

Gastrointestinal	stromal	tumors
Thirty percent of these rare mesenchymal gastrointestinal tract 
tumors are malignant and the rest are benign. The malignant 
tumors tend to recur and metastasize to the liver and perito-
neum, less commonly to the lungs, pleura, retroperitoneum, 
bone, and subcutaneous tissue. Previously, tumors were found 
to be generally resistant to chemotherapy and radiation therapy; 
however, many patients have a dramatic response to the tyrosine 
kinase inhibitor, imatinib mesylate (Gleevac).

http://www.yamadagastro.com/textbook


2886

Chapter menu

Technical considerations, 2886

Risks and contraindications, 2889

Vascular anatomy of the abdominal viscera, 2889

Arterial disease, 2893

Venous disease, 2896

Gastrointestinal disease, 2898

Pancreatic disease, 2901

Hepatic disease, 2903

Panhepatic angiography, 2905

Percutaneous transcatheter therapy, 2905

Forthcoming advances, 2908

Further reading, 2908

Since the introduction of the newer imaging modalities, includ-
ing ultrasound, computed tomography (CT), and magnetic 
resonance imaging (MRI), catheter-based angiography has been 
used less frequently in the evaluation of the visceral arteries and 
gastrointestinal (GI) disease. It is currently used to establish a 
specific diagnosis of mesenteric vascular disease, localize GI 
bleeding, evaluate portal hypertension, demonstrate traumatic 
arterial injury, and obtain the necessary vascular information 
before percutaneous or surgical intervention. This chapter 
reviews the equipment and technique used in catheterization of 
the visceral arteries and portal venous system, vascular anatomy, 
and the role of angiography in the diagnosis and treatment of 
visceral vascular and GI diseases.

Technical considerations

Intraarterial digital subtraction angiography (IA-DSA) is used 
in GI angiography. DSA requires a smaller amount of dilute 
contrast medium, causes less discomfort to patients, and reduces 
the risks of renal toxicity and fluid overload. DSA images may 
be viewed on a video monitor during and after injection of 
contrast material. Intravenous DSA (IV-DSA) is an angio-
graphic technique for imaging the aorta and its branches after 
an intravenous administration of contrast medium into the 

superior vena cava or right atrium. IV-DSA is useful in the 
pediatric patient who is at high risk for developing arterial 
spasm and thrombosis at the puncture site.

Two types of iodinated contrast material have been used for 
angiography: the conventional, high-osmolar (ionic) contrast 
agent has been replaced by the low-osmolar (nonionic) or iso-
smolar (iodixanol, Visipaque, GE Healthcare, Princeton, NJ, 
USA) contrast agent. The nonionic contrast agents are more 
expensive but cause less pain and burning sensation. Patients 
with a history of contrast media allergy and renal failure will 
benefit from the use of low-osmolar contrast media [1–3].

Gadolinium-based contrast agent has been used as an alter-
native in patients with contrast allergy and chronic renal failure 
[4]. Nephrogenic systemic fibrosis has been reported in patients 
with renal insufficiency and exposed to gadolinium-based con-
trast agent [5].

Carbon dioxide (CO2) gas is used as an alternative contrast 
agent in both the arterial and venous circulations [6,7]. CO2 is 
approximately 20 times more soluble than air, allowing intra-
vascular injection of the gas without causing clinically signifi-
cant gas embolism. CO2 angiography is useful for patients with 
a history of contrast allergy or renal failure [6]. CO2 can be used 
as a contrast agent for visualization of the abdominal aorta and 
renal, mesenteric, and peripheral arteries. CO2 is used as a con-
trast agent for the diagnosis of GI bleeding, and traumatic 
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evaluate the compression of the celiac axis by the ligament. Most 
angiographers today use a 4 or 5 Fr catheters that have been 
preshaped by the manufacturer. The most commonly used, 
commercially produced catheter configurations are the simple 
curve, double curve (cobra shape), or reverse curve (sidewinder, 
shepherd hook, or Simmons-shaped catheter).

Superselective catheterization is usually used for the diagnosis 
and transcatheter treatment of hepatic tumors, gastrointestinal 
bleeding, arterial bleeding associated with splenic or hepatic 
laceration, and visceral artery pseudoaneurysms. Celiac and 
superior mesenteric angiograms should always be done prior to 
the superselective injections. They provide a “road map” of the 
visceral arteries and their branches, facilitating the superselective 
catheterization procedure. Superselective visceral angiograms 
are done using the coaxial catheterization method in which a 3 Fr 
microcatheter is advanced through the 5 Fr diagnostic catheter 
positioned in the celiac, superior mesenteric, splenic, or hepatic 
artery. The microcatheter with an inner diameter of 0.027 inch 
(0.69 mm) allows the injection of contrast medium in the volume 
sufficient for diagnostic angiograms.

General angiographic approach
Gastrointestinal angiography can be performed as an outpatient 
procedure. On the day of the procedure, the patient is allowed 
to take fluids by mouth. Patients usually receive conscious seda-
tion with a narcotic analgesic (fentanyl) and a benzodiazepine 
central nervous system depressant (midazolam) immediately 
before and during the procedure. For the evaluation of 
mesenteric ischemia and median arcuate ligament compression, 
lateral aortography is performed in both full inspiration and 
expiration. Otherwise, visceral angiography begins with cathe-
terization of the celiac and superior mesenteric arteries. Selective 
catheterization of the branches of the visceral arteries is per-
formed as needed: splenic, dorsal pancreatic, and gastroduode-
nal arterial catheterization for evaluation of pancreatic disease; 
left gastric and gastroduodenal arterial catheterization for 
gastric and duodenal bleeding; superior mesenteric branch 
catheterization for small bowel and right-sided colonic bleed-
ing; and inferior mesenteric artery catheterization for left-sided 
colonic and rectosigmoidal bleeding.

Visualization of the portal venous system is essential in  
angiographic study for evaluating intraabdominal masses, 
mesenteric and portal vein thrombosis, and portal hypertension. 
The presence or absence of a venous abnormality plays an  
important role in determining whether the arterial abnormality 
is neoplastic or arteriosclerotic in nature. Arterial involvement by 
a neoplasm is usually associated with narrowing or occlusion of 
the adjacent vein. Visualization of the portal vein at indirect por-
tography requires the injection of a large volume of contrast 
medium into the superior mesenteric or splenic artery. Portal vein 
visualization can be enhanced by the intraarterial injection of a 
vasodilator (nitroglycerin 150 μg) before the injection of contrast 
medium.

hepatic and splenic bleeding. Because of the buoyancy of the 
gas, CO2 is useful in visualizing the origins of the celiac and 
superior mesenteric arteries that arise from the ventral surface 
of the abdominal aorta in patients suspected of having median 
arcuate ligament compression syndrome, comprising acute and 
chronic mesenteric ischemia. CO2 is a safe contrast agent in the 
venous circulation. An injection of 30–50 mL of the gas into a 
peripheral or central vein causes no significant changes in vital 
signs. Because of its low viscosity, CO2 is the preferred contrast 
agent for wedged hepatic venography to demonstrate the portal 
vein. CO2 can be used as a contrast agent for splenoportography 
[8]. CO2 is also used as a contrast agent to guide a variety of 
vascular interventions including angioplasty, placement of stent 
in the celiac and superior mesenteric arteries when stenosis 
causes abdominal angina and transjugular intrahepatic porto-
systemic shunt (TIPS).

Percutaneous catheterization
Gastrointestinal angiography is performed using the technique 
described by Seldinger in 1953 [9]. The arteries used for cath-
eterization of the visceral arteries are the femoral, axillary, and 
brachial arteries. Of these, the femoral approach is preferable. 
When the needle is introduced into the artery, the guidewire is 
inserted through the needle into the abdominal aorta and a 
diagnostic catheter is introduced over the guidewire. The tech-
nique used for femoral and jugular vein catheterization is 
similar to that used for arterial introduction. The guidewire is 
inserted into the inferior vena cava (IVC) and the catheter is 
advanced over the guidewire. If thrombosis has occurred in the 
femoral veins or IVC, the catheter is introduced by way of an 
antecubital, brachial, or jugular vein.

Three different sizes of needle have been used for both arterial 
and venous puncture by the Seldinger technique: an 18G needle 
with an outer, blunt cannula and an inner pointed trocar 
(double-wall puncture needle), a 19G single-wall puncture 
needle and a 21G micropuncture needle. Both the 18 and 19G 
needles will accept a 0.035-inch (0.89-mm) guidewire. The 21G 
needle will accept a 0.018-inch (0.46-mm) guidewire. When a 
0.018-inch guidewire is introduced through the 21G needle, a 
4 or 5 Fr introducer is inserted into the vessel over the guidewire. 
The outer 4 or 5 Fr introducer allows passage of a 0.035-inch 
standard angiographic guidewire. The use of a 0.018-inch 
guidewire and the inner 3 Fr dilator facilitates catheterization of 
a tortuous, small vessel. Ultrasound-guided arterial and venous 
catheter placement is increasingly used as it decreases discom-
fort as well as puncture site complications.

After insertion of an introducer sheath in the femoral artery, 
a 4 or 5 Fr pigtail or Omni Flush catheter is introduced through 
the sheath and advanced above the origin of the celiac axis for 
an abdominal aortogram in the anteroposterior and lateral pro-
jections to visualize the aorta and its branches. If median arcuate 
ligament compression syndrome is clinically suspected, lateral 
aortograms are obtained in full expiration and inspiration to 



2888   PART 5 Diagnostic and therapeutic modalities in gastroenterology

mesenteric angiogram is also useful in visualizing the portal 
vein. Wedged hepatic venography with CO2 may be performed 
from the jugular or femoral vein to visualize the portal vein. 
CO2 (20–30 mL) may be injected into the liver parenchyma 
using a 22G needle to fill the portal vein. After the procedure 
has been completed, the catheter track is sealed near the hepatic 
capsule with a gelatin sponge or coil to arrest bleeding from the 
puncture site.

Transjugular portal vein catheterization
The transjugular approach to the portal venous system remains 
one of the most important technique for the evaluation of 
patients with cirrhosis and portal hypertension, to diagnose 
and treat portal vein stenosis or occlusion and mesenteric vein 
thrombosis [12], to embolize the coronary vein in a patient 
with bleeding varices, and to create a TIPS [13,14]. The right 
or left internal jugular vein is punctured under ultrasound 
guidance. A 10 Fr vascular sheath is advanced into the right 
atrium. After visualization of the central portal veins with the 
injection of CO2 into a wedged hepatic vein or hepatic paren-
chyma, a 16G Colapinto-type needle is used to puncture the 
right portal vein near the portal vein bifurcation under fluoro-
scopic control. When the portal vein is entered, a guidewire is 
introduced into the portal vein. Over the guidewire a 5 Fr cath-
eter is advanced into the portal vein and manometry is per-
formed to determine a pressure gradient between the right 
atrium and the portal vein. The gradient is usually greater than 
12 mmHg in portal hypertension. A splenoportogram is per-
formed to demonstrate portal vein anatomy and portosystemic 
collateral veins. For a TIPS procedure, the parenchymal tract is 
dilated with an 8-mm angioplasty balloon catheter and covered 
with 10-mm metallic stents, such as Wallstent, or covered 
stents, such as VIATORR. Any competitive internal shunts such 
as spontaneous splenorenal shunt, gastrorenal shunt, and reca-
nalized paraumbilic vein, and bleeding gastric varices that  
continue to fill after creation of a TIPS, are occluded with 
embolization with coils or Amplatzer vascular plugs. The end-
point pressure gradient should be less than 12 mmHg following 
creation of a TIPS.

Splenoportography and percutaneous 
transsplenic portal vein catheterization
Since the advent of the imaging modalities and the development 
of indirect portography (arterial portography), splenoportogra-
phy is rarely performed. CO2 is a useful contrast agent for sple-
noportography. Because of its low viscosity, the gas can be 
injected into the splenic parenchyma using a 22G or 25G needle. 
The relative safety of the small needle and the lack of nephro-
toxicity of CO2 make CO2 splenoportography suitable for pedi-
atric patients [8,15]. Percutaneous transsplenic portal vein 
catheterization is a safe and useful access for endovascular 
portal vein intervention in patients without transhepatic or 
transjugular access to the portal vein [16].

Under normal conditions, puncture site hemostasis can be 
achieved with manual compression for 5–10 min following GI 
angiography. The patient may resume a normal diet after the 
procedure and ambulate after 4 h of bed rest. A puncture site 
closure device can be used to reduce the duration of the postpro-
cedure bed rest and observation. No pressure dressing is required.

Wedged hepatic venography and manometry
Wedged hepatic venography and manometry is frequently 
useful in the evaluation of patients with cirrhosis and portal 
hypertension, intractable ascites, abnormal liver function tests, 
graft dysfunction after liver transplantation, suspected portal 
vein thrombosis, and portal vein visualization for targeting in a 
TIPS procedure. The combination of wedged hepatic venogra-
phy and manometry with transjugular liver biopsy provides 
information on hepatic–portal anatomy, hepatic hemodynam-
ics, and liver histology.

Wedged hepatic venous pressure is a direct reflection of sinu-
soidal pressure and, in the absence of portal vein occlusion, of 
portal pressure. Additional pressure measurements in the right 
atrium, IVC, and hepatic vein can provide information about 
the level of obstruction in portal hypertension. Wedged hepatic 
venography can be performed with iodinated contrast medium 
or CO2. When injected into the catheter wedged in the hepatic 
vein, contrast medium fills the sinusoids and peripheral portal 
vein branches. In the presence of reversed portal blood flow in 
the patient with advanced cirrhosis, the wedged injection will 
fill the portal vein. In contrast, the injection of CO2 will poorly 
fill the sinusoids but usually reflux into the portal vein.

Wedged hepatic venography can be done with a slightly 
curved end-hole catheter or with a balloon catheter. The cath-
eter can be introduced from a femoral vein or from an internal 
jugular vein. When the catheter is wedged in a hepatic vein, 
4–6 mL of contrast medium is injected at the rate of 1 mL/s. 
When the balloon occlusion method is used, a total volume of 
contrast medium of 10–20 mL (4–5 mL/s) or 20–30 mL of CO2 
is injected by hand. When the portal vein is not seen after  
either wedged hepatic or balloon occlusion venography, CO2 
(20–30 mL) is injected into the liver parenchyma using a 21G 
needle, and images are acquired using the DSA technique. This 
will usually visualize the portal venous system.

Transhepatic portal vein catheterization
The indications for percutaneous transhepatic portal vein cath-
eterization include: evaluation of portal hemodynamics with 
manometry; venous sampling to localize islet cell tumor; coro-
nary vein embolization for control of variceal bleeding; portal 
vein embolization prior to hepatic resection [10]; catheter-
directed thrombolysis and thrombectomy in acute mesenteric 
vein thrombosis; and recanalization of stenotic or occluded 
portal vein [11]. Ultrasound, CT, or magnetic resonance angi-
ography (MRA) is used to verify portal vein patency prior to 
the procedure. The venous phase of a celiac or superior 
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Gastrointestinal angiography cannot be performed if the patient 
is unable to lie flat on the bed.

Vascular anatomy of the abdominal viscera

A thorough knowledge of vascular anatomy of the abdominal 
viscera is essential in performing and interpreting an angiogram 
and in planning therapeutic intervention for GI disease.

Arterial vasculature
The abdominal viscera receive their blood supply from the 
celiac, superior, and inferior mesenteric arteries. The superior 
mesenteric artery arises from the ventral aspect of the abdomi-
nal aorta 1–2 cm below the celiac artery and above the renal 
artery. It courses anterior to the third portion of the duodenum 
and the left renal vein into the mesentery. The celiac artery gives 
off the left gastric, splenic, and common hepatic arteries (Figure 
151.1). Occasionally, the inferior phrenic or dorsal pancreatic 
artery originates from the celiac axis. The inferior phrenic artery 
may arise from the left gastric artery or renal artery, or directly 
from the aorta. One or more branches of the celiac artery may 
originate from sources other than the celiac axis: the left gastric 
artery from the aorta, the splenic artery from the superior 
mesenteric artery, and the hepatic artery from the aorta, supe-
rior mesenteric artery, gastroduodenal artery, or left gastric 
artery.

The common hepatic artery divides into the proper hepatic 
and gastroduodenal arteries. The proper hepatic artery ascends 
in the hepatoduodenal ligament for a variable distance and 
divides into a right and a left hepatic artery. The right hepatic 
artery usually courses behind the common hepatic duct and 
divides into an anterior and posterior segmental artery. Each of 
the segmental arteries gives off arterial branches to the superior 
and inferior subsegments of the liver. The left hepatic artery 
divides into a medial segmental (middle hepatic) and a lateral 
segmental artery. Each segmental artery gives rise to superior 
and inferior subsegmental branches. The middle hepatic artery 
may arise from the right hepatic, a left hepatic, or a proper 
hepatic artery. The proper hepatic artery also gives off arterial 
branches to the bile duct (peribiliary artery), the portal vein 
(vasa vasorum), and the subcapsular branches. In 14.2% of indi-
viduals, an accessory left gastric artery may arise from the left 
hepatic artery. It follows a course similar to an intrahepatic 
artery inferior to the inferior margin of the left hepatic lobe and 
a contrast injection into the artery will produce a gastric wall 
stain. Recognition of the accessory left gastric artery during the 
angiographic evaluation of a patient with hepatic malignancy 
who is a candidate for radioembolization is important because 
unrecognized extrahepatic branches with infusion of radioac-
tive microspheres can result in gastric ulceration [20]. In about 
half of cases, one or more branches of the hepatic artery arise 
from sources other than the celiac/hepatic artery. Two types of 
aberrant hepatic artery may occur: replaced (the origin of the 

Risks and contraindications

The overall complication rates of transfemoral and transaxillary 
angiography are 1.73% and 3.29%, respectively [17]. The com-
plications of transfemoral angiography include puncture site 
complications, complications related to catheter manipulation, 
contrast material reactions, contrast material toxicity (renal 
failure), and systemic complications (cardiac and neurological). 
Brachial nerve injury is the most serious complication of 
transaxillary arterial catheterization. Nerve injury is less likely 
to occur with a brachial artery puncture because the brachial 
plexus is not as close to the brachial artery as it is to the axillary 
artery. The use of intraarterial nitroglycerin and calcium channel 
blocking drugs is helpful in preventing arterial spasm. Mortality 
related to angiographic procedures other than reactions to con-
trast agents is extremely rare.

The overall mortality associated with the intravenous use  
of ionic contrast agents is 1 in 40 000 [18]. The risk factors 
involved in the use of contrast material are renal failure, a 
history of previous reactions (major and minor), and allergic 
diathesis. Before the administration of contrast medium for 
angiography, risk factors for contrast nephropathy should be 
identified. These include preexisting renal insufficiency, diabe-
tes mellitus, intravascular volume depletion, congestive heart 
failure, repeat contrast procedures, and multiple myeloma [19]. 
Recommendations for prevention of contrast nephropathy 
include use of alternative contrast such as CO2, discontinuation 
of potential nephrotoxic agents 48–72 h before the procedure, 
adequate hydration before and after the procedure, use of low-
osmolar or isosmolar contrast material, and use of minimal 
volume of contrast material. Pretreatment with prednisone 
50 mg at 13, 7, and 1 h before contrast administration has been 
advocated to prevent reaction to contrast agents for patients 
with a history of hypersensitivity to iodinated contrast medium. 
Before the procedure, Benadryl 50 mg is administered. For 
emergency cases, hydrocortisone 100 mg is administered intra-
venously before the procedure.

There are no absolute contraindications to GI angiography. 
Relative contraindications include severe coagulopathy, recent 
myocardial infarction, congestive heart failure, renal failure, and 
pregnancy. Patients undergoing brachial or axillary artery punc-
ture or a percutaneous transhepatic procedure are at increased 
risk for hemorrhagic complications in the presence of coagu-
lopathy or hypertension. Depending on the urgency and nature 
of the procedure, coagulopathy should be reversed with appro-
priate treatment. International normalized ratio (INR) should 
be corrected to less than 1.5 for percutaneous arterial puncture. 
Platelets should be greater than 50 000/mL. In heparinized 
patients, heparin should be discontinued at least 2 h before the 
arterial puncture. In patients on warfarin, the warfarin should 
be stopped several days before any arterial puncture. If urgent 
GI angiography is needed, the patient should be treated with 
fresh-frozen plasma and vitamin K 25–50 mg i.m. Aspirin and 
clopidogrel should be held for 5 days before arterial puncture. 
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Figure 151.1 Normal celiac trunk. (a) Celiac arteriogram showing standard arterial anatomy. The left gastric (LGA), splenic (SA), and common hepatic 
(CHA) arteries arise from the celiac trunk (CA). The proper hepatic artery (PHA) divides into the right and left hepatic arteries. The middle hepatic 
artery (arrow) arises from the right hepatic artery. The right gastric artery (RGA) arises from the PHA. (b) Line drawing of branches of the celiac trunk. 
DP, dorsal pancreatic artery; PM, pancreatica magna artery; LGE, left gastroepiploic; PA, posterior arcade; AA, anterior arcade; RGE, right 
gastroepiploic; IPD, inferior pancreaticoduodenal; SMA, superior mesenteric artery; GDA, gastroduodenal artery.
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artery is “replaced” and the aberrant artery serves as a substi-
tute) or accessory (additive to the celiac/hepatic artery). 
According to Michels’ dissection of 200 cadavers [21], aberrant 
right hepatic arteries occur in 26% of patients (18% replaced, 
8% accessory), most frequently originating from the superior 
mesenteric artery (17%); aberrant left hepatic arteries occur in 
27% of patients (15.5% replaced, 11.5% accessory), most fre-
quently from the left gastric artery (13%).

The gastroduodenal artery usually originates from the 
common hepatic artery. In 25% of the population, it may have 
an aberrant origin. The three main branches originating from 
the gastroduodenal artery are the posterior superior pancreati-
coduodenal (posterior arcade), anterior superior pancreati-
coduodenal (anterior arcade), and right gastroepiploic arteries. 
The posterior and anterior arcade arteries join inferomedially 
and anastomose with the inferior pancreaticoduodenal artery, a 
branch of the superior mesenteric artery. The gastroduodenal 
artery supplies arterial blood to the stomach, duodenum, pan-
creas, and bile duct. In the presence of a celiac artery occlusion, 
the pancreaticoduodenal arcade arteries function as the major 
collateral pathway to the liver from the superior mesenteric 
artery. Normally, the gastroduodenal blood flows away from the 
liver, but with stenosis or occlusion in the celiac or common 
hepatic artery the blood flow is reversed. Recognition of flow 
reversal in the gastroduodenal artery is important in planning 
resection of pancreatic head tumors, for placement of a hepatic 
artery infusion catheter for chemotherapy, and for intraarterial 
stimulation with calcium or secretin for the localization of 
occult insulinoma or gastrinoma, respectively.

The superior mesenteric artery supplies the pancreas, duode-
num, small intestine, cecum, ascending colon, and the proximal 
half of the transverse colon. The inferior pancreaticoduodenal 
and occasionally the dorsal pancreatic arteries originate from 
the proximal portion of the superior mesenteric artery. The 
other branches of the superior mesenteric artery are the middle 
colic, jejunal, ileal, right colic, and ileocolic arteries (Figure 
151.2). A true right colic artery is an inconstant branch (present 
in 13% of people), and the ascending colon often receives its 
blood supply from a paracolic arcade fed from the middle and 
ileocolic arteries [22]. However, Michels asserted that any 
branch proximal to the paracolic arcade that supplies the 
ascending colon is a right colic artery [23]. With this definition, 
the right colic artery arises from the superior mesenteric artery 
in 38%, from a common right colic/middle colic trunk in 52%, 
and from an ileocolic/right colic trunk in 8% of individuals. The 
right colic artery is absent in 2% and an accessory right colic 
artery is present in 8% of individuals.

The inferior mesenteric artery arises from the anterolateral 
aspect of the aorta near the level of the L3–4 interspace, and 
courses caudally and to the left for up to 5 cm before giving off 
the left colic artery (see Figure 151.2). The ascending branch of 
the left colic artery supplies the descending colon and a variable 
amount of the splenic flexure. The inferior mesenteric artery 
gives off several additional branches to the descending and 
sigmoid colon before terminating in the superior hemorrhoidal 
artery. The inferior mesenteric artery communicates through the 
left colic/middle colic anastomosis to the superior mesenteric 
artery. It also communicates through the superior hemorrhoidal/
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collateral veins to the systemic circulation. Percutaneous 
ultrasound-guided paraumbilical vein cannulation can be safely 
performed for localization of the portal vein to facilitate portal 
vein puncture during TIPS placement.

The inferior mesenteric vein joins the splenic vein or, less 
frequently, the superior mesenteric vein. Portosystemic  
collaterals develop from the inferior mesenteric vein via the 
superior hemorrhoidal vein to the branches of the internal iliac 
vein and via the retroperitoneal vein to the IVC. The portosys-
temic collateral vein via the superior hemorrhoidal vein leads 
to the formation of rectal varices. Bleeding from the rectal 
varices in the patient with portal hypertension can be controlled 
with variceal embolization or sclerotherapy from the jugular or 
transhepatic approach. TIPS placement may be required for 
recurrent variceal bleeding following the embolization or 
sclerotherapy.

The portal venous system receives venous blood from the GI 
tract, the pancreas, the spleen, the gallbladder, and the omentum. 
Normally the portal vein blood flows toward the liver (hepato-
petal). Reversal in flow (hepatofugal) in any tributaries of the 
portal venous system indicates the presence of portal hyperten-
sion; visualization of the coronary vein or inferior mesenteric 
vein in the portal venous phase of a superior mesenteric angi-
ogram indicates reversal in flow of these veins functioning as 
portosystemic collaterals. Reversal of portal vein flow may be 
partial or complete. Partial reversal of portal flow may occur in 

middle and inferior hemorrhoidal arterial anastomoses to the 
internal iliac artery. They function as collaterals in mesenteric 
arterial or distal aortic occlusion and following endovascular 
repair of abdominal aortic aneurysm (EVAR). The superior 
mesenteric/middle colic to the inferior mesenteric anastomosis 
often accounts for retrograde flow of blood into the excluded 
aneurysm sac (type 11 endoleak) following EVAR.

Portal venous system
The portal vein is formed by the junction of the splenic and 
superior mesenteric veins behind the head of the pancreas 
(Figure 151.3) and ascends toward the hepatic hilus in the hepa-
toduodenal ligament, dorsal and to the left of the bile duct, and 
to the right of the hepatic artery. The portal vein is joined by 
the left gastric, right gastric, posterior superior pancreaticoduo-
denal, and cystic veins. These tributaries provide the porto-
systemic collaterals in patients with cirrhosis and portal 
hypertension. They also provide portal–portal collateral veins 
in splenic, superior mesenteric, or portal vein occlusion. The 
right branch of the portal vein divides into the anterior and 
posterior segmental branches. The left portal branch divides 
into the superior and inferior subsegmental branches after 
giving off branches to the caudate and quadrate lobes. The 
umbilical vein joins the left portal vein at its bifurcation into the 
subsegmental branches. It is normally obliterated but may be 
recanalized in the presence of portal hypertension, providing 

Figure 151.2 Arterial supply to the colon. (a) Arterial phase of an inferior mesenteric angiogram. The inferior mesenteric artery (IMA) gives off the left 
colic (LCA), sigmoidal (SA), and superior hemorrhoidal (SHA) arteries. The middle colic (MCA) branch of the superior mesenteric artery anastomoses 
with the left colic branch of the inferior mesenteric artery via the marginal artery of Drummond (arrowheads). Opacification of the middle colic artery 
is due to forceful injection of contrast medium into the inferior mesenteric artery. (b) Line drawing of the arterial supply to the colon. RCA, right colic 
artery; ICA, ileocolic artery; AOR, arc of Riolan; MCA, middle colic artery; SMA, superior mesenteric artery; LCA, left colic artery; IMA, inferior 
mesenteric artery; SHA, superior hemorrhoidal artery; SA, sigmoidal artery; AMC, accessory middle colic artery; MAR, marginal artery of Drummond.
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hepatic artery blood leaves the liver through the portal vein. 
Blood flow direction in the intrahepatic and extrahepatic portal 
veins can be assessed by Doppler ultrasound, transhepatic 
portal vein catheterization, superior mesenteric and celiac angi-
ography, and wedged hepatic venography. When the main por-
tosystemic collateral develops from the umbilical vein, the 
extrahepatic portal blood flow can be hepatopetal in the pres-
ence of hepatofugal intrahepatic portal flow.

CT, ultrasound, and magnetic resonance venography (MRV) 
can be used to accurately visualize the portal venous system 
[24–26]. Portal and hepatic venous imaging can be obtained 
immediately following MRA with gadolinium enhancement for 
arterial examination (see Figure 151.3). The method is useful 
when a TIPS procedure, liver transplantation, or resection of 
intraabdominal tumors is contemplated. CO2 wedged hepatic 
venography is used to visualize the portal vein during TIPS or 
transjugular liver biopsy, or when hepatic vein outflow obstruc-
tion is suspected (Figure 151.4).

Hepatic veins
The hepatic veins begin in the center of the hepatic lobules as 
intralobular veins. These veins join together to form sublobular 
veins. The hepatic veins are intersegmental or interlobar in 
course: the right hepatic vein lies in the intersegmental fissure 
of the right hepatic lobe, dividing it into the anterior and pos-
terior segments; the middle hepatic vein lies in the interlobar 
fissure; and the left hepatic vein lies between the medial and 
lateral segments of the left hepatic lobe. The hepatic veins con-
verge posteriorly and run near the hepatic capsule before emp-
tying into the IVC (see Figure 151.3).

The accessory hepatic veins, which originate from the right 
hepatic and caudate lobes, are small and empty into the IVC 

Figure 151.3 Portal and hepatic veins. (a) Magnetic resonance 
angiography and three-dimensional contrast magnetic resonance 
venography. The celiac and superior mesenteric arteries were normal (not 
shown). Imaging of the upper abdomen in the coronal plane was 
performed following intravenous administration of gadolinium. The 
superior mesenteric, portal, and hepatic veins are visualized. SMV, superior 
mesenteric vein; MPV, main portal vein; RPV, right portal vein; LPV, left 
portal vein; RHV, right hepatic vein; LHV, left hepatic vein; MHV, middle 
hepatic vein. (b) Percutaneous transhepatic splenoportogram with 
injection of contrast medium into the proximal splenic vein. LG, left gastric 
vein; GE, gastroepiploic vein; SV, splenic vein; PV, portal vein. Venous 
anastomoses are seen between the short gastric and left gastric veins, and 
between the left and right gastroepiploic veins.
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the extrahepatic or intrahepatic branches of the portal venous 
system. Complete reversal of intrahepatic portal flow may occur 
in some patients with severe cirrhosis, hepatic vein obstruction, 
surgical portosystemic shunts, and TIPS. In such cases, the 
portal vein is the principal outflow conduit of the liver, and the 

Figure 151.4 CO2 wedged hepatic venogram: 30 mL of CO2 was injected 
into the 5 Fr end-hole catheter wedged in a branch of the right hepatic 
vein (arrow). CO2 filled the right hepatic vein (hv) and both intrahepatic 
and extrahepatic portal vein (pv).

pv

hv
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with acute abdomen. It can demonstrate the signs of acute 
mesenteric ischemia, mesenteric arterial or venous thrombosis, 
intramural gas, portal vein gas, and focal lack of bowel-wall 
enhancement [32]. In the patient with superior mesenteric 
artery branch occlusion causing partial jejunal ischemia, CT 
demonstrates an abnormal jejunal segment with reduced con-
trast enhancement. However, catheter-based arteriography 
(DSA) will reveal an occlusion of a jejunal branch originating 
from the superior mesenteric artery with collateral circulation 
from the adjacent proximal jejunal artery.

After percutaneous catheterization of the femoral artery, a 
lateral aortogram is performed to demonstrate the origin of the 
celiac and superior mesenteric arteries. Occlusion of the celiac 
and superior mesenteric arteries with poor collateral circulation 
indicates acute occlusive mesenteric ischemia, and urgent 
surgery should be performed (Figure 151.6). When colonic 
ischemia is suspected, an inferior mesenteric arteriogram is 
performed. When the celiac, superior, and inferior mesenteric 

between the main hepatic and renal veins. They function as 
collaterals in hepatic vein occlusion, draining into the infrahe-
patic portion of the IVC. If the hepatic portion of the IVC is 
occluded, collateral circulation develops between the accessory 
hepatic vein and main hepatic vein draining into the patent 
suprahepatic IVC. Diagnostic imaging of the hepatic veins may 
be obtained by spiral CT [27], ultrasound [28], or MRA [29].

Arterial disease

Arteriography remains the gold standard in the diagnosis  
of visceral arterial disease. It can provide a specific diagnosis, 
and the necessary information on the vascular anatomy and 
arterial hemodynamics before endovascular intervention, 
hepatic artery chemoembolization, hepatic artery radioemboli-
zation, or surgery.

Acute mesenteric ischemia
Early angiography in patients with suspected acute mesenteric 
ischemia permits early differentiation between occlusive 
(thrombotic or embolic) and nonocclusive types that allows 
appropriate treatment [30,31] (Figure 151.5). In clinical prac-
tice, contrast-enhanced CT is frequently performed in patients 

Figure 151.5 Superior mesenteric artery embolus. Superior mesenteric 
angiogram in an elderly woman with atrial fibrillation and abdominal 
pain. There is an embolus in the superior mesenteric artery (black arrow) 
distal to the second jejunal artery. A small embolus is seen in the jejunal 
artery (arrowhead). The distal mesenteric branches reconstitute through 
collaterals from the middle colic (open black arrow) and jejunal arteries 
(open white arrow).

Figure 151.6 Celiac and superior mesenteric artery occlusion. Lateral 
aortogram in a 66-year-old woman with abdominal pain and 9-kg weight 
loss. Both the celiac and the superior mesenteric arteries are occluded at 
the origins (arrows). There is poor collateral circulation into the 
mesenteric arteries. The inferior mesenteric artery is also occluded. 
Computed tomography showed ileus, pneumatosis intestinalis, and gas in 
the portal. At surgery diffuse bowel infarction was found.
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the most sensitive examination for colonic ischemia and can 
demonstrate the mucosal changes. Biopsies can be obtained if 
necessary. The angiographic findings may be nonspecific. In the 
early stage, the mesenteric arteries are constricted and blood 
flow is slowed with decreased parenchymal vascularity. In the 
late stage, the colon may appear hypervascular with prominent 
intramural arteries and increased accumulation of contrast 
material in the wall of the bowel. Treatment depends on the 
severity of colonic ischemia and includes medical therapy and 
surgical intervention.

Intestinal angina
Intestinal angina, also called chronic mesenteric ischemia, is 
characterized clinically by a postprandial abdominal pain asso-
ciated with weight loss, nausea, vomiting, or diarrhea. The 
abdominal pain usually begins 15 to 30 min after a meal. The 
most common cause is atherosclerosis involving the proximal 
portions of the celiac, superior mesenteric, or inferior mesenteric 
artery. Less common causes include aortic dissection extending 
to the splanchnic arteries, vasculitis, fibromuscular dysplasia, 
radiation, and cocaine abuse. The risk factors for splanchnic 
artery stenosis are smoking, hypertension, diabetes mellitus, 
and hypercholesterolemia.

At least two of the three splanchnic arteries (celiac artery, 
superior, and inferior mesenteric arteries) usually have signifi-
cant occlusive disease before the syndrome of intestinal angina 
occurs [36]. Duplex ultrasound with spectral analysis is used for 
screening patients thought to have chronic mesenteric artery 
occlusive disease. Multidetector row CT angiography plays a 
primary role in the evaluation of patients suspected of having 
visceral artery occlusive disease [37]. Multidetector row CTA 
will adequately demonstrate the degree of stenosis in the celiac 
trunk and superior mesenteric artery, and the associated col-
lateral circulation. It also allows visualization of the vessel wall, 
bowel wall thickening, and the other pathologies that may cause 
abdominal pain. It may not accurately assess patency of heavily 
calcified vessels. In patients with renal failure or contrast allergy, 
gadolinium-enhanced three-dimensional MRA should be used 
as a primary diagnostic tool in the evaluation of the origins of 
the celiac and superior mesenteric arteries, but its resolution is 
inadequate for evaluation of mesenteric artery branch stenosis 
[38]. Angiography provides information regarding the hemody-
namic significance of mesenteric artery stenosis and the circula-
tion distal to the stenosis necessary for endolumenal intervention 
(usually angioplasty and stent placement) [39] or surgical revas-
cularization. Demonstration of collateral circulation distal to a 
superior mesenteric artery stenosis indicates that the stenosis is 
hemodynamically significant. Pressure measurement across the 
stenosis can help assess the hemodynamic significance of the 
stenosis prior to endovascular intervention.

Celiac axis compression
Celiac axis compression syndrome (median arcuate compres-
sion syndrome) is controversial as a cause of abdominal pain. 

arteries are occluded, the collateral blood supply to these arter-
ies comes primarily from the pelvic branches of the internal iliac 
arteries through the inferior and middle hemorrhoidal/superior 
hemorrhoidal arterial anastomoses. The collaterals to the  
superior hemorrhoidal artery and branches of the superior 
mesenteric artery can be demonstrated by injecting contrast 
medium into the distal abdominal aorta or internal iliac 
arteries.

Acute mesenteric ischemia may be occlusive or nonocclusive 
in type. Occlusive lesions include embolism, atherosclerotic 
plaques, aortic dissection, neoplasms, and vasculitis. 
Arteriography can accurately identify the level of occlusion and 
evaluate collateral circulation. In superior mesenteric artery 
embolism, the occlusion may be proximal or distal to the middle 
colic artery. Arteriosclerosis usually involves the origin of the 
superior mesenteric artery, allowing collateral development 
through the left colic and middle colic anastomosis, and through 
the posterior and anterior pancreaticoduodenal arcades and the 
gastroduodenal artery. Inferior mesenteric artery stenosis or 
occlusion causes collaterals to develop through the middle 
colic/left colic anastomosis. If both superior mesenteric and 
inferior mesenteric arteries are occluded, collaterals develop 
from the middle and inferior hemorrhoidal arteries of the inter-
nal iliac arteries.

Nonocclusive mesenteric ischemia is caused by severe and 
prolonged intestinal vasoconstriction from various causes, 
including systemic shock usually secondary to reduced cardiac 
output or sepsis, cocaine ingestion, ergot poisoning, and digoxin 
toxicity. The typical angiographic findings include diffuse 
mesenteric arterial constriction, slowing of mesenteric arterial 
flow, and decreased intestinal mucosal staining. When 
mesenteric vasospasm is identified, intraarterial infusion of 
papaverine (30–60 mg/h) is used to relieve mesenteric vasocon-
striction. In patients with occlusive mesenteric ischemia and 
positive peritoneal signs, the infusion of papaverine may be 
continued before, during, and even after surgical intervention.

Colonic ischemia
Ischemic colitis is the most common form of mesenteric 
ischemia, frequently affecting the elderly. In most patients, 
colonic ischemia is transient and resolves without sequelae. 
Only some patients develop bowel necrosis or persistent 
ischemia that results in a stricture. The common causes of 
colonic ischemia are ligation of the inferior mesenteric artery 
during surgery [33] and low flow after cardiopulmonary bypass, 
myocardial ischemia, or sepsis. The other etiological factors 
include idiopathic, shock, colonic obstruction, digitalis, cocaine 
abuse, mesenteric artery thrombosis or embolism, vasculitis, 
radiation injury, certain medications, and hematological  
disorders [34].

CT is a useful tool for the diagnosis of ischemic colitis [35]. 
The CT findings for colonic ischemia include mural thickening, 
luminal narrowing, polypoid defect, decreased mucosal per-
fusion, pneumatosis, and pneumoperitoneum. Colonoscopy is 
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rior mesenteric angiograms. The angiographic findings vary with 
the type of vasculitis. In polyarteritis nodosa, celiac and superior 
mesenteric angiograms demonstrate occluded small- and 
medium-sized arteries with or without microaneurysms (Figure 
151.7). In ergot or digitalis toxicity, the mesenteric artery 
branches are narrowed or occluded with collaterals. In SLE, 
angiography demonstrates diffusely decreased small bowel vas-
cularity. Angiography is the most sensitive method of visualizing 
microaneurysms. The angiographic examination should include 
the renal, celiac, and mesenteric arteries.

Splanchnic artery aneurysms  
and pseudoaneurysms
Splanchnic artery aneurysms and pseudoaneurysms are rare. 
They often found incidentally during angiographic studies for 
other indications or in patients with abdominal pain, gastroin-
testinal or abdominal bleeding, or pancreatitis. Angiography is 
usually necessary to identify the exact site of the aneurysm and 
its relationship to adjacent vascular structures, as well as to plan 
surgical resection or embolization to prevent catastrophic hem-
orrhage [46,47]. Aneurysms occur in virtually all splanchnic 
arteries.

Splenic artery aneurysms account for 60% of all visceral 
artery aneurysms [48]. They occur four times more frequently 
in women than in men and are multiple in 20% of patients. 
Causes include atherosclerosis, medial fibrodysplasia, multiple 
pregnancies, pancreatitis, portal hypertension, polyarteritis 
nodosa, Ehlers–Danlos syndrome, and trauma. In portal  
hypertension, aneurysms tend to occur at the bifurcation of  
the intrasplenic branches of the splenic artery [49]. Most  

The celiac axis may be narrowed or, in severe cases, occluded 
by the median arcuate ligament of the diaphragm. Surgical cor-
rection of the lesion by decompression or reconstruction of the 
vessel usually ameliorates the pain [40]. Because balloon dila-
tion is not helpful in eliminating the extrinsic compression, 
stent placement is required [41]. Without prior releasing of the 
extrinsic compression, stenting may be ineffective due to com-
pression of the stent by the ligament. Celiac axis stenosis is 
frequently an incidental finding, with a reported prevalence of 
12%–49% [42,43]. CTA and MRA can demonstrate celiac trunk 
narrowing by median arcuate ligament compression. A lateral 
aortogram with CO2 or contrast medium demonstrates a 
concave impression on the cranial aspect of the celiac axis just 
distal to the celiac axis origin. The compression is usually accen-
tuated during deep expiration and decreased in severity or com-
pletely relieved during deep inspiration. A superior mesenteric 
angiogram will demonstrate collateral circulation to the hepatic 
and splenic arteries through the gastroduodenal and pancreatic 
arcade arteries from the superior mesenteric artery.

Superior mesenteric artery syndrome
When the aortosuperior mesenteric artery angle is reduced 
from a normal angle of 25° to 60° to an angle of 6° to 15°, the 
superior mesenteric artery (SMA) can compress the third 
portion of the duodenum, causing duodenal obstruction. Such 
compression is most often found in patients with chronic 
immobilization with weight loss and a body cast [44,45]. The 
upper GI barium examination shows a characteristic oblique 
indentation toward the right lower quadrant on the third 
portion of the duodenum, corresponding to the course of the 
superior mesenteric artery. The second portion of the duode-
num is usually dilated. CTA or MRA can demonstrate vascular 
compression of the duodenum and enable measurement of the 
aortomesenteric angle. A narrow aortomesenteric angle corre-
sponding to the site of obstruction can be seen on a lateral 
aortogram. The treatment of superior mesenteric artery syn-
drome is conservative with nasogastric decompression, hyper-
alimentation followed by frequent small meals, and posturing 
maneuvers. Surgical bypass may be considered if conservative 
treatment fails.

Vasculitis
Vasculitis of the mesenteric arteries is usually part of a systemic 
process. The causes include Wegener granulomatosis, systemic 
lupus erythematosus (SLE), polyarteritis nodosa, Henoch–
Schönlein purpura, Buerger disease, giant cell arteritis, and 
infection. Mesenteric vasculitis may cause acute or chronic 
mesenteric ischemia. The gastrointestinal symptoms of 
mesenteric vasculitis include abdominal pain, gastrointestinal 
bleeding, peritonitis, intestinal infarction, pancreatitis, duodenal 
ulcer, and cholecystitis. CTA or MRA can demonstrate vessel 
wall thickening/irregularity and aneurysms. Arteriographic 
studies should include an aortogram, celiac, superior, and infe-

Figure 151.7 Multiple microaneurysms in polyarteritis nodosa. Arterial 
phase of a celiac angiogram shows numerous aneurysms involving the 
hepatic and pancreatic arteries.
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the extent of the injury. Contrast-enhanced CT should be the 
first imaging modality for the evaluation of abdominal trauma. 
Angiography is indicated when CT shows a high-grade injury 
of solid organs, contrast extravasation, pseudoaneurysm, or vas-
cular injuries.

Venous disease

Occlusion of the portal, mesenteric, splenic, and hepatic veins 
may be asymptomatic or associated with ascites, hepatic failure, 
intestinal ischemia, or GI hemorrhage. Contrast-enhanced CT 
and MRV can diagnose occlusion of the portal and splenic vein 
by demonstrating intraabdominal varices and thrombus in the 
portal venous system [25]. Duplex scanning is useful in the 
assessment of patency and direction of blood flow of the portal 
vein and portosystemic shunts [53]. The portal venous phases 
of the celiac, superior mesenteric, and splenic angiograms are 
used to evaluate the patency of the splenic, mesenteric, and 
portal veins, respectively. An inferior vena cavogram and 
hepatic venogram are performed in patients with suspected 
Budd–Chiari syndrome. Transjugular or transhepatic portal 
vein cannulation is used in direct splenoportography with 
portal venous pressure measurement, and portal venous inter-
ventions including angioplasty, stenting or a TIPS procedure.

Portal vein occlusion
The pattern of portal vein occlusion usually varies with its etiol-
ogy [54]. Idiopathic intrahepatic portal vein occlusion (hepat-
oportal sclerosis) usually occurs in children. Occlusion of the 
main portal vein is the most common type and is probably of 
congenital etiology. Thrombosis of the main and superior 
mesenteric veins may be caused by intraabdominal sepsis, 
portal hypertension, and hypercoagulable states.

Angiographic findings include large collateral veins originat-
ing from the superior mesenteric vein, ascending in the hepa-
toduodenal ligament in the venous phase of the superior 
mesenteric angiogram (Figure 151.8). The collateral vessels 
reconstitute the patent intrahepatic portal vein. If the intrahe-
patic portal venous branches are occluded, the collateral vessels 
continue to run along the intrahepatic bile ducts, giving the 
appearance of railroad tracks [55]. In mesenteric vein thrombo-
sis, numerous tiny collateral veins are demonstrated throughout 
the mesentery without visualization of the superior mesenteric 
vein in the venous phase of the superior mesenteric angiogram.

The angiographic abnormality of portal vein occlusion due to 
neoplasms varies with the type of neoplasm. Pancreatic and 
biliary cancers cause localized narrowing or occlusion of the 
portal vein without associated tumor vessels. In contrast, portal 
vein invasion by hepatocellular carcinoma has a characteristic 
appearance, with abnormal vascular channels coursing within 
the portal vein branches in the vicinity of the tumors. 
Arteriovenous shunting is often associated with portal vein 
invasion by tumors [56].

atherosclerotic splenic artery aneurysms are asymptomatic, and 
calcified aneurysms less than 2 cm in diameter require no treat-
ment. In contrast, aneurysms occurring in pregnant women and 
those associated with pancreatitis require treatment because of 
their propensity to bleed. Splenic artery aneurysms can be 
treated with embolization or percutaneous puncture with 
thrombin injection or covered stents [50].

The hepatic artery is the second most common site for 
splanchnic aneurysms, accounting for 20% of all splanchnic 
aneurysms [48]. Most hepatic pseudoaneurysms are traumatic 
in origin and are secondary to blunt or penetrating abdominal 
trauma, liver biopsy, liver surgery, liver transplantation,  
pancreaticoduodenectomy (Whipple procedure), biliary stent 
placement, pancreatitis, or placement of a hepatic arterial infu-
sion catheter. Most spontaneous aneurysms occur in the 
common hepatic or right hepatic artery. Clinical presentations 
include right upper quadrant pain, hemobilia, GI bleeding, or 
obstructive jaundice. Rarely, hepatic artery aneurysms rupture 
into the peritoneal cavity, portal vein, or pancreatic pseudocyst. 
The diagnosis can be made by ultrasound, contrast-enhanced 
CT, MRA, or arteriography. Treatment includes embolization by 
transcatheter approach or percutaneous puncture with thrombin 
injection or placement of covered stents [51].

Mesenteric aneurysms are arteriosclerotic and may cause GI 
bleeding or mesenteric ischemia. The other causes include pan-
creatitis, dissection, mycotic aneurysm, and Ehlers–Danlos syn-
drome type 4.

Celiac axis aneurysms account for 4% of all visceral aneu-
rysms and should be differentiated from pseudocysts when 
encountered during ultrasound or unenhanced CT scanning. A 
lateral aortogram is necessary to confirm the diagnosis of aneu-
rysms arising from the origins of the celiac and superior 
mesenteric arteries. Treatment includes surgical ligation, 
embolization, and use of covered stents [52].

Gastroduodenal (GDA) and pancreatic arterial aneurysms 
are usually associated with pancreatitis and pseudocysts. Other 
causes include blunt trauma, autoimmune disorders, vascular 
intervention, and surgery. They may cause GI and intraperito-
neal hemorrhage. Rarely, aneurysms rupture into the pancreatic 
duct or a pseudocyst. Ultrasound and contrast-enhanced CT 
usually differentiates pseudocysts and aneurysms. Angiography 
is required to delineate the vascular anatomy and the exact 
origin of the aneurysm before surgical treatment or transcath-
eter embolotherapy. If a GDA aneurysm is associated with celiac 
stenosis or occlusion, patency of the GDA should be maintained 
during surgical revascularization, vessel ligation or aneurysmal 
sac exclusion. If celiac and hepatic arteries are patent, transcath-
eter embolization is preferable. It involves isolation or exclusion 
of the aneurysm with coil occlusion of the feeding artery proxi-
mal and distal to the aneurysm.

Abdominal trauma
Abdominal trauma can be due to penetrating or blunt injuries. 
Most traumatized patients require radiological studies to assess 
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venous pressure from right heart failure may produce a contrast-
enhancement pattern similar to that of Budd–Chiari syndrome. 
MRI is useful in identifying the underlying lesions, such as 
hepatic and vena caval thrombi, and congenital membrane [60].

Angiography is the most important procedure for the diag-
nosis of Budd–Chiari syndrome. Superior mesenteric and celiac 
angiograms are obtained to visualize the portal vein and exclude 
hepatic neoplasms. An inferior vena cavogram is obtained to 
exclude occlusion of, or membrane in, the hepatic portion of 
the IVC. Demonstration of hepatic vein patency excludes the 
diagnosis of Budd–Chiari syndrome. When the hepatic vein is 
occluded, the catheter is wedged into the occluded hepatic vein, 
and contrast medium is injected to visualize the collateral chan-
nels (Figure 151.9). If the right hepatic vein cannot be entered, 
catheterization of the accessory hepatic vein should be per-
formed. If any of the hepatic veins cannot be catheterized, a 22G 
needle is inserted into the liver parenchyma using the same 
technique used for percutaneous transhepatic portal vein cath-
eterization. Injection of iodinated contrast medium or CO2 
usually demonstrates hepatic vein occlusion and collateral veins 
[61].

Splenic vein occlusion
Splenic vein occlusion is usually clinically silent but may cause 
hypersplenism or gastric variceal bleeding [57,58]. The causes 
include pancreatitis, pancreatic cancer, and hypercoagulable 
states. The diagnosis can be made by dynamic CT, duplex ultra-
sound, and three-dimensional contrast MRV. Angiography 
should be performed when noninvasive studies are inconclusive 
or when additional vascular information is needed. A celiac or 
splenic arteriogram is performed for the diagnosis; the angio-
graphic findings include splenoportal collaterals through the 
short gastric/coronary and gastroepiploic veins, as well as non-
opacification of the splenic vein during the venous phase. The 
treatment of choice for bleeding gastric varices associated with 
splenic vein occlusion is splenectomy. If surgical intervention is 
contraindicated, partial splenic artery embolization by tran-
scatheter approach is an effective alternative treatment [59]. 
Localized splenic vein occlusion or stenosis can be treated by 
transhepatic splenic vein balloon dilation and stent placement.

Budd–Chiari syndrome
In Budd–Chiari syndrome, a significant portion of the hepatic 
venous system is obstructed. CT is usually used as the initial 
test and may reveal nonuniform contrast enhancement of the 
liver parenchyma and enlarged caudate lobe. Increased central 

Figure 151.8 Portal vein occlusion. Portal venous phase of a superior 
mesenteric angiogram (oblique view) demonstrates tortuous venous 
collaterals (arrow) running along the hepatoduodenal ligament adjacent 
to the occluded portal vein. The collateral veins reconstitute intrahepatic 
portal venous branches. Source: Reuter et al. 1986 [177]. Reproduced with 
permission of Elsevier. Figure 151.9 Budd–Chiari syndrome. Digital subtraction hepatic 

venogram was performed with contrast injection into the right hepatic 
vein (HV), demonstrating numerous collateral veins pathognomonic of 
hepatic vein occlusion. The arrow indicates the level of hepatic vein 
occlusion. RA, right atrium.
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lators, or thrombolytic agents, allowing accurate localization of 
the bleeding site and prompt treatment [72,73]. Prophylactic 
embolization (left gastric artery embolization for gastric bleed-
ing and gastroduodenal artery embolization for duodenal 
bleeding) is an acceptable alternative when the massive bleeding 
has ceased at the time of angiography [74,75].

Angiography is usually not helpful in determining the cause 
of upper GI hemorrhage. Hemorrhagic gastritis is the most 
common cause of capillary bleeding and imaging may demon-
strate a hypervascular stomach with dilated gastric arteries and 
increased parenchymal staining. Peptic ulceration is the most 
common cause of arterial bleeding and usually produces no 
angiographic abnormality. Gastric bleeding usually arises from 
the left gastric artery and occasionally from the short gastric, 
right gastric, or gastroepiploic artery. Duodenal bleeding may 
originate from the celiac or superior mesenteric artery or from 
both arteries. Angiographically the arterial bleeding appears as 
a localized accumulation of contrast material extravasation 

Percutaneous translumenal angioplasty and stent placement 
has been used to treat Budd–Chiari syndrome caused by 
obstruction of the hepatic vein and hepatic segment of the IVC 
[62,63]. Restenosis or reocclusion occurs frequently at the angi-
oplasty site. Patency of the vein may be improved with use of 
metallic stents after unsuccessful angioplasty. The transjugular 
or transhepatic approach is used for angioplasty and stent place-
ment for right hepatic vein occlusion causing Budd–Chiari syn-
drome [64,65]. The TIPS procedure is used to treat intractable 
ascites and bleeding varices from hepatic venous occlusive 
disease and as an effective bridge to transplantation for hepatic 
failure associated with Budd–Chiari syndrome [66,67].

Gastrointestinal disease

When evaluating GI disease, angiography is indicated for the 
diagnosis of vascular disease, visualization of vascular anatomy, 
and diagnosis and treatment of GI bleeding. If active GI bleed-
ing is diagnosed, angiography can be urgently performed for 
localization of the bleeding site as well as control of the bleeding. 
The rate of bleeding should be at least 0.5 mL/min to be detected 
by angiography. Angiography is insensitive in detecting capil-
lary or venous bleeding because of the dilution of the contrast 
material. Helical CT angiography with intraarterial or intrave-
nous injection of contrast medium is useful in detecting active 
GI bleeding as well as GI bleeding of obscure origin, and facili-
tates angiographic localization of the bleeding [68–70]. CO2 is 
a sensitive contrast agent in detecting active bleeding that may 
not be seen with contrast medium. Once the bleeding site has 
been identified by CO2, contrast medium is injected for a vas-
cular “roadmap” before superselective catheterization of the 
bleeding artery for embolotherapy. Angiography is useful for 
identifying vascular malformations and vascular neoplasms. A 
catheter may be placed in the mesenteric branch supplying a 
vascular malformation preoperatively to facilitate intraoperative 
localization of the lesion.

Upper gastrointestinal bleeding
Endoscopy is the primary procedure for the diagnosis and treat-
ment of upper GI bleeding. If endoscopy has failed to localize 
or control the bleeding, angiography is performed for the diag-
nosis and treatment. After percutaneous catheterization of the 
femoral artery, celiac and superior mesenteric angiograms are 
obtained with CO2 and contrast medium. Because of its lower 
viscosity, CO2 is a useful contrast agent in detecting GI bleeding 
(Figure 151.10). If a bleeding site is identified, the bleeding 
artery is selectively catheterized to control the bleeding by 
embolization [71]. If a bleeding site has not been demonstrated, 
left gastric and gastroduodenal arteriograms are obtained. If the 
source of bleeding has still not been identified and nasogastric 
aspiration reveals dark blood, a catheter may be placed in the 
left gastric artery for the next 6–12 h. The bleeding may be 
precipitated by intraarterial administration of heparin, vasodi-

Figure 151.10 Active small bowel bleeding. A superior mesenteric 
angiogram with CO2 demonstrates extravasation of the gas into the ileum 
(arrow). The bleeding was controlled with superselective embolization of 
the bleeding branch from the superior mesenteric artery.
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coaxial catheter system with minimal risk for intestinal necrosis 
[80–82].

Angiodysplasia
Angiodysplasia may occur in a variety of pathological types: 
vascular ectasia, arteriovenous malformations, and capillary 
telangiectasia [83]. Clinical presentation and angiography allow 
identification of each type of angiodysplasia.

Vascular ectasia usually occurs in the cecum and ascending 
colon. Most patients are older than 60 years of age. The angio-
graphic findings include a small vascular cluster and blush in 
the wall of the colon and early dense opacification of the drain-
ing vein (Figure 151.12) [84]. Normal mesenteric angiography 
is usually accepted for exclusion of vascular ectasia, although 
data supporting this assumption are not available. Two or more 
vascular ectasias are frequently present at microscopic examina-
tion of the injected specimen, although most patients demon-
strate a single vascular lesion at angiography. Endoscopy is 
superior to angiography in identifying vascular ectasia. If active 
extravasation is demonstrated, selective arterial embolization is 
an effective treatment. Arteriovenous malformations are of 

during the arterial phase of the angiogram. The escaped contrast 
material persists throughout the venous phase and may outline 
the mucosa. Selective arterial embolization is an effective means 
of controlling bleeding from peptic ulceration [76].

Upper GI endoscopy should be obtained in all patients sus-
pected of bleeding from the biliary tract (hemobilia) and pan-
creatic duct (hemosuccus pancreaticus). Once bleeding from 
the ampulla of Vater is documented, angiography is performed 
to demonstrate the underlying lesion and rarely contrast 
extravasation into the bile duct. Hemobilia can be treated by 
embolizing the feeding artery. Bleeding into the pancreatic duct 
is amenable to selective arterial embolization of the associated 
arterial lesions. Aortoenteric fistulae rarely cause GI bleeding, 
and the duodenum is the most common site of fistulae. Biplane 
aortography may show a false aneurysm at the aortic anasto-
motic site.

Percutaneous transhepatic coronary vein embolization may 
be used to treat variceal bleeding when endoscopy is not avail-
able or fails to control the bleeding. Variceal embolization may 
be necessary if the varices continue to fill after creation of TIPS. 
TIPS is an effective method of controlling variceal bleeding and 
is currently indicated when the bleeding is unresponsive to 
endoscopic therapy [14,77]. A transfemoral retrograde approach 
may be used to obliterate gastric varices. The gastrorenal or 
splenorenal shunt is cannulated through the renal vein and then 
occluded with an occlusion balloon catheter before injecting 
sclerosing agents or glue into the gastric varices. This procedure, 
called balloon-occluded retrograde transvenous obliteration  
of gastric varices (BRTO), can be an effective alternative to  
TIPS [78].

Lower gastrointestinal bleeding
Once lower GI bleeding is diagnosed by clinical presentation 
(hematochezia) and colonoscopy, a superior mesenteric angi-
ogram is performed to detect the bleeding from the small intes-
tine and the right side of the colon. If no bleeding site is seen, 
a celiac arteriogram is obtained because massive gastroduode-
nal bleeding may present as lower GI bleeding. If a radionuclide 
scan has localized the bleeding to the left side of colon, inferior 
mesenteric arteriograms are obtained with coverage from the 
rectum to the splenic flexure of the colon. Active bleeding shows 
a localized accumulation of escaped contrast material during 
the arterial phase of the mesenteric angiogram, which usually 
persists through the venous phase (Figure 151.11). CO2 should 
be used as a contrast agent for the superior and inferior 
mesenteric angiograms if contrast angiograms have failed to 
demonstrate the bleeding site.

Selective infusion of vasopressin is usually effective in con-
trolling the bleeding in up to 80% of patients, but the recurrence 
rate is as high as 50% [79]. Patients with coronary artery disease 
should not be treated with vasopressin because of the risk for 
myocardial infarction. Selective embolization is the therapeutic 
procedure of choice. Superselective catheterization and emboli-
zation of the bleeding artery can be achieved with use of the 3 Fr 

Figure 151.11 Superior mesenteric angiogram in an elderly man who 
developed massive colonic bleeding. Extravasation of contrast medium is 
seen from the hepatic flexure of the colon (arrow). The bleeding was 
controlled with embolization of the bleeding branch from the right colic 
artery (arrowheads).
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vasopressin into the inferior mesenteric artery is effective in 
controlling the bleeding. If the patient has coronary artery 
disease or if vasopressin fails, selective embolization is per-
formed with Gelfoam, Ivalon particles, or microcoils [89].

Intestinal varices
Intestinal varices represent varices at an unusual site in patients 
with cirrhosis and portal hypertension. Contrast-enhanced CT 
and MRV are used to diagnose intestinal varices. Angiography 
provides the necessary information about the location and 
extent of the varices, and the status of the portal venous system. 
The varices are demonstrated in the portal venous phase of a 
superior mesenteric angiogram. Percutaneous transhepatic or 
transjugular portal vein catheterization may be necessary for 
evaluation of portal hemodynamics and embolization of intes-
tinal varices. TIPS is effective in treating stomal or rectal varices 
unresponsive to conservative treatment, injection sclerotherapy, 
or embolization [90–92].

Neoplasms of the small intestine
Gastrointestinal stromal tumor
Gastrointestinal stromal tumors (GISTs) are the most common 
mesenchymal tumor of the GI tract, previously called as leio-
myoma and leiomyosarcoma. CT is the primary imaging 
modality for the detection of GI stromal tumors [93]. 
Angiography is useful in diagnosing small bowel stromal 
tumors. The tumors are usually hypervascular with abundant 
tumor vessels and dense blush (Figure 151.13). The draining 
vein usually is densely opacified. Angiographic differentiation 
between benign and malignant tumors is not possible unless 
venous invasion or metastasis is demonstrated [94]. When 
active bleeding occurs from the tumor, a radionuclide bleeding 
scan or enhanced CT is performed to localize the bleeding site. 
Angiography is then performed to localize and control the 
bleeding with superselective arterial embolization. Once the 
bleeding has been controlled by embolization, the tumor should 
be resected.

Carcinoid tumor
Carcinoid tumors arise from enterochromaffin cells that are 
present in the GI tract, lung, ovary, pancreas, and other organs. 
They produce various hormones, including serotonin, hista-
mine, dopamine, and tachykinins. The imaging modalities 
(including CT, MRA, and radionuclide scan) play an important 
role in the evaluation of mesenteric extension of carcinoid 
tumors and liver metastases [95]. Angiography may be used for 
diagnosis and staging of carcinoid tumors. The angiographic 
findings include retraction, kinking, and occlusion of the 
mesenteric arteries. Carcinoid tumors metastatic to the liver are 
usually hypervascular with abundant tumor vessels. Venous 
sampling with hormone assay may be necessary for localizing 
occult carcinoid tumors, especially those occurring in the  
ovary and lungs. When the patient with liver involvement has 
severe carcinoid syndrome, hepatic artery embolization is an 

developmental origin and usually affect people younger than 50 
years of age. The angiographic findings include tortuous dilated 
arteries with early prominent veins. The lesions are frequently 
found in the small intestine and vary in size. Vascular malfor-
mations should be differentiated from vascular tumors, such as 
leiomyomas, which usually demonstrate a tumor blush.

Capillary telangiectasia may occur in any part of the GI tract 
and may be associated with hereditary hemorrhagic telangiecta-
sia (Osler–Weber–Rendu disease). The angiographic findings 
usually include tiny areas of blush without arteriovenous shunt-
ing. Hepatic angiography may demonstrate dilated hepatic 
arteries and increased hepatic parenchymal staining [85,86].

Meckel diverticulum
Meckel diverticulum is a remnant of the omphalomesenteric 
duct, representing the most common malformation of the GI 
tract. It is located in the distal ileum and may contain ectopic 
gastric mucosa and pancreatic tissue causing GI bleeding. 
Angiography is obtained only when active bleeding occurs. 
Angiographically, a Meckel diverticulum appears as a short 
segment of bowel with increased contrast accumulation sup-
plied by an abnormal branch (a remnant of the omphalome-
senteric artery) from the superior mesenteric artery [87]. 
Superselective catheterization of the distal ileal branches of the 
superior mesenteric artery may be necessary to identify the 
abnormal artery. Superselective arterial embolization may be 
performed to control life-threatening GI bleeding from a Meckel 
diverticulum before surgical resection [88].

Rectal trauma
Inferior mesenteric angiography is performed for localization 
and treatment of the bleeding from rectal trauma. Infusion of 

Figure 151.12 Vascular ectasia of the cecum. Superior mesenteric 
angiogram in a 60-year-old woman with recurrent lower gastrointestinal 
bleeding. A 1-cm mucosal vascular ectasia is seen on the antimesenteric 
surface of the cecum (longer arrow). The feeding artery and vein (shorter 
arrows) are opacified during the arterial phase.
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tures and to assess the extent of the lesion before surgery. Newer 
imaging modalities are now used to both diagnose and stage the 
lesion [100]. Angiography is performed to obtain a specific 
diagnosis, to determine the extent of the tumor, and to demon-
strate vascular anatomy. In patients with pancreatitis, pseudo-
cysts, or vascular lesions, angiography is necessary when surgery 
or endovascular therapy is contemplated for the treatment of 
visceral artery pseudoaneurysms. Selective angiography and 
hepatic venous sampling with the intraarterial injection of 
secretin for gastrinoma and of calcium gluconate for insulinoma 
continue to play a role in the localization of occult pancreatic 
endocrine tumors.

Adenocarcinoma
Current imaging techniques, including helical CT, multidetec-
tor CT, MRI, endoscopic ultrasound (EUS), and positron emis-
sion tomography are important in early diagnosis and staging 
of pancreatic cancer [101,102]. Angiography is performed to 
evaluate vascular anatomy and involvement of any major peri-
pancreatic artery (splenic, hepatic, or superior mesenteric 
artery) or vein (superior mesenteric, splenic, or portal vein). 
When any major peripancreatic artery or vein is involved, the 
tumor may be unresectable (Figure 151.14). If pancreatic cancer 
is confined within the pancreas, surgical resection offers the 
only potential cure. Irreversible electroporation, a newer abla-
tive treatment modality, has demonstrated some potential 
benefit in the treatment of unresectable locally advanced pan-
creatic cancer [103,104].

Cystic tumors
Cystic lesions may be found on imaging studies of patients 
without symptoms. A wide variety of cystic lesions occurs in the 
pancreas, including cystic neoplasms and pseudocysts. CT, 
EUS, and MRI should be used to diagnose cystic lesions of the 
pancreas [105,106].

Angiography is reserved for determining the extent of the 
tumor and vascular anatomy before surgical resection. 
Angiographically, microcystic adenomas are usually hypervas-
cular with abundant tumor vessels and blush, whereas muci-
nous cystic tumors are hypovascular with sparse tumor vessels 
mimicking a pseudocyst.

Pancreatic endocrine tumors
CT, MRI, and EUS have all been used to demonstrate endocrine 
tumors of the pancreas with varying success. Angiography is 
infrequently used for localization of islet cell adenomas. 
Angiographic technique in the examination of the pancreas 
requires meticulous catheterization of the superior mesenteric 
artery and celiac artery, and its branches. Angiographically,  
islet cell tumors appear as a localized area of contrast material 
accumulation (tumor blush) with or without tumor vessels 
(Figure 151.15). Malignant islet cell tumors may grow into the 
portal vein [107]. Most hepatic metastases from islet cell carci-
nomas are hypervascular and are readily detected by hepatic 

Figure 151.13 Duodenal leiomyoma. Late arterial phase of a 
gastroduodenal arteriogram in a young woman with upper 
gastrointestinal hemorrhage. A vascular mass (arrows) in the second 
portion of the duodenum receives blood supply from the dilated anterior 
arcade artery (AA). CHA, common hepatic artery; GDA, gastroduodenal 
artery; GE, gastroepiploic; IPD, inferior pancreaticoduodenal; J, jejunal; 
PA, posterior arcade artery; TP, transverse pancreatic. Surgical removal of 
the mass confirmed the diagnosis.
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acceptable palliative treatment [96–98]. Carcinoid crisis is a 
potentially life-threatening condition that can occur spontane-
ously or at the time of hepatic artery embolization. The clinical 
manifestations of carcinoid crisis vary depending on the hor-
mones released from the tumors and include sudden flushing, 
sweating, hypotension, hypertension, and even cardiac arrest. 
Octreotide (Sandostatin) should be considered for both prophy-
lactic and emergency use for spontaneous or induced carcinoid 
crisis [99].

Other tumors
Hemangiomas of the small bowel are an uncommon cause of 
GI bleeding. Angiography may be used to identify small heman-
giomas. The angiographic findings include small areas of abnor-
mal vessels with contrast accumulation in the capillary phase, 
with or without early draining veins. Angiography is not useful 
in diagnosing adenomas, lipomas, carcinomas, or Kaposi 
sarcoma.

Pancreatic disease

Pancreatic tumors have been extensively studied by angiogra-
phy, both to identify the actual tumor by its angiographic fea-
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angiography. Angiography is sensitive in localizing insulinomas 
(accuracy 60%–90%) but is less sensitive in detecting gastrin-
producing tumors. Other endocrine tumors, such as vasoactive 
intestinal peptide producing tumors (VIPoma), glucagonoma, 
and somatostatinoma, are usually hypervascular with abundant 
tumor vessels.

Percutaneous transhepatic venous sampling with hormone 
assay is a useful method for localizing occult islet cell tumors. 
This method may be used to localize the source of abnormal 
hormone secretion to the head, body, and tail of the pancreas, 
as well as to the liver. This is helpful in avoiding blind resection 
of the pancreas [108]. Simultaneous arterial and venous sam-
pling from the splenic, superior mesenteric, and portal veins 
can detect localized elevation of hormones near the tumor site; 
adenomas of the body and tail of the pancreas produce increased 
hormone concentrations in the splenic vein, and those of the 
pancreatic head produce increased hormone concentrations in 
the superior mesenteric and portal veins. Simultaneous blood 
sampling from the hepatic and portal veins helps to determine 
the presence of hepatic metastases from gastrinomas [109].

Selective intraarterial injection of secretin with assay of 
hepatic venous gastrin has been useful in localizing gastrinomas 
and hepatic metastases [110,111]. It involves injection of 30 
units of secretin into the splenic, gastroduodenal, proper 
hepatic, and superior mesenteric arteries, as well as blood sam-
pling from the hepatic vein to measure the changes in gastrin 
concentration. An increase in hepatic venous gastrin concentra-
tion of at least 50% at 30–40 s after selective arterial injection of 
secretin indicates a positive response, localizing the tumor to 

Figure 151.14 Unresectable pancreatic cancer. (a) Hepatic arteriogram 
(magnification technique). The common hepatic (a) and proximal 
gastroepiploic (b) arteries are encased by a tumor in the head of the 
pancreas. (b) Portal venous phase of a superior mesenteric angiogram 
(oblique view). The junction of the superior mesenteric and portal veins is 
invaded by the tumor (arrow). PV, portal vein; SMV, superior mesenteric 
vein. Source: Shields et al. 1981 [178]. Reproduced with permission of 
Elsevier.
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Figure 151.15 Islet cell adenoma in a patient with hyperinsulinism. 
Parenchymal phase of a splenic angiogram (digital subtraction technique) 
demonstrates a 1-cm diameter tumor blush (arrow) in the distal body of 
the pancreas. S, splenic parenchymal staining.
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portion of the pancreas can be curative. Transcatheter emboliza-
tion may be used as treatment for control of hemorrhage [118].

Vascular lesions associated with pancreatitis
Angiography has little diagnostic use in patients with pancrea-
titis because the diagnosis is well established clinically. When 
vascular complications occur, angiography is necessary for the 
diagnosis of vascular involvement and treatment. In about half 
of cases of pseudocyst, peripancreatic venous narrowing or 
occlusion is found. Bleeding associated with pancreatitis may be 
venous or arterial in origin. Venous bleeding usually results 
from gastric varices associated with splenic or portal vein occlu-
sion. Venous bleeding rarely results from duodenal varices 
caused by superior mesenteric or portal vein occlusion. Arterial 
hemorrhage is a rare but life-threatening complication of pan-
creatitis, usually secondary to rupture of intrapancreatic or peri-
pancreatic pseudoaneurysms. Arteriography is indicated for the 
diagnosis of arterial bleeding and pseudoaneurysm, and selec-
tive embolization should be used as a definitive or preoperative 
temporizing procedure [119–121].

Hepatic disease

Radionuclide scintigraphy, ultrasound, CT, and MRI have all 
been used for demonstration of liver masses [122–125]. 
Angiography still is important in evaluating liver tumors for the 
specific diagnosis, resectability of the tumor, and before thera-
peutic hepatic artery embolization.

Knowledge of the hepatic circulation is important in the per-
formance and interpretation of hepatic angiograms and in plan-
ning for hepatic arterial chemotherapy. The liver receives a dual 
blood supply; about 75% of the total hepatic blood flow comes 

the part of the pancreas supplied by the artery injected: the 
gastroduodenal and superior mesenteric arteries for the head of 
the pancreas and the splenic artery for the body or tail. The 
selective arterial secretin injection test is more sensitive than 
transhepatic portal venous sampling for localizing occult gas-
trinomas [112]. An increase in hepatic venous gastrin concen-
tration of at least 25% at 20 s or 50% at 30 s after hepatic arterial 
injection of secretin indicates the presence of hepatic metastases 
[113].

In patients with suspected insulinomas, calcium gluconate is 
injected intraarterially and the level of insulin is measured in 
the hepatic vein for localization of insulinomas [114]. The 
patient is admitted the night before the procedure to stabilize 
the glucose level with intravenous administration of 10% dex-
trose. Blood samples are obtained from the hepatic vein before 
and at 30, 60, 90, and 120 s after the injection of calcium gluco-
nate (Ca2+ 0.015 mEq/kg body weight) into the superior 
mesenteric, gastroduodenal, splenic, and hepatic arteries, 
respectively. Calcium injection should be separated by 20–30 min 
to allow the insulin level to return to baseline. A 1.5–2.0-fold 
rise in insulin level in the hepatic vein at 30 and 60 s after 
intraarterial injection of calcium localizes the source of  
insulin to the region of the pancreas supplied by the artery 
stimulated.

Pancreatic arteriovenous malformations
These rare vascular lesions may bleed directly into the intestine, 
the pancreatic duct, or the bile duct [115–117]. Portal hyperten-
sion and varices resulting from arteriovenous shunting in the 
malformation may be the cause of the bleeding. Angiography is 
important in the preoperative diagnosis and localization of the 
lesion (Figure 151.16). The lesion may mimic chronic pancrea-
titis or a vascular tumor. Surgical resection of the involved 

Figure 151.16 Pancreatic arteriovenous malformation (AVM). (a) Splenic angiogram, arterial phase, shows a tangle of vessels in the tail of the pancreas 
(longer arrow). Early draining splenic vein is beginning to opacify (shorter arrow). (b) Dense filling of the splenic and portal (arrow) veins indicates the 
presence of arteriovenous shunting through the AVM.

(a) (b)
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usually demonstrated. Patients with FNH located near the 
capsule may present with nonspecific abdominal pain prompt-
ing resection of the tumor. Transarterial bland embolization is 
a safe, effective alternative treatment for FNH [133].

Biliary cystadenoma
Biliary cystadenomas are benign multiloculated cystic tumors 
arising from the intrahepatic or extrahepatic bile duct. 
Ultrasound and CT can demonstrate the lesions [134]. 
Angiography is performed to define hepatic arterial anatomy 
and determine the extent of the tumor before surgery. The angi-
ographic findings are usually nonspecific and may demonstrate 
subtle neovascularity and rim-like staining in the wall of the 
tumor, mimicking a hepatic abscess, echinococcal cyst, or con-
genital hepatic cyst.

Hepatocellular carcinoma
CT and MRI are the primary imaging methods used for the 
diagnosis of hepatocellular carcinoma (HCC) [135–138]. 
Angiography is necessary to define the extent of the tumor, 
blood supply, and portal venous anatomy. Most hepatomas are 
hypervascular angiographically, with coarse tumor vessels 
(Figure 151.17). Involvement of the extrahepatic portal vein by 
HCC indicates that the tumor is unresectable. Angiography is 
also performed for a vascular “roadmap” before hepatic artery 
chemoembolization for HCC.

from the portal vein and the remaining 25% comes from the 
hepatic artery. The relationship between the portal vein and 
hepatic artery is reciprocal; a decrease in portal blood flow 
results in an immediate compensatory increase in hepatic arte-
rial flow. When portal blood flow is diminished in cirrhosis or 
obstructive jaundice, hepatic arterial embolization for bleeding 
or tumors must be undertaken cautiously because the liver in 
these conditions depends primarily on arterial blood.

Cavernous hemangiomas
Cavernous hemangiomas, the most common benign hepatic 
tumors, are composed of large sinusoidal spaces with fibrosis 
and thrombosis. CT, MRI, and technetium-99m scintigraphy 
with the use of single photon emission computed tomography 
(SPECT) are useful for obtaining a specific diagnosis [126,127]. 
The lesions usually appear well defined and hypodense on unen-
hanced CT. When contrast medium is administered, the lesions 
initially show nodular peripheral enhancement, which becomes 
confluent gradually. On MRI, the lesions usually show bright 
signal intensity on T2-weighted images. The angiographic find-
ings are characteristic, with normal feeding arteries and dense 
persistent pooling of contrast material through the venous 
phase of a hepatic angiogram.

Adenoma
Hepatic adenoma usually occurs in young women with a history 
of oral contraceptive use, and rarely in patients with glycogen 
storage disease [128,129]. Because of the risk of bleeding, 
hepatic adenoma should be surgically resected in almost all 
patients. Hepatic adenomas are nonspecific at ultrasonography, 
and are usually evaluated by CT or MRI [130]. Angiographically, 
hepatic adenomas are usually vascular, with abnormal vessels 
and tumor blush. Adenomas associated with bleeding may 
become hypovascular or avascular, making their angiographic 
localization difficult. The definitive diagnosis cannot be estab-
lished on the basis of the angiographic abnormality. When an 
adenoma bleeds, angiography is necessary to evaluate the extent 
of bleeding and identify the tumor. Selective arterial emboliza-
tion may be used for treatment of abdominal pain and bleeding 
from hepatic adenomas [131]. When the patient becomes stable 
following the embolization, resection may be considered to 
prevent recurrent bleeding.

Focal nodular hyperplasia
Focal nodular hyperplasia (FNH) is a benign liver tumor, often 
found incidentally on imaging studies performed for other indi-
cations. Asymptomatic FNH rarely bleeds and therefore no 
treatment is necessary. CT and MRI have been used to differ-
entiate FNH from other hepatic tumors [132]. Because of the 
difficulty in differentiating FNH from hepatic adenoma and 
fibrolamellar hepatocellular carcinoma, surgical resection may 
still be necessary for some patients. Angiographically, FNH is 
usually hypervascular with abnormal vessels and granular 
blush. Multiple septa radiating from the central area of scar is 

Figure 151.17 Hepatoma. Hepatic arteriogram shows a hypervascular 
mass (arrowheads) with tumor blush. Numerous tumor vessels supplied 
by a dilated right hepatic artery branch (arrow) are seen. The left hepatic 
artery (open arrow) arises from the left gastric artery (LGA). CHA, 
common hepatic artery; GDA, gastroduodenal artery.
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hypertension (hyperkinetic) [139]. Transcatheter embolization 
may be used to occlude the arterioportal fistula and lower portal 
pressure.

The term panhepatic angiography is used for the angiographic 
study performed for the evaluation of portal hypertension. It 
includes: celiac, superior mesenteric, hepatic, and splenic angi-
ograms; wedged hepatic venograms; and manometry. Panhepatic 
angiography determines hepatic arterial variations, assesses 
portal hemodynamics, and excludes hepatoma. Visualization of 
aberrant hepatic arteries is important because accidental liga-
tion of the hepatic artery in the presence of portal hypertension 
may result in hepatic necrosis. A right hepatic artery that origi-
nates from the superior mesenteric artery poses technical dif-
ficulty for portacaval shunt surgery. A hepatic angiogram is 
necessary to exclude hepatomas and helps determine the hemo-
dynamics of intrahepatic portal flow. In advanced cirrhosis with 
reversed portal flow, the portal vein may be visualized in the 
venous phase of the hepatic arteriogram. High-dose superior 
mesenteric and splenic angiograms are necessary to see the 
superior mesenteric, splenic, and portal veins, as well as the 
portosystemic collaterals. In alcoholic cirrhosis, a pressure 
measurement from the catheter wedged in the hepatic vein 
reflects portal vein pressure and is useful in determining 
whether the location of the obstruction is intrahepatic or extra-
hepatic. However, wedged hepatic vein pressure is not a useful 
determinant for selecting the type of shunt surgery. It is also a 
poor predictor of prognosis and survival after shunt surgery. In 
any case, the TIPS procedure has largely replaced surgical shunt 
in recent years. Wedged hepatic venography is the most accurate 
means of assessing the morphological features of the hepatic 
sinusoids and parenchyma. CO2 is used as a contrast agent for 
most wedged hepatic venography to visualize the portal vein for 
its targeting during a TIPS procedure. Manometry of the right 
atrium, hepatic vein, and IVC helps determine the level of 
hepatic venous outflow obstruction. Wedged hepatic venogra-
phy, manometry, and transjugular liver biopsy from the jugular 
vein approach are frequently used as this provides in one session 
hepatic–portal anatomy, hemodynamics, and liver histology. 
This combination study may be performed in: (1) a patient with 
known cirrhosis and portal hypertension; (2) a patient with a 
history of cirrhosis or hepatitis and intractable ascites; (3) a 
patient without a history of cirrhosis or hepatitis who bleeds 
from esophageal varices; (4) patients with hepatic failure of 
unknown etiology; (5) a patient with suspected Budd–Chiari 
syndrome; and (6) liver transplant patients with suspected 
hepatic outflow obstruction.

Percutaneous transcatheter therapy

Diagnostic angiography should be performed before any tran-
scatheter intervention for hepatic–portal disease, cirrhosis and 
portal hypertension, and GI disorders. Interventional radiologi-
cal procedures are reviewed in detail in Chapter 152.

Cholangiocarcinoma
Angiography has a limited role in the diagnosis but may be 
performed to provide a vascular “roadmap” and evaluation of 
portal vein patency when surgical resection is contemplated. 
The angiographic findings include encasement of the hepatic 
arterial branches, which may be associated with encasement of 
the portal vein.

Metastatic hepatic neoplasms
Hepatic metastases from renal cell carcinomas, islet cell carci-
nomas, carcinoid tumors, and medullary thyroid carcinomas 
are hypervascular, while metastases from other primary sites are 
less vascular. Angiography is sensitive in detecting hypervascu-
lar metastases (Figure 151.18). Angiography is performed to 
determine resectability of hepatic metastases and the presence 
of aberrant hepatic arteries before the surgical placement of a 
hepatic arterial catheter for chemotherapy, hepatic artery chem-
oembolization or Yttrium-90 radioembolization.

Panhepatic angiography

Increased resistance to the flow of portal vein blood is the prin-
cipal cause of portal hypertension. The location of the blockage 
in portal blood flow may be intrahepatic or extrahepatic. 
Cirrhosis is the most common cause of intrahepatic sinusoidal 
block. Hepatic vein (postsinusoidal) and portal vein (presinu-
soidal) occlusion produce an extrahepatic block to portal vein 
flow. An increase in portal vein blood flow secondary to 
splenomegaly or arterioportal fistulae rarely causes portal 

Figure 151.18 Hepatic carcinoid metastases. Celiac angiogram, lateral 
arterial and parenchymal phase, in a patient with carcinoid syndrome. 
Hypervascular metastases are present in the liver.
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Thrombolytic therapy
Thrombolytic therapy may be used for superior mesenteric 
artery embolism and portal vein thrombosis. A report of throm-
bolytic therapy for superior mesenteric artery embolism indi-
cates that the method is safe and effective, with technical success 
in 90% and clinical success in 70% [157], but the treatment 
requires at least 6–8 h of infusion. A percutaneous transhepatic 
or transjugular approach is necessary for thrombolysis of 
mesenteric and portal vein thrombosis. The technique involves 
placement of a catheter into the embolus or thrombus, and infu-
sion of a lytic agent. During thrombolysis, the patient should be 
monitored for bleeding and evidence of bowel infarction in the 
intensive care unit. A mechanical thrombectomy device, such 
as AngioJet (Bayer Co. Pittsburgh, PA) may be used for removal 
of thrombi from the mesenteric and portal vein thrombosis.

Hepatic arterial infusion chemotherapy
Regional delivery of antineoplastic agents through a selectively 
placed arterial catheter produces higher tumor response than 
systemic infusion [158,159]. The success of hepatic arterial 
chemotherapy depends on accurate evaluation of the hepatic 
arterial anatomy and hemodynamics, and correct catheter 
placement. To ensure total liver perfusion and drug delivery to 
the tumor site, the hepatic arterial anatomy is meticulously 
evaluated by celiac and superior mesenteric arteriograms. 
Multiple hepatic arteries can be converted to a single hepatic 
artery using the transcatheter embolization technique to facili-
tate catheter placement [160]. For example, if an aberrant left 
hepatic artery from the left gastric artery is embolized, the left 
hepatic lobe receives blood supply through intrahepatic collat-
erals from the right hepatic artery. If the infusion catheter 
cannot be placed in the proper hepatic artery, the gastroduode-
nal artery may be occluded by embolization to allow infusion 
of drugs with a catheter placed in the common hepatic artery 
[161]. Hepatic arterial catheters can be placed through a percu-
taneous approach from the femoral or brachial artery, or surgi-
cally. The introduction of the totally implantable pump has 
improved regional chemotherapy with surgical catheter place-
ment [162]. Radionuclide flow study using 99mTc-labeled mac-
roaggregated serum albumin is the most accurate means of 
assessing hepatic perfusion pattern after catheter placement. 
The complications of percutaneous catheter placement are bra-
chial artery thrombosis, hepatic artery thrombosis, catheter 
displacement, and puncture-site bleeding. The complications of 
surgical catheter placement are hepatic artery thrombosis, 
incorrect catheter placement, catheter occlusion, and pump 
malfunction. Complications related to the toxicity of chemo-
therapeutic agents are chemical hepatitis, biliary sclerosis, 
chemical cholecystitis, and gastroduodenal inflammation and 
ulceration.

Hepatic tumor embolization
Transarterial chemoembolization (TACE) is used to palliate 
hepatic tumors including hepatoma, metastatic neuroendocrine 

Percutaneous translumenal angioplasty and 
stent placement
Balloon angioplasty and stenting have proven to be safe and 
effective treatment for intestinal angina resulting from athero-
sclerotic disease of the mesenteric artery and mesenteric arterial 
compression by the false lumen of an aortic dissection [140–
143]. The treatment for median arcuate ligament syndrome is 
surgical with median arcuate ligament release or laparoscopic 
release of the arcuate ligament. In patients with persistent or 
recurrent celiac stenosis following surgical or laparoscopic 
intervention, celiac angioplasty and stenting are recommended 
[144].

Percutaneous translumenal angioplasty (PTA) and stenting 
have proven safe and effective for treating hepatic and IVC 
stenosis/web causing Budd–Chiari syndrome [145,146]. If the 
hepatic vein is obliterated diffusely, TIPS should be performed 
to relieve portal hypertension [147]. Portal vein stenosis and 
postoperative stricture of the portal vein complicating liver 
transplantation are amenable to balloon angioplasty and stent-
ing [11,148,149].

PTA and stenting is the preferred therapeutic option for 
hepatic artery stenosis in liver transplant recipients because of 
a significant risk of thrombosis of untreated stenosis and high 
risk of rethrombosis following surgical repair [150].

Transcatheter embolotherapy
Transcatheter embolotherapy is an acceptable alternative to 
surgery in treating massive arterial GI bleeding, visceral aneu-
rysms and pseudoaneurysms, hypersplenism, isolated gastric 
varices associated with splenic vein occlusion, and traumatic 
hepatic and splenic bleeding [46,151–155]. Occlusion of the 
hepatic artery by embolization for control of hepatic bleeding 
is usually tolerated because the hepatic sinusoidal perfusion can 
be maintained by collateral circulation and the portal venous 
blood. Hepatic arterial embolization is used for the treatment 
of traumatic hepatic bleeding, hemobilia, and symptomatic 
arterioportal fistula. However, hepatic artery embolization in 
patients with symptomatic hepatic arteriovenous malforma-
tions associated with hereditary hemorrhagic telangiectasia has 
a high risk for hepatic infarction and death [156]. The spleen 
receives adequate collateral blood flow through the pancreatic, 
left gastric/short gastric, inferior phrenic/short gastric, and gas-
troepiploic arteries after occlusion of the splenic artery. 
Superselective catheterization of the splenic artery is performed 
using the coaxial catheterization method using a 3 Fr micro-
catheter. Microcoils are the most frequently used occluding 
agent and produces arterial occlusion equivalent to surgical 
ligation. Injection of thrombin into an aneurysm promotes clot 
formation. A 3 Fr coaxial catheter system is extremely useful in 
catheterization and embolization of a mesenteric branch artery. 
If an aneurysm cannot be catheterized transarterially, a 22G 
needle is used for percutaneous puncture, and embolization of 
the lesion is accomplished with microcoils and thrombin.
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tumors, and metastatic colon cancer if the tumors cannot be 
treated by the percutaneous ablation method (Figure 151.19). 
Generally, TACE has been shown to be beneficial and improve 
survival [163–167]. TACE has also been used to prevent tumor 
progression or shrink the tumor while awaiting liver transplan-
tation in order to improve clinical outcome [168–171].

CT or MRI of the liver must be reviewed for evaluation of 
location of tumor, extent of disease, and any associated findings 
(portal vein occlusion, biliary obstruction). Adequate portal 
venous flow should be available to maintain hepatic parenchy-
mal vitality. If the intrahepatic portal flow is reversed (hepatofu-
gal), embolization should not be performed or limited to the 
subsegment containing tumor.

Hepatic arterial embolization results in selective destruction 
of the tumors exclusively dependent on arterial supply while 
maintaining the vitality of the normal liver with portal vein 
blood. Small particles such as polyvinyl alcohol (Ivalon 
150–250 μm) are used to occlude peripheral arteries to decrease 
the development of collateral blood flow. Concurrent emboliza-
tion increases the effect of the drug by prolonging exposure of 
the tumor and producing tumor anoxia while minimizing sys-
temic drug effects. Injection of iodized oil into the hepatic artery 
results in selective accumulation of the oil within most vascular 
hepatic tumors. This phenomenon has been exploited to selec-
tively deliver antineoplastic agents and radioactive isotopes to 
hepatic cancers, with intraarterial injection of a mixture of 
iodized oil and antineoplastic agents or radioactive iodized oil 
solution. Hepatic arterial delivery of yttrium-90 microspheres 
(TheraSphere, SIR-Spheres) is widely used for treatment of HCC 
and metastatic liver tumors [172–174]. The microspheres are 
injected into the hepatic artery to deliver radiation directly to 
tumors with concurrent ischemia from microspheres. Once 
embolized within the tumor microcirculation, these micro-
spheres emit beta radiation at therapeutic levels. Another new 
agent, DC Bead®, is used for hepatic artery chemoembolization. 
The DC Bead® is an embolic agent loaded with chemotherapeu-
tic agents [174–176]. When introduced into the tumors, it 
eludes drug over weeks.

Hepatic artery embolization may be associated with the 
postembolization syndrome: abdominal pain, nausea, vomiting, 
and fever lasting 2–7 days. Mildly abnormal liver tests are 
common. Other complications include hepatic necrosis, gall-
bladder infarction, and gastroduodenal ulcers. Follow-up CT or 
MRI is obtained at 3-month intervals and repeated emboliza-
tions can be performed for recurrent tumors.

(a)

(b)

(c)

Figure 151.19 Hepatic artery chemoembolization in a 63-year-old patient 
with hepatitis C cirrhosis and hepatocellular carcinoma (HCC). (a) Right 
hepatic arteriogram. Branches of the right posterior segmental hepatic 
artery supply a hypervascular mass in the liver (arrow). (b) Hepatic 
arteriogram performed shortly after embolization showing complete 
devascularization of the HCC (arrow). (c) Contrast-enhanced magnetic 
resonance image obtained 6 weeks after chemoembolization confirmed 
complete necrosis of HCC (arrow).
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Forthcoming advances

Noninvasive imaging modalities (CT, MRI, ultrasound, and 
PET) will play an increasing role in the evaluation of GI dis-
eases, hepatic tumors, splanchnic arterial disease, and cirrhosis 
and portal hypertension. They now provide much of the diag-
nostic information that can be obtained from angiography. 
Therapeutic applications of angiography will continue to expand 
in the treatment of GI bleeding, vascular lesions, hepatic neo-
plasms, mesenteric vascular occlusive disease, variceal bleeding 
unresponsive to endoscopic therapy, intractable ascites, and 
hepatic–portal venous occlusion.
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CHAPTER 152

Introduction

Vascular and interventional radiology (VIR or IR) utilizes mini-
mally invasive image-guided targeted procedures to diagnose 
and treat diseases in nearly every organ system. In the past 
decade advances in technology have combined with the skill set 
of interventional radiologists and resulted in significant changes 
in patient care. IR procedures frequently offer less risk, less pain 
and less recovery time compared to open surgery.

Treatment of primary and secondary  
liver cancer

Image-guided percutaneous therapies play an important role in 
the treatment of patients with primary and secondary hepatic 
malignancies. A variety of therapeutic modalities are available 
including ablative techniques such as ethanol ablation and radi-
ofrequency ablation as well as intraarterial approaches such as 
transarterial chemoembolization and radioembolization. These 
therapies offer reduced systemic toxicity and effective local 
tumor control. As a result, some procedures have been included 
in the National Comprehensive Cancer Network (NCCN) treat-
ment guidelines [1]. The success of percutaneous therapies has 

brought recognition to the field of interventional oncology, and 
united physicians from multiple specialties to work on multi-
disciplinary teams to treat liver cancer.

Ablative therapies
Background
The scientific rationale for the use of ablative techniques in 
patients with primary liver cancer lies in the limited resectabil-
ity of some liver tumors due to a background of cirrhosis and a 
limited hepatic reserve. Initial trials focused on injection of 
ethanol [2], which resulted in 5-year survival rates comparable 
with surgical resection [3]. In time, different types of chemo- 
and thermo-ablative methods evolved and their potential to 
cure liver cancer paved the way for modalities such as radiofre-
quency ablation in the National Comprehensive Cancer Network 
(CCN) treatment guidelines for liver cancer.

Techniques
Initial experience with one of the first image-guided, chemo-
ablative techniques was collected by Livraghi and colleagues, 
when 12 patients with various primary and secondary liver 
malignancies were treated with injections of 95% ethyl alcohol 
(percutaneous ethanol injection [PEI]) [2]. The injection of 
ethanol into a lesion induces cellular dehydration, protein 
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retrospective study reported the 20 year clinical outcome of 685 
patients with early-stage hepatocellular carcinoma (HCC), 
treated with a total of 2147 ethanol injections [9]. The median 
follow-up in this large patient cohort was 51.6 months. The 
overall survival rate was 49% and the recurrence rate was 
reported as 60.8% after 20 years. This retrospective analysis 
confirmed the potential of PEI, when used in patients with 
early-stage HCC and small tumors (2.83 cm ± 1.47). However, 
the relatively high recurrence rate confirmed the limitations  
of PEI.

An important prospective trial, designed to provide long-
term survival data for early-stage HCC patients treated with 
RFA, enrolled a total of 187 patients. Minor complications 
appeared in only 5% of the patients, confirming the overall 
safety of the technique. In this group of patients, the median 
survival rate was 57 months and the overall survival rate after 5 
years was 48%. Local tumor recurrence was observed in only 
10% after 5 years [10], showing the efficacy of RFA as compared 
to PEI.

The success of ablative techniques prompted the trend of 
combining these modalities with intraarterial therapies. A pro-
spective, randomized controlled trial compared the impact of 
RFA alone versus the combination of transarterial chemoem-
bolization (TACE) with RFA on the overall survival of 189 
patients (n  =  94 received RFA, and n  =  95 received TACE-
RFA). Patients with mostly early-stage and some with 
intermediate-stage disease were included; 90 patients in the 
study were classified as Child–Pugh A. The mean tumor size in 
each treatment arm was 3.47 cm and 3.39 cm for the TACE-RFA 
and the RFA alone group, respectively. In the TACE-RFA group, 
RFA followed the conventional TACE treatment within 2 weeks. 
As a result, patients treated with the TACE-RFA combination 
showed significant benefits regarding overall survival and 
recurrence-free survival when compared with the RFA alone 
group. The 4-year survival rate was reported as 61.8% and 45% 
for the TACE-RFA and RFA group, respectively [11]. The results 
of this trial are encouraging for the combination of intraarterial 
approaches with ablative techniques in patients with intermedi-
ate stage HCC. Additional combination studies are underway 

denaturation and, as a result, leads to coagulation necrosis of 
the targeted tissue. PEI can achieve complete necrosis of small 
liver nodules and is safe in tumors near sensitive organs. 
However, the need for multiple treatments and frequent local 
tumor recurrence are significant limitations of this modality [4].

Radiofrequency ablation (RFA), the first energy-based abla-
tion technique, uses electrical current to cause thermal injury 
to the tissue, producing coagulation necrosis near the electrode 
[5]. RFA is able to overcome some of the PEI limitations by 
using the “oven effect,” defined as heat retention in nodules sur-
rounded by the tumor capsule and cirrhotic tissue [6] thus 
causing extensive necrosis (Figure 152.1) An important benefit 
of RFA induced necrosis is the ablation of a tumor-free margin, 
which might explain the lower frequency of local tumor recur-
rence as compared to PEI. However, a physical limitation of 
RFA is the “heat sink” effect, which can be defined as the 
cooling effect of blood flow through large vessels or ascites near 
the ablation zone [7]. This can result in insufficient tumor 
necrosis.

Microwave ablation (MWA), another thermo-ablative tech-
nique, is less susceptible to the physical limitations of the “heat-
sink” effect [8]. This system uses high-frequency electromagnetic 
energy (≤900 kHz) to rapidly oscillate water molecules, result-
ing in coagulation necrosis through frictional heat. When com-
pared to RFA, MWA shows higher temperatures and a shorter 
treatment time.

Multiple other modalities such as cryoablation, laser ablation, 
irreversible electroporation as well as image-guided, catheter 
based high-dose brachytherapy of liver tumors are gaining more 
attention. However, technical specifics of each method are 
beyond the scope of this chapter.

Clinical evidence
Several clinical trials provide evidence for significant outcome 
benefits in patients with early-stage primary liver cancer, treated 
with ablative techniques. As most of the thermal ablative 
methods show excellent safety profiles and tumor response rates 
according to imaging criteria, most of the clinical trials focus 
on progression-free survival (PFS) and overall survival (OS). A 

Figure 152.1 A patient with a 2.5 cm HCC lesion in the left lobe of the liver. (a) Baseline-MRI shows enhancement of the target lesion. (b) RFA needle 
placed under CT guidance. (c) Ablation zone in a follow-up MRI 1 month after treatment.
HCC, hepatocellular carcinoma; RFA, radiofrequency ablation.

(a) (b) (c)
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artery. This characteristic allows an operator to use catheter-
based intraarterial approaches to deliver chemotherapy or radi-
ation selectively to the tumor, while preserving normal hepatic 
parenchyma [15].

The first clinical trials that helped establish catheter-based 
embolotherapies of liver tumors date back to the 1970s and 
aimed at simply ablating the local arterial blood supply to liver 
tumors [16]. Although the general principles of intraarterial 
therapies remain unchanged, important modifications have 
been introduced to improve patient outcomes. The most fre-
quently used image-guided intraarterial liver therapies per-
formed by interventional oncologists include transarterial 
chemoembolization (TACE) with or without drug-eluting  
beads (DEBs) and radioembolization using Yttrium-90 (Y90). 

with the hope to confirm the results from this initial 
experience.

Intraarterial therapies
Background
Over the past 35 years, catheter-based intraarterial therapies 
have gained acceptance as a therapeutic option for patients with 
primary and metastatic hepatic malignancies [12,13]. Recently, 
intraarterial approaches have been utilized for downstaging 
bridge to orthotopic liver transplantation [14] or resection. 
(Figure 152.2) The scientific rationale for all intraarterial thera-
pies lies in the fact that in contradistinction to healthy liver 
tissue, which is predominantly supplied by the portal vein, most 
liver malignancies draw their blood supply from the hepatic 

Figure 152.2 A patient with a 7 cm HCC lesion in the right lobe of the liver. (a) Baseline-MRI shows homogenous enhancement of the target lesion. 
(b) Angiogram of the right hepatic artery shows a tumor blush. (c) Follow-up MRI 1 month after treatment shows a largely necrotic lesion. (d) MRI 
after surgical resection of the right lobe. HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization.

(a) (b)

(c) (d)
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Radioembolization exploits the same concept as TACE but 
delivers localized radioembolics to liver tumors. The strength of 
radioembolization seems to lie in a slightly better quality of life 
in patients with late-stage liver cancer and slight survival ben-
efits in patients with portal-venous thrombosis [17]. However, 
most clinical trials have been relatively small. The following 
paragraphs provide an overview on intraarterial therapies, tech-
niques, complications and discuss the most recent clinical 
evidence.

Techniques
All intraarterial procedures share a common approach. Initially, 
arterial access is gained using the Seldinger technique [18], and 
multiple diagnostic angiograms are performed. This defines the 
hepatic arterial anatomy, assesses the blood supply of the tumor, 
determines portal venous patency and establishes the ideal  
location for embolization. This is particularly important for 
transarterial chemoembolization, where (as opposed to radi-
oembolization) a super-selective placement of the catheter is 
crucial for optimal results.

Conventional TACE
The concept of conventional TACE (cTACE) (Figure 152.3) was 
originally introduced in 1977 by Yamada and colleagues as a 
palliative therapy with the goal of treating patients with unre-
sectable HCC [15]. The scientific rationale for the use of cTACE 
is to increase the intratumoral concentration of chemothera-
peutic agents and to combine it with tumor vessels embolization 
[19], while reducing systemic toxicity related to chemotherapy. 
During the cTACE procedure, an emulsion of chemotherapeu-
tic agents and oily contrast medium (LipiodolTM, Guerbet, USA) 
is selectively delivered to the tumor-feeding artery. This is fol-
lowed by temporary or permanent embolization. Lipiodol is a 
key ingredient of TACE and has unique properties as a drug-
carrier and embolizing agent. Due to the hypervascularized 
character of most liver tumors and the absence of Kupffer cells, 
Lipiodol persists within tumor nodules for several weeks 
[20,21]. The amount of injected Lipiodol emulsion is titrated to 
be proportionate to the size of the tumor [22]. Several chemo-
therapeutic agents can be used for cTACE; most commonly 
cisplatin and adriamycin/doxorubicin are utilized for injection 
[23]. Depending on the origin of the liver cancer, other combi-
nations are also possible and often include epirubicin, 
5-fluorouracil, or mitomycin C [24]. The subsequent adminis-
tration of embolic material such as Gelfoam (Upjohn, Kalama-
zoo, MI, USA), polyvinyl alcohol (PA) particles or trisacryl 
gelatine (TG) microspheres, serves a dual purpose: (1) causing 
stasis in subsegmental arterial branches; and (2) preventing 
washout of the previously deposited drug [25]. Embolization 
with Gelfoam (a biodegradable gelatin sponge) has proven safe 
and effective for the occlusion of larger blood vessels [26], but 
it has been largely replaced by nonbiodegradable TG micro-
spheres, which to occlude very distal tumor supplying blood 
vessels [27].

DEB-TACE
The development of drug-eluting microspheres (drug-eluting 
beads, DEBs) enabled a new transarterial approach, the DEB-
TACE. This system delivers a higher concentration of drugs to 
the tumor and reduced systemic drug exposure compared with 
cTACE [28,29]. This development has led to a shift away from 
cTACE towards DEB-TACE in the treatment of patients with 
HCC especially in the US and Europe. Although two different 
types of drug-eluting microspheres are available clinically in the 
US as embolic material (DC Beads and Quadsphere/Hepasphere 
microspheres), neither is approved as a drug-delivery micro-
sphere by the Food and Drug Administration (FDA) [30,31]. 
Most of the clinical data to date has been generated by the DC 
Beads (Biocompatibles/BTG, UK) that can be loaded with dox-
orubicin (DEBDOX) or irinotecan (DEBIRI). The DC beads are 
soft, compressible, spherical particles that are based on nonbio-
degradable PVA microspheres and range in size from 75–900 μm. 
The smaller bead diameters achieve a more peripheral emboli-
zation and a more extensive necrosis compared with larger 
beads (Figure 152.4) [32]. Drug elution occurs gradually and 
selectively within the targeted tissue. A histopathological study 
described the high efficiency of DEB-mediated drug delivery 
and release to the tumor tissue, thus causing local coagulative 
necrosis and an inflammatory-fibrotic tissue (Figure 152.5) 
[33].The other type of microspheres, made by Merit Medical 
(USA), is based on a nonbiodegradable suprasorbent polymer 
(SAP). The SAP spheres have the ability to absorb fluids and 
thus to expand their volume to a size of up to 800 μm. The few 
existing studies of this system show encouraging results when 
the spheres are loaded with doxorubicin or cisplatin [34].

Radioembolization
The high toxicity profile of external beam hepatic irradiation in 
patients with primary and secondary liver malignancies [35] 
have prompted the development of alternate approaches. One 
such technique is “radioembolization” which utilizes the same 
scientific rationale as TACE, but instead of chemotherapy deliv-
ers high-dose radiation directly to the tumor. The selective 
intraarterial infusion of small embolic particles loaded with the 
radioisotope Y90 achieves tumoricidal effects while preserving 
normal liver tissue. This therapy combines the benefit of effec-
tive tumor kill due to a high local radiation dose with the reduc-
tion of systemic toxicities of external beam radiation [36]. Two 
embolization agents are FDA-approved for clinical use; the 
resin-based SIR-Spheres (Sirtex Medical Ltd., Australia) and  
the glass-based TheraSpheres (MDS Nordion, Canada) [37]. 
The 20–30 μm sized TheraSpheres show a high activity (2500 
Bq/Sphere) and are FDA-approved for radioembolization of 
HCC. The 20–60 μm sized SIR-Spheres show a lower activity 
(50 Bq/Sphere) and are FDA-approved for the treatment of 
colorectal metastases to the liver. Both types of microspheres 
deliver high cumulative doses of radiation to the tumor, which 
can vary from 100 Gy to more than 3000 Gy. Because of the 
small particle size of the microspheres and highly aggressive 
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Figure 152.3 A patient diagnosed with HCC presents with two new 3 cm lesions in the left lobe. (a) Baseline-MRI shows two enhancing lesions (arrow 
head indicates the target lesion for the initial cTACE). (b) Angiogram of the arteries supplying the target lesion (tumor blush). (c) Postprocedural CT 
scan shows successful deposition of embolic material. (d) Follow-up MRI shows necrotic target lesion (arrow head) next to a viable nontarget lesion. 
(e) Second cTACE, Angiogram of the viable lesion (tumor blush). (f) Intraprocedural Cone-beam CT showing fresh embolic material within the 
target lesion (big arrow head) and remaining material within the previously treated lesion (small arrow head). HCC, hepatocellular carcinoma;  
TACE, transarterial chemoembolization.

(a) (b)

(c) (d)

(e) (f)
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prior to tumor resection or as a bridge to orthotopic liver trans-
plantation. TACE has been included in treatment guidelines and 
according to the Barcelona Clinic Liver Cancer (BCLC) staging 
and treatment strategy, it can be applied as a palliative therapy 
in patients with intermediate stage HCC [40]. In general, TACE 
may be indicated in patients with liver-dominant, unresectable 
hepatic malignancies. This includes several groups of patients 
with secondary liver malignancies [41]. For instance, TACE of 
unresectable, hormonally active neuroendocrine tumors may 
reduce or eliminate hormonal symptoms [42]. TACE can be 
used as a salvage option in patients with unresectable colorectal 
metastases to the liver [43]. Until recently, there were no exist-
ing guidelines for the use of radioembolization in patients with 
unresectable primary and secondary liver cancer. However, 
potential indications for the use of radioembolization include 
patients with intermediate stage disease that are poor candidates 
for TACE as well as patients with large solitary tumors invading 
segmental or lobar branches of the portal vein and patients that 
show progression after TACE [44]. Not all liver cancer patients 
with unresectable liver tumors can benefit from intraarterial 
therapies. Patient selection must be based on the presence of 
adequate liver function, sufficient performance status (Karnof-
sky index, East Coast Oncology Group performance status 
[ECOG]) and the absence of extrahepatic spread [45]. The most 
important contraindications are similar for all intraarterial tech-
niques. Table 152.1 provides an overview on the current con-
traindications for conventional TACE.

Adverse effects and complications
The overall safety of intraarterial therapies has been demon-
strated in a variety of prospective clinical trials. Systemic adverse 
effects of cTACE can include nausea, vomiting, bone marrow 
aplasia, renal failure, and cardiac toxicity. The postembolization 
syndrome is a self-limiting reaction after TACE that can cause 
nausea, vomiting, fever, right upper quadrant pain and increased 
white blood cell count. It occurs in approximately 10% of the 
patients and reflects the effects of tumor necrosis, acute cytokine 
release and systemic exposure to chemotherapeutic agents 
[41,46]. Super-selective TACE has been demonstrated to 
decrease risks and to improve overall survival compared with 
nonselective TACE [47]. This approach can also reduce the rate 
of more severe complications such as postprocedural liver 
failure, abscess, cholecystitis, biloma, and hemorrhage.

The introduction of drug-eluting beads in TACE was intended 
to reduce the complications and toxicities observed in cTACE. 
Enhanced systemic pharmacokinetics of DEB-TACE has been 
shown both in animal models [48] and patients [49], when peak 
plasma concentrations of doxorubicin were measured for DEB-
TACE and compared with conventional TACE. DEB-TACE 
demonstrated significantly lower peak plasma levels of the 
chemotherapeutic. Adverse effects of doxorubicin used in DEBs 
range from alopecia and skin discoloration to mucositis and 
bone marrow suppression. A multicenter, randomized, prospec-
tive phase II study, that compared the safety and toxicity of 

payload radioembolization bears the risk of systemic distribu-
tion of radioactive isotopes via hepato-pulmonary shunts or 
nontarget delivery of Y90 to the GI tract [38]. A preprocedural 
angiographic evaluation with test injection of 99mTc-labeled 
macro-aggregated albumin is performed in order to evaluate 
vessel anatomy, exclude a high shunting fraction and to estimate 
the dose delivered to the tumor (Figure 152.6) [39].

Patient selection/contraindications
Intraarterial therapies can be used for palliative treatment of 
patients with unresectable liver tumors, as an adjunctive option 

Figure 152.4 H & E stained slide of an HCC lesion treated with cTACE 
and DEB-TACE shows both microparticles (darker blue) and DEBs 
(damaged though cutting artifacts). DEB, drug-eluting bead; HCC, 
hepatocellular carcinoma; TACE, transarterial chemoembolization.

Figure 152.5 H & E stained slide of a tumor after surgical resection in a 
patient with HCC shows complete necrosis of the lesion and 
accumulation of DEBs within the tumor capsule. DEB, drug-eluting bead; 
HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization.
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DEB-TACE and cTACE in HCC patients, demonstrated the 
significantly better toxicity profile of DEB-TACE compared 
with cTACE. The overall frequency of treatment-related  
adverse effects was lower in the DEB-TACE group as were the 
toxicity grades and the occurrence of severe adverse effects. For 
instance, alopecia in patients treated with doxorubicin was 
almost absent in the DEB-TACE group with only one patient 
versus 23 events in the cTACE group. Furthermore, major liver 
toxicities were also lower in DEB-TACE as compared to cTACE 
[28]. In summary, DEB-TACE is a safe, tolerable and effective 
technique.

The intraarterial injection of Y90 containing spheres during 
radioembolization can cause rare but severe toxicities [50].  
The selection of proper patients and a thorough evaluation 
using test injection of 99mTc-labeled macro-aggregated albumin 
can significantly reduce complications. Postradioembolization 
syndrome occurs in 20% to 50% of patients [51]. However, there 

Figure 152.6 A patient with colorectal cancer metastases to the liver. (a) Evaluation of the liver lung shunting prior to the delivery of Y90. 
(b) Baseline-MRI shows a largely viable lesion within the liver. (c) Angiogram of the right hepatic artery prior to the delivery of the payload shows two 
tumor-feeding arteries and a tumor blush. (d) Follow-up MRI shows a largely necrotic lesion 1 month after treatment.

(a) (b)

(c)

(d)

Table 152.1 Absolute and relative contraindications for cTACE.

Absolute contraindications Relative contraindications

• Tumor resectability
• Intractable systemic infection
• Uncorrectable bleeding 

disorder
• Uncorrectable contrast 

sensitivity
• Leukopenia (white blood cell 

count <1000/μL)
• Cardiac or renal insufficiency
• Hepatic encephalopathy
• ECOG performance status 

>2

• Biliary obstruction
• Serum bilirubin >3 mg/dL
• Lactate dehydrogenase >425 U/L
• Aspartate aminotransferase >5 

× higher than the upper limit of 
normal

• Tumor burden involving >50% 
of the liver

• Extrahepatic metastases
• Ascites
• Recent variceal bleeding
• Significant thrombocytopenia
• Intractable AV-fistula
• Surgical portocaval anastomosis

ECOG, East Coast Oncology Group performance status.
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tumor response rate given the condition of the patients. The 
safety profile and tolerability of cTACE was very good for the 
entire collective with only 15 patients showing adverse effects. 
The mean overall survival in this group of patients was 20.8 
months with a 3-year survival of 10%, showing the benefits of 
cTACE in this group of patients [56].

Conventional TACE is commonly used for salvage therapy of 
patients with metastatic cancer to the liver. In some cases, this 
therapy can allow patients with unresectable cancer to become 
candidates for surgical resection. However, for most patients 
intraarterial therapy represents a palliative option with the goal 
to improve survival. Several studies that include patients with 
chemorefractory colorectal, neuroendocrine, gastric and pan-
creatic metastases to the liver provide clinical data for safety and 
efficacy of this therapy. One these studies evaluated the local 
tumor response and acquired survival data in a total of 56 
patients with liver metastases of gastric cancer [57]. A total of 
310 TACE procedures were performed and a variety of different 
drug combinations was tested (mitomycin, gemcitabine and cis-
platin). As a result, SD was achieved in 51.8% of patients, which 
can be considered as an excellent result. With a survival rate of 
58%, 38% and 23% after 1, 2 and 3 years, respectively, this study 
confirmed the potential of cTACE to provide some survival 
benefit. Another study evaluated the role of repetitive cTACE in 
the treatment of a cohort of 32 patients with liver metastases of 
pancreatic cancer. The analysis of tumor response and overall 
survival showed the efficacy and feasibility of this TACE regimen 
for this group of patients as 72% of the patients experienced SD 
and 9.4% PR [58].

DEB-TACE
Drug-eluting beads as a novel drug delivery system for TACE 
have been the subject of both prospective and retrospective 
studies. In a first, FDA-sanctioned prospective phase II pilot 
study in the US, a total of 20 mostly cirrhotic (80%) patients 
with unresectable HCC were evaluated regarding safety, effi-
cacy as well as progression-free and overall survival. Most 
patients were staged as Child–Pugh A (75%), with almost two-
thirds of the patients classified as BCLC stage C (60%), 64% 
of the patients were classified as responders according to EALS 
criteria and 30% achieved CR after an overall of 34 DEB-TACE 
sessions. After 6 months, only one patient showed disease pro-
gression according to RECIST (Figure 152.7). Only modest 
toxicities and a median overall survival of 26 months in a 
majority of advanced patients (BCLC C) confirmed the poten-
tial of DEB-TACE as an alternative to cTACE [29]. The inter-
national multicenter prospective randomized phase II trial 
directly compared cTACE and DEB-TACE regarding safety and 
efficacy. In this study, a larger collective of 212 patients were 
randomized 1:1 and 201 patients received treatment according 
to standardized protocols. The two treatment groups were 
stratified according to ECOG performance status and the 
Child–Pugh class. Patients in the DEB-TACE group showed 
better imaging response according to EASL criteria than those 

is evidence that the symptoms are less severe and the postpro-
cedural quality of life is higher than after cTACE [17].

Clinical evidence
Transarterial chemoembolization
Although intraarterial therapeutic approaches have expanded 
over the past 30 years, TACE remains the only intraarterial 
therapy for which significant survival benefits have been dem-
onstrated in patients with unresectable HCC and other liver 
malignancies [40].

Conventional TACE
The level one evidence for survival benefits of patients treated 
with conventional TACE was provided by two separate prospec-
tive phase three trials in 2002, leading to its inclusion in treat-
ment guidelines for HCC. Subsequent additional prospective 
and retrospective studies confirmed survival benefits. One ret-
rospective, single-center study, designed to assess treatment 
response and long-term survival outcomes in a large group  
of patients with unresectable HCC, included 172 mainly cir-
rhotic individuals (91%). In this study, 55% of the patients expe-
rienced procedure-related toxicities, most of which were minor. 
According to the European Association for the study of the liver 
criteria (EASL), 64% of the treated tumors showed response 
with 23% showing complete response. The median overall sur-
vival (OS) for patients with early stage disease (BCLC A) was 
reported as 40.0 months. In patients with intermediate and 
advanced stage disease, OS was 17.4 months (for BCLC B), and 
6.3 months (BCLC C) [52]. A more recent retrospective multi-
center analysis confirmed the effects of highly selective conven-
tional TACE in patients with unresectable HCC. Here, a total of 
199 patients were treated and followed over the course of 10 
years. However, local recurrence rates for the entire collective 
was relatively high at 46%, 58% and 62% after 2, 3 and 5 years, 
respectively [53]. Another study addressed the issue of cTACE 
regimen and included 151 consecutive HCC patients that were 
treated “on demand.” Complete response was achieved in 48% 
of patients after the first cTACE and the rate slightly increase 
after additional procedures, suggesting some benefits of such a 
regiment [54].

TACE may represent an effective treatment of patients with 
unresectable intrahepatic cholangiocarcinoma (IHC) and is 
increasingly used in such clinical scenarios. One of the initial 
prospective trials, designed to study feasibility, and safety, as 
well as the impact of cTACE on patient survival, included 17 
patients with unresectable IHC. cTACE procedures were well 
tolerated by most patients (82%). Two of the patients were 
bridged to successful surgical resection after cTACE. The 
median survival in this study was 23 months [55]. Recently, a 
single-center study with a total of 115 patients confirmed these 
results. In this trial, patients were repeatedly treated with cTACE 
with a mean of 7.1 sessions per patient. According to response 
evaluation criteria in solid tumors (RECIST criteria), 57.4% 
showed stable disease (SD) which can be considered a good 
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irinotecan, DEBIRI) enrolled 26 consecutive patients with the 
purpose to assess feasibility, safety and efficacy of the modality. 
PFS and OS were 3.9 months and 11.7 months, respectively. 
When compared with an historical cTACE cohort (PFS of 1.8 
months and OS 5.7 months), DEB-TACE was safe with only 
minor toxicities. More importantly, DEB-TACE provided a 
better local tumor control than the other therapies as reported 
in previous studies [60]. The data on the use of TACE in patients 
with unresectable IHC is growing and the main strength of 
DEB-TACE seems to lie in the ability to elicit a strong tumor 
response and disease control. The use of DEBs as a platform for 
intraarterial drug delivery to secondary liver tumors has been 
demonstrated in a retrospective analysis of 28 patients with 
metastatic colorectal cancer. Irinotecan-eluting beads (DEBIRI) 
were used and tumor response was assessed using modified 
RECIST (mRECIST) criteria in all patients. After 47 procedures, 
15% of the treated patients were classified as complete respond-
ers and 30% showed PR, while 20% showed SD and 35% PD. 
Most importantly, a median overall survival of 13.3 months was 

in the cTACE group. Although at the 6 month follow-up time 
point (the end point of the study), the CR rate was nearly 
identical in both groups (26.6% and 22.2% complete response 
in the DEB-TACE and cTACE groups, respectively), the rate 
of progressive disease was significantly lower and in favor of 
DEB-TACE (32.3% vs. 40.7% for the cTACE group) [28]. The 
results of this study confirmed the previously demonstrated 
advantages of DEB-TACE. In another prospective multicenter 
study, a total of 173 unresectable HCC patients were subjected 
to DEB-TACE treatment. This study was designed to assess 
long-term clinical outcomes for DEB-TACE. Results revealed 
a 5-year survival of 29.4% and 12.8% for Child–Pugh class A 
and B, respectively [59]. The data on DEB-TACE demonstrate 
the potential of that therapy. However, the inclusion of DEB-
TACE in the treatment guidelines will likely require a definitive 
randomized trial. Still, evidence indicates that DEB-TACE is 
better tolerated than cTACE.

DEB-TACE has also been utilized to treat patients with unre-
sectable IHC. A first prospective trial of DEB-TACE (using 

Figure 152.7 A patient with an HCC of the right liver lobe. (a) Baseline-MRI shows a well-enhancing lesion on arterial-phase images. (b) Angiogram 
of the coeliac trunk shows a tumor blush of the target lesion with a well-contrasted tumor-feeding artery. (c) Super-selective angiogram of the 
tumor-feeding artery prior to embolization. (d) Follow-up MRI shows good tumor response after treatment. DEB, drug-eluting bead; HCC, 
hepatocellular carcinoma; TACE, transarterial chemoembolization.

(a) (b)

(c) (d)
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The data on radioembolization for IHC is not as mature and 
complete as for TACE but available studies have demonstrated 
good results. A prospective single-center pilot study designed 
to show the safety and feasibility as well as efficacy for radioem-
bolization included 24 patients with histologically proven diag-
nosis of IHC [65]. At the time of the procedure, 38% of the 
patients had imaging signs of portal vein thrombosis (PVT) and 
a total of 13 patients had multifocal disease. Although well toler-
ated, the procedure caused grade 3 toxicities in 17% of patients 
and one patient developed a refractory gastroduodenal ulcer. 
Imaging response after radioembolization yielded good tumor 
control with 9% of CR and 77% of PR. A follow-up study from 
the same center provided more data and expanded the number 
of patients to a total of 46 [66]. Successful downstaging to 
resectability was achieved in five patients. Most importantly, the 
overall median survival in patients without PVT was 14.4 
months (5.3 months with PVT). Both studies provided robust 
data in support of radioembolization as a modality to treat 
advanced IHC. Another prospective, single-center study con-
firmed this potential and presented similar survival data (14.7 
months for ECOG one patient) and comparable toxicity profiles 
in a similar, small cohort of 19 patients [67]. It appears that 
radioembolization can be of benefit for both, HCC and IHC 
patients.

There is increasing interest in studying the effects of radioem-
bolization on chemorefractory metastatic liver cancer of various 
origins. The use of radioembolization to treat colorectal liver 
metastases has been studied in recent trials and proved to be 
safe and effective showing good clinical outcome and survival 
for asymptomatic patients with preserved liver function [68]. A 
multicenter phase II trial enrolled 50 consecutive patients with 
unresectable and chemorefractory metastatic colorectal carci-
noma for treatment with SIR-Spheres [69]. Median overall sur-
vival was 12.6 months and the 2-year survival rate of 19.6% was 
achieved, suggesting the ability of radioembolization to stabilize 
end-stage liver metastases. Similar results were reported in 
patients with breasts cancer liver metastases treated with radi-
oembolization, demonstrating survival benefit and a high tumor 
response rate in patients with treatment-refractory disease [70].

Vascular interventions

Introduction
Vascular interventions of the GI (GI ) tract are directed to 
maintain sufficient perfusion of the abdominal viscera, stop 
bleeding and equilibrate venous pressure. (Figure 152.8)

GI tract bleeding
GI bleeding is generally thought of as upper or lower GI in 
origin, and although frequently self-limiting, can be a life 
threatening event.

Upper GI bleed (UGIB) is defined as bleeding into the gut 
proximal to the ligament of Treitz. In the United States, the 

achieved with this treatment, again demonstrating the potential 
of DEB-TACE [61]. Another, prospective phase II study found 
encouraging results in the use of DEB-TACE in patients with 
neuroendocrine metastases [62]. However, further data in larger 
patient cohorts are needed to validate the safety of DEB-TACE 
in patients with metastatic liver cancer.

Radioembolization
The technical principle of tumor radioembolization has existed 
since the late 1960s. However, radioembolization is not a 
replacement for TACE as a treatment for HCC. The most recent 
studies concentrate on patients with HCC and portal vein inva-
sion [63]. One of the first US studies designed to evaluate the 
safety and survival of HCC patients treated 80 patients with 
radioembolization using TheraSpheres (Nordion, Canada). In 
this trial, patients were mostly classified as Child–Pugh A, had 
unresectable noninfiltrative HCC, an ECOG performance 
status of 0–2 and adequate liver, pulmonary, renal and bone 
marrow function; 44% of the patients had bilobar disease, and 
27 patients received multiple treatments with one patient 
receiving a maximum of four procedures. In terms of safety, 
28% of the patients showed some adverse events with eight 
patients experiencing life-threatening and one patient a fatal 
event. Child–Pugh A patients showed a median overall survival 
of 18.6 months whereas Child–Pugh B patients achieved only a 
median of 8.04 months [36]. Since that study was published in 
2004, multiple studies with radioembolization have been con-
ducted and many studies are underway. One prospective, 
single-center study was designed to validate safety and deter-
mine efficacy of TheraSpheres radioembolization in 108 HCC 
patients not eligible for TACE. Fifty-one percent of the patients 
were classified as BCLC stage C and 77% were staged as Child–
Pugh A [63]. Imaging response according to mRECIST 90 days 
after treatment showed CR in 6% of the patients, while 35% and 
48% of the patients showed partial response (PR) and SD, 
respectively and only 10% showed progressive disease (PD). 
The overall survival rate for the entire patient cohort was 16.4 
months, but significant differences in survival between Child–
Pugh classes were again found. One of the few available long-
term prospective outcome studies of radioembolization treated 
a total of 291 patients with TheraSpheres in 526 sessions over 
the course of 5 years [64]. There was an almost even split 
between Child–Pugh A (45%) and Child–Pugh B (52%) 
patients. Regarding the BCLC staging, 52% of the patients were 
classified as BCLC stage C (BCLC A 17% and BCLC B 28%). 
When assessed with EASL criteria, the overall response rate was 
57% (CR 23% and PR 34%), while stratified response rates were 
significantly better for Child–Pugh A patients with 66% 
responders (compared to 51% in Child–Pugh B patients). The 
time to progression for the entire cohort was 7.9 months. The 
data on median overall survival reported 17.2 months for 
Child–Pugh A patients and 7.7 months for Child–Pugh B 
patients, thus demonstrating the potential of radioembolization 
to treat unresectable HCC patients.
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annual incidence of UGIB is 102 per 100 000 persons and 
increases markedly with age [71]. Three major groups of causes 
of UGIB are: (1) primary gut pathologies; (2) transpapillary 
hemorrhages (involving hemobilia and transpancreatic duct 
hemorrhage); and (3) variceal hemorrhages secondary to portal 
hypertension [72]. Peptic ulcer disease is the most common 
cause [71].

Lower GI tract bleeding (LGIB) is less common than upper 
GI (UGIB) tract bleeding. The incidence of LGIB is estimated 
to be 20–30 cases per 100 000 adults per year in the United 
States, and is associated with 0%–25% with 5% 1 year mortality 
rate with rate greater than 5% found in older studies when 
patients went for emergency surgery [73].

The general management goals of GIB are resuscitation, diag-
nosis, hemostasis, prevention of recurrent bleeding and treat-
ment of the etiology. In GIB, angiography with embolization 
can be a lifesaving procedure. Intravascular embolization, rather 
than surgery, has become the preferred treatment when endo-
scopic management fails [74–76]. Cooperation between endo-
scopists, interventional radiologists, and surgeons is essential to 
adopt the best therapeutic option for an individual patient.

A number of diagnostic strategies are available for the man-
agement of GIB. These are; upper endoscopy, colonoscopy, flex-
ible sigmoidoscopy, angiography, radionuclide scintigraphy 
(tagged red blood cell scanning), and multidetector computed 
tomography (MDCT). Early endoscopy is the preferred diag-
nostic and therapeutic strategy for most patients with GIB, due 
to the ability to make the diagnosis and achieve hemostasis [77]. 
Radiographic modalities are reserved for patients who cannot 
undergo endoscopy or in whom endoscopy fails to control the 
bleeding.

The imaging modality chosen to evaluate the GIB should be 
based on the patients’ clinical presentation and status. Identify-
ing the site of bleeding requires the patient to be actively bleed-
ing at the time of the imaging study. Successful localization of 
bleeding is highly dependent on the rate of bleeding at the time 
of the examination [78,79]. Computed tomography angiogra-
phy (CTA) is a noninvasive rapid way to document and localize 
active bleeding – showing extravasation of contrast with a 
bleeding rates as low as 0.3–0.5 mL/min [80]. In addition, it 
offers all the diagnostic benefits of cross-sectional imaging. The 
technetium-labeled erythrocyte scintigraphy (tagged red blood 
cell [t-RBC] scan) has a higher sensitivity for detecting GIB than 
CTA or angiography. It is noninvasive and the most sensitive 
examination – identifying bleeding at a rate of ≥ 0.05–0.1 mL/
min) [81]. Nonselective angiography requires bleeding rates of 
at least 0.5 mL/min in order to be detectable [82]. The advantage 
of angiography is that is offers both diagnostic and therapeutic 
options. Clinically, a systolic blood pressure of 90 mmHg or  
less and a requirement of transfusion of at least 5 units of  
packed red blood cells within a 24-hour period have been 
shown to predict a positive angiographic study [83]. Although, 
angiography is useful in active LGIB, it is not as useful in chronic 
low-grade bleeding, frequently failing to yield the diagnosis 

Figure 152.8 A 59-year-old male with history of orthotropic liver 
transplant complicated with a hepatic artery stenosis at the anastomosis. 
(a) Celiac axis arteriogram though a catheter showed a high grade 
narrowing of the hepatic artery anastomosis. (b) Angioplasty of hepatic 
artery anastomosis was done with a balloon. (c) Successful angioplasty of 
hepatic artery anastomoses on the celiac axis arteriogram. Note the 
visualization of the hepatic arteriogram.

(a)

(b)

(c)
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the vascular distribution of bleeding is known, yet not identified 
on flush aortogram.

Upper GI
The primary arterial supply to the upper GI tract is from the 
celiac trunk and collateral vessels off the SMA. The extensive 
collateral UGI vascular supply makes embolization at lower risk 
of ischemia than for LGIB, yet these collaterals make hemostasis 
more difficult. Empiric embolization in UGIB is an option, 
when there is no angiographic abnormality and/or the endo-
scopist has marked the site of bleeding by deploying clip-
landmark [76]. The choice of embolic agent depends on the 
abnormality being treated, the vascular anatomy, the achievable 
catheter position, and the operator preference. (Figure 152.9). 

[84]. However, if the bleeding can be localized to a vascular 
distribution by radionuclide scintigraphy, then super-selective 
angiography may be beneficial to the patient.

Technical aspects
In general, the femoral artery is accessed utilizing the Seldinger 
technique. Various angiographic catheters, with a large variety 
of shapes, are available to catheterize and select the mesenteric 
vessels, such as the Simmons catheter (Cook, Bloomington, IN, 
USA), or the Cobra catheter (Terumo, Tokyo, Japan). These 
catheters allow diagnostic angiography by contrast injection 
with digital subtraction imaging. Super-selective angiograms of 
small vascular territories with microcatheter systems are often 
necessary to demonstrate active bleeding – particularly when 

Figure 152.9 A 68-year-old male with a lower GI bleeding documented on Tc-99m RBC imaging in the right upper quadrant (a). The SMA was 
selected by a catheter and SMA angiography was performed. (b) A large pseudoaneurysm was noted with rapid extravasation of contrast into the 
jejunum in the right upper quadrant on fluoroscopy images. (c) These finding were better visualized on DSA than on fluoroscopy. (d) A super selective 
catheterization was performed with a microcatheter to a small jejunal branch vessel feeding the pseudoaneurysm. Coils were used to occlude the 
feeding vessel including. Selective then global SMA angiographies were performed postcoiling and confirmed the occlusion of the pseudoaneurysm and 
the absence of persistent bleeding. DSA, digital substraction angiography; GI, GI; RBC, red blood cell; SMA, superior mesenteric artery.

(a) (b)

(c) (d)
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periphery of the vessel mesenteric arteries, a microcatheter 
introduced coaxially through the parent catheter is used to 
select arteries at the level of the vasa recta. This approach offers 
the ability to perform super-selective catheterization and 
improves the safety of embolization. In addition to microcoils, 
a variety of embolic agents are available including gelatin 
sponge (Gelfoam), polyvinyl alcohol (PVA) particles, autolo-
gous clot, and glue n-butyl cyanoacrylate (NBCA) (Cordis Cor-
poration, Miami Lakes, FL). When embolization is not feasible, 
infusion of a vasoconstrictor into the main trunk of the artery 
of concern is another therapeutic option. This can temporally 
stabilize the patient when waiting for a definitive surgical pro-
cedure [78,79].

Microcoils can be combined with other embolic agents to 
achieve thrombosis.

Lower GI
The primary arterial supply to the lower GI tract is from the 
superior mesenteric artery (SMA) and inferior mesenteric 
artery (IMA) (Figure 152.10). In most patients, the SMA sup-
plies the entire small bowel as well as the cecum, ascending 
colon, and a variable length of the transverse colon. The 
descending colon to the rectum is commonly supplied by the 
IMA. When bleeding is seen at angiography, microcoil emboli-
zation is the most utilized embolic agent at the authors’ institu-
tion. Because the origin of the bleeding is located at the 

Figure 152.10 An 80-year-old male with  diverticulosis presents with episodic bleeding from the right colon requiring blood transfusions.  Initially 
controlled with endoscopically placed clips the bleeding reoccurred – angiography was requested. (a) On a late phase of a SMA angiography though a 
catheter, extravasation of contrast into the bowel, bowel folds outlined active bleeding was seen in the region of the cecum, close to the clips. (b) A 
selective DSA of the terminal cecal branch of the ileocecal artery though a microcatheter inserted coaxially to the catheter confirmed the location of  
the bleed. (c) Coils were deployed through the microcatheter to the terminal cecal branch. Selective angiography and then global DSA though the SMA 
(d) confirmed the absence of bleeding. DSA, digital substraction angiography; SMA, superior mesenteric artery.

(a) (b)

(c) (d)
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Arterial thromboembolism
Standard treatment for patients with obstructive mesenteric 
arterial syndromes is a surgical embolectomy or/and revascu-
larization and potentially resection of infarcted bowel. Progres-
sion of bowel ischemia to bowel infarction may be prevented by 
initiation of intraarterial thrombolytic administration, within a 
few hours after the onset of symptoms [100]. Angioplasty with 
or without stenting is performed on an underlying stenosis, 
should arterial recanalization be insufficient [101]. Despite 
limited data, percutaneous treatment (lytic therapy, angioplasty 
or stenting or both) of arterial obstructions is reasonable given 
the high mortality associated with the standard operative 
approach [101–103].

Nonocclusive causes
Arteriography and endovascular therapy are indicated in 
patients suspected of having nonocclusive mesenteric ischemia 
whose condition does not improve rapidly with the treatment 
of their underlying disease. Arteriography can demonstrate 
arterial vasospasm, and endovascular therapy with a direct 
intraarterial infusion of a vasodilator can be performed. Intraar-
terial vasodilators are considered valuable supportive therapeu-
tic treatment option by reducing vasospasm [104].

Venous thrombosis
The mainstay of therapy for patients with mesenteric venous 
thrombosis is anticoagulation with surgical resection of affected 
bowel. Thrombolytic therapy is reserved for mildly symptomatic 
thromboses diagnosed early. Post thrombolysis patients should 
continue anticoagulation for 3–6 months [104] and select 
patients should undergo a hypercoagulability evaluation.

Technique
The appropriate technique used for endovascular treatment of 
acute mesenteric artery depends on the etiology [105]. Intraar-
terial infusion can be done using vasodilator medications such 
as papaverine, infused through the angiogram catheter after 
diagnostic angiography is performed, and adjusted depending 
on clinical outcomes for at least 24 hours. Thrombolytic agents 
such as recombinant tissue plasminogen activator (r-tPA), can 
be infused through angiographic catheters [105] and are typi-
cally accompanied by heparin administration for anticoagula-
tion. Combined techniques for arterial recanalization with 
angioplasty and stenting, to treat underlying stenosis, may be 
necessary after thrombolysis of an occluded artery. Venous reca-
nalization in the absence of any clinical evidence of bowel inf-
arction can be performed using intravascular thrombolytic 
agents combined with balloon venoplasty to treat venous 
mesenteric thrombosis [106,107].

Complications
Common complications of mesenteric vascular intervention  
are similar to those of all vascular procedures including vessel 
injury, bleeding, and contrast media complications. The main 

Complications
Patients undergoing GI tract embolization are exposed to the 
usual complications associated with angiography including 
puncture site hematomas, or pseudoaneurysm, arterial occlu-
sion, arterial dissection, contrast reactions, and contrast induced 
renal failure. Specific complications related to successful embol-
ization depend on the site and local anatomy. Possible complica-
tions include splenic or hepatic infarctions, gastric, duodenal or 
colonic ischemia, resulting in strictures, ulceration, and necro-
sis, but these are limited [85–89]. Bowel infarction is the com-
plication of most concern. By using super-selective embolization, 
the possibility of ischemic complications may be decreased con-
siderably [85–89].

Acute mesenteric ischemia
Acute mesenteric ischemia (AMI) is a life-threatening vascular 
emergency that requires rapid diagnosis and treatment to restore 
mesenteric blood flow and prevent bowel necrosis and death. It 
occurs when blood supply is interrupted and perfusing blood 
flow is insufficient to meet bowel needs. Acute mesenteric 
ischemia arises primarily from vascular disorders in the SMA 
circulation or its venous outflow. Disruption in the IMA is often 
being less morbid because of pelvic collateral circulation. Among 
all visceral arteries, the SMA is the most susceptible to emboli 
(90%) with the IMA a distant second [90]. The major groups of 
causes arterial occlusion are embolus (50%), thrombosis (25%), 
nonobstructive causes (10%–15%), aortic dissection (5%), 
venous obstruction (5%–15%), and extra-vascular sources 
[91,92]. Regardless of the etiology the mortality is high [93].

On clinical exam, when abdominal pain out of proportion to 
peritoneal signs is encountered, laboratory (including lactic 
acid levels) and imaging evaluation should be obtained. When 
emergent surgical exploration is not indicated, definitive diag-
nosis with CTA or angiography should be performed without 
delay to avoid any irreversible ischemic change. Although angi-
ography remains the gold standard, CTA has proved to be a 
valuable tool for diagnosis and treatment planning of AMI. 
When mesenteric occlusion is present, given the frequency of 
occurrence, an echocardiogram is necessary to exclude an int-
racardiac thrombus as a possible source.

Indications
Although surgical treatment is still considered the standard of 
care, even in the absence of peritoneal signs mortality rates 
remain as high as 50% [94–96]. Percutaneous techniques appear 
to be valuable alternatives to surgical treatment in selected cases 
[97,98]. Endovascular management of AMI should be considered 
in patients without clinical or imaging signs of bowel infarction, 
or poor surgical candidates. Patients after successful endovascu-
lar treatment may still require surgery in cases with absence of 
symptom regression. Overall mortality of AMI remains high 
after surgery (60%–80%) [99]. A multidisciplinary approach is 
mandatory, including gastroenterologists, anesthetists, surgeons, 
and interventional radiologists working together [94].
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Chronic mesenteric ischemia
Chronic mesenteric ischemia (CMI) is the most common vas-
cular disorder involving the intestines [109] (Figure 152.11). 
Atherosclerosis is by the far the most common cause of CMI, 
whereas other less common etiologies include fibromuscular 
dysplasia, Buerger disease, and aortic dissection [110]. Open 
surgical repair is the standard treatment for CMI treatment, and 
for clinically significant stenosis of the celiac and superior 
mesenteric arteries. However, open repair is associated with 
significant morbidity and mortality [111,112]. Percutaneous 
transluminal balloon angioplasty and stenting is a safe and 

complication of the administration of intraarterial vasodilata-
tors such as papaverine is hypotension. Therefore, close moni-
toring of vital signs is needed. Complications of percutaneous 
thrombolysis are bleeding, distal embolization, and allergic 
reactions to thrombolytics as well as postrevascularization syn-
drome. The main complication of percutaneous transluminal 
angioplasty is distal embolization, which may be mitigated by 
the use of a filter wire and potentially treated with thrombolysis. 
Failure to recanalize will result in bowel infarction. Complica-
tions of venous recanalization include bleeding and refractory 
thrombosis [108].

Figure 152.11 A 79-year-old female with history of chronic epigastric pain and weight loss. Abdomen MRA demonstrated severe stenosis of the 
proximal SMA and mild to moderate stenosis of the origin of the celiac trunk. (a) An abdominal aortic aortogram (lateral position) was performed and 
evidenced a proximal narrowing of the celiac trunk. (b) The SMA was selected using a catheter and the arteriography was performed in lateral and 
oblique positions. A significant short segment stenosis within the proximal superior mesenteric artery approximately 1–2 cm distal to the SMA origin 
was seen. (c) This finding was consistent with the duplex Doppler ultrasound demonstrated hemodynamically significant stenosis of the proximal SMA. 
(d) A PTA was performed in the region of significant stenosis for predilatation. A bare metal stent was deployed across the stenosis and a balloon 
dilatation of the stent was performed. A final angiogram of the SMA demonstrated significantly improved flow through the SMA. MRA, magnetic 
resonance angiography; PTA, percutaneous transluminal angioplasty; SMA, superior mesenteric artery.

(a) (b)

(c) (d)
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Complications
The most common complications are related to arterial access. 
Brachial access is associated with median nerve injury as well 
as higher incidence of pseudoaneurysm formation. In severe 
and long-standing CMI, the revascularization syndrome may 
result in a reperfusion injury. Patients who have severe athero-
matous disease of the aorta are at risk for cholesterol emboliza-
tion during an endovascular procedure. Emboli to the bowel 
may turn CMI into AMI. Failure of angioplasty and stenting is 
another complication; however, it does not exclude surgery as a 
therapeutic option.

Abdominal visceral artery aneurysm
Abdominal visceral aneurysms (VAAs) are classically divided 
into true and false aneurysms (Figure 152.12). A true aneurysm 
involves all three layers of the arterial wall and has a localized 
dilatation more than 1.5 times the expected arterial diameter 
[119]. The prevalence of true VAAs is 0.1%–2% [120]. True 
aneurysms are associated with underlying arterial pathologies 
such as atherosclerosis, fibromuscular dysplasia, or arteritis. 
False aneurysms, or pseudoaneurysms, are effectively contained 
ruptures of the artery that are lined by adventitia or by the 
perivascular tissues. False aneurysms may occur as a result of 
inflammation, infection, or trauma [121,122], visceral artery 
aneurysms are most commonly found in the splenic (60%) and 
hepatic arteries (20%), and the remaining elsewhere in the vis-
ceral vessels [123]. The natural history of these aneurysms is 
that of expansion, rupture, or thrombosis [123].

Indications
The risk of rupture of a true aneurysm is difficult to predict, but 
does appear size dependent. Traditional management strategies 
have been debated between surveillance and surgical repair. 
Treatment is recommended when the true aneurysm is large 
(>2 cm), symptomatic, rapidly expanding, or found in a patient 
who is or could become pregnant. VAA in pregnant women are 
especially prone to rupture. When treatment of the aneurysm 
is not indicated, routine surveillance should be initiated. Mor-
tality after elective surgical repair is approximately 5% but 
increases substantially after aneurysm rupture [124,125]. 
Surgery was originally recommended in most cases; however, 
endovascular treatments are now replacing some surgeries 
[119,125–127]. Transcatheter embolization is the treatment of 
choice for most intrahepatic and splenic artery pseudoaneu-
rysms. Selective arterial embolization is safe and effective in 
treating visceral arterial aneurysms in patients who are a poor 
surgical risk, particularly those with pancreatitis-associated 
aneurysms and pseudoaneurysms [128]. The technical success 
of endovascular repair of visceral aneurysm reaches 98% with 
low-morbid-mortality [125,126]. While the decision to inter-
vene on a true aneurysm may depend on a size threshold above 
which the potential for rupture increases, in general all pseu-
doaneurysms should be promptly treated, whatever their size or 
location [121–123,125].

effective alternative to surgical treatment for patients with 
chronic mesenteric ischemia caused by calcified ostial stenoses, 
high-grade eccentric stenoses, chronic occlusions, and flow-
limiting dissection of mesenteric arteries [95,111,113]. If the 
diagnosis is overlooked or missed, AMI can occur with a mor-
tality rate approaching 90% [114]. High clinical suspicion and 
positive screening Doppler study of the mesenteric arteries 
should prompt noninvasive cross sectional imaging. In addition 
to an accurate diagnosis, pretreatment cross-sectional arterio-
gram will facilitate treatment planning and lead to optimal clini-
cal outcomes. The natural history of sub-clinical mesenteric 
arterial disease is not well characterized.

Indication
The most common clinical indication for treatment of stenosis 
or occlusions of the mesenteric vessels is the presence of 
ischemic symptoms such as “intestinal angina.” Given the three 
vessel blood supply to the bowel, typically two of the three 
vessels will have a hemodynamically limiting stenosis before 
symptoms occur. Endovascular therapy is commonly consid-
ered as a primary choice of treatment for stenotic lesions of the 
mesenteric arteries [110,115]. Endovascular revascularization 
for treatment of CMI is technically successful in 80% to 100% 
of patients [91,95,116]. The primary patency rates after angi-
oplasty and/or stenting has been reported to be lower than open 
surgery [117]. However, 30-day morbid-mortality are similar 
after angioplasty/stenting when compared with surgery, in large 
part owing to postoperative cardiopulmonary and renovascular 
complications seen with open surgical repair [111]. Primary 
patency after angioplasty and/or stenting assisted success 
approaches 90% at 5 years, with 5-year survival rates of 76% 
[95]. For some patients, initial treatment with stenting may 
provide a bridge to surgical therapy, by improving the patients’ 
nutritional and performance status [110,118]. Neither angi-
oplasty nor stent placement has been demonstrated to be effec-
tive in treating celiac stenosis caused by median arcuate ligament 
compression [95].

Techniques
Patients can be treated from a femoral artery or the brachial 
artery approach. Mesenteric artery angioplasty and stenting for 
CMI is a technically challenging procedure, because it can lead 
to complications such as acute mesenteric ischemia. Before the 
procedure, selective mesenteric arteriograms are performed to 
evaluate the arterial lesions and visceral arterial circulation. 
Various catheter types are available for selective catheterization, 
percutaneous transluminal angioplasty and stent placement of 
the variant abdominal vascular anatomy. Balloon angioplasty 
dilates the stenosis and stenting is traditionally reserved for 
residual stenosis after angioplasty of 30% vessel diameter or 
greater [95]. Pressure transducers for translesion pressure gradi-
ent measurements can be used to monitor intraprocedural treat-
ment success.
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Figure 152.12 A 29-year-old gentleman with a history of intravenous drug abuse and endocarditis. (a) A CTA of the abdomen revealed large 
pseudoaneurysms within the liver and in the SMA distribution, as shown on the coronal view of the figure. (b) The patient was presented for 
angiography and potential embolization. An angiogram was performed though a catheter placed in the SMA and showed the pseudoaneurysm. A 
microcatheter was used to select a proximal ileal branch of the left lower quadrant off the SMA and confirmed the location of the pseudoaneurysm. The 
pseudoaneurysm was embolized with coils. (c) A nonselective angiogram of the SMA evidenced the occlusion of pseudoaneurysm. (d) The catheter was 
then placed into the celiac trunk and an angiogram was performed showing a pseudoaneurysm arising from the right hepatic artery. (e) A 
microcatheter was advanced to the pseudoaneurysm and enabled his embolization with a liquid embolic agent (Onyx), until the absence of residual 
contrast filling of the aneurysm of the pseudoaneurysm evidenced on the hepatic arteriography (f). CTA, computed tomography angiography; SMA, 
superior mesenteric artery.

(a) (b) (c)

(d) (e) (f)

infarction of the downstream viscera, dissection or rupture can 
be management by endovascular team. An experienced team 
may reduce or avert these complications.

Inferior vena cava disorders
Inferior vena cava (IVC) disorders result from these etiologies: 
thrombosis (extension of iliac vein thrombus, hypercoagulabil-
ity disorders of IVC filter, indwelling catheter, aneurysm, inflam-
mation, or infection), intraluminal tumor extension (intraluminal 
growth, direct invasion), and extrinsic compression (right 
common iliac artery, right renal artery, hepatic masses, ascites, 
hepatomegaly, and retroperitoneal masses) [130–132]. The most 
common of these problems are extension of clot from the iliac 
veins, transvenous spread of tumor thrombus and filter related 
IVC thrombus. Bilateral lower extremity swelling is a frequent 
clinical manifestation of these problems. The diagnosis is usually 
made by MDCT [133]. The management of vena cava disorders 
is based on the etiology and symptomatology.

Techniques
Patients can be treated from a femoral artery or the brachial 
artery approach. Celiac and superior mesenteric arteriograms 
are performed to evaluate the lesion and arterial anatomy. A 
catheter with coaxil microcatheter system is often used to gain 
proximal and distal control of the artery. Coil packing of the 
artery and/or aneurysm is commonly used [119,126,129]. 
Embolization across the aneurysm neck is important to prevent 
retrograde flow into the aneurysm through collateral vessels 
feeding the distal artery. A covered stent to exclude the aneu-
rysm is an effective therapeutic option and preserves function 
of the artery [128].

Complications
Access site complications tend to be the most frequent. Rupture 
of the aneurysm during treatment is another potential compli-
cation. Most endovascular vascular complications such as artery 
occlusion from which the aneurysm takes off, coil migration, 
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or both. Catheter directed cavograms can distinguish among 
IVC compromise caused by stenosis, obstruction, and throm-
bosis. It confirms the initial diagnosis and helps direct treatment 
methods.

Catheter directed thrombolysis
A catheter is placed in contact with the thrombus, and used 
for pharmacological thrombolysis [143]. Prior to initiating 
thrombolysis, patients should be assessed for contraindications 
to tPA such as recent hemorrhage, stroke, brain mass, and 
recent surgery. Anticoagulation is used to maintain patency 
of vessels after successful thrombolysis reestablishes flow. 
Patients at risk of bleeding and those who have had a previ-
ous adverse reaction to heparin or warfarin [144] may not 
benefit from thrombolysis. After initiation of CDT patients 
are closely monitored, to detect bleeding complications at an 
early stage. Follow-up cavography is carried out in 8–24 hour 
intervals to evaluate the progress of thrombolysis and to  
adjust the catheter position. Thrombolysis should continue 
until the thrombus is resolved completely, a major complica-
tion has occurred, or no progress is evident over a period of 
24 hours [145].

Indications
The endovascular therapeutic options for IVC disorders include 
mechanical thrombectomy, catheter directed thrombolytic 
therapy alone or a combination of both, permanent or tempo-
rary IVC filter placement, endoluminal recanalization, and stent 
placement. Endovascular therapy catheter-directed thromboly-
sis (CDT) is used to treat acute IVC thrombosis and augment 
the treatment of chronic IVC thrombosis. Thrombolysis should 
be considered in patients with symptoms and in those who fail 
to respond to anticoagulant therapy [134,135]. These methods 
have emerged as an effective treatment for caval stenosis, and 
occlusions and venous lower limb occlusion [136–141]. All 
these methods have been shown to have intermediate-term 
outcome success in patients who have symptoms or who do not 
show an adequate clinical response to pharmacological therapy 
[142]. Figure 152.13, shows stenting of IVC stenosis caused 
mass extrinsic mass effect in a patient whose symptomatic bilat-
eral leg swelling resolved within 24 hours after intervention.

Techniques
The access for endovascular management of IVC disorders is 
mainly femoral venous but may be through internal jugular vein 

Figure 152.13 A 56-year-old woman with advanced liposarcoma presented with subcutaneous abdominal edema and lower extremity edema. (a) A 
venogram of the IVC was performed through a catheter and demonstrated a prominent IVC with abrupt narrowing at the level if the intrahepatic IVC. 
(b) A catheter was advanced into the right atrium. A concurrent SVC/IVC venogram through the catheter showed and an approximately 4 cm near 
occlusion of the intrahepatic IVC. (c) Two consecutive stents were deployed successfully at the level of the intrahepatic IVC stenosis and were 
angioplastied by a balloon. The poststents angiogram was performed and showed a widely patent IVC with prompt flow into the right atrium consistent 
with good technical success. IVC, inferior vena cava; SVC, superior vena cava.

(a) (b) (c)



Interventional radiology CHAPTER 152   2927

its normal upper limit of 5 mmHg [153]. PPG is measured as 
the hepatic venous pressure gradient, which represents the per-
fusion pressure of the liver with portal blood [152]. The increase 
in portal pressure can be viewed as a compensatory mechanism 
allowing portal perfusion to be maintained [154]. When PPG 
exceeds 12 mmHg, portal hypertension may become clinically 
significant [153]. Sequelae of portal hypertension include for-
mation of portosystemic collaterals with varices, portal hyper-
tensive gastropathy, upper GI bleeding usually secondary to 
ruptured gastroesophageal varices, ascites, hepatic encepha-
lopathy, and spontaneous bacterial peritonitis [152,155].

Any condition that interferes with portal blood flow may 
cause portal hypertension. Classification of portal hypertension 
can be organized by anatomic site of obstruction: (a) prehepatic 
(involving the splenic, mesenteric, or portal veins); (b) intrahe-
patic (parenchymal liver diseases), and (c) posthepatic (diseases 
involving the hepatic venous outflow). Portal vein thrombosis 
and Budd–Chiari syndrome (BCS) are the most frequent causes 
of pre and posthepatic portal hypertension, respectively. Intra-
hepatic portal hypertension can be further classified as presinu-
soidal, sinusoidal and postsinusoidal portal hypertension 
depending on relative pressures obtained via hepatic vein cath-
eterization [155].

Transjugular intrahepatic portosystemic  
shunt (TIPS)
First introduced in 1989 by Richter and colleagues [156], TIPS 
is a relatively noninvasive method of diverting blood from the 
portal circulation to systemic circulation via an artificial conduit 
between the intrahepatic portal and hepatic veins. Successful 
TIPS placement is often defined as reduction in PPG less than 
12 mmHg [157], reducing the likelihood variceal hemorrhage 
and intractable ascites [153]. These complications of portal 
hypertension (i.e., variceal hemorrhage and ascites) are the 
most common indications for TIPS. Several studies have shown 
the benefit of TIPS in controlling portal hypertensive gastropa-
thy, hepatic hydrothorax, hepatic venoocclusive disease, BCS 
and hepatorenal /hepatopulmonary syndromes [158].

Absolute contraindications for TIPS placement include 
primary prevention of variceal bleeding, congestive heart 
failure, severe pulmonary hypertension (mean pulmonary pres-
sure > 45 mmHg), uncontrolled sepsis, multiple hepatic cysts, 
unrelieved biliary obstruction and severe tricuspid regurgita-
tion. Relative contraindications include anatomic variants that 
technically complicate shunt placement, including portal or 
hepatic vein thrombosis, hepatic masses (especially those in a 
central location), thrombocytopenia (cell count < 20 cells/cm) 
masses, congestive and moderate pulmonary hypertension 
[159]. Factors which significantly predict a worse outcome are 
also considered relative contraindications [160]; these include 
bilirubin levels above 3 mg/dL, serum sodium level of 130 or 
lower [161]. Some experts also consider pre-TIPS hepatic 
encephalopathy a relative contraindication for TIPS procedure 
due to evidences that it is a predictor of mortality in cirrhotic 

Mechanical endovascular thrombectomy
Mechanical endovascular thrombectomy may be performed 
with catheter-directed thrombolysis. This technique offers an 
opportunity for a faster clearance of obstructing thrombus. This 
method is usually restricted to patients with severe symptoms, 
long-segment thrombosis, patients with large clot burden or in 
cases of prolonged thrombolysis, such as more than 36 hours. 
A variety of motorized thrombectomy devices with different 
principal mechanisms, mainly rotational or hydrodynamic, are 
available.

Angioplasty balloons and various sizes of catheters used for 
direct aspiration are an alternative for mechanical fragmenta-
tion of thrombi [146]. In such cases, placement of a suprarenal 
IVC filter may be appropriate [141].

Insertion of an IVC filter is performed to prevent clinically 
relevant pulmonary embolism in patients with documented 
venous thrombosis of the legs or pelvis or as prophylaxis in 
selected patients at high-risk for the disease [141]. IVC filters 
should not replace standard medical therapy for lower extremity 
venous thrombosis or documented pulmonary embolism in 
patients who are reasonable candidates for anticoagulant 
therapy [141]. Typically, filters are deployed in the infra-renal 
IVC unless a thrombus is present in this segment. For the IVC 
placement, various permanent or temporary filters are available 
[72,141]. Indications for retrievable filter placements are mainly: 
young patient, IVC thrombosis during lower extremity, deep 
vein thrombolysis and contraindication to systemic anticoagu-
lation [141]. Angioplasty and venous stent placement has been 
reported to be an effective palliative procedure for IVC stenosis 
or obstruction [136,140,142,147–149].

Complications
The complications of the IVC disorders endovascular treatment 
depend on the treatment type. Thrombolysis may cause bleeding 
at different body sites. The use of thrombectomy devices may 
damage the intimal layer and the venous valves. IVC reconstruc-
tion, angioplasty and filter removal can induce IVC perforation, 
and retroperitoneal bleeding. An IVC filter placement may be 
complicated by migration, thrombosis or filter fracture.

Transjugular intrahepatic portosystemic 
shunt and portal vein interventions

Introduction
According to the most recent report of the Center for Disease 
Control and Prevention [150], chronic liver disease represents 
the 12th leading cause of death in the United States and a sig-
nificant cause of morbidity, accounting for a substantial portion 
of health-care utilization [151]. It is also the most common 
cause of sinusoidal portal hypertension, the most frequent cause 
of portal hypertension worldwide [152].

A treatable sequelae of chronic liver disease is portal hyper-
tension, such as increased portal pressure gradient (PPG), above 
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foration may occur in as many as 33% of patients, which can 
result in significant intraperitoneal hemorrhage in 1% to 2% of 
individuals [158]. Before the introduction of Viatorr poly-
tetrafluoroethylene (PTFE)-covered stent-grafts (Gore Medical 
& Associates, Flagstaff, AZ, USA), the only type of stent exclu-
sively designed for TIPS, hemolysis due to damage to the red 
cells by the stent was also a common complication, occurring 
up in 13% [169] of cases. Stent misplacement or migration is 
becoming rare since the advent of modern stents [160]. Other 
possible complications include gall bladder perforation [157], 
hemobilia, fistulae, and TIPS infection and sepsis [158]. Occa-
sionally hepatorenal syndrome and hepatic infarction [158] may 
also develop.

Guidelines regarding TIPS follow-up continue to evolve. In 
managing patients whose TIPS was placed to treat intractable 
ascites, follow-up evaluation can often wait until symptoms 
of portal hypertension recur. In contrast, patients receiving 
TIPS to treat chronic variceal bleeding require close follow-up 
as the first clinical sign of TIPS dysfunction might be fatal 
exsanguination. Currently, venography and pressure measure-
ments are the reference standards for TIPS dysfunction diag-
nosis. Doppler ultrasound findings indicating TIPS stenosis 
generally require venographic evaluation [170]. Doppler ultra-
sound showing a post-TIPS portal vein flow velocity of less 
than 30 cm/sec suggests shunt insufficiency [160]. However, 
because some ultrasound examinations are falsely negative, 
venography is also warranted in patients with a negative ultra-
sound who demonstrate symptomatology of portal hyperten-
sion [170]. In general, TIPS dysfunction can be addressed 
with balloon dilatation or stent extension in the setting of 
persistent pressure gradient elevation. Technically difficult 
cases may require other advanced approaches, including paral-
lel TIPS placement and percutaneous transhepatic recanaliza-
tion [171]. The introduction of the Viatorr PTFE-covered 
stents, has yielded significant improvement in long-term shunt 
patency [157].

Conventional TIPS technique
To ensure proper patient selection for a TIPS procedure, a 
detailed clinical history, focused physical exam and proper labo-
ratorial and imaging studies are required. Hepatic functional 
insufficiency and clinically overt hepatic encephalopathy should 
be excluded. An echocardiography should be performed to 
exclude significant diastolic or systolic cardiac failure [160], or 
pulmonary hypertension in patients with suspected or known 
cardiac disease [158]. Within 24 hours of the procedure, signifi-
cant thrombocytopenia (platelet count, <50,000 cells/mL), 
anemia (hematocrit, <25%), or coagulopathy (INR, >1.5) 
should be corrected and a doppler ultrasound evaluation of the 
hepatic vasculature should be performed to confirm portal vein 
patency [158]. In the setting of refractory ascites and/or hydro-
thorax, paracentesis and/or thoracentesis should be performed 
in order to facilitate portal puncture and improve fluoroscopic 
imaging quality [160].

patients, even though a recent metaanalysis [161] has not con-
firmed this data.

Procedure-related mortality rates range from 0.6% to 4.3%, 
varying from 1.4% to 3.0% depending on the amount of experi-
ence in institutions. Fatal complications include intraabdominal 
hemorrhage due to laceration of the hepatic artery or portal vein 
and right heart failure [162]. Major procedural complications 
should occur in no more than 3% of cases [163]. The post-TIPS 
mortality can be best predicted by the model for end-stage liver 
disease (MELD) score, comparing with other models created to 
access prognosis of chronic liver disease [164,165]. However, 
the value of the MELD score as an independent predictor of 
mortality and the cut off value to mortality prediction has been 
inconsistent among studies [161,164–166]. MELD scores greater 
than 15 [166], 18 [158] [164,165], or 25 [167] have been con-
sidered to predict a significantly higher mortality compared to 
lower MELD scores. A recent metaanalysis did not find that the 
MELD score was an independent predictor of mortality [161]. 
Long-term survival rates are lower when the indication is ascites 
rather than bleeding varices, 48% to 76% versus 48 to 90%, 
respectively [159].

TIPS seems to be more effective than paracentesis for the 
treatment of ascites with tense ascites recurring in 42% of the 
TIPS patients versus 89% of the paracentesis patients. The actu-
arial probability of transplant-free survival is also significantly 
better in TIPS patients than in paracentesis patients: the average 
transplant-free survival at 6, 12, 24, and 36 months of follow-up 
is 75.1%, 63.1%, 49.0%, and 38.1% versus 65.3%, 52.5%, 35.2%, 
and 28.7% for TIPS and paracentesis patients, respectively. 
However, the average number of hepatic encephalopathy epi-
sodes is significantly higher in the TIPS patients, although the 
cumulative probability of developing the first episode of hepatic 
encephalopathy is similar between TIPS and paracentesis 
patients [161].

TIPS also seems to be associated with significant reductions 
in treatment failure and in mortality when comparing early 
TIPS and drug therapy/endoscopic band ligation in the treat-
ment of variceal bleeding in patients first managed with vasoac-
tive drugs plus endoscopic therapy. A recent randomized trial 
found a significantly higher 1 year actuarial probability of 
remaining free of failure to control bleeding and of variceal 
rebleeding in the early-TIPS patients than in the drug therapy/
endoscopic band ligation patients (97% versus 50%, respec-
tively; P < 0.001). The 1 year actuarial survival was 86% in the 
early-TIPS group versus 61% in the pharmacotherapy/ endo-
scopic band ligation group (P < 0.001) [168].

Morbidity following TIPS placement is most often related to 
deterioration of hepatic function, hepatic encephalopathy, liver 
capsular perforation, and stent migration and/or misplacement 
[158]. Diversion of portal venous flow through the shunt dimin-
ishes liver perfusion [160] and the metabolic filtering effect of 
the hepatic parenchyma, leading to deterioration of hepatic 
function in approximately 10% of patients and new or worsened 
encephalopathy in 30% to 46% of patients [158]. Capsular per-
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12 mmHg should be achieved [157]. Excessive reduction of the 
PPG along with severe liver dysfunction has been shown to be 
associated with increased risk of mortality after TIPS creation 
in patients presenting with refractory ascites [167].

A 10 mm stent diameter is typically chosen for adult patients, 
whereas smaller stents are more often used in the pediatric 
population [158]. However, stents with 10 mm should be 
employed but dilated only to 8 mm to avoid shunt related com-
plications. This may result in more limited pressure reduction, 
not always achieving the recommended threshold of 12 mmHg, 
but possibly reducing the rate of TIPS-induced hepatic enceph-
alopathy. In case of insufficient response, further pressure 
reduction can be achieved by a second intervention [160]. 
When clinically indicated a TIPS stent Doppler may be obtained. 
If stent flow is sonographically difficult to obtain (common in 
PTFE-covered stents soon after placement due to small air 

TIPS placement can be performed under conscious sedation 
or general anesthesia [158] (Figure 152.14). A needle is passed 
from the hepatic vein through liver parenchyma to the portal 
vein utilizing image guidance. Subsequently, Seldinger tech-
nique [18] is used to secure shunt access.

When using PTFE-covered stents, care is taken to leave the 
uncovered caudal portion of the stent in the portal vein, whereas 
the covered portion of the stent should be in the parenchymal 
tract and in the hepatic vein. The cranial end of the stent should 
extend to the junction of the hepatic vein and the IVC. Overlap-
ping stents of the same diameter are often used to achieve the 
desired shunt length and to reduce severe angulation within the 
shunt [158].

Once stents are deployed, trans-TIPS portal venography and 
PPG measurements in the main portal vein and the right atrium 
are repeated [158,160]. As noted above, a post-TIPS PPG under 

Figure 152.14 (a) TIPS hepatic vein access: access is achieved into the right internal jugular vein under ultrasound guidance, using a micropuncture set. 
A Bentson wire is advanced down into the IVC and a 10 Fr 40 cm vascular sheath is advanced into the right atrium. The right hepatic vein is then 
accessed. (b) CO2 Portovenogram: after pressure measurements confirm PPG, a CO2 portovenogram is performed, to portal patency and map the portal 
vein for transhepatic puncture. (c) Stent mapping; after portal vein access is achieved simultaneous hepatic and portal venograms are performed, to 
delineate stent size and relative anatomy. (d) Post-TIPS stent placement venogram; after stent deployment and angioplasty a portal venogram confirms 
stent placement and decompression of gastric and esophageal varices. IVC, inferior vena cava; PPG, portal pressure gradient; TIPS, transjugular 
intrahepatic portosystemic shunt.

(a) (b)

(c) (d)
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point for the puncture. However, the point of origin or stump 
of an occluded hepatic vein can often be found or a direct punc-
ture through the caval wall straight into the liver can be made 
[174]. Once the puncture needle is inside the liver the conven-
tional TIPS technique can be employed [174]. In contrast to 
patients receiving a transjugular shunt for variceal bleeding, 
where a graded reduction of the portal pressure may be advis-
able, in BCS patients a larger diameter of the shunt may be 
recommended to allow decompression of both the sinusoidal 
and splanchnic beds and to facilitate arterial perfusion [160].

The use of Viatorr PTFE-covered stent-grafts affords marked 
overall improvement in shunt patency [172,174]. This is par-
ticularly useful in BCS patients with a coagulopathy. Overall, 
the results of TIPS procedures in patients with BCS have been 
encouraging, with a technical success rate of more than 90% and 
a clinical success rate of more than 75% reported [173].

Portal vein interventions
Since Richter and collaborators [156] reported good results of 
TIPS, several innovative portal interventions have been devel-
oped [175].

Portal vein thrombolysis
Portal vein thrombosis (PVT) is a relatively common complica-
tion of cirrhosis, occurring in up to 35% of patients with decom-
pensated liver disease [176]. Other important risk factors 
include thrombophilic states (inherited or acquired), portal vein 
injury, abdominal inflammatory lesions, hepatocellular and 
pancreatic carcinomas, contraceptive use, pregnancy, cytome-
galovirus and bacteroides fragilis infections and liver transplan-
tation. PVT has acute or chronic presentation. Chronic PVT 
coexists with portal hypertension, thus, its treatment consists of 
managing portal hypertension and its related complications. 
Acute PVT treatment involves anticoagulation and thrombo-
lytic therapy [176]. Techniques of thrombolytic therapy differ 
in method of infusion. A catheter is positioned in the SMA to 
achieve indirect lysis of portal vein thrombus or in the portal 
vein itself [177] with a catheter introduced transhepatically or 
through transjugular approach [176]. Response rate of site-
directed venous thrombolysis ranges from 75% to 100% partial 
to complete recanalization. Arterial infusion has been shown to 
result in longer infusion times, delayed time to resolution of 
thrombus, and inefficient thrombus resolution compared to 
portal venous thrombolysis [178]. Regardless of thrombolysis 
strategy employed (i.e., portal venous or arterial), there is a 
reduction in thrombus burden and more efficient restoration of 
portal flow as compared to systemic anticoagulation therapy 
alone. In patients in whom anticoagulation is contraindicated, 
site-directed thrombolytic therapy may provide a viable alterna-
tive [177].

Direct intrahepatic portocaval shunt (DIPS)
DIPS, a modification of the conventional TIPS procedure, was 
first described in 2001 by Petersen and collaborators [179] and 

bubbles retention within the graft material), adjunct diagnostic 
measures, such as detection of hepatopetal flow in the main 
portal vein and hepatofugal flow in the branch portal veins, 
suggest TIPS patency and appropriate functioning [158].

Budd–Chiari syndrome
The current definition of Budd–Chiari syndrome (BCS) encom-
passes a spectrum of clinical conditions that cause obstruction 
of hepatic venous outflow (Figure 152.15) [172,173]. BCS can 
be primary or secondary. Primary BCS is related to venous 
pathology while secondary BCS is related to extrinsic compres-
sion [174]. Risk factors for BCS include inherited and acquired 
hypercoagulable states [173], pregnancy, malnutrition, and the 
use of oral contraceptives [172,173]. Many patients have more 
than one predisposing factor [174]. Regardless of etiology, com-
promised venous outflow results in hepatic congestion [172,173].

When medical management of BCS fails, if otherwise appro-
priate and feasible, the selection of liver transplantation or 
shunting depends upon whether liver failure or portal hyperten-
sion is the dominant clinical manifestation of BCS as well as the 
potential for parenchymal recovery, the surgical risk, and the 
availability of a liver donor [172]. TIPS creation is a good alter-
native method for relieving liver congestion, with lower mortal-
ity and morbidity than those associated with open surgical 
shunt procedures, especially for patients in whom the hepatic 
vein cannot be recanalized or in whom recanalization produces 
inadequate liver decongestion [172]. With the availability of 
TIPS, the need of liver transplantation has become a rare excep-
tion [160]. However, angioplasty with or without stenting has 
priority over the shunt treatment in patients with short segment 
BCS as long as cirrhosis has not developed, since it leads to a 
reconstruction of the natural vascular bed and blood flow [160]. 
In many BCS patients, performance of TIPS is challenging 
because there are no normal hepatic veins to use as a starting 

Figure 152.15 Hepatic venogram showing the classic “cob web” 
appearance of chronically occluded hepatic veins.
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ography (PTC) and percutaneous transhepatic biliary drainage 
(PTBD) are indicated. Advances in diagnostic imaging and 
ERCP techniques have decreased the need for PTC and/or 
PTBD, however invasive percutaneous biliary interventions 
continue to play a major role in the management of some 
patients. A multidisciplinary evaluation, made by a gastroenter-
ologist, oncologist, surgeon and radiologist, is mandatory for 
optimal patient care.

Percutaneous transhepatic cholangiography and 
biliary drainage
Percutaneous transhepatic cholangiography
Careful review of existing imaging studies, notably CT and MRI 
± cholangiopancreatography sequences, should be performed 
before considering PTC for diagnostic purposes only. In most 
patients the PTC is performed to evaluate ductal anatomy as a 
first step before PTBD (Boxes 152.1 and 152.2).

Preoperative drainage is considered an indication of PTBD 
by some authors but is much debated in the literature; further 
evidence is needed [188–190]. PTBD to decrease total serum 
bilirubin level to permit administration of chemotherapy may 
be considered. Thornton and colleagues found that only 31% of 
patients attained a normal serum bilirubin level by 100 days and 

uses the caudate lobe as the parenchymal tract to create a side-
to-side shunt between the IVC and the portal vein. The conven-
tional DIPS method relies on direct needle guidance using 
intravascular ultrasound introduced via the femoral vein [180]. 
A TIPS needle, introduced from the jugular approach, is visual-
ized sonographically as it passes from the IVC into the portal 
vein. The remainder of the procedure is similar to that of con-
ventional TIPS [158]. The shunt is completed with a PTFE-
covered stent graft [181]. DIPS is particularly useful in patients 
with Budd–Chiari disease and other conditions where access to 
the hepatic veins is not feasible [175]. Results of the procedure 
are comparable to those of TIPS [175].

Embolization of ectopic and stomal varices
Portosystemic venous collaterals as a complication of portal 
hypertension can lead to the development of stoma varices in 
patients with ileostomy or colostomy. Superselective catheteri-
zation of mesenteric venous branches supplying stoma varices 
can be done through percutaneous transhepatic or transjugular 
access to the portal vein [175]. Embolization can be performed 
using coils or a sclerosing agent. The results of treatment are 
generally positive; bleeding episodes cease and stomal function 
is preserved [175].

Indirect interventions for treatment of portal 
hypertension and portal vein interventions for  
other indications
Other treatments for portal hypertension include partial splenic 
embolization, angioplasty of hepatic veins/IVC stenoses, and 
embolization of arterioportal shunts. Detailed discussion of 
portal vein interventions performed for purposes other than 
portal hypertension are beyond the scope of this chapter. These 
include preoperative portal embolization facilitating growth of 
the liver parenchyma, transportal pancreatic islet cell transplan-
tation to the liver in the treatment of diabetes mellitus, closure 
of portobiliary and portovenous fistulas, and portal vein reca-
nalization for stenosis or chronic occlusion [176].

Biliary interventions in  
interventional radiology

Introduction
When dealing with a potential biliary tract pathology, all 
patients should be evaluated clinically, biochemically and by 
imaging modalities such as ultrasound (US), computed tomog-
raphy (CT), and magnetic resonance imaging (MRI). Although 
a definitive pathologic diagnosis cannot be established by 
imaging, cross-sectional imaging is invariably helpful. Indeed it 
provides accurate information about the anatomy and, usually, 
the probable cause of the bile duct obstruction, or the presence 
of a bile leakage. When further diagnostic information or a 
specific treatment is required, endoscopic retrograde cholangio-
pancreatography (ERCP), percutaneous transhepatic cholangi-

Box 152.1 Indications for percutaneous transhepatic 
cholangiography (PTC).

Main indications for PTC [182–186]

Identify and evaluate ductal obstruction
Differentiate obstructive from nonobstructive jaundice
Evaluate suspected bile duct inflammatory disorders
Localize the site of bile leakage
Evaluate suspected bile duct stones

Main contraindications of PTC

Uncorrectable coagulopathy
Unfavorable anatomy (e.g. interposed bowel)
Severe ascites
Severe reaction to iodinated contrast agents (may be managed with 

premedication)

Box 152.2 Indications for percutaneous transhepatic biliary 
drainage (PTBD).

Main indications for PTBD [187]

Manage bile duct related infections such as cholangitis and biliary 
sepsis

Relieve obstructive jaundice when ERCP failed or is indicated
Treat benign biliary strictures
Treat malignant lesions
Remove intrahepatic or common bile duct stones when ERCP failed or 

is not indicated
Divert the bile to treat biliary leaks or fistulae
Perform endobiliary tissue sample
Perform brachytherapy/phototherapy
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PTBD requires a bed rest for 6 hours and the patient should be 
admitted (e.g., if procedure done in an outpatient clinic) post-
procedure for clinical monitoring for signs of bleeding or sepsis. 
Depending on the patient’s condition, antibiotics may be con-
tinued. The biliary drainage catheter should be left to external 
gravity drainage via drainage bag for 24 hours. After 24 hours, 
the tube should be capped and be flushed twice daily with 10 cc 
of normal saline to prevent bile clogging. Patients should be 
instructed about catheter care and to uncap the catheter and set 
it for external drainage should they develop any signs of 
cholangitis.

Percutaneous transhepatic management of 
malignant biliary obstruction
Most cancers causing bile duct obstruction, such as pancreatic 
cancer, cholangiocarcinoma and gallbladder carcinoma, have a 
dismal prognosis. At the time of diagnosis the majority of these 
tumors are unresectable and palliative treatment is the only 
option. The goal of palliative treatment is symptomatic relief 
and restoration of bile flow to prevent cholangitis and sepsis. 
The treatment depends on patient’s specifics and local expertise, 
and should be made by a multidisciplinary team. PTDB and 
stenting are the two main radiologic treatment modalities.

Biliary endoprosthesis or internal stents are of two types: 
plastic stents and self-expandable metallic stents (SEMS). 
Advantages of internal stents are a better quality of life and no 
risk of inadvertent tube removal. Disadvantages are a low 
patency rate and a loss of percutaneous transhepatic access.

SEMS have higher patency rates than plastic stent [194–196]. 
A review and metaanalysis of Moss and colleagues[196] showed 
a mean duration of stent patency of 111–273 days with SEMS 
compared to 62–165 days with plastic stents. The major cause 
of SEMS dysfunction is tumor ingrowth whereas sludge deposi-
tion is the main cause of plastic stent dysfunction. Despite the 
higher cost of SEMS compared to plastic stent, initial placement 
of a SEMS showed to be cost-effective in decreasing reinterven-
tion rates [194–196]. Uncovered SEMS (bare stent) were devel-
oped first. Subsequently covered SEMS were designed to 
overcome tumor ingrowth through the stent mesh. Results of 
randomized controlled studies have been controversial regard-
ing potential benefit in patency rate of covered over uncovered 
SEMS [197–201]; thus more evidence is needed. Uncovered 
SEMS are permanent and are generally not indicated in benign 
biliary stricture or in patients who are surgical candidates. If the 
diagnosis is uncertain, the procedure should be postponed until 
pathologically proven.

Stents can be placed endoscopically, percutaneously and as 
part of combined procedure (rendezvous procedure). In most 
centers the endoscopic route is usually attempted first, with the 
percutaneous route being reserved for endoscopic failures. 
Plastic stent are mainly placed endoscopically.

Malignant, distal bile duct obstruction should be addressed 
separately from a proximal obstruction. In current practice, 
distal bile duct obstruction is treated first by ERCP, with PTBD 

thus careful patient selection is warranted for this indication 
[191]. Main contraindications of PTBD are the same as listed 
above for PTC. In patients with multiple isolated and obstructed 
biliary segments (e.g., metastatic liver disease), careful review 
of therapeutic objectives is important since PTBD is usually 
ineffective in relieving symptoms and should therefore usually 
be avoided. Ascites constitutes a relative contraindication. 
When severe, it displaces the liver from the abdominal wall 
making the PTC/PTBD technically more challenging. Moreover 
this displacement impedes effective tamponade of bile and 
blood, and carries a risk of chronic leakage of ascites through a 
peritoneal-cutaneous fistulous tract (access site). A left approach 
may be considered as there is less fluid anterior to the left lobe 
than around the right liver. Thus endoscopic approach should 
be favored in these patients and, when contraindicated, para-
centesis before PTBD should be performed.

Preprocedure work-up
History, current medication and clinical examination should be 
obtained. The imaging studies should be reviewed for diagnostic 
evaluation and intervention planning. Blood tests including 
complete blood count, coagulation tests, and liver and renal 
function tests should be obtained. Any underlying coagulation 
abnormality should be corrected before proceeding using 
vitamin K, fresh frozen plasma and platelets depending on the 
lab results and timing for the procedure. At the author’s institu-
tion an INR (international normalized ratio) of less 1.7 and a 
platelet count of more than 50  ×  109/L are used as cutoffs. 
Because of the high incidence of bacterial colonization of the 
biliary tree in patients with biliary obstruction, prophylactic 
broad-spectrum intravenous antibiotics covering both gram-
positive and gram-negative organisms should be given within 1 
hour of the start of the procedure (e.g., cefotetan, ciprofloxacin, 
ertapenem).

Outcomes and complications
PTC and PTBD are safe and effective procedures for evaluating 
and for primary or palliative treatment of many biliary patholo-
gies. The technical success rate is high (97%–100%) and clinical 
success is >75% in all major series [192,193]. Technical success 
is lower (70%) in nondilated biliary systems [182]. Complica-
tions include sepsis, cholangitis, hemorrhage, bile leakage, peri-
tonitis, pneumothorax and death. Reported rates of major 
complications for PTC is 2% and for PTBD are 0.5%–2% [187]. 
The majority of complications can be treated conservatively. The 
procedure-related mortality ranges from 0% to 3% in most 
series and 30-day mortality ranges from 2% to 20% in patient 
with malignant obstruction and is usually related to the under-
lying disease. Recurrence of obstructive jaundice after PTBD 
ranges from 5% to 25% [193].

Postprocedure care
PTC requires a postprocedure bed rest for 3 hours in the recov-
ery area. Afterwards the patient may ambulate as tolerated. 
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(71% vs 42%; P  =  0.03). Major complications were more 
common in the PTBD group (61% vs 35%; P = 0.09) but did 
not account for differences in 30-day mortality rates (PTBD, 
36%; ERCP, 42%; P = 0.83).

The most common complications of transhepatic stent place-
ment are cholangitis, hemorrhage, and bile leakage [204–207].

Percutaneous transhepatic management of 
benign biliary strictures
Benign biliary strictures are less frequent than malignant  
stricture. Common causes are iatrogenic (bile duct injury or 
stenosed biliary enteric anastomosis), inflammatory disease 

being reserved when ERCP fails, or is not indicated. In such 
cases, PTBD is usually technically successful. Proximal bile  
duct (hilar) obstruction treatment is controversial and either 
ERCP or PTBD may be used as primary drainage treatment, 
depending on patient’s specifics and local expertise [202,203] 
(Figure 152.16).

In a prospective randomized clinical trial by Piñol and col-
leagues [204] comparing PTBD with SEMS versus conventional 
endoscopic polyethylene endoprosthesis for treatment of malig-
nant biliary obstruction, the technical success rates of both pro-
cedures were similar (PTBD, 75%; ERCP, 58%; P  =  0.29), 
whereas therapeutic success was higher in the PTBD group 

Figure 152.16 A 49-year-old female with pancreatic cancer. (a) Coronal T1-weighted fat-suppressed spoiled gradient-recalled echo image after injection 
of gadolinium showed a hypoenhancing mass in the pancreatic head encasing the distal common bile duct (arrowheads) and a left-sided 16 Fr locking 
biliary drainage catheter (arrow). (b) After removal of the existing tube over, an 0.035-inch Amplatz Super Stiff guidewire (Boston Scientific, USA) 
(arrow), deployment of a 10 mm × 8 cm self-expanding endoprosthesis (Gore Viabil, USA) in the common bile duct (arrowheads). (c) Completed 
deployment of the stent (arrowheads) and placement of foreshortened 18 Fr silastic biliary tube (Heyer-Schulte, Bentec, USA) to keep access (arrow). 
(d) 24 hours after, tube cholangiogram showed a patent common bile duct stent (arrowheads) with no intrahepatic biliary duct dilatation and free 
passage of contrast into the bowel (*). The foreshortened tube was removed.

(a) (b)

(c) (d)
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Transhepatic access is most common, but the procedure may be 
done percutaneously via existing T-tube tracts or specially 
created jejunal loops (i.e., Roux-en-Y bowel loop used to drain 
the biliary system tacked to the anterior abdominal wall). Once 
the lesion has been crossed, the stricture may be dilated using 
a high-pressure balloon catheter. A 10–15 mm balloon is usually 
used in the biliary-enteric anastomosis, 10 mm and 6–8 mm 

Box 152.3 Percutaneous transhepatic management of benign biliary 
strictures.

Main indications for an interventional radiologic 
treatment

Failure of previous surgical repair(s)
Patient with a contraindication to surgery or refusing surgery
Cholangitis

Figure 152.17 A 65-year-old female status post-Whipple procedure for pancreatic cancer with hepatojejunal anastomosis stricture and symptomatic 
jaundice. (a) Anteroposterior view. (b) Lateral oblique views. After gaining access through the left-sided biliary system, contrast was injected through a 
micropuncture sheath (arrow) and the dilated biliary system was opacified. (c) A Brite Tip sheath (Cordis Corporation, USA) was inserted over the wire 
and the tip was advanced just proximal to the stricture (arrow). A combination of guidewire (not shown) and 5 Fr catheter (arrowhead) were used to 
cross the stricture. Contrast injection confirmed good positioning into the small bowel (*). (d) Placement of a 10 Fr biliary drainage catheter (arrow) 
across the hepatojejunal stricture and opacification of the small bowel with contrast (*).

(a) (b)

(c) (d)

(pancreatitis, primary sclerosing cholangitis), biliary calculi, 
biliary tract infection, stenosis of the sphincter of Oddi and 
following liver transplant. Postsurgical strictures are by far the 
most frequent. Unrecognized or insufficiently treated stricture 
may lead to serious complications such as cholangitis, biliary 
cirrhosis and portal hypertension [208,209].

Depending on the etiology, the site and the patient’s con-
dition, benign biliary strictures may be treated by surgical, 
endoscopic or interventional radiologic procedures [209,210], 
Box 152.3.

The overall success rate of postoperative benign biliary stric-
tures treated with surgical reconstruction (Roux-en-Y hepati-
cojejunostomy) has been reported by Lillemoe and colleagues 
[209] to be 90.8% at 5 years follow-up. However, postsurgical 
hepaticojejunostomy benign ischemic strictures do occur 
(Figure 152.17).

Main contraindications for interventional radiologic treat-
ment are the same as those listed for PTC/PTBD, see Box 152.2. 
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formed through a transhepatic access or a T-tube tract for 
residual stones after surgery [223,224].

The main absolute contraindication is uncorrectable coagu-
lopathy. Relative contraindications are ongoing infection, 
chronically collapsed gallbladder, and severe reaction to iodi-
nated contrast agents.

Percutaneous gallstones treatment
The procedure consists of initial percutaneous cholecystostomy, 
tract up-size with sheath placement, stone removal, tract and 
biliary tree evaluation, and tube removal. A stone basket is 
usually used to grasp and extract most stones through the 
sheath. When stones are too large to be removed with a basket, 
they can be fragmented using a snare guidewire technique 
[225]. Other techniques such as intracorporeal electrohydraulic 
lithotripsy (IEHL) can be used [226]. The complete stone clear-
ance rate is high (94%–97%) [225,227]. Complications include 
cholangitis, hemorrhage, bile leakage, gallbladder perforation 
and death. Reported rate of major complications for is 7%–9% 
[226, 227]. The 30-day mortality is 3% [227]. Gallstones recur-
rence rate is 22–41% [228,229].

Percutaneous intra/extrahepatic biliary  
stones treatment
Patient with retained stones postcholecystectomy may be 
referred shortly after surgery with a T-tube in place. For patients 
seen later after cholecystectomy (i.e., without T-tube), or with 
stones related to bilioenteric anastomosis, or primary biliary 
abnormalities, initial access is similar to PTBD.

The usual technique consists in dilating the papilla with an 
angioplasty catheter and pushing the stone into the bowel with 
an occlusion balloon [230–232]. Larger or more complex stones 
can be removed using a basket, IEHL and laser lithotripsy using 
cholangioscopy [226,232–235]. The complete stone clearance 
rate is high whatever the technique employed (90%–100%) 
[231,234,236]. Complications include cholangitis, hemobilia, 
pancreatitis and death. Reported rate of major complications for 
sphincteroplasty/occlusion balloon stone removal is 0%–4.7% 
[231,232]. The procedure related mortality is 0%–1.4% 
[231,234].

Percutaneous cholecystostomy
Percutaneous cholecystostomy (PC) is a therapeutic procedure 
that involves the placement of a tube for external drainage of 
gallbladder contents.

Main indications for PC are acute cholecystitis in high-risk 
patients who are not surgical candidates and possible cholecys-
titis with unexplained sepsis, particularly in intensive care 
patients [236]. It can also be used for imaging or to access the 
biliary system when ERCP and PTC/PTBD have failed [187]. 
As PC is commonly performed in critically ill patients, there are 
few absolute contraindications: severe intractable coagulopathy 
or interposed bowel may preclude safe access. Relative contrain-
dications include a perforated and decompressed gallbladder, 

balloons in the common bile ducts and intrahepatic ducts 
respectively. A cutting balloon is sometimes needed for tight 
strictures [211,212]. Repeated balloon dilatation is usually nec-
essary. Recurrent stenosis occurs in 29%–58% of patients 
[213,214]. A combined approach with cholangioplasty and 
catheter maintenance method with progressive upsize (16–20 Fr) 
may be used [215,216]. A combination of percutaneous man-
agement and surgical reconstruction results in successful out-
comes in 98% of patients [217]. Stenting using plastic stents (the 
same as those used with ERCP) are infrequently placed. For 
recalcitrant strictures, SEMS may be indicated with overall good 
results and a patency rate at 3-year follow-up of 68.7% [218]. 
However, the role of SEMS remains controversial because 
patients with benign postoperative biliary strictures have a long 
average life expectancy and long-term failure related to mucosal 
hyperplasia in bare stent is expected. Since the introduction of 
covered SEMS for malignant strictures, some experts have pro-
posed their use in benign strictures. Gwon and colleagues [219] 
successfully placed and removed (6.7 weeks after placement) a 
total of 36 covered SEMS in all 29 patients in their series. 
Primary patency rate was 90.6% and the mean follow-up was 
27.9 months. Three additional stent placements for recurrent 
stricture were required in three lesions (9.4%). The secondary 
patency rate and clinical success rate was 97% (31/32 lesions).

Endoscopic approach is preferred in some centers as the first 
therapeutic step in postoperative stricture. Endoscopic treat-
ment is feasible in 80% of patients with postoperative stricture 
[210]. As for percutaneous treatment, endoscopic treatment is 
based on a long period of stenting (plastic stent[s]) to achieve 
proper stricture treatment. Costamagna and colleagues [220] 
reported good long-term results with 80% of patients (28/35 
patients) remaining asymptomatic after a mean follow-up 
period of 13.7 years. Four patients had stricture recurrence 
(4/35, 11.4%) and three patients had common bile duct stones 
(3/35, 8.6%). Endoscopic placement of covered SEMS showed 
resolution in 90% of benign stricture with mean postremoval 
follow-up of 12 months [221].

Further studies are needed to establish the long-term effec-
tiveness of covered SEMS in both interventional radiologic and 
endoscopic treatment.

Percutaneous management of biliary stones
Patient with symptomatic gallstones are usually treated with 
surgery, mainly laparoscopic cholecystectomy. When surgery is 
contraindicated, a percutaneous stone extraction in the setting 
of a percutaneous cholecystostomy can be performed. In 
patients with extrahepatic stones, ERCP is the main technique 
and has replaced surgical exploration of the common bile duct 
in most cases [222]. When ERCP fails patients are referred for 
percutaneous approach. For intrahepatic stones, ERCP fre-
quently fails due to challenging anatomy with angulated ducts, 
peripherally impacted stones not accessible endoscopically, 
biliary strictures and previous surgery (e.g., Roux-en-Y, Billroth 
II). In contrast, percutaneous procedures can be easily per-
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and/or access to the gallbladder is difficult and in small/
decompressed gallbladders. The trocar technique may be used in 
distended gallbladder with good visualization and access [238].

Outcomes and complications
PC is an effective method for managing cholecystitis either 
definitively or as a bridge before cholecystectomy. The technical 
success rate is 98%–100% [239,240]. Complications include 
sepsis, hemorrhage, bile leakage, transgression of adjacent 
structures (colon, pleura, small bowel), pneumothorax and 
death. Reported rate of major complications is 1.6%–2.9% 
[6,60,187,241]. The vast majority of 30-day mortality cases are 
related to patient comorbidities rather than the procedure itself 
and ranges widely from 3.1%–36% [239–242]. Among patients 
with acute cholecystitis, PC tubes are placed in older patients 
with increased comorbidities compared to cholecystectomy. 
Mortality rates after PCT decreased over time [243]. A system-
atic literature review reported mortality resulting from PC as 
0.36% [244].

ascites, gallbladder cancer due to risk of tumor seeding and a 
gallbladder completely packed with calculi preventing a drain 
to be accommodated within it [237].

Technique
The gallbladder may be accessed under ultrasound guidance by 
a transhepatic or a transperitoneal route (Figure 152.18). In 
patients with distorted anatomy, CT may be necessary. The tran-
shepatic route is usually preferred. It creates a stable tract and, as 
the gallbladder has a tendency to collapse toward the tube, it 
prevents any bile leakage with subsequent peritoneal irritation. 
Advantages of transperitoneal access include avoidance of the 
potential hemorrhagic complications associated with the tran-
shepatic route and pain from intercostal catheter passage. Dis-
advantages include accidental perforation of interposed bowel 
(especially the colon) and peritoneal bile leakage if the gallblad-
der fundus is not adherent to the abdominal wall. PC can be 
performed using the Seldinger technique or the trocar tech-
nique. The Seldinger technique is preferred when visualization 

Figure 152.18 A 66-year-old male with multiple comorbidities and acute acalculous cholecystitis. (a) Evaluation of the gallbladder with ultrasound 
demonstrated a thickened wall (arrowheads). (b) After choosing an intercostal, transhepatic approach, the gallbladder was accessed under ultrasound 
using an 18G trocar needle (arrowheads). (c) Contrast was injected through the needle into the gallbladder to confirm good positioning (*). An 
0.035-inch Amplatz Super Stiff guidewire (Boston Scientific, USA) was advanced through the needle and coiled in the gallbladder (arrowhead). Celect 
Vena Cava Filter (Cook Medical, USA) (arrow). (d) An 8 Fr locking all-purpose drainage catheter (arrowhead) was advanced over the wire in the 
gallbladder (*). Celect Vena Cava Filter (Cook, USA) (arrow).

(a) (b)

(c) (d)
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Postprocedure care
Regardless of the access route, the PC drain should be left in 
place for at least 4–6 weeks to allow formation of a mature 
fibrous tract around the catheter shaft and prevent bile leakage. 
Once a mature tract has formed, additional procedures such as 
percutaneous stone extraction or lithotripsy can be performed 
if indicated. A tube cholangiogram/cholangiography should be 
performed in all patients as well as a clinical trial with tube 
capping before any tube removal to assess the patency of the 
cystic duct and CBD, and the maturity of the tract. PC is gener-
ally followed by elective cholecystectomy. However, it may be a 
definitive treatment, especially in patients with acalculous 
cholecystitis [240].

Percutaneous management of bile leakage
Because there are no clear definitions of bile leakage a consensus 
definition was suggested by an international study group of 
hepatobiliary and pancreatic surgeons [245]. Bile leakage is 
defined as fluid with an increased bilirubin concentration (at 
least three times greater than the serum bilirubin concentration 
measured at the same time) in the abdominal drain, or in the 
intraabdominal fluid on, or after postoperative day 3, or as the 
need for radiologic intervention (i.e., interventional drainage) 
because of biliary collections or relaparotomy resulting from 
bile peritonitis [245]. Bile leakage is a common complication 
after hepatobiliary and pancreatic surgery, and liver transplant. 
The incidence of bile leakage after liver resection without biliary 
reconstruction ranges from 3.6% to 12% [246], and after hepa-
ticojejunostomy ranges from 0.4% to 8% [247]. Less frequent 
etiologies are trauma and necrotizing pancreatitis [248–250]. 
Small leaks may be treated conservatively with maintenance of 
perioperatively placed drains and antibiotics [247]. Patients 
with a bile leakage requiring a change in patients’ clinical man-
agement but which can be treated without reoperation (defined 
as Grade B) often undergo radiologic or endoscopic procedures. 
Besides percutaneous intraabdominal drainage of fluid collec-
tions, additional invasive therapy may include ERCP with place-
ment of an intrahepatic stent and PTBD to control bile leakage 
from the cut surface or a bile duct injury and bilioenteric anas-
tomosis, respectively [245]. Main indications for an interven-
tional radiologic treatment are shown in Box 152.4.

Box 152.4 Percutaneous management of bile leakage.

Main indications for an interventional radiologic 
treatment

Failure of previous surgical repair(s)
Patient with a contraindication to surgery or refusing surgery
Failure of previous endoscopic repair(s) or not indicated

Main contraindications for interventional radiologic treatment are the 
same as listed for PTC/PTBD.

Technique
PTBD for bile leakage is performed in a similar fashion as for 
biliary obstruction (Figure 152.19). However, nondilated bile 
duct are present in 82%–92% of the cases [247,250], hence more 
difficult to access. A single-puncture or a double-puncture tech-
nique may be performed [251].

Outcomes and complications
PTBD decompresses efficiently the biliary system and redirect 
the bile flow bypassing the bile duct wall defect. Relaparotomy 
is seldom necessary when PTBD is performed [247]. The tech-
nical success rate is 90%–100%. Leak healing rate is 81%–90%. 
Complications include sepsis, hemorrhage, bile leakage, pneu-
mothorax, and death. Reported overall rate of complications are 
0%–12.5%, with major complication rate of 4%. Procedure-
related mortality is 0%–6% [247,250,251].

Postprocedure care
Biliary drainage may be required for weeks or months. At the 
author’s institution, routine catheter change is performed every 
8 weeks. If no further bile leakage is present on repeated over-
the-wire cholangiogram and the patient is asymptomatic, a fore-
shortened nondraining catheter is left in place to keep access. 
The tube is capped for at least 2 weeks. After successful trial, the 
catheter may be removed.

Percutaneous gastric, gastrojejunostomy 
and jejunostomy feeding tubes

Introduction
For hundreds of years, medical practice has included efforts to 
bypass segments of the enteric system [252]. Nutritional support 
may be administered enterally or parenterally. When it is clini-
cally appropriate, the enteral route is preferred. Interventional 
radiology allows for the minimally invasive placement of feeding 
and decompressing tubes in all segments of the GI tract.

Enteric tubes have traditionally been placed by surgical or 
endoscopic techniques. The first percutaneous radiologic gas-
trostomy under fluoroscopic guidance was placed by Preshaw 
in 1981 [253]. Percutaneous image guided enteric tube place-
ment is a minimally invasive procedure that overlaps and fills a 
clinical demand between endoscopically and surgically placed 
tubes.

Indications
The indications for Interventional radiology placed percutane-
ous enteric and colonic tubes are similar to those described 
elsewhere.

Oral or nasal enteric tubes
Tubes placed through a natural orifice particularly those con-
nected with the airway are only recommended for short-term 
use (generally less than six weeks) or as a bridge to more 
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Figure 152.19 A 65-year-old male with metastatic colon cancer to the liver and status post partial right hepatectomy with biliary leakage. The patient 
presented for biliary diversion. (a) Under fluoroscopic guidance, a 22-gauge Chiba needle was advanced into the liver parenchyma into the biliary tree 
(arrowhead) and contrast was administered for a percutaneous cholangiogram. The biliary leakage is clearly identified (*). Triangulation and 
fluoroscopy were then used to target a posterior duct in the right hepatic lobe with a 21-gauge trocar needle, through which a 0.018-inch guidewire was 
advanced into the common bile duct (arrow). (b) Placement of a 10 Fr biliary drainage catheter (arrow) with extra side holes. Biliary leakage (*).

(a) (b)

permanent access. The advantage of placement by radiology is 
image guidance during tube placement.

Gastric tube
The more common subgroups of population for which interven-
tional radiology places gastrostomy tubes includes patients in 
which an enteroscopic approach is not feasible due to inability 
to transilluminate or pass the scope through the oral pharyn-
geal, or esophageal route. Indications include gastric feedings 
for calorie and/or hydration support, impaired swallowing 
resulting in aspiration, and decompression of a gastric outlet 
obstruction.

Small bowel feeding
Patients who are unable to tolerate gastric feeding include 
patients with gastroparesis, gastric outlet or duodenal obstruc-
tion. Patients with gastric or duodenal fistulas may benefit from 
proximal decompression as well as feeding distal to the fistulous 
tract. In addition, patients with severe gastroesophageal reflux 
may benefit from feeding distal to the ligament of Treitz. Studies 
suggest that feeding beyond the ligament of Treitz helps reduce 
the incidence of pneumonia in hospitalized patients [254–256].

GI decompression

Placement of a decompression gastric or enteric tube for diver-
sion away from a downstream obstruction or fistula may be 

indicated in the appropriate patient. Palliative decompression 
and downstream obstruction is often requested by patients that 
do not wish to go to hospice with a nasogastric tube.

Gastric access for biliary procedures
Patients with postsurgical anatomy such as a Roux-en-Y anas-
tomosis who require retrograde access into the biliary system 
may need gastric tube placement to allow for enteroscopic 
procedures.

Cecostomy tube
Cecostomy tubes may be used in patients who need long-term 
cleansing enemas or gas decompression of the colon. Patients 
with neurologic disease resulting in fecal incontinence and 
patients with chronic constipation may use the cecostomy tube 
for cleansing enemas. Patients with colonic pseudoobstruction 
may benefit from using this tube for gas decompression.

Contraindications (Box 152.5)
Contraindications to image guided GI access include anatomic 
factors, bleeding and infection. The interposition of liver or 
spleen between the ventral abdominal wall and bowel precludes 
direct puncture – in these patients often the only option is a 
surgical option. Downstream obstruction is an absolute con-
traindication to feeding but an indication for decompression. 
Absolute contraindications include uncorrectable coagulopathy 
or placement of the tube into ischemic bowel. Relative con-
traindications are managed on a patient by patient basis. The 
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used to insufflate the bowel of interest is placed through a 
natural orifice. Next, the bowel is secured using ‘t-tacks’, which 
are short metal bars attached to suture and when placed under 
tension fix the bowel wall to the abdominal wall (Figure 152.20).

Outcomes
Frequency of technical success for placement of gastrostomy 
tubes is high regardless of the modality chosen for placement 
– 95% for percutaneous placement and near 100% for surgical 
placement [258].

Complications
Complications include bleeding, infection and injury to adja-
cent structures are reported to be 6% with 30-day mortality of 
0.3% [258]. Surgical and endoscopically placed feeding tubes 
have slightly higher short term complication and mortality rates 
[258]. Bleeding is often self-limited, but if it continues, should 
be evaluated with arteriography. Peritonitis is uncommon, but 
if suspected, after discontinuing the use of the tube, a radio-
graph to look for increasing pneumoperitoneum as well as con-
trast tube studies and/or abdominal CTs should be performed 
to evaluate tube position. Conversion of a gastrostomy to a 
gastrojejunostomy tube, to prevent aspiration pneumonia 
should be considered in the appropriate patent. “Buried bumper” 
syndrome and skin infections should be treated with barrier 
protection and antimicrobials as needed.

Postprocedural and follow-up care
Care for IR placed feeding tubes is the same as for all feeding 
tube with one exception. The t-tacks placed should be removed 
based on the proceduralist’s recommendation. Although most 
t-tacks can be removed between 2 days and 2 weeks, some need 
to be left in longer depending on the clinical situation.

Percutaneous image-guided biopsy

Percutaneous image-guided biopsy is a widely accepted tech-
nique used to characterize and identify superficial and deep 
abdominal masses and collections. Transjugular liver biopsy 
indications and outcomes will be reviewed later in this section. 
Indications and contraindications for percutaneous image-
guided biopsy are listed in Box 152.6.

Preprocedure
The evaluation of the patient should include a thorough history, 
medication review and physical exam with focus on complicat-
ing factors and contraindications. Complete review of recent 
laboratory values should be made including coagulation profile. 
Recent and previous imaging should be reviewed, and new 
imaging obtained as needed. Although almost all biopsies can 
be performed percutaneously, this route is sometimes not 
optimal for the patient. Endoscopic biopsies may provide a  
less invasive and safer alternative to the percutaneous rout in 

Box 152.5 GI decompression.

Absolute contraindications

Active peritonitis
Uncorrectable coagulopathy
Bowel ischemia
Lack of safe access route (interposed liver or colon)

Relative contraindications

Postsurgical anatomy (Billroth to gastro antrostomy, partial 
gastrectomy and gastric pull through surgery)

Ascites
Presence of a ventriculoperitoneal shunt
Morbid obesity
Obstruction of the oral pharyngeal and or esophageal intestinal tract
GI bleeding from unknown or peptic also disease with visible vessel or 

visible vessels from the gastroesophageal varices
Neoplastic involvement of the entire gastric wall making it impossible 

to dilate

complications related to the relative contraindication can  
sometimes be mitigated through diligent management of the 
procedure and postprocedural care. For example, the risk of 
ascites causing peritonitis or nonhealing stoma track may be 
mitigated in some patients by paracentesis and gastropexy. 
There is some evidence showing that patients receive gastros-
tomy tubes in the presence of ventriculoperitoneal shunt’s are 
at increased risk for ascending meningitis [257]. Similarly 
patients with peritoneal dialysis may be at risk for peritoneal 
dialysis catheter infection.

Preprocedure
As bleeding is one of the most important complications, pre-
procedure evaluation for bleeding should be undertaken in all 
patients receiving enteral access. In general, anticoagulation and 
antiplatelet management should be based on local practice pat-
terns. At the authors’ institution, the INR should be less than 
1.5, platelets should be greater than 50 × 109/L, clopidogrel is 
held for 5 days prior to the procedure and dose of low molecular 
weight heparin prior to the scheduled procedure time is held.

Patients are NPO (nothing by mouth) after midnight before 
the procedure, or when clinically appropriate NPO, except for 
clear liquids up to 2 hours prior to the procedure. Although not 
frequently practiced at the authors’ institution, 300 mL of oral 
barium is given the evening prior to the procedure to help 
outline the colon when fluoroscopic guidance is used.

Technique
After the preprocedure evaluation is complete the patient is 
brought into the interventional radiology (IR) suite. The steps 
followed for all new enteral tubes are similar, but tailored for 
the particular tube and patient. At the authors’ institution, a 
limited ultrasound of the abdominal area of tube placement is 
performed to delineate solid organs and vasculature. Then, the 
patient is prepped and draped in normal sterile fashion. A tube 
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Box 152.6 Percutaneous image-guided biopsy.

Indications for percutaneous image-guided 
biopsy

Diagnosis of primary tumor or suspected metastasis
Cancer staging
Diagnosis of benign mass (cyst, infection, inflammation)
Sampling of collection for culture
Assess response to treatment

Contraindications to percutaneous image-guided 
biopsy

Uncorrectable coagulopathy
Lack of safe access route
Patient refusal after informed consent

Figure 152.20 (a) Preliminary abdominal radiograph shows a nasogastric tube terminating in the gastric fundus. The gastric lumen is distended with 
air. A clamp is positioned left of the left vertebral body and projecting over the gastric bubble. (b) Final anterior-posterior images show the contrast 
injection of the newly placed gastric feeding tube in good position. Contrast outlines decompressed stomach. Two t-tacks are noted surrounding the 
balloon of the feeding tube.

(a) (b)

some instances. If a percutaneous biopsy in not feasible or of 
exceedingly high risk to the patient, perhaps the patient should 
be referred for a surgical biopsy.

As bleeding can be a source of morbidity post biopsy, review 
of patients history, medications and laboratory tests to evaluate 
hemostasis should be undertaken. History of bleeding and 
physical signs of bleeding should prompt additional evaluation. 
Diseases such as cirrhosis, drugs such as aspirin and warfarin 
as well as conditions such as uremia should be assessed. Labora-
tory values should be evaluated in the context of any underlying 
conditions and biopsy technique. Typically PTT should be 

<1.5 × control, platelet count should be >100 000/mL and INR 
should be <1.5. If the location or coagulation profile precludes 
the percutaneous approach then alternative techniques should 
be considered.

Postprocedure care
Standard postprocedure care should be focused on monitoring 
for bleeding, infection and biopsy specific complications includ-
ing damage to structures adjacent the biopsy site.

Outcomes
Successful biopsy results should be returned in 80% to 95% of 
procedures [259].

Complications
Overall major complication rate should be less than 2%, with 
the most common complications being bleeding and infection. 
Other complications include pneumothorax, vascular injury, 
pancreatitis, injury to hollow viscus as well as needle-tract 
tumor seeding. Tumor seeding and mortality are exceedingly 
rare [260].

Transjugular liver biopsy

Transjugular liver biopsy does not traverse the liver capsule, 
thereby preventing bleeding into the peritoneum and rupture of 
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placement of a hepatic abscess drain. Indications and contrain-
dications are shown in Box 152.8.

Preprocedure
Patient preparation is similar to that of percutaneous biopsy, 
although, drainages are usually preferred as an urgent/emergent 
procedure in contrast to biopsies which are typically elective.

Outcomes
The cure rate of percutaneous drainage with concurrent medical 
therapy can be greater than 90% for simple collections and 
approximately 70% for complex collections [264,265]. Failure 
rates tend to less than 20% and are related to premature removal 
of the drain, untreated fistula, or tumor [259,264,266].

the liver capsule as may occur in graft-versus-host disease. In 
addition, intravascular pressure measurements including the 
free hepatic and portal pressures may be obtained and the gradi-
ent calculated. Figure 152.21 shows imaging of a transjugular 
liver biopsy. Indications for transjugular liver biopsy are shown 
in Box 152.7.

Outcomes
Transjugular liver biopsy allows for a histopathologic diagnosis 
in >95% of cases with an overall major complication rate of 
<3% [261,262].

Drainage of abdominal collections

Percutaneous image-guided aspiration and drainage catheter 
placement is a widely accepted technique used to characterize 
and treat superficial and deep abdominal collections. Percuta-
neous fluid drainage is routinely performed in patients previ-
ously relegated to surgical management. Figure 152.22 shows 

Figure 152.21 (a) Venogram of the right hepatic vein, confirms catheter location prior to biopsy. (b) The inner metal cannula tip located centrally and 
rotated anteriorly, the biopsy needle is advanced into the liver tissue.

(a) (b)

Box 152.7 Transjugular liver biopsy.

Indications for transjugular liver biopsy

Uncorrectable coagulopathy
Massive ascites
Morbid obesity
Hepatic and portal vein pressure measurements

Box 152.8 Drainage of abdominal collections.

Indications for percutaneous image-guided 
aspiration and drainage catheter placement

Diagnostic aspiration and/or catheter drainage of collection in patients 
meeting SIRS criteria [263,264]

Clinically significant symptomatic relief; decompression and/or sclerosis
Fistula management
Same indications as percutaneous biopsy

Contraindications to percutaneous  
image-guided biopsy

Uncorrectable coagulopathy
Lack of safe access route
Patient refusal after informed consent
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Figure 152.22 (a) Postcontrast coronal. (b) Axial CT images of a well encapsulated liver collection with multiple septations. (c) Needle contrast 
injection of the segment 8 multiloculated liver abscess; showing the connections between the septations and no connection to normal hepatic 
structures. (d) Showing drainage catheter placement; contrast injection confirms position – purulent material was aspirated.

(a) (b)

(c) (d)

Complications
Complications include bleeding, organ perforation (e.g., normal 
bowel, normal solid organ), and rupture of collection with 
seeding. Overall complication rate is less than 5% [264,267,268].
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CHAPTER 153

Introduction

In  recent  years,  the  development  of  advanced  endoscopic 
imaging techniques have enabled increasingly detailed analysis 
of  mucosal  and  submucosal  structures.  These  novel  imaging 
techniques  include dye-based chromoendoscopy (i.e., applica-
tion of dye agents to the mucosal surface via spraying catheters) 
and  dye-less  chromoendoscopy  (e.g.,  narrow  band  imaging 
[NBI];  Fuji  Intelligent  Chromo  Endoscopy  [FICE],  Fujinon, 
Tokyo,  Japan;  i-scan,  SPIES,  Pentax,  Tokyo,  Japan)  [1].  Chro-
moendoscopy is used as a red flag technique, highlighting subtle 
lesions  and  improving  detection  and  diagnosis  of  various 
luminal  gastrointestinal  diseases  [2].  Nevertheless,  the  final 
diagnosis  still  rests  on  the  histopathological  results.  So-called 
optical  biopsy  techniques  have  been  introduced  recently  to 
provide  in  vivo  histopathology.  These  include  confocal  laser 
endomicroscopy,  endocytoscopy,  and  the  WavSTAT  system 
(Spectra  Science,  San  Diego  USA)  [3–5].  In  this  review,  we  
focus  on  the  technological  details  and  clinical  applications  
of  confocal  laser  endomicroscopy  and  provide  an  outlook  on 
future developments.

Technical aspects

Three types of endomicroscopy systems are available [6] (Figure 
153.1). One system consists of a microscope that  is  integrated 
into the distal tip of a standard, high-resolution gastroscope or 
colonoscope (iCLE, integrated confocal laser endomicroscopy; 

Pentax, Tokyo, Japan). The confocal lens of the iCLE system is 
visible at the 7 o’clock position of the distal tip of the endoscope 
and is used to macroscopically guide microscopic imaging. The 
second  endomicroscopy  system  comprises  handheld  confocal 
probes  (pCLE,  probe-based  confocal  laser  endomicroscopy; 
Mauna  Kea  Technologies,  Paris,  France).  The  probes  are 
advanced through the working channel of a standard endoscope 
and gently applied under macroscopic guidance to the mucosal 
surface  [7].  More  recently,  the  armamentarium  of  CLE  was 
expanded to include small probes that can be advanced through 
a 19-gauge puncture needle (nCLE, needle-based confocal laser 
endomicroscopy;  Mauna  Kea  Technologies,  Paris,  France), 
thereby enabling confocal imaging of cysts and mass lesions [8]. 
Technical details of the various systems have been reviewed in 
detail elsewhere [4–8]. All endomicroscopy systems use an inci-
dent blue laser light with a wavelength of 488 nm and allow for 
a  magnification  of  up  to  1000-fold,  thereby  providing  optical 
biopsies during endoscopy. The handheld confocal probes use 
a  fixed  imaging  plane  depth,  which  varies  between  different 
probe types, while the iCLE system allows incremental adjust-
ment up to 250 μm in depth.

As  autofluorescence  of  tissue  is  not  strong  enough  for 
imaging, exogenous fluorescence agents are necessary for con-
focal  imaging. These fluorescence agents can either be applied 
systemically  (i.e.,  intravenous  injection)  or  can  be  directly 
sprayed  onto  the  mucosal  surface  using  standard  spraying  
catheters.  The  most  common  agent  for  confocal  imaging  is  
10%  fluorescein  sodium.  The  dye  allows  confocal  imaging 
within approximately 5–10 s after intravenous injection. The dye 
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patients with early squamous cell cancer [11]. The overall accu-
racy was 95%, and the sensitivity and specificity were calculated 
as 100% and 87%, respectively. Interobserver and intraobserver 
agreement were calculated as substantial to almost perfect.

Multiple studies have evaluated the value of CLE for in vivo 
diagnosis of Barrett esophagus [12–14]. These have found that 
CLE can distinguish between different  types of epithelial  cells 
and detected cellular and vascular changes in Barrett epithelium 
[12]. Barrett esophagus and associated neoplasia could be pre-
dicted with a sensitivity of 98% and 93% and a specificity of 94% 
and  98%,  respectively.  In  addition,  confocal  imaging  showed 
good  interobserver  and  intraobserver  agreements  for  the pre-
diction of the histopathological diagnosis. More recently, a large 
multicenter  international  randomized  controlled  trial  com-
pared high-definition white-light endoscopy alone with random 
biopsies and high-definition white-light endoscopy plus endom-
icroscopy and targeted biopsies for diagnosis of Barrett neopla-
sia [13]. A significantly lower number of mucosal biopsies and 
a higher diagnostic yield for neoplasia were found in the confo-
cal group. The addition of CLE and targeted biopsies tripled the 
diagnostic yield for neoplasia and would have obviated the need 
for biopsy in 65% of patients. Moreover, the sensitivity for neo-
plasia detection was significantly increased (to 96%) in the CLE 
group compared  to white-light endoscopy alone with random 
biopsies.  Importantly,  the  treatment plan was changed  in 36% 
of patients according to in vivo imaging.

highlights the extracellular matrix but does not allow for a direct 
nuclear visualization. A multicenter study evaluated the safety 
of  intravenous  fluorescein  sodium  and  found  the  following 
adverse  events:  transient  hypotension  without  shock  (0.5%), 
nausea  (0.39%),  injection  site  erythema  (0.35%),  self-limited 
diffuse rash (0.04%), and mild epigastric pain (0.09%) [9]. Fluo-
rescence agents that are topically applied include 0.05% acrifla-
vine hydrochloride (in saline) and 0.13% cresyl violet (in acetic 
acid). Acriflavine stains nuclei and cresyl violet  the cytoplasm 
of cells. Concerns have been raised regarding the use of acrifla-
vine as it may have mutagenic risk.

Clinical applications

Esophagus
Liu and coworkers compared endomicroscopy characteristics of 
cells and  intrapapillary capillary  loops (IPCLs)  in normal and 
esophageal squamous cell cancer [10]. Patients with squamous 
cell  cancer  showed  a  significantly  higher  proportion  of  squa-
mous  epithelial  cells  with  irregular  arrangement,  increased 
diameter of IPCLs, and irregularly shaped IPCLs compared to 
control patients. Massive IPCLs with tortuous vessels and long 
branching IPCLs were observed in patients with squamous cell 
cancer. Pech et al. assessed the potential of endomicroscopy for 
predicting  histology  in  vivo  during  routine  endoscopy  in  21 

Figure 153.1 Two different confocal endomicroscopic systems are currently available. The mini-probe (a) can be passed over the working channel of 
standard endoscopes (MaunaKea, France) and can even be advanced in the biliary tree. Most recently, small probes can also be advanced over a 19 G 
needle, or the endomicroscope is embedded in an otherwise standard endoscope (Pentax, Japan). (b) The blue laser light is applied onto and into the 
mucosa (c). The fluorescence and reflected light is measures and grey scale images of mucosal microarchitecture are displayed on an additional monitor. 
The miniprobe has a fixed imaging plane depth (d) whereas the confocal endoscope can vary the imaging plane depth during imaging from the surface 
up to the deepest parts of the mucosal layer.

(a)

(b)
(c)

(d)

(d)
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specificity of endomicroscopy were 83%, 92%, and 78%, whereas 
those  of  NBI  were  80%,  83%,  and  78%,  respectively.  Accord-
ingly, endomicroscopy had superior sensitivity as compared to 
NBI for detection of dysplasia in duodenal polyps.

Handheld confocal imaging during double-balloon enteros-
copy (DBE) procedures was evaluated in 16 patients [27]. The 
mean depth of small bowel insertion was 255 cm for antegrade 
and 130 cm for retrograde DBE. Technical success of endomi-
croscopy  was  achieved  in  almost  all  cases.  No  adverse  events 
related  to  the confocal procedure were observed and confocal 
imaging of the small bowel mucosa was feasible in all cases. In 
vivo imaging revealed loss of intestinal villi, crypt hyperplasia, 
advanced  neoplasia,  or  increased  blood  flow  due  to  mucosal 
inflammation.

Biliary and pancreatic system
Following  the  development  of  small-caliber  probes  capable  of 
passage into the biliary and pancreatic system, endomicroscopic 
imaging  has  expanded  the  potential  application  of  these 
approaches  [28]. Thus, confocal  imaging was used  to evaluate 
indeterminate  biliary  strictures  and  observations  in  initial 
studies  suggest  that  a  negative  confocal  imaging  study  of  the 
biliary  tree may be used  to  rule out  carcinoma  [29,30]. These 
findings were confirmed by Meining and coworkers  in a  large 
multicenter  study  including  102  patients  [31].  The  sensitivity, 
specificity,  positive  predictive  value,  and  negative  predictive 
value of confocal imaging for detection of cancerous strictures 
were 98%, 67%, 71%, and 97%, respectively, compared to 45%, 
100%,  100%,  and  69%  for  index  pathology.  In  2012,  Meining  
et al. validated a standard descriptive classification of confocal 
imaging in the pancreaticobiliary system. Characteristics most 
suggestive  of  malignancy  included  thick  white  or  thick  dark 
bands, and dark clumps or epithelial structures [32]. Recently, 
it  has  also  been  shown  that  endomicroscopy  achieves  a  high 
technical  success  rate  in  patients  with  primary  sclerosing 
cholangitis and dominant biliary strictures and may have a sen-
sitivity  and  negative  predictive  value  high  enough  to  exclude 
neoplasia [33]. Effective use of endomicroscopy for in vivo diag-
nosis of strictures requires in-depth training in confocal imaging 
interpretation [34].

Cystic or solid lesions
Needle-based  endomicroscopy  is  compatible  with  an  EUS 
needle,  enabling  real-time  imaging after puncture of  cystic or 
solid lesions. The feasibility of the new device was first proven 
in a study by Becker and coworkers in an animal model [35]. A 
study has also shown the potential of  the  technique  to distin-
guish  normal  from  cirrhotic  liver  tissue  in  a  rat  model  [36]. 
Initial experience in patients has been reported [37]. The detec-
tion of epithelial villous structures by needle-based endomicro-
scopy was significantly associated with pancreatic cystic lesions, 
yielding a sensitivity of 59%, specificity of 100%, positive predic-
tive value of 100%, and negative predictive value of 50%. The 
overall  complication  rate  was  9%  and  included  pancreatitis, 

Recently,  our  group  has  also  shown  that  confocal  imaging 
could  be  performed  in  an  esophageal  tunnel  during  peroral 
endoscopic myotomy (POEM) to visualize the neuronal network 
[14].  It  is possible  that endomicroscopy may be used to guide 
myotomy  for  optimized  disease  management  in  patients  with 
achalasia.

Collectively, available evidence suggests that confocal imaging 
is  reliable  for  in  vivo  diagnosis  of  esophageal  squamous  cell 
cancer,  Barrett,  and  associated  neoplasia  and  can  be  used  to 
guide therapeutic decisions.

Stomach
Early data suggested that endomicroscopy enables diagnosis of 
Helicobacter pylori bacteria in vivo [15,16]. Various reports have 
also  highlighted  the  potential  of  endomicroscopy  to  diagnose 
superficial  gastric  neoplasia  with  an  overall  accuracy  for  the 
diagnosis of adenocarcinoma of 92% compared to 85% for con-
ventional biopsies [17,18]. Li and colleagues assessed the diag-
nostic value of endomicroscopy for gastric superficial cancerous 
lesions  and  found  a  significantly  higher  sensitivity,  specificity, 
and accuracy for gastric superficial cancer compared to stand-
ard white-light endoscopy [19].

Endoscopic mucosal resection (EMR) is widely used to treat 
early gastric  lesions. However, residual neoplastic tissue at  the 
resection  margin  is  common  but  often  difficult  to  detect  by 
conventional white-light endoscopy. Ji et al. aimed to investigate 
the ability of confocal imaging to assess resection margins after 
EMR [20]. Accuracy of endomicroscopy  in predicting  incom-
plete resection was 92%, with sensitivity and specificity of 100% 
and 90%, respectively. Another group prospectively compared 
endoscopic  biopsies  and  endomicroscopy  before  endoscopic 
submucosal  dissection  in  gastric  epithelial  neoplasia  [21]. 
Overall  accuracy  of  endomicroscopy  was  significantly  higher 
than endoscopic biopsies alone, demonstrating the potential of 
endomicroscopy for diagnosis of gastric epithelial neoplasia. It 
is  possible  that  endomicroscopy  could  reduce  the  number  of 
biopsies and mistaken diagnoses before endoscopic submucosal 
dissection.

Duodenum and small bowel
Only  limited  data  on  the  use  of  endomicroscopy  in  the  
small  bowel  are  available.  The  value  of  in  vivo  diagnosis  of  
celiac  disease  has  been  evaluated  in  three  studies,  which  
found  that  endomicroscopy  is  sensitive  and  specific  in  docu-
menting increased numbers of intraepithelial lymphocytes and 
villous atrophy, but not adequate in relation to crypt hyperpla-
sia, with a  sensitivity of only 52% [22–24].  Ji  et al.  reported a 
sensitivity, specificity, and accuracy of 86%, 97%, and 93% and 
an interobserver agreement of 0.89 using CLE for in vivo diag-
nosis of gastric metaplasia in the duodenum in a cohort of 76 
patients [25].

In  another  study,  the  accuracy  of  confocal  imaging  and 
narrow  band  imaging  (NBI)  in  the  classification  of  duodenal 
polyps  was  compared  [26].  The  accuracy,  sensitivity,  and 
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Microscopic colitis may be difficult to diagnose as the disease 
can  occur  in  a  patchy  manner  throughout  the  large  bowel. 
Various  small  studies  and  case  reports  have  highlighted  the 
usefulness  of  in  vivo  confocal  imaging  for  diagnosis  of  lym-
phocytic  and  collagenous  colitis  [41–44].  Endomicroscopy  is 
able  to  look  below  the  colonic  surface  and  is  able  to  identify 
increased collagenous bands or increase amount of lymphocytes 
within the lamina propria.

Patients with chronic inflammatory bowel diseases (IBDs) are 
known to have an increased risk of developing colorectal cancer. 
Kiesslich et  al.  assessed  the value of dye-based chromoendos-
copy and endomicroscopy for diagnosis of intraepithelial neo-
plasias  in a  randomized controlled  trial  [45]. A population of 
161 patients with long-term ulcerative colitis in clinical remis-
sion  was  randomized  in  a  1 : 1  ratio  to  undergo  conventional 
colonoscopy  or  chromoendoscopy  with  endomicroscopy 
(Figure 153.2). Confocal imaging yielded a 4.75-fold increase in 
detection of neoplasias, which required 50% fewer biopsy speci-
mens. The presence of neoplastic changes could be predicted by 
endomicroscopy with a sensitivity, specificity, and accuracy of 
95%, 98%, and 98%, respectively. More recently, Günther et al. 
compared the efficacy of random quadrant biopsies, dye-based 
chromoendoscopy,  and endomicroscopy  for detection of neo-
plasia  in  patients  with  IBD  [46].  Targeted  biopsy  protocols 

transient abdominal pain, and intracystic bleeding not requir-
ing intervention. Although these preliminary data are promis-
ing, additional data are needed to define the safety and efficacy 
of the new device.

Colon
Colorectal  polyps  are  common  in  the  general  population  but 
often  harbor  no  specific  risk  of  developing  colorectal  cancer 
[38].  Su  and  coworkers  performed  a  systematic  review  and 
metaanalysis to assess the effectiveness of endomicroscopy for 
discriminating colorectal neoplasms from nonneoplasms [39]. 
Overall,  15  studies  involving  719  patients  were  analyzed.  The 
pooled  sensitivity  and  specificity  of  all  studies  was  94%  and 
95%,  respectively.  Importantly,  real-time  imaging  yielded  sig-
nificantly higher sensitivity and specificity than blinded confo-
cal  analysis.  Endomicroscopy  yielded  equivalent  accuracy 
compared with magnifying virtual chromoendoscopy and mag-
nifying dye-based chromoendoscopy. A  report had also high-
lighted the diagnostic accuracy of endomicroscopy and NBI for 
small colorectal polyps [40]. Overall, endomicroscopy had sig-
nificantly  higher  sensitivity  than  NBI  but  also  significantly 
reduced specificity with similar overall accuracy. By analyzing 
only high-confidence cases, sensitivity and specificity increased 
to 94% and 97%, respectively.

Figure 153.2 (a) The colonic mucosa with a lesion is visible in patient with long-lasting ulcerative colitis. (b) Chromoendoscopy unmasks the lesion 
(arrow) and clarifies the borders. (c) Normal colonic architecture seen with endomicroscopy. The arrow points on the opening of a single crypt. 
(d) Endomicroscopy of the lesion with irregular epithelial architecture (arrow) as a sign of high-grade intraepithelial neoplasia.

(a) (b)

(d)(c)
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can enable imaging of gastrointestinal cancers by targeting epi-
dermal  growth  factor  receptor  or  vascular  endothelial  growth 
factor  [52,53].  Studies  have  suggested  that  the  potential  to 
achieve in vivo molecular imaging may be extended to patients. 
Hsiung and coworkers developed a probe for detection of colon 
cancer by screening a phage library against fresh human colonic 
adenomas for high-affinity ligands with preferential binding to 
premalignant tissue [54]. The specific probe identified was con-
jugated  with  fluorescein  and  tested  in  patients  undergoing 
colonoscopy.  The  fluorescein-conjugated  peptide  bound  more 
strongly to dysplastic colonocytes than to adjacent normal cells 
with a sensitivity and specificity of 81% and 82%, respectively. 
Another study investigated uptake of nano- and microparticles 
by  the  rectal  mucosa  of  IBD  patients.  Significantly  enhanced 
accumulation of microparticles was observed in ulcerous lesions 
compared to control patients. Only traces of nanoparticles were 
visible  on  mucosal  surfaces  of  IBD  patients  [55].  The  authors 
concluded  that  drug-containing  particles  may  have  a  great 
potential  to  specifically  target  intestinal  lesions  to  maximize 
therapeutic efficacy and minimize potential side-effects. Sturm 
et al. developed a peptide that binds specifically to high-grade 
dysplasia  and  adenocarcinoma.  Confocal  imaging  was  per-
formed in 25 patients after topical application of the fluorescence-
labeled  peptide  [56].  The  authors  described  a  3.8-fold  greater 
fluorescence intensity for esophageal neoplasia compared with 
Barrett esophagus and squamous epithelium yielding a sensitiv-
ity and specificity of 97% and 75%, respectively. Our group has 
evaluated in vivo imaging using fluorescent antibodies to tumor 
necrosis factor to predict therapeutic response in patients with 
Crohn’s disease [57]. Topical administration of labeled antibody 
in patients with Crohn’s disease enabled detection of intestinal 
membrane-bound TNF during confocal imaging. Patients with 
high  numbers  of  cells  positive  for  membrane-bound  TNF 
showed significantly greater short-term response rates at week 
12  upon  subsequent  anti-TNF  therapy  compared  to  patients 
with  low numbers of cells positive for membrane-bound TNF 
cells. The clinical response in the former group of patients was 
sustained over a follow-up period of 1 year and associated with 
mucosal healing at  follow-up endoscopy. These findings dem-
onstrated the potential for molecular imaging to predict thera-
peutic responses to biological treatment allowing “personalized 
medicine” in Crohn’s disease and autoimmune or inflammatory 
disorders.

Summary

Since  the  introduction  of  confocal  laser  endomicroscopy  
in 2003, various studies have shown the potential of  the tech-
nique  for  in  vivo  diagnosis  of  a  variety  of  disorders.  These 
include  esophageal  squamous  cell  cancer,  Barrett  esophagus  
and  associated  neoplasia,  gastritis  and  gastric  cancer,  celiac 
disease, diagnosis of colorectal polyps, microscopic colitis, and 
IBDs. In addition, endomicroscopy has the potential to improve 

guided by either chromoendoscopy or confocal imaging led to 
higher detection rates of neoplasia. On the basis of their find-
ings, the authors suggested that random biopsy protocols should 
be replaced by chromoendoscopy-guided protocols.

Beyond detection of colorectal  lesions, various studies have 
also  evaluated  the  potential  of  endomicroscopy  to  assess 
mucosal inflammation in IBD. Li et al. [47] assessed 73 patients 
with ulcerative colitis by the colonoscopy Baron score followed 
by  endomicroscopy  and  mucosal  biopsy  samples.  Confocal 
imaging appeared to be more accurate than conventional white-
light endoscopy for evaluating macroscopic normal mucosa. Of 
note,  more  than  half  of  the  patients  with  seemingly  normal 
mucosa  on  conventional  white-light  endoscopy  showed  acute 
inflammation  on  histology,  whereas  no  patients  with  normal 
mucosa  or  with  chronic  inflammation  seen  during  in  vivo 
imaging were  found  to have acute  inflammation on histology. 
Another  study  of  54  patients  aimed  to  determine  whether 
disease activity in patients with Crohn’s disease could be graded 
using endomicroscopy [48]. Increased colonic crypt tortuosity, 
enlarged  crypt  lumen,  microerosions,  augmented  vasculariza-
tion, and increased cellular infiltrates within the lamina propria 
were observed in patients with active Crohn’s disease. In quies-
cent Crohn’s disease, a significant increase in crypt and goblet 
cell number was detected compared to controls. Based on these 
findings the authors proposed the Crohn’s Disease Endomicro-
scopic  Activity  Score  (CDEAS)  for  assessing  Crohn’s  disease 
activity in vivo. These studies suggest that endomicroscopy may 
be  useful  to  diagnose  mucosal  inflammation  in  patients  with 
either ulcerative colitis or Crohn’s disease.

Data has also indicated that endomicroscopy might be useful 
to predict relapse in IBD patients. Kiesslich et al. detected shed-
ding epithelial cells and local barrier defects by confocal imaging 
in patients with IBD, a finding confirmed by Liu and coworkers 
[49,50].  In  IBD  patients  in  clinical  remission,  increased  cell 
shedding  was  associated  with  subsequent  relapse  within  12 
months following endomicroscopic examination. The sensitiv-
ity, specificity, and accuracy for the grading system to predict a 
flare were 63%, 91%, and 79%, respectively. More recently, Buda 
et al.  assessed crypt and microvascular architecture and  func-
tion  in  ulcerative  colitis  by  endomicroscopy  and  evaluated 
whether  these  features  have  the  potential  to  predict  disease 
relapse  [51].  Pericrypt  fluorescence,  crypt  diameter,  but  not 
intercrypt  distance  were  significantly  increased  in  ulcerative 
colitis  patients  compared  to  controls.  Patients  with  inactive 
disease  showed  a  significant  increase  in  fluorescence  leakage, 
crypt diameter, and intercrypt distance compared to those with 
quiescent disease. A specially designed scoring system, combin-
ing fluorescence leakage and crypt diameter, was able to predict 
a disease flare during a 12-month follow-up period.

Molecular imaging
In  molecular  imaging,  individual  cell  components  are  high-
lighted by their molecular signature. Early data in mice models 
and resection specimens demonstrated that molecular imaging 
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diagnosis of neoplastic lesions in patients with IBD. More recent 
work  also  demonstrates  the  potential  of  confocal  imaging  to 
predict  clinical  outcome  and  to  guide  endoscopic  therapies.  
In  addition,  molecular  endoscopic  imaging  has  been  shown  
to  be  safe  and  feasible  in  human  trials  and  the  first  results 
suggest that confocal imaging may enable individualized patient 
management.
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CHAPTER 154

Introduction

This chapter deals with the indications, techniques, and compli-
cations of  liver biopsy. It describes the morphological changes 
associated with various disease processes. Emphasis is placed on 
the changes that are most important in analyzing a liver biopsy 
to arrive at a diagnosis or differential diagnoses. Other chapters 
in this  textbook deal with the clinical presentations and man-
agement of these disease processes.

When considering a liver biopsy, the first step is to establish 
the indication: the intent is to assess the structure of the liver, 
as  well  as  evaluate  cellular  integrity.  Histological  examination 
also can assess any intracellular and extracellular deposition or 
infiltration. A targeted liver biopsy (or aspiration) can be used 
to characterize liver masses.

The second step is to obtain a satisfactory sample: typically a 
length of 15 mm is the minimum required for interpretation [1]. 
A sufficient number of portal  tracts after fixation (at  least six) 
is also important since many disease processes target ductular 
structures [1].

At microscopy, the pathologist assesses the lobular architec-
ture differentiating normal from fibrosis, cirrhosis, and noncir-
rhotic nodular regeneration. Systematic analysis of the hepatic 
lobule starts with the examination of the portal tract, followed 
by  terminal  hepatic  veins,  and  the  assessment  of  the  paren-
chyma  and  the  sinusoidal  spaces.  Based  on  this  analysis,  the 
following differentiations are made:

•  acute versus chronic inflammation
•  parenchymal versus biliary disease
•  possible etiological factors
•  if  neoplastic,  benign  versus  malignant,  and  primary  versus 

metastatic, and
•  intracellular (fat, iron, pigment) versus extracellular infiltrates 

(amyloid).
Recently, several noninvasive alternatives have been used to 

assess the stage of fibrosis, particularly for viral hepatitis [2] (see 
section further on “alternatives to liver biopsy”). With the rapid 
improvements in therapy for hepatitis C and the high probabil-
ity  of  sustained  virological  cures,  the  need  for  a  liver  biopsy 
assessment will likely decline [3].

Technique of liver biopsy

Histological examination of liver tissue has been useful for diag-
nostic  and  prognostic  purposes  since  the  19th  century  [1]. 
Several approaches can be taken to obtaining liver tissue using 
a number of available biopsy needles, each with specific advan-
tages and limitations.

The most common approach is transcutaneous (transthoracic 
or subcostal) with or without ultrasound or computed tomog-
raphy (CT) guidance [4,5]. Occasionally, clinical circumstances 
prevent  the  transcutaneous  route  and  alternative  methods  [6] 
must be considered as summarized in Table 154.1. Alternatively, 
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Surgical approaches
Laparoscopic  liver  biopsy  may  be  indicated  in  patients  with 
ascites as hemostasis  is carried out after  liver sampling by  the 
surgeon.  The  technique  has  the  advantage  of  allowing  visual 
inspection of the liver surface and biopsy of focal lesions [14]. 
One study suggested that the diagnosis of cirrhosis was increased 
with mini-laparoscopic biopsy, owing to the visual diagnosis of 
a nodular liver surface [14].

Percutaneous approach
The  American  Association  for  the  Study  of  Liver  Disease 
(AASLD) has published guidelines on patient selection and pre-
procedure precautions to minimize complications [15]. Guide-
lines  for  the  management  of  patients  who  take  antiplatelet 
agents and anticoagulants have also been published [15].

Many patients use Gingko biloba or fish oil which can alter 
coagulation  and  use  of  other  supplements  should  be  solicited 
and discouraged. Risk, benefits and alternatives should be dis-
cussed with the patient prior to scheduling the biopsy.

In the authors Center, they routinely obtain a CBC and INR 
and  proceed  with  the  percutaneous  approach  as  long  as  the 
platelet count  is >100 000 and INR <1.4  [15]. Liver biopsy  is 
usually performed without sedation, using a local anesthetic at 
the site of needle entry [16]. However, 1–2 mg of oral or sublin-
gual  temazepam  can  be  safely  given  at  the  patient’s  request. 
Some  physicians  administer  intravenous  midazolam  prior  to 
biopsy [17]. The preferred biopsy site is marked by ultrasound, 
ideally performed either at the bedside by the operator or in the 
imaging department, in the supine position and in deep expira-
tion, where the entry site is marked with a permanent marker. 
When  the  mark  is  placed  in  the  imaging  department,  some-
times, we have found that the mark overlays a rib, likely because 

patients  with  coagulopathy  can  be  biopsied  transcutaneously 
after  infusion of  appropriate  coagulation  factors, platelets  and 
fresh frozen plasma, and are followed by experienced hematolo-
gists [5–7]. However, the authors prefer to refer those patients 
to  interventional  radiology  for  transjugular  (TJ)  liver  biopsy. 
The latter route appears superior in yield and safer than percu-
taneous biopsy in patients with renal disease undergoing hemo-
dialysis [8]. In one study, the yield of TJ biopsy was appropriate 
for  diagnosis  in  98%  of  attempts  but  in  one  patient  (0.27%) 
death was reported [6]. In another study, less pain was reported 
with the TJ route, while biopsy length was similar to the percu-
taneous route [9]

Needle types
Needles used for  liver sampling rely either on suction (Meng-
hini, Klatskin, and Jamshidi) or cutting technique (TruCut and 
Vim  Silverman)  [5].  The  latter  technique  is  applied  with  a 
spring-load  mechanism  (Quick-core,  Cook  Medical,  Bloom-
ington,  IN; BioPince, Angiotech Medical, Denmark; or  Inrad, 
SE  Kentwood,  MI)  that  allows  a  specific  length  of  tissue, 
usually 15–30 mm,  to be retrieved with a minimum of needle 
manipulation in the  liver parenchyma [10]. In cirrhotic  livers, 
cutting  techniques  result  in  less  fragmented  specimens  than 
the  suction  technique  (Table  154.2).  Most  percutaneous  liver 
biopsies result in the retrieval of sufficient liver tissue for diag-
nosis  (see  further  on)  after  a  single  pass,  but  more  than  one 
pass is required in 4%–12% of patients [4,11]. Although in the 
authors  institution,  the  intercostal  approach  has  been  pre-
ferred,  the  subcostal  approach  with  an  18-gauge  needle  has 
been  shown  to  result  in  adequate  samples  with  similar  low 
frequency of  adverse  events  [12].

Imaging for liver biopsy
The  use  of  real-time  imaging  (ultrasound  being  more  cost-
effective  than  CT)  or  ultrasound  X-marking  of  the  entry  site 
prior  to  biopsy  has  significantly  decreased  the  percentage  of 
patients  who  experience  pain  requiring  analgesia  [4,5,11],  as 
well as the need for hospitalization [4]. A decrease in mortality 
has not been shown [4,11], but the sample size required to show 
a statistical difference would be exceedingly large.

Table 154.1 Reasons for using transjugular route (N = 410 procedures).

Clinical situation N % of procedures

Ascites ALONE 36 9

Abnormal coagulation 205 50

Ascites and coagulopathy 81 20

End-stage kidney disease 18 5

Obesity 20 5

Combination of reasons/other reasons 50 12

From Smith et al. [6].

Table 154.2 Advantages and disadvantages of different biopsy needles.

Biopsy needle Size (gauge) Advantages Disadvantages

Jamshidi 17 Long cores 
with minimal 
needle 
insertion

Fragmented 
tissue with 
increased fibrosis

Tru-Cut 16 Rare 
fragmentation, 
large core

17–20 mm 
maximum length 
in one pass, less 
tissue than other 
needles

Inrad, Bio 
Pince

16 or 18 Rare 
fragmentation, 
large core, 
adjustable 
throw up to 
34 mm length 
with one pass

Long throw, 
more procedural 
pain

Adapted from deMan et al. [13].
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of  629  high-risk  patients,  including  those  with  HIV  infection 
[25], reported an atypically high (0.5%) mortality rate as well as 
delayed  bleeding  after  liver  biopsy  and  thus  patients  in  these 
groups  may  deserve  an  increased  level  of  surveillance.  In  the 
general  population  who  undergo  liver  biopsy,  death  has  been 
reported in 1 per 1000–10 000 cases, and almost always due to 
massive hemoperitoneum in the setting of cirrhosis, or malig-
nancy [21,26,27]. The risk of bleeding appears to increase with 
the number of biopsy passes, associated severe systemic disease 
including infections, and the use of heparin or corticosteroids 
[25]. Usually only two passes should be performed [19,26]. Of 
interest,  there  is  little difference  in the complication rates  that 
occur  with  trainees  versus  attending  physicians  [16,  22,  26]. 
However, the former tend to retrieve less satisfactory specimens 
compared with the latter [26]. Although not statistically signifi-
cant, arithmetically  fewer complications occur when pediatric 
liver  biopsies  are  performed  by  more  experienced  operators 
[28]. A retrospective review of the complications of liver biopsy 
in  transplant  patients  indicated  a  much  higher  frequency  of 
bacterial infections (approximately 1.5%) [29].

In  the  radiological  literature,  experience  with  ultrasound-
guided percutaneous liver biopsy does not correlate with speci-
men adequacy or complications [30]. There are some differences 
in specimen adequacy and complications with suction, cutting, 
or spring-load techniques (see Table 154.2) [4,11].

Alternatives to liver biopsy

Two  noninvasive  approaches  have  been  employed  to  evaluate 
hepatic  fibrosis  (and  inflammation).  The  first  is  modeling  of 
blood  tests  to  estimate  the  risk  of  fibrosis;  some  are  easily 
obtained  (AST/platelets  ratio  [APRI],  Forns  Index,  Fib-4,  cir-
rhosis  discriminant  score  [CDS])  [31].  Others,  such  as  the 
Fibrosure  test, are proprietary and  in  the US cost about $200. 
In  general,  these  tests  have  a  better  positive  predictive  value 
(PPV)  for  lower  fibrosis  levels  and,  depending  on  the  cutoff 
used,  may  eliminate  the  need  for  liver  biopsy  in  20%–25% 
patients with hepatitis C [32]. Further validation is required for 
other types of liver disease.

A second approach is to estimate the risk of fibrosis by assess-
ing hepatic stiffness (elastography). Several techniques are now 
available, including shear wave, or ultrasound wave.

A  negative  predictive  value  of  99%  for  cirrhosis  was  noted 
when the liver stiffness was less than 9.2 to 11 kPa [33,34]. Thus, 
if the measured stiffness is less than the cutoff, the patient is not 
likely  to  have  cirrhosis.  In  patients  with  HCV,  another  study 
found  a  cirrhosis  PPV  of  87%  for  >13.2 kPa;  and  levels  ≤7.4 
correctly predicted stages F0 and F1  in 90% [35].  In nonalco-
holic fatty liver disease (NAFLD), liver stiffness measurements 
were not  reliable  in 14% of patients due  to body habitus. The 
new  Fibroscan®  (KNS  Canada  Inc.)  probe  showed  improved 
accuracy. There is  little data on the usefulness of these nonin-
vasive  tests  in  pediatric  or  chronic  kidney  disease  patients. 

of changes in patient position. The angle of entry should avoid 
large vessels and gallbladder. After the procedure approximately 
half of patients have some epigastric or right shoulder pain [16]. 
Oral or intravenous analgesia is then administered. A history of 
intravenous drug abuse (IVDA) has been associated with post-
procedure pain medication use [16].

The optimal position of the patient after liver biopsy has not 
been studied. We have the patients lie supine in the most com-
fortable  position  for  approximately  1  hour  but  mobilize  them 
early to assess for subjective orthostasis. Pulse and blood pres-
sure should be assessed 4 times in the first hour, then every 30 
mins for 2 hours.

Typically  98%–99%  of  patients  can  be  discharged  after  a 
3-hour observation. Some radiology departments  reimage  the 
patient 1 hour after the biopsy and if no hematoma is noted then 
the patient can be discharged if he has no or minimal symptoms 
[18]. However, delayed adverse events can occur. Death due to 
bleeding  has  been  described  as  late  as  several  days  after  liver 
biopsy [19].

Adequacy of specimen
Failure to obtain sufficient tissue occurs in 1%–3% of biopsies 
[16]. Moreover, a biopsy length of less than 10 mm and with less 
than  six  portal  tracts  is  considered  inadequate,  although  this 
depends on the indication [1]. For example, it may be possible 
to diagnose acute cellular rejection with a small biopsy but not 
to  stage  parenchymal  fibrosis  accurately.  A  length  equal  or 
greater  than 25 mm and  including ≥11 portal areas  is usually 
considered adequate  [3]. Whether a  specimen >40–50 mm in 
length increases diagnostic yield is unsettled [2,3]. A 14-gauge 
needle is likely to retrieve a thicker specimen and may provide 
a better assessment of fibrosis stage [1]. However, a larger needle 
also may be associated with more complications.

Complications
Following  biopsy,  approximately  1%–2%  of  patients  need 
admission [20]. About 50% of severe adverse events are due to 
bleeding (hemoperitoneum or subcapsular hematoma) although 
severe abdominal or right shoulder pain also can be prominent 
[20–22].  Hemobilia  (0.01%),  arterial  pseudoaneurysm  and 
sepsis (0.01%) are much less common [19,21,22]. Perforations 
of  other  organs  including  gallbladder,  lung,  colon,  kidney,  or 
adrenal  gland  have  all  been  described  [4,11,21].  Pancreatic 
tissue has been observed together with  liver tissue. Complica-
tions usually occur during the first 3 hours post biopsy although, 
as noted, delayed complications have been well described [19].

Biopsy  of  malignant  liver  masses  is  associated  with  a  small 
but significant probability of seeding the track with neoplastic 
cells:  the  percentage  varies  from  1%  in  hepatocellular  cancer 
(HCC) to 19% with colorectal metastases [23,24].

The  vast  majority  of  complications  occur  within  the  first  3 
hours post biopsy, so a monitoring period of 3–6 hours is appro-
priate; a family member or friend should be available after dis-
charge to assist the patient for up to 24 hours [22]. One study 
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Overall,  it  appears  that  blood  tests  are  relatively  accurate 
(acceptable PPV) in assessing lower levels of liver fibrosis. Elas-
tography appears better for diagnosing possible cirrhosis when 
liver stiffness is increased (high kPa).

A recent review states that “VCTE (vibration-controlled tran-
sient  elastography)  remains  the  noninvasive  standard  to  be 
beaten”  for  the  estimate  of  liver  fibrosis  for  a  number  of  liver 
diseases [36]. However, liver biopsy remains the most accurate 
way  to  assess  necrosis,  inflammation  of  the  liver  and  fibrosis 
when noninvasive tests fail or give discrepant results.

Processing of liver biopsy tissues

Fixation  and  processing  techniques  vary  among  laboratories; 
however, the most commonly used fixative is 10% buffered for-
malin.  B5  solution  containing  6 g  of  mercuric  chloride  and 
2.074 g of hydrated sodium acetate dissolved in distilled water 
and mixed with 10 mL of 40% formaldehyde (pH 5.8) at time of 
use providing crisp nuclear details and rapid fixation. Embed-
ding in plastic resins such as Araldite, compared with paraffin 
embedding,  improves  the  ability  to  obtain  thin  (2–3 μm)  sec-
tions with greater cytological details, such as cellular mitochon-
dria, or microvesicular fat [37]. Beyond hematoxylin and eosin 
(H & E) stains,  the most useful routine stains are Masson tri-
chrome for collagen (Figure 154.1), periodic acid–Schiff (PAS) 
for  glucose,  diastase-digested  PAS  for  glycoprotein  (i.e., 
<1-antitrypsin) (Figure 154.2), iron stain (Figure 154.3), Shikata 
orcein  stain  for  hepatitis  B  surface  antigen  (HBsAg)  (Figure 
154.4),  copper-binding  proteins  (Figure  154.5),  and  reticulin 
stain  for  identification  of  cord  sinusoidal  structures.  Other 
special stains helpful in diagnosis include those for acid-fast and 

Figure 154.1 Cirrhosis of liver with fibrous septa and regenerative 
nodules. (Masson stain; original magnification × 40.)

Figure 154.2 α1-Antitrypsin globules in the periportal hepatocytes – 
diastase-resistant, PAS-positive. (Di-PAS stain; original  
magnification × 200.)

Figure 154.3 Perls iron stain demonstrating bright-blue granules in 
hepatocytes and duct epithelial cells in hemochromatosis. (Original 
magnification × 100.)

fungal  organisms  in  cases  of  granulomas;  phosphotungstic 
acid–hematoxylin for fibrin in disseminated intravascular coag-
ulation or necrosis in cases of Q fever: rubeanic acid for copper; 
and immunoperoxidase stains for viral proteins, α1-antitrypsin, 
α-fetoprotein, factor VIII, and others.

Special requirements
Frozen sections of  fresh or fixed  tissue are needed  to demon-
strate fat with oil red “O” stain in cases of Reye syndrome, fatty 
liver  of  pregnancy,  and  fat-soluble  vitamin  A  in  Ito  cells  in 
hypervitaminosis A. For quantitative analysis of hepatic copper 
or iron, either fixed or fresh frozen tissue needs to be saved prior 
to processing for paraffin embedding.



2954      PART 5 Diagnostic and therapeutic modalities in gastroenterology

Figure 154.4 Shikata stain demonstrating the presence of HBsAg in the 
hepatocytes in chronic hepatitis B virus. (Original magnification × 200.)

Figure 154.5 Shikata stain demonstrating dark-black granules of 
copper-binding protein in periseptal hepatocytes in Wilson disease. 
(Original magnification × 200.)

Systematic approach to the review of  
liver biopsies

Biopsy  sections  should  be  initially  reviewed  at  low-power  to 
screen all  fragments present in the section and for assessment 
of overall architecture. Normal architecture indicates regularly 
placed portal tracts and hepatic venules in their proper relation-
ship.  Portal  areas  can  be  expanded  from  fibrosis.  When  there 
are fibrous septa  from portal  to portal or  to perivenular areas 
with formation of regenerative nodules, a diagnosis of cirrhosis 
is made (Figure 154.1). In nodular regenerative hyperplasia, the 
parenchyma  exhibits  regenerative  nodules  compressing  the 
adjacent  hepatic  cords  without  fibrous  tissue  around  them 
(Figure 154.6). Collapsed  reticulin fibers can be differentiated 

Figure 154.6 Nodular regenerative hyperplasia demonstrating 
regeneration of parenchyma compressing the surrounding  
parenchyma without fibrous septa formation. (H & E stain; original 
magnification × 40.)

Figure 154.7 Submassive hepatic necrosis with collapsed perivenular 
reticulum network. (H & E stain; original magnification × 40.)

from true fibrosis by reticulin and trichrome stains. When there 
is  confluent  or  submassive  liver  necrosis,  loss  of  hepatocytes 
from hepatic cords results in a collapsed or compressed reticu-
lum  network.  If  this  occurs  in  the  perivenular  region,  it  can 
mimic fibrosis (Figure 154.7). Following overall assessment of 
the hepatic architecture, attention should be directed to each of 
the components of the hepatic lobule.

Portal areas
Portal  tracts can be enlarged due  to either cellular  infiltration 
or  fibrosis.  The  cellular  infiltrate  can  be  inflammatory  as  in  a 
variety of viral, drug-induced, or autoimmune types of hepatitis, 
or  neoplastic  as  in  lymphomas.  Inflammatory  infiltrates  are 
further  categorized as  acute  in which neutrophils  are present, 
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crystals  are  often  found  in  biopsies  from  intravenous  drug 
abusers  (Figure  154.12).  The  pattern  of  portal  fibrosis  varies 
with  the  type  of  disease.  For  example,  in  chronic  biliary  tract 
diseases the fibrosis is often periductal, concentric, and lamellar 
(Figure  154.13)  in  nature,  whereas  in  chronic  alcoholic  liver 
disease  it extends into the parenchyma in an irregular pattern 
reminiscent  of  a  spider  web  (Figure  154.14).  Bile  ducts  are 
involved in acute as well as chronic disease processes. In acute 
cholangitis,  which  is  usually  due  to  mechanical  obstruction, 
there  is  dilation  of  the  duct  with  periductal  edema  and  poly-
morphonuclear leukocytes infiltrating the duct epithelium and 
within  the  duct  lumina  (Figure  154.8).  In  chronic  biliary 
obstruction  there  is bile duct proliferation and biliary fibrosis 
with  periductal  orientation  (Figure  154.15).  Periductal 

most  commonly  seen  in  acute  cholangitis  with  orientation 
around  the  dilated  ducts  due  to  biliary  obstruction  (Figure 
154.8),  but  may  also  occur  in  other  disorders  (e.g.  oriental 
cholangiohepatitis). Predominantly eosinophilic infiltrates, not 
oriented  to  the  ducts,  can  be  seen  in  allergic  drug  reactions 
(Figure 154.9), parasitic diseases, and acute rejection following 
liver transplantation (Figure 154.10). Among the inflammatory 
infiltrates  of  mononuclear  type,  plasma  cells  predominate  in 
autoimmune chronic hepatitis (Figure 154.11), mixed mononu-
clear cells are seen in viral-induced chronic hepatitis, and cells 
oriented around the bile ducts are found in primary biliary cir-
rhosis.  Portal  tracts  may  contain  granulomas  due  to  various 
etiologies, as well as hypertrophic macrophages with phagocy-
tosed pigments, such as iron or foreign material. Polarizable talc 

Figure 154.8 Portal area with prominent neutrophils in close proximity to 
the dilated interlobular bile duct in acute cholangitis. (H & E stain; 
original magnification × 100.)

Figure 154.9 Portal area with prominent eosinophils among the 
inflammatory infiltrates in a case of Dilantin-induced hepatotoxicity.  
(H & E stain; original magnification × 200.)

Figure 154.10 Portal area with increased number of eosinophils in a case 
of early rejection of orthotopic liver transplantation. (H & E stain; original 
magnification × 200.)

Figure 154.11 Prominent plasma cells among the infiltrates in the portal 
tract of autoimmune chronic hepatitis. (H & E stain; original 
magnification × 400.)
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diabetics.  Polyarteritis  nodosa  and  giant  cell  arteritis  can 
produce a typical  inflammatory reaction involving the arterial 
wall  (Figure  154.21).  Arterial  hypoplasia  is  found  in  patients 
with  congenital  hepatic  fibrosis.  In  Osler–Weber–Rendu  syn-
drome there is an increase in abnormal vascular channels sug-
gestive of arteriovenous shunting (Figure 154.22). Deposition of 
amyloid is typically present in the arterial wall in patients with 
systemic amyloidosis.

Terminal hepatic venules
Terminal  hepatic  venules  are  thin,  endothelial-lined  vascular 
spaces  without  associated  underlying  collagen.  Perivenular 
fibrosis is present in most forms of alcoholic liver disease (ALD) 
(Figure  154.23).  Endophlebitis  with  inflammatory  reaction  of 
terminal  hepatic  venules  is  found  in  association  with  acute 

concentric fibrosis is also seen in sclerosing cholangitis (Figure 
154.16). There is a chronic inflammatory reaction involving the 
duct epithelium in the early stages of primary biliary cirrhosis 
(PBC) (Figure 154.17); in the late stage, ducts are absent. Similar 
changes are observed in chronic rejection of a liver transplant. 
Anomalous duct changes include Meyenburg complexes (Figure 
154.18) and cystic disorders such as Caroli disease. Paucity of 
bile ducts is seen in intrahepatic biliary atresia, whereas biliary 
fibrosis  and  bile  duct  proliferation  are  found  in  extrahepatic 
biliary atresia (Figure 154.19). Portal veins are thin-walled vas-
cular  structures,  and  are  increased  in  number  and  dilated  in 
patients  with  portal  hypertension  (Figure  154.20).  There  is 
inflammation and thrombosis of portal veins in pyelophlebitis. 
Primary or metastatic tumors can be seen in the portal venous 
structures. The hepatic  artery often manifests hyalinization  in 

Figure 154.12 A portal area under polarizing light to demonstrate 
polarizable crystals in an intravenous drug user. (H & E stain; original 
magnification × 200.)

Figure 154.13 Lamellar periductal fibrosis in chronic bile duct 
obstruction. (H & E stain; original magnification × 100.)

Figure 154.14 Arachnoid portal fibrosis with periportal extension of 
collagen in chronic alcoholic liver disease. (Masson trichrome stain; 
original magnification × 100.)

Figure 154.15 Portal area with marked cholangiolar proliferation in 
mechanical duct obstruction. (H & E stain; original magnification × 100.)
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Figure 154.16 Primary sclerosing cholangitis with evidence of periductal 
fibrosis and chronic inflammatory infiltrate. (H & E stain; original 
magnification × 100.)

Figure 154.17 Primary biliary cirrhosis with granuloma. (Original 
magnification × 200.)

Figure 154.18 A few dilated duct structures with abnormal epithelium 
surrounded by loose collagen representing Meyenburg complex. (H & E 
stain; original magnification × 100.)

Figure 154.19 Biliary fibrosis and ductular proliferation in a 3-month-old 
infant with extrahepatic biliary atresia. (H & E stain; original 
magnification × 100.)

Figure 154.20 Increased number of thin-walled vascular structures 
representing portal venous radicles reflective of portal hypertension. (H & 
E stain; original magnification × 100.)

Figure 154.21 Severe necrotizing inflammatory reaction around 
hepatic arteriole in polyarteritis nodosa. (H & E stain; original 
magnification × 100.)
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when there are small scattered foci of hepatocytolysis replaced 
by small groups of hyperplastic Kupffer cells. Confluent necrosis 
occurs  when  a  larger  number  of  liver  cells,  such  as  an  entire 
zone,  is  necrotic  (Figure  154.26).  Submassive  and  massive 
necrosis are more severe forms. In submassive necrosis, entire 
lobules  are  involved  with  sparing  of  a  few  periportal  hepato-
cytes,  whereas  in  massive  necrosis  no  viable  hepatocytes  are 
present  (Figure  154.27).  The  term  granulomatous  necrosis  is 
used when the area of necrosis is well circumscribed and com-
prises  a  compact  arrangement  of  macrophages,  lymphocytes, 
and plasma cells (Figure 154.28). This differs from true granu-
lomas  because  they  lack  epithelioid  cells  and  multinucleated 
giant cells. Coagulative necrosis denotes eosinophilic change of 
hepatocytes  with  loss  of  nuclei  and  maintenance  of  reticulin 
without inflammatory infiltration. This is observed in patients 

rejection  of  liver  transplants  (Figure  154.24).  In  patients  with 
Budd–Chiari  syndrome,  obliteration  of  the  terminal  hepatic 
veins  along  with  hemorrhagic  necrosis  of  the  perivenular  
hepatocytes  and  dilation  of  sinusoids  are  commonly  present 
(Figure 154.25).

Hepatic parenchyma
Evaluation of the hepatic parenchyma should be undertaken in 
relation to the three zones of Rappaport. Zone 3, or the perive-
nular  zone,  is  most  susceptible  to  anoxic  changes  and  most 
drug-induced liver necrosis occurs here. Acute alcoholic injury, 
as well as acute viral hepatitis, reveals a predominance of zone 
3  involvement.  Periportal  cell  necrosis  can  be  seen  in  some 
patients with acute type A viral hepatitis, ferrous sulfate toxicity, 
and  toxemia  of  pregnancy.  The  term  “spotty  necrosis”  is  used 

Figure 154.22 Increased number of abnormal vascular structures in a 
portal tract in Osler–Weber–Rendu syndrome. (H & E stain; original 
magnification × 100.)

Figure 154.23 Marked perivenular fibrosis in alcoholic liver disease. 
(Masson trichrome stain; original magnification × 100.)

Figure 154.24 Endothelialitis showing inflammatory changes of a 
terminal hepatic venule in acute rejection of orthotopic liver 
transplantation. (H & E stain; original magnification × 200.)

Figure 154.25 Budd–Chiari syndrome with perivenular hemorrhage, 
necrosis, and sinusoidal dilation. (H & E stain; original  
magnification × 200.)
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(Figure 154.31). Though usually associated with ALD, Mallory 
bodies  can  also  be  seen  in  periportal  hepatocytes  in  chronic 
biliary  diseases  such  as  primary  biliary  cirrhosis  or  chronic 
obstruction  (Figure  154.32).  Eosinophilic  inclusion  bodies, 
often  spherical  but  of  variable  size,  are  present  in  periportal 
hepatocytes of patients with heterozygous or homozygous defi-
ciency  of  α1-antitrypsin.  These  globules  are  PAS-positive  and 
resistant to diastase digestion (Figure 154.2). In some cases of 
ALD,  giant  mitochondria  that  are  spherical  or  needle-shaped 
can  be  found  in  hepatocytes  (Figure  154.33).  Important  viral 
inclusions  include  ground-glass  hepatocytes  with  excessive 
HBsAg  in  chronic  hepatitis  B  virus  (HBV)  infection,  nuclear 
and  cytoplasmic  inclusions  of  cytomegalovirus  (CMV),  and 
nuclear inclusion of herpes simplex.

who  have  sustained  anoxia  (Figure  154.26),  or  toxic  necrosis 
due  to  either  halothane,  or  acetaminophen  (Figures  154.29  
and 154.30).

Parenchymal inclusions
The most common pigment  found  in  liver cells  is  lipochrome 
or  lipofuscin  (“wear-and-tear” pigment) prominent  in zone 3. 
Hemosiderin pigment is usually observed in periportal hepato-
cytes (Figure 154.3). Bile can be present in the hepatocytes and 
Kupffer cells but often it is associated with canalicular bile plugs. 
Mallory  hyalin  appears  as  eosinophilic  clumps  in  hepatocytes 
that are hydropic, representing aggregates of intermediate fila-
ments.  In acute ALD, hyaline necrosis  is associated with neu-
trophilic infiltrates which are usually found in perivenular areas 

Figure 154.26 Confluent necrosis in the perivenular zone due to anoxia. 
(H & E stain; original magnification × 200.)

Figure 154.27 Massive hepatic necrosis involving the entire parenchyma 
with islands of portal tracts remaining. (H & E stain; original 
magnification × 40.)

Figure 154.28 Punched-out granulomatous necrosis of the parenchyma in 
mononucleosis due to Epstein–Barr virus. (H & E stain; original 
magnification × 200.)

Figure 154.29 Acetaminophen toxicity resulting in perivenular 
coagulative necrosis without hepatocyte swelling. (H & E stain; original 
magnification × 100.)
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Figure 154.30 Halothane-induced perivenular and midzonal coagulative 
necrosis. (H & E stain; original magnification × 100.)

Figure 154.31 Perivenular hepatocytes containing Mallory hyaline with 
neutrophilic reaction around them. (H & E stain; original magnification 
× 200.)

Figure 154.32  A periportal hepatocyte containing Mallory hyaline in 
primary biliary cirrhosis. (H & E stain; original magnification × 200.)

Figure 154.33 Hepatocytes containing spherical megamitochondria in 
alcoholic liver disease. (H & E stain; original magnification × 200.)

Cord pattern
Hepatocytes  are  arranged  in  a  radial  fashion  alternating  with 
the sinusoidal blood spaces. In cases of diffuse cell swelling, this 
pattern is altered. When there is uniform cell enlargement with 
crisp nuclei and the cells are arranged in a cobblestone forma-
tion,  it  indicates  focal  regenerative  activity  (Figure  154.34).  A 
diffuse cobblestone pattern is seen in persistent viral hepatitis.

Nuclear changes
Nuclear  changes  of  hepatocytes  include  dysplasia,  defined  as 
enlargement of a group of cells with a high nuclear to cytoplas-
mic ratio (Figure 154.35). Nuclear polyploidy means irregular-
ity and enlargement of individual cell nuclei. Nuclear membrane 
invagination  and  glycogen  vacuolization  are  other  frequent 
changes (Figure 154.36). Syncytial change represents multinu-

cleated  liver  cells;  it  is  often  found  in  patients  with  neonatal 
hepatitis (Figure 154.37).

Sinusoidal spaces and lining cells
In  chronic  passive  congestion  and  outflow  obstruction,  the 
sinusoids in zone 3 are dilated in conjunction with atrophy of 
hepatocytes (Figure 154.38). In left-sided heart failure, red cells 
traverse  the  space  of  Disse  and  enter  the  hepatic  trabecula 
(Figure 154.39). Focal sinusoidal dilation can be seen in space-
occupying lesions in the adjacent parenchyma. Collagen deposi-
tion  in  the  space  of  Disse  eventually  leads  to  narrowing  and 
occlusion  of  sinusoidal  spaces  (Figure  154.40).  This  is  com-
monly observed in ALD, hypervitaminosis A, chronic outflow 
obstruction  including  constrictive  pericarditis,  and  inferior 
vena  cava  web  lesions,  as  well  as  methotrexate  toxicity.  In 
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Figure 154.35 Focal dysplastic change consisting of enlarged cells 
with large nuclei in chronic hepatitis B. (H & E stain; original 
magnification × 200.)

Figure 154.36 Hepatocytes with glycogen vacuolated nuclei. (H & E stain; 
original magnification × 200.)

Figure 154.37 Syncytial hepatocytes in neonatal hepatitis. (H & E stain; 
original magnification × 200.)

Figure 154.38 Chronic passive congestion causing perivenular sinusoidal 
dilation and atrophic hepatic cords. (Masson trichrome stain; original 
magnification × 400.)

Figure 154.39 Perivenular hepatic parenchyma with dilated sinusoids and 
the presence of red blood cells within the hepatic cords in left-sided heart 
failure. (H & E stain; original magnification × 100.)

Figure 154.34 Focal regeneration with cobblestone arrangement of 
hepatocytes in chronic hepatitis. (H & E stain; original  
magnification × 200.)
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Figure 154.40 Collagen fibers along the sinusoids in the space of Disse in 
alcoholic liver disease. (Masson stain; original magnification × 200.)

Figure 154.41 Reticular amyloid deposition in the space of Disse. (H & E 
stain; original magnification × 200.)

Figure 154.42 Globular amyloid deposition. (H & E stain; original 
magnification × 400.)

Figure 154.43 Hypertrophic Kupffer cells in salmonellosis. (H & E stain; 
original magnification × 200.)

amyloidosis, deposition of amyloid occurs in a reticular pattern 
or as globular amyloid in the space of Disse (Figures 154.41 and 
154.42). Hypertrophy of Kupffer  cells occurs  in many  inflam-
matory diseases of the liver, but is most striking in salmonellosis 
(Figure 154.43). Stellate cells or Ito cells located in the space of 
Disse are the site of storage of retinoids (vitamin A metabolites). 
Through a process of activation, these cells can transdifferenti-
ate into myofibroblasts and produce sinusoidal fibrosis (Figure 
154.44). Peripheral circulating cells are visualized in sinusoidal 
blood  spaces.  Atypical  cells  of  mononucleosis,  leukemic  cells, 
and cells of hairy cell leukemia can also be seen (Figure 154.45). 
Fibrin  thrombi  packed  within  the  sinusoids  occur  in  patients 
with either disseminated  intravascular coagulation or  toxemia 
of pregnancy (Figure 154.46). Sickled red blood cells are often 
seen in small clumps within the sinusoidal in sickle-cell anemia 
patients (Figure 154.47).

Figure 154.44 Ito cells with foamy fatty cytoplasm along the 
sinusoidal surface in hypervitaminosis A. (H & E stain; original 
magnification × 400.)
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cell.  Macrovesicular  fatty  change  involving  zone  3  is  often 
present in ALD (Figure 154.49) as well as diabetes mellitus and 
obesity. Steroid-induced fatty change involves all zones. Micro-
vesicular  fat,  composed  of  small  droplets  of  fat,  sometimes 
appears  as  foamy  change  of  the  cytoplasm,  without  displace-
ment of  the hepatic nucleus. This  is  found  in alcoholic  foamy 
degeneration, fatty liver of pregnancy, tetracycline toxicity, Reye 
syndrome, and in valproic acid toxicity (Figure 154.50).

Terminal hepatic venules and venous outflow
The  most  common  pathological  change  of  terminal  hepatic 
venules is perivenular and obliterative sclerosis seen in alcohol-
induced liver injury (Figure 154.23). Similar fibrosis also can be 
observed in Budd–Chiari syndrome and other causes of outflow 
obstruction, such as constrictive pericarditis, inferior vena caval 

Cholestasis
Cholestasis in zone 3 is often associated with biliary obstruction 
or  drug-induced  injury  (Figure  154.48),  whereas  periportal 
(zone 1) bile stasis is observed in late stages of primary biliary 
cirrhosis. Simple cholestasis with no associated morphological 
changes  of  bile  ducts  is  seen  in  benign  recurrent  intrahepatic 
cholestasis, benign postoperative cholestasis, pregnancy, and in 
association with some drugs such as estrogen or anabolic ster-
oids, as well as in bacterial sepsis.

Fat
Two  major  types  of  fatty  changes  can  occur  in  hepatocytes; 
including  macrovesicular  and  microvesicular  types.  Macrove-
sicular  fat  droplets  appear  as  a  large  vacuole  dislocating  the 
nucleus  and  the  cytoplasmic  material  to  the  periphery  of  the 

Figure 154.45 Leukemic cells in the sinusoidal blood space in a case of 
lymphocytic leukemia. (H & E stain; original magnification × 200.)

Figure 154.46 Periportal sinusoidal space filled with fibrin thrombi in 
toxemia of pregnancy. (H & E stain; original magnification × 100.)

Figure 154.47 Clumps of sickled red blood cells packed in the sinusoidal 
spaces. (H & E stain; original magnification × 200.)

Figure 154.48 Cholestasis in dilated canaliculi in zone 3 in 
chlorpromazine-induced liver disease. (H & E stain; original 
magnification × 200.)
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The tumor cells are benign with normal nuclear-to-cytoplasmic 
ratios,  and portal  tracts and  terminal veins are not present  in 
the lesions. There are prominent, thick-walled arteries along the 
edge  of  the  tumor  (Figure  154.52).  Focal  nodular  hyperplasia 
has a typical central stellate scar with loose vascularized fibrous 
tissue containing atypical ductal elements along the periphery 
(Figure 154.53). This lesion also lacks normal portal areas and 
terminal  hepatic  veins  (Figure  154.54).  Hepatocellular  carci-
noma (HCC) is the most common form of primary malignant 
neoplasms of the liver [40]. Other forms include cholangiocar-
cinoma and angiosarcoma. The  tumor cells of  the majority of 
typical HCCs have a trabecular pattern with increased numbers 
of  cells  forming  finger-like  projections  into  vascular  spaces. 
These trabeculae are lined by endothelial cells and surrounded 
by  vascular  spaces  (Figure  154.55).  The  tumor  can  have  focal 
acinar changes with secretory material in the lumina. Sclerosing 

obstruction, or web lesions. Endotheliolitis or inflammatory cell 
infiltration of terminal hepatic venules is a feature of acute rejec-
tion of liver transplants (Figure 154.24).

Space-occupying lesions of the liver

A  CT-  or  ultrasound-guided  liver  biopsy  of  a  solid  mass  can 
result  in  a  sample  that  is  diagnostic.  Cysts  and  abscesses  are 
usually aspirated.

Primary tumors: benign and malignant
Among the benign solid mass lesions, focal nodular hyperplasia 
is  one  of  the  most  common  and  must  be  differentiated  from 
liver cell adenoma [38,39]. Liver cell adenoma does not have a 
capsule  but  compresses  adjacent  parenchyma  (Figure  154.51). 

Figure 154.49 Macrovesicular fatty change of hepatocytes in alcoholic 
liver disease. (H & E stain; original magnification × 200.)

Figure 154.50 Diffusely enlarged hepatocytes with foamy fatty change in 
acute alcoholic liver disease. (H & E stain; original magnification × 100.)

Figure 154.51 Liver cell adenoma with clear cells and the adjacent normal 
parenchyma. (H & E stain; original magnification × 100.)

Figure 154.52 Liver cell adenoma with thick-walled vessels and lack of 
portal tracts. (H & E stain; original magnification × 100.)
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surrounding parenchyma (Figure 154.6). A reticulum stain out-
lines these nodules, which can vary from small and microscopic 
to  very  large  (>20 cm).  Patients  with  nodular  regenerative 
hyperplasia may have evidence of portal hypertension.

Metastatic tumors
Metastatic  tumors  in  the  liver  can  be  easily  diagnosed  on  the 
basis of an ultrasound-guided needle biopsy. Tumor cells usually 
grow  into  the  adjacent  sinusoids,  compressing  and  separating 
the hepatic trabeculae (Figure 154.59). Examination of the junc-
tion  between  the  tumor  and  nontumorous  tissue  is  useful  in 
differentiating  HCC  from  metastatic  tumors.  In  HCC,  the 
tumor cells merge into the hepatic cords where there is a transi-
tion from normal to neoplastic cells (Figure 154.60). In meta-
static tumors, the tumor grows into the sinusoidal spaces.

hepatic carcinoma is a variant with a dense collagenized stroma 
(Figure 154.56). The fibrolamellar variant has  lamellar strands 
of collagen separating thin cords of large eosinophilic neoplastic 
hepatocytes  [41]  (Figure  154.57).  Cholangiocarcinomas  are 
composed of neoplastic ductal  elements  surrounded by dense 
fibrous stroma [40] (Figure 154.58). The tumor is clearly demar-
cated  from  the  surrounding  liver.  Immunohistochemical 
markers  can  be  helpful  in  differentiating  HCC  from  other 
primary and metastatic tumors of the liver [42].

Nodular regenerative hyperplasia
Nodular  regenerative  hyperplasia  (NRH)  is  a  rare  form  of 
hyperplasia  of  liver  cells  with  formation  of  nodules  without 
fibrous septa [43]. Microscopically, the hyperplastic nodules are 
better  identified  on  low  power  exhibiting  compression  by  the 

Figure 154.53 Focal nodular hyperplasia (FNH) with central stellate scar. 
(H & E stain; original magnification × 40.)

Figure 154.54 Focal nodular hyperplasia (FNH) with the scar exhibiting 
lack of bile ducts and presence of vascular structures. Liver cells are 
uniform and regenerative in appearance. (H & E stain; original 
magnification × 100.)

Figure 154.55 Well-differentiated trabecular hepatocellular carcinoma 
with endothelial lining. (H & E stain; original magnification × 100.)

Figure 154.56 Sclerosing hepatic carcinoma with dense fibrous stroma. 
(H & E stain; original magnification × 100.)
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without epithelioid cell formation. These lesions are seen in viral 
infections  (e.g.,  CMV,  Epstein–Barr  virus  [EBV]),  rickettsial 
infections  (e.g.,  Q  fever),  and  in  liver  injury  caused  by  drugs 
such  as  phenytoin,  allopurinol,  phenylbutazone,  and  sulfona-
mides. Some of these drugs can also elicit an epithelioid reaction 
with true granuloma formation (Figure 154.65). Hepatic granu-
lomas  can  also  be  associated  with  Hodgkin  disease,  postjeju-
noileal  bypass,  and  PBC  (Figure  154.17).  Some  distinctive 
features useful in the differential diagnosis of hepatic granulo-
mas include:
1.	 a central vacuolated space with a fibrin ring in granulomas 

[32]  of  Q  fever  representing  the  so-called  “donut”  lesions 
(Figure 154.64);

2.	 demonstrations  of  acid-fast  and  fungal  organisms  using 
special stains;

Granulomas
Granulomas are identified in up to 25% of all liver biopsies [44]. 
Sarcoidosis  is  the most common cause of epithelioid granulo-
mas  in  the  liver  (Figure  154.61).  Among  infectious  agents 
causing  granulomas,  the  most  common  are  Mycobacterium 
tuberculosis, Mycobacterium avium intracellulare,  Q  fever,  and 
brucellosis (Figures 154.62, 154.63, and 154.64). Fungal  infec-
tions such as blastomycosis and coccidioidomycosis are the next 
most common causes. Parasitic infections such as schistosomia-
sis with hepatic granulomas are common in some endemic areas 
of the world. Epithelioid granulomas are well circumscribed and 
comprise multinucleated giant cells, epithelioid cells, and lym-
phocytes along the periphery. Granulomatous lesions, which are 
not  true  granulomas,  are  small  punched-out  areas  of  hepatic 
necrosis  with  aggregates  of  macrophages  and  lymphocytes 

Figure 154.57 Eosinophilic neoplastic hepatocytes with lamellar fibrous 
stroma in fibrolamellar hepatocellular carcinoma. (H & E stain; original 
magnification × 100.)

Figure 154.58 Neoplastic ductal structures with fibrous stroma in 
cholangiocarcinoma. (H & E stain; original magnification × 100.)

Figure 154.59 Metastatic, poorly differentiated adenocarcinoma 
infiltrating into the sinusoids. (H & E stain; original  
magnification × 200.)

Figure 154.60 Junction of tumor and nontumor liver in hepatocellular 
carcinoma. The tumor cells grow into the hepatic cords (arrows). (H & E 
stain; original magnification × 100.)
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nodules), and macronodular (>3 mm nodules) cirrhosis based 
on  the  size  of  the  regenerative  nodules.  Typical  alcoholic  cir-
rhosis is of micronodular type and is diagnosed by the presence 
of dense, broad, fibrous scars with small parenchymal nodules 
exhibiting sinusoidal collagenosis (Figure 154.1). Fat, alcoholic 
hyaline, and other acute changes due to alcohol can be super-
imposed. Mild chronic inflammatory reaction of a nonspecific 
nature can be present in the fibrous septa without periseptal or 
parenchymal activity. Cirrhosis due to hemochromatosis, also a 
micronodular  cirrhosis,  is  characterized  by  the  presence  of 
hemosiderin deposition  in  the parenchymal cells as well as  in 
the fibrous septa and in bile duct epithelia. There  is a striking 
lack  of  inflammatory  process  in  this  type  of  cirrhosis. 

3.	 the  presence  of  eosinophils  in  granulomas  associated  with 
drug reactions, parasitic diseases, and Hodgkin disease;

4.	 the presence of remnants of ova  in schistosomiasis  (Figure 
154.66); and

5.	 caseation necrosis, occurring rarely in tuberculous granulo-
mas (Figure 154.62).

Differential diagnosis of cirrhosis

Cirrhosis of the liver can be classified as alcoholic, nonalcoholic, 
biliary, and cardiac cirrhosis based on morphological features. 
Abroad  distinction  is  made  between  micronodular  (<3 mm 

Figure 154.61 Partially segmented, exuberant epithelioid granuloma of 
sarcoidosis. (H & E stain; original magnification × 100.)

Figure 154.62 Epithelioid granuloma with Langhans giant cells in 
Mycobacterium tuberculosis infection of liver. (H & E stain; original 
magnification × 100.)

Figure 154.63 Well-circumscribed clusters of large foamy histiocytes in 
Mycobacterium avium intracellulare infection of the liver. These cells 
contain abundant acid-fast organisms on special stain (not shown).  
(H & E stain; original magnification × 100.)

Figure 154.64 Granulomatous lesion with central vacuolization 
surrounded by a fibrin ring in Q fever. (H & E stain; original 
magnification × 200.)
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HBV  infection  can  be  confirmed  by  the  presence  of  ground-
glass cells (Figure 154.68) and significant dysplastic changes of 
the hepatocytes (Figure 154.35). Autoimmune hepatitis can be 
suspected as the etiology if there is a predominance of plasma 
cells  among  the  portal  and  parenchymal  infiltrates  (Figure 
154.11). In addition, areas of collapse may exist even in the cir-
rhotic  stage  in  these  cases.  Wilson  disease  is  suggested  by 
increased  hepatic  copper  and  copper-binding  protein  (Figure 
154.5).  In biliary cirrhosis, absence of bile duct elements with 
the presence of lymphoid infiltrates in the septa is suggestive of 
primary biliary cirrhosis, whereas evidence of bile duct prolif-
eration with or without acute cholangitis is suggestive of biliary 
obstruction  leading to cirrhosis. Cirrhosis  in  infants and chil-
dren  due  to  α1-antitrypsin  deficiency,  intra-  or  extrahepatic 
biliary  atresia,  and  in  cystic  fibrosis  involving  the  liver  also 
appears biliary in nature. Clinical,  laboratory, and radiological 

Nonalcoholic cirrhosis, usually of macronodular type, is a broad 
category of cirrhosis which is the end result of chronic hepatitis 
of various etiologies. Fibrous septa are relatively thin and vas-
cularized and reveal prominent chronic inflammatory infiltra-
tion. The inflammation extends into the periseptal parenchyma, 
which exhibits a varying degree of necroinflammatory activity. 
In biliary cirrhosis, fibrous septa exhibit a characteristic lamellar 
pattern and extend  from portal  to portal areas  leaving  islands 
of  parenchyma.  This  is  best  described  as  a  jigsaw  puzzle-like 
appearance (Figure 154.67). In contrast, cardiac cirrhosis has a 
reverse  lobular  pattern,  as  the  perivenular  fibrous  areas  form 
septa  leaving  the portal  areas  relatively uninvolved. Following 
morphological identification of the type of cirrhosis, efforts to 
determine etiology can be undertaken. The morphology of alco-
holic  cirrhosis  can also be  seen  in postjejunoileal bypass  liver 
disease. Among the etiologies of nonalcoholic cirrhosis, chronic 

Figure 154.65 Small, well-circumscribed granuloma in sulfonamide-
induced hepatic necrosis. (H & E stain; original magnification × 100.)

Figure 154.66 Remnants of ova of schistosomal organisms in a fibrous 
portal area. (H & E stain; original magnification × 200.)

Figure 154.67 Jigsaw-puzzle appearance of biliary cirrhosis. (Masson 
stain; original magnification × 40.)

Figure 154.68 Scattered ground-glass cells in chronic hepatitis B. (H & E 
stain; original magnification × 100.)
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acidophilic bodies represent individual hepatocytes undergoing 
necrosis with cytoplasmic condensation and nuclear pyknosis. 
Cholestasis may or may not be present. The hepatocytes in zone 
1 usually reveal uniform hydropic change suggestive of regen-
eration. Portal tracts are expanded with inflammation without 
fibrosis (Figure 154.70). Some distinctive changes are associated 
with specific viral agents. Acute type A hepatitis can exhibit a 
periportal accentuation of  the necrosis  [46]. Enteric  (hepatitis 
E virus, HEV) acute hepatitis  tends  to have prominent acinar 
changes with hepatocytes arranged around dilated biliary canal-
iculi  resembling  rosettes  throughout  the  lobules  [47]  (Figure 
154.71). In acute hepatitis due to delta (hepatitis D virus, HDV) 
agent, the presence of hepatitis D antigen (HDAg) can be dem-
onstrated  by  immunoperoxidase.  When  the  necrosis  in  acute 
viral hepatitis (AVH) is severe, it involves the entire zone 3 and 
is called confluent necrosis. When the necrosis  involves zones 
2 and 3 and part of zone 1 with hepatocytes remaining viable 
in  the  periportal  zones,  it  is  classified  as  submassive  necrosis. 
Massive  necrosis  is  the  term  used  when  necrosis  involves  all 
zones without any viable hepatocytes.

Chronic	viral	hepatitis
Terminology
Chronic  hepatitis  encompasses  patients  whose  virological 
markers  persist  for  more  than  6  months  in  the  presence  of 
abnormal liver enzymes. Terms used in the past to characterize 
the histopathology of chronic hepatitis such as persistent hepa-
titis, chronic active hepatitis, and chronic  lobular hepatitis are 
no  longer  considered  useful  by  pathologists.  The  diagnosis  of 
“chronic hepatitis”  is  further elaborated by  the causative virus 
(i.e., type B, type C, or type D) and by the assessment of necroin-
flammation and fibrosis using a semiquantitative method, that 
distinguishes  grades  (0–4)  and  stages  (1–4)  as  proposed  by 
Ludwig [48]. Quantitative schemes have included many scoring 

data are needed to establish an accurate etiological diagnosis in 
most patients.

Specific liver diseases

Necroinflammatory diseases
Acute	viral	hepatitis
Regardless of the etiological agent, typical perivenular hepato-
cytolysis, extreme hydropic swelling of the hepatocytes, marked 
Kupffer  cell  hyperplasia,  and  mononuclear  exudative  reaction 
in  the  parenchyma  as  well  as  the  portal  tracts  are  found  in 
patients  with  acute  viral  hepatitis  [45]  (Figures  154.69  and 
154.70).  Numerous  acidophilic  bodies  also  are  present.  The 

Figure 154.69 Perivenular zone in acute viral hepatitis demonstrating 
hydropic hepatocytes, hepatocytolysis, inflammatory exudate, and rare 
acidophilic bodies. (H & E stain; original magnification × 200.)

Figure 154.70 Portal area in acute viral hepatitis with mononuclear 
infiltration extending to the periportal regions. (H & E stain; original 
magnification × 200.)

Figure 154.71 Prominent acinar transformation of hepatocytes in 
enterically transmitted acute hepatitis, type E. (H & E stain; original 
magnification × 200.)



2970      PART 5 Diagnostic and therapeutic modalities in gastroenterology

the  target hepatocytes  (Figure 154.74). The degree of necrosis 
depends on the disease activity – more severe in exacerbations 
or  reactivation,  and  less  so  in  quiescent  stages.  Fibrosis 
progresses  to  cirrhosis  with  associated  ongoing  periseptal 
inflammatory activity. The  term piecemeal necrosis  is used  to 
describe the periportal extension of mononuclear inflammation 
in association with hepatocytolysis involving the limiting plate. 
In  chronic  hepatitis  B  there  is  significant  nuclear  dysplasia 
(Figure  154.35).  In  cases  of  chronic  hepatitis  C  the  following 
distinctive  features  are  seen  in  most  patients:  macrovesicular 
fatty  change,  mild  sinusoidal  collagenosis  in  the  periportal 
areas, prominent lymphoid reaction of portal areas, and moder-
ate  to marked atypia of  the bile duct epithelium [52]  (Figures 
154.75 and 154.76). In chronic hepatitis B, immunoperoxidase 

systems; the most commonly used are those devised by Knodell 
and colleagues,  Ishak and colleagues, and  the Metavir  scoring 
system [49–51].  “Knodell  scoring” has a  total of 18 points  for 
necroinflammation  including  lobular,  periportal,  and  portal 
inflammation, and a  total of  four  for fibrosis  (0–4). The Ishak 
scoring system (Table 154.3) has more details for necroinflam-
mation (0–18), and expanded scores for fibrosis (0–6). “Metavir 
scoring” is simpler with a combination score for inflammation 
including periportal and lobular activity (A0–A3) and a fibrosis 
score on a scale of F0–F4.

The  most  common  morphological  features  of  chronic  viral 
hepatitis are portal fibrosis, portal and periportal mononuclear 
inflammation,  and  parenchymal  necroinflammatory  changes 
with  an  irregular  distribution  among  lobules.  Regenerative 
activity  is  also  irregular  in  distribution  (Figures  154.72  and 
154.73). Lymphocytes and Kupffer cells are seen cuffing around 

Table 154.3 Histology Activity Index (HAI): Ishak score.

Modified HAI grading necroinflammatory scores Score

A. Periportal piecemeal necrosis
Absent 0
Mild (focal, few portal areas) 1
Mild/moderate (focal, most portal areas) 2
Moderate (continuous around <50% of tracts or septa) 3
Severe (continuous around >50% of tracts or septa) 4

B. Confluent necrosis
Absent 0
Focal confluent necrosis 1
Zone 3 necrosis in some areas 2
Zone 3 necrosis in most areas 3
Zone 3 necrosis + occasional portal-central (P-C) bridging 4
Zone 3 necrosis + multiple P-C bridging 5
Panacinar or multiacinar necrosis 6

C. Focal necrosis and focal inflammation
Absent 0
One focus or less per 10× objective 1
Two to four foci per 10× objective 2
Five to ten foci per 10× objective 3
More than ten foci per 10× objective 4

D. Portal inflammation
None 0
Mild, some, or all portal areas 1
Moderate, some, or all portal areas 2
Moderate/marked, all portal areas 3
Marked, all portal areas 4

Modified staging: fibrosis and cirrhosis

Change
No fibrosis 0
Fibrous expansion of some portal areas 1
Fibrous expansion of most portal areas 2
Fibrous expansion with occasional portal to portal (P-P) 
bridging

3

Fibrous expansion with marked bridging 4
Marked bridging with occasional nodules, incomplete 
cirrhosis

5

Cirrhosis, probable or definite 6

Figure 154.72 Uniform cobblestone appearance of parenchyma in chronic 
hepatitis, type B. A few ground-glass cells are seen. (H & E stain; original 
magnification × 200.)

Figure 154.73 Portal areas with fibrosis and mononuclear inflammation 
extending to the parenchyma exhibiting piecemeal necrosis in chronic 
hepatitis. (H & E stain; original magnification × 100.)
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3	 minimal necroinflammatory changes  in patients on steroid 
therapy with good response.

Other viral infections
A  mononucleosis  pattern  of  hepatitis  can  be  associated  with 
hepatitis due to EBV, CMV, and some instances of hepatitis C 
virus  (HCV)  infection  [56].  In  this  form,  hepatocytes  are  not 
swollen  and  the  cord  pattern  is  maintained.  There  is  striking 
sinusoidal  lymphocytosis, and many of  these cells are atypical 
(Figure 154.78). There is portal infiltration by the same type of 
cells.  In  addition,  multifocal  punched-out  hepatocytolysis 
(Figure  154.28)  without  confluent  or  zonal  necrosis  present. 
Rarely, epithelioid granuloma can be seen. In immunocompro-
mised  individuals,  CMV  infection  results  in  an  abundance  of 
virally infected cells with typical nuclear inclusion bodies in the 
bile duct  epithelium or  reticuloendothelial  cells. Following an 

can  be  used  to  stain  for  the  viral  proteins  such  as  hepatitis  B 
core  antigen  (HBcAg),  HBsAg,  and  hepatitis  B  e  antigen 
(HBeAg)  [53]. The HBsAg protein  is also demonstrable using 
Shikata orcein stain or Victoria blue (Figure 154.4). In chronic 
hepatitis D virus infections, HDAg is demonstrable by immu-
noperoxidase techniques [54] (Figure 154.77).

Autoimmune etiology
In addition to the features of chronic hepatitis already described, 
autoimmune chronic hepatitis (the term “lupoid hepatitis” has 
been used in the past, but should be discouraged) includes:
1.	 the presence of  significant numbers of plasma cells among 

the portal and the parenchymal infiltrates (Figure 154.11);
2.	 evidence of collapse and striking degree of periportal as well 

as  perivenular  necrosis  trapped  hepatocytes  in  the  fibrous 
portal or septal areas [55]; and

Figure 154.74 Inflammatory cells are seen cuffing around the hepatocytes 
in chronic hepatitis. (H & E stain; original magnification × 100.)

Figure 154.75 Chronic hepatitis C showing portal fibrosis and 
inflammation, macrovesicular fat, and inflammation in the adjacent 
parenchyma. (H & E stain; original magnification × 100.)

Figure 154.76 Atypical bile ducts in a portal tract of chronic hepatitis C. 
(H & E stain; original magnification × 200.)

Figure 154.77 Immunoperoxidase stain demonstrating hepatitis D 
antigen in the nuclei of hepatocytes in chronic hepatitis D. (Original 
magnification × 100.)
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Alcoholic liver disease
Changes  in  liver  histology  due  to  alcohol  can  be  divided  into 
acute cellular damage, and chronic, slowly progressive changes 
with evidence of chronic liver disease.

Acute changes
The most common acute damage is fatty change of a macrove-
sicular type with or without cholestasis. Large vacuoles of mac-
rovesicular  fat  involve  the  perivenular  hepatocytes  (Figure 
154.49). Occasionally, the entire lobule is involved. Cholestasis 
and sinusoidal fibrosis may be seen. Acute foamy fatty change 
(FFC) represents a variant of acute alcoholic hepatitis  [60],  in 
which  perivenular  hepatocytes  are  enlarged  with  foamy  or 
microvesicular  fat  (Figure  154.50).  The  nucleus  is  central  in 
location  and  the  cells  may  exhibit  abnormal  giant  mitochon-
dria  visible  as  eosinophilic  round  bodies  (cherry  bodies) 
(Figure 154.33). Sinusoidal collagen deposition can be promi-
nent in the perivenular zones. FFC can also be seen in associa-
tion  with  the  acute  sclerosing  hyaline  necrosis  (ASHN)  in 
patients with alcoholic hepatitis [61]. The morphological hall-
marks of ASHN are:
1.	 hydropic  hepatocytes  with  cytoplasmic  Mallory  hyaline 

bodies, appearing as cytoplasmic eosinophilic ropy material;
2.	 neutrophil reaction around these cells with hyaline necrosis 

(Figure 154.31); and
3.	 sclerosis  of  the  terminal  hepatic  venules  with  sinusoidal 

collagenosis.
Other microscopic features, such as fatty change, cholestasis, 

and  portal  fibrosis  with  arachnoid  extension,  can  also  be 
observed. Less common biopsy findings of acute ALD include 
lytic necrosis of liver cells, in which the hepatocytes are extremely 
hydropic with lysis and fusion of adjacent cells, and acute portal 
reaction,  in  which  there  is  prominent  neutrophilic  reaction 

orthotopic liver transplantation, CMV infection causes micro-
abscess formation with the polymorphonuclear leukocytes sur-
rounding  the  cells  with  viral  inclusion  bodies  [57,58]  (Figure 
154.79). Viral antigen in CMV hepatitis is demonstrable using 
immunochemical  methods.  Herpes  simplex  infection  of  the 
liver  is  rarely  encountered  because  liver  biopsies  are  typically 
not  performed  due  to  prolonged  prothrombin  time  in  these 
patients.  However,  typical  changes  consist  of  large,  discrete, 
irregular zones of coagulative necrosis of parenchymal cells with 
the presence of eosinophilic intranuclear inclusions in the viable 
hepatocytes at the margins of necrosis [59] (Figure 154.80).

Figure 154.78 Striking sinusoidal lymphocytosis of atypical type in 
Epstein–Barr virus-induced mononucleosis. (H & E stain; original 
magnification × 200.)

Figure 154.79 Intranuclear and cytoplasmic inclusions of cytomegalovirus 
(CMV) in a hepatocyte surrounded by polymorphonuclear leukocytes in 
an orthotopic liver transplant infected with CMV. (H & E stain; original 
magnification × 200.)

Figure 154.80 Intranuclear inclusions of Cowdry type A of herpes 
simplex seen in hepatocytes. (H & E stain; original magnification × 200.)
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rather than uniform. When there are additional complications, 
such as  anoxia due  to variceal bleeding or general  anesthesia, 
coagulative necrosis can be seen within the central zone of the 
cirrhotic nodules.

Differential diagnosis
Nonalcoholic steatohepatitis (NASH) or nonalcoholic fatty liver 
disease (NAFLD) (see further on) are often present as progres-
sive liver disease with histological features resembling alcoholic 
liver disease [63,64]. Morphological changes identical to those 
in  ASHN  can  be  seen  in  patients  with  Indian  childhood  cir-
rhosis, and drug-induced reactions in patients receiving amio-
darone  [65].  These  findings  were  also  found  in  patients  with 
morbid obesity who underwent jejunoileal bypass, although this 
procedure  is  no  longer  performed.  Mallory  bodies  without 
accompanying neutrophilic reaction occur in a number of con-
ditions such as Wilson disease, primary biliary cirrhosis, chronic 
biliary  obstruction,  and  in  livers  bearing  HCC  (in  either  the 
tumor  or  nontumor  cells).  Sinusoidal  collagen  deposition 
resembling  typical  ALD  can  be  found  in  association  with 
chronic HCV hepatitis, hypervitaminosis A, and methotrexate 
toxicity.  A  much  more  localized  perivenular  fibrosis  can  be 
observed  in  venous  outflow  obstruction  such  as  Budd–Chiari 
syndrome. In many patients, the liver biopsy reveals features of 
both ALD and chronic hepatitis of HCV type consistent with a 
high prevalence of serologic markers of HCV in patients with 
ALD [66]. There is an increased degree of chronic inflammatory 
infiltrate  in  the  portal  tracts  or  fibrous  septa  with  spillover  to 
the periseptal parenchyma.

NAFLD
NAFLD spans the spectrum from fatty  liver to NASH to end-
stage  cirrhosis.  Although  these  are  not  necessarily  sequential, 

within the portal tract without any orientation to the bile ducts. 
These portal tracts often have classic arachnoid fibrosis.

Chronic alcohol-induced liver damage
The  primary  manifestation  of  chronic  alcohol-induced  liver 
damage is fibrosis. Three forms of progressive fibrosis are seen 
[62]; including:
1.	 portal and perivenular fibrosis  leading to fibrous septa for-

mation, resulting in cirrhosis with small regenerative nodules 
(Figure 154.1);

2.	 diffuse interstitial fibrosis in which collagen extends through-
out the lobule encircling individual hepatocytes and without 
parenchymal  regeneration  or  septal  formation  (Figure 
154.81); and

3.	 progressive perivenular fibrosis with dense scar-like collagen 
involving  zone  3  with  relatively  minimal  portal  fibrosis 
(Figure 154.82).

In  the  early  stages,  the  fibrous  septa  appear  thin,  with  larger 
pseudo  lobules  or  parenchymal  nodules.  There  is  evidence  of 
prominent  intra  nodular  sinusoidal  fibrosis.  As  the  disease 
progresses, the septa become denser and wider, and the nodules 
become subdivided into smaller nodules, with continued sinu-
soidal  fibrosis  in  the  periseptal  regions.  In  advanced  stages, 
there  is  extensive  scarring  leaving  islands  of  parenchymal 
nodules  scattered  within.  Masson  trichrome  and  PAS  stains 
clearly define the ratio of fibrous tissue to the parenchyma. In 
an established state of cirrhosis, if there is prolonged abstinence 
from  alcohol,  regenerative  parenchymal  nodules  enlarge, 
pushing  the  fibrous  septa  centrifugally  with  reduction  in  the 
amount of collagen both within the parenchyma and the septa. 
At this inactive stage, it may be difficult to distinguish alcohol 
from other etiologic causes of cirrhosis. All of the acute cellular 
changes described previously can occur superimposed on a cir-
rhotic or fibrotic liver. The distribution of Mallory hyaline, neu-
trophilic  infiltrate  or  fatty  change  may  be  irregular  and  focal, 

Figure 154.81 Diffuse interstitial fibrosis in chronic alcoholic liver 
disease. (Masson stain; original magnification × 100.)

Figure 154.82 Marked perivenular fibrous scarring with mild 
portal fibrosis and lack of regenerative nodules in progressive  
perivenular fibrosis of alcoholic etiology. (Masson stain; original 
magnification × 100.)
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Figure 154.83 Perisinusoidal collagen in nonalcoholic steatohepatitis 
(NASH). (Masson trichrome stain; original magnification × 100.)

•  type 2 manifest by steatosis along with portal  inflammation 
and portal fibrosis without ballooning or perivenular fibrosis.

Several scoring systems have been devised to rate  the severity 
and  stage  of  NAFLD.  Factors  used  in  these  scoring  systems 
include microvesicular and macrovesicular steatosis, perivenu-
lar and periportal sinusoidal fibrosis with or without necroin-
flammation, and Mallory bodies. Degree of necroinflammation 
and ballooning changes (scale of 1–3) as well as fibrosis (1–4) 
have  been  graded  by  a  system  developed  by  Brunt  and  col-
leagues  [64].  Subsequently,  a  NASH  clinical  research  network 
group  proposed  a  scoring  system  called  the  NAFLD  activity 
score,  or  NAS  [68].  This  scores  the  sum  of  steatosis  (scale  of 
0–3),  lobular  inflammation  (0–2),  and  ballooning  of  hepato-
cytes  (0–2).  A  score  greater  than  five  is  diagnostic  of  NASH, 
whereas  a  score  less  than  three  excludes  NASH.  The  fibrosis 
stage ranges from 0–4, with 1 = perisinusoidal or periportal; 2 
= perisinusoidal and periportal; 3 = bridging fibrosis; and 4 = 
cirrhosis. Although other features such as Mallory hyaline and 
megamitochrondria are often seen in NASH, these features are 
associated with hepatocyte ballooning change, which is a com-
ponent of the NAS system and therefore these features are not 
independent.

Biliary diseases
Mechanical	duct	obstruction
Mechanical  obstruction  of  the  bile  duct  is  usually  diagnosed 
without  the  need  for  liver  biopsy.  However,  when  other  diag-
nostic  modalities,  such  as  ultrasound,  endoscopic  retrograde 
cholangiopancreatography  (ERCP)  are  inconclusive,  a  liver 
biopsy  may  be  necessary.  The  changes  associated  with  biliary 
obstruction  can  be  parenchymal  and  portal.  Parenchymal 
cholestasis in the perivenular hepatocytes, is one of the earliest 
changes found in these patients, followed by canalicular dilation 
with  bile  plug  formation.  The  hepatocytes  become  hydropic 
with a reticular rarefaction of  the cytoplasm termed “feathery 
degeneration.” The portal tracts reveal edema with loose fibrous 
tissue around dilated bile ducts. Portal  inflammatory  reaction 
includes polymorphonuclear leukocytes (PMNs) and mononu-
clear  cells.  PMN  infiltration  around  the  bile  duct,  and  within 
the duct lumen, strongly suggests mechanical duct obstruction 
(Figure 154.8). Prolonged biliary obstruction results in cholan-
giolar proliferation as well as periductal fibrosis (Figures 154.13 
and 154.15). Long-standing obstruction can lead to disappear-
ance of  the ducts resulting  in an appearance resembling PBC. 
During  the  acute  stage,  drug-induced  cholangitic  and  choles-
tatic reaction, acute viral hepatitis of cholestatic type, impaired 
regeneration syndrome, changes due to parenteral hyperalimen-
tation, and septic shock should be considered in the differential 
diagnosis. Biliary fibrosis and cirrhosis follow if there is contin-
ued duct obstruction (Figure 154.67).

PBC and primary sclerosing cholangitis
The accurate diagnosis of PBC based on a needle  liver biopsy 
requires that an adequate number of portal tracts be visualized. 

they represent increasing severity of the disease process. Mor-
phological  features  of  NAFLD  (Figures  154.83  and  154.84) 
include  steatosis  (both  macrovesicular  and  microvesicular), 
ballooning  change  of  hepatocytes  and  perisinusoidal  fibrosis 
predominantly  in  zone  3  and  lobular  inflammation  including 
mononuclear  cells  and  neutrophils.  Mallory  hyaline  within 
hepatocytes  exhibiting  ballooning  change,  neutrophilic  infil-
trates, megamitochrondria, and pericentral fibrosis are all  fea-
tures  of  NASH  as  well  as  ASH  (alcoholic  steatohepatitis). 
However,  Mallory  hyaline  is  usually  more  abundant  in  ASH. 
Liver biopsies from children clinically diagnosed with NAFLD 
reveal  two  types  of  steatohepatitis  as  described  by  Schimmer 
et  al.  [67];
•  type 1 resembling NASH seen in adults including ballooning 

and perisinusoidal fibrosis

Figure 154.84 Hepatocytes with ballooning change and Mallory bodies in
nonalcoholic steatohepatitis (NASH). (H & E stain; original magnification 
× 100.)



Liver biopsy and histopathological diagnosis CHAPTER 154      2975

resembling alcoholic FFC. Macrovesicular fatty change is most 
commonly  seen  with  corticosteroid  and  methotrexate  use. 
Carbon  tetrachloride  and  tritetrachlorethylene  toxicity  results 
in fatty change as well as liver cell necrosis without inflamma-
tory  changes.  Hepatocyte  necrosis  with  Mallory  body  forma-
tion  can  be  seen  with  amiodarone,  perhexilene  maleate,  and 
with  synthetic  estrogen  preparations  used  for  prostatic  carci-
noma. Parenchymal cholestasis in zone 3 without inflammation 
or  necrosis  can  be  seen  with  the  use  of  anabolic  steroids  and 
with  oral  contraceptives.  Cholestasis  with  mild  hepatocellular 
necrosis  is  associated with  total parenteral hyperalimentation, 
antibiotics  such  as  erythromycin,  penicillin,  sulfonamides, 
nitrofurantoin,  oral  hypoglycemic  agents,  some  tranquilizers 
such  as  chlorpromazine  (Figure  154.48),  antihypertensive 
agents, captopril, gold therapy, and some antineoplastic agents. 
Drugs, such as sulfonamides, cause granulomatous necrosis in 

In addition to the classic destructive duct lesions with marked 
lymphoplasmacytic  infiltrates,  the  presence  of  granulomas, 
absence  of  ducts  in  small  portal  tracts,  hydropic  changes  of 
periportal hepatocytes containing Mallory hyaline and copper-
binding protein (Shikata-positive granules), as well as periportal 
cholestasis are all helpful morphological features in diagnosing 
PBC  [69].  A  staging  system  of  1–4  has  been  used  by  some; 
briefly, the histological hallmarks of each of these stages are as 
follows:
•  Stage 1: destructive changes of interlobular bile ducts with or 

without granulomas
•  Stage  2:  proliferation  of  atypical  ductules  mostly  along  the 

periportal areas
•  Stage 3: absence of interlobular bile ducts in most of the portal 

tracts and portal-to-portal bridging fibrosis
•  Stage 4: cirrhosis.

In many patients, the biopsies demonstrate changes overlap-
ping between different stages [70].

Diagnosis  of  primary  sclerosing  cholangitis  (PSC)  is  much 
more difficult in needle biopsies of liver. A wide range of patho-
logical changes from minimal portal fibrosis and inflammatory 
reaction, to changes of biliary obstruction secondary, to extra-
hepatic sclerosing cholangitis, and to typical marked concentric 
periductal fibrosis with chronic inflammation can be seen [71] 
(Figure 154.16). Radiological studies are necessary for definitive 
diagnosis.

Drug-induced liver injury
Liver biopsy interpretation should always consider the possibil-
ity of drug-induced changes in the differential diagnosis [72]. A 
thorough  history  of  drug  intake  should  be  obtained  prior  to 
final morphological diagnosis [73]. Systematic evaluation of the 
liver biopsies from patients included in the drug induced liver 
injury (DILI) network [72] resulted in 18 predefined histologic 
patterns out of which five were most common: acute hepatitis, 
chronic  hepatitis,  acute  cholestasis,  chronic  cholestasis  and 
cholestatic hepatitis. This  study also  found  limited correlation 
between  the  biochemical  categorization  and  the  pathological 
pattern of injury.

Parenchymal changes
Parenchymal changes resembling acute viral hepatitis are seen 
in  both  isoniazid-  and  methyldopa-induced  hepatic  damage 
(Figure  154.85).  Changes  resembling  mononucleosis  pattern 
are  seen  in  liver  disease  induced  by  diphenylhydantoin, 
paraaminosalicylic  acid,  and,  occasionally,  sulfonamides 
(Figure 154.86). Higher degrees of necrosis are associated with 
more  severe  clinical  outcomes  [73].  Coagulative  necrosis 
without much inflammatory reaction is seen in acetaminophen- 
and  halothane-induced  damage  (Figures  154.29  and  154.30). 
The  necrosis  is  typically  in  perivenular  and  mid-zonal  loca-
tions. Periportal coagulative necrosis  is  seen  in  ferrous sulfate 
poisoning.  Fatty  change  of  a  microvesicular  type  is  caused  by 
tetracycline  and  valproic  acid.  This  is  accentuated  in  zone  3, 

Figure 154.85 Hepatitis-like activity resembling acute viral hepatitis 
in Aldomet-induced hepatotoxicity. (H & E stain; original  
magnification × 200.)

Figure 154.86 Dilantin-induced hepatic changes resembling 
mononucleosis. (H & E stain; original magnification × 100.)
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disease with coagulative necrosis and severe congestion in zone 
3  is  seen  in  toxicity  due  to  bush  tea  containing  pyrrolizidine 
alkaloids, as well as  toxicity resulting  from 6-thioguanine and 
azathioprine. Hepatic vein thrombosis leading to Budd–Chiari 
syndrome has been associated with prolonged use of oral con-
traceptives (Figure 154.25).

Liver biopsy changes in systemic diseases
Hematopoietic	system
Lymphomas  with  hepatic  involvement  reveal  monomorphic 
portal infiltrates of neoplastic lymphocytes (Figure 154.89). Bile 
ducts  and  parenchymal  cells  are  not  involved.  However,  in 
Hodgkin  disease,  the  portal  infiltrate,  including  atypical  or 
typical  Reed–Sternberg  cells,  seems  to  produce  destructive 
lesions  of  bile  ducts  (Figure  154.90).  In  addition,  epithelioid 
granulomas of  a nonneoplastic nature are  seen  in both portal 
and lobular zones. Cholestasis can also be a prominent feature 

Figure 154.87 Peliosis hepatis with blood-filled spaces without endothelial 
lining. (H & E stain; original magnification × 100.) Figure 154.88 Sinusoidal fibrosis and nuclear dysplastic changes in 

methotrexate toxicity. (H & E stain; original magnification × 400.)

Figure 154.89 Portal infiltrate in non-Hodgkin lymphoma. (H & E stain; 
original magnification × 100.)

addition to cholestasis. Rare cases of allopurinol-induced sub-
massive  hepatic  necrosis  have  been  reported.  Morphological 
patterns  of  CAH  can  result  from  hepatotoxicity  from  nitro-
furantoin,  oxyphenisatin,  dantrolene,  papaverine,  and,  occa-
sionally, isoniazid. A number of drugs can elicit granulomatous 
reactions  in  the  liver.  Sulfonamides  cause  granulomas  resem-
bling  sarcoidosis,  either  portal  or  parenchymal.  Allopurinol, 
Dilantin,  quinidine,  nitrofurantoin,  and,  rarely,  isoniazid  can 
cause  a  granulomatous  reaction,  consisting  of  punched-out 
areas of hepatocytolysis replaced by hyperplastic Kupffer cells, 
lymphocytes, and other inflammatory cells in a circumscribed 
fashion  resembling  a  granuloma.  Among  the  drugs  causing 
hepatocyte inclusions, a ground-glass appearance can be caused 
by cyanamide, and proliferation of smooth endoplasmic reticu-
lin (SER), resulting  in a similar appearance, by phenobarbital, 
chlorpromazine, and Dilantin [74].

Portal tract changes
Oral  hypoglycemic  agents  and  tranquilizers  mentioned  previ-
ously, as well as allopurinol, can cause variable degrees of portal 
inflammation and bile duct epithelial abnormalities, resembling 
mechanical  duct  obstruction  or  PBC.  Dilantin  toxicity  results 
in  a  mononucleosis  pattern  along  with  a  portal  inflammatory 
reaction  with  a  predominance  of  eosinophils  (Figure  154.9). 
Allopurinol  causes  portal  eosinophilia  with  a  cholangitic 
reaction.

Vascular changes
Vascular changes include sinusoidal dilation following admin-
istration of oral contraceptive agents or anabolic steroids, and 
azathioprine  therapy,  and  peliosis  hepatis  seen  in  anabolic 
steroid  and  methyl  testosterone  treatment  (Figure  154.87). 
Venous  outflow  occlusion  with  its  hepatic  morphological 
changes can be seen as follows: perivenular sclerosis with sinu-
soidal collagenosis resembling alcohol is associated with hyper-
vitaminosis A, methotrexate (Figure 154.88), azathioprine, and 
some antineoplastic drugs, such as mitomycin C. Venoocclusive 
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patients typically results in numerous clusters of bloated Kupffer 
cells, appearing foamy and containing numerous acid-fast stain-
able organisms (Figure 154.63). No true granulomas are seen. 
Similarly, fungal infections such as cryptococcosis reveal a lack 
of granuloma formation in the presence of organisms identified 
by  special  stains  and cultures. Viral  inclusion bodies of CMV 
and herpes simplex involving either the reticuloendothelial cells 
or  duct  epithelium  cells,  or  parenchymal  cells  can  be  seen. 
Cryptosporidiosis involving the biliary system can be identified 
by  examining  the  luminal  surface  of  the  duct  epithelial  cells 
using special stain such as Giemsa (Figure 154.92). Sclerosing 
cholangitis identified in patients with AIDS has been described 
as a sequela of CMV and cryptosporidiosis of the biliary system 
[76].  In  patients  with  Kaposi  sarcoma  elsewhere  in  the  body, 
liver  biopsy  can  also  exhibit  the  presence  of  the  tumor  [77] 
(Figure  154.93).  Because  these  patients  are  on  a  number  of 

in Hodgkin disease. Liver biopsies  in  leukemias reveal  imma-
ture neoplastic white cells in the sinusoidal spaces as well as in 
the  portal  zones  (Figure  154.45).  Hairy-cell  leukemia  exhibits 
typical leukemic cells in the sinusoidal spaces as well as infiltrat-
ing  the  parenchyma.  Sickle-cell  disease  can  be  diagnosed  by 
identifying clumped red cells as well as sickled cells in the sinu-
soidal spaces (Figure 154.47). Disseminated intravascular coag-
ulation manifests as fibrin thrombi within the sinusoidal spaces.

Acquired immunodeficiency syndrome
Liver  biopsies  in  patients  with  known  acquired  immunodefi-
ciency  syndrome  (AIDS)  should  be  examined  for  evidence  of 
opportunistic  infections  commonly  seen  in  these  patients.  In 
general, the portal areas are relatively lymphopenic, in spite of 
the  inflammatory  processes  in  the  liver  [75]  (Figure  154.91). 
Mycobacterium  avium-intracellulare  (MAI)  infection  in  these 

Figure 154.91 Portal area with lymphopenia in a patient with AIDS. (H & 
E stain; original magnification × 200.)

Figure 154.92 Bile duct epithelium along the luminal surface 
demonstrates the presence of cryptosporidiosis, which are 3–4 m size.  
(H & E stain; original magnification × 400.)

Figure 154.93 Kaposi sarcoma involving the liver. (H & E stain; original 
magnification × 100.)

Figure 154.90 Portal infiltrate in Hodgkin lymphoma with an atypical 
Reed–Sternberg cell. (H & E stain; original magnification × 200.)
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cholestasis  and  high  serum  alanine  aminotransferase  (ALT) 
levels. Ischemia is considered one pathogenetic factor. Balloon-
ing without associated necrosis has a better prognosis and is not 
a sign of graft rejection. Microvesicular fatty change and mild 
acidophilic degeneration of the hepatocytes are manifestations 
of preservation injury.

Cytomegalovirus hepatitis
Cytomegalovirus hepatitis in allografts is often associated with 
parenchymal microabscesses,  seen as small aggregates of neu-
trophils  in  the  hepatic  lobule.  Infected  cells  have  large  eosi-
nophilic  intranuclear  inclusions.  Immunoperoxidase  stains 
demonstrate these inclusions clearly.

drugs  on  a  long-term  basis,  hepatotoxic  changes  due  to  the 
drugs should also be considered in the differential diagnosis.

Pathology of transplantation

Allograft rejection
Following  transplantation,  acute  rejection  is  seen  in  up  to  
70%  of  allografts.  The  histological  characteristics  and  grading  
of  acute  liver  allograft  rejection  have  been  defined  by  the  
International  group  [78].  The  histological  features  include 
portal inflammatory infiltration, inflammation and destructive 
changes of interlobular bile ducts, and endothelialitis involving 
hepatic  and  portal  venous  structures  (Figure  154.94).  Portal 
inflammation consists of activated lymphocytes or “immunob-
lasts,”  neutrophils,  and  eosinophils.  These  cells  infiltrate  the 
epithelial  cells of  interlobular bile ducts.  In addition,  the duct 
epithelium  exhibits  pyknosis  of  the  nuclei,  hydropic  changes, 
and disruption of basement membrane. Endothelialitis is mani-
fest  as  lymphocytes  attached  to  the  venous  endothelium  and 
infiltrating  through  the  subendothelium.  The  hallmark  of 
chronic  rejection  consists  of  progressive  destruction  and  
eventual  loss  of  bile  ducts  [79]  (Figure  154.95).  In  addition, 
there is perivenular cholestasis and multifocal hepatocytolysis. 
There is also evidence of obliterative vascular lesions involving 
hepatic  arteries  and  arterioles.  Chronic  rejection  is  much  less 
common than acute rejection and occurs in about 4% of graft 
recipients.

Harvest or preservation injury
In the majority (54%) of orthotopic hepatic grafts, marked bal-
looning  of  hepatocytes  is  present  in  acinar  zone  3  (Figure 
154.96).  This  usually  occurs  in  the  first  2  weeks  and  in  some 
patients as early as 48 hours. This feature is often associated with 

Figure 154.94 Portal inflammatory infiltrate, changes of interlobular bile 
ducts, and endothelialitis of portal vein radicles in acute rejection. (H & E 
stain; original magnification × 200.)

Figure 154.95 Portal inflammatory infiltrate with loss of bile ducts in 
chronic rejection. (H & E stain; original magnification × 200.)

Figure 154.96 Marked ballooning of the hepatocytes in acinar zone 3 
representing harvest injury. (H & E stain; original magnification × 100.)
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hepatocytes  with  apoptotic  necrosis.  Abundant  HBsAg  and 
HBcAg is demonstrable in hepatocytes. Lymphocytic infiltrates 
are minimal. This morphology has been associated with a poor 
outcome.  Chronic  hepatitis  and  cirrhosis  are  the  eventual 
outcomes.

Recurrent hepatitis C
Reinfection of allografts is universal but the disease progression 
varies widely. Acute changes can be seen as early as 80–90 days 
posttransplant.  They  include  sinusoidal  lymphocytosis,  acido-
philic bodies, and lobular disarray. Portal lymphoid aggregates, 
progressive fibrosis, and changes similar to chronic HCV in the 
nontransplant setting are seen in later stages. A small percentage 
(2%–10%)  of  patients  with  recurrent  HCV  develops  severe 
fibrosing cholestatic hepatitis  similar  to  that seen  in recurrent 
HBV [81].

Recurrent AIH, PBC and PSC
Recurrent  AIH  with  perivenular  inflammation  and  necrosis 
with plasma cell  infiltrate can be  indistinguishable  from acute 
rejection. Recently, Fiel et al. [82] have described de novo AIH 
as a variant of rejection seen in patients with hepatitis C infec-
tion with poor outcome. Recurrence of PBC and PSC has been 
reported  with  histological  features  similar  to  those  seen  in 
native livers.
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Recurrent hepatitis B in allograft
Liver allograft recipients who had chronic hepatitis B with cir-
rhosis invariably develop recurrence of hepatitis B infection of 
the  graft.  Recurrence  usually  develops  more  than  3  months 
posttransplant but can occur earlier in association with an accel-
erated course. Recurrent HBV infection is similar to that seen 
in nonliver-graft patients. The acute process consists of lobular 
disarray  and  ballooning  hepatocytes  with  necroinflammatory 
changes  (Figure  154.97).  Portal  areas  reveal  inflammatory 
hyperplasia without any evidence of bile duct epithelial changes 
or vascular endothelial damage. At  this early  stage, HBcAg  in 
the hepatocytes  is demonstrable by  immunoperoxidase stains. 
Although the acute events can be self-limited, viral infection is 
never  cleared  and  invariably  leads  to  chronic  infection,  with 
progressive  increase  in  the  expression  of  viral  antigens  in  the 
liver. A unique variant of recurrent hepatitis in the allograft is 
termed “fibrosing cholestatic hepatitis” [80]. The characteristic 
pathological  changes  include  periportal  fibrosis  with  thin 
strands  of  pericellular  collagen,  cholestasis,  and  ballooning  of 

Figure 154.97 Perivenular zone with necroinflammatory changes in 
recurrent acute hepatitis B infection of allograft. (H & E stain; original 
magnification × 200.)
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CHAPTER 155

General principles of gastrointestinal  
biopsy interpretation

The key principle of gastrointestinal (GI) biopsy interpretation 
is that the GI tract has a limited repertoire of responses to a host 
of injuries, and diagnosing the type of injury in any given biopsy 
often requires correlation with clinical details. When dealing 
with mucosal biopsies of the GI tract, it should also be noted 
that they only display the mucosa (and possibly a small amount 
of submucosa), a feature that is obvious but sometimes forgot-
ten by endoscopists and pathologists alike. Of course, mucosal 
biopsies should not include muscularis propria. When they do, 
it is a good practice for the pathologist to contact the endo-
scopist and discuss the possibility of endoscopic perforation. A 
discussion of every entity that can be encountered on mucosal 
biopsies is beyond the scope of this chapter, but those most 
commonly encountered and certain classical entities are 
described. (For discussion of the clinical features of the disor-
ders and lesions described below, the reader should refer to the 
relevant chapter in this textbook.)

Overview comments on the GI tract

The innermost layer of the GI tract is the mucosa, consisting of 
three components:
1.	 Epithelium (protective, secretory, or absorptive properties).
2.	 Lamina propria. This is a loose connective tissue zone 

supporting the avascular epithelium. In the esophagus, 
stomach, and small bowel, it is rich in lymphatics whereas 
it is less so in the lower tract. This is of clinical signifi-
cance in evaluating carcinomas as they can attain lymphatic 
access with minimal invasion in the upper tract but not 
in the colon. In the stomach and esophagus, there are 
few immune cells (lymphoid and plasma cells) in the 
lamina propria whereas in the small bowel and colon, 
lamina propria lymphocytes and plasma cells are more 
abundant. Neutrophils are abnormal in either the lamina 
propria or the epithelium. Eosinophils are a normal lamina 
propria constituent but mucosal biopsies from all sites 
must be assessed for prominence in the normal inflam-
matory components.
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Sampling

The most important sampling issues concern sampling error 
and knowing where to biopsy. Whenever feasible, jumbo forceps 
provide better information than smaller ones. There are certain 
general principles that apply to many settings. For example, 
when sampling an ulcer with a clinical concern of cytomegalo-
virus (CMV) infection, it is prudent to sample areas expected 
to harbor granulation tissue since the CMV viral cytopathic 
effect is usually found in endothelial cells. In contrast, if herpes 
simplex viral cytopathic effect is sought, intact epithelium must 
be present on the slides for review. Consequently both types of 
tissue should be sampled when assessing for viral lesions in 
erosions or ulcers in immunosuppressed patients. Similarly, in 
attempting to establish a cancer diagnosis in an ulcerated zone, 
always take more rather than fewer biopsies, as sampling error 
is often a factor. When obtaining biopsies to address the pos-
sibility of microscopic colitis, remember that it is best seen in 
the right and transverse colon; a negative rectal biopsy does not 
exclude “microscopic” colitis. Lastly, remember that gastric 
polyps (other than fundic gland polyps) seldom occur in isola-
tion, but rather in the context of gastric pathology in the sur-
rounding flat mucosa, so it is a good idea to sample this when 
one samples a polyp in the stomach, especially if the polyp is in 
the antrum [1,2]. Of course, this contrasts with the colon, where 
polyps are usually isolated findings; sampling the background 
flat mucosa is only necessary in the setting of inflammatory 
bowel disease.

Esophagus

Nonneoplastic and benign polyps
Inlet	patch	(cervical	gastric	heterotopia)
Inlet patches are believed to be embryologic vestiges from early 
gestation when the esophagus is lined by columnar epithelium. 
They are found in about 1% of patients undergoing upper 
endoscopy assessed retrospectively through biopsy records, but 
incidences of up to 10% are recorded [3,4]. They are found in 
the cervical esophagus and are usually asymptomatic. However, 
there are occasional complications – local injury (webs, stric-
tures, ulcers, fistulas) can result in symptoms (pain and dys-
phagia). Rarely, carcinomas complicate inlet patches.

Inlet patches may be small 0.2–0.3 cm up to about 4 cm. They 
typically consist of oxyntic gastric-type mucosa (containing 
parietal cells) but a transitional or cardiac pattern (lacking 
oxyntic glands and negative for gastrin on immunohistochem-
istry) may also be found. Lesions are often inflamed and may 
occasionally harbor Helicobacter pylori. Intestinal metaplasia 
in inlet patches is occasionally found. Some studies have 
explored a link between inlet patches and Barrett esophagus and 
indeed these conditions are found together more than coinci-
dence would suggest. Of course some studies are difficult to 
interpret since criteria for Barrett esophagus have changed with 

3	 Muscularis mucosae. This is a slender double layer of smooth 
muscle separating the mucosa from the submucosa. Is has  
an inner circular and outer longitudinal arrangement and in 
this respect can be regarded as a miniaturized muscularis 
propria.

The submucosa is composed of connective tissue and houses 
Meissner’s nerve plexus as well as large caliber vessels. The mus-
cularis propria is the main wall of the GI tract and is composed 
of an inner circular and outer longitudinal layer of smooth 
muscle. Between these layers is Auerbach’s nerve plexus. The 
outermost component is either adventitia or serosa. The former 
lacks a mesothelial membrane lining.

Parasympathetic ganglion cells are found in the nerve plexi 
(both Meissner’s and Auerbach’s) but the submucosal Meissner’s 
plexi contain neuronal cell bodies of the intrinsic sympathetic 
nerve system that function on the local area of the gut. These 
are the neurons that have chemoreceptors and mechanorecep-
tors. They synapse on both other ganglion cells and muscle or 
secretory cells.

In assessing any biopsy from the GI tract, the pathologist 
should note the gender, age, and race/ethnicity (if known) of the 
patient and the site of the biopsy. These pieces of information 
are all useful in directing interpretation and the endoscopist 
should provide them as well as a brief synopsis of the indications 
for the biopsies and the clinical concerns. Examples of the utility 
of mentioning simple demographics include celiac disease, 
found in about 1% of all Americans, and infrequently detected 
in Southeast Asians. Collagenous colitis is typically a disease of 
older women as is autoimmune gastritis. Assessments of all 
biopsies from infants should include a systematic review of each 
compartment of the tissue. For example, the epithelial surface 
is reviewed with an eye towards malabsorptive diseases (such as 
microvillus inclusion disease in the small intestine), the lamina 
propria is scanned for the presence of plasma cells (their absence 
suggests common variable immunodeficiency) and the muscu-
laris mucosae is assessed for eosinophils (which should be 
absent).

The type of mucosa in the biopsy is compared to the recorded 
biopsy site to address metaplasias (or “switched” specimens) 
and the normal architectural structures are noted, such as 
villous contours of the small intestine. Before making a diagno-
sis, the features are compared to the history to assure that the 
interpretation “makes sense” in light of the clinical information. 
If the information is scant but required or inconsistent with the 
microscopic findings, this too must be addressed.

With a consistent approach, the pathologist interpreting gas-
trointestinal biopsies can provide important information that 
can occasionally be life-saving (in certain instances of ischemic 
disease) and can often be reassuring to the ever-increasing 
group of patients undergoing GI tract mucosal biopsies. The 
gastroenterologist who remembers that diseases have many 
overlapping histologic features will be better served by supply-
ing clinical details to increase the possibility of the most accu-
rate interpretation.
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studies), or “balloon” cells, which appear distended and have 
pale abundant pink cytoplasm.

Reflux esophagitis is an example of an “-itis” that often lacks 
a prominent component of inflammation. The pathology reflects 
injury to the squamous epithelium, followed by attempts of the 
epithelium to regenerate (Figure 155.1). Mild features of cellular 
injury include balloon cells (squamous cells with ballooned 
cytoplasm from accumulation of plasma proteins) and vascular 
lakes (dilated small blood vessels in the mucosa, not areas of 
hemorrhage, which often are seen endoscopically as erythema, 
or redness). Severe injury can result in mucosal sloughing with 
erosions or ulcers. Regenerative changes include hyperplasia of 
the basal zone to >15% to 20% of the epithelial thickness. The 
upper limit of the basal cell layer can be defined as the level 
above which the nuclei are separated by a distance greater than 
the nuclear diameter [20]. There is elongation of the vascular 
papillae to greater than two thirds of the epithelial thickness. 
Inflammation is typically mild and includes scattered eosi-
nophils. Less commonly, scattered neutrophils are present and 
can be more prominent in cases with more severe injury, includ-
ing erosions and ulcers. Parakeratosis can be a component as 
well (but foci of parakeratosis should still be screened for fungal 
organisms). Fairly reproducible criteria that have been estab-
lished by Fiocca and colleagues [20] as abnormal and associated 
with clinical reflux include:
• thickened basal layer (>15% or 5–6 layers)
• increased papillary length (>50% of the squamous 

thickness)
• intraepithelial eosinophils, neutrophils (>1–2 cells/40× field)
• intraepithelial mononuclear cells (>10/40× field)
• filated/widened intercellular spaces (which may appear as 

“bubbles” or “ladders”).
It is important to keep in mind that the severity and extent 

of the histologic changes seen on a biopsy does not necessarily 
correlate well with the severity of the patient’s symptoms (heart-
burn or pyrosis).

the recent requirement for intestinal metaplasia to diagnose 
lesions as Barrett esophagus (see section further on Barrett 
esophagus). Pancreatic tissue may also be a component of “inlet 
patch”.

Glycogenic	acanthosis
Glycogenic acanthosis of the esophagus is a common benign 
entity [5–19], found in up to 15% of esophagi (but probably 
overall in closer to 3% of cases [19], characterized by single or 
multiple plaques of hyperplastic squamous epithelium with 
abundant intracellular glycogen deposits. Lesions appear as 
slightly raised grey-white plaques which are usually 2–10 mm 
in diameter and may be confluent. They cause a finely nodular 
or cobblestone mucosal pattern demonstrable on double-
contrast views of the well-distended esophagus. The findings are 
not associated with mucosal ulcerations, luminal narrowing, or 
mobility disturbance, although some patients may have coexist-
ent hiatal hernia and gastroesophageal reflux. There is also an 
association of glycogenic acanthosis with Cowden’s disease. It 
does not appear to be linked with diabetes and it does not 
regress with acid suppression when associated with reflux 
disease. In one Japanese study, it was commonly found in adja-
cent nonneoplastic mucosa in patients with squamous cell car-
cinoma of the esophagus [12].

In general, it is essentially an incidental finding. The endo-
scopist notes a white plaque and a biopsy displays prominent 
intraepithelial glycogen extending to within one cell layer of the 
basement membrane with just a single row (or two) of basal cells 
between the glycogenized squamous cells and the basement 
membrane. For the endoscopist, the differential diagnosis is 
with Candida esophagitis whereas pathologists often do not 
notice glycogenic acanthosis. However, probably the most 
important reason for the pathologist to diagnose patients with 
glycogenic acanthosis is to provide the endoscopist with an 
explanation for the abnormal gross appearance of the biopsied 
lesion.

Findings	in	mechanical/anatomic	disorders
Typically, biopsies from webs, rings, and from the squamous 
mucosa in patients with achalasia display normal squamous 
mucosa unless the condition has resulted in long-term reflux. 
There may be parakeratosis, a response to the process of food 
passing over the protuberant ring or the constricted segment, 
or erosions may appear where retained food presses on the static 
segment proximal to the attenuated lumen.

Reflux	disease
Gastroesophageal reflux disease (GERD) is among the most 
common of gastrointestinal track disorders and many patients 
undergo endoscopic biopsies in the course of evaluation for 
reflux symptoms. Findings in these can range anywhere from 
“classic” reflux changes (basal cell hyperplasia, elongation of 
vascular papillae, and intraepithelial eosiniphils), to ulcers, 
intraepithelial lymphocytosis (which correlates poorly with pH 

Figure 155.1 Reflux esophagitis.
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than in cases without mucosal injury. Iron medication (usually 
ferrous sulfate) was confirmed in 25 of 33 patients (76%). 
However, as an argument for iron causing injury as a secondary 
event, half of the patients (17 of 33, 51%) also had underlying 
infectious, mechanical, toxic, or systemic medical conditions 
that could have initiated or exacerbated tissue injury.

Kayexalate
The use of Kayexalate (sodium polystyrene sulfonate) for the 
management of hyperkalemia was approved for use in the 
United States in 1975. It is a cation-exchange resin that can be 
instilled into the lower GI tract as an enema preparation, or into 
the upper GI tract either orally or by nasogastric tube. When 
administered orally, or by nasogastric tube, sodium cations  
are first released from the resin and exchanged for hydrogen 
ions in the acidic milieu of the stomach. As the resin passes 
through the intestines, hydrogen is exchanged for potassium, 
which is then eliminated in the feces along with the remainder 
of the altered resin, thereby lowering the serum potassium 
concentration.

In the early use of Kayexalate, the resin was administered as 
a suspension in water. Although generally well tolerated, some 
patients were reported to develop gastric and bowel opacifica-
tions as a result of concretions of resin. It therefore became 
increasingly popular to administer Kayexalate in a suspension 
with hypertonic sorbitol, which reduces the frequency of bezoar 
formation and colonic impaction by promoting an osmotic 
diarrhea. Subsequently Lillemoe and colleagues reported five 
uremic patients who developed colonic necrosis temporally 
associated with the use of Kayexalate in sorbitol that contributed 
to death in four of the five patients [22]. That study also pro-
vided experimental (murine) evidence implicating sorbitol as 
the agent responsible for colonic necrosis.

It has become apparent that Kayexalate can be associated with 
severe mucosal injury in the upper GI tract as well [23]. In most 
instances, the medication is easy to recognize in endoscopic 
biopsies (Figure 155.3).

Kayexalate crystals are lightly basophilic on hematoxylin and 
eosin (H & E) stain, red on PAS/Alcian blue and acid-fast stains, 
and blue on Diff-Quik staining. Crystals display a characteristic 
crystalline mosaic pattern resembling fish scales. It is this 
mosaic pattern that allows the distinction from between Kayal-
exate crystals and histologically similar cholestyramine crystals. 
Kayexalate crystals are refractile but not polarizable.

Taxol/colchicine
Taxol, an antineoplastic agent with a novel mechanism of action, 
can cause striking mitotic arrest (Figure 155.4) associated with 
epithelial necrosis and ulceration of the esophagus [24]. The 
mitotic arrest is associated with bundling of intermediate fila-
ments secondary to accumulation of polymerized microtubules. 
Thus the histologic correlate is the presence of arrested mitoses 
with ring forms. With taxol, the findings tend to be striking in 
the esophagus, whereas, in colchicine toxicity, which has similar 

Severe complications of GERD are unusual. Complications 
include development of an ulcer, bleeding from an ulcer, and a 
stricture formation resulting from scarring, due to deep injury. 
The complication of Barrett esophagus occurs in approximately 
10% of patients with symptomatic reflux.

Injury	due	to	chemical	or	physical	agents
There are a few agents resulting in injury that leave a “footprint” 
that can be recognized on biopsies although often there is no 
microscopic clue.

Iron
In our patient population, in which inpatients are well-
represented, mucosal iron (ferrous sulfate) is found in about 1% 
of patients undergoing upper tract endoscopic biopsies. Iron is 
well-recognized for its capacity to cause corrosive injury in the 
esophagus. While it can be argued that such a phenomenon is 
a result of a prior injury in which an iron tablet becomes embed-
ded, the corrosive and toxic nature of iron itself suggests that 
the iron pill has caused the injury. Abraham and colleagues [21] 
studied the clinical and histologic features of 36 upper GI tract 
biopsies from 33 patients (24 gastric, 9 esophageal, 1 gastro-
esophageal junction, and 2 duodenal) containing characteristic 
brown crystalline iron material, and evaluated the amount and 
tissue distribution of the iron. The biopsies typically displayed 
luminal crystalline iron adjacent to the surface epithelium or 
admixed with luminal fibrinoinflammatory exudates (Figure 
155.2). Most biopsies (83%) showed crystalline iron deposition 
in the lamina propria, either covered by an intact epithelium, 
subjacent to small superficial erosions, or admixed with granu-
lation tissue. Three biopsies (8%) demonstrated iron-containing 
thrombi in mucosal blood vessels. Erosive or ulcerative mucosal 
injury was present in the majority of biopsies (83%). The amount 
of iron accumulation in cases with mucosal injury was greater 

Figure 155.2 Iron pill esophagitis. The brown material in the image is 
iron pigment. The associated squamous epithelium shows reparative 
features.
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secondary to contact between the pill and the esophageal 
mucosa (pill esophagitis). Abraham and colleagues reported 10 
patients who experienced erosive/ulcerative esophagitis while 
ingesting alendronate [29]. Biopsies from all patients showed 
inflammatory exudates and inflamed granulation tissue as char-
acteristic of any ulcer site. Polarizable crystalline foreign mate-
rial was present in 6 of 10 biopsies (60%). Multinucleated giant 
cells, within the inflammatory exudates, were near the crystal-
line foreign material in 3 of 10 biopsies (30%). Adjacent squa-
mous epithelium typically showed active inflammation and a 
reactive appearance with enlarged, hyperchromatic nuclei. 
Multinucleated squamous epithelial giant cells were present in 
2 of 10 cases (20%). Micro-organisms were unusual; scattered 
fungi and/or viral inclusions were present in only 2 of 10 biop-
sies (20%). Although there is no specific histologic finding, it is 
worthwhile to be aware of this complication with such medi-
cines and relay that concern appropriately to the clinician. There 
have been reports of esophageal mucosal injury in patients 
taking all of the bisphosphonates, but it is likely that many of 
the patients had additional risk factors. In a study that adjusted 
for the risk of esophagitis, esophageal ulcers, and esophageal 
perforations before and after initiation of the bisphosphonates, 
only alendronate, and etidronate were associated with an 
increased risk of esophageal damage [30].

The Food and Drug Administration (FDA) has also received 
reports of esophageal cancers developing in patients taking 
alendronate [31]. However, when this issue is studied with 
proper controls, there seems to be no causal association between 
bisphosphonate use and esophageal carcinomas [32–37].

Although biphosphonates are classically associated with 
esophageal injury, other medications can lodge in this area and 
induce similar damage. As with biphosphonates, pill fragments 
may be evident microscopically.

Corrosive ingestion (e.g. lye, bleach)
Like the esophageal injury associated with Fosamax, corrosive 
injury does not result in a specific pattern of injury (although 
saponification may accompany lye ingestion) and cannot be 
identified directly (like iron or Kayexalate). However, it can 
usually be correlated with an ingestion history in a pediatric or 
psychiatric patient. Endoscopically, severe ulceration is seen 
and endoscopists have described a strong bleach-like odor even 
when the patient has ingested lye. Microscopically, extensive 
necrosis is found. Those who survive are likely to have severe 
stricturing disease with all its complications. Such patients 
require lifetime follow-up based on their proclivity to develop 
squamous cell carcinoma [38].

Graft	versus	host	disease
Biopsies from patients with graft versus host disease (GVHD) 
in the esophagus show intraepithelial lymphocytosis, basilar 
vacuolization, epithelial apoptosis (Figure 155.5), and necrosis 
in severe disease. Many patients manifest a characteristic endo-
scopic appearance [39–47], and a bullous presentation akin to 

histologic findings, the small bowel is more likely to be severely 
altered.

Bisphosphonates/Fosamax
The bisphosphonates (BPs) prevent osteoclast-mediated bone 
reabsorption. Therefore, they have been found to be effective in 
the treatment of osteoporosis, Paget disease, and the hypercal-
cemia of malignancy [25].

Ingestion of alendronate sodium (Fosamax) and related med-
ications by osteoporotic patients has been associated with 
esophagitis and esophageal ulcer as well as with gastroduodenal 
ulcers [26–28]. Alendronate can damage the esophagus both by 
toxicity from the medication itself and by nonspecific irritation, 

Figure 155.3 Kayexalate (sodium polystyrene sulfonate). Note the fish 
scale-like appearance of the crystalline material.

Figure 155.4 Taxol effect. This process involves metaplastic columnar 
mucosa in the esophagus. The ring mitoses are an indication of mitotic 
arrest.



Endoscopic mucosal biopsy – histopathological interpretation CHAPTER 155   2985

The pathologic features of esophageal lichen planus differ 
from those in skin. The epidermal reaction in cutaneous lichen 
planus typically includes hypergranulosis, hyperorthokeratosis, 
acanthosis, and “saw-tooth” elongation of the rete pegs. In con-
trast, the esophageal epithelium, which does not normally 
contain orthokeratin or a granular layer, frequently shows par-
akeratosis rather than orthohyperkeratosis and frequently lacks 
hypergranulosis. In addition, the epithelium may be atrophic. 
The histologic features, therefore, more closely resemble those 
of oral rather than cutaneous lichen planus. All sites of involve-
ment reveal the typical band-like inflammatory infiltrate with a 
predominance of mature T cells and basal layer degeneration, 
including characteristic Civatte bodies (Figure 155.6).

Lymphocytic infiltration alone is not diagnostic of esopha-
geal lichen planus. Medications (gold, thiazides, and antimalar-
ials) can induce lichen planus-like lesions and must be excluded 
by clinical history and a lymphocytic esophagitis pattern is 
often a feature of esophageal Crohn’s disease. Patients with HIV 
or viral hepatitis can manifest a lichenoid esophagitis [49]. 
Although infectious agents are usually easily excluded on 
biopsy material, exclusion of esophagitis resulting from pill 
ingestion or caustic substances requires clinical correlation. In 
addition, lymphocytic infiltrates are occasionally prominent, 
although often focal, in patients with gastroesophageal reflux. 
Reflux can usually be excluded on the basis of other criteria 
such as the lack of clinical symptoms, the results of pH probe 
studies, and the failure of the inflammatory condition to 
respond to intensive antireflux therapy. Other histologic criteria 
for gastroesophageal reflux, including intraepithelial eosi-
nophils, are also usually absent. Furthermore, the typically 
upper or mid-esophageal locations of the pathologic findings 
and stricture sites would be unusual in gastroesophageal reflux 
disease. However, it is difficult to positively diagnose lichen 
planus on histology; it can only be suggested and correlated 
with other features. Systemic treatment is usually required to 

that of bullous pemphigoid is one of the possible presentations. 
Probably the most important goal in patients in whom GVHD 
is a clinical consideration is to exclude infectious etiologies 
since generally such patients are empirically treated with 
steroids.

Dermatologic	disease	affecting	the	esophagus
Dermatologic conditions that are well known to involve the 
esophagus include pemphigus vulgaris, mucous membrane 
bullous pemphigoid, epidermolysis bullosa, lichen sclerosis, 
lichen planus, and toxic epidermal necrolysis. Esophageal 
involvement by cutaneous diseases is not well recognized by 
pathologists or clinicians, resulting in delayed diagnosis and 
continued esophageal inflammation. In the case of lichen 
planus, for example, dysphagia and esophageal strictures are 
frequently initially attributed to reflux disease.

Lichen planus [48] is a subacute to chronic mucocutaneous 
disorder of unknown etiology. It can involve the skin, nails, and 
mucosal surfaces. Lichen planus of the skin affects both genders 
with equal frequency at any age, but most patients are middle-
aged adults. Cutaneous lichen planus is characterized by erup-
tions of violaceous, scaling papules, and plaques. These plaques 
typically are intensely pruritic and most commonly localized to 
the extensor surfaces of the forearms and legs. Mucosal lichen 
planus may affect the perineum, oral mucosa, and pharynx. 
Unlike cutaneous disease, mucosal lichen planus predominantly 
affects middle-aged women. Oral involvement, in particular, 
coexists with skin lesions in approximately 30% to 50% of 
patients, but can be the only manifestation.

Esophageal lichen planus is a rarely described manifestation. 
It is an important diagnosis because of its tendency to cause 
persistent dysphagia resulting from esophagitis and stricture 
formation. Further trauma resulting from therapeutic dilation 
can lead to exacerbation of oral lichen planus in a Koebner-like 
phenomenon.

Figure 155.5 Graft versus host disease. There is extensive squamous 
epithelial apoptosis such that the nuclear resemble specks of dust.

Figure 155.6 Lichen planus involving the esophagus. This field shows 
prominent intraepithelial lymphocytosis and necrotic squamous cells.
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forestall stricturing disease whereas topical treatment is often 
sufficient for oral lesions.

Bullous diseases
The bullous diseases are similarly challenging to diagnose spe-
cifically in the esophagus and must also be correlated with clini-
cal findings. When esophageal biopsies show bullae, in the 
absence of an infectious explanation, additional biopsies can be 
submitted fresh for immunofluorescence studies to arrive at a 
more specific diagnosis.

Pemphigus	vulgaris (PV), the most common form of pem-
phigus, affects the sexes equally, most commonly during the 
fourth and fifth decades. Skin and the mucous membrane 
involvement are typical. Although any mucosal surface can be 
involved, oral lesions are the hallmark; these occur in almost 
every case and are the presenting sign in half of affected patients.

There are a few reports of esophageal involvement in PV, 
which was believed to be rare in early literature, but it is found 
in most patients if sought [50]. Because patients with esophageal 
involvement may be asymptomatic, such involvement has been 
under-recognized. Although esophageal involvement may be 
frequent in active mucocutaneous PV, its occurrence in the 
absence of other manifestations of the disease is rare [51].

Odynophagia and dysphagia are the usual symptoms of 
esophageal PV, as with other mucosal blistering diseases, includ-
ing herpetic or esophageal candidiasis. Endoscopy is required 
for diagnosis; it allows evaluation of the appearance of the 
lesions and tissue sampling. Essentially normal esophageal 
mucosa may be seen on initial passage of the endoscope, fol-
lowed by the appearance of erosions and sheets of sloughed 
mucosa on withdrawal of the instrument. Histopathologic find-
ings of suprabasal clefting, cells with a “tombstone” appearance, 
and acantholysis are features of PV; immunofluorescence shows 
intercellular deposition of IgG and C3. Indirect immunofluores-
cense detects pemphigus antibodies in about 75% of cases; a 
negative result can occur if the disease is in remission, or in an 
early localized stage.

Bullous	pemphigoid (BP) affects the esophagus more rarely 
than other skin diseases [52,53]. It is a chronic, autoimmune, 
subepidermal, blistering skin disease that rarely involves mucous 
membranes. It primarily affects elderly individuals in the fifth 
through seventh decades of life (average age at onset – 65 years). 
In France and Germany, the reported incidence is 6.6 cases per 
million people per year. In Europe, BP was identified as the most 
common subepidermal autoimmune blistering disease. The 
mucosa is affected in 10%–25% of patients.

Bullous pemphigoid is characterized by immunoglobulin G 
(IgG) autoantibodies specific for the hemidesmosomal BP anti-
gens BP230 (BPAg1) and BP180 (BPAg2). IgG autoantibodies 
bind to the epithelial basement membrane and activate comple-
ment and inflammatory mediators. Eosinophils are characteris-
tically found in bullae, although their presence is not an absolute 
diagnostic criterion. Serum levels of autoantibodies against 
BPAg2 correlate with disease activity in some studies.

Esophagitis caused by infectious agents
When an infectious etiology is suspected in erosive esophagitis, 
the endoscopist should biopsy the base of the erosion/ulcer to 
detect cytomegalovirus (CMV) (Figure 155.7) whereas the epi-
thelium is more likely to demonstrate herpes simplex virus 
(HSV) (Figure 155.8). Greenson has demonstrated that a prom-
inent mononuclear infiltrate adjacent to the infected epithelium 
often accompanies HSV esophagitis and is a clue to search for 
the organism [54], whereas macrophages tend to be present in 
a perivascular distribution in granulation tissue as a clue to 
search for CMV esophagitis [55]. In the case of HSV, the back-
ground infiltrate may suggest the need to perform immunohis-
tochemistry for HSV as the organisms may not be apparent on 
routine H & E stains. Zones of parakeratosis, however small, are 

Figure 155.7 Cytomegalovirus esophagitis. An endothelial cell in the 
center of the field is affected. There is a large intranuclear inclusion.

Figure 155.8 Herpes simplex virus esophagitis. The infected cells are 
multinucleated with “smudged” nuclei.
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diarrhea, malabsorption, and protein losing enteropathy. Sub-
mucosal disease presents as obstruction and abdominal pain, 
and patients can develop eosinophilic ascites with serosal 
involvement. Rarely patients can present with an acute abdomi-
nal emergency necessitating emergency laparotomy.

Patients with eosinophilic esophagitis (limited to esophagus) 
present with dysphagia and strictures. The differential diagnosis 
is with reflux esophagitis. However, unlike in reflux esophagitis, 
the upper and mid esophagus are commonly affected with rela-
tive distal sparing. In striking cases, the esophagus can display 
“rings” on endoscopy, an appearance termed “feline esophagus” 
since this appearance resembles that seen in cats [58–60].

On histologic examination, superficial epithelial clusters of 
eosinophils that slough into the lumen are more common in 
eosinophilic esophagitis and there may be infiltration present 
deep in the esophageal wall and not just limited to mucosa in 
eosinophilic esophagitis. The eosinophilic infiltrate can be 
patchy and multiple, localized or diffuse. In 10% of cases, 
mucosal biopsies can be nondiagnostic due to the patchy nature 
of the disease or mucosal sparing. In daily practice, there are 
cases in which a distinction between allergic/eosinophilic 
esophagitis and reflux esophagitis cannot be made on histologic 
grounds and the diagnosis requires correlation with pH moni-
toring studies, or with other stigmata of allergic disease. A 
threshold of 15 eosinophils per high-power field (HPF) is sug-
gested for diagnosis [61]. The distinction between reflux and 
eosinophilic esophagitis can have significant management 
implications as patients with eosinophilic esophagogastroen-
teritis may respond to steroids while use of these agents in 
patients with GERD would be inappropriate.

Crohn’s	disease	affecting	the	esophagus
Reports on the prevalence of esophageal Crohn’s disease vary 
widely in both adults and children. Decker and colleagues [62] 

worth study at high magnification to exclude Candida (Figure 
155.9). Pseudohyphal forms must be sought since budding yeast 
alone might be a reflection of oral contamination, or coloniza-
tion. Bacterial esophagitis is poorly understood. Walsh and  
colleagues [56] proposed a definition of “histopathologically 
demonstrable bacterial invasion of esophageal mucosa or deeper 
layers with no concomitant fungal, viral, or neoplastic involve-
ment or previous surgery of the esophagus.” Bacterial esophagi-
tis should be considered in immunocompromised patients 
presenting with odynophagia and may not be accompanied by 
an inflammatory response, but simply by numerous bacterial 
forms seen “embedded” in the squamous mucosa. Apparently 
bacterial esophagitis can be a source of occult sepsis [57].

Allergic/eosinophilic	esophagitis
Overall, eosinophilic esophagogastroenteritis is an uncommon 
benign inflammatory condition characterized by eosinophilic 
infiltration of GI tract. The diagnostic criteria include gastroin-
testinal symptoms; eosinophilic infiltration of the GI tract 
usually with intraepithelial eosinophils; and no evidence of 
parasitic infestation. Many patients (in addition to their GI 
involvement) also have a history of allergy, asthma, drug sensi-
tivities, peripheral eosinophilia and increased IgE levels. 
Although food intolerance has been postulated as an etiologic 
factor, most cases lack a specific allergen and are attributed 
multiple allergens. Eosinophilic esophagogastroenteritis pre-
dominantly affects patients in the third to sixth decades. 
However, 15%–20% of cases are seen in the pediatric age group 
and, in some cases, milk allergy may be demonstrated.

Any part of GI tract from the esophagus (Figure 155.10) to 
the rectum can be involved-the stomach and small bowel are 
commonly involved. Eosinophilic esophagogastroenteritis can 
show preferential involvement of the mucosa, muscularis 
propria, or serosa. Symptoms depend on the site and extent  
of eosinophilic infiltration. Mucosal disease can present as 

Figure 155.9 Candida esophagitis. This periodic acid Schiff (PAS) stain 
highlights pseudohyphal forms.

Figure 155.10 Eosinophilic esophagitis. Numerous eosinophils, some 
degranulating, are seen in both the epithelium and the lamina propria. 
Far fewer eosinophils are seen in reflux esophagitis. Compare this image 
to Figure 155.1.
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lesions can also be found in pediatric patients with classic ulcer-
ative colitis [67].

Polyps
Fibrovascular	polyps	of	the	esophagus
Giant fibrovascular polyps (GFVP) are rare, benign peduncu-
lated intraluminal masses that originate in the esophageal sub-
mucosa, usually in the area of the cervical esophagus. These 
lesions are characterized by their tendency to attain enormous 
sizes (up to 25 cm) and their ability to cause peculiar clinical 
symptoms. Although the main presenting complaint is dys-
phagia (87%), some patients report odynophagia, substernal 
chest pain, epigastric pain, intermittent regurgitation of undi-
gested food, and weight loss. Respiratory complaints may also 
occur including cough, choking, wheezing, or inspiratory 
stridor. A giveaway piece of information to those familiar with 
the entity is when patients report a history of regurgitation of a 
fleshy mass into the pharynx or mouth and subsequently swal-
lowing it [68]. Endoscopic biopsies do not play a major role in 
diagnosis and, in fact, may lead to misdiagnosis when the 
pathologist is unaware of the radiologic and clinical findings 
[69]. Imaging is key in the diagnostic work-up of these patients 
with barium studies revealing a sausage-shaped intraluminal 
mass with smooth or lobulated contours and bulbous distal tips. 
Barium is seen surrounding the lesions, indicative of intralumi-
nal location. On CT, the appearance is heterogeneous with 
varying proportions of soft tissue and fat density [68]. Histo-
logic exam reveals polypoid masses covered by unremarkable 
squamous epithelium composed of varying amount of fibrovas-
cular and adipose tissue. A rare case of rhabdomyomatous well-
differentiated liposarcoma has been described in association 
with this entity [70]. An atypical lipomatous tumor/well dif-
ferentiated liposarcoma supported by positive immunohisto-
chemical staining with MDM2 (amplified gene on chromosome 

reported that only 20 of 9900 (0.2%) adults with Crohn’s disease 
seen over a period of 22 years had esophageal involvement. A 
higher prevalence was reported by D’Haens (11%) [63]. Both 
studies were retrospective and used only macroscopic endo-
scopic evidence that likely resulted in an underestimation of the 
prevalence. In contrast, a prospective study of esophageal 
Crohn’s disease in adults yielded a prevalence of 5.1% [64]. 
There have been few pediatric studies. In one prospective study, 
endoscopy identified in esophageal Crohn’s disease 2 of 40 (5%) 
children with Crohn’s disease, and a total of 17 of 40 (42.5%) 
had histologic evidence of esophageal Crohn’s disease [65]. In a 
large cohort of 210 children with Crohn’s disease the lowest 
estimate of prevalence for endoscopic esophageal Crohn’s 
disease was 7.6% and the highest estimate was 17.6% when 
including histology findings as diagnostic criteria [66]. These 
findings suggest that the prevalence of esophageal Crohn’s 
disease in adults and children may be similar and is at least 5%. 
There is wide variability in the clinical manifestations of esopha-
geal Crohn’s disease and many patients do not have specific 
esophageal symptoms. Isolated esophageal Crohn’s disease is 
uncommon.

Esophageal Crohn’s disease is usually associated with 
advanced ileocolonic disease but upper GI tract symptoms do 
not always correlate well with endoscopic and biopsy findings. 
Cameron [66] reported upper GI symptoms were present in 
only 15% of children with Crohn’s disease but found that 42% 
had endoscopic lesions. Alcantara found that 17% of 41 adults 
had upper GI symptoms but only 5% had endoscopic esopha-
geal Crohn’s disease [64]. In the pediatric age group, there is 
often an overlap of symptoms (such as nausea, anorexia, and 
abdominal pain) between esophageal and small bowel Crohn’s 
disease. It is therefore difficult to identify an upper gastrointes-
tinal site of disease based on clinical evaluation alone. Thus 
upper endoscopy and biopsies are important in the evaluation 
of pediatric inflammatory bowel disease, even in the asympto-
matic child.

The presence of histologic abnormalities in radiologically 
and endoscopically normal mucosa is not unusual. Hence, 
endoscopy with biopsy is generally considered the gold stand-
ard for diagnosis of early asymptomatic lesions. The spectrum 
of esophageal injury in Crohn’s disease varies from mild 
esophagitis with small erosions to transmural involvement 
with perforation and fistulization to adjacent organs. In addi-
tion to aphthous ulcers, other findings in esophageal Crohn’s 
disease are erythema, ulceration, erythematous nodules, and 
polypoid lesions. Pseudomembrane formations, progressive 
esophageal narrowing resulting in strictures and formations 
of multiple mucosal bridges, have been described in advanced 
stages.

Epithelioid granulomatas in the correct clinical setting are 
considered diagnostic for Crohn’s disease (Figure 155.11). Focal 
infiltration with mononuclear cells and histiocytes into the 
lamina propria that extends to the muscular layer is in keeping 
with Crohn’s esophagitis. Unfortunately, nonspecific upper tract 

Figure 155.11 Crohn’s disease involving the esophagus. There is a 
prominent lymphoplasmacytic infiltrate. A granuloma is seen in the lower 
center portion of the field.
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Barrett esophagus
Barrett esophagus (BE) is a change of the esophageal mucosa of 
any length that is visible at endoscopy, and contains intestinal 
metaplasia on biopsy [81]. While in the USA intestinal meta-
plasia is still (as of 2011) required for a diagnosis of BE, the 
American Gastroenterological Association (AGA) has defined 
BE as follows: “the condition in which any extent of metaplastic 
columnar epithelium that predisposes to cancer development 
replaces the stratified squamous epithelium that normally lines 
the distal esophagus” [82]. This acknowledges the view of British 
(and Japanese) colleagues that either cardia or intestinal-type 
epithelium supports the diagnosis of BE [83], but the AGA has 
opted to retain the requirement for intestinal metaplasia in the 
USA as of 2011 [82]. Because of their increased risk of malig-
nancy, patients are subjected to periodic surveillance esoph-
agogastroduodenoscopies with biopsies to identify patients  
with dysplasia, who are at an even higher risk of developing 
carcinoma.

Histologic requirement for intestinal metaplasia ensures that 
patients with hiatal hernias are not placed in the same risk 
category as those more likely to progress to adenocarcinoma. 
However, it is well known that intestinal metaplasia can often 
be found at the gastroesophageal (GE) junction when no endo-
scopic lesion is apparent. This was first systematically studied 
by Spechler and colleagues, who found that among 142 patients 
without endoscopically apparent Barrett esophagus, 26 (18%) 
had intestinal metaplasia [84]. All these patients were white, and 
the male-to-female ratio was 1.9. In contrast, non-whites 
accounted for 14% of the 114 patients without intestinal meta-
plasia and the male-to-female ratio was 0.8. The groups did not 
differ significantly in the frequency of symptoms or endoscopic 
signs of GE reflux. From these data, Spechler and colleagues 
concluded that adults frequently had unrecognized segments of 
specialized columnar mucosa (displaying intestinal metaplasia) 
at the GE junction, and raised the possibly that this might 
underlie the rising frequency of cancer of the GE junction in 
the USA and Europe [85–90]. In all likelihood, the soil in which 
intestinal metaplasia in the esophagus develops, at least in a 
subset of patients, is acquired cardiac-type metaplasia, as a con-
sequence of reflux [91,92]. The gastric cardia, itself, seems to be 
a very small zone in utero and in babies, which expands proxi-
mally as a consequence of injury (reflux). As such, pathologists 
currently evaluating esophageal biopsies or GE junction biop-
sies should probably report precisely what is seen, and apply the 
term “Barrett esophagus” to biopsies that are from the tubular 
esophagus and show intestinal metaplasia.

Dysplasia	in	Barrett	esophagus
Dysplasia refers to neoplastic change in epithelium that remains 
confined to the neoplastic gland in which it arose. In other 
organ systems, usually the term “intraepithelial neoplasia” is 
applied, but “old fashioned” terminology remains in place for 
the hollow viscus organs. Criteria in the esophagus were estab-
lished at a consensus meeting [93].

12q15 in cases of liposarcomas and atypical lipomatous tumors) 
and p53 has also been reported [71]. Such tumors have been 
variably regarded as liposarcomas in the past and most have 
behaved indolently, presumably because they came to medical 
attention when relatively small. As such, we are unaware of 
reports of dedifferentiation in such neoplasms. Removal is nec-
essary due to potentially life-threatening complications related 
to airway obstruction as a result of polyp regurgitation [72,73]. 
Esophagotomy is typically required for excision although a few 
cases have been removed endoscopically [74,75]. Recurrences 
have been reported [76].

Squamous	papillomas
These are uncommon lesions usually found incidentally at 
endoscopy [77,78].

Squamous papillomas are seen as tiny polyps at endoscopy. 
On histologic evaluation, they consist of bland polypoid squa-
mous mucosa with fibrovascular cores (Figure 155.12). Excep-
tional cases display viral cytopathic effects. Several studies have 
evaluated the presence of HPV in these lesions by both immu-
nohistochemistry and in situ hybridization [77–80]. They are 
negative in most cases and the possibility of PCR contamination 
would seem likely in one of the studies [80]. However, a subset 
of patients with HPV-associated laryngeal papillomatosis has 
HPV-related squamous papillomas of the esophagus and occa-
sional esophageal examples have been reported unassociated 
with laryngeal lesions.

Squamous papillomas of the esophagus do not appear to 
“degenerate” into esophageal malignancies, and no dysplasia is 
seen histologically. Evidence of recurrence is unusual, but syn-
chronous or metachronous carcinomas of the ororespiratory 
tract have been described. Many reports suggest a role for 
mucosal injury and regeneration in the pathogenesis of these 
lesions. The association with other malignancies may be signifi-
cant but, in our material, these have been “incidental” lesions.

Figure 155.12 Squamous papilloma of the esophagus. Squamous mucosa 
coats fibrovascular cores.
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of dysplasia but which showed surface maturation in the indefi-
nite category whereas other observers have used the indefinite 
category as a “wastecan” [94]. Cases in the indefinite category 
could have normal architecture or some degree of glandular 
crowding. On cytologic evaluation, lesions could have hyper-
chromasia, nuclear membrane irregularities, and increased 
mitoses in the deeper aspects and these matured to the surface. 
Loss of nuclear polarity was not a feature of indefinite. In the 
presence of inflammation, more striking architectural abnor-
malities were to be included in the indefinite category. This 
interpretation can also be applied when tangential embedding 
does not allow assessment between the glands and the surface. 
Some cases display peculiar morphology and it is unclear 
whether they are neoplastic or reparative. We often offer an 
explanation for resorting to this category as a note when it is 
assigned.

Barrett esophagus, low-grade dysplasia In Barrett esophagus 
with low-grade dysplasia (LGD) (Figure 155.14), the surface 
appears similar to the underlying glands at low magnification 
or displays only slight maturation. The architecture may be 
mildly to markedly distorted with glandular crowding although 
lamina propria should be identifiable between glands. The cyto-
logic features are important and the changes should extend at 
least focally to the surface. These include nuclear hyperchroma-
sia with some chromatin clumping. The nuclei show nuclear 
membrane irregularities but not pronounced nuclear enlarge-
ment, although there may be focal marked enlargement if the 
other features support an interpretation of LGD. Nucleoli are 
not typically prominent in LG. Loss of nuclear polarity is not a 
feature of low-grade dysplasia, though nuclear stratification 
similar to that seen in colonic adenomas is within the spectrum 
of LGD and may be present at the surface. Inflammation is 

Grading dysplasia in Barrett esophagus
Algorithm The algorithm outlined is based on four mucosal 
features in Barrett esophagus. The algorithm presupposes that 
the biopsy in question is taken from the esophagus containing 
compatible endoscopic features of Barrett esophagus, and that 
intestinal metaplasia is found.
• surface maturation compared to the underlying glands
• architecture of the glands
• cytological features
• inflammation and erosions/ulcers.

Applying the algorithm, the classification of dysplasia is as 
follows.

Barrett esophagus, negative for dysplasia In Barrett esophagus 
without dysplasia (Figure 155.13), the surface appears more 
mature than the underlying glands in that the nuclear-to-cyto-
plasmic ratio of surface cells is lower than that of the deeper 
glands. The architecture is normal, with abundant lamina 
propria between glands. The cytological features are normal, 
noting that mitoses may be present in deeper glands as well as 
nuclear stratification. The individual nuclei should have smooth 
nuclear membranes, and nucleoli, if present, should be small 
with smooth outlines. Nuclear polarity should be maintained in 
deep and superficial aspects of the biopsy. If inflammation is a 
component, reparative features may be present. In this setting, 
nuclear membranes should remain smooth, although the cells 
may display nuclear-to-cytoplasmic enlargement and nucleoli 
may become more prominent but retain smooth contours. The 
surface should show maturation compared to the deeper glands 
but there may be some loss of surface mucin.

Barrett esophagus, indefinite for dysplasia Using the algorithm, 
included cases which had deeper cytologic changes suggestive 

Figure 155.13 Barrett esophagus, negative for dysplasia. Note the goblet 
cells. There is surface maturation of the metaplastic cells and abundant 
lamina propria.

Figure 155.14 Low-grade dysplasia in Barrett esophagus. The epithelial 
changes are seen both in deep glands and on the surface but the nuclei 
are aligned perpendicularly to the basement membrane (maintained 
nuclear polarity).
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Barrett esophagus, high-grade dysplasia (HGD) As in LGD, in 
HGD, surface maturation is lacking (Figure 155.16). The archi-
tecture may show crowding of cytologically abnormal glands  
or be markedly distorted with prominent glandular crowding 
and little intervening lamina propria. If the cytologic features 
are sufficiently dysplastic, lesser architectural distortion is 
acceptable. Nuclei are hyperchromatic and nuclear membranes 
irregular. Most examples are similar to dysplasia in the uterine 
cervix in not displaying prominent nucleoli which, like in the 
cervix, tend to be present in either marked repair or when inva-
sion has begun, both are situations that are associated with 
ulcers. Cells may have either delicately clumped dark heterchro-
matin and inconspicuous nucleoli or prominent irregular nuclei 
with irregularly clumped chromatin and irregular nucleoli. 
Markedly enlarged hyperchromatic cells are a feature of HGD 
and these may extend to the surface. Loss of nuclear polarity is 
seen in HGD. Mitoses are readily identifiable. Inflammation  
is typically minimal. There is some evidence to suggest that 
HGD accompanied by an ulcer is a worrisome feature for an 
associated unsampled invasive carcinoma and we suggest addi-
tional biopsies and/or endoscopic ultrasound when we see this 
pattern [96].

Intramucosal carcinoma The distinction between HGD and the 
earliest intramucosal carcinoma (defined as invasion through 
the basement membrane into the lamina propria or muscularis 
mucosae but not beyond) remains difficult and observer varia-
tion between HGD and intramucosal carcinoma is not good. In 
general, these cases begin to demonstrate an effacement of 
lamina propria architecture and a syncytial growth pattern, 
extensive back-to-back microglands, and an intermingling  
of single cells and small clusters within the lamina propria. 
Typically, desmoplasia is absent to incompletely developed at 
this stage, hence its recognition is difficult and subjective. In 

typically minimal; cases with abundant inflammation and the 
other features of LG are usually best classified in the indefinite 
category. If tangential embedding precludes evaluation of the 
surface, LGD can be diagnosed if there are dysplastic features 
in the deep aspects in the absence of inflammation provided 
that the features of high-grade dysplasia (see further on) are 
lacking.

Basal “crypt” dysplasia Though uncommon, some cases show 
basal pit changes with surface maturation and the term “basal 
crypt dysplasia” (BCD) has been used to describe this finding. 
This term is somewhat inaccurate since pits rather than crypts 
are found in the mucosa of the stomach – perhaps “basal gland 
dysplasia” would have been better, but the term provides the key 
information. These cases show surface maturation with basal 
gland changes that encompass both architectural and/or cyto-
logic anomalies without associated inflammation. Architectural 
changes include budding or branching with or without crowd-
ing and glandular irregularities. Cytologically, the basal dysplas-
tic cells have an increased nuclear : cytoplasmic (N : C) ratio, 
pleomorphic, large, hyperchromatic nuclei, mucin depletion, 
and frequent mitotic figures (Figure 155.15). Lomo and col-
leagues showed that, by immunohistochemistry, this type of 
epithelium demonstrates a significantly elevated basal MIB1 
proliferation rate and prominent P53 positivity compared with 
nondysplasmic Barrett esophagus. While the biologic signifi-
cance of BCD is still unclear, the same study indicates an asso-
ciation with conventional dysplasia and/or adenocarcinoma. No 
clear guidelines exist regarding patient follow-up in this setting 
but most patients are probably best served if followed per LGD 
guidelines. Since a diagnosis of LGD requires follow-up biop-
sies, it is likely that high-grade dysplasia (HGD) would be 
detected with additional sampling. Observer reproducibility in 
recognizing that BCD is similar to that for LGD [95].

Figure 155.15 Basal “crypt” dysplasia. Surface maturation is present. Figure 155.16 High-grade dysplasia and intramucosal carcinoma in 
Barrett esophagus. Hyperchromatic nuclei have lost their polarity (relation 
to the basement membrane).
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lateral margins are instead deep margins. One should make an 
attempt to characterize the depth of invasion in EMR samples 
in addition to assessing the margins. This is difficult in EMRs 
because the total thickness of the submucosa is not known. 
Essentially, the mucosa can be divided by any of several methods 
to assign a depth of invasion (Table 155.1). The submucosa can 
be similarly divided into sm1-sm3 [101,102]. The trouble is that 
since, in an EMR, it is not clear where the submucosa ends (as 
the EMR is obtained by transecting the submucosa) and thus 
must be estimated by the pathologist. Submucosal adenocarci-
nomas can be classified into those with invasion equal to or less 

carcinoma which has invaded more deeply (into the submu-
cosa), desmoplasia and a clearly infiltrative growth pattern 
become readily apparent, although tangentially embedded and 
scarred tissue can pose diagnostic problems. In the upper GI 
tract, invasion into the lamina propria is more significant than 
in the colon since the colon lamina propria lacks significant 
lymphatic access. In the colon, invasion into the lamina propria 
is biologically equivalent to HGD whereas in the esophagus, 
invasion into the lamina propria can lead to metastatic disease.

Endoscopic mucosal resection (EMR) specimens After collec-
tion, the EMR specimen should be placed in a marked container 
filled with a generous amount of 4% neutral buffered formalin. 
Before they are placed in formalin, specimens can be pinned to 
an appropriate surface (e.g., a cork-board); this is not manda-
tory. The tissue is prone to shrinking upon fixation and if 
pinning is chosen tissue should not be under tension. Once 
placed into formalin, the specimen must remain in the formalin 
for a minimum of 6 hours to ensure adequate fixation. There is 
no scientific evidence for this but HER2 testing is sometimes 
later required and such testing has been standardized [97]. An 
alternative to formalin is to place the EMR specimen on a 
saline-soaked gauze, put it in a container and deliver it directly 
to the pathologist. The pathologist must be immediately avail-
able since any delay in processing may impair the sample quality.

The evaluation of an EMR specimen requires an understand-
ing of how the specimen was obtained. EMR allows for superb 
characterization of dysplasia and neoplasia, but has a few pit-
falls. First, since the plastic cup is applied to the surface of the 
mucosa, the surface epithelial layer of the EMR sample may be 
damaged such that dysplasia must be evaluated in the absence 
of an intact surface; this sometimes can require retrieving prior 
diagnostic samples and comparing the changes. Second, pathol-
ogists have observed duplicated muscularis mucosae in esophagi 
damaged by many cycles of reflux injury. In the majority of 
patients with BE, the original muscularis mucosae is present but 
a second delicate smooth muscle layer is found closer to the 
luminal surface; this feature has been identified in over 90% of 
resection samples [98], and nearly 70% of EMR samples [99]. 
This duplicated muscularis mucosae creates a pitfall when 
examining superficial biopsies as some observers may interpret 
lamina propria underneath the more superficial duplicated layer 
of muscularis mucosae as submucosa. The density of blood and 
lymphatic vessels in the superficial and deep lamina propria in 
Barrett esophagus is similar to that of non-Barrett esophagus 
[100]. Awareness of this phenomenon should prevent diagnosis 
of submucosal invasion (T1b) in patients whose invasive carci-
noma is restricted to the lamina propria (T1a). This distinction 
is important because T1a lesions can often be treated endo-
scopically whereas submucosal invasive lesions (T1b) require 
more aggressive treatment. A third pitfall is diathermy induced 
contraction of the muscularis mucosae pulls the lateral edges of 
the sample together such that the sample becomes convex 
(Figure 155.17). This can result in the false impression that 

Figure 155.17 Endoscopic mucosal resection sample. There is duplication 
of the muscularis mucosae.

Table 155.1 Reported subclassification schemes for intramucosal carcinoma 
(T1a).

Description of 
depth of invasion

Designation, 
Westerterp 
et al. [101]

Designation, 
Vieth et al. 
[103]

Designation, 
Kaneshiro  
et al. [104]

None (Tis, high-grade 
dysplasia, HGD)

m1 HGD HGD

Tumor cells invading 
beyond basement 
membrane into 
lamina propria

m2 m1 LP

Tumor cells invading 
(inner) duplicated 
muscularis mucosae

m2 m2 IMM

Tumor cells in the 
space between the 
duplicated muscularis 
mucosae and original 
muscularis mucosae

m2 m3 BMM

Tumor cells into 
(outer) original 
muscularis mucosae

m3 m4 OMM
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an especially poor prognosis when the patient presents with 
symptoms in the absence of surveillance for early detection.

Squamous	cell	carcinoma
Squamous carcinomas are most common in middle third of 
esophagus. On imaging studies, the presence of an esophageal 
mass in the middle third of the esophagus is in keeping with 
squamous cell carcinoma but there are no specific radiologic 
features of this type of tumor.

On biopsies, squamous carcinoma of the esophagus appears 
similar to squamous carcinomas elsewhere (Figure 155.19). 
They are usually well differentiated squamous carcinoma with 
prominent keratinization. Background squamous epithelial dys-
plasia (intraepithelial neoplasia) including “carcinoma in situ” 
(HGD/intraepithelial neoplasia) is frequent at the periphery of 
invasive tumors. Dysplasia alone without invasion is uncom-
mon. Some squamous carcinomas assume a prominent spindle 
cell appearance. This latter subtype tends to present as a poly-
poid mass. Short-term survival of such tumors is better than 
that for flat typical carcinomas owing to their exophytic growth 
but long-term follow-up erases an apparent survival advantage. 
Squamous cell carcinomas of the esophagus, like squamous car-
cinomas elsewhere, express CK5/6 and the host of epithelial 
markers. Most examples are not a diagnostic problem. When 
spindled, melanoma and sarcomas must be excluded. The best 
way to do this is by sampling as much of the overlying squamous 
mucosa as possible in order to detect an in situ component.

Granular	cell	tumors	of	the	esophagus
Granular cell tumors in general are rare. The most common sites 
are the tongue and skin [105]. A subset is multicentric and rare 
examples are malignant [106]. Granular cell tumors of the 
esophagus comprise about 1%–2% of all granular cell tumors 
and the esophagus is the most common gastrointestinal site 

than 500 microns and those that invade greater than 500 
microns.

Adenocarcinomas invasive only into the mucosa have 
minimal potential for metastases. Consequently, endoscopic 
resection and ablation is considered an equivalent cancer 
therapy to esophagectomy for HGD or an intramucosal adeno-
carcinoma that is less than 2 cm in size without lymphovascular 
invasion. The presence of lymphovascular invasion in an other-
wise intramucosal tumor is associated with an increased risk for 
lymph node metastases and is an indication for esophagectomy 
with lymph node dissection. An adenocarcinoma invasive into 
the submucosa to a measured depth greater than 500 μm is best 
treated by esophagectomy because of the significant risk of 
lymph node involvement. This is true irrespective of any other 
feature. However, tumors with signet cell histology may be 
exceptions and require esophagectomy.

Tumors
Adenocarcinoma
Recognizing esophageal adenocarcinomas on biopsies is gener-
ally not a challenge as they exhibit the same features as other 
adenocarcinomas (i.e. malignant cells with glandular differen-
tiation either in the form of ductal structures or mucin produc-
tion) (Figure 155.18). However, finding an in situ/high-grade 
dysplasia component is useful in assuring that the esophagus is 
indeed the primary site (rather than the lung). It is often not 
possible to distinguish between a subset of poorly differentiated 
carcinomas and high-grade lymphomas without histochemis-
try. Poorly differentiated carcinomas may also assume spindle 
cell morphology (a more common scenario with squamous cell 
carcinomas) and, in the absence of an in situ component, immu-
nohistochemistry is required.

Preoperative neoadjuvant chemotherapy and radiotherapy 
followed by esophagectomy is the preferred treatment; there is 

Figure 155.18 Esophageal adenocarcinoma. In this field, the 
adenocarcinoma undermines adjoining squamous mucosa.

Figure 155.19 Esophageal squamous cell carcinoma. There is a squamous 
pearl towards the right of the field. In this biopsy, the lesion has invaded 
the muscularis mucosae, seen as slender pink strips.



2994   PART 5 Diagnostic and therapeutic modalities in gastroenterology

squamous (pseudoepitheliomatous) hyperplasia in the overly-
ing mucosa, which can raise the possibility of squamous cell 
carcinoma on superficial biopsies. Based on this hyperplastic 
squamous pattern, often mucosal biopsies contain predomi-
nantly the proliferated squamous epithelium and only a handful 
of lesional cells in the superficial lamina propria.

The vast majority of granular cell tumors behave in a benign 
fashion. Those rare examples that have metastasized typically 
displayed prominent cytological alterations and/or mitotic 
activity.

Leiomyoma
This is the most common spindle cell tumor of the esophagus. 
It displays smooth muscle differentiation. Esophageal leiomyo-
mas occur in a relatively young population (median age, 35 
years [110] and there is a male predominance. Leiomyomas of 
the esophagus are, of course, benign. They show eosinophilic 
cytoplasm, and are positive for desmin and smooth muscle actin 
(SMA), and negative for CD117/c-kit and CD34. Rarely, leiomy-
osarcomas arise in the esophagus and are typically large high-
grade tumors that show muscle cell markers but no CD117. 
These tumors are seldom encountered on biopsy as they tend to 
be intramural in location.

Gastrointestinal	stromal	tumors
Leiomyomas are the most common esophageal mesenchymal 
neoplasms even though they are distinctly uncommon in the 
remainder of the GI tract, despite the abundance of mural 
smooth muscle. In contrast, gastrointestinal stromal tumors 
(GISTs) predominate in the stomach and intestines but are truly 
rare in the esophagus. Using the files of the Armed Forces Insti-
tute of Pathology and the Haartman Institute of University of 
Helsinki, Miettinen and colleagues were only able to accumulate 
17 examples of esophageal gastrointestinal stromal tumors 
[110]. The esophageal GISTs occurred in 12 men and five 
women with a median age of 63 years (range, 49–75 years). All 
tumors were from the lowest third of the esophagus, and the 
most common complaint was dysphagia, whereas two tumors 
were detected incidentally. Histologically the tumors had the 
usual appearances of gastrointestinal stromal tumors, displaying 
an overall basophilic appearance and combinations of solid, 
myxoid, and perivascular collar like patterns with a spindle cell 
histology in 13 patients and epithelioid histology in four 
patients. All tumors were positive for CD117 and for CD34, 
whereas two patients were also positive for alpha-smooth 
muscle actin (α-SMA) and three patients were positive for 
desmin. Nine patients died of disease, including all who had a 
tumor larger than 10 cm, and also one patient whose tumor 
showed five mitoses per 50 HPFs.

Melanoma
Primary melanoma of the esophagus is quite rare with fewer 
than 300 cases reported. The affected patients are adults, with a 
mean age of about 60 years [111–115]. They are more common 
in men than women but there is no racial predominance. 

[107]. Most esophageal granular cell tumors arise in the distal 
esophagus and about 5%–10% are multicentric. There is a female 
predominance and these tumors are relatively more common in 
African Americans than in Caucasians. Rare malignant esopha-
geal granular cell tumors have been reported [108,109]. Esopha-
geal granular cell tumors are most likely to be identified 
incidentally at endoscopy but some patients are symptomatic. 
Most appear as well-marginated masses on imaging studies. 
Associated concentric narrowing can also be found.

On microscopic examination, tumors are centered in the sub-
mucosa with minor extensions into mucosa and muscularis 
propria and are well-marginated but not encapsulated (Figures 
155.20, 155.21). They are composed of plump neoplastic cells 
with abundant lightly amphophilic granular cytoplasm which 
displays retention of PAS (periodic acid Schiff) staining on dia-
stase digestion. The cells are typically closely packed. Nuclei are 
small to pyknotic with occasional nucleoli. About half display 

Figure 155.20 Granular cell tumor of the esophagus. At low 
magnification, a well-marginated nodule is seen in the lamina propria.

Figure 155.21 Granular cell tumor. Note the granular appearance of the 
eosinophilic proliferating cells.
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the gastric mucosa can also be responsible [119,120]. In early 
literature is was difficult to separate effects of helicobacter gas-
tritis from pure alcohol injury but we presently believe that the 
acute injury from alcohol is similar to a corrosive one with little 
inflammation but with abundant edema, hemorrhage, and reac-
tive epithelial changes.

Chemical	gastritis/chemical		
gastropathy/reactive	gastropathy
This type of injury which is seen mostly in the antrum is 
common, as it is attributed to bile reflux, and thus is usually seen 
in patients being evaluated for gastroesophageal reflux disease 
(which, in reality, is duodenogastroesophageal reflux disease) 
[121,122]. Bile reflux is injurious to the gastric antrum as well 
as to the esophagus. In patients in whom the antrum has been 
removed, bile reflux injures the gastric body and contributes to 
the development of so-called “stump” cancers found in the 
postantrectomy setting. The other typical scenario for reactive 
gastropathy/chemical gastritis is with patients taking nonsteroi-
dal antiinflammatory medications, a significant percentage of 
individuals. The general features of reactive gastropathy are 
foveolar hyperplasia, lamina propria edema, muscular strand-
ing, and vascular ectasia (Figure 155.22). Active and chronic 
inflammation are minimal, hence some observers prefer the 
term “reactive gastropathy” rather than “chemical gastritis”.

Mucosal calcinosis
Mucosal calcinosis is seen in some renal failure patients and has 
been attributed to antacid use in these patients [123] but prob-
ably mostly reflects disorders of calcium metabolism that are 
typical in such patients [124]. Regardless, mucosal calcinosis 
seems to be of no significance in and of itself but an incidental 
finding in patients with renal failure.

Lesions predominate in the distal esophagus. At endoscopy, 
they are polypoid and pigmented in about 85% of cases. Imaging 
studies show bulky polypoid masses that bulge intraluminally 
without resultant obstruction. When biopsied, the findings in 
esophageal melanomas are similar to those elsewhere. Examples 
regarded as primary may display an in situ component. Obvi-
ously, finding this is extremely useful in establishing the esopha-
gus as the primary site. Otherwise, cells are spindled to 
epithelioid with variable pigment, prominent nucleoli, and 
prominent intranuclear pseudoinclusions.

Primary esophageal melanomas have a dismal prognosis. 
Only rare patients whose tumors present early can be cured.

Stomach

The stomach has four main zones with divergent types of 
mucosa. The simplest way to consider the different parts of the 
stomach is that the ends (cardia and antrum) protect the 
esophagus and duodenum from acid and enzymes whereas the 
middle of the stomach (body and fundus) produces the acid and 
enzymes.

The empty stomach is thrown into rugae (folds). Tiny surface 
invaginations are termed gastric pits and are the conduits of 
secretions. Histologically the entire stomach has a surface of 
foveolar cells which secrete neutral mucin that appears magenta 
to pink on the PAS stain. In the isthmus region of the body and 
fundus, parietal cells (oxyntic cells) dominate but mucous neck 
cells are also present. Mucous neck cells are seen in the neck, 
and chief cells dominate in the base. Endocrine cells are in the 
deep isthmus towards the base. In the cardia and antrum, things 
are simpler since the layers all predominantly produce mucin 
although the antrum has G cells that produce gastrin. Gastrin 
is secreted by the antrum but not the body and fundus. The 
lamina propria of the stomach should contain only a small 
population of lymphocytes, plasma cells, mast cells, and eosi-
nophils, in contrast to the intestines, where these constituents 
are more abundant. Bacteria are usually not seen in the normal 
gastric mucus (in contrast to the colon, where they are normally 
present).

When pathologists consider biopsies from the stomach, fea-
tures that help in diagnosis often involve correlation with clini-
cal information. The endoscopist will be better served by 
providing information since the histologic features of gastric 
diseases display considerable overlap. Even the gender and eth-
nicity can be of some value. For example, autoimmune meta-
plastic atrophic gastritis typically affects older females [116]. 
Any specific clinical concerns, especially the possibility of focal 
cancer should be clearly conveyed to the pathologist.

Inflammatory disorders
Acute	hemorrhagic	gastritis
Acute hemorrhagic gastritis is prototypically associated with 
alcohol abuse [117,118] but other agents that are injurious to 

Figure 155.22 Chemical gastritis/reactive gastropathy. The antral mucosa 
has a villiform appearance and there is mucin loss in the epithelium. 
There is very little inflammation.
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Proton pump inhibitor effects
Proton pump inhibitors (PPIs) are commonly taken by patients 
having gastric biopsies. Examples of these medications are 
Prilosec (omeprazole), Prevacid (lansoprazole), and Nexium 
(esomeprazole). These medications reduce acid secretion by 
gastric parietal cells and have a morphologic correlate of an 
appearance of apocrine-like cytoplasmic swelling of parietal 
cells. PPIs are associated with an increased risk (fourfold) of 
fundic gland polyps but the risk of dysplasia is insignificant. 
Gastric carcinoids have been reported with long-term use of 
PPIs in rats but not in humans [125].

Injury due to chemical agents
Iron Iron pill gastritis appears similar to iron pill esophagitis 
[21], as discussed previously but is of particular note since strik-
ing epithelial changes in the setting of iron pill gastritis some-
times mimic gastric carcinoma.

Kayexalate Kayexalate can be found associated with gastric 
mucosa and gastric erosions/ulcerations just as in the case of 
the esophagus. In the stomach, kayexalate bezoars may formed 
[23].

Colchicine Colchicine is an alkaloid with antimitotic ability 
used to treat a variety of medical conditions, especially gout. 
Colchicine toxicity can result in multiorgan failure and death. 
If patients are taking colchicines at therapeutic doses, there are 
no abnormal biopsies. However, in patients who are colchicines 
toxic (this typically occurs in the setting of renal insufficiency), 
distinct morphologic changes, seen as metaphase mitoses, epi-
thelial pseudostratification, and loss of polarity, and abundant 
crypt apoptotic bodies are seen in biopsy material [126]. These 
morphologic features are best seen in the biopsies from duode-
num and gastric antrum, with relative sparing of the gastric 
body in the upper GI tract. Ki67 staining demonstrates an 
expansion of the proliferating region. Recognition of these fea-
tures is important because colchicine toxicity can be fatal if 
undiagnosed clinically.

Helicobacter gastritis Helicobacter gastritis has been a source of 
gastritis for years but was not recognized until Marshall and 
Warren identified the organism [127]. Marshall ultimately ful-
filled Koch’s postulates by swallowing a pure culture of the 
organism and acquiring gastritis [128]. There have been over 
20 000 publications devoted to this organism in the ensuing 20 
years and Marshall and Warren have been awarded a Nobel 
Prize for their observations. H. pylori is now recognized as a 
curved flagellated gram negative rod that has variant forms 
(especially a coccoid form seen in treated patients) that is now 
known to be associated with both gastric carcinoma and 
mucosa-associated lymphoid tissue (MALT) lymphoma. 
Another variant, called Helicobacter heilmannii, is more tightly 
coiled and rare (<1% of Helicobacter isolates) but it cross reacts 
with the immunohistochemical stain for H. pylori and is fully 

capable of producing gastritis and associating with MALT lym-
phoma and gastric adenocarcinoma. Like H. pylori, it produces 
antral-predominant gastritis but this gastritis is less severe than 
H. pylori gastritis [129]. Helicobacter gastritis was formerly 
known as diffuse antral gastritis, type B gastritis (Figures 155.23, 
155.24) (whereas autoimmune gastritis was type A), and super-
ficial gastritis. In modern practice of pathology, all gastric 
biopsy reports should include an assessment for Helicobacter 
status. While the organisms may be observed on routine H & E 
stain, this can be complemented by other stains (Figure 155.25) 
[130]. Immunochemistry is rarely necessary or warranted but 
can identify small coccoid forms found in partially treated 
patients.

The endoscopic findings in H. pylori gastritis (and in assess-
ing gastritis in general), correlate imperfectly with pathologic 

Figure 155.23 Active chronic H. pylori gastritis. Note the lymphoid 
follicles in this low magnification field.

Figure 155.24 Active chronic H. pylori gastritis. At high magnification, 
neutrophils are seen in the epithelium. Organisms are easily identified on 
this hematoxylin and eosin stain.
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taking biopsies from both sites). Fundus biopsies show exten-
sive loss of parietal cells and metaplasia. In some cases there are 
residual nests of parietal cells with chronic inflammatory cells 
(T cells) in the process of destroying them. In fact, the residual 
more normal mucosa sometimes appears as polyps to the endo-
scopist in a sea of severe atrophy [134]. Metaplasia may be of 
the intestinal type or the “pseudopyloric” type. In pseudopyloric 
metaplasia, the oxyntic mucosa resembles antral mucosa in that 
it lacks parietal and chief cells (oxyntic glands) but differs from 
it by not secreting gastrin. Only the true antrum secretes gastrin. 
Thus, immunohistochemistry for gastrin in biopsies from the 
body lacks reactive cells, a finding that can be exploited to both 
establish a diagnosis or to exclude inaccurate sampling (i.e., the 
endoscopist has biopsied the antrum and labeled it as “body”). 
In AMAG, there is no metaplasia in the antrum, which often 
shows hyperplastic features, possibly secondary to bile reflux 
(Figures 155.26, 155.27). Since the patients are hypo-acidic due 
to loss of parietal cell mass, a feedback loop causes the antral G 
cells to produce abundant gastrin to stimulate acid secretion. As 
there are few to no parietal cells (Figure 155.28), gastrin levels 
become progressively elevated in these patients and this gastrin 
stimulates proliferation of endocrine cells in the gastric body as 
a side-effect. Thus chromogranin stains show linear and nodular 
endocrine cell hyperplasia (Figure 155.29) in the body, none of 
which is attributable to G cells. If this condition persists, small 
indolent carcinoid (well-differentiated neuroendocrine) tumors 
can result.

Environmental metaplastic atrophic gastritis
Helicobacter gastritis is probably the most important cause of 
environmental gastritis that we know but it is probably not the 
cause of all cases. Other associations include various dietary 
factors such as excessive salt, smoked foods (nitrites), paucity 
of green vegetables and fruits (lack of Vitamins C, E, β-carotene, 

findings although some observers have learned to recognize a 
“mamillated” endoscopic corpus appearance and an abnormal 
antral appearance [131].

Histologically, H. pylori organisms are seen in gastric mucus 
and overlying surface and foveolar epithelium. They do not 
colonize nonsurface or foci of intestinal metaplasia. There is 
typically abundant lymphoplasmacytic chronic inflammation of 
the lamina propria with lymphoid follicles (MALT). There is 
often abundant active inflammation (neutrophils). The inflam-
mation is concentrated in the upper mucosa, hence the old term 
“superficial gastritis”. Following treatment, the active inflamma-
tory component resolves but the chronic inflammatory compo-
nent persists for months to years.

Inactive chronic gastritis There is extensive literature on grading 
chronic gastritis, complete with published pictograms [132,133]. 
However, the pictograms for chronic gastritis are seldom valued 
in daily practice but they are a useful construct for standardiza-
tion in research studies. Chronic gastritis is generally attribut-
able to prior Helicobacter infection based on serologic studies 
and is a common finding in biopsy material. However, the 
threshold for diagnosing it is not entirely clear. In a fashion that 
is more practical than evidence-based, we diagnose inactive 
chronic gastritis at 4× and confirm at higher magnification. At 
low magnification, the lamina propria of the stomach should 
have only a few inflammatory cells, which appear as small dots. 
We essentially use a slight prominence in dot density as the 
criterion for a low magnification diagnosis of inactive chronic 
gastritis.

Metaplastic	atrophic	gastritis
Metaplastic atrophic gastritis occurs in two distinct types and, 
because of this, it is best if biopsies are obtained from both the 
gastric antrum and the body. These two types are termed “envi-
ronmental” and autoimmune. Some authors have published 
studies with cartoons to use as templates for grading the degree 
of inflammation and atrophy in gastritis but these are of little 
value in daily practice [132,133].

Autoimmune metaplastic atrophic gastritis
Autoimmune metaplastic atrophic gastritis (AMAG) was called 
“type A” gastritis in the past (before the role of Helicobacter was 
elucidated). This is a disease in which antibodies attack parietal 
cell. It is a disease typically affecting older women [116]. Patients 
have antibodies to parietal cells and to intrinsic factor (and thus 
are prone to severe vitamin B12 deficiency/pernicious anemia). 
They are at threefold risk of developing gastric cancer but not 
ask risk for ulcers since their parietal cells are reduced in 
number to absent and thus little to no acid is produced. Since 
parietal cells are the type affected, the changes are only in zones 
where parietal cells are found. Thus there is metaplasia and 
atrophy only in the body and fundus. An affected patient with 
biopsies from the antrum and the fundus has no significant 
inflammatory disease in the antrum (hence the importance of 

Figure 155.25 Active chronic H. pylori gastritis. A Diff-Quik® stain 
highlights the organisms, seen as curved bacilli in the gland at the center 
of the field.
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become hypochlorhydric but achlorhydria is rare. Their serum 
gastrin is usually normal and they can have both ulcers and 
develop cancers. In the United States, it is usually seen in 
patients older than 50 years but in certain parts of the world, 
atrophy appears in patients in their third or fourth decades (e.g., 
Japan, Andean South American).

Gastric	antral	vascular	ectasia		
(GAVE/watermelon	stomach)
“Watermelon stomach” was first described by Jabbari in 1984 
and refers to an endoscopic appearance [135]. In this condition, 
longitudinal antral folds have visible reddened vessels radiating 
from the pylorus in a distribution resembling a watermelon 
rind. Patients present with iron deficiency secondary to chronic 

selenium), and nitrosamines. Nitrosamines can be produced 
from nitrites in the setting of colonization by anaerobic bacteria 
in a hypo-acidic stomach. This type of gastritis has been called 
type B gastritis and multifocal atrophic gastritis.

The key feature is that environmental atrophic gastritis is 
most marked in the antrum. Multiple foci first appear in the 
transition zone between antrum and body at the area of the 
lesser curvature. Over time the entire antrum is affected but  
the body relatively spared. There is less disease in the body, first 
in the distal body, and over many years affecting more of the 
body. The body can display pseudopyloric and intestinal meta-
plasia just as in autoimmune gastritis, but of course the antrum 
is affected as well. These patients retain enough parietal cell 
mass that they seldom develop pernicious anemia. They can 

Figure 155.26 Autoimmune metaplastic atrophic gastritis. The antrum 
from this patient shows chemical gastritis. There are few inflammatory 
cells.

Figure 155.27 Autoimmune metaplastic atrophic gastritis. This is a gastrin 
stain from the field depicted in Figure 155.26. There are many gastrin-
producing cells. The patient was probably hyper-gastrinemic.

Figure 155.28 Autoimmune metaplastic atrophic gastritis. This biopsy is 
from the gastric body but there are no acid-producing cells. There is 
intestinal metaplasia in the center portion of the field (goblet cells).

Figure 155.29 Autoimmune metaplastic atrophic gastritis. This 
chromogranin stain highlights endocrine cell hyperplasia in the area seen 
in Figure 155.28. Such proliferation can lead to type 1 well-differentiated 
neuroendocrine (carcinoid) tumors.
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mucosal ablation since the patients have uncontrolled blood 
loss. Endoscopic therapy, including contact and noncontact 
thermal ablations of the ecstatic vascular lesions, is the mainstay 
of conservative therapy. However, many patients fail endoscopic 
therapy and develop recurrent acute and chronic GI bleeding 
episodes. Surgical resection may be the only reliable method for 
achieving a cure and eliminating transfusion dependency. Tra-
ditionally, surgery was used only as a last resort after patients 
failed prolonged medical and/or endoscopic therapy. However, 
based on the experience garnered from the literature some 
authors have recommend a more aggressive surgical approach 
in patients who fail a short trial of endoluminal therapy [139].

Lymphocytic	gastritis
The term lymphocytic gastritis simply describes a pattern of 
inflammation rather than a specific etiology. Lymphocytic gas-
tritis is an uncommon form of chronic gastritis characterized 
by lymphocytosis of foveolar and surface epithelium. Lym-
phocytic gastritis is associated with celiac disease, H. pylori 
gastritis, and a varioliform gastritis pattern (an endoscopic form 
of gastropathy comprising enlarged folds, nodules and erosions, 
also called “octopus sucker” appearance [140]. Wu and col-
leagues [141] studied 103 patients with lymphocytic gastritis 
classified according to the associated entities, including the dis-
tribution and severity of the gastritis in the 70 patients from 
whom biopsy specimens of both antrum and body were avail-
able. In 84 patients (82%), a distinct associated entity was identi-
fied, including 39 with celiac disease, 30 with H. pylori infection, 
four with varioliform gastritis, two each with inflammatory 
polyp, Crohn’s disease, human immunodeficiency virus (HIV) 
infection, lymphoma, and esophageal carcinoma, and one with 
lymphocytic gastroenterocolitis. Lymphocytic gastritis was 
found in 33% of patients with celiac disease and 4.1% of his-
topathologically defined H. pylori gastritis. Lymphocytic colitis 
was common (38%, 5 of 13) in patients with celiac disease and 
lymphocytic gastritis. The authors concluded that lymphocytic 
gastritis most commonly occurs in celiac disease and H. pylori 
infection, but rarely with other entities. There is no need to 
count lymphocytes to arrive at a diagnosis of lymphocytic gas-
tritis; they should simply be “prominent” and the diagnosis is 
made by pattern.

Collagenous	gastritis
This term describes a rare pattern of injury in which prominent 
subepithelial collagen, intraepithelial lymphocytosis, and 
surface damage is present in the stomach. It has been associated 
with lymphocytic and collagenous colitis, and also with celiac 
disease, and patients can have watery diarrhea. There is a female 
predominance and the changes may be found throughout the 
stomach [142–150].

Gastric	Crohn’s	disease
In the absence of granulomas, it is difficult to know in gastric 
biopsies whether inflammatory changes reflect unspecified 

gastric bleeding. The typical patient is an elderly woman with 
achlorhydria, chronic liver disease, CREST syndrome, or lym-
phoma. Some cases are associated with scleroderma [136]. In 
some patients the endoscopic appearance is atypical and con-
sists of diffuse gastric erythema. The etiology is not well-known, 
but it is probably an acquired lesion. Some patients have antral 
prolapse [135].

Histologic examination discloses features that reflect a 
mucosal prolapse component: there is foveolar hyperplasia with 
dilated mucosal capillaries, focal thrombi, and fibromuscular 
hypertrophy [137] (Figures 155.30, 155.31). Similar features 
may be seen in patients who have portal hypertension but the 
dilated capillaries in portal hypertension lack fibrin thrombi but 
patients with watermelon stomach may also have portal hyper-
tension [138]. Treatment of watermelon stomach often entails 

Figure 155.30 Gastric antral vascular ectasia (GAVE) (watermelon 
stomach). Even at low magnification, many vascular thrombi are 
apparent.

Figure 155.31 Gastric antral vascular ectasia (GAVE) (watermelon 
stomach). High magnification of fibrin thrombi.
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ones when possible to assess improvements (or lack thereof). 
Such biopsies are carefully studied for cytomegalovirus inclu-
sions as well.

Hyperplastic gastropathy
A simple but useful approach to hyperplastic gastritis or “giant 
folds” is to consider whether the cell type resulting in the thick-
ened folds is foveolar hyperplasia or hyperplasia of oxyntic 
glands.

Foveolar	hyperplasia
The syndrome of hypertrophic gastric folds, oxyntic gland loss 
(and thus achlorhydria), and protein loss is also termed 
“Ménétrier’s disease” [156–161]. However, this term often 
describes a phenotype rather than an etiology when used to 
encompass the host of lesions that can display hyperplastic 
mucosa [156–174]. When used this way, it is another example 
of the limited repertoire of mucosal response to a variety of 
insults and, in fact, probably the original cases reported by 
Ménétrier were not a single entity. However, some observers 
suggest isolating those cases that display massive diffuse foveo-
lar hyperplasia in the absence of inflammation as the “true” 
disease (massive foveolar hyperplasia) [157]. The mucin in this 
condition has a profile that differs from the mucin extracted 
from normal stomachs [171].

Ménétrier’s disease is a rare disorder that has been described 
in adults as well as children, average fourth to sixth decades. It 
is more common in men (ratio 3 : 1). The disease course is 
usually chronic with an unfavorable prognosis. Patients present 
with hypoproteinemia and peripheral edema with loss of immu-
noglobulins, albumin and transferrin. Symptoms appear insidi-
ously and become progressive consisting of epigastric pain, 
dyspepsia, anorexia, peripheral edema, hematemesis, and vom-
iting. The risk of developing carcinoma with Ménétrier’s disease 
is subject to debate. Approximately 15% of Ménétrier’s disease 
cases in the literature have been associated with carcinoma. In 
contrast to adults, children have a self-limited course for hyper-
plastic gastropathy, and cytomegalovirus infection has been 
frequently implicated. Overexpression of transforming growth 
factor-α (TGF-α) has a possible role in the pathogenesis of 
Ménétrier’s disease. Transgenic mice that overproduce TGF-α 
in the stomach have many features of Ménétrier’s disease such 
as foveolar hyperplasia, increased mucin content, decreased 
parietal cell mass and reduced acid production. In fact this 
phenomenon has been exploited to treat affected patients with 
targeted therapy to related ligands in the epidermal growth 
factor receptor (EGFR) pathway [175–177].

On a mucosal biopsy, this condition appears indistinguisha-
ble from a gastric hyperplastic polyp, consisting of hyperplastic 
foveolar epithelium arranged in a disorderly fashion with loss 
of oxyntic mucosa in biopsies from the body or fundus (Figure 
155.32). Making a diagnosis requires correlation with the endo-
scopic and imaging findings.

gastritis or are a manifestation of the patient’s systemic disease. 
However, some observers have used the term “focally enhanced 
gastritis” to refer to a pattern of gastritis seen in Crohn’s disease 
[151]. This refers to a pattern in which most of the biopsy has 
little to no gastritis and only a single area displays a more strik-
ing inflammatory infiltrate. We have also found that identifica-
tion of this pattern of focally enhanced gastritis is helpful in 
identifying upper tract Crohn’s disease but it is not wholly spe-
cific, especially in children [152].

Granulomatous	gastritis
Granulomatous gastritis is attributable to Crohn’s disease in 
about half of cases seen in Western populations and has also 
been associated with Helicobacter in populations with prevalent 
infection [153], but its etiology often remains unexplained, and 
it seems to be of little clinical significance. In daily practice, 
when confronted with isolated granulomas in a gastric biopsy, 
we make an attempt to correlate with a history of Crohn’s disease 
or sarcoidosis and exclude infectious etiologies, including Heli-
cobacter gastritis. Rare cases of granulomatous gastritis have 
been associated with adenocarcinoma, so this is always sought 
[154]. If a necrotizing appearance is present rather than isolated 
small granulomas, vasculitis is considered but we are reluctant 
to diagnose vasculitis definitively on any mucosal biopsy.

Other	inflammatory	conditions
A discussion of every cause of gastric inflammation is beyond 
the scope of this chapter, but some such conditions merit brief 
mention. Like the esophagus, the stomach can also be the prin-
cipal focus of GI tract allergic disease (eosinophilic gastritis) 
and prominent eosinophilia involving epithelium and muscula-
ris is sought (since scattered eosinophils are a normal lamina 
propria constituent). These are generally not quantified but 
rather, prominent presence should be noted to suggest correla-
tion with other stigmata of allergic disease. Genta and col-
leagues have suggested a threshold to designate abnormal 
counts (≥30 eosinophils/high power field), but the clinical sig-
nificance requires validation [155].

Cytomegalovirus is relatively common in inpatient material, 
where it can be found in both epithelial and endothelial cells 
and is accompanied by gastritis. A pitfall in diagnosis can be the 
monocytic reaction it can invoke, which can be mistaken for 
lymphoma. This is also a potential pitfall with the more rare 
Epstein Barr virus (EBV) gastritis, which appears similar to 
large-cell lymphoma in the manner that infectious mononucle-
osis simulates leukemia.

Gastric	GVHD
Gastric GVHD shows the same features as GVHD elsewhere in 
the GI tract, with epithelial apoptosis and ulcers/erosions to a 
varying degree [39]. We make an attempt to grade these changes 
as mild, moderate and severe in which severe changes include 
ulcers/erosions, and to compare current biopsies with prior 
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hypertrophic gastropathy is referred to as a component of 
Zollinger–Ellison syndrome. Since the gastrin in Zollinger–
Ellison syndrome also stimulates endocrine cells, endocrine  
cell hyperplasia is also a component of this condition. On a 
mucosal biopsy, the oxyntic component is markedly expanded 
and thick but the key feature is that parietal cells are seen insinu-
ated in the epithelium nearly at, or even at, the surface between 
residual foveolar cells instead of nested down deeper in the 
mucosa.

Polyps and neoplasms
Nonneoplastic	polyps
Endoscopically and pathologically, gastric polyps are defined 
simply as projections above the adjacent mucosal surface. The 
polyp itself may be reactive/inflammatory, hamartomatous, or 
neoplastic. Gastric polyps can arise from or be present in tissue 
anywhere in the layers of the stomach wall; however, polyps that 
are endoscopically biopsied are most commonly one of a wide 
variety of epithelial lesions.

The classification of gastric epithelial polyps can be challeng-
ing histologically, but has important consequences both for the 
clinical management of the polyp itself as well as implications 
about the remainder of the patient’s gastric mucosa. Unlike 
colonic polyps (most of which are isolated findings in an oth-
erwise normal background mucosa) many gastric polyps arise 
in association with either inflammatory/atrophic gastritis or in 
association with inherited polyposis syndromes. Therefore, 
correct classification of gastric polyps, even innocuous-
appearing polyps, may sometimes provide important clues as to 
abnormalities in the surrounding stomach and patient.

Hyperplastic	polyps
Hyperplastic polyps are the second most common gastric epi-
thelial polyps [178]. These polyps can range from a few mil-
limeters to many centimeters, and as such may be mistaken 
endoscopically for carcinoma. They are composed of character-
istic hyperplastic, elongated, and dilated foveolae within an ede-
matous, inflamed stroma (Figures 155.34, 155.35). The lining of 
the hyperplastic foveolae is generally that of mature gastric 
mucin cells, but foci of intestinal metaplasia are found in about 
15%. The lining cells can be markedly reactive in appearance 
(especially when surface erosions are present), but true dyspla-
sia arising in hyperplastic polyps is uncommon [179,180]; in a 
review of 160 patients with gastric hyperplastic polyps biopsied 
at the authors hospital, dysplasia was found in only 4% [1]. 
Similarly, adenocarcinomas are occasionally reported to occur 
in these polyps but this is unusual; Abraham and colleagues 
found adenocarcinoma within a hyperplastic in only one (0.6%) 
of 160 patients [1].

Hyperplastic polyps may arise anywhere in the stomach with 
a slight preference for the antrum and are multiple in approxi-
mately 20% of patients. One of the major reasons to diagnose 
hyperplastic polyps histologically is their significant association 
with a wide range of background gastric mucosal abnormalities. 

Hyperplasia	of	oxyntic	glands
Giant folds may be imparted by marked hyperplasia of the 
oxyntic component of the mucosa as well as by the surface 
component (Figure 155.33). This happens in the setting of 
hypergastrinemia. Of course hypergastrinemia can result from 
an interrupted feedback loop when there is “loss” of oxyntic 
mucosa in autoimmune gastritis but of course there cannot be 
hyperplasia of oxyntic mucosa if it has been destroyed by  
an autoimmune process! However, if there is intact gastric 
oxyntic mucosa, hypergastrinemia can be the result of a  
gastrin-producing neoplasm (a “gastrinoma”) and the resultant 

Figure 155.32 Hypertrophic gastropathy/Ménétriere’s disease. There is 
striking hyperplasia of foveolar (mucin-producing) cells.

Figure 155.33 Gastric mucosa in Zollinger–Ellison syndrome. There is 
striking hyperplasia of parietal cells. Contrast this to Figure 155.32.
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6%) for synchronous or metachronous adenocarcinomas arising 
in the stomach outside of the polyp.

The pathogenesis of hyperplastic polyps is not known, but 
they are thought to represent an exaggerated regenerative 
response to mucosal injury. The histologic appearance of hyper-
plastic polyps overlaps significantly with: (1) conditions of gen-
eralized gastric mucosal hyperplasia (Ménétrier disease; 
Cronkhite-Canada syndrome), and (2) hamartomatous polyps 
and syndromes involving the stomach. As such, diagnosis 
requires correlation with the endoscopic findings and clinical 
history.

Hamartomatous	polyps	in	the	stomach
Hamartomas are polypoid lesions formed from disorganized 
tissue elements that are native to that site. Hamartomatous syn-
dromes that may involve the stomach include Peutz–Jeghers 
syndrome and juvenile polyposis, and less commonly Cowden’s 
disease. Peutz–Jeghers is an autosomal dominant condition 
caused by germline mutations in the LBK1/STK11 gene on chro-
mosome 19p13.3 and is characterized by polyposis and distinc-
tive melanin pigmentation around the lips, buccal mucosa, and 
sometimes hands and eyelids. The pigment may fade after 
puberty and thus the syndrome is not excluded if it is absent in 
an adult presentation. The polyps of Peutz-Jeghers syndrome 
primarily occur in the small bowel (65%) and are slightly less 
common in the colon and stomach [181–185]. Importantly, 
unlike the small bowel polyps which show prominent arboriza-
tion of the muscularis mucosae, gastric Peutz-Jeghers polyps are 
composed mostly of dilated or branching mucus filled pits and 
may have relatively inconspicuous smooth muscle. Occasional 
examples of gastric Peutz-Jehgers’ polyps have the classic 
arborizing architecture with strands of smooth muscle, but most 
have less specific features (but some degree of smooth muscle 
proliferation). Essentially they are best distinguished from 
hyperplastic polyps by correlation with the history. Dysplasia is 
rare in these polyps; however, patients with Peutz-Jeghers syn-
drome are at significant risk for gastric and other adenocarci-
nomas developing outside of the hamartomas [181].

Juvenile polyposis is a genetically heterogeneous condition in 
which some families have autosomal dominant germline muta-
tions in the DPC4 gene on chromosome 18q21. The polyps in 
juvenile polyposis can be limited to the colon or can be general-
ized, involving the colon, small bowel, and stomach. In addition, 
patients who appear to have juvenile polyposis predominantly 
confined to the stomach have been described. Juvenile polyps 
in the stomach frequently show a rounded surface contour with 
superficial mucosal erosions and an abundant, edematous, and 
inflamed lamina propria. The foveolae are frequently hyperplas-
tic and dilated. Superimposed epithelial dysplasia or even mixed 
adenomatous/juvenile polyps occurs in up to one-third of juve-
nile polyps. Cowden’s disease is an autosomal dominant condi-
tion that is relatively poorly characterized, but some families 
have germline mutations in the PTEN gene on chromosome 
10q22–23. The gastrointestinal polyps in Cowden’s disease are 

It is unusual for hyperplastic polyps to arise in normal stom-
achs. They are most strongly associated with atrophic gastritis 
of either autoimmune or environmental (e.g., H. pylori-
associated) types, but many types of acute and chronic gastritis 
have been reported with hyperplastic polyps including the 
postantrectomy state, chemical/reactive gastropathy, and fol-
lowing therapy for gastric antral vascular ectasia (“watermelon 
stomach”). The frequent association between hyperplastic 
polyps and autoimmune gastritis has been extensively docu-
mented. As a result, if not already done, biopsies of the flat 
antrum and body may be helpful to assess the context of the 
polyp.

They are essentially a response to injuries. As a result, patients 
with hyperplastic polyps are at an increased risk (approximately 

Figure 155.34 Gastric hyperplastic polyp. There is prominence of 
mucin-producing epithelium and cystically dilated glands. This lesion has 
overlap with hypertrophic gastropathy and diagnosis of either condition 
requires correlation with the endoscopic appearance.

Figure 155.35 Gastric hyperplastic polyp. It is not uncommon for large 
hyperplastic polyps to display surface erosions/ulcers and reparative 
epithelial changes.
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of several hundred sporadic FGPs at the authors hospital 
revealed <1% with low-grade dysplasia, and one of these cases 
was subsequently determined to be a member of an attenuated 
FAP family [188]. Syndromic and sporadic fundic gland polyps 
differ genetically in alterations in genes of the Wnt signaling 
pathway, specifically APC and CTNNB1 (which encodes 
beta-catenin).

Despite the genetic differences, the natural history of spo-
radic and syndromic FGPs is surprisingly similar. Both sporadic 
and FAP-associated FGPs can increase, decrease, or remain con-
stant in number, as seen when patients are followed with serial 
upper endoscopic examinations. Sporadic FGPs, even in fundic 
gland polyposis, have never been reported to progress to gastric 
adenocarcinoma [189–191]. The presence of dysplastic or non-
dysplastic FGPs is regarded as an incidental finding and virtu-
ally never requires surgical resection. Even surveillance of 
dysplastic FGPs remains controversial.

The morphology of fundic gland polyps overlaps considera-
bly with that of PPI effects. An endoscopic nodule correlates 
with dilated oxyntic glands, some of which contain cells with 
apocrine-like snouts (Figure 155.36). Distinguishing between 
these two processes is prinicipally done by correlation with the 
presence of an endoscopic lesion.

Inflammatory	fibroid	polyp
The first systematic description of these tumors was provided 
by J. Vaněk and appeared in the American Journal of Pathology 
in 1949 [192], although there were prior case reports. Helwig 
and Ranier coined the present term “inflammatory fibroid 
polyp” in the early 1950s [193] (which has been retained despite 
the fact that we now know these lesions are neoplasms), but 
these lesions have also been called “gastric submucosal granu-
loma with eosinophilic infiltration,” eosinophilic granuloma, 
granuloblastoma, neurofibroma, and hemangiopericytoma. The 
vast majority of these tumors occur in the stomach, where they 

usually a minor component of the syndrome (affected individu-
als typically show more prominent facial trichilemmomas and 
oral papillomas, as well as being at increased risk for breast and 
thyroid carcinomas). Detailed reports of the gastric polyps in 
Cowden’s disease have not been made, but they are reported to 
be histologically indistinguishable from small hyperplastic 
polyps [186]. Dysplasia is not reported in these polyps [184].

There are some clinical and pathologic clues that can help to 
distinguish between gastric hyperplastic polyps and hamar-
tomatous polyps: (1) The patient may have a previously charac-
terized polyposis syndrome; (2) there may be biopsies of the 
nonpolypoid gastric mucosa showing an atrophic or inflamma-
tory gastropathy of the type associated with the development of 
hyperplastic polyps; (3) hyperplastic polyps frequently show a 
more lobulated or villiform surface as compared to the often 
rounded surface of juvenile polyps; and (4) hyperplastic polyps 
often contain a more prominent edematous, inflamed lamina 
propria as compared with Peutz–Jeghers polyps, which can 
sometimes but not always show smooth muscle arborization. 
However, it is not generally possible to distinguish between a 
hyperplastic or hamartomatous polyp based solely on the his-
tologic features of a polyp that is resected, or biopsied. Unfor-
tunately all these syndromic polyps are difficult to diagnose in 
the stomach, whereas they are quite easy to diagnose in the 
small bowel and colorectum [187]

Fundic	gland	polyps
Fundic gland polyps (FGPs) occur in two forms: sporadic and 
familial adenomatous polyposis (FAP) associated. FGPs were 
originally described in patients with FAP, believed to be a mani-
festation of that syndrome, but they are now recognized as the 
most common type of gastric polyp in individuals without FAP. 
Sporadic FGPs are found in 1%–2% of routine upper endo-
scopic examinations and are most common in middle-aged 
females. They are typically small (a few millimeters and only 
rarely more than 1 cm), sessile, and dome-shaped. Sporadic 
FGPs may be single but are commonly multiple (usually a few 
polyps). Rarely patients without FAP have numerous FGPs pro-
liferating in a manner that resembles a polyposis syndrome. 
Unlike hyperplastic polyps, FGPs are not particularly associated 
with any type of inflammatory or atrophic background mucosal 
pathology and are essentially an incidental finding.

FGPs associated with FAP syndrome differ from sporadic 
FGPs in their epidemiologic, clinicopathologic, and genetic fea-
tures. For example, FAP-associated FGPs occur in a majority of 
patients with FAP and show a more equal gender distribution 
than sporadic FGPs. They are also more numerous than spo-
radic FGPs, and hence patients with FAP are more likely to have 
fundic gland “polyposis.” FAP-associated FGPs also occur at 
younger ages, including children, whereas FGPs are rare in the 
non-FAP pediatric population. In addition, approximately 25% 
of FAP-associated FGPs demonstrate low-grade epithelial dys-
plasia [188]. While dysplasia in sporadic FGPs can occur, it is 
distinctly unusual [189]. A retrospective histologic evaluation 

Figure 155.36 Fundic gland polyp. The cystically dilated oxyntic (fundic) 
glands are the key feature.
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topic tissue may contain admixture of pancreatic acinar tissue, 
ducts, islet cells in varying proportion. Since the lesion is often 
submucosal, superficial biopsies containing only the overlying 
mucosa may be nondiagnostic.

Gastric	xanthomas
Gastric xanthomas are pale yellow nodules or plaques, usually 
less than 3 mm in size, in the gastric mucosa. They are fre-
quently found in groups, most often along the lesser curvature 
and pyloric regions. They consist of lipid-laden histiocytes  
in the lamina propria occasionally extending into the submu-
cosa (Figure 155.39). There is no correlation between gastric 

account for up to 4% of all gastric polyps [178,194], but they 
have been reported throughout the GI tract. Patients with 
gastric examples are typically 60–80 years old, but examples are 
recorded in both young adults and elders, but not in children. 
Most are found in the antrum, but other gastric sites are known. 
Their endoscopic appearance is that of a smooth submucosal 
lesion that can be pedunculated or sessile with surface 
ulceration/erosion in about one third of cases. These polyps 
were believed to be reactive in the past but they are now known 
to harbor mutations in the platelet-derived growth factor receptor 
alpha (PDGFRA) gene [195], a feature that they share with a 
subset of GISTs. However, in constrast to GISTs, inflammatory 
fibroid polyps are always benign and seldom recur after exci-
sion. Japanese but not Western examples have been found in 
association with gastric dysplasia/carcinoma, presumably based 
on coincidence [196].

Histologically, these tumors are well-marginated, but nonen-
capsulated, and affect the mucosa and submucosa. They are 
composed of uniform spindled cells, mixed inflammatory cells, 
and prominent vasculature (Figures 155.37, 155.38). The spindle 
cells have amphophilic elongate cytoplasm and pale nuclei, 
ranging from ovoid to spindle shape, that display variable col-
lagen deposition. Most examples display a whorled, “onion skin” 
proliferation around vessels, and all examples are punctuated by 
abundant background eosinophils, lymphocytes, and plasma 
cells. Mitoses are infrequent.

Pancreatic	acinar	cell	metaplasia/heterotopia
As in the esophagus, this finding in the stomach is generally 
incidental. It is occasionally mistaken for a carcinoid tumor but 
should be easily distinguishable by the lack of expression of 
neuroendocrine markers. Occasionally heterotopic pancreatic 
tissue can produce a symptomatic mass in the gastric antrum 
that results in gastric outlet obstruction [197–199]. Other than 
such occurrences, it is of little clinical significance. The hetero-

Figure 155.37 Inflammatory fibroid polyp. These tumors have their 
epicenters in the superficial submucosa.

Figure 155.38 Inflammatory fibroid polyp. At higher magnification of 
Figure 155.37, there is a spindle cell lesion punctuated by many 
eosinophils.

Figure 155.39 Gastric xanthoma. Numerous lipid laden macrophages are 
seen in the lamina propria.
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(Figure 155.41), lined entirely by gastric mucin cells, as shown 
on periodic acid Schiff/Alcian blue staining (PAS/AB) indeter-
minate. Intestinal-type adenomas were significantly more likely 
than gastric foveolar-type adenomas to show high-grade dys-
plasia (P  <  0.0001), adenocarcinoma within the polyp 
(P = 0.016), intestinal metaplasia in the surrounding stomach 
(P  <  0.000001), and gastritis (P  =  0.002). Patients with 
intestinal-type adenomas were also more likely to have separate 
adenocarcinomas, as seen in five cases (100%), although this did 
not reach statistical significance. However, there is confusion in 
the literature regarding the natural history of these gastric 
polyps because essentially the same term (“foveolar-type gastric 
dysplasia”) has been used to describe a different type of polyp 
[204]. In a Korean study, intestinal metaplasia was identified in 
the background mucosa in all cases of so-called “foveolar”, 
“hybrid”, and “adenomatous” dysplasia, and these polyps were 
all gastritis-associated. Rather than using the previously dis-
cussed morphologic critieria, the authors of this study per-
formed immunolabeling for mucins and found that their 
“hybrid” polyps with both intestinal and gastric foveolar dif-
ferentiation were more aggressive than those with only intesti-
nal type differentiation [204]. For pathologists practicing in the 
West, the Abraham criteria are most applicable and allow the 
pathologist to assign risk categories for gastric adenomas. Since 
the “gastric foveolar type adenoma” is rare, associated with APC 
alterations [205], unassociated with background pathology, and 
appears as an isolated sporadic lesion akin to a colonic sporadic 
adenoma, the patients are at low-risk for progression to a more 
advanced lesion [206]. Since gastric adenomas are rarely truly 
“sporadic” lesions (the vast majority in daily practice in the 

xanthomas and hypercholesterolemia. The lesion is of little sig-
nificance, except as it may be misdiagnosed as carcinoma [200]. 
However, in any concerning case, performing a keratin and 
CD68 stain can be reassuring. Some authors have associated 
gastric xanthomas with atrophic gastritis and Helicobacter gas-
tritis [201].

Gastric	adenomas	and	gastric	dysplasia
Intestinal and gastric foveolar type gastric adenomas
Much literature in this area has been difficult to interpret. 
Although there is massive experience with gastric cancer and 
its precursors in Japan, pathologists there have used different 
diagnostic criteria from Western pathologists, as pointed out by 
Lauwers and colleagues in 1999 [202]. The observation that 
Japanese pathologists did not require invasion to diagnose car-
cinoma (and “invasion” was not listed as a criterion in the 1990 
World Health Organization [WHO] classification) presumably 
has informed their far better cure rates for early carcinomas, 
compared to results in Western countries. Based on these obser-
vations, an international panel convened in Vienna published 
consensus definitions of gastric epithelial neoplasia in 2000 
[203], which distinguished between noninvasive lesions and 
invasive ones.

Currently, if such a lesion produces a polyp, it is referred to 
as an adenoma and the dysplasia is graded, whereas flat lesions 
are termed “dysplasia” and are graded using criteria similar to 
those in the esophagus. This is not particularly scientific, but is 
a convention that has worked. Both types of lesions confer risk, 
and both require evaluation of the entire stomach to exclude 
invasive carcinoma. As in the case of gastric hyperplastic polyps, 
the background pathology is important. To illustrate this, 
Abraham and colleagues studied 61 gastric adenomas from  
51 patients between 1985 and 2001 [2]. The adenomas were 
classified as intestinal-type, containing at least focal goblet  
cells and/or Paneth cells (Figure 155.40); gastric foveolar type 

Figure 155.40 Gastric adenoma, intestinal type. This example shows both 
intestinal metaplasia and high-grade dysplasia.

Figure 155.41 Gastric adenoma, “gastric foveolar type”. Such a lesion, 
arising in normal background mucosa is a “low-risk” lesion unlikely to be 
associated with either high-grade dysplasia, or invasive carcinoma.
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expression, they lack expression of MUC6 and MUC2 [206]. 
Some cases, however, show areas of transition from gastric  
to intestinal differentiation and these foci may show immunola-
beling with MUC2 and CD10 [210]. As with other types  
of adenomas, complete excision of PGA with biopsy of the 
background flat mucosa is appropriate.Interestingly, PGAs are 
over-represented in individuals with familial adenomatous 
polyposis [211].

Oxyntic	gland	polyp/adenoma
Encountered in the literature as “chief cell hyperplasia with 
structural and nuclear atypia” and “chief cell proliferation of the 
gastric mucosa”, this peculiar lesion was initially described in 
2003 by Müller-Höcker and Rellecke and later in 2005 by Mat-
sukawa and colleagues as an unusual variant of fundic gland 
polyp arising in the cardia/corpus [212,213]. Initial reports 
described anastomosing cords of irregularly branched tubules 
composed of monotonous epithelial cells with central, round 
nuclei and amphophilic cytoplasm associated with oxyntic and 
foveolar microcysts. The case described by Matsukawa and col-
leagues reports nuclear atypia in the form of nuclear stratifica-
tion, suggestive of a tubular carcinoma. However, mitotic figures 
and Ki67 labeling index were low in both reports. Chief cell 
origin for these proliferations is supported by ultrastructural 
findings and positive immunohistochemical staining for 
pepsinogen-I. However, scattered parietal cells were observed 
within these proliferations. In both of these reports an adjacent 
fundic gland polyp could be identified [212,213]. More recently, 
Ueyama and colleagues described similar lesions with the term 
“gastric adenocarcinoma of fundic gland type”. In their report 
of 10 cases, the Ki67 labeling index was also low and none of 
the patients died or suffered recurrences during the 10–70 
month follow-up period [214]. Similar polyps have been diag-
nosed at this authors institution as “oxyntic gland polyp/
adenoma” [215] (Figure 155.43). Because of their rarity and lack 

United States are of the intestinal type and associated with back-
ground intestinal metaplasia), thorough sampling of the sur-
rounding gastric mucosa is essential to understand the 
clinicopathologic context of the adenoma. A Korean study also 
found increased risk of colorectal adenomas (48.3% vs. 33.3% 
in control group, P = 0.022) in patients with gastric adenomas, 
arguing for screening colonoscopies in patients with this type 
of gastric polyp [207].

Flat dysplasia is typically encountered incidentally also in the 
setting of atrophy as a result of long-standing injury due to 
Helicobacter infection or autoimmune atrophic gastritis. There 
are no guidelines regarding patient management in this situa-
tion as the flat dysplasia is not detected endoscopically. Low-
grade dysplasia has been reported to “regress”, persist, and 
progress to a higher grade dysplastic lesion/adenocarcinoma in 
53.3%, 31.1%, and 6.6%/8.8% of cases, respectively. High-grade 
lesions, however, are unlikely to regress and are associated with 
a significant risk of progression to invasive carcinoma, reported 
at 69% (11/16 patients) by Rugge and colleagues (in this study 
however, it was unclear if the studied cases represented flat or 
polypoid lesions) [208]. “Regression” in the setting of flat low-
grade dysplasia is a term that must be used with caution as these 
lesions are not grossly evident and are unlikely to be identified 
endoscopically. These patients are typically followed endoscopi-
cally and their stomachs mapped with multiple biopsies. High-
grade dysplastic lesions are typically managed with endoscopic 
mucosal resection (EMR) or surgical resection.

Pyloric	gland	adenoma
These lesions have been mentioned briefly over the years and in 
the 1990 WHO classification of gastric neoplasms but were fully 
characterized in 2003 by Vieth and colleagues [209]. Pyloric 
gland adenoma (PGA) is a neoplastic polyp known to occur in 
the stomach, gallbladder, duodenum, and main pancreatic duct. 
These polyps show a preference for the gastric corpus, account 
for 2.7% of all gastric polyps, are typically seen in older patients 
(median age 73 years), and gastric examples show a remarkable 
female predominance [206,209]. More than 1/3 occur in patients 
with AMAG [206,209] and account for 10% of polyps found in 
patients with AMAG [116]. H. pylori or chemical gastritis may 
also be present in the background mucosa [209]. Histologically, 
these polyps are composed of closely packed pyloric-type glands 
with cuboidal to low columnar epithelium showing pale or eosi-
nophilic, “ground glass” cytoplasm (Figure 155.42). Nuclei are 
round without prominent nucleoli. Foci of dysplasia/carcinoma 
are commonly encountered. Low-grade and high-grade dyspla-
sia are seen in 12% and 39% of the cases, respectively [206] 
while invasive carcinoma is associated with 12%–47% of the 
lesions, depending on the authors’ criteria for carcinoma; using 
Western criteria, the figure is probably closer to 10%–15% 
[206,209]. PGA’s show coexpression of MUC6 (marker of 
pyloric gland mucin) and MUC5AC (marker of foveolar mucin) 
and lack expression of MUC2 (marker of intestinal mucin), and 
CDX2. While foveolar-type gastric adenomas show MUC5AC 

Figure 155.42 Pyloric gland adenoma. The lesion consists of compact 
tubules that lack either a neutral mucin cap or goblet cells.
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which lymphocytes are seen peppered in residual gland epithe-
lium (Figure 155.45), is not present in every case. At high mag-
nification, before wasting resources on immunohistochemical 
stains, the cell composition is assessed: numerous plasma cells 
are more often an indicator of a reactive lesion (Helicobacter 
gastritis). We perform an abbreviated immunophenotyping 
panel consisting of CD20 (B-cell marker), CD3 (T-cell marker), 
and CD43 (normally found in T cells) and assess for CD20 
reactive B cells that aberrantly express CD43. The CD3 stain is 
necessary since it is normal for T cells to express CD43 and the 
various stains must be compared. Unfortunately not every 
MALT lymphoma coexpresses CD43 (about half do) but the 
diagnosis can still be made on a B-cell rich infiltrate with typical 

of long-term studies endoscopic follow-up to assure complete 
removal of the lesion seems sensible.

MALT lymphoma
Low-grade B-cell lymphomas of mucosa-associated lymphoid 
tissue (MALT) are believed to arise in organized lymphoid 
tissue in the gastric mucosa that is usually acquired in response 
to H. pylori infection. They are also termed “extra-nodal mar-
ginal zone lymphomas”. The close association between H. pylori 
and the lymphoma is further reflected by the demonstration 
that the proliferation of the lymphoma cells can be driven by 
the presence of H. pylori organisms through a complex path of 
cellular interactions involving specific T cells [216–221]. From 
these observations it was suggested that removal of one of the 
proliferative drives to the neoplastic cells in the form of eradica-
tion of the organism might induce a remission in the tumor 
[220]. Long-term remissions can indeed be induced in low-
grade MALT lymphomas in 70% to 80% of cases. The lympho-
mas that are most likely to respond to H. pylori eradication are 
those that are located superficially within the gastric mucosa. It 
has been suggested that certain genetic abnormalities, such as 
t(11;18) and the Bcl-10 mutation, may be associated with lack 
of response to this therapy. Recurrences of low-grade lymphoma 
are encountered in patients treated by H. pylori eradication, but 
these appear to be infrequent and may be self-limiting and 
spontaneously regress without further therapy.

In assessing such a case at low magnification, the lamina 
propria is expanded with small uniform cells, some of which 
have a “halo” around them. We always assess the muscularis 
mucosae at low magnification (with confirmation at high mag-
nification) as physiological lymphoid collections typically do 
not infiltrate the muscular mucosae whereas MALT lymphomas 
do (Figure 155.44). The classic “lymphoepithelial lesion”, in 

Figure 155.43 Oxyntic gland adenoma. These lesions are rare and 
demonstrate chief cell differentiation.

Figure 155.44 Mucosa-associated lymphoid tissue (MALT) lymphoma, 
also called extra-nodal marginal zone B cell lymphoma. Note the 
“bottom-heavy” distribution of the lymphoid infiltrate.

Figure 155.45 Mucosa-associated lymphoid tissue (MALT) lymphoma. 
This field shows a “lympho-epithelial lesion” in which lymphoid cells 
proliferate in the epithelium itself.
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but should not be ordered in ulcerated cases as regenerative 
mucosa can give a false impression of a “single cell pattern”. 
Carcinomas of the intestinal type can be extremely subtle on 
superficial biopsies but there is the correlate of a mass. Diffuse 
carcinomas are very difficult to spot on biopsies but there is the 
correlate of a stomach that does not distend on insufflation. It 
always behooves the endoscopist to provide information con-
cerning these features. Some carcinomas are so poorly differen-
tiated that they require keratin stains for diagnosis. Occasional 
gastric carcinomas have a clear cell pattern. Rare gastric carci-
nomas have squamous differentiation and still rarer ones have 
hepatoid differentiation. Some observers have suggested that 
carcinomas having parietal cell differentiation have an improved 
prognosis over other gastric carcinomas but this seems doubtful 
based on our material. We do not make an exercise of typing 
gastric carcinomas in our practice.

Mesenchymal	tumors
Gastric stromal tumors
The stomach is the most common site for GISTs and they are 
occasionally diagnosed on mucosal biopsies. Typically those 
diagnosed on biopsies are aggressive lesions that have invaded 
the mucosa. GISTs are mesenchymal tumors arising in the GI 
tract and occasionally within the abdomen with no GI connec-
tion. The earlier literature attempted to classify them as smooth 
muscle or nerve sheath tumors, but even in the benign tumors 
evidence for such differentiation was difficult to find. Mazur and 
Clark introduced the term stromal tumor in 1983 [222]. GISTs 
show differentiation towards (and supposedly arise from a pre-
cursor of) interstitial cells of Cajal which are normally con-
cerned with motility of the gut [223,224]. The availability of 
specific antibodies and clarification of their immunohistochem-
ical profile has facilitated diagnosis.

Most gastric GISTs display KIT mutations, but some are char-
acteristically wild type and still have expression of KIT protein. 
These include GISTs associated with neurofibromatosis and 
those associated with succinate dehydrogenase deficiency. The 
tumors in patients with neurofibromatosis (NF)1 have retained 
succinate dehydrogenase activity [225–227].

Some epithelioid gastric stromal tumors are associated with 
paraganglioma and pulmonary chondroma in Carney’s triad. As 
above, a subset of GISTs, usually pediatric ones, displays loss of 
succinate dehydrogenase. Patients with Carney–Stratakis syn-
drome (GISTs and paragangliomas) have germline mutations of 
the gene encoding for succinate dehydrogenase [226].

About 20% of gastric GISTs are malignant. The consensus is 
that five mitoses per 50 HPF and >5 cm are adverse prognostic 
factors. The 5-year survival of malignant gastric GISTs is about 
40%, with improvement in completely resected cases. There is 
no evidence that radical surgery improves survival, so that the 
least extensive surgical procedure compatible with complete 
excision is advisable. Gastric GISTs are more frequent in males, 
but young patients (especially females) have an improved 
outcome.

morphology. The pathologist should always make an attempt to 
document the presence (or absence) of Helicobacter. Probably 
it is most important for both the endoscopist and pathologist to 
remember that these lesions regress slowly over time upon ini-
tiation of therapy and can linger for up to 18 months.

Adenocarcinoma
Gastric carcinoma is often easy to recognize on biopsies but it 
can also be extremely subtle (Figures 155.46, 155.47). When 
there is a high index of suspicion, each fragment should be 
examined carefully, concentrating on any focus that appears 
distinct or fibrotic at low magnification. Biopsies from patients 
who are status post partial gastrectomies should be reviewed 
attentively as these are high-risk patients based on their con-
tinuous bile reflux. In doubtful cases, a keratin stain is helpful 

Figure 155.46 Gastric adenocarcinoma. This subtle early lesion is seen 
only in the lamina propria of the stomach (intramucosal carcinoma).

Figure 155.47 Gastric adenocarcinoma. A keratin stain highlights the 
cancer cells from the field seen in Figure 155.46.
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biopsies, it is difficult to assess tumor size and mitotic counts to 
prognosticate but it is possible to make a diagnosis in many 
cases.

The Armed Forces Institute of Pathology (AFIP) group prob-
ably has the largest accumulated series of gastric stromal tumors 
with follow-up from the preimatinib era, and have reported a 
large series of 1765 GISTs confined to the stomach with good 
follow-up information [233]. Histologic variants recognized 
among the spindle cell tumors included sclerosing, palisaded-
vacuolated, hypercellular, and sarcomatous and among the epi-
thelioid tumors, sclerosing, dyscohesive, hypercellular, and 
sarcomatous. Outcome was strongly dependent on tumor size 
and mitotic activity. Only 2% to 3% of tumors <10 cm and <5 
mitoses/50 HPFs metastasized, whereas 86% of tumors >10 cm 
and >5 mitoses/50 HPFs metastasized. However, tumors 
>10 cm with mitotic activity <5/50 HPFs and those <5 cm with 
mitoses >5/50 HPFs had a relatively low metastatic rate (11% 
and 15%). A small number of patients survived intraabdominal 
metastasis up to over 20 years. Tumor location in fundus or 
gastroesophageal junction, coagulative necrosis, ulceration, and 
mucosal invasion were all unfavorable factors (P  <  0.001), 
whereas tumor location in antrum was favorable (P < 0.001). 
Probably the key feature of this very large series is that it allowed 
separating out a “benign” category of gastric GISTs based on 
large numbers of cases [233]. Another important feature of the 
AFIP study is that mucosal extension by gastric GISTs was evi-
dence that the tumor was biologically aggressive Based on the 
large AFIP series of gastric GISTs, CD117/c-kit is found in 91% 
of gastric GISTs, CD34 in 82%, SMA in 18%, and desmin in 5%; 
the latter two tend to be focal.

Gastric Neural Tumors
These are not typically encountered on gastric mucosal biopsies. 
Most gastric nerve sheath tumors have been classified as 
schwannomas [234], although there is no reason that a patient 
with syndromic nerve sheath tumors (neurofibromas, neuro-
mas, and ganglioneuromas) cannot manifest gastric lesions. 
Most gastrointestinal schwannomas occur in the stomach 
involving submucosa and muscularis propria. They rarely arise 
in the esophagus or colon. They typically do not affect the 
mucosa but are surrounded by a lymphoid cuff, which is more 
likely to be biopsied than the underlying mesenchymal lesion.

GI tract schwannomas are not encapsulated, a feature that 
distinguishes them from schwannomas in the peripheral 
nervous system [235]. They can also be plexiform. They have a 
lymphoid cuff with germinal centers, and intralesional lym-
phocytes can be seen. They are composed of interlacing bundles 
of spindle cells that are only loosely palisaded (in contrast to 
GISTs which, ironically, often display striking palisading). They 
appear quite similar to GISTs but the lymphoid cuff is a tip-off 
that these are Schwannian. These benign tumors are strongly 
S100 protein positive and lack muscle markers and CD117. 
They may have CD34 as well. The differential diagnosis is with 
GIST. The inflammatory backdrop is the key morphologic 

Most GISTs are spindle cell tumors with variable palisading, 
peculiar paranuclear vacuoles, and collagen fibrils (Figure 
155.48). On a practical note, epithelioid GISTs (Figure 155.49) 
on mucosal biopsies are readily mistaken for a host of epithe-
lioid and epithelial neoplasms. It is advisable to perform an 
immunohistochemical panel in assessing them to include 
CD117/c-kit, S100 protein (to address melanoma) and a cytok-
eratin stain to address signet cell carcinoma. The vast majority 
of GIST have kit mutations and are CD117/c-kit stain positive, 
but about 5% lack kit mutations and many in the c-kit negative 
subset have alternate mutations of platelet derived growth 
factor-α instead [228–230]. Since about 70% of GISTs express 
CD34, this can also be included in a diagnostic panel. Another 
helpful antibody is DOG1 (detected on GISTs1) [231], although 
gastric carcinomas can express this protein [232]. On mucosal 

Figure 155.48 Gastrointestinal stromal tumor (GIST), spindle cell type. 
This lesion displays mucosal invasion, a feature of malignant GIST.

Figure 155.49 Gastrointestinal stromal tumor, epithelioid type. Note the 
eosinophilic appearance of the lesional cells. Such tumors were referred to 
as “leiomyoblastoma” in the past.
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feature that should prompt the consideration of a nerve sheath 
tumor.

Other gastric mesenchymal tumors Other gastric mesenchymal 
tumors include lipomas, and glomus tumors. Glomus tumors 
are usually deep in the gastric muscularis propria and not 
encountered on mucosal biopsies. In the present era of better 
control of HIV disease, we seldom encounter Kaposi’s sarcoma 
in our gastrointestinal react material but when it is seen, there 
is a history of extreme immunosuppression and a proliferation 
of CD34 reactive spindle cells. Antibodies to HHV8 are also 
available to confirm this impression.

Well-differentiated	neuroendocrine	(carcinoid)	tumors
Though historically known as carcinoid tumors, these are clas-
sified as well-differentiated neuroendocrine tumors (WDNET 
or NET G1, neuroendocrine tumor, grade 1) by the WHO [236]. 
Strictly speaking, a “carcinoid” tumor is serotonin-producing 
and is associated with with clinical evidence of carcinoid syn-
drome and hence the terminology well-differentiated neuroen-
docrine tumor is considered preferable. A tripartite classification 
system for gastric WDNET’s is now in common use: (a) tumors 
associated with chronic atrophic gastritis with hypergastrine-
mia; (b) tumors associated with Zollinger–Ellison syndrome, or 
multiple endocrine neoplasia (and thus with hypergastrinemia 
from a gastrinoma); and (c) sporadic lesions (without hypergas-
trinemia). These subsets of tumors have been classified as types 
I–III, respectively. Gastric WDNET’s associated with hypergas-
trinemia (types I and II) are relatively benign, whereas sporadic 
lesions require aggressive surgical management. Gastric 
WDNET’s can be managed initially by endoscopic excision of 
accessible tumors, evaluation of the setting in which they have 
arisen, and follow-up by regular endoscopic surveillance. Some 
studies have shown regression of type I and II gastric WDNT’s 
following treatment with somatostatin analogues [237,238]. A 
striking increase in gastric WDNET’s has been reported in the 
past 50 years, including an 800% increase in gastric carcinoids 
in white women although these trends may reflect ascertain-
ment biases [116].

In the two settings in which trophic effects of hypergastrine-
mia on gastric endocrine cells produce a tumor, the tumors have 
essentially little to no metastatic risk. The cutoff for classifying 
a lesion as endocrine cell hyperplasia versus a neoplasia is often 
set at 5 mm (but sometimes at 0.5 mm), but the distinction has 
little clinical significance. It is more important to determine the 
source of the excess gastrin by attention to background gastric 
changes – atrophy versus hyperplasia of the acid-producing 
cells. Hyperplasia of intact parietal cells is the hallmark of 
Zollinger–Ellison syndrome, in which there is a gastrin-secreting 
neoplasm (often in the duodenum). In such a case the type 1 
WDNET is gastrin negative on immunolabeling since it is com-
posed of enterochromaffin-like cells whereas the gastrinoma of 
the pancreas or duodenum express gastrin on immunolabeling. 
The morphology of gastric WDNT’s is similar to those found 

elsewhere, characterized by small round proliferating cells 
(Figures 155.50, 155.51, and 155.52). The diagnosis can be con-
firmed by performing endocrine stains. Some of these tumors 
do display cytologic atypia but this does not imply a worse 
prognosis. Mitotic activity or Ki-67 immunolabeling are the 
parameters used for grading foregut WDNT’s and a three-tiered 
system is used [236,239]:
• Grade 1: <2 mitoses/10 high power fields or <2% Ki-67 index
• Grade 2: mitotic count 2-20 per 10 high power fields or 

3%–20% Ki-67 index
• Grade 3: tumors are high-grade neuroendocrine carcinomas 

(large-cell or small-cell types) and are characterized by >20 
mitoses/10 HPFs or >20% Ki-67 index.

Figure 155.50 Gastric well-differentiated neuroendocrine (carcinoid) 
tumor. This tumor is centered in the submucosa.

Figure 155.51 Gastric well-differentiated neuroendocrine (carcinoid) 
tumor. Note the uniform nuclear features.
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noted nodule consists of a heterotopic or metaplastic process; 
although fortunately both are benign.

Infectious	enteritis
A host of etiologic agents may affect the small bowel mucosa 
that should be recognized. It is impossible to be exhaustive, but 
some merit comment.

Metastatic	neoplasms
Although theoretically any tumor might metastasize to the 
stomach, those seen in practice are metastatic lobular breast 
cancer, renal cell carcinoma, melanoma, and hepatobiliary car-
cinoma. These are best separated from de novo gastric primaries 
by history, but immunohistochemistry is important as well.

Small bowel

Nonneoplastic conditions
Reactive	lesions	(gastric	metaplasia	of	the	duodenum)
When the esophagus and stomach are injured, metaplasia 
ensues, often of intestinal type. The duodenum also can undergo 
metaplasia when injured, but to gastric type mucosa (Figures 
155.53 and 155.54). Helicobacter gastritis was originally strongly 
associated with duodenal ulceration [127,240]. It is predomi-
nantly the bulb that is damaged. Gastric mucin cell metaplasia 
supervenes together with Brunner gland hyperplasia. In addi-
tion, the area of metaplastic duodenum is then able to support 
H. pylori which further stimulates ulceration in the duodenum. 
This cycle of events may attract inflammation and impart a 
nodular appearance to the duodenum (“nodular peptic duo-
denitis”) [172,241]. There may be striking reparative epithelial 
changes that are occasionally mistaken for adenomas. If PAS 
staining is done, these foci usually have at least some gastric 
mucin cell metaplasia as a clue that the process is reparative 
rather than neoplastic. In any doubtful case, repeat biopsy can 
be performed following treatment. Peptic duodenitis appears 
similar to gastric heterotopia, which occurs as a nodule in unin-
jured small bowel and often consists of oxyntic mucosa. In some 
cases, it is impossible to suggest whether the endoscopically 

Figure 155.52 Gastric well-differentiated neuroendocrine (carcinoid) 
tumor. The lesional cells are reactive with synaptophysin antibodies.

Figure 155.53 Chronic peptic duodenitis. At low magnification, normal 
duodenal mucosa is seen at the left (goblet cells are present) but the 
central portion shows gastric type epithelium that is metaplastic.

Figure 155.54 Chronic peptic duodenitis. A periodic acid Schiff with 
alcian blue shows the gastric metaplasia to advantage; it appears magenta.
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form) which penetrate human skin, passing through blood 
vessels to the lungs, into the upper airways. The patient coughs 
and the larvae are swallowed and finally reach the small intes-
tine and mature into adult worms. The males are rapidly expelled 
after fertilizing the females. The female worms can remain in 
the intestine for decades – and are known in some cases to be 
present for up to 30 years! In immunosuppressed patients, 
autoinfection is a major threat as the rhabditiform larvae inter-
nally undergo transformation, penetrate intestinal mucosa and 
disseminates throughout the body. Autoinfection/hyperinfection 
carries a high mortality rate (up to 80%). Unlike hookworm 
infection for which eggs are used for identification in stool 
exams, eggs are not present in the stool in Strongyloides infec-
tion. Diagnosis is based most frequently on identification of 
rhabditiform larvae in stool. Intestinal biopsies are used less 
often for diagnosis. Characteristic findings in the biopsy are the 
presence of all stages of the worm embedded in mucosal crypts 
(Figures 155.57 and 155.58). Thus larvae, eggs, and rarely adult 
worms (recognized by one intestinal tract and a pair of repro-
ductive tubes) can all be seen. Additional changes include 
villous flattening, crypt hyperplasia, and an inflammatory reac-
tion consisting of lymphocytes, plasma cells, eosinophils. 
Finding a prominent eosinophilic infiltrate and Charcot-Leyden 
crystals should prompt a search for a parasitic infestation. 
Treated worms invoke a brisk immunologic response. The small 
intestine is the most common affected site but rarely stomach 
and colon can also be involved.

Whipple’s disease
Whipple’s disease (WD) is a rare systemic bacterial infection 
caused by Tropheryma whipplei (an actinomycete). There is a 
striking male predominance of 8–10 : 1, with white males 
between the fourth to fifth decades most commonly affected. 
Patients present with diarrhea, low-grade fever, weight  
loss, malabsorption, abdominal pain, arthralgia, anemia,  

Mycobacterium avium complex
In immunocompetent hosts, atypical mycobacteria show little 
virulence. However, Mycobacterium avium complex (MAI) is a 
significant cause of opportunistic infection in immunocompro-
mised patients, especially patients with AIDS. Patients with 
CD4+ cell counts of less than 100/μL are at risk for developing 
MAI. Symptoms include abdominal pain, fever, weight loss, 
chronic malabsorption, diarrhea, etc. Disseminated GI tract 
infection with MAI is common in AIDS patients. Clarithromy-
cin or azithromycin are the preferred agents for MAI 
prophylaxis.

MAI usually affects both the small and large bowel. Endo-
scopically, the small bowel mucosa either appears normal or 
shows a coarse granularity without significant exudate. (imply-
ing an attenuated local immunological response). The granular 
mucosa corresponds to massive infiltration of small intestinal 
villi by histiocytes loaded with acid-fast bacilli (Figures 155.55 
and 155.56).

Unlike for Mycobacterium tuberculosis, well defined granulo-
mas are not a feature of MAI. Instead, loose clusters of foamy 
histiocytes appear with little accompanying inflammation. 
Apart from the GI tract, MAI infection can affect a wide range 
of organs including lung, lymph nodes, spleen, liver, bone 
marrow, and brain.

Nematode infection
Strongyloides stercoralis is a nematodal infection with a world-
wide distribution affecting 30–100 million people. It is endemic 
in Africa, Southeast Asia and South America and parts of the 
US (e.g. Kentucky and Eastern Tennessee).

The life cycle of this worm is as follows – the female lays eggs 
(and can do so without fertilization – parthenogenesis) in small 
intestinal crypts. The embryonated eggs hatch into rhabditiform 
larvae which pass into the lumen and are expelled with feces. 
The rhabditiform larvae develop into filariform larvae (infective 

Figure 155.55 Mycobacterium avium intracellulare (MAI) duodenitis. The 
villi are expanded with macrophages.

Figure 155.56 Mycobacterium avium intracellulare (MAI) duodenitis. This 
acid fast stain highlights the organisms.
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rounded villi with distention of lamina propria by foamy pink 
macrophages. The macrophages contain PAS positive, diastase 
resistant rod or sickle shaped bacterial inclusions. The bacterial 
inclusions can also be present in the extra cellular space of 
lamina propria, and in epithelial cells, fibroblasts, endothelial 
cells, and smooth muscle. Lymphatic obstruction gives rise to 
dilated lacteals containing lipid deposits-a helpful feature which 
suggests the diagnosis of Whipple’s disease on H & E stain 
(Figure 155.59). Endoscopically, the lesions can present as 
yellowish-white plaques, as pale yellow shaggy mucosa, or have 
an erythematous friable appearance.

The classic histological features of intensely PAS positive 
foamy macrophages, dilated lacteals with large lipid droplets are 
characteristic of WD.

Apart from histology and special stains, recently, it has been 
possible to detect the Whipple antigen by immunohistochemi-
cal analysis using a polyclonal rabbit antibody produced against 
a cultured strain of T. whipplei [245] (Figure 155.60). The 
antigen is a component of the bacterial cell wall. This is both a 
sensitive and specific method of detecting WD. Other tests 
consist of polymerase chain reaction (PCR) assays for 16S ribos-
omal RNA genes of T. whipplei, and electron microscopy. The 
bacterium of WD has also been successfully grown in human 
fibroblast cell line using shell-vial assays.

With electron microscopy, PAS stain and Whipple immunos-
tain it is still possible to see retained bacterial products, months 
and even years after initiation of therapy despite clinical 
improvement. Thus, PCR may be a better tool to monitor treat-
ment response as the bacterium has been shown to become 
undetectable shortly after initiation of antibiotic treatment.

Other infectious agents
Other infectious agent known to affect the small bowel include 
Yersinia spp., which produces necrotizing granulomas and 

lymphadenopathy (50%), cardiac and central nervous system 
symptoms (10%). Most patients respond dramatically to antibi-
otics (trimethoprim and sulfamethoxazole). However some 
patients can have a chronic relapsing course, with organisms 
persisting in affected tissues for a long time despite extended 
antibiotic treatment.

Whipple’s disease was first described by Dr George Whipple 
at Johns Hopkins in 1907 as “intestinal lipodystrophy” due to 
the prominent accumulation of lipids in intestinal mucosa and 
lymph nodes. The bacterial etiology of this condition was con-
firmed by electron microscopy in 1961 [242,243]. Although the 
intestinal location is classic, this condition can present with 
myriad systemic manifestations [244].

Whipple’s disease usually involves the postbulbar duodenum 
and jejunum. Thus biopsies should be taken both from proximal 
and distal duodenum, and also jejunum. The characteristic 
appearance of small intestinal biopsy consists of blunted and 

Figure 155.57 Strongyloidiasis. Multiple larval forms are seen in the small 
intestinal mucosa.

Figure 155.58 Strongyloidiasis. Higher magnification of image 57.

Figure 155.59 Whipple’s disease. As in Figure 155.55 this one shows 
many foamy macrophages expanding the villi. In contrast, dilated lacteals 
are a feature of Whipple’s disease.
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maintenance immunosuppression in solid organ transplanta-
tion. Gastrointestinal toxicity, usually manifested as diarrhea, is 
its most common side effect. These effects have also been 
reported to be present in upper tract and colonic mucosal 
biopsies.

Common	variable	immunodeficiency
Washington and colleagues have reported common GI com-
plaints in patients with common variable immunodeficiency 
(CVID) and related disorders. Daniels and colleagues docu-
mented small bowel biopsy findings in 39 small bowel samples 
from 19 patients with this condition. Features included a paucity 
of plasma cells (68%), prominent lymphoid aggregates (47%), 
increased apoptosis (21%), increased intraepithelial lym-
phocytes (IEL’s) (63%) with or without villous blunting (83% of 
those with IEL’s), and granulomas (11%). While these features 
may suggest celiac disease and/or Crohn’s disease, both diag-
noses can usually be excluded because of the paucity of lamina 
propria plasma cells and the likelihood of harboring infectious 
agents (Giardia, Cryptosporidium, microsporidia). When 
Giardia is encountered in immunocompetent hosts there are 
typically fewer organisms present. Not all patients’ biopsies lack 
plasma cells so clinicopathologic correlation is important.

Malabsorption
Celiac disease
Celiac disease is a relatively common systemic autoimmune 
disorder induced by gluten proteins found in wheat, barley, and 
rye. Injury to the small intestine is the hallmark of disease, but 
manifestations are systemic. Sites of extraintestinal injury 
include but are not limited to the skin (classically with derma-
titis herpetiformis), joints, and uterus such that clinical presen-
tations can be subtle and not GI tract related.

When evaluating patients for celiac disease, it is worthwhile 
remembering that antigliadin tests are no longer recommended 
as they produce too many false positives. Presently, antitissue 
transglutaminase or antiendomysial tests are recommended 
[254]. These are IgA based tests in general so they yield false 
negative results in IgA deficient patients. IgG based tests are 
used in the authors setting.

It is best to evaluate biopsies from beyond the bulb (first 
portion) since these are less prone to injury from gastric con-
tents. Several biopsies should be obtained since characteristic 
features may be patchy. Review of these is easiest in well-
oriented samples.

There is a range of appearances in biopsies obtained from 
patients with celiac disease and the constellation of findings has 
been classified by Marsh [255], and further modified by Rostami 
and colleagures [256,257], and appears in Table 155.2. What is 
important about these grading schemes is that they provide a 
framework for recognizing celiac disease lesions that fall short 
of mucosal atrophy. Since these observers originally published 
their findings in the gastroenterology literature rather than 
pathology literature, many pathologists have remained unaware 

adenovirus, which results in marked lymphoid hyperplasia 
which can lead to obstruction or intussusception [246].

Nonsteroidal	antiinflammatory	drug	associated	injury
NSAIDs (nonsteroidal antiinflammatory drugs) are well-known 
to be associated with mucosal damage in the small intestine and 
may even lead to a peculiar form of strictures called “diaphragm 
disease” based on its macroscopic appearance [247–249]. The 
typical injury consists of ulcers which may lead to strictures. 
Unfortunately the histologic features of NSAID-associated 
ulcers are not specific although they are usually not associated 
with abundant chronic inflammation.

GVHD
Patients with GVHD present with secretory diarrhea, abdomi-
nal pain, and, at times, hemorrhage. There is a syndrome of 
upper GI GVHD, presenting clinically as anorexia, dyspepsia, 
food intolerance, nausea, and vomiting. These syndromes were 
first recognized in the early 1990s [46,250,251] and endoscopic 
criteria for recognizing the lesions of GVHD are now available 
[39]. Patients who have had bone marrow transplants are prone 
to many infectious causes of enteritis, but many develop upper 
tract GVHD. The original grading criteria were published by 
Snover [250] and are summarized as follows:
• Grade 1 – increased crypt apoptosis
• Grade 2 – apoptosis with crypt abscess
• Grade 3 – individual crypt necrosis
• Grade 4 – total denudation of areas of mucosa.

There criteria are simple to apply and correlate well with 
clinical findings. Unfortunately chronic GVHD results in non-
specific features of lamina propria fibrosis and mucosal atrophy. 
When confronted with such biopsies, both active and chronic 
components should be graded. Comparison with prior biopsies 
may be helpful. Of note, a GVHD-like may be seen in small 
bowel and colon biopsies in response to CellCept® (Mycophe-
nolate mofetil) [252,253]. This medication is widely used for 

Figure 155.60 Whipple’s disease. This is an immunohistochemical 
preparation using an antibody directed against the organism.
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Table 155.2 Schemes for assessment of biopsies in patients with celiac disease.

Lesion category Marsh classification [255] Rostami modification [256,257]

Marsh 0 Preinfiltrative:
• normal mucosal and villous architecture

Same as original

Marsh I Infiltrative:
• normal mucosal and villous architecture
• prominent intraepithelial lymphocytes

Same as original

Marsh II Hyperplastic:
• same as “infiltrative” but also with enlarged crypts and increased crypt mitoses.

Same as original

Marsh III Destructive lesion:
• flat mucosa – complete loss of villi
• lymphocyte infiltration
• enlarged hyperplastic crypts

A. Partial villous atrophy
B. Subtotal villous atrophy
C. Total villous atophy

Marsh IV Hypoplastic:
• total villous atrophy
• normal intraepithelial lymphocyte count
• believed to reflect severe malnutrition and be nonspecific

Same as original

Figure 155.61 Celiac disease. The villi in this duodenal biopsy are wholly 
attenuated.

Figure 155.62 Celiac disease. Prominent intraepithelial lymphoctes are a 
key diagnostic feature.

of subtle findings that suggest celiac disease until recently 
[258,259], although such findings are by no means specific 
[260,261]. Of course one has to already know the patient has 
celiac disease before Marsh grading is relevant since many other 
conditions produce an identical picture to that termed “Marsh 
2”. Essentially subtle or treated lesions of celiac disease display 
only intraepithelial lymphocytosis, similar in density or more 
prominent in the tips of the villi than the bases, where intraepi-
thelial lymphocytes are physiologic. As lesions progress, the 
lamina propria becomes expanded with numerous lymphocytes 
and plasma cells, the villi become progressively attenuated with 
epithelial damage, and the crypts become hyperplastic (Figures 
155.61, 155.62, 155.63). The cells accounting for the infiltrate 
are T cells, and there is extensive literature devoted to the phe-
notype of these T cells, most of which is of value only for 
research purposes.

Villous atrophy may be caused by a wide variety of disorders 
in addition to celiac disease and the related condition dermatitis 
herpetiformis. These include, cow’s milk protein intolerance 
(pediatric), giardiasis, peptic duodentis, Crohn’s disease, small 
bowel bacterial overgrowth (stasis and overgrowth usually of 
anaerobes), eosinophilic gastroenteritis, radiation enteritis, 
tropical sprue, severe malnutrition, lymphoma, GVHD, 
hypogammaglobilinemia/common variable immunodeficiency 
syndrome, and alpha chain disease. A rule of thumb in consid-
ering atrophic enteritis is that neutrophils and histiocytes are 
not a typical inflammatory constituent in celiac disease and 
their presence should prompt other considerations, particularly 
bacterial overgrowth (stasis changes) and Crohn’s disease. In 
reality, there are biopsies for which it is difficult to offer a precise 
etiology and in that situation a descriptive report is indicated 
together with a dialogue with the endoscopist.
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Vega and colleagues have also described a patient with “atypi-
cal NK-cell proliferation of the GI tract in a patient with 
antogliadin antibodies but not celiac disease [267]. T cells in 
this patient’s GI tract expressed CD56, CD7, cytoplasmic CD3 
(but not membranous CD3), and TIA-1 but not CD4, CD8, 
CD10, CD20, CD5, or EBV markers.” These observations were 
expanded by Mansoor and colleagues [268] in a series of eight 
patients with lesions resembling those of T cells lymphomas and 
termed “N-K cell enteropathy”. The patients presented with 
vague gastrointestinal symptoms and displayed endoscopic 
zones of superficial erosions, edema, and hemorrhage involving 
the stomach, duodenum, small bowel, and colon. Their biopsies 
demonstrated an atypical lymphoid infiltrate with an NK-cell 
phenotype (CD56(+)/TIA-1(+)/Granzyme B(+)/cCD3(+)), 
which displaced but did not invade the glandular epithelium. 
EBV studies were negative and T-cell receptor-γ gene rearrange-
ment showed no evidence of a clonal process. Several of the 
patients had been diagnosed with lymphomas and treated 
aggressively but some were followed without treatment. These 
lesions mimic NK-/T-cell lymphomas on endoscopic biopsies 
(the clue was the lack of EBV virus). We suspect these lesions 
may fall within the spectrum of refractory sprue but this cannot 
be confirmed at this writing.

Lastly, it is worth remembering that olmesartan is associated 
with a striking celiac disease-like medication effect [269].

IgA deficiency
The incidence of IgA deficiency ranges from 1 : 400 to 1 : 3000 
in healthy blood donors and most IgA deficient individuals are 
healthy but this condition is associated with protean manifesta-
tions [270]. It is believed that these people have a compensatory 
increase in secretory IgM. However, for the purposes of GI 
biopsy interpretation, disorders associated with IgA deficiency 
include giardiasis, nodular lymphoid hyperplasia, celiac disease 
(in around 2%), milk intolerance and inflammatory bowel 
disease. When reviewing biopsies from IgA deficient individuals 
(having serum levels less than 7 mg/dL), IgA-producing cells 
may be identified on immunohistochemistry but are usually 
reduced in number. It may be that, at least in some cases, the 
secretory (J chain) component is defective so that IgA-reactive 
cells are seen despite a lack of detectable serum IgA. However, 
since the number of IgA labeled plasma cells is variable in any 
population of healthy individuals, the disease can only be sug-
gested by the pathologist when the associated disorders are 
detected.

Tropical sprue and small bowel bacterial overgrowth
Aside from infectious intestinal diseases with known etiology, 
there is a group of gastrointestinal disorders mainly affecting 
the small intestine of individuals predominantly living in and 
less often visiting or returning from underdeveloped regions, 
usually the tropics, and ranging from asymptomatic structural 
and/or functional abnormalities of the gastrointestinal mucosa 
(subclinical enteropathy) to a fully symptomatic condition 

There remains a troubling subset of cases that defies current 
medical management and has a presentation resembling celiac 
disease and these are sometimes termed “refractory sprue” 
[262–264]. Robert and colleagures reported ten cases of refrac-
tory sprue [265] and found that 5 of the 10 refractory patients 
ultimately developed collagenous sprue as a distinct histologic 
marker of refractory disease. Additional distinctive findings 
found in small bowel biopsies in the refractory group were 
subcryptal chronic inflammation (10 of 10), and marked 
mucosal thinning in three patients. Other nonspecific findings 
included acute inflammation and gastric metaplasia. One 
patient with collagenous sprue developed a B-cell lymphoma of 
the ileum, and in general collagenous sprue was associated with 
a poor prognosis. Two of five patients died whereas two others 
require total parenteral nutrition for survival. In other studies 
and in the authors experience, such cases may be clonal by gene 
rearrangement studies and related to T cell lymphomas but 
these cases are also heterogeneous and rare, so difficult to study 
well [266]. A diagnostic possibility to ponder when examining 
biopsies from patients with “refractory sprue” is autoimmune 
enteropathy, which is further discussed in the following 
sections.

Refractory sprue can be divided into types. In type 1,  
the intraepithelial lymphocytes mirror the type normally 
encountered in the small bowel epithelium whereas those in 
type 2 have an abnormal (clonal) intraepithelial lymphocyte 
immunophenotype:
• type 1 refractory sprue: CD3+, CD8+, no clonality on analy-

sis of T cell receptor gene rearrangements
• type 2 refractory sprue: CD3+, loss of CD8, clonality on 

analysis of T cell receptor gene rearrangements.

Figure 155.63 Celiac disease. This CD3 immunostain highlights the T 
cells in the epithelium.
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The histologic appearance of autoimmune enteropathy varies 
considerably from case to case. Intestinal biopsies show a picture 
similar to celiac disease with total or partial villous atrophy, 
crypt hyperplasia, and expansion of the lamina propria by a 
lymphoplasmacytic infiltrate. Some cases display intact villous 
architecture. Active inflammation with or without crypt 
abscesses may or may not be present. Increased intraepithelial 
lymphocytes may be seen but often to a lesser degree than in 
celiac disease. Crypt apoptosis is striking in some cases. Goblet 
and/or Paneth cells may be absent. Cases lacking goblet cells 
and/or Paneth cells are easy to recognize as autoimmune enter-
opathy if the pathologist routinely assesses these components in 
biopsies whereas the diagnosis can only be listed as part of a 
differential diagnosis when, for example, prominent apoptosis 
is the most salient feature (Figure 155.64). The diagnosis should 
be considered when examining biopsies from adult patients 
labeled as having “refractory sprue” and from babies and chil-
dren with intractable diarrhea. Treatment consists of nutritional 
support and immunosuppressive therapy. With treatment, some 
patients with absent goblet and Paneth cells regain them.

Microvillus inclusion disease (microvillous inclusion disease)
Microvillus inclusion disease is an uncommon congenital enter-
opathy, producing intractable secretory diarrhea in early infancy 
[274–281]. It is an inherited disease in an autosomal recessive 
genetic trait pattern. There are several synonyms used for this 
disease including Davidson’s disease [275], familial microvillous 
atrophy, congenital microvillous atrophy, intestinal microvillous 
dystrophy (a variant of microvillus inclusion disease). The 
outcome is typically poor, with most patients requiring small 
bowel transplantation. Rare cases have resolved.

Biopsies of duodenal mucosa show moderate villous blunting 
without active inflammatory reaction or intraepithelial lym-
phocytosis. The optimal specimen is a small intestinal biopsy, 

highlighted by malabsorption of nutrients with associated 
nutritional deficiencies responsive to folate and broad spectrum 
antibiotic treatment (tropical sprue). In addition, tropical sprue 
has been associated with bacterial contamination of the small 
bowel. These patients have prolonged transit time through the 
small intestine, akin to that observed in obstruction [271] and 
evidence of bacterial overgrowth. The appearance of biopsies 
from these patients is very much like that in patients in Western 
countries having small bowel bacterial overgrowth. The findings 
are similar to those in celiac disease in terms of villous attenu-
ation but with the addition of active inflammation and, at times, 
features of chronicity such as gastric mucin cell metaplasia and 
crypt distortion. Both conditions have overlapping features with 
upper tract Crohn’s disease. Small bowel bacterial overgrowth 
is relatively common and occurs when small bowel motility is 
altered and patients present with diarrhea [272,273]. This altera-
tion may be the result of underlying medical conditions such as 
diabetes or scleroderma (which results in sclerosis of the bowel 
wall), or from surgery. In addition many patients with so-called 
irritable bowel syndrome are believed to have this condition. It 
is best diagnosed by small bowel aspirate and quantitative cul-
tures and specific antibiotic therapy is determined by sensitivity 
testing of the cultured agent/s, which are generally anaerobes. 
The morphologic features in small bowel bacterial overgrowth 
range from normal to Crohn’s disease-like but usually do include 
a component of neutrophilic inflammation. The pathologist 
reviewing biopsies may be able to raise this possibility and 
suggest confirmation but it is difficult to diagnose in isolation 
from clinical findings.

Autoimmune enteropathy
This rare condition is characterized by: (1) small intestinal 
villous atrophy unresponsive to dietary restrictions; (2) unrelent-
ing diarrhea; and (3) predisposition to autoimmune disease, as 
initially proposed by Unsworth and Walker–Smith. Though ini-
tially thought to affect newborns and young children, adult 
onset is well-documented in the literature. The pathophysiology 
is poorly-understood but a proposed mechanism involves loss 
of self-tolerance and a hypereactive immune system with 
innapropriate T-cell activation and cytotoxicity. Increased 
numbers of mucosal CD4+ and CD8+ T cells have been 
observed by some. Two variants of the disorder are described. 
The first, termed IPEX (immune dysregulation, polyendocrin-
opathy, enteropathy, X-linked) syndrome, is fatal, X-linked and 
characterized by polyendocrinopathy and various autoimmune 
conditions in association with severe, prolonged diarrhea. The 
second, termed APECED (autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy) syndrome or APS-1 
(autoimmune polyglandular syndrome 1) is autosomal recessive 
and affected patients suffer from autoimmune enteropathy in 
association with endocrine abnormalities (hypoparathyroidism, 
adrenocortical insufficiency, diabetes mellitus, thyroid disease), 
mucocutaneous candidiasis, and skin manifestations such as 
alopecia and vitiligo, and nail deformities.

Figure 155.64 Autoimmune enteropathy. At first glance, the sample 
appears normal. On more careful review, one notes that both goblet cells 
and Paneth cells are absent.
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losing enteropathy and malabsorption may occur. The edema is 
usually generalized, but asymmetric edema is not uncommon.

Small biopsies taken in these patients may be nondiagnostic 
but they simply display multiple dilated lacteals, a finding easy 
for the pathologist to overlook without knowledge of an often 
dramatic CT appearance.

Crohn’s	disease
The clinical features of Crohn’s disease are well-summarized 
elsewhere in this book. It is typically characterized by foci of 
glandular destruction, aphthous erosions, serpiginous ulcers as 
well as areas of transmural inflammation, fibrosis and some-
times granulomas. Because of its transmural nature, fissures, 
sinuses, and fistulas may occur.

Mucosal biopsies, although superficial, can show features that 
are suggestive of Crohn’s disease (Figure 155.67). Discrete foci 

in which duodenal biopsy is most commonly used. Rectal 
biopsy has been proposed as a simple and reliable method for 
early diagnosis although the findings may be subtle. Architec-
turally, diffuse intestinal villous atrophy with no inflammatory 
reaction is a characteristic feature. Due to increased crypt cell 
apoptosis, either crypt hypoplasia or hyperplasia can be found. 
Subtle histologic changes in the enterocytes are confined to  
the villous tips and distal villous lateral borders. Changes are 
difficult to discern at the base of the villus and in the crypt 
epithelium; indeed the enterocytes appear normal in these 
regions. Cytologically, a bubbly vacuolated appearance of the 
apical cytoplasm with extensive or patchy absence of the brush 
border is a specific sign for the diagnosis. Typical targetoid 
cytoplasmic inclusions are occasionally identified in the surface 
enterocytes.

Instead of a sharp linear brush border that stains with PAS or 
alkaline phosphatase histochemically, a bright apical cytoplas-
mic blush is present and is the most easily recognized changes 
of microvillus inclusion disease. Brush border biomarkers, such 
as carcinoembryonic antigen (CEA) and particularly CD10 
[278], are also useful in the diagnosis of microvillus inclusion 
disease. CEA and CD10 stains demonstrate the characteristic 
apical cytoplasmic staining pattern in the enterocytes. 
Ultrastructurally, identification of apical microvillus inclusions 
in surface enterocytes in intestinal tract biopsies makes a defini-
tive diagnosis. A variant of this condition (possibly an incom-
plete form) is called “tufting enteropathy” or “intestinal epithelial 
dysplasia” and adhesion molecule defects have been implicated 
[274,280,281]

Colchicine toxicity
Colchicine is an alkaloid with antimitotic ability used to treat a 
variety of medical conditions. Iacobuzio–Donahue and col-
leagues reported findings in 21 gastrointestinal mucosal biop-
sies from nine patients receiving oral colchicine therapy [126]. 
All patients had a history of gout. Four patients with chronic 
renal failure also had clinical evidence of colchicine toxicity, and 
the other five patients did not. Distinct morphologic changes, 
seen as metaphase mitoses, epithelial pseudostratification, and 
loss of polarity, were seen in biopsy material from four of four 
(100%) patients with clinical colchicine toxicity. Three of these 
four cases (75%) also contained abundant crypt apoptotic 
bodies. These morphologic features were best seen in the biop-
sies from duodenum (Figures 155.65 and 155.66) and gastric 
antrum, with relative sparing of the gastric body in the upper 
GI tract. The distinctive morphologic features were not seen in 
the five patients without clinical colchicine toxicity.

Lymphangiectasia
Primary intestinal lymphangiectasia is usually diagnosed before 
the age of 3 years. Most patients have growth retardation. Gas-
trointestinal complaints that vary in severity consist of diarrhea, 
vomiting, abdominal pain, and steatorrhea. If large segments of 
the gut are involved, secondary edema resulting from protein-

Figure 155.65 Colchicine toxicity. This patient’s duodenal biopsy shows 
attenuated villi and an expanded proliferative compartment. Mitotic arrest 
is seen as ring mitoses.

Figure 155.66 Colchicine toxicity. Higher magnification of arrested 
mitoses.
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commonly caused by medications, particularly NSAID rather 
than Crohn’s disease and finding the features of chronicity is 
critical; medication induced injury is usually not associated 
with increased lamina propria inflammation, or pyloric meta-
plasia. Submucosal fibrosis can also be a sequellae of NSAID 
damage. Peyer’s patches are a normal component of the terminal 
ileum, particularly in young individuals, and should not be 
diagnosed as chronic inflammation. The mucosa over Peyer’s 
patches may be distorted with flattened villi due to underlying 
expansion of lymphoid nodules in nonspecific reactive hyper-
plasia. Yersiniosis can also result in prominent Peyer’s patches.

Behçet’s	disease
Behçet’s disease is a systemic disorder consisting of oral ulcera-
tion plus any two of genital ulceration, typical defined eye 
lesions, typical defined skin lesions, or a positive pathergy test 
(an exaggerated response to a minor injury of skin) [264,282,283] 
The gastrointestional tract may be affected anywhere, where 
deep penetrating ulcers lacking specific histologic features are 
found, but the commonest sites are the terminal ileum and 
cecum. Establishing the diagnosis requires clinicopathologic 
correlation and surgical management is often required. Vascu-
litis is one of the hallmarks, particularly involving veins and can 
be seen on endoscopic biopsies (Figure 155.69).

Small	intestinal	findings	in	ulcerative	colitis
Generally the small intestine is normal in patients with ulcera-
tive colitis. However, a subset of patients who have severe pan-
colitis which extends a short distance into the ileum as well, and 
the imperfect term “backwash ileitis” has been applied. It is 
associated with pouch complications in some studies [284] but 
not others [285] and is believed to reflect the severity of the 
ulcerative colitis. “Backwash ileitis” is sometimes described as 
active chronic and sometimes as minimal active, and no real 
consensus exists. A group of patients with classic ulcerative 
colitis and severe confluent duodenitis has also been described 

of inflammation often associated with neutrophils within crypts 
(cryptitis) and adjacent to histologically normal crypts are 
common. Aphthous erosions or ulcers, characterized by focal 
surface epithelial necrosis associated with a mixed chronic 
inflammatory infiltrate, sometimes associated with underlying 
lymphoid aggregates are typical early lesions. Variability of 
inflammation within a single biopsy and among several biopsy 
fragments from the same anatomic location is also typical. The 
areas of inflammation show architectural changes of chronic 
crypt destructive colitis while adjacent crypts may appear totally 
normal. Granulomas are infrequently seen but when present, 
are poorly formed, and associated with chronic inflammation.

Terminal ileal involvement includes increased lamina propria 
inflammation, aphthous erosions, and flattened and broad villi. 
Pyloric metaplasia (mucinous glands, reminiscent of the antral 
or pyloric mucosa) (Figure 155.68) indicates repeated bouts of 
inflammation and repair. Of note, focal acute ileitis is most 

Figure 155.67 Crohn’s disease. A granuloma is seen in the center of the 
field.

Figure 155.68 Crohn’s disease. This ileal biopsy shows pyloric metaplasia 
– the metaplastic glands in the deep portion of the field lack goblet cells.

Figure 155.69 Behçet’s disease. Vasculitis primarily affecting mesenteric 
veins is the hallmark.
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appear essentially the same as those in the colon. In patients 
with FAP, endocrine cells are often a prominent component. 
Most adenomas occur singly; the presence of multiple adeno-
mas in the small intestine is unusual except in the context of 
FAP. The majority of FAP patients also develop upper gastroin-
testinal polyps. Those in the gastric antrum and duodenum are 
usually neoplastic.

Probably the biggest pitfall for pathologists in interpreting 
adenomas in the small bowel is the proclivity of reparative 
lesions to mimic them. When peptic duodenitis has a nodular 
configuration, it is easily confused with an adenoma. One clue 
is that peptic duodenitis often has surface gastric mucin cell 
metaplasia in the atypical focus and adenomas have their initia-
tion point just beneath the surface epithelium [287], whereas 
reparative lesion have theirs at the base of the mucosa. Unfor-
tunately, there are occasional cases in which it is not possible to 
distinguish adenomas from reparative processes and these 
should be designated “indefinite for dysplasia”. This distinction 
is important, particularly in the area of the ampulla; large amp-
ullary adenomas often warrant pancreato-duodenectomy based 
on their high likelihood of harboring an occult invasive carci-
noma [288].

Although the ampulla is not usually biopsied since it may 
result in severe pancreatitis, when biopsies are undertaken for 
compelling reasons, interpretation is often a source of difficulty 
for pathologists since it normally has ampullary glands, with 
their features akin to biliary epithelium, interspersed with dis-
organized bundles of smooth muscle. When inflammation is a 
feature, great caution is advised.

When a neoplastic small bowel lesion manifests unusual fea-
tures, it is important to consider that the process is a metastasis 
or extends directly from the pancreatobiliary tree.

Peutz-Jehgers	polyps
The WHO has defined Peutz-Jeghers (PJ) syndrome as an inher-
ited cancer syndrome characterized by mucocutaneous melanin 

[286]. These patients have a good clinical outcome after under-
going total colectomy and creation of an ileoanal pouch.

Amyloidosis
Gastrointestinal amyloidosis is an almost universal finding in 
patients suffering from systemic amyloidosis and consists of 
extracellular deposition of beta-pleated protein sheets in the 
mucosa, submucosa, muscularis propria or serosa (Figures 
155.70, 155.71 and 155.72).

Small bowel – polyps and neoplasms

Polyps (adenomas, Peutz-Jehgers polyp)
Adenomas
Small intestinal adenomas are usually found in the duodenum, 
and like their colon counterparts, have three major histologic 
types: tubular, tubulovillous, and villous. Adenomas in this site 

Figure 155.70 Amyloidosis. This field shows prominent submucosal 
deposits. This is from a colonic biopsy.

Figure 155.71 Amyloidosis. The Congo red preparation imparts an 
orange to brown color.

Figure 155.72 Amyloidosis. This vascular deposition was from a gastric 
biopsy.
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noma syndrome [HNPCC], Peutz-Jeghers’ syndrome, and juve-
nile polyposis syndrome), Crohn’s disease, gluten-sensitive 
enteropathy (GSE) [292], ileostomy, and ileal conduits among 
others. Most adenocarcinomas are moderately differentiated, 
and one third are poorly differentiated. Degree of differentiation 
and special histologic subsets (mucinous, adenosquamous) 
have little bearing on prognosis and, as such, we mention them 
only as comments. The majority of small bowel adenocarcino-
mas have invaded through the bowel wall by the time of 
diagnosis.

Residual adenomatous epithelium is found with the majority 
of resected proximal tumors (those likely to be biopsied prior 
to resection), but often cannot be demonstrated in large distal 
small intestinal adenocarcinomas, presumably due to tumor 
overgrowth. Adenomatous epithelium can be mimicked by 
tumors metastatic to the GI mucosa. The main differential diag-
nostic consideration is metastatic disease, as the small intestine 
is the most common GI site for metastatic disease. Features 
favoring a metastatic tumor include the presence of multiple 
lesions, the absence of a precursor adenoma, a histologic appear-
ance of tumor being “bottom heavy” or encroaching from 
below, and lack of ulceration. Immunohistochemical studies are 
also helpful in most circumstances. Common metastatic lesions 
include colonic adenocarcinoma, melanoma, and breast and 
gynecologic malignancies. Endometriosis is relatively common 
in the colon, but also can be seen in the small intestine and 
mimic metastatic adenocarcinoma.

Lymphomas
The GI tract houses more lymphoid tissue than the remainder 
of combined anatomic sites so it is not surprising that many 
lymphoid lesions are found there. In fact, the GI tract is most 
common extranodal site of non-Hodgkin’s lymphomas (NHLs). 
Secondary disease is common, especially in patients with 
advanced disease. Primary small intestinal lymphomas, in con-
trast to gastric lymphomas, are uncommon in the Western 
world, but still compose 30%–50% of malignant tumors at this 
site. Primary GI tract lymphomas are defined as an extranodal 
lymphoma arising in the small bowel with the bulk of disease 
localized to this site and with the primary clinical manifesta-
tions and subsequent therapy related to this site. Lymphomas 
with a predilection for the small intestine include diffuse large 
B-cell, followed by MALT (usual and immunoproliferative small 
intestinal disease [IPSID]), secondary involvement by low-
grade lymphomas (primarily mantle cell lymphoma and rarely 
follicular lymphoma) and enteropathy-like T-cell lymphoma. 
There is recent evidence of rare follicular lymphomas primarily 
involving the duodenum. Hodgkin’s disease can involve the GI 
tract primarily or secondarily but this is an exceedingly rare 
event [293].

Marginal	zone	B-cell	(MALT)	lymphoma
Lymphomas of mucosa-associated lymphoid tissue (MALT) are 
the most frequent primary lymphomas of the small intestine in 
the Western world but are much less frequent than gastric 

pigmentation and hamartomatous intestinal polyposis preferen-
tially affecting the small intestine [289]. The diagnostic criteria 
include: (1) three or more histologically confirmed PJ polyps; 
or (2) any number of PJ polyps in an individual with this syn-
drome; or (3) appropriate melanin pigmentation in an indi-
vidual with affected relatives; or (4) any number of polyps with 
the appropriate mucocutaneous pigmentation. However, our 
data suggest that finding even one such polyp in the small bowel 
may be sufficient to establish the diagnosis [290]. In their clas-
sical appearance, PJ polyps are easy to recognize on endoscopic 
biopsies. They are hamartomas and display the type of mucosa 
typical for the site in which they are found. Thus, in the stomach 
they have gastric mucosa, and in the small bowel they have 
small intestinal mucosa. Difficulties arise when biopsies are 
superficial or when ulceration distorts them. PJ polyps in the 
small intestine are far more likely than those from the stomach 
to display the classic arborizing smooth muscle cores from 
which the mucosa leafs out and must always be assessed for 
dysplasia (Figure 155.73).

Carcinoma
Adenocarcinomas are the most common malignancies of the 
small intestine (30%–50% of small bowel malignancies). 
However, primary adenocarcinomas are still rare accounting for 
only 2% of gastrointestinal (GI tract) tumors for 1% of GI tract 
cancer deaths [291] They present in older adults (median 67 
years), with a male predominance and are more common in 
African Americans than Caucasians.

The majority are sporadic and share with sporadic colorectal 
adenocarcinomas both clinical risk factors and development 
from adenomatous polyps. The remaining minority of cases 
arise in the background of certain predisposing conditions 
including several of the polyposis syndromes (primarily FAP, 
but also Lynch syndrome/hereditary nonpolyposis colon carci-

Figure 155.73 Peutz-Jehgers polyp. Note the striking muscular arborizing 
cores.
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Ki-67 labeling index is low and can be useful to distinguishing 
from large-cell lymphoma.

Follicular	lymphoma
Follicular lymphomas in the small bowel can be encountered as 
an incidental finding. Duodenal disease often is incidentally 
found during upper endoscopy for an unrelated condition in an 
otherwise well patient.

At low magnification, exaggerated lymphoid follicles are 
noted and the apparent germinal centers appear more monoto-
nous and without typical tingible body macrophages (Figure 
155.74).

Immunoproliferative	small	intestinal	disease
IPSID (α heavy chain disease, Mediterranean lymphoma, 
and diffuse small intestinal lymphoma) is a special form of 
MALT lymphoma restricted to a limited geographic distribu-
tion, which is characterized by synthesis of α heavy chain 
immunoglobulin.

IPSID is generally a diffuse infiltrating lesion; initially the 
mucosa may appear normal then develop a cobblestone appear-
ance and eventually may form lymphomatous masses. 
Mesenteric lymph node involvement happens early in the 
course. The primary site of involvement is the proximal small 
intestine, but any part of, or the entire small intestine may be 
affected. The stomach and colon can also be involved.

IPSID demonstrates a histologic spectrum ranging from low 
to high-grade histology, sub classified into stages A–C. All stages 
exhibit some features typical of other MALT lymphomas but 
usually with more striking plasma cell differentiation.

Stage A is characterized by a lymphoplasmacytic infiltrate 
with features of a typical MALT lymphoma (reactive follicles 
with parafollicular clusters of clear cells and lymphoepithelial 
lesions) which is confined to the mucosa, and expands the 
lamina propria causing broad villi, but may involve mesenteric 

MALT lymphoma. There is a unique form of MALT lymphoma 
seen in Mediterranean areas and the Middle East referred to a 
as IPSID which includes a spectrum of diseases including α 
heavy chain disease.

Small intestinal MALT-type lymphoma typically occurs in 
patients over the age of 50, with a slight male predominance. It 
is an indolent lymphoma; disease is often localized at diagnosis 
and may include mesenteric nodal involvement but typically no 
systemic spread. Long-term disease-free survival and cure are 
common. Unlike their gastric counterparts and IPSID, small 
intestinal MALT lymphomas have no clear infectious etiologic 
associations. Aggressive diffuse large B-cell lymphomas also 
develop in the intestine both as de novo lesions and through 
transformation from MALT lymphoma.

Small intestinal MALT lymphomas typically appear as ulcer-
ated, exophytic or annular mass lesions but rarely as small 
polyps. Deep mural invasion is typical although disease may be 
confined to the mucosa. The histology of small bowel MALT 
lymphoma is similar to that of Gastric MALT lymphoma except 
lymphoepithelial lesions often are less prominent. The lesion 
typically progresses from an infiltrate between preexisting lym-
phoid follicles to one in which neoplastic cells erode and even-
tually overrun the lymphoid follicles resulting in a vague 
nodularity, or a completely diffuse infiltrate is composed of 
marginal zone B-cells that have a variable appearance even 
within the same tumor. They are intermediate size, with irregu-
lar nuclei and a rim of variable amounts of pale cytoplasm 
giving them an overall appearance that ranges from a mature 
small B lymphocyte to a monocytoid appearance. Plasma cell 
differentiation is not uncommon and may be striking. The pres-
ence of moderate nuclear atypia, Dutcher bodies and prominent 
lymphoepithelial lesions characterized by clusters of neoplastic 
cells infiltrating and destroying glands are features highly sug-
gestive of lymphoma.

The presence of a large-cell component may represent a trans-
formation of a MALT lymphoma but criteria for diagnosing 
transformation to large-cell lymphoma are not well defined. 
When a large-cell component is prominent with clusters and 
sheets of large-cells, a diagnosis of a large-cell transformation 
or “composite tumor” has been suggested. When only focal 
large-cells are present it should be noted. If the tumor is com-
posed exclusively of large-cells, a diagnosis of extranodal diffuse 
large B-cell lymphoma should be made.

Immunohistochemistry is very useful in the diagnosis of 
MALT lymphoma; the labeling pattern is CD20+, CD10−, and 
CD5−. Co-expression of CD43 in CD20 reactive cells is a 
helpful finding when present but is only seen in about half of 
cases. The lesional cells express surface and to a lesser extent 
cytoplasmic immunoglobin (usually IgM, or IgA, rarely IgG) 
and show light chain restriction. Cytokeratin antibodies may 
highlight lymphoepithelial lesions and follicular dendritic cell 
markers (CD21, CD23 and CD35) help demonstrate the under-
lying follicular dendritic cell networks in those cases in which 
the lymphoid follicles have been obliterated by lymphoma. 

Figure 155.74 Follicular lymphoma. Note the prominent neoplastic 
follicles.
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The lymphoma cells are small to medium sized with scant 
cytoplasm; the nuclei have irregular outlines and indistinct 
nucleoli. Large transformed cells and proliferation centers are 
not typically present giving MCL a much more monotonous 
appearance than other low-grade lymphomas. Mitotic figures 
are easily identified. The most common architectural pattern is 
diffuse; however both a nodular pattern and true mantle zone 
pattern can also be observed. Reactive germinal centers may be 
intermixed with and compressed by the lymphoma. While dis-
placement and/or obliteration of the glands may also be evident, 
lymphoepithelial lesions characteristic of MALT type lympho-
mas are absent.

The tumor cells are mature B-cells that express both CD19 
and CD20, and aberrantly express CD5 and CD43. They lack 
CD10, and CD23. Cyclin D-1 (BCL-1) is virtually always 
present. Surface light chains are present (usually IgM or IgD) 
and are typically lambda restricted.

T-cell	lymphomas
Intestinal T-cell lymphomas are far less common than those of 
B-cell origin. The majority of T-cell primary GI lymphomas 
occur in the setting of gluten sensitive enteropathy (GSE) and 
are specifically referred to as “enteropathy-type T-cell lym-
phoma” (ETL). ETL is rare (∼5% of all GI tract lymphomas). 
Refractory GSE and particularly ulcerative enteritis (jujenitis) 
probably represent the first step toward ETL, although not all 
cases appear to progress to ETL [264]. The prognosis is dismal 
with a median survival of only 3 months and 5-year survival 
rates of approximately 10%.

ETL occurs most commonly in the jejunum, alone or in com-
bination with other sites in the GI tract. The affected bowel 
segment is often dilated and edematous with large circumferen-
tial ulcers ulcerated plaques and strictures with intervening 
areas of normal mucosa. Bulky exophytic or infiltrating masses 
are not typical but may be seen on occasion. Mesenteric lymph 
node involvement is common.

The histologic appearance of ETL is quite variable both 
between individuals and between different sites in the same 
patient. Three basic types can be discerned, but transition 
between morphologies in the same patient is common. The 
most common histologic pattern is that of an infiltrate of pleo-
morphic medium to large cells followed by an anaplastic type 
with marked pleomorphism, both of which are associated with 
fibrosis and admixed inflammatory cells. The third type is com-
posed of monomorphous small to medium sized cells lacking 
background inflammation and fibrosis. The pleomorphic 
medium to large-cell type is the most frequent morphology seen 
and is characterized by irregular nuclei with small nucleoli and 
moderate amounts of often pale cytoplasm. All the subtypes are 
associated with destruction of the overlying epithelium by the 
lymphoma cells. The areas of epithelium most affected are the 
upper and intermediate villous regions, or in the presence of 
villous atrophy, the upper aspect of the crypts. In the majority 
of cases, endoscopically normal background mucosa shows 

lymph nodes. In stage B disease, the infiltrate becomes nodular, 
goes beyond the mucosa into the submucosa and has mild cyto-
logic atypia. The macroscopic appearance at this stage is typi-
cally abnormal with thickened mucosal folds. Neoplastic cells 
may completely replace the follicle making distinction from a 
follicular lymphoma difficult. Stage C is characterized by the 
presence of large masses and transformation to large-cell lym-
phoma with numerous centroblasts and immunoblasts. The 
plasmacytoid differentiation is still evident but there is marked 
cell atypia including Reed–Sternberg cells. Mitotic activity is 
increased.

The lymphoma cells are CD20+, CD5−, CD10−, and 
CD23−. Alpha immunoglobulin heavy chains can be demon-
strated in the cytoplasm of the infiltrating plasma cells, centro-
cytes and transformed blast cells.

The differential diagnostic considerations depend on the 
stage of IPSID. Early disease (Stage A) may have a similar 
appearance to gluten-sensitivity entertitis (GSE). Unlike IPSID, 
GSE has prominent intraepithelial lymphocytes, true villous 
blunting, and crypt hyperplasia and clinically GSE is usually 
seen in northern Europeans, and responds to a gluten-free diet. 
Intestinal T-cell lymphoma, while diffuse like IPSID, infiltrates 
the surface epithelium and is clearly is defined by IHC (CD3+, 
CD20−).

The nodular lesions of Stage B disease require distinction 
from reactive follicular hyperplasia, and mantle cell and follicu-
lar lymphoma. Reactive follicular hyperplasia is unusual in the 
proximal small bowel and lacks prominent lymphoepithelial 
lesions and the typical MALT type neoplastic cell of IPSID with 
pale/clear cytoplasm. Compared with other low-grade lympho-
mas, IPSID demonstrates monocytoid cells as well as plasmacy-
toid differentiation, and lymphoepithelial lesions and lacks the 
monotonous appearance of mantle cell lymphoma as well as the 
cleaved cells of follicular lymphoma. Immunohistochemical 
staining is very helpful in separating IPSID from the other low-
grade lymphomas as IPSID is positive for α heavy chain and 
CD5−, CD10−, and CD23−.

The differential diagnostic considerations in patients with 
Stage C disease include other high-grade malignancy, especially 
diffuse large B-cell lymphoma, which can be distinguished by 
the presence of residual MALT lymphoma with characteristic 
features and α heavy chain staining

Mantle	cell	lymphoma
Mantle cell lymphoma (MCL) is a disease of older adults (mean 
age 55 years) with a male predominance (at least 2 : 1). It typi-
cally is a nodal based disease but extranodal disease is common, 
particularly in the spleen and bone marrow. GI tract involve-
ment is found in about a third of MCL patients. Any part of the 
GI tract can be involved, but the ileum is favored.

When MCL involves the GI tract nearly all cases (∼90%) have 
both distal small bowel and colon involvement. Involvement of 
the stomach and duodenum are also very common, seen in 
about half of patients [294].
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about 50–80 years; they were typically in the periampullary 
region and had a dismal prognosis. Brenner and colleagues 
retrospectively studied 64 cases of GI tract small-cell carcino-
mas and found that only 3.1% of these arose in the small bowel; 
the most common primary sites being colon (39%) and esopha-
gus (30%) [299].

Distal small intestinal WDNTs primarily involve the ileum, 
less commonly the jejunum [300], and rarely in association with 
Meckel diverticula. They account for one fifth of GI tract neu-
roendocrine tumors and tend to be enterochromaffin cell (EC 
cell), serotonin-producing WDNTs. The median age of diagno-
sis is about 60 years and there is no particular sex predilection. 
The carcinoid syndrome (e.g., watery diarrhea, flushing, and 
endocardial fibrosis) is seen in 5% to 7% of cases, and jejunoileal 
WDNTs account for the majority of carcinoid syndrome cases 
overall. Nearly one third of patients diagnosed with a small 
intestinal WDNT have a synchronous or metachronous carci-
noma (e.g., colon, stomach, lung, or breast).

Duodenal tumors can be readily diagnosed by endoscopic 
biopsy. The location of jejunoileal tumors makes diagnosis more 
problematic as they often are not amenable to endoscopy/
colonoscopy, and conventional imaging techniques (computed 
tomography [CT] and barium contrast studies) are not particu-
larly sensitive. In these circumstances, radiolabeled somatosta-
tin analogues (octreotide and lanreotide) used in scintigraphy 
studies have been proven as sensitive detection methods of both 
primary and metastatic lesions.

Duodenal WDNTs are typically small polypoid lesions that 
generally measure <2 cm. They are submucosally based lesions 
with an overlying mucosa that may be focally ulcerated. A focal, 
subtle mucosal component may be identified on endoscopic 
biopsy within the lamina propria. Infiltrative larger tumors can 
occur but are infrequent. Gastrinomas tend to be smaller than 
somatostatinomas, and a minority (15%) are multicentric.

In contrast, jejunoileal WDNTs are twice as likely to be mul-
ticentric (30%), tend to be large (>2 cm) and often are locally 
advanced. In addition, they occur with deep bowel wall and 
mesenteric tumor involvement and cause significant mesenteric 
fibrosis, subsequent obstruction, and kinking of the bowel. 
Frank intestinal ischemia may also be seen due to tumor-
induced angiopathy. Like duodenal WDNTs, jejunoileal tumors 
are typically centered in the deep mucosa or submucosa, and 
the overlying mucosa is typically intact or only slightly eroded.

When referring to jejunoileal WDNTs, the distinction 
between a benign or malignant WDNT is based upon the pres-
ence or absence of metastasis, rather than histology alone. Even 
clinically malignant tumors show little or no cellular pleomor-
phism, hyperchromasia, or increased mitotic activity. A WHO 
grading system is currently in use for neuroendocrine tumors 
of the stomach, pancreas, and duodenum appears previously in 
this chapter in the section on gastric neuroendocrine tumors.

Grade 3 tumors are high-grade neuroendocrine carcinomas 
(large-cell or small-cell types) and are characterized by >20 
mitoses /10 HPFs or >20% Ki-67 index.

changes of GSE (intraepithelial lymphocytosis, villous blunting, 
and crypt hyperplasia).

Most cases are CD3+, CD4−, CD8−, CD7+, CD5−, CD56−, 
and express cytotoxic granule associated protein TIA-1 often 
with granzyme B. CD56 has been used to describe two variants 
of ETL, type A CD56− and type B CD56+ (and CD8+). The 
immunohistochemical labeling pattern of ETL correlates to 
some extent with the histologic pattern. Both the medium to 
large pleomorphic and the anaplastic variants of ETL are usually 
type A (CD56−) often with CD30 positive, but are always ALK1 
negative. Most of the type B (CD56+) lymphomas are the small 
to medium-sized variant.

Well differentiated neuroendocrine (carcinoid) 
tumors of small bowel
Well-differentiated neuroendocrine tumors (WDNTs, carcinoid 
tumors) of the small intestine account for about one third of 
small intestine neoplasms. They seem to be over-represented in 
African-Americans [295]. Small intestinal WDNTs derive from 
two separate embryonic divisions of the alimentary tract, the 
foregut (duodenum), and the midgut (jejunum and ileum). 
These different origins correlate with distinct neuroendocrine 
differentiation and with the clinical behavior of these tumors.

Duodenal WDNTs are the second most common tumor in 
that site; the first is adenocarcinomas. The former represents 
approximately 20% of GI tract WDNTs [296]. Overall, duodenal 
WDNTs are more common in men (the male-to-female ratio is 
1.5 : 1), with a median age of about 60 years. Two-thirds of 
duodenal WDNTs are gastrinomas (G-cell tumors); the remain-
ing third are mostly somatostatinomas (D-cell tumors), with a 
small percentage of undefined type. Only one third of gastrino-
mas is functional and causes Zollinger–Ellison syndrome (ZES). 
These duodenal tumors account for half of ZES cases; the 
remainder are caused by pancreatic endocrine tumors. One 
third of somatostatinomas are associated with von Reckling-
hausen disease (NF1). The full somatostatinoma syndrome (i.e., 
diabetes mellitus, diarrhea, and cholelithiasis), associated with 
pancreatic islet cell tumors, virtually never occurs with these 
intestinal tumors, and proximal small intestinal WDNTs almost 
never produce the carcinoid syndrome. Functional gastrinomas 
and somatostatinomas present in slightly younger patients than 
nonfunctional gastrinomas and somatostatinomas, and are 
slightly more common in females. Nonfunctional gastrinomas 
are usually located in the bulb, while their functional counter-
parts are found equally in all parts of the duodenum. A subset 
of the former has been associated with gastric H. pylori infection 
and long-term use of PPIs. In this setting the tumors are small 
G-cell tumors (mean 5.4 mm), located in the bulb mucosa and 
submucosa, demonstrate an insular pattern on histologic exam, 
and behave indolently. Some cases demonstrate G-cell hyper-
plasia in the nonneoplastic mucosa [297]. Somatostatinomas 
typically affect the periampullary region [298].

The few reported cases of high-grade neuroendocrine tumors 
(small-cell carcinomas) have been seen exclusively in men aged 
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Mesenchymal tumors
Gastrointestinal	stromal	tumors	of	the	small	intestine
Overall, GISTs of the small bowel should be regarded with more 
concern than those in the stomach, which more often behave in 
a benign than malignant fashion [302,303] They are not typi-
cally diagnosed on biopsies.

Gangliocytic	paraganglioma
These are rare tumors, the vast majority of which are found in 
the duodenum in adult patients (average age, about 54 years 
[304–309]). The typical presentation involves abdominal pain, 
gastric outlet obstruction, or bleeding. There are isolated reports 
of an association with neurofibromatosis, but most cases are 
sporadic. These lesions typically have their epicenter in the sub-
mucosa with minor extensions into the mucosa which are occa-
sionally biopsied. Excised tumors are 3–4 cm with a soft 
yellowish cut surface. They have infiltrative borders.

These tumors display a histologic constellation of three cell 
types: (1) spindle cells with the appearance of nerve sheath cells; 
(2) ganglion-like cells; and (3) epithelioid cells arranged in nests 
(“endocrine” pattern), trabeculae or papillary structures. The 
proportion of the cell types is variable and hence these lesions 
are prone to causing diagnostic problems.

On immunohistochemistry, the tumors are reactive with 
S100 protein in spindle and “supporting/sustentacular” cells, 
synaptophysin in ganglion-like cells, and neuron specific enolase 
staining in all three cell types [304,307]. About half of cases 
display keratin in the epithelioid cells. A variety of hormones 
can be demonstrated in various fractions of gangliocytic  
paragangliomas, including somatostatin, human pancreatic 
polypeptide, serotonin, gastrin, glucagon, insulin, and vasoac-
tive intestinal peptide.

In spindle cell predominate lesions, the differential diagnosis 
is with GIST and nerve sheath tumors – the S100 protein posi-
tivity excludes GIST, finding the admixture of other cell types 
excludes nerve sheath tumors. Epithelioid lesions are distin-
guished from carcinoid tumors and carcinomas again by the 
admixture of the other cell types.

Gangliocytic paragangliomas are benign in the majority of 
cases. There are rare reports of regional metastases [305,306] 
but not of tumor-associated deaths.

Colon

Nonneoplastic conditions
Normal histology in the colon reflects function of the specific 
site. Liquid stool from the small intestine enters the cecum and 
water is progressively absorbed such that it has the consistency 
of feces by the time it has reached the descending colon. The 
colonic mucosa produces abundant mucus that lubricates the 
surface and facilitates the passage of fecal material. The differ-
ences in the normal histology of the right and left colonic 
mucosa reflect these functions of absorption and lubrication. In 

Survival is significantly poorer for patients with grade 3 
tumors compared with those with grade 1 and grade 2 neo-
plasms. Similarly, survival for patients with grade 2 tumors is 
worse than for those with grade 1 neoplasms [301].

WDNTs, are characterized by a monotonous proliferation of 
small, bland, polygonal cells with moderate amounts of cyto-
plasm. They also have round, regular nuclei with “salt and 
pepper” chromatin. Pleomorphism and significant mitotic 
activity are conspicuously uncommon. Morphologic features of 
the cells do not differ by cell of origin (immunohistochemistry 
is required for this distinction). WDNTs demonstrate variable 
architectural growth patterns. These do not have prognostic 
significance but may be characteristic of certain WDNTs sub-
types. The main architectural patterns are insular or nested 
(type A), trabecular (type B), and acinar (type C). These pat-
terns often overlap and multiple patterns are typically seen 
within a single tumor. Small intestinal WDNTs are generally 
submucosal (based just below the mucosa); they typically are 
not well circumscribed, and tumor cells frequently extend in 
small groups into the mucosa and into the bowel wall.

Duodenal G-cell tumors typically can manifest a variety of 
architectural growth patterns, while somatostatinomas often 
have characteristic features of prominent acinar growth pattern 
with frequent intraluminal psammoma bodies.

Jejunoileal WDNTs, like G-cell tumors, do not display any 
consistent characteristic growth patterns. They typically exhibit 
prominent nested growth, with more trabecular and acinar 
growth peripherally. These tumors are often larger, extend 
deeply into the bowel wall, and can be associated with signifi-
cant fibrosis.

Although WDNTs tumors can show immunohistochemical 
evidence of multiple hormone production, this information is 
typically not clinically significant. The vast majority of small 
intestinal WDNTs are positive for chromogranin and synapto-
physin, and these markers are useful in confirming the diagno-
sis of WDNTs. Specific cell types (G cells, etc.) can be identified 
by immunohistochemical labeling, but the utility of this is 
limited because functional status correlates poorly with 
immunohistochemistry.

Duodenal WDNTs are generally indolent (overall 4% mortal-
ity); however, two-thirds of somatostatinomas and one half of 
functional gastrinomas behave aggressively. Poor outcome in 
duodenal tumors is best predicted by invasion beyond the sub-
mucosa and lymph node, or distant metastases. Jejunoileal 
WDNTs have a worse prognosis than those of the duodenum, 
with a 20% mortality rate. Survival has been negatively corre-
lated with distant metastases (liver), tumor multiplicity, mitotic 
rate, invasion beyond submucosa, and female gender. Patho-
logic features associated with outcome are size, depth of inva-
sion beyond submucosa, mitotic activity, and lymph node 
involvement.

Both low and high-grade neuroendocrine tumors in the 
small bowel sometimes arise in association with typical 
adenomas.
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[FAC]) in about 3% of patients. Whereas apoptosis is normal in 
the surface epithelium, scattered apoptotic bodies at the bases 
of crypts are found after sodium phosphate bowel preparation. 
These apoptotic bodies have been counted at about 1 per 10 
well-oriented crypts [314].

Other endoscopic and biopsy-related artifacts
During the course of colonoscopy, gas is induced to insufflate 
the bowel for better visualization of the mucosa. Small amounts 
of this gas may infiltrate tissue and appear as small clear bubble-
like spaces in the mucosa or superficial submucosa, often in or 
near lymphoid aggregates. Because these spaces resemble adi-
pocytes; this phenomenon has been termed “pseudolipomato-
sis” [315]. Biopsy forceps can also induce tissue trauma, resulting 
in mucosal hemorrhage, crushing of epithelium that may 
resemble dysplasia, and an artifact in which the epithelium is 
squeezed entirely out of crypts leaving empty crypts. This 
squeeze artifact is common on the edges of mucosal biopsies 
and usually readily recognized. However, when a large area is 
involved, it may be mistaken for ischemic injury.

Focal active colitis
FAC is the term used to describe focal neutrophilic infiltration 
of colonic crypts. It may consist of one focus in a single biopsy, 
or multiple foci. Since focal inflammation is a feature of Crohn’s 
disease, studies of FAC have examined whether it antedates 
subsequent development/diagnosis of Crohn’s disease. In two 
studies [316,317] of adult patients with FAC in colon biopsies, 
only a very few developed Crohn’s disease. Many seemed to 
have a clinical course that resembled infectious diarrhea, 
although this may have had no relationship to the FAC and may 
simply have reflected a common indication for endoscopy. 
However, in group of pediatric patients with FAC, a higher 
proportion (27.6%) went on to develop Crohn’s disease [152]. 
In Greenson’s studies, no adult patient with FAC developed 
Crohn’s disease and the only endoscopic abnormalities were 
aphthous or aphthous-like ulcers, possibly artifacts of bowel 
preparation. In contrast, in the pediatric group, 2 of 17 patients 
with normal colonoscopy developed Crohn’s disease, compared 
with 6 of 11 with abnormal colonoscopy. Thus, it seems that in 
adult patients without history or endoscopic features suggestive 
of Crohn’s disease, FAC can be safely ignored whereas it should 
probably be followed when it is found in biopsies from pediat-
ric patients.

Lamina propria macrophages
Macrophages are a normal constituent of the colonic lamina 
propria, where they serve roles in antigen processing and 
phagocytosis of surface epithelial cells that have undergone 
apoptosis. CD68 immunostaining highlights a gradient in their 
distribution, with more macrophages in the upper lamina 
propria, fewer deeper [318]. Pigmented macrophages are 
referred to as melanosis coli and those containing mucin as 
muciphages.

the crypts of the right and transverse colon, absorptive cells 
predominate, although the larger goblet cells are more con-
spicuous. The lamina propria in these proximal segments of the 
colon is more cellular than that of the distal colon and rectum, 
and includes abundant plasma cells (involving the full thickness 
of the mucosa), lymphocytes and eosinophils. Paneth cells may 
be found in the cecum and right colon. In contrast, goblet cells 
increase sharply in number, and absorptive cells are fewer in the 
left colon and rectum. The lamina propria is much less cellular, 
with fewer eosinophils. Plasma cells are present only beneath 
the surface epithelium more distally.

Lymphoid aggregates are normal and prominent intraepithe-
lial lymphocytes are normally found over lymphoid aggregates. 
Macrophages are normally present, and play a role in the 
processing and presentation of antigens. They aggregate in the 
superficial lamina propria, where they phagocytose cellular 
debris from normal apoptosis of surface epithelial cells. Surface 
apoptosis is more prominent in the left colon and rectum than 
in the proximal colon.

Although eosinophils are present in the lamina propria of 
nearly all right colonic biopsies, their numbers vary greatly, 
particularly between geographic regions, being generally more 
numerous in warmer areas in the US [310]. Paneth cells are 
abnormal outside of the right colon; their presence in the left 
colon is metaplastic, usually in response to chronic inflamma-
tion or injury.

Effects of bowel preparation and other artifacts
Bowel preparation for sigmoidoscopy and colonoscopy may 
induce a number of mucosal injuries that must be recognized 
to avoid misinterpretation. Hypertonic enemas, generally used 
before sigmoidoscopy, may injure the mucosal surface, resulting 
in flattened or absent surface epithelium, loss of epithelial 
mucin, or slight neutrophilic inflammation. The lamina propria 
may be edematous or hemorrhagic [311].

The two most commonly used preparations for full colonos-
copy are sodium phosphate and balanced electrolyte solutions 
containing polyethylene glycol (PEG). Sodium phosphate bowel 
preparations (e.g., Fleet enema) are preferred by many patients, 
and thus are currently the most common bowel preparation in 
adult patients. Oral sodium phosphate preparations are strong 
osmotic laxatives that induce a number of endoscopic and his-
tologic changes. The most common endoscopic change is the 
presence of what appear to be small aphthous lesions: small foci 
of pale mucosa surrounded by erythematous rings that look like 
shallow erosions (an aphtha is a “spot”). These aphthous-like 
lesions have been described in up to a quarter of patients after 
sodium phosphate bowel preparation. Histologically these are 
usually large lymphoid aggregates, although some authors have 
described edema, hemorrhage or acute inflammation [312–
314]. The lesions disappear when colonoscopy is repeated with 
an alternate bowel preparation, and so are clinically unimpor-
tant. Oral sodium phosphate bowel preparation is also believed 
to induce foci of neutrophilic cryptitis (focal active colitis 
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cause characterized by a predominantly mucosal based disease 
and clinically associated with exacerbations and remissions of 
bloody diarrhea. The initial presentation may be indolent in 
onset or may be severe and acute presenting with toxic hemor-
rhagic colitis. In children, initial biopsies may be nondiagnostic 
since they are likely to be brought to medical attention before 
histologic features of chronicity are evident (whereas adults wait 
until they have been symptomatic for months to years before 
seeking attention) [152,329,330].

The gross endoscopic appearance of ulcerative colitis varies 
with the degree of activity, duration of disease and response to 
therapy. It is characterized by diffuse disease with rectal involve-
ment extending proximally. In the more active phases the 
mucosa is typically erythematous, bloody and friable with a 
granular appearance. Quiescent disease may appear granular 
with areas of punctuate erythema. Pseudopolyps (mucosal rem-
nants) and inflammatory polyps may be seen in active disease 
and postinflammatory polyps in active or quiescent disease. In 
all cases, the normal submucosal vascular network is lost and is 
an important clue to the endoscopist indicating chronic colitis. 
In patients who have had repeated bouts of colitis, the normal 
haustral folds may be absent. The transition between normal 
and abnormal mucosa is generally gradual but may be abrupt. 
Except for the occasional presence of focal cecal or periappen-
diceal involvement as “skip areas”, there is no loss of disease 
continuity, and no skip lesions are seen in ulcerative colitis.

On biopsies, crypt architectural distortion and increased 
mucosal chronic inflammation are the two characteristic histo-
logical findings (Figures 155.76, 155.77, and 155.78). Neu-
trophils, the hallmark of active disease, are located within crypt 
epithelium (cryptitis) and crypt lumina (crypt abscesses) with 
fewer within the lamina propria around the crypts. Architec-
tural distortion results from prior mucosal destruction and 
imperfect repair leading to decreased numbers of crypts and 
branched, malformed regenerated crypts (“crypt destructive 

When muciphages are present in otherwise normal biopsies, 
the usual gradient is reversed, as they tend to accumulate in the 
lower part of the mucosa. Muciphage aggregates are found asso-
ciated with crypt rupture from any cause, and so are seen in 
many settings [318]. Ultrastructural study supports degenerated 
epithelial cells as the source of the mucin [319]. Muciphages 
must be distinguished from the macrophages of Whipple’s 
disease, mycobacterial infection, and from carcinoma but it is 
not usually necessary to perform a full workup since aggregates 
of muciphages are very common in colorectal mucosa, present 
in 40% of otherwise normal rectal biopsies [320]. They are pre-
sumed to reflect occult and clinically unimportant epithelial 
injury, such as trauma related to stool passage, or subclinical 
infection.

The term melanosis coli is a misnomer. The brown pigment 
that accumulates in lamina propria macrophages in this condi-
tion is lipofuscin, not melanin (Figure 155.75). Although it is 
most often seen in right colonic biopsies, it can be found 
throughout the colorectum, appendix and terminal ileum. It is 
extremely common and detected in the majority of elderly indi-
viduals. In one study of 200 patients, of men and women in the 
age group of 20 to 54 years, 32% and 44% were affected, and 
above the age of 75 years, 76% and 67%, respectively [321]. 
Lipofuscin accumulates by phagocytosis of apoptotic epithelial 
cells [322–324]. There is a strong association with anthraqui-
none and other laxatives because they induce apoptosis [325–
327], but melanosis may be a result of any process associated 
with apoptosis, such as nonsteroidal antiinflammatory drug 
(NSAID) use. Many patients with melanosis have not used laxa-
tives, including patients with ulcerative colitis and Crohn’s 
colitis [328].

Ulcerative colitis
As discussed in detail elsewhere in this text, ulcerative colitis is 
a chronic crypt destructive inflammatory process of unknown 

Figure 155.75 Melanosis coli. The pigment in the lamina propria 
macrophages is lipofuscin rather than melanin.

Figure 155.76 Ulcerative colitis. In this field, the crypts are distorted and 
do not reach the muscularis mucosae at the bottom of the field.
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Ulcerative colitis must be distinguished from infectious 
colitis, medication induced colitis, ischemic colitis and Crohn’s 
disease. Longstanding infectious colitis may display the features 
of ulcerative colitis including increased chronic inflammation, 
neutrophils, basal plasmacytosis, and diffuse colonic involve-
ment. A predominance of neutrophils within the lamina propria 
rather than within the crypt epithelium and overall architectural 
preservation supports infectious over ulcerative colitis. The 
initial episode of ulcerative colitis may histologically appear 
similar to infectious colitis, therefore infectious etiologies 
should be excluded prior to confirming a diagnosis of ulcerative 
colitis. Medications, particularly nonsteroidal antiinflammatory 
drugs (NSAIDs) may present with focal acute colitis or ulcers 
throughout the colon. Histologically, NSAID ulcers are typically 
abrupt with no significant inflammation in the adjacent mucosa 
and minimal chronic inflammation. Chronic ischemic colitis 
can be mistaken for ulcerative colitis particularly because 
ischemia due to low vascular flow often affects the left colon and 
because it may be intermittent. As such, abrupt episodes of 
ischemia can result in mucosal ulceration which, following 
reperfusion, may become inflamed and show all of the architec-
tural features of ulcerative colitis. Features that support ischemia 
include the age of the patient, location, involvement of the mus-
cularis propria, and importantly, the lack of neutrophils destroy-
ing crypt epithelium. Crohn’s lesions characterized by crypt 
destruction are typically patchy, with areas that appear involved 
and uninvolved within single biopsies and among different frag-
ments from one area. Crohn’s colitis typically lacks the diffuse 
crypt destruction characteristic of ulcerative colitis.

Once a patient is treated, the characteristic distribution of 
ulcerative colitis may become altered. Thus, a patient may 
display iatrogenic rectal sparing, something that should be 
remembered by pathologists interpreted biopsies from treated 
patients (the usual case). Most patients have mild to moderately 
active disease, which does not require colectomy.

Longstanding ulcerative colitis is associated with an increased 
risk of dysplasia (Figure 155.79) and adenocarcinoma, even in 
patients with well-controlled, quiescent disease. Periodic colon-
oscopic exams are used to survey for dysplasia and adenocarci-
noma. Routine surveillance with biopsies is recommended 
annually for patients with extensive disease of more than eight 
years’ duration because there is an increasing annual incidence 
of adenocarcinoma. Biopsies are generally taken from the 
cecum, ascending, splenic flexure, transverse, hepatic flexure, 
descending, and sigmoid colon, and rectum. The pathologist 
should record evidence of colitis, activity, and the presence or 
absence of dysplasia. As noted above, these surveillance biopsies 
often lack the typical distribution of ulcerative colitis but this 
should not prompt a diagnosis of Crohn’s disease but rather of 
treated ulcerative colitis [331–333].

Crohn’s disease
The biopsy features of small intestinal Crohn’s disease are 
addressed previously though patients may also have colitis alone 

colitis” refers to the distortion of regenerated crypts rather than 
active destruction of crypts due to cryptitis). The chronic 
inflammatory constituents consist of variable numbers of 
plasma cells, eosinophils, and lymphocytes. Eosinophils may 
predominate. Lymphoid aggregates are commonly seen at the 
mucosal-submucosal interface. The regenerating epithelium is 
immature and as such does not contain mucin, typical of a 
mature goblet cell (mucin depletion). Biopsy fragments from 
the same topographic area typically show similar findings. 
Inflammation is usually more severe distally. Granulomas are 
lacking but occasionally a foreign-body response to a ruptured 
crypt may be found. Usually the offending crypt can be found 
on levels and mucin associates with a foreign-body type giant 
cell rather than a classic epithelioid granuloma. Pyloric meta-
plasia is not typical in ulcerative colitis, but it is occasionally 
found.

Figure 155.77 Ulcerative colitis. This field shows a crypt abscess (a 
collection of neutrophils within a crypt).

Figure 155.78 Ulcerative colitis. This field shows basal plasmacytosis, a 
feature of chronic injury. Plasma cells are seen between the base of the 
crypts and the top of the muscularis mucosae.
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distinguished from medications and infection. NSAID ulcers 
may be multiple and deep. They tend to be on the top of mucosal 
folds and are circumferential rather than longitudinal. Biopsies 
often show fibrosis with only minimal inflammation. NSAID 
strictures may form; when these are circumferential they are 
termed, “diaphragms”. Bowel wall thickening and heaped up 
masses may be seen in Yersinia infection, particularly in the 
terminal ileum and right colon. The presence of marked inflam-
mation histologically with numerous granulomas and the clini-
cal information of a mass or stricture may lead to a diagnosis 
of Crohn’s in a patient with Yersiniosis or histoplasmosis. Fea-
tures that suggest infection over Crohn’s disease include numer-
ous granulomas, granulomas centered in lymphoid follicles, and 
granulomas with central necrosis. Any specimen with numer-
ous granulomas should suggest infection over Crohn’s disease.

Fulminant Crohn’s colitis is difficult or impossible to distin-
guish from fulminant ulcerative colitis in a mucosal biopsy 
specimen since many of the distinguishing features are deep to 
the mucosa. Furthermore, in fulminant (toxic) ulcerative colitis 
inflammation may become transmural. In resection specimens, 
the most important features are the presence of transmural lym-
phoid aggregates and the presence of occasional poorly formed 
granulomas at all levels of the bowel wall. The effects of treat-
ment can also cause diagnostic difficulty as treated ulcerative 
colitis may show areas of involved and uninvolved mucosa and 
variable degrees of disease activity. It is important to assure that 
there is re-review of original pretreatment material, if possible, 
to help distinguish between ulcerative colitis and Crohn’s since 
patients with ulcerative colitis, but not Crohn’s disease, are can-
didates for ileal pouch anal anastomosis (IPAA).

Pouchitis
The classic histologic features in acute pouchitis includes neu-
trophilic inflammation and in chronic pouchitis features of 
chronicity with villous atrophy. These findings are the same as 
those found in ulcerative colitis or Crohn’s disease [334,335]. 
Pyloric metaplasia is also seen in some examples, and appears 
identical to that in the ileum in Crohn’s disease [336–338]. Some 
patients develop striking villous atrophy, and this may be the 
precursor to the dysplasia that develops in a few patients 
[339–342].

Occasionally a patient who was presumed to have ulcerative 
colitis prior to IPAA develops pouch complications that are 
indistinguishable from Crohn’s disease. The conclusion of surgi-
cal and endoscopic colleagues is generally that the pathologist 
has misdiagnosed the resection specimen with ulcerative colitis 
when the patient in fact has Crohn’s disease. In some instances 
this may be the case. Since patients with Crohn’s disease  
in whom a continent pouch is attempted have a high rate of 
complications, many quite serious, most surgeons avoid creat-
ing continent pouches in these individuals (in patients with 
“indeterminate colitis”, severe pouch complications are docu-
mented about 20% of the time and about 8%–10% in ulcerative 
colitis). However, there is a small set of patients who indeed  

or in conjunction with small bowel and/or disease elsewhere in 
the GI tract.

Colonic mucosal biopsies, although superficial, can show fea-
tures that are suggestive of Crohn’s disease. Discrete foci of 
inflammation often associated with neutrophils within crypts 
(cryptitis) adjacent to histologically normal crypts are common. 
Aphthous erosions or ulcers, characterized by focal surface epi-
thelial necrosis associated with a mixed chronic inflammatory 
infiltrate, sometimes associated with underlying lymphoid 
aggregates, are typical early lesions. Variability of inflammation 
within a single biopsy and among several biopsy fragments  
from the same anatomic location is also typical. The areas of 
inflammation show architectural changes of chronic crypt 
destructive colitis while adjacent crypts may appear normal. 
Fissures may be apparent. Granulomas are infrequent but, when 
present, are usually poorly formed, and associated with chronic 
inflammation.

If submucosa is present in the biopsy, there may be significant 
submucosal chronic inflammation while the overlying mucosa, 
may only be slightly expanded by chronic inflammatory cells, a 
feature absent in infectious or ulcerative colitis. Pyloric meta-
plasia (mucinous glands, reminiscent of the antral or pyloric 
mucosa) indicates repeated bouts of inflammation and repair.

Crohn’s colitis must be distinguished from infectious colitis, 
medication associated colitis, and ulcerative colitis. The endo-
scopic finding of focal aphthous erosions of early Crohn’s colitis 
may be similar to erosions caused by medications, bowel prepa-
ration, and infections. Erosions of Crohn’s disease are associated 
with a chronic inflammatory infiltrate. Infectious colitis is char-
acterized by a predominance of neutrophils rather than lym-
phocytes and plasma cells. Medication (NSAIDs and others) 
induced erosions usually have negligible acute inflammation; 
typically only a few neutrophils are found in the area of erosion. 
The more advanced changes of Crohn’s colitis, particularly dis-
crete ulcers and masses seen endoscopically, must also be 

Figure 155.79 Ulcerative colitis. A zone of low-grade dysplasia is seen at 
the upper right portion of the field.
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had ulcerative colitis by all evidence develop an idiosyncratic 
Crohn’s like disease in their continent pouch and it requires 
revision [343].

Infectious colitis
Acute self-limited colitis (ASLC) is used here to invoke features 
of colitis secondary to various bacteriologic etiologies, with the 
exception of enterohemorrhagic Escherichia coli which pro-
duces an ischemic colitis appearance as described below. In 
ASLC neutrophils and crypt abscesses tend to appear in the 
upper half of the mucosa and prominent neutrophils in the 
lamina propria [344]. The basal plasmacytosis seen in ulcerative 
colitis and Crohn’s colitis is lacking [345]. Glandular architec-
ture is preserved. Erosions and lamina propria edema may be 
seen. The course is self-limited and correlates with pertinent 
stool cultures. As ASLC heals (often when biopsies are taken), 
there are reactive epithelial changes but crypt architecture 
remains intact.

As for specific infectious agents affecting the colon, bacterial 
colitis is often a result of Campylobacter sp., or Aeromonas sp. 
but culture is required for precise typing. Cytomegalovirus 
(CMV) infection, distinguished by its inclusion bodies, may be 
encountered in many settings in which patients are immuno-
suppressed as can various parasites. The ova of Schistosomes can 
be encountered (Figure 155.80 and 155.81) and Strongyloides is 
occasionally found on colon biopsies.

Colonic spirochetosis is a peculiar condition in which numer-
ous unusual Warthin–Starry reactive organisms carpet the 
colon surface (Figures 155.82, 155.83, 155.84). It has been asso-
ciated with abdominal pain, appendicitis, chronic diarrhea, and 
rectal bleeding in some cases, but in the majority of cases, spi-
rochetosis is an incidental finding with no clear clinical corre-
lates. The anaerobic intestinal spirochetes Brachyspira aalborgi 
and Brachyspira pilosicoli seem to be responsible for most cases 
of spirochetosis. B. pilosicoli colonizes the intestinal tract of 

Figure 155.80 Schistosomiasis. Ova surrounded by eosinophils are seen 
in the submucosa.

Figure 155.81 Schistosomiasis. The lateral spine of this ovum is in 
keeping with S. mansoni.

Figure 155.82 Spirochetosis. This biopsy was from an immunosupressed 
person with diarrhea. The biopsy shows features of acute self-limiting 
colitis in that there is cryptitis without crypt distortion.

many animal species, especially pigs, and can be found in 
approximately 30% of feces from persons in developing coun-
tries. Koteish and colleagues have reported a retrospective anal-
ysis of colonic spirochetosis in 14 cases including four children 
and 10 adults seen at the authors hospital [346]. Two men had 
HIV infections. All children and both HIV-infected men had 
abdominal complaints, diarrhea, or both. Most other adults 
underwent colonoscopy for polyp screening (four), follow-up 
of Crohn’s disease (one). Histologically, spirochetosis was iden-
tified in all parts of the colon and was not strongly associated 
with active inflammation, mucosal injury, or changes of chro-
nicity. Genotype analysis of 13 cases showed that 11 resulted 
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the glands, and the lack of architectural distortion and basal 
plasmacytosis, but overlapping features do occur. Epithelioid 
granulomatous inflammation may accompany Yersinia pseudo-
tuberulosis and aggregates of macrophages may accompany 
Yersinia enterocolitica. To the extent that the morphologic fea-
tures of pseudomembranous colitis (Figure 155.85) and entero-
hemorrhagic E. coli colitis mimic inflammatory bowel disease, 
these must also be considered (although these mimic ischemic 
effects more than they mimic IBD). The proclivity for GI histo-
plasmosis to mimic IBD has been emphasized by Lamps and 
colleagues [347] (Figures 155.86 and 155.87). The presentation 
of IBD and GI histoplasmosis can be identical (fever, malaise, 
GI bleeding, diarrhea, nausea and vomiting, ulcers, fissures, 
perforation, colitis) and the histologic presence of granulomas 
and full thickness inflammation can lead to an interpretation 
Crohn’s colitis. The disease may be seen in nonendemic areas 

from B. aalborgi and two from B. pilosicoli infections. Only two 
patients were treated specifically with antibiotics, with complete 
resolution of abdominal symptoms in one patient with follow-up. 
Follow-up biopsy results were available for two patients who did 
not receive treatment; one showed persistent spirochetosis, and 
the other was negative. Spirochetosis in this series had a male 
predominance, was generally caused by B aalborgi, and occurred 
in two distinct clinical settings: children who often have abdom-
inal symptoms and adults who typically are asymptomatic. 
While treatment information remains limited, treatment 
seemed to ameliorate symptoms in some cases.

It is well known that a large number of infectious processes 
can mimic idiopathic inflammatory disease. Generally, the fea-
tures of Campylobacter, Salmonella, and Shigella are distin-
guished from irritable bowel disease (IBD) by the proclivity of 
responding neutrophils to involve the lamina propria more than 

Figure 155.84 Spirochetosis. This Warthin-Starry silver stain highlights 
the organisms.

Figure 155.85 Pseudomembranous colitis. A pseudomembrane is seen at 
the center of the field.

Figure 155.86 Histoplasmosis. This poorly-formed necrotizing granuloma 
was found in an immunosuppressed person and contains the organisms.

Figure 155.83 Spirochetosis. The hair-like structures emanating from the 
surface are the organisms.
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Malakoplakia, which is usually found in the genitourinary 
tract, can also be found in the GI tract and reflects a curious 
response to degenerating bacteria which assume a targetoid 
appearance when ingested by macrophages (Michaelis Gutmann 
bodies).

Ischemic colitis
The biopsy features that are classically associated with ischemic 
colitis include marked surface injury, mucin loss in crypts, 
“atrophic microcrypts”, and hyalinization of the lamina propria 
such that the normal loose connective tissue punctuated with 
plasma cells, lymphocytes, and eosinophils is replaced with 
dense eosinophilic matrix and the residual glands become more 
closely spaced (lamina propria “collapse”) [348] (Figure 155.89). 
In older patients, ischemic disease is typically attributable to 
atherosclerotic mesenteric vascular disease. In the setting of 
global hypoperfusion or splanchnic constriction the “water-
shed” zones are prone to vascular insufficiency. The classic 
“watershed zone” is at the splenic flexure, an area supplied by 
the distal-most reaches of both the superior mesenteric artery 
and the inferior mesenteric artery but not by more proximal 
branches of either source. As such, any vascular compromise 
from hypovolemia or splanchnic shunting during vigorous to 
extreme exercise or global hypotension (such as after trauma) 
can affect this zone (Griffith’s point) more substantially than 
others in the colon. A similar “watershed zone” is present in the 
ileocecal region (Sudeck’s point) [349].

There are many etiologies for ischemic colitis. For example, 
distance running is known to be associated with varying degrees 
of colonic ischemia. Indeed, approximately a quarter of both 
runners were found to manifest occult blood in their stool fol-
lowing a marathon [350] and more extensively documented 

and in immunocompetent hosts. Ulcerated areas should always 
be screened for the presence of Entamoeba histolytica and CMV. 
The former tends to appear in the exudate itself whereas the 
latter is found frequently in endothelial cells. Adenovirus may 
involve the bowel in immunocompetent individuals where it 
invokes an impressive lymphoid response, particularly in the 
terminal ileum, accompanied by loss of nuclear polarity and 
subtle intranuclear inclusions [246]. The necrotizing granulo-
mas associated with Yersinia sp. are lacking in adenovirus infec-
tion. MAI and Cryptosporidium (Figure 155.88) can be found 
in immunosuppressed hosts. We have also sometimes notes 
prominent lymphoid aggregates in biopsies from patients with 
a course clinically in keeping with viral gastroenteritis.

Figure 155.87 Histoplasmosis. A Gomori-methenamine silver stain from 
the image seen in Figure 155.86 shows budding yeast forms.

Figure 155.88 Cryptosporidiosis. Organisms appear as small beads at the 
epithelial surface.

Figure 155.89 Ischemic colitis. This example is from an individual who 
was receiving Kayexalate® but the features are similar regardless of 
etiology. This biopsy shows atrophic microcrypts and lamina propria 
hyalinization.
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particularly the superficial mucosa. Pseudomembranes are 
often seen microscopically although the endoscopic appear-
ances of ischemia and pseudomembranous colitis differ. Hem-
orrhage and hemosiderin-laden macrophages are seen in the 
lamina propria. Fibrin thrombi may be seen as the process 
progresses. Chronicity is evidenced by crypt atrophy and hyali-
nized lamina propria. Dignan and Greenson have published 
helpful criteria to distinguish ischemic colitis and pseudomem-
branous colitis [348]. These criteria allow distinction in most 
but not all patients where this differential diagnosis arises. C. 
difficile is often the etiologic agent in pseudomembranous 
colitis, but not all pseudomembranes are caused by this bacte-
rium and not all infestations with C. difficile result in pseu-
domembranes. Cases are typically associated with antibiotics 
(see Chapter 62).

Findings	in	systemic	diseases
Scleroderma
This connective tissue disorder can result in hypomotility and 
intestinal pseudo-obstruction, classically associated with sclero-
sis of the inner circular layer of the muscularis propria. Since 
the pathologic process is mural, there are no specific biopsy 
changes. However, the resulting stasis from the obstruction can 
result in bacterial overgrowth.

Vasculitis
It is very difficult to make a diagnostic determination of vascu-
litis on colonic biopsies since if ischemic ulcers are present, any 
inflammation in walls of small vessels may be secondary rather 
than primary. The systemic vasculitides are clinically diverse, 
multisystem diseases and their unifying pathologic feature is 
inflammation of blood vessel walls. Vasculitidies may be catego-
rized according to vessel size. Small vessel vasculitidies includes 
systemic lupus erythematosus (SLE), microscopic polyangiitis, 
Wegener granulomatosis (WG), the Churg–Strauss syndrome, 
the Henoch–Schönlein syndrome, Adamantiades–Behçet 
disease, and rheumatoid vasculitis. Medium-sized vessel vascu-
litidies includes SLE, polyarteritis nodosa (PAN), thromboangi-
itis obliterans, and Kawasaki disease, whereas large-vessel 
vasculitis refers to Takayasu arteritis and giant-cell arteritis. 
However, there may be considerable overlap among the various 
syndromes. In addition, both Crohn’s disease and ulcerative 
colitis itself may result in vasculitis, though it is more common 
in Crohn’s disease where an arteritis may be seen.

Intestinal vasculitis may accompany a variety of systemic vas-
culitides such as polyarteritis nodosa, Churg–Strauss syndrome, 
Henoch–Schönlein purpura, lupus, and rheumatoid arthritis 
[403–408]. Among the angiitides, PAN, SLE, and Henoch–
Schonlein are those most commonly accompanied by gastroin-
testinal complications. Key features of the vasculitides affecting 
the GI tract are summarized in Table 155.3.

Isolated venulitis of the GI tract has been reported using 
several terms (lymphocytic phlebitis, necrotizing and giant-cell 

colonic ischemia has also been reported in such athletes [351–
353]. In contrast to the effect of splanchnic constriction in ath-
letic settings, hypovolemia seldom leads to ischemic colitis in 
young trauma patients [354].

Certain infectious agents are also known to produce an 
ischemic insult. These include, enterohemorrhagic (Verotoxin 
producing) E. coli [355–371] and C difficile. The prototype infec-
tious agent for producing ischemic colitis is E. coli O157:H7, 
which first came to attention in the early 1980s [360,372]. It is 
a primary cause of severe hemorrhagic diarrhea and the serious 
complication of, hemolytic uremic syndrome develops in up to 
20% of patients. Ground beef and other bovine products have 
been implicated as sources. Since E. coli is ubiquitous in stool, 
the hemorrhagic strains must be specifically sought by stool 
cultures using Sorbitol–MacConkey medium from which sorbi-
tol nonfermenting colonies are selected and assayed for the 
specific organism with either an enzyme immunoassay or a latex 
agglutination assay [373]. Unfortunately, about 3%–18% of 
toxin producing E. coli are able to ferment sorbitol and thus 
appear as “ordinary” E. coli on culture plates even though they 
may still be responsible for outbreaks [361].

The key pathogenetic mechanism underlying the manifesta-
tions of enterohemorrhagic E coli is the direct effect of its cyto-
toxin on endothelium [374], which results in gastrointestinal 
manifestations if the process is limited, but in hemolytic uremic 
syndrome if it becomes systemic. Endoscopic biopsies taken 
from infected patients may display ischemic colitis features with 
prominent fibrin thrombi, findings that allow the pathologist to 
suggest pertinent laboratory evaluation [362] but which are by 
no means specific. An immunohistochemical test has been 
developed although there is limited experience with it in tissue 
diagnosis [365].

In younger patients with ischemic colitis, a variety of drug 
associations can be causitive, including illegal drugs (cocaine 
[375–380]), over the counter decongestant medications [381–
384], oral contraceptives [385,386], NSAIDS [387,388], kayex-
alate (given for hyperkalemia in renal patients and suspended 
in a sorbitol solution that induces osmotic ischemia) [389], the 
migraine headache medication sumatriptan [390,391], and alo-
setron (Lotronex) [392–400].

Other causes of ischemic intestinal disease in young adults 
include coagulopathies [401], anorexic behavior [402], and vas-
culitides (see later). A 2001 report from the Mayo Clinic of 39 
young adults with ischemic bowel disease included 13 (of 25) 
women taking oral contraceptives, four patients with vascular 
thrombi, four taking vasoactive drugs, four with hypovolemia, 
and two with vasculitis. No etiology was demonstrated in the 
remaining 19 patients [403].

In older patients, the differential diagnosis is often between 
pseudomembranous and ischemic colitis. The diagnosis of 
ischemic colitis often requires careful clinicopathologic correla-
tion. The process may resolve spontaneously. Involvement is 
segmental and the splenic flexure area is particularly vulnerable. 
In early cases there is desquamation and necrosis of the mucosa, 
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Table 155.3 Summary – vasculitis affecting the GI tract.

Type Definition Vessel size typically 
affected

Microscopic features

Henoch–Schönlein 
syndrome (also termed 
anaphylactoid purpura 
Schönlein–Henoch 
syndrome)

• Most common vasculitis in children 
characterized by purpuric skin eruption, 
fever, arthralgia, visceral symptoms. 
Seasonal incidence (peaks in winter)

• Renal involvement in up to half
• Skin purpura, intestinal, renal, or 

pulmonary hemorrhage

Small • Necrotizing vasculitis (small vessel), 
histologically indistinguishable form 
small vessel forms of polyarteritis

• IgA immune deposits in vessel walls

Polyarteritis nodosa 
(periarteritis nodosa, 
polyarteritis)

• Necrotizing vasculitis (medium and 
small-sized arteries)

• Involvement of the aorta is unknown
• Can involve any organ
• In descending order: kidneys, muscles, 

nerves, viscera, heart. In children, heart 
most common site

Medium (arteries) • Focal segmental necrotizing arteritis 
with fibrinoid necrosis is hallmark of 
acute lesions, which have a proclivity for 
micro-aneurysm formation.

• Healing lesions have vessel wall sclerosis
• Characteristic feature: coexisting acute 

and healing lesions with intervening 
segments of unaffected artery

Lupus vasculitis • Vasculitis affecting patients known to 
have Lupus

Medium • Variable and nonspecific histology

Wegener’s vasculitis • A necrotizing granulomatous vasculitis 
that in classic form affects the lungs and 
kidneys

• Most affected (75%) are c-ANCA 
(antineutrophil cytoplasmic antibody) 
positive

Small • The lesions have geographic necrosis, 
granuloma formation, and vasculitis

• All three components are only found in 
20%–30% of extra-pulmonary cases, so 
diagnosis requires clinicopathologic 
correlation

Churg-Strauss vasculitis 
(allergic granulomatosis 
and angiitis)

• A subset or “overlap syndrome” of 
polyarteritis nodosa

• The pathologic diagnostic criteria require 
systemic and pulmonary necrotizing 
vasculitis with an eosinophilic infiltrate 
and extra-vascular granulomas

• Clinical diagnostic triad: history of 
asthma/allergy, peripheral blood 
eosinophilia, and pulmonary and systemic 
vasculitis with eosinophilic infiltrate

Medium • Like PAN with an eosinophilic infiltrate.
• When changes are limited to an isolated 

organ system, the condition is known as 
limited/isolated Churg-Strauss syndrome

Buerger’s disease 
(thrombangitis obliterans)

• Nonarteriosclerotic segmental 
inflammatory occlusive disease of 
medium-sized and small arteries and 
veins usually affecting limbs with 
occasional visceral involvement

• Strong association with smoking, male 
sex (9 : 1)

• Usually in young men (under 40 y). 
Begins with Raynaud’s phenomenon

Medium • Diagnostic only in early stages with 
clinically evident thrombophlebitis

• Inflammatory thrombi of arteries and 
veins with “endovascular” 
microabscesses with scattered giant cells

• Later stages less diagnostic and 
organizing thrombi are seen

• The end stage is nondiagnostic with 
fibrotic occluded vessels

granulomatous phlebitis, idiopathic myointimal hyperplasia  
of mesenteric veins, mesenteric inflammatory venoocclusive 
disease, intramural mesenteric venulitis, idiopathic colonic 
phlebitis) [406,409]. The terms describe a pattern of injury but 
the etiology remains unknown.

On biopsies, vasculitis involving the GI tract vessels results 
in ischemic changes that cannot be distinguished from other 
causes of ischemia. Clinical correlation in collaboration with the 
endoscopist may clarify the diagnosis. For example, the angio-
graphic features of PAN are characteristic and the diagnosis can 
be made prospectively by noting ischemic features on mucosal 
biopsy.

Amyloidosis
Amyloidosis can affect the colon just as it may affect other 
regions of the GI tract (Figures 155.70, 155.71 and 155.72). 
Since it imparts a thickened basement membrane, it may have 
overlapping features with collagenous colitis. In contrast to the 
collagen in the latter, which is punctuated with nuclei of fibrob-
lasts and entrapped endothelial cells, the thick basement mem-
brane in amyloidosis contains no nuclei.

Common variable immunodeficiency
Colonic mucosal findings in common variable immunodefi-
ciency (CVID) are similar to those found in the small bowel. 
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Radiation	colitis/proctitis
Radiation colitis may be acute or chronic. The acute phase 
occurs hours to days following irradiation and shows an ede-
matous dusky pattern with loss of the vascular pattern at endos-
copy. On biopsy, nuclear pyknosis, karyorrhexis and enlarged 
nuclei are seen with diminished mitotic activity and mucin. 
These changes are reversible over a 1–2 months time course. 
Chronic radiation colitis develops weeks to years following 
therapy. Hyalinized connective tissue is seen in any of the bowel 
wall layers accompanied by atypical fibroblasts, telangectasia, 
vessel wall hyalinization, phlebosclerosis, and atrophy on the 
muscularis propria. The changes may be most evident in the 
submucosa and not detected by mucosal biopsy [410–412]. 
Stromal changes may be striking and occasionally, epithelial 
changes are seen as well [412]. Hyalinized vessels aligned paral-
lel to the surface epithelial basement membrane are very 
common in rectal biopsies from men who have had irradiation 
for prostate cancer (Figure 155.93).

Lymphocytic	and	collagenous	colitis
The term “microscopic colitis” has been applied to biopsies of 
patients with symptomatic colitis in whom there are no endo-
scopic or radiologic anomalies but in which specific micro-
scopic features are found. It was coined by Read in 1980 to 
describe patients who had chronic diarrhea, normal colonos-
copy, and a normal barium enema, and mucosal inflammation 
in their colonic biopsies [413]. Most patients have one of two 
types of microscopic colitis: collagenous and lymphocytic 
colitis. Both entities feature an inflamed lamina propria and 
surface injury, but seem to be distinct entities that differ in their 
demographics, disease associations, and clinical course.

Collagenous colitis was described in 1976 [414]. Patients have 
chronic watery diarrhea that may have an insidious onset or 
develop abruptly. In addition to diarrhea, many patients report 

CVID is the second most common immunodeficiency syn-
drome after select IgA deficiency. The hallmark of CVID’s pres-
entation is persistent sinonasal infections, but many such 
patients have GI tract complaints attributable to small intestinal 
atrophy, chronic giardiasis, pernicious anemia, and colitis. Such 
patients are at risk for development of small bowel lymphoma 
and gastric carcinoma. Since CVID is a chronic disease, injury 
to the colon in patients with this condition is lifelong. As such, 
although they do not have plasma cells (Figures 155.90 and 
155.91), other features of their disease mimic “quiescent” ulcer-
ative colitis (they can display marked crypt distortion). Apop-
tosis is often a prominent feature, mimicking GVHD (Figure 
155.92). CVID is also associated with lymphocytic colitis.

Figure 155.90 Common variable immunodeficiency. The features are 
similar to those of ulcerative colitis and it is easy for pathologists to make 
an incorrect diagnosis in such cases.

Figure 155.91 Common variable immunodeficiency. The key is the 
absence of plasma cells in the lamina propria; they would be a prominent 
constituent in the inflammatory backdrop of ulcerative colitis. The 
prominent lamina propria neutrophils in this biopsy are in keeping with 
an acute infection.

Figure 155.92 Graft versus host disease. Note the crypt apoptosis. Crypt 
apoptosis may also result from phosphasoda bowel preparation so this 
method is not advised if assessing for graft-versus host disease.
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abdominal pain, fatigue, or weight loss. Collagenous colitis is 
more common in women, with a female to male ratio of 6–8 : 1, 
and a median age at diagnosis of 55 years. However, the age 
range is broad, and many cases are diagnosed in patients under 
the age of 45 years. 40% of patients have an associated disease. 
The most common of these are rheumatoid arthritis, thyroid 
disorders, celiac disease, and diabetes mellitus. There may also 
be an association with the use of NSAIDs [415–417].

Lymphocytic colitis was separated as a specific form of micro-
scopic colitis by Lazenby and colleagues in 1989 [415,418]. Like 
those with collagenous colitis, patients with lymphocytic colitis 
have chronic watery diarrhea and normal colonoscopy. There is 
a broad age range at diagnosis, ranging from young adults to 
elderly patients, with a mean in the sixth to seventh decade. In 
sharp contrast to collagenous colitis, men and women are 
equally affected. Some patients report abdominal pain and/or 
weight loss. Lymphocytic colitis has a stronger association with 
celiac disease than collagenous colitis. Of patients with celiac 
disease, about a third have histologic features of lymphocytic 
colitis on biopsy. Of patients with lymphocytic colitis, as many 
as a quarter may have celiac disease.

These two microscopic colitides share many histologic fea-
tures, including increased lamina propria cellularity, primarily 
attributable to plasma cells, but also lymphocytes and eosi-
nophils (Figures 155.94–155.96). The crypts are nondistorted or 
minimally distorted. There is surface epithelial injury associated 
with infiltration by lymphocytes, and degenerative features such 
as cytoplasmic vacuoles, loss of mucin, nuclear irregularity, pyk-
nosis, flattening.

The key diagnostic distinction between collagenous colitis 
and lymphocytic colitis is the deposition of an abnormal layer 
of collagen between the surface epithelium in the former. This 
can be variable, and tends to be more pronounced in the proxi-
mal colon and less so in the rectosigmoid. The lower border is 
irregular, with strands of collagen extending into the underlying 

Figure 155.93 Radiation proctitis. Note the prominent vessel parallel to 
the epithelial surface.

Figure 155.94 Lymphocytic colitis. Note the intraepithelial lymphocytosis.

Figure 155.95 Collagenous colitis. Subepithelial collagen is the hallmark.

Figure 155.96 Collagneous colitis. This trichrome stain results in a blue 
color in the subepithelial collagen.
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should remember that phosphasoda bowel preparation itself 
can result in prominent apoptosis and this preparation should 
be avoided when GVHD is a consideration.

Diversion colitis
Occasionally a surgeon finds it necessary to create or leave a 
bypassed segment of bowel so that it is not in continuity with 
the fecal stream. If the rectum is left as a blind opening continu-
ous with the anus, it is called a “Hartmann’s pouch”. In these 
circumstances, so called diversion colitis may develop. The 
colitis that may follow diversion of the fecal stream is usually 
mild, occurring as subclinical disease in approximately 70% of 
patients However, in severe cases, the features may closely 
resemble either ulcerative or Crohn’s colitis creating diagnostic 
confusion if the surgery was prompted by preexising IBD. 
Regression of diversion colitis generally follows restoration of 
the normal continuity of the fecal stream. Some authors have 
reported that lymphoid follicle hyperplasia is a typical finding 
although others have reported variable histology [420–425]. If 
diverted colon is reconstructed into another anatomic structure 
(such as a neovagina), it is still prone to diversion colitis [426–
428] The hypothesis is that the condition results from absence 
of luminal short-chain fatty acids (the preferred metabolic sub-
strate of colonic epithelium) secondary to a change in the bacte-
rial milieu is based on the reported reversal of the condition 
upon the instillation of these compounds into the diverted 
segment [426,429].

Diverticular	disease	associated	conditions
In the early 1990s, clinicians first noted a small subset of patients 
with diverticular disease (usually involving the sigmoid colon) 
who developed segmental colitis in the area of diverticular 
disease [430,431]. The pathologic findings sometimes closely 
mimicked ulcerative colitis [430] or Crohn’s disease [432]. 
Although a small number of patients indeed subsequently had 
manifest ulcerative colitis or Crohn’s disease following their 
episode of diverticular disease associated colitis, with recogni-
tion of the latter as a seemingly discrete diagnostic entity, 
caution should be exercised in making a diagnosis of idiopathic 
IBD affecting only the sigmoid colon in patients with diverticu-
lar disease. Cases may display features of chronicity, including 
basal plasmacytosis and crypt distortion although most show 
mild active colitis. Those cases of diverticular disease displaying 
granulomas may even have granulomas in resected lymph 
nodes [433]. Patients with diverticular disease associated colitis 
usually respond to antibiotics.

Colon – polyps and neoplasms
Elastosis/elastofibromatous	change
There is a subset of polyps of the GI tract in which the submu-
cosa and muscularis mucosae exhibit a focal or diffuse increase 
of elastin fibers. This elastosis or elastofibromatous change is 
most commonly manifested as a colonic polyp found during 
screening colonoscopy. Gastric and small intestinal cases are 

lamina propria and incorporating dilated capillaries and fibrob-
last nuclei. Eosinophils are quite often prominent in collagenous 
colitis, both in the lamina propria and within surface and crypt 
epithelium [418]. Scattered neutrophils are often found in col-
lagenous colitis but are not a feature of lymphocytic colitis. 
When neutrophils are prominent, it suggests superimposed 
infectious colitis. In collagenous colitis, the surface epithelium 
tends to separate from the basement membrane beneath, leaving 
stretches in which abnormal collagen is exposed. In lymphocytic 
colitis the surface lymphocytosis is usually more prominent, 
eosinophils are less common, and prominent crypt epithelial 
lymphocytosis is often a feature.

The abnormal subsurface collagen that is diagnostic of col-
lagenous colitis is not always thick enough to be appreciated on 
routine H & E stain. There is no minimal thickness required for 
the diagnosis of collagenous colitis. In normal colonic mucosa, 
the trichrome stain marks the basement membrane lying at the 
base of the surface epithelium, forming a smooth, thin line. 
When collagen is deposited beneath this epithelium, the tri-
chrome stain has an irregular lower border, with strands of 
collagen extending into the adjacent lamina propria and trap-
ping capillaries. It is this abnormal pattern, rather than the 
absolute thickness of the collagen that is the key feature in col-
lagenous colitis. The abnormal collagen deposition is not always 
evident on routine stains and a trichrome stain should be 
obtained when microscopic colitis is suspected. An abnormal 
collagen band alone is insufficient for the diagnosis of collagen-
ous colitis, but must be present in the appropriate context. Occa-
sionally, thick bands of collagen may be seen in the colonic 
mucosa as a result of healed ischemia, radiation injury, ulcera-
tive colitis, or mucosal prolapse [419].

GVHD
The features of GVHD of the colon are similar to those found 
elsewhere with varying degrees of apoptosis and crypt drop-out. 
Grading is helpful for comparison among biopsies taken over 
time:
• Grade 1: increased crypt apoptosis (Figure 155.86)
• Grade 2: apoptosis with crypt abscess
• Grade 3: individual crypt necrosis
• Grade 4: total denudation of areas of mucosa.

Like GVHD elsewhere, it can have a chronic phase in which 
crypt distortion appears but it lacks the active inflammation and 
prominent basal plasmacytosis that characterize ulcerative and 
Crohn’s colitis. It typically accompanies bone marrow rather 
than solid organ transplant. The diagnosis of GVHD requires 
the proper clinical setting so correlation with the clinical 
impression is critical. The differential diagnosis includes entities 
resulting in apoptosis, such as viral infection, autoimmune 
disease, NSAID use, and medications. For example, mycophe-
nalate mofetil (Cellcept®), administered to solid organ trans-
plant patients, can result in colon biopsy findings that are 
identical to those of GVHD [252], and chemotherapy or other 
prolonged injury can produce similar features. The endoscopist 
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multiple. To the endoscopist, they appear long and finger-like 
[435]. They are diagnosed by noting that they consist of two 
protruding layers of mucosa plastered together with only one 
intervening layer or no intervening layer of muscularis mucosae. 
This is because they reflect regrowth of mucosa over an area of 
ulcer that has damaged the muscularis mucoase.

Mucosal	prolapse	conditions
This category of lesions encompasses a host of processes in 
diverse GI tract sites, but prolapse changes often appear as polyp 
on endoscopic examination in the colon. Well-defined colonic 
prolapse conditions include solitary rectal ulcer syndrome, 
localized colitis or proctitis cytstic profunda, inflammatory 
cloacogenic polyp, prolapsing folds associated with diverticular 
disease of the colon, and fibrin cap polyps of the colon. So-called 
myoglandular polyps are presumably part of the same spectrum 
[436,437]. In some gastrointestinal sites, prolapse is virtually 
physiologic. For example, the ileocecal valve is prone to prolapse 
and if there is abundant submucosal fat in the prolapsed area, 
this is termed “lipoma of the ileocecal valve” but is probably not 
neoplastic. These conditions are all benign and are occasionally 
mistaken both clinically and microscopically for carcinomas.

Solitary rectal ulcer syndrome
Solitary rectal ulcer syndrome describes a pattern of mucosal 
changes (some of which are polyps without ulceration) localized 
to the terminal rectum and imparted by mucosal prolapse. It 
occurs at all ages, with a peak incidence between 20 and 40 
years. There may be hamatochezia, pain, tenesmus, and some-
times lower abdominal pain. Inability to evacuate the rectum or 
a “foreign body” sensation are described and it usually occurs 
in those who strain when defecating, especially young women. 
At endoscopy ulcers are seen in 20%–70% of patients, usually 
on the anterior or anterolateral rectal wall but a mass-like lesion 
can also be found, raising the possibility of a neoplasm. Some-
times defecation studies are used to evaluate these patients as 
they are believed to have difficulty coordinating the smooth 
muscle during the defecation process in part associated with 
failure of the puborectalis sling to relax at the proper time.

The pathologic changes on biopsies consist of hypertrophy of 
the muscularis propria with splaying of fibers which course into 
the mucosa and are seen throughout the lamina propria. The 
proliferated smooth muscle is accompanied by variable fibrosis 
and the glands become entrapped and distorted. As the process 
progresses, there is surface ulceration and glands can herniated 
into the submucosa, accompanied by wisps of lamina propria) 
[438–442]. Thus lesions can have a “polypoid phase” or an ulcer-
ated phase. Often crypts become “diamond-shaped” [443,444]. 
A caveat is that mucosal prolapse changes adjacent to carcino-
mas are the same as those of isolated mucosal prolapse, so 
multiple biopsies of large “solitary rectal ulcers” are important 
to exclude sampling error [445]. “Colitis cystica profunda” is 
part of the same spectrum of disease and implies that glands 
have prolapsed into the submucosa.

less frequent and associated with ulcers or an inflammatory 
process. Histologically, elastosis appears as finely granular and/
or fibrillar amphophilic material, sometimes with a fibrous 
component (elastofibromatous change) (Figures 155.97, 155.98, 
and 155.98) [434]. The changes occasionally appear centered 
around blood vessels and often are mistaken for amyloid, but 
are negative for Congo red stain and strongly positive for elastin 
stain. These lesions are probably incidental and of no clinical 
consequence.

Filiform	polyps/post-inflammatory	polyps
Filiform polyps (also called postinflammatory polyps) are 
essentially a subtype of polyps associated with prior mucosal 
injury found in patients who have had any type of prior ulcera-
tion. They consist of fingerlike projections of submucosa covered 
by mucosa on all sides. They reflect healing of undermined 
mucosal and submucosal remnants and ulcers and are typically 

Figure 155.97 Elastosis. This process produced an “incidental” polyp.

Figure 155.98 Elastosis. Elastic stain of the polyp seen in Figure 155.97.
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These polyps are considered hamartomatous. In the colon they 
display colonic type mucosa and have irregularly shaped and 
dilated glands accompanied by lamina propria that is expanded 
with edematous granulation tissue (Figure 155.101). Dysplasia 
is rare in sporadic juvenile polyps.

Juvenile polyposis has been recognized since 1975 [452] and 
criteria for diagnosis consist of: (1) more than five juvenile 
polyps of the colorectum; (2) juvenile polyps throughout the GI 
tract; or (3) any number of juvenile polyps in a patient with a 
family history of juvenile polyposis. These are encountered in a 
number of syndromic settings. These syndromes are described 
in detail in Chapter 79.

When juvenile polyps are biopsied from syndromic patients, 
smaller ones are identical to the typical sporadic ones. However, 
larger ones display an increase in the relative amount of epithe-
lium compared to stroma, are multilobulated with rounded or 
finger-like lobes, and are more likely to display true dysplasia. 
Both types of juvenile polyps are prone to surface erosions with 
attendant reactive epithelial changes. In general, the pathologist 
is cautioned against diagnosing dysplasia when active inflam-
mation and erosions are a feature.

Peutz	Jehgers	polyps
Peutz-Jehgers polyps are most common in the small intestine. 
Their manifestations in the colon are similar to those in other 
sites in that they are characterized by site specific (colonic) 
mucosa with arborizing smooth muscle. Unfortunately, since 
mucosal prolapse is common in the colon, it is difficult to pro-
spectively diagnose Peutz-Jehgers’ syndrome on the basis of a 
colonic polyp in isolation.

Cronkhite–Canada	polyps
Cronkhite and Canada reported a series of patients in 1955 who 
had polyposis, pigmentation, alopecia and onychotrophia [453]. 
There have been only a few subsequent reports of this condition 

Inflammatory cloacogenic polyp
Inflammatory cloacogenic polyp refers to mucosal prolapse 
polyp arising at the anorectal transition and thus having both 
squamous and columnar mucosa (Figures 155.99 and 155.100) 
[441,446]. Patients with such polyps present with hematochezia. 
The polyps are typically found on the anterior wall of the anal 
canal. These polyps display a tubulovillous growth pattern 
surface ulceration, displace clusters of crypts into the submu-
cosa, and abundant fibromuscular stroma that extends into the 
mucosa.

Juvenile	polyps
Juvenile polyps are the most commonly encountered colorectal 
polyps in children, and in a third to a half of patients, more than 
one juvenile polyp is found [447–451]. Sporadic juvenile polyps 
usually have a spherical lobulated surface, which is often eroded. 

Figure 155.99 Inflammatory cloacogenic polyp. This prolapse lesion is 
found at the junction of anal squamous (left part of field) and rectal 
mucosa.

Figure 155.100 Inflammatory cloacogenic polyp. “Diamond-shaped” 
glands are a characteristic finding of colorectal prolapse lesions.

Figure 155.101 Juvenile polyp. This polyp features cystically dilated 
glands, an expanded lamina propria and an eroded surface.
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(other than case reports) although Burke and colleagues were 
able to amass polyps from nine patients from the consultations 
files of the AFIP for histologic analysis [454] and Ward has 
provided excellent reviews of the literature [454–457].

Cronkhite–Canada syndrome is characterized by diffuse 
polyposis occurring in patients with unusual ectodermal abnor-
malities, including alopecia, onychodystrophy and skin hyper-
pigmentation. The most common presenting symptoms include 
diarrhea, weight loss, nausea, vomiting, hypogeusia and ano-
rexia. Paraesthesias, seizures and tetany, apparently related to 
electrolyte abnormalities, have also been reported. Nail dystro-
phy (thinning, splitting and separation from the nailbeds), 
essentially a reflection of protein loss, is one of the features. Both 
scalp and body hair alopecia may be present. Diffuse hyperpig-
mentation of the skin, manifested by light to dark brown 
macular lesions, is seen most frequently on the extremities, face, 
palms, soles, and neck. Microscopic examination of biopsied 
skin reveals abnormally increased melanin deposition with or 
without increased melanocyte proliferation.

Cronkhite–Canada syndrome is distinguished by the diffuse 
distribution of polyps throughout the entire GI tract, except for 
characteristic sparing of the esophagus.

It is not possible to diagnose this syndrome solely on basis of 
the histologic features of an associated polyp. However, the 
Cronkhite–Canada polyp is characterized by its broad sessile 
base, expanded edematous lamina propria, and cystic glands 
[454] (Figures 155.102 and 155.103). Similar features are found 
in the lesions of juvenile polyposis. The only distinguishing 
feature reported between Cronkhite–Canada and colonic juve-
nile polyposis was the pedunculated growth of the latter [454]; 

Figure 155.102 Cronkhite–Canada polyposis. This endoscopic image is 
from the patient’s cecum. He had polyps throughout his GI tract, sparing 
only his esophagus.

Figure 155.103 Cronkhite–Canada polyposis. This histologic appearance 
of a colonic polyp is hardly specific – the polyp appears similar to a 
juvenile type polyp. The distinction is made on clinicopathologic grounds 
and by attention to the background flat mucosa, which is abnormal in 
Cronkhite–Canada polyposis but normal in juvenile polyposis.

a feature that did not hold for gastric lesions. Unlike Cronkhite–
Canada polyps, juvenile polyps sometimes have areas of dyspla-
sia, but this is not typical. Therefore the diagnosis of 
Cronkhite–Canada polyps, (especially in the stomach), requires 
correlation with the presence of the ectodermal changes char-
acteristic of this syndrome. The question of whether polyps in 
Cronkhite–Canada syndrome possess malignant potential 
remains controversial.

Other	conditions
Endometriosis
Endometriosis is well known to be found in a variety of sites 
and affects the GI tract in up to 40% of patients with pelvic 
endometriosis and about a third of these patients have mucosal 
lesions amenable to biopsy [458]. The sigmoid colon is the most 
common site.

On gross examination, endometriosis appears as it does in 
other sites, as firm areas which may contain cysts filled with 
brown fluid. Most examples of endometriosis affect the serosa 
or muscularis propria and are accompanied by abundant fibro-
sis and adhesions, though submucosal examples are also 
reported. Endometriosis of the colon resembles examples found 
elsewhere, consisting of endometrial-type glands and stroma 
associated with hemosiderin deposition and a fibroblastic 
response (Figures 155.104 and 155.105). The endometrial-type 
epithelium changes with the menstrual cycle. A stromal decid-
ual reaction may be found in endometriotic foci in pregnant 
patients.

Vascular lesions
As biopsy of vascular ectasias in not always wise, these are not 
often seen in biopsy material. When they bleed, they are 
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germline defects in the adenomatous polyposis coli (APC) gene, 
the gatekeeper of colorectal neoplasia, and have hundreds to 
thousands of colon adenomas and essentially all develop colon 
cancers if no prophylactic colectomy is performed. Adenomas 
of the colorectum generally pose few diagnostic problems to the 
pathologist, and endoscopists usually recognize and remove 
them readily. Differential diagnosis can occasionally be difficult 
when reparative changes in the epithelium resemble adenomas 
and when dysplasia is encountered in the setting of inflamma-
tory bowel disease.

Adenomas have dysplasia by definition. It is usually low-
grade with regular nuclei showing maintained nuclear polarity 
(their long axes are perpendicular to the basement membrane. 
Typical adenomas display elongated “pencillate” nuclei that are 
similarly hyperchromatic throughout, in contrast to normal 
mucosa that shows reduced nuclear hyperchromasia at the 
surface. Apoptotic bodies are usually prominent in sporadic 
adenomas. Adenomas may contain foci of clear cell change, 
squamous-like morules akin to those seen in the endometrium 
that have also been referred to as “microcarcinoids”, and Paneth 
cell differentiation, none of which matter in an adenoma, but 
which may inform some of the variation in the appearances of 
invasive carcinomas. Prominent intraepithelial lymphocytes 
and reduced numbers of apoptotic bodies are encountered in 
colorectal adenomas from patients with hereditary nonpolypo-
sis colorectal carcinoma (Lynch syndrome) but it is not known 
whether finding these features prospectively predicts the diag-
nosis. High-grade neuroendocrine (small-cell) carcinomas may 
arise in the background of ordinary-appearing adenomas, but 
this is rare and discussed further on.

Adenomas have their initiation point near the surface of the 
mucosa, such that tiny adenomas only affect the upper half of 
the mucosa and grow in a “top-down” fashion (Figure 155.106). 
Genetically altered cells in the superficial portions of the mucosa 

managed with various obliterative techniques but not sampled 
for histology. However, there are a variety of vascular lesions 
occasionally encountered on colonic biopsies. Kaposi’s sarcoma 
is sometimes encountered in patients with HIV/AIDS. Other 
lesions occasionally seen include incidental hemangiomas and 
lymphangiomas, Dieulafoy’s lesions (usually these are found in 
the stomach but rarely in the colon), and vascular malforma-
tions. Angiosarcomas tend to be deeper and diagnosed on 
resections.

Adenomas
It is estimated that more than half of the Western people will 
develop a benign colorectal tumor (adenomatous polyp) during 
their lifetime, and that ∼10% of such tumors will progress to 
malignancy. Familial adenomatous polyposis patients have 

Figure 155.104 Colonic endometriosis. This is a diagnostic pitfall for 
endoscopists and pathologists alike. The key is for the pathologist is 
noting the background stromal tissue accompanying the glands.

Figure 155.105 Colonic endometriosis. Higher magnification of the lesion 
seen in Figure 155.104.

Figure 155.106 Tubular adenoma. By definition, the epithelium is 
dysplastic (neoplastic) but no invasive carcinoma is seen here.
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intensify post polypectomy follow-up. Fortunately high-grade 
dysplasia and large adenoma size generally go hand-in-hand so 
observer variation in thresholds for high-grade dysplasia are 
less important than they might seem. Although we have no 
validation, we generally reserve a diagnosis of high-grade dys-
plasia in colorectal adenomas for lesion that have cribriform 
architecture and/or loss of nuclear polarity rather than only 
cytologic atypia or stratification of nuclei to the surface. Some 
pathologists resist use of the designation of high-grade dysplasia 
in colorectal adenomas to forestall overtreatment by surgical 
colleagues who harbor the erroneous notion that high-grade 
dysplasia should prompt a colectomy. When carcinomas arise 
in adenomas of the colon, invasion of the lamina propria is 
considered biologically equivalent to high-grade dysplasia 
(since the lamina propria of the colon is believed to lack lym-
phatic access, “intramucosal carcinoma” in the colon is thus 
staged as Tis rather than T1, so some observers do not report 
this invasion either. We report intramucosal carcinoma in ade-
nomas as such and include a note that it is biologically equiva-
lent to high-grade dysplasia (Tis) and that complete polypectomy 
should be curative unless additional sampling discloses deeper 
invasion.

Adenomas with “villous features” are supposed to prompt 
closer surveillance than those without but there are no real 
criteria for when an adenoma has “villous features” – some col-
leagues are averse to reporting either high-grade dysplasia or 
“villous features” as there are no universal criteria for diagnos-
ing them and they correlate with lesional size regardless, a piece 
of information the pathologist is usually unware of at the time 
of interpretation of mucosal sample.

Pathologic evaluation and diagnosis of 
early colorectal cancers treatable by 
endoscopic polypectomy

Carcinomas are believed to develop in about 1 in 25 adenomas 
left in situ. When these are found in endoscopically removed 
polyps, a management decision must be made, and the role of 
the pathologist is important. To justify colectomy, the risk of the 
patient having a metastasis must be higher than the risk of the 
patient undergoing surgery to remove a segment of the colon. 
Criteria to make this decision have appeared in the literature 
since the 1980s and have largely stood the test of time. Although 
early studies made a point that there were levels of invasion akin 
to those in a melanoma, other protocols have proved more reli-
able and more readily assessed in biospies.

The diagnosis and treatment of colorectal cancers by endo-
scopic polypectomy have become commonplace. “Malignant 
polyps” are adenomas that contain any amount of invasive  
carcinoma, which is defined as a tumor that has gone through 
the muscularis mucosae into the submucosa. They also include 
polypoid carcinomas, in which the entire polyp head is  
replaced by carcinoma. By definition, malignant polyps exclude 

spread laterally and downward to form new crypts that first 
connect to preexisting normal crypts, and eventually replace 
them. This is a useful feature in separating adenomas from reac-
tive lesions and colitis-associated dysplasia, both of which seem 
to display “bottom-up” growth. Also, adenomas usually display 
prominent apoptosis and may contain scattered neutrophils. 
The presence of prominent apoptosis can be a helpful diagnostic 
feature.

When endoscopists biopsy “polyps”, sometimes the patholo-
gist sees nothing to account for a polyp. If recut sections are 
performed in such instances, about 10% of such cases can be 
shown to harbor an adenoma on additional sectioning and if 
tissue blocks are re-embedded and recut, up to 20% can be 
found to harbor adenomas. Each laboratory should probably 
determine its own protocol for further evaluating sampling in 
which the endoscopist notes a polyp and no lesion is seen on 
evaluated slides. In our hospitals, we perform no recuts if a 
separate sample from the same patient has an adenoma whereas 
we perform additional sectioning if this might alter the patient’s 
follow-up and thus recut the sample/s of “polyps” that are nega-
tive for adenoma.

Adenomas may undergo striking mucosal prolapse changes, 
which can cause a host of diagnostic problems. Neoplastic 
glands can herniate into the submucosa and, similarly,  
strands of muscularis mucosae can proliferate into the lamina 
propria and simulate submucosa. When neoplastic glands from 
adenomas prolapse into the submucosa, this can occasionally 
impart an appearance similar to that of invasive carcinoma, 
especially if the glands become obstructed and inspissated 
mucus dissects into the surrounding connective tissue, termed 
“pseudoinvasion”.

Criteria to diagnose high-grade dysplasia (Figure 155.107) in 
colon adenomas are not established, despite the fact that a 
finding of high-grade dysplasia in an adenoma is a reason to 

Figure 155.107 High-grade dysplasia in a tubular adenoma. The gland in 
the center is complex with a cribiform architecture. However, the 
basement membrane around it is intact.
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definitively in some cases and, ultimately, may be judged as 
being indeterminate. An absolute diagnosis of vessel invasion is 
dependent upon finding carcinoma cells within an endothelial-
lined space. Contraction artifact in the tissue, tumor-induced 
stromal sclerosis, and extracellular pools of mucin secreted by 
tumor cells may all complicate the evaluation of vessel invasion. 
The dilemma may or may not be resolved by the examination 
of additional tissue levels of the specimen, review by a second 

adenomas containing intraepithelial carcinoma or intramucosal 
carcinoma because these polyps lack biologic potential for 
metastasis. Polyps containing invasive carcinoma comprise 
about 5% of all adenomas. The chance that an adenoma contains 
invasive carcinoma increases with polyp size, and the incidence 
of invasive carcinoma in adenomas >2 cm ranges from 35% to 
53%. Therefore, any polyp >2 cm in diameter should be 
approached with the suspicion that it might harbor an invasive 
cancer. When technically possible, these polyps should be 
removed intact, rather than piecemeal, with as great a margin 
as possible at the base or stalk. Identification of the resection 
margin is necessary for determining both the adequacy of the 
excision and the closest approach of the tumor, a parameter that 
predicts the risk of tumor recurrence.

Malignant polyps often constitute a form of early carcinoma 
(pathologic T category pT1) curable by endoscopic polypec-
tomy alone. However, the incidence of an unfavorable outcome 
(i.e., lymph node metastasis or local recurrence from residual 
malignancy) for malignant polyps treated by polypectomy alone 
varies from 0% to about 20% in the literature [459]. Pathologic 
evaluation is critical in defining polyps with an increased risk 
of residual or recurrent disease, and the subsequent clinical 
management of the patient may be based, in part, on the find-
ings. The histopathologic parameters that are known to be asso-
ciated with a significantly increased risk of adverse outcome are:
• A high tumor grade including poorly differentiated adenocar-

cinoma, signet ring cell carcinoma, small-cell carcinoma, or 
undifferentiated carcinoma. It remains unclear in the litera-
ture whether poorly differentiated carcinomas (that are 
apparently confined to the lamina propria) have the biologic 
potential to metastasize.

• A tumor ≤ 1 mm from the resection margin (some authors 
advise ≤ 2 mm) can be assessed by making two small dots 
(one at the leading edge of the tumor and the other at the 
nearest cauterized margin) and measuring the distance 
between them with a ruler. Of note, cauterized tissue con-
tracts, a process that can pull the normal tissue margins 
together and give a false impression of positive margins.

• Involvement of a small (thin-walled) vessel, presumably lym-
phatic, by the tumor (Figures 155.108 and 155.109).In the 
presence of one or more of these features, the risk of an 
adverse outcome following polypectomy is estimated to be 
about 10% to 25%. If one or more of these high-risk features 
is found on pathologic examination, further therapy may be 
indicated. Optimal management is decided on an individual 
basis, but segmental resection of the involved colonic segment, 
local excision (e.g., transanal disk excision for a low rectal 
lesion), or radiation therapy may be considered. In the 
absence of high-risk features, the chance of adverse outcome 
is extremely small, and polypectomy alone is considered 
curative.
In the pathologic evaluation of malignant polyps, assessment 

of small vessel invasion is hampered by interobserver variability. 
In fact, small vessel invasion may be impossible to diagnose 

Figure 155.108 Carcinoma arising in association with an adenoma; 
vascular space invasion. This is a feature that most authors believe should 
prompt resection following a diagnosis of “cancer in a polyp”.

Figure 155.109 Carcinoma arising in association with an adenoma; 
vascular space invasion. This CD34 stain highlights endothelial cells 
lining the invaded vessel from the lesion seen in Figure 155.108.
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observer, and/or immunohistochemical staining for endothelial 
markers. In published cases in which the malignant polyps have 
lacked definitive evidence of high-risk features (but the patients 
have died of their disease), lymphatic invasion had been judged 
(on blinded review) as indeterminate because of a lack of inter-
observer agreement. This suggests that even the suspicion of 
small vessel invasion on pathologic examination should be con-
sidered as potentially important. When there were no adverse 
features at all, there were no adverse events in this study.

Small-cell carcinomas of the colon
These tumors are morphologically identical to those in the lung. 
They are typically found in the right colon where they are often 
associated with an ordinary adenoma or typical colorectal ade-
nocarcinoma. They are not found associated with carcinoid 
tumors. The prognosis is poor and patients often have metas-
tases at the time of surgery. The small-cell component usually 
proliferates off the lower portions of the lesion and is thus not 
detected on biopsies. Like small carcinomas in other sites, these 
express neuroendocrine markers (chromogranin and synapto-
physin). Additionally, like small-cell cancers elsewhere in the 
body, about a quarter stain using CD117/c-kit antibodies [460] 
but lack kit mutations. Carcinoid tumors and conventional 
colorectal cancers do not display CD117/c-kit labeling.

Serrated polyps
Hyperplastic	polyps,	traditional	serrated	adenomas,	
sessile	serrated	adenomas]
In addition to hyperplastic polyps and adenomas, a third class 
of colonic polyp distinguished by serrated or star-like glandular 
morphology is now recognized. Although referred to generally 
as “serrated polyps”, this diagnostic category includes lesions 
with different cytological and molecular features and they are 
further categorized as: (1) hyperplastic polyps (HPs) (Figure 
155.110); (2) sessile serrated adenomas (SSAs, also known as 

Figure 155.110 Hyperplastic polyp. This serrated polyp shows cells with 
eosinophilic cytoplasm. Note that the bases of the glands are narrow.

Figure 155.111 Sessile serrated adenoma. This lesion superficially 
resembles a hyperplastic but differs by having broad-based glands 
(compare to Figure 155.110). It lacks conventional dysplasia but is fully 
capable of progressing to invasive carcinoma.

Figure 155.112 Sessile serrated adenoma with associated dysplasia and 
invasive carcinoma. The high-grade dysplasia and carcinoma component 
is at the right of the field.

sessile serrated polyps) (Figure 155.111); (3) sessile serrated 
adenomas with cytological dysplasia (mixed hyperplastic/
adenomatous polyps [MHAP’s] (Figures 155.112, and 155.113); 
and (4) traditional serrated adenomas (TSAs), (Figure 155.114). 
Initially HPs were regarded as benign and metaplastic. However, 
there is now considerable evidence implicating at least a subset 
of what has traditionally been called HP in the development of 
a subset of colorectal carcinomas. Initially, case reports and 
small series of adenocarcinomas associated with “giant” or 
“large” HPs (usually defined as >1 cm) appeared. Additionally, 
some studies link hyperplastic polyposis syndrome with an 
increased risk for colorectal cancer. The term “serrated polypo-
sis” is preferred over “hyperplastic polyposis” due to the 
common occurrence of sessile serrated adenomas in this setting. 
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ble HPs of the left colon, but differ by larger size, a higher 
proliferative index, the presence of serrations extending to their 
bases, dilated architecture of the glands at the bases, and a ten-
dency to have mismatch-repair defects. The authors recom-
mended the term “sessile serrated adenoma” for such polyps, 
which were previously referred to as “serrated adenomas”. Both 
terms are somewhat unsatisfactory to some, as the lesions lack 
the “pencillate” nuclei that typify SAs. The term “sessile serrated 
polyp” has also been used to describe such polyps, a term that 
has been adopted into the 2010 WHO classification. To those 
unfamiliar with serrated polyps, using the term “adenoma” 
implies the need for more careful follow-up than the term 
“polyp” although the 2010 WHO endorsed the two terms 
equally [236].

Classical hyperplastic polyps account for the 75% of all ser-
rated polyps. They are typically an incidental finding during 
routine screening colonoscopy. They may be single or multiple, 
typically in the rectosigmoid colon, and usually measure less 
than 5 mm. Three distinct types are recognized, namely micro-
vesicular, goblet cell rich, and mucin-poor. These subtypes bear 
no clinical significance and, as a result, it is not necessary to 
subclassify them in daily practice. Typically hyperplastic polyps 
have serrated architecture that is limited to the upper crypt with 
glands that taper down near the base and have prominent neu-
roendocrine cells. Some examples show a thickened (but 
regular) collagen table. Microvesicular hyperplastic polyps have 
frequent BRAF mutations while KRAS mutations are identified 
more frequently in the goblet cell-rich type.

SSAs account for approximately 9% of colonic polyps [462] 
and 15%–25% of all serrated polyps. SSAs are more commonly 
located on the right colon, are broad-based, and may reach 
several centimeters in size. The endoscopic appearance may be 
subtle with coloration similar to that of the adjacent mucosa and 
may give the impression of a thickened mucosal fold. Histologi-
cally, these polyps are characterized by serrated crypt architec-
ture that extends to the deep crypts, papillary invaginations, and 
dilated crypt bases oriented parallel to the muscularis mucosae. 
Contrary to hyperplastic polyps, neuroendocrine cells are few 
and far between and the collagen table is usually thin.

Loss of MLH1 (by promoter methylation rather than germ-
line mutation of mismatch repair genes) occurs at the point of 
cytological dysplasia [463] but is not seen in nondysplastic 
SASs/polyps so the molecular parallels of sporadic and syndro-
mic lesions are not as straightforward as in the setting of con-
ventional adenomas versus FAP. When serrated polyps are 
studied for molecules in the Wnt pathway, most (67%) SSAs 
show aberrant nuclear labeling for β-catenin and a decreased 
staining with CDX2 (predominantly confined to the crypt 
bases) when compared to hyperplastic polyps [464,465]. Aber-
rant nuclear β-catenin labeling is always seen in the background 
of BRAF activating mutations and correlates with neoplastic 
progression as it is seen in 100% of SSAs that have acquired 
conventional dysplasia. As a result of these findings, Yachida 
and colleagues suggested activation of the Wnt pathway as a 

The WHO defining criteria for diagnosis of serrated polyposis 
syndrome include [236]:
1.	 The presence of 20 or more serrated polyps (of any size) 

spread throughout the colon, or
2.	 At least five serrated polyps proximal to the sigmoid colon 

with two or more measuring more than 10 mm, or
3.	 Any number of serrated polyps in an individual who has a 

first-degree relative with serrated polyposis.
In 2003, Torlakovic and colleagues [461] published an impor-

tant set of observations that has set the stage for a radical change 
in how pathologists address colorectal polyps. In their work, the 
authors noted that there is a subset of polyps that tends to occur 
on the right side of the colon. These polyps superficially resem-

Figure 155.113 Sessile serrated adenoma with associated dysplasia and 
invasive carcinoma. In this immunohistochemical preparation for the 
mismatch repair protein MLH1, there is (nuclear) loss in the high-grade 
dysplasia and carcinoma component.

Figure 155.114 Traditional serrated adenoma. There is serrated 
architecture of the epithelial cells as well as traditional epithelial dysplasia 
like that of an ordinary adenoma.
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The key practical issue is how to manage patients with the 
various serrated polyps; the main clinical decisions are how to 
address incompletely excised polyps, whether to perform pan-
colonoscopy when index lesions are identified on proctoscopy, 
or sigmoidoscopy, and whether long-term endoscopic surveil-
lance is needed. Guidelines promulgated in 2012 should allow 
better data to accumulate [469].

Colitis

Associated	dysplasia	and	colon	carcinoma
Criteria for grading dysplasia in the setting of inflammatory 
disease were developed in 1983 [470] and these remain useful. 
Presently dysplasia in ulcerative colitis is separated into low and 
high-grades (Figures 155.115, 155.116 and 155.117) and cases 
in which the findings are unclear are diagnosed as “indefinite 

feature of SSAs with neoplastic progression (conventional dys-
plasia) [465].

TSAs, also known in the literature as “serrated adenomas” 
occur predominantly in the distal colon. They are characterized 
by complex villiform architecture with crypts that lose their 
orientation to the muscularis mucosae. Termed “ectopic crypt 
formation” (ECF) [466], this is the defining feature of TSAs and 
its identification is helpful when trying to distinguish TSA from 
SSA and HP. Besides ectopic crypts, TSAs are characterized by 
epithelial cells with abundant, dense, eosinophilic cytoplasm 
and cigar-shaped nuclei that fall just short of the dysplastic 
nuclei characteristic of tubular adenomas as they lack signifi-
cant enlargement, prominent nucleoli, and apoptosis. TSA is 
also believed to be a precursor to colorectal cancer. They are 
characterized by KRAS mutations and CpG island methylation 
[467]. Unlike SSAs, they lack microsatellite instability.

An uncommon and recently described variant of TSA is the 
“filiform serrated adenoma” [468]. This polyp is characterized 
by left sided location, elongated, filiform projections lined by 
serrated epithelium, edematous stroma, and columnar cells with 
abundant eosinophilic cytoplasm. These polyps may be seen 
associated with areas of conventional tubular adenoma, high-
grade dysplasia, SSA, or hyperplastic foci. These polyps are 
molecularly more similar to SSAs as they have a high frequency 
of BRAF mutations (50%) and minority posses KRAS mutations 
(21%). Unlike SSAs, they are predominantly microsatellite 
stable or have only low levels of microsatellite instability 
(MSI-L).

As with every entity in pathology, some serrated polyps defy 
current classification. Diagnosis in some cases requires correla-
tion with site and polyp size but there are no hard and fast rules 
for these examples. However a number of features may be 
helpful in this setting:
1.	 If the overall morphology is that of a hyperplastic polyp but 

the lesion is located on the right or transverse colon, we 
hesitate to diagnose it as such, especially if large (>5 mm). 
In these instances a diligent search for neuroendocrine cells 
(rare to absent in SSAs), serrations deep in the crypts, and 
subtle crypt dilation is warranted. Finding one dilated crypt 
is sufficient to classify it as a SSA.

2.	 Although SSAs can occur on the left colon, they are uncom-
mon in that site. Some hyperplastic polyps may display reac-
tive epithelial changes and mild, uniform crypt dilation. 
They usually display prominent neuroendocrine cells and 
serrations are limited to the upper parts of the crypts. If these 
are features of a small (<5 mm), left sided polyp, it is best 
classified as a hyperplastic polyp.

3.	 Large (>5 mm), left sided “hyperplastic” polyps may be diag-
nosed as such with the caveat that these probably require 
closer endoscopic follow-up (interval uncertain) than that of 
small (<5 mm) hyperplastic polyps.

4.	 Some observers are more comfortable with the term “serrated 
polyp with features of SSA” for examples that do not entirely 
fulfill SSA criteria. These are typically followed as SSAs.

Figure 155.115 Dysplasia-associated lesion or mass (“DALM”). This 
lesion has low-grade dysplasia and presented as an elevated visible lesion.

Figure 155.116 Dysplasia-associated lesion or mass (“DALM”). A p53 
stain can be useful in confirming an impression of DALM.
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allows the patient to have relatively normal bowel function by 
maintaining the anal sphincter following colectomy.

Mesenchymal	tumors
Benign fibroblastic polyps (perineuriomas) of the colon
These are incidental lesions detected in adult patients undergo-
ing screening colonoscopy. As such the mean age in the reported 
series was 61.5 years [473]. They present as small polyps at 
endoscopy (size range, 0.2–1.5 cm). These lesions have also been 
called “perineuriomas” of the colon and are often found inti-
mately associated with serrated polyps.

The polyps consist of an expansion of the lamina propria by 
a monomorphic spindle cell population lacking mitotic activity 
or necrosis (Figure 155.118). Some are intimately admixed with 
hyperplastic polyps. These benign fibroblastic polyps are 
managed by simple polypectomy.

Leiomyomas
If a brightly eosinophilic spindle cell lesion with bland cytologic 
features is arising in association with the muscularis mucosae, 
it is, in all likelihood, an incidental leiomyoma, readily managed 
by simple polypectomy [474] Most spindle cell tumors of the 
wall of the GI tract are GI stromal tumors (except in the esopha-
gus where leiomyomas proeominate) but muscularis mucosae-
associated tumors of the colorectum are usually leiomyomas. 
Miettinen and colleagues [474] studied 88 such tumors of the 
muscularis mucosae of the colon and rectum. The lesions, 
except one, were removed by snare polypectomy as incidental 
lesions at cancer or polyp surveillance; one small tumor was an 
incidental finding in the rectal resection specimen. The tumors 
had a significant male predominance (overall 2.4 : 1) and were 
found in adults (38 to 85 years, median 62 years). The lesions 
were typically small (range 1 to 22 mm, median 4 mm) and 
located predominantly in the rectum and sigmoid (72%).

for dysplasia”. Essentially, these are similar to other sites except 
that many patients have striking active inflammation, so it is 
difficult to make definitive diagnoses of low-grade dysplasia. A 
diagnosis of low-grade dysplasia requires nuclear alterations 
that extend onto the mucosal surface without loss of nuclear 
polarity and high-grade dysplasia displays surface loss of nuclear 
polarity. Some literature supports colectomy in the presence of 
any degree of dysplasia; others recommend resection only in the 
setting of high-grade dysplasia in flat mucosa. Dysplasia associ-
ated lesion or mass (DALM) lesions are typically irregularly 
shaped and raised, without a discrete stalk. The dysplasia may 
be found at any location in the crypt, a difference from an 
adenoma in which the dysplasia begins at the surface and moves 
down the crypt. Endoscopically, DALM lesions are often diffi-
cult to remove, in some instances because they are contiguous 
with an underlying invasive adenocarcinoma. Because sessile 
irregular DALMs are likely to harbor an adenocarcinoma, colec-
tomy is sometimes recommended. While distinguishing 
between an adenoma and a DALM lesion is important, in some 
cases this distinction is difficult or even impossible. However, 
available evidence for both ulcerative and Crohn’s colitis sup-
ports treating the lesion in the same fashion as a sporadical 
adenoma (polypectomy) if it is discrete, and endoscopically 
adenoma-like [471,472]. In daily practice, we diagnose such 
lesions as “polypoid low- (or high-grade) dysplasia VERSUS 
sporadic adenoma” and write a note explaining the basis for the 
favored alternative). As a general rule, lesions arising in the field 
of inflammatory disease that have an unusual endoscopic 
appearance are probably best regarded as “DALMs”. In other 
words, the gross appearance probably yields more information 
than the microscopic one. Adenocarcinomas detected during 
surveillance have a significantly better prognosis than those 
found in individuals with clinical symptoms. Total colectomy is 
then indicated. Resection with subsequent ileoanal anastomosis 

Figure 155.117 Dysplasia-associated lesion or mass (“DALM”). This area 
shows high-grade dysplasia.

Figure 155.118 Benign fibroblastic polyp of the colon. The lamina propria 
is expanded by a benign slindle cell proliferation.
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At low magnification, polypoid sporadic ganglioneuromas 
often resemble juvenile/inflammatory polyps in that they have 
disturbed crypt architecture and expanded lamina propria. At 
higher magnification, the lamina propria is expanded by collec-
tions of spindle cells within fibrillary matrix and irregular nests 
and groups of ganglion cells (Figure 155.119). Sporadic exam-
ples may also have submucosal extension and a plexiform 
arrangement involving the submucosal nerve plexus such that 
they superficially resemble neurofibromas (differing by the 
presence of many ganglion cells). The ganglioneuromas in gan-
glioneuromatous polyposis show overlapping features with spo-
radic ganglioneuromas but tend to be more variable and have 
more numerous ganglion cells and filiform architecture. In 
diffuse ganglioneuomatosis, the process is centered around the 
myenteric plexus and is either diffusely intramural or transmu-
ral and consists of fusiform expansions or confluent transmural 
ganglioneuromatous proliferations.

Sporadic ganglioneuromas are treated by polypectomy and 
seldom recur. Patients with syndromic ganglioneuromas must 
be carefully followed based on their specific syndromes. Those 
with NF1 may develop other neural lesions, including malig-
nant peripheral sheath tumors and those with MEN IIb may 
develop endocrine neoplasms. Polypoid ganglioneuromas may 
herald Cowden’s disease, tuberous sclerosis, familial adenoma-
tous polyposis, and juvenile polyposis whereas the diffuse type 
is the type most likely associated with NF1 and MEN IIb. This 
type may cause strictures requiring resections but the gangli-
oneuromas are all themselves benign.

Schwannomas
Like gastric schwannomas, those of the colon differ from those 
encountered in the somatic soft tissues by lacking a capsule and 
having a prominent lymphoid cuff [479,480]. They consistently 
display strong diffuse S100 protein and lack CD117/c-kit. These 

GISTs of the colon
GISTs are most common in adults in the sixth decade and arise 
in the ascending and descending colon and usually present with 
pain or a mass. Except for small subserosal lesions, they are 
typically transmural tumors with intraluminal and outward-
bulging components. Morphologically they are heterogeneous 
with spindle cells in fascicles, palisades or storiform arrange-
ment, and sometimes an organoid patter; a minority has epithe-
lioid cells in varying proportions.

Most (75%) colon GISTs are CD117 positive and 60% have 
CD34, with c-kit mutations in exon 11 in about a third of cases. 
Some have taken a size of 5 cm and five mitoses per 10 HPF as 
thresholds for malignancy [475,476], but Miettinen and col-
leagues found lower levels [477]. In their series, tumors smaller 
than 1 cm did not recur, whereas in larger tumors 20% with 
minimal mitoses and all with more than five mitoses per 50 HPF 
metastasized or died of disease. Interestingly, the few cases with 
skeinoid fibers had a better prognosis. These tumors are not 
commonly encountered on mucosal biopsies as they are typi-
cally mural, but when they are, performing an immunhistch-
emical panel is prudent.

Neural	tumors
Ganglioneuromas occur in two general settings: (1) as solitary 
isolated lesions, and (2) syndromically as multiple lesions that 
either produce multiple exophytic polyps (“ganglioneuroma-
tous polyposis”) or poorly demarcated transmural prolifera-
tions (“ganglioneuromatosis”) [478]. In solitary examples, there 
is no gender predominance and lesions have been detected 
in adults from ages 20–90 years old with a peak incidence 
between the ages of 40 and 60 (mean age of 48 years). The 
majority are found in the colon, usually on the left side. Most 
patients are asymptomatic and the lesions are detected during 
routing colonoscopy. Solitary lesions are not associated with 
genetic syndromes. In contrast, ganglioneuromatous polyposis 
is associated with familial adenomatous polyposis and diffuse 
ganglioneuromatosis is associated with multiple endocrine 
neoplasia type IIB and with NF1. Diffuse ganglioneuromatosis 
is found in virtually all patients with MEN IIb and often 
antedates the development of the endocrine neoplasms. 
Patients with MEN IIb and ganglioneuromatosis present with 
diverse gastrointestinal symptoms which may include constipa-
tion, diarrhea, difficulty feeding, projectile vomiting, and 
crampy abdominal pain. Most syndromic GI tract ganglioneu-
romas are found in the colorectum and in younger patients 
than sporadic isolated ganglioneuromas (mean ages of about 
35 years).

Polypoid isolated ganglioneuromas are small sessile or 
pedunculated polyps that grossly resemble juvenile polyps or 
adenomas and are 1–2 cm. The polyps in ganglioneuromatous 
polyposis are multiple (20–40) and display greater variability 
than sporadic ones, ranging from 1 mm to over 2 cm. Some are 
filiform. Diffuse ganglioneuromatosis results in a poorly demar-
cated whitish thickening that may be transmural.

Figure 155.119 Ganglioneuroma. Aberrant ganglion cells and Schwann 
cells (bland spindled cells) proliferate in the colonic lamina propria. Most 
examples are isolated sporadic lesions.



Endoscopic mucosal biopsy – histopathological interpretation CHAPTER 155   3049

the fourth to the seventh weeks of gestation and the upper two 
thirds is endoderm-derived whereas the lower one third is 
ectodermally-derived; the dentate or pectinate line is where 
these zones meet

The anus can also be divided into the mucosa-lined anal canal 
and the more distal epidermis-covered anal margin. Where the 
skin meets the canal, apocrine glands may be prominent. 
Cancers arising in the anal margin are regarded as skin cancers 
and are treated with local excision. The anal canal extends proxi-
mally from the anal verge to the rectal mucosa. Most of the anal 
canal is lined by squamous mucosa, which is present between 
the anal verge and the dentate (or pectinate) line. The dentate 
line is a visually identifiable border between the more distal 
squamous mucosa and a transitional area of squamous and 
nonsquamous mucosa. The adjacent nonsquamous lining can 
consist of either transitional (urothelium-like) or rectal glandu-
lar mucosa [486,487]. Anal ducts and glands are found at the 
transition zone and lymphatic spaces are often prominent in 
these zones. Therefore, it is important for pathologists to 
remember that a biopsy from the anatomic (clinical) anus can 
display glandular, transitional, or squamous mucosa.

The anus can be the site for the host of conditions affecting 
the skin, a topic beyond the scope of this chapter, but, for 
example, various keratoses can be found in the anal area. When 
typical seborrheic keratoses present in this area, they raise the 
possibility of condyloma based on their site despite their lack of 
viral cytopathic changes. In patients who have received radia-
tion treatment, the usual radiation-associated changes are seen 
[488] including hyalinized vessels and collagen.

Hidradenoma	papilliferum
This cystic and papillary apocrine neoplasm generally arises in 
the perianal skin and vulva. The characteristic affected indi-
vidual is a white woman over the age of 30. The typical sites 
include labia majora, perineum, and perianal skin [489–491], 
although extra-genital sites appear as case reports. Rare reports 
of malignant change in these are often contested.

The lesion forms a large epithelial-lined cyst in the mid-
dermis displaying elaborate papillary infoldings that are formed 

tumors differ from conventional schwannomas genetically as 
well as they have no NF2 alterations whereas conventional 
schwannomas do [481] but share NF1 alterations with conven-
tional schwannomas. Some sporadic small epithelioid nerve 
sheath tumors present as small polyps at endoscopy [482](Figure 
155.120).

Granular	cell	tumor
These tumors are occasionally encountered in practice and 
colon granular cell tumors are the second most commonly 
encountered GI tract granular cell tumors (after esophagus) but 
are still rare and tend to arise in the right colon [483].

Lipomas
Multiple GI tract and cutaneous lipomas are known in patients 
with ganglioneuromas of the colon [478] but most lipomas of 
the colon are sporadic lesions centered around the submucosa. 
Expanded adipose tissue at the ileocecal junction is sometimes 
referred to as a “lipoma” but is actually probably prolapsed 
submucosal fat. Colorectal lipomas are uncommon lesions of 
adulthood and thus are occasionally found at screening and 
usually recognized by endoscopists based on their yellowish 
color [484] (Figure 155.121).

Anus

Nonneoplastic
Introduction
The anal canal, by anatomic definition, begins as the rectum 
enters the puborectalis sling (palpated as the anorectal ring on 
digital exam) and ends at the squamous mucocutaneous junc-
tion with the perianal skin [485]. The anal canal forms during 

Figure 155.120 Benign epithelioid peripheral nerve sheath tumor. This 
lesion is centered around the lamina propria and superficial submucosa.

Figure 155.121 Colonic lipomas. Surgical specimen.
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correlated with clinical ones. Anal biopsies are not commonly 
performed in Crohn’s disease due to the risk of procedure 
related morbidity [498].

Polyps
Fibroepithelial	polyps
These lesions are also called anal tags and excising them is gen-
erally not suggested unless they are uncomfortable or interfere 
with personal hygiene since removing them may be extremely 
painful and, in the case of those associated with Crohn’s disease, 
may result in poor healing and additional morbidity. They are 
essentially projections of anal mucosa and submucosa. When 
one arises at the leading edge of an anal ulcer or fissure, the term 
“sentinel tag” is applied. They are often submitted to the pathol-
ogist as hemorrhoids but lack vessels, features of hemorrhage, 
and organized thrombi. They are essentially the same lesion as 
skin tags (acrochordons).

Fibroepithelial polyps have received little attention in the 
pathology literature [499,500] but consist of myxoid or colla-
genous stroma covered by squamous epithelium (Figure 
155.123). Stromal cells with two or more nuclei are found in the 
majority of examples and large examples often harbor atypical 
stromal cells. Mast cells are frequent.

Syphilis	proctitis
Treponema pallidum is the causative agent of syphilis, a sexually 
transmitted disease characterized by primary, secondary, and 
tertiary stages. The primary stage presents with a chancre, a 
painless firm, red lesion at the site of inoculation, which heals 
after 3–6 weeks. The secondary stage, characterized by a macu-
lopapular rash, is the result of spirochete multiplication within 
the skin and mucous membranes and occurs 2–10 weeks after 
the initial stage. Condyloma lata (raised, broad-based plaques) 
may be seen during this stage and may provoke concern for 

by fibrovascular cores lined by two layers of cuboidal epithelium 
with foci of bridging and tuft formation (Figure 155.122). The 
lesions lack inflammation and the superficial portions of the 
cyst often are lined by a flattened squamous layer. If the patholo-
gist is concerned that this is a metastasis, cytokeratin 5/6 (CK 
5/6) has a relatively limited expression profile, being relatively 
specific for mesothelium and other “pavement” type epithelium 
such as squamous epithelium, and it stains these tumors [492], 
a helpful feature in excluding an adenocarcinoma. These lesions 
also express estrogen receptor [493], a potential problem if the 
pathologist is concerned that they are metastatic from the breast 
or female genital tract, although they lack a desmoplastic 
response and are well-marginated.

Herpes	simplex	virus	(HSV)	proctitis
HSV proctitis has the same viral cytopathic features as HSV 
elsewhere in the body. It is associated with the presence of 
genital lesions as well as with peno-anal intercourse [494–497]. 
Biopsies usually show characteristic multinucleated cells with 
smudged intranuclear inclusions in squamous epithelial cells at 
the edge of ulcers. Immunohistochemistry can be helpful in 
confirming an impression of HSV proctitis.

Crohn’s	disease
In ulcerative colitis, involvement of the anal canal is typically 
nonspecific and unrelated to the inflammatory disease. In con-
trast, in Crohn’s disease the anal canal itself is affected in about 
25% of patients with classic small intestinal disease and in up 
to 80% of those with colonic involvement. Anal disease may be 
the initial manifestation in about a third of patients with Crohn’s 
disease. Biopsies may display a patchy active chronic inflamma-
tory process but fissures, fistulas, and striking chronic inflam-
matory infiltrates are the hallmark. However, unless granulomas 
are detected, biopsy features are not specific and must be 

Figure 155.122 Hidradenoma papilliferum. This lesion shows 
differentiation along sweat gland lineage and is found in the perineum of 
females.

Figure 155.123 Anal fibroepithelial polyp. These appear similar to “skin 
tags” elsewhere.
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lesions (that vanish upon treatment of the infection) and 
patients are often not forthcoming about their sexual practices 
or they are not asked about them [508,509]. On histologic exam 
of anal mucosa one sees ulceration, granulation tissue, and 
massive associated mucosal and submucosal lymphoplasma-
cytic infiltration that tends to be angiocentric. Although silver 
stains can highlight the spirochetes, these are frequently not 
identified. Definitive diagnosis requires serologic confirmation 
with rapid plasma reagin (RPR), fluorescent treponemal 
antibody-absorption test (FTA), or immunolabeling.

Lymphogranuloma	venereum	proctitis
Chlamydia trachomatis, serotypes L1, L2, and L3, is the causa-
tive agent of lymphogranuloma venereum (LGV), although 
other subtypes of this organism can cause cervicitis, endometri-
tis, urethritis, and trachoma [510]. Recently, outbreaks have 
been reported in men who have sex with men (MSM) [510]. 
Traditionally, LGV initially presented with a penile papule fol-
lowed by a secondary stage featuring tender inguinal lymphad-
enitis (Bubos). However, in the MSM population, the 
presentation at all stages may include rectal discharge and proc-
titis with a tertiary stage of anorectal strictures, perirectal 
abscesses, genital elephantiasis, penile deformities, and esthi-
nomene (a chronic ulcer) [510]. The diagnosis can be estab-
lished by serology or PCR and the infection is treated with 
doxycycline.

The histologic findings in LGV are relatively nonspecific and 
overlap with those of syphilis proctitis and thus the diagnosis 
must be confirmed by laboratory testing. Depending on the 
stage of the disease, biopsies may demonstrate mucosal ulcers, 
prominent chronic inflammation, and fibrosis. Biopsies showing 
rectal mucosa may display distorted crypt architecture and 
lamina propria fibrosis [511].

Neoplasia
Introductory
The bulk of anal neoplastic pathology encountered in daily 
practice revolves around the diagnosis of squamous carcinoma 
and its precursors even though such tumors are relatively rare. 
Resection specimens should be rarer still since most cancers are 
treated with radiation and chemotherapy. As such, biopsy diag-
nosis is particularly important. Resected anal specimens are 
handled differently from colorectal ones; size rather than the 
depth determines the T status in anal cancers (T1 is ≤2 cm, T2 
is 2–5 cm, T3 is >5 cm, and T4 encompasses invasion into adja-
cent organs [485].

Anal	squamous	intraepithelial	neoplasia
The vast majority of anal squamous intraepithelial neoplastic 
lesions, like those in the uterine cervix, are related to sexually 
transmitted human papillomavirus (HPV) infections of the 
various subtypes, and these are presumed to be the precursors 
to invasive anal squamous cell carcinomas. The number of indi-
viduals in the population exposed to HPV is high; for example, 

HPV infection, especially in the anal area. Condyloma lata dis-
plays acanthosis that can be striking, surface erosion, broaden-
ing and elongation of rete ridges, exocytosis and neutrophils  
in the most superficial layers, and spongiosis [501]. Vessels  
may show endothelial swelling and proliferation and may be 
encircled by a cuff of plasma cells [501]. Although not widely 
available, an antibody to Treponema pallidum can be used 
to confirm the diagnosis [502–504] Figures 155.124 and 
155.125). The antibody cross reacts with the agent of “intestinal 
spirochetosis”.

Endoscopically, syphilitic proctitis may present granular, 
friable, erythematous, thick, or ulcerated mucosa [505–507]. 
There is often a clinical concern for carcinoma because of mass 

Figure 155.124 Syphilis proctitis. This area shows colorectal type mucosa. 
There is minimal crypt distortion.

Figure 155.125 Syphilis proctitis. Immunolabeling for the organism. This 
testing is specific but not very sensitive so correlation with serology is 
more important.
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3% and 12% of US male and female blood donors, respectively, 
had positive HPV16 serology in one study [512]. Given the 
enormous number of individuals and the relatively small 
number of patients who develop cancers (estimated at 5260 new 
cases of anal cancers and about 12 200 new cervical cancers in 
2010) progression rates must be quite low [513]. However, indi-
viduals infected with HIV are extremely likely to have anal HPV 
lesions [514,515], so this is the group in whom screening is 
presently being evaluated, akin to mass cervical screening. Anal 
HPV lesions in HIV-positive patients can be advanced. One 
study found that 37% (118/319) of excised condylomas in men 
who have sex with men (MSM) harbored high-grade anal 
intraepithelial neoplasia or squamous carcinoma. In the same 
study, HIV seropositive men were twice as likely to have high-
grade AIN or squamous carcinoma when compared with HIV 
negative patients [516]. At least half of the homosexual male 
HIV population has anal HPV lesions [514,515], and low-grade 
lesions progressed to high-grade lesions in about 20% of such 
patients in 2 years in one study [515], but it seems that very few 
of these in situ lesions progress to invasive carcinoma; patients 
most at risk for progression to invasion are those with immu-
nosuppressed states [517]. The main reason to treat these lesions 
is the aggressive nature of carcinomas once invasion ensues. The 
effect of highly active antiretroviral therapy (HAART) on these 
lesions remains unclear, but is not necessarily beneficial [518].

Like the uterine cervix, the anal canal has a transformation 
zone. This zone cannot be visualized without the use of anos-
copy, so a procedure is required even for cytologic screening. In 
biopsies obtained from this area (anoscopically at the dentate/
pectinate line), it is typical to find fragments of rectal-type 
mucosa adjoining, or separate from, the lesions in question. The 
histology of anal squamous intraepithelial lesions is quite 
similar to that found in the uterine cervix, and is associated with 
the same HPV types as cervical lesions. Such lesions had been 
classified as anal intraepithelial neoplasia (AIN) I, AIN II, and 
AIN III, but now, as for the cervix, most observers prefer to 
separate low- and high-grade lesions, with the AIN II subsumed 
under high-grade (Figures 155.126 and 155.127). HPV 16 and 
6 are the most common genotypes detected in association with 
high-grade and low-grade lesions, respectively [519].

Interestingly and similarly to some colon cancers, Zhang and 
colleagues reported high rates of DNA methylation in cases of 
squamous cell carcinoma and high-grade AIN. DNA methyla-
tion of the genes IGSF4 and DAPK1 was specific for high-grade 
AIN and squamous cell carcinoma as methylation of these genes 
was absent in cases of low-grade AIN and in normal mucosa 
[520]. Current treatment options for AIN include electrofulgu-
ration, infrared coagulation, immunomodulation therapy with 
Imiquimod 5% cream, and surgical excision.

Bowen’s disease is an eponymous term used for squamous 
carcinoma in situ at the anal margin (the outside part that can 
be seen by the clinician, in contrast to lesions seen at the transi-
tion zone, inside the canal, at the dentate line) where it presents 
macroscopically as a brownish plaque. In other words, Bowen’s 

Figure 155.126 Anal intraepithelial neoplasia. This process often occurs at 
the anorectal transition.

Figure 155.127 Anal intraepithelial neoplasia. The changes here are those 
of AIN 2 (moderate dysplasia) and would be subsumed under high-grade 
in situ lesions.

disease is essentially an AIN lesion that arises in perianal skin 
[236]. The terminology is sometimes complicated by the fact 
that lesions may not be restricted to one area. Biopsies of 
Bowen’s disease display full thickness dysplasia with jumbled 
nuclei, disorderly maturation, mitoses at all levels, and dyskera-
tosis, sometimes extending into skin appendages (pilosebaceous 
units). Like AIN, it is strongly associated with HPV. It is more 
likely to progress to invasive cancer than the AIN lesions, but 
most cases still do not progress. The squamos precursor lesions 
encountered on anal area biopsies are summarized on Table 
155.4.

Anal	squamous	cell	and	other	carcinomas
Carcinoma of the anal canal accounts for 1.5% of digestive-
system cancers in the United States, with an estimated 5260 new 
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cells, and the other is characterized by small-cells. Many tumors 
show more than one morphologic subtype but the majority of 
these neoplasms are diagnosed on small biopsies, which are 
likely not representative of the entire tumor morphology. The 
bladder and anus share a common embryologic origin, thus 
giving rise to the similar (i.e., transitional or cloacogenic) mor-
phology. The biology and prognosis of keratinizing and nonk-
eratinizing tumors of the anal canal are essentially the same, so 
prior concern about subclassification of anal tumors is probably 
not warranted (and we do not devote effort to this subclassifica-
tion). Furthermore, pathologists do not always reproducibly 
separate the categories, further limiting their utility [525]. 

cases in 2010 and about 720 disease-associated deaths [513]. 
The incidence of anal cancer is increasing, but it is still uncom-
mon [521]. Forty years ago, anal cancer was believed to be 
caused by chronic, local inflammation of the perianal area (such 
as from Crohn’s disease). Treatment was an abdominoperineal 
resection, resulting in a permanent colostomy. However, it is 
now apparent that the development of anal cancer is nearly 
invariably associated with infection by HPV, and usually sexu-
ally transmitted. Moreover, in the majority of patients, concur-
rent chemotherapy and radiation therapy is curative, without 
the need for surgery. Five-year survival in patients treated with 
chemoradiotherapy is significantly better than in patients 
treated with other modalities, or not treated at all [522,523]. 
Among men who have sex with men (MSM), anal cancer is five 
times more common in HIV-positive individuals than in HIV-
negative men. Among HIV-positive men, incidence has 
increased fourfold since the introduction of HARRT therapy, 
likely a result of longer life expectancy in these patients [524]. 
Five year overall survival is 58% for all patients with anal squa-
mous cell carcinoma. As with many other cancers, stage is pre-
dictive of survival and patients with Stage I disease have a 5-year 
survival of 69.5% while 5-year survival for patients with Stage 
IV disease is 18.7% [522].

Tumors arising within the anal canal distal to the dentate line 
are usually keratinizing squamous cell carcinomas, whereas 
those appearing in the transitional mucosa above the dentate 
line are frequently nonkeratinizing squamous cell carcinomas. 
The nonkeratinizing subtypes were once referred to as transi-
tional cell and cloacogenic (Figure 155.128); however, they are 
now recognized as variants of squamous cell carcinoma that 
lack terminal differentiation. One type is composed of large-

Table 155.4 Squamous “precursor” lesions encountered on anal area biopsies.

Lesion Gross appearance HPV type Microscopic features Outcome

Condyloma acuminata Protuberant “genital wart”, 
cauliflower-like lesion

6,11 Exophytic lesion with prominent surface 
viral cytopathic changes

Aggressive transformation 
vanishingly rare

Bowenoid papulosis Multiple brownish to 
reddish papules

16, 18, 33, 34 Histologically similar to Bowen’s disease 
(below, carcinoma in situ) but the clinical 
presentation different (multiple papules 
versus a plaque)

• Sometimes resolves 
spontaneously, can recur

• Essentially never 
progresses to cancer

Anal intraepithelial 
neoplasia (AIN)

• Inapparent or plaque-like 
in anal transition zone 
(area of dentate line)

• Likely in HIV population

16, 18, others • Variable degree of loss of nuclear 
stratification and polarity, nuclear 
pleomorphisn and hyperchromatism with 
or without keratinization or HPV viral 
cytopathic changes, with increased 
mitoses high in the epithelium

• A two-grade system is presently used 
(high and low), but formerly AIN I, II, and 
III were used

• Observer reproducibility can be a problem

• Risk of progression to 
cancer low but unknown

• In HIV patients, 
progression from LSIL to 
HSIL about 20% in 2 years

Bowen’s disease 
(squamous dysplasia 
at the anal margin; 
carcinoma in situ)

Reddish brown plaque of 
perianal skin, often 
extending into anal canal

16, 18, others Full thickness dysplasia with jumbled nuclei, 
disorderly maturation, mitoses at all levels 
and dyskeratosis, sometimes extending into 
skin appendages (pilosebaceous units)

Progression to cancer 
reported in 2%–6%

Figure 155.128 Anal squamous cell carcinoma. This example is basaloid 
(formerly “cloacogenic”).
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patients with cancer of the anal canal, however, does not impact 
the prognosis [530].

HIV-positive patients are two to six times as likely as HIV-
negative persons to have anal HPV infection, regardless of 
sexual practices. These individuals are also seven times as likely 
as HIV-negative persons to have persistent HPV infection, a risk 
inversely related to the CD4 lymphocyte count. Moreover, HIV-
positive patients who have low-grade anal intraepithelial neo-
plasia are twice as likely as HIV-negative persons to have 
progression to high-grade anal intraepithelial neoplasia. 
Whether or not HIV infection itself has a direct effect on the 
development of anal cancer remains unknown. The estimated 
incidence of anal cancer in the HIV population, however, is 
between 35 and 100 per 100 000. Since anal HPV DNA has been 
detected in 55% and 23% of 285 HIV-seropositive and 204 HIV-
seronegative homosexual men, respectively [514], the rate of 
progression is probably quite low, and ongoing studies will 
clarify this.

Several case-control studies have shown that a history of 
smoking increases the risk of anal cancer by a factor of 2 to 5, 
independent of sexual activities [531].

Anal squamous carcinoma was classified by the 1989 WHO 
in the following types [532]:
(a) squamous cell (cloacogenic)

(i) large-cell keratinizing
(ii) large-cell nonkeratinizing (transitional)
(iii) basaloid

(b) giant condyloma (verrucous carcinoma).
An exception to the usual striking epithelial changes is the 

rare verrucous carcinoma, which displays broad-based squa-
mous papillae that are sheet-like in a sclerotic background. They 
are often accompanied by many neutrophils and a peculiar 
pattern of abnormal keratinization at all levels of the markedly 
thickened epithelial proliferation. Verrucous carcinoma has 
been termed the “giant condyloma of Buschke–Löwenstein” and 
may involve the external genitalia and perianal skin. It resem-
bles a condyloma, but is, if anything, cytologically blander with 
less striking viral cytopathic changes. Koilocytes with nuclear 
cavities are not seen. Metastases from verrucous carcinomas are 
vanishingly rare and, when present, should prompt a diagnosis 
of squamous cell carcinoma. The primary tumors are treated by 
local excision, but this can be challenging since the lesions can 
be quite large and locally invasive.

Because the reproducibility of diagnosing most of these sub-
types is not particularly good [525], and because it bears little 
impact on outcome (with the exception of attempting to sepa-
rate verrucous carcinoma and poorly differentiated carcino-
mas), we do not devote much effort to separating anal squamous 
carcinoma into subtypes. Providing a diagnosis of invasive car-
cinoma is all that is clinically relevant, and awareness of the 
subtypes is simply a construct to avoid misdiagnosis of squa-
mous carcinoma variants as something else. As such, the 2010 
WHO classification simply “lumped” together the subsets of 
squamous carcinoma [236].

Tumor differentiation, however, should be included in the 
report as poorly differentiated neoplasms are associated with a 
higher risk of death than well to moderately differentiated 
examples [522]. It is also worthwhile to attempt to separate 
high-grade neuroendocrine (small-cell) carcinomas from squa-
mous cell carcinomas of the anus, although these tumors are 
rare in this site. Adenocarcinomas of the anal canal are clinico-
pathologically like rectal cancer and are treated as such.

Although the presence of anogenital condylomata has been 
shown to increase the likelihood of anal cancer, there is little, if 
any, risk associated with the presence of hemorrhoids, fissures, 
or fistulae. Furthermore, a history of inflammatory bowel 
disease has now been shown not to predispose patients to anal 
cancer, in contrast to prior anecdotal views [526].

Women with anal cancer were more likely than women with 
colon cancer to have a history of genital warts or infection with 
herpesvirus or Chlamydia trachomatis. As compared with men 
with colon cancer, men with anal cancer were more likely to 
have engaged in homosexual activity, to have practiced recep-
tive anal intercourse, and to have a history of genital warts or 
gonorrhea. Frisch and colleagues compared 417 patients with 
anal cancer to 534 patients with adenocarcinoma of the rectum 
and 554 normal control subjects [527]. On multivariate analysis, 
the relative risk of anal cancer in women was highest among 
those with 10 or more sexual partners, and those with anal 
warts, genital warts, gonorrhea, or cervical neoplasia. The risk 
was also elevated in women who had been tested for HIV infec-
tion and those whose sexual partners had a history of a sexually 
transmitted disease. A history of receptive anal intercourse, 
either before the age of 30 or with multiple partners, was also 
associated with an increased risk of anal cancer; however, <10% 
of the women with anal cancer reported such risk factors. 
Among heterosexual men in the study, multivariate analysis 
showed a significantly elevated risk of anal cancer in association 
with 10 or more sexual partners or a history of anal warts, 
syphilis, or hepatitis. Data from the Surveillance, Epidemiology, 
and End Results program revealed that the relative risks of anal 
cancer and vaginal cancer were 4.6 and 5.6, respectively, in 
women who had been given a diagnosis of invasive cervical 
cancer, as compared with the expected rate according to age-
matched controls [528].

The emerging relation between cervical and anal cancer, the 
known association of both cancers with sexual activity, and the 
established link between HPV and cervical cancer led to specu-
lation that anal cancer might also be caused by HPV. Frisch and 
colleagues found HPV DNA in 88% of 388 patients with anal 
cancer but none in the 20 control patients with rectal adenocar-
cinoma [527,529]. As is the case for cervical cancer, HPV type 
16 is the subtype most frequently associated with anal cancer 
and was found in 73% of patients with invasive anal cancer in 
that study. HPV16 is more likely to be associated with high-
grade anal intraepithelial neoplasia, whereas other types of HPV 
are more often isolated in patients with low-grade anal intraepi-
thelial neoplasia. The presence or absence of detectable HPV in 
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apocrine cell differentation, and the proliferating cells express 
Cam 5.2, CEA, gross cystic disease fluid protein (GCDFP), and 
CK7 and have mucin [536,537]. Merkel cells can also have CK7, 
a feature the pathologist must consider when evaluating these 
stains. However, about half of cases showing adenocarcinoma 
cells in squamous mucosa reflect Pagetoid extension of an 
underlying typical colorectal cancer into squamous epithelium 
and such lesions lack GCDFP and are often CK20++/CK7−. 
Even though the occasional microsatellite unstable colorectal 
carcinoma lacks CK20 [538], most such tumors are found in the 
right colon rather than the rectum. The best way to determine 
whether any given case of anal Paget’s disease is associated with 
an invasive cancer is by a careful clinical examination!

The “true” Paget’s disease cases that are epidermotrophic apo-
crine neoplasms have a high local recurrence rate and can even-
tually become invasive. Those reflecting epidermotropism of 
“ordinary” adenocarcinomas behave as the associated cancers; 
thus stage is the primary prognostic marker.

Adenocarcinoma,	including	anal	gland	adenocarcinomas
Most adenocarcinomas arising in the anus are of the rectal type 
and arise in the upper zone of the anus (which is normally lined 
by columnar mucosa). These are identical to true rectal carci-
nomas and are managed as such. On biopsies, they appear iden-
tical to rectal adenocarcinomas, and their immunohistochemical 
profile is similarly identical, namely CK20+, CK7 (usually) 
negative. These tumors are characterized by “pencillate” nuclei, 
abundant necrosis, and the usual overall pattern of colorectal 
carcinoma, with frequent association with an adenoma. Like 
rectal cancers, some are mucinous, particularly those associated 
with fistula tracts [539] and some can be poorly differentiated. 
Anal adenocarcinomas generally pose few diagnostic problems, 
although the differential diagnosis is with prolapse polyps 
(inflammatory cloacogenic polyps) with prominent colitis cystic 
profunda, which are distinguished by their diamond-shaped 

Rare high-grade neuroendocrine (small-cell) carcinomas can 
be encountered on anal biopsies, some of which can reflect 
spread from prostatic (or other) primary lesions. Unfortunately, 
these can be difficult to distinguish. For example, most prostatic 
small-cell carcinomas lack “prostate” markers [533] (although 
some lesions do express prostate markers), and about 45% have 
ERG gene rearrangements [534]. Imaging studies are sometimes 
the best tool to determine the primary site when a small-cell 
carcinoma is biopsied from the anus. Anal small carcinoma can 
be associated with squamous cell carcinoma.

Rarely, adenosquamous carcinomas can be encountered in 
the lower GI tract and the anus is no exception. The tumors 
appear similar to adenosquamous carcinomas elsewhere in the 
body with areas of both squamous and glandular differentiation. 
When there is ambiguity, a mucicarmine stain helps in identify-
ing intracellular mucin. Fifty-eight percent of the cases are 
encountered in the sigmoid, rectum, and anus. Patients with 
localized disease have an overall survival similar to those with 
colorectal adenocarcinoma but survival in the setting of regional 
and distant disease is significantly lower. Individuals with distal 
disease (sigmoid, rectum, and anus) have a better prognosis 
than patients with proximal tumors [535]

Paget’s	disease
Extra-mammary Paget’s disease typically affects apocrine gland-
rich sites such as the perianal zone. It presents as a slowly 
growing erythematous eczematoid plaque that may extend 
internally to the dentate line. On biopsies, part or all of the 
squamous epithelial thickness is infiltrated by large pale cells, 
some of which may have signet cell features, and some of which 
may be large and pink (Figures 155.129 and 155.130). If the 
epithelium is crushed or altered in any way, it can be difficult to 
separate the Paget cells from atypical keratinocytes or from 
melanoma. Fortunately an immunohistochemical panel resolves 
most doubtful examples. True Paget’s disease is a lesion with 

Figure 155.129 Anal Paget’s disease. Glandular cells proliferate in the 
squamous mucosa.

Figure 155.130 Anal Paget’s disease. At high magnification, intracellular 
mucin is apparent in these Paget’s cells.
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tered (albeit rarely) in this area. Anal melanoma usually  
affects white adults. However, as for subungual and esophageal 
lesions, individuals with pigmented skin can also be affected. 
Patients present with a mass and often with rectal bleeding, 
which, typically, is initially attributed to hemorrhoidal bleeding 
[543]. The lesions may be sessile or polypoid. Unless overt 
pigment is present, a panel immunohistochemical approach is 
usually warranted to exclude poorly differentiated carcinomas 
and lymphomas. Confirmation that the lesion is primary is best 
accomplished by the identification of an in situ component 
(Figures 155.132 and 155.133). The outcome has generally been 
poor, with a 5-year survival reported in 10% to 45% of cases 
[543–545]. Some surgeons have advocated sphincter-sparing 
surgery with adjuvant therapy, rather than operations requiring 
colostomy [546].

Melanomas often are CD117/c-kit+ on immunohistochem-
istry, which does not always correlate with kit mutations. 

glands, fibromuscular mucosal stranding, and blander cytology. 
Anal adenocarcinomas with poorly differentiated morphology 
have a worse prognosis that well-differentiated lesion [540].

A subset of anal adenocarcinomas (and squamous carcino-
mas for that matter) arises in association with chronic anal 
fistulas. Most of these fistula-associated adenocarcinomas are 
clinically unsuspected and arise from long-standing tracts 
(10–26 years). Patients often have a history of Crohn’s disease 
and previous anorectal surgery [539].

There is a rare subset of anal canal adenocarcinomas believed 
to arise in association with, or display differentiation towards, 
anal ducts/anal glands. These are called anal gland (duct) carci-
nomas. They are sufficiently rare that the AFIP was only able to 
amass seven convincing cases [541]. These tumors are com-
posed of tubules originating from ducts that open onto the 
mucosal surface. They are intramural, without a luminal in situ 
component (Figure 155.131), although they may exhibit paget-
oid spread. They have variable overlying surface ulceration. On 
immunohistochemical staining, they are typically CK7+ and 
CK20−, akin to the anal glands and ducts. Many have behaved 
aggressively [542].

Mesenchymal tumors
GIST	of	the	anus
True GISTs of the anus are rare [477]. When found, they display 
the typical staining pattern of GIST. Staining for S100 protein 
should also be performed to distinguish from the 40% of 
melanomas that express CD117/c-kit. Small leiomyomas that 
appear similar to those found in the esophagus are far more 
common and tend to occur in women and express hormone 
receptors. Small leiomyomas may also arise from the muscularis 
mucosae if the upper part of the anus above the dentate line.

Melanoma	and	nevi
As melanocytes are normal residents of the anal canal and anal 
verge, it follows that both melanomas and nevi can be encoun-

Figure 155.131 Anal duct/Anal gland carcinoma. The tubules are beneath 
the squamous epithelium.

Figure 155.132 Anal melanoma. Note the melanin pigment.

Figure 155.133 Anal melanoma. This immunohistochemical stain 
(HMB45) is for a relatively melanoma specific antigen.
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However, approximately 20% of mucosal melanomas (about 
20%) so harbor kit mutations [547]. Some response to imat-
inib has been reported in melanomas with targetable kit 
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Like melanomas, melanocytic nevi are rare in this area and 
only sporadic examples are reported in the literature. Some 
cases may not be recognized clinically and are incidental find-
ings associated with hemorrhoidectomy specimens. Histologi-
cally, they appear similar to nevi elsewhere in the body as 
collections of bland melanocytes that show maturation towards 
the deep aspect of the lesion.
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Gastric secretory testing

Physiology of gastric acid secretion
The stomach anatomically and physiologically is divided into 
distinct regions: the cardia, body, and antrum as described in 
more detail in Chapter 4. The primary site for gastric acid secre-
tion is in the body of the stomach and the primary site for regu-
lation of gastric acid secretion is in the antrum. The regulation 
of gastric acid secretion is described in more detail in Chapter 
23. The cephalic or neural phase of gastric acid secretion 
involves vagal efferent innervation of the stomach and is regu-
lated by the release of acetylcholine [1]. The vagal pathway 
involves enteric neurons that innervate the gastric mucosa 
(Figure 156.1). The gastric mucosa contains the regulatory para-
crine and endocrine cells, namely the histamine-containing 
enterochromaffin-like (ECL) cells, the somatostatin-containing 
D cells, and the gastrin-containing G cells. These cells contain 
peptides, which help to regulate the secretion of acid from the 
parietal cell. Acetylcholine, released from vagal efferent neurons, 
stimulates gastric acid secretion by acting at specific muscarinic 
(M3) receptors expressed on the parietal cell. The ECL cell 
comes under neural control through activation of the receptor 
for pituitary adenylate cyclase activating polypeptide (PACAP) 
[2,3]. Prior to the ingestion of food, there is neural release of 
acetylcholine and presumably also PACAP that results in a  
small increment in gastric acid secretion as well as salivation. 
Following food ingestion, this small amount of gastric acid 

assists in the digestion process and allows proteins present in 
meals to be degraded to aromatic amino acids which in turn 
stimulates gastrin release. Immediately after meal ingestion 
there is some neutralization of the gastric acidity followed by 
gastric acid stimulation and intragastric acidification.

Gastric hormonal and secretory testing
Measurement of serum gastrin
Gastrin was first isolated in 1964 by Gregory and Tracy [4]. The 
human gastrin gene is localized to chromosome 17 and its 
mRNA transcribes a prepropeptide form, which undergoes a 
series of posttranslational processing steps to yield a propeptide 
which can be cleaved to several forms of gastrin. In the human, 
the major forms of circulating gastrin are 17 or 34 amino acids 
in length (G17 and G34, respectively) as shown in Figure. 
156.2a. As developed by McGuigan in 1967, a radioimmu-
noassay using a double antibody technique can be used to 
measure serum gastrin measurements in humans [5]. The 
receptors for gastrin have been cloned and referred to as chole-
cystokinin (CCK) B/gastrin or CCK2 receptors and are distin-
guished from the CCKA or CCK1 receptors based on the 
structure of the heptahelical, G protein receptor structure as 
shown in Figure. 156.2b [6–8]. The specific receptor that trig-
gers gastrin release from the gastric antrum is not known. As 
described below, the release of gastrin in humans can be 
achieved by a peptone meal or a standard meal and is the basis 
for these serum tests in various disease states. The antral G cell 
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tant, such as gastrin-releasing peptide (GRP). GRP is a neuro-
crine peptide present in the central nervous system and in the 
enteric neurons of the gastrointestinal tract. GRP belongs to the 
larger group of amphibian bombesin peptides sharing similar 
–COOH terminal amino acids. Antral GRP is released by 
enteric neurons. In contrast, somatostatin suppresses gastrin 
release, presumably through its type 2 receptor.

Administration of pentagastrin in humans
Card and Marks demonstrated that during histamine-stimulated 
gastric acid secretion the relationship between the number of 
parietal cells in the stomach and the maximal acid output (MAO) 
are linear [10]. Thus, the MAO could approximate the relative 
numbers of parietal cells. The relationship between exogenous 
gastrin administration and maximal gastric acid secretion was 
reported in 1964 in a canine model [11]. Thereafter, pentagastrin 
(2.7–6000 ng/kg/h) has been routinely used to determine MAO, 
and the use of histamine for this purpose was largely abandoned. 
Non-DU subjects required 2.8 times more pentagastrin than DU 
patients (246.8 ng/kg vs 92.1) suggesting that DU patients are 
more responsive to the effects of pentagastrin [12]. In normal 
volunteers, pentagastrin has been infused for 24 h to simulate the 
levels of hypergastrinemia observed in patients with Zollinger–
Ellison syndrome. Pentagastrin (1 μg/kg/h) infused in 39 sub-
jects over a 25-h period resulted in maximal gastric acid output 
[13]. Pentagastrin coadministration with proton pump inhibitor 
(PPI) is noted to enhance the effects of the PPI by recruiting 
pumps that are subsequently inhibited.

Gastrin in Zollinger–Ellison syndrome
Zollinger and Ellison first described this syndrome in 1955 as a 
recurrent, often fatal peptic ulcer disease associated with gas-
trointestinal bleeding. Zollinger–Ellison syndrome, caused by 
the excessive release of gastrin from a gastrinoma, is described 
in greater detail in Chapter 57. Zollinger–Ellison syndrome is 
characterized by the presence of hypergastrinemia and gastric 
acid hypersecretion. Gastric acid and gastrin testing is therefore 
critical in the establishment of the diagnosis and to enable ade-
quate control of the symptoms. Zollinger–Ellison syndrome is 
associated with elevated levels of serum gastrin [14]. Gastrinoma 
tumors secrete gastrin in response to stimulation with infused 
calcium [15], presumably mediated by a calcium-sensing recep-
tor (CaSR) present in gastrinoma tumors [16]. In a study  
comparing provocative tests for Zollinger–Ellison syndrome 
including (1) rapid calcium infusion (2 mg Ca++/kg/min); (2) 
secretin (2 clinical units (CU)/kg/bolus); (3) long calcium infu-
sion (12 mg Ca++/kg/3 h); and (4) a combination test consist-
ing of a rapid calcium infusion followed immediately by secretin, 
administration of rapid calcium followed by secretin provided 
greatest provocation of gastrin stimulation in Zollinger–Ellison 
syndrome [17]. The calcium infusion test is a provocative test 
for the diagnosis of gastrinomas, insulinomas, and intestinal 
carcinoids but is less reliable for the diagnosis of the latter [18]. 
The CaSR is a sensing receptor for extracellular Ca++, aromatic 
amino acids, and pH. The expression of this receptor on antral 

plays a key role in sensing luminal contents as well as releasing 
gastrin. In organ culture from patients with duodenal ulcer 
(DU) and non-DU patients it was shown that there is a greater 
amount of antral gastrin released in DU patients compared to 
non-DU patients whereas there was less somatostatin released 
by the non-DU patients [9]. Gastrin is released by luminal 
Ca++ as well as by an increase in luminal pH suggesting the 
potential for multiple luminal sensory inputs [9]. The authors 
in this study showed that oral administration of 2 g of calcium 
carbonate produced a significant increase in gastric acid secre-
tion within 2 h and a concomitant increase associated with an 
increase in serum gastrin levels. These results suggested the 
presence of a Ca++-sensing receptor on the human G cell. An 
intragastric pH of <3.0 will generally suppress gastrin release 
whereas, in conditions of hypochlorhydria or achlorhydria such 
as with atrophic gastritis, hypergastrinemia is typical. Since it 
was discovered that about 40% of gastrin release is not coupled 
to vagal stimulation, other mediators are thought to be impor-

Figure 156.1 Regulatory pathways of gastric acid secretion. Multiple 
neuronal and paracrine factors influence the regulation of gastric acid 
secretion. Gastrin released by the antral G cells stimulate the release of 
histamine, from enterochromaffin-like (ECL) cells which in turn stimulate 
the release of gastric acid by acting directly at histamine 2 (H2) receptors 
expressed on the parietal cell. Adrenergic neurons (ADR) have inhibitory 
effects at the level of the mast cell (not shown) to inhibit histamine-
induced gastric acid secretion, whereas, ADR projections stimulate the D 
cell of the stomach to release somatostatin which has an inhibitory effect 
on gastric acid secretion. Acetylcholine (ACH) released from vagal 
efferent nerves stimulates acid secretion by acting at the muscarinic 
receptor (M2) expressed on the parietal cells. Pituitary adenylate cyclase 
activating polypeptide (PACAP) stimulates the PAC1 receptor expressed 
on gastric ECL cells to release histamine. CCK, cholecystokinin; CGRP, 
calcitonin gene related peptide; DMN, dorsal motor nucleus; ENS, enteric 
nervous system; GAL, galanin; GRP, gastrin releasing peptide; PG, 
prostaglandin; SS, somatostatin; VIP, vasoactive intestinal polypeptide.
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Figure 156.2 Structure of gastrin (a) and amino acid structure of the cholecystokinin (CCK) 2 receptor (b). Note that the receptor is a heptahelical, 
G protein coupled receptor with a long NH2 terminus and a long third intracellular loop.
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acid secretion. The primary differentiation between this disorder 
and Zollinger–Ellison syndrome is an exaggerated gastrin secre-
tion in response to a protein meal. This disorder was of major 
interest in the 1970s to the 1990s until the discovery of 
Helicobacter pylori, which established that hypergastrinemia 
occurred with infection and that eradication resulted in normali-
zation of the serum gastrin levels. Infection with H. pylori results 
in elevations in gastric juice ammonia levels hence antral gland 
pH, which is thought to predispose to hyperfunction by the 
antral G cell. In an animal model, the effects of elevated luminal 
ammonia in the presence of gastritis resulted in antral G cell 
hyperfunction [25]. Currently, hypergastrinemia attributable to 
G cell hyperfunction or hyperplasia is more likely to be found in 
conjunction with PPI use [26] as well as patients who have under-
gone vagotomy.

Retained gastric antrum syndrome
The retention of the distal gastric antrum occurring in gastric 
resections such as with the Billroth II gastrectomy removes this 
region of the gastric antrum from direct communication with 
the remainder of the gastric lumen, thereby circumventing the 
inhibitory pathways that normally reduce gastrin levels result-
ing in hypergastrinemia [27]. This diagnosis should therefore 
be considered in any patient presenting with a history of gastric 
acid reducing surgery. These patients are at greater risk for the 
development of recurrent episodes of peptic ulcer bleeding. 
Patients with retained gastric antrum syndrome exhibit elevated 
serum gastrin, gastric acid hypersecretion, a negative meal 
stimulation test, a negative pentagastrin stimulation test, and a 
negative calcium provocative test. This condition can therefore 
be distinguished from Zollinger–Ellison syndrome and G cell 
hyperfunction by the negative results of the provocative testing. 
Sodium Pertechnetate Tc-99m scanning can also be used to 
confirm the diagnosis; in one series this scan was found to have 
a 100% specificity [28].

G cells may explain the dual function of this cell to both sense 
and regulate gastrin release [19].

Measurement of serum gastrin is indicated in patients sus-
pected clinically of having Zollinger–Ellison syndrome. A 
markedly elevated serum gastrin level (>1000 pg/mL) in the 
absence of achlorhydria is highly specific for the diagnosis of 
Zollinger–Ellison syndrome [20]. When interpreting the results 
of fasting serum gastrin levels, physicians should be aware of 
the variability in measurement among several commercially 
available gastrin assay kits, resulting from the limited specificity 
of antibodies used in these assays, which either measure only 
single gastrin form (G17) or overreact with sulfated gastrins and 
several nonspecific plasma proteins. When gastrin is very ele-
vated, the sera should be diluted such that the level measured 
falls within the linear portion of the standard curve during 
radioimmunoassay. Falsely high or low concentrations of gastrin 
measurement have been demonstrated if the degree of hyper-
gastrinemia is moderate (50–400 pg/mL). This can lead to either 
unnecessary investigations in normal patients, or misdiagnosis 
and undertreatment of patients with Zollinger–Ellison syn-
drome [21]. A comparison of the provocative tests is shown in 
Figure 156.3 [22]. The secretin test is comparatively more sensi-
tive for establishing a diagnosis of Zollinger–Ellison syndrome. 
Patients with Zollinger–Ellison syndrome who have undergone 
prior gastric acid reducing surgery require a higher dose of PPI 
therapy [23]. In patients undergoing a curative gastrinoma 
resection both the secretin test and fasting serum gastrin deter-
mination can be used to establish the early diagnosis of recur-
rent disease whereas the calcium provocative test and imaging 
studies fail to detect recurrences [24].

Other causes of hypergastrinemia
Antral G cell hyperplasia
Antral G cell hyerperfunction or hyperplasia can lead to hyper-
gastrinemia associated with either normal or elevated gastric 

Figure 156.3 The effects of secretin infusion (left), calcium (center) and standard meal (right panel) on serum gastrin in patients with Zollinger–
Ellison syndrome. The secretin test is positive in 87%, the calcium infusion in 56% and the standard meal in 25% of patients. Data from [22].
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mine H2 receptor antagonists typically cause only a minor 
increase in serum gastrin [42]. On average the fasting serum 
gastrin associated with PPIs increases in the 200–300 pg/mL 
range, although the elevation depends on the dose of PPI used, 
and there is a wide variation in the hypergastrinemic response, 
with some patients showing little gastrin elevation. While there 
was initially some concern about the induction of hypergas-
trinemia by PPIs given the link to the development of ECL cell 
carcinoid tumors in rats, no such association has been observed 
in patients, and in general, it was felt that if achlorhydric doses 
of PPIs were not used then significant hypergastrinemia could 
be avoided [43]. As previously noted, fasting serum gastrin typi-
cally returns to normal 7–10 days after discontinuation of PPIs. 
Discontinuation of PPIs is also associated with rebound gastric 
acid hypersecretion. This probably reflects the increase in pari-
etal cell mass from the trophic effects of hypergastrinemia [44]. 
Long-term use of PPI has been reported to worsen oxyntic 
mucosa gastritis and the resulting gland atrophy has been con-
sidered a potential risk factor for neoplastic changes in the 
gastric mucosa.

Secretin provocation testing
The measurement of serum gastrin following intravenous infu-
sions of secretin in Zollinger–Ellison syndrome and DU patients 
are useful to confirm the diagnosis of Zollinger–Ellison syn-
drome when the fasting serum gastrin levels are only modestly 
elevated [45]. This is accomplished by measuring fasting serum 
gastrin at baseline, followed by rapid injection of secretin (2 U/
kg) intravenously and measurement of serum levels of gastrin 
at 2, 5, and 10 min. In Zollinger–Ellison syndrome patients, the 
rise in gastrin occurs rapidly generally within 5 min, thereby 
obviating the need for the collection of additional samples. A 
positive secretin test for the diagnosis of Zollinger–Ellison syn-
drome is defined by an elevation of gastrin of at least 200 pg/mL 
above the baseline level. The secretin test has an overall sensitiv-
ity of ∼90% but appears to be less sensitive for small duodenal 
gastrinomas [20]. Secretin receptor expression occurs in all gas-
trinomas and accounts for the stimulation of gastrin release as 
shown in a study of 54 patients with Zollinger–Ellison syn-
drome [46]. Porcine secretin previously used for the diagnosis 
of Zollinger–Ellison syndrome is no longer available in the US. 
Use of human recombinant secretin has been approved by the 
US Food and Drug Administration (FDA) for this purpose. 
Synthetic secretin for the diagnosis of Zollinger–Ellison syn-
drome appears to perform in a manner identical to porcine 
secretin [47], though the availability of even this secretin in the 
US is limited. Glucagon has been used as an alternative stimulus 
in this setting and yields a similar response to that seen with 
secretin in Zollinger–Ellison syndrome patients [48]. Glucagon 
is administered i.v. at a dose of 20 μg/kg plus 20 μg/kg/h for 1 h, 
with measurement of serum gastrin at 1 and 3 min preceding 
glucagon infusion and 3, 5, 10, 20, 30, 40, 50, and 60 min after 
administration.

Gastroparesis
In patients in whom a reduction in gastric motility results in 
delayed gastric emptying, such as in patients with diabetes, there 
is retention of gastric contents. The most likely cause is due  
to vagal autonomic neuropathy that results in a reduction in  
emptying, as discussed in detail in Chapter 55. Patients with 
scintigraphy-proven gastroparesis have been found to manifest 
increased serum levels of CCK and oxytocin as well as gastrin [29]. 
Results suggest that impaired gastric emptying should be consid-
ered in the differential diagnosis of hypergastrinemia. It has been 
suggested that changes in meal-induced gastric emptying rate 
combined with the measurement of serum gastrin predict the 
development of autonomic neuropathy in type II diabetics [30].

Atrophic gastritis and hypochlorhydria (pernicious anemia)
Atrophic gastritis is being recognized more frequently as more 
patients undergo upper endoscopy especially in elderly patients 
and in middle-aged women [31]. Patients with atrophic gastri-
tis, with or without resulting pernicious anemia exhibit hyper-
gastrinemia, again reflecting the absence of negative feedback 
reflecting lack of acid production [32]. The net result of pro-
longed hypergastrinemia associated with chronic atrophic gas-
tritis and pernicious anemia is ECL cell hyperplasia and gastric 
neuroendocrine tumors (type I gastric carcinoids). Of note, 
treatment of a small number of patients with netazepide 
(YF476), an oral gastrin receptor antagonist, reduced gastric 
carcinoids without a direct effect on serum gastrin levels [33,34].

Chronic renal failure and uremia
Hypergastrinemia is common in patients with chronic renal 
failure and in patients undergoing hemodialysis, who typically 
exhibit hypochlorhydria despite the presence of hypergastrine-
mia [35]. Although the mechanism for hypergastrinemia in 
renal failure is not known, uremic patients have a 30–50-fold 
increase in volatile aliphatic amines in the gastric juice, which 
in turn induces the antral G cells to release gastrin [36]. The 
hypergastrinemia associated with chronic renal failure can 
induce the growth of gastric mucosa and parietal cell hypertro-
phy and the development of ECL cell hyperplasia, but not the 
development of gastric neuroendocrine tumors [37]. Gastrin is 
metabolized in the kidney where it is excreted. Furthermore, 
CCK2 receptors are expressed in the kidney [38]. Using In-111-
labeled minigastrins, the authors reported high affinity and 
rapid renal clearance in rats [39]. Gastrin may also exert an 
effect on the kidney by interacting with CCK2 receptors 
expressed on kidney proximal tubular cells to increase natriu-
resis and diuresis, the mechanism of which has not been com-
pletely clarified [40]. Whether these mechanisms are relevant to 
the hypergastrinemia that occurs in renal failure is unknown, 
although regression of this hypergastrinemia has been demon-
strated following renal transplantation [41].

Use of proton pump inhibitors
Use of PPIs can result in hypergastrinemia, defined as a fasting 
serum gastrin >100 pg/mL. In contrast, the less potent hista-
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method is more accurate since it takes into account both the 
[H+] present in the gastric juice and the volume of gastric juice 
produced over a given time period, generally expressed as mmol 
H+ per hour. Measurement of intragastric pH using indicator 
paper to estimate the pH was reported by Sippy in 1959 [62]. In 
the early 1970s, pentagastrin infusion largely replaced the use 
of histamine for the determination of peak gastric acid output 
[63] which demonstrated that gastric output of acid during the 
first hour after stimulation by the peptide is a valid measure-
ment of the amount of maximal secretory capacity of the 
stomach. A newer intragastric titration method was developed 
to assess the gastric acid secretory rate through measurement 
of the buffer content and the rate of net gastric acid secretion 
in humans fed a standard meal using a sodium bicarbonate 
infusion to “clamp” the intragastric pH [64]. Lewin and cowork-
ers in 1973 used intragastric BAOs and MAOs to document 
gastric acid hypersecretion in patients with Zollinger–Ellison 
syndrome [65]. Other methods that have been used include 
constant duodenal perfusion with a nonabsorbable marker, 
[14C] polyethylene glycol (PEG), to quantify emptying into the 
duodenum. By manipulating the intragastric pH, gastric acid 
and pepsin outputs can be calculated [66]. A modification of 
intragastric titration has been developed using glucose (5.8%) 
as the test meal to inhibit gastric emptying, since intragastric 
glucose will not stimulate gastrin release [67]. Technetium scan-
ning has also been used to estimate gastric acid secretion but 
has not been generally clinically adopted [68] .

Yamaguchi et al. assessed gastric acid secretion in 1987 in 
gastric juice collected under direct endoscopic observation [69]. 
Endoscopic gastric analysis was compared to standard, nasogas-
tric analysis, in patients with Zollinger–Ellison syndrome. 
Excellent agreement was observed between the two groups, and 
the former was found to yield greater reproducibility for meas-
urement of gastric acid output and measuring gastric juice 
volume [70] (see Figure 156.3). More recently, capsule endos-
copy (Smartpill), a noninvasive measuring device for gastric 
acid secretion, has been developed [71] (see Figure 156.5). This 
method appears to be as accurate and as reproducible as 
nasogastric tube-measured gastric acid output. Measuring 
MAO was shown in one study to have a small but significant 
benefit over measuring BAO alone [72].

Indications for gastric acid secretion testing
Gastric acid secretory measurement is important to confirm 
gastric acid hypersecretion in the management of patients with 
fasting hypergastrinemia. It helps differentiate high acid output 
diseases like Zollinger–Ellison syndrome, antral G cell hyper-
plasia, retained gastric antrum syndrome, and gastric outlet 
obstruction, from conditions causing achlorhydria such as per-
nicious anemia, vagotomy, chronic atrophic gastritis, and gastric 
cancer. Gastric acid secretory measurement can also guide 
therapy in Zollinger–Ellison syndrome patients. Gastric pH 
testing may also serve as a screening tool to identify patients 

Pepsinogen and other investigative tests of  
gastric function
Though still investigational, determination of serum pepsino-
gen (PG) has shown promise for clinical use. PGs are a family 
of gastric aspartic proteases secreted from the chief cell zymogen 
granules and converted in the gastric lumen by H+ to pepsin 
to initiate the digestive process of proteins (see Chapter 23). 
Pepsin I and II are active at an intraluminal pH <3.5 and are 
irreversibly inactivated at pH >5 and at higher pH values (>7) 
are denatured [49]. PG secretion is stimulated by agents that 
activate chief cell intracellular calcium such as CCK and GRP 
or by activating cyclic adenosine monophosphate (cAMP) such 
as forskolin, vasoactive intestinal polypeptide (VIP), and 
PACAP [50]. Secretin infusion also stimulates PG secretion, 
presumably through its ability to stimulate cAMP in the chief 
cell [51]. Measurement of PGs I and II in the serum may serve 
as noninvasive surrogate biochemical markers of gastric acid 
secretion. The serum PG I is always high in patients with nona-
trophic gastritis, while it is low in patients with atrophic gastri-
tis. In contrast, serum PG IIC is elevated in both. Hence, a 
combination of low PG I and low PG I/II ratio is a marker of 
significant gastric atrophy and can serve to detect patients at 
risk for gastric cancer [52,53].

Serum PG I elevations are found in patients with gastrinoma. 
This is highly specific, especially in combination with an eleva-
tion in basal acid output (BAO), positive secretin testing, and 
radiological imaging. PG I is low in patients with chronic renal 
failure. Simultaneous measurement of serum PG I and serum 
creatinine are useful in the assessment of elevated serum gastrin 
levels [54]. Serum PG levels may be useful to evaluate the extent 
and recurrence risk for gastric cancer. In one study, the ratios 
of PG I/PG II were evaluated in 107 patients with gastric cancer. 
In patients with a low (<2.0) ratio, the prognosis was worse than 
patients with a ratio of >2.0 [55]. Serum PG is significantly 
diminished after eradication of H. pylori [56]. In clinical prac-
tice, serum PG can be used as a biomarker of gastric inflamma-
tion and the status of the gastric mucosa. In atrophic gastritis, 
elevated levels are associated with an increased risk of gastric 
cancer. In H. pylori infection, the serum PGs I and II are typi-
cally increased. The treatment of H. pylori reduces both PG I 
and PG II, and increases the PG I to PG II ratio [57]. 
Measurement of serum PGs for the evaluation of dyspepsia is 
of limited value [58]. Various other noninvasive indirect tests 
were developed for gastric acid measurement. These include 
urinary and serum dye based tests to detect hypochlorhydria, 
hydrogen breath testing utilizing magnesium or calcium car-
bonate, and a pH sensitive radio telemetry Heidelberg capsule 
[59–61]. However, none of these tests received widespread  
acceptance for clinical use and remain experimental.

Gastric acid secretory testing
There are generally two methods for assessing gastric function: 
quantitatively measuring the amount of acid present in the 
stomach and qualitatively assessing intragastric pH. The former 
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Qualitative test This test involves spraying Congo red dye onto 
gastric mucosa during endoscopy after parenteral stimulation 
with pentagastrin. The dye changes color at pH < 3 which can 
be visualized at the time of the procedure. This approach has 
been used in Japan to help identify patients with chronic gastric 
atrophy predisposing to gastric cancer but is not used widely 
clinically as it prolongs the upper endoscopy procedure time 
and is not quantitative.

Ambulatory intragastric pH tests
Conventional nasal catheter based pH monitoring Intranasal 
placed catheter systems containing pH-measuring electrodes 
have been used for esophageal pH monitoring. These catheters 
have also been adapted to measure intragastric pH. A standard 
dual channel pH probe with two electrodes is placed, either with 
manometric guidance or using fluoroscopy, and connected to a 
recording device directly or indirectly by radiotelemetry. It can 
record intragastric pH for up to 24 h [84]. The position of the 
probe is vital as different parts of the stomach yields different 
pH values. Although the optimum location for measuring 
gastric pH remains to be determined, it is usually done at 10 cm 
below the upper margin of lower esophageal sphincter [85]. 
Placement of the probe can be very challenging, requiring mul-
tiple manipulations of the probe and repositioning of patients. 
In addition, the pH probe tends to move, depending on various 
factors, including body position, bolus size, bolus composition, 
and when the patient talks. It is also uncomfortable and con-
spicuous, leading most patients to modify their daily activities 
and/or diet that interfere with accurate gastric acid assessment 
[73]. Integrated esophageal and gastric acidity values can be 
calculated from 24-h pH recordings, which have been used to 
evaluate esophageal and gastric disorders and to predict thera-
peutic responses to antisecretory therapy. Measurement of 

with gastric atrophy who are predisposed to gastric carcinoma 
among high-risk populations [73].

Methods of gastric acid measurement
Nasogastric tube-based acid aspiration test
The aspiration port of a gastric tube is placed in the most 
dependent portion of the gastric fundus, and the position of the 
tube is confirmed by fluoroscopy or by the observation of recov-
ery of >90% of instilled water. Gastric acid is then aspirated 
either manually or using a suction device connected to a 
nasogastric tube. The volume of the gastric content is measured 
and its acidity determined by titrating to a pH of 7 using neu-
tralizing alkaline agents and chemical indicators or pH meters 
[74,75]. BAO is determined by aspirating gastric acid in 15 min 
increments for an hour. The upper limit of normal BAO is 
approximately 10 mmol/h in men and 5 mmol/h in women. 
MAO is the total acid secretion during a period of 60 min  
(calculated as a sum of four 15 min collections) after parenteral 
administration of pentagastrin. PAO is determined by adding 
the sum of the two largest 15 min collections following gastric 
stimulation and then multiplying by 2. MAO and PAO  
correlate with the total parietal cell mass. In Zollinger–Ellison 
syndrome, BAO is typically above 10 mmol/h; and MAO 
>45 mmol/h [76].

Several other modalities have been utilized to stimulate 
gastric acid. These include a nonpharmacological test meal. 
However, the latter is fraught with poor precision and poor 
reproducibility in addition to the technical challenges of titrat-
ing gastric acid mixed with food. The use of histamine, a gastric 
acid stimulant, was abandoned due to its H1 receptor mediated 
side effects of nausea, palpitations, and hypotension [10,77]. 
Pentagastrin, a rapidly acting stimulant, is better tolerated and 
yields reproducible results [78]. Tetragastrin has properties 
comparable to pentagastrin [79]. GRP, a neuropeptide that 
stimulates antral G cells, can simultaneously assess gastrin 
secretion and gastric acid stimulation [80]. At higher acid 
output states, the correlation between the BAO and intragastric 
pH appears more linear, and therefore pH more closely reflects 
the level of acid secretion (Figure 156.4) [81], but this remains 
largely a research tool at present.

Endoscopy-based gastric acid measurement tests
Quantitative test This test involves aspiration of gastric secre-
tions into a standard container under direct endoscopic visual 
guidance both during basal conditions and after intravenous 
injection with gastric stimulants pentagastrin or tetragastrin. 
The volume of aspirate is measured and acidity determined by 
titration as described above. BAO, MAO, and PAO are calcu-
lated as with gastric tube-based methods. This test subjects the 
patients to a prolonged upper endoscopy procedure which is 
uncomfortable, with potential need for large doses of sedatives 
and analgesics [69,82,83]. The endoscopic method is similar in 
outcome with the nasogastric test (see Figure 156.4).

Figure 156.4 Results of a prospective, crossover study in 12 patients with 
Zollinger–Ellison syndrome. Patients underwent gastric analysis (GA) by 
conventional methods, and then by an endoscopic (EGA) technique on 
the same day. Agreement was assessed following the Bland–Altman 
method. Source: Adapted from Johnston and Jepson 1967 [78]. 
Reproduced with permission from Elsevier.
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ambulatory gastric pH testing has several drawbacks, most 
notably, the inability to determine the volume of gastric acid 
secretion. In addition, the acidity of gastric contents may be 
influenced by food, gastric emptying, and dilution effect of 
saliva and intestinal secretions [73].

Capsule endoscopy Capsule endoscopy, a wireless pH-sensing 
capsule, may also be used to determine gastric acid output non-
invasively. It appears to be as accurate and as reproducible as 
nasogastric tube-measured gastric acid output. As shown in 
Figure 156.5, gastric acid output is stimulated by Ensure, as 
reflected by the negative slope of the pH curve. This slope repro-
ducibly and accurately predicts gastric acid secretion.

Special considerations: Zollinger–Ellison syndrome and 
gastric acid hypersecretion (see also Chapter 57)
Gastric acid secretion testing is not only important to establish 
a diagnosis of Zollinger–Ellison syndrome but also to determine 
whether gastric acid hypersecretion is adequately controlled by 
medication, given that severe peptic ulcer disease and upper 
gastrointestinal hemorrhage are more immediate threats than 
the growth of tumor. Ideally, BAO should be maintained at 
<5 mmol/h for uncomplicated Zollinger–Ellison syndrome and 
at <1–2 mmol/h for complicated Zollinger–Ellison syndrome 
such as that occurring in association with MENI, gastroesopha-
geal reflux disease (GERD), or following gastric acid reducing 
surgical procedures [23].

Diagnosis of Zollinger–Ellison syndrome The diagnosis of 
Zollinger–Ellison syndrome is made clinically in the patient with 

in-vivo gastric autotitration can be performed using gastric pH 
measurements [86].

Wireless capsule pH measurement A wireless pH monitoring 
system (the Bravo wireless pH capsule, Medtronic, Shoreview, 
MN) was developed to enable longer pH monitoring time than 
the conventional catheter based techniques that were better tol-
erated. The Bravo pH monitoring system utilizes a radio telem-
etry pH-sensing capsule, which is typically attached to the 
gastric mucosa. The oblong capsule (6 mm × 5.5 mm × 25 mm) 
has an antimony pH electrode and a reference electrode located 
at its distal tip with an internal battery and a transmitter. The 
capsule simultaneously measures pH and transmits data, via a 
radiofrequency signal, to a pager-sized receiver clipped onto the 
patient’s belt [87]. Although it was initially developed for moni-
toring esophageal pH, several investigators adapted its use for 
intragastric pH monitoring by placing it endoscopically in the 
gastric wall under direct vision. The placement of capsule can 
also be done using a delivery catheter. The capsule records 
gastric pH for 48 h and is usually spontaneously eliminated 
within 1–2 weeks [88]. High early dislodgment (before 48 h) 
rates were seen in the earlier studies, but Chang and colleagues 
developed a clipping technique, which reduced the early capsule 
dislodgement rate from 70% with conventional delivery system 
to 20% [89]. The advantages of the Bravo system compared with 
traditional pH monitoring with a catheter include good toler-
ability due to less pharyngeal discomfort, lack of restriction of 
activities of daily life, and longer ambulatory monitoring of pH. 
Moreover, it does not significantly increase the endoscopy pro-
cedure time after an initial learning curve [87–89]. However, 

Figure 156.5 Representative data from a capsule endoscopy tracing in a patient which demonstrates the rate of acidification of an Ensure Plus meal. The 
left axis shows the pressure in red. The right axis in green is pH and the x axis is time. The y axis in blue shows the temperature values. At the “apple” 
symbol in green, the Ensure is swallowed at the given volume. Note that the intragastric pH is initially neutralized by the Ensure but that over time the 
Ensure stimulates gastrin release and results in intragastric acid stimulation. The slope in the pH curve estimates gastric acid output.
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of a secretagog or a combination of secretagogs. These tests are 
based on the principle that maximal volume, bicarbonate secre-
tion, and enzyme secretion are related to the functional mass of 
the pancreas. Secretagogs stimulate cAMP, which in turn results 
in secretion [92].

Secretin and cholecystokinin tests
The most common secretagogs used for the stimulation of pan-
creatic secretions have been secretin, CCK, or a combination of 
both. The secretin test provides measurement of volume and 
bicarbonate secretions whereas CCK stimulates digestive 
enzymes including amylase, trypsin, and lipase. The combina-
tion provides comprehensive information about both ductal 
and acinar function of the pancreas [93], providing the most 
sensitive and specific measurement of exocrine pancreatic func-
tions. The duodenal secretions can be collected by either a 
nasally placed catheter or during endoscopy [94].

Physiologically, CCK is secreted into the blood from intesti-
nal (L cells) endocrine cells following meals. Certain luminal 
sensing receptors, presumably in the duodenum, results in CCK 
release by endogenously released peptides such as the luminal 
CCK-releasing factor (LCRF). Using dispersed human intesti-
nal mucosal cells, LCRF (5–200 nM) was demonstrated to 
induce CCK release, an effect inhibited by the L-type calcium-
channel blockers [95]. Although the LCRF test is not commer-
cially available or approved for human use, it has the potential 
for explaining the physiological basis for CCK release.

Nasal catheter aspiration For this test, a double-lumen nasodu-
odenal tube is used for the collection of pancreatic secretions. 
Gastric intubation is required to remove acidic gastric secre-
tions that might interfere with the accurate quantification and 
assess of alkaline pancreatic secretions. Secretagogs are admin-
istrated via continuous intravenous infusion during which the 
duodenal juice is collected over ice by fractional collection. The 
pancreatic secretions lost distally into the jejunum can be quan-
tified by constant perfusion of nonabsorbable marker such as 
cobalamin or PEG through the duodenal tube [96].

Endoscopic aspiration The endoscopic collection of duodenal 
fluid occurs under direct visual guidance at 0, 15, 30, 45, and 
60 min after intravenous administration of the secretagog 
[96,97]. The direct tube-based pancreatic function tests are no 
longer used outside research facilities as these are invasive, cum-
bersome, time consuming, and expensive. Their use is limited 
mainly to validate new pancreatic function tests.

Secretin-stimulated magnetic resonance  
pancreatography (S-MRP)
Direct test This tubeless direct test involves the quantification 
of pancreatic secretions during MRCP after intravenous secre-
tin administration. The duodenal filling is reduced significantly 
after chronic pancreatitis and it is sensitive enough to diagnose 
patients with mild exocrine pancreatic insufficiency. The test 

elevated fasting serum gastrin in the absence of achlorhydria 
with either a positive secretin test or histologically proven neu-
roendocrine tumors (NET). Physical examination is not reveal-
ing in the majority of cases. The diagnosis is made biochemically 
when the fasting serum gastrin is elevated (>100 pg/mL) in the 
absence of achlorhydria. Typically, patients with gastrinoma have 
levels of serum gastrin >500 pg/mL, and a level >1000 pg/mL in 
the absence of achlorhydria is virtually diagnostic of Zollinger–
Ellison syndrome. Hypochlorhydria and achlorhydria can result 
in false-positive secretin testing [73]. Some patients with acid 
peptic disease have idiopathic gastric acid hypersecretion defined 
as a basal acid output >10.0 mmol/h in the setting of normal 
gastrin levels; however, a significant proportion have basal acid 
outputs >15.0 mmol/h, which is within the range found in 
Zollinger–Ellison syndrome. Although idiopathic gastric acid 
hypersecretion is more common than Zollinger–Ellison syn-
drome, it is important that these two disorders be differentiated 
because of differences in treatment and natural history.

Once the diagnosis of Zollinger–Ellison syndrome is made, 
the control of gastric acid secretion is usually the most impor-
tant step in the management of these patients [90]. In practice, 
this can be achieved by maintaining the level of acid secretion 
to <10 mmol/h. The majority of patients will require continued 
gastric acid antisecretory medications, even following curative 
gastrinoma resection [90]. For patients with MENI syndrome, 
GERD, or prior gastric acid reducing surgery, the BAO should 
be maintained at <1–2 mmol/h (see Chapters 56 and 57).

Pancreatic function testing

The pancreas contains both endocrine and exocrine elements 
each of which can be tested by either invasive secretory tests or 
serum biochemical markers. Various tests have been developed 
to measure the exocrine secretory function of the pancreas to 
diagnose primary or secondary pancreatic insufficiency. 
However, the role of functional analysis has diminished over 
time due to the advent of highly sensitive noninvasive imaging 
modalities including computed tomography imaging (CT), 
magnetic resonance imaging (MRI), magnetic resonance 
cholangiopancreatography (MRCP), and invasive endoscopic 
ultrasound (EUS) [91]. Currently, functional evaluation of the 
pancreas is indicated to diagnose chronic pancreatitis if imaging 
findings are inconclusive, and in the assessment of the need and 
efficacy of pancreatic enzyme substitution therapy in patients 
with known chronic pancreatitis.

Exocrine pancreas
The pancreatic exocrine function tests fall into two categories, 
direct and indirect.

Direct tests
Direct tests of pancreatic secretory function involve the collec-
tion of pancreatic secretions after intravenous administration  
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pared to chymotrypsin, this enzyme remains relatively stable 
during intestinal transit and its fecal concentration accurately 
reflects the amount secreted by the pancreas. Moreover, the 
assay used to measure fecal elastase involves human monoclonal 
antibodies and hence oral pancreatic enzyme replacement 
therapy does not interfere with the test. These advantages make 
this a practical and useful test in routine clinical practice. 
Normal fecal elastase concentration is considered to be that 
above 200 μg/g of stool. Levels below 50 μg/g are quite specific 
for pancreatic insufficiency, as long as the sample is not diluted 
by watery diarrhea. The sensitivity of the test is also high in cases 
of moderate to severe pancreatic insufficiency [102,103].

Oral test 
13C-mixed triglyceride (13C-MTG) breath test This test is based 
on the principle that intraduodenal hydrolysis of a 13C-labeled 
substrate (13C-MTG), given along with an oral test meal, by 
pancreatic lipase produces 13C marked metabolites, which are 
absorbed from the gut and then metabolized in the liver, leading 
to the release of 13CO2 that is eliminated in the breath. The 
amount of 13CO2 expired can be determined by either mass 
spectrophotometer or near infrared analysis, and correlates with 
exocrine pancreatic function. Levels of 13CO2 recovered at 6 h if 
below 58% are highly suggestive of fat malabsorption. This test 
can provide an alternative to fecal fat analysis [104] (Table 
156.1).

Endocrine pancreas
Neuroendocrine tumors are a heterogeneous group of peptide 
and/or biogenic amine-secreting tumors characterized by com-
binations of argentaffin cells possessing granules that stain posi-
tive for peptides and chromogranins, synaptophysins or 
neurotensins and are covered in more detail in Chapter 88 
[105]. These tumors are distinguished both biochemically and 
clinically by their normal peptide products.

Glucagonomas
Glucagonomas arise from the pancreatic α cells and lead to an 
elevation of the serum glucagon level. Classically, the “gluca-
gonoma syndrome” comprises a distinctive rash, weight loss, 
stomatitis, glossitis, mild diabetes, hypoaminoacidemia, and a 
normochromic normocytic anemia, as well as a susceptibility to 
deep vein thrombosis and neuropsychiatric disturbances. 
Patients may have normal serum glucose levels despite very 
elevated serum glucagon levels [106,107]. Preproglucagon, also 
designated as enteroglucagon, normally produced in the cells in 
the intestine, is a growth factor for gut mucosa, explaining the 
association of glucagonomas with mucosal thickening and 
villous hypertrophy throughout the small intestine [108–110]. 
Markedly elevated fasting plasma levels of pancreatic glucagon, 
often in excess of 1000 pg/mL (normal <150 pg/mL) are gener-
ally characteristic, and a level >1000 pg/mL is virtually diagnos-
tic of a glucagonoma. There are no specific provocative studies 
to confirm an elevated glucagon level [111].

correlates well with the direct duodenal intubation secretin test 
and has the added advantage of providing morphological infor-
mation of the pancreatic ducts [98].

Indirect test Indirect pancreatic function tests involve the meas-
urement of pancreatic secretions in duodenal samples after 
nutrient ingestion, products of pancreatic enzyme action on 
ingested substances, pancreatic enzymes in the stool, or serum 
markers of pancreatic insufficiency. Previously, these have 
required duodenal intubation but have been supplanted by 
so-called tubeless tests.

These tubeless tests can be subclassified into genetic tests, 
fecal tests, and oral tests.

Fecal tests 
Fecal fat analysis Fecal fat analysis is a nonspecific test for mal-
absorption, and is helpful in the diagnosis of steatorrhea due to 
either pancreatic exocrine insufficiency or a small bowel disor-
der. It involves the quantification of fat in stool samples col-
lected over 72 h in a patient ingesting a standard fat diet 
containing 70–100 g/day of fat. Normally, 7% or less of ingested 
fat appears in the stool. Major limitations of this test include 
poor patient compliance with diet and stool collection, and the 
cumbersome processing of stool samples needed. In order to 
overcome these difficulties, microscopic analysis for the pres-
ence of fat in a single stool sample by Sudan staining is com-
monly used in routine clinical practice to diagnose steatorrhea. 
This simple qualitative analysis is almost as sensitive as quantita-
tive measurements of stool fat. However, as steatorrhea occurs 
only with advanced pancreatic insufficiency, this test is not sen-
sitive to identify mild to moderate disease. Of note, as men-
tioned above, it is not specific for pancreatic disorders requiring 
subsequent evaluation to distinguish between maldigestion and 
malabsorption [99,100].

Fecal chymotrypsin analysis This test involves the quantification 
of the pancreatic enzyme chymotrypsin activity in a single stool 
sample. Although the test is easy to perform in a clinical setting, 
it has several limitations. Some of the chymotrypsin secreted  
by the pancreas is inactivated during intestinal passage. 
Furthermore, the activity of this enzyme in the stool becomes 
diluted in patients with diarrhea. Hence in order to improve the 
specificity of the test, at least 3 U/g of stool should be used to 
define normal. However, this significantly compromises the 
sensitivity of this determination in diagnosing mild to moderate 
pancreatic insufficiency thereby limiting its utility in clinical 
practice. Pancreatic enzyme supplements should be discontin-
ued for at least 48 h before obtaining the stool sample to avoid 
false-negative results in these patients. Conversely, this test may 
be used to confirm compliance among patients on pancreatic 
enzyme replacement therapy in which case the stool levels of 
chymotrypsin would be elevated [101].

Fecal elastase activity Elastase is another pancreatic enzyme, 
which can easily be measured in a single stool sample. As com-
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insulinomas are more often associated with the highest levels of 
proinsulin (50%–75%) [122]. Patients with insulinoma have 
increased amounts of circulating proinsulin but a normal or 
elevated level of C peptide that can be measured in either blood 
or urine, and this is useful to exclude the surreptitious use of 
insulin in some patients [123]. In one study, the diagnosis of 
insulinoma was established by a glucose level of 40 mg/dL with 
a serum insulin level of 6 mU/mL, a C peptide level exceeding 
200 pmol/L, and negative screen for sulphonlyurea [124]. Since 
nearly all insulinomas can be successfully removed at surgery, 
early recognition and confirmative testing is useful in achieving 
a cure.

VIPomas
These neuroendocrine tumors are relatively rare and result in  
a condition that is often referred to as pancreatic cholera  
(watery diarrhea, hypokalemia achlorhydria syndrome) because 
they hypersecrete VIP or peptide histidine isoleucine [125]. 
Interestingly, gastric acid secretion is usually low or absent, even 
after stimulation with pentagastrin, and this is thought to be 
related to the role of VIP in stimulating the D cells to release the 
inhibitory peptide, somatostatin. Patients with pseudopancre-
atic cholera syndrome and laxative abuse can be distinguished 
by a normal VIP level (<170 pg/mL) [126]. VIP is relatively 
unstable at room temperature, so blood should be centrifuged 

Insulinomas
Insulinomas are tumors of pancreatic β cells that secrete exces-
sive amounts of insulin and may clinically manifest with 
hypoglycemia [112]. Insulinomas occur more often in women 
and are usually diagnosed in patients in the fourth and fifth 
decades [113–118]. While serum glucose concentrations may 
drop as low as 30–35 mg/dL after a 3-day fast (especially in 
women), insulin levels decrease proportionally [119] but remain 
elevated in insulinoma patients. There are several ways to relate 
glucose and insulin concentrations during fasting, such as the 
simple insulin (U/mL) to glucose (mg/dL) ratio. In normal sub-
jects, this ratio is below 0.3 as fasting continues, whereas in 
patients with inappropriate insulin secretion, the ratio will 
almost invariably rise above 0.3 [120]. Thus, elevated insulin 
concentrations are not necessary to establish the diagnosis, and 
a value of 25–40 (U/mL) at a time when the glucose concentra-
tion has fallen to less than 40 mg/dL is considered diagnostic. 
Provocative testing with tolbutamide, leucine, glucagon, and 
calcium is sometimes used, but false-positive and false-negative 
results are common. Proinsulin is composed of two amino acid 
chains that are connected by a 33 amino acid connecting 
peptide, termed the C peptide. Both insulin and the C peptide 
are secreted in similar equimolar amounts. Normally proinsulin 
in the fasting plasma is <20% of the total insulin whereas it is 
increased to 25%–75% with insulinoma [121]. Aggressive 

Table 156.1 Exocrine pancreas function tests.

Test Advantages Challenges Clinical use

Direct tests

Secretin and cholecystokinin 
stimulation test

Most sensitive and specific Requires nasal catheter 
or endoscopy

Validate new pancreatic 
function tests

Secretin stimulated 
magnetic resonance 
pancreatography

Provide additional 
morphological information of 
the pancreatic duct

Requires expensive 
radiological test

Diagnose mild exocrine 
insufficiency

Indirect tests

Fecal tests

Qualitative fecal fat analysis Readily available Not specific for 
pancreatic insufficiency

Diagnose malabsorption

Fecal chymotrypsin Simple test requiring single 
stool sample

Poor specificity due to 
dilution in stool, and 
crossreactivity with 
exogenous enzymes

Check compliance on 
pancreatic enzyme 
replacement therapy

Fecal elastase Do not crossreact with 
exogenous supplements
Enzyme activity remains 
stable during intestinal transit

Loss of specificity due 
to dilution by watery 
diarrhea

Screen for moderate to 
severe pancreatic 
insufficiency

Oral tests

13C-mixed triglyceride 
(13C-MTG) breath test

Noninvasive Limited availability
Not specific for 
pancreatic insufficiency

Alternative to fecal fat 
analysis test for diagnosis 
of malabsorption
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Growth hormone-releasing factor tumors
Growth hormone-releasing factor (GRF) is comprised of several 
different amino acid fragments (GRF-44, -40, -37, and -31) that 
result in acromegaly in a small percentage of patients with NETs 
[142]. The first patient with a GRF-releasing neuroendocrine 
tumor with MENI was reported in 1984 [143]. The diagnosis is 
established by the measurement of the serum level of GRF. Up 
to 30% of gastrinomas contain adrenocorticotrophic hormone 
(ACTH)-like immunoreactivity, suggesting that all patients 
with the Zollinger–Ellison syndrome or multiple endocrine 
neoplasia type MENI should be screened for Cushing syndrome 
[144]. Somatostatin receptor imaging (SRI), and In-111 octre-
otide and Ga-68 DOTA-TATE have been used to localize these 
ACTH-secreting tumors [145].
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immediately and the serum frozen. Levels >900 pg/mL are com-
monly observed in VIPomas [127]. Similar to glucagonomas and 
insulinomas, tumor processing of VIP is impaired in patients 
with neuroendocrine tumors and prepro-VIP levels can be 
detected in the circulation [128].

Somatostatinomas
Somatostatinomas are islet D cell tumors which usually arise in 
pancreas islet cells. Most somatostatinomas are malignant and 
accompanied by hepatic metastases [129,130]. The excessive 
production of somatostatin usually leads to diabetes mellitus, 
cholelithiasis, diarrhea, and steatorrhea. Somatostatin is a 
potent inhibitor of gastric acid secretion [131]. Pancreatic stea-
torrhea and a reduction in the intestinal absorption of fats and 
vitamins is common [132]. Although there is no specific pro-
vocative test for somatostatin-releasing NETs, tolbutamide and 
arginine can stimulate an increase in somatostatin levels in the 
serum [133,134].

Pancreatic polypeptide-secreting tumors of the  
pancreas (PPomas)
Pancreatic polypeptide (PP) is a 36 amino acid peptide hormone 
that is thought to be involved in the feedback inhibition of 
pancreatic secretion following a meal. PPomas are characterized 
by elevated serum levels of PP [135] but nonetheless are classi-
fied as a nonfunctional pancreatic NETs. The diagnosis of 
PPoma is established by the presence of elevated serum levels 
of PP using radioimmunoassay [136–138]. Bloom et al. docu-
mented elevations in PP in patients with Zollinger–Ellison syn-
drome [139] and suggested using a cutoff value of 300 pmol/L 
to reduce the false-positive rate for PP in elderly patients.

Ghrelin-producing neuroendocrine tumors
Ghrelin is a 28 amino acid peptide, primarily produced by the 
oxyntic mucosa X/A-like neuroendocrine cells in the stomach, 
but also expressed by NETs in the pancreas, heart, adipose 
tissue, and immune system. Ghrelin production in some NETs 
has been demonstrated and serves to be generally predictive of 
disease activity [140]. In one study of 35 patients with NETs, 
elevated endogenous ghrelin exerted an orexigenic effect, 
helping to maintain body mass [141].

http://www.yamadagastro.com/textbook




Subject index

Note: page numbers in italics refer to figures, those in bold refer to tables

abdominal mass
choledochal cysts 1850
mesenteric panniculitis 2208
mesenteric tumors 2210
omental tumors 2210

abdominal migrane (AM) 712, 2428–2429
abdominal obesity 2230
abdominal pain 695–722

acute see acute abdominal pain
acute cholecystitis 784
acute diverticulitis 794–796, 795, 1523–1524, 

1527
acute mesenteric ischemia 2492
acute pancreatitis 795, 1653, 1667
acute suppurative peritonitis 2196
adhesions 713
AIDS 2200
anxiety 706–707
cessation, abrupt 708
character 709
classification 707–708
clinical assessment 708–713
colorectal cancer 1568
desmoid tumors 1588
diabetes mellitus 2416
diabetic ketoacidosis 2412
diagnostic work-up 713
differential diagnosis 710–713, 1823
diverticular disease 1527
diverticular perforation 1528
duration 708–709
epilepsy 2429
gastroparesis 1005–1006
healthcare costs 695
Henoch–Schönlein purpura 2437
history taking 708–709
importance of 695
intensity 709
intermittent 708–709
intestinal angina 2894
intussusception 90
irritable bowel syndrome 842, 1497, 

1505–1506
left lower quadrant 794–796
multidisciplinary approach 714
neuroanatomy 781–784
neurogenic 2429–2430
onset 708
oral contraceptive-induced ischemia 1357
pathophysiology 781–784

patterns 781–782
perception 781
periodicity 708–709
peripheral neurogenic 2429
pharmacological management 714–717
physical examination 709–710, 710
postprandial 2498–2499
in pregnancy 842
prevalence 695
rare/obscure causes 712–713, 712
red flags 713
relieving/aggravating factors 709
right lower quadrant 794
right upper quadrant 794
sickle cell crisis 2419
site 703, 708
special pain syndromes 718–720
sphincter of Oddi dysfunction 1877
systemic lupus erythematosus 1170
temporal characteristics 708–709
treatment approach 713–721

nonconventional methods 718
ulcerative colitis 1379–1380
Zollinger–Ellison syndrome 1084, 1084

abdominal radiography see plain radiography
abdominal trauma, angiography 2896
abdominal viscera

arteries 2889–2891
vascular anatomy 2889–2893

abdominal wall
anterior 124–125
hernia

multidetector CT 2817, 2817
pediatric 126

lateral 124–125
posterior 124–125

abdominoperineal resection, rectal cancer 1576
abdominophrenic dyssnergia 725–726
abetalipoproteinemia 1284–1285, 1284, 

2387–2388, 2402
ABIC (age, serum bilirubin, INR and serum 

creatinine) score 2051–2053
ABO gene

H. pylori infectivity 1048
liver function tests variability 2391–2392
peptic ulcer disease 1048, 2384

abscess(es)
amebic brain 2325
amebic liver see amebic liver abscess
anorectal see anorectal abscess

Abbreviations used in subentries
GERD – gastroesophageal reflux disease
IBD – inflammatory bowel disease

A
ABCB1/MDR1 484, 633, 634–636
ABCB4

cholesterol gallstones 1817–1818, 
1819–1820

functions 483–484, 1813
intrahepatic cholestasis of pregnancy 848
low phospholipid-associated 

cholelithiasis 1810, 1819–1820, 2393
mutation phenotypes 2392, 2393
progressive familial intrahepatic cholestasis-3  

494
ABCB11 see bile salt export pump (BSEP)
ABCC2/MRP2 485, 494, 870, 1813, 2394, 2395
ABCG2/BCRP 484–485, 633, 635
ABCG5 (sterolin-1) 484, 549, 1813,  

1817–1818
ABCG8 (sterolin-2)

cholesterol gallstones 1817–1818, 
1819–1820, 2394

cholesterol transport 484, 549, 1813, 2392, 
2394

ABC system, chronic pancreatitis 1711
ABC transporter family 1813
abdominal angina 711
abdominal aortic aneurysm 789, 795
abdominal cavity 122–132

anatomy 122–125
boundaries 124–125
childhood anomalies 125–127
development 122–125

anomalies 125–127
hernias see abdominal hernias

abdominal collections, percutaneous 
drainage 2941–2942, 2942

abdominal epilepsy 712
abdominal fat pad biopsy 2422
abdominal hernias 127–131

classification 127
clinical findings 128
contents 127
epidemiology 127–128
nongroin 129–130
pathogenesis 128
pediatric 126
strangulation risk 128

Yamada’s Textbook of Gastroenterology, Sixth Edition. Edited by Daniel K. Podolsky, Michael Camilleri, J. Gregory Fitz, Anthony N. Kalloo, Fergus Shanahan, and 
Timothy C. Wang.
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
Companion website: www.yamadagastro.com/textbook

i1

http://www.yamadagastro.com/textbook


i2   Subject index

Volume One, pp. 1–1536; Volume Two, pp. 1537–3070

Crohn’s disease 1458, 2183, 2184
colitis 1460
ischiorectal 1464
percutaneous drainage 1457
surgical indications 1451, 1457
treatment 2191

crypt, ulcerative colitis 1384, 1385, 
3027–3028

cryptoglandular 96
diverticular 1530, 1533

clinical presentation 1528
horseshoe 1633
iliopsoas 2185–2186
intersphincteric, anal 96–97, 1633–1635
intraabdominal see intraabdominal abscesses
intraperitoneal 2761
liver see liver abscess
pelvic 1475, 2185–2186
perirectal 1633, 2293
pit 1104, 1105
proctocolectomy with ileal pouch–anal 

anastomosis complication 1469
psoas 1457, 1459, 2203–2204
pyogenic see pyogenic abscess
retroperitoneal 2203–2204
supralevator 97, 1634–1635

absorption
of meal 185, 194
ultrasound waves 2763–2764

absorptive cells, colonic mucosa 97
ABT-229 1030
ABT-267 1955
ABT-333 1955
ABT-450 1955
acanthosis nigricans 2444–2445
accessory cholera enterotoxin 1235
accessory hepatic ducts 142
accessory hepatic veins 2892–2893
accessory left gastric artery 2889–2890
accessory pancreatic duct 16, 116, 117

development 108–109
pancreas divisum 120

aceruloplasminemia 2019
acetaldehyde, alcoholic liver disease 2047
acetaldehyde dehydrogenase (ALDH) 2046
acetaminophen

acute liver failure 1961–1964,  
1975–1978

adducts measurement 1966, 1978, 1978, 
1979

children 1963–1964
clinical presentation 1976
hepatocyte lysis 1961–1962
hyperacute 1966
incidence 1974, 1975–1976
prognosis 1977
suicidal patients 1963–1964, 1976, 1976
unintentional/staggered overdoses 1963–

1964, 1976–1977, 1976
in chronic liver disease 1978
hepatotoxicity

glutathione-S-transferases depletion 630–
631

liver biopsy 2959, 2975–2976
levels measurement 1978

false-positives 1978
metabolism 1959, 1959, 1961–1962

peptic ulcer disease induction 1035
quantitation assays 1978
tolerance 1976–1977

acetaminophen adducts assay 1978
acetate, short bowel syndrome 2222–2223
acetylcholine (Ach)

enteric neurons 244, 246
gallbladder contraction 389–390
gastric acid secretion 400, 403–404, 3058
gastric mucin secretion 414
gastric smooth muscle contraction 274
muscle motor neurons 246–247
pancreatic secretion 460–461
peristaltic reflex 279–280

acetylcholine/5-HT interneuron 248–249
acetylcholine/somatostatin interneurons  

248–249
acetylcholinesterase inhibitors, 

gastroparesis 1023
acetyl-CoA 504, 505, 508–509, 511
acetyl-CoA carboxylase 509, 550
acetylcysteine, phytobezoars 1151
acetylhydrolase 306
achaete-scute complex homolog 2 (Ascl2) 35
achalasia 895–900

absent peristalsis vs. 897
Chagas disease vs. 897–898
chest pain 658–659, 896
clinical presentation 896
computed tomography 2793
delayed gastric emptying 1014
differential diagnosis 897–898
dilation 2614–2615
endoscopy 897
epidemiology 895
esophageal spasm vs. 897
ganglion cell degeneration 895
genetic predisposition 895
immune-mediated 895
management 898–900

pharmacological therapy 898–899
manometry 896–897
neuropathology 895–896
Parkinson disease 895
pathophysiology 658
postfundoplication dysphagia vs. 898
prevalence 895
prognosis 896–897
radiography 896
squamous cell carcinoma risk 900, 976
subtypes 894, 896–897
transient LES relaxation 896

achlorhydria
of aging, vitamin B-12 deficiency 561
autoimmune gastritis 1115

acid, caustic ingestion injury 996, 1149
acid-fast bacilli culture, peritoneal 

tuberculosis 2092
acidic pathway, bile acid synthesis 474–475
acid lipases 543–544
acid neutralizers 1150
acidophilic bodies, acute viral hepatitis 1903, 

2969
acid peptic disease 3065–3066
acid pocket

as antacid target 923
hiatus hernia 910

acid sphingomyelinase (ASMase) 2512

acid suppression
functional dyspepsia 655
GERD 923–925
peptic ulcer disease 805–806, 1043

acinar agglomerate 157
acinar cells 117, 1661, 1664, 1734

acute pancreatitis
exocystosis 1662
inflammation 1663
mitochondrial dysfunction 1664–1665, 1665

apoptosis 1665
bile acids, effects of 1666
calcium-activated kinases 465
calcium concentration 463, 464
calcium influx mechanisms 463–464
calcium spiking 464
IP3 receptors 463
lysosomal enzymes 1662
metaplasia/heterotopia 3004
receptors 461–462

acinus (acini)
liver 157, 157
pancreas 117, 450

acotiamide 656
acoustic enhancement 2764–2765
acoustic impedance 2763
acoustic shadowing 2764–2765
acquired hepatolenticular degeneration 2112
acquired immunity see adaptive immunity
acquired immunodeficiency syndrome (AIDS) 

see HIV/AIDS
acriflavine 2944–2945
acrodermatitis enteropathica 517, 582–583, 

1288, 2387–2388, 2443–2444
acrokeratosis paraneoplastica of Bazex 2444
acromegaly 1790, 2410

colorectal cancer risk 1564
ACTHomas 1793
actin 261

enterocytes 80
epithelial cells 319, 322
gastric acid secretion 412
myosin interactions 262

actinomycin D 1336, 2178
actinomycosis 2204
activated charcoal 733
activating transcription factor 4 (ATF4)  

551–552, 551
active transport 424
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1402, 1404
activin receptor-like kinase 1 (ACVRL1) 

gene 2397–2398, 2483
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acupressure

chronic pain 718
hyperemesis gravidarum 839

acupuncture
acute pancreatitis 2523
chronic pain 718
functional dyspepsia 2524
GERD 926
HIV/AIDS associated diarrhea 2530
irritable bowel syndrome 1510–1511, 1520, 

2526
nausea and vomiting 1024
pancreatic disease 2523
sphincter of Oddi dysfunction 1881
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acute abdomen 781–796
definitions 781

acute abdominal pain 781–796
acute appendicitis 795
acute bowel ischemia 795
aggrevating factors 787
alleviating factors 787
associated symptoms 787–788
atypical food consumption 788
bowel obstruction 787
bowel symptoms 788
characterization 785–787
definition 781, 2695
diagnosis 713, 784–796, 786, 792
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evaluation 791–796
imaging 792–793

differential diagnosis 786, 790, 795, 796
diffuse 793–794
empiric management 796
etiologies 708, 784–785, 2695
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management principles 796
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onset site 786–787
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abdominal 788–790
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pregnancy 790–791
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rectal examination 790
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social history 788
special populations 790–791
sudden 787
surgical history 788
therapeutic approach 713–714
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acute cellular rejection (ACR), liver 
transplant 2142

acute diverticulitis see diverticulitis
acute esophageal necrosis (AEN) 997–998

diagnosis 997, 998
acute fatty liver of pregnancy (AFLP) 848, 

850–853
clinical presentation 683, 850–851, 1982
diagnostic criteria 850
epidemiology 850
pathogenesis 851
treatment 851

acute febrile neutrophilic dermatosis (Sweet 
syndrome) 1423–1424, 2449

acute intermittent porphyria (AIP) 683, 712, 
871, 2034, 2402–2403, 2403

acute interstitial edematous pancreatitis 1705, 
2812

acute kidney injury (AKI)
alcoholic hepatitis 2053
bariatric surgery complication 2257
cirrhosis and 2093, 2102–2103, 2103
prerenal 2102

acute liver failure (ALF) 1973–1988
acetaminophen in see acetaminophen
acute injury 1973–1974
biomarkers 1982–1983
bleeding 1985
clinical management 1983–1985

admission considerations 1984
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coagulation management 1985
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fluid management 1985
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coagulation management 1985
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malignancy 1981

evaluation 1983
history 1973–1974
hyperacute injury 1973–1975, 1977–1978, 

1977
idiosyncratic drug reactions 1977, 1979, 
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liver transplantation 1974, 1979, 1986–1987, 

2138–2139
long-term follow up 1987
mortality 1973–1974
as multiorgan process 1982–1983
outcome measures 823
pathogenesis 1982–1983
pregnancy-associated 857, 1982
prognosis 1986–1987, 1987
prognostic scores 1987
subacute injury 1973–1975, 1977–1978, 1977
therapy 1985–1987

undergoing trial 1987–1988
viral hepatitis 1974–1975, 1979–1980
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acute mesenteric ischemia (AMI) 2491–2497
amyloidosis vs. 2493
anatomical considerations 2491
angiography 2495–2496, 2893–2894, 2893
chronic symptoms preceding 2499
clinical presentation 2492–2493
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CT 2493–2494, 2494, 2893
diagnosis 2493–2495
differential diagnosis 2493
epidemiology 2492
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natural history 2492–2493
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pathophysiology 2491, 2491
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prognosis 2493
recurrence prevention 2497
reperfusion injury 2491, 2491, 2494
risk factors 2492
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surgery 2496–2497
treatment 2496–2497, 2496
vascular interventions 2922–2923
venous thrombosis 2922
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1669–1670

invasive therapy 1681–1683
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(APFC) 1655, 1656, 1669, 2812
invasive treatment 1683–1688

acute sclerosing hyaline necrosis (ASHN) 2960, 
2972–2973
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acute tryptophan depletion (ATD), IBS 1503
acute tubular necrosis (ATN) 2103
acute viral hepatitis see hepatitis, acute viral
ACVRL1 (activin receptor-like kinase 1) 

gene 2397–2398, 2483
acyclovir (aciclovir)

anorectal herpes 1247
Epstein–Barr virus-related hepatitis 1914
herpes simplex virus infection
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hepatitis 853, 1913
HIV-1-infected persons 2284–2285, 2289

acyl CoA synthetase (ACS) 549
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breastfeeding 844
Crohn’s disease 1436, 1440, 1443–1445
in pregnancy 844, 1416, 1448
ulcerative colitis 1406

ADAMTS13 deficiency 2420
adaptive immunity 285

cellular immunity 286
humoral immunity 286
IBD 1371–1372
memory 286
microbiota 624
tolerance 286

adaptive regulatory T cells 288
adaptive thermogenesis 506
addiction

binge eating disorder 2275–2276
opioids 717

Addison disease 2411
adefovir
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1932–1933

add-on therapy 1933
HBeAg seroconversion 1933
HIV coinfection 1928
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anal 1651, 3055–3056
Barrett esophagus 2993
colonic 1586, 2798–2799, 2799
esophageal see esophageal adenocarcinoma
fistula-associated 3056
gastric see gastric adenocarcinoma
in gastric hyperplastic polyps 3001
mesothelioma vs. 2201
mucinous 1570, 1571, 2884
pancreatic see pancreatic adenocarcinoma
small intestine see small intestinal 

adenocarcinoma
adenoid cystic carcinoma, esophageal 979
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with advanced pathology 1542–1543
ampullary 2549, 2604–2605, 2773–2774
biliary 1858, 2753
carcinomas in situ, progression to 40
colorectal see colorectal adenomas
definition 1627–1628
detection rate 1627–1628
duodenal 2688–2689
gallbladder 1859, 2756
gastric see gastric adenoma
hepatic see hepatic adenoma
indefinite for dysplasia 3020
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polyps
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tubular 1327, 1540
villous 747, 1327, 1540, 1542

adenomatous polyposis coli see familial 
adenomatous polyposis (FAP)

adenomatous polyposis coli (APC) gene see 
APC gene

adenomatous polyposis coli (APC) protein 32, 
1584

adenomatous polyposis syndromes 1562
adenomatous polyps 1537–1547

ablative therapies 1546–1547
anatomic distribution 1538
biopsy 1545–1546
cerebriform pattern 2576, 2577
chemoprevention 1547
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clinical presentation 1543
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1570–1571
diagnosis 1544–1546
environmental risk factors 1541–1542
epidemiology 1537–1539

age 1538–1539
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gender differences 1539
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interpretation 1545–1546
malignant 1547

malignant progression 1544
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natural history 1543–1544
pathogenesis 1539–1541

genetic alterations 1539, 1540
personal history 1563–1564
proximal neoplasm risk 1538
small intestine 1327
surgery 1547
surveillance 1543, 1547
therapy/management 1546–1547

adenomyomatosis (adenomyomatous 
hyperplasia) 1859, 2756, 2756

adenosine
postprandial hyperemia 171
smooth muscle regulation 281
vasoregulation 164

adenosine demainase ascitic fluid activity 2092
adenosine diphosphate (ADP) 262
adenosine monophosphate (AMP), 

diarrhea 745
5’ adenosine monophosphate-activated protein 

kinase (AMPK) 549–551
activation 549, 550

nonclassical compounds 550
ADP binding 549
AMP binding 549
anabolic processes regulations 550
appetite regulation 550–551
catabolic processes regulations 550
DNA damage-dependent activation 550
fatty acid oxidation 550
glucose uptake regulation 550–551
glycolysis regulation 550
hepatic steatosis 2060–2061
mTORC1 activation 554
nutrient sensing 549–551
structure 549

adenosine triphosphate (ATP)
in bile 476, 491–492
biliary secretion regulation 491–492
cross-bridge cycle 262
smooth muscle regulation 281

adenosine triphosphate-binding cassette (ABC) 
transporter family 1813

adenosine washout hypothesis 172
adenosylcobalamin 559–560
adenoviruses 1239, 1243

biopsy findings 3031–3032
clinical manifestations 1243
diagnosis 1197
diarrhea 736
epidemiology 1243
epithelial cell infection 2289, 2290
hepatitis 1904
HIV-1-infected persons 2289
small bowel infection 3013–3014
treatment 1243

adenylyl cyclase 462
adequate intake (AI) 500
Aδ-fibers 700
adherent-invasive Escherichia coli (AIEC) 1365, 

1373–1374
adhesion molecules, inflammation 300–302, 

301
adhesion molecule therapy 302
adhesions, abdominal pain 713
adhesive tape test 2339–2342, 2371

adipocytes
insulin effects 197
insulin resistance 2060

adiponectin, anorexia nervosa 2270–2271
adipose tissue 497

brown 506
energy storage 505
energy yield 505

adjustable gastric banded plication 2262
adjustable gastric banding (AGB)

anterior slip 2251
complications 2251–2252

esophageal 2251–2252
concentric slip 2251
evolution 2247
food intake reduction 2249
gastric outlet obstruction 2251
hiatal hernia 2251–2252
laparoscopic 2248–2249, 2248
mechanism of action 2249
metabolic results 2244
mortality rates 2243
nonalcoholic fatty liver disease 2068
outcomes 2249
physiology 2249
port problems 2252
posterior slip 2251
prolapse/slip 2251, 2251
revision 2260
weight loss results 2244, 2249

adolescence
energy requirements 508
protein requirements 507, 508

Adolph’s Meat Tenderizer, phytobezoars 1151
adoptive transfer models, colitis 1377
ADP-ribosyl cyclase 264, 266
adrenal adenoma 1588
adrenaline see epinephrine
adrenal insufficiency 673
adrenocorticotropic hormone (ACTH), 

ulcerative colitis 1398
adrenocorticotropic hormone secreting tumors 

(ACTHomas) 1793
Adult to Adult Living Donor Liver 

Transplantation Cohort Study 
(A2ALL) 2135–2136

advanced adenoma 1627–1628
advancement flap

anal stenosis 1640
anorectal fistulae 1636

adventitia 317–318, 2981
adventitial veins, esophagus 45
adverse food reactions 2298
Advisory Committee on Immunization 

Practices (ACIP), HAV 
prophylaxis 1909

ADX10059 925
adynamic ileus (paralytic ileus) 1171–1172, 

2723–2724
AE2 429–430
AE3 429–430
AE4 429–430
aeroallergens, eosinophilic esophagitis 311–312
aerobic respiration 511
Aeromonas

diarrhea 1237
virulence-associated genes 1237

Aeromonas caviae 1237

adefovir (cont’d)
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Aeromonas sobria 1237
afferent neurons 249, 250
affinity labeling 201, 211
aflatoxin exposure 2148, 2150
aflibercept 588–589, 1578–1579
African-Americans

esophageal squamous cell carcinoma risk  
977

hepatitis C virus therapy 1953
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acquired 1192
Hirschsprung disease 1189–1190

aggregative adherences fimbriae (AAFs) 1223
AGL gene mutations 2039
agouti related protein (AgRP) 532, 532
agouti related protein (AgRP) neurons  

532–533
AH neurons 244, 246
AIDS see HIV/AIDS
AIDS cholangiopathy 1840, 2292
AIDS enteropathy 2279
AJCC staging guidelines, colorectal cancer  

1572
AKT 591
Alagille syndrome 495, 870, 2024, 2395–2396

clinical presentation 2395
genetics 2395–2396
Jagged-1/Notch-2 signaling abnormalities 15, 

29, 495
AL amyloidosis 2421
alanine 507–508, 526
alanine aminotransferase (ALT)

acute elevation 820
acute viral hepatitis 1902–1903
biliary pancreatitis 1655–1656
blood donation testing 1940–1941
HELLP syndrome 849
hepatitis B virus infection 1917–1918, 1920, 

1925–1927
hepatocellular injury 820

drug-induced 1963
interpretation guidelines 820
isolated elevation

clinical presentation 826
diagnostic evaluation 826, 827
pathophysiology 826–828
screening laboratory studies 828, 828

mixed drug reaction 1963
normal limits 1925–1926
population based variability 2391–2392
during pregnancy 847
rapid recovery in levels 820
Wilson disease 2025
see also liver function tests

albendazole
alveolar echinococcosis 2376
Ascaris lumbricoides 2347
cutaneous larva migrans 2355
cystic echinococcosis 2375–2376
Enterobius vermicularis 2342
hookworm 2349
microsporidiosis 2284–2285, 2291
neurocysticercosis 2371–2372
Strongyloides stercoralis 2351–2352
Toxocara infection 2354
Trichinella 2353–2354
Trichuris trichiura 2344

albumin
acute kidney injury with cirrhosis 2102
after large-volume paracentesis 2095
hepatitis B virus infection, chroinc 1926
hepatorenal syndrome 2104, 2106
liver disease 821
nutritional assessment 2212–2213
nutritional support, effects on 2212–2213, 

2213
protein-losing gastroenteropathy 1361–1362
spontaneous bacterial peritonitis 2102

alcohol
gastric acid secretion 406
per capita annual consumption 2044, 2044
recommended daily intake 499–500

alcohol abstinence
acute pancreatitis 1690
alcoholic cirrhosis 2050–2051
alcoholic hepatitis 2053
alcoholic liver disease, pre-transplant 2054
chronic pancreatitis 1727
liver function abnormalities, recovery of  

826–828
liver transplantation 2133, 2136

alcohol abuse
acute abdominal pain 788
acute hemorrhagic gastritis 2995
acute pancreatitis 1657, 1666
chronic pancreatitis 1703, 1705–1706
cirrhosis 2044–2045
diarrhea 748
disability-adjusted life years 2044
extra-hepatic diseases 2050
HCV infection 2049
hepatocellular carcinoma 2148
hereditary hemochromatosis 2049–2050
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metabolic syndrome 2049
mortality rates 2044
nonalcoholic fatty liver disease 2049
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stigmata of 2047–2048
vomiting 683
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alcohol consumption
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colorectal cancer risk factor 1541–1542,  

1558
esophageal squamous cell carcinoma  

975–976
hepatitis B virus infection 1937, 2049
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diagnostic evaluation 826–828
risk 824–825

pancreatic cancer risks 1763
pancreatitis 1733
peptic ulcer disease 1042
primary biliary cirrhosis 2049–2050
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alcoholic liver disease 2046
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alcoholic cirrhosis 2050–2051
angiography 2905
burden of 2050
complementary and alternative medicine  

2522
complications 2050

diagnosis 2050
extra-hepatic diseases 2050
hepatocellular carcinoma 2045, 2050–2051, 

2148
interventions 2050–2051
liver biopsy 2953, 2967–2969
mortality rates 2044, 2050
natural history 2050

alcoholic hepatitis (AH) 2043, 2051–2053
acute kidney injury 2053
clinical presentation 2051
diagnosis 2051, 2052
epidemiology 2051
impaired regeneration 2047
laboratory findings 2051
liver biopsy 2051
liver transplantation 2136
natural history 2045
noninvasive markers 2051
outcomes prediction 2051–2053
pathogenesis 2047, 2048

neutrophils 294
prognostic signficance measures 823
salvage liver transplantation 2053–2054
treatment 2052, 2053

alcoholic hepatitis histological score (AHHS)  
2051–2053

alcoholic liver disease (ALD) 2043–2055
acute changes 2960, 2964, 2972–2973
burden of 2044–2045
chronic damage 2953, 2973, 2973
diagnosis 828, 2047–2048
differential diagnosis 2973
early 2043
environmental factors 2045–2046
fibrosis progression 2083
folate deficiency 564
genetic factors 2046
imaging 2048
jaundice 2051
laboratory tests 2047–2048
liver biopsy see liver biopsy
liver fibrosis 2045, 2047

diffuse interstitial 2973, 2973
noninvasive assessment 2048
perivenular 2956–2958, 2958, 2973, 2973
progression 2078

liver function tests 822
liver stiffness 2048
liver transplantation see liver transplantation
modifying factors 2045–2046
natural history 2045–2046
pathogenesis 2043, 2046–2047
physical findings 2047–2048
portal fibrosis 2954–2956, 2956, 2973
in pregnancy 856
recidivism, post-transplant 2054, 2136
risk factors 824
spectrum of 2045, 2045

alcoholic steatohepatitis (ASH) 2043, 
2045–2047
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acute diverticulitis 1525
folate deficiency 563–564
thiamin deficiency 556–557
vitamin A deficiency 567

alcohol metabolites, acute pancreatitis  
1666
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intestinal transport 437–438, 440, 442
sodium absorption 432–433

alendronate
esophageal injury induction 2984
osteoporosis in primary biliary 

cirrhosis 2012
alginic acid 836
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Alimaxx-ES 2620
alkaline phosphatase (ALP)

acute viral hepatitis 1902–1903
amyloidosis 2422
bile duct proliferation 831
cholestasis 820

drug-induced 1963
ductular injury 820
Epstein–Barr virus-related hepatitis 1913
mixed drug reaction 1963
population based variability 2391–2392
during pregnancy 847
primary biliary cirrhosis 2003–2004, 2010
primary sclerosing cholangitis 1838
Wilson disease 2025
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disease 1981

alkaline substances
caustic ingestion injury 1149
corrosive esophagitis 996

alkaline tide 401, 404–405, 414–415
allelic heterogeneity 861
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colitis) 1485
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allergic granulomatous angiitis see Churg–
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gadolinium-based contrast agents 2820
orofacial granulomatosis 2468

alligator forceps 2553
Allium sativum (garlic) supplements 2124
allodynia 704–705, 705
allograft rejection

liver transplant see liver transplantation
small bowel transplantation 1323

allopregnanolone 2110
allopurinol

Crohn’s disease 1439–1440
hepatic granulomatous reaction 

induction 2975–2976
ischemia–reperfusion injury 176
thiopurine response optimization 1439–1440

allostasis 231, 1501
allostatic load, IBS 1501
aloe 841
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adverse effects 1516
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fecal incontinence 1645
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irritable bowel syndrome 1513, 1516
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alpha-1 antitrypsin 2031
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replacement therapy 2032
Z protein 2030–2032

alpha-1 antitrypsin deficiency 2024, 2030–
2033, 2435

biochemistry 2032
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cutaneous manifestations 2444
diagnosis 2032
genetics 2031
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liver transplantation 2138
pathogenesis 2032
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treatment 2032–2033
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fetal 147
hepatocellular carcinoma 2152–2153
lens culinaris-agglutinin reactive 

fraction 2153
alpha heavy chain disease see 

immunoproliferative small intestinal 
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alpha toxin 1214
ALT see alanine aminotransferase (ALT)
altered taste 2459–2460
alternative lengthening of telomeres 602
alternative medicines see complementary and 

alternative medicine
alveolar echinococcosis 2372–2376

stages 2374–2375
treatment 2338–2339, 2376

alverine, IBS 1514, 1516
ALX4 gene, gastroschisis 88
Alzheimer disease 667, 2429–2430
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hypertension 2127
ambulatory 24-h pH-metry, GERD 918–919
amebapore 2324
amebiasis 2322–2328

AIDS patients 2328
brain abscess 2325
chronic nondysenteric infection 2324–2325
clinical manifestations 2324–2325
cutaneous 2325
diagnosis 2325–2326, 2326
differential diagnosis 2324–2325
epidemiology 2323–2324
high-risk groups 2324
liver abscess see amebic liver abscess
naturally acquired immunity 2324
pathogenesis 2324
pathology 2324
prevalence 2323–2324
serology 2325–2326
treatment 2326–2328, 2327
ulceration 2324–2325
ulcerative colitis vs. 1390

amebic liver abscess
aspiration indications 2327–2328
clinical presentation 2167, 2325
complications 2167, 2325
diagnosis 2168–2169
differential diagnosis 2167–2169, 2326
epidemiology 2166
imaging 2326
natural history 2167
needle aspiration 2169–2170

pyogenic abscess vs. 2169
rupture 2167
therapy/management 2169–2170,  

2326–2327
ultrasound 2746

amebic pericarditis 2169–2170
ameboid single-cell migration 608
ameboma 2325
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anorexia nervosa 2270, 2274
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American College of Gastroenterology acute 
diarrhea evaluation guidelines 740

American Dilating System 2613–2614
amifostine 2511
amiloride 2094
amine precursor uptake and decarboxylation 

(APUD) cells 99
amino acid response (AAR) 551
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essential 506–507
hepatic encephalopathy 2114
metabolism 507, 509
nonessential 506–507
pancreatic secretion stimulation 472–473
sensing 551–552
transport 546

defects 2387–2388
see also protein(s)
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peritoneal dialysis-related peritonitis  
2200

aminolevulinic acid
acute intermittent porphyria 2034
acute porphyrias 2033

aminolevulinic acid dehydratase deficiency  
2034, 2402–2403, 2403

porphyria 871
aminonless (AML) receptor 520, 560
aminopeptidases 543
aminophospholipids 484
aminosalicylates

acute diverticulitis prevention 1534
chronic radiation enteritis 2517
Crohn’s disease 1436–1437, 1436
IBD, in pregnancy 843
microscopic colitis 1484
ulcerative colitis 1391–1395

dose-response 1394
mild/moderate disease 1394–1395
remission maintenance 1395
severe disease 1395
sulfa-free preparations 1392–1394

5-aminosalicylic acid (5-ASA) see mesalamine
aminotransferase(s)

acetaminophen overdose 1963–1964
acute liver failure 1977–1978
acute viral hepatitis 1902–1903
alpha-1 antitrypsin deficiency 2031
chronic liver disease 832, 833
in clinical trials 1969–1970
hepatitis B virus infection 1917–1918, 

1925–1926
idiosyncratic drug reactions 1963
intrahepatic cholestasis of pregnancy 848
ischemic hepatitis 2171
isolated elevation 826–828, 833

clinical presentation 826
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sphincter of Oddi dysfunction 1877
aminotripeptidase 543
amitriptyline

anorexia nervosa 2274
fecal incontinence 1645
functional dyspepsia 656, 1030
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acute liver failure 1984, 2112
cirrhosis 2109, 2109

renal production/excretion 2110
hepatic encephalopathy 2109–2110

serum measurement 2112
hepatitis B virus infection 1926
metabolism 2109

ammonium tetrathiomolybdate 2028
amnesic (encephalopathic) shellfish poisoning  

1245
amniocentesis 875
amoxicillin
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H. pylori eradication 1063, 1112

amoxicillin-clavulanate, hepatitis 
induction 1960

amphotericin B
aspergillosis 1262
esophageal candidiasis 940–941
fungal esophageal infections 941
histoplasmosis 1261, 2284–2285, 

2291–2292
mucormycosis 1263

ampicillin 2556
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2712
ampulla of Vater 61, 139–140

adenoma 2549, 2604–2605, 2773–2774
neoplasms 2773–2774

ampullary biopsies, autoimmune pancreatitis  
2607–2608
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Amsterdam criteria, Lynch syndrome 1560
Amyand hernia 128
amygdala, brain–gut axis 230–231
amylase

acute pancreatitis 1667–1668
carbohydrate digestion 538–539
chronic pancreatitis 1707
hyperemesis gravidarum 838
pancreatic 453, 538
pancreatic pseudocysts 2778–2779
salivary 538

amylin, food intake regulation 2233
amylo-1,4α1,6-transglucosidase 2039–2040
amylo-1,6-glucosidase (debrancher enzyme)  

2039
amyloidosis

acute mesenteric ischemia vs. 2493
biopsy findings 2960–2962, 2962, 3020, 3020, 

3034
classification 2421
Crohn’s disease 1425
delayed gastric emptying 1017
diagnosis 2422
esophageal involvement 1001, 1002
hepatic involvement 2422

intestinal amyloid deposition 2421, 2421
primary 2421
secondary 1361, 2405–2406, 2421
small intestine 1174, 1174
systemic 2421–2422
treatment 2422

amylopectin 538
amylopectinosis (type IV glycogen storage 

disease) 2039–2040
amylose 538
amyotrophic lateral sclerosis 884, 2431–2432, 

2433
anaerobic respiration 511
anal adenocarcinoma 1651, 3055–3056
anal canal

anatomical/embryological 381
anatomy 96, 381, 3049
blood supply 97
continence 1641
definition 96–97
embryology 101
histology 100, 100
lymphatic drainage 105
mucosa 3049
potential spaces 97
sphincteric motor function 381
squamous zone 100
surgical/clinical 381
transformation zone 3052

anal carcinoma 1650–1651
biopsy features 3052–3055
cervical cancer and 3054
classification 3054
clinical manifestations 1651
genital warts and 3054
HIV-1-infected persons 2293
HPV and 3054
incidence 3052–3053
metastases 1651
nonepidermoid malignancies 1651
prognosis 1651
risk factors 3054
survival rates 3052–3053
treatment 1651
tumor differentiation 3053–3054

anal dilation 1639
anal duct carcinoma 3056, 3056
anal fissure 1638–1639

acute 1638
bleeding 815, 1638
chronic 1638–1639
clinical manifestations 1638
Crohn’s disease 1425
pathophysiology 1638
pregnancy 845
surgery 1639
treatment 1638–1639
ulcerative colitis vs. 1391

anal fistula(e)
adenocarcinoma associations 3056
Crohn’s disease 1425
proctocolectomy with ileal pouch–anal 

anastomosis complication 1469
analgesia

acute abdominal pain 713–714
chronic pancreatitis 1714
see also individual drugs

analgesia, acute abdominal pain 796

anal glands 96, 100
adenocarcinoma 3055–3056, 3056
infection 1633
obstruction 96

anal intraepithelial neoplasia (AIN) 1650, 3053
biopsy features 3052, 3052, 3053
DNA methylation 3052

anal manometry, fecal incontinence 1643, 1644
anal margin 96
anal neoplasia, biopsy features 3051–3056
anal nevi 3056–3057
anal plugs, fecal incontinence 1646
anal polyps 3050–3051
anal sepsis 1633
anal sinus crypts 96
anal skin tags 1425, 1630–1633
anal sphincter

artificial 1646
defects, women 1642
examination 1629
innervation 96
internal see internal anal sphincter
musculature 96–97
obstetric injuries 845–846
pregnancy-related injuries 845–846
weakness 1641–1642

anal squamous cell carcinoma 1650–1651
biopsy features 3052–3055, 3053
classification 3054

anal squaous intraepithelial neoplasia 3051–3052
anal stenosis 1639–1640
anal strictures, Crohn’s disease 1425
anal tags 3050, 3050
anal transition zone 100, 100
anal warts (condyloma accuminata) 1247–1248, 

3053
anal “wink” reflex 1629–1630
anaphylactoid purpura see Henoch–Schönlein 

purpura
anaphylaxis, food allergy 2298, 2299–2301, 

2300
Ancylostoma, of dogs and cats 2340, 2355, 2356
Ancylostoma braziliense 2347, 2355
Ancylostoma caninum (dog hookworm) 2347, 

2355–2356
Ancylostoma ceylonicum 2347
Ancylostoma duodenale (hookworm) 

2347–2349, 2348
Andersen disease (type IV glycogen storage 

disease) 2039–2040
Anderson disease (chylomicron retention 

disease) 1285
Anderson–Fabry disease 2402
androgens

hereditary angioedema 2314
see also hormone(s)

anemia
hepatitis C virus treatment side-effect 1951
hypochromic 581
iron deficiency see iron deficiency anemia
megaloblastic 563–564, 1290
megaloblastic anemia 2387–2388
microcytic 581
nausea and vomiting 685
pernicious see pernicious anemia
sickle cell see sickle cell disease
thiamin-responsive megaloblastic  

1291–1292
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anesthesia
epidural, acute pancreatitis 1679
general 2541
hepatotoxicity 2434–2435
topical

anal fissures 1638
hemorrhoids 1631
sedation 2540

anesthesiologist-delivered sedation 2541
aneurysm(s)

abdominal aortic 789, 795
celiac axis 2896
circoid see Dieulafoy lesions
gastroduodenal artery 2896
hepatic artery 2896
pancreatic arterial 2896
splanchnic artery see splanchnic artery 

aneurysms
visceral artery see visceral artery aneurysm 

(VAA)
angina-like chest pain 657
angiodysplasia 2472, 2477–2483, 2676

angiography 2899–2900
arterial venous malformations vs. 

2676
associated conditions 2477–2478
bleeding 2477–2479
clinical manifestations 2478–2479
clustering 2478, 2478
colonic 2478
diagnosis 2480–2481
differential diagnosis 2481
epidemiology 2477–2478
hereditary hemorrhagic telangiectasia vs. 

2481
histology 2478
iatrogenic trauma vs. 2481
natural history 2481
pathogenesis 2478, 2479
pathological types 2899
physical examination 2479
surgical therapy 2483
therapy 2481–2483, 2676

future bleeding risk 2481
medical 2482–2483
timing 2481–2482

upper gastrointestinal bleeding 808–809
vascular tuft 2480
see also arteriovenous malformations; 

vascular ectasia
angioectasia see vascular ectasia
angioedema, hereditary 2313–2314,  

2403–2404
angiogenesis 181–182, 181

Barrett esophagus 957
hepatic fibrosis 2085
hepatopulmonary syndrome 2121
IBD 181–182
phases 181
portal hypertension 2640

angiogenesis inhibitors, angiodysplasia  
2482–2483

angiogenic dormancy 612
angiography 2480–2481, 2480, 2886–2908

abdominal trauma 2896
acute mesenteric ischemia 2495–2496, 

2893–2894, 2893
advances, forthcoming 2908

angiodysplasia 2899–2900
therapeutic 2482

approach 2887–2888
arterial disease 2893–2896
arteriovenous malformations 2899–2900
biliary cystadenomas 2904
Budd–Chiari syndrome 2897–2898, 2897
capillary telangiectasia 2900
carcinoid tumors 2900–2901
catheters 2887
cavernous hemangiomas 2904
celiac axis aneurysms 2896
celiac axis compression syndrome 2894–2895
cholangiocarcinoma 2905
chronic mesenteric ischemia 2499
cirrhosis 2905
colonic bleeding 812
colonic ischemia 2894
contraindications 2889
contrast agents 2886, 2888–2889
Dieulafoy lesions 2474–2475

therapeutic 2475
diverticular bleeding 813
focal nodular hyperplasia 2904
gastrinomas 1090–1091
gastroduodenal artery aneurysms 2896
gastrointestinal bleeding 801, 2898, 

2919–2920
lower 2899, 2899
upper 2898–2899, 2898

gastrointestinal disease 2898–2901
gastrointestinal stromal tumors 2900, 2901
hemangiopericytoma 2489
hemorrhagic gastritis 2898–2899
hepatic adenoma 2904
hepatic disease 2903–2905
hepatic metastases 2905, 2905
hepatocellular carcinoma 2904–2905, 2904
insulinomas 2901–2902
interarterial digital subtraction 2886
intestinal angina 2894
intestinal varices 2900
intravenous digital subtraction 2886
ischemic colitis 2504–2505
islet cell adenomas 2901–2902, 2902
Mallory–Weiss tears 990
Meckel diverticulum 84, 2900
mesenteric ischemia 672, 793–794
mesenteric vein thrombosis 2896
mortality rates 2889
needle sizes 2887
nonocclusive mesenteric ischemia 2495
pancreatic adenocarcinoma 2901, 2902
pancreatic arteriovenous 

malformations 2903, 2903
pancreatic cystic tumors 2901
pancreatic disease 2901–2903
pancreatic endocrine tumors 2901–2903
pancreatic neuroendocrine tumors 1801
pancreatic tumors 2901
pancreatitis 2903
panhepatic 2905
peptic ulcer bleeding 807, 807, 2898–2899
percutaneous catheterization 2887
percutaneous portal vein 

catheterization 2888
polyarteritis nodosa 672, 2895, 2895
portal hypertension 2905

portal vein occlusion 2896, 2897
portal venous system visualization 2887
rectal trauma 2900
risks 2889
sedation 2887
small bowel hemangiomas 2901
small intestine neoplasms 2900–2901
splanchnic artery aneurysms 2895–2896
splanchnic artery pseudoaneurysms 2895–

2896
splenic vein occlusion 2897
superior mesenteric artery syndrome 2895
systemic lupus erythematosus 2895
technical considerations 2886–2888
transaxillary 2889
transhepatic portal vein catheterization  

2888
transjugular portal vein 

catheterization 2888–2889
vascular ectasia 2899–2900, 2900
vasculitis 2895
venous disease 2896–2898
weight loss 672

angioplasty with stenting, Budd–Chiari 
syndrome 2174

angiosarcoma 2472, 2488–2489
angiostrongyliasis 2354–2355
Angiostrongylus costaricensis 2338–2339, 

2354–2355
angiotensin-converting enzyme 543
angiotensin-converting enzyme (ACE) 

inhibitors
gastrointestinal side effects 2400
portal hypertension 2642
postliver transplant hypertension 2143–2144

angiotensin II, vasoconstriction 166
angiotensin receptor blockers (ARBs)

portal hypertension 2642
postliver transplant hypertension 2143–2144

angle of His 43, 342–343
angular cheilitis 2460–2461
animal studies, food allergy 2299
anion exchanger (AE) gene family 429–430
Anisakis (anisakiasis) 1114, 2338–2339, 

2356–2357
Anisakis physeteris 2356–2357
Anisakis simplex 788, 2356–2357
ankylosing spondylitis 1387–1388, 1387, 

1422–1423, 2408
ankyrin, gastric acid secretion 412–413
annular pancreas 28, 28, 70–71, 71, 118–119

computed tomography 2808, 2808
etiology 28, 118
recurrent acute pancreatitis 2607

anoctamin 1 (TMEM16A) 431, 487, 1337
anoikis 78, 609
anomalous pancreatic–biliary duct junction 

(APBJ) 1870–1871, 2607
anomalous pancreaticobiliary ductal union 

(APBDU) 1848–1852, 1854
anorectal abscess 1633–1636

classification 1633–1634
clinical manifestations 1634–1635
diagnostic tests 1635
differential diagnosis 1633
etiology 1633
recurrent 1635
treatment 1635–1636
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anorectal disease 1629–1652
anal stenosis 1639–1640
HIV-1-infected persons 2293
neutropenia 2295
pregnancy 844–846
see also individual diseases

anorectal examination 1629–1630
anorectal fistula 1633–1636

classification 1633–1634
clinical manifestations 1635
diagnostic tests 1635
differential diagnosis 1633
etiology 1633
surgery 1635–1636
treatment 1635–1636

anorectal infections 1246–1248
bacterial 1246–1247
diagnosis 1201
intestinal pathogens, sexual transmission  

1248
treatment 1201
viral 1247–1248

anorectal malformations 23–24, 101–103, 102
anorectal manometry

constipation 767, 770
fecal incontinence 1644–1645
Hirschsprung disease 770

anorectal pain (proctalgia) 1648–1649
anorectal ring 96–97
anorectal varices 1633
anorexia 676

acute abdomen 787–788
cancer patients 672, 2423
liver biopsy 2959

anorexia nervosa
adiponectin 2270–2271
amenorrhea 2270, 2274
anxiety 2268–2271
behavioral interventions 2274
body image distortion 2267
cardiovascular complications 2273
constipation 2273
delayed gastric emptying 1015, 1177, 2273
diagnostic criteria 2266–2267
endocrine complications 2273–2274
energy expenditure 2268
epidemiology 2265–2266
glucose blood levels 2269
hyperactivity 2269–2271, 2275
laboratory abnormalities 2272
leptin 2269–2270, 2275
medical complications 2272–2273
natural history 2268
neuropeptide Y 2271, 2275
obsessive–compulsive disorder 2268–2269
pathophysiology 2266–2267
psychological change 2268, 2274
risk factors 2266
small intestinal dysmotility 1177
treatment 2274–2275

biological response 2275
goal 2274
psychiatric approach 2274

anoscopy 1630
anorectal herpes 1247
colonic bleeding 812
HSV proctitis/proctocolitis 2289
internal hemorrhoid bleeding 815

ANRIL 595–596
antacids

GERD 923
in pregnancy 836

nausea and vomiting of pregnancy 840
peptic ulcer disease 1056–1057
in pregnancy, side effects 836

antegrade (Malone) continent enema procedure, 
constipation 778

anterior cingulate cortex (ACC)
brain–gut axis 230–231
pain perception 699–700

anterior cutaneous nerve entrapment syndrome 
(ACNES) 718, 719

anterior fold (anterior intestinal portal) 4
anterior inferior pancreaticoduodenal artery  

113
anterior intestinal portal (anterior fold) 4
anterior nerve of Latarjet 64
anterior pancreaticoduodenal arcade 113
anterior superior pancreaticoduodenal artery  

74, 113
anthraquinones 774
anthrax 1237
anthropometric parameters, nutritional 

assessment 2213
antiadhesion agents, ulcerative colitis  

1406–1407
antiamebic antibodies 2168–2169
antibiotic-associated diarrhea (AAD) 739, 

1238–1239, 2529
antibiotics

acute liver failure induction 1979
acute pancreatitis 1680
acute suppurative peritonitis 2197
anorectal abscess 1635
Campylobacter infections 1206
cholera 1235
cholesterol gallstone formation 1816
chronic granulomatous disease 2311
chronic pancreatitis 1715
chronic radiation enteritis 2517
Clostridium difficile associated diarrhea 1207
Clostridium difficile infection 1211–1212
colonoscopy 2572
continuous ambulatory peritoneal dialysis-

related peritonitis 2200
Crohn’s disease 1437, 1465
Cronkhite–Canada syndrome 1606
diarrhea induction 739, 1238–1239
diverticular perforation 1532–1533
diverticulitis 1532, 1534
enteric infection 1198–1199
Escherichia coli infections 1219, 1221, 1223
gastrointestinal dilation 2616
Helicobacter pylori eradication therapy 

1061–1062
hepatic encephalopathy 2114–2117
IBD

early use in life and 1376
in pregnancy 844

immunoproliferative small intestinal 
disease 1604

irritable bowel syndrome 1513, 1515–1516
Listeria monocytogenes gastroenteritis 1226
microbiota composition 624
peptic ulcer disease 1037
pouchitis 1395

prophylactic
acute pancreatitis 1680
acute variceal hemorrhage 2651
cholecystectomy for gallstones  

1824–1825
cirrhotic ascites 2098
Crohn’s disease 1465
endoscopy 2556, 2557
necrotizing pancreatitis 1680
percutaneous endoscopic 

gastrostomy 2629
spontaneous bacterial peritonitis 2102

pyogenic liver abscess 2170
Salmonella gastroenteritis 1228–1229
shigellosis 1233
Shwachman–Diamond syndrome 1745
small intestinal bacterial overgrowth 732, 

750, 1177–1178, 1301–1302
in short bowel syndrome 1311
therapeutic trial 1301

spontaneous bacterial peritonitis  
2101–2102

traveler’s diarrhea 1202
tropical sprue 753, 1255
typhlitis 1492
ulcerative colitis 1395
Whipple disease 753, 1253
X-linked agammaglobulinemia 2307–2308
see also individual drugs

antibodies to infliximab (ATI) 1403–1404
antibody deficiencies 2304, 2306–2309
antibody to hepatitis A (anti-HAV) 1887,  

1900
antibody to hepatitis B core antigen (anti-HBc)  

1901, 1920–1921, 1980
antibody to hepatitis B e antigen (anti-HBe)  

1901, 1927
antibody to hepatitis B surface antigen 

(anti-HBs) 1901, 1920
antibody to hepatitis C (anti-HCV) 1888, 1901, 

1940, 1943–1944
screening tests 1944
seroconversion 1946

antibody to hepatitis D (anti-HDV) 1901–1902, 
1927

antibody to hepatitis E (anti-HEV) 1902
antibody to Saccharomyces cerevisiae (ASCA)

Crohn’s disease 1365
ulcerative colitis 1382

anticardiolipin antibody syndrome 1001
anticentromere antibodies 2004
anticholinergic drugs, intestinal 

pseudoobstruction induction 1358
anticoagulants

acute mesenteric ischemia 2922
Budd–Chiari syndrome 2174
endoscopic procedures 2555–2556
gastrointestinal bleeding induction 1357
intestinal ischemia induction 1357–1358
intramural hematoma induction 1357
portal vein thrombosis 2176–2177
sepsis 2198

anticonvulsants
cyclic vomiting syndrome 692
neuropathic pain 715–717

antidepressants
anorexia nervosa 2274
functional dyspepsia 656
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GERD 926
irritable bowel syndrome 714–715, 1514, 

1517–1518
pain treatment 714–715, 715–716
primary biliary cirrhosis 2011–2012
see also individual drugs

antidiarrheal agents
chronic radiation enteritis 2517
colonic responses 1194
drug-related diarrhea 2283–2284
irritable bowel syndrome 1513, 1515
microscopic colitis 1484
short bowel syndrome 1315

antidrug antibodies 1443
antiemetics

acute diarrhea 742
cyclic vomiting syndrome 692
gastroparesis 1019
nausea and vomiting 687–690, 688–689
postoperative nausea and vomiting 693
rotavirus infection 1242

antieotaxin-1 935
anti-epidermal growth factor receptor 

(anti-EGFR) therapies
colorectal cancer 1573, 1578
KRAS mutations 590
markers 589

antiepileptics, pain treatment 715–717
antifibrotic therapy 2083–2084

future directions 2086
novel 2083, 2085–2086

antifungal therapy
acute pancreatitis 1680
esophageal candidiasis 939
typhlitis 1492
see also individual drugs

antigen presentation 289–291
antigen presenting cells (APC) 285–286

graft-versus-host disease 2317–2318
antigliadin antibody, celiac disease  

1266–1267
antihistamines

gastroparesis 1019
mast cell colitis 1487
nausea and vomiting 687
nausea and vomiting of pregnancy  

839
primary biliary cirrhosis pruritus  

2011
anti-Hu antibody 2424–2425
antihypertensive agents, intestinal ischemia 

induction 1356
antiinflammatories, primary biliary cirrhosis  

2010
antiliver–kidney–microsomal type 1 antibodies 

(anti-LKM1) 1956, 1992
antimetastatic agents 606
antimicrobials

HIV-related diarrhea 2280–2281
intraabdominal abscesses 2186, 2191
small intestinal bacterial overgrowth 1311, 

1316
see also antibiotics

antimitrochondrial antibodies (AMA), primary 
biliary cirrhosis 315–316, 2000–2002, 
2001, 2004

animal models 2000–2001

antimotility drugs
short bowel syndrome 1315, 2224
traveler’s diarrhea 1199, 1202

antineuronal nuclear antibody type 1  
(ANNA-1) 2424–2425

antineutrophil cytoplasmic antibodies (ANCA)
Churg–Strauss syndrome 2436
IBD 1382

antinociceptive agents, functional 
dyspepsia 1030

antinuclear antibodies (ANA)
autoimmune hepatitis 1989, 1992
primary biliary cirrhosis 2004
ulcerative colitis 1382

antiobesity drugs 536, 2237
antioxidants

acute pancreatitis 2524
chronic pancreatitis 1723–1724, 2524
hepatic fibrosis 2084
pancreatic disease treatment 2523–2524
radiation proctitis 2518

antiparkinsonian drugs 1175
antiproliferative agents 2139
antireflux surgery

Barrett esophagus 960–961
GERD 926

antiretrovirals
acute pancreatitis induction 1660
gastrointestinal complications 2281–2283
hepatitis B

HIV coinfection 1928
in pregnancy 855, 855

side effects 2281–2283, 2283–2284
antisecretory, antiinflammatory, antioxidant and 

antiprotease therapy (4 antis) 1680
antisecretory therapy

dyspepsia 655
esophageal radiation injury prevention  

2516
peptic ulcer disease 1054–1055, 1056–1057

during pregnancy 1057
recurrent/refractory ulcers 1070

short bowel syndrome 1309, 1315
traveler’s diarrhea 1202

anti-SLA/LP antibodies, autoimmune 
hepatitis 1991–1992

antispasmodics
acute small intestine radiation injury 2517
adverse effects 1516–1517
avoidance in pregnancy 842
colonoscopy 2572
irritable bowel syndrome 1514, 1516–1517

antithrombotic agents
colonoscopy 2571
post endoscopy 2677

antitumor necrosis factor (anti-TNF) agents
adverse effects 1441
Behçet disease 2466
black box warning 1441
contraindications 1441
Crohn’s disease 1431, 1436, 1440–1441

azathiopurine and 1442
combination therapy 1440–1441
fistulae 2193
immunomodulators and 1440–1441
indications 1441
initiation timing 1441
patient assessment 1441–1442

postoperative recurrence prevention  
1444–1445

prior to starting 1441–1442
response optimization 1442–1443
response predictors 1442

enterocutaneous fistulae 2193
hepatic fibrosis 2083–2084
IBD 305

pregnancy 845
level measurements 1443
malignancy risks 1441, 1446
mechanism of action 1440
microscopic colitis 1484
oppportunistic infection risk 1402
pancolitis 1403–1404, 1409–1410
in pregnancy 1448
pyoderma gangrenosum 1423–1424
severe sepsis 2197–2198
smoking, effects of 1442
trough levels 1443
ulcerative colitis 1402–1407
see also individual agents

antiulcer drugs, peptic ulcer disease  
1056–1057

antiviral therapy
acute viral hepatitis 1911
anorectal herpes 1247
hepatitis B virus infection 1911, 1917, 

1929–1936
associated mutations 1924–1925, 1924
first-line therapies 1934–1935, 1935
hepatocellular carcinoma prevention  

2164
resistance testing 1931
therapeutic agents 1931–1934

hepatitis C virus 1948
recurrent, postliver transplantation 1954
see also individual drugs

antral distention, functional dyspepsia  
1028–1029

antral G cell hyperplasia (hyperfunction) 3061
antral hypomotility

functional dyspepsia 1028
scleroderma 1169

antralization see pseudopyloric metaplasia
antral motility index, gastroparesis 1010–1011
antral pump 399
antrectomy, gastric antral vascular ectasia  

2477
antroduodenal manometry

functional dyspepsia 1028
gastroparesis 1010–1011
indications 1010
myopathic disorders 1011
neuropathic disorders 1011
rumination syndrome 1011
small intestine mechanical obstruction 1011

antrum, stomach 61
contractions 354
digestible solid emptying 361–362
embryology 60
endoscopic examination 2547–2548
mucosa 64–65
slow waves 273
solids/liquids distribution 362

anus
adenosquamous carcinoma 3055
anatomy 96

antidepressants (cont’d)
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biopsy 3049–3057
mesenchymal tumors 3056–3057
nonneoplastic findings 3049–3050

embryology 101
imperforate 102–103
innervation 372–373, 372
lymphatic drainage 105
motor function 380–381
neoplasia 3051–3056
see also anal canal; rectum

anxiety
anorexia nervosa 2268–2271
chronic abdominal pain 706–707
eating disorders 2268–2269
gastrointestinal manifestations 2438
IBD 1447

aortic arch vessel abnormalities 50–51, 51
aortic stenosis 2399, 2477
aortic valve replacement 2399
aortoenteric fistula 809
AP-1B 321
APACHE-II score, acute pancreatitis  

1672–1673, 1674
APC gene

adenoma development 1539, 1544
Barrett metaplasia 956
colorectal cancer development 593, 

1564–1565
mutation cluster region 1584–1585
mutations 866, 1584

ademonas 41
attenuated familial adenomatous 

polyposis 1584, 1589
colorectal carcinoma 40
familial adenomatous polyposis 1562, 

1584, 1584, 1588
Gardner syndrome 2467
germline 1584–1585
identification 1585
locations 1585
small intestinal adenocarcinoma 1327

two-hit hypothesis 592–593
Wnt signaling pathway 592, 1559–1560

APC protein 32, 1584, 1584
APECED (autoimmune polyendocrinopathy-

candidiasis-ectodermal dystrophy) 
syndrome 1990, 3017

aphodicolin 601
aphthous stomatitis see aphthous ulcers
aphthous ulcers

Behçet disease 2452
celiac disease 2462–2463
Crohn’s disease 1427, 2577, 

3018–3019
differential diagnosis 2459–2460
IBD 2448, 2462
oral 2448
recurrent 2459–2460
sodium phosphate-induced 3026
treatment 2460

apical junction complex (AJC) 422
aplastic anaemia 1906
APOE gene, gallstone formation 1820
apoferritin 580
APOL1 (apolipoprotein L1) gene 2379
apolipoprotein ApoB 1285
apolipoprotein ApoB48 deficiency 1284
apolipoprotein ApoB100 deficiency 1284

apoptosis
acinar cells 1665
acute graft-versus-host disease 2294, 2294, 

2318–2319, 2319
avoidance, Barrettt carcinogenesis 956–957
hepatotoxicity 1961
nonalcoholic steatohepatitis 2063
radiation-induced 2511
small intestine epithelium 78
sodium phosphate-induced 3026
stellate cell activation 2074, 2077

appendectomy
Crohn’s disease risk factor 1419
transgastric 2714
transvaginal 2715
ulcerative colitis protection 1379

appendiceal orifice 2569–2570, 2570
appendices epiploicae 93–94
appendicitis

abscess treatment 2191–2192
acute 783, 786–787, 795
computed tomography 2801, 2801
in pregnancy 791
ultrasound 2759–2760, 2759

appendicolith 2759–2760
appendix 94–95, 100–101, 100
appetite control/regulation 528–537

5′ adenosine monophosphate-activated 
protein kinase 550–551

brain–gut axis 234–236
emotions and 235–236

appetite loss, viral hepatitis 1898
apple-core lesion 981, 982
apple peel atresia 85–86, 85
aprepitant 678, 688–689, 689, 693
aquaporins 326, 425

celiac disease 425
cholangiocytes 485–487
hepatocyte canalicular membrane 485
infectious diarrhea 425
intestinal epithelium 425

ara-A, hepatitis B virus infection 1932
arachidonic acid

calcium moblilization, smooth muscle 264, 
266

metabolism 416, 509–510
arbaclofen placarbil 925
Archaea 621–622
arc of Riolan 104
arcuate nucleus of the hypothalamus (ARH)  

532–533, 532
arginase 1107
arginine 524

cystinuria 1283
lysinuric protein intolerance 1283

argon plasma coagulation (APC) 2684
adenomatous polyps 1546–1547
angiodysplasia 2482
Barrett esophagus 2555
endoscopic guidance 2556
gastric antral vascular ectasia 2477
gastrointestinal bleeding 801
nonvariceal upper gastrointestinal bleeding  

2672, 2673
polyps 2684, 2684
radiation proctitis-associated 

telangiectasias 2518
solitary rectal ulcer syndrome 1640

ARID1A gene 1568
arrestins 209, 269
arsenic poisoning 2438–2439
arterial blood gases

gastrointestinal blood flow 167
hepatopulmonary syndrome 2122–2123
portopulmonary hypertension 2126

arterial lesions 2472
arterial occlusions, Zollinger–Ellison syndrome  

1098
arterial thromboembolism, acute mesenteric 

ischemia 2922
arterial venous malformations (AVMs) 2676

angiodysplasia vs. 2676
arteriography 2893

acute mesenteric ischemia 2922
arteriosclerotic ischemia 2499
arteriovenous communication 2472
arteriovenous malformations (AVMs)

angiography 2899–2900
hereditary hemorrhagic telangiectasia  

2408–2409
see also angiodysplasia

arteriovenous shunting, hepatopulmonary 
syndrome 2120

arthritis
IBD 1422–1423, 2408
peripheral

Crohn’s disease 1422
IBD 2408
ulcerative colitis 1387

primary biliary cirrhosis 2006
reactive, acute diarrhea 742
ulcerative colitis 1387–1388
Whipple’s disease 1251

arthropathy
hemochromatosis 2021
IBD 1367

artificial anal sphincter, fecal incontinence  
1646

Asacol 1392, 1393
ASA Risk Calculator, NSAID-related 

ulcers 1072
asbestos 2200
ASBT/SLC10A2 protein 478–479
ASBT transporter 490–491
ascariasis 2344–2347
Ascaris lumbricoides 2342, 2344–2347

clinical manifestations 2347
complications 2342, 2347
diagnosis 2340–2341, 2346, 2347
ectopic sites 2345, 2346
epidemiology 2344–2345
life cycle 2340–2341, 2345, 2345–2346
prevention 2347
transmission 2345
treatment 2338–2339, 2347

ascites 2087–2106
alcoholic cirrhosis 2050
bacteriological cultures 2091
cardiac 2090–2091
chylous 2088–2089, 2092–2093
cirrhotic 2087, 2093–2100

approach to 2093–2100
hepatic venous pressure gradient  

2090–2091, 2091
liver transplantation 2094
natural history 2093
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pathogenesis 2093, 2093
physical examination 2088
refractory 2098–2100, 2099
sinusoidal hypertension 2093
sodium retention 2093
therapies 2094–2097, 2094
uncomplicated 2087, 2093, 2097–2098, 

2097
vasodilatation 2093

classification 2088
complications 2087–2106
definition 2087
diagnostic paracentesis 2088–2089
etiology 2087, 2088
fluid appearance 2088–2089

bloody 2089
fluid culture 2091
hypothyroidism 2410
imaging investigation 2088
infection evaluation 2091
leukocyte count 2088–2089
malignant

evaluation 2091–2092
gastric cancer 1138
imaging 2092
tumor markers 2091–2092

new-onset 2088–2093, 2089
initial evaluation 2088

ovarian cancer 2428
pancreatic 2089, 2092
percutaneous endoscopic gastrostomy  

2628
physical examination 2087–2088
purulent 2088–2089
refractory 2087, 2098–2100, 2099

vasodilation 2093, 2098–2099
smears 2091
suspected, approach to 2087–2088
symptoms 2087
tuberculosis peritonitis 2418
ultrasound 2760–2761, 2761
see also hepatorenal syndrome (HRS); 

spontaneous bacterial peritonitis (SBP)
ascites total protein content 2088, 2089–2090, 

2089
ascorbate see vitamin C
ascorbic acid see vitamin C
ASCT2 protein 546–547
Asian pork tapeworm (Taenia asiatica) 

2368–2371
asimadoline 1520
aspartate aminotransferase (AST)

acute elevation 820
autoimmune hepatitis relapse 1997
HELLP syndrome 849
hepatitis B virus infection 1926
hepatocellular injury 820
interpretation guidelines 820
isolated elevation

clinical presentation 826
diagnostic evaluation 826, 827
pathophysiology 826–828
screening laboratory studies 828, 828

rapid recovery in levels 820
unconjugated hyperbilirubinemia  

829
Wilson disease 2025

aspartate aminotransferase:alanine 
aminotransferase (AST:ALT) ratio

alcoholic hepatitis 2051
alcoholic liver disease 2047–2048
cirrhosis 2080
hepatocellular injury 820
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aspartate aminotransferase to platelet ratio 
index (APRI)

alcoholic liver disease 2048
cirrhosis 2080
hepatic fibrosis 2080

aspergillosis
eosinophilic esophagitis 311–312
esophageal infection 939, 941
hepatocellular carcinoma 2148
small intestine 1261–1262

Aspergillus 1261, 2148
Aspergillus fumigatus 311–312
aspiration

duodenal 729–730
laryngeal 2726
oropharyngeal dysphagia 886
percutaneous endoscopic gastrostomy 

complication 2632–2633
sedation 2543
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aspiration pneumonia

cerebrovascular accidents 883–884
oropharyngeal dysphagia 883–884, 886
percutaneous endoscopic gastrostomy 

complication 2632–2633
risk prediction 886

aspiration-sclerotherapy, polycystic liver 
disease 1857

aspirin
adenoma chemoprevention 1547
cancer incidence reduction 615–616
cancer mortality reduction 615
colorectal adenoma recurrence reduction 614
colorectal cancer

chemoprevention 615, 1547, 1562, 
1579–1581, 1580

predictive biomarkers 1573
recurrence reduction 1579

diverticular disease risk factor 1525
drug reactions 1967
endoscopic procedures, avoidance prior 

to 2555–2556
esophageal adenocarcinoma 615
familial adenomatous polyposis 1580
gastric ulcers induction 2733
gastrointestinal bleeding risk 2400–2401, 

2677
gastrointestinal complications 

prevention 1073
Lynch syndrome 615, 1580–1581
mechanism of action 614–615
peptic ulcer disease

etiology 1033
hemorrhage risk 1075
pathogenesis 1047
prevention 1070–1074

reactive gastropathy induction 1117
Reye syndrome induction 2029–2030

assisted reproductive techniques (ART), 
HCV 856

AST see aspartate aminotransferase (AST)

asterixis, hepatic encephalopathy 2111–2112
asthma, GERD 914, 2435
astrocytomas 884
astrovirus 736, 1239, 1243–1244, 1244, 

2289–2290
ataxia telangiectasia (ATM) gene 594, 594

pancreatic cancer 868
radiation injury 2511–2512

ataxia with isolated vitamin E deficiency 1292
ATG16L1 gene 1369, 1371
atherosclerotic disease, gastric ischemia 1017–

1018
Atkins diet 2236–2237
ATM gene see ataxia telangiectasia (ATM) gene
atopic disease, eosinophilic colitis 1486
ATP see adenosine triphosphate (ATP)
ATP7A 517–518, 1287
ATP7B gene, Wilson disease 1287, 2026, 2396
ATP8B1 gene mutations 848, 2392, 2393
ATPase pumps 426, 427
ATPases 410
ATP-binding cassette (ABC) proteins 483, 631
atresia

apple peel 85–86, 85
biliary see biliary atresia
colonic 101–102
duodenal 19, 70, 70, 85–86
esophageal 48–49, 49, 102–103
gastric 68
intestinal see intestinal atresia

atrophic gastritis
common variable immunodeficiency 2309
delayed gastric emptying 1014
gastric hyperplastic polyps 3001–3002
hypergastrinemia 3062
metaplastic 2997–2998

autoimmune 2997, 2998
environmental 2997–2998

pepsinogen levels 415, 3063
rheumatoid arthritis 2405–2406

atropine see hyoscyamine
ATRX gene mutations 1786
attenuated familial adenomatous polyposis 

(AFAP) 1559, 1589
colonic polyposis 1585
colorectal cancer development risk 1562, 

1589
genetics 1584, 1589
MUTYH-associated polyposis vs. 1594
polyps 1589
treatment 1592

atypical antipsychotic drugs (AAPDs) 536, 715
Auerbach plexus see myenteric plexus
auranofin 2439
ausculation

abdominal pain 710
acute abdominal pain 789
cardiac, portopulmonary hypertension 2125–

2126
Crohn’s disease 1426

autoantibodies
autoimmune hepatitis 1989, 1992
autoimmune pancreatitis 314
celiac disease 1264–1265
hepatitis C virus 1947, 1956
mucous membrane pemphigold 2450
pemphigus vulgaris 2451
portopulmonary hypertension 2125

ascites (cont’d)



Subject index   i13

primary biliary cirrhosis 2000, 2001, 2004
see also individual types

autocrine loops 199, 200
autocrine signaling, stellate cells 2077
autodigestion, acute pancreatitis 1662–1663, 

1662
autofluorescence imaging, colonoscopy  

2580
autoimmune cholangitis (AMA-negative 

primary biliary cirrhosis) 2008, 2012
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common variable immunodeficiency 2309
esophageal involvement 1001
fecal microbial transplantation 1213
gastrointestinal lymphoma risk 1574
IBD and 1367
intestinal vasculitis 2507
protein-losing gastroenteropathy  

1361–1363
see also individual diseases

autoimmune enteropathy 1355, 3017, 3017
autoimmune gastritis 312, 1115–1116, 1116, 

3001–3002
autoimmune hepatitis see hepatitis, 

autoimmune
autoimmune hypothyroidism, celiac disease  

1175
autoimmune liver diseases 314–316
autoimmune metaplastic atrophic gastritis 

(AMAG) 2997, 2998
autoimmune pancreatitis see pancreatitis, 

autoimmune
autoimmune polyendocrine syndrome (APS) 

type 3 312
autoimmune polyendocrinopathy candidiasis 

ectodermal dystrophy syndrome 
(APECED) 1990, 3017

autoimmune regulator (AIRE) gene mutations  
1990

autoimmune thyroiditis 1956
autoimmunity 286, 298–299
autoinflammatory disorders 2304, 2311–2313, 

2312
autologous gastrointestinal reconstruction see 

surgical intestinal rehabiliation
autonomic dysfunction

advance liver disease 2431
gastrointestinal manifestations 2431

autonomic dysreflexia, spinal cord injury 2430
autonomic nervous system

brain–gut axis 232–233
cyclic vomiting syndrome 680
irritable bowel syndrome 236, 1502
nausea and vomiting 683
pancreatic secretion initiation 471

autonomic neuropathy
diabetes mellitus 2412–2413
secondary causes 2431

autonomy, genetic counseling 876
autophagy

acute pancreatitis 1665
IBD 1366–1367, 1371
Paneth cell function regulation 81
stellate cell activation 2077
tuberculosis 1256–1257

autoregulation 166–167, 167
newborns 167

autoregulatory escape 165–166, 165

autosomal dominant inheritance 862–863, 863, 
865, 871–872

autosomal dominant polycystic kidney disease 
(ADPKD) 1854, 1857, 2745–2746

autosomal dominant polycystic liver 
disease 2745–2746

autosomal recessive inheritance 862–863, 863, 
865, 871–872

autosplenectomy, sickle cell disease 2419
autotaxin 2453
autovagotomy, diabetes mellitus 2412–2413
avoidant/restrictive eating disorder 

(ARFID) 2276
Axin 32
Axin2 32
AXIN2 gene mutations 40, 593
azathioprine

adverse effects 1439
autoimmune hepatitis 1995–1997, 1996

children 1997
maintenance therapy 1997

cancer rates 1399–1400
chronic ulcerative (nongranulomatous) 

jejunitis 1355
common variable immunodeficiency 2309
Crohn’s disease 1436, 1438–1439

anorectal fistulae 1636
anti-TNF agents and 1442
oral lesions 2462
postsurgical prophylaxis 1444, 1465–1466

IBD in pregnancy 843, 845
malabsorption induction 1359
metabolism 1398, 1398
microscopic colitis 1484
in pregnancy 1416
side effects 1399, 1997
ulcerative colitis 1398–1400

in children 1417
initial dosing 1398–1399
relapse rates 1400
remission rate 1400

azithromycin
Campylobacter infections 1206
Chlamydia trachomatis 1246
nausea and vomiting 688–689, 690
Vibrio cholerae 1235

azoles
esophageal candidiasis 940
resistance 941

azure lunulae 2453

B
BAAT gene mutations 2392, 2392
Bacillus anthracis 1237
Bacillus cereus 678, 1237
Bacillus mesentericus 2529
backwash ileitis 1383, 3019–3020
baclofen

alcoholic cirrhosis 2050–2051
binge eating disorder 2275–2276
GERD 925
pain treatment 717
rumination syndrome 692

bacteremia, post-esophageal dilation 2616
bacteria

designations 618
fiber, effects on 1295
gut inhabitants 620–621, 621

infectious diarrhea 447
intestinal prosecretory actions 442
large intestine 621
names 618
protective, IBD 1374
rectal 621
small intestine 621
in stomach 621
in stool 620–621
sulfate-reducing 725, 1374
tight junction permeability 422–423
toxins 422–423, 442

bacterial cholangitis
primary sclerosing cholangitis 1842
ulcerative colitis 1389–1390
ultrasound 2753–2754

bacterial colitis 1200
bacterial culture, H. pylori 1059
bacterial esophagitis 2986–2987
bacterial infection(s)

acute diarrhea 737–738, 737
pathogens 737

anorectal 1246–1247
brown pigment gallstones 1819
continuous ambulatory peritoneal dialysis-

related peritonitis 2199
Crohn’s disease vs. 1431
diarrhea 1203–1239

in systemic illnesses 1238
esophageal 939, 946
gastritis 1113
gastroenteritis 1203–1239
HIV-related diarrhea 2280, 2284–2287, 

2284–2285
immunocompromised hosts 2295
irritable bowel syndrome 1498
liver transplant complication 2142
nausea and vomiting 678
protein-losing gastroenteropathy 1361
retroperitoneal 2203–2204
see also individual pathogens

bacterial overgrowth see small intestinal 
bacterial overgrowth (SIBO)

bacterial pathogen testing 1197
bacterial translocation, SIBO complication  

1302
bacteriotherapy see fecal microbial 

transplantation (FMT)
Bacteroides fragilis 1203
Bacteroides fragilis enterotoxin (BFT, 

fragilysin) 1203
Bacteroidetes 621
balanced propofol sedation (BPS) 2538–2540
balantidiasis 2331
Balantidium coli 2326, 2331
balloon angioplasty, chronic mesenteric 

ischemia 2924
balloon cells 2982
balloon dilation

achalasia 899, 2614–2615
anastomotic strictures 2617–2618
benign biliary strictures 2599, 2934–2935
Crohn’s disease 2617
dilators 2613, 2614
endoscopic retrograde 

cholangiopancreatography 2589
esophageal strictures 2614–2615, 2617
future applications 2625
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B- and T-cell defects 2304, 2309–2310
Bannayan–Riley–Ruvalcaba syndrome 1601
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morbidity rates 2250–2251
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outcome 2242
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results 2244–2245
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approaches 2247–2248

types 2248–2250
venous thromboembolic disease 2244
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whole patient approach 2242–2243
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barium contrast studies see contrast studies
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colonic perforation induction 2741
colorectal cancer 1573–1574, 1623–1624, 

2739, 2739
constipation 766, 767
diverticulosis 1529
enterocolic fistulae 2187
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Hirschsprung disease 1191, 1191
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nausea and vomiting 685
rectum 2740–2741
ulcerative colitis 1381, 1386, 1386–1387
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Barrett esophagus 2729
Candida esophagitis 2729, 2730
cytomegalovirus esophagitis 943, 944
duplication cysts 50
dysphagia lusoria 51, 51
esophageal candidiasis 939
esophageal intramural hematoma 991–992
esophageal leiomyoma 980, 980
esophageal rupture 991
esophageal squamous cell carcinoma 981, 

982
esophageal tuberculosis 945–946
fungal esophageal infections 941
GERD 922
lower esophageal mucosal ring 53, 53
lower esophageal muscular ring 53–54, 54
paraesophageal hernias 1143
Zenker diverticulum 55–56, 56

barium salts, peptic ulcer disease 1054–1055
barium studies see contrast studies
barium sulfate spillage, chemical 

peritonitis 2199
barostat distension, irritable bowel 

syndrome 1499–1500, 1510
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molecular biopsy 955–958, 955
Barrett esophagus 949–974, 950

angiogenesis 957
basal crypt dysplasia 2991, 2991
biomarkers 952, 958–959
biopsy findings 949–950, 954,  

2989–2993
buried metaplasia 965–966
cancer prevention 966–967
cancer risk 953
cardiac mucosa 951
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definition 951, 2989

American Gastroenterological 
Association 951, 2989

conceptual 951
diagnostic criteria 949–951

dysplasia in 958–960, 2989–2993
algorithm 2990
endoscopic perspectives 958–959
endoscopic surveillance 961–962, 962, 967
grading 2990–2993
histopathological perspectives 959–960
intensive endoscopic surveillance 962–963
molecular biopsy 955–958, 955
treatment 962–965

endoscopic mucosal resection specimens  
2992–2993, 2992

endoscopic therapy 2685
endoscopic tissue sampling 2549
epidemiology 952
familial form 952
gastric cardia progenitor cells 64
genetics 2380
genomic instability 958
genone-wide association study 954
from GERD 915, 949, 953
hiatal hernias 1141
high-grade dysplasia 958, 2685, 2990, 2991

natural history 959
indefinite for dysplasia 2990
intestinal metaplasia 949–951, 950, 2989

at the gastroesophageal junction 951–952
molecular events 954
pathogenesis see under metaplasia 

pathogenesis below
intramucosal carcinoma 2991–2992, 2992
long-segment 949–950, 953
low-grade dysplasia 958, 2990–2991, 2990

natural history 959
magnification endoscopy 2551–2552
management 960–965

GERD treatment 960–961
recommendations 967

metaplasia pathogenesis 953–955
cells of origin 954–955
noxious agent exposure 953–954
physiological perturbations 953
transcommitment 954
transdifferentiation 954

mouse models 64
multilayer epithelium 954
negative for dysplasia 2990, 2990
obesity 2235
Prague C and M criteria 950–951
prevalence 952
short-segment 949–950, 951

gastric cardiac intestinal metaplasia vs. 952
tumor-promoting inflammation 958

Bartonella, peliosis hepatis 2181–2182
Bartonella henselae esophagitis 946
Bartter syndrome 2384–2385
BARX1 18
basal acid output (BAO) 405–406

cholinergic innervation 406
circadian rhythm 406

basal cell carcinoma, perianal 1651
basal crypt dysplasia, Barrett esophagus 2991, 

2991
basal energy expenditure, infection 506
basal ganglia, hepatic encephalopathy 2110
basic helix–loop–helix (bHLH) proteins 34
batteries, gastric foreign bodies 1148–1149
Baylor Score 2666
Bazex syndrome 2444

balloon dilation (cont’d)
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B-cell receptor (BCR) 286, 291
B cells 291–292

antigenic stimulation 291
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colonic crypts 98–99
IBD 1372
in lamina propria 297
production/differentiation 291
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Barrett carcinogenesis 957
radiation injury 2511
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syndrome (BBBNS)
Beckwith–Wiedemann syndrome 29, 88
beef tapeworm see Taenia saginata (beef 

tapeworm)
beeturia 581
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behavioral modification, rumination syndrome  

692
behavior therapy

anorexia nervosa 2274
obesity 2237

Behçet disease 2435, 2452–2453
Budd–Chiari syndrome 2435
esophageal involvement 1000–1001, 1001
gastrointestinal involvement 2465
gastrointestinal manifestations 2435
oral manifestations 2435, 2465–2466
small intestinal biopsy findings 3019, 3019
small intestine ulcers 1352
treatment 1352, 2466
vasculitis 2506

belch reflex dysfunction, achalasia 896
benign mucous membrane pemphigoid 

(BMMP) 1002, 1003
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(BRIC) 493, 2393
benign recurrent intrahepatic cholestasis-2 

(BRIC-2) 493
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benzafibrate 2010–2011
benzathine penicillin 1247
benzocaine 2540
benzodiazepines 2537–2538

adverse effects 2542
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chemotherapy-induced nausea and vomiting  

1019
chronic pain treatment 715–717
cyclic vomiting syndrome 692
nausea and vomiting 688–689, 690
opiates and 2540
propofol and 2540

beriberi, dry/wet 556–557
Bernard–Soulier syndrome 2419–2420
Berne procedure, chronic pancreatitis  

1727–1728
β-blockers

adverse effects 2648
gastric varices

primary prophylaxis 2650
rebleeding prevention 2661

gastroesophageal varices
advantages/disadvantages 2648–2649
assessment 2649
combination therapies 2649–2650
endoscopic variceal ligation and 2650, 

2659
endoscopic variceal ligation vs. 2648, 2648
isosorbide mononitrate and 2649–2650
nonresponders 2649
primary prophylaxis 2647–2648, 2648
secondary prophylaxis 2658

portal hypertension 2640–2641
portal hypertensive gastropathy 2662
refractory ascites 2099

beta cells, pancreas 117–118
betaine 2522

liver disease 2522
nonalcoholic fatty liver disease 2068

beta toxin 1214, 1360
bethanechol

gastroparesis 1020, 1022
small intestine motility stimulation  

1175–1176
Bethesda guidelines, Lynch syndrome 

diagnosis 1560
bevacizumab

esophageal adenocarcinoma 973
hereditary hemorrhagic telangiectasia 2484
metastatic colorectal cancer 588–589, 

1578–1579
small intestinal adenocarcinoma 1330

bezoars 1148, 1150–1152
bariatric surgery 1150
clinical presentation 1151
diabetic gastroparesis 2414
epidemiology 1150
nausea and vomiting complication 684
nonfood items 1150
paraesophageal hernias 1144, 1150
pathogenesis 1150–1151
physical examination 1151
therapy/management 1151–1152

bHLH proteins 19–20
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biased agonism 208
bicarbonate ions

in bile 476
bile acid-independent bile formation 485
as defense mechanism 1044
pancreatic juice 451, 451–452
secretion

cholecystokinin, role in 456
by epithelial cells 324
gastric 401, 404–405, 404, 414–415
genetic defects 446–447
intestinal 434–435, 435
intracellular calcium and 438
pancreatic 455–456, 472, 1661–1662
secretin in 455

bichloroacetic acid 1247–1248
Bifidobacterium

HIV/AIDS associated diarrhea 2530
irritable bowel syndrome 1517

Bifidobacterium animalis 2526
Bifidobacterium infantis

acute diverticulitis prevention 1534
irritable bowel syndrome treatment 733, 

1514, 1517, 2525–2526

bile
acidification defect 1819
canalicular formation regulation 488–489
canalicular transport 483–485
chemical peritonitis 2199
cholesterol carriers 1810
composition 193, 474–476, 475
formation 829

bile acid-dependent 479–485, 479
bile acid-independent 479–480, 479, 

485
canalicular 479–480
ductular 479–480, 485–488
mechanisms 479–488
mechanosensitive regulation 492
membrane solute/ion transport  

480–481
regulation 488–492
transcriptional regulation 488

functions 474
hepatocytes 151–153
leaks see bile leaks
lipid chemical species 1810
lipid physical states 1810–1812
lipids, hepatic secretion 1813
lithogenic 1814
micelle-vesicle coexistence/interconversion  

1810–1812
neonatal cholestasis 2024
organic constituents 193
postprandial hyperemia 170
proteins 1810
secretion 474–496
secretory IgA 297
secretory unit 476–479
supplements, short bowel syndrome  

1315–1316
ultrasound 2754

bile acid(s) 474–475
absorption, intestinal 478–479
acinar cells, effect on 1666
cellular injury induction 492–493
cholerectic activity 481
conjugated, reabsorption 193–194
conjugation 474–475

defects 2392
enterohepatic circulation 478–479, 1285
functions 193
hepatocyte canalicular membrane transport  

483
hormonal effects 442
intestinal transport regulation 441–442
intrahepatic cholestasis of pregnancy 848
irritable bowel syndrome 1505
lipid absorption 549
litholysis, gallstones 1825–1826
malabsorption see bile acid malabsorption 

(BAM)
modification, constipation 776
nuclear receptors 488–489, 489
primary 1810
removal by hepatocytes 477–478
resorption, neonates 22
secondary 474–475, 1810
secretion 477–478
synthesis 474–475

defects 492, 494–495
fetal 22
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transport 481–483, 490–491
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overgrowth 1299–1300
bile acid CoA: amino acid N-acyltransferase 

(BAAT) gene mutations 2392, 2392
bile acid diarrhea 747

type II 747, 1286
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1285–1286
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microscopic colitis 1483
primary 1286
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diarrhea in pregnancy 841
microscopic colitis 1484

bile duct(s)
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anatomy 2751
cancer 1587

see also cholangiocarcinoma
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development disorders 495–496
diseases, CT 2814–2815
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extrahepatic 2751

anatomy 137–141
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tomography 2812–2813
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embryology 146–147
intrahepatic 147–149, 149, 2751

development 14–15
multidetector computed tomography  

2812–2813
leaks see bile leaks
obstruction see biliary obstruction
papillomatosis 1858
primary biliary cirrhosis 2002–2003
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stents/stenting see biliary stents/stenting
strictures see biliary strictures
ultrasound see ultrasound

bile ductules, terminal 156, 477–478
bile leaks

aberrant intrahepatic anatomy 2596,  
2597

cholecystectomy-related 2596, 2597
cholescintigraphy 2874–2875
definition 2937
ERCP see endoscopic retrograde 

cholangiopancreatography (ERCP)
iatrogenic injury 2596
liver transplant complication 2141
percutaneous management 2937

percutaneous transhepatic catheter  
2597

post-liver transplantation 2604
bile reflux

gastric injury 2995
reactive gastropathy 1117

bile salt-actived lipase 1283–1284
bile salt diarrhea 1286
bile salt export pump (BSEP) 483, 488, 2392, 

2393
biliary lipid secretion 1813
intrahepatic cholestasis of pregnancy 848
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2 488, 494
bile salts

biliary stasis 394–395
metabolism disorders, genetic 2392–2393, 

2392
transport, hepatotoxicity 1961

bile salt transport disorders 2392–2393, 2392
biliary adenomas 1858, 2753
biliary atresia 29, 142–144, 143, 495–496

acquired 495–496
associated anomalies 142–143
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genetics 2395
imaging 143–144
liver biopsy 2954–2956, 2957
pathogenesis 143
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prognosis 144
surgical therapy 144
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embryology 145–147
primary sclerosing cholangitis 1842
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biliary cirrhosis 2974
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2968

liver biopsy 2967–2969, 2968
see also primary biliary cirrhosis (PBC)
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clinical features 1821
differential diagnosis 1823
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pregnancy 851
prevention 1832
therapy 1821–1823
ultrasound 2754
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angiography 2904
ultrasound 2753
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acquired 1849
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complications 1854
congenital 1849
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epidemiology 1848
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liver biopsy 1852
pathogenesis 1849–1850
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treatment 1852–1854, 1853
type I 1848, 1850–1851
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type IV 1848, 1850–1851
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biliary decompression, cholangiocarcinoma  
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biliary diseases
bariatric surgery complication 2256–2257
endoscopic retrograde 

cholangiopancreatography 2591–2605
liver biopsy 2974

biliary disorders, HIV 2279–2280, 2292
biliary drainage
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percutaneous, cholangiocarcinoma  

1867–1868
biliary dyskinesia see sphincter of Oddi 

dysfunction (SOD)
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cholangiocarcinoma 1867–1868
biliary enteric fistula 1827
biliary epithelial cells see cholangiocytes
biliary infection 1819
biliary leaks see bile leaks
biliary motility, inflammatory mediators  

396–397
biliary neoplasms 2753
biliary obstruction

acute pancreatitis 1665–1666
acute viral hepatitis vs. 1904
cholangiocarcinoma

distal 1868
perihilar 1864

cholescintigraphy see cholescintigraphy
chronic, liver biopsy 2954–2956, 2956
chronic pancreatitis 1718, 1721–1722
diagnostic evaluation 831
liver function tests 822
malignant, percutaneous transhepatic 

management 2932–2933, 2933
mechanical, liver biopsy 2955–2956, 2974
ultrasound 2752–2753
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biliary pancreatitis 1655–1657

characteristics 1823
diagnosis 1823, 1829–1830
gallstones complication 1829–1830
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pathogenesis 1665–1666
therapy 1680–1681, 1681

biliary papillomatosis 1858
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in pregnancy 851–852
short bowel syndrome 1310

biliary spasm see sphincter of Oddi dysfunction 
(SOD)

biliary sphincteroplasty with transampullary 
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biliary stasis

bile salts 394–395
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malignant biliary obstruction 2932
primary sclerosing cholangitis 1844
sphincter of Oddi dysfunction 1883–1884

biliary stones
percutaneous management 2935

intra/extrahepatic treatment 2935
post-liver transplantation 2604

biliary strictures
anastomotic 2599, 2604
benign

chronic pancreatitis-related 2599
etiology 2597–2598
evaluation 2598–2599, 2598
percutaneous transhepatic 

management 2933–2935, 2934
post-liver transplantation 2597–2598, 2599
symptoms 2598

confocal laser endomicroscopy 2946
ERCP see endoscopic retrograde 

cholangiopancreatography (ERCP)
liver transplant complication 2141, 2599, 

2601, 2604
malignant 2600–2602
nonanastomotic/ischemic 2601, 2604
ulcerative colitis 1389–1390
ultrasound 2753

biliary tract 133–144
congenital variations/malformations  

141–144
computed tomography 2813

cystic diseases see biliary cysts
development 14–15, 14

abnormal 28–29
embryonic 133, 134, 145
signaling pathways 15

dyspepsia 652
inflammation, ultrasound 2753–2754
innervation 137
magnetic resonance imaging 2837
motility 386–398

pathophysiology 394–397
portal fibrosis, chronic 2954–2956, 2956
relations 135
tumors 1858–1874

benign 1858–1859
malignant see biliary tract cancers
non-epithelial 1858–1859

biliary tract cancers 1859–1862
biliary cysts 1852–1854
complications 1861–1862
definition 1859–1860
epigenetics 1861
genetic alterations 1861
histology 1861
portal vein in 2896
prevention 1862
risk factors 1860–1861, 1865
temporal/secular trends 1862
see also individual types

biliary vesicles
as cholesterol carrier 1810
interconversion 1810–1812

biliopancreatic diversion (BPD)
complications 2238–2239, 2246
evolution 2246
metabolic results 2244
protein deficiency 2257

biliopancreatic diversion with duodenal switch 
(BPD-DS) 2248, 2250

complications 2238–2239, 2250, 2255–2256
evolution 2246
internal hernias 2256
leak 2255–2256
liver disease results 2245
outcomes 2250
physiology 2250
protein deficiency 2257
protein malabsorption 2256
revision 2261
Roux-en Y gastric bypass revision 2260
sleeve gastrectomy 2246, 2250
weight loss results 2250

bilirubin 476, 1810
acute liver failure 1977–1978
acute viral hepatitis 1902–1903
autoimmune hepatitis 1992
bile duct proliferation 831
congestive heart failure 829–830
conjugated

jaundice 821
secretion 820–821

conjugation 476
genetic disorders 2394–2395, 2394

Epstein–Barr virus-related hepatitis 1913
hepatitis B virus infection 1926
hepatocyte canalicular membrane 

transport 485
homeostasis 820–821
hypersecretion, black pigment 

gallstones 1819
jaundice 820
jaundice of sepsis 830–831
during pregnancy 847
primary biliary cirrhosis 2008
protein-bound (delta) 821
serum levels maintenance 820–821
transport, genetic disorders 2394–2395,  

2394
unconjugated

Gilbert syndrome 821
pigment gallstones 1816

Wilson disease 2025
bilirubin uridine diphosphoglucuronate 

glucuronosyl transferase gene 
(BUGT) 870

bilobed gallbladder 141, 142
Bilot spots 567
binge drinking, alcoholic cirrhosis 2050
binge eating, bulimia nervosa 2266
binge eating disorder 2275–2276
bioartificial liver assist devices 1987–1988
biochemical thyrotoxicosis 838
Bioenteric Intragastric Balloon (BIB) 2240, 

2263
biofeedback interventions

chronic proctalgia 1648
dyssynergic defecation 763, 763, 777
fecal incontinence 1645
irritable bowel syndrome 1519
solitary rectal ulcer syndrome 1490, 1640

biological therapies
Crohn’s disease 1440–1443

response optimization 1442–1443
IBD in pregnancy 844
loss of response to 1443
metastatic colorectal cancer 1578–1579
in pregnancy 844
primary nonresponse 1442–1443
secondary nonresponses 1442–1443
see also individual drugs

biomarkers
acute liver failure 1982–1983
Barrett esophagus 952, 958–959
circulating tumor cells 609
colorectal cancer 1573, 1573, 1623–1624
Crohn’s disease 1432–1434, 1442
hepatocellular carcinoma 2153
hepatocellular carcinoma (HCC) 2158
microvillus inclusion disease 3018
pancreatic cancer 1779
small intestinal bacterial overgrowth 1301
tuberculosis 1258

biometric data 649
biopsy

abdominal fat pad 2422
celiac disease 1266–1267, 1270–1271
endoscopic see endoscopic biopsy
endoscopic mucosal see endoscopic mucosal 

biopsy
esophageal 2549
Hirschsprung disease 1191
liver see liver biopsy
optical 1627, 2550, 2552, 2944
percutaneous see percutaneous image-guided 

biopsy
well 2548–2549

biopsy forceps, endoscopes 2548–2549, 2549
artifacts 3026

biopsy urease test, H. pylori 1058
biotherapy

pancreatic neuroendocrine tumors  
1099–1100

Zollinger–Ellison syndrome 1099–1100
biotin 501–502, 521, 557, 1291

absorption 519
deficiency 1291, 2457

biotinidase 1291
biotransformation 1958–1959
bipolar electrocoagulation see multipolar 

electrocoagulation (MPEC) probe
“bird-beck” deformity 2723
bisacodyl 774
BISAP score, acute pancreatitis 1673–1674
bismuth, peptic ulcer disease 1056
Bismuth–Corlette cholangiojejunostomy  

1867–1868
Bismuth–Corlette classification, hilar 

tumors 2601–2602
bismuth subsalicylate

acute diarrhea 742
Helicobacter pylori infections 1112
microscopic colitis 1484

bispectral monitoring, sedation 2542
bisphosphonates

colorectal cancer chemoprevention  
1581

esophageal injury induction 2984
peptic ulcer disease induction 1035
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black esophagus see acute esophageal necrosis 
(AEN)

bladder degeneration, childhood visceral 
myopathies 1165, 1166

blastocyst 3–4
Blastocystis hominis 2326, 2331
blastomycosis esophagitis 939, 941
Blatchford score 802–803
Blau syndrome 2311, 2312
bleeding syndromes

genetic 2381–2383
see also gastrointestinal bleeding

bloating 723–734
abdominal examination 727
carbohydrate intolerance 1277
clinical approach 727
definition 723
diagnosis 726–730

tests 727–730, 727
dietary assessment 726
differential diagnosis 730–733
dysmotility 733
etiology 725–726, 725
functional 723
history 726–727, 727
irritable bowel syndrome 725–726, 

1502–1503, 1505–1506
management principles 730–733, 730
pathophysiology 725–726
physical examination 726–727

blood agar plates 1197
blood clotting, vitamin K 572
blood count

acute pancreatitis 1675–1676
diarrhea 1198

blood culture, infection evaluation 1198
blood flow, gastrointestinal

anatomy 161–162
chronic inflammation, responses to 179–181, 

180
collateral, ischemia prevention 174–175, 

2491
gastric acid secretion 169
ischemia 174–175, 174
microcirculation 161–162
oxygen uptake–blood flow relation 168–169, 

168–169
conditions affecting 168–169

physical exercise 174, 179
regulation mechanisms 162–169

extrinsic systems 165–169
instrinsic systems 162–164

systemic circulatory perturbations, response 
to 166–169

blood group antigen binding adhesin 
(BabA) 1109

blood stream infections 1985
blood tests

bloating 727
hepatic fibrosis risk estimation 2952
intraabdominal abscesses 2186
irritable bowel syndrome 1508
small intestinal dysmotility 1178

blood transfusion
acute variceal hemorrhage 2651
gastrointestinal bleeding 799
hepatitis B virus transmission 1888,  

1922

hepatitis C virus transmission 1888–1889, 
1940–1941

blood urea nitrogen (BUN)
acute pancreatitis 1673, 1675–1676
gastrointestinal bleeding 798

blood vessels
extramural 161
intramural 161–162
pancreatic specification 15

blue diaper syndrome 1283
blue-light imaging, capsule endoscopy 2567
blue rubber bleb nevus syndrome 

(BBBNS) 818, 2472, 2486–2487
cutaneous manifestations 2443, 2443, 

2486–2487
gastrointestinal manifestations 2466, 

2486–2487, 2486
oral manifestations 2466–2467, 2467
therapy 2466–2467

Blumer shelf, colorectal cancer 1569
B lymphocytes see B cells
BMI see body mass index (BMI)
Bmi1 35, 2151
BMPR1A gene mutations 597, 867, 1599
boceprevir

hepatitis C virus 1949, 1953–1954
side-effects 1951–1952

Bochdalek hernia 126–127, 127
bodybuilders, drug-induced cholestasis 829–

830
body cell mass 497
body composition 497

analysis 2213
body image, eating disorders 2267
body mass index (BMI) 2230, 2231

acute diverticulitis 1525
anorexia nervosa 2266
bulimia nervosa 2266
colorectal adenomas 1541
colorectal cancer risk 1558
complicated diverticular disease 1526
disease risk associations 499
diverticular disease 1524–1525
GERD 907
hepatocellular carcinoma 2147–2148
liver transplantation contraindication  

2133–2134
nutritional assessment 2212

body-packers 1148–1149, 1356–1357
body weight

nutritional assessment 2212
see also obesity; weight loss

Boerhaave syndrome 990
bolus steroid therapy 2142
bombesin

pancreatic secretion 458–459, 463
smooth muscle contraction 276

bone marrow
disseminated tumor cells 612
purine analogues-induced toxicity 1399

bone marrow transplantation, gastrointestinal 
complications 2317

secondary to induction protocol 2317,  
2317

bone metastases
colorectal cancer 1569
Zollinger–Ellison syndrome 1081, 1091, 

1095, 1096

bone mineral density
anorexia nervosa 2273–2274
celiac disease 1270–1271

bone morphogenetic protein(s) (BMPs) 37
GI tract development 19
hepatic specification 13
liver budding 13
signaling

crypt formation/maintenance 78–79
in development 10

bone morphogenetic protein 1 (BMP1) gene 88
bone morphogenetic protein 4 (BMP4) 18, 954
bone morphogenetic protein 6 (BMP6) 580
bone morphogenetic protein 9 (BMP9/GDF2) 

gene 2397–2398
Borchardt’s triad 1146
boron 518
bosentan, portopulmonary hypertension 2127
Boswellia serrata, Crohn’s disease 2529
botanical derivatives, IBD 2529
Botox injections see botulinum toxin injections
botulinum toxin injections

achalasia 899
anal fissure 1639
diabetic gastroparesis 2414
esophageal diverticula 58
esophageal spastic disorders 902
gastroparesis 691, 1023–1024
pyloric sphincter 1023–1024
sphincter of Oddi dysfunction 1883–1884

bougienage 2613
Bourneville disease see tuberous sclerosis 

complex (TSC)
bovine thrombin injection 2670
bowel

cleansing, colonoscopy 2571
dilation, abdominal radiography 2721
large see large intestine
obstruction

acute abdominal pain 795
radiation proctitis 2519

small see small intestine
wall blood flow distribution changes 167–168

bowel anxiety 727
bowel-associated dermatosis–arthritis syndrome 

(BADAS) 2452
bowel bypass syndrome 2452
bowel damage score, Crohn’s disease 1430
bowel habits

acute diverticulitis, change in 1527
modification, fecal incontinence 1645

bowel rotation disorders 125–126
bowel sounds

abdominal pain 710
Crohn’s disease 1426
small intestinal dysmotility 1177

Bowen disease 1650, 3052, 3053
Bowenoid papulosis 3053
brachial nerve injury, angiography-related 2889
Brachyspira aalborgi 3030–3031
Brachyspira pilosicoli 3030–3031
brachytherapy

esophageal adenocarcinoma 969
esophageal squamous cell carcinoma 985, 

987
bradycardia

anorexia nervosa 2273
sedation-induced 2543
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bradykinin, C1 inhibitor deficiency 2313
BRAF inhibitors 591

resistance to 592
BRAF mutations 591

colorectal cancer 591, 1566, 1572
treatment response prediction 1573

hyperplastic polyps 1548–1549, 3045
sessile serrated adenomas/polyps 1548–1549

brain
intestinal transport regulation 444
leptin, effects of 531
see also entries beginning cerebral

brain abscess, amebiasis 2325
brain dead donors, liver transplantation 2135
brain-derived neurotrophic factor (BDNF) 234
Brainerd diarrhea 1239
brain–gut axis 227–238, 237, 1500

acute disturbances 236
appetite regulation 234–236
brain to gut communication 231–236
central processing 230–231
chronic disturbances 236
concept 227–228
definition 187, 1501
dysfunction 236–237
functional gastrointestinal disorders  

236–237
gut to brain communication 228–230
historical aspects 227
microbiota 1504
satiety 234–236

brain–gut microbiota axis 234, 235
brain–gut peptides 187
brain hypothalamic–pituitary–adrenal gut 

axis 233–234
brain imaging, hepatic encephalopathy  

2111–2112
brain of the gut see gastrointestinal endocrine 

system
brainstem, energy balance regulation 528–529
brain–stomach axis, energy (food) intake 

regulation 365–366, 365
bran

constipation 772–774
in pregnancy 841

irritable bowel syndrome 1513–1514
mouth-to-anus transit time 513

BRCA, pancreatic cancer 600
BRCA1 600
BRCA2 600
breast cancer resistance protein (BCRP) 484–

485, 633, 635
breastfeeding

Crohn’s disease 1448–1449
dietary guidelines 498
hepatitis B virus treatment 1934
IBD 843
peptic ulcer disease treatment 1057
protein intake 507
sedation 2541

breath hydrogen tests
bloating 727–729
breath collection techniques 728
gastroparesis 687
glucose–galactose malabsorption 1280
interpretation 728–729, 729
lactase deficiency 1280
osmotic diarrhea 748–749

principles 728
protocols 728
small intestinal bacterial overgrowth 670–

671, 1300, 1311
sucrose, lactose malaborption 1278

breath methane test, bloating 728, 728
breath tests

exocrine pancreas function testing 3067
gastric emptying assessment 1009
small intestinal bacterial overgrowth 1299–

1301
breath urea tests, H. pylori 1058–1060, 1128
brevetoxins 1245
bridge parenteral nutrition 2211–2212
“B” ring see lower esophageal mucosal ring
Bristol Stool Form scale 765

constipation 764
brivanib 2163
bromfenac, hepatotoxicity 1968
bromocriptine 2117
bronchopleural fistula 2325
bronchopulmonary foregut malformation 50
bronchoscopy

esophageal adenocarcinoma 968–969
esophageal cancer staging 983

brown adipose tissue 506
Brown–Vialetto–Van Leaser syndrome 1291
Brunner glands 67, 76
brush cells (tuft cells) 31–32, 67, 82
Bruton-type agammaglobulinemia 2306–2308
Bruton tyrosine kinase 2306–2307
Bryant’s sign 2456
BSEP/ABCB11 see bile salt export pump (BSEP)
B-type natriuretic protein, ascites 2090
Budd–Chiari syndrome 2172–2175

acute liver failure 1981
angiography 2897–2898, 2897
anticoagulation 2174
caudate lobe hypertrophy 2173
clinical features 2172–2173
cob web appearance 2930
diagnosis 2173–2174
genetics 2172
hepatic vein obstruction 2172
hepatic vein occlusion 2897, 2897
imaging 2173, 2173
inferior vena cava obstruction 2172–2173
liver biopsy 2173, 2956–2958, 2958, 2976
liver function tests 2173
liver transplantation 2175
management 2173, 2174–2175

thrombosis prediposing conditions 2174
multidetector computed tomography 2807
myeloproliferative neoplasms 2172–2174
nodules 2173
oral contraceptive use 2976
portal hypertension 2173–2174
portal vein thrombosis 2172–2173
portosystemic shunting 2174–2175
pregnancy 852–853, 2174
primary 2172, 2174–2175, 2930
risk factors 2172, 2172, 2930
secondary 2172, 2930
surgical shunts 2174–2175
technetium 99m sulfur colloid liver–spleen 

scanning 2875
treatment 2898, 2930
ultrasound 2750–2751

budding 5, 13
see also individual organs

budesonide
autoimmune hepatitis 1995, 1996, 1997
chronic graft-versus-host disease 2465
collagenous colitis 1483
Crohn’s disease 1436, 1438

postsurgical prophylaxis 1444, 1466
eosinophilic esophagitis 934
lymphocytic colitis 1483
microscopic colitis 1484
osteoporosis risks 1485
primary biliary cirrhosis 2010
side effects 1397
ulcerative colitis 1396

Buerger disease (thromboangiitis 
obliterans) 2506, 3034

bulimia nervosa
delayed gastric emptying 1015, 1177,  

2273
diagnostic criteria 2266–2267
endocrine complications 2274
epidemiology 2265–2266
laboratory abnormalities 2272
natural history 2268
pathophysiology 2266–2267
risk factors 2266
small intestinal dysmotility 1177
treatment 2274–2275

bulking agents
constipation in pregnancy 841
irritable bowel syndrome 1512–1514,  

1513
bulk laxatives, constipation 772–774, 775
bullous diseases, esophagus 2986
bullous emphysema of the intestine see 

pneumatosis intestinalis
bullous pemphigoid, esophageal 

involvement 1002, 2986
bull’s eye patterns/lesions

hepatic fungal infections 2746
intussuception 90
liver metastases 2748

bupropion 2238
buried Barrett metaplasia see buried metaplasia
buried bumper syndrome 2227

percutaneous endoscopic gastrostomy  
2217–2218, 2629–2630, 2633–2634

buried glands see buried metaplasia
buried intestinal metaplasia see buried 

metaplasia
buried metaplasia

Barrett esophagus 965–966
optical coherence tomography 966

burning mouth 2459–2460
burns, peptic ulcer disease 1043
buspirone 656, 715, 1030
busulfan 2179
button batteries, ingestion 1149
N-butyl-2-cyanoacrylate, gastric variceal 

bleeding 2655
butyrate

short bowel syndrome 2222–2223
ulcerative colitis treatment 2528

butyrophenones 687–689
Byler bile 493
Byler disease (progressive familial intrahepatic 

cholestasis-1) 493
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bypass sleeve
duodenojejunal 2263
obesity 2240

C
C1 inhibitor deficiency 2313
CA19-9 see carbohydrate antigen 19-9 (CA 

19-9)
Ca++-activated Cl- channel (CaCC) 431
cachexia

cancer see cancer cachexia
cytokines 667, 667
management 674
molecular mechanisms 667

caerulein 215
café-au-lait macule 2442–2443
caffeine, peptic ulcer disease 1042
cag pathogenicity island (cag PAI) 1108, 1108
CAH, hepatotoxicity 2975–2976
calcidiol (25-hydroxy D3) 568
calcification, ultrasound 2743
calcifying epithelioma of Malherbe 1587–1588
calcineurin inhibitors (CNIs)

acute graft-versus-host disease 2319
autoimmune hepatitis 1998
chronic renal failure induction 2144
Crohn’s disease 1440
liver transplantation 

immunosuppresion 2139
side-effects 2140

calcinosis, Raynaud phenomenon, esophageal 
dysmotility, sclerodactylyl, and 
telangiectasia see CREST syndrome

calcitonin 522, 573–574
calcitonin gene-related peptide (CGRP)

gallbladder relaxation 391
gallbladder sensory nerve fibers 387
gastric vasodilation 401
lower esophageal sphincter relaxation 344–

345
pancreatic secretion inhibition 470
pancreatic secretion stimulation 461
peristaltic reflex 280

calcitriol (1,25-dihydroxyvitamin D) 522, 568
calcium (ions) 514–515, 573–577, 574

absorption 514–515, 574
passive 574
vitamin D in 514–515

active transport 574
altered homeostasis, polycystic liver 

disease 1855
bicarbonate secretion 438
cardiovascular disease 577
cardiovascular disease risk 577
chloride secretion 438
colorectal cancer risk 577, 1557
complexed 573
corrected total calcium 574–576
deficiency 574–577, 575

bariatric surgery complication 2258
dietary reference intakes 499–500, 501–502
dietary sources 514–515, 576
disease outcomes 577
estimated average requirement 501–502
excretion 574
functions 514–515, 574–577
gastric acid secretion 409–410
health outcomes 499–500

homeostasis 573–574
ionized 573
measurement 514–515
obesity 577
pancreatic secretion 464, 473
protein-bound 573
recommended dietary allowance 501–502, 

514–515
regulation 522, 573–574
serum 573
supplementation, primary biliary 

cirrhosis 2012
toxicity 574–577, 575
transport 574
Zollinger–Ellison syndrome 1080, 

1082–1083
calcium-calmodulin dependent (CaM) kinase  

439–440
calcium channel(s)

biliary stasis 394
cholesterol stone formation 394

calcium channel blockers
achalasia 899
anal fissure 1639
constipation induction 1175
gastrointestinal side effects 2400
postliver transplant hypertension  

2143–2144
calcium docusate 774
calcium gluconate injection 2903
calcium infusion test, Zollinger–Ellison 

syndrome 3059–3061, 3061
calcium oxalate nephrolithiasis 2223
calcium oxalate stones, Crohn’s disease  

1424–1425
calcium-sensing receptor 409
calcium sensitization, gallbladder 389
caliber persistent arteries see Dieulafoy lesions
caliciviruses 1197, 1239, 1242–1243
calmodulin 465
calmodulin-activated type II kinase 465
caloric deficit, obesity treatment 2236
caloric restriction

energy expenditure 2268
hyperactivity 2269
response biology 2268–2269
stored calories use 2268–2269

calorie controlled diet, estimated weight loss 
calculation 506

calories
gastric fed motor pattern 354–355
small intestine fed motor pattern 377

calorimetry, indirect 504–505
calprotectin

Crohn’s disease 1432–1433
microscopic colitis 1480
ulcerative colitis 1382

Cambridge classification, chronic 
pancreatitis 1711, 1712

Cameron ulcers 808, 1044
Campylobacter 1204–1206

adherence 1204
antibiotic resistance 1206
cholera toxin-like enterotoxin 1204–1205
clinical aspects 1205
complications 1205–1206
diagnosis 1197, 1206
diarrhea 737–738, 1205

epidemiology 1204
histology 1205
historical aspects 1204
IBD vs. 1205, 3031–3032
infection course 1205, 1205
invasiveness 1204
pathogenesis 1204–1205
prevention 1204
toxins 1204–1205
treatment 1206
ulcerative colitis vs. 1390
vaccine strategies 1204
virulence properties 1204

Campylobacter coli 1204
Campylobacter concisus 1204
Campylobacter fetus 1204
Campylobacter hyointestinalis 1204
Campylobacter jejuni 1204

epidemiology 1204
Guillain–Barré syndrome 742
historical aspects 1204
HIV-1-infected persons 2284, 2284–2285
vaccines 1204

Campylobacter upsaliensis 1204
canalicular multiorganic anion transporter 

(cMOAT) 485
canalization failure 19
canals of Herring (terminal bile ductules) 156, 

477–478
cancer

chromosomal instability 598
in Crohn’s disease 1445–1446
development, relationship with 11
epigenetic instability 597–600
genetic instability 597–600
inflammation and 613–616
invasion 606–613
metastasis see metastasis
replicative immortality 600–603
treatments, gastroparesis induction 1018
weight loss 666, 668–669
see also tumor(s); individual cancers

cancer cachexia 2423
altered lipid metabolism 667, 668
colorectal cancer 1569
management 674
pancreatic cancer 1780

cancer cells
contact inhibition of proliferation 596
growth suppressor evasion 594–597
proliferative signaling, sustaining  

589–594
stem cells see cancer stem cells (CSCs)
telomerase expression patterns 601–602

cancer genome 587–588
cancer stem cell hypothesis 11, 41, 605–606, 

606
cancer stem cells (CSCs) 11, 603–606

benign lesions 605
bidirectional hierarchy 605
cells of origin 605
definition 603
differentiated tumor cells 604
forced differentiation 606
malignant lesions 605
markers 603
metastasis 604
self-renewal 603
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stromal cells 604
targeted therapy 606
telomerase 604–605
therapy resistance 603–604
tumor recurrence 603–604
unidirectional hierarchy 605
Wnt-β-catenin pathway 604–605

Candida (candidiasis)
chronic mucocutaneous 938–939
epidemiology 1262
esophageal infection 938–941, 2986–2987, 

2987
AIDS patients 2730, 2730
biopsy 939
clinical manifestations 938–939, 939
complications 938–939
contrast studies 2729, 2730
diabetes mellitus 2413
diagnosis 939
drug resistance 941
epidemiology 938
GERD vs. 915
HIV/AIDS patients 938–941
pathology 938, 938, 939
prophylaxis 941
treatment 940–941, 940

etiology 1262
hepatosplenic 2746
odynophagia 660, 663–664
oral, AIDS patients 938–939
pathology 1262
pharyngitis 2727
pruritus ani 1647
small intestine infection 1262–1263

clinical manifestations 1262
diagnostic evaluation 1262
treatment 1262–1263

typhlitis 1492
Candida albicans 1262
Candida glabrata 1262
Candida krusei 1262
Candida parapsilosis 1262
candidiasis see Candida (candidiasis)
cannabinoid(s)

chemotherapy induced nausea and vomiting 
prevention 688–689, 689–690

peristalsis 374
cannabis hyperemesis syndrome 680–681, 681, 

1016
capacitative calcium influx 264–265
capasaicin 381–382
cap-assisted colonoscopy 2579–2580
capecitabine

colon cancer, nonmetastatic 1577
esophageal adenocarcinoma, metastatic 973
esophageal squamous cell carcinoma 987
pancreatic cancer 1777

Capillaria hepatica 2344
Capillaria philippinensis 2344
capillariasis 2338–2339, 2344
capillarization 2071, 2071
capillary filtration coefficient 166–167
capillary hemangiomas 2484–2486
capillary leakage syndrome 1675
capillary lesions 2472
capillary telangiectasia 2900
capnography, sedation 2542
cap polyposis 1551, 1603

capsule endoscopy 2558–2568
angiodysplasia 2480
blue-light imaging 2567
capsule retention 1330
celiac disease 1268, 2566–2567

refractory 2567
chronic radiation enteritis 2517
colorectal cancer screening 1623–1624
complications 2560
contraindications 2560
Crohn’s disease 1427–1428

capsule retention 2565–2566
cross-sectional imaging vs. 2564
disease activity evaluation 2565
disease distribution evaluation 2565
established disease 2565
low diagnostic specificity 2564–2565
medication response 2565
mucosal healing assessment 2565
postoperative recurrence assessment  

2565
risks/limitations 2565–2566
suspected disease 2564–2565

disadvantages 2560
double-balloon enteroscopy vs. 2562, 2564
esophageal cancer prevention 988
esophageal varices 2646
familial adenomatous polyposis 1591
gastric acid secretion testing 3063, 3065, 

3065
gastric emptying assessment 1009
gastrointestinal bleeding 800
image capture 2559
improved optics 2567
indeterminate colitis 2565
indications 2558–2560
iron deficiency anemia 2563, 2563
limitations 2560
Lynch syndrome 1329
magnetically guided 2568
mucosal biopsy 2568
navigation improvement 2567–2568
new techniques/innovations 2567
NSAIDs-related small bowel ulcer 1349
obscure gastrointestinal bleeding 816, 

2562–2563
patient preparation 2559
Peutz–Jeghers syndrome 1598, 2566
polyposis syndromes 2566
primary (idiopathic) small intestine ulcers  

1348
small intestinal adenocarcinoma 1329
small intestinal carcinoid tumors 1334
small intestinal gastrointestinal stromal 

tumors 1338
small intestinal lymphomas 1344
small intestinal polyps 1329, 2566
small intestinal retention 2560
small intestinal tumors 2566
small intestine bleeding 816
small intestine lesions 1346
systems 2559, 2559
targeted drug delivery 2568

Capsule Endoscopy Crohn’s Disease Activity 
Index (CECDAI) 2565

capsule-loading device 2560
capsule of Glisson 156, 158

liver pain 711

capsule sign 1694
carbohydrate(s) 510–511

absorption 544–546, 545
disorders 1276–1281, 2386–2389
intestinal maturation 21

digestible energy yield 505
digestion 538–541, 540, 1276–1277, 1277

genetic disorders 2386–2389
intestinal maturation 21
luminal 538–539
mucosal 539–541

IBD treatment 2528
intolerance/malabsorption 730–732, 1277

excess fructose ingestion 546
irritable bowel syndrome 1510

metabolism
in illness 526
in injury 526

parenteral nutrition 2219–2220
postprandial hyperemia 170
structure 538

carbohydrate antigen 19-9 (CA 19-9)
cholangiocarcinoma 1868

primary sclerosing cholangitis 1843
pancreatic cancer 1770–1771
polycystic liver disease 1855–1856

carbohydrate antigen 125 (CA-125), 
ascites 2091
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Crohn’s disease (cont’d)
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Crohn’s disease 1440
diffuse intestinal injury 1359–1360
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complications 1740
diagnosis 1743
ductular transport defects 495
electrogenic sodium absorption 446
gastrointestinal manifestations 2434–2435
genetics 869, 1740–1743

see also cystic fibrosis transmembrane 
conductance regulator (CFTR)  
gene/protein

genetic testing 1743
intestinal obstruction 1743
jejunoileal atresia 86
liver disease 495
liver transplantation 2138
malnutrition 1743
management 1743
meconium ileus 1743, 2386
mutations 446
neonatal cholestasis 2024
nutritional impairment 2434–2435
pancreatic insufficiency 749–750, 1741–1743, 

2434–2435
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cytokine-targeted therapies, IBD 305
cytolethal distending toxin (CDT) 1204–1205, 

1207–1208
cytology
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desmoid tumors

abdominal pain 1588
complications 1588
familial adenomatous polyposis 1588, 1588

screening 1591
treatment 1592–1593

desmosomes, epithelial cells 319, 320
detergent enemas 1491
devascularization 168–169
devazapide 364
development see individual organs
developmental disorders 24–30

see also individual organs
developmental parsimony 21
deworming programs, Trichuris trichiura 

(whipworm) 2344
dexamethasone 693, 850
dexfenfluramine 536
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incidence 2411–2412
interstitial cells of Cajal loss 2413
nerve root disease 712–713
nonalcoholic fatty liver disease 2057, 2416
pancreatic cancer risk factor 1762–1763
poor glycemic control 2412–2413
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associated diarrhea (CDAD)

collagenous colitis 1479, 1483
colonic dysmotility 1193
colorectal cancer 1568
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disaccharide intolerance 447
drug-induced 739, 753–754
enteral nutrition-induced 739–740, 2227
factitious 756
fecal impaction 739
folate deficiency 563–564
food allergy 740
food poisoning 738
functional 755–756
giardiasis 738, 2329
glucose–galactose malabsorption 1280
graft-versus-host disease, acute 2318
HIV-1 associated see HIV/AIDS
hydration 1199
IBD 740, 750
imaging studies 1198
immunocompromised patients 1202
immunodeficiencies 2381–2383
infectious 447, 736–739, 736, 1196–1248

chronic 750–751
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medicine 2529–2530
complications 737
dietary change benefits 2529
etiology 447
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symptoms 737
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assessment 750, 751
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intestinal bacterial overgrowth 1239
irritable bowel syndrome 755, 1193, 1286, 

1505–1506, 1508, 1515–1516
isosporosis 2336
laxative-induced 1194
malabsorptive 749–750, 749
microbiological diagnosis 1196–1198
microbiota shifts 739
microscopic colitis 752, 1479, 1483
military 738–739
neonatal 756
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noxious stimuli responses 256
osmotic 748–749, 748
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prevalence 1196
prevention 1199
protozoal infections 738
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radiation-related 740, 755
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secretory 745–748, 746
short bowel syndrome 754
solid organ transplant recipients 2294
surgical consultation 1198
syndromic management 1199–1203
systemic illnesses 1238
systemic mastocytosis 2428
therapy 1198–1199

symptomatic measures 1199
traveler’s see traveler’s diarrhea
ulcerative colitis 740, 751, 1379–1380
VIPoma 1790–1791
viral 736–737, 1239–1244
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X-linked agammaglobulinemia 2307–2308
Zollinger–Ellison syndrome 1084, 1085, 
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biopsy 2953, 2953
diazepam 2537, 2538, 2572
diazoxide 1803–1804
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diclofenac 1349
Dicrocoelium dendriticum 

(dicrocoeliasis) 2338–2339, 2365–2366
didanosine hepatotoxicity 1964
dideoxyinosine 2292
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colorectal cancer risk factor 1542
constipation management 772–774
Crohn’s disease etiology 1447
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factor 976
gallstone prevention 1831
gastric cancer 1125–1126
gastrointestinal cancer chemoprevention 503
gut microbiota composition 623
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hepatocellular carcinoma 2149
irritable bowel syndrome 1511–1512
microbiota changes 1504
pancreatic cancer risks 1763–1764
peptic ulcer disease 1037, 1042
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Western see Western diet

dietary exclusions, food allergy 2301
dietary fiber see fiber
dietary folate equivalents 562
dietary fructose intolerance 729, 731

treatment 731
Dietary Guidelines for Americans 2010 497–

498, 498
update 2012 498–499

dietary protein-induced proctocolitis of infancy 
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colitis) 1485
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501–502
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clinical manifestations 2474
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diagnosis 2474–2475
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surgical treatment 2475
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historical aspects 900
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neuromuscular pathology 901
radiography 897, 902
treatment 902–903
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diffuse large B-cell lymphoma 1332, 1344
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(DAEC) 1225, 1225
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T2 shin through 2829–2831
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digestion 185
digestive enzymes 194
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strictures 2603
digitalis glycosides 1356
digitalis toxicity 2895
digital rectal examination 1629

acute abdominal pain 790
anal carcinoma 1651
anal stenosis 1640
colorectal cancer 1569
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Crohn’s disease 1426
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fecal incontinence 1629–1630, 1643
pre-colonoscopy 2572
puborectalis muscle 96–97
upper gastrointestinal bleeding 2665
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digoxin 2400
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1,25-dihydroxyvitamin D (calcitriol) 522, 568
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Dilantin-induced hepatotoxicity 2955, 

2975–2976, 2975
dilators 2613
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2522–2523
diloxanide furoate 2327
diltiazem 1639
dimenhydrinate 687
dimethylprostaglandin E2 2510–2511
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dinoflagellate 1244–1245
dipeptidases 543
dipeptidylaminopeptidase IV 543
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dipeptidyl peptidase-4 antagonists 221
dipeptidyl peptidase-4 inhibitors 1763
diphenoxylate tetragenicity 841
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2338–2339, 2340, 2367–2368, 2367
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hepatitis C virus 1945, 1949, 1955
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direct costs 643
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(DPEJ) 2218–2219
direct thrombin inhibitors 2677
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hepatic encephalopathy 2114
intolerance 447
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structure 538, 539
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992–993
discoidin domain receptors (DDR) 2076
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ileal 380
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distal intestinal obstruction syndrome (DIOS)  

2386
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varices 2654
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etiology 725
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complications 2094
intestinal ischemia induction 1356
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2222–2223, 3037
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diverticular bleeding 812–813
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clinical presentation 1528
differential diagnosis 1530
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investigations 1533
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drug-induced 1525
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clinical presentation 1528
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surgery 1532–1533
temporal/secular trends 1535–1536
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investigations 1531–1532
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recurrence 1527–1528
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diverticulum cysts 1848, 1851, 1853, 1853
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irritable bowel syndrome 1502

radiation-induced damage repair 2511
radiation-induced injury 2509–2510
repair 861

DNA sequencing, APC gene mutations 1585
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dominant strategy 642, 646
domoic acid 1245
domperidone

bezoars 1152
diabetic gastroparesis 1011, 2414
functional dyspepsia 655–656, 1029–1030
gastroparesis 690, 1020, 1021–1022
nausea and vomiting 688–689, 690
Parkinson disease 1022, 2430–2431
side effects 690, 1022
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dopamine, hepatic encephalopathy 2111
dopamine receptor antagonists, nausea and 

vomiting 687–689, 688–689
Doppler shift phenomenon 2765
Doppler ultrasound 2743–2744
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blood flow 2743–2744, 2744
Budd–Chiari syndrome 2173
cholangiocarcinoma, perihilar 1865, 1867
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gastric variceal bleeding 2656–2657, 

2656–2657
hepatic arteries 2749–2750
hepatic vein 2749–2750
liver 2749–2750
liver transplantation complications 2751
mucosal blood flow measurement 2549–2550
peptic ulcer bleeding 804
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portal vein 2637, 2749–2750
portal vein thrombosis 2176, 2750, 2750
transjugular intrahepatic portosystemic 

shunt 2751
dysfunction 2751, 2928
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dorsal column 697–698, 699
dorsal funiculus 697–698, 699
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dorsal mesentery 122

folding 123, 124
dorsal motor nucleus of the vagus (DMV)

cholecystokinin 456–457
hepatic glucose production control 533

dorsal pancreatic bud 5, 15, 108–109
doscusate sodium 841
double-balloon enteroscopy (DBE) 2560–2561

advancement through small bowel 2560–
2561

capsule endoscopy vs. 2562
obscure gastrointestinal bleeding 2564

confocal laser endomicroscopy during 2946
Crohn’s disease 1427–1428
in ERCP 2567
intubation depth 2561
limitations/complications 2561
malabsorption 2567
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obscure gastrointestinal bleeding 816, 2563
refractory celiac disease 2567
single-balloon enteroscopy vs. 2562

obscure gastrointestinal bleeding 2564
small intestinal adenocarcinoma 1330
small intestinal carcinoid tumors 1334
small intestinal polyps 2566
small intestine lesions 1346
small intestine strictures 2617
small intestine tumors 2566
spiral enteroscopy vs. 2562
system 2560, 2560
total enteroscopy 2561

double-blind visible control food challenge 
(DBPCFC) 2300

double-bubble sign
annular pancreas 118–119
duodenal atresia 70, 70, 2402
intestinal atresia 86
superior mesenteric artery syndrome 71

double-condom sign 1356–1357
double-duct sign

malignant biliary strictures 2600
pancreatic cancer 1769–1770, 1769, 

2758–2759
double-negative cells 288, 298
double-positive cells 298
doughnut sign 90
Down syndrome

aganglionsis 1190–1191
associated disorders 24
esophageal abnormalities 2402
gastrointestinal manifestations 2402
genetics 2381–2383

doxorubicin 1336, 1805
doxycycline 1246–1247, 1253
doxylamine 839
DPC4 gene see SMAD4 gene
DRA (Down-Regulated in Adenoma) 429,  

432
bicarbonate secretion 434–435
congenital chloride diarrhea 747, 1288, 

2384–2385, 2385
mutations 429
probiotics, effects of 445

“dragon’s blood” see crofelemer
Dr fimbrial adhesins 1225
driver mutations 588
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encephalopathy 2118
dronabinol 688–689, 689–690
droperidol 2537, 2539

nausea and vomiting 687–689
postoperative nausea and vomiting 693

drug(s)
hepatocyte canalicular membrane 

transport 484
weight loss induction 671, 674

drug approval process 1969–1970
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postmarketing surveillance 1970
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research and development 1969
rule of threes 1970

drug–drug interactions, UDP-
glucuronosyltransferases 630

drug-eluting beads 2912, 2914
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2917
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clinical evidence 2916–2918
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constipation 760, 772, 1175, 1516
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diverticular disease 1525
dyspepsia 652
eczematous dermatitis 2458
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gastric erosions 2732
IBD 1419
liver disease see drug-induced liver disease
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methemoglobinemia 2540
microscopic colitis 1481
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mucositis 2469
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obesity 2231, 2233–2234
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drug-induced liver disease 1958–1972
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diagnostic evaluation 826–828
drug discontinuation 1967
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epidemiology 1958
etiology 825
fibrosis 2081
granulomatous reactions 2975–2976
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herbal medicines 825
incidence 1958
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parenchymal changes 2959–2960, 2975–

2976, 2975
portal tract changes 2976
rechallenge 1971
reporting 1967
treatment 1967
vascular changes 2976
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drug interactions, transporter-mediated 636
drug metabolism 626–637

phase I 626–629
phase II 629–631
ultrarapid metabolizer phenotype 628–629

drug reactions
cholestatic 1963, 1966
clinical presentations 1963–1967
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histology 1963, 1964
idiosyncratic 1962–1963

acute liver failure 1977, 1979, 1979
adaptation 1963
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steatohepatitis 1967
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symptoms (DRESS) 2458
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Dua Stent 2619–2620
Dublin–Johnson syndrome 494, 870, 1813, 

2394, 2395
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2431, 2433
ductal hypertension hypothesis 1666
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duct of Wirsung 16, 116, 117

pancreas divisum 120
ductopenia, primary biliary cirrhosis  
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ductus venosus 146
Duhamel operation 1193
Dukes staging system, colorectal cancer 1571
duloxetine 715, 716
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dumping syndrome 754, 1025–1026

causes 1013, 1025
clinical features 1025–1026
diagnosis 1026
dietary recommendations 1026
revisional gastric surgery 1026
symptoms 1025–1026
treatment 1026

duodenal adenomas 2688–2689
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duodenal atresias 19, 70, 70

pathophysiology 85–86
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1270–1271
duodenal bleeding, chemotherapy-

induced 2422
duodenal bulb 61
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polyposis 1325, 1586–1587
duodenal cluster unit 191, 192
duodenal crypts 67
duodenal disorders, acute pancreatitis 1660
duodenal diverticula 72, 72
duodenal erosions 2734
duodenal gastrinomas 1079–1081, 1081
duodenal membranes 70

duodenal obstruction
intestinal malrotation 71, 87
superior mesenteric artery syndrome 2895

duodenal phase, meal 191–193, 192–193
duodenal polyps

confocal laser endomicroscopy 2946
endoscopic tissue sampling 2549
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1586
chemoprevention 1592
treatment 1592

duodenal stenosis 70
chronic pancreatitis 1716

duodenal ulcer 1033
contrast studies 2734
demographic trends 1037
food relief 1051
gastrin 3058–3059
H. pylori 1033, 1045
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maintenance therapy 1056
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pain relieving factors 709
pathogenesis 1044–1045, 1044
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rapid gastric emptying 1027
recurrence 1048–1049
symptoms 1050, 1051
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see also peptic ulcer disease (PUD)
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embryology 60
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epithelial stem cells 67–68
gastric emptying control 358
gastric metaplasia 3011, 3011
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venous drainage 63
villi 67, 75
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traveler’s diarrhea 1202

dysguesia 2459
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pancreatic disease 652
pathophysiology 652–653
peptic ulcer disease 652, 1049–1053

ongoing symptoms 1053
physical examination 653
symptoms 651
uninvestigated 651, 652, 653–654
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lesions 3046–3047, 3046–3047

dyspnea
cirrhosis 2121–2122, 2122
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dyssynergic defecation

biofeedback therapy 763, 763, 777
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recurrence 2688
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definition 2265
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diagnosis 2266
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gender differences 2271
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clinical manifestations 2373–2375
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epidemiology 2373
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prevention 2376
transmission 2373
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epidemiology 2373
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life cycle 2373, 2374
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2373
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discounting 644–645
evidence-based approach 644–646
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transthoracic in esophageal carcinoma 974, 

984
esophagitis

acute-phase radiation-induced 2516
allergic 2987
bacterial 2986–2987
Bartonella henselae 946
blastomycosis 941
Candida 2730, 2730
computed tomography 2793
corrosive see corrosive esophagitis
eosinophilic see eosinophilic esophagitis
erosive 652, 807, 2235
GERD 907–908, 923
herpes 2730, 2731, 2986–2987, 2986
infectious see infectious esophagitis
iron pill 2983, 2983
Los Angeles classification system 917–918, 

918
lymphocytic 998–999
pill see pill esophagitis
reflux 906, 2422, 2982, 2982, 2987
upper gastrointestinal bleeding 807–808, 

2674–2675, 2674
esophago-airway fistulae 2622
esophagogastric junction 341–346, 888

anatomy 42–44, 341–343, 888
compliance, GERD 909
dysfunction 658
function 341–343
GERD 908–910
high-pressure zone 341–342, 888
integrated relaxation pressure 890, 891
manometry 343
opening 343–346

antegrade 346
retrograde 346

pressure analysis 908, 909
pressure inversion point 888
pressure morphology 888, 890

subtypes 909, 910
pressure topography 342–343, 342
relaxation 891

esophagogastroduodenoscopy (EGD)
Dieulafoy lesions 2474
familial adenomatous polyposis 1329
gastroesophageal varices 2646
HIV-related diarrhea 2280
indications/contraindications 2547
quality indicators 2548
small intestinal adenocarcinoma 1328
small intestinal polyps 1328
transnasal 2548

esophagotracheal septum 42
esophagram see barium esophagram
esophagus 42–59, 336–341

abdominal 43–44, 43
anatomy 42–47, 336–337

gross 42–44
arteries 44–45, 44
basal cell layer 47–48, 907
biopsy, snare technique 2549
blood supply 44–45, 44
body 336–337
bullous diseases 2986
cervical 43, 43
computed tomography 2792–2793
confocal laser endomicroscopy 2945–2946
contractile front velocity 892, 893
contractile vigor 892–893, 892
contrast studies 2729
Crohn’s disease 999–1000, 1000, 2987–2988, 

2988
dermatological diseases 1001–1004, 

2985–2986
developmental anomalies 48–52
diseases 989–1004
embryology 42
endoscopic examination 2546–2548
endoscopic mucosal biopsy 2981–2995

nonneplastic findings 2981–2986
epithelial resistance 912
epithelium 907

embryology 42
histology 47–48

function 336–337
graft-versus-host disease, chronic 2320
histology 47–48
innervation 46, 46, 240–241, 336, 886–887

sympathetic 46
lamina propria 2980–2981
light microscopy 47–48, 48
lumen distension 43
lymphatics 47, 48, 52–59
mechanical/anatomic disorders, biopsy 

findings 2982
metaplasia pathogenesis 953–955
motor function 330–347, 886–888

disorders see esophageal motility disorders/
defects

neural control 252–253
mucosa 47–48
muscle layers 48, 336, 886–887

embryology 42
physical injury, biopsy findings 2983–2984
preepithelial defense 912
pressure topography metrics 890
radiation injury 2515–2516
relations 43, 43
small-caliber 2730–2731, 2731
smooth muscle 339, 886–887

striated muscle 886–887
contractile strength modulation 339
contraction 339
muscle motor neurons 247

structural anomalies 52–59
submucosa 48
systemic disease 999–1001
thoracic 43, 43

innervation 886–887
tissue resistance 912
“trachealization” 49–50
venous drainage 45, 45, 2642
walls 48
see also entries beginning esophageal

essential amino acids 506–507
essential fatty acids 509–510

deficiency 509–510, 1309–1310, 2457
supplements, short bowel syndrome 1313

essential mixed cryoglobulinemia, acute viral 
hepatitis 1899

essential thrombocytosis 2427
esterification 1958–1959
estimated average requirement (EAR) 500, 513
estimated glomerular filtration rate (eGFR), 

nephrogenic systemic fibrosis 2820
estradiol 1559
estrogen(s)

angiodysplasia 2483
anticarcinogenic properties 1559
colorectal cancer 1559, 1579
hereditary hemorrhagic telangiectasia 2484
intestinal ischemia induction 1357
intestinal transport regulation 442
intrahepatic cholestasis of pregnancy 848
primary biliary cirrhosis 2012

ESWL see extracorporeal shock wave lithotripsy 
(ESWL)

etanercept, hepatic fibrosis 2083–2084
ethambutol, tuberculosis 1259, 2199
ethanolamine oleate 810
ethanol injection therapy

endoscopic guidance 2556
endoscopic ultrasound-guided 2788
gastrointestinal tumors 2676
nonvariceal upper gastrointestinal bleeding  

2670
percutaneous, hepatocellular 

carcinoma 2161, 2910
etoposide 970, 1099, 1805–1806
etrolizumab 1406–1407
eukaryotic intitiation factor (eIF) 551
eukaryotic translation initiation factor 

4E-binding protein (4E-BP1) 554
European Liver Fibrosis (ELF) scores 2080
EUS see endoscopic ultrasound (EUS)
Eustrongylides (eustrongylidosis) 2338–2339, 

2357
Eustrongylides ignotus 2357
Eustrongylides tubifex 2357
EUS Tru-Cut biopsy needle 2766
evacuation disorders 760–761

pathophysiology 762–764
surgery 778–779
treatment 777–778

evacuation proctography see defecography
everolimus

insulinoma syndrome 1803–1804
pancreatic neuroendocrine tumors 1100, 1806
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PI3K-AKT-mTOR pathway inhibition  
591–592

side-effects 2140
evidence levels 1703
Evolution stent 2619–2621
exchange protein directly activated by cAMP 

(Epac) 441
excitatory amino acid transporter (EAAT) 546
excitatory junction potentials (EJPs) 276
excitatory postsynaptic potentials (EPSPs)

fast 244, 246
blocked 239, 246

gallbladder neurons 387
slow 244

excystation, Giardia lamblia 2328
exenatide 1317
exercise

blood flow, gastrointestinal 174, 179
constipation 772
gastrointestinal distress induction 179
see also physical activity

exocrine pancreatic insufficiency see pancreatic 
insufficiency

exocyst complex 422
exome sequencing 2380
exomphalos see omphalocele
exopeptidases 542–543
exosomes 611

bile formation regulation 492
extended criteria donor organs 2135
external anal sphincter 381

assessment, constipation 765
continence 1641
innervation 372

external beam radiation therapy (EBRT)
esophageal adenocarcinoma 969
esophageal squamous cell carcinoma 985

external displacement devices, small 
intestine 2517

extracellular mass 497
extracellular matrix (ECM)

cell interactions 2076
fibrotic liver 2070–2072
normal liver 2071–2072, 2072
pancreatic duct adenocarcinoma 1764–1765
serum markers 2080
synthesis interfering compounds 2085

extracellular signal-related kinases (ERKs) 1786
extracorporeal shock wave lithotripsy (ESWL)

bile duct stones 2595–2596
pancreatic duct stones 1721, 2608–2609

chronic pancreatitis 1717
extramammary Paget disease (EMP) 2446, 

2446
extra-nodal marginal zone lymphoma see 

MALT lymphoma
extrasphincteric fistulae, anal 1633–1634
extrinsic nervous system 187
extrinsic primary afferent neurons 249
exulceratio simplexes see Dieulafoy lesions
ezrin 412–413

deficiency 19
ezrin–radixin–moesin (ERM) proteins 321–322

F
Fabry disease 2402
factor VII 821
facultative stem cells (oval cells) 159, 159

Faecalibacterium prausnitzii 1374
falciform ligament 123, 147

embryology 145–146
Falcon assay screening test enzyme-linked 

immunosorbent assay, Schistosoma 2362
fallopian tube ligation, transgastric 2718
FAM123B gene 1568
famciclovir 942–943
familial adenomatous polyposis (FAP) 866–867, 

1559, 1583–1593
adenomatous polpys 1583
allelic heterogeneity 861
attenuated see attenuated familial 

adenomatous polyposis (AFAP)
benign extraintestinal growths 1587–1589
clinical course 1590
clinical manifestations 1585–1589
colon cancer 1586
colonic polyposis 1584, 1585–1586

cancer risk 1586
colorectal cancer

chemoprevention 1580–1581
risk 1562

complications 1590
cutaneous lesions 1587–1588
definition 1583
desmoid tumors see desmoid tumors
diagnosis 1327, 1590
differential diagnosis 1589–1590
epidemiology 1583
extracolonic malignancies 1587, 1589

risks 1587, 1587
gastric cancer 1127, 1586
genetic mutations 592–593, 866, 1562
genetics 1584–1585
genetic testing 1585
histology 1589–1590
life expectancy 1590
management 1590–1593
osteomas 1587
pentrance 861
polyps 1562

upper tract 1589–1590
prevalence 1583
related syndromes 1589
screening 1590–1591, 1590
small intestinal adenocarcinoma 1325
small intestinal adenoma 3020
surveillance 1590–1591
treatment 1591–1593

colorectal 1591–1592
upper GI tract 1592

upper GI cancer 1589
see also APC gene

familial adrenal insufficiency with alacrima 895
familial amyloidosis 2138
familial atypical multiple mole melanoma 595
familial colorectal cancer syndrome type 

X 1562
familial dysautonomia 2431
familial Hibernian fever 2312, 2312
familial hypercholesterolemia 2138
familial hypomagnesemia 325
familial Mediterranean fever (FMF) 2312, 

2312, 2402
familial medullary thyroid cancer (FMTC) 868
familial microvillous atrophy see microvillus 

inclusion disease

familial pancreatitis syndromes, monogenetic  
1734

familial polyposis coli see familial adenomatous 
polyposis (FAP)

familial visceral myopathies (FVMs)  
1158–1162, 1160

histological features 1160, 1161
type II see mitochondrial 

neurogastrointestinal 
encephalomyopathy (MNGIE)

familial visceral neuropathies (FVNs)  
1162–1165

bowel dilation 1163, 1163
classification 1162, 1162

family history, genetic testing 871–873
family planning, genetic testing 874–875
famotidine 836–837
Fanconi–Bickel syndrome 1281, 2387–2388
farglitazar 2085
farnesoin X receptor (FXR) agonists 2085–2086
farnesyltransferase inhibitors 590
Fas 956
Fasciola (fascioliasis) 2338–2339, 2340–2341, 

2364–2365, 2365
Fasciola gigantica 2364
Fasciola hepatica 2341, 2364, 2365
Fasciolopsis buski (giant intestinal fluke) 

2338–2339, 2340, 2366
fasciopiasis 2366
fasiculi longitudinales 1875–1876
Fas ligand (FasL), Barrett carcinogenesis 956
fast action potentials, smooth muscle 270
fasted state 195–197
fasting

acute pancreatitis 1714
pre-sedation 2536

fasting serum gastrin level, Zollinger–Ellison 
syndrome 1087, 1089, 1089

fat(s)
absorption 1283–1284
absorption disorders 1283–1286
delayed gastric emptying 1018
digestible energy yield 505
gastric fed motor pattern 354–355
homeostasis defects 2387–2388
intake, colorectal adenoma development  

1542
obesity 2236
starvation 2268–2269
steatorrhea 749
see also lipid(s)

fate maps 7–8, 23
fat-free mass 497
fatigue

chronic hepatitis C virus 1946
cyclosporiasis 2335
hemochromatosis 2021
primary biliary cirrhosis 2003, 2011–2012
primary sclerosing cholangitis 1838, 1841

fat mass 497
fat necrosis, interstitial edematous pancreatitis  

1653–1654
fat-soluble vitamins see vitamin(s)
fat-storing cells see hepatic stellate cells
fatty acid-binding transporter protein 4 

(FATP4) 549
fatty acid esters 1666
fatty acid ethyl ester synthase 1666
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fatty acids
biosynthesis 509
essential see essential fatty acids
intracellular transport system 508–509
oxidation in starvation 524–525
pancreatic secretion stimulation 473
see also free fatty acids (FFA); individual types

fatty acid synthase 509
fatty liver

acute, of pregnancy see acute fatty liver of 
pregnancy (AFLP)

chronic pancreatitis 1706
magnetic resonance imaging 2831–2832, 

2833
ultrasound 2749, 2749
see also nonalcoholic fatty liver disease 

(NAFLD)
fatty liver index (FLI) 2065
FBXW7 inactivation 598
18F-deoxyglucose (18F-FDG) see 18F 

fluorodoxyglucose (FDG)
fecal antigen detection assays, amebiasis 2325
fecal continence, physiology 1641, 1641
fecal DNA testing

adenomatous polyps 1544–1545
colorectal cancer 1544–1545, 1623–1624

fecal fat analysis
exocrine pancreas function testing 3067, 

3068
steatorrhea 749

fecal fat estimation
malabsorption 670
weight loss 670

fecal immunohistochemical tests (FITs)
adenomatous polyps 1544
colorectal cancer 1544, 1613

colonoscopy vs. 1613
patient preferences 1624–1625
sensitivity 1613, 1614

definition 1627–1628
fecal occult blood tests vs. 1614

fecal impaction
diarrhea 739
ischemic colitis 2502
management 779

fecal incontinence 1640–1646
bowel habit modification 1645
clinical evaluation 1642–1643
definition 1640–1641
diabetes mellitus 2416
diagnostic testing 1643–1644

recommendations 1644–1645
etiology 1642
examination 1629–1630
management 1645–1646

new approaches 1646
men 1642
multiple sclerosis 2429
passive 1642
pathophysiology 1641–1642

impaired pelvic barrier 1641–1642
rectal compliance 1642
rectal sensation 1642

prevalence 1640–1641
rectal compliance assessment 1644
rectal sensation assessment 1644
seepage 1642
severity scales 1642, 1643

specialist center referral 1645
surgery 1645–1646
urge 1642
women 1642

fecal lactoferrin latex agglutination assay, 
diarrhea 741–742

fecal microbial transplantation (FMT) 625, 
1213

adverse reactions 1213
autoimmune diseases 1213
Clostridium difficile infection 625, 1212–1214
safety 1213

fecal occult blood tests (FOBT)
adenomatous polyps 1544
colorectal cancer 1544, 1610–1613, 

1611–1612, 1627–1628
guaiac-based 1610–1613, 1611–1612, 

1627–1628
fecal tagging 2853–2854
fecal tests, exocrine pancreas function 3067, 

3068
fecal transplantation see fecal microbial 

transplantation (FMT)
fed motor pattern

distal stomach 354–356, 354
small intestine see small intestine

fed state 195
feline esophagus 2987
Felty’s syndrome 2405–2406
femoral canal 125
femoral hernias 128–129, 129
femoral ring 125
femoral vein catheterization, angiography 2887
fenofibrate 2010–2011, 2061–2062
fentanyl 2537, 2538, 2572, 2579
fermentable oligosaccharides, disaccharides, 

monosaccharides, and polyols 
(FODMAPs) foods 731–732, 732

irritable bowel syndrome 1512
ferritin 517, 579–580

hemochromatosis 2017
hereditary hemochromatosis 1287

ferrochelatase 871, 2035
ferroportin 580, 1286

hereditary hemochromatosis 1286–1287
ferroportin disease 2019, 2019
ferrous sulfate 2983
fertility

autoimmune hepatitis 856
celiac disease, effects on 840
IBD 842

fetal alcohol syndrome 856
fetal aminopterin-methotrexate syndrome 

(methotrexate embryopathy) 843
fetus

bile acid synthesis 22
lipid digestion 21–22
lymphocytes 24
protein digestion 21–22
swallowing 23–24

fever
intraabdominal abscesses 2185
liver abscess 2167

fexofenadine 636
fialuridine 1932
fiber 511–513

anticarcinogenic properties 1557
bacterial growth stimulation 513

colorectal cancer chemoprevention 504, 513
colorectal cancer risk 1557
constipation 772–774

in pregnancy 840–841
definition 511–512
fermentation 513
GI function, physiological effects on 512
hemorrhoids 513
hydratability 512–513
ion exchange properties 512–513
irritable bowel syndrome 1512–1513
mouth-to-anus transit time 513
physical properties 512–513
short bowel syndrome 1313
ulcerative colitis 1408
water-insoluble 513

fibrin glue
anorectal fistulae 1636
nonvariceal upper gastrointestinal 

bleeding 2670
fibroblast(s)

collagenous colitis 1482–1483
immune-related functions 294
radiation injury 2513–2514, 2515

fibroblast growth factor(s) (FGF) 223–224
actions 224
gallbladder relaxation 392
hepatic specification 13
signaling, in development 8–9, 9

fibroblast growth factor 10 (FGF10) 16–17
fibroblast growth factor 19 deficiency 1286
fibroblast growth factor receptors 224
fibroblast-like cells 370–371
fibroepithelial polyps, anal 3050, 3050
fibrogenesis 2070, 2071

stellate cell activation 2075–2076
fibroma

esophageal 980
familial adenomatous polyposis 1587–1588

Fibrometer 2048
fibromuscular dysplasia 2507
fibronectin 156, 2076
fibroobliterative cholangiopathy 1839–1840
Fibroscan 2048, 2952–2953
fibrosing cholestatic hepatitis (FCH) 1944, 

2081, 2979
fibrosing colonopathy 1726, 1743
fibrosis

hepatic see hepatic fibrosis
radiation injury 2513–2514
retroperitoneal see retroperitoneal fibrosis

Fibrospect 2080
Fibrosure 2048, 2952
FibroTest 821–822, 2048, 2080
fibrotic hepatic disease (Symmers pipestem 

fibrosis) 2359, 2361
FIC-1/ATP8B1 484, 493
fidaxomicin 1211, 1212, 2286
fight or flight response 401
filaggrin (FLG) mutations, food allergy 2299
filamentous interneurons 250
filiform serrated adenoma 3046
Final Rule for Current Good Manufacturing 

Practices (cGMP) for Dietary 
Supplements 2530, 2530

fine-needle aspiration (FNA)
autoimmune pancreatitis 1695–1696
cholangiocarcinoma 1865, 1866
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EUS-guided see endoscopic ultrasound–fine 
needle aspiration (EUS–FNA)

gallbladder polyps 1872
pancreatic cancer 1770

fingertip probe, ultrasound 2761–2762
Finney type strictureplasty, Crohn’s 

disease 1452, 1454
first law of thermodynamics 2232
fish consumption 1557
fish oils 510

benefits 510
IBD 2528–2529
ulcerative colitis 1391

fish tapeworm (Diphyllobothrium) 2338–2339, 
2340, 2367–2368, 2367

fissure(s)
anal see anal fissure
Crohn’s disease 2447

fistula(e) 2183–2194
abscess and 2186, 2193
acquired 2184
anal see anal fistula(e)
anal intersphincteric 1633–1634
anorectal see anorectal fistula
aortoenteric 809
biliary enteric 1827
bronchopleural 2325
chronic pancreatitis 1706
classification 2184
clinical presentation 2186
colovaginal 1528–1529
colovesical 1451, 1528–1529, 1533–1534, 

2187–2188, 2190
complex 2184
complications 2193
congenital 2184
Crohn’s disease see Crohn’s disease
definition 2183
diagnostic studies 2186–2191
differential diagnosis 2186
diverticular see diverticular fistula
enteroatmospheric 2185, 2193
enterocutaneous 2185–2187, 2189

complications 2193
treatment 2192

entero-enteric 2187–2191, 2190
entero-vesical 2188
epidemiology 2184
esophageal squamous cell carcinoma 

complication 987–988
external 2184, 2189–2191
extraintestinal, imaging 2187
gastrocolocutaneous 2227
gastrogastric 2258–2259
geographic variations 2193–2194
high output 2184, 2193
internal 2184, 2186, 2189–2191, 2193
low output 2184
natural history 2186
nutrition 2192
pathogenesis 2185
perianal 1425, 2189–2191, 2853, 2854–2855
postoperative 2185

pancreatic 1729
prevention 2193
rectovaginal 1464, 2187, 2187
rectovestibula 102–103
sepsis 2186, 2192

simple 2184
spontaneous 2184–2185
spontaneous closure 2186, 2192–2193, 2192
surgical management 2193
temporal trends 2193
tracheoesophageal 48–49, 49
transsphincteric 1463, 1633
treatment 2192–2193
ultrasound 2188

fistulization, esophageal foreign bodies 992
fistulography 2187
fistulotomy

anorectal abscess 1635
anorectal fistulae 1636
Crohn’s disease 1464

fitness-to-drive evaluation, hepatic 
encephalopathy 2119

flagellates 2326
flagellin, Salmonella 1227–1228
flash-filling hemangiomas 2804
flatulence see gas
flavin adenine dinucleotide (FAD) 518, 

557–558
flavin mononucleotide (FMN) 518, 557–558
flavin monooxygenases (FMO) 629
flavonoids 512

internal hemorrhoids 1631
18F-L-dopa positron emission tomography 

(FDG-PET) 1799–1800
Fleischner sign 1257
flexible sigmoidoscopy 2569–2581

anal canal assessment 2574
bowel cleansing 2571
colonic bleeding 812
colorectal cancer screening 1609–1610,  

1616
complications 1623
fecal testing and 1616
incidence, impact on 1616, 1619
mortality rates, impact on 1614, 1616

constipation 766, 767
diagnostic uses 2574
diverticulosis 2572
instrumentation 2569
limitations 2574
pseudomembranes 2574
sedation 2571–2572
technique 2572
therapeutic uses 2575–2577

floating gallbladder 141–142
florid duct lesion, primary biliary cirrhosis  

2004–2005
flow cytometry 2091
fluconazole 940
fluid

intake, constipation and 772
movement in/out of intestinal lumen 420
transport regulation 436–445, 436

fluid–electrolyte disturbances, short bowel 
syndrome 1309

fluid management
enterotoxigenic E. coli infection 1221
VIPomas 1804

fluid resuscitation
acute pancreatitis 1675, 1678
acute suppurative peritonitis 2197
fistulae 2192

flukes see trematodes

flumazenil 2540
hepatic encephalopathy 2110, 2117

fluorescein sodium 2944–2945
fluorescence in-situ hybridization (FISH)

cholangiocarcinoma 1843
epidermal growth factor receptor 589
indeterminate biliary strictures 2603
primary sclerosing cholangitis 1843, 2600

fluoride 501–502, 518
18F-F-fluorodihydroxyphenylalanine 

(18F-DOPA) 2865
18F fluorodoxyglucose (FDG) 2858–2859

half-life 2858–2859
in oncology 2859
weight loss 672
see also positron emission tomography (PET)

fluoroquinolones
Clostridium difficile associated diarrhea, role 

in 1207
resistance

H. pylori 1063
Shigella 1233–1234

typhoid fever 1230
Yersinia 1236

fluoroscopic herniography (peritoneography)  
128, 129

fluoroscopy
endoscopic nasojejunal tube placement 2628
esophageal peristalsis 342

18F-3′-deoxy-3′-fluorothymidine (18F-FLT) 2866
5-fluorouracil (5-FU)

anal carcinoma 1651
colorectal cancer 1577

metastatic 1578
predictive biomarkers 1573

esophageal adenocarcinoma 970–972
metastatic 973

esophageal squamous cell carcinoma 985, 
987

pancreatic cancer 1773–1774, 1776–1777
metastatic 1777–1778

pancreatic neuroendocrine tumors  
1098–1099, 1805

rectal cancer 1578
small intestinal adenocarcinoma 1330
small intestinal carcinoid tumors 1336

fluoxetine 1518, 2274
flushing

carcinoid syndrome 1792, 2445
niacin toxicity 559

fluticasone 934, 999
fluvoxamine 2011–2012
fMet–Leu–Phe, chloride secretion 443
foamy fatty change, alcoholic liver disease 2964, 

2972
foamy macrophages 2513, 2514
focal active colitis (FAC) 3026
focal adhesion kinase (p125FAK) 467
focal antral gastritis, GAVE vs. 2476
focally enhanced gastritis 2999–3000
focal nodular hyperplasia (FNH)

angiography 2904
central scar 2747, 2826–2827, 2964–2965, 

2965
cholescintigraphy 2875
computed tomography 2804–2805, 2804
fibrolamellar hepatocellular carcinoma vs. 

2826–2827
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hereditary hemorrhagic telangiectasia 2408–
2409

liver biopsy 2964–2965, 2965
in pregnancy 856–857
technetium 99m sulfur colloid liver–spleen 

scanning 2875
ultrasound 2747

folacin see folate
folate 519–520, 562–564

aberrant metabolism 563
absorption 519, 562–563, 1289–1290
body stores 520
colorectal cancer 1557–1558
daily reference intake 562
deficiency 1289–1290

assessment 563
causes 563
celiac disease 563
definition 563
diarrhea 563–564
dietary 563
IBD 563
neural tube defects 564
tropical sprue 1254

dietary sources 520
digestion 1289
fortified foods 520, 562
functions 519–520
hereditary malabsorption 1289–1290
homeostasis 562–563
malabsorption 563
methionine metabolism 558, 563
recommended dietary allowance 501–502, 

520
serum concentration 563
sources 562
supplementation

cardiovascular disease prevention 564
neural function 564

toxicity 564
folate conjugase 520
folate hydrolase 562
FOLFIRINOX regimen, pancreatic cancer  

1777–1778
folic acid

colorectal cancer protection 1557–1558
esophageal squamous cell carcinoma 976
intake during pregnancy 520
supplements, tropical sprue 1255

follicle-associated epithelium 82
folymonoglutamate derivative 562
folypolyglutamates 562
Fontan procedure, lymphangiectasia 

following 91
food

energy extraction from 504, 505
esophageal foreign body impaction 992–993

food allergy 2297–2302
allergen avoidance 2301
animal studies 2299
celiac disease, nonresponsive 1273
clinical features 2299–2301
definitions 2297, 2298
diagnostic testing 2300
diarrhea 740
disease modification 2301–2302
eosinophilic esophagitis 311, 930

IgE-mediated 2298, 2299–2300
implicated foods 2299
investigation 2300
irritable bowel syndrome 1510
management 2301
mast cells 311
mechanisms 2298
migrant populations 2297–2299
natural history 2301
non-IgE-mediated diarrhea 740
oral immunotherapy 2301
prevalence 2297–2299
prevention 2301
in vitro testing 2300–2301
in vivo testing 2300–2301

Food and Drug Administration (FDA)
drug approval process 1970
Mobile Medical Applications guidance 

document 649
pregnancy and lactation labeling rule 834, 

835
pregnancy risk classification 834, 835

food diary, short bowel syndrome 1312
food elimination see elimination diets
food impaction, eosinophilic esophagitis  

935–936
food intake regulation 187, 188, 2232

gastrointestinal hormones 2232–2233
humoral factors 187
water, role in 189

food poisoning 738
food protein enterocolitis syndrome 

(FPIES) 2299
forceps polypectomy 1546
Fordyce lesions (scrotal phlebectasia) 2487
foregut 73

development 122
primitive 60
visceral pain perception 783, 783

foreign bodies
endoscopic removal 2552–2553, 2553
esophageal see esophageal foreign bodies
gastric 1148–1149
rectal 1649–1650

formalin. radiation proctitis 2518
forme fruste choledochal cysts 1848, 1853
formylated oligopeptides 304
formylmethionylleucylphenylalanine 

(fMLP) 303–304
Forns model 2080
Forrest classification, peptic ulcer bleeding 803, 

2668, 2669
Fosamax see alendronate
foscarnet 942–943, 945
4 antis, acute pancreatitis 1680
Fourier transform 2822
foveolae

hyperplasia 3000–3001, 3001
Ménétrier disease 1119

foveolae gastricae (gastric pits) 64–65, 399, 400, 
2995

foveolar cells, stomach 2995
FOXA 8
FOXA2 4, 21
FOXF1 (foxhead Box F1) gene

Barrett esophagus 954, 2380
VACTERL syndrome 2380

FOXO family 596

Fox’s sign 2456
fractional excretion of sodium (FENa), acute 

tubular necrosis 2103
fracture risk, proton pump inhibitors 924–925
fragilysin (Bacteroides fragilis enterotoxin) 1203
free fatty acids (FFA)

absorption 548
digestion 544
nonalcoholic fatty liver disease 2061, 2063

free hepatic venous pressure (FHVP)  
2637–2639

ascites 2090
Frey’s procedure, chronic pancreatitis 1727–1728
frizzled family 32–33
fructans 732

intolerance 731–732
fructooligosaccharides 512
fructose

absorption 545–546, 545, 1281
excess ingestion 546
intolerance 731

hereditary 2024
malabsorption 731, 1280–1281
transporters 545–546, 1280–1281

fructose-1-phosphate aldolase B 2037
fructose hydrogen breath test 729, 729
fructose-restricted diet 731
fruit consumption

colorectal cancer chemoprevention 504
gastric cancer risk 1125–1126

Fuji Intelligent Chromo Endoscopy (FICE)  
2567

Fuji Intelligent Color Enhancement (FICE)  
2552

fully-covered self-expanding metal biliary stent 
(FCSEMS)

benign biliary strictures 2599–2600
biliary leaks 2596–2597

post-liver transplantation 2604
endoscopic retrograde 

cholangiopancreatography 2589–2590
pancreatic strictures 2609

fulminant colitis
amebiasis 2324–2325, 2327
clinical manifestations 1381
Clostridium difficile 1209–1210, 1210
histology 1384
medical management 1410–1411
physical examination 1382
surgical management 1413

fulminant hepatic failure (FHF) see acute liver 
failure (ALF)

fumarylacetoacetate hydrolase 2035
functional abdominal pain syndrome 

(FAPS) 720–721, 721
functional bloating 723
functional constipation

diagnostic tests 766–771, 767
Rome III criteria 758

functional dyspepsia 652, 1027–1030
complementary and alternative 

medicine 2524–2525
definition 651, 1027
disordered gastric emptying 653
duodenal sensitivity/integrity alteration 653
etiology 653
gastric distension hypersensitivity 653
GERD and 1027

focal nodular hyperplasia (FNH) (cont’d)
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Helicobacter pylori eradication 655
impaired gastric accommodation 653
lifestyle factors 652
management 654, 655–656

lifestyle/dietary measures 655
new agents 656

pathogenesis 1028–1029
delayed gastric empyting 1028
gastric myoelectric abnormalities 1029
gastrointestinal dysmotility 1028
hypotheses 1028
impaired fundic accommodation  

1028–1029
regional gastric dysfunction 1028–1029
small intestinal abnormalities 1028
visceral hypersensitivity 1029

pathophysiology 653
psychological therapies 656
Rome III criteria 1027
symptoms 1050
treatment 1029–1030

functional dysphagia 663
functional gallbladder disorder 1877
functional gastrointestinal disorders (FGIDs)  

236–237
functional heartburn 906
functional magnetic resonance imaging (fMRI)

functional dyspepsia 1029
ghrelin infusions 235

functional vomiting 681
cannabis users 681
diagnostic criteria 680
treatment 692

fundic gastric polyps 2687, 3003
familial adenomatous polyposis 1586, 3003
morphology 3003, 3003
natural history 3003
sporadic 3003

fundic relaxing agents, functional dyspepsia  
1030

fundic-type epithelium, Barrett esophagus 951
fundoplication

Barrett esophagus 960–961
GERD 926–927
transoral incisionless, GERD 927

fundus, stomach
anatomical relationships 61
duodenal acid exposure effects 351–352
electrical activity 350
embryology 60
liquid emptying 359–360
mucosa 64–65

fungal infection
acute liver failure 1985
continuous ambulatory peritoneal dialysis-

related peritonitis 2199
esophageal 938–941
gastritis 1114
hepatic, ultrasound 2746
HIV-related diarrhea 2280, 2284–2285, 

2290–2292
immunocompromised hosts 2295
liver transplant complication 2142
percutaneous endoscopic gastrostomy tubes  

2226
retroperitoneal 2204
small intestine 1259, 1260–1263

differential diagnosis 1260

fungi, gut microbiota (mycobiome) 622
fungus balls (yeast bezoars) 1150
furazolidone 2330, 2330
furosemide 2094, 2098
fusion genes, gastric cancer 1127
fusion inhibitors 2281–2283, 2281–2283
fusions 863–864
Fusobacterium nucleatum 1373–1374
FXR/NR1H4 488–489, 489

G
gabapentin 715–717, 716
gadolinium-based contrast agents 2820

allergy/abnormal reactions 2820
angiography 2886
nephrogenic systemic fibrosis 2820

gadopentetate dimeglumine 2823
68Ga-DOTANOC 2865
68Ga-DOTA-peptides 2865
galactokinase deficiency 2036
galactose

absorption 544
into portal circulation 545

fetal intestine 22
galactose-1-phosphate uridyl transferase

deficiency 2037
gene mutations 2036

galactose-free diet 2037
galactosemia 2024, 2036–2037
galanin 461
gallbladder 133–144

adenomatous changes 1587
agenesis 141
anatomical areas 134
anatomy 133–137, 2754

gross 133–134
anomalous position 141–142
bile formation/secretion 478
blood supply 134–135
body 134
congenital variations/malformations  

141–142, 142
computed tomography 2813

contractility 136
gallstone formation 394

contraction
aging effects 389
interprandial 391
neuroendocrine control 388, 389–390
postprandial 390–391, 390

development 14–15
diabetes mellitus 2416
duodenal phase of meal 193
dysmotility 397–398
embryology 133, 145
emptying 389–391

impairment, gallstones 1815–1816
enteric ganglia 243
epithelium 136
filling 391–392

active 389, 391–392
passive 391

fundus 134, 135
histology 136–137
infundibulum 134
innervation 135–136, 137
intrahepatic 133, 141–142, 2754
lymphatic drainage 135

magnetic resonance imaging 2845–2846
motility 386–392

dysfunction, gallstones 1815–1816
motor activity cycling 375
mucosa 136
muscularis 136
neck 134
neurobiology 386–387
peptidergic neurons 136
relations 133–134, 135
relaxation 391
sensory nerve fibers 387
serosa 136
smooth muscle see smooth muscle
stasis 394
subserosa 136
sympathetic nerve fibers 387, 391–392
tumors

benign 1859
see also gallbladder cancer

ultrasound see ultrasound
ultrastructure 136–137
venous drainage 135
visceral pain 135
wall calcification see porcelain gallbladder

gallbladder adenomas 1859, 2756
gallbladder cancer 1830–1831, 1870–1873

acute cholecystitis vs. 2757
classification 1870
clinical presentation 1871–1872
complications 1873
computed tomography 2813–2814
definition 1870
diagnosis 1830–1831
differential diagnosis 1872
epidemiology 1870
familial adenomatous polyposis 1587
gallstones complication 1830–1831
geographic variation 1873
intestinal metaplasia 1871
lymph node involvement 1872–1873
metastases 1873
natural history 1871–1872
obesity 2235
palliation 1873
pathogenesis 1871
premalignant lesions 1871
prevention 1873
risk factors 1830, 1870, 2757
squamous metaplasia 1871
staging 1872
surgery 1872–1873
temporal/secular trends 1873
therapy/management 1872–1873
ultrasound 2756–2757, 2757

gallbladder disease
computed tomography 2813
delayed gastric emptying 1014
obesity 2235

gallbladder duplication 141
gallbladder ejection fraction (GBEF) 2871
gallbladder neurons 387

electrical properties 387
excitatory postsynaptic potentials 387
inhibitory neuroactive compounds 391
neuroactive compounds 387
pain perception 387
synaptic properties 387
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gallbladder perforation 2755
gallbladder polyps 1830, 1871–1872

gallstones complication 1830
ultrasound 2755–2756

gallbladder sludge 2754
gallstone disease see gallstones
gallstone ileus 1827
gallstones 1808–1834

acute pancreatitis 1655–1656
black pigment 1809, 1811, 1816–1819
brown pigment 1809, 1811, 1819
cholesterol 1809

accelerated phase transitions 1814–1815
cholesterol hypersecretion 1814
gallbladder motility dysfunction  

1815–1816
genetic factors 1817–1818, 2393–2394
growth 1816
intestinal factors 1816
pathogenesis 1813–1816, 1814, 

1817–1818
pronucleating/antinucleating factors 

imbalance 1815
risk factors 1811
short bowel syndrome 1310
weight loss 2240–2241

clinical presentation 1820–1821
Clonorchis sinensis 2363
complications 1826–1831, 1826
Crohn’s disease 1424
definition 1808
diagnosis 1821, 1822
differential diagnosis 1821, 1823
epidemiology 1808
ERCP 2596
ethnic variations 1808, 1819–1820
gallbladder cancer 1870–1871, 1873
gallbladder contractility 394
genetic analysis 1819–1820
genetic factors 1810, 1817–1818
imaging 1821, 1822
inflammation-gallbladder muscle dysfunction 

interrelationship 397
laboratory tests 1820
mucin hypersecretion 1815
multidetector computed tomography 2813
natural history 1820
obesity 2235
pancreatitis 1826
pathophysiology 1810–1820
percutaneous treatment 2935
physical examination 1820
pigment 1816–1819, 1817–1818
pregnancy 1826
prevalence 1808
prevention 1831–1832
primary biliary cirrhosis 2007
protective factors 1831–1832
quality of evidences 1832, 1832–1834
recommendation strength grading 1832, 

1832–1834
recurrence 1826

prevention 1832
risk factors 1810, 1811
symptomatic disease 1820
therapy/management 1821–1826, 1824

asymptomatic choleslithiasis 1821
treatment costs 1808

types 1808, 1809
ultrasound 2743, 2743, 2754
Wilson disease 2025–2026

GALT gene mutations 2036
Gambierdiscus toxicus 1244–1245
gambiertoxins 1244–1245
γ-aminobutyric acid (GABA)

hepatic encephalopathy 2110
smooth muscle relaxation 278–279

γ-aminobutyric acid (GABA)B agonists, 
GERD 925

gamma cameras 2867–2868
gamma-glutamyltransferase 1 (GGT1) gene

liver function tests variability 2391–2392
pancreatitis 1746

ganciclovir 943–945, 1914
gangliocytic paraganglioma 3025
ganglion cells, colonic 100
ganglioneuromas, colonic 3048, 3048
ganglioneuromatosis 1163, 1164, 1603, 3048
ganglioneuromatous polyposis 3048
gangrenous cholecystitis 2755
gap junctions (nexuses) 260
Gardner syndrome 867, 1589, 2441

oral manifestations 2467, 2468
see also familial adenomatous polyposis 

(FAP)
garlic (Allium sativum) supplements 2124
Garren–Edwards bubble (GEB) 2263
gas 723–734

composition 723–726
definition 723
diagnosis 730
diet and 733
differential diagnosis 730–733
etiology 723–726, 730
irritable bowel syndrome 1505–1506
management 730, 733
pathophysiology 726
sources 723–725, 724
spinal cord injury 1171–1172, 1172

Gasa1 312
Gasa2 312
gas–bloat syndrome 726, 1012
gas embolism 2700
gas insufflation artifacts 3026
gastrectomy

Dieulafoy lesions 2475
gastric cancer 1136–1137, 1139
gastroparesis 691
postoperative small intestinal bacterial 

overgrowth 1296
sleeve see sleeve gastrectomy
subtotal, gastric volvulus 1147
total

gastric volvulus 1147
Zollinger–Ellison syndrome 1092–1093

gastric absorption tests 3058–3069
gastric accommodation 350, 352

impaired, functional dyspepsia 653
inhibition 351–352

gastric acid
functions 403
peptic ulcer formation 1043–1044
protein denaturating 541
secretion see gastric acid secretion
small intestinal bacterial overgrowth 

protection 1295

gastric acid secretion 403–408
age-related changes 403
calcium-mediated stimulation 409–410
central nervous system involvement 405
cephalic phase 406–407, 406
cyclic AMP-mediated stimulation 404, 

409–410
endocrine pathway 403–404
evaluation in peptic ulcer disease 1061
feedback inhibition 407–408, 407
gastric phase 191, 406, 407
hydronium ions transport 404–405, 404
intestinal phase 407
meal-stimulated, measurement 405–406
measurement 405–406

H+ ion concentration 405
neurocrine pathway 403–404
oxygen uptake–blood flow relationship 169
paracrine pathway 403–404
parasympathetic stimulation 190, 190
parietal cells 402
pathways 403–404, 404
physiology 3058
protein kinase C-mediated stimulation 409–

410
regulatory pathways 3058, 3059
secretomotor neurons 248
signaling pathways 409–410

gastric acid secretion inhibitors, noncardiac 
chest pain 664

gastric acid secretion testing 3063–3066
endoscopy-based tests 3063–3064, 3064
hypersecretion 3065–3066
indications 3063–3064
intragastric pH measurement 3063–3065

capsule endoscopy 3063, 3065, 3065
nasal catheter-based monitoring 3064–

3065
wireless capsules 3065

measurement methods 3064–3066
nasogastric tube-based aspiration test 3064, 

3064
quantitative measurement 3063–3064
Zollinger–Ellison syndrome 1089, 3061, 

3063, 3065–3066
gastric adenocarcinoma 1123–1139

biopsy findings 3008–3011, 3008
classification 1121, 1122
computed tomography 2793–2794, 2794
definition 1123
gastric ulcers 1035

gastric adenocarcinoma and proximal polyposis 
of the stomach (GAPPS) 1126

gastric adenoma
Abraham criteria 3005–3006
biopsy findings 3005–3006
classification 3005
gastric foveolar type 3005–3006, 3005
intestinal type 3005–3006, 3005

gastric antral vascular ectasia (GAVE) 808–809, 
2472, 2475–2477, 2662–2663, 2663

antral mucosal trauma 2476
biopsy/histology findings 2998–2999, 2999
bleeding 2476
clinical manifestations 2476
diagnosis 2476
epidemiology 2476
etiology 2475–2476
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focal antral gastritis vs. 2476
imaging 2476
surgery 2477
therapy 2476–2477, 2675–2676, 2999

gastric artery
left 61–63, 400–401, 2889
right 61–63, 400–401
short 61–63, 400–401

gastric atresia 68
gastric band erosion 2251
gastric bezoars see bezoars
gastric bleeding, chemotherapy-induced 2422
gastric bypass surgery

complications
thiamine deficiency 556–557
vitamin B-12 deficiency 561

evolution 2246–2247
see also bariatric surgery

gastric cancer 1123–1139
caustic ingestion injury 1150
chronic blood loss 1138
classification 1123
clinical presentation 1130–1132
clinical tips 1131
complications 1137–1139, 1137
confocal endoscopy 1133
contrast studies 2733
cytokine polymorphisms 305
diagnostic methods 1133–1136
dietary factors 1125–1126
differential diagnosis 1132–1133
diffuse type 1121, 1122, 1134
dyspepsia 652, 654
dysphagia 1130, 1138
early see early gastric cancer (EGC)
endoscopic mucosal resection 1136, 2688, 

2772
endoscopic tissue sampling 2549
endoscopy 1133–1134, 1135
epidemiology 1123–1126
familial adenomatous polyposis 1586
gastric polyps vs. 1133
gastroparesis 1018
genetic factors 1126–1128

acquired 1127
genome-wide association studies 1129–1130
H. pylori infection see Helicobacter pylori
hemorrhage 1138
hereditary factors 1124
hyperplastic polyps vs. 1133
hypochlorhydria 1125
imaging studies 1134
incidence 1123–1124
intestinal type 1121, 1122
key facts 1124
laboratory findings 1133
loss of heterozygosity 1127–1128
Lynch syndrome 1560
metastases 1132
metastatic spread to liver 1138
molecular classification 1127
mortality rates 1123–1124
natural history 1131–1132

advanced cancer 1131–1132, 1132
distant spread 1132
local spread 1132

palliative treatment 1137–1139, 1137
pathogenesis 1126–1130

pepsinogen levels 3063
peptic ulcer vs. 1132–1133
physical examination 1131
poor nutritional status 1138
positron emission tomography 2865–2866
post-gastric surgery 1125
postoperative stomach examination 1134
preoperative assessment 1134–1136
prevention 1136, 1139
prognosis 612, 1139
risk factors 1124–1126
signet ring appearance 1131–1132
staging techniques 1134–1136
surgery 1136–1137
therapy/management 1136–1137
TNM staging 1134
vitamin C 566
weight loss 672

gastric carcinoids 3010–3011, 3010–3011
classification 3010
contrast studies 2734
Zollinger–Ellison syndrome 1079, 1080, 1094

gastric collaterals, left 2750
gastric crypts (pits) 64–65, 399, 400, 2995
gastric dilation 2617

benign gastric outlet obstruction 2617
gastric diverticula 69
gastric duplication 68
gastric dysplasia 3005–3006
gastric electrical stimulation 2263

diabetic gastroparesis 2414–2415
gastroparesis 691
refractory gastroparesis 1024–1025

gastric emptying 191–192, 358–366, 359
assessment 1008

gastroparesis 1007–1009, 1008
nausea and vomiting 685–686

central nervous system modulation 364–366
delayed 1005–1025

anorexia nervosa 1015, 1177, 2273
associated disorders 1013–1018
bulimia nervosa 2273
disorders 1011–1013
functional dyspepsia 653–654, 1028
gastrointestinal disorders 1013–1015
GERD 911
ICU patients 2433–2434
nongastrointestinal disorders 1015–1018
stroke patients 2429
see also gastroparesis

digestible solids 360–362
different gastric regions in 361–362
factors modifying 348–350
gender differences 360–361, 360, 361
particle size 361
phases 360–361

disorders 1005–1031
duodenal control of 358
extrinsic regulation 363–366
fats 362
feedback inhibition 363
fiber in 513
high-fat diet 366
indigestible solids 362
intragastric distribution 362
intrinsic innervation 363
lipid solutions 359
liquids 358–360

calorific content in 356, 358
factors modifying 358–359
gastric regions and 359–360
osmolarity effects 359
postabsorptive factors 359
previous meal compositions 359, 359
radionuclide studies 2876, 2878, 2879

macronutrient preloads 366
medications affecting 1006–1007
mixed solid–liquid meal 361
neurohumoral modulation 363–364
neurotransmitters 363
postoperative alterations 1013
radionuclide imaging 2876–2878, 2879–2880

soft-tissue attenuation 2878
solids 2876, 2879

rapid emptying disorders 1025–1027
small intestine, control of 358
stress 364

gastric emptying scintigraphy
cyclic vomiting syndrome 686
functional dyspepsia 1008, 1010, 1028
gastroparesis 685–686, 686, 1006–1008, 

1009–1010
GERD 1008, 1010
half-emptying time 1007–1008, 1009
regional assessment 1008
technetium 99m sulfur colloid meal 1007

gastric erosions 1047, 2732, 2732
gastric folds

endoscopic examination 2547
thickened 2764
Zollinger–Ellison syndrome 1080, 1087, 

1088
gastric foreign bodies 1148–1149
gastric function tests 3058–3069

investigative 3063
gastric gastrointestinal stromal tumors see 

gastrointestinal stromal tumors (GIST)
gastric glands 399

histology 64–65, 65
gastric hormonal testing 3058–3063
gastric hypersecretion, short bowel syndrome  

1309
gastric infections, delayed gastric emptying  

1017
gastric inflammatory diseases 2795

biopsy findings 2995–3000
gastric inhibitory protein (GIP) see glucose-

dependent insulinotropic peptide (GIP)
gastric inlet pouch 69
gastric lymph nodes 63
gastric lymphoma 1122–1123, 1133

computed tomography 2794
contrast studies 2733–2734, 2733
endoscopic tissue sampling 2549
gastric ulcers 1035

gastric motility 348–366
dyspepsia 654
neural control 253
pregnancy 836

gastric mucosa 64
afferents 252
blood flow 401
defense systems 1044, 1044
ectopic 69

cervical see inlet patch
radionuclide imaging 2882
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fundic (oxyntic) 64–65
receptors 252

gastric neoplasms 1121
biopsy findings 3001–3007
computed tomography 2793–2794
confocal laser endomicroscopy 2946
see also individual types

gastric outlet obstruction
adjustable gastric banding complication 2251
chronic pancreatitis 1716
clinical features 1077
diagnosis 1077
differential diagnosis 1076, 1076
gastric cancer 1132, 1137–1138, 1137

treatment 1138
management 1077
nausea and vomiting 678
peptic ulcer disease 1076–1077

gastric pacing see gastric electrical stimulation
gastric pain 710–711
gastric perforation

caustic ingestion injury 1149–1150
foreign bodies 1148–1149

gastric phase, meal 190–191, 356, 472
gastric pits 64–65, 399, 400, 2995
gastric plication 2262
gastric polyps

biopsy findings 3001–3007
biopsy sampling 2981
classification 3001
definition 3001
familial adenomatous polyposis 1586

treatment 1592
fundic see fundic gastric polyps
gastric cancer vs. 1133
nonneoplastic 3001
see also individual types

gastric pseudopolyps 1133
gastric rupture 1142–1143, 1147–1148
gastric scintigraphy see gastric emptying 

scintigraphy
gastric secretions 399–419

acid see gastric acid secretion
regulatory peptides 417–419
secretory products 413–417

gastric secretomotor neurons 248
gastric secretory testing 3058–3066
gastric stenosis 2615
gastric strictures, radiation-induced 2516
gastric submucosal granuloma with eosinophilic 

infiltration 3003–3004, 3004
gastric surgery, bezoar formation risk 1150
gastric teratoma 68–69
gastric tuberculosis 1113
gastric tumors 1121–1140

contrast studies 2734
lymph node metastasis risk 2686, 2688
mesenchymal 3008–3010
metastatic lesions 3011
neural 2997–2998
see also gastric cancer; individual types

gastric ulcers 1033
aspirin-induced 2733
benign 2732–2733, 2733
computed tomography 2795
contrast studies 2732–2733
demographic trends 1037

H. pylori induced 1045
healing 2733
locations 1032–1033
maintenance therapy 1056
malignant 1035, 1131–1132, 2732–2733
medical therapy 1056
radiation-induced 2516
symptoms 1050, 1051
see also peptic ulcer disease (PUD)

gastric varices 63
acute bleeding management 2654–2662, 

2659
bleeding risk 2646
classification 2643, 2644
epidemiology 2646
fundal, EUS-guided transesophageal 

treatment 2788–2789
isolated 2643, 2644–2645, 2646
natural history 2646
prophylaxis 2650, 2661–2662, 2661
secondary 2646
splenic vein thrombosis 400–401
see also gastroesophageal varices

gastric vasodilator neurons 248
gastric veins

left (coronary vein) 63, 113–114, 400–401, 
2636–2637

right 63, 400–401, 2636–2637
short 63

gastric vertical plication, total 2262
gastric volvulus 1145–1147

acute 1146
chronic 1146–1147
classification 1145–1146, 1145–1146
complications 1147
paraesophageal hernias 1142
pathophysiology 1146
surgery 1147
therapy/management 1147

gastric xanthomas 3004–3005, 3004
gastrin 211–214, 417–418

autoimmune metaplastic atrophic 
gastritis 2997

Barrett metaplasia 955
biosynthesis 418
chronic high levels 213–214
chronic renal failure 3062
duodenal ulcer 3058–3059
expression sites 212
feedback loop 212, 213
forms 417–418
function 186–187
gastric acid secretion 403–404, 407, 409–410
Gly-extended 214
as growth factor 213–214
histamine secretion stimulation 213, 415
measurement 3058–3059
molecular forms 211–212, 212
in neoplasms 212
newborns, insensitivity to 23
pancreatic secretion 467

stimulation 461
processing 205
release/secretion 3058–3059

stimulants 212, 405
small intestinal fed motor pattern 377
targets 213
type 1 carcinoid tumors 225

Zollinger–Ellison syndrome 1082, 3059–
3061, 3061

gastrin-17 211–212, 417–418, 1082, 3058–3059, 
3060

gastrinomas 1082
gastrin-34 211–212, 417–418, 1082, 3058–3059, 

3060
gastrin cells see G cells
gastrin–cholecystokinin family 211–215, 212
gastrin gene (GAS) 418, 1082
gastrinoma 746–747

aggressive growth 1083
biology 1082–1083
cells of origin 1083
characteristics 1079–1080, 1081
classification 1082
diagnosis 746–747
duodenal 3024
duodenal ulcers 1052, 1069
histology 1081–1082
imaging 1090
inherited syndromes 1083–1084
localization, intraarterial secretin 

injection 2902–2903
metastases 1080–1081
molecular pathogenesis 1083–1084
multiple endocrine neoplasia type 1 1794

Zollinger–Ellison syndrome and 1085
pepsinogen levels 3063
resection 1092, 1093
secretin receptors 1083
secretions 1082
secretory diarrhea 746–747
vomiting characteristics 684
see also neuroendocrine tumors (NETs); 

Zollinger–Ellison syndrome
gastrinoma triangle 1080
gastrin receptor antagonists 409
gastrin receptors 213

anatagonists 213–214
ligand binding 213
parietal cells 409

gastrin-releasing peptide (GRP) 216–217, 405, 
418, 3058–3059

actions 216–217
gastric acid secretion 418
pancreatic secretion stimulation 461
receptor subtypes 217

gastritis 1103–1120
acute hemorrhagic 2995
acute suppurative (phlegmonous) 1113
atrophic see atrophic gastritis
autoimmune 312, 1115–1116, 1116, 

3001–3002
autoimmune metaplastic atrophic 2997, 2998
bacterial 1131–1132
biopsy protocol 1104
cardia 1119–1120
chemical 2995–2997, 2995
chronic, inactive 2997
collagenous 1117, 2999
computed tomography 2795
corpus 1108
definition 1103
emphysematous 1113
eosinophilic 1114, 1114, 3000
erosive 2732, 2732
granulomatous 1114–1115, 1132–1133, 3000

gastric mucosa (cont’d)
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H. pylori see Helicobacter pylori-induced 
gastritis

hemorrhagic 2422, 2898–2899
histological features 1104–1106
infectious 1113–1115
iron pill 2996
lymphocytic see lymphocytic gastritis
metaplastic atrophic 2997–2998
multifocal atrophic 1104–1106, 1105, 1106
nonatrophic chronic see Helicobacter 

pylori-induced gastritis
Sydney classification system 1103–1104, 

1105
type A 2997, 2998
type B see Helicobacter pylori-induced 

gastritis
viral infection 1131

gastrocolic ligament 123
gastrocolic reflex 1188
gastrocolocutaneous fistula 2227, 2633
gastrocolonic reflex 358, 2415–2416
gastroduodenal artery 61–63, 113, 2890

aneurysm 2896
flow reversal 2890

gastroduodenal pain 710–711
gastroenteric reflex 358
gastroenteritis 1196–1248

adjunct evaluations 1198
bacterial pathogens 1203–1239

unusual/controversial causes 1237–1239
community-acquired 1199–1203
eosinophilic 1114, 2355–2356, 2436
hydration 1199
imaging studies 1198
Listeria monocytogenes 1226
nausea and vomiting 678
norovirus 1242
presentation, clinical considerations 1196–

1198
surgical consultation 1198
syndromic management 1199–1203
viral 678, 736, 1197, 1239–1244
vomiting management 690–691

gastroenteritis necroticans see necrotizing 
enterocolitis

gastroenteropancreatic neuroendocrine tumors 
(GEP-NETs) see neuroendocrine tumors 
(NETs)

gastroepiploic arteries 61–63, 113, 400–401
gastroepiploic veins 63, 400–401
gastroesophageal junction 949, 950

coinciding squamocolumnar junction 949, 
950

hiatal hernias 1141
intestinal metaplasia, Barrett esophagus  

2989
noxious agent exposure 953–954
postprandial acid pocket 953–954
pseudoachalasia 897
venous drainage 2642–2643, 2642

gastroesophageal reflux disease (GERD)  
906–928

acid suppression 923–925
adenocarcinoma risk 915
adjustable gastric banding 

complication 2251–2252
age differences 907
alarm signs 916

associated conditions 915–916
asthma 914, 2435
Barrett esophagus 949, 953
cardiovascular diseases 916
classic reflux changes 2982
clinical evaluation 916–917
clinical presentation 912–916
complications 2983
contrast studies 2729, 2730
cough, chronic idiopathic 2435
cystic fibrosis 2434–2435
definitions 906–907
delayed gastric emptying 911, 1013–1014
diabetes mellitus 916
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interferon-β (IFN-β) 1943
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alcoholic fibrosis 2047
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interleukin 1β (IL-1β)
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gastric acid secretion 409–410
GERD 912
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interleukin 1 receptor antagonist (IL-1ra) 305
interleukin 1RN (IL-1RN) 912
interleukin 2 (IL-2)
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primary sclerosing cholangitis 1836
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interleukin 5 (IL-5) 312
interleukin 6 (IL-6) 1503
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hepatic encephalopathy 2111
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interleukin 8 (IL-8)
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interleukin 8 binding protein (IL-8BP) 305
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interleukin 32 (IL-32) 1109
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embryology 101
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1639
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computed tomography 2817
Roux-en-Y gastric bypass complication 2255, 

2255
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gastrointestinal bleeding 798
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enteric reflex pathways 255
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peristaltic reflex 280
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1633–1635
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colonic motility 370
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enteric neurotransmission mediators  
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functions 1184
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gastric neurotransmission 350
gastric peristalsis 253
gastric slow waves 352
gastrointestinal motility 370–371
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hepatopulmonary syndrome 2124
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ablative therapies 2909–2911
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vascular interventions 2918–2927, 2919
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associated congenital anomalies 85
clinical presentation 86
diagnosis 86
mutations 85–86
pathophysiology 85–86
polyhydramnios 86
prognosis 86–87
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treatment 86–87
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intestinal colic 711
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concentric 2491
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intestinal microbiome see microbiome
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Ascaris lumbricoides 2347
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Meckel diverticulum 83
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intestinal protein absorption defects 2387–

2388
intestinal pseudoobstruction

chronic see chronic intestinal 
pseudoobstruction (CIP)

drug-induced 1358
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pathophysiology 85–86
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artery 2064
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enteropathogenic E. coli 1221
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antimicrobial therapy 2186
appendiceal 2191–2192
bacteria 2185
blood tests 2186
clinical presentation 2185–2186
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fistulas 1753
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types 2811
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intragastric balloon 2240, 2263
intragastric pressure 350
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colonic 3042
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2504–2505, 2505
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intrauterine fetal interventions 2719
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irinotecan 1359–1360, 1578–1579, 1777–1778
iritis (uveitis), IBD 1388–1389, 1423
iron 516–517, 574, 579–581

absorption 516–517, 565, 579–580, 581, 
1286, 2014–2015, 2015

adequate intake 501–502, 516
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excretion 579–580
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recommended dietary allowance 501–502, 
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iron regulatory protein 1 (IRP1) 580
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cannabis users 681
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celiac disease 1508–1509
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clinical presentation 1505–1506
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pathogenesis 1504–1505
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ulcerative colitis vs. 1391, 3028
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sodium absorption 1306–1307
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therapy 1117

lymphocytic phlebitis 3033–3034
lymphoepithelial cysts, pancreas 1757
lymphogranuloma venereum (LGV) 1246,  

3051
lymphoid aggregates

colonic 3026
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double-duct sign 2840–2841
duct penetrating sign 2839–2840
ERCP vs. 2847
gallbladder 2845
gallstone pancreatitis 1830
gallstones 1821, 1822
hepatobiliary excretion 2845, 2845
hilar cholangiocarcinoma 2837, 2850–2851
intraductal papillary mucinous 

neoplasm 2844, 2844
maximum intensity projection 2846–2847
pancreas 2837

secretin administration in 2837
pancreas divisum 2837–2838, 2839, 2848
pancreatic adenocarcinoma 2841–2842

pancreatic cancer 2851
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myenteric neurons, neurotransmitters 350
myenteric plexus 64, 187, 241–242, 243, 2981

development 23
esophageal innervation 48, 336, 886–887
esophageal peristalsis control 340–341
esophageal spastic disorders 890, 893
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microscopic colitis 1482–1483
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myosin light chain kinase (MLCK) 262, 262
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N-acetyltransferases (NATs) 630, 631
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differential diagnosis 683–687
endoscopy 685
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neoplasm, GI tract see gastrointestinal 

neoplasms
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medical therapy 1799–1800, 1803, 1803
metastatic 1805–1806
molecular pathways 1785
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pathogenesis 1782–1784
pathology 1788–1789
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sporadic 1785
surgical treatment 1801–1803
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targeted therapies 1806
therapy/management 1801–1806
treatment response prediction 1789
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neurofibromatosis type 1 2408, 2442–2443
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small intestinal dysmotility 1172–1173
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clinical manifestations 1784
clinical presentation 1794
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mutations 1784, 1785
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neurokinin NK1 antagonists 678, 688–689, 

689
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delayed gastric emptying 1016
fecal incontinence 1642
gastrointestinal manifestations 2428–2432
weight loss 673

neurolytic therapy 717–718
neuromodulator drugs

nausea and vomiting 688–689, 690
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neuromuscular disorders 2431–2432, 2433
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neuromodulation 714–715, 715–716
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nociceptors 701, 702
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intestinal transport regulation 443

ischemia–reperfusion injury 176
priming 300, 302–303
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recommended dietary allowance 501–502, 

519
sources 519, 559
status assessment 559
toxicity 559

niacin equivalents (NEs) 519, 559
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nicotinic receptor antagonists 244, 246
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anal fissure 1639
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2649
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portal hypertension treatment 2641
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nitric oxide (NO)
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gastric emptying 363
gastric motility 355, 364
gastric secretion 417
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hepatopulmonary syndrome 2120–2121
IBD pathogenesis 1372
inflammation 307
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lower esophageal sphincter relaxation 344, 
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pancreatic secretion stimulation 459
pancreatitis, protection from 459
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liver biopsy 2954, 2954, 2965
liver lesions 2180–2181, 2180

Noggin 37
nonalcoholic fatty liver disease (NAFLD) 2056–

2069
age and 2057
alcohol consumption 2049
associated conditions 2064–2065
bariatric surgery 2068, 2244–2245
cardiovascular disease 2064
cellular injury mediators 2062–2064
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recurrence, postttransplant 2143
risk factors 825
scoring systems 2057–2059, 2058, 2058, 

2974
signs/symptoms 2064
steatohepatitis types 2973–2974
steatosis 2057–2058, 2058, 2060, 2061
treatment 2065–2068

lipid-lowering therapy 2068
triglycerides 2061, 2062
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saturated fatty acids (SFA) 510
Savary–Gilliard dilator 2613–2614, 2613
saxitoxins 1245
scabies (Sarcoptes scabiei), pruritus ani 1647
scattering, ultrasound waves 2763–2764
scavenger receptor class B type I (SR-BI)  

1813
S cells 220
SCFA/Cl- exchanger 434
SCFA/HCO3- exchanger 434–435
Schatzki ring see lower esophageal mucosal 

ring
Schilling test 416, 562
Schistosoma (schistosomiasis) 2357–2362

acute 2359
biopsy findings 3030, 3030
chronic 2359
clinical manifestations 2359–2362, 2361
colitis 2359, 2360
diagnosis 2340–2341, 2362
epidemiology 2357
hepatomegaly 2359, 2361
life cycle 2358–2359, 2358
liver biopsy 2966–2967, 2968
portal hypertension 2637
prevention 2362
serology 2362
transmission 2359
treatment 2338–2339, 2362

Schistosoma haematobium 2357–2359, 
2361–2362, 2361

Schistosoma intercalatum 2357
Schistosoma japonicum 2357–2359, 2360
Schistosoma mansoni 2357–2359, 2360

IBD treatment 2527–2528
ova 2341

Schistosoma mekongi 2357
schistosomiasis see Schistosoma 

(schistosomiasis)
Schmid’s triad 2455–2456
Schönlein–Henoch syndrome see Henoch–

Schönlein purpura
schwannomas

colonic 3048–3049, 3049
gastric 3009

Scientific Registry of Transplant Recipients 
(SRTR), small bowel transplantation 
data 1322

scintigraphy
carcinoid syndrome 1193
colonic transit, constipation 766–768, 767, 

768
diabetic gastroparesis 2413–2414
gastric see gastric emptying scintigraphy
gastrointestinal bleeding 2919–2920
protein-losing gastroenteropathy 1362
small intestinal carcinoid tumors 1333
small intestinal dysmotility 1179–1180, 1180
ulcerative colitis 1194, 1386

scleritis, Crohn’s disease 1423
scleroderma 2404–2405

angiodysplasia 2477–2478
colonic biopsy findings 3033
delayed gastric emptying 1016
esophageal dysmobility 904–905, 2404–2405
gastrointestinal manifestations 2404–2405
GERD 916
small intestinal bacterial overgrowth 1296
small intestinal dysmotility 1169, 1169
weight loss 673

sclerosant injection
Dieulafoy lesions 2475
upper gastrointestinal bleeding

gastrointestinal tumors 2676
nonvariceal 2670

sclerosing cholangitis
AIDS patients 2977–2978
liver biopsy 2954–2956, 2957
ultrasound 2754

sclerosing hepatic carcinoma 2964–2965, 2965
sclerosing mesenteritis see retractile 

mesenteritis
sclerosing papillitis see sphincter of Oddi 

dysfunction (SOD)
sclerotherapy

esophageal varices 2653
gastroesophageal varices

complications 2653, 2653
primary prophylaxis, bleeding 2650
secondary prophylaxis 2658

internal hemorrhoids 1632, 1632
variceal bleeding 810

scolicidal agents 2375–2376
scombroid 738, 1245–1246
scombroid fish poisoning 738, 1245–1246
scombrotoxism 738, 1245–1246
scopolamine see hyoscine
screening 1608

definition 1608, 1627–1628
key requirements 1608

scrotal edema 2095
scrotal phlebectasia (Fordyce lesions) 2487
scurvy 565
SDHD gene 868
seafood poisoning 738
Seattle biopsy protocol, Barrett esophagus 958
sebaceous cysts 1587–1588
sebaceous neoplasms, Muir–Torre 

syndrome 1560, 1560, 2440
seborrheic keratoses 3049
Sec6/8 complex 422
SEC63 gene mutations 1855, 2396–2397
secondary active transport proteins 424

second messengers
intestinal epithelial signaling pathways 441
smooth muscle signal transduction 264–265

secreted protein acidic and rich in cysteine 
(SPARC) 1778

secretin 220–221
diagnostic applications 225
duodenal phase of meal 193
effects 220
function 186–187
gastric acid secretion 408
pancreatic secretion

intestinal phase 472
stimulation 455–456

postprandial release 455
secretion stimulus 220
synthesis 220
targets 220
Zollinger–Ellison syndrome 1080, 1082–1083

secretin cells, small intestine 81
secretin family 219–223, 219
secretin receptors 209, 220–221

alternative splicing 209–210
cholangiocytes 490
gastrinomas 1083
structure 220–221

secretin-stimulated magnetic resonance 
pancreatography (S-MRP) 3066–3067

secretin test 3062
exocrine pancreas function testing 1708–

1709, 3066, 3068
Zollinger–Ellison syndrome 746–747, 1080, 

1089, 1089, 3061–3062, 3061
secretion

inflammatory response 300
neural control 255–256

secretomotor neurons 247–248, 255, 256
fluid exchange 247–248
gastric 248
sympathic innervation 256, 256

secretomotor/vasodilator neurons 247–248
secretory granules, hormone secretory 

cells 202, 202
secretory IgA 297

bile 476
breast milk 296
epithelial surfaces 323, 324
functions 297

sedation 2533–2544
anesthesiologist-delivered 2541
angiography 2887
colonoscopy 2571–2572
combination regimens 2540
complications 2542–2544
continuum of depth 2535, 2536
discharge instructions 2542
flexible sigmoidoscopy 2571–2572
hemodynamic monitoring 2542
informed consent 2535
lactation 2541
medication regimens 2536–2540, 2537

pregnancy categories 2539
on-demand 2535
postprocedure monitoring 2542
pregnancy 2541
pre-sedation preparations 2535–2536
procedural monitoring 2541–2542
procedure termination 2544
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resuscitation equipment 2541–2543
reversal agents 2540
supplemental oxygen 2541–2543
topical anesthetics 2540
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see also individual drugs

“seed and soil” hypothesis 610–611
seepage, fecal incontinence 1642
seglitide 468–469
segmental artery 2889–2890
segmental colitis associated with diverticulosis 

(SCAD) 1487–1488
histological features 1487, 1488
natural history 1487–1488
ulcerative colitis vs. 1391

segmental ducts 156
segmental pancreatic resection, chronic 

pancreatitis 1728
segmentation 194
segment colonic transit 1179
75Se-homocholic acid–taurine test 1286
seirogan 2529–2530
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selectins 300
selective arterial secretin injection test 2902–

2903
selective IgA deficiency 2315–2316, 2390
selective internal radiation therapy (SIRT) see 

radioembolization
selective serotonin reuptake inhibitors (SSRIs)

anorexia nervosa 2274
irritable bowel syndrome 1514, 1518

in pregnancy 842
pain treatment 714–715, 715–716

selenium 501–502, 518, 585
absorption 585
colorectal cancer 1558
deficiency 575, 585, 2258
dietary sources 585
esophageal squamous cell carcinoma 976
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toxicity 575, 585
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(SeHCAT) 1286

selenocysteine 585
selenomethionine 585
selenosis 585
self-expanding metal stents (SEMS) 2618–2619

acute variceal bleeding 2653–2654
benign biliary strictures 2934–2935
colonic strictures 2625
covered vs. uncovered 2932
endoscopic retrograde 

cholangiopancreatography 2589–2590, 
2590

esophageal strictures 2624–2625
fully covered 2624–2625
indications 2622–2623
malignant biliary obstruction 2932
migration rates 2624
necrotizing pancreatitis 1683, 1684, 1686
occlusion 2624
partially covered 2624–2625
radiation-induced esophageal fistula 2516
radiation-induced esophageal stenosis 2516

self-expanding plastic stents (SEPS) 2620
colonic strictures 2625
esophageal strictures 2555, 2624–2625

indications 2622–2623
migration rates 2622–2623

self-monitoring, obesity treatment 2237
Semm, Kurt 2693–2694
Sengstaken–Blakemore tube 810
senna 841
sensitivity analysis 645
sensitization

early events 705
pain 704–705, 705–706

sensory modulators, functional dyspepsia 1030
sentinel acute pancreatitis event (SAPE) 

hypothesis model 1733, 1735
sentinel-clot sign 2817
sentinel tag 3050
SEN virus 1915
sepsis

anal 1633
catheter-related 2220, 2221
cytokine cascade 2197–2198
fistula 2186, 2192
inflammatory response 2197–2198
jaundice 830–831
small intestinal bacterial overgrowth 1302

septal ducts 156
septal occluding device 2712, 2712
Septata intestinalis 2290
septate gallbladder 141, 142
septic shock

acute suppurative peritonitis 2196–2197
ventilator support 2197

septum transversum 145
sequence variations 860
sequential gastric neurostimulation, refractory 

gastroparesis 1024
serial transverse enteroplasty (STEP), short 

bowel syndrome 1318, 1318
Serine Peptidase Inhibitor, Kazal Type 1 gene 

see SPINK1 gene
Serine Protease Inhibitor, Kazal Type 1 gene see 

SPINK1 gene
serine/threonine protein phosphatases 465
seroconversion illness 947
serological biopsy, peptic ulcer disease 1061
seromas 2761
seronegative spondyloarthropathies (SpA) 2408
serosa 317–318, 2981

endoscopic ultrasound appearance 2767, 
2771

small intestine 75
serosal plexus, gallbladder 386–387
serotonergic agonists, constipation 775, 776
serotonin

body weight regulation 536
carcinoid syndrome 745, 1796
chemotherapy induced emesis 2424
enteric neuron differentiation 1158
enteric neurotransmission, role in 350
enterochromaffin cell tumors 1792
food intake regulation 536
hepatic encephalopathy 2110–2111
intestinal wall reflex arcs 444
irritable bowel syndrome 1503, 1519
nociception inhibition 701
pancreatic secretion

inhibitory pathway 458
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stimulation 457–458

peristaltic reflex 280, 373–374
slow-transit constipation 762
small intestinal carcinoid tumors 1331
small intestinal migrating motor 

complex 375
vagal stimulation 457–458

serotonin agonists
functional dyspepsia 1030
irritable bowel syndrome 1515

serotonin cells, small intestine 81
serotonin–norepinephrine reuptake inhibitors 

(SNRIs)
chronic pain 715, 715
irritable bowel syndrome 1518

serotonin receptor antagonists
carcinoid syndrome 1804
chemotherapy-induced nausea and 

vomiting 1019
chronic idiopathic nausea 692
functional dyspepsia 1030
irritable bowel syndrome 1513, 1516
nausea and vomiting 688–689, 689

serotonin receptors
glucose homeostasis 536
smooth muscle regulation 281

serotonin transporter gene-linked polymorphic 
region (5-HTTLPR), IBS 236

serous cystadenoma (SCA) 1750
malignant 1750
radiologic appearance 1750
surgical resection 1750
ultrasound 2759

serpiginous ulcers, Crohn’s disease 1426
serrated lesions 1627–1628
serrated neoplasia pathway 1548–1550, 1550

hyperplastic polyps 1548–1549
serrated polyposis syndrome (SPS) 1595–1596

clinical presentation 1595–1596
colonic phenotype 1595–1596
colorectal cancer development risk 1563, 

1595–1596
diagnostic criteria 1595, 3045
epidemiology 1595
extracolonic phenotype 1596
genetics 1595
management 1596
natural history 1595–1596
surveillance 1596

serrated polyps 1547–1550, 1549
biopsy features 3044–3046
categorization 3044–3045
classification defying 3046
types 1547

serrated polyp with features of SSA 3046
SERT, irritable bowel syndrome 1505
sertraline 2011
serum ascites albumin gradient (SAAG) 2088, 

2089–2090, 2089
serum sickness-like syndrome 1899
sessile polyps 1537, 1538
sessile serrated adenomas/polyps (SSA/P)  

1548–1550
with adenoma-like dysplasia 1550
biopsy features 3044–3046, 3044
cancer links 1548
as cancer precursors 1566
with cytological dysplasia (MHAPs)  

3044–3045, 3044–3045
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dysplasia 1548

histological features 1548, 1549
MUTYH-associated polyposis 1594
serrated polyposis syndrome 1595–1596
Wnt pathway 3045–3046

sestrins 553
seton, anorectal fistulae 1636
severe combined immunodeficiency 

(SCID) 2309–2310, 2315–2316
sex cord tumors with annular tubules 

(SCTAT) 1598
sex hormones

anorexia nervosa 2270
colorectal cancer risks 1559
intrahepatic cholestasis of pregnancy 848
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sex-linked disorders 863
sexually transmitted infection

anorectal symptoms 1201
hepatitis A virus 1887
hepatitis B virus 1888, 1922
hepatitis C virus 1889, 1941–1942
intestinal pathogens 1248
pruritus ani 1647

SF-12 Quality of Life Questionnaire, chronic 
pancreatitis pain 1722–1723

SF-36 Quality of Life Questionnaire, chronic 
pancreatitis pain 1722–1723

SGLT1 gene
glucose–galactose deficiency 2389
mutations 446, 2386

SGLT1 protein 248
deficiency 544–545
glucose transport 325, 544
as molecular water pump 326
sodium transport 424, 433
transport cycle 426–428
as water channel 425, 544

shelterin 600–601
shel vial assay, cytomegalovirus hepatitis 1914
ShET1 enterotoxin 1232

enteroaggregative Escherichia coli 1223
ShET2 enterotoxin 1232
Shiga toxin

enterohemorrhagic E. coli 1215–1216, 
1218–1219

Shigella 742, 1232
Shigella 1230–1234

bacteremia 1233
blood count 1198
carrier state 1232
classification 1231
clinical features 1232–1233
complications 1233
dehydration 1233
diagnosis 1197, 1233
diarrhea 737–738, 1232–1233
dysentery 1232–1233
epidemiology 1231
historical aspects 1230–1231
HIV-1-infected persons 2284, 2284–2285
IBD vs. 3031–3032
invasion 1232
multidrug resistance 1231, 1233–1234
pathogenesis 1231–1232

physical examination 1233
prevention 1231
protein-losing gastroenteropathy 1361
toxins 1232
transmission 1231
traveler’s diarrhea 1231
treatment 1233–1234
type 3 secretion system 1231–1232
ulcerative colitis vs. 1390
vaccine 1231

Shigella boydii 1231
Shigella dysenteriae 1231
Shigella dysenteriae type I 1230–1231, 1233
Shigella flexneri 1231, 2284, 2284–2285
Shigella sonnei 1231
Shikata stain, liver biopsy staining 2953, 2954
shingles 1445
shock

septic see septic shock
spinal 1171–1172

shock liver (ischemic hepatitis) 1904, 2171, 
2434

short bowel syndrome (SBS) 1305–1323
adaption 2222–2223
anatomy 1306–1308, 1307

outcomes and 1308
bile salt deficiency 2223
bowel continuity restoration 1317
calcium oxalate nephrolithiasis 2223
causes 2221, 2222
colon, importance of 2222–2223
colonic fermentation enhancement 2222–

2223
complications 1309–1311
Crohn’s disease 1306, 1447, 1452
definitions 1305, 2222
diarrhea 754
electrolyte assessment 1312
energy requirements 1312–1313
enteral nutrition 1314, 2224
epidemiology 1306
etiology 754, 1306
fluid–electrolyte disturbances 1309
fluid therapy 2223
infants 1305–1306
intestinal adaptation 1308
intestinal rehabiliation strategies 1315
liver dysfunction 1310
management 1311–1320

future developments 1318
medications 1315–1316, 2224–2225
multidisciplinary approach 1312
oral diet 1312–1313, 1313, 2224–2225
oral fluids 1313–1314
parenteral hydration 1314
trophic factors 1316–1317

metabolic bone disease 1310
micronutrient deficiencies 1309–1310
mineral supplements 2223, 2224
nontransplant surgery 1317–1318
nutritional assessment 1311–1312
nutrition support history 1311–1312
outcomes 1319–1320
parenteral nutrition see parenteral nutrition
peptide transporter expression 547
physiology 1306–1308
poor prognostic features 2222
quality of life 1320

small bowel transplantation 1320
small intestinal bacterial overgrowth 1311, 

1316
trophic factors 1316–1317
vitamin supplements 2223, 2224

short-chain fatty acids (SCFAs)
absorption 433–434
bicarbonate secretion 435
diversion colitis 1488–1489
enemas, diversion colitis treatment 1489
H+,K+-ATPase 426
IBD 1374, 2528
intestinal transport regulation 441–442
radiation proctitis 2518
short bowel syndrome 2222–2223

short-chain fructoligosaccharides (scFOS), IBS 
treatment 2525

shotgum metagenomic analysis 619
shunt surgery

acute variceal bleeding 2654, 2655
gastroesophageal varices, secondary 

prophylaxis 2659–2661
portal hypertension 2655

Shwachman–Bodian–Diamond syndrome gene 
(SBDS) 1744

Shwachman–Bodian–Diamond syndrome 
pseudogene (SBDSP) 1744

Shwachman–Diamond syndrome (SDS) 1744–
1745, 1744

sialic acid-binding adhesin (SabA) 1109
sibutramine 2237
sicca syndrome 2407–2408

hepatitis C virus 1956
primary biliary cirrhosis 825, 2012

sickle cell crisis 2419
sickle cell disease 2419

anemia 2419
GI infection susceptibility 1202–1203
hepatic involvement 2419
ischemic colitis 2502
liver biopsy 2960–2962, 2963, 2976–2977
spleen 2419

sickness behavior 236
side-to-side duodenojejunostomy, 

megaduodenum 1183
side-to-side isoperistaltic strictureplasty, Crohn’s 

disease 1452, 1455
side-to-side portacaval shunts, Budd–Chiari 

syndrome 2174–2175
SigA protein 1232
sigmoidal arteries 104
sigmoid mesocolon 123–124
sigmoidoscopy

amebiasis 2325
anorectal fistula 1635
anorectal gonorrhea 1246
artifacts 3026
bowel preparation effects 3026
Chlamydia trachomatis 1246
Clostridium difficile infection 1209–1211, 

1209
familial adenomatous polyposis 1591
microscopic colitis 1480
ulcerative colitis 1381
see also flexible sigmoidoscopy

sigmoid volvulus 94–95, 106, 106, 2722–2723
abdominal radiographs 2723, 2723

signaling modules, development 8, 9, 10

sessile serrated adenomas/polyps (SSA/P) 
(cont’d)
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sign of Leser–Trelat 2445
Silactic sac see silo
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achalasia 899
functional dyspepsia 1030
portopulmonary hypertension 2127–2128
small intestinal migrating motor 

complex 376
silent mutations 863–864
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silicon 518
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gastroschisis 88–89
omphalocele 88–89

Silver–Russell syndrome 29
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simian virus 40 (SV40), mesothelioma 2201
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disease 1427
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simulated defecation, dyssynergic defecation 777
simvastatin

H. pylori eradication therapy 1064
hepatic venous pressure gradient 2641–2642
portal hypertension 2641–2642

sinecatechins 1247–1248
single-balloon enteroscopy (SBE) 2560, 2561

complications 2561
double-balloon enteroscopy vs. 2562
in ERCP 2567
intubation depth 2561
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2563–2564
small intestinal adenocarcinoma 1330
spiral enteroscopy vs. 2562

single incision laparoscopic surgical (SILS) 
approach, bariatric surgery 2247–2248

single-minded 1 (SIM1) 535
single nucleotide polymorphisms (SNPs)

colorectal cancer 1567, 1567, 1572
hepatopulmonary syndrome 2121
intestinal atresia 86
irritable bowel syndrome 1505
nonalcoholic fatty liver disease 2057
primary sclerosing cholangitis 1836
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single photon emission computed tomography 
(SPECT) 2868
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nausea and vomiting 687
positron emission tomography vs. 2868

single photon emission computed tomography 
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single-point access (SPA) surgery 2694
single-port surgery 2700–2701, 2700

advantages/disadvantages 2701
single-transmembrane receptors 207–208, 207
sinusoid(s) 150, 157–158

capillarization 2090, 2639–2640
chronic passive congestion 2960–2962, 2961
cirrhosis 2639–2640
constriction 172
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embryology 145–146
fenestrae/gaps 154, 155
pressure measurement 2637–2639
structure 2072, 2076

sinusoidal decompression, Budd–Chiari 
syndrome 2174

sinusoidal lining cells 153–154
sinusoidal obstruction syndrome (SOS)  

2178–2180
clinical presentation 2178, 2320, 2519
diagnosis 2178–2179, 2179
differential diagnosis 2178
drugs causing 2178
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pathogenesis 2178
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radiation injury 2519
risk factors 2178–2179
treatment 2179

sirolimus 1352
SIR-Spheres 2912–2914
Sister Mary Joseph’s node 2088, 2446
sitosterolemia 549, 1813, 2394
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esophagitis 933–934
Sjögren syndrome

autoimmune pancreatitis vs. 1696
esophageal involvement 1001
GERD 916
primary 2407–2408
primary biliary cirrhosis comorbidity 2006

skeletal muscle biopsy, small intestinal 
dysmotility 1180

skin cancer
Crohn’s disease patients 1446
IBD 1446
liver transplant complication 2143

skin lesions 2440–2458
acquired disorders 2444–2458
Crohn’s disease 1423–1424
immunologically mediated diseases 2449–

2453
inherited disorders 2440–2444

GI malignancy risk 2440–2441
liver disease 2453–2455
pancreatic disease 2455–2456
paraneoplastic syndromes 2444–2446
terminology 2441

skin pigmentation, hemochromatosis 2021
skin prick test (SPT), food allergy 2300, 2300
skin tags, anal 1425, 1630–1633
skip lesions, tuberculosis 1257–1258
SKIV2L mutations 447
SLC2A2 see GLUT2
SLC2A5 see GLUT5
SLC2A7 (GLUT7) 1280–1281
SLC2A8 (GLUT8) 1280–1281
SLC4 429–430
SLC5A1 (solute carrier family 5, member 1) 

gene see SGLT1 gene
Slc9a1 (NHE1) 429, 435
Slc9a2 (NHE2) 429, 432
Slc9a3 (NHE3) 429, 432, 439
SLC10A2 gene mutations 1286

Slc12a3 (NCC) cotransporter 428, 432
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polypeptides (OATPs)
SLC26A3 see DRA (Down-Regulated in 
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SLC26A6 see PAT1 (Putative Anion 

Transporter 1)
SLC30A10 gene mutations, manganese 

toxicity 2396
SLC394A4 (ZIP4) gene mutations 1288
SLCO1B1 gene mutations 2395
SLCO1B3 gene mutations 2395
sleep evaluation, bariatric surgery 2243
sleeve gastrectomy 2239, 2240, 2248, 2249

adjustable gastric band revision 2260
bleeding 2252–2253
complications 2252–2254
evolution 2246
hiatal hernias 2249
leak 2252
metabolic results 2244
outcomes 2249
physiology 2249
reflux induction 2253–2254
revision 2261
strictures 2253, 2254
weight loss results 2244

slide agglutination reactions, EBV 
hepatitis 1913–1914

slowly adapting mechanosensitive enteric 
neuron (SAMEN) 251

slow-transit constipation (STC) 760–761, 1179, 
1187–1189

colonic dysmotility 761
colonic neuropathy 761–762
histopathology 1189, 1189
hormonal disturbances 762
interstitial cells of Cajal 761–762, 1186–1187, 

1186–1187
manometry 761, 761, 771, 1188–1189
neurotransmitter disturbances 762
pathophysiology 761–762

sludge balls (tumefactive sludge) 2754
SMAD4 gene 867

hereditary hemorrhagic telangiectasia 2397–
2398, 2483

juvenile polyposis syndrome 597, 1599
pancreatic cancer 1767
pancreatic ductal adenocarcinoma 597
small intestinal adenocarcinoma 1327

SMAD genes, colorectal cancer 1565
small-bowel enema see enteroclysis
small bowel enteroscopy 2558–2568

celiac disease 2566–2567
Crohn’s disease 2564–2566
deep techniques 2558, 2560–2562

celiac disease 2567
Crohn’s disease 2566
diagnostic yield comparison 2562
see also individual techniques

definition 2558
new techniques/innovations 2567–2568
NSAIDs-related small bowel ulcer 1349
obscure gastrointestinal bleeding 2562–2564
polyposis syndromes 2566
small bowel polyps 2566
small bowel tumors 2566
see also individual modalities
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gastroparesis 1006
indications 2734–2735
technique 2734
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acute allograft rejection 1323
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costs 1323
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proton pump inhibitor-induced 925
recurrence 1302
risk factors 1295–1297
short bowel syndrome 1311, 1316
symptoms 750
systemic sclerosis 2405
temporal/secular trends 1303
therapy/management 732, 750, 1177–1178, 

1301–1302
dietary modification 1302

vitamin B-12 deficiency 562, 1298
small intestinal biopsy

celiac disease 1273
chronic ulcerative jejunitis 1355
histopathologic interpretation 3011–3020
neoplasms 3020–3025
polyps 3020–3021
Whipple’s disease 1251–1252

small intestinal cancers
Crohn’s disease patients 1446
diagnosis 672
familial adenomatous polyposis 1586–1587

small intestinal carcinoid tumors 1331–1336, 
1332

atypical 1331
biochemical markers 1333
biopsy findings 3024–3025

classification 1331
clinical presentation 1332–1334
complications 1336
computed tomography 2796
differential diagnosis 1334
endoscopy 1333–1334, 1333
enteroclysis 2737, 2738
epidemiology 1331
genetics 1328, 1332
immunohistochemistry 3025
incidence 1331
liver metastases 1332–1333
natural history 1331–1334
pathogenesis 1331–1332
prevention 1336
prognosis 3025
radiological imaging 1333
risk factors 1331
secretory products 1331
size 1331
surgery 1334, 1335
temporal/secular trends 1336
therapy/management 1334–1336, 1335
typical (midgut) 1331

small intestinal duplications 84–85, 84
small intestinal dysmotility 1154–1195

blood tests 1178
clinical manifestations 1160, 1177–1178
complications 1177–1178
diagnostic studies 1178–1182
dietary treatment 1182
drug-induced changes 1175–1176
epidemiology 1155
etiology 1158–1177, 1160
extragastrointestinal manifestations 1177
hereditary diseases 1155, 1158–1167
mechanical obstruction vs. 1182, 1182
physical examination 1177
primary causes 1158–1167
radiological studies 1178–1180
secondary causes 1160, 1167–1177, 1168, 

1183
small intestinal bacterial overgrowth 1296
surgical treatment 1183–1184
treatment 1182–1184

drug therapy 1183
small intestinal fungal overgrowth (SIFO) 729–

730, 729, 732–733
small intestinal gastrointestinal stromal 

tumors 1336–1340, 1337, 1339
biopsy findings 3025
clinical presentation 1337–1338
complications 1340
definition 1336
diagnosis 1338
differential diagnosis 1338
epidemiology 1336–1337
genetics 1337
geographic variation 1340
histology 1337
metastases 1337
morphological patterns 1337
natural history 1337–1338
pathogenesis 1337
physical examination 1337
prevention 1340
prognosis 1338, 1340
recurrence 1337
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risk factors 1336–1337
risk stratification 1338–1340
surgical resection 1338, 1339
temporal/secular trends 1340
therapy/management 1338

small intestinal hemangiomas 2901
small intestinal lymphomas 1332, 1340–1345, 

1342–1343
B-cell lineage 1340
biopsy findings 3021–3024
classification 1325, 1340
clinical presentation 1342–1344
complications 1345
computed tomography 2795–2796
definition 1340
diagnosis 1342–1344
differential diagnosis 1344
epidemiology 1340–1341
follicular 3022, 3022
genetics 1328
histological patterns 1332, 1341–1342
incidence 1340–1341
natural history 1342–1344
pathogenesis 1328, 1341–1342
prevention 1345
primary see primary small bowel lymphoma 

(PSBL)
risk factors 1340–1341
staging 1342, 1344
surgical resection 1344
survival rates 1345
temporal/secular trends 1345
therapy/management 1344–1345
see also individual types

small intestinal motility 367–385
aborally migrating patterns 377–378
anatomic/functional considerations 367–368
central nervous system modulation 383–384
discrete clustered contractions 377–378, 383
drug-induced disorders 1358
external influences 382–385
giant migrating contractions 377
immune modulation 384–385
inflammatory modulation 384–385
nerve circuits 254–255, 254
neural control 253–255, 1155, 1155
neurotransmission 371–373
radionuclide transit studies 2878–2879
rapidly migrating contraction 377–378
retrograde peristaltic contractions 378
during sleep 382–383
small intestinal bacterial overgrowth 

protection 1295
specialized cell types 369–373

nervous tissue 369–370
stereotypical motor patterns 374–378
stimulants 1175–1176

small intestinal neoplasms
angiography 2900–2901
biopsy 3020–3025
computed tomography 2795–2796
obscure gastrointestinal bleeding 818

small intestinal obstruction
abdominal radiography 2721–2722
acute abdominal pain 787–788
anticoagulant-induced 1357, 1358
computed tomography 2797–2798, 2798
contrast studies 2735

Crohn’s disease 1452
intussusception 89–90
nausea and vomiting 678
primary small intestine ulcers 1347–1348
small intestinal dysmotility vs. 1182, 1182

small intestinal polyps
biopsy 3020–3021
familial adenomatous polyposis 1586–1587
small bowel enteroscopy 2566

small intestinal reflexes
extended 381–382
nutrient-evoked 381–382

small intestinal stenosis 2615
small intestinal strictures, Crohn’s disease 1452, 

1453
small intestinal tumors 1324–1345

benign 1324–1325
biopsy findings 3020–3025
classification 1325
gastroparesis 1018
genetic changes 1328
malignant 1324–1325
mesenchymal 3025
secondary 1345
small bowel enteroscopy 2566
see also individual types

small intestinal ulcers 1347–1355
Behçet disease 1352
causes 1347
collagen vascular diseases 1352–1353
concurrent malabsorption 1353–1355
diffuse 1353–1355
drug-induced 1349–1352
oral contraceptive-induced 1357
primary (idiopathic) 1347–1349, 1347
systemic disorders and 1352–1353

small intestinal volvulus 86–87, 89, 125
small intestine

absorption systems 194
adenocarcinoma see small intestinal 

adenocarcinoma
adhesions 2735–2736
anatomy 73–92
architecture 31–32
arterial supply 74–75
atresia see intestinal atresia
autonomic innervation 75
bacteria 621
biliary cholesterol source 1813
bleeding 815–816

intraoperative endoscopy 816–817
surgical exploration 816–817

blood vessels, intramural 162, 163
carcinoid tumors see small intestinal 

carcinoid tumors
cellular differentiation 78, 79
chronic infections 1249–1263
circular muscle, neural control 254
computed tomography 2795–2798

metastatic disease 2796
confocal laser endomicroscopy 2946
congenital anomalies 82–89
contractions, coupling 373
contrast studies see contrast studies
Crohn’s disease 1421, 1452–1454, 1453
differentiation 19–20
digestible solid emptying 362
digestion disorders 1276–1293

dilation 2617
diseases 1346–1363
drug-induced disease 1355–1360

ischemia 1356–1358, 1356
malabsorption 1359
motility disorders 1358

electrolyte absorption 420–449
mechanisms 432–434

electrolyte secretion 420–449
mechanisms 434–436

electrolyte transport, regulatory 
mechanisms 441–444

embryology/development 73
endoscopic mucosal biopsy 3011–3020

neoplasms 3020–3025
nonneoplastic conditions 3011–3020
polyps 3020–3021

enteroscopy see small bowel enteroscopy
epithelial transport disorders 1276–1293
epithelium 76, 78–82
fed motor pattern 355, 376–377

during sleep 382–383
stress effects 383

fixation 73
fluid transport 425

intercellular regulatory mechanisms  
441–444

functions 1276
ganglioneuromas 1336–1337
gas transit 368–369, 368
gastric emptying control 358, 362
glucose absorption 319, 325
gross anatomy 73–75, 74
homeostatic self-renewal 32
immune cells 77
infectious enteritis 3011–3014
innervation 75
interneurons 248–249
intrinsic innervation 75, 370
lamina propria 77–78, 77, 2980–2981
length, normal 1305–1306
length estimation 1305–1306
longitudinal muscle 254
lymphatic supply 74–75
magnetic resonance 2851–2853
malignant melanoma metastases 2428
malrotation 71, 87–88, 125, 125
maturation 20
mesentery 73, 123–124
metabolism disorders 1276–1293
metastases to 2425
metastatic tumors 1345
microscopic anatomy 75–82
microvilli 79–80
motility see small intestinal motility
motor patterns 194
mucosa 77–82
mucosal absorptive transporters 194
mucus 82, 323
muscle motor neurons 246–247
muscularis propria 75
nonneoplastic disease 2797–2798
nutrient digestion 194
obstruction see small intestinal obstruction
oxygen uptake–blood flow relation  

168–169
pain 711
parasympathetic motor innervation 75
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peristalsis 194, 1154
control 254, 373–374
neurotransmitter pathways 373
radial stretch 373

proliferative zone 19, 20
radiation injury 2514, 2516–2518
radiological imaging, lesions 1346–1347
reactive lesions 3011, 3011
resting membrane potential 369
rotation 73
schwannomas 1336–1337
segmentation 194
serosa 75
in short bowel syndrome 1306–1307
slow wave propagation velocities 373
slow wave uncoupling 373
sluggish transit, cholesterol gallstones  

1816
smooth muscle see smooth muscle
stem cells 78
structural anomalies 89–92
submucosa 76
surface area maximization 75, 75
sympathetic innervation 372
transit 368–369
transport regulation 436–445
tumors see small intestinal tumors
venous drainage 74–75
villi 76
water balance 420, 421
see also entries beginning small intestinal

small intestine phase, meal 194
smartphone technology 648–649

apps, mobile health uses 648
diabetic population 649

SmartPill see wireless motility capsule (WMC)
smoking

abstinence, acute pancreatitis 1691
anti-TNF agents, effects on 1442
chronic pancreatitis 1703, 1705–1706
colorectal adenomas 1542
colorectal cancer 1558
Crohn’s disease 1365, 1375–1376, 1419, 1444, 

2528
postoperative recurrences 1464

diverticular disease 1524–1526
esophageal adenocarcinoma 953
esophageal squamous cell carcinoma 975
gastric cancer risk 1126
GERD 911–912
H. pylori eradication therapy 1064
hepatocellular carcinoma 2149
liver transplant patients 2053–2054
microscopic colitis risk factor 1482
pancreatic cancer risk factor 1762
pancreatitis 1733
peptic ulcer disease 1037, 1042, 1047

impaired healing 1069
primary biliary cirrhosis 2002
primary sclerosing cholangitis 1835–1836
serrated polyposis syndrome 1595
ulcerative colitis 1365, 1375–1376, 1379

Smoothened (Smo) 9–10
smooth muscle 259–283

calcium oscillations 264–265
cells see smooth muscle cells
circular layer 259

contractile activity, regional patterns  
272–275

contraction phases 282–283
electrical properties 269–270
fast action potentials 270
gallbladder 388–389

action potentials 388
calcium handling 388–389
calcium sensitization 389
cytosolic membrane changes 394
dysfunction 395, 397
electrical properties 388–389
gallstone disease 397
humoral factors 392
hydrophobic bile salts, effects of 394–395
interstitial cells of Cajal 389
ion channels 388, 388–389

gastric
afferent extrinsic innervation 350
contractile activity 272–273
efferent extrinsic innervation 348–350
innervation 348–350, 351
intrinsic innervation 350
orientation 348
resting membrane potential 272–273, 274, 

350
slow waves 273, 274

gated ion-selective channels 269–270
hormonal regulation of function 280–281
humoral regulation of function 281
inflammation 281–282
inhibitory neurotransmitters 268, 275
layers 259
longitudinal layer 259, 266
neural regulation

extrinsic neurons 276
myenteric plexus see myenteric plexus

phasic contraction 275
relaxation mechanisms 267–269, 283

cAMP regulation 267–268, 268
cGMP regulation 267–268, 268

resting membrane potential 269
rhythmic electrical activity 270–275

ion channels, control by 270
signal transduction 263–269

activator calcium source 262, 263
calcium-independent sustained 

contraction 267
circular muscle layer 264, 265–266
cytosolic calcium regulation 266–267
effector enzymes 265–266
IP3-dependent calcium mobilization 265–

266, 265
IP3-independent calcium mobilization 264, 

266
longitudinal muscle layer 264, 266
pathway components 263–264, 263–265
receptor function desensitization 269
regional differences 267
second messengers 264–265

slow waves 271–272
amplitude 272
frequency 271–272
inhibitory neural input 272
inhibitory neurotransmitters 272
ionic mechanisms 272
phasic contraction role 272, 273
profile 271–272, 271

propagation 272
site of origin 272

small intestine 367
contractile activity 273
in motility 369
slow waves 273, 369
voltage gradient 369

stimulus–contraction coupling 275
structure 259–262
tonic contraction 274, 275

smooth muscle antibodies (SMA), autoimmune 
hepatitis 1989, 1992

smooth muscle cells 259–260, 260
contractile apparatus 261–262

interaction 262–263
endoplasmic reticulum 260, 260
immune-related functions 294
inflammation mediators targets/sources 281
membranes 259–260
organelles 259–260
thin to thick filaments ratio 261–262

snare biopsy technique, esophagus 2549
SNAREs 422, 465–466, 466
snares, endoscopic 2549

endoscopic mucosal resection 2554
endoscopic polypectomy 2553–2554
esophageal biopsy 2549

S neurons, guinea pig 244, 246
sodium (ions) 513–514

absorption 514, 1289, 1306–1307, 1313
cystic fibrosis 446
electrogenic 432–433, 433
electroneutral 423
genetic defects 446
intestinal mechanisms 423
nutrient-coupled defects 446
short-chain fatty acid-stimulated 433–434
solute-coupled 433, 433

adequate intake 513, 514
in bile 476
deficiency 514
dietary sources 514
pancreatic juice 451, 451
parenteral nutrition 2219–2220
restriction, cirrhotic ascites 2094
short bowel syndrome 1309
supplement, short bowel syndrome 1313–

1314
transport disorders 1289
see also entries beginning Na+

sodium, potassium-adenosine triphosphatase 
see Na+, K+-ATPase

sodium aminosalicylate 1359
sodium benzoate 2118
sodium bicarbonate 836
sodium-bicarbonate cotransporter see 

Na+-HCO3- cotransporter (NBC)
sodium channel 427, 430
sodium chenodeoxycholate 1519
sodium chloride

absorption, genetic defects 445–446
daily intake 499–500
electroneutral absorption 432, 432, 440
intake, gastric cancer risk and 1126
supplementation, congenital chloride 

diarrhea 1288–1289
sodium-coupled transport, hepatocytes  

480–483

small intestine (cont’d)
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sodium-dependent phosphate cotransporters 
(NPT) 516

sodium-dependent solute transporters 425
sodium-dependent vitamin C cotransporter 1 

(SVCT1) 565
sodium-dependent vitamin C cotransporter 2 

(SVCT2) 565
sodium docusate 774
sodium fluoride 2012
sodium–glucose transporter (SGLT1) see SGLT1 

protein
sodium-hydrogen exchangers see Na+/H+ 

exchangers (NHE)
sodium-induced hyperosmolarity 171
sodium oleate 456
sodium phenylacetate 2118
sodium phosphate

bowel preparations, endoscopic changes 3026
constipation in pregnancy 841
focal active colitis induction 3026

sodium polystyrene sulfonate (SPS) see 
Kayexalate

sodium pump see Na+, K+-ATPase
sofosbuvir

hepatitis C virus 1950
HIV coinfection 1953
recurrent, postliver transplantation 1954
simeprevir and 1955

side-effects 1951–1952
soiling 1642
solabegron 1520
solid and cystic tumor of the pancreas see solid 

pseudopapillary neoplasm (SPN)
solid and papillary epithelial neoplasm see solid 

pseudopapillary neoplasm (SPN)
solid bolus transit studies, dysphagia 662
solid organ transplant recipients 2294–2295
solid pseudopapillary neoplasm (SPN) 1750–

1751
immunohistochemistry 1750–1751
malignancy criteria 1751
surgical resection 1751

solitary rectal ulcer syndrome (SRUS) 1489–
1490, 1640

histology 1489, 1490, 3038
pathogenesis 1489, 1640
treatment 778–779, 1490, 1640

soluble N-ethylmaleimide-sensitive factor 
attachment protein receptors see 
SNAREs

solute carrier (SLC) family 631
solute carrier family 11 (divalent metal 

transporter 1) 580
solvent drag 326
somatic disorders, irritable bowel 

syndrome 1497–1498
somatic mutations 861
somatic pain 697–698
somatoparietal pain 783

acute appendicitis 783
acute cholecystitis 784
sensory pathways 781–782

somatostatin 418
acute variceal hemorrhage 2652, 2652
antral 418
enterocutaneous fistulae 2192
functions 187, 418
gallbladder motility 392

gastric acid secretion inhibition 404, 
407–408, 407, 418

gastric phase of meal 191
histamine inhibition 415
inhibitory effects 217
molecular forms 217, 217
pancreatic secretion inhibition 468–469
peptic ulcer bleeding 806
peristalsis inhibition 374
peristaltic reflex 280
regulation 196
secretion 196, 217
small intestinal migrating motor 

complex 375–376
smooth muscle, effects on 278–279, 278
structure 217, 217
vagal stimulation 405
variceal bleeding 809–810

somatostatin-14 217, 217
somatostatin-28 217, 217
somatostatin analogues 217, 218, 225

acute variceal hemorrhage 2652, 2652
angiodysplasia 2482
carcinoid syndrome 1804
chronic pancreatitis pain 1723
gastrinoma localization 1091
glucagonomas 1804
GRFomas 1804
insulinoma syndrome 1803–1804
neuroendocrine tumors 1099, 1101, 

1797–1798, 1799–1800, 1803, 1806
polycystic liver disease 1856–1857
side effects 1099, 1803
small intestinal carcinoid tumors 1334
somatostatinoma 1804
VIPomas 1804
Zollinger–Ellison syndrome 1082–1083,  

1099
somatostatin cells see D cells
somatostatin family 217–218
somatostatinomas

clinical features 1790, 1791
diagnosis 1796, 3069
duodenal 1791, 3024–3025
medical therapy 1804
pancreatic 1791
surgical treatment 1802–1803

somatostatin receptor imaging see octreoscan
somatostatin receptors 218

pancreatic secretion inhibition 468–469
parietal cells 409

somatostatin receptor scintigraphy (SRS)
gastrinomas 1091
neuroendocrine tumors 1798–1799
pancreatic neuroendocrine tumors 1798–

1799, 1801
somatostatin receptor subtype 1 (SSTR1) 437
somatostatin receptor subtype 2 (SSTR2) 409
somatovisceral convergence 704
sonic hedgehog (Shh)

Barrett metaplasia 954
gastric acid secretion 410, 411
GI tract development 19
pancreatic cancer 1767
pancreatic development 15–16, 108–109
pancreatic heterotopias 26
parietal cells expression 402
signaling, in development 9–10

sonography see ultrasound
sorafenib

adverse effects 2163
hepatocellular carcinoma 591,  

2162–2163
hepatopulmonary syndrome 2124

sorbitol 775–776, 1514–1515
sorbitol intolerance 732
sound waves, properties 2763–2764
South Beach diet 2236–2237
SOX2

Barrett esophagus 954
esophageal squamous cell carcinoma  

977–978
Meckel diverticulum 83
small intestinal duplications 84

SOX9 954
SOX10 26, 1158
space of Disse 157–158, 477–478

collagen deposition 2960–2962, 2962
spasmolytic peptide-expressing metaplasia 

(SPEM) see pseudopyloric metaplasia
spastic hypermotility, acute mesenteric 

ischemia 2491
specification 13

disorders 24–26
see also individual organs

spectral Doppler, blood flow 2743–2744
spectrin 412–413
spectrum of neurocognitive impairment in 

cirrhosis (SONIC) 2107
spermatic cord 125
spermine oxidase (SMO) 1108
sphincter(s)

development 18
see also individual sphincters

sphincter ampullae 1875–1876
sphincter augmentation, GERD 927
sphincter choledochus (of Boyden) 140, 140, 

1875–1876
sphincteric motor function 379–381
sphincter of Oddi 116–117, 140–141, 

1875–1876
anatomy 1875–1876, 1876
components 1875–1876
development 109
duodenal fluid distention, effects of 382
duodenal phase of meal 193
dysfunction see sphincter of Oddi 

dysfunction (SOD)
functional disorder 1877
functions 392
ganglia morphology 392
hormonal effects on 1876
interprandial activity 393–394
motility 392–394

pharmocological agent effects 1876
motor activity 1876

cycling 375
neurobiology 392
physiology 1876
postcholecystectomy syndrome 397
postprandial relaxation 393, 394
reflex regulation 1876
regulation 1876
role 1876
smooth muscle 392–393

phasic contractions 392
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sphincter of Oddi dysfunction (SOD) 397, 
1875–1885

acute pancreatitis 1657–1658
cholescintigraphy 2873–2874, 2874
classification 1876–1877
clinical presentation 1877
controversies 1884–1885
definitions 1875
demographics 1877
diagnosis 1876–1877
ERCP 2583
laboratory evaluation 1877
noninvasive imaging 1877–1878
secretory imaging studies 1878
therapy 1881–1884

complications 1884
pharmacological 1881
surgical 1881

treatment failure 1884
sphincter of Oddi dyskinesia see sphincter of 

Oddi dysfunction (SOD)
sphincter of Oddi manometry (SOM)

complications 1884
normal values 1881
sedation 1878–1879
selective cannulation 1880
sphincter of Oddi dysfunction 1877–1878

basal sphincter pressure 1880–1881
controversies 1884–1885
with ERCP 1878–1881
pancreatic type 1883
phasic wave contraction amplitude 1880–

1881
technique 1878–1881, 1880

sphincter of Oddi stenosis see sphincter of Oddi 
dysfunction (SOD)

sphincter of the ampulla 140
sphincter of the papilla 140
sphincteroplasty

biliary, with transampullary septoplasty 1881
fecal incontinence 1645–1646

sphincterotomy
lateral internal anal 1639–1640
sphincter of Oddi dysfunction 1881, 1883
transpancreatic precut 1681

sphincter pancreaticus see pancreatic sphincter
sphincter-sparing surgeries, rectal cancer 1576
sphingosine 1278–1279
spider angioma

chronic liver disease 2453
cirrhosis 825–826
hepatopulmonary syndrome 2121

spider nevus see spider angioma
spider telangiectasia see spider angioma
Spigelian hernia 129–130, 712–713
Spigelman staging system 1329

duodenal polyposis 1586–1587, 1587
spinal afferents 228–230, 230, 249

visceral pain pathways 229–230
visceral sensation 1499

spinal cord
disorders 2430
electrical stimulation 718
posterior column 697–698, 699

spinal cord injury
colonic dysmotility 1172
gastrointestinal manifestations 2430
small intestinal dysmotility 1171–1172

spinal nerves 400
spinal procedures, natural orifice translumenal 

endoscopic surgery 2719–2720
spinal shock 1171–1172
spindle cell carcinoma, esophageal 978–979
SPINK1 gene 1743

mutations 1743–1744
acute pancreatitis 1662
chronic pancreatitis 869, 1704, 1707
familial pancreatitis 1743–1744

spinohypothalamic tract 229–230, 699
spinomesencephalic tract 229–230, 699
spinoreticular tract 229–230, 699, 699
spinothalamic tract 229–230, 698–699, 699
SPINT2 gene mutations 2385
spiral enteroscopy 2561–2562, 2561

balloon-assisted enteroscopy vs. 2562
obscure gastrointestinal bleeding 816, 2564
small intestinal adenocarcinoma 1330

spiral valves of Heister 138–139
spirochetosis, colonic 3030–3031
spironolactone 2094, 2098
splanchnic artery aneurysms

angiography 2895–2896
causes 2895–2896
Ehlers–Danlos syndrome 2407
portal hypertension 2895–2896

splanchnic artery pseudoaneurysms 2895–2896
splanchnic circulation, portal 

hypertension 2640, 2641
splanchnic nerves

gallbladder relaxation 391–392
pancreatic secretion inhibition 460

splanchnic vasoconstriction, acute mesenteric 
ischemia 2491

spleen, sickle cell disease 2419
splenectomy

laparoscopic 112
robotic 112
transgastric, with hernia repair 2718

splenic artery 61–63, 113, 2889
aneurysm, chronic pancreatitis 1706

splenic flexure, ischemic colitis 2502–2503
splenic nodes 63
splenic pain 711
splenic vein 113, 2636–2637

occlusion 114, 2897
thrombosis, gastric venous drainage 63, 

400–401
splenomegaly, sickle cell disease 2419
splenoportography 2888
splenosis 2875–2876
split fats, steatorrhea 749
spondyloarthropathies 1352–1353
spontaneous bacterial empyema 2100–2101
spontaneous bacterial peritonitis (SBP)  

2100–2102
approach to patient with 2100–2102, 2101
bacterial translocation 2100
clinical presentation 2100–2101
definition 2091
diagnosis 2091, 2101
diagnostic evaluation 793
mortality 2100
pathogenesis 2100
progression 2087
recurrence 2102
renal dysfunction 2102

therapy failure 2102
treatment 2101–2102

sporadic hollow visceral myopathies 
(nonfamilial visceral myopathies) 1165

sporadic hollow visceral neuropathy see 
nonfamilial visceral neuropathies

sporadic pancreatitis 1734
sportman’s hernia 128–129
Spot 2684
spotty necrosis 2958–2959
S protein, hepatitis B 1893
sprue

common variable immunodeficiency vs. 2309
refractory 3016
tropical see tropical sprue

Spyglass system (single-operator cholangioscope 
system) 2590

squamocolumnar junction (SCJ) 64, 949, 950
anatomy 44
Barrett esophagus 954
coinciding gastroesophageal junction 949

squamooxyntic gap 64
squamous cardiac epithelium, stomach 1153
squamous cell carcinoma

achalasia 900
anal see anal squamous cell carcinoma
esophageal see esophageal squamous cell 

carcinoma
head and neck 976
pharyngeal 2727–2728

squamous papilloma, esophagus 2989, 2989
squeeze artifacts 3026
16S rRNA gene 618
stack-of-coins sign 1357, 1358
stanozolol 2314
staphylococcal food poisoning 1237–1238
Staphylococcus aureus 1237–1238
stapled hemorrhoidopexy 1633
stapled transanal rectal resection 778–779
starch(es)

colorectal cancer 1557
digestion 1276–1277
short bowel syndrome 1313

starch-restricted diet, sucrase–isomaltase 
deficiency 1278

“starry sky” pattern, acute hepatitis 2748–2749
“star sign,” enteroenteric fistulae 2189–2191, 2190
starvation 524–525

calories, searching for 2269
death 525
energy use 2211
hyperactivity 2269
hypoleptinemia 2270
impulsivity 2269
maximum adapation 525
obsession 2269
stored calories use 2268–2269
terminal phase 525

STAT3 958, 1663
statins

colorectal cancer chemoprevention 1555
gastrointestinal side effects 2400
hepatocellular carcinoma prevention  

2164–2165
hepatotoxicity induction 2400
nonalcoholic fatty liver disease 2068
OATPs interactions 636
portal hypertension 2641–2642
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Stauffer syndrome 2428
steal phenomenon, chronic mesenteric 

ischemia 2497–2498
steatohepatitis

alcoholic 2043, 2045–2047
autoimmune hepatitis vs. 1993
drug-induced 1967
nonalcoholic see nonalcoholic steatohepatitis 

(NASH)
steatorrhea 749, 1697

biliopancreatic diversion with duodenal 
switch complication 2256

celiac disease 752, 1266
cystic fibrosis 2434–2435
diagnosis 749
exocrine pancreatic insufficiency 1708
hypoparathyroidism 2410
ileal resection-induced 747
primary sclerosing cholangitis 1841–1842
somatostatinomas 1791

steatosis
alcohol-related 2045–2046
bariatric surgery 2245
computed tomography 2803
energy homeostasis 2061
macrovascular 1967
microvascular 1967
nonalcoholic fatty liver disease 2057–2058, 

2058, 2060, 2061
parenteral nutrition 2221
short bowel syndrome 1310

stellate cells see hepatic stellate cells
stellate ulcers, Crohn’s disease 1426
stem cell(s) 31–41

bidirectional lineage relationship 605
cancer see cancer stem cells (CSCs)
crypt base columnar cells (CBCs) 2512
hepatocellular carcinoma 2151
intestinal 19, 20, 35–41, 78

+4 cells 35–37
dynamics 39
in-vivo lineage tracing 39
self-renewal 39
stem cell zone 35
three-dimensional in-vitro 

organogenesis 35–41
label-retaining cells (LRCs) 2512
liver 159–160, 159, 159
radiation injury 2513

resistance 2512
telomerase-positive 602–603

stem cell niche 32, 37
intestinal 37–39

stem cell transplantation
hematopoietic see hematopoietic stem cell 

transplant
sinusoidal obstruction syndrome 2178

stenosis, treatment goals 2612
stents/stenting 2618–2625

alternatives 2623–2624
axial force 2620
bile duct obstruction 1722
biodegradable 2620
brachytherapy vs. 2623–2624
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